USOOREA47233E

(19) United States

12y Reissued Patent (10) Patent Number: US RE47,233 E
Wong et al. 45) Date of Reissued Patent: Feb. 12, 2019

(54) ALBUMIN-BINDING ARGININE DEIMINASE (56) References Cited

AND THE USE THEREOF U.S. PATENT DOCUMENTS

(71) AppllCElIlt Vision (lobal HOIdiIlgS Ltd., HOIlg 5,196,195 A * 3/1993 Griffith .....ocoovvevenrnnn. 424/94 6
Kong (HK) 5474928 A * 12/1995 Takaku et al. ................ 435/228

(Continued)

(72) Inventors: Bing Lou Wong, Irvine, CA (US);
Norman Fung Man Wai, Vancouver FOREIGN PATENT DOCUMENTS

(CA); Sui Yi Kwok, Hong Kong (HK); ON 1634995 A 717005
Yun Chung Leung, Hong Kong (HK) EP 2295560 Al 3/2011

(Continued)

(73) Assignee: Vision Global Holdings Ltd., Hong

Kong (HK) OTHER PUBLICATIONS

(21) Appl. No.: 15/658,6835 Communication pursuant to Article 94(3) EPC of EP Application

_ No. 14760354.2 1ssued by the European Patent Office on Jan. 29,
(22) Filed: Jul. 25, 2017 2018

Related U.S. Patent Documents (Continued)

Reissue of:

(64) Patent No.: 9,255,262 ‘
Issued: Feb. 9. 2016 (74) Attorney, Agent, or Firm — Spruson & Ferguson

Appl. No.: 14/197,236 (Hong Kong) Limited
Filed: May 5, 2014

U.S. Applications:

(60) Provisionalﬁ application No. 61/773,214, filed on Mar. The present invention provides a pharmaceutical composi-
6 2013 o tion containing albumin-binding arginine deiminase fusion

protein (AAD) for treating cancer or other arginine-depen-

(51) Int. CL dent diseases. The AAD fission protein can be purified from
CI2N 9/16 (2006.01) both soluble and insoluble fractions of crude proteins, 1t
CI2N 9/78 (2006.01) binds to human serum albumin (HSA) and has i1ts high
activity with longer half life for eflicient depletion of argi-
nine 1n cancer cells. The specific activities of wild-type ADI
and AAD 1n the present invention are 8.4 and 9.2 U/mg (at

(2013.01); CI2Q 1/34 (2013.01); AGIK 38/00 physiological pH 7.4), respectively. The AAD used in the
T 7 present mvention can be used in the treatment of various

| (2013.01); cancers (e.g. pancreatic cancer, leukemia, head and neck
(Continued) cancer, colorectal cancer, lung cancer, breast cancer, liver
(58) Field of Classification Search cancer, nasopharyngeal cancer, esophageal cancer, prostate

CPC . C12N 9/78; C12Q 1/34; CO7K 14/00; CO7K cancer, stomach cancer & brain cancer) and curing arginine-
2319/33; CO7K 2319/70; C12Y dependent diseases. The composition can be used alone or 1n

305/03006; A61K 38/00 combination with at least one chemotherapeutic agent to

Primary Examiner — Alan D Diamond

(57) ABSTRACT

(Continued)

(52) U.S. CL
CPC oo CI2N 9/78 (2013.01); CO7K 14/00

See application file for complete search history. (Continued)

E L L I B
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn I
Il 1t | AT ‘|: Al
----------------------------------------
R AL LD M R
Ly MECHIID MY, 2,
Crrm T T S D e T e T T T e T T e T T e T T T T T T e a Dol P
ﬂ."r_'- FE oy —ER"E 1 LR A M AR P R IR A T R R I TE R T TR AL JCRRC AL T ICOPRIE SN TS A IS
e [ N I i -I_l-I_l-I_l-I_l-I_l:‘:'_"_"_"_"_"_"_"_"_"_"_"_' I.i.i:-.'ilz‘l":k;tbt .I'I-\:-.E-\..:.l_.l-\. ...-...I.'..r-‘w..-:.l.'...- ...'J.-.J.-\_.J..Jl.:-. 'a'...-..-I'.J: ...'-\..“..1.-1..:\...1..-\...-...-.L..-\.-ﬂ.
. o n - TR I R AU FRAEN. BT T Y AL WY (AL R Tt (T T St T N N R O R TN B . RN A R L TE T S T
b k) ) R L LT S L O e S T IR E P LTI K AP R TR RPN
[T — e ity eyt gt ' . e g T R . ot e e opt e e tan e ' ' it . g1
b L Y e L L L e e e iy N T R R e LR S LR E A REE T T, T o I"r. F
ce e ayr = - - —mpr gy - [ TTTF it H
. I S T 1 =g ' - e - - .
A LW AN L VL e LA oA S L TR L TR U0 O SRIOTVERNE L o T T T Y R LT T T AR R T TR LT T N B R T S B WA, O B T e N L T R PR M O L PR
L A T A T TR D O T R L T R O E e R O UF T R S, o e L . s . L i R e S i e L L e T 2ok B e T S T T e R e R T T
v Ly - - -L + - - ~h-L = ol L . T T T ERT IJ:','IT._' i :-:F_'rI TR T T b‘:-l T TS N B L b T EE T D ST S e ol LISt B SR R B U S P PRI 0 T IS D Bl PO P | IRkl
g e . - _ o _ _ e - I _ ok e L " -t gy Tt el e b ke ol mkh R b o e b d hmt e BB e atak ok . .
R LT SR T SR A TR LN TR YIELAS 3 G TR IR SR AT T YT o AL e T P o B T Tt E T s 1 T T X
ey o L AT T I W R U TH R o e T T e Y W e, em 3 ) - -
o 2 RN I e L ) L Tl D) LG v O TR DT D L L Vo D O F T A A A T CR P IR LT W SRR R R T LT P UL KR e T (ALY apmin St dumain: the Sl Gamaen Hu und AN s adariad win ;i
et - - - - e o - e e MAed B oare EL RN FTY T PO L Tt B il s I Lty B ant oAty s A I HU LI Y
5 ST T e e LTI e Sl i TR R R T .- P T R e N L. "2 v e o . L T T ’ . i . .
E{‘&E! ,’P Fal ol E‘-l!‘* "'LF:" -I-HFE‘-LII"-‘*- af e ol EEE.W*EB'-‘ Feld'ls :"-P:q”"j'-.l-"q‘-‘-":q' J..*'q:.'l.!' Lt Il T T T O T Sl S T I':l_"1:1_-!."1._"-11.-TI':J.L'1_1._-'I._:.I' [ N :..J-':‘l [I-.‘naf-' | f"'.'l_'_-'.i' FER TR I R T, TR |""-'_|.':|: LTI N N R A N TRL SR LY | P e B OF rJ
STV R E R L R T o I PR T AT S PR AT R Y PR - e T e LT B T B o O T LR Tl T et o e e Bl R CEL T TN S TN T TRl
AT Y I | e LU R L Lo LN TN Ry g F] o e B L F] L'r Ll "N T B | L..a:.-...r.....F:l.-.r.. LIS b LR e I e L Ja..'\lrl.l'.u_.ir'rlFJIl'aal ;;;;;; 1 d"Ccas
- - - r.m u -, m - cE Ep N W m m L ] L T I L R EE R I T e T LR P E LTRSS I | --11'1¥1#1*1#1"‘-_F-1-f
:HI"-I‘.J- n"'-"?.:"ﬂ'.‘hh.-! u"'l. i‘:" I-'I.:' IH:"I:': 'ﬁih'h-hu‘al'l r.l‘.l"i?:l:r.-l':..'*u L-'i-u :i - ﬂ-lf"ll-':l'l'-'l-'-':'--l ot ::'-'-1ﬂ - _-I__\_-.__:-r‘l_'\-‘ '-JI--I-“-h'‘-"''-'l"-‘'I':-.\""\-'-ﬂﬂ-d.—"-'-I"'\-l-';]--Ill"'I-"l--“-l"t."l'm-l'"'u-"-l-l h"-l-.da 1 k = kl: N H ] % 77 'll:. : 1'.- |_'|‘ "'-."'b 1 I\. . TR - I""il' I |"|| "-.I' 2 "-';'ﬁl: L
‘‘‘‘‘ g Ty S bt 2R W e A2 AN e s L ke o RO R Linee S TR AR AL L T
a8 iy T o A N T T R i P S i W Py P R ) = ? = ! el e T :
G A L N T A A s A T P L e e L ARy
CANY 2 Rl DR alhunin B aTnn dumaii, ohe Puka Tk wnderieng )
AR ol Jaig; ™ B LTI Feeast T
H A
Leoker & CSLOTF L MG s d55LLIL N HLTEA NS {Aheoded)
(B SEQIDND, X7 S OSER) LD M- By LI R L
a g P T
A ) _JI: e =|"
) a5n :1_:- Hy ': :|====.=.If:-:::-:::-::.:{-.--.--.--.--.--.-l
- - L oy o (Him o e AN L Y [\ M
TR, ST ., LI e Faie TTrTT T T T TRARRRRS .L-_-_-_-_-_ '''''''''''''''''''''''''''
- — | AE B - LT T TR Lty T e
LLLLLLLLLLLLLLLLLLLLLLLL E‘J—JJ-‘l".JL-'hf :"— L Y A e - k- [TERN g Y -
e Ul W e b 1y IR TR LTTs LN YT L . s ,
L e g e —— . ThTE SN at LRI VTR e i -Eﬁ':ﬁ::'ﬂ.h.r_ﬁ.. R Sy i bk
i . ) . .-.thulil I'-‘l '11"- . af rll.'.';. ll..jl.l:"" o, I h::u:“‘"-:l-- L e B L LS L b L f -
T b R Tl .,- - r_,.: - u- ::. - r|.- r, rT - -: 1 DAL A Wi N
K 5 E NS T TEE -2 FRET T I EAFRON RERFERT! ; Fr e 1
ke S HDAL =L L, 15 L = e i oA ST CRT
W % i H AT Sl : o ) ! St Sk
e T T T T T R LS LT T L ) oLt ¥ TNTET I 7y F [
LICWCH LA LGRSO by B U R M ML DA M Tty T I S i et ) T e LT AT T n— [ T r 1
' L ] | P AT | 4
AR B Sedenipe dlovsair s e Mok iy wecloe e, . N s : .
aad e LR e ' J pASLY athnendy Bindive domiain, She fder i poctertined |
Tankor 21 5EC RO 50 ADITREAYTIANS (AT wroncrzn ey Soraean, SR Peedt dedeaasa S0 el SRTT s woderleacd vt adnd Do
) trgme Ry H A Ty s S TN L+ o |

Aok 2 20T B 530 MEANTIANA ratk e d S0 Ve B OB g T0 0w Fa ke Srllr

LAmended}



US RE47,233 E
Page 2

give a synergistic eflect on cancer treatment and/or 1nhibait-
Ing metastasis.

19 Claims, 22 Drawing Sheets

Specification includes a Sequence Listing.
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) AAD fusion protein with two ABD/ ABD1

C-terminus

SEQ 1D NO: 46
ABD without linker:
LAEAKVLANRELDKYGVSDYYKNLINNAKTYV,

VKALIDEILAALP

SEQ ID NO:; 47
ABD with linker:
AQHDEAVDANSLAEAKVLANRELDKY

VODY Y KNLINNAKTVEGVKALIDEILAALP

SEQ ID NO: 48
1 without linker:

LAEAKVLANRELDKYGVSDFYKRLINKAKTVEGVEALKLHILAALP

SEQ 1D NO: 49
ABD1 with linker:
GSHHHHHHANSLAEAKVLANRELDKYGVSDFYKRLINKAKTVEGVEALKLHILAALP

FI1G. 1 (continue
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AAD fusion protein with one ABD/ ABD1
(C) at N-terminus

ABD at
N-terminus
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SEQ ID NO: 46
ABD without linker:

SEQ ID NO: 47
ABD with linker:
AQHDEAVDANSLAEAKVLANRELDKYGVSDY YKNLINNAKTVEGVKALIDEILAALP

SEQ ID NO: 48
ABD1 without linker:
LABEAKVLANRELDKYGVSDFYKRLINKAKTVEGVEALKLHILAALP

SEQ ID NO: 49

ABD1 with linker:
GSHHHHHHANSLAEAKVLANRELDKYGVSDRFYKRUINKAKTVEGVEALKLHILAALP

F1G. 1 (continued)
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AAD fusion protein with ene ABD/ ABD1

(D) at C-terniinus
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C-terminus

SEQ ID NO: 46
ABD without linker: AEAKVLANRELDKYGVSDYYKNLINNAKTVEGVKALIDEILAALP

SEQ 1D NO: 47

AQHDEAVDANSLAFAKVLANRELDKYGVSDYYKNLINNAKTVEGVKALIDEILAALP

SEQ ID NO: 48
ABD1 without linker:
LAEAKVLANRELDKYGVSDFYKRLINKAKTVEGVEALKLHILAALP

SEQ ID NO: 49

ABD1 with linker:
GSHHHHHHANSLAEAKVLANRELDKYGVSDEFYKRLINKAKTVEGVEALKLHILAALP

FIG. 1 (continued)
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(A) SEQIDNO: 36

M VLSRRG IRV YSE IGELE SYLVHEPGRE IDY I TRARLDELLE S AL LESHDARKERED
P ALK ANDINVYELI DL VAR TYDLASQEAK DKL I ERF LEDSE PYLSE EHE VY VRNFLER
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LAKNI VANEECEFKRI VA LNV PR WINLMHLD THL THLDKDRFLY 8P LANDVFRFWDYDLY
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(ABD 1: high affinity albumin binding domain; the linker is underlined.)

Linker 1 (SEQ ID NO: 50): GSHHHHHHANS

(B) SEQ ID NO: 37
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(ABD: albumin binding domain; the linker is underlined.)
Linker 2 (SEQ ID NO: 51} AQHDEAVDANS
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Intein-mediated Protein Ligation
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(A} GENE MAP
Rﬁ?ﬁlﬁ-ﬁi“:.
ABDH-R2
AR
hisABMde-F ABD

0

US RE47,233 E

ADIBem-R

¥
. ap oy
\_‘

(B)

(SEQ ID NO: 44)

51 -

Nucleotide sequence of His-ABD-PolyN-ADE (1484 bp):

ATCGCATUCATCACCATCACUATGATGAAGCUGTGCGATGUCAAT T CCTTAGUTGAAGUTAAAGTCT
TAGCTAACAGAGAACTTGACAAATATCGAGTAAGTCGACTATTACAAGAACCTAATCAACAATGC
CAAAACTGTTGAAGGTGTAAAAGUACTGATAGATGAAATTTTAGCTGCATTACCTTCGEETAGT
BACAACRAATAATAACAATGETAGCGGCGETTCTGTATTTGACAGTAAATTTAAAGGAATTCACE

™

TTTATTCAGAAATT {{:ﬂ« ""Ii:fAA‘L{"Ei"Hx.JA ATCAGTTCT:
TAHTTACACCAG AL
ABAGAACARCAAACAAT i"'( C 1 J:Cﬂ s AATTAARAGUAAACUGAL
ATTPAGTTGUTCGARACATATGATTTAGCATC
TTTPAGAAGACTCAGAACCAGTYTC iﬁ’“"f“ﬁiigﬂﬁﬁ,
GUTAAAAAAACATCARGAGAA G

¢ TRTCGM%GCAG& TCAC

\hfibﬂ'Mﬂ

{’ FTETY
£ LN A

CAC
ATTCTCAGCTATC

“§ !-""I"'II

Iﬂﬂ rrT
H

7y PP

li-h'—h

'

i :"‘““ﬁr"“
Y h;*._

"uf
r‘;"‘lr"l"'t
J. _.._
T

e

AATL__TCi{T’RfﬁﬁAﬂTGCﬁigﬁ
_______ PAACAATCOAR

iy O
"-E\f'!.. -...-i.l-..i..

GO T HGTG

et I TR AT T
S

."h*'.‘\.,rl.‘ L .1»..&1‘“11\._:' J

ACET“ AT TC‘WL* SATTTETATTCTCAAATCACCCTABACTE
ACCCTTCACTARAR .LJ:J.TC’,?"mTZE AGGTGELECACGTATTTAT

AACCAGGEAC

'-\.-i"-ln--lr-ﬁ-i\‘..i"'

ACAAGAAGOCTAAS
CAARMNGTAG
CGTAGAADTCATEATCHCAGCGGATCACARAATAC

Nt

sCGAARATT ’Iﬁw‘i‘ﬁx
‘”’I’A.._,m-a%{% CCBCGATGET ‘A-G&ﬂx
TCAATGTPETTCAAT T AATT
&Ghuﬂ&”TiAdiuﬂthﬂ&mi
TTETAAGAAACTTCTTAALR
TATTTAG
VCETGACCC
ACAARAGTTAGACAACETGAA

ortT™ Y,

--.‘I

CCTATACTTCACA

T

J.

VITAACACTCCATGETACTACG

auLy

T

N FTIITY N
ACALACAATGACACATTAGTY

AGTTGETGETTI f‘TG.&P&GE‘ACTC;ETTlCMﬁﬂCﬁG TACTTTAT f‘ GCTMM&&&C‘ATTCTTCCL
ARTAAAGAATGTCAATTCAAACGTATTGTTGUAATTAACGTTCCAAAATGGACAAALUTTAATGT
h(“”’”’ ALACACATGGCTAACAATGTTAGACAAGGCACARATVCCTATACTCAUCAATCGUTAATGA

sTATTTAAATTCTGEOATTATGCACTTAGTAAACGGTGCAGCAGAACCACAALCAGTTCAAAAT

GEATTAUCTCTAGAAGGATTA

i-*

SUA é CAATUAATUATTAAUAAARAAALL E—:.C""' TEVAATTCUCTATCG

CAGGTGAAGGTGC l’TCALﬁ YGOARATCGAAAGAGARAACACAC TTCCGATGGTACARACTACTT
&Cf"aﬁTmﬁCﬁﬁCﬁu NR YA T*-:.ﬂ TGGTTACTCACGTAACGARARARACARACGCTGUTCTAGAA
GUTGCAGGCATTAAA f’”“’TC”“T‘f’"‘”Fﬁ TCCACGGTARCCART TATCATTAGGTATGEETAMCGCTC
GTTGTATGTCAATGCCTTTATCACGTARA f—aT...TTf-aﬁGJ GGTAR~3!

Fi(s &6 {Amended)
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()} Amino acid sequence of His-ABD-PolyN-ADI:

(SEQ 1D NO: 40)

MHHEHHHHDEAVDANSLAEAKVLANRELBEYGVSDY YENL INNAKTVEGVKAL IDETLAALPSGENNNNNNGSGGSVE

USRERGERVYSEIGELESVLVHEPGRELDY I TPARLDELLESA TLESHDARKERKQFVAELKANBINVVEL IDLVAET

Y ASOEAK DKL LR EDSEPYLSERHR VY VRNFLKAKK TSRELVE IMMAG T TRY DLG TEADEEL IVDPMPNLYFIR
DPEASYGNGY T THYMRYKVRORE TLESREFVESNHPKL INTPRYYDPSLELS IRGCDVF T YNNDTLYVGVSERTDLQTY

TLLARNIVANKECEFKRIVAINVPKWINLMHLDTWL TMLDKDEFLYSP IANDVFKFWDYDLVNGGABPQPVENGLPLE

GLLGSTINKKPYLIPTAGECASQME TERETHFDOINY LATRPGVYICYSRNEK TNAALFAAG IKVLPFHGNGLSLGMG

NARCMSMPLSREDVEW

(PolyN with linker: SGSNNNNNNGSGG)

FIG. 6 {continsed) (Amended)
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(A} GENE MAP

peADRVF

becABON-R2Z

heABDnn-R E:,:
nisABDNde-REBD BeAD beAD Bam-R

¥ ! -
5 . . -
.
N . 1 4
. a
" b
I'. - [ ]
1
1 . !
.
1 1 .
. 1 .
a
. a
i 1 1

{B) The nucicotide sequence of His-ABD-PolyN-bcADE (1512 bp):

{5EQ 1D NGO 45)

&
.

ATGGGETCATCATCACCATCACCATCATGAAGCCLTGGATCUCGAACAGCTTAGCTGAAGCTAAAG
TCTTAGCTRACAGAGAACTTGACAAATATCGAGTAAGTGACTATTACAAGAACCTAATCAAC Af‘l

TGCCAARACTCETTGAAGGTGTAAAAGCACT iﬁ;TElG}lTCﬁmTT”‘TP\GCm’"’C ATTACCTTCGEET
AGTARCAACAATAATAACAATG CTﬂC“"CGCGuTEﬂthﬁ“ GCATACATGTTACTTCAGAAATTE
GGGAATTACAAACGGETTTATTAAAACGACCUGGETAAAGAAGTGGAAAATTYG E-&":C:u.ﬂC..?—& SATTA
TTTGUCAGCRAATTATTATTTGACGATATT CCi TACTUTACCAATTATTCAALBAAGAGUA 1 GATTAT
TTTGCACAAACGTTACGCAATCGEEETETTGAAGTTCTTTATTTAGAAABACTAGUCGCTGAGE
‘Ci 51 LAGTAGATARAAAAUTTCGAGAAGAAT VTG TCATUCETAT T TTAAAAGAAGGA ELE sGLUCGA
GTAAATCTTGCACATCARACTT TAAAAGAATATTTACTTTCCOTTTTCARATGAAGAATTAATT
a_,.-_LZEfi* AAATTATGCGCGEETETAC :r:.:J AARACGAAATTGAAACAAGTAAGAAGACACATT TATATE

AATTAATCGAAGATCATTATCCCTTTTACTTACATCCAATGCCTAATTTATATTTTACTCGTGA

TCCAGCAGCTAGUGTGHGECGATGGUTTAACCATAAATAAGATGAGA u.wl?:a.:f CAGUGUGTAGACSG

GAATCATTATTCATGGAGTACATCATTAAATATCATCCAAGATTTGCARAACATAATGTACCAL
TCTGETTAGATUGTGATTATAAATTT CCAATTCAA GG T G '””E&Cu*e#‘:."f:fjm VATTTTAAATGAAGA
AACAATTCCGATTGEAGTATCTCGCTCGTACTTCAGCTAAAGCARTTGAACGTTTAGCARAAAAT
CTCTTTAGUCGACAAAATAAAATTAAGAAAGTETTAGCAATAGAAATTUCAAARTGUCGAGCAT
TTATGUAT ”“TASATRf‘ACTEMTTR CAATGETTGATTATCGATAAGTTTACAATTCACCCAGCTAT
TCAAGGGUCAARAAGGGAATATGAATATTTATATTTTAGAAAAAGGAGUAGATGAGGAAACTCTT
AAAANTTAUACATUGTACTTCTTTAATGOAAGUAT T ARAAGAGG TAT T AGAC T TAAGTGAATTAL
TTCTTATTCCATGTGGAGGAGLGAGATGTAATTGCTTOT {%{ITEG“ GARCAATGHAATGATGGCTO
CAACACATTAGUAATCGUGCCAGGIGTAGTTGTTACATATCGATUGCAACTATLTATUCCAATAT G
TTATTACGGGAACACGGTATAGAAGTGATTGAGSE ”L”’i“h(,“‘ft, AGRATTATCTCGIGEICGETE

GLGHTUCACGTTGUA ‘.i.‘ SAGTATGCCARTTGT TCGTARAGATATTT AR 3

Fids. 7 {Amended)
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('} The amino acid sequence of His-ABD-PolvN-be ADI:

(SEQ D NO: 41

MCHHHHHHDEAVDANS LAFAKVLANRELDEKYGYSDY VENL INNAK TVEGVRAL TDE TLAALPSGSNNNKNNGSGGKH

PIRVISEIGELGTVLLERPGREVENLTPOYLGQLLFDDIPYLP I IQKEHDYFAQTLRNRGVEVLYLEKLAAFALVDKK
LREEFVDRTLKEGRADVNVARGTLKEYLLSFSNEEL IGK IMGCVRENE LETSKK THL YELMEDRYPEYLEBPMPNLYET
REPAASVGBGLT INKMREPARRRESLEMEY [ IKYHPRFAKHNVP IWLDRDYREP IEGGBELTLNEETIATGVSARTSA
KATERLARNLESEUNRIRRVLATE IPRURARMBLETVETMY DY DR T THPALQOPRONMNI Y T LERGADERTLRTHR
TSLMEALKEVLDLSELVL IPCGGGDY TASAREQWNDGENTLATAPGYVVTYDRNYVSNTLLRERGIEVIEVLSSELSE

GRGGPRCMSMPIVRRD]

{PolyN with linker: SGSNNANANGSGE)

¥I14. 7 {continued) { Amended)



U.S. Patent Feb. 12,2019 Sheet 18 of 22 US RE47,233 E

.‘:*:*:*:*:*:*:* :*:*: *:*:*:*:*: :*:*:*:*:*: ’
w A T ey Yy Ty a3 5 EaE NN
e a e el el sl
B e e Ty PR Pl
A A a3l sl
Foar Ay P PN
N P el st
Ea e a Ty PN o MM a0
e X A XN el sl
F e R ey P PN
s et 3N et s
S S el et M Pl 3l
P R E R K KR
N e PR EREM
Pl al sl al sl sl sl el R LRt st e
a5 PR N XN
) N R S
Far N P
S N e ) N X X KR
Ea A EE ) DR M
A R A P Fr S M
N PR M
e st ) » X % %
Far e Ty ) w PR
U » X X X
:'r:#:#:lr:lr:lr:lr:#:# ¥ Pt e
S A XXX
o e
:'r:Jr: 'r:'r:lr:lr:lr:lr:# R
P DSl
A
:'r:#:#:lr:lr:lr:lr:lr:# ¥ x s
t:#:#:#:#:#:&:#:#: a-:q-:lr:ar: e
B A A PN * =
A X XX
N S e XX
O X X%
ra e A
PN X X X
N Ay
s X XX
:Jr:'r:#:lr:lr* X oax ¥ttty
O e 3
N
t:k:a-:a-:f&*&*ff&
Ty
[ el S ‘
U
X a
Ul a3
Xy ok
Fa Ty
P L]
N N
e, AN A
:Jr:Jr:Jr:Jr:Jr:#:#:#:4:#:4:4:4:#:4‘#‘! | o :n:a:n:n:a:a:n:n:a:n:l : X
P M S R ) | i i U I
L S N Aaan A A A A A A .
l-:#:#:k:l-:l:l-:l:l:l:l: :l::l::l::l A a"n'n"n"n"nﬂn:x"x:x:x lll-:a-:-
LN ol ) EAAAA A LA b
P N e e ] *
U N N R ) A A A A
P M S A A A A A A
N N i i
e 3 i
Fa T A A A A A
N i i, 1
£ A A AL AN A A A A -
Pl s i i
U i i i i i i
o e
PR i i i
e Vi i -r-. - -
N ) iy i i i i . . ) .
Pl i e .
LN A A A A A A . e iy . . ™) ¥
¥ Tar P n A A A A A A - - . .
) e A A A i ; -
v on e R A A : 1:- “Fro i ]
e T T LA . L, ™ - . . k.
+:#:a-::r:ar:ar:q-*ﬂﬂ-’ * :4:4:- :a:a:a:a:n:a:a:a
N M) PN e A A A
N e Rt M A A
PN PN A A
O R A
::.-::.-:J.-::.-:q-:;:; st l':l':l'l':l'n':l:l:
t:#:a-:a-:q-:a-:#:; N 2
:k:#:#:#:&:&:#:l:#:&:l‘ W AN
P e »aw
N S N N N M
N N N e e e e I )
N N S S N S M M)
N RN N N N )
N e SN S N M )
O e M S M BN
N N S S S N S ) L3
N R S R N e e B ) »
D N SN A SN M M M 5 L)
P N S SR N N N ) »
D S M N M M ) )
S NN NN N M S »
:t:#:*:#:q-:lr:ﬂi’fﬂi’a t"l-:l-:dr:dr:q-: :l-:
X N ) »
= o ) L)
. ':*:*:*:*:*Jr'- L3 e e 4'4*:":' ':"
' o LN A L e D M M M NN m v
. N N R N R M N L)
u B M N M M MM P e
A 1 NN N M N MM MM SN N v
N S N A S M M .
N S S S NN N NN )
N N N N ) )
N A R R AR R DM
N N S W NN N ) PR
O A L s 3 ) -y
N N N A N N W .
N N M RN N N e e M
N N R U el 3 PR
e a T e e e e e AR A R PR
NN Al NN ) e
Fa . e R
N N )
A . PN PR )
) X xn. T
Far e P NN
Xy el
:'r:Jr:Jr:Jr:Jr:Jr X Jr:l':#: »
X ar X P
T XX PR
O e el )
ey X a )
PN X X n )
Koy PN )
ParaE s P P
U ) N L)
XA R X
P O »
. Pl A
; :*:":*:":'q-'&‘:‘:*:*:*:*:‘:*:*:*:': :
P e N M 3 )
S »
P S N NN NN )
o *a-:#:a-:a-: Jr:ﬂfﬂq-ﬂ*far:*:q-: :
Pl DR )
:*:*:*:*:*: . :*:*:‘: i ¥ :-I A :
Pl al X ' ) e
AR RN N a » am A
Pl PR am ) n
S »a a » a a
PR PR ' )
:a-:#:#:ar:q-: ¥ ¥ st L a:n q-:a :
i )
D a3 ) am
':*:*:"‘:"‘: * -a-ana-aﬂa:a:a:a:a
U a3 i i i
a3 A A A A
D i iy, i iy, i i
a3 ) A A )
D 3 A A A A
) A A
U e 3 i i
i ) i
:4-:4-:4:4-* Pl Ilil:l:il:l:il:lll
il P A A
A i i
L ) N o, N
QENEN e b e e e v e

e e e

a a o4
'

Voa o4 a
a

A m o4 n 4 4

EEE BE B B B BC

T T T T P R

.
.

