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Collectin kidney 1 (CL-Kl) plays an important role in innate immunity 

against Streptococcus pneumoniae infection 
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=i v :7 '.f- ./ l'i, 1'~mP%:. =i 7-!f ./t.if<flffe:JWG .!::'. ;iJ Jv :/ 1/ A~*'l".:J::O).fj;'2,~f&flJ[t~ (Carbohydrate recognition 

domain; CRD) ~~T 0 Y' //-\;7 i{O)$:tWF-z"&i VJ, f'1s:i7'Jf.:.{~Jd_,fc_~~~i;g~r& • t,J~~T 0 El ~~&51-=f .!::'. L 

--C*Q G:fv(v\00 Collectin kidney 1 (CL-1<1) l'i, 20061f.f.:.IRJ!E6.htc.IRJ;J:m0)1'\1Jm~f#--::i=i v:7 '.f-./7; ~ IJ 

-f.:.J,i, T 0 51-=f C"&i 0 (l)o 2::..h ~ -z"O) in vitro l.:.:tolt 01!3f11:7'J 0 G CL-1<1 l'i, al-2 ;f.jlf'8J~~":l/'v( 'Y ./ / - 7' 

~-~Jil.:.rWi v \~fri,rit~ff;-t:. .!::'. ~, itiftJ::m, ~" J::Bz:, mrffitt 2:'.'~~ .!:'. l!il.:.1*-t 0 !tf'1s:1W1~n1.:.M-9--t 0 

tf~{lz:f.:. 38:m L --C v \ 0 :. .!::'. , !l!! 1.:., rfrr. 9=1 rl!l'. f:t¥1 0.34 µg/ml C' &:> VJ , :C-0) rfrr. 9=1Wl!l'. l:t1f.#l~ • 'flj:Jjrjf.:. {txfj".-tt-f\ 

-}EO){,l!i'.C-if;(:E-9 0:. .!::'., v :7 7- ./rini.:.M-9--9 0 MASPs (MBL-associated serine proteases) .!::'. tll.EL. fpffl 

T 0 =..!::'.ft 2:'.'IJ'>~ G7'J>f.:.ft0--Cv\0(2, 3lo :..n~ C'f'ilb~.:t-7';v;J'>fj".;(:E Lft7'J>0 kk/56, in vivo -z"O) CL-1<1 

O),lt{Ljs:~JJ1~ni.:.M-t 01ilf1Ef:tftv \o :C- =. C' CL-1<1 O){i{;.1s: v~;v-z"O)j:~~l§~~t~T 0 §l ~"JC', CL-1<1 knock out 

(KO) 'Y rJ A ~fpf& L, ~$~J:J<m~ fflv \-c ,lt{;.1s:!W1~f.:.M-t 0t~il-J~it0 ko 

1) Recombinant human CL-1<1 (rhCL-1<1) 

!:::: }- CL-1<1~P;'!E38~T0 CHO *-aI~eH*~, 7 ~ fFl~~rtrr.z~:f:it:f:iliC'tit.!JH&, :f:it~J::z~~ 5 mM Ca2+1f;(:ETC

mannan-agarose .!::'.Bf.fit~ 1±-, 0.1 M mannose/TBSC I.:. J:: VJ 1$/±l ~:ft\;\ rhCL-1<1 ~~1lW L tc. 0 Man nose f'i{~ 

Jtlll!l:!W, PD-10 Desalting Column ~fljffl L--C~~ Lfc.o 

2J 1~x!t~ 

Streptococcus pneumoniae (~$ ~f:J<!ii) D39 :l*l:t$rfrr. ?{jz~:;RIJZ;j:)R:f:if :f:-[11, C':f:if .j!€ L, ff,11\~~ ffi v \ --C BH I tif:f:-[11, f.:. 

