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UNITED STATES DISTRICT COURT DEC 1 8 2001

EASTERN DISTRICT OF NORTH CAROLINA us D'Sﬁ,%% TCLERK

EDNG

SOUTHERN DIVISION P CLER¢
MONSANTO COMPANY *
Plaintiff *
*
*

VERSUS +  caseNo: T -OL-CiJ - 2O _%Q\(\\

*
BOBBY O. GARRELL and TERRY GARRELL *
d/b/a GARRELL & GARRELL FARM *
PARTNERS *
Defendants *
*
* % % * % * % %k % % % % % %k * % % *

COMPLAINT

COMES NOW the plaintiff, Monsanto Company (hereinafter “Monsanto”), by and
through its undersigned counsel, and for its Complaint at law against Bobby O. Garrell and Terry
Garrell d/b/a Garrell & Garrell Farm Partners (hereinafter referred to as “the Garrells” or
“defendants”), makes the following allegations:

PLAINTIFF

1. Monsanto is a company organized and existing under the laws of the State of
Delaware with its principal place of business in St. Louis, Missouri. It is authorized to do
business and is doing business in North Carolina and this judicial district.

DEFENDANT
2. The defendants, Bobby O. Garrell and Terry Garrell, are individuals who have

obtained the age of majority and are residents and domiciliaries of Columbus County, North

Carolina.

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 1 of 184 \




JURISDICTION AND VENUE

3. Subject matter jurisdictions is conferred upon this Court pursuant to 28 U.S.C.
§1331, in that one or more of Monsanto’s claims arise under the laws of the United States, as
well as 28 U.S.C.§1338, granting district courts original jurisdiction over any civil action
regarding patents.

4, Venue is proper in this judicial district pursuant to 28 U.S.C. §1400, in that the
defendant resides in this judicial district and a substantial part of the events giving rise to this
claim for patent infringement occurred in this judicial district.

GENERAL ALLEGATIONS

5. Monsanto is in the business of developing, manufacturing, licensing and selling
agricultural biotechnology, agricultural chemicals and other agricultural products. After the
investment of substantial time, expense and expertise, Monsanto developed a new plant
biotechnology that involves the insertion into plants a gene that causes the plant to be resistant to
glyphosate based herbicides such as Roundup Ultra®' or Touchdown®?,

6. This new biotechnology has been utilized by Monsanto in soybeans. The
genetically improved soybeans are marketed by Monsanto as Roundup Ready® 3 soybeans.

7. Roundup Ultra® and Touchdown® are non-selective herbicides which will cause

severe injury or death to soybean varieties that do not contain the Roundup Ready® technology.

! Roundup Ultra® is a registered trademark of Monsanto Company.
2 Touchdown® is a registered trademark of Syngenta.
3 Roundup Ready® is a registered trademark of Monsanto Company.
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8. Monsanto’s Roundup Ready® technology is protected by U.S. Patent Numbers
5,633,435 and 5,352,605 which are attached hereto as Exhibits “A” and “B”. These patents
were issued and assigned to Monsanto prior to the events giving rise to this action.

9. Monsanto placed the required statutory notice that its Roundup Ready®
technology was patented on the labeling of all bags containing Roundup Ready® soybean seed.
In particular, each bag of Roundup Ready® soybean seed is marked with notice of U.S. Patent
Nos. 5,633,435 and 5,352,605.

10. Monsanto licenses the use of Roundup Ready® seed technology to soybean
producers at the retail marketing level through a limited use license agreement, commonly
referred to as a Technology Agreement.

11.  Under the terms of the Monsanto Technology Agreement, a purchaser/licensee is
prohibited from saving, selling, reselling or otherwise transferring any seed produced from the
purchased seed for use as planting seed. The only permissible use of the patent protected seed
allowed by the Monsanto Technology Agreement is to market the crop derived therefrom as a
grain commodity.

12.  Authorized purchasers of Roundup Ready® soybeans are also required to pay a
license fee (otherwise referred to as a “technology fee”) for each commercial unit of seed
purchased.

13.  Monsanto does not authorize the planting of saved (bin run and/or brown bag)
Roundup Ready® soybeans.

14.  Defendants planted brown bag Roundup Ready® soybean seed in contravention

of Monsanto’s patent rights.
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15.  Upon information and belief, Defendants knowingly, intentionally and willfully
planted saved Roundup Ready® soybeans without authorization in violation of Monsanto’s patent
rights in those soybeans.

COUNT ONE - PATENT INFRINGEMENT - PATENT NO. 5,633,435

16.  Each and every allegation set forth in the above numbered paragraphs is hereby
incorporated by reference just as if it was explicitly set forth hereunder.

17. On May 27, 1997, United States Patent No. 5,633,435 was duly and legally issued
to plaintiff for an invention of Glyphosate-Tolerant-5-Enolpyruvylshikimate-3-Phosphate
Synthesis and since that date, plaintiff has been and still is the owner of that patent. This
invention is related to plant molecular biology, and it specifically covers, among other things, the
progeny of Roundup Ready®soybeans and the applications of glyphosate to a glyphosate tolerant
crop.

18.  Monsanto placed the required statutory notice that its Roundup Ready®
technology was protected by U.S. Patent No. 5,633,435 on the labeling of all bags containing
Roundup Ready® soybean seed in compliance with 35 U.S.C. §287.

19.  Defendants’ conduct, as set forth above, constitutes the use of patented invention
within the United States during the terms of Patent No. 5,633,435, all in violation of 35
U.S.C.§271. Accordingly, Monsanto has a right of civil action pursuant to 35 U.S.C. § 281.

20.  Defendants have infringed and may still continue to infringe U.S. Patent No.
5,633,435 by making, selling, offering for sale, using or otherwise transferring Roundup Ready®
soybeans embodying the patented invention without authorization from Monsanto, and will

continue to do so unless enjoined by this Court.
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21. Pursuant to 35 U.S.C. §283, Monsanto is entitled to injunctive relief in
accordance with the principles of equity to prevent the infringement of rights secured by its
patents.

22.  Pursuant to 35 U.S.C. § 284, Monsanto is entitled to damages adequate to
compensate for the infringement, although in no event less than a reasonable royalty, together
with such interest and costs to be taxed to the infringer. Further, the damages should be trebled
because the infringement was willful pursuant to 35 U.S.C. §284. Monsanto is also entitled to
reimbursement of its attorney’s fees pursuant to 35 U.S.C. §285 because this is an exceptional
case.

COUNT TWO - PATENT INFRINGEMENT - PATENT NO. 5,352,605

23. Each and every allegation set forth in the above numbered paragraphs is hereby
incorporated by reference just as if it were explicitly set forth hereunder.

24.  On October 4, 1994, United States Patent No. 5,352,605 was duly and legally
issued to plaintiff for an invention in Chimeric Genes for Transforming Plant Cells Using Viral
Promoters, and since that date, plaintiff has been and still is the owner of that patent. This
invention is in the field of genetic engineering and plant biology.

25.  Monsanto placed the required statutory notice that its Roundup Ready®
technology was protected by U.S. Patent No. 5,352,605 on the labeling of all bags containing
Roundup Ready® soybean seed in compliance with 35 U.S.C. §287.

26. Defendants’ conduct, as set forth above, constitutes the unauthorized use of a
patented invention within the United States during the term of Patent No. 5,352,605, all in
violation of 35 U.S.C. §271, and Monsanto therefore has a right of civil action against the

defendants pursuant to 35 U.S.C. §281.
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27.  The defendants have and may still be infringing that patent by making,
selling, offering for sale, using or otherwise transferring Roundup Ready® soybeans
embodying the patented invention without authorization from Monsanto, and will
continue to do so unless enjoined by this Court.

28. Pursuant to 35 U.S.C. §283, Monsanto is entitled to injunctive relief in
accordance with the principles of equity to prevent the infringement of rights secured by
its patents.

29.  Pursuant to 35 U.S.C. §284, Monsanto is entitled to damages adequate to
compensate for the infringement, although in no event less than a reasonable royalty,
together with such interest and costs to be taxed to the infringer. Monsanto requests that
these damages be trebled pursuant to 35 U.S.C. §284 in light of the defendant’s knowing,
willful, deliberate and conscious infringement of the patent right at issue.

30.  The infringing activities of defendant bring this case within the ambit of
the exceptional case contemplated by 35 U.S.C. §285, thus Monsanto requests the award
of reasonable attorney’s fees.

WHEREFORE, Monsanto Company prays that process and due form of law issue
to Defendants herein, requiring them to appear and answer, all and singular, the
allegation of this Complaint, and that after due proceedings are had, there be judgment in
favor of Monsanto Company and against the defendants, providing the following
remedies to Monsanto:

1. Entry of judgment for damages, together with interest and costs, to
compensate Monsanto for the defendants’ patent infringement;

2. Trebling of damages awarded Monsanto for the infringement of its patents
together with reasonable attorney’s fees;
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3. Entry of an order prohibiting the defendants from planting, transferring or
selling the infringing articles to a third party;

4. Entry of a permanent injunction to prevent defendants from using,
cleaning or planting any of Monsanto’s proprietary seed biotechnology
without express written authorization from Monsanto; and

5. Such other relief as the Court may deem appropriate.

Respectfully submitted,

JAMES T. WILL;;%,%;‘EC Bar 47;;; -

DAVID W. SAR (N.C. Bar 23533)

Brooks, Pierce, McLendon, Humphrey
& Leonard, L.L.P.

2000 Renaissance Plaza

230 North Elm Street

Greensboro, North Carolina 27401

Telephone: (336) 373-8850

Facsimile: (336) 378-1001

and

MILES ? CLEéNTS, T.A. (La. #4184)

WAYNE K. McNEIL (La. #20956)
JOEL E. CAPE (La. #26001)
CAMILLE R. JACKSON (La. #26485)
Frilot, Partridge, Kohnke

& Clements, L.C.

3600 Energy Centre, 1100 Poydras St.
New Orleans, LA 70163-3600
Telephone: (504) 599-8000

Facsimile: (504) 599-8100

ATTORNEYS FOR MONSANTO COMPANY

7
Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 7 of 184



Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 8 of 184



United Statet Patent s

Barry et al

ERINEERRINININD

(11) Patent Number: 5,633,435
(45} Date of Patent: May 27, 1997

{541

()]

e

@1
@21

63

51
[52)

(581

[56)

GLYPBOSATE-TOLERANT $-
ENOLPYRUVYLSHIKIMATE-3-PHOSPHATE
SYNTHASES

Inventors: Gerard F. Barry, St Louis; Genesh

Assignee: Monsanto Company, St Lovie, M2

Appl No.: 306,863
Filed  Sep. 13, 1994

Related US. Application Data

Continuation-&a of Sec No. 749,611, 28, 1991, -
Ay contiauati -4 s Sez Ne

sbendcasd, which is s ca-in-pent of
576531, Axg 31, 1990, sbmdoned.

Int QO° - AO1H 489; C12N 1582
us. Q. 804/208; $00/250; $00/DIC. 17;
BOO/DIA. 43; S0U/DIG. 26; S36723.2; 47/58;
435320.1; 438/172.3; 435/413; 438/411;
435/414; 43S/ 18; 435/418; 435/417; 435/416
Fied of Searct e 300208, DIG. 43,
800/DX3. 17, 250, DIG. 26; $36¢/32, 23.4,
) B.7; 4350201, 1724, 1723

References Cited

U.S. PATENT DOCUMENTS

4,766,061 998 Coxnmi e
4971908 1171990 Kishom & ol
S04 31992 Cooal
5310667 5/1994 Eichholtz st el

Qayvint
Qavina
Qa1n3

POREIGN PATENT DOCUMENTS
015329 w1986 Europems Mot OFf . $00208
OQTHER PUBLICATIONS

Comai et al (1988) J of Biol Chem. 263:15104~15109.
Pillasti ¢ al. (Jul 1987) Bio/Techaclogy 5:726-730.

Fitzgibboa (Dec. 1988) Ph.D. Thesis Uslversity Microfitms

Interaational, (1989)

Griffia and Gesson (1995) Mal. Gen. Genet. 246:119-127.
Heaner et al. (1986) Geae 49:147-152.

Potrykns (Jua. 1990) BioTechaology 8:535-542,

Comal, et al (1988) Joarnal of Blological Chemistry
263:15104~15109.

Fitzgibboa (Dec. 1988) Ph.D. Thesis Usiversity Microfilms
International, 1969, pp. vili-ix, 18, 22-29, 32, 93, 96-108.

Primary Exominer—Che S. Chereskin
Attorney, Agent, or Flrm—Deasis R. Hoerner, Jt

5N ABSTRACT

Geanes eacoding Class II EPSPS eazymes are disclosed. The
genes are useful in producing transformed bacteria and

plaats which are tolerant t glyphosate herbicide. Class If .

EPSPS genes share littie bomology with known, Qass I
EPSPS geuct, and do not hybeidize to probes from Class 1
EPSPS's. The Class IT EPSPS enzymes are cheracterized by
being more kinetically efficleat than Class I EFSPS's in e
presence of giyphosste. Planty transformed with Class I
EPSPS genes are also disclosed as well as a metbod for
selectively coutrolling weeds {n a plasted transgenic crop
fleld

87 Cisims, 70 Drawing Sheets

EXHIBIT

A

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 9 of 184



5,633,435

Sheet 1 of 70

May 27, 1997

U.S. Patent

YT 92anbtd

UU¢09<€UBB8<¢OPUBBUOOEO049OBUEBBBBUBO<<<UBB<UBO<UU¢BO<FOU¢BG

LS99
OOBO<BBU<¢<SBU<0<¢OUU¢UUB<U<O<<<<<¢<UBBBO¢<BO<09008<UB<00940

800800440<OB<OBBB<UBBBO<BPQcé049909304990<BUHUUBUB<OUBBFBQGU
L6S9 8€S9
<UO<UUB&O@U<BU<<<BO¢<4UF<<UBBUP<<O¢¢UB<<U&<G<OU<U<&00<<¢<UUU

F¢<&OOBBBOO<0<UBUB09<UUUBO<UUBBGBBO¢0@0&8&0040&0<04<&BU?800&

LES9 8LYI

¢99<UU<<¢UUB090404049vO0<U&OU<<O¢€UBUU04<<UU&0<UBUBB¢¢G¢<GU<

B¢U<4<UU&BBO<OO<BOUO¢OBBUUPBUBBw098&90m00€&¢00¢<&&8@<¢9¢<¢0&

LLv9 ¢, 81v9
¢HU&BB00<<<UBUUB<UUUBU¢400<<0<<UU<€<4UUGUB<H00&94¢¢U&9¢&9&U¢

OCBCHOOUBUUBQUUBBOEBO<BBU<<UUU<<BUBOU<<B00800&¢<49¢EBBBO<&0<
LTIP9 8st9

ALVIYIIOVIIVLOOVYIVYILYVILLOOOLLYOYOILLY IOV IOV LLLVIVYVYOLVYOL
—IasS :

86S9 -

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 10 of 184



5,633,435

Sheet 2 of 70

May 27, 1997

U.S. Patent

g1 °92anbTtd

w<0<¢4&<&&wo&&<0&<&UBO<BG¢BUUB&U<<<&OGO&<BO<¢BOUU&BOBB¢B£
569 . 8689
U&U&B&<&¢<UU<<BU<B<Q<UB¢UB<0044089840UOEBGUBB4UOO<40<¢H¢H
—IasS
B<Q<UOU<<B&UBBEBOBGOPUUBU¢UBOUOBBUOBUQBAUGU<994080<OBOOUUBOB
L689 g8€89
)0 §

CBUBUUUBB<¢U<4<<U<U04004080<U00440U<OB¢HUUQB<¢BU<UBU<UUU

U<UQ<U<OUBUBBBBUU<U¢BB<BBE&@BBUUUU<UBBGE<UB€O<OO<¢BUBQUBEB¢B
LEBY 8LLY
UBOUBOBUO€Q4<<¢OG&GU<¢B¢¢<<U€<OGOGBO<¢U<BU<BUBUUBF¢G¢UU<<<B4

&WBBGU<¢9<<¢OOU<<<O<BOUB&EBOOB<G090UOUUB<¢U<¢BBUBOU<UU¢HBUUB
. wﬁbm

bhbw
04&4008&49&&00&9&&0&40®<<<<UU<BUU<UGUOOdBBOSB<¢OﬁUOBOOB<¢OO¢

BBBBBOBUBOU&UUUU<U<<OUU<OUBOUEUO<BOBBO<U<<0<BB<UEBBU<¢¢0¢BOU
mmmm

[.TLY
OVYYILLLILYID

<<N¢<U¢O<UU¢GOOQBOBBUOOBUOtUO¢OUB<U<<UBOB&UB<¢B

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 11 of 184



U.S. Patent May 27, 1997 Sheet 3 of 70 - 5,633,435

EcoRl Hindlll

Cm resistance

Sp resistance

T7 promoter \

PpMON17020

Figure 2

Ar

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 12 of 184



5,633,435

Sheet 4 of 70

May 27, 1997

U.S. Patent

143

86¢

0s¢

coz

1472

90T

09

G6
dsvy

LYO

211
ALY

I9Ss
ol 7

ST
as

JOL

no1
ALO

211
LY

erv
209

bavy
o000

o€
31
ALV

si1
vvv

vE oInbtd

oxd
020

dxy
291

sAq]
1344

114
IYL
ooV

138
DAL

bay
J00

ety
009

IYL
lo)0) 4

09
A1o
299

nio
wvo

8A1
£2)°4 4

etv
200

nio
ovo

SL
dsvy

o) )

auL
ooV

A19
199

dsvy
o) O

YL
o) §

DJDIVOVVIO VVLLYOVLYO

06
oxd

LID

A19
099

usv
LYY

IS
012) 4

A19
099

0T
eIV
Vo9

ety
909

nio
YvO

alI
ALY

ety
009

1A
oad

909)

oad
JI0

nag
OLO

sin
ovv

TeA
ILO

ov
nan

/I
JaLV

bav
990

na1
AL

bay
IL9D

SS
dsy

o) {3/

A19
199

bay
000

b &1
o) 4

A19
099

oL
211
oA 4

nio
ovo

A19
299

TeA
L9

X3S
ooV

S8
A9
009

Bay
99Y

A19
099

aud
JLL

ayr,.

NV

S
ety
Yoo

usvy
IVY

ety
209

nyo
A4 £

AN
LY
0z

A19
v99

A19

£19
209

A9
099

na
oLd
St

auyd
ILL

X398
O0L

STH

TeA
ILO

IR
oLV
0s

na’1
LI

x9S
J0L

ne
LLO

X3S

199 DYO OOL

A19
099

59
eTv
009

19
299

Bxy
990

A9
299

1
B
AA 4

08
dasy

LYO

uto
OO

IqL
oo ) ¢

6TH
o) o)

138
LIL

o

9LOIIOVOVD HI2I920LID ID99IILILIAL Ao eonieies) 4 4

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 13 of 184



May 27, 1997 Sheet 5 of 70 5,633,435

U.S. Patent

z89

143

98S

8¢ES

o6?

(444

143

na71

aylrL
12)0) 4

SLT
utd
ovO

ol ¥ |
DN

uto
ovo

s/
ovvY

A19
299

I9KH

061
aTI

erv
YO0

A19
999

TeA
oLo

YL
YOV

ott
TeA
ALO

g 2anbra

so0¢
sf

ovv

A19
099

19§
0L

bay
200

A19
J9D

YA
na’

ILO

nar
LD

nro
Yvo

oxd
200

ety
209

nal

ort
IR
LY

x9S
924,

A1
299

Y,
ooV

Iyl
o0V

19n

SST
ayy
oYo) s

nto
Yvo

ety
2090

AN
oLV

STH
A f8)

usvy
o) 44

oLT
oxd

900

TeA
JLO

Bay
990

dsy
ovo

ayr
20V

dsvy
LVO

S8T
nan

LD

TeA
Lo

oag
oo

na’
OLO

AT19
099

SO0T
na‘

LI

002
bay

290

A1
099

bxy
290

nar
AP

oxg
)

0zt
91X
ALY

bay
290

gy
90V

eIv
209

SZNA
o) A

bay
hA )
SEl

usy
o) 4 4

ayd

s4D
OOL

ISH
OLY

nan
LD

YL
oo ¢
oSt

dsv
o) )

noi

ayy,
AV

A19
099

11
LY

nan
2LO

S91
211

A19
199

@A
AR

X198
o) 4

ayg,
o0V

oxd
1399

08T
TeA
Lo

oxd
900

dsvy
o) 42

Bav
00

dsvy
VO

00T
ety
209

G6T
nTo
ovd

erv
209

ayy,
ooV

nto
A4 £

ATO
299

STT
ayd

etV
209

S1I
ALY

aasg
JDL

oxd
920

a9s
OdL

O€T
9K
VA 4

dasy
VO

usy
LYV

™A
ILO

8/A1
13074 4

L
199) 4

SPY
s8k1

oxd
900

IAL
o) 41

A19
099

ayy
129) 4

TeAa
Lo
091

8417
19)°4 4

TeA
Lo

Bay
290

TeA
ALO

ayd

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 14 of 184



May 27,1997  Sheet 6 of 70 5,633,435

U.S. Patent

8101

oL6

26

L8

9ce

8LL

oeL

‘dsy

VO

dsy
ovd

dsvy
o) 3]

usy
o) 4 4

SS¢
ety
209

211
ALY

TeA
Lo

nio

wvo

RV
909

elv
200

oLe
AN
LY

ety
D20

TeA
ALO

A1o
299

O¢ 9anbrta

oxd
D00

TeA
OLO
S8¢

A19
099

noari

TeA
daLO

utro
VO

dsvy
o) 2

TeA
OLO

00¢
dsvy

WO

A2R
AR 4

TeA
aLO

na
LD

A19
299
0zzZ
elv
929

STE
ayy
20V

nio
Yvo

nio
A4 £

usy
o) 4 4

oxd
200

SEZ
ayy,
J0v

dsv
IV

TeA
219

A19
099

uto
ovd

nog
LD

0s?
aud

na“
ALO

IYL
0) 4

A19
099

N )
299

na“
DLO

59¢
oTI
ALY

etv
209

sAq
ovvY

nio
ovo

sA7
ovvY

eTv
209

082
ayy,
ooV

Iy
o)

ayg
ooV

A19
099

TeA
2LO

nan
aLo

S62
nan

LLO

na
oLO

TeA
ALO

X938
0L

Bay
290
S1C
IYL
0¥

0T¢
ayy
OOV

bay
290

911
oAA §

dsvy
ovd

Ias
OOl

0€e
A19
099

nal
LLO

1385
JOL

oxa
920

nar
LD

138
oo N/

3%
0xd
920

nio
Yvo

usy
oY

X998

“D0L

usy
vy

A19

092
A19
099

dsy
o) {3)

na’l
oLD

elvy
09

bay
290

211
LY

SLZ
2y,
OV

(o 2 & |
920

A9
099

bay
290

A1
299

TeA

LLO

062
TeA

L9

bay
090

TeA
ILO

oxd
900

o1
ALV
01e
ayd

S0¢
bay

290

ngo
Vo

ayL
OV

na“

TeA
Lo

144
gL
0¥

NG
299

nal
AR

2Tl
LV

oxg
o 0]

nary

ove
dsy
o) O

Bsxy
290

utd
ovo

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 15 of 184



5,633,435

May 27, 1997 Sheet 7 of 70

U.S. Patent

pPSET

90¢T

8sZT

otz

2911

PITT

9901

dag =2anbTtg

0P . Gezw
IYL IV BTI I9W IYlL ey dsy dsy Tea Iyl TeA
90V D29 OLV OLY DOV D29 L¥D DOV SLOY 9V ILO

STV ()42 SOV
na1 AT9 I9W TPA N9T Syd 13s I8N BRIV ITI Hav
OLD 299 SIV J19 JID JLL J9Y SIV D09 JLV 29D

S6¢ 06t
eIV TeA eIV TV A1H 185 ey usy A9 na Ao
309 21D 209 229 D99 934 IJID IJVYY 299 ILD 999

08¢ SLE
A19 Bay TeA TeA N9 I3S Iyl nIH ATO nio dsy
999 D90 OLO JL9 JLD HIL DOV HYD 299 OV LvD

S9¢ 09¢€ .
na7 sAT na1 ATH usy vIY [eA eIY X985 na Bay
ALD DYV JLO D99 LWV D09 DL D29 90L d1LD 29D

0SE SYE
61v na7 n19 N9 naT ATH USY I9W [BA IYL eIV

000 JILO ¥¥O ¥VH 91D 19D DYV SLV HL9 DOV 909

SEE oce Y43
eIV eIV TeA BTY N9T 9TI 0xd AL no dsy o1l
Q09 209 JID 129 JLD LIV 92D LV ¥YVD JVO ALY

11}4 4
oxd usy nyo

LJD O¥Y YVO

STH dsy nar
OY¥d 1V¥9 JILD

sA7 A1o dsy
OVY D099 DV

0LE
84D dsy [ea
JOL L¥D 919

SSG¢E
dsy 195 nIo
J¥D DOV Vv

ove
A19 n1o erv
999 vv9 9509

19H 138 0oxgd
OLY 90L &LID

a9g
OJL

8TH
B A fo)
11:1%

oxd
LIO

4A19
209

s8i1
ovv

9yd

eIV
005

TeA
DA A)

oov
aylrL
fo)e) 4

bay
290

usy
LYY

TeA
ALY

-3 4 4
209

(174
Bay

200

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 16 of 184



May 27, 1997 Sheet 8 of 70 5,633,435

U.S. Patent

Z861
9¢té61
9L81
9181
9G6L1
9691
9¢91
9LS1

91st
96Vv1

covt

q¢ 9InbHTA

YOVH99IOVO
OLYVYIOOOILO
LILOOYVOLO
YO9H990200V0
JOLYILOODD
9010999229
LOLOOODIOD

ALVIOLLLOOO

4
. DLOSLYOIILNY DIDILVVYOVD LLIDVOLVOL D29 LD O¥Y OOV L¥D DAL JLO Yo

LLIYOO
J¥HIHI2920
JLYYYOOVOL
922909LVID
L92909900.L
JLVOVYVYOOLL
ILOLYOOLOL
LVYOILODLIO

LVYLILOOYIO

Svy
91I SAT erv A[9 no1 ATO eIy 39W na7 dsy 319K dud NI 0I1d dSyd 185

SLY OYY 929 299 9IL) 999 D39 HLVY OLD J¥D HIV JLL O¥D HID OILL OOV

JOLYOOYOOD
9IIILY.LVOOY
L Afslaleebie) 4 4
JD229LILOOL
LLOOVIODOV
J99099v¥D0D
YYO900000L
JOYYYIID90

J90LYJ,9009

ovv

HIDJOVVOLL
HOLIJLVOOY
¥HD929I9LI
59IVIDOILY
29299Y9ILO
DOLVIIOLYD
HIYHII9009
¥20909JLYL
uwu%osuwua

314

LOJLOVIVOD
OQOU¢BB<QU
YVOOIOIVYOLO
LYOIODOYOIL
2129009900
J099019L39
LLOODOOVOD
JOVHLIODDD

HODOYYOODO

09990LO9OL
J99LLO9993O
JHOOVILOLY
<UQBUUBOOU
99LODILID
JLOOILOODOY
YOLVOLLOOD
OVLYOOLOLY

D9DIDLIOID

oSy
eIV eTY A1 ayl dsy 13§ na7 N9

SEY

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 17 of 184



May 21, 1997 Sheet 9 of 70 5,633,435

U.S. Patent

(A3

1423

962

80¢

091

2Tt

09

uto
) $0)

nio
ovO

211
LY

ety
\ 000
34

0agd
220

oxgd

na
OLL

si1
vy

TeA
ILO
ov

na“l
Lo

211
LLV

sA1

vy °InbTd

na“l
RS

bav
19O

SS

dsvy
9) 3]

A19
IO

bavy
J90

oxd

sKO
091

oL
211
ALY

nio
ovo

£19
099

911

aas

VOO YWV 900 J0L

1
A19
099

sk

A19
299

aud
ILL

nTod
A4 £

S
erv
A {00

J9OIVOLODD IDDLYYILOL

usvy
LYV

ety
8 1)

nio
Yvo

BN
oLY

02
A19
099

PET
LOL

A9
099

K19
299

nar1
AR

Gt
ayd
L

IYL
13914

STH
LVYO

TeA
JLO

A9KH
OLY

06
na

LLO

I3s
J0L

na“]
ALO

Ias
2L

K19
099

S9
elv
229

A19
299

5xy
290

elv
¥OO

.
I

08
usvy

o) 4 4

uto
ovd

ayy
o0 4

STH
LVYO

nto
ovd

911
oLy

I9H
OLY

alI
ALY

X3S
0L

ST
198

O90L

o211
ALY

eIV
209

bav
290

113
91l
LY

bay
290

dal

bxv
2090

Sy
a4l
o)e) 4

b (-1
IOL

[ 3474
290

SL
1eA dsy A19
JL9 I¥9 D99

09
A9 Iyl usvy
299 YOV LWV

nio Ao 198
¥y9 299 90&L

gkt dsy A1O
oYY IV D099

0T
eIy Iyl erv
209 00V YOO

oLV DILVY YVYOLOLOVD LOLVVYYVYOOD

DIVLIDIIDD VYOOVLIOOVL VIOVLIVYLIY OVOVOOOVLO

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 18 of 184



May 27, 1997 Sheet 10 of 70 5,633,435

U.S. Patent

889

ov9

265

44"

96"V

1244

oov

dsv
o) 2]

S81
na

LD

TeA
OLO

oad
900

na1

A1
299

S0Y
na’

LI

002
b1y

290

A9
199

bay
J90

AN
oLy

oxd
920

0?1
alI
JLY

bay
290

gy oanbtd

YL
0¥

eTv
J09

XAL
LY.L

bav
J00
SET

usy
ovY

ayd

elv
029

IO
OLVY

na7
LD

L
oo}

0S1
dsy

J¥O

nary
oL

b ET
JOL

Ao
099

TeA
ALO

nar
O10

G971
oTI
LY

A19
099

TeA
919

Iy
J0V

ayy,
o0V

oid
D20

081
TeA
oLo

oagd
200

dsvy
A )

bay
200

sA1
13)4 4

00T
AT19
Vo9

S61
ngo
ovo

ety
229

usy
LYY

ety
209

£19
299

STT
A9KH
LY

etv
229

311
oLvY

19§
folo A

erv
229

etv
¥o9o

0€T
I9K
DLV

dsv
o) O

usvy
LYY

TeA
JLO

17,91

ayy
P20} 4

SYI
nio
LA £

oxag
9 9)

1AL
RA AR

K19
299

ayy,
o0V

TeA
Y&LO

091
si1

ovv

TeA
OLO

51y
299

ayyr
o) 4

ayd
oLL

ayy
o)e) 4

SLT
uro
OvO

oxd
922

utro
Ovo

8A17
ovyY

K19
299

S6
dsvy

LYO

06T
TeA
JLO

elv
909

L19
099

TeA
LLO

x9S

0ttl
Tea
ALO

na1
ALI

A9
099

1938
AL

aTI
ALY

A19
099

A
nar

nan

ety
900

oxd
D00

eV
209

na’
OLO

ovt
I
OLvY

Ias
90\

A19
099

etv
L9

ayyL
ooV

IR
oLV
GST

ayy,
0oV

nto
A4 B

L2 4

IS
LY

nio
YvO

usvy
oY

oLt
oxd

29900

na
L0

bay
990

dasvy
o)’ 42}

ayy,
20V

06
oxd

o)

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 19 of 184



May 27, 1997 Sheet 11 of 70 5,633,435

U.S. Patent

pzot

9L6

8Z6

0ogg

ces

veL

9tL

AT9
299

A1
299

nar

s9¢
211
JLY

ey
309

s8/X1
ovv

nto
ovo

gk1
ovvY

elvY
vao

08¢
YL
oo ) 4

ayy
J0%

Iy,
20V

L1o
009

TeA
AR}

Oy 9anbTtdg

nan
LD

S6¢
na71

na“n

TeA
JLO

x9S
O0L

uto
2) /o)

ST
ayy,
D8) §

01t
8A1

oy

bxvy
19O

911
ALY

dsy
V9

Ias
YoL

0€Z
A19
299

na7
ALD

X38
90L&

etv
09

na
AL

ass
o0 \ A

Sve
oxd

D20

ayy,
20V

dsy
VO

vlv
LO9

usy
NA 4 4

A19
299

092
A19
199

dsv
LYO

21l
ALY

ety
209

Bay
13:9)°4

na7
ALO

5Lz
ayy
20V

nio
YO

L1
299

Bay
200

A19
099

TeA
LD

062
Tea
9LO

bay
LDD

TeA
L9

oxd
900

a1I
ALY

012
ayd

s0¢
bay

290

nto
¥YvoO

UL
o'e) 4

no
LD

TeA
LD

T4 4
STH

LYO

78 )
099

na
LD

911
ALY

oaxgd
020

no
SO

ove
asy

J¥O

bay
J920

utd
OvO

dsy
Ao}

dsv

usy
o) 4 4

374

LAA 4
209

311
LY

TeA
OLO

nen

etV
029

etv
00

oLe
IBH
OLY

eTv
209

ayy,
20V

A1
299

I9H
ALY

TRA
oL

e8¢
A19
J00

na1
orLd

%A
LLO

uio
ovO

dsvy
hA {2

S0T
8A1

ovy

00¢
dasy

ovo

AN
AR 4

TeA
OLO

na

K19
099

0ze

s8/X11
3 44

nto

nio
o

nto
A 4 £

usy
vy

oxd
920
114

A
ALO

dsy

fo) O

IYL
AV

A19
099

uto
Ovo

Bav
Q90

0s2
oyd

ne

IUL
fole) §

STH
o) fo]

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 20 of 184



May 27, 1997 Sheet 12 of 70 5,633,435

U.S. Patent

09¢T

AN

|4 TA

9121

891T

0zIT

Lot

STy
A9

T®eA
o190

AT1O
299

I3

TeA
ALO

1 4%
dsvy

o) 2]

oad
900

usvy
o) 4 4

na7
LD

A19
099

ngo
ovd

09¢t
ety
909

ASKH
oLV

SUSA
LY,

ay 2anbtga

PETS
JLOV

aud

A1
099

SLE
K19
299

ey
YOO

TeA
Lo

nio
YvO

dasy
o¥O

x9S
i) 4
06¢

nan
OLD

nio
YvO

na1

ayy,
) 4

dsy
NO

dsv
o) 12

SOV
IBH

A1
Voo

IYL
o)) §

Bay
192

nio
YvO

174
a1l
ALY

ozv
147N
LL9

eTvY
209

sA1
ovv

8O
OOL

dsy
A D)

ove
A1o
099

19K
OILY

ayy
9OV

alX
ALY

A19
099

asy
LV¥O

G6¢
Ias

O0L

nio
A4 £

198
OoL

TeA
919

bay
L9D

dsvy

o) )

0LE
TeA
219

nio
vvo

ety
000

oxd
200

oxd
900

STH
IVD

s8¢
oad

o))

A1
099

841
130 4 4

aud
JLL

erv
D09

sk
ovv

00v
dsy

LYO

bay
J290

usy
o) 4 4

T°A
JLO

x3s
0L

oze
Sxvy

LOO

StV
nto
A4 8

na71
ALD

A1O
299

eTv
209

Bav
200
GEt

elv
20D

nio
Yo

elv
209

STH
LYO

bay
290

nto
Yvo

0S¢t
ne‘l

eIV
209

oxd
920

elv
509D

ayy
o)) §

TeA
L19
59¢

nag
LD

n1o

L4 8

oad
900

nan
RAPe

etv
oo

08¢
ayy,
o

A1
299

dsy
o) 42

134 4
909

117
LLO

A19
299

S6¢

oA
L9

_,,.mq

Bay
390

ne

na
a1

STE
TeA
aLo

oty
IS
oLy

Iy
0OV

a9g
9oL
eIV
w9

A19

oct
TeA
aLO

TeA
LD

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 21 of 184



5,633,435

Sheet 13 of 70

May 27, 1997

U.S. Patent

£L9T

Zrat

Z8s1

(A4S

29r1

© 80vT

g9y OaINnbTA

¥ J9JLIJ9DLL YVVOVOLIOLL LYOLLOVOLY

YYOLYO9999D JI99999900 IILVVVYOLOVL SIOVYVYLLO JLLOVOVVOIL OLLLOOVYLO

D9ID9IVY9I9 VIOVOVIOOL LVYOOVYOVL LILDOVVYVVYY JLVLVYVOOY JLVOOVOVVL

HIVLYIILLD LVVOILOLYY LILO9D99DD VOLOLOOLLD OJOVILVILY JODDLLYOVD
Shy

nery 9TI x9S na7 nio 91l SAT erv
IJOLLILVLLYL YVVYYODOVIV ODLOVILOVL JLD YLV OOV SLL OSVD OLV OVV \ {8

¢ OVV GED “ €Y
K19 no1 ATH 0ad 9N 39N dsy 19W BYd NIH 0xd 3yd IS IYL erv I1I

099 OLL V99 920 OLV HIY JO¥H 9LV JLL YYD DJD DI OO OJO¥ D0D OLY

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 22 of 184



May 27, 1997 Sheet 14 of 70 5,633,435

U.S. Patent

Ve
v6Z
9ve

861

pMa

Z01

vS

vg °anb1d

001 6 06

ey A19 IUl A1D eV UsY¥ K19 2ud dsy no1 eTv ey N(O oxd uto N9l

529 299 OO ¥oo 029 LVY 399 OLL L¥O 3L 909 139 ¥¥o D20 9¥O OLL
SL

11 daL T=A dsy A1 N9 s/l

3LV 991 IO L¥D D099 9NO Vv

G8 08
na1 sAO K19 usy A19 TeA K19 usy 211
oLD J9L 299 IVVY 299 J1O 099 OVV o AA 4

09

oL s9
v K19 @R elvy urd I eV Hav K19 Iyl usv¥ 211 TeA
190 JLV WYY 909 299 9LY 709 9¥O DIV 509 292 299 V¥OV 1VV OLY o219

0S 134 ov
1 91I bI¥Y ayl 1o K19 2985 ey N3l

nap na1 A9 U
L) LD 299 50¥ OL¥ 090 5ov YD 099 9oL ¥09 LD

13 o€ 52
g -1 195 BA1 48Y K1o o3d 911

Ko K19 9ud 19 aud 195 say STH 1@
199 09O LLL OLY 1L JOL 292 JLYD 0201 OV 0oL ov¥ oo 299 920 LIV

dsy n1o A19 °1O
J¢o OY9 099 VYO

St 0t

(1}4
Say 911 NIO A19 IUL nop eIV NIO 195 1y Hav oIV UL ey oxd s&1
39D DIV WV9 299 50¥ OLD Y09 D¥O 571 D92 290 O

S 1
01gd 19S5 eIV 195 sTH 195 33K
930 201 ¥AO LD LV¥O 205 OV 0 YYYVYOLOLO <UBO&44<<U UUUOQP<G90

09 OOV ¥I9 YOO WY

Case 7:01-cv-
00230-BR Document 1 Filed 12/18/01 Page 23 of 184



May 27, 1997 Sheet 15 of 70 5,633,435

U.S. Patent

8L9

0€9

Z8s

vES

gy

8tV

06t

ste
YL
o0V

ayy
ooV

eIV
209

1AL
LY.L

Bay
J90
SET

usvy
ovv

ayd

na7
LD

19K
DAA 4

na7
ALO

ayyL
o o) §

06T
dsy

o) £3)

nan
oLo

13s
0L

g o9xnbrd

dsv etv
Jv9 D09

TeA ox4g
LD D00

081
naT TeA
L0 OO

S9T
oTI oxd
ALY D00

A19 dsv
299 LVO

1eA Bay
OLO 090

Yy, sAq
JO¥ OVY

K19
299

S6T
nio
ovo

elv
209

usy
LYV

etv
200

A19
299

SIT
ISH
oLY

otz
ayd
LLL

311
ALY

b -1
JJL

ety
320

elv
vo9

0tT
9K
OLY

dsy
o) 3]

A1O
099

TeA
ALO

sA
v

ayy
ooV

SPY
nto
A4 £

oxd
900

2AL
L¥L

uto
Ovo

YL
oje ) 4

TeA
YLO

09T
sA

owv

TeA
o919

Bay
290

ayy
20V

nary
Lo

ayy
2oV

SLT
uto
ovO

oxd
220

utd
ovO

skl
ovv

A19
299

I9KH

061
TeA
o £3)

ety
909

A19
009

TeA
LLO

198
o0\

otrt
TeA
oLO

S0¢
sA1

1904 4

A19
099

9s
JJL

2TI
LY

A19
299

1A
nary

na“
LLD

nto
o

oxg
900

124 4
200

nol

ort
I9H
PAA S

135S
204

A1
099

Iy
oo’

ayy,
ooV

ASKH
OLY

GST
ayy,
%) 4

aro
Vo

etV
209

ISKH
LY

STH
o

usv
vy
0LT

oxd
920

norx

Bay
290

dsy
ovo

Ty
o o) 4

dsy
VO

S8T
nog

TeA
919

oad
900

nI I

A19

50T
noa ]
)

002
By
090

A19
199

Bxy
090

AR
A 4

oag
200

0zt
21I
ALY

bay
290

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 24 of 184



May 27, 1997 Sheet 16 of 70 5,633,435

U.S. Patent

p10T

996

816

0oLs8

(44

bLL

9ZL

nwo
A 4 B/

na‘t
o)\ Po

56
nat

na]
L0

TeA
ALO

19s
20\L

utd
ovd

dsvy
o) £

0tT¢
s/A1

ovv

bxvy

I90

a1
ALY

dsy
o) £

I3S
¥ol5

0€e
A19
299

DG 9anbtd

143
91l
ILY

x9S
o0

etv

‘009

na
ALO

PET
IO\

sve
oad

200

ayy,
20V

p L]
oLV

e1v
LI9

usy
VY

A19
099

092
A19
199

dsvy
A 0)

91I
ALY

I3s
AR

Bbavy
1) 4

na’]
JLD

SLE
ayyL
oo}

nio
Yvo

A19
099

bavy
292

oxd
920

TeA
JLO

06C
TeA
OLO

bay
Aam)

1eA
Lo

ox4d
e
91l
LY

etv
00O

11113
Baxvy

290

ngo
Yvo

ayy
ooV

nan
91O

TeA
OLO

Gtz
STH

L¥O

0Z¢
bay

190

na1
OLO

911
ALY

oxd
900

na
LLD

ove
dsvy

VO

bay
090

nio
A4 £

dsy
LVO

dsy
LVO

usy
o) 4 4

314
eV
209

911
LY

TeA
oL9

oxd
220

eIV
209

eTv
fole o)

oLe
I3H
oLvY

eTv
509

ayy,
o) 4

A9
299

oxd

920

TeA
J19

1-14

A19
299

nal
95D

TeA

uid
3} )

dsy
I¥O

TeA
AAR)

00€

dsy
o) )

19K
oLV

TeA
Lo

no
LI

A1
009

0z¢
sk

ovv

11 4%
|4:7)8
ALO

n{o

nTo

usvy

o) 4 4

oxd

935

11 X4
TeA
LD

dsy
o) 0}

TeA
oLO

Ao
099

utd

3) (o

bxv

990

062
ayd

na’i

ayy
IOV

K19
299

Ao
099

na’y

1:14
o1l
LY

LA
200

7.0
1344

ngo
) B

8A1
1) 44

eTv
\ 1)

082
Uy
2oV

ayL
oo

YL
o) 4

Lo
099

TeA
oLO

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 25 of 184



May 27, 1997 Sheet 17 of 70 5,633,435

U.S. Patent

0GET

Z0ET

14 TAl

9021

8STT

0TI

2901

A19
\'£2.9)

aas
LOV

ayd
ALL

A19
J99

SLE
A19
099

ety
\ (953

TeA
2LO

oxd
920

dsy
YO

138
o) §

06€
nan

nro
Yvo

naq
oL

ayy,
20V

as 92anbt4g

AN
oLy

dsy
o) )

Sov
I9N
OLvY

Ao
Y99

IYL
0¥

bay
A3

nio
40

IPH
LY

ozv
TeA
ILD

ey
000

8A7T
)4 4

sAO
091

dsy
IV¥O

ove
A19
099

SEY
dsy
o) 3

ayy,
o0V

arI
ALY

A19
299

dsy
AA')

GG¢E
195

O0L

nio
YvO

19H
OLY

TeA
Lo

Bay
LOD

dsy
o) 12

oLE
TeA
JLO

nio
vvo

elv
009

ayd
oLL

oxd
000

STH
LYO

1: 1%
oxd

o))

A9
299

sk
ovv

aud
OLL

no
Yvo

sA1]
)4 4

oov
dsy

LY9

Bay
290

usy
oy

1eA
JLO

x9S
AOL

oad
230

STV
nyo
VO

na
AL

A1
099

ey
200

bay
J9D

Set
eIV
209

0€p
ayd

etv
209

8TH
LY¥O

Bay
092

ngo
vvo

0S¢t
na1

91O

ely
209

x9S
0L

elv
909

ayy,
J0¥

TeA
LLO

§9¢

naq
LLO

nyo
Yo

911
LLY

UL
o0V

naTg
LD

eIV
Yoo

08€
ayy
o)

A1
299

dsy
o) £

ety
209

eV

29

A19
099

S6¢€
TeA
LLO

na'I
oL

bay
990

neT
AL

na1
oL

911
o A §

otTv
IR
aLY

ayy
ooV

19s
9L

eV
\fo0)

A19
999

ote
TeA
LD

134 4
I°N
LY

TeA
oLO

A19
099

I9H
aLv

usy
o) 4 4

na1

A19

200

nro
ovo

09€

TeA
ALO

She

‘dsy

o) O

oxd
200

eTv
929

IBH
LY

1AL
IVL

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 26 of 184



May 27, 1997 Sheet 18 of 70 5,633,435

U.S. Patent

g 9InbTd
00ST LIDJOVYYYYY OLVIYYVOOV OLVOOVIOVVL OOVLVOIALO
09%T LYYIILOLVY LLLIOD99DDD YILOLOOLLD DOOVLLYLLY J999ILYOVO OOLLLYILYL
344 oy
nag ayr Ia2s na1 nid STI SAT eV A19 na1
oovT YYYYOIOVOV DILOVILOVL LD VIV D9V "OLL HVD DLV O¥V ¥OD 09D OLL

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 27 of 184



May 27, 1997 Sheet 19 of 70 5,633,435

U.S. Patent

/444

LvZ

Vet

L6T

1A A"

LYT

143

86

v9 o9anbTtd

m<D0m>A>BOmmowm00w¥>>hOONmOZmHm>OmBMZAZABHQme&m>A

.Olatt . e o o
. . . .

mmm00m>cH>OOBJMOMOMJmHB&>OQ<QBN>BAZ¢O&UOAZ&m&mnm&i.

QOMHMH>PQW&¢Q&¢BEAA<BA&OWm>mOQ>Q>Z@08&000AMA&&>ZWO

HmmH>BBHOmBZAO<AA>¢mM>O<m<Em>mwBHm&m8¥m0m49>mdmawa

MANBHM<OGAMA<Q>AEOHmmm&zmmmw&q>HQZMUAUA<<¢AQMZ¢BO€

o o o @ o s s & o Q.QQ.O o o .
. . . . 3

. s o o o

mm ¥>0>02mmdmzq>m02mmMqu<QOHmBQODH>O>AOZBAmUOE<<

dehqmq<om¢mquOZOHHmum&macmAB»m>wA<HJ<ZJ2mm>DQmQQ

. . - o e . o o o o . - ]
. o - . - . - - v e o

ZOm..QdmémmquUOZO>ODHHZBDOmxmHm402<024&QBZH>QmeA

61
861
SPT
8yt
56
66
5

TS

/4% QZBA>B&OE<A<¢AAA4MZm>B&mO&AZHBOQ>&<H&OABAmNS...... T

L . . .l.'lo . ..0 .‘ L] s @
Ld * s & O -

0s AO&Hm9m0m<AwwmzmmmmmHm&QOmHm>BOmA0mmmm<H¢mmmm40mmz 1

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 28 of 184



May 27, 1997 Sheet 20 of 70 5,633,435

U.S. Patent

g9 2InbHT4d

gz Tttt WY

9GP »VYALASTIIN

1A 4 OmHméqOmmMDmmﬁxéeumeqH9>m8am.J¢>AmmuzdzmeZMB<Hm4
A TR R TR A N N A A IR R RN RN AN R A

o o . * o v @

Shp <qu<zqazmmmmm&<H23<QQ>B>mzmm>AOE>AmmZ4HmeAmB4>4<

9LE .:...hqummmﬁ.HmHmeOmm>m<O>&mANBQE¢&A&QBNM>¢ZZNHZ

. . . e . 3 . & o o o @ - . e - L] o » - o
. . . o . . - . - ® e .

S6¢ Um¢ZUdO¥OQmm0m>>dmBWOMQUQ>UZAMAQZ¢><mqm0mmx>mdmmdU

AR mqm890&<mq<¢B<HBE¢<D...mHmZEQEQH<ZAm0mBUmH..FQQUBU
. —o—o—— __a—n. o_o _ . o ou-.o.—ouo oou —u— -

173 43 ZE>B¢OM<&<4<>¢AHm%mmHEmm<momm>B>OMdBmmm>ch<>hmw04

L8¢ .......HB<OZMWA>Q<mmHQOOEmZMUHUB>M>BOO&H€¢<¢Jme€m
T R R R AR A AR R | LA
S6c AmmZH>MHQ<OZmOA..BqHAOBmBmZEq>ZAHB>Dw0m>AJ¢¢5th<B

9C¥y
9vVv
LLE
96¢
Eee
9ve
88¢
96¢

Sve

8%

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 29 of 184



May 27, 1997 Sheet 21 of 70 5,633,435

U.S. Patent

00€
00€
0s2
0S¢
002
002
0ST
0ST
00T
00T

0S

0S

¢yl 2anbtd

Qmwwtam<zq>mHQdOZNOABAHA@&¢B&ZEA>Z¢HB>QmUm>ch<>am
_______u_u________________________ __.____.________
Qmwccdmm2H>mHQ<OzmoqﬁqHAO&mBmZZA>ZAHB>QmOm>uA<¢>Am

AY1SSdandAad LLODATYODOL TN IHUADANALANLTAYOIODTHNIALHG
PErrrrrerrrr s e NERRAEARARARARRARY

m@&mmmmwm>aH>OQBJ¥OMUWAMHBm>OQ<QBm>BAZ¢OmGOJZKWBEQ

m&2>mmH>EB>O&BZAOGAA>EW&>O<m¢2&>mMEH&ZC&&&Oanqmzm
__._"______"________:_:_____________."____ NN RN
MBZHmmH>BBHwm824044A><m&>0<m¢2m>m>BHmBmB¥&qu9>mAm

QOQ<<m>0>02mmdmzq>mwzmmxmqm<QOHmmeZQNBG>AOSBAm<OB
___...__________________._______...u__.________._.
Q00mmx>0>02mmdmzq>m02mmxhqmdacHmBQOQMbU>AUZBAMUGB

Oﬂzwmaa<€mmOJqUOZU>GZHH3>Q0mxmHMCGE&OZ&&OBZH>DNOEA
u___,__“___.__._____"___.______"_______u__________
<<2w&mqm<Mﬁ€JqOOZO>OQHHZBQOmxmHm¢02¢02<&UBZH>QmOMA

IS¢
T8¢
102
10¢
161
TST
10T
10T
1S

1§

AO&HmBm0m<400hzmmmmmHmxmwmHMHMOBACNmmm¢H¢N¥NW¢mmmE 1

. e - . o . * ® .
. . . - .

AUBHm&mum«qwomzmmmzmmeQOmHm>BOmAOmm&m¢8<mmmm<wmmE T

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 30 of 184



May 27, 1997 Sheet 22 of 70 5,633,435

U.S. Patent

-

g/ °92aInbtd

6%y -~ "11I

96T »VTALA

LYV STFTAVOTOINNANIZJ IS LY IRNSAUALAI NIV TORATISHYIYHATH
SRR A RN R R R RN AR RN A RN A A R R RR R R RN
0S¥ STIIAVOTOVWIARIZI IS LY IWLYAAALAINISATONATISHY THHATH

L6€ IYALOD" * " OIONOAIUDUALTSHIDILOAAONVITOUVAVY TIASINAY
R NERREE RN A A R R N A RN RN R RN AR RN NN

007 LYAYYOSYNDTONOAdUOUAATSIHOTAOAAONTATONVAYS TIASINAY
- e . . . .

0S€ TIATOANALIDAVASYYIVIAG ATAINSIVIIddAANDNTASTIALIAVA
RN RN R R N R RN A RN RN RN R R DR RN NN

06€ TITTONWALYOIVIVVVAYTIdAIATINSdVIAIIAIADNTLS SUAUTAVA

8YV
1514
86¢
107
T6¢
TG6¢E
TO€

T0¢

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 31 of 184



May 27, 1997 Sheet 23 o 70 5,633,435

U.S. Patent

ovs
08L
0zL
099
009
0vS
08¥
ozv
09¢
00¢

11 24

08T

0zt

09

vg 9anbtdg
YOLLIOLYILD LOOLOYIOOD JYVYIIIVYVOL VOLLILLOOVY LLOJOLYOOVD JLOOVOOILLO

OVIILIOLLD DLLIOOLIOL LOOLLYIOIL LLOOLOYIOL DOLVOOLYOL 9OYIDLLOLY

OLLVOLOYYD JLI99DIOVILID YVIOOLODLO HVYOLLOLOD ILYOIYLIOD LOLOOOVOLO

OLVOLOVYOVY LLODOVLLOD YVIOOLOOLL LIOOVYOLLD DLVOVVVYOL DVOVOOVOLO
JLOVOLVOLY VODOVOILVL LOLIYIOVIOL VLODVYIIIOV IVVILILOOL OOLLODLILL

SLI9IJLOVY SLOVYILIOD JLLIOILVLD DVILODOVIOVL OIDVILYVOOO OVVIILIVOV

VVIOVOOLOD SLLIIVLLOY ODLLOLOJLY OLOIDVOVYD IOLOVYOLOD VOOLOLOOOL

VYYOD9ILLD VODOVVOLLO IOLOOLODOL YYIILOJOVY LOVOIOLOLL J9IVOLODLL
OLLIOVOOY LNOOLLIVOD VALISLONL SLIOLODBIN LOVELLIOOD SLISOLIVYD
SLIOIVVLOD DLLINOOLIL DALISOVOLO DLOOLIOILD YOSIOOIVVL OOLISLODLY
OLLYILYOOL LOVLVOLOOV VOHOVVLOOOL YYOVIIOLOD HIVLIOVYOD IVLODOVVLO
SLIVOVVOLY LIOLVOVVOL OOVVOOLLLL JLOOIOVOLY LODLOVVVOL 99IOVLIOOL
SLOOVOOLLL OIYOLLIOLY DVOVOOILOL VIOLOVVOVO LOOVOILIVL SOILOOOYVO

OLOLLLILOD IDLDJLOVYL OILODLIVYD HYIILOOIOV J9YYIOOLO9D YILIDDLYIO

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 32 of 184



May 27, 1997 Sheet 24 of 70 5,633,435

US. Patent

LLET
0CET
09zt
ooct
OvIit
0801

020t

096

006

g8 o9anbTtda

JLOOVOL VOLLOOLIOD YYIOYIUVOID IILIOVYOILY OVVLOOVOOL LOLODLOOOL
VOLLLYOOLY JLLOVOVIDD LILDOVLOVLY 9JLVOLVIOV LOOLVALVYOL LOLOVLLOLO
JOVYVYYOLIL LLODLILODD IVILODLOOL LOOVOLYLOO JLYLODIYIL ¥HILIOOVYOID
YILO9JIOLIOD YOOVOOLILL IDIOVYVLOODIL JLODIOVYLOO U«QBUUB&UB DOLODDLOOL
9OIILIOILIIOY OVOLOOVYOL V¥OIOLLYOLL SILOOJVYILD OVYIIIOLODD WWYOOILOLO
OLOLLLOLOD J¥OOOVYYOO <<9909ouoa.u¢<04<0m99 LOOOVYOLYL LODDVLOOLO
OVVYOLOOOLL YOOLOOYIOL LOLOOOLOLL <<Uue<&0<w JYOILYOLYL JLLIDLOOLD
Uw€0<<0400 LILOLOVILOL 999VVOLLLY VIOLILOLLOD BBQBUUQBBU YOLIODLOOY

OVVOVODLOD LOOLLOLOOY JIOWVIIVOL OVVOOLYOVD ODDLOODINY ¥HOVOSLOLO

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 33 of 184



May 27, 1997 Sheet 25 of 70 5,633,435

U.S. Patent

8Tt

S0¢€

LS

602

191

£IT

09

6 °2anbtg
ISN

0L s9
X89S IeA I9S IX9S 1IN [eA SAT nd oxdg Bay no1 NIH Ia8sg
0L IO LOL LOL 9LV JL9 DYV LLD LID 19D ILILD HYD LoL

S 0S Sy
IYL IBDH ATO 135S SAT SAT nop A1 dig 195 X985 195 OTI
90V OLV 999 IOV OYV OYV OLL VIO 99L 9L DL OIL LLY

ov . St (113
62y 0xgd STH UTH UTH IYJL SAT na1 135 TeA 195 N9 oxd
YOO ¥OO I¥D O¥D HYD DOV HYV HILO LOL IO HIL VLI OO0

sz 0z 61
uto a8s x9S m>~H A998 N9 usy x9S UHH na 198 oxd usy
YYD 1OV DJI YVYV DI5 IJLID LYY DJL JLVY LLD LIL YOO IYVY

. S T
usy sAD 91I Bay I95 TeA urd eIv IS

sfO
O0L

09
A19
099

oxd
920

x9S
LAL

uto
OO

SL
ety
R )

91I
LY

2AL
AA-AR

sA1

TeA
L9

b {34
o0Y

na1
YiLL

etv

bay
090

0t
ATO
199

LYV ODL OLV ¥OV DOV LLO VYO DDD OLY 9DDLIOL LLOVVOLLYY JLLOOLLYOD

LLOLLYIDDD LVVOLLLLYY YVYILYOVVOD VOOLLVVIOL VOLLOOVVLY OOLVILOLVYOV

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 34 of 184



May 27, 1997 Sheet 26 of 70 5,633,435

U.S. Patent

YOI °2aInbTtg

SS 0s 1°3 4

Iyl 39N A19 135 sA1 sA1 na1 Ar9 dil 19S I35 I95 OII 0Oad IAL e1v

LSC DOV OLY 999 IOV HYV OVVY OLL ¥9D 995 921 HOL 901 ILV¥ 92O IVL IOD
ov . 113 - 0¢€

fay 0xd STH urd Ul Iyl sA1 na1 I18S T[eA IdS NIT 0ad IA3§ sk1 Bxy
60¢ V9D ¥DD LVD OYD DV DIV HYY 91D IIL LLO 9II YIL I3J LIL ¥V¥Y OO0

S¢ 0c ST 0t

uro 198 I95 SsAT 198 NI USY X3S STI N3 19§ 0xd usy urd TeA A19
191 YYD IOV DJ2L V¥V 9IOI JID I¥V DIl JLV ILILD IOL ¥OD OVY SVO 9LO LD

S T
¥SY SAD 3TI Bay I35 [eA Ul eIV I\BMNW

€11 LYY ODL JLY WOV OOV LID YYD 929 HLY 9IILIL LLOVVOLLYY OLLIODILYOD
09 LLOLIYDDDD IVVIILLLYY YYOLVOVYOO VOOLILVVIOL YOLLOOVVLIY 9JDLYLOLYOV

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 35 of 184



May 27, 1997 Sheet 27 of 70 5,633,435

U.S. Patent

cov

0V

€St

Sot

SOT
911
AAA

91I
LY

X985

0L

g0T ©oxInbT4a

bay usy I3s nan
YOV LYY YOI YLD

S8
nto bBay 911 oag
¥YVYO VOV LILY DOD0O

0L
IeA I9S I2S I9H
LLO LOL LOL 9LY

00T
b ET

LOL

atd
¥v¥O

TeA
aoLO

S6
sk1 195 A19 oad nal SAT 38TI
OYY JOL 299 LJJD HLL 9YV LLVY

08
na TeA 2TI NIO I3S eIV SA1
LLD YLD LLY O¥D DL 909 YWY

S9
sk nar1 oxgd baxy nIT nrd I1S

OYV LLD LID ILOD LD OVD LOL .

na’1
LLO

niod
) £

09
Ao
299

AT19
Afa%)

SL
ey
209

911
LLY

06
1as

AL

I4rL
3)9) 4

nar1
\- AR

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 36 of 184



May 27, 1997 Sheet 28 of 70 5,633,435

U.S. Patent

TIT °2anbtda

0oL
IBdR SAD BIY Ayl eIv
1 X4 O 9LV D291 D209 YOV 129

09 GS
sKkD ayd SAT uro IBW 3Yyd 271 I3S
€61 IOL LI 95YVY VYYD OLY LILL JLY YOL

ov
usy PIY X85S usy SAT no1 sAq] mmn
SP1 LYY V09 YOI ILVV YVV¥ OILO YVY VYV

T4
I98 SA7 oxd TeA ur9 oad sAT STH
L6 DOL VYV LOD LD ¥V¥D D200 VYV [IL¥O

ot S

TeA
91O

dsvy
LYO

a9s
LOL

0z
ayd
OLL

x2S
YOl

sk

SE
AT1O
v¥99

usvy

ety
\ {00

0s
sA1

ayd
AAAA

198

59
198

Yol

na]
O\LL

TeA
LLO

usvy

91I

TeA
LLO

na1
LLO

oad

LYV JD& LYY D0D

T

uro 9TI ATH UTO eIV I9W USY usy STI uld eV IdK
6V YVD VIV 999 VYYD 10D OIV OVV IJVY LIV VYO VOO DIV VOV VOLLLOLVYOV

bxy

99V

nar

ayd

ST
usvy

LYY

ayd

ISH
OLY

0t
b ET

LOY

na1
ILO

x9S
OOL

SV
I35

LOL

19s
YOL

Iyl
ool 's

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 37 of 184



May 27, 1997 Sheet 29 of 70 5,633,435

U.S. Patent

YZT °9anbtg

0sS 1] 4 ov
8A7 SAT N1 TRA NOT I9W 195 USY eIV JIIS usy SAT naT sA] sAT x9S

T0C VYV YVY OLL LIO SLL 9LV ILJL IVY Y09 YOI IVV YVV 510 VYV YVVY Lok

s¢ o€ | sz 02
AT9 ayd TeA no ayd 19S5 19§ I35 SAT 0xd TeA UlH oad sA7 STH dud
€ST TV99 LI LLO LLD LLL IOV YOI LOIL YYV¥ LDD ILLD YYD DDD V¥V LVO OJLL

, ST 0T S
usy Id9S Usy Oxd UsSyY naT Iyl urd 91I_ ATH Uurd erv IBW usy usy o711
SOT LYY JOL IVY 2DD IVY LILD DOV V¥D VIV D99 ¥V¥D LO9 HILY O¥Y IVV LIV

¢ T
utod e1v .AsKn
LS YYD YOO OLV DOLVLVLY HVOOVVOVYL LIOVV.LLIOL LILYVLVYYD WLOOLOLVOY

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 38 of 184



May 27, 1997 Sheet 30 of 70 5,633,435

U.S. Patent

Zst
St

L6C

6V

usvy

LYY IOI WLL WOl YY¥ 1oL D99 LI Ol

s/
YvvY

L 4
b ETS

YOl

gzl oInbTd

I3S

911
JaLY

elvY
\ {81

nal

oxd
200

S9
13s

YOuL

138

08
utd
VO

911l

S6
sAr1 a9S

na1 1ea
OLL 9LO

bxvy ayd
1) SNARA

AT9

o911
YLY

bETS
90\

06
01g noa7 sAT TeA IUlL K19 19§
WYV LLO LOY D099 WOl

SL oL
nio 19§ 0ad sA1 uro elv IuL
ovo LDL LDD HYY OVO YOO WOV

09 S
sAD ayd sA1 urd 39N dud ITI
191 LLL OVY VVvO DIV Il LLY

00T
a1I bav

LIV YOV

G8
a1I nId
LLY 9¥O

eIV TPA
109 OO

1as dsv
VYOI LV¥O

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 39 of 184



U.S. Patent May 27, 1997 Sheet 31 of 70 5,633,435

PMON17110

CP4 EPSPS

Figure 13

Case 7:01-cv-00230-BR Documentll Filed 12/18/01 Page 40 of 184



U.S. Patent May 27, 1997 Sheet 32 of 70 5,633,435

ES 3

KAN PMON17131
RIGHT
BORDER

ori-3

rop

Figure 14

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 41 of 184



U.S. Patent May 27, 1997 Sheet 33 of 70 3,633,435

CTP4 \

[Nos3  pMON13640  P-e3ss

78 3

Figure 15

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 42 of 184



U.S. Patent May 27, 1997 Sheet 34 of 70 5,633,435

CTP2

P-FMV

RIGHT
BORDER

/ SPC/STR

PMON17227

Figure 16

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 43 of 184



U.S. Patent May 27, 1997 Sheet 35 of 70 5,633,435

PMON19653

UC

Figure 17

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 44 of 184



May 27, 1997 Sheet 36 of 70 5,633,435

U.S. Patent

9t¢t

88¢

1] 24

261

124!

