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(54) WATERPROOF SHEET

(57)Abstract:

PROBLEM TO BE SOLVED: To make urine and sweat
absorbed and to prevent bedding, clothes and surrounding
from being stained by using a water—permeable and water—
diffusive texture for a surface fabric, using a water—
impermeable and sir— permeable texture by water-repellent
finishing for a back fabric, and arranging an intermediate
fabric having a water absorbing property and preventing the i &
backflow of moisture between both fabrics. 3 '
SOLUTION: A knit fabric or a woven fabric made of a
water—permeable and water—diffusive texture, preferably
polyester or other synthetic fibers, and having a proper
expansion/shrinkage property is used for a surface fabric 1
to be kept in direct contact with the skin. A knit fabric or a
woven fabric made of a water-impermeable and air—
permeable texture by water—repellent finishing, preferably
polyester or other synthetic fibers, is used for a back fabric
2 to be kept in contact with the mattress of bedding. A
nonwoven fabric or a knit fabric having a water absorbing
property and having the required thickness to prevent the
backflow of absorbed moisture is used for an intermediate fabric 3, and preferably a nonwoven
fabric of synthetic fibers such as polyester and a warp—knit fabric such as raschel or tricot are
used singularly or in lamination.
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International application Neo.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2009/058716

Box No. V Reasoned statement under Rule 43bis. 1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N} Claims  1-17 YES
Claims  NONE NO

Inventive step (IS) Claims NONE YIS
Claims 1-17 NO

Industrial applieability (IA)  Claims  1-17 YES
Claims ~ NONE NO

2. Citations and explanations :

Felerence is made to the following document :
D1: JP 11-309182 A (MORIUCHI KYU KK) 09 November 1999
1. Novelty and Inventive Step

1-1. Regarding claims 1-4

Most of the features of claim 1 are disclosed in D1 except for making the {inished fabric at least 90
inches wide. However, it is considered to be a minor difference over the disclosure of D1, that are
merely matters of design option when the general knowledge in relevant field of the art is used.
Hence, no inventive step under PCT Article 33(3) is present in the subject matter of claim 1.

The additional feature of claim 2 is already disclosed in Dl{see claim 3). The features added by
claims 3 & 4 are considered to be a minor difference over the disclosure of Dl{see paragraphs [0010]-
[0013]), which fall under the general knowledgze of a person skilled in the art. Hence, no inventive
step under PCT Article 33(3) is present in the subject matter of claims 2-4.

1-2. Regarding claims 5—8

Most of the features of claim © are discleosed in D1 except for making the {inished fabric at least 90
inches wide, circular knitting the fabric and stitching the fabric portions together. However, making
the finished fabric at least Y90 inches wide is considered to be a minor difference over the
disclosure of D1, that is merely matters of design option when the general knowledge in relevant
field of the art is used. Circular knitting and stitching are considered to be a minor difference
over the disclosure of Dli{see paragraphs [0010]-10013]), which fall under the general knowledge of a
person skilled in the art. Hence, no inventive step under PCT Article 33(3) is present in the subject

matter of claim 5.

The additional feature of claim 6 is already disclosed in Dl(see paragraph [0001]). The features
added by claims 7 & 8§ are a simple addition of conventional technigue in this field as occasion
demands. Hence, no inventive step under PCT Article 33(3) is present in the subject matter of claims
G-8.

1-3. Regarding claims 9-12

Most of the features of claim 8 are disclosed in D1 except for making the bed sheet at least 90
inches wide, circular knitting the fabric, stitching the fabric portions together and heat setting
finishing. Howewver, making the bed sheet at least 90 inches wide is considered to be a minor
dilference over the disclosure of D1, that is merely matters of design option when the general
knowledge in relevant field of the art is used. Circular knitting and stitching are considered to be
a minor difference over the disclosure of Dl{see paragraphs [0010]-[0013]1), which fall under the
general knowledge of a person skilled in the art. Heat setting finishing without limitation of kinds
of the material of the fiber is a simple addition of conventional technique as occasion demands.
Hence, no inventive step under PCT Article 33(3) is present in the subject matter of claim 9.

Continued on Supplemental DBox

Form PCT/ISA/237 (Box No. V) (July 2009
000208




International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2009/058716

Supplemental Box

In casc the space in any of the preceding boxes is not sufficient.
Continuation of :

Box V

The feature added by claim 10 is a simple addition of conventional technique in this [ield as occasion
demands. The additional features of claims 11 & 12 are already disclosed in D1(see paragraph [0010]=

[0013]). Hence, no inventive step under PCT Article 33(3) is present in the subject matter of claims
10-12.

1-4. Regarding claims 13-17

Most of the features of claim 13 are disclosed in D1 except for the finished fabric at least 90 inches
wide and the circular knitted fabric. However, the finished fabric at least 90 inches wide is
considered to be a minor difference over the disclosure of D1, that is merely matters of design option
when the general knowledge in relevant field of the art is used. Circular knitted fabric is considered
to be a minor difference over the disclosure of D1(see paragraphs [0010]-[0013]), which fall under the
general knowledge of a person skilled in the art. Hence, no inventive step under PCT Article 33(3) is
present in the subject matter of claim 13.

The leature added by claim 15 is a simple addition of conventional technique in this [ield as occasion
demands. The additional features of claims 14, 16 & 1Y are already disclosed in Dl(see paragraph
[00101-[0013]1). Hence, no inventive step under PCT Article 33(3) is present in the subject matter of
claims 14-17.

2. Industrial Applicability

The subject matter of claims 1-17 is industrially applicable meeting the requirements of Article 33(4)
PCT.

Form PCT/ISA/237 (Supplemental Box) (July 2009)
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2009/058716

Box No. V Reasoned statement under Rule 43bis.1(a)(i} with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims  1-17 YES
Claims  NONE NO

Inventive step (IS} Claims NONE YES
Claims 117 NO

Industrial applicability (IA)  Claims 1-17 YES
Claims NONE NO

2. Citations and explanations :

Feference is made to the following document :
D1: JP 11-309183 A (MORIUCHI KYU KK) 09 November 1999
1. Novelty and Inventive Step

1-1. Eegarding claims 1-4

Most of the features of claim 1 are disclosed in D1 except for making the finished fabric at least 90
inches wide. However, it 1s considered to be a minor difference over the disclosure of D1, that are
merely matters of design option when the general knowledge in relevant field of the art is used.
Hence, no inventive step under PCT Article 33(3) is present in the subject matter of claim 1.

The additional feature of claim 2 is already disclosed in Dl(see claim 3). The features added bv
claims 3 & 4 are considered to be a minor difference over the disclosure of D1{see paragraphs [0010]-
[0013]1), which fall under the general knowledge of a person skilled in the art. Hence, no inventive
step under PCT Article 33(3) is present in the subject matter of claims 2-4.

1-2. Regarding claims 5-8

Most of the features of claim & are disclosed in D1 except for making the [inished fabric at least B0
inches wide, circular knitting the fabric and stitching the fabric portions together. However, making
the finished fabric at least Y90 inches wide is considered to be a minor difference over the
disclosure of D1, that is merely matters of design option when the general knowledge in relevant
field of the art is used. Circular knitting and stitching are considered to be a minor difference
over the disclosure of Dli{see paragraphs [0010]-10013]), which fall under the general knowledge ol a
person skilled in the art. Hence, no inventive step under PCT Article 33(3) is present in the subject
matter of claim 5.

The additional feature of claim 6 is already disclosed in Dl(see paragraph [0001]). The features
added by claims 7 & 8§ are a simple addition of conventional technique in this f[ield as occasion
demands. Hence, no inventive step under PCT Article 33(3) is present in the subject matter of claims
6-8.

1-3. Regarding claims 9-12

Most of the features of claim 8 are disclosed in D1 except for making the bed sheet at least 890
inches wide, circular knitting the fabric, stitching the fabric portions together and heat setting
finishing. Howewver, making the bed sheet at least 90 inches wide is considered to be a minor
dilference over the disclosure of D1, that is merely matters of design option when the general
knowledge in relevant field of the art is used. Circular knitting and stitching are considered to be
a minor difference over the disclosure of Dl{see paragraphs [0010]-[0013]). which fall under the
general knowledge of a person skilled in the art. Heat setting finishing without limitation of kinds
of the material of the fiber is a simple addition of conventional technique as occasion demands.
Hence, no inventive step under PCT Article 33(3) is present in the subject matter of claim 9.

Continued on Supplemental DBox

Form PCT/ISA/237 (Box No. V) (July 2009
000215




International application No,
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2009/058716

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of :

Box WV

The feature added by claim 10 is a simple addition of conventional technique in this field as occasion
demands. The additional features of claims 11 & 12 are already disclosed in Dl(see paragraph [0010]-
[0013]). Hence, no inventive step under PCT Article 33(3) is present in the subject matter of claims
10-12.

1-4. Regarding claims 13-17

Most of the features of claim 13 are disclosed in D1 except for the finished fabric at least 90 inches
wide and the circular knitted fabric. However, the finished fabric at least 390 inches wide is
considered to be a minor difference over the disclosure of D1, that is merely matters of design option
when the general knowledge in relevant field of the art is used. Circular knitted fabric is considered
to be a minor diflference over the disclosure of D1(see paragraphs [0010]-[0013]), which fall under the
general knowledge of a person skilled in the art. Hence, no inventive step under PCT Article 33(3) is
present in the subject matter of claim 13.

The feature added by claim 15 is a simple addition of conventional technique in this field as occasion
demands. The additional features of claims 14, 16 & 17 are already disclosed in Dl{see paragraph
[0010]-[0013]1). Hence, no inventive step under PCT Article 33(3) is present in the subject matter of
claims 14-17.

2. Industrial Applicability

The subject matter of claims 1-17 is industrially applicable meeting the requirements of Article 33(4)
PCT.

Form PCT/ISA/237 (Supplemental Box) (July 2009)
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Application/Control Number: 13/271,884 Page 2
Art Unit: 3673

DETAILED ACTION
Election/Restrictions
1. Claims 14-24 are withdrawn from further consideration pursuant to 37 CFR
1.142(b) as being drawn to a nonelected invention, there being no allowable generic or
linking claim. Election was made without traverse in the reply filed on 11/30/2011
Double Patenting
2. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory
obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and /n re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).
A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory

double patenting ground provided the conflicting application or patent either is shown to
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be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

3. Claims 25-43 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 1-4 and 28 of
copending Application No. 12/569,659 and claims 15-25, 28-37 and 41. Although the
conflicting claims are not identical, they are not patentably distinct from each other
because they are drawn to the same subject matter but written separately as method
and apparatus claims.

This is a provisional obviousness-type double patenting rejection because the
conflicting claims have not in fact been patented.

Claim Rejections - 35 USC § 103
4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

5. Claims 25-29 and 31-41 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Murphy et al. (U.S. Patent No. 6,823,548).
4, Regarding claim 25, Murphy et al. teach in Figures 1-3 a finished fabric

comprising: a first circular knitted fabric portion (22); and a second circular knitted fabric
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portion (24), at least one of the circular knitted fabric portions comprising a circular
knitted performance fabric portion (Table 1, Ex. No. 1.3); wherein the first and second
fabric portions are discrete; and wherein the first and second fabric portions are joined
(col. 6, lines 41-48) to form the finished fabric.

Murphy et al. do not teach wherein the finished fabric is at least 90 inches wide.
Murphy et al. teach column 3, lines 42 to 45 wherein the finished fabric is for a mattress.
The examiner takes official notice that it is commonly known in the art for a standard
size mattress cover to be at least 90 inches wide. Therefore, it would have been
obvious to a person having ordinary skill in the art at the time the invention was made to
make the finished fabric of Murphy et al. at least 90 inches wide to cover a standard
mattress.

5. Regarding claim 26, Murphy et al. teach the finished fabric of claim 25. Murphy et
al. do not teach piping. The examiner takes official notice that it is commonly known in
the art to provide piping to a fabric. Therefore, it would have been obvious to a person
having ordinary skill in the art at the time the invention was made to provide piping to
the bed fabric of Murphy et al. to provide a finished edge.

6. Regarding claim 27, Murphy et al. teach in column 5, lines 20 to 29 the finished
fabric of claim 25, wherein the first and second fabrics have different fabric
characteristics.