@]q)( L tc.a Escherichia coli (.:k~~m) ATCC 25922 ttl:t LB :f:if:f:-[11, C-~%~ L tc.a 1~,9;,lt~ l:tr,M!.1:E!l!:f&, 0.1 % BSA/PBS 
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:3:: ffl \; \-C1)t~ L, )t;'± L kt 0) :3::-80°C-c"f:Ji~f¥ L tea Zymosan A Id: ThermoFisher Scientific tfa'p G~'lil'A L 

te t 0) :3:: 0.1 % BSA/PBS f-:::\11-~zjij L -C {9:i:ffl L tea 

3) CL-1<1 O);j§-fl1WJ:1:il&J C'. O){f,j±,'iff~ii 

1:::: r lfrlrl!J'~ teld: rhCL-1<1 :3::'1§-fi'.1~J:1:il&J C'. &_J;t,:f&-_, ELISA~ pull-down assay(-::: J: VJ, CL-1<1 C'. 1~J:1:il&J C'. O){f,j±,' 

if :3::1i'f.fi.B L tea {f,j±,'ifld: rabbit anti-human CL-1<1 polyclonal antibody (pAb) -Ct~t±l L tea {f,j±,'if~_[ i1-ft~iili{f,j±,' 

if&_f,t,{f!Z{-::: EDTA, mannose, Poly (A), Poly (I) :3::~.tm L -C1T0 ka 

4) Phagocytosis assay 

FITC t~~l!J(]$*I:tii'i fc{i:;k:]!ijij :3:: rhCL-1<1 C'. &_f,t,:ff,? r/ ;A.1*if;l<~ 3R;{(:SJB§ (J774A.1)' C'. :flf~ L tea Trypan 

blue 7l!J!j!{-::: J: tr) ' iraJB§Y'J-o)mJ't :3:: )' :r. /T / ;l L tdf' *-aJB§P'J O)jti::Ji:3::IjZ:t>Jm7'C5$t\E (MFI) -C'?J!UJ:E 

Lteo 

5) ? r/ A 

CL-1<1 l<O? r/ ;A.fd: CL-1<1 !;! J Aj!lj[l,)iljO) exon 2 {-:::neomycin resistant gene :3::tifiA Ltel,J-!;! '/ ],.r-:::7 l,J

:3::fp~ L, ti:JIRJk!lJj/,;{_(-:::J:V) l<O?r/;A.:3::{'p~lJ~a CL-l<ll<O?r/;A.{J:, PCR, southernblot, RT-PCR, 

western blot -Cl;! J A, mRNA, l,J //.C:.-)' v.r<1v-C1i'i.fi.B:3:1T0 t~a 

6) ? r/ ;A. lfrl~~:3:: ffl v \ te C3 deposition assay 

B$*f.:l<:ii'i teld: Zymosan A :3:: wild type (WT) ? r/ A, CL-1<1 l<O 7 r/ A O)Jfo}fll' C: &_[it, L, rabbit anti-C3c 

pAb -ct<mf*M·l:lf{U-::::t-01t 01'm{Ljs:IZJ-T C3 O)iX~:3::1i'f.~,:g L tea 

7) 1:::: r lfrlr~ :3:: ffl v \ te C3 deposition assay 

Blil*f.:l<:ii C: rhCL-1<1 :3::&.T-tlJ~1f, ~ Gl-:::t<mf**O)rfl~{(:HiM·l:lffl:::IZl-T lgG C: v!J'T/{(:IIEfrM•l:lffi:::!Zl-T 

Ficolin :8::[l#;~ L te 1:::: r lfrlr~ C'. &_[,t,-9 0 :=. C:{-::: J: VJ CL-1<1 {j:(ff'.l§~f~ C3 iX~ :8::1i'f.~~ L tea C3 deposition 0) 

t~t±lfd: 6) ~ [Rj~0)::1Jrt-C1T0 tea 

~ ?r/;A.~O)·*~ijO)~·)J~~~maO)~~&V~tf·~~~-

WT, CL-1<11<0?r/;A.:3::);f,j(j!lj"!ft1f, B$*I:tij:3::{(:I419'.~Ltea ~~ij*j(O)~J:EO)te<lb, B$*f;)<§o)$~~* 

:)ilj :3::{'fflX: L WT 7 r/ ;A. f-:::i*{l L -C~f![:JiO)t~~:3::1T0 tea 1x107 CFU 0)]$v~J;J<ij~~1f, 10 13 Feii, 7 

r/ ;A.O)~tf:3::1i'f.fi,J,i!, Ltea (WT= ::i""";A. 11 [21.;, 7 ;A. 22 [21.;; CL-1<1 l<O= ::i""";A. 9 [21.;, 7 ;A. 11 [21.;) 