Bk k kb omomk e

LTIttt LT LT Ty -

2T ..'. ""“*.'-*.*;*;*;*;";**:1_




U.S. Patent Feb. 12,2019 Sheet 19 of 22 US RE47,233 E

[

L)
-

e

-h‘-h-h-h-h-h-h-b-h-h-h-ht

-
L | '

etele out

L] i'.i‘i'.i'i‘t L]

n
1

t" i.l lI:I.t
-h.-b L]

L]

)
N
PR

X

-

L)
o e e

L)

L)
LN
L
- |

L]
4.4 A4 A Bl ol ol el s bl e e
L]
L] :
o N oA N oA N MM

r

o

> b.b. .I - |
e
o

.

et
.

i

4
#'t‘.
[ I
-
-
"

-
N
F
F
"

L lil'-'r
H!l
.

L]
&
x
x

-I"-I‘-I-I-ht-h-h-h-h-h-h-h##-h

L]
r
-
-
H
-

L

-h‘-h‘-h
&l

[ N R N NN N

L PR N ML NE N N NE N R R

I R X N

4

ap g A e
L]
&
-
H
H

]

T N NE N N N R

£k

4
o'

- ax
4 i

o i i i i oa

A N

l'lllq-ll
&
o

H

-

&

F

-

i
[
L ]
"
&
-
X
-
L]

L

¥
L
"y
L )
.

-
L

L]

 F FF
X
AN A AN
LA, xx":! .
T
el xxnxaxx T m :": "a:x J-
¥ ?:?: xﬂ*x:n x:!'xx":l L) H: Ll
-Il:-I:l:l;l:l:i‘l*l*i‘l‘l*-l o N e ) »
-Il_-ll_-ll_f.fbflr*:*_:*r*f*:*i‘i*i‘ T T i M N e N L N I

BRSO R R R R R R R R A N N
o A A A AN M A M N AN A 44
Llan Il 0} WA o A M N N N NN KN NN
r A Ty M A N MM NN
L | N )
-lh------'I llll A
n LA A m u N aE A

L]
&

L
- Jr
-

v, - ol
F
] g :l:i:l*l:i:l:l:ll:l:l:ll:l*' T
LRCICC A MM MMM o

n ] A A M A *-' -'*-'*
' A H"H"HHHH E - - b kb

A Al A A M A 1

Aol A A M A -
L] L] oA X M NN XA
L ] - i H:HHHHHH e oM,
|

L [ S T N T N N R N |
‘4'.4' .l-l--llll ---l-I-l-I-l-I-I-l-I AN AN A NANA W

i -
e
e e T T T TR TR TR TR TR T e o e e

|
I.l.l.l.l.llllllll.ﬂ

" T Ta et e Y n

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o e

Concentration of AAD (ug/ml)

¥1G. 9



US RE47,233 E

Sheet 20 of 22

Feb. 12, 2019

U.S. Patent

(A)

L.ane

i

ISATAAD

n

comnplex

I

SA (human
serum atbunumny)

L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
[
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
[
r

&

H.rH.rH.rH.rH.rH.rH.rH.rH.rH.r.._..rH.r.._..r.r.r.._..rH.r.r.r.._..r.._..rH.rH.rH.rH.rH.r.._..rH.r.._..rH.r.._..r.r.r.._..rH.r.._..rH.r.._..rH.r.._..rH.r.._..rH.rH.r.._..r.._..rH.r.._..rH.rH.rH.r.._..rH.r.._..rH.r”.r”.r.......”.r”.r....r....r....r....r.r.r....__
s S dr dp de dr de dp de dp dr dp de dr dr drde dr de dr dr dr de dp de dp dp dp dp dp de dr o de dr de dp de dp de de de de e dp de dp de dp de dp dp dp de dp dr dp de dp de dp de dr dr dr &
L I I I o o ol I ol ol el e e o g S e
I I e e
L R el el e e e e e e o e g e A S e el e g
B AT T T T I i T T A i e i U T A e T T ey ar e e T T T Ty ae e e
» F T i U T T e T Ay A ey e e e e T Ay e e e e e e e
T I nl el oal o e e e e o o e o oS
x Wi Ui i T T i e g i e o e o T e T o oo T T T Ty e e e T e T
T I I e el i
x L T R e e o e e e g e e e e e Sy Spl S oY
Wi T T T T e T Ay e i e Ty ar e ae aar T Ta a ar ar araeaee ae aae arar ar o e oo T
» i e e e e e e e  a a a a aa  a a Ta  a a a a ar ae a ar  e aayae ae ae ae ar e e e a aaey
L T I I R Rl e e e e g e e S o S e o
T T e e i U T T T A A e i A e e e T ar o o Yo T T T Ty T e o e e e T T T Ty
B I I e  a e ta t
L R o O e e e o e e e e e e Sy Sy S S Y
A e o et
A i i i e e e e e e e o e e e i o o e ey e e e e ey
o I e e g e e e e e i S g g e e
N e N a alat a al at o o sl et el alal bl
I I I I e ey U Sl eall el
T Il o oI O R e e o ey oy e Sl el eal e oa e o o e e e S i Sy
N I I i e o el s
T I i I e el al al el R ey e e e e e el
L I I I I e o g e e e N o g e A
FXRE 0 A A e e T e T T a e T T T Ay e e T T ar ar e o o o e T e e o o T Ty
T I T e g  a a gs
n L o I I o o  nl al al a  a a a a  al al n aa tp ephebeE  Sa a ta oaY
L e o e a a aaal a a a a a
" Ui T i T T e i e e i e e e e e ey e e e e ey
r : > I I nl al oal o o e e e e e N o o S e A
" w o D e e e e
3 Pl e e e e e e e e e e e e e e e e e e e e e e o e e e o e e e e e e e e e e e e
NI LI L a o e NN AN ._._.___._..4.._....*._,.t...t...t...t...t...t...t...t...t...t...t...t...tnt b.Hﬁu.nh.hau_h1h,Hh1._,.h,.._.h.h.h1Hh.....h,Hb1._..h,.._...q..qh1._,.h.....h.._,.b1._..h..._.b.._...,_.._,.h..._.#._,..,_.._,.#....h,._,..,_.._,.h,.._.#._,..,_.._,.h.....h,._,.b1._..h,.._.#._..h1._,.#....h.._,.%._..h..._.b.nﬁu.nh. o
L RN NN N A A N NN e e e e e e e .rH.rt.rt.rttt.rtkt.r et ..1k.r.._......q........1.._..rk._1H.r.......k........_..._..rk._1k.r.,_..r._,...1k.._..,_....k...*k...tktk.r....qk............tktk.r...t i tn.rt.._
r.qk.qr...rkkkr...kkkh__ R L o e o D e e x - .___.__..q..q...k._,..,_.kr...kkkkr...r.qkkr...rkhqr...rkknr i rtr.rk.ru._1rHkHr...rkknr...rnkkrnkktqr#rkk r...rkkkr...kkk._,.k.,_.rkkkr...k._,.kkk...rkkkr...hqkf...kkhqr...rnktrnk 2
B N A A A N NN AL NN N N e R e A R bu.h..._.b.._..k L tnt h.._,.h1._,.h.....h,._,.b1Hh,.._.b.._..h1._,.h.....h.._,.b1._..h..._.b.._..h1._,.h..._.#._,..,_.._,.h......,_.._,.h1._,.h,.._.#._,.h1._,.h.....h,._,.t_..h,.._.b. N b.Hﬂu_.
e e e e W e e e e e e e N e A .rn..t..,”.r e R K K Kk e e KK ._,..._..rk._1k.r.,_.._1k..1....r.,_...1k...*.r.,_....._,...1k._,..._...1kt*k#.qktkk#kkk.qk#tkkkk”t s
- . a0, e o e e A L e e e e o e o e e e rnk._u_.
.__..qk......._,.......u_....*.q.,_....k...*._,....._..u_....t._..t...t...t._,.t._..t...t._..tHtktHt...t...t._,.......t...t._,.t...t...t._,....._..t...t._..t...t...t._,.t._..t...t._..t...k...t._,..,_....t....,_.._,.......u_....*.........t...h..t...k...t.........t...tntntnt o
._....q._,..._......q...k._,..._....k......._,..._.._..k...k._.........k.......r.._..rk._1k.r.,_..r._,...1t.rt..1t._1*..1.._..r..q..1k.r.._...1k........1.._.._..k._1k.r....._1k..1....r.._..rk._1k.r.,_..r._,...1k.._..,_...1k...*._,..._.....;...k.........k...............k...k.r....rk.......r....r .rt..,t.rn.rt.._
: -.__..qk...kkkkk...k.q.,_..qk#kkkkk#rk#kr#rkkkr#rkktu._1k.rk._,.rHrkkkr...kkk._,.r.,_.rk.,_.kr...r._,.kkr...rkkkr...r.qkkk...kk.,_.._,.r...kkkkk...kk#.qr#kk#kr#rkkkr#rnktrtr 2
. l....qk...*._,....._..k...*._........k...*.........k.........t...t...t...t...t...h..trtkt e At e A B N A N huu.h.nﬁu_.
. .___._....q._.........k..1k.._..,_....k...*._,.............k.........k......k....rk.rk.r....rk...h.t.rH._1k.r.,_.._1k..1k.r.,_...1k._1*..1.,_..r.....1k.r.._...1k._1...._,..._..rk._1k.r....._1k._1....._..._..rk...k._...,_....k...k.......qk...*k....r...tk.r...tk.r...k...t”t St
s o o o e o o r..1r.rkkr...kkk._,.r...rkkkr...kkk._,.k.,_.rk.,_.kr...k._,.kkr...rk.,_.kk...r.q.,_.kk...#k#.qk#kkkkr#kk#.qr#rkkkr#r knr.rr.rktu
M) .4....qk...*......._..k...*._........k...*._,..,_....k....,_..q......t...t._,.t...t...t._,.t._..tktrt...tHt......._..k...*._..t...k...t._,.t...t....,_.._..t...u_....t._,.t...t...t._,.t._..u_....t._...,_....t...*......._..k...*._........t..r...t...t...t...t...t...tntrtkurtrh_
. _-.....q.._..._.._....q...k._...,_....._,....k.._..._....k...*._,.....q&...k.q...tk.r...k...tktk.rtttt....r e e e e e e e e e e T e e RN
X ".__.”kH..qH.,_.HkH#H.,_.HkH#H#HkH#H#H#H#HkHtH&H#Hr...r.. - ”rHrH.,_.HrH#HkHrHrHkHrHkHkHrHrHkHrH#HkHkHrH.,_.HrH#H.,_.HkH#Hknrﬂrn#nkuknknrﬂrnﬂrh Pty
e N N N N N N N e NN N N e N N N N N M NN NN
o ar T T T T e e e e T T T e o o T Yo T T T e e e o T T T e e e g T e e e e e
L I I a a e g v b e
> I i a al l  lal aE aE a a  a aa a a a al at atalalalal
g I I i e e ot o s )
PN N I I e S e e ey g by b o el i el
T oo e a T a  o  a  a  o a  t
e o o T o o o o e e e e e e e e e T e
L I a I I o e e o S R
L Ty T T T e o ol I I Rl e e e e e o o e g o ey
Ui T AT ar e i i i e e T T Ty e e e e e T T o e e e e e T T o oo T T T T T o e e e T T T T
N o oo o e o e e e e e e e e o e e o e e D o e e e o e e e
ar T Yo T T Pl [ i T T T T i i i T i T T A A A e T T T Ay A i o e T T T Ty ae e e T T e ar e
x x P e e i L e U i e e a a a a a ae ar e  e  a ae a a ae a a ae a ar ara e aae aae ae ar ara e eae ae aea
ar i e L A N Al L I I T e N e
Ll el e el el ol st atatat sl al sl s » Fo 30y A o e o T T T T o o e o T T T T e o e o T T T T o o o o e o e e T T T T e ey
T I e ol v g
L AL A e Tl n a oa oa o e e e e e S S
o
.___.4._...4.4.4.4“4“4H4“4H4H4“4“4H4“4.-.._...- .__..4“4“.4”#”..“&”4”..“4”4“4“4... P s “.qH#H...”kH#H...H#H#H...H#H#H...H#H#H...H#H#H...HkHtH...Ht.._.tH...HkH#H...H#H#H...H#H#H...H#H#H...H#H#H...HkH#H...H#H#H...HkH#H...H#H#H#H#H#H#H#H#H#Htﬂtntnb
Ui i i i i e e i L A e A T T e T T T T T e o e T o T o o o o o Yo e e o o e T T T T T
e g A L I e L I R g g Pt
o e I I o R I I el g e e e el e o
ar i Vi T T T e i ar i Vi T T T AT T T T A T T ar T ar e e T o oo T T T T ae o e o T T e o o e e
L B A o L I i  a a e el el o ey
i T i T e e i i P N Nl L I I I R R e e e e e e vy b S g S
U e i i i T ey iy e i i i L A T T e T T ar T o e e e Yo T Ty ae o e T T T T oo o o o T e e e T
i T T Ty arar i I A A i T A e A A A A A i e rar arar aeaeara  ae ar ar ar dr dr dede
Ui i O ey iy e e i i i de i i i iy e L I I e o o o al el a a o a  e E E a Sa a  egY
i T T T T T e i T ar i T T T T T T e e T T Ty ar o e a a T T ey e o e e T Ty oy o oy o o e o e o o o T T Yo o e o e e
L L ey L L I I e R Sy e e P ey gl e gy
i i iy i T T T iy e L T I R R R R o el el el o e e el
Lt al e ata aa alal U T T e A e e e T T o e o e e T T T T e o e e T T T e a a a a e Ta  Tar Tar Taa aea aae e T a Ta Ta
L N Y I I N Ny L I I a a a  a Sa  E E EE t pat
Ll L oy de i i i e L I I o o o I I e e g g g g g g R e o e Sy S S R
T T T e ar i T T e T T T T A e i T T Ty ar e e T ar o oo o T Yo T Ty e ae o e e T T e o o o
ar i i i i A i i i i e e L R e R e el Y
L N A e ) A L I I e o  a a a  E E a a e o e ey g g b U A S S St
. LR A M Ll el et e s el 'y Wi AT e i T ar o o T T T e o e oo T T T e o o oo o o e T e T e e e T T T T
- R » T L I I I e e e by e i it
R A e e R aC et ot AL T i L I T e o a al ol e a  E  a y Sa a Sa o e R
L P R N L et ke et alat ale
L I O el ea el R P L I R a a e E  a ea e il ey Ry
Ui T i e iy e e i i i i iy e e L I I I e o o o I e e e e g oy g b b Sl
P A e e o e e e e s i T e e ae a a ae a  Tr Ta a aa a a a a Te Te T Tar a a a a a ae a a T Ta Ta a a a a e a e Ta Te a a a a a a ae  Ta Ta a aTa
ar i T T e e e e it i T T iy e i B I R R g et
P I e el e e L I o I I e e
L N I e e e s Ll e e e e g a e s
L I I I Iy i i a a  a a a a a a a a e e a a a a a ae ar ar a a aae ara aae e  a a  a s
L I I e e gl e g e i o L T I e o el ol I e e e R g e el
P et ol ol o o s T T AT e e T ar e o T e T T o e T T arararaaeaae Tae Ta a Tara a ar a aaeaee Te Ta Ta Ta
i i i e i T e i i i i i Yy e i L I I R e el eyl
I i i ey i iy e e i i e e e F I I e o o R el e S e S R
Wi Vi T T T i e i i i T T T T T oy T ar e i i i i T T o U T T A Ay T T T Ay e A e T T ar ar e e i T ar oo oo T Yo T Yo T T e e
Ml L T L I I i e e e el g
W L e e L T I I R R e e g g g R e oy N N il el
et e a aa a a a a WA i T T T iy e e i i i i e AU T AT e oo e arar T T e T T T ae e e arar T T ar T e o o o e Y e T e o o o T T T T
P L N N ey B i e i i T L I R el R I R R e e ity Uyt
i i e iy iy e e i i L o e L I e o ol al e e a  a a  E  p a eal aa egY
T T T T N N e e o) e o T T T T e oo T T T oo o o o e o T o o Yo T T T e o o o e T T T T T o o o e e
ar i i e U i Ty iy e i U e i i i i i i ey e e i A A e A A e T e e Ay A e Ay e e e ey e i e e e e
L N i i e iy e i e N ol e
L WA e Ty iy A i i L I e e e et
i i T e i i i e L el el el L I I R e
L Y Wi e e e e i i i L I e o o oI I el e e e e e e e e o
L L L W T T T T e i e i T T ar T ar e T o o aear T T T Ty aeae arae T T T ar ar a ae
A i i i e e i L A e e g L I R e a a ae al alia
d i i e T iy iy i i L el el el g g4 L I I T I I o nl el al a a a O  E  E a a a a a l u Su
Ll et LN A e el Y AT T AT A AT T T T e e e T T T o ar e oo T o Yo T T ae o e T T T T T
L N ey L T g L I e e e e by U U S i it
U i e iy e e i i L e el ] L T I I o o o e e e e g S S S e o e
i T T T i i O e T T T T e i i T T T ar T ar ar ar uear Taararar e o Yo Yo T T e e e e T T T e T o e
L L el al ey I i i e g e I I i e e R
A A i i e iy e i L I I a  a al a a a a a  a a a  p  a aa a  ag tag S PEng S
el sl et et el ol W S A et e et sl et alalalalal sl oy A A A A A A T A o oo T T T T T o e T T o e o o T T T o e T T T Ty
T T L L Nl e, L T I T e e St iy Py Pt
RO, LA AL AL AL L L Al e el L I I o e el e
R G MR ey A e e e e FL o ar iy iy i T i T T T T ar Ty ay arar i i i YT T o o a ar a a Yararararar o e o e T T Y Ty
L gt n A N i B Tl e A A e e e e e e e e e
P N N ] N N e e L I T I I o I R o g  E a a oa a a  a art
A e e e e et st el U T AT A A A A T T T A e ar aarar e e o Y ar o e e T T T T T
L T o I A L I I R el ey Ut Pt Pt
L A e e S M o™ I I o o o o o el e e e e o e o e Sa e e e e
L o ™ A I i ot s g s a st ot
L I I R o el L I R e e e el el e
L I I e e e o e I I I R o o o a a a a a aE a al  g  Sul Su Sa
P i N e A e e g o o Ll p o s at et al k)
B T I e g I I It e e al al al R R e e e e Tl i S S gt
L A o e oo e e e g e e e g e S Sl S SalY
L e L e a a a aat alalal aa a e el sl
L T T I I R R e e el et
L I N A I I g ks
I A AT A A A A AT A A i i T A A A e e e e e e e a a a  Ta a a a a a ae a a Te Ta T Tar ar a ar a ar ae a a T Ta Ta a a a ae e e a e T a Ta a a a  a e
B e i I it e e i St
L I A I g a a a  a  ala a  a  p y al a al  cpepalg iY
L I i B o I e et o e a a a aa aa a
A T e e A i i e e e e e e e e e  a a a arar arare rarare aearare a e a aaae ar ae arae e e a ae a a a ae a ae  a
L T I aa al al a  a ea a  E  a a  a  ta t a  S Salal Sal
P e e a a a a a  al at a a a a a a a a aa ae a a a a  a aal al aal a st ol
B T I I g i Rl I T e e b el Sl Sl
L o o el el e e o o e e N e e e Syl Syl S e e ey e S Sl A At
L e e a a  a  aa a  a  a aalaata  al aaa
A e e T A e e e e e e e e e e e e a  a  a a aarararae ar arae aaeae ae a ae ae  N
L I I e e e e e o e N R e e e gl ey e b Sl Sl S S oY
A A A i T T AT e e e e T T Ty e i e e T T T e e o o o e T T T o o e o e T T T e o o T T T e a e e e e e e T T T e e T e e
L I al g i a a  a pE  l al a  E tEalaaaY
e o e T T  a ar ar T  a ar r  r  a r  r r  y
A T e e Ay e e i i e A e T T i ey e e e e e e e i i e e e e g e T e A e e e e e e e e e e e e e e e e e e e e e e e i e e e e wak
L I I I A T T e o e A e i
P Pt
e i o e e o e e e e e e e o e o e o e o e o e e e o e o e o e o e o e o e o o o e o o o e e e e o e T e e e e e
o o e a  a  a  a a  a  a  a a  a  a  a  a  a
P e e e o ol ol o at a o s s at el ol ety
L I I i al a e a  a  a a  E  a uau U o
L A o o e o e e e o g o e e e o i a  l  Sal Sy Sp g R Ry b e PR P SalY
L A e e ol gt gt a st el ot oty
A i e i e e e e e e e e e e a a a ar arar ar ararar ae aeare aaae arae ar ae ar e a ae a a a ae a ae  a TaY
L I A N  a a T a  a a a  a al al al a a a a a a al a at aa a aa aa
A T T AT A A A A Ay A A A A Ay T e T Ty e ar e T T e e e e e e T T T o o e T T T T e o e o T T T T T T e e e e e T e T e e e e
ar i i i T e i i i i T i ey iy i i i i T i e ey A e T r arar dr A e A A e e e ey A e i e e e dr dr e e ey A ke e de
e o T e T T e T  a ar T T ar a a a  r  r
o T  a  a  a  a  a  a  a  a  a  a a a a a  a  a  a  a  a
o
o o e e e e T e e e e e e e e o o e o e o e e o e o e o o e o e o e e e e o e o o e o o e o e e o o e o o e T o T e
ool e e i b by i el i el e bt
I R e
I o e N R e N N R, o e T T e e e e e e e e e e e e e e e e e e e T e e L
AT T T T AT I T i i i e T T T T
L A e st s st e s ey e T o e e e T T T e e e e e Y T T T e e e e g e Y T T e e e e e T e T o T T e e e e T e e e
L T T g L S I o oy e e L I T a a e el al al l E a l a  l alr T S g
» Wt dp iy p iy e ey e e e dr dp dp e dr dp dp ik iy dp b i dp dp e dr o dr dp dr dr A i e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e W e e e e
. L e o o e e e e e e w o o e e o e e e o e e e e e e e e e e e
L T e e o Y L T Rl o el S R el Sl g g e e e R S Sy S e Y
- O o e e i e T e e e e e U e U e e e U e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
o .__.H.4H..q”.._.”._,.H..q”.,_.”..qH#”.,_.”kH..qHk”kH#H.,_.HrHrHkHkH#”....”..qH..q”.,_.”..qH*”}.”rﬂrnk”k”#”#”k”#”#”&” ”.._.”kH#H.,_.HrHrHkHkHtHkHrHrHkHrHr...kHr...r.rk...r...r.qk.qr...k...k.qr...r.qkkr...t...k...r...b.rk...r...r...k...r...r...k...r...#...k...r...k...k...r...r.rk e e e
) e a L S el S S e e S g g o M g iy i it e it e g e i
o e a  a L S S el i Mttt e e iy e e et te e i ta e
e A A A e L I Nt
P M A A LN A AL AL A A LA Al N N A A ) o o o o o o o e o e o o e o e e e o o
L I N A A e e ey i T ey e e e e e aydr dr drdr A e e e e ey dpdr e e e e dy e e e ke e ek ke
o e e a a a  a T o a  a  a  a  a
e e e e T e e T T e e e i e e T e e T e e o e o e o e o e e o e o e o e o e o e o e o e o e e e e e e T e
ol o r [ T N Fo F F I D N I R Ul A B I I
T e T e o a  a  a T
A T T Ty e o T T T e o o o T T Ty a o o oo T T T T ar T e i aae a aaa ae ae ar Tae Ta Ta Tar a a aaeae aeaee Te T Ta a a a aeaeae a ae a Taea ar aaaae a ae Tae Tae Tae Tar a a a  e  wwa aa a  a a
I I I al el e  a a  al a p  S l  A
D o A A e o o I R e e R e e g e e e e g g Sl Sl S e Ry Ry R R e i S A R
o T T T T ey ar o e T T Ty oy o o o T T T Yo e oo T T T T g o ar ar ar  T araa ae a a Tar Ta Ta Taraya ar a a ae a aarar a ar a a ae a  Tara a ar a a ae a  Te Ta  a aa a a  e e w e aaa a aa e
B R e e e e e e e
e, o o o e e o e e o o e o o e e e e T e o e e e e e e e e e T e T
e o o o e o e e e o e e e o e o o o o o e o e e e e e e o o e e e o e e e e T
o o e o e “In B o o e o o e o o o o o e o o e o o e e o o o e e o e e e e
L I aa a a a aaara -l-'-;}.kk#kk#&&}.&*#&&...&.._ L I I R e el el e g g e e e g o b S S S S S A Y
P A s el B AT T T T AT ar e e ar e T T T e o e e e T T T T e e e e e T T T o o o o e e e T T T e e T a a a a
B T Il el el ey e i i i i i aar T L I I e e bt S Sy
D e ] L I A e e ey S PR g g e L I I el el el R e e e g g oy Ry R Tl Sl S S S A
e a a a a ae a a I-.Il-_- B e e e o o e o e e e e e e e e o e e e .
I e el el e L N I e ] L I I R R e e g o o g g g B el S S S Sy
A T T ar i e T T T T T L e e et s ak s et AT T T T e e e e e e T T T T e g ae a ae e T a a ar a a e a e e Te Te Ta a a a a a a a
i T T T iy e i i i Wi i T e e e i i e I I e e b el A
T T e T T T e e T T e T T e Y e N T e T T e T e e e e T e e e e e e e e e e e e e
B e e e e e e L I R o g i Uy g Ry i Ay e e e e e e i e e ar aap i  e eaay a
L I A A e e N L L N
I A T g i e T T e Ty R A et e o a et B T T T ar arae aae ae ae e Te a a a a a a  o T T T Ta Ta Ta
i T i e e i i T e Wi i T i ey i i e L I R R R g iy iy g g
A e e e I el e e N I
.TH.:.H.:.H.:.H.:.”.:.H.:.”.:.”.:.”#”b.”l.”l.“l.“l.”}.”b.”b.”b.”b.”b.” . ”l.Hl.”.:.H.:.H.:.”.:.H*H#”#H*H#H#H*H#H#”*H#”l.“ "l.”.:.H.:.H.:.”.:.H.TH.:.H.TH.:.H.TH.TH.TH.T”.TH.TH.TH.:.H.TH.TH.TH#.H.#H&.H#.H&.H.TH.TH.TH.T O el Sl v it
S o Ll Ll iy oo e e e e P
B e ] o A e e g v PR L e Sl S S o A el S
i Vi Vi Vo Yo T Ty o T i e i T T T T e T e i T T oo o o T T T T T BT T T e e e o T e
B e oy e e e e i e e e e e e e e A o e e e e e Ve
tH.,_.H#H#H...H#HtH...H.rH*H...H#H#H...H#H*HtH#HtH...H#H#H.,_.”.qH.q”.._.”#H#H...H#H*”...H#H#H#H#Htﬂ#ﬂ#ﬂ#ﬂ#ﬂ#ﬂ#nﬁ . » H.qH...H#H#H.,_.HtHtHtHtHtH...HtHtHtHtHtH...Htthtnkﬂtn#ntﬂtntntntnﬂt e S S e S et i
e o T T o T T T T o T T T T T e T T o e T o T o e o e o o o o o o o e e e e e e e L
B I I I o e e R e o I I B I e e e e
e e
e e
e T e B e e e T e T e e e e e e e e T e e e e e TP P P

