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the gene encoding an arginase so that the PEG moiety can
attach to the enzyme at a predetermined, specific intended
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are human arginase I (HAI) where a polyethylene glycol
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the enzyme and Bacillus caldovelox arginase (BCA) where a
polyethylene glycol (PEG) moiety is site-specific covalently
bonded to Cys"®" of the enzyme.
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FIG. 1A

ATCASCGCCAAGTCOAGAACCATACEEATTATTGGASCTCCTTTCTCARRGGEACAGCCA 60
CEAGEAGGEEIGEARGARGECCCTACAGTATTGAGABAGGCTRGTCTHOTTCAGRRRCTT 120
ARAGRACRARRGTIGIGATGTEARGCAT TRTGEGGACITHCCLTTTGC TGACATCCCTART 180
GACASTCCCTTTCABATTCTCARGRAT CCARBCTCTS TCEEARARGCARGCGAGCAGCTS 240
GCTEECARSETGGCACARGTCARGRASARCSEARGAATCRAGCCTGRT SCTRERCGGAGRL 300
CACASTTTCGCART TEERAGCATCICTRGCCATECCASEETCCACCCTEATCT TEGAGTE 350
ATCTHGRTEEATEC TCACACTCATATO ARCAL TCCANTGACAACCRCARGTGEARRCTTS 420
CATGEACRACCTGTATCTTICCTCCTEARGEAAC TARBAGGARRGATTUCCGATETGCCA 480
GGATTCICCTGGET BACTCCU TG TATATCTEUCARGEATATTETGTATATTGECTTGAGE 540
GRACETGGRACCCTGEEGARCAC TACAT T TTCARARCTC TAGGCATTARATACTI TTCRATE 600
ACTGARGTCEACAGRC TAGGAATTCEUARGETEATCEARGABACACT L AGCTATCTACTS S50
GGAABARRGABAAGECCARTTCATC TARGTTTTGATETIGRUGGACT EGACCUATCTTTL 720
ACACCAGCTACTGGUACACCAGTCOTHGGAGETCTCACATACACAGARGRTCTCTRACATL 780
BCAGAAGRAATCTACAAARCAGGGCTACTCTCAGGATTAGATATART GGRAAGTGARCCCA 840
TCCOTGEGCARGRCACCAGRAGARGTARCTUGARCAGTGARCACAGCAGTTGORATAACT 300
TTGELITETITCEGACTTEC TCCGEAR GETARTCACAAGCOTATTGALTACCTTARCCCA 350
CCTRAGTAR 969

FIG. 1b

ATGAGCECIAAGTUCAGRACCATAGCGAT TATTGGAGCTCOCTTTUTCARAGGGACRGLCA 60
CEABGAGCEETCERAGRAGECCCTACAGCTATYGAGRAABGUTRGTCTGOTTRAGARALTT 128
ARAZAACAACGRAGTCTCATCTGAACGAT TATGEGEACCTROCCTTTGC TGACATCOITRRAT 180
SACHRETCCOCTTTCRAARTTRICAAGAATCCARGERTORETECGARBAGC RAGCHEAGCASCTE 240
GUTEGCAAGETEECAGARAGTC RAGRAGAALGEAAGRATUAGULTGETGCTGEGCEEAGAL 340
CARCAGTTTEGCARTTOERACCATCTOTCROCATOCCAGGETCCACCOUTCATCOTTREAGSTD 350
ATCTGEOTEEATGCTCACALTGATATC ARCACTCCAUTGRACAACCACAALTGRARALTTG 430
CATGEARIAALCTETATCTTICOTICTGARGEAACTARRAGCG AAAGRTTCLCGATETGUIA 480
GEATTCTCOTEGETEACTOLC TCTATAT CTGUCARGEATATTCTCTATATIGGUTTIGAGR 540
GRCETEHACCCTEEEERAACACTACATT I TGARAACTCTAGGCATTARATACTTITCARTE 600
ACTCAAGTCEACAGACTAGGRATTCCCAACETEATGEARAGARACACTCAGCTATCTALTR 660
GEARGRARGRAAAGECCRATTCRTCTAACSTITTEATETTCACCGRACTGRACCCATCTITL 720
ACRCCAGCTACTEGCALACCAGTCOTGCRASETCTRACATACACGAGARGETITCTACATC 780
ACABRAGARAATCTACARRACAGGGUTACTUTCAGGATTAGATATRAATGGAAGTGARCCCA 840
TCCCTECECARGACACCREGRAGARGTARTCCARCAGTEAACACAGCAGTTGCARTARCT 240
TTGRCTTCITTIORGACTTBCTCOGRAGGATRAATCACRRRBCCTATTGACTACCT TARCCCA 988
CCTRAGTRA G469
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FIG. 1c

ATCAAGCCARTTTCAATTATO GCEGTTLCCATCEATTTACCEGLABADACE 50

CUGCGECETTCATATCEOOCCCACLGUAATCCOTTATECAGSCETCATIG 104
AACGTCIGEAACETCTTCATTACCATATTIGAAGATTTCECAGATATTOCE 150
ATTOCARARGRCAGAGCEETTECACHARCAAGCGAGATTCALGETTGLGCAA 200
TPTGARAAGLGETTECEEARGD CARCEARBEARMCTTRCHGLEECEGETTEACT 2530
AACTCETTCAGLGREEECEATTPCNCITTCICTTCRCUCECEARCATAGC 304
ATCSCCATTERCACGCTUGIC BORGTGECGARRCATTATCAGLGECTICE 358
AGTGRATCTCETATEAICGCECATECUCACCTCAACALNCEGCECARACETCEC 400
CETCTGEARACATTCATCGCCATGCCRCTRGUIGGECGARCOTCGRGTTTLGE 458D
CATCCOGCGUTGARGUAARTCGRCEGATACAGLCCCARAARTUARAGLCGEA 200
ACATGTCGTETTEATCGRUGTCOGTICLCTIGATGRAGEGEAGAAGARGT 550
TTATTCGUGARRARGGAATCARAATTTACACCGRTGLATGAGETTGATCGG 600
CTOGGRATGACRAGGETGATSRRAAGRAARACCGATCBCCTRATTTARARGRACE 85D
ARCGCATGGLGTTLATITCTCCUTTCACTTEGATGECCTTIGACTCARGIG 700
ACECACCGEGACTCORAACGIITCETLATIGCAGCATTCGACATACOGIGAR 75D
AGCCATTTGECGATGGACATGCTGECOGAGGCACARATCATCACTTCAGC BOO
GRAATTIGTCRAAGTGRACCCGATCTTGEATGAGCGERAACAARALAGCAT B8R
CAGTRGC T CTARCECTRATEEERTLCTTETTTRETEARARALTOATCETAR 90@

FIG. 1d

ATCRAGCCAATTTCARTTATCEGEGETTOCEGATECATTTAGCELAGRCACE 5D
CCECCECETTEATATCERECCEAGCCCARATCCETTATCGCRAGECGTCATCG 140
AACCTUTGEARCCTCTTCATTACCATATICARGATTTICGEAGRTATTCCE 150
ATTGEARAABGCAGRGLEGTTIGCACGAGUANGGRAGATTCACERTTGOGCAR 200
TTTCRARAGCCETIGCCEAAGCCARACGAGARRCTTGCEECEGEIGETTIGALC 250
AAGTCETTCAGLGRGRGCEGAT TTCCRUTIGTCTTGERCGLUGACCATALL 300
ATCEUCATTEECACGOTCECCSECETCOCCARARACATTATCAGCGRCTTEG 350
AGTGATCTHCTATGACGUECATGECEACGTCARCACCECEGARACETCGT 400
COTCEPERABRCATTCATGECATECCEU TEEUEHGCAARCUTCREETITEEC 450
CATCCCECEUTCGACCCARATCGECHGRTACTCCCCCARAATCARGCCGEA 30D
ACATGTCGTETTRGATCRECETCCOTICCOTTCATGAAGGLRCGARAABAAGT 250
TTATTCHRCCAARABGGAATCARBATTTACALGATGCATGAGGTTGATCGE U0
CTCOGRATRACARGEETOATCGEARGRAACGATCGCCTATTTARMAAGARACG 450
RACGGATGOUETICATTTCTCGCTTCACTTCEATGECCTTGACLCAAGCE 700
ACGCACCCCRAGTCCBARLCGCCTGTCATTGRAGGATTCACATACIGCGAR 750
BGCCATTTEGCRRATECASATECTGELCCASEIACARATCATCALTTCAGE BOO
GERATTTGTCCAAGTGRAACCCGATCTTGGATCAGUGGAACARARACAGCAT &80
CAGTREUIGTAGLGCTIGATGEEETUGT TETTTCE TGARARACTCATGCAT B0G0
CACCATCACCATCACTAS B18
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FIG. 2a

MEAKSRTIGIICAP FERGOPROGVEEGPTVIREAGLLEXLERQBECOVEDYGDLFFADIPH &0
DSPFQIVENPRIVGRASEQLAGEVAEVRKKNGRISLVLGGDH SLATGS ISGHARVHAPDLGY 120
IWVDARTD INTPLT TTEGHLHGOPVET LIXELEGRIPDVRPGFSUVTIRCISAEDIVYIGLR 180
DYDPGEHY ILETLO IKYPAMTEVDRLGIGKVMEETLSY LLERKKRPIHLSFOVDELDPEE 240
TPATGEPVVGGLTY REGLY ITEEIYRTGLLSGLD IMEVNPE LGETPEEVIRTVHNTAVAIT 300
LACTGLAREGHRHER IDYINEPPE 323

FIG. 2b

MBAESRTIGIIGAPFEKGOPRGGVEEGFTVLREACLLEELERQECIWRKRYGDLPFARIPH &0
DAPFQIVEKHPRSVERASEQLAGEVAEVIENGRISIVLGGDHELAIGE ISCHARVEPDLGY 128
IRVDARTD INTPLTTTSGNLEGQRPVEFLIRELECGKIPDVPCFERVTPSISANDIVYIGLE 180
CVWDPGEHY TLRTLG IRKY FENTEVORLGIGRVHERTLSYLLGREM RPIHLEFIWDELOPEY 240
TRATGTIVVEELIYEEGLYITERIYKTGLLEGID IMEVHP SLEETREEVIRTVNTAVAIT 300

LASFGLAVEGHRHEPIDYINPPR 322

FIG. 2¢

MEPISIIGVEMDLOQTRRGVDMEPSAMBYAGVIERLERLUYDIEDLGDIPD 30
IGKAERLEEQGDSRIRNLKAVARANEK LARAVDQVVORERFPLVLGEDHS 100
IAIGTLAGVARRYERLGVINYDAHCDVNTAETS PECNIBGMPLAASLGEFE 130
HPALTQICCY SPRIKPEHVVLIGVRSLDEGEERF IREKGIKIYTMHEEVDR 200
LG%TBVMEETIAELKERTQGVHL&LQLEGL@PS&AFGVGT??IGQLTYBE 256
EMLAERAQLITEARFVEVNPILDERNKTASVAVALMGELFGEKLM 29@

FIG. 2d

MEPIST IGVEMDLGOTRRGVDMCPSAMRYAGVIERLERLUYDIEDLGDIP 50
IGRARRLEEDGDERLRNLEAVAEANERK LARAVDQVVORGRFPLVLGGDHS 100
IATCTLAGVAKNYERLGVINYDAHCODVNTARTS PSCGNIHCMPLAASLERG 150
HPALTQIGGYCPRIKPEREVVLIGVRSLDEGERKP IRERGIKIYTMHEVDR 200
LEMTRVMEETIAYLEERTDGVHELSLDLDELDPESDAPCGVETPVIGGLTYRE 258
SHLAMEMLAERQIITSARFVEVNPILDERNKTASVAVAIMGSLFGEKIME 300
HHEHHH 303
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FIG. 3a

atgagcocgocaagtcooagaaccatagggattatitggagoctooctttictcasagggacagooa
M 8 A2 K 8 R T 1T & I I & & P F B8 K G @ P
cgaggaggggtggaagaaggocetacagtattgagasaggetggtoctgettgagaeaactt
R 6 & ¥V E E & P T V L R E A & L L E B L
oaagaacaagagtgtgatgtgaaggattatggggacctgoocotitgotgacateocococtaat
¥ E ¢ E C b ¥ K b ¥ 6 o+ L P F & D I P N
gacagtooctittcaaattgtgaagaatooaaqgboctgtgggaasagoasgogagqoageEg
r 8 P F O I ¥ RN P R 83 V & E &2 3 E ¢ L
gotggoaagqgtggcagaagtcaagaagaatggaagaatcagoctggtgotgggoggaqgac
A& 6 R ¥V A E ¥V K R ¥ &G R I 8 % V L & G D
cacagtttggcaatitggasgeatcteciggecatgecagggtccaccoctgatettggagic
8 8 L A I & 858 I 8 ¢ # A R V H P D E G ¥V
atctggogtggatgoctocacectgatatcaacactoccactgacaaccaceagtggasactig
I w v o AR BE T D I B T F L T T T B & K L
cabtggacaacctgtatctticooctcctgaaggaactasaaggaaagaticocgatgbgoea
# ¢ 4 P vV 8 F L L R E L B & K I B T ¥ P
ggattctcococtgggtgactcocctoctatatotgocaaggatattgtgtatatiggottgags
& F 82 W VvV T P 8 I 8 A E D I ¥ ¥ I & L R
gacgtggaeccctggggaacactacattttgaaaactctaggecattaaatacttttcaatg
b ¥ b P & E # ¥ I E X T L & I K ¥ ¥ 3 M
actgaagtggacagactaggaattggoaaggtgatggaagasacactocagoctatctacts
T BE ¥V I R L &5 I & R ¥ M F E T L &8 Y L E
ggaagazagaaaaggocaat tcatctaagtttigatgttgacggactggacocatecttte
¢ R K E R P I BE L+ 8 F + ¥ pD & L D P 828 F
scaccagoetactggracaccagtecgtgggaggtoctgacatacagageraggtotoctacate
T F A T & T P ¥V ¥ G & L T ¥ R E & &k ¥ 1
acagaageaatotacazascagggeotactotcaggattagatataatggaagtgaaccra
T E E I ¥ E T & L B 8 & L D I M E VvV H P
tccotggggaagacaccagaagaagtaactcocgaacagtgaacacagoagtitgecaataacc
S L. & K T B £E E ¥V T R 7 ¥V BN T &8 ¥ & I T
ttggotictticggactigotagggrgggtaatocacaagoctattgactacettaaccoea
L A & F & L & R E & N BE E F I O Y L H PF
cctaagtaa
P K -
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FIG. 3b

stgoateaceateaccatoscatgqagogocaagtocaganceatagggattatiggaget
M H E H HE B ¥ M & A K &8 R T ¥ 66 I I & A
cattiotcasagyuacagocacgaggaggugtygeagaaggocrtacagtatigagaaagy
¥ F B K G § ¥ R & & ¥V E E & # T ¥ L R K
getggtetgeiigagaaacttrasgaacsagagtgtgatgigaaggattatggggaco sy
& ¢ L L B KE L X B § E € b ¥ K D ¥ & D L
cocttigotgacatonttaatgacagiacctitonaattgtgasgaatocaaggtotgtg
¥ P R D I OF H D B P F g I ¥V E XN P R B VY
ggaasagoaagogageagetggoliggcasggtygoagaagrosagaagaacggaagasto
& K A& 8 E § L A & K V¥V &2 EBE V¥V K K ¥ € R I
agoectggtgotgggoggagaccacagiitggosatiggaagoatototggooa tgooagy
2 L v L ¢& & o ® &8 L A I 8 8 I 5 & H A R
gteoaceootgatotiggagteatetgoytogatgetcacactyatatosacacbocacty
¥ E P D L G V I W ¥V DR A BE T D I N % F L
acaaccacaagiggasacttgecatggacaaccigtatotitectcotgaaggaactasas
T T T 8 6 ¥ L RHR & Qg PV B F L L K B L K
ggzaagatiocogatgigocaggaticicotgggtgactooototatatotgocaaggat
Z ¥ I 2 DV P & F §8 W V¥ T P 8 I 8 A XK D
atigtgtatattggctigagagacgiggecoctggggaacactacatitigasaactota
I ¥ ¥ I & L B b ¥ b P & BE BE ¥ ¥ L K T L
gocattasatacttticastgactigragiggacagactaggaatigyoaagutgatggas
5 I X ¥ ¥ 8 M T E ¥V o R L & I & K V¥V ¥ E
gaascactcagetatetactaggaagaasgaanaggocaaticatotaagiittgatgtt
E T L &8 ¥ L L & B K KE R P I B L 8 F D V
gacggactggacooatotitcacancagctactggcacancagtogigygagg botgaca
D & v b B B B T P A T & T FP YV V¥V G 6 L T
taragagaaggtctctacateacagaagazatctacaaaacagggotacteticaggatta
Yy R E ¢ L ¥ I ¥ E B I Y K 7T 8 L L &8 & L
gatataatggaagigaacocatoeciggggaagacacoagaagaagtaactogaacagtyg
I M E V ® P 8 L € ET P EE VYV ¥ R TV
ascacagoagtigoaataasctiggotictittaggactigotiogggagggtaa toacsag
T AR ¥ A I T L A & F G L A R B G K H K
cgtatigactacottaacocacetaagtan

