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Identification of novel Factor H-binding proteins of pathogenic Leptospira for development 
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L1fi1L~UL(;l~hJL1=n~Lnl'liOl1nn11~I'lLi'f)L~,JL(;l~LU11~1~~'lJfiri'f)L1fi1 (Leptospira interrogans)• 

LU'lJL1fi1 ~ I'l ~'f)iOl1 nl(;lr)~ fiI'lJ~~UL~i'JL~n 1'J3Ji--1U1::L'VI PlLl'l~ U--1hH1ifil:n'lJU'f)--1 n'lJ L~filL~tlL(;l~LUL1:n~~iJ 
'IJ 

.1 ~ "'" " ."1' '" '" "'" .,J" "" %. ... "" d' '" "'" "'" J"",,, 0 ",.dI "'" "",.,J
u~:;'Ci'VIfiJl1~ ~'lJfiI'lJ uiOl'iU'lJ'J fiI'1I'lJ'VI ~'11 ~'lJt'i (;l'J c.J~ (;liOl1 m '1I'flm~ 'J fiI'1I'lJ'll'lJI'l'lJ3J'lI'f)iOl1 n I'l fiI'f)LL'f)'lJ(;lU'f) I'l'VI \In 

m':;~'lJ'f)~L~hj'lJ1'lJL~'f)--1iOl1nhjm':;~'lJ1ihnl'l memory B cell hi~13J1~ClU'f)--1n'lJ;13J serovars L~ LL~:; 

..:i11~ Ln I'lm n1~;1--1LR~--1~--1 (;j'--1,r'lJ LfilN n1~i)r.i~;f~--1iJ'i I'l~--1'V13J1~1'lJn11~OO-J'lJ1ifiI:n'lJU'f)--1 n'lJL1fi1 L~UL(;l~ 
~. I~ "'" .,J""'tl ~... .;. J
~u~1'11~'VI3J 1:;t'i'VIfiJl1~3J1n~--1'l1'lJ 

L:f'f) L~tlL(;l~LU11~1~~'lJfiri'f)hfil ~1--1iOl1 n~1~~'lJfiri'f)hfil~'f)~13J11CliJm (;l'fl£il'lJ:nf3J~iJ
• • 'IJ 

~ " ~ '" ~ .d.,J 0 ... .ell d' • I'i' ~. I '" or, ~ ""''i'. I "'" .,J... '" 
complement LI'l n~ Ln'VI~nn~ Ln'VI'lJ--1'V1~1fi1~fiI'f)L'1Im~u L(;l~ Lun~1~~'lJ~n'f) ~1fi13J Lu~1J1'lJ'VIiOlUnU Factor 

... ... ':1 ' " .r 'i'.1 "'" ... .,J ... '" ~" ..J
H U'lJc.J'JL'lf~~ n11I"1n~n'fl'lJ'VI'lJ1'lJ11~--11'lJLu11Jl'lJVI~1~'1I'lJI'l'VI~13J11CliOlUnu Factor H LI'l L"lI'lJ LenA, 

. . ~ - ... J"",... • I ... ..1" . . J
LlgA, LlgB, Lsa23, LL~:: LcpA LfiI~--1n11'JiOl~'lJ3J'J(;lQu1:;~--1fi1L~'flfil'lJ'VI1 Factor H-blndlng protein 'VI 

o d'. I~ ~. I .... ..., 'i'. .d ."1 d'.,J
iOl1L~1::'1I'f)--1L'll'flL~u ~(;l~ Lun~1~~'lJ~ntl L1fi1 LeptospIra interrogans serovar Pomona 'If--1LuUL'1I'fl'VI'"l:; 

tliil'lJn1 ~'VI I'l~'flUU1::~'VIfiJl1~'ll'f)--1ifiI:n'lJ1'lJLfil N n11~r.i~ L~'f)~1~1 d:l'lJ~ 'J'lJtl1:;n 'auf'J 3J'lI 'f)--1ifiI:n'lJLL~:; 

'VI "'~'flUtl1:;~ 'VIfiJl1~1'lJn11,j'f)--1 n'lJhFl 

i.I~IV"'" ~ .d tI <i' .ICV .J
r;J'JiOl~ L'llL'VIfiI'lJfiI Western blot overlay L~'f)fiI'lJ'VI1 Factor H-binding protein ~I'l~u~U~Jl1'J:;'VI 

.. " m3J1:;~3J~1--11L~LLri ~1'lJ'J'lJ'll'f)--1L~'fl 'llill'lLL~:::fiI'J13JL~3J;'lJ blocking buffers 'llill'l (monoclonal LL~::: 
I ..:::...o=:rI I .c:. Q.J ..atpolyclonal) LL~:::LL'VI~--1'll'f)-:JLL'f)'lJ(;lU'f)I'l(;l'f) human Factor H LL~:::LL'f)'lJtnU'f)I'l'VILu'lJ horse radish 

peroxidase (HRP)-conjugated 'f)£i1-:JL1n(;l13J U--1hi~13J11Cl~'lJ~tlLtl1~'lJ~~1L~1:;~r.iuntl Factor H 1'lJ 

~1l1'J:;~'VII'l~'fl-:JH (;j'--1,r'lJ ~i)r.i~~--1L~'fln%lmJLu'lJ co-immunoprecipitation 1'lJn1~;fiOl~L~'f)m'U~1:; 
~. I "'" .,J..I .,J_... , :: .,.,. '" .dI - • 'i'tl "'" ... .. 
Lu~(;l'lJ'VI~U'fl'f)n3J1'V1c.J'lL'1I~~L'VI1'lJ'lJ r;J'JiOl~iOl--11Jll'l'U~1n surface biotinylatlon 'll'fl--1 ~ 11Jl'lJU\Jc.J'JL'lf~~'1I'f)-:J 

L('flL~UL1Jl~hh'1LL~:;~nl'l'f)'f)n3J1~h~ avidin column.ff'lJ(;l'f)'lJ~'f)1uiOl:;~13J1ti3Jf'J3Jntl purified Factor H 

LL~:; co-immunoprecipitation ~'JmL'f)'lJ~tl'f)~~~"'IL~1:;~'f) Factor H L~'f)LL~nLU~~'lJ'lI'f)--1Li'f)L~UL(;l~LU 
.,J '" '" " 0 ~.I - ~ J "'" " .,.."n'VIiOltlntJ Factor H LL~'J'lJ1 LuVl1'll'lJI'l'll'f)--1 L1111l'lJI'l'Jmfi mass spectrometry 

'i'. I "'" J."I .,J" 'i' _ .... J 0 ~. 1'1"."1 '" "'" 
LUJ'I1lU'VILuU Factor H-binding proteins 'VIfiI'lJ~tJiOl1n LfilN n11'JiOl~'lJiOl:::'lJ1 ~u L"li Lu'lJ'JfiI'll'lJ 

LLtl'lJ~ LiOl'lJ'llill'l1'VI~ LL~:::'VI I'l~'fltltlJ':;~'VIfiIl1~ n11U'fl-:J n'lJLJ'fiI L~UL(;l~1u:n~1'lJi(;lr)'VI I'l~'f)-:J ~'f)1u 

.. 
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Leptospirosis, caused by a spirochete called Leptospira interrogans, is a zoonosis with 

worldwide distribution including Thailand. No potent leptospirosis vaccine is availaole for 

humans. Current vaccines for animals are killed whole cell vaccines. Limitations of this type of 

vaccine are inducing short-term immunity due to inability to induce memory B celis, failure to 

cross-protect against heterologous serovars, and causing several adverse reactions. Subunit 

vaccines containing leptospiral outer membrane proteins have been tested in animal models. 

However, none has shown complete protection without target organ involvement. 

In contrast to saprophytic leptospires, pathogenic Leptospira is able to survive in 

complement serum. One major mechanism of complement resistance is mediated by Factor H­

binding proteins on pathogenic leptospires. Previous studies demonstrated several outer 

membrane proteins as Factor H-binding proteins such as LenA, LigA, LigB, Lsa23, and LcpA. 

Our project aims to identify new Factor H-binding proteins in our Leptospira interrogans serovar 

Pomona to be used as vaccine candidates. 

We used Western blot overlay technique to identify Factor H-binding proteins. Several 

conditions and reagents had been tested for optimization including the number of leptospires, 

types and concentrations of blocking buffers, types (monoclonal vs polyclonal) and sources of 

anti-human Factor H and secondary horse radish peroxidase (HRP)-conjugated antibodies. 

However, no specific Factor H-binding proteins of pathogen leptospires were identified under 

these conditions. Therefore, co-immunoprecipitation technique will be used as an alternative 

method to identify Factor H-binding proteins. To identify only surface-exposed proteins as 

Factor H-binding protein, surface biotinylation of pathogenic leptospires was performed and 

biotinylated proteins were extracted with avidin column. The next step is to use the purified 

surface proteins for co-immuniprecipitation with a Factor H-specific antibody. Factor H-binding 

proteins obtained from this technique will be identified with mass spectrometry .. 

