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ChaR Cba receptor

CRP C-reactive protein

EDC 1-ethyl-3-(3 dimethylaminopropyl) carbodiimide
EDTA ethylenediaminetetraacetic acid

GST glutathione S-transferase

GVB gelatin veronal buffer

HMGB1 High mobility group box 1 protein

IL Interleukin

IPTG isopropyl-p-D-thiogalactopyrano-side
LPS lipopolysaccharide

MAC membrane attack complex

NHS N-hydroxysulfosuccinimide

PBS phosphate buffered saline

PM SF phenylmethanesul phonylfluoride
SAP serum amyloid P

SPR surface plasmon resonance

TNF-a tumor necrosis factor-a
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HEFO] = (pro-inflammatory peptide)Q! C5a &2 EAA E4 &8 )
ke Witk g dZFo A S8 Chas A A EEHE TNF-a8t 2

AGFA AR BulE s 7RI gu) A LRI

T AAES wHlE WA TFTl o7 B AEe Wk
50 o) #gg @k ol2x s ZtE HAd BHE 29y

e e

=

e M-S STl "ok i @SolA ol &
AIZE el 2Rl = AASAE Aol E7RD S skl UL (interleukin)-
6 C5aR (Cha receptor)e] HHES F7FAIA Coaoll <fgt thedst
Z|#HE9 g3 EAdS F7FAIZIY T3 IL-6 C-reactive protein
(CRP) wi7lg BAE st Ao ZM® HPFA & e 7]5S
st Zo® Bt HAA EAEN HFTd #doHE HdASA
AtolEZEQIFE] o] gt HAAFL HEF A oA e FEoRE
AEE= I El HMGB1d] A o 7S AlAbelF7] = dhot

HMGB12 7o W& JF A el EAste 3 dwdoln,

r
.

DNA2] minor grooved] A3 dlo] AAE At gidz A4 A
AT HMGB1S 214 olm=Ato R o]Folx]  glow DNASH
S AgE= A box, B box 18]i A4S = C-temind tal®

Atk & ol EA413E HMGB1S LPS (lipopolysaccaride) 2}

o]
2 WEA (endotoxin)oll  ofaf  ZAdstE A A|EEC] o EfA

olf
oift
2
O
it
M

H H ALY A Z3 A} (necrosis)?} Lol Aol o] &) A
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sAoR FHETh TNFoft #Zo] A= Fo wE AZF e
5=

o] %o 2l MERFE EH|EH = late mediatoro]th. 1] ¥ HMGB1

f
jus}
e

o2 Al E7RI T @8] HMGBL1S A4 - oF 6~12 A7t

Abgk e AlE (monocyte) ZH-E] TNF-a, IL-1R, IL-6, IL-83 #&
AASA AlolEFIelo] @A S ATt Al Ay A (epitheial
cdl)ZHE AE FZEA (adhesion molecule)e] BES F7pA7ITH®E

¥ S HMGBLS T34 (chemotaxis)®] & 3dhe] W AWHEo|

wAel wnAA ZH= (cdassica complement pathway):= U
¢12413k 3kl EgA  (antigen-antibody complex)E 1218t FHA)
HoJEA 07 CRPSE e whildS Q1A sk A2 ##1<l, Clgel
°ojsix &3t "ok Cc1 HFAS &Adstel o8| Cas Cabs
anaphylatoxing! Cdaz 3= v, Cibe Z X 2o AFgsozn vt
A 5o &A4stE olEnh olo] WA &4 AR Host=
C2,356,7,89° A4 2H&ol o HAAME FH HeAE
(membrane attack complex, MAC)Z A dlo] A= Yo zn %

Adds deEbdt A o3 BAY BHS FHade A
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FEAZIE S Vlee s Ao deAd AN, o AW
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gdel AA 242l Clgeh HMGB1Ze] ZAjt ol -9 Adfel ot
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oI A=z 2 Ag 34

1. 224
Abg HMGB12 N-Ztel oAl 7Ho] histidine®t o]of A 7]¢]
glycines codingst= xS 271 971 98kl PCR primer &

A2t Primer 1A AEe o3 Zroh 5-CG GAATTC
EcoRI
CATCATCATCATCATCAT GGTGGTGGT ATGGGCAAAGGAGATCCTA
Hiss Glys
AG-3’ (&), 5-CCG CTCGAG TTATTCATCATCATCATCTTCTTCTTC-3
Xhol