F 1 p ¥ & " ¥ ¢ K -
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FIG. 3c

stgaagccaatttcaattatcggggttccgatggatttagggocagacacgcocgocggegtt
M K P I 8 I I ¢ VvV P M D L &G 0 T R R & ¥
gatatggggccgagegecaatgecgttatgoaggeogtcatcgaacgteotggaacgtettcat
P Mm 6 P 5 A M R Y A G ¥ I BE R L E R I H
tacgatattgaagatttgggagatattcocegattggaaaagragageggttgocacgagcaa
¥y o I E p L & DI P I G E &4 E R L H E Q
ggagattcacggttgcgocaatttgaaagecggttgoggaagogaacgagaaacttgoggeog
Z 0D 3 R L R N L K A ¥V A E A N E E L & A
gocggttgaccaagtcogttcagogggggogatttoogottgtgttgggoggcgaccatage
A Vv D Q ¥V ¥ 0 R G R F P L ¥v L G 6 D H 8
atcgoocattggoacgotogoocggggtggogaaacattatgagoggottggagtgatctgg
I 2 I ¢& T L A2 G ¥V A E H ¥ E R L & Vv I W
tatgacgcgcatggcgacgtcaacaccgoggaaacgtogoogtoctggaaacattocatgge
¥ 0D &2 H ¢ D ¥ N T A E T 8 P 8 G N I H G
atgcogotggoggogageoctogggtttggocatccggogetgacgcaaateggoggatac
M P L A &2 838 L 6 F ¢ H P &2 L T @ I G G ¥
tgccccaaaatcasgocoggaacatgtcgtgttgatcggeogtococgttoccttgatgaaggyg
CcC P E I K P E H V ¥ L I G ¥ R 8 L DO E G
gagaagaagtttattcgcgaaaaaggaatcasaatttacacgatgecatgaggttgategg
E KR E F I R E K GG I E I ¥ T M H E ¥ D R
ctcggaatgacaagggtgatggaagaaacgatcgectatttaaaagaacgaacggatgge
L g M T R VM E E T I A Y L KB E R T D G
gttcatttgtecgocttgacttggatggocttgacccaagogacgocacogggagtocggaacy
¥ B L 83 L. b L D G L D P 8 D & P G ¥V G T
cctgtecattggaggattgacatacocgogaaagocatttggogatggagatgotggocgag
P ¥ I ¢& & L 7T ¥ R E 8 H L & M E M L & E
gcacaaatcatcacttcagocggaatttgtogaagtgaaccocgatcttggatgagocggaac
A ¢ I I T 8 A E F ¥ E VvV N P I L D E R N
sdaacagcatcagtggoctgtagogoctgatggggtogttgtttggtgaaaaactcatgtaa
E T 2 3 v A ¥V A L M & 3 L F & E E L M -
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FIG. 3d

atgaagqeocaatttocaattatoggggttocgatggatttagggragacacgoogeoggogtt
M K p I 828 I I & ¥V P M DL & Q T R R G W
gatatggggoocgagogeastgogttatgeoaggogteatocgaacgtotqggaacgtettoat
bp M ¢z P 3 A M R ¥ A & ¥V I E R L E R L I
tacgatattgaagatttgggagatattocogattggaaaageocagageogqttgcacgagosa
¥ »n T # b L & D I P I & K A E R L H E {2
ggagattcacggttgogroaatttgaaagoggttgeggaagogaacgagaaacttgoggeg
G 0 2 R L R N L X A VvV A E A N E EKE L & &
goggttgaccaagtegttcagegggggogatttoogottgtgttgggoggegaccatage
A v Ihb 4 vV ¥ Qg R G R F P L VvV L 5 GG D H B
atocgocattggracgetogocggggtggogasacattatgageoggottggagtgatotgyg
I &4 1 & 7T L & &3 ¥V A2 FE H ¥ BE R L & ¥ I W
tatgacgogoatggogacgtcaacaccgoggaaacgtogocgtoctggaaacattcatgge
¥ b A H G D ¥ W T 2 E T & P 8 ¢ N I H G
atgoogotggeggogagoctoegggtttggocatooggogetgacgoaaatoggeggatac
M P L 2 A& 8 L G F & H P A2 L T © I 4 &6 ¥
tgococaaaatcaagocggaacatgtegtgttgategqgegtecgtteocttgatgaagog
¢c P K I E FP E H ¥V ¥ L I & ¥ R 8 L D E G
gagaagqaagttbattegogaaaaaggaatcasaatttacacgatgeatgaggttgategg
F KR R F I R E BE G I F I ¥ T M H E ¥ I R
ctoggaatgacaagggtgatggaagqaaacgatogoctatttaaaagaacgqaacggatgge
L 3 M T R ¥W M E E T I A Y L R E R T I &
gttcatttgtegottgacttggatggecttqaccoaaqogacgoaceqggagtcggaacyg
¥ H L 8 .. b L D G L I PP B D A P G W G T
cetgheoattggaggattgacatacegogasagocatttggogatggagqatgetggeagag
P ¥ I &4 6 L T Y R E 8 H L A M E M L & E
gqeacaaatcatocactreagoggaatttgteqaagtgaaceogatettggatgageggaac
AE 4 I 1 T 8 A BE P W E WV N P I L IE R_N
aaaacageatcagtggetgtagegoetgatggqggtegtigtttggtgaasaactecatgpat
F T &2 § ¥ B ¥ A L M ¢ 8 L F & E E L M H
cancatcaccatcacraa

H H H H H

!

6xHis-tag encoding codons
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FIG. 4a

active site

FIG. 4b
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SITE-DIRECTED PEGYLATION OF
ARGINASES AND THE USE THEREOF AS
ANTI-CANCER AND ANTI-VIRAL AGENTS

CROSS REFERENCE

This application claims benefit from U.S. Provisional
Patent Application No. 61/163,863, filed Mar. 26, 2009, the
content of which is incorporated herewith in its entirety by
reference.

FIELD OF THE INVENTION

The present invention relates to the modification of an
arginase for the purpose of increasing the enzyme’s serum or
circulating half-life and improving its pharmacokinetic prop-
erties, in vivo biological activity, stability, and reducing the
immune reaction (immunogenicity) to the enzyme in vivo.
More specifically, the invention relates to the site-specific
covalent conjugation of monopolyethylene glycol to the argi-
nase through genetically modifying the gene encoding the
enzyme to produce mono- and site-specific, pegylated argin-
ase, which become effective means of a number of arginine-
dependent diseases, such as, for example, various cancers and
human immunodeficiency virus (HIV) infection.

BACKGROUND OF THE INVENTION

Arginase

Arginase is a manganese metalloenzyme containing a
metal-activated hydroxide ion, a critical nucleophile in met-
alloenzymes that catalyze hydrolysis or hydration reactions.
Arginase converts naturally occurring arginine into ornithine
and urea. The enzyme exits in many living organisms, includ-
ing bacteria and humans (Jenkinson et al., 1996, Comp Bio-
chem Physiol B Biochem Mol Biol, 114:107-32).
Pegylation of Arginase

Arginase may be used as therapeutic agent and adminis-
tered parenterally for various indications. However, parenter-
ally administrated arginase, which is a protein, may be immu-
nogenic and have a short pharmacological half-life.
Consequently, it can be difficult to achieve therapeutically
useful blood levels of the proteins in patients. These problems
may be overcome by conjugating the proteins to polymers
such as polyethylene glycol (PEG).

Covalent attachment of the inert, non-toxic, biodegradable
polymer PEG, to molecules has important applications in
biotechnology and medicine. Pegylation of biologically and
pharmaceutically active proteins has been reported to
improve pharmacokinetics, resulting in sustained duration,
improve safety (e.g. lower toxicity, immunogenicity and anti-
genicity), increase efficacy, decrease dosing frequency,
improve drug solubility and stability, reduce proteolysis, and
facilitate controlled drug release (Roberts et al., 2002, Adv
Drug Deliv Rev, 54:459-76; Harris & Chess, 2003, Nat Rev
Drug Discov, 2:214-221).

PEG-protein conjugates produced by conventional meth-
ods in the art contain heterogeneous species, each being
attached with a variable number of PEG molecules, ranging
from zero to the number of amino groups that the protein has.
Even for species that has the same number of PEG molecule
attached, the site of attachment on the protein may vary from
species to species. Such non-specific pegylation, however,
can result in conjugates that are partially or virtually inactive.
Reduction of activity may be caused by shielding the pro-
tein’s active receptor binding domain when the PEG is
attached at a improper site. Thus, there is a clear need for a
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better way of producing homogeneously pegylated protein
molecules which retain the activity of the parent protein and
making possible the administration of correct and consistent
dosages necessary for clinical uses.

Cancer Treatment Via Amino Acid Deprivation

Amino acid deprivation therapy is an effective means for
the treatment of some cancers. Although normal cells do not
require arginine, many cancer cell lines are auxotrophic for
this amino acid. Many lines of evidence have shown that in
vitro arginine depletion, either with an arginine-degrading
enzyme or using arginine-deficient medium, leads to rapid
destruction of a wide range of cancer cells (Scott et al., 2000,
BrJ Cancer, 83:800-10). But direct use of enzymes, whichare
proteins, has problems of immunogenicity, antigenicity and
short circulating half-life.

Inhibition of Virus by Arginine Deprivation

Viral infections are among the leading causes of death with
millions of deaths each year being directly attributable to
several viruses including hepatitis and human immunodefi-
ciency virus (HIV). However, there are several problems with
current anti-viral therapies. First, there are relatively few
effective antiviral drugs. Many of the existing anti-virals
cause adverse or undesirable side-effects. Most effective
therapies (such as vaccination) are highly specific for only a
single strain of virus. Frequently the virus undergoes muta-
tion such that it becomes resistant to either the drug or vac-
cine. There is a need for methods for inhibiting viral replica-
tion which do not have the problems associated with the prior
art.

Many studies over the last 30 years have demonstrated that
extracellular arginine is required for viral replication in vitro.
Historically this has been accomplished by making tissue
culture media deficient in arginine and dialyzing the serum
used as a supplement in order to achieve arginine free
medium. Using this methodology to achieve arginine depri-
vation results in inhibition of replication of a large number of
diverse families of viruses including: adeno virus (Rouse et
al., 1963, Virology, 20:357-365), herpes virus (Tankersley,
1964, I Bacteriol, 87: 609-13).

Human Immunodeficiency Virus (HIV)

Acquired immune deficiency syndrome (AIDS) is a fatal
disease, reported cases of which have increased dramatically
within the past several years. The AIDS virus was first iden-
tified in 1983. It has been known by several names and acro-
nyms. It is the third known T-lymphotropic virus (HTLV-III),
and it has the capacity to replicate within cells of the immune
system, causing profound cell destruction. The AIDS virus is
a retrovirus, a virus that uses reverse transcriptase during
replication. Two distinct families of HIV have been described
to date, namely HIV-1 and HIV-2. The acronym “HIV” is
used herein to refer to human immunodeficiency viruses
generically. HIV replication is believed to be arginine-depen-
dent, depletion of which would thus inhibit HIV replication.

SUMMARY OF THE INVENTION

One object of the present invention is to provide novel
PEG-arginase conjugates substantially homogeneous and
having a PEG moiety covalently bound to a specific site at the
arginase molecule. Two preferred embodiments of the present
invention are Cys*-human arginase 1 (HAI} and Cys'®!-
Bacillus caldovelox arginase (BCA).

Another object of the present invention is to provide a
method of producing site-directed, mono-pegylated arginase
conjugates, which have potent anti-cancer and anti-viral
effects. One particular embodiment of the present invention
comprises three general steps. The first step is a genetically
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modification of a gene encoding for an arginase so that the
resulting arginase will have a single free cysteine residue ata
given position. The second step is expressing the modified
gene in a chosen system to produce desired arginase. The
expressing system may be human cells or issues, or other
organisms including, for example, a bacterial cell, a fungal
cell, a plant cell, an animal cell, an insect cell, a yeast cell, or
atransgenic animal. The third step is conjugation between the
free cysteine residue of the arginase and a maleimide group
(MAL) of PEG compound, resulting in a covalent bond
between the PEG compound and the free cysteine of the
arginase.

Another object of the present invention is to provide a
method of treating viral infection via arginine depletion. This
treating method employs homogeneous monopegylated argi-
nase to inhibit viruses’ replication.

Another object of the present invention is to provide a
method of anti-human immunodeficiency virus (HIV). This
method employs homogeneous monopegylated arginase to
inhibit HIV’s replication.

Another object of the present invention is to provide a
method of enhancing arginase’s enzymatic activity by replac-
ing the valine at position 20 of Bacillus caldovelox arginase
(or the corresponding position in HAI and other arginases)
with another amino acid residue, for example, proline.

Still another object of the present invention is to provide a
method of enhancing arginase’s enzymatic activity, which is
accomplished by replacing the native metal cofactor manga-
nese with cobalt.

The various features of novelty which characterize the
invention are pointed out with particularity in the claims
annexed to and forming a part of this disclosure. For a better
understanding of the invention, its operating advantages, and
specific objects attained by its use, reference should be made
to the drawings and the following description in which there
are illustrated and described preferred embodiments of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the nucleotide sequence of human arginase |
(a) (SEQIDNo: 1), its mutated nucleotide sequence designed
for site-directed pegylation (b) (SEQ ID No: 2) according to
the present invention, the nucleotide sequence of Bacillus
caldovelox arginase (c) (SEQ ID No: 3), and its mutated
nucleotide sequence designed for site-directed pegylation (d)
(SEQ ID No: 4) according to the present invention.

FIG. 2 shows the amino acid sequence of human arginase
I (@) (SEQ ID No: 5), its modified amino acid sequence
designed for Cys* site-directed pegylation (b) (SEQ ID No:
6) according to the present invention, the amino acid
sequence of Bacillus caldovelox arginase (¢) (SEQ ID No: 7),
and its modified amino acid sequence designed for Cys'®
site-directed pegylation (d) (SEQ ID No: 8) according to the
present invention.

FIG. 3 shows the nucleotide and amino acid sequences of
the human arginase I mutant (C168S/C303S) designed for
Cys™® site-directed pegylation (a) (SEQ ID No: 9 and 10), the
alignment of the nucleotide and amino acid sequences of the
6xHis-tagged human arginase I mutant (C168S/C303S)
designed for Cys* site-directed pegylation (b) (SEQ ID No:
11 and 12), the nucleotide and amino acid sequences of the
Bacillus caldovelox arginase mutant (S161C) designed for
Cys'S" site-directed pegylation (c) (SEQ ID No: 13 and 14),
and the alignment of the nucleotide and amino acid sequences
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of the 6xHis-tagged Bacillus caldovelox arginase mutant
(S161C) designed for Cys'®" site-directed pegylation (d)
(SEQ ID No: 15 and 16).

FIG. 4 shows (a) the crystal structure of the wild-type
human arginase I (downloaded from NCBI website using
Cn3D 4.1 software), showing that Cys™ is far away from the
active site; (b) the crystal structure of the wild-type Bacillus
caldovelox arginase, showing that Ser'®" is far away from the
active site.

FIG. 5 shows (a) the conjugation procedures for Cys*-
specific mono-pegylation of the 6xHis-tagged human argin-
ase I mutant with a single chain mPEG-maleimide (20 kDa),
showing that the double bond of a maleimide undergoes an
alkylation reaction with a sulthydryl group to form a stable
thioether bond, and (b) the corresponding procedures for
Cys'!-specific mono-pegylation of the 6xHis-tagged Bacil-
lus caldovelox arginase mutant.

FIG. 6 depicts the time-course for fermentation in a 2-liter
fermenter by the E. coli BL21-DE3 containing the arginase
gene, showing the results obtained from the batch fermenta-
tion (al) and the results obtained from the fed-batch fermen-
tation (a2); the history plots of the batch fermentation (b1)
and the fed-batch fermentation (b2), showing the changes of
parameters such as temperature, stirring rate, pH, dissolved
oxygen values; the elution profile of the 6xHis-tagged human
arginase I mutant from a chelating FF sepharose column (c)
with the first peak being protein impurities and the second
peak being the purified human arginase I; and the elution
profile of the 6xHis-tagged Bacillus caldovelox arginase
mutant from a chelating FF sepharose column (d) with the
first peak being the protein impurities and the second peak
being the purified Bacillus caldovelox arginase.

FIG. 7 shows the SDS-PAGE analysis of different fractions
involving 6xHis-tagged human arginase I mutant (a) and
6xHis-tagged Bacillus caldovelox arginase mutant (b).

FIG. 8 shows (a) the SDS-PAGE analysis of the unpegy-
lated human arginase | mutant and the Cys™ pegylated human
arginase | mutant (Lane 1: protein molecular weight marker,
Lane 2: unpegylated human arginase I mutant, and Lane 3:
Cys*® pegylated human arginase I (HAI-PEG20)); (b) the
SDS-PAGE analysis of unpegylated Bacillus caldovelox argi-
nase mutant and the Cys'®' pegylated Bacillus caldovelox
arginase (Lane 1: protein molecular weight marker; Lane 2:
the unpegylated Bacillus caldovelox arginase mutant; and
Lane 3: Cys'®' pegylated Bacillus caldovelox arginase
(BCA-PEG20)).

FIG. 9 shows (a) the pharmacokinetic profiles of a single
dose of non-pegylated and Cys™* pegylated human arginase [
(HAI-PEG20) injected intraperitoneally in BALB/c mice,
and (b) the pharmacokinetic profiles of a single dose of non-
pegylated and Cys'®" pegylated Bacillus caldovelox arginase
(BCA-PEG20) injected intraperitoneally in BALB/c mice.

FIG. 10 shows (a) the pharmacodynamic profile of a single
dose of Cys* pegylated human arginase 1 (HAI-PEG20)
injected intraperitoneally in BALB/c mice up to Day 14, and
(b) the pharmacodynamic profile of a single dose of Cys'®!
pegylated Bacillus caldovelox arginase (BCA-PEG20)
injected intraperitoneally in BALB/c mice up to Day 14.

FIG. 11 shows the average body weights (¢s.e.m.) of
BALB/c nude mice xenografted with Hep3B human liver
cancer cells injected with different drugs (a); BALB/c nude
mice xenografted with MCF-7 human breast cancer cells
injected with Cys'®" pegylated Bacillus caldovelox arginase
(b); BALB/c nude mice xenografted with A549 lungr cancer
cells injected with different drugs (c) and BALB/c nude mice
xenografted with HCT-15 colorectal cancer cells injected
with different drugs (d) during the course of the study.
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FIG. 12 shows (a) the in vivo activities (efficacies) of
non-pegylated and Cys*® pegylated human arginase 1 (HAI-
PEG20) in BALB/c nude mice implanted with Hep3B human
liver tumour cells subcutaneously; (b) the in vivo activities of
Cys'® pegylated Bacillus caldovelox arginase (BCA-
PEG20) in BALB/c nude mice xenografted with MCF-7
human breast cancer cells subcutaneously; (c) the in vivo
efficacies of Cys'®" pegylated Bacillus caldovelox arginase in
BALB/c nude mice bearing A549 lung cancer xenograft sub-
cutaneously, (d) the in vivo efficacies of Cys'®! pegylated
Bacillus caldovelox arginase in BALB/c nude mice bearing
A549 lung cancer xenograft subcutaneously (data are
expressed as mean number of fold increase in tumor
volumezs.e.m); () the in vivo efficacies of Cys'6! pegylated
Bacillus caldovelox arginase in BALB/c nude mice bearing
HCT-15 colorectal cancer xenograft subcutaneously; and (f)
the in vivo efficacies of Cys'® pegylated Bacillus caldovelox
arginase in BALB/c nude mice bearing HCT-15 colorectal
cancer xenograft subcutaneously (data are expressed as mean
number of fold increase in tumor volumexs.e.m.).

