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PATENT NO.

APPLICATION NO.

DATED

INVENTOR(S)

UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

: 9,562,263 B2
: 14/067620

: February 7, 2017

: Brian K. Maples et al.

Page 1 of 1

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Column 34, Line 63, Claim 23, after “sequence” insert -- , --

 

Signed and Sealed this

Twenty-sixth Day of September, 2017

‘ - , ELK . ”r w -’- .fx
:1: ‘ 175;; y {f X”? 5 mi :33;

Joseph Matal
Performing the Functions and Duties ofthe

Under Secretary ofCommercefor Intellectual Property and
Director ofthe United States Patent and Trademark Office

ELIX 1009
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Attorney's Docket No.: 30171-0025002 / ITI-OOI

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Brian K. Maples Art Unit : 1637

Patent No. : 9,562,263 Examiner : Angela Marie Bertagna

Issue Date : February 7, 2017 Conf. No. : 4288

Serial No. : 14/067,620

Filed : October 30, 2013
Title I NICKING AND EXTENSION AMPLIFICATION REACTION FOR THE

EXPONENTIAL AMPLIFICATION OF NUCLEIC ACIDS

Attention Certificate of Corrections Branch

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313—1450

REQUEST FOR CERTIFICATE OF CORRECTION

Please issue a certificate of correction in accordance with the attached form.

All errors to be corrected were made in printing by the Patent and Trademark Office, and

no fee is believed to be due.

Apply any other necessary charges or credits to Deposit Account 06— 1050, referencing

the above attorney docket number.

Respectfully submitted,

Date: March 9, 2017 /Ian JS. Lodovice, Reg. No. 59,749/

Ian J. Lodovice

Reg. No. 59,749

Customer Number 26161

Fish & Richardson PC.

Telephone: (617) 956-5972

Facsimile: (877) 769-7945

23623696.d0c
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PTO/SB/44 (09-07)
Approved for use through 08/31/2013. OMB 0651-0033

U.S. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the PapenNork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION Page 1 of1

PATENT NO. : 9,562,263

APPLICATION NO.: 14/067,620

ISSUE DATE : February 7, 2017

INVENTOR(S) : Brian K. Maples, Rebecca C. Holmberg, Andrew P. Miller, Ph.D., Jarrod Provins, Richard Roth,
Jeffrey Mandell and

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

Col. 34, line 63, claim 23, after “sequence” insert - - , - -  
 

MAILING ADDRESS OF SENDER (Please do not use customer number below):
Fish & Richardson P.C.
PO. Box 1022

Minneapolis, MN 55440-1022

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hourto complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/orsuggestions for reducing this burden, should be sent to the Chief Information Officer, US. Patent and
Trademark Office. US. Department ofCommerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and selection option2.
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Electronic Acknowledgement Receipt

“—

——

Nicking and Extension Amplification Reaction forthe Exponential
T'tle 0f lnventlon: Amplification of Nucleic Acids

First Named Inventor/Applicant Name: Brian K. Maples

Customer Number: 26161

Ian J.S. Lodovice/Mary Florczak

Filer Authorized By: Ian J.S. Lodovice

Attorney Docket Number: 3017170025002 / ITerO1

Receipt Date: 09—MAR—201 7

Filing Date: 30—OCT—201 3

Time Stamp: 09:52:14

 
Application Type: Utility under 35 USC 111(a) 

Payment information:

Submitted with Payment

Document Document Descri tion File SizelBytes)I Multi Pages
Number p Message Digest Part I.zip (if appl.)

130995

Request for Certificate of Correction 30171 RequestCertCor.pdf 77006677bc04|750d03L68Lli3dc1d724bl 2
L506 
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Total Files Size (in bytes) 130995

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)—(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DOIEOI903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
lfa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/ROI105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OEEICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMIVIISS IONER FOR PATENTS

PO Box 1450
Alexandria Virginia 22313-1450
www.uspt0 gov

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.

14/067.620 02/07/2017 9562263 30171-0025002/ITI-001 4288

 

26161 7590 01/18/2017

FISH & RICHARDSON I’.C. (BO)
PO. BOX 1022

MINNEAPOLIS, MN 55440—1022

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include

an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information

Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the

Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee

payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management

(ODM) at (571)-272-4200.

APPLICANT(S) (Please see PAIR WEB site http://pairllsptogov for additional applicants):

Ionian Technologies, Inc., San Diego, CA;
Brian K. Maples, Lake Forest, CA;
Rebecca C. Holmberg, San Diego, CA;
Andrew P. Miller, San Diego, CA;
Jarrod Provins, Dana Point, CA;
Richard Roth, Carlsbad, CA;
Jeffrey Mandell, San Diego. CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location

for business investment, innovation, and commercialization of new technologies. The USA offers tremendous

resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage and facilitate business investment. To learn more about why the USA is the best country in

the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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Attorney's Docket No.: 30171-0025002 / ITI-001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Brian K. Maples Art Unit : 1637

Serial No. : 14/067,620 Examiner : Angela Marie Bertagna

Filed : October 30, 2013 Confirmation No. : 4288

Notice of Allowance Date: December 15, 2016
Title : NICKING AND EXTENSION AMPLIFICATION REACTION FOR

THE EXPONENTIAL AMPLIFICATION OF NUCLEIC ACIDS

MAIL STOP ISSUE FEE

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

REPLY TO NOTICE OF ALLOWANCE

In response to the Notice of Allowance dated December 15, 2016, enclosed is a

completed Part B — Fee(s) Transmittal.

The issue fee was previously paid on September 21, 2016 and no fee is believed to be

due. However, please apply any necessary charges or credits to Deposit Account 06 1050,

referencing the above attorney docket number.

Respectfully submitted,

Date: December 19, 2016 /Ian JS. Lodovice Reg. No. 59 749/

Ian J. Lodovice

Reg. No. 59,749

Customer Number 26161

Fish & Richardson P.C.

Telephone: (6] 7) 956—5972

Facsimile: (877) 769-7945

23598852.doc
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: M_ail Mail Stop ISSUE FEE
Commissioner for Patents
P.0. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transnritting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. A11 further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS“ for
maintenance fee notifications.

 

 

CURRENT CORRESPONDENCE ADDRESS (Notc2Usc Block 1 for any change ofaddrcss) Note: A certificate of maiiing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

26161 7590 12/ 15/2016 papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

FISH & RICHARDSON P.C. Certificate of Mailing or Transmission _ _
P 0 BOX 1022 I hereby certify that this Fee(s) Transmittal is being depos1ted With the UmtedStates Postal Service with sufficient postage for first class mail in an envelope
MINNEAPOLIS~ MN 554404022 addressed to the Mail Stop ISSUE FEE address above, or being facsimile

transmitted to the USPTO (571) 273-2885 on the date indicated below,
 

 

    
  
 

    
 

   
 

     
 

(Daposnot's name)

(Signature)

(Date)

APPLICATION NO. FILING DATE FIRST NAMED INVENTO 1 ATTORNEY DOCKET NO. CONFIRMATION NO.

14/067,620 10/30/2013 Brian K. Maples 30171-0025002 4288
TITLE OF INVENTION: NICKING AND EXTENSION AMP SIFICATION REACTION FOR THE EXPONENTIAL AMPLIFICATION OF NUCLEIC ACIDS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DU 3 DATE DUE

nonprovisional LARGE $0 $0 $960.00 $0 03/15/2017
EXAMlNER ART UNIT CLASS-SUB CLASS

BERTAGNA, ANGELA MARIE 1637 43 5-006120

1. Change of correspondence address or indication of "Fee Address" (3 7 2, For priming on the patent from page, list
CFR l .3 63 ).

(l) the names of up to 3 registered patent attomeys
I 1 Change of correspondence address (or Change of Correspondence of agerrts OR, alternatively, 1 Fish & Richardson P.C.Address form PTO/SB/l22) attached.

(2) the name of a single firm (having as a member a 2
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

[ ] "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

 
 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 311. Completion of this form is NOT a substitute for filing an assignment.

 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Ionian Technologies, Inc. San Diego, CA

Please check the appropriate assignee category or categories (will not be printed on the patent): [ ] Individual [X] Corporation or other private group entity [ 1 Government
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[X] Issue Fee [ ] A check in the amount of the feet5) is enclosed.
[ ] Publication Fee (No small entity discount permitted) [ ] Payment by credit card. Form PTO-203 8 is attached
[ ] Advance Order - # of Copies [X] The Director is hereby authorized to charge the required fee(s), or credit any overpayment, to

Deposit Account Number 06-1050

5. Change in Entity Status (from status indicated above)
[ ] Applicant cemfy‘mg mien) entity status, See 37 CFR 119 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/ 15A and 15B), issue fee

payment in the micro entity amount will not be accepted at the risk of application abandonment.

[ J Applicant asserting small entity status. See 37 CFR 127‘ NOTE: Ifthe application was previously under micro entity status. checking this box will be
taken to be a notification of loss of entitlement to micro entity status.

[ ] Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or
micro entity status, as applicable. 

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent,. or the assignee or other party
in interest as shown by the records of the United States Patent and Trademark Office.
 

Authorized Signature /Ian J.S. Lodovice. Reg. No. 59,749/ Date December 19, 2016
  

Typed or printed name 1311 J. LOdOVICC Registration No. 59,749
  

23598864doc
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Attorney's Docket No.: 30171-0025002 / ITI-001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Brian K. Maples Art Unit : I637

Serial No. : 14/067,620 Examiner : Angela Marie Bertagna

Filed : October 30, 2013 Conf. No. : 4288
Title : NICKING AND EXTENSION AMPLIFICATION REACTION FOR

THE EXPONENTIAL AMPLIFICATION OF NUCLEIC ACIDS

Mail Stop Amendment
Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

INTERVIEW SUMNIARY

The undersigned representative thanks the Examiner for the courtesy of the telephonic

interview held on November 29, 2016.

The substance of the interview included a discussion of claims 67, 95, and 107 and the

reference Nelson et a1. During the interview, an agreement was reached on December 1, 2016.

Applicant acknowledges and thanks Examiner Bertagna for the Examiner-Initiated Interview

Summary dated December 15, 2016.

Respectfully submitted,

Date: December 19, 2016 /Ian IS. Lodovice, Reg. No. 59,749/

Ian J. Lodovice

Reg. No. 59,749

Customer Number 26161

Fish & Richardson P.C.

Telephone: (617) 956-5972

Facsimile: (877) 769—794523598848.doc
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Electronic Acknowledgement Receipt

“—

——

Nicking and Extension Amplification Reaction forthe Exponential
T'tle 0f lnventlon: Amplification of Nucleic Acids

First Named Inventor/Applicant Name: Brian K. Maples

Customer Number: 26161

Ian J.S. Lodovice/Stacey Hill

Filer Authorized By: Ian J.S. Lodovice

Attorney Docket Number: 3017170025002 / ITerO1

Receipt Date: 19—DEC—201 6

Filing Date: 30—OCT—201 3

Time Stamp: 14:44:33

 
Application Type: Utility under 35 USC 111(a) 

Payment information:

Submitted with Payment

Document Document Descri tion File SizelBytes)I Multi Pages
Number p Message Digest Part I.zip (if appl.)

196349

Issue Fee Payment (PTO—858) 30171|ssueFee.pdf 9d51:54259[911792d89llbl40090337b27cfi
E18509 

10
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Information:

Applicant summary of interview with. 301710025002|S.pdfexaminer e5d6e1eel531095332c325kb1788d623de
35597

Warnings: 

Information: 

Total Files Size (in bytes) 267703

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)—(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

 

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DOIEOI903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

 

New International Application Filed with the USPTO as a Receiving Office

lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and of the International Filing Date (Form PCT/ROI105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

  

11
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fiW/PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: M_ail Mail Stop ISSUE FEE
Commissioner for Patents
PO. Box 1450

Alexandria, Virginia 22313-1450
or Fax (57l)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the crrnent conespondeuce address as
indicated unless conected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.

  

 

CURRENTCOKRESPONDENCE ADDRESS (Note. Us: Black 1 [many change ofaddress) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

26161 7590 12/15/2016 papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate ofmailing or transmission

 
  

 
 

FI H ARI) ' . , Certificate of Mailing or Transmission
S & RICH 50“ P C I hereby certify that this Fee(s) Transmittal is being deposited with the United

PO' BOX 1022 ‘74; States Postal Service with sufficient postage for first class mail in an envelopeMINNEAPOLIS, MN 55440-1022 1,, addressed to the Mail Stop ISSUE FEE address above, or being facsimile

DEC 1 9 2MB :0 transmitted to the USPTO 571 273-2885 on the date indicated below.

  
(Depositor‘s name)

  
4'7

(Signature) 

., - (Dale)

- APPLICATION No FILING DATE FIRST NAMED INVENTUR ATTORNEY DOCKET NO. CONFIRMATION NO.

14/067,620 10/30/2013 Brian K. Maples 30171-0025002 4288
TITLE OF INVENTION: NICKING AND EXTENSION AMPLIFICATION REACTION FOR THE EXPONENTIAL AMPLIFICATION OF NUCLEIC ACIDS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAED ISSUE FEE TOTAL FEE(S) DUE

 

nonprovisional LARGE $0 $0 $960.00 $0 03/15/2017

BERTAGNA, ANGELA MARIE I637 435-006120

l. Change of conespondence address or indication of "Fee Address" (37 2, For printing on the patent fro n1 page, list
CFR 1.363).  

(l) the names of up to 3 registered patent attorneys
[ ] Change of conespondence address (or Change of Correspondence or agents 0R, alternatively, 1 Fish & Richardson P.C.Address form PTO/SB/ 1'22) attached.

,, ,, . . . ,, ,, . . (2) the name of a single firm (havi as a membera 2
l ] Fee Address indication (or Fee Address Indication form registered attorney or agent) and tllrlegnames of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number '5 required. listed, no name will be printed. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an nssignee is identified below, the document has been filed for
recordation as setforth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
. Ionian Technologies, Inc. San Diego, CA

Please check the appropriate assignee category or categories (will notbe printed on the patent): [ ] Individual [X] Corporation or other private group entity [ ] Govemment
4a. The following fee(s) are submitted: 4b. Paymentof Fee(s): (Please first reapply any previously paid issue fee shown above)

[X] Issue Fee [ ] A check inthe amount ofthe fee(s) is enclosed.
[ ] Publication Fee (No small entity discount permitted) [ | Payment by credit card. Forrn PTO-2038 is attached
[ ] Advance Order - it of Copies [X] The Director is hereby authorized to charge the required fee(s), or credit any overpayment, to

Deposit Account Number 06-1050 

5. Change in Entity Status (from status indicated above) .

[ ] Applicant certifying micro entity status. 55¢ 37 CFR [.29 NOTE: Absent a valid certification of Micro Entity Status (sec form PTO/SB/ISA and 15B), issue feepayment in the micro cntity amount will not be accepted at the risk of application abandonment.

[ ] Applicant asserting small entity status. See 37 CFR 127. m: Il‘tlie application was previously under micro entity status, checking this box will betaken to be a notification of loss of entitlement to micro entity slams.

[ ] Applicant changing to regular undiscounted fee status. my Checking this box will be taken to be a notification of loss of entitlement to small ormicro entity status, as applicable.

The Director of the USPTO is requested to apply the lssrre Fee and Publication Fee (ifany) orto re-apply any previously paid issue fee to the application identified above.
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other titan the applicant; a registered attomey or agent; or the assignee or other party
in interest as shown by the records of the United States Patent and Trademark Office.

 

 

Authorized Signature /lan J.S. Lodovicea Reg. No. 59,749/ ' Date December 19E 2016

Typed or primed name Ian J. LOdOViCC Registration No. 592749 

RUDE 80088003 861858 10067620
235 8,54. oc 12/31/2316 SDI

968.88 Di)
Jus lent date: 12/21/2315 5311251112

89/22/20161NTEFSU 33335299 351353 14867620 mm
31 FC:1581 968.88 ca 5‘ '

12
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF CONEVIERCE
United States Patent and Trademark Office
Addiess: COMSIISSIONER FOR PATENTS

P.O. Box 1450
Alexandria. Virginia 2231371430www.uspto.gov

 
NOTICE OF ALLOWANCE AND FEE(S) DUE

_ EXAMINER26161 7590 12/13/2016

FISH & RICHARDSON PC. (BO) BERTAGNA, ANGELA MARIE
PO. BOX 1022

MINNEAPOLIswss440-1022
1637

DATE MAILED: 12/15/2016

APPLICATION NO. FILING DATE FIRST NAIVIED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

14/067,620 10/30/2013 Brian K. Maples 30171—0025002 / ITI-001 4288

TITLE OF INVENTION: Nicking and Extension Amplification Reaction for the Exponential Amplification of Nucleic Acids

APPIN TYPE ENTITY STATIIS ISSI IF FEE DIIE PIIBI IC ATION FEE DIIE PREV. PAID ISSITE FEE TOTAI FEE(S) DIIE DATE DIIE

nonprovisional UNDISCOUN TED $960 $960 03/15/2017
 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON TIIE MERITS IS CLOSED. TIIIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGIITS.
THIS APPLICATION IS SUBJECT TO WITHDRAVVAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN TI-IREE MONTI-IS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORIVI
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS1S shown as SMALL or MICRO verify whether entitlement to that
entity status still applies.

If the ENTITY STATUSIs the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entityfees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL—SS (Rev. 02/11)

13
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: M_ail Mail Stop ISSUE FEECommissioner for Patents
P.0. Box 1450
Alexandria, Virginia 22313-1450

or m (571 )-273-2885

INSTRUCIIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
propriate. All further correspondence including the Patent advance orders and notification of maintenance fees will be mailed to the current correspondence address as
incated unless corrected below or directed otherwise in Block 1 by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.

Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmittal. This certi icate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Uh: Block HUI any chime: of minim») apers. Each additional paper such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

75161 7590 12/15/7016 Certificate of Mailing or Transmission“ “ “ I hereby certify that this Fee(s) Transmittal is being deposited with the Lnited
FISH & RICHARDSON P.C. (BO) States Postal Service with sufficient postage for first class mail in an envelope
P 0 BOX 1022 addressed to the Mail Stop ISSUE FEE address above, or being facsimile' ' transmitted to the USPTO (571) 273—2885, on the date indicated below.
MINNEAPOLIS’WWO'W epositor's name

 
 

APPLICATION 1\O. FILING DATE FIRST NMIED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

14/067.620 10/30/2013 Brian K. Maples 3017170025002 / ITIAOOI 4288

TITLE OF INVENTION: Nicking and Extension Amplification Reaction for the Exponential Amplification of Nucleic Acids

APPLN TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PA ) ISSI E FFF TOTAL FEE(S) DUE DATE DUE
 

  

  nonprovisiona] UNDISCOUNTFD $960 03/15/2017

EXAMINER ART UNIT CLASS-SUB CLASS

BERTAGNA, ANGELA MARIE 1637 43 5-006120

1. Change of correspondence address or indication of "Fee Address" (37
CF 1 1.363).

3 Chan e of correspondence address (or Change of CorrespondenceAddressoorm PTO/SB/122) attached.

3 ”Fee Address" indication (or ”Fee Address" Indication form
)TO/SB/47; Rev 03—02 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEj I\AV1E AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

)LEASE NOTE: Unless an assignee is identified below. no assignee data will appear on the patent. If an assignee is identified below. the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAMj OF ASSIGNEE (B) RESIDENCE: (CITY and S TATE OR COUNTRY)

2. For printing on the patent front page, list
(1) The names of up to 3 registered patent attorneys
or agents OR alternatively.

(2) The name of a single firm (having as a member a 2
registered attorney or agent) and the names of 11p to
2 registered patent attorneys or agents. If no name is
listed no name will be printed

w  
 

Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual D Corporation or other private group entity D Government

 
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

3 Issue Fee 3 A check is enclosed.

3 Publication Fee (No small entity discount permitted) 3 Payment by credit card. Form PTO—2038 is attached.
3 Advance Order , # of Copies jThe director is hereby authorized to charge the required fee(s), any deficiency, or credits anyoverpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

3 Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/ 15A and 15B), issuefee payment in the micro entity amount will not be accepted at the risk of application abandonment.

3 Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be takento be a notification of loss of entitlement to micro entity status.
 
3 Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or microentity status. as applicable.

NOTE: This form must be signed in accordance with 37 CFR 131 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

  

  

Authorized Signature Date

Typed or printed name Registration No.

Page 2 of 3

PTOL-85 Part B (IO-l3) Approved for use through 10/31/2013. OMB 0651-0033 US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF CONEVIERCE
United States Patent and Trademark Office
Addiess: COME/IISSION'ER FOR PATENTS

P.O. Box 1450
Alexandria. Virginia 2231371430www.mspto.gov

APPLICATION NO. FILING DATE FIRST NAIVIED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

 
 

14/067,620 10/30/2013 Brian K. 1V1aples 30171—0025002 / ITI-001 4288
—

26161 7590 12/15/2016

FISH & RICHARDSON PC. (BO) BERTAGNA, ANGELA MARIE
PO. BOX 1022

MINNEAPOLIswss440-1022
1637

DATE MAILED: 12/15/2016

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation With the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the

requirement that the Office provide a patent term adjustment determination with the notice of allowance. See

Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer

providing an initial patent term adjustment determination with the notice of allowance. The Office Will continue to

provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant

approximately three weeks prior to the issue date of the patent, and Will include the patent term adjustment on the

patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term

adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be

directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOL—85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL—85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, PO. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, PO. Box

1450, Alexandria, Virginia 22313—1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (PL. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s) 14/067,620 MAPLES ET AL.

Notice of Allowability 333:3 Bertagna fg‘syn't QIQSZ'rSt "”9”” ‘° “'9’No
 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL—85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. IZI This communication is responsive to the FICE filed on 11/1/16 and the interview of 11/29/16.

El A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
 

2. I] An election was made by the applicant in response to a restriction requirement set forth during the interview on : the restriction
requirement and election have been incorporated into this action.

3. IE The allowed claim(s) is/are 67-83 85 86 88 90 92 and 95-107. As a result of the allowed claim(s), you may be eligible to benefit from
the Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more
information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPeredback@uspto.gov.

 

4. I] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:

a) [I All b) [I Some *0) I] None of the:

1. E] Certified copies of the priority documents have been received.

2. I] Certified copies of the priority documents have been received in Application No.

3. El Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. E] CORRECTED DRAWINGS ( as “replacement sheets") must be submitted.

I] including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mai| Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. I] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

 

Attachment(s)
1. El Notice of References Cited (PTO-892) 5. IZI Examiner's Amendment/Comment

2. X Information Disclosure Statements (PTO/SB/OB), 6. El Examiner‘s Statement of Reasons for Allowance
Paper No./Mai| Date

3. El Examiner's Comment Regarding Requirement for Deposit 7. El Other .
of Biological Material

4. El Interview Summary (PTO—413),
Paper No./Mai| Date . 

/Angela M. Bertagna/
Primary Examiner, Art Unit 1637  
 U 8 Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mai| Date
20161122
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Application/Control Number: 14/067,620 Page 2

Art Unit: 1637

DETAILED ACTION

Notice ofPre-AIA or AIA Status

1. The present application is being examined under the pre-AIA first to invent provisions.

Continued Examination Under 37 CFR 1.114

2. A request for continued examination under 37 CFR 1.114, including the fee set forth in

37 CFR l.17€, was filed in this application after allowance or after an Office action under Ex

Parte Quayle, 25 USPQ 74, 453 O.G. 213 (Comm’r Pat. 1935). Since this application is eligible

for continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17€ has been

timely paid, prosecution in this application has been reopened pursuant to 37 CFR 1.] l4.

Applicant’s submission filed on November 1, 2016 has been entered.

Information Disclosure Statement

3. The Information Disclosure Statement filed on November 1, 2016 has been considered.

EXAMINER’S AMENDMENT

4. An examiner’s amendment to the record appears below. Should the changes and/or

additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR

1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the

payment of the issue fee.

Authorization for this examiner’s amendment was given in an interview with Ian

Lodovice (Reg. No. 59,749) on December 1, 2016.

18
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Application/Control Number: 14/067,620 Page 3

Art Unit: 1637

The application has been amended as follows:

In the claims:

In claim 67, lines 14-15, please delete the words “‘(iii) a first oligonucleotide comprising

a nicking site and a nicking enzyme binding site, and” and insert -- (iii) a first oligonucleotide

comprising a 5’ portion that comprises a nicking enzyme binding site that is non-complementary

to the target polynucleotide sequence and a 3’ portion that hybridizes to the target polynucleotide

sequence, and-- therefor.

In claim 67, lines 16-17, please delete the words “(iV) a second oligonucleotide

comprising a nicking site and a nicking enzyme binding site,” and insert --(iV) a second

oligonucleotide comprising a 5’ portion that comprises a nicking enzyme binding site that is non—

complementary to the target polynucleotide sequence and a 3’ portion that hybridizes to the

target polynucleotide sequence,—— therefor.

In claim 95, lines 15-16, please delete the words “(iii) a first oligonucleotide comprising

a nicking site and a nicking enzyme binding site, and” and insert --(iii) a first oligonucleotide

comprising a 5’ portion that comprises a nicking enzyme binding site that is non-complementary

to the target polynucleotide sequence and a 3’ portion that hybridizes to the target polynucleotide

sequence, and-- therefor.

In claim 95, lines 17-18, please delete the words “(iV) a second oligonucleotide

comprising a nicking site and a nicking enzyme binding site” and insert ——(iV) a second

oligonucleotide comprising a 5’ portion that comprises a nicking enzyme binding site that is non-

complementary to the target polynucleotide sequence and a 3’ portion that hybridizes to the

target polynucleotide sequence-- therefor.

19
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Application/Control Number: 14/067,620 Page 4

Art Unit: 1637

in claim 107, lines 14-15, please delete the words “(111) a first oligonucleotide comprising

a nicking site and a nicking enzyme binding site, and” and insert -- (iii) a first oligonueleotide

comprising a 5’ portion that comprises a nicking enzyme binding site that is non-complementary

t0 the target polynucleotide sequence and a 3’ portion that hybridizes to the target polynucleotide

sequence, and-- therefor.

In claim 107, lines 16-17, please delete the words “(iV) a second oligonueleotide

comprising a nicking site and a nicking enzyme binding site” and insert --(iV) a second

oligonueleotide comprising a 5’ portion that comprises a nicking enzyme binding site that is non—

complementary to the target polynucleotide sequence and a 3’ portion that hybridizes to the

target polynucleotide sequence,—— therefor.

Allowable Subject Matter

5. Claims 67-83, 85, 86, 88, 90, 92, and 95-107 are allowed.

Conclusion

6. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Angela M. Bertagna whose telephone number is (571)272-8291.

The examiner can normally be reached on Monday-Friday, 9-5.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Gary Benzion can be reached on (571)272-0782. The fax phone number for the

organization Where this application or proceeding is assigned is 571—273—8300.
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Application/Control Number: 14/067,620 Page 5

Art Unit: 1637

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would

like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800—786—9199 (IN USA OR CANADA) or 571—272—1000.

/Angela M. Bertagna/

Primary Examiner, Art Unit 1637
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Application No. Applicant(s)

 . . . . 14/067,620 MAPLES ET AL.
Examiner-Initiated Interwew Summary Examiner Art Unit

Angela M. Bertagna 1637

All participants (applicant, applicant’s representative, PTO personnel):

(1) Angela M. Bertagna (PTOl. (3)Belinda Lew (Applicant’s regresentativel.

(2) Ian Lodovice (Applicant’s regresentativei. (4) .

Date of Interview: 29 November 2016.

Type: IE Telephonic I:I Video Conference
I:I Personal [copy given to: El applicant I:I applicant’s representative]

Exhibit shown or demonstration conducted: D Yes IZ No.
If Yes, brief description:

 

Issues Discussed D101 D112 $102 |Z|103 I:IOthers
(For each of the checked b0x(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 6795 and 107.
 

Identification of prior art discussed: Nelson et al. (US 2009/0011472 A1}, which is cited on the IDS filed on 11/1/16.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

We discussed amendments to claims 67 95 and 107 to distin uish them from the Nelson reference. A reement was
reached on 12/1/16.

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

I:I Attachment

lAngela M. Bertagna/
Primary Examiner, Art Unit 1637 
U.S. Patent and Trademark Office

PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20161122
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Application/Control No. Applicant(s)/Patent Under
Reexamination

Search NOIGS 14067620 MAPLES ET AL.

IIIIIIIIIIII I IIIIIIIII I IIIHIII Examiner ArtUnitANGELA M BERTAGNA 1637

CPC- SEARCHED

                          

 
 

CPC COMBINATION SETS - SEARCHED
 

Symbol ‘ Date ‘ Examiner 

US CLASSIFICATION SEARCHED

mm
————

SEARCH NOTES

 
Search Notes Date Examiner

searched all inventors by name 10/10/2014 amb

EAST search history attached 10/10/2014; amb
10/14/2014

Google Scholar (search terms included "nicking", "isothermal”, and ”RNA") 10/10/2014; amb
10/14/2014

reviewed related cases - 14067623 & 11778018 10/10/2014

updated search (text & inventor name) 2/18/15; 2/19/15

updated search (text & inventor name) 2/4/2016 amb
updated search (text & inventor name) 8/24/2016; amb

8/26/2016;
9/8/2016

updated search (text & inventor name) 11/22/16- amb
11/23/16;
12/7/16

INTERFERENCE SEARCH

 
 

 

U.S. Patent and Trademark Office Part of Paper No. : 20161122
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US Class/ US Subclass / CPC Group Date Examiner
CPC S mbol

searched 9/8/2016;
USPGPUBS 12/7/16

(text & inventor 

U.S. Paiem and Trademark Office Part of Paper No. : 20161122
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Receipt date: 11/01/2016 14067820 _ GAU;1637

Sheet L of 1 

Substitute Disclosure Form US. Department of Commerce Attorney Docket No, Application No,

Patentand Trademark Office 30171_0025002 14/067 620

Information Disclosure Statement Applifam .
by Applicant Ionlan Techn0101es Inc.

(Use several sheets if necessary) Filing Date Group Art Unit

(37 CFR§1.98(b)) October 30, 2013 1637

U.S. Patent Documents

Document Publication Filing Date
Date Patentee Subclass If Appropriate

2014/0072978 3/13/2014 Maples et a].

2009/0017453 1/15/2009 Maples et a].

 

Forei on Patent Documents or Published Forei- n Patent A- olications
Initial Number Date Patent Offce Class Subclass

  
—————--

Other Documents (include Author, Title, Date, and Place of Publication)
Examiner Desig.

Initial ID Document

Office Action in corresponding Application Number 12/173,020, dated October 3, 2016, pages 1-31

/A.B./ Reply to Action of October 3, 2016, in corresponding Application Number 12/173,020, filed
October 31, 2016pages 1-21

-Office Action1n corresponding Application Number 11/778,018, dated October 11, 2016, pages 1-29

McDowell DG, Burns NA, Parkes HC. Localised sequence regions possessing high melting
temperatures prevent the amplification of a DNA mimic in competitive PCR Nucleic Acids Res
1998 Jul 15, 26(14): 3340-7

Buck et al., “Design Strategies and Performance of Custom DNA Sequencing Primers,”
BioTechniues, 27: 528-536 (1999)

 
 

Date ConsideredExaminer Signature
i'AngeIa Bettagna/

11’22/‘201 6 

EXAMINER: Initials citation considered. Draw line through citation ifnot in conformance and not considered. Include copy ofthis form with
next communication to applicant.
 

Substitute Disclosure Form
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EAST Search History 

EAST Search History

EAST Search History (Prior Art)

§Default §Plurals:Time 5
........................... Operator Stamp

 
 

 

 
  

    

  
:”5744311".pn. "5712124".pn.

: us—20030138800-$.did. US-
20090011472—$.did. US—20140072978—

:$.did. us—20090017453-$.did.: \uKuuKuu\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

:(ionian).as. and (nicking or nick or
nicked or nickase)

  
 

 
 

 

 
 
  
 
 

  
 

 

2016/11/23;
USPAT; 09:52

:FPRS; EPO;

EJPO;
ERWENT

: S—PGPUB;

:USPAT;
:FPRS; EPO;
:JF’O; 5

ERWENT

S—PGPUB;
USPAT;
FPRS; EPO;
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ERWENT: “\“m‘u‘u‘ Nu“u“u\ \Ku\“uKK\Ku\“uKK\Ku\“uKK\Ku\“uKK\Ku\“uKK\Ku\“u\uKuuuuKuuuuuK KK\“\uuuu“u“mu“- Kuuu“u“mu“u“: \uuuuu\u\um KK\“\uuuu“u“mu“-

:(andrew near2 miller).in. and nick$.clm. :US—PGPUB; :2016/11/23§
USPAT; 09:53

EFPRS; EPO; 3
:JPO;

ERWENT

:(rebecca near2 holmberg).in. and S—PGPUB; :2016/11/23§
:niok$.clm. :USPAT; :09:53 i

‘ EFPRS; EPO; 3

:((rich or richard) near2 roth).in. and
:nick$.clm.
 
  

 
  
 

 

  
 

:2016/11/2sg
:09:53 

 

(jarrod near2 provins).in. and
nick$.clm.
 
  

 
  
  

 
 

 :2016/11/233
:09:53 :  

 

  
 
 

  
 

   

 

  
  
 

 
   
  

 
 

 brian near2 maples).in. and nick$.clm.  2010711725:
09:53 a

 
 
 

  
 

 

USPAT;
FPRS; EPO;
JPO; 5

ERWENT...........................................................................................................................................................................................................................

:(jeffrey near2 mandell).in. and : S—PGPUB; :2016/11/23§
:niok$.clm. :USPAT; :09:54
‘ EFPRS; EPO; :

:JF’O; =
' ERWENT

:8149 not 8148 not 8147 not 8145 not S—PGPUB; :2016/11/23§
8:144 USPAT; :09:55 i
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Methods for Generating Target Nucleic Acid Sequences

CROSS—REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit of US. Provisional Application No. 60/805,847,

5 filed June 26, 2006, the disclosure of which is hereby incorporated by reference in its entirety

for all purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

10 [0002] NOT APPLICABLE

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER

PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK.

[0003] NOT APPLICABLE

15

BACKGROUND OF THE INVENTION

[0004] Exponential strand displacement amplification (SDA) was disclosed in US. Patent

No. 5,455,166 requiring an initial denaturation of the target into single-stranded DNA

(ssDNA), generation of hemiphosphorothioate sites which allow single strand nicking by

20 restriction enzymes and extension by a polymerase lacking 5’—3’ exonuclease activity. US.

Patent No, 5,624,825 disclosed the simultaneous detection of more than one target and the

requirement of at least one modified deoxynucleoside triphosphate (dNTP).

[0005] US. Patent No. 5,648,21 1 describes the use ofthermostable enzymes in SDA

requiring either the generation of a hemimodified restriction site during amplification or the

25 use of a substituted deoxynucleoside triphosphate. a—Boronated deoxynucleoside

triphosphates, when incorporated into a double-stranded DNA (dsDNA), generates a

restriction endonuclease recognition/cleavage site allowing a single nick in one DNA strand

(US. Patent No. 5,702,926). An isothermal in situ strand displacement amplification utilizing

exposure to dry heat, restriction endonuclease pretreatment and mild depurination is disclosed

30 by Nuovo (Diagnostic Molec. Pathol., 9: 195-202 (2000)).
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[0006] An abasic site endonuclease amplification assay was disclosed in US. Patent

Application No. 2004/0101893. The use of this assay as a post amplification detection system

in combination with other amplification systems, were also disclosed. All these assays require

a denaturation step of dsDNA.

[0007] A few nucleases out just one strand of DNA thereby introducing a nick into DNA

(Besnier and Kong, EMBO Reports, 21: 782-786 (2001)). Most such proteins are involved in

DNA repair and other DNA-related metabolism and cannot easily be used to manipulate

DNA. They usually recognize long sequences and associate with other proteins to form active

complexes that are difficult to manufacture (Higashitani et al., J. Mol. Biol., 237: 388—4000

(1994)). Single strand nicking endonucleases which nick only one strand of the DNA double

strands and traditional restriction endonucleases are listed and updated in the REBASE

Database (Roberts et al., Nucl. Acids Res., 31: 418—420 (2003)). Engineering of a nicking

endonuclease has been described (Xu et al, PNAS USA 98: 12990-12995 (2001)). Isothermal

assays using nicking enzymes, but still requiring a thermal denaturation step are described by

Ehses et al., J. Biochem. Biophys. 63:170-186 (2005).

[0008] What is needed in the art is an isothermal assay which combines the advantages of

target nucleic acid cycling, without the requirement for dsDNA denaturation and the use of

modified dTNPs, retaining binding stability of the probe, an exquisitely specific cleavage

site, the possibility for essentially instantaneous and highly sensitive reporter detection and

the ability to directly combine detection with amplification procedures. Accordingly, there

remains a need for compositions and methods that enable efficient detection of target nucleic

acids with exquisite specificity. The present invention fulfills this need and others.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention provides methods and compositions for improved

hybridization and mismatch discrimination by isothermal amplification. In the practice of the

invention, dsDNA is amplified isothermally by single strand displacement in the presence of

a polymerase and a nicking enzyme that cuts on strand allowing the isothermal strand

displacement. The method involves 1) the isolation of the target nucleic acids from a sample,

2) providing a mixture comprising a) a nicking endonuclease enzyme, b) a nucleic acid

polymerase, c) deoxynucleosidetriphosphates and at least one primer which is

complementary to a region at the 3’-end of a target fragment and further wherein each primer
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has a recognition sequence for the nicking endonuclease upstream of the 5’-end, allowing a

time sufficient to generate nicks in one strand, the initiation points for isothermal strand

displacement and the generation of reaction products.

[0010] One embodiment of the invention provides a method for generating a target nucleic

acid sequence for amplification. The method comprises (a) providing a double stranded

target sequence; (b) nicking one strand of said target sequence with a nicking enzyme,

thereby generating the target nucleic acid sequence without thermal denaturation of the

double stranded target sequence. The recognition site of the nicking enzyme: (i) is at least 6

nucleotides in length, (ii) is present in one strand of the target sequence about 1 to about 50

times, or (iii) comprises a combination of (i) and (ii). In some embodiments, the recognition

site ofthe nicking enzyme is at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, or 16 nucleotides in

length. In some embodiments, the recognition site of the nicking enzyme is present in one

strand ofthe target sequence about 1, 2, 3, 4, 5,6, 7, 8, 9, 10,11, 12, 13,14, 15, 16, 17,18,

19, 20, 21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,40, 41, 42, 43,

44, 45, 46, 47, 48, 49, or 50 times. In some embodiments, the nicking enzyme is a type IIS

nicking enzyme (e. g., a nicking enzyme selected from: Nt.BvaI, Nb.BsmI, N. Bva IA,

N.Bva IB, N.BstNB I, N.Alw I, Nb.BpulOl, N.Bst9I, NMlyI, R.BvaI, Nb.SapI—l

(variant 33) and Nb.SapI—l (E250K)). In some embodiments, the nicking enzyme is a

modified type 118 nicking enzyme.

[0011] Another embodiment of the invention provides a method for amplifying a target

nucleic acid sequence. The method comprises (a) generating a target nucleic acid sequence

according to the method of claim 1; (b) contacting a first extension primer and a first bumper

primer with the target nucleic acid sequence under conditions sufficient to allow first

extension primer to hybridize to the target nucleic acid sequence and for the first bumper

primer to hybridize to the target nucleic sequence at a site 5’ to the binding site of the first

extension primer, wherein the 3' end of the first extension primer comprises a target binding

sequence and the 5' end of the first extension primer comprises: (i) a recognition sequence

for the nicking enzyme and (ii) a sequence which is complementary to the target nucleic

acid, (0) simultaneously extending the first extension primer and the first bumper primer with

a polymerase to produce a first extension product and a first bumper extension product that

displaces the first extension product; ((1) contacting a second extension primer and a second

bumper primer with the displaced first extension product under conditions sufficient to allow

the second extension primer to hybridize to the first extension product and for the second
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bumper primer to hybridize to the first extension product at a site 5’ to the binding site of the

second extension primer, wherein the 3' end of the second extension primer comprises a

sequence that binds to the first extension product and the 5' end of the second extension

primer comprises: (i) a recognition sequence for the nicking enzyme and (ii) a sequence

which is complementary to the target nucleic acid; and (e) simultaneously extending the

second extension primer and the second bumper primer with the polymerase to produce a

second extension product and a second bumper extension product that displaces the second

extension product, thereby generating an amplified target sequence. In some embodiments,

the polymerase is a DNA polymerase without 5’—)3’ exonuclease activity (e.g., a polymerase

selected from: Bst DNA Polymerase Large Fragment, Bca DNA polymerase, Klenow

fragment of DNA polymerase I, Phi29 DNA polymerases, Sequenase 2.0 T7 DNA

Polymerase and T5 DNA polymerase). In some embodiments, the method further comprises

(i) contacting the first extension primer to the second extension product under conditions

sufficient to allow the first extension primer to hybridize to the second extension product and

extending the first extension primer vw'th the polymerase to generate a double stranded

product comprising restriction sites recognized by the nicking enzyme; (g) contacting the

double stranded product with the nicking enzyme under conditions sufficient to allow the

nicking enzyme to cleave a single strand of the double stranded product, thereby generating a

nicked double stranded product with a nick site on each strand; (h) contacting the first and

second extension primer with the nicked double stranded product under conditions sufficient

to allow the first and second extension primers to hybridize to the nicked double stranded

product; and (i) extending the first and second extension primers with a polymerase, thereby

releasing single stranded amplified target sequences into solution. In some embodiments, the

method further comprises(h) detecting the amplified target sequence. In some embodiments,

the amplified target sequence is detected by: (i) contacting the amplified target sequence with

AP site probe and an AP endonuclease under conditions sufficient to allow the AP site probe

to hybridize to the amplified target nucleic acid, wherein the AP site probe comprises an

oligonucleotide NA that hybridizes to the amplified target nucleic acid and a functional tail R

comprising a detectable reporter group, the functional tail R attached via a phosphodiester

bond of a phosphate group to the 3’ terminal nucleotide of the NA, wherein the reporter group

is not detected when the functional tail R is attached to the NA; and (j) incubating the

amplified target nucleic acid sequence, the AP site probe, and the AP endonuclease under

conditions sufficient to allow the AP endonuclease to cleave the phosphodiester bond

attaching the functional tail R to the 3’ terminal nucleotide of the NA, wherein the AP
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endonuclease preferentially cleaves the phosphodiester bond attaching the tail R to the NA

when the NA is hybridized with a complementary target nucleic acid sequence in comparison

to when the NA is unhybridized or hybridized to a non-complementary nucleic acid; and (k)

detecting the reporter group on the cleaved functional tail R, whereby the amplified target

nucleic acid sequence is detected. In some embodiments, the method further comprises

contacting the amplified target nucleic acid sequence with an enhancer oligonucleotide,

wherein the 5‘-end of the enhancer oligonucleotide hybridizes to the amplified target nucleic

acid sequence about 0 to about 5 bases 3’ to the site where the AP site probe hybridizes to the

amplified target nucleic acid sequence. In some embodiments, the 5’-end of the AP site

probe is covalently linked to the 3’-end of the enhancer. In some embodiments, a quencher

molecule is attached to the 5’ end of the NA of the AP site probe via a non—cleavable linker.

In some embodiments, cleavage of the phosphodiester bond results in a hybridized NA

having a free 3’—OH. In some embodiments, the amplified target nucleic acid sequence, the

AP site probe, and the AP endonuclease are incubated under conditions sufficient to

simultaneously allow the AP endonuclease to cleave the phosphodiester bond of the AP site

probe and the polymerase to extend the cleaved AP site probe in a template-specific manner.

In some embodiments, the NA ofthe AP site probe is 3-200, 5—150, 7—100, 10-50, 15-40, or

20—30 nucleotides in length. In some embodiments, the AP site probe further comprises at

least one modified base. In some embodiments, the functional tail R is attached to the

phosphate group through a hydroxyprolinol linker. In some embodiments, the reporter group

is a fluorophore. In some embodiments, the AP endonuclease is a Class II AP endonuclease

(e.g., an E. coli Endonuclease IV).

[0012] A further embodiment of the invention provides kits comprising at least one of the

nicking enzymes, primers, probes, and DNA polymerases described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure l is a diagram illustrating the method of the invention to perform true

isothermal amplification of dsDNA. Figure 1A illustrates the isothermal generation of ssDNA

template. Figure 1B illustrates the initial steps of SDA and Figure 1C illustrates the

exponential cycles in SDA.

[0014] Figure 2 shows an example of an endonuclease IV signal detection system.
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[0015] Figure 3 shows real-time homogeneous amplification (SDA) and detection of

Mycobacterium tuberculosis DNA using an endonuclease IV probe. Fluorescence is plotted

versus time for various amounts of input target.

[0016] Figure 4 shows post—amplification genotype analysis of isothermal 1-step SDA

product on NanoChip® microarray.

[0017] Figure 5 shows Real time genotype analysis of isothermal 1-step SDA products

from human genomic DNA using MGB Eclipse® genotyping probes (Nanogen, Bothell,

WA) Fig. 5A represents the analysis of homozygous wild type samples. Fig. 5B represents

analysis of mutant samples, respectively, Fig. 5C represents the analysis of a heterozygous

sample. Fig 5D represents the no template control.

DETAILED DESCRIPTION OF THE INVENTION

I. General

[0018] The present invention provides assay methods that combine the advantages of

nucleic acid amplification cycling with a nicking enzyme that cuts one strand of dsDNA

allowing the isothermal strand displacement generation of single strand DNA eliminating the

need for thermal denaturation, and providing methods with efficient, flexible and simpler

amplification protocols.

II. Definitions

[0019] As use in herein a “nick” is a point in a double stranded DNA molecule where there

is no phosphodiester bond between adjacent nucleotides of one strand. A nick is typically

induced by damage or caused by enzyme action.

[0020] A “nicking endonuclease” or “nicking enzyme” is an enzyme that specifically

introduces a nick in one of the strands in a double—stranded nucleic acid (e. g. , DNA).

[0021] A “restriction endonuclease” is a class of bacterial enzymes that out both strands of

DNA at specific sites.

[0022] An “amplicon sequence” is the target sequence that is exponentially amplified and

contains primer specific sequences.

[0023] “Isothermal SDA amplification” or “isothermal strand displacement amplification”

as used in here refers to amplification where no thermal denaturation of double stranded
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DNA (dsDNA) (e.g., at 95°C or other elevated temperature) is used to generate single

stranded DNA (ssDNA). The isothermal SDA amplification of the present refers the

generation of ssDNA by a polymerase with strand displacement ability starting from a

nicking site, allowing amplification by the polymerase.

[0024] An “extension primer” is a primer that is extended during an SDA reaction.

[0025] A “bumper primer” is a primer used to displace primer extension products in SDA

reaction. The bumper primer anneals to a target sequence upstream of the extension primer

such that extension of the bumper primer displaces the downstream extension primer and its

extension product.

[0026] An abasic site is an naturally occurring Apurinic/Apyrimidinic (AP) site in a nucleic

acid sequence or a synthetic linker that is recognized and cleaved by Class II AP

endonucleases when it appears in double stranded DNAs.

[0027] As used herein, an AP endonuclease refers to an enzyme that binds to and cleaves

the phosphodiester backbone at an abasic (AP) site on a nucleic acid strand in a double

stranded DNA. Preferred AP endonucleases cleave the phosphodiester backbone on the 5'

side of the AP site via a hydrolytic mechanism that provides a free 3’-OH group that serves as

a substrate for DNA polymerases.

III. Isothermal Strand Displacement Amplification

[0028] SDA amplification after generation of a ssDNA by thermal denaturation has been

disclosed (US. Patent Nos.5,455,l66; 5,624,825; 5,624,825 and Walker er al, Nucl. Acids

Res., 24: 348-353 (1996)) as illustrated in Figure 1b) and c). The generation of ssDNA after

nicking by a nicking endonuclease and displacement by DNA polymerase lacking 5 ’ to 3’

exonuclease activity is illustrated in Figure 1a).

[0029] In contrast to traditional “isothermal SDA” which require at least one thermal

denaturation step at about 95°C to generate single stranded DNA (ssDNA), the isothermal

SDA of the invention generates ssDNA isothermally by polymerase strand displacement and,

accordingly eliminates the thermal denaturation step. The isothermal generation of single

stranded DNA, requires the involvement of a nicking enzyme that catalyzes a nick in one of

the DNA strands, the initiation point for strand displacement by the polymerase.
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[0030] According to the methods of the invention, a single stranded target nucleic acid

sequence is generated by contacting a double—stranded target nucleic acid sequence (e.g.,

dsDNA) with a nicking enzyme (e.g., a type 115 modified nicking enzyme as described

herein).

[0031] Three issues are of importance to facilitate the production of ssDNA for SDA: i) the

frequency of the nicking enzyme recognition sequence in the target gene sequence, ii) the

length of the nicking recognition sequence and iii) the orientation of the nicking enzyme’s

recognition sequence. The frequency of the nicking enzyme recognition sequences in the

target is such that the strand displaced generated ssDNA sequences are equal or greater than

that of the amplicon sequence. The nicking enzyme recognition site is at least 6, 7, 8, or 9

nucleotides in length. In some embodiments, the nicking enzyme recognition site occurs in

the target sequence about 1 to about 50, about 2 to about 40, about 3 to about 35, about 4 to

about 30, about 5 to about 25, about 6 to about 20, about 10 to about 15 times. In some

embodiments, the nicking enzyme recognition site is located about 1 to about 10,000, about 2

to about 5,000, about 3 to about 2,500, about 4 to about 1250, about 5 to about 1,000, about

10 to about 500, about 15 to about 250, about 20 to about 150 nucleotides from the binding

site for a probe to detect the amplified target nucleic acid. In some embodiments, the nicking

enzyme is selected from the enzymes disclosed in Table 1.

[0032] In some embodiments, the recognition site sequence of the nicking enzyme is

located upstream of the 5 ’-end of the targeted sequence. Strand displacement from the

nicking site, by the polymerase lacking 5’ to 3’ exonuclease activity with good strand

displacement characteristics, will therefore produce single strand targets that will include the

probe recognition sequence.

[0033] In one embodiment the isothermal SDA of the present invention requires at least

one nicking endonuclease. A preferred embodiment utilizes a first and a Second nicking

enzymes, one set of primers containing a recognition sequence located upstream of the 5’—end

of the probe sequence for one of said nicking enzymes.

[0034] In one embodiment target nucleic acid by strand displacement amplification is

performed by using a thermophilic nicking enzyme, a thermophilic DNA polymerase and a

thermophilic endonuclease IV. In another embodiment at least one of the three enzymes is

thermophilic. The use of a thermophilic DNA polymerase and a thermophilic restriction

endonuclease was previously disclosed in US. Patent No. 5,648,211.
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[0035] In another embodiment SDA is performed in the presence of a nicking enzyme, a

restriction enzyme, generated hemimodified restriction site and a polymerase lacking 5’-3’

exonuclease activity. A hemimodified restriction site is generated during amplification

utilizing at least one dNTP selected from dNTPocS (U.S. Patent No, 5,455,166), a modified

dNTP (US, Patent No. 5,624,825) or a-boronated deosynucleoside triphosphate (US. Patent

No. 5,648,21 1). In the above embodiment, the nicking enzyme generates nicks for the

initiation of strand displacement, allowing isothermal generation of single stranded DNA

target. Amplification primers containing a restriction recognition sequence upstream of the

5’—end of the primer recognition sequence, allow the generation of hemimodified restriction

modified site using an appropriate modified dTNP.

A. Nicking Enzymes

[0036] Nicking enzymes can be isolated or genetically engineered from restriction enzymes

(Xu et al, PNAS 98: 12990-12995 (2001)). A number of nicking enzymes are available either

commercially or have been disclosed. The following Table contains a list of nicking enzymes

useful to perform the isothermal amplification of the current inventions.

Table I. Nicking enzymes and their specificity.
  