The Factor H-binding proteins will be used as new vaccine candidates against 

leptospirosis and further test its protective efficacy in animal models. 
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BSA: bovine serum albumin 

Da: dalton 

DNA: deoxyribonucleic acid 

ELISA: enzyme-linked immunosorben assay 

HRP: Horse-radish peroxidase 

H+L: heavy and light chain (of immunoglobulin) 

Ig: Immunoglobulin 

IP: immunoprecipitation 

NHS: normal human serum 

OMP 'V1~''tl Omp: Outer membrane protein 

PBS: phosphate buffered saline 

peR: polymerase chain reaction 

SDS-PAGE: sodium dodecyl sulphate-polyacrylamide gel electrophoresis 

• 


7 




• • • 

'lJ'VlU1 (Introduction) 

f 

L~~L~,JL(;l~1t1L~on~Ln(11'"11nn1~~(11Li'flL~tlL(;l~1t1~'H'11tJ-nlJ~ri'flL~~ (Leptospira interrogans) (1, 2) 

.d ."1 J eIeI "" .JeI....."I eI " tI 
'lhHulJL"1!'elLL'lJ~'Vl L~mLnnJ~'lJ"1!lJ(11 spirochete 'Vll-J~ n'\j'ru:;LulJLn~ml'lJ1'1 "JJlJ1 (11n'J1'1 ~;;l-J1 ru 0.1 

1l-JL~nl-J(;l~ tJ1'J 6-20 1l-Jt~nl-J(;l~ L~~'fllJ1~'Jt(11tJn1~~l-JlJ~1'fln1~t~'1'1'fl ~1l-J1~r;)ri'flt~~i'lLlJ~lJLL~:;l(;li• 
~'JlJLi'fl L. biflexa djlJLi'flL~,JL(;l~1t1~1 ~~'lJLlJ~'ILL'J(11~'fll-JLL~:;hJri'flL~~ (saprophytes) Li'elL~tlL(;l~1t1 

., , , 
~1~1tJ-nlJfiri'flL~~ij 11tJ'I1lJ'Vi'l~l-J (11'Vi'J L~ nl-J1 n n~1 250 serovars LL(;l n t;l1'1 nlJ(;l1 l-Jflii f1I1~ (;lfLL~:;i(;li~. ~ 

."1 . (.d .JeI , "I tI ~ , .,J eI
LulJ reservoir host 3, 4) 'll'l serovars 'Vll-J~1t1-l1lJ'J1~:;'lJ1(11 ~lJ ~:;L'Vlf1l ~'VlmL(;ln(;l1'l'"l1n'VlL~tJl-J~1tJ'l1lJ 

LlJt;l1'1t1~:;L'Vlf1l (5, 6) U'"lr.pjlJijn1~Vii%'Vl1'1~'Jtl-JL~fl~L~'tlc:\~'J1l-JLn~L~tI'l"JJ'fl'l~1~'lJL'lJ~"JJ'el'l DNA LlJ 

n1~L~LLtJn species 'fl'flnLillJ'fl~.h'l{J'fltJ 17 species (7, 8) ;'lhiil-J-nlJfin'lJ%'Vl1'l serology 

L~'fl L~tlt(;l ~1t1~1 ~1l-J1Hl~ (11 t;l'fl1~'"11 n n1 ~il-J er~~'li'lJ d1tJL(11tJ L~~ 1:;U~ ~1'J :;"JJ'fl'li(;li~ ~ C;}L~'fl;'1 
tluLd'flU'tl~(;l1l-J,i'1 ~U'Vl~1mtltJnilJ ~1'fl Vi"1! ern ~1~f'lJtI~:;L'Vlf1l1'VltJ~~1tJ'I1Un1~(;l~'J'"I~'lJL~'flllJWl~ 
~,r"JJ t~ n~dj'fl ~n~ LL~:;LLl-J'J ~'JlJL~rY~'lJn1~~:;'lJ1(11"JJ'fl'lh~Lu-n'l'ltl~1t1~c:\~Ut;l'fl~c:\'VIU1'J ("l~1~l-J-
.... .i ~" al' "".... .,J tI ..,... ....
fiU'l1~t!) L'll'fl~1l-J1~r;) ~"1!L"JJ1'..l~1'1n'1tJ'Vl1'le.J'J'VIU-l(;11t!~'flmLe.J~LL~:;LtJ'fl'4"JJ'tl-l 1n (;l1 '"I~n ~~'fl'Vl1-le.J'J'VIU-l 

... .,J!"'I .,/.,J ..J.r, .,J J ",J' "",J ..,., ~tI
tIn (;l'Vl LutJn -lit! LlJ'fl'l'"l 1 nLL'1IlJ1'flf.jlJ1U Lt!'flL'll'flL "JJ1'~~1'l n1mL~'J'"I:;L"JJ1'~nJ':;LL~ L~'fl (11 LL~'J m:;'"I1t1 ~ (;l1l-J 

'fltJm:;t;l1'l1 L-nU ~'lJ 1(;l ~11~ Lm'fl~l-J~l-J'fl-l tI'fl(11 tr'lL'"I v'hHhnC;}n1~!lnu'1'lJ"JJ'el-l'fltJtJ'J:;L~~1,rlJ ~~(11Li'fl. ~ 

~ 'tl <'I eI eI eI... 'I" .,J ~" ''I " 'fl1'"1 ~l-J ~1 n{)'fl1 n1 ~ '"IlJr;)-ll-J'fl1 n1~rlJLLN LL~:;'fl1'"1 L~tJ"1!'J (;l ~(11 'fl1 n1HL~ :;'fl1 n1~LL~ (11'l'VlY4'lJ ~(11 LLn ~ 'JJ 

eI .... tI ';3 ;, tI " J , .... d
L'Yltl'lJY4~lJ 'J(11Fl~'\j':;~lJLLN ~lJ1'J'CilJ 'J(11n~1l-JLlJ'fl'flm'l~lJLL~'l (;l1LL(11'1 (;l1'flnL~'lJrecurrent uveitis LtJ'fl 

~t!~l-J'fl'l!lnL~'lJ L~~'fl'l t~~(;l'"l1'l ~'lJLL~:;1(;1'J1tJ '"I(11L~'fl(11'fl'fln(;l1t!ti'J~,r'lLL~:;Lm'fl'lJ L~'fl(11'fl'flnLlJtI'fl(11 (1, 

2,9) 

~:;'lJ'lJlJii ~t!nlJLL'lJ'lJ humoral ~1'flLL'fllJ~'lJ't) ~~ m1l-J~1I"iqjt;l'fl1Jij ~1lJ'Vl1Ut;l'flLJ'~ L~UL(;l~hJt~on~ 
.,J .. " , d' tit '11.1 .,J....t .......... d' .tr ....

LlJ'fl'l '"I 1nil t! (;l1lJ'Vl1lJ(;l'fl L"1!'fl L~ (;l~ ~ n'Vl Ln t'l"1lU(;l1l-J fi~J't!"1I1 (;1'V1~'l n1 ~(;l(11 L"1!'fl LL~:;~1l-J1 ~r;)u'fl'l nlJn1 J' 
~ 

~(11Li'el.[1L{jUlJij~l-JnlJLL'lJ'lJ humoral LL~:;n1nn(11 passive immunity mfii'mL'flu~'lJ'fl~djlJ'VIin (10-12) 

,J ""3:' .... tf' .... eI ~ ., ,eI .,J , ,J', eI 

'Ci'JlJ~:;tJtJlJl-J i"Jl-J n lJLL'lJtJ L"1! ~ ~ (cell-mediated im munity) tJ'I t! n1~Fl n'\j'1lJ'flmL(;ll-Jn~N1U'VltJ'I"1!'J1t! 