FIG. 13 shows an HIV inhibition assay for Cys™* pegylated
human arginase 1 (HAI-PEG20).

FIG. 14 shows the HIV inhibition assay for azido-thymi-
dine (AZT).

FIG. 15 shows the cytotoxicity of Cys*® pegylated human
arginase I (HAI-PEG20).

FIG. 16 shows a comparison of steady-state kinetics of
human arginase I with different metal cofactors, i.e., Mn**
and Co**.

FIG. 17 shows a comparison of steady-state kinetics of the
V20P mutant of Bacillus caldovelox arginase (BCA) and the
wild-type BCA substituted with Mn>* (BCAWTMn>*) or
C02+

FIG. 18 illustrates a hypothesis and working model for
cancer cells that are OTC-negative.

DETAILED DESCRIPTION OF PARTICULAR
EMBODIMENTS OF THE INVENTION

Cloning of Human Arginase I Gene (HAI)

The gene sequence ofhuman arginase I is shown in FIG. 1a
(SEQ ID No: 1). The gene for 6xHis-tagged human arginase
I (HAI) was generated by polymerase chain reaction (PCR)
from the pAED4/HAI plasmid using the following oligo-
nucleotides to generate an Ndel site at 5'-end and BamHI site
at 3'-end. Primer HuAr07-F: 5' GAT.ATA.CAT ATG.CAT.
CAC.CAT.CAC 3" (SEQ ID NO: 17) and Primer HuAr08-R:
5 AGT.GCA.GGA.TCC.TTA.CTT.AGG.TGG.GT-
T.AAG.GTA.GTC3'(SEQIDNO:18). The PCR product was
cut with Ndel and BamHI and subcloned into pET3a expres-
sion plasmid vector (Strategene).

The pET3a E. coli expression plasmid vector containsa T7
promoter. The T7 promoter is positioned upstream from the
gene 10 leader fragment. The correct sequence was confirmed
by DNA sequencing the entire coding region for human argi-
nase I (FIG. 1a). This plasmid is referred to as pET3a/HAL
Cloning of Bacillus caldovelox Arginase Gene (BCA)

The gene sequence of Bacillus caldovelox arginase is
shown in FIG. 1¢ (SEQ ID No: 3). The gene for 6xHis-tagged
Bacillus caldovelox arginase (BCA) was cut from the pUCS57/
BCA plasmid using Ndel and BamHI restriction enzymes.
The insert fragment was subcloned into pET3a expression
plasmid vector (Strategene).

The correct sequence was confirmed by sequencing the
entire coding region for Bacillus caldovelox arginase (FIG.
1¢). This plasmid is referred to as pET3a/BCA.
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Mutagenesis of HAI

The plasmid pET3a/HAI was used as a template for site-
directed mutagenesis according to the QuikChange® site-
directed mutagenesis kit (Strategene). The codons for Cys'®®
and Cys>®’ residues were mutated to the codons for Ser' ®® and
Ser®®® respectively using the following mutagenic primers
(SEQ ID No: 19, 20, 21, and 22, respectively).

S codon for Ser!ss:

Codon for Cys'%® mutated to
Primer HuAr01l-F:

5' GGG.TGA.CTC.CCT.CTA.TAT.CTG.CCA.AGG 3'
Primer HuAr02-R:

5' CCT.TGG.CAG.ATA.TAG.AGG.GAG.TCA.CCC 3!

Codon for Cys303
Primer HuUAr03-F:
5' GCA.ATA.ACC.TTG.GCT.TCT.

mutated to codon for Ser’®

TTC.GGA.CTT.GC 3!

Primer HuAr04-R:
5' GCA.AGT.CCG.ARA.GAA.GCC.AAG.GTT.ATT.GC 3'.

The mutated plasmid was transformed firstly into compe-
tent E. coli Top 10 cells. The sequence of mutated plasmid
was confirmed by DNA sequencing. The gene sequence of
HAI mutant designed for site-directed pegylation is shown in
FIG. 16 (SEQ ID No: 2). The mutated plasmid was then
transformed into E. coli BL21-DE3 cells for protein expres-
sion. The amino acid sequence of the wild-type HAI is shown
in FIG. 2a (SEQ ID No: 5). The amino acid sequence of the
C168S/C303S mutant is shown in FIG. 25 (SEQ ID No: 6),
FIG. 34 (SEQ ID No: 10) and FIG. 35 (SEQ ID No: 12). As
shown in F1G. 25, two cysteine residues in human arginase I
were replaced by serine residues. These two serine residues
are underlined. The only Cys present is Cys45. This mutant is
called C168S/C303S, which only contains one single Cys
residue (also underlined). Crystal structure of the wild-type
HAI is shown in FIG. 4a. Based on this structure, the rational
protein drug design for constructing the C168S/C303S
mutant was made. In FIG. 2d, it is shown that one serine
residue in Bacillus caldovelox arginase was replaced by cys-
teine residue. This cysteine residue is undetlined. The 6xHis-
tag region is also underlined and located at the C terminus.
This mutant is called S161C.

Expression and Purification of 6xHis-Tagged Arginases

E. coli BL21-DE3 harboring the plasmid containing a
mutated arginase gene encoding 6xHis-tagged human argin-
ase [ was grown overnight at 37° C. in LB medium containing
80 pg/mL ampicillin. The inoculum was diluted 1:25 and
grown to OD600~0.8 in a shake flask or the inoculum was
diluted 1:10 and grown to OD600~15 in a fermentor. The
cells were then induced with 0.4 mM IPTG for 4 hours. The
bacterial cells were collected by centrifugation, resuspended
in 50 mM Tris, 0.1 M NaCl, 10 mM MnCl,, pH 7.4, and
disrupted by high pressure homogenization.

The 6xHis-tagged human arginase I was purified by a
chelating FF sepharose (GE Healthcare) column (5.0 cmx9
cmy; bed volume of 176 mL) equilibrated with Buffer A (0.02
M sodium phosphate, 0.5 M NaCl, pH 7.4). The 6xHis-tagged
arginase were eluted with a gradient of 0.15 to 0.25 M imi-
dazole (FIG. 6a & FIG. 6b). The flow rate was 20 mL/min.
The fractions (FIG. 7a & FIG. 7b) containing purified argin-
ase were collected. The yields of purified arginase were about
280 mg/L cell cultures.

The exact procedure as descried above for 6xHis-tagged
human arginase I was repeated to obtain purified 6xHis-
tagged Bacillus caldovelox arginase.
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Site-Directed Pegylation of 6xHis-Tagged Arginases

FIG. 5a shows the procedures for conjugating Cys*>-spe-
cific mono-pegylation of the 6xHis-tagged human arginase |
mutant with a single chain mPEG-maleimide (20 kDa),
referred to as “HAI-PEG20”. The double bond of a maleim-
ide undergoes an alkylation reaction with a sulthydryl group
to form a stable thioether bond. FIG. 55 shows the conjuga-
tion procedures for Cys'®'-specific mono-pegylation of the
6xHis-tagged Bacillus caldovelox arginase mutant with a
single chain mPEG-maleimide (20 kDa), referred to as
“BCA-PEG20”. One gram of 6xHis-tagged arginase was dia-
filtered into 0.02 M sodium phosphate, 0.5 M NaCl, pH 7.4,
using Millipore Tangential Flow Filtration system (500 mL)
with 10K (cut-off) membrane (Millipore). The concentration
of arginase was finally diluted to ~2 mg/mL. The reducing
agent Tris(2-carboxyethyl )phosphine, TCEP, was added in a
molar excess of 10 moles to one mole of arginase for reduc-
tion and the solution was gently stirred for 4 hours at room
temperature. mPEG-Maleimide or mPEG-MAL (20 kDa)
(Sunbright) in a molar excess of 20 moles to one mole of
arginase was added to the reduced arginase and stirred for
overnight at 4° C.

The progress of site-directed pegylation was monitored by
SDS-PAGE (FIGS. 84 & 8b). Under the above described
conditions, the free sulthydryl group of cysteine at position
45 on human arginase 1 was specifically linked via a stable
thioether bond to the activated maleimide group of mPEG-
MAL (20 kDa). The final products of conjugation comprises
predominantly Cys*® pegylated human arginase I, unconju-
gated human arginase I, and mPEG-MAL (20 kDa). Similarly
for Bacillus caldovelox arginase, the cysteine residue at posi-
tion 161 was specifically linked via a stable thioether bond to
the activated maleimide group of mPEG-MAL (20 kDa).

The mPEG-MAL (20 kDa) pegylated arginase is advanta-
gous over the mPEG-MAL (5 kDa) pegylated arginase in
terms of a loner half-time and advantageous the mPEG-MAL
(40 kDa) pegylated arginase in terms of a better solubility.
Batch Fermentation in a 2-Liter Fermenter

The E. coli BL21-DE3 strain containing the arginase gene
was stored at —80° C. To prepare the seed inoculums for batch
and fed-batch fermentation, 100 pL. frozen stock of the afore-
mentioned strain were transferred into 250 mL flask contain-
ing 80 mL of fermentation medium. The bacterial culture was
cultivated at 37° C. and pH 7.0 in an orbital shaker rotating at
250 rpm. The cultivation was terminated when OD600 nm
reached 5.5-6.0 at about 8-10 hours. The 12 mL (1%) seed
inoculums was introduced into the 2-L. fermenter containing
1200 mlL autoclaved enriched fermentation medium. The
batch fermentation was carried out at a temperature of37° C.
The pH was maintained at 7.0 by adding sodium hydroxide
and hydrochloric acid. The dissolved oxygen level was con-
trolled at above 30% air saturation by introducing air at 1-4
[/min and adjusting the stirring rate of the fermenter at 300-
1200 rpm. Isopropyl-beta-D-thiogalacto-P (IPTG) 100 mM,
inducer of the protein expression of Bacillus caldovelox argi-
nase (BCA), was introduced into the fermentation broth to a
final concentration of 0.5 mM when the OD600 nm was about
11.0 at 5 hours. After the IPTG induction, the fermentation
was continued until 9 hours when the OD600 nm was about
16.4. The fermentation cells were harvested for separation
and purification of BCA at 4 hours after IPTG induction. The
aforementioned strain produced active BCA in an amount of
about 105 mg/[. of the fermentation medium. The time-
course of the fermentation is plotted in FIG. 6al. The history
plot of this batch fermentation showing the changes of param-
eters such as temperature, stirring rate, pH and dissolved
oxygen values is depicted in FIG. 65 1.
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Fed-Batch Fermentation in a 2-L Fermenter

The Fed-batch fermentation with high cell density culture
was carried out at 37° C., pH 7.0 and dissolved oxygen was
kept above 30% air saturation during the whole fermentation
process. The procedure for preparing the seed inoculums was
similar to that of the batch fermentation described above. The
fermentation was initially started with batch cultivation strat-
egy by introducing 5 mL (1%) seed inoculums into the 2-L
fermenter containing 500 mL autoclaved enriched fermenta-
tion medium. The dissolved oxygen decreased gradually to
around 30% air saturation during the growth phase in batch
cultivation period. Once the dissolved oxygen level increased
above 80%, representing the depletion of carbon source, the
PO, stat fed-batch strategy was started with the addition of
feeding enriched medium. In this strategy, the feeding rate
was adjusted to maintain the dissolved oxygen level below
60%, which provided minimal but adequate amount of carbon
source during fermentation process. Isopropyl-beta-D-
thiogalacto-P (IPTG) 100 mM was introduced into the fer-
mentation broth to a final concentration of 0.5 mM when the
OD600 nm was about 100 at 18 hours. After the IPTG induc-
tion, the fermentation was continued until 28 hours when the
OD600 nm was about 186.8. The fermentation cells were
harvested for separation and purification of BCA at 10 hours
after IPTG induction. The aforementioned strain produced
active BCA in an amount of about 1489.6 mg per liter of the
fermentation medium, which is higher than all the other
reported yields of different types of arginase. The time-course
of the fermentation is plotted in FIG. 642. The history plot of
this batch fermentation showing the changes of parameters
such as temperature, stirring rate, pH and dissolved oxygen
values is depicted in FIG. 652.
Comparison of Batch and Fed-Batch Fermentation

Table 1 below compares the results of batch and fed-batch
fermentation. The comparison demonstrates that the fed-
batch fermentation is much superior to the batch operation in
terms of culture OD600, cell dry weight and yield of BCA per
liter culture.

TABLE 1

Batch fermentation ~ Fed-batch fermentation

Maximum ODyggq reached 16.4 186.8
Cell dry weight (g) 4.9 76.6
yield of BCA (mg/L) 105.0 1489.6
yield of BCA (mg/g-cell) 21.4 194

Purification of Site-Directed Pegylated Arginases

Affinity nickel ion column chromatography was used to
separate 6xHis-tagged site-directed pegylated arginases from
mPEG-MAL (20 kDa) as described as follows. The final
products of conjugation were loaded onto a chelating FF
sepharose (GE Healthcare) column (5.0 cmx9 cm; bed vol-
ume of 176 mL) equilibrated with Buffer A (0.02 M sodium
phosphate, 0.5 M NaCl, pH 7.4). The column was washed
with 5 column volumes of Buffer A to remove free mPEG-
MAL (20 kDa). The pegylated arginase was eluted using a
salt gradient from 30% to 100% of Buffer B (0.02 M sodium
phosphate, 0.5 M NaCl, 0.5 M imidazole, pH 7.4) for 5
column volumes. The protein content of the eluent was moni-
tored at 280 nm wave length. The column was eluted at a flow
rate of 20 mL/min and the pegylated arginase fractions were
collected. The pooled fractions were diafiltered into PBS
buffer (Gibco) and concentrated to 4-6 mg/ml.. Before ani-
mal study, the endotoxin in the protein drug was removed
using a Q-filter (Sartoris).
In Vitro Cytotoxicity of Site-Directed Pegylated Arginases

In vitro cytotoxicity of Cys*® pegylated human arginase 1
and Cys'® pegylated Bacillus caldovelox arginase were stud-
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ied by standard MTT assay in different human cancer cells
(melanoma, hepatocellular carcinoma, gastric adenocarci-
noma, colorectal adenocarcinoma, pancreatic carcinoma,
pancreatic adenocarcinoma, and T cell leukaemia).

The known numbers of cells (5000) were incubated for 68 3
hr in each well of 96-well plate in a 5% CO, incubator at 37°
C. in the presence of different concentrations of Cys™*® pegy-
lated human arginase I and Cys'®" pegylated Bacillus cal-
dovelox arginase. After 68 hr of drug incubation, 50 ug of the
MTT  (3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazo-
lium bromide, a tetrazole) solution was added in each well
and incubated for another 4 hr. The supernatant was discarded
and 100 uL of 10% SDS/0.01 M HCI was added in each well
and then incubated overnight. The absorbance was recorded
at 540 nm by a microplate reader (Bio-Rad). The concentra-
tion of each drug required to inhibit the 50% cell growth
(IC,,) was determined for different cancer cell lines. Experi-
ment was performed in triplicate.

The 1C,,, values of Cys** pegylated human arginase I and
Cys'® pegylated Bacillus caldovelox arginase for different
cell lines were calculated and the results are listed in Table 2.
As Bacillus caldovelox arginase was never known for anti-
cancer response, it is thus the first time to have demonstrated
its anti-cancer properties and efficacies. In various melanoma
cell lines (SK-MEL-2, SK-MEL-28, A375), the IC;, values
of Cys® pegylated human arginase I were lower when com-
pared to those of Cys' pegylated Bacillus caldovelox argi-
nase. Among different hepatocellular carcinoma cell lines
(HepG2, Hep3B, PLC/PRF/S), HepG2 cells were most sen-
sitive to both Cys™ pegylated human arginase I and Cys"®'
pegylated Bacillus caldovelox arginase. Taken together, all
liver cancer (HCC) and melanoma cell lines tested were
inhibited efficiently by BCA-PEG20 and HAI-PEG20.

Cys'®" pegylated Bacillus caldovelox arginase was also
tested for the other five cancer cell lines including gastric
adenocarcinoma, colorectal adenocarcinoma, pancreatic car-
cinoma, pancreatic adenocarcinoma, and T cell leukaemia.
For gastric adenocarcinoma cell lines, the 1C, of Cys'®
pegylated Bacillus caldovelox arginase for MKN-45 cells
(0.798 U/mL) was similarto AGS cells (0.662 U/mL). Among
different colorectal adenocarcinoma cell lines (WiDr, HT-29,
SW1116), WiDr cells and HT-29 cells were sensitive to
Cys'S* pegylated Bacillus caldovelox arginase. When com-
paring the pancreatic carcinoma cell line (PANC-1) and the
pancreatic adenocarcinoma cell line (BxPC-3), the IC,, of
Cys'® pegylated Bacillus caldovelox arginase was lower in
PANC-1 cells by four-fold. For T cell leukaemia cell line
(Jurkat, Clone E6-1), the ICs, of Cys'®" pegylated Bacillus
caldovelox arginase (0.41 U/mL) was also low when com-
pared to the other cancer cell lines. Taken together, all cancer
cell lines tested were sensitive to (and inhibited by) HAI-
PEG20 and BCA-PEG20 treatments.
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TABLE 2 35
In vitro IC<g
Cys'6!
Cys® pegylated
pegylated Bacillus
human caldovelox

arginage [ arginase

Tumour Cell line U/mL pg/ml. U/ml ug/mlL

Melanoma SK-MEL-2  0.079 0.80 0612 11.25
SK-MEL-28 0.064 0.5 0910 1672 65
A375 0.088 090 015 276

TABLE 2-continued
In vitro ICsy
Cys'é!
Cys® pegylated
pegylated Bacillus
human caldovelox
arginase [ arginase

Tumour Cell line UmL pg/mlL UmL pgmL
Hepatocellular HepG2 0.097 099 2002 36.79
carcinoma Hep3B 0290 295 091 57.68

PLC/PRF/5S 094 9.56 2376 43.67
Gastric adenocarcinoma ~ MKN-45 — 0.798  14.67

AGS — 0.662 12.17
Colorectal WiDr 0.075 076 0192 3.53
adenocarcinoma HT-29 — 0220 4.04

SW1116 0.41 418 1515 27.84
Pancreatic carcinoma PANC-1 — 0263 4.84
Pancreatic BxPC-3 — 0846 1554
adenocarcinoma
T cell leukemia Jurkat, — 0410  7.54

Clone E6-1

Depletion of Arginine by Site-Directed Pegylated Arginases

Pharmacodynamics of Cys* pegylated human arginase 1
and Cys'" pegylated Bacillus caldovelox arginase were stud-
ied using BALB/c normal mice. The study was carried out in
conjunction with the pharmacokinetic study (described
below). Therefore, the protocol remained the same. Again,
the blood samples collected was centrifuged immediately at
13,200 rpm for 5 minutes and the plasma layer were collected
for further analysis using the Amino Acid Analyzer (Bio-
chrom 30, Biochrom Ltd., England).