Source 
  

  ...GAATGCN...3’

3’...CTTACAGN...5’

5’...GCVTGAGG...3’

3’...CGACTCC...5’

5’...CCVTCAGC...3’

3’...GGAGTCG...5’

5’...GAGTCNNNNVN...3’

3’...CTCAGNNNNN...5’

http://www.neb.com

  
 

  
 

 

 

  

 

 

N. Bva IA http://www.neb.com __
 
 

N.Bva IB http://wwwnebcom
 

N.BstNB I http://www.neb.com

 

  
  
   

  

 

 

 

5’...GGATCNNNNVN...3’

3’...CCTAGNNNNN...5’

5’...GCVTNAGG...3’

3’...CGANTCC...5’

 N.Alw I http://www.neb.com

 
 

http://www.fermentas.com
US. Patent No. 6,867,028

Nb.Bpu101    

  
 
    

 
  

 

  

N.Bst9I 5’ . . . GAGTCNNNN VN. . .3’ http://www.sibenzyme.com
3’...CACAGNNNNN...5’

NMlyI 5’ . ..GAGTCNNNNNVN. . .3 Besnier & Kong, EMBO Reports, 21:
...CTCAGNNNNNN...5’ 782-786 (2001).

R.BvaI ...CCTCAGC. . .3’ Heiter et al., JMB., 348:631—640

..GGAAGTCG. . .5’ (2005)

...CCVTCAGC...3’

...GGAGTCG...5’

..GCTCTTCNNNNN. . .3’ Samuelson et al., NAR., 32:3661—

 

Nb. SapI—l
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(variant 33)

Nb.SapI-1

(E250K)  
3’...CGAGAAGNNNNAN...S’

5’...GCTCTTCNVN ...3’

3’...CGAGAAGNN...5’ 

A orV indicates the nicking position in the sequence.

[0037]

PCT/U52007/072136

3671 (2004)

There are more than eighty type of IIA/IS restriction endonuclease with different

known recognition specificities. A novel genetic screening method was devised to convert

type IIS restriction endonucleases into strand-specific nicking endonucleases (Zhu et al, J

Mol Biol., 337: 573-83 (2005)). A selected preferred list of these restriction enzymes and

their recognition sequences are listed in Table 11. These type IIS restriction enzymes can

potentially be converted by the Zhu et al protocol to nicking enzymes.

Table 2. Palindromic Restriction Endonucleases.
 

 
Aar I

Ace III

Reco-nition Seluence

5’...

3’...

5’..

CACCTGC(N)4 v . . .3’

GTGGACG(N 3A...5’

.CAGCTC(N)7 V . . .3’

 
 

 
 
 
 

 

 
 

5’...GTGCAG(N)16V...3’
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3’...GTCGAG(N)HA...5’ 3’...CCAGAG(N)14A...5’

AcuI 5’...CTGAAG(N)16V...3’ 5’...GAATGCNV...3’

3’...GACTTC(N)14A...5’ 3’...CCAGAAGN...5’

AlwI 5’...GGATC(N)4V...3’ BspMI 5’...ACCTGC(N)4V...3’

3’...CCTAG(N)5A...5’ 3’...TGGACG(l\)gA...5’

5’...GAAGAC(N)7V...3’ BsrBI 5’...CCGYCTC...3’

3’...CTTCTG(N)11A...5’ 3’...GGCAGAG...5’

Bbsl 5’...GAAGAC(N)2V...3’ BerI 5’...GCAATG(1\)2V...3’

3’...CTTCTG(N)6A...5’ 3’...CGTTACA.\I...5’

Bva 5’...GCAGC(N)8V...3’ 5’...CVACGAG(N)4...3’

3’...CGTCG(N)12A...5’ 3’...GTGCTAC(N)3...5’

BvaI 5’...CCVTCAGC...3’ BthI 5’...GCGATG(I\)10V...3’

3’...GGAGTACG...5’ 3’...CGCTAC(N)14A...5’

Bch 5’...CCATC(N)4V...3’ BtsI 5’...GCAGTG(N)2V...3’

3’...GGTAG(N)5A...5’ 3’...CGTCACA\I...5’

BciVI 5’...GTATCC(N)5V...3’ CstMI 5’...AAGGAG(N)20V...3’

3’...CATAGG(N)5A...5’ 3’...TTCCTC(N)13A...5’

BquI 5’...ACCTGC(N)4V...3’ DrdII 5’...GAACCAV...3’

3’...TGGACG(N)8A...5’ 3’...CTTGGTA...5’

BmgBI 5’...CACVGTC...3’ Ear—I 5’...CTCTTC(N)1V...3’

3’...GTGACAG...5’ 3...GAGAAG(N)4A...5’ 4err 5’...ACTGGG(N)5V...3’ EciI 5’...GGCGGA(N)HV...3’

3’...TGACCC(N)4A...5’ 3’...CCGCCT(N)9A...5’

5’...CTGGAG(N)16V..,3’ EcoPlSI 5’...CAGCAG(N)25V...3’

3’...GACCTC(N)14A...5’ 3’...GTCGTC(N)27A...5’
5’...CCVTNAGC...3 Pfl11081 5’...TCGTAGV...3’

3’...GGANTACG...5’ 3’...AGCATC7A...5’

5’...CTTGAG(N)16V...3’ RleAI 5’...CCCACA(N)12V...3’
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3’...GAACAC(N)14A...5’

...GGTCTC(N)1V...3’

3’...CCAGAG(N)5A...5’
5’...CAACAC...3’

..GTTGTG...5’

3’...GGGTGTCN)9A...5’

5’...GCTCTTC(N)1V...3’

3’...CGAGAAG(N)4A...5’

5’...GAAAY(N)5RTGV...3’

3’...CTTTY’N)5R’ACA,..5’
R=A or G; Y =C or T
5’...CGAACGV...3’

3’...GCTTGC7A...5’

 

 
 
 

  
 

 
 

 

 

 

  

 
 

 

 
 
 
 
 

...GAGGAG(N)10V...3’

..CTCCTC(N)3A...5’  

B. DNA Polymerase

[0038] DNA polymerases useful in this method include those that are capable of extending

from the nick while displacing the down stream strand. Importantly, the polymerase should

lack any 5’ to 3’ exonuclease activity. Usefill DNA polymerases are Bst DNA Polymerase

Large Fragment (New England Biolabs, Ipswich, MA), Bca DNA polymerase (Takara Shuzo,

Shiga., Japan), Klenow fragment of DNA polymerase I, for example Klenow Fragment, exo-,

Phi29 DNA polymerases (FERMENTAS, Hanover, MD), Sequenase 2.0 T7 DNA

Polymerase (Amersham Biosciences Corp, Piscataway, NJ), T5 DNA polymerase. Preferred

DNA polymerases are Bsz‘ and Bca DNA polymerases.

C. Additional Assay Components

[0039] The reaction mixture also typically comprises appropriate buffers (e.g., phosphate

buffers), a source of magnesium ions (ag , MgClz), and dNTPs (dATP, dGTP, dCTP and

TTP) 50 nM forward primer, 500 nM reverse primer, 50 nM each bumper, 4U Bst DNA

polymerase, 4U BvalB (New England Biolabs), 0.1U Endo IV (Trevigen) diluted in

Diluent A (New England Biolabs). After addition of all above components, including the

three enzymes at room temperature, reaction tubes were placed directly in the thermocycler

and were incubated at 49°C for 50min.

D. Detection Systems

[0040] The target amplified by the isothermal strand displacement method of the current

invention can be detected in numerous ways. In one preferred embodiment, the isothermal

strand displacement method is coupled to the endonuclease IV signal amplification method.

The endonuclease IV signal amplification method is disclosed in U. S. Patent Publication No.

2003/026133, which is hereby incorporated herein by reference in its entirety. This method

requires i) a short FRET probe, with a quencher preferably at the 5’—end and fluorescent dye

11
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coupled to 3’-hydroxyl through a phosphate bond and rigid linker; ii) a shorter enhancer

oligonucleotide and iii) an endonuclease IV enzyme. Both the probe and the enhancer are

complementary to the target or amplified target, hybridizing in such a fashion that there is a

one base gap between probe and enhancer, generating a substrate for the endonuclease IV,

which specifically hydrolyzes the phosphate linkage between the oligonucleotice and the

fluorescent dyed (Figure 2). The endonuclease IV does not hydrolyze unhybridized FRET

probes. In some embodiments the SDA amplified target is detected with the FRET probe and

the endonuclease IV without the enhancer.

[0041] In other embodiments the amplified isothermal target of the invention is detected by

a probe that fluoresces on hybridization to its complementary target sequence. Minor groove

binder-based probes that fluoresce on hybridization have been disclosed in US. Patent

Publications Nos. 2003/0175728 and 2005/0214797 which is hereby incorporated herein by

reference in its entirety. Molecular beacon probes, containing hairpin—stem regions have been

disclosed in US. Patent No. 5,312,728. A cleavable hairpin probe was disclosed (Nadeau et

a]., Anal. Biochem., 276: 177-187 (1999)) to detect SDA amplification product. In some

embodiments the isothermally amplified target of the inventions is detected directly or

indirectly by labeled or FRET labeled primers.

[0042] In some embodiments, the amplified target of isothermal SDA of this invention is

detected by primer—based methods. Primer-based detection methods are either indirect or

direct. Indirect detection is performed by using biotinylated primers in a sandwich format

utilizing a biotin-straptavidin capture and a detection probe or a variation thereof. Direct

primer—based detection typically require a hairpin FRET primer that when hybridized to its

complementary extend target strand, fluoresces (US. Patent No. 6,656,680).

[0043] In some embodiments, the amplified target of isothermal SDA of this invention is

detected using an AP site probe as described in. e.g., US. Patent Publication No.

2004/0101893.

12
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[0044] Generally, the structure of an AP site probe is as follows:

0

NA—O—P—O—R

0-

[0045] An AP site probe is comprised of a nucleic acid (“NA”) covalently bound by its 3’-

terminal oxygen atom to a functional, chemical tail (“R”) through a phosphodiester group.

[0046] The number of nucleotides in the NA component can be 3 to 200, 3 to 100 or 3 to

200 nucleotides in length, depending on the intended use. Usually, the length of the NA is

from 5 to 30 nucleotides. More typically, the length of the NA is 6-25, 7-20, or 8-17 nucleic

acids. Most often, the NA component is about 6, 7, 8, 9, 10, ll, 12, 13, 14, 15 or 16 nucleic

acids in length. Usually, the NA component will have a hybridization melting temperature of

about 10 to 80°C, more typically of about 20 to 70°C, and preferably about 30°C, 40°C, 50°C

or 60°C.

[0047] The sugar, or glycoside, portion of the NA component of the conjugates can

comprise deoxyribose, ribose, 2-fluororibose, and/or 2—O~alkyl or alkenylribose wherein the

alkyl group comprises 1 to 6 carbon atoms and the alkenyl group comprises 2 to 6 carbon

atoms. In the naturally—occurring nucleotides, modified nucleotides and nucleotide analogues

that can comprise an oligonucleotide, the sugar moiety forms a furanose ring, the glycosidic

linkage is of the beta configuration, the purine bases are attached to the sugar moiety via the

purine 9—position, the pyrimidines via the pyrimidine 1—position and the pyrazolopyrimidines

via the pyrazolopyrimidine 1—position (which is equivalent to the purine 9—position). In a

preferred embodiment, the sugar moiety is 2-deoxyribose; however, any sugar moiety known

to those of skill in the art that is compatible with the ability of the oligonucleotide portion of

the compositions of the invention to hybridize to a target sequence can be used.

[0048] In one preferred embodiment, the NA is DNA. An AP site probe comprising DNA

can be used to detect DNA, as well as RNA, targets. In another embodiment, the NA is

RNA. An AP site probe comprising RNA is generally used for the detection of target DNAs.

In another embodiment, an AP site probe can contain both DNA and RNA distributed within

the probe. In mixed nucleic acid probes, DNA bases preferably are located at 3'—end of the

probe while RNA bases are at the 5’-end. It is also preferred when the 3'-terminal nucleotide
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is 2’-deoxyribonucleotide (DNA) and when at least four 3’-terrninal bases of NA are DNA

bases.

[0049] Usually, the NA component contains the major heterocyclic bases naturally found in

nucleic acids (uracil, cytosine, thymine, adenine and guanine). In some embodiments, the

NA contains nucleotides with modified, synthetic or unnatural bases, incorporated

individually or multiply, alone or in combination. Preferably, modified bases increase

thermal stability of the probe—target duplex in comparison with probes comprised of only

natural bases (i.e., increase the hybridization melting temperature of the probe duplexed with

a target sequence). Modified bases include naturally-occurring and synthetic modifications

and analogues of the major bases such as, for example, hypoxanthine, 2—aminoadenine,

2-thiouraci1, 2-thiothymine, inosine, 5-N4-ethenocytosine, 4-aminopyrrazolo[3,4—

d]pyrimidine and 6-amino—4-hydroxy—[3,4—d]pyrimidine. Any modified nucleotide or

nucleotide analogue compatible with hybridization of an AP site probe with a target nucleic

acid conjugate to a target sequence is useful in the practice of the invention, even if the

modified nucleotide or nucleotide analogue itself does not participate in base—pairing, or has

altered base-pairing properties compared to naturally-occurring nucleotides. Examples of

modified bases are disclosed in US. Patent Nos. 5,824,796; 6,127,121; 5,912,340; and PCT

Publications WO 01/3 8584; WO 01/64958, each of which is hereby incorporated herein by

reference in its entirety. Preferred modified bases include 5—hydroxybutynyl uridine for

uridine; 4-(4,6-Diamino—lH-pyrazolo[3,4-d]pyrimidin—3—yl)—but—3—yn—1-ol, 4—amino-1H—

pyrazolo[SA—d]pyrimidine, and 4-amino—1H—pyrazolo[3,4-d]pyrimidine for adenine; 5-(4—

Hydroxy—but-l-ynyl)-1I-l—pyrimidine—2,4-dione for thymine; and 6-amino—1I—l-pyrazolo[3,4—

d]pyrimidin—4(5H)-one for guanine. Particularly preferred modified bases are “Super ATM,”

“Super GTM: 4-hydroxy—6-amino pyrazolopyrimidine” (www.manogen.com) and “Super Tm”.

Modified bases preferably support the geometry of a naturally occurring B-DNA duplex.

Modified bases can be incorporated into any position or positions in an AP site probe, but

preferably are not incorporated as the 3’-terminal base.

[0050] In another embodiment, some or all nucleotides of NA are substituted or contain

independently different sugar—phosphate backbone modifications including 2’—O-a1ky1 RNA

nucleotides, phosphorothioate internucleotide linkage, methylphosphonate, sulfamate (e.g.,

US. Pat. No. 5,470,967) and polyamide (i.e., peptide nucleic acids, PNA), LNA (locked

nucleic acid), and the like. Such modifications and others of potential use in the present

invention are described, for example, in Boutorine, er al., Biochz‘mz‘e 76:23 (1994); Agrawal,
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et al., Proc. Natl. Acad. Sci. 88:7595 (1991); Mag, et al., Nucleic Acids Res. 19: 1437 (1991);

Kurreck, Eur. J Biochem. 27021628 (2003); Lesnik, et al., Biochemistry 32:7832 (1993);

Sproat, et al., Nucleic Acids Symp. Ser. 24:59 (1991); lribarren, et al., Proc. Natl. Acad. Sci.

87:7747 (1990); Demidov, Trends Biotechnol. 21 :4 (2003); Nielsen, Methods Mol. Biol.

208:3 (2002); Nielsen and Egholm, Curr. Issues Mol. Biol. 1:89 (1999); Micklefield, Curr.

Med. Chem. 8:1157 (2001); Braasch, et al., Chem. Biol. 8:1 (2001); and Nielsen, Curr. Opin.

Biotechnol. 12:16 (2001).

[0051] Within the scope of present invention, modifications of the bases and sugar—

phosphate backbone as well as other functional moieties conjugated with the probe can serve

to improve the sequence specificity of the target-probe duplex formation. In particular,

binding between the probe and a matched target nucleic acid is detectably increased over

binding to a mismatched target nucleic acid. By “matched target nucleic acid” is intended a

target nucleic acid that contains a sequence that is completely complimentary to the probe

sequence. By “mismatched target nucleic acid” is intended a polynucleotide that contains a

sequence that is partially complimentary to the probe sequence such that it contains at least

one mismatched, non~c0mplimentary base, deletion or insertion in comparison to the probe

sequence. For example, use of modified bases in an AP site probe allows for more stable

base pairs than when using natural bases and enables the use of shorter probes for the same

reaction conditions. Reduction of the probe length increases the ability of the probe to

discriminate a target polymorphism as small as a Single Nucleotide Polymorphism (“SNP”)

due to a proportional increase in the contribution of each duplex base pair to the overall

duplex stability. In general, the shorter the probe, the greater the relative contribution of an

individual base pair in to the overall duplex stability, and the better the probe discrimination

of the target polynucleotide polymorphism.

[0052] The functional tail R enables detection of the endonuclease tail-cleavage reaction.

The structure of R can be of any size and composition as long as it supports the template-

specific, endonuclease tail—cleavage reaction. R can be as large as a natural protein with

molecular mass up to 1,000,000 Daltons or it can be as small as a single atom (i.e., a

radioactive isotope, such as a hydrogen or an iodine). Since the enzymatic hydrolysis occurs

between the 3’-terminal oxygen atom of the NA and the phosphorus atom of the

phosphodiester bond, for the purposes of the present invention, the phosphate moiety of the

probe is considered a part of the functional tail R. For example, when R is hydrogen (R = ~

H), the functional tail of the probe is a phosphate moiety —P(O)(OH)2 or ~P032‘. The tail R
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can be hydrophobic or hydrophilic, electrically neutral, positively or negatively charged. It

can be comprised of or include independently different functional groups, including mass

tags, fluorescent or non—fluorescent dyes, linkers, radioisotopes, functional ligands like biotin,

oligopeptides, carbohydrates and the like. For example, as demonstrated herein,

Endonuclease IV from E. coli efficiently cleaves from the 3'—end of a probe bound to the

target nucleic acid a relatively hydrophilic, negatively charged fluorescein moiety as well as

an electrically neutral, hydrophobic quenching dye.

[0053] The tail R can contain components that improve specificity by blocking non—

specific cleavage reactions in the absence of a target molecule without affecting the target-

dependent, specific reaction. It is also within the scope of present invention that the tail R or

some structural components of it can improve the specificity of the target~probe 0r enhancer-

probe complementary binding so that the thermodynamic difference in the probe/enhancer

binding to matched and mismatched target nucleic acids is increased. Examples of such

structural components are minor groove binders (MBs).

[0054] The filnctional tail R can incorporate mono-, oligo- or polynucleotides. Nucleotide

residues introduced into the tail structure are not intended to bind to the target nucleic acid.

[0055] In addition to a functional chemical tail R conjugated to the 3’—end of an AP site

probe through a phosphodiester group, the probe optionally can contain other tails and

functional moieties covalently attached to the probe or the tail via an appropriate linker.

Preferably, the additional moieties do not interfere with endonuclease recognition of the AP

tail-cleavage site or the template-specific tail-cleavage reaction. In one embodiment,

additional moieties are attached to the 5’—end of the NA portion of the probe. In another

embodiment, an additional moiety is conjugated to nucleotide bases of the probe such that,

when the probe-target duplex is formed, the moieties are located within the major groove of

the duplex.

[0056] Incorporation of a moiety in addition to the functional, chemical tail can serve to

improve the probe hybridization properties, Examples of such moieties include minor groove

binders and intercalators. Minor groove binders are described in U.S. Patent Nos. 6,492,346

and 6,486,308, both of which are hereby incorporated herein by reference. In other

embodiments, these moieties operate in conjunction with the functional tail R to aid in the

detection of an endonuclease tail-cleavage reaction. Examples of such moieties include

radioisotopes, radiolabelled molecules, fluorescent molecules or dyes, quenchers (dyes that
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quench fluorescence of other fluorescent dyes), fluorescent antibodies, enzymes, or

chemiluminescent catalysts. Another suitable moiety is a ligand capable of binding to

specific proteins which have been tagged with an enzyme, fluorescent molecule or other

detectable molecule (for example, biotin, which binds to avidin or streptavidin, or a hemin

molecule, which binds to the apoenzyme portion of catalase).

[0057] In a preferred embodiment, both the functional tail R and the additional moiety are

dyes. One or both of the tail and additional moiety dyes can be fluorescent dyes. Preferably,

one of the dyes is fluorescent. In one preferred embodiment the functional tail comprises a

fluorescent dye and the additional moiety comprises a quencher. The fluorescent dye and

quencher molecule operate together such that the fluorescence of the dye is repressed when

the dye is bound to the AP site probe, but the fluorescence of the dye is detectable when the

phosphodiester bond between the NA and tail R is hydrolyzed or cleaved by the enzyme.

This fluorescence detection strategy is known as Fluorescence Resonance Energy Transfer

(FRET). According to a FRET technique, one of the dyes servers as a reporter dye and the

other dye is a quencher that substantially decreases or eliminates fluorescence of the reporter

dye when both of the dyes are bound to the same molecule in proximity of each other. The

fluorescence of the reporter dye is detected when released from the proximity of the quencher

dye. Cleavage of the AP site probe functional tail releases the reporter dye from its quencher

counterpart allowing for a detectable increase in the reporter fluorescence and detection of the

target nucleic acids. The quenching dye can be a fluorescent dye or non—fluorescent dye

(dark quencher). See, US. Patent Publication Nos. 2003/0113765 and 2003/0096254 and

PCT Publication No. WO 01/42505 for fluorophore and quencher examples, both of which

are hereby incorporated herein by reference.

[0058] The present invention includes a composition comprising a solid support and an AP

site probe immobilized thereon. In such a case, one of the moieties conjugated to the probe

can be a moiety that serves to attach the probe to the solid support. This moiety or solid

support linker can be attached anywhere within or be a structural part of the NA and

functional tail R structures of the probe of the present invention. In one embodiment, the AP

site probe is covalently attached to a solid support through a Schiff base type linkage, as

described in US. Patent No. 6,548,652, incorporated herein by reference.

[0059] In assays of the present invention, an AP site probe is typically included at

concentrations of about 50—200 nM, more typically at concentrations of about 100-175 nM,
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and preferably at concentrations of about 150 nM. One of skill in the art will appreciate that

the probe concentrations provided above can be altered depending on a variety of factors,

including the amount of target, as well as the characteristics of the dye or quencher used.

[0060] An enhancer is an oligo- or polynucleotide designed to form a duplex with the target

nucleic acid positioned immediately 5'— to the target—AP site probe. The combined, probe—

enhancer—target complex simulates a naturally occurring nucleic acid atypical abasic site that

is recognized by cellular exo- and endonuclease repair enzymes. Although the tail R

cleavage reaction can be achieved without the enhancer, the presence of an enhancer

generally improves the kinetics the reaction. The probe and enhancer form duplexes with the

target nucleic acid that are positioned next to each other leaving one, non—paired base of the

target between the duplexes. Although this is a preferred design, cleavage of the tail R in the

target—probe complex can be achieved in absence of the enhancer, or when the number of

non—paired, target polynucleotide bases between two duplexes shown is 1, 2, 3, 4, 5 or more

bases.

[0061] The structural requirements and limitations for an enhancer are essentially the same

as for a NA component of an AP site probe, described above. Generally, the number of

nucleotides in an enhancer oligonucleotide can range from 3 to 50, 100 or 200 nucleotides in

length. Usually, the length of an enhancer is from 5 to 30 nucleotides. More typically, the

length of the enhancer is 6—25, 7—20, or 8-15 nucleic acids. Most often, an enhancer

component is about 10, 12, 14, 16, 18 or 20 nucleic acids in length. Usually, an enhancer

oligonucleotide component will have a hybridization melting temperature of about 10 to

80°C, more typically of about 20 to 70°C, and preferably about 30°C, 40°C, 50°C, 60°C or

70°C. An enhancer oligonucleotide will usually have a comparatively equal or higher

hybridization melting temperature in comparison to the melting temperature of the NA

component of the AP site probe. Usually, the melting temperature will be about 5 to 30°C,

more typically about 10 to 20°C, and preferably about 8°C, 10°C, 15°C, or 20°C higher than

the melting temperature of the NA component of the AP site probe.

[0062] Preferably, the enhancer is DNA. An oligo— or polydeoxyribonucleotide enhancer is

useful for detecting DNA and RNA target nucleic acids. The enhancer can also be RNA. In

another embodiment, an enhancer can contain both DNA and RNA. Preferably, DNA bases

are located at the 5'—end of the enhancer while RNA bases are at its 3’-end. Preferably, at

least the four 5’—terminal bases of the enhancer are DNA bases.
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[0063] In another embodiment, the enhancer contains nucleotides with modified, synthetic

or unnatural bases, including any modification to the base, sugar or backbone. Preferably,

modified bases increase thermal stability of the enhancer—target duplex in comparison to

enhancer sequences that contain only natural bases. Specific modified bases are the same as

those described for a probe.

[0064] In another embodiment, some or all nucleotides of the enhancer are substituted or

contain independently different sugar-phosphate backbone modifications, including, 2’-O-

alkyl RNA nucleotide, phosphorotioate intemucleotide linkage, PNA (peptide nucleic acid),

LNA (locked nucleic acid). References describing these and other potentially useful sugar—

phosphate backbone modifications are provided above.

[0065] The enhancer optionally can contain some functional tails or markers conjugated to

either end of the enhancer or in the middle of it. These moieties should not interfere with the

template—specific cleavage of the probe R tail. In a preferred embodiment, these moieties are

attached to the 3’-end of the enhancer. In another preferred embodiment, these moieties are

conjugated to nucleotide bases of the enhancer such that, when the enhancer-target duplex is

formed, the moieties are located within the major groove of this duplex. Enhancer moieties

can serve to improve the enhancer hybridization properties. Examples of such moieties

include minor groove binders and intercalators.

[0066] The present invention also encompasses a composition comprising an enhancer

immobilized on a solid support. A moiety conjugated to the enhancer can serve to attach the

enhancer to the solid support. This moiety or solid support linker can be attached anywhere

within or be a structural part of the enhancer.

[0067] Modifications of the bases and sugar—phosphate backbone as well as other

functional moieties conjugated to the enhancer can serve to improve the sequence specificity

of target—enhancer duplex formation resulting in increased thermodynamic differences in

binding between the enhancer and a matched target nucleic acid in comparison to binding

between the enhancer and a mismatched target nucleic acid.

[0068] In assays of the present invention, an enhancer, when included, is typically added at

concentrations of about 50—200 nM, more typically at concentrations of about 100-175 nM,

and preferably at concentrations of about 150 nM. One of skill in the art will appreciate that

the enhancer concentrations provided above can be altered depending on a variety of factors,

including the amount of target, as well as the amount of probe used and its characteristics.
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[0069] An enzyme used in conjunction with the AP site probe is an endonuclease or

exonuclease that recognizes an Apurinic/Apyrimidinic (AP) site or atypical AP site moiety

simulated by an AP site probe duplexed with a target nucleic acid complex, and preferentially

hydrolyzes or cleaves the phosphodiester bond between the probe and the functional tail R.

An enhancer can be used to increase the kinetics of the tail—cleavage reaction. An enzyme

useful in the present methods preferentially does not cleave the NA part of the probe or the

target nucleic acid. Otherwise, enzymes which cleave the probe NA or target nucleic acid at

an efficiency that is substantially lower than target-specific tail cleavage can still find use in

practicing the present methods. To minimize non—specific detection of the target nucleic

acid, the enzyme preferentially does not cleave the tail R of the probe in absence of the target,

nucleic acid.

[0070] In a preferred embodiment, the enzyme is an AP endonuclease. The enzyme can be

a class I or a class II AP endonuclease. Preferably, the enzyme is a class II endonuclease.

Enzymes that belong to this family are isolated from variety of organisms, and any class II

endonuclease that specifically recognizes an AP abasic site and specifically hydrolyzes the

phosphodiester backbone on the 5’ side of the AP site can be used in the present methods.

Exemplified class II AP endonucleases include Endonuclease IV and Exonuclease III from E.

0011', human APEl/REF—l endonuclease, yeast APNI endonuclease, exonuclease III

homologous enzymes from Drosophila (Rrpl) and Arabidopsis (Arp) and therrnostable

endonuclease IV from Thermotoga maritima. Other AP endonucleases useful for detection

and/or amplification systems requiring an AP site probe can be identified through the

National Center for Biotechnological Information Entrez/PubMed nucleotide and protein

databases accessed through the website ww.ncbi.nlm.nih.gov/. Enzymes homologous in

structure and function to the E. coli Exonuclease 111 family of AP nucleases are also of use in

the present invention (M01, 62‘ al., Mutat. Res. 460121 1 (2000); Ramotar, Biochem. Cell Bio.

75:327 (1997)). The structure and function of apurinic/apyrimidinic endonucleases is

reviewed by Barzilay and Hickson in Bioessays 172713 (1995).

[0071] In a preferred embodiment, the enzyme is an E, colz‘ Endonuclease IV. An E. coli

Endonuclease IV exhibits catalytic activity between room temperature (25°C) and 75°C,

preferably between 40-70°C or 40-60°C, and more preferably between 60—70°C or 65—75°C.

The temperature of a target nucleic acid detection assay is preferably determined by the

hybridization melting temperature of an AP site probe, where the temperature of the reaction

conditions is preferably within 5, 4, 3, 2, l or 0 degrees, above or below, of the probe melting
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temperature, Tm. Optimum catalytic activity of an Endonuclease IV is observed within a pH

range of 7.5-9.5, preferably between pH 8.0-9.0, most preferably at about pH 8.5-9.0. An

abasic site assay using an Endonuclease IV enzyme is preferably carried out using a buffer

that maintains a steady pH value of between 7.5-9.5 over varying temperatures. Preferred

buffers include HEPPS (4-(2-hydroxyethyl)-1~piperazinpropan—sulfonic acid) and HEPES (4—

(2~Hydroxyethyl)piperazine-1-ethanesulfonic acid). In a preferred embodiment, the buffer

used is HEPPS—KOH. In certain embodiments, a TRIS buffer is also appropriate. Additional

biological buffers of potential use can be found through Sigma-Aldrich (St. Louis, MO,

www.sigma.com). Usually, the reaction conditions contain enzyme in nanomolar

concentrations, but tail cleaving activity can be observed when the enzyme is provided in

picomolar concentrations, and in certain cases in femtomolar concentrations.

[0072] Either part of the endonuclease tail-cleavage reaction, the NA containing part or the

tail R containing part or alternatively both of them independently, can be detected. Suitable

reporter groups for attaching to the functional tail R include beads, nanoparticles (Taton, et

al., Science 289: l 757 (2000), chemiluminescers, isotopes, enzymes and fluorophores. A

variety of physical or chemical methods can be used for detection of the cleavage product.

Depending on the nature of the markers used, these methods include, for example,

chromatography and electron-, UV—, IR—, mass-, radio-, fluorescence spectroscopy including

fluorescence polarization and the like.

[0073] In a preferred embodiment, cleavage of the functional tail R comprises a

fluorophore reporter group and is detected by fluorescence spectroscopy. Suitable

fluorophores include the resorufin dyes, coumarin dyes, xanthene dyes, cyanine dyes,

BODIPY dyes and pyrenes. Preferably, the functional tail R comprises a fluorescent dye

with a xanthene core structure. Additional fluorophores appropriate for incorporation into the

functional tail R are described in PCT Publication Nos. W0 01/142505 and WO 06/020947

and in Haugland, Handbook ofFluorescent Probes and Research Products, Ninth Ed.,

(2002), published by Molecular Probes, Eugene, OR (accessible at

www.probes.corn/handbook0.

[0074] In some embodiments, background fluorescence of a fluorophore incorporated on

the functional tail R, is minimized by attaching a quencher to the AP site probe. Typically, a

quenching molecule is covalently attached to the 5’ end of the probe through a linker that is

not cleaved by an enzyme. In some embodiments, a quencher is linked to the middle or the 3’
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end of the probe. When a quencher is attached to the 3’ end of the probe, it is usually

incorporated into the functional tail R as a “cleavable quencher,” and the fluorophore is then

attached to the middle or the 5’ end of the probe. However, any molecule that neutralizes or

masks the fluorescence of a fluorophore incorporated in an uncleaved functional tail R finds

use as a quencher in the present invention. Other quencher molecules suitable to attach to an

AP site probe and guidance for selecting appropriate quencher and fluorophore pairs is

provided in Haugland, supra. Additional guidance is provided in US. Patent Nos. 3,996,345

and 4,351,760, and US Publication Nos. 2003/0096254 and 2003/0113765 and in co-owned

U.S. Patent Application No. 09/457,616, filed on December 8, 1999, each of which is hereby

incorporated herein by reference.

[0075] Fluorophore and cleavable quencher molecules are typically attached to an AP site

probe through a linker that is specifically cleaved by an enzyme. A linker can be rigid or

flexible. Preferably the linker structurally mimics a naturally occurring abasic site, and is

cleaved by an Endonuclease IV. Preferably the C1 carbon of the linker, attached to the

phosphate, is a primary carbon. Preferably the linker comprises a phosphate. Suitable

commercially available chemical linkers can be purchased through Pierce Biotechnology,

Rockford, IL and Molecular Probes, Eugene, OR. Suitable methods for attaching reporter

groups such as fluorophores and quenchers through linkers to oligonucleotides are described

in, for example, US Patent Nos. 5,512,677; 5,419,966; 5,696,251; 5,585,481; 5,942,610 and

5,736,626, each of which are hereby incorporated herein by reference.

[0076] In a preferred embodiment the linker is a rigid linker. In one preferred embodiment,

the rigid linker is a hydroxyprolinol linker. Hydroxyprolinol linkages are described in US.

Patent Nos. 5,419,966; 5,512,677; 5,519,134; and 5,574,142 each of which is incorporated

herein by reference. Cleavage of the functional tail R attached through a rigid linker, i.e., a

hydroxyprolinol linker, requires greater concentrations of enzyme and exhibits decreased

catalytic rates, but is highly specific. Generally, the Endonuclease IV enzyme does not

detectably cleave functional tails R attached to an AP site probe through a rigid linker, such

as a hydroxyprolinol linker, in the absence of a target nucleic acid.

[0077] In some embodiments, it is desirable to attach the functional tail R through a

flexible linker. Cleavage of the functional tail R is more efficient when attached through a

flexible linker, however, decreased specificity is observed because detectable tail-cleavage

occurs in the absence of a target nucleic acid. Non—specific cleavage of functional tails R
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attached through a flexible linker can be minimized by adding a competitive binding

substrate that is more favorable to the enzyme than an unduplexed probe but less favorable

than the probe duplexed with a target nucleic acid, i.e., a “decoy.” In one embodiment

unmelted genomic DNA is added to the reaction as a decoy to minimize cleavage of the AP

site probe functional tail R in the absence of a target nucleic acid.

[0078] The ability of particular tail structures to serve as specific substrates of an AP

endonuclease can be determined using an assay that provides a probe/target nucleic

acid/enhancer complex as a single hairpin structure. Preferably the hairpin structure has one

unpaired nucleic acid, thereby simulating a naturally occurring abasic site residing in

duplexed nucleic acids. In other embodiments, the test assay hairpin structure can haVe zero

or two unpaired nucleic acids. In such a test assay, the cleavage of the functional tail R is

detected by measuring the release of the reporter group attached to a hairpin structure in

comparison to release of the reporter group attached to an unduplexed AP site probe. A tail

structure that serves as a specific substrate for an AP endonuclease will be cleaved from a

hairpin structure at a faster catalytic rate in comparison to its cleavage rate from an

unduplexed AP site probe. A tail structure that serves as a specific substrate preferably

exhibits a ratio of specific cleavage, in the presence of the hairpin structure, to non-specific

cleavage, in the presence of an unduplexed AP site probe, of at least 50—, 75—, or 100—fold,

more preferably of 300—, 400-, 500-, 600—, 700—, 800-, 900- or lOOO-fold, and can exhibit

ratios of greater than IOOO-fold, as measured by the reporter group signal (i.e., Fluorescence

Units per minute of a fluorophore reporter group). In some embodiments, the hairpin

substrate design does not incorporate a quencher moiety. Nevertheless AP endonuclease

cleavage of the fluorescent tail increases the dye fluorescence by approximately two times.

The fluorescent signal outcome of the assay can be improved by incorporation of a quenching

moiety within the hairpin sequence that represents an enhancer. Those skilled in the art will

appreciate that the hairpin substrate can be used for detection as well as for quantitative

measurement of AP endonuclease activity in different media.

[0079] In other embodiments, the NA part of the AP site probe is detected. For instance,

the products of the probe tail—cleavage reaction can be detected as a result of another reaction

that follows the cleavage reaction or occurs simultaneously with it. Cleavage of the tail R

from the probe generates a “free” 3’-hydroxyl group that can be, for example, extended by a

polymerase in a template-dependent polynucleotide synthesis in the presence of NTPs such

that the tail-OFF probe would serve as a primer complexed with template. In some
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embodiments, the strands of a probe extension nucleotide synthesis are the detectable

reaction product. Some NTPs incorporated in a probe extension can optionally carry a

detectable marker. Incorporation of one or more detectable markers into a probe extension

product simplifies the detection of the synthesized nucleotide strands.

[0080] In one embodiment, a probe is linked to an enhancer so as these two components of

the reaction complex are associated with each other during the tail cleaving reaction. The

linker can be a covalent or a non-covalent linker, i.e., when interaction between a probe and

enhancer is provided by hydrogen bonds or Van der Waals forces. A probe-enhancer linker

can be attached at any position within the probe and enhancer. Preferably, the linker does not

block the tail cleaving reaction, and is of an appropriate length to support the tail cleaving

reaction. Further, a linker useful in a tail cleaving assay will not compromise the ability of

the AP site probe or enhancer to form duplexes with a target nucleic acid. Finally, a

preferred linker is not cleaved by an AP endonuclease. When attached through a linker, the

probe and enhancer are components of one molecule or complex. Linked probe-enhancer

molecules or complexes can be immobilized on a solid support.

[0081] In preferred embodiments, a probe—enhancer linker is comprised of individual or

combined repeats of substituted alkyl backbone moieties, including (—OCHzCH2—)n,

(~0CH2CH2-0P02—)n or —O(CH2)nO-. Typically, n is from 1-100, more typically 11 is 10, 20,

40, 50, 60 or 80. In other embodiments, a linker is a flexible polypeptide chain, for instance,

dihydropyrroloindole peptides or a series of one or more repeats of a Gly-(Ser)4 polypeptide

sequence. In another embodiment, the linker is an oligonucleotide, such as poly A or poly T

and the like. In yet another embodiment, the linker is an alkyl chain having a backbone

typically of about 100, 200 or 300 atoms, more typically of about 40, 60 or 80 atoms. Other

alkyl linkers of potential use are described in US. Patent Publication No. 2003/0113765,

incorporated herein by reference. Additional linkers that may find use are described by

Dempey, et al., Nucleic Acids Res. 2722931 (1999); Lukhtanov, et (1]., Nucleic Acids Res.

25:5077 (1997); Lukhtanov, et al., Bioconjug. Chem. 7:564 (1996); and Lukhtanov, et al.,

Bioconjug. Chem. 6:418 (1995). Appropriate linkers can be obtained from commercially

available sources, for example from Pierce Biotechnology, Rockford'IL. Guidance for

selecting an appropriate linker for attaching oligonucleotides is provided in Haugland,

Handbook ofFluorescent Probes and Research Products, supra. These linkers also find

application in attaching an AP site probe or an enhancer to a solid support.
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E. Oligonucleotides and Modified Oligonucleotides

[0082] The terms oligonucleotide, polynucleotide and nucleic acid are used

interchangeably to refer to single- or double-stranded polymers of DNA or RNA (or both)

including polymers containing modified or non-naturally-occurring nucleotides, or to any

other type of polymer capable of stable base—pairing to DNA or RNA including, but not

limited to, peptide nucleic acids which are disclosed by Nielsen et al. Science 254: 1497—1500

(1991); bicyclo DNA oligomers (Bolli et a1., Nucleic Acids Res. 24:4660-4667 (1996)) and

related structures.

[0083] The oligonucleotides of the present invention are generally prepared using solid

phase methods known to those of skill in the art. In general, the starting materials are

commercially available, or can be prepared in a straightforward manner from commercially

available starting materials, using suitable functional group manipulations as described in, for

example, March, et al., ADVANCED ORGANIC CHEMISTRY # Reactions, Mechanisms

and Structures, 4th ed., John Wiley & Sons, New York, NY, (1992).

[0084] The oligonucleotides of the invention can comprise any naturally occurring

nucleotides, non-naturally occurring nucleotides, or modified nucleotides known in the art.

[0085] The oligonucleotide primers and probes of the present invention can include the

substitution of one or more naturally occurring nucleotide bases within the oligomer with one

or more non-naturally occurring nucleotide bases or modified nucleotide bases so long as the

primer can initiate amplification of a target nucleic acid sequence in the presence of a

polymerase enzyme.

[0086] For example, the oligonucleotide primers may also comprise one or more modified

bases, in addition to the naturally—occurring bases adenine, cytosine, guanine, thymine and

uracil. Modified bases are considered to be those that differ from the naturally—occurring

bases by addition or deletion of one or more functional groups, differences in the heterocyclic

ring structure (i.e., substitution of carbon for a heteroatom, or vice versa), and/or attachment

of one or more linker arm structures to the base. Preferred modified nucleotides are those

based on a pyrimidine structure or a purine structure, for example, 7 deazapurines and their

derivatives and pyrazolopyrimidines (described in, for example, W0 90/ 14353 and US.

Patent No. 6,127,121).
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[0087] Exemplified modified bases for use in the present invention include the guanine

analogue 6 amino-1H—pyrazolo[3,4-d]pyrimidin-4(5H)-one (ppG or PPG, also Super G) and '

the adenine analogue 4—amino-lH-pyrazolo[3,4-d]pyrimidine (ppA or PPA). The xanthene

analogue lH—pyrazolo[5,4—d]pyrimidin-4(5H)—6(7H)-dione (pr) can also be used. These

base analogues, when present in an oligonucleotide, strengthen hybridization and improve

mismatch discrimination. All tautomeric forms of naturally-occurring bases, modified bases

and base analogues may be included in the oligonucleotide conjugates of the invention.

Other modified bases useful in the present invention include 6—amino—3—prop—l-ynyl—5—

hydropyrazolo[3,4-d]pyrimidine-4—one, PPPG; 6-amino—3-(3-hydroxyprop-1-yny)l-S-

hydropyrazolo[3,4—d]pyrimidine—4-one, HOPPPG; 6-amino-3—(3 -aminoprop—l—ynyl)-S—

hydropyrazolo[3,4-d]pyrimidine-4-one, NHZPPPG; 4—amino—3—(prop—l—ynyl)pyrazolo[3,4—

d]pyrimidine, PPPA; 4-amino—3—(3—hydroxyprop-1-ynyl)pyrazolo[3,4-d]pyrimidine,

HOPPPA; 4—amino—3—(3—aminoprop—1—ynyl)pyrazolo[3 ,4—d]pyrimidine, NHZPPPA; 3-prop— l -

ynylpyrazolo[3,4-d]pyrimidine-4,6—diamino, (NH2)2PPPA; 2—(4,6—diaminopyrazolo[3,4-

d]pyrimidin—3—yl)ethyn—l—ol, (NH2)2PPPAOH; 3-(2-aminoethynyl)pyrazolo[3,4—

d]pyrimidine-4,6—diamine, (NH2)2PPPANH2; 5—prop- l —ynyl— l ,3-dihydropyrimidine-2,4-

dione, PU; 5—(3—hydroxyprop-1-ynyl)-l,3-dihydropyrimidine-2,4—dione, HOPU; 6—amino-S-

prop—l~ynyl-3~dihydropyrimidine—Z-one, PC; 6-amino-S—(3—hydroxyprop— l—yny)—l,3—

dihydropyrimidine—Z-one, HOPC; and 6—amino—5-(3—aminoprop- 1-yny)-1,3-

dihydropyrimidine-2-one, NHZPC; 5 -[4-amino-3—(3 ~methoxyprop- l —ynyl)pyrazol [3 ,4-

d]pyrimidinyl]—2—(hydroxymethyl)oxolan—3-ol, CH3 OPPPA; 6-amino-l-[4—hydroxy-5—

(hydroxymethyl)oxolan—2—yl] -3 -(3 —methoxyprop— l —ynyl)—5—hydropyrazolo [3 ,4—d]pyrimidin-4-

one, CH3OPPPG; 4,(4,6-Diamino—lH—pyrazolo[3,4—d]pyrimidin—3—yl)-but—3-yn-l-ol, Super

A; 6-Amino—3 —(4—hydroxy—but-1-ynyl)-l ,5-dihydro—pyrazolo[3,4—d]pyrimidin-4-one; 5—(4—

hydroxy—but—l-ynyl)—lH-pyrimidine—2,4-dione, Super T; 3—iodo-lH-pyrazolo[3,4—

d]pyrimidine-4,6—diamine ((NH2)2PPAI); 3—bromo—lH-pyrazolo[3,4—d]pyrimidine-4,6-

diamine ((NH2)2PPABr); 3-chloro-1H-pyrazolo[3,4-d]pyrimidine-4,6—diamine

((NH2)2PPAC1); 3-Iodo—lH-pyrazolo[3,4—d]pyrimidin-4—ylamine (PPAI); 3-Bromo—1H-

pyrazolo[3,4—d]pyrimidin-4-ylamine (PPABr); and 3—chloro—lH—pyrazolo[3,4—d]pyrimidin-4-

ylamine (PPACl).

[0088] In addition to the modified bases noted above, the oligonucleotides of the invention

can have a backbone of sugar or glycosidic moieties, preferably 2-deoxyribofuranosides

wherein all internucleotide linkages are the naturally occurring phosphodiester linkages. In
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alternative embodiments however, the 2—deoxy- B-D—ribofuranose groups are replaced with

other sugars, for example, B-D-ribofuranose. In addition, B—D—ribofuranose may be present

wherein the 2—OH of the ribose moiety is alkylated with a C1_6 alkyl group (2—(O—C1.6 alkyl)

ribose) or with a C2_6 alkenyl group (2-(O-C2_6 alkenyl) ribose), or is replaced by a fluoro

group (2-fluororibose). Related oligomer-forming sugars useful in the present invention are

those that are “locked”, i.e., contain a methylene bridge between C-4’ and an oxygen atom at

C-2’. Other sugar moieties compatible with hybridization of the oligonucleotide can also be

used, and are known to those of skill in the art, including, but not limited to, a-D—

arabinofuranosides, 0L-2'—deoxyribofuranosides or 2',3‘-dideoxy-3'—aminoribofuranosides.

Oligonucleotides containing a—D—arabinofuranosides can be prepared as described in US.

Patent No, 5,177,196. Oligonucleotides containing 2‘,3'-dideoxy~3’—aminoribofuranosides are

described in Chen et a1. Nucleic Acids Res. 23:2661-2668 (1995). Synthetic procedures for

locked nucleic acids (Singh et a1, Chem. Comm, 455—456 (1998); Wengel J., Acc. Chem.

Res., 32:301—3 10 (1998)) and oligonucleotides containing 2’—halogen—2’—

deoxyribofuranosides (Palissa et al., Z. Chem, 27:216 (1987)) have also been described. The

phosphate backbone of the modified oligonucleotides described herein can also be modified

so that the oligonucleotides contain phosphorothioate linkages and/or methylphosphonates

and/or phosphoroamidates (Chen et al., Nucl. Acids Res., 23:2662-2668 (1995)).

Combinations of oligonucleotide linkages are also within the scope of the present invention.

Still other backbone modifications are known to those of skill in the art.

[0089] The ability to design probes and primers in a predictable manner using an algorithm,

that can direct the use or incorporation of modified bases, minor groove binders, fiuorophores

and/or quenchers, based on their thermodynamic properties have been described in co

pending application Ser. No. 10/032,307, filed December 21, 2001. Accordingly, the use of

any combination of normal bases, unsubstituted pyrazolo[3,4-d]pyrimidine bases (e. g., PPG

and PPA), 3—substituted pyrazolo[3,4-d]pyrimidines, modified purine, modified pyrimidine,

5—substituted pyrimidines, universal bases, sugar modification, backbone modification or a

minor groove binder to balance the Tm (e.g., within about 5—8°C) of a hybridized product with

a modified nucleic acid is contemplated by the present invention.

F. Quenchers

[0090] Recently developed detection methods employ the process of fluorescence

resonance energy transfer (FRET) for the detection of probe hybridization rather than direct

27

64



65

10

15

20

25

30

WO 2008/002920 PCT/U52007/072136

detection of fluorescence intensity. In this type of assay, FRET occurs between a donor

fluorophore (reporter) and an acceptor molecule (quencher) when the absorption spectrum of

the quencher molecule overlaps with the emission spectrum of the donor fluorophore and the

two molecules are in close proximity. The excited-state energy of the donor fluorophore is

transferred to the neighboring acceptor by a resonance dipole—induced dipole interaction,

which results in quenching of the donor fluorescence. If the acceptor molecule is a

fluorophore, its fluorescence may sometimes be increased. The efficiency of the energy

transfer between the donor and acceptor molecules is highly dependent on distance between

the molecules. Equations describing this relationship are known. The Forster distance (R0) is

described as the distance between the donor and acceptor molecules where the energy

transfer is 50% efficient. Other mechanisms of fluorescence quenching are also known, such

as, collisional and charge transfer quenching. There is extensive guidance in the art for

selecting quencher and fluorophore pairs and their attachment to oligonucleotides (Haugland,

R.P., HANDBOOK OF FLUORESCENT PROBES AND RESEARCH CHEMICALS, Sixth

Edition, Molecular Probes, Eugene, OR, 1996; US. Patent Nos. 3,996,345 and 4,351,760 and

the like). Preferred quenchers are described in co—owned US. Patent Nos 6,727,356 and

6,790,945 and incorporated herein by reference. Additional structures (e.g., mono- and bis-

azo dyes) with different combinations of substituents at various positions can be prepared

based on compounds and methods known in the dye chemistry field (summarized in the

Color Index, Issue 3 on CDD—ROM, pages 4009-4324; Society of Dyers and Colourists,

Bradford, England; http://www.sdc.org.uk; and see also WO 01/86001).

[0091] The quenchers disclosed above cover the range from about 400 — 800 nm, and many

demonstrate improved quenching when attached to a MGB. While the modified versions

illustrate 4N(CH2CHZOH)2 as a preferred linking group to be used to couple the quencher to

oligonucleotides, MGB or solid support, examples of other suitable linkers are known in the

art or are provided herein.

[0092] Preferred quenchers for each of the aspects of the invention herein are selected from

those disclosed above, as well as bis azo quenchers from Biosearch Technologies, Inc.

rovided as Black HoleTM Quenchers: BH-l, BH—2 and BH-3), Dabcyl, TAMRA andP

carboxytetramethyl rhodamine
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G. Fluorophores

[0093] Fluorophores useful in the present invention are generally fluorescent organic dyes

that have been derivatized for attachment to the terminal 5' carbon of the oligonucleotide

probe, preferably via a linking group. One of skill in the art will appreciate that suitable

fluorophores are selected in combination with a quencher which is typically also an organic

dye, which may or may not be fluorescent.

