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L&A colonies a4 transfected E. coli mﬂﬁuiﬁﬂﬂfnam muScFv
protein

LEadI#RVDe phage ELISA Lﬁﬂm’;‘m’l muscfFv-phagemid transfected
E. coli clones

LRAJ DNA patterns 613 ‘]tflaﬁ@ muscFv amplicons 3N transfected
E. coli clones ¢78 Mvall

Nucleotide and deduced amino acid sequences of muscFv from

transfected E. coli clone no. 30 (VH and VL sequences linked via
polynucleotide linker)

HEN1T blast ScFv w84 transfected E. coli clone no. 30 {VH amino
acid sequence) N1 NCBI database

Amino acid sequence alignment between VH of transfected E. coli
clone no. 30 and the highest homology murine sequence from
database

Result of NCBI BLAST betwsen aminc acid sequence of VL of
transfected E. coli clone no. 30 with murine VL in NCBI database
Amino acid sequence alignment between VL of transfected E. cofi
clone no. 30 and the highest homology murine VL sequence from
database

CDR identification of murine ScFv VH segment

CDR identification of murine SeFv VL segment

WIsuiiny amino acid sequences 183 murine VH, human VH Was
humanized murine VH

Wisufisy amino acid sequences of murine VL, human VL U&s
humanized-murine VL

La@d PCR amplicons 183 human VH W&t human VL segments

Ua®§ gradient PCR amplicons 983 humanized VH DNA segment L&4
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WE®3 gradient PCR amplicons 189 humanized VH DNA segment L
#i2

W§e9 gradient PCR amplicons B89 humanized VH DNA segment 184
3

W&M9 gradient PCR amplicons 189 humanized VH DNA segment (&%
fia

PCR amplicons of humanized VH segments 1-4
LLﬂﬂoqu}aun’i‘iL'ﬁauﬁia humanized VH segments Lé’%ﬁ 1,2, 3 upx 4
Wi humanized vH segment

L&AJ gradient PCR amplicons 984 humanized VH segment?‘l 1§
N VH segment ﬁ 2 (segment 1+2)

L9y gradient PCR amplicons %83 humanized VH segment ;é‘uﬁ 3
dariy VH segment L&U7 4 (segment 3+4)

WEe9 gradient PCR amplicons #89 humanized VH segment 1+2 @@
U VH segment 'ﬁ 3+4I (humanized VH segment)

L&®I PCR amplicons 1983 human VH segments 142, 3+4 U
humanized VH

L&Ad PCR amplicon 1a+d humanized VL segment ﬁ 1

LRI PCR amplicon 193 humanized VL segment ﬁ 2 uRe 3

WAA9 PCR amplicon 8¢ humanized VL segment 1&ufl 4

Wges PCR amplicons 183 humanized VL segments 1-4 Wisufiou
nn

uama‘fmaum‘néama humanized VL segments 'hzd 4 segments T
\iju humanized VL segment

Waad gradient PCR amplicon W84 humanized VL segment 1+2

W@ad gradient PCR amplicon 984 humanized VL segment 3+4

LWR®Y gradient PCR amplicons 184 humanized VL segment

wg@d PCR amplicons 1183 humanized VL segments 1+2, 3+4 Uge
humanized VL

WEAITURBUNTIONRD humanized VH Uas VL segments (119IBAW
lan SOE-PCR illu humanized-murine scFv
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ILE®4 gradient SOE-PCR amplicons U84 humanized scFv segment
WA huscFv-phagemid transformed E. coli clones or SOBAG plate
Elution profiles (0-0.5 M NaCl) 1843 crude huScFv 370 ion-exchange
column chromatography

SDS-PAGE and Silver stain fractions U84 crude huScFy 371 ion-
exchange column chromatography

SDS-PAGE patterns of various huSckv preparations stained by Silver
stain

&M location of huScFv L4 SDS-PAGE gel probed a8 anti-E-Tag-
HRP

K9V antigenic specificity 283 huScFv protein ABLIUMIUYBS
pathogenic Leptospira whole cell homogenate uipumAsuny
original monoclonal antibody LPF1 la Western biot analysis WL
VD49 preparations JaMULEaWIERBLARALN ~36.5 KDA ndonin
URAILSEENTAIWYE murine MABLPF1 (20 ug), murine ScFv (20
1g) WAE huSceEv (20 ug) lumsiuds Leptospira (1.5HD50 ugs
3.0HD50) mediated-hemolysis

waes 1L.D50 'zJaaL’hra Leptospira interrogans, serogroup Pomona,
serovar pomona lunuuanmaa’

WRAIHA in vivo protection test Lﬁa%'nmméuauma‘?ﬁ'leﬁ’%’m%"a
Leptospira 628 MAbLPF1 W&e huScFv (100 ug antibody per dose an
Waataadl 12, 24, 36, 48 uax 60 $2109 post-infection ¢y 1000
LD50 184 Leptospira spp.) tlﬁﬂm‘ﬁﬂuﬁunﬁju positive WA negative
controls 449le11T8 Leptospira s PBS @uday

Proteome 283 whole cell homoegenate ‘1180!,%8 Leptospira spp.,
serovar canicola 'AﬁGLLﬂnTﬂﬂ two dimensional-gel electrophoresis
(2DE) unsdauat Silver stain

Proteome 183 whole cell homogenate 'naos"iira Leptospira spp.,
serovar copenhageni %GLLUHIG]B two dimensional-get electrophoresis

(2DE) uazfiBueny Silver stain
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Proteome 183 whole cell homogenate maoz%'a Leptospira spp.,
serovar hardjo “I‘IJLLUHIWU two dimensional-ge! electrophoresis (2DE)
usziauaiy Silver stain

Proteome 83 whole cell homogenate mam,%a Leptospira spp.,
serovar hebdomadis “l:{isu.ﬁt‘liﬂtl two dimensional-gel electrophoresis
(2DE) uaztiauey Silver stain

Proteome 183 whote cell homogenate ‘naot"ffa Leptospira spp.,
serovar icterohaemorrhagiae -ﬁmnn‘[mu two dimensional-gel
electrophoresis (2DE) uaztioudap Silver stain

Proteome 383 whole cell homogenate 'ﬂaw’ga Leptospira spp.,
serovar pyrogenes "frauun'[cﬂu two dimensional-gel electrophoresis
(2DE) unzdaua Iy Silver stain

Proteome 183 whole cell homogenate ‘Baotfga Leptospira spp.,
serovar andamana Fsusnlat two dimensional-gel electrophoresis
(2DE) uRzfiBudat Silver stain

Protecme 284 whole cell homogenate 'naol.%a {eptospira spp.,
serovar copenhageni s‘ﬁmnnT.@m two dimensional-gel electrophoresis
(2DE) uazfiaudt Coomassie Brilliant Blue

Proteome 283 whole cell homogenate ’naw‘ffa Leptospira spp.,
serovar icterohaemorrhagiae %GLLUHTQE} two dimensional-gel
electrophoresis (2DE) uazganat Coomassie Brilliant Blue
Proteome Y84 whole cell homogenate 'zlaol."ﬁva Leptospira spp..
serovar poi ‘f{ILLUnTﬂU two dimensional-gel slectrophoresis (2DE)
unztianat Coomassie Brilliant Blue

Proteome 1&¢ whole cell homogenate 'HBGL‘BYE} Leptospira spp.,
serovar andamana %ﬂk{ﬂﬂi@]ﬁ two dimenéional-gel electrophoresis
(2DE) uaztisueat Coomassie Brilliant Blue

Proteome 183 whole cell homogenate NBOL%EJ Leptospira
borgpetersenii, serogroup Tarassovi, serovar farassovi U3u1m 240
png uanlw first dimension laald IPG strip pH 5.3-6.5 Uaz second

dimension lauld 12.5% polyacrylamide ge! udafaudu Silver stain
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Wi
Proteome Va3 whole cell homogenate ‘ua\IL%S Leptospira 140
borgpetersenii, serogroup Tarassovi, serovar tarassovs wentu first
dimension lavld PG strip pH 5.3-6.5 Wax second dimension Tagly
12.5% polyacrylamide gel W§288ud18E Coomassie Brilliant Blue G-
250
2DE-proteomic pattern U841 whole cell homogenate maol.“f}'a 142
Leptospira borgpetersenii, serogroup Tarassovi, serovar farassovi
13110 60 g wen 1EF lagld IPG stip non-linear pH 3-10 Wazan
14 SDS-PAGE 12.5% gel WIS u® Coomassie Sriliant
Blue (31 a) fh‘iﬂugﬂ b UWHA gel spots numbers 1-22 AVENTY
generate peptide mass fingerprints Tag LO/MS ke identify peptides
(protelns) lat bioinformatics
2DE-immunoblotting 581319 2DE-separated-whole cell homogenate 165
109 Lepfospira spp., serovar canicola prohed a8 MAbLPF1 L‘ﬁ‘ia
weRalUsRuyes pathogenic Lepfospira spp., serovar canicola ‘ﬁ:ﬁ
epitope H859 MAbLPF1
2DE-immunoblotting $:1%3719 2DE-separated-whole cell homogenate 156
U89 Leptospira spp., serovar copenhageni probed 628 MABLPF1 1l
ORISR pathogenic Leplospira spp., serovar copenhageni ﬁ
3 epitope 109 MAbLPF1
2DE-immunoblotting 33319 2DE-separated-whole cell homogenate 157
W89 Leplospira spp., serovar hardjo probed €28 MABLPF1 1iauand
{Us@uaes pathogenic Leptospira spp., serovar hardjo ﬁﬁ epitope
Y83 MAbLPF1
2DE-immunoblotting 5¢%13 2DE-separated-whole cell homogenate 158
U89 Leplospira spp., serovar icterohaemorrhagiae probed fnt
MADLPF1 LﬁaLLamﬂﬂ‘iauﬁao pathogenic Leplospira spp., serovar
icterohaemorrhagiae ‘?Ilﬁ epitope 183 MAbLPF1
2DE-immunoblotting 5twi14 2DE-separated-whole cell homogenate 159
a3 Leplospira spp., serovar pyrogenes probed #78 MABLPF1 Lﬁlfﬂ
waelsls@uuag pathogenic Leptospira spp., Serovar pyrogenes ﬁfj
epitope 183 MAbLPF1
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2DE-immunobilotting 7:%77 2DE-separated-whole cell homogenate
Y83 Leptospira spp., serovar andamana (non-pathogenic) probed a8
MABLPF1 finiilu negative control

2DE-immunoblotting %919 2DE-separated-whole cell homogenate
V8 Leptospira spp., serovar canicola probed #78 MAbLPF1 L'ﬁa
uaaslysdunad pathogenic Lepfospira spp., serovar canicola ‘ﬁﬁ
epitope 184 MAbLPF2

2DE-immunobilotting 7:%3719 2DE-separated-whole cell homogenate
V4 Leptospira spp., serovar copenhageni probed @78 MABLPF1 Lﬁa
wgalusduves pathogenic Leptospira spp., serovar copenhageni ‘ﬁ
i epitope 189 MABLPF2

2DE-immunoblotting $=%3719 2DE-separated-whole cell homogenate
V849 Leptospira spp., serovar hardjo probed 78 MAbLPF1 L‘ﬁlauﬁm
Tus@iuves pathogenic Leptospira spp., serovar hardjo ﬁﬁ epitope
289 MAbLPF2

2DE-immunoblotting 521319 2DE-separated-whole celt homogenate
109 Leptospira spp., serovar icterohaemorrhagiae probed fe
MAbLPF1 LﬁaLLﬁmm‘sﬁumad pathogenic Leptospira spp., serovar
icterohaemorrhagiae ‘ﬁﬂ epitope V24 MAbLPF2

2DE-immunoblotting 7:%379 2DE-separated-whole cell homogenate
183 Leptospira spp., serovar pyrogenes probed #78 MADLPF1 i.‘?ia
ugealysdunas pathogenic Lepfospira spp., serovar pyrogenes '?llﬁ
epitope 189 MAbLPF2

2DE-immunoblotting 521119 2DE-separated-whole cell homogenate
V89 Leptospira biflexa., serovar andamana (non-pathogenic) probed
&1 MABLPF1 Lia1llu negative control

waaolusdunas whole cell homogenate ‘IJENL%EJ L. interrogans,
serogroup Icterohaemorrhagiae, serovar icterohaemorrhagiae 13t
60 pg uun IEF Tu PG strip non-linear pH 3-10 laz SDS-PAGE T
12.5% polyacrylamide gel ﬁ react 11 MAbLPF1 (EIJ a) wax
MAbLPF2 (31] b)
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uaalilsAulu whole cell homogenate 11E]x1l.‘%i) L. interrogans,
serogroup lcterohaemerrhagiae, serovar copenhagerni 13t 60 Hg
wein IEF 1w IPG strip non-linear pH 3-10 U8t SDS-PAGE 1% 12.5%
polyacrylamide gel ‘ﬁ react N1 MAbLPF 1 (3‘1] a) Lar MAbLPF2 (31J
b)

Immunome B84 pathogenic Leptospira spp., serovar
icterohaemorrhagiae "fia revealed 1@t immune mouse serum

in vivo expressed antigens U84J pathogenic Leptospira spp., serovar
icterohaemorrhagiae “fﬁ revealed 198 pooled convalescence sera
209d1)28 leptospirosis  (Pool 1)

In vivo expressed antigens Y83 pathogenic Leptospira spp. serovar
icterohaemorrhagiae %G revealed a8 pooled convalescence sera
2035112t leptospirosis  (Pool 2)

in vive expressed antigens 194 pathogenic Lepfospira spp., serovar
icterohaemorrhagiae %d revealed Lot pooled convalescence sera
189H11Y leptospirosis  (Pool 3)

Components W84 pathogenic Leptospira spp., serovar

_ .o
icterohaemorrhagiae i revealed 198 normal human serum pool

2DE-immunomic patterns (In vivo expressed antigens) U8$ whole cell

homogenate 183 L%ﬂ L. borgpetersenii, serogroup Tarassovi,
serovar farassovi USu1tw 30 pg uenlasls Immobiline™ DryStrip pH
5.3—6.5 Uax 12.5 % polyacrylamide gel

2DE-immunomic pattern (in vivo expressed antigens) U84 whole cell
homogenae 83 L%a L. borgpetersenti serovar tarassovi {3310 30
ng wonlapld Immobiline™ DryStrip pH 5.3~6.5 uaz 12.5 %
polyacrylamide gel

2DE-immunomic pattern (/n vivo expressed antigens) 183 whole cell
homogenate mam%a L. borgpetersenii, serogroup Tarassovi, serovar
tarassovi U50104 30 pg wanlault Immobiline™ DryStrip pH 5.3—6.5
WRE 12.5% acrylamide gel
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2DE-immunomic pattern 983 whole cell homogenate maer‘?sra L.

borgpetersenii, serogroup Tarassovi, serovar farassovi 13475 30 pg

waniasld Immobiline™ DryStrip pH 5.3—6.5 W&t 12.5% acrylamide

gel

L§®Y 16S RNA amplicon #1189 nn13le genomic DNA 184

Leptospira Aara 1w template

U&e gradient PCR amplicon Y& /ipl.32 (531 bp)

Q&R gradient PCR amplicon 184 lipl47 (422 bp}

IL&@3 gradient PCR amplicon %83 ompL7 (669 bp)

Wi§49 gradient PCR amplicon 183 flaB871 (613 bp)

W&as gradient PCR amplicon 193 flaB2 (705 bp)

WH919 DNA fragments Aigaa1n flaB1-pUC19 plasmid DNA figaann £

coli clones §139)

L&A DNA fragments fiaaain #aB2-pUC19 plasmid DNA #idaan

E. coli clones #1349 |

Gradient PCR ampiicons 183 flaB1

Gradient PCR ampfiicons 184 flaB2

Gradient PCR amplicons 1849 ompL?