96

334

¥8T °oaInbrd

A19 eV
¥99 209

S6
na bay

LD 2590

08
nyo si1
ovD YVVY

I35 ur9
JO¥ WY¥O

noq sk
OLO LOL

ey naT
929 V1D

ST
01d 3TI
2D LLY

01T
TeA
YLD

911
LY

na’1
OLO

ngo
ovo

dsy
LYO

0t
erv
029

STH
LYO

eIvY I35
009 209V

ayr ayy
9OV YOV

elv dsvy
20D LYO

09
3TI STH
LLY O¥O

1 2
e1v A19
Y09 VOO

AT9 ayd
299 JLL

911 N1
VLY VYD

1AL aya
OVL LLL

06
A1o x99
199 YO

SL
atr A1
JL¥ v99D

TeA A19
LL9 199

0x1d nan
920 HID

189K TeA
LY LLO

ot
A19 STH
v99 L¥D

S0t
oxg

LID

usvy
LYY

SA]

A9K
oLV

ayd

1°%4
P &Y

LIL

na’
VL

Bav
L9O

£19
vo9

A19
Vo9

sk

ov
usy

ovY

b6ay
290

ayy,
20V

L19

2990

TeA
oA 73)

STH
o) /o)
SS

bay
YOV

qu
STH

o¥d

uto
Dvo

ety
900

dsy
AN D)
oL

211
JLVY

aud

eA

1as
LOL

TeA
oLO

nag

G8
nan

VI.L

TeA
Lo

sfO

IyyL
v

alI
NAA 4

s/k1
oy

00T
2T1
A A4

na
LLO

TeA
OL9

dsy
A D)

IyL
VoV

114
198

Q0L

dsy
A )

A19
vo0

98
o) §

dsv
LVO

3l
ALY
St

yy
YOV

841

Bay
¥o0

na
LD

nyo
Yo
198
ooV
0S

YL
) 4

K19

dsy
A 5]

skl

9K
oLy

oxd
Yoo
59

398
o) 4

b -1
o) 4

elv
YOO

AO
199

I9KH

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 45 of 184



May 27, 1997 Sheet 37 of 70 5,633,435

U.S. Patent

L9

¥Z9

9LS

8¢S

(11:1

(A% 4

1 2:]1

dsy
LY

dsv
LYO

dsvy
o) ]

nafg
Y.LL

091t
98

YOL

YL
YoV

na
OLL

48T °InbTd

eIV eTv
L9 LJO

nyo Ias
YVY9O LAL

061
bay x3s

990 LIL

SLT
K19 elv
v99 209

TeA IAL
YLD IVL

ayd n1o
LLL O¥O

0oxg nio
LJD 9V9

gy,
OV

S0¢
nan

LLO

8An

no
LI

dsvy
LYO

A1
¥99

YA
1yy
LoV

oce
nan

AR

sA1
1914 4

STH
IVO

no]

alI
LY

ovt
A19
299

TeA
O5LO

sAq]
vvv

TeA
JALD

oad
220

TeA
119

SST
AT
vo9

ety
209

bay
IO

uto
ovo

K19
099

nio
ov¥O

0Lt
elv
109

sk
YYv

bay
YOV

sAn
1314

A19
099

ayqd
LI

S8l

Iy
Yov

b1

LOL

na
YL

A9
099

A3H
OLY

A1
199

00¢
e1vy
LI9

TeA
Y19

sAn

X195
YL

dsvy
o) £3)

ozt
oag

¥o9

S1¢
e1v
L0

1985
LOL

IyrL
LOV

271
ARA §

eIV
LD

SET
911
OAA 4

6ay
o)

211
LLY

nan

ayy
A fo) 4

uto
o

0ST

A19
299

sk

s/

Ias
J0L

AN
AR §

ayy
YoV

91
elv
909

1as
o) 4

eV
$LOO

erv
020

TeA
ILO

Bavy
990

08T
£19
299

198
oh) 4

TeA
aLo

19
999

211
LLY

X35
LOV

S61

nio
Ovo

n1o
ovo

eIV

a9s

ASH
RAA 4

STt
b1

oV

012
Iyl uro
OOV WVD

Iyl StH
IOV O¥D

eIV Uld
139 OYO

1eA 03d
119 1Jd

SPtT
na o0xd

oL 930

0€T
sA7 sk

YVY WYv¥Y

no dsy
oV LVO

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 46 of 184



May 27, 1997 Sheet 38 of 70 5,633,435

U.S. Patent

8001

096

C16

$98

918

89L

ocL

noi
Y5O

oce
nan

A19
Vo9

A19
oD

ety
A {0

na‘
Y.L

ore
erv
LO9

Stt
n1o
ovd

na]
LLO

A9
Vo9

1AL
LYL

A1
999

1314
Ao
199

ety
LIO

D8T ©INbBTJ

ety
vo9

eIV
909

artrx
ALY

oxg
LIJ

oLz
I9NH
OLY

A
Y.LO

no
LLO

ety
029

211
LY

n{o
Yvo

s8¢
nio
ovoO

usy
oYY

usvy
vy

ayd
I

dsy
IV

a1
A 4
00¢

TeA
LLO

ely
A o1

utod
¥vo

sA
YvY

ayd

8/
ovwv

ST¢E
oxd

L0

ey
A o)

A19
199

nag
IALD

na’t

Ste
erv
009

ote
a1l
LLY

211
ALY

sk
oy

aas
012) 4

TeA
LD

0s2
TeA
AR

ety
209

TeA
LLO

nio
ovo

na]
A\ {\he)

dsy
LYD

§9¢
dsv

LYD

911
LY

ass
YOl

Iyl
o) §

dsy
L¥D

238
LOL

08¢
elv
L0909

211
LLY

Bav
Yov

b &I
LOL

ayy
JoV

ChQ
ILY

562
1as

YOL

bEY
IIAL

911
IIV

198
o13) §

atl
LIV

A1o
v99

0Tt
narl

VI

ayrL
[220) 4

oad
A fo)

Lo
LO9

usvy
o)'4 4

0€¢
dsy

o) O

14
nio
o

bay
190

ngo
¥vo

7,9 |

L
VoY

1144
oxad

YO0

Ao
vo9

ety
909

0xd
D20

a1l
VLV

211
oA 4

09z
[:34%

990

TeA
dLO

oad
JI0

uto
R

211
LLY

211
JaL¥

SLT
n1o
Yvo

IYL
IOV

I°K
oLY

TeA
dALO

ayy
LOY

21I
o \A 4

06¢c
nag

nan

oag
900

ety
900

ayd

eIV
900

G0t
dsvy

LYO

dsy
RA ]

841

usy
LYY

19
099

- T44
I
ILY

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 47 of 184



May 27, 1997 Sheet 39 of 70 5,633,435

U.S. Patent

L8821

8vZ1

00zt

¢St

vO1T

9501

UL
o o) 4

oov

nto
ovo

dsy
LVYO

1AL

. LYL

bay
200

STV
oxd

YOO

nio
ovo

A19
VY99

TeA
LLO

nar
LLD

agsl °oInbrg

IAL
IVL

1Yy
20 4

STH
oVO

sAq
ovv

0S¢t
nTo
ovo

¥OuL

1ss
LOL

°TI
Y.LY

I3S
IOV

Go¢.
A9NH
oLy

b ETS
LOI,

xa8
JOL

TeA
LLD

sAD
LOL

08¢
198

JOL

AT9
vo9

TeA
ILO

SAT
A A4 4

STH
9)-{9)

S6¢
a9s

JOL

TeA
9LO

dsy
LYO

TeA
LLO

sA1
Yvv

oty
o911

erv
LOO

ety
YOO

eTv
\ o1))

YL
LOVY

SZv
Ias

904

ervy
209D

911

erv
LOO

UL
YoV

She
dsy

LYO

nar]
LLO

dsvy
LVO

A9
199

A19
099

09¢
oxd

900

211
LLY

sA]
3) 4§

IYL
o0v

na‘1
ILO

SLE
A19
299

nyo
Yvo

bxy
LOO

usy
LYY

STH
9) {0,

"06¢

I°H

s/

911
LY

usvy

no11
YLL

Sov

nio.

ovd

9K

na“n

no
vvo

YL
YoV

0Zv
STH

LYO

911
ALY

A19
oo

ayy,
o) 4

elv

LO9

ove
nio
L4 O

aro
) )

ngo
Yo

911
LY

utd
o
GGt

Ao
LoD

sAn

ayd
ILL

911
AR 4

Bay

YOO

oLE
sA1]

nar1
A 00

TeA
919

ayd

oad
900

58t

STH
LYO

A19
299

sA1
D)4 §

s/

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 48 of 184



May 27, 1997 Sheet 40 of 70 5,633,435

U.S. Patent

9ttt

88¢

ove

61

144"

96

14

TeA
LLO

IYlL
YoV

08
uto

nyo
A4 £

A1
099

naY

nto
AA D)

V6T ©9Inbtda

X3S
LIV

S6
UL
ooV

IAL,
LYl

TeA
YLD

na]
LD

9K
oLV

ST
A19
099

ott
nto
Yvo

A1
199

A9
v99

A19
199

na
A" ARe)

0t
o1l
ONA §

sk
ovv

usy
LYV

IS
LOL

oad
A o)

nar]
YL

SY
oxd

Yoo

ety
A f00)

na7
YLL

A19
199

usv
A4 4

X928
oJo ) A
09

STH
YO

si1
oY

bay
19O

o1g
D00

no
YILL

A1
199

SL
ayL
1oV

6ay
YO0

b 719
LY.L

STH
o) 0

A19
199

A19
199

06
ayy,
\ o) 4

TeA
oLO

aud
AL

911
YILY

YL
vOov

ot
Ias

Yol

50T
xas

LoV

IAL
hAAR

TeA
ILO

o1I
LLY

ayy
LoV

Y4
19K
OLY

a1l
LLVY

nan
YILL

na]

nan
Y&LL

dasy
o ) {2/

oy
19§

LOL

b &1
VoL

dsy
LYO

na]

TeA
YLO

sA1

SS
ASH
oLV

TeA
VLo

si1
ovv

°T1
NAA 4

A1
199

uto
WO

oL
nio

4L
129) §

19
€199

dsy
LVO

911
LY

elv
)\ fo0)

8
STH

LYO

dasv
JI¥O

Bay
190

nio
4 £

N
0909

utd
wvO

00T
na‘1

oi1d
OO

dasy
A D)

Bay
190

L4
LJO
0C

oad
920

n1o

na1 Hay IUL
YLl Y90 WOV

Iyl usv TeA
9OV OVYV LLD

9
nTo sA1 911
¥V¥9 YVV¥ OLY

0s
8Ky dsy n1d
191 IVD ¥¥O

St
na1 X3s eV

YLD 9L 929

TeA 1o 311
aL9 VYO VIV

1
usy TPA 9K
IVVY VIO OLV

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 49 of 184



May 27, 1997 Sheet 41 of 70 5,633,435

U.S. Patent

L9

vZ9

9LS

.BTS

o8V

(4% 2

1 4:1

X3S
LOVY

elv
o0
091

IAL
AA'AR

usy
LYY

na

g6T °Inbtd

1Ay,
VL

aTI
LY

TeA

Y.LO

SLT
aud

usvy
LYY

dsv
LYO

TeA
JLO

pay
¥o0

oad
{020

061
dsvy

1¥YO

na“
V.ILL

211
Y.LY

nro
v

hav
190

9171
LY

502
211
LLY

nai
L AR

all
LLY

A19
199

atl
JLY

sZ1
dsvy

1¥O

0Ze
eTv
A {013

usv
LYV

ngo
A4 2]

elv
009

sk

ovt
A19
199

Rl

nro
VO

ayd

skl

19§
LOV

ST
at1
LAR'

nio
Vo

oaxd
¥OO

oad
12D

STH
L¥D

911
AR 4

oLt
sA1

TeA
IO

a11
LIV

6avy
ooV

IYyL
o)) 4

gk
YvvY
S8l

211
ILY

TeA
Y10

x9S
LOL

usy
LYV

sk

IyxL
YoV

002
aud

L
o) §

utd
O

oxd
{80

elv
209

021
K10
199

S1Z
usv

LYY

)
oLY

oxd
200

ey
¥o9

gk1
12) 4 4

Getl
dsv

LY9

31l
LLY

a1l
LILY

YL
ooV

nyo
o

x2S
LOV

0ST
91X
LY

28M
OLY

x3s
YOI

0T¢
1ag na1 AT9 1O eTv
VoL V1L 999 ¥¥O VOO

561

n(o Iyl STH usv BIY

oy9 IOV L¥D IVY ¥9D

081
gA1 195 duyd NIT I8S

ovV 1oL Il OLL IOV

691
eTv¥ TeA nyo I°BH utd

V09 LLO VV9 DIY WVO

SPl
oI N1 0Id Il IAL
LIV Y1l VYOO WOY A A7

1] ¢
ne 8k ne1 oxd Bav
11D V¥V SLL ¥dD VOV

S1T
L9 LVD D99 IOL 9L

C :01-cv-
ase 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 50 of 184



May 27, 1997 Sheet 42 of 70 5,633,435

US. Patent

80071

096

(AL

b98

918

89L

ozZL

J6T ®anbtg

SEE
dsy sA7 a1I Iyl I9s ayy
LVD WVY LIV VOV IOV 9OV

0Z¢ SI€
TeA 01d na7 nTo dsy atl
VIO 1D SID YVO IVO ILLV

00€
97I Oxd Uuld AT 1IN oad
YLV VOO V¥V¥D LILD SLVY ¥DD

s8¢
nio e1v A19 Iyl ayy urd
YvO LJD 199 IOV WOV YV¥O

0Le
nyoO TeA 31 dsv 371I 3TI
VY9 LL9 LIV I¥9 LLY LLY

SSZ
STH @11 Iyl TeA dsy a1as
LY LLV YOV Y19 LVD 1OV

ove SEZ
dyd eTv eV 19S5 195 oI
OLL 929 ¥39 IJL V¥IL (LY

oce
A19
099

elv
YOO

ayy,
VOV

usy
LYY

A9
199

0se
A19
vo9

dsy
A D)

TeA
LLO

s/

AL
o) A1

ayd

59¢
I9as
VoL

o1d
A\ {e)

A19
299

eTv
vO9

oxd
\ fon]

uto
¥vO

082
na‘

Bay
L0

ayy,
Yov

oxgd
fife)

utod
\A )

Tea
JLO
S6¢C

911
JLY

uro
ayy,
VoY

9TI
oLV

Tea
LLO

ayy,
YoV

0Te
nan

YILL

bay
LOO

alI
ALY

utod

na
LD

134
STH

£LYO

1143
sA)

IOL

nio
Yvo

211
JLY

usy
YV

usvy
LYY
Spe

elv
{010

ayd

na’
LLO

A19
| 50

198
LOL

A19
199

092
oTI
ALY

ety
YOO

dsy
N )

na
YLL

ngo
vvo

ety
1I9
SLT

A1
099

A1

TeA
LLO

elv
A {0.3)

etv
Yoo

°1I
LY

062
ayy
1OV

BN
oIV

TeA
LLO

oTI
A 4

o0xd
oo

911
YiLY

S0¢
ayyL
Yo

oid
LD

8A1

usy
LYY

aud

T A4
sAT

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 51 of 184



May 27, 1997 Sheet 43 of 70 5,633,435

U.S. Patent

€621

8yt

00¢T

(AR R

POTT

9601

ayd

1]1) 4
xas

YOL

na7
YL

K19

Y99

ety
LOO

adeéT 2aInbHTA

(1157
A1 n1o
VYL ¥99 DVO

STV
I9S TeA usy

YOl VIO IVV

na7 [eA SAD
ILD VIO 1OL

9TI dsvy Iyl
LLY LYVD YOV

Go¢
dsy usvy ayJg,

LYD LWV LOV

0G€
ayy 1yl dsy
9OV WOV L¥D

usy
LYY

TeA
YiLO

etv
LIO

08¢t
eTv
vo9

oxd
¥oo

91I
NAA 4

uto
¥Yvo

eTv
£LIO

S6¢
TeA
ILO

usv
LYY

utd
¥YvO

Hay
A £9) 4

nar
YLL

0Tb
dsvy

LYO

etv
¥o9

ayyg,
Yov

nag
YL

usv
LYY

SZy
na“

aud
LLL

na’
LLO

sA1

nio
A4 £

Sve
ayyg,
Yov

s KA1

OVY

uto
o

19N
LY

aud

09€
ayd
AAA A

no
Yvo

na‘
YLO

sAr

8K
OLY

GLE

nio
A4 £

AT19
999

sA1

sA1

9711
ALY

06¢€
A1
U0

b ET
YOoL

na7
AR

TeA
YIO

oxd
YOO

SOV
sAT]

11
A 07 4

oxd
920

ner

A1

ocy
na

YL

TeA
aLO

bay
Vo0

STH
LYO

usy
o) 4 4

ore
nan

Y.L

ayd

oxd
LD

STH

-L¥I

911
LLY

113
nan

Y.L

ngo
A4 B

A1

¥o0

ngo
ovO

dsy
LYO

oLt
911
LY

IBR
oLV

nto
ovo

oxd
¥20

X928
o) 4
11: 1

ayy,
IOV

na

dsy
LYO

eTv
209

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 52 of 184



May ;1, 1997 Sheet 44 of 70 5,633,435

U.S. Patent

- . A - ——— wm - = o == e e - e v -

OUVTHYVATd
OVANSIJdATE
OaIASIANTL
OFAVSIAVIL
ONITIVIdHIL
OAAYVIAOIL
OdAUVIdOIL
OAAYVIdOTL
OANYIdOTL
OAAYVIADTL
oS IANIAOIN
9SIANIADTA
OSIAAIdXTIA
O9SIAXILOTA
9SIFUIA0TA
5SITUILDTA
ANSSHVA9S" *
NOOavd fand
ONIdOSIAIT
OHTLOANAYN
9ST9SSHUVL
OLTYASHYVL
OLTYASHYVYL
0S

v0Z °InbTd

oooooooooo
0000000000

IVILVAAIN*
IMEH" """
1SETA " " °
T L
Bt
ISAW" """
et R

..........
----------
e e e s 0 o0 00
e s 000 e 0 v e

oooooooooo

oooooooooo

I3gvov--° °°
1384 " CA°
IGHd """ "¥°
IANd " " °A°
D £ £ AU
TEASYT UMt

0000000000

oooooooooo

aaaaaaaaaa

zonoocoooo s v 0

WdYSSVOHSH """ """ """~
VYdMESYSHSH " ° """~ e
YANASYSHSH """ """~

0000000000

oooooooooo

e . - —— - -

SNEUISU0D
stssnixad ‘€
eprotuour{es ‘v
eptoo3TM °d
aezuan(jur °H
eOT3TT02I303Ud X
setuoumaud )
1100 °3d

Tydia °S
wnjanwtydiy °s
unxeutrtied °S
sfew 2

eptTIqAy °d
umauanosad °1
unoeqel °N
euetteyl ‘v
sndeu g

sueInNpIu v

208 TADIdD °S
snaxne °S
sI1¥Iqns ‘€

pdD wnyxalzoeqoaby
vval

286254

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 53 of 184



May 27, 1997 Sheet 45 of 70

U.S. Patent

g0z °anbtd

............... g---1 --=====9== T---=--U--

SAD" TOUIVY
MAD “TOLTYY
LAD " TANTUN
UAD " TOITYN
MAD * TVOTUN
HAD " IVSTYN
SAD* TYLTYN
NI9 ' INSIVN
NIO " TYSIUN
NIO IVSTIVN
S19°* ILIVD
H'ID " TLATVYO
HIO *1INIVD
HIO " 1LNIVO
N'ID " TNV
N'TO " DIV
LYVOTIATYN
LYONTRHAVL
JAD°THYIIA
HAD " W¥3Od
UYO * WYORYY
WYD" HYORVYH
NYO * HYOWVY
00T

TRAYLaASal
TWHYIQASa'T
TWHIAQASATI
THHYIAAsSal
TWHYIAASal
TWHYAQASAT
TWHYAQASAT
TWHIAQJSA']
TRHYAAASA'T
TTWHYAQASAl
TWXHAGISNT
"TWAHIQASST
JHAHIOASS ]
TWXHIQASS'T
TWANIQAQSN
TWXNIAASNT
TRAZLAJSH
TWHALAASHT
HWLYMOAIOTT
11S10avOd ]
OLNIAGIDI]
OILNIAQIOI']
OLNINGIAOAT

19LIFLSOIVY
INLTULLOYY
INLTILLAOAY
INLAMLLOAY
TNNTOLLO3V
INLIALLOYY
TINLTIALAOHY
INLIALIOOV
INLIVLAOOd
INLTIALIOOV
INAGAALLDIS
TINGAALLOIS
INGAALYDIS
TINGAALYONS
INGAALLOD3S
INQAALLDIS
TNMTHOLOSO
NN INODOFD
dMXAILSADIVY
JNIALILOVY
TOLIYLIOSY
TOLIYLIDSVY
195,19 1IOSY

TYVTTIANNS

YYTTIVINS

TYSTITVENS

TYVTTIVANS
TYYTTIVUNS
TYVTTTVENS
TYVTTIVINS
TYVTTIVINS
IYVTTTRINS
TYVITTIVINS
IYYTTTIUNS
TYVITIIUNS
IVYTTIIUNS
TYVITIIUNS
TYVTTIIENS
IYYTTIIUNS
TYVIATVUNS
VYIITVENS
ISYTWIVYHL
TYDIWASHUHS
TOOINISUHS
TOOIWASYHS
1ODINISHHS

IIVm!glllC
ISNSOATVAZ
ASISOHATINAL
ISNSOITIAD
1SHSOdINIL
ASNSOAINAL
ASHSOAINAL
AINSOHAINIL
ASHSOHAINIV
ASHSOIINIVY
ASNSOHAINIV
ASHSOITIAL
1SNSOdTIAL
SHSOITIAL
SHSOATIAL
ISHSDATIIT
1SNSOITIIT
1SNSDIIVOL
ISHSOIAIAA
WEIBaAd1d
1SMADdIHIE
TSHADATUAL
ISMAsdIv1d
1SMaO4I¥NId

1S

SNSUISsUOD
gyssnixed ‘H
eproTUOWTRS ¥
eprooaTu °d
svzuanijutr 'H
®073TTOOI803UR R
setuoumaud ‘A
1100 "9

ydk3 ‘s
umyxnutydAly S
wnieurgIed °S
sAew °2Z

eprIqiy °d
umauaTnos’ 1
unoeqel °N.
euerTeyly ‘v
gsndeu °d
gsueInptu ‘Y
9RT8TADI3D °S
gnexne ‘S
sI[TIqgns. d

vdD umtxa30eqoabv
vve'l

78679d

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 54 of 184



May 27, 1997 Sheet 46 of 70 5,633,435

U.S. Patent .

WIVIVVLTdd
“IOTVYY1dY
STOTYVLIdY
NTOIVYLIdY
*TOIVVYIdY
" TOIVYYIdY
*TOTVVYIdY
*ITVYYIdY
*TOIVVYIdY
" TYIVVYIdY
VYLAVVLTdY
VALAYYLIGY
VALAVYLIdY
VALAVYLIAY
VVYIAYYLIdY
YVIAVVLTAY
VILVALLIAY
ATVVIGLT4Y
TOSTIOVTIY
YOVTIOTHTY
AAONTOWL'TY
ALOATORLTY

‘ALOATONLTY

0S1

50z °InbTa

--1--N9--1
AVLOYNOTAT
WYLOVNOTJT
WVLOVNO14T
WYLOYNDTT
WYIOVNOTAT
HYLOVND14T
RYLOVNOTAT
WYLOVNDTAT
WYLOVNOT'
WYLOVNO14T
WYLOVYNSTAT
RYLOVNOTIT
WYLOVNO13T
HWYLOVND14T
WYLOVNOTAT
WYLOVNOIKT
SVLOVNOTAT
SVYILOUNDTXAT
LLLOSNOLAT
ILLOSNOAQT
DOLVYNOJIA]
VOLOVNDJIAT
VOLOVNOAA']

- - - wm T e e S - P - - -

avod- " aL
NAdY® " * “SA
vios* - "OM
SING” (0) 4
a7140° " "IV
FIYS " "OV
oA ¢ M- | {
IO " " °SY
IV " ° °d¥Y
dATV9° *°°d¥Y
OAZIIVA " IA
OIFIASIIOA
OIZIASMIOA
OIFIASNOA
JIASASAISY
FJIASASA'ISY
dSSSYOIN" *
davovsILS”
>°= ...... m
sg e d
qug e d
g g
NE d

dIUVADILLA
VYASYOTOHAL
24Yv¥O1031d
NJV¥DOTOdTId
ATIOOTOIAT
01d991L91LAd
H1d99NOIId
Y1d9OONILIA
YITYOONOLIA
HI4OONOLIA
dINODIDANA
dd199093AA
dJd099093A1
dJ099093AL
dJ199093AA
dJdI199093AA
°° TOOMONAA
* * *HOHOIAA
LNA°DROdSL
ITVAIONOH
YITOONOAD
OTTOONOAON
OTTOONOAON

09° *QVAIOA
JFLNAVSTHA
JASYAISTOX
J1I¥adsTOX
DUIMAVSTHA
DY.LHASSTAR
DYIMAVSTLX
OMIYQVSTLA
DUIMAVSTLA
DYINAVSTLA
VUNYYIAYEA
VONVSATIA
VYONANAQIA
VYONENAdIA
VUNNESALIA
VYNNASQUIA
TAROIIIMSA
ALIONAaMST
AATHIAAENI
IAAGSSSDAI
TIMLOOTNYI
TIMAGOTNYI
ITMAQOINNI

10T

sNSUISUOD

srssnixad °4g

epiotTuUcU(eS ¥V
eptoo3Tnw °d
2ezZusnNiIUT °H
®OTIT[OPI30Ud X
aetuoumaud °Y
T100 °3

ydAl °s
umtInuIydAy °s
umIeuyrTed °S
shewl °Z
epyaqAy °d
umaluaInoss 1
unoeqel °N
guerTeyl VY
sndeu -'d
suenNptu VY
9VT8TADI3D °S
gnaxne °S
sITyIqNs ‘d
pdD umixa3deqoxby
vvel

286294

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 55 of 184



May 27, 1997 Sheet 47 of 70 5,633,435

U.S. Patent

IHTddAOV0D
AATAdXOaNA
IVIddA0d03
IV1ddADEANT
1O HHANIDH
Tu1ad AN3OE
TY1dd AN3OT
TY1dd ANTOF
TU1ddANADE
Ty1dd ANFOH
ANAddOALOT
THYAJIONLOT
TUAJdIONLOT
TYAJdONLOT
AYAJAONLY]
AMAIIINLOT
INIdTISVEOA
MIJGSOINN
* *1dLANGII
* *1dLIIOOV
* * ILAdT¥AOd
* * L1dW¥aoa
* - L1dWyana

00¢

aoz ©9Inbtd

TXIIOVOI0H
TXAOIHVONTY
nX01aV¥OV00
TAYIAVOVON
1xa10¥95504
TXAI0VvOO0d
TXLINVOOTY
TXAINYOO0Y
TXAINVOOOH
TAQINYOO0U
JOaAQYOIOA
JOAATVYOTON
SOAATYO'TON
JOaAaVOTON
JLOAAAVOTON
12INAYO10A
SINIdTANYL
TXIINLONYH

T OFINVAWTH

YDA INVOIA
FSAADADNIY
YVIADAORIY
YYIADADNIY

Im-mm=== Jy ------ o---

IVAATAOIdY FHWUAAOSTY pleta)

TOAATHOIJY FIWdIOOTH
TVAATHOIdY FHWIAIOIIA
AVAATHIIdY IHWIdIOLTI
AVAATHOIdY IHWHAIDLTA
IYAATHOIAY IINEdIOLTA
AVAATHOIJY INMIdIOLTIA
MSAATTHOIAY , IIWAIOLTA
1SAATHOIAY TIHWIAIDLIA
1SAATHOIAY INWHAIDLIA
TOAATADIAY FUWHAADATA
1oaATaSIdd FUNIJASATA
1odATdOIdd TURIAADATA
19aAT1aOIdY TWIIADATIA
OANTADIdY FHRJADATA
TOAATADIdY FUNEAADATA
YAATIAOIdY OMWINNOLIA
1SAATdYIdd ODOWYVYNOLTA
1d¥TANARAY NDISAGOSTIA
1dILANNWAY HYISAAOVAVY
NANTAYOHAY ALISYAOTAL
1aNTANOWAY NSTSYADIdS
NdNTANOWJY MSTISVADIIS

...... 9
AEOS9° """
TFANIOTYNDL
Id° "AIHN'D
Iano” """’
L
1aNSD* " " °
I3N0D° """
Hmzoo oooo
Hmzoo 00000
RINUND " "D
X¥SND* " " 'O
X¥SHD""° 'O
K4SHO" ** "D
ASYND"* 'O
XSUYNO°° " "D
SSAALS® “SN
IXMOSS " LSN
gt NO
SR " ad
sq Ja
M- Ra
Mt Wa

1ST

sSNSUaSsUOD
grssnixad °d
epyoTUOWTES ‘Y
eprooaTwu °d
sezuantjutr °H

BOTITTODI203UD R

setuoumaud i
T10o 4
TYdAy °s
unmtanutydAl °S
unzeutrired °S
sfeut " Z
eptraqAy °d
unjauatnosd ‘1
umoeqel 'N
euetTRYl 'V
sndeu €
sueTnpIu v
20TSTADIdD 'S
snaane °S
sTrIAqns “d
‘»dd e:ﬁuouunnoum<
vvel

286294

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 56 of 184



May 27, 1997 Sheet 48 of 70 5,633,435

U.S. Patent

q0Z OINnHTA

................... g —memeD-§-= =mmmmm==-= =====-====

AATILIGDOS YYVIAAVVAT TYLTd0SSAS
MIHIYAIAd® ° °YWV3VVAT JIVLT3IDSSAS
IIIELAVE° ° VA dVVWT TYLTIDSSAS
IIFTALANT ° *¥1°JdVSWT TWL1J0SSIS
DIDIALA0A” "V dVIWT TYLTI0SSAS
NIVIALADd® * °¥T1°dSYWI TYLTIOSSAS
NIYIALQEd® ° VT dVIWT TVLTJOSSAS
MANIILAId® ° °¥1°dVIKT TVITIOSSAS
YAYITLANd® ° "¥T1'dVIWT TVLTIOSSAS
MAMITIONA® ° "V1°dVIWT IVLTIOSSAS
IIZIIAADT" ° *dT°dVVRT TVSTXDSSIS
IIFIIAAOT" ° VI dVYWT TVLTROSSIS
ITITIAADT ° "WI°dVVWT TVLIRDSSIS
TIITIAADT® ° "VI1°AVVRT IVLTROSSIS
ATITIAAYT: ° *VI1 dYSWI IVLIXDSSIS
IISIIAAOT ° °¥I1°dVVWT 'IVLIXDSSIS
OATHTIAJT® * "MVAJIVOWT ISSAXDSSAA
OMIVILAdE " ° *AVAIVOWT ISSARDSSAL
ILdENs® < *° " aTISva1 IVSYAOUSYA
LILOAV: " °°° OIOYTIT AVSAIOVSYA
LLIOGL  *°° ~°° NIOVTT AVSHADVSYH
LILADAL " ° " "NIOVTT AUSAADVSVH
LIAOAL " °° " "NIOVTT AUSHAOVSVH
0S¢

OJA¥AAD" *°
OAAHAQD " *
2% B (0} £ [ M
OAIMAND® * °
OQALTID" * *
OAAZAdD" " ”
OAATAND**
oaAdIas "
OaAdIad" "
OQAIIan” *”
OSTIAND " ° °
OSTIAND " * *
OSTIAND® *°
OSTIAND" * °
OSTIAND" °° 7
9SIAND " *°
YWININD® ~°
wYIdINo”
THOANIONIA
dSAXQIONTIS
dAYALIdLAL
dAYALIINYL
dAMXLIANYL

**aAyIsSo9d
* TOMTO " avd
* ONTO " LNY
*OMIOANY
**OddD” "OV
" *OL39° "o
..UB&U..UO
*~9149° "O¥
**HL3o" "o
* D149 "o
* *OdTODION
* *HdTOOASA
* DI TOOASA
' *OdTOONSA
* *OdTOONYN
* * OdTOONWN
* *OVJOOSYV
* *OMJASALA
SAMII" """
VOSAS "
NdOuT "
NE 1) 1 Gl
NE 1) 0 SRR

sNSuUasU0D
sissnixad ‘g
epToTUOWTES °V
eptooaTnu °d
sezuanyjur ‘H
©DTITTOOIB0UD "X
seyuoumaud °)
t[oc ‘4

ydAl °s
umtanutydAl °s
unxeuryed °S
gAew °Z :
epTaqiy °d

SUNJUITNOSI 1

unoeqel °N
euerieyl v

sndeu °d

sueynptu v
9RTISTA333D ‘S
snaaxne °S
STITIqns ‘€

ydd umpaa3deqoabyv
wal o

286¢95d

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 57 of 184



May 27, 1997 Sheet 49 of 70

U.S. Patent

— - o e e - wm e e Mmoo S e - o A e wm e e S

_IVWYOdOUAA VAUVILATIM

ATJAOdSAIS ONOAIXJATIA
ATIUHASOXD OHOMATIHOA
ATXNNISIAS ONOANADINOK
ATXIOdSHAL OOONIHAIOX
ATAAOISOAD ONOYAIJHOX
ATXLOdSDAS OOOMAAJIDOX
ATAYOISHAD DOONAASDOX
ATAUOISHAD O9OAANIODX
ATAUOISHAD DOOMAAIDOX

AXYNMIASHAN
AINIOISHAN
AIIOISAXN
AXVADISAAA
AXVNOISHAN
AXVNOLSHAN
IAXIVANARY
IAXISANIXH
AHJaVENTXY
AJIA WYL
AQIAOOLTIN
AQIL 0OATH
AQIL 09A ™
00€

OOONIXIUAM
DO9UAIIUAM
OODIATIHAM
OODUATIIAM
DOONALIIAM
OOMAIIUAM
904 THALHAA
OMJdIAXLAGE
IVIALINI *°
099OVISA”" °°
OUOFTYILYA
SOOLIYIHYA
HOOLIYIHYA

ogqy¥¥ "A” "SA
NG HII® "AA
vO° N3A* “EA
HHNIA® “3A
NI "HAA® "AA
VO NIA® "3A
HO'NII® "3A
HH'NVI " "3A
HH NVI® "3A
HH "NVI® “3A
SASHAV " "dA
SSSHAA® "SI
OSSHIA" "dA
SSLH3IA"® “SA
SASHAA® “SA
SASHAV " "SA
LLSAOA* *dI
ILS " LIA NI
* *ST93vdId
* *sSL0qaS
OAVALIALIN
OSANALIALTA
OSANALIALTA

OJUYRINILI
OSSNWIHTLI
OJLONNNTLI
O 3AUWRYTLI
OJVMRTHILI
OJIMRIHILI
OJLMWINTILI
OJIMWINILI
OJILIWINILI
OJLMWINTLI
OJUINTHTIH
OJUINTHTIN
OJHANTITIN
OJUININTLH
OJUIRTITLR
OJUINTITLR
OJSUNNYLLR
OJININRA LLH

JIXAASITEO
QIAJIASATIO
QIAIASATAO
QIAAMSATAO
AIXdNUSATID
QIXJYSATED
dIXdASATAD
AIXdASATEO
AIXdMSATEO
AIAIASATID
JAXAISITICA
JARIASITHC
JAXIASITAQ
JAXIASITHCA
JAKIASITING
JARJASIIA
QIXddsSIaxnd
QAXDISIAND

INAHMIRITY ANNSAQTENI
ADJVSTRHAL HQUSHHIILIA
vOJI90TWNTL HAQULWIJAIA
vOIOOTWIEL HAYIWAJIIA
vOJIODTWNEL HAULWAJJIIA

18¢

sNSuUasU0D
stssniaad °d
eproTUOWTeS V¥
eprooITNW °d
aezuanijur °H
®OTITTODIB0IUDd “R
setuoumaud °)
o0 "8

Tydiy s
wntanutydiy °s
umxeuriied °S
sfeu °2

eptIqAy °d
wnjua(nNIse °11
umoeqel °N
euerieyl v
sndeu g
sueTnpyUu °v
9RTSTADIdD °S
snaine ‘s .
sTTTIqns '€

ydD umtaaideqoibv
vva'l

286254

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 58 of 184



May 27, 1997 Sheet 50 of 70 5,633,435

U.S. Patent

ANAVOWYYILY
TYVYOREIING
THVYOWMIIAA
INVORNITAQ
INYOWNTIAG
ALYORMIIAQ
ILYOIATIAG
TLYORNHIAA
ILVORIIING
ILYORIEIAG
AIVONRATAL
AGVORIITIAL
AIVORIITAT
AIVORIFTAT
AAIDORIFIAT
ADORIFIAT
ALDOWJY AT
IXNOONANIAA
INOOWNIAIA
THVORNDIAQ
IQVOWAOTLT
IAYOR301L1
IAVORIDIL1
0S¢

50z 9Inbtd

‘WIVAQODIS AIOADLAYAL
*YJHIAD 1S HADIOLAYAA
‘VITIAO0IS NADADIANAYN
*YITHADDIS NADIDLANAN
*YIILAOOAS OMDIODLAYAL
*VIUIAOOAS NUDIODIANAL
*YIMIAOOWS NYOIDLANAL
*YIUIAOOHS NODIDLANAL
*YIYIAOONS MNUOIDLANAL
*YJHIAOONS MNUOIOLANAL
* IIAQODIS LLODOIALAL
*YINAQODTIS NIOOOFALIL
“WIIAGODTS SLODOIALAL
*YIAAAO0TS SLODOIALAL
*WANAQODTS LIODOIALAL
* YINAGODTIS LLODOIALAL
AVIHYAODTS VSHINJALOL
AVIUVAODIS FIOINJALAL

o

- 19sWYT NISANHILAd

*+ " I9IMId NTIOANNTAIY
** *1OLULd NWIANTILAG
- I9LuLd NRIANYILAG
** o 19L¥Nd NWIANYILAG

9991 * YOIV¥']
NI "VYOVV']
9°MI " VVYVYV1
9°NI°VYOVV1
o)1 " YVVYV'1
O I * YOV
OONI "YYWVl
O9MI * OOV’
OOMI " VOVV']

991 " VOWVT

OOLI * VYOV
9DLA * YYOV'T
9OLA * VYOV
O9LA ° YYOV'T
4911 * VVOV']
a9 * VYOV
LOLA " VYAY'
LOIW * ¥V
S9dLITVVAIL
SNJARYOVV'T
SOIATIVYAT
SOTATTIVVAT
SOTATIVYAT

AASYSSVASd
AXSVSSVAOd
4ASVSSYA9d
AXSYSSVAST
JXS¥SSVaod
AXSVSSVADd
AXSVYSSYAO
JXSVSSYa0d
JXSVSSVADE
JXSVSSVaod
AxSVSSvand
AXSVSSVA9E
AXSVSSVaod
AXSYSSVaod
Axsvssvasd
dALYOSVASE
dALNSSVASd
J3VVSS1a9d
J3v¥ssS1asd
dJdvISSdasd
dJv1554a9d
dav1ssdasd

T0€

SNSUaISU0D
stssnyxad °d
eproruowyes v
eproolTwu °d
aezuanijuyr “H
eOT3ITTOOI907UD X
setuoumadud N
100 3

yd&ky ‘s
untanutyd&Ay °S
umaeutyieb °S
sleur *Z
epTaqAy °d
umjuanosd °1
unoeqel °N
euetTeYl "V
sndeu °d
suenNprIu VY
2vTISTAdIdD °S
gnaxne °S
syITIqns °H
pdD wuntIaloeqoaby
vval

286254

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 59 of 184



May 27, 1997 Sheet 51 of 70

U.S. Patent

HOZ 92aInbtd

||||||||||| Qlllll.lll e e et - oo an am = - ——— -

XTIV ILYVIRY
DHSODSHAHD
JdIVLLYILWY
JIYLLVILRY
JTYLLYIIWNY
JTYVLY ILLWY
JTIVVILVILHY
JTYLLYILRY
JTYLLVILHY
JTVLLYILWRY
JTYAAYTLRY
XIVAAYTIRY
JIVAAVTIRY
JIVAAYTLWY
JTYANVTLHY
JTYAAVTLRY
SOLYAIUIAD
IVVAROVLTI
OLOTIVIALT
OLVYIIVIIdI
JVYYAYIIdX
ASVYVIYIAAX
JASVVIVIAA
oov

vadIINdavd
Add THNRaRWA
Vad IHNWQRA
vdd IHNWARA
vad THNWARA
YAd IHNRARd
vad IHNRARA
Ydd THNRARA
¥add IHNRAWd
v¥ad IHNWARA
AQAINRNAG
AGJWINWNACJ
AQARINWNAG
AQdRINRNAQ
AQdHRANKWNAQ
AQAINRNAG
YAN * LOADYA

‘YALWdIWAAH

JAIVAAAIIO
ddITddIIAD
JaINSdwiad
JATHSINYId
JAIWSdVHEd

<AV “¥9O
* AOHTd DDAV
* IOMINONEA
* IONTaVHAY
- 1907AOUSO
* TYNTIOULD
- TYNTAOULD
* IVHTIOULD
* IVHIIOULD
* IVHIIOULD
* IDITHIEO
" IYYTHIYEOS
* IVYTHIROS
* AVHTHIROS
* IVHTHUROI
* AVMTHURDA
SLYNTIID" * °
MIdNTLO " * °
JILId0THAL
OIFAVNISSL
dALADAILSS
JANADNTISY
dAMONTISY

FYAYADULIT

dIYddDTALA
SSYJdONALA
SNYdJONALA
SNYddONALA
YauddoOLALA
YaYSdOLALA
* "@SJdOLALL
* *AddOSALL
AOIYISYLdE
*g9I1I7a9X4dd
*YAYTAYAQE
*YAN'TAYAQdI
T UAYTAYAQH

MODAORY”* " " °
JaaOML° " "7
JaaomL:° - " °
JQIEOML " "
AQ@omMs " " "
XAIOML" " " °
AQQoMO* " "¢
JAQOML° © " °
JAdOML” " ° °
JaaoML° * °°
SLALML® * °°
SNIIML® " °°
SNAILML® * ° "
SNALML" " *°
SNALMS ° * * *
SNALMS " * °°
SN ACH Fo.c
SIVIOL® * °°
YOLLONA * 110
vOSavsSaiId
DOVTYANIAT
OOVTIYNTAL
OOVTHVUNTAL

1533

SNSUaISUOD

-grssniaad °d

eprotTuUowtes v
epTooaTWI °d
aezuanijutr ‘H
BOTITLOOIIOUD "X
setuoumaud )
T100 4

Tydasy °s
untanurtydAl °sS
umaeutriieb °S
shew °Z.

epraqiy °d
unauaInosd °1
wunoeqel ‘N
eueTTeYl °V
sndeu °d
suernpIu ‘v
2UeT8TAIdD 'S
snaxne °S
STTYIqNs °d

pdDd wniroloeqoaby
el

786254

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 60 of 184



May 27, 1997 Sheet 52 of 70 5,633,435

US. Patent

||||||||||||||||||||||| lell‘\/l —— - o -

Mavosd-AD
TJ1LOIESAD
1403934 " Ad
1333934 * Ad
1Xa093d °Ad
IAQIOIT " AL
1AQHOdd ° AT
IAQHOIT " AT
IAQHOAT ° AT
IAQHO3d " AT
DXAdo3dA " AS
JXAdHII " AL
JXASOIA AL
JXASOIA " AL
JXdsodd " AL
JXds93dd " AL
F190qHIYOI
01504 LI
I79aNId0T3
MNOIVIAIIT
AT1S1393a0d
JISRIOILOA
LISWIOILOa
os?b

I0Z ©9Inbtd

YO IAATILHH
YOVHYHOHLD
YOANYTILYH
VOANYTALVYA
YOANNTILYH
YONMYTILYN
YOANYTILVR
VOANYTALVN
YOANHTILVH
YOANYTILVH
YOTILTALYI
YOTUTALOI
YODIYTALOI
VOTHYTALOI

VOTYTALOL

YODINTALOI
ADIAVTIAAR
ADINVTILVH
JOTINTHAVYL
VOTIYTISAA
ADNTITONVA
ADONYITOUVA
AODNYITOHVA

VHIHALIAAN
d10¥d "qQuAY
VL TYALINAY
YL THALINANY
¥STYALINAY
YaT9aALINNY
VI TIALINANY
VI TYALINAY
VI THALANAY
vJT19aL3INAY
YARYILINAY
YINYILINAY
YINHIALINAY
VINYILIAAY
VIRYILINAY
VINNIALINAY
I TUNOINAY
YITUNOENAY
LA TUNLINAM
LA TUNLANAN
VYSTHASANAY
YV THASINAY
VY THASINAY

MSOINYTMOd " " Oav
TOTHOSHAAA """ ud1
MNAINYIALZ ~°°°°°° 9av
MNAINYIALZ °°°°°°° ONS
MNAINMIALd """ °°° 5av
MNAINYILLL “° """ °° ouyY
MNATNYTYLL °°°°° * *ONVY
MNAINYILLL °°°°°°° oMV
MNAINYILLL - """ °° NV
MNAINYTLLL *°°°"°° NV
MSYAQYIVId """ °° oav
MSYAQYIVId ~°°°°°° oav
MSYAQUILId *°°°"°° oav
MSYAQYIVId * """ °° oav
MSYAQYILLd *°°°°°° oav
MSYAQYILLd *°°°"°°0av
ONVIOSSAdd LLOSHIHIUH
ONVISAILLL NVSNJdASAOHS
A9IvayIISL * "t DAV
TIYVANIALL """ oaY
TIITONWALY """ ° DAV
IFATOANALE " XA
13anoauara c et Dav

10V

SNSUaSUO0D
stssnixad °d
eproTuowTes °Y
eptoolTnut °d
aezuanTjutr °‘H
POTITTOOID03UD °X
setuoumaud °j

13 Co:

TydAl °s
wntxnutydAl °s
wnieur{iedb °S
sAew °Z

eptaqiy °d
wunjuanosa °1
wnoeqel °N
euelTeYl VY
sndeu °‘d
suernpTu °Vv
9eTSTADIdD °S
snaine °S
s11TIgns ‘g

¥do umTtIa3joeqoasbyv
wveal

86754

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 61 of 184



May 27, 1997 Sheet 53 of 70 5,633,435

U.S. Patent

£oz 9Inbtd

— e st A e e e =S

g - SEVTTIONY
g - TYATS JORY
Grrerree - Y TTYAORY
PR . - IYIISIONY
G ree e e T TUNISIONY
g - INATIS 3OWY
g cee - TUATSIORY
TR - IWATSJORY
gttt - TYATSIOWY
g R
RS - OYWISAVAY
DR - VWIS AVRY
gt tOVWISAVRY
Wt Cee SYWISAVRY
g - SVVISAVHY
MRS s VIS VRY
<+ DdIA IS TIASISIVY
ATFQUIANOSNA WOVTISISHY

-2 TADVAYTHROD

Lottt IDSYIOTHRD
s*°""" ‘T ATORATASHY
¥ttt Tt YIDRATISRKY
| A YIORATISHY

WYHAAQMLOTIH
TYSYOIH" " ¥
WMHAH* INTd
WHHANALIIN
WYHANALOIA

WYHANALODIZ

WYHANALYIZ
WIHANALODIA
WYHANXALOIA
WHHANALODIA
WYHAAALAIY
WYHAdALAQId
WYHAAALAId
WYHAQAALAId
WHHAQdALAId
WYHAQQALAQId
AYHAARDIAD
AYHAQQALOAD
I¥HALT1" " Id
IYHAOHSSAY
IYHATHLVAY
ITYHA'THLVAL
IYHATHLYAL

- . - —— . — e W W e S8 =m0 S

<ot gy MOO4IdAYAL
« e oy YOVAAVYAUL
seeceet WHO JOVINIJDIY
cevov e yHM JONTVIAOIY™
eseereoyyI 10¥4 " "dANY
....... ¥30 1114 "dLiy
ssecr e ryIN TIHEQ T TALIY
....... YHO TIvd® "dLI¥
cecec o yHD MIVA " "dLIY
....... YHO TMivd® "dIIYd
....... IAN TI3d° "dlII
....... IAN TM3d° "dLII
cecerc LAN THEd T "dLIX
<<+ *LAN "IM3d° "dLII
..... * WIM AMYd - °dLIA
cescccrydN AMVA® "dLIA
..... OAdOY INS “HAIOAI
AJOSSASAAN TANISNTIOHA
seeeIVC 0 CNINJFSJHI
oc.-¢on-co oOVﬂ\H&OVmU;
+ -+ *yYHSYND TONOAIYOUA
sc e 99° t°H TOAOAJYOYA
cer 9Dttt TONOAYIYA

1% 4

SNSU3aSU0D
gstgsniyxad ‘d
eprotUOUWTesS ¥
eptoo3TW 4
aezuan{jur °H
©OT3TT00I303Ud X
aetuoumaud °Y
TT00 "4

TydA3 °s
umtaxnutydAy °S
unxeurited °S
sAewr °Z
eptaqAy °d
umauaTnosa °1q
unmdeqel °N
eueTTeYl VY
sndeu °d
suenpIu ‘v
9VISTARIdD °S
gnaane °S
syiTIqns ‘€

1 Z- o) Eﬁ«uouownoumc
vvd'l

z8625d

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 62 of 184



5,633,435

Sheet 54 of 70

May 27, 1997

U.S. Patent

YWLas1a
© T 1ISTTd
* 11813
8es

- -~ - -

AYYTIOVAAA
AYOSASYTIA
AFYINTLITI
I " "dd3N
VIOSTHVIOA
VILSI¥V10D
wwOSTHvI0d
Vd.LSHUV10d
vdLSWEYI0d
YdLSHuv10d
* NIAJLSING
* HISADO1AA
*HNSAMDTAL
* HMSX001AA
* HXLI¥I1AD
*HALISTTAD
* AITOYTLA
e ¥ v
OINOTIADIA
SMNSTINTHI
DIVOTOVRIA
INVYOTOIHNA
INVYOTOdRRA

JXAd3LASAD
JdXAddIASLO
TALIIIAYLO
J3LdJIAYLD
JXAdJIANLO
JRAJIINAYLOD
JAAdIIAYLD
JXAdALAVLO
JXAdIIANVLO
JAAAITLAYILO
JAAdALAYLO
JANGIILNILD
JXAdALNYLO
JANdIINYLO
JXAdJINELD
JXAdJLHYLO
MMOdMINOAD
MMOAMLIOLO
TIDdISANAY
JALdASAHIY
WIFAdISIVIR
WIIdASIVIN
WIIdASIVIN

5dd1149AvYvd
OdANIIAVIA
SddIILASLA
MdATILAdLN
Mdaa1ILAdId
A3ATILAdLA
AdATILALA
Ada1ILAdLd
MAdTILAdLA
Mda11LAdLd
94Oy ILAdAT
9dANILAIAG
9dNNILAJAQ
OdaXILAdAd
OSANILIAAd
OdaNILAdAA
AITINLE " °
HYATITUAINV
adONINAdIS
alH3Ig1dad
LYAAALAINI
NSaaALAd¥d
NSAAALAIAT

T0S

SNSUdBUOD
stssnayad ‘4
eproTUOWIES V¥
eproolIT °d
aezuanijur °H
BOTITIODIBOUD “X
setuoumaud A
1100 °d

TydAa °s
umtInuiydil °s
unxeutiied °S
skew °7Z
eptaqAy °d
umajuaInos?d 1
unoeqel °N
euerieyl ‘v
sndeu ‘d
sueTnpIu ‘v
2VT8TADI3D °S
snaine ‘S
sTIYIqns °d
pdD wntIaloeqoabyv
vva'l

z8625d

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 63 of 184



May 27, 1997 Sheet 5 of 70 5,633,435

U.S. Patent

14:14

9tV

88t

ope

268

ove

081

0T

09

oL

YIZ °2xInbtd

sAD SIH eIV XYl 135
IVD 209 90V

9L

211
JALY

TI
LLV

utd
VYO

YL
Y

Iag
DAL

elv
929

S

nio
wYo

841
vvvY

114
oxd

LoD

A19
999

St
dsvy

LVO

oxd
200

1OV

0S
1Yy
20V

A9
099

usy
IVY

S9
Bav

11200

etv
Q00

oxg
000

TeA
LLO

T

0xd
Q00

3TI1
LY

TeA
OLO

YL
LOY

nar I35 N3TT no1 eIvY 1I9KH
21D 201 1ID SLL 209 9LV JJLD OJODLOLLLYY 12220951220 LLILODLLIO

dsv
A

v1vY
009

b6av
o9V

ST
nat

YIL

nio
A4 £

A9
999

113
nan

YO

bxv
J90

AT1O
999

114
nan

Bay
290

uto
Vo

09
na

OLL

A9K
LY

K19
099

STH
LYO

naq
Lo

na1

IyL
LOVY

13s
AL

na1 A19
YiD 999

etv Bay
209 990

st
na1 eIv
9L LoD

ot
uld 8TH
VYO IVD

SS
nyo 8l
VY9 OV

ov
STH 29§

IVO JOL

TeA A19
L9 999

usy usy
LYV OWV

VILLYVOVIY YJJOLVVVOV 0999999099 LLLVVVVOOV HIIVYLIOVOL LOJLLOVLLL

LLLOLVOIVY LOOLYIOVOL OVOILLOJDD OJLOLOVYVOV VLLYVVOLLD LIJOJIVOOD

OVIOOLLOOL VYVIOOILILOD LOLOIOOLL OOLLYOLLLY LOOLVVIVYO 99OLVOOLLL

YYLOVYOVID YVIOOII9LO DOOYVYVVYIVO O¥YDIDILOOD OVIOVIOOOY YILOLOOOOOV

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 64 of 184



May 27, 1997 Sheet 56 of 70 5,633,435

U.S. Patent

0zs

TLL

veL

9L9

829

08S

435

elv
109

ety
\ o0

0s1
19K

19s
JJL

na’1
OLL

TeA

31X
ALY

g1z °InbTd

I
L1V

S9T1
na’

(A7)

uTto
A4 f3)

dsy
IVO

A19
099

IyL
DoV

S8
si1

Yvv

081
oid

J00

oad
900

utro
VO

dsy
L¥O

nar]

00t
13s

LOY

ngo
YvO

b &1
0L

ey
209

na

A1
299

STl
A3
AN

o0ad
220

198
YOL

STH
IYD

ayd
ARAS

oxd
200

0cT
Iyl
oo 4

nal
Y.LL

nio
o

usy
LYV

IAL
VL

sk
ovvy

Sl
uto
YvYO

TeA
LD

bxv
19,920

uto
YO

na’l
Y&LO

STH
IvO

091
A19
099

211
JLY

ayy
20V

BN
LY

nan

08
nio
A4 £

SLT
911
JLY

usy
o) 44

TeA
\ AR

ayd

IYL
o) §

S6
uilo
ovo

a9s
ola) 4

oxd
200

195
1OV

bay
000

na7
LA

ott
4L
o) {

A1
¥oO

911
LY

sA1

Bay
990

xas
J0L

GZ1
-7,
19X

A19

299

noy
oL

nio
A4 )

nari
YLL

ety
009

ort
A9KH
oLV

dsy
AAB)

138
LIL

A9
199

ety
o9

uto
O

GST
dxy

oxd
oo )

8A"

usy
o) 44

B5xy
239)

SL
A1O
vo9

0LT
198
J0V

11
LLY

bay
D0

utd
o

19

06
K19
199

I3H
oLy

A1 u1d
199 O¥O

gk elv
yvvy VOO

stH Bav
OVD 19D

0zZ1
A19 e1v
999 2090

S01
eIV dsy
09 I¥O

uild TeA
oV LD

ey bav
209 990

TeA
19

A9
999

GET
na7

nal
Y1LO

nal

9Tl
oA §

ayd

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 65 of 184



May 27, 1997 Sheet 57 of 70 5,633,435

U.S. Patent.

9s1I

8071

0901

Ztot

¥96

916

898

dsv
o) 43

usvy
o) 4 4

eIv
oo

TeA
AR
0€T

YL
0 )0) ¢

nio

nyo
OV

DTZ oaInbTd

ety A1O
D29 999

o1I
IV

elv
(900 13)

Sve
6ay

990

TeA
Y.1O

13s
93 4

ayL
20V

A9
099

09¢
Tea
919

uto
¥vo

oxg
VYoo

STH
A 4o

ayy,
J0V

ISH

SLe
TeA
YILO

na]
YL

A19
999

dsy
LY

dsv
LVO

561
na’1

Y.LL

062
uio
OVvO

usy
LYY

axg,
O0L

ayy,
o)

arx
LLY

0TZ
bxy

290

A19
999

ely
209

ngo
¥vo

ayd

na1
Y.L

$44
L
20V

aas
JJL

eV
929

nal

TeA
oLO

ey
209

ove
STH

A )

na’
VL

na]
¥&LO

nal
e

TeA
AR

na1

S6C
erv
909

elv

ol )

sA1

elv
LJO

na“l
OLL

nio
A 4 £2)

0Le
narl

aas
0L

oad
900

eIV
209

oad
A\ foN)

061
na

134 0]

s8¢
nar

ni{o
o

X3S
Q0¥

£19
209

A19-

voO

50¢
nio
L4 0]

8fD
0L

TeA
919

xas
YOL

211
AN ¢

STH
I¥O

ozce
2ud
AAAA

IyrL
YoV

38
9L

A9
599

AT9
0]

dsy
o) 42

-1 X4
TeA
ALO

etV
09

TeAa
LLO

s8A1
ovYvY

UL
A fo) 4

0xgd
LD

0se
A1
999

ayy,
IOV

uro
ovo

ayx
o) 4

TeA
Lo

6ay
22)-4

59¢
na]

oxd
A {o0)

TeA
ALO

nag

Iyl
oo 4

S8T
utd
ovd

08¢
ayL
o) 4

211
LLVY

TeA
oLo

Ias
0V

IBH
LY

002
dsy

ovD

ety
220

oixd
00

X38
3L

TeA
Lo

STH
IV

STZ
bavy

290

A1o
999

X938
YO&L

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 66 of 184



May 27, 1997 Sheet 8 of 70 5,633,435

U.S. Patent

Z6vt

(A2 A

96¢tT

8vel

00€T

Zsel

AVA S

6ay
D90

06¢
A19
99D

sAn

bay
D 9) 4

etv
000

nio
Yvo

0Tt
dsv

LYO

aTz °9anbra

Sov
STH

LYO

uto
A4 {0

A19
099

nog

etv
909

SZE
A19
299

elv
A {013

dsy
LVO

°1I
LILY

nal

ngo
YO

1] 29
Tea
PR

Ao
099

TeA
A AN

ayyl, na’

10) 4

nio
4 £3)

ngo
ovO
SStE

elv
¥oo

ety
vo9

ayd

oad
900

OLL
nar
OLO
oLt

19s
OOl

ety
209

nan

ayL
020 ) 4

nro
vvo

x3s
Q0¥

S8¢
Ao
099

eTv
LD

dsy
LV¥D

a1I
JLY

sfO
O0L

S0€
A19
599

ooV
dsvy

LV¥O

dsy
JLYD

aTI
LLY

nto
A4 O

oxd
200

0Z¢
A19
199

ayy
oov

eA
RARY)

dsvy
LVO

erv
009

°TI
LLY

StEe
911
LIV

uto
OvO

TeA
YLO

nro
ovo

ayd
NAAA

ety
05

0S¢t
H6ay

J90

nio
VYo

na
LD

nar1

ety
209

nio
¥vo

S9¢
nan

oLI

ayg
o)

dsy
LVYO

S1H
L¥O

bxy
¥90

A1
999

08€
ayy
Jov

Bay
290

ayy,
LOY

EYs

LLY

x9S
f0.2) 4

00t
nto
Yvo

S6¢
uto
¥vO

TeA
IO

dsy
A

A19
099

na1

STt
erv
¥o9

usv

na’g
VILL

sA1

a3s
D) 4

nio
ovd
Ott

bay
A {3)8)

Bay
) 4

nto

LYY OVO

oid
900

ety
229

nto
vvo

17 42
eIV
¥o9o

oxd
o o)

TeA
LLO

oxgd
Rl

Ias
o 2) 4

A1

09¢
si1

ayd

o1I
LY

Bav
990

YL
IOV

K19

SLE
ASKH
AR

TeA
ILO

elv
229

°11
JALY

nal

S62
aTI
LY

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 67 of 184



May 27, 1997 Sheet 59 of 70 5,633,435

U.S. Patent

v681

SL8T

ST81

SSLT

5691

Se91

88ST

ovst

JTZ ©anbtdg

¥OOOILLL) VWIVILLOYOD

VOLOVYILYDD LDJOVYVLLIY YYDIOIVYIDD DIVOIDOOVY ¥OOIIOOLYY LOVYOVLOVO

LOVODOOLYY LOJDILOLVLY JVYIIDOLOV YYVLLOOILO OVVVVILOOL LYVLLLOOOL

JLLYVLIOOOL JOVVYYOLLOOL YIODOVOOLY OJD9DLYYIOV OLILYYOOIIL VILLYWYLODO

VIOOLIOLOY ¥IOVIIDD9D VVVIOOOOLL LOYIOOVYID VILLLOLYVYY LOLLLOOOOD

327
K19 uro eIv¥ 1eA uio Ao neq

OLOJLOVYYY VOVLIOVVYYL VOO ¥¥D D209 ILLO ¥¥O 999 WLO

SEV otV GCV
ayd a2yd nro oxd IAL 195 OTI eIV eIY BIY NI eTv¥ Bavy usy
LLL ILL Y¥9 V22 IV¥LI JJL LIV D209 D229 909 WvD -H0D D90 IvVY

0zy STV 0TV
Iyl uro Ao A19 195 AT9 na7 elv ery 3[I eIV NI eIV I3
YOV VYD 999 999 IOV L9 ¥IL LOD 309 OLVY 909 OILL 90D HILV

1344
gL A1O
OJV D99

911 °1I
LIV LLY

ey a1l
J09 I.L¥Y

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 68 of 184



May 27, 1997 Sheet 60 of 70 5,633,435

U.S. Patent

5S¢

LO€E

6S¢C

1te

£91

STt

09

¥ZZ 9InbTd

08
na1 A9 na syd
OLL 199 OLO LLL

G9
uro a1I dsy 1eaA
VVD LIV LV9 ILLO

0s
dsy elv sAD elv
LYO D0O D9l 929

St
eIy ey naq na7q
90D YOO VI VI.L

ayg A7I n1o A9
90V ¥IV YYD 299

T
AYL IBH IBKH

K19 T1eA
vo9 919

A19 nan
000 VL

na7 ayd
VIL JLL

(113
na71 elv
YL 000

ST
19S na’t

AL ILO

A9
199

ety
oD

SP
K19
299

bay
290

ety
209

bxy
200

09
bay

090

Bxy
J90

STH
A fo

aas
LOL

SL
911
LLY

na

911
ALY

198
D05

T A
ALO

ayy,
OOV

erv
¥Ooo

nto
Yvo

AN
LY

0t
oxd

220

TeA
OO

uto
¥V¥O

ayy,
R §

114
L&Y

oL

erv
900

911
A7

bxy
990
ov

uto
Yvo

8A1]

L

o) §

ngo
A 4 £3)

1
ayy,
90OV

A1
voO

dsy
RA O

8TH
o) {0

oL
sk

erv
909

nio
Yvo

A19
299

dag
o015

no
Yvo

na1

etv
YOO

8L

911
YLY

bay
A £ 4

sd
19L

na
ViLL
0c

211
A-0A 4

usy
LYY

OO0V OLY OLY HSLVVVD OVYYVLVLLL LOOLLOJDYYL VYVYOVDOOOIL LLLLY¥ODJLO

LLILLLYOOL JaILILLI9DD JOVOVIOOLOL JLLLLYLLVVY VYVILLOVOLY VYOVVYVV.ILIL

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 69 of 184



May 27, 1997 Sheet 61 of 70 5,633,435

U.S. Patent

169

£v9

565

LvS

66V

1514

LoV

Se61
bxvy

290

A19
V')

e1v
900

ayy,
o0V

ayy
oov
SIT

narl
ViLL

ASH

gzz °2anbtdg

a9s 91X
LOV DLV

elv na7
YOO OHLL

aky dsy
o) AMNA D)

Srl
ayd usy

oct
911 211
LLY LLY

TeA a3s
oLY OOV

198 Iyl
D9V IOV

A19
099

911
JILV

091
o1I1
LLY

x9s
OV

bav
290

nio
ovd

A1
299

sfO
9L

SLT
nar

LLO

A1o
200

STH
o) fo)

utd
OVYO

ayd
JLL

S6
1as

LOY

06T
ayy,
LOY

s
J9L

ayy
oo, 4

198
JLOV

I9H
oLV

0Tt
bay

200

usy
o) 44

STH
YO

Ias
LOV

na71
SLO

TeA
JLO

1A
oxd

D20

uto
) 8]

uto
o

nar1
9LO

sk

oxd
920

ort
a1
AAA

Bavy
LOD

elv
200

IS
AN

bay
99D

na‘]
YL

ST

bay
290

sk

s/
AL

elv
\op

usvy
LYY

ayL
ooV

oLt

uro
¥vo

£19
¥o9

etv
YOO

nto
Vo

no

06
na<

681
ayy
20V

ety
909

X3S
Yol

A1
999

noar
YLL

SOT
o111
LLY

(o b £ {
920

A19
€199

I9s
o) §

911
LLY

I9KH
OLY

0ct
xas

YOuL

A19
YOO

elv
YOO

dsv
N9

oad
00

8TH
RA o)
GET

uto
A4 {0

nio

elv
\ o)

81

ey
109

na

0st
na]
YiLL

TeAa
OLO

dsv
L¥YO

na’

oxd
920

na“l

S91
oxd

900

oxd
900

na‘
Il

A1
299

na1
Y.L

S8
oad

0]

08T
nar]

YILL

nat
YL

eV
909

oag
900

ELS)

00T
bav

190

utd
) 0]

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 70 of 184



May 27, 1997 Sheet 62 of 70 5,633,435

U.S. Patent

Lzot

6L6

T€6

£88

St8

LBL

6tL

eTv
009

TeA
oL9
SLe

A19
099

A9
099

TeA

sXO
0L

9TX

ozZ 9anbrtd

TeA
OLO

062
oxd

920

IA9H
OLvY

TeA
LD

po
RAA §

AT19
199

ote
nto
ovo

SO¢
IYL
0) 4

ngo
YvO

sA1

usy
RA4 4

2ud

44
STH

o) fo)

nar
LLO

oTI
JLY

ety
209

utd
LA f)

Bay
$LOO

124
ayd

na

elv
A 8]

A19
299

A19
099

na

SST
a1l
LLY

ery
909

sA1

A9
299

bav
090

dxag,
VA

oLZ
nar

OLL

TeA
LLO

elv
229

utd
VO

K19
199

noj
OLL

s8¢
ayd
LLL

IYL
LOVY

TeA
JLO

ey
009

A1o
v99

4] 114
ayd

00¢
sA1

bay
290

91l
LY

nto

A4 OF

I3s
o0l

0zZ
A19
I99

nal
JdaLO

a9s
YOl

uid
) )

911
ALY

elv
229

StZ
na1]

14y
20V

oxd
200

STH
LYO

STH
IvD

ey
Yoo

0sc
bav

290

Qm.a..

