2 7 MAY 2905 WO 02/ 44360 PCT/US0129184 MODI FI ED ARG NI NE DEI M NASE Rel at ed
Applications This application is a continuation in part application of U S
Patent Application Serial No. 09/023,809, allowed, which clainmslpMBIIkyY to
U S Provisional 5 Patent Application Serial No. 60/046,200, filed on May
17, 1997. Y BVH#38F the Invention The present invention is dicr8&yed’®s

argi nine dei mnase nodified wwth polyethylene glycol, to nethods for
treating cancer, and to nethods for treating and/or inhibiting nmetastasis.
10 Background of the Invention Mlignant nel anoma (stage 3) and hepatona are
fatal diseases which kill nost patients within one year of diagnosis. In
the United States, approxinmately 16,000 people die fromthese diseases
annual ly. The incidence of nelanoma is rapidly increasing in the United
States and is even higher in other countries, such as Australia. The

i nci dence 15 of hepatoma, in parts of the world where hepatitis is endem c,
is even greater. For exanple, hepatona is one of the |eading forns of
cancer in Japan and Taiwan. Effective treatnments for these di seases are
urgently needed. Selective deprivation of essential am no acids has been
used to treat some forms of cancer. The best known exanple is the use of
L-asparagi nase to | ower |evels of 20 asparagine as a treatnent for acute

| ynphobl astic | eukem a. The L-asparagi nase nost frequently used is isolated
fromE. coli. However, clini MODIFEEBIARGININGDEBVIINASEonproni sed by its

i nherent antigenicity and short cirﬁhlating half-1ife, as described by Y.K
Park, et al, Anticancer Res., 1:373—&13@@¥@§¥¥99E%valent modi fi cation of E.

coil L 7°7 W[ 10. Wi g%&?c/aﬁér?%%A%‘&&Z&é?%’%ﬁé@g?@fﬁ%ﬁgkp?%a‘(!nfth

pol yet hyl ene gl ycol ItS antigeni Cl ongs i circul ating

hal f-life, agpliesssi btk NoDO®23BPD allobid Rakikh cARhi pﬁ@@tgrto@s.- ProSUpiml Y.
Kam saki et al, J Pharmacol Exp. Ther., 216:410-414 (1981); and Y. Kam sak

et al, Gahn.Paten3Agpplidaton(SeagPNo. @/P4pYUYh fddeaneMhand 2pEAT. a great deal of
effort to identify other essential .am,.,n 5.aci d degradi ng enzynmes for the
treatment of cancer, none have beenr™ YeBHPHari |y
The present inventior i3 directed to arginine deiminase modified with
polyethylene glycol, to methods for treating cancer, and to methods for treating and/or
inhibiting metastasis.

10 Backeround of the Invention

Malignant melanoma (stage 3) and hepatoma are fatal diseases which kill
most patients within one year of diﬁgﬁosis. In the United States, approximately 16,000
pecple die from these diseases annually. The incidence of melanoma is rapidly increasing
in the United States and is even higher in other countries, such as Australia. The inciderce
15 of hepatoma, 1 parts of the world where hepatitis is endemic, is even greater. For
example, hepatoma is one of the leading forms of cancer in Japan and Taiwan. Effective
tceatmenté for these diseases are urgently needed.
Selective deprivation of essential amino acids has been used to treat some
forms of cancer. The best known example 1s the use of L-asparaginase to lower levels of
20 asparagine as a treatment for acute lymphoblastic leukemia. The L-asparaginase most
frequently used 1s isolated from E. coli. However, clinical use of this enzyme is
compromised by its inherent antigenicity and short circulating half-life, as described by

Y K. Park, et al, Anticancer Res., 1:373-376 (1981). Covalent modification of E. coli L-



because deprivation of essential amno acids, by definition, results in
nunmer ous, and severe, side effects. It has been reported that enzynmes which
degrade non-essential amino acids, such as arginine, may be aniéffigctlve
means of controlling some forms of cancer. For 10 exanple, arginine

dei m nas& qQ WP61 sol at ed from Pseudononas pudita was descri@éeSHy 183, B
Jones, "The Effect of Arginine Deimnase on Mirine Leukem ¢ Lynphobl asts, "
Ph.D. Dissertation, The University of,Okl ahoma, pages 1-165 (1981).

Al t hough effective in killing tunor célls in vitro, AD isolated fromP.
pudita failed to exhibit efficacy,in vivo .because it had little enzynme
activity atas%arﬁ%lﬁ?sreaVbePf’lgﬁttﬁ‘y&&géfyafﬁil ]dqdﬂfc“c,sl1@6??33“?98’@%%@%??83?@%5% of
experi nment g i i B e - defl . Mycopl argj nini
s desori bed et exanal e, My SHEReny e 1 e SEOR AN P UGB 3% Too2)
and U. S. RaicemticNOExh, ZhéA, 90841 (1-hed diose);caurne K afisadiectl, aagn hesaby74
incorporated by reference herein in their entirety. However, a problem
associ at ed (W&h- t Adhoushrthgre les beansegisht daatpf forhietidendify g8iws eppeotidiaming it s
antigenigity.. The chem cal dification of arginine dem nase 20 fr.om.

Mycopl asi ndoish GRS VoS ey R FRCOBRP I FRE PPRACATG CHPOORTo s, RBArLy

pol yet hyl e%ca&'eﬂé?ﬁvé’{ﬁﬁ FeSEhiiNedhRY agﬁg,atg}{ie%m‘?dn; resdRlin mdrBfiCehd RS-
84:1195-1200 (1993). However, the nodified protein was toxic mﬁen

nmet abol i zededere, 41de tifects. el ease of cyanide fromthe cyanuric chloride

| i nking group. There is a need for conpositions which degrade non-essenti al
amino acids 25 and whihahbess rerarteddbat sgEmes Whichaseiade Ben-gswal ¢l a0kne Beldpr i or

art. The present _invention is irected to-thes as | as. ot her,

ipor t ant " €N - Aemar S fie FRUER G S 5P Beg B otivm Sl e Forect e
to argi nh nexdeipM, RASeinARehiihad WHIhisoReddy LMY %S %hdit& Fagdedcgbed bed
enbodi ment, the arginine deimnase is nodified with 30 polyethylene glycol,
havi ng a t dtRlJones,§ibe Hfectafer\goiiec Deaninas ghvivofie Abomit 1§ophoblaatsduRh.D.

50, 000, directly or thraugh a bi atible Linki roup. 2.7 Y 2)05 WO
02/ 44360 E 3 U?E5g@§§gg§$ﬁﬁﬁ%?%@gﬁgﬁ%Bﬁﬁﬁékﬂﬁgﬁg§ﬂefﬁﬁ%&ﬁ??é%@%§3 irected

to nethods lﬁfhntgrrﬁ&to} B1s i 3NELADT 18 l'sagﬂi o) é{ gﬂdzﬁ%ﬁﬁ% ﬁyoeéﬁ‘?&f Qf‘fﬁﬁg Bepa) omas

and nel anomas. “The 1 nvention'is a d to met hods of treating and/ or
i nhi bi ting Hebanseet leat lxsle 8n0fmd anivity ek hsutralipdbendanst @pidey claspe diosn ofe t he
P ese'nt 1% m{:(iarr::ua%gnvgf lel(pe?’ien:le%ltaﬂca-ni?zﬂlgd Arginitnre]:edeiminase derived from Mycoplasma
arginini is described, for example, by Takaku et al, /nz. J. Cancer, 51:244-249 (1992), and
U.S. Patent No. 5,474,928, the disclosures of which are hereby incorporated by reference
herein in their entirety. However, a problem associated with the therapeutic use of such a
heterologouns protein is its antigenicity. The chemical modification of arginine deiminase
20 from Mycoplasma arginini, via a cyanuric chloride linking group, with polyethylene
glycol was described by Takaku et al., Jpn. J Cancer Res., 84:1195-1200 (1993).
However, the modified protein was toxic when metabolized due to the release of cyanide
from the cyanuric chloride linking group.
There 1s a need for compositions which degrade non-essential amino acids
25 and which do not have the problems associated with the prior art. The present invention is

directed to these, as well as other, important ends.

Summary of the Invention

The present invention is directed to arginine deiminase modified with

polyethylene glycol. In a preferred embodiment, the arginine deiminase is modified with
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polyethylene glycol, having a total weight average molecular weight of about 1,000 to

about 50,000, directly or through a biocompatible linking group.



5 follow ng detail ed description of the invention. Brief Description of the
Drawi ngs Figure 1 depicts the am no acid sequences of arginine dej ﬂ'ﬂ%ﬂ@?
cloned from Mycoplasnma arginini (the top am no acid sequence SEQg b 1,
identified as DI PROT), Mycopl asnza arthritides (the mddle ampo acid
sequence SEO'PH'RD 2, 10 identified as ARTAD PRO), and Mycbp 5§‘Ha)hﬁnm nus
(the bottom am no aci d sequence SEQ ID NO 3, identified as HOMADI PRO) .
Figures 2A and 2B are graphs showi ng thg_effect of a single dose of native
argi ni ne dei mi nase and argi nul e dei m nase nodified with polyethylene glycol

(e.g., nolecular weight 8% 00 Hﬁm@éfﬁ#ﬁ% %wg't?o'nng de¥el s, & ﬂ‘gﬁ ?gl%%t?oon

citrulline levels in shovmng

serum ar gi ni ngcdeuelRign exBEFiel 910084, %eé‘é?éﬁﬁh@ﬂ{d YeRpnded Lﬁ‘DémWan

various linking groups Figure 4 i's a graph showi ng the effect that the

l'i nki ng gr oupsadidedtdieto methedsud fareavieg gind/onhhibivengotbk yedtdryd e tgrlnylccﬁllshave on
citrulline production in mce infjected with a single dose of PEG AD . 20

Fi gures SA and 5B are GReSIIEASHSRRRFCHINE RfdyescpbmyaRiw VHbke gntidaied pthes, 000

had on ser. um | ni d. citrulli levels. Figures 5C and SD are graphs
showi ng t He Ié? %’gﬁlﬁ dets‘fﬂﬁmﬂ[ﬂp%smﬁ ;000 had on serum argini ne and

citrulline | eveI s. Figure 6 isg3eanaRrh ﬁhg\@fﬁ&ﬁ){f@wﬁagl genicity of native
ADI, ADI-SS- 25 PEGH, 000, and ADI-SS- PE&ZO 000. Figure 7 is a graph show ng
the effect that treatmBiguse WMdehicADhe &SincPicibsed@ehceADF arSHntEGH 2,080 clohed

ADI - SS- PEG20, 000 had on tunor size in mce which were |$ected w th SK-nel
2 human nel afﬁ@rﬁdvz@lpi@mamrgwré (H1eitap AMyoASH %eﬁbwqﬁggﬁ%@ @elgtdonfged as

treatments

i nf ect ed vvlt @fﬁ@@%y %nm F% ?%ﬁ%ig&? rf)azrlldlzrilre uﬁgﬁ%ﬁéqp\q@éz" 1
29[ 1h W) 00234368 ﬁ@(@ﬁ@tﬁﬁ@:}&ﬁld'f'ﬁfycdﬁfcgbhraewgzzﬁn% (@B AP SRRV RE deherff ect
that treatments with ADI - PEG5, 000, ADI-PEGL2, 000 or ADI - PEG20, 000 had on

the survival SB® IBiNe: ahidetifigsras HAMARBERM t h  human hepat oma SK- Hepl cel | s.

Figures 2A and 2B are graphs showing the effect of a single dose of native
arginine deiminase and arginine deiminase modified with polyethylene glycol (e.g.,
molecular weight 5,000) on serum arginine levels and serum citrulline levels in mice.

15 Figure 3 1s a graph showing the effects on serum arginine levels when
PEG10,000 1s covalently bonded to ADI via vanous linking groups.

Figure 4 1s a graph showing the effect that the linking group and the
molecular weight of the polyethylene glycol have on citrulline production in mice injected
with a single dose of PEG-ADL

20 Figures SA and 5B are graphs showing the dose response that ADI-SS-
PEGS5,000 had on serum arginine and citrulline levels. Figures SC and 5D are graphs
showing the dose response that ADI-SS-PEG20,000 had on serum arginine and citrulline
levels.

Figure 6 is a graph showing the antigemicity of native ADI, ADI-SS-
PEGS5,000, and ADI-SS-PEG20,000.

Figure 7 1s a graph showing the effect that treatments with ADI-SS-
PEGS,000, ADI-SS-PEG12,000 or ADI-SS-PEG?20,000 had on tumor size in mice which
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were injected with SK-mel 2 human melanoma cells.
Figure 8 1s a graph showing the effect that treatments with ADI-
30 PEG20,000 had on tumor size in mice which were 1njected with SK-mel 28, SK-mel 2 or

M24-met human melanoma cells.



Figure 10 depicts the am no acid sequences of arginine deimnase cloned 5
from St ept ococcuspyogenes (the top am no acid sequence SEQ I D 76{\%\{ A
identified as STRADI PYR) and Steptococeus pneunoni ae(the bottom M idaci d
sequence SEQ ID NO 7, identified as STRADIPNE). Figure 11 depicts the

am no aciWOd&dtBAces of argini ne deininase cloned from BoFFME&”BU?bdorferi
(the top am no acid sequence SEQ ID NO 8, identified as 10 BORAD BUR) and
Borrelia afzelii (the bottom am no aci.d_sequence SEQ ID NO 9, identified
as BORADI AFZ). Figure 12 depicts the amino acid sequence of Q ardia
intestinalis (the topy;an. o i.d.s : I i.dentified.

Q AADI I NT), O ostri di Eﬁq‘ﬁ%r@ 4% ghesﬁg%%c[ﬁ%%%é@éwrg%mjﬁ%t%%ﬂgr}"s%%ggﬁ’@%%EQ
ID NO 11, hoemEdizeebes LAbOARIPERI00aRE o ShdBasiivhiust thice Rantl GefShi (kg ih
bottom am no acid sequence SEQ ID NO 12, identified as BACADI LIC). Figure
13 depi ct s hlpamhipatorac FH-Serjuerlise of Enterococcus faecalis (the top amno
aci d sequence SEQ ID %IO 13, | d,ent%lfi ed asqSFl\ﬂ'ADl FAE). and Lacij aobaci || us
sake (the bottom ani n&'SIEEd O<leqirtsiea 25y 94 MOUCAAS of gt deguagse cloned

LACADI SAI§) : frgr% ,@érgir‘éc%?%%[)‘%e%?;zésp k'(l:egt'ap 93];1115(;' ?ci(!l Qé/qﬁgﬁée%@%%b 8,e1|d(|3nst}ffge% ars]Ot

require arginine g Si hey can Sy esiz argi nine rrom

citrulline BMRADIWYRS OO SRLASBSE GRS HIRYbAoH B HRSAEE sdyat -3y MBse and
ar gl ni nosuccl nate | yase. I n contrast, el anonas, hepat omas and sone sar conas

do not expNésd, degithosaceTRADIPNY)t hase; therefore, they are auxotrophic
for arginine. This 25_pet abil ic.differ ence.(se’raa%1 be ca?i talized upon 50
devel op a safe and ef FEEVEJE GeRISSEEH R0 FPLSHAERRES 81 PEENES FFlapicstoned

Ar gi ni ne dekpin - , : rs, - i . @ Gy L F: Lne, and
Ty Do used UB o nay gETe (REGPRHEL S AL 8L IING. 5 MR X0 | (e
as a traat nBORADIBUR) anbB®s-e/id efaliiq(iesbodtoth S0Ie aSAY Lqiidte JWG IV@ryi ni ne
dei m nase may be found in mcroorganisns and is antigenic 30 and rapidly
cl eared froifceifedtsedB P8I )pati ent. These probl ems may be overconme by 2 7

MAY 19PP5 WD 02/ 4434#} PC&/, oi/.28181.-s- goval ent |y, nodi f. } ng ar % ni_ ne
dei ni nase with pol yet hyF€f “;é%%%ﬁ EPEGC *AXGINAE Odet ‘ﬁégés‘%&/ﬁl {98/
modi fied w tRif0lal fvhene @c{@glqu ReRtifivh hOQUA ABTINTKICNEsAERWP) er IR e

herei nafter referred to as "AD -PEG " Wen conpared to native ardinine
(the middle amino acid sequence SEQ ID NO: 11, identified as CLOADIPER) and

15 Bacillus licheniformis (the bottom amino acid sequence SEQ ID NO: 12, identified as
BACADILIC).
Figure 13 depicts the amino acid sequence of Enterococcus faecalis (the
top amino acid sequence SEQ ID NO: 13, identified as ENTADIFAE) and Lacrobacillus

sake (the bottorn amino acid sequence SEQ ID NO: 14, identified as LACADISAX).

20 Detailed Description of the Invention

Normal cells do not require arginine for growth, since they can synthesize
arginine from citrulline in a two step process catalyzed by argimnosuccinate synthase and
argininosuccinate lyase. In contrast, melanomas, hepatomas and some sarcomas do not
express arginosuccinate synthase; therefore, they are auxotrophic for arginine. This

metabolic difference may be capitalized upon to develop a safe and effective therapy to
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treat these forms of cancer. Arginine deiminase catalyzes the conversion of arginine to
citrulline, and may be used to eliminate arginine. Thus, arginine deiminase may be
utilized as a treatment for melanornas, hepatomas and some sarcomas.

Native arginine deiminase may be fourd in microorganisms and is antigenic

and rapidly cieared from circulation in a patient. These problems may be overcome by
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dei m nase, AD -PEG retains nost of its enzymatic activity, is far |ess
antigenic, has a 5 greatly extended circulating half-life, and if?%&’g} (m)re
efficacious in the treatnment of tunors. "Polyethylene glycol" or-" 0
refers to mxtures of condensation polyners of ethylene oxide and water, in
a branched”®P¥4tfhi ght chain, represented by the general fidrhibty/29184 |
H( OCH2CH2) nOH, wherein n is at |east 4. "Polyethylene glycol"” or 10 "PEG' is
used in conmbination with a nuneric suffiD.)g to indicate the approxi mate wei ght
aver age nol ecul ar wei ght thereof. For exanple, PEG5, 000 refers to

pol yet hyl ene glycgl having a total weight. aver mo| ecul we| ght, of about
5,000; PEG f ?’6’%@8}’ &0&1@1&%@5&6@@%9‘?%‘@“6P%S“l%%ﬁ?&sigkgog@aé@alAliﬁétiuaﬁt
average ol egt ' o AR-000: A0 o1 REGR0000. FEEE S b %e cooum

pol yet hyl engo%g 3%8%,\@#1%\?%“ B’g a @%’fgﬁ’ﬁg‘?g%{hﬁé&gf&gf’é "f“eé‘ul'é"ggWe“l ‘Ght S §578¢
about 20, 00Qnay behaspEBer FeYreato 8 TARDI-GRaNt Whebethgied Wtivahihig fromthe
mel anocytic system of the skin and other organs, including the oral cavity,
esophagus, aitabinaganePl-PiGgenas haspp biieeidygasc aelidhors hieseantjgenst hvae or
eye. The term " el anomg” . includes,. .for. exanple, acral:lentiginous nelanong,
anel anot | ¢ MEPANGHAT5aFIGH S R AT G- 220 TSN SHB o1 FeiiqHg o Hil e anons.
mal i gnant none, nodul ar nmel anoma, subungual mel anoma and superfici al
spreadi ng nel anona. Hepatoma" may be a malignant or benign tunor of the
liver, including, for “Bxteshylene fepst ocEPEGT sdfere b ainxtarm of chatdnemton refers

to an aninmal, preferably a mammal, nore preferably a 25 human.
" Bi oconpat i H@ymesicdcgnienepgtdsang Mty Ncopsathed O WATEH Ber. gemeseatedybyribe

injurious to biological .f i n jch. will nptegesult in .any,degree of
en,te{)al.(gn{u?a’l H{ﬁg%@?ﬂ%ﬁ Tgbg\x@mmlsvgt He st ogyeeltlhs\{lgrieegl_ycaflhlo{)u ghout

unaccept abl & Xi ClI yal l'ergeni ¢ and di'sea

the presept <diEe RSUERIn ddagbihfioh WY naR B € Yit fak @ RRlidiBYthe GpprdRn s &ki o P EG
pol yet hyl ene glycol; ADI, arginine deimnase; SS, succinimdyl succinate; 2
7 N'1CY 2q0°averag@md£ad860e PCThaSO1 /129 E84mpie, PIBSA 008 deisrid ppgypthydereqlyaii de;

SPA,succini hrgvg gl a Portﬁ%ive?g a[ta\e/;eragag r%ol\e";:l%ar \I\Vl-ep Qf‘xg ro? 2)%/0-_11‘[ g)%%&i IQégl 19,800 refers to
polyethylene glycol having a total weight average molecular weight of about 12,000; and
PEG20,000 refers to polyethylene glycol having a total weight average molecular weight

15  of about 20,000.