Gradient PCR arplicons 284 fipL32

Gradient PCR amplicons 284 tiyA

Gradient PCR amplicons 184 hiyA

Gradient PCR amplicons 183 hiyB

Gradient PCR amplicons 383 hipA

Leptospira DNA amplicons of eight vaccine candidate genes
naeunufines pcDNA3. 1{+]

Positive E. coli clones #id) genes 184 Leptospira Youlain

Agarose gel electrophoresis 189 pcDNA plasmids Aiariale
Agarose gel electrophoresis of Leptospira genes by RT-PCR of

cDNA extracted from transfected COS-7 cells
uaﬂwaa"ﬂﬂmmgmﬂ {% survival) a3 immunized mice Wi

controls
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Tsﬂﬁmgﬂ?maﬂw‘lﬂh%a (leptospirosis) i’zmmqmmnn’rsam‘ﬁrauuﬂﬁﬁu%a
Leptospira spp. “ﬂoiiﬂggnﬁﬂiﬂLﬂuiiﬂ’?‘tﬂé’ﬂmﬂuﬂmwﬂﬂﬁ (re-emerging  infectious
disease) maoﬂszmﬁ'lmmt.a:ﬂi:mﬁﬁufgﬁag‘luqﬁmﬂ%'auua:%u Tatnawzagnaislu
ﬁs:mmnsjmﬁm Wi 5w Wi Alseuaingas daawnd ﬂ%ﬂ;&'ﬁﬁﬁ%mmﬁﬁﬂﬁ'
Fosdudatudainine danidiulsn wia du wia s ﬁﬁl.‘fsraa'wﬁ'ufﬁa'['m (pathogenic
Leptospira spp.) Uwiian ladiaita ;“T@m%aa"zwﬁama'l.ajﬁmmiﬂ'm'l@f-] wIallsny
WpaLindan lumm:ﬁ;j’ﬁm%aﬁmiﬁmmﬁaﬁmmsi]wﬁnﬁnuwé’u (acute) UATIULTY
(severe) Famnitasoianma wie ’i’nm‘lzjﬁuﬁ'zoﬁua:gnﬁaoﬁa:tﬁuﬁ%m"[m"lué'ﬂﬂmuﬁ
Aaudega n1sinwlsn  leptospirosis  lwszasifounsudnldotdFincuasinw
13efil1EABIAINAINNT (supportive  treatment)  HipunsTatadasidiumsinmly
whoiheingdwnzeafieaiosn 134 1oy duae tiesusidnigy uszmiaill
Baaaanarnatvizniuludi g 194 vea samidannsdugdndae adrelsAanisinm
g fiucluszns acute ﬁgﬂwﬁﬁa Leptospira spp. agij'lun‘s:uﬁiaﬁm (leptospiremia)
uatatuazas giauann sniinathafissfiFonin “UinsonedeBndowad Jarisch-
Herxheimer reaction; JHR)" e‘fmijunamnnwﬁmﬂﬁ"’&mxﬁ’\lﬁﬁa Leptospira spp. UW&N
wazddpamifsa geeninluimevasionisy ﬂﬁ'u'lml"‘m*zmmn%n:ﬁﬂﬁcjﬂq ol
mm-:gmrsaaQLLé’aﬁawnwsﬁaumn’fmummﬁu“ﬁ’m fonitunisinmnd pUfFuzans
Lileduawinmsinmandnlussesfapansendouwdwlied iwsnzifa Leptospire spp.
ldwauagamaioazeng gftsnfaundr bt wviu fla sues ana iluedu wananil
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qﬂazsmuvsmmmemﬂg%mzl@utuwwznqu;wumaau«%atﬂu drug of choice wazlyl
gansaldmasnaaihunia

L%aﬁuiwgﬁfj'nﬁﬂm leptospirosis LAeINuaudvaduazifunlnununiaiiuan:

b 1
L ]

Ve wa %’ ) = o o ' v 5 s A v & '
nn nanfedatandulaniedlimila Wammhoudfeclnddunmanizdsizangs
& & oo - & -~ & . A o & vk [ [
wunsadlinfuuuszena@aFonguduniadliniouldlnidn Tadudasdulin

. . VI o s LY e [ " _r " dr .ﬁ‘
leptospirosis Iuilagiuiiianzdmivldludad (v mly M-ae watlasnuldianiziyah

& [P a — AR v = a~ . B [ » v - f a v
anmialndifmanumouinlfiatouiaduiinun Jafudmivdasiuliadnudmivau

o g a e L o A e o v oa o - Pl s £ e
wazdaidu 90vlufl sunatadunlfdnnalwifieensthafosfldfal sz asdlugaintasy
mMIaaInTudndas

6'121quiﬂmm'ﬁ{fmu‘ﬁ'ﬁﬁ'ﬂmﬂﬂ an2. lassmsiasidanamandaduuwluduandued
sialululaawia (humanized-monoclonal antibody) @iat%a Leptospira spp. Lﬁﬂl‘ﬁ"%’nm‘[m
leptospirosis unuenyHFiue Iﬂmﬂﬁnu'[ﬂ'saari"'m“[maqauauﬁnaﬁ’nﬁmhiu‘[ﬂamamam%
\udAfieuawisdalia Leptospira spp. maWutnialn ‘lu"ﬁiﬂma%"mmﬁauTuLaqaﬁui‘sd
Tunnaydud (andued) vasuywd wanaminslfenaminandndullasiulsn
leptospirosis AiltnuEnsnlumstlosiulsaiiiaeinia Leptospira spp. CRREHINN Gy
e '

i lanaamad lauilamnamwylud (murine hybridomas) FandeTuTulonuranan
fua@ {murine monoclonal antibody) iilW‘]:GiEiL%El Leptospira spp. mﬂﬁuﬁ:ﬁahﬂ At
adlalavilau (hybridoma technology) uaslels immunoglobulin genes %484 hybridoma
ﬁﬁﬂd'}’nﬁawafﬂ humanized-murine monoclonal antibody luzﬂmemdu.auauaamﬂL?i!.l')
{single chain variable fagment; huScFv) lasmslfinaflauandusfiaudsisIlumsan
DNA sequences ‘ﬁ encode murine complementarity determining regions (CDRs} 11
murine immunoglobulin genes W23 1Udany human genes #i encode immunoglobutin VH
uez VL frameworks 49 huScFv findaldmansaldinunlsa leptospirosis 1w Leptospira-
infected- hamsters 'lé#n731 original murine monocional antivody \ialfiminuindu was
&usnilasnu in vitro Leptospira-mediated hemolysis 1661 Fan huScFv firdnleden
ANBMWIINEMIUNTITINGYT  leptospirosis ’luﬂuﬁ'LLﬁ‘mﬂﬁ%ﬁuzLLa:‘lug@'}'ﬂ’mﬁﬁmm‘:
Lﬁﬂuwﬁu';ml.w.ﬁaﬂﬁmﬁmmnﬁ@} Jarisch-Herxheimer reaction

Fd'eﬁal\léﬂ“ﬁ'mﬂﬁﬂ two dimensional electrophoresis (2DE}-based-proteomics LWaS
_ T T , - o & _ .
2DE-immunomics 31N bicinformatics iRa@inwvnlilsauvaade pathogenic Leplospira
a da
spp. (proteomes), immunomes, Tds@unfamnslu pathogenic Lepfospira spp. WAZ in vivo

. . LA A = . . .
expressed Leplospira antigens waldAaiian genes Y encode virulence factors (in vivo



XXiv

expressed antigens) @19 s‘]‘ﬁtf}u immunogenic proteins W83 pathogenic Lepfospira spp.
L‘ﬁ.al'ﬁ'lﬁu candidates #§WWILLAIBY broad spectrum leptospirosis vaccine ﬁmuﬂuﬂm
genes fo flaA, flaB1, ompL1, lipl32, hlyA, hiyB, flyA UL hipA Tanla amplify genes ﬁ
ﬁ'mﬁanﬁ:mﬂm genes N genomic DNA W83 Leptospira interrogans, serogroup
Icterohaemeorrhagiae, serovar copenhageni 'inmfu‘lﬁ clone genes ‘ﬁ:ﬁuﬂ@ genes L‘ff’};j
mammalian expression vector WAINN LEMAFIUNTT express UdJ genes ﬁaLLﬂﬂ genes 14
mammalian celis W82 1611F recombinant plasmids '?Il carry Leptospira spp. genes mshiﬂu
13 immunize Wy hamsters Tasdadnsaiiadrasroslos umnmaewiudaslog
14 % ussld empty piasmid W&z phosphate buffered saline (PBS) iwiatunsan
(placebos) mmfu'l@'{ challenged Wy hamsters @18 Leptospira interrogans, serogroup
Pomona, serovar Pomona “I‘NLﬁu human clinical primary isolate (heterojogous challenge)
WU 80% wBINY hamsters A5y leptospirosis DNA  vaccine Lisnmfalesuda
Leptospira spp. 1%3UxNEI 10 LD5O §IUNY hamsters A3y empty plasmid DNA &
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Human leptospirosis is a re-emerging zoonotic disease caused by bacteria of the
family leptospiraceae, order Spirochaetales, genus Lepfospira. Human gets infection
through abraded skin, macerated skin or mucous membranes (e.g. oral, conjunctival),
either directly by contact with infected/reservoir animais or their contaminated specimens,
or indirectly by exposure to damp' soil, mud, vegetation or fresh water seeded with the
animal's uwrine or carcass. Human-to-human transmission is relatively rare. Human
leptospirosis used to be recognized as an occupational disease with high incidence
among veterinarians, abatioir workers, sewer workers and farmers. However, a number of
cases were found among travelers to the disease endemic areas and individuafs after
various re-creational activities such as canoeing, swimming, hiking, and rafting.

Most Leptospira infections in humans are subclinical which can be reifrospectively
recognized by the presence of serum antibodies to the bacteria. A portion of infected
individuals succumb different degrees of morbidity ranging from mild, flu-like symptoms,
indistinguishable from other febrile illnesses, to acute and severe disease which often
leads to rapid fatality of high rate. Human leptospirosis is usually manifested in two
commoen forms, ie. anicteric and icteric or Weil's disease. Anicteric leptospirosis is
usually biphasic, the initial septicermnic phase starts as early as one day or as late as one
month post-Leptospira-exposure and is characterized by generalized leptospiremia.
Symptoms Including high fever, chiil, cough, sudden onset of intense headache, muscular
pain especially calf muscles, abdominal pain, conjunctival suffusion, blurred vision, and
photophobia are common. An immune phase follows the septicemic phase abcut a week
Jlater and is characterized by appearance of specific antibodies and disappearance of

leptospiremia although the bacteria still can be found in many tissues. Kidney, brain and
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aqueous humor are immunoclogical privilege sites for the Lepfospira during the immune
phase when the bacteria are excreted with the urine. Leptospiruria may last for several
months. Icteric leptospirosis is a form of severe ailment with high mortality that cccurs to a
fraction of clinically infected individuals. In this form of the disease, several vital organs
are affected leading not only to the previously mentioned clinical manifestations, but may
aiso include vasculitis, jaundice, hemorrhage, myocarditis, aseptic meningitis, vascular
collapse and/or hepatic and renal failure.

Acute leptospirosis responds well to antibiotic (peniciliin and its derivatives) therapy
especially when starled early in the course of the illness. Ampicillin, amoxiciitin, and
doxycycline have been commonly used for mild anicteric form of the disease. Pafients
with severe anicteric and icteric leptospirosis are usually treated with intravenous
penicillin, ampicilfin, erythromycin or amoxicillin. Jarisch-Herxheimer reactions {JHR) due
to bacterial toxic substances massively released from the antibiotic mediated-bacterial
lysis occur in a fraction of the treated patients which may aggravate the clinical
manifestations.

immunity to leptospirosis is befieved to be serogroup/serovar specific. Immunity
acquired after an infection, either clinical or subclinical, is protective only to the serogroup
or serovar matched with the previously infecting or antigenically related serogroup or
serovar, Currently, vaccines are available only for prevention of canine and bovine
leptospircsis of which the so-elicited immunity is limited to the infection caused by
serogroups or serovars homologous to those in the vaccines. No vaccine is available for
human or other veterinary use.

Thus the aims of this research were: (1) to produce a humanized-murine
monocionail antibody for treatment of acute leptospirosis as an alternative of antibiotics in
order to avoid Jarisch-Herxheimer reaction and drug hypersensitivity in patients allergic to
the antibiotics, and (2) to invent a prototype of a broad spectrum leptospirosis vaccine.

A murine hybridoma cione which secretes monoclonal antibody (MAb) specific to
pathegenic Lepfospira spp. was established by using conventional hybridoma technology.
Genomic DNA of the hybridoma cells was used as a source of immunoglobulin genes for
production of a humanized-murine monoclonal antibody specific to pathogenic Leptospira
spp. in the form of single chain variable antibody fragment (huScFv). The gene sequences
encoding complementarity determining regions (CDRs) of the murine VH and VL chains
were moiecudarly grafted onto the respective immunoglobulin frameworks (FRs) of the

most matched-human VH and VL chains. The humanized-murine single chain variable
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fragments (huScFv) conferred neutralizing activity against both heterologous {epfospira-
mediated-human red blood cell lysis in vifro and heterologous Leptospira infection in vivo.
The preparation has high therapeutic potential as an alternative of antibictics for human
leptospirosis.

For the second part of research, we used two dimensional electrophoresis (2DE)-
based-proteomics, 2DE-immunomics and bicinformatics to study proteomes, immunomes,
proteins unique to pathogenic Leptospira spp. and in vivo expressed antigens of the
bacteria. Information so-gained together with the data on the complete genomes of
pathogenic Leptospira spp. deposited in the database were used to select a total of eight
Leptospira genes as DNA vaccine candidates. These are: flaA, flaB1, ompL1, lipL32, hiyA,
hiyB, tiyA and hipA. Genomic DNA of Leplospira Inferrogans, serogroup
lcterohaemorrhagiae, serovar copenhageni was used as a template to amplify the
selected genes by PCR. The amplicons were individually cloned intc a mammalian
expression vector. Gene expression in mammalian cells was determined by transfecting
COS8-7 celis in an in vitro culture with individual recombinant plasmids. The recombinant
plasmids were combined and used to intramuscularly immunize a group of four week old
hamsters. A booster dose was given 14 days later. Hamsters of two controf groups
received injections of empty plasmids and phosphate buffered saline as placebos. All
treated mice were then challenged with 10 LD5G of heterologous Lepfospira interrogans,
serogroup Pomona, serovar pomona which is a human clinical primary isolate
(heterologous challenge). It was found that all hamsters injected with PBS died from the
lethal Leptospira challenge. The Leptospira plasmid DNA vaccine conferred 80%
protection to the immunized hamsters. The animals immunized with empty plasmids
showed 46.6% survival which could be due to the innate immune response to the foreign
DNA.

Our results indicate a good protective efficacy of the DNA vaccine against
leptospirosis. This prototype DNA vaccine or its protein counterpart should be evaluated
futher in leptospirosis susceptible animals before trials on safety, tolerability,

immunogenicity and protective efficacy are attempted in humans.
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Executive Summary
The Senior Researcher’'s Project Entitled “Humanized monoclonal antibodies for
leptospirosis immunotherapeutics and development of a broad spectrum

leptospiresis vaccine”
Background and Rationale:

Human leptospirosis is a re-emerging zoonotic disease caused by bacteria of the
family leptospiraceae, order Spirochaetales, genus [Lepfospira. Human gets infection
through abraded skin, macerated skin or mucous membranes (e.g. oral, conjunctival),
either directly by contact with infected/reservoir animals or their contaminated specimens,
or indirectly by exposure to damp scil, mud, vegetation or fresh water seeded with the
animal’s urine or carcass. Human-to-human transmission is relatively rare. Human
{eptospirosis used to be recognized as an occupational disease with high incidence
among veterinarians, abattoir workers, sewer workers and farmers. However, a number of
cases were found among travelers to the disease endemic areas and individuals after
various re-creational activities such as canoeing, swimming, hiking, and rafting.

Most Lepfospira infections in humans are subclinical which can be retrospectively
recognized by the presence of serum antibedies to the bacteria. A portion of infected
individuals succumb different degrees of morbidity ranging from mild, flu-like symptoms,
indistinguishable from other febrile ilinesses, to acute and severe disease which often
leads to rapid fatality of high rate. Human leptospirosis is usually manifested in two
common forms, fe. anicteric and icteric or Weil's disease. Anicteric leptospirosis is
usually biphasic; the initial septicemic phase starts as early as one day or as late as one
month post-Lepfospira-exposure and is characterized by generalized leptospiremia.
Symptoms including high fever, chill, cough, sudden onset of intense headache, muscular
pain especially calf muscles, abdominal pain, conjunctival suffusion, blurred vision, and
photophobia are common. An immune -phase follows the septicemic phase about a week
later and is characterized by appearance of specific antibodies and disappearance of
leptospiremia although the bacteria still can be found in many tissues. Kidney, brain and
aqueous humor are immunological privilege sites for the Lepfospira during the immune
phase when the bacteria are excreted with the urine. Leptospiruria may last for several
months. Icteric leptospirosis is a form of severe ailment with high mortality that occurs to a
fraction of clinically infected individuals. In this form of the disease, several vital organs

are affected leading not only to the previously mentioned clinical manifestations, but may
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also include vasculitis, jaundice, hemorthage, myocarditis, aseptic meningitis, vascular
collapse and/or hepatic and renal failure.

Acute leptospirosis responds well to antibictic (penicillin and its derivatives) therapy
especially when started early in the course of the iliness. Ampicillin, amoxicillin, and
doxycycline have been commonly used for mild anicteric form of the disease. Patients
with severe anicteric and icteric leptospirosis are usually treated with intravaenous
penicillin, amgicillin, erythromycin or amoxicillin. Jarisch-Herxheimer reactions (JHR} due
to bacterial toxic substances massively released from the antibiotic mediated-bacierial
lysis occur in a fraction of the treated patients which may aggravate the clinical
manifestations.

Immunity to leptospirosis is believed to be serogroup/serovar specific. lmmunity
acquired after an infection, either clinical or subclinical, is protective oniy to the serogroup
or serovar matched with the previously infecting or antigenically related serogroup or
serovar. Currently, vaccines are available only for prevention of canine and bovine
leptospirosis of which the soc-elicited immunity is limited to the infection caused by
serogroups or serovars homologous to those in the vaccines. No vaccine is available for
human or other veterinary use.

Thus the aims of this research were: (1} {0 produce a humanized-murine monocional
antibody for treatment of acute leptospirosis as an alternative of antibiotics in order to
avoid Jarisch-Herxheimer reaction and drug hypersensitivity in patients allergic to the

antibiotics, and (2} to invent a prototype of a broad spectrum leptospirosis vaccine.