~'J1l-J~1I"iqjLUn1J'D'fl'l nlJL~~ L-nlJ n1~U'fl'l nUn1~~ (11 Li'fl L. borgpetersenii serovar HardjoL(11tJH 

killed vaccine m:;~lJ Th1 immunity (13) LL~:;m:;~uHhn(11n1~~~1'1 WC1 + . gammadelta T cell 

" ".., "J U~ '11.1' , "I" eI0 memory population (14) (14) n1m~:;"lULl-J(11L~'fl(11"JJ1'J(11'Jm"1!'elL~ ~(;l~ ~ 11 In vitro Y4tJ'J1'Vl1 ~'VIt!n1J' 

~~1'1 TCRYO+ T cell ;'1'V1i'l interferon (IFN)-y (15) 

n1~~n'l3'1 ri'fllJ'VI {J1;i~tJ~1 ~:;tJtJ ~'flt!~~ Ll-JlJ~LUlJ~:;tJtJlJij ~l-J nlJ~ ~11"iqjL U n1J'U'fl'l nlJn1 ~~ (11 

J tI~ '11.1 d .,J,.... .., J U~ 'Itl .... !'1 ' , ~ 
L"1!'elL~ b(;l~ ~ J'1 LlJ'fl'l '"I1nLl-J'fltJl-JntJ normal human serum ntJL"1!'flL~ b(;l~ b J'1~1t1~lJ~ ~l-Jn'el b~~ '"I:; 

v'hHhi'el(;l1t11l1t11lJL'J~nhi~lJ1~ LL[;]Li'flL~tlt(;l~lU11~1tJ-nlJfiri'flLJ'~ti'l~:n';)(;l'fltJl~ (16) ~'1,rlJ Li'flL~tI. ~ 

8 




·l1J~~'W~c.JtJ\I~1'W'W'fln"ll'fl\lL'll'Clff~~1~1~!:l{'Url'U Factor H LL'Cl!; C4BP ~\lLU'W complement regulator 1'U 

alternative pathway LL'Cl!; classic/lectin pathway ~J'fl\lLe1~111n1~~1!?i'U L~'fl Factor H ~1'fl C4BP {'U'fl~ 
J " " 

'U'Wc.JtJ\I L'll'Cl~"ll'fl\l L'll'fl IOl!;U'UU\I mnn i?I C3 convertase vl11~'1),hn i?I mm~!;~'W~!;'U'U r1'fl~'W~ L~'Wl9l"1i'WIn'fl'W• 
..I ct .... :: "" ..I. J 

VlIn1~~1 IOl\ltJ'UtJ\lmnni?l membrane attack complex VlVl1'Cl1m'll'fl (16-18) 


(;j''J'fl~1\1"1J'fl\lLU1~'U"ll'fl\lL~'flL'CltJtln~tJ11~i111tJ\11'U~1~1~11C1{'Url'U Factor H L"ll'W LfhA (~1'fl 
~. I ... ..I.... .... -1

LenA), LenB, LigA, LigB, Lsa23 (19-23) LL'Cl:::bu11n'WVllOl'Un'U C4BP LVlI'W LigA, Lig8, Lsa33, Lsa25 

(20-25) Lu~~'Wmfh;f'V'l'U1'UL~'fl L'CltJLIn~lu11~1tJ~'U~ri'flL1r1LL(;]1~'V'l'U1'U~1tJ~'U{bJri'flL1r1 LL'Cl!;i1m1 

LL~i?I\I'fl'fln"ll n.!!;Ln i?lm1~ i?lL~'il1'UrI'Wvi'~''fllIn1Vl i?I'Cl'fl\l LL~ "'\I~1'fl11Ol LU'UUIOl{tJ ri'flL1f'1LL'Cl!;i1 f'I'J1~~11"lt1! 

..I... ... J J ~. I ... I J....... " ..I , ........ 
"1Jru!;Vl~ m11n"'L"ll'fl 'U'flnlOl1n'U bu11n'ULW~1'U)Jn)J~'U1Vl~1nnrn m11Ol'U n'U complement regulators 

.J , .... .... ~. I ... d ~!'t "" -1
L'W'fl\llOl1n'V'l1J'J1~1)J11!:llOlun'U bu11n'W'fl'U1"1J'fl\l be1~Vl L"'''''ltJ Lv»'U laminin, fibronectin, collagen, 

, ~ CJ ... ~. I ... .... ..=I ~.J .... ....
plasminogen 'flm\l bmln1~ 'fl11Ol~ bu11n'U'U'Uc.J'W\lL'll'Cl'Cl'fl'U1'flnVl~1~11!:llOl'Unu complement regulators 

, ~" ~. I ... ,J .. ~ ".... ."1 ....... ~ • I ..I ."1 .
L~'ClT\J Li?I bu11n'WL~'Cl1'U'U1\1'll'U'" Li?I~m1'U1~1Vl"'~'flULu'W'JrI'll'W L'WluLLUUVlLu'U recombinant protein 

~1'fl DNA vaccine L-n'U LigA LL'Cl!; LigB (26-28) LL(;]U\I'1~mtJ1~'U~~1)J11!:l11jf,j'fl\lrl'Umm11~"'L~'fll~ 
, ~ %. .. " .'r.... ~ " " , ..... J 'I 

'flm\l~)J'U1ru L'U'CiIn'lVl "''Cl'fl\l LL)JIOl!;u'fl\l n'Um1ln1tJ L"''lJ1\1 LLlntJ\I'V'lU'V'lmfi~111'V'l LL'Cl:::m1'IJnm"ll'fl\l L'll'fl b'W., . . 
, 

..I ..... 'I ~ .. ..J " 
complement regulator "ll'fl\l alternative pathway Vl~1r1t1! b'Wbe1~Vl L'U'fl\llOl1nmm1:::~'U alternative 

pathway Ln",l~Li?ltJl~~'fl\li1 antigen-antibody complex ~\lijrl'J1~~11"lt1!(;]'fln11ri1{i?lL~'flLL~~1Le1~l1U\I 
~, ~ ".... J ~.!... .... ... , J , d d' . I~ ~. I . " nI ... ... .... 
b)JLf'ltJ b"'1UL"ll'flLL'Cl::: ~)JLL'il'UInU'fli?ll'l'flL'll'fl~1n'fl'U L~'flL"l1'flL'Clu bl'l~ Lu11L"ll1·'.;jn1:::LL~ L'Cl'fl"'IOl:::IOlUn'IJ Factor 

H "1J'fl\lLe1~Vl1"'tJ'fl1P1'tJ Factor H-binding protein ~\lLU'ULU1~'U'IJ'U~,)L"ll'Cl~LL'Cl::;uuJ\lm1'Vi1'Cl1m~'fl~'JtJ 
1:::1J1J complement 

n11Pln~ri'fl'W~{h;f'V'lU~1mtJ1~'U"ll'fl\lL~'flL'CltJLIn~ltJn~1nn~1 1 "l!il"'~~1)J11!:l{'UrlU Factor H 1~ 

(19-23) Lrl1\1n11';j{tJ;fi1r)I'l'ltJ1:::~\lflL~'fl~'fl\lm1~'U~1LtJ1~'W Factor H-binding protein (;j''J1~~~ 

~1L'V'l1:::"ll'fl\lL~tlL'CltJLI'l~ltJn~1tJ~'W~ri'flL1r1 Leptospira interrogans serovar Pomona ~\I LU'WL~'fl~IOl::: 
11jf1'Wn11Vl "'~'flUtJ1:::~VlfiI11'W"ll'tl\lr)~~'U1'ULri1\1 m1';j{tJ L~'fllJ1~1 dj'U~'J'WtJ1:::n'fl'U~'J~"ll'fl\lr)r1~'WLL'Cl::: 

• I ~... 'I • 'r .... ~ ".J~ " ....... J"",.CIJ .. "'I ,..I... • .... 

Vl "'~'fl'Uu1:::'CiVlfiI11'V'l L'Um1u'fl\l n'W b1r1 ~'J1)JlVl bi?llOl1 nn11'JIOltJ'U!:l'flLu'U'fl\l rI r1'l1~l L~)JVl~ r1,)1~~1 ~ CkJ 

LU'W'fl~1\1~\I (;]'fl m1~(ij,J'W1r)r1~'W~1~¥UL1r1 L'CltJLIn~ltJL1~~ ti'WIOl:::u11tJ~ m1~oo.J'U1r)~en'W~~1~1~!:l 

mtimu1~:::'UU.1Jij~)J rl'U1~U'fl\l rl'Wmnn '"L1~1~'fl~1\1~)J\!1ru LL'Cl:::1~r)r1en'U~1~¥UL1r1L'ClULI'l~lUL1~~~ 
Q I ~ ~ c: J 

A

)Ju1:::~VlfiI11'V'l)J1ntJ\I"1J'U 
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1-< 'i'. I 	 "" d'. I'i' ~. I,J ov ov 'i' ..,..,.
1. 	 n1~f'ltJ~1 ~u~(;JtJ"lI'el'lL'll'elL~m(;J~ ~u~1'Vl~1lJ1~[11ilUmJ Factor H ~(;1mfi Western blot overlay 

LtltJnt~(;J~'.llil~1 Factor H-binding protein "lI'el'l b~'elL~Ut(;J~'lU~1~1t1~tJ~ri'elt~rl t(;1t11J1tU~~tJ 
J 1-< • 	 • 1-< 

"lI'el'lL'll'el~1LLtln(;1'.ltl Sodium dodecyl sulphate aga~ose gel electrophoresIs (SDS-PAGE) LL~'.l 

transfer ~'1UtJ membrane 1J1~1Ul-JnU normal human serum (NHS) ~'1LUtJLL~~'1"l1'el'l Factor H 

L(;1t1 Factor H LtJ NHS Iil:;{unuLU~~tJ"lI'el'lL~'el~~1LL'\.n,i'l"1l'el~tu~~tJUtJ membrane Ld'el1J1~1U~nu 
..J ."1 "" "",J ov ov 1-< 1-< 	 .d ."1

primary antibody 'VlLutJLb'eltJI1IU'el(;1'VllilUIlU Factor H LL~'.lI1l1~(;1'.ltl secondary antibody 'll'lLu'W 