9) ~~~0)-0)§-~J:E&V~m~~--

1x106 CFU O)]$*ftii~~ 48 aifFeii1&, 7 r/ ;A.]rj]O);t>-=E--/ :t- l, :3:: f~~%\':ffr~R L, $1frli.f!Z~:;RijZt:&:t#:tlli-C' 

:t#~:3::1Tv \, ~~1f 0)]$0)ii*>c:3::?J!UJ:E L tea [R]aiff-:::]$*f*ii~~M1f O)? r/ A O){Ljs:m:3::?J!UJ:E L, {Ljs:m 

¥£~ :3:: J:t~ L tea 

10) ~~1f O)B$0)frffll!"Fs~~~-ttr 

lx 104 CFU 0)]$*f;j<ij~~ 48 a~Feiii&, 7 r/ ;A.]$0) H&E ~5:3:::ffv\, *:ij£0)f£t\E:3::~'JZ{Oli Ltea *:fiEIJ:Feii 

W*, B$BE1.*, 7J<mlL 1frl 'f P'l&:*, ~'f-:Z*, lfrlt.£:%PX:, B~~*O) ?JJHl :3::1ii.fi.B L, ~'!Z{Olild: O= absent; 

1= mild; 2= moderate; 3= severe ~ L -C~'!Z{Oli L tea 

11) :~A5t{(t!l~'i&fl:::"¥:~5 

lx 106 CFU 0)]$*J:j(ij~~ 6, 24 aifFdHf, 7 r/ ;A.]$:3:: anti-CL-1<1 pAb ~ anti-5. pneumoniae pAb, anti-C3c 

pAb ~ anti-5. pneumoniae pAb O)tJli'lit-c'~e L, ::Jt~.l'i\.!IllJii~'.HJ'i-z"f!ifilk O)}J:D:(:E~::JtfiD:(:Ef-:::":Jv\-CiilJ!• L 
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12) In vivo 1t~t~1M· 

1 x 106 CFU (J) B$*:r;J<JiiJ®~ 6 aif FFl,f&, 717 7. B$ :a: anti-5. pneumoniae pAb 'C'~-@. L tea B$*:r.!/<Jii :a::1t-tt 

Ltdlllnfil:a: 100 {jjlij0J:it1Jl.~ L, 1t~¥1Bnfililbtc VJ (J)1jZ:t~n$0H;!<Jii~:a:1l-ttt~~ (Phagocyticindex) ~ L-C 

~f{iffi Lfco 

13) Mc~+fqHJT 

Student's t test~ log-rank test (1:;ff$J::I::~) 'C'ff 0 fco p < 0.05 :a:*Jc~+"lts'-.H;:ifJ,ll:ft~ ~ L fco 

1) CL-1<1 l<O 7 17 7. 

CL-1<1l<O7r:77.--c''::t CL-1<1 (J) mRNA ~,:; ~/~:)j{(J)Jfim1::t~tit:,2:~1Jt7'.P0fco ;tk, WT 7 r:7 7. ~ J::I::~ 

L, CL-1<11<0 7 r:7 7. --z:1::tn$(J)~Bll!s"J;'.J>":l*U1il:"Jts"Jft~~l::t~tit:,2::MJt7'.r>0fco 

2) B$~r.!/<JiiJ®~~.~ 

WT 7 r:7 7. :a::fiJJtl L tcJ®~]ii;)c#:;/E'TfJl!Jt~jf'.f(J)~*' 1x107 CFU J®~7 r:7 7. (J),'t;(f$7]> 30 %:a::ff; L fc k 

'd>, B$*:r.!/<Jii lx107 CFU :a:1:#$J;i::,~(J)1*f.i]ii;)cl;:#:;JELfco J®~:f&1:;(f$(J)it1Jl.~'C'l::t, :;t-7. CL-1<11<0 

7 17 7. ld:J®~ 2 13 § ;'.J> G :JEL: L, 3'o-C <7)717 7. ;'.J>J®~ 5 13 l:kJ l;::JEL: L fc0 WT 717 7. l::tJ®~ 2 13 § 7J> G 