[0094] There is a great deal of practical guidance available in the literature for selecting

appropriate fluorophore-quencher pairs for particular probes. See, for example, Clegg (cited

above); Wu et al. (cited above); Pesce et al., editors, FLUORESCENCE SPECTROSCOPY

(Marcel Dekker, New York, 1971); White et al., FLUORESCENCE ANALYSIS: A

PRACTICAL APPROACH (Marcel Dekker, New York, 1970); and the like. The literature

also includes references providing exhaustive lists of fluorescent and chromogenic

(quenching) molecules and their relevant optical properties for choosing fluorophore—

quencher pairs, e.g., Berlman, HANDBOOK OF FLUORESCENCE SPECTRA OF

AROMATIC MOLECULES, 2ND EDITION (Academic Press, New York, 1971); Griffiths,

COLOUR AND CONSTITUTION OF ORGANIC MOLECULES (Academic Press, New

York, 1976); Bishop, editor, INDICATORS (Pergamon Press, Oxford, 1972); Haugland,

HANDBOOK OF FLUORESCENT PROBES AND RESEARCH CHEMICALS (Molecular

Probes, Eugene, 1992); Pringsheim, FLUORESCENCE AND PHOSPHORESCENCE

(Interscience Publishers, New York, 1949); and the like. Additionally, methods for

derivatizing fluorophores and quenchers for covalent attachment via common reactive groups

are also well known. See, for example, Haugland (cited above); Ullman et al., US. Pat. No.

3,996,345; Khanna et al., US. Pat. No. 4,351,760; and the like.

[0095] Phosphonylated dyes disclosed in co—owned US. Patent Application No.

l 1/202,635 are particularly preferred and includes xanthene—, cyanine- , coumarin-,

phenoxazine-,Bodipy-based fluorophores. Other preferred fluorophores are those based on

xanthene dyes, a variety of which are available commercially with substituents useful for

attachment of either a linking group or for direct attachment to an oligonucleotide. Another

group of fluorescent compounds are the naphthylamines, having an amino group in the a- or

B—position. Included among such naphthylamino compounds are l-dimethylarninonaphthyl-

5-sulfonate, l-anilino~8—naphthalene sulfonate and 2-p—toluidiny1-6-naphthalene sulfonate.

Other dyes include 3—phenyl—7—isocyanatocoumarin, acridines, such as 9-
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isothiocyanatoacridine and acridine orange; N-(p—(2—benzoxazolyl)phenyl)maleimide;

benzoxadiazoles, stilbenes, pyrenes, and the like. Still other suitable fluorophores include the

resorufin dyes, rhodamine dyes, cyanine dyes and BODIPY dyes.

[0096] These dyes and appropriate linking methodologies for attachment to

oligonucleotides are described in many references, e.g., Khanna et al. (cited above); Marshall,

Histochemical J., 7:299-303 (1975); Menchen et al., US. Pat. No. 5,188,934; Menchen et al.,

European Patent Application 873102560; and Bergot et al., International Application No.

PCT/US90/05565.

[0097] More particularly, the fiuorophores described herein can be attached to the

oligonucleotide portions using, for example, chemical or enzymatic methods. By way of

example, methods for incorporation of reactive chemical groups into oligonucleotides, at

specific sites, are well—known to those of skill in the art. Oligonucleotides containing a

reactive chemical group, located at a specific site, can be combined with a label attached to a

complementary reactive group (e.g., an oligonucleotide containing a nucleophilic reactive

group can be reacted with a label attached to an electrophilic reactive group) to couple a label

to a probe by chemical techniques. Exemplary labels and methods for attachment of a label

to an oligonucleotide are described, for example, in US. Patent No. 5,824,796; US Patent

No. 5,210,015; Kessler (ed.), Nonraa’ioactz've Labeling and Detection ofBiomolecules,

Springer-Verlag, Berlin, 1992; Kricka (ed.) Nonisotopic DNA Probe Techniques, Academic

Press, San Diego, 1992; Howard (ed.) Methods in Nonradioactive Detection, Appleton &

Lange, Norwalk, 1993. Non-specific chemical labeling of an oligonucleotide can be

achieved by combining the oligonucleotide with a chemical that reacts, for example, with a

particular functional group of a nucleotide base, and simultaneously or subsequently reacting

the oligonucleotide with a label. See, for example, Draper et a1. (1980) Biochemistry

19: 1774-1781. Enzymatic incorporation of label into an oligonucleotide can be achieved by

conducting enzymatic modification or polymerization of an oligonucleotide using labeled

precursors, or by enzymatically adding label to an already—existing oligonucleotide. See, for

example, US Patent No. 5,449,767. Examples of modifying enzymes include, but are not

limited to, DNA polymerases, reverse transcriptases, RNA polymerases, etc. Examples of

enzymes which are able to add a label to an already—existing oligonucleotide include, but are

not limited to, kinases, terminal transferases, ligases, glycosylases, etc.
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[0098] For each of the aspects of the present invention, preferred fluorophores are selected

from xanthenes, cyanines, BODIPY analogs, S-FAM, 6-FAM, TETTM, JOETM, HEXTM,

VICTM, NEDTM, TAMRATM, ROXTM, Bothell BlueTM , Gig Harbor Green TM and Yakima

YellowTM. These fluorophores are generally available from commercial sources such as

Applied Biosystems Inc., Foster City, CA and Epoch Biosciences, Inc., Bothell, WA.

IV. Kits

[0099] The invention further provides kits comprising components for carrying out the

methods described herein. For example, a kit may comprise one container that holds a

nicking enzyme (e. g. , N.BvaI), another container that holds an extension primer, another

container that holds a bumper primer, another container that holds an extension primer,

another container that holds an AP site probe, another container that holds an AP

endonuclease , another container that holds an enhancer, and combinations of thereof.

EXAMPLES

[0100] The following examples are provided to illustrate, but to limit the presently claimed

invention.

Example 1.

[0101] This example demonstrates the isothermal generation of ssDNA by strand

displacement utilizing a nicking enzyme and a polymerase in a SDA amplification reaction

and fluorescent detection of amplified target with endonuclease IV signal detection system in

a homogenous reaction.

Assay design and oligonucleotide component structures for Mycobacterium tuberculosis

detection

[0102] A fragment of the Mycobacterium tuberculosis IS6110 sequence (GenBank

X52471) is shown in Sequence 1. The endogenous N.Bva1B recognition site is shown in

bold and underlined. The locations of the complementary target specific sequences of the

amplification primers are shown in bold italics, while the locations of the bumper sequences

are shown in lower case. The probe sequence for the endonuclease IV assay is underlined.

Sequence 1.

GAGACCTCAGC CGGCGGCTGGTCTCTGGCGTTGAGCGTAGTAGGCAGCCTCGAGTTCGACCG

GCGGGACGTCGCCGCAGTACTGGTAGAGGCGGCGATGGTTGAACCAGTCGACCCAGCGCGCG

31

68



69

10

15

20

25

WO 2008/002920 PCT/U52007/072136

GTGGCCAACTCGACATCCTCGATGGACCGCCAGGGCTTGCCGGGTTTGATCAGCTCGGTCTT

GTATAGGCCGTTGATCGTCTCGGCTAGTGCATTGTCATAGGAGCTTCCGACCGCTCCGACCG

ACGGTTGGATGCCTGCCTCGGCGAGCCGCTchtgaaccggatCGATGTGTACTGAGATCCC

CTATCCGTATGGTGGATAACGTCTTTCAGGTCGAGTACGCCTTCTTgttggcgggtccaGAT

GGCTTGCTCGATCGCGTCGAGGACCATGGAGGTGGCCATCGTGGAAGCGACCCGCCAG

Oligonucleotide Seguences

Sequence 2. Forward primer: GCATTATAGTACCTGTCTCCTCAGCA CTGA GA TCCCCT

Sequence 3. Reverse primer: TTGAATAGTCGGTTACTTCCTCAGCGCGTA CTCGACC

Sequence 4. Forward bumper: cgctgaaccggat

Sequence 5. Reverse bumper: tggacccgccaac

Sequence 6. Probe: Q — TCCGTA*TGGTG — Fl where Q is a quencher and in this example

the Eclipse Dark Quencher and F1 is a fluorophore and in this example Gig Harbor GreenTM

fluorescent dye. A* is Super ATM modified base.

DNA sample

[0103] Genomic DNA from M tuberculosis strain SBRIlO.

Homogeneous isothermal SDA

[0104] Amplifications were performed on samples containing M. tuberculosis target DNA

(from strain SBRIlO) in 10 pl final volume in a Rotor-Gene 3000 thermocycler (Corbett

Research). Each sample contained 36 mM K2HPO4, pH7.6, 3.75 mM MgC12, 0.25 mM each

dNTPs (dATP, dGTP, dCTP and TTP), 10ng of human genomic DNA, 50 nM forward

primer, 500 nM reverse primer, 50 nM each bumper, 4U Bst DNA polymerase, 4U BvalB

(New England Biolabs), 0.1U Endo IV (Trevigen) diluted in Diluent A (New England

Biolabs). After addition of all above components, including the three enzymes at room

temperature, reaction tubes were placed directly in the thermocycler and were incubated at

49°C for 50min. Fluorescent readings were taken at one minute intervals in the FAM channel

with an excitation and emission wavelengths of 470 and 510 nm, respectively.

[0105] Amplification of no—template control, 20, 200 and 2000 copies of target is shown in

Figure 3. As shown amplification occurs rapidly and 20 copies could be determined within

30 minutes.
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Example 2.

[0106] This example illustrates the SDA amplification of Factor V Leiden and the

subsequent detection of the amplified nucleic acid on a NanoXhip ® microarray (Nanogen ,

La Jolla, CA). Factor V Leiden (sometimes Factor V Leiden) is a hypercoagulability disorder

in which Factor V, one of the coagulation factors, cannot be deactivated. Factor V Leiden is

the most common hereditary hypercoagulability clotting disorder amongst Eurasians,

possibly affecting up to 5% of the population of the US. It is named after the city Leiden

(The Netherlands), where it was first identified in 1994 (Bertina et al, Nature 369: 64—67

(1994)).

[0107] Table 1. lists the oligonucleotides used in this example. The amplifiable primers

(AP) contain a recognition sequence CCTCAGC (underlined) for NBva1B. The bumper

primer does not contain the recognition sequence. A nest and biotinylated primer (biotin—

primer) was included in SDA reaction to allow post-amplification product analysis on

NanoChip® platform (the biotin—primers convert the typical non-biotinylated SDA product to

biotinylated product to allow anchorage of the SDA product on NanoChip® microarray).

 
Table 1 Oligonucleotide seguences

 
Oligo name Sequence_(5’ —> 3’)

Primers:

FV forward AP 5’—CATCATGAGAGACATCGCCTCCTCA GCAATAGGACTAC-B’

FV reverse AP 5’-AAATTCTCAGAATTTCTGAACCTCAGCTTCAAGGACAA—3 ’

FV reverse bumper 5’-GCCCCATTATTTAGCCAGGA—3’

FV nest primer 5 ’—bio-TGTAAGAGCAGATCCCTGGAC—3'

Reporters:
FV Wt disc 5’—CTGAGTCCGAACATTGAGTCCTGTATTCCTCG—3 ’

FV Mut disc 5’-GCAGTATATCGCTTGACATCCTGTATTCCTTG—3 ’

FV stab 5’ CCTGTCCAGGGATCTGCTCTTAC 3’

WT univ rep probe 5’—CTCAATGTTCGGACTCAG—A532

MUT univ rep probe 5’-TGTCAAGCGATATACTGC-A647

The underlined sequence indicates the nicking recognition sequence; bio is biotin, A532
(green dye) and A647 (red dye) are Alexa Fluors (Invitrogen, Eugene, OR);

SDA of Factor V human (FV] gDNA

[0108] Sample amplification was carried out in a IOuL volume SDA reaction that

 

contained SOng of gDNA (extracted from human whole blood), 250nM forward and reverse

amplifiable primer, 25nM reverse bumper and SOOnM biotin-primer, 3.75mM MgClz, 36mM
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K2HPO4, pH7.6, 0.25mM each dNTPs (dATP, dGTP, dCTP and dTTP), 4U NBvalB and

4U Bst DNA polymerase diluted in Diluent A (New England Biolabs, Beverly, MA, USA).

All components, including the 2 enzymes, were added together to a ZOO-uL microcentrifuge

tube, either on ice or at room temperature. After a gentle vortex and spin of the reaction mix,

the tube was placed on a thermal cycler or a heat block set at 50°C and allowed for 30 min

incubation.

Detection of SDA amplified Factor V DNA on a NanoChip® microarray

[0109] Analysis of the post-amplification product was carried out on a NanoChip®

microarray. After 30 min incubation, one microliter of the SDA reaction was added to 59pL

50mM histidine (6O folds dilution) and electronically addressed on the Nanogen Molecular

Biology WorkStation (MBW) Loader to a NanoChip® electronic microarray (Nanogen, La

Jolla, CA) where the biotin-products in the SDA reaction would attach to the streptavidin

molecules embedded in the permeation layer on the microarray while non-biotin products

(including complementary strands) would be washed off the microarray. The microarray was

then incubated with a reporter mix containing a stabilizer oligonucleotide, 2 discriminator

oligonucleotides and 2 fluorescence labeled oligonucleotide probes for the FV wild type and

mutant SNP products, respectively, and scanned on a MBW Reader, The fluorescent signal

level detected on the microarray represents the yield of target product (specific to each probe)

while the ratio of the 2 fluorescent signals determines the genotype of the gDNA sample. A

greenzred ratio >5:1 indicates a wild type sample, a green2red ratio <5:1 is for homologous

mutant sample while a ratio of ~1 :l is for heterogyzous sample. Figure 4 shows analysis

result of 9 gDNA samples that were amplified by the 1-step SDA and analyzed on a

NanoChip® microarray.

Example 3.

[0110] This example illustrates the real—time SDA amplification of Factor V Leiden from

human DNA detecting the amplified target with a mutant probe ( 5 ’—MGB-Q—

CatAaGGAACGGA-FAM-T) and a wild-type probe 5’-MGB-Q-CatAaGGA§CGGA-TET-

3’ where MGB is the minor groove binder ligand, Q is Eclipse Dark Quencher, FAM is

fluorescein, TET is tetrachloro-6-carboxyfluorescein (Glen Research, Stirling, VA), “a” and

“t” are Super A and Super T; and the bold and underlined letter indicates the SNP base.
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Real time l-step SDA for human gDNA genotype analysis

[0111] Real time genotyping analysis was successfully incorporated into the l—step SDA.

The reaction was run in 0.1mL Strip Tubes (Corbett Robotics, Australia) in a lOuL volume

reaction that had a similar composition to the above SDA reaction (but did not contain the

nest biotin-primer) and contained 1x dilution of the MGB Eclipse probe mix for the human

FV SNP (the probes were designed and manufactured by Nanogen Bothell and the real time

probe mix contains two labeled probes, one for FV wild type and one for FV mutant product,

both incorporated with the EclipseTM Dark Quencher, the MGBTM technology and modified

Super bases). The reactions, prepared at room temperature, were incubated on a Rotor-Gene

3000TM Four—Channel Multiplexing System (Corbett Robotics, Australia) set at 45 "C and

fluorescent signals were collected every 20 seconds during incubation. Figure 5 shows the

real time fluorescent signals from 4 SDA reactions each contained a wild type, a mutant, a

heterogyzous gDNA, respectively (one no template control). All real time signals were

analyzed by the RG—3000TM software for allele discrimination.

[01 12] One of ordinary skill in the art will recognize from the provided description, figures,

and examples, that modifications and changes can be made to the various embodiments of the

invention without departing from the scope of the invention defined by the following claims

and their equivalents. Additionally, all references, patents, patent publications and the like

are expressly incorporated herein by reference in their entirety for all purposes.
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WHAT IS CLAIMED IS:

1. A method for generating a target nucleic acid sequence for

amplification, said method comprising:

(a) providing a double stranded target sequence;

(b) nicking one strand of said target sequence with a nicking enzyme,

thereby generating the target nucleic acid sequence without thermal

denaturation of the double stranded target sequence, wherein the recognition site of the

nicking enzyme:

(i) is at least 6 nucleotides in length,

(ii) is present in one strand of the target sequence about 1 to about 50

times, or

(iii) comprises a combination of (i) and (ii).

2. The method of claim 1, wherein the recognition site of the nicking

enzyme is at least 6 nucleotides in length.

3. The method of claim 1, wherein the recognition site of the nicking

enzyme is about 7 to about 14 nucleotides in length.

4. The method of claim 3, wherein the recognition site of the nicking

enzyme is at least 7 nucleotides in length.

5. The method of claim 1, wherein the recognition site of the nicking

enzyme is present in one strand of the target sequence about 1 to about 50.

6. The method of claim 5, wherein the recognition site of the nicking

enzyme is present in one strand of the target sequence about 9 times.

7. The method of claim 1, wherein the recognition site of the nicking

enzyme is at least 7 nucleotides in length and is present in one strand of the target sequence

about 9 times.

8. The method of claim 1, wherein the nicking enzyme is a type 118

nicking enzyme.
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9. The method of claim 8, wherein the nicking enzyme is a modified type

IIS nicking enzyme.

10. The method of claim 8, wherein the nicking enzyme is a member

selected from the group consisting of: Nt.BvaI, Nb.BsmI, N. Bva IA, N.Bva IB,

N.BstNB I, N.Alw I, Nb.Bpu10l, N.Bst9I, NMlyI, R.BvaI, Nb.SapI-l (variant 33) and

Nb.SapI—1 (E250K).

11 . The method of claim 8, wherein the nicking enzyme is Nt.BvaI.

12, A method for amplifying a target nucleic acid sequence, said method

comprising:

(a) generating a target nucleic acid sequence according to the method of claim

1;

(b) contacting a first extension primer and a first bumper primer with the

target nucleic acid sequence under conditions sufficient to allow first extension primer to

hybridize to the target nucleic acid sequence and for the first bumper primer to hybridize to

the target nucleic sequence at a site 5’ to the binding site of the first extension primer,

wherein the 3’ end of the first extension primer comprises a target binding

sequence and the 5' end of the first extension primer comprises:

(i) a recognition sequence for the nicking enzyme and

(ii) a sequence which is complementary to the target nucleic acid,

(0) simultaneously extending the first extension primer and the first bumper

primer with a polymerase to produce a first extension product and a first bumper extension

product that displaces the first extension product;

(d) contacting a second extension primer and a second bumper primer with the

displaced first extension product under conditions sufficient to allow the second extension

primer to hybridize to the first extension product and for the second bumper primer to

hybridize to the first extension product at a site 5’ to the binding site of the second extension

primer,

wherein the 3‘ end of the second extension primer comprises a sequence that

binds to the first extension product and the 5' end of the second extension primer comprises:

(i) a recognition sequence for the nicking enzyme and

(ii) a sequence which is complementary to the target nucleic acid; and
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(e) simultaneously extending the second extension primer and the second

bumper primer with the polymerase to produce a second extension product and a second

bumper extension product that displaces the second extension product, thereby generating an

amplified target sequence.

13. The method of claim 12, wherein the polymerase is a DNA polymerase

without 5’93’ exonuclease activity.

14. The method of claim 13, wherein the polymerase is a member selected

from the group consisting of: Bst DNA Polymerase Large Fragment, Bca DNA polymerase,

Klenow fragment of DNA polymerase I, Phi29 DNA polymerases, Sequenase 2.0 T7 DNA

Polymerase and T5 DNA polymerase.

15. The method of claim 12, wherein the recognition site of the nicking

enzyme is at least 7 nucleotides in length and is present in one strand of the target sequence

about 9 times.

16. The method of claim 12, wherein the nicking enzyme is a type HS

nicking enzyme.

17. The method of claim 12, wherein the nicking enzyme is a modified

type 118 nicking enzyme.

18. The method of claim 16, wherein the nicking enzyme is N.BbVC I.

19. The method of claim 12, further comprising:

(i) contacting the first extension primer to the second extension product under

conditions sufficient to allow the first extension primer to hybridize to the second extension

product and extending the first extension primer with the polymerase to generate a double

stranded product comprising restriction sites recognized by the nicking enzyme;

(g) contacting the double stranded product with the nicking enzyme under

conditions sufficient to allow the nicking enzyme to cleave a single strand of the double

stranded product, thereby generating a nicked double stranded product with a nick site on

each strand;
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(h) contacting the first and second extension primer with the nicked double

stranded product under conditions sufficient to allow the first and second extension primers

to hybridize to the nicked double stranded product; and

(i) extending the first and second extension primers with a polymerase,

thereby releasing single stranded amplified target sequences into solution.

20. The method of claim 19, wherein the polymerase is a DNA polymerase

Without 5’93’ exonuclease activity.

21. The method of claim 19, wherein the recognition site of the nicking

enzyme is at least 7 nucleotides in length and is present in one strand of the target sequence

about 9 times.

22. The method of claim 19, wherein the nicking enzyme is a type HS

nicking enzyme.

23. The method of claim 19, wherein the nicking enzyme is Nt.BbVCI.

24. The method of claim 19, fiirther comprising:

(h) detecting the amplified target sequence.
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LHUMES ADJ #00000001 Mailroom Dt: 11/01/2016

Seq N0: 1 Sales Acctg Dt: 11/08/2016 061050 14067620
01 FC : 1806 180.00 CR
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UNITED STATES PATENT AND TRADEMARK OEEICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMIVIISS IONER FOR PATENTS

PO Box 1450
Alexandria Virginia 22313-1450
www.uspt0 gov

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.

 
14/067.620 11/08/2016 9487826 30171-0025002/ITI-001 4288

26161 7590 10/19/2016

FISH & RICHARDSON I’.C. (BO)
PO. BOX 1022

MINNEAPOLIS, MN 55440—1022

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include

an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information

Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the

Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee

payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management

(ODM) at (571)-272-4200.

APPLICANT(S) (Please see PAIR WEB site http://pairllsptogov for additional applicants):

Ionian Technologies, Inc., San Diego, CA;
Brian K. Maples, Lake Forest, CA;
Rebecca C. Holmberg, San Diego, CA;
Andrew P. Miller, San Diego, CA;
Jarrod Provins, Dana Point, CA;
Richard Roth, Carlsbad, CA;
Jeffrey Mandell, San Diego. CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location

for business investment, innovation, and commercialization of new technologies. The USA offers tremendous

resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage and facilitate business investment. To learn more about why the USA is the best country in

the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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Receipt date: 10/30/2013

  
Substitute for form 1449A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT
(Use as many sheets as necessary)

14067620 ~ GAU: 1637PTO/SB/OGA(06-03)
Approved for use through 07/31/2006. OMB 065i -0001US Patent 8 Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Pancrwork Reduction Actof1995, no orsons Ciro rc-uircd to '05 0nd to Cl collection of information unless it contains a Valid OMB controi number.

Com Iete if Known

Application Number 11/778,018
 

Filin - Date
First Named Inventor

Jul 14, 2007

MAPLES, Brian K.
 

Grou - Art Unit 1635 
Examiner Name NOT YET ASSIGNED 

‘ ttorney Docket No: |T|-1001-UT
 
 

USP Document Number
US PATENT DOCUMENTS

Publication Date Name of Patentee or Applicant of
cited Document

Pages,Co|umns,Lines,Where
Relevant Passages or Relevant

Figures Appear 

Examiner

. Initials *

Lhangefis) PIiecI
to docume it, /A.B/

/F./\.F/

9/5O/ZOI .

5,681,705

5,928,869

10/28/1997

7/27/1999

W
Company

 
 scI’ii‘am , ct aI.

Company
 

to documen

/5-X-K-/

6,294,337

6,372,434

9/25/2001

4/16/2002

'RII'QO‘H‘ Hagashizaki

 

i o/+/201 6

A

A

RE39885

U82002/OO42059

U82003/0165911

U82005/0009050

U82005/0042601

U82005/0112639

10/16/2007

4/11/2002

9/4/2003

1/13/2005

2/24/2005

5/26/2005

W
Company

Makarov, et aI.
6. ..

A7. U82002/O150919 10/17/2002 MES-W“ , ,
Weismann, et aI.

8. ~ _ , . _

W ‘BIOSCIEN Waite
WANG et al.
 

U82005/0147973

U82005/0164207

7/7/2005

7/28/2005
 

U82005/0202490

U82005/0233332

9/15/2005

10/20/2005 COLLIS
 

 
A18.

U82005/0266417

U82007/0020639

 
U82007/0031857

 
12/1/2005

1/25/2007

 
2/8/2007

BARANY et al.

Makarov; et aI.

 
 

 

EXAMINER itAngeEa Bei‘tagna/ DATE CONSIDERED I 0/1 0/201 4 
Substiuite Disclosure Statement Form (PTO-1449)

' EXAMINER: Initial if reference considered, whether or not citation is In conformance With MPEP 609 Draw tine through citation if not in conformance and not considered. Include copy of this form With next communication to
appiicanm Applicant‘s unique citation designation number (optional) 2Applicant is to place a check mark here if English languageTranslation is attached
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Receipt date: 05/23/2014 14007620 ~ GAU: 1637
Sheet 1 of; 

Substitute Disclosure Form US. Department of Commerce Attorney Docket No. Application No.

Patent and Trademark Office 30171_0025002 14/067,620

Information Disclosure Statement Fi'St Named Inventor

by Applicant Brian K. Man les
(Use several sheets if necessary) Filing Date Group Art Unit

1.98 b October 30, 2013 1637

 
 

U.S. Patent Documents

Examiner Desig. Document Publication Filing Date
Initial ID Number Date Pate ntee Class Subclass If Appropriate

--———

Foreio n Patent Documents or Published Forei- n Patent A lications

Publication Country or Translation
Date Patent Office Subclass Yes

 
 

 

 

     
Initial ID Document 

Sequence of vector pUC19, downloaded from titty/f renome—
\VW‘W.S‘taflibfdfidu/‘v’eCTOI‘db/VSCIOI“ descri , i’COi‘viPLET... On March 27, 2014

A B 8 Notice of Opposition in corresponding EP Application No. 087818274, dated May 6, 2014, pages 1-/ . ./ 36

 

 
  

 

 

 

Examiner Signature Date Considered
/Angeia Bertagna/ 10/ 1 0/201 4 

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to a Iicant. 

Substitute Disclosure Form
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Attorney's Docket No.: 30171-0025002 / ITI-OOI

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Brian K. Maples Art Unit : 1637

Serial No. : 14/067,620 Examiner : Angela Marie Bertagna

Filed : October 30, 2013 Confirmation No. : 4288

Notice of Allowance Date: September 16, 2016
Title : NICKING AND EXTENSION AMPLIFICATION REACTION FOR

THE EXPONENTIAL AMPLIFICATION OF NUCLEIC ACIDS

MAIL STOP ISSUE FEE

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

REPLY TO NOTICE OF ALLOWANCE

In response to the Notice of Allowance dated September 16, 2016, enclosed is a

completed Part B — Fee(s) Transmittal.

The issue fee is being paid with this reply on the Electronic Filing System. Apply those

fees and any other necessary charges or credits to Deposit Account 06 1050, referencing the

above attorney docket number.

Respectfully submitted,

Date: September 21, 2016 /Ian IS. Lodovice Reg. No. 59 749/

Ian J. Lodovice

Reg. No. 59,749

Customer Number 26161

Fish & Richardson P.C.

Telephone: (6] 7) 956—5972

Facsimile: (877) 769-7945

23567492.doc
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: M_ail Mail Stop ISSUE FEE
Commissioner for Patents
P.0. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transnritting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. A11 further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS“ for
maintenance fee notifications.

 

 

CURRENT CORRESPONDENCE ADDRESS (Notc2Usc Block 1 for any change ofaddrcss) Note: A certificate of maiiing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

26161 7590 09/ 16/2016 papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

FISH & RICHARDSON P.C. Certificate of Mailing or Transmission _ _
P 0 BOX 1022 I hereby certify that this Fee(s) Transmittal is being depos1ted With the UmtedStates Postal Service with sufficient postage for first class mail in an envelope
MINNEAPOLIS~ MN 554404022 addressed to the Mail Stop ISSUE FEE address above, or being facsimile

transmitted to the USPTO (571) 273-2885 on the date indicated below,
 

 

    
  
 

    
 

   
 

     
 

(Depositor‘s name)

(Signature)

(Date)

APPLICATION NO. FILING DATE FIRST NAlVfED INVENTO 1 ATTORNEY DOCKET NO. CONFIRMATION NO.

14/067,620 10/30/2013 Brian K. Maples 30171-0025002 4288
TITLE OF INVENTION: NICKING AND EXTENSION AMP SIFICATION REACTION FOR THE EXPONENTIAL AMPLIFICATION OF NUCLEIC ACIDS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DU 3 DATE DUE

nonprovisional LARGE $960 $0 $960 12/ 16/20 16
EXAMlNER ART UNIT CLASS-SUB CLASS

BERTAGNA, ANGELA MARIE 1637 43 5-006120

1. Change of correspondence address or indication of "Fee Address" (3 7 2, For priming on the patent from page, list
CFR l .3 63 ).

(l) the names of up to 3 registered patent attomeys
I 1 Change of correspondence address (or Change of Correspondence of agerrts OR, alternatively, 1 Fish & Richardson P.C.Address form PTO/SB/ 122) attached.

(2) the name of a single firm (having as a member a 2
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

[ ] "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

 
 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 311. Completion of this form is NOT a substitute for filing an assignment.

 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Ionian Technologies, Inc. San Diego, CA

Please check the appropriate assignee category or categories (will not be printed on the patent): [ ] Individual [X] Corporation or other private group entity [ 1 Government
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[X] Issue Fee [ ] A check in the amount of the fee(s) is enclosed.
[ ] Publication Fee (No small entity discount permitted) [ ] Payment by credit card. Form PTO-203 8 is attached
[ ] Advance Order - # of Copies [X] The Director is hereby authorized to charge the required fee(s), or credit any overpayment, to

Deposit Account Number 06-1050

5. Change in Entity Status (from status indicated above)
[ ] Applicant cemfy‘mg mien) entity status, See 37 CFR 119 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/ 15A and 15B), issue fee

payment in the micro entity amount will not be accepted at the risk of application abandonment.

[ J Applicant asserting small entity status. See 37 CFR 127‘ NOTE: Ifthe application was previously under micro entity status. checking this box will be
taken to be a notification of loss of entitlement to micro entity status.

[ ] Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or
micro entity status, as applicable. 

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent,. or the assignee or other party
in interest as shown by the records of the United States Patent and Trademark Office.
 

Authorized Signature /Ian J.S. Lodovice. Reg. No. 59,749/ Date September 21, 2016
  

Typed or printed name 1311 J. LOdOViCC Registration No. 59,749
  

23568536d00
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Electronic Patent Application Fee Transmittal

Nicking and Extension Amplification Reaction forthe Exponential
Tltle 0f Inventlon: Amplification of Nucleic Acids

First Named Inventor/Applicant Name: Brian K. Maples

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Sub-Total in

Description Quantity USD($) 

Basic Filing:

Miscellaneous-Filing: 

Petition:

Patent-Appeals-and-lnterference:

Post-Allowance-and-Post-lssuance:
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Sub-Total in
Descr' t'on Fee Code ant't

PUBL. FEE EARLY, VOLUNTARY, OR NORMAL 1504

Extension-of—Time:

Miscellaneous:

Total'In USD ($)
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Electronic Acknowledgement Receipt

“—

——

Nicking and Extension Amplification Reaction forthe Exponential
T'tle 0f Invention: Amplification of Nucleic Acids

“—

Application Type: Utility under 35 USC 111(a)

 
 

Payment information:

——

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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Document Document Descri tion File Size(Bytes)I Multi Pages
Number p Message Digest Part I.zip (if appl.)

Applicant summary of interview with. 301710025002|S.pdfexaminer 617e5b8c09735b5ce0311914a71l7623d0d
95303

Information:

196326

Issue Fee Payment (PTOrSSB) 301710025002|ssueFee.pdf 2720051806359f2cn31b0db7d083c8d4d6
25513

Information: 

Fee Worksheet (SB06) fee—info.pdf 7e50647331369456111f601SeUEffegcfda
Id

 
 

Warnings: 

Information:

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)—(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DOIEOI903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

 

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and of the International Filing Date (Form PCT/ROI105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Attorney's Docket No.: 30171-0025002 / ITI-001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Brian K. Maples Art Unit : I637

Serial No. : 14/067,620 Examiner : Angela Marie Bertagna

Filed : October 30, 2013 Conf. No. : 4288
Title : NICKING AND EXTENSION AMPLIFICATION REACTION FOR

THE EXPONENTIAL AMPLIFICATION OF NUCLEIC ACIDS

Mail Stop Amendment
Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

INTERVIEW SUMNIARY

The undersigned representative thanks the Examiner for the courtesy of the telephonic

interview held on August 26, 2016.

The substance of the interview included a discussion of claims 67-83, 85-88, 90, 92 and

95-107.

Respectfully submitted,

Date: September 21, 2016 /Ian IS. Lodovice Reg. No. 59 749/

Ian J. Lodovice

Reg. No. 59,749

Customer Number 26161

Fish & Richardson P.C.

Telephone: (6] 7) 956—5972

Facsimile: (877) 769-7945

23568550.doc

105



106

UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF CONEVIERCE
United States Patent and Trademark Office
Addiess: COMSIISSIONER FOR PATENTS

P.O. Box 1450
Alexandria. Virginia 2231371430www.uspto.gov

 
NOTICE OF ALLOWANCE AND FEE(S) DUE

EXAMINER
26161 7590 09/16/2016

FISH & RICHARDSON PC. (BO) BERTAGNA, ANGELA MARIE
PO. BOX 1022

MINNEAPOLIswss440-1022
1637

DATE MAILED: 09/16/2016

APPLICATION NO. FILING DATE FIRST NAIVIED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

14/067,620 10/30/2013 Brian K. Maples 30171—0025002 / ITI-OOI 4288

TITLE OF INVENTION: Nicking and Extension Amplification Reaction for the Exponential Amplification of Nucleic Acids

APPIN TYPE ENTITY STATIIS ISSI IF FEE DIIE PIIBI IC ATION FEE DIIE PREV. PAID ISSITE FEE TOTAI FEE(S) DIIE DATE DIIE

nonprovisional UNDISCOUN TED $960 12/16/2016
 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON TIIE MERITS IS CLOSED. TIIIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGIITS.
THIS APPLICATION IS SUBJECT TO WITHDRAVVAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN TI-IREE MONTI-IS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORIVI
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS1S shown as SMALL or MICRO verify whether entitlement to that
entity status still applies.

If the ENTITY STATUSIs the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entityfees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL—SS (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: M_ail Mail Stop ISSUE FEECommissioner for Patents
P.0. Box 1450
Alexandria, Virginia 22313-1450

or m (571 )-273-2885

INSTRUCIIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
propriate. All further correspondence including the Patent advance orders and notification of maintenance fees will be mailed to the current correspondence address as
incated unless corrected below or directed otherwise in Block 1 by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.

Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmittal. This certi icate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Uh: Block HUI any chime: of minim») apers. Each additional paper such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

75161 7590 09/16/7016 Certificate of Mailing or Transmission“ “ I hereby certify that this Fee(s) Transmittal is being deposited with the Lnited
FISH & RICHARDSON P.C. (BO) States Postal Service with sufficient postage for first class mail in an envelope
P 0 BOX 1022 addressed to the Mail Stop ISSUE FEE address above, or being facsimile' ' transmitted to the USPTO (571) 273—2885, on the date indicated below.
MINNEAPOLIS’WWO'W epositor's name

 
 

APPLICATION 1\O. FILING DATE FIRST NMIED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

14/067.620 10/30/2013 Brian K. Maples 3017170025002 / ITIAOOI 4288

TITLE OF INVENTION: Nicking and Extension Amplification Reaction for the Exponential Amplification of Nucleic Acids

APPLN TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PA ) ISSI E FFF TOTAL FEE(S) DUE DATE DUE
 
   

 
nonprovisiona] UNDISCOUNTFD $960 12/16/2016

EXAMINER ART UNIT CLASS-SUB CLASS

BERTAGNA, ANGELA MARIE 1637 43 5-006120

1. Change of correspondence address or indication of "Fee Address" (37
CF 1 1.363).

3 Chan e of correspondence address (or Change of CorrespondenceAddressoorm PTO/SB/122) attached.

3 ”Fee Address" indication (or ”Fee Address" Indication form
)TO/SB/47; Rev 03—02 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEj I\AV1E AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

)LEASE NOTE: Unless an assignee is identified below. no assignee data will appear on the patent. If an assignee is identified below. the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAMj OF ASSIGNEE (B) RESIDENCE: (CITY and S TATE OR COUNTRY)

2. For printing on the patent front page, list
(1) The names of up to 3 registered patent attorneys
or agents OR alternatively.

(2) The name of a single firm (having as a member a 2
registered attorney or agent) and the names of 11p to
2 registered patent attorneys or agents. If no name is
listed no name will be printed

w  
 

Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual D Corporation or other private group entity D Government

 
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

3 Issue Fee 3 A check is enclosed.

3 Publication Fee (No small entity discount permitted) 3 Payment by credit card. Form PTO—2038 is attached.
3 Advance Order , # of Copies jThe director is hereby authorized to charge the required fee(s), any deficiency, or credits anyoverpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

3 Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/ 15A and 15B), issuefee payment in the micro entity amount will not be accepted at the risk of application abandonment.

3 Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be takento be a notification of loss of entitlement to micro entity status.
 
3 Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or microentity status. as applicable.

NOTE: This form must be signed in accordance with 37 CFR 131 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

  

  

Authorized Signature Date

Typed or printed name Registration No.

Page 2 of 3

PTOL-85 Part B (IO-l3) Approved for use through 10/31/2013. OMB 0651-0033 US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF CONEVIERCE
United States Patent and Trademark Office
Addiess: COME/IISSION'ER FOR PATENTS

P.O. Box 1450
Alexandria. Virginia 2231371430www.mspto.gov

APPLICATION NO. FILING DATE FIRST NAIVIED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

 
 

14/067,620 10/30/2013 Brian K. 1V1aples 30171—0025002 / ITI-001 4288

26161 7590 09/16/2016

FISH & RICHARDSON PC. (BO) BERTAGNA, ANGELA MARIE
PO. BOX 1022

MINNEAPOLIswss440-1022
1637

DATE MAILED: 09/16/2016

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation With the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the

requirement that the Office provide a patent term adjustment determination with the notice of allowance. See

Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer

providing an initial patent term adjustment determination with the notice of allowance. The Office Will continue to

provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant

approximately three weeks prior to the issue date of the patent, and Will include the patent term adjustment on the

patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term

adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be

directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOL—85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL—85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, PO. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, PO. Box

1450, Alexandria, Virginia 22313—1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (PL. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)

 _ _ _ _ 14/067,620 MAPLES ET AL.
Examiner-Initiated lnterwew Summary Examiner Art Unit

Angela M. Bertagna 1637

All participants (applicant, applicant’s representative, PTO personnel):

(1) Angela M. Bertagna (PTOI. (3)Belinda Lew (Applicant's regresentativei.

(2) Ian Lodovice (Applicant’s regresentativet. (4)Jaz Fister (Applicant's representative).

Date of Interview: 26 August 2016.

Type: IX Telephonic D Video Conference
D Personal [copy given to: D applicant D applicant‘s representative]

Exhibit shown or demonstration conducted: D Yes IX No.
If Yes, brief description:

Issues Discussed D101 E112 D102 D103 IZOthers
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 67-83 85-88 90 92 and 95-107.

Identification of prior art discussed: M.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

See Continuation Sheet.

Applicant recordation instructions: If is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

E Attachment

/Angela M. Bertagna/
Primary Examiner, Art Unit 1637

 
U 8 Patent and Trademark Office

PTOL-41sB (Rev. 8/11/2010) Interview Summary Paper No. 20160826
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Continuation Sheet (PTOL-413B) Application No. 14/067,620

Continuation of Substance of Interview including description of the general nature of what was agreed to if an
agreement was reached, or any other comments: The examiner stated that the claims contain allowable subject matter
in view of the requirement for use of an amplification reaction mixture lacking bumper primers and proposed amending
step (c) of claims 67, 95, and 107 such that the amplification step clearly excludes the use of bumper primers. We
discussed possible claim language, such as "without the assistance of bumper primers", to add to step (c) of claims 67,
95, and 107. The examiner also proposed typographical and/or grammatical changes to claims 67, 90, 95, and 107.
We also discussed claims 68-70. The examiner stated that these claims appear to state inherent features of the
method of claim 67 and may not be further limiting for this reason. We discussed possible amendments that could be
made to these claims, including requiring a particular target nucleic acid. We also discussed canceling or amending
claim 87 since it does not appear to be further limitingThe examiner further stated that all withdrawn claims would be
rejoined, and asked for terminal disclaimers to be filed over Application Serial Nos. 14067623, 11778018, and
12173020. The examiner additionally proposed canceling one of claims 73 and 83 since these claims appear to be
duplicates. Lastly, we discussed possible amendments that could be made to independent claims 67, 95, and 107 so
that they will not have the same scope as any of the claims of the aforementioned ‘623 application.

Applicant's representatives stated that the proposal would be considered and an amendment incorporating the
proposed changes would be faxed to the examiner. This fax was received on August 29, 2016 and is attached. The
examiner proposed additional changes after reviewing the fax on August 30, 2016 to Ian Lodovice. A second proposal
was received by fax on August 30, 2016 and is also attached. The examiner stated that this second proposal was
acceptable. Applicant's representative (Ian Lodovice) stated that the fax of August 30, 2016 would be filed as a
supplemental amendment together with the required terminal disclaimers.
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Application No. Applicant(s) 14/067,620 MAPLES ET AL.

Notice of Allowability 333;"? Bertagna gay“ 33$“ '""°"t°r ‘° Fm!)No
 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL—85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. IX This communication is responsive to the response filed on September 2, 2016.

El A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. El An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. IE The allowed claim(s) is/are 67-83 85 86 88 90 92 and 95-107. As a result of the allowed claim(s), you may be eligible to benefit from
the Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more
information. please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPeredback@uspto.gov.

 

4. El Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:

a) El A“ b) El Some *0) El None of the:

1. I] Certified copies of the priority documents have been received.

2. El Certified copies of the priority documents have been received in Application No.

3. El Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. El CORRECTED DRAWINGS ( as “replacement sheets") must be submitted.

El including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mai| Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the from (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR1.121(d).

6. El DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. El Notice of References Cited (PTO-892) 5. IX Examiner's Amendment/Comment

2. E Information Disclosure Statements (PTO/SB/OB), 6. El Examiner‘s Statement of Reasons for Allowance
Paper No./Mai| Date

3. El Examiner's Comment Regarding Requirement for Deposit 7. El Other .
of Biological Material

4. E Interview Summary (PTO-413),
Paper No./Mai| Date . 

/Angela M. Bertagna/
Primary Examiner, Art Unit 1637

 U 8 Patent and Trademark Olfice

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mai| Date
20160826
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Application/Control Number: 14/067,620 Page 2

Art Unit: 1637

DETAILED ACTION

Notice ofPre-AIA 0r AIA Status

1. The present application is being examined under the pre—AlA first to invent provisions.

Response to Arguments

2. The previously made rejection of claim 107 under pre-AIA 35 U.S.C. 112, first paragraph

(new matter) has been withdrawn as being obviated by the claim amendments. This argument is

also made by Applicant (see page 10 of the response filed on August 11, 2016).

The previously made rejections of claims 67-73, 76, 77, 80, 83, 85-88, 90-92, and 96-107

under pre—AIA 35 U.S.C. 103(a) citing Wick and Kong (claims 67—73, 76, 77, 80, 83, 85—88, 90—

92, and 96-98) and Wick, Kong, and Yao (claims 99-107) have been withdrawn in View of the

amendments to claim 67, which require conducting the amplification reaction without the

assistance of bumper primers and detecting amplification product within ten minutes of

beginning the amplification reaction. The only reference disclosing short amplification times is

Yao, but this reference only describes short amplification times when bumper primers are used.

Therefore, the ordinary artisan would have had neither a motivation nor a reasonable expectation

of success in obtaining sufficient amplification product for detection within ten minutes when the

amplification reaction is conducted without bumper primers as required by the claims. This

argument is also made by Applicant (see page 13, last paragraph — page 14, first paragraph of the

response filed on August 11, 2016).

Applicant’s additional arguments filed on August 1 l, 2016 have been considered, but

they are moot since the rejections under § 103(a) have been withdrawn for the above reasons.
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Application/Control Number: 14/067,620 Page 3

Art Unit: 1637

The previously made provisional obviousness—type double patenting rejections have been

withdrawn in View of Applicant’s submission of terminal disclaimers on September 2, 2016.

Terminal Disclaimer

3. The terminal disclaimer filed on September 2, 2016 disclaiming the terminal portion of

any patent granted on this application which would extend beyond the expiration date of any

patent granted on (1) Application Serial No. 14/067,623; (2) Application Serial No. 12/173,020;

and (3) Application Serial No. 11/778,018; has been reviewed and is accepted. The terminal

disclaimer has been recorded.

Election/Restrictions

4. Claim 67 is allowable. Claims 74, 75, 78, 79, 81, 82, and 95, previously withdrawn from

consideration as a result of an election of species requirement, require all of the limitations of an

allowable claim. Pursuant to the procedures set forth in MPEP § 821.04(a), the election of

species requirement between the different sample type and different target nucleic acids as

set forth in the Office action mailed on March 4, 2014, is hereby withdrawn and claims 74,

75, 78, 79, 81, 82, and 95 are hereby rejoined and fully examined for patentability under 37 CFR

1.104. In view of the withdrawal of the restriction requirement, Applicant is advised that if any

claim presented in a continuation or divisional application is anticipated by, or includes all the

limitations of, a claim that is allowable in the present application, such claim may be subject to

provisional statutory and/or nonstatutory double patenting rejections over the claims of the

instant application. Once the restriction requirement is withdrawn, the provisions of 35 U.S.C.
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Application/Control Number: 14/067,620 Page 4

Art Unit: 1637

121 are no longer applicable. See In re Ziegler, 443 F.2d 1211, 1215, 170 USPQ 129, 131 —32

(CCPA 1971). See also MPEP § 804.01.

Allowable Subject Matter

5. Claims 67-83, 85, 86, 88, 90, 92, and 95-107 are allowed.

Conclusion

6. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Angela M. Bertagna Whose telephone number is (571 )272—8291.

The examiner can normally be reached on Monday-Friday, 9-5.

If attempts to reach the examiner by telephone are unsuccessfill, the examiner’s

supervisor, Gary Benzion can be reached on (571)272-0782. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would

like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800—786—9199 (IN USA OR CANADA) or 571—272—1000.

/Angela M. Bertagna/

Primary Examiner, Art Unit 1637
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Application No. Applicant(s)

 _ _ _ _ 14/067,620 MAPLES ET AL.
Examiner-Initiated lnterwew Summary Examiner Art Unit

Angela M. Bertagna 1637

All participants (applicant, applicant’s representative, PTO personnel):

(1) Angela M. Bertagna (PTOI. (3)Belinda Lew (Applicant's regresentativei.

(2) Ian Lodovice (Applicant’s regresentativet. (4)Jaz Fister (Applicant's representative).

Date of Interview: 26 August 2016.

Type: IX Telephonic D Video Conference
D Personal [copy given to: D applicant D applicant‘s representative]

Exhibit shown or demonstration conducted: D Yes IX No.
If Yes, brief description:

Issues Discussed D101 E112 D102 D103 IZOthers
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 67-83 85-88 90 92 and 95-107.

Identification of prior art discussed: M.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

See Continuation Sheet.

Applicant recordation instructions: If is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

E Attachment

/Angela M. Bertagna/
Primary Examiner, Art Unit 1637

 
U 8 Patent and Trademark Office

PTOL-41sB (Rev. 8/11/2010) Interview Summary Paper No. 20160826
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Continuation Sheet (PTOL-413B) Application No. 14/067,620

Continuation of Substance of Interview including description of the general nature of what was agreed to if an
agreement was reached, or any other comments: The examiner stated that the claims contain allowable subject matter
in view of the requirement for use of an amplification reaction mixture lacking bumper primers and proposed amending
step (c) of claims 67, 95, and 107 such that the amplification step clearly excludes the use of bumper primers. We
discussed possible claim language, such as "without the assistance of bumper primers", to add to step (c) of claims 67,
95, and 107. The examiner also proposed typographical and/or grammatical changes to claims 67, 90, 95, and 107.
We also discussed claims 68-70. The examiner stated that these claims appear to state inherent features of the
method of claim 67 and may not be further limiting for this reason. We discussed possible amendments that could be
made to these claims, including requiring a particular target nucleic acid. We also discussed canceling or amending
claim 87 since it does not appear to be further limitingThe examiner further stated that all withdrawn claims would be
rejoined, and asked for terminal disclaimers to be filed over Application Serial Nos. 14067623, 11778018, and
12173020. The examiner additionally proposed canceling one of claims 73 and 83 since these claims appear to be
duplicates. Lastly, we discussed possible amendments that could be made to independent claims 67, 95, and 107 so
that they will not have the same scope as any of the claims of the aforementioned ‘623 application.

Applicant's representatives stated that the proposal would be considered and an amendment incorporating the
proposed changes would be faxed to the examiner. This fax was received on August 29, 2016 and is attached. The
examiner proposed additional changes after reviewing the fax on August 30, 2016 to Ian Lodovice. A second proposal
was received by fax on August 30, 2016 and is also attached. The examiner stated that this second proposal was
acceptable. Applicant's representative (Ian Lodovice) stated that the fax of August 30, 2016 would be filed as a
supplemental amendment together with the required terminal disclaimers.
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AUG. 30. 2015 3:56PM (3) FISH & RICHARDSON 6175428906 i0. ‘44i P. 1

Attorney Docket No.: 3017141025002 / Client Ref". [TI-00]

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Brian K. Maples Art Unit : 1637

Serial No. : 14/067,620 Examiner : Angela M. Bertagna

Filed : October 305 2013 Conf. No. : 4288

Title : NICKING AND EXTENSION AMPLIFICATION REACTION

FOR. THE EXPONENTIAL AMPLIFICATION OF NUCLEIC

ACIDS

ATTN: Examiner Bertanga

RE: Updated Proposed Amendment (revised amendment to claims 713/7 and 95)

FAX: 571-273-3291

PAGE1I1D ’“ RCVD AT 35012016 3:46:42 PM [Eastern Dayllght Tlme] ’“ SVR:W-PTDFAX-001I13 ”“ DNIS:2738291 ’ CSIDWWHZBQW ”“ DURATIDN (mm-ee):u1-50
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AUG. 30. 2015 3:56PM (3) FISH & RICHARDSON 6l75428906 i0. ‘44l P. 2

First Named Inventor : Brian K. Maples Attorney’s Docket No: 30171-0025002 I I’ll-001
Serial No. : 14/067,620
Filed '. October 30, 2013

Page L 2 of 10

List of Claims

1. - 66. (Canceled)

67. (Currently Amended) A method of amplifying a target polynucleotide sequence
      

 
 

4.”.n- . a.“_—-. Ha............
 = =. . . c . ' method comprising:

(a) obt ining, from an animal, plant or food. a sample comprising a target nucleic acid, the target

nucleic acid comprising the target polynucleotide sequence,

(a; (p) preparing; without first subjecting the target nucleic acid to a thermal denaturation

step associated with amplification of the target polynucleotide sequence, combining, in a single

step, the-obtained sample directly with an amplification reagent mixture or diluting the obtained

sample and combining, in a single step, the diluted sample with a an amplification reagent

mixture, in either case, the amplification reagent mixture being free of bumper primers and

comprising:

 

Eiia a polymerase,

(iii? ii) a nicking enzyme,

{iv} (iii) a first oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

99 fill a second oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

(—19) {pl subjecting themmixture formed by the step of combining to essentially

isothermal conditions to amplify the target polynucleotide sequence without the assistancepf

bumper primers, and

(d) detecting the amplified target polynucleotide sequence in real time within 10 minutes

of subjecting the reaction mixture to essentially isothermal conditions.