Horse-radish peroxidase (HRP)-conjugated anti-lgG ~{unu primary antibody "t11L~(;J~'.l'"l~1 

~1LL~'\.J~"lI'el'ltu~~'W"lI'el'lb~'elL~,JLI1I~'lun~{unu Factor H UiLd'elL~ chemiluminescence 

substrate LL~'.l~~r;i(;1~'.l'W"lI'el'lLU~~'WU'W SDS-PAGE ~~1LL~'\.J~I1INntJ'luv'h mass spectrometry 

.J 	 "" 'i'. I "" ,~. I ""- ov J
L'W'el~1'll'W(;1"11'el~ ~u~(;J'W(;J'el ~u l-J'.lfin1~'Vl(;1~'el'l(;1'1tJ 

• J .I'i' 'I. I .... r, 'i' 	 "" ,J • 5 r 
- tJ1L'll'elL~m(;J~ ~u~1~1t1'WtJ~n'ih~rl serovar Pomona LIil~t1JVl log-phase Iil1'W'.ltJ 1xi 0 L'll~~/Iane 

LL~:; 1x1 0
7 L"ll~~/Iane l-J1LLtinLU~~tJ~'.ltl% SDS-PAGE ~'.ltJL;['elL~Ut(;J~'lU~1~1t1~tJfhJri'elL~rl 

serovar Patoc 1iihu'Wr;i'.lmh'lrl'.lurll-J t1'ell-J~'.ltl~ Coomassie blue e.J~~'1~U~ 1A. ~ 

- t11t1tU~~'W'"l11l gel ~'1U'W nitrocellulose membrane 

- Ul-J 	 membrane nu 10% NHS ~'ILU'WLL~I:'i'l"ll'el'l human Factor H L'W blocking agent 

(phosphate buffer saline with 0 .1 % Tween 20, PBST +5% bovine serum albumin, BSA) 'W1'W 1 

.ft''.lLl-J'I ~~t1JWJij~'el'lLL~'.l~1'1'el'elIl~'.ltl PBST 

- 11:..1 membrane nu polyclonal antibody 1:5,000 goat anti-human Factor H (U1MVl Abeam) 

tJ1'W 1 	.ft''.lLl-J'ILL~'.l~1'1'el'eln~'.ltl PBST 11I1lJ~'.ltl secondary antibody 1:5,000 HRP-conjugated 

, "" 1-< 1-< 1-< 	 ., 'i'.1 "" J
sheep 	anti-goat IgG Ul-J'W1tJ 30 'W1'VlLL~'.l~1'1'el'elIl(;1'.ltl PBST (;J~'.llil~1(;J1LL~'W'I"lI'el~ ~u~(;J'W"1I'el~L'll'el 

L~ut(;]~'lu~1~{unu Factor H ~'.ltl chemiluminescence substrate LL~'.l(;J~'.llill'\J'\J1tJLL~:; 

U'WViIl1l1'W~'.lmrli'el'l Chemidoc e.J~~'1~U~ 1 B 
~ 
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BA 

M 1 2 3 4 M 1 2 3 4 

l'l.1;1 1 (A) hl~~'hJ'lJ'e)'I whole cell lysate 'lJ'e)-!lL~'e) pathogenic Leptospira interrogans serovar 

o 5 r 7 r J 
Pomona IilTIJ'l'W 1x1 0 L'l!~~/Iane (lane 1) LL~::; 1x1 0 L'l!~~/Iane (lane 2) LL~::;L'l!'e) non-pathogenic 

Leptospira biflexa serovar Patoc ~1'W'l'W 1x1 0
5 L'l!~~/Iane (lane 3) LL~::; 1x1 0

7 L'l!~~/Iane (lane 4) 

m.tn~'ltl 15% SOS-PAGE ml-J~'ltlu'e)lJ~ Coomasie blue (8) eJ~'1J'e)'I Western blot overlay hh~'W 

'lJ'e)-!l whole cell lysate pathogenic Leptospira interrogans serovar Pomona ~1'W'l'W 1x1 05 

L'l!~~/lane (lane 1) LL~::; 1x1 0
7 L"ll~~/Iane (lane 2) LL~::;b~'e) non-pathogenic Leptospira biflexa 

c 5 r 7 r .
serovar Patoc 1il1'W'l'W 1x1 0 L'l!~~/Iane (lane 3) LL~::; 1x1 0 L"ll~~/Iane (lane 4) lJ'W nitrocellulose 

membrane 111t1'V1i-!l1Jl-J~'lti 10% NHS, goat anti-human Factor HLL~::; HRP-conjugated secondary 

antibody (;]1l-J~1r;1lJ (;]~'l1il'VI1iry~1'W~i'lm::;lJU chemiluminescence 

.J ... ... '" l' ~- I J - ,~ 1-' '" r,Q ~ L'W'e)-!l1il1neJ~n1~'VlVl~'e)-!l'1J1-!l(;]'WtI'I(;]:i''l1il l-J~U bu:i'(;]'W'1J'tl-!l L'l!'e)L~u b(;]~ u:i'1~1t1~'Wfin'e) b:i'~ serovar• 
J .... .... do 0 .d t.- ~ 0 .... ~ 

Pomona 'Vl~1lJ1:i'b1IilUnU Factor H 1il-!l'Vl1 n1:i''VlVl~'e)UL'Yi'e)~'W'VI1~fl1'l::;'Vl L'VIl-J1::;~l-J~1'V1:i'lJ'lfi Western 

blot overlay 1~LLri ml-J1ruL~'e) blocking buffer "llUVlLL~::;LL'VI~-!l~l-J1'1J'e)-!lLL'e)'W~lJ'e)~r;i'il Factor H LL~::; 
secondary antibody LVltlL-n normal human serum (NHS) LU'WLL'VI~-!l'1J'e)-!l human Factor H (~1LL'VI'W-!l 

'" .1' 'I _ ,J ."1 '" ~ 0

LL~VI-!lVl-!l~nM"ll b'W:i'u'Vl 28) LL~::;Lu'Wm~'llJ~l-JlJ'ln'1J'e)-!l~::;1J1J Western blot bVltl'Vl1n1:i''VlVl~'e)-!lOJ.. q 

.J Q .... , ... .1' ... _,J _ , 'I '" , 1- ,.1'
L"JJ'WLVI tI'l nUn1:i''Vl VI~'e)-!ln'e)'W'VI'W1'W tI m'l'WLu~t1'WLLu~-!l~fl1'l::; b'Wn1:i''Vl VI~'e)-!l VI'I (;]'e) u'W 

1) L-nml-J1ruL~'e)LU'W 1x1 0
8 L'll~~/Iane LL~::;1J~1J blocking buffer bU'W 1% 8SA eJ~n1:i''VlVl~'e)-!l 

LL~VI-!lL'W:i'1J~ 2 
'lJ 

-200 
..0 
12* 

h 

" u 
sa 
'III 

30 
25 
20 

15 

10 

nO 
130-70 
55 
40 

35 
25 

15 

10 

11 




A B 


50 

40 

30 

25 
20 

M 1 2 M 1 2 

'i1H1 2 (A) LL~.JnLth'm'W~'Juilfi SDS-PAGE LL~:;U'f)~~ Coomasie blue LL~:; (B) [;11'J'"l~1 Factor H .. 
binding protein ~'JuiJfi Western blot overlay L""U1.-iiL=i''f) pathogenic Leptospira interrogans 

serovar Pomona ~IU'JU 1x1 0
8 L'1I~~/lane (lane 1), NHS 0.5 '1.~LfOl1~[;11/lane (lane 2) LL~:;1.-ii 1 % BSA 

Lij'W blocking buffer ti~~'Ju 10% NHS, goat anti-human Factor H LL~:; HRP-conjugated 

secondary antibody [;11~~I(;\U [;1J''J'"l~liCY'1!IU~'JU1:;UU chemiluminescence 

.. 2) 1-iim~lruLi'f) serovar Pomona Lij'W 1x1 0
8 L'1I~i/lane LL~:;1-ii 10% skimmed milk Lij'W 

blocking buffer e.J~n1J''Vl''''~'f)'lLL~'''''l1U1U~ 3 

A B 

50 

40 

30 

25 
20 

M 1 2 M 1 2 

+- FactorH 

'itl~ 3 (A) LLunL,JJ'~'W~'Juilfi SDS-PAGE LL~:;U'f)~~ Coomasie blue LL~:; (B) [;1J''J'"l~1 Factor H ... 
binding protein ~'Juf!fi Western blot overlay L""u1-iiL=i''f) pathogenic Leptospira interrogans 

8
serovar Pomona ~1'W'JU 1x1 0 L'1I~i/lane (lane 1), NHS 0.5 1~LfOlJ'~[;1:i'/lane (lane 2) LL~:;1-ii 10% 
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skimmed milk LijtJ blocking buffer t1~~')u 10% NHS, goat anti-human Factor H Lbfl::: HRP­

conjugated secondary antibody [;]1~~1~'l.J 1?I~,)'"l'VI1~qj'1!1tJ~'Jm':::'l.J'l.J chemiluminescence 