:JEL: Lfc;'.J', ~R:ts"JI;: 20 %<7)7 r:7 7.7J'1:if Ltco ) 7- <7)717 7. 'C'b IRJ1*ft~5f!:;'.Jqtit:-2:h, 3'o1*-z'l::t 

CL-1<1l<O717 7.ld: WT 7177.J::VJ1:#$;'.J\ifJ,ll:f;:fJtT Ltc (p = 0.0012)0 1x106 CFU (J)B$*:r.!/<MJ®~1& 

(/)'"? 17 7. (J)B$(J)B$*:r.!/<M~~1*11!3tl!Jl;:OO-t 0t~J'l1--z:1::t, cL-1<1 1<0 7 r:7 7. (J)B$--z:m.~~:f&(J)B$*:rJJ<M;3c 

7J>1fJ.ll:l;:~7J>0 fco (p < O.OOS)o ;t tc, CL-1<1 l<O 7 r:7 7. 'C'l::t1'JJ.li':ft{*]!{~p7J'>it1Jl.~ 2: htc (p < O.OS)o 5?, 

EU£Lm;{t:;"jt~-@,f;: J:: VJ J®~1&0)7 r:7 7.n$:a:: 2: G 1;:11$ L < t:fii'l1 L tc~*' WT 717 7.B$-z'f::tJ®~ 6 aifrFl,1& 

(;::: CL-1<1 O)}i7J';J:l"!/JO L, 24 aiJFFt,f&;t--Z:*-lf'f 2: h-Cv \fco ;t tc, n$*:ftJii 0)~-@,~*' WT 7 r:7 7.n$--Z:l::t 

J®~ 2HifFFl,f&, 6 aifrFI, ~ J::l::A:B$*:r;]<Jij(J){~p7JqtiN 2: ntc?J\, CL-1<1 l<O 717 7.B$--Z:l::t{~p1:utiN 2:h 

ft7J>0 tea 1x104 CFU (J)B$~r.!/<JiiJ®~:f&(J)B$(J)*:;iil:'. :a::~w.N L tc~*' CL-1<11<0 7 r:7 7. 'C'l::t WT 717 7. J:: 

VJ 1fJ.ll:l;:!l!~ft*:1il:'.7Jqtit:-2:htc (p<O.OOS)o if-J.f;:FFl,J{, B$nfil, Ifn.~l:kJE(, ~~Y:-z'ifJ.ll:f;:!l!~ft~;iil:'. 

7J\itlJl,~ 2: hfco 

3) CL-1<1 ~ n$*:f-J<Jij ~ (J)~{ft~i'.f 

Ifn.rp CL-1<1, rhCL-1<1 ~ti;:, .l;{li(ff:S"Jl;:n$*:ftJii~~ifL, 1:J'J!l.i'!"Jft{INO) CL-1<1 -z't~ifl::t~tit:-c·~ 

tco ;tk, CL-1<1 (J)B$*:r.!/<Jij~o)~{f'::t EDTA ~ mannose 'C'~£L~2:nk:.~7'.J,GfJ;v~r:7A{li(ff:S"Jft 

CRD :a:1rLk~if7'.Jt~·;:tG;h,fco fRjaiff;: Poly (A) --z:t~if;'.J'~£l~2:nk:. ~7J>G1i1'ilf{ts:1'fs"Jft~ift 

it1Jl.~2:hko 

4) CL-1<1 I;: J:: 0 ;fffi{:;f$·11:{1::;~~t~J'l~· 

rhCL-1<1 m/Jo I;: J:: VJ B$*:r5JZ]ij J: (J) C3 deposition n>±l"!/JO L tea 'i. tc, 7 r:7 7. Jfnjf'f :a: Jtl v \ tc C3 deposition 

assay 'C'l::t CL-1<1l<O7r:77.Ifn.1f'r(J) C3 deposition?]\ WT 7177.Ifn.1F'rJ::VJ1fJ.ll:l;:fJt;'.J>0fc (p < O.OS)o 
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5) CL-Kl I.: J:: 0 j!f:@<:~~O)t~fi 

rhCL-Kl klJJfJH.: J:: VJ -Yr/ 7' ~:f:J(S=J *¥!1lflfilO)]\:ij~if jj:jt(:J.:t~J:JQ L fd', iRJ :'zl1:@0) fl$:0<:£:J(i['C'l:l.:jj::@<:f:l.:t!'i/J:JQ 