F1G. 19



U.S. Patent Feb. 12, 2019 Sheet 21 of 22 US RE47,233 E

(B)

Ko of mols No.ofmole | Albumin
of athumin

9

b

N N N N NN N NN NN NN NN
B e L T e L, . Lol ] Ll W i e
L N N B R L N N R R L e e el el e el e e ] Lol )
Rt C L e e ek ek ek It et e e b e el el ekt et et et el el i ) Ll et i )
0 el el el el el e el el el el e el el el el el el e ) E ol )
Lt N N o o nE f NN Wt R wE f e NN N N e R e e L RE RN B
L aE N N e b L R RC e N N Nl e L N Nl W W] 4 i, : ] L B )
L R el el e N R RN el el N BN R e e e ) 1 ] L e N e N
L Lt el el e et N N Ll eE e e el et e e el el e el ) ¢ X 1 Lo e )
LE NE N i el N N NEBE Bl el el N N et R R R ) LN
L P el e el e e e N N nl ef el e e e el e e el e e ] Lol e )
LE NE Nt BE e NN N W N BT R E R N Nt R R R Rl ) E o N
L C e et e E kel Bl et et N NE O E el el Rl it et et et BE E el el l el et ) Ll e e )
CE N N R R NN N N R R R Rl R NN NN N e e e ] RN
L E E e NN e et e e e e e e el e el e e ) Lol e )
A BC NE BE BE BE E BC N N et NE REBE D BC E Nt N nE B WE B L kel el el ol Ll et
0l P e el el el el el R el el el el el el el e e el el el el )
L NE N R RE R NN N N N RS RE RE R NN N N NE RE RS R L e el W LN
et et e e kel el et et et e E el el ekt et et et e E el el el et ) L et )
LR R N R Rl R e N R R e e e e N
L e el E et e e e E e N e e e e el e e e ) Lo e )
L N N BE B Bk B C Nt N eE BE BE BE L BE NN NC NE RE BE B Bl Ll ) L L E Bt Nt
0 P el el el el el el el el el el el el el el el e e el e ) E ol el )
L N e N N Nt B E R N N R R e R e e ) L Ll N R e
et et et et et el et et Nt et et ettt et e et el e e ] Lo )
LI e B e e e el et RN E et e e el N e e e e ) ol N N
L e E e e e e e ) et e e e e ) ] ] Lol e )
TR R L ) il ittt B e
el el el e el e el o) Ll el el e )
Ut o W L L e ) L L el e R R N
L et et et et et e ek el el et i) - Ll kol e el el el et )
Rl el el e ) L el A
L el e e e ) Lt et )
Cnt et e el el el el e el et el i ) L E e Nl B
[ el el el el e e el el
L L el el e L Ll el e
Rt et et et et et ek el e et i ) Ll ket ettt
Lt el - L e e
ittt el Ll ) ] Lol et
L) » L e el el et et kel et
L ) - - - el el el e e )
. " ] L e e
» L el ] - Ll ] Lt et e e el )
] ) Ll ) Ll e A
Y, l-'I-: - ‘it l'i‘i'i'l'I.ll'-l et e
L e ] - L el el e e
] -'I‘tii-iitln-- Ll e e e
Lo 1--.'1-1- Ll kil e e ek el el e )
] Lol el el e el e el e B
L] L e e e e e e
I:I 1-:-'|-:l-'l-'|-'1-'i'-'-'t'n't'i*ﬁ:a-:lr:i:i:
L] L e )
] Ll )
T I.I‘ll
s m -
g ..'h. ]
m n e
T
el i i .
A L AT M A A
XA AN EEEaA L i
e N
I'Illlll-ll A W
- g
]
AL A
s »
':":" - l-*:*:‘:*:
A e e e )
AN Lo N e
_AL A Lokl )
i) -k F
i i L e )
nx:.. L E e e B
A e e )
AN ¢ Lol o e
] A m L E e e i )
] A A L el N
L] | H:I%..' Lo e )
AN Am A e, L Lt e B
L A ] -
e %‘! e lllllb-. . arete Tt
. A b L et N ot
e A N Lol o e )
T e e e e e AR
e . " R
nEn Ll e N
o L o e e )
| Ll ot N B B
o L e e )
"un Ll N N
mm M et a s
e e S
L B BN NN YRl NN — el e e )
-al-al-:l-a-a'x'a.nhl.l'a-n'a-l-n- e aTatsta st
Ll i i A AAna nm L N N
L i AN AN - Ll o e )
i i ANNEEENN L Bt
oo A i e e e )
i | i | . ] L NN N
" " . " I-::I' ] --:-'-'-'1'1-'-"1'1-'-'-*1 - ettt
- E ol ] L e e )
:':':':':':' ::- "- t::::":: I'I-::t":':::':':'I-I :':':': - :':‘:': ':‘:*:‘:':
Ll L ) .I- L e e ] Lol L i ] ol e i )
L ) Ll e W] Ll e e ] - N N
N BREERENR T E ol ] L e )
T T Ny g Il'Il-b-II'II-I L ) Lt ettt el et el e et
e ) L e ] L ln e e e ] Lol el el el el e e
L ) e Ll Lt et e e e
» L i L e e e e e ) Rttt et et e el )
] L] ] ] Ll ] ) Ll e e
] e e Ll el e eE )
w e e e e e e e e e e e e e e L L E Lttt u B e
- L e e e e e e e e el el el )
] e e T e T e T T L ] ] Ll e el e e e e
] ] L el ) Ll ) Lok kIt It et et et e e )
] e TETRN Ll ] ) L ) Ll el el e e e e ]
] e ] L ) ol ettt e ]
] e T e e e e L ] L Lttt el i L et ]
] L e L ) e el ) el el e
] e, L ] Ll et el i Lo i ]
» L ln il ] - Ll ) L) L el kot i )
] ] Ll ] - L e -
e ] Ll ] Ll el el el ] )
'y T R e T -'-'-'-'i:::::.' 'I:l:l:ll:l:l: 'I:I:ll:
Lol ettt el el el e )
e .':.:.:.:.:.:':':.:'IIlllllllliilliiiii
.:'-.:%.Wlltiitiiiiitiiiii L el e )
‘"‘""I‘I'I'III'IIIII.:'.:.:'.:':l'lllllllllllll R
Ll () L ]
L oL oL e Il et e el e el el el ek Il el el el el el el e el ] e ] L )
E o el el el el e el el el el ]l e el el el el el el el el el el e e e ]
L et et e R N R e e e e e e el e el el el e e e e e e e el e el et et el et et e

K1G. 18 (continued)



U.S. Patent Feb. 12, 2019 Sheet 22 of 22 US RE47,233 E

Effect of AAD on mice plasma arginine levels (n=3)

-— -8 — AAD 100ug
-- - A--- AAD 500ug
—-e--AAD 1000ug
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ALBUMIN-BINDING ARGININE DEIMINASLE
AND THE USE THEREOFK

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is a reissue application of U.S.
Pat. No. 9,255,262, issued on Feb. 9, 2016 from U.S. patent
application Ser. No. 14/197,236, filed on Mar. 5, 2015, which
claims benefit from U.S. provisional patent application Ser.
No. 61/773,214 filed Mar. 6, 2013, and the [disclosure]
disclosures of which [is] are incorporated herein by refer-
ence in [its] z2eir entirety.

COPYRIGHT NOTICE/PERMISSION

A portion of the disclosure of this patent document
contains material which 1s subject to copyright protection.
The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent
disclosure as 1t appears 1n the Patent and Trademark Oflice
patent file or records, but otherwise reserves all copyright
rights whatsoever. The following notice applies to the pro-
cesses, experiments, and data as described below and 1n the
drawings attached hereto: Copyright©2014, Vision Global
Holdings Limited, All Rights Reserved.

TECHNICAL FIELD

The present invention describes albumin-binding arginine
deiminase (AAD) fusion protein that has been genetically
modified to create a material having high activity and long
in vivo half-life. The present invention further describes the
designs for DNA and protein engineering for creating dii-
terent AAD fusion proteins. The AAD fusion proteins can be
isolated and purified from soluble fraction and insoluble
fraction (1nclusion bodies) of the crude proteins. The present
invention further relates to albumin-binding arginine deimi-
nase-containing pharmaceutical compositions for cancer tar-
geting treatment and curing arginine-dependent diseases 1n
humans and other animals.

BACKGROUND OF THE INVENTION

The incidence of pancreatic cancer, colon cancer, liver
cancer, melanoma and cervical cancer in the worldwide
population 1s increasing. Eflective treatments for these dis-
cases are urgently needed. In many types of cancer including
leukemia, melanoma, pancreatic, colon, renal cell carci-
noma, lung, prostate, breast, brain, cervical and liver can-
cers, the cancer cells are auxotrophic for argimine since they
lack of expression of argininosuccinate synthetase (ASS),
making these cancers excellent targets for arginine depletion
therapy.

Arginine 1s a semi-essential amino acid for humans and
other mammals. It can be synthesized from citrulline via a
two step process catalyzed by the urea cycle enzymes
argininosuccinate synthase (ASS) and argininosuccinate
lyase (ASL). Arginine can be metabolized to ornithine by the
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enzyme arginase, and ornithine can be converted to citrulline
by ornithine carbamoyltransterase (OTC) in the mitochon-

dria. The citrulline can be utilized to synthesize arginine
again. Normal cells usually do not require an exogenous
supply of arginine for growth because of the abundant
catalytic activity of ASS and ASL. In contrast, many types
of cancers do not express ASS and therefore are auxotrophic
for argimine. Their growth 1s dependent on arginine solely
obtained from blood circulation. Therefore, targeting circu-
lating arginine by using arginine-degrading enzymes 1s a
feasible strategy to inhibit ASS-negative tumor growth
[Feun et al., Curr. Pharm. Des. 14:1049-10357 (2008); Kuo et
al., Oncotarget. 1:246-251 (2010)

Arginine can be degraded by arginase, arginine decar-
boxylase, and arginine deiminase (ADI). Among them,
arginine deiminase (ADI) appears to have the highest atlinity
for arginine (a low K_ value). ADI converts argimine to
citrulline and ammoma, the metabolites of the urea cycle.
Unfortunately, ADI can only be found in prokaryotes e.g.
Mycoplasma sp. There are some problems associated with
the 1solation and purification of ADI from prokaryotes. ADI
1solated from Pseudomonas putida fails to exhibit efficacy 1n
vivo because of its low enzymatic activity in neutral pH.
ADI produced from Escherichia coli 1s enzymatically 1nac-
tive and subsequently requires multiple denaturation and
renaturation process which raises the subsequent cost of
production.

As the native ADI 1s found in microorgamisms, 1t 1s
antigenic and rapidly cleared from circulation 1n a patient.
The native form of ADI 1s immunogenic upon injection into
human circulation with a short hali-life (~4 hours) and elicits
neutralizing antibodies [Ensor et al., Cancer Res. 62:5443-
3450 (2002); Izzo et al., J. Clin. Oncol. 22:1815-1822
(2004)]. These shortcomings can be remedied by pegylation.
Among various forms of pegylated ADI, ADI bound with
PEG (molecular weight 20,000) via succinimidyl succinate
(ADI-PEG 20) has been found to be an eflicacious formu-
lation. However, the activity of ADI after pegylation 1is
greatly decreased on the order of 50% [Ensor et al., Cancer
Res. 62:5443-5450 (2002)]. The previous attempts to create
pegylated ADI resulted 1n materials that are not homogenous
(due to the random attachment of PEG on protein surface
Lys residues) and also diflicult to characterize and perform
quality control during the manufacturing process. Also, PEG
1s very expensive, greatly increasing the production cost.
After the imtravenous injection of pegylated ADI 1n vivo,
leakage or detachment of free PEG 1s observed and the ADI
(without PEG) can elicit the immunogenicity problem.
Theretfore, there 1s a need for improved cancer-treatment
compositions, particularly, improved cancer-treatment com-
positions that have enhanced activity and 1n vivo hali-life.

SUMMARY OF THE INVENTION

In the present invention, albumin-binding arginine deimi-
nase (AAD) fusion protein has increased its activity and
plasma half-life 1 order to efliciently deplete arginine in
cancer cells. Native ADI may be found 1n microorganisms
and 1s antigenic and rapidly cleared from circulation in a
patient. The present invention constructs different AAD
fusion proteins with one or two albumin-binding proteins to
maintain high activity with longer 1in vivo hali-life (at least
5 days of arginine depletion after one injection). In the
present invention, the albumin binding protein in the AAD
fusion protemn product does not appear to influence its
specific enzyme activity but instead appears to increase the
circulating half-life. The specific activities of wild-type ADI
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and AAD fusion protein in the present invention are 8.4 and
9.2 U/mg (at physiological pH 7.4), respectively.

In i1ts broadest sense, the present invention provides an
albumin-binding arginine deiminase fusion protein compris-
ing a first portion comprising one or two components
selected from an albumin-binding domain, an albumin-
binding peptide or an albumin-binding protein(s) fused to a
second portion comprising arginine deiminase to form the
albumin-binding arginine deiminase fusion protein such that
the albumin-binding arginine deiminase fusion protein
retains the activity of arginine deiminase and 1s also able to
bind serum albumin.

The present mvention further relates to albumin-binding,
arginine deiminase (AAD) fusion protein—containing phar-
maceutical compositions for targeted cancer treatment in
humans and other amimals. The {first aspect of the present
invention 1s to construct the modified AAD fusion protein
with high activity against cancer cells. The second aspect of
the present invention 1s to purily AAD fusion protein with
high purity from both soluble and insoluble fractions of the
crude proteins. The third aspect of the present invention 1s to
lengthen the hali-life of AAD fusion proten as 1t can bind
to albumin very well 1n the circulation. The fourth aspect of
the present invention 1s to provide a method of using the
AAD-containing pharmaceutical composition of the present
invention for treating cancer by administering said compo-
sition to a subject in need thereof suflering from various
tumors, cancers or diseases associated with tumors or can-
cers or other arginine-dependent diseases.

The AAD fusion protein of the present invention 1s also
modified to avoid dissociation into albumin-binding protein
and ADI such that it becomes more stable and has a longer
half-life 1n circulation. ADI 1s fused to an albumin-binding,
domain/peptide/protein in AAD fusion product to extend the
plasma half-life and reduce the immunogenicity of the
tusion product. Albumin binding domain (ABD) 1s a peptide
that binds albumin 1n the blood. There are diflerent variants
of ABD showing diflerent or improved human serum albu-
min (HSA) athinities. Different variants of ABD can be
constructed and can be fused to ADI. Unlike the naturally
occurring ADI, this longer hali-life property facilitates the
depletion of arginine efliciently 1n cancerous cells, cancer
stem cells and/or cancer progemtor cells.

The pharmaceutical composition containing AAD fusion
protein can be used for intravenous (1.v.) injection (for
rapid-acting dosage of medication) and intramuscular (1.m.)
injection (for fairly rapid-acting and long-lasting dosage of
medication). The application of AAD fusion protein in the
present invention can be used in the treatment of various
cancers such as pancreatic cancer, leukemia, head and neck
cancer, colorectal cancer, lung cancer, breast cancer, prostate
cancer, cervical cancer, liver cancer, nasopharyngeal cancer,
esophageal cancer and brain cancer. The present invention 1s
directed to AAD fusion proteins, to methods of treating
cancer, to methods of treating and/or inhibiting metastasis of
cancerous tissue, and to methods of curing arginine-depen-
dent diseases.

The method of the present invention also includes using
a combination of different chemotherapeutic drugs and/or
radiotherapy with the AAD fusion protein of the present
invention to give a synergistic eflect on cancer treatment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the design approach for construction of
different AAD fusion proteins with one or two albumin-
binding domain/peptide/protein(s) in three-dimensional
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structure. One or two albumin-binding domain/peptide/pro-
tein(s) can be fused to ADI to form the AAD fusion protein.
The position of albumin-binding domain/peptide/protein 1s
far from the ADI active site. The albumin-binding domain/
peptide/protein can be fused to the N-terminus or/and C-ter-
minus ol ADI. The structure in this figure 1s based on the
Mycoplasma arginim ADI structure (Protein Data Bank:
1LXY). (A) Native ADI; (B) AAD fusion protein with two
ABD or ABDI1; (C) AAD fusion protein with one ABD or
ABD1 at N-terminus; (D) AAD fusion protein with one
ABD or ABDI1 at C-terminus.

FIG. 2 shows the sequence alignment for ADI in some
bacterial species including Mycoplasma arginini (SEQ 1D
NO: 23), Lactococcus lactis (SEQ ID NO: 24), Bacillus
cereus (SEQ ID NO: 25) and Bacillus licheniformis (SEQ
ID NO: 26).

FIG. 3 shows the designs and amino acid sequences for
different AAD fusion proteins originated from Mycoplasma
arginini (A to E) and AAD fusion protein originated from
Bacillus cereus (F).

FIG. 4 shows the creation of AAD fusion protein 1n two
embodiments (A) and (B) by the use of mtein-fusion pro-
teins and expressed proten ligation (CBD, chitin binding
domain) under the {following schemes; (C) C-terminal
fusion; (D) N-terminal fusion; (E) Intein-mediated protein
ligation.

FIG. 5 shows the plasmid map of the expression vector
constructed for producing AAD fusion protein.

FIG. 6 shows the (A) gene map, (B) nucleotide sequence
(SEQ ID NO: 44) and (C) amino acid sequence (SEQ ID
NO: 40) of His-ABD-PolyN-ADI. (ADI: the Mycoplasma
arginimi ADI).

FIG. 7 shows the (A) gene map, (B) nucleotide sequence
(SEQ ID NO: 45) and (C) amino acid sequence (SEQ 1D
NO: 41) of His-ABD-PolyN-bcADI. (bcADI, the Bacillus
cereus ADI).

FIG. 8 shows the expression and purification of AAD
fusion protein: (A) AAD 1s ~90% soluble when expressed at
20° C. (lanes 2 and 3) and ~90% insoluble (inclusion body)
when expressed at 37° C. (lanes 4 and 3); (B) The purified
AAD fusion protein 1 sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) gel: lane 1, purified
AAD fusion protein (52.8 kDa); lane 2, molecular weight
marker.

FIG. 9 illustrates that AAD fusion protein depletes argi-
nine efliciently and imhibits the growth of various types of
human cancer cell lines in 1n vitro tissue culture studies,

including human melanoma (A375), human colon carci-
noma (HCT116), and human pancreatic cancer (Pancl).

FIG. 10 shows the albumin binding results of AAD fusion
protein: (A) A non-denaturing native polyacrylamide gel
(12%) showing the increase in the amount of HSA+AAD
complex when the amount of AAD fusion protein (the amino
acid sequence 1s shown m SEQ ID NO: 36; FIG. 3A) added
increases. The mole ratios of human serum albumin (HSA):
AAD 1n lanes 3-6 are 1:1, 1:2, 1:5, and 1:15, respectively.
Lanes 1 and 2 represent HSA and AAD at 6 and 30 pmole,
respectively; (B) In another experiment based on AAD
fusion protein (SEQ ID NO: 40; FI1G. 3E), an albumin: AAD
ratio of 1:8 1s suflicient to bind all the albumin present (lane
3).

FIG. 11 1s a graph showing the dose response of AAD
fusion protein on plasma arginine levels 1n mice. A dose of
100 ng of AAD 1s suflicient to deplete plasma arginine for
at least 5 days.
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DEFINITIONS

The term “cancer stem cell” refers to the biologically
distinct cell within the neoplastic clone that 1s capable of
iitiating and sustaining tumor growth mn vivo (1.e. the
cancer-initiating cell).

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Arginine 1s a semi-essential amino acid for humans and
other mammals. It can be synthesized from citrulline via a
two step process catalyzed by urea cycle enzymes argini-
nosuccinate synthase (ASS) and argininosuccinate lyase
(ASL). Arginine can be metabolized to ornithine by the
enzyme arginase, and ornithine can be converted to citrulline
by ormithine carbamoyltransierase (OTC) 1n the mitochon-
dria. The citrulline can be utilized to synthesize arginine
again. Normal cells do not typically require an exogenous
supply of arginine for growth because of the abundant
catalytic activity of ASS and ASL. In contrast, many types
of cancers do not express ASS and are therefore auxotrophic
for arginine. Their growth 1s solely dependent on arginine
from circulation. Theretfore, targeting circulating arginine by
using arginine-degrading enzymes 1s a feasible strategy to
inhibit ASS-negative tumor growth.

Arginine can be degraded by arginine deiminase (ADI).
ADI converts arginine to citrulline and ammonia, the
metabolites of the urea cycle. Unfortunately, ADI can only
be found i1n prokaryotes e.g. Mycoplasma sp. There are
many problems associated with the 1solation and purification
of arginine deiminase from prokaryotes. ADI 1solated from
Pseudomonas putida failed to exhibit eflicacy in vivo
because of 1ts low enzymatic activity in neutral pH. ADI
produced from Escherichia coli 1s enzymatically inactive
and subsequently requires multiple denaturation and rena-
turation process which raised the subsequent cost of pro-
duction. The plasma half-life of the native form of ADI 1s
short (~4 hours) upon njection into human circulation
|[Ensor et al., Cancer Res. 62:5443-5450 (2002); Izzo et al.,
J. Clin. Oncol. 22:1815-1822 (2004)]. These shortcomings
can be partially remedied by pegylation. Among various
forms of pegylated ADI, ADI bound with PEG (molecular
weight 20,000) via succinimidyl succinate (ADI-PEG 20)
has been found to be an eflicacious formulation. However,

the activity of ADI after pegylation 1s greatly decreased (by
~50%) [Ensor et al., Cancer Res. 62:5443-5450 (2002);

Wang et al., Bioconjug. Chem. 17:144°7-1459 (2006)]. Also,
the succinimidyl succinate PEG linker can easily be hydro-
lyzed and detached from the protein, causing immunogenic
problems after a short period of use 1n the body. Therelfore,
there 1s a need for improved cancer-treatment compositions,
particularly, improved cancer-treatment compositions with
enhanced activity.

ADI 1solated from P. pudita failed to exhibit efficacy in
vivo because 1t had little enzyme activity at a neutral pH and
was rapidly cleared from the circulation of experimental
ammals. ADI dernived from Mycoplasma arginimi 1s
described, for example, by Takaku et al, Int. J. Cancer,
51:244-249 (1992), and U.S. Pat. No. 5,474,928. However,
a problem associated with the therapeutic use of such a
heterologous protein 1s its antigenicity. The chemical modi-
fication of ADI from Mycoplasma arginini, via a cyanuric
chloride linking group, with polyethylene glycol (PEG) was
described by Takaku et al., Jpn. J. Cancer Res., 84:1195-
1200 (1993). However, the modified protein was toxic when
metabolized due to the release of cyanide from the cyanuric
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chloride linking group. In contrast, even for the ADI-
PEG20, the PEG linker can easily be hydrolyzed and

detached from the protein, causing immunogenic problems
alter a short period of use 1n the body. Theretore, there 1s a
need for compositions which degrade non-essential amino
acids and which do not have the problems associated with

the prior art.

In many types of cancer including melanoma, pancreatic,
colon, leukemia, breast, prostate, renal cell carcinoma and
liver cancers, cancer cells are auxotrophic for arginine since
they lack of expression of argininosuccinate synthetase
(ASS), making them excellent targets for arginine depletion
therapy. In this invention, albumin-binding argimine deima-
nase (AAD) fusion proteins have high activity with long
half-lives for eflicient depletion of arginine 1n cancer cells.

The size of the monomer for ADI 1s on the order o1 45 kDa
and 1t exists as dimer (on the order of 90 kDa) [Das et al.,
Structure. 12:657-667 (2004)]. A design for construction of
an AAD fusion protein 1s shown in FIG. 1. One or two
albumin-binding domain/peptide/protein(s) with or without
linker(s), SEQ ID NO: 46-49, are fused to ADI to form the
AAD fusion protein. It 1s noteworthy that the selection of
one or two particular albumin-binding domain/peptide/pro-
tein(s) can be made depending upon the type of cancer tissue
to be targeted, the desired size and half-life of the resulting
fusion protein, and whether a domain or entire protein 1s
selected. Further, the selected albumin-binding material may
be the same or different. That 1s, a protein and a peptide can
be fused, two proteins, two domains, a domain and a protein,
etc., as long as the resultant molecule retains the activity of
the ADI and 1s also able to bind serum albumin with neither
function of one portion of the fusion protein being interfered
with by the other portion of the fusion protein. The position
of the albumin-binding domain/peptide/protein 1s far from
the active site. The albumin-binding domain/peptide/protein
can be fused to the N-terminus or/and C-terminus of ADI.
There are different variants of ABD showing different or
improved human serum albumin (HSA) aflinities. Different
variants of ABD can be constructed and can be fused to ADI.
Some micro-organisms endowed with ADI (for example
Pseudomonas sp) cannot be used, due to their potential
pathogenicity and pyrogenicity. The source of ADI can be
from, but not limited to, different microorganisms, e.g.
Mycoplasma (e.g. Mycoplasma arginimi, Mycoplasma
arthritidis, Mycoplasma hominis), Lactococcus (e.g. Lacto-
coccus lactis), Pseudomonas (e.g. Pseudomonas plecoglos-
sicida, Pseudomonas putida, Pseudomonas aeruginosa),
Streptococcus (e.g. Streptococcus pyogenes, Streptococcus
pneumomniae), Escherichia, Mycobacterium (e.g. Mycobac-
terium tuberculosis) and Bacillus (e.g. Bacillus lichenifor-
mis, Bacillus cereus). It 1s preferred that ADI 1s cloned from
Mycoplasma arginini, Lactococcus lactis, Bacillus licheni-
formis, Bacillus cereus, or any combination thereof. Their
amino acid sequences with SEQ ID (SEQ ID NO: 23-35)
and the sequence alignment for some of the amino acid
sequences 1n FIG. 2 are disclosed herein and also in the
literature [Das et al., Structure. 12:657-667 (2004); Wang et
al., Bioconjug. Chem. 17:144°7-1459 (2006); N1 et al., Appl.
Microbiol. Biotechnol. 90:193-201 (2011)].