As shown in FIG. 10a, ornithine level started to increase
after the injection of Cys® pegylated human arginase I and
stayed at a high level (>150 uM) up to Day 3. Arginine was
totally depleted starting from 6 hr (Day 0) and started to
appear 6.8+2.3 days after arginase administration. This indi-
cated that HAI-PEG20 depleted blood arginine efficiently.

For Cys'®' pegylated Bacillus caldovelox arginase (BCA-
PEG20), ornithine level also started to increase and stayed at
a high level (>170 pM) up to Day 3 (FIG. 106). Arginine was
totally depleted starting from 6 hr (Day 0) and started to
appear 6.7+2.1 days after arginase administration. This indi-
cated that BCA-PEG20 depleted blood arginine efficiently.

Both pegylated arginases (Cys** pegylated human arginase
I and Cys'! pegylated Bacillus caldovelox arginase) dis-
played a similar pharmacodynamic profile.

In Vivo Anti-Tumour Efficacy on Liver Cancer

In vivo anti-tumour efficacy of non-pegylated (HAI) and
Cys* pegylated human arginase 1 (HAI-PEG20) on liver
cancer was then studied.

A number of BALB/c nude mice were injected with hepa-
tocellular carcinoma Hep3B cells intraperitoneally (i.p.) and
maintained in vivo. Then each of the 30 BALB/c nude mice
was injected with ~1x10° of the in vivo maintained cancer
cells to the right axilla subcutaneously. When palpable
tumours of 5 mm diameter were developed, the mice were
separated into three different groups (see Table 3). Drugs or

o PBS buffer were administered intraperitoneally weekly start-

ing on day 0 for 8 weeks. Body weights and tumour dimen-
sions (L: length of the longer diameter and W: length of the
shorter diameter of the tumour) were measured twice a week.
Tumour volume (Y¥4xLxW?) was calculated and plotted
against time. After 60 days or when tumour diameter reached
2.5 ¢m, the mice were euthanized. Survival rates of the mice
were recorded at the end of the study.
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TABLE 3

In vivo anti-tumour activity protocol

Group Testing drug Mice Units/mouse Route

1 PBS 5M SF n/a ip.

2 Non-pegylated human arginase I 5M SF 500 ip.

3 Cys® pegylated human 5M SF 500 ip.
arginase I

As showninFIG. 11a, theaverage body weights of the PBS
control group, the Cys* pegylated human arginase 1 group,
and the non-pegylated human arginase I group were 25.9+0.2
g,25.0+0.2 g, and 25.5+0.2 g respectively, with no significant
change throughout the experiment for each group.

In terms of the tumour volume, Cys* pegylated human
arginase [ (HAI-PEG20) significantly reduced the rate of
tumour growth starting from Day 47 compared to the PBS
control group (p<0.01); while non-pegylated human arginase
I (HAI) did not show any significant effect (p>0.05) (FIG.
12q).

In Vivo Anti-Tumour Efficacy on Breast Cancer

In vivo anti-tumour efficacy of Cys'! pegylated Bacillus
arginase (BCA-PEG20) on breast cancer was determined
next.

Athymic nude BALB/c mice (age of 6-8 weeks) were
housed under sterile conditions with 12 hour light-dark cycle
and provided with autoclaved feed ad libitum. The mice were
acclimated for at least 1 week before the start of experiments.
Each nude mouse was injected with 1x10° MCF-7 human
breast cancer cells to the right axilla subcutaneously. When
palpable tumours of 5 mm diameter were developed, the mice
were randomly separated into two different groups (Table 4).
Drugs or control vehicle (PBS) were injected intraperito-
neally once per week starting from Day 0. Tumour dimen-
sions (L: longest diameter and W: its perpendicular diameter)
and body weights were measured on every Mondays,
Wednesdays and Fridays with Vernier caliper. Tumour vol-
ume was calculated with the formula (¥2xLxW?) and no. of
fold increase in tumour volume was calculated with reference
to Day 0. The results were plotted against time. At Day 18 or
when tumour diameter reached 2.5 cm, the mice were eutha-
nized and the final tumour and body weight were recorded.

TABLE 4

In vivo anti-tumor activity protocol

Group Testing drug Units/mouse route Mice
1 PBS (control) N/A ip. 4M 4F
2 Cys'®L-pegylated Bacillus 250 ip. 4M 4F

caldovelox arginase

As shown in FIG. 115, no significant difference in average
body weights of the control group (18.76+0.50) and Cys'®*-
pegylated Bacillus caldovelox arginase (19.76+0.66) was
observed throughout the experiment (FIG. 115). Cys'®" -pe-
gylated Bacillus caldovelox arginase significantly suppressed
tumour growth and reduced the no. of fold increase in tumour
volume in comparion to the PBS control group (2-way
ANOVA: p<0.0001, FIG. 125). Using Bonferroni post-test,
the reduction is statistically significant starting from Day 15
(p<0.01) where the reduction is over 2.8 folds.

In Vivo Anti-Tumour Efficacy on Lung Cancer

Athymic nude BALB/c mice (age of 6-8 weeks) were
housed under sterile conditions with 12 hour light-dark cycle
and provided with autoclaved feed ad libitum. The mice were
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acclimated for at least 1 week before the start of experiments.
Each nude mouse was injected with 5x10° A549 human lung
cancer cells to the right axilla subcutaneously with matrigel
growth supplement. When palpable tumours of ~5 mm diam-
eter were developed, the mice were randomly separated into
three different groups (Table 5). Drugs or control vehicle
(PBS) were injected intraperitoneally once per week starting
from Day 0. Tumour dimensions (L: longest diameter and W:
its perpendicular diameter) and body weights were measured
on every Mondays, Wednesdays and Fridays with Vernier
caliper. Tumour volume was calculated with the formula (V2x
LxW?) and no. of fold increase in tumour volume (relative
tumour volume) was calculated with reference to Day 0.

TABLE 5

In vivo anti-tumor activity protocol

Group Testing drug Units/mouse route Mice

1 PBS (control) N/A ip.  SMS5F

2 Unpegylated Bacillus caldovelox 250 ip.  S5MS5F
arginase

3 Cys'®lpegylated Bacillus 250 ip.  5MS5F
caldovelox arginase

No significant difference in average body weights between
different groups was observed throughout the experiment and
last recorded as 23.98+2.68 g for the control group,
23.68+1.50 g for the unpegylated Bacillus caldovelox argin-
ase and 23.16+2.08 g for the Cys'®'-pegylated Bacillus cal-
dovelox arginase at the end of experiment (FIG. 11¢).

Cys'“'-pegylated Bacillus caldovelox arginase (BCA-
PEG20)however suppressed tumour growth significantly and
statistically in comparison to vehicle control group in terms of
progressive changes of tumour volume (FIG. 12¢) and no. of
folds of tumour volume (FIG. 12d). Two-way ANOVA
showed p values at <0.0001 for both parameters while Bon-
ferroni post-test indicated the difference to start from Day 28
(p<0.05) to Day 35 (p<0.001) for tumour volume and from
Day 30 to Day 35 (p<0.01 for all points) for relative tumour
volume. The unpegylated Bacillus caldovelox arginase
(BCA) at the same dose regime also showed anti-lung cancer
effects in a similar extent with statistical significance for both
parameters (two-way ANOVA, both with p<0.0001).

In Vivo Anti-Tumour Efficacy on Colorectal Cancer

In vivo anti-tumour efficacy of non-pegylated (BCA) and
Cys'® pegylated Bacillus caldovelox arginase (BCA-
PEG20) on colorectal cancer was determined as follows.

Athymic nude BALB/c mice (age of 6-8 weeks) were
housed under sterile conditions with 12 hour light-dark cycle
and provided with autoclaved feed ad libitum. The mice were
acclimated for at least 1 week before the start of experiments.
Each nude mouse was implanted with ~3 mm?® of in vivo
maintained HCT-15 human colorectal cancer cells to the right
axilla subcutaneously. When stable palpable tumours of ~5
mm diameter were developed, the mice were randomly sepa-
rated into five different groups (Table 6). Intraperitoneal
administrations of arginase drugs or control vehicle (PBS)
were given twice per week while S-fluorouracil was given
once per week starting from Day 0. Tumour dimensions (L:
longest diameter and W its perpendicular diameter) and body
weights were measured on every Mondays, Wednesdays and
Fridays with Vernier caliper. Tumour volume was calculated
with the formula (Y2xLxW?) and no. of fold increase in
tumour volume (relative tumour volume) was calculated with
reference to Day-0. The results were plotted against time. The
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mice were euthanized at the end of experiment or when
tumour diameter reached 2.5 cm.

TABLE 6

In vivo anti-tumor activity protocol

Group Testing drug Units/mouse route Mice

1 PBS (control) NA ip.  4M4F

2 Unpegylated Bacillus caldovelox 500 ip. 4M3F
arginase

3 Cys'®!-pegylated Bacillus 250 ip. 4M3F
caldovelox arginase

4 Cys'Lpegylated Bacillus 250 ip.  4M3F
caldovelox arginase +
3-Fluorouracil

5 5-Fluorouracil 10mgkg ip. 2M2F

No significant difference in average body weights between
different groups was observed throughout the experiment and
last recorded as 24.3+0.9 g for the control group, 22.1+1.0 g
for the unpegylated Bacillus caldovelox arginase group,
24.2+0.7 g for the Cys"'** -pegylated Bacillus caldovelox argi-
nase group, 23.5x1.2 g for the Cys'®'-pegylated Bacillus
caldovelox arginase+5-fluorouracil group and 24.5+1.4 g for
the S-fluorouracil group at the end of experiment (FIG. 114).

Both Cys'S'-pegylated Bacillus caldovelox arginase
(BCA-PEG20) and unpegylated Bacillus caldovelox arginase
(BCA) in all three arginase drugs treated groups suppressed
tumour growth with statistical significance (FIG. 12¢ and
FIG. 12f). For the drug combination group (Cys'*' -pegylated
Bacillus caldovelox arginase plus 5-fluorouracil), two-way
ANOVA showed significance for no. of folds of tumour vol-
ume and tumour volume with p<0.0001 in both cases. Bon-
ferroni post-test further pinpointed the significant difference
for no. of folds of tumour volume to be from Day 36 to Day
40. For Cys*®*-pegylated Bacillus caldovelox arginase alone
group, two-way ANOVA showed significance for no. of folds
of tumour volume and tumour volume with p=0.0005 and
p=0.0011, respectively. Bonferroni post-test indicated the
difference to be from Day 38 to Day 40 for no. of folds of
tumour volume and on Day 40 for tumour volume. For unp-
egylated Bacillus caldovelox arginase group, the p values for
no. of folds of tumour volume and tumour volume were
0.0202 and <0.0001, respectively. The 5-fluorouracil group
did not show significant tumour suppression in terms of no. of
folds of tumour volume (FIG. 12f). The drug combination
group resulted in statistically significant lower tumour vol-
ume and no. of folds of tumour volume than both the Cys*®'-
pegylated Bacillus caldovelox arginase alone group
(p<0.0001 and p=0.0120, respectively) and the 5-fluorouracil
alone group (p=0.0158 and p=0.0434, respectively). The
results indicated a synergistic therapeutic effect for the
Cys' -pegylated Bacillus caldovelox arginase and 5-fluo-
rouracil.

In Vivo Inhibitory Efficacy on Breast Cancer Metastasis
1x10° cells of a mouse metastatic breast cancer cell line
(4T1) were injected orthotopically into the No. 4 inguinal
mammary fat pad of wild-type BALB/c mice at the age of 6-8
weeks. When the tumors reached an average of 5 mm, the
mice were divided into two different treatment groups (Table
7). BCA-PEG20 (250 U/mouse) or control vehicle (PBS)
were injected intraperitoneally twice per week starting from
Day 0. Body weight was measured every week. After three
weeks, the mice were sacrificed and analyzed for the lung
metastasis. The number of lung metastases was counted
under a dissecting microscope after rinsing with PBS.
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No significant difference in averaged body weight between
different groups was observed throughout the experiment and
last recorded as 21.8 g for control group and 21.5 g for the
BCA-PEG20 group at the end of experiment.

Results demonstrate that BCA-PEG20 reduced the spon-
taneous lung tumor nodule formation compared with the PBS
vehicle group. The spontaneous lung metastases were too
numerous to count in PBS group but only 4 nodules on the
average were found in the BCA-PEG20 treatment group
(Table 8). The result demonstrates that arginine depletion by
BCA-PEG20 inhibits breast tumor metastasis.

TABLE 7

In vivo anti-metastasis protocol

Group  Testing drug Units/mouse  route Mice
1 PBS (control) N/A Lp. M
2 BCA-PEG20 250 ip. M
TABLE 8
Group Testing drug Spontaneous lung metastases
1 PBS (control) TNTC*
2 BCA-PEG20 4

Effect on HIV (HAI-PEG20)

The 50% inhibition concentration (ICs,) of the Cys*® pegy-
lated human arginase 1 (HAI-PEG20) on human immunode-
ficiency virus (HIV)was determined as a measure of its effect
on HIV.

The efficiency of an antiviral drug can be estimated using
cell culture models for viral replication. The HIV replication
assay utilizes H9 cells and HIV-1 strain RF. H9 cells, derived
from human T lymphocytes, are highly susceptible to infec-
tion by CXCR4-using HIV-1 isolates, and show clear signs of
cytopathic effects a few days post infection. HIV-1 strain RF
is a CXCR4-using class B isolate that replicates to high levels
in HO cells.

HO cells were seeded in four 96-well plates at 5x10" viable
cells/mL and the cultures incubated at 37° C. The following
day, two 96-well plates were inoculated with HIV-1 at 0.005
multiplicity of infection (50 uL per well).

Twenty-four hours after infection, the cells of one infected
96-well plate were treated with the Cys* pegylated human
arginase [ (HAI-PEG20) diluted to a final concentration of 1
U/mL, 10 U/mL and 50 U/mL in tissue culture medium (10%
RPMI). Eight replicates were tested for each drug concentra-
tion and 100 pL were added per well.

Azido-thymidine (AZT) was used as a benchmark drug for
this assay to ensure that a dose response was obtained. This
was diluted appropriately (0.01, 0.1 and 1 pg/ml) in 10%
RPMI and added to the second infected plate. Eight replicates
were tested for each drug concentration and 100 pl were
added per well.

A cytotoxicity control was set up in parallel; this consisted
of one 96-well plate of uninfected cells treated with three drug
concentrations (1 U/mL, 10 U/mL and 50 U/mL; 8 replicates
per drug concentration). This z could allow the cytotoxic
concentration to be determined (CCy).

The remaining 96-well plate was inoculated with tissue
culture medium alone to serve as the negative control.

Five days post infection plates were examined for cyto-
pathic effect and the IC;, of the drug determined by compar-
ing syncytial cell number in drug treated and non-treated
cells.
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The results show that H9 cells inoculated with HIV strain
RF had viral infection, whereas H9 cells inoculated with
tissue culture medium alone remained healthy throughout the
study. Cytopathic effect was observed in the H9 cultures
infected with HIV and treated with the Cys* pegylated
human arginase 1 (HAI-PEG20) at all concentrations. Eight
out of eight (8/8) infected wells treated with the pegylated
enzyme at a final concentration of 1 U/mL, displayed cyto-
pathic effect. For infected wells treated with the enzyme at a
final concentration of 10 U/ml,, 6/8 wells displayed cyto-
pathic effect. When the drug was tested at the highest final
concentration of 50 U/mL, 3/8 wells displaved cytopathic
effect. These results are shown in Table 9 and FIG. 13. The
IC,, of the drug was found to be approximately 37 U/mL.

When the benchmark drug AZT was added to infected
wells at 0.01 pg/ml., 7/8 wells displayed cytopathic effect.
For infected wells treated with AZT at 0.1 pg/mL, 6/8 wells
displayed cytopathic effect and when tested at 1 pg/mL, 2/8
wells displayed cytopathic effect. These results are illustrated
in FIG. 14. The IC,, of the AZT was found to be 0.58 pg/mL.

TABLE 9

Virus inhibition assay
Sample Results
HIV without Cys*® pegylated human arginase I treatment 24724
HIV without Cys** pegylated human arginase I treatment 2224
(second plate)
HIV treated with Cys*® pegylated human arginase [ (50 U/mL) 3/8
HIV treated with Cys* pegylated human arginase I (10 U/mL) 6/8
HIV treated with Cys** pegylated human arginase I (1 U/mL) 8/8
HIV treated with AZT {0.01 pg/mL) 7/8
HIV treated with AZT (0.1 pg/mL) 6/8
HIV treated with AZT {1 pg/mL) 2/8
Negative control 0196
Cytotoxicity control - uninfected cells treated with Cys* 8/8%*
pegylated human arginase I (50 U/mL)
Cytotoxicity control - uninfected cells treated with Cys* 8/8%*
pegylated human arginase I (10 U/mL)
Cytotoxicity control - uninfected cells treated with Cys* 8/8*

pegylated human arginase I (1 U/mL)

Each well was inoculated with 50 uL of HIV at 0.005 multiplicity of infection.