LVO

TeA
AL

na1

1AL
AAAR

STH
IND
S92

ely
009

oxd
900

A1
099

311
LY

A9

TeA
LLO

1]:14
HED |

bavy
992

erv
009

TeA
ALO

211
Yiv

002
bavy

290

662
TeA
LLD

nio
Vo

Iyr
) §

o1l
AAA 4

211
LY

1]%4
utd
Yo

no
Yvo

211
LY

211
NAA 4

oxd
900

nan

0te
dsy

LVO

nio
ovo

IyL
294

dsy
hA O

Bay
2990

usvy
vV
sbe

etv
1J9

na
LLO

sA1

STH
o) o)

ey
¥o0

A19
v99
092

1l
LLV

124 4

929

TRA
Lo

sA1
o

dsv
o) &)

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 71 of 184



May 27, 1997 Sheet 63 of 70 5,633,435

U.S. Patent

€9¢T

STET

L921

61CT

TLTIT

IXARS

SLot

IO

erv
2929

ayd

alx
A OA 4

6S¢

nar
YILL

n{o

3Tl
ILY

azz °InbTd

1ag
LOL

6avy
2900

PEY
LOVY
oLt

STH
A fo

usy
LYV

xas
Yol

aud

TeA
LLO

TeA
OLO

58t
usv

o) 4 4

211
LLY

uto
¥YO

nol

ayd

eTv
D29

oov
A1
LO9

TeA
Lo

ayd
daLL

eIV
909

usy
LYV

0Ze
311
LY

STV
eTv
209

ey
VOO

bavy
990

dsvy
A )

9K
LY

Gee
A19
099

oxd
920

TeA
5O

TeA
OLO

eTv
009

erv
209

0st
etv
909

TeA
INA)

nar
DL,

elvy
DR

ety
D29

oixd
D00
S9¢

A19
099

etv
9509

ayd

nto
Yo

A19
099

nol

08¢
na’

VAL

TeA
ILO

nan
Y.L

1y
LoV

dsy
L9

dsv
ovo

56t
aas

LOV

aud

dsvy
) £

bay
A

xyy,
OOV

S1¢€
211
LLY

o1v
dsy

LV¥O

A9
OLY

uto
VO

sfO
JOL

dsy
JLY¥O

ote
£19
009

elv
20D

a1I
LLY

ety
209

bay
990

etv
909

Sve
b LT

901

no
Yvo

usy
9) 4 4

nal

91I
NAA 4

dsvy
LVO

09¢
TeA
oLO

nio
o

etv
909

ey
200

na1
LI

Bay
990
GLE

X3S
JOV

Ao
099

841

8/£D
J9L

211
LIV

ngo
o

06¢t
STH

LYO

Hay
YoV

na]

T®A
Lo

eV
109

0oTe
dxy,

20L

SOV
Ao
199

dsvy
A )

K19
YOO

YL
LOV

Bav
190

Gzt
AL
vo9

nio
vvo

elv
\ {3

A1
299

Ay,
LYL

uro

ove
na1

L2
909

oxa
020

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 72 of 184



May 27, 1997 Sheet 64 of 70 5,633,435

U.S. Patent

6LV

SOt

vl

qZzZ O9aInbtJg

LLDD ¥V¥IODDOLOO

A 4
dsy STH SAD usv sKk7 e1vy dsv sA1

JVIOOVYYYD OLIOLODIOV LOJLOOLYOL L¥D JOVD LOL L¥Y YYY DJD LVD ¥VVY

GED (1184 STV ozv
nio ATO TeA USY 19 A1H 91 eIV eIV B[Y dyd dsv bav ayd urd oid
Y¥O VOO VIO IVY OIV 199 LIV ¥DD 209 229 ILL L¥D 09D LLL YYD DO

4

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 73 of 184



May 27, 1997 Sheet 65 of 70 5,633,435

U.S. Patent

-—=-9--TH-~-
STTOVTTHLL
VIIOWTTHWS
VTIOTATIIL
VTIOTATIAL
OATORLTYIIO
OATONLTIVO
OATONLTYVO
oct

-=-I--OR---
A" IFAOTHYL
0 1aADTVYT
3 ° IHADWYUL
JSIIVONTYHL
¥ TYYORYOR
H * INYOWVOR
o INVORVYOR

08

H--TOD-I-
HINSHADIAT
HSHSMd9JIL
HSISMAOAIH
HSISADdAY
HSISNASAIY
HSISNAO4TIYH
HSISYAOdI¥
ov

veEz o9anbrd

L--N---"1-~
LOSNOLATIAD
LOSNOWN1AY
LOSNOAQTIS
LOSNOVAIAL
LYYNOJdTdV
LOVNOAQIVVY
LOVYNOIATVY

--=-l---0--
IAWLY¥OAaD
wONLYIOAVD
oa1LS1AYD
DHV1LSHdAdo
WISLNIAQIO
YYOLNIAQIO
VHOLNIAQID

I3ON14OS1a
I39SIYSAAY
IADHILOANA
TIOLTYADDY
ALDST195SHY
IIOLTVASYY
I3OLTVISHY

HAINA - DX9d
Nd30T1OTION
FJANIVAION
$a30109194
AdVITOONOA
FOTIIONOA
F30TIDONODA

-7---I---9
TIAHRLLSAD
V1499 T3L09
dTANMALLLO
TTIOFI1LID
ITISLIULID
ATIOLIYLID
FTIOLIYLID

ddNALTYOHS
YLVdYSSYOH
Y.ILYdMdSVSH

YLVdNdSYSH

SLAATIEAAZ
OYILAIANIY
OHIAAASSSO
SOAIINASNT
5a1IMLAOAN
ONITMAGOEN
ONIIMAQOAN

18
-¥---JH--Y
AVISVINIVY
AVIVYT1IVY
VVIVOIWASY
LYIVOTWIVY
SYT993WASY
SV199dWISY
SYIO9IWISY

144

a e 9 e e 0 s 00
s oo 0 o5 e 0

PRP R I TN

OHNNTISTIVH
SR """
Sttt

s§N8UITUOD
snaaine °§

snsopou °d

sIITIqns ‘9

£089004 °ds g138Aooydauis
vdd wnyIaioeqoaby

vvdl
z8629d

SNSUISUOD
snaane °S

snsopou °d

sTITaqQns ‘€

£08900d °ds g13s/Aooydauis
#dO umtI930eqoaby

a1

786%9d

SNSUISUOD
snaxne °S

snsopou °d

syrraqns €

£08900d -ds " s7asAooyoauis
¥do unTII30VqoILY

wvdgnl

78679d

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 74 of 184



May 27, 1997 Sheet 66 of 70 5,633,435

US. Patent

AYIVIAILNI
*10d° NI
**AS” "10a3
* "ASHLAdAAI
LYAOAVALIA
HYADOAALIA
HYADONALIA
ove

dIANSITISVAT
LOavTIOv1I
19dv019v11
93 LLIONTT
I9dINTONTT
ADAINTONTT
ADJINTOVTT
ooc

NQ3I9FINVA
ANSHSAIIVO
OOVHIIINVD
ONSHYMINYD
aoaasAOAD
aoavvaADAD
aoavvandA9
091

gez 9InbTd

$193VIIJIN
2TYDD" - - °
STHAD """
LTAVD "
LTINS * -

--sT-o0%s--
IVSAADVYSVYA
10SNI0VYSdN
AVSAIDVSYA
TOSAADVYSYI
AYSHAOYSYN
AYSHADUSYR
AYSHADVSYH

W--1d - -A¥-
WTHTdY1ANd
WOATdLITHO
WINTAILAEA
WOO1d0IAYNS
WAYTINIAND
WIYTINTAND
WIYTANIAYD

JHAIRLILHN
J1dTWHALHA
JYSTHHILHA
JAvOINY3sSHA
Jd90THNILHA
JO0THNILHA
JO0TWAdLHA

ll.l»IH.llll
SGWOANIOAIA
dTYXAIOL1d
dSAXAIONTIS
dSHAHIAN1O
dAYALIdLAL
dAYALIANVYL
dAMALIANVYL

RJY---5-09
RIWIOISAAD
WAUNIISIAAD
WJUMVYIS3Ao
WANHYISAAD
HA¥NLISVAO
RJYNSISVYA9O
HJYNSISVAD

HYSAQTIAIIL
HSTOOLHTYL
YSHHIIALALL
YSIYdILALL
YLHIdAIALL
YLHAJIIALL
YLWAGIIALL

102
SAMIITdLA®
YOSIHIAY L
VYOSAS1dL4a
SOOAVIAVAN
MJOFTLAITE
NdOITLTdNY
AdOITLTdRY

91
STAST *NOIO
JIAS3d " HOV
VAVYSXddY D
LALITOAN0D
IALSAIA " AA
IJSIMNA " AL
TASIAWNA " AL

1

SNEUaISUOD
snaane °S

snsopou °d

sTrTagns °d

€08920d °ds st11s8Ad0ydauAs
pdD unTId2310eqOoIbY

vveal

286794

SNSU3SUO0D
snaane °S

snsopou °d

syITIqNE ‘€ _
€08900d "ds stisAooydauds
pdD umtaaldeqoibv

vva'l

Z86T5d

SNSUdBUOD

snaine ‘'S

snsopou °d

sTTTIqnS °d

£€08900d ‘ds sT3I8ADOUDAUAS
vdD untaaijoeqoiby

vvd1

286254

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 75 of 184



May 27, 1997 Sheet 67 of 70 5,633,435

U.S. Patent

ILSLOAYOLO
AJ11DFYOVY
IALLOIVOLY
IHLLOAVAVY
RALYOAVIVY
HALIOIVISY
WALIOIVASY

HISVLAIVOL
AIQVAJIVYOM
17109XdIVOS
WIAVAdIOLA
HIAVAQIOOV
Y1AVAQIOOY
YTAVAQIOON

ILAGSOdLIT
IAAIVHAVIT
TATUSNAAWY
AT113SOITIS
ILAQSOIATT
ILADSDIATT
ILAQS9IATT

08¢

Nez 92anbtd

1IVIAdT13al
V14414734l
TIV¥IId1301
VAYI11d41341
VAYTIdA3dI
VYIVIAJX3AI
VIVIAdAGAT

- e - -

* LONJ'TOIND
JUOHHTIIYO
avsSadxIamv
TYINIdLIAVY
TIINIATIAY
TIVNIAIIAY
TIVNIATIAVY

-Y---d¥--S
VYAIJIVYSS
VVYARIIVVVS
OVY14dVVSS
YYATMAVYSS
YVAT1dIVLISS
YYATdIVYLSS
YYATdIVLSS

YAJATIDALL
YNVIMIdVAL
TYd 1109013
T4dI11399dL
WSdVHAIdAL
HSdYHIddAA
WSdVHIddANA

OH=-=-—-==""
OWNIAIAIIO
OMIOTILIIV
ORNOIAQIIO
OWOVTIAITAD
OR3I0TLIITO
)21 {09 A B 9t
OWIOTLIITIO

-go-A----<
IA9dAHd " ©°
TTADAIATADD
109dAdIAVY
Ia9dAAN¥0D
dasdAdaIndo
dasdAd1Ldo
daodAa1Ldo

TdOTHALADI
IOUISH ™ AA
AVN1SSL 31
090 THSY * HA
ADNTLSS " YA
ADNTISY "¥A
ADNTISY " YA

12¢
“ST-N--AN-
SULONIOANH
VUILINIOANY
LUILANTOANA
LULINIOANT
JYIANWIAN]
JHLINHIANY
LYULINWTANY

18¢
c e r@¥aNI
HTIOOOLAL "
ITI09OVIS®
L THVdOHAL®
LINOUOITHI
ATIO0OLINI
ATIO0OLIYI

1844

SNSU3aSUOD
snaxne °S
snsopou °d
styrIqns °d

£08900d "ds 8IS

Kooyoauis

ydD umTI930eqoibV

vvdnl

786294
SNSUIsUOD -
snaane °S

snsopou °d
sYTTIqns ‘€

£08900d °‘ds s1354A00Y03uUAs
¥dO unId3deqoiby

yvdl
28629d

sNSUISUOD
snaane °S
gnsopou °d
syrraqns ‘€

£€089004 °ds s13IsXooyo3auis

»dO E:«umuomnoum<

wvdal
28670d

»

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01I Page 76 of 184




May 27, 1997 Sheet 68 of 70 5,633,435

U.S. Patent

dHO

NINAJ3SSTIA
aITIIoOvVIA
d4131d4341I0
NIILD99S91
AALAINASAT
AALAINAVYT
AQALAdMAVYT
ovy

Ill>llll.u|.
SAHEITOANL
HOAIHIAAYD
NOXMIROAYL
9950131950043
HOYAATSLID
HOUALISHAD
UOUALTSHID
oov

acz ©9anbtda

ceevee i omN
NMVANIOANK

VALASTIINY
* *1ISTIINY
* " IISTI3INY

-=-A-T-R-T¥
OVAYIHROIY
OVAVISHVIY
SYIOTRWOIY
VYVYIVIVRVIY
OWATISHYIY
OWATISHYINH
OWATISHVIYH

d0Tdda9TINT
AQOYADTLOT
daTIvOTIIUT
SLAXVORNODT
JADAAONTNAT
JLOAAONVIT
JLOAAONVAT

O IINAGTID
9IVYVIau40
STINTHIIAL
vADOTLOd4d
OTOVRIAWIS
S IDdHRANIT
Y194 HRANIE

HALTIAQLYNL
Ha94SNAYYd
HAOHSSAVYO
HALTISAAINYD
HA'THLVAYYD
HATHLVALOD
HAQTHLYALDD

WAVYLLAIYNL
NOVRYVTIAS
FSAALATYNL
JSVIVVTIAS
ONVAVSTYAS
OUVAVYTHAS
OUVAVVYTHAS

dJISANAYAJIO
dWSAVYAYOA
dASAHIVALH
dASIVYVAW
dJISIVIALYd
dJSLVINNSd
dJASLVYIWNSd

1824

- ——— - - - -

M € (022 (e 5
© 9 ATLD
.-ontcgmm
SYNDTIONOAd
* 1 97O¥0ad
** TOIONOAd

100
IAN-TH ==~
AAANTIIVAA
IIAYTISIND
IIATIVYAA
ANAYTIVVAL
IAAYTIITON
FAAAYTIATOA
ANAYTIATOA

19¢

SNSUISUO0D
snaxne °S

snsopou °d

sTIYqns °'H

£€08900d °ds s1218A00ydauis
$dO umTI8300qoIbVY

yvdl

£8629d

SNSUaIsUOD
snaine 'S

snsopou °d

sTTTIqns ‘€

£08900d °ds s13sAo0ydauis
»dO umtIajoeqoxby

wvd'l

786294

SNSUIBUOD
snaane °S

snsopou °‘d

sTivaqns ‘€

£089004 ‘ds sTisAooyoauis
¥dO E:ﬂumuuunoum<

vvdl
z8625d

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 77 of 184



U.S. Patent May 27, 1997 Sheet 69 of 70 5,633,435

PMON17209

\SPC/STR - E9 3"

LEFT
BORDER

Figure 24

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 78 of 184



U.S. Patent May 27, 1997 Sheet 70 of 70 5,633,435

/——\
GOX(v.247)syn i

/ CTP1

/ P-FMV

RIGHT
BORDER

pPMON17237

\ SPC/STR

Figure 25

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 79 of 184



5,633,435

1
GLYPHOSATE-TOLERANT §-
momwm.ém;;mmu

This ls s contisustion-ln-part of s U.S. peteat application 3
Ser. No. 077749611, filed Aug. 28, 1991 now sbandoned,
which is & coatinuation-in-part of US. patent

spplicatios
Set. No. 07/576.531, ﬂledeM. 1990, aow sbaadoged.
BACKGROUND OF THE INVENTION 10

This {nveation relates in general to plant molecular biol-
ogy and, more particularly, to & aew class of glyphosate-
tolerant S-enclpyruvylshikimate-3-phosphate syathases.

Recent advances in geactic eagineering have provided the ¢
requisite tools t0 transform plaats to coatain foreign genes.
B is now possible ® produce plants which bave uaique
chanacteristics of agronomic importapce. Certaialy, oae such
advantageous trait {s mare cost effective, eavironmentslly
compatible weed control via berbicide tolerance. Herbicide-
tolerant plants may reduce the peed for tillage o control
weeds thereby effcctively reduciag soll erodon,

One herbicide which is the subject of much

acid pathway which leads to the of sromatic
compounds includiag amino acids, plant hormoses and
vitamins. Specifically, curbs the coaversion of

from E. coll are 10 yM and 0.5 2M while for a glypbosate- ss
tolerant isolate baving & single amino acid sobetitution of an

2

sormal catalytic activity {n plants Ia the preseace of
pbosate (Kishare et 2L, 1988). o

While such varfant EPSP systhases have proved usefal {a
obtalning transgeaic plaats tolerant to glyphosate, it woald
be {acreasingly beoeficial to obtain an EPSP synthase that Is
highty while still knetically efficient
such that the amount of the glyphosate-loleraat EPSPS
seceded to be produced %0 maintsin aormal catalytic sctivity
in the plant is redoced or that improved tolerance be
obtaloed with the same svpwezgion jevel

Previous studies bave shown that EPSPS eazymes from
different sources vary widely with respect W their degree of
seasttivity 1 Inhibitlon by glyphosate. A study of plant and
bacterial EPSPS enzyme activity as a function of glyphosate
concentration showed that thers was a very wide range in the
degree of seasitivity to glyphosate. The degree of seastivity
showed no corrclation with aay geaus or species tested
(Schulz et al.. 1985). Inseasitivity to glyphosate inhibition of
the activity of the EPSP'S from the Pscudomonas sp. PG2982
has also beea reparted but with no detalls of the studies
(Fitzgibboa, 1988). In geacnal, while such natoral toleraace
has beea reported, there is 20 repart saggesting the kinetic
superiarity of the asturally occurring becterial giyphosate-

eazymes noac have any of the geaes been characterized,
Similarly, there are no repects oa the expression of paturaily
glypbosate-tolerant EPSPS earymes in plants to coafer
§lypbosate tolerance.

For parposes of the preseat inveation the term “mature
EPSP synthase” relates to the EPSPS polypepdde withoot
the N-terminal chloroplast transit peptide. It is now known
that the precursor farm of the EPSP synthase {n plants (with

g respect 10 the mature EPSP syothase (withoat
chlaroplast transit peptide Jeader) to facilitate comparison of
EPSPS sequences from sources which have chloroplast
transit peptides (Le., plants asd fungi) to sources which do
ot utilize a chlaroplast targeting signal (Le., bacteda).

In the amino acid sequences which follow, the standard
single letter ar three letter pomeaclatore are used. All
peptide structares represcated 1a the following description
are shown {a coaventioaal farmat in which the amino groap
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mouophospbate), dGMP (2'-Deoxyguanosine-$-
monophosphats), dCMP (2'-Deoxycytosine-S-
moaophosphate) and (2'-Deoxythymotine.S-

28
2
E
;
E
E
i
3
i

EPSPS enzymes, referred to hercinafter as Class II EPSPS
enzymes. Class IT EPSPS eazymes of the preseat laveation
usually share caly betweea sbout 47% aad 55% amino acld
i ar betweea about 22% and 30% amino acid
identity to other known bacterial ar plast EPSPS eazymes
and exhibit tolerance to glypbosate while maintaining suit-
able K, (PEP) ranges. Sultable ranges of K, (PEP) for
EPSPS for enzymes of the pxeseat inveation arc betweea
1-150 pM, with & mare preferred range of betweea 1-35
M, aod & most preferred range betwees 2-25 pM. Thess
Kioetic coastants are determined under the asssy coaditionss

L0100 pM

Genes coding for Class I EPSPS cazymes bave beea
isolated from five (5) diffcrest bacteria:Agrobacterium

4
amino acid homology which sre coaserved la Class II EPSP
syathases as discassed hereinafter.
Other Class II EPSPS enzymes caa be readlly lsolated sad
[deatified by utilizing & nudeic acld probe from one of the
3 Clas II EPSPS geaes disclosed hereln using standard
hybridizaton techaiques, Such a probe fram the CP4 straia
bas beea prepered xod utflized (o {solate the Class I EPSPS
geacs from strains LBAA aad PG2982. These geaes may
also optionally be adapted for enhanced expression in
by kmowe methodology. Such a probe has also beea used to
%ﬂfyh«mlommhmmdemkn

The Class II EPSPS cazymes are preferably fused 10 a
chioroplast transit peptide (CTP) to target the procein to the
15 chioroplasts of the plant into which & may be istroduced.
Chimeric genes encoding this CTP-Class I EPSPS fusios
protein may be prepared with an appropxiate promoter aad
3' patyadenylation site for introduction into a desired plant
by standard methods.

To obtain the maximai tolerance to glyphosate herbicide
it is preferable to transform the desired plant with a plant-
expressible Class [ EPSPS geae in conjunction with anather
plant-expressible gene which expresses a proteia capabie-of
degrading glyphosats such as s plaot-expressible geae
Lol encoding a axidareductase as described

glypbosate
ia PCT Application No. WO 9200377, the disclosure of

cleacy in the preseacs of glypbosate.
More particalarly, the preseat invention provides EPSPS

enzymes haviag a K, for phosphocnclpyruvate (PEP)

« betweea 1-150 yM and & K/{giyphosateYK,, (PEP) ratio

betweea 3-500, said enzymes having the sequeace dorains:
R-X,-H-X,-B{SEQ ID NO:37), ia which
x,'u an uncharged polar oc addic amino acid,
X, is serine or threoaine; and

@ eazyme DNA

echocystls ap.

¢ Iaa fusther aspect
probes from EPSPS Class II geaes are prescs
suitable for use {a ‘screesisg for Class I EPSPS geacs la
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ﬁ?ue&mb to the probe.

yet another sspect of the preseat (gveation, &
recombinant, double-strasded DNA molecule comprising in
ence:

2) & promoter which functions 1s plant cells (o cause the
productios of an RNA sequeace;

b) a structiral DNA sequeace that causes the production
dnmamgrmm.mnm
earyme having ace domalus:
-R-X,-H-XE{SBQ 3 NOS37). in which

X, is an vacharged polar ar acidic amino acid,
X, Is serine or threonine: aad

-G-D-K-X,(SEQ ID NO:38), in which
X, is serine or threonine; and

-5-A-Q-X,-K«(SEQ ID NO:39), ia which
X, is any amino acid; and

-N-Xs-T-R(SEQ ID:40), i which
X is any amino acid; and

H

10

¢) & 3’ noatranslated regioa which finctions in plant cells o,

to canse the addition of a stretch of polysdeayl audle-
otides to the 3' end of the RNA
where the promoter is heterologous with respect to the
stuctral DNA sequence and adapted to canse sufficient
expressioa of the EPSP syathase
glyphosate tolerance of a plant cell transformed with said
DNA molecule.
In still yet another aspect of the present invention. trans-
geaic plasts and transformed plant cells are disclosed that

In still ancther aspect of the present ixvention. a method
for selectively coutrolling weeds i & crop field Is
by planting crop seeds ar crop plants traasformed with a
plast-expressible Class I EPSPS DNA molecule to coafer
glyphosate tolerance to the plants which allows for glypho-
sate containing berbicldes o be applied to the crop 0
sclectively kil the glyphosate seasitive weeds, bat act the
[~ {

mmumwmwmmmdu
inveatioa will became sppareat from the scoompenying
drawing figures and the description of the investion

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, show the DNA soqueace (SEQ ID NO:1)
for the full-length promoter of figwort mosalc virus
(FMV3SS)

FIG. 2 shows the commid cloaiag vector pMON17020.

FIQ. 3A. 3B, 3C, 3D asd 38 show the stractural DNA
sequence (SEQ ID NO22) for the Class IT EPSPS gene from
bacterisl fsolate Agrobectedum sp. straia CP4 and the
deduced amino acid sequeace (SBQ ID NO3).

FIG. 4A. 4B, 4C, 4D aad 48 show e stractaral DNA

to cahance e o4

s

L

sequence (SBQ ID NOA) for the Class IT EPSPS gene from 44

the bacterial fsolste Achromobacter sp. straia LBAA and the
dednced amino acid sequeace (SBQ ID NO=5).

FIQ. SA. 5B, 5C, 5D and SB show the structural DNA
sequeace (SEQ ID NO:6) far the Class I EPSPS geac from

the bacterial isolste Prendomouas sp. sirala PG2982 and e ¢

deduced amino acid sequeace (SBQ ID NOZ7).

FIG. €A and 6B show the Bestfit comparison of the CP4
EPSPS amino acid seqaeace (SEQ ID NOJ) wih thet for
the E coli EPSPS (SBQ ID NO:8).

FIG. 7A aad 7B show the Bestfit
EPSPS amino acld sequeace (SBQ ID NO2J3) with that for
the LBAA EPSPS (SEQ ID NO:S).

of the CP4 @&

6

sources by assayfag for the abllity of a DNA sequence FIG. 8A and §B show the structural DNA sequesce (SBQ

ID NO:9) for the systhetic CP4 Class II EPSPS gese.

FIG. 9 shows the DNA sequence (SBQ ID NO:10) of the
chloroplast transit peptide (CTP) and eacoded amino acid
sequeace (SEQ ID NO:11) decdved fram the Arabidopsls
thallana EPSPS CTP and contaiaing 2 Sphl restriction site
at the chlaroplast processing ske, hereinafter referred to as

FIG. 10A and 19B show the DNA sequeace (SEQ ID
NO:12) of the chlaroplast transit pepdde and encoded amino
acid sequeace (SBQ ID NO:13) derived from the
sis tallanc SPEPS peae mud voduinisg su EcoRl resiction
siic withia the mature regioa of the EPSPS, hereinafter
refared to a3 CTP3.

FIG. 11 shows the DNA sequeace (SEQ ID NO:14) of the
chicroplast traasit peptide and encoded amino acid sequence
(SEQ ID NO:15) derived from the Petoria hybrida EPSPS
CTPand & Sphl restriction site at the chloroplast
processing site and in which the amino acids at the process-
ing site are changed to -Cys-Met-, hereinafler referred o as
CT.

FIG. 12A asd 12B show the DNA sequeace (SBQ ID
NO:16) of the chloroplast transit peptde and encoded amino
acid sequeace (SEQ ID NO:17) derived from the Petunia
kydrida EPSPS gene with the naturally occurring BeoR1I site
in the niatare regios of the EPSPS geae, hereinafter refarred
to as CTPS.

FIQ. 13 shows a plasmid map of CP4 plant
transformation/expression vector pMON17110.

FIG. 14 chows a plasmid map of CP4 synthetic EPSPS
geae plant transformetioa/expression vector pMONI713L

FIG. 15 shows a plasmid map of CP4 EPSPS free DNA
plant trandformation expression vector pMON1IGA0.

FIG. 16 shows a plasmid map of CP4 plaat
traasfarmation/direct selection vectar pMON17227.

FIG. 17 shows a plasmid map of CP4 plant
transfarmation/expression vector pMON19653,

FIO. 18A, 18B, 15C aad 15D show the structural DNA
sequence (SEQ ID NO:41) for the Class ILEPSPS geoe from
the bactedal Isolate Bacillus subeils aad the deduced amino
acid sequeace (SEQ ID NO42).

FIO. 19A. 198, 19C and 19D show the structral DNA
sequence (SEQ ID NO:43) for the Class ITEPSPS gene from
the bacterial isolate Stapirylococeus axrexs and the deduced
amino acid sequence (SBQ ID NO:44).

FIG. 20A. 0B, 20C, 20D, 20E, 20F, 200, HH. 201, 20)
and 20K show the Bestit comperison of the
Class II EPSPS amino acid sequeaces Preadomonas sp.
strain PG2982 (SBQ ID NO:7), Achromobacter sp. scrzin
LBAA (SBQ ID NOS), 2. strais designated
CP4 (SBQ ID NOA), Bacillus subiills (SBQ ID NO:42), and
WW(SBQDNO’M)WMM&@
reseatative Class 1 EPSPS amino acid scqueaces
{Sacchromyces cerevisise (SBQ ID NO:49), Aspergillus
nidulong (SEQ ID NO:50), Brassica napus (SeQ I
NO:S1), Arabldopss thallana (SEQ ID NO:52), Nicoring
stobacen (SBQ ID NO:S3), L. asculenaom (SBQ ID NOS4),
Pencnda kybrida (SBQ ID NOZSS). Zea mays (SEQ ID

Solmenella (SBQ ID NOS7), Sobme-
ﬁx)’ (SBQID NO:58), Solmaneila typhi (SEQ
ID NO65), E coll (SEQ ID NO=8), K presrmonias (SEQ ID

E'Nowlmmmuummm
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7
Class 11 EPSPS sequedoes which are axique 00 Class
EPSPS sequences. To zid in & comperison of the EPSPS
sequences, caly mature EPSPS sequences were compered
That is. the sequence camrespoading 10 the chlaroplast transit
peptide, if preseat in & subject EPSPS, was ramoved pricr 10
making the sequeace alignmesnt.
FIG. 21A, 21B, 21C, 21D
DNA sequence (SBQ ID NO:S) for the Clme T BPSPS
geae from the bacterial isolate tis sp. POCS803
and the deduced amino scléd sequence (SBQ ID NG:67).
FIG. 22A. 278, 21C, 22D and 22B show the structueal
DNA sequeace (SBQ ID NO:68) for the Class X EPSPS
geoe from the bacterial isolate Dichelobactsr nodosus and
the deduced amino acid sequence (SEQ ID NO:69).
FIG. 23A, 23B, 23C and 22D show the Bestlit cornparisos
of the represeatative Class 11 EPSPS amino acid sequeaces
Pseudomonas sp. strain PG2982 (SEQ ID NO77), Acbromo-
bacter 5p. straia LBAA (SEQ ID NO:9), Agobacterium sp.
strain desigaated CP4 (SBQ ID NO:3), Synechocystis sp.
POC6SMW (SEQ ID NO:67), Bacillus subeflls (SBQ ID
NO:42), Dichelobacter nodosus (SEQ ID NO9) and Sta-
Phylococcus aurews (SEQ ID NO:44).
FIG. 24 2 plasmid map of canala plant trancformation/
expressioa vector pMON17209.
FIG. 25 a plasmid map of canols plant transformation/
expression vectar pMON17237.

STATEMENT OF THE INVENTION

The expression of a plant geac which exists in double-
stranded DNA form invalves synthesis of messenger RNA
(mRNA) from osec strand of the DNA by RNA polymerase
enzyme, and the subsequent processing of the mRNA pri-
mary traoscript inside the ancleas. This processing involves
& J' pon-translated region which adds polysdenylate sucle-
otides to the 3' end of the RNA.

Transcription of DNA {nto mRNA is regulated by 2 regica
of DNA osually referred to as the “promoter.” The promoter
regioa coatalns a sequence of beses that xignals RNA
polymerase to associste with the DNA. and to initiate the
transcriptioa into mRNA usisg ooe of the DNA strands as a2
template to make & correspoadizg complemeatary strand of
RNA. A parober of promoters which are active ia plast cells
bave beea descxibed in the Hterature. These iacinde the
nopaline synthase QNOS) aad octopine systhase (OCS)
promoters (which are carried on tamar-indacing plasmids of
Agrobacteriom tumefaciens), the canlifiower mosaic virms

(CaMV) 198 aad 35S promoters, the light-laducible pro-
moter from e small subusk of ribalose bis-phosphate

21B show the structursl

been nsed 0 crestes various of DNA cosstrects which
bave beea in plauts; see, ¢.g., PCT poblication
WO 84002913 (Rogers et at., >

expressioa to result fa the product

s

[}

8

to glyphosate herblcides. The amouat of Class II EPSPS
peaded to Induce the desired Wleruace may vary with the
plant species. Rt is preferred that the promoters utilized have
reladvely high fa ofl meristematic Uswes in
sddition to other tissues inasmnch as & is now knowa that
glyphosate is translocated aad sccumalated i this type of
plaat tssue. Alternatively, s combination of chimerie genes
can be used to curnalatively result in the necessary ovenall
expression level of the sclected Class I EPSPS cazyme to
reak in the giyphosate-talerank pheaotype.

The mRNA produced by a DNA construct of the preseat
inveatioa also contains a §' nou-translated leader sequeace.
This sequence can be derived from the promoter selected to
express the geae, and can be specifically modified 50 as to
increase transiation of the mRNA. The §' non-translated
regions can also be obtaised from viral RNAs, from suitable
cukaryotic geaes, or from a synthetic gene sequence. The
peeseat invention is not limited to constructs, as presented ia
the following examples, wherela the non-translated region is
derived from both the S' soo-trasslated sequeace that
accompanies the promoter sequeace and part of the §'
non-transiated reglon of the virus cost protein geae. Rather,
the noa-translated leader sequeace can be derived from an
uarelated promoter oc coding sequence as discussed above.

Preferred pramoters for use in the preseat nveation the
full-leagth transcript (SEQ ID NOd) promoter from the
figwort mossic virus (FMV1SS) and the full-length tran-
script (35S) promoter from caulifiower mosalc virus
(CaMYV), including the eahanced CaMV33S peomoter (Kay
ez al. 1987). The FMV3SS promoter fuactions as strong and
unifarm promoter with particulardy good expressioa ia mer-
istematic tissoe for chimeric genes inserted into plasts,
particalarly dicotyledoas. The resulting transgesle plant in
geoenl expresses the eacoded by the inserted geae
at a higher and more uniform level throughout the tissues
and cells of the transformed plant thaa the same geae deivea
by an eahanced CaMV3SS Referring to FIG. 1,
the DNA sequence (SBQ ID NO:) of the FMV3SS pramoter
is located between nocdeotides 6368 and 6930 of the FMV
genome, A §' noo-translated leader sequence is preferably
coupled with the promoter. The leader sequence can be from
the FMV3SS gesome itself o can be from a souxce other
than PMV3SS.

Por of heterologous geaes ia moncotyledon-

ous plants the use of sa latrom has beea found to enhaace

of the heterologous gene. While ose may use aay

of & pumber of iatroas which have beea isolsted from plant

geacs, the e of the first [atroa from the maize heat shock
70 geac is prefarred.

The 3' son-transisted reglon of e chimeric plam geoe
contains a polysdeaylation signal which functions in plants
to canso the addition of polyadenylate nucieotides to the 3°
end of the viral RNA. Bxamples of suitable 3' regioas are (1)
the 3 tanscribed, acs-tansisted reglous contsining the
polysdenylated signal of Agrobacterium tumar-linduciag
mﬂ-ﬂdmw&mummmmos)

aad (2) genes soybeaa storage proteln
mmﬂ&ﬁ“d&:ﬁwlwﬁ o s
cxtboxylase (ssRUBISCO) geae. An examgple of 3
3' region s that from Ge ssRUBISCO geae from pea (BY),
descxibed in greater detail below.
mmm&m:mhvmnﬂ:“e::dn
a structoral coding sequeace ia double-stranded lorm
which cacodes a glypbossto-tolerant, highty efficient Class

of 8 Class L EPSPS to render the plant iobetastially tolerast I EPSPS caryme.
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analysis. Table I includes data for three ideatified Class I
EPSPS enzymes that were observed to have a bigh tolerance
to inhibition to glypbotate and a low K, for PEP as well a5
data for the native Petunis FPSPS and &

variaat of the Petunia EPSPS referred 0 as GA101. The
GA 101 variant {s so samed because it exhibits the substi-
tution of an alanine residoe for & glycine residae at

101 (with respect to Petoala). Whes the change introduced
into the Petunia EPSPS (GA101) was latrodaced Into a
sumber of other EPSPS earymes, similar changes in kinet-
ics were observed, aa eevation of the K, for giypbosate and
of the K, for PER.

TABLE I
Kinstic characteritation of EPSPS encymes

ENZYMB j &y . 4 K, Giyphont

SOURCR () G0 K
Petania ] 04 ons
Peronia GA101 0 2000 10
P20 21318 382 840
LBAA ~-13-9* 60 (o)’ ~19
(> 1 70 m

B mballls 1A3 13 ) s
2 ewves [ 4 n L]

‘Rangs of PEP taemd = 140 yid
*Rangs of PEP eemd = $-80 4
Rangs of PEP tewed = 1.3-40 yd
“Rangs of PEP teeted = 1-60 M
Rangs of PEP eemd = 1-90 10
(es) = eutinmased

The Agrobacteriom sp. strais CP4 was inkially identified
Whmhmuﬁrunmmgg
mM) {a the o The strala
as dcaid fram a olecion cboad rom o fxodbed
immobilized cell columa that employed Manaville R-635
diatomaceous exth beads. The columa bad beea rm for
three months oa & waste-water foed from a glyphosats
prodoction plast. The columa contalned S0 mg/ml glypho-

glyphosate at 10 mM and with
0 select for microbes from a wash of this cobumna that were
capable of growing oa glyphosats as sole carbos source.

E ]

ss

10
(ng in I Liter (with sutoclaved H,O), 1 ml each of A, B and
cmxom¢n<upwa5§°mmmnc(sm

A D& Saity (1000X mock: per 100 mk sascelaved)
K80, 1zg

MasO,? R0 i mg

080,71 K,0 123 mg

Cus0,3 R0 § mg

N0, 3 K0 % ™
B. Pe30,.7 K,0 (1000X Swck; par 100 ml; sutocleved) 0lg
C. MgsO,7 H,0 (1000X Sck: per 100 mk escleved) 03
D Q0 535, (100X sinck; par 100 wk mamcleved) Wg

Yeast Extract (YE; Difco) was added to a final concesn-
traton of 0.01 ar 0.001%. The straln CP4 was also grown on
media composed of D-F salts, smeaded as described above,
containing glucose, glucogate and citrate (cach at 0.1%) as
carbon sources aad with inorganic phosphate (0.2-1.0 mM)
as the phos source.

Other Class IT EPSPS coataining microarganisms were
{dentified as Achromobacter 1p. strain LBAA (Hallas et al.,
1988), Pscudomonas sp. straia PG2982 (Moore et al, 1983;
Flzgibbon 1988), Bacillus subtilis 1A2 (Heanex et al., 1984)
and Staphylococcus aurens (0'Coanell et al, 1993). It had
beea reported previously, from measuremests in crude
lysates, that the EPSPS eazyme from strain PG2982 was less
sepsitive to Inhibition to glyphosate than that of E. coll, but
there has beea po repart of the detalls of this lack of
sentitivity and there has beea 80 report oa the K, for PEP
for thls earyme oc of the DNA sequeace for the geae for this
eazyme (Fitzgibboa, 1988; Fitzgibboa and Braymer, 1990).
Relationship of the Class I EPSPS to those greviously
studied

All EPSPS proteins studied to date have shown & remark-
sble degree of homology. Far example, bacterial and plant
EPSPS’s are about $4% identical and with similarity as high
as 80%. Within bacterisl EPSPS's and plant EPSPS's them-
selves the degree of ideatity and similarity is much greater
(see Table IN).

TABLE I
Compeciecn aeapiy Cian [ EPSPS
provelns seqwaces’
£ ool . & typhivarien ” u
P jpride wn. B ol 72 ss
P kybrids ve. L. eoculestamn " o

enzrymes
eent from known EPSPS enzymes (aow refered to as

Dwarkin-Foster minimal mediam was made up by comblas-  Class | EPSPS).
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nize that the sams or similar strategy
isolate such geses from other rfftroblal isclates,

the verification of cloges. Cloning and geactic techaiques,
unless otherwise indicated, are geserally thase described fa
Maniatis et al, 1982 or Samixvok et sl., 1987, The cloning
strategy was as follows: introduction of a cosmid bank of
strain Agrobecterliom sp. strais CP4 Into E coff and seloc-
tion far the EPSPS geae by selectioa for growth oa {nhitd-

tary concegtrutions of
Chromosomal DNA was prepered from strada Agrobeo-
terium sp. strain CP4 as follows: The cell peliet from a 200
ral L-Broth (Miller, 1972), lats log phase culxe of Agro-
bacterium sp. strain CP4 was in 10 ml of
Solutioca I; $0 mM Glacose, 10 mM EDTA, 25 mM Trs -CL
pH 8.0 (Birnboim and Doly. 1979). SDS was added toa final
concentration of 1% and the suspension was subjected o
three frecze-thaw cycles, each of immoersion in
dry ice for 15 minntes and i water a2 70° C. for 10 minutes.
The lysate was then extracted foar times with equal volumes
of pheaol:chloraufarm (1:1; phesol saturased with TR; TB=10
mM Tris pH8.0; 1.0 mM EDTA) and the phases separated by
centrifugation (15000 g: 10 minutes). The ethanol-
material was from the superoataat by

12
pheaicol resistance (Cx"cat) rom Tad (Altoa ot al,
1979), the geaell i nwmm(wmmc

expression of the spc gene Is impaired by traascripdion
the T7 promoter such that oaly Cror can be selected ia strains
cootaialag pGP1-2. The use of antiblotic resistances such as
Crm resistaace which do not employ & membrane composent
is prefecred due to the observation that high level expresdon
componest, Le.

B-lactamase and Amp resistance, give rise to & glyphosate-
tolerant otype. Presumably, this is due to the exclusica
of from the cell by the membrane localized
resistance proteds. B is also preferred that the selectable
marker be orleated {n the same direction a3 the T7

The vector was thea cut with HindIXl and treated with calf
alkaline phosphatase (CAP) in preparation for cloning, Veo-
tor and target sequences were ligated by combixing the
following:

DNA (HndIV/CAP)
Shs fractioneted CP4 HinddlI fragments
10X Tgation baller
T4 DNA Egees (New Bngland Biokls) (400 U

Bl
ELEA

and adding K,0 to 22.0 L This mixture was incubated for
18 hours at 16° C. 10X ligation tuffer is 250 mM Tris-HQ,
pH 80; 100 mM MgCl,; 100 mM Dithiothreital; 2 mM
Spermidine. The ligated DNA (5 ul) was peckaged {nto
lambda phage particles (Stratagene; Gigapack Gold) using
the manufacturer’s

A sample (200 uf) of £ cod HB101 (Boyer and Ralland-
Dussalx, 1973) containing the T7 polymersse expression
pGP1-2 (Tabar and Richardsos, 1985) and grown
overnight ia L-Broth (with maltoce st 02% and kananycia
st SO/pg/mD) was infected with SO Wl of the packaged DNA.

2 and | enzyme usitheg DNA, respectively. The DNA 43 Trassfocmants were selocted at 30° C. oa M9 (Millex, 1972)

!
B

mM with EDTA aad

?
i
1
E
:
|

g
i

B
bg
!
;
3
:
g

i
g
g

g
E
123

replicon
spectisomycla/streptomycia (SpTispe)
from Ta? (Fliag ¢t al, 1985), the chloram-

|

mmwmmwm
pg/mi), L-proline (30 pg/ml), Llcucine (50 ig/mD) snd BL
(S pg/mi). and with giyphosate st 3.0 mM. Aliguat sampics
were also plated ou the same media lacking glyphossic o
titer the packaged cosmids. Coumid transformaxts were
{solated oa this latter medium at a rate of ~5x10° per g CP4
Mmmsapuwc%do:;muz
glyphotate agar from day 3 untll day [ rate
-1pammmnmmuw
vesification of this
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13
usswfcmpmmamm
cotmids tested caly ons ‘thowed complemestation of the
4r0A- phenotyps. Trassformaats of this cosmid,
pMONHO?G.MMhu!nMuh
unsupplemented misimal medis after 10

namuwuuwaweummu
vivo umanammmumm
1985).Cuhxuoflcoamdup0ﬂ-2mbcud
Richardson, IMMMMWMMM
mi) and

trangferred to a 42° C. water
minutes, Rif; ) was and
the caitures beld at 42° C. for 10 sdditional minutes aad then
transfared to 30° C. for 20 miguses. Samples were
with 10 Q3 of **S-methionine for 5 minutes st 30°
cells were collected by ceatrifugation aad

60-120 pl cracking buffer (60 mM Tris-HQ1 6.8, 1% SDS,
1% 2-rercaptocthasol, 10% glycerol, 0.01% romophesal
blue). Aliquot samples were electropharesed o 12.5% SDS-
PAGE and following soaking for 60 minates ia 10 volumes
of Acetic Acid-Methanol-water (10:30:60), the gd was
soaked in ENLIGETNING™

b

]
previously described fn Padgeste et al., 1987, ﬁqzlnu
phosphoeaol pyruvate (PEP, Boehringer) and 2 mM
shikimate-3-phosphate (S3P) substrate coacentrations. For
radioactive HPLC ssaays, “.CPEP (Amersham) was ut-
lized. S3P was & previously described in
Wibbenmeyer et al 1988, N-terminal amino acid

ing was performed by

0 give

To the

gndieat of Q

buffer from Q.025M 10 0.40M KOY (total
m:.u.smmmxwmmwmm
a0d assayed for EPSPS activity by the phosphate release
sssay. The fractions with the highest EPSPS activity

precipitated

lected by ceatrifugation (20 misates, 12000 rpm in 2 GSA

Sarvall rotar), dissolved 1a Q Sepharose buffer (total vohrme

of 14 ml), and dialyzed against the same baffer (2x1 L, 18
)8

u) .
(19 m““:‘ﬂﬂlw“b(ﬁ Mm l:::?m Q 10710
coloma (Phaomacia) equilitrated with Q Sepharose buffer,
and washed with the same baffer (35 mi). EPSPS was eluted
with a lincer gradient of 0.025M t0 0.35M KCl (total volume
ad siseyed o EPSES scivky by e phspts e
ad

assay. The fractions with m(.c:xu EPSPS
¢ mqup::-m 1M in smmoniom

]

ii
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18
oae fraction (19 foufrux 1) was dialyzed agalnst $0 mM
NeHCO, (2x1 L). The resulting pure EPSPS sample (0.9 ml,
77 ug protels) was foind to exhibit & single N-terminal
amino scid sequeace of

XHIDASSRPATARE SKGLX(TXT) VIREIXD XM
D NO:IT) =R

The remaining Pheayl Syperose EPSPS pool was dia-
lyzed agalnst S0 mM TrisCl, 2 mM DTT, 10 mM KO, 10%
glycerol, pH 73 (2xi L). Aa aliquot {0.55 ml, 0.51 mg
proien) was loaded (1 mi/min) oato a Moge Q 5/5 columa
(Pharmacis) equilibeated with Q buffer, washed
with the same baffer (3 ml), aad chuted with & Heear gradieat
of Q Scpbaroee buffer golng from 0-0.14M KQ ia 10
minutes, thea boldiag st 0.14M KCI (1 mi/mis). Practioas
were collected (1 o) and assayed for EPSPS activity by the
phosphate release sssay and were subjected to SDS-PAGE
{10-15%, Phast System, Pharmacia, with sitver staining) to
determine puxity. Practions exhibiting & single band
of protzin by SDS-PAGB (22-25, 222 ug) were pooled aad
dialyzed against 100 mM ammosium bicarbosate, pH 8.1
(2x1 L. 9 hours).

T?yPﬂndydsmdpq:dde sequeacing of Agrobacterium sp
strain CP4 EPSPS

To the resulting pure Agrobacterium sp. stradn CP4
EPSPS (111 pg) was added 3 pg of trypela (Calbiochem),
and the trypainolysis resctior was allowed 1o proceed for 16
bours & 37° C. The tryptic digest was thea chromatographed
(1 mUmin) oa & C18 reverse phase HPLC columa (Vydac)
as previously described in Padgette et al, 1988 far K coll
EPSPS. For all peptide purificatioas, 0.1% trifluoroscetic
acid (TFA, Plerce) was desigaated buffer “RP-A” and 0.1%
TPA in acetonitrile was buffer “RP-B". The gradient used for
elution of the Agrobactecium sp. CP4 EPSPS
was: 0-8 minutes, 0% RP-B; $-28 miantes, 0-15% RP-B;
2840 minutes, 15-21% RP-B; 40-68 minotes, 21-49%
RP-B; 68-72 minuteg, 49-75% RP-B; 72-74 minutes,
75-100% RP-B. Practions were collected (1 mi) and, based
o the elutioa profile at 210 nin, at least 70 distinct pepides
were produced from the EPSPS. Practioas 40-70
were to dryness aod redissolwed in 150 i each
of 10% acctonitxile, 0.1% tiflocroscetic acid

The fraction 61 peptide was further
columa by the gradieat 0-S mianates, 0% RP-B; 5-10

rechromatographed

0-5 minates, 0% RP-B; 5~-12 min, 0-38% RP-B; 12~
38-39% RP-B; 15-18 misutes, 39% RP-B; 13-20 minates,
39-41% RP-B; 20-24 misutes, 41% RP-B; 24-28 minates,
42% RP-B. The peptide [a fraction 25, ciuting ot 41% RP-B
and designated pepdde 61-24-23, was
N-termisal amiso scid sequeacing, aad
sequence was determised: :

APSIIXDYFILAV (S5Q ID NO:19)
The CP4 EPSFS fraction 53

:
;

sequencing, aad the following scquence was determined:

IMAULBGEDVINTAK (S5Q 1D N020).

13

3

33

¢ also coutsing a T7

In order to verify the CP4 EPSPS coumid clooe, 2 pumber
of cligoaucieotide probes were dedigaed on the basls of the
sequeace of two of the tryptic sequences from the CP4
eazyms (Table II). The probe ideatified as MID was very
low erscy asd was used for initlal screeaing. The

as EDV-C aad EDV-T were based oa the
nmmhondduawu‘dﬂehmpodﬁu
(ndedludl:::bk ﬂ!:dow)b:umusedumm
tory probes, with & ¢ to oaly from ocoe of
these two probes. mmpnm&yw.nm

auclsotides
mﬂ:u“ ?apamh:pod&ouuedednmd

TABLE I
Selected CIN¢ EPSPS poptide seuancas sad DNA probes

PEPTIIR 61-24-23 APSMIYDEYPILAV (SEQ D RO:19)
Probe MID; 17-mar; mined probe; 34-foid degeosrsie
ATQAIAMCTOAC/TUAVATAC/TOC (SEQ ID NO:21)
PEPIIIR 33-28 ITULLEGEDVINTGK (SBQ ID NO-X)
Probe ROVC; 17-awr; mized probe; 48-fold degenar

"

GANOGACTOTACAVTATA/C/TAACAC (SBQ ID NO-22)
Probe EDV-T: {7-mer: mized peobe; 48-fold

CAAMOGAL TGTNCAVTATA/CITAKIANG (SEQ ID NO:23)

The probes were labeled bising gamma.*>P-ATP and poly-
aucleotide kinase. DNA from fourteen of the coamids
and sbe lhdno;::nudnoddepvbu.'lz
membrane wil
mu;e&?::dutowpﬁym«wua-
tied out ia 6x SSC, 10x Deahardt’s far 2-18 hour periods at
60* C., ed hytridization was far 48-72 bours [n 6x SSC,
10x Denhardt’s, 100 pg/ml tRNA at 10° C. below the T, fox
the probe. The T, of the probe was by the
formala 2° CoqA+THA® Cx(G+C). The filters were thea
washed three times with 6x SSC for ten misutes each at
room dried and antoradiograpbed. Using the
MID probe, aa ~9.9 kb fragmeat ia the pMON17076 coernid
gave @e oaly pocitive aignal. This cosmid DNA was thea
probed with the EDV-C (SBQ ID NO:22) and EDV-T (SBQ
ID NO23) probes scparutely and sgala this ~9.9 kb basd
gave a signal and oaly with the EDV-T probe.

The combined data ca the glyphosate-tolerant phegotype,
the du&ﬂ% the
expression of 8 ~43 K4 protels, and the b on to two
peobes derived from the CPM EPSPS amino add sequeace
strongly suggested that the pMON17076 cosmid coatained
the EPSPS geae.

Localization aad subcloaing of the CP4 EPSPS geae

The CP¢ EPSPS geae was further Jocalized as follows: a .
aumber of additional Soather analyses were camied oat oa
differest restriction digests of pMON17076 using the MID
(SBQ ID NO21) and EDV-T (SEQ ID NO:23) probes
scperately. Based on these anslyses asd oa subscquent
detafled restriction of the pBlueScript (Stratageac)
rubciones of e ~9.9 kb fragmeat from pMON17076.23.8
kb EcoRI-Sall w%&ommmm
bybeidized This analysis also
NO21) aad EDV-T (SBQ ID NO:23) probes hybridized to
diffcrent sides of BamBL Clal, aad SacIl sites. This 3.8 kb
fragment was cloncd ia both ocientations ia pBlueScript %
form pMON17081 aad pMON17082. The phcaotypes
tmparted to £ coll by these cloacs were thes determised.
GMWW‘MMMMM@A—
tion imto . coll MM294 costainiag pGP1-2 (pBlueScrpt
) oa M9 agar media containing
giyphosate &t 3 mM. Both pMON17081 and pMON17082
wummummﬂunmdmuwc.
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2 sboat half the size of the coatrols oa He same media-
lacking glyphossts. This recukt suggested that the 3.8 kb
fragment coutalned as [atact EPSPS gess. The appareat lack

of odeatatioa-dependencs of Gis pheactype
explained by the preseace of the T7 promoter at ooe
the cloning tites and the lac promoter st the other The
phenctype was datermined In traadormants of
GB100 o8 M9 agar madia
this experiment, catried ot

it
_RE

Frid

B
ad without the

sequeace and that
fragment 53-28 (SEQ ID NO:20) (the basis
EDV-T probe) (SBQ ID NO:23) were localized w0 the Sall
side of this BamHI site. These data

the sequence. The aucleotide sequencs
gene and flanking regions is showa 1a FIO. 3 (SBQ ID
NO:2). The sequencs corresponding to peptide 61-24-25
(SEQ ID NO:19) was also locsted The scqueacs was
determined using both the Kt from IBI
(International Biotechnologies Inc.) and the T7 soquencing’
Deaza Kit from Pharmacia.

That the cloned gene encoded the EPSPS activity purified
from the Agrobactedium sp. strala CP4 was vexified fn the
following manper: By a secies of aite directed

BgIII and Nool sites were placed at the N-texminms with the
fMet contained within the Neal recogaition the

sequence,
first {nternal Nool dte was removed (the second internal
Neol ske was removed later), and a Sacl slie was placed
after the stop codons. At a later stage the internal Nod site
was also removed by ske-directad mutageacsis. The follow-
ing list {nctudes the primers for the site-directed

(addition or removal of restriction sites) of the CP¥ EPSPS
geae. M was carried out by the procedures of
Knnkel et al. (1987), csscatially as described fn Sambrook et
al. (1989).

msﬁuﬁmduhum
C
(SBQ ID N0:2¢)

m%mdwﬁbm

(SEQID NO:25)

PRIMER $1 of Sact din ofter eodoss)
(addition mnedianly wp

(SEQ ID NO:26)

mnn% (removal of istaraal ¥o@ secoguition site)

(SEQID NO:27)

PRIMR Mool of Sicet imtesmal Yoo secogaition diw)

(removel
(S2Q ID NO-28)

Case 7:01-cv-00230-BR Document 1

<ontizaed .
PROLER Nco2 (removal of seoced insemal Nool recogoition sise)
SO0 TOOCCTUACTATOOGCCTOUTCO0

(3Q ID NO:2#)

‘This CP4 EPSPS gene was thea cloned as & Neol-BamHI
N-terminal fragmest plus & BamHI-Sacl C-terminal frag-
ment into 8 PrecA-geaclOL expressioa vector similar to
those described (Woag ¢t al., 1988; Olins et al, 1988) to
form pMON17101. The K, for PEP and the K, for glypho-
sate were for the EPSPS activity In crude lysates
of pMON1710V GB10C traadfarmants following induction
wlﬁqulcadd(Wu,euL. 1943) aad found 1o be the
same as that determined for the purified and crude enzyme

- preparatioas from Agrobacterium #p. strain CPd.

Characterization of the EPSPS gese from Achromobacter
sp. straln LBAA and from Pacudomooas sp. srain PG2982
A cosmid bazk of partially HindIlI-restricted LBAA DNA
was constructed ia E colf MM294 in the vectar pHC79
(Hoba and Collins, 1980). This bark was probed with a full
feagth CPY4 EPSPS geae probe by colony hybridizatdon and
potitive clones were identified at 2 mte of ~1 paxr 400
cosmids. The LBAA EPSPS gene was further localized in
these cosmids by Southers analyuls. The geae was located
oa as ~2.8 kb Xhal fragment and by a scries of sequeacing
stepe., both from restriction fragment eads and by using the
oligoaudieatide pemers from the sequencing of the CP¢
EPSPS geae, the sucleatide sequence of the LBAA EPSPS
mmWMthHﬂ.l(ﬂQD
)3
The EPSPS geac from PG2982 was also dooed. The
EPSPS protein was parified, esseatially as described for the
CP4 caryme, with the following differences: Following the
4B colums, the fractions with the highest
EPSPS activity were poaled aad the protein precipitated by
adding sclid ammonium sifste to §5% saturstion and
stirring for 1 hour. The precipitated proteln was collected by
centrifugation, resuspeaded fa Q Sepharose buffer and fol-
lowiag the same baffer was loaded onto the
cobuma (as for the CP4 enzyme). After purification oa the Q
Sepharose columa, ~40 mg of protels in 100 mM Tris pH
7.8, 10% giycerol, 1 mM EDTA, 1 mM DTT, ad IM
ammoaium sulfste, was loaded onto & Pheayl Supearose
(Pharmacis) colums. The columa was cluted at 1.0
mi/misates with a 40 mi gradicat from 1.0M to 0.00M
ammoaiuwm sulfate i the above bulfer.
1.0 mg of proteis from the active fractions
) 10710 column was losded oato a
Pharmacia Moao P $/10 Chramatofocusiag colama with &
Sow rate of 0.7 mlimisntes. The starting baffer was 25 mM
bis-Tuis ot pH 6.3, a0d the columa was eluted with 39 mi of

soastringent coaditions. Pioal washisg

minntes with 1x SSC, 0.1% SDS at 55° C. One probe with
umacocmcscm'moo(mn-c.o.
«ns-c«o.uv-c-msmmnom)uama
a set of cosmid cloaes.
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The cosmid set identified is this way was made up of
cosmids of diverss HIMIXT fragmests. However, whea this
sct was probed with the CP4 EPSPS gene probe, 2 cosmid
containing the PO2982 EPSPS gene was ldestified
(designated a3 commid 9C1 originally sad later a1
PMON20107). By a scries of restriction mappings and
Southern saalysis this gese was 04 2.8 kb Xhol
fragment and the aocleotdds eace of this geas wat
determived. This DNA sequesce (SEQ ID NO-S) is shown
in FIG. §. There are 0o nucleotide differcacet betweea the
EPSPS gens sequences from LBAA (SBQ ID NQ:4) and
PG2982 (SEQ ID NO:6). The kinetic perameters of the two
enZymes are within the range of experfmental emrae,

A gene from PG2982 that imperts glyphosate tolerance in
E. coli has beea sequeaced (Fitzgibbos. 1938; Pitzgibboa

and Brayruer, 1990). The sequesce of he PG2982 EPSPS -

Qlass I geae sbows oo homology to the previousty repocted
sequeace suggesting that the glyphoeate-toleraat phesctype
of the previous work is not related to EPSPS.
Chanacterization of the EPSPS from Bacilius subdlls

Bacillus subullis 1A2 (protooph) wis obtzined from the
Bacillus Genetie Stock Ceater st Ohio Stxte University.
Standerd EPSPS assay reactions coatsined crude bactecial
extract with, 1 mM phosphoeocipyruvate (PEP), 2 M
shikimate-3-phosphate (S3P), 0.1 mM ammoaniom
molybdate, 5 mM potassium finoride, sad SO miM HEPES,
pH 7.0 &t 25° C. One unit (U) of EPSPS activity is defined
a3 oae pmol EPSP formed per mimute ander these coadi-
tions. Por kinetic determainstions, reactions coatained arude
bacterial. 2 mM S3P, varylng
mM HEPES, pH 7.0 st 25° C. The EPSPS specific sctivity
was found to be 0.003 U/mg. Whea the assays were per-
formed in the preseace of 1 mM glyphosste, 100% of the
EPSPS actlvity was retsined. The appK_(PEF) of the B
subiilis EPSPS was deterrained by measuring the reacticn
velocity at varylag concentrations of PEP. The results were
analyzed graphically by the hyperbolic, Lincweaver-Bark
and Eadie-Hofstee plats, which valoes
of 15.3 pM, 10.8 uM and 122 pM. respectively. These three
data treatments e ia good agroemest, sad yicld sa sversge
value for applK(PEF) of 13 phd. The sppK(giyphosatc) wae

i detexmining the reaction rates of B. sbdlls
1A2 EPSPS ia the preseace of scveral coocestrations of
giypbosate, at 3 PEP concestration of 2 pM. These resuls
were compered © the calculated V., of the EPSPS, aad
makisg e et is

WM!Eh&Mm;kkhll

The EPSPS expressed from e 5. subdllls aroE geas
describod by Beaner o sl (1986) was siso stdied. The
source of the A subtills aroB (EPSPS) geae was the E. cod

streis BCE13 (odigiasl codonMM294(p
tpl100]; Heaner, et al, 1984; obtained from the Bacifins
Geactic Stock Ceater st Obilo State ; the cultre
geootype is (pBR322 tp100] Ap {Ia MIM294] [PBRIZ2: 6
kb {nsert with tpFBA-MisH]). Two were takea
express the caryme ia K. coll GB100 (aroA-) 1) the gene
was {solsted by PCR aad cloned iato an overexprestion
vecior, aad 2) fhe gene was subclosed ingo aa overexpres-
sica vectae Far the PCR cloaing of the B. subtills sroll from
BCB13, two which incor-

eazyme
EcoRJ) to the sequences of the following oligosncicotides:

20

(53Q ID M0:45)
OOACATATOAACGATATAATTOCAD

s (S5Q I> NO#6)
The other spproach to the lsolation of the B. rubdilly arcE
gee, subcloning from BCELS into pUC118, was performed
as follows:

() Cat BCB13 and pUC with Xmal sad Sphl

(i) Isolate 17000p aroB fragment and 2600bp pUCLIS

vector fragment.