7. Regarding claim 28, Murphy et al. teach in column 5, lines 46 to 67 the finished
fabric of claim 27, wherein at least one of the fabric characteristics comprises moisture

management.
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8. Regarding claim 29, Murphy et al. teach in column 5, lines 46 to 67 the finished
fabric of claim 27, wherein at least one of the fabric characteristics comprises UV
protection.

9. Regarding claim 31, Murphy et al. teach in column 5, lines 46 to 67 the finished
fabric of claim 27, wherein at least one of the fabric characteristics comprises thermo-
regulation.

10.  Regarding claim 32, Murphy et al. teach in column 5, lines 46 to 67 the finished
fabric of claim 27, wherein at least one of the fabric characteristics comprises wind
resistance.

11.  Regarding claim 33, Murphy et al. teach in column 5, lines 46 to 67 the finished
fabric of claim 27, wherein at least one of the fabric characteristics comprises water
resistance.

12.  Regarding claim 34, Murphy et al. teach in column 5, lines 46 to 67 the finished
fabric of claim 25, wherein the performance fabric portion comprises a man-made fiber
that has higher breathability than a cotton fabric.

13. Regarding claim 35, Murphy et al. teach in column 5, lines 46 to 67 the finished
fabric of claim 25, wherein the performance fabric portion comprises a man-made fiber
that has higher heat transfer than a cotton fabric.

14.  Regarding claim 36, Murphy et al. teach in column 5, lines 46 to 67 the finished
fabric of claim 25, wherein the performance fabric portion comprises a man-made fiber

that has higher moisture wicking characteristics than a cotton fabric.
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15.  Regarding claim 37, Murphy et al. teach the finished fabric of claim 25. Murphy
does not teach wherein the finished fabric has a gauge of at least 17 gauges. The
examiner takes official notice that it is commonly known in the art to use high gauge
fabrics for bed coverings. It would have been obvious to one having ordinary skill in the
art at the time the invention was made to use a gauge of at least 17, since it has been
held that where the general conditions of a claim are disclosed in the prior art,
discovering the optimum or workable ranges involves only routine skill in the art. /n re
Aller, 105 USPQ 233.

16.  Regarding claim 38, Murphy et al. teach in column 3, lines 43 to 61 the finished
fabric of claim 25, comprising a bed sheet.

17.  Regarding claim 39, Murphy et al. teach in column 3, lines 43 to 61 the finished
fabric of claim 25, comprising a bed covered by the bed sheet.

18.  Regarding claim 40, Murphy et al. teach in column 3, lines 43 to 61, column 5,
lines 46 to 64 and Table 1, Ex. No. 1.3 the finished fabric of claim 25, wherein the bed
sheet is sufficiently stretchable to fit a standard rectangular bed and a smaller, non-
rectangular marine bed.

19.  Regarding claim 41, Murphy et al. teach in column 3, lines 43 to 61, column 5,
lines 46 to 64 and Table 1, Ex. No. 1.3 the finished fabric of claim 25, wherein the bed
sheet is sufficiently stretchable to fit either a crib or a standard adult bed.

20. Claim 30 is rejected under 35 U.S.C. 103(a) as being unpatentable over Murphy

et al. in view of Porter et al. (U.S. Patent No. 4,690,859).
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21.  Regarding claim 30, Murphy et al. teach the finished fabric of claim 27. Murphy et
al. do not teach wherein at least one of the fabric characteristics comprises anti-
microbial properties. Porter et al. teach in column 4, lines 4 to 14 a finished fabric
comprising anti-microbial properties. In view of Porter et al., it would have been obvious
to a person having ordinary skill in the art at the time the invention was made to
combine the anti-microbial properties of Porter et al. with the finished fabric of Murphy et
al. to prevent the growth of microorganisms.
22. Claim 42 is rejected under 35 U.S.C. 103(a) as being unpatentable over Murphy
et al. in view of Link et al. (U.S. Pub. No. 2007/0283493).
23.  Regarding claim 42, Murphy et al. teach the finished fabric of claim 25. Murphy et
al. do not teach a knit fabric that includes polyurethanepolyurea copolymer fiber. Link et
al. teach in paragraph 28 a knit fabric that includes polyurethanepolyurea copolymer
fiber. It would have been obvious to one having ordinary skill in the art at the time the
invention was made to use polyurethanepolyurea copolymer fiber, since it has been
held to be within the general skill of a worker in the art to select a known material on the
basis of its suitability for the intended use as a matter of obvious design choice. In re
Leshin, 125 USPQ 416. See also Ballas Liquidating Co. v. Allied industries of Kansas,
Inc. (DC Kans) 205 USPQ 331.

Allowable Subject Matter
24. Claim 43 is objected to as being dependent upon a rejected base claim, but
would be allowable if rewritten in independent form including all of the limitations of the

base claim and any intervening claims.
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25.  The following is a statement of reasons for the indication of allowable subject
matter: Murphy et al. and Link et al., taken either alone or in combination, do not teach
“polyurethanepolyurea copolymer fiber is included in the knit fabric in a proportion that,
if circularly knit at a high gauge, the knit fabric could be knit at no more than a 72.5 inch
circumference without losing integrity of the polyurethanepolyurea copolymer fiber.”
Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to NICHOLAS POLITO whose telephone number is
(671)270-5923. The examiner can normally be reached on Monday-Friday 8:30-5:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Pete Cuomo can be reached on (571) 272-6856. 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.
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/Nicholas Polito/ /ROBERT G. SANTOS/
Examiner, Art Unit 3673 Primary Examiner, Art Unit 3673
12/21/2011
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Bedding material including a first fabric section manufac-

tured from performance fabric and having a first and second side; and, a
second fabric section attached to the first side of the first fabric section,

third fabric section can be attached to the second side of the

first fabric section, The first fabric section can be attached to the second
fabric section through a flatlock stitch, The first fabric section can include
a first zone and a second zone wherein the first zone contains different per-
< formance properties from the second zone and the first zone can have ther-
.~ mal or moisture wicking properties.
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FABRIC SYSTEM
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to fabric systems, and more specifically to bed
coverings constructed of high gauge circular knitted fabrics that accommodate and maintain
optimum thermal conditions for sleep, which in turn can lead to faster sleep initiation and deeper,

more restorative sleep.
2. Description of Related Art

Sleep problems in the United States are remarkably widespread, affecting roughly three
out of four American adults, according to research by the National Sleep Foundation (NSF).
Consequently, a great deal of attention has been paid to the circumstances surrounding poor

sleep, along with strategies for how to improve it.

The implications are not merely academic. Sleep — not only the right amount of it but
also the right quality — impacts not just day-to-day performance, but also “the overall quality of

2

our lives,” according to the NSF. Addressing the causes of poor quality sleep, therefore, has

ramifications for millions.

Though many factors contribute to sleep quality, the sleep environment itself plays a
critical role, and sleep researchers routinely highlight temperature as one of the most important
components in creating an environment for optimal sleep. As advised by the University of
Maryland Medical Center, “a cool (not cold) bedroom is often the most conducive to sleep.” The
National Sleep Foundation further notes that “temperatures above 75 degrees Fahrenheit and
below 54 degrees will disrupt sleep,” with 65 degrees being the ideal sleep temperature for most

individuals, according to the NSF.

A lower environmental temperature is not the only thermal factor associated with
improved sleep. Researchers have noted a nightly drop in body temperature among healthy,
normal adults during sleep. This natural cycle, when inhibited or not functioning properly, can
disrupt sleep and delay sleep onset, according to medical researchers at Cornell University.
Conversely, the researchers noted, a rapid decline in body temperature not only accelerates sleep

onset but also “may facilitate an entry into the deeper stages of sleep.”
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Therefore, maintaining an appropriately cool sleep environment and accommodating the
body’s natural tendency to cool itself at night should be a top priority for individuals interested in
optimizing their sleep quality. Performance fabrics crafted into bedding applications would be
uniquely capable of promoting cool, comfortable — and therefore better — sleep, as these
advanced fabrics maximize breathability and heat transfer. Performance fabrics are made for a
variety of end-use applications, and can provide multiple functional qualities, such as moisture

management, UV protection, anti-microbial, thermo-regulation, and wind/water resistance.

There has been a long felt need in several industries to provide improved bedding to help
individuals get better sleep. Such improved bedding would include beneficial wicking among
other properties. For example, in marine, boating and recreational vehicle applications, bedding
should resist moisture, fit odd-shaped mattresses and beds, and reduce mildew. Particularly with
watercraft, there is a need to protect bedding, and specifically sheets, from moisture and mildew

accumulation.

An additional problem with bedding, not just with marine and recreational vehicles, is the
sticky. wet feeling that can occur when the bedding sheets are wet due to body sweat,
environmental moisture, or other bodily fluids. In particular, when bedding is used during hot
weather, or is continuously used for a long time by a person suffering from an illness, problems
can arise in that the conventional bed sheet of cotton fiber or the like cannot sufficiently absorb

the moisture. All of these issues lead to poor sleep.

To date, performance fabric bedding products are not known. There are width limitations
in the manufacturing of high gauge circular knit fabrics, because the finished width of bedding
fabrics are dictated by the machine used in its construction. At present, performance fabrics are
manufactured with a maximum width of under 90 inches wide, given present manufacturing and
technical limitations, along with the inability of alternate manufacturing processes to produce a
fabric with identical performance attributes. Yet, normal bed sheet panels can be 102 by 91

inches or larger. Thus, performance fabrics cannot yet be used for bed sheets.

Some conventional solutions for the above issues that hinder a good night’s sleep include
United States Patent 4,648,186, which discloses an absorbent wood pulp cellulose fiber that is
provided in a variety of sizes and is placed under a mattress. The wood pulp is water absorbent

and acts to capture moisture to prevent such moisture from being retained by the bedding or the

2
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bedding sheets. However, this proposed solution does not interact with the bedding or the

bedding sheets, but merely acts as a sponge for moisture that is in proximity to the target bedding.

United States Patent 5,092,088 discloses a sheet-like mat comprised of a mat cover, the
inside of which is divided into a plurality of bag-like spaces, and a drying agent packed into a
bag and contained in the bag-like spaces in such a manner that the drying agent cannot fall out of
the bag-like spaces. A magnesium sulfate, a high polymer absorbent, a silica gel or the like can
be used as the drying agent. As can be seen, this proposed solution to moisture in bedding is

cumbersome and chemically-based.

In the athletic apparel industry, moisture wicking fabric has been used to construct
athletic apparel. For example, United States Patent 5,636,380 discloses a base fabric of
CoolmaxQ high moisture evaporation fabric having one or more insulating panels of ThermaxB
or ThermastatQ hollow core fiber fabric having moisture wicking capability and applied to the
inner side of the garment for skin contact at selected areas of the body where muscle protection
is desired. However, this application cannot be applied to bedding sheets due to the limitations
of the size of the performance fabrics manufactured. Further, performance fabric such as this
type cannot be easily stitched together as the denier is so fine that stitching this fabric results in

the stitching simply falling apart.

Circular knitting is typically used for athletic apparel. The process includes circularly
knitting yarns into fabrics. Circular knitting is a form of weft knitting where the knitting needles
are organized into a circular knitting bed. A cylinder rotates and interacts with a cam to move
the needles reciprocally for knitting action. The yarns to be knitted are fed from packages to a
carrier plate that directs the yarn strands to the needles. The circular fabric emerges from the
knitting needles in a tubular form through the center of the cylinder. This process is described in
United States Patent 7,117,695, However, the machinery presently available for this method of
manufacture can only produce a fabric with a maximum width of approximately 90 inches.
Therefore, this process has not been known to manufacture sheets, since sheets can have

dimensions of 91 inches by 102 inches or greater.

Further, the machinery that is used for bedding is very different than for athletic wear.
For example, bedding manufacturing equipment is not equipped to sew flatlock stitching or to

provide circular knitting. Bed sheets typically are knit using a process known as warp knitting, a
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process capable of producing finished fabrics in the widths required for bedding. This method,
however, cannot be employed to produce high-quality performance fabrics. Warp knitting is not
capable of reproducing these fabrics’® fine tactile qualities nor their omni-direction stretch

properties, for example.

Circular knitting must be employed to produce a performance fabric that retains these
fabric’s full range of benefits and advantages. However, in order to produce a fabric of the
proper width for bedding applications, a circular knit machine of at least 48 inches in diameter
would be necessary. Manufacturing limitations therefore preclude the construction of
performance fabrics at proper widths for bedding. The industry is unsure if it could actually knit
and then finish performance fabrics at these large sizes, even if the machinery were readily

available.