*= gytotexicity observed in each well, therefore viability counts performed for 1 well for
each concentration. The results are recorded as a ratio; e.g. 1/X, where 1 is the no. of positive
wells/mo. of wells inoculated.

Table 10 presents the viability counts for the cytotoxicity
control. In the cytotoxicity test, all wells displayed symptoms
of cytotoxicity, therefore viability counts were performed on
one well for each concentration of Cys** pegylated human
arginase [. The highest concentrations resulted in cell viabili-
ties 0f30% and 39% for 50 U/mL, and 10 U/mL respectively.
For 1 U/mL, cell viability was 58%. Based on this cell viabil-
ity was assessed for all 8 wells and the average determined to
be 48.9%. This approximates to a 50% reduction in cell
viability based on the cell viability of cells (96.8%) when
cells were seeded onto the 96 well plates. These results are
displayed in Table 10 and FIG. 15, clearly demonstrating that
HAI-PEG20 has inhibitory effects on HIV replication.

TABLE 10

Cell viability in cvtotoxicity control

Results Average %
Sample Live cells Total cells % viability viability
50 U/mL - 1 well 9 30 30 NA
10 U/mL - 1 well 11 28 39 NA
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TABLE 10-continued

Cell viability in cytotoxicity control

Results Average %
Sample Live cells Total cells % viability viability
1U/mL  well 1 19 33 58 489
well 2 30 63 48
well 3 23 59 39
well 4 21 60 35
well 5 33 58 57
well 6 29 56 52
well 7 31 49 63
well 8 24 61 39

N/A = not applicable

In Vitro Anti-Cancer Effects

In vitro cancer cell culture studies on the anti-cancer effi-
cacies of different arginine-depleting enzymes were con-
ducted for various cancer types.

Cell Proliferation Assay: For each cancer cell line, cells
(5x10%)in 100 pL culture medium were seeded to the wells of
a 96-well plate and incubated for 24 hours by standard
method. The culture medium was replaced with medium con-
taining different concentrations of one of the arginases or
arginine deiminase (ADI). The plates were incubated for an
additional 3 days at 37° C. in an atmosphere of 95% air/5%
CO,. The metabolically viable cell fraction was determined
by the MTT assay, which was performed to estimate the
number of viable cells in the culture. Non-linear regression
with Prism 4.0 (Graphpad Software) was used to fit a sigmoi-
dal dose response curve, and the amount of each of the argi-
nine-degrading enzymes (in terms of U/mL or unit/ml or
pg/ml) needed to achieve 50% inhibition of cell growth was
defined as ICs,,

RT-PCR studies: Total RNA was extracted from cancer cell
lines grown in culture using the Qiagen RNeasy kit. For
reverse transcription-polymerase chain reaction (RT-PCR),
the RNA was first reverse-transcribed into cDNA by iScript
c¢DNA Synthesis kit (Bio-Rad, CA) according to the manu-
facturer’s instruction. Briefly, 5 (g of total RNA was sub-
jectedtoRT at 42° C. for 30mM. A 2 puL portion of cDNA was
then amplified using 50 ul of reaction mixture containing 0.5
units of iTaq DNA polymerase (Bio-Rad, CA). PCR was
performed in a DNA thermal Mycycler (Bio-Rad, CA). The
following flanking primers were used:

(a) Human ASS (448 bp product):

Sense:
5' -GGGGTCCCTGTGAAGGTGACC-3 " ;

Anti-sense:
5' -CGTTCATGCTCACCAGCTC-3"'

(b) Human ASL (218 bp product):

Sense:
5' -CTCCTGATGACCCTCAAGGGA-3"';

Anti-sense:
5'-CATCCCTTTGCGGACCAGGTA-3"

(c) Human OTC (221 bp product):

Sense:
5' -GATTTGGACACCCTGGCTAA-3' ;

Anti-sense:
5' -GGAGTAGCTGCCTGAAGGTG-3"'



US 8,507,245 B2

17
(d) Human GAPDH (306 by product):

Sense:
5'-AGCCACATCGCTCAGACA-3"';

Anti-sense:
5'-GCCCAATACGACCAAATCC-3!

The reaction products were subjected to 1% agarose gel
electrophoresis. After electrophoresis and staining with
ethidium bromide, all PCR product band intensities were
analyzed by Lumi-Imager (Boehringer Mannheim, Ind.), and
the relative mRNA expression levels were estimated by nor-
malization with the house keeping gene GADPH.

As the results indicate, arginases and ADI are all efficient
arginine-degrading enzymes. Unexpectedly, we found that all
the cancer cell lines tested here are sensitive to arginases but
many cancer cell lines are actually resistant to ADI treatment.
[t was discovered in the present invention that this difference
is due to the fact that arginase converts arginine to ornithine
and urea while ADI converts it to citrulline and ammonia.
Citrulline can be recycled back to arginine if the cancer cells
are ASS-positive and ASL-positive, leading to drug resis-
tance. Most strikingly, if the cancer cells are OTC-negative,
they cannot recycle ornithine back to arginine in the cells even
if they are ASS-positive and ASL-positive. This guideline
provided by the present invention has been found to be con-
sistent with all our data as well as data from other research
groups. Under this guideline, for instance, if the cancer cells
are either ASS-negative or ASL-negative or both, they would
be arginase-sensitive and ADI-sensitive. On the other hand, if
the cancer cells are both ASS-positive and ASL-positive but
OTC-negative, they would be arginase-sensitive and ADI-
resistant. Therefore, it is believed that that arginases have
broader anti-cancer applications than ADI. Furthermore,
ammonia (product from ADI reaction) is more toxic than urea
(product from arginase reaction). Thus, the arginase anti-
cancer agents of the present invention are believed to be more
safe than ADI.

In vitro anti-cancer efficacy results are summarized in
Tables 11a-11g. As indicated in Table 11a, all the melanoma
cell lines tested were sensitive to arginase treatments. When
arginase was added to culture medium, arginine was con-
verted to ornithine and urea. All these cells were OTC-nega-
tive and according to the guideline discussed above, these
cells cannot recycle the arginase reaction product ornithine
back to arginine in the cells and therefore the cells are inhib-
ited due to the lack of arginine. According to the IC, values,
all the arginases tested were very effective on the inhibition of
cancer cell growth.

Although all the melanoma cell lines tested were all ASS-
positive and ASL-positive, the expression levels of ASS were
low, which can be confirmed by performing an ASS activity
assay. The low ASS expression level explains why these cell
lines were all sensitive to ADI treatments. B16 is a mouse
melanoma cell line and it is also sensitive to both arginases
and ADI. Thus, it is believed that ADI kills the melanoma
cells was due to the low level of ASS expression while argi-
nases kill the melanoma cells because they are OTC-negative.

In Table 11b, it is shown that all the leukemia cell lines
tested were sensitive to arginase treatments. Some of these
cancer cells tested were OTC-negative and according to the
guideline discussed above, these cells cannot recycle the argi-
nase reaction product ornithine back to arginine in the cells
and therefore the cells are inhibited due to the lack of arginine.
According to the IC,, values, all the arginases tested were
very effective on inhibition of leukemia cancer cell growth.
For ADI treatments, all the 4 leukemia cell lines tested were
sensitive except the RPMI8226 cell line, which is resistant to
ADI treatment, most likely due to the fact that it is both
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ASS-positive and ASL-positive. Therefore, for inhibiting leu-
kaemia cells, arginases are advantageous over ADI.

Table 11c shows that all the colorectal cancer cell lines
tested were sensitive to arginase treatments. All these cancer
cells tested were OTC-negative. In consistent with the guide-
line discussed above, these cells cannot recycle the arginase
reaction product ornithine back to arginine in the cells and
therefore the cells are inhibited due to the lack of arginine.
According to the IC., values, all the arginases tested were
very effective on the inhibition of colorectal cancer cell
growth. For ADI treatments, only 2 colorectal cancer cell
lines (WiDr and HT29) tested were sensitive and the other 2
(SW1116 and HCT15) were resistant to ADI treatment, most
likely due to the fact that they are both ASS-positive and
ASL-positive. For HT29, although it was ASS-positive and
ASL-positive according to the RT-PCR data, the expression
level of ASS was low, as confirmed by performing an ASS
activity assay, which explains why this cell line was sensitive
to ADI treatment.

Also shown in Table 11¢, most strikingly, all the pancreatic
cancer cell lines tested were sensitive to arginase treatments.
All these cancer cells tested were OTC-negative. As dis-
cussed above, these cells cannot recycle the arginase reaction
product ornithine back to arginine in the cells and therefore
the cells are inhibited due to the lack of arginine. According to
the IC,, values, all the arginases tested were very effective on
the inhibition of pancreatic cancer cell growth. For ADI treat-
ments, only one pancreatic cancer cell line (Pancl) tested was
sensitive and the other 2 (BxPC3 and HPAFII) were resistant
to ADI treatment. Clearly, for inhibiting pancreatic cancer
cells, arginases are better than ADI.

Table 11d shows that all the gastric cancer cell lines tested
were sensitive to arginase treatments. All these cancer cells
tested were OTC-negative and thus, as discussed above, these
cells cannot recycle the arginase reaction product ornithine
back to arginine in the cells and therefore the cells are inhib-
ited due to the lack of arginine. As the ICs, values indicate, all
the arginases tested were very effective on the inhibition of
gastric cancer cell growth. In a sharp contrast, all the gastric
cancer cell lines tested were resistant to ADI treatment, most
likely due to the fact that they are both ASS-positive and
ASL-positive. This similar result was obtained for the liver
cancer (or HCC) cell lines tested as shown in Table 11e.

Table 11e also shows that the retinoblastoma cancer cell
line Y79 tested was sensitive to arginase treatments but resis-
tant to ADI treatment, most likely due to the fact that they are
both ASS-positive and ASL-positive.

Table 11f shows that the lung cancer cell line A549 tested
was sensitive to arginase treatments. These cancer cells tested
were OTC-negative. It is also sensitive to ADI treatment, most
likely due to the fact that they are either ASS-negative or
ASL-negative. In contrast, also shown in Table 11f, all the
cervical cancer cell lines tested were sensitive to arginase
treatments (they were all OTC-negative), but only 2 cervical
cancer cell line (SiHa and C-33A) tested were sensitive and
the other 3 (HeLLa, ME180, CC3) were resistant to ADI treat-
ment, most likely due to the fact that they are both ASS-
positive and ASL-positive.

The results for breast cancel cells are shown in Table 11g.
As it showns, all the breast cancer cell lines tested were
sensitive to arginase treatments (they were all OTC-negative).
Strikingly, only one breast cancer cell line (MDA-MB-231)
tested was sensitive and the other 3 (MCF-7, ZR-75-1,
Hs578T) were resistant to ADI treatments.

Also shown in Table 11g are results for the prostate cancer
cell line, which was found to be sensitive to both arginase and
ADI treatments. As discussed above, such results can be
explained by the fact that this cell line is both OTC-negative
and ASS-negative.
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TABLE 11a
Cell line name BCA HAI  rhArg ADI
Typeof  (medium, UmL UmL U/mL UmL
cancer source) (ug/mL) (pg/mL) (pg/mL) (pg/mL) ARG OTC ASS ASL
melanoma SK-mel-2 0.612  0.079 0.0556 0.0022 - - + +
(EMEM (11.25) (0.80) (1.31)  (0.082) L
10%FBS, 1% PS
ATCC)
SK-mel-24 0204  0.012 - - + +
(EMEM 4.82)  (0.45) L
10%FBS, 1% PS
NCI)
SK-mel-28 0.91 0.064 00523 0.00084 - - + +
(EMEM 16.72) (0.65) (1.233) (0.031) L
10%TFBS, 1% PS
ATCC)
A375 0.15 0.061 00288 0.00059 - - + +
(DMEM (2.76) (0.62) (0.679) (0.022) L
10%FBS, 1% PS
ATCC)
Bl6 0.02 0.004 - - + +
(DMEM 048)  (0.11) L
10% FBS, 1% PS
ATCC)
TABLE 11b
Cell line name BCA HAI  rhArg  ADI
Typeof  (medium, UmL UmL UmL UmL
cancer source) (ug/ml) (pg/mL) (ug/mL) (pg/ml) ARG OTC ASS ASL
leukemia  HL60 0.03 0.016 + - - +
(RPMI 10% FBS, 0.679)  (0.591)
1% PS
ATCC)
K562 0.06 0.003 - - + -
(RPMI 20% FBS, (1.357)  (0.085)
1% PS
ATCC)
RPMI8226 0.09 R
(RPMI 10% FBS, (2.036)
1% PS
ATCC)
Turkat 041 0.037  0.002
(RPMI 10% FBS,  (7.54) (0.86)  (0.074)
1% PS
ATCC)
TABLE 11c
Cell line name BCA HAI rhArg ADI
Typeof  (medium, U/mL  UmL U/mL U/mL
cancer source) (ug/mL) (pg/mL) (ugmL) (pg/mL) ARG OTC ASS ASL
colorectal (WiDr 0.215  0.075 0.038 0.035 + - + -
DMEM (3.96) (0.76)  (0.84) 0.9)
10%FBS, 1% PS
ATCC)
SW1116 1417 041 0.15 R + - + +
(RPMI 20.98) (4.18)  (3.394)
10%FBS, 1% PS
ATCC)
HT29 0.231 0.03 0032+ - + +
(DMEM (4.24) {0.679)  (0.83) L
10%TFBS, 1% PS
ATCC)
HCTI15 0.63 0.083 R + - + +
(RPMI (644)  (1.043)
10%TBS, 1% PS
ATCC)
pancreatic  Pancl 0.263 0.09 0.049 - - + +
(DMEM (4.84) 2.036)  (1.39) L
10%TBS, 1% PS
ATCC)

BxPC3 0.846 0.08 R + - + +
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TABLE 11¢-continued
Cell line name BCA HAI rhArg ADI
Typeof  (medium, U/mL  UmL U/mL U/mL
cancer source) (ug/mL) (pg/mL) (ugmL) (pg/mL} ARG OTC ASS ASL
(EMEM (15.54) (1.809)
10%TBS, 1% PS
ATCC)
HPATII 0.86 R - - + +
(DMEM (19.35)
10%TBS, 1% PS
ATCC)
TABLE 11d
Cell line name BCA HAI rhArg ADI
Typeof (medium, UmL  U/mL U/mL U/mL
cancer  source) (ng/mL) (pg/mL) (ng/mL) (ug/ml) ARG OTC ASS ASL
gastric  AGS 0.662 0.10 (2.262) R - - + +
(RPMI 12.17)
10% FBS, 1% PS
ATCC)
MKN45 0.798 0.79 (17.873) R - - + +
(RPMI (14.67)
10% FBS, 1% PS
Riken Cell
bank, Japan)
BCG-823 0.11 (2.457) R - - + +
(RPMI
10% FBS, 1% PS
Beijing
Institute of
Cancer
Research)
TABLE 11e
Cell line name BCA HAI rhArg ADI
Type of (medium, U/mL  U/mL U/mL U/mL
cancet source) (ugmL) (ug/mL) (ug/mL) (ug/mL) ARG OTC ASS ASL
HCC PLC/PRE/S 2376 094 0312 R + - + +
{liver (DMEM 10% FBS,  (43.67) (9.56) (7.07)
cancer) 1% PS
ATCC)
Hep3B 9.1 0.29  0.65 R + - + +
(DMEM 10% FBS,  (57.68) (2.95) (15.0)
1% PS
ATCC)
HepG2 2,002 0.097 0.177 R + - + +
(DMEM 10% FBS,  (36.79) (0.99) (4.00)
1% PS
ATCC)
Huh7 159 (@43) R -+
(DMEM 10% FBS,
1% PS
ATCC)
SK-HEP-1 1227 1725 015 (4) 0.007 (0.2) - - + +
(DMEM 10% FBS,  (77.79)  (6.05) L
1% PS
ATCC)
retinoblastoma Y79 0.5(11.3) R - - + +
(RPMI 10% FBS,
1% PS
ATCC)
TABLE 11f
BCA HAI  rhArg  ADI
Type of Cell line name U/mL UmL UmL U/mL
cancer (medium, source) (ug/mL) (ug/mL) (ug/mL) (ug'ml) ARG OTC ASS ASL
lung A549 0.3294 0.035 0011 - - - +
(DMEM 10% FBS, 1% PS (2.09) 044)  (0.29)

ATCC)
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TABLE 11f-continued
BCA  HAI rhArg  ADI
Type of Cell line name TU/mL UmL UmL UmL
cancer (medium, source) (ng/mL) (pg/mL) (ug/mL) (ug'mL) ARG OTC ASS ASL
Cervical HelLa 0719 0366 0065 R - -+ 4
(DMEM 10% FBS, 1%PS  (13.21)  (3.72)  (0.82)
ATCC)
MEL80 142 0214 0153 R - -+ 4
(DMEM 10% FBS, 1%PS  (26.16)  (218)  (1.93)
ATCC)
CC3 0.84 0.42 R - -+ 4
(DMEM 10% FBS, 1%PS  (15.50) (5.29)
ATCC)
SiHa 032 002 003 00025 - - - 4
(DMEM 10% FBS, 1% PS (3.84)  (024) (0.38) (0.064)
ATCC)
C-33A 019 0033 0058 00014 - - - 4
(DMEM 10% FBS, 1% PS (3.55)  (034) (0.72) (0.036)
ATCC)
TABLE 11g
BCA HAI thArg  ADI
Type of Cell line name U/mL U/mL UmL  U/mL
cancer  (medium, source) (ug/mL)  (ugml) (pgml) (pg/mL) ARG OTIC ASS ASL
breast  MCF-7 003 0.28 R - -+
(EMEM 10% FBS, 1% PS  (091) (6.36)
ATCC)
ZR-75-1 0.14 R - -+ s
(DMEM 10% FBS, 1% PS (3.1%)
ATCC)
HsS78T 3.75 -+ o+
(DMEM 10% FBS, 1% PS, (85.2)
1000 g/ml insulin
NCI)
MDA-MB-231 022 0.273 044 016 - -+ %
(DMEM 10% FBS, 1%PS  (4.11) (10.0)  (5.93) L
NCI)
411 0.68 0.058 0.023  0.0007
029) (0.017)
Prostate PC3 0263 040(407) 008 00025 - - -  «
(DMEM 10% FBS, 1%PS  (4.84) (147)  (0.064)
ATCC)
LNCap 2119 047(478) 041 013
(EMEM 10% FBS, 1% PS  (38.94) (5.16) (3.34)
ATCC)