(ilf) Ligate fragments and transforrs into GB100.
The subclons was MON21133 and the PCR-
daiveddmn:t;amdpn N&lﬂl&lﬂmm

were first confirmed of the
oA mutation in B, coll GB100. Wmmu
EPSPS specific activites of 0.044 Wing sad 0.71 for
(PMONZL132) chaymes,respesioey. Thess ot s
eazymes, A i

e3 reflect the expected types of exprestion fevels of the two
vectars. The B. subdills EPSPS was found to be 38% and
100% resistaat to iahitition by
conditioas for the subcloned (PMON21133) and PCR-
dedved (pMON21132) earymes, respectively. The appK,,
(PEF) 20d the appK (glyphosate) of the subcloned B. subrills
EPSPS (pMON21133) were determined as described above.
The data were gnaphically by the same methods
used for the 1A2 isolate, and the results obtained wers
comparable to those reported above for B subdlls 1A2
cultore,

Chanscterizaticn of the EPSPS gene from Staphylococeus

auress

The kinetic propertics of the S, aurens EPSPS expressed
in B coll wese determined, Inciuding the specific activity,
the appK(PEP), and the ). The S. aureus
EPSPS geae has bees reviously described (O'Cormell et
al, 1993)

The strategy takea for the cloaing of the 8. axrews EPSPS
was chain reactioa (PCR), utilizing the known
socleotide sequeace of the 3. aaovns aroA geae eacoding
. EPSPS (O'Carmell ot al, 1993) The S aurews cultixe
(ATCC 35556) was fameated In aa M2 facility in three 250
mL shake fiasks coatainiag 55 ml of TYB (typlooe S g,
yeast extract 3 gL, pH 6.3). The three flaskn were inoculated
with 1.5 i, each of 2 suspendion made from freeze dried
KTCC 35556 S eatrens cells ia 90 mb of PBS
Wunz)mn-hmxmmmcm
L] while shaking o 250 tpm. The were
ly:d?'(bnndh‘m(uwmw«tatmu)mu
DNA utiliad for PCR reactions. The EPSPS gene was
amplified using PCR and eagisecred {oto aa E coll expres-
sion vecter as follows:

(@ two ofigonucieotides were synthesized which incorpo-

reted two restriction exryms recoguition sites (Neal
and Sacl) to the sequeaces of the oligoancleotides:

(SBQ ID NOXT)

38

GOOGCCATGUTAAATGAACAAKTCATTO

(SEQ ID NO:40)
0 QOOOAAICTCATTATOCCTCATTTIUTAAAAGS

The paified, PCR-amplified aroA geae from S, aureus

abwuwuu&ntnds-dm

(i) DNA of pMON 5723, which coatains a pRecA
‘becterial promoter a3 Gene 10 leader sequence (Ofins
ctal., 1983) was digested Neol and Sact and the 3.5 kb
digestion product was purified.
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oe| wt
EPSPS, ‘mﬂ) were Mieted for AroA

tation, orgasions were growa [a minimal media
and misas sromatie smine acids. Later Wl::
the SA#2 and SA#3 dones were and they wers

a the plasmid P 3

SAGB# {a E colt GB100 (pMON21139) was also grown
in M9 minimal media and ladoced with nalidixic scddd. A
negative coatrol, £ cof GB100, was grown under ideatical
conditons the media was supplemented with sco-
matic amino The cells were harvested, washed with
0.9% NaCL. and frozes &t -80° C., for extractioa aod EPSPS

The frozes pMON21139 E. colf GB100 cell pellet from
sbove was exiracted aad assayed for EPSPS activity as
previously described. EPSPS were performed using L
mM phosph: 2 mM shikimate-3.

(S3P). 0. 1 mM ammoaium malybdate, § mM
potassium fluaride, pH 7.0, 25° 'C. The total assxy vohume
was S0uL, which coatained 10 ul. of the undiluted desalted
extract

As expected, the GB100 culture did aot grow oa misimal
minimal media. These results demonstrated the saccessful
cloning of a foactional EPSPS geae from S aurens. Both
clones tested were identical, and the B coll expression
" A, i
was growa
M9 minimal media and was Isduced with aalidixic acid to
induce EPSPS expression drives from the RecA promoter A
desalted extract of the intracelhalar protein was anatyzed for
EPSPS activity, ylelding an EPSPS specific activity of 0.003

glyphosate,
GB100 is devaid of EPSPS activity,

The sppK (PEP) of the S, axrens BPSPS was determined
by messuring the reaction velocity of the eazyme (Ia crude
bacterial extracts) st varylng cosceatrstioas of PEP. The
using scvenl standard

rates of e eazyme {a e presesce of several coacestrations
of glypbosate, at a PEP conceatration of 2 uM. These resuits
were compared fo the calculsted maximal veloclty of the
EPSPS, and makiag the sssumption that isa
competitive inhibiter versus PEP for S. aurens EPSPS, as &
is for all other characterized EPSPSs, an appK/(glyphosate)
was detarmined grapbically. The app
aurens EPSPS estimated usiag this method was found to be
0.20 mM.

) fx & &

2
The EPSPS from & aurews was fousd to be
tolerast, with sa appK,(glyphosats) of W
rM. In additicn. the appK.(PEP) for the eazyme is approx-
ity $ M, yieding 8 sppE{gyphosse epp (PER) of

Altzrustive Isclation Protocols for Other Class I EPSPS
Stuctaral Geaes

A pumber of Class I geoes have beca isolated and
described bere. While the cloaing of the geae from CP¢ was
difficult due to the low degree of similarity between the
Class I and Class IT earymes and genes, the idestification of
the other geaes was gready faciliaied by the use of this first
geae a8 a probe. In the closing of the LBAA EPSPS gene,
the CP4 geae prode allowed the rapid dentification of
commid clones and the localization of the intact gene to a
smoall restriction fragrmeat sad some of the CP4 sequenciag
pximers were also used to sequence the LBAA (and PG2982)
EPSPS gene(s). The CP4 geoe probe was also used to
coafirm the PG2982 geas cloae. The high degree of simi-
larity of the Class I EPSPS geacs may be used to ideatify
and cloae additional genes in much the same way that Class -
1 EPSPS gene probes bave beea used to clone other Class [
genes. An example of the latter was {n the cloning of the A
thaliana EPSPS geae using the P. kybrida geoe as a probe

(Klee et aL, 1987). .
EPSPS activity bas beea repacted

most cases. The ase of Class I and Class IT EPSPS gene
probes or eatibody probes provide a rpid means of initially
screening for the nature of the EPSPS and provide toals for
the rapid cloning and characterization of the genes for such
eazymes.

Two of the three genes described were isolated from
bacteria that were isolated from s glypbosate trestment
facility (Strains CP4 and LBAA). The third (PG2982) was
from a becteriom that had beea Isalated from a caltmre
Wammmmncl;m:mmnm
to ismota 'or the isoladoa

glyphosate prerequisite lryiver
of collections of bacteria conld yield additional Isolates. It is
possible 10 enrich for glypbosate degrading or giyphosste
resistant microbial popalatfons (Quina et al, 1988; Tatbot et
al, 1984) in cases where it was fcit that enrichment for such
microarganisms would enhance the isolation frequency of
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glypbosate tolerance iz beteral

Expression of the geae recombinaat ac phage

may be achieved the e of & vasiety of i

and indlude the T7 promoter and palymersse. The

yarmumnmﬂnmmm ©
in & wide range of (aad mammalian) hosts

sad offers the advantage of expression of many that

mzy be presest oa iwge cioscd

over expressios of beta-lactamase, the igrA geae
(Fitzgibbon and Braymer, 1990), ar the geae for glyphosate
axidoreductase (PCT Pub. No. WO9200377). These are
easily distinguished from Class X EPSPS by the absence of
EPSPS enzyme activity.

The EPSPS proteis

s aad those donars with low would
preferably employ those from Bacilbs subeilis, for example.
betwees differest EPSPS

& Previoos o EPSPS had soted the high
degree of conservation of of the enzymes and the
almost {ovarisace of Intwo

2

(SEQ ID NOID)
(58Q I» NO-13)

These show thit the overall relatedaess of
Quass 1 and Qass IT Is EPSPS proteins Is low and that
sequences in putative coaserved regions have also diverged
coasiderably.

In the CP4 EPSPS as alanine residac is present at the
“glycinel01" positics. The replacement of the coaserved
glycine (from the “93-107" regioa) by an alanine results In
an elevated K, for glypbosate and {a 22 elevation in the K,
for PEP iz Class I EPSPS. In the case of the CP4 EPSPS,
which coatains an alanine at this position, the K, for PEP is
in the low range, indicating that the Class I eazymes differ
in many aspects from the EPSPS eazymes beretofare char.
scterized

Within the Class II isoiates, the degree of similacity/
identity is as high as that poted for that withia Class I (Table
IVA). FIG. 7 displays the Bestfit computer program align-
ment of the CP4 (SBQ ID NO:3) and LBAA (SEQ ID NO-5)
EPSPS deduced amino acid sequeaces with the CP4
saquence appearing as the top sequence in the Figure. The
syrobols used in FIGS. 6 4nd 7 are the standard symbols used
{n the Bestfit computer program to designate degrees of
simflarity aad identity,

TABLE IVA 2

%
8358335883&8&&&28#&3038 E

b 3-3-1-
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toral motifs ia the coatext of glyphosate- seasitive EPSPS
group from the Class 1 EPSP rynthases is Hated below a 5 g

molecules. Three of the sevea domaing were detenmined aot
Tible IVB. wkm:gm%%ndmdutdmd
productive binding. owiag four peimary
TABLE IVB domales were determined t be characteristic of Qlass I
EPSPS eazymes of the present invention:
Location of Censerved
G D177 yome RXHX,ESEQ D N7, o wiich
a1 uncharged or acidie smino
Soawe $ip1t g e Y 3w X;bnaiucdxeom e
P The Arginine (R) reside at position 1 is important
- because the positive charge of its guanidiom group
wart x0 » i M 215 degabllizes the binding of glyphosate. The Histidine
A Ll » m a4 (H) recidoe at position 3 stabilizes the ®)
—_— residue at position 4 of SBQ ID NO:40. The Glutamic
st 2 % % ] o Acid (B) residoe at position 5 stabilizes the Lysine (K)
«d 204 r i 4 residue at position S of SBQ ID NO39.
am, N .G-D-K-X,(SBQ ID NO:38), in which
st 200 % m m X, is serine or threoaine,
- . 04 » n ¢ The Aspartic acid (D) residue at position 2 stabilizes
B adbdie the Arginine (R) residue at positioa 4 of SBQ ID
et 190 17 164 7 NO:‘O.TMIMR@WIW3LIM~
-d 19 » it x 3 tant becsase for productive PEP binding,
S evwr $-A-Q-X-K(SEQ ID NO:39), in which
st 199 n 16 %1 - X4 i3 azy amino acid,
-d bt/ 10 2%4 The Alanipe (A) rezidoe at potition 2 stabilizes the
Symechocyctis . © Arglaine (R) residne at position 1 of SBQ ID NO:37.
at The Serine (S) residus at position 1 and the Glutamine
ot 210 » o) m (Q) residue at positicn 3 are impartant for productive
od 214 »n 17 = S3P tiading.
D._nodasms .N.x,;r.a(saqm.)gw)hwua
X, is any amino
: g g :7.: 2 s The Aspanagine (N) residue ot position 1 and the
mia. ot 150 n 164 - Threoains (T) residoe at position 3 stabllize residoe X,
. eud u - L b npo;mzasinmmm.mlxgdum
2. X,-H X, BEBQ ID MOI7) residie at position 4 Is important becauss the positive
LOD-E-Xy(50Q ID NO:3) n charge of its guanidium group destabilizes the binding
1.3 A-Q-XETEQ ID NO:3P) of glyphosate.
SNX TRCQ 1D NGoA0) Since the sbove e tative of the
The domaiss of EPSP synthase ideatified {a this Class I EPSPSs which woald be iacluded withia the geaeric
were determised 1o be those important for mala- mamm«mms;s:wm
tepance of resistance aad m«uwmhMMIM

productive synthase

, armation {adendifying domaing  Molecule withia slightly mare cxpaaded regions. R is

m:ma .um of l"ﬂ:‘m belicved that e sbove-described comserved sequeaces

scasitive EPSPS molecules aed the tree-dimeasionsl x.ray  Would Hikely bo found ia the following regions of the matire
structures of E. coll EPSPS (Stallings, et al. 1991) aad CP4 EPSP systhases molecale .

mmw:wunwﬂa&wcmo R-X,-B-X,-B(SBQ ID NO:37) located betweea amino

scasitive (Le Class 1) cazyme, aad a astonally-occuxing acids 175 and 230 of the matare EPSP syntbase
Class IT) enzyme of the preseat sequenoe; .
hWMuc;iq&ahmw G-D-K-Xy{SEQ ID NO:3%) located betweea amino
three-dimensionally sad the results displayed o a computer acids S and 5S of the mature EPSP synthase sequence;
graphics terminal. Inspection of the display allowed for ¢ $S-A-Q-XK<SBQ ID NO:39) located betweea amino
structure-based fine-tuning of the sequence aligmnesnts of acids 150 and 200 of the matare EPSP synthase

gyphosate-seasitive and glyphosate-resistant EPSPS mol- sequeace; and
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-N-X,T-R{SEQ ID RO:40) located betweea amino acids
245 and 295 of the matrs EPSPS syuthase
One differeacs that may be aoted betwees the deduced
arnino acld sequences of the CP4 and LBAA EPSPS proteins
is a positioa 100 where aa Alanine is fousd in the case of
the CP4 eazyme and 1 Glycine is fouad in the case of the
LBAA eazyme. In the Class I EPSPS eazymes a
usually found ia the equivalest Le
101 ia Petunia, In

%

mutagesesis using the following pximer:

COACAATOCCOCCAOCOG00030O0C

(S8Q D NO:34)
and both the wild type and variant geaes were expressed la

E. coli in a RecA promoter expression vectar (pMON17201
and pMON17264, respectively) and the sppEm's and app-

28
the disruption of stretches of G°s and C's, the elimintion of

potential polyadeaylation sequeaces, sad improvements fa
the codoa usage 1 that used mare frequeatly in plast genes,
] could result ja higher expressica of the CP4 EPSPS geae la

A systhetic CP4 geae was deaignoed to change as com-
pletely as possible those lalmical sequences discussed
shove. In summary, the geae sequence was redesigned 10

3o ¢iiminate as much as possible the following sequeaces o

sequence features (while avoiding the latroductios of uxneo-
essary restriction sites): stretches of G's and Cs of S &
greater; aad A4T rich reglons (predominandy) that coald
function as palyadeaylation sites or potential RNA destabi-

is lizatioa region. The sequence of this geae is thowa in FIQ.

8 (SEQ ID NO:9). This coding apressed 2 E.
mmummﬂm'::mm

and compared with that from the pstive CP4 EPSPS geae.
‘The sppereat Km foc PEP for the aative and synthetic geaes

20 was 11.8 and 12.7, respectively, indicating that the enzyme

expressed from the synthetic gene was upaltered. The
N-teominas of the sequeace was mutageaized to
place an Sphl site at the ATO to permit the construction of
the CTP2-CP4 syuthetic fusion for chloroplast impoct. The
following primer was used to accomplish this purtagenesis:

(SBQ ID NO=35)

Ki's determined in crude lysates. The data indicate that the 39 Expression of Chloroplast Directed CP4 EPSPS

appKi(glyphossic) for the G100A variant is elevated sbout
with the

The glyphosate target ia plants, the S-cnolpyruvyl-
shikimate-3-phosphste synthase (EPSPS)

enzyme, is Jocated
observation of the of his G-Achange innaising  In the chl Maay chloroplast-locatized peoteins,
meappn(mmmal eazymes. mwu%nwmm;mu
However, in cootrast to the results ia the Class I G-A ,; precursars and are targeted to the chloroplast by & chlaro-
varlants, te appEm(PEP) in the Class I (LBAA) G-A =~ plasttransit peptide (CTF) that s removed during the import

TABLB Y
Kn(PEr)  opKiglyphomis)
Lysam prepared frome
£ wdpMONITO! (wid 13 s 2= it
type) .
£ colVpMONIT24 LY 459 bt
(CGLO0A varinml)

@rengs of PEP; 3-40 yd
Srxnge of glyghosesa: 0-310 yii; Grengs of giyphosste: 0-3000 b

The LBAA G100A variant, by virtue of is soperior kinetic %

”c-%smuumwum;m(as

versus -50%), couceatrated stretches of G aad C resldues, @

and codans that are act used frequently fa plast geacs. The
high G+C % ia the CP4 EPSPS geac has & number of
poteatial consequences including the following: a bigher
usage of G ar C than that found in plant genes in the third

a?&m&(sosﬁﬂm&chlmgwm

U) of Ribulose-1 osphate car-
boxylase (RUBISCO), Perredoxia, Perredoxin
oxidarednctase, the Tand

Light-harvesting-complex (xotein
1L, and Thioredaxin F. X bas beca demonstrated ia
vivo and ia vitro that &

may be
targeted to the by use of fusions with &
CTP and that a CTP soqueace is to target a proteia
to the )

A CTP-CP4 EPSPS fusion was constructed betweea the
Arabldopsis thallana BPSPS CTP (Klee et al., 1987) and the
CP4 EPSPS coding sequeaces. The Arabidopdls CTP was
cagineered by site-directed motagenesis to place s Sphl
restriction site at the CTP processiag site. This mutagenesis
replaced the Glu-Lys at this Jocation with Cys-Met. The
sequesce of this CTP, designated as CTP2 (SEQ ID NO:10),
{s shown in FXG. 9. The N-texminns of the CP4 EPSPS geas
was modified %o place a Sphl site that spans the Met codon
The second codos was converted to oas for leocine ia this
step also. This change bad w0 sppereat effect oa the in vivo
activity of CP4 EPSPS in E coff as judged by rate of
complemeatation of the aroA allele. This modified
N-termisos was thea combiaed with the Sacl C-teamisos
and cloaed downstream of the CTP2 sequences. The CTF2-
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In?uﬂmdluw with as eficleacy
:& ahma&ﬁﬂ.;ﬂ(w

©

In enother example the Arabldopsis EPSPS CTP.
nated as CTP), was fused to the CP4 EPSPS a
EcoRI site. The sequeace of this CTP3 (SEQ ID NO:12) Is
shown ia F1Q. 10. Aa EcoRI sitc was introduced iato the
Anibldopsis EPSPS mature segion around amino acid 27,
replacing the sequeace -Arg-Als-Lea-Lew- with -Arg-Ne-
Leg-Leu- [a the process. Theprimer of the following
sequence was used to modify the N-terminos of the CP4
EPSPS gene to add an BeoRI sits o effect the fusios tc e

H

CTP3.GCOAADACOOCCAJAATICACOTTOCAAGCAGCCOO
(SEQID NO-36) (the Bood sils s wderfimad,

This CTP3-CP4 EPSPS fusioa wss also closed [nto the
PpBlueScript vectar and the T7 expeessed fusion was fousd
© also import {nto chioroplasts with an efficieacy compe-
rable to that foc the control Petunia EPSPS (pMON6140).

A related series of CTPs, designated a5 CTP4 (Sphl) and
CTPS (BooRD), bused on the Petuaia EPSPS CTP and gene
were also fused o the Sphl- and EcoRI-modified CP4
EPSPS gene sequeaces. The Sphl site was added by site-
directed mutagenesis to place this restriction site (and
change the amino acid sequeace to -Cys-Met-) at the chlo-
roplast processing site. All of the CTP-CP4 EPSPS fusioas
were shown to import {ato chlaroplasts with spproximately
equal eficiency. The CTP4 (SBQ ID NO:14) and CIPS
(SEQ ID NO:16) sequences are shown is FIGS. 11 and 12

By similar
CTP4-CP4 EPSPS fusion have also bees shown % import
efficiently into chloroplasts prepared from the leaf sheaths of
com. These results indicate that these CTP-CP4 fusioas
could also provide aseful geaes o impart glypbosase taler
ance in moaocot species. .

The use of CTP2 or CTP4 [s prefared because these
transit peptide coastructions yicld matare EPSPS enzymes
upon impart into the chioroplat which are closer {a compo-
sitioa to the native EPSPSs act contaizing & transit peptide
signal. Those skilled in the art will recogrize that vadons
Mwmmhmwgynuw
ality of s particular CTP t0 tmpart a 1 EPSPS eazyme
into the plant cell The chlaroplast impart of the
Class 11 EPSPS can be determined uslag the following assay
Chlaroplast Uptaks Asssy

Intact chloroplasts are isolated from lettuce (Latucs
sativa, vat. loagifolis) by ceatrifogatioa ia Percollficoll
gradients as modified from Bartlett et al., (1982). The final
pellet of intact Is in 0.5 ml of stecle
330 mM sorbitol in S0 mM Hepes-KOR, pH 7.7, assayed for
chiorophyll (Amaos, 1949), and adjusted to the fisal chlo-
rophyfl concentration of 4 mg/ml (using sorbitol/Hepes).
The yield of Intact chloroplasts from a single bead of lettuce
fs3-6mg
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are removed at various times and fractionated over 100 ul
slicons-oll gradieats (Ia 150 jd
nditio hmchh:pl?nr
0| s, lorm & pellet uader the
silicone-oil layer and the {ncubation medium (containing the
reticulocyte l::“) floats on the surface. After
ceatrifugation, silicone-ofl gradieats are immediately
frozen in dry ice. The chlaroplast pellet is then resuspended
ia 50-100 pl of lysis buffer (10 mM Hepes-KOR pH 7.5, 1
mmsmmmmau.smmm
acid, and 30 ug/ml » ) and ceatrifuged ot 15.000x g

r«mmm(em u&yﬁfm The clear
superaatant (stromai ) and an aliquot
of the reticulocyte incubation ﬁm &u:nqud:

are mixed with aa equal volune of
?gDS-PAGB sample buffer for electrophoresis (Laemamll,

)

SDS-PAGE is carried out according o Laemmli (1970) ia
3-17% (wiv) scxylamide slab gels (50 mmx1.S mm) with
3% (wiv) acrylamide stacking gels (S mmx1.5 mm). The gel
{s fixed for 20-30 raln in 8 solution with 40% methanol snd
10% scetic acid. Then, the gel is soaked in EN*HANCE™
(DuPont) for 20-30 minutes, followed by drying the gel on
1 gel dryer. The gel is imaged by antoradlograpksy, asing sa
intensifying screen and an overnight exposure to determine
whether the CP4 EPSPS is imparted into the isolated chlo-

Plant Transformation

Plants which cas be made glyphosate-tolerant by practice
of the present invention include, bat are not limited to,
soybean, cotlom, carn, caaola, oll seed rape, flax, sugarbect,
sunflower, potato, tobacco, tomato, wheat, rice, alfalfa and
lettuce as well as various tree, aut and vine species.

A double-stranded DNA molecule of the preseat lavention

Herrera-Estrella (1983), Beyart (1984), Klee (1985) and
EPO publication 120,516 (Schilperoort et al.). In additioa %o
plant transfarmation vectors derived from the TI or root-
indacing (RI) plasmids of Agrobacterium. alterpative meth-
be used to Insert the DNA constructs of this
mmmmymmmm;:
example, the use of liposomes, electroporation, i
that frec DNA uptake, free DNA delivery vis
microprojectle bombardment, aod transformation using
viruses or pollea.

Class II EPSPS Plast traasformation vectars

sequeaces may be englacered lzto
techal mmk&nbhm
The
nﬂwﬁn«mhnﬂhaﬂmﬁngmmdm
smhunwﬂdm%uﬁzmmn
ete. would suitable results.
’ll-;h"m '“g;;‘(“"g :
into the plast voctor pMO! described below!
mpuommo..mp«mumum.
13. In this vector the CP4 geae Is “from the
eWQMSSM(ESS;mdaLIMA
mvsssmmwommc)wmw
in the followiag way: The Sall-Nod and the Not-Bgill
WMNMMMWMW}W
olV and the Barde?NOS 3/CP4 EPSPS
geos segment from pMON17110 were mw:
Xhol- FMV3SS fragment .
Beill hooe fpromater e o

3
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BpllI-Sact fragmeats to form pMON17124, pMONLT7119,
aad pMON17120. respectively. These plasmids were iatro-
duced into tobscco. A pMONY?7 derivative containing the
CTP2-LBAA EPSPS geae was also completed
(pMON17206) and fatroduced into tobacoo.

The pMON979 plant ‘expresdon vector
was derived from pMONBSS ( below) by replacing
te neomyela sferaso typell (KAN) gene in
mommue.ubmwmgmm

geatamicia-3-N-acetyltransferase type II (AACQ)-TN)
gene (Hayford et al., 1988). The chimeric P-3SSYAAQS)-IV
NOS J' gene caocodes geatamicin resistance which permits
selection of trassformed plant cells. pMON979 also contains
2 0.95 kb expression cassette coasisting of the eahanced
CaMV 35S promoter (Kay et al, 1987), scveral unique
restriction sites, and the NOS 3* ead (P-Ba-CaMV3SSINOS
3. The rest of the pMONY79 DNA scgmeats are exactly the
same as in pMONSS6.

Plasmid pMONS86 is made up of the following segrueats
of DNA. The first is a 0.93 kb Aval to eagineered-EcoRV
fragment isolsted from transposcom Tn7 that cacodes bacte-
dal spectinomycia/streptomycin resistance (Spe/Str), which
{s a determinant for selection fn E. colf aad Agrobacterium
tumefaciens. This is joined to the 1.61 kb segment of DNA
cucoding & chimeric kasamycin resistance which permits
selection of transformed plant celly, The chimeric gene
(P-3ISS/KANINOS 37 coasists of the caviifiower moesic
virus (CaMV) 35S promoter, the acomycin phosphotraas-
ferase typell (KAN) gene. and the 3'-aoatransiated regioo of
the nopaline synthase gene (NOS 3°) (Praley et al., 1983)
The next segment is the 0.75 kb oV coataiaing the origin
of replication from the RK2 plasmid. It is joined 1o the 3.1
kb Sall to Pvul segment of pBR322 (ari322) which provides
the crigin of replication far mainteasnce In K. coll and the
bom site for the conjugational transfer into the Agrobacte-
rium tomefaciens cells, The next segmeat is the 036 kb Pvul
to Bl from pIYT37 that carries the aopatina-type T-DNA
right border (Praley et al, 1985).

The pMONY77 vector is the same as pMONSSL except
for the prescace of the P-Ea-CaMV1SS gromater is place of
promoter (sce below). :

The pMON981 plasmid cootains the following DNA
segrents: the 0.93 kb fragment {solated from
Tu7 encoding bacterial spoctinomycin/streptomycia
tance [Spc/Str; a determinsat for seloction in K coll
Agrobacserium temcfociens (Filag ot al, 1985)); the
redstance geae cagimeered

fragmest gIT3?

type T-DNA right border region (Fraley
expression cassette consists of the 0.6 kb 35S promoter from
the figwort mosaic virus (P-FMVJSS) (Gowda et al, 1989)
and the 0.7 kb 3’ noa-transisted region of the pes rbeS-B9
gene (B9 3") (Coruzz et al, 1984, aad Morelll et al.. 1985).

0

The 0.6 kb Sspl fragment coataining the FMVISS promoter
(FEO. 1) was cagiseered to
downstream of the transcripdonal site.

CPdsyn geae fusios was (ntroduced into pleat expressica
vectors (including pMONDIS1, o form pMON17131; FIG.
14) and trangformed fnto tobacco, canola, potato, tomato,

aod the eatire plant vector sequeace may be inserted into the
host plant chromosome. The pTICSS T1 placmid does oot
tiuasfer 10 the plant cells Sut remaias in the Agrobacteriom.
Class 11 EPSPS free DNA vectors

through direct delivery methods. A nomber of direct delivery
vectors were completed for the CP4 EPSPS geae. The vector
pMON13640, a map of which is presented in FIG. 18. is
plasmid vector is based o & puC
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iatroduced gese have beea reported (Carrer et al, 1993;
Maliga et al., 1993). The'nse of plastid traasformation offers
the advantages of sot requiring e chioroplast traasit pep-
tde signal sequeace to result ia the localizstion of the
heterologows Class I EPSPS In the chloroplast and the
potential to have many copies of the
expressible Class II EPSPS geas la each
least one copy of the gene would be iz
cell

in transformed cells (or proloplasts), the cells (or
protoplasts) are regeacrated iato whole plants. Chalce of
rethodology for the regeneration step is aot critical,
sultable protocols being svailable for hosts from Legumi-
nosae (alfalfa, soybeaa, dover, etc.), Umbelliferae (carot,
celery. parsaip). Cruciferae (cabbage, radich, rapeseed. etc.),
Cucurbitacese (melons and cucumber), Gramincae (wheat,
rice, corm, ete.), Solanaceae (potato, tobacco, tomato,
peppers), various floral crops as well as vacious trees such as
poplar or apple, nut crops oc vine plasts soch a3 grapes. See,
¢.g.. Ammirsto, 1984; Shimamoto, 1989; Fromm, 1990;
Vasil, 1990

The following examples are provided to better elucidate
the practice of e prescut inveation aad thould oot be
interpreted in any way to Nmit the scope of the present
invention. Those skilled in the art will recognize that varions
modifications, trancaticas, etc. can be made to the methods
and geaes described herein whils act departing from the
spirit and scope of the inveation.

In the examples that follow, EPSPS activity ia plants is
assayed by the following method Tissue samples were
collected and immediately frozen ia liquid pitrogea. One
gram of young leaf tissue was frozen {a a martar with liquid
nitrogen and ground to 2 fine powdar with a pestie. The
powder was then transferred 0 & second martar, extraction
buffer was added (1 ml/gram), and the sample was ground
for sn additional 45 seconds. The extraction buffer for
canola consists of 100 mM Trls, 1 mM EDTA, 10% giycerol,
5 mM DTT. 1 mM BAM, $ mM ascorbate, 1.0 mg/ml BSA,
pH 7.5 (4° C.). The extraction buffer for tobscco conslsts of
100 mM Tis, 10 mM EDTA. 35 mM KQ1, 20% glycerol, 5
oM DTT, 1 mM BAM, $ mM ascorbate, 1.0 mg/ml BSA,
pH 7.5 (4° C). The mixture was transfeived to & microfuge
tube and ceatrifuged for S mioates. The resulting

EPSPS eazyme contained HEPES (S0 mM),
shikimate-3- @ mM), NH, malybdate (0.1
and KF (S mM), with or witboat (0Sor 1.0mM).

The assay mix (30 )
peeincubated for 1 minute at 25° C. and the reactioas were
{nitiated by adding “C-PEP (1 mM). The reactions were
quenched after 3 minates with 50 pl of 90% EXOH/.1M
HOAc, pH 4.5. The samples were spun at 6000 rpm 2ad the
resulting supernatants were analyzed for *“C-EPSP produe-

10

3

M

tloa by HPLC. Perceat resistast EPSPS is calculated from
the EPSPS activities with and without

mma;m«n‘;cwm%“cm
was détecmined by HPLC radioassay using a Cif guard
colnms (Brownlee) and an AX oy HPLC columa (0.428
cm, Syachropak) with 0.28M {socratic potassiom phosphate
cluant, pH 6.5, at 1 mVmia. Initlal velocities were calculated
by maltiplying fractional turnover per uzit time by the laitial
coacentration of the labeled substrate (! mM). The assxy
was liacar with time up to ~3 minutes aad 30% tmaover to
EPSPS. Samples were diluted with 10 mM Tris, 10%

glycerol, 10 mM DTT, pH 7.5 (4° C.) if necessary to obtain
results within the linear

(PEP)
(1-**Clpyravate (28 lndlnmol) was from Amersham.
EXAMPLES

Example {

Transformed tobacco plants have beea geaerated with 2
sumber of the Class I EPSPS geac vectars containing the
CP4 EPSPS DNA sequeace as described above with suitable
expression of the EPSPS. These traasformed plants exhibit
glyphosate tolerance impasted by the Class T O EPSPS.

Traasformation of tobacco employs the tobaceo leaf disc
transfarmation protocol which atllizes healthy leaf tissne
sbout 1 month old, After a 15-20 minutes surface terilize-
tioa with 10% Clarox plus a sarfactant, the leaves are dnsed
3 times {n sterile water. Using a stegile paper puach. leaf
discs are punched and placed upeide down oa MS104 media
(MS salts 43 g/, sacrose 30 g/l BS vitamins S002 mid,
NMQ.lmdLudBAl.Omdl)fclldaypmm

‘The discs are thea inoculated with sn overnight caltare of
a disarmed Agrobacterium ABI strais coataining the subject
vectar thet had been diloted /S (Le.: about 0.6 OD). The
inoculation is done by placing the dlscs In centrifuge tubes
with the culture. After 30 to 60 seconds, the liquid is drained
off and the discs were blotied betweea sterile filter paper
The discs are thea placed upside down on MS104 feeder
plates with a filter disc 0 co-culture.

Aftex 2-3 days of co-cultnre, the discs ace transfered, still
upside down, 1 selection plstes with MS104 modia After
2-3 weeks, callus tissue formed, and fadividual clumps are

vectors the sative CP4 EPSPS geoe, and usiog
differeat and/or CTP"s. Preliminary evideace for
expression of the geac was givea by the ability of the leaf
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35 .
of glyphosate-toleraat EPSPS activity (asssyed In e pree-
eace of 0.5 mM glyphosate) ar by Westers blot analysis
using a goat aat-CP4 EPSPS aatibody, The Western blots
were quantitated by densitometer tracing and comparisca 0
a standard curve established using purified CP4 EPSPS.
These data sre presestod as % saloble leaf proteis. The data
from s aumber of transformed gfaat lnes aad traasformation

vectors aze preseated fa Table VI below.
" TABLE VI

Exprossion of I EPSPS in wwnwformad wbaceo teme

M EPIPS o

Veckw Pt ¢ (% loaf prowin)
pMON17110 0 002
pMON17110 1539 004
pMONITILE 5003 [T
pMON17119 25108 [T, ]
pMONI17119 514 o0
pMONITLLY 56 o

**Glyphosie-olernnt EPSPS sctivity wes alo damonstreted in leef xwacs
for thees plunes.

Glyphosate tolerance has also beea demoastrated at the
whole plant level in traafarmed tobacco plants. In tobecco,
R, transformants of CTP2-CP4 EPSPS were sprayed at 04
Ib/acre (0.448 kg/hectsre), & rate sufficiest o kil contral
pon-transformed tobacco plants corresponding to a rating of
3,1 2ad 0 at days 7, 14 and 28, respectively, aad were
analyzed vegetatively and reproductively (Table VI

TABLE VI
Glypineas &l i R b CM Sneon®
Scare*
Veguintive
VecrwPlat ¢ day? Sy &y B Fartle
pMON17110/23313 [] 4 b I »
PMON1711072539 9 ] 10 ye
PMOMLTLIVS 106 ] ] -] b

*Spruy Am = 0.4 Rruces (0448 )
**Phants e evilued on ¢ smnacical woring cystam of 0-10 vhare o
vegetstive soom of 10 sepsessats 30 dumage relative ©

10

13

0

soospexyed ecmtvols
ad G ropressns & dead plact. Repsduciive scoves (Partile) e dosermined st 43

:;phmd-nlhdubvhhwnh,ﬁb

Bxampls 2A
Cancla
pMON17116, asd pMON17131 vectors sad & cumber of
plant lines of the transformed casola were obtalned which

growth

photoperiod, light intcasity
They were fertilized with Peters 20-10-20 Geaeral Purposs
Special. After 2V5 wecks they were
(~B@mﬂmﬁ:gﬂ&nﬁc&'ﬂ0‘¢.
dayldmwl pbotoperiod, light ixteasity
of 800 uBm~%sec™* (HID lamps). They were fertilized with
Peters 15-30-15 Hi-Phos Special.
Transformation/Selection/Regeaeration

Four terminal {sternodes from plasts jast prior 0 bolting

or [a the process of bolting but before flowering wers pots or plast treys coutsisiag 32 or 36

plants were trasformed with the pMON17110, %

©6isck w0

[

36

pomyds. A 1:10 dihrtion was made ia MS
Skoog) media giving approximately 9x10" cells pes ml This
was confirmed with optical deasity readings a 660 mu. The
stem discs (explants) were inoculsted with 1.0 ml of Agro-
bacterum and the exocss was aspirated from the explants.

The were placed basal side down in petd plates
containing 1/10x standard MS salts, BS vitamins, 3%
sucose, 0.8% agur, pH 5.7, 1.0 mg/l 6-beazyladenine (BA)
The plates were layered with 1.5 mi of medis containiag MS
salts, BS vitamins, 3% sucrose, pH 5.7, 4.0 mg/l
p-chlort acid, 0.00% mg/l Xinetin and covered
with sterfle filter papet.

Followiag a 2 to 3 day co-cuiture, the explants were
transferred to deep dish petrf plates containing MS salts, BS
vitaming, 3% sucroee, 0.3% agar, pH 5.7, 1 mg/l BA, 500
mg/l carbesicillia. SO mg/l cefotaxime, 200 mg/l kanamycia
ar 175 mgA gestamicia far selection. Sevea explants were
placed oa cach plate. After 3 weeks they were transferred to
fresh modia, § explants per plate. The explants were cultured
{n a growth roam at 25° C., contimous light (Cool White).

Asszy

After 3 weeks shoots were excised from the explants. Leaf
recallusing assays were initlated © coafirm modification of
R, shoots. Three tlry pieces of leaf tissue were placed oa
recallusing media containiog MS salts, BS vitamins, 3%
sucrose, 0.8% agar, pH 5.7, 5.0 mgA BA. 0.5 mg/l naph-
thalene acetic acid (NAA), 500 mg carbenicillia, 50 mg/l

(bleaching).

Al the time of excision, the shoot stems were dipped ia
Rootoac® and placed ia 2 inch (~$ em) pots contalning
Mmmumhamm%m
Mmﬂm‘hugmmn
photoperiod, 400 uBm™sec*(HID lamps) for & hardening-
off period of weeks,

The scod harvested fram R, plasts is R, sced which gives
mun.mumuwwmun
R.plnl.hmncvdmtm“k,phnh
assumed 10 be hemizygous at each isert locaticn. seifing
resolts in maximom geaotypic segregation la the R,.
Becanse each insext acts as & dominaat allele, in the abseace
dw.dmmigulyuewzypuhmh
required for tolerance ose insert would segre-
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planting ls either Metro 350 plas thres types of slow relcase

fertilizer or plast Metro 330, Irigation s cither overhead ia

grocahouses or mb-irigation ia growth chambers. Pertlizer
Is applied ss requived ia irigation water Tetmperature
regimes sppropdate for canola wers maintalned. A sixtees
bour photoperiod was maistained. At the oaset of Soweriag,
plasts are transplaated o0 ~15 cm pots for seed productioa.

A spray “batch” coasists of several sets of R, progenies all
sprayed oa the same date. Some batches may also inclode
evalustions of other thaa R, plaggg- Each batch also Incindes
sprayed and unsprayed nos-transgesic genotypes represest-
ing the in the particular betch which were pats-
tively transformed. Also included fs & batch is one ar mare
poa-segregating transformed gesotypes previously identd-
fied as having some resistance.

Two-six plaats from cach [adividual R, progeay are act
sprayed and serve as coatrols to compere aad measure the
glyphosase tolerance, as well a3 to assess any varlability sot
indnced by the glyphosate. Whea the other plants reach the
24 eaf stage, usually 10 to 20 days after plaating, glypbo-
sate Is spplied at rates varyisg from 023 to 1.12 kg/ha,
depeading ocn objectives of the study. Low rte technology
using low volumes has been adopted. A labaratary track
spayer has been calitvated to defiver a nae equivalent ©
field conditfcns.

A scale of 0 10 10 is used o rate the sprayed plants for
vegetative resistance. The scale is relative (o the vasprayed
plants from the same R, plast A 0 is deach, while a 10
regresents ao visible differcace from the unsprayed plant A
higher pumber between 0 aad 10 represeats progressively
less dxmage as compared 1o the unspeayed plant. Plaots are
scared at 7, 14, and 28 days after trestment (DAT), or unti]
bolting, and & line is given the average scare of the sprayed

plants within as R, plant family.
Six integers sre used to qualitatively describe the degree
of reproductive damage from glyphosate:

0: No fiaral bud developmeat

2: Plaral buds prescat, but sbarted priar to opeaing

4; Flowers open, but 0o anthers, ac anthers fail to extrude
past petals

6: Sedle anthers

8: Partially sterile anthers

Case 7:01-cv-00230-BR Document 1
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TABLE VIII-coatianed
Expremicn of CN SPIP3 s vansirmed Camls placts
) % resistant ZPSPS activity
of Leaf exwrect
P § (o 05 mM siyphosss)
pMONITLIO m e
pMONIT110 19 ]

10 pMONITLIG © P
PNONITIE % 7]
pMONITING 178 ]
paaoMITLG % ')
aMONITLIE 1 1

. PMONTTLG m ®

1S pMONITLIE e “e
PMONITULE m ®
pMoNITL6 n ”
PMONITLLE 03 n

»'uwdhh"n-adm-Kmﬁu.

R, transfoomants of casola were thea grown ia a growth
chamber and sprayed with glyphosate at 0.56 kgha
49 (cilogam/bectare) aad rated vegetatively. These results are
shown ia Table IXA-IXC. R Is to be noted that expressica
of ghyphosate resistant EPSPS in all tissues is preferred o
observe optimal glyphosats tolerance pheaotype in these
transgenic plasts. In the Tables below, only expression
30 reslts obtained with lesf tissue are described

TABLE IXA

wienoes i@ Ces T XPSPS
canols R, raoeformaces

(pMON17110 = P-E3ISS; pMONI7116 = PFMVISS; R1 pleoss;
Speay rams = 056 ky/tn)

33

Vegetative

% ronistnt Scare®®

L

i

day 7 &y

*

$5223883 %
COROSOORRW
BBwE830o e

.  TABLE IXB
Otyphossts lerance in Cines § EPSPS
53 cancis R, resshrmes
—(BMONITIS = PFWVISS: R1 paotc dpeuy oo = O34 ko)
Vogetative sow®® Raproductive e
dy W &y 8

VecowPimt No.

o uve
177108
17851118
173116
1NN
1INe
]

6 oonmol Wester

wESSewowd
08886056658
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TABLB IXC
Qlyphosste Dlerase i Cioms | EPSPS
casols easlormany
_(P-8I53; R3 Fieats; Sgrey reie = 0.28 ky')

~ Vegatative
% rosistamt Soorese
VecxePient Mo, o &7 Gy W
Coumol Wetar ° 4 3
AMONTNLS % s 6
PMONSINT44 98 M s
PMONINTS % 6 N
PMONIOVSIS u ? '
pdONtoRSS a ? "t

*% resistuct BPSPS activity in s pressucs of 0.3 oM giyphoms
&nnﬂnmdlﬂ“nhtmdohﬁ_hlﬂ
The data obtained for the Class I EPSPS transfarmants
may be compared to exast Class 1 EPSP
transformants {n which e same promater is used to express
the EPSPS geaes aad In which the level of glypbosate-
tolerant EPSPS activity was for the two types of
tranformants. A of the data of pMON17110 {ia
Table IXA] aad pMON17131 [Table IXB] with that for
PMON?E99 [ia Table IXC; the Class I gene in pMONS9 1s
that from A thallano {Klee et al. 1957} in which the
glycine o position 101 was changed 1o an alanine) {Tlustrates
that the Class TLEPSPS i3 at least as good as that of the Class
1 EPSPS. As improvement in vegetative tolersnce of Class
I1 EPSPS is apparent whea ope takes Inso account that the

Class I plants were sprayed at twice the rate and were tested
as R, plaats.

Example 2B

The coustruction of two plant transfarmation vectars and
the transfocmation procedures used o gyphotate-
talerant cancla plants sre described in this cxample The
vectors, pMON17209 and pMON17237, were used to gea-
erate transgesic glyphosate-tolerant cancls lines. The veo-
tors cach cootsin the geae cocodiag the S-cool-pyruvyl-
shikimate-3-phosphate syathase (EPSPS) from
Agrobscterkim srain CP4. The vectors also contaia

eazyms (GOX) from Achromobecter sp. strais LBAA
(Baxxy et al, 1992) or the gene eacodiag a varlant of GOX
(GOX v247) which displays improved catalytic properties.

aminomettryiphoepbo-

employed (Maniatis et al, 19€2). Site-directed mutageneses
were cuxied ot a3 desaxibed by Koakel et ol (1987).
H:nw-ptdcedmmqnw»dm»qm
€0

Plant transformation vectors. The followiag descxibes the
genenal features of the plast transfocmation vectors that wers
modified % form vectors pMON1T209 and pMON1ITZ37.
The Agrobacteriom medisted plast transformation vectors
contaln the & well-characterized DNA segmeats
which are required for and function of the

10

13

43 NI,
for

2

53

4

The Arst segment ls the 0.45 kb Clal-Dral fragmeat from e
pTI15958 octopine TY 4 which %e T-DNA
left barder region (Barker ot al.. 1583). Ris joloed to the 078
Ib adgls (orlV) dexived from the trosd-host

of
mgeguﬂ Stalker et al., 1981). The next
is the .lkaalLP\(mlnMde) M:m

the crigin of replication for maisteaance is . coll and the
bara site for the coujugational trassfer into the Agrobacte.
rlum turnefaciens celly (Bolivar et al, 1977). This is fused
tc the 0.93 kb fragmeat iscinied from ranspasoe Ta? which
eocodes bacterial spectinomycin sad streptomycin resis-
tance (Fling et al., 1985), a determinant for the selection of
the plasmids 1a £. coll and Agrobacterium. & s fused to the
0.36 kb Pvul-Bdil fagment from the pTITI? plasmid which
coatains the T-DNA right border region
(Praley ot al., 1985). Sevenal chimeric genes engincered for
plant expression can be introduced between the T1 right and
left border regions of the vector. In addition to the elements
described above, this vector also Inclndes the 35S

NPTINOS 3' cassette 1o enable selection of transformed
plant tissues on kanamycin (Klee and Rogers, 1989; Praley
et al, 1983; and Odell, et al., 1985) within the borders. An
K expression cassetic is also preseat between the
borders and cousists of the eahanced E35S promoter (Kay &t
al, 1987), the 3’ regioa from the small subunit of RUBP
carboxylase of pes (B9) (Corvezi et al,, 1984; Marelli et al,
1986), and & sumber of restriction enzyme sites that may be
used for the doning of DNA sequeaces far expression 1a
plants. The plant transformoation system based on Agroboes
terium tumefaciens defivery has beeo reviewed (Kice and
Rogears, 1989; Praley ot al., 1986). The Agrobaciedum
mediated transfer and integration of the vectar T-DNA into
the plast chromoscrne results in the expression of the
chimeric genes conferxing the desired pheaotype in plants.

Bacterial Inoculum, The binary vectors are mobilized into
Agrobacterium tomefaclens strain ABI by the wiparental
conjugation system usiag the belper plasmid pRK2013
(Ditta et al, 1980). The ABI strain contains the disarmed
PTICSS plasmid pMPIORK (Koocz and Schell, 1946) in the
chlorampheaicol resistant dertvative of the Agrobacterium
tumefaciens strain A208.

Transformation procedure, inocula were
grown overnight at 28° C. in 2 ml of LBSCK (LBSCK is
made 13 follows: LB Liquid medium (1 Liter volumej=10 g

; § g Yeast Bxtract; 10 g tryptone; pH 7.0 and sutociave
22 minates. After antoclaving, add (50
mg/ml stock)—2 mi. kanamycla (50 mg/mi sock)y—1 mL
and chiorampbegicol (25 mg/ml stock)—1 mL). One day
prioc to inoculation, the Agrobecterium was subcultired by
inoculsting 200 p ixto 2 ml of fresh LBSCK and grown
overxight. For lnoculation of plast material, the culture was
diluted with MSO liquid medium to an Agg, range of
0.2-04. ia

Seediings of Brassica napus ¢v. Westar were grown
Metro Mix 350 (Humisert Sced Co., St. Louis, Mo.) in a
mmmmymmauvwc.
relative humidity of S0%. 162/8h pbatoperiod, and ot & Hgit
{ntensity of 500 junol m ~* sec™’. The plants were watered
daily (via sub-irrigation) and fertilized every other day with
Peter’s 15:30:13 (Fogelsville, Ps.).

Tn geaeral, all media rocipes
pectocol follow those fn Fry et al (1987). Flve to six
week-old Westar plants were harvested whes the plasts

bad
bolted (but pricr to flowering), the leaves and buds were

and the transformation

€1 removed, and the 4= inches of stem below the fower buds

mmduhe:phmdsueml’oﬂowh(mﬂkt

plasmids (Rogers and Klee, 1987; Klee asd Rogers, 1989).  tioa with 70% ethanol for 1 min and 3§% Clorax for 20 mia,
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liquid medium overisy and with a sterfle §.5 cra
ﬁlhm)-ﬂfgxdm ts were placed oato
After & 2 dsy co-culture period. cxplants were

onto fresh MS medium containing 750 mg/l carbenicillin, 50
mg/l cefotaxime, and 1 mg/l BAP, for further shoot devel-
opment. Whea the shoots were 2-3 laches all, afresh at &t
the ead of the stem was made, the cat ead was dipped [a
Root-tone, and the shoot was placed in Metro Mix 350 soll
and allowed 10 barden-off for 2-3 weeks.

Coastructios of Canola transformatios vector
pMON17209. The EPSPS gene was isolated arigisally from
Agrobacterium sp. strais CP4 and expresses 2 kighly toler-
ant eazyme. The oariginal gene coatains sequences that could
be inimical to high expressios of the geae ia same plaste
These sequences incinde potential polyadeaylation sites that
are often A+T rich, a higher G+C % thaa that frequently
found in dicotyledonous plant genes (3% versas ~50%),
copcentrated stretches of G and C residues, and codons that
may not used frequently in dicotyledonous plast geses. The
high G+C % in the CP4 EPSPS geae could Also result Ia the
formation of strong heirpia structures that may affect expres-
sion ar stability of the RNA. A plast preferred version of the
gese was synthesized and used for these voctars. This
coding sequence was exqressed s K coll from s PRecA-
genelOL vector (Olins et al., 1948) and e EPSPS activity
was compared wih that from the sative CP¢ EPSPS gese
The appK,, for PEP for the aative and synthetic genes was
11.8 pM and 12.7 pM, respectively, indicating that e
cazyme expressed from the syathetic gene was unaltered.
The N-termians of the codiag scqueacs was thea
muttageaized to place as Sphl site (GCATGC) & the ATQ ©
permit the coastructioa of the CTP2-CP4 synthetic fusion
for chloroplast import. This change had a0 sppareat effect
oq the in vivo activity of CP4 EPSPS [n E. coll as judged by
complementation of the aroA matast. A CTP-CP¢ EPSFS
fusion was constructed betwees the Arabidopsis shallane
EPSPS CTP (Klee et al., 1987) aad the CP4 EPSPS coding

5,633,435
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The COX gene that cacodes the metabolizing
enzyme glypbosate cxidareductase (GOX) was cloaed origl-
nally from Ackromobacter sp. strain LBAA (Hallas et al,
1988; Barry et al, 1992). The gox geae from strain LBAA
was also resyathesized [n a plant-prefarred sequeace version
aad {n which many of the restriction sites were removed
{PCT Appla. No. WO 92/00377). The GOX proteln is
targeted to the plastids by a fusion betweea the C-tecmiaus
of a CTP and the N-terminus of GOX. A CTP. derived from
the SSULA geae from Arabidopsis thallana (Timkn et al.,
198%) was used. This CTP (CTP1) was copstructed by a
combination of site-directed The CIP! is
made up of the SSULA CTP (amino acids 1-55), the first 23
amino acids of the mature SSULA protein (36-78), a serine
residue (armino acid 79), a acw segmeat that repeats amino
acids 50 to 56 from the CTP and the first two from the
mature protein (amino acids $0-$7), and an alanine and
methionine residue (amino acid $8 and 89). Aa Neol restric-
tion site i3 located at the 3’ end (spans the Met89 codoa) to
facilitate the construction of precise fusioas to the §' of.
GOX. At a later stage, a Bgill site was introdnced upstream
of the N-terminus of the SSULA sequeaces to facilitate the
introduction of the fusions into plant tranfarmation vectars.
A fosioa was asscrobled betweea CTPL and the synthetic
GOX geae.

The CP4 EPSPS and GOX genes were combined to form
PMON17209 a3 described [n the following. The CTP2-CP4
EPSPS fusion was assembled and inserted betweea the
coastitutive FMV35S promoter (Gowda et al., 1989; Richins
et al, 1987) aad the B9 ¥ region (Coruzzi et al, 1984;
Marelll et al,, 1985) 1 2 pUC vector (Yannisch-Perron et al.,
198S; Vieira and Messiag, 1987) to form pMON17190; this
completed elemeat may thea be moved easily as a Nod-Nod
fragment to other vectors. The CTP1-GOX fusion was also
assembled i 8 pUC vectar with the PMV35S peomoter. This
element was thea moved as a HindIII-BamH] fragmeat into
the plant transformation vector pMON10098 and joined to
the B9 3’ regioa in the process. The resuitant vector
pMON17193 has a single Not! site into which the FMV
35S/CTP2-CP4 EPSPSEY 3 clemeat from pMON17190
was closed to form pMON17194. The kanamycia plant
taadformatioa seloction cassetta (Praley et al, 1985) was
thea deleted from pMON17194, by cutting with Xhol and
re-Higating, to farm the pMON17209 vector (FIG. 24).

Coastruction of Camola trassformation vector
pMON17237. The GOX has an spparent Km for
W}ld-ﬁmﬂ.hnd&t:
improve the cffectiveness of the glypbosate metabolic rate
plaata, & variant of GOX has been idcatified In which the
appK . (glypbosate) bas beea reduced approximately
10-fold; this variant is refered ©0- 13- GOX v247 and the
scquence differences between it and the plant-
wmmnwummmwo
92/00377. The GOX v.247 coding sequeace was combised
with CTP1 and assembled with the FMV35S promoter and
theEJ‘bydoahghbﬁepMONln‘nphumdm
matlon vector to foom pMON17241. In this vector.
dﬁdy.hmm'umwm)(vm.
mpuwlmmwmmdbyrqhdn
the CTP1-GOX sequences in 7193 with those for
the CTP2-CP4 EPSPS, to form pMON17199 and followed
byddedumehamydlam(uwnmefc
puommmpuourmm(rns)wm
wwmmmscm4mr
clement a3 2 Nod-Nod fragmest iato pMON17241.
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«Brampis 3

Soybean plasts were transformed with the pMON13640
(FIQ. 15) vectoc aad & number of plast lines of the trans-
fo{med soybeaz were obtained which exhibit glyphosats
tolerance.

Soybean plants are transf with pMON13540 by the
method of microprojectle using particle gua tech-
pology as described la Christou et al (1988). The seed
_harvesed frors R, piaets ic R, seed which ginsdsc o Ky
plants. To evaluate thé tolerance of an R, plant,
its progeny are evaluated. Because an R, plast s sssumed to
be hemizrygous st each {nsert location, scifing results la
maximum in the R,. Because each
insert acts as a dominant allele, in the abseace of linkage and
assuming oaly coe hemizygous lnsest {s for toler-
ance x| mMmTlmepu i1, two inserts,
15:1, three inserts 63:1, ete ore, relatively few R,
plants need be grown to find at least one resistant phenotype.

befoce planting i a glyphosate
into 4 inch (~$ am) square pots
Twenty scedlings from each R,
aviroumeat A LLS- od sad
cavironrnent. A 12.5~14 hour and temperatures
of!O‘C.dnyudu‘C.dgm

Peters Pete Lite fartilizer Is applied as acoded.

A spray “batch” consists of several sets of R, progeaies all
sprayed oa the same date. Some batches may also include
cvaluations of other than R, plasts. Each batch also inclades
sprayed and unsprayed non- genotypes represent-
ing the genotypes in the particular betch which were puts-
tively ransformed. Also incinded in & betch s one or more
pon-segregating transformed geaotypes previously idead-
fied as baving some resistance.

One to two plaats from each individual R, progeny are pot
sprayed and sexve as controls to compare and messure the
glyphosate tolerance, as well as to assess any variahility not
induced by the glyphosate. Whea the other plants reach the
first trifoliste lesf stage, planting,
dypgmuwldsaweqdvdm&mwﬁ
(8.895 kg/ha) of Roundup®. A laboratory paya
been calibrated to deliver a rate equivalent © those coadi-
dons. .

gdw&#mmAOE
to same

visible differeacs from the
10 repre-

g
i
RE

3

4
Example 4

The CP4 EPSPS geae may be used to select transformed
plant material directly oa media coataining glyphosate. The
ability 1o select and (o ideatify transformed plant material
depends, i most cases, on the use of a daminaat selectable
marker gese to easble the preferential sad continued growth
of the trassformed tseues ia the preseace of a normally
{nhititory substasce. Antihiotic resstance and herbicide
tolerance genes hevo bees used almost exclusively a2 such
dominant selectable marker genes in the presence of the

g antibiotic or herbicide. The cin
selection scheme {s probably the most frequently used. &t has
been demonstrated that CP4 EPSPS is also & useful and
perhaps cuperior selectable markerfselection schems for
producing and ideatifying transfoomed plants.

A plant transfarmstion vector that may be used {a this
scheme is pMON17227 (FIQ. 16). This plasmid resembles
toany of the other plasmids described infra and is esscatlally
composed of the previously described bacterial replicon
system that enables this plasmid to replicate in E. coll and
10 be Introduced luto and to replicate in Agrobacterinm, the
bacterial selectable macker geae (SpoStr), and located
between the T-DNA right border and e border is the
CTP2-CP4 synthetic geae In the FMV3SS promcoter-B9 3'
cassette. This plasmid also bas single sites for a aumber of
restriction , located withia the barders and outside
of the expression cassette. This makes & postible to catily
add other gencs and geoetic dements to the vector for
{ntrodnction into plants.

The protocol far direct selection of transformed plants oa
glyphosate is outlined for tobacco. Bxplants are prepared for
pre-culture as in the standard procedure as described in
Example 1: surface sterilization of leaves from 1 mooth old
tobacco plants (15 minutes fn 10% clorox+surfactast; 3x
dH,0 washes); explants are ant ia 0.5x05 cm squares,
removing leaf edges, mid-cib, tip. aad petiole end for unk-
form tissue type; explasts are placed in single layer, upeide
down, o MS104 plates+2 mi 4COOSK media to malstea

blotted betweea Iayers of &y sterile filter paper % remove
excess bacteria, The bloted explasts are placed upeide down
on MS104 plates+2 ml 4COOSK media+lilter disc.
Co-cultore is 2-3 days. The explants are transfecred t0
B wpﬁ;mrsw then trangferred to
days (| are thea

MS104+giyphosate 0.0S mM+Carbesicilia 1000 mg/k+
ccfotaxime 100 mg/l for selection phase. At 46 weels
shoots are cut from callos aad placed oa MSO+Carbenidillin
soommmwmmm-smxwu
muﬁmmummmmumm
meuuwuw
of the CP4 EPSPS proteln ia these trans-

coafirmed

on recallusing on glypbosate. These data indicate a trans-
formation tate of 24 per 100 explants, which makes this 2
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The pMON (227 plasmid contains
eazyme recoguition cleavage sites (Notl, Xhol, and BtXT)
mmmmmnzdwnd«umm
barder of the vector for the cloning of additional geaes and
to faciiiiate the istroduction of these genes into plants,

Example SA

£

protein and glyphosate resistance detected in callus.

The backbose far this plasmid was s derivative of the high
copy plasmid
Kb Pspl-Dral pUC119 fragment coataining the origin of
replication was fused to the 13 Kb Smal-HiadlIf filled
fragment from pKC7 (Rao and Rogers, 1979) which con-
tains the acomycin phosphotransferase type I geae to coafer
bacterial kanamycia resistance. This plasmid was wsed to
COnRNUCE 4 moaocat expression cassette vector containing
the 0.6 kb caulifiower mossic virus (CaMV) 35S RNA
promoter with a duplication of the ~90 to ~300 region (Kay
et al, 1987), aa 0.8 kb fragment coatainiag sn introa from

pUCLLS (Viers and Messing, 1987). The 13

s

a maize geae in the §' untransisted Jeader reglon, followed 30

by a palylinker and the 3’ termination sequeaces from the
nopaline synthase (NOS) gene (Praley etal. 1933). A L7 Kb
fragment coataining the 300 bp transit pepdde
from the EPSP synthase fused la frame to the

1.4 Kb coding sequence for the bacterial CP4 EPSP synthase s

was insexted iato the monocot cassette in the

polylinker betweea the intron aand the NOS termination

sequence o form the plasmid pMON19653 (FIG. 17).
pMON19653 DNA was iatroduced into Black Mexican

Swect (BMS) cells by co-bombardment with BC9, a plasmid 40

containing & sulfonylures-resistant form of the matze aceto-
lactate syuthase geae. 2.5 mg of each plasmid was costed
particles sad introduced into log-phase BMS
cells using & PDS-1000 particie gun ecscatially as described

(Klein et al, 1989). Traasformants are sclected oa MS 45

mediom contalning 20 ppb chicrsalfuron. After initial seloc-
tioa oa chlorsulfuron, the calli can be assayed directly by

sate. As shown ia Table XI, CP¢ EPSPS coafers glyphosate
tolerance to cora callus.