63. (Currently Amended) The method of claim 67, wherein the sample is obtained

from an animal and the target polynucleotide sequence is amplified from steps comprising:

(a) forming a first duplex comprising the target polynucleotide sequence and the first

oligonucleotide;

PAGE 2l10 ’“ RCVD AT 35012016 3:46:42 PM [Eastern DayllghtTlme1’“ SVR:W-PTDFAX-001l13 ”“ DNIS:2738291 ”“ CSID:6175428906 ”l DURATION (mm-ss):U1-50
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AUG. 30. 2016 3:56PM (3) FISH & RICHARDSON 6l75428906 l0. ‘44l P. 3

First Named Inventor : Brian K. Maples Attorney’s DccketNo.: 30171u0025002 / ITI-OOI
Serial No. '. 14f067,620
Filed : October 30, 2013

Page : 3 of 10

(b) extending, using the polymerase, the first oligonucleotide along the target

polynucleotide sequence to form an extended first oligonucleotide comprising a sequence

complementary to the second oligonucleotide;

(c) forming a second duplex comprising the second oligonucleotide and the extended first

oligonucleotide;

(d) extending, using the polymerase, the secOnd oligonucleotide along the extended first

oligonucleotide to form a third duplex comprising an extended second oligonucleotide

comprising a sequence complementary to the first oligonucleotide and a first double-stranded

nicking enzyme binding site;

(e) nicking, with the nicking enzyme, the first niclcing site on the third duplex to produce

a fourth duplex comprising the extended second oligonucleotide and a fragment of the extended

first oligonucleotide; and

(i) extending, using the polymerase, the fragment of the extended first oligonucleotide

along the extended second oligonucleotide of the fourth duplex to produce a double-stranded

nucleic acid product and containing a second double~stranded nicking enzyme binding site.

69. (Currently Amended) The method of claim 68, wherein sample is obtained from

an animal and the double-stranded nucleic acid product comprises:

i) a first strand and a second strand, wherein the first strand comprises a first

polynucleotide sequence corresponding to the target polynucleotide sequence and the second

strand comprises a second polynucleotide sequence complementary to the target poiynucieotide

sequence, and

ii) first and second double-stranded tricking sites spaced apart by the target

polynucleotide sequence.

70. (Currently Amended) The method of claim 68, further comprising the steps of:

a) g) tricking, using the nicking enzyme, the first nicldng site of the double-stranded

nucleic acid product to produce a fifth duplex comprising a first polynucleotide sequence

corresponding to the target polynucleotide sequence and a fragment of the first oligonucleotide,

and nicking, using the nicking enzyme, the second nicking site of the double-stranded nucleic
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AUG. 30. 2016 3:56PM (3) FlEH & RICHARDSON 6l75428906 l0. ‘44l P. 4

First Named Inventor : Brian K. Maples Attorney's Docket No: 30171-0025002 / ITI-001
Serial No : 14.’067,620

Filed : October 30, 2013

Page : 4 of 10

acid product to produce a sixth duplex comprising a second poiynucleotide sequence

complementary to the target polynucleotide sequence and a fragment of the second

oligonucleotide;

la) l_11 extending, using the polymerase, the fragment of the first oligonucleotide along the

first polynucleotide sequence of the fifth duplex to produce a first double stranded product

comprising a copy of the nicking site and a copy of the first polynucleotide sequence and

extending, using the polymerase, the fragment of the second oligonucleotide along the second

polynucleotide sequence of the sixth duplex to produce a. second double stranded product

comprising a copy of the nicking site and a copy of the second polynueieotide sequence; and

e} i) nicking, using the nicking enzyme, the copy of the nicking site of the first double

stranded product to release a copy of the first polynucleotide sequence and nicking, using the

nicking enzyme, the copy of the tricking site of the second double stranded product to release a

copy of the second polynucleotide sequence.

71. (Currently Amended) The method of claim 67, wherein the sample is obtained

from an animal and the animal is a human, the target nucleic acid is a target nucleic acid oi‘ a

human pathogen, and the sample is obtained fiom the mucus, sputum, or saliva of the human

72. (Currently Amended) The method of claim 67, wherein the sample is Obtalffid

from a human and the taIget nucleic acid is entrained-firm a target nucleic acid of a human as

animal pathogen.

’73. (Currently Amended) The method of claim 72, wherein the human animal

pathogen is a single-stranded DNA virus, double-stranded DNA virus, or single-stranded RNA

Virus.

74. (Withdrawn, Currently Amended) The method of claim 72, wherein the human

animal pathogen is a bacterium.
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75. (Withdrawn, Currently Amended) The method of claim 72, wherein them

animal pathogen contains spores and the target polynucleotide is amplified fmm the spores

without the need for lysis of the spores.

76. (Currently Amended) The method of claim 67, wherein the animal is human and

113 sample _i_s_: obtained from an animal an_dis aheahwd-fiem-t-he blood, bene—manene mucus,

lymphrhafd-t-I-Seuesrhiefimfig sputum, saliva, tears, feces theses or urine of the animal of the

human.

 

77. (Currently Amended) The method of claim 76, wherein the sample is obtained

from an animal ad is ehtained—feem the mucus, sputum, or saliva of the humananimsi.

78. (Withdrawn) The method of claim 67, wherein the target nucleic acid is double-

strandcd DNA.

79. (Withdrawn) The method of claim 67, wherein the target nucleic acid is single-

stranded DNA.

30. (Previously Presented) The method of claim 67, wherein the target nucleic acid is

RNA.

81. (Withdrawn) The method of claim 67, wherein the target nucleic acid is selected

from the group consisting of genomic DNA, plasmid DNA, Viral DNA, mitochondrial DNA,

cDNA, synthetic double-stranded DNA and synthetic single-stranded DNA.

32. (Withdrawn) The method of claim 81, wherein the target nucleic acid is genomic

DNA.

83. (Previously Presented) The method of claim 67, wherein the target nucleic acid is

viral DNA or viral RNA.
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84. (Canceled)

85. (Previously Presented) The method of claim 67, wherein the tricking enzyme is

NtBstNBI.

86. (Previously Presented) The method of claim 67, wherein the nicking enzyme

does not nick within the target polynucleotide sequence.

87. 

 

88. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at about SST-59°C.

89. (Canceled)

90. (Currently Amended) The method of claim 63 (E, which wherein the step of

amplifling the target polynucleotide sequence is performed at a temperature higher than the

melting temperature of the first oligonucleotide/target polynucleotide sequence complex.

91. (Canceled)

92. (Currently Amended) The method of claim Q 94-, wherein the amplification

product is detected by a detection method selected from the group consisting ofgel

eleeeepheresiermass-speetremetry, fluorescence, intercalating dye detection, fluorescence

resonance energy transfer (FRET), molecular beacon detection, seemeeeapebae; capillary

electrophoresis; an_d incorporation of labeled nucleotides-te-aHewdeeeetien—eyeapmre;
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93. (Canceled)

94. (Canceled)

95. (Withdrawn, Currently Amended) A method of amplifying a target

polynucleotidesequenc In - = - -- '- = =.--: :=:... := -=~-.  

method comprising:

(a) obtaining from a human, plant, or food, a sample containing genomic DNA, the

genomic DNA comprising a target nucleic acid, the target nucleic acid comprising the target

polmucleotide sequence,

fig) peepaeing; without first subjecting the genomic DNA to a thermal denaturation step

associated with amplification of the target polynucleotide sequence, combining, in a single step,

the obtained sample directly with an amplification reagent mixture or diluting the obtained

sample and combining, in a single step, the diluted sample with a an amplification reagent

mixture, in either case, the amplification reagent mixture being he of bumper primers and

comprising:

 

GB a polymerase,

Eli-H iii a nieking enzyme,

Gish) (E) a first oligonucleotide comprising a. nicking site and a tricking enzyme

binding site, and

9+) gig) a second oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

b} {pl subjecting themmixture formed by the step of combining to essentially

isothermal conditions to amplify the target polynucleotide sequence without the assistancepf

bumper primers, and

(d) detecting the amplified target polynucleotide seguenee in real time within 10 minutes

of subjecting the reaction mixture to essentially isothennai conditions.
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96. (Previously Presented) The method of claim 67, wherein the target

polynucleotide sequence is amplified about lE+8-fold.

97. (Previously Presented) The method of claim 67, wherein the target

polynucleotide sequence is amplified about 3E+9-fold.

93. (Previously Presented) The method of claim 67, wherein the target

polynucleotide sequence is amplified about 7E+lO-fold.

99. (Previously Presented) The method of claim 67, wherein amplification of

the target polynucleotide sequence is performed at a constant temperature for about 1 to 12

minutes.

100. (Previously Presented) The method of claim 67, wherein amplification of

the target polynucleotide sequence is performed at a constant temperature for about 1 to 10

minutes.

101. (Previously Presented) The method of claim 67, wherein amplification of

the target polynucleotide sequence is performed at a constant temperature for about 1 to 8

minutes.

102. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 1 to 5 minutes.

103. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 1 to 2.5 minutes.

104. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 2.5 to 5_ minutes.
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105. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 2.5 to 8 minutes.

106. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 2.5 to 10

minutes.

107. (Currently Amended) A method of amplifying a target polynucleotide sequence

 =. , the method comprising:

(a) obtaining, from an animal, plant or food, a sample comprising a target nucleic acid,

the target nucleic acid comprising the target polmucleotide seguence,

{a9 {13) propane-g; without first subjecting the target nucleic acid to a thermal denaturation

step associated with amplification of the target polynucleotide sequence, combining, in a single

gtrep, the obtained sample directly with an amplification reagent mixture or diluting the obtained

sample and combining, in a single step, the diluted sample with a an amplification reagent

mixture, in either case, the amplification reagent mixture being fi'ee of bumper primers and

comprising:

 

 (i) --

6'9 a polymerase,

{iiia iii) a nicking enzyme,

{#59 {ml :1 first oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

61,9 {i_v) a second oligonucleotide comprising a nicking site and a nicking enzyme

binding site, acid

Eb) [p1 subjecting them;mixture formed by the step of combining to essentially

isothermal conditions to amplify the target polynucleotide sequence without the assistance of

bumper primers,

1d} detecting the amplified target polvnucleotide sequence in real time within 10 minutes

of subjecting the reaction mixture to essentially isothermal conditions and
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wherein the target polynucleotide sequence is amplified about 1E+3-fold in less than about He

12 minutes.
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Listing of Claims

1. - 66. (Canceled)

67. (Currently Amended) A method of amplifying a target polynucleotide sequence
. the method comprising. 

(a) obtaining, from an animal, plant or food, a sample comprising a target nucleic acid, the target

nucleic acid comprising the target polypucleotide seguence,

(s) Cp) preparing: without first subjecting the target nucleic acid to a thermal denaturation

step associated with amplification of the target polynucleotide sequence, combining, in a single

step, the obtained sample directly with an amplification reagent mixture or diluting the obtained

sample and combining, in a single step, the diluted sample with e an amplification reagent

mixture, in either case, the amplification reagent mixture being free of bumper primers and

comprising:

 
(it) a polymerase,

€111) Q a nicking enzyme,

av) Q) a first oligonucleotide comprising a tricking site and a nicking enzyme

binding site, and

{1.9 iv a second oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

6b) (9) subjecting the gallon mixture formed by the step of combining to essentially
isothermal conditions to amplify the target polynucleotide sequence without the assistance o_f

bumper primers, and

gd) detecting the amplified target polznucleotide sequence in real time within 10 minutes

of subjecting the reaction mixture to essentially isothermal conditions.

68. (Currently amended) The method of claim 67, wherein the sample is obtained

from an animal and the target polynucleotide sequence is amplified from steps comprising:
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(a) forming a first duplex comprising the target polynucleotide sequence and the first

oligonucleotide;

(b) extending, using the polymerase, the first oligonucleotide along the target

polynucleotide sequence to form an extended first oligonucleotide comprising a sequence

complementary to the second oligonucleotide;

(c) forming a second duplex comprising the second oligonucleotide and the extended first

oligonucleotide;

(d) extending, using the polymerase, the second oligonucleotide along the extended first

oligonucleotide to form a third duplex comprising an extended second oligonucleotide

comprising a sequence complementary to the first oligonucleotide and a first doublewstranded

nicking enzyme binding site;

(e) nicking, with the nicking enzyme, the first nicking site on the third duplex to produce

a fourth duplex comprising the extended second oligonucleotide and a fragment of the extended

first oligonucleotide; and

(f) extending, using the polymerase, the fragment of the extended first oligonucleotide

along the extended second oligonucleotide of the fourth duplex to produce a double-stranded
nucleic acid product and containing a second double—stranded nicking enzyme binding site.

69. . (Currently amended) The method of claim 68, wherein sample is obtained from

an animal and the double-stranded nucleic acid product comprises:

i) a first strand and a second strand, wherein the first strand comprises a first
polynucleotide sequence corresponding to the target polynuoleotide sequence and the second
strand comprises a second polynucleotide sequence complementary to the target polynucleotide

sequence, and

ii) first and second double-stranded tricking sites spaced apart by the target

polynucleotide sequence.

70. (Currently amended) The method of claim 68, further comprising the steps of:

a} g) nicking, using the niclcing enzyme, the first nicking site of the doublesstranded

nucleic acid product to produce a fifth duplex comprising a first polynucleotide sequence
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corresponding to the target polynucleotide sequence and a fragment of the first cligcnucleotide,

and tricking, using the nicking enzyme, the second tricking site of the doubleastranded nucleic

acid product to produce a sixth duplex comprising a second polynucleotide sequence

complementary to the target polynucleotide sequence and a fragment of the second

oligonucleotide',

is} h) extending, using the polymerase, the fragment of the first oligonucleotide along the

first polynucleotide sequence of the fifth duplex to produce a first double stranded product

comprising a copy of the nicking site and a copy ofthe first polynucleotide sequence and

extending, using the polymerase, the fragment of the second oligonucleotide along the second

polynucleotide sequence of the sixth duplex to produce a second double stranded product

comprising a copy of the tricking site and a copy of the second polynucleotide sequence; and

e) i) nicking, using the tricking enzyme, the copy of the nicking site of the first double

stranded product to release a copy of the first polynucleotide sequence and tricking, using the

nicking enzyme, the copy of the nicking site of the second double stranded product to release a

copy of the second polynucleotide sequence.

71. (Currently amended) The method of claim 67, wherein the sample is obtained

from an animal and the animal is a human.

72. (Currently amended) The method of claim 67, wherein the sample is obtained

from an animal and the target nucleic acid is obtained-trons a target nucleic acid of an animal

pathogen.

73. (Previously Presented) The method of claim 72, wherein the animal pathogen is a

single-stranded DNA virus, double-stranded DNA virus, or single-stranded RNA virus.

74. (Withdraw) The method of claim 72, wherein the animal pathogen is a

bacterium.
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75. (Withdrawn) The method of claim 72, wherein the animal pathogen contains

spores and the target polynucleotide is amplified from the spores without the need for lysis of the

spores.

76. (Currently Amended) The method of claim 67, wherein the sample i_s obtained

from an animal and is ehtained—fiena-the blood, hens-smear; mucus, lymphrhard-tissues;

hiepsiesr, sputum, saliva, tears, feces daeees or urine of the animal.

77. (Currently Amended) The method of claim 76, wherein the sample i_s obtained

from an animal Ed is chained-tram the mucus, sputum, or saliva of the animal.

78. (Withdrawn) The method of claim 67, wherein the target nucleic acid is double-

stranded DNA.

79. (Withdrawn) The method of claim 67, wherein the target nucleic acid is single—

stranded DNA.

80. (Previously Presented) The method of claim 67, wherein the target nucleic acid is

RNA.

81. (Withdrawn) The method of claim 67, wherein the target nucleic acid is selected

from the group consisting of genomic DNA, plasmid DNA, viral DNA, mitochondrial DNA,

cDNA, synthetic double-stranded DNA and synthetic single-stranded DNA.

82. (Withdrawal) The method of claim 81, wherein the target nucleic acid is genomic

DNA.

83. (Previously Presented) The method of claim 67, wherein the target nucleic acid is

viral DNA or viral RNA.
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34. (Canceled)

85. (Previously Presented) The method of claim 67, wherein the tricking enzyme is

NtBstNBI.

86. (Previously Presented) The method of claim 67, wherein the nieking enzyme

does not nick Within the target polynucleotide sequence.

 

88. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at about 55°C-59°C.

89. (Canceled)

90. (Currently amended) The method of claim 68 E, which wherein the step of

amplifying the target polynucleotide seguence is performed at a temperamrc higher than the

melting temperature of the first oligonucleotide/target polynucleotide sequence complex.

91. (Canceled)

92. (Currently Amended) The method of claim fl 9}. wherein the amplification

product is detected by a detection method selected from the group consisting of gel

electrepheres-isfinass-speemetfy, fluorescence, intercalating dye detection, fluorescence

resonance energy transfer (FRET), molecular beacon detection, susfaee—eaptare; eapillaey

eleetrephereaise, an_d incorporation of labeled nucleoddes—resllewdeteetien-byeapaare:
’— c“:-." - : ---:-: :-..--.:-

  
- ..- . -- .-a. .-- .A III il F

93. (Canceled)
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94. (Canceled)

95. (Withdrawn, Currently Amended) A method of amplifying a target

 polynucleotide sequenc = -- -= -: E“ * = : :- '- : tr- : - :: -:: - a u :r

method comprising: ‘

(a) obtaining, from an animal, plant, or food, a sample containing genomic DNA, the

genomic DNA comprising a target nucleic acid. the target nucleic acid comprising the target

polynucleotide sequence,

(12} preparing; without first subjecting the genomic DNA to a thermal denaturation step

 

associated with amplification of the target polynucleotide sequence, combining, in a single st_ep,

the obtained sample directly with an amplification reagent mixture or diluting the obtained

sample and combining, in a single step, the diluted sample with a an amplification reagent

mixture, in either case, the amplification reagent mixture being free of bumper primers and

comprising:

 

{ii} a polymerase,

9+1} (h) a nicking enzyme,

{is} rm) a first cligonucleotide comprising a nicking site and a flicking enzyme

' binding site, and

(-V} [ill a second oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

1a} {p} subjecting themmixture formed by the step of combining to essentially

isothermal conditions to amplify the target poiynucleotide sequence without the assistance of

bumper primers, and

(d1 detecting the amplified target polmucleotide sequence in real time within 10 minutes

of subjecting the reaction mixture to essentially isothermal conditions.

96. (Previously Presented) The method of claim 67, wherein the target

polynucleotide sequence is amplified about 1E+8-fold.
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97. (Previously Presented) The method of claim 67: wherein the target

polynucleotide sequence is amplified about 3E+9-fold.

98. (Previously Presented) The method of claim 67, wherein the target

polynucleotide sequence is amplified about 7E+10-fold.

99. (Previously Presented) The method of claim 67, wherein amplification of

the target polynucieotide sequence is performed at a constant temperature for about 1 to 12

minutes.

100. (Previously Presented) The method of claim 67, wherein amplification of

the target polynucleotide sequence is performed at a constant temperature for about 1 to 10

minutes.

101. (Previously Presented) The method of claim 67, wherein amplification of

the target polynucleotide sequence is performed at a constant temperature for about 1 to 8

minutes.

102. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 1 to 5 minutes.

103. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 1 to 2.5 minutes.

104. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 2.5 to 5 minutes.

105. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 2.5 to 8 minutes.
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106. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 2.5 to 10

minutes.

107. (Currently Amended) A method of amplifying a target polynucleotide sequence

.;-.. -. -' :-': : cc” '- : :.--: c e; -.'--= :r ,themethodcomprising:

(a) obtaining, from an animal, plant or food, a sample comprising a target nucleic acid,

the target nucleic acid comprising the target polmucleotide sequence,

{a} {Q preparing; without first subjecting the target nucleic acid to a thermal denaturation

 

step associated with amplification of the target polynucleotide sequence, combining, in a single

step, the obtained sample directly with an amplification reagent mixture or diluting the obtained

sample and combining, in a single step, the diluted sample with a an amplification reagent

mixture, in either case, the amplification reagent mixture being free of bumper primers and

comprising:

 (i) _.. =_ .- ._,. .'

{it} a polymerase,

Eli-i} Ln) a nicking enzyme,

64.9 m a first oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

Eva (ill a second oligonucleotide comprising a nicking site and a tricking enzyme

binding site, and

Eb} (p) subjecting the Wmixture formed by: the step of combining to essentially

isothermal conditions to amplify the target polynucleotide sequence without the assistance of

bumper primers,

[d] detecting the amplified target polynucleotide sequence in real time within 10 minutes

of subjecting the reaction mixture to essentially isothermal conditions, and
wherein the target polynucleotide sequence is amplified about 1E+E-fold in less than about -1—te
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rm

1. -66. (Canceled)

67. (Currently Amended) A method of amplifying a target polynucleotide sequence e£

a-ssrget—naeleie-eeid, the method comprising:

is: obtaining, from an animal, a sample comprising a target nucleic acid, the target

nucleic acid cemprising the target polynucleotide seguence,

Lb) prepseheg; without first subjecting the target nucleic acid to a thermal denaturation

step associated with amplification of the target polynucleotide sequence, combining, in a single

step, the obtained sample directly with an amplification reagent mixture or diluting the obtaiid

sample and combining, in a single step, the diluted sample with e an amplification reagent

mixture, in either case, the amplification reagent mixture being free of bumper primers and

comprising:

(i) ~ ---='

(-ii} a polymerase,

{in} (i) a nieking enzyme,

fie} rm) a first oligonucleotide comprising a nicking site and a nicking enzyme binding

 

site, and

{v} 1111 a second oligonucleotide comprising a nicking site and a nicking enzyme binding

site; and

[p1 amplifymg the target polynucleotide sequence. without the assistance of bumper

primers, ends»; by subjecting the reaction mixture formed by the step of combining to essentially

isothermal conditions, from steps comprising:

{a9 (1) forming a first duplex comprising the target polynucleotide sequence and the first

oligonucleotide;

E133 llll extending, using the polymerase, the first oligonucleotide along the target

polynucleotide sequence to form an extended first oligonucleotide comprising a sequence

complementary to the second oligonucleotide;
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{a {in} forming a second duplex comprising the second oligonucleotide and the extended

first oligonucleotide;

£615 [i_v) extending, using the polymerase, the second oligonucleotide along the extended

first oligonucleotide to form a third duplex comprising an extended second oligonucleotide

comprising a sequence complementary to the first oligonucleotide and a first double-stranded

nicking enzyme binding site;

{ea (1) nicking, with the nicking enzyme, the first nicking site on the third duplex to

produce a fourth duplex comprising the extended second oligonucleotide and a fragment of the

extended first oligonucleotide; and

{t9 (1i) extending, using the polymerase, the fragment of the extended first

oligonucleotide along the extended second oligonucleotide of the fourth duplex to produce a

double-stranded nucleic acid product andWe a second double-stranded nicking enzyme

binding site, gn_d

W

Wwhenein—anspfi—fieatienroé‘
,.- - - an. — A J'- -'

 

68. (Currently Amended) The method of claim 67, wherein the target nucleic acid is

obtained from an animal pathogen and the double—stranded nucleic acid product comprises:

i) a first strand and a second strand, wherein the first strand comprises a first

polynucleotide sequence corresponding to the target polynucleotide sequence and the second

strand comprises a second polynucleotide sequence complementary to the target polynucleotide

sequence, and

ii) first and second double-stranded nicking sites spaced apart by the target

polynucleotide sequence.

69. (Currently Amended) The method of claim 67, wherein the target nucleic acid is

obtained from an animal pathogen and the target polynucleotide sequence is amplified from steps

further comprising:
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e9 iii) flicking, using the nicking enzyme, the first tricking site of the double-stranded

nucleic acid product to produce a fifth duplex comprising a first polynucleotide sequence

corresponding to the target polynucleotide sequence and a fragment of the first oligonucleotide,

and tricking, using the tricking enzyme, the second nicking site of the double-stranded nucleic

acid product to produce a sixth duplex comprising a second polynucleotide sequence

complementary to the target polynucleotide sequence and a fragment of the second

oligonucleotide;

b) Lil) extending, using the polymerase, the fragment of the first oligonucleotide along

the first polynucleotide sequence of the fifth duplex to produce a first double stranded product

comprising a copy of the nicking site and a copy of the first polynucleotide sequence and

extending, using the polymerase, the fragment of the second oligonucleotide along the second

polynucleotide sequence of the sixth duplex to produce a second double stranded product

comprising a copy of the flicking site and a copy of the second polynucleotide sequence; and

e) ii) nicking, using the nicking enzyme, the copy of the nioking site of the first double

stranded product to release a copy of the first polynucleotide sequence and nicking, using the

, nicking enzyme, the copy of the nicking site of the second double stranded product to release a

copy of the second polynucleotide sequence.

70. (Withdrawn, Currently Amended) The method of claim 91-1- fl, wherein the animal

is ahuman.

71 .—74. (Cancelled)

75. 

76. (Currently Amended) The method of claim Jéfi, wherein the animal pathogen is

a single-stranded DNA virus, double-stranded DNA virus, or single-stranded RNA virus.

PAGE13I1T ”“ RCVD AT 817912016 4:33:07 PM [Eastern Dayllght Tlme] ”“ SVR:W-PTOFAX-002i18 ”“ DNIS:2738291 ’“ CSID:61T§423905 ’“ DURATION (mm-ss):o4-13

141



142

AUG. 29. 2016 4:45PM (3) FISH & RICHARDSON 6l75428906 M). ‘438 P. 5/8

First Named Inventor : Brian K. Maples Attorney‘s Docket No.: 30171-0025003 / lTI-OOl
Serial No. : lit/067,623

Filed : October 30, 2013
Page '. S of 8

77. (Withdrawn, Currently Amended) The method of claim 75$, wherein the animal

pathogen is a bacterium.

73. (WithdraWn, Currently Amended) The method of claim 7éfi, wherein the animal

pathogen contains spores and the target polynucleotide is amplified from the spores without the

need fer lysis of the spores.

79. (Currently Amended) The method of claim 746_7, wherein the sample obtained

from an animal is abadned—frem—the blood, benemaeeawar; mucus, , ‘ ' , , '

lungeeevar—yfiaiepsies; sputum, saliva, tears, feces £aeees or urine cfthe animal.

a

80. (Currently Amended) The method of claim 79, wherein the sample obtained from

an animal is elatained—i‘sena—the mucus, sputum, or saliva of the animal.

81. (Withdrawn) The method of claim 67, wherein the target nucleic acid is double—

stranded DNA.

82. (Withdraw) The method of claim 67, wherein the target nucleic acid is single

stranded DNA.

83. (Previously Presented) The method of claim 67, wherein the target nucleic acid is

RNA.

84. (Withdrawn) The method of claim 67, wherein the target nucleic acid is genomic

DNA.

85. (Currently Amended) The method of claim 67, wherein the sample obtained from

the animal is mucus, saliva or sputum and the target nucleic acid is viral DNA or viral RNA.

86. (Canceled)
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87. (Previously Presented) The method of claim 67, wherein the nioking enzyme is

NtBstNBI.

88. (Previously Presented) The method of claim 67, wherein the nicking enzyme does

not nick Within the target polynucleotide sequence.

 

90. (Previously PreSented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at about 55°C-59°C.

91. (Canceled)

92. (Currently Amended) The method of claim 67, W611 wherein the step of

amplifving the target pclynucleotide seguence is performed at a temperature higher than the

melting temperature of the first oligcnucleotide/target polynucleotide sequence complex.

93. (Cancelled)

94. (Currently Amended) The method of claim 95E, wherein the amplification

product is detected by a detection method selected from the group consisting cfgel

elecfiepheresfi—rnass—speetremetry— fluorescence, intercalating dye detection fluorescence

resonance energy transfer (FRET) molecular beacon detectiOn surfeeeeepttfieyeapiflafi

el-eetsepheresi-s; and“incorporation of labeled nucleotidesW
 

95. — 96. (Canceled)
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97. (Previously Presented) The method of claim 67, wherein the target

polynucleotide sequence is amplified about 1E+8-fold.

93. (Previously Presented) The method of claim 67, wherein the target

polynucleotide sequence is amplified about 3E+9—fold.

99. (Previously Presented) The method of claim 67, wherein the target

polynucleoticle sequence is amplified about 7E+10-fold.

100. (Previously Presented) The method of claim 67, wherein amplification of

the target polynucleotide sequence is performed at a constant temperature for about 1 to 10

minutes.

101. (Previously Presented) The method of claim 67, wherein amplification of

the target polynucleotide sequence is performed at a constant temperature for about 1 to 8

minutes.

102. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 1 to 5 minutes.

103. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 1 to 2.5 minutes.

104. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a. constant temperature for about 2.5 to 5 minutes.

105. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 2.5 to 8 minutes.
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106. (Previously Presented) The method of claim 67, wherein amplification of the target
polynucleotide sequence is performed at a constant temperature for about 2.5 to 10 minutes.
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Serial No. : 14/067,620
Filed : October 30, 2013
Page : 2 of 12

Amendments to the Claims:

This listing of claims replaces all prior versions and listings of claims in the application:

Listing of Claims:

1. - 66. (Canceled)

67. (Currently Amended) A method of amplifying a target polynucleotide sequence-e£

a—target—nuelereeerd—presem—m—a—sample-ebtamed—fiem—aim, the method comprising:

(a) obtaining, from an animal, plant or food, a sample comprising a target nucleic acid the target

nucleic acid comprising the target polynucleotide sequence,

6&9 (p) preparing; without first subjecting the target nucleic acid to a thermal denaturation

step associated with amplification of the target polynucleotide sequence, combining in a single

step, the obtained sample directly with an amplification reagent mixture or diluting the obtained

sample and combining== in a single step the diluted sample with a an amplification reagent

mixture, in either case, the amplification reagent mixture being free of bumper primers and
 

comprising:

 

{ii} a polymerase,

{Hi9 {p} a nicking enzyme,

6499 (Q) a first oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

69 (i_v) a second oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

699 (p) subjecting the reaction mixture formed by the step of combining to essentially

isothermal conditions to amplify the target polynucleotide sequence without the assistance of

bumper primers, and
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(d) detecting the amplified target polynucleotide sequence in real time within 10 minutes

of subjecting the reaction mixture to essentially isothermal conditions.
 

68. (Currently Amended) The method of claim 67, wherein the sample is obtained

from an animal and the target polynucleotide sequence is amplified from steps comprising:

(a) forming a first duplex comprising the target polynucleotide sequence and the first

oligonucleotide;

(b) extending, using the polymerase, the first oligonucleotide along the target

polynucleotide sequence to form an extended first oligonucleotide comprising a sequence

complementary to the second oligonucleotide;

(c) forming a second duplex comprising the second oligonucleotide and the extended first

oligonucleotide;

(d) extending, using the polymerase, the second oligonucleotide along the extended first

oligonucleotide to form a third duplex comprising an extended second oligonucleotide

comprising a sequence complementary to the first oligonucleotide and a first double-stranded

nicking enzyme binding site;

(e) nicking, with the nicking enzyme, the first nicking site on the third duplex to produce

a fourth duplex comprising the extended second oligonucleotide and a fragment of the extended

first oligonucleotide; and

(f) extending, using the polymerase, the fragment of the extended first oligonucleotide

along the extended second oligonucleotide of the fourth duplex to produce a double-stranded

nucleic acid product and containing a second double-stranded nicking enzyme binding site,

69. (Currently Amended) The method of claim 68, wherein sample is obtained from

an animal and the double-stranded nucleic acid product comprises:

i) a first strand and a second strand, wherein the first strand comprises a first

polynucleotide sequence corresponding to the target polynucleotide sequence and the second

strand comprises a second polynucleotide sequence complementary to the target polynucleotide

sequence, and
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ii) first and second double-stranded nicking sites spaced apart by the target

polynucleotide sequence.

70. (Currently Amended) The method of claim 68, further comprising the steps of:

a) g) nicking, using the nicking enzyme, the first nicking site of the double—stranded

nucleic acid product to produce a fifth duplex comprising a first polynucleotide sequence

corresponding to the target polynucleotide sequence and a fragment of the first oligonucleotide,

and nicking, using the nicking enzyme, the second nicking site of the double-stranded nucleic

acid product to produce a sixth duplex comprising a second polynucleotide sequence

complementary to the target polynucleotide sequence and a fragment of the second

oligonucleotide,

b) h) extending, using the polymerase, the fragment of the first oligonucleotide along the

first polynucleotide sequence of the fifth duplex to produce a first double stranded product

comprising a copy of the nicking site and a copy of the first polynucleotide sequence and

extending, using the polymerase, the fragment of the second oligonucleotide along the second

polynucleotide sequence of the sixth duplex to produce a second double stranded product

comprising a copy of the nicking site and a copy of the second polynucleotide sequence, and

c—) i_) nicking, using the nicking enzyme, the copy of the nicking site of the first double

stranded product to release a copy of the first polynucleotide sequence and nicking, using the

nicking enzyme, the copy of the nicking site of the second double stranded product to release a

copy of the second polynucleotide sequence.

71. (Currently Amended) The method of claim 67, wherein the sample is obtained

from an animal and the animal is a human, the target nucleic acid is a target nucleic acid of a

human pathogen, and the sample is obtained from the mucus, sputum, or saliva of the human.

72. (Currently Amended) The method of claim 67, wherein the sample is obtained

from a human and the target nucleic acid is obtained—from a target nucleic acid of a human an

animal pathogen.
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73. (Currently Amended) The method of claim 72, wherein the human animal
 

pathogen is a single-stranded DNA Virus, double-stranded DNA Virus, or single-stranded RNA

Virus.

74. (Withdrawn, Currently Amended) The method of claim 72, wherein the human

animal pathogen is a bacterium.

75. (Withdrawn, Currently Amended) The method of claim 72, wherein the human
 

ani-mal pathogen contains spores and the target polynucleotide is amplified from the spores

without the need for lysis of the spores.

76. (Currently Amended) The method of claim 67, wherein the animal is human and

th_e sample ebt-alned—firem—an—ani-mal is ebt-ai—ned—f—rem—the blood, bane-marrow; mucus, lymph;

halal—tissaesrb-iepsles; sputum, saliva, tears, feces £aeees or urine ellt-he-aai-mal.

77. (Currently Amended) The method of claim 76, wherein the sample obtained—from

arr—animal is ebtalneel—i—‘rem the mucus, sputum, or saliva ef—the anlnaal.

78. (Withdrawn) The method of claim 67, wherein the target nucleic acid is double-

stranded DNA.

79. (Withdrawn) The method of claim 67, wherein the target nucleic acid is single-

stranded DNA.

80. (Previously Presented) The method of claim 67, wherein the target nucleic acid is

81. (Withdrawn) The method of claim 67, wherein the target nucleic acid is selected

from the group consisting of genomic DNA, plasmid DNA, viral DNA, mitochondrial DNA,

cDNA, synthetic double—stranded DNA and synthetic single—stranded DNA.
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Serial No. : 14/067,620
Filed : October 30, 2013
Page : 6 of 12

82. (Withdrawn) The method of claim 81, wherein the target nucleic acid is genomic

DNA.

83. (Previously Presented) The method of claim 67, wherein the target nucleic acid is

viral DNA or viral RNA.

84. (Canceled)

85. (Previously Presented) The method of claim 67, wherein the nicking enzyme is

NtBstNBI.

86. (Previously Presented) The method of claim 67, wherein the nicking enzyme does

not nick within the target polynucleotide sequence.

87. (Canceled)

88. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at about 550C-590C.

89. (Canceled)

90. (Currently Amended) The method of claim 68 fl, which wherein the step of

amplifying the target polynucleotide sequence is performed at a temperature higher than the

melting temperature of the first oligonucleotide/target polynucleotide sequence complex.

91. (Canceled)

92. (Currently Amended) The method of claim fl 9—1, wherein the amplification

product is detected by a detection method selected from the group consisting of gel
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eleetrepheresisrm-ass-speetremetfi, fluorescence, intercalating dye detection, fluorescence

resonance energy transfer (FRET), molecular beacon detection, suFFaee-eapture; ea-pi-l-l-ary

eleetrepheresis, ad incorporation of labeled nucleotidesteallewdeteetien—by—eapture:

fitmeseeflee—pelaflzatren'‘ ,andlateralflemcapture,eraeemb+natren—theree£'‘ .

 

93. (Canceled)

94. (Canceled)

95. (Withdrawn, Currently Amended) A method of amplifying a target polynucleotide

sequence = - . , the method comprising:

(a) obtaining, from a human plant, or food a sample containing genomic DNA, the

genomic DNA comprising a target nucleic acid the target nucleic acid comprising the target

polynucleotide sequence,

(p) preparing; without first subjecting the genomic DNA to a thermal denaturation step

associated with amplification of the target polynucleotide sequence, combining in a single step

the obtained sample directly with an amplification reagent mixture or diluting the obtained

sample and combining, in a single step the diluted sample with a an amplification reagent

mixture, in either case, the amplification reagent mixture being free of bumper primers and

comprising:

 

(i-i) a polymerase,

(ii-i) (Q a nicking enzyme,

(iv) (1i_1) a first oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

(v) (ix) a second oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

b) (p) subjecting the reaction mixture formed by the step of combining to essentially

isothermal conditions to amplify the target polynucleotide sequence without the assistance of

bumper primers, and
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(d) detecting the amplified target polvnucleotide sequence in real time within 10 minutes

of subjecting the reaction mixture to essentially isothermal conditions.
 

96. (Previously Presented) The method of claim 67, wherein the target polynucleotide

sequence is amplified about lE+8—fold.

97. (Previously Presented) The method of claim 67, wherein the target polynucleotide

sequence is amplified about 3E+9-fold.

98. (Previously Presented) The method of claim 67, wherein the target polynucleotide

sequence is amplified about 7E+10-fold.

99. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 1 to 12 minutes.

100, (Previously Presented) The method of claim 67, wherein amplification of

the target polynucleotide sequence is performed at a constant temperature for about 1 to 10

minutes.

101. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 1 to 8 minutes.

102. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 1 to 5 minutes.

103. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 1 to 2.5 minutes.

104. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 2.5 to 5 minutes.
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105. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 2.5 to 8 minutes.

106. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 2.5 to 10

minutes.

107 . (Currently Amended) A method of amplifying a target polynucleotide sequence—of

a—targeknueleieaeid—presth—ima—sampleebtained—frem—an—ammal, the method comprising:

(a) obtaining, from an animal, plant or food a sample comprising a target nucleic acid,

the target nucleic acid comprising the target polynucleotide sequence,

(a) (b) preparing; without first subjecting the target nucleic acid to a thermal denaturation

step associated with amplification of the target polynucleotide sequence, combining in a single

step the obtained sample directly with an amplification reagent mixture or diluting the obtained

sample and combining in a single step the diluted sample with a an amplification reagent

mixture, in either case, the amplification reagent mixture being free of bumper primers and

comprising:

 

(ii) a polymerase,

(iii) (p) a nicking enzyme,

(iv) (Q) a first oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

(V9 (g) a second oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

(b) (p) subjecting the reaction mixture formed by the step of combining to essentially
 

isothermal conditions to amplify the target polynucleotide sequence without the assistance of

bumper primers,

(d) detecting the amplified target polynucleotide sequence in real time within 10 minutes

of subjecting the reaction mixture to essentially isothermal conditions and
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wherein the target polynucleotide sequence is amplified about lE+8-fold in less than about -l—te

12 minutes.
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REMARKS

Upon entry ofthe above amendment, claims 67-83, 85-86, 88, 90, 92 and 95-107 will be

pending. Claims 74-75, 78-79, 81-82 and 95 were previously withdrawn, so are not currently

under examination. Claims 1—67, 84, 89 and 93—94 were previously canceled. Claims 87 and 91

is newly canceled, and claims 67-77, 90, 92, 95 and 107 have been amended. Most ofthe

amendments are simply to clarify scope and are supported throughout the specification so that no

new matter is introduced. For example, the amendments to claims 67, 95 and 107 find support at

page 18, lines 3-5 and 12-13; page 26, lines 15-17, page 36, lines 29-30; page 32, line 25;

Figures 6-8, and the Examples.

Applicant believes that the amendments submitted by the Applicant in the

ANIENDMENT AND REPLY TO FINAL ACTION OF FEBRUARY 11, 2016 filed August 11,

2016 have not been entered and the amendments submitted herewith reflect this. Applicant

requests that the Office consider the Remarks presented in the August 11, 2016 submission in

light of the present amendment.

No new matter has been introduced by these amendments. Reconsideration and

allowance of the claims are respectfully requested in view of the above amendments and the

following rem arks.

Interview Summary

Applicant thanks Examiner Bertagna for the courtesy of a telephonic interview with

Applicant’s representatives Ian Lodovice, Belinda Lew and Jay Fister on August 26, 2016.

During the interview, the participants discussed amendments for placing claims in conditions for

allowance. The amendments to claims presented above are substantially as discussed by the

participants during the interview.
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Double Patenting

Without conceding the propriety of the obviousness-type double patenting rejections,

Applicant submits herewith terminal disclaimers obviating these rejections, so the rejections

should be withdrawn

CONCLUSION

In light of the arguments made herein, Applicant submits that the pending claims are

patentable and request early and favorable action thereon. If any issues remain, the Examiner is

asked to telephone the undersigned at 617-956-5972 to arrange a time for an interview.

Applicant does not concede any positions of the Off] ce that are not expressly addressed

above, nor do applicants concede that there are not other good reasons for patentability of the

presented claims or other claims.

Applicant asks that all claims be examined in view of the amendment to the claims.

While no fees are believed to be due, the office is authorized to apply any necessary

charges or credits to Deposit Account 06-1050, referencing the above attorney docket number.

Respectfully submitted,

Date: September 2, 2016 flan IS. Lodovice Reg. No. 59 749/

Ian J. Lodovice

Reg. No. 59,749

Customer Number 26161

Fish & Richardson P.C.

Telephone: (617) 956—5972

Facsimile: (877) 769-7945

23561606.doc
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List of claims (replacing prior versions).
 

1. - 66. (Canceled)

67. (Currently Amended) A method of amplifying a target polynucleotide sequence

 . , the method comprising:

(a) obtaining from an animal a sample comprising a target nucleic acid the target nucleic acid

comprising the target polynucleotide sequence

(a) (p) preparing; without first subjecting the target nucleic acid to a thermal denaturation

step associated with amplification of the target polynucleotide sequence, combining in a single

step, the obtained sample directly with an amplification reagent mixture or diluting the obtained

sample and combining, in a single step the diluted sample with a an amplification reagent

mixture, in either case the amplification reagent mixture being free of bumper primers and

comprising:

 

(ii) a polymerase,

61-1-19 (i) a nicking enzyme,

(iv) (iii) a first oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

(V9 (ii) a second oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

613) (g) subjecting the reaction mixture formed by the step of combining to essentially

isothermal conditions to amplify the target polynucleotide sequence, and

(d) detecting the amplified target polynucleotide sequence in real time within 10 minutes

of subjecting the reaction mixture to essentially isothermal conditions.

68. (Previously Presented) The method of claim 67, wherein the target

polynucleotide sequence is amplified from steps comprising:

(a) forming a first duplex comprising the target polynucleotide sequence and the first

oligonucleotide;
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(b) extending, using the polymerase, the first oligonucleotide along the target

polynucleotide sequence to form an extended first oligonucleotide comprising a sequence

complementary to the second oligonucleotide;

(c) forming a second duplex comprising the second oligonucleotide and the extended first

oligonucleotide;

(d) extending, using the polymerase, the second oligonucleotide along the extended first

oligonucleotide to form a third duplex comprising an extended second oligonucleotide

comprising a sequence complementary to the first oligonucleotide and a first double-stranded

nicking enzyme binding site;

(e) nicking, with the nicking enzyme, the first nicking site on the third duplex to produce

a fourth duplex comprising the extended second oligonucleotide and a fragment of the extended

first oligonucleotide; and

(f) extending, using the polymerase, the fragment of the extended first oligonucleotide

along the extended second oligonucleotide of the fourth duplex to produce a double-stranded

nucleic acid product and a second double-stranded nicking enzyme binding site.

69. (Previously Presented) The method of claim 68, wherein the double—stranded

nucleic acid product comprises:

i) a first strand and a second strand, wherein the first strand comprises a first

polynucleotide sequence corresponding to the target polynucleotide sequence and the second

strand comprises a second polynucleotide sequence complementary to the target polynucleotide

sequence, and

ii) first and second double—stranded nicking sites spaced apart by the target

polynucleotide sequence.

70. (Previously Presented) The method of claim 68, further comprising the steps of:

a) nicking, using the nicking enzyme, the first nicking site of the double-stranded nucleic

acid product to produce a fifth duplex comprising a first polynucleotide sequence corresponding

to the target polynucleotide sequence and a fragment of the first oligonucleotide, and nicking,

using the nicking enzyme, the second nicking site of the double—stranded nucleic acid product to
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produce a sixth duplex comprising a second polynucleotide sequence complementary to the

target polynucleotide sequence and a fragment of the second oligonucleotide;

b) extending, using the polymerase, the fragment of the first oligonucleotide along the

first polynucleotide sequence of the fifth duplex to produce a first double stranded product

comprising a copy of the nicking site and a copy of the first polynucleotide sequence and

extending, using the polymerase, the fragment of the second oligonucleotide along the second

polynucleotide sequence of the sixth duplex to produce a second double stranded product

comprising a copy of the nicking site and a copy of the second polynucleotide sequence; and

c) nicking, using the nicking enzyme, the copy of the nicking site of the first double

stranded product to release a copy of the first polynucleotide sequence and nicking, using the

nicking enzyme, the copy of the nicking site of the second double stranded product to release a

copy of the second polynucleotide sequence.

71. (Previously Presented) The method of claim 67, wherein the animal is a human.

72. (Previously Presented) The method of claim 67, wherein the target nucleic acid is

obtained from an animal pathogen.

73. (Previously Presented) The method of claim 72, wherein the animal pathogen is a

single-stranded DNA virus, double-stranded DNA virus, or single-stranded RNA virus.

74. (Withdrawn) The method of claim 72, wherein the animal pathogen is a

bacterium.

75. (Withdrawn) The method of claim 72, wherein the animal pathogen contains

spores and the target polynucleotide is amplified from the spores without the need for lysis of the

spores.
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76. (Currently Amended) The method of claim 67, wherein the sample obtained from

an animal is ebt-aineel—f—‘rem—t—he blood, bene—m—arrevve mucus, lymph—hard—ti-ssues—biepsies;

sputum, saliva, tears, feces fiaeees or urine of the animal,
 

77. (Currently Amended) The method of claim 76, wherein the sample obtained from

an animal is ebtained—f—rem the mucus, sputum, or saliva of the animal.

78. (Withdrawn) The method of claim 67, wherein the target nucleic acid is double-

stranded DNA.

79. (Withdrawn) The method of claim 67, wherein the target nucleic acid is single-

stranded DNA.

80. (Previously Presented) The method of claim 67, wherein the target nucleic acid is

81. (Withdrawn) The method of claim 67, wherein the target nucleic acid is selected

from the group consisting of genomic DNA, plasmid DNA, viral DNA, mitochondrial DNA,

cDNA, synthetic double-stranded DNA and synthetic single-stranded DNA.

82. (Withdrawn) The method of claim 81, wherein the target nucleic acid is genomic

DNA.

83. (Previously Presented) The method of claim 67, wherein the target nucleic acid is

viral DNA or viral RNA.

84. (Canceled)

85. (Previously Presented) The method of claim 67, wherein the nicking enzyme is

NtBstNBI.
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86. (Previously Presented) The method of claim 67, wherein the nicking enzyme

does not nick within the target polynucleotide sequence.

87. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed without the use of temperature cycling.

88. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at about 55°C-59OC.

89. (Canceled)

90. (Previously Presented) The method of claim 68, which is performed at a

temperature higher than the melting temperature of the first oligonucleotide/target polynucleotide

sequence complex.

91. (Canceled)

92. (Currently Amended) The method of claim fl 9—1—, wherein the amplification

product is detected by a detection method selected from the group consisting of gel

eleetrepheresr—s—nmss—speetremetry fluorescence, intercalating dye detection, fluorescence

resonance energy transfer (FRET), molecular beacon detection, surfaee—eapture; eapil—l—ai-y

eleet-repheresi—s; ad incorporation of labeled nucleotideste—allewdeteetien—byeea-pture;

93. (Canceled)

94. (Canceled)

183



184

First Named Inventor : Brian K. Maples Attorney’s Docket N0.; 30171-0025002 / lTI-OOl
Serial No. : 14/067,620
Filed : October 30, 2013
Page : 7 of 16

95. (Withdrawn, Currently Amended) A method of amplifying a target

 polynucleotide sequence =

method comprising:

(a) obtaining, from an animal, a sample containing genomic DNA, the genomic DNA

comprising a target nucleic acid, the target nucleic acid comprising the target polynucleotide

sequence

(b) preparing; without first subjecting the genomic DNA to a thermal denaturation step

associated with amplification of the target polynucleotide sequence, combining, in a single step,

the obtained sample directly with a reaction mixture or diluting the obtained sample and

combining in a single step the diluted sample with a an amplification reagent mixture in either

case the amplification reagent mixture being free of bumper primers and comprising:

(i) “;‘-=“ 5‘ ‘ =“=- -; -‘ . ;‘ == -. ‘= =‘ ‘=.-- ,

(ii) a polymerase,

(ii-i) (p) a nicking enzyme,

(iv) (m) a first oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

(v) (Q) a second oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

b) (g) subjecting the reaction mixture formed by the step of combining to essentially

isothermal conditions to amplify the target polynucleotide sequence, and

1d) detecting the amplified target polynucleotide sequence in real time within 10 minutes

of subjecting the reaction mixture to essentially isothermal conditions,

96. (Previously Presented) The method of claim 67, wherein the target

polynucleotide sequence is amplified about lE+8-fold.

97. (Previously Presented) The method of claim 67, wherein the target

polynucleotide sequence is amplified about 3E+9-fold.
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98. (Previously Presented) The method of claim 67, wherein the target

polynucleotide sequence is amplified about 7E+10-fold.

99. (Previously Presented) The method of claim 67, wherein amplification of

the target polynucleotide sequence is performed at a constant temperature for about 1 to 12

minutes

100. (Previously Presented) The method of claim 67, wherein amplification of

the target polynucleotide sequence is performed at a constant temperature for about 1 to 10

minutes.

101. (Previously Presented) The method of claim 67, wherein amplification of

the target polynucleotide sequence is performed at a constant temperature for about 1 to 8

minutes.

102. (Previously Presented) The method of claim 67, wherein amplification ofthe

target polynucleotide sequence is performed at a constant temperature for about 1 to 5 minutes.

103. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 1 to 2.5 minutes.

104. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 2.5 to 5 minutes.

105. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 2.5 to 8 minutes.

106. (Previously Presented) The method of claim 67, wherein amplification of the

target polynucleotide sequence is performed at a constant temperature for about 2.5 to 10

minutes.
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107. (Currently Amended) A method of amplifying a target polynucleotide sequence

ef a target nucleic acid present in a sampleebtained—fiem—an—ani—mal, the method comprising:

(a) obtaining, from an animal, a sample comprising a target nucleic acid the target

nucleic acid comprising the target polynucleotide sequence,

(a9 (b) preparing; without first subjecting the target nucleic acid to a thermal denaturation

 

step associated with amplification of the target polynucleotide sequence, combining in a single

step, the obtained sample directly with a reaction mixture or diluting the obtained sample and

combining in a single step the diluted sample with a an amplification reagent mixture in either

case the amplification reagent mixture being free Ofbumper primers and comprising:

(i) . . . . . . . .

649 a polymerase,

{ii-B {Q a nicking enzyme,

649 (m) a first oligonucleotide comprising a nicking site and a nicking enzyme

 

 

binding site, and

69 (ii) a second oligonucleotide comprising a nicking site and a nicking enzyme

binding site, and

Eb) (g) subjecting the reaction mixture formed by the step of combining to essentially

isothermal conditions to amplify the target polynucleotide sequence,

1d) detecting the amplified target polynucleotide sequence in real time within 10 minutes

of subjecting the reaction mixture to essentially isothermal conditions and

wherein the target polynucleotide sequence is amplified about 1E+8—fold in about 1 to 12

minutes.
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REMARKS

Upon entry ofthe above amendment, claims 67-83, 85-88, 90, 92 and 95-107 will be

pending. Claims 74-75, 78-79, 81-82 and 95 were previously withdrawn, so are not currently

under examination. Claims 1-67, 84, 89 and 93-94 were previously canceled. Claim 91 is newly

canceled, and claims 67, 76, 7 7, 92, 95 and 107 have been amended. Most of the amendments

are simply to clarify scope and are supported throughout the specification so that no new matter

is introduced. For example, the amendments to claims 67, 95 and 107 find support at page 18,

lines 3-5 and 12-13, page 26, lines 15-17; page 36, lines 29-30; page 32, line 25, Figures 6-8, and

the Examples.