(F). e85 A4 &2 500 nge] HMGB19] 97|17} pRSETB &

g 295l ¢l Z2k24n= DNA,Z 10 mM dNTP (Takara, Shiga,
Japan), 1 U2] Phusion DNA polymerase (Finnzymes OY, Espoo, Finland),
primeS 20 pmol® ¥o] thermal cycleol] ¥HEA|FH oW, HEE A
Z71& 95T 30%, 60C 30%, 72T 1#& St cycdez slo] o] 30 ¥

HHESLeIth WES-S vl PCR AHES 1% agarose gelolAl 717196

2 5 gl pGEX-4T-1 #d ®E (Pharmacia, Uppsala, Sweden)E 20
U9 EcoRl (New England Biolabs, Ipswich, MA, USA)3} Xhol (NEB)3}
e F A 3T % weAA Austglon, we AHES PCR

purification kit (Qiagen)S AF8-3ke] =573k DNA THS AQlth. gAld
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DNA+= & Wy @ PCR 4HE9] & H|& (molar ratio)e] 1:1,1:3,1:
57} =% 3}lo] 10 U2 T4 DNA ligase (NEB)E AF-&3le] 16T ol A
a7 WF W2 A]A ligationS dFATE 20 x09] ligation WHE AME 3 10

w WHS F3}e] E. coli DH5a (Real Biotech Corp., Taipei, Taiwan)©l
&)

< mini prep kit (Qiagen)S AFg3le] EEtAv|E=E FE3SL
F24Y0o] HA=A oJFE= ATFEA EcoRIF Xholoz  Hekslo
golstgla, F29 3 F

GST-Hiss-Gly-HMGB1e] il o] AAdS 9Jgk DNA  constructE

A2t g .
2. Az wude wEF g4 o ¥ L UF WIS 59

b Az wede wAs §54 o g
29 % DNAT E. coli BL21(DES) pLysE (Invitrogen, Carlsbad, CA,
USA)St L& flollA 30 3 WHgAIX 5, 42Tl 4 90 = &<t heat

shockS- s+ t}. Heat shock ©]

=
e
dlo
Ho
2,
>,
[EY
ME
)
(L
olo
>,
Ny
ol
w
S
S

we LBE ¥i 37ColA 45 3+ EEo] w|dsidrh °]& 100


http://www.skypdf.com

pg/mé ampicillinZ} 34 pg/ml  chloramphenicolo]  #7F=o] 9= LB
platec] =3k § 37Tl A 87 W g8}

T /el colony= AT H7EE o] 9= 10 mé LB HiA|e Zp2t
&3] ODeo’} 0.47HA] WS %, 1 mM IPTG (isopropyl- (3 -D-

thiogalactopyrano-side) = 37ColA 4 Al = 20ToA 6 A|3F

—

5ol Wdste] E coli W] @A AAES FEsAT w=E 4
2o W F 100 w= w2 FHI A4 283l cdl
pellet> 2X sample buffer [24 mM Tris-HCl pH 6.8, 20 % glycerol, 0.8%
sodium dodecyl sulfate (SDS), 576 mM 2-mercaptoethanol, 0.04 %
bromophenol blugl& ¥l 5 &3t <1 ¥, western blottingell AF-8-3} 31t

=g 7t 270 g 14 Reste] cdl paleo® A T,
Ao A 600 we] &3] W3 [1X bugbuster (Novagen, Madison, WI,
USA), 1 mM PMSF (phenylmethanesulphonylfluoride), 0.1% triton X-100, 1X

1

benzonase nuclease (Novagen) in PBS, pH 80|12 Yi. &3] Al7|&

B

&

rlo
(o,
>,

H=

ol

freezing-thawing "S- AF&3lQiTh o€ A 2 A

o

@718 Tl ATAY ek cdl pdlec® skl 77t

western blottingS 913+ A5 A 233t
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A= 5 L wiAol wj et § =3 (harvest)st 3l o™ ol & &A1 A

AEZ &3l=S A} ol 94 BY7IE S AT s FHsh
GST column (Bioprogen, Seoul, Korea)oll Z3tA|Zt}. Columnol] ZA3HE
GST-Hiss-Gly-HMGB1E= 30 U9  thrombing  AF-olA 35

S A1 A glutathione Stransferase (GST)E A1 713+ Hiss-Glys-HMGB1S
At o= Ni*-NTA Z3 #3 (50 mM NaH,PO, 300 mM NaCl, 5
mM imidazole, pH 8.0)% FA13F 5 Ni*-NTA resin (Novagen)¥} 4 ]| A]
2 AIZF kg Z T AdE 99 E S 150 mM imidazoleo] H7hE Ad
o2 &Y (eution) s3lal, olFHA AAE SES PBSE FAT
T ARE AT