'"l1nCJfln1~'Vll'1fl'e}.:llU~ 2 LLfl::: 3 ~'l.J~1Lri'elH 10% skimmed milk LUtJ blocking buffer ';h 

a" J ~ , .. 	 cd ~ ,~"1 " 'VIeJfl Western blot overlay ~ background tJ'elU'Vl~l'1 LLfl::: b~b'VItJ molecular weight marker "1!..:J b~ bl'1 

~l'1'ilfl1n [;]1~~fOl'J~'"l:::LUtJ ~..:J1-ii 10% skimmed milk LUtJ blocking buffer 1tJn1~'Vll'1fl'el..:J~'el11U 

".f:! J."I 8 .~ a 	 ~."I ... ar
3) 	 'l'lfu~~1nJb"J!'elLutJ 2 X 10 L"1!flfl/lane LLfl:::Lu~U'l.JL'VlU'l.J primary antibody "lI..:JLutJLL'eltJl?I1J'ell'1 

~'el human Factor H ~:::Vd1..:J polyclonal antibody (1J1~ Abcam LLfl::: u1M'Vl Quidel) n1J 

monoclonal antibody (u1';-'Vl Thermo Scientific) 'ltJn1~';h Western blot overlay Ll'1UCJfl 

'n'el..:Jn11'l' polyelonal antibody ,J1M'Vl Abeam LLfl::: u1M'Vl Quidel h1LLl?ln~1..:JntJ ~..:J 

LL~l'1..:JCJfln1~'Vll'1fl'el..:JLri'el'l-ii polyelonal antibody 'jJ'el..:J1J1';'Vl Abeam d1tJlJi'lLL'VltJLmU1JLYlU1J 

nUCJfln1~'Vll'1fl'el..:JLri'el'l-ii monoclonal antibody LUtJ primary antibody CJfln1~'Vll'1fl'el..:JLL~l'1..:J 
J 


'ltJlU'Vl 4 


A B c 
M 1 2 3 M 2 3 M 1 2 3 

5o_..... 

Factor H 

~tl;\ 4 (A) LLUnLU~~tJ~'JU% SOS-PAGE LLfl:::U'el~~ Coomasie blue Ll'1U'l'L~'e'l pathogenic.. 
• 8 r J 	 .

Leptospira interrogans serovar Pomona '"l1'U'l'W 2x10 L"1!flfl/lane (lane 1), L'lf'e'l non-pathogenic 

Leptospira biflexa serovar Patoc ~1tJ'JtJ 2 x 10
8 L"1!fl~/lane (lane 2) LLfl::: NHS 0.5 hJLfOl~~I?I~/lane 

'" ~ I'"(lane 3) LLfl::: (8 LLfl::: C) 1?I~'J'"l'VI1 Factor H binding protein l'1'JU'Jfi Western blot overlay U~l'1'lU 

10% NHS Ll'1u1-ii primary antibody LL'e'ltJ~U'el~~'e'l human Factor H LUtJ (8) 'lfUl'1 polyelonal 
.J 	 .J.QQ.."Ct.CV 	 .Q

antibody VI 1:5,000 (u~'rl''Vl Abeam) LLfl::: (C) "JI'Wl'1 monoclonal antibody 'Vl 1:5,000 (1J~'rl''Vl Thermo 
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Scientific) (Wl~~'JtJ HRP-conjugated secondary antibody (;]1~~'WrU (;]~'J'"l'VI1~'lJ'lJ1'I.!~'Jm':;UU 

chemiluminescence 

r.nnl:-J'Cim~'VI~'Citl-:Jl'J~ 4 HI.! Western blot overlay ~U~1 primary antibody ~'HU'ULLtltJ~Utl~ 
u1'fl human Factor H L~tll~LutJ polyclonal antibody 1Jl~'J'"l~ULtl~~tJ (L~tJ band) "lJtl-:J serovar 

Pomona (ltl 48 lane 1) LLulL~tll~ monoclonal antibody (u1';'V1 Thermo Scientific) m'J'"lhj~u 
"' ,

LtJ~~tJ (hiL~tJ band) (ltl 4C lane 1) ~-:JUtl polyclonal antibody Vll~~-:JL'VI~1:;~~rium~~1 Western 

blot overlay ~1nnrJ1 monoclonal antibody ~-:J'"l:;L~'fln primary antibody LUtI'1IU~ polyclonal 

antibody1tJm~'V1 ~'Citl-:Jultl11tJ 
.J ?tlA..J 'I 0 "" .

L'Utl-:J"'l1n I. ~(;]tJ'VI(;]~,)"'l~U I.tlm~'VI1 Western blot overlay tl1"'lmnnUl'"l1n cross-reaction "lJtl-:J 

primary 'VI1tl secondary antibody riULtl~~tI"lJtl-:JL:[tlL'CitlL(;]~LtJ~1UtJ membrane LUltJ(;lN LLulhJl-rlLUtI 

~tl ov OV? 1 A J "" ..~., ov 'I. I'" _ F.! A
1:-J'Ci"'l1n Factor H I. "'lunu l.u~(;ltl"1ltl-:JL'1I'fl"'l~-:Jn I.UI m~'VIUI'Citl-:JClUl l.ulij-:JL1J~l:.JUL'VIl:.JUI:-J'Ci"1ltl-:J Western blot 

overlay (ltl~ 5A) riul:-J'CiL~tlhJL~1.J)J membrane riu 10% NHS ~-:JLUtJLL'VI~-:J"lJtl~ Factor H n'fltJ LLul1.J~ 

L'!l~1:;riU primary LL'Ci:; secondary antibody (ltl~ 58) 'VI1tl1.J)JL'!l~1:;ri'J secondary antibody L'VhJtI 

(~tJ~ 5C)
'II 

0'1".~ J."l 8 ~ 0 d
4) l.'1Iu~~1rub'1ltlLutl 1x1 0 L'll'Ci'Ci/lane 'VI1 Western blot overlay LL'Ci:;'VI1m~'VI~'Citl-:JmU~~L~tl• 

"' (;]~,)"'l~tlUn1nnUl cross-reaction "1ltl-:J primary antibody LL'Ci::; secondary antibody (;jtlL~'rlL'CitJ 

L(;]~1tl~1 l:-J'Cim~'VI~'Citl-:JLL~UI-:Jlt1~tJ~ 5 
'II 

A B c D 

M 1 2 M 1 2 M 1 2 M 1 2 

50 

40 -­

30 -

25 -­20 
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'dtl~ 5 (A) bbtJnhj~~lJ"lI'tl'l whole cell lysate "lI'tl'lb-f'tlb~UL[;]~hJ~1~(;l~,)1Ol~1~htJ% SDS-PAGE bb~:;
" 
~'el~~ Coomasie blue L(1)tJL-nb-f'tl pathogenic Leptospira interrogans serovar Pomona ~1'W,)'W . 

8 81x1 0 b'1!~~/lane (lane 1), b~'tl non-pathogenic Leptospira biflexa serovar Patoc ~1'W,)'W 1x1 0

L'1!~~/lane (lane 2) (8) (;l~,)1Ol~1 Factor H binding protein ~htJ% Western blot overlay L(1)tJti~nu 

10% NHS (;l1).J~')tJ primary bb~:; secondary antibody (C) hJ1~ti~nu 10% NHS (no Factor H) bL(;] 

u~nu primary antibody (1 :5,000) Goat IgG Polyclonal Human Factor H Lb~:; secondary antibody 

bL~:; (0) U).J~')tJ secondary antibody (1 :5,000) rabbit anti goat IgG (H+L) conjugated HRP) 
.­

Lv11'!!'W LL~')(;l~,)1Ol'VI1~t1It111 ru~')tJ~:;UU chemiluminescence 

, 'i'. I "" "'.....J 'I • I..J
~~n'lJ'Yl(1)~'tl'l'WU,)1 ~lJJ'(;l'W"lI'W1(1)L(1)mn'WYl'Wu ~'W Western blot overlay (ElJYl 58 lane 1) [;]~')1Ol 

'W1Jl~LLiJIil:;hJl~ti).Jnu Factor H (10% NHS) (EU~ 5C lane 1) bb~:;'bj1~ti~nU'vf'l Factor H LL~:; 
primary antibody (EtI~ 50 lane 1) ~'lmIOlLn(1)1Ol1nLtI~~'W"lI'el'lL~'tlL~t1Lj;)~1t1J'1 cross-reaction nu 

primary antibody LL~:; secondary antibody ~L-n [;]1~~1;U 

" 
i'l'!!'W n'lJ'Yl(1)~'el'l5(1)lU~'l'WtJ1tJ1~~(1)n'lnn(1) cross-reaction "lI'tl'l secondary antibody ~')tJ 

n'lJ' pre-adsorption ~')m{'elL~t1L(;l~1t1nri'el'WtJ11t1L-n" 