TABLE XI
Expremion of C in BMS Com Callus - pMON 19633
¢ expremion

Line (% extract grotein)

e agen

m 008

0 0061

23 [T ]

%9 ous

X 0042

313 0009

To measure CP4 EPSPS in cora callus, the

following procedure was ased: BMS callns (3 g wet welght)

€ expression.
accomplished

46

was driod ca filter
mddsed.udexn&?m%;
mMTris, | mM EDTA, 10% glyceral) was added. The tissne
wubom:u;{::dwiﬂum wmmutqso
seconds ng. After ce on
miautes, Eppum‘ microfuge), the lllpetll'l:: W?l
removed aad the protein was quantitated (BloRad Proteln
Assay). Semples (S0 pg/well) were loaded oa aa SDS PAGE
ge! (Jule, 3-17%) aloag with CP4 EPSPS stasdard (10 ag),
electropharesed, and trandlerred to aitrocellulose similarly
to a previously described method (Padgette. 1987). The
m.umw;ux-mmkc.mmm

was vigalized by antorsdiography. Results were quaa-
titated by deasitometry os as LXB UbraScan XL laser
deasitomer and are tabalated below in Table X

usder vacumm,
dry weights 100

TABLE X1t
Qlyphossts neistanoe in RS Comn Cales
wiog pMON 19653

¢ chiorwiftson-  § cross-resistat
Veotoe Bxpariment recistant loee ©© Glyphosew
19633 3 120 17120 = 61.5%
19653 24 [ ] 10 = 468
BCY eontrol BYSA | 03 =0%

in the expression of Class I EPSPS coald

ribosome loading and translation initiation, ar by combins- |
tion of these or other expression ar regulstary sequeaces or

lus throogh particle bombardmest. Plasmid DNA was pro-
psred usisg standard procedires (Ausobel et al, 1987),
ceslum-chlaride purified, sad re-suspended ot 1 mg/ml is TB
buffer. DNA was precipitated onto M10 tumgsten ‘or 1.0 ug
gold particles (BioRad) using a calcium chloride/sparmidiae
precipitation protocol, esseatially as described by Klels &t
al (1987). The PDS1000® guapowder gua (BioRad) was
used. Callus tissue was obtained by isolstiag 1-2 mm loag
immature from the “HI-IT" geactype (Armstroag &t
al, 1991), or HI-IT X B73 crosses, coto s modified N6
medinm mnd&su. m%soqm a:..d
1991 cllus (Mtype-II”; Armstrong
Chu.). E:é)mwmmmammu
by subculturing at two woek intervals, and was bombarded
whea less than two months old. Each plate of callus tissue
mmmxgcmmm)u:mc
particles costed plasmid DNA(s) of Isterest.
C‘:uﬁmnwcdblmod(iﬂdmu&nmdﬁu
appropeiate selective agent (cither glyphosate, o one of
:mdmmmml&cwmdl)
1-8 days following bombardment, and thea re-traasferred to
mmuanwamgm
post-bombardmeat. These resistant call] were propagated o
seloctios medioon, and samples were taken for astays gene
Plant from resistant calll was
esscatially as described by Petersea et al
(1992).
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In both were covalcody linked  tobacco transformed with pMON 17206 (Infra ted
u@ﬁfmm)mmnm in Table XTIL i (lafra) are presea

process TABLB
termed “co-trassforrnation®. The 1 mg/ml plasmid prepars- xa

Tobacen Clyploesss Spery Tost
volume, and thea precipitated osto the tungsten ar gold (PMONTI20& BASS - CTPZ-LRAA EPSPS: 04 Re'm)
1 Dey Rating

E‘E
E
]
f_E
g
J
th
GEEESREE(F

:
%
|
9
[
s
i
r
I

ot ' o e i Tk i
The CP4 geae comprised a structural Is one to

DNA sequence encoding & CTP2/CP4 EPSPS fusion pro-  bereinabove sct farth logether with advantages which are
tein. The CTP2/CP4 EPSPS Is a geae fusion composed of  obvious aad which are inhereat to the Inveation. It will be
the N-terminal 0.23 Kb chloroplast transit pepdde sequeacs  furtber understood that certain features end subcombinatcns
from the Arabidopsis thallana EPSPS geoe (Klce et ol are of utility and may be without refereace
Ay i et thase g mm:: o(meddn:.hg:::mypouﬂz
Kb S-coolpyruvylshikimate-3-phosphate syn gene scope :

(CP4) from an Agrobacterium species. Plant expression of ~ cmbodiments may be made of the {aveation withoat depart-
the gene fusion produces & pro-protein which Is mpidly  lag from the scope therect, X is 10 be usderstood that all

iato

tmported where the CTP is cleaved and  mstter berein set forth or shows ia the accompanying
degraded (defla-Cloppa et al., 1986) relessing the mature %0 drawings is o bo interpreted as dlostrative asd oot in 2
CP4 protein. limiting scase.
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SBQUENCE LISTING

( 1 ) CENERAL NAORMATION:

¢ 111 )M OF SEOENCER &
{ 2 ) INFORMATION FOR S8 ID MOl
( 1 ) QUENCE CRARACTIRTITICN

{ A ) LENOTIR: 37 hass puire
(9 )TYPE: wachie aild
( € ) STRANDEDINENR: dmble
{ D ) TOrOLOOY: Aeew

{1 ) MOLBCULE TYPE: DA (pewombe)

( 2 1 ) SBQUENCE DESCRIPTION: 5BQ ID NGkt

TCATCAAAAT ATTTAOGCAGC ATTCCAGATT QAOOTTCAATC AACAAGGTAC QAQCCATATC 60

ACTTTATTICA AATTIOOTATC OCCAAAACCA AGAAQGGAACT CCCATCCTCA AAOQGTTITOTA 12¢

AQGAAGAATT CTCAOTCCAA AGCCTCAACA AQAQTCAGAOT ACAGAGTCTC CAAACCATTA 188

QCCAAAAOGCT ACAGOAGATC AATOAAGAAT CTTCAATCAA AQOTAAACTAC TOTTCCAGCA 140

CATGCATCAT QOTCAOGTAAG TTTCAGAAAA AOJACATCCAC COAAGACTTA AAGTTAQTOGO 300

GCATCTTITOA AAOTAATCTYT OTCAACATCO AOCAOGCTOOC TTOTAOGOAC CAGACAAAAA 3se

AQOGAATOGTO CAGAATTOTT ACGCAGCACCT ACCAAAAGCA TCTITTOCCIT TATTOCAAAC 430

ATAAAOCAGA TTCCTCTAGT ACAAGTOOGO0O AACAAAATAA COTOQAAAAG AGCTATCCTO 430

ACAQCCCACT CACTAATOCE® TATOACOAAC OCAGTOACOA CCACAAAAOA ATTCCCTCTA S48

TATAAGAAGG CATTCATITCC CATTTOAAQS ATCATCAGAT ACTAACCAAT ATTICTC s91

( 3 ) DECERMATION FOR S5 1D MO

( 1) SBQUENCE CRARACTINNETICH

(A ) LIBGTIR 1963 base paln
(B )TYPE: anelels mid
( € ) SRANDEDINGNS: doubn
(D ) TOROLOOY: ke

¢ 1 1) MBS TYPR: DNA (gummis)
() x ) PRI

( A ) NAMVERD C9
( 3 ) LOCATION; @14
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{ & | ) SEQUENCE DEICRITION 8 D) NOR
AAGCCCOCAT TCTCTCCOGC GCTCCOCCCO OAQAGCCOTAO OATAGATTAA GOAAGACACC 40
€ ATG TCQ CAC QOGT OCA AGC AOC €30 CCC OCA ACC GCC COC AAA TCC
Mot Zos Eleo Oty Ate So¢
! R

TCT AO0C CTT TCC OOGA ACC OTC COC ATT CCC GOC QAC AAOQ TCO
Ser Oly Leuw So07 Gly Ths VYal Arg (1le Pre Gly Asp Ly
30 33

Ses Asg Pre Als Thr Als Arg Lye Set
1e 18

ATC TCC 154
Ser thle Ser
30

CAC €0G TCC TTC ATO TTC 4OC 00T CTC ACA AQC GGT CGAA ACO CoOC
HBis Acg Ser Phe Met Phe Gly Oly Lew Als Ser Gly Ols TH¢
LR (] ] [ X ]

ATC 103
Atg 1l

ACC 00GC CTT CTA GAA OQOC O0AO0 OAC OTC ATC AAT ACO GGC AAO QCC ATO
The Oly Les Lesw Gls Oly Gl Asp Vel [le Ase The Oly Lys Als Mot
LY ] s (1}

CAG GCC ATQ GOC ACC AGO ATC COT AAO OGAA 00C OAC ACC TOO ATC ATC
O1s Als Mot Gly Ala Arg 1le Agg Lys QGls Gly Asp Thr Tzp 11s 110
63 ¢ 13

1598

OAT QGC OTC OGC AAT AGGC 0O0C CTC CTO OCO CCT OAQ GCQ CCO CTC QAT
Asp CGly Val QGly Ass Oly Qly Les Les Ala Pre Gls Als Pre lLes Asp
(X} s 1 1) s

346

TTC QGC AAT 4CC OCC ACOG GOC TOC CGC CTA ACC ATO QOC CTIC OTC Oao
Phe O1y Ase Als Als Ths Oly Cys Acg Los The Met Oly Les Vel Qly
100 108 116

3ve

OTC TAC GAT TTC OAC AGC ACC TTC ATC GOGC GAC OCC TCO CIC ACA AAO 443
Val Tye Asp Phe Asp Ser Thtet Phe lle O3y Asp Alas Ser Les Thr Ly
113 130 1%

COC CCO ATG GAC COGC O0TG TTO AAC CCO CTG COC OAA ATG GOGC GTG CAO (X}
Asg Pre Mer Gly Asg Vel Lew Asa Pro Len Arg CGls Met Oly Val Gl
130 138 140

OTG AAA TCO OAA GAC GOT QAC COT CTT CCC OTT ACC TTO CAC 000 CCO s38
Val Lye 2er Ol Asp Oly Asp Arg Lew Pre VYal Ths Les Azg Qly Pre
143 tse © 188

AAG ACO CCO ACG CCG ATC ACC TAC CGC AGTG CCO ATA OCC TCC GCA CaAQ $s6
Lys The Pte The Ptoe I1la Ths Tyr Acg Val Pze Met Ala Sec Ala Gl
168 168 17¢ 173

GTO AAG TCC 0CC GTO CTG CTC GCC 0GC CTC AAC ACG CCC GOC ATC ACO ‘434
Yal Lye Ser Als Val Les Lenw Ala GLly Les Ass Thz Pre Gly 1le Ths
180 188 190

ACO OTC ATC GAO0 CCO ATC ATO ACG COC OAT CAT ACO OAA AAG ATO CTO (A%}
The Yal 11e Olu Pre Ile Mot Ths Arg Asp Bis The OGls Lys Met Les
193 %0 103

CAQ GOC TTIT GOC OCC AAC CTT ACC OTIC OAO ACO OAT OCO OGAC 0OC a4TO0 130
Gta Gly Phe Gly Als Ase Les Ths Vel Ols TRz Asp Als Asp OGly Vsl
310 31 130

CGC ACC ATC COC CTO OAA 00C €OC 0GC AAOQ CTC ACC 00C CAA OTC ATC 778
Atg The lle Arg Lew Glu Ql1y Arg Oly Lyes Les Thy Gly Ol Val tle
238 130 233

OAC 0TG CCO 0AC OAC CCO TCC TCO ACG OGCC TTC CCO CTO0 OTT O0Ca OCC (%}
Asp Yal Pre Oly Asp Pue Ser Ser The Als Phe . Pre Lew Val Als Als
140 3453 23 233

CTO CTIT GIT CCA 0GC TCC GAC OTC ACC ATC CTC AAC QTO CTO ATA AAC .74
Les Les Val Pre Gly Ser Asp VYal Thr 1le Low Ass ¥al Les Met Ase
360 263 370

€CCC ACC COC ACC G0C CTC ATIC CTO ACG CTO CAQO GAA ATO O0GC GCC OAC 9312
Pre Thz Azg Ths Oly Lesw (le Les The Les Gla Ols Met Gly Al Asp
27 80 383

ATC OAA OTC ATC AAC CCO C€OGC CTT OCC O0QC GOC OAA OAC ATO ACA GAC 270

tle Ols ¥Yal 110 Asae Pre Arg Lesw Ala Gly Gy OClw Asp Val Als Asp
300 193 300
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€T3 €COC OTT COC TCC TCC ACO CTE AAQ GAC OTIC ACO OTG CCO OAA GAC 1019
Les Acg Vol Arg Sec Sos Thr Les Ly Oly VYal Thar Yal Pre Gl Asp
309 310 s
€CAC 0CO CCT TCOG ATG ATC 0AC GAA TAT CCO ATT CTC OCT OTC GCC aCC 1066
Atg Ala Pre Sor Mot llomsy Ols Tye Pre (le Lesw Ala ¥Yal Als Als
330 333 330 333
9CC TTC O0CO GAA GO0 GCO ACC OTO ATO AAC OGGT CTG OAA OAA CTC cacC tite
Als Phe Aldls Qle Gly Als Ther Yal Met Ass Oly Lesw Gle Glse Les Atg
348 3453 3¢
GTC AAQ QAA AOGC QAC COC CTIC TCO OGCC OTC AGCC AAT 00C CTC AAG CTC 11613
Val Lys Ols Ser Asp Azg Les Ser Ala ¥Yal Als Ass Oly Lesw Lys Les
383 160 143
AAT QOC OTG OAT TOC QAT OAQ GOC 0AG ACO TCO CTC GIC GTO Cac gac tato
Aes Gly Val Asp Cys Aspy Ols OGly Ols TH?2 Ser Les ¥al Val Arg Gly
370 378 sso
COC CCT QAC GAOC AACG GO0 CTC QOOQC AAC QCC TCO G@C OCC GCC GTC acce 1258
Atg Pre Ap Oly Lys Qly Lenw Oly Ass Als 802 Oly Alas Ala Yal Alas
383 390 398
ACC CAT CTC OAT CAC COC ATC GCC ATG AGC TTC CTC GTC ATO GOC CTC 1306
Tde Hie Los Asp Hls Arg 110 Als Met Sec Phs Lew Val Mot Gly Los
400 408 410 413
OTd TCO OAA AAC CCT QGTC ACO GTO O0AC OAT GCC ACQ ATO ATC 4GCC ACO 13354
Val Ser Olw Ase Pre Val Thr ¥al Asp Asp Als Tht Met lle Ala Thr
420 423 430
AGC TTC CCO GAG TTC ATO GAC CTG ATQ OCC 000 CTIO GAC GCO AAQ AIC 1402
Ser Phe Pre Glu Phe Mot Asp Les Mot Als Oly Les Qly Als Lys 113
433 440 443
GAA CTC TCC QAT ACO AAOD OCT OCC TOATOACCTT CACAATCOCC ATCOATOOTC 1456
Gle Les Sor Aep Tir Lys Als Als :
4350 453
CCOCTACAUAC CAACAAGGOO ACOCICTCAC OCCOTATCOC QOO0AQOTCTAT GOCTTTCATC 13516
ATCTCOATAC GOUCCTOACC TATCGCOCCA CUOGCCAAAQC OGCTOCTCOAT CGCOGCCTOT 15176
CACTTOATOA COAQOCOOTT OCJOCCOATO TCACCCOCAA TCTCOATCTYT GCCEOOCTCO 1636
ACCOOTCOOT OCTOTCAACC CATOCCATCO GCOACOCAOC TTCOAAGATC 0COQOTCATOC 1696
CCTCOOTGCA GCOO00COCTO OTCOAGACAC AQGCGCAGCTT TGCAOCACAT GAQCCAOGCA 1756
COOTACTOGA TOGACOCOAT ATCOGCACOG TOOTCTOCCC QOATGCOCCO 0TAAAQCTCT 1816
ATGTCACCOC OTCACCOOAA O0TOCACOCOA AACOCCOCTA TOACOAAATIC CTCGACAATO 1876
GCOGOTINAC COGATTACEAE ACOATCCTCO AQGOATATCCOG CCACCOCOAC GAGCOOOACA 1936
1000TCA0QC GOGACAOGTICCT TTOAAOCCCO CCGACOATAC GCACT? 1983
( 2 ) NFORMATION FOR S8Q ID MO
( 1 ) SEQUENCE CBARACTIERSTICR

( A ) LENUTI: @3 sniee shly

(B )TYPR: snlee mid

{ D ) TOPOLOCE: Imms

(i1 )MABCLE TYPR putiin

€ 5 1 ) SEBQUINCE DESCRIPTION: £5Q D MO

Gly Als Ser Set Asg Pcre Als Ths Ala Acrg Ly
s

Gly Ths Val Arg tle Psze O3y Asp Lys

Met Ser Rio
1
~-Qly Les Set
0
Atg Ser Phe Mot

0

Ser Sev

49

Phe Gly Oly Los Ala Ses Oly Olu Ths Arg 1le The
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Oly Lew Les Olw Oly Gle Asp Vsl t1e Asa Thr Oly Lye Als Met Gl
S0 s (K]

ls Mot Qly Ala Arg 15e Arg Lyes Ols QGly Asp The Trp 1le (1o
63 1¢
~
Oly Val Oly Ass Oly Glp Les Loes Als Pre Gle Als Pre Les Asp Phoe
[ ¥ ] ?0 [} ]

Oty Asas Als Afa THr Oly Cys Arg Les Thre Mot OGly Les Val Oly Vel
100 108

Asp Ser The Phoe Gly Asp Ala Ber Lew Thr L3s Arg

123

-
- -
[ X 4

Pre Mot Oly Arg Val Les Ars Les Arg Ole Mot Gly Vel Gla Val
130 ’ 139 140

Lys Ser Ols Asp Oly Asp Azg Leu Pre Val The Les Arg Gly Pre
143 150 138

The Pre Thr Pro Met Ala 8er Ala

- o
X
“-e

The Tyr Arg Vsl Ptoe
17¢

-0
- -
"y J

[
L ]
-
-
L]
-

Lys Ser Ala Val Als O3y Lew Asa Thr Pre Gly 1le Ther Tt
180 183

Val 11e¢ Qlu Pre J1e Met THt Arg Asp Bls The Olu Lys Met Les Gla
193 200 103

Gly Phe Gly Als Aen Leun The Val Cls Ths Asp Ale Asp COly Val Arg
210 31 216¢

Tdr lle Arg Les Gls Oly Arg Oly Lys Lesw Thr QGly OGla Yal lle Asp
238 130 133 240

Val Pre Gly Asp Pre Ser Ser Thrt Als Phe Pze Lsu Vsl Ala Ala Lss
343 380 238

Les Val Peo Gty Set Asp Val Thr Ile¢ Los Asa Val Les Mot Asa Pro
360 3463 27

The Azg Thy Oly Les [l1s Les Thtr Lew CGls Olu Met Oly Ala Asp e
3718 2180 388

Ols Yal 1le Asa Pze Arg Les Alg Oly Oly Ole Asp Val Als Asp Lev
9% ) a9s 300

Acg Val Atg Ser Ber Ths Laew Lys Oly Val Thz Val Pre Gls Asp A
3 3

Alas Pre Ser Met Ile Asp Gle Tyr Pzoe lle Les Als Yal Als Alas Ala
333 33¢ 338 .

Phe Ala Gls Gly Als Ths Vel Met Asn Gly Leuw Ols Olw Les Arg Yal
340 3458 3%¢

Lys Ols Ses Asp Asg Les Ser Alas Val Als Asa Giy Les Lys Len Ass
388 360 368

01y Val Asp Cys Asp Gle Oly Ole The Ser Lesw Val Yal Azg Oly Arg
310 318 380

Pte Asp Oly Lys Oly Les Oly Ase Ala Se: O
3

y Alas Alas Val Als T3r
388 ’ 3% )

@0

His Lesw Asp Bie Arg Ile Ala Met Setr Phe Lean Val Met Gly Les V!
403 4190 4t9

Ses Gln Aen Pre Val Th: Val Asp Asp Als T‘t Met t1e Als The Soer
420 438 438

Phe P1e Glw Phe Met Asp Les Mot Als Oly Les Oly Als Lys 1le Ols
433 449 443

Lee Ssr Asp Ths Lys Alas Als
30 33
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{ | ) SBQUINGE CHARACTERISTICR
(A ) LENOTIE 1673 bae pais
(3 ) TYPE: sackeis sid
( € ) STRANDEDINESS: dokls
{ D ) TOPOLOQY: Baser

(1 1 ) MOLBCULE TYPI: DMA (gencumie)

(13)MaRE -
{ A ) MAMIVKET: CDS
( 8 ) LOCATION: #6.14%3

( 2 1 ) SBQUENCE DESCRIFTION: S0Q (D NOwk

QTAQCCACAC ATAATTACTA TAOGCTAGOAA OCCCACTATC TCTCAATCCC OCOTOATCOC [} ]

QCCAAAATOT OACTGTOAAA AATCC ATG TCC CAT TCT GCA TCC CCO AAA CCA 112

Met Sec Eis Ser Ala Ser Pre Lys Pto
t s

OCA ACC GCC COC CAC TCO GAQ OCA CTC ACO GGC 0OAA

ATC CGC ATT cCO 140
Als Th: Ala Arg Arg Ser Qiun Alas Les The Giy Qlu 110 Arg [1e Proe
10 13 30 13
GOC GAC AAG TCC ATC TCO CAT CGC TCC TTC ATG TTT QQC GOT CTC OCA 200
Gly Asp Lys Ser 11e Sert His Arg Ser Phe Met Phe Gly Oly Levw Ala
30 33 X
TCO 0GC OAA ACC COC ATC ACC GOC CTT CTG GAA TGC OGAD OGAC OTC ATC 2356
Ser Oly Ole Thr Afg lle Thg Oly Lesn Lew Olw Aly Gls Asp Vel 1lle
43 50 ss
AAT ACA GQC €COC ACC ATO CAGQG OGCC ATO OGGC GCAO AAA ATC CAT AAA GAQ 304
Ass Tht Gly Asg Als Met OGla Als Met Gly Ala Lys L1le

Atg Lys Olu
6 3 Te

GOGC GAT OTC TOOQ ATC ATC AAC GOC GTC GAGC AAT GGC TOC CTO TTO CaAQC
11e

3ss

Gly Asp Yl Tryp 1 Ile Ass G1y VYal Oly Ass Qly Cys Les Lesn CGla
73 L X ] '3 - '

CCC GAA OCT O0CO CTC GAT TTC AOC AAT OCC QOGA ACC aGC 0CO CaC CrC 400
Pre Ola Ala Ala Lovw Asp Phe Oly Ass Als Gly Thre Gly Als Arg Len
0 L R ] 180 103

ACC ATG GAC CTT OTC GOGC ACC TAT GAC ATG AAQG ACC TCC TIT ATC GOC 449
Thy Met Oly Lew Vsl Oly Ths Tyr Asp Met Lys The Secr Phe [le Oy

110 113 13¢

GAC GCC TCO CTAG TCO AAG COC CCO ATO 0OGC CGC GTO CTO AAC CcCoO ttp 496

Asp Als Ber Leuw Seoz Lys Atg Pre Mot Qly Acrg Vsl Les Ass Pre Le's
128 t3e 133

COC GAA ATO 0OC GTT CAG OTO OAA OGCA GCC OGAT 0GC OAC COGC ATG CcCO 544

Atg Ols Met Oly Val QOla Val Ols Als Als Acp Qly Asp Arg Mot Ptro
T1ee 148 150

CTO ACO €CTO ATC GOC CCG AAO ACO GCC AAT CCO ATC ACC TAT cCoc oTO 393

Les Thez Lew I3e¢ Qly Pze Lys Thr Als Asa Pre 1le The Tyt Arg Vel
158 . 160 163

CCO ATG GCC TCC GCO CAO0 OTA AAA TCC OCC O6TG CTO CTF gcc aar CTC [ X X ]
Pre Met Als Ser Alas Ola ¥Yal Lys Ser Ala Val Les Les Al Oly Les
t70 178 180 188

AAC ACO CCO 0O0C OTC ACC ACC OTC ATC GAOG CCO OTC ATO ACC coc OAC 688
Ass Thy Pre Gly ¥Yal Thr Ths ¥sl 1le Gle Pze Val Met Thet Az Ar»

190 198 300

CAC ACC GAA AAQ ATG CTO CAG GOC TTIT GGC 0CC OAC CTC ACG aGTC GAC 7368

His Ths Gls Lye Met Los Glas Oly Phe Oly Als Asp Leos Thet Vsl Ols
108 310 318

ACC GAC AAQ GAT 0O0C GTA3 COC CAT ATC C€AC ATIC ACC 0a¢C CAQ GGC AAO 784

Tht Asp Lys Asp Gly Val Asg Kis fle Acg I3e Ths Oly Gla Oly Ly
310 228 230
CTT OTC 00C CAO ACC ATC OAC GTO CCO GOGC OATY CCO TCA TCO ACC @cCcC 833

Les Val Gly Ols The 11¢ Asp Yal Pre Oly Asp Pre Ser Seg The Als
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338 240 148
TTC CCO CTC OTT OCC GCC CTT CTQ OTO OAA OGT TCC GAC AGTC ACC ATC 110
Phde Pre Lee Val Ala Als Les Lew Vsl G1s Oly Ser Asp Val T2t t1loe
130 1358 260 348
COC AAC OTO CTG ATO AAC CCO ACC €COT AGC 00C CTC ATC CTC ACC TTO 18
Arg Ass ¥Yal Les Mat Asn Pre The Arg The Oly Lonw Lle Les The Lew
170 113 186
CAG OGAA ATO ObC OCC GAT ATC OAA GTO CTC AAT OCC COT CTT OCA QQC 97¢
Ol Ots Mot Tly Alas Asp [le Glw Vel Leuw Ass Ala Arg Less Als 01y
308 . 1%¢ 393
QQC OAA GAC OGTC GCC OAT CTG COC OTC AO0O0 JGCT TCO AAO0 CTC AAQ aQC 1034
Qly GOls Asp VYal Ala Asp Les Arg Yal Avrg Als Set Lys Loe Lys Qi
300 308 LB Y
GTC GTC OTIT CCO CCO OAA COT 9CQG CCO TCO ATO ATC GAC GAA TAT ¢co 1073
Val Vel Val Pte Pre Ols Arg Ale Pre 3er Meat Ile Asp Olses Tys Proe
3193 3360 338
GTC CTO GCO ATT OCC GCC TICC TTC OCO GAA GAC GAA ACC OTG ATO OAC 1130
Val Les Ala 116 Ala Als Ser Ple Ala Qluw CGly Olw Ths Val Met Arp
1390 333 340 3453
G000 CTC OAC OAA CTO €COC OTC AAG QOAA TCO OGAT COT CTQ OCA GCO OTC 1168
Qly Lew Asp Ol Lesw Arg Val Lys Ols Ser Asp Arg Les Ala Als Val
330 338 360
dCA COGC GOC CTT OAA GCC AAC GOGC OTC QAT T0C ‘ACC O0AA GGC OGAOQ ATO 1216
Als Arg Gly Les Ols Ala Ass Gly Yal Asp Cys Thr Ols Gly Ols Men
368 370 378
TCO CTQ. ACO GTT CAC GOC COC CCC GAC QOGC AAQ JGA CTO GOC QO0C agcC 1364
Ser Lew THhs Val Atg Oly Azg Pre Asp Gly Lys Qly Lesw Qly Qly Oly
380 IR Y} 3Ive
ACO GTT GCA ACC CAT CTC OAT CAT COT ATC 0GCO ATG AGC TTC €TC Q1O 1312
The Val Ale Thr His Lew Asp His Agg lle Ala Met Ser Ple Len Val
39S 400 493
ATG GGC CTT OCG GCG GAA AAQG CCO OTG ACO ATT JAC OGAC AOT AAC @TO 13690
Met Gly Lew Ala Als Glu Lys Pre Val The Vel Asp Asp Ser Asa Mot
410 413 420 428
ATC OCC ACG TCC TTC CCC QAA TTC ATO OAC ATO ATO CCG Q0A TTIO GOC 1408
I1e Ala Thzr Ser Ple Pre Ols Phe Mot Asp Mot Mot Pre Gly Les Oly
430 438 4490
OCA AAG ATC GAO TTO AGC ATA CTC TAGTCACTCO ACAOCGAAAA TATTATITOC 1462
Als Lys 1le Ols Lus 8oz 1le Lew
443
OAGATTOO00C ATTATTACCO OTTOGGTCTCA GCOGGAGTTT AATAGTCCAAT CTTCCATACO 1332
TAACAOCATC AGOAAATATC AAAAAAOCTT TAGAAGOAAT TOCTAGAOCA OCOACOCCOC 15932
CTAAGCTTTC TCAAGACTTC GTTAAAACTO TACTOAAATC CCOO0GOAGTIC COOQGATCAA 1643
ATOACTTCAT TTCTOAGAAA TTGGCCTCOC A 1673

( 3 ) DTORMATION FOR 38Q ID MO

Als

(1 ) SEQUENCE CHARACTIRISTICR
( A ) LENGTIE 440 smins asis
(D ) TYPE: mmine wid
( D ) TOPGLOOY: Saner

€ 4 1 ) MOLECULS TYPE eonin
( 2 1 ) SEQUENCE DESCRIPTION 63Q ID NOS

Ser Ris Setr Ala Bos Pre Lys Pre Als Thr Ala Arg Ars ‘:; Ol
3 10

Les Thz Gly Ole Ile Atg [ie Pre Oly Asp Lys Ser Ile Ser His
20 2s 3
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Arg Ser Phe Mot Phe Oly Ofy Les Als Ser Oly Ole The

Atg lle Ths
s .0 48

Oly Leu Les Qin Oly Ols Asp Yol lle Asa Thr Qly
s0 LR )

Ala Met G117 Ala Lys tle Atg Lye OGlu a1y
70

Asp Val Trp I1le (le Asn
(2]

Gly Val Giy Ass QY Cyoﬁ&oo Les Gls Pre Ols Als Als Lesn Adp Phre
: ) ”e L X ]

Gly Ass Als Gly Thre Oly Als Arg Lew Thr Met Oy
100 108

Len Vsl Gly TH:
1

Tye Asp Mo Lys Tdz Set Phe 1le Gly Asp Als Sor Les Ser Lys Arg
t1 1

Pre Mot Oly Arg Va! Len Ass Pre Les Arg CGlu Mot Oly Val Gla Ysl

Arg Mes Preo Les The Leuw ltle Qly Pre

Gle Ala Ala Aty Gly A
1493 1

Ther Ala Ass Pre 1le Ths Tye Arg Vatl F Met Als Ssr Als Ols Vst
1

Lys Set Ala Vst Lew Loen Ala Q1ly Lesw Asn Tr Pre Oly Val

Thr Th:
180 183 196

Va!l 11e Gluw Pye Val Met Thr Arg Asp Kis Thz Gl Lys Met Les Ola

Qly Phe Gy Ala Asp Les ThH
31

¥Yal Ols Thr Asy Lys Asp Gly Val azg
310

4
] 230

« 11e Acg 1le The Gly Ola Oly Lys Les Val Gly Ola Thr Ile Asp
H]

Val Pte Gly Asp Pre Ser Ser Ty Als Phe Pre Leuw VYal Ala Ala

Len
243 230 233

y 8e¢r Atp Val Thr fle Arg Asas Val Lew Mot Asn Pro
] 143 270

Td2 Arg THt Oiy Les ll1e¢ Lee THhs Leos QGls Olu Me: Qly Ala Asp 1t
278 ase 283

Glu Yal Les Asa Ala Arg Lew Als Oly Gly Gle Asp Vat Ala

Asy Les
390 a9s 300

Arg Val Arg Als Ser Lys Les Lys Oly Val Va Val Pre Pse Olu Arg
31

Ala Pre Ser Mot [3e Asp Olvw Tys Pre ¥Yal Lew Als 11s Als Als 3er
328 330 338

Pre Als Ols Gly Ols The Val Met Asyp Gly Len Asp Oluw Lew Arg VYal
s40 343 EEX |

Lys Gte Ser Asp Arg Leuw Als Ads VYal Als Arg Oy Les Gls Als Ass
333 : 360 365

Qly Yal Asp Cys Thy Olu Gly Ols Mer %7 Lesw Ths Val Asg Oly Arg
370 379 380

Pre Atp Oly Lys QGly Lew OGly Oly Oly Ths VYal Als Thr His Les Adp
Jas 308 398 400

His Arg Ile Ala Mot Ser Phe Lew Yal Met C1y Les Als Ala Glu Lys
409 410 a13

Pre Vel Thr Val Asp Asp Sos Asa Met 11¢ Alas Ths Sor Phe Pte Ols
420 433 430

Phe Met Asp Mot Mot Pro Oly Les Oly Als Lye Ile Ofs Les Sez 1le
43 YY) 44
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( 3 ) DFORMATION FOR $3Q ID NOW

( 1 ) SEQUEMCE CHARACTIRISTICR
(A ) LENGTE: 1500 baee puis
(8 ) TYPR: sockds auld
( € ) STRANDEDIESS: donhile
(D ) TOPOLOGY: fasar

unmmm\u"-‘-m

(Il)ﬂﬂuﬂ>
( A ) NAMBTKIY: CO8
{ B ) LOCATION: 341380
( x 1 ) SBQUENCE DESCRIPTION: 38Q ID NO%&

OTGATCOCOC CAAAATOTOA CTOTOAAAAA TCC ATO TCC CAT TCT OCA TCC CCO

54
Mot Ser Mls Ser Als Se: Pioe
1 3
AAA CCA GCA ACC QdCC COC CAC TCO GAQG GCA CTC ACO QGC OGAA ATC COC 102
Lys Pre Ala Tht Ala Arg Actg 291 Gls Als Les Tz Qly Ol lle Arg
10 13 0
€CCO J0C GAC AAT TCC ATC TCO CAT COC TCC TTC ATO TTT GOC 00T 150
1le Pre Gly Asp Lys Ser lle Ser Hie Arg Ses Phe Me:1 Phe Gty aly
33 30 33
C€CTC OCA TCO QGC JAA- ACC CAC ATC ACC GGC CTT CTG GAA GGC GAG OGAC 198
Les Alas Ser Oly Gls The Arg 11e THs Oly Leuw Les Ols Gly Gle Asp
‘0 43 58 LR |
GTC ATC AAT ACA 64C CGC GCC ATO CAO OCC ATO GOC OCO AAA ATC COT 24¢
Val 1le Ass Ths Oly Azg Ala Met Ola Als Mot Aly Als Lys 13e Arg
60 s 70
AAA 0AQ QGGC OAT GTC TGO ATC ATC AAC GOC OTC QOGC AAT GOC TGC CTO 194
Lys Qlw Oty Asp Val Tep tle 11le Asa Oly Val OLly Ass OGly Cys Les
73 80 ss
TTG CAG CCC GAA GCT O0CG CTC OAT TTC OO0C AAT GCC QOA ACC QOaC QCO 3412
Les Gla Pre Oln Ala Ala Les Asp Phse Oly Asa Ala Gly Thr Gly Als
0 [ 2] 100
CGC CTC ACC ATO CGOC CTT OTC QOC ACC TAT GAC ATO AAQG ACC TCC TITT 390
Arg Len THhr Mot Oly Lew Vai Oty Thr Tyr Asp Met Lys Thr Ser Phe
108 110 118
ATC GOC QAC OCC TCO CTO TCO AAQ COC CCO ATO O0OC COC GTO CTG AAC 433
[le Oly Asp Ala S0z Lenm 8e¢r Lys Asg Pre Mot Gly Arg Val Les Asa
120 138 130 133
€CO TTG CAGC GAA ATG OO0C OTT CAO0 OTO OAA OCA OCC OAT GOC GAC cacC 86
Pre Las Azg Gls Met Oly Val O1s Vel Ols Ala Alas Asp Oly Asp Arg
. 140 143 150
ATG CCO CTG ACO CTG ATC QOC CCO AAQ ACO OCC AAT CCO ATC ACC TAT $34
Met Pre Les The Les Ile Oly Pre Lys The Als Asas Pte lle Thrs Tys
158 ) 160 163
CGC ATO CCO ATO GCC TCC GCO CAOQ OTA AAA TCC OCC QTO CTOG CTC OCC s$112
Arg Val Pre Met Ala BServ Als Ola Val Lys Ser Alas Yal Lew Les Als
170 179 180
G0T CTC AAC ACG CCO GOC GTC ACC ACC UTC ATC OAQ CCG OGTC ATQO ACC 30
Oly Len Asa Thr Pre Oly Val Th: Thtr Val [le Ols Pre ¥Yel Met TOTF
188 190 198
€GC GAC CAC ACC QAA AAG ATO CTG CAQG 0O0C TIT O0OGC OCC OAC CTC ACO 618
Arg Asp Eis Thr Ole Lys Met Les Gls Oly Phe Oly Ala Asp Les The
200 208 1te 11
GTC OAG ACC OAC AAG GAT GAGC GTO COC CAT ATC €AC ATIC ACC QOC CAO 726
Yal Ols Ths Asp Lys Asp Oly Val Arg Kis 1le Arg 30 Ths CGly Ols
13e 138 : 30
00C AAQ CTT GTC GOC CAG ACC ATC OAC GTO0 CCO 00C GAT CCO TCA TCO 174

Oly Lys Losw Yol Oy Gle Thr 11¢ Asp Val Pre Oly Acsp Pre Ser Ses

Case 7:01-ev-00230-BR Document 1 Filed 12/18/01 Page 113 of 184




69

5,633,433

~continued
193 140 248
ACC QCC TTC €CCO CTC UTT GCC GCC CTT CTO OTG OAA OOT TCC OGAC aGTC 1212
Ths Als Phe Pre Les Val Ala Ala Les Leu Vel Ols Gly Ser Asp Vil
350 23S 160
ACC ATC COC AAC OGTO CTO ATO AAC CCO ACC COT ACC 0O0C CTC ATC CTC 170
Tder lls Acg Ases Vsl Les ot Atas Pre Tht Asg THhr QGly Les lle Les
169 760 3178
ACC TTQ CAQ OGAA ATO 04QC QCC GAT ATC OAA Q9TO CTC AAT OCC COT CTT s
The Les Ola Ole Mot OGly Ala Asp 110 Qle Val Les Ass Als Arg Les
3180 3ss 190 19
GCA GOC GOAC GAA OAC GTC GCC GAT CT0 CAC AGTC AO0Q QCT TCO AAQ CTIC XX}
Ala Oly Oly Giu Asp Val Als Asp Lew Arg Val Arg Als 8otz Lyt Les
300 308 30
AAG QQC OTC GTC OTT CCO CCO GAA COT ACO CCQ TCO ATO ATC QAC QAaA 1014
Lys Qly Vsl Val Val Pre Prse Gls Arg Als Pre Sear Met I1le Asp als
313 3190 333
TAT C€CCO OTC CTG GCG ATT GCC OCC TCC TTC QCO GAA QGAC JAA ACC CTO 1042
Ty: Pre Val Les Als I11e Als Als Ser Phe Ala Ols Q1y Olw Tt Vel
330 333 340
ATG OAC Q00G CTC GAC GAA CTG COC GTC AAG OGAA TCO GAT CAT CTG ACA 11t
Mot Aep Oly Leuw Asp Gls Les Arg Val Lys Gls Set Asp Arg Les Als
349 330 358
GCG ATC GCA COGC QO0C CTT OAA OCC AAC GAGC GTC CGAT TAC ACC OGAA dOC 1188
Ala Val Als Arg Oly Les Glsw Als Asa Oly Vsl Asp Cye Thr Ols Qly
360 369 370 313
GAG ATO TCG CTG ACG OTT COC GOC COC CCC GAC OGGC AAQ GOA CTO COC t206
Ols Mot Sor Les Thet Yol Arg Oly Azg Pre Asp QGly Lys Oly Lew Oy
’ s 388 390
GGC Q0C ACO GTT OCA ACC CAT CIC GAT CAT CAQT ATC OGCO ATE AQGC TITC 1254
Gly Oly The Vel Als Thr His Leu Asp Bl Arg f1e Ala Mot Ser Phe
393 400 4083
CTC GTG ATO 0O0C CTT GCO OCO GAA AAG CCQO GTQO ACO OTT GAC GAC AOGT 130132
Les Vsl Met Oly Lew Als Als Gls Lys Pre Vel The Val Asp Aty Ser
419 418 430
AAC ATO ATC GCC ACO TCC TIC CCQ GAA TTC ATOG OAC ATG ATG CCO CGOA 1380
Ass Mot Ile Ala Thr Sec Phe Pro Glun Phe Met Asp Mot Mot Pre aly
413 430 433
TTO GOC GCA AAG ATC OAQG TTO AGC ATA CTC TAOTCACTICO ACAQCOAAAA 1400
Lew Gly Ala Lys 11e Qls Lew Sez 1le Loes
440 443
TATTATTITOC OAGATTOOAGC ATTATTACCO GTTOGGTCTCA GCJ0QGGOTTT AATOTCCAAT 1460
CTTCCATACO TAACAGCATC AGGAAATATC AAAAAAQCTT t3500

( 3 ) INFORMATION IKR S5Q ID NO‘h

Met

1
Als
Aty

aly

¢ 1 ) SEQUIDNCE CRARACTIRISTICR
(A ) LENGII: 449 smine sids
(D )TYPR: omins ocid

( D ) TOPGLOGY: Snear

(1 1) MOLBCULE TYPE: pronin

{ 2 1 ) SBQUENCE DESCRIFTION: $2Q ID NOR

Les

Les Los Gl Oly Gl Ay

Bls

The

Phoe
33

Als
s

Ser Pt

Gly Gls lle Az

Qly Oly

Lys

Lesn
L3 ]

Yal

Pre
L ¥

Als

Ala

te

Qly Aep

Ser Qly

Ass The

The

Als

Lys

Gte

Gly

At g

The
43

Arg Al

Arg

Atg

Ser
13
Sor

1le

The
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30 $s (1]

Met Oly AlJa Lys 11e Aeg Lys Gls G2y Asp Val Try 1le 116 Ass

Qly Vsl Oly Asa QO Cys Leuw Len Gla Pre Ote Alas Ala Les Asp Phoe

ly
' 20

3
Qly Ass Als Oly The Oly Als Atg Les Thz Met Gl Les Vo

100 108 - 11
Tye Asp Met Lys The Ser Phe 1o Oly Asp Als Sez Lew Set Lys Arg
118 1320 118

Pre Met Gly Azg Vsl Les Ass Pre Law Arp Gle Mst Oly Val Gta Val
130 138 140

Gls Alas Als Asp Oly Asp Arg Met Pre Les ThHs Lew lle Oty Pre Ly
149 150 1353

Tht Als Asa Pre 1]e Thr Tyr Arg Val Proe Met Ala Ser Alas Qs Val
163 170 118

Lys Ser Als Vsl Lew Les Ala Oly Les Ass The Pte Oly Val TH: Th:
189 185 199

Val 1ls Gl Pre Val Met Ther Acg Asp His Ths Gle Lys Met Les Gla
193 100 208

Qly Phe Oly Ala Asp Loes

Yal Ols The Arp Lys Asp Oly Val arg
10

[V ]
-
“=

-]
-

Bis 1le Azg 11e The Qly Gly Lys Len Vsl Gly Gla The Ile Asp
333 330 233 240

Val Pre Oly Asp Pre Ser Set THr Ala Phe Pre Lenwn Val Alas Als Les
148 31350 138

Lew Val Gl Oly Setr Asp Val Thr 11e Arg Asa Val Leu Mot Asa Pro
260 268 270

The Arg Ths Oly Loesw lle Lew Ths Les QGls Ols Met Oly Als Asp 1l
32718 80 183

Gle Vsl Lew Ass Als Azg Lew Alas Gly Gly Gl Asp Val Als Asp Loes
190 193 300

Atg Val Arg Ala Set

[ o
-y

Lew Lys Gly Val Val Vsl Pre Pre Glu Arg

o=
-
-
-
-
»
(-]

Als Pre Ser Mot

4
-
-

1le Gls Tyse Pre Ysl Les Ala lle Ala Als Ser
118 330 338

Phe Ala Olu Gy Ols Ths Val Met Asp Gly Les Asp Ols Len Arg Vsl
340 3458 3350

Lys Gls Sos Asp Azg Lew Ala Als Val Als Arg Gly Len Ols Als Ass
339 360 368

Gly Val Asp Cys Thr Ols Gly Ols Met Ser Less The Val Asg Oly Arg
370 378 380

Pre Asp Oly Lys Oly Les Oly Gly Gly The Val Als Thzr His Les Asp
38 3900 3958 40¢

Bis Arg Lle Alas ﬁcl Ses Phe Les Val Met Oly Levw Als Ale Gle Lys
403 410 613

Pre Val The Val Asp Asp Ser Asa Met 11e Ala Thr Sec Phe Przo QOle
¥ 1] 433 430

Phe Mot Asp Mot Mot Preo Ol1y Les Oly Als Lys 1le Ols Les Ser ttle
433 440 (X}

Les

{ 3 ) INFORMATION POR 53 [D MO

( 1 ) SBQUENCE CHARACTERSTICR
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(A ) LENOTR: €3 emine aolide

(9 ) TYPE: omiow wid .
( € ) STRANDEDNEES: sagle

(D ) TORRLOCY: hews

(11 )MOLBCULE TYPE: gremin
(1 1 ) SEQUENCE DESCRIPTION: $BQ B NOd

Ser Les Thte Lew Gl Pre Ile Als Azg Vel
1 ] 10
Peo Gly 8Ses Lys Ths Val 86z Ase Arg Als Laes

Les Lew Als Ala Lo
0 s - 30

Als Bis G1y Lye THhe Val Lew TH: Asas Loes

Lew Asp Ser Asp Asp Val
3 40

43

Arg Nis Met Lew Ass Als Leuw Thr Ala Lew Gly Val Ser Tysr Ths Les
50 59 0

Ser Als Asp Atg Thz Arg Cys Glse 11e 1le Q1 AQ- Qty Oly Prae Les
[} ] 70 13

HBis Als Ols Oly Ala Les Olw Leuw Phe Les Oly Avs Ala Gly Thr Als
5 ’0 s

Mot Arg Pre Lenw Als Ala Als Les Cyo Loew Oly Soesr Asa Asp lle Vel
100 108
Les Thr Oly Gle Pre Arg Met Lys Olu Azg Pre I1le Gly His Lesw Val
t1s 120 138
Asp Als Lew Arg Les Oly Gly Ala Lys I1e Thr Tyr Les Olw Ola Gla
138 138 140

Ass Tyt Pse Pre Loes Acrg Lew Gla Tly Gly Phe The Oly Gly Asa Val
148 150 133

169
Asp Vsl Asp Gly Ser Val Ser 8sr Olas Phe Lew Tht Ala Lew Les Met
163 170 178

Thr Als Pre Lenw Ala Pre Olw Asp Thr Val Ile Arg lle Lys Qly Asp
180 188 190

Les Vsl Ser Lys Pre Tys I1le Asp [le Thr Lew Ass Lew Met Lys Tar
198 200 108

Ple Oly Val Qls lle Ols Ass Gla EHis Tyr Qla Gla Phe Val Vali
110 313 330

dly Gly QGia BSer Tyr Ols Ser Pre Oly TAr Tys Len Val Ole Oy Acep

338 230 338

Ala Ser Set Ala Ser Tyr Phe Leuw Ala Als Als Als Lle Lys Oly Oly
248 350 35S

Ths Val Lys Val Thr Oly 1le QGly Asg Asa Ser Met Gla Qly Asp Il
360 368

Acg P90 Ale Asp Yal Les QGlsw Lys Mot Gly Alas Thy

Cys Trp Oly
318 s

Asp Asp Tye 11e¢ Ser Cys Tht Arg QOly Gls Lew Ass Als [le Asp Mot
190 193 300

Asp Mot Asn Eis 11e Pre Asp Als Als Met Thr 11e Ala Thr Alas Als
308 s1¢ 318 3360

Les Phe Als Lys Oly The Ths Arg Les Azg Asa Jle Tyt Asas Trp Arg
Val Lys Gle Ths Asp Asg Lew Phs Ala Met Als Ths Gle Les Arzg Ly
340 : 343 350

Vsl Oly Als Gls Val Ols Gls Oly Ris Asp Tys Ile Arg 1ls The Proe
338 360 349

Pre Oflu Lys Loes Asan Phe Als Ols 1le Ala Ths Tys Ass Asp Nis Asg
370 378 380
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Mot Ala Mot Cys Pho Ser Lew Vol Als Loew Ser Asyp The Pre Val Thre
IS 300 39S ) 400
Ile Les Asp Pro Lys Cys Thr Ala Lys Ths Phe Pre Asp Tyt Phe Gl
403 410 a1
Gls Lew Ala Aczg 119 Ser Ol
420 ~
( 3 ) INFORMAIION FOR £8Q [D NOR
( | ) SBQUENCE CRARACTEISTICK
( A ) LENOTE: 1377 hae peiss
( 9 ) TYPE: mocisis asid
( € ) STRANDEDNESS: dowhle
( D ) TOPOLOGY: Saner
( § § ) MOLACULE TYPE: DNA (genamis)
( 5 1 ) SEQUENCE DESCRIPTION: SBQ ID NO#:
CCATOOCTCA COOTOCAAGC AOGCCOTCCAG CAACTOCTCO TAAGTCCTICT CQTCTITITCTIO 40
CGAACCOTCCO TATTCCAQGOT OACAAQGTCTA TCTCCCACAG GTCCTTCATAG TTTOGAQOTC 120
TCOCTAGCOO TOAAACTCOT ATCACCOGQTC TTITOOAACG TOAAQGATATT ATCAACACTO 180
OTAAGOCTAT OCAAGCTATG GOTOCCAOAA TCCOTAAOGOA ASOTOATACT TOOQAICATIO 240
ATOOTOTTOO TAACOOTGOA CTCCITOCTC CTOAQAGCTCC TCTCOATTTIC QATAACACTO 300
CAACTOOGTTO CCOTTTOACT ATQOGTCTTO TTOGTOTTTA COATTTCOAT AQCACTITTCA 360
TTGATOACAC TTCTCTCACT AAQCOTCCAA TOQATCOTOT GTTAAACCCA CTTCOCTAAA 420
TGAOOGTOTOCA OGTOAAQGTCT OAAOACOOTO ATCOTCTTCC AUTTACCTTO COTOOACCAA 480
AQGACTCCAAC GCCAATCACC TACAGOGOTAC CTATOOCTTC COCTCAAOTG AAQGTCCOCTO 340
TTCTOCTTOC TAOTCTICAAC ACCCCAGOTA TCACCACTOT TATCOAOCCA ATCATOACTC €00
OTOACCACAC TOAAAAGATG CITCAAOOTT TTOUOTOGCTAA CCTTACCATT OAGACTOATO (£} ]
CTGACOOTGT GCOTACCATC COTCTTOAAG GTCOTOGTAA GCTCACCGGT CAAGTOATIC 710
ATGTTCCAGG TOATCCATCC TCTACTOCTT TCCCATTOOT TOCTACCTTO CTTATTICCAD, 780
OTTCCOACAT CACCATCCTT AACOTITTOA TOAACCCAAC CCOTACTOOT CTICATCTTOA s40
CTCTAGCAQOGA AATOOOTOCC GACATCOAAGC TOATCAACCC ACGTCTTACT O0QTOGAOAAOD 200
ACGTGOCTOA CTTOCGTOTT COTTCITCTA CTTTOAAGGG TOTTACICGTIT CCAGAAQACS o6
GTACTCCTTC TATOATCGAC OAGTATCCAA TTCTCOCTOT TOCAQCTACA tTCOCTO‘AO 1030
OTOCTACCOT TATOAACGOT TTOUAAGAAC TCCOTOTTAA GOAAAGCAAC COTCTTITCTO 1080
CTOTCOCAAA CAOTCTCAAG CTCAACUGTO TTOATTOCGA TUAAQUTOAD ACTICTCTCO 1140
TCOTOCOTO0 TCOTCCTAAC OOTAAGGOGTC TCOOTAACOC TTICTOGAGCA GCTOTCOCTA 1300
CCCACCTCOA TCACCOTATC OCTATOAGCT TCCTCATTAT dOOtCTCOT! TCTOAAAACC 1360
CTATTACTOT TOATOATOCT ACTATOATCO CTACTAQGCTT CCCAQAOTTIC ATQOATTTOA 1330
TOOCTOOTCT TOOGAOGCTAAOG ATCOAACTCT CCOACACTAA GOCTACTTOA TAAOQGCTC 1377

(3)mnnu¢wnmlunbnan

( 1 ) SBQUENCE CRARACTERISTICK

(A ) LENGTIE 316 base puies
(D ) TYVE: sedds ssid
( € ) STRANDEDNESS: dovbls
{ D ) TOPOLOGY: Saemr

(11 )MOLBCULE TYPE: DNA (gaasusis)
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( A ) NAMIVKIT: CDS
( 3 ) LOCADON: 7347

( & 1 ) SEQUENCE DEICRIPTION: $8Q D NO:itk
AGATCTATCO ATAAGCTTIOA TOTAATIOOA

COATTIACTIC AATTOGAAQTT TCTCCO ATO

~
Mot Als Gla Val
1

OG0T OGTA CAQ AAC CCA TCT CTT ATC TCC AAT C€TC
Oly Val Ols Asa Ptre Ser Lew lle Ser Ars Lo
10 13 30

COC AAA TCT CCC TTA TCO GTT TCT CTO AAQ ACO
Atg Lys Ser Pzeo Lon Ser Vsl Ses Lesw Lys The
so 33

GCT TAT €CCO ATT TCO TCO TCO TOO QO0A TTQ AAG
Ala Tyr Ptae t1le Ser Ser 3¢5 Trp Qly Leuw Ly
48 50

TTA ATT 0QC TCT OAQ CTT COT CCT CTT AAQ aTC
Les Il1ls Oly Ser Olu Leuw Asrg Pze Les Lys Val
[ X ] 6s

ACO 0CQ TOC ATG C
Thr Als Cys Mot
73

(2 ) INFORMATION FOR 38 ID NO:t1:
( 1 ) SEQUENCE CHARACTERISTICE:
(A ) LENGTH: 77 smise scis
(9 ) TYPE: amine scid
( D ) TOPOLOOY: Susar
(1 | ) MOLACTLE TYPE: promia
(T i )SEQUENCE DRSCRIPTION: 8] ID NO:iL:

Met Alas Ols Val Sez Arg 11e,Cys Ass O1ly Val
1 3 to

Ile Sesr Ats Lenw Sar Lys Se: Ser Ols Atg Ly
20 33

Set Les Lyese Thr Gla Ola His Pre Arg Als Tye
38 40
Tetp Oly Lew Lys Lys Ser Oly Met Thr Lew Il
se ss

Pre Les Lys Vsl Mot Ser Ser Val Ser Thy Als
¢S - 10 73
( 1 ) INFORMATION FOR 357 ID NOL2:
( 1 ) SBQUENCE CRARACTERISTICN

(A ) LENOTIE €3 base pairs

(9 ) TYFS: snclels anbd

{ © ) STRANDEDNESE: dovhle

{ D ) TOPOLOGY: e

(1 i ) MOLBCULE TYPR: DNA (pusamis)

(n 1 ) SBQUENCE DESCRIPTION: $3Q D Ntk

AOATCTATCO ATAAOCTTOA TOTAATTIJGA OGGAAGATCAA AATTTTCAAT CCCCATICTT

COATTOCTTC AATTGAAGTT TCTCCO ATO GCG CAA OTT AGC AGA ATC 10C AAT

QOAAGATCAA AATTTTICAAT CCCCATTCTT
GCO CAA OTT AGC AGA ATC TAC AAT

Ser Arg 11a Cys Ass
3

TCO AAA TCC AQGT CAA
et Lys Set Set Ola
s

CAQG CAQ CAT CCA COA
dla Gla Bis Pre Asg
40
AAQ AGT QA0 ATO ACQO
Lys Set Oly Met Th:
$s
ATG TCT TCT OTT TCC

Mot Ser Ser Val 8e1
70

Ole Ass Pre Sor Lo

Setrt Pre Les Ser Yi1l
30

Pre Jle Sez Sec Sev

Gly Ser Gluw Lesw Arg

Cyeo Mes

113

161

308
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Met Alas Ola Vsl Ber Arg tle Cys As
] ]

GOT GTO CAO AAC CCA TCT CTT ATC TCC AAT CTC TCO AAA TCC AGT CAA
Gly Val Gls Ass Pre Sey Lev Ile¢ 802 Ase Lee BS0r Lys Ses S0 Ol
10 13 3 s

COC AAA TCT €CC TTA TCO GTT TCT CTO AAO ACO CAQ CAO CAT CCA COA

109

Arg Lys 801 Pre Loen 3 Val 8er Lonw Lys Ths Ol Glas Hls Prs Arg

; 30 33 40
QCT TAT CCO ATT TCO 7TCO TCO TAQ QAA TIO AAG AAGQ AOGT 00Q ATO ACO 137
Als Tyr Pre Ile S0z Ser Ser Tsp Oly Lesw Lys Lys Ser Gly Met Thre

4 50 LR ]
TTA ATT O0GC TCT OGAQG CTT COT CCT CTT AAQ0 OTC AT3 TCT TCT OTT TCC 303
Len l1e Oly Sor Gls Les Arg Prse Lew Lys Val Met Ser Ser Val St

(X} L} 70
ACG GCQO OAG AAA OCO TCO OAQG ATT OTA CTT CAA CCC ATT AQA OAA ATC 3513
The Ala Qls Lys Alas Ser Ol Ile Val Leuw OGls Pre lle Arg Gl 11
78 $0 '3
TCC 0GT CTT ATT AAQ TTOG CCT Q0L TCC AAQ TCT CTA TCA AAT AQA ATT 401
Ser Oly Leunw Ile Lys Lew Pro Oly Sar Lys Ser Len Ser Ass Arg lle
L N ] 9s 10¢

c 402

( 3 ) INFORMATION POR SHQ ID NO:3:
( 1 ) SBQUENCE CHEARACTERISTICS:
( A ) LENGTH: 103 amine wids
{3 ) TYPR: smise acid
( D ) TOPOLOOT: famir
(1i )MOLECULS TYPE: premin
(2 i ) SBQUENCE DESCRIPTION: S2Q ID NCkih

Met Als Gla Vsl Ser Arg 1le Cys Asa Oly Vel GQGla Asa Pre Ser Lew
1 s 10 13

Ile Sez Asts Les Sert Lys Ser Ser OGla Arg Lys Ser Pre Les Ser Vil
0 33 30

Ser Lew Lys Thr Gla O1a Bls Pre Arg Ala Tyr Pre [le Ser Ser Sect
3s 49 ) 48

Tep QGly Leow Lys Lys Ser Gly Mot Thre Len lle Gly Ser GQGlu Len Arg
30 ss ‘0

Pto Lew Lys Val Mot Ser Ser VYal Ser Thr Ala Ole Lys Alas BSer Ol
‘s T7e 7 0

Ile ¥sl1 Lew G1s Pre $1e¢ Azg Olsn 1lo Ser Oly Leuw 1le Lys Len Pro
L ¥ ] ’0 [ X

Gly Ser Lys Ser Loew Ser Asa Arg
100

.
O -
“ e

{ 3 ) INFORMATION FOR S5Q 1D NOui

( | ) SEUINNCE CHARACTINGSTICR
(A ) LENOTES 233 b pacs
(3 ) TYPR: nelais ald
( € ) STRANDEDRGISS: debls
(D ) TOPOLOOTY: Tser

(4 1 ) MOLBCULE TYPR: DA (gmamis)
(11)FRATURS

( A ) NAMIVKETY: CDS

(B ) LOCATION: 14252

{ & 1 ) SBQUENCE DESCRIFTIOM: S5Q ID NO: M
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82

AGATCTITCA AGA ATO OCA CAA ATT AAC AAC ATO OCT CAA 0QO0 ATA CAA

Met Alas Ol lle Asa Ass Mot
1

ACC CTT AAT CCC AAT TCC AAT TTC CAT
Tht Lew Ass Pre Asas Sa3 Asa Phe Ris

13 30

TCA AGT TTT CIT OGTT TTIN00A TCT AAA
Set Seor Phe Les VYal Phe Gly 8e¢c¢ Ly
3e 3s

TCT ATO TTO OTT TTO AAA AAA GAT TCA
Ser Mot Les Vsl Les Lys Lys Asp So:¢
(¥ 10

TCC TTT AGO ATT TCA GCA TCA OGTG QacCT?T
Set Phe Acrg lle 8¢z Ala Ser Val Ala
(¥ ]

{ 3 ) NFORMATION FOR SBQ ID NO=1%
( i ) SBQUENCE CHARACTERISTICS:
(A ) LEBNOTH: 73 mslee scidh
(3 ) TYVE: anine sid
( D ) TOrCLOGY: hymar
(Vi) MOLBCULE TYPE: prosin
{ 2 i ) SEQUENGCE DESCRIPTION: SEQ ID NCOx1S:

Met Ala G1a Ile Ars Ass Met Alas Ol
1 s

Asas Ser Ass Phe HBis Lys Pte Oln Val
10 3

Val Phe Oly 3er Lye Lye Len Lys Ass
Les Lys Lys Asp Soer lle Phe Mot Qla
se $s
Ses Ala Ser Vsl Ala Tir Ale Cys Mot
¢S 70
{ 3 ) INFORMATION FOR SBQ ID NO:3ke
( i ) SEQUENCE CEARACTERISTIC
( A ) LENGTIE 352 base puim
(D )TYPR: enelels snid
( € ) STRANDEDNESE: dwsbls
(D ) TOFPOLOOT: Seamr
¢ 1 1 ) MOLECULE TYPE: DINA (gensusie)
(| 2 ) MRAUKE
( A ) RAMBXETE CDO
(B YLOCADON: 4351

( & § ) SRQUENCE DECRIPTION 557 ID MOuk

AGATCTOCTA GAAATAATIT TOTTTAACTT TAAGAAOQGAC

ATT AAC AAC ATG OCT CAA QGO ATA CAA
11e Asu Asn Met Als Ola Oly 11 Gla

TTC CAT AAA CCC CAA OTT C€CT AAA TCT
Phe Bis Lys Pre Qs ¥Yal Pre Lys Ser
0 33

TCT AAA AAA CTO AAA AAT TCA OCA AAT
Ser Lys Lys Les Lys Ass Beor Alas Asa

AAA
Ly

AAA
Lys

ATT
tle

ACA
The
70

Lys

ACC
The

ICA
Ser

TCT
$aes

CCC CAA
Pse Ol

CTAO AAA
Les Ly
40

TTT ATO
Phoe Mot
59

gcc tocC
Ala Cyo

Lys Ser

Als Asa

Phe Cy

CTT AAT
Les Asn
135

AQ0T TTIT
Ser Phoe
30

ATO TTO
Mot Les

erT
Yal
23

AAT
Ass

CAA
Otls

ATO
Mot

Thre

cece
Pre

cT?
Les

aT?
Yal

10
CCT AAA
Pre Ly

TCA QCaA
8er Ala

AAQ TTIT
Lys Phoe

[

Lew A

Ser Phoe

Met Les

Phs Arg

Mot Alas Ol

1
AAT TCC
Ass Set

arT TITY
Val Phe

TTO AAA
Les Lys

Als Gla Ol 1le Ots

TCc?T
Ser

AAT
A

TQ7T
Cys
(X

Pro

Les

Yal

ATATATCC ATO OCA CAA

AAT
Ats

a0A
ely
LR ]

AAA
Lys

49

”?