“Melanoma” may be a malignant or benign tumor arising from the
melanocytic system of the skin and other organs, mcluding the oral cavity, esophagus, anal
canal, vagina, leptomeninges, and/or the conjunctivae or eye. The term “melanoma”
mcludes, for example, acral-lentiginous melanoma, amelanotic melanoma, benign juvenile

20 melanoma, lentigo maligna melanoma, malignant melanoma, nodular melanoma,
subungual melanoma and superficial spreading melanoma.

‘“Hepatoma” may be a malignant or benign tumor of the liver, including, for
example, hepatocellular carcinoma.

“Patient” refers to an animal, preferably a mammal, more preferably a

25 human.

“Biocompatible” refers to matenals or compounds which are generally not
injurious to biological functions and which will not result in any degree of unacceptable
toxicity, including allergenic and disease states.

Throughout the present disclosure, the following abbreviations may be

()
e

used: PEG, polyethylene glycol; ADI, arginine deiminase; SS, succinimidyl succinate;



The present invention is based on the unexpected di scovery that AD

nmodi fied with polyethylene glycol provides excellent results im1reating
certain types of 5 cancer and inhibiting the nmetastasis of cancer. AD may
be coval ently bonded to pol yethylene glycol with or without a |inking group,
al t houghv@ ipreferred enmbodi ment  utilizes a linking groupPCTWSPHR I8¢ esent

i nvention, the argni ne dei m nase gene may be derived, cloned or produced
from any source, including, for exanple, m croorganisms, reconbinant 10

bi ot echnol ogy or any conbi nation t her &f . For exanpl e, argi ni ne dei m nase
maybe cl oned from m croorgani sns %j t he genera Mycopl asma, Cl ostridium

Baci | | us, BotrBicfaimidyhfecsaadtis! ssrrepuseddauspiopast gEdHP Mshydohay-di a. It
is prefer rg% Iha$deargi nine deimnase is cloned from Mycopl asnma pneunoni ae,
Nycoplasna“hSPﬁPhUS, Mycopl asma  argi ni ni, Steptococcus pyogenes,

St ept ococcus  pneunonirae prBekigldiiod W Bded bHekie m@@e&w aisé&;eafﬂ%k iipy O ardia
inrestinalis, Custzdiumperfringens, Bacillus licheniforms, Enterococcus
faecal i s, hadifebaati peigethgleps gbrcobpryvidesrbidztitntarsilizan eebtiddcapait iyvpds af , t he
arginine deimnase used in the present invention may have one or nore of
the ani Ro eaicer apdqnliveieng the aptestast ofisargeguralk] mayhe covelagly bandedrie ai n
enbodi nent s _.of , t he esent.. i nvention,. .i.t is preferred that arginine
dei ninase PeYEPYREE EIFRITIRST Sarant LHENe £ Re TUSHIG Wy spP SRR RS
pref erabl yy i€ a 13k NEBEp dei mi nase is cloned from Mycopl asna argi nini,
Mycopl asma hom nus, Mycopl asma arthritides, or any conbination thereof. In
particul ar, the argi i ie mejeni myseion§edrgnitehEipresegineimayent daivedny have
one or nore of the am no. acid sequenc?s depicted in Figure 1. 25 In one
enbodi ment ©6Pq HePTRFBSENTOTR A4 AL HER, MY RN BOIY BYATPIENE I EB SR PERIOM PRI,
t ot al i g X | f ] «=20,.000; nore
pr ef er\zlfbal yB%F%ﬁggggfp%%g%k?%aa o%tglteﬁg,% 0, Hﬁn%)%eéggﬁr&g grdg%&;;'"fﬂ?g?ﬁ about
5,000 to ableuéd 36 DD oramtiemp befiergabiry MyopiabayCi&HeH0m! Badahbay B3RO0,
nore preferably fromabout 11,000 to about 30, 000; even nore preferably

f r om about £227@0gcsp SEBBGECgS Jowiobseiiuy, Gordisr dt smatienedbiht #EsHRAbout

16, 000 to abaut 24, 000, en referably from about , 27. MAYf 05 ,
02 44360 PeITiT 19g e PSR ROt R BRR wo il Al i
from about ;9. M0 BrdRocReM pydteAR0Stepiddoccl® Bheldh &0, BV Yol Wbt 03D Wdrrelia

General ly, polyethylene glycol with a nol ecul ar wei ght of
15 afzelit, Qiardia intestinalis, Clostridium perfringens, Bacillus licheniformis, Enterococcus

20

faecalis, Lactobacillus sake, or any combination thereof. In particular, the arginine
deiminase used in the present invention may have one or more of the amino acid sequences
depicted in Figures 1 and 10-13.
In certain embodiments of the present invention, it 1s preferred that argimine
20 deiminase is cloned from microorganisms of the genus Mycoplasma. More preferably, the
arginine detrminase is cloned from Myeoplasma arginini, Mycoplasma hominus,
Mycoplasma arthritides, or any combination thereof. In particular, the arginine deiminase
used in the present invention may have one or more of the amino acid sequences depicted
i Figure 1.

In one embodiment of the present invention, the polyethylene glycol (PEG)
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has a total weight average molecular weight of about 1,000 to about 50,000; more
preferably from about 3,000 to about 40,000, more preferably from about 5,000 to about
30,000; more preferably from about 8,000 to about 30,000; more preferably from about
11,000 to about 30,000; even more preferably from about 12,000 to about 28,000; still

30 more preferably from about 16,000 to about 24,000; even more preferably from about



30,000 or nore is difficult to dissolve, and yields of the formul ated
product are greatly reduced. The pol yethyl ene gl ycol may be branched or
straight chain, preferably a 5 straight chain. Generally, inck dadd the

nol ecul ar._ wei ht of the polyethylene glycol decreases the |nnuno en|C|ty of
the ADI. ‘THé*Bti%et hyl ene giycol having a mol ecul ar  wei ght“gé&stri BEH in
this enbodi nent may be used in conjunction with ADI, and, optionally, a

bi oconpati bl e |inking group, to treat .cancer, including, for exanpl e,

mel anomas, hepat omas and sarcomas, preferably nelanomas. 10 In anot her

enbodi ment  ¢f ohhie, 960%%9%0@) rk‘(/@xmhio?é‘gréft}%b ?Cﬂ&ﬁﬁf%ﬂt@ @o@'tagt% 67@% tal

wei ght average nol ecul ar’ wei ght o bout 000 to about G preferably

about 3, 000rioet @waddtib]3@bEAQD, 000 Geperdler ;aﬁi/qth\flemlahﬂwmﬁa Gﬁ@echm alaOatt of
20, 000; nore a@ef erably from about 4,000 to about 12,000; still nore
preferably $0.8HY abowre &, dfiouk ¢ diassdue, ang yirds ofdhe frrmsiasedmrefiectant greaiom

about 4,000 _to a 0 sti.ll .nore fera abo 4. 000 to
about 6, 000%° d\‘l\n?cﬁogl?)eo‘lﬁl eghﬁé%f" %@TCH@H%B‘? g léelar%é&m‘?héqﬁ gyt ﬁ?lbg'rf’e gl ycol
may be asbr anghedHam SEeRd AN} ishaisthe ﬂ%%&écﬁ%h@o}%"fﬁieﬁ%y& Efke gl

pol yet hylene gl ycol having a nol ecul ar wei ght deScribed In t %nbodl ment

may be useddtdreasestijelimntunopenititthoANe AAdd Tptpobyeditisne giyinlﬁaﬂﬁgatmﬂhm‘ﬁnkl ng
group, to treat cancer i ncl udi ng, for exanpl e, nelanomas, hepatomas and

sarconmms, pREIE SBIYIORR FeihisrrgebodapentiBay bweﬁgn roustgadath 6Dordh ent I y
g;gf}gh AE.I Oégmf %lyg%p@ Q[Ybl Rig %9§&§%Po §eatc ‘%%P%&&&HP b5 Al seussed

IC8. es npounid or g‘Foup |a§nno’n toxic

and may be ﬁieudnlom hepatbidak n@Eartdn¥d, \ﬁ@efwabh%élmw&l ng injury, sickness,
di sease or death. PEG can be bonded to the [inking group, for exanple, Vvia

an et herlObond, an est ér abwhef endbodhnent df@lmjvrmenamvammﬂmmyet@dien@@"yeol

bi oconpati bl e 25 |inkin rou s. i ncl ude, an t u an
am dengr oupLaSazh tq ?h‘ﬂeévlﬁ%ﬁg‘ﬁ e(?&f“t’i g o 8? ?r@bé%?‘b%%?ﬁ Og’Pogfﬁ? g’ly
hydroxyl gr gyRu 380®aH RN 3008, mdrSHeei-Misde: HRYP 006 'td“%dﬁ%@%oofx%re

exanpl e, succini m dyl succinate (SS), succCinim dyl Propi onat e ( SPA),
succi ni m dypraamblyxyorethydt# @0(tSE dytA)2, 0@ sl niond Idyferaiﬂpéuorrambcdxezl(oss,éc) or

N- hydr oxy succi n| mde (NHS)), an epoxide group, an ox rbonyl i m dazol e
group (i ncl GRATIGO- 4By Vb e REHE0E, ﬁ%@%%@@ﬁ&p@%@ POt e aReny

gr oup (ijRcl %H‘ out 200 @%Hu% B0/ b83t%5066¢%e%’% %@f@ﬁ@@éﬁglmﬁ
phenyl car onat & or tri orophényl cat a‘tr ate
group, an alydehyde bgkbupichedor, sivai it chaac)yrafeatbey gst@zught Galaﬁl :The. polydtlsyikge
glycol having a molecular weight described in this embodiment may be used in
conjunction with ADI], and optionaliy, a biocompatible Iinking group, to treat cancer,
including, for example, melanomas, hepatomas and sarcomas, preferably hepatomas.

20 The linking group used to covalently attach ADI to PEG may be any
biocompatible linking group. As discussed above, “biocompatible’” indicates that the
compound or group is non-toxic and may be utilized in vitro or in vivo without causing
ijury, sickness, disease or death. PEG can be bonded o the linking group, for example,
via an ether bond, an ester bond, a thiol bond or an amide bond. Suitable biocompatible

25  linking groups include, for example, an ester group, an armide group, an imide group, a
carbamate group, a carboxyl group, a hydroxyl group, a carbohydrate, a succinimide group
(including, for example, succinimidyl succinate (SS), succinimidyl propionate (SPA),
succinimidyl carboxymethylate (SCM), succinimidyl succinamide (SSA) or N-hydroxy

succinimide (INHS)), an epoxide group, an oxycarbounylimidazole group (including, for

J
o

example, carbonyldimidazole (CDI)), a nitro phenyl group (including, for example,



~..~..-... .-r.uvne group, a tyrosine group, a CyStelne group, a histidine
group or a primary amne. Preferably, the bioconpatible |inki '\&row is an
ester grout) and/or a succinimde group. Mre preferably, th 8 .group
isSS 5 SPA, SCM SSA or NHS; with SS, SPA or ?VHS being nore preferred,
and wit h\‘BSOUHMSPA bei ng nost preferred. Alternatively, ADIT/HB/He84coupl ed
directly to PEG (i.e., without a linking group) through an am no group, a
sul fhydral group, a hydroxyl group or g carboxyl group. ADI nay be

coval ently bonded to PEG VI a a bioconpatible linking group, 10 using

met hods known |n the art, (%escrl bed, for exanp Park et al;

Ant i cancer "REQheDY C‘%?JPSU@‘?@\U( b@ﬂmblaﬁlﬂ’h%}ﬁI%}?@R@ﬁeé’ﬁ%c{)eé W%PW@FW éﬂe

d ycol ot chnlg . and. Bi omedi,cal
ed., Pl enu%ﬁ%thg 4e £ “Chapt é‘r“t“ﬁqn?tlgw‘)’”‘t*ﬁ’éle DGT‘@’CF% u'rsesshfup\’/\ﬁ %Srfie‘ﬁ?

her eby i NC LRSS, atigskidive g%gr&@%ﬁnw Qinthel PréBRbly %thb@éﬂipaﬁﬁlféeluﬂ&ﬁ@ nt_ of
PEG to ADI 1ncreases thé circulating half-life of ADI. 15 General | y, PEGis

attached t os an pstengmoppanilfoe a oficcAbini Begreup.i bioroprefdreblat tthadimhmgtgrsmn B S,

polyethyle gl yco nth r nase is deter ned t he role of
each of ?h:} %@Vﬂ @%tAh \e”flge Qtsgvlgg &:%\T}ﬁg B?mgﬁx’é)r’f)?’éﬁ%‘?ﬁj %EIL‘/W\’&BL% SPThe
known to t@ﬁ'ﬁb’rﬂo?ﬂo% tisany PEG may be attached to the primary am nes of
ar gi ni ne derm nase w fout slbstantial |oss of enzymatic activity. For

exanpl e, ADI cloned fpomddicep] ADMnaa@icBiled dVWaBPloFST® (24, vairidit kllindtes and
Mscopl asma homi rrus has about 17 |ysines that nay be nodified by this

procedur e. grauptthertshoudsice eoupya Fyidivdesd ceavp, ahydisaskiiore oporarbexdizrew-ch

ADI can be attached tq . PEG via a bi.o ti | i nkj o) such as_SS,
SPA, SCM SSA and/ or %‘W&{? Ay B ?’Lﬁgb pigoRRaitie ks sy
as woul dobe,ARRRAEERks kHo@A S, Biak] Qsddestﬂbédh?or%&smbﬁ My SO of DB HRERSE R |

di sclosure. 25 From 1 to about 30 PEG nol écul es maybe coval éntly bonded to
ADI .  Pref erabi-$76 ADPS §) sarmindiplipgd, anddt teeaBoleiyleho G@bmﬂCh&JEzsPEGS’mcéawhés
nore pref erabl from about 9 taq _abqut. 12 PEG nolecules. |In other words

about  30% tb6 e Ry 8Pl icEns AN RS effl-rTa B BpSSi WY aF§rhiFive. dEP H%\%e

are nodifie V- % ef erably
about 45% t%s a ff’g:gl?w}n{a ﬁn%?ty lng&i}era fref) ’?Qg‘gm o& 85‘9{%& S{l mary
am no groups in ar gi ninhe ad@dhﬁldﬂasiEPEGeo MIﬁdr%ewmhlﬁEﬁtmgﬁelﬁlPEa ADIL

coval ently bonded to the end term nus of ADI referably only 1 PIG nol ecul e
is utilil2e(Fenepally, MEG 1 szezmhedv&@amzmme@mmqﬂfugbﬂqlg@@p of the attachment site of

polyethylene glycol on the arginine deiminase is determined by the role of each of the sites
within the active domain of the protein, as would be known to the skilled artisan. PEG
may be aitached to the primary amines of arginine deiminase without substantial loss of
enzymaetic activity. For example, ADI cloned from Mycoplasma arginini, Mycoplasma

20  arthritides and Mycoplasma hominus has about 17 lysines that may be modified by this
procedure. In other words, the 17 lysines are all possible points at which ADI can be
attached to PEG via a biocompatible linking group, such as SS, SPA, SCM, SSA and/or
NHS. PEG may also be attached to other sites on ADI, as would be apparent to one skilled
in the art in view of the present disclosure.

25 From 1 to about 30 PEG molecules may be covalently bonded to ADL
Preferably, ADI is modified with about 7 to about 15 PEG molecules, more preferably
from about 9 to about 12 PEG molecules. In other words, about 30% to about 70% of the
primary amino groups in arginine deiminase are modified with PEG, preferably about 40%
to about 60%, more preferably about 45% to about 55%, and most preferably about 50% of

30 the primary amino groups in arginine delminase are modified with PEG. When PEG is

covalently bonded to the end terminus of ADI, preferably only 1 PEG molecuie is utilized.



| ncreasi ng the nunber of PEG units on ADI increases the circulating half
life of the enzynme. However, increasing the nunber of PEG units on Aﬂ
0t o be

7

decreases the specific activity of the enzynme. Thus, a bal ancé médd

achi eved bhetween the two, as would be apparent to one ski lplc?ﬂﬁu?m}x?? art in
view of tHE& Brad¥nt disclosure. 5 In the present invention, -a conion: feature
of the nost preferred bioconpatible Iinking groups is that they attach to a
primary am ne of arginine deinmnase vi@.a maleimde group. Once coupl ed

wi th arginine dei m nase, SS-PEG has an ester |inkage next to the PEG which

may render this,&id@ Ltd LHM ﬁ}] Al : f $e PEG
fromAD int ﬁeasb(fdtg.e ﬁ@%%b@(@%%ﬁ%@ N ﬁgﬁggge@&gﬁéﬁgéﬁggﬁ ?gﬁﬁ nkage,
so they areenoinGenswtiarEint @250k Wie fehiedras@EG hitshe Aheaedtasenihenpécofic the

particul ar |inking groups do not appear to influence the circulating
half-life ofaCPEGQfD%C onzymess $pesiaflagansnzyade tabe aehitwed bebweanghe twa, as wpuld
critical to,use a biocoma igle,llinki Q}g Xgrﬁlg in tf;{ie resent invention. PEG
which is aPEARNEE D Oph GBF Fei’g ey VBeY 8f PRerese gt Chai n, as with

SS- PEG, A- PEG and S : chal used, as

W th PEGZSj-DNI TS. The s%%t%?%nt%vggﬁ’gg%%nhg%?@e et%lggf%??%ﬁ%%& groups in
t he present bisvoenkilol LiakegSebudiktihat biedyantach HSr PEGaryPIHfond oCatdAUPd&imbhashl  SS
0 20 SPA-PEG PEG 1O O OCH2CH2-C-O-N SPA 2 7 r1A ilW V, O 02/4-1360
PCT/ USO 1/ 29a3@aleypide gomgp - Ppcq QuppEavith-argpugNicipggse, SS-PEG has an ester

linkage next to the PEG, which may render this site sensitive to serum esterase, which may
release PEG from ADI in the body. SPA-PEG and PEG2-NHS do not have an ester
10 linkage, so they are not sensitive to serum esterase.