Further, athletic sewing factories are typically not equipped to sew and handle large
pieces of fabrics so that equipment limitations do not allow for the manufacture of bedding

sheets,

What is needed, therefore, is a bedding system that utilizes performance fabrics and their
beneficial properties, the design of which acknowledges and addresses limitations in the
manufacture of these fabrics. It is to such a system that the present invention is primarily

directed,
BRIEF SUMMARY OF THE INVENTION

Briefly described, in preferred form, the present invention is a high gauge circular knit
fabric for use in bedding, and a method for manufacturing such bedding. The bedding fabric has
superior performance properties, while allowing for manufacture by machinery presently
available and in use. In order to achieve a finished width of the size needed to create sheet-sized
performance fabric, a high gauge circular knit machine of at least 48 inches in diameter is
necessary. And while warp knitting machines are available that can produce wider fabrics, this
method will not provide a fabric with the tactile qualities required, nor provide a fabric with

omni-directional stretch.

In an exemplary embodiment, the present invention is a method of making a finished

fabric comprising at least two discrete performance fabric portions, and joining at least two

4
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discrete performance fabric portions to form the finished fabric. Forming the at least two
discrete performance fabric portions can comprise knitting at least two discrete performance
fabric portions, and more preferably, circular knitting at least two discrete performance fabric
portions. Joining the at least two discrete performance fabric portions to form the finished fabric
can comprise stitching at least two discrete performance fabric portions together to form the

finished fabric.

The at least two discrete performance fabric portions can have different fabric
characteristics. Fabric characteristics as used herein include, among other things, moisture
management, UV protection, anti-microbial, thermo-regulation, wind resistance and water

resistance,

The finished fabric can be used in, among other applications, residential settings, or in

marine, boating and recreational vehicle environments.

The present sheets offer enhanced drape and comfort compared to traditional cotton
bedding, and are as fine as silk, yet provide the benefits of high elasticity and recovery along
with superior breathability, body-heat transport, and moisture management as compared to

traditional cotton bedding.

Conventional fitted sheets can bunch and slide on standard mattress sizes. Furthermore,
if the fitted bed sheets do not fit properly, they do not provide a smooth surface to lie on. The

present invention overcomes these issues.

The present high gauge circular knit fabrics stretch to fit and offer superior recovery on
the mattress allowing the fabric to conform to fit the mattress without popping off the comers of
the mattress or billowing. The performance fabric can include spandex, offers a better fit than
conventional bedding products, can accommodate larger or smaller mattress sizes with a single

size sheet, and can conform to mattresses with various odd dimensions.
Spandex - or elastane - is a synthetic fiber known for its exceptional elasticity. It is
stronger and more durable than rubber, its major non-synthetic competitor. It is a polyurethane-

polyurea copolymer that was invented by DuPont. “Spandex™ is a generic name, and an anagram

of the word “expands.” “Spandex” is the preferred name in North America; elsewhere it is
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referred to as “‘elastane.” The most famous brand name associated with spandex is Lycra, a

trademark of Invista.

The present high gauge circular knit fabric offers durability in reduced pilling and pulling
when compared to other knit technologies, and offer reduced wrinkles and enhanced color

steadfastness

In a preferred embodiment, the present performance fabric can allow for a one-size fitted
sheet that can actually fit two different size mattresses. For example, the full fitted sheet of the
present invention can fit on both the full and queen size bed. The twin fitted sheet of the present
invention will also fit an XL twin. In a boating application, the present invention can be

produced to fit almost every custom boat mattress.

Testing of the present invention conducted at the North Carolina State University
(NCSU) Center for Research on Textile Protection and Comfort confirms that the present
performance fabrics provide a cooler sleeping environment than cotton. Performance bedding
was tested side-by-side with commercially available cotton bed sheets in a series of procedures
designed to measure each product’s heat- and moisture-transport properties, as well as

warm/cool-to-touch thermal transport capabilities.

Across all tests, the present performance fabrics in bedding outperformed cotton,
demonstrating the performance fabric’s superiority in establishing and maintaining thermal
comfort during sleep. This advantage is evident to users from the very onset, as NCSU testing
indicates that, on average, performance bedding of the present invention offers improved heat

transfer upon initial contact with the skin, resulting in a cooler-to-the-touch feeling.

During sleep, high gauge circular knit performance bedding of the present invention
helps to maintain thermal comfort by trapping less body heat and breathing better than cotton.
Testing has demonstrated that performance bedding made out of performance fabrics transfers
heat away from the body up to two times more effectively than cotton. This is critically
important not only for sustained comfort during sleep, but also in terms of enabling the body to
cool itself as rapidly as possible to facilitate sleep onset. In addition to trapping less heat,
performance bedding breathes better than cotton — up to 50% better, giving performance bedding

a strong advantage in terms of ventilation and heat and moisture transfer.

6
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The performance advantage over cotton holds true for simulated dry and wet skin
conditions, confirming that certain performance fabrics in bedding are better suited than cotton at
managing moisture (e.g., sweat) to maintain thermal comfort. In addition to wicking moisture
away from the skin through capillary action, the performance fabric’s advanced breathability
further enables heat and moisture transfer through evaporative cooling. As a result, the user is

kept cooler, drier and more comfortable than with cotton.

The present performance bedding holds a distinct advantage over cotton in enabling,
accommodating and maintaining optimum thermal conditions for sleep, which in turn can lead to

faster sleep initiation and deeper, more restorative sleep.

These and other objects, features and advantages of the present invention will become
more apparent upon reading the following specification in conjunction with the accompanying

drawings.
BRIEF DESCRIPTION OF THE FIGURES
Fig. 1 illustrates a preferred embodiment of the present invention.
Fig. 2 illustrates another preferred embodiment of the present invention.
Fig. 3 illustrates a further preferred embodiment of the present invention.
Fig. 4 illustrates another preferred embodiment of the present invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Although preferred embodiments of the invention are explained in detail, it is to be
understood that other embodiments are contemplated. Accordingly, it is not intended that the
invention is limited in its scope to the details of construction and arrangement of components set
forth in the following description or illustrated in the drawings. The invention is capable of other
embodiments and of being practiced or carried out in various ways. Also, in describing the
preferred embodiments, specific terminology will be resorted to for the sake of clarity.

It must also be noted that, as used in the specification and the appended claims, the

LI 1Y

singular forms *‘a,” “an” and “the’” include plural referents unless the context clearly dictates

otherwise. For example, reference to a sheet or portion is intended also to include the

7
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manufacturing of a plurality of sheets or portions. References to a sheet containing “a”

constituent is intended to include other constituents in addition to the one named.

Also, in describing the preferred embodiments, terminology will be resorted to for the
sake of clarity. It is intended that each term contemplates its broadest meaning as understood by
those skilled in the art and includes all technical equivalents which operate in a similar manner to

accomplish a similar purpose.

Ranges may be expressed herein as from “about™ or “‘approximately” one particular value
and/or to *“‘about” or “‘approximately” another particular value. When such a range is expressed,

another embodiment includes from the one particular value and/or to the other particular value.

By “‘comprising” or “containing” or “including” is meant that at least the named
compound, element, particle, or method step is present in the composition or article or method,
but does not exclude the presence of other compounds, materials, particles, method steps, even if
the other such compounds, material, particles, method steps have the same function as what is

named.

It is also to be understood that the mention of one or more method steps does not
preclude the presence of additional method steps or intervening method steps between those
steps expressly identified. Similarly, it is also to be understood that the mention of one or more
components in a fabric or system does not preclude the presence of additional components or

intervening components between those components expressly identified.

Referring now in detail to the drawing figures, wherein like reference numerals represent
like parts throughout the several views, the present invention of Figs. 1 and 4 provides a sheet
10 shown having dimensions of 102 inches in length and 91 inches in width. The material is
manufactured from performance fabric, which can include, for example, varying amounts of one
or more of Lycra, Coolmax, Thermax and Thermastat. In a preferred embodiment, the fabric is
treated so that the fabric has antimicrobial properties. By using circular-knit performance fabric,
the fabric is able to provide elasticity in all four directions. This property allows for the sheet to
fit extraordinary mattress, cushion and bedding shapes, as well as providing better fits for
traditional rectangular sheets. By using performance fabrics, the sheet has elastic properties that

allow stretching in the directions shown as 30. In addition, by using circular-knit performance
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fabric, the resulting bedding retains an exceptionally fine tactile quality critical for providing

maximum levels of enhanced comfort.

An alternative to circular knitting is non-circular knitting — for example, warp knitting.
This method can achieve widths greater than circular knitting. Industrial warp knit machines, for
example, can produce tricote warp knit fabrics up to 130-140 inches in width. Circular knitting,
however, is less expensive, as it requires less set-up time. Circular knitting also provides greater

multidirectional stretch.

In order to provide a sheet that exceeds the maximum dimensions of fabric that can be
produced by available circular knitting machines, flat lock stitching 12 is used to join a plurality
of portions resulting in a sheet that is 91 inches wide (as shown). In an exemplary embodiment,
piping 11 can be included in close proximity to the stitching. The stitching can be the same color
as the fabric of the sheet portions, or different color(s). The piping can be 3/4 inch straight
piping without a cord or other filler. In one preferred embodiment, the stitching is 16 stitches per
inch. Piping 11 can be included at one end of the sheet and can be the same or a different color

as the sheet fabric.

For a fitted sheet, the sheet can include an elastic portion surrounding the edge of the
fitted sheet to better keep the fitted sheet in place when placed on a mattress or other sleeping
surface. A cord can be sewn into the edge of the fitted sheet and cinched around the mattress or

other sleeping surface to better hold the fitted sheet in place.

Referring to Fig. 2, a sheet is shown having dimensions of 91 inches wide and 102 inches
in length. In this embodiment, stitching 14 is shown 34 inches from an interior edge 18 of a
main portion 16 and another stitch 14 at edge 20 of the sewn-on portion. Flat lock stitching can

be used for the stitching. Piping can be applied at or in proximity to the stitching.

Referring to Fig. 3, a non-rectangular shaped sheet is shown. In this exemplary
embodiment, elastic can be included around the edge of the fitted sheet to better maintain the
fitted sheet in position when placed on a sleeping surface. In one embodiment, pull ties 24 can
be installed at various locations around the edge of the fitted sheet in order to assist in
maintaining the fitted sheet secured to the sleeping surface. The pull tie can be cinched to

increase tension around the edge of the fitted sheet as shown by 26.

9
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Stitching used for securing the portions of the sheet together can include that shown as
28a. In another embodiment, the stitching used for securing the portion of fabric together is

shown as 28b.

Referring to Fig. 4, yet another preferred embodiment of the invention is shown. In this
embodiment, the sheet can be assembled through stitching of differing fabrics for generating
performance zones in the sheet. For example, zone 32 can have higher wicking properties than
the other zones since this area is where the majority of the individual body rests. Areas 34a
through 34d can have higher spandex or other elastic fabric properties so that the fit around a
sleeping surface is improved. Area 36 may have thermal properties such as increased cooling
since this area is generally where the individual’s head lies. In an exemplary embodiment, the
pillow covers of pillows used by the individual also have differing properties from the remainder

of the sheet, e.g., thermal properties.

The present invention encompasses the construction of bedding materials that have
superior performance properties while allowing for manufacture by machinery presently
available and in use. More specifically, the invention is related to a new method for fabricating a
covering and or sheets in bedding. When using the circular knitting machine, the high gauge
performance fabrics can only be made to a maximum size of 72.5 inches without losing the
integrity of the spandex in the fabric. Yet, normal sheet panels are 102 x 91 inches. This

presents problems when manufacturing sheets from performance fabrics.

Additionally, special stitching techniques must be used given the thread density of the
fabric. Using this special stitching, panels are sewn together to produce bedding or a sheet that is
the proper size for standard bed sheets. Because discrete portions/panels are used in the
manufacture of the present fabrics, panels can be selected that provide different properties for
different areas of the bedding (Fig. 4). Stitching or seams on the sheet can also allow for the
ease of making the bed. Because the bedding is made from performance fabric with spandex, it
stretches to permit multiple and custom sizing for applications in cribs, recreational vehicles and

boats.

Circular knitting machines used for high gauge performance bedding fabrics are called
high-gauge circular knitting machines, because of dense knitting with thin yarn. High gauge

generally denotes 17 gauges or more. Seventeen gauges indicate that 17 or more cylinder
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needles are contained in one inch. Circular knitting machines of less than 17 gauges are referred
to as low-gauge circular knitting machines. The low-gauge circular knitting machines are often

used to knit outerwear.