Scope of the Research, Research Methodology, and Results of the First Part
{Production of  humanized monoclonal antibodies for leptospirosis

immunotherapeutics)

A murine hybridoma clone which secretes monoclonal antibody (MAb) specific to
pathogenic Lepfospira spp. was established by using conventional hybridoma technology.
Genomic DNA of the hybridoma cells was used as a source of immunoglobulin genes for
production of a humanized-murine monoclonai antibody specific to pathogenic Lepfospira
spp. in the form of single chain variable antibody fragment (huScFv). The gene sequences
encoding complementarity determining regions {CDRs) of the murine VH and VL chains
were molecularly grafted onto the respective immunoglobulin frameworks (FRs) of the
most matched-human VH and VL chains. The humanized-murine single chain variable
fragments (huScFv) conferred neutralizing activity against both heterclogous [Leptospira-

mediated-human red blood cell lysis in vitro and heterologous Lepfospira infection in vive.
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The preparation has high therapeutic potential as an alternative of antibictics for human

leptospirosis.

Scope of the Research, Research Methodology, and Results of the Second Part

(Development of a broad spectrum leptospirosis vaccine):

For this part of research, we used two dimensional electrophoresis (2DE)-based-
proteomics, 2ZDE-immunomics and biocinformatics to study proteomes, immunomes,
proteins unique io pathogenic Leptospira spp. and in vivo expressed antigens of the
bacteria. Information so-gained together with the data on the complete genomes of
pathogenic Leptospira spp. deposited in the database were used to select a fotal of eight
Leptospira genes as DNA vaccine candidates. These are: flaA, flaB1, omplL1, lipL32, hiyA,
hiyB, ftiyA and hipA. Genomic DNA of Leptospira interrogans, serogroup
icterohaemorrhagiae, sejovar copenhageni was used as a template fo amplify the
selected genes by PCR. The amplicons were individuailly cloned into a mammalian
expression vector. Gene expression in mammalian celis was determined by {ransfecting
CQOS-7 cells in an in vitro culture with individual recombinant plasmids. The recombinant
ptasmids were combined and used to intramuscularly immunize a group of four week old
hamsters. A booster dose was given 14 days later. Hamsters of fwo control groups
received injections of empty plasmids and phosphate buffered saline as placebos. All
treated mice were then challenged with 10 LOS0 of heterologous Lepfospira interrogans,
serogroup Pomena, serovar pomona which is a human clinical primary isolate
(heterologous challenge). It was found that all hamsters injected with PBS died from the
lethal Leptospira challenge. The Leptospira plasmid DNA vaccine conferred 80%
protection to the immunized hamsters. The animals immunized with empty plasmids
showed 46.6% survival which could be due to the innate immune response to the foreign
DNA.

Cur results indicate a good protective efficacy of the DNA vaccine against leptospirosis.
This prototype DNA vaccine or its protein counterpart should be evaluated further in
leptospirosis susceptible animals before trials on safety, tolerability, immunogenicity and

protective efficacy are attempted in humans.
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Experiment Outline

a _ , 4
H&®a murine hybridomas <0d secrete

A = = A w
Leptospira  spp. laglginafialay3laan (hybridoma  technoiogy) \lald murine
o & l}’ d‘
hybridomas us v lifoalu serum free-medium 1Wasn monoclonal antibodies 't

nagaulss&NTNIWNIT neutralize Leptospira infectivity M9 in vitro WAY in vivo LD

tRan praotective clone

& . . . .
Ll protective hybridoma cells 1w serum free-medium aufisszoy log-phase (active

growth) t'luarianan total RNA §miuiaTos mRNA e l5a3ns cDNA uiald cDNA

1w template (e amplify VR 1@z VL

LRI |
PIIRTIU

monoclonal  antibodies 1aWNz@a pathogenic

gene coding sequences 1a83% PCR faunundl

Log-phase growth of protective hybridoma cells

Y
Total

<— extraction

RNA

<— purification

mMRNA

<— reverse transcription

cDNA

<« pPCR lapls primer sets f
IWANEFNEFINTU
NYILAN VH WRE VL sequences

¥23 mouse immunoglobulin

Murine VH- and VL-DNA amplicons



3. M3 clone VH- ez VL- gene segments L‘ﬂ"\q' vector, N7 clone vector L'fl"\’gli E. coli uaz

MIATIIANUONEDIVEY VH- and VL-amplicons
Murine VH- and Vi-amplicons 91N78 (2)

<— cloned into pGEM®-T vector

¥

Specific plasmid vectors carrying murine VH and VL sequences

<— cloped into E. coli JM109

2

E. coli clones with recombinant plasmids

F <— extract plasmids and

<— sent for DNA sequencing

Known DNA sequences

A v o o 1% .
4, NVIDDY VH- LAY VL- segments LAIUABUITANTTTN phage library

VH- and VL- amplicons 11nTd 2 if) DNA sequences On#ay (@19lagds 3)

l < extended VH- and VL- DNA sequences
with linker

Extended VH- and VL- DNA sequences
(renamed EVH and EVL)

l <— splicing overlap extension (SOE) PCR

Murine single chain Fv DNA sequence (muscfFv)

<— cloned into phagemid and then cloned

the phagemid into E. coli strain

Transformed E. cofi (recombinant) library



5. N1ReN transformed (recombinant) E. coli clones with murine scFv phagemids w&D

- v A v
188w phagemids VNG E. coli idNANT0 secrete soluble Schy 16

individual £. coli 37n1a (4)

< infect with helper phage

Mature phages with muScFv on the surface and muscFv in the phage genome

<— tested the phages for binding affinity

against Lepfospira antigens by phage
ELISA

Transformed E. cofi clones that harbour muscFv-phagemids

<— change phagemid vector to E. coli strain
that can secrete soluble muSckv
Transformed E. cofi clones which can secrete high affinity murine
ScFv (muScFv) specific to Leptospira antigen (expected to have the

same antigenic specificity as original murine monoclonal antibodies)

6. Production of muScFv

Transformed E. coli clones carrying muscFv-phagemids

l <— induces protein expression

Express recombinant protein

<~ muScFv purification

Pure muScFv

|

Characterization of the muSclFv and protection test against leptospirosis

7. Murine VH- and VL- alignment for selecting human VH- and VL- sequences with the

most matched-canonical structure (immunoglobulin frameworks) to the muarine VH-

and VL- sequences

muscFv DNA sequencing

l <— Deduced aminc acids



Known VH and VL. CDRs and immunoglobufin frameworks (canonical structure}

<— aligned with known human V regions in

databases (Kabat/Cothia)

Selected human V region sequences

with the most matchgd—canonical structure to the mouse ScFv

8. Production of humanized-murine scfv

Selected human V region sequences

<— overfap extension PCR to fuse human
canenical fragments with mouse
CDR1/2/3 of both VH and VL from the

muscFv

Humanized scFv fragments (huscFv)

9. Cloning of the huscFv and expression of HuScFv

huscFv sequence

<— cloned into phagemid and appropriate

host cells, respectively, and induced
expression

Expressed HuScFv
190. Characterization of HuScFv

HuScFv

<— affinity measurement by ELISA

<— Waestern blotting for antigenic
specificity

< protection tests in vitro and in vivo

compared with muScFv and/or original

Y muring monoclonal antibady (MAb)

Known characteristic-HuScFv

|

Humanized-murine monoclonal ScFv as therapeutic antibody

for human leptospirosis
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N15u& @ murine hybridomas \a113®a pathogenic Leptospira

14 MISINIZIREY Lepfospira spp.

IeMStRNELA 89 Leptospira spp. muutiolsanazlidaliadrag lagldems
LB Tl EMIH ﬁolugﬂmaommwﬁmmm (iquid medium) waramsTianiIuds
a5 (semi-solid medium) 9IAIITRALMAIUTLNAVUAIY EMJH basal medium UR:
supplements ‘fmﬂi:nauﬁ’m bovine serum atbumin (BSA; Fraction V, Sigma Chemical
Co., USA), pyruvate, Tween-80, Ca , Mg, Mn", Cu"™", Zn"" was vitamin B12 #d9a1nit
%JWL%BI@UMS autoclave EMJR basal medium us234.8y sterile supplements (NTHIHW
0.22 pm filter membrane) ashi/lu basal medium Iudasngin medium: supplement = 10:1

ranlfdaanasavaniziraanisiwiiaulagnis incubate medium @ 37°C (fuaan 5-7
Fu awwilentsaamstwtlon ufidelag Julu medium)  Foazlddmivdnads
Leptospira spp. @IRAIRIITHG semi-solid EMJIH duiswdsznauman liquid EMIH nn
Usensusd lénay bacto agar (Difco, USA) adl1) 0.2% 11 liquid EMJH medium é28

. ; . = ' hd
WUIDIILR B9 Leplospira spp. TiewatlanasauiIuNReTwIe 16 X 15 uw.
- v R Py Py . . . -
wapaaz 10 AR. W@ nIuReouas subcuiture (i Leptospira spp. ¥4 sami-solid
medium WL lEMREN Baaaa: 1 YA, tWa lTAY stock culture

X X g .
MaLwLase Leptospira spp. LWISLR SN TN 30°C 1w incubator (Memmert,
= 2 ; A’ P [T & na
Germany) lavaragsumusdyidivlausznstudeulamssduneldndaqansedaiia
a ' 5 £, ) -
dark-field Y]t J&FIUIU URSNDUNINIT subculture AT9a0 6By streak \Tiaanvaan culturs

L A o A Idﬁt‘ = Y
RILW trypticase soy agar (TSA) ud1 incubate 71 37°C, 24 1 luy s luiiRslanigdvla
Ut TSA 3sazfiodnilu non-contaminated Leptospira spp. culture kazld sub-culture dalil

et

. . N . el d; 1 = A o e
Leptospira 1w liguid medium zdmaaRanlmiagraidaduanymsanzvas
. ;‘-' 3 . . ; ) e N ar e
spirochetes WANIMNATINDIN doubling time waNToudazeoWuE lavindu amawug
IR PTEpIEEATORL g TS (RIET 00



& ;
1.2 n17 harvest o Leptospira spp.

A L5 A’ . A =t ar g a:i

WanaInTIIILIINLES Leptospira IWALAIDA whole cell homogenate 181 cutture #
; i 4 L - & el L2 s
Lﬂﬂﬂ’ﬂu fiquid medium Bﬂq 7-10 14U mnvsa’mf;v.aaﬂu@muwunfmmnuu’ﬁwm'mmnu
slddufl 10,000 x g, 4°C, 15 w1 ¥ Leptospira peliet NlalUIus19678 plain basal

::' ) a o - r-i ol o VA
EMJH medium &13a33 nawii Uy whole cell homogenate ufindaiiulin —70°c

. 4 _a ¥
1.3 MILASHs Leptospira homogenates WadiaTinn proteomes 2ITOURY

= & & = 1
o liwuandianln immuncassays 619 9

\iladasnisiaFuu homogenate #1m3UFnW proteomics 18N Leptospira pellet (i
unvldan culture lu liquid medium 81y 7-10 % Y3u7as ~ 500 mi) HURuA lysis
buffer (8 M wea, 4% CHAPS, 2% Pharmalyte 3-10, Amersham Biosciences) 500 pf ugs
protease inhibitors (Roche Diagnostics GmBH, Mannheim, Germany) 13u1a3 10 pi vl
sonicate A1 amplitude 25%, pulse on 6 Wil pulse off 3 Hunf dunsriunads 3 wift
Pnituntianilu 50 ul aliquots (fiu'l37 —70°C (flsa:194i1 homagenate 14 clean &2 2-D
Clean-tip kit (Amersham Biosciences) Lﬁiaﬁ’ﬁ}'ﬂ detergents, salls, lipids, phenolics WRe
nucleic acids Tusauilevianialy rehydration buffer 75 IPG buffer (8 M urea, 2%
CHAPS, 0.5% IPG buffer 3-10 non-linear, 0.002% brompheno! blue) W ly determine
protein content @28 2-D Quant kit {Amersham Biosciences) neawilluenday two

dimensional gel electrophoresis (20E)

- - & ,

AIDUNNANTIILATBY homogenate ANLTa Leplospira spp. serovar copenhageni
(representative) 500 ml wuazlalusfudwiuan proteomics Wa491N Clean-up 50!
Uszanm 1.8-2 mg

AIUMITGI8N Leptospira homogenate \RalgiTuusudiaulu immunoassay @139
= g > a
ka1 immunogen Tunns immunize BALB/c mice wulasiian Leptospira whoie cell
v o v o v v a = [ =
peliet 1 resuspend luﬁﬁnauumm‘tmmnmuﬂamﬁuammngp wasnmdTunmlusdu

A Y s R = - ' “
laui% Bradford udutafiuilu aliquots \8ng A —70°C aundrazly
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1.4. n1SKE® murine hybridomas "E!a secrete monoclonal antibodies aWisAa

Leptospira spp.
1.41 n17 immunize ¥y BALB/c mice

1etn whole cell homogenate 183 Leplospira spp., serogroup Icterohaemorrhagiae,
serovar icterohaemorrhagiae 5 pg (0.1 mi normal saline; NSS) HEUAL 0.1 ml Complete
Freund's Adjuvant (CFA) usa@audntesripany BALB/c 91y 6-8 dlan weiasd@adnuiu 3
o) wd,ﬁga 3 629 primed TIU&R1e3Y booster doses Bn 2 aTavinaRueTIaz 2 Filavt Loy
THuondiowduusiiRy dose Wu 20 pg 1w 0.1 mi NSS Fanguiy  Incomplete Freund's
Adjuvant (IFA) Wnw CFA #&391N second booster 4& 7 S1ldatti009n plexus i inner
comer U2IMTUVBINRUAREAD LNTTU (immune mouse sera) udnhldarrawiTzey
wandAuadani’ indirect ELISA fia homologous Leptospira whole cell homogenate W17
méﬁa 3 @28 serum titer 1:6,400

; : = . .
1.4.2 Cell hybridization 3¢¥219 spleen cells Yaiuun immunized 19am

. . o o .
Leptospira antigen L&z myeloma cells 1'Ha&719 hybridomas

faFou single spleen cell suspension 3N immune mouse 7 1wl fuse
iU myeloma cefls P3x-63-Ag8.653 &9 maintained 13ud2lu 10% bovine serum (Starrate
Co., Australis) supplemented RPMI-1640 medium (Dluirandsznin 2 &y laaas
ragesniiad viability 11N11 95% 158nT1992857F trypan blue exclusion method MW
fused U&7 1 SulAY bovine serum 1w medium 1i% 20% uddldanl hybrid cefls i
Winaulaaglu cuture wetls wisinAnmIuTMANARAIDS well ueiaz well (1UAun
culture medium 2-3 a%3) Waradiosnduind? @Ay cutture supernatants luaTiam
uaufuesfno Leptospira homogenate 1agiT indirect ELISA Uaz#329 antigenic specificities
Tas3% Western blot anaiysis uazldifaniradann wells 719 Western biot patterns i
vnanla v monocioning 1ae3F fimiting dilution methods laeld normal BALB/c mouse

splenocytes 1w feeder celis

INMINT cell hybridization wuinle hybridomas 3 clones fia LPF1, LPF2 uas
LPF3 "I;i\‘] LPF1 Wax LPF2 & monocionat antibodies ﬁﬁmwmm:@ia pathogenic
Leptospira Waz l¥U{nIu iU non-pathogenic Leptospira WRe bacteria 5%5] warlde
angfsnanyldlunszumisauszmiotfaanizustan 1as MABLPF1  uaz MABLPF2 i
immunogiobulins 11w isotypes igG1 kappa us: igG2a kappa 986U &% LPF3 nia

. X P L .
monocional antibodies <4 react NU whole cell homogenates WD Leplospira V)N serovar
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o a & odoe [y

fdwmaray Naniv pathogenic LR non-pathogenic strains laold reactive band 1u
A dl o B =3

Western blot 1 ~36.5-38 kDa (JUf 1.1 lu lanes A3 waz B3 @ wd9u) unstilu igG1

kappa isotype

‘Eﬂ‘ﬁ 1.1 &2 Western blot patterns Lf\‘laua‘m antigenic specificities 183 MABLPF1
{react @8 antigenic component ~36.5 kDa Tu lanes A1 uaz B1), MAbLPF2 (react @@
cemponent ~36.5 kDa Y83 serovar copenhageni 14 lane A2 uaz ~36.5 uay ~ 22 kDa 989
homologous serovar icterohaemorrhagiae 1% lane A2 uaz B2 @IURIAD) LRz MABLPF3
fn SDS-PAGE separated-whole cell homogenates 193 Leptopira spp., serovars

copenhageni \Ry icterohaemorrhagiae
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km ma
"'1‘:: 206 —
ag e =

54.6 s
37.3

2373~
29.5 —

285 —
20.3

20.3 —

=
>
-
-

Western blot patterns of MAbBLPF1, MAbLPF2 and MADLPF3 to SDS-PAGE
separated-whole cell homogenates V83 Lepfospira spp., serovars
(heterologous) copenhageni (A) and (homologous) icterohaemorrhagiae (B)
JUA

Lane M, standard marker

Lane 1, MAbLPF1

Lane 2, MAbLPF2

Lane 3, MAbBLPF3
7B

Lane M, standard marker

Lane 1, MAbLPF1

Lane 2, MAbLPF2

Lane 3, MAbLPF3

Numbers at left of each block indicate molecular weights in kilodaltons
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A -3 -y
1.5 Protection tests tHavinnImadgaudszdndnInuas MAb 'l%ﬂ"!'i neutratlize
Leptospira activities

1.5.1 Hemolysis inhibition test {in vitro)

4‘ L3 = A
minasauiyiiaityes Hathaway and Marshall (1980) lanfigavszsadifia
NAROUAMUEINITOBIS MAD LUnNITHUES hemolytic activity U84 live Leptospira fididaiiin
RaauaitasaunIatiaifanuaivasuntinnaaanaras

o u‘.: o 1 ‘:r
Jaquazinaoumsnedoy Jasealui
a L
mMaaTuNBa Leptospira spp.

