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i B ALK CDI0 cDNA L4, % 54 PCRA S H 4 3 %5 F & £ 8 354 (isolencine zipper, 1Z) = B L & A # His, #7
BETHEM CDI0 L EG(SCDOZ)H RERARE EXBHEPESEHAL, D TEH D, 5HR k105 AL P
HEIFAETEOHRAT YERKRZTARTREINPELTHTERACDOIEZ FAE S BEGEBERPHFTEHS
OIkD, AAFRATHAZREHBAFE, BRI FHETHEGRBLH MM LG (DL LS HARLLFREFTLZAAD
THERCDOALARRS. RELELW ETEECDIORESHS ZAAGERABA R4 AL AAHEMRLL
SEN,

XA Chdo, R, FRAREE, RHAR, Rk, £
4 %S Q78;R392.12 ZRERIRE A SCEHRS 1000-3061 {2006 ) 03-0477-06

Abstract The interaction of CD40 with its cognate ligand, CD40L (D154}, plays imporlant roles in immune responses.
Blockade of CD40-CD40L signal pathway can protect the progression of antibody- and cell-mediated autoimmune diseases, and
reduce allograft rejection thus prolonging graft survival, even engendering long-lived antigen-specific tolerance . The present study
aims lo enhance the binding activity of CD40 by incorporating an isoleucine zipper (I1Z) trimeric motif into €D40 ectodomain to
promote the formation of soluble CD40 trimers, which would be useful for blocking CD40-CD40L interaction. A prokaryotic
expression vector for soluble human CD40 eciodomain fused with an IZ motif and a hexa-histidine { His, ) tag at its carboxyl
terminus (sCD40IZ) was constructed by multiple round PCR using cloned CD40 ¢DNA as a template. The recombinant sCD401Z
protein was expressed highly in Escherichia coli { E. coli} with a molecular weight of 27kD), which is consistent wilh its
theoretical value. It mainly existed in inclusion bodies. After refolding from inclusion bodies, soluble sCD40IZ protein was
purified by gel filtration. Its melecular weight in solution was about 91kD when determined by gel filtration, suggesting that it
most probably existed in the form of trimers. Moreover, this protein could bind to CIMOL expressed on Jurkat T cells and its
binding activity was significantly higher than that of soluble CD40 without an IZ motif . These results suggest that incorporation of
an 1Z motif at the carboxyl terminus of soluble CD40 can facilitate the formation of trimers and enhanee its binding activity with

CD40L. Thus, the trimeric CD40 protein may be used to block CD40-CD40L signal pathway, suggesting that it may have
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potential application in preventing autoimmune diseases and transplantation rejection.

Key words (D40, tomerizalion, iscleucine zipper, prokaryotic expression, inclusion body, refolding

CPA0 N I RIEBEES, BHERERFZE
{tumor-necrosis factor receptor, TNFR)E R ER R, +
ERIAT B AR P9 b R0 RSB A
WRRMMm ", HAE®% CDIOL(CDIS4), /& TNF
BERERA SERATHAN C4 THEED,
CD40 A EHAN M ESEMERNBERERFS,H
RESHE 2 M3 IRES SR HEE KA
MM EHBEE N fl eyt-C, S S5 FEH
TNFR X HF (TRAF) &5 &, AT it — 5 1E {k NF-
B ABXE—TE S MERK,ES Jak3 HIEE
AR EEE™ . CD40-CDWOL M EEA it fe ik
BEEMARGENEPHERTEERER. EERK
HFEH I, CDIOL % CDWO 2SR 2 BB A
MY RERBEAXHER BB NICIZ BAR
EXAR. SWAREBFUR ALY ST
CD80/CD86 §Fr v R 8 B AR F L WA R
Mot IR 3R 2 20 B ZE 40 % 9% P, CD40-CD40L 5 2
BRANRRARBEREFEES . LA RS
FahsFEREEMEBRERBAENAFEREY
B RIE, KE S MR E W EtE, K k2 CD4oL
5 T AMERFES 1 CD4" THME B MR
BB REEEER ",