“Yarn count” indicates the linear density (yarn diameter or fineness) to which that
particular yarn has been spun. The choice of yarn count is restricted by the type of knitting
machine employed and the knitting construction. The yarn count, in turn, influences the cost,
weight, opacity, hand and drape of the resulting knitted structure. In general, staple spun yarns
tend to be comparatively more expensive the finer their count, because finer fibers and a more
exacting spinning process are necessary in order to prevent the yarn from showing an irregular

appearance.

A top width in the 90-inch range is currently possible using a circular knit fabric formed
on a 36-38-inch diameter machine, although higher levels of spandex in the performance fabric
tend to pull the width in. In just one example, on a 30-inch diameter machine, the spandex can

reduce an otherwise 94-inch circumference fabric tube to one with a 60-65 inch finished width.

A major limitation in finished width is not strictly a knitting concern but also concerns
finishing. With performance fabric, it tends to sag in the middle — increasingly so with greater
widths — making finishing difficult to impossible above a certain threshold. A possible 90-inch
finished width is contingent upon having a good finishing set-up capable of handling the present
performance fabric, This potential for difficulties would only become compounded at the larger

widths required for bed sheets.

In a preferred process, the present fabric undergoes a heat setting finishing process.
Applying a moisture-wicking finish to another fabric — like cotton — that can be produced at
larger widths appears unlikely to match the moisture-control properties of the present fabric, as
polyester itself is naturally moisture-resistant and there are physical actions (e.g. capillary action)
at play. Further, the use of cotton comes at the expense of breathability and heat-transfer

capabilities (as confirmed by laboratory testing) and stretchability.

Numerous characteristics and advantages have been set forth in the foregoing description,
together with details of structure and function. While the invention has been disclosed in several
forms, it will be apparent to those skilled in the art that many modifications, additions, and

deletions, especially in matters of shape, size, and arrangement of parts, can be made therein
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without departing from the spirit and scope of the invention and its equivalents as set forth in the
following claims. Therefore, other modifications or embodiments as may be suggested by the
teachings herein are particularly reserved as they fall within the breadth and scope of the claims

here appended.

12
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CLAIMS
What is claimed is:
1. A method of making a finished fabric at least 90 inches wide comprising:
forming at least two discrete performance fabric portions; and
joining at least two discrete performance fabric portions to form the finished fabric.

2. The method according to Claim 1, wherein forming at least two discrete performance

fabric portions comprises knitting at least two discrete performance fabric portions.

3. The method according to Claim 1, wherein forming at least two discrete performance

fabric portions comprises circular knitting at least two discrete performance fabric portions.

4. The method according to Claim 1, wherein joining at least two discrete performance
fabric portions to form the finished fabric comprises stitching at least two discrete performance

fabric portions together to form the finished fabric.
5. A method of making a finished fabric at least 90 inches wide comprising:
circular knitting at least two discrete performance fabric portions; and

stitching at least two discrete performance fabric portions together to form the finished

fabric,

6. The method according to Claim 5, wherein the finished fabric comprises a bed sheet.

7. The method according to Claim 5, further comprising heat setting finishing the finished
fabric.

8. The method according to Claim 5, further comprising providing piping to the finished
fabric.

9. A method of making a bed sheet at least 90 inches wide from performance fabric
comprising:

circular knitting at least two discrete performance fabric portions;

stitching at least two discrete performance fabric portions together; and

13
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heat setting finishing the stitched at least two discrete performance fabric portions to

form the finished bed sheet.

10. The method according to Claim 9, further comprising providing piping to the finished

bed sheet.

11. The method according to Claim 9, wherein the at least two discrete performance fabric

portions have different fabric characteristics.

12. The method according to Claim 11, wherein fabric characteristics are selected from the
group consisting of moisture management, UV protection, anti-microbial, thermo-regulation,

wind resistance and water resistance.
13. A finished fabric at least 90 inches wide comprising:
a first circular knitted performance fabric; and
a second circular knitted performance fabric;
wherein the first and second performance fabrics are discrete; and
wherein the first and second performance fabrics are joined to form the finished fabric.
14. The finished fabric of Claim 13, wherein the finished fabric comprises a bed sheet.
15. The finished fabric of Claim 13, further comprising piping.

16. The finished fabric of Claim 13, wherein the first and second performance fabrics have

different fabric characteristics,

17. The finished fabric of Claim 16, wherein fabric characteristics are selected from the
group consisting of moisture management, UV protection, anti-microbial, thermo-regulation,

wind resistance and water resistance.
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FABRIC SYSTEM
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to fabric systems, and more specifically to bed
coverings constructed of high gauge circular knitted fabrics that accommodate and maintain
optimum thermal conditions for sleep, which in turn can lead to faster sleep initiation and deeper,

more restorative sleep.
2. Description of Related Art

Sleep problems in the United States are remarkably widespread, affecting roughly three
out of four American adults, according to research by the National Sleep Foundation (NSF).
Consequently, a great deal of attention has been paid to the circumstances surrounding poor

sleep, along with strategies for how to improve it.

The implications are not merely academic. Sleep — not only the right amount of it but
also the right quality — impacts not just day-to-day performance, but also “the overall quality of

2

our lives,” according to the NSF. Addressing the causes of poor quality sleep, therefore, has

ramifications for millions.

Though many factors contribute to sleep quality, the sleep environment itself plays a
critical role, and sleep researchers routinely highlight temperature as one of the most important
components in creating an environment for optimal sleep. As advised by the University of
Maryland Medical Center, “a cool (not cold) bedroom is often the most conducive to sleep.” The
National Sleep Foundation further notes that “temperatures above 75 degrees Fahrenheit and
below 54 degrees will disrupt sleep,” with 65 degrees being the ideal sleep temperature for most

individuals, according to the NSF.

A lower environmental temperature is not the only thermal factor associated with
improved sleep. Researchers have noted a nightly drop in body temperature among healthy,
normal adults during sleep. This natural cycle, when inhibited or not functioning properly, can
disrupt sleep and delay sleep onset, according to medical researchers at Cornell University.
Conversely, the researchers noted, a rapid decline in body temperature not only accelerates sleep

onset but also “may facilitate an entry into the deeper stages of sleep.”
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Therefore, maintaining an appropriately cool sleep environment and accommodating the
body’s natural tendency to cool itself at night should be a top priority for individuals interested in
optimizing their sleep quality. Performance fabrics crafted into bedding applications would be
uniquely capable of promoting cool, comfortable — and therefore better — sleep, as these
advanced fabrics maximize breathability and heat transfer. Performance fabrics are made for a
variety of end-use applications, and can provide multiple functional qualities, such as moisture

management, UV protection, anti-microbial, thermo-regulation, and wind/water resistance.

There has been a long felt need in several industries to provide improved bedding to help
individuals get better sleep. Such improved bedding would include beneficial wicking among
other properties. For example, in marine, boating and recreational vehicle applications, bedding
should resist moisture, fit odd-shaped mattresses and beds, and reduce mildew. Particularly with
watercraft, there is a need to protect bedding, and specifically sheets, from moisture and mildew

accumulation.

An additional problem with bedding, not just with marine and recreational vehicles, is the
sticky. wet feeling that can occur when the bedding sheets are wet due to body sweat,
environmental moisture, or other bodily fluids. In particular, when bedding is used during hot
weather, or is continuously used for a long time by a person suffering from an illness, problems
can arise in that the conventional bed sheet of cotton fiber or the like cannot sufficiently absorb

the moisture. All of these issues lead to poor sleep.

To date, performance fabric bedding products are not known. There are width limitations
in the manufacturing of high gauge circular knit fabrics, because the finished width of bedding
fabrics are dictated by the machine used in its construction. At present, performance fabrics are
manufactured with a maximum width of under 90 inches wide, given present manufacturing and
technical limitations, along with the inability of alternate manufacturing processes to produce a
fabric with identical performance attributes. Yet, normal bed sheet panels can be 102 by 91

inches or larger. Thus, performance fabrics cannot yet be used for bed sheets.

Some conventional solutions for the above issues that hinder a good night’s sleep include
United States Patent 4,648,186, which discloses an absorbent wood pulp cellulose fiber that is
provided in a variety of sizes and is placed under a mattress. The wood pulp is water absorbent

and acts to capture moisture to prevent such moisture from being retained by the bedding or the

2
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bedding sheets. However, this proposed solution does not interact with the bedding or the

bedding sheets, but merely acts as a sponge for moisture that is in proximity to the target bedding.

United States Patent 5,092,088 discloses a sheet-like mat comprised of a mat cover, the
inside of which is divided into a plurality of bag-like spaces, and a drying agent packed into a
bag and contained in the bag-like spaces in such a manner that the drying agent cannot fall out of
the bag-like spaces. A magnesium sulfate, a high polymer absorbent, a silica gel or the like can
be used as the drying agent. As can be seen, this proposed solution to moisture in bedding is

cumbersome and chemically-based.

In the athletic apparel industry, moisture wicking fabric has been used to construct
athletic apparel. For example, United States Patent 5,636,380 discloses a base fabric of
CoolmaxQ high moisture evaporation fabric having one or more insulating panels of ThermaxB
or ThermastatQ hollow core fiber fabric having moisture wicking capability and applied to the
inner side of the garment for skin contact at selected areas of the body where muscle protection
is desired. However, this application cannot be applied to bedding sheets due to the limitations
of the size of the performance fabrics manufactured. Further, performance fabric such as this
type cannot be easily stitched together as the denier is so fine that stitching this fabric results in

the stitching simply falling apart.

Circular knitting is typically used for athletic apparel. The process includes circularly
knitting yarns into fabrics. Circular knitting is a form of weft knitting where the knitting needles
are organized into a circular knitting bed. A cylinder rotates and interacts with a cam to move
the needles reciprocally for knitting action. The yarns to be knitted are fed from packages to a
carrier plate that directs the yarn strands to the needles. The circular fabric emerges from the
knitting needles in a tubular form through the center of the cylinder. This process is described in
United States Patent 7,117,695, However, the machinery presently available for this method of
manufacture can only produce a fabric with a maximum width of approximately 90 inches.
Therefore, this process has not been known to manufacture sheets, since sheets can have

dimensions of 91 inches by 102 inches or greater.

Further, the machinery that is used for bedding is very different than for athletic wear.
For example, bedding manufacturing equipment is not equipped to sew flatlock stitching or to

provide circular knitting. Bed sheets typically are knit using a process known as warp knitting, a
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process capable of producing finished fabrics in the widths required for bedding. This method,
however, cannot be employed to produce high-quality performance fabrics. Warp knitting is not
capable of reproducing these fabrics’® fine tactile qualities nor their omni-direction stretch

properties, for example.

Circular knitting must be employed to produce a performance fabric that retains these
fabric’s full range of benefits and advantages. However, in order to produce a fabric of the
proper width for bedding applications, a circular knit machine of at least 48 inches in diameter
would be necessary. Manufacturing limitations therefore preclude the construction of
performance fabrics at proper widths for bedding. The industry is unsure if it could actually knit
and then finish performance fabrics at these large sizes, even if the machinery were readily

available.

Further, athletic sewing factories are typically not equipped to sew and handle large
pieces of fabrics so that equipment limitations do not allow for the manufacture of bedding

sheets,

What is needed, therefore, is a bedding system that utilizes performance fabrics and their
beneficial properties, the design of which acknowledges and addresses limitations in the
manufacture of these fabrics. It is to such a system that the present invention is primarily

directed,
BRIEF SUMMARY OF THE INVENTION

Briefly described, in preferred form, the present invention is a high gauge circular knit
fabric for use in bedding, and a method for manufacturing such bedding. The bedding fabric has
superior performance properties, while allowing for manufacture by machinery presently
available and in use. In order to achieve a finished width of the size needed to create sheet-sized
performance fabric, a high gauge circular knit machine of at least 48 inches in diameter is
necessary. And while warp knitting machines are available that can produce wider fabrics, this
method will not provide a fabric with the tactile qualities required, nor provide a fabric with

omni-directional stretch.

In an exemplary embodiment, the present invention is a method of making a finished

fabric comprising at least two discrete performance fabric portions, and joining at least two

4
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discrete performance fabric portions to form the finished fabric. Forming the at least two
discrete performance fabric portions can comprise knitting at least two discrete performance
fabric portions, and more preferably, circular knitting at least two discrete performance fabric
portions. Joining the at least two discrete performance fabric portions to form the finished fabric
can comprise stitching at least two discrete performance fabric portions together to form the

finished fabric.