Reconsideration and allowance of the claims are respectfully requested in view of the

above amendments and the following remarks.

Claim Rejection Under 35 USC § 112, First Paragraph (New Matter)

Claim 107 stands rejected under the first paragraph of 35 USC. § 112 for allegedly

failing to comply with the written description requirement. This contention is traversed for the

reasons outlined in Applicants response filed on May 27, 2015. However, without conceding the

appropriateness of the present rejection, and solely in the interest of advancing prosecution,

claim 107 has been amended to recite “without first subjecting the target nucleic acid to a

thermal denaturation step associated with amplification of the target polynucleotide sequence.”

Reconsideration and withdrawal of the rejection of under 35 USC. 112, first paragraph is

requested.

First Claim Rejection Under 35 USC § 103

Claims 67—73, 76, 77, 80, 83, 85—88, 90—92, and 96-98 stand rejected under pre—AIA 35

USC. 103(a) as allegedly being unpatentable over Wick et al. (US 6,063,604)(“Wick”) in view

of Kong et al. (US 6,191,267)(“Kong”). Applicant traverses this rejection at least for the reason

that the combination of cited references fails to teach or suggest each and every feature of the

claims as amended.
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As amended, claim 67 requires the step of combining, in a single step, a sample or diluted

sample with an amplification reagent mixture that includes: (i) a polymerase, (ii) a nicking

enzyme, (iii) a first oligonucleotide comprising a nicking site and a nicking enzyme binding site,

and (iv) a second oligonucleotide comprising a nicking site and a nicking enzyme binding site.

The reaction mixture that is formed by the step of “combining, in a single step” is a mixture that

includes a sample or diluted sample, a polymerase, a nicking enzyme, and two oligonucleotides,

each comprising a nicking site and a nicking enzyme binding site.

The claims as amended also require detecting amplified target polynucleotide sequences

in real time within 10 minutes of subjecting the reaction mixture to essentially isothermal

conditions. Detection of amplification products within 10 minutes of subjecting the reaction

mixture to essentially isothermal reaction conditions avoids prolonged incubation periods

between the sample (or diluted sample) and amplification reagents. Detection in real time avoids

a separate detection step, as occurs in Wick (discussed below), following completion of the

amplification reaction.

Further, the claims as amended require the amplification reagent mixture to be free of

bumper primers. In accordance with the invention, amplification of the target nucleic acid

proceeds in the absence of bumper primers.

In contrast to the claims as amended, Wick requires at least two separate steps to form a

reaction mixture including a target, primers and enzymes. In the method taught by Wick, one

step is to combine the target nucleic acid with primers. Wick, col. 28, lines 66-67. The resulting

mixture is subjected to thermal denaturation. Id. After a period of time to cool the target/primer

reaction mixture, Wick teaches an additional step of adding the remaining amplification reagents,

including the enzymes, to the cooled sample. Wick, col. 29, lines l—7. See also Wick, col. 30,

lines 22-31; col. 31, lines 1-12; col. 32, lines 15-24.

As was known to one of ordinary skill at the time of the invention, heating and then

cooling a target nucleic acid in the presence of primers allows for denaturation of the target

followed by substantial annealing of the target with the primers. Moreover, adding enzymes in a

separate step after the heating/cooling step preserves the viability of the enzymes, which would

otherwise be destroyed.
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Even if one were to substitute pH denaturation for the thermal denaturation of Wick, one

of skill in the art would still have performed such pH denaturation in the presence of primers to

achieve substantial annealing of the primers with the target. Moreover, enzymes would still need

to be added in a subsequent step to avoid subjecting the enzymes to the extreme pH required for

denaturation. Accordingly, even if the thermal denaturation of Wick was replaced by pH

denaturation, such a method would still require at least two separate steps: pH denaturation of a

mixture including the target and primers and, subsequently, the combining of the pH-denatured

mixture and enzymes.

In further contrast to the claims as amended, Wick fails to disclose or suggest the step of

detecting amplified target polynucleotide sequences in real time within 10 minutes of subjecting

the reaction mixture to essentially isothermal conditions. First, Wick requires amplification

incubation times of at least 60 minutes under isothermal conditions. Wick, col. 29, line 8; col.

30, lines 31-32, col. 3], lines 13-16; col. 32, lines 24-25. Moreover, Wick teaches detection

methods such as visualization or autoradiograph detection of electrophoretically separated

amplicon mixtures on polyacrylamide gels. Wick, col. 21, lines 28-35; col. 29, lines 11-44.

Such methods are not real—time methods and do not occur with 10 minutes of subjecting the

mixture to essentially isothermal conditions.

Kong fails to remedy the deficiencies of Wick. Kong also requires at least two separate

steps to form a reaction mixture including a target, primers and enzymes. One step taught by

Kong is combining target DNA and primers in mix A, which is subsequently heated. Following

a cooling incubation period “to allow annealing of the primers [with the target],” a separate

mixture containing the enzymes, mix B, is added to mix A. Kong, col, 14, lines 20—56.

Additionally, Kong also fails to disclose or suggest the step of detecting amplified target

polynucleotide sequences in real time within 10 minutes of subjecting the reaction mixture to

essentially isothermal conditions. Kong requires an amplification incubation time of at least 20

minutes (Kong, col. 14, lines 57-58) and detection of amplification products by separate, post-

amplification gel electrophoresis (Kong, col. 14, lines 61-64).

For at least these reasons, independent claim 67 is patentable in View of the combination

of Wick and Kong. Because independent claim 67 is patentable over Wick and Kong, dependent
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claims 68-73, 76, 77, 80, 83, 85-88, 90-92, and 96-98 are also patentable over Wick and Kong.

For at least these reasons, Applicant requests reconsideration and withdrawal of this rejection.

Second Claim Rejection Under 35 USC § 103

Claims 99—107 stand rejected under pre—AIA 35 USC. 103(a) as allegedly being

unpatentable over Wick et al. (US 6,063,604)(“Wick”) in View of Kong et al. (US

6,191,267)(“K0ng”) and further in View of Yao et al. (US 2008/0096257)(“Ya0”).

As discussed above, amended claim 67 is patentable in view of the combination of Wick

and Kong. Because independent claim 67 is patentable over Wick and Kong, dependent claims

99—106 are also patentable over Wick and Kong. As with independent claim 67, independent

claim 107 requires the step of combining, in a single step, a sample or diluted sample with an

amplification reagent mixture that includes: (i) a polymerase, (ii) a nicking enzyme, (iii) a first

oligonucleotide comprising a nicking site and a nicking enzyme binding site, and (iv) a second

oligonucleotide comprising a nicking site and a nicking enzyme binding site, and detecting

amplified target polynucleotide sequences in real time within 10 minutes of subjecting the

reaction mixture to essentially isothermal conditions. Thus, for at least the reasons discussed

above, independent claim 107 is patentable over Wick and Kong. Yao fails to cure the

deficiencies of Wick and Kong, at least for the reason that the combination of cited references

fails to teach or suggest each and every feature of the claims as amended.

The SDA methods of Yao require purification of human genomic DNA from a sample

prior to amplification of a target sequence in the DNA. Yao, paras. [0034], [0037], [003 8],

[0042] and [0046]. It would have been known to the skilled artisan that Yao” s purification of the

target would concentrate the target nucleic acid and substantially separate the target nucleic acid

from inhibitors and background materials present in a sample obtained from an animal, thereby

facilitating amplification of the target nucleotide sequence. In contrast, the present claims

require the step of combining, in a single step, a sample or diluted sample with the as defined

amplification reagent mixture. The skilled artisan would appreciate that dilution may occur in

the context of, for example, a buffer suitable to lyse cells in a sample, without concentrating the

target nucleic acid or substantially removing any inhibitors and background materials present in

a sample obtained from an animal, as occurs in the purification of Yao. The SDA methods
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taught by Yao also require bumper primers. Yao, paras. [0036]—[0038], Table 1. At the time of

the invention, the skilled artisan would have known that SDA was routinely performed with

bumper primers to facilitate amplification. As described in a textbook excerpt from 2003

(Exhibit A), the addition of bumper primers was a “preferred solution” for displacing original

primers annealed to the target. (Artificial DNA: Methods and Applications (2003), Khudyakov

Y.E. & Fields, H.A. (Eds), Synthetic DNA Used in Amplification Reactions (pp. 127-130), CRC

Press LLC., attached as Exhibit A).

Accordingly, one of skill in the art would not have modified any combination of Wick

and Kong (whether or not in view of Yao) to detect in real time within 10 minutes of subjecting

the reaction mixture to essentially isothermal conditions without incorporating the target

purification and bumper primers required by Yao. As understood in the art, purification and

bumper primers facilitated SDA reactions and there would have been no expectation of success

for the claimed invention in their absence.

Accordingly, even if Wick, Kong and Yao are combined in a manner suggested by the

Office, such a method would require purification of the target and bumper primers. In contrast,

the present claims require obtaining a sample from an animal and combining the obtained sample

either directly, or after dilution, with amplification reagents. In further contrast, the present

claims also require a reaction mixture that is free of bumper primers.

For at least these reasons, claims 99-107 are patentable over Wick in view of Kong and

further in view of Yao. Applicant requests reconsideration and withdrawal of this rejection.

Double Patenting

Claims 67—73, 76, 77, 80, 83, 85—88, 90—92, and 96-106 stand provisionally rejected on

the ground of nonstatutory double patenting as being allegedly unpatentable over claims 67-69,

74-76, 79, 80, 83, 85, 87-90, 92-94, and 97-106 of copending Application No. 14/067,623.

Claim 107 stands provisional rejected on the ground of nonstatutory double patenting as

being allegedly unpatentable over claims 67-69, 74-76, 79, 80, 83, 85, 87-90, 92-94, and 97-106

of copending Application No. 14/067,623 in View of Yao.

191



192

First Named Inventor : Brian K. Maples Attorney’s Docket N0.; 30171-0025002 / lTI-001
Serial No. : 14/067,620
Filed : October 30, 2013
Page : 15 of 16

Claims 67-73, 76, 77, 80, 83, 85-88, 90-92, and 96-106 stand provisionally rejected on

the ground of nonstatutory double patenting as being allegedly unpatentable over claims 1-9, 12,

14—17, 19—41, and 44— 46 of copending Application No, 12/173,020.

Claim 107 stands provisionally rejected on the ground of nonstatutory double patenting

as being allegedly unpatentable over claims 1-9, 12, 14-17, 19-41, and 44- 46 of copending

Application No. 12/173,020 in view of Yao.

Claims 67-73, 76, 77, 80, 83, 86-88, 90-92, and 96-98 stand provisionally rejected on the

ground of nonstatutory double patenting as being allegedly unpatentable over claims 125-130 of

copending Application No. 11/778,018 in View of Wick.

Claims 99—107 stand provisionally rejected on the ground ofnonstatutory double

patenting as being allegedly unpatentable over claims 125—130 of copending Application No.

11/778,018 in view ofWick and further in view of Yao.

Claim 85 stands provisionally rejected on the ground of nonstatutory double patenting as

being allegedly unpatentable over claims 125-130 of copending Application No. 11/778,018 in

View of Wick and further in View of Kong.

Applicant does not concede that the rejections above are appropriate. Further, as the

applications cited above are all currently pending, Applicant requests that the rejections be held

in abeyance pending the identification of allowable subject matter.
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CONCLUSION

In light of the arguments made herein, applicants submit that the pending claims are

patentable and request early and favorable action thereon. If any issues remain, the Examiner is

asked to telephone the Applicants” representative Ian Lodovice at 617—956—5972 to arrange a

time for an interview.

Applicants do not concede any positions of the Office that are not expressly addressed

above, nor do applicants concede that there are not other good reasons for patentability of the

presented claims or other claims.

This response is being filed with a Three-Month extension of time in the amount of

$1 ,40000 on the Electronic Filing System, Apply those fees and any other necessary charges or

credits to Deposit Account 06—1050, referencing the above attorney docket number.

Respectfully submitted,

Date: August 11, 2016 /Ian IS. Lodovice, Reg. No. 59,749/
Ian J. Lodovice

Reg. No. 59,749
Customer Number 26161

Fish & Richardson PC.

Telephone: (617) 956-5972

Facsimile: (877) 769-7945

23412405.d0c
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CATION CHELATOR HOT START

Field of the invention

The present invention relates to the field of nucleic acid chemistry. More particular, it

relates to the regulation of enzyme activity in the field of nucleic acid modifying reactions.

Background

Nucleic acid modifying reactions play a pivotal role in modern biological and

pharmaceutical research, both in the academic and industrial settings. Such reactions

cover a wide range of applications, ranging from nucleic acid amplification reactions to

regulated and specific cleavage of nucleic acids. These are mediated by enzymes that

have been studied extensively for the past decades.

Amplification of target nucleic acid sequences is of importance to modern biological and

pharmaceutical industry. Large-scale robotic facilities used in industrial research depend

on the accurate and efficient regulation of amplification conditions to ensure that the

target sequences are correctly amplified for downstream applications.

Regulation of the activity of such enzymes is however not a trivial task. In the case of

polymerases, efficient amplification is dependent on a complex interplay of parameters

such as primer length, GC content of both primer and target sequences as well as ionic

strength and composition of the reaction buffer. Further, non—specific binding of primers

is often observed at lower temperatures during the amplification cycles. This increases

the fraction of non—specific side products and lowers the overall efficiency of the

amplification reaction.

To address this, recent developments in the field of polymerases describe ”Hot Start”

polymerases. This class of enzymes is either chemically inactivated or has the active site

blocked due to binding of a specific antibody or an aptamer. After an activation step at

high temperature, the chemical modification is cleaved off and the enzyme is activated.
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In addition to ”Hot Start” polymerases, so called ”Hot Start" primers and ”Hot Start"

nucleotides have also been developed. These are chemically modified primers, wherein

the modification is cleaved off at high temperatures and thus the primer is rendered

functional and is able to hybridize to its target sequence. However, synthesis of such

primers is expensive and requires more time than standard primers. Both in the case of

the ”Hot Start” primer and polymerases, the blocking features are only available once

since the heat-induced removal of the chemical modification is irreversible.

There is a need for methods that allow for the regulation of enzymatic activity without

elaborate modification of enzymes and substrates.

Brief description of the invention

The present invention relates to a method of regulation of enzymatic activity by

controlling the concentration of divalent cations in the reaction composition.

The reaction composition comprises at least one enzyme, wherein the activity of said

enzyme is dependent on divalent cations; a chelating agent; a divalent cation, wherein

the binding of said cation to said chelating agent is dependent on pH and/or temperature

ofthe reaction composition; a buffering system, wherein the acid dissociation constant is

temperature dependent, such that a change in temperature results in a change of pH of

the aqueous solution; and a substrate of said enzyme. In addition, changing the

temperature in the reaction composition results in divalent cations which are bound to

chelating agents being released from these complexes and thereby the enzyme is

activated or increases activity. Chelating said cation does not have structural

consequences; selectively complexing said cation modulates activity. The change in

activity is reversible; inactivation by chelating can be reversed by releasing said cation

upon temperature increase.

The invention also relates to a kit for performing a nucleic acid modifying reaction and

comprises a buffer system, a chelating agent, a nucleic acid modifying enzyme and a

divalent cation for said enzyme.
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Detailed description of the invention

The present invention relates to a method for the regulation of enzyme activity in a

reaction composition. The reaction composition comprises at least one enzyme, wherein

the activity of said enzyme is dependent on divalent cations; a chelating agent; a divalent

cation, wherein the binding of said cation to said chelating agent is dependent on pH

and/or temperature of the reaction composition; a buffering system, wherein the acid

dissociation constant is temperature dependent, such that a change in temperature

results in a change of pH of the aqueous solution; and a substrate of said enzyme. In

addition, changing the temperature in the reaction composition results in divalent cations

which are bound to chelating agents being released from these complexes and thereby

the enzyme is activated or increases activity. Chelating said cation does not have

structural consequences; selectively complexing said cation modulates activity. The

change in activity is reversible; inactivation by chelating can be reversed by releasing said

cation upon temperature increase.

In a preferred embodiment, the present invention relates to a method for the regulation

of enzyme activity in a reaction composition. The reaction composition comprises at least

one enzyme, wherein the activity of said enzyme is dependent on divalent cations; a

chelating agent; a divalent cation, wherein the binding of said cation to said chelating

agent is dependent on pH of the reaction composition; a buffering system, wherein the

acid dissociation constant is temperature dependent, such that a change in temperature

results in a change of pH of the aqueous solution; and a substrate of said enzyme. In

addition, changing the temperature in the reaction composition results in divalent cations

which are bound to chelating agents being released from these complexes and thereby

the enzyme is activated or increases activity. Chelating said cation does not have

structural consequences; selectively complexing said cation modulates activity. The

change in activity is reversible; inactivation by chelating can be reversed by releasing said

cation upon temperature increase.

In one embodiment of the invention the enzyme is a nucleic acid modifying enzyme.
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In one embodiment, the activity of the nucleic acid modifying enzyme comprises

substrate binding and substrate processing activity.

In a preferred embodiment the nucleic acid modifying enzyme is selected from the group

of polymerases, transcriptases and cation—dependent nucleases.

In a more preferred embodiment the polymerase is selected from the group of organisms

com p rising Thermus, Aquifex, Thermotoga, Thermocridis, Hydrogenobacter,

Thermosynchecoccus, Thermoanaerobacter, Pyrococca/es, Thermococcus, Baci/us,

Sulfolobus and non-thermophiles. Preferably the viral reverse transcriptases are from

MMLV, AMV HIV, EIAV and/or the nuclease is a bovine DNase.

In the most preferred embodiment the polymerase is selected from the group of

organisms comprising Aquifex aeo/icus, Aquifex pyogenes, Thermus thermophi/us,

Thermus aquaticus, Thermotoga neopolitana, Thermus pacificus, Thermus eggertssonii

and Thermotoga maritima.

In particular, the invention also describes a method, wherein the removal of said divalent

cation results in decreased or loss of activity of said nucleic acid modifying enzyme.

This represents an option to regulate enzymatic activity and substrate binding is at the

level of the concentration of divalent cations in the reaction composition. For instance, in

the case of polymerases and many nucleases, the concentration of divalent ions such as

magnesium, calcium and others is crucial to the activity of the enzyme. A reduced level of

said cations leads to vastly decreased activity or even abolishes enzymatic activity. In the

case of polymerases, stability of hybridization of the primers to the target sequence is

greatly reduced. Many nucleases possess a divalent cation in the active site that is crucial

to substrate processing. A way to regulate enzymatic activity on the level of ion

concentration exploits the fact that both the pH value of buffers routinely used in

enzymatic reaction mixtures and the ability of chelating agents to bind ions is

temperature—dependent. In addition to polymerases, other nucleic acid modifying

217



218

10

15

20

25

30

WO 2015/113828 PCT/EP2015/050671

enzymes such as nucleases also depend on divalent ions in their active site and therefore

can be regulated as described above.

The invention also relates to a method, wherein the activity of said nucleic acid modifying

enzyme is selected from the group comprising amplification, reverse transcription,

isothermal amplification, sequencing and hydrolytic cleavage of ester bonds, preferably

amplification, reverse transcription, and hydrolytic cleavage of ester bonds.

In a preferred embodiment of the invention the chelating agent is selected from the

group comprising ethylene di amine tetra acetic acid (EDTA), ethylene glycol bis(amino

ethyl) N, N’—tetra acetic acid and nitrile acetic acid (NTA). Particularly preferred is EGTA.

2+I
In one embodiment the divalent cation is selected from the group comprising Mg2+, Ca

Mn2+, Cu”, Fe”, Ni”, Zn2+ and Co“. In a preferred embodiment, the chelating agent is

EDTA and the cations are selected from Mg“, Ca2+, Mn”, Cu”, Ni2+, Zn2+ and/or Co”.

In one embodiment, several cations selected from the group comprising Mg”, Ca2+, Mn”,

Cup“, Fe2+, Ni2+, Zn2+ and C02+ are present in the reaction.

In one embodiment the chelating agent is EGTA and the cations are Ca2+ and/or Mg2+.

In one embodiment the chelating agent is NTA and the cations are Ca2+and/or Cu2+ and/or

Co”.

In another embodiment of the invention the buffer is suitable for enzymatic reactions.

Preferably the buffer is selected from Table 4. Tris buffer is used in enzymatic reactions,

preferably in PCR experiments. The pH value of Tris buffer is temperature dependent. At

room temperature, the pH is around 8.7. A shift in pH of 0.03 pH units per °C is observed.

Therefore, at 95 °C the pH is 6.6.

In one embodiment, the concentration of the buffer system is between 0.01 and 100 mM,

preferably between 0.1 and 50 mM, more preferably between 1 and 30 mM and most

preferably between 5 and 15 mM.
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In one embodiment, the concentration of the divalent cation in the reaction is between

0.01 and 20 mM, preferably between 0.1 and 10 mM, most preferable between 1 and 8

mM.

In one embodiment, the concentration of the chelating agent is between 0.05 and 50

mM, more preferably between 0.1 and 20 mM, even more preferably between 0.5 and 10

mM, and most preferably between 1 and 8 mM.

In one embodiment, the pH varies during the reaction in response to the temperature

change by at least 0.05 pH units, preferably by at least 0.1, more preferably by at least

0.5, even more preferably by at least 1 and most preferably by at least 2 pH units.

The invention relates to a method, wherein the reaction composition comprises a buffer

system, preferably a Tris buffer system, wherein the divalent cation is Mg2+, preferably at

a concentration between 0.01 and 20 mM; wherein the chelating agent is EGTA at a

concentration between 0.05 and 50 mM and wherein the nucleic acid modifying enzyme

is a DNA polymerase, preferably a hot start polymerase. Preferred EGTA concentration is

between 0.1 mM and 20 mM, more preferred between 0.5 mM and 10 mM.

The invention also relates to a method, wherein the reaction composition comprises a

buffer system, preferably a Tris buffer system; wherein the divalent cation is selected

from the group of Mg“, Ca“, Mn“, Cub, Fe”, Ni”, Zn2+ and Co“; wherein the chelating

agent is selected from the group of EGTA, EDTA and NTA and wherein the nucleic acid

enzyme is a nuclease.

Further, the invention relates to a kit for performing a nucleic acid modifying reaction

comprising a buffer system, a chelating agent, a nucleic acid modifying enzyme and a

divalent cation for said enzyme.
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Examples

Selection of chelating agent

Tris buffer is routinely used in PCR buffers. At room temperature the pH of a Tris based

PCR buffer is 8.7. Tris shows a temperature—dependent shift in pH value of 0.03 pH units

per °C. This means that at 95 °C the pH value is 6.6. In order to select a chelating agent for

PCR experiments, the pH-dependency of the binding constants of three different

chelating agents, NTA; EDTA and EGTA, was investigated. Known pK values from literature

for every chelating agent were used to determine the pH dependency of the complex

formation (Figure 1).The correlation curve for EGTA shows a strong correlation between

pH value and binding constant. Therefore, EGTA was selected for subsequent

experiments.

EndpothCR

An amplification experiment was performed using a test system that is known to be

prone to produce non-specific side products. A genomic DNA sequence of 1.2 kb was the

target sequence. Primers HugA and HugB were used.

The primer sequences are as follows:

W Primer name Sequence
CACACAGCGATGGCAGCTATGC
 

CCCAGTGATG GGCCAG CT 
Table 1: Primer sequences used for endpoint PCR experiment.

Reactions with and without EGTA were performed in parallel. In set A, the magnesium

concentration was varied in 1 mM steps, start and end point were 5 and 10 mM

respectively. In set B, the start point was 0.5 mM and the end point was 4 mM Mg. The

setup is described in Table 2.
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Table 2: Hugl PCR reactions mixture.

The amplification program was as follows (Table 3):

 
Table 3: Amplification program of Hugl PCR.

35 cycles were performed.

The analysis of the PCR reactions on the agarose gel (Figure 2) shows that the reactions

containing EGTA as a chelating agent are more specific as of having less side products

compared to those reactions without EGTA. Other buffers routinely used in enzymatic

10 reactions are listed in Table 4.

Useful pH

Description Range CAS Number pKa

ACES BioPerformance Certified, 299.0% 6.1 - 7.5 7365-82-4

 

 

BES BioPerformance Certified, cell culture

tested, 299.0% 6.4 — 7.8 10191—18—1
 

BIS—TRIS BioPerformance Certified, cell

culture tested, suitable for insect cell

3 B4429 culture, 298% 5.8 - 7.2 6976-37-0 6.50
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BIS-TRIS propane BioPerformance
Certified, cell culture tested, 299.0%

EPPS BioPerformance Certified, cell

culture tested, 299.5% (titration)

PCT/EP2015/050671

6.3 — 9.5 64431—96—5 6.8

16052-06-5 

7 H4034

Gly-Gly BioPerformance Certified, cell
culture tested, 299%

HEPES BioPerformance Certified, 299.5%

(titration), cell culture tested

HEPES sodium salt BioPerformance

Certified, suitable for cell culture, 299.5%

556-50-3

6.8 — 8.2 7365—45—9 7.50

75 277-39-3 

HEPES sodium salt solution 1M,

BioReagent, suitable for cell culture 75277-39-3 

HEPES solution 1 M, BioReagent, suitable
for cell culture, suitable for molecular

biology, 0.2 pm filtered

MES hydrate BioPerformance Certified,
suitable for cell culture, 299.5%

7365—45—9

4432—31—9

(anhydrous)
 

MES sodium salt BioPerformance

Certified, suitable for cell culture 71119-23-8 

MES solution 1 M, BioReagent, for
molecular biology, suitable for cell culture 

15
MOPS sodium salt BioPerformance

M9024 Certified, suitable for cell culture, 299.5% 6.5 — 7.9 71119—22—7 7.20

MOPS BioPerformance Certified, cell

culture tested, 299.5% (titration)

MOPS solution BioReagent, 1 M, for

molecular biology, suitable for cell culture

1132—61—2 .‘l N O

 

PIPES BioPerformance Certified, suitable

for cell culture, 299%

Phosphate buffered saline 10x
concentrate, BioPerformance Certified,
suitable for cell culture

Phosphate buffered saline

BioPerformance Certified, pH 7.4

5625—37 6 0‘) 00 O

 

Sodium chloride BioPerformance Certified,

299.5% (titration), Cell Culture Tested

Sodium phosphate monobasic

Biotechnology Performance Certified, Cell
Culture Tested

7647—14—5

7558-80-7 

TAPS BioPerformance Certified, cell

culture tested, 299.5% (titration) 29915-38-6 

24 T5691

 
TAPS sodium salt BioPerformance

Certified, suitable for cell culture, 299%

TES BioPerformance Certified, cell culture

tested, 299% (titration)

222
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Tricine BioPerformance Certified, cell

25 T5816 culture tested, 299% (titration) 7.4 — 8.8 138947500 8.10

Trizma® Pre-set crystals BioPerforma nce

Certified, pH 7.0, average Mw 154.8
 

Trizma® Pre-set crystals BioPerforma nce

Certified, pH 7.0, average Mw 154.8

Trizma® Pre—set crystals BioPerforma nce

28 T7443 Certified, pH 7.2, average Mw 153.8

Trizma® Pre—set crystals BioPerforma nce
Certified, pH 7.4, average Mw 151.6

Trizma® Pre-set crystals BioPerforma nce

Certified, pH 7.4, average Mw 151.6

 

 

Trizma® Pre-set crystals BioPerforma nce

Certified, pH 7.5, average Mw 150.6

Trizma® Pre—set crystals BioPerforma nce

32 T7943 Certified, pH 7.6, average Mw 149.0

Trizma® Pre-set crystals BioPerforma nce

Certified, pH 7.7, average Mw 147.6

Trizma® Pre-set crystals BioPerforma nce

Certified, pH 7.8, average Mw 145.8

Trizma® Pre—set crystals BioPerforma nce

Certified, pH 8.0, average Mw 141.8

 

 

Trizma® Pre—set crystals BioPerforma nce

36 T0819 Certified, pH 8.0, average Mw 141.8

Trizma® Pre-set crystals BioPerforma nce

Certified, pH 8.1, average Mw 139.8
 

Trizma® Pre-set crystals BioPerforma nce

Certified, pH 8.3, average Mw 135.4

Trizma® Pre—set crystals BioPerforma nce

39 T8818 Certified, pH 8.5, average Mw 131.4

Trizma® Pre—set crystals BioPerforma nce

T1194 Certified, pH 8.5, average Mw 131.4

Trizma® Pre-set crystals BioPerforma nce

Certified, pH 8.8, average Mw 127.2
 

Trizma® Pre-set crystals BioPerforma nce

Certified, pH 8.9, average Mw 125.6

Trizma® Pre—set crystals BioPerforma nce

43 T9693 Certified, pH 9.0, average Mw 124.6

Trizma® Pre—set crystals BioPerforma nce
T1444 Certified, pH 9.0, average Mw 124.6

Trizma® Pre-set crystals BioPerforma nce

Certified, pH 9.1, average Mw 123.0

Trizma® Pre-set crystals pH 7.2, average
Mw 153.8

47 T0444 Trizma® Pre—set crystals pH 7.5, average 7.0 — 9.0 _-

10
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Trizma® Pre-set crystals pH 7.6, average
MW 149.0

Trizma® Pre—set crystals pH 7.7, average
Mw 147.6

Trizma® Pre-set crystals pH 8.1, average
Mw 139.8

Trizma® Pre-set crystals pH 8.3, average
Mw 135.4

 

 

Trizma® base BioPerformance Certified,

meets EP, USP testing specifications, cell

culture tested, 299.9% (titration) 41524.00

Trizma® hydrochloride BioPerformance
Certified, cell culture tested, 299.0%

(titration) 1185—53—1

 

00 |_\ O

Trizma® hydrochloride solution pH 7.0,

1 M, BioReagent, for molecular biology,
suitable for cell culture

Trizma® hydrochloride solution pH 7.2,

1 M, BioReagent, for molecular biology,
suitable for cell culture

Trizma® hydrochloride solution pH 7.4,
0.1 M

 

Trizma® hydrochloride solution pH 7.4,

1 M, BioReagent, for molecular biology,
suitable for cell culture

Trizma® hydrochloride solution pH 7.5,

1 M, BioReagent, for molecular biology,
suitable for cell culture

Trizma® hydrochloride solution pH 7.5,

2 M, BioReagent, for molecular biology,
suitable for cell culture 

Trizma® hydrochloride solution pH 7.6,

1 M, BioReagent, for molecular biology,
suitable for cell culture

Trizma® hydrochloride solution pH 7.8,

1 M, BioReagent, for molecular biology,
suitable for cell culture

Trizma® hydrochloride solution pH 8.0,
1 M, BioReagent, for molecular biology,
suitable for cell culture

 
u:NH

0‘!

Trizma® hydrochloride solution pH 8.0,

2 M, BioReagent, for molecular biology,
64 T3069 suitable for cell culture 7.0 - 9.0
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Trizma® hydrochloride solution pH 9.0,

1 M, BioReagent, for molecular biology,
65 T2819 suitable for cell culture

Table 4: List of buffers commonly used in enzymatic reactions.

 

Modulation of residual activity of chemically inactivated Taq DNA polymerase using EGTA/EDTA

The following experiments employed a system to detect the formation of primer dimers in a PCR

reaction mixture using residual active Taq polymerase molecules. Herein, bisulphite—treated DNA

is used as a template. As a consequence of the bisulphite treatment, which entails the chemical

modification of non-methylated cytosines to uracil), said template only consists of three bases.

Since bisulphite treatment only works when using single stranded DNA, the majority of DNA after

completion of said bisulphite treatment is single stranded. Primers that are used for amplification

of such DNA sequences are characterized by reduced complexity since they only consist of three

bases. Hence these primers are prone to dimer formation and are very likely to be able to bind >

100.000 times to said bisulphite-treated DNA.

Genomic DNA was propagated using the Qiagen REPLI g Midi Kit according to the manufacturer’s

protocol. Subsequently, 1 ug of said genomic DNA was used in 10 independent reactions wherein

the DNA was subjected to bisulphite treatment using the EpiTect Bisulfite Kit followed by

purification. The resulting DNA of each reaction was pooled and used in the subsequent

amplification reactions. Primer sequences are shown in Table 5.

SEQID NO PrimerNO Sequence 

3 ACCCCCACTAAACATACCCTI'ATTCT

4 GGGAGGGTAATGAAGTTGAGTI'TAGG 
 

 Reagent Concentration Volume (pl)

EpiTect HRM PCR Kit 2x 12.5

Primer 1 10 uM 1.875

Primer 2 10 uM 1.875

Bisulphite-treated DNA 10 ng/ul 1

Water or EGTA 1-x mM 5

12
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Water 2.75

Table 6: Amplification reaction mixture.

The final EGTA concentration was between 0.25 and 10 mM.

One set of samples consisting of two reactions was incubated on ice for 120 min, whereas the

other set of samples also consisting of two reactions was incubated at room temperature for 120

min. Subsequently both sets of samples were analyzed using the Rotor-Gene Q 5p|ex HRM

System. The cycling program is shown in Table 7.

95°C - 5'

95°C - 10"

55°C - 30"

72%.".10". . _
HRM 68°C—82°C
 
Table 7: Cycling program used in the amplification of bisulphite-treated DNA.

Ct values are summarized in Table 8 and Figure 3 shows the respective melting curves.

Roomtemperature -_
EGTA [mM] Average Standard deviaton-—

. . 25,29 25, 28
25,26

 

 

     
Table 8: Summary of results obtained from the amplification experiment of bisulphite-treated

DNA in the presence of different EGTA concentrations.

13
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Samples that had been incubated on ice without the addition of EGTA showed a Ct value of 25.28

and a specific melting curve (Figure 3A) whereas the Ct value in the case of the samples that had

been incubated at room temperate is shifted to the right (24.92). In this case no specific product

was observed. Addition of EGTA up to a final concentration of 0.75 mM resulted in an increase of

specificity without affecting the Ct values. The amount of specific product increased rapidly. In the

case of EGTA concentrations exceeded 2 mM, successful amplification was prevented (Figure 3H).

In the follow-up experiment said primers and said bisulphite-treated DNA were used in

amplification reactions wherein the magnesium dependency was analyzed. The composition of

the reaction mixtures is shown in Table 9.

EpiTect HRM PCR Kit 2x

Primer 1 10 (AM

Primer 2 10 (AM

Bisulphite—treated DNA 10 ng/ul

Water or EGTA 5 mM

Magnesium 0.1 mM—0.6 mM

Water

 
Table 9: Amplification reaction mixture.

The final concentration of EGTA was 5 mM. The HRM master mix was supplemented with 0.1 0.6

mM magnesium.

Two sets of reactions consisting of duplicates were used in the amplification experiment. One set

of samples was incubated on ice for 120 min, whereas the other set of samples was incubated at

room temperature for 120 min. Subsequently the samples were analyzed using the Rotor-Gene Q

5plex HRM System. The cycling program was the same as shown in Table 6. The results are shown

in Table 9 and Figure 4. Ct values corresponding to the samples incubated at room temperature

and on ice respectively are shown in Table 10. Figure 4 shows the respective melting curves.

14
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——Roomtemperature

EGTA MgCl2[mM]—- Standard dEVlatlon —-Standard dEVlatlon 
 

 

 

 
 
Table 10: Summary of results obtained from the amplification experiment of bisulphite—treated

DNA in the presence of EGTA and different magnesium concentrations.

The experiment showed that in the case of the samples incubated on ice without the addition of

EGTA a Ct value of 25.46 and a specific melting curve was obtained, whereas incubation at room

temperature resulted In a shift of the Ct value(22.62) and no specific amplification product was

observed. Addition of EGTA up to a final concentration of 5 mM led to increased specificity. The Ct

value when using 5 mM EGTA was 28.77 and 28.82 respectively. Increasing the magnesium

concentration resulted in lower Ct values whilst maintaining specificity.

Modulation of DNase activity

In this set of experiments means of modulating acitivity of DNase, a nuclease isolated from bovine

pancreas, we re investigated.

Human genomic DNA was propagated using the REPLI g Midi Kit (Qiagen) according to the

manufacturer’s instructions. DNase activity was analyzed in 10 pl reactions. Each reaction

contained 50 mM Tris pH 8.2 as the reaction buffer, "’ lug genomic DNA, 1 mM MgCl2, and 50 uM

CaClz. Three different amounts of DNase (0.01, 0.1 and 1 U) were used. The samples were

incubated at two different temperatures, 42 °C and on ice, for 5 and 15 min respectively. DNA

degradation was terminated by adding EDTA to a final concentration of 8.33 mM and samples

were incubated on ice prior to analysis of the reaction products using a 0.5 % agarose gel.

The results are shown in Figure 5. The gel shows that DNase is active on ice. Reaction time and the

amount of DNase strongly influence completeness of enzymatic digestion. Incubation of said
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genomic DNA on ice for 15 min using 1 U DNase led to complete degradation of the sample (lane

3). Incubation at 42 °C led to complete degradation when using any of the amounts of enzyme

already after 5 min (lanes 8—13, ’42 °C’).

Addition of EGTA to a final concentration of 100 uM led to almost complete inhibition of

degradation for any of the amounts of DNase that were used (lanes 2-7, 'on ice’ ’100 uM EGTA').

Exempt from this is the reaction using 1 U DNase for 15 min (lane 3 'on ice’ '100 uM EGTA').

However, in this case degradation is significantly reduced compared to the sample without EGTA.

Increasing the temperature to 42 ”C largely restored DNase activity (lanes 8-13 ’42 °C’ '100 uM

EGTA’).

In the follow-up experiment EDTA was used as a chelating agent. The procedure of genomic DNA

propagation as well the buffer and reaction conditions were equivalent to the experiment as

described a bove.

The reaction products were analyzed using a 0.5 % agarose gel (Figure 6). Lanes 1—6 correspond to

samples where the reaction was performed on ice. A comparison of lanes 1—3 and lanes 4—6 shows

that addition of EDTA largely reduced enzymatic activity. An increase in reaction temperature to

42 °C results in bound Ca2+ ions being released from complexes with EDTA and thereby restoring

enzymatic activity. Complete DNA degradation can be observed in lanes 7—12.

In summary, both examples show that chelating agents can be used to inhibit DNase activity and

that shifting the reaction temperature restores enzymatic activity, thereby validating said system

of activity regulation.

Figure captions

Figure 1: Selection of chelating agents. pH—dependency of pK values of EDTA, EGTA and NTA.

Logarithmic values of the pK value was plotted versus the pH value.

Figure 2: Agarose gel of Hugl PCR amplification experiment. The lanes are annotated as follows:

1: DNA ladder , 2: MMA + 5 mM Mg, 3: MMA + 6 mM Mg, 4: MMA + 7 mM Mg, 5: MMA + 8 mM

Mg, 6: MMA + 9 mM Mg, 7: MMA + 10 mM Mg, 8: DNA ladder, 9: DNA ladder, 10: MMB + 0.5 mM
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Mg, 11: MMB + 1 mM Mg, 12: MMB + 2 mM Mg, 13: MMB + 3 mM Mg, 14: MMB + 4 mM Mg, 15:

DNA ladder.

An increase in Mg concentration leads to successful amplification of the target product ’specific

PCR product’, although much unspecific product is visible (lane 10—lane 12). A further increase of

Mg concentration leads to generation of unspecific PCR products (lane 14, 4 mM Mg Clz). In

contrast, addition of 5 mM EGTA in presence of 5-10 mM MgClz results in specific PCR product

(lane 2 —lane 7), although the amount of unspecific by product increase while Mg concentration is

increased.

Figure 3

Melting curves (EGTA titration experiment).

The curves are annotated as follows: A: no additive, B: 0.25 mM EGTA, C: 0.5 mM EGTA, D: 0.75

mM EGTA, E: 1 mM EGTA, F: 1.5 mM, G: 2 mM EGTA, H: 4—10 mM.

Figure 4

Melting curves (Mg titration experiment).

The curves are annotated as follows: A: no additives, B: 5 mM EGTA, C: 5 mM EGTA +0, 1 mM Mg,

D: 5 mM EGTA + 0.2 mM Mg, E: 5 mM EGTA + 0.3 mM Mg, F: 5 mM EGTA + 0.4 mM Mg, G: 5 mM

EGTA + 0.5 mM Mg, H: 5 mM EGTA + 0.6 mM Mg.

Figure 5

Agarose gel analysis of DNase assay at different temperatures and influence of EGTA.

Lanes are annotated as follows: Note that reactions corresponding to samples in lane 2-7 were

performed on ice and are hence labelled 'on ice’. Similarly, reactions corresponding to samples in

lanes 8-13 were performed at 42 ”C and are labelled ’42 “C’ accordingly. Reactions at both

temperatures were performed in the absence and presence of 100 pM EGTA ('0 pM EGTA and

'100 pM EGTA respectively).

Lane M: GelPilot High Range Ladder (6 pl), lane 1: 1 pg WGA gDNA (no DNase added),

lanes 2 and 3: 1 pl DNase (1U) 5 and 15 min, lanes 4 and 5: 0.1 pl DNase (0.1U) 5 and 15 min,

lanes 6 and 7: 0.01 pl DNase (0.01U), 5 and 15 min, lanes 8 and 9: 1 pl DNase (1U) 5 and 15 min,

lanes 10 and 11: 0.1 pl DNase (0.1U) 5 and 15 min, lanes 12 and 13: 0.01 pl DNase (0.01U) 5 and

15 min.
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Figure 6

Agarose gel analysis of DNase assay at different temperatures and influence of EDTA.

Reactions corresponding to samples in lanes 1—6 were performed on ice and are hence labeled ’on

ice’ Reactions corresponding to samples in lane 7—12 were performed at 42 °C and are labeled ’42

°C’ accordingly. Lanes are annotated as follows: Lane K: 1 pg WGA gDNA.

Lane 1: 1 U DNase , lane 2: 0.5 U DNase , lane 3: 0.1 U DNase, Lane 4: 1 U DNase + 100 pM EDTA,

lane 5: 0.5 U DNase + 100 [1M EDTA, lane 6: 0.1 U DNase + 100 uM EDTA.

Lane 7: 1 U DNase, lane 8: 0.5 U DNase, lane 9: 0.1 U DNase, lane 10: 1 U DNase + 100 uM EDTA,

lane 11: 0.5 U DNase + 100 [1M EDTA, lane 12: 0.1 U DNase + 100 [AM EDTA, lane M: GelPilot 1 kb

Ladder (3 pl).
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Claims

1. Method for the regulation of enzyme activity in a reaction composition comprising

the steps of:

(i) providing a reaction composition comprising

a. at least one enzyme, wherein the activity of said enzyme depends on the

presence of divalent cations in the reaction composition,

b. a divalent cation,

c. a chelating agent wherein the binding of said cation to the chelating

agent is dependent on pH and/or temperature of the reaction

composition,

d. a buffering system, wherein the acid dissociation constant is temperature

dependent, such that a change in temperature results in a change of pH

of the reaction composition,

e. substrate for said enzyme and

(ii) changing the temperature in the reaction composition, such that divalent

cations which are bound to chelating agents are released from these

complexes, wherein the enzyme is thereby activated or its activity is increased.

2. Method according to claim 1, wherein the enzyme is a nucleic acid modifying

enzyme.

3. Method according to claims 1 to 3, wherein the nucleic acid modifying enzyme is

selected from the group comprising polymerases, reverse transcriptases and

nucleases.

4. Method according to claim 2, wherein the activity of said nucleic acid modifying

enzyme comprises substrate binding and substrate processing.

5. Method according to claim 1 to 4, wherein the removal of said divalent cation from

the nucleic acid modifying enzyme results in decreased activity or loss of activity.
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6.

10.

ll.

12.

13.

Method according to any one of the preceding claims, wherein the chelating agent is

selected from the group comprising ethylene diamine tetra acetate (EDTA), ethylene

glycol bis(amino ethyl ) N, N’—tetra acetate (EGTA) and nitrilo tri acetate (NTA).

Method according to any one of the preceding claims, wherein the divalent cation is

selected from the group comprising Mg2+, Ca2+, Mn2+, Cup“, Fe2+, Ni2+, Zn2+ and C02+.

Method according to any of the preceding claims, wherein the chelating agent is

EDTA and the cations are selected from Mg2+, Ca2+, Mn“, Cu”, Ni“, Zn2+ and Co”.

Method according to any of the preceding claims, wherein the chelating agent is

EGTA and the cations are Ca2+ and/or Mg2+.

Method according to any of the preceding claims, wherein the chelating agent is NTA

and the cations are Ca2+and/or Cu2+ and/or Cop“.

Method according to any one of the preceding claims, wherein the reaction

composition comprises a buffer system, preferably a Tris buffer system; wherein the

divalent cation is Mg“, preferably at a concentration between 0.01 and 20 mM;

wherein the chelating agent is EGTA at a concentration between 0.05 and 50 mM and

wherein the nucleic acid modifying enzyme is a DNA polymerase, preferably a hot

start polymerase.

Method according to any one of the preceding claims, wherein the reaction

composition comprises a buffer system, preferably a Tris buffer system; wherein the

divalent cation is selected from the group of Mg”, Ca2+, Mn“, Cu2+, Fe2+, Ni“, Zn2+

and Co“; wherein the chelating agent is selected from the group of EGTA, EDTA and

NTA and wherein the nucleic acid enzyme is a nuclease.

Kit for performing a nucleic acid modifying reaction comprising:

i. A buffer system

ii. A chelating agent

iii. A nucleic acid modifying enzyme

iv. A divalent cation for said enzyme.
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(57) Abstract: Provided herein are chelator constructs (e.g., nucleic acid, peptide, peptide nucleic acid, etc.) that sequester metal
ions (e.g., Mg“) under a first set of conditions and fail to sequester or release sequestered metal ions under a second set of condi —
tions. In particular, nucleic acid constructs are provided that sequester metal ions (e.g., Mgz‘) under conditions that favor secondary
and tertiary structure formation and release or fail to sequester metal ions under conditions that disfavor the formation of such struc —
lures.
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REVERSIBLE METAL ION CHELATORS

CROSS-REFERENCE TO RELATED APPLICATIONS

The present invention claims priority to U.S. Provisional Patent Application Serial

Number 62/020,227, filed July 2, 2014, which is incorporated by reference in its entirety.

FIELD

Provided herein are chelator constructs that sequester metal ions under a first set of

conditions and fail to sequester or release sequestered metal ions under a second set of

conditions.

BACKGROUND

Chelation involves the formation or presence of two or more separate coordinate

bonds between a polydcntate ligand and a single central metal ion. Chelators are used in a

valiety of applications to remove metal ions from solution.

SUMMARY

Provided herein are chelator constructs (e. g, comprising nucleic acid, peptide, peptide

nucleic acid, etc.) that sequester metal ions (e.g., Mgzi Zn2+, Ca2+, Mn“, etc.) under a first

set of conditions (e.g., low temperature, high salt, high pH, etc.) and fail to sequester or

release sequestered metal ions under a second set of conditions (e.g., high temperature, low

salt, neutral pH, etc.). In particular, biopolymers (e. g., nucleic acid constructs, peptide

constructs, etc.) are provided that sequester metal ions (e.g., Mg2+, Zn2+, Ca2+, Mn2+, etc.)

under conditions that favor secondary and te1tia1y stlucture formation and release or fail to

sequester metal ions under conditions that disfavor the formation of such structures.

In some embodiments, provided herein are reversible chelator constructs comprising

one or more structural moieties attached to two or more chelation components (e.g., 2, 3, 4, 5,

6, 7, 8, etc.), wherein under a first set of conditions (e. g., high temperature conditions) said

one or more structural moieties adopt a first conformation that positions and/or orients said

two or more chelation components such that said two or more chelation components are

unable to efficiently chelate metal ions (e.g., chelate less efficiently), and wherein under a

second set of conditions (e.g., low temperature conditions) said one or more structural

moieties adopt a second conformation that positions and/or orients said two or more chelation

components such that said two or more chelation components efficiently chelate metal ions

1
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(e. g., more efficiently chelate metal ions). In some embodiments, the one or more structural

moieties are selected from peptides, nucleic acids, and peptide-nucleic acids. In some

embodiments, the one or more stiuctural moieties are nucleic acids.

In some embodiments, the reversible chelator construct comprises a single structure-

forming nucleic acid strand and two chelation components, wherein formation of the

stlucture brings the chelation components into appropriate proximity and orientation to

efficiently chelate metal ions and wherein melting of the structure separates the chelation

components such that said chelation components are unable to efficiently chelate metal ions.

In some embodiments, the chelation components are attached to 5’ and 3’ termini ofthe

nucleic acid strand. In some embodiments, the chelation components are attached to the

nucleic acid strand internally. In some embodiments, chelation components are attached to

the nucleic acid strand by a linker. In some embodiments, the structure is selected from a

stem—loop, hairpin, cruciform, triple helix, pseudoknot, two—stem junctions, etc.

In some embodiments, the reversible chelator construct comprises a first biopolymer

(e. g., first nucleic acid strand) attached to a first chelation component and a second

biopolymer (e. g., second nucleic acid strand attached to a second chelation component),

wherein the first and second nucleic acid strands are complementary, wherein hybridization

of the nucleic acid strands brings the chelation components into appropriate proximity and

orientation to efficiently chelate metal ions, and wherein melting of the nucleic acid strands

separates the chelation components such that said chelation components are unable to

efficiently chelate metal ions. In some embodiments, the first chelation component is

attached to the 5’ end of the first nucleic acid strand and the second chelation component is

attached to the 3’ end of the second nucleic acid strand. In some embodiments, the chelation

components are attached to the nucleic acid strands internally. In some embodiments,

chelation components are attached to the nucleic acid strands by linkers.

In some embodiments, the reversible chelator construct comprises a nucleic acid

strand that is not attached to a chelation component and one or more nucleic acid strands

attached chelation components, wherein hybridization of the one or more nucleic acid strands

to chelation components to the nucleic acid strand not attached to a chelation component

brings the chelation components into appropriate proximity and orientation to efficiently

chelate metal ions, wherein melting of the nucleic acid strands separates the chelation

components such that said chelation components are unable to efficiently chelate metal ions.

In some embodiments, the two or more chelation components are iminodiacetic acid

moieties, A23187 moieties, phosphate (e. g., a phosphate moiety added to a structural moiety,

2
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a 5’ phosphate of a nucleic acid strand, etc.), acetic acid, polyether (PEG), thioether, thiol,

amine, heterocyclic amine such as pyridine, bipyridine, terpyridinc, phenanthroline, etc. In

some embodiments, a chelation moiety comprises any compound, functional group,

molecule, macromolecule, ionophore, etc. that is (l) capable of efficiently chelating one or

more types of metal ions, and (2) divisible into two or more chelation components that are

separately incapable of efficient metal—ion chelation, but are capable of efficient metal—i011

chelation when properly positioned (e.g., within a particular distance) and oriented.

In some embodiments, high temperature is a temperature above a transition

temperature between the first and second conformations. In some embodiments, low

temperature is a temperature below a transition temperature between the first and second

conformations.

In some embodiments, less efficient chelation is a Kd of 10 uM or more, 50 uM or

more, 100 uM or more, 200 uM or more, 500 “M or more, or 1 mM or more. In some

embodiments, more efficient chelation is a Kd of 1 uM or less, 500 nM or less, 200 nM or

less, 100 11M or less, 50 11M or less, 10 11M or less, or 1 nm or less.

In some embodiments, less efficient chelation refers to an affinity for metal ions that

is less (e.g., 2-fold less, 3-fold less, 4-fold less, 5-fold less, 10-fold less, 20-fold less, 50-fold

less, 100—fold less, 1000—fold less, etc.) than the affinity of the other components of the

system or reaction (e. g., DNA polymerase, DNA, nucleotides, etc.) for the sample metal ions.