.1' 
5) ';hn'l~ pre-adsorption "lI'el'l secondary antibody ~')m'll'tl Leptospira interrogans serovar 

o 8 r .d "" . 'I • I..J
Pomona 1Ol1'W,)'W 3x1 0 b'1!~m'W'tl~(1)n'lnn(1) cross-reaction ~~n1~Yl(1)~'el'lbL~(1)'l L'WllJVI 6 

A B 

M 1 2 M 1 2 

50 

40 

30 

25 
20 

'dtl~ 6 (A) bbtJnL,J~~'W"lI'el'l whole cell lysate "lI'el'lb{'tlL~UL(;l~luJ'1~[;]J',)1Ol'VI1~,)tJi)fi SOS-PAGE Lb~:;
" 
I.- ~ 'i' '11.-.1' . L . . P 0
tJ'tl~~ Coomasie blue ~(1)tJ ~'llL'll'el pathogenic eptosplra mterrogans serovar amona 1Ol1'W,)'W 
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8 8 r J . . . 0

1x1 0 L"ll~~/Iane (lane 1) Lb~:;L"lltl non-pathogenic Leptospira blflexa serovar Patoc ~1'W,)'W 1x1 0 

L'lI~~/lane (lane 2) bL~:; (B) ":h Western blotting L~tl1~ secondary antibody (1 :5,000) rabbit anti 

goat IgG (H+L) conjugated-HRP ~r..h'Wn1~ pre-adsorption l~hm~tlb~tlLI11~hh1 m'J~Vl1i'lJ'lJ1nJ 
~'Jm:;'IJ'IJ chemiluminescence 

~1m.J~n1:i''Vl~~'el-lYl'IJ~1bbiJ~:;'':hn1:i' preadsorption "lltl-l secondary antibody ~'Jm~tlL~tlLI11~ 
~.I ' 0 ~"" ctO'.... ..J~.!. '" 'i'.1 '" J .I'i' ~.I
LlJ~1ntl'W'W1~1 L"llLb~'J nti-lY/'lJn1~~'IJ"lltl-l secondary antibody ." UJ~lLy/1:;n'IJ LlJ~I11'W"lltl-l L"ll'flL~lJ L(;l~ LlJ 

.. • ."'1" 0 _ ",.I , 'I. I 
~1'IJ'W membrane ~-l~1 LlJ'Wl11tl-l.,,1 n1~Vl1~Jl1'J:;LL~:;LLtl'W(;l'IJtl~'Vl LVI~1:;~lJ(;l'fl LlJ 

L~tl..:!~ln% Western blot overlay 6-lhJ~1~1~Cl~'WVl1 Factor H-binding protein 1~ ~';j{tI~-l 

'J1-lLLt.J'WH%~'W~1(;]:i',)~Vl11~Lbri co-immunoprecipitation (co-IP) 

immunoprecipitation (co-IP) 

L,j'W%n'WI11:i',)~Vl1 protein-protein interaction %Vlt1-l~ij'"'l,)1lJL,)LL~:;'"'I,)1~~1Ly/1:;~-l ~{tI~~ 

U1~1L,jU%"'1-lL~tln1V1~1'Wn1~~'WVl1 Factor H-binding protein "lltl-lLitlL~tlL(;l~1tl~1 L~tl~~ln.. 
" " . J..J........ J •."'1"''''

(;l'fl-ln1:i''"'IUVl1L'ily/1:; surface-exposed protein "ll'el~L"lItl'Vl~1lJ1~Cl~'lJn'IJ Factor H Lfj'fl'W1~lLlJ'W'J'"'I'lIU 

0­

Lbtl'W~h~'W ~{tI~..:!l11 surface biotinylation Ll?)tln1~~~'il~1m~tlb~tlL(;l~1tl:i'1~,)tI Sulfo-NHS-LC­

~ ~ cJ.o=l ~ i.I ~ .dIV 

Biotin 'lI~L,j'W biotin "ll'W~'Vl~'1ru~~'IJ(;] membrane impermeable bL~'J~..:!~n~LLtln~'J'WvILiju surface-

exposed protein tltln~1 "LJ1lJTUlJn'IJ purified human factor H bL~:;HLLtl'W~'lJtl~~~1Ly/1:;f;)tl Factor 

o ~ "'i'. I '" J ..J '" .... .,. " '" H LL~:; protein G coated bead .,,1 LVI LlJ~I11'W"lltl-lL"lItl'Vl~'lJn'IJ Factor H Lnl?) co-IP ~-l~1fj:i'tl~n'IJ Factor 

H LL~,) elute U1Ltll11:i',)~"lIU~"ll'el-lLtl:i'~'W~,)tI% mass spectrometry '1.~G-~~1LU'Wn1:i''VlI?)~'el..:!LL~'J1'W~')'W 
d' 

"ll'fl-l surface biotinylation "'~'W 
d' J . I'i' ~ J .... r, 'i' . . "I ,,~ s.­

- Ly/1:;L~tI..:!L"ll'elb~lJLl11~ L' :i'1~1t1Y/u~n'elL:i''"'I (Leptospira mterrogan serovar Pomona) LVI LI?):i':;tI:; log-

phase l11n1:i',j'W~1-lL~'eln1r.i~Ltl:i'~'W~'J'WLn'W~'Jtln1:i',i'WLVI~tI~~m1~Lh:i''el'IJ 2,OOOxg ~1'W,)'W 3 '"'Ii..:! 
, J."'I -J ell -J ..J ."'1 ....J~ , , ell ~ ''I "'" -J ..J

Lb'IJ-lb"ll'elblJ'W 3 'Ci,)'W '"'I'el 'C'l'J'W'Vl 1 LlJ'WL'lI~~'Vl LlJbL(;ln (intact cells) n~l,)'"'I'el L~ L~:i''lJn1:i' sonication 'C'l'J'W'Vl 

o 'I. I 0 "I" r ,,-'" , do "'" J 0 9"
2 LL~:; 3 'W1 LlJ'Vl1 LVlb'll~~Lbl11n~'Jmfi sonication (sonicated cells) bLI11~:;'Ci'J'W~b"ll'el~1'W'J'W 2x1 0 L"ll~~ 

- m:i'l11 surface biotinylation L~tll1"ln1:i'~I?)'il~1nLtl:i'~'W~~hL"ll~~ (surface-exposed protein) t~tl1J~ 

L'lI~~ ~,)'W~ 1 (intact cells) n'IJ EZ-Link Sulfo-NHS-LC-Biotin (Thermo scientific) L,j'Wb,)~l 30 'W1~ 

VI~..:!~1mfuih{~ biotin ~'J'WLn'W'el'eln~'Jtln1:i',j'WbVl~tI~~'"'I'J1mj'J:i''el'IJ 2,000 xg ~1'W'J'W 3 '"'Ii..:! ~,)'W~ 2 

b,j'Wb'll~~~l111ihLl11n (sonicated cells) LLf;)1~1~~~'il~1nn'IJ biotin b,jU[;J'J'"'I'J'IJ'1lJLL'IJ'IJ negative control 
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7 

~')\'!~ 3 bU\'!LtJ~~\.!"1J'fl'l b~'fl~ Cl n~11~ b"l!~~LLI?1n (sonicated cell) ri'fl\'!~Vl'U~1 n nu biotin 9'l b,j\.!~')
'lJ 

~ ~, 

'"1,)U '"1).1 n1~~ Vl'U~1 n LtJ~~\'!"t1'lVl'fl[J111 £J1\'!Lb~ :;111 £J\.!'fl n b"l! ~~"t1'l'UJ L'l 


• 'lJ 

<V 'i'J .... .J.. -J.J .., 'I" ... .:" 
- '"1L'lbbtln~' ~(1\\'!'Vl~n(1\Vl'U~1n 'Ci'.l\.!'Vl 1 bb~:; 3 m£J biotin ~~U~~'VlfiVl,)£J Monomeric Avidin column 

(Thermo scientific) 

'i'. I.... .., ...... 
- LL£Jn UJ~(1\\'!Vl'.lmfi sodium dodecyl sulphate agarose gel electrophoresis (SOS-PAGE) 

'i'. I ......1... " .., ...... 'i' " 'i' I .... ..I 
- (1\~,)'"l'VI1~u~(1\\'!'Vl~n(1\L'l'U~1nVl'.l£J biotin mmfi Western blotting ~Vl£Jm£J~'L~(1\\'!'Vl~mL£JnlJ\.! SDS­

., 
PAGE ~'llJ\.! nitrocellulose membrane linnu\.!u).l membrane nlJ 1 % bovine serum albumin (BSA) 

~~:;~1£J1\.! 0.05% Phosphate buffer saline with Tween 20 (PBST) bU\'!L,)~1 1 .(') L2J'lb~'fl~L'lm~r.ilJ 

"1J'fl'lLtJ~~\.!bb'JlJhj41LYn:;U2J membrane nlJ 1 :5,000 Streptavidin HRP (BO Pharmingen) LU\'!L,)~1 1 