In the present invention, the particular linking groups do not appear to
mfluence the circulating half-life of PEG-ADI or its specific enzyme activity. However, it
1s critical to use a biocompatible linking group in the present invention. PEG which is
attached to the protein may be either a single chain, as with SS-PEG, SPA-PEG and SC-

15 PEQG, or a branched chain of PEG may be used, as with PEG2-NHS. The structural
formulas of the preferred linking groups in the present invention are set forth below.
SS-PEG:

PEG

O=0
e

O —C —— CH,CHy

5SS O

20 SPA-PEG:




NHS A therapeutically effective anount of one of the conpounds of the
present 5 invention is an amount that is effective to inhibit tupay sgrowt h.
Generally, treatnent is initiated with small dosages which can be increased
by small increments until the optinum effect under the cirgqgﬁtgkges is
achi eved @&l |y, a therapeutic dosage of compounds of “the Brésént

i nvention nmay be fromabout 1 to about 200 ng/kg twi ce a week to about once
every two weeks. For exanple, the dosgge may be about 1 ng/kg once a week as
a 2 10 m intravenous injection to about 20 ng/ kg once every ; days. The
opti mum dosage i ADI - SS-PECGS, 000 may be about twice a week, while the
opti murn dosage wth ADI-SS- PE&0, 000 may he from about once a week to
about once every two weeks. PEG ABl. may be mi xed with a phosphate buffered
saline solution, or any ot hepgappropriate solution known to those skilled
in the art, prior to injection. The( PEG ADl formnul at4on may be 15
adninistered as a solid (lyophilate)™r asCa liquid rmul ati on, as desired.
The net hods of the present invention/can ifvolve eith in vitro or in vivo
applications. In the case of in vitroxappli'catigns, N ding cell culture
applications, the conpounds descri bed erEimch be™Nadded to the cells in
cultures and then. incubated. The ounds of the prgsent invention may

al so be used to facilitate thgmroduction of 20 nonocl/onal and/or pol ycl onal
ant i bodi es, using antibody prod i on techni ques wel 1 © known in the art. The
nmonocl onal and/ or pol ycl onal antibodi es canNftfen be used in a wide variety
of diagnostic applications, as’would be apparent to one skilled in the art.
The in vivo neans of adm nistration of the conpounds of the present
invention will vary depending upon the intended application. As one skilled
inthe art will 27 MA therafBu8@l443681 PChYBD0T 91841 the tbmperwdp fztbe present

adm ni stration of the PEG—ﬁ§$.co osition _of the prese i nyention can be
carri ed “outtVePEPR sk FhPPeUnt it 3y §RECUVR{G ’éﬁ"‘a”é%lmf gTC?WtPaB"LéPFEa hegfatipent 1s
parent er al |y yiacRty;aY SRAHH s oed DAERLUTBOAL LU Wy bl FRIAB] Yoti) the optimum

i ntranuscularly, |nterst|t|§TIy, Intra-arterially, subcutaneously,

i ntraocul aeffyct it asyoirounatncds i ansepicdh&lenada)ly anthetapamsdéssapd bFcompounds
Exanpl es The invention is further denonstrated in the fol | ow ng exanples,
whi ch ar e of B¢ PEFPOEWSNHID WRY 48 dom phmit 1 dpabent SORHkhivapeiadoeh © pbawt t he

scope of e PLESEN o WMEN AR5 ATR Siokie REME IR o RESONPL DANE AP,

10 ml intravenous injection to about 20 mg/kg once every 3 days. The optimum dosage with

ADI-SS-PEG3,000 may be about twice a week, while the optimum dosage with ADI-SS-
PEG20,000 may be from about once a week to about once every two weeks. PEG-ADI
may be mixed with a phosphate buffered saline solution, or any other appropsiate solution
lmown to those skilled in the art, prior to injection. The PEG-ADI formulation may be

15 administered as a solid (lyophilate) or as a liquid formulation, as desired.

The methods of the present invention can involve either in vitro or in vivo
applications. In the case of in vitro apphcations, including cell culture applications, the
compounds described herein can be added to the cells in cultures and then incubated. The
compounds of the present invention may also be used to facilitate the production of

20  monoclonal and/or polyclonal antibodies, using antibody production techniques well
known in the art. The monoclonal and/or polyclonal antibodies can then be used in a wide
variety of diagnostic applications, as would bé apparent to one skilled in the art.

The in vivo means of administration of the compounds of the present

invention will vary depending upon the intended application. As one skilled i the art will



Cul tures of Mycopl asma aroginini (ATCC 23243), Mcoplasma hom nus 10 (ATCC
23114) and Mycopl asma arthritides (ATCC 23192) were obtai ned fr% fh@
Anerican Type Culture Collection, Rockville, Maryland. Arginine“d ﬁlﬁ

was cloned from Mycopl asna arooi ni ni, Mycoplasnma hom nus and cho Iasna
arthriti dé® Bndi®@xpressed in E. coli as previously describ@GTHy“”gﬁswlsama
et al, J Biotechnol ogy 36:145-155 (1994), the disclosure of which is hereby
15 |ncorporated herein by reference in,;ts entirety. The am no acid
sequences of arginine deirninase fron1each of the above speC|es is set

forth in Fiqure 1. Thetotp Eﬁlf enc gntlfle AD| P is
from Mycopl ASHEE PRSI0 fong, 8%611 FHS’H 19 0P
ARTADI PRO, cgrﬁédoant'\%%sz&lﬁﬁﬁ%ﬁm hﬁﬁ&ﬂadﬁﬁn 1#@@9%%5991 LR BTN 0 l%%,%m
sequence, identified as RO, is from MyEopl asna ﬁom nus Each 5'0

the am no achualseghencaly, arttetmerdy, itteam B6Aadgnservedlly Ghasagtedllyzat i on by
nmet hods known to those skilled in the an, of each of the proteins vmth
respect to SPBEHRREUEN{ATEOCHELY VRES LKL I, tranggpthglial srd Gignsdeamiléveal ed t hat
t hey wer es bi ochem cal Iy indi stingui shab e f Qm each other. The pH optina
was determned using a citrate buffer ( 5) a phosphate buffer (pH

6.5-7.5) and a borate tpyf Eﬁ/%nﬁmsﬁn%egdéﬂnonﬁ?ed@ﬁ@%ﬂgm %1%5wblch are

deternmined by incubating the enzyme with various concentrati ons of arginine
and quanti fiyr pgposdsraflillisuetipn ooidetd wot intFhdedKo Lt thﬁheop/earf theigreed iz yurestinas
about 0.02 to 0.06 (err)Mand the Vmax was about 15-21 (err)nol/mn/ng, the
val ues of which are within standard error of each other. The arginine

dei m nase gq@@ chain reaction 2 7 ~1 t1Y n 05
WO 02/ 44360 ﬁ%olilgr@gﬁilbﬁgfﬁﬁ%q?@é t F(;I | owi ng primer pair derived from
t he published sequencecCafrulds ofiNGtdplnima @@mdze@c{l’c@ed”43‘)9My©@©adimlce/;o;bzyv13'

Chno et al. Infect. |nmun,, 58:3788-3795 1990& the disclosure of which is
hereby i ABorPAICE 841 ) andiMdraomiasmAer i den(AT6C @Al P Persre obmer frawnihes,

g %%T R TT%%%"?%&@ k“fﬁleg%arl‘yyr?gr ase chain reaction

products were cl oned agranBardiddnadd v dlddedfﬂ’cﬁlﬁm?)&topJaM@arﬁ?ﬁﬁE ?msmaasm' d
pQEL6. DNA sequence anal ysis indicated that the fragment derive rommm

ar gi ni ni by /PCRhathd My cgrHnens edueinds aﬁ@BXprh@eéngnmieanE@mplmﬁ:s deggehed by

g\eD]s Céleggd by %ggwgtet g’f J }Bmz‘ec nolooym:péq 45- 133 [2{9394) Trﬂg d];slbl\é)%urlc-%w%?c Oirs] ?1e}egy't he

15 incorporated herein by reference in its entirety. The amino acid sequences of arginine
demminase from each of the above species is set forth in Figure 1. The top amino acid
sequence, identified as ADIPROT, is from Mycoplasma arginini; the middle amino acid
sequence, 1dentified as ARTADIPRO, 1s from Mycoplasma arthritides; and the bottom
amino acid sequence, identified as HOMADIPRO, 1s from Mycoplasma hominus. Each of

20 the amino acid sequences are more than 96% conserved. Characterization, by methods
kmnown to those skilled 1n the art, of each of the proteins with respect to specific enzyme
activity, K, V. and pH optima revealed that they were biochemically indistinguishable
from each other. The pH optima was determined using a citrate buffer (pH 5-6.5), a
phosphate buffer (pH 6.5-7.5) and a borate buffer (pH 7.5-8.5). The K and V,, were

25 determined by incubating the enzyme with various concentrations of arginine and
quantifying citrulline production. The K| for the various enzymes was about 0.02 to 0.06
uM and the V  was about 15-20 pmol/min/mg, the values of which are within standard

error of each other.

The arginine detminase genes were amplified by polymerase chain reaction



10 which encode tryptophan in Mycopl asma were changed to TGG codons by

ol i gonucl eoti de-directed nutagenesis prior to gene expression in EJicoli, as
taught, for exanple, by J.R Sayers et al, Biotechnigues, 13:592-596
(1992). Reconbi nant ADI was expressed in inclusion bodieg at |evels of 10%
of total“e&rt*¥Potein. The proteins fromeach of the abovgcﬁﬂfﬁgzgﬁécies of
Mycopl asma have 15 approxi mately 95% honol ogy and are readily purified by
col uim chromat ography. Approxi matel y;200 ng of pure protein may be isol ated
froml liter of fernmentation broth. Reconbinant AD is stable for about 2

weeks 2t SLE2nE Rcudls hastR ML WGR Bt Oradealerdlpr 8 oAt st nined by

met hods known” to those - inthe art, the proterns ad ahigh affinity

for argi ni Agchibed)4otddammaandbyel . Winsi kD dikal Iphepse.FRSLR7EbOYOV 12 to 20
about 7.4. Exanple 2: Renaturation and Purification of Reconzbinanzt, ADI ADI
prot ei n wadiselesiat of @dyichyisthisrably navorpadicl iby acfeonse hersindegtsranbeatyby M sawa et

ncor por at ad- her o1 S TERR) chas it A CCANT el 5T 300 G oA tHef! past e wad

resuspended | Qrsﬁ%? IBNO! 5 k0 ANCEPORr RET A Qra drTMAEITAC Ryl Rs 51) and the

by two passes i1n a Mcrofluidizer uidics
Cor por at i ofhe Hewtr@hase MAYin r¥idtioamrotutB0vsaslonadded Bam HEIH oW €1 d&rd-tRat into

concentration of 4% (v/v). The honpbgenate was stirred for 30 mn at 4C,

t hen cent r PfruefstPrf pesB0 MMl at D3, sagenye axpgsipaldieted st Gelfagmeatidengd
resuspend\(lavg i n,Hone y| i;gr gf b\ ft§1erS A containing 0 5% Triton X-100. The

sol ution waS™Y G bef &K%Eﬁia REFIESISIUTTEST OF HERTE (P IAH BHFFARr (50 mM
Tris HO pHcBnS) b Ouabl2all rYRY. B8R, Vo 21 44 B60TBRTIIdSA L2881 gond3 DTT)

using hollowfiber cartridgesS with 100 kD retention rating (M crogon Inc.,
Laguna 10H khsh eGapde Buetnplime Miclopives: cadde dhangedthilevecalohs hal concentrati on
of 6 1\4 and the s.gl létioon was stirred for 15 mn at 4 T&e solé_‘&'i on was
di | uted 108U$BPGPHEG IFEFEH HYRECDBUT FRIT 1@ SSHOHRTTSIBPOA, COI 27 1B ShdO5t i rr ed

for 48 hougﬁﬁb, RPL U a@,tmzewiﬁue@, Eﬁ@@y-ggg gwgﬁ%ngg%nmw add, 000

X g. The res I'ng supernatant” was concentrate arose Fast Fl ow
( Phar maci aetpiessed Bi Seaistoneyndidib) ievelswin Ops €aaial telbpatea in refol ding buffer.
ADI was eluted using refolding buffer containing 0.2 M NaC . The
purification procedurdepreirdsdromneichnl diethove WHEe fporkes oS dbuppigraa aave

estimat l%d 9%@8%@%%5%3&%&0@ aﬁd grec}fsacﬂw’pqmﬁed by column chromatography.

Approximately 200 mg of pure protein may be isolated from 1 liter of fermentation broth.
Recombinant ADI is stable for about 2 weeks at 37°C and for at least 8§ months when
stored at 4°C. As determined by methods known to those skilled in the art, the proteins
had a high affinity for arginine (0.04 uM), and a physiological pH optima of about 7.2 to
20 about 7.4.

Example 2: Renaturation and Purification of Recombinant ADI

ADI protein was renatured, with minor modifications, as described by
Misawa et al, J. Biotechnology, 36:145-155 (1994), the disclosure of which is hereby
incorporated herein by reference in its entirety. 100 g of cell paste was resuspended in S00

ml of 10 mM K,PO, pH 7.0, | mM EDTA (buffer 1) and the cells were disrupted by two

[
w

passes in a Microfluidizer (Microftuidics Corporation, Newton, MA). Triton X-100 was
added to achieve a final concentration of 4% (v/v). The homogenate was stirred for 30
min at 4°C, then centrifuged for 30 min at 13,000 g. The pellet was collected and

resuspended in one liter of buffer 1 containing 0.5% Triton X-100. The solution was

LI
)

diafiltered against 5 volumes of denaturation buffer (50 mM Tris HC], pH 8.5, 10 mM



10 renatured ADI protein was produced from1l kg of cell paste whjch
corresponds to 200 ng purified ADI per liter of fermentation. ADV Mitifity
was determ ned by mcro-nodification of the nethod described by Qgi nsky et

al, Meth. | ., (1957) 3:639-642. 10 Al sanples in 0.1 Na2P4, pH 7.0
(BUN assa‘il\ (ﬁ“’ﬁ]‘é}?% were placed in a 96 well mcroliter pl atpg‘],w%%ﬂ %f 0.5

15 mM arginine in BUN assay buffer was added, and the plate was covered and
i ncubated at 37'C for 15 m nutes. 20 wui3of conplete BUN reagent (Signma
D agnostics) was added and the plate was incubated for 10 m nutes at 100C

The pl ate wasTThedngaehed-dter &2&da8swiRNAYZeLkidkiof PR (MiBM gdn MhE PAduher
plate reader (Mol ecular Devices, Inc). 1.0 IC) is the anount of enzyne

whi ch converiisls] CApl euefhidinedi @i manasided t¢ adii¢veld finaheoqpentraionut ieh M2@dRhet ei n
concentrations were determ ned using Pierce Coomassie Bl Protein Assay
Reagent (Pi é"i‘é“@o\f"?s REERBF B YL §t Snit Wl 5o REnSEs u?ﬂgﬂﬁﬁilﬁlda’éﬁ%feéqlg%ar d.
The enzynme agtdVist ANBAPUKS F rat |.0ns - - .
Exanpl e 3: t'%féa\éﬁh%%gﬂ%$\2ggﬂ's%ﬂ 04;‘2%&@@%6%%&%0@%%%? Pil/@%’(%%gé%g ?JOVR%? in a
100 M phesphaioseul et fiptdidn 4: 15,@% Bei ef |y, ADl in phosphate buffer was
mxed with a 100 nolar excess of PEG The reaction was stirred at room
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15 mM argmine in BUN assay buffer was added, and the plate was covered and incubated at

37°C for 15 minutes. 20 ul of complete BUN reagent (Sigma Diagnostics) was added and
the plate was incubated for 10 minutes at 100°C. The plate was then cooled to 22°C and
analyzed at 490 nm by a microliter plate reader (Molecular Devices, Inc). 1.0 IU is the
amount of enzyme which converts 1 pmole of L-arginine to L-citrulline per minute.
20 Protein concentrations were determined using Pierce Coomassie Blue Protein Assay
Reagent (Pierce Co., Rockford, IL) with bovine serum albumin as a standard.
The enzyme activity of the purified ADI preparations was 17-25 IU/mg.
Example 3: Artachment of PEG to ADI
PEG was covalently bonded to ADI in a 100 mM phosphate buffer, pH 7.4.
25 Briefly, ADI in phosphate buffer was mixed with a 100 molar excess of PEG. The
reaction was stirred at room temperature for 1 hour, then the mixture was extensively
dialized to remove unincorporated PEG.
A first experiment was performed where the effect of the linking group

used in the PEG-ADI compositions was evaluated. PEG and ADI were covalently bonded

30 via four different linking groups: an ester group or maleimide group, including SS, SSA,



10 for 3 0 mnutes) and the supernatant renoved and stored frozen at -70C.
The sanples were then analyzed using an automated ami no acid gnalMygex: and
reagents from Beckman |nstrunents using protocols supplied by the
manufacturer. The limts of sensitivity for arginine by this nethod was
appr oxi mtely* 9% M and the reproducibility of measurenerts/ W4 H’ H*about
8% The anount of serum arginine was determ ned by am no 15 acid anal ysi s.
As can be seen fromthe results in Fi e 3, the linking group covalently
bondi ng the PEG and ADI did not have an appreciable effect on the ability of
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bonding the PEG and ADI did not have an appreciable effect on the ability of ADI to
reduce serum arginine in vivo. In other words, the linking group may not be critical to the
resuits of the experiment, except that a non-toxic linking group must be used for in vivo
applications.

20 A second experiment was performed wherein the effect of the linking group
and molecular weight of PEG on serum citrulline levels in vivo was evaluated. Mice (5 in
each group) were given various compositions of ADI and PEG-ADI in an amount of 5.0
IU. To determine the serum levels of citrulline, the mice were bled from the retro orbital
plexus (100 ul). Immediately following collection an equal volume of 50% (w/v) of

25 irichloroacetic acid was added. The precipitate was removed by centrifugation (13,000 x g
for 30 minutes) and the supernatant removed and stored frozen at -70°C. The samples were
then analyzed using an automated amino acid analyzer and reagents from Beckman
Instruments using protocols supplied by the manufacturer. The limits of sensitivity for
citrulline by this method was approximately 2-6 1M and the reproducibility of

30 measurements within about 8%. The amount of citrulline was determined, and the area



10 The results in Figure 4 also denonstrate that the optiml nol ecul ar

wei ght of PEGis 20,000. Although PEG30, 000 appears to be supef irqusytia)-
PEG20, 000 in terns of its pharmacodynam cs, PEG30,000 is |ess soluble,

whi ch makegqgigh, pppe difficult to work wth. The yields. whehywsrs,dased on
t he recovery of enzyne activity, were about 90% for PEG5, 000 and PEGL2. 000;
about 85% for PE&0, 000 and about 40% for PEG30, 000. 15 Therefore, PE&0, 000
is the best conprom se between yield amk circulating half life, as
determned by citrulline production. In a third experinent, the dose

response of SkUMALGHY % IRl AR atkcl Bounidl agct 1 0N of citrulline with
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15 Therefore, PEG20,000 is the best compromise between yield and circulating haif life, as
determined by citrulline production.