" Leptospira spp. ‘ﬁm’\:l.é’uﬂﬂu tiquid EMJH medium {%G"Lﬁuﬁ serovars
icterohaemorrhagiae, bangkok, bataviae, copenhageni, recent human isolate (H1),
saprophytic (andamana), non-pathogenic serovar patoc)] ‘1.1]1?1&’:‘3!"}\16'1"111 steriled basal
EMJH medium &87 resuspend last pellets °lu1i'1m§a‘1_]nﬁ (normal saline solution; NSS)
ilviadimsganiuuas (optical density; OD) # 420 nm Wafisuanumdutwin
standard curve mnfuﬂ%’um'}m'ﬁ‘nﬁmﬂu 10° vad/mi e l4lu hemolysis test #a 41/

N15LA58 3 washed red blood cells

. L oW s o &
mstuats sheep/human red blood cells (rbc) Tukinfeilnd 3 atef 2,500 x g,
b v o :‘ - , v .
5 wifl asvgarhsdaihiniaunfasly packed red blood cells WldUTunaavinlSuas
FUAY

MTASHN reaction mixtures

A’ ] 1 o
1. HENLDPO Lepfospira serovars 13 Juaas serovar Nl rbe laglfiSanas 1:1 (viv)
(10" Leptospira lulwn@auUnd 1 ml AU rbe 1 mi)

2. Positive control U3tnaudiy washed rbe 1 mi ugzdinaw 1 ml (complete

hemolysis)

3. Negative control (background hemolysis) |@liR washed rbc 1 ml + #unfistn@

iml

I . - &
4. 1 reaction mixtures 3 (1), {2) uar (3) 1 incubate 91 37°C 1Twiran 18
e & d . P = .
#7lya anuullunaan reaction mixtures nNAWREATN 4,000 x g ({waan 5 wift i
] e 1 - A [ 1
supeatant  Inusaznasalliadinisganfiuuefi 540 nm  lasdadn background
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¥ < - w a A A
hemolysis (rbc + WiLARaUN&INUD 3) Ban lunsdwam % hemolysis t1a71 OD 1 540

Am U89 complete hemolysis (rbc + ¥ NAW) U hemolysis 1iw 100%
MmMInadau neutralizing activity 983 MAbBLPF1 (hemolysis inhibition test)

164 Leptospira spp. Wese serovas (‘l()g wad) 11 incubate YU MABLPF1 Ymwn

P - a 7 3 v oA A
1 mg $37°C Wwan 1 ks numbhidtus af 10,000 x g, 5 wifi W Leptospira
pellet 1y resuspend 'lmf'unﬁaﬂnﬁ (MADb-treated-Leptospira)

1 MAb-treated-Leplospira w@nz serovar JUnagauil washed rbe lay set

reaction mixture, positive control L8z negative control T30
. 4
naninagay laugasliluarsan 1.1
4
JUH 1.2 ugAINR hemolysis uas hemolysis inhibition tests

1.5.2. In vivo neutralization test

WANAIANTINT hemolysis inhibition test @ %12 1.5.1 U&7 ﬂm:;ﬁﬁi’u‘lﬁm
MABLPF1 tunagauarinaansolunislastunsifiawenirnwingis leptospirosis 11
#InaRos (hamsters) 2o lapfAtuaztuaaudalt

n1siaen Leptospira serovar éoﬁ virulence qaqm‘lu hamsters

e L%ta Leptospira serovars Gi‘NF} VLC-YLLri bangkok, bataviae, canicola, hardjo, patoc
ez human isolates: K1, H2, H3, H5, uaz H15 1Wilwiln pellets 71 10,000 x g 1ilw1an 30
wift i 4°C ud7 resuspend famiundeund nasniuiiudredn 3 adichodunfadnd
ﬂ?ﬁﬁ_‘(@l‘i"ﬁlj resuspend peliets duiundavnalwle 10° lwad/300

N5 infect Wi hamsters A8l Leptospira

13y hamsters a1y 3-4 §Ua %a1é’11*1m§ua'lﬂuﬁ'aaé’ﬂ')‘maadﬁ‘fi’umuué‘}
athavion 1 S dailis Leptospira 1TBoaras (intraperitoneum) @az 10° cefls Tu 300
p ﬁé’ommfu 7 Juld sacrificed WU hamsters wazd 'l post-mortem Waamewseulsa
wenBanw) fidu e 1lsa uaziu wuseslsa (pathoiogical lesion) ﬁoﬁ;ﬂ‘l’i’lumﬂaﬁ' 1.2



15

4 o a o & n
#3190 1.1 © WanInageuLszinSniweas MABLPF1 lunsduianiafie hemolysis lay

& .
1’58 Leptospira

Sheep RBC + untreated- Sheep RBC + MAbLPF {-treated-
Serovar Leptospira (10°) Leptospira (10°)

0.D. 540 nm % hemolysis 0.D. 540 nm % hemolysis

bangkok 1.528 97.4 <0 o
bataviae 1.546 28.5 <0 0
canicola 0.436 277 <Q 0
icterohemorrhagiae 1.506 985.9 <0 0
Human isolate (H1) 1.472 93.8 <0 0
andamana 1.506 85.9 <0 0
patoc 0.548 349 <0 0
Complete hemaolysis 1.569 100 <0 0

(positive control)

0D, optical density
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Results of hemolysis test

A1, Leptospira spp. + sheep red blood celis

B1, MAhLPF1 treated-Leptospira spp. + sheep red blood celis

A2, 100% hemolysis of positive control

B2, background hemolysis of negative control
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A o 1 A = L .
@13 1.2 ‘iaUI‘iﬂflua'}ﬂ’):G\'\d‘madﬂH hamsters ‘ONAAAIY Leptospira serovars

199 [N TeIN Y

L eptospira serovar Gross lesions
bangkok Lung hemorrhage
Hepatomegaly

Enlargement of kidney
Splenomegaly

Liver hemorrhage

bataviae Splenomegaly
Kidney enlargement

canicola Splenomegaly
Kidney enlargement

hardjo Hepatomegaly
Slight splenomegaly
Lung hemorrhage
Kidney enlargement

H1 Lung hemorrhage
Hepatomegaly

H2 Slight hepatomegaly
Kidney enlargement

H3 Hepatomegaly
Lung hemorrhage

H5 ' Hepatomegaly
Slight kidney enlargement

H15 No lesion

patoc No [esion

T
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PINA1TT 1.2 AW Leptospira serovar bangkok YintiiawenTnwlu hamster
A T Q.:r -3 = IJA‘ . o . . .
WINNES ganuiuianltise Lepfospira serovar bangkok lunsvin in vivo protection test
Tat MABLPF1

nmsnadautlse@nSa1nuos MABLPF1 11n13 neutralize Leptospira serovar bangkok

LT =y
Tilwnanesannluny hamsters
. - - Y o
Uiamy hamsters a1y 3-4 fslaviaaniiiu 4 naneaf:-

L A 1 A + a‘
naav 1: NFUAILNAUIN ‘NQﬂﬁﬂmﬂ Leptospira serovar bangkok 10 cells lu 300

pi normal saline solution (NSS) 1771 T29Y1ad (intraperitoneal injection) UARZA?

o & ' o . a [ i
naam 2: Lﬂuﬂquﬂmﬂaumm}} hamster Usaza2 183U Leptospira serovar bangkaok
8 4 . )
107 LBRSELW 300 Ll NSS siad 1un17 incubate NU MAbLPF1 (2.5 mg/kg body weight of
hamster) (w21 24 T2lnunud? lasfauuafidoiinsesrias

| = ] - [ = P . L v
ngan 3: Lﬂuﬂq&mﬂﬁE]U‘Hﬂ(vﬁiJm‘mﬂL’ﬁa Leptospira serovar bangkok VINTaIVAS
viw@satungui 1 wRnuu 24 Hlusldiumsinmnlasnsio MABLPFT 2.5 mgikg
body weight 183%1% hamster \nBadnal

1 o ' A e ¥ - a o w
NRNN 4: NEUAIUAVRVTIAOABUNNRAUNG (300 pi) 111389183

WEINUW 10 TUuRT 28 T 'l.@'fnn:@a@méu@ia:nq;l (NRUAE 2 frluinudt 10 uss
nguaz 3 drluudt 28) nasennziiaaiasiy whole blood ldlu anti-coagulant w3y
llaremdSunoudelwmianusd e sacrificed i hamsters Wofivadazan gldud au
1o quas Uaa uazdy tRoasrawisoulin §u whole blood WnluasramiBunm (iy
UI) Leptospira

A ' e . P~
NE!ﬂ’]‘mi')ﬁm"l‘iaUI‘Sﬂl%HEﬂOE{‘T&JﬂQNlWJuﬂ 10 wax 28 leunsaaliluarsef 1.3
o
wazgth 1.3 fi916

IR hemolysis inhibition tests W& in vivo neutralization tests 1awuin
MADBLPF1 ®14730 neutralize pathologic conditions (hemolysis, leptospiremia WRz lesions

. - + A [ Lo L 8 A o e 1
Wmaitnzds9) fAaan Leptospira 16 301614 MABLPF1 ludusaus 2 vaanidudely
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M13197 1.3 1 wnamwinadoazene quarduIn  Leptospira  lwiiaeves  hamsters
ﬁ'ammaiu'l.ui’uﬁ 10 Uaz 28 %8I treatment Lﬂ?umﬁuuﬁunaiuﬁ" 4 (ngu
AIVAVY)
Auf ﬂﬁjalﬁ Hamster No. Leptospira numbers  Gross lesions
{post-treatment) per high power field |
10 1 1 1-2 Both hamsters showed
2 5-10 hepatomegaly
2 1 1-2 No pathological condition
2 5-10 Hepatomegaly
3 1 1-2 ) Both hamsters developed
2 10-20 hepatomegaly, slight kidney
enlargement, and slight lung
-J hemaorrhage
28 1 1 10-20 W All three hamsters revealed
2 > 20 hepato-splenomegaly, kidney
3 Fruwamannvivlaile enlargement and blood
congestion in brains; one of
them also had lung
A hemorrhage
2 1 5-10 T Much milder lesions than
2 1-2 those of group 1
3 5-10 .
3 1 5-10 } Both hamsters revealed
2 10-20 slight hepato-splenomegaly,
3 na slight blood congestion in

brains and little lung

hemorrhage

e B

na, not available

There was neither leptospire nor pathological lesion found in hamsters of group 4
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1 - el d a X '
i 1.3: WRMIWENBENWUBIAUTEINY hamster Ailiaan Leptospirosis

(hepatomegaly and hemorrhage) (5181) Witinseuny negative control (U71)




4 s ain
gﬂn 14: uﬂmwmﬁﬂn'lmaﬂﬁ‘ﬂadm# hamster (slight enlargement) YL N@3IN

Leptospirosis (F18) LW3auifituny negative control (1711)
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d = A =
N 1.5:  ureawmTanwyedaavamy hamster (hemorrhage) Mtfinann

Leptospirosis (327) t3tuiiguny negative control (418)
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A - A d. =
JUN1.6:  usaIWIERMW (splenomegaly) Va3 aIVDINY hamster filfiaan
Leptospirosis (Uw) 11/38u1Hinuny negative control (8719)
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et = aw L
TWADUHT T DIVDIITW IV FIWNTNII:

& ]
AT9INIsLaeEs hybridoma 'ﬁ\‘i secrete monoclonal antibodies L&Wz®d pathogenic
Leptospira Wax control myeloma (P3x-63-Ag8.653) ANSEN® total RNA nsiesaa

2 ] a A o o a a
mRNA Lazn15¥11 RT-PCR W aia3as cDNA fiasldidn template AR IUNITLIATRH

murine VH- and VL- amplicons

1 hybridoma clone LPF1 mL&rmlu RPMI-1640 medium (Gibco Co., USA) 1"1
supplemented @2t 10% fetal bovine serum (Starrate, Australia) Lfli)L‘ﬁ&ﬁﬁtgtﬁﬂﬂ'lﬁﬁ
stttz n9ln serum fres-medium aufld late exponential phase (Siaradlszunm
75% 1w tissue culture flask) ua23311 culture il 1,000 x g dysum 10 mﬁtﬁmﬁu
wanisasiinlUena total RNA @alil 2 cullure supernatant ¥ lia37am0 antibody titer
#1835 indirect ELISA Tanld pathogenic Leptospira homogenate (Ilu antigen tuns coat
ELISA wells 16éWU31 culture supematant %84 clone  LPF4 wamAnslu serum
supplemented-medium Wit serum free-medium i%uﬁ titer e 1:1,024 wiflﬁ'mﬁawaé
WwigLaulads late exponential phase uazdl cetl viability ~ 91% (Haas19498 trypan blue
exclusion method &1 MAb 970 clone LPF1 (MABLPF1) I nSoaniznuuaudiaunas
pathogenic Leptospira @it specific epitope ag'ﬁ protein BUA ~36.5 kDa (31]1”1‘ 1.1) ue'lai
MUHNTHNUREUAIIUVAY non-pathogenic Leptospira LLﬂ:L%ﬂguﬂ (ailduanana)

¥ o "3 e A =
wannia lMaes myeloma cells fa P3x-83-Ag B8.653 @11 parental myeloma
. [ a o = .
cells 109 clone LPF1 audl4 late exponential phase \iwnu Wafiaz1giiu negative control
WU myeloma celis 3l secrete antibody @8 Leptospira L18@379 culture supernatant 628

indirect ELISA UWRzITRRA viabitity 11923104 80%
24 nN15&Na@ total RNA 910 hybridoma LPF1 Waz P3x-63-Ag 8.653 myeifoma cells

¥ hybridoma cell peliet (~10.8 x 10° cells) WRE P3x-63-Ag 8.653 myeloma cells
(~2 x 10° cefls) aifudnasiae sterile phosphate buffered saline, pH 7.4 (PBS) gun33 ¥
peliet ﬂ%‘:ﬁgaﬁw"{ﬂ suspend b4 TRIZOL® (Invitrogen, USA) U313 1 m! w21t pipette
resuspend 1ALII% homogeneous suspension @%Hﬁqmuqﬁﬁeo (25°C) Jume 5 wifi
dawdunselswafuaslulunacafifl cell pellet waaass 200 W VINTBEIBENIUTI a91T
sz 2-3 wift dewinldiud 12,000 x g, 4°C dwas 15 Wl aatiusuunlaly
wae® Eppendorf Baaalnd U1ANATNaULDT fotal RNA f28m1316u isopropanol (i 500

& v v oa & owd a v -y e A
p alunamesmaon nenuaslunsaabiiiniu aslingmwpiivas 10 wifideuiluf 10,000
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x g, 4°C 1flwan 10 w19 819 RNA pellet luuagznasadin 75% DEPC-treated ethanol
1 ml udufiu RNA pellets mendatiufl 7,500 x g, @ 4°C (U981 5 wafl 1 totat RNA
peliets 'Lﬂﬁ'z'l.ﬁ'uﬁ'ﬂ@uﬁ"q‘li‘ﬁqmvxgﬁﬁ'ﬂa Aawihliaza1oly DEPC-treated water 1531073
50 pl ﬁ"a'l.'i'ﬁQmﬂ{}ﬁﬁ‘aaﬂizmmuﬁo'ﬁ'ﬂmua"'niw'l,ﬂm'sﬁ@ﬂ?mmua:mwu‘%qﬂh‘
(purity} '[mm'ﬁ'i'@rmg@mﬁul,mﬁ 260 waz 280 nm

15197 1.4 UFAINENTEN® tofal RNA 910 LPF1 uaz P3x-63 Ag 8.653

U 1.7 umed integrity B9 total RNA 383 LPF1 uaz P3x-63 Ag-8.653 fuunlu 1%

agarose gel electrophoresis NMunRITANAIY ethidium bromide

2.2 NSANALEN MRNA

leaiausn mRNA 970 total RNA launnsly oligotex™ column (Qiagen, USA) lag
#1 total RNA L1} hybridize 11U oligotex (dT) oligomer %oﬁuagﬁu solid phase matrix 4
column Tugn1ax#iu high salt concentration &3 poly-A-tail MRNA a=3URD Ofigo (dT)
dsufiagaan RNA F1988N9IN column  KUALEITIFINATA elute  LANLAWIT MRNA
panuialgiilu template dwiuieiaoy first strand cDNA sialaild

Tumnadon mRNA i total RNA Uszunm 750 pg ‘lllqiuﬁ 60°C 1fuan 3 wfi
WIINHE1 OEB binding buffer uas oligo (dT) aalallu column lagldi/5u1as 250 i
was 15 pk andau Naunnatiﬂo"lﬁdﬁﬁ’mm"}ﬂnﬁ 70°C 1iluias 3 mﬁua:ﬁqquﬁﬁao
10 w# 1 cotumn lUiui 12,000 x g, 2 wift LAIQR supematant aan Mnvuiudg
matrix 978 OW2 buffer (400 ul) ﬂaoﬂ'?a K7 elute MRNA aanaIg pre-heated 70°C OEB
buffer i]’]ﬂ‘ifu collect eluate mwé’eﬁu column ﬁ 12,000 % g, 1 w1l N5 elute mMRNA