A0, — T CD4O-CDAOL fE SR B R EW
SR AR, A CDIOL W51 2 5 I 5k
ERFHTEN X-ENREHBER M 544,
MARRET 4 166.IgA M E, B 5 % & B & /&

hoECEHEEMBRSERRAR" Y B —FH.E

# CD40-CDAOL £ 48 5 15 Fi Bt 5 BEL 1 T 04 70 40 I 4
SHEARRERNHR BEBEEER R EKLB
HYEE EEFE KPR ESRRHRZE.,
B A — 8 F A $ CD40L B4 BH W7 CD40-CD40L (54
HERS" , BOAHRHM D0 SREREA
(immunoglobulin, Ig) #9 Fe B & /Y CD40Ig Bf 3¢ K X3
BHHFREAER® >, B4 XH CDIOL X
KRS =B E" , T CD40 5 cpaoL
BeRURER =& XRME NFB FE5HE
ANERAEER . Hit, B & =% LK CDo 54+ F,
X F ot — B3 CD40-CDA0L {5 5@ I, UL Rl o
PH BT 1% {5 5 @ % 1 0 T B I AR B igsr i
HKAQRARTRAEES N, RREENE
(isoleucine zipper, IZ) REHEEHRPTHEAER =F

R MRS ZHEQERRE
M=EkEH'Y, AWRAWNE TFHETE#R
CD40 SN 5 1Z BT R4 % B (sCDI0IZ) B R
BRBEE, FARKBHFESERBTHEYE CD40 =
By, B A CD40-CDA0L B9 EfEH
BALEHEE

1 #HEE5F#E

1.1 ##

KB AT 8 DHSo ,BI21( DE3 ) 8§ #% 1 f B pET-3c
B B Novagen; BRI M YIBE Nde I #l BamH [ . T4
DNA %K . R {R K DecpVent DNA Taq B AR %Y
#1% B New England Biolabs 7 & ; SeeBlue” Plus2 Fi
REBSTRAHE DB His, B (REHKBR
) ¥ B Invitrogen; R A CD40 £ 41 (H-120) % B
Santa Cruz 24 &) ; BT F LB (HRP)ARICE DI 4
IgG & 3 H Jackson Immune Research 7 5% ; PE-anti-
CD40L H1[5] 24 X B8 (isotype control) ¥y 3% E PharMingen
7= PE FRIEM BRI/ B 1gG 71K Dako 778 8
Bt 3 = A 5 F B A oE & (MW-GF-200: 12kD ~
200kD) ®) B Sigma; F N E-p-8 R L H
(Isopropyl-beta-D-thiogalactoside , IPTG ) \4-5K-1-Z5 By 55
A2 B0 25 g 5 O 5% B 7 43 B 48R 7R T R4 CDao
(sCDA0) 3 A 308 38 o o1 il 5

1.2 A&

1.2.1 sCDAOIZ RiEHFMHE: LIFIX'" mien
CD40 11 cDNA B h R, B2 £ % PCR &
sCDA0IZ M R B A 8K, FR ARSI % 1, BT A 5l
¥ i |8 1 TF ( Bicasia) 4> B4 &, PCR IFREOR
WA 1B, PCR & R 7 S0uL S & B gt 1T, L 2ul
cDNA 55— MR, KW &40 94CEH 2min 5
JFIG 083, RS 94°C A 30s, 55°CIB K 30s,72C
FEfH 1min, 3t 35 NMERK , HF 3I7CEAM 10min, B
fa—EIR1BH PCR =M LA Nde | + BamH | AEY]

FMBER D EIY, 5 R B pET-3c BT,

¥Ak E. coli DHS« BRZ 00, LIRS M 1L
THREBRER, NEEREREAE®IMELEG
B M EEETEARANE DNA FF. RBHE
X EFR pET/sCIMOIZ,
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1.2.2 sCD4OIZ ¥ E. coli FHIRER WAL
BCHk[16]) F L 7E BI21(DE3) LI IPTC R EH
BEB#Eik, FEAMWERERS T 50mmol/L Trs-HCl ¥
(pH 8.0, & 1mmol/L. EDTA . 50mg/L 7 EF 3t % Bt %
[ phenylmethylsulphonyl fluoride, PMSF ] % 10mmol/L §3-
HELH) BFERERABNNE (EZBE) L
20mmol/L Tris-HCl ( pH 8.0, & 100mmol/L NaCl,
Ilmmol/L B-5iE 8K 0.5% Triton X-100)ERH &
AR 3K, REHLURE Trton X-100 B H
— & MR BE R 3 I, KA ALk R R K sCD40IZ
B, LA SDS- 5 7 45 Bt Ik R B #8 7K (SDS-PAGE) 2 47
SAEBHMEL,