.(')L2J'lLL~:::(1\~,)'"l~1~1LL'VIt.l'l"1J'fl'lLtl~~\'!~'.l£J chemiluminescence substrate tJ~ n1~'Vl Vl~'fl\lLL~Vl\l1\.!~tJ~ 
" 

M 1 2 3 4 5 

95 

55 
43 

34 

26 
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_1..1 'i'.I.... .J' .J' 0 9"..1 ...
llJ'VI 7 ~u~(1\\.!"1J'fl'lL'Il'fl Leptospira interrogans serovar Pomona b'll'fl'"l1\.!')\.! 1x1 0 b'.ll~~'VlQn(1\L'l'U~1n 

" " ...... 'i'.I.....J' .I'i' '1.1 .J~,.. " ..
L'l'.l£J biotin LL~:::(1\~'.l~~1mmfi Western blotting ~u:i'(1\\.!"1J'fl'lb'.ll'flb~u ~[;l~ ~u~1'Vl ~2J~n(1\Vl'U~1nL'l,)£J biotin 

(lane 1), LtJ~~\.!"1J'fl'lL~'flL~tlL(1\~LtJn~Qnvh1~b"l!~~bb[;ln (sonicated cell) ri'fl\'!~L'l'U~1n~,)£J biotin 

(lane 2), Lth~\.!"1J'fl\lL~'flb~iJL[;l~L,Jn~b'.ll~~1,jbb[;ln (intact cell) Qn~Vl'U~1n~,)£J biotin (lane 3), Ltl:i'~\'! 
"1J'fl\lb~'flL~tlL[;l~hh1~~ml11~L'.Il~~Lb[;lmb~:;~L'l'U~1n~rJ£J biotin bL~')~nL'lLL£Jn~rJ£J avidin column (lane 

4) LL~:::LtJ~m'W"1J'fl\lL~'flb~tlL[;l~hJn~L"l!~~1~bL[;ln (intact cell) Qn~Vl'U~1n~,)£J biotin LL~:::~nL'lLb£Jn~,)£J 

avidin column (lane 5) 
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CJn~~'U~1ni..:JtJ'elmL~::~~'lL"J!~~ (ttl 6 lane 4) 'elth..:Ji"'L'"ItJl?I'llJ~fOl'l~l~ .fftJl?I'eltJl1I'elltl'"l:::~'l~'lhl 
surface-exposed protein ~~n~l~ ltlyh co-immunoprecipitation nu human Factor H L~'EI~'l 
ttl5'~hl"ll'El..:JLi'el~r.runu Factor H-binding protein l1I'ell,J 

'tI/hJ'i1t1LL~~~~1'ir;U~~n1'iVl(;l/a'rl.:J (Discussion) 

J ," d' ) ,J. I'i' ~. 1 .... ~''i' d , ....
Lhl'El..:J'"l1n5'1tJ..:J'lhln'eltJ~tJ'lhl (16 ~U'l'l L"J!'elL~u bl?l~ bun~'ltJ~hl~n'el b5'fOlLlJ'elUlJnU complement 

human sera ~U~'l Li'Elu..:J~~';) 1?I'el~1~ ~..:JLLl?lnl1l'l..:J'"I'ln~'ltJ~tJftaJ ri'el L5'fOl'"l:::I?I5''l'"l~U~'l~'ltJl~ qJ Li'el1?l1tJ 

LL~~..:J~'l~1tJ~tJ~ri'EIt5'fOl~'llJ'lHl~~U~~n complement-mediated killing 1~ t~m... rt..:Jlhln~Ln~'l~qj~~ 
J . I'i' ~. 1 .... ~''i' .... .J.... .... 
L"J!'elL~UbI?l£hu5''l~'ltJ~tJ~n'elb5'fOllJ Factor H-binding protein "J!..:J~1lJ'l5'Cl'"lUnU complement regulator 

Factor H Yhl~ltluuJ..:Jn'l5'Ln~ C3 convertase utJLi~L~tlLI?I~Ltl5''lLL~::LaJLn~n'lm5':::~tJ complement 

cascade mlJlJ'l 

J
n1J'I?I5''l'"l~'l Factor H-binding protein "lJ'elWll'elL~tltl?l~Ltl5''lt~tJlm Western blot overlay 

L~tJl~ttl5'~hl"lJ'el..:JLi'elL~tlLI?I~ltlJ''lUhl Western blot r.runu Factor H ltJ normal human sera LL~::: 
o , 'i'.1 .... .J" " 'i' .,. 'i'.1 .... .J ~ J .1 

1?IJ''l'"l~'lI?l'lLL~Wl bUJ'l?ItJ'VII?I'EI..:J01J'~'ltJ anti-human Factor H b~tJ'"l:::L~'EI n~'l bU5'l?ItJ'VII?I5''l'"l~U btJL"J!'ElL~u 

tl?l~l,JJ''l~'ltJ~tJfiri'eltJ'fOlLLl1IlaJ~ulhln~lJfOl'lUfOllJ ~'EI L~'ElL~,JLI?I~ltlJ''l~'ltJ~hlfi1.aJri'elLJ'fOl [:.J~n15'Yl ~~'el..:J
III . q q III 

b~tJ1-ii% Western blot overlay u..:JlaJ~uLtlJ'~hl~ijm'llJ~'lL~'l::: ~';)r.rtJ~..:JYh015'Yl~~'elU~Jl1'l:::lPi'l..:J1 

l~LLri L~lJ~ihl'ltJ"lJ'el..:JL~'elLUtJ 2x1 0
8 L"J!~~ n'l5'L-D blocking buffer L~tJ1-ii BSA ~ background ~~..:Jn~'l 

L~'el1-ii 10% skimmed milk (ltl~ 3) O15'L-ii primary antibody ~..:JLUhlLL'eltJ~U'EI~I1I'el Factor H "llU~ 
o 'I" 'i'.1 .... .J ,..I '1"."1 ... '. I.Jpolyclonal antibody 'VI'l b~I?I5''l'"l~UbUJ'l?ItJ band YllJ'lnm'lLlJ'elb"llLuhl"lltJ~ monoclonal antibody ~uYl 

4) 'W'elnr..nm!tJ · U..:J~U~'lLL'eltJ~U'el~~L-DltJ01J'Vi'l Western blot overlay ij015'Ln~ cross-reaction nu 

Ltl5'~'W"lJ'EI-:JLi'ElL~,JLI?I~ltl5''lLrl'el-:J'"I'lmLiilaJl~ulJnu NHS (LL~~-:J"lJ'el..:J Factor H) LL~::: primary antibody 

(anti-human Factor H) r1L~'W band "lJ'el..:JLtlJ'~'WlaJl1I'l..:J'"l'lm~'elUlJriu NHS LL~::: primary antibody (ttl~ 
fV! d ~ <40 .... d' 

5) ~..:JtJ'W L~'EI~~015'Ln~ cross-reaction '"I-:J'VI'ln'l5' pre-adsorption "lJ'el..:J secondary antibody nUL"ll'EI 

Leptospira interrogans serovar Pomona ri'tl'W,J'llJ'lL-ii ~U~'lU..:J~'llJ15'm~tJ'Jl-:J band 1~ ~tl~ 6) 

(;),nf'WLtl5'~'W~I?I5',)'"l~uutJ Western blot overlay mlilhJ1'J1 Factor H-binding protein LLI1ILn~lilln 
.... .....J1" .... 'i'.1 .... J. I'i' ~. 1 ........ c!i .... ~ ,


cross-reaction "lJ'tl..:JLL'eltJI?IU'EI~Yl "llnubU5'l?ItJ"lJ'el..:JL"ll'ElL~UbI?l~ bU5''l 'In Western blot overlay '"I..:JtJ..:J blJ 

.J 0 J. I'i' ~. 1 '" r, 'i' ~"" 0 " 

~'llJ'l5'Cl~'l Factor H-binding protein 'VI'"l'lL~I::"lJ'EI..:JL"ll'ElL~u bl?l~ bun~'ltJ~tJ~n'EI b5'fOl b~ 1?I'el-:JYl1015'fOl'W~'l 

~Jl'l,):::~ L~lJ'l:::~lJ 11I'E11tl 

18 




II 

>­
... ... II...... <Ii ~ II '1"_ 'I II ~. I '" 

~'l'U'U r..l'J"'IU"'I'l ~"''J1'lLLc.J'U ~'1l'Jfi co-immunoprecipitation b'Un1~rI'U'j..'I1 bu~f?l'U Factor H-binding 


protein b",u~~{u1~'J1'l LLr.J~';h n1~1"i"'L~'el n L'U~1~bU~~'U1~n~lJ~ LiI~ surface-exposed protei n 

"" ."1 -J • I d' .J .... ... 'I II "" ~.. ~ II... 'I d'
L'U'el'l"'l1 mU~'Ci'J'UU~~n'el'lJ~'el'l L'1l'el'Vl~1lJ1~Cl"'l'lJ n'lJ Factor H b'U~~'lJtJ ~VI~ L'JU~ b~Vlf?l ~"''''I~'l ~'ULtJ'el'l f?l~ 