L t~li· 0 f:::..o ~jj, in vivo l.:::J:;Ht 0 jj:jtf~fi'C'l:l.:fl$(.:;f3 ft 0 jj:1Jt*!llflfil ~ k VJ 0)3jZt):]fl$:0<:£:Rif't)cl:t, CL

Kl KO-Yr/ 7' f:l.: WT-Yr/ 7' J:: VJ fgli>ci t:::..o 

::::t v :7 T /CL-Kl l:l.:, }IJ.::toft 0 CL-Kl Yt.~JJ'E0);6Jijl_,(.: J:: VJ, ~Jl:E§]~O)·Fj·ti~'M~~~O)*J'lg~'Ml.:~~ 

-9 0.:. ~ li'¥aE ~ tt-c v \ 0 li', ::::i v :7 7- /1J'~~)ta"Jt.:~-9 0 ,J:t{'1s:ll1J1&Pt.: ~-9 0~flgl:l.::f~'C'i!i:J 0 t:::..o ;ifs:iiJf 

:fe'C'l:l.:, CL-Kl KO 'Yr/ A {lp~~fiv \, 'Yr/ 7'{i{'1s:l.::toft 0fl$0U:Rif~~(.:)l:t-9 0 CL-Kl O)~fjg~t~ai L' 

{i{;js: vr:::.1H:::to ft 0 CL-Kl O)ij$:0<f:J(i[t.:)l:t-9 0~~1l1J1ffiPt!flg~;f<J:Jbi:J-C ~ G li>l.: L t:::..o ~ Gt.:, in vitro O)j~ 

[lit.: J:: VJ, CL-Kl ~ fl$:0<f;J<i[ ~ O)i\:jlji}1*A:~~t~ L, CL-Kl O)jll!J{;js:7M~·r1{1:::1.: J:: 0fl$:0<f;j<i[O)ilF~~7 1J .::::;z:.' 

A~~ Gn>l.: Lt:::..o 

CL-Kl (:l.:, {filO),/:tf;js:BJ51ffiP v :7 T /(.':J::i::t.X'. L -c lfiLi&'P 'C'f:l.:frrzl$t'C'f¥tET 0 n', Jlf P&:ff~~tE ~!Ea=- -tR$:0< 

f:}(i[(.:)l:;J- L -C~~BJ51&Pl!flg~t115 ;::_ ~ ~~ Gn•(.: Lt:::..o ;:_ O){fi!f!f':l:l.:, CL-Kl n', {i{'1s: vr:::.1v'C'O),/:tf;js:[lJJ{il'Pl.: 

:J;01.."-c:m;~t~~t1J~t115 PJflg·l1:~~M~T0o 
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Collectin kidney 1 (CL-Kl) plays an important role in innate immunity against 
Streptococcus pneumonjae infection 

Oi~JT ;f;J?, :::r v:'.77 / CL-K 1 I'±, 71/ .A !C:t3 vt 0B$ *ft ii~~ ICM L -Cl$1&P !§":)(Ct~~~ T 0) 

:::r v:'.77/l'±{Lfs: ff'] !c{~ A Lt;:.•~ ~WITT&· 131: ~ T 0 El ?'~:IB ~ 71-T ~ L -C *Q Gh -Cv \00 
.:CO)- --JC'c!b0 Collectin kidney 1 (CL-Kl) I'±, a 1-2 m if~~ --JF,-{7/ /~.A~~ 