1.2.3 SDS-PAGE: £ M Laemmli fJ SDS-PAGE J7 ¥
T AR E R 5% . A BREEN 15%, LI%
OHEE R2SOPREERBEALKT.

1.2.4 AN BOCE(1S] AT, —
PUikR 1:2 000 HEHRMA CDIO HilE, 8 _Hik
H1:2 000 MFA HRP-EH & LG, L 4-8-1-F®
EOEBRRE.

=1
Table 1

1.2.5 sCDAOIZ R tEMalifh . DLRE I35 2 AL JR i
HTENE BRI REN T EH#TT. B
i} sCD401Z S BB A )5 , I Sephadex G-150 H 47
BRI EN (1.5¢m x 95cm) , B! 50mmol/L Tris-HC1
(pH 7.5, & 140 mmol/L NaCl) 47 ¥ % (I % 20mL/
h) , 4+ &R 4 BE i 8 , SDS-PAGE 4r i ok =¥ . Rl
HURES FRITEGA=WHHE S TE.
1.2.6 HAEHNME . HXB1S]FER#FST, LR
R B T T sCD0IZ 5 XA T Jukat T 4
HER CDIOL MG GTEHE. WE Jukat THM(2x
10°) , BT 100.L PBS(& 1% 4 MERER)+ ., M
AEWRE N S0pg/mL B sCD401Z 8%, CD40 B 4K, %f IR
FARM, F 4CHEE 30min, PBS k&5, /b Bt
His, 404 4 CHRE 30min, BB /SM PERICH R
H/AE IgC AT 4CE T 30min, 2 PBS %% 2 K5,
Bh2% £ EWEREE, L= 4 MY (FACSCalibur,
Becton Dickinson) 437 10 000 4, [T, Juckat T
M Ll PE-anti-CD40L 32 £5, )5 b 30 X 40 B {3 4 4
CD4OL By XK F .

PRSI F S
Primer sequences used for construction of the expression vector

Primer number

Primer sequences

~N o R W
Lh L LA L LA L0

'- ATATCATATGCCAGAACCACCCACTGC-3"

' «CCATCATCTTCGTGATCCTGTTIGCCATCCTCT-3

- AACAGGATCACGAAGATGATGGGGATCACC-3'
"-CGATCTTGTCCTCGATCTGTTTCATGCGTGAACCGCCACCTTGGTTGGCTTCTTGGCC-3°

- ACAGATCGAGGACAAGATCGAGGAGATCCTGAGCAAGATCTACCACATCGAGAACGAGA-3'
-CAGCAGGCGTTCGCCAATCAGCTTCTTGATGCGCGCGATCTCGTICTCGATGTGGTAG-3'
-TAATGGATCCTCAATGATCGATGATGATCATGCGTACCCAGCAGGCGTTCGCCAATCA-3'

2 BEX

sCDUIZ R REIBEHERET

EL CD40 ) cDNA N E R, £33 £ ¥ PCR, L
FEETEM BamH ] U ERE (G 2H3),
HEH VRMASEY Cly-Gly-Gly-Ser #£3k . 1Z £
N Hisg pREHF 5, 1 B 55 sCD401Z H R R B
ik, FTRMSI UL PCRAEBRLAE 1,845
PCR=PLIEBEHARENEENE 2, 2MNETE
RHHE T AMIEKAD (L 700bp) B 5B H B
(B 2, lane 6) , WFFHER,BEAFFI N EHREB

2.1

CD40 JR4h X i DNA K BE, H S B IA T ATC 408

Gly-Gly-Gly-Ser Btk . I1Z ¥ FF X His, I B 5 F 5,
FAB R RIERIKFR pET/sCDIOIZ, HR B 1 sCDA0IZ &
232 E R B FEBHN 25.74kD,

2.2 sCD4OIZ £ E. coli A RIE

HHE K pET/sCD401Z BT R ¥ 4L E. eoli BL21
(DE3) , BRXHEARNMWEETEHE. SDS-PAGE
S ER,ZTREEXRM IPTC &SN BREAX
B @ &K (E 3, lane 2) , Z IPTGEITCHEF 4L G,
RN TR(M)N 2kD A BREARKEE
E(E 3, lane 3,51 LR, KEBAS EBHE&EA
By 20% (LLEEE VL 2 F] PhotoCapt Verll.01 # {4 4
), ZABEAMN M S «CDA0IZ MEBIHTEER
Mk, ARSHEESA LEBRATRE, LHRP
TEM2TkD AR AR BERZF, MULER ST & X
BEAEAQ, 2% EBBE 2D MM EAEA KRBT
HEEAL(E 3, lane 5) , FAEBE WA 80% LA £,
2.3 B4 sCD40IZ fSE e BN i 4 47