In a third experiment, the dose response of serum arginine depletion and the
production of citrulline with ADI-SS-PEGS5,000 and ADI-SS-PEG20,000 was determined.
Mice (5 1n each group) were given a single injection of 0.05 IU, 0.5 IU or 5.0 IU of either

20 ADI-SS-PEGS5,000 or ADI-SS-PEG20,000. At indicated tirnes, serum was collected, as
described above, and an amino acid analysis was performed to quantify serum arginine
(Figures 5A and 5C) and serum citrulline (Figures 5B and 5D). Both formulations induced
a dose dependent decrease in serum arginine and an increase in serum citrulline. However,
the effects induced by ADI-SS-PEG20,000 were more pronounced and of longer duration

25 than the effects induced by ADI-SS-PEGS5,000.

Example 4: Selectivity of ADI Mediated Cytotoxicity

The selectivity of arginine deiminase mediated cytotoxicity was
demonstrated using a number of human tumors. Specifically, human tumors were tested in
vitro for sensitivity to ADI-SS-PEGS5,000 (50 ng/ml). Viability of cultures was

30 determined after 7 days. For a culture to be defined as “inhibited,” greater than 95% cf the



10 Colon 34 0O Bladder 3 0 Breast 12 0 Kidney 5 0 Sarcoma 11 64 15
Hepatonma 17 100 Melanoma 37 100 |In a parallel set of experimgnt s${AY AfftNA was
isolated fromthe tunors. Northern blot anal yses, using the hunman

ar gi ni nogucci,nate synthase cDNA probe, indicated conpl et G oLgance

bet meno\?ﬁgjg}éé%gi tivity to arginine dei mnase treatnent %ﬁﬁ%ﬁ@nabi lity
to express argininosucci nate synthase. This data suggests that ADI toxicity
results froman inability to i nduce algini nosucci nate synthase. Therefore,
these cells cannot synthesize arginine fromcitrulline, and are unable to
synt hesi zecdlRenpf e@IBSTHECEIBS AVY. 1OosgbOWrhhal EXRNPE alto tEdtéE WhALding
Half-Life 25 Balb C mice (5 in each group) were injected intravenously with
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The precipitate was renoved by centrifugation (13,000 x g for 30 m nutes)

and t he supsetBataat renoved and stored frozen at 0C. The sanples were then 5
anal yzed using an automated ami no acid anal yzer and reagents from Beckman
Instrunents using protocols supplied by the manufacturer. The |imts of

sensitivity for argi nipg.hy E;Féu'& RSO i NAS TARRELS Jo¥i M and t he
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Fi gure 2A, and aﬂ?‘é’gl{m@ ser ebceff’fiflﬁoﬁgwsé shhmrﬁbr’hﬂqﬁée]do%@n triangles in
Figure 2B, were deggeted fromthe sijpgl e dose mdmi nistpyation of [native ADI
(filled circles) _ar ADl -SS PEG (open trianglek). However the ¢lecrease in
serum afi ni ne| anggyfgnsSe i N 34 0
Bladder 3 0
Breast 12 0
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Sarcoma 11 64
15 Hepatoma 17 100
Melanoma 37 100

In a parallel set of experiments, mRNA was isolated from the fumors.
Northem blot analyses, using the human argininosuccinate synthase cDNA probe,
indicated complete concerdance between the sensitivity to arginine deiminase treatment
20 and an inability to express argininosuccinate synthase. This data suggests that ADI
toxicity results from an inability to induce argininosuccinate synthase. Therefore, these
cells capnot synthesize arginine from citrulline, and are unable to synthesize the proteins
necessary for growth.

Example 5: Circulating Half-Life

N
h

Balb C mice (5 in each group) were injected intravenously with a single 5.0
IU dose of either native arginine deiminase or various forrmulations of arginine deiminase

modified with polyethylene glycol, as indicated in Figures 2A and 2B. To determine the



serumcitrulline was short lived, and soon returned to normal. The half life
of arginine depletion is sunmarized in the Table bel ow. 15 Tablze] )3;‘51‘{ af

Hal f--Life of Serum Arginine Depletion Conpound Half-Life in Days I\fe{g
ADI 1 1 AQl; oS REGS, 000 ADI - SS-PEGL2, 000 15 20 ADI - SS- PEGG;, 090,22,
ADT- SS- PE OO;AO%FOZZ Thi s experinent denonstrates that nornal ceTI s and
tissues are able to convert the citrulline b act. into arginine
intracellularly while nelanomas and hegdt-onas cannot because they | ack
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mg/ M) to 1Qepl ock nonspecific protein binding sites, and stored over night
at 4C. The next day serum fromthe mce was diluted and added to the wells.
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open circles represent the data . .
serum citrulline was short hived, and soon returned to normal. The half life of arginine

ive

depletion is summarized in the Table below.

: Haif-Life of Serum Arginine Depletion

Compound Hali-Life in Days
Native ADI 1
ADI-SS-PEGS5,000 5
ADI-SS-PEG12,000 15
20 ADI-SS-PEG20,000 20
ADI-SS-PEG30,000 22

This experiment demonsirates that normal cells and tissues are able to
convert the citrulline back into arginine intraceliularly while melanomas and hepatomas

cannot because they lack argininosuccinate synthetase.
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Example 6: Antigenicity of PEG modified ADI

Te determine the antigenicity of native ADI, ADI-SS-PEG3,000, and ADI-



obtained fromanimals injected with native ADI, which was very antigenic.
The filled <circles represent the data obtained fromthe aninmals '?r-}j'@@tﬁﬁ
with ADI -SS -PEG5, 000, while the open triangles represent the data 'obtai'ned
fromthe s,injected with ADI 20 SS-PE&0, 000. As can,pe;,; from

Fi gure 6\@(2\?5[@} & PEGS, 000 and ADI-SS- PEG0, 000 are si gni ff’ggﬁt%?%’
antigenic than native ADI. For exanple, as few as 4 injections of natl ve
ADi resulted in a titer of about 106,-while 4 injections of any of the PEG
ADI formulations failed to produce any neasurabl e anti body. However, after S
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m ce. Nude phateewefe finsedacith §BOWRY terd@atet jve i et ind deiurt QbuSkn e nZm))SK- nel 28
or M24-nmet human nel anoma cells. The tunors were allowed to grow until they
were appfoxil %i‘t@?%ﬁpg@glclﬁ’ﬁ?tFW bredigg siest enrd stamed psefright atRe. e mgrsdayescrm

Shown 1 g S B Rt kAo R AT e gy ot Re ey

eventual |y RB@aﬁdmerbst BEgabuied s Gaghess t@ﬁ&oﬁid&@@@ﬁidde@@&ﬁiéS&lIshﬂ*htelﬁmﬁé§
did not have agini.rrosuccinate synthatase, they were unable to synthesize
pr ot ei ns (bfe@au*scetbﬁ@ri fer B@rma@@@tl@nghweﬁénag]w #hsothamo? wag oehtirerbesingike it)

o0 nat he cellh ISk R Loy SSPL e SnC AR L Surmp pelanom, 5
vere sagsi flba8dqah hekodonerkaof £lheAtEinPMoiRBce (approximately 0.50 OD).
The resuits are shown in Figure 6. The open circles represent the data
obtained from animals injected with native ADI, which was very antigenic. The filled
circles represent the data obtained from the animals 1njected with ADI-SS-PEGS,000,
while the open triangles represent the data obtained from the animals injected with ADI-
20 SS-PEG20,000. As can be seen from Figure 6, ADI-SS-PEGS,000 and ADI-SS-
PEG20,000 are significantly less antigenic than native ADI. For example, as few as 4
mjections of native ADI resulted in a titer of about 10°, while 4 injections of any of the
PEG-ADI formulations failed to produce any measurable antibody. However, after 8
mjections, the ADI-PEGS,000 had a titer of about 10%, while ADI-PEG20,000 did not
25 1induce this much of an immune response until after 12 injections. The results demonstrate

that attaching PEG to ADI blunts the immune response to the protein.

Example 7: Tumor Innibition of Human Melanomas
The effect of PEG-ADI on the growth of human melanoma (SK-Mel 28) in

nude mice was determined. Nude mice (5 in each group) were injected with 10° SK-mel 2



nunber of netastases in the lungs of the aninmals was determ ned. The control
animal s had an average of 32 netastases, while the animals treategwwiph

ADI - SS- PER20, 000 did not 20 have any netastases. The results appear to

i ndi cat e (g ARl SS- PEG20, 000 not only inhibited the growch g bngs primary
mel anoma tunor, but also inhibited the formation of netastases. It is of
interest to note that in over 200 aninals tested, the average nunber of

met astases in the control group was 4919t8, while only a single netastasis
was 25 observed in 1 treated aninmal. Exanple 8: Tunor Inhibition of Human
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Since M24-met human melanoma is highly metastatic, the animals injected
with M24-met human melanoma cells were sacrificed after 4 weeks of treatment and the
number of metastases mn the lungs of the animals was determined. The control animals had
an average of 32 metastases, while the animals treated with ADI-SS-PEG20,000 did not

20 have any metastases. The resulis appear to indicate that ADI-SS-PEGZ20,000 not only
inhibited the growth of the primary melanoma tumor, but also inhibited the formation of
metastases.

It is of interest to note that in over 200 animals tested, the average number
of metastases in the control group was 49 = 18, while only a single metastasis was

observed in 1 treated animal.

N
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Example 8: Tumor Inhibition of Human Hepatomas

The ability of PEG-ADI to inhibit the growth of a human hepatoma in vivo
was tested. Nude mice (5 in each group) were injected with 10° human hepatoma SK-
Hepl cells. The tumors were allowed to grow for two weeks and then the animals were

30 ftreated once a week with 5.0 TU of SS-PEGS5,000-ADI (solid circles), SS-PEG12,000-ADI



.Additionally, the levels of arginine and citrulline in human serum are
identical with that found in mce. PEG proteins circul ate | onget7iMiY Rifrans
than they do in mce. For 20 exanple, the circulating half |life of PEG

conj ugat g¢, adenasi ne dei m nase, asparagi nase, gl ucocer br gerdaggoWLi case,
henogl obul i n and superoxi de disnmutase all have a circulating half life that
is 5toi0 tines longer than the sanme forrmulations in mce. What this has
meant in the past is that the human ddg8e is nost often 1/5 to 1/10 of that
used in mce. Accordingly, PEG ADH should circul ate even | onger in humans
than it doeslidnnimgie) o28S Bt 0iod-heIpateantisngl gl @Rt rappkiatddet &tth @ gure
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in their eftilhetypireared tromslsfoder ticded)eHshaf withia 3 veadst iloapniiast, addingls on to
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dei m nase epmatently bonded via a linking group to pol yethyl ene glycol,

wherein the polyethyl ene glycol has a total weight average nolecul ar wei ght
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cysteine group, a histidine group and conbinations thereof. 2. The conpound
of cl ai m 1PEMII0dADS htabnd sekhewgergd authe lisera Lasgaanolesuldewgizbisp.f FEG dbeot,
conpound. of claim 2, wherein said succinimde group is succinimdyl

succi nat'e, YACEAY BT 8Y4 tophe prigHsrss o5 e Semtii %ﬂ@PthEEWﬁB% FRACEY denestrae)

succi ni m dyl. i nam.de, I: A, 1M r I I f. 4.
The' compouti Br eral g et RV SR M b AeE 0l BORONIBLONE BREE|
succi nat e, EXUG@IOMTQplicAIoiPa#ar9r conbi nations thereof. 5. The conpound

of claim1, wherein said arginine deimnase is derived froma m croorgani sm
of the genus Mycopl as¥&i5,®0-7hd 208 REGIAPOBIALR] wern IBcubRiRs @ ivoswi @ normal
m croorgant 3y %enslgnl fn%ttgg effects on arginine concentration was determined by amino acid
15 analysis, where the enzyme was found to be fully active and capable of degrading all the
detectable arginine with the same kinetics as in the experiments involving mice. The
reaction was conducted at a volume of 0.1 ml in a time of 1 hour at 37°C.
Additionally, the levels of arginine and citrulline in hiiman serum are identical with that
found in mice. PEG-proteins circulate longer in humans than they do m mice. For
20 example, the circulating half life of PEG conjugated adenosine deiminase, asparaginase,
glucocerbrocidase, uricase, hemoglobulin and superoxide dismutase all have a circulating
haif life that 1s 5 to 10 times longer than the same formulaticns in mice. What this has

meant in the past is that the human dose is most often 1/5 to 1/10 of that used in mice.

Accordingly, PEG-ADI should circulate even longer in humans than it does in mice.
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Each of the patents, patent applications and publications described herein
are hereby incorporated by reference herein in their entirety.

Various modifications of the invention, in addition to those described
herein, will be apparent to one skilled in the art in view of the foregoing description. Such

modifications are aiso intended to fali within the scope of the appended clairns.



fromthe group consisting of Mycoplasma arginini, Mcoplasna hom W?’?QOF
Mycopl asma  arthritides and conbi nations thereof. 7. The conpound of "claim
1, wherein said arginine deimnase is derived froma mcro rﬁ;(ani sm of the
genus St epMRB¥tHEY 8. The conpound of claim 7, wherein saidSHorEs g NI sm
is selected fromthe group consisting of Steptococcuspyogenes, Steptococcus
pneunoni ae and conbi nations thereof. 2,;7.MAY 2004 WO 02/ 44360
PCT1US01129184 -22- 9. The conpound of claim1l, wherein said arginine

dei mi nase is i gﬂ{ /N a m croorgani smof the genus Borrelia. 10. The
conmpound of cfwg%trhy , m%aglg?ei n said mcroorganismis selected fromthe group
consisting of Borrelia burgdorferi, Borrelia afzelii, and conbinations
thereof. 11. The conpound of, ¢l aim.Js m&@u | e Sif Lakhe del mon i
derived froma nicroor gt:jlléni sm’éf“‘kﬁ%‘“gce”ﬁ“ é“g‘gglr‘%l‘ égc%zlg“‘fhgg%o%%#gﬁ(g? cfai m
11, wherei n sdinking groop taypelysthylese glyseldivhereimthe polyattiylene gigeol e otaipeigid of
claim1, whergl ' L2k I.m [ r 1.6 r [Sm of
the gents O GoFirpariste Ty MeldlE oE Bl HRGFLDAY | ok 85000 BB ol R AR

m croor gani srerdwp isGklested i e geopr dongishisg ofibsuctihenicernowm dnefidd gronp, b

wherein said.areinl 1 i der | f ] r i t.he
genus Enter oclg%(gé .O{?ﬁ’@%%?g&?% ogﬁhadl %?érgéiﬁpm&ﬁ@&\x}%@ﬁ% %g}%aﬁg%;g{rl%’oar gani sm
i's Ent er ocodydsixyégmupsa catifohyfifate, coppsnedrafp, e cpitemng grovpe pdistideaiglowgr gidni ne

dei mi nase is coﬂ'ﬂ)rixira\(ﬁgs ﬁ{}’%ka m croorgani smof the genus Lactobacillus. 18.
The conpound of Clairm 1/, wherein said mcroorganismis Lactobacillus sake.

19. The conpound of claim1, wherein said arginine deimnase is derived
froma m croorgani sm sz.t he ﬂfe%%np%%ﬁhlokyﬁim 1, wherein said linking group is a

succinimide group.

3. The compound of claim 2, wherein said succinimide group is
succinimidyl succinate, succinimidyl propionate, succinimidy! carboxymethylate,

succinimidy! succinamide, N-hydroxy succinimide or combinations thereof.

4. The compound of claim 3, wherein said succinimide group is

succinimidy! succinate, succinimidyl propionate or combinations thereof.

5. The compound of claim 1, wherein said arginine deiminase is

derived from a microorganism of the genus Mycoplasma.

6. The compound of claim 5, wherein said microorganism is selected
from the group cousisting of Mycoplasma arginini, Mycoplasma hominus, Mycoplasma

arthritides and combinations thereof.

7. The compound of claim 1, wherein said arginine deiminase is

derived from a microorganism of the genus Steptococcus.

8. The compound of claim 7, wherein said microorganism is selected
from the group consisting of Steptococcus pyogenes, Steptococcus pneumoniae and

combinations thereof.



?7 MAY2c' Pb WO 02/ 44360 PCT/ US01/29184 -23- 20. The conpound of claim19,
wherein said mcroorganismis Bacillus licheniforms. 21. The 8Jdﬁ®u of
claim1l1, wherein said mcroorganismis elected fromthe group consisting of
Mycopl aszmwO gngadizoni ae, Mycopl aszna honzi nus, Mycopl asi n®CAFEHORHS4

St ept ococcus pyogenes, Steptococcus pneunzoni ae, Borrelia burgdozferi,
Borrelia afzelii, Qardia intestinalis,.,{dostridiumperfringens, Bacillus
i cheniform s, Enterococcus faecalis, 1%%1t obaci | | us sake, and conbi nati ons
t hereof. 22. The conpound of_ claim1, r.ei ai d argi ni.ne dej minase is
coval ently bonded to aBout 7FhE&ORBE ‘1ég§$51gé@ﬁ?@%ﬁ@ngQEﬁ?dﬁﬁ@@%ﬁﬂés. 23.
The conpounddédved |fainin 23 crodh@hio Sk deisBdH-¢IR. dei mi nase is coval ently
bonded to about 9 to about 12 pol yet hyl ene gl ycol nolecules. 24. The
compound of claim1,. wherein said polyethylene glycol has a total weight

average mol ecul ar wei gho. of Tht el ofliBD viRraRest rdtidARnistbis shichRihod
of enhancing_the circul ati.ng i fe of arginine. deininase counpr.ising

nodi f yi ng saffamatpﬁﬂFﬂ”HéOH%FW%@%@%@V&#@#&T@%&%@ ‘ﬁ]@erp@aar“g Coﬁ'gb‘laHP%
dei mi nase Vi fegedfi Nki Nng group to pol yet hyl ene gl ycol, wherein the

pol yet hyl ene glycol has a total weight average nol ecul ar wei ght of from
about 1,000 to about 40,000, and wherein the linking group is selected from
the group consisting ofi1a SUBEcHinFbaR] ofWIAHP], viitréifiisala aFiate deRfinhd¥iisle

group, a carbamate group, an ester_group, an epoxy group, a carboxyl group,
a hydr oxyl g@%‘ﬁ,‘lﬁé"r’éér“gm&ﬁaﬁ{s‘é‘}Ogt%f';gF’é‘éﬁﬁ’é’%Foup, a cysteine group, a

hi stidi ne group and conbi nations thereof. 26. A nethod of enhancing the
tunmoricidal activity of _argipine deipnase conprising.mdifying said

ar gi ni ne dei ni nase by ddval gﬂ?F?‘“BSWH{n‘PFSC?%‘H} U’%ﬁéqlﬁﬁ‘génﬁéﬁoﬁé?ﬁ%@ ’\?iéa’éfh“

| i nki ng groupés@ineRt.yet hyl ene glycol, wherein the polyethylene glycol has a
total weight average nol ecul ar wei ght of from about 1,000 to about 40, 000,

and wherein the linking group is selected fromthe group consisting of a
succi nimide group, anjam dahgkompouwddlof kL], GilEin saidcagibmeReni@aRUp, an

ester group, .an epox roup, a cafpoxyl up,,.a hydroxyl group, a
car bohydr at efle%"eﬁﬁ%éia C’g’j’rog&'a?ﬁ‘fs Oégg‘t P'fg&%@%’fﬁf” a histidine group and
conmbi nations thereof. 2 ? MAY 2 10

14. The compound of claim 13, wherein said microorganism is

Clostridium perfringens.