The at least two discrete performance fabric portions can have different fabric
characteristics. Fabric characteristics as used herein include, among other things, moisture
management, UV protection, anti-microbial, thermo-regulation, wind resistance and water

resistance,

The finished fabric can be used in, among other applications, residential settings, or in

marine, boating and recreational vehicle environments.

The present sheets offer enhanced drape and comfort compared to traditional cotton
bedding, and are as fine as silk, yet provide the benefits of high elasticity and recovery along
with superior breathability, body-heat transport, and moisture management as compared to

traditional cotton bedding.

Conventional fitted sheets can bunch and slide on standard mattress sizes. Furthermore,
if the fitted bed sheets do not fit properly, they do not provide a smooth surface to lie on. The

present invention overcomes these issues.

The present high gauge circular knit fabrics stretch to fit and offer superior recovery on
the mattress allowing the fabric to conform to fit the mattress without popping off the comers of
the mattress or billowing. The performance fabric can include spandex, offers a better fit than
conventional bedding products, can accommodate larger or smaller mattress sizes with a single

size sheet, and can conform to mattresses with various odd dimensions.
Spandex - or elastane - is a synthetic fiber known for its exceptional elasticity. It is
stronger and more durable than rubber, its major non-synthetic competitor. It is a polyurethane-

polyurea copolymer that was invented by DuPont. “Spandex™ is a generic name, and an anagram

of the word “expands.” “Spandex” is the preferred name in North America; elsewhere it is
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referred to as “‘elastane.” The most famous brand name associated with spandex is Lycra, a

trademark of Invista.

The present high gauge circular knit fabric offers durability in reduced pilling and pulling
when compared to other knit technologies, and offer reduced wrinkles and enhanced color

steadfastness

In a preferred embodiment, the present performance fabric can allow for a one-size fitted
sheet that can actually fit two different size mattresses. For example, the full fitted sheet of the
present invention can fit on both the full and queen size bed. The twin fitted sheet of the present
invention will also fit an XL twin. In a boating application, the present invention can be

produced to fit almost every custom boat mattress.

Testing of the present invention conducted at the North Carolina State University
(NCSU) Center for Research on Textile Protection and Comfort confirms that the present
performance fabrics provide a cooler sleeping environment than cotton. Performance bedding
was tested side-by-side with commercially available cotton bed sheets in a series of procedures
designed to measure each product’s heat- and moisture-transport properties, as well as

warm/cool-to-touch thermal transport capabilities.

Across all tests, the present performance fabrics in bedding outperformed cotton,
demonstrating the performance fabric’s superiority in establishing and maintaining thermal
comfort during sleep. This advantage is evident to users from the very onset, as NCSU testing
indicates that, on average, performance bedding of the present invention offers improved heat

transfer upon initial contact with the skin, resulting in a cooler-to-the-touch feeling.

During sleep, high gauge circular knit performance bedding of the present invention
helps to maintain thermal comfort by trapping less body heat and breathing better than cotton.
Testing has demonstrated that performance bedding made out of performance fabrics transfers
heat away from the body up to two times more effectively than cotton. This is critically
important not only for sustained comfort during sleep, but also in terms of enabling the body to
cool itself as rapidly as possible to facilitate sleep onset. In addition to trapping less heat,
performance bedding breathes better than cotton — up to 50% better, giving performance bedding

a strong advantage in terms of ventilation and heat and moisture transfer.

6
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The performance advantage over cotton holds true for simulated dry and wet skin
conditions, confirming that certain performance fabrics in bedding are better suited than cotton at
managing moisture (e.g., sweat) to maintain thermal comfort. In addition to wicking moisture
away from the skin through capillary action, the performance fabric’s advanced breathability
further enables heat and moisture transfer through evaporative cooling. As a result, the user is

kept cooler, drier and more comfortable than with cotton.

The present performance bedding holds a distinct advantage over cotton in enabling,
accommodating and maintaining optimum thermal conditions for sleep, which in turn can lead to

faster sleep initiation and deeper, more restorative sleep.

These and other objects, features and advantages of the present invention will become
more apparent upon reading the following specification in conjunction with the accompanying

drawings.
BRIEF DESCRIPTION OF THE FIGURES
Fig. 1 illustrates a preferred embodiment of the present invention.
Fig. 2 illustrates another preferred embodiment of the present invention.
Fig. 3 illustrates a further preferred embodiment of the present invention.
Fig. 4 illustrates another preferred embodiment of the present invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Although preferred embodiments of the invention are explained in detail, it is to be
understood that other embodiments are contemplated. Accordingly, it is not intended that the
invention is limited in its scope to the details of construction and arrangement of components set
forth in the following description or illustrated in the drawings. The invention is capable of other
embodiments and of being practiced or carried out in various ways. Also, in describing the
preferred embodiments, specific terminology will be resorted to for the sake of clarity.

It must also be noted that, as used in the specification and the appended claims, the

LI 1Y

singular forms *‘a,” “an” and “the’” include plural referents unless the context clearly dictates

otherwise. For example, reference to a sheet or portion is intended also to include the

7
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manufacturing of a plurality of sheets or portions. References to a sheet containing “a”

constituent is intended to include other constituents in addition to the one named.

Also, in describing the preferred embodiments, terminology will be resorted to for the
sake of clarity. It is intended that each term contemplates its broadest meaning as understood by
those skilled in the art and includes all technical equivalents which operate in a similar manner to

accomplish a similar purpose.

Ranges may be expressed herein as from “about™ or “‘approximately” one particular value
and/or to *“‘about” or “‘approximately” another particular value. When such a range is expressed,

another embodiment includes from the one particular value and/or to the other particular value.

By “‘comprising” or “containing” or “including” is meant that at least the named
compound, element, particle, or method step is present in the composition or article or method,
but does not exclude the presence of other compounds, materials, particles, method steps, even if
the other such compounds, material, particles, method steps have the same function as what is

named.

It is also to be understood that the mention of one or more method steps does not
preclude the presence of additional method steps or intervening method steps between those
steps expressly identified. Similarly, it is also to be understood that the mention of one or more
components in a fabric or system does not preclude the presence of additional components or

intervening components between those components expressly identified.

Referring now in detail to the drawing figures, wherein like reference numerals represent
like parts throughout the several views, the present invention of Figs. 1 and 4 provides a sheet
10 shown having dimensions of 102 inches in length and 91 inches in width. The material is
manufactured from performance fabric, which can include, for example, varying amounts of one
or more of Lycra, Coolmax, Thermax and Thermastat. In a preferred embodiment, the fabric is
treated so that the fabric has antimicrobial properties. By using circular-knit performance fabric,
the fabric is able to provide elasticity in all four directions. This property allows for the sheet to
fit extraordinary mattress, cushion and bedding shapes, as well as providing better fits for
traditional rectangular sheets. By using performance fabrics, the sheet has elastic properties that

allow stretching in the directions shown as 30. In addition, by using circular-knit performance
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fabric, the resulting bedding retains an exceptionally fine tactile quality critical for providing

maximum levels of enhanced comfort.

An alternative to circular knitting is non-circular knitting — for example, warp knitting.
This method can achieve widths greater than circular knitting. Industrial warp knit machines, for
example, can produce tricote warp knit fabrics up to 130-140 inches in width. Circular knitting,
however, is less expensive, as it requires less set-up time. Circular knitting also provides greater

multidirectional stretch.

In order to provide a sheet that exceeds the maximum dimensions of fabric that can be
produced by available circular knitting machines, flat lock stitching 12 is used to join a plurality
of portions resulting in a sheet that is 91 inches wide (as shown). In an exemplary embodiment,
piping 11 can be included in close proximity to the stitching. The stitching can be the same color
as the fabric of the sheet portions, or different color(s). The piping can be 3/4 inch straight
piping without a cord or other filler. In one preferred embodiment, the stitching is 16 stitches per
inch. Piping 11 can be included at one end of the sheet and can be the same or a different color

as the sheet fabric.

For a fitted sheet, the sheet can include an elastic portion surrounding the edge of the
fitted sheet to better keep the fitted sheet in place when placed on a mattress or other sleeping
surface. A cord can be sewn into the edge of the fitted sheet and cinched around the mattress or

other sleeping surface to better hold the fitted sheet in place.

Referring to Fig. 2, a sheet is shown having dimensions of 91 inches wide and 102 inches
in length. In this embodiment, stitching 14 is shown 34 inches from an interior edge 18 of a
main portion 16 and another stitch 14 at edge 20 of the sewn-on portion. Flat lock stitching can

be used for the stitching. Piping can be applied at or in proximity to the stitching.

Referring to Fig. 3, a non-rectangular shaped sheet is shown. In this exemplary
embodiment, elastic can be included around the edge of the fitted sheet to better maintain the
fitted sheet in position when placed on a sleeping surface. In one embodiment, pull ties 24 can
be installed at various locations around the edge of the fitted sheet in order to assist in
maintaining the fitted sheet secured to the sleeping surface. The pull tie can be cinched to

increase tension around the edge of the fitted sheet as shown by 26.

9
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Stitching used for securing the portions of the sheet together can include that shown as
28a. In another embodiment, the stitching used for securing the portion of fabric together is

shown as 28b.

Referring to Fig. 4, yet another preferred embodiment of the invention is shown. In this
embodiment, the sheet can be assembled through stitching of differing fabrics for generating
performance zones in the sheet. For example, zone 32 can have higher wicking properties than
the other zones since this area is where the majority of the individual body rests. Areas 34a
through 34d can have higher spandex or other elastic fabric properties so that the fit around a
sleeping surface is improved. Area 36 may have thermal properties such as increased cooling
since this area is generally where the individual’s head lies. In an exemplary embodiment, the
pillow covers of pillows used by the individual also have differing properties from the remainder

of the sheet, e.g., thermal properties.

The present invention encompasses the construction of bedding materials that have
superior performance properties while allowing for manufacture by machinery presently
available and in use. More specifically, the invention is related to a new method for fabricating a
covering and or sheets in bedding. When using the circular knitting machine, the high gauge
performance fabrics can only be made to a maximum size of 72.5 inches without losing the
integrity of the spandex in the fabric. Yet, normal sheet panels are 102 x 91 inches. This

presents problems when manufacturing sheets from performance fabrics.

Additionally, special stitching techniques must be used given the thread density of the
fabric. Using this special stitching, panels are sewn together to produce bedding or a sheet that is
the proper size for standard bed sheets. Because discrete portions/panels are used in the
manufacture of the present fabrics, panels can be selected that provide different properties for
different areas of the bedding (Fig. 4). Stitching or seams on the sheet can also allow for the
ease of making the bed. Because the bedding is made from performance fabric with spandex, it
stretches to permit multiple and custom sizing for applications in cribs, recreational vehicles and

boats.

Circular knitting machines used for high gauge performance bedding fabrics are called
high-gauge circular knitting machines, because of dense knitting with thin yarn. High gauge

generally denotes 17 gauges or more. Seventeen gauges indicate that 17 or more cylinder
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needles are contained in one inch. Circular knitting machines of less than 17 gauges are referred
to as low-gauge circular knitting machines. The low-gauge circular knitting machines are often

used to knit outerwear.

“Yarn count” indicates the linear density (yarn diameter or fineness) to which that
particular yarn has been spun. The choice of yarn count is restricted by the type of knitting
machine employed and the knitting construction. The yarn count, in turn, influences the cost,
weight, opacity, hand and drape of the resulting knitted structure. In general, staple spun yarns
tend to be comparatively more expensive the finer their count, because finer fibers and a more
exacting spinning process are necessary in order to prevent the yarn from showing an irregular

appearance.

A top width in the 90-inch range is currently possible using a circular knit fabric formed
on a 36-38-inch diameter machine, although higher levels of spandex in the performance fabric
tend to pull the width in. In just one example, on a 30-inch diameter machine, the spandex can

reduce an otherwise 94-inch circumference fabric tube to one with a 60-65 inch finished width.

A major limitation in finished width is not strictly a knitting concern but also concerns
finishing. With performance fabric, it tends to sag in the middle — increasingly so with greater
widths — making finishing difficult to impossible above a certain threshold. A possible 90-inch
finished width is contingent upon having a good finishing set-up capable of handling the present
performance fabric, This potential for difficulties would only become compounded at the larger

widths required for bed sheets.