RSB R, & pEI/sCD40IZ B LR E
ZIPTCHERFEM N 27D AMEATH S &
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W 1 2 3 M 4 5
Nde L D, D s O 234
cpaoiz [pr]pz [ D3| | ] 6GGs | 1Z | LLGTHHHHHH
i S o
@ @ BamH1
®) CD40 <DNA
o e 2.0 o0
501 bp 117bp 97bp
o) © .
) 2 PCR =4 & pET/sCD401Z DB HI =51 4
5 618 bp TN 0 0 The o Ik A5 2R
-+ Fig. 2 Agarose gel electrophoresis of PCR products and
0 6) double restriction enzyme digested product of pET/sCD401Z
—_—
-+ l BamH | M: 200bp DNA ladder; 1: PCR product of primers 1 + 3; 2: PCR
SCD40IZ 716 bp

I sCDMOIZ JF %z 3k 4R {6 M B 7%
Fig. 1 Flow chan of the construction of the prokaryotic
expression vector for sCDM40IZ
( A)Schematic illustration of sSCD40IZ sequence; (B) Flow chart of PCRs.

A CD40 $i & (B 4A) FHL His, HUE(E 4B) 1A 5
SRR, KR B RE R RN 44 (] 4, lane 3,
Fi Sk FR ) 0 BAHE X BB (B 5 A pET-3¢ 55 84K [F
—HWiHk) 2 IPTC 5 /5 , Jo AT o] 55 5 P B 27 (B
4, lane 1) , ZH XXM EH R G H sCDIIZ,
2.4 sCDH0IZ M EHEFndiit

G BEE B PR R0 sCDM01Z LA o 38 = A (B
5)4rHEAEE B IS ABEANS R G D EA
ff) sCD401Z B, SE 2 95% (B 6) . RIEEPH 43
B, S fL i T IE T sCD40IZ 5HT CDA0 HiLik B A
BRI (B 4,lane 4) . LABERS o 384> F B AR
T F 1 % 1T sCD401Z (9 Mr R 91kD (B 7), W A

HE1Z BT EY CDA0 (sCD40) I 5 T & H .

32kD ",

product of primers 2 + 4; 3: PCR product of primers 5 + 6; 4: PCR
product of primers 1 + 4; 5: PCR product of primers 1 + 7; 6;
recombinant plasmid of sCD401Z cut with Nde I + BamH | ; 7: pET-
3c cut with Nde I + BamH 1 .

B3 EH sCDA0IZ # SDS-PAGE s+t 55 %
Fig.3 SDS-PAGE analysis of recombinant sCD40IZ
M: protein MW marker; 1: BL21 {pET-3¢) + IPTG; 2: BL2I (pET/
sCDMOIZ) withowt IPTG; 3: BI21 (pET/sCDM0IZ) + IPTG; 4:
supernatant of BL21 ( pET/sCD40IZ) + IPTG; 5: washed pellet

(inclusion body) of BL21 (pETIsCNOIZ) + IPTG.

B4 FEA CDOIZ KHRFEF N HER
Fig. 4 Westem blot analysis of recombinant sCD401Z
(A) Immuncblotting with anti-CD40 antibody; (B) Lmmunoblotting with anti-His antibody.M: pre-stained prolein MW marker; 1:
BL2I {pET-3¢) + IPTG; 2: BL21 (pET/sCD4O0IZ) without IPTG; 3: BL21 (pET/sCD40IZ) + IPTG; 4: purified sCD40IZ.
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0.2r
200 | B-Amylase (200 kD)
@ Alcohol dehydrogenase (150 kD)
g ’gg‘ SCD40IZ
= 801 L
5 ol I 30 \ Albumin bovine (66 kD)
S % 50 1
T i 35 97 Catbonic anhydrase (29 kD)
é 301
20
0.0} Cttmi) - Cytochrome C (12.9kD) @
L ' " s N L L , 19 T v T . T T v T T 1
0 10 20 30 40 50 1.0 1.2 1.4 1.6 18 20 22
Fraction number VelVo
s HHa sCDI0IZ BERE 1T 3 vk K A B 7 sCDAOIZ 4 TRBER T MM E 48 7

Fig. 5 Elution profile of refolded sCD40IZ by gel filtration Fig. 7 Determination of the molecular weight of