~Ji (C~ :to '1'1: ~~ "':):::.~' ~ ~ J:: Ez ft~,, 0). ~(CI[ tcm T 0 if~ {ft (c36 m L -Cv \0:::. ~' mi 
9 11 it 1'± £F. ~ • 1r1: J31J tc * 1¥ it -r ic - !EC' c!b 0:::. ~, :fm i* 13- t1: ft: 0) v :7 7 / ~ ~ (c ~ -EJ. 
T 0 MASPs ~;f§ 1i ff ffl T 0:::.~ T!~ jn vitro 0)1i}f J'e !CJ:: !J l3Ji G7p~ft0 "(v\0o ;2js:1i}f J'e C'l'i, 
CL-Kl 0) jn vfro C'O)t~ ~~ ~~~tlf T 0 t;:.60 tC CL-Kl /-;;:7771-- (KO) 71/ .A~fp AA L, 
B$ *ft m ~ ffl v\t;:.1:. {Lfs: 1$ i&n (C ~ T 0~ ~1 ~.:C-O)t~ ff tC ~ T 0~ ~1 ~~:nm Lt;:.o 
${ft$ ~#~GI'±, CL-Kl KO 7r/7'(CB$*ftil~~~2:it0~ KO 7r/.A0)1:.1'f*T,J~ 
~ # tCfE; TT 0::.~~~1.~'Jt{Lfs: :m ~ y T!~d}. Gh0:::.~~13Ji G7.r- (C Lt;:.o 2: G (C, B$ (C;to vt 0 
B$ * f;:j< ii *5: f'i, !If 1:. ~ 7 r/ .AC' I'±~ Y T 0 T!~ KO 7 r/ .AC' I'± ~ijG Y L ft v \:::. ~, KO 7 r/ .AC' 
l'±B$ F~i i!t, B$ H?L mi~ ff'] Bz, ~ ~ )( C'~ # tc]i ~ft* ffE T!~M ~ 2:h0:::.~~13Ji G7.r-tc L 
t;:.o 

jn vjtro O)~~tJTC'I'±, CL-Kl T!~Br!J*ftil !cmif-90:::.~~' .:C-O)mifi*J:\:~L-C7J;v~ 
r/ A{:tR ff s"J tC*f ~Ji~£ ITT& ~l JJ:i)Z ~:fr T 0t0)~m~{:tR1¥ s"J ftt 0) T!~ c!b0:::. ~ l3Ji G;1J> tC L t;:.o j: 

tc, CL- K 1 IC J:: !J *m {Lfs: AA 71 C' c!b 0 C 3 0) B$ * ft ii ~ 0) tt 31 7.JH~ 7JO T 0:::. ~, KO 7 r/ .A 0) 
mi ~# ic J:: 0 c 3 rx 311'± ;y 1:. ~ y 7 A 0) mi r# 0) .:c- tL J:: 1J ~ # ic 1g; "\:::. ~ , 2: G (c, * n~ m ~ 
CL-Kl C'5111:1T0:::.~ !CJ:: !J' 'Yr/ A. ft Iii* *-SJ H§ 0) * B~ m !CM T 01l1<: m ·r1: ;6~t~ 5~ ~ 
;h,0 TJ~' B$ *ft m (C:x;J T 0 CL-K 1 5111:11'±7 r/ A. ft Iii **-SJ H§ 0)-ffe: 1<: m 1r1: (C~ ~ ~l:j. 
;:Z__ftv\:=.~~13A G;1J>(CLtco 

12" -1J::1J, cL-K1 ;:Jqm fLfs: *~I! 1r1: 11::: -r 0:::.~ tcJ:: 1J nrJJ *ft m tcM -r 01$ i&n ~ ~~ ~36 w 
T 0:::.~ T!~~ ~htco :::. O)m *I'±, CL-Kl ;:Jq[ifil {Lfs: t-n~;v'C'1:. {Lfs: 1$ i&P tc:m ~ ft15t ~1J ~ti! 0 

-c v \ 0 ~ ~~ 1r1: ~ ~ P~ T 0 t 0) C' c!b !J , El 1.~ :IB ~ 1~ i'R ~ 1:1 ~~ -9 0 J:: C' Ji ~ ft ~ri Jl ~ -EJ. *-0 
bO)C'c!b0o 



19-- ~ J!!l fC J: Q '.ilt fb~ fC t ~"J :pt ft@! :7g: ;OLf~ G t1' ~ f~ 57- !If fC MT Q ~Q ~ ~ Jl ~Vi t:W ± fC 
~~;b L v 1 t 0)-c'db VJ, ${:\l: filfl )( fcf~ T 0l:'¥1JWfv 1 t::. L :lLt::.o 