193

57

108

1893

201
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GAT
Aoy

QTQ
Val

QAQ
Qls

AGA
Atg
100

TCA
Ser

acT
Als

AT?T
ttle
L ¥

ATTY
1le

40

ATT TTT ATO CAA AAQ TTT T0OT
Ilea Phe Met Gla Lye Phe Cyo
$s (X ]

ACA OCA CAQG AAQ CCT TCT OAOQ
Tht Als Ol L)V Pre Bes Ola
70 73

TCA O0OQC ACT GTT AAA TTO CCT
Ser Oty The Val Lys Les Ptoe
) ?0

( 3 ) INFORMATION FOR $BQ ID NO:tR

Les

( i ) SBQUENCE CHARACTERISTICS:

( A ) LENGTR: 101 amiso scide
(B ) TYPE: smise acld
( D ) TOPCLOQY: hasay

() i ) MOLECULE TYPE: protsia

(z 1) SEBQUENCT DESCRIFTION: SBQ ID NI

Als

Sar

Phs

Sez

Gls fte Asa Ass Mot Als Ols
3

Ass Phe His Lys Pte Gla Val
30 23

Oly Ser Lys Lys Les Lys Ass
3s 40

Lys Asp Ser lle Phe Mot Gl
LR

Ssr VYal Als Thr Als CGla Ly
10

Lys Gl 1 Ser Oly Thre Val

Asa Aszg 11l
108

{ 2 ) INFORMATION POR SBQ [D Nk

(i)

SBQUENCE CEARACTIRISTICR
(A JLENOTE: 38 anine ais
(B ) TYPE: anies s
{ © ) STRAIDEDNESS: daght
( D ) TOPCLOOT: Baswr

(1§ ) MOLECULE TYPE: poptide

€ & 1 ) SOQUENCE DESCRIPTION: S8Q ID MOk

1

‘3

TCC
Ser

Qac
a1y

Sert

Lys

Pere

Lys

TTT
Phe

aro
Vail

TCT
Ser

Lys

Ala

Phe

Se1
13

AQGO
Acg

TT0
Les

AAA
Lys
s

Gls
See
Ass
Cys
ol

CAA
Qls
80

TCA
Ser

The

Sezx

Ser

atly

se
TCA OCA TCA
Ser Als Bey
(X ]
CCC ATT AAA
Pre lle Ly

TTA TCT AAT
Lew Soer A

Les Ass Pre
1S

Ser Phe Lss
30

Met Laes Vol
Phs Arg 1l
Val Leew CGlna

et Ly Ser

Xaa Hle Gly Als Sear Sos Arg Pre Ala Thr Alas Arg Lys Ser Seo¢ Gly
s

Lesw Xaa Oly The Val Arg Jle Pres Gly Asp Lys Met

( 3 ) DEORMATION FOR 35 1D NO:th

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01

( | ) SEQUENCE CRARACTIRISTICR

(A ) LENOTI: 13 amive silds
(D ) TYPR: aine aeld
( C ) STRANDEDRNGSS: singls
{ D ) TOPOLOOT: finesr

(11 ) MOLBCULE TYPE: pepde

149

197

343

381
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(1 1 ) SEQUENCE DRICRIFIION: SEQ D NO:th

Als Pre Ber Mot 11e¢ Asp Qls Tys Pre tle
3

Les Als Vel
1

{ 1 ) INTFORMATION FOR 58Q ID NOX
( i )sBQUBRNCS
€ A ) LENGTE: 1S anine acis
(3 )TY?E: snine ekl
( € ) STRANDEDNESS: single
( D ) TOPOLLOY: lnaer
(11 )MOLBCULR TYPR: pepiide
{ 2 i ) SBQUENCE DESCRIPTION: SBQ 1D NOZX
Ite Thr Oly Lew Les OGlu Gly Gls Asp Val fle Asa The Oly Ly
1 3 10 13
{ 2 ) INFORMATION FOR SEQ ID NO31:
(i ) SBQUENCE CHARACTERISTICR
( A ) LENCGTIR: 17 base puim
(B ) TYPR: anlsls odid
( € ) STRANDEDNESS: single
{ § ) TOPOLOOY: henar

(i1 )MOLECULS TYPR: Other suciis acil
( A ) DESCRIPTION: Systhatis DNA

( x i ) SBQUENCE DESCRIPTION: SBQ 1D NOa1:

ATGATEQGA YQG ARTAYCC 17

( 3 ) DPORMATION FOR SEQ [D NOZR
( i ) SEQUENCE CHARACTERISTICR
( A ) LENGTI: 17 bese poims
( B ) TYPE: mclein snld
( € ) STRANDEDNESS: siagle
(D ) TOFROLOOY: Renay

(11 ) MOLACULE TYPE: Othar suchuls scil
( A ) DESCRIPTION: Systhedis DNA

( = 1 ) SBQUENCE DESCRIPIICH: SEQ ID NO3R

OAROA YOGTNA THAACAC 117

{ 1) INFORMATION FOR S5 ID NOSN
( 1 ) SBQUINCS CEARACTERISTICR
(A ) LINOTE 37 twse puim
(3 ) TYPE: sanlele ssid
( € ) STRANDEDNEDK: single
(D ) TOPOLOOT: Smer

(1 | ) MOLACTRLA TYPE: Ober smiais ouid
( A ) DESCRIPTION: Systhale DNA

( = | ) SEQUENCE DEXRIPTION: $BQ D NOSk

GARGA YOTNA THAATAC 1

( 2 ) DNFORMATION FOR $5Q ID NOO&

¢ 1 | ) MOLECIULE TYPE: O anchuis suld

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 122 of 184




. 5,633,435
87 88
N -continued
{ A ) DESCRIPTION: Sywhetls DNA

( 5 1 ) SEQUENCE DRICRIPTION: 38Q ID MOk

COTOQATAGA TCTAQOOAAGA CAACCATOAC TCACOQQATC 38

( 1 ) INFORMATION FOR SBQ ID NO2$:

{ i )MOLBCULE TYPR: Other ouciais scid
( A ) DECRIPTION: Sywbeis DNA

( 2 | ) SBQUENCE DESCRIPTION: SBQ D NO:S:

GOATAGATTA AGOAAOGACOC GCATAGCTTCA COOTACAAOC AOCC ‘4

{ 3 ) INFORMATION FOR $BQ ID MO

(1 ) SBQUENCE CHAZACTERISTICR
(A ) LENOTI: 35 hase puiss
(B ) TYPR: macksic acid
( € ) STRANDEDNESS: singls
( D ) TORCLOGY: Snear

( i i ) MOLBCULE TYPE: Oher sucisic scid
{ A ) DESCRIPTION: Sywhasls DA

( 2 i ) SEQUENCE DESCRIPIION: SEQ ID NOAk

QOCTOCCTOA TOAGCTCCAC AATCAGCCATC OATOO 33

{ 1 ) DNFORMATION FOR SBQ ID NO2Ts

( 1 ) SEQUENCE CHARACTERISTICR
( A ) LENGTE: 32 base puime
(B ) TYPE: ancleis aid
( € ) STRANDEDNESS: singha
( D ) TOPOLOTY: Sanar

(1 i ) HOLECULE TYPE: Oshar suclele scid
{ A ) DESCRIPTION: Symhads DNMA

( 3 i ) SEQUENCE DESCRIPTION: S5Q ID NOZH

COTCACTICOAT COTOCATAAC CQOCCCTGACO aC 312

( 2 ) DNFORMATION FOR S8Q 1D NO2K

(1 ) SEQUENGE CRARACTIRISTICR
(A ) LENGTE: 29 base poiss
(B ) TYPR: ancheie asld
( € ) STRANDEDNESS: sdagls
{ D ) TOFOLOGT: Ssemr

(11 )MOLECIRE TYPR: Ofar mackels oed
€ A ) DESCRIPTION: Sywdasis DINA

( = § ) SEQUENCE DESCRIFTION: SEQ ID NO2N

COQUCAAJAC CATOCAOGAGCT ATOCGACOCC 2

( 1 ) DTORMATION FOR $3Q ID NO2

(| ) SEQUADNCE CHARACTIRISTICN:
(A ) LENOTE: 31 hase gaiss
(B ) TYPR: mclels asld
{ € ) STRANDEDNESS: singhs
( D ) TOPGLOOY: Rassr

¢ 11 ) MOLBCULE TY?E: Ohar awisls suld
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( A ) DRSCRIFTION: Sywihusts DA
(& | ) SEQUINGE DEICAIPTION: S8Q ID MOk

€C0g0CTACCO CCTAACTATO QQ0CCTCATCO O 1

( 2 }INFORMATION FOR SBQ 1D NOIR

(l)ﬂ@lc:uuuwnna:a,‘
( A ) LENGTE: 15 suine acids
< 8 ) TYPR: smine aaid
( € ) STRANDEDKESS: dagle
( D ) TOROLOQTY: hnser

( 1 § ) MOLECULE TYPE: pronin
( & 1 ) SEQUENCE DESCRIFTION: SBQ ID NOSQ:
Xas Ble Ber Als Ser Pre Lys Pre Ala Tdz Als Arg Arg Ser Ol
1 . ] 10 13
( 3 ) DNFORMATION FOR SBQ [D NO31L:
{ 1 ) SBQUENCE CHARACTENISTICS:
( A ) LENOTE: 17 tam puise
( 9 ) TYPE: waclels asid
( € ) SIRANDEDNESS: singls
( D ) TOPOLOOY: Sasar

(11 ) MOUBCULE TYPE: Other sacleic asid
( A ) DESCRIPTION: Sywhesis DINA

(2 i ) SOQUENCE DESCRIPTION: $BQ ID NOA:

gCOO0TIO0CS0 GYTTSAO 17

( 1 ) INFORMATION FOR SBQ ID NO22:

(| ) SEQUENCE CHARACTERISTICK
(A ) LENGTE: 3 amino acids
(3 )TYPR: amine asld
( € ) STRANDEDNESS: single
( D ) TOPOLOQY: Smear

(i i ) MOLECTRE TYPE: pagtide
(;:)nuuu:um:rmnnnmuxu
Pee Oly Asp Lys Saz fle Ser Bls Arg Ser Phoe Met Phe Gly Oly Las
1 s 10 13
( 2 ) INFORMATION FOR S50 1D NOAS;
( i ) SEQUENCE CEARACTIRISTICK:
€ A ) LENOTIK 13 aniee abls
{3 ) TYPk suies mid
{ © ) STRANDEDIUSS: sagle
{ D ) TOPCLOOY: ey
(1 1 ) MOLRCILE TYPE: paptids
( = 1 ) SEQUENCE DESCRIPTION: 30Q ID NO3%
Les Asp Phe Oly Asa Als Ala Tht Gly Cys Arg Les The
1 s 10
( 3 ) DETRMATION FOR S5Q 1D NOS&
( 1 ) SEQUENCE CHARACTIRISTICR
( A } LENOTE: 2% bae pain
(D )TYPE: muclels ashd
( € ) STRANDEDNESS: single
( D ) TOMOLOOT: Baewr

(1 1) MOUBCULR TYPE: Othar wuclels sald
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( A ) DRSCRIPTION: Synthtls DNA
( = | ) SBQUENCE DRSCAIFTION: S5 1D MOk

COOCAATOCC OCCACCOOCA CocCoace

( 3 ) INFORMATION FOR. $3Q ID NO2S:

(11 )MOLBCRE TYPE: Other sncieic xid
( A ) DESCAIPTION: Syntheis DNA

( x i ) SBQUENCE DESCRIFTION: $BQ ID NOAS:

GO0ACGOCTAOC TTACACCOTO AAGCATOCTT AAQCTTOACO TAATCATGO

( 1 ) INFORMATION POR SBQ ID NO:3& _

( | ) SBQUENCE CHARACTERISTICS:
(A ) LENGTH: 35 base poims
(B ) TYPE: muclaie auid
( € ) STRANDEDNESS: singls
( D ) TOPOLOGT: finser

(i ) MOLECULE TYPE: Othar swalele achl
( A ) DESCRIPTION: Syathetic DINA

( 2 1) SEQUENCE DESCRIPTION: S3Q ID MO

GOAAQACOCC CAOAATTICAC OOGTOCAAOGCA qgCcao

{ 3 ) INFORMATION FOR SBQ ID NOTR:

(i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTEH: § mmino acide
(B ) TYPE: amine acid
(D ) TOPOLOOY: Saeey

( 1 { ) MOLBCULE TYPE: papsidde

(11 )PEATURE:
( A ) NAMI/LEY: Modidbed-sitn
(3 ) LOCATION: 3
(D ) OTHER INFORMATION: fastos “Xas at podicien 3 s Gy,
Sa, Tie, Cys, T, Asa, Oln, Amp, o O

(1 z)rEURR
( A ) MAMIEEY: Modtfied-si
(3 ) LOCATION: 4
( D ) OTHER DEURMATION: hstow “Xan st position 4 is S
[ &

(2 1 ) SBQUENCE DESCRIPTION: 38Q ID NO3T:

Arg Xaas His Xaa 01w
1 3

( 3 ) INFORMATION FOR $8Q ID NOSK

(1 ) SEQUENCE CHARACTERISTICR
(A ) LENOTI: 4 smise adds
(3 ) TYPR: omine askd
( D ) TOPOLOOY: Haner

(1 1) MOLBCULR TYPE: pugtie

(15 ) FEATURE:
( A ) NAMIVEEY: Modfad-site
( B ) LOCATION: ¢ :
( D ) OTHER DNFORMATION: Ascten “Xan & pecition 4 s Sar
- Tw"
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( & i ) FQUINCE DRICRIFDON: SIQ ID NO3R

Gly Asp Lys Xas
1

€ 3 ) NFORMATION FOR SBQ ID NO:I

(i)“@lﬁ:ﬂ“ﬂtﬂﬁﬂ:"‘
{ A ) LENOTM: 5 amine sciy
(9 ) TYPE: amios sold
(D ) TORLOTY: aewr

(1§ )MOLBCULE TYPE: pupilds

(15 ) FRATURM
( A ) RAMI/XEY: Modided-die
(D ) LOCATION: ¢
{ D ) OTHER DNPORMATION: /satw= “Xas st goaicion 4 is Als,
Arg, Am, Asp, Cys, Gla, O, Oly, His, O, Lan,
Ly, Mag, The, Pre, S, Ths, T, Tk o W

(£ i ) SBQUENCE DESCRIPTION: SBQ (D NO3h

Ser Ala Glts Xas Ly
\ 3

( 2 ) INFORMATION FOR SBQ ID NOA:

( 1 ) SEQUENCE CHARACTERISTICY:
( A ) LENOTR: 4 smine acids
(B ) TYPE: amine ocid
( D ) TOPOLOGY: Resar

(i )MOUBCULE TYPE: pegtide

{1 z)FEATURS
( A ) NAME/REY: Modfiad-ss
(3 ) LOCATION: 3
( D ) OTHER INFORMAIION: /acten “Xas ot pasitiog 3 is Ale
Ay, Asa, A\ Crs, Gha, Cie, Oy, Ha, D, Lo
Lyn, Mac, Pha, Pru, Saz, The, Tip, T, o WoP*

( 3 1 ) SBQUENCE DESCRIPTION: SEQ ID NOWX

Ass Xesa Thr Arg
1

( 2 ) NFORMATION FOR $5Q ID NOwtls

( | ) SBQUENCE CEARACTERISTICOR
CA )LENOTE: 1267 tase goism
(B ) TYPR: meckein aaid
(€ ) STRAMDEDNESS: donble
( D ) TOPOLOOT: Sease

(i i ) MOUBCIULE TYPR: DNA (peacmic)

(18 )MUCURE
. (A )YNASTIE D8
(3 ) LOCATICN: 11287

{ & § ) SBQUENCE DESCRIPTION: S5Q ID NOwils

ATG AAA COA QAT AAQG OTO CAO ACC TTA CAT qQ0A
Met Lys Arg Asp Lys Val Gis Thr Les Bia Oly
1 s te

GGT OGAT AAA TCC ATT TCT CAC CQOC TICT GTT ATO
Gly Asp Lys BSesxs lle B¢ His Acg Ser Val Met
Y ] 38
OCA 00C ACA ACA ACA OTT AAA AAC TIT CTQ cCO
Ala Gly Thr Thre Thc Val Lys Ase Phe Lea Pro
3s 48

AQC ACO ATC GAT TOC TTIT AGA AAA ATO 0QOT OTY

GAA
als

TT?
Phe

eaA
aty

CAC

agc
aly

acCA
Alas
(%]

ATT

CAZ
| %]

Qaco
Als
30

OAT
Asp

GAO

ATT
$le

s
CTA

Les

7107
Cys

CAA

cce
Proe

gco
Als

¢TO
Les

AQC

48

144

1913
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AQC
Sar
[ X

cCa
Pre

ATO
Mot

QAT
Aty

AAA
Lys

cca
Pre
143

€CcT

Pre

CAQ
ala

CAC
Bl

aac
aly

AAT
Asa

AAA
Lys

GAT
Asy

GAT
Asyp
303

aca
Ala

AAA
Lys

AAQ
Lyo

aac

Thte
e

AGC
Set

OAA
Gle

cTC
Lewn

aAQ
Gls

AAA
Lys
130

cTO
Les

9TT
Vel

oCc?T
Ala

ACT
The

ACO
The
1o

TTT
Phe

éca
Als

cco
Pse

cTT
Les

TTO
Les
290

ATC
1te

ACT
Thae

aTao
Yal

cTO
Lesn

AAA

1le

OAT
Aty

AQC
Joe

0GA
aly

AGC
Ser
113

ATO
Mot

TCA
Ser

acaA
Ala

gaAQ
aglse

aAQ
Qls
198

AGT
Ss:e

eTY
Val

ATGQ
Mes

ACT
The

GAA
gls
379

ATT
tle

ATT
Itle

[N ¥

AAA
Lye

00T
oty
358

CAA

Ay

oTC
Val

cTT
Les

ATA
[ )
to00

ATT
tie

goa
aty

gTO
Val

AQC
Ser

aoc
aiy
130

coa
Atg

atrT
val

cecT
Pre

aTT
Yal

caa
Arg
340

ATC
11e

ATA
1tle

cco
Pre

aco
Alas

QAA
Gls
340

acT
Alas

ACO

Cre

areo
Val

TTA
Les
[ ¥ )]

T10
Lesn

Qca
Als

acT
Als

AQC
Set

oco
Alas
168

ACA
THr

ATO
Met

TCC
Ser

aGA
oly

CCA
Pre
248

ACA
The

AAA
Ly

GAA
Ole

coT
Avg

QAA
als
33s

ACA
The

GAA
ale

70

Phoe

ATT
1le
70

OAT
Asy

aco
Als

AAA
Ly

AAA
Ly

CAA
Gls

ACA
The

cTY
Lew

GAC
Asp
139

AAC
Ass

1.4
Gly

cCA
Pre

ACO
Ths

TTA
Lew
3t

a0A
oty

AAC
Ass

AAA

Arg
LR

CAC
Kl

oTC
Vsl

ooc
a1y

cac
Are

ACT
Th?

TCT
et

AQGC
Sep

ATT
Ihe

TCY
Sar

TCA
ez
39S

ATT
11l

ACC
Ths

car
Avrg

QAA
Gls

Lys

GOA
aly

[-1-¥ N
aly

caTY
Asg

CCA
Pre
tae

0AC
Asp

TCA
Sex

AAA
Lys

GTA
Yal

oCcT
Ala
200

aaT
aly

TCT
Se:x

AGA
Az g

acT
Als
280

TCT
Ses

QAT
Asyp

ACC
Ths

cca
Pre
340

gacC

AAA
Lys

AAT
Ass

cecY
Pre
103

ATO
Met

gac
atly

TTA
Len

TCT
Set

ACA
The
188

TTT
Phe

gac
aly

TCA
Ser

11l

GAT
As?
3653

GAT
Asp

CTA
Les

0AQ
Gls

at?
Vel

OAT
Asp
3453

ACA
The

ecT

aly

QoA
oly

TCA
Ser
L X}

TTT
?he

AAQ
Lys

AQA
At g

AAA
Lys

acrT
Als
170

QAC
ats

gQcC
aly

CAQ
Gla

acc
Ala

aTA
Val
136

atTe
Yal

AGC
Sot

AAC
Lys

ATC
tle

ATT
Ile
330

ACT
ks ¥4

aca
Ala

gca

val

ATC
tle
74

oot
ety

TAC
Tye

cot
Atg

ace
Alas

GOA
aly
133

oT?T
Vval

cece
Pre

oTT
Val

AAA
Ly

Qco
Ala
233

TT0
Les
CTT
Les
Q0T
aly

acCaA
Ala

cecYT
Proe
319

AAQ
Ly

[ &1
Yal

OAT
Asp

aro

| A
40

QAT
Asp

ACA
Thte

AQC
Ser

QTO
Val

[-1. 14
aly
140

ATT
1le

TTO
Lewn

CAT
His

AAC
Lys

cTa
Lewn
110

TT?
Phe

AAA
Lys

CAA
Gls

aca
Als

atT
Val
300

ATC
Tle

QAC
Asy

oTY
Val

L7
atly

7¢C

1le

Qcce
Ala

ACO
Thsr

aco
Alas

ACT
The
138

[-1-7%
aly

QAT
Asp

cTQ
Len

AAA
Ly

cTT
Len
308

ACA
Tye

TTC
Phre

AAC
Asse

AAC
Ass

aAQ
Gls
EE X

GAA
Gle

aca
Als

TCT
Ser

ATO
Met
369

AQC

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01

(- ¢
Len

GTA
Val
110

QAQ
als

QAQ
Qlw

TAT
Tyr

acce
Als

TeT
Sev
190

TCT
Ser

acT
Ala

cTT
Les

QTA
Vsl

ATO
Mot
170

cCT
Pre

aco
Als

aCA
Ala

GAC
Gle
3350

AAQ
Lys

CA€C

Page 127 of 184

AAA
Lys

cac
At g
L B

occe
Alas

(15 4
Pre

IT7T
Phoe

GTA
Val

.1 FN
aty
178

cao
At g

GAA
atls

acT
Als

[ X
Als

.12+
oty
2ss

1-1.]
aly

TAT
Tye

QoA
Qly

CTY
Len

QA
als
333

cTT
Len

atrTY
Val

aaa

0AQ
ale
(X}

cT0
Lew

GOA
Oly

170
Laes

ACA
Ths

TCA
Set¢
168

TITA
Les

QAC
Asp

GAT
Asyp

OAT
Asp

ac?
Als
140

TTA

Les

acaA
Ala

0QA
Ooly

aGA
aly

cT?
Les
338

CTA
Les

cac
At g

TAT
Tyr

OAT

140

3184

338
$1¢
63¢
6712
710
:16l
t16
864
112
240
Ltoo0s
1056
1104

1153




5,633,435

~continued

Gly Lyese Ol Thte
370

CAT COA ATC QOA
His Atg lle Oly
3L

CCO ATT QAA ATC
Pte 1le Qls 11e

TIC TTC O0AOQ CAY
Phe Phe Ote Eiy
420

Lesw

ATO
Met

QAQ
Qls
408

TTA
Laes

{ 3 ) INFORMATION FOR $8Q D NO:

Ly

ATO
Mot
39S

(¥ X
Ris

AAT
Ats

(| ) SBQUENCS CHARACTERISTICS:
(A ) LENOTH: Qf maies aids
(D ) TYPE: smine and
( © ) TOPOLOGY: Inas

(i ) MOLECULE TYPE: growin

{ & i ) SBQUENCSE DESCRIFTXCRE SEQ ID NOW:

Mst Lys Arg Asp

1
Oly Asp Lys Set
e

Als OGly Thr IXs
3

$er Thet lle Asp
so

Setr Set Asy Val

Pre Glw Sar Len

O -
oe

Lys Lys Mst Qly

Pre Les Ser Val
143 )

Pre Val Ale Ser
Qla Alas Ols O1y
His Ths Ols Arg
Ols Thr Ser Val
110
1l1e Phe Val Pre
Oly Als Met Val
Asa Pre Thrt Arg

Lys Lenw Qls (16
318

Lys
tle
Thre
Cys
Vsl
Len
.3
Ala
Als
Sez
Als
163
Ths
Met

oy

Lys

Vsl

Yal

Phoe

Asy

Alas

Lys

Lya

atly

150

The

Les

Asyp

Asa

Gly

Qoly

€Tt
Les

(%o

The

AAQ
Lys

Gla
Hls

Lys

Val
aly
Acg
tle
138
Alas
ile
Thse
Ser
Als
218
tle

Tle

aly

(124
aly

QAT
Asyp

cT?T
Les

Ths
Atg
Asas

40
Lys
oly
aly
Acg
Peroe
139
Asyp
L XX
Lys
Yal
Als
100
oty
Set
Aty

Ala
300

Als

tle

acc
Als

TCO
Ser
439

Lew
Set
23
Phe
Mo
Lys
Ass
Pre
10§
Met
aty
Les
Ser
Thae
183
Pre
aly
Sact
tle
Asyp

363

Asyp

Als

QcT
Als

ATT
1le
4610

AAA
Ly

Les

oly

Gy

Ses

Phoe

Lys

At

Lys

Als

170

Gls

aly

Als

Val

3560

Vsl

Sar

Yal

kX1
Se2
s

CAC
Hia

AAA
Ly

Q1y

Pre

val

Tre

Avg

Alas

aly

VYl

Yai

Ly

Als

238

Les

Les

oty

T0T
Cys

aTT
Val

TCC
Sart

Gl

Phoe

aly

Bis

Ay

The

Vel

aty

1le

Les

His

Lys

Les

130

Ly

Ols

Als

IcT
Set

TOA

1le
Gty
Ala
43
1le
Ala
The
Ala
The

133

gly

Les

Lys

Les

Ths

Phe

Asy

Asa

Qle
3 X ]

ACO
The

TAT
Tyt

. W]

Als

30

als

Les

Gle

Tye

Ala

Als

Les

Yal

Mo

Pee

aty

gAQ
Gla

cca
Pre
418

Cro

Ly

Atg

Ala

Phe

Val

Qly

Atg

Als

Alas

atly

1ss

Gly

Tys

Asp

GAQ
Qls
400

ACC
The

Pte

Alas

Lesw

Glse

aly

Les

Thas

1690

Les

Asyp
Asyp
Als
340
Lesw

Alas

aly

1300

1348

1381
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5,633,435

-contipued

100

Asp

Ala

Lys

Ly

aly

Phe

( 2 ) NFORMATION FOR $EQ ID NOXS:

aco
Als

GAA
Glae

ACA
The

TT10
Les

AGA
Arg

Les
1990

The

Val

Len

Phoe

Gls

Als

o1l

Je0

Als

The

oty

Eils
420

Arg

333

The

Leu

405

Len

The
Les
310
aly
Ass

Lys

Asa

( i ) SEQUENCS CHARACTERISTICR
(A ) LENGTE: 1293 base paiy
(D ) TYPE: analels ookl
( € ) STRANDEDNESS: dochle
(D ) TOPOLOQY: Kaser

(1 1) MOLBOULE TYPE: DRA (gencmis)

{1z ) FEATURR:
( A ) RAME/XEY: CDR
¢ 3 ) LOCATION: 1.1293

( t 1 ) SBQUENCE DESCRIPTION: SEQ ID NOW:

OTA
Val

GAA
Olse

IC0
Ser

QAT
Asy
30

AAA
Ly

AAC
Ass

Caa
Aeg

TCT
Seoct

cCA
Pte
130

AAT
Asa

eTO
Vsl

CTA
Les
38

TOoT
Cys

GAA
Gl

ACO
Thse

TTA
Les

aac
oly
113

TTO
Les

GAA
Gl

cco
Proe
30

acT
Ala

coT
Arg

GAT
Asp

CcCaA
Pre

TT0
Lesw
100

GAT
Avp

AAA
Lys

CAA
Gla
E

agc
aly

QAA
Ole

caT
At g

OAT

Asyp

CAT
| W)
L ¥ ]

acCa
Als

aTt
Vel

cTY
Les

ATC
lle

GAT
Ay

QoT
aly

ACO
Thre

GAA
gtls
70

CAA
Gla

agotT
oly

TCA
Set

ATO
Me ¢t

Case 7:01-cv-00230-BR

The

Az g

aly

Les

The

Lys

ATT
Ile

AAQ
Lys

aTA
Yal

ATO
Mot
s

AAA
Lys

GTA
Val

TTO
Les

ATT
Tle

QAT
Asyp
138
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Asp

Thr

Ay

Les

GAT
Asp

TICA
Set

TC?T
Set
(3]

QAC
Asyp

TTA
Les

TtO
Les

TTA
Lew

aot
atly
130

aca
Ala

Len

Qlae

Yal

Ay

Thse

Ala

Ala

Ser
439

ATO
Met
s

ACT
The

eTT
val

TAT
Tys

AQT
Ser
108

AAA
Lys

AAT
Asa

Lye

Ile

Als

Als

TCA
Ser
10

ACA
kS ¥4

TTC
Phoe

QTO
Val

ACA
The
e

aaT
aly

AGO
Atg

ATT
Tle

Als

- v
- .
- e

r
-~
-

Vsl

Ay

Vel

Set
IS

Kl

Lys

2. %
Qly

CAC
Bis

TAT
Tye

caa
Atg

ACT
The
73

(-1- % 4
oly

TITA
Lesn

CCA
Pre

GAA
Gle

Val
300

Ser

cca
Pre

caT
Arg

AAO
Lys

CAC
Hle
(X ]

TCC
Set

AAT
Ass

aaT
aly

ATO
Mot

[ 1-9¢
oly
140

Als

-
L]
-

TTA
Les

aGCA
Als

CCaA
Pre
43

TTA
Les

CCA
Pre

TCT
Ser

AAT
Ass

GAT
Avyp
138

ATT
fte

Ala

Ala

Qtls
380

Lys

Tare

Tyer

AAQ
Lys

ATC
1le

CTA
Les

QoT
aly

aoA
aly

aoT
gly

GAA
ale
110

coT
Atg

QAA
als

Qly
Len
Qls

338

Les

Val

aly

Qle

aac
Qly
ts

ATG
Mst

cTT
Lesn

aTA
Yal

TAT
Tyt

ACQO
The
s

AOT
Ses

aTC
Vsl

OAT
AP

Qly
Les
310

Lew
At g
Tye
Asy

Gle
400

The

TAA
Gls

TTO
Les

aoc
aly

GAA
Gls

CAA
Ols
.°

ACA
The

[ 2 &4
Val

TT0
Les

AAT
Asa

498

140

288

33¢

Ite

433




101

5,633,435

~continued

102

TAT
Tye
143

CAA
Gla

AOT
Ser

COA
Atg

GCA
Ala

AAA
Lys
338

TTT
Phae

AAT
Asa

AAA
Lys

CcCT
Pre

ACA
The
308

occC
Ala

OAT
Asy

TTO
Lesn

ACT
The
38

AGC
Ser

cCa
Pre

ACA
The

ATO
Met

TTO
Les

AAT
Ass

GAA
Gls
110

cCT
Pre

aTT
Ysl

ATO
Mot

ACT
The
2%0

ATC
{le

GCA
Als

gAC
Gle

ATO
Mot

OAT
Asyp

CAC
Ols

GaA
Oly

CCA
Pre

GAA
Gl

TTT
Phe

2.1}
Gly

GCA
Ala

aTT
Vst

GOA
aly

QacC
Gly
2173

ecCT
Als

GAA
Gls

TTA
Lew

CAA
Ols

TTA
Les
338

ATT
tle

CAT
Bis

CcCT
Pre

TIT
Phe

TTA
Les

[} & 4
Val

ICcT
Sev
180

ACT
The

TTA
Les

QAT
Asp

QCA
Ala

ATC
1le
260

Q0T
Gily

ICT
Ser

GOA
aly

cTY
Les

TTA
Les
340

AAC
Ass

CAT
Ml

CCA
Atg

otTC
Val

TTA
Lesn
4390

QCA
Als
163

AAQ
Lys

gAQ
Gl

TCA
Ser

TTT
Phe

oCA
Alas
248

AAT
Ass

AAT
Asa

GAA
Gle

TGt
Cye
338

AAA
Ly

TTO
Les

cca
Pre

AAA
Lys
408

CCA
Pre

( 2 ) INFORMATION FOR SEQ ID NO»&

AGY
Ser

aa®

ACO
The

CAT
His
130

CTT
Les

CAA
Gls

cort
At g

TTA
Les
310

ACA
TIhe

atTa
Yal

TTA
Les

TCA
Ser

- aGA

oly
3%¢

ATC
fle

AAA
Ly

( | ) SEQUENCE CEARACTERISTICR
( A ) LENOTR: ©0 mains asids
(B )TYTE: smine esld
¢ D ) TORLOQY: lnear

AACG
Ly

aca
Als

cca
Pre

ATO
Mot

AAT
Ass
3118

aTT
Vsl

ACA
Thre

CAA
Qtls

ATT
Ile
393

aTT
Vsl

CAA
Gla

AAA
Ly

9ao
oly

GAA
Ols
373

ATO
Mo s

AAA
Lys

CTA
Les

CCA
Pre

CAA
Ol

ACC
T

TTC
PRoe
200

ACA
The

cCT
Pre

ACA
The

coT
Arg

cTT
Les
300

CAA
als

CCaA
Pre

aca
Als

GAA
als

TTT
Phoe
360

TITT
Pho

ATO
Mot

CAA
Gls

AAQ
Lys

TCT
Ses

GTA
Vsl

- -
L ]
we o

Lys

ACC
The

aac
oty

CCA
Pre

TCA
Secz
3698

TTC
Phe

TAC
Tyr

AAA
Lys

oTT
Yal

ACA
Thar
348

GAA
Gls

AAA
Lys

cTY
Les

TTT
Phe

CcTT
Les
423

(X £
Val

AAA
Lys
170

ATT
Tle

CAT
His

ccrt
Pre

QAT
Asy

QaA
oty
330

aoT
Qly

AAT
Asa

ACA
The

aCaA
Alas

aac
oty
330

AAT
Ave

TTA
Les

ACA
The

aca
Ala

GAT
Asy
10

TTA
Lesn

AAA
Ly

TTT
Phe

QAA
Gls

CAA
Qla

CCA
Pre

ATT
1le
3Ls

ACO
T

AGA
Arg

CAA
dla

AAT
Asa

oTT
vl
198

QCT
Ala

CAA
Gla

AAA
Ly

Qace
Als

QAA
Gl

AAT
Ass

QCA
Alas
310

TCA
Ser

GAT
Asy

ACA
Thr

ATO
Met
j300

GAT
AS)

AQT
Set

CCA
Pte

aca
Als
380

acT
Als

GTA
Yal

AAT
Asa

aorT
aly

TTA
Len

ATT
1le
3108

ATT
1le

TCT
Sect

OTA
Yal

QAT
Asy

ACT
The
3838

crT
Les

GAA
Gl

ACA
Thse

GAT
Asy

ACT
The
3¢S

ACA
Thy

T07T
Cys

AAT
Asae

GAC
Gle

Case 7:01-cv-00230-BR Document 1l Filed 12/18/01

1le

TTA
Lesw

QAT
Asyp
190

CCA
Proe

CGA
Atg

aca
Als

ACA
Thr

aar
aly

CAA
Qls

cTo
Len

tle

ACA
The
X

AAT
Ass

0AT
Asy

OTA
Yal

oTA
Yal

o0A
aly
430

AAT
Ats

TIT
Phe
113

OTA
Vel

tle

TAC
Tys

aco
Ala

QTT
Vatl

acT
Als

CCA
Pre

CCT
Proe

AAA
Lys
39S

ACO
The

GAT
Avy

cT?T
Lew

TCA
Ser
413

TAA

TAT
Tye
140

QCA
Als

AQT
Set

CGAA
Gl

T1¢
Phe
140

CAT
B

GAA
Glse

QAA
Gl

GTA
Val
320

QAT
Ay

act
Alas

aGA
aly

TTA
Len

TCA
Sec
400

1T
Phe

‘88

31

614

710

768

164

1008

1104

11852

1300

1348

1293
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5,633,435
103 104
- ~continued

( 1 1) MOLRCOLE TYPE: promis

( 2 1 ) SBQUIENCE DEXRIPTION: SIQ ID NOwide

Met Val Asa Gts Ols 116 Ile Asp 11le Ser Gly Pre Len Lys O
1 3 10

-
“e

1l1e Ols Val Pre Oly Arp Lys Set Met Thr Nis Asg Ala fle Met Les

20 33

Als Se¢ Les Ala Ofe CGly Vel 8Ses The I1l¢ Tyz Lys Pre Les Loeuw Oly
3 40 3

Glus Asp Cyo Arg Arg THr Mot Asp lle Phe Arg His Len G113y Vel Gl
50 33 $0

Ile Lys Olw Asp Asp Ols Lys Les Val Val Thr Ser Pre Oty Tys Ol

Thr
s 90

Val Asas Thr Pre Hie Ols Vsl Lew Tyr The Gly Ass Ser Oly TY
»
Tht Arg Les Lew Ala Gly Les Les Sar Gly Les Qly Ara

$er Val
100 103

-

Len Ser O Asp Vsl 8Ser lle O Lys Arg Pre Mot Asp Arg Val Las
1 1

Arg Pre Les Lys Les Mot Asp Als Asa l1e¢ Ols Oly 116 Oln

Asp Ass
130 138 140

Ther Pre Lew 11¢e I1s Lys Pre Sec Val lle Lys Oly 11e Ass T3
1
Gia Met Qls Val Als Ser Ala Gl Vel Lys Ser Ala Ile Les Phe Ala

Ser Leu Phe Se0c Lys Oln Proe The f1¢ Lys Olsw Lew Asp Vsl Ser

-
-
-]
- e
- e
“w e
-
-
[}

Arg Aste His Thr Otu Thzr Met Phs Ly Hits Phoe Atn [le Pre tle Gls
198 200 208

Ala Ots Oly Lew Sez 11e¢ Asa Thr Tht Pre Oln Als lle Asg Tyz 1le
310 218 320

Lye Pre Als Asp Phe Ris Vil P}o Gly Aasp lle Ser Ser Als Als P)e

238 2390 A 335 340

Phe Ile Val Alas Ala Les I1e Thr Pre Gy Ser Asp ¥Yal Thr Ile Ml
348 350 3353

Ass Val Oly 11e Asa Ols Ths Arg Ser Oly 1le 1le Asp Ile Val Ols
360 3453 37¢

Lys Met Gly Oty Ass Ile Ola Lew Phe Ase G3a Ths Thre Oty Als Ols
273 280 ass

Pre Thr Als Ser Ile Asg ll1e¢ Gla Tyr The Pre Mect Los Qla Pre (le
290 . 293 300

Asp Ols Les Pre Val
© 330

The [1ea.01lw OGly QOls Lew Val Pre Lys Ala
J08 - 310

- -
-
we

]
[ 4
-

Ile Ala Leu Lesw Cys The Ol Als Val QGly Sevr Ths 1le Lys Asp
328 330 338

Als Ols Ols Lew Lys Vol Lys Ole Tht Asn Arg 11e¢ Asp Ths The Als
J40 348 3350

Asp Met Lew Ass Lew Low Oly Phe Olu Les Ol Pre Thr Asn Asp Qly
383 340 363

Lew Ile Ile His Pre Set Ols Phe Lys The Ass Als Ths Asp 1le Les
370 318 380

The Asp Eis Agg 11e Qly Mes Met Loew Als ¥al Als Cys Yal Lenw Se:¢
388 3ve 3938 400
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108 106
~cogtipued
Ser Glu Pre Val®Lye tle Lys Ola Phe Asp Als Val Asn Val Ser Phe
(X X} 410 13

Pre Oly Phe¢ Len Pre Lys Lew Lys Lew Lesw Ola A0a Gls 01y
430 s 430

{ 3 ) DNFORMATION FOR S8Q [D NOwss
{ 1) saquENcy
(A ) LENOTH: 20 base
{9 ) TYPE: melels anid
{ © ) STRANDEDIESS: single
{ D ) TOFOLOOY: Ry

1 1) MOUBCULE TYPE: Oy suninis mid
( A ) DESCRIPTION: Sywhais DNA

( 2 | ) SBQUENCE DESCRIFTION: SIQ ID NO»S:

GOAACATATO AAACOGAGATA AQOTACAO by}

( 3 ) DFORMATION FOR SBQ I NOwil
( i ) SBQUENCE CHARACTERISTICR
(A ) LENGTE: 1S base guics”
(5 ) TYPL: machein asid
( C ) STRANDEDNESS: sagle
( D ) TOPOLOOY: fnase

(11 )MOLBCULS TYPE: Oer snchis acld
( A ) DEICRIPTION: Syndatic DNA

( x i ) SBQUENCE DESCAIPTION: SBQ ID NOwé:

OGAATTCAAA CTTCAGGATC TTGQAQATACA AAATS 33

( 2 ) INFORMATION FOR SEQ [D NOWH
( i ) SEQUENCE CHARACTERISTICR
( A ) LENGTE: 78 tess puiss
(B ) TYPE: gockeis asd
( € ) STRANDEDNESS: shghe
( D ) TORROQT: fnar

(i | ) MOLSCULK TYPE: Othar sisls aeid
( A ) DESCRIPTION: Sywbedds DKA

( x| ) SBQUENGE DESCRIPIIIE 35Q ID NOWhH

0G0GCCATA0 TAAATOAACA AATCATTO 318

(3 ) NFORMATION FOR, S5Q [D MOvik
{ | ) SEQUERNGE CRARACTERISTICR
(A ) LERNITR: 33 tue piin
(® ) TYPR: ancleis aid
( € ) STRANDEDMNERS: shagle
( D ) TORCLOOT: Smnew

(11 ) MOLBCULE TYPR: Other sualeis anid
( A ) DESCYXIPTION: Syetheds DNA

{ z 1 ) MQUENCE DESCIIPDION SBQ 1O NOWk
0000CGAGCTC ATTATCCCTC ATTITIOTAAA AQC 3

( 3 ) INFORMATION FOR $3Q ID NOwi
( 1 ) SEQUENCE CHARACTERISTICE:
( A ) LRNOTR: 490 snine sckds
( D ) TYPR: smiss oid
{ D ) TOPOLOTT: lmst

¢ 1) MOLECULR TYPE: premin
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107

108

. ~continued

( 2 | ) SBQUENCS DESCRIFTION: 8IQ D NOWh

Les Ths Asp Ot Thr Les Val Tye

] ]

Gfa O1s Lys Vsl Yatl 116 Pre Proe
30

Als Lew Ile Lew s Als Lew aly
39 .0

Les Les His Ses Asp Asp Thre Ly
5e s

Lesw Lys Gly Als The [l Boes Trp
63 79

Vval Ole Qly Bis QOly Gly Ser TP
ss

Tye Lew Gly Atn Als Qly The Als
Ala Les Vol Ass Ser THz Ser Ser

115 130

Asa Als Arg Met Gla Ols t
Atg Ala Ass OGly Thr Lys 1le Ols
Pte lle¢e Lys Vsl Tysr Tdz Asp Se:
Les Als Ala Thr Val Ser Ser Ols

180

Als Pre Tyt Als Ols Ole Pre Val
193 300

Pre Set Lys Lew Tyr VYal Aap

-~ -
- e
oa
(]
e
-

Phe Gly Ile Ass Vsl Ols Thr Bz
338 3¢

tle Pre Lys Gly Kis Ty:e Tle Asa
343

Asp Als Ser Ser Als The Tyr Proe
160

Thsr Thz Vel Thy Val Pre Asa
a1s

-
- -
[ X ]

Alas Arg PRhe Alds Arg Asp VYol Les
%0 293

Qlas Thz Alas Tiz Ber The Tar Val
308 : 310

Lys Pre Lee Lys Eis Val Asp Mo
3313

Tht Als Cys Val Val Ala Ala [0
340

Als Ass Ther Thr Ths Ile Gl Oly
383 360

Cys Ass Arg Ile Les Als Mot Ala
370 378

Lys Ths The Gluw Lesw Pre Asp Oly
388 390

13¢ Lys Asp Lesw Lys Val Pre Ser
403

Case 7:01-cv-00230-BR Document 1

Pre Phe Lys Asp Jlhe Pre Als Adp
(X ] 13

Oly fer Lys Ser 31e Ser Ass Arg
3

Gls Oly Ola Cys Lys I1e Lys Asa
Hle Mot Les The Als Vsl Nise Ols

60

Ols Asy Ass Gly Ole Ths Val Val
18 [ X}

Les Ber Ala Cyo Alas Asp Pre Loes
9’0 93

Ser Arg Phe Louw Thr $Se Len Als
i1

Gla Lye Tyr Ile Yal Les Ths Gly
135

Tle Als Pre Lesuw ¥Yai Asp Ser Lovw
140

Tyt Les Asn Ats Gluw QGly Ser Los
158 160

Yal Phe Lys Oty Oly Arg Qls
1

170

Tye ¥Yal Ser 3er 1le Lew Mec Cyo
103 190

The Les Als Loew Val QGly Oly Ly
303

Met The ll1e Lys Met Mot Gluw Ly
Thr Thr Glus Pre Tye Thr Tye Trye
3138 140

Pre Sez Gla Tye Val lle Glu Sev
1350 283

Lew Als Phe Ala Als Met Ths Oly
268 370

Qly Phe Ols Ser Leuw Gla Oly Asp
198

Lys Pte Mot Gly Cys Lyo [L1lo T
Ser Gly Pre Pre Val Oly Thr Les
318 310

Gls Pse Met Thz Asp Ala Phe Len
330 338

Sec Mis Asp St Asp Pre Asn So1
348 330

Tle Ala Asa Qls Arg Val Lys dls
Thsr Gis Lew Ala Lys Phe Oly Val
e Gls Vel Eis Oly Levw Asa Sot

38s 400

Asp Ser Ser Q19 Pere VYal Gly Val
410 413
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. -contiased
Cyo The Tyer Asp Asp WNis Aszg VYal Ala Me) 307 Phe Bsr Lew Loevw Als
430 413 439

Qly Met Val Ass Ser Gl Ass Ol

Arg Aoy Ols Yal Als Ass Pre Vai
433 440

(R}

Arg 11e Les Ole Arg His Cye THhr Oly Lye The Trp Pre Oty Ty Trp
.

Asp Vel Lew His 3o Oluw Lew Oly Als Lys Leuw Asp Gly Als Glw Proe
483 ) 470

LN Y
{ 3 ) IRFORMATION FOR $BQ ID NOSN

( | ) SEQUENCE CRARACTEIISTICS:
{ A ) LENGTE: 460 muine sside
(3 )TYPR: amins euld
{ D ) TOPOLOOT: hemer

( 11 ) MOLECULE TYPE: mesin
(2 i ) SBQUENCE DESCRIPTION: $BQ ID NOSX

Les Alas Pgeo Sez [1e Olw Vsl HEis Pre OGly Val
3

Ala H31 Ser Ser Asa
1

190 13

Val I3s Cys Als Pre Pte Gly Sez Lys Ser Ile Ser Asa Asg Ala Loes
30 2 30

Val Lew Alas Ala Les Oly S8es Qly Ths Cys Arg 11e¢ Lys Asa Len Lan
3 40 48
Bis Ser Asp Asp Thr Ols Val Mot Levw Asa Ala

Leuw O1ls Arg Leuw Oty
50 55 (X )

Ala Alas Thtr Phe Set Try Ol Gls Gie Gly Gla Vsl

Les Val Vsl Arsa
[ X} 70 13

Oly Lys Oly Oly Asa Lew Gla Ala Ser Ser Ser Pre Lew Tyr Les Qly
83 20 L X ]

Ass Als Oly Ths Als Ser Atg Phe Las THr Thes VYl Als Tht Levw Ala
100 108 110

Asa Ssr Ser Thr Val Asp Ser Ser Yl Les Thr Oly A Asas Arg Met
1

113 120

P Lew Val Asp Als Les Thr Als Ass VI
3 140

Lew Pre Loew Ass Thr Ser Lys Gly Arg Als Ser1 Les

Pre Les Ly
148 150 188

Als Als Ser Oly Gly Phe Ala Oly Gly Asa 1le Ass Les Ala Als
1683 170 118

Yal Ser Ser Ols Tyer Val Ser Sor Low Louw Mot Cys Ala Pre

Tye Ala
180 188 120

Lys Olu Pre Val Thr Lew Arg Les Vel Gly Oly Lys Pre Lle Ser Gl
193 . 200 203

Pre Tye (lea Asp Mot Thr Thr Als Mot Met Arg Sar Phe Oly 11lo
110 318 . 320

Vatl Gla Lys Ser The Thr CGls Ots Kis Thr Tyr Hle fle Pze OGla Oly
113 190 138 240

Arg Tyer VYal Ass Pre Ala Gle Tys VYl Ile Ole Sect Asp Als Ser Cys
349 350 338

Als The Tye Pre Las Ala Vsl Als Alas Yal Thar Oty Thr The Cys The
368 X ¥ 270

Yol Pte Ats lls Gly Ser Ala Ser Leuw Gls Oly Asp Ala Azg Plo Ala
218 180 288

val Glw Vsl Les Azg Pre Met Oly Cys Thet Vel Gls Ota Ths Gls Th:t
390 393 300
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Ser THs ThHer Val ThHe

-0
-
Y

Pre Ser Asp Ol Lee Arg Ala Thts

-
- e
- "

Lys Atg Gly Tyre O1y Atp Atg Cye Arg Cys Phs Arg
318 330

o)
[ 4
-
>
-
»
<
-
hJ
-~
[

The Oly Ser Ris Arg Preo Mos Ols Lys Ser QGla The Ths Pse Pre Val
Ie ~ 3453 330

Ser Set dly Ile Ala Ass Gls Arg VYal Lys Ols Cyr Ass Azg tle Ly
353 360 363
Als Met Lys Asp QOla Lee A Lyes Phe Qly Val
3

Cys Atg Ols R8I
318

- -
- e
oe

Asp Asp Ol1ly Len Ole Ile Asp Gly 11l Asp Arg Ser Ass Leuw Arg Ol
3%

3908 400
Pre VYal Oly Qly Val Phe Cys Tyr Asp Avp Hles Arg Yal Ala Phe Ser
408 410 4193
Phe 3e1r VYa) Low Ser Lew Val Ths Pre Gls Pre Thet Les Ile Les Ol
420 423 430
Lys Ols Cys Val Oly Lys Thy Tep Pte Oly Tzp Trp Asp Tht Len Azg
433 440 449
Gla Lew Phe Lys Val Lys Lenw Olu Qly Lys Gls Lew
4350 4353 3 460
( 2 ) INFORMATION FOR, $BQ ID NOST:
{ i ) SEQUENCE CHARACTERISTICK
( A ) LENGTH: 644 amine aobls
(D ) TYPE: mmine anid
( D ) TOPOLOGY: Bases
(i1 )MOBCULE TYPE: yrumin
( 2 i ) SEQUENCE DESCRIPDON: SEQ ID NOSS:
Lye Als Setr Gls fle Val Les Ols Pre I1e Azg Qlu Ile Ser Q17 Leun
1 s 10 t

11¢ Lys Low Pre Oly Ser Lys 8or Leuw Ser Asa Azg lle Leu Leu Les
30 3 30

Ala Als Les Se¢ Ols Oly The Tht Val Val Asp Asa Les Les Asn Ser
3 40 48

Asp Asp 110 Asa Tyr Met Leuw Asp Ala Les Lys Lys Lenw Oly Les Arn
50 ss (X ]

Vsl Gls Azg Asp Ser Val Asus Asas Arg Ala Val Vsl Gls G1y Cys Oy
63 70 15 $0

Oly Tl1e Phe Pre Als Setr Lesw Asp Ser Lys Ser Asp lle Gl Len Tye
s3 0 [ 2]

Les G1y Aen Ala Oly Thy Ale Met Arg Pre Les Ths Ala Ala Vol Thy
100 103 110

Als Als Gly Gly Ass Als Ser Tys Val Lss Asp Q1y Val Pre Acrg Met

118 13¢ 139

Arg Gls Azg Pre 11s Oly A
1

p Les Val Val Gly Lee Lys OGln Lesw Gly
130 s

1460
Als Asp ¥al AGles Cys Thr Les Gly Thr A

Cys Pre Pre Val Asg Yal

Les 150 158 160

Ass Als Asa Gly O Ses
1

1y Lew Pre Gly Oly Lys Val Lys Les 80z O

.3 170 1

I1e Ser Ser Ola Tyr Lew The Ala Les Len Met Als Als Prte Les Ala
180 108 190

Lew Oly Asp Val Olsw Ile Glw 11e I1e Asp Lys Louw Ile Ser Val Pre
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198 300 308
Tys Vel Ols Met Thr Len

» e
- g

Low Mot Gils Arg Phe Oly Val Ser Aln
120

- e

Gle Bis Bar Asp Ser Tsop
3

»
-
-
-
[

Phe Phe V3l Lys Oly Qly Ots Ly

Tyr Lys Sor Pte Qly Acn Ala Tyr Vel Glu Gly Asp Ala Ser Ser Ala
348 . 350 ass

Set Tyer Phe Lovn Alf‘dly Ala Ala J1le The QGly Ols Thr Val TA: Val
360 163 270

Gls Gly Cye G0y Thyr Thr Ser Lew Ola Qly Asp Val Lys Phe Ale Gl
3719 200 183

Vat Les Olw Lys Met Oly Cys Lys Val Ser Trp Thr Glu Asa Ser Val
a0 193 300

Thr VYal The Oly Pte 8

]

Arg Asp Ala Phe Oty Met Arg His Len Arg
308 3t

Als ¥Yal Asp Val Ass Met Asa Lys Mot Pre Asp Vol Ala Met Th:

Len
338 330 338

Als Val Val A Les Phe Ala Asp Oly Pre Thy Thr fle Arg Asp Vsl
3

Ale Set Trp Arg VYal Lys Gle Thr Glsw Arg Met Tle Als 1le Cys THe
338 3460 363

Ber Aty Tyr Cy¥s

Ols Lew Atrg Lys Lenw Oly Ala The Vel Ols dls @
310 7S 3

Val 1le The P2o Proe Ala Lys Val Lys Pre Alas Gls Ile Asp THY

Tyr
388 PR X ] 398 400
Asp Asp Bls Arg Mot Ala Mot Ala Phe Ser Len Als Alas Cys Ala Asp

403 410

Vel Pte Yal The Ile Lys Asp Pre Gly Cys Thre Aczg Lys The Phe Pre
420 428 430

Asp Tyt Phe Ol Vel Lew Ols Ser Il Thr Lys Ris
433 449

( 2 ) INFORMATION FCR 53] ID NOZ2
( | ) SBQUENCE CEARACTERISTICK
(A ) LENGTR: ¢44 anino sids
(B ) TYPR: amine said
( D J TOPOLOGTY: fimesr
11 ) MOLACILE TYPR: prewis
(1 1 ) SEQUENCS DESCRIPTION: S3Q ID NOS:

Lys Alas Ser Glu Ile ¥Yal Lew Ols Pre f1e Arg Gls 1ls Se¢ 2:, Les
1 3 te

1le Lys Lew Pres Gly Ser Lys Sers Les 8sr Ass Arg lle Leuw Los Les
’ 20 23 -39

Als Als Leuw Seg Olw OLly The The Val Val Asp Atr Lew Lew Asa Sy
L X 40 43

Asp Asp Ila Ass Tys Mot Les Asp Als Lew Lys Arg Len Gly Len Ass
30 ss (3]

Yal Gls TAhr Asp Ser Glw Ass Ass Arg Als val Val Ols Giy Cye aly
(¥ ] 70 73 L

Oly (te Phe Pze Als Ser 110 Asp Ber Ly Ser Asp 110 Gle Les Tyr
'8 0 L}

Les Gly Ass Ala QGly The Als Met Azg Pre Les The Ala Als Vel The
teo 108 110
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Ala Als 01 Gly Asn Alas Ser Tyer Val Lew Asp GlYy Val Pre Asg Mot
11

’
] 130 138

Arg Ole Arg Prse lle Gly Asp Lew Vo] Vsl Q13 Les Ly Ols Les Oty
130 138 140

Als Asp Val Qls Cys Ths Les Gl Thr Asu Cys Pre Pre Yal Arg Vil
] 158 138 168

Les Pre Gly Oly Lyos Vol Lys Len Seor Qly Ser

Asa Als Ase Gly O
’ 1 170 178

o

3¢ Ser Sor O Les Als
1

I Tyz Lew Tht Ala Les Les Mot Se¢t Ala P
.0 14 1

Lew Gly Aep Vsl Gl tle Glsw 1le Val Asp Lye Les lle Ser Vel

Pre
193 208 308

Tyr Val Qls Met Thr Les Lys Los Met Olu Avrg Phe Gly Vat Ser Vil
210 318 330

Qls Bl Ser Asp Ser Tcp Asp Arg Pre Phe Val Lys Gly Oty Ot Ly
3123 330 338 340

Tyt Lys Ser Pre Gly Ass Ala Tre Yal Olu Qly Asp Al 3¢t Ser Al
143 350 138

Cys Tys Phe Lee Als Oly Ala Ala Ile The Gly Ols Thr ¥Yal Thr Val
160 143 276

Gle Gy Cys O1y The Thr Ser Loew OGla Gly Asp Vsl Lys Pre Als GOl
a1s a8 283

Val Les Gls Lys Met O1y Cys Lys Yel Ser Tep Thr Ole Asar Ser Val
3120 1S 300

Th: VYal Thr Gly Prse Pres Arg A2p Ale Phe Gly Mot Arg Kio Lon Arg
303 310 318 320

Als 116 Asp Val Ass Met Asa Lys Met Pre Asyp Yol Als Met Thr Les
338 330 338

Als Vol VYal Ala Les Phe Ala Asp Oly Pee Thy Thc lle Arg Asp Val
340 343 3350

Ala Ser Try Arg Val Lys OGle Ths Glw Asg Met 1le Ala 1is Cye The
335 . 360 363

Ols Lew Arg Lys Lew Oly Als The Vel Gils Olu Oly Ser Asp Tryr €y
370 : 3718 38

Val fle Thy Pge Pse Lys Lys Val Lys The Ala Ols lle Asp The Tye
383 370 398 400

Aop Asp Bis Arg Met AJs Mot Ala Phe Sor Lesw Ala Als Cys Als Arp
408 18 413

Val Pre ll1e The l3e Asn Asp Ser Oly Cys The Arg Lys Thr Phe Proe
420 433 430

Asp Tyt Phe Gls Val Les Ols Arg fle The Lys His
433 440
( 3 ) INFORMATION FOR SIQ ID NOs
¢ 1 ) SBQUENCE CHARACTERISTICR

{ A ) LENOTIE 444 smine eakis
{ § ) TYPE: smine il
¢ D ) TOROLOCT: Senr

(1 1) MABCUEE TYPE: pramin

( x { ) SBQUENCE DESCRIPTION: S8 10 MO

Lys Pre Asas Ols 11e Val Lew Gla Pre 1le Lys Asp lle Ser ?:7 Tae
1 s te

©¥al Lys Lew Preo Gly Bet Lys St Lew Sor Aean Arg 1le Les Las Les
1e 3s e
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Als Als Les B¢t Lye Ol Arg The Val ¥Yai A

Ate Lew Les BRor 8o
L X ] 40

48
Atp Aep lle Hiles Tyr Mot Laesw O1y Als Low Lys Thre
56 53 (2]

Yal Gle Asp Asp Ass Gls Aes Otla Arg Alas tle Val
[ ¥ ]

Lees OJy Lew Rl
Ols Gly Cyy A1y
~ 70 19 (X ]

Gly Ola P¥Fe Pre Val Oly Lye Lys Sor Ols Gls Qls
[ ¥ ] 20

Lase Oly Aess Als Gly Tdz Alas Met A
1

Ile OGla Les Pho
L R

Pre Levw THr Ala A Val Ths
1

¥Yal Ala Gly Oly Mla 8cr Arg Tyr Yol Lew Asp Oy Vel Pre Arg Mot
115 139 tas

Arg Olw Azg Pre (1 Oly Asp Les Vel Asp Gly Len Lys Ole Les Qly
130 133

1460
Als Qls Val Asp Cys Phe Lon Qly Thr Ass C Pre Pre Vsl Arg
143 150 1}

Val %8sz Lys Gly O Lew Pre QGly Gly Lys ¥Yal Lys Les S92 O
1 1

Tle Sey Ser Gla Tyr Len The Ala Lenw Lew Mot Alas Ale Pre Lewm Als

Leas Gty Asp Vel Olu J1e Olw I8¢ Ile Asp Lys Les 1l Ser Vsl Pro
3

Tyr Yal Ole Met Thr Lew Lys Les Met Ole Arg Phe Oly Val 3¢r Val
Y ] 218 120

Qlw His Thr Ser Sor

223

L ]

Asp Lyes Phe Les Val Arg Gly Oly Ola Ly
138 240

- -
ow

-
-
-

Tyr Lys Sezr Pra Qatly Ala Tgr Val Gl Gly Asp Ala Ser Ser Al
348 250 21853

S$et Tyr Phe Len Als O)ly Ale Ala Vsl The Oly QGly The Val The Val
24608 3é3 e

Ole Gly Cys Qly Thr Ser 8oz Leuw Ola QGiy Asp Val Lys Phe Als
2713 . 280 183

Val Lew Gl!s Lys Met 01y Als Gls Val The Trp Ths Ols
v 195 Jes

Gle

Ass Set Val
Thet Val Lys Oly Pre Pre Arg Asn Sor Ser Oly Moz Lys Hie Les Arg
308 3t1¢ 318 330

Als Vgl Asp Vsl Asa Met Ass Lys Met Pre Asp Val Als Mer The

Lew
313 330 338

Als Val Val Als Lew Phe Ala Asp Oly Pre Tozr Ala lle Arg Asp Val
s40 348 350

Als Ses Teyp Asg Val Lys Gle The Gln Arg Mes 1le Alda Ile Cya Thy
133 360 343

QGle Lem Arg Lys Lew Oly Als Thr Val Vel Qi O Setr Asp Tyr Cyo
3

I1e 11e Ths Pre Pre Ol Lys Les Asn ¥Yal Thr Gle Ile Adp THr Tyx
388 : 3590 398 400

Asp Asp Eis Arg Mot Ale Moz Ala Phe Sor Los Ala Als Cys Ala Asp
403 410 413

¥al Pre Val Thz Ile Lys Asp Pre Gly Cys Thr Arg Lys The Phe Pre
420 438 430

Ats Tys Phe Asp Val Les Oils Ola Tye Ser Lyeo His
431 440
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( 2 ) DFORMATION FOR S5 ID NOSS

(1) aeomes
( A ) LANGTH: 604 smins asids
(9 ) TYPR: smise asld
( D ) TOPOLOGE: fnems

¢V 1 ) MOLECULE TYPE: promia
(ll)lﬂl&!hﬂﬂ'ﬂﬁ&‘&b"&“

Lys Pge Hle Ols 11e¢ VYal Lesw Xaa Pte Ile Lys Asp lle Sear Oly Thr
} 3 10 13
Vsl Lys Les Pre Gly Sor Lys 8Ser Leuw Ser Asae Arg Il

Lew Les Lo
10 , 33 30

Als Alas Lew Ser Olw Oly Arg Thr ¥Yal ¥Yal Asp Asa Lew Lew Ser Ser
3 0 43
Asp Asp I1le His Tyr Met Len Gly Als Lew Lys The Les Oly Les Hlis
S0 LR (X ]

Val-Olw Asp Asp Ass Olu Asa Ols Atg Ala lle Vel Ol Qly

Cys Qly
és 70

Oly Ola Pye¢ Pre Val Gly Lys Lys Ser Ole Qluw Gis tle Gla Les Phoe
ss 0 s

Les Gly Asa Als Oly Thr Alas Mot Arg Pre Loes Thr Ala Als ¥Yal Th:
[ ]

Val Ala O Oly Bis Ser Arg Tyr Val Loew Asp Oly VYal Pre Arg Mot
1

Arg Gis Arg Pee lle Gly A
1

p.Loo Val Asp Gly Lenm Lys Qla Les Q1
130 ] .