15.  The compound of claim 1, wherein said arginine deiminase is

derived from a microorganism of the genus Enterococcus.

16. The compound of claim 15, wherein said microorganism is
Enterococcus faecalis.
17. The compound of claim 1, wherein said arginine deiminase is

derived from a microorganism of the genus Lactobacillus.

18. The compound of claim 17, wherein said microorganism is

Lactobacillus sake.

19. The compound of claim 1, wherein said arginine deiminase is

derived from a microorganism of the genus Bacillus.



-24 27. A conpound according to claim1l for use in therapy. 28. ﬁ?“ffﬂ oa
conpound according to claim1l in the manufacture of a nedicanent’ 1o ‘%h
treatment of tunors. 29. The use of claim 28, wherein said tunor is a

mel anona. B® 021H&6Wse of claim 29, wherein said pol yet hyl enECH{UsBI1¥as a
total weight average nol ecul ar wei ght of about 20,000. 31. The use of claim
28, wherein said tumor is a hepatoma. 32,5 The use of claim31l, wherein said
pol yet hyl ene gl ycol has a total weight "average nol ecul ar wei ght of about

5,000. 33. The use of claim or_cl ai m in.sai.d l.inking group is a
succi ni m de group. 34. ‘Lf’ﬁ'e uﬁ‘ZGS?mBP%H %ﬂ\,\'@e?}v@eﬁ%ﬁ ey dégﬁfléléf)
I S succi ni m dithengfuoeisnat e, succi ni m dyl propionate, succinim dyl

car boxynet hyl at e, succi nim dyl succinam de, N hydroxy succinim de or
conbi nati ons thereof. 35. The use of claim 28, wherein said tunor is a

sarcoma. 36. Use of a conpoume acmpoahdef daimcl, aihgreln bdid bdierodBaufsacik uklected a

medi canent f(gzgf preventlon an reat ment of metz]az%)S {eﬁi % ? hl1AY 270b W
O 02/ 44360 PCFPH Séfoiupl%ilé%n%%%%tﬁ\%%”ﬂ PSR LS, B pmins,

Phar macol ogi csfychbilasma sigdhini, \Woahitddoe ks gk dieneStees dbcbinsteumbilde, BikEN064
;égg? 11 _<% g 1> <é§é€5 ;_]>[’ 101 3&%2&5{:{@6 0_15 3‘ a%g?@él?lnt€§97éllé2§lf< 11?1(j)_u>m 2e97{ﬁ?zr22§en§ 4§ac117u]&5 1>

licheniformis, Enterococcus faecalis, Lactobacillus sake, and combinations thereof.

22.  The compound of claim 1, wherein said arginine deiminase is

covalently bonded to about 7 to about 15 polyethylene glycol molecules.

23.  The compound of claim 22, wherein said arginine deiminase is

covalently bonded to about 9 to about 12 polyethylene glycol molecules.

24. The compound of ciaim 1, wherein said polyethylene glycol has a

total weight average molecular weight of from about 10,000 to about 30,000.

25. A method of enhancing the circulating half life of arginine
deiminase comprising modifying said arginine deiminase by covalently bonding said
arginine deiminase via a limking group to polyethylene glycol, wherein the polyethylene
glycol has a total weight average molecular weight of from about 1,000 to about 40,000,
and wherein the linking group is selected from the group consisting of a succinimide
group, an amide group, an imide group, a carbamate group, an ester group, an epoxy
group, a carboxyl group, a hydroxyl group, a carbohydrate, a tyrosine group, a cysteine
group, a histidine group and combinations thereof.

26. A method of enhancing the tumoricidal activity of arginine
deiminase comprising modifying said arginine deiminase by covalently bonding said
arginine deiminase via a linking group to polyethylene glycol, wherein the polyethylene
glycol has a total weight average molecular weight of from about 1,000 to about 40,000,
and wherein the linking group is selected from the group consisting of a succinimide
group, an amide group, an imide group, a carbamate group, an ester group, an epoxy
group, a carboxyl group, a hydroxy! group, a carbohydrate, a tyrosine group, a cysteine
group, a histidine group and combinations thereof.



<211> 410 <212> PRT <213> Mycopl asma arginini <400> 1 Met Ser Val the Asp
Ser Lys the Lys Ay Ile Hs Val Tyr Ser Qu 15 10 15 Ile Qy ETEM%&‘%QLGU
Ser Val Leu Val Hs Qu Pro Ay Pxg Gu Ile 20 25 30 Asp Tyr Ilée 'Tht Pro
Ala Arg Leu Asp Qu Leu Leu Phe Ser Alg,lle 35 40 45 Leu A u Ser H's Asp
Ala Arg Lys Gn Hs Lys An the Val Ala du 50 55 60 Leu Lys Ala Asn Asp
"Ile Asn Val Val Qu Leu Ile Asp Leu Val Ala 65 70 75 80 Gu Thr Tyr Asp
Leu Ala Ser Gn Gn Ala Lys Asp Lys Leu Ile Au 85 90 95 du Phe Leu Gn
Asp Ser G u PrcdNal Alesmpoend epaerding ta-flaim | fonpse in thempy05 110 2 7 MAY 200 WD
02/ 44360 PCT/ USOU29184 Val Val Arg Asn Phe Leu Lys Ala Lys Lys Thr Ser Arg
Lys Leu Val 115 120 "125 Glu Ile Met Met Ala Ay Ile Thr Lys Tyr Asp Leu

Gy Ile Glu Al @81 30Ut8bf 448mpdsi dcksrdidgio tRii l1lig thémandBctifefet Pro Asa Leu
Tyr Phe Thr Ar 145 150 155 160 Asp Pro Phe Ala Ser Val Gy Asn dvy Val
Thr Ile Hi sﬂrgﬁgcmntﬁqrgh%gmpmtqunorﬁyr Lys Val Arg Gn Arg Qu Thr Leu Phe
Ser Arg Phe Val Phe Ser 180 185 190 Asn His Pro Lys Leu Ile Asn Thr Pro Trp
Tyr Tyr Asp Pro Ser Leu 195 200 205 Lys Leu Ser Ile Glu Ay dy Asp Val
Phe 11 e Tyr Asm9AsnTRSfiseldficlaim 28, wherein said tumor is a melanoma.

30. The use of claim 29, wherein said polyethylene glycol has a total weight

average molecular weight of about 20,000.
31. The use of claim 28, wherein said tumor is a hepatoma.

32. The use of claim 31, wherein said polyethylene glycol has a total weight

average molecular weight of about 5,000.

33.  The use of claim 29 or claim 31, wherein said linking group is a

succinimide group.

34. The use of claim 33, wherein said succinimide group is succinimidyl
succinate, succinimidyl propionate, succinimidyl carboxymethylate, succinimidyl
succinamide, N-hydroxy succinimide or combinations thereof.

35. The use of claim 28, wherein said tumor is a sarcoma.

36. Use of a compound according to claim 1 in the manufacture of a

medicament for the prevention and treatment of metastases.
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75 80 Qdu Thr Tyr Asp Leu Ala Ser Lys Ala Ala Lys Qu AL Phe Ile Au 35
90 95 Thr Phe Leu Qu Gu Thr Val Pro Val Leu Thr Glu Ala Asn Lys Lys 100
105 110 TA ay¥alalAray Ara hecleankeneuSene lsgs Rrgopddrvabl srneGrugMet Val G u 115
120 125 Phe Met Meto Ser Ay Ile ThrasLys Tyr Gu Lous@y Val Au Ser Qu

130 135 140 Asn Qu Leu Ile Val Asp Pro Yet Pro Asn Leu Tyr Phe Thr Arg Asp
145 150 Ax5uibCroPres Phg AhanSernVab-COryp Ash FyaMalerihind herHi s Phe Met Arg
Tyr 165 170 1754slle Val Arg Argofrg G u Thr Leu,fhe Ala Arg Phe Val Phe Arg
Asn 130 185 190 Hi's Pro Lys Leu Val Lys Thr Pro Trp Tyr Tyr Asp Pro Ala Met

Lvs 19520 t [ p.. Vi e_l r Asn Asn Gu
Thr ;]lésfzg/? \9%} VA &(ﬁ Asequysgrr‘y(ﬁs 7 t& A‘SH_B’ “Asp Thr Ile Thr
Lou Leu MAY 2905 WO 627 44360 PCT/ USO%?‘Q9184 225 230 235 240 Al a Lys
AsnIIeLysAIaAsnLys Gu Val Qu Phe Lys Ara I'e Val 245 250 255 Ala lle
Asn Val ProVeEys'atr pLriel Asa Geu 2RetTH 82 éguAsy Tmr Velolhr Leu

225 230 235 240

Leu Ala Lys Asn Leu Val Ala Asn Lys Glu Cys Glu Phe Lys Arg Ile
245 250 255

Val Ala Ile Asn Val Pro Lys Trp Thr Asn Leu Met His Leu Asp Thr
260 265 270

Trp Leu Thr Met Leu Asp Lys Asn Lys Phe Leu Tyr Ser Pro Ile Ala
275 280 285

Asn Asp Val Phe Lys Phe Trp Asp Tyr Asp Leu Val Asn Gly Gly Ala
290 295 300

Glu Pro Gln Pro Val Glu Asn Gly Leu Pro Leu Glu Lys Leu Leu Gln
305 310 315 s 320

[#3]
]
[

Ile Ile &sn Lys Lys Pro Val Leu Ile Pro Ile Ala Gly Glu Gly
325 330 335

Ala Ser Gln Met Glu Ile Glu Arg Glu Thr His Phe Asp Gly Thr Asn
340 345 350

Tyr Ile Ala Ile Arg Pro Gly Val Val Ile Gly Tyr Ser Arg Asn Glu
355 360 385

Lys Thr Asn Ala Ala Leu Lys Ala Ala Gly Ile Lys Val Leu Pro Phe
370 375 38C

His Gly Asn Gln Leu Ser Leu Gly Met Gly Asn Ala Arg Cys Met Ser
385 390 395 400

Met Pro Leu Ser Arg Lys Asp Val Lys Trp
405 410

<210> 3



260 265 270 Leu Thr Met Leu Asp Lys Asn Lys Phe Leu Tyr Ser Pro ge Al a Asn
275 280 285 Asp Val Phe Lys Phe Trp Asp Tyr Asp Leu Val Asn Gy MG u
290 295 3QQ Qs n Pro An Leu Asn Gy Leu Pro Leu Asp LyschaloleysA a Ser
305 310 315 320 Ile Ile Asn Lys Qu Pro Val Leulle Prolle dy Ay Ala Gy
Ala 325 833>38% Thr Gu Met Qu Ile Ala Arg Gu Thr Asa she Asp Gy Thr Asn
Tyr 340<345 380 Leu Ala Ile Lys Pro Gy Leu Val Ile Ay Tyr Asp Ara Pan G u
Lys 355<860 8&6mplibna Ashiflsa Ala Leu Lys Ala Ala Gy Ile Thr Val Leu Pro
Phe H's 370 375 380 G| Asn Gn Leu Ser Leu Gy Met Ay Asn Ala Arg Cys Mt
Ser Met <3®%5 390 395 400 Pro Leu Ser Arg Lys Asp Val Lys Trp 405 <210> 4
<211> 23ye<3l2> Ny s %\%§>SM%?Q'ﬁx%nﬁsrarngni Nl g 409> d geaahcgatg tgtatttgac
agt 23 <2’ 0> 5 <211> 2> DNA 6 2,MAY 2904 V\¢3/02444360

PCT/ USO|/29184 <213> M/copl asma arginini  <400> 5

Ile Gly Glu Leu Glu Thr Val Leu Val His Glu Pro Gly Arg Glu Ile
20 25 30

Asp Tyr Ile Thr Pro Ala Arg Leu Asp Glu Leu Leu Phe Ser Ala Il
35 40 45

o

Leu Glu Ser His Asp Ala Arg Lys Glu His Gln Ser Phe Val Lys Ile
50 55 60

Met Lys Asp Arg Gly Ile Asn Val Val Glu Leu Thr Asp Leu Val Ala
65 70 75 80

o

Glu Thr Tyr Asp Leu Ala Ser Lys Ala Ala Lys Glu Glu Phe Ile Glu
85 20 85

Thr Phe Leu Glu Glu Thr Val Pro Val Leu Thr Glu Ala Asn Lys Lys
100 105 110

3
o
K

Ala Val Arg Ala Phe Leu Leu Ser Lys Pro His Glu Met Val Glu
115 120 125

Phe Met Met Ser Gly Ile Thr Lys Tyr Glu Leu Gly Val Glu Ser Glu
130 135 140

Asn Glu Leu Ile Val Asp Pro Met Pro Asn Leu Tyr Phe Thr Arg Asp
145 150 155 160

Pro Phe Ala Ser Val Gly Asn Gly Val Thr Ile His Phe Met Arg Tyr
165 170 175

Ile Val Arg Arg Arg Glu Thr Leu Phe Ala Arg Phe Val Phe Arg Asn
180 185 190

His Pro Lys Leu Val Lys Thr Pro Trp Tyr Tyr Asp Pro Ala Met Lys
195 200 205

Met Pro Ile Glu Gly Gly Asp Val Phe Ile Tyr Asn Asn Glu Thr Leu
210 215 220

val Val Gly Val Ser Glu Arg Thr Asp Leu Asp Thr Ile Thr Leu Leu



t gaggat _cct tactaccact taacatcttt acg 33 <210> 6 <211> 411 <212> PRT <213>
St _eptococcus oyogenes <400> 6 Met Thr Ala G n Thr Pro Ile H s Va7 iy 9@er

Glu
l1le d
Ile
Al a
Al a
Tyr
Arg
Thr
du
Ile
Al a
Arg

IIe i Leu 15 10 15 Lys Lys Val Leu Leu His Lys G u
As(yo ke%‘%\/ht 20 25 30 Pro Asp Tyr Leu Gu Arg Leﬁf)gwlasghg%s

PrOz;Bhe Leu Gu 3540Q 45 Asp Ala G n3tys Glu H's Asp2Aba Phe Ala GI n
Leu Arg Aso Qu 505560 dy lle u Val Leu Tyr Leu Au Thr Leu Al a
Gltmgef,yg-%n\éql §AEQ 1551 %gsler ‘Pa(locg tbhlelevsArAg Gy fha Phe Ile Asp Glu
Leu Ser Gu Ala , Arg Ay Arg A?azgghr Lys Lys Ala Ille
A u Leu Leu th 100 105 110 Al a I|e Au Asp Asn Gn Qu Leu Ile Gu Lys
Met Al 120 125 s Ser Pr.o ulle Pro Ala Ser
Lys™ @ ?11 Pi% yiS%Yplﬂﬁr%ﬁs = IeVéﬁls g %5? f&‘sngﬁ/r Pro Phe Al a
ASp Pro Met F?r68 Asn 145 150 18 160 Leu Tyr Phé Thr Arg Asp Pro Phe
Thr Ile Ay Thr @y Val Ser 165 170 175 Leu Asn H s Met Phe Ser Glu Thr
Asn-eAr GrGHMet T BeRu LPyrAd §ys 1890 485 TI0Fr7°Z7R4y 121 aWFD2/ 44360

PCT/ USQO1/ 2918275 280 285

Asp Val Phe Lys Phe Trp Asp Tyr Asp Leu Val Asn Gly Gly Ala Glu
290 295 300

Pro Gln Pro Gln Leu Asn Gly Leu Pro Leu Asp Lys Leu Leu Ala Ser
305 310 315 320

Ile Ile Asn Lys Glu Pro Val Leu Ile Pro Ile Gly Gly Ala Gly Ala
325 330 335

Thr Glu Met Glu Ile Ala Arg Glu Thr Asn Phe Asp Gly Thr Asn Tyr
340 345 350

Leu Ala Ile Lys Pro Gly Leu Val Ile Gly Tyr Asp Arg Asn Glu Lys
355 360 365

Thr Asn Ala Ala Leu Lys Ala Ala Gly Ile Thr Val Leu Pro Phe His
370 : 375 380

Gly Asn Gln L=u Ser Leu Gly Met Gly Asn Ala Arg Cys Met Ser Met
385 390 385 409

Pro Leu Ser Arg Lys Asp Val Lys Trp
405

<210> 4

<211> 23

<212> DNA

<213> Mycoplasma arginini

<400> 4
gcaatcgatg tgtatttgac agt 23

<210> 5
<211> 33
<212> DNA



Lys
Met
Leu
240
255
265
280
295
305
Arg
Asp
Asn
Lys
Pro
410

Tyr Ile Phe Thr Hs Hs Prolie Tyr Gy Ay Qy

Val Tyr Asp Arg Asn Qu Thr Thr Arg Ile Qu Ay Ay Asp Au 210 20
Val r.lys Aso Val Leu Ala Val Ay Ile Ser A n Ar | 230 235
Asp e{)s"ﬁf%(’kSer Ile Glu Lys Leu Leu Val Asn Ile Phe L)g/‘sJ g%"%ﬁ% 245 250
Leu2Ghy Rheplysialys;ivahi Leu Ala Phe G u Phe Ala Asn Asn Arg Lys 260
270 ?he Met H's Lau Aso Thr Val Phe Thr Met Val Asp Tyr Asp Lys Phe 275
285 <48 41le Hs Pro Qu Ile Qu Ay Aso Leu Arg Val Tyr Ser Val Thr 290
300 olyro Aop Aan.GatGlindeuHsole Val Gu Gu Lys Ay Aspsleu Ala
310 315320 Gu Lou Leu Ala Ala Asn Leu Ay Val du Lys Val Asp Leu 1lla
325 330 335 Cys Ay Ay Asp Asn Lou Val Ala Ala Gy Arg Au Gn Tro Asn
340 345 350 Ay Ser Asa Thr Leu Thr Ile Ala Pro Ay Val Val Val Val Tyr
355 %360 365 Arg Asn Thr Ile Thr Asn Ala Ile Leu Gu Ser Lys Gy Leu
Leu 576> 375 380 Ile Lys Ile His Ay Ser Gu Leu Val Arg GLv Arg Gy Qvy
Ar g <2385 B0 395 400 Cys Met Ser Met Pro Phe Gu Arg Gu Asp Ile 405
<21G337 X2P1oFUV9s 2I:M=SPRT <213> St ept ococcus pneurnoni ae 8