In a preferred process, the present fabric undergoes a heat setting finishing process.
Applying a moisture-wicking finish to another fabric — like cotton — that can be produced at
larger widths appears unlikely to match the moisture-control properties of the present fabric, as
polyester itself is naturally moisture-resistant and there are physical actions (e.g. capillary action)
at play. Further, the use of cotton comes at the expense of breathability and heat-transfer

capabilities (as confirmed by laboratory testing) and stretchability.

Numerous characteristics and advantages have been set forth in the foregoing description,
together with details of structure and function. While the invention has been disclosed in several
forms, it will be apparent to those skilled in the art that many modifications, additions, and

deletions, especially in matters of shape, size, and arrangement of parts, can be made therein

11
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without departing from the spirit and scope of the invention and its equivalents as set forth in the
following claims. Therefore, other modifications or embodiments as may be suggested by the
teachings herein are particularly reserved as they fall within the breadth and scope of the claims

here appended.

12
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CLAIMS
What is claimed is:
1. A method of making a finished fabric at least 90 inches wide comprising:
forming at least two discrete performance fabric portions; and
joining at least two discrete performance fabric portions to form the finished fabric.

2. The method according to Claim 1, wherein forming at least two discrete performance

fabric portions comprises knitting at least two discrete performance fabric portions.

3. The method according to Claim 1, wherein forming at least two discrete performance

fabric portions comprises circular knitting at least two discrete performance fabric portions.

4. The method according to Claim 1, wherein joining at least two discrete performance
fabric portions to form the finished fabric comprises stitching at least two discrete performance

fabric portions together to form the finished fabric.
5. A method of making a finished fabric at least 90 inches wide comprising:
circular knitting at least two discrete performance fabric portions; and

stitching at least two discrete performance fabric portions together to form the finished

fabric,

6. The method according to Claim 5, wherein the finished fabric comprises a bed sheet.

7. The method according to Claim 5, further comprising heat setting finishing the finished
fabric.

8. The method according to Claim 5, further comprising providing piping to the finished
fabric.

9. A method of making a bed sheet at least 90 inches wide from performance fabric
comprising:

circular knitting at least two discrete performance fabric portions;

stitching at least two discrete performance fabric portions together; and

13
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heat setting finishing the stitched at least two discrete performance fabric portions to

form the finished bed sheet.

10. The method according to Claim 9, further comprising providing piping to the finished

bed sheet.

11. The method according to Claim 9, wherein the at least two discrete performance fabric

portions have different fabric characteristics.

12. The method according to Claim 11, wherein fabric characteristics are selected from the
group consisting of moisture management, UV protection, anti-microbial, thermo-regulation,

wind resistance and water resistance.
13. A finished fabric at least 90 inches wide comprising:
a first circular knitted performance fabric; and
a second circular knitted performance fabric;
wherein the first and second performance fabrics are discrete; and
wherein the first and second performance fabrics are joined to form the finished fabric.
14. The finished fabric of Claim 13, wherein the finished fabric comprises a bed sheet.
15. The finished fabric of Claim 13, further comprising piping.

16. The finished fabric of Claim 13, wherein the first and second performance fabrics have

different fabric characteristics,

17. The finished fabric of Claim 16, wherein fabric characteristics are selected from the
group consisting of moisture management, UV protection, anti-microbial, thermo-regulation,

wind resistance and water resistance.
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DESCRIPCION

Nuevas toxinas Vip3 vy sus métodos de uso.
Campo de la invencion

La presente invencidn se refiere a nuevas toxinas Vip3 de Bacillus thuringiensis, a secuencias de dcido nucleico
cuya expresion origina dichas toxinas, y a métodos de preparacidon v métodos de uso de dichas toxinas y de las
secuencias de dcido nucleico correspondientes para controlar insectos.

Antecedentes de la invencion

Las plagas vegetales son el principal factor de pérdida mundial de cultivos agricolas importantes. Aproximada-
mente 8 mil millones de ddlares se pierden cada afio sélo en los EE.UU. debido a infecciones de plagas no mamileras
incluidos los insectos. Ademds de las pérdidas en las cosechas, las plagas de insectos son también una carga eco-
némica para los cultivadores de frutas y vegetales, para los productores de flores ornamentales y para los jardineros
residenciales.

[Las plagas de insectos son controladas principalmente mediante aplicaciones intensivas de plaguicidas quimicos,
que actian inhibiendo el crecimiento de los insectos, evitando que los insectos se alimenten o se reproduzcan o cau-
séndoles la muerte. Se puede lograr un buen control de los insectos, pero estos quimicos pueden afectar a veces a otros
insectos beneficiosos. Otro problema que resulta del amplio uso de plaguicidas quimicos es la aparicion de variedades
de insectos resistentes, Esto ha sido parcialmente paliado mediante diversas practicas de manejo de la resistencia, pero
existe una necesidad creciente de agentes alternativos para el control de plagas. Los agentes biol6gicos para el control
de plagas, como las cepas de Bacillus thuringiensis que expresan toxinas plaguicidas como d-endotoxinas, también
han sido aplicados a plantas de cultivo con resultados satisfactorios, ofreciendo una alternativa o complemento a los
plaguicidas guimicos. Se han aislado los genes que codifican algunas de esas d-endotoxinas y su expresion en hués-
pedes heterdlogos ha demostrado que proporcionan otra herramienta para el control de plagas de insectos importantes
desde el punto de vista econdmico. En particular, la expresion de toxinas insecticidas en plantas transgénicas, como
las d-endotoxinas de Bacillus thuringiensis, ha proporcionado una proteccion elicas contra determinadas plagas de
insectos, y las plantas transgénicas que expresan dichas toxinas se han comercializado permitiendo a los granjeros
reducir las aplicaciones de agentes quimicos para el control de insectos,

En la actualidad, se han identificado otros genes que no son de endotoxinas y se identificaron las proteinas que
ellos codifican. Tas patentes 5,877,012, 6,107,279, 6,137,033 y 6,291,156 asi como Estruch et al. (1996, Proc. Natl.
Acad. Sci. 93:5389-5394) v Yu et al. (1997, Appl. Environ. Microbiol. 63:532-536), incorporados en este documento
por referencia, describen una nueva clase de proteinas insecticidas denominadas Vip3. Los genes vip3 codifican pro-
teinas de aproximadamente 88 kDa que son producidas y secretadas por el Bacillus durante sus estadios vegetativos
de crecimiento (proteinas insecticidas vegetativas, VIP, por sus siglas en inglés). La proteina Vip3 A posee actividad
insecticida contra un amplio espectro de plagas lepiddpteras, incluidas, pero no exclusivamente, gusano cortador gra-
siento (BCW, Agrotis ipsilon), gusano cogollero (FAW, Spodoptera frugiperda), gusano cogollero del tabaco (TBW,
Heliothis virescens), y gusano elotero (CEW, Helicoverpa zea). Mds recientemente, se encontrd que plantas que expre-
san la proteina Vip3A son resistentes al dafio por alimentacion causado por plagas de insectos hemipteros. Por lo tanto,
la proteina Vip3A exhibe un espectro de actividades insecticidas inigualable. Otras divulgaciones, WO 98/18932, WO
98/33991, WO 98/00546 y WO 99/57282, también identificaron actualmente homdélogos de la clase de proteinas Vip3.

El uso continuo de agentes quimicos y bioldgicos para controlar plagas de insectos aumenta la probabilidad de que
¢stos desarrollen resistencia a dichas medidas de control. Asimismo, sélo unas pocas plagas especificas de insectos
son controlables con cada agente de control.

Por consiguiente, sigue siendo una necesidad descubrir agentes de control de plagas nuevos v elicaces que pro-
porcionen un beneficio econdmico a los granjeros y que sean aceptables para el medio ambiente, Son particularmente
necesarios agentes de control que estén dirigidos a un amplio espectro de plagas importantes desde el punto de vista
econdmico, agentes de control que controlen eficazmente cepas de insectos que son o podrian tornarse resistentes a los
agentes de control de insectos existentes, y aquellos con mayor potencia en comparacion con los agentes de control
actuales. Ademds, también son deseables agentes cuya aplicacién reduzca al minimo la carga sobre el ambiente.

Resumen

I.a presente invencion apunta a la necesidad de nuevos agentes de control de plagas proporcionando nuevos genes
y toxinas que son diferentes de los divulgados en las patentes de los Estados Unidos 5,877,012, 6,107,279y 6,137,033,
y en Estruch ez al. (1996}, v Yu et al. (1997), asi como en WO 98/18932, WO 99/33991, WO 99/5782 y WO 98/00546.

En la presente invencion, se proporcionan composiciones y métodos para controlar plagas vegetlales. En particular,
se proporcionan nuevas secuencias de dcido nucleico vip3 aisladas de Bacillus thuringiensis y secuencias sustancial-
mente idénticas a éstas, cuya expresion origina toxinas plaguicidas con toxicidad para plagas de insectos importantes
desde el punto de vista econdmico, particularmente plagas de insectos que infectan plantas. La invencidn apunta ade-
mds a nuevas toxinas plaguicidas resultantes de la expresion de las secuencias de dcido nucleico, y a composiciones y
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formulaciones que contengan toxinas plaguicidas, que sean capaces de inhibir la capacidad de las plagas de insectos
para sobrevivir, crecer y reproducirse, o de limitar el dafio relacionado con los insectos o la pérdida de las plantas de
cultivo,

La invencion se dirige ademds a métodos de uso de las secuencias de dcido nucleico en plantas transgénicas
para conferir proteccion contra el dafio causado por insectos, y a un método de uso de las toxinas plaguicidas y
composiciones y formulaciones que comprenden las toxinas plagunicidas, por ejemplo mediante la aplicacién de las
toxinas plaguicidas o las composiciones o formulaciones para tratar profilicticamente dreas o plantas sensibles a los
msectos, a fin de conferirles proteccion contra las plagas de insectos.

Las secuencias de nucledtidos de la presente invencién se pueden modificar genéticamente usando métodos co-
nocidos en el drea a fin de alterar dichas secuencias de nucledtidos para una diversidad de propositos que incluyen,
pero no exclusivamente, ampliar el espectro de la actividad plaguicida o aumentar la actividad especifica contra una
plaga especifica. Se pueden usar barajado del ADN (transposicion de secuencias de ADN por fragmentacion aleatoria)
y reagrupacion por PCR de los fragmentos de genes y oligonucledtidos sintéticos para modificar genéticamente las
secuencias de nucledtidos.

Las nuevas toxinas plaguicidas descritas en este documento son sumamente activas contra insectos. Por ejemplo,
una cantidad de plagas de inseclos econdémicamente importantes, como los lepiddpteros Ostrinia nubilalis (barrena-
dor del maiz europeo), Plutella xylostella (palomilla dorso de diamante), Spodeptera frugiperda (gusano cogollero),
Agrotis ipsilon (gusano cortador grasiento), Helicoverpa zea (gusano clotero), Heliothis virescens (gusano cogollero
del tabaco), Spodoptera exigua (gusano soldado de la remolacha), Diatraea grandiosella (barrenador del maiz del sud-
oeste), Diatraea saccharalis (barrenador de la caiia de aziicar), Helicoverpa punctigera (gusano nativo) y Helicoverpa
armigera (gusano de la cdapsula del algoddn) se pueden controlar con toxinas plaguicidas. Las toxinas plaguicidas
se pueden usar solas o en combinacion con otras estrategias de control de insectos para conferir maxima eficacia de
control de plagas con minimo impacto sobre el ambiente.

De acuerdo con un aspecto, la presente invencién proporciona una molécula de acido nucleico aislada que com-
prende una secuencia de nucledtidos que codifica una toxina que es activa contra insectos, donde la secuencia de
nuclestidos: (a) tiene un complemento que se hibrida con los nucledtidos 1981-2367 de SEC. ID N°: 1 en 7% de
dodecilsulfato de sodio (SDS), NaPO, 0.5 M, EDTA 1 mM a 50°C con lavado en 0.1 X S8C, SDS al U.1% a 65°C; o
{b) es isocodificante con la secuencia de nucledtidos de (a); o (c) tiene al menos 95% de identidad con SEC. ID. N™:
1; o (d) codifica una secuencia de aminodcidos que tiene al menos 91% de identidad de secuencia con SEC. [D. N*: 2.