In some embodiments, more efficient chelation refers to an affinity for metal ions that is

greater (e.g., 2—fold more, 3—fold more, 4—fold more, 5—fold more, 10—fold more, 20—fold more,

50—fold more, lOO—fold more, lOOO—fold more, etc.) than the affinity of the other components

of the system or reaction (e.g., DNA polymerase, DNA, nucleotides, etc.) for the sample

metal ions.

In some embodiments, the affinity of a chelator construct for a metal ion (e.g., MgZI,

ZnZI, Ca2+, Mn2+, etc.) in the chelation conformation (e.g., more efficient chelation

conformation) is at least one log higher affinity (e.g., >2 logs higher affinity, >3 logs higher

affinity, >4 logs higher affinity, >5 logs higher affinity, >6 logs higher affinity, >7 logs

higher affinity, >8 logs higher affinity, or more) than in the release or non-chelation

conformation (e.g., more efficient chelation conformation). In some embodiments, the

affinity of a chelator construct for a metal ion (e.g., MgZI, ZnZI, Ca2+, MnZI, etc.) in the

chelation conformation (e.g., more efficient chelation conformation) is between two and six

logs higher than in the release or non—chelation conformation (e. g., more efficient chelation

conformation).
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In some embodiments, the provided herein are methods of regulating an enzymatic

reaction comprising: (a) providing in a reaction mix: (i) an enzyme that catalyzes said

enzymatic reaction, wherein said enzyme employs a metal ion cofactor for catalysis; (ii) a

substrate for said enzyme; (iii) optionally any other reactants for said enzymatic reaction; (iv)

the metal ion cofactor for said enzyme; and (V) a reversible chelator construct that is

incapable of efficiently chelating said metal i011 cofactor under a first set of conditions and

more efficiently chelates said metal ion cofactor under a second set of conditions; (b)

exposing said reaction mix to said first set of conditions, wherein said enzyme less efficiently

catalyzes said enzymatic reaction (e.g., reaction rate is <l/2Vmax, <l/4Vmax, <l/8Vmax,

<l/16Vmax, <l/32Vmax, <l/64Vmax, <l/lOOVm3x, <l/1000Vm3x, or less) under said first set of

conditions because said metal ion cofactor is chelated by the reversible chelator construct;

and (c) exposing said reaction mix to said second set of conditions, wherein said enzyme

catalyzes said enzymatic reaction under said second set of conditions because said metal ion

cofactor is available in solution.

In some embodiments, step (b) is performed before step (c). In some embodiments,

the method further comprises: (d) repeating step (b).

In some embodiments, step (e) is performed before step (b). In some embodiments,

the method further comprises: ((1) repeating step (e).

In some embodiments, the enzyme is DNA polymerase said metal ion cofactor is

magnesium. In some embodiments, the enzymatic reaction is polymerase chain reaction. In

some embodiments, the enzymatic reaction is cleavage of nucleic acids (e.g., 3’ to 5’).

In some embodiments, inefficient catalysis (or less efficient catalysis) is less than

50% enzyme activity (e.g., of maximum enzyme activity), less than 40% enzyme activity,

less than 30% enzyme activity, less than 20% enzyme activity, less than 10% enzyme

activity, less than 50% enzyme activity, or less than 1% enzyme activity. In some

embodiments, efficient catalysis (or more efficient catalysis) is greater than 50% enzyme

activity (e. g., of maximum enzyme activity), greater than 60% enzyme activity, greater than

70% enzyme activity, greater than 80% enzyme activity, greater than 90% enzyme activity,

greater than 95% enzyme activity, greater than 99% enzyme activity.

In some embodiments, inefficient catalysis is defined as the absence of detectable

reaction products (e.g., PCR products, secondary PCR products, 5’ to 3’ nuclease product,

3’to 5’ nuclease product, restriction digest product, etc.). In some embodiments, inefficient

catalysis is defined as reduction of detectable reaction products (e.g., PCR products,

secondary PCR products, 5’ to 3’ nuclease product, 3’to 5’ nuclease product, restriction

4
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digest product, etc.) compared to the reaction performed in the absence of a chelator construct

(e.g., <50% of product, <1 0% of product, <1% of product, <0.5% of product, <0.l product,

etc.) . In some embodiments, the amount of detectable reaction products is determined by

standard detection methods for the particular reaction. In some embodiments, efficient

catalysis is defined as a comparable amount of detectable reaction products (e. g., PCR

products, secondary PCR products, 5’ to 3’ nuclease product, 3’to 5’ nuclease product,

restriction digest product, etc.) compared to the reaction performed in the absence of a

chelator construct (e.g., >50%, >75%, >90%, >95%, >99%, >100%, or more). In some

embodiments, the amount of detectable reaction products is determined by standard detection

methods for the particular reaction (e.g., gel electrophoresis).

In some embodiments, provided herein are compositions comprising one or more

biopolymers and two or more iminodiacetic acid moieties, wherein upon folding and/or

hybridization of said one or more biopolymers said two or more iminodiacetic acid moieties

are positioned adjacent to one another. In some embodiments, the one or more biopolymers

are selected from nucleic acids, peptides, and peptide nucleic acids. In some embodiments,

the two or more iminodiacetic acid moieties are attached to the same biopolymer of said one

or more biopolymers. In some embodiments, the two or more iminodiacetic acid moieties are

attached to the separate biopolymers of said one or more biopolymers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows illustrations of exemplaiy nucleic acid chelator constructs under

hybridization/folding conditions, in which chelation components are brought together to form

chelator moieties: (A) two nucleic acid structural moieties, both end-labeled with chelator

components; (B) three nucleic acid structural moieties, two of which end—modified with

chelator components; (C) two nucleic acid structural moieties, both intemally-modified with

chelator components; and (D) a single nucleic acid structural moiety, internally-modified at

two positions with chelator components. In each case, when these exemplary constructs are

placed in conditions that disfavor hybridization/folding, the chelation components cease to be

in close proximity. (E) shows an illustration ofbase pairing in a double stranded DNA and

the dimensions thereof.

FIGS. 2A-I show illustrations of exemplary chelators comprising nucleic acid

structural moieties. For each construct (A-I), the conditions on the left favor secondary

structure formation and the conditions on the right disfavor secondary structure. (A) Two

complementary nucleic acid strands, one with a 5’ chelation component and the other with a

5
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3’ chelation component that form a chelation moiety when the stands are hybridized. (B) Two

complementary nucleic acid strands, each with 5’ and 3’ chelation components that form two

chelation moieties when the stands are hybridized. (C) Two complementaiy nucleic acid

strands, both with internal chelation components that form a chelation moiety when the

stands are hybridized. (D) One hairpin forming nucleic acid strand, with 5’ and 3’ chelation

components that form a chelation moiety when the haiipin is formed. (B) One haiipin—

forming nucleic acid strand, with two internal chelation components that form a chelation

moiety within the stem when the hairpin is formed. (F) One hairpin—forming nucleic acid

strand, with internal chelation components that form a chelation moiety within the loop when

the hairpin is formed. (G) One pseudoknot-forming nucleic acid strand, with internal

chelation components that form a chelation moiety when the pseudoknot is formed. (H) One

double—haiipin—forming nucleic acid strand, with 5’ and 3 ’ chelation components that form a

chelation moiety at a two—stem junction under folding conditions. (I) A first nucleic acid

strand with a 5’ chelation component, a second nucleic acid strand with a 3 ’ chelation

component, and third nucleic acid strand without chelation components; the first and second

nucleic acid strands hybridize to the third, forming a chelation moiety when the stands are

hybridized.

FIG. 3 shows exemplary structural moieties.

FIG. 4 shows an exemplary application of the chelator constructs described herein; a

plurality of chelators are used to create a metal ion gradient across a surface.

FIG. 5 shows an exemplary chelator construct comprising three nucleic acid structural

moieties.

FIG. 6 shows an exemplary chelator construct comprising two nucleic acid structural

moieties.

FIGS. 7A-D show the application of the reversible metal ion chelators to polymerase

and 3 ’ to 5’ nuclease degradation in PCR. A) With reversible metal ion chelators and at low

temperature, the chelators sequesters magnesium rendering the DNA polymerase inactive. B)

With reversible metal ion chelators and at high temperature, the magnesium is released and

able to activate the DNA polymerase and PCR proceeds. C) Without the reversible metal

ion chelators and at low temperature, the magnesium is able to activate the DNA polymerase.

At this temperature the polymerase domain of the DNA polymerase can start polymerization

of secondary products and primer dimers and the 3’ to 5’ nuclease domain can degrade

primers and template DNA. D) Without the reversible metal ion chelators and at high
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temperature, the amplification quality is affected by accumulation of secondary products,

primer dimers and decreased yicld.

DEFINITIONS

As used herein, the term “chelation moiety” refers to a compound or functional group

containing electron—donating groups that can combine by coordinative bonding with a metal

ion to form a stable structure. Typically, a chelation moiety is part of a larger molecule or

macromolecule. In some embodiments, a chelation moiety comprises two separate

compounds or functional groups (e. g., chelation components).

As used herein, the term “chelation component” refers to a compound or functional

group, that when brought in close proximity to and/or proper orientation with one or more

other chelation components, forms a chelation moiety. A single chelation component is not

capable of efficient or stable chelation, as it has insufficient affinity for the metal ion to

sequester it (e.g., from participating in a chemical or enzymatic reaction), whereas the full

chelation moiety has sufficient affinity. In some embodiments, a chelation moiety is part of a

larger molecule or macromolecule.

As used herein, the term “chelator” or “chelator construct” refers to a compound,

polymer, complex, or other molecular or macromolecular entity containing electron—donating

groups that can combine by coordinative bonding with a metal ion to form a stable structure.

A chelator may consist solely of a moiety capable of chelation (e.g., chelation moiety) or may

further comprise other molecular or macromolecular portions (e.g., “structural moieties”). In

some embodiments, a chelator comprises two or more compounds, polymers, complexes, or

other molecular or macromolecular entities that when combined create a structure capable of

chelating a metal ion.

As used herein, the term “structural moiety” refers to a compound, polymer, or other

molecular or macromolecular entity that adopts secondary, tertiary, and/or quaternary

stlucture under appropriate conditions.

The term “nucleic acid”, as used herein, refers to an oligonucleotide, nucleotide or

polynuclcotidc, and fragments or portions thereof, and to DNA or RNA of genomic or

synthetic origin which may be single or double stranded, and represent the sense or antisense

strand.

The term “nucleic acid strand” refers to a single continuous polymer of nucleotides.

A single—stranded nucleic acid is one nucleic acid stand. A double stranded nucleic acid is

two complementary nucleic acid stands.
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The term "stem loop", also called "hairpin loop", refers to a structure that comprises a

double-stranded portion (stern), formed by hydrogen bonding between inverted repeat

sequences in a single—stranded nucleic acid molecule, and a loop portion sandwiched in

between. A stem may be formed of 2 to 100 base pairs, and a loop may be formed of 3 to 20

nucleotides.

The terms “peptide” and “polypeptide” as used herein refer to polymers of amino

acids, of any length and of natural or synthetic origin.

The term “amino acid” refers to naturally occurring and non-naturally occurring

amino acids, as well as imino acids such as proline, amino acid analogs and amino acid

mimetics that function in a manner similar to the naturally occurring amino acids. Amino

acids comprise a central carbon, connected to H, amine, carboxylic acid, and R groups.

Typical amino acids differ only at the R position, and the identity of the amino acid (e.g.,

glycine, alanine, tyrosine, etc.) is defined by the R position. Other modifications of amino

acids are within the scope of the invention.

Naturally encoded amino acids are the proteinogenic amino acids known to those of

skill in the art. They include the 20 common amino acids (alanine, arginine, asparagine,

aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isolcucine, leucine,

lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine)

and the less common pyrrolysine and selenoeysteine. Naturally encoded amino acids include

post—translational variants of the 22 naturally occurring amino acids such as prenylated amino

acids, isoprenylated amino acids, myrisoylated amino acids, palmitoylated amino acids, N—

linked glycosylated amino acids, O—linked glycosylated amino acids, phosphorylated amino

acids and acylatcd amino acids. The term "non-natural amino acid" refers to an amino acid

that is not a proteinogenic amino acid, or a post—translationally modified variant thereof. In

particular, the term refers to an amino acid that is not one of the 20 common amino acids or

pyrrolysine or selenoeysteine, or post-translationally modified variants thereof.

“Solid support” refers herein to any substrate having a surface to which molecules

may be attached, directly or indirectly, through either covalent or non—covalent bonds. A

“solid support” can have a variety of physical formats, which can include, for example, a

membrane; a chip (e.g., a protein chip); a slide (e.g., a glass slide or coverslip); a column; a

hollow, solid, semi-solid, pore- or cavity- containing particle, such as, for example, a bead; a

gel; a fiber, including a fiber optic material; a matrix; and a sample receptacle. Exemplary

sample receptacles include sample wells, tubes, capillaries, Vials, and any other vessel,

groove or indentation capable of holding a sample. A sample receptacle can be contained on

8
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a multi—sample platform, such as a microtiter plate, slide, microfiuidics device, and the like.

A support can be composed ofa natural or synthetic material, an organic or inorganic

material. The composition of the solid supp01t 011 which capture reagents are attached

generally depends on the method of attachment (e. g., covalent attachment). Other exemplary

receptacles include microdroplets and microfluidic controlled or bulk oil/aqueous emulsions

within which assays and related manipulations can occur. Suitable solid supports include, for

example, plastics, resins, polysaccharides, silica or silica-based materials, functionalized

glass, modified silicon, carbon, metals, inorganic glasses, membranes, nylon, natural fibers

(such as, for example, silk, wool and cotton), polymers, and the like. The material

composing the solid support can include reactive groups such as, for example, carboxy,

amino, or hydroxyl groups, which are used for attachment of the capture reagents. Polymeric

solid supports can include, e. g., polystyrene, polyethylene glycol tetraphthalate, polyvinyl

acetate, polyvinyl chloride, polyvinyl pyrrolidone, polyacrylonitrile, polymethyl

methaerylate, polytetrafiuoroethylene, butyl rubber, styrenebutadiene rubber, natural rubber,

polyethylene, polypropylene, (p0ly)tetrafluoroethylene, (poly)vinylidenefluoride,

polycarbonate, and polymethylpentene.

DETAILED DESCRIPTION

Provided herein are chelator constructs (e. g., comprising nucleic acid, peptide, peptide

nucleic acid, etc.) that sequester metal ions (e.g., Mg”, Zn2+, Ca2+, etc.) under a first set of

conditions (e. g., low temperature, high salt, high pH, etc.) and fail to sequester or release

sequestered metal ions under a second set of conditions (e.g., high temperature, low salt,

neutral pH, etc.).

In ceitain embodiments, provided herein are constructs (e.g., single polymer, duplex,

complex, etc.) that form a metal-ion—chelating structure (e.g., low Kd (e. g. nanomolar,

micormolar, etc.)) under a first set of conditions (e.g., structure forming conditions (e.g., low

temperature, high salt, neutral pH)) and denature or form a structure that does not chelate

metal ions (e.g., high Kd (e.g., micromolar, millimolar, etc.)) under a second set of conditions

(e.g., conditions that do not favor the formation of secondary and/or tertiary structures (e. g.,

high temperature, low salt, high pH)).

Under a first set of conditions (e. g., one or more of high temperature, low salt, and/or

high pH, etc.) the chelator construct is unfolded and the chelation components dissociate. For

example, under the first set ofconditions, a structural moiety or moieties of a chelator

construct are denatured and unable to form a tertiary structure necessary/sufficient to properly
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align/orient the chelation components for efficient chelation. Likewise, under the first set of

conditions, a structural moiety or moieties (e.g., nucleic acid strand or strands) of a chelator

construct are unhybrized and unable to form a secondary structure necessary/sufficient to

properly align/orient the chelation components for efficient chelation. In some embodiments,

the first set of conditions includes a temperature above the melting temperature (Tm) of the

secondary, tertiary, or quaternary structure of the structural moiety 0r moieties (e.g.,

>Tm~1°C, >Tm~2°C, >Tm+3°C, >Tm+4°C, >Tm+5°C, >Tm+6°C, >Tm+7°C, >Tm+8°C,

>Tm--9°C, >Tm--10°C, >Tm+15°C, >Tm+20°C, or more).  
Under a second set of conditions (e. g., one or more of low temperature, high salt,

and/or neutral pH, etc.), the chelator construct is folded and the chelation moiety is formed.

For example, under the second set of conditions, a structural moiety or moieties of a chelator

construct form a tertiary structure necessary/sufficient to properly align/orient the chelation

components for efficient chelation. Likewise, under the second set of conditions, a structural

moiety or moieties (c.g., nucleic acid strand or strands) of a chclator construct are hybrized

and able to form a secondary structure necessary/sufficient to properly aligrL/orient the

chelation components for efficient chelation. In some embodiments, the second set of

conditions include a temperature below the melting temperature (Tm) of the secondary,

tertiary, or quaternary structure ofthe structural moiety or moieties (e. g., <Tm—10C, <Tm—2OC,

<Tm—3°C, <Tm-4°C, <Tm-5°C, <Tm-6°C, <Tm—7°C, <Tm—8°C, <Tm-9OC, <Tm-10°C, <Tm-15°C,

<Tm—2OOC, or less).

In some embodiments, a chelator construct comprises one or more structural moieties

and one or more chelation moieties. Any combination of structural and chelation moieties

(c.g., 1:2, 2: 1, 2:2, 2:4, 3:2, etc.) are within the scope ofthe invention.

In some embodiments, a chelator construct comprises two structural moieties, each

connected to a chelation component (e.g., a functional group that does not efficiently chelate

mctal ions alone, but does efficiently chelate metal ions when combined with a second

chelation component to form a chelation moiety). When the chelator construct is exposed to

conditions that promote folding and/or hybridization, the chelation components are brought

together allowing the chelation of metal ions (e.g., allowing efficient chelation of metal ions,

low Kd). When the chelator construct is exposed to conditions that disfavor folding and/or

hybridization, the chelation components are pulled apart (on their respective structural

moieties) or reoriented, preventing the chelation components from chelating metal ions (e.g.,

preventing efficient chelation of metal ions, high Kd).
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In some embodiments, a chelator construct comprises two chelation components

connected to different portions of a single structural moiety (e.g., opposite ends of the

st1uctural moiety). When the chelator construct is exposed to conditions that promote folding

and/or hybridization, the chelation components are brought together by the folding of the

structural moiety, thereby forming a chelation moiety and allowing the chelation of metal

ions (e.g., allowing efficient chelation of metal ions, low Kd). When the chelator construct is

exposed to conditions that disfavor folding and/or hybridization, the chelation moiety is

pulled apart into the individual chelation components (on their respective portions of the

structural moiety), preventing the chelation of metal ions (e. g., preventing efficient chelation

of metal ions, high Kd).

In some embodiments, a chelation moiety forms (e. g., from two or more chelation

components)), to provide a single site for chelation of metal ions 011 a chelator constmct. In

other embodiments, a single chelator construct (comprising one or more structural moieties)

comprises multiple sites for metal ion chelation (e.g., multiple chelator moieties or pairs of

chelation components).

B. Chelation moieties

In certain embodiments, a chelation moiety comprises two or more separate chelation

components (e. g., iminodiacetic acid moieties) that form a chelation moiety under a first set

of conditions, but do not form a chelation moiety under a second set of conditions. In some

embodiments, the chelation components are separated in physical space or by orientation

under non—chelation conditions but are brought together or re—oriented under chelation

conditions to form a chelation moiety. In such embodiments, the ability of the chelation

moiety to chelate metal ions is modulated by forming and/or denaturing the chelation moiety.

Suitable chelation moieties that find use in such embodiments are compounds, functional

groups, moieties, etc. that chelate magnesium ions, including, but not limited to:

iminodiacetic acid groups (See, e. g., Trapani et a1. Analyst, 2010, 135, 185571866; herein

incorporated by reference in its entirety). Other chelation moieties comprise A23 187

moieties, phosphate (e. g., a phosphate moiety added to a structural moiety, a 5’ phosphate of

a nucleic acid strand, etc.), acetic acid, polyether (PEG), thioether, thiol, amine, heterocyclic

amine such as pyridine, bipyridine, terpyridine, phenanthroline, etc.

In some embodiments, two or more chelation components are oriented under

chelation conditions to form or approximate a known metal—ion chelator. Suitable chelation

moieties that are formed or approximated in such embodiments include, but are not limited
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to: diethylenetriaminepentaacetic acid (DTPA), dimercaprol, ethylenediaminetetraacetic acid

(EDTA), EDTA analogs (US 2002/0] 82227; herein incorporated by reference in its entirety),

tetraazacyclododecanetetraacetic acid (DOTA), 2,3—Dimercapto—1—propanesulfonic

acid (DMPS), dimercaptosuccinic acid (DMSA), OL-Hydroxytropolones (WO 2007065007;

herein incorporated by reference in its entirety), penicillamine, deferoxamine, deferasirox,

and other chelator moieties that incorporate electron donating atoms such as O, S, P or N as

Lewis bases to bind the metal (Engelstad and Wolf, "Contrast Agents", in Magnetic

Resonance Imaging, Stark and Bradley, Mosby, St. Louis, 1988, pp. 161—181; herein

incorporated by reference in its entirety ). In some embodiments, chelation moieties are

obtained from other metal binding constructs (Sec, e.g., Carter et al. Chem. Rev. 2014, 114,

4564—4601; Que et a1. Chem Rev. 2008 May;108(5):1517-49.; Hyman and Franz.

Coordination Chemistry Reviews 256 (2012) 2333— 2356.; herein incorporated by reference

in their entireties).

In some embodiments, a chelation moiety comprises multiple (e.g., two)

iminodiacetic acid components which are brought together (e.g., through folding of a

structural moiety and/or hybridization of structural moieties) to form an efficient cation

sequesterer (e.g., simulating the structure of EDTA), but do not chelate cations (e. g.,

efficiently) when apart. In some embodiments, the folding of a structural moiety and/or

hybridization of structural moieties brings the iminodiacetic acid components into close

enough proximity and/or into the appropriate orientation to efficiently chelate a metal ion

(e.g., MgZI).

In some embodiments, a chelation moiety or chelation components for a construct are

selected to chelate specific metal ions. For example, two iminodiacetic acid components

brought together sequester Ca2+, Fe3 1, and/or Mg“; chelator components brought together to

form a DOTA—like structure sequester Gd“; chelator components brought together to form a

dimercaprol-like structure sequester arsenic, gold, lead, and/or copper; etc. Depending upon

the intended application of the chelator construct, different chelation moieties and/or

chelation components are selected.

In some embodiments, a chelator moiety chelates many types of metal ion. In other

embodiments, more specific chelator moieties are used. In some embodiments, chelator

moieties are used that chelate one or more of: lithium, sodium, potassium, rubidium, cesium,

francium, belyllium, magnesium, calcium, strontium, barium, radium, aluminum, gallium,

indium, tin, thallium, lead, bismuth, manganese, iron, cobalt, nickel, copper, zinc, yttrium,
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zirconium, niobium, molybdenum, technetium, ruthenium, rhodium, palladium, silver,

cadmium, lanthanum, hafnium, tantalum, tungsten, rhenium, osmium, iridium, platinum,

gold, or mercuiy. In some embodiments, a chelator moiety is provided that chelates one or

more of magnesium, iron, calcium, manganese, etc. In some embodiments, a magnesium ion

chelator is provided.

In some embodiments, chelation moieties and/or components are attached to

structural moieties directly (e.g., by covalent linkage). In other embodiments, chelation

moieties and/or components are attached to structural moieties indirectly or by a linker.

Embodiments are not limited to any particular linker moiety. In some embodiments, the

linker connects two moieties (e. g. chelation components and structural moiety). In some

embodiments, a linker moiety is eleavable (e.g., chemically eleavable, enzyme eleavable,

etc.), such that exposure to appropriate conditions (e.g., cleaving enzyme) cleaves the linker

moiety and separates the connected moieties. In some embodiments, the linker moiety is a

covalent linkage that is: linear, branched, cyclic, heterocyclic, saturated, unsaturated, or

various combinations thereof. In some embodiments, the linker comprises 1—100 non—

hydrogen atoms (in addition to hydrogen atoms) selected from the group of C, N, P, O and S

(e.g. 1-75, 1-50, 1-40, 1-30, 1-20, 1-10, 1-5, etc.). In some embodiments, the linker comprises

any combination of alkyl, ether, thioether, polyether, amine, alkyl, amide, ester, carboxamide,

sulfonamide, hydrazide bonds and aromatic or heteroaromatic bonds. In some embodiments,

the linker comprises a polymer (e. g. nucleic acid, polypeptide, lipid, or polysaccharide), a

peptide linker, a modified peptide linker, a Poly(ethylene glycol) (PEG) linker, a streptavidin—

biotin or avidin—biotin linker, polyaminoacids (e. g., polylysine), functionalized PEG,

polysaccharides, glycosaminoglycans, dendritic polymers such as described in WO93/06868

and by Tomalia et al. in Angew. Chem. Int. Ed. Engl. 29: 138—175 (1990), PEG—chelant

polymers such as described in W94/08629, WO94/O9056 and WO96/26754, oligonucleotide

linker, phospholipid derivatives, alkenyl chains, alkynyl chains, dis ulfide, or a suitable

combination thereof. In some embodiments, a linker moiety comprises any covalent or

noncovalent molecular connector capable of stably stringing together a first and second

moiety. One of ordinary skill in the art will further appreciate that the above linkers are not

intended to be limiting.

C. Structural moieties

In some embodiments, chelators provided herein comprise structural moieties

attached to chelation components that form chelation moieties and sequester metal ions under

certain conditions. In some embodiments, structural moieties undergo structural alterations
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that result in modulation of chelation by regulating formation/deformation of the chelation

moiety (from chelation components).

1. Nucleic acid

In some embodiments, a chelator comprises one or more nucleic acid structural

moieties (See, e.g., FIG. 1). In some embodiments, a single chelation component is attached

to a nucleic acid strand (See, e.g., FIG. lA—C). In some embodiments, two 01‘ more (e.g., 2, 3,

4, 5, 6, 7, 8, 9, 10, or more) chelation components are attached to a nucleic acid strand (See,

e.g., FIG. 1D). In some embodiments, a nucleic acid strand without an attached chelation

moiety or component(s) is a structural moiety (e.g., interacting with another structural moiety

or structural moieties that are attached to chelation components; See, e.g., FIG. 1D).

Chelation components are attached (e. g., directly or indirectly (e. g., Via a linker)) t0

nucleic acid structural moieties at any suitable position or location that allows for modulation

of chelation under varying conditions. In some embodiments, chelation components are

attached to the backbone of the nucleic acid strand (e.g., phosphate group, sugar (e.g., ribose,

deoxyribose, etc.), etc.). In some embodiments, chelation moieties/components are attached

to a base of the nucleic acid strand (e.g., at a modified base). In some embodiments,

chelation moieties/components are attached at the terminus of a nucleic acid strand (e.g., 3’

OH, 5’ phosphate, base, etc.). In some embodiments, chelation moieties/components are

attached at an internal position of a nucleic acid strand (e. g., sugar (e. g., ribose, deoxyribose,

etc), base, etc.).

In some embodiments, one or more modified nucleotides incorporated into a nucleic

acid structural moiety allow for attachment of chelation components. Exemplary modified

nucleotides include those with 5’ acrylic phosphoramidite; 5’ adenylation; 3’-, 5’-, or internal

NHS ester; etc. Other suitable modified nucleotides that are used, in some embodiments, to

attach chelation moieties and/or components to structural moieties include, but are not limited

to: 4-acetylcytosine, 8-hydroxy-N6—methyladenosine, aziridinylcytosine, pseudoisocytosine,

5—(carboxyhydroxylmethyl) uracil, 5—fluorouracil, 5—bromouracil, 5—

carboxymethylaminomethyl-2-thiouraeil, 5-carboxymethylaminomethyluracil, dihydrouraeil,

inosine, N6-isopentenyladenine, l-methyladenine, l-methylpseudouracil, l-methylguanine,

l—methylinosine, 2,2—dimethylguanine, 2—methyladenine, 2—methylguanine, 3—methylcytosine,

5-methylcytosine, N6—methyladenine, 7-methylguanine, 5—methylaminomethyluracil, 5-

methoxyaminomethyl-Z-thiouracil, beta-D-mannosquueosine, 5'-

methoxycarbonylmethyluraci1, 5—methoxyuracil, 2—methylthio—N6—isopentenyladenine, uracil—

5-oxyacetie acid methylester, uracil-S—oxyacetic acid, oxybutoxosine, pseudouracil, queosine,
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2—thiocytosine, 5—methyl—2—thiouracil, 2—thiouracil, 4—thiouracil, 5—methyluracil, N —uracil—5—

oxyacctic acid methylcster, uracil-5-oxyaeetic acid, pseudouraeil, qucosine, 2-thiocytosine,

and 2,6—diaminopurine.

In some embodiments, chelation components are attached to two separate nucleic acid

structural moieties (See, e. g., FIG. 2A-C). Under hybridization conditions (e. g., low

temperature, high salt concentration, neutral pH), the stiuctural moieties hybridize, bringing

the chelation components into close proximity and the appropriate orientation to form a

chclation moiety and allow metal-ion chclation. In such embodiments, chelation of metal ions

(e.g., efficient chelation of metal ions) is dependent upon the two chelation components being

in close proximity and/or adopting a particular orientation. Chelator components in such

embodiments are attached at locations on the separate strands that render them unable to

chelate metal ions (e. g., incapable of efficient chelation) when the strands are not hybridized,

but capable of chelation (e. g., efficient chelation) when the strands are hybridized. In some

embodiments, chelation components are located at the 5’ and 3’ ends of complementary

strands, such that they are adjacent when the strands hybridize (See, e. g., FIG. 2A—B). In

such embodiments, strands may comprise chelation components at both 3’ and 5’ ends, such

that the duplex has chclation moieties at both ends (See, e.g., FIG. 2B), or each stand

comprises a single chelation component to produce a duplex with one chclation moiety (See,

e.g., FIG. 2A). In other embodiments, chelation components are within the nucleic acid

strands such that the duplex comprises a chelation moiety internal to the strand (See, e. g.,

FIG. 2C).

In some embodiments, chelation components are attached to two separate locations on

a single nucleic acid structural moiety (See, e.g., FIG. 2D-H). Under hybridization and/0r

folding conditions (e. g., low temperature, high salt concentration, neutral pH), the nucleic

acid structural moiety adopts a secondary, tertiary, and/or quaternary structure that brings the

chclation components into close proximity and/or into an orientation that allows for

formation of a chelation moiety. The present invention is not limited by the types of

structures that allow for modulation of chelation. For example, in certain embodiments,

under hybridizatiom’folding conditions a nucleic acid structural moiety forms a stem-loop

(See, e.g., FIG. 2D—F), pseudoknot (See, e.g., FIG. 2G), triplex, hairpin, bulge loop (e. g.,

unpaired bases on one side of a helix), interior loop (e.g., unpaired bases on both sides of a

helix), two—stem junction (FIG. 2H), etc. Further, the present invention is not limited by the

mechanisms through which the secondary, tertiary, or quaternary structure modulates

chelation. In some embodiments, chelation components on the 5’ and 3’ ends of a nucleic
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acid structural moiety from a chelation moiety when the nucleic acid strand forms a stem—

loop (e.g., at low temperature), but separate when the stem—loop is melted (e.g., at high

temperature) (See, e.g., FIG. 2D). In other embodiments, chelation components located

internally with a nucleic acid strand form a chelation moiety within the stem of a stem-loop,

but dissociate when the stem-loop melts (See, e. g., FIG. 2E). In other embodiments,

chelation components located internally with a nucleic acid strand form a chelation moiety

within the loop of a stem-loop, but dissociate when the stem-loop melts (See, e.g., FIG. 2F).

In some embodiments, chelation components located internally with a nucleic acid strand

form a chelation moiety upon formation of a pseudoknot, but dissociate when the stem—loop

melts (See, e.g., FIG. 2G). In some embodiments, chelation components on the 5’ and 3’

ends of a nucleic acid structural moiety from a chelation moiety when the nucleic acid strand

forms two stem—loops (e.g., at low temperature) thereby placing the chelation components at

a two—stem junction, but separate when the stem—loop is melted (e.g., at high temperature)

(See, e.g., FIG. 2H).

I11 some embodiments, a chelator constmct comprises a stiuctural moiety without any

attached chelation components or chelation moieties, that interacts (e.g., hybridizes) with

other structural moieties to modulate chelation (See, e.g., FIG. 21). For example, in some

embodiments, 3’ and 5’ chelator—components labeled oligonucleotides hybridize to a

structural moiety without any attached chelation components to form a two-stem junction that

places the chelator components within proximity and in the proper orientation to form a

chelator moiety (See, e. g., FIG. 21). In some embodiments, the chelation moiety 011 one of

the structural moieties (e. g., the 5’ chelator—component labeled oligonucleotide) is a

phosphate group intrinsic to the oligonucleotide. In some embodiments, the chelation moiety

is a 5’ phosphate of a nucleic acid.

2. Peptide

In some embodiments, a structural moiety is a peptide or polypeptide. In some

embodiments, a structural moiety is a synthetic peptide or polypeptide. In some

embodiments, two or more chelation components attached to a single peptide or polypeptide

structural moiety are brought together in proper orientation upon folding of the peptide or

polypeptide. In other embodiments, chelation components attached to separate peptides

and/or polypeptides are brought together to form a chelation moiety upon interaction of the

peptides and/or polypeptides.

Chelation components are attached to peptide/polypeptide structural moieties at any

suitable position or location that allows for modulation of chelation under varying conditions.
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In some embodiments, chelation components are attached to an amino acid (e.g., at a

modified base). In some embodiments, a synthetic amino acid comprises a chelation

component as the R group. In some embodiments, chelation constlucts are formed by

incorporation of chelation component containing amino acids into peptides and/or

polypeptides. In some embodiments, chelation components are attached at the C- and/or N-

terminus of a peptide or polypeptide. In some embodiments, chelation moieties/components

are attached at an internal position of a peptide or polypeptide strand.

In some embodiments, chelation components are attached to modified or unnatural

amino acids incorporated into a peptide or polypeptide. Suitable modified or unnatural amino

acids include, but are not limited to: alanine derivatives, alicyclic amino acids, arginine

derivatives, aromatic amino acids, asparagine derivatives, aspartic acid derivatives, beta-

amino acids, cysteine derivatives, DAB (2,4—diaminobutyric acid), DAP (2,3—

diaminopropionic acid), glutamic acid derivatives, glutamine derivatives, glycine derivatives,

histidine derivatives, homo-amino acids, isoleucine derivatives, leueine derivatives, linear

core amino acids, lysine derivatives, methionine derivatives, 11—methyl amino acids,

norleucine derivatives

norvaline derivatives, ornithine derivatives, pcnicillamine derivatives, phenylalanine

derivatives, phenylglycine derivatives, proline derivatives, pyroglutamine derivatives, serine

derivatives, threonine derivatives, tryptophan derivatives, tyrosine derivatives, valine

derivatives, etc. (Biochemicals & Reagents for Life Science Research (2004-2005); herein

incomorated by reference in their entireties).

In some embodiments, formation of a chelation moiety is modulated by

folding/unfolding of the secondary, tertiary, and/or quaternary structure of one or more

peptide/polypeptide stluctural moieties. Any suitable structures and/ or interactions of

structures may be utilized to modulate chelation within the scope of the invention.

In some embodiments, the formation of protein secondary structure regulates

formation of a chelation moiety and modulates chelation. For example, in some

embodiments, the formation of an alpha helix, 310 helix, or n helix brings chelation

components together in the proper orientation to form a chelation moiety, but unfolding of

the helix separates or misorients the chelation components. In some embodiments, the

formation of a beta strand or beta sheet brings chelation components together in the proper

orientation to form a chelation moiety, but unfolding of the structure separates or misorients

the chelation components. In such embodiments, switching conditions from those that favor
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secondary structure formation to those that disfavor it (as well as the reverse) allows

modulation of chelation efficiency.

In some embodiments, the formation of protein teltiaiy structure regulates formation

of a chelation moiety and modulates chelation. The present invention is not limited by the

types of structures that modulate chelation. Suitable structures include alpha sheet, Asx turn,

helix—loop—helix, beta bulge, beta haiipin, catgrip, coiled coil, collagen helix, EF hand, Greek

key, helix-turn helix, leucine zipper, polyproline helix, ring finger domain, Schellman loop,

ST loop, triple helix, zinc finger, or any combinations thereof. In some embodiments, the

formation of protein structure brings chelation components together in the proper orientation

to form a chelation moiety, but unfolding of the structure separates or misorients the

chelation components. In such embodiments, switching conditions from those that favor

protein (tertiary) structure formation to those that disfavor it (as well as the reverse) allows

modulation of chelation efficiency.

In some embodiments, the formation of protein quaternary structure regulated

formation of a chelation moiety and modulates chelation. The present invention is not

limited by the types of structures that modulate chelation.

In an exemplary embodiment, a chelation construct comprises two peptides, each with

a chelation component attached thereto. Under favorable conditions, each peptide forms an

alpha helix, and the helices interact to form a coiled-coil domain. Formation of the coiled-

coil brings the chelation components into close proximity and the proper orientation for metal

ion chelation. Altering conditions to favor or disfavor formation of the coiled—coil allows

modulation of chelation. Similarly, in some embodiments, a leucine zipper interaction brings

chelation moieties together under favorable conditions.

In another exemplaiy embodiment, a chelation construct comprises one peptide with

two chelation components attached thereto. Under favorable conditions, the peptide forms an

alpha helix, bringing the chelation components into close proximity and the proper

orientation for metal ion chelation. However, under conditions in which the alpha helix does

not form, the chelation components are misaligned and do not form a chelation moiety.

Altering conditions to favor or disfavor formation of the alpha helix allows modulation of

chelation.

3. Peptide nucleic acid

In some embodiments, a structural moiety is a peptide nucleic acid (PNA). In some

embodiments, a single chelation component is attached to a peptide nucleic acid strand. In

some embodiments, two or more (e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) chelation
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components are attached to a peptide nucleic acid strand. In some embodiments, a peptide

nucleic acid strand without an attached chelation moiety or component(s) is a structural

moiety (e.g., interacting with another stiuctural moiety or stluctural moieties that are attached

to chelation components).

Chelation components are attached to peptide nucleic acid structural moieties at any

suitable position or location that allows for modulation of chelation under valying conditions.

In some embodiments, chelation components are attached to the peptide backbone of the

peptide nucleic acid. In some embodiments, Chelation components are attached to a base of

the peptide nucleic acid strand (e.g., at a modified base). In some embodiments, chelation

components are attached at the terminus of a peptide nucleic acid strand (e. g., N-terminus or

C-terminus). In some embodiments, chelation components are attached at an internal

position of a peptide nucleic acid strand.

In some embodiments, one or more modified nucleotides are incorporated into a

peptide nucleic acid structural moiety allow for attachment of chelation components.

Exemplary modified nucleotides include those with 5’ ac1ylic phosphoramidite; 5’

adenylation; 3’—, 5’—, or internal NHS ester; etc. Other suitable modified nucleotides that are

used, in some embodiments, to attach Chelation components to structural moieties include,

but are not limited to: 4—acetylcytosine, 8—hydroxy—N6—methyladenosine, aziridinylcytosine,

pseudoisocytosine, 5—(carboxyhydroxylmethyl) uracil, 5—fluorouracil, 5—bromouracil, 5-

carboxymethylaminomethyl-2—thiouracil, 5-carboxymethylaminomethyluracil, dihydrouracil,

inosine, N6—isopentenyladenine, l—methyladenine, l—methylpseudouracil, l—methylguanine,

l—methylinosine, 2,2—dimethylguanine, 2—methyladenine, 2—methylguanine, 3—methylcytosine,

5-methylcyt0sine, N6—methy1adenine, 7-methylguanine, 5—methylaminomethyluracil, 5-

methoxyaminomethyl—Z—thiouracil, beta—D—ma11nosquueosine, 5'—

methoxycarbonylmethyluracil, 5—methoxyuracil, 2—methylthio—N6-isopentenyladenine, uracil-

5-oxyacetic acid methylester, uracil-S—oxyacetie acid, oxybutoxosine, pseudouraeil, queosine,

2—thiocytosine, 5—methyl—2—thiouracil, 2—thiouracil, 4—thiouracil, 5—methyluracil, N—uracil—5—

oxyacetic acid methylester, uracil-S-oxyacetic acid, pseudouracil, queosine, 2-thiocytosine,

and 2,6-diaminopurine.

In some embodiments, chelation components are attached to two separate peptide

nucleic acid structural moieties). Under hybridization conditions (e. g., low temperature, high

salt concentration, neutral pH), the PNA structural moieties hybridize, bringing the chelation

components into close proximity and the appropriate orientation to form a chelation moiety

and allow metal—ion chelation. In such embodiments, chelation of metal ions (e.g., efficient
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chelation of metal ions) is dependent upon the two chelation components being in close

proximity and/or adopting a particular orientation. Chelator components in such

embodiments are attached at locations 011 the separate PNA strands that render them unable to

chelate metal ions (e. g., incapable of efficient chelation) when the strands are not hybridized,

but capable of chelation (e. g., efficient chelation) when the strands are hybridized. In some

embodiments, chelation components are located at the 5’ and 3’ ends of complementaiy

strands, such that they are adjacent when the strands hybridize. In such embodiments, PNA

strands may comprise chelation components at both 3’ and 5’ ends, such that the duplex has

chelation moieties at both ends, or each stand comprises a single chelation component to

produce a duplex with one chelation moiety. In other embodiments, chelation components

are within the peptide nucleic acid strands such that the duplex comprises a chelation moiety

internal to the strand.

In some embodiments, chelation components are attached to two separate locations on

a single peptide nucleic acid structural moiety. Under hybridization and/0r folding conditions

(e. g., low temperature, high salt concentration, neutral pH), the peptide nucleic acid structural

moiety adopts a secondary, tertiary, and/or quaternary structure that brings the chelation

components into close proximity and/0r into an orientation that allows for formation of a

chelation moiety. The present invention is not limited by the types of PNA structures that

allow for modulation of chelation.

4. Hybrid canstructs

In some embodiments, a chelator constiuct comprises stiuctural moieties of two

different types of polymers (e.g., PNA and nucleic acid, nucleic acid and peptide, peptide and

PNA, etc.). For example, in some embodiments, a PNA structural moiety is attached to a

first chelation component, and a complementaiy nucleic acid structural moiety is attached to

a second chelation component; upon hybridization of the PNA and nucleic acid, the chelation

moiety is formed. In another exemplary embodiment, a peptide attached to a first chelation

component and a nucleic acid, comprising a binding sequence for the peptide, attached to a

second chelation component form a chelation moiety upon interaction of the peptide and

nucleic acid. The present invention is not limited by the variety of hybrid chelator constructs

or the mechanisms for bringing chelation components together to form chelation moieties.

5. Cross-reactivity

In some embodiments, it is important that structural moieties are not cross-reactive

with other components of a reaction that the chelator construct regulates by modulating

access to metal ions. For example, nucleic acid sequences are selected for chelator constructs
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that will not hybridize with primer or target sequences for the amplification reactions the

chelator constructs are being employed to regulate. In such embodiments, nucleic acid

stiuctural moieties have less than, for example, less than 75% sequence identity (e. g., <70%,

<60%, <50%, <40%, <30%, etc.) with nucleic acid sequences (e. g., primer sequences, target

sequences, non-target sequences present (or possibly present), etc.) in the reaction mixture. In

some embodiments, the same cross—reactivity considerations apply to other types of reactions

and other types of structural moieties (e.g., peptide, PNA, etc.). For example, peptide

structural moieties are selected that do not interact with, for example, protein or nucleic acid

components of a reaction mixture.

In some embodiments, structural moieties are not cross-reactive with human DNA

and/or other DNA sequences being amplified in a reaction being modulated by a chelator

constluct.

D. Exemplary embodiments

In certain embodiments, a chelator construct is a zipper chelator. As used herein, a

zipper chelator comprises two strands (e.g., separate strands or distally linked by a loop or

other connection) that interact under favorable conditions through noncovalent interactions

(e.g., hydrogen bonding, hydrophobic interactions, etc.) along their length to stably align the

two stands (See, e. g., FIG. 3). The strands of a zipper chelator may be protein, nucleic acid,

peptide nucleic acid, and/or other suitable polymers or molecular components. Suitable

chelation components and structural moieties for a zipper chelator are described in sections

Cl—C4 above.

Under conditions that disfavor or destabilize interactions between the strands, the

chelation components are separated. Conditions that favor interactions between the strands

include low(er) temperature (e. g., below the Tm of the strands). In some embodiments, at

sufficiently low temperature, the chelation moiety is maximally formed, resulting in the

minimal Kd for the appropriate metal ions. As temperature is raised, the interaction between

the strands is destabilized, and the Kd of the chelation moiety for metal ions rises. In such

embodiments, the Kd of the chelation moiety is modulated by raising and lowering the

temperature of the system. For example, given the appropriate ratio of chelation moieties to

metal ions (e.g., excess chelation moieties), at low temperature all the available metal ions

(e.g., Mg2+) are sequestered; however, as the temperature of the system is raised, the Kd of

the chelation moiety rises, and at a certain temperature free metal ions (e. g., Mg2+) are

available in solution. By adjusting the temperature of the system, the concentration of free

metal ions (e.g., MgZI) in solution is modulated.
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Exemplary chelator constructs comprising three and two structural moieties are

provided in FIG. 5 and FIG. 6, respectively.

E. Conditions/modulation

Chelation constructs are provided herein that efficiently chelate metal ions under one

set of conditions, but are poor chelators under a second set of conditions. In some

embodiments, altering the conditions alters the dissociation constant (Kd) for the metal ion.

In some embodiments, under metal ion sequestering conditions, a chelation construct

has a Kd for atarget metal ion between 1 fl\/[ and 100 uM (e.g., 1 M... 10 M... 100 fM. .. 1

pM... 10 pM... 100 pM... lmM... 10 nM... 100 nM...luM...10 uM... 100 uM). In

some embodiments, under non-sequestering conditions, a chelation construct has a Kd for a

target metal ion above, for example 1 uM (e.g., >1 uM. .. >10 uM... >100 uM... >1 mM. ..

>10 mM. .. >100 mM, or more). In some embodiments, depending upon the desired

application and the metal ion concentration to be used, a chelator construct with an

appropriate sequestering and non-sequestering Kd is designed, selected, provided, etc.

A variety of conditions may alter the favorability structure formation, hybridization,

etc. of structural element(s), and therefore modulate formation of the chelator moiety. These

conditions include, but are not limited to, temperature, salt concentration, solvent, pH,

presence/absence/concentration of denaturants, etc.

In some embodiments, elevation of temperature disfavors the formation of secondary,

tertiary and quaternary structures in proteins, nucleic acids, peptide nucleic acids, and hybrids

thereof. Therefore, in some embodiments, a chelator construct sequesters metal ions at lower

temperatures, but does not at higher temperatures. In some embodiments, the transition from

sequesterer t0 non-sequesterer occurs at the melting temperature (Tm) of the modulating

structure (e.g., 30°C... 35°C... 40°C... 45°C... 50°C... 55°C... 60°C... 65°C... 70°C... 75°C...

80°C... 85°C... 90°C, or more). In some embodiments, depending upon the structure

involved and the type of structural moiety, the transition may be gradual (e. g., creating a Kd

gradient) or rapid (e. g., creating a steep transition from sequestering to non—sequestering).

In some embodiments, other factors and conditions, including pH, salt concentration,

the presence/absence of denaturants, solvent type, etc. are used to alter the TIn of structural

moieties or to create an alternate set of conditions to modulate chelation (e.g., neutral vs. high

pH, low vs. high salt concentration, etc.).
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F. Applications

The present invention finds use in any application where metal ions in solution are

desirable under one set of conditions, but undesirable under a second set of conditions. In

some embodiments, the chelator constructs described herein allow modulation of metal ion

concentration over the course of time (e. g., by altering the conditions).

Specific metal ions are required for the activity of many enzymes and are therefore

required reagents in many assays, reactions, etc. For example, magnesium is required as a

co-factor for thermostable DNA polymerase (and many other enzymes). Taq DNA

polymerase is a magnesium—dependent enzyme and an optimum magnesium concentration is

required for the success of polymerase chain reaction (PCR). However, magnesium is also a

co-factor for the exonuclease activity of Taq DNA polymerase. Therefore, the presence of

magnesium can result in degradation of the reactants (e.g., nuclease degradation of primers,

substrates, and/or products) or products of a PCR reaction. Similarly, magnesium is required

for the activity of RNA polymerase, but it has been demonstrated that RNA is non—

specifically degraded in the presence of magnesium ions. Therefore, in both of these

exemplary cases, a reversible magnesium ion chelator allows for magnesium ions to be

present in solution at temperatures where DNA or RNA polymerization occur (or other

enzymatic reactions), but once the temperature is reduced following the polymerization

reaction, the magnesium is sequestered to prevent product degradation.

In exemplary embodiments, a nucleic acid (e.g., DNA, RNA, etc.) chelator sequesters

Mg ‘ 2 from DNA polymerase (e. g., Taq DNA polymerase or proofreading Pflt DNA

polymerase) or RNA polymerase at any temperature below the melting temperature of the

secondary or tertiary structure of the nucleic acid, preventing polymerization from occurring

or the reactants (e.g., nuclease degradation of primers, substrates) and/or products from being

degraded (See FIG. 7A). Upon increase in temperature above the melting point, the structure

of the chelator construct is altered, raising the Kd of the chelator for Mg2+. Free Mg2+ is

thereby released into solution allowing the reaction (e.g., PCR) to start (FIG. 7B). When the

temperature is lowered again, the chelator structure reforms and Mg2+ is again unavailable

(e.g., for PCR). The sequestration of Mg2+ prevents exonuclease activity and non-specific

degradation ofthe products. In the absence of modulatable chelators and at low temperature,

secondary polymerization products form and the polymerase exonuclease is active degrading

primers and template (FIG. 7C). When the temperature is raised, in the absence of a

modulatable chelator, the amplification quality is affected by accumulation ofsecondary

products, primer dimers and decreased yield (FIG. 7D). When the temperature is lowered
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again, the polymerase and exonuclease domains remain active leading to additional

degradation of PCR products and reactants.

Similar condition—specific sequestration of metal ions finds use in regulating the

activity of other enzymes. Chemical reactions dependent upon the presence of metal ions in

solution are also regulated using chelator constructs described herein.

In other embodiments, a plurality of reversible chelation constmcts is used to provide

a metal-ion gradient across a volume or a surface. For example, reversible chelation

constructs described herein are attached to a surface (e.g., solid support, microchannel, well,

tube, etc.) or embedded within a gel or other environment (See, e. g., FIG. 4). Different

portions of the surface, gel, or other environment are exposed to different conditions (e. g.,

structure promoting, structure disfavoring, etc.), thereby creating regions of the surface, gel,

or other environment that are metal—ion chelating regions and other regions that have metal

ions free in solution. Applying a gradient of conditions (e. g., temperature gradient) across the

surface, gel, or other environment results in a metal-ion gradient (Sec, e.g., FIG. 4). In some

embodiments, as enzymes and/or reactants are passed over or through the metal—i011 gradient,

reactions are proceed or are halted, depending upon the region conditions (e. g., structure

promoting, structure disfavoring, etc.) of the environment. Such metal ion gradients may find

use, for example, in NextGen sequencing applications, or other applications in which a single

buffer supports multiple reaction steps (e.g., lysis, purification, ligation of adapters or other

components, etc.). Other embodiments in which chelator constructs are immobilized to a

surface are also contemplated.