HMGB1¢] A} B box ©uide] @ 3l A= HMGB1] At B
boxe] €717} pRSETB &l HEle] 2o 3= FTAvEE
A3 TEZ N- o] of 41 7l 9] histidines 7H4 & HMGB19] Ast B
boxo] a2 91 HMGB1¥# #2 WO = E. coli BL21(DE3) pLysE
(Invitrogen)= Ah&ste] e Hiekstel 05 mMe IPTG= 20T el A

]_

ol
-{m
)

gosek wgdoms E coli ) wud A4S FEagith

&
=

o}
tel

3+
ol

il

E3lo] AL cdl pdlet> freezing-thawing 2

4

o]

ofo
ol
ofo

al 2 Ni*-NTA resin 2% w3 [1 X bugbuster (Novagen),
50 mM NaH,PO,, 300 mM NaCl, 10 mM imidazole, 1% triton X-100, 5%
glycerol, 1 mM PMSF, 1X benzonase nuclease (Novagen), pH 8.0]¢l

10
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EA F, A4 ZEVIE Fste] AT v FHSEITE NiP-NTA
resin (Novagen)= Bt 2o} &3l § L2 st A5 HT 4TA g AIZE
o HESAIA resine] oA 79 higtidinee] ¢ HMGB1 At B box
gl Agks =53tk Resinoll ZAed ©id 2 A1z w3 [50
mM NaH,PO,, 300 mM NaCl, 30 mM imidazole, 1% triton X-100, 5% glycerol,
1 mM PMSF, pH 80]2 WH5 A% % 300 mM imidazoleo] F7Fd Al
W2 &2 (dution)stHa, o|HA AHAH dwAde pBSE FA%

F Abgstsieh

t}. Western blot analysis

AxF wude] wa, g4 g BE 20 wel BBl 5

2] 5X sample buffas €& ¥ 5 B3t #o] A58 3t o=
12% SDS-PAGE gel & ]85l whild #-2] 3 nitrocellulose membrane

(Amersham Biosciences, Piscataway, NJ)° 80 V ©lA] 2 A|7F F<et
transferd} ATl o= 5% skim milk7} 7} o] 9li= PBSTol Aol A]
3k A]7F 59t blocking 3131t} PBSTE 0.1% Tween 20 (USB, Cleveland,
Ohio, USA)o] #H7tel PBSE AF&3lSlth ©] % anti-HMGB1 34|
(Abcam, Cambridge, UK)Z blocking £9o] 1:30000.2 3]43}¢]
geol Al g AlZE WEEAIFATE o= PBSTZ 10 &7t 3 WA A &
blocking & <¢] 1:10,000°.% 3]4] 3t HRP-conjugated anti-rabbit IgGAM

11
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(Sigma-Aldrich, St Louis, MO, USA) & oA g AJZF vE-EA T}
= PBST=Z A ¥ A% % ECL (Lab frontier, Seoul, Korea)E

o].:

o

x2

]_

Oft

&

i
i\t

a3} 231,:_

Q3 H (ELISA)

7}.  Direct binding assay
ELISA plate (Corning costar, Corning, NY, USA)°l 10 xg/mle] Clq
PBS (90 mM NaHPO,, 21.8 mM
=

(Sigma) E+ 3 ug/mle] HMGB1E:
NaH,PO,, 10 mM NaCl, pH 7.4)ell 32413} 100 pliwell2 4T oA & F
Plates PBS= Al ¥ A& ¥, 3% bovine
= PBSE 200 uliwelZ 4204 2

serum abumin (BSA; Sigma)e] U+
d3-AA blockingst$lth. ©] %, HMGBL E& ClgE 2%
)= PBS)dl| ax}H o=

AlZE &b wkE

£ (1% BSA9 0.15 mM CaCl,7} E3t=o] ¢

Z2 4T oA stF W ukSA]Z T Anti-
anti-human C1q (Dako, Glostrup,

%NS AA R AAAT

=)