For Table 11, “+”=mRNA was detected by RT-PCR, indi- 45 be recycled back into arginine. Therefore, cancer cells still
cating the corresponding gene is expressed; “~"=mRNA was ~ have arginine and they are not arginine-deficient and cancer
not detected by RT-PCR, indicating the gene is not expressed; ~ growth is not inhibited. On the other hand, cancer cells that
“R” indicates that the cell line is ADI-resistant and the IC,, ~ &® %,TC'PegatflVﬁ or ?SﬁS-.neggtlve Olr ASL-neggtlvel or ?m%
value cannot be estimated; and “L” indicates that the cell line O™ mation of these deficiencies or low expression level o

. . any of these genes, the synthesis (or recycle) pathway from
has a relatively low level of ASS expression and therefore the sq o N

1 Tine is still ADI o ornithine to arginine is blocked and therefore cancer cells are
cell lne s st ‘ -sensitive. i i lack of arginine and cancer cell growth is thus inhibited and

While not wish to be bomd by the fgllowmg hypothe?sm cancer cell death may occur.
and Wor.kmg models., applicants believe ) the f01.10W1Hg Hypothesis and working models for liver cancer cells that
hypothesis and working models are consistent with the  are OTC-negative. Model relating urea cycle gene expression
experimental data of the present invention and thus are useful 55 and resistance towards pegylated arginine deiminase (ADI-
guides for further utilization of the inventions disclosed here- PEG) and pegylated Bacillus caldovelox arginase (BCA-
with (also see FIG. 18). PEG20). Liver cancer cells express the urea cycle enzymes

Hypothesis and working models explainning why OTC- argininosuccinate synthetase (ASS), argininosuccinate lyase
negative cancer cells are arginase-sensitive but can be ADI- (ASL) and arginase (ARC), but lack ornithine transcarbamy-
resistant. When arginase is added in the culture medium or 60 lase (OTC). BCA-PEG20 in the bloodstream depletes argin-
pegylated arginase is injected in the blood (in the body), ineand produces ornithine, which enters the cell but fails to be
arginine is converted into ornithine and urea by the arginase ~ recycled via the urea cycle owing to the absence of OTC.
enzymatic reaction. Ornithine formed then passes into the ADI-PEG converts arginine to citrulline, which can be readily
cancer cells. Unlike normal cells, cancer cells grow rapidly converted back to arginine by ASS and ASL after uptake into
and require much more arginine than normal cells for protein ¢5 liver cancer cells. Therefore, in this model, the liver cancer

synthesis and other cellular processes. If the cancer cells are
OTC-positive, ASS-positive and ASL-positive, ornithine can

cells are sensitive to BCA-PEG20 treatment (inhibited by
BCA-PEG20) but resistant to ADI-PEG treatment.
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Hypothesis and working models for cancer cells that are
OTC-negative. Model relating gene expression in cancer cells
and resistance towards pegylated arginine deiminase (ADI-
PEG) and pegylated Bacillus caldovelox arginase (BCA-
PEG20). For cancer cells that do not express arginase (ARG),
cancer cells express the enzymes argininosuccinate syn-
thetase (ASS), argininosuccinate lyase (ASL), but lack orni-
thine transcarbamylase (OTC). BCA-PEG20 in the blood-
stream depletes arginine and produces ornithine, which enters
the cell but fails to be recycled owing to the absence of OTC.
ADI-PEG converts arginine to citrulline, which can be readily
converted back to arginine by ASS and ASL after uptake into
the cancer cells. Therefore, in this model, the cancer cells are
sensitive to BCA-PEG20 treatment (inhibited by BCA-
PEG20) but resistant to ADI-PEG treatment. This model can
be applied to cancer cells in general.

Method of Further Enhance Arginase Activity by Using
Cobalt as Metal Cofactor

The native metal cofactor of arginase is manganese
(Mn*). It is surprisingly discovered by the present invention
that replacing the manganese with cobalt dramatically
enhances the enzyme’s activity. Either Bacillus caldovelox
arginase (BCA) or the human arginase I (HAT) was expressed
as described previously. The purification method was the
same as described before except 10 mM of metal ion (CoSO,
or MnSO,) was added into the purified protein elution from
Nickel affinity chromatography instead of added before
Nickel affinity chromatography. Eluted factions containing
the arginase enzyme were incubated with 10 mM metal for 15
min at 50~55° C., followed by filtration through a 0.45 um
syringe filter. Then the solution was exchanged with storage
buffer by ultrafiltration.

Diacetylmonoxine (DAMO) assay was used to determine
the kinetic parameters of human arginase with different metal
cofactors. All enzymatic reactions were carried out at pH 7.4.
The results are shown in FIG. 16. The steady-state kinetics of
recombinant human arginase I (HAI) or huArg substituted
with Mn** or Co®* were measured in sodium phosphate
bufferpH 7.4, 25° C. The Km of HAI with Mn** (HAI Mn**)
orhuArg Mn>* and HAI with Co®* (HAI Co>*) or huArg Co**
are 1.83 mM and 0.19 mM respectively. Since the Km value
is improved about 10-fold in HAI Co** or huArg Co®, its
specific activity is improved 10-fold and is a much more
efficient drug to deplete arginine than HAI Mn** or huArg
Mn**,

Enhancing Arginase Activity by Further Modifying Genetic
Modification

It is surprisingly discovered by the present invention that

the position 20 of BCA can be substituted with other amino

40

45
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acids to improve enzyme activity. The 20” amino acid residue

valine in the wild-type sequence was substituted with proline

(or any other amino acids for example serine or glycine,

which improves the specific activity of BCA) by site directed

mutagenesis (for example codon GTT [valine] to CCG [pro-
line]). The mutant genes were cloned, expressed and purified
for detailed studies. An exemplary such mutant enzyme was
made by replacing valine with proline, referred to as “BCA
mutant V20P” or “bc Arg V20P mutant”. Steady-state kinetics
of the BCA mutant V20P and BCA with Mn™ or Co™* were
measured in sodium phosphate buffer pH 7.4, 25° C. and were
shown in FIG. 17. The Km values of BCA mutant V20P with

Mn** (BCA mutant V20P Mn**) and BCA mutant V20P with

Co>* (BCA mutant V20P Co**) are about 1.29 mM and 0.18

mM respectively. The Km of BCA with Mn>* (BCAW-

TMn?*) is about 3.2 mM. Therefore, the BCA mutant V20P

with Co®* as cofactor [Km=0.18 mM] is a much more effi-

cient drug to deplete arginine than the BCA (BCAWTMn**)

[Km=3.2 mM].

In Vitro Cancer Cell Line Studies Using BCA Mutant V20P
Cell proliferation assay was conducted as follows.
2.5x10* Sk-mel-28 (EMEM), 5x10> HEK293 (EMEM),

MCF-7 (EMEM), HCT-15 (RPMI), Hep3B (DMEM),

PANC-1 (DMEM), Hela (DMEM) and A549 (DMEM) cells

were seeded to each well of a 96-well plate in 100 pL culture

medium and were allowed to adhere to the plate overnight. On
the next day, the culture medium was replaced with medium
containing different concentrations of BCA and BCA mutant

V20P protein drug. 2x10* Jurkat (RPMI) floating cells were

seeded to each well of a 96-well plate in 50 pl. culture

medium at the day of adding protein drug and different con-
centrations of protein drug in 50 uL, were added directly to
each well. The cells were allowed to incubate for an addi-
tional 3 days at 37° C. in an atmosphere of 95% air/5% CO,.

MTT cell proliferation assay (Invitrogen) was then performed

to estimate the number of viable cells in the culture. In brief,

10 uL of 5 mg/mL of water-soluble MTT regents was added

to 100 ul culture medium and incubated at 37° C. for 4 h.

MTT is chemically reduced by cells into purple formazan,

which is then dissolved by acidified SDS (0.01 N HCl1n 10%

SDS)intissue culture medium. Concentration of the cleavage

product formazan was then measured by reading its absor-

bance with a spectrophotometer with a 570 nm filter. Cell
proliferation data were expressed as a percentage of control.

Non-linear regression was used to fit a sigmoidal dose

response curve with Prism 4.0 (Graphpad Software), and the

amount of protein drug needed to achieve 50% cell growth
inhibition was defined as IC,. The results are shown in Table

12. The corresponding enzymatic activities are shown in

Table 13.

TABLE 12

[Cs, of BCA and BCA mutant V20P in different kinds of cancer cells

1C,, Value Fold of Difference
BCA (BCA/BCA mutant
BCA mutant V20P V20P)

(UmL) (mg/ml) (Uml) (mgml) (UmL) (mg/mL)
HCT-15 Colon 15.62 0.0916 7.34 0.0132 2.13 6.96
Jurkat Leukemia 6.84 0.0401 0.90 0.0016 7.60 24.85
MCEF-7 Breast 5.51 0.0323 2.87 0.0051 1.92 6.28
sk-mel-28 Melanoma 3.35 0.0197 1.52 0.0027 2.20 7.21
HEK?293  Kidney 3.86 0.0226 3.40 0.0061 1.14 3.71
AS549 Lung 2.67 0.0157 1.64 0.0029 1.63 5.32
Hep3B Liver 942 0.0552 9.43 0.0169 1.00 3.27
Hela Cervical 2.83 0.0166 1.37 0.0025 2.07 6.75
PANC-1  Pancreatic 1.20 0.0070 0.87 0.0016 1.38 451
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The results show that BCA mutant V20P is much more
efficient in killing various types of cancer cells in in vitro drug

Specific activity of the proteins

efficacy studies.

While there have been described and pointed out funda-

Protein 5 mental novel features of the invention as applied to a pre-

concentration  Specific activity ~ Enzyme activity ferred embodiment thereof, it will be understood that various

(mg/mL) (U/mg) (U/mL) omissions and substitutions and changes, in the form and

details of the embodiments illustrated, may be made by those

BCA 3.046 17047 519.3 skilled in the art without departing from the spirit of the

BCA mutant 2.63 557.3 1465.7 invention. The invention is not limited by the embodiments
10 . .

V20P described above which are presented as examples only but

can be modified in various ways within the scope of protec-
tion defined by the appended patent claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 22

<210> SEQ ID NO 1
<211> LENGTH: 969

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

atgagcgcca agtecagaac catagggatt attggagcetc ctttctcaaa gggacageca €0
cgaggagggg tggaagaagg ccctacagta ttgagaaagg ctggtetget tgagaaactt 120
aaagaacaag agtgtgatgt gaaggattat ggggacctgc cctttgctga catccctaat 180
gacagtcect ttcaaattgt gaagaatcca aggtctgtgg gaaaagcaag cgagcagetg 240
getggcaagg tggcagaagt caagaagaac ggaagaatca gectggtget gggeggagac 300
cacagtttgg caattggaag catctctgge catgccaggg tccaccctga tettggagte 360
atctgggtgg atgctcacac tgatatcaac actccactga caaccacaag tggaaacttg 420
catggacaac ctgtatcttt cctectgaag gaactaaaag gaaagattcc cgatgtgeca 480
ggattctcet gggtgactece ctgtatatct geccaaggata ttgtgtatat tggettgaga 540
gacgtggacc ctggggaaca ctacattttg aaaactctag gcattaaata cttttcaatg 600
actgaagtgg acagactagg aattggcaag gtgatggaag aaacactcag ctatctacta 660
ggaagaaaga aaaggccaat tcatctaagt tttgatgttg acggactgga cccatcettte 720
acaccagcta ctggcacacce agtegtggga ggtctgacat acagagaagg tctctacate 780
acagaagaaa tctacaaaac agggctactc tcaggattag atataatgga agtgaaccca 840
tceetgggga agacaccaga agaagtaact cgaacagtga acacagcagt tgcaataacc 900
ttggcttgtt tcggacttge tecgggagogt aatcacaagc ctattgacta ccttaaccca 960
cctaagtaa 969
<210> SEQ ID NO 2
<211> LENGTH: 969
<212> TYPE: DNA
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Human arginase I designed for site-directed
pegylation
<400> SEQUENCE: 2
atgagcgcca agtccagaac catagggatt attggagctc ctttctcaaa gggacageca 60
cgaggagggdg tggaagaagg ccctacagta ttgagaaagg ctggtctget tgagaaactt 120
aaagaacaag agtgtgatgt gaaggattat ggggacctgc cctttgctga catccctaat 180
gacagtccoct ttcaaattgt gaagaatcca aggtctgtgg gaaaagcaag cgagcagetyg 240
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-continued
gctggcaagg tggcagaagt caagaagaac ggaagaatca gcctggtget gggceggagac 300
cacagtttgg caattggaag catctctggc catgccaggg tccaccctga tettggagte 360
atctgggtgg atgctcacac tgatatcaac actccactga caaccacaag tggaaacttg 420
catggacaac ctgtatcttt cctcctgaayg gaactaaaag gaaagattcc cgatgtgeca 480
ggattctect gggtgactee ctetatatct gccaaggata ttgtgtatat tggettgaga 540
gacgtggacce ctggggaaca ctacattttg aaaactctag gcattaaata cttttcaatg 600
actgaagtgg acagactagg aattggcaag gtgatggaag aaacactcag ctatctacta 660
ggaagaaaga aaaggccaat tcatctaagt tttgatgttg acggactgga cccatcettte 720
acaccagcta ctggcacacce agtcgtggga ggtctgacat acagagaagg tctctacate 780
acagaagaaa tctacaaaac agggctactc tcaggattag atataatgga agtgaaccca 840
tcecetgggga agacaccaga agaagtaact cgaacagtga acacagcagt tgcaataacce 900
ttggettett teggacttge tegggagggt aatcacaage ctattgacta cettaacceca 960
cctaagtaa 969
<210> SEQ ID NO 3
«211> LENGTH: 900
<212> TYPE: DNA
«213> ORGANISM: Bacillus caldovelox
<400> SEQUENCE: 3
atgaagccaa tttcaattat cggggttccg atggatttag ggcagacacg cecgeggegtt 60
gatatggggc cgagcgcaat gcgttatgca ggcgtcatcg aacgtctgga acgtcttcat 120
tacgatattg aagatttggg agatattccyg attggaaaag cagagcggtt gcacgagcaa 180
ggagattcac ggttgcgcaa tttgaaagcg gttgcggaag cgaacgagaa acttgeggeg 240
geggttgace aagtegttea gegggggega tttecegettg tgttgggegyg cgaccatage 300
atcgecattg geacgetege cggggtggeyg aaacattatg ageggcttgg agtgatetgg 360
tatgacgege atggegacgt caacaccgeg gaaacgtege cgtetggaaa cattcatgge 420
atgcegetgg cggcegagect cgggtttgge catceggege tgacgcaaat cggeggatac 480
agccccaaaa tcaagecgga acatgtcegtyg ttgateggeg tcegttecct tgatgaaggg 540
gagaagaagt ttattcgcga aaaaggaatc aaaatttaca cgatgcatga ggttgatcegg 600
ctcggaatga caagggtgat ggaagaaacg atcgectatt taaaagaacg aacggatgge 660
gttcatttygt cgettgactt ggatggeett gacccaageg acgcacedygy agteggaacy 720
cetgteattg gaggattgac ataccgegaa agecatttgg cgatggagat getggecgag 780
gcacaaatca tcacttcage ggaatttgtc gaagtgaacc cgatcttgga tgageggaac 840
aaaacagcat cagtggctgt agcgctgatg gggtegttgt ttggtgaaaa actcatgtaa 900

<210> SEQ ID NO 4
<211> LENGTH: 918

<212> TYPE

: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Bacillus caldovelox arginase designed for site-

directed pegylation

<400> SEQUENCE: 4

atgaagccaa tttcaattat cggggtteeg atggatttag ggcagacacy cegeggegtt

gatatgggge cgagegeaat gegttatgea ggegtcateg aacgtetgga acgtetteat

60

120
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tacgatattyg

ggagattcac

gcggttgace

atcgccattg

tatgacgege

atgcegetygy

tgcecccaaaa

gagaagaagt

ctcggaatga

gttcatttgt

cectgteatty

gcacaaatca

aaaacagcat

caccatcacc

aagatttggg
ggttgegeaa
aagtcgttca
gcacgcetege
atggegacgt
cggegagect
tcaagcegga
ttattcgecga
caagggtgat
cgcttgactt
gaggattgac
tcacttcage

cagtggetygt

atcactaa

«210> SEQ ID NO 5
<211> LENGTH: 322
«212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Met Ser Ala Lys Ser