The design and amino acid sequence for (A) native
Mycoplasma arginin1 ADI protein (SEQ ID NO: 23), (B)
different AAD fusion proteins originated from the Myco-
plasma arginini ADI (SEQ ID NO: 36-40) and (C) AAD
fusion protein originated from the Bacillus cereus ADI (SEQ
ID NO: 41) are shown in FIG. 3. Different AAD fusion

proteins are successiully constructed. A linker 1s inserted
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between the albumin-binding protein and ADI 1n the AAD
fusion protein in these embodiments.

On the other hand, a novel AAD fusion protein 1s also
created by the use of itein-fusion proteins and expressed
protein ligation (FIG. 4). The novel AAD fusion protein can
be formed (1) by reacting the ADI having a N-terminal
cysteine residue with a reactive thioester at C-terminus of
the ABD, or (2) by reacting the ABD having a N-terminal
cysteine residue with a reactive thioester at C-terminus of
the ADI so that the ADI and the ABD are linked by a
covalent bond. In FIG. 4E, ADI with N-terminal cysteine
residue reacts with reactive thioester at the C-terminus of
ABD. The thioester tag at the C-terminus of ABD, and an
a-cysteine at the N-terminus of ADI are required to facilitate
protein ligation. These fragments are produced using a
pTWINI1 vector (New England Biolabs) according to the
manufacturer’s manual. In particular, the gene coding for the
ABD-Inteimn-CBD {fusion protein i1s synthesized and 1t 1s
cloned into the vector under the control of T7 promoter for
expression 1n E. coli (FIG. 4C). The ABD-Intein-CBD
fusion protein produced binds to chitin in a column. The
amino acid sequence of ABD-Intein-CBD (SEQ ID NO: 42)
1s shown 1n FIG. 4A. After thiol-inducible cleavage and
elution from the column, the ABD with reactive thioester at
its C-terminus 1s obtained (FIG. 4C). On the other hand, the
gene coding for the CBD-Intein-ADI fusion protein 1is
synthesized and cloned into the vector under the control of
the 17 promoter for expression i E. coli (FIG. 4D). The
CBD-Intein-ADI fusion protein produced binds to chitin 1n
a column. The amino acid sequence of the CBD-Intein-ADI
(SEQ ID NO: 43) 1s shown 1n FIG. 4B. After cleavage at pH
7 and 25° C., and elution from the column, the ADI with
a-cysteine at 1ts N-terminus 1s obtained (FIG. 4D). Finally,
the AAD fusion protein 1s produced by the protein ligation

reaction as shown in FIG. 4E.

Importantly, AAD fusion proteins can be produced and
purifled 1n a convenient manner. For example, an AAD
fusion protein 1s successiully expressed and purified from E.
coli both 1n soluble fraction and insoluble fraction, and this
result 1s shown 1n FIG. 8. Furthermore, FIG. 8 shows the
purified AAD fusion protein analyzed by sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE).

The size of the purified AAD fusion protein 1s determined as
52.8 kDa.

The pharmaceutical composition of the present invention
contains AAD fusion protein with high activity for depleting
arginine 1n tumor cells for cancer treatment. The specific
activity of the purified AAD fusion protein 1s found to be
similar to that of the wild-type ADI. 1C. 1s the half maximal
inhibitory concentration, that is, it represents the concentra-
tion of AAD fusion protein that 1s required for 50% 1inhibi-
tion of a cancer cell line. The IC., 1s a measure of the
eflectiveness of a drug. The IC., of AAD fusion protein
(amino acid sequence 1s shown 1n SEQ ID NO: 40, FIG. 3E)
for different cancer cell lines (human melanoma, A375 &
SK-mel-28; human colon carcinoma, HCT116; human pan-
creatic cancer, Pancl; human liver cancer, Sk-hepl; human
cervical cancer, C- 33A) 1s shown in TABLE 1. The 1n vitro
ellicacy of AAD fusion protein on different cancer cell lines
1s demonstrated 1 FIG. 9. It illustrates that AAD fusion
protein can kill many cancer types, including human mela-
noma, human colon carcinoma and pancreatic cancer cell
lines.
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TABLE 1

Cancer cell line ICs5q 0of AAD (ng/ml)

A375 (human melanoma) 0.104
SK-mel-28 (human melanoma) 1.92
Panel (human pancreatic cancer) 1

Sk-hepl (human liver cancer) 10
C-33A (human cervical cancer) 0.063
HCT116 (human colon carcinoma) 1.30

For the albumin binding study, we have demonstrated
successiully that the engineered AAD {fusion protein can
bind to human serum albumin (HSA). FIG. 10 shows that the
AAD fusion protein (amino acid sequence 1s shown in SEQ
ID NO: 40, FIG. 3E) binds to HSA readily. At a mole ratio

of 1:5 or 1:15, the formation of the HSA-AAD complex

forms according to the construct of FIG. 1 using the linker
molecule design. It 1s expected that the circulating hali-life
of AAD fusion protein in the blood 1s increased by the
non-covalent HSA-AAD complex formation. Therefore, a
long-lasting version of AAD fusion protein has been suc-
cessiully created.

No commercial products show high eflicacy when com-
pared to the AAD fusion protein-containing pharmaceutical
composition prepared in this mvention. For uses 1n cancer
treatment, the AAD fusion protein-containing pharmaceuti-
cal composition of the present invention serves as an anti-
cancer agent to deplete the arginine 1n tumor tissues. AAD
fusion protein 1s a good candidate to be used 1n combination
with other molecular targeting or cytotoxic agents.

EXAMPLES

The following examples are provided by way of describ-
ing specific embodiments of this invention without intend-
ing to limit the scope of this mvention 1n any way.

Several of the Examples below relate to methods of
making an albumin-binding arginine deiminase fusion pro-
tein. Various techniques can be used including cloming and
intein-mediated protein ligation. As used herein, the term
“cloning” 1s broadly used and comprises constructing a
fusion gene coding for the albumin-binding arginine deimi-
nase fusion protein, mserting the fusion gene into a vector,
inserting the vector mto a host organism and expressing a
protein that includes an albumin-binding arginine deiminase
fusion protein. Numerous variants on this technique can be
performed and still fall within the cloning contemplated by
the present mnvention.

Example 1

Construction of the Gene Coding for
Albumin-Binding Domain/Peptide/Protein (ABD)

The gene coding for ABD 1s constructed by two rounds of
PCR. In the first round, the PCR reaction mixture (total
volume of 25 ul) contains the following materials:

1 x1Proof PCR bufler (Bio-Rad)

50 uM dNTP mixture

0.5 unit of 1Proof DNA Polymerase (Bio-Rad)

10 nM of each of the following oligos

ADD-F1 forward primer (SEQ ID NO: 01):
5' -CATGATGCGAATTCCTTAGCTGAAGCTAAAGTCTTAGCTAACAGAGA
ACT-3"
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-continued
ADD-R2 reverse primer (SEQ ID NO: 02):

5'-TAGTCACTTACTCCATATTTGTCAAGTTCTCTGTTAGCTAAGACTTT
AGC-3"

ADD-F3 forward primer (SEQ ID NO: 03):
5' -GAACT TGACAAATATGGAGTAAGTGACTATTACAAGAACCTAATCAL
CAA-3"

ADD-R4 reverse primer (SEQ ID NO: 04):
5 -TACACCT TCAACAGTTTTGGCATTGTTGATTAGGTTCTTGTAATAGT
CAC-3"

ADD-FS forward primer (SEQ ID NO: 05):
5'-GCCAARAACTGTTGAAGGTGTAAAAGCACTGATAGATGAAATTTTAGC
TGC-3"

ADD-R6 reverse primer (SEQ ID NO: 06) :
5" -AGCTACGATAAGCTTAAGGTAATGCAGCTAAAATTTCATCTATCAGT
G-3"

The following PCR program 1s used:
98° C. 30 s; 20 cycles of {98° C. 10 s, 50° C. 20's, 72° C.

20 s}

In the second round of PCR, the PCR mixture (total
volume of 50 uA) contains the following matenals:

1x1Proof PCR buller (Bio-Rad);

50 uM dN'TP mixture;

1 ul of PCR reactant as DNA template from the first

round;
1 unit of 1Proof DNA Polymerase (Bio-Rad);
200 nM of each of the following oligos:

ABD-F7 forward primer (SEQ ID NO: 07):
5'-CATGATGCGAATTCCTTAGCTGAAGCTAAAGTCTTAGCTAACAGAGA
ACT-3"

ABD-R8 reverse primer (SEQ ID NO: 08):
5' - AGCTACGATAAGCT TAAGGTAATGCAGCTAAAATTTCATCTATCAGT
G-3"

The following PCR program 1s used:
98° C. 30 s; 35 cycles of {98° C. 10 s, 60° C. 20s, 72° C.

20 s}; 72° C. 5 min
A PCR product containing the DNA sequence of ABD
(169 bp) 1s obtamned and purified by Qiagen DNA Gel

Extraction Kit for cloning purpose.

Example 2A

Construction of the Fusion Gene Coding for the
AAD Fusion Protein

In the first PCR, the PCR mixture (total volume of 50 ul)
contains the following materials:

1x1Proof PCR butler (Bio-Rad);

50 uM dNTP mixture;

25 ng of Mycoplasma arginini genomic DNA;

1 unit of 1Proof DNA Polymerase (Bio-Rad);

200 nM of each of the following oligos:

ADINde-F forward primer (SEQ ID NO: 09):
5' - ATCGATCGATGTCTGTATTTGACAGTAAATTTAAAGG -3

ADIhis-R reverse primer (SEQ ID NO: 10} :
5' - AGCTAAGGAAT TCGCATCATGATGOETGATGGTGETGGCTACCCCACT
TAAC-3"

The following PCR program 1s used:
98° C. 1 min; 35 cycles of {98° C. 10s, 50° C. 20 s, 72° C.

40 s}; 72° C. 5 min

10

15

20

25

30

35

40

45

50

55

60

65

10

A PCR product of 1280 bp long 1s obtained and purified by
Qiagen DNA Gel E ter that, the second PCR

Extraction Kit. A:
1s performed. The PCR mixture (total volume of 50 ul)

contains the following matenals:
1 x1Proof PCR builer (Bio-Rad);

50 uM dNTP mixture;

10 ng of the 1280 bp PCR product;

10 ng of the 169 bp PCR product;

1 unit of 1Proof DNA Polymerase (Bio-Rad);
200 nM of each of the following oligos:

ADINde-F forward primer (SEQ ID NO: 11} :
5' - ATCGATCGATGTCTGTATTTGACAGTAAATTTAAAGG- 3!

ABD-R10 reverse primer (SEQ ID NO: 12} :
5V - AGCTACGATAAGCT TAAGGTAATGCAGCTAAAATTTCATCTATCAGT
G-3"

The following PCR program 1s used:
98° C. 1 min; 35 cycles of {98° C. 10 s, 50° C. 20 s, 72° C.
45 s}, 72° C. 5 min

A PCR product of 1428 bp 1s obtained and purified by
Qiagen DNA Gel Extraction Kit. Then 1t 1s digested with
restriction enzymes Ndel and HindIII, and ligated to plasmid
pREST A (Invitrogen) that i1s predigested with the same
enzymes. The ligation product 1s then transformed into E.
coli BL21 (DE3) cells. The sequence of the constructed

fusion gene 1s confirmed by DNA sequencing.

Example 2B
Cloning of His-ABD-PolyN-ADI

The construction of His-ABD-PolyN-ADI (SEQ ID NO:
40, 1n FI1G. 3E) 1s done by two steps of overlapping PCR, the
PCR fragment obtained from the last step 1s inserted into the
vector pET3a between the Ndel and BamHI sites. The gene
map, nucleotide sequence and amino acid sequence of
His-ABD-PolyN-ADI are shown in FIG. 6.

Primers involved 1n construction of His-ABD-PolyN-ADI:

hisABDNde-F forward primer (SEQ ID NO: 13):
5" -GGAGATATACATATGCATCATCACCATCACCATGATGAAGCCGETGGA
TG-3"1

ABDnn-R1 reverse primer (SEQ ID NO: 14):
5V -TTGTTATTATTGTTGTTACTACCCGAAGGTAATGCAGCTAAAATTTC
ATC-3"

ABDn-R2 reverse primer (SEQ ID NO: 15} :
51 - AGAACCGCCGCTACCATTGTTAT TATTGTTGTTACTACCCGA -

ADIn-F forward primer (SEQ ID NO: 16):
5V - AATAATAACAATGGTAGCGGCOGGTTCTGTATTTGACAGTAAATTTAA
AGG-3"

ADIBam-R reverse primer (SEQ ID NO: 17):
5V -TAGATCAATGGATCCTTACCACT TAACATCTTTACGTGATAAAG-3"!

In the first round of PCR, 30 ul of reaction volume
containing the known concentration of components are
prepared 1n two PCR tubes. In each of the tubes, dNTP,
1Proot bufler (BIO-RAD), 1Proof DNA polymerase (BIO-

RAD), primers and DNA template are mixed and added up
to 50 ul by ddH,O. The DNA template used 1n the reaction

1s a pET3a vector containing the gene of ADI from Myco-
plasma arginim with a removal of an internal Ndel site
mutation without altering the protein sequence of the ADI
gene.
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The two reaction tubes contain the primer mixtures of (A)
10 pmol hisABDNde-F (SEQ ID NO: 13), 0.5 pmol ABDnn-
R1 (SEQ ID NO: 14) and 10 pmol ABDn-R2 (SEQ ID NO:
15); and (B) 10 pmol ADIn-F (SEQ ID NO: 16) and 10 pmol
ADIBam-R (SEQ ID NO: 17), respectively.

The PCR program 1s set according to the recommended
steps 1n the manual with an annealing and extension tem-
perature (time) at 50° C. (20 s) and 72° C. (40 s), respec-
tively. The two products generated by PCR with the size of
237 bp and 12778 bp. The products are extracted and applied
as template for the next round of PCR.

In the second overlapping step, the reaction mixture 1s
prepared 1n a similar way to the first round except the
template used was the mixture of 1 pmol of the 237 bp PCR

product and 1 pmol of the 1278 bp PCR product from the
first round PCR. Primers used are changed to 10 pmol
hisABDNde-F (SEQ ID NO: 13) and 10 pmol ADIBam-R
(SEQ ID NO: 17).

The annealing and extension temperature (time) are 50°
C. (20 s) and 72° C. (60 s), respectively. A PCR product with
the si1ze of 1484 bp 1s generated from the reaction. The PCR
product 1s purified and digested with Ndel and BamHI and
then ligated into the pre-digested pET3a plasmid. The
ligated product 1s then transformed into E. col1 BL21 (DE3)
for the production of recombinant protein.

Example 2C
Cloning of His-ABD-PolyN-bcADI

The construction of His-ABD-PolyN-bcADI (SEQ 1D
NO: 41, 1n FIG. 3F) 1s done by two steps of overlapping
PCR, the PCR fragment obtained from the last step 1is
inserted mnto the vector pET3a between the Ndel and BamHI
sites. The gene map, nucleotide sequence and amino acid
sequence ol His-ABD-PolyN-bcADI are shown i FIG. 7.
Primers involved 1n construction of His-ABD-PolyN-

bcADI:

hisABDNde-F2 forward primer (SEQ ID NO: 18):
5' -GGAGATATACATATGCATCATCACCATCACCATGATGAAGCCETGGA
TG-3"1

bcABDnn-R1 reversge primer (SEQ ID NO: 19):
5'-TTGTTATTATTGTTGTTACTACCCGAAGGTAATGCAGCTAAAATTTC
ATC-3"

bcABDNn-R2 reverse primer (SEQ ID NO: 20) :

5 -TTTACCGCCGCTACCATTGTTATTATTGTTGTTACTACCCGA-3!
bcAD1In-F forward primer (SEQ ID NO: 21):
5'-AATAATAACAATGGTAGCGGCOGGTAAACATCCGATACATGTTACTTC
AGA-3"

bcADIBam-R reverse primer (SEQ ID NO: 22):
5 -TAGATCAATGGATCCCTAAATATCTTITACGAACAATTGGCATAC-3"

In the first round of PCR, 50 ul of reaction volume
containing the known concentration of components are
prepared 1 two PCR tubes. In each of the tubes, dNTP,
1Proofl buffer (BIO-RAD), 1Proof DNA polymerase (BIO-
RAD), primers and DNA template are mixed and added up
to S0 ul by ddH,O. The DNA template used 1n the reaction
1s a pET3a vector containing the gene of ADI from Bacillius
cereus with a removal of an internal Ndel site mutation
without altering the protein sequence of the ADI gene.

The two reaction tubes contain the primer mixtures of (A)
10 pmol hisABDNde-F2 (SEQ ID NO: 18), 0.5 pmol
bcABDnn-R1 (SEQ ID NO: 19) and 10 pmol bcABDn-R2
(SEQ ID NO: 20); and (B) 10 pmol bc ADIn-F (SEQ ID NO:
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21) and 10 pmol bcADIBam-R (SEQ ID NO: 22), respec-
tively. The PCR program 1s set according to the recom-

mended steps 1n the manual with an annealing and extension
temperature (time) at 50° C. (20 s) and 72° C. (40 s),
respectively. The two products are generated by PCR with
the size of 237 bp and 1230 bp. The products are extracted
and applied as template for the next round of PCR.

In the second overlapping step, the reaction mixture 1s
prepared mm a similar way to the first round except the
template used 1s the mixture of 1 pmol of the 237 bp PCR
product and 1 pmol of the 1250 bp PCR product from the
first round PCR. Primers used are changed to 10 pmol
hisABDNde-F2 (SEQ ID NO: 18) and 10 pmol bcADI-
Bam-R (SEQ ID NO: 22).

The annealing and extension temperature (time) are S0°
C. (20 s) and 72° C. (60 s), respectively. A PCR product with
the si1ze of 1512 bp 1s generated from the reaction. The PCR
product 1s purified and digested with Ndel and BamHI and
then ligated into the pre-digested pET3a plasmid. The
ligated product 1s then transformed into E. coli BL21 (DE3)
for the production of recombinant protein.

Example 3

Expression and Purification of the AAD Fusion
Protein

For preparing the seed culture, the strain E. coli BL21
(DE3) carrying the plasmid encoding the AAD fusion pro-
tein (FIG. 5) 1s cultured m 5 ml of 2xTY medium, 30° C.,
250 rpm, overnight. The overnight seed culture (2.5 ml) 1s
added to 250 ml of 2xTY, 37° C., 250 rpm, 2.5 h (until
OD,,,~0.6-0.7). When the OD,,, reached, IPTG 1s added to
the culture (0.2 mM final concentration). The growth 1s
continued for 22 more hours at 20° C. and then the cells are
collected by centrifugation. The cell pellet 1s resuspended 1n
25 ml of 10 mM sodium phosphate builer, pH 7.4. The cells
are lysed by sonication. The soluble portion 1s collected after
centrifugation. The fusion protein (containing a His tag) 1s
then purified by nickel aflinity chromatography. TABLE 2
shows that cultivation temperature 1s an important factor in
aflecting the solubility of AAD fusion protein (amino acid
sequence 1s shown 1n SEQ ID NO: 40, FIG. 3E) obtained
from the expression host.

For 1solating the soluble fraction of AAD fusion protein,
the cell pellet 1s resuspended 1 25 ml of 10 mM sodium
phosphate butfler, pH 7.4. The cells are lysed by sonication.
The soluble portion 1s collected after centrifugation. The
AAD fusion protein (contains a His tag) 1s then purified by
nickel aflinity chromatography.

For 1solating the mnsoluble fraction of AAD fusion protein,
the cell pellet 1s resuspended 1 25 ml of 20 mM Tris-HCI,
pH 7.4, 1% TRITON-X-100. The cells are lysed by sonica-
tion. The msoluble portion (inclusion bodies) 1s collected by
centrifugation. The protein 1s unfolded by resuspending 1n
10 ml of 20 mM Tr1s-HCI, pH 7.4, 6 M Guanidine HCI, and
vortexed until 1t becomes soluble. The protein 1s refolded by
adding the unfolded protein solution drop by drop 1nto a fast
stirring solution of 100 ml of 20 mM Sodium phosphate
bufler, pH 7.4. The insoluble materials are removed by
centrifugation. Salting out of the protein 1s performed by
adding solid ammonium sulphate powder into the superna-
tant to achieve 70% saturation. The insoluble portion 1s
collected by centrifugation and it 1s resuspended 1n 10 ml of
20 mM sodium phosphate bufiler. The AAD fusion protein
(contains a His tag) 1s then purified by nickel aflinity
chromatography.




US RE47,233 E

13

TABLE 2
AAD 1 2 3
Cultivation 30 20 37
temperature (° C.)
Yield (img)/ ~0.66 ~12.0 ~7.0
250 ml culture
solubility 50% 90% 90%

soluble soluble inclusion body

IC5q (ng/ml) on 0.10 0.68 0.23
A375 cells

Example 4

Enzyme Activity Assay and Enzyme Kinetics for
AAD Fusion Protein

To determine the enzyme activity for wild-type ADI and
AAD fusion protein in the present invention, the diacetyl
monoxime (DAM)-thiosemicarbazide (TSC) assay for cit-

rulline detection 1s used. The reaction 1s shown below.
arginine deiminase (AL or AAD fusion g?rarein}L_

L-Arginine
Citrulline+ Ammonia

This assay 1s run by adding sample to a color reagent,
which 1s made by mixing acidic ferric chlonide solution with
DAM-TSC solution. Brietly, enzyme 1s incubated with 20
mM arginine, 10 mM sodium phosphate pH 7.4 for 5 min at
3’7° C. The reaction mixture 1s heated at 100° C. for 5 min
to develop the color and read at 340 nm (light path=1 cm).
A standard curve 1s constructed using various concentrations
of citrulline. One unit of the ADI native enzyme 1s the
amount of enzyme activity that converts 1 umol of arginine
to 1 umol of citrulline per minute at 37° C. under the assay
conditions. The specific activities of wild-type ADI and
AAD fusion protein in the present invention are 8.4 and 9.2
U/mg (at pH 7.4, physiological pH) respectively. The spe-
cific activities for wild-type ADI and AAD fusion protein at
different pH range (from pH 5.5 to 9.5) are also determined,
and the optimum pH 1s at 6.5. Therefore, the results indicate
that AAD fusion protein depletes arginine efficiently, as the
fusion with albumin-binding protein does not aflect enzyme
activity of ADI.

The Michaelis constant K 1s the substrate concentration
at which the reaction rate 1s at half-maximum, and 1s an
inverse measure of the substrate’s athnity for the enzyme. A
small K indicates high afhinity for the substrate, and 1t
means that the rate will approach the maximum reaction rate
more quickly. For determination of the enzyme kinetics or
K wvalue, the activity of wild-type ADI and AAD fusion
protein are measured under different concentration of sub-
strate arginine (2000 uM, 1000 uM, 500 uM, 250 uM, 125
uM, 62.5 uM) at pH 7.4. The measured K values of the
AAD fusion protein shown in FIG. 3E (SEQ ID NO: 40,
ADI protein 1s originated from Mycoplasma arginini) and
AAD fusion protein shown 1in FIG. 3F (SEQ ID NO: 41, ADI
protein 1s originated from Bacillus cereus) are 0.0041 mM
and 0.132 mM respectively. The results suggest that the
fusion to ABD did not aflect the binding aflimity of the
different AAD fusion proteins to arginine.

Example 5

Cell Proliferation Assay and In Vitro Eflicacy of
AAD Fusion Protein on Cancer Cell Lines

Culture medium DMEM 1s used to grow the human
melanoma A375 & SK-mel-28, human pancreatic cancer
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14

Pancl and human cervical cancer C-33A cell lines. The
EMEM medium 1s used to culture the SK-hep 1 liver cancer
and C-33 A cervical cancer cell line. Cancer cells (2-5x10°)
in 100 pl culture medium are seeded to the wells of 96-well
plates and incubated for 24 h. The culture medium 1s
replaced with medium containing different concentrations of
AAD fusion proteimn. The plates are mcubated for an addi-
tional 3 days at 37° C. 1n an atmosphere of 95% air/5% CO.,.
MTT assay 1s performed to estimate the number of viable
cells 1n the culture according to manufacturer’s instructions.
The amount of enzyme needed to achieve 50% inhibition of
cell growth 1s defined as 1C.,.

As shown in TABLE 1 and FIG. 9, the results indicate that
AAD fusion protein depletes arginine efliciently and inhibaits

the growth of various types of human cancer cell lines 1n 1n
vitro tissue culture studies. For example, human melanoma,
human colon carcinoma, human pancreatic cancer, human
liver cancer and human cervical cancer, all have low values
of IC., (see TABLE 1), as these cancer types are all inhibited
by AAD fusion protein readily. As predicted, AAD fusion
protein would inhibit all cancer types that are arginine-
dependent (for example, the ASS-negative cancers).

Example 6

In Vivo Halt-Life Determination of AAD Fusion
Protein

Balb/c mice (5-7 weeks) are used 1n this study and they
are allowed to acclimatize for a week belore the experiment.

Mice (n=3) are separated into four groups and 1njected with
0, 100, 500 or 1000 ug of AAD fusion protein (SEQ ID NO:

40, FIG. 3E) 1n 100 ul PBS intraperitoneally, respectively.
Blood of each mouse 1s collected at O h and Day 1-7. Sera
are obtained after centrifugation. The sera are then depro-
teinised and analyzed by amino acid analyzer for arginine.

As shown 1n FIG. 11, AAD fusion protein (SEQ ID NO:
40, FIG. 3E), even at the lowest dosage of 100 ug, depletes
plasma arginine efliciently at Day 1, 3 and 3, suggesting that
AAD can deplete arginine 1n vivo efliciently for at least 5
days. The argimine level returns to normal gradually at Day
6 and Day 7 1n all treatment groups.