8NN oligotex T1FBIATI 570 eluates Nla (MRNA) 1HULR -70°C wRaldiaTuw first
& .
strand cDNA luduaanaal

2.3 nSL@384 first strand cDNA

1 mRNA 978 2.2 lilieSua first strand cDNA riauld cDNA 1T template #1n51
n’l‘SLﬁu‘ﬂmﬂﬂWﬂE}é VH uas VL

un1518380 first strand cDNA 1@1‘3"{!@ Superscriptm First Strand DNA Synthesis
System &MU RT-PCR 284 Invitrogen, USA el oligo (¢T) lUduny mRNA uaziis
Ufnsenlaslsd Superscript Il Rnase H reverss transcriptase (RT) %agn engineer 19 1aifl
Rnase H activity tfia 1l mRNA N degrade YnizRUATIEE cDNA &8N
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kas P3x-63-Ag 8.653

Cells Number of cells Total RNA Purity*
{mg/ml}

LPF1 10.8 x 10° 4.8 1.63

P3x-63-Ag 8.653 2 x 10° 0.7 1.94

* OD at 260 nm/OD at 280 nm
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bp

10000

3000
2000
1500

1000
750

500

250

Infegrity of total RNA of LPF1 L&z P3x-63-Ag-8.563 separated in 1%

agarose gel electrophoresis and ethidium bromide staining

Lanes M, 1 kb DNA ladder

Lane 1, LPF1 total RNA 9.6 pg

Lane 2, LPF1 total RNA 19.2 pg

Lane 3, LPF1 total RNA 28.8 ng

Lane 5, P3x-63-Ag-8.563 total RNA 1.4 ug
Lane 6, P3x-63-Ag-8.563 total RNA 2.8 ng
Lane 7, P3x-63-Ag-8.563 total RNA 4.2 ng
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) i . -
@159 1.5 URAIEINLTINALVDI mixture LUATIFILATIEH cDNA

W mixture luafl 65°C, 5 ud uiagulu ice bath 1 waHl riewrdu reagents dolil
: 10x RT buffer {2 pl), 25 mM MgCl, (4 p), 0.1 M DTT (2 p) Use RNase OutTM
Recombinant RNase Inhibitor (1 i) wéssnuanliidriududitnd 42°c, 2 widt (G
Superscript - RT 50 units aslunnusea uduuf 42°C 8n 50 wft mmquﬂﬂ;jn%m
Immﬁuqmuqmﬂu 70°C, 15 wifl udhmaoaluld ice bath fawfiu RNase H 1 pl n

A . . e - o v ow -
waaalRaina1s mRNA Wvaaallund 37°C, 20 wifl 1a@3eud iy products (cDNA) LiRa
IMe3oy VR uaz VL DNA doldda03% PCR

JUA 1.8 uEInIW cDNA  fiF9ias1eWaIn mRNA  uunlew agarose  gel

electrophoresis Wazdadsiag ethidium bromide

2.4 N3 amplify VH Uaz VL DNA

\@3uN VH uat VL DNA segments lan13vin PCR uandulasls cONA 289 VH ua
VL 91043 2.3 1ilu templates uazld degenerate primers (15747 1.6) 11 PCR reaction
mixture (50 ul) Usenaueaa cDNA (2 ul), sterile distilled water (33 uh), 10x PCR buffer {5
wl), 10 mg/ml acetylated BSA (1 pl), 100 mM dNTPs mix (4 ul), 10 pmol/pl each primer (2
Heach) Wz 2 units/ul Dyh.lazymeTM DNA polymerase (1 pl) @115101"’1' 1.7 ugad PCR

condition

Lfiaﬁlnﬂﬁﬂ?muéﬁﬁﬂ amplicons 1 analyze Tu 1% agarose gel electrophoresis lain
151 kb DNA ladder (Fermentas) 1 marker 3Ufi 1.9 w91 amplicons 289 VA uR: VL
91 clone LPF1 §24 clone P3x-63-Ag 8.653 laifl amplicans (‘11iv|,631|,ﬁm§ﬂ)
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A15199 1.5 : Mixture TWHIIRILATIZHE cDNA

29

Sample volume

Control volume

mRNA (LPF1)

mRNA (P3x-63-Ag 8.653)

10 oM dNTP mix

Oligo (dT) 12-18 (0.5 pg/pl)

DERPC-treated water

Ay ) (1)
7 _
- 1
1 1
1 1
1 7
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bp
10000

3000

2000
1500

1000
750

500

250

A _t b = =
cDNA fasanldain mRNA (Rwiin smear band 11 1% agarose gel

electrophoresis NANN2Y ethidium bromide

Lane M, 1 kb DNA ladder

Lane 1. LPF1 cDNA products (2 pl)
Lane 2, LPF1 cDNA products (4 pi)
Lane 3, LPF1 cDNA products (6 pl)
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o i v
A19797 1.6 : L&A sequences B primers Al amplify VH uaz VL segments

Gene segment Name of primer Sequence
VH VH (forward) ATG GRA TG;;\GC TGK G‘TM ATS CTC TT
Cy (backwafd) GGG GCC AGT GGA TAG AC
VL VL (forward) GAY ATT GTG MTS ACC CAA ACT CCA
Cx (backward) GTT GGT GCA GCA TCA GC

'hl.degenerate primers, R=Aor G, S=Cor G K=Go T, M=AorC,Y=CorT,;
W=AorT
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A a a
A19190 1.7 : PCR reaction condition #1MIUN17 amplify VH uax VL genes

VH VL
94°C, 5 min 94°C, 5 min
94°C, 1 min 94°C, 1 min
55°C, 1 min 60°C, 1 min
72°C, 2 min 72°C, 2 min

30 cycles 30 cycles

72°C. 10 min 72°C, 10 min
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bp
b
10,000 P
3,000 3,000
2,000 1,500
31
1,000 1,0
750
200 500
400
250 300
200
100

=]
sUN 1.9:  uE@y VH Uz VL DNA amplicons

Lane 1, 1 kb DNA ladder
Lanes 2 and 3, VH and VL amplicons, respectively

Lang 4, 100 bp DNA ladder
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L7
T

- aas 1 A
WA DUNTINUDIITH IV A IWN RS

115 clone VH W&z VL gene segments Lﬁﬂgi vector, N7 clone vector \t"ad E. coli

[ 5 .
URENNIRTIVANNANRBIVAY VH- Wat VL- amplicons

& P g e p e . . b
Tuiuaauitaaz3indns VH usz VL DNA amplicons 11 insert 197lu pGEM®-T
vector U7 transform 11§ E. coli strain JM109 competent cells (Promega, USA) lasd
o w A
Muazfuaasit

31 n13 purify amplicons

MIRAINNYN RT-PCR  ud1di1 amplicons viawas viH waz vL ' purify laply

UltraCiean "MPCR Clean-up kit LNafind reaction components @14 9LBw% primers, enzyme,
salts WAz dNTPs

11 PCR amplicons {1lsauny buffered salt solution (Spin Bind) 5 volumes &7 load
a4lu spin filter unit wdrtTudt 10,000 x g 1 wifi wé’qmnﬁ‘:ug}@um fluid panldmuauditu
§19 DNA Ai3UiU matrix §38 SpinClean buffer Uszxnme 300 Wl 10 discard wash fluid
WUAUS elute L8N DNA aanaat distiled water ~ 50

3.2 n15ay3unoe DNA amplicons

11 purified DNA amplicons (diluted 1:200 'Luﬁ'mé"u) “lﬂ'i’mm*sgmnﬁulmaﬁ 260 uas
280 nm Taglfinawiu blank

@1719% 1.8 LENINANITIATYN VH Wiz VL DNA amplicons

b4 A o
3.3 mMIawIt optimum concentration Y84 DNA 1192 insert N vector pGEM®T vector

system

d w . Y . L4
mam:'lmm's insert DNA L"JJ’I‘IUI‘H vector LLRZNNT transform recombinant vector 111

E. coli competent cells ‘1@7Hﬂ€lﬁq~ﬂ ;ﬁﬁu‘lﬁﬁ’}mm optimum concentration 789 DNA #9z

A ke ol A‘
insert 19114 vector pGEM®-T vector system laglFanisesil

ng of vector X kb size of PCR product ) _
ng of DNA insert = X insert : vector ratio
kb size of vector
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s e ﬂ‘-" L o B o 1 .
g pGEME-T vector system wugniauuzinlvlddadiuvas DNA insert :
vector = 3:1 AMUITUTULEd PCR products Waztua tednwawliudlamuIoufivuiy

standard DNA &% pGEM®-T vector Juu1« 3000 bp
e L T A
Tunns insert 733Ul vector 50 ng unz DNA fiaz insert 17.5 ng

3.4 Ligation reaction

fﬁﬁ‘lm‘ﬁ' pGEM®-T Lag pGEM®-T Easy Vector protocols Tuns ligate PCR
amplicons v 11w pGEM®-T vector lan'ld set up ligation reaction daa37a% 1.9 Tagle

a ) . oo v L . L v oa a .
1 reaction mixtures tJuaN 4°C Mudn anwwittydu udurly transform 199 E. coli

compsetent cells
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o
A1519Y1 1.8 : Representative results of VH and VL DNA purification

Sample OD at 260 nm 0D at 280 nm Purity*
VH amplicon 0.007 0.004 1.74
VL ampiicon 0.002 0.001 2.0

Concentration

(ng/ul)

*OD at 260 nm/OD at 280 nm



| S . .
M3 N 1.9 : Ligation reaction mixtures

Reagent DNA Positive control” Background
(VH or VL amplicon) (k) control (W)
()
A -
2x Rapid ligation buffer 5 5 5
®

PGEM ~-T vector {50 ng} 1 1 1
Control insert DNA - 2 -
PCR product (17.5 ng} - -
T4 DNA ligase (3 units/ul) 1 1 1
Distilled water to final of 10 10 10

*Provided in the kit
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3.5 114 transform recombinant vector L{l"lgl: host cells

Competent E. coli Pl4#a strain JM109 115 transform "I.(v’fﬁ”l@rmﬁ’le:ﬂﬂ'ﬂaoQ'Nﬁmﬁ'l

ligation mixture INT8 3.4 U317 2 pl KFNNY E. coli IM109 1w Falcon tube 2u@ 15
4 . o . _ vy e

ml 483 pre-chilled 191 ice bath (lanaw E coli MY recombinant vector Wi 18U mixture

111u ice bath Uszanm 20 il 1e 1w vector UAU host cells ndssMtwly mixture 11
1%iRe heat shock lag warm i 42°C Yszanm 50 Suadl udnhinduluduly ice bath 8n 2
Wil sty SOC medium a9l 850 pi tawSeuiudnd 37°C Yazinm 90 wait riow
#1lu plate 89U LB/ampicillin (100 pug/mly100 mM IPTG/5% X-Gal plate L&y plate i
37°C 1wl

Mundd incubate (LRAN pick bacterial colonies FRuazdun wdaz colonies L&

a3lu LB-ampicillin (100 pg/mi) 3 mi 1is §i 37°C wiamaghdrudin arnstuinly screen w1

fransformed E. col
3.6 nm7screen ¥ E. coli %a carry recombinant plasmids

a . 4 d = [ a4 & . [ ™ .
1 E. coli culture Mifwafuirasdmivi luasiena plasmid lagmsana plasmid
v o
N E. coli 17 standard protocol @191

11 E. coli pellet ¥ suspend Tu solution | {50 mM glucose, 25 mM Tris-HCI, pH 8.0,
10 mM EDTA) 511a3 200 pl Léin RNase 1 pl faunsuldignulasld vortex 30 Jufl
ﬂﬂmfmﬁu solution 1l (0.2 M NaOH, 1% SDS) U3u1as 300 pl vupeanay iy ice bath 3-
4 wfl L&u solution I (3 M potassium acetate, pH 5.2) a1y 300 pf nNUWIA reaction
mixture lududl 12,000 x g. 4 w1l tfU supernatant  wN extract @2
phenol/chloroformfisoamyl alcohol (25:24:1) W87 precipitate plasmid 891910 top phase
#70 0.6 volume isopropancl 819 plasmid 618 70% ethanol 200 !t W plasmid Aol
uﬁ‘a‘[@lmqﬂfﬁqmﬁgﬁﬁaqﬁamﬁuiﬂnéﬁm 11l 30 w Wildas integrity lasnisuonlu
1% agarose gel electrophoresis auA7y ethidium bromide WAATIQ DNA band(s) 16 U-
V light 31J1“”; 1.10, 1.11 U8z 1.12 L&aJ plasmid profiles 123 LPF1 VH transformed E. cof,
LPF1 VL transformed E. cofi W8z pGEM-T vector transformed E£. cofi @086

|61 extract plasmid 90 positive E, coli (white colonies) iAo luvi DNA sequencing
. WUITUN clones Lﬁﬂﬁuﬁlﬁ DNA sequence homology U mouse immunoglobulin VH Uas
VL DNA segments 99 deposit 1ilu GenBank ugnadn amplicons Tufa 3.1 1 0% VH uaz
VL DNA segments a4 mouse hybridoma clone LPF1 93¢
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o o
1A 1.10 1 Plasmid profile B89 LPF1 VA &3 extracted 20 transformed £. coli #uniag

agarose gel electrophoresis waztanaat ethidium bromide

Lane 1, 1 kb DNA ladder

Lane 2, pGEM-T-plasmid

Lane 3, pGEM-T-VH plasmid extracted 9710 E. cofi clone 1
Lane 4, pGEM-T-VH plasmid extracted 91N E. cofi clone 2
Lane 5, VH amplicon amplified from £E. coli clone 1

Lane 6, VH amplicon amplified from E. coli clone 2
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10000
6,000

3,000

2,000
1,500

1,000
750

500
250

g
Plasmid profile W83 LPEt VL 1 extracted 270 fransformed E. coli wunlay

agarose gel electrophoresis uazdaualy ethidium bromide

Lane 1, 1 kb DNA ladder
Lane 2, pGEM-T-plasmid
Lanes 3 and 4, pGEM-T-VL ptasmid 310 £. coli clone 1 UR: clone 2

Lanes 5 and 8 , VL amplicons 910 E. coli clones 1 W82 2 MUEI9U
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] A
;nJ'n 112 Plasmid profile U923 pGEM®-T vector 04 extract 970 transformed E. cofi won

lag agarose gel electrophoresis UAZEBNAIE ethidium bromide

Lane M, 1 kb DNA ladder

Lanes 1-3, pGEM®-T vector ptasmid profile
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- Ja a e P )
PUATWN VDI TWIB 1N ;

nsi8laa VH- uas VL- DNA segments Wnaaafsuaznsadng phage library 7i display

murine VH-linker VL {muScFv) ag}u%ﬁ’mﬂd phages

o add
4.1 m‘nﬁau linkers UL VH Las VL DNA segments IWNALWNAINNETIYDY VH

llaz VL DNA segments

¥ PCR amplicons 19 VH WAz VL (81018 3.1) 41 amplify Lﬁmﬁui@ml‘ﬁ"g@] primers
VH back Way VH for 893U amplify VH DNA uaslt primers VL back uas VL for §miu
amplify VL DNA @8816U (Cheng et al., 2003) §191183 nucleotides Bas primers 1ILIAY
151%@15197 1.10 D9 reaction mixtures Usznaudas ultrapure distilled water 34.2 pl 10 x
buffer 5 pl, 10 mg/m! acetylated BSA 0.5 pl, dNTPs mix 4 ul, primers 2 ui (each), DNA
tempiate {purified VH ugs VL DNA NYa 3.1) 1 Ul WR: Tag DNA polymerase (2 units/ul)
1.3 w law PCR condition #il#@a 94°C, 5 uafl, 94°C, 1 wifl, 55°C, 1 wafl, 72°¢, 2 wfl,
30 cycles LLa::Ei'Glﬁ"m?é! 72°C, 10 w1fi 1fiu ampticons 'lﬂ@rsng@'ffm 1% agarose gel
electropheresis LLE!:LTQ&IQ DNA bands §18 ethidium bromide mule U-v light

Figure 1.13 W&AJ extended VH (~550 bp) and extended VL (~400 bp) 9606y
- Lo L |IA ] [ b
linkers L?UU?QU%L&']lVI’ﬂﬂ')'\ EVH UR: EVL 13087610

42 n1IRa EVH uag EVL dw single chain Fv 789 murine monoclonal antibody
LPF1 (muscFv)

U EVvH waz EVL TU purify @78 SuperClean™Columa wiw@ariuda 3.4 udqin 1y
Eoudatuda splicing overtap extension (SOE) PCR lauld outer primers 123 VH uas
VL atieaz 1 ¢ (Gﬂ‘ﬂd‘ﬁ 1.10) leiun forward primer Fafl Sfl restriction site Wax backward
primer @33 Nofi restriction site {Qiagen, USA) uaz1d PCR mixture ¢33t ultrapure distifled
water 35.5 i, 10 x Pfx buffer 5 pl, 10 mM dNTPs mix 3 pl, MgSO4 1 pl, primers 1.5 pl
(each), templates (EVH W8z EVL ‘ﬁl purified Lauesn Ut lay U-v
spectrometry) 981382 50 ng War Pfx polymerase 0.5 pl &% PCR condition da 92°C, 1
wifi, 60°C, 1 wif, 72°C, 3 wfl, 30 cycles, uaz 72°C, 10 w#l ¥ amplicons llasia
¢18 1% agarose gel electrophoresis WRLHBNAIY ethidium bromide wuinla DNA
segment (murine scFv, muscFv) ‘?i 718 bp LﬁaLﬁUUﬁU standard markers INNMIAIUI
#18 program Quality One U84 Gel Documentation System 2000 (Bio-Rad, USA)
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mﬁaﬁ 1.40: Primer sequences (Cheng ef al, 2003) 13 amplify VH uaz VL Lﬁ{la