M 2 3 4 5 6 7 8 sCD401Z by gel filtration

kD

g: 2.5 sCDMIZ WREBLEEGER

N AR A M 2 v B sCD0IZ 5 KRBT
Jurkat T 0B b () CD4OL W45 & & . ©L PE-anti-

2 CDAOL %t 5 B 7, Jurkat T 41 ik CD40L I EH &

" £H23.81%, AAIHHE CDOIZ KA T ZEFH

14

sCD40 5 Jurkat T IR T /5 , FF LA/ B His, $LAE
M PEfRic M RII/DE C ATRARB SR E
6 HE{0H) sCDOIZ By SDS-PAGE 5 Hr%: 7R ,sCD40IZ 1 sCD40 55 Jurkat T 41 MBI 254 T 5 %
Fig. 6 Analysis of purified sCD40IZ with SDS-PAGE ArE3% 21.87%F0 15.25% (M 8), AR 454 1% ¢

M: pre-stained protein MW marker; 1: refolded sCD40IZ; 2: fraction . —
H of Fig 5 (peak 1); 3 ~ 8: fractions 24 ~ 29 of Fig. 5 {peak II), (BUCFI9RILIREE MFL RS ) 551 40.73 1 23.91,

respectively . R T B sCDWOIZ 5 Jukat T 40 L KA W
CD40L M 45 & T TE | sCD40 38 6

(A)
256 .

300+ Isotype control CDM40L expression
@ 1.38% Ml 2 ) 23.81% MI
3 | ] F 1
> ! =
@ @

0 T T T 1 0 q 1
10° 10} 10 10° 10° 10" 10’ 10? 10° 1ot

(B}

120 + Contrel 128 sCb40
% 2.32% M1 . g 15.25% M1
L 4
® i)

~+

0 , . . — 0 . - 0
10° 10" 107 10 104 10° 10' 10? 10? 10 10° 10! 107 10 10*

8 sCDAOIZ MR IZ 2 FF M B #E CD40 5 CDIOL S5/
Fig. 8 Binding activity of sCD40IZ and soluble CD40 {sCD40 without 1Z motif) with CD40L
(A) CDMOL expression on Jurkat T cells; (B) Binding activity with CD40L.

3 i 4,10 CDAOL it fE R F et nl R SHU=F
HEREE" ,CDOL BTk C40 SHRELE S
INFERENRATEMME FEEL =BEANE R FREBR-EARERE" Hit, cd0 BEH
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FHRZBEMEET . 75 & BB (isoleucine
zipper, IZ) R ERb AR =AW
MY AN CDMOL A IZ A, TR
F CDAOL =B IKL5 g, MR LA SIS . AWK
o FATE AT T CD40 M 5 B IR AR & &k 12 &7,
Wi R E RS EHE O ,SDS-PAGE &
B 43 ¥ B R H RS T B O 27D, BE AT B8 g i
EPHEBBEFHSTEY LD, HR CD40 K25t
EHEHEKEE B =R ENEREE,
MIEFENRRED (BRI EN > FRIFEED
HHRRER) MU B AAEBRTHEN S F#
HMSHEESE TRk R ks FEHTEHEE
X, B . ZRABECSERRTREATREU=ZRE
MERTFEE. STHR.BERE L ZEFH CD4
ST B4 T &R 32k | B SDS-
PAGE MIZ M4+ F& K 23kD, I EARE AREE K
BEMRE MUREEAFE. AT, 3IA
17 BFEHE CDA TR AR TN = RIS,

— R, R EEEMNSAEES LS
BRI E X MEM RS S EE I, Sl
T % BRI 2 T LA NGRS ik 5 AU AR ) IR &5 15
. 7F CD4OL' # Fasl.™ EM R CEEH =K
i 1z AR RETN =RIESH, HETR
ENMEHRSFRNEAEHETEYEEE. &0
FEHX W RE R, B =81 sCD401Z 5 H
MEMESEHEERST CD40 Bik4H T, HHE
ATt CD40 TR AR Z BT, REHRT
CD40 = B{KM I g, A% 3s AL A G 1.

ERR A SR 1Z WS CD40 &
& T RBEEN CM0 =Bk, R=ZRAS TR

(5]

[6]

(8]

(1]

[15]

BANTHHBESMNERSSEE, ANTEAT

FH T CD40-CD4OL 4y F A M A B VE R, B \E #E 4
HF RS R A EENNHME.
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