Aate] AEolA 2 AL

human HMGB1 (Abcam)< 1:1500, =+

Denmark)= 1:10002. = blocking &<4ol 3]43}e] 100 wliwel I
0.05%<] Tween 20 (USB)o] #H7}x] o]

ot

oAl 1 A A7 $
IgGAM

e
9l= PBS (PBST)&

A -
N7

HRP-conjugated anti-rabbit
o] PBSTE A%

ZoF Hk-2-A]7]22 OD 450 nm

5 TMB

A # 8faL
(Sigma)e ol 1 uk S A AT}
A=

(KPL, Gaithersburg, MD, USA)= 15
12
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el FHEE S,

t}. Complement activation assay

Microtiter plates (Polysorb; Nunc, Roskilde, Denmark)ell 65C 20 +
FoF M AA A& 5 pe/ml = 10 pg/mé aggregated 1gG (Sigma), 10
rg/ml HMGB1 (R&D systems Inc., Minneapolis, MN, USA) =< E. coli
oA A& A3 HMGBL TS 75 mM carbonate-bicarbonate ™ ¥
(pH 9.6)° 3215t 100 pliwell= 4C 3FF ®F 9FSA|A F2Hakqit),
o]+ PBS (137 mM NaCl, 2.68 mM KCI, 10 mM Na,HPO,, 1.76 mM KH,PO,,
pH 7.4= A W AZ 3} Th Blockings 1% BSA (Sigma)7} #71e
PBSE 200 pliwell= A-2ollx 2 AZF Ftb whEAZTh A4 Abs
gl A & dFdL ZaEd viadgel H7bHe A= gdatin
veronal buffered saline (GVB* W] ¥; Sigma) = =x}%4 0. & 3]4]3}o] Cdb
depositions ®.7] 9]a] 100 pl/welZ 37Co] 20 # = C5b9
depositionS H.7] 93] 45 & &<k WESAIZ F, AUFE AlE 8
(50 mM Tris, 150 mM NaCl, 0.1% Tween 20, pH 7.5)% A2 3to =X
gAol WhS FEAXTE o= anti-C4c (Dako)Z 1:1000 B+ anti-
C5b-9 (Quidel, San Diego, CA, USA)S 1:1000°.2 blocking & 4o
5] ste] 100 wiwell= H7FgE $ 37Co] 1 A|ZF &b vhAIZATH
ojo] AlF %, anti-Cacell tigh o] x} 34121 HRP-conjugated anti-rabbit 1g

13
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GAM (Sigma) %=+ anti-C5b-90l] gt o]z} &]<] HRP-conjugated anti-
mouse IgGAM (Sigma)S- oA 1 A|7F vkSAJ AT o] TMB=Z 15

B WEA F 0Dl A 1 FYEE FRAAT

[-‘_{

4. B9 ZH=RE FHY (surface plasmon resonance assay)

HMGB1¥ HMGB1¢] 7} Ew¢l(domain) A % B box iz z}
Clge] A3 A%+ BlAcore 2000 (BIACORE, Uppsala, Sweden)<
ALg3te] A8t CM5 chip W] 3 711¢] flow-celst 0.2 M 1-ethyl-
3-(3 dimethylaminopropyl) carbodiimide (EDC)2} 005 M N-
hydroxysulfosuccinimide (NHS)Z A sAH a1, Asd 7 cdldl
A %% human HMGB1 (R&D systems), HMGB12] A box$} B boxE pH7}
4.021 10 mM sodium acetate buffer (BIACORE)®] 10 ug/ml= 3] 43}
SHEY Fo=ZA 7 cdl xWHo| dWlAEe AdS FEISITL

=]

wago] AgEA e

8

| W2 pH7} 8591 1 M ethanolamineE
THEY FoEM I RHS EEASIAZTE o224 HMGBL
3000 response units (RU), A9} B box+= 1000 RUZ chipell 314 A]Zt},
Clge x4 9.2 HBS-EP buffer (10 mM HEPES, 150 mM NaCl, 3.4
mM EDTA (ethylenediaminetetraacetic acid), 0.05 % Tween 20, pH 7.4)°l
51481915, o1& 20 w/ming] £EE 3 7 S8 Hulo] WA Z T
Chip W 7t flow-cell®] WS 50 mM NaOH= 30 pl/mine] % X== 10

14
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27F 28 B cdl W 2" dm AL A AL AAA AL 24
Za"  (negative control)> SASAIZ flow-cdl AAE @S
AYAIZIA] ka1l w2 BEASIA|A, BlAevaduation 3.0 software

(BIAcore)= AHE-38te] Zb wbg gholM &4 ozt @hs A7 sk

5. Affinity 2% o5
HMGB1¥} Clg9 23 ¥+ HMGB1S EZ-Link Sulfo-NHS-Biotin
Reagents (Thermo Fisher Scientific Inc., Rockford, IL, USA)Z biotins
Faste] ALt Biotinylations 2 pge] HMGB1S 100 puMe]
biotin€ < 215 wE Yol doolA 2 AzF REZAIZTE Biotino]
S G2 20 ple] greptavidin-microsphere (Bangs Laboratories Inc.,
Fishers, IN, USA)E ZH7} H7Fsto] Aol 1 AlE &4k WAz

o]+ GVB* B3 (Complement technologies, San Diego, CA, USA)= A

2

v A& % sreptavidin-microsphere® preclearingS vH3 Alg A &
2007 HE5 FH7Fete] 4CeolA a7 W wRSAIZTH vRES mhzl

microsphere= A2 & 39 Z7 (reducing condition)?] 2X sample

bufferS H7}ste] 5 F-3F ZAh o= 13000 rpmell 15 # F<F A4

2y & 459 v 3] western blottingS 913 Alg 2] &3t
Ptz 20 ngo] AAAA el 1gG (Sigma)et 65T 20 ¥ F ot