LALATNENT8988 VH us: VL DNA segments

DNA Primer Sequence
segment
VH VH back 5' GGC GGC GGC GGC TCC GGT GGT GGT GGA TCC GAG

GT CCA GCT GCA GCA GTC 3’

VH for 5" AGG ATT CGC GGC CGC TGA CGA GAC GGT GAC TGA

GGT 3’
VL VL back 5" AGC CGG CCG AYA TTG TGM TSA CCC AAA CTC CA 3’
VL for 5 GGA GCC GCC GCC GCC AGA ACC ACC ACC ACC AGA

ACC ACC ACC ACC CCG TTT G ATT TCC AGC CTG G 3

back, backward

for, forward
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P2 ot =t o
sUn 1.13:  EVH unz EVL amplicons at ~550 bp W@z ~400 bp audI@LToAiBuAY

VH uaxr VL amplicons

Lane 1, 1 kb DNA ladder
Lane 2, VH amplicon

Lane 3, EVH amplicon
Lane 4, VL amplicon

Lane 5, EVL amplicon

Lane 6, 100 bp DNA ladder
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4.3 N3 clone muscFv fragment 1718 phagemid

. d o o .
a. M9 purify muscFv amplicons NV {4.2) LWanN19/ impurity

1l SuperCIeanTMColumn LFwAsInuYa 3.1 1Ra clean scFv amplicon BRITIN
. v g @ e Fo o
purify Lme"I.:Jm’mmﬂ"imQStLa:ﬂ’anusqﬂﬁI@uQ@nauuaa U-V 11 260 nm U 280 nm
] = J - h A
WU DNA fianauu3and 1.57 uasliamaududu 137.5 pg/ml

b. NIAA muscFv @18 restriction enzyme

¥n muscFv  antaudan Sl laudl reaction mixture §3%h: 10x NEB buffer (Bioiab,
New England) 7 ul, 1 mg/ml acetylated BSA 5 i, purified muscFv 36 pl, Sf (20 units/uf)

2 W, overlaid 914 mineral oil 89 incubate °?I\ 50°C, 6 ‘3’1‘[11\'1 siamnffuﬁ'\ Noft digestion
Taneungunausisfl: ultrapure distiled water 31 pl, 10 x buffer 5 wl, BSA (1 mg/mi) 5
m, 1 M NaCl US3nas 5 pl uaz Nofl (10 units/ul; Promega) 4 pil yiwsaawanlthéaln s
digested scFv laguns pipette tip mu'}‘?u mineral oil 84 1Unauin ﬁuﬁ 10,000 x g, 30

A o P [ [ - o ' - 2 N .
JuPudniiuh 37°¢, 4 $2lus ud2dudi 10,000 x g, 30 JwrAriawtin mixture 16 mineral oil

14 purify lawld SuperClean™Column

gﬂﬁ 1.14 WRAS muscFv NOWLATHAY purified UazMERBINRAY Sfl waz Notl WU
o purity 1.4 unsiiySunm muscFv DNA 35 ng/ul {total 60 i = 2,100 ng)

c. N9 ligate S, Nod digested muscFv Au pPCANTABSE phagemid

Y1614 instruction manual U3 Amersham Biosciences s Expression
Module/Recombinant Phage Antibody System gIunauiunng ligate snauais 10x OPA
buffer 5 pl, muscFv DNA 2 ul, pCANTABSE (50 ng/ui) 3 ul, 10 m ATP 5 i, T4 DNA
ligate (10 units/ul) 1 pl, sterile ultrapwre distiled water 34 pl W1 mixture W incubate #

& w & s ,J P v o .
16°C, 1 T2lu9 NAINUY heat-inactivate enzyme Al 70°C, 10 WA uddrian chilled Tu

' o v - v A
ice bath fawfniif -20°c wiald phagemid #lunns transform E. coli competent cells
Gl

4.4 m5 transform E. coli /38 muscFv recombinant phagemid

et A [y
143% electroporation LWa transform recombinant phagemids L1 competent E. cofi



46

bp

bp
10000 10000
3000 —%
2000 —
2000
12ﬂg 1500
! 1000
750 750
500 500
250 250

A 4 b e B A
31]?’! 1.14: UWRS muschFv DNA NaULREWRY purified WRLNIDRAINANII S Uz Nofl
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u

Lane M, 1 kb DNA ladder

Lane 1, LPF1 scFv amplicon before the purification

Ju B

Lane M, 1 kb DNA ladder

Lane 1, LPF1 scFv amplicon after the purification



ASIRIA competent E, coli

#1 E. cofi strain TG1 (lyophilized form; Amersham Biosciences) 31 culture Tu 2%-YT

medium 1 mi Un#l 37°C wianiga (200 rpm) Twé@u 19 culture 11 streak 84UM LB agar
plate TWle single colonies 11 single colonies TuieSon competent cells 978 protocol UD4

>l Expression
4.5 N19%1 muscFv recombinant phagemid L?'J”lzj competent E. coli

11 competent E. coli TG1 cells U31na7 50 pl 3 ldly pre-chilled cuvette (1 mm gap)
(Eppendorf) wdaald ligation product UIU 4 wl nan LA unYy competent cells ‘ﬁo‘lﬁ’
stz 1 wiilu ice bath (Faduusnvasnsaaliuiaud i lidiaTas electroporator
71 set 199 2,500 volts 48 start program AFIVINBWLEY 2x-YT-G (2% glucose) ‘ﬁﬁju‘ﬁ
wd 37°C 891Ul cuvette uda mix lagnnT pipette Lw-89 10 mix fudr1gausanad
Hanualdlu sterile Falcon tube vw1a 15 mi shluend 250 rpm, 37°C i 1 T2l
fliawinlu plate 8auu SOBAG plates 3 plates (200 pl, 100 pl, WAz 10 pi @ wE6U) v

P w o ooa ) A A . '
plates 1 37°C Tudu F1ufitndor v phage rescue dely

WU single colonles 4uLU SOBAG plates (guﬁ 1.15) wg@ind phagemids &9
carry ampicillin resistant gene a%‘ﬂ“ E. coli cells 939 g 9zua®Iind muscFv DNA a;j‘lu
E. coli 28 @aldvinniBudulanguaiin £ coff colonies laydt PCR tiia amplity muscFy
289 LPF1 9170 phagemid Wu11 phagemids e amplicons U89 muscFv 939 (gﬂﬁ
1.16) URAVINLONA® phage library (transformed £ coff colonies &9 harbour muscFv-
phagemids) wan
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Transformed cells (200 pi) Transformed cells {100 ui)

Transformed cells {10 ul)

JUN1.15:  SOBAG plates with transformed E. coli colonies
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Lanes M, 1 kb DNA ladder

Lane 1, Negative control {TG1 E. cofi celis)

Lanes 2, 3, 5 and 7, Positive LPF1 scFv phagemid
Lanes 4 and 6, Negative LPF1 s¢Fv phagemid

Lane 8, Positive control (LPF1 scFv amplicon)
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g A -4 £ G 1 A d
YUATRANITDIINHIFHRAIWVIAW
n1sidan transformed {recombinant) E. coli clones éa harbour muscFv - phagemids
51 117 Rescue antibody phage library

waaanlavinisin pCANTABSE il inserted muscFv \INg E. coli TG TRIGIRIN

18137 900 gl WNUNHENTU 2%-YT medium 9.1 mi 11 mixture lUiwgnd 37°C, 250 rpm 1w
e 1 42lue iaaTuiianiia 20 mgiml ameicilin 50 W @ mEIENYIIEY helper phage

=

M13K07 d1mu7m 4 x 10" pfu 11 mixture 1t) incubate # 37°C, 256 epm flwiaan 1 Falan

diansursuaatui 1,000 x g (w10 wiiigunnives garesnardruuuisldugs

VA 2x-YT-AK (100 pg/mi ampiciltin, 50 pg/mi kanamycin) 8411l 10 mi ufiud 37°c,
250 rpm STRETEN

e 0 A‘ ! { g = = A
mymuﬂu‘uamauﬁ 1,000 x g ifwiaa 20 wH 1AL supernatant W33 compiete

phages ag WlU¥in panning fuuaudiaunes Leptospira Iutuaaudalu

] A . = ' 1
5.2 Panning LWONTAALRAN phages %a&l muScFv laWicaa Leptospira antigen g

1UHE7
5.2.1 nizanaznow phages

U1 preparation  31N9D 5.1 533 mature phages agj‘;mmw:nau‘[mmﬁn

polyethyleneglycol (PEG) Tu NSS 15u1as 2 mt adlulu phage preparation 10 mi waalw
Y v, & L od = e %

{WNWUE) incubate #1 4°C, 1 alue dludud 10,000 x g 20 wafid 4°C IRRL

supernatant N3 Wuddupaansfiindalunssaswiuaznansnanipes phages
522 nNsLetEN phages nawnn panning

VY 2x-YT medium 16 mi aslueznan phages 31D 5.2.1 NG blocking
buffer (10% bovine serum albumin, BSA; 1x PBS; 0.01% NaN3} 14 ml waz Triton X-100
5u1as 30 ul aalulu phage preparation N&lﬂﬁl‘fl"lﬁ'ml.ﬁl’lLﬁﬂi’i’ﬁgMﬁQﬁﬁ'ﬂo 15 w1
dawhlylgluda 524

523 n1sta3es immobilized Leptospira antigen

1 pathogenic Leptospira homogenate (10 ug/ml of coating buffer, ie. 0.05 M
. g i
NaCO,, pH 9.6} 1iuraT1 3 ml Tldlu tissue culture flask VWIGARA 25 cm” waNi
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Tauidus flask 1uanlW antigen coat LW surface 103 flask 193 %1 flask 11 incubate 7
37°C, 24 T9lug 819 flask §18 PBS, pH 7.4 810033 ud iy blocking buffer (10% BSA,

a | 5 & .
tu PBS, pH 7.4) awidy flask shlUusf 37°c 1lwasn 1 Falus (lassuriaim blocking
buffer HILA18719 flask @28 PBS, pH 7.4 &unds

5.2.4 N1 panning

11 phage suspension {38193 20 ml T8 5.2.2 1Lduadln antigen coated-flask fl

= " w 2 . P = [ ~ -
Lﬂﬁﬂ&li’)ﬂ"ll]“llﬂ 5.2.3 1 flask 11] incubate M 3700 (wLaan 2 'H'?ISN LEATULIRIURIN
Aﬂ L o 2 s z L 2 A
YINADANE unbound phages Baﬂlﬁﬂﬂﬂ A9 flask f1718 PBS, 20 faTdas84AL PBS-
I v
Tween-20 (PBS-T) n 30 ATsLRar 198 unbound phages aaniinua

5.2.5 114 transfect E. cofi TG1 A28 antigen specific phages

3N log phase E. coli TG1 lanns pick single cotonies 97N LB agar plate laaaly
16 ml 2x-YT medium 3l incubate wiaawenit 37°C aw absorbance 4 600 nm 'l&t
Uszan 0.3-0.5 iy log phase E. coli medpulifiaslu flask 9l phages Juag ande
5.2.4 W flask Tt 250 rpm, 37°C 1uan 1 4 la wiie preparation a1 100 pl %N
spreak RIUW SOBAG plate L‘ﬁag’j’! phages infect £. cofi w38l laz plate 11 incubate
# a7°C ﬁmﬁmﬁ:ag plaques NNBW panning TABNIUATU 5 SaU (9NTa 521 B9
5.2.5)

d
Eﬁ‘ﬂ 1.47 WS colonies 189 transfected E. coli TG
5.3 n197 screen Y1 high affinity phage clones

WA NN panning ATL 6 T8UUEE |4 transfect antigen specific phages 191 TG1 E. coli
’lmauﬁl 5 U843 panning 487 HMTIAL stock transfected £. coli lemfiyl sterite glycerol &4
Win £ coli culture Wldarududu 30% udnfivlifi -70°c Iaousia £ coli grunily
a1 spread 1% SOBAG plate Lﬂ'a screen W) transfected E. coli colonies ‘ﬁharbour
muscFv-phages 131 high affinity muScFv uufindelulae3%vn phage ELISA fiy Leptospira

antigen
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S . ’ @ | oo "
3UM 1.47: U89 colonies U8 transfected E. cofi W iaslduia muScFv protein
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5.3.1 N15711 phage ELISA
f. N15LALN phage suspension

" transfected E£. coli Weia colony Ut SOBAG plates (JU#t 1.17) inldluudaznasa
B33 2x-YT-AG (100 pg/ml ampicillin, 2% glucose) Ywaaely incubate 7 37°C, wioy
Wwinfl 250 rpm Fawdn niiuga culture 40 ui laaalu 2¢YT-AG 400 ul @sfi M13KCT
2.5 x 10" pfu wanag (vt 37°C, 150 rpm tfiwaan 2 Falaa shluiludi 1,500 x g, 20
mﬁﬁqmﬁ{}ﬁﬁm 9@ supernatant 8aNuUA? resuspend pellet §18 2x-YT-AK 400 pi iy
\thfi 37°C, 250 rpm Tdin vliiludl 1,500 x g, 20 mﬁﬁqquﬁﬁad L1 supernatant
11U phage ELISA

Y. Phage indirect ELISA

BN coat Maxisorb ELISA plates @728 pathogenic Leptospira homogenate (10

P o v
ug/mi coating buffer) waURs 100 i 1) plates 14 incubate i 37°C aunI=¥s plates UW¥WJ
wiFINAAUARY PBS-T @1uAT1 nAI9INUYN block NMNNERAI8NNIEY blacking solution

(2% BSA lu PBS, pH 7.4) aslungquar 200 pl Uuf 37°C 1 humid chamber {lwaan 1
2 lussningraia1 blocking solution sanl¥wieday PRS-T

\@8 phage suspension 9N transfected E. colfi  W@as colonies 91018 . aalu
antigen coated wells usas wells nauaz 90 l W8 § % blocking solution 8n 10 gl NNARA
GRIREHE Gl (ﬂquﬁ 96) 11 2x-YT medium 100 wt trivwin (lufl phages (Haldidu
blank) 1 plates lUUufi 37°C lu humid chamber (Juaan 2 Falaw 479197 unbound
phages aanait PBS-T ud2iéiy 1:5,000 anti-M13-horseradish-peroxidase conjugate a4
wauaz 100 pi 3 plates ltgwdmwam 1 #lug udrdwnnngudas PBS-T riow
\fiy ABTS substrate aﬂlhaqalaz 100 i 1fu plates Tufifla 1 T2 luaudaidy stop solution
(0.1 M citric acid, 0.01% NaNy) aslunquas 50 pi ¥ content lundaznanlugumien
AARRULE (OD) 1 405 nm Tmal‘ﬁ’ﬁqnﬁtﬁumm: 2x-YT (ﬁquﬁ 96) 1 blank ﬂquﬁlﬁwa
mnﬁaﬁquﬁﬁd'\ OD YnAuMIaaNn 0.2

AT 1,11 zm:gﬂﬁ 1.18 URGINATES phage ELISA

IMNUUATI cross-reactivity B3 positive phages logld BSA (10 pg/ml; 160 uliwell)
Unu Leptospira homogenate tu phage ELISA waURDMAWIE E. coli clones ﬁ carry
muScFv displaying phages fISUNY Leptospira antigens w40y BSA 1Hiilw muScFv-

phagemid transfected-£. coli clones
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A159A 141 wERIE optical densities 849 phage indirect ELISA tUSgruifinuszning

Leptospira antigen- and BSA- coated- plates

Transfected E. colfi Optical density at 405 nm
{Phage) clone no. Leptospira antig_en ] BSA -
1 (.264 0.084
2 0.228 0.14t2
3 0.194 0.112
4 0.297 0,122
5 0.202 0.109
6 0.258 0.155
7 0.385 0.104
8 (.199 0.073
9 0.305 0.079
10 0.292 0.093
11 0.313 0.080
12 - 0.233 0.412
i3 0.353 0.112
14 0.341 0.088
15 0.209 0.079
16 0.200 0.113
17 0.257 0.154
18 0.206 0.148
19 0.276 0.174
20 0.275 0.150
24 0.562 0.191
22 0.501 0.185
23 0.367 0.182
24 0474 0.163
25 0.540 0.183
26 0.396 0.184
27 0.382 6.191
28 0.387 0.194
29 0.433 0.188
30 0.397 0.182

2D 2 0.2 is positive
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o A
SUN1.18:  USAIHAVEY phage ELISA 1WaaTI19W1 muscFv-phagemid transfected E.

coli clones
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& o ooy R
AUADUNVNDDIITHIDE G I I
N13WAI BN murine single chain variable antibody fragments (muScFv)

6.1 NM3UAG recombinant murine ScFv protein (muSckv)

& Foom o ¥ ovo ) A v
'I,m}umauugwu"lmm muscFv-phagemids 97N transfected E. coli colonies ARanly
1NN phage ELISA #ia Leptospira whole cell homogenate ("ﬁ'a 5.3) 41 infect log

. .o : . . . o .
phase £. cofi strain MuNzANGaN1T induce protein expression @11 phage suspension

- . o . . A -

3 i dwuasly £ coli suspension 1 pl 'l incubate wiauiweing 37°C, 200 rpm DN
= * a A’ . o h .