En una realizacion de este aspecto, la moléeula de dcido nucleico aislada comprende una secuencia de nucledtidos
que ticne un complemento que sc hibrida con los nucledtidos 1981-2367 de SEC. ID. N° 1 en 7% de dodccilsulfato
de sodio (SDS), NaPO, 0.5 M, EDTA 1 mM a 50°C con lavado en 0.1 X SSC, SDS al 0.1% a 065°C.

En otra realizacion de este aspecto, la molécula de dcido nucleico aislada comprende una secuencia de nucledtidos
que es isocodificante con una secuencia de nucledtidos que tiene un complemento que se hibrida con los nucledtidos
1981-2367 de SEC. 1D. N*; | en 7% de dodecilsulfato de sodio (SDS), NaPO, 0.5 M, EDTA 1 mM a 50°C con lavado
en (0.1 X 88C, 8SDS al 0.1% a 65°C.

En otra realizacién, la molécula de deido nucleico aislada comprende una secuencia de nucledtidos que tiene al
menos 75% de identidad de secuencia con los nucleétidos 1981-2367 de SEC. ID. N° 1. Preferentemente, la molécula
de dcido nueleico aislada comprende una secuencia de nucledtidos que tiene al menos 85% de identidad de secuencia
con los nucledtidos 1981-2367 de SEC. 1D, N°: 1. Mds preferentemente, la molécula de dcido nucleico aislada com-
prende una secuencia de nucledtidos que tiene al menos 95% de identidad de secuencia con los nucledtidos 1981-
2367 de SEC. ID. N*: 1. Adn mds preferentemente, la molécula de dcido nucleico aislada comprende una secuencia
de nucledtidos que tiene al menos 99% de identidad de secuencia con los nucledtidos 1981-2367 de SEC. 1D. N*: 1.
Muy preferentemente, la molécula de dcido nucleico aislada comprende los nucledtidos 1981-2367 de SEC. ID. N* 1
o SEC. 1D, N=: 3.

En otra realizacidn, la molécula de dcido nucleico aislada comprende la secuencia de nucledtidos que se expone
en SEC. 112 N°: 1, SEC. ID. N* 3, SEC. 1D. N* 10, SEC. 1D. N*: 31 o SEC. 11D, N*: 33,

En una realizacidn de la presente invencidn, la molécula de dcido nucleico aislada codifica la secuencia de ami-
nodcidos que se expone en SEC. ID. N 2, SEC. ID. N 11 o SEC. ID. N* 32. Muy preferentemente, la molécula de
dcido nucleico aislada codifica una toxina que comprende los aminodcidos 661-788 de SEC. ID. N™: 2.

De acuerdo con una realizacién de la invencidn, la molécula de dcido nucleico aislada codifica una toxina que es
activa contra insectos lepiddpteros. Preferentemente, de acuerdo con esta realizacion, la toxina tiene actividad contra
Ostrinig nubilalis (barrenador del mafz europeo), Plutelia xylostella (palomilla dorso de diamante), Spodoprera fru-
giperda (gusano cogollero), Agrotis ipsilon (gusano cortador grasiento), Helicoverpa zea (gusano elotero), Heliothis
virescens (gusano cogollero del tabaco), Spodeptera exigua (gusano soldado de la remolacha), Pectinophora gossypie-
{la (lagarta rosada), Trichoplusia ni (gusano falso medidor de la col), Cochylis hospes (polilla de bandas del girasol),
v Homeosoma electelium (polilla del girasol).
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La presente invencion también proporciona un gen quimérico que comprende una secuencia promotora heterdloga
unida operativamente a la molécula de dcido nucleico de la invencidn. Ademas, la presente invencidn proporciona un
veclor recombinante que comprende dicho gen quimérico. Alin ademds, la presente invencidn proporciona una célula
huésped transgénica que comprende dicho gen quimérico. Una célula huésped transgénica de acuerdo con este aspecto
de la invencion puede ser una c€lula animal, un virus animal, un virus vegetal, una célula bacteriana, una célula de
levadura o una célula vegetal, preferentemente, una célula vegetal. Incluso ademas, la presente invencion proporciona
una planta transgénica que comprende dicha célula vegetal. Una planta transgénica de acuerdo con este aspecto de
la invencidn puede ser sorgo, trigo, girasol, tomate, hortalizas del grupo de las coles, algodén, arroz, soja, remolacha
azucarera, cafia de azicar, tabaco, cebada, colza oleaginosa o maiz, preferentemente maiz y algodén. Aun ademas, la
presente invencidn proporeiona semillas del grupo de las plantas transgénicas que consisten en sorgo, trigo, girasol,
tomate, hortalizas del grupo de las coles, algoddn, arroz, soja, remolacha azucarera, caia de aziicar, tabaco, cebada,
colza oleaginosa y maiz, En una realizacion particularmente preferida, la semilla es de una planta de maiz transgénico
o de una planta de algoddn transgénico.

La invencién también proporciona plantas transgénicas de la invencién que comprenden ademds una segunda
secuencia de dcido nucleico o grupos de secuencias de dcido nucleico que codifican un segundo principio activo pla-
guicida. Las segundas secuencias de deido nucleico particularmente preferidas son las que codifican una §-endotoxina,
las que codifican otra toxina VIP (proteina insecticida vegetativa) o las que codifican una ruta para la produccién de
un principio activo plaguicida no proteico.

Alin cn otro aspecto, la presente invencion proporciona toxinas aisladas activas contra cl barrenador del maiz
europeo producidas por la expresidn de las moléculas de dcido nucleico de la presente invencién.

En otra realizacion, las toxinas de la invencion son activas contra insectos lepiddpteros, preferentemente contra
Plutella xylostella (palomilla dorso de diamante), Spodoptera frugiperda (gusano cogollern), Agrotis ipsilon (gusano
cortador grasiento), Helicoverpa zea (gusano elotero), Heliothis virescens (gusano cogollero del tabaco), Spodopiera
erigua (gusano soldado de la remolacha), Pectinophora gossypiella (lagarta rosada), Trichoplusia ni (gusano falso
medidor de la col), Cachylis hospes (polilla de bandas del girasol), v Homeosoma electelium (polilla del girasol).

En una realizacion, las toxinas de la presente invencién son producidas por un aislado de Bacillus thuringiensis
seleccionado el grupo que consiste en C1674, designado como el registro NRRL B-30556; y €536, designado como
el registro NRRL B-30557.

En otra realizacion, las toXinas son producidas por un clon de E. coli seleccionado del grupo que consiste en
pNOV3910, designado como el registro NRRL B-30553; pNOV391 1, designado como el registro NRRL B-30552;
pNOV3906, designado como el registro NRRI. B-30555; pNOV3903, designado como el registro NRRIL B-30554; v
pNOV3912, designado como el registro NRRL B-30551.

En otra realizacion, una toxina aislada de la presente invencion comprende una secuencia de aminodcidos que tiene
al menos 91% de identidad con la secuencia de aminodcidos que se expone en SEC. [D. N™ 2. Preferentemente, la
toxina aislada comprende una secuencia de aminodcidos que tiene al menos 95% de identidad con la secuencia de
aminodcidos que se expone en SEC. ID. N% 2. Mads preferentemente, la toxina aislada comprende una secuencia de
aminodcidos que tiene al menos 99% de identidad con la secuencia de aminodceidos que se expone en SEC. ID. N™
2. Muy preferentemente, la toxina aislada comprende la secuencia de aminodcidos que se expone en SEC. [D. N™: 2,
SEC. ID. N 11 o SEC. [D. N": 32.

[.a presente invencidén también proporciona una composicion que contiene una cantidad eficaz para el control de
insectos de una toxina de acuerdo con la invencidn.

En otro aspecto, la presente invencidn proporciona un método para producir una toxina activa contra insectos, que
comprende: (a) obtener una célula huésped transgénica que comprenda un gen quimérico, el cual a su vez comprenda
una secuencia promotora heterdloga unida operativamente a la molécula de dcido nucleico de la invencidn; y (b)
expresar la molécula de dcido nucleico en la célula transgénica, lo que resulta en al menos una loxina activa contra
insectos,

En otro aspecto, la presente invencién proporciona un meétodo para producir una planta transgénica resistente a los
insectos, que comprende introducir una molécula de dcido nucleico de la invencidn en la planta transgénica, donde la
molécula de dcido nucleico se puede expresar en la planta transgénica en una cantidad eficaz para controlar insectos.
De acuerdo con una realizacion, los insectos son insectos lepiddpteros, preferentemente seleccionados del grupo que
consiste en: Ostrinia nubilalis (barrenador del maiz europeo), Plutella xylestella (palomilla dorso de diamante), Spe-
doptera frugiperda (gusano cogollero), Agrotis ipsilon (gusano cortador grasiento), Helicoverpa zea (gnsano elotero),
Heliothis virescens (gusano cogollero del tabaco), Spodoptera exigua (gusano soldado de la remolacha), Pectinophora
gossypiella (lagarta rosada), Trichoplusia ni (gusano falso medidor de la col), Cechyiis hospes (polilla de bandas del
girasol) v Homeosoma electellum (polilla del girasol).

Anin en otro aspecto, la presente invencién proporciona un método para controlar insectos que comprende sumi-
nistrar a los insectos una cantidad eficaz de una toXina de la presente invencion. De acuerdo con una realizacion, los
insectos son insectos lepiddpteros, preferentemente seleccionados del grupo que consiste en: Ostrinia nubilalis (barre-
nador del maiz europeo), Plutella xylostella (palomilla dorso de diamante), Spodoptera frugiperda (gusano cogollero),
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Agrotis ipsilon (gusano cortador grasiento), Helicoverpa zea (gusano elotero), Heliothis virescens (gusano cogollero
del tabaco), Spodoptera exigua (gusano soldado de la remolacha), Pectinophora gossypiella (lagarta rosada), Tricho-
plusia ni (gusano falso medidor de la col), Cochylis hospes (polilla de bandas del girasoly y Homeosoma electellum
(polilla del girasol). Preferentemente, la toxina se suministra a los insectos oralmente. En una realizacién preferida, la
toxina se suministra oralmente a través de una planta transgénica que comprende la secuencia de dcido nucleico que
expresa una toxina de la presente invencion.

La presente invencion también proporciona toxinas hibridas activas contra insectos, donde las toxinas hibridas
son codificadas por una molécula de dcido nucleico que comprende una secuencia de nucledtidos de acuerdo con la
invencion.

En una realizacion, las toxinas hibridas de la invencidn son activas contra insectos lepidopteros, preferentemente
contra Ostrinia nubilalis (barrenador del maiz europeo), Plutella xylostella (palomilla dorso de diamante), Spedop-
tera frugiperda (gusano cogollero), Agrotis ipsilon (gusano cortador grasiento), Helicoverpa zea {gusano elotero),
Heliothis virescens (gusano cogollero del tabaco), Spedoptera exigua (gusano soldado de la remolacha), Pectinophora
gossypiella (lagarta rosada), Trichoplusia ni (gusano falso medidor de la col), Cochylis hospes (polilla de bandas del
girasol) y Homeosoma electellum (polilla del girasol).

En otra realizacidén, la toxina hibrida es codificada por el fragmento de ADN de aproximadamente 2.4 kb com-
prendido en el clon de E. coli pNOV3912, designado como el registro NRRL B-30551. En una realizacién preferida,
la toxina hibrida es codificada por la secuencia de nucledtidos que se expone en SEC, ID. N 10.

La presente invencidn también proporciona una composicion que comprende una cantidad insecticidamente eficaz
de una toxina hibrida de acuerdo con la invencion.

En otro aspecto, la presente invencion proporciona un método para producir una toxina hibrida que es activa contra
msectos, que comprende: (a) obtener una célula huésped transgénica que comprenda un gen quimérico, el cual a su vez
comprenda una secuencia promotora heterologa unida operativamente a la molécula de dcido nucleico de la invencion,
y (b) expresar la molécula de dcido nucleico en la célula transgénica, lo que resulta en al menos una toxina hibrida que
activa contra insectos.