Example 7

L]

thcacy of AAD Fusion Protein on Cancer
Cell Xenografts

In Vivo |

Nude balb/c mice (5-7 weeks) are used 1n this study and
they are allowed to acclimatize for a week before the
experiment. Mice are inoculated subcutaneously with 2x10°
cancer cells 1 100 ul of fresh culture medium. Ten days
later, the mice are randomly separated into control and

treatment group. Control group recerves 100 ul PBS and

treatment group receives 100 ul AAD fusion protein intra-
peritoneally weekly. Tumor size 1s measured by caliper and
tumor volume is calculated using formula: (lengthxwidth?)/
2. Blood draw are obtained at Day 5 after each treatment for
plasma measurement of arginine.
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SEQUENCE LISTING

<l60> NUMBER OF SEQ ID NOS: 53

<210> SEQ ID NO 1

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ABD-F1 forward primer

<400> SEQUENCE: 1

catgatgcga attccttage tgaagctaaa gtcttagceta acagagaact

«<210> SEQ ID NO 2

«211> LENGTH: 50

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

223> OTHER INFORMATION: ABD-R2 reverse primer

<400> SEQUENCE: 2

tagtcactta ctccatattt gtcaagttct ctgttagcta agactttagce

<210> SEQ ID NO 3

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ABD-F2 forward primer

<400> SEQUENCE: 3

gaacttgaca aatatggagt aagtgactat tacaagaacc taatcaacaa

«<210> SEQ ID NO 4

«211> LENGTH: 50

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

223> OTHER INFORMATION: ABD-R4 reverse primer

<400> SEQUENCE: 4

tacaccttca acagttttgg cattgttgat taggttcttg taatagtcac

<210> SEQ ID NO 5

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ABD-F5 forward primer

<400> SEQUENCE: 5

gccaaaactg ttgaaggtgt aaaagcactg atagatgaaa ttttagctgc

«<210> SEQ ID NO 6

«211> LENGTH: 48

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

223> OTHER INFORMATION: ABD-R6 reverse primer

<400> SEQUENCE: 6

agctacgata agcttaaggt aatgcagcta aaatttcatc tatcagtg

<210> SEQ ID NO 7
<211> LENGTH: 50

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

50

50

50

50

50

48

16
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-continued

<220> FEATURE:
<223> QOTHER INFORMATION: ABD-F7 forward primer

<400> SEQUENCE: 7

catgatgcga attccttagce tgaagctaaa gtcttagcecta acagagaact

«<210> SEQ ID NO 8

«211> LENGTH: 48

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

223> OTHER INFORMATION: ABD-R8 reverse primer

<400> SEQUENCE: 8

agctacgata agcttaaggt aatgcagcta aaatttcatc tatcagtg

<210> SEQ ID NO 9

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ADINde-F forward primer

<400> SEQUENCE: 9

atcgatcgat gtctgtattt gacagtaaat ttaaagg

<210> SEQ ID NO 10

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: ADIhis-R reverse primer

<400> SEQUENCE: 10

agctaaggaa ttcgcatcat gatggtgatg gtggtggcta ccccacttaa ¢

<210> SEQ ID NO 11

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ADINde-F2 forward primer

<400> SEQUENCE: 11

atcgatcgat gtctgtattt gacagtaaat ttaaagyg

«210> SEQ ID NO 12

«211> LENGTH: 48

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

223> OTHER INFORMATION: ABD-R10 reverse primer

<400> SEQUENCE: 12

agctacgata agcttaaggt aatgcagcta aaatttcatc tatcagtg

<210> SEQ ID NO 13

<211> LENGTH: 495

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hisZABDNde-F forward primer

<400> SEQUENCE: 13

ggagatatac atatgcatca tcaccatcac catgatgaag ccgtggatyg

50

48

37

51

37

48
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-continued

<210> SEQ ID NO 14

«211> LENGTH: 50

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ABDnn-R1 reverse primer

<400> SEQUENCE: 14

ttgttattat tgttgttact acccgaaggt aatgcagcta aaatttcatc

«210> SEQ ID NO 15

<211> LENGTH: 42

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: ABDn-R2 reverse primer

<400> SEQUENCE: 15

agaaccgccg ctaccattgt tattattgtt gttactaccce ga

<210> SEQ ID NO 16

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: ADIn-F forward primer

<400> SEQUENCE: 16

aataataaca atggtagcgg cggttctgta tttgacagta aatttaaagg

«210> SEQ ID NO 17

<211> LENGTH: 44

«212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: ADIBam-R reverse primer

<400> SEQUENCE: 17

tagatcaatg gatccttacce acttaacatc tttacgtgat aaag

<210> SEQ ID NO 18

<211> LENGTH: 495

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: hisZABDNde-F2 forward primer

<400> SEQUENCE: 18

ggagatatac atatgcatca tcaccatcac catgatgaag ccgtggatyg

<210> SEQ ID NO 19

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: bcABDnn-R1 reverse primer

<400> SEQUENCE: 19

ttgttattat tgttgttact acccgaaggt aatgcagcta aaatttcatc

<210> SEQ ID NO 20

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: bcABDn-R2 reverse primer

50

42

50

44

49

50

20



<400> SEQUENCE:

20

21
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-continued

tttaccgcceg ctaccattgt tattattgtt gttactaccce ga

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

SEQUENCE :

50

SEQ ID NO 21
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: bcZADIn-F forward primer

21

aataataaca atggtagcgg cggtaaacat ccgatacatg ttacttcaga

<210>
<211>
<212 >
<213>
220>
<223 >

<400> SEQUENCE:

tagatcaatg gatccctaaa tatctttacyg aacaattggce atac

44

SEQ ID NO 22
LENGTH:
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: bcADIBam-R reverse primer

22

<210> SEQ ID NO 23

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycoplasma arginini

PRT

<400> SEQUENCE:

Met Ser Val Phe

1

ITle

ASp

Leu

Leu

65

Glu

Glu

Val

Glu

ASP
145

ASp

AsSn

Gly

Thr

Phe

Val

Tle

130

Hig

Pro

Hig

Leu
210

Glu
Tle
35

Ser

Ala

Leu
Arg
115

Met

Glu

Phe

Val

Pro

195

Ser

Leu

20

Thr

His

Agnh

ASDP

Glu

100

Agnh

Met

Leu

Ala

ATg
180

Tle

410

23

AsSp

5

Glu

Pro

AsSp

AsSp

Leu

85

Asp

Phe

Ala

Ile

Ser

165

Gln

Leu

Glu

Ser

Ser

Ala

Ala

Tle

70

Ala

Ser

Leu

Gly

Val

150

Vval

ATrg

ITle

Gly

Val

Arg

Arg

55

Agnh

Ser

Glu

Tle
135

Asp

Gly

Glu

Asn

Gly
215

Phe

Leu

Leu

40

Val

Gln

Pro

Ala

120

Thr

Pro

Agn

Thr

Thr

200

ASDP

Val

25

ASDP

Glu

Val

Glu

Val
105

Met

Gly

Leu

185

Pro

Val

Gly

10

Hisg

Glu

His

Glu

2la

90

Leu

Pro

Val
170

Phe

Trp

Phe

ITle

Glu

Leu

Ser

Thr

ASpP

Agnh
155

Thr

Ser

Tle

Hig

Pro

Leu

Gln

60

Tle

ASpP

Glu

Ser

Leu

140

Leu

Tle

ATYg

Val

Gly

Phe

45

Phe

Asp

Glu

Arg

125

Gly

Tvr

His

Phe

Asp
205

AsSn

ATg

30

Ser

Val

Leu

Leu

His

110

Glu

Tle

Phe

Val
120

Pro

Agn

Ser

15

Glu

2la

2la

Val

Tle

o5

Leu

Glu

Thr

Met

175

Phe

Ser

ASpP

Glu

Ile

Tle

Glu

Ala

80

Glu

Val

Val

Ala

ATrg

160

Arg

Ser

Leu

Thr

42

50

44

22



Leu
225

Leu

Val

Trp

AsSn

Glu
305

Ser

Ala

Hig
3285

Met

<210>
<211>
<212 >
<213>

<400>

Val

2la

2la

Leu

ASpP

290

Pro

Ile

Ser

Leu

Thr

370

Gly

Pro

Val

Tle

Thr

275

Val

Gln

Ile

Gln

Ala

355

Agn

Agn

Leu

Gly

Agn

Agn

260

Met

Phe

Pro

Agn

Met

340

Tle

Ala

Gln

Ser

PRT

SEQUENCE :

Met Asn Asn Gly

1

Val

Thr

Gln

Glu

65

Ser

Met

Agn

ASpP

145

Thr

Met

Leu

Met

Lys

50

Thr

Glu

ATy

Pro

Glu
120

2la

ATy

Thr

Leu
Lys
35

Glu

Val

Thr

Pro

Thr
115

Leu

Glu

ASP

Phe

His
20

Gln

His

Gly
100

ASDP

Agn

Pro

Pro
180

Val
Ile
245

Vval

Leu

Val
Lys
325

Glu

Ala

Leu

Arg
405

SEQ ID NO 24
LENGTH :
TYPE :
ORGANISM: Lactococcus

410

24

Ile

5

Arg

Leu

Asp

Tle

Glu

85

ATy

Asp

Tle

Gln
165

2la

Ser

230

Val

Pro

ASpP

Phe

Glu

310

Tle

Pro

Leu

Ser
3290

Asn

Pro

Leu

Phe

Glu

70

Glu

Thr

Met

Phe
150

Ala

ATrg

23

Glu

Ala

Trp
295
ASn
Pro
Glu
Gly
Glu
375

Leu

Asp

Val
Gly
Phe

Phe
55

Asn

Phe

Val

Arg
135

Ser

Gln

ATrg

Agn

Trp

ASP

280

ASP

Gly

Val

Arg

Val

360

2la

Gly

Val

Thr

Thr
265

Leu

Leu

Glu

345

Val

Ala

Met

lactis

Agn

Ala

ASP

40

2la

Leu

Leu

ASP

Glu

120

Thr

Leu

Met

Pro

Ser

Glu

25

ASDP

Gln

Ala

Ser

Gly

105

Ala

Agn

Gly

Glu
185

ASDp

Glu

250

Agn

Phe

ASDP

Pro

Ile

330

Thr

Tle

Gly

Gly

Trp
410

Glu

10

Val

Tle

Thr

Thr

His

S0

Leu

Val

Leu

Pro

Val

170

Ser

Leu

235

Leu

Leu

Leu

Leu

315

Pro

His

Gly

Ile

Asnh
395

Ile

Glu

Pro

Leu

Glu
75

Leu

Thr

Ser
Leu
155

Gly

Leu

US RE47,233 E

-continued

Gln Thr Val Thr

Glu

Met

Val
200
Glu

ITle

Phe

Lys
380

Ala

Gly

Agnh

AYg

60

Val

Leu

Glu

Ala

ASD

140

Pro

Met

Tle

Phe

His

Ser

285

Asn

Gly

Ala

Asp

Ser

365

Val

Arg

ITle

Leu

45

Asp

Phe

His

Gly

125

Met

AsSn

Thr

Thr

Lys

Leu

270

Pro

Gly

Leu

Gly

Gly

350

ATrg

Leu

Leu
Thr

30

Agn

Glu

Glu

Leu
110

Val

Ala

Ala

Ile

Glu
190

Arg

255

ASpP

Ile

Gly

Leu

Glu

335

Thr

Agn

Pro

Met

Lys
15
Pro

Tle

Gly

2la
o5

Thr

ATrg

Gly

Agn
175

Leu

240

Ile

Thr

2la

Ala

Gln

320

Gly

Agn

Glu

Phe

Ser
400

Ser

ASp

Ala

2la

Ser

80

Gly

Ser

Ser

Phe
160

Val

24



Met

Agn

Thr

225

Gln

Thr

ASpP

Gly

Gly

305

Ala

Gly

Ser

ASh

Glu

385

Met

<210>
<«211>
«212>
<213>

<400>

ala

His

210

Thr

AgSh

Val

Thr

Tle

290

Gln

Leu

2la

Agn

Tyr

370

Tle

Ser

Agn

195

Thr

Val

Leu

Leu

Val

275

Met

ASP

Gly

Thr

355

Val

Leu

Gln

Hig

Thr

Ala

Ala

Ala

260

Phe

ASDP

Gly

ASDP

340

Leu

Thr

Ser

Pro

PRT

SEQUENCE :

Met Lys His Pro

1

Val

Gln

Glu
65

ASp

Ser

Glu

Hig

Leu

Leu

Lys
50
Val

Leu

Val

Agn

Tle
120

Leu

Gln
35

Glu

Leu

Agn

Glu
115

Glu

Pro

Lys
20

Gln

His

Glu

Val

100

Glu

Thr

Phe

Pro

Arg

Ile

Lys

245

Val

Thr

Gly

Glu

Val

325

Pro

Ala

Val

Ser

Leu
405

SEQ ID NO 25
LENGTH:
TYPE :
ORGANISM: Bacillus cereus

410

25

Leu

AsSp

Leu

Glu

85

Ala

Leu

Ser

ATy

Tle

Gly

230

Glu

Glu

Met

Ala

Val

310

Leu

Tle

ITle

Glu

Glu

390

Trp

Hig

Pro

Leu

Glu
70

Phe

His

ITle

Leu

25

Phe
Glu
215

Val

Leu
Tle
ITle
Gly
295
Glu
Asn
Ala
Ala
Leu
375

Leu

Arg

Val
Gly
Phe

Phe
55

Val
Gln
Gln
Lys

135

AsSp

Lys

200

Gly

Ser

Phe

Pro

Agn

280

Agn

Ile

Leu

2la

Pro

360

Leu

Gly

Glu

Thr

ASP
40

Ala

Leu

ASpP

Thr

Lys

120

Thr

Pro

ASP

Gly

Glu

Ala

His

265

His

Tle

Glu

Ser

Pro

345

Gly

ASP

Ser

Glu

25

ASP

Gln

Ala

Leu
105

Ile

His

Met

Thr

ASp

AgSh

250

Agn

ASpP

Agn

His

Glu

330

Arg

Glu

Glu

Gly

Leu
4710

Glu

10

Val

Tle

Thr

2la

Tle
Q0

Met

Leu

Pro

Pro

Glu

Thr

235

Pro

His

Gln

Val

Leu

315

Leu

Glu

Ile

His

ATrg
395

Ile

Glu

Pro

Leu

Glu
75

Leu

Glu

Gly

Agnh

US RE47,233 E

-continued

ITle

Leu

220

Ser

Leu

Ala

Phe

Phe

300

Thr

ASP

Gln

Val

Gly

380

Gly

Gly

AsSn

ATrg
650

Ala

Gly

Glu
140

Leu

Trp

205

Tle

Ser

Ser

Met

Thr

285

Tle

Asp

Leu

Trp

Thr

365

ITle

Gly

Glu

Leu

Leu

45

Agh

Leu

Glu

Leu

Val
125

Leu

ATy

Leu

Thr

Met

270

Val

Leu

Leu

Ile

Agn
350

Ala

Leu

Thr

30

Pro

Arg

Val

Gly

Leu
110

ATg

Met

Phe

ASP

Agn

Thr

Phe

255

His

Phe

Arg

Glu

335

ASP

ASP

Val

Arg

Gln

15

Pro

Tle

Gly

ASP

Gln
o5

Ser

Glu

Thr

Arg

Ile

240

ASp

Leu

Pro

Pro

2la

320

Gly

ATrg

His

Cys
400

Thr

ASp

Tle

Val

Lys

80

Ala

Phe

Agn

ASp

Arg

26



145

ASp

Glu

ASpP

Glu

225

Glu

Val

Thr

Tle

Ala

305

Ala

Gly

Ser

Agn

Glu

385

Met

<210>
<211>
<212 >
<213>

<400>

Pro

Pro

His

Tyr

210

Thr

ATrg

Leu

Val

Gln

290

ASpP

Leu

Gly

Agn

Tvyr

370

Val

Sexr

Ala

Ala

Pro

195

Ile

Leu

Ala

Phe

275

Gly

Glu

Gly

Thr

355

Val

Leu

Met

Ala

ATg

180

ATy

Phe

Ala

Ala

Ile

260

Thr

Pro

Glu

Glu

ASP

340

Leu

Ser

Ser

Pro

PRT

SEQUENCE :

Met Ile Met Thr

1

Lys

Pro

Ala

Gly
65

ASP

Thr

Glu

Val

50

2la

ala

2la

Val

Tyr

35

Gln

Glu

Leu

ASP

Met
20

Leu

Val

Val

Tle
100

Ser

165

Arg

Phe

Pro

Ile

Lys

245

Glu

Met

Thr

Vval

325

Val

Ala

AsSn

Ser

ITle
405

SEQ ID NO 26
LENGTH:
TYPE :
ORGANISM: Bacillus licheniformis

413

26

Thr
5

Leu

Glu

Glu

Leu

ATy

85

Asn

150

Val

ATg

Ala

Tle

Gly

230

Agn

ITle

Val

Gly

Leu

310

Leu

Tle

ITle

Thr

Glu

390

Val

Pro

ATg

His

70

Glu

Gly

27

Gly

Glu

Glu
215
Val
Leu
Pro
Asp
ASn
295
Asp
Ala
Ala
Leu
375

Leu

Arg

Tle
Arg

Leu
Asp
55

Leu

Gln

bAla

ASP

Ser

His

200

Gly

Ser

Phe

Tyr

280

Met

Ile

Leu

Ser

Pro

360

Leu

Ser

His

Pro

Leu
40
Gln

Glu

Phe

Gly

Leu

185

AgSh

Gly

Ala

Ser

Cys

265

ASP

ASn

Thr

Ser

Ala

345

Gly

ATrg

ATrg

ASP

Val

Gly
25

Phe

Phe

Ile

ASDP
105

Leu

170

Phe

Val

ASp

ATrg

Arg

250

Arg

Tle

His

Glu

330

Arg

Val

Glu

Gly

Tle
4710

Tyr
10
Arg

ASpP

2la

Leu

ASpP
S0

155

Thr

Met

Pro

Glu

Thr

235

Gln

Ala

Phe

ATYg

315

Leu

Glu

Val

His

ATYg
395

Ser

Glu

ASDP

Glu

Thr

75

Glu

Leu

US RE47,233 E

-continued

Tle

Glu

Tle

Leu

220

Ser

ASn

Phe

Thr

Tle

300

Thr

Val

Gln

Val

Gly

380

Gly

Glu

Leu

ITle
Thr
60

Ala

Leu

ASn

Trp
205
Ile

Ala

Met

Ile

285

Leu

Ser

Leu

Trp

Thr

365

Tle

Gly

ITle

Glu

Pro
45

Leu

Glu

Leu

Glu

Ile
190

Leu

Leu

Tle

His

270

Hisg

Glu

Leu

Tle

Agn

350

Glu

Pro

Gly

Agn
30

Phe

Ala

Thr

Phe
110

Met

175

Ile

ASpP

Agn

ala

Lys

255

Leu

Pro

Met

Pro

335

ASpP

ASP

Val

Arg

Pro
15

Leu

Leu

Gln

Leu

Glu
o5

Leu

160

Arg

Glu

Ile

240

ASpP

Ala

Gly

Glu

320

Gly

ATrg

Tle

Cys
400

Leu

Thr

Pro

Gln

ASp

80

Ser

Leu

28



Thr

Glu

145

Thr

Met

Tle

ASpP

Agn

225

Ala

ATg

Leu

Pro

ATrg

305

Pro

Phe

ASp

ASpP

Val

385

Arg

<210>
<211>
<«212>
<213>

<400>

Phe
Agn
130

ASp

Arg

Agn

ATrg

210

Glu

Tle

Arg

ASp

2la

290

Gly

Glu

Gly

Arg
370

Ile

ASP

115

Glu

His

ASP

Glu

His

195

ASP

Glu

Glu

Val

Thr

275

Ile

Val

Gly

Ser

355

Agn

Glu

Met

Ala

Leu

Pro

Pro

180

His

Phe

Thr

ATg

Leu

260

Val

Gln

Thr

Leu

Gly

340

Agn

Ile

Ser

PRT

SEQUENCE :

Met Sexr Val Phe

1

Tle

ASpP

Leu

Leu
65

Gly

Tyr

Glu
50

Glu

Tle
35

Ser

Leu

20

Thr

Hig

ATrg

AsSp

Glu

Pro

Ala

165

Ala

Pro

Vval

Leu

245

Ala

Phe

Gly

Ala

Lys

325

Gly

Thr

Tle

Pro

Met
405

SEQ ID NO 27
LENGTH:
TYPE :
ORGANISM:

409

Ser

ATg

Phe

150

Ala

ATy

ATrg

Phe

Ala

230

Val

Val

Thr

Pro

ASP

310

ATrg

ASpP

Leu

Ser

Ser

390

Pro

29

Met
Glu
135
Ala
Arg
Phe
Asn
215
Tle
Arg
Glu
Met
Glu
295
Glu
Thr
Glu
bAla
Asn
375

Gly

Leu

Val

120

Leu

Ile

AT

Lys

200

Ile

Gly

Agn

Ile

Val

280

Gly

Tle

Leu

Ile

Tle

360

Glu

Glu

Glu

ASDP

Gly

Glu

185

Gly

Glu

Val

Leu

Pro

265

ASDP

ASP

His

Gly

Ala

345

Ala

Leu

Gln

Ser

Pro

Ser

170

Ser

His

Gly

Ser

Phe
250

Arg

Met

Thr

Leu

330

Ser

Pro

Leu

Ser

Glu
410

Mycoplasma arthritidis

27

Asp

5

Glu

Pro

Asp

Gly

Ser

Thr

Ala

Ala

Tle
70

Val

Arg

Arg

55

Asn

Phe

Leu

Leu
40

Val

Val
25

ASP

Glu

Val

Gly

10

His

Glu

Hisg

Glu

Val

His

Met

155

Gly

Leu

Glu

Gly

Glu

235

Gln

sSer

ASp

ATYg

Thr

315

Ser

Ala

Gly

ATrg

AYg

395

ASp

Ile

Glu

Leu

Leu
75

US RE47,233 E

-continued

Met

Leu

140

Pro

Leu

Phe

Tle

ASP

220

ATYg

ATYg

AYg

Gln

Ile

300

Glu

ASpP

AYg

Val

Glu

380

Gly

Val

His

Pro

Leu

Glu

60

Val

Ser Gly Ile

125
His

AsSn

Thr

Met

Pro

205

Glu

Thr

Gln

Ala

Phe

285

Phe

Glu

Vval

Glu

val

365

Gln

Arg

Val

Gly

Phe

45

Phe

Asp

Glu

Leu

Ile

ATy

120

Val

Leu

Thr

Ser

Phe

270

Thr

Val

His

Agn

Gln

350

Val

Gly

Gly

Lys
30

Ser

Val

Leu

Leu

Agn

175

Trp

Val

2la

Arg

255

Met

Tle

Leu

AgSh

Leu

335

Trp

Thr

Tle

Gly

Ser

15

Glu

2la

ala

Tle

Arg

Met

Phe

160

Ile

Leu

Leu

Gln

240

Tle

Hig

His

Glu

Leu

320

Tle

Agn

Pro
400

Glu

Tle

Tle

Glu

Val
80

30



Glu

Glu

Ala

Glu

ASpP

145

ASpP

Asn

Gly

Leu
225

Leu

Val

Trp

AsSn

Ala
305

Ser

Ala

ATrg
385

Met

Thr

Phe

Val

Tyr

130

Leu

Pro

His

Leu

210

Val

2la

Ala

Leu

ASpP

290

Pro

Tle

Sexr

Leu

Thr

370

Gly

Pro

Leu

Lys

115

Met

Glu

Phe

Val

Pro

125

Ser

Val

Tle

Thr

275

Val

Gln

Tle

Gln

Ala

355

Agn

AgSh

Leu

ASP

ASDP

100

Tle

Leu

Ala

ATrg

180

Ile

Gly

Agn

Agnh

260

Met

Phe

Pro

Gly

Tle

340

Val

Ala

Gln

Ser

Leu

85

Asp

Phe

Ala

Tle

Ser

165

Gln

Leu

Glu

Vval

Ile

245

Val

Leu

Vval

Lys

325

AsSp

Ala

Ala

Leu

Arg
405

<210> SEQ ID NO 28

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycoplasma hominis

PRT

<400> SEQUENCE:

409

28

Ala

Ser

Leu

Gly

Val

150

Val

ATrg

Val

Gly

Ser

230

Pro

ASpP

Phe

ASpP

310

Tle

Pro

Leu

Ser
290

31

Ser
Val
Gln
Tle
135
AsSp
Gly
Glu
Asn
Gly
215

Glu

Ala

Trp
295
Asn
Pro
Glu
Gly
Glu
375

Leu

AsSp

Pro

Ser

120

Thr

Pro

Agn

Thr

Thr

200

ASP

ATrg

Agn

Trp

ASP

280

ASP

Gly

Thr

Arg

Tle

360

2la

Gly

Val

Glu
Val
105

Gln

Met

Gly

Leu

185

Pro

Val

Thr

Thr
265

Leu

Leu

Glu

345

Val

Ala

Met

Met Ser Val Phe Asp Ser Lys Phe Asn

1

5

ITle Gly Glu Leu Glu Thr Val Leu Val

20

25

Asp Tyr Ile Thr Pro Ala Arg Leu Asp

ala
Q0

Leu

His

Pro

Val

170

Phe

Trp

Phe

ASp

Glu

250

AgSh

Phe

ASpP

Pro

Tle

330

Thr

Tle

Gly

Gly

Ser

Ser

ASpP

Agn

155

Thr

Ser

Ile

Leu

235

Leu

Leu

Leu

Leu

315

Pro

His

Gly

Ile

Asn
395

US RE47,233 E

-continued

Glu

ASD

Thr

Leu

140

Leu

ITle

ATYg

Tyr
220
Gln

Glu

Met

Val
200

Glu

Tle

Phe

Thr
380

Ala

Lys

Glu

Arg
125

His

Phe

Asp

205

Asn

Thr

Phe

His

Ser

285

Asn

Asp

Ala

Asp

Ala

365

Val

Arg

Gly Ile His Val

10

His Glu Pro Gly

Glu Leu Leu Phe

Leu

His

110

Ser

Tle

Phe

Val
190

Pro

Agn

Tle

Leu
270

Pro

Gly

Leu

Gly

Gly

350

ATrg

Leu

Tyr

Arg
30

Ser

Leu Glu
o5

Arg Ala

Leu Val

Glu Ser

Thr Arg
160

Met ATrg
175

Phe Ser

2la Glu

Asp Thr

Thr Leu
240

Arg Ile
255

Asp Thr

Tle Ala

Gly Asp

Leu Lvys

320

Ala Gly
335

Thr Asgsn

2an Glu

Pro Phe

Met Ser
400

Ser Glu
15

Glu Ile

2la Ile



Leu

Met

65

Glu

Thr

Ala

Phe

Asn

145

Pro

Tle

His

Met

Val

225

Ala

Ala

Leu

ASpP

Pro

305

Ile

Thr

Leu

Thr

Gly
385

Pro

<210>
<211>
<212>
<213>

<400>

Glu

50

Thr

Phe

Val

Met

130

Glu

Phe

Val

Pro

Ser

210

Val

Tle

Thr

Val

290

Gln

Ile

Glu

2la

Agn
370

Agn

Leu

35

Ser

ASP

Leu

ATy

115

Met

Leu

Ala

Lys

195

Tle

Gly

Agn

Agn

Met

275

Phe

Pro

Agn

Met

Tle

355

Ala

Gln

Ser

His

ATg

ASP

Glu

100

Ala

Ser

Ile

Ser

ATrg

180

Leu

Glu

Val

Ile

Val

260

Leu

Gln

Glu
240

Ala

Leu

ATrg

PRT

SEQUENCE :

AsSp

Gly

Leu

85

Glu

Phe

Gly

Val

Val

165

Val

Gly

Ser

Lys

245

Pro

Asp

Phe

Leu

Glu

325

Tle

Pro

Leu

Ser

Lys
405

SEQ ID NO 29
LENGTH:
TYPE:
ORGANISM:

411

Ala

ITle

70

Ala

Thr

Leu

Tle

ASpP

150

Gly

Glu

Gly

Glu
230

Ala

Trp

Agn
210

Pro

Ala

Gly

Leu
390

ASpP

33

Arg
55

Asn
Ser
Val
Leu
Thr
135
Pro
Asn
Thr
Thr
Asp
215
Arg
Asn
Trp
Asn
Asp
295
Gly
Val
Arg