" n1~~"''U~1n biotin L'U~1:;Lu~~'U1'Un~lJ surface-exposed protein (surface biotinylation) ~'eln"'l1n,r~ 
..: A . . ~.I '" .J. I .-r d ...J ~.I '" J d' ~. I "" 'I
L~'el~"'n1~f?l"''U~1n biotin "ll'el'l ~u~f?l~'Vlu'UL1J'el~'el~1 L-D~ ~u~f?l'U"'I1n'el1V11~L~U'IL'1l'el bu~f?l~"'I1nI11U b~ 

.. ... ~ II -J "" d'. I~ II. IlIA ... ~ II 0 • .r II ... , d' II .. 
L'1l~~VI~'el'"l1 n I.rI~'l~~1'l·Ci'J~'el'U"ll'el'l L'1l'elL~u bf?l~ bUn 	 c.J'J"'IU ~"''Vl1 n1~u~~1'lf?l'J'elU'l'lL'1l'el"''JUrI'J1lJ L~'J~'eltJ 

" 
~ ~ ... If' ... .. 0 ~ .J q ~ ~ .d c:. 

f?l1 L~'elu'el'l n'Un1~LLf?ln"ll'el'l L'1l~~ 'Vl1 n1~'Vl "'~'el'l b'U~111'J~'VllJ1Jn.lVl~)..Jf?l1 L~'el~ '" n 1~Ln '" endocytosis LL~:; 

f'i~LLunLu~~'U1~'lJ1~'Vli~'Ju avidin column b",ui1LtJ~~~~v111i1L'l!~H~'LL(;]n (sonicated cells) ~'1 biotin• 
A ~. I "" :; tt':;.,J, 'I .J.. .. ."1 

"'I~f?l "''U~1n .u~(;]~'Vl'lVl)..J"'~'el'lL'l!~~'Vl'l'Vl'elf.J111U b'ULL~:;'Vl c.J'JL'l!~~ Lu'Un1~'Vl "'~'el'l rI'J'lJfjlJ 

"'I1nc.J~n1~'VlC;}~~N1'UlU~ 7 ~'lJ~1 Ld'elf?l~'J"'IVl1 biotin ~'JU% Western blotting ~1lJ1~Cl(;]~'J"'l 

~'lJLtJ~~~~tJn~"''U~1n~i'Ju biotin 1~[;]'J'el£l1'1~dj'UL'l!~~LLf?lmL~~L'l!~i[;]'JL~lJ (lane 2 LL~:; 3) LL[;\UJ~'lJ 

biotin1~L'l!~~~1~Cln~"''U~1n~'JU biotin (lane 1) LL~:;Ld'elv11n1~~ri"'LLunLtJ~~~1~tJ1~'Vli~'JU avidin" 	 . 
"" ... .... ~ II,.., 'i'. I ",.J... II

column 'l!'1 avidin ~1)..J1~Cl"'l'lJntl biotin bC;}'flU'l'lLL"lJ'ILLN ~tJ'J1~1)..J1~Clf?l~'J"'I~'lJ bu~f?l'U'VltJnf?l"''i),~1n''''JU 

biotin vf'l1~[;]'J'el£l1'1~dj'UL'l!~~[;]'JL~lJLL~:;L'l!~~~Clnv111~LLf?lnri'fl'U~c;}'i),~1n~'JtI biotin (lane 4LL~:; 5)
" 

"'I1n c.J~n1~'Vl "'~'el'l r1l'l mh'Jv111~~~{U~1)..J1~Cl~1 [;]'J'el£l1'1LU~~~~ rl1 "'~1"'1~Lij'W surface-exposed
" 

protein L"'8~1LutllJritJ human Factor H LL~'Jv11 co-immunoprecipitation ~'JmL'el~~'lJ'el~~~1L~1:;[;\'el 

Factor H ri'el~~1lJ1V11'1lij"'"lJ'el'lhh~~~Lij~ Factor H-binding protein ~'JU mass spectrometry [;\'elLtJ 

J JII..... ~II'" 'i'.I"'.,J", ,II J, ."1 .. . 
~'eln"'l1n'U "lJn.l:;~r..l'J"'lU b"'L~'eln bu~f?l'W'VllJ~1U'l1~n'el'WVI'W1~'J1Lu~ Factor-H binding protein 

'1I~'1L:('elL~tJLf?l~LtJ~1 L"J!~ LtJ~~~ LenA (L~)..J~'el LfhA Vl1tJ Lsa24) (19) LU~~lJLsa23 (23) LL~:;tU~~~ 
II, 'I J . I'i' II. I 	 .J'III'I · .... "" J

LcpA (24) LL~:;'Vl"'~!l'lJLL~'J'J1~'lJ b~L'l!!lL~u b(;]~ bu~1 serovar Pomona 'Vl."Ii b~n1~'Vl"'~'fltJ'JrI'l!~ "lln.l:;~ 

!l£l1~~~VI~1'1~1 Lij~n1~~~1'1LL~:;~ ri", recombinant protein "lJ'el'lbU~~'Wr1l'lmh'JL~!l11iiLij~~'J'WtJ~:;n'el'lJ" . 

"lJ'el'lt)rlOJi'ULL'el'U~L'"l 'U~'JlJ ritJtu ~~'U~'el1"'1 ~'U~'lJ1VI ~1~Lri ~'1 n 1 ~~{utf LL~:;'Vl C;}~'eltJu ~:;~'VlfiI11~'1I!l'lt)rlOJilJ 

1~t1~ 2 !?I'elLtJ 

19 




iI~.... lt~ .d .J 0 ~'V
~'Jliltl1."1I'Jfi Western blot overlay L'Yi'f)'VI1 Factor H-binding protein 'Vl1il1L'Yi1~"1I'f)\lL"1I'f)L~tlL(;)~'ttl~1 

<V ... , ~ 'I ,Jd'.cII , J ."1 J <V "'" <V,J 'I t-'I 
~1tl'Yit.J~n'f) ~~1"1 ~t.J'Vlt.JI"1'f) Leptospira interrogans serovar Pomona '11-1 Lut.JL"1I'f)(;)'J L(?lmmJ'VlIil~ ~·ht.Jn1~ 

'Vl (?l~'f)tltl~~~'VlfiI11'Yi"1l'f)-1i1"1~t.J L(?lU'YitJ1tJ1lJ ~t..!'VI1~111'J~L'VIlJ1~~lJ~ Factor H {UrlULtl~~'W'lJ'f)-1 L~'f) L~tl 

t(;)~ltln~1tl-w'Wfri'f)L~I"1'f)t.h\l~1 L'Yi1~ 'f)r!1\lhfi(;)1lJ ~111'J~LL~~~1~~1lD1'Wn1~'Vl (?l~'f)\l£i'\liltfq)'VI1 

~ .... "",,J'I t.-"'" <V ,~,0.... '" ~. I ." J tl~ ~tl 
~(?lm~'Yi1~LL'f)t..!(;)U'f)(?l'Vl ~"1IlJn1~liltl'f)tJ1\l ~lJIil1L'Yi1~ Ln(?l cross-reaction nu ~u~(;)t..!"1I'f)\lL"1I'f)L~ ~(;)~ ~ n 

~ ~ 

r.nnn1~~(?l~~1 n surface biotinylation "lJ't)\ltu~~t.J1Jt..!~'J L'1I~~"1l'f)\l L:n'f) L~tJL(;)~lu~1 it..!(;)'f)'W(;]'f)ltllil~ 

tnlJ11llJi'JlJrlu purified Factor H LL~~ co-immunoprecipitation L~'t)LLtlnLtJ~~t..!"1I'f)\lL~'f)L~tlL(;)~'ttl~1~ 
{UrlU Factor H LL~'Jtn'ttl'VI1"11U(?l"lJ'f)-:JLtJ~~'W,~i'JU% mass spectrometry 

'VI1nil~tJM~I"1~hJ~1lJ1~n~t.J'VI1LtJ~~t.J~{1JrlU Factor H "1IUc;J1'V1lJ't~ ~{u't~L~'f)n Factor H­

.J' . I~ ~. I,J"", ,t.- d' .J t.­
binding protein "1I'f)-:JL'lI'f)L~w(;)~ ~un'VllJ~1U\l1t..!n'f)t..!'VIt.J1t.J L-nt..! LenA, LcpA LL~~ Lsa23 lJ1M1-:JLL~~ 

~rl(?lLUt.J recombinant protein L~'f)Iil~tn 'ttJ1lD djt.J~'J'Wtl~~n'f)u"1I'f)-:Ji1"1~t.JLL'f)'W~LIilt.JLLf'l~'Vl (?l~'f)1J 

tl~~~'VlfiI11'Yin1~U'f)-:Jrlt..!t~1"11t..!iw)'Vl (?l~'tl-:J~-:J LUt..!LL~t.J\l1t..!"1l'f)-:JLI"1N m~lj{tl1t..!tI~ 2 (;]'f)'ttJ 

" 
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