Lys Val Pro 2. 200,205
4180y

<400> 6
Met Thr Ala Gln Thr Pro Ile His Val Tyr Ser Glu Ile Gly Lys Leu
1 5 10 15

o

Lys Lys Val Leu Leu His Arg Pro Gly Lys Glu Ile Glu Asn Leu Met
20 25 30

Pro Asp Tyr Leu Glu 2rg Leu Leu Phe Asp Asp Ile Pro Phe Leu Glu
35 40 45

Asp &la Gln Lys Glu His Asp Ala Phe Ala Gln Ala Leu Arg Asp Glu
50 55 60

Gly Ile Glu Val Leu Tyr Leu Glu Thr Leu Ala Ala Glu Ser Leu Val
65 70 75 80

Thr Pro Glu Ile Arg Glu Ala Phe Ile Asp Glu Tyr Leu Ser Glu Ala
85 90 95

Asn Ile Arg Gly Arg Ala Thr Lys Lys Ala TIle Arg Glu Leu Leu Met
100 105 110

Ala Ile Glu Asp Asn Gln Glu Leu Ile Glu Lys Thr Met Ala Gly Val
115 120 125

Gln Lys Sexr Glu Leu Pro Glu Ile Pro Ala Ser Glu Lys Gly Leu Thr
130 135 140

Asp Leu Val Glu Ser Asn Tyr Pro Phe Ala Ile Asp Pro Met Pro Asn
145 150 155 160

Leu Tyr Phe Thr Arg Asp Pro Phe Ala Thr Ile Gly Thr Gly Val Ser
165 170 175 '

Leu Asn His Met Phe Ser Glu Thr Arg Asn Arg Glu Thr Leu Tyr Gly
180 185 1390



2 7
Val

Phe As
Phe
Gn
Phe
Lys
Leu
Glu
Tyr
Arg
Phe
The
Asn
Ser

MAY 2005 WO 02/44360 PCT/ US01129184 <400> 7 Met Ser Ser His Pro Ile Gn
Phe Ser Gu lle Ay Lys Leu Lys 5 10 15 Lys Val Mt Leu Hi s Afgvfrup,
Lys AGE‘ F“ 68 u Asn Lau Leu Pro 20 25 30 Aso Tyr Leu %u YArlgNLeu Leu
é‘ﬁz &%Bro Phe Leu Gu Asp 35 40 45 Ala G n Lys O [/UBPHE29A%

Al a 1Gsnr A arbedh Arg- AR G & Yr1:58,:5216%:1 1 £, G4 Mal skeu Tyr Leu Gl u
Leu Ala Alag& u Ser Leu Thr ,S¢r 65 70 § $ro Au lle Arg Asp Gl r,
Ile Qu Au Tyr Leu Asp Au Ala Asn 85 90 95 IIe Arg Asp Arg A n Thr
Val Il e Ar u Leu Asp Asn An Gu
Val tﬁvﬁgyﬁ'h}%pﬁ%fg AR éu TPT né n o %I% 30° %YZ 1YLAS§¥7T Gdu Leu Pro
Ile Pro~Asp G u Ala Lys %Qs;‘p Leu Thr Aso 130 135 140 Leu Val Gu Ser GQu
Pro The Ala Ile Asp Pro Met Pro Asn Leu 145 150 155 160 Tyr Phe Thr
Asp ProVPhécal TrThys Hse @l LagmlAl lvaLy Sép §vuCiB5hrp70h175 Asn His Met
Al a 28sp Thr Arg Asn AR30g Gu Thr Leu ¥y¥ Gy Lys 180 8% 190 Tyr Ile
Lys Tyr Hs Pro lle Tyr Ay Ay Lys Val Asp Leu Val 195 200 205 Tyr
Arg XsbunXd alAsgerThre Ang 1 L6h Ued ¥alGryn Asp fHal LkewsMahs210 215 220 Leu
Lys Aso Val Leu AbasVal Gy Ile SersocG n Arg Thr AsesAla 225 230 235 240

Leu Gly Phe Lys Lys Val Leu Ala Phe Glu Phe Ala Asn Asn Arg Lys
260 265 270
Phe Met His Leu Asp Thr Val Phe Thr Met Val Asp Tyr Asp Lys Phe
275 280 285

Thr Ile His Pro Glu Ile Glu Gly Asp Leu Arg Val Tyr Ser Val Thr
290 295 300

Tyr Asp Asn Glu Glu Leu His Ile Val Glu Glu Lys Gly Asp Leu Ala

305 310 315 320

Glu Leu Leu Ala Ala Asn Leu Gly Val Glu Lys Val Asp Leu Ile Arg
325 330 335

Cys Gly Gly Asp Asn Leu Val Rla Ala Gly Arg Glu Gln Trp Asn Asp
340 345 350

Gly Ser Asn Thr Leu Thr Ile Ala Pro Gly Val Val Val Val Tyr Asn
355 360 385

Arg Asn Thr Ile Thr Asn Ala Ile Leu Glu Ser Lys Gly Leu Lys Leu
370 375 380

Ile Lys Ile His Gly Ser Glu Leu Val Arg Gly Arg Gly Gly Pro Arg
385 390 395 400

Cys Met Ser Met Pro Phe Glu Arg Glu Asp Ile
405 410

<210> 7

<211> 409

<212> PRT

<213> Steptococcus pneumoniae



Ala Ser Ile Gu Lys Leu Leu Val

9 2 7 MAY 200°

Lau Hi s vaio>Tyr Ser Val

Ay Val

Asn Il e Phe Lys Lys Asn Val

WO 02/ 44360 PC1/CS01/29184 Phe Lys Lys Val

Pne Al a A3 Aes;r 9 Lys the Met
Met Val Asp Tyr Asp Lys the Thr

du Lys Val

Ile 275 280 285 His Pro Gu I
Thr Tyr Qu

Ay 245 250 255

Lau Al a7 7 ey GG
260 265 270 His Leu Asp ghg;éal»dibe Thr

Gu Ay Aso

290 295 300 Asn Qu Lys Lau Lys Ile Val
A u Qu s sekysAspikerroAl B2 Gilu 12aupPh80Er3dth 315 320Lyd evuAlya A n Asn Lau

Ala Ala Ala Arg Gu Gn Trp Asn Asp Ay Ser
Ala Pro @y wWaluyMakeVali sValg TYE ASPLA G1ASAy 355 23801365, T8, Val Thr Asn

Lys Ile Leu Gu Qu,Jyr Ay Leu Arc hau Ile Lys 370 37p 380

GQu Leu Val Arg Ay Arg Ay Ay Pro Arg Cys Met

Pro the %u
bur gdor f 73

A u Asn
Ala

Ile I

Leu
145

Tyx

Tyr

Leu
225

Ala

a
e U
lle dy 15 10 15

Gln
50

Glu

Glu I

Arg

Val

130

Val

Phe

His

Ile

Asn

210

Ser

Ser

L(‘Ell\f?lé{rtg

Arg Lau Lys

Lys Glu His Asp Ala

Val

Asp

Asp

115

Glu

Glu

Thr

Met

Phe

195

Arg

Lys

Ile

Leu

Arg

Arg

100

Asn

Ser

Arg

Phe

180

Lys

Glu

Glu

Tyr

Asp

85

Gln

Pro

Glu

Asp

165

Ala

Tyr

Glu

Val

Lys
245

Leu
70

Gln

n Thr

Glu

Glu

Tyr

150

Pro

Asp

His

Asp

Leu
230

55

Glu

Phe

Lys

Leu

Ile

135

Phe

Thr

Pro

Thr

215

Ala

Leu

ngs Val

V%Juui%up <2ég§yA?SpL

<¢

el

H ssLeu Ile Arg Cys1@y 325 330 335 168y Gy Asn Ile Val
340 345 350 Asn Tar

Lau Thr Ile

Ile Arg Glv Ser

385 390 395 400 Ser WMet
> 41 L<212§ PRT <213> Borrelia
AR PPo"TY €'ASHPI e the Ser Gu

}1> 41

Lau Lau Hi‘S

Phe Ala Gln Ala Leu

Ile
Val
val
120
Pro
Phe
Ala
Arg
Ile
200
Arg

Val

Val

Leu

Glu

Ala

105

Glu

Asp

Ala T

Thr

Asn
185

Ile

Gly

Asn

Ala

Glu

30

Ile

Lys

Glu A

Ile

170

Arg

Gly

Glu

Ile

Ile
250

Ala
75

Tyr

Arg G

Thr

Asp
155

Gly

Glu

Ser
235

Phe

60

Glu

Leu !

Met

140

Pro

Asn

Thr

Lys

Gly

220

Gln

Lys

Arg Pro Ay Glu Glu Leu

Arg Asp Glu Gly

Ser

Ala

125

AsSp

Met

Ala

Leu

Val

205

Arg

Lys

Leu

Glu

Leu

110

Gly

Leu

Val

Tyr

1380

Asp

Glu

Asn

Thr

Ala

95

His

Ile

Asn

= W
~
[G20 o

Gly

Leu

Leu

Asp

Val
255

Ser
80

Asn

Asp

Leu

160

Leu

Lys

Val

val

Ala

240

Gly



20 25 30 Lau Thr Pro Lau Ile Met Lys Asn the Lau the Asp Asp Ile Pro Tyr
35 40 45 Lau Lys vVal Ala Arg Gn Gu Hs GQu Val the Val Asn Ile pawAyse- 10

9
Au
Leu
Thr
Val

Len
Ser
Arg
Tyr
Lys
Arg
Lys
Sly
Phe

MY
Tvr
Lys
Asp
Aso
Lys
Leu
Asp
Thr
Tyr
Trp
Asp
Ser
Ser

2B o2/ Y692/ 44361) PCT/ US01129184 50 55 60 Asp AsnpcSefisoyabig@d u 1le
Val Gu Asp Leu Val Ser Gu Val 65 70 75 80 Leu Ala Ser Ser Val Al a
Asn Lys The Ile Ser Gn The Ile 85 90 95 Leu u Ala Qu Ile Lys
Ghy Mzl L4 ¢/aAshed [2galge CYB PASprlE0BsA@5n 1ALy L¥yrenkheetSer Asn Leu Thr
Asn Met Valz2se8er Lys Met |le2Ber 115 120 1252@&by Val Ala Arg Au Glu
Asp Cys Glu Phe Ser Leu Aso Asp 130 135 140 Trp Val Asn Gy Ser
Rhe Nal add arAsSpaPreae Metr RE© vAsSmas¥akyr k45 dp0rdsd5nlb601e Leu The Thr
Pro The,Ma Ser Ile Ay Ashpy Ay Ile Thr I}g 165 170 175 Asn Lys Met
Lys Val Arg Arg Arg Gu Thr Ile Phe Ala Gu 130 185 190 Tyr Ile The

s Ser Ty 1 I Pro lle 20 205 The Asn
a Cé ﬁlhaﬂge tou” Vi é?[u K ‘y Sldrt‘fi%H V%r[%%(fo J2'115 220 Leu Asn
Leu %_eu Val Ile Gly | e Ser Glu Arg Thr G u Ala 225 230 235 240
Val Qu Lys Leu Ala Ala Ser Leu Phe Lys Asn Lys Ala Pro 245 250 255
THP Q—IueLYﬁed*eAI TalYSI'HéEL‘fﬁsL Fie GIiPoLfLsygl%s“ﬁPA&egl Ai/?i GFgr Lavet

305 310 315 320

Leu Ala Gln Asn Leu Gly Val Glu Lys Val His Leu Ile Arg Cys Gly
325 330 335

Gly Gly Asn Ile Val Ala Ala Ala Arg Glu Gln Trp Asn Asp Gly Ser
345 350

o8
s

Asn Thr Leu Thr Ile Ala Pro Gly Val Val Vval vVal Tyr Asp Arg Asn
3355 360 365

Thr Val Thr Asn Lys Ile Leu Glu Glu Tyr Gly Leu Arg Leu Ile Lys
370 375 380

Ile Arg Gly Ser Glu Leu Val Arg Gly Arg Gly Gly Pro Arg Cys Met
385 390 395 400

Ser Met Pro Phe Glu Arg Glu Glu Val
405

<210> 8

<211> 410

<212> PRT

<213> Borrelia burgdorferi

<400> 8
Met Glu Glu Glu Tyr Leu Asn Pro Ile Asn Ile Phe Ser Glu Ile Gly
1 5 10 15

Arg Leu Lys Lys Val Leu Leu His Arg Pro Gly Glu Glu Leu Glu Asn
20 25 30

Leu Thr Pro Leu Ile Met Lys Asn Phe Leu Phe Asp Asp Ile Pro Tyr
35 40 45

Leu Lys Val Ala Arg Gln Glu His Glu Val Phe Val Asn Ile Leu Lys

10



260 265 270 His Leu Asp Thr Val
275 280 285 Phe Thr

290 295 3Qfo oBerssAsn Ser Asn Lys Ile Asn Ile Lys Lys Glu Lygm@kysgsleu Lys

11 2 7 MAY 2905

Phe Thr Gn Ile Aso Tyr Ser Val
Ser Asp Asp Met Tyr The Ser

I1e Tyr Val

Phe Thr Ser

Leu 2 ThgavTye: Asn
%0 02/ 44360 PCT/USOL/ 29184 305 310 315 320 Asa Val Leu Ser

The Tyr Lau &y Arg Lys Ile Asp Ile Ile Lys Cysd 325 330 335 Ala Ay Ay Asp
Leu Ile Hs Ay Ala Arg Qu Gn Trp Asn Asp Gy 340 345 350 Ala Asn Val

Leu Al a hée aBhasdRr galotuGlie Vah 1yrevAl &1TyAspbesu Aag S5568607a365 Asn Hi s Val
Thr Asn Lys Lau Phe Qu Gw Asn Gy Ile Lysisval Hi s
Ser Ser u Leu 5er Arg Gy Arg Ay Ay Pro Arg Cys

Ser Met Ber shgusdlakeAng Gk ASP ﬂJseuévQ@yérler T2l @2 vl e 4Q9

<213> Borrelia afzelii gg
5er Adulle Ay Arg

asp e prb Ao fggs

Tyr

Gly

Trp

145

Leu

Asn

Tyr

Phe

Leu

225

Gly

Phe

His

Phe

Phe

Val

130

Val

Lys

Ile

Asn !

210

Asn

Ser

Ser

Leu

Ser

115

Ala

Asn

Thr

Lys

Val

Thr

Asp

275

Ser

Ser

Asn

Arg

Gly

Arg

Tyr

180

Lys

Trp

Asp

Glu

Ile

260

Thr

Asp

Asn

Glu

Ser

Asp

165

Thr

Tyr

Glu

Leu

Lys

245

Leu

Val

Asp

Lys

5<400>
1510 15 Lau Lys Lys Val
25 30_ Thr
S40'a5"r

Thr

Glu

Ser

150

Pro

Lys

His

Glu

Leu

230

Leu

Ala

Phe

Met

Ile

Val

Leu

135

Leu

Phe

Val

Ser

Thr

215

Val

Ala

Phe

Thr

Tyr

295

Asn

9

Met

Asp
120

g
=
()]

Ala

Arg

Ala

200

Ser

Ile

Ala

Lys

Gln

280

Phe

Ile

11

105

Asn

Asp

]
D
[a]

Arg
185

Tyr

Gly

Ser

Ile

285

Ile

Ser

Lys

A Uy

Met

Cys

-
'_l
0]

Ile

170

Arg

Lys

Glu

Leu

250

Pro

Asp

Ile

Lys

u Tyr

Val §

Glu

Asp

155

Gly

Glu

Glu

Gly

Tyr

Tyr

Glu

Phe Ser
140

Pro Met

Asn Gly

Thr Ile

Asn Val

205

Gly Asp

Glu Arg

Lys Asn

Asn Arg

Ser Val

285

Val Leu
300

Lys Ala

370 3730380 Arg Ile Pro
395 390 395 400 Met

Leu Asn
Leu Leu Hs Arg Pro dy Gu

SPPEPYE)/ ? Jle Asn ElléyfeuAEn the Leu Phe Asp

110

Met

Leu

Pro

Ile

Phe

190

Pro

Glu

Thr

Lys

Ala

270

Phe

Thr

Lys

<212> PRT

Pro lle Asn Ile Phe

Ile

Asp

Asn

Thr

175

Ala

Ile

Phe

Glu

Ala

255

Tyr

Thr

Tyr

Leu

Ser

Val

160

Ile

Glu

Trp

Val

Ala

240

Pro

Met

Ser

Asn

Lys



du
Asn
Val

Gn

Val Ala Arg Gn GQu His Au Val Phe Ala Ser Ile Lau Lys Asn 629,@§®9
Leu Val Qu lle Au Tyr Ile Au Asp Lau Ile Ser Qu Val Leu “? ' #5790
Ser SegxoValiha Lau A u Asn Lys The Ile Ser G n The |l gd@ysy189:90 95

Ala Qu Ile Lys Thr Asp Phe Thr Ile Asn Leu Lau Lys Asp Tyr 100 105 110

12 2 7 MAYS5204 WO 02/ 4436(1RCT/ USO / 29184 3Phe Ser S=_r Leu3Thr Ile Asn As

r.
Asn
Ile
Phe
Val

Pro
du
Lau
Glu
Ile
Asp

Met Ile Ser Lys Met |e Ser Ay 115 120 125 Val VvVal Thr Qu G u Leu Lys

Tyr T Ber LSersdre@hAspyrAsga lcey Ark30vsl33e 10 Vad IAsnLy@ gyAl a Asn Leu Phe
Ile Asp Pro Met Proezésn Val Leu 1453d50 155 160 Ph®ssThr Arg Asp Pro
Ala Ser Ile Gly Asn Gy Val Thr Ile Asn 165 170 175 Lys Met Phe Thr Lys
Arg Gin AQcH sPhieh | Phes Ala Hauady61u180 285 2590.dd e1Phe Lys Tyr His
Val Tyr Lys G usgysn Val Pro Ile slsp Leu 195 2005295 Asn Arg Trp Gu
Ala Ser Leu Gu Gly Ay Asp Gu Leu Val Lou 210 213 220 Asn Lys Ay Leu
Val | er .4 u y. 3 2,240 Ser Val
Lys Lgéla %&’v e é‘%ﬂaﬁé %synG “yg #ﬁeég 4r2¥e S‘z“it5 550 255 Asp Thr
Leu Ala Phe’ n Ile Pro Lys n Arg Ser Tyr s 260 265 270 Leu

Thr Val ?he Thr @ n Ile Asp Tyr Ser Val Phe Thr Ser “Phe 275 280 235
Asn His Val Thr Asn Lys Leu Phe Glu Glu Asn Gly Ile Lys Val His

370 375 380

Arg Ile Pro Ser Ser Glu Leu Ser Arg Gly Arg Gly Gly Pro Arg Cys
385 390 385 400

Met Ser Met Ser Leu Val Arg Glu Asp Ile
' 405 410

<210> S

<211> 409

<212> PRT

<213> Borrelia afzelii

<400> 9
Met Glu Glu Tyr Leu Asn Pro Ile Asn Ile Phe Ser Glu Ile Gly Arg
1 5 10 15

Leu Lys Lys Val Leu Leu His Arg Pro Gly Glu Glu Leu Glu Asn Leu
20 25 - 30

Thr Pro Phe Ile Met Lys Asn Phe Leu Phe Asp Asp Ile Pro Tyr Leu
35 40 45

Glu Val Ala Arg Gln Glu His Glu Val Phe Ala Ser Ile Leu Lys Asn
50 55 60

Asn Leu Val Glu Ile Glu Tyr Ile Glu Asp Leu Ile Ser Glu Val Leu
65 70 75 80

Val Ser Ser Val Ala Leu Glu Asn Lys Phe Ile Ser Gln Phe Ile Leu
85 90 95

Glu Ala Glu Ile Lys Thr Asp Phe Thr Ile Asn Leu Leu Lys Asp Tvr
100 103 110



Ser Ser Ser

Thr Ser Asp Asp Met Tyr Phe Ser Ile Tyr Val Leu Thr Tyr Asn Pr o, 23@%2 300

Lys Ile Hs Ile Lys Lys Qu Lys Ala Arg Il e Lys Asp~

10 315

320 Val kgylyoeisePhe Tyr Leu Ay Arg Lys Ile Asp Ile lle L%T@S%IAJ)QJSZS 330
34

335 dy Gy

Asp Leu Ile Hs Gy Ala Arg Qu @n Trp Asn Asp Gly A

345 350 Asn SVal SdredeAl Zorl e Aba PnoM&IVIE $er Les Mee TAleasdyrGlSer Arg Asn 355

360 365 13 77 MAY 2100 WD 112/ 44360 PCT/USO /29184 Hi s Val

Phe Gu Gn Asn Ay Ile Lys Val
Ser Arg Gy vALOTHELY: 1@ QL uPr&y Avg KnsTietrhr385 390 139 «408sp SR Met Pro Lau

Ile Arg G niAsp Ile 405
intestinalis

Lau Pro g
Lou Lou

Lys

Ile

Asp
Leu
Thr
Ser
305
val

Gly

Asn

u
Gy Phe Gn

35 40 45
so 55 60
Tyr Asp %ﬁf Thr Arg Asp

Phe

Arg

210

Lys

Val

Thr

Ser
290

Ser

Gly

Val

Phe

Lys

195

Trp

Gly

Glu

Ile

Thr

275

Asp

Ser

Ser

Asp

Leu
355

Thr

180

Tyr

Glu

Leu

Leu

260

Val

Asp

Lys

Phe

Leu

340

Ala

His Arg 370 375 380

Thr Asn Lys Leu

Ile Pro Ser Ser Qu Leu

<2103510 <211> 580 <£l2> PRT <213> Q ardi a

Lys Asp Lys Qu Lys Lau Ala G n
gﬂéal Val Val Hi s
p

4!