15


http://www.skypdf.com

WS- A1 A ARAZ 1gGE 100 pMe]  bioting <) 154 WS Yal
WA A, aga A RS dhSA7) = @l glo] biotin TF
A7bste] wbgAIZ AS AFEEFl T

7} AMZS 12% SDSPAGE gd® #7] 9 %3lal nitrocellulose
membrane (Amersham Biosciences)©. 2 90 Vol 90 7} whald S
o] F A7l F 4Tl &F 4 blockingsllth. Anti-Clq (Dako) 3=

1:10000.2 3]A 5l 1 Al FoF Ao WhSAIFH o, o]o] HRP-

conjugated anti-rabbit IgGAM (Sigma)> AF--oll A 3+ A7 Hk& A]7] &
ECL (Labfrontier) & Ab&3dto] &g A=E FA35k3A T

16
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m. A3

GST (Glutathione S-transferase)S N-Zetol]l codingdls SEhAv| =5
AbEste] 229 Stk HMGBLS 138 primers @l d A 3A

Z HMGB19] N-Ztho] 9= GST #A|4 & HMGB1S 33 9 4

¥2,

= mEel oA Y hisidineS codingdte FAAES H7EeE
A&, T3 histidingg® HMGBL &%} Afoldl Al 719
glycineS #71sle] HMGB1 wil A3 43 9+ histidings 2727}

SR A w3 HEE 39t} GST-HisrGlys-HMGBL vl ukg

o

?18k DNA constructe] ++x+ v 2ok (¥ 1A). E3F thrombino]
A2 et Aehate ofw] Al wido] HMGBL ol EA8HA] &5S
stolstoith. 2493 DNA constructs A|3+& 4 EcoRIZ Xhol ©. %
Aohste] Al fFAQl 2717F Y2 =A DNA H7] d5& 5ot
ghelatsivt (19 1B). L A3, 675 bpol HUE FHA HiseGlys

HMGB1o] ®&] 5] e & el & + Asdrh

17
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Thrombin

His,-Gly,-HMGB1
"Leu Val Pro Arg'Gly Ser'Pro

Arg
Xhol

“EcoR| |
A e
W o

PGEX-4T-1
~4900 bp

% )
T PBR322
ori
5,000 bp —> ! l
1,000 bp —> ’
Hiss-Gly;-HMGB1

500 bp —»

gl 1.0

g 2l oF U] HMGBL &S 913t plasmid construct Al 2},
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Abstract

HMGB1 bindsto C1q and activates classical pathway of complement

Sang Eun Lee

Department of Medical Science

The Graduate School, Yonsel University

(Directed by Professor Jeon-Soo Shin)

Serum complement proteins play an important role in resistance to
infection. Complement is strongly activated in sepsis, and the
complement-activated products of anaphylatoxins have biological
activities leading to inflammation and chemotaxis. High mobility group
box 1 protein (HMGB1) is released and plays roles as a pro-
inflammatory cytokine-like molecule in sepsis even though HMGBL is a
poor inducer of TNF-o. production in vitro treatment. To investigate
whether HMGB1 can induce complement activation, we have been
investigated the relationship between HMGB1 and complement system
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in this study. First, we studied the involvement of HMGB1 in binding to
C1q, an initiator of classical pathway of complement activation, using
ELISA. The immobilized C1q bound to HMGB1 in a dose-dependent
manner, and the reciprocal experiment of C1q binding to the immobilized
HMGB1 showed the similar result. Surface plasmon resonance (SPR)
assay showed the real time binding of HMGB1 to Clqg and reciprocal
binding. In addition, affinity purification using human sera also proved
that HMGB1 binds to C1g. Next C4b and the membrane attack complex
(MAC) deposition could be observed after the interaction of HMGB1
with C1g. The study for classical pathway of complement activation via
interactions of HMGB1 and C1q will show the novel role of HMGBL1 in

the pathogenesis of sepsis.

Key Words: HMGB1, Sepsis, Complement, Classical pathway
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