Leu

Ala
375

Gly

Val

40

Val

Pro

Ser

120

Met

Gly

Leu

Pro

200

Val

Thr

Thr

Lys

280

Leu

Leu

Glu

Val

360

Ala

Met

Glu

Val

Ala

Val
105

Pro

Val

Phe

185

Trp

Phe

ASP

Glu

ASn

265

Phe

ASP

Pro

Ile

Thr

345

Tle

Gly

Gly

Trp

His

Glu

Ala

90

Leu

Pro

Glu

Agn

Thr

170

2la

Tle

Leu

Val

250

Leu

Leu

Leu

Leu

Pro

330

Agn

Gly

Ile

Agn

Streptococcus pyogenes

29

Gln

Leu

75

Thr

Thr

Leu

Leu

155

Ile

ATrg

ASpP
235
Glu

Met

Val
ASpP
315

Ile

Phe

Thr

Ala
395

US RE47,233 E

-continued

Ser

60

Thr

Glu

Glu

His

Gly

140

His

Phe

ASpP

AsSn

220

Thr

Phe

Hig

Ser

Agnh

300

Gly

ASD

ASpP

Val
280

ATYJ

45

Phe

Asp

Glu

Ala

Glu

125

Vval

Phe

Phe

Vval

Pro

205

AsSn

Tle

Leu

Pro

285

Gly

Leu

Gly

Gly

Arg

365

Leu

Val

Leu

Phe

Agn

110

Met

Glu

Thr

Met

Phe

120

Ala

Glu

Thr

ATg

ASP

270

Ile

Gly

Leu

Ala

Thr

350

Agn

Pro

Met

Val

Tle

o5

Val

Ser

Arg

Arg

175

Arg

Met

Thr

Leu

Ile

255

Thr

2la

Ala

2la

Gly

335

Agn

Glu

Phe

Ser

Tle
Ala
80

Glu

Glu

Glu

ASpP

160

Agn

Leu

Leu

240

Val

Trp

Agn

Glu

Ser

320

2la

Hig

Met
400



Pro

ASP

Gly

65

Thr

Asn

Ala

Gln

ASpP

145

Leu

Leu

Met

Leu

225

ASp

Leu

Phe

Thr

Tyr

305

ASpP

Gly

ATrg

Ile
385

Thr

ASp

2la

50

Ile

Pro

Ile

Tle

Lys

130

Leu

Agn

Val

210

Val

2la

Gly

Met

Tle

290

ASpP

Leu

Gly

Sexr

Agn
2370

Met

Ala

Val

Tyr

35

Gln

Glu

Glu

ATrg

Glu

115

Ser

Val

Phe

His

Tle

195

Leu

Ala

Phe

Hig

275

His

Agn

Leu

Gly

ASsn
355
Thr

Ile

Ser

Gln
Leu
20

Leu

Val

Tle

Gly

100

ASDP

Glu

Glu

Thr

Met

180

Phe

ASDP

Ser

Ser

Lys

260

Leu

Pro

Glu

Ala

ASDP

340

Thr

Tle

His

Met

Thr

Leu

Glu

Glu

Leu

Arg

85

Arg

Asn

Leu

Ser

Arg

165

Phe

Thr

Tle

245

Asp

Glu

Glu

Ala
325

AsSn

Leu

Thr

Gly

Pro
405

Pro

His

ATrg

His

Tyr

70

Glu

Ala

Gln

Pro

Ser

150

ASpP

Ser

His

Agn

ASpP

230

Glu

Val

Thr

Tle

Leu

310

ASh

Leu

Thr

Agn

Ser

390

Phe

35

Ile
Arg
Leu
Asp
55

Leu
Ala
Thr
Glu
Glu
135
Pro
Glu
His
Glu

215

Val

Leu
Val
Glu
295
Hisg

Leu

Val

Tle
Ala
375

Glu

Glu

His

Pro

Leu

40

2la

Glu

Phe

Leu

120

Tle

Pro

Phe

Thr

Pro

200

Thr

Leu

Leu

Ala

Phe

280

Gly

Tle

Gly

2la

Ala
260
Tle

Leu

Arg

Val

Gly

25

Phe

Phe

Thr

Tle

Lys

105

Tle

Pro

Phe

Ala

ATrg

185

Tle

Thr

Ala

Leu

Phe

265

Thr

ASDP

Val

Val

Ala
345

Pro

Leu

Val

Glu

Tyr

10

ASp

2la

Leu

ASp

50

ala

Glu

2la

2la

Thr

170

Agn

Val

Val

250

Glu

Met

Leu

Glu

Glu

330

Gly

Gly

Glu

Arg

ASp
410

Ser

Glu

ASp

Gln

Ala

75

Glu

Ile

Ser

Ile

155

Tle

ATYg

Gly

ITle

Gly

235

Asnh

Phe

Val

Arg

Glu

315

ATrg

Val

Ser

Gly
395

Ile

US RE47,233 E

-continued

Glu Ile Gly Lys

ITle

Tle

Ala

60

Ala

ATYJ

Thr

Glu

140

ASpP

Gly

Glu

Gly

Glu

220

Ile

Tle

Ala

ASP

Val

300

Val

Glu

Val

Lys
380

AYg

Glu

Pro

45

Leu

Glu

Leu

Glu

Met

125

Pro

Thr

Thr

Gly

205

Gly

Ser

Phe

AsSn

Tvr

285

Gly

Asp

Gln

Val
365

Gly

Gly

Agn

30

Phe

ATg

Ser

Ser

Leu

110

Ala

Gly

Met

Gly

Leu

190

Gly

Gln

Agn

270

ASP

Ser

ASP

Leu

Trp

350

Val

Leu

Gly

15

Leu

Leu

ASP

Leu

Glu

o5

Leu

Gly

Leu

Pro

Val

175

Val

ASP

Arg

Gln

255

Arg

Val

Leu

Tle

335

Agn

Pro

Leu

Met

Glu

Glu

Val

80

Ala

Met

Val

Thr

Agn

160

Ser

Gly

Pro

Glu

Thr

240

Agn

Phe

Thr

b2la

320

Arg

ASDP

Agh

Leu

ATrg
400

36



<210> SEQ ID NO 30

<211> LENGTH:

«212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ser Ser His

1

Lvs

ASpP

Ala

Tle

65

Pro

Ile

Tle

Leu
145

AsSn

Leu

225

Ala

Phe

His

Hig

AsSn
305

Leu

Gly

AsSn

Thr

Val

Gln
50
Glu

Glu

Arg

Val

130

Val

Phe

Hig

Tle

Agn

210

Sexr

Ser

Leu

Pro
290

Glu

2la

Gly

Thr

Val
370

Met

Leu

35

Val

Ile

ASP

ASP

115

Glu

Glu

Thr

Met

Phe
195

Tle

ASP
275

Glu

Gln

Agn

Leu

355

Thr

Leu

20

Glu

Glu

Leu

ATg

ATy

100

Agn

Leu

Ser

ATg

Phe

180

Glu

ASP

Glu

Val

260

Thr

Tle

Leu

Agn

Tle

340

Thr

Agn

409

Streptococcus pneumoniae

30
Pro
5
His

Arg

His

Asp

85

Gln

Gln

Pro

AsSp

AsSp

165

Ala

Glu

Val

Lys

245

Leu

Val

Glu

Leu
325

Val

Ile

ITle

ATrg

Leu

ASpP

Leu

70

Gln

Thr

Glu

Glu

Tyr

150

Pro

ASP

His

ASpP

Leu

230

Leu

Ala

Phe

Gly

ITle

310

Gly

Ala

Ala

Tle

37

Gln

Pro

Leu

Ala

55

Glu

Phe

Leu
Ile

135

Pro

Phe

Thr

Pro

Thr

215

Ala

Leu

Phe

Thr

AsSp

295

Val

Val

Ala

Pro

Leu
375

Val

Gly

Phe

40

Phe

Gln

Ile

Val

Val

120

Pro

Phe

Ala

ATy

Tle

200

ATrg

Val

Val

Glu

Met

280

Leu

Glu

Glu

Ala

Gly

360

Glu

Phe

Lys

25

ASP

Ala

Leu

Glu

Ala

105

Glu

ASP

Ala

Thr

Agn

185

Tle

Gly

ASn

Phe

265

Val

His

Glu

ATrg
345

Val

Glu

Ser

10

Glu

ASp

Gln

2la

Glu

90

Ile

Glu

Tle

Tle

170

Arg

Gly

Glu

Tle

Tle

250

2la

ASp

Val

Val
330

Glu

Val

Glu

Leu

ITle

Ala

Ala

75

ATrg

Thr

Ala

ASpP

155

Gly

Glu

Gly

Gly

Ser

235

Phe

Agnh

Gly

315

His

Gln

Val

Gly

US RE47,233 E

-continued

Ile

Glu

Pro

Leu

60

Glu

Leu

Glu

Met

Lys

140

Pro

AsSn

Thr

Gly
220

Gln

Asn

ASDP

Ser
200

ASP

Leu

Trp

Val

Leu
280

Gly

Agh

Phe

45

Arg

Ser

Asp

Leu

Ala

125

Asp

Met

Ala

Leu

val

205

Asp

Arg

Arg
Lys
285

Vval

Leu

Tle

AsSn

365

Arg

Leu

30

Leu

ASP

Leu

Glu

Leu

110

Gly

Leu

Pro

Val

Tyr

120

ASP

Glu

Thr

Agn

Lys

270

Phe

Thr

Ala

ATrg

ASP

350

ASP

Leu

Leu

15

Leu

Glu

Glu

Thr

2la

o5

Hisg

Tle

Thr

AgSh

Ser

175

Gly

Leu

Leu

ASpP

Val

255

Phe

Thr

Glu

Cys

335

Gly

ATrg

Tle

Pro

ASp

Gly

Ser

80

Agn

Gly

Gln

ASpP

Leu

160

Leu

Val

Val

Ala

240

Gly

Met

ITle

Glu

Leu
320
Gly

Ser

Agn



39

US RE47,233 E

-continued

Ile Arg Gly Ser Glu Leu Val Arg Gly Arg Gly Gly Pro Arg Cys Met

385

390

Ser Met Pro Phe Glu Arg Glu Glu Val

405

<210> SEQ ID NO 31

<211> LENGTH:

«212> TYPE:

<213>

PRT

ORGANISM:

<400> SEQUENCE:

Met Gly Val Glu

1

Val

Asn

Gln

Glu

65

Gly

Leu

ASpP

Glu

Hig

145

Thr

Leu

ATrg
Val
225

Ala

Ala

ASp

Tle
305

ITle

Glu

Tle

Thr

ASpP

50

Val

2la

Gly

Pro

Leu

130

His

Arg

Ala

2la

Thr

210

Val

Leu

Val

Thr

Thr

290

Gly

ASpP

Arg

Leu

ASP

35

Glu

Leu

Ala

Leu

Gly

115

Pro

Gly

ASP

Leu

His

195

Ala

Ala

Ala

Pro

Met
275

Leu

ASP

Glu

His

20

Gln

Hisg

Leu

ATg

Pro

100

ATg

Ser

Gly

Ser

ATy

180

His

Pro

Val

ATg

Ile
260

Val

Glu

Ala

Leu

Gln
240

402

395

Mycobacterium tuberculosis

31

Leu

5

Arg

Leu

Asp

Leu

Met

85

Leu

Leu

Asp

AsSp

Ser

165

Ala

Pro

Val

Gly

Ser

245

Ala

Asp

2la

2la

ATy

325

Trp

Gly

Pro

Leu

Glu

Ser

70

Gln

Ala

Ala

Thr

Phe

150

ITle

ATrg

ATrg

Glu

Vval

230

Leu

Gln

Thr

Phe

Pro

310

Val

ASpP

Ser

Gly

Phe

Phe

55

AsSp

Gly

Gln

Hisg

Arg

135

Val

Trp

Val

Phe

Gly

215

Gly

Phe

Gln

Asp

Thr

295

Phe

ITle

Asp

Agn

2la

ASP

40

Ala

Leu

Ile

Glu

Val

120

Thr

Tle

Ile

Arg

Thr

200

Gly

Glu

ASP

ATy

Thr

280

Tle

Ala

Hig

Gly

Ser

Glu

25

Gly

Glu

Leu

Ala

Leu

105

Leu

ASP

Glu

Gly

Glu

185

Gly

ASP

ASP

Ala
265

Met

Gln

Glu

Thr

Agn
345

Glu

10

Leu

Leu

Leu

Thr

2la

50

Ser

Thr

Val

Pro

Pro

170

Ala

Val

Val

Thr

ASp

250

Gln

Val

2la

Gly
330

Agn

Val

ATrg

Pro

Leu

Glu

75

Ala

Ala

Ala

Ser

Leu

155

ATYg

Ser

ATrg

Leu

Thr
235

Leu

Met

Met

Thr

Ala

315

Met

Thr

Gly

AYg

Trp

Ala

60

Ala

Val

Gly

Leu

140

Pro

Val

Leu

AYg

Leu

220

Pro

Ala

His

Pro
300
Ala

ASP

Leu

Ala

Leu

Val

45

Ser

Leu

Asp

Leu

Met

125

Val

ASn

Val

Thr

Ala

205

Leu

Ala

His

Leu

Ala
285

Asp

Pro

Ala

Leu

Thr

30

Ser

ATg

His

Ala

ATrg

110

Thr

Leu

Leu

Ile

ASP

120

Ala

Gly

Thr

ASP

270

Agn

Gly

Ala

Val

Leu
350

ATy

15

Pro

Arg

Gly

His

Pro

55

Ser

Phe

ATrg

Val

Pro

175

Leu

Glu

Pro

2la

Val

255

Thr

Val

Val

Met

Val

335

2la

400

Val

Arg

2la

Ala

Ser

80

ATrg

Leu

Agn

Met

Phe

160

Ser

ITle

Ser

Gly

Glu

240

Leu

Val

Val

Thr

Gly

320

Ala

Pro

40



Gly

Gln

Thr

385

Pro

Val
ASp
370

Gly

Leu

Val Val Ala Tvr

355

Ala Gly Ile Glu

Arg Gly Gly Pro

«<210> SEQ ID NO 32

<211> LENGTH:

«212> TYPERE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ser Thr Glu

1

Leu

Thr

ASpP

Arg

65

Gln

ASP

Gly

Gly

ASh

145

Thr

Leu

Thr

Val

Gly

225

Gly

Phe

Ser

ASP

Tle
205

Arg

Pro

Gln

50

Gly

ASpP

Thr

Gln

Gln

130

ASp

Gln

Agn

2la

Trp

210

Gly

Glu

Glu

Arg

Leu
290

Tle

Lys
ser
35

Ala

Val

Val
ASP
115

ASP

Phe

Pro

Tle
195

ASP

ATg

Ala
275

Val

Val
20

Agn

ASDP

Agn

Gly

100

Pro

Leu

Leu

Thr

Met

180

Gly

Val

Thr

Gly

260

Ala

Thr

Pro

417

390

41

Glu

Val
375

Arg

Pgseudomonas

32

Arg

Vval

2la

85

Val

Arg

Pro

Gly

Arg
165

AsSp

Met

Ser

245

2la

Met

Val

Asp

Gln

Val

ASpP

ASpP

Leu

70

Leu

Gly

His

Gln

His

150

ASpP

Trp

Phe

Pro

Pro
230

ATg

Ala

Hisg

Phe

Glu
210

Glu
Hig
55

Glu

Leu

Leu

Ser

135

Ser

Thr

Pro

Hisg

AsSp

215

ITle

Gln

Thr

Leu

Pro
295

Arg Asn Val Gln

360

Leu Thry Ile Ala

Cys Met Ser Cys

395

plecoglossicida

Ser

Leu

40

Phe

Met

Trp

2la

120

Glu

Ser

Thr

2la

Lys

200

Gly

Ala

Glu

ASP
280

Glu

Gly

Pro

25

Leu

ASP

His

Tle

Agn

105

Glu

Gly

Phe

ATrg
185

Glu

Glu

Ile

Val

265

Thr

Val

Pro

Val

10

Gly

Phe

Phe

Agn

Leu

S0

Glu

Phe

2la

Tle

Trp

170

Arg

Phe

His

Gly

Gly
250
Ile

Val

Val

His

Leu

ASpP

Val

Leu

75

ASpP

Val

Leu

ASDP

Leu

155

ITle

Gln

Thr

Gly

Ile
235

Gln

Val

Phe

Agnh

Gly
315

US RE47,233 E

-continued

Thr
Gly
380

Pro

Ser

Ala

ASpP

Thr

60

Leu

ATYg

ATYJ

Tle

Val

140

Pro

Glu

AsSn

Ser

220

Val

Leu

Ala

Ser

Glu
300

Met

Asn
365

Ser

Ala

Glu

Hig

Vval

45

Thr

Ser

Gly

125

Val

Pro

Gly

Thr

Ala

205

Ser

Leu

Ala

Gly

Phe

285

Ile

Asp

Ala

Glu

2la

Ala

Lys

30

Tle

Met

ASP

Leu

Trp

110

Gly

Leu

Gly

Leu
190

Glu

Thr

Ile

ATg

Leu

270

Val

Val

ATy

Leu

ATrg

Gly

15

Arg

Trp

Arg

Tle

Thr

S5

Leu

Val

Met

Pro

Val

175

Leu

Phe

Leu

Gly

Agn

255

Pro

ASpP

Pro

Arg

Leu

Gly

ASpP
400

Leu

Val

Glu

Val

80

ASp

Glu

Ala

Agh

160

Thr

Thr

Glu

Glu

Met
240

Leu

ATrg

Phe

Arg
320

42



ITle

Leu

Gln

Tle

Gly

385

Gly

Tyr

Agn

Arg

Trp

Gly

370

Tle

Gly

Val

ASP
355

Glu

Gly

Ser

Val

340

ASP

ASP

Val

His

Phe
325
Glu

Gly

Tle

Cvys
405

<210> SEQ ID NO 33

<211> LENGTH:

«212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Leu

Thr

ASP

ATrg

65

Gln

ASpP

Gly

Gly

Agn

145

Thr

Leu

Thr

Val

Gly

225

Gly

Phe

Ser

Arg

Pro

Gln

50

Gly

Gln

Thr

Leu

Gln

130

Gln

Agn

ala

Trp

210

Gly

Glu

Glu

Ala

Lys

Ser

35

Ala

Val

Pro

Val

Glu

115

ASP

Phe

Pro

Ile
195

ASP

ATg

Glu
Val
20

Agn

ASDP

Glu

Gly

100

Pro

Leu

Leu

Thr

Met
180

Gly

Val

Thr

Gly
260

420

ITle

Thr

AsSn

ASh

Thr

390

Met

43

Glu
Gly
Asn

Thr
375

Tle

Thr

Pgeudomonas

33

ATy

Vval

Ala

85

Val

Arg

Pro

Gly

Arg
165

Asp

Met

Ser
245

2la

Gln

Vval

ASpP

ASP

Leu

70

Leu

Gly

His

Val

His

150

ASpP

Trp

Phe

Pro

Pro

230

ATg

Ala

Glu
Hig
55

Glu

Leu

Leu

Ser
135

Ser

Thr

Pro

Hig

Asp

215

Val

Hig

Glu

Val

Gly

Val
260

Ser

Val

Agn

345

Val

Thr

Ala

Pro

putida

Ser

Leu

40

Phe

Met

Trp

Thr

2la

120

Glu

Ser

Thr

Ala

Lys
200

Gly

Ala

Gly

Pro

25

Leu

ASP

His

Ile

AgSh

105

Glu

Gly

Phe

ATg
185

Glu

ASDP

Ile

Tle
265

Gly

330

Ser

2la

AgSh

Gly

Ile
4710

Val

10

Gly

Phe

Phe

Agn

Leu

50

Glu

Phe

2la

Tle

Trp

170

Arg

Phe

His

Gly

Gly
250

Tle

Glu

Phe

Ile

Thr

Glu

395

Val

His

Leu

ASpP

Val

Leu

75

ASDP

Val

Leu

Glu

Leu

155

ITle

Gln

Thr

Gly

ITle

235

Gln

Val

US RE47,233 E

-continued

Gln

Ala

Glu

Leu

380

Leu

ATYg

Ser

Ala

ASpP

Thr

60

Leu

AYg

ATrg

Tle

Val

140

Pro

Glu

Gly

AsSn
220

Val

Leu

Ala

Leu

Ala

Pro

365

Leu

Gly

Asp

Glu

His

Val
45

Thr

Ser

Gly

125

Ile

Pro

Gly

Thr

Ala

205

Ala

Leu

Ala

Gly

Gly

Glu

350

Gly

Arg

ATrg

Pro

Ala

Lys

30

Tle

Met

ASP

Ile

Trp

110

Gly

Leu

Gly

Leu

120

ASP

Thr

Tle

Gln

Leu
270

Val
335

Arg

Val

Gly

Ile
415

Gly

15

Arg

Trp

ATrg

Tle

Thr

55

Leu

Val

Met

Pro

Val

175

Leu

Phe

Leu

Gly

Agn

255

Pro

Glu

Val

Ala

ATrg

400

ASpP

Leu

Val

Glu

Val

80

Ser

Glu

Ala

Agn
160
Thr

Thr

Gln

Glu

Met

240

Leu

44



Ser

ASp

Ile

305

Gln

Glu

Gly

ATrg

385

ATrg

Pro

ATy

Leu

290

Ile

ASp

ASpP

Arg

Val

370

Gly

Tle

Ala
275
Val

Thr

Ala

Glu
355
Val

Ala

ASP

Ala

Thr

Pro

Ser

Leu

340

Gln

Tle

Gly

Gly

Tyr
420

Met

Vval

Asp

Phe

325

Arg

Trp

Gly

Ile

Gly
405

<210> SEQ ID NO 34

<211> LENGTH:

«212> TYPE:
«213> ORGANISM: Pseudomonag

PRT

<400> SEQUENCE:

Met Ser Thr Glu

1

Leu

Thr

Asn

ATg

65

Gln

ASpP

Ser

Ala

ATrg

145

Thr

Leu

Thr

Tle

Arg

Pro

Gln

50

Gly

Agn

Ser

Leu

ASpP

130

Glu

Gln

Agn

Ala

Trp

Lys

Ser

35

Ala

Ile

Pro

Val

Glu

115

ASP

Phe

Pro

Tle
195

Val
20

Agn

ASP

Glu

Gly

100

Pro

Leu

Leu

Thr

Met

180

Gly

418

34

Arg

Val

2la

85

Leu

Arg

Pro

Gly

Arg
165

AsSp

Hig

Phe

Ser

310

Leu

Val

ASpP

Glu
390

Gly

Thr

Val

ASpP

ASpP

Leu

70

Leu

Gly

Ala

His

150

ASpP

Trp

Phe

Pro

45

Leu
Pro

295

Ser
Glu
Val
Asp
Asp
375

Val

Hig

Glu
Hisg
55

Glu

Leu
Leu

Ser
135

Ser

Thr

Pro

His

AsSp

ASP
280

Glu

Val

Glu

Gly

360

Arg

Ile

Thr

Val

Pro

Val

Thr

345

Agn

Agn

Thr

Met

Val

Val

Sexr

330

Gly

Agn

Thr

Ile

Thr
4710

aeruginosa

Leu

Ser

Leu

40

Phe

Met

Trp

Thr

Ala

120

Glu

Ser

Thr

2la

Pro
200

Gly

Pro

25

Leu

ASP

Hig

Tle

Ser

105

Glu

Gly

Phe

ATrg
185

Glu

ASDP

Val

10

Gly

Phe

Phe

Agn

Leu

90

Glu

2la

Leu

Trp

170

Arg

Phe

His

Phe

Gly
315
Glu

Gly

Val

Ser
395

His

Leu

ASp

Val

Leu

75

ASp

Leu

Leu

Agnh

Leu

155

ITle

Gln

Ala

Gly

US RE47,233 E

-continued

Ser

Glu

300

Met

Gln

AsSn

Val

Thr

380

Ala

Pro

Ser

Ala

ASD

Thr

60

Leu

ATYg

ATYg

Tle

Tle
140

Pro

Glu

Agnh

Ser

Phe

285

Tle

Asn

Leu

Ser

Ala

365

AsSn

Gly

Ile

Glu

His

val
45

Thr

Ser

Gly
125

Leu

Pro

Gly

Thr

Ala

205

Ser

Ile

Leu

Phe

350

Leu

Thr

Glu

Val

Ala

Gln

30

Tle

Met

Glu

Tle

Trp

110

Gly

Leu

Gly

Leu

120

Glu

Thr

ASP

Pro

2la

Gly

335

2la

Glu

Leu

Leu

Arg
415

Gly

15

Arg

Trp

Arg

Thr

Thr

o5

Leu

Val

Met

Pro

Val
175

Leu

Phe

Leu

Arg

Phe

Pro

320

b2la

Pro

Leu

Gly
400

ASpP

Leu

Val

Glu

Ile

80

Ala

Glu

Ala

Agh

160

Thr

Thr

Glu

Glu

46



Gly

225

Gly

Phe

Ser

ASDP

Ser

305

Glu

Glu

Val

Ala

385

ATrg

ASP

210

Gly

Glu

Ala

Arg

Leu

290

Leu

Glu

Leu

Gln

Val

370

Gly

Gly

Tvyr

ASP

Ala
275

Val

ATrg

Trp

355

Gly

Val

Gly

Val

Ser

Gly

260

Ala

Thr

Pro

Thr

Val

340

ASDP

Glu

Gly

Met

Ser

245

Ala

Met

Val

AsSp

Phe

325

Val

AsSp

Asp

Vval

His
405

<«210> SEQ ID NO 35

<211> LENGTH:

<212> TYPERE:

<213> ORGANISM: Streptococcus pneumoniae

PRT

<400> SEQUENCE:

Met Ser Ser His

1

Lys

ASp

Ala

Tle

65

Pro

Tle

Tle

Leu
145

Val

Gln
50
Glu

Glu

Arg

Val
120

Val

Phe

Met

Leu
35

Val

Tle

ASP

ASP

115

Glu

Glu

Thr

Leu
20
Glu

Glu

Leu

ATrg

ATy

100

Agn

Leu

Ser

ATrg

409

35

Pro
5

Hig

Arg

His

AsSp

85

Gln

Gln

Pro

AsSp

AsSp

Pro

230

ATg

Ala

Hisg

Phe

Pro

310

Leu

Glu

Gly

ATg

Tle
3290

Tle

ATg

Leu

ASpP

Leu

70

Gln

Thr

Glu

Glu

Tyr

150

Pro

47

215

Tle
Gln
Glu
Leu
Pro
295
Ser
Glu
Thr
ASn
Asn
375

Thr

Met

Gln
Pro
Leu
Ala
55

Glu

Phe

Leu

Ile
135

Pro

Phe

Gly

Ala

Arg

ASP

280

Glu

Ser

Val

Gly

Agn

360

Thr

Tle

Thr

Val

Gly

Phe

40

Phe

Gln

Tle

Val

Val

120

Pro

Phe

2la

Agn

Ile

Val

265

Thr

Val

Pro

Val

Gly

345

Val

Ser

Phe

Lys

25

ASDP

Ala

Leu

Glu
Ala

105

Glu

ASP

Ala

Thr

Gly

Gly

250

Tle

Val

Val

2la

330

Agn

Val

Thr

2la

Pro
4710

Ser

10

Glu

ASp

Gln

Ala

Glu
90

Tle

Glu

Tle

Tle

Val
235
Gln

Val

Phe

Gly
315
Glu

Ser

Agnhn
Ser
395

ITle

Glu

Leu

Tle

Ala

Ala
75

Arg

Thr

Ala

ASpP

155

Gly

US RE47,233 E

-continued

220

Val

Val

Ala

Ser

Glu

300

Met

Ser

Phe

Leu

Thr
380
Glu

Val

Tle

Glu

Pro

Leu
60

Glu

Leu

Glu

Met

Lys

140

Pro

ASn

Leu

Ala

Gly

Phe

285

Ile

ASn

Leu

Ala

Glu

365

Leu

Leu

Arg

Gly

Asn

Phe

45

Arg

Ser

Asp

Leu

Ala
125

Asp

Met

Ala

Tle

Gln

Leu

270

Val

Tle

Gly

Ala

350

Pro

Leu

Gly

ASP

Leu

30

Leu

ASP

Leu

Glu

Leu

110

Gly

Leu

Pro

Val

Gly

Ser

255

Pro

ASpP

Pro

Arg

Leu

335

Glu

Gly

Arg

Arg

Pro
415

Leu

15

Leu

Glu

Glu

Thr

2la
o5

His

Tle

Thr

AgSh

Ser

Met
240

Leu

Phe

Arg

320

Arg

Val

Gly
400

Tle

Pro

ASp

Gly

Ser

80

Agn

Gly

Gln

ASpP

Leu

160

Leu

48



Agn

Leu

225

Ala

Phe

Hig

His

Agn

305

Leu

Gly

Asn

Thr

Tle

385

Ser

<210>
<211>
<212>
<213>
<220>
223>

His

Ile

AgSh

210

Ser

Ser

Leu

Pro

290

Glu

2la

Gly

Thr

Val

370

ATrg

Met

Met
Phe
195

Arg

Ile

ASP
275

Glu

Gln

Agn

Leu

355

Thr

Gly

Pro

Phe

180

Glu

ASP

Glu

Val

260

Thr

Ile

Leu

Agn

Tle

340

Thr

Agn

Ser

Phe

PRT

<400> SEQUENCE:

Met Ser Val Phe

1

Tle

ASp

Leu

Leu

65

Glu

Glu

Val

Gly

Thr

Phe

Val

Glu

Tle
35

Ser

Ala

Leu

ATrg

Leu
20

Thr

His

Agn

ASP

Glu

100

Agn

165

Ala

Glu

Val

Lys

245

Leu

Val

Glu

Leu
325
Vval

Tle

Glu

Glu
405

SEQ ID NO 36
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: ABD1: high

467

36

AsSp
5

Glu

Pro

AsSp

AsSp

Leu

85

AsSp

Phe

ASpP

Hisg

ASP

Leu

230

Leu

Ala

Phe

Gly

Tle

310

Gly

Ala

Ala

ITle

Leu

390

ATg

Ser

Ser

Ala

Ala

Tle

70

Ala

Ser

Leu

49

Thr
Pro
Thr
215
Ala
Leu
Phe
Thr
Asp
295
Val
Val
bAla
Pro
Leu
375

Val

Glu

Val
Arg
Arg

55

ASn

Ser

Glu

ATrg

Ile

200

Arg

Val

Val

Glu

Met

280

Leu

Glu

Glu

Ala

Gly

360

Glu

ATrg

Glu

Phe

Leu

Leu
40

Val

Gln

Pro

2la

Agn

185

Tyr

Tle

Gly

Agn

Phe

265

Val

Hisg

Glu

Arg

345

Val

Glu

Gly

Val

Val
25

ASDP

Glu

Val

Glu

Val
105

170

Gly

Glu

Tle

Ile

250

2la

ASpP

Val

Val
330
Glu

Val

Arg

affinity albumin binding domain

Gly

10

His

Glu

His

Glu

2la
90

Leu

Glu

Gly

Gly

Ser

235

Phe

Agnh

Gly

315

His

Gln

Val

Gly

Gly
395

ITle

Glu

Leu

Ser

Thr

US RE47,233 E

-continued

Thr

Gly
220

Gln

ASn

ASDP

Ser

300

ASpP

Leu

Trp

Val

Leu

380

Gly

Hig

Pro

Leu

Gln

60

Tle

ASDP

Glu

Ser

Leu
Val
205

Asp

Arg

Arg

Lys

285

Val

Leu

Ile

AsSn

Tyr

365

Arg

Pro

Val

Gly

Phe

45

Phe

Asp

Glu

Arg

Tyr

120

ASP

Glu

Thr

Agn

Lys

270

Phe

Thr

Ala

ATg

ASP

350

ASP

Leu

ATrg

Arg
30

Ser

Val

Leu

Leu

His

110

Glu

175

Gly

Leu

Leu

ASpP

Val

255

Phe

Thr

Glu

Cys

335

Gly

Arg

Ile

Ser
15

Glu

2la

Ala

Val

Ile

o5

Leu

Val

Val

b2la

240

Gly

Met

Ile

Glu

Leu

320

Gly

Ser

Agn

Met
400

Glu

ITle

Tle

Glu

Ala

80

Glu

Val

Val

50



Glu
ASpP
145

ASpP

AsSn

Leu
225

Leu

Val

Trp

Agn

Glu

305

Ser

Ala

Hig

385

Met

Hig

Leu

Ala

Ala
465

<210>
<211>
<212 >
<213>
<220>
<223 >

Tle
120

His

Pro

Hig

Leu

210

Val

Ala

2la

Leu

ASp

290

Pro

Ile

Ser

Leu

Thr

370

Gly

Pro

His

ASpP

Lys

450

Leu

115

Met

Glu

Phe

Val

Pro

195

Ser

Val

Tle

Thr

275

Val

Gln

Ile

Gln

Ala

355

AgSh

Agn

Leu

Ala

Lys

435

Thr

Pro

Met

Leu

Ala

ATg

180

Tle

Gly

ASn

Agn

260

Met

Phe

Pro

Agn

Met

340

Ile

Ala

Gln

Ser

Agn

420

Val

PRT

<400> SEQUENCE:

Ala

Ile

Ser

165

Gln

Leu

Glu

Val

Ile

245

Vval

Leu

Val

Lys

325

Glu

Arg

Ala

Leu

Arg

405

Ser

Gly

Glu

SEQ ID NO 37
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: ABD:

4677

37

Gly

Val

150

Val

ATrg

ITle

Gly

Ser

230

Val

Pro

ASpP

Phe

Glu

310

Tle

Pro

Leu

Ser

390

Leu

Val

Gly

51

Tle
135

Asp
Gly
Glu
Asn
Gly
215

Glu

Ala

Trp
295

Asn

Pro
Glu
Gly
Glu
2375
Leu
Asp
bAla

Ser

Val
455

120

Thr

Pro

Agh

Thr

Thr

200

ASP

ATy

Agn

Trp

ASP

280

ASDP

Gly

Val

ATrg

Val

360

Ala

Gly

Val

Glu

ASP

440

Glu

Met

Gly

Leu

185

Pro

Val

Thr

Thr
265

Leu

Leu

Glu

345

Val

Ala

Met

Ala
425

Phe

Ala

Pro

Val

170

Phe

Trp

Phe

ASpP

Glu

250

Agn

Phe

ASp

Pro

Ile

330

Thr

Ile

Gly

Gly

Trp
410

Leu

ASpP
Agn
155

Thr

Ser

ITle

Leu

235

Leu

Leu

Leu

Leu

315

Pro

His

Gly

Ile

Agnh

395

Gly

Val

US RE47,233 E

-continued

Leu
140
Leu

Tle

ATYg

Tvr
220
Gln

Glu

Met

Val
200
Glu

ITle

Phe

Lys

380

Ala

Ser

Leu

ATYg

Leu
460

125

Gly

Tvr

His

Phe

Asp

205

ASn

Thr

Phe

His

Ser

285

AsSn

Gly

Ala

Asp

Ser

365

Val

Arg

His

Ala

Leu

445

Hig

Tle

Phe

Val
190
Pro

Agn

Val

Leu

270

Pro

Gly

Leu

Gly

Gly

350

ATg

Leu

His
Agn
430

Tle

Ile

albumin binding domain

Glu

Thr

Met

175

Phe

Ser

ASP

Thr

Arg

255

ASP

Ile

Gly

Leu

Glu

335

Thr

Agn

Pro

Met

His

415

Arg

Agn

Leu

Ala

ATrg

160

Ser

Leu

Thr

Leu

240

Ile

Thr

2la

Ala

Gln

320

Gly

Agn

Glu

Phe

Ser

400

His

Glu

Ala

Met Ser Val Phe Agsp Ser Lygs Phe Lys Gly Ile His Val Tyr Ser Glu



Tle

ASpP

Leu

Leu

65

Glu

Glu

Val

Glu

ASp

145

ASpP

Asn

Leu
225

Leu

Val

Trp

Asn

Glu

305

Ser

Ala

Hig
385

Met

Val

Gly

Thr

Phe

Val

Ile

130

His

Pro

His

Leu

210

Val

2la

Ala

Leu

ASpP

290

Pro

Tle

Ser

Leu

Thr

370

Gly

Pro

ASp

Glu
Ile
35

Ser

Ala

Leu

ATrg

115

Met

Glu

Phe

Val

Pro

195

Ser

Val

Tle

Thr

275

Val

Gln

Tle

Gln

Ala

355

Agn

Agn

Leu

Ala

Leu

20

Thr

His

Agn

ASP

Glu

100

Agn

Met

Leu

Ala

ATrg

180

Ile

Gly

Agn

Agnh

260

Met

Phe

Pro

Agn

Met
340

Ile

Ala

Gln

Ser

Agn
420

Glu

Pro

AsSp

AsSp

Leu

85

AsSp

Phe

Ala

Tle

Ser

165

Gln

Leu

Glu

Vval

Ile

245

Val

Leu

Vval

Lys

325

Glu

ATy

2la

Leu

ATy
405

Ser

Ser

Ala

Ala

Tle

70

Ala

Ser

Leu

Gly

Val

150

Val

ATrg

Tle

Gly

Ser

230

Val

Pro

ASpP

Phe

Glu

310

ITle

Pro

Leu

Ser

390

Lys

Leu

53

Val
Arg
Arg
55

Asn

Ser

Glu

Ile
135
AsSp
Gly
Glu
Asn
Gly
215

Glu

Ala

Trp
295
Asn

Pro

Glu
Gly

Glu
375

Leu

Asp

bAla

Leu

Leu

40

Val

Gln

Pro

2la

120

Thr

Pro

Agn

Thr

Thr

200

ASP

ATrg

Agn

Trp

ASP

280

ASP

Gly

Val

ATy

Val

360

Ala

Gly

Val

Glu

Val

25

ASP

Glu

Val

Glu

Val
105

Met

Gly

Leu

185

Pro

Val

Thr

Thr
265

Leu

Leu

Glu
245

Val

Ala

Met

Ala
425

10

His

Glu

His

Glu

ala

50

Leu

Pro

Val

170

Phe

Trp

Phe

ASp

Glu

250

AgSh

Phe

ASpP

Pro

Tle

330

Thr

Ile

Gly

Gly

Trp
410

Glu

Leu

Ser

Thr

ASpP

Agnh

155

Thr

Ser

Ile

Leu

235

Leu

Leu

Leu

Leu

315

Pro

His

Gly

Tle

Agn
395

Ala

Val

US RE47,233 E

-continued

Pro

Leu

Gln

60

Tle

ASDP

Glu

Ser

Leu

140

Leu

ITle

ATYg

Tvr
220
Gln

Glu

Met

Val
200

Glu

Tle

Phe

Lys

380

Ala

Gln

Leu

Gly
Phe
45

Phe

Asp

Glu
Arg
125

Gly

Hig

Phe

Asp

205

Asn

Thr

Phe

His

Ser

285

Asn

Gly

Ala

Asp

Ser

365

val

Arg

Hig

Ala

ATrg

30

Ser

Val

Leu

Leu

His

110

Glu

Ile

Phe

Val
190

Pro

Agn

Val

Leu

270

Pro

Gly

Leu

Gly

Gly

350

ATg

Leu

ASP

Agn
430

15

Glu

ala

Ala

Val

Ile

55

Leu

Glu

Thr

Met

175

Phe

Ser

ASP

Thr

Arg

255

ASpP

Tle

Gly

Leu

Glu

335

Thr

Agn

Pro

Met

Glu

415

Arg

Tle

Ile

Glu

b2la

80

Glu

Val

Val

Ala

Arg

160

ATrg

Ser

Leu

Thr

Leu

240

Ile

Thr

Ala

2la

Gln

320

Gly

Agn

Glu

Phe

Ser

400

Ala

Glu



Leu

Ala

Ala
465

<210>
<211>
<212 >
<213>
<220>
<223>

ASpP

Lys
450

Leu

Lys
435

Thr

Pro

3

US RE47,233 E

-continued

Tvr Gly Val Ser Asp Tyr Tvr Lys Asn Leu Ile Asn Asn

440

445

Val Glu Gly Val Lys Ala Leu Ile Agsp Glu Ile Leu Ala

PRT

<400> SEQUENCE:

Met Ser Val Phe

1

Ile

ASp

Leu

Leu

65

Glu

Glu

Val

Glu

ASpP

145

ASp

Agn

Leu
225

Leu

Val

Trp

AsSn

Glu
205

Gly

Thr

Phe

Val

Ile

130

His

Pro

His
Leu
210

Val

ala

2la

Leu

ASpP

290

Pro

Glu
Tle
35

Ser

Ala

Leu

ATrg

115

Met

Glu

Phe

Val

Pro

195

Ser

Val

Tle

Thr

275

Val

Gln

Leu

20

Thr

Hisg

Agn

ASP

Glu

100

Agn

Met

Leu

Ala

ATg

180

Tle

Gly

Agn

Agn
260
Met

Phe

Pro

SEQ ID NO 38
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: ABD:

4°73

38

Asp

5

Glu

Pro

Asp

Asp

Leu

85

Asp

Phe

Ala

ITle

Ser

165

Gln

Leu

Glu

Val

Ile
245

Vval

Leu

Vval

Ser

Ser

Ala

Ala

Tle

70

Ala

Ser

Leu

Gly

Val

150

Val

ATg

Tle

Gly

Ser
230

Val

Pro

ASpP

Phe

Glu
210

455

Val

Arg

Arg

55

Asn

Ser

Glu

Ile
135

Asp

Gly

Glu

Asn

Gly

215

Glu

Ala

Trp
295

Asn

Phe

Leu

Leu

40

Val

Gln

Pro

2la

120

Thr

Pro

Agn

Thr

Thr

200

ASP

ATy

Agn

Trp

ASP

280

ASP

Gly

Val

25

ASDP

Glu

Val

Glu

Val
105

Met

Gly

Leu

185

Pro

Val

Thr

Thr
265

Leu

Gly

10

His

Glu

His

Glu

2la

S0

Leu

Pro

Val

170

Phe

Trp

Phe

ASpP

Glu

250

Agn

Phe

ASpP

Pro

Ile

Glu

Leu

Ser

Thr

ASDP

Asn
155

Thr

Ser

ITle

Leu
235

Leu

Leu

Leu

Leu
315

460

Hig

Pro

Leu

Gln

60

Tle

ASpP

Glu

Ser

Leu

140

Leu

Tle

AYg

Tyr
220

Gln

Glu

Met

Val
300

Glu

Val

Gly

Phe

45

Phe

Asp

Glu
Arg
125

Gly

His

Phe

Asp

205

AsSn

Thr

Phe

His

Ser
285

Asn

Gly

albumin binding domailn

ATg
30

Ser

Val

Leu

Leu

Hig

110

Glu

Ile

Phe

Val
190
Pro

Agn

Val

Leu
270

Pro

Gly

Leu

Ser

15

Glu

2la

2la

Val

Tle

S5

Leu

Glu

Thr

Met

175

Phe

Ser

ASpP

Thr

ATrg

255

ASpP

Tle

Gly

Leu

Glu

Ile

Tle

Glu

Ala

80

Glu

Val

Val

2la

Arg

160

Arg

Ser

Leu

Thr

Leu
240

Ile

Thr

b2la

Ala

Gln
320

56



Ser

Ala

Hig

385

Met

Ala

Val

Tle
465

<210>
<211>
<«212>
<213>
<220>
<223 >

Ile

Ser

Leu

Thr

370

Gly

Pro

Gln

Leu

Agn

450

ASpP

Ile

Gln

2la

355

AgSh

Agn

Leu

His

Ala

435

Leu

Glu

Agn

Met

340

Ile

Ala

Gln

Ser

ASDP

420

Agn

Ile

Tle

PRT

<400> SEQUENCE:

Met Ser Val Phe

1

Ile

ASpP

Leu

Leu
65

Glu

Glu

Val

Glu

ASp
145

ASpP

Agn

Gly

Thr

Phe

Val

Ile

130

His

Pro

Lys

His

Glu
Tle
35

Ser

Ala

Leu

ATg
115

Met

Glu

Phe

Val

Pro
195

Leu

20

Thr

His

Agn

ASDP

Glu

100

Agn

Met

Leu

Ala

ATJg
180

Lys

325

Glu

Arg

Ala

Leu

Arg

405

Glu

Arg

Asn

Leu

SEQ ID NO 39
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: ABD:

4°73

39

AsSp

5

Glu

Pro

AsSp

Asp

Leu

85

AsSp

Phe

Ala

Tle

Ser

165

Gln

Leu

Lvs

Tle

Pro

Leu

Ser

390

Lys

Ala

Glu

AsSn

Ala
470

Ser

Ser

Ala

Ala

ITle

70

Ala

Ser

Leu

Gly

Vval
150

Val

ATg

Tle

S7

Pro
Glu
Gly
Glu
375
Leu
Asp
Val
Leu
Ala

455

Ala

Val
Arg
Arg

55

Asn
Ser

Glu

Ile
135
Asp
Gly

Glu

Asn

Val

Arg

Val

360

Ala

Gly

Val

ASDP

ASP

440

Leu

Phe

Leu

Leu

40

Val

Gln

Pro

Ala
120

Thr

Pro

Agn

Thr

Thr
200

Leu

Glu

345

Val

Ala

Met

Ala
425
Lys

Thr

Pro

Val

25

ASP

Glu

Val

Glu

Val
105

Met

Gly

Leu

185

Pro

Ile

330

Thr

Ile

Gly

Gly

Trp

410

Agn

Val

Gly

10

His

Glu

His

Glu

2la
Q0

Leu

Pro

Val
170

Phe

Trp

Pro

His

Gly

Ile

Agn

395

His

Ser

Gly

Glu

ITle

Glu

Leu

Ser

Thr

ASDP

Asnh

155

Thr

Ser

US RE47,233 E

-continued

ITle

Phe

Lys

380

Ala

Hig

Leu

Val

Gly
460

Hig

Pro

Leu

Gln

60

Ile

ASD

Glu

Ser

Leu
140

Leu

Tle

ATYJ

Ala

Asp

Ser

365

Val

Arg

His

Ala

Ser

445

Val

Vval

Gly

Phe

45

Phe

Asp

Glu

Arg
125

Gly

His

Phe

Asp
205

Gly
Gly
350

ATrg

Leu

His

Glu
430

ASP

albumin binding domailn

ATg

30

Ser

Val

Leu

Leu

His

110

Glu

Ile

Phe

Val
190

Pro

Glu

335

Thr

Agn

Pro

Met

Hisg

415

2la

Ala

Ser

15

Glu

Ala

2la

Val

Tle

55

Leu

Glu

Thr

Met

175

Phe

Ser

Gly

Agn

Glu

Phe

Ser

400

His

Leu

Glu

Ile

ITle

Glu

2la
80

Glu

Val

Val

Ala

Arg

160

ATrg

Ser

Leu

58



Leu
225

Leu

Val

Trp

Asn

Glu

305

Ser

Ala

His

385

Met

Val

Leu

Ala

Ala
465

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

Leu

210

Val

2la

Ala

Leu

ASpP

290

Pro

Ile

Ser

Leu

Thr

370

Gly

Pro

ASpP

ASp

Lys

450

Leu

Ser

Val

Tle

Thr

275

Val

Gln

Ile

Gln

Ala

355

Agn

AgSh

Leu

Ala

Lys

435

Thr

Pro

Ile

Gly

Agn

Agnh

260

Met

Phe

Pro

Agn

Met

340

Tle

Ala

Gln

Ser

Agn

420

Val

His

PRT

SEQUENCE :

Met Hig Hig His

1

Ala

Ser

Val

AsSn

65

Phe

Glu

ASp

Lys

50

Agn

Ala

Tyr

35

Ala

Agn

Gly

Lys

20

Tyr

Leu

Agn

Tle

Glu

Vval

Ile

245

Val

Leu

Vval

Lys

325

Glu

Arg

Ala

Leu

Arg

405

Ser

Gly

Glu

His

SEQ ID NO 40
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: ABD:

483

40

Hig
5

Val

Tle

Asn

His
85

Gly

Ser

230

Val

Pro

ASpP

Phe

Glu

310

Lys

Ile

Pro

Leu

Ser

390

Lys

Leu

Vval

Gly

His
4770

Hig

Leu

Agn

ASpP

AsSn

70

Vval

59

Gly
215
Glu

Ala

Trp
295
Asn
Pro
Glu
Gly
Glu
375
Leu
AsSp
Ala
Ser
Val

455

His

Hig
Ala

Leu

Glu
55

Gly

ASP

Arg

Agn

Trp

ASP

280

ASP

Gly

Val

ATrg

Val

360

2la

Gly

Val

Glu

ASDP

440

His

ASP

Agn

Tle
40
Tle

Ser

Ser

Val

Thr

Thr
265

Leu

Leu

Glu

345

Val

Ala

Met

Ala
425

Ala

His

Glu

ATg

25

Agn

Leu

Gly

Glu

Phe

ASp

Glu

250

AgSh

Phe

ASpP

Pro

Ile

330

Thr

Tle

Gly

Gly

Trp
410

Leu

ala
10

Glu

Agn

2la

Gly

Tle
90

Ile

Leu

235

Leu

Leu

Leu

Leu

315

Pro

His

Gly

Ile

AgSn

395

Ala

Val

ITle

Val

Leu

Ala

Ala

Ser

75

Gly

US RE47,233 E

-continued

Tyr
220
Gln

Glu

Met

Val
200
Glu

Ile

Phe

Lys

380

Ala

Gln

Leu

AsSn

ASpP
460

ASP

ASP

Leu
60

Val

Glu

Asn

Thr

Phe

His

Ser

285

Asn

Gly

Ala

Asp

Ser

365

Val

Arg

His

Ala

Leu

445

Glu

Ala

Thr
45

Pro

Phe

Leu

Agn

Val

Leu

270

Pro

Gly

Leu

Gly

Gly

350

ATrg

Leu

ASP
Asn
430

Tle

Tle

albumin binding domain

Agn

Tyr

30

Val

Ser

ASP

Glu

ASP

Thr

ATrg

255

ASpP

Tle

Gly

Leu

Glu

335

Thr

Agn

Pro

Met

Glu

415

ATrg

Agn

Leu

Ser
15

Gly

Glu

Gly

Ser

Ser
o5

Thr

Leu

240

Ile

Thr

b2la

2la

Gln

320

Gly

Agn

Glu

Phe

Ser

400

b2la

Glu

Agn

b2la

Leu

Val

Gly

Ser

Lys

80

Val

60



Leu

Leu

Val

145

Gln

Pro

Ala

Thr

Pro

225

Agn

Thr

Thr

ASpP

ATg

305

Agn

Trp

ASpP

ASp

Gly

385

Val

ATrg

Val

Ala

Gly

465

Val

Val

ASp

Glu

130

Val

Glu

Val

Lys

210

Met

Gly

Leu

Pro

Val

290

Thr

Thr

Tvyr

370

Leu

Leu

Glu

Val
2la
450

Met

Lys

Hig

Glu

115

His

Glu

Ala

Leu

Lys

195

Pro

Val

Phe

Trp

275

Phe

ASP

Glu

Agn

Phe

355

ASP

Pro

Tle

Thr

Ile
435
Gly

Gly

Trp

Glu
100

Leu

Leu

Ser

180

Thr

ASP

Agn

Thr

Ser

260

Tle

Leu

Leu

340

Leu

Leu

Leu

Pro

His

420

Gly

Tle

Agn

Pro

Leu

Gln

ITle

AsSp

165

Glu

Ser

Leu

Leu

Tle

245

Arg

Gln
Glu
225

Met

Vval

Glu

ITle

405

Phe

2la

<210> SEQ ID NO 41

<211> LENGTH:

«212> TYPERE:

PRT

484

Gly

Phe

Phe

ASP

150

Glu

ATrg

Gly

Tyr

230

His

Phe

ASP

Agn

Thr

310

Phe

Hisg

Ser

Agn

Gly

390

Ala

ASpP

Ser

Vval

ATrg
470

61

Arg
Ser
Val
135
Leu
Leu
His
Glu
Ile

215

Phe

Val
Pro
Asn

295

Val

Leu

Pro
Gly
375
Leu
Gly

Gly

Arg

Leu
455

Glu

2la

120

2la

Val

Tle

Leu

200

Glu

Thr

Met

Phe

Ser

280

ASP

Thr

Arg

ASP

Tle

360

Gly

Leu

Glu

Thr

Agn
440

Pro

Met

Ile

105

Tle

Glu

Ala

Glu

Val

185

Val

Ala

ATrg
sSer

265

Leu

Thr

Leu

Tle

Thr

345

Ala

Ala

Gln

Gly

ASn

425

Glu

Phe

Ser

ASDP

Leu

Leu

Glu

Glu

170

Val

Glu

ASpP

ASpP

Tyr

250

Agn

Leu

Leu

Val

330

Trp

AgSh

Glu

Ser

Ala
4710

His

Met

Glu

Thr

155

Phe

Val

Tle

His

Pro

235

His

Leu

Val

Ala

315

Ala

Leu

ASpP

Pro

Ile

395

Ser

Leu

Thr

Gly

Pro
475

US RE47,233 E

-continued

ITle

Ser

Ala

140

Leu

ATYg

Met

Glu

220

Phe

Val

Pro

Ser

Val

300

Tle

Thr

Val

Gln

380

Ile

Gln

Ala

AsSn

AsSn
460

Leu

Thr

His

125

Asn

Asp

Glu

Asn

Met

205

Leu

Ala

Arg

ITle

285

Gly

Asn

AsSn

Met

Phe

365

Pro

Asn

Met

Tle

Ala
445

Gln

Ser

Pro

110

ASP

ASP

Leu

ASP

Phe

120

Ala

Ile

Ser

Gln

Leu

270

Glu

Val

Ile

Val

Leu

350

Val

Glu

ATrg
430

Ala

Leu

ATrg

ala

2la

Ile

Ala

Ser

175

Leu

Gly

Val

Val

Arg

255

Ile

Gly

Ser

Val

Pro

335

ASpP

Phe

Glu

Tle
415

Pro

Leu

Ser

Arg

Arg

Agn

Ser

160

Glu

Tle

ASpP

Gly

240

Glu

Agn

Gly

Glu

Ala
320

Trp

Agn

Pro

400

Glu

Gly

Glu

Leu

ASp
480

62



63

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: His-ABD-PolyN-bcADI,

<400> SEQUENCE:

Met Gly His His

1

Leu

Val

Gly

Ser

65

Val

Gly

Phe

Phe

Lys

145

Val

Gln

Gln

ASpP
225
Gly

Glu

Glu

Val
305

Leu

Pro

ASP

ASh

2la

Ser

Val
50

Agn

Thr

ASp

2la
120

Leu

ASp

Thr

Thr
210

Pro

ASpP

Ser

His

Gly

290

Ser

Phe

Met
2370

Tle

Glu

ASP

35

Agn

Ser

Glu

ASP

115

Gln

Ala

Leu

Ile

195

His

Met

Gly

Leu

Agn

275

Gly

Ala

Ser

ASP
355

AgSh

Thr

Ala

20

Ala

Agn

Glu

Val

100

Ile

Thr

Ala

Tle

Lys

180

Met

Leu

Pro

Leu

Phe

260

Val

ASP

ATrg

ATy

ATrg
340

Tle

His

41

Leu

Asn

Tle

85

Glu

Pro

Leu

Glu

Leu

165

Glu

Gly

AsSn

Thr

245

Met

Pro

Glu

Thr

Gln
325

Ala

Phe

His

Val

Tle
AsSn
70

Gly

Agn

ATrg

Ala
150

Gly

Glu

Leu

230

ITle

Glu

Tle

Leu

Ser
210

ASh

Phe

Thr

Tle

Thr

Hisg

Leu

Asn

AsSp

55

Asn

Glu

Leu

Leu

Asn

135

Leu

Glu

Leu

Val

Leu

215

Asn

Trp

Tle
295

Ala

Met

Ile

Leu

375

Ser

His

2la

Leu

40

Glu

Gly

Leu

Thr

Pro

120

Arg

Val

Gly

Leu

ATy

200

Met

Phe

Tle

Leu
280

Leu

Tle

His

His

360

Glu

Leu

ASDP

Agn

25

Ile

Tle

Ser

Gln

Pro

105

Ile

Gly

ASP

Gln

Ser

185

Glu

Thr

Met

Tle

265

ASP

AgSh

Ala

Leu
345

Pro

Met

Glu

10

Agn

Leu

Gly

Thr

90

ASp

Ile

Val

Ala

170

Phe

Agn

ASp

Arg

Arg
250

Glu

Tle

Lys

330

ASp

2la

Gly

Glu

A2la

Glu

Agnh

Ala

Gly

75

Val

Gln

Glu

Lys

155

ASpP

Ser

Glu

His

ASpP

235

Glu

ASpP

Glu

Glu
315

Val

Thr

Ile

Ala

Ala

US RE47,233 E

-continued

Val

Leu

Ala

Ala

60

Leu

Leu

Val

140

Leu

Val

ASn

Ile

Tvyr

220

Pro

Pro

Hig

Thr
200

AYg

Leu

Val

Gln

ASDP

380

Leu

Asp

Asp

Lys

45

Leu

His

Leu

Gln

Glu

125

Leu

Arg

Agh

Glu

Glu

205

Pro

Ala

Ala

Pro

Lys

285

ITle

Leu

Ala

Phe

Gly

365

Glu

Ala

Lys

30

Thr

Pro

Pro

Gln
110

Hig

Glu

Val

Glu

120

Thr

Phe

Ala

ATg

ATrg

270

Phe

Ala

Ala

Tle

Thr

350

Pro

Glu

Glu

Agn

15

Val

Ser

Ile

Arg

o5

Leu

ASP

Leu

Glu

Ala

175

Leu

Ser

Ser

ATrg

255

Phe

Pro

Tle

Glu
335

Met

Thr

Val

synthesized in lab

Ser

Gly

Glu

Gly

His

80

Pro

Leu

Glu
Phe
160

His

Tle

Leu

Val

240

ATrg

Ala

Tle

Gly

Agn
320

ITle

Val

Gly

Leu

Leu

64



385

ASp

Ala

Ala

Leu

Leu

465

ATrg

<210>
<211>
<212 >
<213>
«220>
<223 >

Leu

Ser

Pro

Leu

450

Ser

Lys

Ser

Ala

Gly

435

ATrg

ATy

ASP

Glu

ATg

420

Val

Glu

Gly

Tle

PRT

<400> SEQUENCE:

Leu

405

Glu

Val

His

Arg

SEQ ID NO 42
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: ABD-Intein-CRBRD

335

42

Met Ala Gln His Asp

1

Lys

Tyr

Leu

Ser

65

Val

Ala

ASp

Val

Leu

145

Glu

Val

Thr

Hig

ATrg

225

Pro

Agn

Val

Arg

Tle

ATrg

Glu
120

Val

Tle

ASpP

Arg
210
Phe

Val

Gly

Leu

Agn

35

ASP

Tle

Ile

ASP

Leu

115

Gly

ASP

Thr
195

ASP

Phe

Ala

20

Leu

Glu

Thr

Ala

Leu

100

Phe

Leu

Val

Pro

Ala
180

Val

Pro

Ser

Val
260

5

Asn

Tle

Ile

Gly

Asp

85

His

2la

Gly

165

Gly

Gly

Asp

2la

Leu
245

Ser

390

Val

Gln

Val

Gly

Gly
470

Glu

ATrg

Agn

Leu

ASpP

70

ITle

Val

Ser

Val

Gly

150

ASpP

Phe

Val

Ala

Lys

230

ATg

His

65

Leu
Trp
Thr
Ile

455

Gly

Ala
Glu
Asn
Ala
55

Ala
Val
Leu
Gly
Thr

135

Val

Ala

Pro
Gln
215
Val

Val

bAla

Tle

Agn

Tyr

440

Glu

Pro

Val

Leu

Ala

40

Ala

Leu

Pro

ASpP

Glu

120

Gly

Pro

Ala

ATy

Gly

200

Ala

Ala

ASP

Thr

Pro

ASP

425

ASP

Val

ATy

ASP

ASDP

25

Lys

Leu

Val

Gly

Arg

105

His

Thr

Thr

Val

Gly

185

Leu

Tle

Ser

Thr

Gly
265

Cys

410

Gly

Arg

Tle

Cys

2la
10

Lys

Thr

Pro

2la

2la

50

His

Pro

2la

Leu

Tle

170

Lys

Val

2la

Val

ala
250

Leu

395

Gly

Ser

AgSn

Glu

Met
475

Agnhn

Val

Glu

Leu

75

ATYg

Gly

Val

Agnh

Leu

155

Gln

Pro

AYg

ASp

Thr
235

ASDP

Thr

US RE47,233 E

-continued

Gly

Asn

Val
460

Ser

Ser

Gly

Glu

Phe

60

Pro

Pro

Agnh

Hig

140

Trp

ATYg

Glu

Phe

Glu

220

ASpP

His

Gly

Gly

Thr

Val

445

Leu

Met

Leu

val

Gly

45

Leu

Glu

Asn

Pro

Thr

125

Pro

Ser

Phe

Leu

205

Leu

Ala

Ala

Leu

ASP

Leu

430

Ser

Ser

Pro

Ala

Ser

30

Val

Glu

Gly

Ser

Val

110

Val

Leu

Leu

Ala

Ala
190

Glu

Thr

Gly

Phe

Agn
270

Val

415

ala

AgSh

Ser

Ile

Glu
15

ASpP

Gly

Glu

ASP

55

Leu

Arg

Leu

Tle

Phe

175

Pro

ala

ASpP

Val

Ile
255

Ser

400

Tle

Ile

Thr

Glu

Val
480

2la

b2la

Ser

Ser

80

Agn

Ala

Thr

ASp
160

Ser

Thr

Hig

Gly

Gln

240

Thr

Gly

06



Leu

Thr

Gln
205

Leu

<210>
<211>
<212 >
<213>
<220>
<223 >

Thr
2la
290

Pro

Trp

Thr
275

Gly

His

Gln

Agn

Gln

Thr

Leu

PRT

<400> SEQUENCE:

Met Lys Ile Glu

1

Gln

Pro
Gly
65

Ser

Glu

Glu

Hig
145

Leu

Gln

ASpP

Leu

His

225

Ser

Glu

Ala

Ala

Val

Thr

Ser

50

Leu

Leu

Ser
Tle

130

ATrg

Leu

Ser

Thr
210

Agn

Glu

Tle

Ile

Glu
290

Agn

Tyr

35

Agn

Glu

Ala

ASP

Ala

115

Leu

Phe

Glu

Ser

Tle

195

Val

Tle

ASP

Leu

275

Leu

Thr

20

Val

Leu

Ser

Phe
100

Leu

His

Pro

180

Val

Pro

Ser

Gly

Tyr

260

Glu

Pro

Leu

Ser

Gln
325

SEQ ID NO 43
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: CBD-Intein-ADI,

636

43

Glu
5

Ala

Pro

Arg

Thr

85

Glu

Val

Thr

Thr

Ile

165

Glu

Ser

Gly

Val

Glu
245

Tle

Ser

2la

Gly

Vval

Leu

310

Gly

Gly

Leu

Ala

Glu

70

Gly

Tle

Ser

ATrg

Tle

150

Ala

Tle

Tle

Pro

Phe

230

Leu

Thr

Hig

Agn

67

Val
Thr
295

Ala

Asp

Thr

Gln

Leu

55

Ser

Trp

Arg

Leu

135

AsSp

Leu

Glu

Thr

Hig

215

Asp

Glu

Pro

Asp

Asp
295

ser
280
Tyr

Gly

Pro

Leu

2la

Pro

40

Trp

Gly

ATy

2la

Val

120

Gly

Gly

Pro

Glu
200

Agn

Ser

Ser

Ala

Ala

280

Tle

Ala Trp

Asn Gly

Trp Glu

Tle Thr
230

Thr Asn
10

Gly Gln
25

Hig Thr

Gln Leu

Ala Ile

Val Serxr
90

Tle Asn
105

Phe Cys

Arg Thr

Trp Lys

Arg Lys
170

Leu Serxr
185

Thr Gly

Phe Val

Lyvs Phe

Val Leu
250

Arg Leu
265

Arg Lys

Aon Val

Gln

Liys

Pro

315

Ile

US RE47,233 E

-continued

Val

Thr
300

Ser

Thr

Asn
285

Tyr

Asn

ITle

Thr

Lys

Val

Thr

synthesized in

Pro

Leu

sSer

Gln

Ser

75

Ile

Glu

Thr

Ile

ATrg

155

Leu

Gln

Val

Ala

Lys

235

Val

ASpP

Glu

Val

Gly

Val

Leu

AsSn

60

Gly

Gln

Gly

Lys

140

Leu

Glu

Ser

Glu

AsSn
220

Gly

Hig

Glu

His

Glu
200

Val

Thr

Ala

45

AsSn

Asp

Asp

Thr

Lys

125

Ala

Asp

Ser

Asp

Glu

205

Asp

Ile

Glu

Leu

Lys
285

Leu

Ser

Tyr

30

Gly

Gly

Ser

Leu

Met

110

Thr

Glu

Ser

Tle

120

Val

Ile

Hig

Pro

Leu
270

Gln

Tle

ala

Pro

Lys
335

lab

Ala

15

Agn

Trp

Agn

Leu

Leu

55

Leu

Ala

Leu

Ser

175

Phe

Ile

Val

Gly

255

Phe

Phe

ASpP

Leu

2la
320

Trp

Gly

Glu

Agn

Tle

80

ASpP

Leu

Val

Agh

Ser

160

Leu

Trp

ASp

Val

Tyr

240

Arg

Ser

Val

Leu

08



Val
205

Tle

Leu

Glu

Thr

385

Met

Phe

Ser

ASp

Thr

465

ATrg

ASpP

ITle

Gly

Leu

545

Glu

Thr

Asn

Pro

Met
625

<210>
<211>
<«212>
<213>
<220>

ala

Glu

Val

Val

2la

370

Arg

Arg

Ser

Leu

Thr

450

Leu

Tle

Thr

ala

2la

530

Gln

Gly

Agn

Glu

Phe

610

Ser

Glu

Glu

Val

Glu

355

ASP

ASP

Agn

Lys

435

Leu

Leu

Val

Trp

Agn

515

Glu

Ser

Ala

Lys
595

His

Met

Thr

Phe

Val

340

Tle

His

Pro

His

420

Leu

Val

Ala

Ala

Leu

500

ASP

Pro

Tle

Ser

Leu

580

Thr

Gly

Pro

Leu

325

Arg

Met

Glu

Phe

Vval

405

Pro

Ser

Vval

ITle

485

Thr

Val

Gln

Tle

Gln

565

Ala

Asn

Agh

Leu

SEQ ID NO 44
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

1452

ASP

310

Glu

AsSn

Met

Leu

Ala

390

ATrg

Ile

Gly

AsSn

470

ASh

Met

Phe

Pro

Agn

550

Met

Tle

Ala

Gln

Ser
630

69

Leu
Asp
Phe
Ala
Tle
375
Ser
Gln
Leu
Glu
Val
455
Ile

Val

Leu

Val
535
Glu
Arg
Ala
Leu

615

Arg

Ala

Ser

Leu

Gly

360

Val

Val

Arg

Ile

Gly

440

Ser

Val

Pro

ASP

Phe

520

Glu

Tle

Pro

Leu

600

Ser

Ser

Glu

Lys

345

Tle

ASP

Gly

Glu

Agn

425

Gly

Glu

Ala

Lys

505

Trp

Agn

Pro

Glu

Gly

585

Glu

Leu

ASDP

Gln

Pro

330

2la

Thr

Pro

Agn

Thr

410

Thr

ASpP

Arg

Agn

Trp

490

ASp

ASpP

Gly

Val

Arg

570

Val

2la

Gly

Val

Glu
215

Val

Met

Gly

395

Leu

Pro

Val

Thr

Lys

475

Thr

Leu

Leu

555

Glu

Val

Ala

Met

Lys
635
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-continued

Ala

Leu

Pro

380

Val

Phe

Trp

Phe

ASpP

460

Glu

Agnh

Phe

ASP

Pro

540

Tle

Thr

Tle

Gly

Gly

620

Trp

Lys

Ser

Thr

Asp

365

AsSn

Thr

Ser

Ile
445

Leu

Leu

Leu

Leu

525

Leu

Pro

His

Gly

Ile

605

Agh

ASP

Glu

Ser

350

Leu

Leu

Ile

ATrg

Tyr

430

Gln

Glu

Met

Tyr

510

Val

Glu

Tle

Phe

Tyr

590

Ala

Lys
Glu
335

ATrg

Gly

Hisg

Phe

415

ASP

Agn

Thr

Phe

His

495

Ser

Agn

Gly

2la

ASpP

575

Ser

Val

Arg

Leu

320

His

Glu

ITle

Phe

Tyr

400

Val

Pro

Agn

Val

Lys

480

Leu

Pro

Gly

Leu

Gly

560

Gly

Leu

70

223> OTHER INFORMATION: His-ABD-PolyN-ADI-DNA, synthesized in lab

<400> SEQUENCE: 44

atgcatcatc accatcacca tgatgaagcce gtggatgcga attcecttagce tgaagctaaa 60
gtcttagcta acagagaact tgacaaatat ggagtaagtg actattacaa gaacctaatc 120
aacaatgcca aaactgttga aggtgtaaaa gcactgatag atgaaatttt agctgcatta 180



ccttegggta

tttaaaggaa

ccaggacgcyg

atcttagaaa

aacgacatca

caagaagcta

gaagaacaca

gtagaaatca

ttaatcgttyg

aatggtgtaa

agatttgtat

ctaaaattat

ggtgtttctg

aataaagaat

atgcacttag

gctaatgacyg

ccagttgaaa

gttttaattc

ttcgatggta

gadaadddadcdad

caattatcat

gttaagtggt

gtaacaacaa

ttcacgttta

aaattgacta

gccacgatgce

atgttgttga

aagacaaatt

aagtagttgt

tgatggcagg

acccaatgcc

caatccacta

Cctcaaatca

caatcgaagyg

aaagaactga

gtgaattcaa

acacatggct

tatttaaatt

acggattacc

ctatcgcagy

caaactactt

acgctgcetcet

taggtatggg

ad

«210> SEQ ID NO 45

<211> LENGTH:
«212> TYPE:

1455
DNA

71

taataacaat
ttcagaaatt
tattacacca
tagaaaagaa
attaattgat
aatcgaagaa
aagaaacttc
gatcacaaaa
aaacctatac
catgcgttac
ccctaaacta
tggggacgta
cttacaaaca
acgtattgtt
aacaatgtta
ctgggattat
tctagaagga
tgaaggtgct
agcaattaga
agaagctgca

taacgctcgt

ggtagcggcg
ggtgaattag
gctagactag
cacaaacaat
ttagttgctyg
tttttagaag
ttaaaagcta
tacgatttag
ttcacacgtyg
aaagttagac
attaacactc
tttatctaca
gttactttat
gcaattaacyg
gacaaggaca
gacttagtaa
ttattacaat
tcacaaatgyg
ccaggtgttyg
ggcattaaag

tgtatgtcaa

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: His-ABD-PolyN-bcADI-DNA,

<400> SEQUENCE: 45

atgggtcatc

aaagtcttag

atcaacaatg

ttaccttcgy

gttacttcag

gaaaacttga

attattcaaa

ctttatttag

gttgatcgta

gaatatttac

dadaacdaaa

ccgttttact

atcaccatca

ctaacagaga

ccaaaactgt

gtagtaacaa

aaattgggga

cgccagatta

aagagcatga

aaaaactagc

ttttaaaaga

CCCLCCLLELLC

ttgaaacaayg

tagatccaat

ccatgatgaa

acttgacaaa

tgaaggtgta

caataataac

attacaaacg

tttgcagcaa

ttattttgca

cgetgaggceg

aggacaggcc

aaatgaagaa

taagaagaca

gcctaattta

gccgtggatyg
tatggagtaa

aaagcactga

aatggtagcyg

gttttattaa

Ctattatttg

caaacgttac

ttagtagata

gacgtaaatg

ttaattcaaa

catttatatg

Cattttactc

US RE47,233 E

-continued

gttctgtatt

aatcagttct

atgaattatt

tcgtagcaga

aaacatatga

actcagaacc

aaaaaacatc

gtatcgaagc

acccatttgc

aacgtgaaac

catggtacta

acaatgacac

tagctaaaaa

Ctccaaaatyg

aattcctata

acggtggagc

caatcattaa

aaatcgaaag

taattggtta

Ctcttccatt

tgcctttate

cgaacagctt

gtgactatta

tagatgaaat

gcggtaaaca

aacgaccggyg

acgatattcc

gcaatcgggg

aaaaacttcg

ttgcacatca

aaattatggyg

aattaatgga

gtgatccagc

tgacagtaaa

agttcacgaa

attctcagcet

attaaaagca

tttagcatca

agttctatca

aagagaatta

agatcacgaa

atcagtaggt

attattctca

cgacccttca

attagtagtt

cattgttgcet

gacaaactta

ctcaccaatc

dadaaccacad

caaaaaaccda

ddadaacacac

ctcacgtaac

ccacggtaac

acgtaaagat

synthesized in lab

agctgaagct

caagaaccta

tttagctgca

tccgatacat

taaagaagtg

atacctacca

tgttgaagtt

agaagaattt

aactttaaaa

cggtgtacgg

agatcattat

agctagcgtyg

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1452

60

120

180

240

300

360

420

480

540

600

660

720

72



ggcgatggct
atggagtaca
gatcgtgatt
attgcgattyg
ctctttagec
gcatttatgc
ccagctattc
gaggaaactc
gacttaagtg
gaacaatgga
gatcgcaact
ctaagttcag

cgtaaagata

taacgataaa

tcattaaata

ataaatttcc

gagtatctgc

gacaaaataa

atttagatac

aagggccaaa

ttaaaattac

aattagttct

atgatggctc

atgtatccaa

aattatctcyg

CLttaa

<210> SEQ ID NO 46
<«211> LENGTH: 46

<212> TYPE:

PRT

73

taagatgaga
tcatccaaga
aattgaaggt
tcgtacttcea
aattaagaaa
agtatttaca
agggaatatg
acatcgtact
tattccatgt
gaacacatta

tacgttatta

tggtcgtggy

gaaccagcgc

tttgcaaaac

ggcdacygadgdc

gctaaagcaa

gtgttagcaa

atggttgatt

aatatttata

tctttaatgg

Jggaggagdag

gcaatcgcgc

cgggaacacyg

ggtccacgtt

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
223> OTHER INFORMATION: ABD without Linker

<400> SEQUENCE: 46

Leu Ala Glu Ala Lys Val Leu Ala Asn Arg Glu

1

5

10

Val Ser Asp Tyr Tyr Lys Asn Leu Ile Asn Asn

20

25

Gly Val Lys Ala Leu Ile Asp Glu Ile Leu Ala

35

«210> SEQ ID NO 47
<211> LENGTH: 57

«212> TYPE:

PRT

40

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: ABD with Linker

<400> SEQUENCE: 47

Ala Gln His Asp Glu Ala Val Asp
1 5

Val Leu Ala Asn Arg Glu Leu Asp
20

Lys Asn Leu Ile Asn Asn Ala Lys
35 40

Ile Asp Glu Ile Leu Ala Ala Leu
50 55

<210> SEQ ID NO 48

<211> LENGTH: 46

<212> TYPRE: PRT

<213> ORGANISM: Artificial Seque
<220> FEATURE:

<223> OTHER INFORMATION: ABD1 without Linker

<400> SEQUENCE: 48

Ala Asn Serxr
10

Lys
25

Tvr Gly

Thr Val Glu

Pro

nce
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-continued

gtagacgtga
ataatgtacc
taattttaaa
ttgaacgttt
tagaaattcc
atgataagtt
ttttagaaaa
aagcattaaa
atgtaattgc
caggtgtagt
gtatagaagt

gcatgagtat

atcattattc

aatctggtta

tgaagaaaca

agcaaaaaat

aaaatgccga

tacaattcac

aggagcagat

agaggtatta

ttctgetegt

tgttacatat

gattgaggtg

gccaattgtt

Leu Asp Lys Tyr Gly

Ala Lys
30

A2la Leu Pro

45

15

Thr Val Glu

Leu Ala Glu Ala Lys

Val
20

Gly Val
45

15

ser Asp Tyr Tyr

Lys Ala Leu

Leu Ala Glu Ala Lys Val Leu Ala Asn Arg Glu Leu Asp Lys Tyr Gly

1 5

10

15

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1455

74
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-continued

Val Ser Asp Phe Tyr Lys Arg Leu Ile Asn Lys Ala Lys Thr Val Glu

20 25

30

Gly Val Glu Ala Leu Lys Leu His Ile Leu Ala Ala Leu Pro

<210>
<211>
<212 >
<213>
«220>
<223 >

<400>

35 40

SEQ ID NO 49

LENGTH: 57

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: ABD1 with Linker

SEQUENCE: 49

Gly Ser His His His His His His Ala

1

5

Val Leu Ala Asn Arg Glu Leu Asp Lys

20 25

Lys Arg Leu Ile Asn Lys Ala Lys Thr

35 40

Lys Leu His Ile Leu Ala Ala Leu Pro

50

<210>
<211>
«212>
<213>
<220>
<223 >

<400>

55

SEQ ID NO 50

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Linker 1

SEQUENCE: 50

Gly Ser His His His His His His Ala

1

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

5

SEQ ID NO 51

LENGTH: 11

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Linker 2

SEQUENCE: 51

Ala Gln His Asp Glu Ala Val Asp Ala

1

<210>
<211>
«212>
<213>
<220>
<223 >

<400>

5

SEQ ID NO 52

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Linker 2

SEQUENCE: 52

Asp Glu Ala Val Asp Ala Asn Ser

1

<210>
<211>
<«212>

<213>
«220>
<223 >

5

SEQ ID NO 53
LENGTH: 4
TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Linker 5

45

Asn Ser Leu Ala Glu Ala Lys

10

15

Tvr Gly Val Ser Asp Phe Tyr

30

Val Glu Gly Val Glu Ala Leu

Agn Ser
10

Agn Ser
10

45

76
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77

78

-continued

<400> SEQUENCE: 53

Gly Ser Gly Gly
1

What 1s claimed 1s:

1. An albumin-binding arginine deiminase fusion protein
comprising a {irst portion comprising one or two compo-
nents selected from an albumin-binding domain, an albu-
min-binding peptide or an albumin-binding protein(s) fused
to a second portion comprising arginine deiminase to form
the albumin-binding arginine deiminase fusion protein, and
one or more linker molecules; the first portion being posi-
tioned far from active site of the second portion by said
linker molecule such that the albumin-binding arginine
deiminase fusion protein retains the activity of arginine
deiminase and binds serum albumin with neither function of
one portion of the fusion protein being interfered with by the
other portion of the fusion protein, wherein pegylation of
said arginine deiminase 1s avoided, and wherein the albu-
min-binding arginine deiminase fusion protein comprises a
sequence selected from SEQ ID NO: 36, 37, 38, 39, 40, or
41.

2. The albumin-binding arginine deiminase fusion protein
of claim 1 wherein the two components of the first portion
are the same.

3. The albumin-binding arginine deiminase fusion protein
of claim 1 wherein the two components of the first portion
are different.

4. The albumin-binding arginine deiminase fusion protein
of claim 1 wherein the albumin-binding domain 1s SEQ 1D
NO: 46, 47, 48, or 49.

5. The albumin-binding arginine deiminase fusion protein
of claim 1 wherein the albumin binding peptide 1s SEQ ID
NO: 46, 47, 48, or 49.

6. The albumin-binding arginine deiminase fusion protein
of claim 1 wherein the albumin binding protein 1s SEQ ID
NO: 46, 47, 48, or 49.

7. The albumin-binding arginine deiminase fusion protein
of claim 1 wherein the linker molecule comprises a sequence
selected from SEQ ID NO: 50, 51, 52, 53, or serine-glycine-
serine (SGS) amino acid sequence.

8. The albumin-binding arginine deiminase fusion protein
of claim 1 further comprising at least one of Poly-N or a His
tag.

9. The albumin-binding arginine deiminase fusion protein
of claim 1 wherein the fusion comprises a remaining portion
of an intemn-mediated protein ligation between the first
portion and the second portion.

10

15

20

25

30

35

40

45

50

10. The albumin-binding arginine deiminase fusion pro-
tein of claim 9 wherein the intein-mediated protein com-
prises a chitin binding domain.

11. The albumin-binding arginine deiminase fusion pro-
tein of claim 1 wherein the arginine deiminase 1s selected
from arginine deiminase produced from a Mycoplasma,
Lactococcus, Pseudomonas, Streptococcus, Escherichia,
Mycobacterium or Bacillus microorganism.

12. The albumin-binding arginine deiminase fusion pro-
tein of claim 11 wherein the arginine deiminase 1s produced
from Mycoplasma arginini, Lactococcus lactis, Bacillus
licheniformis, Bacillus cereus, Mycoplasma arthritidis,
Mycoplasma hominis, Streptococcus pyogenes, Streptococ-
cus pneumoniae, Mycobactertum tuberculosis, Pseudomo-
nas plecoglossicida, Pseudomonas putida, Pseudomonas
aeruginosa or a combination thereof.

13. The albumin-binding arginine deiminase fusion pro-
tein of claam 1 wherein the fusion protein 1s formed by
reacting the arginine deiminase having a N-terminal cysteine
residue with a reactive thioester at C-terminus of the albu-
min-binding domain so that the arginine deiminase and the
albumin-binding domain are linked by a covalent bond.

14. The albumin-binding arginine deiminase fusion pro-
tein of claam 1 wherein the fusion protein 1s formed by
reacting the albumin-binding domain having a N-terminal
cysteine residue with a reactive thioester at C-terminus of
the arginine deiminase so that the arginine deiminase and the
albumin-binding domain are linked by a covalent bond.

15. The albumin-binding arginine deiminase fusion pro-
tein of claim 1 wherein the fusion protein 1s formed by using
SEQ ID NO: 42 and 43 and by reacting the arginine
deiminase having a N-terminal cysteine residue with a
reactive thioester at C-terminus of the albumin-binding
domain so that the arginine deiminase and the albumin-
binding domain are linked by a covalent bond.

16. A pharmaceutical composition comprising the albu-
min-binding arginine deiminase fusion protein of claim 1 in
a pharmaceutically-acceptable carrier.

17. The pharmaceutical composition of claim 16 wherein
the composition has a pH 1n a range of 5.5 to 9.5.

18. The pharmaceutical composition of claim 16 wherein
the composition has a pH of 7.4.

19. The pharmaceutical composition of claim 16 wherein
the composition has a pH of 6.5.
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