P

<400> 10 Met Thr Asp Phe Ser

tau pro Gp 8 %&%655“&“3 Elst

e Lou

rolle Cys Pro

Ala Val

165

Lys

His

Leu

Leu

245

Ala

Phe

Met T

Tyr
325

Ile

Ile

Val

Ala

Val

230

Ala

Phe

His

310

Leu

His

Ala

Arg

Val

Ser
215

Ile ¢

Ile

Gln

Gln

Phe

295

Ile

Gly

Gly

Pro

Lau L
Pro Phe Ala Ser I

Gln

Ser

Ile

Ile

280

Ser

Lys

Arg

Ala

Gly

360

13

Arg
185

Lys

Pro

2865

Asp

Ile

Lys

Lys

}_/S

Gn Ly
yAsn Gly

170

Glu

Glu

Gly

Ser

Phe
250

Tyr

Glu

Ile

330

Glu

Ile

Asn

Gly

Asn

Val

Lys

315

Asp

Gln

Ile

Val

Asp

220

Arg

Asn

Val

Leu

300

Ala

Trp

2

Pro
205
Glu
Thr

Lys

Ser

Ile
Asn

Tyr
365

A@n VJ:\

eu Asn
p Glu Leu Arg A%rg

S

Arg

Val

hr Tle Asn

Ala

190

Leu

Glu

Ile

Lys

Asp

350

Ser

175

Glu

Trp

Val

Ala

Ser

255

Met

Asn

Lys

Cys

335

Gly

Tyr

Leu

Leu

Lys

240

Phe

Pro

Asp

320

Ala

Ala

Asn

Gu Gy Asn
Asp Hs Qu
Tyr Met Pro



65 70 75 80 Lau Ser
85 90 95 Met Al a Ser

yogins

100
115
130
145
Gn
Arg
Arg
Val
Ay
Val
Asp
Gn
H s
Leu

105
120
135
150
165
Arg
du
Val
Asp
Ay
Leu
Hi s
Asp
Arg

al Le

%eyp B%e\éa
y Asp Gys Arg

The Val

Pro Val
BRU AR g Se T e THFI Ak %ﬁPyI}a& a
Al a Val

E %ﬁgluetgu(ger %ﬂ%eGEHIXrAJé&

L
Glgu Gy Ay Pro
Pro Ay

A ushke H's Asp Ser

Ser

Au Ala Ser
Leu Lys Tyr
Lys Met Lys Tyr
Al a Len Ser Thr

Leu Ay Thr Ar¢3Arg The
Gln Asp Arg Met His Leu
Lys Leu Val Val Lau Asp
Iyro>Vab Asp Au Trp lle

<211> 58

0

<212> PRT
<213> Qiardia intestinalis

<400> 10
Met Thr
1

Gly Gly
Gly Thr
Glu Pro

50

Ala Val
65

Lsu Ser

Met Ala
Pro Lys

Ser Ala

Val Tle

145

Ser Val

Asp

Glu

Ser

35

Leu

Glu

Ser

Met

115

His

Glu

Phe Ser

Asn Glu
20

Phe Leu

Lys Glu

Ala Ser
85

Leu Lys

100

Lys Tyr

Ser Thr

Leu Ala

Ile His
165

Arg

Thr

Asp

Lys

70

Pro

Cys

Arg

Pro

150

Asp

Asp

Ala

Glu

55

Gly

Ala

Glu

val

Asn

135

Gly

Ser

Pro Ala Gu Arg Gu Vval

G n Lau Hs Ala Thr

Cys Val
Arg Asn Lou Val
140 ValtHd askis, Las, Aha ErocQ wsVak: Arg. Asa Fhr Héé aau Val Thr Asn
1555360 Ser Val
170 175 14 27 MAY 190°

Ser Aso G u Tyr
Asp Val

f Asn Met Val

Gy Ef; k?;7Afﬁaf%§:f'a
a au
?‘%1@591/5&4 Gn Pro

Phe Met Arg Asp

WD 02/ 44360 PCT/ USO 1129184 Gln Ile Thr Thr

Asp Cys

Leu

§ Arg

HIS Cys
Al a Met

Gn Tyr

Val Lys

Asp Tyr |
Gy Aa

Asp Val

Lys

Glu

Leu

40

Leu

Cys

Glu

Leu

Ser

120

Leu

vVal

Asn

14

Glu

Ile

25

Asn

Arg

Arg

His

105

Asp

vVal

Arg

Asn

Lys
10

Pro

Val

Glu

80

Ala

Glu

Asp

Asn

Met
170

Thr The

l e Cys

Len Ala

1 Val val

Glu Gly

Asp His

Tyr Met
75

vVal Leu

Thr Gly

Tyr Lys

vVal Ile
140

Thr Ala
155

Val Phe

59, 480

Leu
Met
Met
Leu
Aso
Ser
Ser
Asp

Gln !

Asn
45

Glu

Pro T

Met

Ala

Arg

125

Leu

Leu

Met

357508 30

210 21%3 2

An Arg Arg
05 dy Ala Arg
20 Lau Qu Ay

225 230 235 240 dQy

Met
Cys
Val
Ay
Al a

Leu
30

Leu

Gly

Asp
Arg
110
Lys
Ser

Val

Arg

Ser

Phe
Leu
Met Gy 290 295 300
Lys

Val

Thr

15

Pro

Leu

Phe

Asp

val

Thr

Asp
175

Gln

Gln

Gln

Val

80

&la

Thr

Leu

Pro

Asn

160

Gln

245 250 255 Lys
260 265 270 Asp
275 280 285



305
Lys
Ile
Leu
Val

Asn
Arg
Val

Pro
I'le
Lys
480
495
505
520
530

310 315 320 Lys Ala Lys Ser Ser Ala Val Thr Cys Gy Asn Tyr VaI Leu Al a

325 330 335 Ala Asn Val GQu Phe Gn Gn Trp Leu Ser G u Asr T@pr Thr
340 Ipy2afoval Arg Ile Pro His Gu Tyr Gn Leu Ala Tygy %/ §4 Asn Asn
355 360 365 Asn Leu Ay Asn Asn Cys Val Leu Ser Val H's ro Thr

Asp 370 375 380 Phe Ile Lys Ala Aso Pro Ala Tyr Ile Ser Tyr Q/s Lys Ser
Asn 385139039 400 ndsealPrioeAsdl Gy dlewsiAsprd @&unVala Pyp Val Pro Phe

Ay Ile Thr 40580410 415 Arg MeisgsTyr Ay Ser Lauskis Cys Ala Ser G n Val
Tyr Arg Thr 420 425 430 15 2 7 NMAY 2gP5 WV O 02/ 44360 PCTI GSO |1 29184

Leu A.aaP @# - Alodo V@l by s 1AlanQVseGt. Gt @mu %mﬁﬂsae@ y 435 440 445
Ala Ala | yr Qu Lys Asn G,y Gu Pro Val a Ay 450 455 460
Lys Phe Asp Cys Val IIe Tyr Ile Pro Ser Ser Va Asp Asp Lau 465 470 475

Ile [le Asn L Pro Ser Arg 485 490
G uGﬁis ?@IEQA?% Xé% Hva %VG% Qu %? Cdﬁp" lEa Vaftser Au 500
510 Ay A?g Val Pro Tyr Fte Thr Trp Arg Pro Ser Met Pro Val Val 515

525 Ser Lou Lys Ay Ala Ala Lys Ala GL v Ser Leu Lys Ala Val Lau Asp

535 520 Gleviay| By Pep enVahd-ThY2lPFer Phie Gihr Lot dley¥etAMatval Gu Ay Al a
225 230 235 ) 240

Gly val Gly Leu Arg Ser Thr Tyr Val Gly Ala Gln Tyr Leu Met Ser
245 250 255

Lys Asp Leu Leu Gly Thr Arg Arg Phe Ala Val vVal Lys Asp Cys Phe

=

260 265 270

Asp Gln His Gln Asp Arg Met His Leu Asp Cys Thr Phe Ser Val Leu
275 280 285

His Asp Lys Leu Val Val Leu Asp Asp Tyr Ile Cys Ser Gly Met Gly
290 295 300

Leu Arg Tyr Val Asp Glu Trp Ile Asp Val Gly Ala Asp Ala Val Lys
305 310 315 320

Lys Ala Lys Se

[at

Ser Ala Val Thr Cys Gly Asn Tyr Val Leu Ala Lys
325 330 335

Ala Asn Val Glu Phe Gln Gln Trp Leu Ser Glu Asn Gly Tyr Thr Ile
340 345 350

Val Arg Ile Pro His Glu Tyr Gln Leu Ala Tyr Gly Cys Asn Asn Leu
355 , 360 365

Asn Leu Gly Asn Asn Cys Val Leu Ser Val His Gln Pro Thr Val Asp
370 373 380

Phe Ile Lys Ala Asp Pro Ala Tyr Ile Ser Tyr Cys Lys Ser Asn Asn
385 330 395 400

Leu Pro Asn Gly Leu Asp Leu Val Tyr Val Pro Phe Arg Gly Ile Thr
405 410 415

Arg Met Tyr Gly Ser Leu His Cys Ala Ser Gln Val Vval Tyr Arg Thr
420 425 430

15



545 550 555 560 Pro Ala Ala Tyr Thr Arg Tyr Lau Gy Lau Qu Gn Ala Asp Ile
Cys 565 570 575 Val Asp Ile Lys 580 <210> 11 <211> 413 <212> RRTMA2AB>

Clostridi ngens <400> 11 Met Arg Asp Asp Arg Ala L [ Thr
Ser G u ||u‘nb%?f”3r ‘r) Llau 1 5 10 15 Lys Thr Val Lau Leu Hi s%ﬁg/z}j{ y Qu

Gulle du Asn Lau Thr 20 25 30 Pro Asp Lau Lau Asp Arg Lau Lau The Asp
Asp |l e Pre a0 abLawdsysia 30240145, Val1aAbas Ang dducQ Wikl ssphspy Al a Phe Al a

G n Thr Lau Args€ku Ala 16 27h94AY2005 WO 02/44368s PCT/ USO /29181 50 55 60
Sly Val Qu Val Leu Tyr Leu Qu Val Leu Ala Ala u Alalle du 65 70 75 SO
Thr Ser p l:bys., G e r Phe_ 1, p 85 90 95
Aady el ng;up‘ygr gﬁyArdgluEMg EL}E &R e eﬁé ' et ATAJ‘S“ e 100 105 110
Asn Ser Phe Ser Asp Asn Lys Ala Met Val Asp Lys Met Met AIa Gy 115 120 125
Val Arg Lys Qu GQu Leu Lys Asp Tyr His Arg Qu Ser Leu Tyr Asp 130 135 140
Gn Val Adi ¥&h %|A$PyFYTDrV61TH§- \% ¥ eys epr%?rlvﬁf‘l BB ¥nlteu 145 150 155

160 485 480

Ile Asp Gly Leu Lys Ile Asn Leu Arg Asp Asp Ala Ala Pro Ser Arg
485 450 495

Glu Ile Ile Ala Asp Ala Tyr Gly Leu Tyr Gln Lys Leu Val Ser Glu
500 505 510

Gly Arg Val Pro Tyr Ile Thr Trp Arg Met Pro Ser Met Pro Val Val
515 520 525

Ser Leu Lys Gly Ala Ala Lys Ala Gly Ser Leu Lys Ala Val Leu Asp
530 535 540

Lys Ile Pro Gln Leu Thr Pro Phe Thr Pro Lys Ala Val Glu Gly 2Ala

545 550 555 560

Pro Ala Ala Tyr Thr Arg Tyr Leu Gly Lesu Glu Gln Ala Asp Ile Cys
565 570 575

Val Asp Ile Lys
580

<210> 11

<211> 413

<212> PRT

<213> Clostridium perfringens

<400> 11
Met Arg Asp Asp Arg Ala Leu Asn Val Thr Ser Glu Ile Gly Arg Leu
1 5 10 15

Lys Thr Val Leu Leu His Arg Pro Gly Glu Glu Ile Glu Asn Leu Thr
20 25 30

Pro Asp Leu Leu Asp Arg Leu Leu Phe Asp Asp Ile Pxro Tyr Leu Lys
35 40 45

Val Ala Arg Glu Glu His Asp Ala Phe Ala Gln Thr Leu Arg Glu Ala

16



Tyr
Asn
Tyr
Trp
I'le
240
255
265
280
295
21
I'le

Ser
Arg
Hi s

The
Hi s
Ile
The
Lau

Thr Arg Qu Pro Phe Ala Thr Ile Gy Hs Gy Ile Thr Leu 165 170 175
Met Arg Thr Asp Thr Arg Asn Arg Qu Thr Ile Phe Ala Lys 1280MA8HEN%90
Pheo v gséd s His Pro Arg Phe Gu Ay Lys Asp lie PrecPhgo/if8ks 200 205
Asn Arg Asn Asp Lys Thr S5er Leu Gu Ay Gy Asp Gu Leu 210 215 220
S5er Bys Au lle Leu APa Val Ay Ile Se®° G n Arg Thr Asp 225 230 235

5er Ala Ser Val GQu Lys Leu Ala Lys Lys Leu Leu Tyr Tyr Pro Asp 245 250
Thr GBeaPraulLysl Thr ¥al LkelslAl @lTheu [ys AlaeGPrrlVallsS&siuArg Ala 260

270
285
300
MAY
Leu
dy
Asn
Asn
Val

Pbe Met Hi s Leu Asp Thr Val Phe ThrrsG n Val Asp Tyr sAsp Lys Phe 275
Thr Val Hs Pro Ay Ile Val Ay Pro Leu Qu Val Tyr Ala Leu Thr 290
Thy SeARpPe 01 @Gat AsNcAS 16 dheCGile lseu deureNal 11EhAsHcuuG u Val Asp 17
27 5 WD 02/ 44360 PCT/ USO /29184, 305 310 315 32095 Thr Leu A u Asn

Lys Lys Tyr Leu Asp Arg Asp Ile Lys Leu 325 330 335 Ile Lys Cys Gly

! L A 340.,345, 3%Q. Asn Asp Gy
Py glj SN2 B Lél“ §Hl%{i S R e Tyr Ser
Tyr Val Thr Asn Gu lle Leu u Lys Gu Gy J1Ie 370 375 380 Lys Leu

Ile Pro Ser Ser Glu Leu Ser Arg y Arg GI%/ Ay 385 390 395 400
Asn Ser Phe Ser Asp Asn Lys Ala Met Val Asp Lys Met Met” Ala

115 120 125

Val Arg Lys Glu Glu Leu Lys Asp Tyr His Arg Glu Ser Leu Tyr Asp
130 135 140

Gln Val Asn Asn Val Tyr Pro Phe Val Cys Asp Pro Met Pro Asn Leu
145 150 155 160

[¢)

Tyr Phe Thr Arg Glu Pro Phe Ala Thr Ile Gly His Gly Ile Thr Leu
165 170 175

Asn His Met Arg Thr Asp Thr Arg Asn Arg Glu Thr Ile Phe Ala Lys
180 135 150

Tyr Ile Phe Arg His His Pro Arg Phe Glu Gly Lys Asp Ile Pro Phe
195 200 205

Trp Phe Asn Arg Asn Asp Lys Thr Ser Leu Glu Gly Gly Asp Glu Leu
210 215 220

Ile Leu Ser Lys Glu Ile Leu Ala Val Gly Ile Ser Gln Arg Thr Asp
225 230 235 240

Ser Ala Ser Val Glu Lys Leu Ala Lys Lys Leu Leu Tyr Tyr Pro Asp
245 250 255

Thr Ser Phe Lys Thr Val Leu Ala Phe Lys Ile Pro Val Ser Arg Ala
260 265 270

Phe Met His Leu Asp Thr Val Phe Thr Gln Val Asp Tyr Asp Lys Phe
275 280 285

Thr Val His Pro Gly Ile Val Gly Pro Leu Glu vVal Tyr Ala Leu Thr
290 295 300

Lys Asp Pro Glu Asn Asp Gly Gln Leu Leu Val Thr Glu Glu Val Asp

17



Pro Arg Cys Met Ser

Met Pro Leu Ile Arg Qu Asp Leu 405 410 <210> 12 <211>

413 <212> PRT <213> Bacillus licheniforms <400> 12 Met |le Met ZTAMAYAIS
H$oYahtyr Ser Gu lle

Pro lle

Lys Arg Pro

Arg Leu
H s Asp
Tyr Leu
Au Gn

Gy Ala Tyr

WO 02/ 44
Ser Ay
Leu Hi s
Pro Asn
Ser Ay
du Ser

y Arg Gu Leu Gu

Beo Phe Asp Asp | BeoPro
Gn Phe Ala Qu Thr

Ghy das clewsthriArau G
Phe Ile Asp dtpdeu Lou

Tyr

Phe
I_Aé& p‘lsr’ff’r Sty @A LYET 166521761752 REY AysSi@ UG Al® Arg Arg Arg
Lau Phe3RBt Arg Tyr Ile 360 365