1

Lys

Lys

Asp

Gln

65

Ala

Arg

Ile

Val

145

Gly

Ile

Gly

Arg
225

Gly

Ala

Tyr

50

Ile

Gly

Gly

Val

Asn

130

Ser

Phe

Gly

Gly

Lys

210

Pro

5

Gln Pro Arg

20

Gly Leu Leu

35

Gly Asp Leu

Val

Lys

Lys Asn

Val Ala
85

Gly Asp His

His

115

Thr

Phe

Ser

100

Pro Asp

Pro Leu

Leu Leu

Trp Val
165

Leu Arg Asp

Ile
195

Val

Ile

180

Lys Tyr

Met Glu

His Leu

Arg

Gly

Glu

Pro

Pro

70

Glu

Ser

Leu

Thr

Lys

150

Thr

Val

Phe

Glu

Ser
230

Thr

Gly

Lys

Phe

55

Arg

Val

Leu

Gly

Thr

135

Glu

Pro

Asp

Ser

Thr

215

Phe

agatattceg

tttgaaagcyg

gcegggggega

cggggtggey

caacacagay

cgggtttgge

acatgtogty

aaaaggaatc

ggaagaaacg

ggatggeett

ataccgcgaa

ggaatttgte

agcgctgaty

Ile

Val

Leu

40

Ala

Ser

Lys

2la

Val

120

Thr

Leu

Cys

Pro

Met

200

Leu

Asp

attggaaaag

gttgcggaag

ttteecgettyg

aaacattatg

gaaacgtage

cateeggege

ttgatecggeg

aaaatttaca

atcgectatt

gacccaageg

agccatttygg

gaagtgaacc

gggtegttgt

Gly

Glu

25

Lys

Asp

Val

Lys

Ile

105

Ile

Ser

Lys

Ile

Gly

185

Thr

Ser

Val

Ile

10

Glu

Glu

Ile

Gly

Asn

920

Gly

Trp

Gly

Gly

Ser

170

Glu

Glu

Tyr

Asp

Ile

Gly

Gln

Pro

Lys

75

Gly

Ser

Val

Asn

Lys

155

Ala

His

Val

Leu

Gly
235

cagagcggtt gcacgagcaa

cgaacgagaa

tgttgggegy

ageggettyg

cgtetggaaa

tgacgcaaat

tcegttecet

cgatgcatga

taaaagaacg

acgcaccggy

cgatggagat

cgatcttgga

ttggtgaaaa

Gly

Pro

Glu

Asn

60

Arg

Ile

Asp

Leu

140

Lys

Tyr

Asp

Leu

220

Leu

Ala

Thr

Cys

45

Asp

Ser

Ile

Ser

Ala

125

His

Pro

Asp

Ile

Arg

205

Gly

Asp

Pro

Val

30

Asp

Ser

Glu

Ser

Gly

110

His

Gly

Asp

Ile

Leu

190

Leu

Arg

Pro

Phe

15

Leu

Val

Pro

Gln

Leu

95

His

Thr

Gln

Val

Val
175

Ser

acttgeggeyg

cgaccatagce

agtgatctgg

catteatgge

cggeggatac

tgatgaaggyg

ggttgatcgg

aacggatggce

agtcggaacyg

gctggecgag

tgagcggaac

actcatgcat

Ser

Arg

Lys

Phe

Leu

80

Val

Ala

Asp

Pro

Pro

160

Tyr

Thr

Lys

Phe
240

180

240

300

360

420

480

540

600

660

720

780

840

900

918
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34

Thr

Gly

Leu

Val

Gly

305

Pro

<210>
<21l>
<212>
<213>
<220>
<223 >

Pro

Leu

Asp

Thr

290

Leu

Lys

Ala

Tyr

Ile

275

Arg

Ala

Thr

Ile

260

Met

Thr

Arg

Gly

245

Thr

Glu

Val

Glu

SEQ ID NO ¢
LENGTH:
TYPE: PRT
ORGANISM: artificial sequence
FEATURE:
OTHER INFORMATION:

322

Thr

Glu

Val

Asn

Gly
310

Cyslé8 and Cys303

<400> SEQUENCE:

Met Ser Ala Lys

1

Lys

Lys

Asp

Gln

65

Ala

Leu

Arg

Ile

Val

145

Gly

Ile

Leu

Gly

Arg

225

Thr

Gly

Gly

Ala

Tyr

50

Ile

Gly

Gly

Val

Asn

130

Ser

Phe

Gly

Gly

Lys

210

Pro

Pro

Leu

Gln

Gly

35

Gly

Val

Lys

Gly

His

115

Thr

Phe

Ser

Leu

Ile

195

Val

Ile

Ala

Tyr

Pro
20

Leu

Asp

Val

Asp

100

Pro

Pro

Leu

Trp

Arg

180

Lys

Met

His

Thr

Ile
260

6

Ser

5

Arg

Leu

Leu

Asn

Ala

85

His

Asp

Leu

Leu

Val

165

Asp

Tyr

Glu

Leu

Gly

245

Thr

Arg

Gly

Glu

Pro

Pro

70

Glu

Ser

Leu

Thr

Lys

150

Thr

Val

Phe

Glu

Ser

230

Thr

Glu

Pro

Glu

Asn

Thr

295

Asn

Val

Ile

Pro

280

2la

His

Val

Tyr

265

Ser

Val

Lys

aminc acid
replaced by

Thr

Gly

Lys

Phe

55

Arg

Val

Leu

Gly

Thr

135

Glu

Pro

Asp

Ser

Thr

215

Phe

Pro

Glu

Ile

Val

Leu

40

2la

Ser

Lys

Ala

Val

120

Thr

Leu

Ser

Pro

Met

200

Leu

Asp

Val

Ile

Gly

Glu

25

Lys

Asp

Val

Lys

Ile

105

Ile

Ser

Lys

Ile

Gly

185

Thr

Ser

Val

Val

Tyr
265

Gly

250

Lys

Leu

Ala

Pro

Gly Leu Thr

Thr

Gly

Ile

Ile
315

Gly

Lys

Thr

300

Asp

sequence of

Ser

Ile

10

Glu

Glu

Ile

Gly

Asn

90

Gly

Trp

Gly

Gly

Ser

170

Glu

Glu

Tyr

Asp

Gly

250

Lys

Ile

Gly

Gln

Pro

Lys

75

Gly

Ser

Val

Asn

Lys

155

Ala

His

Val

Leu

Gly

235

Gly

Thr

Gly

Pro

Glu

Asn

60

Ala

Arg

Ile

Asp

Leu

140

Ile

Lys

Tyr

Asp

Leu

220

Leu

Leu

Gly

Leu
Thr
285

Leu

Tyr

human arginase I with

Ala

Thr

Cys

45

Asp

Ser

Ile

Ser

Ala

125

His

Pro

Asp

Ile

Arg

205

Gly

Asp

Thr

Leu

Tyr

Leu

270

Pro

Ala

Leu

Pro

Val

30

Asp

Ser

Glu

Ser

Gly

110

His

Gly

Asp

Ile

Leu

190

Leu

Arg

Pro

Tyr

Leu
270

Arg
255

Ser

Glu

Asn

Phe

15

Leu

Val

Pro

Gln

Leu

95

His

Thr

Gln

Val

Val

175

Gly

Ser

Arg
255

Ser

Glu

Gly

Glu

Phe

Pro
320

Ser

Arg

Lys

Phe

Leu

80

Val

Ala

Asp

Pro

Pro

160

Tyr

Thr

Ile

Lys

Phe

240

Glu

Gly
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Leu Asp Ile Met Glu Val Asn Pro

Val

275

280

Thr Arg Thr Val Asn Thr 2la

290

295

Gly Leu Ala Arg Glu Gly Asn His

305

Pro

Lys

<210> SEQ ID NO 7

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Bacillus caldovelox

<400> SEQUENCE:

Met Lys Pro Ile

1

Arg

Ile

Ile

Leu

65

Ala

Gly

Tyr

Thr

Ala

145

Leu

Tyr

Glu

Leu

225

Met

Leu

Arg

Glu

Pro

50

Arg

Val

Asp

Glu

Ala

130

Ser

Pro

Asp

Thr

Thr

210

Asp

Val

Leu

Pro

Met
290

Gly

Arg

35

Ile

Asn

Asp

His

Arg

115

Glu

Leu

Lys

Glu

Met

195

Ile

Leu

Ile

Ala

Ile

275

Gly

Val

20

Leu

Gly

Leu

Gln

Ser

100

Leu

Thr

Ile

Gly

180

His

Ala

Asp

Gly

Glu

260

Leu

Ser

299

7
Ser

5

Asp

Glu

Lys

Lys

Val

85

Ile

Gly

Ser

Phe

Lys

165

Glu

Glu

Tyr

Gly

Gly

245

Ala

Asp

Leu

<210> SEQ ID NO 8

<211> LENGTH:

<212» TYPE: PRT

305

310

Ile

Met

Arg

Ala

Ala

70

Val

Ala

Val

Pro

Gly

150

Pro

Lys

Val

Leu

Leu

230

Leu

Gln

Glu

Phe

Ile

Gly

Leu

Glu

55

Val

Gln

Ile

Ile

Ser

135

His

Glu

Lys

Asp

Lys

215

Asp

Thr

Ile

Arg

Gly
295

Gly

Pro

His

40

Arg

2la

2Arg

Gly

Trp

120

Gly

Pro

His

Phe

Arg

200

Glu

Pro

Tyr

Ile

Asn

280

Glu

Ser Leu Gly

Val Ala Ile

Lys Pro Ile

Val

Ser

25

Tyr

Leu

Glu

Gly

Thr

105

Tyr

Asn

Ala

Val

Ile

185

Leu

Arg

Ser

Arg

Thr

265

Lys

Lys

Pro

10

Ala

Asp

His

Ala

Arg

90

Leu

Asp

Ile

Leu

Val

170

Arg

Gly

Thr

Asp

Glu

250

Ser

Thr

Leu

315

Met

Met

Ile

Glu

Asn

75

Phe

Ala

Ala

His

Thr

155

Leu

Glu

Met

Asp

Ala

235

Ser

Ala

Ala

Met

Lys

Thr
285

Pro Glu Glu

Thr Leu Ala Ser

300

Asp

Asp

Arg

Glu

Gln

60

Glu

Pro

Gly

His

Gly

140

Gln

Ile

Lys

Thr

Gly

220

Pro

His

Glu

Ser

Tyr

Leu

Tyr

Asp

45

Gly

Lys

Leu

Val

Gly

125

Met

Ile

Gly

Gly

Arg

205

Val

Gly

Leu

Phe

Val
285

Leu

Gly

Ala

30

Leu

Asp

Leu

Val

Ala

110

Asp

Pro

Gly

Val

Ile

190

Val

His

Val

Ala

Val

270

Ala

Asn

Gln
15

Ser

Ala

Leu

95

Val

Leu

Arg

175

Met

Leu

Met
255

Glu

Val

Phe

Pro
320

Thr

Val

Asp

Arg

Ala

80

Gly

His

Asn

Ala

Tyr

160

Ser

Ile

Glu

Ser

Thr

240

Glu

Val

Ala
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<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: amino acid sequence of éxHis-tagged Bacillus
caldovelox arginase with Serl6l replaced by Cys.

<400> SEQUENCE: 8

Met Lys Pro Ile Ser Ile Ile Gly Val Pro Met Asp Leu Gly Gln Thr
1 5 10 15

Arg Arg Gly Val Asp Met Gly Pro Ser Ala Met Arg Tyr Ala Gly Val
20 25 30

Ile Glu Arg Leu Glu Arg Leu His Tyr Asp Ile Glu Asp Leu Gly Asp
35 40 45

Ile Pro Ile Gly Lys Ala Glu Arg Leu His Glu Gln Gly Asp Ser Arg
50 55 60

Leu Arg Asn Leu Lys Ala Val 2la Glu Ala Asn Glu Lys Leu Ala Ala
65 70 75 80

Ala Val Asp Gln Val Val Gln Arg Gly Arg Phe Pro Leu Val Leu Gly
85 90 95

Gly Asp His Ser Ile Ala Ile Gly Thr Leu Ala Gly Val Ala Lys His
100 105 110

Tyr Glu Arg Leu Gly Val Ile Trp Tyr Asp Ala His Gly Asp Val Asn
115 120 125

Thr Ala Glu Thr Ser Pro Ser Gly Asn Ile His Gly Met Pro Leu Ala
130 135 140

Ala Ser Leu Gly Phe Gly His Pro Ala Leu Thr Gln Ile Gly Gly Tyr
145 150 155 160

Cys Pro Lys Ile Lys Pro Glu His Val Val Leu Ile Gly Val Arg Ser
165 170 175

Leu Asp Glu Gly Glu Lys Lys Phe Ile Arg Glu Lys Gly Ile Lys Ile
180 185 190

Tyr Thr Met His Glu Val Asp Arg Leu Gly Met Thr Arg Val Met Glu
195 200 205

Glu Thr Ile Ala Tyr Leu Lys Glu Arg Thr Asp Gly Val Hisg Leu Ser
210 215 220

Leu Asp Leu Asp Gly Leu Asp Pro Ser Asp Ala Pro Gly Val Gly Thr
225 230 235 240

Pro Val Ile Gly Gly Leu Thr Tyr Arg Glu Ser His Leu Ala Met Glu
245 250 255

Met Leu Ala Glu Ala Gln Ile Ile Thr Ser Ala Glu Phe Val Glu Val
260 265 270

Asn Pro Ile Leu Asp Glu Arg 2&sn Lys Thr Ala Ser Val Ala Val Ala
275 280 285

Leu Met Gly Ser Leu Phe Gly Glu Lys Leu Met His His Hig Hig His
290 295 300

His
305

<210> SEQ ID NO 9

<211> LENGTH: 969

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: human arginase I mutant (CLl68S/C303S)

<400> SEQUENCE: 9

atgagcgeca agtccagaac catagggatt attggagete ctttctcaaa gggacageca 60

cgaggagyyy tygaagaagg ccctacagta ttgagaaagg ctggtctget tgagaaactt 120
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-continued
aaagaacaag agtgtgatgt gaaggattat ggggacctgc cctttgctga catccctaat 180
gacagtccct ttcaaattgt gaagaatcca aggtctgtgg gaaaagcaag cgagcagcetg 240
gctggcaagg tggcagaagt caagaagaac ggaagaatca gcctggtgcet gggceggagac 300
cacagtttgg caattggaag catctctgge catgccaggg tccaccctga tettggagte 360
atctgggtgg atgctcacac tgatatcaac actccactga caaccacaag tggaaacttg 420
catggacaac ctgtatcttt cctcectgaag gaactaaaag gaaagattce cgatgtgeca 480
ggattctect gggtgactee ctctatatet gecaaggata ttgtgtatat tggettgaga 540
gacgtggace ctggggaaca ctacattttg aaaactctag gcattaaata cttttcaatg 600
actgaagtgg acagactagg aattggcaag gtgatggaag aaacactcag ctatctacta 660
ggaagaaaga aaaggccaat tcatctaagt tttgatgttg acggactgga cccatcttte 720
acaccagcta ctggcacacc agtcgtggga ggtctgacat acagagaagg tctctacate 780
acagaagaaa tctacaaaac agggctacte tcaggattag atataatgga agtgaaccca 840
tecoctgggga agacaccaga agaagtaact cgaacagtga acacageagt tgcaataace 900
ttggcttett teggacttge tegggagggt aatcacaage ctattgacta ccttaaccca 960
cctaagtaa 969
<210> SEQ ID NO 10
<211> LENGTH: 322
<212> TYPE: PRT
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223» OTHER INFORMATION: human arginase I mutant (C168S/C3033)
<400> SEQUENCE: 10

Met Ser Ala Lys Ser

1

Lys

Lys

Asp

Gln

65

Ala

Leu

Arg

Ile

Val

145

Gly

Ile

Leu

Gly

Ala

Tyr

50

Ile

Gly

Gly

Val

Asn

130

Ser

Phe

Gly

Gly

Gln

Gly

35

Gly

Val

Lys

Gly

His

115

Thr

Phe

ser

Leu

Ile
195

5

Pro Arg
20

Leu Leu

Asp Leu

Lys Asn

Val Ala
85

Asp His
100

Pro Asp

Pro Leu

Leu Leu

Trp Val
165

Arg Asp
180

Lys Tyr

Arg

Gly

Glu

Pro

Pro

70

Glu

Ser

Leu

Thr

Lys

150

Thr

Val

Phe

Thr

Gly

Lys

Phe

55

Arg

Val

Leu

Gly

Thr

135

Glu

Pro

Asp

Ser

Ile

Val

Leu

40

2la

Ser

Lys

2la

Val

120

Thr

Leu

Ser

Pro

Met
200

Gly

Glu

25

Lys

Asp

Val

Lys

Ile

105

Ile

Ser

Lys

Ile

Gly

185

Thr

Ile

10

Glu

Glu

Ile

Gly

Asn

90

Gly

Trp

Gly

Gly

Ser

170

Glu

Glu

Ile

Gly

Gln

Pro

Lys

75

Gly

Ser

Val

Asn

Lys

155

Ala

His

Val

Gly

Pro

Glu

Asn

60

Ala

Arg

Ile

Asp

Leu

140

Ile

Lys

Tyr

Asp

Ala

Thr

Cys

45

Asp

Ser

Ile

Ser

Ala

125

His

Pro

Asp

Ile

Arg
205

Pro

Val

30

Asp

Ser

Glu

Ser

Gly

110

His

Gly

Asp

Ile

Leu

190

Leu

Phe Ser
15

Leu Arg

Val Lys

Pro Phe

Gln Leu
80

Leu Val
95

His Ala

Thr Asp

Gln Pro

Val Pro

160

Val Tyr
175

Lys Thr

Gly Ile
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42

Gly Lys Val
210

Arg Pro Ile
225

Thr Pro Ala

Gly Leu Tyr

Leu Asp Ile

275

Val Thr Arg
290

Gly Leu Ala
305

Pro Lys
<210> SEQ I

<211> LENGT
<212> TYPE:

Met Glu

His Leu

Thr Gly
245

Ile Thr
260

Met Glu

Thr Val

Arg Glu

D NO 11
H: 990
DNA

Glu

Ser

230

Thr

Glu

Val

Asn

Gly
310

Thr

215

Phe

Pro

Glu

Asn

Thr

295

Asn

Leu

Asp

Val

Ile

Pro

280

Ala

His

Ser

Val

Val

Tyr

265

Ser

Val

Lys

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: éxHis-tagged human

(Cles
<400> SEQUE
atgcatcacce
cctttetecaa
gctggtetge
coetttygety
ggaaaagcaa
agecetggtge
gtccacceetg
acaaccacaa
ggaaagattc
attgtgtata
ggcattaaat
gaaacactca
gacggactgg
tacagagaag
gatataatgg
aacacagcag
cctattgact
<210» SEQ I

<211> LENGT
<212> TYPE:

$/C3038)