In some embodiments, chelator constructs are used to create hot—start conditions for

an enzyme. For example, a chelator construct that chelates metal ion X up to temperature Y,

and an enzyme that is dependent upon metal ion X for its activity are provided in a reaction

mix with the other necessary reactants. The enzyme will not catalyze the reaction until the

chelator releases the metal ion X. Therefore, the reaction will only take place when the

temperature of the reaction mix is brought above temperature Y. Such a setup allows for a

user to apply an artificial hot-start (temperature Y) to an enzyme that would otherwise work

at lower temperatures.

In some embodiments, chelator constructs are used to modulate the activity of

proteases or other enzymes. For example, a chelator construct with temperature-modulatable

affinity for zinc ions is used to modulate the activity of Zn-dependent proteases. The chelator

construct chelates Zn ions up to temperature X; therefore, the protease that is dependent upon

Zn for activity will not catalyze proteolysis at temperature X or below. Above temperature
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X, the structural moiety of the chelator construct denatures or unfolds, misorienting the

chelation components and releasing Zn ions into solution. Under such conditions, the

protease has access to ample Zn ions and proteolysis occurs. Such a mechanism of enzyme—

activity modulation is not limited to proteases and/or enzymes dependent upon Zn.

Modulation of other enzyme activities via selective chelation of any suitable metal ions is

contemplated.

In some embodiments, chelator constructs are used to modulate copper catalyzed click

chemistry reactions (Development and Applications ofClick Chemistry Gregory C. Patton

November 8, 2004; herein incorporated by reference in its entirety). The reaction requires a

copper catalyst and therefore only occurs under the low affinity conditions when the copper is

not bound by the chelator. When the efficient chelator is present (i.e. at low temperature),

there is insufficient copper concentration to catalyze the click reaction.

In some embodiments, chelator constructs are used to modulate calcium dependent

signaling. Many cellular processes are responsive to extracellular calcium concentration, and

a reversible chelator can be used to release calcium under one set of conditions and to

sequester the calcium under a second set of conditions. This could be used to provoke or

inhibit a cellular response of interest.

EXPERIMENTAL

Example 1: Chelator compatibility with PCR

To demonstrate compatibility chelators of the present invention with PCR, a 360bp

fragment of the human (1—1 antitrypsin gene is amplified.

The amplifications are assembled on ice or a cold block. The magnesium chelators

are titrated (0.75, 1.5, 3.0 and 4.5 mM) into reactions with the following composition: 1X

GoTaq® Colorless Flexi Buffer (Promega Corporation), 1.5mM MgClg, 200uM each dNTP,

1 uM Forward and Reverse primer, 0.025U/ul GoTaq® DNA Polymerase (Promega

Corporation), 3.3ng human genomic DNA and nuclease—free water to bring it to a 50p.l

reaction. No chelator control, no template control, and no primer control (to ensure that a

DNA portion of the chelator, if present, does not serve as a primer) reactions are also

assembled. The reactions are put into a thermal cycler once the ramping for the initial

denaturing cycle reaches >80°C. The following cycling protocol is used: 1 cycle (95°C for 2

minutes), 35 cycles (95°C for 15 seconds, 65°C for 30 seconds), 1 cycle (72°C for 5 minutes)

and 4° soak. Once cycling is complete, PCR products are separated and visualized on a 2%

agarose gel stained with ethidium bromide and UV-light illumination. A camera is used to
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record the image ofthe gel. Template titrations (33, 3.3, 0.33, 0.033ng DNA/50M reaction)

arc done to access the amount ofinhibition by the chelators by looking at sensitivity.

Expected results:

1. In the no chelator control, a 360bp product is observed.

2. In reactions with a chelator that does not inhibit or is compatible with PCR, a 360bp

product is observed.

3. In reactions with a chelator that is not compatible or inhibits amplification, little or no

amplification product should be observed. Increasing chelator results in decreased

PCR yield.

4. With the no template and no primer controls, no amplification is observed.

Example 2: Chelators provide hot-start for amplification

To demonstrate that the chelators of the present invention can provide hot—start

amplification, a 1.5kb fragment of the Corynephage omega gene from plasmid DNA is

amplified. If there are hot-start conditions, e.g., the magnesium is chelated at lower

temperatures which inhibit DNA polymerase (e.g., Taq polymerase) which then is released at

temperatures needed for amplification; the amplification will produce a single product that is

approximately 1.5kb in size. If there are not hot-start conditions, e.g., the magnesium is not

chelated at lower temperatures, and the DNA polymerase is not inhibited, the amplification

will produce a product that is approximately 400bp, with possibly other secondary products,

and the 1.5 kb fragment may or may not be present. To rigorously test the ability of the

chelator(s) to bind magnesium and thus inhibit DNA polymerase (e. g., Taq DNA

polymerase) activity, the amplification reactions are incubated at 22°C for six hours prior to

performing PCR amplification.

The amplifications are set up at room temperature. The magnesium chelator(s) are

titrated (1.25, 2.5, 5.0 and 7.5mM) into reactions with the following composition: 1X

GoTaq® Colorless Flexi Buffer, 2.5mM MgClz, 200uM each dNTP, 0.4uM each primer,

0.025U/ul GOTaq® DNA Polymerase, 500pg plasmid DNA and nuclease—free water to bring

it to a 25 pl reaction. A “no chelator”, “no template”, “no primer” (to ensure that the DNA

portion, if present in the chelator being tested, does not serve as a primer) and “positive hot-

start” (using GoTaq® DNA polymerase with an antibody mediated hot—start) control

reactions are assembled. The reactions are put in a room temperature thermal cycler, and the

following cycling protocol is used: 1 cycle (22°C for 6 hours, 95°C for 2 minutes), 30 cycles

(93°C for 15 seconds, 54°C for 30 seconds, 72°C for 1 minute), 1 cycle (72°C for 5 minutes),

and 4°C soak. Once cycling is complete, PCR products are separated and visualized on a 1%
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agarose gel with ethidium bromide staining and UV—light illumination. A camera is used to

record the image ofthe gel.

Expected results:
1. In hot—start control (using antibody mediated hot-start DNA polymerase) and with

chelator(_s) exhibiting hot-start-ability, reactions produce a single 1.5kb product.

2. In chelator control and with chelator(s) not exhibiting hot-start ability, reactions

produce a 400bp product. Other secondary products and the 1.5kb product may or

may not be present.

3. In the “no template” and “no primer” controls, no amplification occurs.

Example 3: Thermal Reversibility

A. Evaluation of reversibility from low to high temperature and back to low temperature with

stopped reactions

Activity assay reactions are assembled with and without chelator. Reactions are

incubated at low temperature (e.g., 22°C or 37°C) for a period oftime. Aliquots are

removed, reactions stopped and samples processed. Temperatures of remainder of reactions

are increased to 68—79°C, and incubated for a given amount of time. Aliquots are removed,

reactions stopped and samples processed. The temperature of remainder of the reactions is

lowered to the low temperature (e. g., 22°C or 37°C) and incubated for an amount of time.

Aliquots are removed, reactions stopped and samples processed.

This method finds use with endpoint activity assay methods. Examples of activity assays that

could be used are as follows.

1. A DNA polymerase activity assay monitoring radioactive incorporation where

“activated” calf thymus or salmon sperm DNA is used as the DNA substrate. Along

with DNA substrate, the reactions minimally contain a buffer (e.g., GoTaq® buffer),

magnesium, dNTPs and polymerase. Reactions are stopped with EDTA, DNA

precipitated by ice-cold TCA (tricholoraeetie acid), incubated on ice for at least 10

minutes, filtered using GF/C filters and radioactive incorporation in precipitable

DNA on filter is measured by scintillation counting. (Apospian & Kornberg. (1962)

JBC 237: 519 — 525.; Chien et al. (1976) J. Bact. 127: 1550 — 1557.; herein

incorporated by reference in their entireties).

2. A primer extension DNA polymerase activity assay monitoring radioactive

incorporation where single—stranded DNA (e. g., M13) and primer substrate is used as

the DNA substrate. The primer and template are annealed, and reactions minimally
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contain buffer (e.g., GoTaq® buffer), magnesium, dNTPs and polymerase. Reactions

are stopped with EDTA, DNA precipitated by ice-cold TCA, incubated on ice for at

least 10 minutes, filtered using GF/C filters and radioactive incorporation in

precipitable DNA on filter is measured by scintillation counting. (Longley &

5 Mosbaugh. (1991) Biochemistry 30: 2655 — 2664.; herein incorporated by reference

in its entirety).

3. A 5’ nuclease assay (for an enzyme such as Taq) Where a 5’ fluorescently dye-labeled

bifurcated duplex DNA substrate is used (Lyamichev et al. (1993) Science 260: 778—

783.; Lyamichev (1999) PNAS 96:6143-6148.; Ceska & Sayers (1998) TIBS: 331-

10 336.; herein incorporated by reference in their entireties). The DNA substrate is

annealed and combined with reaction components including buffer (e. g., GOTaq®

buffer). magnesium and nuclease or polymerase with nuclease domain. Reactions

are stopped with EDTA and run on a capillary electrophoresis instrument to

determine amount of cut and uncut DNA substrate.

15 4. A 3’ to 5’ exonuclease (for a proofreading polymerase such as Pfu) assay where 3’-

radiolabeled duplexed DNA is used as a substrate. The DNA substrate is combined

with reaction components including buffer (e. g., GOTaq® buffer), magnesium and

nuclease or polymerase with nuclease domain. Reactions are stopped by EDTA.

DNA precipitated by ice-cold TCA and incubated on ice for at least 10 minutes.

20 Precipitable DNA is pelleted by centrifugation and released non—precipitable DNA

from radioactively labeled 3’ end is measured by scintillation counting (Chase &

Richardson. (1974) JBC 249: 4545 — 4552.; Sambrook et al. (1989) Molecular

Cloning: A Laboratory Manual (2nd Edition). Pages 1051—52.; herein incorporated

by reference in their entireties).

25 Expected results:

1. During the first low temperature incubation, the chelator and cation are bound. For

reactions with chelator. little or no activity/product accumulation is expected. For

reactions without chelator, activity/product accumulation characteristic of low

temperature incubation is expected.

30 2. During the high temperature incubation, the cation and chelator are not bound. For

reactions with and Without chelator, a high amount of activity/product accumulation is

expected. The amount of activity/product accumulation should be similar for

reactions with and Without chelator.
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3. During the second low temperature incubation, the chelator and cation are bound

again. For reactions with chelator, little or no activity/product accumulation is

expected. For reactions without chelator, activity/ product accumulation

characteristic of low temperature incubation is expected.

B: Evaluation of reversibility from low to high temperatures and back to low temperature

with a real—time extension rate assays

This method is similar to A except it uses a real-time extension rate activity assay

method to measure nucleotide incorporation of a DNA polymerase. An example of this

would be a primer extension assay where extension is monitored on a real—time PCR

instrument using noncovalent DNA dyes such as BRYTTM Green or SYBR® Green and

oligonucleotide DNA substrate (Montgomery & Wittwer. (2014) Clinical Chemistry

60(2):334—340).; herein incorporated by reference in its entirety). Activity assay reactions are

assembled with and without chelator. The reactions minimally include buffer (e. g., GoTaq®

buffer), magnesium, dNTPs, DNA substrate and polymerase. The reactions are incubated at

low temperature (e.g., 22°C or 37°C) for a given period of time measuring extension rate.

Temperatures of reactions are then increased to 68-79°C and incubated for a given amount of

time measuring extension rate. Temperature of the reactions are then lowered to the low

temperature (e.g., 22°C or 37°C) and incubated for a given amount of time measuring

extension rate.

Expected results:

1. During the first low temperature incubation, the chelator and cation are bound. For

reactions with chelator, low or no activity/extension rate is expected. For reactions

without chelator, activity/extension rate characteristic of low temperature incubation

is expected.

2. During the high temperature incubation, the cation and chelator are not bound. For

reactions with and without chelator, high activity/extension rate is expected. The

extension rate is similar for reactions with and without chelator.

L») During the second low temperature incubation, the chelator and cation are bound

again. For reactions with chelator, low or no activity/extension rate is expected. For

reactions without chelator, activity/extension rate characteristic of low temperature

incubation is expected.

C: Evaluation of reversibility, ruggedness and stability of chelator in PCR

The 5’ nuclease activity of Taq DNA polymerase at low temperature is used to

monitor chelator and cation binding before and after amplification reactions. The
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amplification monitors the availability of magnesium at higher temperatures. Amplification

reactions are assembled with and without chelators. Reactions include minimally buffer (e.g.,

GoTaq® buffer), magnesium, dNTPs, primers, plasmid template and polymerase. Hot—start

PCR amplification of Corynephage omega gene could be used.

0 For set 1 of the reactions, 5’ fluorescently dye—labeled bifurcated duplex DNA

substrate (see A, assay example 3) is added to reactions. Reaction is incubated at

room temperature or 4°C for a period of time. Reactions are stopped with EDTA and

analyzed by capillary electrophoresis to determine the amount of cut and uncut DNA

substrate.

0 For set 2 of the reactions, reactions are incubated at room temperature or 4°C for

period of time in parallel with set 1. Reactions are then incubated in a thermal cycler

using the following cycling program [1 cycle (22°C for 6 hours, 95°C for 2 minutes),

30 cycles (93°C for 15 seconds, 54°C for 30 seconds, 72°C for 1 minute), 1 cycle

(72°C for 5 minutes), and 4°C soak]. Separate and visualize PCR products on a 1%

agarose gel stained with ethidium bromide and UV—light. A camera is used to record

the gel image.

0 For set 3, reactions are incubated at room temperature or 4°C for period of time then

amplified as done with set 2 (reactions done in parallel). Next, 5’ fluorescently dye-

labeled bifurcated duplex DNA substrate is added and reactions are incubated at room

temperature or 4°C for period of time. Reactions are stopped with EDTA and

analyzed by capillary electrophoresis to determine the amount of cut and uncut DNA

substrate.

Expected results:

1. With chelator (if reversible)

o For the first set of reactions incubated at low temperature, no cutting of 5’ labeled

DNA substrate is expected. The 5’ nuclease activity of Taq DNA polymerase is

inhibited.

0 For the second set of reactions incubated at low temperature then amplified, only a

1.5kb product in hot-start amplification is expected. The 400bp or secondary PCR

products is not observed, since magnesium is not available at low temperature, but

is available at high temperature making amplification possible.

0 For the third set of reactions subjected to low temperature, amplification and then

the second low temperature incubation, no cutting of 5’ labeled DNA substrate is
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expected. The 5’ nuclease activity of Taq DNA polymerase is inhibited again. if

the chelator does not survive PCR intact, then the 5’ labeled DNA substrate will

be cut.

2. With chelator (if not reversible)

5 o For the first set of reactions incubated at low temperature, no cutting of 5’

labeled DNA substrate is expected. The 5’ nuclease activity of Taq DNA

polymerase is inhibited.

o For the second set of reactions incubated at low temperature then amplified,

no amplification is expected.

10 o For the third set of reactions subjected to low temperature, amplification and

then the second low temperature incubation, no cutting ofthe 5’ labeled DNA

substrate is expected.

3. Without chelator

o For the first set of reactions incubated at low temperature, the 5’ labeled DNA

15 substrate is expected to be cut at levels appropriate for that temperature. The 5’

nuclease activity of Taq DNA polymerase is not inhibited.

o For the second set of reactions incubated at low temperature then amplified, the

400bp product, indicating no hot-start amplification since magnesium is available

at low and high temperature, is expected. Other secondary products may be

20 observed.

0 For the third set of reactions subjected low temperature incubation, amplification

and then the second low temperature incubation, the 5’ labeled DNA substrate is

expected to be cut. The 5’ nuclease activity of Taq DNA polymerase is not

inhibited

25 D: Hot—Start model PCR reversibility

The amplification experiment above to demonstrate that the chelator(s) allow hot-start

amplification also demonstrates reversible binding of the chelator and cation. At low

temperature, if the chelator and magnesium are bound, the polymerase cannot generate

spurious products since there is no available magnesium. Only a single 1.5kb PCR product is

30 made. At high temperature, if the magnesium is fi‘ee, then amplification products will be

generated. If the magnesium and chelator were not dissociated, then products would not be

formed since reaction requires magnesium.
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E: Reversibility and easy visualization of temperatures where chelator and magnesium are or

are not bound.

Restriction enzyme digests are assembled with DNA substrate containing a restriction

enzyme cut-site and using enzymes that have activity over a broad temperature range, e. g.,

BstXI and BssHH. BstXI and BssHH have temperature optima at 50°C, but retain 75-100%

of their activity at 37°C and are not or are only slightly heat inactivated at 65°C. These

enzymes also require magnesium. Reactions include the specific restriction endonuclease

buffer, magnesium, DNA substrate and enzyme. Reactions are stopped by the addition of

EDTA.

The restriction enzyme digests are tested and compared with and without chelator at different

temperatures and incubation times. The restriction digest products are separated and

visualized on an agarose gel stained with ethidium bromide and UV—light illumination. A

camera is used to record image of gel. Accumulation or lack of accumulation of cleavage

product is observed.

Expected results:

1. If the chelator binds magnesium at lower temperatures, there is no cutting of the DNA

substrate. Without a chelator, there is Cleavage of the DNA substrate.

2. As the temperature is increased and the chelator and magnesium start to dissociate,

there is cleavage in the reactions containing chelator, and there cleavage continues in

reactions without chelator.

3. When the temperature is high enough, the chelator and magnesium are completely

dissociated, and reactions with and without chelator exhibit similar levels of cleavage.

4. To show reversibility from high to low temperature, the reactions can be switched to a

low temperature. Reactions with chelator will stop accumulating cleaved substrate,

but reactions without chelator will continue to accumulate product.

All publications and patents mentioned in the present application are herein incorporated

by reference in their entireties. Various modification and variation of the described methods

and compositions of the invention will be apparent to those skilled in the art without

departing from the scope and spirit of the invention. Although the invention has been

described in connection with specific preferred embodiments, it should be understood that the

invention as claimed should not be unduly limited to such specific embodiments. Indeed,

various modifications of the described modes for carrying out the invention that are obvious

to those skilled in the relevant fields are intended to be within the scope of the following

claims.
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CLAIMS

1. A reversible chelator construct comprising one or more structural moieties attached to

two or more chelation components, wherein, under high temperature conditions, said one or

more structural moieties adopt a first conformation that positions and/or orients said two or

more chelation components such that said two or more chelation components less efficiently

chelate metal ions, and wherein under low temperature conditions said one or more structural

moieties adopt a second conformation that positions and/or orients said two or more chelation

components such that said two or more chelation components more efficiently chelate metal

ions.

2. The reversible chelator construct of claim 1, wherein said one or more structural

moieties are selected from peptides, nucleic acids, and peptide nucleic acids.

3. The reversible chelator construct of claim 2, wherein said one or more structural

moieties are nucleic acids.

4. The reversible chelator construct ofclaim 3, comprising a single stem—loop forming

nucleic acid strand and two chelation components, wherein formation of the stem—loop brings

the chelation components into appropriate proximity and orientation to efficiently chelate

metal ions, and wherein melting of the stem loop separates the chelation components such

that said chelation components are unable to efficiently chelate metal ions.

5. The reversible chelator construct of claim 4, wherein the chelation components are

attached to 5’ and 3’ termini of the nucleic acid strand.

6. The reversible chelator construct ofclaim 4, wherein the chelation components are

attached to the nucleic acid strand internally.

7. The reversible chelator construct ofclaim 3, comprising first nucleic acid strand

attached to a first chelation component and a second nucleic acid strand attached to a second

chelation component, wherein the first and second nucleic acid strands are complementary,

wherein hybridization of the nucleic acid strands brings the chelation components into

appropriate proximity and orientation to efficiently chelate metal ions, and wherein melting
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of the nucleic acid strands separates the chelation components such that said chelation

components are unable to efficiently chelate metal ions.

8. The reversible chelator construct of claim 7, wherein the first chelation component is

attached to the 5’ end of the first nucleic acid strand and the second chelation component is

attached to the 3’ end of the second nucleic acid strand.

9. The reversible chelator construct of claim 7, wherein the chelation components are

attached to the nucleic acid strands internally.

10. The reversible chelator construct of claim 3, comprising a nucleic acid strand not

attached to a chelation component and one or more nucleic acid strands attached chelation

components, wherein hybridization of the one or more nucleic acid strands attached chelation

components to nucleic acid strand not attached to a chelation component brings the chelation

components into appropriate proximity and orientation to efficiently chelate metal ions, and

wherein melting of the nucleic acid strands separates the chelation components such that said

chelation components are unable to efficiently chelate metal ions.

ll. The reversible chelator construct of claim 1, wherein the two or more chelation

components are iminodiacetic acid moieties.

12. The reversible chelator construct of claim 1, wherein high temperature is a

temperature above a transition temperature between the first and second confirmations.

13. The reversible chelator construct of claim 1, wherein low temperature is a temperature

below a transition temperature between the first and second confirmations.

14. The reversible chelator construct of claim 1, wherein less efficient chelation is a Kd of

10 [AM or more.

15. The reversible chelator construct of claim 14, wherein less efficient chelation is a Kd

of 100 HM or more.
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16. The reversible chelator construct of claim 15, wherein less efficient chelation is a Kd

of] mM or more.

17. The reversible chelator construct of claim 1, wherein less efficient chelation is a Kd of

1 “M or less.

18. The reversible chelator construct of claim 17,, wherein less efficient chelation is a Kd

of 100 nM or less.

19. The reversible chelator construct of claim 18,, wherein less efficient chelation is a Kd

of 10 nM or less.

20. A method of regulating an enzymatic reaction comprising:

(a) providing in a reaction mix:

(i) an enzyme that catalyzes said enzymatic reaction, wherein said enzyme

requires a metal ion cofactor for catalysis;

(ii) a substrate for said enzyme;

(iii) optionally any other reactants for said enzymatic reaction;

(iv) the metal ion cofactor for said enzyme; and

(v) a reversible chelator construct that is incapable of efficiently chelating

said metal ion cofactor under a first set of conditions and efficiently chelates said

metal ion cofactor under a second set of conditions;

(b) exposing said reaction mix to said first set of conditions, wherein said enzyme

inefficiently catalyzes said enzymatic reaction under said first set of conditions because said

metal ion cofactor is chelated by the reversible chelator construct; and

(c) exposing said reaction mix to said second set of conditions, wherein said

enzyme efficiently catalyzes said enzymatic reaction under said second set ofconditions

because said metal ion cofactor is available in solution.

21. The method ofclaim 20, wherein step (b) is performed before step (c).

22. The method of claim 21, wherein further comprising:

((1) repeating step (b).
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23. The method of claim 20, wherein step (c) is performed before step (b).

24. The method of claim 23, wherein ftuther comprising:

(d) repeating step (c).

25. The method of claim 20, wherein said enzyme is DNA polymerase said metal ion

cofactor is magnesium.

26. The method of claim 25, wherein said enzymatic reaction is polymerase chain

reaction.

27. The method of claim 25, wherein said enzymatic reaction is 3 ’ to 5’ cleavage of

nucleic acids.

28. The method of claim 25, wherein said enzymatic reaction is 5’ to 3’ cleavage of

nucleic acids.

29. The method of claim 20, wherein inefficient catalysis is less than 50% enzyme

activity.

30. The method of claim 29, wherein inefficient catalysis is less than 10% enzyme

activity.

31. The method of claim 30, wherein inefficient catalysis is less than 1% enzyme activity.

32. The method ofclaim 20, wherein efficient catalysis is greater than 50% enzyme

activity.

33. The method ofclaim 32, wherein efficient catalysis is greater than 75% enzyme

activity.

34. The method ofclaim 33, wherein efficient catalysis is greater than 90% enzyme

activity.
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35. A composition comprising one or more biopolymers and two or more iminodiacetic

acid moieties, wherein upon folding and/or hybridization of said one or more biopolymers

said two or more iminodiacetic acid moieties are positioned adjacent to one another.

36. The composition of claim 35, wherein said one or more biopolymers are selected from

nucleic acids, peptides, and peptide nucleic acids.

37. The composition of claim 35, wherein said two or more iminodiacetic acid moieties

are attached to the same biopolymer of said one or more biopolymers.

38. The composition of claim 35, wherein said two or more iminodiacetic acid moieties

are attached to the separate biopolymers of said one or more biopolymers.
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Box No. ll Observations where certain claims were found unsearchable (Continuation ol‘item 2 of first sheet)

This international search report has not been established in respect ofcertain claims under Article l7(2)(a) for the following reasons:

   
 
  Claims N05,:

because they relate to subject matter not required to be searched by this Authority, namely:
 

  Claims Nos:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

 
  
 

Claims Nos:

because they are dependent claims and are not draftedin accordance with the second and third sentences of Rule 64(a)
 
  Box No.11] Observations where unity ofinvention is lacking (Continuation ol'item 3 of first sheet)

  This lntemational Searching Authority found multiple inventions in this international application, as follows.-—-—Go to Extra Sheet for continuation-——-

  
As all required additional search fees were timely paid by the applicant, this international search report covers all searchable- claims.  
 As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of

additional fees. 
 As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos:  

 
   No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered b; claims N05,:Claims 1-19, limited to the first named structural moiety. peptides (claim ) (Claims 1, 2, 11-19)

  
   Remark on Protest El Theiadditional search fees were accompanied by the applicant’s protest and, where applicable, the

" payment of a protest fee,

CI The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

  
  

 
No protest accompanied the payment of additional search fees.
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—-———continuation of Box Ill (Lack of Unity of lnventon)———

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1: In order for all inventions to be examined. the appropriate additional examination fees must be paid.

Group H: Claims 1-19. directed to a reversible chelator construct comprising one or more structural moieties attached to two or more
chelation components. The reversible chelator construct will be searched to the extent that the one or more structural moieties
encompasses the first named structural moiety. peptides. It is believed that claims 1-2. 11-19 encompass this first named invention. and
thus these claims will be searched without fee to the extent that they‘encompass peptides. Additional structural moieties will be
searched upon the payment of additional fees. Applicants must specify the claims that encompass any additionally elected structural
moieties. Applicants must further indicate. if applicable. the claims which encompass the first named invention. ifdifterent than what was
indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will
result in only the first claimed invention to be searched. An exemplary election of structural moieties would be nucleic acids (claims 1-
19). '

I Group ll: claims 20-34. drawn to a method of regulating an enzymatic reaction.

Group lll: claims 35-36. drawn to a composition comprising one or more biopolymers and two or more iminodiacetic acid moieties
The inventions listed as Groups l+. II and I" do not relate to a singie general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2. they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Group If includes the special technical feature of a reversible chelator construct wherein said construct adopts different conformations at
varying temperatures. not required by Groups II and ill.

Group II includes the special technical feature of a method of regulating an enzymatic reaction by regulating the availability of metal ion
cofactor in solution, not required by Groups |+ and Ill. '

Group III includes the special technical feature of folding and/or hybridization of one or more biopolymers, not required by Groups |+ andIn.

Another special technical feature of the inventions listed as Group |+ is the specific structural moieties, recited therein. Each of the
inventions of Group I+ requires a unique structural moiety, not required by the other inventions

Common Technical Features

1. The inventions of Groups l+,. ii and ill share the technical feature of a chelator construct.

2. The inventions of Groups l+ and ii share the technical feature of a reversible chelator construct. that is incapable of efficiently
chelating said metal ion cofactor'under a first set of conditions and efficiently chelates said metal ion cofactor under a second set ofcondition.

3. The inventions of Groups |+ and Ill share the technical feature of a composition comprising structural moieties attached to two or
more chelation components and upon changes in the structural moieties. said two or more chelation components are positioned
adjacent to one another.

However, said common technical features do not represent a contribution over the prior art, and are obvious over the publication titled
"Reversible metal-dependent destabilization and stabilization of a stem—chelate—loop probe binding to an unmodified DNA target' by
MORGAN et al. (hereinafter “Morgan") [published 17 October 2012 in Bioconjug Chem Vol 23 No 10 Pages 2020-2024].

Concerning common technical feature #1. Morgan teaches a chelator construct (see pg 13 Table 1; one oligonucleotide (structural
moiety) with two chelation components (eg. TPY = terpyridine); appropriately modified oligos illustrated are compound 4 and compound
6). ‘ .

Concerning common technical feature #2. a reversible chelator construct that is incapable of efficiently chelating said metal ion cofactor
under a first set of conditions and efficiently chelates said metal ion cofactor under a second set of condition, . it would have been
obvious. based on Morgan figure 1 (pg 7 fig 1'. left structure in figure). and knowledge of stability of stem-loop structures as a function of,
temperature. as was well known in the art. that increasing the solution temperature above the Tm of the stem«loop structure would
have melted the stem loop structure and converted it into a random structure. whereby that the two chelation components could no
longer adopt a conformation in which they were close to one another and more efficiently chelate metal ions, as compared to at a
temperature below the Tm of the stem-loop. ‘

—-go to next sheet for continuation------
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——-continued from previous sheet--

Conceming common technical feature #3. structural moieties attached to two or more chelation components and upon changes in the
structural moieties, said two or more chelation components are positioned adjacent to one another. Morgan teaches structural moieties
attached to two or more chelation components (pg 13 Table 1; one oligonucleotide (structural moiety) with two chelation components
(e.g. TPY =terpyn'dine); appropriately modified oligos illustrated are compound 4 and compound 6). Furthermore, it would have been
obvious to an artisan of ordinary skill in the art that adjusting the temperature above or below the Trn of the stem loop structure in
Morgan Fig 1 (pg 7. left structure in figure) would have regulated the conformation of the stern loop structure as melting into a random
structure (above Tm), or allowing formation of a stable stem loop structure (below Trn). it would have been obvious that lowering the
temperature below Tm. would. as a result in upon changes in the structural moieties (to form stem loop. below Tm). that said two or
more chelation components are positioned adjacent to one another (as depicted in pg 7 fig 1 left structure).

Concerning Group l+, claim 1, Morgan teaches a reversible chelator construct comprising one or more stmctural moieties attached to
two or more chelation components (see P9 13 Table 1; one oligonucleotide (structural moiety) with two chelation components (6.9. TPY
=terpyn'dine); appropriately modified oligos illustrated are compound 4 and compound 6). Morgan does not specifically teach under high
temperature conditions, said one or more structural moieties adopt a first conformation that positions and/or orients said two or more
chelation components such that said two or more chelation components less efficiently chelate metal ions, and wherein under low
temperature conditions said one or more structural moieties adopt a second conformation that positions and/or orients said two or more
chelation components such that said two or more chelation components more efficiently chelate metal ions. However. it would have.
been obvious. based on Morgan figure 1 (pg 7 fig 1. left structure in figure), and knowledge 'of stability of stem-loop structures as a
function of temperature. as was well known in the art. that increasing the solution temperature beyond the Tm of the stem—loop structure
would have melted the stem loop structure and converted it into a random structure. whereby that the two chelation components could
no longer adopt a conformation in which they were close to one another and more efficiently chelate metal ions. as compared to at a
temperature below the Tm of the stem-loop.

As the common technical features were known in the art at the time of the invention. they cannot be considered common special
technical features that would otherwise unify the groups. The inventions lack unity with one another.

Therefore. Groups 1+, II and Ill lack unity of invention under PCT Rule 13 because they do not share a same or corresponding special
technical feature . 

Form PCT/lSA/ZIO (extra sheet) (January 2015)
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of magnesium dependent enzymes, including restriction endonucleases, ligases, and reverse transcriptases. The method is based
on sequestration of magnesium ions in the form of a precipitate which renders a magnesium dependent enzyme inactive until the
appropriate time in the reaction when a certain temperature is reached and the magnesium ions are released from the precipitate.

0 Also provided are kits comprising reagents and instructions for amplifying a target nucleic acid, [or DNA digestion and ligation,
and for reverse transcription ofRNA into cDNA. Furthermore, the kits and reagents of the present invention can be utilized in other
reactions requiring magnesium dependent enzymes.
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MAGNESIUM PRECIPITATE HOT START METHOD FOR MOLECULAR

NIANIPULATION OF NUCLEIC ACIDS

CROSS—REFERENCE TO RELATED APPLICATIONS

This application claims the benefit and priority of U.S. provisional application

serial no. 60/309,646, filed August 2, 2001 as well as U.S. non-provisional application

serial no. 10/091,784 filed March 6, 2002 and its parent, U.S. non-provisional application

serial no. 09/920,872, filed August 2, 2001 and issued June 11, 2002 as U.S. Patent No.

6,403,341, all the specifications of which are included herein by reference as if restated

here in full.

Field of the Invention

The present invention is directed to a novel method ofperforming enzymatic

reactions involving magnesium dependent enzymes which are active at temperatures

above 30°C, such as DNA polymerases, ligases, restriction endonucleases, and reverse

transcriptases. Also provided is a novel method ofperforming hot start PCR reactions.

Furthermore, the present invention relates to achieving a greater specificity of these

reactions. Also provided in the present invention are reagents and kits for performing

these enzymatic reactions using a magnesium precipitate.

Background of the Invention

Polymerase Chain Reaction (PCR) is a rapid and simple method for specifically

amplifying a target DNA sequence in an exponential manner; Saiki, et al., Science

239:487-4391 (198 8). Briefly, the method as now commonly practiced utilizes a pair of

primers that have nucleotide sequences complementary to the DNA which flanks the

target sequence. The primers are mixed with a solution containing the target DNA (the

template), a thermostable DNA polymerase and deoxynucleoside triphosphates (dNTPS)

for all four deoxynucleotides (adenosine (A), tyrosine (T), cytosine (C) and guanine(G)).
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The mix is then heated to a temperature sufficient to separate the two complementary

strands ofDNA. The mix is next cooled to a temperature sufficient to allow the primers to

specifically anneal to sequences flanking the gene or sequence of interest. The temperature

of the reaction mixture is then optionally reset to the optimum for the thermostable DNA

polymerase to allow DNA synthesis (extension) to proceed. The temperature regimen is

then repeated to constitute each amplification cycle. Thus, PCR consists of multiple cycles

of DNA melting, annealing and extension. Twenty replication cycles can yield up to a

million—fold amplification of the target DNA sequence. In some applications a single

primer sequence fimctions to prime at both ends of the target, but this only works

efficiently if the primer is not too long in length. In some applications several pairs of

primers are employed in a process commonly known as multiplex PCR.

The ability to amplify a target DNA molecule by PCR has applications in various

areas of technology e.g., environmental and food microbiology (Wernars et al., Appl. Env.

Microbiol., 57:1914—1919 (1991); Hill and Keasler, Int. .1 Food Microbiol, 12:67—75

(1991)), clinical microbiology (Wages et al. .1 Med. Virol, 33:58-63 (1991); Sacramento

et al., Mol. Cell Probes, 5:229-240 (1991)), oncology (Kumar and Barbacid, Oncogene,

3:647-651 (1988); McCormick, Cancer Cells, 1:56-61 (1989)), genetic disease prognosis

(Handyside et al., Nature, 344:768—770 (1990)), and blood banking and forensics

(Jackson, Transfiision, 30:51—57 (1990)).

Although significant progress has been made in PCR technology, the amplification

of non-target oligonucleotides due to side—reactions, such as mispriming on non—target

background DNA, RNA, and/or the primers themselves, still presents a significant

problem. This is especially true in diagnostic applications where PCR is carried out in a

milieu containing complex background DNA and/or RNA while the target DNA may be

311



312

10

15

20

25

W0 03/012066 PCT/U502/24533

present at a very low level down to a single copy (Chou et a1., Nucleic Acid Rest, 20: 1717-

1723 (1992)).

The temperature at which Taq DNA polymerase exhibits highest activity is in the

range of 62° to 72° 0., however, significant activity is also exhibited in the range of 20° to

37° C. As a result, during standard PCR preparation at ambient temperatures, the primers

may prime DNA extension at non-specific sequences because the formation ofonly a few

base pairs at the 3'-end ofa primer can result in a stable priming complex. The result can

be competitive or inhibitory products at the expense ofthe desired product. As an example

of inhibitory product, structures consisting only ofprimer, sometimes called "primer

dimers" are formed by the action of DNA polymerase on primers paired with each other,

regardless of the true target template. The probability ofundesirable primer-primer

interactions increases with the number ofprimer pairs in the reaction, as with multiplex

PCR. Other examples of inhibitory products are "wrong bands" ofvarious length, caused

by mispriming on the template DNA. During PCR cycling, these non-specific extension

products can compete with the desired target DNA and/or lead to misinterpretation of the

assay.

Since these side reactions often occur during stande PCR preparation at ambient

temperature, one method for minimizing these side reactions involves "hot start" PCR.

Many PCR analyses, particularly the most demanding ones, benefit from a hot start, About
50% of all PCR reactions show improved yield and/or specificity if a hot start is

employed, and in some cases a hot start is absolutely critical. These demanding PCR

analyses include those which have very low copy numbers of target (such as 1 HIV

genome per 10,000 cells), denatured DNA (many DNA extraction procedures include a

boiling step, so that the template is single- stranded during reaction setup), or

contaminated DNA e.g., DNA from soil or feces and/or DNA containing large amounts of

_3_
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RNA. However, current methods of achieving a hot start are tedious, expensive, and/or

have other shortcomings.

Hot start PCR may be accomplished by various physical, chemical, or biochemical

methods. In a physical hot start, the DNA polymerase or one or more reaction components

that are essential for DNA polymerase activity is not allowed to contact the sample DNA

until all the components required for the reaction are at a high temperature. The

temperature must be high enough so that not even partial hybridization of the primers can

occur at any locations other than the desired template location, in spite of the entire

genome of the cell being available for non-specific partial hybridization of the primers.

Thus, the temperature must be high enough so that base pairing of the primers cannot

occur at template (or contaminating template) locations with less than perfect or near-

perfect homology. This safe starting temperature is typically in the range of 50° to 75° C.

and typically is about 10° C. hotter than the annealing temperature used in the PCR.

One physical way a hot start can be achieved is by using a wax barrier, such as the

method disclosed in U.S. Pat. Nos. 5,599,660 and 5,411,876. See also Hebert et al., M01.

Cell Probes, 72249-252 (1993); Horton et al., Biotechm‘ques, 16:42-43 (1994). Using such

methods, the PCR reaction is set up in two layers separated by a 1 mm thick layer of

paraffin wax which melts at about 56° C. There are several methods which may be used to

separate the reaction components into two solutions. For instance, all of the DNA is added,

with 1><buffer but no dNTPs and no DNA polymerase enzyme, in a volume of 25 ml. One

drop ofmelted wax is added and the tubes are all heated to 60° C. for one minute to allow

the melted wax to form a sealing layer after which the tubes are cooled so the wax

solidifies. Then a 25 ml mixture containing 1><buffer, all of the dNTPs, and the enzyme is

added to each reaction. Finally, 1 drop of oil is added, to make 4 total layers. As the

thermal cycler protocol heats the tubes to the first melting step (approximately 95° C.), the

-4-
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wax melts and floats to mix with the oil layer, and the two aqueous layers mix by

convection as the temperature cycles.

One common variation involving the use of a wax barrier is that the reaction

components are assembled with no magnesium ions so that the DNA polymerase enzyme

is inactive. The magnesium ion encased in a wax bead is then (or initially) added. A

further modification of the wax barrier used in PCR reactions is disclosed in the US. Pat.

No. 5,599,660. Alternatively, at least one biological or chemical reagent needed for PCR

is mixed with a Wax carrier, resulting in a reagent that is solid at room temperature. Thus,

the addition of other PCR reagents does not activate the DNA polymerase due to the fact

that one or some ofthe reagents are sequestered in the wax. However, upon heating or the

addition of a solvent, the sequestered reagent(s) is/are released from the carrier wax and

allowed to react with other soluble reagents, leading to the initiation of the PCR reaction.

After the amplification is complete, the reactions are cooled to ambient temperature. Thus,

a problem with these wax methods, however, is that the wax hardens after the completion

ofthe amplification which makes sample recovery extremely tedious, since the wax tends

to plug the pipet tips used to remove the sample. This is true even if the samples are

reheated to melt the wax. Another potential problem is cross—contamination if tweezers are

used to add wax beads, since slight contact between the tweezers and the tube caps can

move DNA template between samples before the PCR reactions start. Furthermore, the

addition of a wax or a grease layer can negatively affect a PCR reaction since increasing

the total mass of the PCR reaction tube decreases the speed with which the contents of the

tube approach the targeted temperatures in the thermal cycler.

Another way to implement a hot start PCR is to use DNA polymerase which is

inactivated chemically but reversibly, such as AMPLITAQ GOLD® DNA polymerase.

This enzyme preparation, distributed by PE Applied Biosystems, is distributed to users in
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inactivated form, but is reactivatable by heating. The required reactivation conditions,

however, are extremely harsh to the template DNA: ten minutes at 95° C. and at a nominal

pH of 8.3 or lower results in reactivation of some 30% of the enzyme which is enough to

start the PCR. See Moretti, et al., Biotechniques 25: 716-722 (1998). Because this

treatment depurinates DNA every thousand bases or so, this enzyme can not be used to

amplify DNA more than a few kilobases in length. Accordingly, the use of this enzyme is

most efficient when it is restricted to amplifying target DNA with a length of

approximately 200 base pairs.

An additional way of implementing a hot start is to combine the Taq DNA

polymerase enzyme with a Taq antibody before adding it to the reagent. This method

employs a monoclonal, inactivating antibody raised against Taq DNA polymerase. See

Scalice et al., J. Immun. Methods, 172: 147-163 (1994); Sharkey et al., Bio/Technology,

12:506-509 (1994); Kellogg et al., Biotechniques, 16: 1134—1137 (1994). The antibody

inhibits the polymerase activity at ambient temperature but is inactivated by heat

denaturation. Unfortunately, the antibodies currently available for use in this method are

not very efficient, and a 5 to 10- fold molar excess must be used to effect the advantages

of a hot start PCR. For Klentaq~278, an amino-terminally deleted Thermus aquaticus DNA

polymerase that starts with codon 279 which must be used at higher protein levels for long

PCR (up to ten times more protein than Taq DNA polymerase), the levels of antibody

necessary for a hot start become extremely high and the denatured antibody protein retains

some inhibition for longer PCR targets. The original developer of anti-Taq antibodies

(Kodak, now Johnson & Johnson) uses a triple-monoclonal antibody mixture which is

more effective but is not commercially available and has not been tested in long PCR.

These methods used for hot starts require inclusion of an often expensive

component (e.g., anti-Taq antibody) in the reaction mix and may place some undesirable
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constraints on the performance of the PCR such as a relatively short time period between

when a reagent is prepared and when it must be used, or a lower efficiency of

amplification.

Yet another method used for hot start PCR is to specially design primers with

secondary structures that prevent the primers from annealing until cycling temperatures

denature them. See Ailenberg et al., Biotechniques, 29: 1018—1020, 1022—1024 (2000).

These specially designed primers are usually longer in length and special care must be

taken in primer design. It may be inconvenient, expensive, or otherwise infeasible to

design such primers.

Besides the grease/wax method, a low tech, inexpensive option of a physical hot

start is to add the enzyme, the magnesium and/or the dNTPs to the reactions after they

have heated to a temperature sufficient to ensure specificity of primer annealing. This

"manual" hot start method, besides being tedious and prone to error, commonly results in

contamination and cross-contamination ofPCR samples as the reaction tubes must be

opened in the thermal cycler while they are hot.

Some PCR users believe they are performing a hot start when they set up PCR

reactions in tubes on ice, then add the tubes to a thermal cycler block pre-warmed to 95°

C. Although some benefit arises from this method, the addition of only a few nucleotides

to a primer can take place every second during the fifteen seconds or more that the tubes

warm from 0° to 25° C. This is enough to initiate unwanted competitive PCR for reactions

that require a hot start. Also, if many tubes are involved in an experiment, the tubes placed

in the block first are heated for a longer time period at 95° C. compared to the tubes placed

later in the heating block thus resulting in a lack of reproducibility between samples.

Therefore, the current methods of hot start PCR are associated with multiple

shortcomings. In cases of applying physical methods of the hot start, the possible problems
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include the ease of contamination, plugging up of pipet tips with wax or grease, and

increase in time needed to reach target temperatures. In cases of applying

chemical/biochemical methods of the hot start, the major drawbacks include the damage to

template DNA resulting from harsh conditions needed to activate a chemically inactivated

DNA polymerase, the excessive amounts of anti—Amplitaq antibody needed for

inactivation of a DNA polymerase prior to initiation of a PCR reaction, and significant

costs of obtaining commercially available antibodies. Furthermore, the use of specially

designed primers may place unnecessary constraints on PCR reactions.

Accordingly, a need exists for obtaining novel or modified methods of "hot start"

PCR that would still provide all advantages of this procedure and at the same time

minimize or completely eliminate some of its shortcomings.

In addition to PCR technology, recombinant DNA technology generally has

become widely used in recent years, has contributed to major scientific breakthroughs and

relies heavily on the use of enzymes such as restriction endonucleases, ligases, and reverse

transcriptases.

Restriction endonucleases naturally occur in bacteria, and isolated and purified

forms of such nucleases can be used to “cut” DNA molecules at precise locations. These

enzymes function by first recognizing and binding to a particular double-stranded

sequence (‘l‘recognition sequence”) Within the DNA molecule. Once bound, they cleave the

DNA molecule either within or to one side of the recognition sequence to which they are

bound. The majority of restriction endonucleases recognize sequences that are four to six

nucleotides in length; however, a small number of endonucleases can cleave sequences

that are seven to eight nucleotides in length. The target DNA must be double-stranded for

the restriction enzymes to bind and cleave. Apparent cleavage of single-stranded DNA is
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actually due to the formation of double-stranded regions by intrastrand folding at ambient

to warm temperatures (20" to 30°C).

The temperature at which restriction enzymes are active varies; however, many

enzymes prefer temperatures above the ambient temperature. For example, 98% of

enzymes available from New England BioLabs have optimum activities above 30°C. Some

5% ofthe restriction enzymes are active at temperatures above 55°C. All restriction

endonucleases require magnesium ions for activity.

The second group of enzymes which are important in recombinant DNA

technology are ligases. These enzymes are responsible for joining or ligating DNA

molecules through a reaction involving the 3’-hydroxy and 5’—phosphate termini. In vivo,

one of the functions ofDNA ligases involves fixing DNA damage which the ligase

accomplishes by utilizing a molecule of ATP or NAD+ to activate the 5’ end at the nick in

the DNA prior to forming a new bond. With regard to recombinant DNA molecules, the

process is the same with the exception that the DNA ligase “seals” cohesive ends

produced by restriction endonucleases instead of the nicks in the DNA. In case ofblunt

ends, the ligation process is less efficient since base—pairing does not occur between the

termini. Therefore, ligation reactions with blunt ends require higher concentrations of

DNA and ligase in the reaction mixtures. See U.S. Patent No. 6,143,527.

In addition to ligation ofrecombinant DNA molecules, an important in vitro use of

ligase is in ligase chain reaction (LCR) which is an alternative to PCR in target nucleic

acid amplification. LCR utilizes thermostable ligases, which are active at higher

temperatures than regular ligases. For instance, Taq ligase, iSOIated from Thermus

aquatic-us, functions optimally at temperatures between 45°C and 65°C. In LCR reactions,

repeated cycles of hybridization and ligation ofprimary and secondary probes result in

amplification of the target sequence. See U.S. Patent No. 5,427,930. LCRs have been

-9-
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utilized in DNA diagnostics such as genetic disease detection since they can detect single-

base mismatches in DNA targets, thereby indicating the mutated or disease-causing

alleles. See Barany, Proc. Natl. Acad. Sci. USA, Vol. 88, pp. 189-193, Jan. 1991.

One ofthe problems of achieving specificity in LCR is the ligation of the probe

primers when they are non-specifically annealed to non—target DNA during reaction setup.

This can cause a seed of competing signal that confounds the specific detection and

quantization of the desired specific sequence(s).

Reverse transcriptases (RT) were first recognized as components ofretroviruses

whose genetic material consists of single-stranded RNA. These viruses use RTs to

synthesize a complementary DNA strand (cDNA) using viral RNA as a template, which is

followed by the synthesis of double stranded DNA and subsequent integration into the

host genome. See US. Patent No. 5,998,195. At present, reverse transcriptases are

frequently used in molecular biology because of their ability to synthesize complementary

DNA from almost any RNA template. Thus, reverse transcriptase is commonly used to

make nucleic acids for hybridization probes and to convert single-stranded RNA into a

single-stranded cDNA, which can further be converted into a double-stranded DNA for

subsequent cloning and expression by techniques such as polymerase chain reaction

(PCR).

Reverse transcriptases have been used as a component of transcription-based

amplification systems that can amplify RNA and DNA target sequences up to 1 trillion

fold. See e.g. , PCT Patent Application WO 89/01050 and European Patent Application EP

0329822. Reverse transcriptases are also included in RT-PCR reactions wherein an initial

step involves making a cDNA copy of the RNA target, which is then amplified by PCR.

See US. Patent No. 5,99 8,195. Similarly to PCR reactions, RT-PCR reactions are very

-10-
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sensitive to a variety of factors such as magnesium concentration and pH, and can result in

production of nonspecific bands if RT can non-specifically initiate the synthesis of cDNA.

In addition, a method which would withhold a critical component, such as

magnesium from magnesium dependent restriction endonucleases, ligases, and reverse

transcriptases which are active above 30°C would be desirable to improve the specificity

of such enzymatic reactions. As such, a need exists to provide novel or modified methods

of performing enzymatic reactions involving magnesium dependent enzymes that would

allow for improved precision and specificity of the reactions.

Summafl of the Invention

Among the several aspects of the invention, therefore, may be noted the provision

of novel processes for performing enzymatic reactions which require the use of a

magnesium dependent enzyme such as DNA polymerase, a restriction enzyme, ligase or

reverse transcriptase. These magnesium dependent enzymes are utilized in reactions which

occur at temperatures above 30°C. Briefly, the present invention is directed to processes of

synthesizing nucleic acids using DNA polymerases, cleaving DNA using restriction

endonucleases, ligating DNA using DNA ligases, and transcribing RNA into cDNA using

reverse transcriptases. Accordingly, the present invention provides reagents and kits which

can be used to perform said reactions.

In particular, the processes of the invention comprise sequestering magnesium ions

in a precipitate thereby rendering the magnesium dependent enzyme such as a restriction

endonuclease, a ligase, or a reverse transcriptase inactive until the magnesium ions are

released. In one aspect, the processes of the present invention utilize a reagent which

comprises a precipitate containing magnesium. Alternatively, the reagent comprises a

source ofmagnesium ions with a source ofphosphate ions which can be used to form a

precipitate combining the source ofmagneSium ions and the source ofphosphate ions at a

-11-
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temperature of below 34°C. These reagents are utilized in enzymatic reactions including

cleaving ofDNA, reverse transcribing DNA and ligating DNA molecules, which occur at

temperatures above 30°C in order to improve the specificity of such reactions.

A further aspect of the present invention is to provide kits useful for reactions

involving magnesium dependent enzymes. These enzymes include restriction

endonucleases, ligases and reverse transcriptases. In one embodiment, kits of the present

invention comprise a container containing a source of magnesium ions and a container

containing a source ofphosphate ions which form a precipitate containing magnesium

when combined at temperatures of below 34°C and instructions for performing said

reactions. In another embodiment, the kits comprise a container containing a reagent

comprising a precipitate containing magnesium and instructions for using the precipitate

containing magnesium. Preferably, other reagents necessary for the above-mentioned

reactions are included in the kits of the present invention.

Among the several aspects of the invention, therefore, may be noted the provision

ofnovel processes for performing hot start PCR reactions. Briefly, the present invention is

directed to processes for synthesizing nucleic acid extension products and specifically, to

methods for amplifying a target nucleic acid sequence using PCR. Accordingly, the

present invention provides reagents and kits which can be used to synthesize a nucleic acid

extension product.

As such, it is an aspect of the present invention to increase the specificity ofPCR

product amplification by providing a new method for hot start PCR. In particular, the

processes comprise sequestering magnesium ions in a precipitate thereby rendering the

DNA polymerase inactive until the magnesium ions are released. In one aspect, the

processes of the present invention utilize a reagent which comprises a precipitate

containing magnesium. Alternatively, the precipitate is formed by combining a source of

-12..