Leu

yr Asp Arg Leu Lys Qu
%?9 LPQT’CV?%“ 0 b S e d ﬁﬁ%%?%g”@;%ﬁ' s s e

Leu I\/Et 830 135 140 Glu i\sp H's Tyr Pro

Tyr Ser Arg Asn Tyr Val Thr

370

375

Lyvs Leu His Val Ile Pro Ser

385

g
2]
e}

<210> 12
<211> 41

3

<212> PRT

<213> BRacillus licheniformis

<400> 12
Met Ile
1

Lys Thr

Pro Glu

Ala Val
50

Gly Ala
65

Asp Ala

Lys Ala

Met

Val

Tyr

35

Gln

Glu

Asp

Thr

Lys

Val

Val

Ile
100

405

Thr

U
1]
o

Glu

Glu

Leu

Arg

85

Asn

390

Pro

Lys

His

Tyr

70

Glu

Gly

Arg Cys Met Ser Met Pro

Il=

Arg

Leu

Asp

55

Leu

Gln

Ala

Gy Pro Lau 15 10 15 Ly : t Leu
Asn Leu Thr 20 25 30 Pro écﬁhﬁsyﬁﬁﬁg{}k(} u

The Leu Prei535 40 45 Ala Vato G n Lys Qu
Lys Gn Gn 50 55 000 dy Ala Qu Vval Leu
AN a eULASPsHardasto189 nBspe Al a Leu Val Arg
Thr G wfer 85 90 95 LyszsAla Asp Il e Asn
Phe Leu Lau 100 105 110 18 2 7 MAY 29@

spLys Ser Hi's
e Tyr Leu Asp Pro Met

145 150 155 160 Thr Arg Asp Pro Ala Ala Ala lle Gy

Asn Glu Ile Leu Glu Lys Glu Gly Ile
380

Ser Glu Leu Ser Arg Gly Arg Gly Gly
395 400

Leu Ile Arg Glu Asp Leu
410

His Val Tyr Ser Glu Ile Gly Pro Lsu
10 15

Pro Gly Arg Glu Leu Glu Asn Leu Thr
25 30

Leu Phe Asp Asp Ile Pro Phe Leu Pro
40 45

Gln Phe Ala Glu Thr Leu Lys Gln Gln
60

Glu Lys Leu Thr Ala Glu Ala Leu Asp
75 80

Phe Ile Asp Glu Leu Leu Thr Glu Ser
90 95

Tyr Asp Arg Leu Lys Glu Phe Leu Leu
105 110

18



180
195
210
225
Ile
Hi s
H s
Leu
Asa
Val
du
Val
Asp
380
390

<210> 13

185
200
215
230
245

190 Ile Asn Hs His Pro Arg Phe Lys Ay H's Gu Tie Pro Val Trp Leu
205 Asp Arg Aso Phe Lys Phe Asn Ile Glu Ay Gy Asp Qu LEY ‘Vgllqoﬁeu
2200 s U Gu Thr Val Ala Ile Gy Val Ser Au Arg-Ths KhssAla An
235 240 Ala lle Glu Arg Leu Val Arg Asn Lau Phe dn Arg Gn Ser Arg
250 285asArigaAbgp Walk Meauvdl &lVallnG/al Mee froclyg1SexrgArg Al a Phe Met

260 265 2701teu Asp Thr Val 1Rhe Thr Met Val 1&sp Arg Asp G n Phe Thr Ile
275 280 285 Pro Ala lle Gn Ay Pro Qu Gy Asp Met Ara Il e Phe Val

Au
Leu
Asn

290 R95680QuA60: Gy dayvstihnyAl rAg0s Gl dilsecHi SefhMerThr Gu G u His
3053310 315 320 Prosd u Val Leu Lysi4sg Thr Leu Gy Leu Ser Asp
Leu Ile 325 330 335 Phe Cys Ay Ay Ay Asp Qu Ile Ala Ser Ala Arg

Gn Tkp

Val
Arg

Val

T a3ty %Eg e ¥ eE‘Ym’S%ﬁ%E%\&L%S%%é%' i) Oso1 20180

h Tyr Ile Ser Asn Glu Cys Leu Arg uGndy lieLys 370 375
lle Au lle Pro Ser Gy Qu_Leu Ser Arg Av_Ar GITy Gy Pro 385

395 400 “TAr gSOFEOMREe 847 AvBt IFY 6’1Kej§gT9+Y AFY Brul ks TjSaTYSLys 405 410

165

Met Lys Glu Pro Ala Arg Arg Arg Glu Ser Leu Phe Met Arg Tyr Ile
180 185 190

Ile Asn His His Pro Arg Phe Lys Gly His Glu Ile Pro Val Trp Leu
195 200 205

Asp Arg Asp Phe Lys Phe Asn Ile Glu Gly Gly Asp Glu Leu Val Leu
210 215 220

Asn Glu Glu Thr Val Ala Ile Gly Val Ser Glu Arg Thr Thr Ala Gln
225 230 235 240

Ala Ile Glu Arg Leu Val Arg Asn Phe Gln Arg Gln Ser Arg Ile
245 250 255

t
[
o

Arg Arg Val Leu Ala Val Glu Ile Pro Lys Ser Arg Ala Phe Met His
260 265 270

Leu Asp Thr Val Phe Thr Met Val Asp Arg Asp Gln Phe Thr Ile His
275 280 285

Pro Ala Ile Gln Gly Pro Glu Gly Asp Met Arg Ile Phe Val Leu Glu
290 295 300

Arg Gly Lys Thr Ala Asp Glu Ile His Thr Thr Glu Glu His Asn Leu
305 310 315 320

Pro Glu Val Leu Lys Arg Thr Leu Gly Leu Ser Asp Val Asn Leu Ile
325 330 335

Phe Cys Gly Gly Gly Asp Glu Ile Ala Ser Ala Arg Glu Gln Trp Asn
340 345 350

Asp Gly Ser Asn Thr Leu Ala Ile Ala Pro Gly Val Val Val Thr Tyr
355 360 365

19



<211> 408 <212> PRT <213> Enterococcus faecalis <400> 13 Met Ser H's Pro
Ile Asn Val Phe Ser Au lle Ay Lys Leu Lys Thr 1 5 10 15 Val M#7 M&LI¥ s
Arg Pro Gwo dysséd u Leu Au Asn Leu Met Pro Asp 20 25 30 'Ewmjg@yzﬁ;y Arg
Leu Leu Phe Asp Asp Ile Pro Phe Leu u Lys Ala 35 40 45 Gn Ala Qu His
Asp Al a Riveapd dsd@ GviddeLear Apg CBerCisy$=AsEFdl Fen G50 85 8D 1@u Val Val Tyr
Leu A u Asp3lou Ala Ala Qu Ala Leu Ile Asn GB# 65 70 75 80 du Val Arg Alp
Gn Phe Ile Asp G n Phe Lou u Qu Ala Asn Ile 85 90 95 Arg Ser G u Ser
Ala Lys GluilysiMat1AmgoGdar Lew dvat Ldieedargl ey 219051106113 Asp Asp Asn
Gu Qu keu Ile Gn Lys AAaw Ile Ala Ay Ilms@Gn Lys 115 1200325 Gn du Leu
Pro Lys Tyr Glu G n GQu Phe Leu Thr Asp Met Val Gu 130 135 140 Ala Asp Tyr
Pro Phe Algecyl %Q%SQePrpfatN&_to '859 IgﬁnAiao@lMDpPOﬁ The 145 150 155 160 Arg
Asa Asn Phe Al a Thr I\/%g Leu Asn H s Met 165 170 175 20
2 7 MAY 2905 WO 02/4 80 PCTYUSOl/29194 Tyr Ser Val T _hr Arg Gn Arg Gu
Thr Ile Phe Ay Gn Tyr Ile Phe 180 185 190 Asp Tyr His Pro Arg Phe Al a

Gy Lys G21%>Vial Pro Arg Val Tyr Asp 195 200 205

<211> 408
<212> PRT
<213> Enterococcus faecalis

<400> 13
Met Ser His Pro Ile Asn Val Phe Ser Glu Ile Gly Lys Leu Lys Thr
1 5 10 15

Val Met Leu His Arg Pro Gly Lys Glu Leu Glu Asn Leu Met Pro Asp
20 25 30

Tyr Leu Glu Arg Leu Leu Phe Asp Asp Ile Pro Phe Leu Glu Lys Ala
35 40 45

Gln Ala Glu His Asp 2la Phe Ala Glu Leu Leu Arg Ser Lys Asp Ils
50 55 60

Glu Val val Tyr Leu Glu Asp Leu Ala Ala Glu Ala Leu Ile Asn Glu
65 70 75 80

Glu val Arg Arg Gln Phe Ile Asp Gln Phe Leu Glu Glu Ala Asn Ile
85 %0 95

Arg Ser Glu Ser Ala Lys Glu Lys Val Arg Glu Leu Met Leu Glu Ile
100 105 110

Asp Asp Asn Glu Glu Leu Ile Gln Lys Ala Ile Ala Gly Ile Gln Lys
115 120 125

Gln Glu Leu Pro Lys Tyr Glu Gln Glu Phe Leu Thr Asp Met Val Glu
130 135 140

Ala Asp Tyr Pro Phe Ile Ile Asp Pro Met Pro Asn Leu Tyr Phe
145 150 155

=
o T
o K

Arg Asp Asn Phe Ala Thr Met Gly His Gly Ile Ser Leu Asn His Met
165 170 175
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Arg
Lys
240
255
265
280
290
305
Al a
Asn
Thr
Tyr
Met

2905 2 7 \/\7(l 02/ 44360

Ser Glu Ser Thr Arg Ile u ly Asp Qu Leu Ile Leu Ser 210 215 220
Glu vVal vVal Alalle Ay Ile Se in Arg Thr Asp Ala Ala Sal 9 2Ray 289 235
|1 e GhuldMseol |l e Ala Arg Asn | Phe Gu G n Lys Leu Sbm/lalg@/ﬁ)y@ 245 250
Asn Ile Leu Ala Phe Asp Ile Gy GQu H's Arg Lys Phe Met Hi s Leu 260
270 Asp Thr Val Phe Thr Met Ile Asp Tyr Asp Lys Phe Thr Ile Hs Pro 275
285 TG Fer eé @ AGhyGIE prieiiuValhs Vak “hyrGReflh| & rThie Gha Lys Al a Asp
295 300 Gy Asgolle Gn Ile Thisdiys G u Lys Asplsphr Leu Asp Asn Ile Leu
310 315 320 Cys Lys Tyr Leu His Leu Asp Asn Val An Leu Ile Arg Cys Ay
325 B30123511sCGryo Ash bl aThrciAl ayAlcau Alaa A¥g aGE WG nydmgpAsn Asp Ay Ser
340 345 35@sThr Leu Ala Ileodla Pro Ay flusyyal Val Val Tyr Asp Arg Asn
355 360 365 Ile Thr Asn Lys Ala Leu u GQu Ala Gy Val Lys Leu Asn
e @05§J%1%8ger %39 ﬁl\%x grgﬁ @&%\A@&; (YA g Gy, Gy Pro Arg Cys
Ser % Leu Tyr Arg,{du Asp Leu 405 <210> 14 21
01/29184 <2115°%09 <212> PRT

Lys Glu Val vVal Ala Ile Gly Ile Ser Gln Arg Thr Asp Ala Ala Ser
225 230 235 2490

Ile Glu Lys Ile Ala Arg Asn Ile Phe Glu Gln Lys Leu Gly Phe Lys
245 250 255

Asn Ile Leu Ala Phe Asp Ile Gly Glu His Arg Lys Phe Met His Leu
260 265 270

Asp Thr Val Phe Thr Met Ile Asp Tyr Asp Lys Phe Thr Ile His Pro
275 280 285

Glu Ile Glu Gly Gly Leu Val Val Tyr Ser Ile Thr Glu Lys Ala Asp
230 2595 300

Gly Asp Ile Gln Ile Thr Lys Glu Lys Asp Thr Leu Asp Asn Ile Leu
305 310 315 320

Cys Lys Tyr Leu His Leu Asp Asn Val Gln Leu Ile Arg Cys Gly Ala
325 330 335

Gly Asn Leu Thr Ala Ala Ala Arg Glu Gln Trp Asn Asp Gly Ser Asn
340 345 350

Thr Leu Ala Ile Ala Pro Gly Glu Val Val Val Tyr Asp Arg Asn Thr
355 360 365

Ile Thr Asn Lys Ala Leu Glu Glu Ala Gly Val Lys Leu Asn Tyr Ile
370 375 380

Pro Gly Ser Glu Leu Val Arg Gly Arg Gly Gly Pro Arg Cys Met Ser
335 390 395 400

Met Pro Leu Tyr Arg Glu Asp Leu
405
<210> 14

21



<213> Lact obacil | us sake
Ile Ay Lys Leu Lys Thr

Gn Asn | lwobhnifoo Asp 20 25 30
Leu Pro Thr
Leu Arg ASp*ASAR°Ay Val
Au Ala I¥e2A$gTAla Ay 65 70 75 80 Asp Val

Pro

Tyr

lie

<400> 14 Met Thr

Ser Pro Ile H s Val
15 10 15 Val Leu Leu Lys Arg Pro Gy Lys EHXU()%I

Asn Ser u

Ile Met Tyr Arg Leu Leu Bher/dsn/Ash |l e

50 55 EO G n Val

Leu Tyr

, eu Asn <@ ¢ Sertdiasifles s86290 95 Lys Ser Pro G n Val

Asp
Met
I'le
Met
Ay
Gn
Asn
Met
Ay

Tyr
Al a
Asp
Pro
Asp
Ser
Gn
Gn
I'le

Leu Il e Ser

Met

100 105 110 Al a Thr
@agovals Arg Thr Asn 115 120 125 Gu lie Asp Ile Lys Ser

Leu Asp Met Val

35 40 45 G@n Lys Qu H's Asp Gn Phe Ala G n Thr
Leu u Asn Leu Ala Al a
Lys Gu Ala The Leu Asp Lys Met
Gn Ala Ala Leu Lys
Gn Lys Ile

Lys Ala Leu

Valk Ber s&t @rAspLAsps Wad0add sbrldh@ Asp cIyri i aedhgsTywr Met Asp Pro

Asn Leu Tyr
Gy Leu Thr

Gy Gy Aspzé
Gn Ar

Ser
Ile

Gln

Glu

65

Asp

Lys

Glu

Asp

145

Asp

Phe

His

Asp

Lys

Met

Lys

50

Val

Val

Ser

Thr

Glu

His

His

210

Val

Tyr

35

Glu

Leu

Lys

Pro

Leu

115

Asp

Pro

Ala

Ala

Pro

195

Ile

Leu

4

His

Tyr

Glu

Gln

100

Asp

Ile

Phe

Ala

Arg

180

Arg

Asp

Ala

Thr

u Leu IIe

Asp Gln

Leu Glu
70

Ala Phe

85

Val Gln

Met Val

Lys Ser

Tyr Met

150

Ser Met

165

Gln Arg

Phe Ala

Arg Met

Ile Gly

Ser Al a

rg Leu Leu Phe

Phe
55

Asn

Glu

Lys

135

Asp

Gly

Glu

Asn

Glu

215

Ile

Leu ée

G n _Ser
Asp Il

Asp

40

Ala

Leu

Asp

Ala

Lys

120

Ala

Asp

Ser

Gln
200

Gln

Ala

Lys

Leu

105

Ile

Leu

Met

Gly

Met

185

Gly

Gly

Gln

Phe sThr Arg 145 1500155 160 Asp PrasAla Ala Ser Met
Il e Asn Lys Met Thr

165 170 175 The G n Ala Arg Gn Arg
M%E TJ&eLQ{?tLyg H:Qr/%lro 1% ly?é Gg_lnlallépu 18p 40, i s Hi g, Pro Arg Phe Ala

a

Thr

Ala

Met

90

Lys

Met

Ile

Pro

Leu

170

Phe

Ala

Asp

Arg

tg 195 200 205
r Asp 210 215 2
IIe

3°

22 27NAY275

p Hi
Lys Val

Pro Tyr Leu Pro Thr Ile

Leu Arg
50

Glu Ala I

75

Leu Asn

Asp Tyr

Ala Gly

Asp Val

140

Asn Leu
155

Thr Ile

Met Glu

Gln Val

Glu Leu

220

Thr Ser

45

Asp

Glu

Leu

Val

125

Ser

Tyr

Asn

Val

Trp

205

Ile

Ala

Asn

Asp

Ser

Ile

110

Ala

Phe

Lys

Ile
190

Gln

Gly

Ala

His

Ser

Thr

Asp

Thr

Met

175

Met

Asp

Ser

Ser

Val

Gly

80

Met

Asn

Asp

Arg

160

Thr

Gln

Asp

Ile

Ile Asp Arg

Leu Ala lle



W O 02/ 44360 PCT/ USO (/29184 325 230 235 240 du GQu Leu Ala Lys Val Leu
Phe Ala Asn His S=r Ay Phe Gu Lys 245 250 255 Ile Leu Al a ||27144 illbe

Pro H's Lysobh/si36ba Met Met His Leu Asp 260 265 270 Thr \,@Tépm/zmg Met
Ile Asp Tyr Aso Lys Phe Thr Ile Hs Pro Sly 275 280 285 1lle n dy Ala Ay
e

Ay Met ¥ Aso Thr Tyr 1#& Leu Gu Pro G435 290 295 300 ASAOAsn Asp Gu Il
Lys Ile Thr HHs G n Thr Asp Leu Glu Lys Val 305 310 315 320 Leu Arg Asp

Al a Lou @GluGMalLeRr 81GhysLeul Thn Feurld @ésPriosCysr Gly B2568380vy335 Ay Ay Asp
Ala Val Val Ala Pro Ar.gsA u A n Trp AsnsAsp Ay Ser 3405845 350 Asn Thr Leu
Ala lle Ala Pro Ay Val Vval Val Thr Tyr Asp Arg Asn 355 360 365 Tyr Val

Ser Asn GdirAsmibavl AngsG e Bys (@syrid @ibymaVal: Mbe &surd7/@s375 380 Val Pro
Ser Ser Qu Leu SepAsg Gy Arg Ay &y Pro Arg Cys Met; 385 390 395 400 Ser
Met Pro Lau Val Arq Arg Lys Thr 405 23 '

Thr Val Phe Thr Met Ile Asp Tyr Asp Lys Phe Thr Ile His Pro Gly
275 280 285

Ile Gln Gly Rla Gly Gly Met Val Asp Thr Tyr Ile Leu Glu Pro Gly
290 295 300

Asn Asn Asp Glu Ile Lys Ile Thr His Gln Thr Asp Leu Glu Lys Val
305 310 315 320

Leu Arg Asp Ala Leu Glu Val Pro Glu Leu Thr Leu Ile Pro Cys Gly
325 230 335

Gly Gly Asp Ala Val Val Ala Pro Arg Glu Gln Trp Asn Asp Gly Ser
340 345 350

Asn Thr Leu Ala Ile Ala Pro Gly Val Val Val Thr Tyr Asp Arg Asn
355 360 365

Tyr Val Ser Asn Glu Asn Leu Arg Gln Tyr Gly Ile Lys Val Ile Glu
370 375 380

Val Pro Ser Ser Glu Leu Ser Arg Gly Arg Gly Gly Pro Arg Cys Met
385 390 395 400

Ser Met Pro Leu Val Arg Arg Lys Thr
405
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