30 Wifi W23 TP E coli 1N streak UK SOBAG-N plate Wa lWle isofate colonies

plate WWuud 37°C {uan 12-18 Fala

ﬂ"lmfmi’\ isotated colonies 11/ inocubate 1% 2x-YT medium {(supplement with 100
pg/ml ampiciling 5 mi 'loEng 200-250 rpm, 37°C overnight \Wata3uaiu starter
culture ¥ starter culture el BaluamnsiasaEeriia 2x-YT 40 mi ud i lsed 250
rpm, 37°C w'l,@'ffi'\msgmnﬁuumﬁ 600 nm = 0.5 MnRudy PTG IWldnnududu
gavhoiln 1 mM mswindsdaiiuna 3 71lus udnidiseaunsueliwfviesd

= P a
E. coli 1 5,000 X g figunnii 4°C

. o e w « M
1 cell pellet 11 resuspend @28 0.01 M PBS, pH 7.4 ainuwwinldloasuaneals
\f384 French press HNNNNU 12,000 psi uisnnnuesadaanii 10,000 X g, 4°C, 20 wfi

W1 supernatant TUn383H % 0.22 pm membrane  @ulafldi3undn crude recombinant

murine ScFv fig Leptospira antigen

° oees <l . .
6.2 N3N Hemolysis inhibition test tNONA&DU neutralizing capacity 3184 crude

murine ScFv (muScFv)

pﬁﬁ'ﬂvlﬁﬂ'} protein solution 15} crude recombinant murine ScFv (muScFv) luvinas
naauilssnsnwlunisiugs RBC hemolysis nniga pathogenic Leptospira interrogans,
serogroup Pomona, serovar pomona Faiu isolate lﬂ&immgﬂ’m (Mmg")’aqt.ta:ﬁguﬂau
nINagaudn 1.5.1)

ol
HAaNYINA ﬁ'ﬂﬁﬁ‘gﬂluﬂ"l'i’l{m 1.12
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= - w & . - A .
A5 9N 1.12:  UFAIUTEANTAIWNITE LYY hemolysis Foafevnide Leptospira lag crude
recombinant murine ScFv (muScFv) 910 transfected E. coli clones 1439

e Mvall digested patterns 483 muscFv carrying phage clones

Transfected OD phage ELISA Mvall pattern*™ % Hemolysis inhibition

E. cofi clone no.

1 0.264 3 15.70
2 0.228 3 6.52
3 0.194 3 26.34
4 0.297 3 18.07
5 0.202 2 2711
6 0.258 1 29.33
7 0.385 3 2489
8 0.195 2 14.52
9 0.305 3 15.85
10 0.292 2 13.48
15 0.209 3 28.30
*16 0.200 3 29.04
"7 0.257 5 34.07
20 0.275 4 12.59
*30 0.397 1 16.44
19 0.276 1 12.44

LRI 1t protein lysate W83 E. coli Wa¢ crude recombinant murine ScFv (muScFv)
= _ \ 4
against diphtheria 1w negative controls WU%1 controls Noxad bl w50 inhibit RBC
o a v W e
hemolysis MAAIN Leptospira 16 (llduanina)

A e R n‘: N s =
* selected transfected E. cofi clones Al lun1539stud ol wivia3sy humanized-

murine single chain antibody fragments (huScFv)

» '[ﬂmgﬁ'm%mummmaao‘lwﬁ'a 7.2 uazzUd 1.19
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AUADWBVEIAUDII W IV LA INNHY:

Murine VH- and VL- alignment with human VH and VL sequences in the database in

order to select the most matched-human immunolgobulin frameworks
7.1 Amplification of high af/ﬁnity muscFv 910 transfected E, coli TG1 clones

aamAan transfected E. cofi clones ‘F’l'l.ﬁ'namn phage ELISA uaz OD 1NN 0.2
(@159 1.11) 11@TIVFOUIN phagemid ﬁagﬂu clones U scFv 189 murine MAbLFP1
¥39launsvh PCR e amelify muscFv lauld primers Afiannulanizas upstream uae
downstream 1) muscFv (G\’l?‘ldﬁ 1.13) %0 expected amplicon size #a ~900 bp

grunau1aIUinTan PCR dsznavliaae ultrapure distilled water (UDW) 18.5 g, 10
x PCR buffer 2.5 ul, 10 mM dNTPs mix 1.0 pl, (10 pmol/ul) primer R1 J301a7 1.0 ul, R2
311935 1.0 pl, plasmid 0.5 pi, Tag polymerase (2 units/ui} 0.5 pl lauil condition é’oi{
94°C, 5 wifi, 94°C, 1 Wi, 55°C, 2 wfi, 72°C, 2 wInt w30 Yau 'sauqﬂﬁqmﬁ'u
72°C &n 10 wi#l 1 PCR amplicons m@mfoﬂﬁ‘m 1% agarose get siectrophoresis WWAS

ethidium bromide staining WU muscFv atad
7.2 NaT9&9Y diversity vad muscFv Taier Mvarl enzyme

1{i9991n primers AilBlwns amplify murine VAL 11w degenerate primers @auuds

T o

. . - A - b { 1 L
Fa9vINIIRTIIROU diversity U89 muscFv 1w E. cofi clones Tiianitifalsilwld clones

T

&

o - & .
daulunisitotudn 1y

NYINTIIRDL diversity Vad murine scFv ﬁ’ﬂ@ﬂﬂﬂﬂ patterns U8J degested muscfv
DNA segments 936@lay Mvall enzyme gFrunguatjniortlsznauaiy PCR product
9NTa 7.1 10 wl, 10x buffer 5 pi, UDW 34 pi uss Mvall (10 unit/ul) 1 g uuas
incubate @i 37°C fluiaan 4 Talas awnﬁug patterns 124 digested DNA 1as1i11u run Tu
polyacrylamide gel electrophoresis ustipna8 ethidium bromide (12%) 3‘1_]1"1 1.19 was
T 1.2 uFad DNA patterns @14 ql.ﬁaﬁﬂ muscFv 370 transfected clones 6y Mvall
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A o s N . 9 .
@A197191N 1.13 @ UEAIRIAY nucleotide sequences Dde primers (e amplify muscFv u

transfected E. cofi clones

Primer dreuna (5 > 3')

R1 (Forward) CCATGATTACGCCAAGCTTTGGAGCC

R2 (Reverse) CGATCTAAAGTTTITGTCGTCTTTCC
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G‘ A #1 el
3UN 119 uaas DNA patterns @ \laa& muscFv amplicons 97N transfected E. coli

clones @78 Mvall
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7.3 DNA sequencing of muscFv

By S -3 ‘* =~
Hlagiaen transfected E. cofi clone numbers 6, 16, 17 Wax 30 93U Mvall patterns
il o w . . H a . .
AN {3 w1 wazldmans neutralize hemolysis mﬂﬂ%’lm%a pathogenic Leptospira
o o \
serovar pomona ANEA (AT 1.12) lumsdinwdaly

Y1 murine scFv 91N tranfected E. cofi clones No, 6, 16, 17 ua:r 30 livi1 DNA
A =l Y . e A =2
sequencing tWaLATUANT humanized ScFv (huScFv) HIULRANANL clone number 30

naw

Eﬂ‘ﬁ 1.20 W&AJ nucleotides WRZ amino acid sequences U84 murine anti-Leptospira

7N transfected E. coli clone number 30 (VH-linker-VL)

= e -
7.4 Anslaan human immunoglobulin  frameworks (FRs) AlNAA8INU muScFv

d
immunoglobulin frameworks 31NN §H
7.4.1 N17 confirm species Y83 VH/VL 21n transfected E. cofi clone number 30

Q"‘Jﬁ'fﬂ‘lﬁ‘lh amino acid sequence 983 muScFv 91N transfected E£. coli clone number
30 liasnagausnuiniiauues ScFv amino acid sequence MU murine immunoglobulin
framework 1% database Lﬁat.ﬂums?mﬂummgnﬁawaa sequence 1% origin 41N
murine species Tasvia amino acid seguence 14 blast 11 database w83 NCBI lg database
ug: NCBI blast program I@HANT blast §ig heavy chain 189 muScFv §ANUInIBY 85%
nulusduuss immunoglobulin heavy chain variable region (Mus musculus) 14 database
(gﬂﬁ 1.21 Uz 1.22) uaz light chain fnunilon 88% senialUsAnvas musScFv Uas
immunoglobulin kappa light chain ¥as Mus muscufus (31Jﬁ 1.23 URT 1.24) UHAIIN ScFv

Iu transfected £. cofi clone no. 30 \ilu murine immunoglobulin 34
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Color Key for Rlignnent Scores

usm,-—,———.—,—-,——.——.—,——
0 50 100

0i|12877285|gb|AAK43731.1] MRP3 [Mus musculus] 241 2e-64

qil 7008127 |gb|AAF34902.1| immunoglobulin heavy chain variab... 193 4e-50
@i 798803|gblAAB3B065.1] immunoglobulin heavy chain 191 1e49

ail5263077lemb|CAB45919.1| immunoglobulin mu variable regio... 191 2e49
qil27762521|ab|AAO20309.1] immunoglobulin heavy chain varia... 186 6e-48
qi|297582|emb|CAAB0033.1] immunoglobulin variable region [M... 185 1e-47
4i|194838|gb| AAA38066.1] immunoglobulin heavy chain V-region 185 1e-47
gil49169601|dbi|BAD24595.1] immunoglobulin H-chain V-region... 184 2e-47

Figure 1.21 HAaNTY blast ScFv U9 transfected E. coli clone no.

sequence) NU NCBI database

30 (VH amino acid



>git7008127 | gb |ARE34902. 1 immunoglobulin heavy chain variable demain (Mus
musculus]
Length = 120

Score = 193 bits (4%1l), Expect = 4e-50
Identities = 92/117 (78%), Positives = 102/117 (87%), Gaps = 1/117 (0%)

Query: 3 OVKLQOXGTEVVKPGASVKLSCKASGYIFTSYDIDWVROT PEQGLEWIGWIFPGEGSTEY 62
OV LQQ GTE+VKPGASVKLSCKASGY FT+YD++WVRY PEQGLEWIGWIFPG+GST Y
Sbjct: 1 QVHLQCSGTELVKPGASVKLSCKASGY TEFTNYDMNWVRORPEQGLEWIGWIFPGDGSTRY 60

Query: 63 NEKFKGRATLSVDKSSSTAYMELTRLTSEDSAVYFCARGDYYRRY-FDLWGOGTTVT 118

NEKFKG+ATL+ DKSSSTAYM+L RLTSEDSAVYFCAR ++ Y F  WGQGT VT
Shijct: 61 NEKEKGKATLTTDKSSSTAYMOLNRLTSEDSAVYFCARRGFHGSYSFAYWGQGTLVT 117

Figure 1.22 Amino acid sequence alignment between VH of transfected £. ¢oli clone no.
30 and the highest homology murine sequence from database
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Color Key for Alignnent Scores

Qi|5381279|ablAAD42923.1| single chain antibody ScFv variab... 192 6e-50

ail13359417|dbi|BAB33404.1] antibody kappa light chain [Mus... 178 2e-45
qil 13359421 |dbil BAB33406.1| antibody kappa light chain [Mus... 177 3e-45

qil32124701pdbl 1AY1|L Chain L, Anti Tag Fab Tp7 >gi|3891940... 177 3e-45
il 38098794|gb|AAR11048.1] ANA immunoglobulin kappa light c... 176 5e-45
il 377842081ablAAOE0125.1| immunoglobulin light chain varia...

|

:

Figure 1.23 Result of NCBI BLAST between amino acid sequence of VL of transfected

E. cofi clone no. 30 with murine VL in NCB! database
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>gi 13359417 (db]j(BAB33404.1] antibody kappa light chain [Mus musculus)
Length = 213

Score = 178 bits {451}, Expect = 2e-45
Identities = 84/114 (73%), Positives = 94/114 (82%)

Query: 1 DIELTQSPAIMSASPGERVTMTCSASSSIRY IYWYDQKPGSSPRLLIYDTSNVAPGVPER 60
++++TOSPAIMSASPGE+VTMTCSASSS+ Y4+ YWYQOKPGSSPRLLIYDTSN+A GVP R
Shict: 1 ELQMTOSPATMSASPGEKVTMTCSASSSVSYMYWYQOKPGSSPRLLIYDTSNLASGVEVR 60

Query: 61 FXXXXXXXXXXLTINRMEAEDAATYYCQEWSGYPYTFGGGTKLELKRAAAGAPV 114

F LTI+RMEAEDAATYYCQ+WS YP TFG GTKLELKRA A v
Sbjct: 61 FSGSGSGTSYSLTISRMEAEDAATYYCQOWSSYPLTFGAGTKLELKRADBAPTV 114

Figure 1.24 Amino acid sequence alignment between VL of transfected E. coli clone no.
30 and the highest homology murine VL sequence from database
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7.4.2 CDRs identification

1391198 amino acid sequences 83 murine VHA/L 289 clone no. 30 11 identify

e

=

migudtiiu complementarity determining regions (CDRs) w23 VH uaz VL laglglusunsy
1 L ;
#1909

1. NCBI lg Blast program
2. IMTG (iIMTG/ V-QUEST) program
3. Amino acid sequence-based identification

HaNT identify CORs 18914 3 3% lduanaliluzufl 125 war 126 Fiduldifen

B A
CDRs 483 muScFy amino acid sequences fAIATI NN 1.14 -
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A159N 1.14  Peptides 183 CDRs 289 muScFv

CDR1 CDR2 CDR3
VH SYDID WIFPGEGST GDYYRRYFDL
Vi SASSSIRYI DTSNVAP QEWSGYPYT

i
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- - d Bt .
7.43 n1ai@sn human immunolgobulin frameworks N homology NU murine

VHVL anfige

[you ™ woa . . . Lo P
Q’J'ﬂﬂ‘lﬂu’l amino acid sequences B84 murine VHAVL 11 blast AU database a1
- Ao g ae . . ool a . o
n13tdan human VHVL sequences NT&AY amino acids Indifineiuess murine nInfiga
. o &
lavldldsunsy iMGT Tanldnans blast dadl

Amino acids 8¢ murine VH 1% 66.3% identity N human germiine IGHV18,
accession number M99637 $uwzludn frameworks 71 1 (FR1), 2 (FR2), 3 (FR3), CDR
#i 1, 2, 3 uR=§IU framework 9 4 (FR4) § identity §IFANU IGHU6, accession number
X88356

Amino acid U89 murine VL 14 63.3% identity N1 human !g germline kappa_chain
gene VK3, group IGKV, subgroup kV3, acession number L37729 “ﬁﬁﬁ’ltﬂ’i:luﬁ‘m
frameworks 7 1, 2, 3 Laz CDR # 1, 2, 3 % framework 71 4 19wan1s blast Indidnsiy
human 1GKJ4, accession number AF103571
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BUADUWNUUAYV DI WIVHFIWNHII:

n1583519 humanized scFv
8.1 n195 design humanized VH

P s = - y

i%8391N aminc acid sequences U8+ murine VH NU human VH fanauniianliunn
(66.3% homology) #esi FI9u89lfinnila COR-grafting fian 1@ DNA sequences fi
encode CDRs 789 musine scFv Waanl human VH frameworks

o =
31J°rl 1.27 WAy amino  acid sequences ad murine VH, human VH ua:z

humanized-murine VH flaznia
8.2 N9 designh humanized VL

VL amino acid sequence 183 murine recombinant scFv ﬁﬂ’é’mmﬁauﬁummm&ﬁﬁ
(human VL) \find 63.3% #3duldinafin CDR-grafing lun13d@ CDRs 84 murine scFv
lusiary human VL frameworks L5WEEAUAUNNIEI19 humanized VH

gﬂﬁ 1.28 13suifay amino acid sequences UdJ mwine VL, human VL ULax

humanized-murine VL fiazH&a
8.3 N5 amplify human VH frameworks

p&"“:fi']'ﬂ‘l@‘f amplify human VH Uas human VL sequences 4 amino acid sequences

AR

AfEARINY murine VAL sequences 199 hybridoma clone LPF1i SJ’m‘ﬁﬁ;(ﬂ

gunENeslinTun PCR dUsznauals UDW 17.25 pul, 10 x Pfx buffer 2.5 pl, 10
mM MgSQ, 0.5 i, forward primer 1.0 i, reverse primer 1.0 pl, 10 mM dNTPs 1.5 pi,
cDNA template 1.0 pl Wz Pfx polymerase 0.25 il (@1’1'3"10?‘1 1.15) &% PCR condition A
94°C, 5 wfl, 94°C, 1 W, 53°C, 1.5 wift, 72°C, 2 wfl, 30 cycles uaz 72°C, 10 WA
@797 1.16)

#1 PCR amplicons 1a579628 1% agarose gel electrophoresis WR: ethidium
bromide staining wuile DNA segment V83 human VH WR: human VL ﬁ 300 bp us:
270 bp #usIaY (31Jﬁ 1.29) mnfug"ﬁu‘lﬁ'ﬁﬁms purify DNA segments @3nNa1199473D
ethanol precipitation Lﬁ;ﬂm'%uu DNA Lifu template lun138319 humanized-murineVH uay

" humanized-murine VL 8 11/
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< ) a_ A P
A1 WA 1.15  udesdwranlwilnIsn PCR iion1s amplify human VH Waz human