L40

Ala Olu Val Asp Cys Ser Len Gly Thr Asa Cys Pre Pre Val Arg 1le
143 150 153 160

Val Set Lys Oly Gly Les Pre Gly Oly Lys Val Lys Les Ser Oly Se:
11¢ Ser Ser Gls Tye Les Thr Ala Les Les Mot Ala Als Pze Les Als
190 188 19

Les Gly Asp Yal Olu 11 6!! 1le 11e Asp Lys Len 1le Ser Val Pre
193 300 308

Tyr Val Gls Mot The Les Lys Les Met Ols Azg Phe Gly Val Phoe val
310 13 3320

Olw Els Ser B¢t QGly Trp Asp Arg Phe Lew ¥Yal Lys Gly Qly OGls Lys
2318 330 3338 240

Tyr Lys Ser Pre Gly Lys Als Phe Val Ols Qly Asp Alas Se: Ser Als
343 330 2133

Ser Tyr Phe Lew Ala Oly Als Als Vsl Thr OIy CGly Thr Vol Thy val
360 169 . 270

Glw Oly Cys Gly Thy Ser Ser Les Ola CGly Asp Val Ly Phe Als Qts
a1s aseo aes

Val Les Ols Lys Met Oly Ala Gls Val Ths Trp Thr Ols Ase Ser ¥al
390 393 300

The Val Lys Oly Pre Pre Asg Ass Ser Ser O Met Lyes Eis Les Arg
3

308 310

Als Ile Asp Vol Asa Mot Asa Lys Met Pre Asp Yal Ala Mer The Les
s3s 3530 338

Ala-¥al Yal Als Leuw Phe Als Asp Gly Pre Tht The lle¢ Azg Asp Val
340 348 330

Ala SBes Tep Arg Val Lys Gls The Gle Arg Met l1le Ala 11e Cy» Th:
388 360 248
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Ols Les Arg Lys Lew Gy Afa THhe Val ¥Yal Qls Qly Ser Asp Tyr Cyo
37¢ 3178 380
]

Tle 1le Thr Pre Pre Olu Lys Lew Asa Val Tyt fs 1le Asp ThHe T3¢
s 300

Les Alas Als Cye Als Asp

Asp Asp NMls Arg Moes Als Mot Als Phe 8
403 4

Yal Pre Yal Ti: If? Lys Asa Pre Gly Cys TAr Arg Lys Thr Phe Pro
: 430 433

430

Asp Tyr Phe Gluw Val Lew Ols Lys Tyr Ser Lys Bis
433 440

{ 3 ) INFORMATION FOR S3Q 1D NOxSs

( 1 ) SEQUENCE CHARACTERISTICK
(A ) LENOTM: 644 mmine sside
(3 ) TYPE: wnise eid
(D ) TOPOLODY: Suver

(1ii)MUECOLE TYPE: premie
(2 i ) SEQUENCSE DESCRIPTION: 35Q D NO3S:

Lys Pre BSer Gls [1l¢ Vel Les QGla Pre 11
3

Lys Qils [1le Ser Gty Tt
1

[] 13
Vel Lye Loes Ptoe Oly Set Lys Sec Los Bar Ase Azg 11e Lasw Los Levw
30 2 18

Ala Ala Len Sor Glw Oly Ths The Val Val Asp Ase Lo Leuw Sz Se¢
bR | 40

49

Asp Asp 1le His Tyr Met Low Gly Ala Les Lys Thre Les Oly Lew Hig
58 ss (X}

Val Gls Ols Asp Ser Als Asp Gla Arg Ala Val Vel ale Qly Cye Qly
[ ¥} Te 73 30

Qly Les Pho Pre VYal OGly Lys Gle Ser Lys Olu Glu !le Gts Lem Phe
[ ¥ ”» L £ ]

Les QO1ly Asa Als Oly Thr Als Met A Pre Leun The Alda Ala Val The¢
1

100

Vel Ala

-Q

Gly Asa Sez Arg Tyt VYal Lew Asp Oly Val Pre Arg Maex

- o
-
-
L]
o

»
L]
L)

Atg Qls Pteo 1le Ser Aep Les Val Asp Gly Les Lys Ola Les Qly
130 1383 140

Als Gle ¥al Aty Cye Phe Lew O3y The Lys Cys Pre Pre Val Arg 1le
143 150 158 160

Vni Sez Lys Oly Oly Lee Pre Oty Oly Lys Val Lys Les Ser Oly

Sez
169 170

Ile Ser Ser Gla Tyr Les Thr Alas Les Les Met Ala Als Pre Len Als
180 103 190

Lew Gly Asp Val OGls 11e¢ Ol Ile l1e Asp Lys Les 110 Bar Yal Pre
1e8 ER X ] 203

Tyr Val Ole Mes Thz Les Ly
31

Lew Mot Gl Asg Phe Qly 11e¢ Ser Val
310

Glw Ris Ser Ser BSer Trp Asp Arzg Phe Phe VYal Arg Gly Gly Ols Lys
133 230 393 348

Tye Lyos Ser Pre Gly Lys Alas Phe Yal Gls Oy Arp Ale Sez Sor Als
343 3 X ) 338

Sar Tyr Phe Leu Als Oly Als Als Val The O3y A1y tThe 1le Ths Vi
260 368 370

Gls Oly Cys Oly Tht Ass Sez Les Ola Oly Asp Yal Lys Phoe Als Gl
17 230 3189
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Val Lew Ols Lys Mecs Gly A ats
]

Ths Val Lys Qly Pre Pre Artg $Sot
303 310

Als 11e Asp Val s Met Asn Ly
9

Ala Val Val Alas Les Tyr Aldla Asp
340

Ala 8Ser Trp Arg Vel Lys Ol Thre
388

360

Olw Les Arg Lys Les Oly Als TH?F
37 3718

fle 11le Thy Pre Pre Oiln Lys Lloes
38 390

Asp Asp Hls Acg Mot Als Met Ala
403

Val Pre Val Ther Lle Ass Asp Proe
430

Ass Tyr Phe Asp Vst Les QGla Cls
435 40
( 3 ) INFORMATION POR $5Q ID NOSSe
(i) SEQUENCE CHARACTERISTICK
(A ) LENGTH: 444 amine scids
{9 ) TYPE: smine sld
( D ) TOPOLOOT: Samar
(1§ ) MOLACULE TYPE: promia
( x i ) SBQUENCE DESCRIPTION: S3Q ID NOSK

Ala Qly Alsa QOlw Gl lle Val Les
1 3

Ths Val Lys Les Pre Oly Sar Lys
a0

Les Als Ala Les 807 Glw Gly The
S$eoc Ole Asp Vsl His Tyr Met Los
50 53

Ser Val Qle Als Asp L3ys Als Als
[ X ] 70

Qly Gly Lyes Phe Pre VYal Ols Asp
L ¥ ]

Len Oly Ase Als Gly Ths Als Ms:
100

Als Alas © Oly Ass Als Thz Ty
1

Atrg Ols Arg PFre 11 Oy A
130 . L

Ala Asp Val Asp Cys Phe Los 0Oly

149 150

Asa Oly fle Gly Gly Les Pre Oiy

1le 80¢ Setr Glas Tyr Les Ser Alas

Les Oy Aep Val Ols 11le Gle 110

Case 7:01-cv-00230-BR Document 1

¥Yal Ths Trp Thr Ols Ass Ber Vel

$er Ser Q1 Arg Lys Blis Les A
s 3

Mot Pro Asp Vsl Ala Mot Thr Les
330 338

Qly Prse Ths Als lle A Asp VYl
)

Qlu Atg Met tle A f1le Cys Thr
]

Ass Vsl The Asp 1le Asp Th: Tyt
193 400

Phe Ser Les Als Als Cys A Asp
¢

Gly Cys Ths Arg Lys Thz Pha Proe
423 430

Tyes Se1 Lys Eis

Gla Prse Ile Lys Ols 1le Ser Qly
10 13

S$er Lew Ser Ass Arg lle Les Len
23 3¢

The Vsl ¥al Asp Ass Lesw Lew A
43

Oly Ala Les Arg The Les Oly Les
. 0

Lys Atg Als ¥Yal Val ¥Yal Gly Cys
78 (X ]

Als Lys Ols Oluw Yal Gla Les Phs
0 L X

Atrg Pre Les Thr Als Als Yl Th:
108 110

VYal Lew Asp Gly Vsl Pre Arg Me:
Val Val Gly Lee Lys Ols Les aly
1490

TA2 Asp Cys Pre Pre Val Arg Vval
159 169

Gl1y Lys Yal Lys Lesw Ber aly Sert
Les Lew Mot Ala Als Pre Les Pre
188 19

180 Asy Lys Leu Jle 8Se: 11e Pro
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Tys :: Gles Met Thye Les A Les Mot Ol Arg Phe Oy VYal Lys Ala
] 3

Qluw His 8ev Atp Ber T
333

ow
>
-
-

’; Atg Phe Tyr 1le Lys Qly Gly Gia Lys
33s 140

~

Tyr Lys 887 Proe Lyes Asa Als Tyr Yl dls O

1y Aesp Alas 8ot Ser Al
348 350

153

Ser Tyt Phe Lesw Als Oly Ale Ala I1e THr Oly Oly Th: Val

The Val
3160 368 170

Gls Gly Cys QOly Thr Thr Seor Les Gla O3y Asp Val Lys Phe Als Gis
2713 380

289

Val Les Olu Mot Mot Oly Ala Lys Val Ths Trp The Ole They Ser Val
390 398 300

Thr VYal Thr Oly Pre P:
31

Arg Lys Kl Lew Lys
Jos

>
-
-
Q
-
-
~
-
.
-
[ 4
-
"%~}
- -
-

Ala Tle Asp VYal Asa Met Asn Lys Met Pro Alas Mot The Law
3318 330 338

»
-
b ]
<
»

Avp Val

Als Val Val Als Lew Phe Ala Asp Oly Pre THs Als 11le A
340 345 3

Als Bee Trp Arg Val Lys Ols Thr Gls Asg Met VYal

Ala Tle Agg The
333 388 3¢8
Ols Les Thr Lys Les Gly Als Ber Vel Ols OGls Gly Pre Asp Ty: Cys
379 313 380

I1e 1le Thsr Pre Pre Glw Lys Las Ass Val Thr Ale 116 Asp TAr Ty
333 390 3938
Aty Asp Bils Arg Metst Ala Mot Als Phe Se0r Loeuw Als Ala

Cys Als Qi
408 410

418

Val Pre Val The 11e Aszg Asp Pre Oly Cys Thr Arg Lys The Pho

Pre
430 433 430

Asp Tyt Phe Asp Val Les Ser Thr Phe Val Lys Ass
s C ea0
( 2 ) DFORMATION FOR $3Q (D NOST:
(1) SBQUENCE CERARACTERISTION
( A ) ILENOTE: Q7 smies sbls
( B ) TYPR: smine il
{ D ) TOPOLOOY: Banwr
€11 ) MABCIRE TYFE: prowid
(2 1 ) SBQUIKE DBKCRIPFTION: $5Q 1D NOSR

Mot Olw Ser Les Thy Les Ols Pre 1le Ala Acrg Val Asp 013 Ala I1le
1 3 1e ts

Ass Les Pre Oy Ser Lys Ser ¥al Ser Ass Arg Als Les Les Lev Als
20 23 30

Ala Len Ale Cys G1y Lys The ¥al Les Thr Asa Lew Les Asp Ser Asp
38 40 43

Asp Val Arg His Mot Les Ase Ala Lew Sevr Ala Lew Oly 116 Ase ?1:
50 3 (X ]

Ths Les Ser Ale Asp Azg Ths Arg Cys Asp lle Ths Oly Asa Qly Oly
s 70 78 e

Pse Lesw Arg Als Pre Gly Als Leuw Gle Les Ph¢ Lew Oly Asan Als Oly
s 0 [ X ]

Thr Als Mot Asg Pre Les Als Als Als Les €309 Les Oly Ola Asa Ols
X X ] 103 110
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127 128
¢ ~coatinned
tle Val Les The Gly Ole Pre Atg Met Lys Gis Atg Pee 110 O1ly Rio
119 130 138

Lee Val Asp Ser1 Lew Arg CGla Oly OGly Ala Ats I Aty Tyr Les Ots
t

le
138 138 ‘0

Qle Otw Asa Tys Preo Pre Lee Azg Les Arg Gly Oly PAe Il1s Gly Oly
148 150 138

Asp 1la Ol Yal Asp Oly Ser Val Ser Ser Gta Pho Lew THhr Ala
169

Len
17¢ 118

Les Mot The AJs Pre Les Ala Pre Lys Asp THhz lle lle Arg Val Lys

Oly Ols Lesw Vsl Ber Lys Pre Tyer 1le Asp 1le Thr Len Ass Len Mo
198 3108 3109

Lye Ths Phe Gly Val Ol o Ala Ara Ris His Tyr OGls Ols Phe Vel

3 230

Val Lye Oly Oly Ols Qlas Tyr Ris St Pre Oly Arg Tyt Les Val Ot
228 330 333

Qly Asp Ala Ser Ser Als Ber Tyz Ple Lew Ala Als Qly Als

Lys
343 1350

. -
- e
- e

Gly Gly Thr Val Lyse Vsl Thre 01y 11e Qly Atg Lys Ser Met Ol Oly
360 2463 370

Asp lle Azg Phe Ala Asp Val Lew Ola Lys Met Oly Ala ThHhre Jle THe
2718 380 88

Trp Qly Asp Asp Phe 110 Ala Cys Thre Arg OGly Ols Len HBls Ala 11
290 395 3oe

Atp Mot Asp Mot Asn Hls Ile Pre Asp Ala Ala Mot Thre lle Ala Thre
308 310 313 330

The Ala Lew Phe Ala Lye Oly Thr The Thr Lew Azg Asa Ile Tyes Asae
318 33 338

Tep Arg VYal Lys Ols Thr Asp Arg Lew Ple Alas Mot Als Ths Ois Loev
340 343 330

tle Az 1l1le

Aeg Lys Vel Oly Als Gle Yal Gle Qluw Gly HBis Asp T
188 ’ 3¢ 3

Thsr Pre Pre Ala Lys Lee Oln Eis Ala Asp 1l1e Oly The Tyr Ass Ay
370 3718 Ite

Hls Asg Met Ada Mot Cyo Pheo Ser Les Yal Alas Lew 3Sor Asp Thr Pro
3ss 390 393 400

Val Thr 1le Lew Ae¢p Pre Lys Cys The Ala Lys Thr Fhe Pre Asp Tye
403 . 410 413

Phe Oln Glis Les Als Asg Mot Jor Thr Pre Ala
. 430 413
€ 2 ) DNFORMATION FOR 28Q D NOS
€ 1 ) SEQUENCE CHARACTERISIXCH

( A ) LENOTIE @7 amiee ackis
(D ) TIPR: smine said
{ D ) TOPROTE: faner

(11 ) MOLECULE TYPE: penin

( 1 i ) SBQUENCE DESCRIPTION: S5Q ID NOI

Met Gis Ser Les They Leu Ols Pre I13e Ala Arg Vel Acp Oy ?;‘ Tle
1 s 18

Ats Les Pre Oly Ses Lys Ser VYal Ser Asa Arg Alas Lau Les Loes Al
30 23 3¢

Als Les Ala Cys Oly Lye Thr Val Lew The Asa Les Les Asp Ser Aep
33 1) LR
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129 130
~continued

Aep VYol Arg Ris Met Low Ass Als Lew Ser Als Low Oly Ile Ase ¢
50 $s (X}

The Los Sor Als Asp Asg Thr Arg Cys Asp lle The Qly Ass Qiy Oly
s 7¢ 7

.0
Pte Leuw Arg Alas Ser OGly The Les Ols Lew Phe Les Oly Asn Als O1y
¥ ’e *s

Tde Als Mot Arg Pre Len AJa Als Als Lew Cys Lew Qly O)a Ass Qi
100 1¢5 1

Tle Vsl Lew TAr Gly Ols Prse A
1

8 Mot Lys Glu Asg Pre l1e 03y H}s
118 [ ]

123

Asp Tye Lee 0ls

Les Val Asp Ser Les Arg Ol Qly Oy Ala Asr 1
130 138 1

Gla Glu Ass Tyr Pre Pre Leu Asg Lkevw Asg O1y Qly Phe lio Gly Oty
145 150 133

Asp lls QGle Val Asp OGly Sec VYol Ber Ser Gla Phe Lesw The Ala Lo

Lee Mot Ths Als Pre Lsess Ala Pre Glu Asp The [1e Qte Vel Ly
180 183

Gly Ols Lew Val Ser Lys Pre Ty

20

fle Asp lle The Lew Ass Les Met
193

14
[ ] 203

Lys Tht Phe Oly Val Ola Ala Aen Bis His Tyr Gl Gla Phe Vil
1360

Val Ly¢e Oly OGly Ola Gla yr His Seor Pre Gly Arg Tyr Len ¥Yal Ol
128 30

333 340

Gly Asp Ala Set Ser Als Ser Tyr Phe Los Ala Ale Oly G1y 11
149 3139 ass

Gly Gly The Val Lys Val Thr CGly 11l
1690 1653

Lys

Oly OGly Lys Ser Met Gla O1ly
32710

Asp Ile Arg Phe Ala Asp Val Lew Eis Lys Met Oly Als The Ile Idre
27s iso 188
Try Oly Asp Asp Phe Ile Ala Cys Thr Arg Oly Ole Les His Als 11l
e 1#3 300

Met Thr 11 Als Thr

Asg Mot Asp Mot Ass Hls Ile Pre Asp Als Ala
’ s 330

Thr Ala Les Phe Ala Lys Oly The The Thr Leu Arg Ass [le

Tyer Asa
31318 330

338

Tty Arg VYal Lye Glw The Asp Aszg Les Phoe Als Mer Ala Thre Ols

Les
240 348 I8¢

Atg Lye VYal Gly Als Gls Yal Gl OGle CGly His Asp Tyer 1le Azg [1le
L E X ) 360 3653

The Pee Pre AllAL'l Les Gla His Als Asp 11 Oly The Tyr Ass Asp
37¢ 318 380

Bis Arg Mot Al's Met Cys Phe Ser Low Val Als Les Ser Asp Thrs Proe
389 tR X 3rs 400

Yal Thy lle Las Aep Pre Lys €Cys Thr Ala Lys The Phe Pre Asp Ty:s
(13} ) a0 13

Phoe Ols Ols Leuw Als Azg Mot Sez Thr Pre Ala
420 423
{ 2 ) INFORMATION FOR 85Q D NO3K
(I)ﬂ@ﬂtidﬂlﬂﬂ.ﬂﬂ’
( A ) LENOTE: 27 snins asids

(3 ) TYPR: smine asid
( D ) TOPOLOOTY: Eenar
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131 132
R ~contisued

{11 ) MOLICULS TYME: gremia
(3 1 ) SOQUENCE DRICRIPTION: S3Q ID NOSN

Mst Gls Sor Lesw The Lew Ola Pte Ile Als Arg Val Asp Gl ThHe VYl
1 $ te

Asas Les Pre O1ly A:l Lye Ser VYol Ser Ass Arg Als Lenw Les Len Ala
3 38 30

Als Lew Ale Arg Oly THhe THhs Val Lew Thr Asa Lew Len Asp Ser Adp
3 40 48

Asp Val Arg HMlis Met Les Asa Als Lew Ser Ala Les O1y Vel His Tye
se 33 (X ] _

Vel Les Ses %3¢t Asp Atg Tht Arg Cys Ola Val Thr Gly The Gty Qly

¢S 10 73 0

P1e Les Gis Ala Oly Ser Ala Les Gls Les Phe Lss Gly

Asa Alas Oy
L X} 0

Thr Als Mat Azg Pze Lew Ala Als Als Las Cys Loeuw Qly Ber Asa
100 103 110

1l1e VYal Les Ty Oly Ols Pse Arg Met Lys Olu Arg Pre lle Oly His
118 120 138

Lew Val Asp Als Lasw Arg O Asp Tyr Lenw Qln
3 1

Qly Oly Ata Q12 1
t

Gls Ol Asa Tys Pre Pte Lew Arg Lew Arg O Gly Phe The Qly OQly

145 150 !

Asp Val Gle Val Asp Oly Ses Vsl Ser Ser Ola Phe Les Ths Ala Lew
163 170 173

Lew Met Als Ser Pre Lew Alas Pre Gls Asp Tht Val Tle Als tle Ly
180 188 . 190

Qly Glu Les VYal Ser Arg Pre Tyr lle Asp lle The Les KRlie Los Mot
193 100 308

Lys Thr Phe Gly ¥Yal Gls Yal Glu Ass Ols Ala Tyz Ola Azg Phoe Il
3t

Val Arg Oly Ass Qla Qls T Gls Sez Pre Gly Asp Tyr Les Val als
138 30 238 340

Gly Asp Als Se¢ Ser Alas Ser Tyr Phe Les Alas Als Oly Ale 11e Ly
2458 130 233

Gly Gly The Yal Lys Val The Gly 1le Gly Arg Aca Ser Val 0Gla QGly
248 283 370

Asp Tle Acg Phe Als Asp VYal Les OGls Lys Met Gly Als Ths Val Thte
218 ase 388

Teyp Oly Glw Asp Tyr Ile Ala Cye Thte Arg gly Glw Les Asa Alaz 110
398 2919 300

Asp Met Asp Mat Asa Eis 1le Pre Asp Al Als Mot The lle Ala Thy
31

303 3ie

Als Ala Les Phe Ala Arg Oly Thr Th: Thy Les Arg Ass 11e Ty Ass
329 330 338

Tep Arg Vatl Lye Ole T8t Asp Arg Leu PRe AlJas Met Alas Thr Glsw LlLes
340 3493 338

Afg Lys Vel Oly Als Gls Val Gls ails Gly Gle Asp Tye 1le Arg Ile
3ss 3490 ’ 363

Thr Pre Pre Leuw Thr Lsuw Gls Phe Als Ols lle Qly Thr Tyr Asa Asp
370 3713 388

Als Arg Met Ala Mot Cys Phe Sor Les Val Ala Les Ses Asy Thr Pro
388 390 398 400
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~continued

134

Val The 110 Len Ae¢p Pre Ly

409

Phe O1y Ota Les Als Arg fle

630

( 3 ) INFORMATION FOR $BQ (D NOWR

(| ) WA

( A ) LENOTH: 7 snins asids
(3 ) TYPS: amieo asid

~

(D ) TOPCLOOY: Ressr

{1 1 ) MOUKULE TYPE: gressia

(& | ) SOQUENCE DESCRIPTION: 5B5Q D NO#R

Met Low Ol Ser

1

Val Ass Les

Ala Als Lev
3

Asp Asp 16
50

Tyr Atg Llos

Gly Thr Als

Asy [le Va

t1

His Len Vsl
130

Gls Ols Ols
1

Lys Les Thry

Gly Ols Loew
193

Lys Ala Phe
21¢

11e¢ Lys Gy

Qly Asp Als

Oty Gly Thy

Asp Thet Ly

Tzpy Gly Asyp
2

Asp Met Ay

TAs Als Levw

Pre
30

Als
Az g
Ser
Vval
Met

100

Les

Ase

vsl

Ala

Vel

aly

aly

Secr

Val

260

Phe

Phe

Lew
s

aly
Qqtls
His
Als
Als

Atg

Als
Tyse
Aoy
Pre
Seor
Yal
ala
Saer
248
Ats
Als
Ty

Ais

Ala
338

The

aly

Asp

7¢

Pre

oly

Lesw

At g

atly

The
3%

Alas

Vsl

Les

Ly

The

Les

$s

Azg

Les

als

Atg

Arg

Ala
Pre
Yal
313
Trs
Ser
Thse
Yal
Gls
398

oty

Cys

Thre
40

The Als Lys Thz Phe Pre Asp Tyt

410

The Les
428

Preo Il
1
Vel Ser
13

Als

Ale

Ass

Les

Atrg

Ola Lew Asn Ass

Ass Als Lew QOla Al

Thre

Arg Cyo

Qls
173

Yal

Pte Les Gluw Les Phe

Als Ala Ala Les Cys

Proe
110

103

Arg Mst

Lys

Ola Oly Gly Ala Gla

Crys

Yal

140

fle Ala O1y Oly

170

Gle Gls Asp Thr Qls

Tys
300
Yal
Az g
Tye
aly
Len

Cye

fle Asp 1le Thye

Bis Ole Ass Trys

et Pre Oty Ile

133

Phe Lew Ala Als

15¢

tle Qly
263

Ols Ly

Lys

oly

Ser Atg Oly Gl

300

Prte Asp Als Als Met

Pse Ths Val 1le Arg

Case 7:01-cv-00230-BR Document 1l Filed 12/18/01

419

tle Ass Oly The

Als Law Les Lo
3¢

Lew Lea Asp 3¢
43

Lew Oly Val Lys

Asp Gly Les Gy
0

Les Oly Asa Ala

Lys Asa

119 Asp Tyr Loes

Phe Arg Gly Oly
’ 169

Les Ths Als Les
tle Qlas tle Ol

Leuw KEils Les Mot
208

Gla 1le Phe Hi
Tyr Les Val Ols
: 3490

Ala Ala Lys

Set Vol Ota Oly
270

Ala Lys 11s Se:

288

Les Ols aQly tle’

The lle Ala ThP

Asa 1le Tyr Ass
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138 136
o , ~contipued

Tt1p Asg Vel L Qls The Asp Arg Leos Ser Ala Met Als The Gl
3

7 Les

(X} 345 350

Atg Lys Yal Oly Als OJuw Vol Ols Ols Oly Ola Asp Tyr 3le Arg Yl
3s8s 360 343

Val Pse Pre Alas g§l Len Ala Als Ols 11e Gly The Tyr Asa Asp
[ ]

Arg Mest Ala Met Cy Les Bar Asp The Psoe
39

ls
s 400

Phe Beor Lo Vsl A
H

Val The 110 Lew Asp Pre Lys Cyes The Als Lys Thz Phe Pro Tye

~
©
-
»
-
o
-~ >
-
“wv

Phe Ols Ota Lew Ala Arg Levw S0z Gln 11e Als
420 . 13

( 3 ) INFORMATION FOR SBQ ID NOS$L:

(1 ) SHQUENGE CBARACTERISTICR
{ A )LENOTR: ©2 mmino sskde
(9 ) TYPE: mmise acid
( D ) TOPOLOOT: Ranat

(1 1) MBCIRE TYPE: prowia
( £ 1 ) SBQUENCE DESCRIFTION: £IQ ID NOWL

Mot Ols Lys Ile Thr Lew Ale Pre 11ls Ser Als Val Gls Oly Thr lle

1 H 10 13

Ass Les Pre Oly Ssr Lys Ser Les Sasr Asas Arg Als Leun Levw Les Ala
0 13 30

Ala Les Ala Lys Oly The Thr Lys Val Thre Ase Les Les Asp Ber
s 40 43

Aty Tle Arg His Met Leu Asn Als Lew Lys Als Len Oly Val Arg Tre
]

Ola Lew Ser Asp Asp Lys Thr lle Cys Ols 1le Qlw Gly Len Gly Oly
63 70 73 e

Als Phe Asa Ile Gla Asp Asa Les Ser Les Phs Les Gly Asa Als Oly
s 20 ’s :

TAr Als Mot Azg Pre Loew Thr Als Ala Les Cys Lew Lys G1 Ass Hlis
11

1690 103

Olw Val Ols [le I1¢ Lew The Oly OGle Pre Acg Mot Lys Olu Azg Pre

11e Len His Les Val Asp Als Les Arg Ola Als Oly Ala Asp 1le Asg
130 138 140

Tye Lew Olu Asa Qlw Qly Tys Pre Pre Les Ala lle Azg Asa Lye Oly
148 15¢ 158 160

11e¢ Lys Oy Oly Lys Val Lys [1e Asp QGly Ses lls Ser Ber Qla Phe
168 t10 , 173

Lew Tt Ala Leu Lew Mot S0t Als Pre Les Als Gl Asa Asp The Ols
180 188 1990

1le Gle

-

Tle Oly Qlu Lou ¥sl Ser Lys Pre Tyrzr 1le Acsp Tle The
100 . 303

[ ad
-
-
t d
-
x
*

Met ATg Atp Phe Oly Val Lys Val Gle Ass Blies Mis Tyrs
310 313 330

Gls Lys Phe O1s Val Lys Oly Ass Ols Ser Tyr 1le Secv Pete Asa Ly
338 130 338 140

Tye Leuw Val Ols Oly Asp Als Secr Ser Als Ser Tys Ple Les Als Als
368 3150 233

Gly Als fle Lys Gly Lye Vsl Lys Vel Ths Oly Lle Oly Lys Ass Sor
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o ~coatioued
160 3¢9 17
I1e Gla QGly Aep Arg Les Phe Ale Asp Yal Les Ois Lys Mot Qiy Ala
73 %0 ass

Lys tle The Tep Gly Glw Asp Phe Ile Gla Als Qe
3

Eis Ala OGls Las
300

Ass Gly 11s Asp Ic“Aop Met Ass Mia lle Pre Asp Ala Ads Met Th?
308 : 310 3118

310

T1e Ala Tht The Als Les Phe Sor Acsa Oly Gle Thr ¥Val 11e Agg Ata

Tle Tyt Ase Trp Atg Val Lys Ols Thet Asy Arg Les Thr Ala Mer Als
140 343 L RX |

Thr Ols Les Asgg Lye Vsl Oly Als Ols Yal Glu Ols Gly Gilw Asp Phe
3858 369

T1e Azg Sle Ola Pre Les Als Les Ass Ol Phe Lys Eis Als Ass lle
378 318 380

Gluw The Tyt Aen Asp Bis Arg Met Als Met Cys Phe

$es Los lls Alas
s 390 393

400

Lew See¢ Asa Thet Pre Val Thr Ile Lew Asp Pre Lys Cys Thre Als Ly
403 410

Ths Phe Pre Tht Pe Phe Asa CGls Ple Oluw Lys 11e Cys Lenw Lys Ass
420 423

430
( 3 ) INFORMATION FOR £5Q [D NOS:

( 1) SEQUINCE CHARACTERUITICS
( A ) LENGTE: 441 smise acids
(B ) TYPE: anine wid
( D )TORCLOOT: Jeawr

¢ i i )MOLECULS TYPL mwoma
( 2 1| ) SEKEINCS DEICXIPTION: SEQ ID NOwER:

Val Ile Lys Asp Als The Ala fle Ths Les Ass Pre Ile
]

Ser Tye 1le
1

10 13

Ols Gly Gie Val) Atg Lesw Pzs Oly Ser Lys Sez Les

Setr Asn Arg Als
30 33

Lew Les Leuw Ser Als Les Ala Lys Gly Lys Thr Thr Loes Thr Ass Len

38 40 43

Lew Asp 8ot Asp Asp Val Arg Nis Met Les Asa Ala Lewm Lys Gls Les
se 53 (X}

Gly VYal Thr Tyt Ola Lew Ser QGln Asp Lys S0 ¥Yal Cys Gls I1le Glis
(X ] 70 78 0

Gly Les Giy Asg Ala Phe O1lsw Trp Ols Ser Oly Los Als Leuw Phs Len
3 ’e L B

Gly Ass Als Gly Ths Als Met Asg Pre Les Thr Ala Alas Les C2s Leas
100 103 110

Ser Thr Pre Ass Atg Gls Gly Lys Asn Oln t1e Val Les Thr Gly Ole
[B R 12¢ 133

Pre Arg Met Lys Ole Azrg Pro lle Q1 Bis Lew ¥Yal Asp Als Lee Cys
130 138 - 140

Gls Als Oly Als Olu 1l Ola Tys Lev Ols Ola Gle Oly Tyr Pre Pro
148 150 138 téa

I1e Als 116 Asg Ass Thr Gly Lev Lys Oly Oly Arg 11e Gls Asy

163 170

- -
-y -
“we

Oly Ses Vsl Ses Ser Gla Phe Les Thr Als Les Lew Mot Als
180 188 19¢

L
-
[
-
-
[
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139 140
. -contioued

Mot Als Olw Ala Asp The Qlu Ile Glu (1o t1e Gly Ol

Les Vol S
195 . 100 309
Lys Pre Tyt fle Aep tls The Loes Lys Mot Mot Olg The Phe Oly Val

110 s 33

Gle Va) Glu Ass Gls Ala Tge Ola Arg Phe Lew Val Lys O)7 HMis G1s
118 230 133 140

Gls Tyt Ola Ser Pre Rle Azg Phe Les Val Ole Gly Asp Als BSer Set
3493 230 13

Als Ser Tyt Pha Les Als Alas Ala Als [Tle Lys O3y Lys Val Lys Vval
3490 369 1719

Tlr Oly Val Oly Lys Asa Sez 110 Qls Gly Aep Asg Lesw Pho Alas Arp
373 asé 383
Val Lew Ols Lys Mot Gly Als HBis 10e Ths Tep Gly Asp Asp Phe 1Ite
i9¢ 298 300

Ole Val Olw Lys Oly Ass Lew Lys Oly l1a Asp Mot Asp Met Ass His
jos 31¢ 3 310

I1e P2te Asp Als Als Met Thr 11e Ala The The Ala Leuw Pho

Gl
338 339

“r

Oly Qlw Tsr Val 13e Arg Ase Ile Tyr Asa Trep Arg Vsl Ly
140 X $5s50

The

Asp Arg Len Thr Als Mot Ala Thr Ols Les Arg Lys Vsl Oly Ala als
3sS 380 368

Va] Olw Ols Gly Gls Asp Phe lle Arg lle Qlas Pre Lens Atz Loes Als
370 3718 360

Qla Phe Gla His Als Ols Lenw Asn lle Bis Asyp His Arg Mot Ala Mot
3t 390 39S 400

Cys Phe Ala Les I1e Als Lenw Ser Lys Thr Ser Val Ths Ile Les Asp
408 410 413

Pre Ser Cys Thr Ala Lys Thr Phs Pre Thr Phs Lew Ile Les Phe Ths
430 423 430

Lew Ass Thr Arg Gls Val Ala Tyer Arg
439 . 440
( 2 ) INFORMATION FOR S3Q ID NOwe
( | ) SBQUENCE CHARACTERISTICR:
{ A ) LEMOTRR: Q8 amine asie
(B ) TYFE: ouite mid
( D ) TOFOLOJY: Ranar
11 ) MOLECTAR TTPI: prdin
( = | ) SEQUENCE DEICRIPTICNG £3Q 1D MOwe

Ats Ser Lew Arg Les Ols Pre lle Sec Arg Yal Als O1y Gl V;l Ass
1 ] 19 )

Leuw Pre G1y Ser Lys Ser Val Ser Acss Asrg Ala Lsw Lon Les Als Alas
le 23 30

Les Alas Arg Gly The The Arg Les Thr Ass Les Les Asp Ser Asp AP
L X .0 L ¥ ]

fle Arg Bile Met Lew Ala Als Les Thg Gl Lesw Qly Val Lys Tyr Ly
50 ss (X}

Lew Ssr Als Asp Lys The Glw Cye Thr Val Els Gly Len 01y Args Set
s 70 798 LR

Phe Als Val Ber Ala Pre Val Ass Leuw Phe Levw OGly Ass Ala :;’ The
'Y ’e

Als Moy Asg Pre Les Cys Als Als Lsw Cgs Les Gly Ser Oly Qls Tye
100 : 103 11e
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141 142
o ~coptisued

1y Gly Ols Pre Asg Mot Ols Qe Azg Pre 11e Q17 Eis Len

13 130 123

Val Asp Cys Lew Als Lesw Lye O1y Als Bis Ile OGle Tyr Les Lys Lys
130 138 140

Asp Gly Tyr Proe P;Q Les Val Val Asp

Als Ly
1495 150 13

s Oly Lew Tep Qiy 01y
s 160
Asp Val ESis Val Asp Oly Set Val Ser Ses Ola Phe Lew The A

16s 170 t

Les Mat Als Ala Pre Als Met Als Pre Val [l Pre Azg 11e HI
180 183 t

Lye Oly Oln.Llesn Val Ser Lys Pre Tyr (le Asp l1e The Lenw Ris Ile
193 300 208
Mot Ass Bsr Ser Qly Vsl Vsl 11e Olu Hie Asp Asas Tyr Lys Las Phse
319 313 12¢

Tye lle Lys QOly Asas Qls Ser Ils Val Ser Pre Oly Asp Phe Les Val
113 3¢ 138 240

Oles Gly Asp Als Ser Setr Ala Ser Tye Phe Les Ala Ala Oty Ala 116
248 230 133

Lys Gly Lys Vel Arg Vsl Tar Oly

[l1e Gly Lys Ris Ser Qly Avp
2690 149

11e His Phe Als Asp Val Lew Ol Arg Met Oly Ale Arg lle Thr Trp
375 300 288
Gly Asp Asp Phe Ile Ols Als OGls Gla Gly Pre Les Ris QOly Val

Asp
ise 293 380

Met Asp Met Ass Hli

t Pre Asp Yal Gly His Asp Bis Ser Gly Ol
308 3

.
0 313 3310

Ses Hle Cys Les Pre Arg Val Pre Pre His Ser Ola His Lew Ol

Les
318 330 338

Ala Vsl Atg Asp Asp Atg Cye Th: Pre Cys The Hls Oy Hls Arg Arg
340 343

Ala OGls Als Oly VYal Ser Otu Gls Gly The The Phe Ile The
335 360 s

Ala Alg Arp Pte Ala Gla Als Arg Arg Asp Arg His Len Gls Asg Sect
37¢ 373 380

Atg l11e¢ Ala Met Cys Phe Ser Les Val Als Leuw Ses Asp 11 Als Vel
383 300 39S 400

The lle Ass Asp Pre Oly Cys TH: Ser Lys The Phe Pse Asp Tye Phoe
s 418 413

Atp Lys Les Ala Ser Yal Ber Ol Alas Vi
420 423
{ 3 ) INFORMATION FOR SEIQ ID NOwds
{ 1 ) SEQUENCE CEARALCTERISTICH
( A ) LENOTE: 42 snins slds
(5 ) TYPE: amine asid
( D ) TOROLOTY: Suser
(1§ )MOLBCULE TYPE: promin
{ 2 | ) SEQUENCE DESCRIPTION: SEQ ID NOS6k

Met Ser G1y Les Als Tyr Lea Aty Lew Pre Als Als Arg Les :;A Arg
1 s 10

Gly Ole Val Als Les Pzs Oly Ser Lys Ser Ile Ser Ass Atg Vsl Les
20 33 e

Les Les Als Als Les Ala Gle Gly Sog Thz Gls Ile Thr Oly Lew Lew
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143 144
-coatinued

s 40 43

Asp Bor Asp Asp Thry Arg Vel Met Lew Als Alas Lew Arg Ols Laes Qly
10 3s [ X ]

Val Sers Val Gly Olw Val Ala Asp Qly Cys Val Tir Il Ol agly Vai
[ X ] kX ] 73

se
Als Atg Phe Proe Tz Ols Gla Ala Qls Les Phe Lew Oly Asa Ala aly
[ X ] e 1 X ]

The Als Phe Acrg Pre Los The Als Als Lew Als Lsw Mot Gly Gly Asp

Tyt Arg Les Ser Jly Val Pre A
1

Mot Bis Olw Asg ? 1le Aty Asp
[}

Les Val Asp Als Lesw Arg OGles Phe Qly Als QGlIyp Gle Tye Les Qty
1

Oly Ser J1e Arg Val

iy
143 150 3s 160

Qla Als Oly Tyr Pre Pre Leaw Arg lle Oty ©

1

Asp Oty Preo Vsl Arg Val Ols Gly 3ec¢ Val Ser 3¢r Ola Phe Laes Tht
143 170 178

Ala Lew Los Met Alas Alas Pre Val Lew Als Atrtg Arg Ser Oly Al Asp
| ¥ ] 188 15 X ]

T1e Thr Il1e Glu Val Va) Oly Qlas Les Itls Ser Lys Pre Tyer Ile Qis

195 100 303

Atg Phe Oly Val Seg Val Atg Arg Asp
3130

“»

10

“- g

Tep Atg Alas Phe Thr Ile Als Azg Asp Als Val Tye Arg Oy

Pre
330 338

240

o -

Gly Acg Met Ala lle Qluw Oly Asp Alas Setr Tht Ala Ser Tyer Phe
3

Les
s 2350 338

Alas Lew Oly Alas 11e Oty Oly Gly Pre Val Atrg Vsl THr O Vsl Qly
3

160 163

Glwe Asp 8 11e Gls Oly Asp Val Als Phe Als Ala Thr Les Alda Al
3

LR 4
13 180 383

Met CGly Als Asp Val Arg Tyr Gly Pre Oly Tzp Tle Glw The Azg Qly
e 393 Jeo

6], Atg Lew Ly Phe Asp Ala Asp Phe

320

Val Arg Val Als Glw O
348 3

“ >
-
“e

'S
»

Asa Les 1l1e Pre Asp Als Ale Met Thet Al The Lew Ala Loes TIg¢
338 330 338

Ala Asp QGly Prte Cys Aszg Loesw Asg Ass [1e O1ly 8¢z Trp

VYal Ly
s34 343

(V% 3
“we
om

Qla Thr Asp Arg lle Eis Ala Met His Tz Ols Leuw Gis Lys Lss Oty
353 3680 363

Als Qly Val Ola B¢y Oly Ala Asp Trp Leuw Qlw Val Als Pse Pre Gls
‘378

3718 3s0

Peo Gly Gly Tep Aeg Asp Ala Eis Jle Oly The Tzp Asp Asp Kis Ass
388 390 398 400

Met Als Met Cys Phe Lew Les Als Als Phe Oly Pre Ala Ala Val Arg
408 4610 413

Tle Law Asp Pre 0Oly Cys Val Ser Lys Thez Phe Pse Asp Tye Phs Ao{
430 433 439

Val Tyt Ala Oly Lew Lesn Als Al Arg Asp
433 . LEX :

( 3 ) INFORMATION FOR $3Q ID NO#S1
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148 146

~continued

(1§ YMCLBCRE TYPE: prosdn

(at)nnuntluunnnueunfznuu

Mot Ole Sec¢ Los Thr Low OGla Pre Ile Alas Arg Val Asp Oly Ala 1o
1 R 3 18 . (¥

Ass Les Pre Gly 8er Lys Secr Val Ser Ara Arg Ala Leuw Len Les Al
L1 11 30

Ala Lew Als Cys Oly Lye The Val Les TAr Asa Les Lew Asyp Ser Asp
3 LX) .3

Asp Val Arg His Met Leuw Asn Als Les 8ot Als Loew Oty l1e Ass Tyt
50 59 (X ]

Tht Levw Sor Ala Asp Atg The Arg Cys Asp lle Th:

QGly Asa Giy CGIy
63 70

Ptes Les Azg Alas Ser Qly The Loew Gle Les Phe Lesw OGly Asa Ala O}y
[ ¥ 90 L 2]

The Als Mot Arg Pre Low Alas Als Ala Levw

Cys Lew Gly Ola Asa Gl
100 109

fle Val Leuw Thr Gly Gl Pre Arg Met Lys Glu Acrg Pro Jle Gly Ri
113 120 138

Lew Vsl Asp Sec¢ Lenw Arg Gla Gly Oly Als Asa Asp Tyt Les Ols

- -
r
oe

Gls Olw Ass Tye Pre P Les Arg Lew Arg Gly QGly Pho 11le on} Q
1 1

Asp 11e Glu Val Asp Gly Ser Val Ser Se: Oln Phe Les Thr Als Lles

Lew Mst Tht Alas Pre Lew Ala Pre Gls Asp Thr lle Ile Arg Vsl Ly
180 183 190

Gly Oluw Lew Val) Ser Lyso Pre Tyr fle Asp [le The Los Ass

Los Mot
195 . 3060 . 283

Lys The Phe Oly Val G)s Ile Als Ass Hie Hls Tye Olas Gla Phe Vsl
10 311

Val Lys Oly Oly Ola Gls Tys Kis Ser Pre Oly Atg Tye Len Vsl Qs

138 330 13s 340

Qly Asp Als Ses Ser Als Ser Tyr Phe Les Ala Als Oly Gly 11

Lys
348 150

Gly Oly Ths ¥Yai Lys Val The Gty Ile Gly Oly Lys Ser Met Gls 01y
360 263 210

Asp 1le Arg Phe Ala Ao’.V-l Les His Lys Mot Oly Alas The lle TBS
a17s 200 28s

Tty Oly Asp Asp Phe Ile Ala Cys Thr Arg Gly Ols Lesw EKis Ala I1le
290 193 300

Aty Mot Asp Mat Asn Ble Ile Pre Asp Alas Ala Mot Thr Lle Als TOF
343 310 31s 338

Thr Als Les Phe Als Lys Oly The Thr Thz Lew Arg Asa tle Tyr Ass
333 3¢ 338

Tsp Asg Val Lys Ols Thr Asp Acrg Les Phe Ala Met Ala TAr Gls Les
340 348 330

Afg Lys Val Ofy Ala Gis Vsl Ole Gls 01y His Asp Tyr 1le Azg lle
358 360 3¢5

Thr Pre Pre Als Lys Lew Oln His Ale Asp Ile Gly Thr Tyr Ass Asp
310 1718 380
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~continued

148

Ple Oln Gl

Als

Les

Len
420

{ 3 ) NFCRIMATION FOR SBQ D NOwWé

Asyp

Als

403

( 1 ) SEQUENCS CHARACTERSTICS:
(A ) LENGTE: 1004 base pains

(3 ) TYPR: melaie asid
( € ) STRANDEDNESS:
( D ) TCPOLOQY: Sueer

douhle

€1 1) MOLBCULE TYPE: DNA (genamic)

(12 )FEATRE:

(A ) NAMRXEY: CDS

( B ) LOCATION: 7751618

( 2 | ) SBQUENCE DESCRIFTION: 3BQ D NOSk

ACOJACTATA
TTTCCATAOG
QGCOATCOCCT
TTTACTTCCT

ACTTGITCTT

AAC
Ass

AAT
Asa

[eJ 1]
aly

orTc
Vsl

CAT
Bis

act
Als

ACQQGTAQTAOC
GAATAATOOT
OTTOQAAATTA
TOACTAACCO

ccecraccceeT

CAAM
qls
1e

TCC
Ser

TTCQ
Len

ACT
The

23

TCC
Ser

CAT
His
40

OAA
Gls

cago
Arg

aT?T
Val

TTG
Les

OAT
Aty

caag
Arg

Qao
aly

gce
Ala

CAQG
Gis

aco
Als

agce
Ala

ITO
Lss

CTA
Les

cTC
Lew

CAT
| SN

gac
aly

ATO
Met

TTa
Lesw

QQaTCCCOAD
ATTTCATTOO
ACAAACTOTC
AGOAAAATTT

AATTTOTCCC

cac

Arg

cac
Atg

CTA
Lew
38

ago
o1y

TTO
Lesn
(¥ ]

L1
aly

qAA
Ols

ATO
Mot

aca
aly
7

aor
aly
”0

cag
Asg

(.11
aly

AAC
Ass

CTA
Len

acce
Al
129

cTC
Les
138

car
Atg

a00
oly

GCA
Als

Case 7:01-cv-00230-BR

[I-1.]
aly

CAC
Eis

AAA
Lys

CAA
Ola

AAA

Lys A

cac
Atg

cce
Pre

oCA
Als

cot
aly

ICcT
Ses

CAT

ATO
Mo

OAA
Ole

ATC
Tle

cTO
Les

1.7 %
aly

oac
a1y

ACC
Ths
110

10T
Cys
1328

TITA

(¥ Les

Tce
Ser

cooQ
Arg

1460

TG0
Tey
1358

1le A

acce

cao
Arg

AGT

lo} Lew

Cyes Tae

Ser Th:s

33

CACAAAAGCG
TTTOQCCTCT
GCCCTTCCAC

agcooggaoc

Ala Les 8es Asp Thy

393

Lys The

Als

GTOCCAICAA
JOTCTAOCAA
TOACCATQOT

AQGAAATOCCA

Phe

Pee Asp Ty
413

GCAGAACTAA
TGOTTOCTAO
AACOATOTIT

ATACAATTITA

€TCC ATO OCC TTO CTIT TCC CTC

Mot
1

TTA
Lse
18

ACT
The

arT
Yal

ACGO
Asg

aTO
Val

cca
Pre

aca
Als

ATC
Ile

Qce
Ala

GAT
Asp

€ce
Pre

coT
Atg
[ ¥ ]

AGC
Sect

QAA
Gl
L X ]

CTA
Les

CAQ
ala
s

ITQ
Les

CAQ
Gla

ACC
The

ATG
Met

coc
At g

TTC
Phe

ACC
The

aTce
Vsl

OTA
Vsl

CAA
Gtla
148

AAC
Ass

[-1:14
aly
160

AAQ
Lyas

Document 1 Filed 12/18/01

Alas Lew Les St
3

cc}
Pre
20

AAT
Asa

cce
Pre

(1.1}
Qly

GAT
Asyp
33

AAA
Lys

ACC
Ths
50

aaa
qly

GAA
ala

AGT
Sex

ACO
Ths

ace
Als

AAT
Ass

TCA
Ser

QAA
Gls

GAA
Gl

cce
Pre

AQT
Sez
100

TTA
Les

LTO
Mo
t1s

1t0
Les

ACC
Ths
130

¢ac
oly

GAT
Asp

cce
Pre

TT0
Les

CAA
als

cco
Pre

aco
Als

TTY
Phe

acc
Alas

Ser

ACC

The

Lys

The

o1y

Len

CAA
Glas

TCC

CAT TaC
Cyoe

70
AAA ATC
[ 3

[ ¥
ACC Q1T
Val

gac TTQ

Les

OAT
Asp

TCC
Ser

CAA
als

ATO
Mot
150

cTO
Les
165

acaA
Als

Page 153 of 184
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240

340

388

436

494

580

734

713




5,633,435

. ~continued
QTC CAQ 0GT AGC CAA_TTA AAA CCO ATC CAT TAC CAT TCC CCC ATT QCT 130
Val Gla OGly Ser Ols Low Lys Pre 1le Hle Tyr Bis Sz Pre 116 Als
t70 173 180
TCA QCC CAO GTA AAO0 TCC 7O0C CTO TTO CTA GCO 000 TTA ACC ACC GAO s68
Ser Ala Ols Val Lys Ser Cjye Law Loesw Los Als Oly Les Thz Thet Gl
189 190 193
Q00 GAC ACC ACO OTT AC“OAA CCA OGCT CTA TCC CGO GAT CAT AQC 0AA 216
Gly Asp Thr Ths Val The Ols Pre Ala Les Ser Asg Asp Hls Ser Ot
3100 109 310
COC ATO TTO CAOC OCC TTT GOA OCC AAA TTA ACC ATT OAT CCA OTA ACC 264
Arg Mes Les Ola Als Phe Gly Ala Lys Lew The fle Asp Pre Val The
118 230 218 130
CAT AGC OTC ACT GTC CAT GOC CCG QCC CAT TTA ACQ Q00 CAA COOQ OTO 1813
His See¢ Val Tz Vel Hls Gly Pre Alas Eis Levw Tht Oly Ola Arg Val
3ss 2s0 348
GTO OTG CCA GQQ OGAC ATC AOC TCO GCO GCC TTT 7100 TTA OTQ O0CG QCA 1060
Val Val Pre Oty Asp Ile Se1 8Ser Als Als Phe Trp Les Val Alas Als
150 353 3¢90
TCC ATT TTO CCT GGA TCA GAA TTO TTG OTQG CAA AAT OTA GQC ATT AAC 1108
Ser lle Lse Pre Gly Sez Gls Lew Louw Val Olw Ass Yel Oly [ls Ass
. 2653 a7re 3718
CCC ACC AGO ACA 00C OGTO TTO GAA OTG TTO GCC CAG ATQO GO0 OCG QAC 1156
Pre Tht Arg Ths OGly Val Les Glw Val Les Ala Ols Met Gly Als Asp
180 283 90
ATT ACC CCO OAOG AAT GAA COA TTO OTA ACG GGO OAA CCO OTA OCA OAT 1204
fle The Pteo Ols Ass Oluw Arg Les Val The Gly Gl Pre Val Als Ay
193 300 3035 3t0
CTG COG OTT ACQO GCA AGC CAT CTC CAQG GOT TOC ACC TTC G3C QOC QAA 12352
Lasw Arg Val Arg Alas Ses HEis Lew Ola Gly Cys Thet Phe J1ly Gly Qi
313 Jae 318
TT ATT CCC COA CTO ATT GAT OAA ATT CCC ATT TTG OCA OTO 0CO GCO 1300
11e 116 Pre Arg Low 11s Asp Olw fla Pro 11 Leuw Als Yal Als Als
330 338 s$40
GCC TTT OCA GAOQ OOC ACT ACC CGC ATT OAA OAT QCC OGCA OAA CTG AGO 1348
Ala Phe Ala Gis Gly The The Azg fle Ols Asp Als Als Ofu Las Arg
343 . sseo 383
GTT AAA OAA AQGC OAT COC CTG QCG OCC ATIT OCT TCO GAO TTO (1.2 AAA 1396
Val Lys Ols Sssr Asp Arg Lew Ala Ala Ile Ala Ses Ols Lew Gly Ly
360 345 3710
ATO 000G GCC AAA OTC ACC GAA TTT GAT GAT GAC CTO GAA ATT CAA Qoo 1444
Met Oly Ala Lys Val Thr Gle Phe Asp Asp CGly Les Ols lle Gl Oty
313 380 e 3960
OGA AGC CCO TTA éAA GGG GCC OAG OTOG OAT AGC TTAO ACO OAT CAT coC 1493
Gly Sar Pre Les Ola Gly Als Gle ¥Yal Asp Sez Les Ths Asp Rls Arg
3es 400 403
ATT OCC ATO GCO 1T0 GCO ATC GCC GCT TTA 0GT AGT OGO GO0 CAA ACA 15490
T1e Alas Mot Als Les Als Ile Alas Ala Lew Oly Ser Oly Qly Ol Thre
410 418 439
ATT ATT AAC COOC 0CA OAA GCO GCC GCC ATT TCC TAT CCA TAA TIT TTIT 1388
f1e tle Ase Atg Ala Ole Ala Ala Ala lls Ser Tyy Pseo OGls Phe Phe
423 438 433
GOC ACO CTA 00C CAA OTT OCC CAA GOA TAAAQTTACA AAAACTCCTO 1633
Gty The Lew Gly Gla Val Als Gts Oly
440 443
GGCOOTTTOT AAATOTTITTA CCAAGOTAGT TTOOGOATAAA GOCCCCAGCA AGTACTOCCA 1698
GAOTAATTTA TCCOCAATIO ACCAATCOGC ATOGACCATA TCOTTCAAAC TOOGTAATTC 1733
TCCCTTITAAT TCCTTAAAAO CTCOCTTAAA ACTOCCCAAC QTATCTCCOT AATOGCOAOT 1318
GAOTAGCAAGT AATOOOGGCCA AACOOCOATC GCCACAGOQAA ATTAAAQCCT GCATCACTOA 18738
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5,633,435
151
. ~contiaued

152

CCACTTATAA CTTTCOAGOA

( 3 ) INFORMATION FOR SBQ D NOST
( 1) TEQUENCE CHARACTERISTICR
(A ) LENOTI: 447 amioe mids
(B ) TYPR: smine il /%
( D ) TORCLOQY: e
(11 )MOLBCILE TYPE: prewin
( & | ) SHQUENCE DESCRIFTION: S8Q ID NOST:
Mot Als Les Les Ser Loeu Asa Ass His Ola Ser
1 3

Yal Ass Pre Pre Als Gla Qly Val Als Les THr
30 38

Pre Qly Asp Lys Ber Ile Ser Kis Atg Als Lasn
33 40

Ala Thre Oly QGls Thr Il1e 1le Qls Oly Les Lot
50 53

Artg Ser The Ala His € Phe Arg Als Mec Oy

Les Asas Ser Qlw Lys tle f1e Val Ols Gly Arg

Gla Ols Pte Ser Thr Val Ler Asp Als Giy Ass

Atg Les Me Lew Oly Les Les Als Oly Ols Ly
11 3

Val Thr Oly Asp Asp Ser Levw Arg His Arg Proe
130 138

Gls Pre Les Ola O3a Met Oy Als Lys lle Ttep
1458 15¢ 138

Lys Phe Ala Pre Lew Ala Val QGla Gly Ser Qla
163 . 17

Tye His Sev Pte l1e Ala S0tz Ala G Yal Lys
1

180

Als Qly Lew Ths Thet Qluw Gl Asp The THe Val
193 100

Asp Rils Ser Gl Met Lew Oln Alas

Thet [1s Asp Pre Val The Nis Ser Vol Th: Val

313 130 338

Les Thr Gly Gls Arg Val Val Val Pze OGly Asp

Phe Trp Len Val Als Als B8er lle Lesuw Pre Q1y
360 363

Gls Ass Val Gly [1e Ass Pre The Arg Thr QOly
179 140

Ala Gls Met Gy Ala Asp 11e Tht Pre Ols Asa
1990 398

Gly Gls Pre Vsl Als Asp Les Arg Val Asg A

3

Cys Ther Phe Oly Oly Qiw 1le 1le Pse Arg Lew
338 338

Ile Les Als Yal Als Als Als Phe Als Ole Qly
340 349

aly

Len

aly

Saer

140

Ala

Len

St

Thr

Phe

Rioe

Set

Yl

THr

Gls

Arg

Len

43

gls

Les

aly

At g

Lys

Cre

208

Oly

aly

Ser

Ols

Lew

a8

Az

Asp

T

Aeg

Lee
30

Sert

Pee

Les

Pre

Als

Proe

Len

110

Lesu

Les

Atg
3%¢

Les

13

Als

Asp

Ser

Tar

Phe

Val

Asa

poa

Les

Alas

Lys

Ala

val

Qls

Ty e

Yal

Itle

Proe

Me

Ths

Len

Les

Len

240

Als

Yl

Len

The

1894

Case 7:01-cv-00230-BR Document 1 Filed 12/18/01 Page 155 of 184



5,633,435

. -continued
Asp Als Als Olsw Les Arg ¥Yal Lys Ols Se1 Asp Afg Lew Als Alg 11l
389 60 T 369
Ala Set Qls Lew Oty Lys Mot Gly Ala Lys Val The Ol Phe Adp Arp
370 378 380
Gly Lew Qls l1le Ols Qly Gly Set Pre Los Qla Gly Als Ols Val Asp
388 3% 398 400
Ser Lew Thr Asp Bie Arg 11le Afta Met Al Lew Ala Ils Atla Ala Lesw
408 410 413
Gly Ser Giy Gly Ols The [le Ile Ass Asg Als Olw Als Ala Ala Il
430 423 430
Ser Tyr Pro Qlu Phe Phae Oly The Les Qly Ols Vsl Als Gls Oly
433 640 443
( 3 ) NFORMATION POR $EQ ID NOSK
( i ) SBQUENCE CHARACTENSTICY:
(A ) LENOTH: 1479 Sass paics
(B ) TYPS: snclein ssid
{ € ) STRANDEDNESS: dowble
{ D ) TOPOLOGY: hnew
(1§ ) MOUBCULRE TYPE: DNA (genomuia)
( |z ) FEATURR:
{ A ) NAYEEY: CDS
( 3 ) LOCATION: 107.1608
(2§ ) SBQUENCE DESCRIFTION: SIQ ID MOl
TTTAAAAACA ATOAOTTAAA AAATTATTIT TCTOOCACAC OCQCTTITTTT TOCATTTITTIT 60

CTCCCATTTIT TCCOGUCACAA TAACOTTOOT TTTATAAAAG OAAATG ATA ATG ACO

118
Mat Mer Ths
L
AAT ATA TOO CAC ACC GCO CCC OTC TCT GCA CTT TCC AGGC OAA ATA ACO 163
Asa Ile Trp His Tht Ala Pte Val Ser Alg Lew Ser OGly Olu (3e The
H 10 13
ATA TOC QOC QAT AAA TCA ATO TCG CAT COC aCC TTA TTA TTA OCA 0OCO 21
Ile Cys Qly Asp Lys Sor Mot Sec¢ His Arg Als Lew Les Lew Ala Ala
20 s 30 13
TTA GCA OAA QOA CAA ACO GAA ATC COC QGC TTT TTA OCO TOC OCO OAT 359
Lee Alas Ols Q)y QG1s Ths dOluw Lle Arg Gly Ple Les Alas Cys Ala Asp
40 48 e
TGT TTO OGCO ACG COO CAA OGCA TTA CGC OCA TTA QGOC OTT OAT ATT CAA 307
Cys Lew Ala T Arg Ole Als Lesw Azg Alas Les Qly VYal Asp 1le CGla
s [ X ) [ X
AGA GAA AAA GAA ATA GTO0 ACO ATT COC OQT GTO O0A TTT CTO GOGT TTQ 333
Atg Gls Lys Gle fle VYal Thy [le Arg Gly ¥asl Gly Phs Len Gly Len
70 . 13 40 .
CAQ CCO CCO AAA OCA CCO TTA AAT ATO CAA AAC AOT GGC ACT AGC ATIQ 403
Gla Preo Pre Lys Als Pro Les Asn Met TGla Ads Ser Gly Thr Ser Met
'35 0 L X ]
CAT TTA TTO GCA OOA ATT TTO GQCA GCO CAO COGC TTT OGAG AOC O0TO TTA 431
Atrg Lew Lew Ala Oly lle Los Alas Als Qs Arg Phe Ols Ser VYal Les
100 tes t1e 113
TOC OGOGC QAT OAA TCA TTA GAA AAA COT CCO ATO CAG COC ATT ATT ACO 4“9
Cys Qly Asp Glu Ser Lesw Gle Lys Asg Pre Mot Ols Arg Ile l1le Thr
130 138 136
CCO CTT OTO CAA ATO 0400 OCA AAA ATT OTC AGT CAC AGC AAT TTT ACO 347
Pre Lew Val Qis Met O1ly Als Lys lle VYol Sar His S0cr Atz Phe Thr
133 140 145
GCO CCO TTA CAT ATT TCA GAA CGC CCO CTO ACC O0QC ATT OAT TAC 0CO 3ss

Als Pre Lss Ris lle Ser OGly Asg Pte Les The Gly 110 Asp Tyr Al
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-continued

156

TTA
Len

TTA
Les
100

QAC
Avp

AAQ
Lys

aTQ
YVl

GCa
Als

ATT
1le
260

QQA
Gly

QCA
Alas

cca
Pre

Gca
Ala

TIT0
Les
340

CAA
Ola

TAT
Tye

aac
aiy

QCA
Ala

[ ]
Pre
430

AAA
Lys

cco
Pre
163

TTO
Lesw

CAC
Bis

AAA
Lys

CTT
Les

gcrT
Ala
2458

AAT
Asa

cao
Arg

GAT
Asp

GAA
Gl

aCaA
Ala
338

corT
Atg

ACT
Thr

QaA
aly

GAT
Asp

aar
aQly
408

CAA
Gla

GAT
Asp

[ & 14
Les

QcT
Als

ACO
Thse

QAQ
Qle

aAT
Ay
230

TT10
Les

cco
Pre

ATT
Ile

TQO0
Tey
310

acT
Ala

GTe
Val

TT70G
Les

AGA
At g

CAT
Eise
390

OAA
qle

TIT
Phoe

aco
Als

cCceC
Pre

QAC

CAA
Gla
313

ATT
I1le

ACO
The

CAA
Gle

aTT
Val
193

ATT
Itle

TQC
Cys

AAA
Lys

agc
aly

AQC
Ser
373

cao
Atg

TTA
Les

€ac¢
Asg

AAA
Ly

GOTJOCACAA GCTT

AOC
Sert

goT
oly

coc
At g
100

ATA
1le

aTc
Yal

aco
Als

coo
Atg

TT0
Les
3¢

arT
Vsl

acc
Alas

aca
Als

QAA
ats

aro
¥Ysl
360

GAT
Asp

IT0
Les

OAT
Asy

AAT
Ars
440

( 3 ) NFORMATION FOR SBQ ID NOwih

ggc
oty

cco
Proe

acao
Alas
168

CAT
Bis

TAT
Tys

AAC
Asa

GAA
Gls

TCO
Ser
343

aco
Ala

(.2
At g

aca
Alas

TTT
Phe
423

T0T
Cye

( 1 ) SBQUENCE CHARACTERISDCK

Case 7:01-cv-00230-BR

ACGQ
Thse

TT0
Les

otcC
Yal

GAT
Asy

cac
Atg
3130

GgCA
Als

CAT
His

CAT
His

aco
Als

gao
aty
330

QAT
Asp

TO0C
Cyo

CAA
Gla

ATO
Met

GAT
Asp
410

ace
Ala

CAC
[ S )]

TTA
Les

coo
Asg

cco
Proe

ACC
The

TTO
Les
333

oca
Alas

CACG
Ols

TCA
Ser

aac
Asyp

TTT
Phe

AGT
Se2
39S

gAacC
Asp

acc
Als

GAT
Asp

AAA
Ly

cTo
Len

cTT
Les

et
oty
320

TCco
See

QAA
Ole

ATT
Ile

cac
Atg

AAA
Lys
300

QAT
Asp

ACT
Thse

TTA
Les

aT?
Val

TTA
Les
300

TTO
Lesn

aac
aily

QcCA
Als

TOATAATCCT AGCGOTATTO GAAAAQOGCAC

AGT
$eor

CAT
Bis

TTT
Phe
303

QA
oly

aco
Als

arc
Val

ACT
Thr

TtT
Phe
188

TTCG
Les

GAA
Qla

TTT
Phe

ace
Ala

[ 1. I
aly
363

cco
Pre

aco
Als

aco
Ala

ATT
1le

TOC
Crs

ACT
Ths
190

Qo7
aly

CAA
Qla

aco
Alas

oTT
Val

TTO
Lee
110

TGO
Teyp

cac
Atg

TTO
Las

aTOo
val

aca
Als
330

acc
Als

aco
Ala

atTa
Val

aTO
Vsl

aar
aly
439

crY
Len
113

Tac
Cys

-1 X
Gly

AAA
Lys

aco
Als

TT0
Lesn

aac
aly

a0c¢
aly

cco
Proe

gac
Qly
133

ATQO
Mot

QAT
Asyp

[ 1]
Arg

aca
Ala

aceo
Ala
413

ATO
Met

1é0
ATT
Ile

(-X-14
Qely

aCA
Alas

TT10
Les

TIT
Phe
140

coT
Arg

CAA
Gla

gcce
Al

ATT
11e
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ATT CAT
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ATC
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[ X]
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( A JLENOTE: 663 unine wids
{ 9 ) TYPE: suies asld
{ D ) TOrOLOOT: Laswr

(1} ) MOLECULR TYPE: gromin

( s 1 ) SBQUENCE DASCRIPTION: $5Q D NOA

Mot Met The Assps I1eo Trp Hieo Thr Als Pre Vsl Ser Ala Len 307 O1y
t H ~ 1e 18 .

Gts Ile Tt 114 Cye Oly Asp Lys Setr Men

Ser BEls Azg Alas Les Leun
30 as

Les Ala Ala Les Als Ols Gly Ole Thter Qlu Lloe

Arg Gly Phe Los Ala
3 40

Cys Als Asp Cys Lew Ala T
50

Arg Ols Als Les Arg Als Les OGly Val

Asp Ille Ola Arg Qls Lys Ofe 1le Val Thz [le Arg Qly Val O3y Phe
[ 3] 70 73

80
Les Oly Les Olas Pre Pre Lys Alas Pre Len Asas Met Ola Ass Ser Qly
s 20 L X ]

Thr Sert Met Arg Leuw Lew Ala OGly I Lew Ala Ala Ols Arg Phe Gl
t 110

Ser Val Les Cys Oly Asp Glu Ser Les Oluw Lys Arg Pte Mot Ol Acg

Il lle The Preo Les Vsl

-Q

Mes Oty Alas Lys

- -
“w e
—_—
-~ -
oe

Ass Phe Thr Als Pre Lew His Ile Secrt Oly Arg Pre Lew Th:r Oly

-
-
- X J

Asp Tyr Ala Les Pre Leu Pre Ser Ala OGla Levw Lys S0z Cys Les Il
168 170 173

Les Als Oly Les Lew Als Asp OGly The Thr Arg Lee His Thr Cys Oly
180 i8S 190
fl1e Set Arg Ae¢p Ris The GJs Arg Met Les Pre Lew Phe Gty Q1

Ala
195 100 308

Les 1 Ile Lye Lys Gls

[*N-]

$l1e Ile Val T)ir Oly Gly Ola Lys Len

v
oa
X1

-
“ws

-

-

©

Bis Gly Cys Val Les Asp Ile ¥Yal Oly Asp Les Se: Als Ala

Als Phoe
1318 3130 3138

140

Phe Mot Val Ala Als Les Ile Ala Pre Arg Als Gls Vel Vsl 1le Arg
1493 130

Asa Val Oly Tle Ass Pre Thr Arg Ala Ala Ile lle The Lesw Lew Olns
- 140 368

3170

Lys Met Oly Gy Arg lle Glw Lew His His Gl Arg Phe Tep CGly Ala

278 a0 308

Oly Pre ¥Yal Als Asp tio ¥al Val Tys Hls 8er Lys Les Arg Ol1y lle
ivre 293 300

The Val Als Pze Ols Ttp 1le Als Ass Ala Ile

Asp Gls Lew Pre Ile
303 310

Phe Phe Ile Ala Als Als Cyo Als Gls OGly Ths The Phe Val Qtly Ass

Les Sor Gl Lew Atg Val Lys Gls Ser Asp Asg Les Ala Als Met Als
340 343 350

O1s Ass Les Ols Thre Les Gly Val Als Cys Asp Val @ Ale Asp Phe
3

Tle Mis I1e Tye Oly Acg Ser Asp Asg Tls Phe Les Pre Als Acrg Yal

376¢ 3178 300
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Asn Ser Pho Oly Asp Elo Arg lle Ala Met Sor Les Ala Vil Al Oy
30 3Ite 393 400
Val Atg Als Ala Oly Ole Les Lew 116 Asp Acp Oly Ala Vel Ala Alas
408 4190 413
Vel Ser Mot Pre Gla Phe Arg Asp Phoe Als Ala Ala lle Gly Met Asa
430 433 439
Vel Gly Glu Lys Asp Als Lys Asa Cys Bie Asp
438 440
We claim:

1. An isolated DNA molecule which eacodes ana EPSPS
enzyme having the sequeace of SEQ ID NO=3.

2. A DNA molecule of claim 1 having the sequence of
SEQ ID NO=2.

3. A DNA molecule of claim 1 having the sequeace of
SEQ ID NO:9S.

4. A recombinant, double-stranded DNA malecule com-
prising in sequence:

1) a promoter which functioss in plant cells to cause the

production of an RNA sequencs;

b) a structural DNA sequeace that canses the production
of an RNA sequence which eacodes a EPSPS enzyme
having the sequeace domaing:

-R-X,-H-X,-E<SEQ ID NO37), in which
X;i8G.S.T,CY.N.Q DorB;
X,isSorT; and
-G-D-K-X,{SEQ ID NO:38), in which
X, isSorT and
-S-A-Q-X-K+(SEQ ID NO:39), in which
XisARND.CQEGHLLKMFEPS,
T, W.YorV; and
-N-X,-T-R-(SEQ ID NO:40), in which
X, isA,R.N.D,C,QEGHILLKMFPES,
T.W.YorV; and .

¢) 2 3' non-transiated region which functions is plant cells
to cause the addition of a stretch of polyadenyl nucle-
otides to the 3' end of the RNA sequeace;

where the promoter is heterologous with respect to the
structural DNA sequeace and adapted to cause sufficlest
expressioa ‘of the eacoded EPSPS to enhance the
glyphosate tolerance of a plant cell transfarmed with the
DNA molecule,

5. A DNA molecule of claim 4 in which the structural
DNA sequence eacodes a fusion palypeptide comprising an
amino-terminal chiaroplast trassit peptide aad the EPSPS
eazyme.

6. ADNA malecule of claim 4 in which X, is D or N; X,
BSaT X, ST X isV.IxL;and Xyis Por Q.

7. A DNA molecule of claim € ia which the structural
DNA sequence encodes an EPSPS eazyme sclected from the
group coasisting of SEQ ID NO=2, SEQ ID NO4, SEQ ID
NO%, SEQ ID NO:41 and SEQ ID NO:43.

8. ADNA molecule of claim S Ia which X, sD e N; X,
BSaTX,sSaTsX,isV,IarL:and X;1s Poc Q.

9. A DNA molecule of claim 8 ia which the structural
DNA sequence eacodes an EPSPS eazyme selected from the
group coasistisg of SEQ ID NOz2, SEQ ID NO4, SEQ ID
NO:6, SEQ ID NO:41 and SEQ ID NO:43.

10. A DNA molecale of clalm 8 {n which the EPSPS
sequeace is SEQ ID NO3.

Case 7:01-cv-00230-BR Document 1

1L A DNA molecule of claim 19 {a which the promoter
13 Is a plant DNA virus

12. A DNA molecule of claim 11 in which the promoter
is selected from the group consisting of CaMV35S and
FMV3SS promoters,

13. A DNA molecule of claim 10 in which the structaral
DNA sequence encodes a chlaroplast transit peptide selected
from the group coasisting of SEQ ID NO:11 aad SEQ ID-
NO:1S.

14. A DNA molecule of caim 13 {n which the 3' aoo-
translated reglon is selected from the group counsisting of the
NOS 3' and the E9 3’ non-transiated regions.