En otro aspecto, la presente invencidn propoerciona un método para producir una planta ransgénica resistente a los
insectos, que comprende introducir una molécula de dcido nucleico de la invencién en la planta, donde la molécula
de dcido nucleico codifica una toxina hibrida y donde la toxina hibrida se puede expresar en la planta ransgénica en
una cantidad eficaz para controlar un insecto. De acuerdo con una realizacidn, los insectos son insectos lepidépteros,
preferentemente seleecionados del grupo que consiste en Ostrinia nubilalis (barrenador del maiz curopeo), Plutella
xylostella (palomilla dorso de diamante), Spedoptera frugipenda (gusano cogollero), Agrotis ipsilon (gusano cortador
grasiento), Helicoverpa zea (gusano elotero), Heliothis virescens (gusano cogollero del tabaco), Spodoptera exigua
{gusano soldado de la remelacha), Pectinophora gossypiella (lagarta rosada), Trichoplusia ni (gusano falso medidor
de la col), Cochylis hospes (polilla de bandas del girasol) vy Homeosoma electellum (polilla del girasol).

Alin en otro aspecto, la presente invencidn proporciona un método para controlar un insecto que comprende su-
ministrar a los insectos una cantidad eficaz de una toxina hibrida de la presente invencién. De acuerdo con una rea-
lizacion, los insectos son insectos lepiddpteros, preferentemente seleccionados del grupo que consiste en Ostrinia
nubilalis (barrenador del maiz europeo), Pltella xviastella (palomilla dorso de diamante), Spodoptera frugiperda
{gusano cogollero), Agrotis ipsilon (gusano cortador grasiento), Helicoverpa zea (gusano clotero), Heliothis virescens
{gusano cogollero del tabaco), Spodoptera exigua (gusano soldado de la remolacha), Pectinophora gossypielia (lagarta
rosada), Trichoplusia ni (gusano falso medidor de la col), Cechivlis hospes (polilla de bandas del girasol) y Homeo-
soma electelfum (polilla del girasol). Preferentemente la toxina hibrida se suministra a los insectos oralmente. En una
realizacién preferida, la toxina hibrida se suministra oralmente a través de una planta transgénica que comprende una
secuencia de deido nucleico que expresa una toxina hibrida de la presente invencicn.

La presente invencion también proporciona una toxina hibrida activa contra ¢l barrenador del maiz curopeo que
comprende una regidn carboxi-terminal de una toxina Vip3 unida en la direccién de amino a carboxi a una regidn
amino-terminal de una toxina Vip3 diferente, donde la regién carboxi-terminal comprende los aminodcidos 661-788
de la SEC. ID. N 2; y donde la region amino-terminal tiene al menos 85% de identidad, mds preferentemente al
menos 95% de identidad, muy preferentemente al menos 99% de identidad con los aminodcidos 1-660 de SEC. ID.
N 7. En una realizacién preferida, la regién carboxi-terminal comprende los aminodcidos 661-788 de SEC. ID. N™:
2, y la regién amino-terminal comprende los aminodcidos 1-660 de SEC. ID. N*: 5. En una realizacidn muy preferida,
la toxina hibrida comprende los aminodcidos [-788 de SEC. ID. N™: 1 L.

La toxina hibrida, de acuerdo con este aspecto de la invencion, es preferentemente activa contra insectos lepiddp-
teros, mds preferentemente contra insectos lepiddpteros seleccionados del grupo que consiste en Osirinia nubitalis
(barrenador del maiz europeo), Plutella xylostella (palomilla dorso de diamante), Spodeptera frugiperda (gusano co-
aollero), Agrotis ipsilon (gusano cortador grasiento), Helicoverpa zea (gusano elotero), Heliothis virescens (gusano
cogollero del tabaco), Spodoptera exigua (gusano soldado de la remolacha), Pectinaphora gossypiella (lagarta rosa-
da), Trichoplusia ni {gusano falso medidor de la col), Cochylis hospes (polilla de bandas del girasol) y Homeasoma
electellm (polilla del girasol).
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Este aspecto de la invencidn también abarca una molécula de dcido nucleico que comprende la secuencia de
nucledtidos que codifica la toxina hibrida de este aspecto.

Otros aspectos y ventajas de la presente invencidn se tornardn evidentes para los expertos a partir del estudio de la
descripcion siguiente de la invencion y de los ejemplos no limitantes.

Breve descripcion de las secuencias de la lista de secuencias

SEC. ID. N* 1 es una secuencia de nucledtidos de vip3C nativa.

SEC. ID. N 2 ¢s la secuencia de aminodcidos codificada por SEC. 11D, N™: 1.
SEC. ID. N": 3 es una secuencia de nucledtidos de vip3C oplimizada para maiz.
SEC. [D. N": 4 es una secuencia de nucledtidos de vip3A(a) nativa.

SEC. ID. N*: 5 es la secuencia de aminodcidos codificada por SEC. ID. N*: 4.
SEC. ID. N™ 6 es una secuencia de nucledtidos de vip3B nativa.

SEC. ID. N7 es la secuencia de aminodcidos codificada por SEC. ID. N™ 6.
SEC. ID. N™ 8 es una secuencia de nucledtidos de vip3Z nativa,

SEC. T N": 9 es la secuencia de aminodcidos codificada por SEC. 1. N™ 8.

SEC, [D. N® 10 es una secuencia de nucledtidos de vip3A(a) hibrida.

SEC. ID.N™ 11 es la secuencia de aminodeidos codificada por SEC. TD. N 10,

SEC. ID. N": 12-29  son secuencias cebadoras (primers) ttiles para practicar la invencion.

SEC. ID. N% 30 es la secuencia de nucledtidos del vector pNOV2149,

SEC. ID. N™: 31 es la secuencia de nucledtidos de vip3C-12168.

SEC. ID. N™ 32 es la secuencia de aminodcidos codificada por SEC, ID. N™ 31,

SEC. ID. Nt 33 es la secuencia de nuclestidos de vip3C-12168 oplirizada para maiz.
Depdasitos

El material siguiente se depositd en la coleccion de cultivos a los fines del procedimiento en materia de paten-
tes, Agricultural Research Service, Patent Culture Collection (NRRL), 1815 North University Street, Peoria, Illinois
61604, bajo los términos del tratado de Budapest sobre el Reconocimiento Internacional del Depdsito de Microor-

ganismos a los fines del Procedimiento en Materia de Patentes. Todas las restricciones sobre la disponibilidad del
material depositado serdn irrevocablemente eliminadas una vez otorgada la patente.

‘Aislado/clon Namero de Fecha del
‘registro depdsito

'B.t. cepa C1674 'NRRL B-30556 7 febrero de 2002

'B.t. cepa C536 NRRL B-30557 7 febrero de 2002

E. coli BL21 (pNOV3906) |NRRL B-30555 7 febrero de 2002
'7 febrero de 2007
E. coli DHS5« (pNOV3910) |NRRL B-30553 7 febrero de 2002

'E. coli DH5a (pNOV3911) 'NRRL B-30552 ? febrero de 2002

E. coli BL21 (pNOV3905)  NRRL B-30554

E. coli DH5a (pNOV3912)  NRRL B-30551 7 febrero de 2002
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Definiciones

“Actividad™ de las toxinas de la invencidn significa que las toxinas actian como agentes de control de insectos
activos por via oral, tienen un efecto 18xico, o son capaces de interrumpir o impedir que los insectos se alimenten,
lo que puede causar, 0 no, la muerte de los mismos, Cuando una toxina de la invencion se suministra al insecto, el
resultado es habitualmente la muerte del insecto, o que el inseclo no se alimente de la fuente que hace que la toxina
esté a su disposicion.

“Asociada afunida operativamente a” se refiere a dos secuencias de dcido nucleico que estdn relacionadas [isica
o funcionalmente. Por ejemplo, se dice que una secuencia de ADN promotora o reguladora estd “asociada a” una
secuencia de ADN que codifica un ARN o una proteina, si las dos secuencias estan unidas operativamente, o situadas
de modo que la secuencia de ADN reguladora afectard el nivel de expresion de la secuencia de ADN codificante o
estructural.

Un “gen quimérico” es una secuencia de dcido nucleico recombinante en la cual una secuencia de icido nucleico
promotora o reguladora estd unida operativamente, o asociada a, una secuencia de dcido nucleico que codifica un
ARNm o que se expresa como una proteina, de mode que la secuencia de dcido nucleico regnladora sea capaz de
regular la transcripeion o la expresion de la secuencia de dcido nucleico asociada. La secuencia de dcido nucleico
reguladora del gen quimérico no estd normalmente unida operativamente a la secuencia de dcido nueleico asociada
como se encuentra en la naturaleza.

Una “secuencia codificante™ es una secuencia de dcido nucleico que se transcribe en ARN como ARNm, ARN 1,
ARNI, ARNsn, ARN sentido o ARN antisentido. Preferentemente el ARN se traduce después en un organismo para
producir una proteina.

“Controlar” insectos significa inhibir, a través de un efecto téxico, la capacidad de las plagas de insectos para
sobrevivir, crecer, alimentarse y/o reproducirse, o limitar el dafio o las pérdidas, relacionados con los insectos, en las
plantas de cultivo. “Controlar” insectos puede significar, o no, matar los insectos, aunque es preferible que signifique
matar los insectos.

Correspondiente a: en el contexto de la presente invencion, “correspondiente a” o “corresponde a” significa que
cuando las secuencias codificantes de dcido nucleico o las secuencias de aminodcidos de genes o proteinas Vip3
estdn alineadas unas con otras, el dcido nucleico o los aminodcidos que “corresponden a” determinadas posiciones
enumeradas son los que se alinean con esas posiciones pero que no estdn necesariamente en esas exactas posiciones
numéricas en relacidn con la respectiva secuencia codificante de dcido nucleico o secuencia de aminodcidos de la
Vip3 particular. Andlogamente, cuando la sccuencia codificante o secuencia de aminodcidos de una Vip3 particular
{por ¢jemplo, Vip3Z) sc¢ alinca con la secuencia codificante o secuencia de aminodcidos de una Vip3 de referencia
{por gjemplo, Vip3C), los deidos nucleicos o aminodcidos en la secuencia Vip3Z que “corresponden a™ determinadas
posiciones enumeradas de la secuencia Vip3C son los que se alinean con esas posiciones de la secuencia Vip3C, pero
no estdn necesariamente en esas exactas posiciones numéricas en la respectiva secuencia codificante de dcido nucleico
o secuencia de aminodcidos de la proteina Vip3Z.

“*Suministrar’” una toxina significa que la toxina entra en contacto con un insecto, produciendo un efecto toxico y el
control del insecto. La toxina se puede suministrar de muchas maneras conocidas, p. €]., oralmente mediante ingestion
por el insecto o mediante contacto con el insecto a través de: la expresién en una planta transgénica, composiciones
de proteinas formuladas, composiciones de proteinas pulverizables, una matriz de cebo, o cualguier otro sistermna de
suministro de toxinas conocido en el drea.

“Cantidad eficaz para controlar insectos™ significa esa concentracién de toxina que inhibe, a través de un efecto
toxico, la capacidad de los insectos para sobrevivir, crecer, alimentarse y/o reproducirse, o que limita el daio o la
pérdida, relacionados con los insectos, en las plantas de cultiva. “Cantidad eficaz para controlar insectos” puede
significar, o no, matar los insectos, aunque es preferible que signifique matar los insectos.

“Casete de expresidn” como se usa en este documento significa una secuencia de dcido nucleico capaz de dirigir
la expresion de una secuencia de nucledtidos particular en una célula huésped adecuada, que comprende un promotor
unido operativamente a la secuencia de nucleotidos de interés la cual estd unida operativamente a las seiiales de termi-
nacion. También comprende habitunalmente las secuencias requeridas para la traduccion adecuada de la secuencia de
nucledtidos. El casete de expresion que comprende las secuencia de nucledtidos de interés puede ser quimérico, lo que
significa que al menos uno de sus componentes es heterélogo con respecto a al menos uno de sus otros componentes,
El casete de expresidn puede también ser de origen natural pero que haya sido obtenido en forma recombinante til
para la expresién de heterdlogos. Habitualmente, sin embargo, el casete de expresion es heterdlogo eon respecto al
huésped, es decir, la secuencia de dcido nucleico particular del casete de expresion no se encuentra naturalmente en la
célula huésped y debe ser introducida en la célula huésped o en un ancestro de la célula huésped mediante un fendme-
no de transformacién. La expresion de la secuencia de nucledtidos en el casete de expresidn puede estar bajo el control
de un premotor constitutive o de un promotor inducible que inicie la transcripeion sélo cuando la célula huésped es
expuesia a algin estimulo externo particular. En el caso de un organismo multicelular, como una planta, el promotor
también puede ser especifico para un tejido, rgano o etapa del desarrollo particulares.
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