VL segments

Reagent ul

ubw 17.25

10X Pfx buffer 2.5

10 mM MgSQ, 0.5

10 mit dNTPs 1.5

Forward primer (10 pg/pl) 1.0 .
Reverse primer (10 pg/ul) 1.0

Human cONA template 1.0

Pfx polymerase 0.25

Total 25




-
@514 1.16

LARY conditions 209 PCR a3 amplify human VH w8z human VL

segments

Human VH Human VL
94°C, 5 min 94°C, 5 min
94°C, 1 min 94°C, 1 min
5Q°C, 1.5 min 53°C, 1.5 min
72°C, 2 min 72°C, 2 min
30 cycles 30 cycles
72°C, 10 min 72°C, 10 min
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bp
10,000
bp
3,000 3,000
1,500 2,000
1,031 1,000
750
500 500
400
300
200 250
100

A
Eﬂ‘ﬂ 1.29 uL&ey PCR amplicons 184 human VH War human VL segments

Lane 1, 100 bp DNA ladder
Lanes 2 and 3, human VH and VL amplicons, respectively

Lane 4, 1 kb DNA ladder
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8.4 N1538519 humanized VH segment

e e N S . ) x

t‘d'.l‘iltlvl(éﬂ‘ﬂ']ﬁ primer induced mutagenesis LWAYINIRA murine CDRs w3 3
segments fia CDR1, CDR2 waz CDR3 NU human VH DNA canonical frameworks {FRT,
FR2, FR3 WAz FR4) 3t N-terminus —» C terminus anyfdu 3olda$hs DNA 4 segments
o &

J1
7

8.4.1 nN1¥8573 humanized VH DNA segments 4 segments

Segment #i 1: Usznauaay sfl restriction site #1%TU DNA cloning, human FRT WR:
murine COR1 U3&% (N-terminal portion)

pu v . . S
Segment Y1 2: Usznayaafl murine CDRT 1M4&81% (C-terminal portion) 49 overlap
bl A 4
Ay COR?T I segment Y1 1, human FR2, WAz murine CDR2 118U (N-terminal portion)

o v . )
Segment 1 3: Usznauany murine COR2 UNIFIW (C-terminal portion) 413 overiap
. o .
 corz lu segment Y1 2, human FR3, Lar murine COR3 U484 (N-terminal portion}

= v . ) 4 ar Iy
Segment Y 4: Usznaueny CDR3 (C-terminal portion) T3 overlap NU CDR3 10L&
1 3, human FR4 usx nucieotide linker (gly,ser), LU19&I%

San G % . { 2 & [ 4
diduldaanuuy primers iRan"T&i19 DNA segments 119 4 segments uazld PCR 59
a a e o o o
i PCR mixture 160 lURluns1H N9 %% DNA segments 719 4 &g

Ultrapure distilled water (UDW) 18.75 pl, 10 x buffer 2.5 pl, 10 mM dNTPs 1.0 i,
forward primer 1.0 pl, reverse primers 1.0 pl, VH template 1.0 pl Us: Tag polymerase
0.25 w th PCR mixture lutniin DNA Tau3% gradient PCR 1fiavn annealing
temperature TilMANZENUBILGA: DNA segment lagiuudsaamniann 52°c @ 61°C
@379 DNA amplicon #ita@8m3s run 1u 1% agarose gel electrophoresis Waz@ DNA band
nala UV light wasandauaae ethidium bromide

4 . . . o
Eﬂ‘ﬂ 1.30-1.33 UW&A4 gradient PCR amplicons 984 humanized VH segments N1 1-4

a1l

U7 134 ugay humanized VH segments 1-4 Wfisufinunm,



2000

1000

500

250

79

zﬂ‘ﬁ 130 L&A gradient PCR amplicons a4 humanized VH segment LiW# 1

Lane M, 1 kb DNA ladder

Lane 1, annealing temperature 52.2°C
Lane 2, annealing temperature 53.1°C
Lane 3, annealing temperature 54.6°C
Lane 4, annealing temperature 56.4°C
Lane 5, annealing temperature 58.5°C

Lane 6, annealing temperature 62.9°C
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bp

2000

1000

500

250

84 bp

5U% 1.31 & gradient PCR amplicons 489 humanized VH segment (§uf 2

Lane M, 1 kb DNA ladder

Lane 1, annealing temperature 52.2°C
l.ane 2, annealing temperature 53.1°C
Lane 3, annealing temperature 54.6°C
Lane 4, annealing temperature 56.4°C
Lane 5, annealing temperature 58.5°C

Lane 6, annealing temperature 62.9°C
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2000
1500

750

150

1.32  L&9J gradient PCR amplicons 484 humanized VH segment L8N 3

Euf
[ mil
=

Lane M, 1 kb DNA ladder

Lane 1, annealing temperature 52.2°C
Lane 2, annealing temperature 53.1°C
Lane 3, annealing temperature 54.6°C
Lane 4, annealing temperature 56.4°C
Lane 5, annealing temperature 58.5°C

Lane 8, annealing temperature 62.9°C
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2000
1500

750

250

84 bp

< . ; ) v oo
Eﬂ‘h 1.33  uaay gradient PCR amplicons U89 humanized VH segment Laun 4

Lane M, 1 kb DNA ladder

Lane 1, annealing temperature 52.2°C
Lane 2, annealing temperature 53.1°C
Lane 3, annealing temperature 54.6°C
Lane 4, annealing temperature 56.4°C
Lane 5, annealing temperature 58.5°C

Lane 6, annealing temperature 62.9°C
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766

300

200
150

100
75

50

25

!
33]?1 1.34 PCR amplicons of humanized VH segments 1-4

Lane 1, low molecular weight DNA marker

Lanes 2-5, amplicons of humanized VH segments 1-4, respectively
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842 msiionao DNA segments 113 4 segments 2199 humanized VH

111 DNA segments #1 4 segments 31GARKIIN N —»C termini #a segment 7 1 da
A segment 71 2 uaz segment A 3 daAL segment 7 4 it segment 7 1+2 luldariu
segment fi 3+4 l&iTw humanized VH segment B9 frameworks 1 4 §Tu human
immunoglobulin frameworks LAY CDRs w1 3 sawilu CORs was murine monaclonal
antibody LPF1 lanlfinafin S@E-PCR

JUA 135 uenatuaaumiiauda DNA segments Y19 4 segments 1Raaie

hurmanized VH

8UNENYaY SOE-PCR Usznauals UDW 17.25 ul, 10x buffer 2.5 ul, forward
primer 1.0 pl, reverse primer 1.0 pl, DNA template 1.0 pul (each), 10 mM dNTPs 1.0 pl,
Was Tag polymerase 0.25 i WihpaanaalUvin SOE-PCR wuU gradient #9ts 8.4.1

33Jﬁ 1.36 L&a) gradient PCR amplicons 193 humanized VH DNA segment Lﬁ'uﬁ 1
FORULEUA 2 (segment 1+2)

gﬂﬁ 1.37 u§®y gradient PCR ampiicons %84 humanized VH DNA segment \{udt 3
1] b L A
FANUIFUN 4 (segment 3+4}

Eﬂﬁ 1.38 WU&AY gradient PCR amplicons 183 humanized VH

3% 1.39 ugas amplicons Y89 humanized VH segments 1+2, 3+4 Waz humanized
VH
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homan
FR 1 human

NeaC_m FR2

Munne

CDR 1 EE E human
q
q ot

e -

Humamzeg VH

o & = " | v
3‘1]71 1.35  UFSITURDEUNINTDUAD humanized VH segments LRUN 1, 2, 3 uas 4 it

humanized VH segment
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h ~196 bp

A e
31Un 1.36  u&®9 gradient PCR amplicons 189 humanized VH segment A 1 @ony VA

segment ﬁ 2 (segment 1+2)

Lane M, 1 kb DNA ladder

Lane 1, annealing temperature 52.2°C
Lane 2, annealing temperature 53.1°C
Lane 3, annealing temperature 54.6°C
Lane 4, annealing temperature 56.4°C
Lane 5, annealing temperature 58.5°C

Lane 8, annealing temperature 62.9°C
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750
500

250

= ~225 bp

5111 1.37  u&a3 gradient PCR amplicons 489 humanized VH segment \§ufl 3 @anu vVH

segment L&UN 4 (segment 3+4)

Lane M, 1 kb DNA ladder

Lane 1, annealing temperature 52.2°C
Lane 2, annealing temperature 53.1°C
Lane 3, annealing temperature 54.6°C
Lane 4, annealing temperature 56.4°C
Lane 5, annealing temperature 58.5°C

Lane 6, annealing temperature 62.9°C
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~420 bp

‘1 1) 4
gﬂ‘n 1.38 W8®J gradient PCR amplicons 193 humanized VH segment 1+2 @any VH

segment ‘ﬁ 3+4 (humanized VH segment}

Lane M, 1 kb DNA ladder

Lane 1, annealing temperature 52.2°C
Lane 2, annealing temperature 53.1°C
Lane 3, annealing temperature 54 6°C
Lane 4, annealing temperature 56.4°C
Lane 5, annealing temperature 58.5°C

Lane 6, annealing temperature 62.9°C
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bp

3,000

500
300

200

100

o
gﬂ‘ﬂ 1.39 u&®4d PCR amplicons Y949 human VH segments 1+2, 3+4 WAL humanized VH

Lane 1, amplicon of humanized VH segments 1+2
Lane 2, amplicon of humanized VH segments 3+4
Lane 3, humanized VH amplicon

Lane 4, 100 bp DNA ladder
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8.5 N15&319 humanized VL segment

o

Aiduldlfinaladiodiunigie humanized VH segment lapfisoszidoeitms

o

FIN695
851 mIsEse4 segments 294 VL sequence

o v . . ! .
Segment 91 1: Usznauaia nucleotide linker U9&U (N-terminus), human FRT Uaz

murine CORT UN3d@ 1% (N-termines)

Segment ‘f"i 2: 13znavuany murine CORT UNEIW (C-terminus) %\3 overlap NU CORT
lu DNA segment i 1, human FR2, uaz murine CDR2 U384 (N-terminus)

P 'Y . ' i I’ I
Segment 1 3: Ussnaun19 murine COR2 UI§I% (C-terminus) 9 overlap N1 COR?2

Tu segment #i 2, human FR3, Ua murine CDR3 U&7 (N-terminus)

Segment # 4: teznaudiy murine CDR3 11987 (C-terminus), human FR4 L&

endonuclease restriction site (Nofl)

dAdplald PCR lunisaia DNA 13 4 segments laufidaunauyas PCR ugr PCR
condition asnunuluts 8.4 RusnallRasu DNA templates TRIMANT VLY

37 1.40-1.42 uga PCR amplicons 183 VL segments # 1-4 anude
31]171 1.43 U@ PCR amplicons %84 humanized VL segments 1-4 1US8uifisuny

Fﬁﬁ'ﬂ\lﬁﬂ’l VL segments I 4 segments weusonulomnaiia SOE-PCR lapd
A o ! v I o
Taxfuaaugi 1.44 FIuNaNTaY SOE-PCR uaz condiion aduafsiumoaidualn
L5 =i ¥ d = A - ) z
48 8.4.2 Wnauatldowilululs DNA segments a3 Vi 1T templates 1¥insin

Eﬂ‘ﬁ 1.45-1.47 Uaa3 gradients DNA amplicons 83 VL segment 1+2, VL segment

3+4 Uaz humanized VL segment A u§IAU

gﬂﬁ 1.48 W&y PCR amplicons 199 humanized VL segments 1+2, 3+4 WAz

humanized VL amplicon



91

200
1o

o _ _ o
3tln 1.40  ugey PCR amplicon U3 humanized VL segment 1 1

Lane M, 100 bp DNA ladder

Lane 1, humanized VL amplicon L&§u# 1
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bp
200 126 b
100 P
81 bp .

d _ o
sUn 1.41  uway PCR amplicon 483 humanized VL segment ¥ 2 uaz 3

Lane M, 100 bp DNA ladder
v A
Lane 1, humanized VL amplicon 18UN 2

Lane 2, humanized VL amplicon WD 3
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bp

2000

750

250

:l B d.
31N 1.42  ugaI PCR amplicon 189 humanized VL segment LEUHN 4

Lane M, 1 kb DNA lagder

[
Lane 1, humanized VL amplicon \8UN 4
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25

gﬂﬁ 1.43 us®3 PCR amplicons 1983 humanized VL segments 1-4 Wisuiauiu

Lane 1, low mclecular weight DNA marker

Lanes 2-5, amplicons 1983 humanized VL (Fuh 1-4 audran



a5

homan
human
human murnne
haomm FR 2 CDR 3
e murine
murnne CDR2

@n::n:n

—— NN

Humamzed VL

- [ 4 ] . & B R
Jun 1.44 URIITHAAUMTITaYsa humanized VL segments Y19 4 segments IWiiiu

humanized VL segment



bp

200
100

K .
Eﬂ‘n 1.45 &6 gradient PCR amplicon #24 humanized VL segment 1+2

96

Lane M, 100 bp DNA ladder

Lane 1, annealing temperature 52.2°C
Lane 2, annealing temperature 53.1°C
Lane 3, annealing temperature 54.6°C
Lane 4, annealing temperature 56.4°C
Lane 5, annealing temperature 58.5°C

Lane 6, annealing temperature 62.9°C

~213 bp
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500

250 <+— ~186 bp

d4 .
31171 1.46 L&®3 gradient PCR amplicon 224 humanized VL segment 3+4

Lane M, DNA 1 kb ladder

Lane 1, annealing temperature 52.2°C
Lane 2, annealing temperature 53.1°C
Lane 3, annealing temperature 54.6°C
Lane 4, annealing temperature 56.4°C
Lane 5, annealing temperature 58.5°C

Lane 6, annealing temperature 62.9°C
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bp

500
250

1.47 U&eJd gradient PCR amplicons U843 humanized VL segment

Lane M, DNA 1 kb ladder

Lane 1, annealing temperature 52.2°C
Lane 2, annealing temperature 53.1°C
Lane 3, annealing temperature 54 6°C
Lane 4, annealing temperature 56.4°C
Lane 5, annealing temperature 58.5°C

Lane 6, annealing temperature 62.9°C
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500
300

200

e
b
—
——

100

<5
517 1.48  ua®y PCR amplicons 189 humanized VL segments 1+2, 3+4 URs

humanized VL

Lane 1, amplicon of humanized VL segments 1+2
Lane 2, amplicon of humanized VL segments 3+4
Lane 3, amplicon of humanized VL

Lane 4, 100 bp DNA ladder
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8.6 N13&319 humanized-murine scFv segment (huscFv)

mM1&9 humanized scFv 193% SOE-PCR lan humanized-murine VH \Fongaiiy
humanized-murine VL segments #3484 nucleotide linker ‘ﬁ overlap 4 (gﬂﬁ 1.49)
FIuNaUYBIISAL M SOE-PCR 1Usznaudis UDW 1825 pl, 10x buffer 2.5 pl, outer
forward primer 1.0 pl, outer reverse primer 1.0 ul, humanized-murine VH DNA template
0.5 pl, humanized-murine VL DNA template 0.5 pl, 10 mM dNTPs 1.0 pl us: Tag
polymerase 0.25 pl lavlt condition wuy gradient PCR Iﬂﬂqm‘ﬁqﬁ annealing KuLUTIM

52.2°C 14 60.7°C

PINHUUA gradient PCR amplicons amade 1% agarose ge! electrophoresis oy
- P Ly . . a -
#13 ethidium bromide B916H8 humanized scFv amplicon mgﬁﬂ 1.50
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et V1 o —
wmammz

Humanized-murine scFv

nl 4 a ] . LTI Bt
31]71 149 URAIVUADUNTILTOUAD humanized-muring VH WAL VL segments (UR18AU
lap SOE-PCR 191liu humanized-murine scFv (huscFv)
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bp

—
750 750 bp

500
250

gﬂﬁ 1.50 L&A gradient SOE-PCR amplicons 183 humanized scFv segment

Lane M, 1 kb DNA ladder

Lane 1, annealing temperature 52.2°C
Lane 2, annealing temperature 53.1°C
Lane 3, annealing temperature 54.6°C
Lane 4, annealing temperature 56.4°C
Lane 5, annealing temperature 58.5°C

Lane B, annealing temperature 62.9°C
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g A % o o A
RADUNLAIYDII TR IV F IR AR
N9 clone humanized scFv fragment L'fh;j phagemid vector

9.1 N15 clone humanized scFv fragment 91N78 8.6 1“}]"1§ pCANTABSE phagemid
uaz transform 190§ E. coli lngAfmadwideiuda 4.3 uar 4.4 usz'tel transformed £. coli
B A
colonies Uk SOBAG plate auj# 1.51

9.2 n1sealian transformed E. coli clones 'ﬁd carry huscFv-phagemids Lasn19

express huScFv protein

#a93 N 18 transformed E. coli clones ﬁ carry humanized scFv-phagemids GY! :ﬁﬁ'ﬂ
‘ld'ij' mathure phages 890310 E. coli ud1il¥in biopanning #a Leptospira homogenate
BwdeIiute 5.2 9mnuule screen w0 high afinity phage clones lanld7aq 33m5 uax
SuaamgwAsriuda 53 uazld selected huscFv-phagemid transformed-£. coli clones

AuaITNA 1.17



304

g
gﬂ'ﬂ 1.51 499 huscFv-phagemid transformed E. coli clones or SOBAG plate