NCE: 11

atcaccatca

agggacagcece

ttgagaaact

acatcectaa

gegageaget

tgggeggaga

atcttggagt

gtggaaactt

cegatgtgece

ttggcttgag

acttttcaat

gctatctact

acccatcettt

gtctetacat

aagtgaacce

ttgcaataac

accttaacce

D NO 12
H: 329
PRT

catgagegec
acgaggaggyg
taaagaacaa
tgacagteee
ggctggeaag
ccacagtttyg
catctgggtyg
gcatggacaa
aggattctce
agacgtggac
gactgaagtg
aggaagaaag
cacaccagct
cacagaagaa
atccetgggg
cttggcttet

acctaagtaa

Tyr

Asp

Gly

250

Lys

Leu

Ala

Pro

Leu

Gly

235

Thr

Gly

Ile

Ile
315

aagtccagaa

gtggaagaag

gagtgtgatg

ttteaaatty

gtggcagaag

gcaattggaa

gatgctcaca

cetgtatett

tgggtgactce

cctggggaac

gacagactag

aaaaggccaa

actggcacac

atctacaaaa

aagacaccag

tteggacttyg

<213> ORGANISM: artificial sequence

<220> FEATU

RE:

Leu

220

Leu

Leu

Gly

Lys

Thr

300

Asp

Gly

Asp

Thr

Leu

Thr

285

Leu

Tyr

Arg

Pro

Tyr

Leu

270

Pro

Ala

Leu

arginase I

ccatagggat

gccctacagt

tgaaggatta

tgaagaatce

tcaagaagaa

geatctetygy

ctgatatcaa

tcectectgaa

cctctatatce

actacatttt

gaattggcaa

ttcatctaag

cagtcgtggy

cagggctact

aagaagtaac

ctcgggaggy

Lys

Ser

Arg

255

Ser

Glu

Ser

Asn

Lys

Phe

240

Glu

Gly

Glu

Phe

Pro
320

mutant

tattggaget

attgagaaag

tggggacctyg

aaggtetgty

cggaagaate

ceatgecagy

cactccactg

ggaactaaaa

tgccaaggat

gaaaactcta

ggtgatggaa

ttttgatgtt

aggtctgaca

ctcaggatta

tegaacagtyg

taatcacaag

<223> OTHER INFORMATION: éxHis-tagged human arginase I mutant

(Cles

5/C3038)

<400> SEQUENCE: 12

Met His His His His His His Met Ser Ala Lys Ser Arg Thr Ile Gly

60

120

180

240

300

360

420

480

540

600

660

720

780Q

840

900

960

990
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44

1 5 10 15

Ile Ile Gly Ala Pro Phe Ser Lys Gly Gln Pro Arg Gly Gly Val Glu
20 25 30

Glu Gly Pro Thr Val Leu Arg Lys Ala Gly Leu Leu Glu Lys Leu Lys
35 40 45

Glu Gln Glu Cys Asp Val Lys Asp Tyr Gly Asp Leu Pro Phe Ala Asp
50 55 60

Ile Pro Asn Asp Ser Pro Phe Gln Ile Val Lys Asn Pro Arg Ser Val
65 70 75 80

Gly Lys Ala Ser Glu Gln Leu Ala Gly Lys Val Ala Glu Val Lys Lys
85 90 95

Asn Gly Arg Ile Ser Leu Val Leu Gly Gly Asp His Ser Leu Ala Ile
100 105 110

Gly Ser Ile Ser Gly His Ala Arg Val His Pro Asp Leu Gly Val Ile
115 120 125

Trp Val Asp Ala His Thr Agp Ile Asn Thr Pro Leu Thr Thr Thr Ser
130 135 140

Gly Asn Leu His Gly Gln Pro Val Ser Phe Leu Leu Lys Glu Leu Lys
145 150 155 160

Gly Lys Ile Pro Agp Val Pro Gly Phe Ser Trp Val Thr Pro Ser Ile
165 170 175

Ser Ala Lys Asp Ile Val Tyr Ile Gly Leu Arg Asp Val Asp Pro Gly
180 185 190

Glu His Tyr Ile Leu Lys Thr Leu Gly Ile Lys Tyr Phe Ser Met Thr
195 200 205

Glu Val Asp Arg Leu Gly Ile Gly Lys Val Met Glu Glu Thr Leu Ser
210 215 220

Tyr Leu Leu Gly Arg Lys Lys Arg Pro Ile His Leu Ser Phe Asp Val
225 230 235 240

Agp Gly Leu Asp Pro Ser Phe Thr Pro Ala Thr Gly Thr Pro Val Val
245 250 255

Gly Gly Leu Thr Tyr Arg Glu Gly Leu Tyr Ile Thr Glu Glu Ile Tyr
260 265 270

Lys Thr Gly Leu Leu Ser Gly Leu Asp Ile Met Glu Val Asn Pro Ser
275 280 285

Leu Gly Lys Thr Pro Glu Glu Val Thr Arg Thr Val Asn Thr Ala Val
290 295 300

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

Pro Ile Asp Tyr Leu Asn Pro Pro Lys
325

<210> SEQ ID NO 13

<211> LENGTH: 900

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Bacillus caldovelox arginase mutant ($161C)
<400> SEQUENCE: 13

atgaagccaa tttcaattat cggggttccg atggatttag ggcagacacg ccgeggegtt
gatatgggyge cgagegeaat gegttatgea ggegtceateg aacgtetgga acgtetteat
tacgatattg aagatttggg agatattccg attggaaaag cagagcggtt gecacgagcaa

ggagattcac ggttgegcaa tttgasageg gttgeggaag cgaacgagaa acttgeggeg

60

120

180

240



US 8,507,245 B2

45 46
-continued

geggttgace aagtegttea gegggggega ttteegettg tgttgggegyg cgaccatage 300
atcgecattg geacgetege cggggtggey aaacattatg ageggcttygg agtgatetgg 360
tatgacgcge atggcgacgt caacaccgcg gaaacgtcge cgtctggaaa cattcatgge 420
atgccgetgg cggcgagect cgggtttgge catceggege tgacgcaaat cggceggatac 480
tgcecccaaaa teaagecgga acatgtegty ttgateggey teegttecet tgatgaaggyg 540
gagaagaagt ttattcgega aaaaggaatc aaaatttaca cgatgcatga ggttgategg 600
ctcggaatga caagggtgat ggaagaaacy atcgectatt taaaagaacg aacggatgge 660
gttcatttgt cgcttgactt ggatggcctt gacccaageg acgcaccdgg agtcggaacg 720
cctgtcattg gaggattgac ataccgcgaa agccatttgg cgatggagat getggecgag 780
gcacaaatca tcacttcagc ggaatttgtc gaagtgaacc cgatcttgga tgagcggaac 840
aaaacagcat cagtggctgt agcgctgatg gggtcgttgt ttggtgaaaa actcatgtaa 900
<210> SEQ ID NO 14

<21l> LENGTH: 299

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATU

<223> OTHER INFORMATION: Bacillus caldovelox arginase mutant

RE:

<400> SEQUENCE: 14

Met Lys Pro
1

Arg Arg Gly
Ile Glu Arg
35

Ile Pro Ile
50

Leu Arg Asn
65

Ala Val Asp

Gly Asp His

Tyr Glu Arg

115

Thr Ala Glu
130

Ala Ser Leu
145

Cys Pro Lys

Leu Asp Glu

Tyr Thr Met

195

Glu Thr Ile
210

Leu Asp Leu
225

Pro Val Ile

Ile Ser Ile
5

Val Asp Met
20

Leu Glu Arg

Gly Lys Ala

Leu Lys Ala

70

Gln Val Val
85

Ser Ile Ala
100

Leu Gly Val

Thr Ser Pro

Gly Phe Gly

150

Ile Lys Pro
165

Gly Glu Lys
180

His Glu Val

Ala Tyr Leu

Asp Gly Leu
230

Gly Gly Leu
245

Ile

Gly

Leu

Glu

55

Val

Gln

Ile

Ile

Ser

135

His

Glu

Lys

Asp

Lys

215

Asp

Thr

Gly

Pro

His

40

Arg

2la

Arg

Gly

Trp

120

Gly

Pro

His

Phe

Arg

200

Glu

Pro

Tyr

Val

Ser

25

Tyr

Leu

Glu

Gly

Thr

105

Tyr

Asn

Ala

Val

Ile

185

Leu

Arg

Ser

Arg

Pro

10

Ala

Asp

His

Ala

Arg

90

Leu

Asp

Ile

Leu

Val

170

Arg

Gly

Thr

Asp

Glu
250

Met

Met

Ile

Glu

Asn

75

Phe

Ala

Ala

His

Thr

155

Leu

Glu

Met

Asp

Ala

235

Ser

Asp Leu Gly
Arg Tyr Ala
30

Glu Asp Leu
45

Gln Gly Asp
60

Glu Lys Leu

Pro Leu Val

Gly Val Ala

110

His Gly Asp
125

Gly Met Pro
140

Gln Ile Gly

Ile Gly Val

Lys Gly Ile

190

Thr Arg Val
205

Gly Val His
220

Pro Gly Val

His Leu Ala

Gln Thr
15

Gly Val

Gly Asp

Ser Arg

Ala Ala
80

Leu Gly
95

Lys His

Val Asn

Leu Ala

Gly Tyr
160

Arg Ser
175

Lys Ile

Met Glu

Leu Ser

Gly Thr

240

Met Glu
255

{s161cC)
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Met Leu Ala Glu Ala Gln Ile Ile Thr Ser Ala Glu Phe Val Glu Val
260 265 270

Asn Pro Ile Leu Asp Glu Arg 2sn Lys Thr Ala Ser Val Ala Val Ala
275 280 285

Leu Met Gly Ser Leu Phe Gly Glu Lys Leu Met
290 295

<210> SEQ ID NO 15

<211> LENGTH: 918

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: éxHis-tagged Bacillus caldovelox arginase
mutant (S161C)

<400> SEQUENCE: 15
atgaagccaa tttcaattat cggggttceg atggatttag ggcagacacyg cegeggegtt 60
gatatgggge cgagegeaat gegttatgca ggegtcateg aacgtctgga acgtettcat 120

tacgatatty aagatttggg agatattccy attggaaaag cagagcggtt geacgagcaa 180

ggagattcac ggttgcgcaa tttgasageg gttgeggaag cgaacgagaa acttgceggeg 240
geggttgace aagtegttea gegggggega ttteegettyg tgttgggegyg cgaccatage 300
atcgccattyg gcacgetege cggggtggey aaacattatg ageggettgg agtgatcetgyg 360
tatgacgege atggegacgt caacaccgeg gaaacgtcege cgtctggaaa cattcatgge 420

atgcecgetgg cggegagect cgggtttgge catcecggege tgacgcaaat cggceggatac 480

tgcecccaaaa tcaagccgga acatgtegtg ttgatcggeg tceegttecct tgatgaaggg 540

gagaagaagt ttattcgcga aaaaggaatc aaaatttaca cgatgcatga ggttgatcegg 600

cteggaatga caagggtgat ggaagaaacy atcegectatt taaaagaacy aacggatgge 660

gtteatttgt cgettgactt ggatggeett gacccaageg acgcaceggyg agteggaacg 720

cctgtecattyg gaggattgac ataccgcgaa agecatttgg cgatggagat getggecgag 780

gcacaaatca tcacttcage ggaatttgtce gaagtgaacc cgatcttgga tgagceggaac 840

aaaacagcat cagtggctgt agcgctgatg gggtcgttgt ttggtgaaaa actcatgcat 9200

caccatcacc atcactaa 918

<210> SEQ ID NO 16

<211> LENGTH: 305

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: éxHis-tagged Bacillus caldovelox arginase
mutant (S161C)

<400> SEQUENCE: 16

Met Lys Pro Ile Ser Ile Ile Gly Val Pro Met Asp Leu Gly Gln Thr
1 5 10 15

Arg Arg Gly Val Asp Met Gly Pro Ser Ala Met Arg Tyr Ala Gly Val
20 25 30

Ile Glu Arg Leu Glu Arg Leu His Tyr Asp Ile Glu Asp Leu Gly Asp
35 40 45

Ile Pro Ile Gly Lys Ala Glu Arg Leu His Glu Gln Gly Asp Ser Arg
50 55 60

Leu Arg Asn Leu Lys Ala Val 2la Glu Ala Asn Glu Lys Leu Ala Ala
65 70 75 80

Ala Val Asp Gln Val Val Gln Arg Gly Arg Phe Pro Leu Val Leu Gly
85 90 95
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Gly

Tyr

Thr

Ala

145

Cys

Leu

Tyr

Glu

Leu

225

Met

Leu

His
305

Asp His Ser Ile Ala Ile Gly Thr Leu
100 105

Glu Arg Leu Gly Val Ile Trp Tyr Asp
115 120

Ala Glu Thr Ser Pro Ser Gly &sn Ile
130 135

Ser Leu Gly Phe Gly His Pro 2la Leu
150

Pro Lys Ile Lys Pro Glu His Val Val
165 170

Asp Glu Gly Glu Lys Lys Phe Ile Arg
180 185

Thr Met His Glu Val Asp Arg Leu Gly
195 200

Thr Ile Ala Tyr Leu Lys Glu Arg Thr
210 215

Asp Leu Asp Gly Leu Asp Pro Ser Asp
230

Val Ile Gly Gly Leu Thr Tyr Arg Glu
245 250

Leu Ala Glu Ala Gln Ile Ile Thr Ser
260 265

Pro Ile Leu Asp Glu Arg 2Asn Lys Thr
275 280

Met Gly Ser Leu Phe Gly Glu Lys Leu
290 295

<210> SEQ ID NO 17

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 17

gatatacata tgcatcacca tcac

<210> SEQ ID NO 18

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

223> OTHER INFORMATION: Primer

«<400> SEQUENCE: 18

agtgcaggat ccttacttag gtgggttaag gtagtc

<210> SEQ ID NO 19

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 19

gggtgactce ctectatatet gecaagyg

Ala

Ala

His

Thr

155

Leu

Glu

Met

Asp

Ala

235

Ser

Ala

Ala

Met

Gly

His

Gly

140

Gln

Ile

Lys

Thr

Gly

220

Pro

His

Glu

Ser

His
300

Val

Gly

125

Met

Ile

Gly

Gly

Arg

205

Val

Gly

Leu

Phe

Val

285

His

Ala

110

Asp

Pro

Gly

Val

Ile

190

Val

His

Val

Ala

Val

270

Ala

His

Val

Leu

Arg

175

Met

Leu

Met
255
Glu

Val

His

His

Asn

Ala

Tyr

160

Ser

Ile

Glu

ser

Thr

240

Glu

Val

Ala

His

24

36

27
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52

-continued

<210>
<21l>
<212>
<213>
<220>
<223>

SEQ ID NO 20

LENGTH: 27

TYPE: DNA

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: Primer
<400>

SEQUENCE: 20

ccttggcaga tatagaggga gtcacce

«210>
<21l>
<212>
<213>
<220>
<223>

SEQ ID NO 21

LENGTH: 29

TYPE: DNA

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: Primer
<400>

SEQUENCE: 21

gcaataacct tggcttcttt cggacttge

<210>
<211l>
<212>
«213>
<220>
«223>

SEQ ID NO 22

LENGTH: 29

TYPE: DNA

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: Primer

«<400> SEQUENCE: 22

gcaagtccga aagaagccaa ggttattge

27

29

29

What is claimed is:

1. A pharmaceutical composition for treating an arginine-
dependent disease comprising a polyethylene glycol-arginase
conjugate having a polyethylene glycol moiety covalently
attached to a genetically-modified human arginase, wherein
said genetically-modified human arginase has a single amino
acid position for covalently attaching to the polyethylene
glycol moiety, wherein said polyethylene glycol-arginase
conjugate has a serum circulation half-life higher than the
serum circulation half-life of pure, unmodified human argin-
ase, wherein said polyethylene glycol-arginase conjugate has
decreased immunogenicity compared to the immunogenicity
of pure, unmodified human arginase, wherein said single
amino acid position is sufficiently far from the active site of
the genetically-modified human arginase such that the poly-
ethylene glycol attachment does not interfere with the active
site, wherein the genetically-modified human arginase com-
prises SEQ ID NO: 6 and the single amino acid position for
the attachment of polyethylene glycol is position 45 of SEQ
ID NO: 6 (Cys*).

2. A pharmaceutical composition for treating an arginine-
dependent disease comprising a polyethylene glycol-arginase
conjugate having a polyethylene glycol moiety covalently
attached to a genetically-modified Bacillus caldovelox argi-
nase, wherein said genetically-modified Bacillus caldovelox
arginase has a single amino acid position for covalently
attaching to the polyethylene glycol moiety, wherein said
polvethylene glycol-arginase conjugate has a serum circula-
tion half-life higher than the serum circulation half-life of
pure, unmodified Bacillus caldovelox arginase, wherein said
polyethylene glycol-arginase conjugate has decreased immu-
nogenicity compared to the immunogenicity of pure,
unmodified Bacillus caldovelox arginase, wherein said single
amino acid position is sufficiently far from the active site of

the genetically-modified Bacillus caldovelox arginase such
that the polyethylene glycol attachment does not interfere
with the active site, wherein the genetically-modified Bacil-
lus caldovelox arginase comprises SEQ ID NO: 8§ and the
single amino acid position for the attachment of polyethylene
glycol is position 161 of SEQ ID NO: 8§ (Cys*®h).

3. The pharmaceutical composition of claim 1 wherein the
ratio of said polyethylene glycol moiety to the genetically-
modified human arginase is substantially one.

4. The pharmaceutical composition of claim 2 wherein the
ratio of said polyethylene glycol moiety to the genetically
modified Bacillus caldovelox arginase is substantially one.

5. The pharmaceutical composition of claim 1 wherein the
polyethylene glycol is a single chain or branched chain poly-
ethylene glycol.

6. The pharmaceutical composition of claim 2 wherein the
polyethylene glycol is a single chain or branched chain poly-
ethylene glycol.

7. The pharmaceutical composition of claim 1 further com-
prising a pharmaceutically acceptable carrier, excipient, or
auxiliary agent.

8. The pharmaceutical composition of claim 2 further com-
prising a pharmaceutically acceptable carrier. excipient, or
auxiliary agent.

9. The pharmaceutical composition of claim 1 wherein the
arginine-dependent disease is an arginine-dependent cancer
or a viral infection by a virus selected from HIV, hepatitis B,
and hepatitis C.

10. The pharmaceutical composition of claim 2 wherein
the arginine-dependent disease is an arginine-dependent can-
cer or a viral infection by a virus selected from HIV, hepatitis
B, and hepatitis C.
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