321



322

10

15

20

25

W0 03/012066 PCT/U502/24533

magnesium ions and a source ofphosphate ions at a temperature of 4° to 30° C. The

precipitate is combined with the PCR reaction components e.g., a thennostable DNA

polymerase, deoxyribonucleoside triphosphates, a set ofprimers and a target nucleic acid

sequence. The magnesium ions are then released from the precipitate, preferably by

heating the mixture to a temperature sufficient to release the magnesium ions from the

precipitate and into the mixture. The release ofmagnesium ions into the mixture activates

the DNA polymerase thus allowing the extension of each primer to proceed.

A further aspect of the present invention is to provide kits for amplifying a target

nucleic acid. In one embodiment, kits ofthe present invention comprise a container

containing a source ofmagnesium ions and a container containing a source ofphosphate

ions which form a precipitate containing magnesium when combined at a temperature of

4° to 30° C., and instructions for amplifying the target nucleic acid. In another

embodiment, the kits comprise a container containing a reagent comprising a precipitate

containing magnesium and instructions for using the precipitate containing magnesium to

amplify the target nucleic acid sequence. Preferably, other reaction reagents such as a

DNA polymerase or a mixture ofDNA polymerases and deoxyribonucleoside

tn'phosphates are included in the kits of the present invention.

Other aspects and features will be in part apparent and in part pointed out

hereinafier.

Brief Description of the Figures

These and other features, aspects, and advantages of the present invention will

become better understood with regard to the following description, claims and

accompanying drawings where:

FIG. 1 is an image of an agarose gel depicting the amplification products of hot

start PCR reactions performed using different concentrations ofphosphoric acid (3-7 mM)
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added to magnesium chloride in TAT buffer. Lanes 1 and 2 represent the stande

molecular weight ladders. The PCR reactions in lanes 3 and 6 were performed by a

manual hot start method and the PCR reactions in the remaining lanes were prepared at

room temperature and incubated at 30° C. for 30 minutes (warm start). The PCR products

represented in lanes 3-5 were formed without any phosphoric acid in the TAT buffer

Whereas the products in other lanes (6-16) were formed utilizing TAT buffer containing

phosphoric acid ranging in concentration from 3 mM to 7 mM (TAT3-TAT7). In lanes 7-

16, this buffer was initially incubated with magnesium chloride to form the precipitate.

The superscript represents the milimolar concentrations ofphosphoric acid in the PCR

reactions.

FIG. 2 is an image of an agarose gel depicting the amplification products ofhot

start PCR reactions performed using different concentrations ofphosphoric acid (5-19

mM) added to magnesium chloride in TAT buffer. Lanes 1 and 2 represent the standard

molecular weight markers. Lanes 3, 4, 7, and 8 are representations of a manual hot start,

whereas the standard/bench start is portrayed in lanes 5 and 6. The remaining lanes contain

the products from PCR reactions that were performed by using the magnesium precipitate

hot start method. Specifically, lanes 9—19 depict PCR products that were formed as a result

of PCR reactions utiliiing TAT buffers containing different phosphoric acid

concentrations. The superscript represents the milimolar concentrations ofphosphoric acid

in each PCR reaction.

FIG. 3 is an image of an agarose gel of a magnesium precipitate hot start PCR

using TaqLA and KlentaqLA. Lanes 1 and 2 represent the standard molecular weight

markers. Lanes 3 and 4 and lanes 9 and 10 represent the products ofthe manual hot start

method perfom1ed with KlentaqLA and TaqLA, respectively. Lanes 5 and 6 and lanes 11

and 12 show minimal amplification of the products when using regular PCR methods

-14-
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(bench start) using KlentaqLA and TaqLA, respectively. Lanes 7 and 8 and lanes 13 and

14 illustrate the use of KlentaqLA and TaqLA in magnesium precipitate hot start

reactions. The superscript represents the milimolar concentrations ofphosphoric acid in

the PCR reactions.

FIGS. 4A and 4B are images of agarose gels depicting the magnesium precipitate

hot start method utilizing different magnesium comprising compounds including

magnesium chloride (MgCl 2), magnesium sulfate (MgSO 4), magnesium hydroxide

(Mg(OH) 2 ) and magnesium carbonate (MgCO 3 ). In FIG. 4A , lanes 1 and 2 represent

the standard molecular weight markers. The PCR reactions from lanes 3-8 were performed

in the presence ofmagnesium chloride, lanes 9-14 were performed in the presence of

magnesium sulfate, and lanes 15-20 were done in the presence of magnesium hydroxide.

In FIG. 4B , lanes 1 and 2 represent the standard markers and lanes 3—6 were performed in

the presence of magnesium carbonate. A manual hot start is represented by lanes 3, 4, 9,

10, 15 and 16 in FIG. 4 A and lanes 3 and 4 in FIG. 4 B. The regular bench start is shown

in lanes 5, 6, 11, 12, 17 and 18 ofFIG. 4 A and lane 5 in FIG. 4 B. The magnesium

precipitate hot start is depicted in FIG. 4A in lanes 7, 8, 13, 14, 19, and 20, and lane 6 in

FIG. 4 B. The superscript represents the milimolar concentrations of the phosphoric acid

in the PCR reactions.

FIGS. 5A and 5B are images of agarose gels depicting the magnesium precipitate

hot start method utilizing different phosphate containing compounds, including H 3 PO 4 ,

KH2P04,NaH2PO4,andCH606P2.InFIG.5A,1anes1and2arethemolecular

weight markers. The PCR reactions in lanes 3-6 were performed using TAT buffer (no

phosphate), whereas the PCR reactions depicted in lanes 7-10 were performed using TAT

buffer containing 5 mM phosphoric acid. Furthermore, lanes 3, 4, 7, and 8 were performed

as manual hot start reactions, whereas lanes 5, 6, 9 and 10 were performed with the
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magnesium precipitate hot start method. In FIG. 5B , lanes 1 and 2 are the molecular

weight markers and lanes 3—6 depict PCR reactions performed using 5 mM KH 2 PO 4 .

Lanes 7-10 represent the PCR reactions that were performed using 5 mM NaH 2 PO 4 and

the PCR reactions depicted in lanes 11-14 were performed using 5 mM

methylenediphosphonic acid (MDP). In FIG. 5B , lanes 3, 4, 7, 8, 11, and 12 represent

manual hot start reactions, and lanes 5, 6, 9, 10, 13, and 14 represent magnesium

precipitate hot start PCRs.

FIG. 6 is an image of an agarose gel depicting the effect ofmagnesium chloride

concentration on precipitate formation and the efficacy of the magnesium precipitate hot

start PCR. Lane 1 is a standard molecular weight marker, lanes 2-11 were performed as

manual hot start PCRs in the presence of the TAT buffer and increasing concentrations of

magnesium chloride and lanes 12-21 were performed as magnesium precipitate hot start

reactions in the presence of TAT5 buffer and increasing magnesium chloride

concentrations. The superscript represents the final milimolar concentrations of the

magnesium chloride used in the PCR reactions.

FIG. 7 is an image of an agarose gel depicting the effect of incubating TAT5 buffer

with magnesium chloride for various lengths of time. Lanes 1 and 2 represent molecular

weight markers, lanes 3 and 4 depict the manual hot start method and lanes 5 and 6

represent the regular bench start. Lanes 7-16 depict the products of the magnesium

precipitate hot start PCR reactions. TAT5 and magnesium chloride were allowed to

incubate during the magnesium precipitate hot start reactions for 15 minutes (lanes 7 and

8), 10 minutes (lanes 9 and 10), 5 minutes (lanes 11 and 12), 2 minutes (lanes 13 and 14),

and 0 minutes (lanes 15 and 16). The superscripts represent minutes of incubation of

TAT5 and magnesium chloride.
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FIG. 8 is an image of an agarose gel depicting use of the magnesium precipitate

hot start method to amplify HIV—l gag gene. Lanes 1 and 2 depict the molecular markers,

lanes 3 and 4 depict the manual hot start, lanes 5 and 6 depict the bench start method, and

lanes 7 and 8 depict the magnesium precipitate hot start reaction. The bench start method

ofperforming PCR resulted in the amplification of an incorrect band thus showing the

lack of specificity. However, both the manual and magnesium precipitate hot starts yielded

the bands of correct size. The superscript represents the milimolar concentration of

phosphoric acid utilized in the reaction.

FIG. 9 is an image of an agarose gel showing the effect of ammonium sulfate ((NH

4 ) 2 SO 4) in the TAT buffer on the formation ofprecipitate and subsequent PCR product

(HIV-1 gag) amplification. Lanes 1 and 2 represent the standard molecular weight

markers, lanes 3 and 4 represent the manual hot start reactions, and the lanes 5 and 6

represent the bench start. The bench start yielded the wrong band thus indicating the

advantage of applying the hot start methods in PCR reactions. Lanes 7— 10 represent the

magnesium precipitate hot start PCR reactions. The incubation of the phosphoric acid with

magnesium chloride was done so that either ammonium sulfate or both Tris and

ammonium sulfate were excluded from the buffer. The missing reagents were then added

to the reaction tubes with mastermixes prior to running the reactions. Lanes 7 and 8

represent withholding both Tris and ammonium sulfate during the incubation step whereas

in the PCR reactions depicted in lanes 9 and 10, only ammonium sulfate was excluded

during the incubation.

FIG. 10 is an image of an agarose gel depicting the optimal concentration of

ammonium phosphate ((NH 4 ) 2 HPO 4 ) for use in the magnesium precipitate hot start

PCR reactions. All lanes show the amplification of Cryptosporidium parvum heat shock

protein homolog gene (hsp70). Lanes 1 and 2 represent the standard molecular markers.
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Lanes 3 and 4 and lanes 5 and 6 represent the manual hot start and the bench start,

respectively. As shown in lanes 7 and 8, the manual hot start was also performed with

TAT buffer containing ammonium phosphate as the source of phosphate ions. The

remaining lanes (9-18) depict the amplification products in magnesium precipitate hot start

reactions that utilized ammonium phosphate. In these reactions, only the concentration of

phosphate ions was increased while the concentration of ammonium ions was kept

constant. The concentrations ofphosphate that were tested are represented by superscripts

and include: 1 mM (lanes 9 and 10), 3 mM (lanes 11 and 12), 5 mM (lanes 13 and 14), 7

mM (lanes 15 and 16), and 10 mM (lanes 17 and 18).

Detailed Description

All publications, patents, patent applications or other references cited in this

application are herein incorporated by reference in their entirety as if each individual

publication, patent, patent application or reference are specifically and individually

indicated to be incorporated by reference.

Abbreviations and Definitions

The listed abbreviations and terms, as used herein, are defined as follows:

bp is‘the abbreviation for base pairs.

kb is the abbreviation for kilobase (1000 base pairs).

nt is the abbreviation for nucleotides.

Taq is the abbreviation for Thermus aquaticus.

Pfu is the abbreviation for Purococcusfuriosus.

Tth is the abbreviation for Thermus thermophilus.

"Stoffel fragment" refers to a DNA polymerase having substantially the same

amino acid sequence as Thermus aquaticus DNA polymerase but lacks the 5' nuclease

-13-

327



328

10

15

20

25

W0 03/012066 PCT/U502/24533

activity due to a genetic manipulation which results in the deletion of the N—terminal 289

amino acids of the polymerase molecule. See Erlich et al., Science 252:1643, 1991.

"Deep Vent" DNA polymerase is purified from an archael, thermophilic bacterium

by New England Biolabs, Inc.

"Klentaql " is a trademarked commercial name for Klentaq-278 which is a DNA

polymerase having substantially the same amino acid sequence as Thermus aquaticus

DNA polymerase, but excluding the N-terminal 278 amino acids, :|:one residue as claimed

in U.S. Pat. No. 5,616,494, incorporated herein by reference.

"LA PCR" is Long and Accurate PCR using an unbalanced mixture oftwo DNA

polymerases, as claimed in U.S. Pat. No. 5,436,149.

"KlentaqLA" is an unbalanced mixture of two DNA polymerases, wherein the

major component is the thermostable DNA polymerase known as Klentaql or Klentaq278

and lacking 3'—exonuclease activity and the minor component is at least one DNA

polymerase exhibiting 3'—exonuclease activity, as claimed in U.S. Pat. No. 5,436,149.

KlentaqLA is commercially available from Clontech (Cat. No. 8421-1) and from Sigma

(Cat. No. D6290). In the examples shown, the minor component is "Deep Vent" DNA

polymerase.

"TaqLA" is an unbalanced mixture of two DNA polymerases, wherein the major

component is full—length Taq DNA polymerase as the thermostable DNA polymerase

lacking 3'-exonuclease activity and the minor component is at least one DNA polymerase

exhibiting 3'-exonuclease activity, as claimed in US. Pat. No. 5,43 6,149, incorporated

herein by reference. In the examples shown, the minor component is "Deep Vent" DNA

polymerase.
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"Thermostable" is defined herein as having the ability to withstand temperatures up

to at least 95° C. for many minutes without becoming irreversibly denatured and the

ability to polymerize DNA at optimum temperatures of 55° C. to 75° C.

In vitro processes ofproducing replicate copies ofthe same polynucleotide, such as

PCR, are collectively referred to herein as "amplification" or "replication." For example,

single or double stranded DNA may be replicated to form another DNA with the same

sequence. RNA may be replicated, for example, by a RNA directed RNA polymerase, or

by reverse transcribing the RNA using a reverse transcriptase or a DNA polymerase

exhibiting reverse transcriptase activity and then performing a PCR amplification. In the

latter case, the amplified copy ofthe RNA is a DNA (known as "complementary DNA" or

"cDNA") with the correlating or homologous sequence.

The polymerase chain reaction ("PCR") is a reaction in which replicate copies are

made of a target polynucleotide using one or more primers, and a catalyst of

polymerization, such as a DNA polymerase, and particularly a thermally stable

polymerase enzyme. Generally, PCR involves repeatedly performing a "cycle" of three

steps: "melting", in which the temperature is adjusted such that the DNA dissociates to

single strands, "annealing", in which the temperature is adjusted such that oligonucleotide

primers are permitted to match their complementary base sequence using base pair

recognition to form a duplex at one end of the span ofpolynucleotide to be amplified; and

"extension" or "synthesis", which may occur at the same temperature as annealing, or in

which the temperature is adjusted to a slightly higher and more optimum temperature,

such that oligonucleotides that have fomied a duplex are elongated with a DNA

polymerase. This cycle is then repeated until the desired amount of amplified

polynucleotide is obtained. Methods for PCR amplification are taught in US. Pat. Nos. 4,

683,195 and 4,683,202.
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"Specificity" in PCR amplification refers to the generation of a single, "specific,"

PCR product with the size and sequence predicted from the sequences of the primers and

the genomic or transcribed region ofnucleic acid to which the primers were designed to

anneal in a base- complementary manner. "Nonspecific" PCR product has a size or

sequence different from such prediction. A "target nucleic acid" is that genomic or

transcribed region ofnucleic acid, the ends of which are base- complementary (with

proper orientation) to primers included in a complete set of PCR reagents. A primer refers

to a nucleic acid sequence, which is complementary to a known portion of a target nucleic

acid sequence and which is necessary to initiate synthesis by DNA polymerase. "Proper

orientation" is for the two primers to anneal to opposite strands of double-stranded target

nucleic acid with their 3' ends pointing toward one another. Such primers are said to target

the genomic or transcribed sequence to the ends of which they are base—complementary.

An "appropriate temperature", as referred to in the claims in regard to the PCR

amplifications, indicates the temperature at which specific annealing between primers and

a target nucleic acid sequence occurs.

"Manual hot start PCR" is a PCR method that generally produces improved

reliability, improved products from low—copy targets, and/or cleaner PCR products.

Template DNA and primers are mixed together and held at a temperature above the

threshold of non-specific binding ofprimer to template. All of the PCR reaction

components are added to the extension reaction except one critical reagent which is

Withheld. The withheld reagent is usually the thermostable polymerase or the magnesium,

but it can also be, for instance, the triphosphates or the primers. Just prior to the cycling,

the withheld reagent is added to allow the reaction to take place at higher temperature.

Due to lack ofnon-specific hybridization ofprimers to template or to each other, the PCR
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amplification proceeds more efficiently as a result of the reduction or elimination of

competing extensions at non-target locations.

"Standard or bench start" are used interchangeably herein and when used to refer to

PCR amplification, indicate that all the PCR reaction components needed for amplification

are added to the template nucleic acid sequence at 25° C.

"Warm start" is used herein and when used to refer to PCR amplification, indicates

that all the PCR reaction components needed for amplification are added to the template.

nucleic acid sequence at 25° C. followed by an incubation at 30° for 30 minutes.

When referring to a particular DNA polymerase, the term "polymerase activity"

refers to the ability of the DNA polymerase to incorporate dNTPs or ddNTPS in a chain

extension reaction.

“Reverse transcription”, “reverse transcribing” or “RT reaction” refers to the

process by which RNA is converted into cDNA through the action of a nucleic acid

polymerase such as reverse transcriptase. Methods for reverse transcription are well

known in the art and described for example in Fredrick M. Ausubel et al. (1995), "Short

Protocols in Molecular Biology," John Wiley and Sons, and Michael A. Innis et a1. (1990),

"PCR Protocols," Academic Press.

"Thermus aquaticus DNA polymerase" or "Taq DNA polymerase" are used

interchangeably to refer to heat stable DNA polymerases from the bacterium Thermus

aquaticus and include all Taq mutants, natural and synthesized.

“Reverse transcriptase” is defined herein as an RNA—directed DNA polymerase or

as a DNA polymerase exhibiting reverse transcriptase ability.

thh is the abbreviation for recombinant thermostable polymerase obtained from

Thermus thermophilus that possesses reverse transcriptase and Taq-like DNA polymerase

activities.
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“RT-PCR” or “reverse transcriptase polymerase chain reaction” is a reaction in

which replicate DNA copies are made of a target RNA sequence using one or more

primers, and catalysts ofpolymerization, such as reverse transcriptase and DNA

polymerase, and particularly thermostable forms of these enzymes. Generally, a target

RNA sequence is first reverse transcribed into cDNA by the action of reverse

transcriptase. Subsequently, PCR is performed, wherein the cDNA can be amplified many

times depending on the number of PCR cycles. For instance, twenty amplification cycles

can yielded up to a million-fold amplification of the target DNA sequence. Methods for

PCR amplification are taught in US. Pat. Nos. 4,683,195 and 4,683,202. For RT-PCR, see

‘e.g., US. Patent Nos. 5,130,238 and 5,693,517.

“Single restriction enzyme digest” or “restriction enzyme reaction” are used

interchangeably herein to refer to reactions catalyzed by a single restriction enzyme that

cleaves target DNA at specific sites either within or at the ends ofDNA molecule(s).

“Multiple restriction enzyme digest” or “multiple restriction enzyme reaction” are

used interchangeably herein to indicate reactions catalyzed by multiple restriction

enzymes that cleave target DNA molecule at their cognate sites either within or at the ends

of the DNA molecules.

“Ligase reaction” as used herein refers to a reaction catalyzed by a ligase, which

results in ligation or joining of target nucleic acid sequences through formation of

phosphodiester bonds between 5’ and 3’ termini of the target nucleic acids.

“Specificity” in RT—PCR reaction refers to the generation of a single, “specific”,

RT—PCR product with the size and sequence predicted from the sequences of the primers

and the genomic or transcribed region of nucleic acid to which the primers were designed

to anneal in a base-complementary manner. “Specificity” in a single or a multiple

restriction enzyme digest refers to the ability of restriction enzyme(s) to only cleave DNA
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at their cognate recognition sequences in double—stranded form without cleaving any other

similar, non—specific or single-stranded DNA sequences. “Specificity” in a ligase reaction

refers to the ability ofthe ligase to specifically join two or more DNA sequences only

when their 5’ and 3 ’ ends being joined are fully double-stranded and base-paired for at

least few bases or for the length of the oligonucleotide substrate probes.

The present invention further provides processes and kits for performing reactions

requiring magnesium dependent enzymes. Preferably, these enzymes comprise ligases,

restriction endonucleases, and reverse transcriptases. The enzymes utilizes in these

processes are magnesium dependent and the enzymatic reactions in which the enzymes are

utilized occur at temperatures above 30°C. The processes and kits utilize the step of

sequestering magnesium ions, thereby rendering a magnesium dependent enzyme inactive

until the magnesium ions are released from the precipitate into the reaction mixture.

The magnesium precipitate method of the present invention is achieved by forming

a precipitate comprising magnesium ions which sequesters the magnesium ions from other

reaction reagents and preferably, prevents significant magnesium dependent enzyme

activity due to the lack ofmagnesium ions in the reaction mixture. The magnesium ions

utilized in the present invention are available from different sources. Preferably, the

sources ofmagnesium ions include but are not limited to magnesium chloride, magnesium

hydroxide, magnesium carbonate and magnesium sulfate. In a preferred embodiment, the

source of magnesium ions is magnesium chloride.

Many sources ofphosphate ions are available in the art. Preferably, the sources of

phosphate ions include but are not limited to phosphoric acid (H3PO4), potassium

phosphate (K2HPO4), and ammonium phosphate ((NH4)2HPO4). In a preferred

embodiment, the source ofphosphate ions is ammonium phosphate or phosphoric acid and

more preferably, the source ofphosphate ions utilized is phosphoric acid.
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Many buffers used in reactions utilizing restriction enzymes, ligases, or reverse

transcriptases contain magnesium. As such, the processes of the present invention may

utilize buffers which contain the source ofmagnesium ions for the formation of the

magnesium precipitate. In this embodiment, the magnesium precipitate method is achieved

by adding a source ofphosphate ions to a buffer containing magnesium ions to form a

precipitate containing magnesium. Preferably, this buffer containing magnesium ions is at

higher concentration 1'. e. , contains less water, than the concentration of the reaction

mixture at which the enzymatic process occurs.

In a preferred embodiment, the source ofphosphate ions is contained in a solution

which is buffered to a pH above 7. Solutions or buffers used for performing reactions with

magnesium dependent enzymes vary depending on the enzyme used. For ligase reactions,

the buffer often comprises Tris (for pH stabilization), a source ofmagnesium ions, a

reducing agent, preferably dithiothreitol (DTT), and bovine serum albumin (BSA) or a

surfactant for preventing aggregation ofenzyme, a salt, preferably potassium acetate. If

Taq ligase the ligase utilized in the reaction, then the buffer will also contain NAD+ co-

factor. For RT-PCR reactions, the buffer commonly comprises Tris, a source of

magnesium ions, a reducing agent such as DTT, and a salt such as potassium chloride.

Buffers for restriction enzymes vary in specific content but commonly contain Tris, a salt,

usually sodium chloride or potassium acetate, and a reducing agent such as DTT. The

required concentrations of these buffer components will vary depending on the magnesium

dependent enzyme. Such concentrations would be easily determined by one skilled in the

art.

Alternatively, buffers may be utilized in the enzymatic process which are not pre—

formulated with a source of magnesium or a source ofphosphate ions. In this case, either

the source ofmagnesium ions or the source ofphosphate ions can first be mixed with the
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buffer and incubated with either the source ofphosphate ions or the source ofmagnesium

ions, respectively, to form a precipitate containing magnesium. This is another way of

achieving all the benefits ofmagnesium precipitate method for magnesium dependent

enzymes.

‘ The precipitate is formed by combining a source of magnesium ions and a source

ofphosphate ions for at least 3 minutes at a temperature below 34°C, preferably ranging

from 4° to 30°C and preferably, at 4°C. The incubation ofphosphoric acid with

magnesium ions for approximately 3 minutes at a low temperature produces an insoluble

precipitate containing magnesium and phosphate. Preferably, the source ofmagnesium

ions and the source ofphosphate ions are incubated at a temperature of at least 4°C. In

another preferred embodiment, the source ofmagnesium ions and the source ofphosphate

ions are incubated at a temperature of at least 25°C. In yet another preferred embodiment,

the source ofmagnesium ions and the source ofphosphate ions are incubated at a

temperature of 0° to 30°C. The source of magnesium and the source of phosphate are

incubated for at least three minutes to form the precipitate containing magnesium.

Preferably, the source of magnesium and the source ofphosphate are incubated for at least

5 minutes and more preferably, for at least 10 minutes.

In a preferred embodiment, the source ofphosphate ions is incubated with a source

of magnesium ions in a concentration at or above appropriate for a particular enzyme and

for a particular enzymatic reaction, at a temperature of 4° to 30°C for at least 5 minutes,

more preferably 15 minutes, to form a precipitate containing magnesium.

Once the precipitate is formed, the additional reagents appropriate for the

enzymatic reaction being performed are added. In case of single or multiple restriction

enzyme digests, the commonly added reagents include sterile nuclease-free water, a target

DNA sample, and restriction enzyme(s). For ligase reactions, the additional reagents to be
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added are target DNA molecule(s), and a particular ligase, preferably Taq ligase. If Taq

ligase is utilized, then co-factor NAD+ is also added to the reaction mixture. RT reactions

would require addition ofa target RNA sequence, at least one primer,

deoxyribonucleosides, and a reverse transcriptase. Hot start RT-PCR reactions require the

addition of a target RNA sequence, at least one primer, deoxyribonucleosides, and an

enzyme or mixture of enzymes possessing both RT and DNA polymerase activities (such

as thh) .

After the precipitate is combined with other reaction reagents to form a reaction

mixture, the magnesium is released from the precipitate and into the reaction mixture. The

release of the magnesium ions into the reaction mixtures results in making the magnesium

available to the enzyme and consequentially, activating the magnesium dependent enzyme

for the desired enzymatic process. The ability of the precipitate to sequester magnesium

until the appropriate conditions are achieved to release the magnesium results in increased

specificity of the reaction and/or simultaneous start of a number of reactions. Preferably,

the mixture containing the precipitate and reaction reagents is heated to standard

temperatures required for the reaction being performed so that the magnesium is released

from the precipitate at a higher temperature than the temperature at which nonspecific

DNA ligation, digestion or RNA reverse transcription occur, and more preferably, the

magnesium ions are released by heating the reaction mixture to a temperature above 30°C.

In this way, the magnesium precipitate method provides an improved specificity for

reactions involving magnesium dependent enzymes. The temperature at which the

precipitate dissolves is achieved during the standard reaction temperatures, thereby

eliminating any extra steps and need for additional reagents.

Besides a greater precision and specificity, the magnesium precipitate method

possesses other beneficial attributes such as the ease of manipulation, the little extra time
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necessary to perform it, and the inexpensive reagents required. The processes of the

present invention are not only useful in reactions specified above, but can also be applied

in any reaction that requires use of a magnesium dependent enzyme.

A further aspect of the present invention is to provide kits useful for reactions

involving magnesium dependent enzymes. These enzymes include restriction

endonucleases, ligases and reverse transcriptases. In one embodiment, kits of the present

invention comprise a container containing a source of magnesium ions and a container

containing a source ofphosphate ions which form a precipitate containing magnesium

when combined at temperatures of below 34°C and instructions for performing said

reactions. In another embodiment, the kits comprise a container containing a reagent

comprising a precipitate containing magnesium and instructions for using the precipitate

containing magnesium. Preferably, other reagents necessary for the above—mentioned

reactions are included in the kits ofthe present invention.

The procedures disclosed herein which involve the molecular manipulation of

nucleic acids are known to those skilled in the art. See generally Fredrick M. Ausubel et

a1. (1995), "Short Protocols in Molecular Biology," John Wiley and Sons, and Joseph

Sambrook et a1. (1989) , "Molecular Cloning, A Laboratory Manual," second ed., Cold

Spring Harbor Laboratory Press, which are both incorporated by reference.

Accordingly, the present invention provides processes and kits for performing a

"hot start" PCR. The processes and kits utilize the step of sequestering magnesium ions in

a precipitate prior to the extension step of the PCR reaction thereby rendering a DNA

polymerase inactive until the mixture the magnesium ions are released from the

precipitate. As a result, amplification of target DNA molecules is specific with minimal or

no formation ofcompetitive or inhibitory products. Thus, the processes and kits for

amplification of a nucleic acid have improved efficacy which is achieved by preventing a
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significant catalytic reaction of DNA polymerase with other reagents until the extension

cycle of PCR.

The hot start PCR of the present invention is achieved by forming a precipitate

comprising magnesium ions which sequesters the magnesium ions from other PCR

reagents and preferably, prevents significant DNA polymerase activity due to the lack of

magnesium ions in the reaction mixture. As such, the magnesium ions required for DNA

polymerase activity are withheld from the DNA polymerase and other PCR reagents prior

to the transfer of the tubes into the thermal cycler. The precipitate is formed by combining

a source ofmagnesium ions and a source ofphosphate ions for at least 3 minutes at a

temperature ranging from 4° to 30° C. The magnesium ions utilized in the present

invention are available from different sources. Preferably, the sources of magnesium ions

include but are not limited to magnesium chloride, magnesium hydroxide, magnesium

carbonate and magnesium sulfate. In a preferred embodiment, the source of magnesium

ions is magnesium chloride, which is most commonly used in PCR reactions. The

concentration of magnesium needed for the magnesium precipitate hot start is similar to

the concentration that is needed for a manual hot start. Preferably, the concentration of

magnesium chloride in the present invention is about 3.5 mM.

Many sources ofphosphate ions are available in the art. Preferably, the sources of

phosphate ions include but are not limited to phosphoric acid (H 3 PO 4 ), potassium

phosphate (K 2 HPO 4), and ammonium phosphate (CNH 4 ) 2 HPO 4 ). In a preferred

embodiment, the source of phosphate ions is ammonium phosphate or phosphoric acid and

more preferably, the source ofphosphate ions utilized is phosphoric acid. The

concentrations of the phosphoric acid that are suitable for magnesium precipitate hot start

range from about 3 mM to 13 mM and preferably, the concentration of phosphoric acid is
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between 5 mM and 7 mM. Alternatively, if ammonium phosphate is the source of the

phosphate ions, the concentration of ammonium phosphate ranges from 2 mM to 6 mM.

Preferably, the source of phosphate ions is contained in a solution which is

buffered to a pH above 7. In a preferred embodiment, the buffer contains Tris

(Tris(hydroxymethyl)aminomethane) and more preferably, ammonium sulfate to aid in the

production ofthe precipitate during the magnesium precipitate hot start method.

Preferably, the buffer used in the present invention is TAT buffer (50 mM Tris—HCl with

pH 9.2, 16 mM ammonium sulfate, and 0.1% Tween 20) having a final pH of

approximately 9. 1. In a preferred embodiment, the source of the phosphate ions is

premixed with the TAT buffer prior to the formation of the precipitate. Accordingly, when

TAT buffer containing a source of phosphate ions, ammonium sulfate, and Tris is

incubated with a source of magnesium ions, ammonium sulfate and Tris contribute to

formation of the precipitate. Preferably, the TAT buffer used in the processes employs

phosphoric acid as the source of phosphate ions. As shown in the Example 8, ammonium

sulfate and Tris are not essential for the fomlation of the precipitate and execution of the

magnesium precipitate hot start; however, the use of ammonium sulfate and Tris in the

buffer enhances the precipitation reaction and the amplification of the products.

The incubation of phosphoric acid with magnesium ions in the presence of TAT

buffer for approximately 3 minutes at a low temperature, preferably below 34° C.,

produces an insoluble precipitate comprising magnesium and phosphate. In yet another

preferred embodiment, the source of magnesium ions and the source ofphosphate ions are

incubated at a temperature of 0° to 30° C. Preferably, the source of magnesium ions and

the source ofphosphate ions are incubated at a temperature of at least 4° C. In another

preferred embodiment, the source of magnesium ions and the source of phosphate ions are

incubated at a temperature of at least 25° C. The source ofmagnesium and the source of
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phosphate are incubated for at least three minutes to form the precipitate containing

magnesium. Preferably, the source of magnesium and the source ofphosphate are

incubated for at least 5 minutes and more preferably, for at least 10 minutes.

Once the precipitate is formed, the additional PCR reaction components are added.

Such PCR reagents include at least one DNA polymerase, deoxyribonucleoside

triphosphates, at least one primer and at least one target nucleic acid sequence. Preferably,

the DNA polymerases are thermally stable DNA polymerases. Some examples of

thermally stable DNA polymerases include, but are not limited to, Thermus aquaticus

DNA polymerase, N-terminal deletions of Taq DNA polymerase such as Stoffel fragment

DNA polymerase, K1entaq235, and Klentaq—278 ; Thermus thermophilus DNA

polymerase; Bacillus caldotenax DNA polymerase; Thermusflavus DNA polymerase;

Bacillus stearothermophilus DNA polymerase; and archaebacterial DNA polymerases

such as Thermococcus litoralz's DNA polymerase (also referred to as Vent), Pfu, Pfx, Pwo,

and Deep Vent or a mixture of DNA polymerases. In a preferred embodiment, the DNA

polymerases are TaqLA, KlentaqLA, Klentaql , PfiJ, Deep Vent or Tth. More preferably,

the DNA polymerases are TaqLA, Klentaql, and KlentaqLA.

After the precipitate is combined with other PCR reagents, the magnesium ions are

released from the precipitate thereby activating the DNA polymerase. Preferably, the

magnesium ions are released from the precipitate by heating the reaction mixture to a

temperature above 30° C. However, other methods may be used to release the magnesium

ions from the precipitate and into the reaction mixture e.g., chemical reactions, pH

changes. The ability to quickly release magnesium ions from the precipitate results in the

amplification of the specific target nucleic acid sequence with minimal or no formation of

competitive or inhibitory products. As DNA polymerases require magnesium in order to

synthesize nucleic acid extension products, the release of the magnesium ions into the
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mixture results in the extension of the target nucleic acid molecules. Preferably, the

mixture containing the precipitate and PCR reaction reagents is heated to standard cycling

temperatures (50°-95° 0, preferably 68° C.) so that the magnesium is released from the

precipitate at a higher temperature than the temperature at which mispriming occurs. In

this way, the magnesium precipitate hot start method provides a significantly improved

specificity ofPCR target amplification compared to the standard PCR reactions. The

temperature at which the magnesium ions are released is achieved during the first cycle of

the PCR amplification in the thermal cycler thereby eliminating any extra steps and need

for additional reagents.

In addition to the applicability of this invention in standard PCR reactions, the

formation of a precipitate containing magnesium could be utilized in "long and accurate"

PCR. Specifically, "long and accurate" PCR could conveniently be provided the

advantages of a hot start without tedious extra care or steps thus resulting in increased

reliability and efficiency of human STR typing and multiplex PCR. Such long and

accurate PCR is described in Barnes, Proc. Natl. Acad. Sci. USA, 91 :2216- 2220 (1994)

and in U.S. Pat. No. 5,436,149. Furthermore, the magnesium precipitate hot start method

can be applied in the RT-PCR reaction, wherein the desired RNA sequence is first reverse

transcribed into the cDNA, and then amplified by PCR. Besides a greater specificity of

product amplification, the magnesium precipitate hot start method possesses other

beneficial attributes such as the ease of manipulation, the little extra time necessary to

perform it, and the inexpensive reagents required.

Further, the present invention may be utilized in any process which requires

amplification. For instance, the formation of a precipitate containing magnesium may be

utilized in processes of in vivo footprinting which use a DNA polymerase to amplify the

DNA. In general, analysis of the interaction ofproteins with either DNA or RNA by in

-32-

341



342

10

15

20

25

W0 03/012066 PCT/US02/24533

vivo footprinting involves first modifying the nucleic acids by the footprinting reagent in

situ. Footprinting reagents are chosen based on how extensively the reactivity of a nucleic

acid toward the modifying agent is altered upon interaction with the binding protein of

interest. The modifications are then visualized (i.e., the analysis of the reactivity ofeach

nucleotide of the sequence of interest) usually by PCR. See Grange et al., Methods, (1997)

11:151-63. Accordingly, LM-PCR is utilized to visualize modifications in DNA molecules

and RL-PCR is utilized to visualize modifications in RNA molecules. Both LM-PCR and

RL- PCR involve ligating a linker to the unknown 5'-ends resulting from the in Vivo

footprinting analysis and exponentially amplifying the region of interest. In LM—PCR, a

blunt double-stranded end is created using a gene specific primer and a DNA polymerase.

Then a partially double--stranded DNA linker with one blunt end is ligated to the blunt

ends using a DNA ligase. The strand onto which the linker has been ligated will then serve

as a template for PCR amplification. Similarly, in RL—PCR, a single stranded RNA linker

is ligated to the 5' P—ends of all RNA molecules using a RNA ligase. Then a CDNA copy

of the sequence of interest is synthesized using a reverse transcriptase which results in

generating templates for PCR amplification. Lastly, amplified products from LM-PCR and

RL—PCR are then labeled and sequenced for analysis.

A precipitate containing magnesium is also applicable to processes ofprimer

directed mutagenesis using DNA polymerases to amplify the mutated nucleic acid

sequences having substitution mutations within the target DNA sequence. The process of

primer directed mutagenesis comprises contacting a nucleic acid sequence with two

mutated primers, where each mutation is a mismatch when compared to the template

sequence; amplifying using DNA polymerase; and allowing the amplified products to

reanneal. The resulting nucleic acid molecules amplified using these mismatched mutated
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primers have mismatched bases and have a double—stranded region containing a mutant

strand. See Innis et a1., "PCR Protocols", Academic Press, 1990, pp. 177—183.

The use of a precipitate containing magnesium is further applicable to processes of

DNA restriction digest filling using DNA polymerases to amplify the DNA. DNA

polymerases are used in restriction digest filling to extend the 3' ends resulting from

digestion with restriction enzymes for the purpose of producing 5'-sticky ends. The

process comprises separating the digested DNA strands; contacting each 3' end of the

separated nucleic acid molecules with oligodeoxyribonuclotide primers; extending the 3'

ends using DNA polymerase to create blunt ends; and allowing the DNA strands with the

newly synthesized 3' ends to reanneal to its complementary strand.

In a further aspect, the present application provides kits for the use of the

magnesium precipitate hot start in PCR reactions. Accordingly, a reagent containing a pre-

formed precipitate containing a source of phosphate ions and a source of magnesium ions

and other PCR reagents are provided in the form of a test kit, that is, in a packaged

collection or combination as appropriate for the needs of the user. Instructions for utilizing

a precipitate containing magnesium in a process of amplifying a target nucleic acid are

provided in the kits of the present invention. Preferably, the kit provides a pre-formed

precipitate containing magnesium ions and instructions for utilizing the precipitate to

amplify a nucleic acid sequence. In another embodiment, the kit comprises a container

comprising a source ofphosphate ions and a container comprising a source of magnesium

ions, wherein combining two sources at a temperature of below 34° C. results in the

formation of a precipitate, and instructions for using the source of phosphate ions and a

source ofmagnesium ions to amplify a target nucleic acid. The kit can of course include

appropriate packaging, containers, labeling, and buffers for amplifying a target nucleic

acid. In another preferred embodiment, the kit also includes a DNA polymerase and more
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preferably, deoxyribonucleoside triphosphates. In another embodiment, a kit comprises

instructions for using a source ofphosphate ions and a source of magnesium ions in

amplifying a target nucleic acid sequence.

All publications, patents, patent applications or other references cited in this

application are herein incorporated by reference in their entirety as if each individual

publication, patent, patent application or reference are specifically and individually

indicated to be incorporated by reference.

The following examples illustrate the invention.

EXAMPLES

Example 1

The Effect of Phosphoric Acid Concentration on PCR Product Amplification

The human tissue plasminogen activator (t-PA) gene was amplified using different

hot start PCR methods. The standard PCR program for this gene included holding the

reaction for 3 minutes at 68° C., after which 40 cycles were performed with the following

parameters: 93° C. for 50 seconds, 67° C. for 40 seconds, and 68° C. for 5 minutes. The

primers for the amplification ofhuman t—PA gene were:

t—PA forward 7: GGAAGTACAGCTCAGAGTTCTGCAGCACCCCTGC (SEQ.

ID. NO. 1)

t—PA reverse 7.5: TGGGATTATAGACACGAGCCACTGCACCTGGCCC (SEQ.

ID. NO. 2).

The choice ofprimers follows Degen et al., J. Biol. Chem, 261(15):6972-6985

(1986) and Flynn S. (unpublished, 2000). The enzyme that was used was KlentaqLA. The

expected size of the product was 880 bp. In addition to the standard protocol, all the

samples in FIG. 1 were incubated at 30° C. for 30 minutes prior to the first step of the
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PCR reaction (warm start). This step was included as a control for the efficacy of the

magnesium precipitate hot start.

The manual hot start was achieved by adding 5 ul of 35 mM magnesium chloride

after 30 seconds at 68° C. (hot start is denoted in FIGS. 1 and 2 with a letter H), whereas

magnesium chloride was added at room temperature to warm start reactions. The warm

start involving the additional step of incubation at 30° C. for 30 minutes was denoted with

a letter W in FIG. 1. B denotes a standard or bench PCR protocol, wherein all PCR

reagents are mixed and are directly transferred to the cycler. The superscript designation in

FIGS. 1 and 2 denotes the concentration ofphosphoric acid in the reaction, which was

included in the TAT buffer. For the magnesium precipitate hot start, the appropriate TAT

buffer (4.5 111) was incubated with 35 mM magnesium chloride (5 ul)for at least 10

minutes at room temperature to allow precipitate to form, afler which the master mix was

added to the tubes. The mastermix contained the following:

10 mM each dNTP (each 0.5 ul/rxn)

10 ul tPA forward primer (1 ul/rxn)

10 ul tPA reverse primer (1 ul/rxn)

10 ng/ul human DNA (0.05 ul/rxn)

5 M Betaine (13 ul/rxn)

100% DMSO (0.75 ul/rxn), and

KlentaqLA Mix (5 ul/rxn), wherein KlentaqLA Mix consisted of 2.25 111

KlentaqLA, 15 ul TAT, and 132.75 ul dH 2 O,

and sufficient volume of dH 2 0 so that the total volume of the reaction is 50 111.

The reactions were then run in the RoboCycler40 thermocycler at the previously

specified conditions. The amplification products were observed on the agarose gel stained

with ethidium bromide.
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In FIG. 1 , the concentration ofphosphoric acid ranged from 3 mM to 7 mM,

whereas in FIG. 2 it ranged from 5 mM to 19 mM. As can be seen from the Figures, the

magnesium precipitate hot start was as efficient as the manual hot start.) The optimal

concentration range of phosphoric acid in the manual hot start is between 5 mM and 7

mM, however the method still works well at concentrations between 3 mM and 13 mM.

The procedure as specified above was also performed with incubations taking

place at 34° C. and 37° C.; however, the magnesium precipitate PCR reactions did not

work as effectively as manual hot start reactions at these temperatures (data not shown).

Example 2

The Use of Different Polymerases in the Magnesium Phosphate Hot Start Method

The human t-PA gene was amplified using the standard PCR protocol described in

Example 1. In addition, TaqLA Mix that was also used in this Example 2 consisted of 5 ul

TaqLA, 5 ul TAT, and 40 ul dH 2 O. The reactions were run in duplicate, and each of the

hot start (H), bench start (B) or bench start with phosphoric acid (i.e. B 5 or the magnesium

precipitate hot start method) was performed with both KlentaqLA and TaqLA (for either

enzyme, 5 ul of the enzyme mix was used per reaction). The bands in FIG. 3 depict the

products of these reactions. The bench start yielded very light bands, indicating that the

specificity of the reaction was suboptimal whereas both the manual and the magnesium

precipitate hot start reactions resulted in high amplification of the product with both

KlentaqLA and TaqLA. The data suggest that multiple DNA polymerases can be utilized

to perform magnesium precipitate hot start PCR with similar efficiencies

Example 3

The Effect of Varying Phosphate Comprising Compounds on PCR Product

Amplification
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Human t—PA gene was amplified with KlentaqLA using the Standard protocol from

Example 1 either utilizing the manual hot start method (magnesium chloride added at 68°

C. after 30 seconds) or the magnesium precipitate hot start method. For the magnesium

precipitate hot start, TAT buffers containing different phosphate comprising compounds

were formulated. The following compounds were used: phosphoric acid (H 3 PO 4 ) ,

potassium phosphate (KH 2 PO 4), sodium phosphate (NaH 2 PO 4 ), and MDP

(methylenediphosphonic acid, (CH 6 O 6 P 2 ), each at a final concentration of 5 mM in

the reaction. The resulting pHs were:

8.8-TAT+5 mM phosphoric acid

9.1-TAT+5 mM KH 2 PO 4

9.2-TAT+5 mM NaH 2 PO 4

8.7-TAT+5 mM MDP.

As FIG. 5 shows, the reactions performed with TAT buffer generated well

amplified products only with the manual hot start whereas bench start resulted in low

amplification. The reactions containing phosphoric acid and KH 2 PO 4 yielded bands on

the gel, however the phosphoric acid was superior in performance compared to KH 2 PO 4

. The reactions with NaH 2 PO 4 generated hardly any amplifications products, and there

were no products in the reactions with MDP indicating that these two compounds are not

the adequate choices for performing hot start PCR reactions. However, some optimization

of KH 2 PO 4 might render it suitable for use in magnesium precipitate hot start PCR. At

present, the phosphoric acid is the most adequate source of phosphate ions for the

magnesium precipitate hot start.

Example 4

The Effect ofMagnesium Chloride Concentration on Precipitate Formation
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The human t-PA gene was amplified using the standard protocol described in

Example 1. FIG. 6 shows the effect of varying magnesium chloride concentration in

manual and hot start PCRs. The DNA polymerase used in both methods was TaqLA. The

manual hot start reactions were performed with TAT buffer while the magnesium

precipitate hot start PCR reactions were performed with TATS. The concentrations of

magnesium chloride that were tested included 0.5 mM, 1 mM, 2 mM, 4 mM, and 8 mM.

The magnesium chloride concentration of 0.5 mM resulted in no amplification of the

product in either manual or magnesium precipitate hot start and at concentrations of 2 mM

and 4 mM both PCR methods worked well. At the high concentration of magnesium (8

mM) the manual hot start worked better than the magnesium precipitate method. This was

expected, since at high concentrations of magnesium, there was not enough phosphate in

the solution to sequester a significant proportion ofmagnesium ions, thereby allowing

DNA polymerase to extend the primers. However, the concentration curve of magnesium

indicated that the magnesium precipitate hot start is effective over the range ofmagnesium

concentrations commonly used in PCR.

Example 5

The Time of Incubation Influences the Precipitate Formation

Human t—PA gene was amplified using the stande protocol described in Example

1. The manual hot start (H) and the bench start (B) were performed with TAT buffer. The

hot start resulted in a significant amplification of the t-PA gene, whereas the bench start

yielded a minimal band. For the magnesium precipitate hot start reactions, TATS buffer

was incubated with magnesium chloride for different lengths of time prior to the addition

of the mastermix. All the reactions mentioned in this example and depicted in FIG. 7 were

performed with KlentaqLA. The reactions were done in duplicate, and the incubation

times were 15 minutes, 10 minutes, 5 minutes, 2 minutes, and 0 minutes. It can be seen
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from the figure that no incubation time or 2 minutes are not long enough for the precipitate

to form and simulate a hot start. At 5 minutes, there is a slight amplification of the

product, however the best amplification is observed afier 15 minutes of incubation. This

data suggests that in order for the magnesium precipitate hot start to function properly a

source ofphosphate and a source of magnesium need to be incubated for at least 5

minutes, with the amplification significantly improving after 10- 15 minutes of incubation.

Example 6

The Universality ofthe Magnesium Precipitate Hot Start Method

Examples 1-5 have shown that the magnesium precipitate hot start method works

efficiently with the human t-PA gene. In order to show that this method is not limited to

certain genes, the same method was utilized to amplify a viral gene. The gene utilized was

HIV-1 gag. The primers for the amplification of HIV-1 gag were:

SK 38: ATAATCCACCTATCCCAGTAGGAGAAAT (SEQ. ID. NO. 3)

SK39: TTTGGTCCTTGTCTTATGTCCAGAATGC (SEQ. ID. NO. 4).

These primers and the HIV-1 DNA were supplied by Applied Biosystem's

GeneAmplimer HIV—1 Control Reagents. The use of the primers is disclosed in Qu et al.,

Science 23 9: 295—297 (1998).

The PCR program for amplification of this gene included holding the reaction at

68° C. for 3 minutes followed by 42 cycles with the following conditions: 95° C. for 40

seconds, 52° C. for 40 seconds, and 68° C. for 1 minute. The mastermix contained:

10 mM each DNTP (each 0.5 ul/rxn)

25 um SK 38 primer (0.5 ul/rxn)

25 uM SK 39 primer (0.5 ul/rxn)

25 copies/ul HIV—1 DNA+100 ng/ul denatured human DNA (1 ul/rxn)
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Klentaql Mix (5 ul/rxn), wherein said mix consisted of 2 ul Klentaql, 20 ul TAT,

and 178 111 dH 2 O,

and sufficient dH 2 O for the total reaction volume of 50 ul.

For the magnesium precipitate hot start, 5 ul of 35 mM magnesium chloride was

added to a reaction tube containing 4.5 ul TATS and incubated for at least 10 minutes at

room temperature to allow the precipitate to form. The mastermix was then prepared and

added to the tubes for both manual and magnesium precipitate hot starts (magnesium was

excluded for the manual hot start, and then added to the appropriate tubes in the cycler

after 30 seconds at 68° C.).

The results of the FIG. 8 show that the bench start was very non- specific, generating an

incorrect band whereas the magnesium precipitate hot start, similar to the manual hot start

was very specific and resulted in a significant amplification of the gag gene.

Example 7

Various Magnesium Containing Compounds can Result in Precipitate Formation

Different magnesium containing compounds were tested for the ability to form a

precipitate with phosphoric acid and to facilitate the magnesium precipitate hot start

method. The compounds tested were magnesium chloride, magnesium sulfate, magnesium

hydroxide, and magnesium carbonate. As shown in Examples 1—6, magnesium chloride

was previously tested and shown to work in the magnesium hot start methods. Thus,

magnesium chloride was utilized in this Example 7 as a positive control. The PCR

program and the protocols for performing bench start, manual start and magnesium

precipitate hot starts are described in the previous examples. As seen in FIGS. 4 a and 4 b,

the bench start reactions performed with all four magnesium containing compounds

yielded the bands of incorrect size. The manual hot start reactions worked well with

magnesium chloride, magnesium hydroxide, and magnesium carbonate, whereas the
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manual hot start performed with magnesium sulfate generated very little product. The

magnesium precipitate hot start method worked efficiently with all four magnesium

containing compounds (magnesium chloride, magnesium sulfate, magnesium hydroxide,

and magnesium carbonate). This could prove to be useful in PCR reactions wherein the

DNA polymerases require magnesitun in a form other than the most commonly used

magnesium chloride.

Example 8

The Effect ofAmmonium on Precipitate Formation

The gene that was amplified in this Example 8 was HIV—l gag and its

amplification was performed according to the protocol specified in Example 6. The

changes from that protocol include the use of 50 copies ofHIV genome instead of 25

copies and the cycling in the RoboCycler was performed 44 times rather than 42 times.

The reactions that were prepared and run in the cycler were the manual hot start, the bench

start, and reactions that omitted either ammonium sulfate or both Tris and ammonium

sulfate during the incubation step. In the reaction where both ammonium sulfate and Tris

were Withheld, the mixture of 100 111 35 mM magnesium chloride and 100 111 of 50 mM

phosphoric acid was incubated for 24 hours at room temperature and then for additional 12

hours at 4° C. For the reaction where only ammonium sulfate was withheld, 50 ul of l M

Tris Base was added to the mixture of the same composition as above and incubated at the

same conditions. Prior to the transfer into the thermal cycler, 10 ul of the first mixture and

12.5 111 of the second mixture were added to the tubes. The appropriate missing reagents

were then added to both tubes and the reactions were subjected to the amplification in the

cycler. It can be seen from the FIG. 9 that the manual hot start generated a well amplified

correct product whereas the bench start generated the product of the incorrect size. The

two reactions that excluded either ammonium sulfate or both Tris and ammonium sulfate
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