18. A method of produciag genetically transformed plants
which are tolerant toward glyphosate hexbicide, compxising
the steps of:

a) inserting fnto the genome of a plant cell a recombinant,

double-stranded DNA molecule comprising:

i) a promoter which functions in plant cells to cause the

poduction of an RNA sequence,

if) a structural DNA sequeace that causes the produc-

tion of an RNA sequence which eacodes an EPSPS

cazyme having the sequeace domaibs:

-R-X,H-X,-E<SEQ ID NO:37), in which
X,i8G, 8. T,CY. N QDo E:
X,isSarT and

-G-D-K-X,(SEQ ID NO:38), in which
x,hs«'l‘:mmxos”h

S-A -K(SEQ , in which
x.an;xI:,R.N.D.C.Q,B,G.H.LLK.M.F.B
S.T.W.chl-:‘;dw)'h

-N-X,T-R<SEQ ID NO: which
X;isA,RLN,D,C,Q.BG HLLKMPFP
S.T.W,YaxV;ad

iif) 8 3’ pon-transiated DNA sequence which functions

in plast cells to cause the addition of a stretch of

potyadenyl moclectides to the 3° eod of the RNA

Wm.a«.megxmmﬁmmnmm
ecule;
b) obtaining a transformed plant cell; and
¢) regencrating from the transfarmed plant cell & geoetl-
cally transfarmed plast which has increased toleraace
to

giyphosate herbicide.

16. A method of claim 18 [a which X, s Dar N: X, is S
T X, isS aT X, isV,TorL;and XsisPor Q.

17. A method of claim 16 in which the structural DNA
sequence encodes an EPSPS earyme selected from the
mmdmmmmlnuw.smm
NO:6, SEQ ID NO:41 and SBQ ID NO:43.
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18. A method of claim 15 in which the structural DNA

stquence eacodes s fudios polypeptide compriting aa
amino-terminal chioroplast transit peptide and the EPSPS
eazyme.

19. A method of claim 18 la which X, s D N3 X, 1s S
SN BSaT X V. IorLiand X s Por Q.

20, A method of claim 19 in which the structural DNA
Graup coasistiagof SEQ TD NO%. Q1D NO. S8 B
group coa : NO:4, SBQ
NO:6, SEQ ID NO:42 and SEQ ID NO:44.

21 A method of claim 19 {n which the EPSPS eozyme is
that set farth in SEQ ID NO:3.

32 A method of claim 21 in which the promoter is from
2 plant DNA virus,

23. A method of claim 23 in which the promoter is
selectedvassﬁ'm the proup counsisting of CaMV3SS and
™M

24, A glyphosate-tolerant plaat cell a DNA
molecule of cdaims 8. 8 or 1. SRS

25. A glyphosate-tolerant plant celi of claim 24 in which
the promoter is & plant DNA virus promoter.

zaAuprl:ne;;oldlugohmcenddmzshwmg
the promoter is selected from the group coasisting
CaMV35S and PMV3SS

27. A glyphosate-tolerant plant cell of claim 24 selected
from the group consisting of carn, wheat, rce, bardey,
soybean, cotton, sugarbeet, oilseed rape, canola, flax,
sunflower, potato, tobacco, tomato. alfalfs, popler, pine,
cukalyptus, apple. lettuce, peas. leatils, gripe and turf
grasses.
d?}..lz\" glyphosate-tolerate plant comprising plant cells of
aim 27,

29. A glyphosate-tolerant plant of claim 28 In which the
promoter is from a DNA plant virus promoter.

30. A glypbosate-tolerant plant of claim 29 in which the

peomoter is selected from the group coasisting of CaMV3SS
and PMV3sS :

31 A glyphosate-tolerant plant of claim 30 selected from
the group consisting of corn. wheat, rice, hdey;:zm
colton. sugarbeet, oilsced rape, canola, flax, ower,
potato. tobscco, tomato, alfalfs, poplar, eukalypaus,
apple, lettoce, peas, leatils, grape and tuf grasses,

32. A method for selectively controlling weeds in a field
containing a crop having planted crop seeds or plants
comprising the stzps of:

1) planting the seeds or plants which are glypbosate-
toh::u auguhdamﬂnudaﬂe-mnu
DNA molecule being inserted into the crop seed or
plant. the DNA maleculs baving:

i) a promoter which functions is plant cells to cause the
i) M%:Ammu the prodoc-
if)a causes
tiold’n;kvz: which eacodes an EPSPS
cazyme the sequence domaing:
R-X,-H-X;-BSBQ ID NO37). in which
X,isG.S.T,CYN.QDuxE;
X,isSorT and
-G-D-K-X,-(SEQ ID NO-38), ia which
XyisSorT and
S-A-Q-X-K~SEQ ID NO:39), ia which
X ARNDCQEGHLLEMPEP
S, T.W.Yor V; and
-N-X,-T-R{SEQ ID NO40), in which
LsARNDCQEGHLLKMPEPR
S.T,W,Yoar V:and
iii) a ¥’ noa-translated DNA sequeace which functions
in plant cells to canse the addition of a stretch of
polyadenyl nucleotides 0 the 3° eod of the RNA
sequeace
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where the promoter s heteral with respect to the
structural DNA sequesce and 10 cause sufficiens
expression of the EPSPS enzyme to eahance the gl
tolcrance of the crop plaat traasfarmed with the DNA
molecule; and

b) applying to the crop and weeds in the field a suficiest

amount of glypbosate herbicids to control the weeds
without significaatly affecting the crop.

33 Amcthodof aim 32 in which X, s D ax Ny X, 1 S
ITX, BSaT X, V. TorL;and X is Pox Q.

34. A method of clalm 33 Ia whick the swuctural DNA
sequence cacodes an EPSPS eazyme selected from the
sequences as set forth ia SEQ ID NO-2. SEQ ID NOz4, SEQ
ID NO:6. SEQ ID NO:42 and SEQ ID NO:44.

”.AmahodddﬁuhwmmeswmdDNA
sequeace eacodes s fusion polypeptide comprising an
amino-terminal chloroplast transit peptide and the EPSPS
8Zyme.

e

36. A method of claim 38 In which X, s D ar N; X, is S
X, isSaTX,isV.IorLiand X,isPor Q.

37. A method of claim 36 {n which the structural DNA
sequence encodes an EPSPS eazyme selected from the
sequences as set forth in SBQ ID NO2, SEQ ID NO:4. SEQ
ID NO:6, SEQ ID NO:41 and SEQ ID NO:43.

38, A method of claim 36 in which the DNA roolfecule
encodes an EPSPS eazyme as set forth in SEQ ID NO:3,

39, A method of caim 38 in which the DNA molecule
further compdses 2 promoter selected from the group con-
sisting of the CAMV35S and PMV35S promoters.

4. A method of claim 39 in which the crop plant is
selected from the group consisting of corn. wheat, rice,
barley, soybean. cotton, sugarbeet, ailseed rape, canala, fiax,
sunflower, potato, tobacco, tomato, alfalfs. poplar, pine,
cukalyptus, apple, lettuce, peas, leatils, grape and tuaf

grasses.

4L A DNA molecule of claim § in which the structural
DNA sequeace encodes a chl, trantit peptide selected
from the group of SBQ ID NO:11, SEQ ID
NO:13, SEQ ID NO:1S and SBQ ID NO:17.

42. A DNA molecule of claim 41 in which the chloroplast
tranit peptide is encoded by a DNA sequeace selected from
the coasisting of SEQ ID NO:1Q, SEQ ID NO:12,
SEQ ID NO:14 and SEQ ID NQ:16.

43. A DNA molecule of claim 8 in which the structiral
DNA sequence encodes a chlaroplast tansit selected
from the group coasisting of SEQ ID NO:11 and SEQ ID
NO:1S.

44. A DNA molecule of claim 43 ia which the chloroplast
transit peptide is encoded by a DNA sequence selected from
the group consisting of SEQ ID NO:10 and SEQ ID NO:14.

45. ADNA malecule of caim 41 in which the promoter
is selected from the group consisting of CaMV 35S and
FMV 358

46. A DNA molecule of caim 42 ia which the
is selected from the group coasisting of CaMV 35S and
FMYV 35S promoters.

47. A DNA molecule of claim 43 In which the promoter
Is selected from the group consisting of CaMV 35S and
FMV 35S

oo 1 v 0 o
is selected from the group coasisting of CaMV 35S and
FMV 358

49. A DNA molecule of claim 45 in which the 3' noo-
translated regioa is selected from the group cossisting of the
NOS 3’ and the E9 3 nos-transiated regiont.

50. A DNA molecule of clalm 46 ia which the 3' noo-
transiazed regioa Is selected from the group coasigting of the
NOS 3 and the E9 3' noo-translated reglons.
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SL A DNA moleculs of claim 47 {a which the 3' nos-
translated region is selected from the group coasisting of the
NOS ¥ and the B9 3' aoa-translated

52. A DNA malecule of claim 48 in which the 3 non-
transiated region is selected from the group coansisting of the
NOS 3’ and the E9 3° non-translated regions,

$3. A DNA molecule of claim 49 in which the structural
DNA sequence eacodes an EPSPS eagyme sclected from the
group consisting of SEQ ID NO:3, SEQ ID NO:=5, SEQ ID
NO:7, SEQ ID NO:42 ané SEQ ID NQzés,

54, A DNA molecule of claim 50 {a which the structural
DNA sequeace eacodes an EPSPS eazyme selected from the
group consisting of SEQ ID NO23, SEQ ID NO=S, SEQ ID
NO:7, SEQ ID NO:42 and SEQ ID NO:44

§5. A DNA molecule of claim 51 {a which the structural
DNA sequeace eacodes an EPSPS eazyme sclected from the
group coasisting of SEQ ID NO:3, SEQ ID NO:5, SEQ ID
NO:7, SEQ ID NO:42 and SEQ ID NO:44.

$6. A DNA malecule of claim 52 in which the structural
DNA sequeace encodes an EPSPS eazyme sclected from the
group coasistiag of SEQ ID NO3, SEQ ID NO:S, SEQ ID
NO:7, SEQ ID NO:42 and SEQ ID NO:44.

57. A DNA molecule of claim 53 in which the structural
DNA sequence contsins an EPSPS encoding sequeace
selected from the group consisting of SEQ
NO4. SEQ ID NO=6, SEQ ID NO:41 and SEQ ID NOM3,

§8. A DNA molecule of claim 34 in which the structural
DNA sequeace coatains an EPSPS eacoding sequence
selected from the group coasisting of SEQ ID NO2, SEQ ID
NO:4, SEQ ID NO#6. SEQ ID NO:41 and SEQ ID NO:43.

59. A DNA malecule of ciaim 55 [a which the structural
DNA sequence cootsins an EPSPS encoding sequence
selected from the group consisting of SEQ ID NO2, SEQID
NO:4, SEQ ID NO:6, SEQ ID NO:41 and SEQ ID NO=43.

68. A DNA molecule of clalm 86 in which the structural
DNA sequence contains an EPSPS encodiag
selected from the group coasisting of
NO:4, SEQ ID NO:6, SEQ ID NO:41 and SEQ ID NO:43.

61. A DNA molecule of claim 49 in which the structural

DNA sequeace cacodes an EPSPS eazryme having the «

sequeace of SEQ ID NO:A.

62. A DNA malecale of claim 54 In which the structaral
DNA sequence cacodes an EPSPS enzyme having the
sequeace of SBEQ ID NO:3,

63. A DNA molecule of claim 51 ia which the structoral
DNA sequence eacodes as EPSPS cazyme having the
sequeace of SBQ ID KO3,

64. A DNA molecule of claim 52 in which the stroctural
DNA sequence eacodes an EPSPS enzyme having the
sequence of SEQ ID NO3,

50
65. A DNA molecule of claim 61 ia which the structucal

DNA sequence coataing an EPSPS

encoding  sequeace
selected from the groop consisting of SEQ ID NO2 and
SEQ ID NO9.

66. A DNA molecule of claim 62 in which the structhural ss$

DNA sequence coataing an EPSPS ¢ sequeacs
selected from the group consisting of SEQ ID NO=2 aad
SEQ ID NO9.

67. A DNA molecule of daim 63 ia which the structural
DNA sequence coatains sa EPSPS e sequesce
selected from the group consisting of SEQ ID NO=2 and
SEQ ID NO:9.

68. A DNA molecale of claim €4 {s which the structaral
DNA sequence contsins an EPSPS e

ncoding sequesce
selected from the group consisting of SEQ ID NO2 and ¢

SEQ ID NOS9.
9. A glyphosate-tolerant plant cell of claim 25 In which:

IDNO2,.SEQID 23

sequence
SEQID NO2, SEQID
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(a) the promoter is selected from the consi of
CaMYV 35S aad FMV 35S md:t? e
(b) the structural DNA sequeace encodes:
(1) a chioroplast transit selected from the group
consisting of SEQ ID NO:11, SEQ ID NO:13, SEQ
ID NO:1S and SEQ ID NO:17; and
(H) an EPSPS eazyme selected from the group coasist-
ing of SBQ ID NO:3, SEQ ID NO:S, SEQ ID NO:7,
SEQ ID NO:42 and SBQ ID NO:44; and
(c) the 3' non-transisted region s selected from the groap
consisting of the NOS 3' 2ad the E9 3' non-translated

regions.

7. A glypbosate-tolerant plant cell of claim 69 in which

the structural DNA sequeace comprises:

(2) & chioroplast transit peptide eacoding DNA sequence
selected from the group coasisting of SEQ ID NO:10,
SEQ ID NQO:12, SEQ ID NO:14 aad SEQ ID NO:16;
and

(b) an EPSPS encoding scquence selected from the group
consisting of SEQ ID NO2, SEQ ID NO:4, SEQ ID
NO:6, SEQ ID NO:41 and SEQ ID NO:43.

71. A glyphosate-tolerant plant cell of claim 69 in which

the structural DNA sequeace comprises:

(a) a chloroplast transit peptide eacoding DNA sequence
selected from the group consisting of SEQ ID NO:10
and SEQ ID NQ:14; and

(b) a DNA sequence encoding an EPSPS enzyme having
the sequence of SEQ ID NO3.

T2A tolerant plant cell of claim 71 in which

% the structural DNA sequeace compeises an EPSPS encoding

sequence selected from the group comsisting of SEQ ID
NO:2 and SEQ ID NO9. .

73. A glyphosate-tolerant plant cell of claim 71 selected
from the group consisting of cora, wheat, rice, baley.

”soybeu,cocon.mgubea.oﬂseednpe,anoh.ﬂm

sunfiower, potato, tobacco, tomato, alfalfa, poplac, pine,
cukalyptus, apple, lettuce, peas, leatils, grape and turf
grasses.

74. A glypboeste-tolerant plant compxising 2 DNA mol-
ccule of claims &, § or 10 in which:
(a2) the is selected from the group consisting of

CaMV 35S and FMV 35S promaters;

() the structaral DNA sequence eacodes:

(D) a chlaroplast transit peptide selected from the group
consisting of SEQ ID NO:11, SEQ ID NO:13, SEQ
1D NQ:1$ and SBQ ID NO:17; and

(if) an EPSPS enzyme sclected from the group consist-
ing of SEQ ID NO-3, SBQ ID NO:5. SEQ ID NO:7,
SEQ ID NO:42 aad SEQ ID NO:44; and

(c) the 3' non-translated regioa i3 sclected from the group
consisting of the NOS 3' sad the E9 3' non-translated

plant of claim 74 in which the
e ueod!n DNA
s) a chloroplast transit peptide g sequence
¢ selected from the group consisting of SEQ ID NO:10,
SEQ ID NO:12, SBQ ID NO:14 and SEQ ID NO:16;
M .

© @)ummwdmmum
coasisting

dSBQDNOﬂ.SBng%4.SEQD
' ID NO:41 and SEQ ID NO:43.
ungs. e punsfchm 75 in which the
e ueodh DNA sequence
chloroplast transit peptide $
O Foes tho prom coaslting of SEQ ID NO:10
and SBQ ID NO:14; and
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(b) 8 DNA sequeace eficoding an EPSPS enzyme having 83. A secd of & glyphosate-tolerant plant of claim 77,
‘nm,: sequence (:lwm Dl:gi _— e 84. A sced of s glyphosate-tolerant plant of claim 78.

- A glyphosate-tolerant p. claim which 85. A seed of tolerant claim 79,
sructural DNA sequence comgprises an EPSPS eacodiag seed of a glypboeate-tolerant plast of claim 79
sequence selected from the group consisting of SBQ ID s 86. A transgenic soybeaa plant which contains a heter-

78. A glyphosate-tolerant plant of clpim 77 selected from  1¢ Phosphiocaalpyruvate (PEP) betweea 1 and 150 uM and
the group consistiag of corn, wheat, badey, soybean,  * KdglyphostieYK, (PEP) ratio betweea about 2 and 500,
cotton, sugarbeet, oflsced rape, canola, fiax, suaflower, said  plant  exhidbiting tolerance to
potato, tobscco, tomatd, alfalfa, poplar, pine. eukalypeus, 10 N:plnsphonomeﬂ:ylglyd.ne herbicide at a rate of 1 Ib/acre
apple, lettuce, peas, leatils, grape and tusf grasses. without significant yield reduction due 1o herblcide appli-

79. A seed of a glyphosate-tolerant plant of claim 28 cation.

80. A seed of a glypbosate-tolerant plaat of claim 3L 87. Seed of a soybean plant of claim 86.
81 A seed of 2 glyphosate-tolerant plant of claim 78.
82 A seed of a glyphosate-tolerant plaat of claim 76 * s 8 8 =
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1
CHIMERIC GENES FOR TRANSFORMING PLANT
CELLS USING VIRAL PROMOTERS

RELATED APPLICATIONS

This is 8 File Wrapper continuation of spplication
Ser. No. 07/625,637, filed Dec. 7, 1990, now aban-
doned, which is a continuation of U.S. Ser. No.
06/931,492, filed Nov. 17, 1986, now abandoned, which
is a continuation-in-part of U.S. Ser. No. 06/485,568,
filed Apr. 15, 1983, now abandoned, which is a con-
tinuation-in-part of U.S. Ser. No. 06/458,414, filed Jan.
17, 1983, now abandoned.

TECHNICAL FIELD

This invention is in the fields of genctic engineering
and plant biology.

BACKGROUND ART

A virus is a microorganism comprising single or dou-
ble stranded nucleic acid (DNA or RMA) contained
within a protein (and possibly lipid) shell called a “cap-
sid™ or “coat”. A virus is smaller than a cell, and it does
not contain most of the components and substances
necessary to conduct most biochemical processes. In-
stead, a virus infects a cell and uses the cellular pro-
cesses to reproduce itself.

The following is a simplified description of how a
DNA-containing virus infects a cell; RNA viruses will
be disregarded in this introduction for the sake of clar-
ity. First, & virus attaches to or enters a cell, normally
called a “host” cell. The DNA from the virus (and
possibly the entire viral particle) enters the host cell
where it usually operates as a plasmid (& loop of extra-
chromosomal DNA). The viral DNA is transcribed into
messenger RNA, which is translated into one or more
polypeptides. Some of these polypeptides are assembled
into new capsids, while others act as enzymes to cata-
lyze various biochemical reactions. The viral DNA is
also replicated and assembled with the capsid polypep-
tides to form new viral particles. These viral particles
may be released gradually by the host cell, or they may
cause the host cell to lyse and release them. The re-
leased viral particles subsequently infect new host cells.
For more background information on viruses see, ¢.g.
Stryer, 1981 and Matthews, 1970 (pote: all references
cited herein, other than patents, are listed with citations
after the examples).

As used herein, the term “virus” includes phages and
viroids, as well as replicative intermediates. As used
herein, the phrases “viral nucleic acid” and DNA or
RNA derived from a virus” are construed broadly to
include any DNA or RNA that is obtained or derived
from the nucleic acid of a virus. For example, a DNA
strand created by using a viral RNA strand as 2 tem-
plate, or by chemical synthesis to create a known se-
quence of bases determined by analyzing viral DNA,
would be regarded as viral nucleic acid.

The host range of any virus (Le., the variety of cells
that & type of virus is capable of infecting) is limited.
Some viruses are capable of efficient infection of only
certain types of bacteria; other viruses can infect only
plants, and may be limited to certain geners; some vi-
ruses can infect only mammalian cells. Viral infection of
a cell requires more than mere entry of the viral DNA
or RNA into the host cell; viral particles must be repro-
duced within the cell. Through various assays, those
skilled in the art can readily determine whether any
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2
particular type of virus is capable of infecting any par-
ticular genus, species, or strain of cells. As used herein,
the term “plant virus” is used to designate a virus which
is capable of infecting one or more types of plant cells,
regardless of whether it can infect other types of cells.

With the possible exception of viroids (which are
poorly understood at present), every viral particle must
contain at least one gene which can be “expressed”™ in
infected host cells. The expression of & gene requires
that a segment of DNA or RNA must be transcribed
into or function as a strand of messenger RNA
{(mRNA), and the mRNA must be translated into a
polypeptide. Most viruses have about S to 10 different
genes, all of which are expressed in a suitable host cell.

In order to be expressed in a cell, a gene must have s
promoter which is recognized by certein enzymes ic the
cell, Gene promoters are discussed in some detail in the
parent application Ser. No. 458,414 cited sbove, the
contents of which are incorporated herein by reference.
Those skilled in the art recognize that the expression of
a particular gene to yield a polypeptide is dependent
upon two distinct cellular processes. A region of the §’
end of the gene called the promoter, initiates transcrip-
tion of the gene to produce 8 mRNA transcript The
mRNA is then translated at the ribosomes of the cell to
yield an encoded polypeptide. Therefore, it is evident
that although the promoter may function properly,
ultimate expression of the polypeptide depends at least
in part on post-transcriptional processing of the mRNA
transcript.

Promoters from viral genes have been utilized in a
variety of genetic engineering applications. For exam-
ple, chimeric genes have been constructed using various
structural sequences (also called coding sequences)
taken from bacterial genes, coupled to promoters taken
from viruses which can infect mammalian cell(the most
commonly used mammalian viruses are designated as
Simian Virus 40 (SV40) and Herpes Simplex Virus
(HSV)). These chimeric genes have been used to trans-
form mammalian cells. See, ¢.g., Mulligan et &l 1979;
Southern and Berg 1982. In addition, chimeric genes
using promoters taken from viruses which can infect
bacterial cells have been used to transform bacterial
cells; see, e.g., the phage lambda Py promoter discussed
in Maniatis et al, 1982.

Several rescarchers have theorized that it might be
possible to utilize plant viruses as vectors for transform-
ing plant cells. See, e.g., Hohn et al, 1982. In genersal, 3
“vector” is a DNA molecule useful for transferring one
or more genes into a cell. Usually, & desired gene is
inserted into a vector, and the vector is then used to
infect the host cell.

Several researchers have theorized that it might be
possible to create chimeric genes which are capable of
being expressed in plant cells, by using promoters de-
rived from plant virus genes. See, e.g., Hohn et al, 1982,
at page 216,

However, despite the efforts of numerous rau.rc'h
teams, prior to this invention no one bad succeeded in
(1) creating a chimeric geae comprising a plant virus
promoter coupled to a heterologous structural sequence
and (2) demonstrating the expression of such a gene in
any type of plant cell.

CAULIFLOWER MOSAIC VIRUS (CaMV)

The entire DNA sequence of CaMV has been pudb-
kished. Gardner et al, 1981; Hohn et al, 1982. In its most
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3
common form, the CaMV genome is about 3000 bp
long. However, various naturalty occurring infective
mutants which have deleted about 500 bp have been
discovered; see Howarth et al 1981. The entire CaMV
genome is transcribed into a single mRNA, termed the
*full-length transcript” having a sedimentation coefTici-
ent of about 35S. The promoter for the full-length
mRNA (hereinafler referred to as “CaMV(35S)™) is
located in the large intergenic region sbout 1 kb coun-
terclockwise from Gap 1 (see Guilley et al, 1982).

CaMYV is believed to generate at least eight proteins;
the corresponding genes are designated as Genes |
through VIII. Gene VI is transcribed into mRNA with
2 sedimentation coefficient of 19S. 19S mRNA is
translated into a protein designated as P66, which is an
inclusion body protein. The 19S mRNA is promoted by
the 19S promoter, located about 2.5 kb counterclock-
wise from Gap L.

SUMMARY OF THE INVENTION

In one aspect, the present invention relates to the use
of viral promoters in the expression of chimeric genes in
plant cells. In another aspect this inveation relates to
chimeric genes which are capable of being expressed in
plant cells, which utilize promoter regions derived from
viruses which are capable of infecting plant cells. One
such virus comprises the cauliflower mosaic wvirus
(CaMV). Two different promoter regions have been
derived from the CaMV genome and ligated 1o beterol-
ogous coding sequences to form chimeric genes. These
chimeric genes have been proven to be expressed in
plant cells. This invention also relates to plant cells,
plant tissue (including seeds and propagules), and differ-
entiated plants which have been transformed to contain
viral promoters and express the chimeric genes of this
invention, and to polypeptides that are generated in
plant cells by the chimeric genes of this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The figures herein are schematic representations;
they have not been drawn to scale.

FIG. 1 represents the creation and structure of plas.
mid pMON93.

FIG. 2 represents the creation and structure of plas-
mid pMON156.

FIG. 3 represents the creation and structure of plas-
mid pMONI110.

FIG. 4 represents the creation and structure of plas-
mid pMON132,

FIG. § represents the creation and structure of plas-
mid pMONISS.

FIG. 6 represents the creation and structure of plas-
mid pMONBI.

FIG. 7 represents the creation and structure of plas-
mid pMONI125.

FIG. 8 represents the creation and structure of plas-
mid pMONI172.

FIG. 9 represents the creation and structure of phage
MI12.

FIG. 10 represents the creation and structure of plas-
mids pMON183 and pMONI184.

DETAILED DESCRIPTION OF THE
INVENTION

In one preferred embodiment of this invention, a
chimeric gene was created which contained the follow-
ing clements:

—
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1. a promoter region and & ' non-transiated region
derived from the CaMV (19S) gene, which codes
for the P66 protein;

2. s partial coding sequence from the CaMV (195)
gene, including an ATG start codon and several
internal ATG sequences, all of which were in the
same frame as 8 TGA termination sequence imme-
diately inside the desired ATG start codon of the
NPTII gene;

3. a structural sequence derived from a neomycin
phosphotransferase II (NPTII) gene; this sequence
was preceded by a spurious ATG sequence, which
was in the same reading frame as 8 TGA sequence
within the NPTII structural sequence; and,

4. 2 ¥ non-translated region, including a poly-adeny-
lation signal, derived from a nopaline synthase
(NOS) gene.

This chimeric gene, referred to herein as the
CaMV(19S)-NPTII-NOS gene, was inserted into plas-
mid pMON120 (described in the parent application, Ser.
No. 458,414; ATCC accession number 39263) to create
a plasmid designated as pMON156. Plasmid pMON156
was inserted into sn Agrobacterium tumefaciens cell,
where it formed a co-integrate Ti plasmid by means of
a single crossover event with a Ti plasmid in the A.
tumefaciens cell, using a method described in the parent
application. The chimeric gene in the co-integrate plas-
mid was within a modified T-DNA region in the Ti
plasmid, surrounded by left and right T-DNA borders.

A. tumefaciens cells containing the co-integrate Ti
plasmids with the CaMV(19S)-NPTII-NOS genes were
used to infect plant cells, using a method described in
the parent application. Some of the plant cells were
genetically transformed, causing them to become resis-
tant to an antibiotic (kanamycin) at concentrations
which are toxic to untransformed plant cells.

A similar chimeric gene was created and assembled in
a plasmid designated as pMON155. This chimeric gene
resembled the gene in pMON156, with two exceptions:

1. an oligonucleotide linker having stop codons in ali
three reading frames was inserted between the
CaMV(19S) partial structural sequence and the
NPT structural sequence; and,

2. the spurious ATG sequence on the 5 side of the
NPTII structural sequence was deleted. .

The construction of this chimeric gene is described in
Example 2. This gene was inserted into A fumefaciens
cells and subsequently into plant cells. Its level pf ex-
pression was apparently higher than the expression of
the similar gene in pMON156, as assayed by growth on
higher concentrations of kanamycin.

CREATION OF PLASMIDS pMON183 and 184;
CaMV(35S)

In an alternate preferred embodiment of this inven-
tion, a chimeric gene was created comprising

(1) a promoter region which causes transcription of
the 35S mRNA of cauliflower ‘mosac virus,
CaMV(35S);

(2) a structural sequence which codes for NPTI; and

(3) & nopaline synthase (NOS) 3’ non-translated re-
gion. .

The assembly of this chimeric gene is described in

Example 3. This gene was inserted into plant cells and it

caused them to become resistant to hnmydn.
Petunia plants cannot normally be m.feaed by

CaMV. Those skilled in the art may determine through

routine experimentation whether any particular plant
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viral promoter (such as the CaMV promoter) will func-
tion at satisfactory levels in any particular type of plant
cell, including plant cells that are outside of the normal
host range of the virus from which the promoter was
derived.

It is possible to regenerate genetically transformed
plant cells into differentiated plants. One method for
such regeneration was described in U.S. patent applica-
tion entited “Genetically Transformed Plants”, Ser. No.
458,402, now abandoned. That application was filed
simultaneously with, and incorporated by reference
into, the parent application of this invention. The meth-
ods of spplication Ser. No. 458,402, now abandoned,
may be vsed to create differentiated plants (and their
progeny) which contain and exp himeric genes
having plant virus promoters.

It is possible to extract polypeptides generated in
plant cells by chimeric genes of this invention from the
piant cells, and to purify such extracted polypeptides to
a useful degree of purity, using methods and substances
known to those skilled in the art.

Those skilled in the art will recognize, or may ascer-
tain using no more thaan routine experimentation, nu-
merous equivalents to the specific embodiments de-
scribed herein. Such equivalents are within the scope of
this invention, and are covered by the claims below.

EXAMPLES
Example 1: Creation and Use of pMON156

Plasmids which contained CaMV DNA were a gift to
Moaosanto Company from Dr. R. J. Shepherd, Univer-
sity of California, Davis. To the best of Applicants'
knowledge and belief, these plasmids (designated as
pOS1) were obtained by inserting the entire genome of
a CaMYV strain designated as CM4-184 (Howarth et al,
1981) into the Sal I restriction site of a pBR322 plasmid
(Bolivar et al, 1978). E coli cells transformed with pOS1
were resistant to ampicillin (AmpR) and sensitive to
tetracycline (Tet9).

Various strains of CaMV suitable for isolation of
CaMV DNA which can be used in this invention are
publicly available; see, ¢.g., ATCC Catalogue of Strains
I, p. 387 (3rd edition, 1981).

pOS! DNA was cleaved with HindITL Three small
fragments were purified after electrophoresis on an
0.8% agarose gel using NA-4S membrane (Schleicher
and Schuell, Keene NH). The smallest fragment, about
500 bp in size, contains the 19S promoter. This fragment
was further purified on a 6% acrylamide gel. After
various manipulations which did not change the se-
quence of this fragment (shown in FIG. 1), it was di-
gested with Mbol to created 455 bp HindII-Mbol frag-
ment. This fragment was mixed with a 1250 bp fragment
obtained by digesting pMON75 (described and shown
in FIG. 9 of the parent application Ser. No. 458,414,
now abandoned,) with BglIT and EcoRL This fragment
contains the NPTTI structural sequence and the NOS 3/
noun-translated region. The two fragments were ligated
by their compatible Mbol and BglIII overhangs to cre-
ate a fragment containing the CaMV(19S)-NPTII-NOS
chimeric gene. This fragment was inserted into
pMONI120 (described and shown in FIG. 10 of the
parent application, Ser. No. 458,414, now abandoned;
ATCC accession number 39263) which had been
cleaved with HindlII and EcoRL The resulting plasmid
was designated as pMON156, as shown in FIG. 2.

Plasmid pMON156 was inserted into E. coli cells and
subsequently into A rumefaciens cclls where it formed a
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co-integrate Ti plasmid having the CaMV(19S)-NPTII-
NOS chimeric gene surrounded by T-DNA borders. A.
fumefaciens cells containing the co-integrate plasmids
were co-cultivated with petunis cells. The foregoing
methods are described in detail in a separate application,
entitled “Plasmids for Transforming Plant Cells" Ser.
No. 458,411, now abandoned, which was filed simulta.
neously with and incorporated by reference into parent
application, Ser. No. 458,414, now sbandoned.

The co-cultivated petunia cells were cultured on
media containing kanamycin, an antibiotic which is
toxic to petunia cells. Kanamycin is inactivated by the
enzyme NPTII, which does not normally exist in plant
cells. Some of the co-cultivated petunia cells survived
and produced colonies on media containing up to 50
ug/ml kanamycin. This indicated that the CaMV(19S)-
NPTII-NOS genes were expressed in petunia cells.
These results were confirmed by Southern blot analysis
of transformed plant cell DNA.

Example 2: Creation of pMONI1S5S

Plasmid pMON?72 was obtained by inserting a 1.8 kb
HindITI-BamHI fragment from bacterial transposon
Ta5 (which contains an NPTII structural sequence)
into a Pstl- pBR127 plasmid digested with HindIII and
BamH]I. This plasmid was digested with BglII and Pstl
to remove the NPTII structural sequence.

Plasmid pMON1001 (described and shown in FIG. 6
of the parent application) from dam- cells was digested
with BgIIT and PstI to obtain s 218 bp fragment with a
partial NPTII structural sequence. This fragment was
digested with Mbol to obtain a 194 bp fragment.

A triple ligation was performed using (a) the large
Pst1-Bglll fragment of pMON72; () Pstl-Mbol frag-
ment from pMONI001; and (c) a synthetic linker with
Bglll and Mbol ends having stop codons in all three
reading frames. After transformation of E. coli cells and
selection for ampicillin resistant colonies, plasmid DNA
from Amp R colonies was analyzed. A colony contain-
ing a plasmid with the desired structure was identified.
This plasmid was designated pMONI110, as sbown on
FIG. 3.

In order to add the 3’ end of the NPTII structural
sequence to the §’ portion in pMON110, pMON110 was
treated with Xhol. The resulting overhanging end was
filled in to create a blunt end by treatment with Klenow
polymerase and the four deoxy-nucleotide triphos-
phates (dNTP's), A, T, C, and G. The Klenow poly-
merase was inactivated by heat, the fragment was di-
gested with Pstl, and a 3.6 kb fragment was parified.
Plasmid pMONT76 (described and shown in FIG. 9 of
the parent application) was digested with HindIT], filled
in to create a blunt end with Klenow polymerase and
the four ANTP's, and digested with Pstl. An 1100 bp
fragment was purified, which contained part of the
NPTII structural sequence, and a nopaline synthase
(NOS) 3’ non-translated region. This fragment was
ligated with the 3.6 kb fragment from pMONI110. The
mixture was used to transform E. coli cells; Amp R cells
were selected, and a colony having a plasmid with the
desired structure was identified. This plasmid was des-
ignated pMON132, as shown oan FIG. 4. Plasmid
pMON93 (shown f:n FIG. 1) ‘Yaldlt.gd.&’le‘:is pnghiva
dII, and a 476 bp fragment was isolal
was digested wxfh Mbol, and a 455 bp HindITI-Mbol
fragment was purified which contained the CaMV

(19S) promoter region, and 5’ non-translated region.
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7
Plasmid pMON132 was digested with EcoRI and Bglll
to obtain a 1250 bp fragment with (1) the synthetic
linker equipped with stop codons in all three resding
frames; (2) the NPTII structural sequence; and (3) the
NOS ' pon-translated region. These two fragmeats
were joined together through the compatible Mbol nd
BglII ends to create a CaMV (195)-NPTII-NOS chime-
ric gene.

This gene was inserted into pMON120, which was
digested with HindIII and EcoRlI, to create plasmid
pMONI5S, as shown in FIG. §.

Plasmid pMONI153 was inserted into A. tumefaciens
GV3111 cells containing 2 Ti plasmid, pTiB6S3. The
pMONI55 plasmid formed 2 cointegrate plasmid with
the Ti plasmid by means of a single"Crossover event.
Cells which contain this co-integrate plasmid have been
deposited with the American Type Culture Center, and
have been assigned ATCC accession number 39336, A
fragment which contains the chimeric gene of this in-
vention can be obtained by digesting the co-integrate
plasmid with HindIIl and EcoRl], and purifying the 1.7
kb fragment. These cells bave been used 1o transform
petunia cells, allowing the petunia cells to grow on
media containing at least 100 ug/m! kanamycin.

Example 3: Creation of pMON183 and 184

Plasmid pOS! (described in Example 1) was digested
with BgllIl, and a 1200 bp fragment was purified. This
fragment contained the 35S promoter region and part of

EcoR1
1]

CATTGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGT GATCCCAAAGAT GGACCCCCAC
141 : . . . . )
CCACGAGGAGCATCGTGGAAAAAGAAGACGT TCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATAT

21l

CTCCACTGAEGTAAGGGATbACGCACAATéCACTATACC%TCGCAAGACCCTTCCTCTATATAAGGAAGT
S‘mRNA

281

181 E?nTnmh&mdhmmu

20

28

GAATTCCCGATCe TATCTGTCACT TCATCAAAAGGACAGTAGAAAAGGAAGGT GGCACT:ACAAATGCClA“g
n .

TCATTTCAT}TGGAGAGGACACGCTGAAA%CACCAGTCTbTCTCTACAAATCTATCTCTCTCTATTTTCT
BamH1

5,352,605
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site of plasmid pKC7 (Rao and Rogers, 1979) to give
plasmid pMONI12S, as shown in FIG. 7. The sequence
of bases adjacent to the two Mbol ends regenerates
Bglll sites and allows the 725 bp fragment to be excised
with Bglll.

To generate a fragment carrying the 35S promoter,
the 725 bp BglII fragment was purified from pMON125
and was subsequently digested with EcoRV and Alul to
yield 2 190 bp fragment. Plasmid pMONS1 was digested
with BamHI, treated with Klenow polymerase and
digested with EcoRV. The 3.1 kb EcoRV-BamHI(-
blunt) fragment was purified, mixed with the 190 bp
EcoRV-Alul fragment and treated with DNA ligase.
Following transformation and selection of ampicillin-
resistant cells, plasmid pMON172 was obtained which
carries the CaMV/(35S) promoter sequence on a 380 bp
BamHI-EcoRI fragment, as shown on FIG. 8. This
fragment does not carry the polyadenylation region for
the 358 RNA. Ligation of the Alul end to the filled-in
BamHI site regenerates the BamHI site.

To rearrange the restriction endonuclease sites adja-
cent 1o the CaMV/(35S) promoter, the 380 bp BamHI-
EcoRlI fragment was purified from pMON172, treated
with Klenow polymerase, and inserted into the unique
smal site of phage M13 mp8. One recombinant phage,
M12, carried the 380 bp fragment in the orientation
shown on FIG. 9. The replicative form DNA from this
phage carries the 35S promoter fragment on an EcoRI(-
5-BamHI(3") fragment, illustrated below.

0

210

TATA
280

350

. . . o
CCATAATAATGTGTGAGTAGTTCCCAGAT AAGGGAAT TGGGGATCC

the 5' non-translated region. It was inserted into plasmid
pSHL72 which had been digested with BamHI and
BglII (pSHL72 is functionally equivalent to pAGO60,
described in Colbere-Garapin et al, 1981). The resulting
plasmid was designated as pMONSQ, as shown on FIG.
6.

The cloned BglII fragment contains a region of DNA
that acts as a polyadenylation site for the 35S RNA
transcript. This polyadeaylation region was removed as
follows: pMONSO0 was digested with Avall and an 1100
bp fragment was purified. This fragment was digested
with EcoRI* and EcoRV. The resulting 190 bp
EcoRV-EcoRI* fragment was purified and inserted
into plasmid pBR327, which had been digested with
EcoRI® and EcoRYV. The resulting plasmid, pMONS81,
contains the CaMYV 35S promoter on 2 190 bp EcoRV-
EcoRI* fragment, as shown in FIG. 6.

To make certain the entire promoter region of
CaMV(35S) was present in pMONSI, 2 region adjacent
to the 5' (EcoRV) end of the fragment was inserted into
PMONS]1 in the following way. Plasmid pMONSO0 pre-
pared from dam- cells was digested with EcoRJY and
BgIII and the resultant 1550 bp fragment was purified
and digested with Mbol. The resulting 725 bp Mbol
fragment was purified and inserted into the unique Bgill

45

S5

60

Plasmids carrying a chimeric gene CaMV/(35S) pro-
moter region-NPTTI structural sequence-NOS 3’ non-
translated region) were assembled as follows. The 380
bp EcoRI-BamHI CaMV(35S) promoter fragment was
purified from phage M12 RF DNA and mixed with the
1250 bp Bglll-EcoRI NPTII-NOS fragment frog:
pMON?75. Joining of these two fragmeats thx:ough their
compatible BamHI and BgIIT ends results in 2 1.6 kb
CaMV(35S)-NPTII-NOS chimeric gene. Tlus gene was
inserted into pMON120 at the EcoRI site in both orien-
tations. The resultant plasmids, pMONI183 and 184,
appear in FIG. 10. These plasmids diffe: only in the -
direction of the chimeric gene orientation. .

These plasmids were used to transform petunia cells,
as described in Example 1. The transformed cells are
capable of growth on media containing 100 ug/m] kana-
mycin.

COMPARISON OF CaMV(355) AND NOS
PROMOTERS
Chimeric genes carrying the nopa_lige 'synthzse
(NOS) promoter or the cauliflower mosaic virus full-
length transcript promoter (CaMV(35S)) were con-
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structed. In both cases, the promoters, which contain
their respective 3’ non-translated regions were joined to

10
al., 1982). The CaMV(35S) promoter sequence de-
scribed above is listed below.

PMON273 CaMV 1SS Promoter and 5 Leader

EcoRI

n

141

1 . . . . . . 0
QAATTCCCOATCc TATCTOTCACTTCATCAAAAGGACAGTAGAAAAGOAAGOTGGCACTACAAATGCCAT

. . . . . . 190
CATTGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGT GOTCCCAAAGATGGACCCCCAC

. . . . . . .20
CCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGAT TGATGTGATAT

211

TATA

CTCCACTGACOTAAGGGATGACGCACAATCCACTATACCTTCGCAAGACCCTTCCTCTATATAAGGAAGT

SmRNA
a8 T

TCATTTCATTTGGAGAGGACACGCTOAAATCACCAGT CTCTCTCTACAAGATCT

a NPTII coding sequence in which the bacterial §°
leader had been modified so that a spurious ATG trans-

lational initiation signal (Southern and Berg, 1982) has 20

been removed.

Plasmid pMON200 is a derivative of previously de-
scribed intermediate vector pMON120 (ATCC acces-
sion number 39263). pMON200 contains a modified

chimeric nopaline synthase-ncomycin phosphotrans- 25

ferasenopaline synthase gene (NOS/NPTIL/NOS)
which confers kanamycin (KmX) resistance to the trans-
formed plant. The modified chimeric KmR® gene lacks
an upstream ATG codon present in the bacterial leader

sequence and a synthetic multilinker with unique Hin- 30

dIIl, Xhol, Bglll, Xbal, Clal and EcoRI restriction
sites. .

Plasmid pMON273 is a derivative of pMON200 in
which the nopaline synthase promoter of the chimeric

NOS-NPTII-NOS gene has been replaced with the 38

CaMV(35S) promoter.

The CaMV(35S) promoter fragment was isolated
from plasmid pOS-1, a derivative of pBR322 carrying
the entire genome of CM4-184 as a Sall insert (Howarth

ct al, 1981). The CM4-184 strain is a naturally occur- 40

ring deletion mutant of strain CM1841. The nucleotide
sequence of the CM1841 (Gardner et al, 1981) and
Cabb-S (Franck et al., 1980) strains of CaMV have been
published as well as some partial sequence for a differ-

ent CM4-184 clone (Dudley et al., 1982). The nucleo- 45

tide sequences of the 35S promoter regions of these
three isolates are essentially identical. In the following
the nucleotide numbers reflects the sequence of Gard-
ner et al. (1981). The 35S promoter was isolated as an

Alul (n 7143)-EcoRI* (n 7517) fragment which was 50

inserted first into pBR322 cleaved with BamHI, treated
with the Klenow fragment of DNA polymerase 1 and
then cleaved with EcoRL The promoter fragment was
then excised from pBR322 with BamHI and EcoRI,

treated with Klenow polymerase and inserted into the S5

Smal site of M13 mp8$ so that the EcoRI site of the mp8
multilinker was at the 3’ end of the promoter fragment.
Site directed mutagenesis (Zoller and Smith, 1982) was
then used to introduce a G at nucleotide 7464 to create

a BglIl site. The 35S promoter fragment was then ex- 60

cised from the M13 as a 330 bp EcoRI-Bglll site. The
35S promoter fragment was then excised from the M13
as a 330 bp EcoRI-BglIl fragment which contains the
358 promoter, 30 nucleotides of the 5’ non-translated

leader but does not contain any of the CaMV transla- 63

tiona! injtiators nor the 35S transcript polyadeaylation
signal that is Jocated 180 nucleotides downstream from
the start of transcription (Covey et al., 1981; Guilley et

Bgill
¢ 14

The 35S promoter fragment was joined to a 1.3 kb
BgIII-EcoRI fragment containing the Ta$ neomycin
phosphotransferase II coding sequence modified so that
the translational initiator signal in the bacterial leader
sequence had been removed and the NOS 3' noo-tran-
slated region and inserted into pMONI20 to give
pMON273.

These plasmids were transferred in E coli strain
JM101! and then mated into Agrobacterium tumefaciens
strain GV3111 carrying the disarmed pTiB6S3-SE plas-
mid as described by Fraley et al. (1983).

Plant Transformation

Cocultivation of Petunia protoplasts with A tumefa-
ciens, selection of kanamycin resistant transformed cal-
lus and regeneration of transgenic plants was carried
out as described in Fraley et al. (1984).

Preparation of DNAs

Plant DNA was extracted by grinding the frozen
tissue in extraction buffer (50 mM TRIS-HCl pH 8.0, 50
mM EDTA, 50 mM NaCl, 400 ul/m! EtBr, 2% sarco-
syl). Following low speed centrifugation, cesium chlo-
ride was added to the supernatant (0.85 gm/ml). The
CsCl gradients were centrifuged at 150,000 g for 48
hours. The ethidium bromide was extracted with iso-
propanol, the DNA was dialyzed, and ethanol precipi-
tated.

Southern Hybridization Analysis

10 ug of each plant DNA was digested, with BamHI
for pMON200 plant DNAs and EcoRI for pMON273
plant DNAs. The fragments were separated by elequ'o-
phoresis on a 0.8% agarose gel and transferred to nitro-
cellulose (Southern, 1975). The blots were hybridized
(50% formamide, 3xSSC, 5X denhardt's, 0.19% SDS and
20 ug/m}! tRNA) with nick-translated pMON273 plas-
mid DNA for 48—60 hours at 42° C.

Preparation of RNA from Plant Tissue

Plant leaves were frozen in liquid nitrogen aod
ground to a fine powder withamonanndpdﬂ.e.‘l.‘be
frozen tissue was added to & 1:1 mixture of grinding
buffer and PCE (1% Tri-iso-propylnaphtalenesulfonic
acid, 6% p-Aminosalicylic acid, 100 mM NaCl, 1%
SDS and 50 mM 2-mercaptoethanol; PCI [phenol: chlo-
roform: isoamyl alcohol (24:24:1)] and homogenized
immediately with a polytron. The crude homogenate
was mixed for 10 min and the phases separated by cea-
trifugation. The aqueous phase then was re-extracted
with an equal volume of PCL The aqueous phase was

ethanol precipitated with one teath volime of 3M .

NaAcetate and 2.5 volumes of ethanol. The nucleic acid
penetwasrauspendedinwam.Anequ!volqmeof
4M Gthium chloride LiCl was added and the mix was
placed on ice for 1 hour or overnight. Following cen-
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trifugation, the pellet was resuspended In water the
LiCl precipitation repeated 3 times, The final LiCl pel-
let was resuspended in water and ethanol precipitated.

Poly (A) containing RNA was isolated by passing
total RNA over an Oligo d(T) cellulose Type I (Col-
laborative Research) column. Quantitation of the poly
(A) containing RNA involved annealing an aliquot of
the RNA to radio-labeled poly U [(uridylate 5,6-3H)-
polyuridylic acid] (New England Nuclear), followed by
RNase A treatment (10 ug per ml for 30 minutes at 37°
C.). The reaction mix was spotted on DE-81 filter pa-
per, washed 4X with 0.SM NaPhosphate (pH 7.5) and
counted. Globin poly (A) containing RNA (BRL) was
used as 2 standard. .

Northern Hybridization Analysis

S ug of poly (A) RNA from each plant source was
treated with glyoxal and dimethysulfoxide (Maniatis,
1982). The RNAs were electrophoresed in 1.5% aga-
rose gels (0.01M NaH;HPO,, pH 6.5) for 7 hours at 60
volts. The glyoxylated RNAs were electro-blotted (25
mM NaH;PONaHPO,, pH 6.5) for 16 hours at 128
amps from the gel to GeneScreen ® (New England
Nuclear). The filters were hybridized as per manufac-
turer’s instructions (50% formamide, 0.02% polyvinyl-
pyrrolidone, 0.02% bovine serum albumin, 0.02% ficoll,
5XSSC, 1.0% SDS, 100 u/ml tRNA and probe) for
48-60 bours at 42° C. with constant shaking. The nick-
translated DNAs used as probes were the 1.3 kb
BglIl/EcoR1 NPTIl fragment purified from the
pMON273 plasmid for detecting the NPTII tranecript,
and the petunia small subunit gene as an internal stan-
dard for comparing the amount of RNA per lane. The
membranes were washed 2 X 100 ml of 2XSSC at room
temperature for § minutes, 2X 100 ml of 2XSSC/1.0%
SDS at 65° C. for 30 minutes. The membranes were
exposed to XAR-5 film with a DuPont inteusifying
screen at —80° C.

Neomycin Phosphotransferase Assay

The gel overlay assay was used to determine the
steady state level of NPT enzyme activity in each
plant. Several parameters were investigated for opti-
mizing the sensitivity of the assay in plant tissue. Early
observations showed that the level of NPTH activity
varied between leaves from different positions on the
same plant. This variability was minimized when the
plant extract was made from pooled tissue. A paper hole
punch was used to collect 15 disks from both young and
old leaves. Grinding the plant tissue in the presence of
micro-beads (Ferro Corp) rather than glass beads in-
creased the plant protein yield 4-fold.

To optimize detection of Jow levels of NPTII activity
a saturation curve was pi with 10-85 ug/lane of
plant protein. For the pMON200 (NOS) plants, NPTH
activity was not detectable at less than 50 ug/lane of
total protein (2 hour exposure) while activity was de-
tectable at 20 ug/lane for the pMON273 plants. There
was a non-linear increase in NPTH activity for
pMON200 NOS plants between 40 and 50 ug of protein
per lane. This suggested that the total amount of protein
may affect the stability of the NPTII enzyme. Supple-
menting plant cell extracts with 30-45 ug per lane of
bovine serum albumin (BSA), resulted in s linear re-
sponse; NPTII activity incressed proportionately as
plant protein levels increased. The addition of BSA
appears to stabilize the enzyme, resulting in a 20-fold
increase in the sensitivity of the assay. 1 ts
indicate that 25 ug/lane of pMON273 plant protein and
70 vg/lane of pMON200 plant protein was within the
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linear range of the assay in the preseace of BSA. Elimi-
nation of SDS from the extraction buffer resulted in s
2-fold increase in assay sensitivity, Leaf disks were
pooled from each plant for the assay. The tissue was
homogenized with a glass rod in a microfuge tube with
150-200 ul of extraction buffer (20% glycerol, 10%
B-mercaptoethanol, 128 mM Tris-HCl pH 6.8, 100
ug/ml bromophenol blue and 0.2% SDS). Following
centrifugation in a microfuge for 20 minutes, total pro-
tein was determined using the Bradford assay. 25 ug of
pMON273/3111SE plant protein or 70 uvg of
pMON200/3111SE plant protein, supplemented with
BSA, was loaded on a native polyacrylamide gel as
previously described. The polyscrylamide gel was
equilibrated for 30 minutes in water and then 30 minutes
in reaction buffer (67 mM TRIS-maleate pH 7.1, 43 mM
MgCly, 400 mM NHLCI), transferred onto a glass plate,
and overlaid with a 1.5% agarose gel. The overlay gel
contained the neomycin phosphotransferase substrates:
450 uCi {y-32] ATP and 27 ug/ml neomycin sulfate
(Sigma). After 1 hour at room temperature a sheet of
Whatman P81 paper, two sheets of Whatman IMM
paper, a stack of paper towels and a weight were put on
top of the agarose gel. The phosphorylated neomycin is
positively charged and binds to the P81 phosphocellu-
lose ion exchange paper. After blotting overnight, the
P81 paper was washed 3 in 80° C. water, followed by
7 room temperature washes. The paper was air dried
and exposed to XAR-S5 film. Activity was quantitated
by counting the 32P-radicactivity in the NPTII spot.
The NPTII transcript levels and enzyme activities in
two sets of transgenic petunia plants were compared. In
one set of plants (pMON273) the NPTI coding se-
quence is preceded by the CaMV(35S) promoter and
leader sequences, in the other set of plants (PMON200)
the NPTTI coding region is preceded by the nopaline
synthase promoter and leader sequences. The data indi-
cates the pMON273 plants contain about a 30 fold
greater level of NPT transcript than the pMON200
plants, see Table I below.

TABLE1

QUANTITATION OF NPTl TRANSCRIPT
LEVELS AND NPTH ACTIVITY IN
_pMON273 AND pMON200 PLANTS

Relative Relstive
Plaat NPT NPT
Number Transcripe® Activity?
pMON T3
un 682 m
m s19 143
39 47 “?
3330 wn 650
I3 Q7 1539
Average sst ™m
pMON 200
R 0 0x
2508 0 3 ]
12 0 o
213 " 1
18 0 10
3612 4 033
un il 2;

1
Avenee ~30-fold ~1104ald
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TABLE I-continued

QUANTITATION OF NPTl TRANSCRIPT
LEVELS AND NPTU ACTIVITY IN
pMON273 AND pMON200 PLANTS

Relative Reladve

Plant NPTU NPTU
Number Transeript® Activity?
difference difference

“Numbens derived foa slver grain quastitation of diogram. The RNA per
Lse was determined by flter bybridization 10 & petunis small ssbunit geae. The
amount of RNA is exch lase.

L, YO P quantiatios of NPT sexay. Valves were cbtained by scintills-
Gom countiag of 12-P-NPTII spots on the PE-$! paper meed im the NPT axay
previomly described. Values have bem adjusted for the differont amounts of proteis
Wmm.&mmkﬂONmu”uh&lOMM).
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Consistent with this observation is the finding that the
PMON273 leaf extracts have bigher NPTII enzyme
activity than the pMON200 leaf extracts. In several of
the transgenic plants, there is a substantial variation in
both RNA and enzyme levels which cannot be ac-
counted for by the slight difference in gene copy num-

HindIII
)

n

AAGAAATTCAGTATTTATCTAACTCCTGTTCATTTTCTGATTAGGACAGATAATACTCATTTCAAGAGTT

141

TTGTTAACCTTAATTACAAAGGAGATTCAAAACTTGGAAGAAACAT CAGAT GGCAAGCATGGCTTAGCCA

a1l

CTATTCGTTTGATGTTGAACATATTAAAGGAACCGACAACCACTTT GCG.GACTTCCTTT-CAAGAGAAT‘I"SCO
281

20

5,352,605
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al, 1981). The CM4-184 strain is a naturally occurring
deletion mutant of strain CM 1841, The references to
nucleotide numbers in the following discussion are
those for the sequence of CM1841 (Gardner et al,
1981). A 476 bp fragment extending from the Hindlll
site at bp 5372 to the HindIII site at bp 5848 was cloned
into M13 mps8 for site directed mutagenesis (Zoller and
Smith, 1982) to insert an Xbal (5 TCTAGA) site imme-
diately 5’ of the first ATG translational initiation signal
in the 198 transcript (Dudley et al., 1982). The resulting
400 bp HindIII-Xbal fragment was isolated and joined
to the 1.3 kb Xbal-EcoRI fragment of pMON273 which
carries the neomycin phosphotransfersse II (NPTT)
coding sequence modified so that the extra ATG trans-
lational initiation signal in the bacterial leader had been
removed and the nopaline synthase 3' nontransiated
region (NOS). The resulting 1.7 kb HindIII-EcoRI
fragment was inserted into pMONI120 between the
EcoR! and HindlII sites to give pMON203. The com-
plete sequence of the 19S promoter-NPTII leader is
given below.

. . . . . . L
AAGCTTTAAAGCTGCAGAAAGGAATTACCACAGCAATGACAAAGAGACATTGGCGGTAATAAATACTATA

140
210
%0

AATAAGGTTAATTCCTAATTGAAATCCGAAGATAAGATTCCCACACACT TGTGGCTGATATCAAAAAGGC

TATA
st

. . TN
TACTACCTATATAAACACATCTCTGOGAGACTGAGAAAATCAGACCTCCAAGC
Xbal

\ P'Q'PTII Initiator Signal
TCTAGACGATCGTTTCGC ATG

ber. Such “position effects” have been reported in trans-
genic mice and fruit flies and have not yet been ade-
quately explained at the molecular level. Although,
there is not a clear correlation between insert copy
number and level of chimeric gene expression, the fact
that 4 of the 7 pMON200 transgenic plants contain 2
copies of the NOS-NPTII-NOS gene would suggest
that the differentia! expression of the CaMV(35S) pro-
moter is actually slightly underestimated in these stud-

1cs.

The constructs described in this comparative example
bave identical coding regions and 3° non-translated
regions, indicating that the differences in the steady
state transcript levels of these chimeric genes is a result
of the 5’ sequences.

COMPARISON OF CaMV19S AND CaMV(35S)
PROMOTERS

Chimeric genes were prepared comprising either the 55

CaMV19S or CaMV(35S) promoters. As in the above
example, the promoters contained their respective §'
non-translated regions and were joined to a NPTI
coding sequence in which the bacterial §° leader had
been modified to remove a spurious ATG translational
initiation signal. The constructs tested were pMON203
and pMON204 containing the CaMV 19S/NPTIL/NOS
gene and pMON273 containing the CaMV(35S)/N-
PTII/NOS geoe. :

Construction of pMON203 €5

The CaMYV 19S promoter fragment was isolated from
plasmid pOS-1,a derivative of pBR322 carrying the
entire genome of CM4-184 as a Sall insert (Howarth et

Case 7:01-cv-00230-BR Document 1
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Construction of pMON204
The 400 bp HindIII-Xbal fragment contsining the

40 CaMV19S promoter was joined to a synthetic linker

with the sequence:

)|Clnl Bgill
$ " TCTAGACTCCTTACAACAGATCT

to add a Bgill site to the 3’ end of the promoter frag-
meat. The Hind[II-BglII fragment was joined to the 1.3
kb BgIII-EcoRI fragment of pMONI28 that contains
the natura), unmodified NPTII coding sequence joined
to the NOS 3’ nontranslated signals and inserted into the
EcoRI and HindIII sites of pMON120. The resulting
plasmid is pMON204. The CaMV 19S promoter signals
in this plasmid are identical to those in pMON203. The
only difference is the sequence of the §' nfmnnshted
leader sequence which in pMON204 contains the extra
ATG signal found in the bacterial leader of NPTH and
contains extra bases from the synthetic linker and bacte-
rial leader sequence.

Petunia leaf discs were transformed and plants regen-
erated as described sbove. The gel overlay assay was
used to determine NPTII levels in transformants.

Quantitation was done by scintillation counting of .
32P.neomycin, the end product of neomycin phospho- *
transferase activity. The average NPTII enzyme level
determined for CaMV(35S) (pMON273) plants was 3.6
times higher than that determined for CaMV(19S)
(PMON203 & 204) plants.
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QUANTITATION OF NPTl ACTIVITY LEVELS
IN pMON203, pMON204, AND pMON217) PLANTS
Plant Relativg
Coastruct  Number  NPTII Activity®  Avenige
pMON203 283 499,064 398,10
pMON23 Q4 297204
386,203
pMON204 4213 361,550 114,273
PMON204 40 260,966
pMON2T3 1350 1,000,674 1,302,731
pMON2T3 nn 1,604,788

% 1,302, 721
15 B Nk

L pe quaatitatios of NPT astay. Values were obtained by scistilie-
o countiag of ZP.NPTU spous on the PE-3] paper wsed in e NPT amay &
previoutly described,
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We claim:

1. A chimeric gene which is expressed in plant cells
comprising a promoter from a cauliflower mosaic virus,
said promoter selected from the group consisting of a
CaMV (35S) promoter isolated from CaMV protein-
encoding DNA sequences and a CaMV (19S) promoter
isolated from CaMYV protein-encoding DNA sequences,
and a structural sequence which is heterologous with
respect to the promoter.

2. A chimeric gene of claim 1 in which the promoter
is the CaMV(35S) promoter.

3. A chimeric gene of claim 1 in which the promoter
is the CaMV(19S) promoter.

4. A plant cell which comprises a chimeric gene that
contains & promoter from caulifiower mosaic virus, said
promoter selected from the group consisting of a CaMV
(35S) promoter and s CaMV (19S) promoter, wherein
said promoter is isolated from CaMV protein-encoding
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DNA sequences, and a structural sequence which is
heterologous with respect to the promoter.

5. A plant cell of claim 4 in which the promoter is the
CaMV(35S) promoter.

6. A plant cell of claim 4 in which the promoter is the
CaMV(19S) promoter.

7. An intermediate plant transformation plasmid
which comprises a region of homology 10 an Agrobacte-
rium tumefaciens vector, s T-DNA border region from
Agrobacterium tumefaciens and s chimeric gene,
wherein the chimeric gene is located betwesn the
T-DNA border and the region of homology, said chi-
meric gene comprising & promoter from cauliflower
mosaic virus, said promoter selected from the group
consisting of a CAMV(35S) promater and 2 CaMV(19S)
promoter, and a structural sequence which is heterolo-
gous with respect to the promoter.

8. A plant transformation vector which comprises a
disarmed plant tumor inducing plasmid of Agrobacte-
rium tumefaciens and a chimeric gene, wherein the chi-
meric gene contains a promoter from cauliffower mo-
saic virus, said promoter selected from the group coa-
sisting of & CaMV(35S) promoter and a CaMV(19S)
promoter, and a structural sequence which is heterolo~
gous with respect to the promoter.

9. A plant transformation vector of claim 8 in which
the promoter is the CaMV(35S) promoter.

10. A plant transformation vector of claim 8 in which
the promoter is the CaMV(19S) promoter.

11. The chimeric gene of claim 1 comprising in the §'
to 3’ direction:

(1) the CaMV(35S) promoter,

(2) a structural sequence encoding neomycin phos-

photransferase If, and

(3) & 3’ non-translated polyadenylation sequence of
nopaline synthase.

12. The chimeric gene of claim 1 comprising in the §'

to 3’ direction:

(1) the CaMV(19S) promoter,

(2) a structural sequence encoding neomycin phos-
photransferase IT, and :

(3) & 3’ non-translated polyadenylation sequence of
nopaline synthase.

13. A DNA construct comprising:

(A) a CaMV promoter selected from the group con-
sisting of (1) a CaMV 35S promoter isolated from
CaMYV protein-encoding DNA sequences and (2) &
CaMYV 19S promoter isolated from CaMV protein-
encoding DNA sequences, and

(B) a DNA sequence of interest heterologous to (A),
wherein (B) is under the regulatory control of (A)
when said construct is transcribed in a plaat cell.

14. A chimeric gene which is transcribed and trans-
lated in plant cells, said chimeric gene comprising 2
promoter from cauliflower mosaic virus, szid promoter
selected from the group consisting of: .

a) a CaMYV 35S promoter region free of CaMV pro-

tein-encoding DNA sequences and

b) a CaMV 19S promoter region frec of CaMV pro-
tein-encoding DNA sequences, .

and a DNA sequence which is heterologous with re-
spect to the promoter.

18. A chimeric gene which is expressed in plants cells *

comprising a promoter from a cauliflower mo'sa.!c virus,
said promoter selected from the group consisting of a
CaMV(35S) promoter region free of CaMV protein-
encoding DNA sequences and a CaMV(19S) promoter
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region free of CaMV protein-encoding DNA sequen-
ces, and 2 DNA sequence which is heterologous with
respect to the promoter.

16. A chimeric gene which is transcribed in plants
cells comprising a promoter from a cauliflower mosaic
virus, said promoter selected from the group consisting
of 3 CaMV(35S) promoter free of CaMV protein-
encoding DNA sequences and a CaMV/(19S) promoter
free of CaMV proteinencoding DNA sequences, a
DNA sequence which is heterologous with respect to
the promoter and a 3' non-translated polyadenylation
signal sequence. ~
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17. A plant cell which comprises a chimeric gene
where said chimeric gene comprises & promoter from
cauliflower mosaic virus, said promoter selected from
the group consisting of 1 CaMV(35S) promoter and &
CaMV/(19S) promoter, wherein said promoter is free of
CaMYV protein-encoding DNA sequences, and 3 DNA
sequeace which is heterologous with respect to the
promoter and 2 3’ non-translated polyadenylation signal
sequence.

18. An intermediate plasmid of claim 7 in which the
promoter is the CaMV(19S) promoter.

19. An intermediate plasmid of claim 7 in which the
promoter is the CaMV(35S) promoter.

L] L] L] L ] ]
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