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Antigenic epitopes of anti-CD40 monoclonal antibody ( 5C11 ) analyzed by
computer modeling and site-directed mutagenesis
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University, Suzhou 215007, Jiangsu, China; 2. Institute of Clinical Immunology of Jiangsu Province, Suzhou 215007,
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[ Abstract ]

5C11, which was constructed in our previous research, by means of computer modeling and site-directed mutation experi-

Objective: To primarily identify the antigenic epitopes of agonist type anti-CD40 monoclonal antibody,

ments. Methods: The structures of antigen and antibody were modeled by Insight [l software and the immune complex
was constructed. The antigenic epitope of 5C11 antibody was calculated and speculated. The full length of wide type hu-
man CD40 ( wtCD40 ) gene and two site-directed mutant CD40 gene ( 70muCD40 and 114muCD40 ) were amplified by
RT-PCR; pIRES2-EGFP/wtCD40, pIRES2-EGFP/70muCD40 and pIRES2-EGFP/114muCD40 recombinant vectors were
constructed. These vectors were transfected into HEK293 cells by Lipofect method, and HEK293 cells stably transfected
with pIRES2-EGFP/wtCD40, pIRES2-EGFP/70muCD40 and pIRES2-EGFP/114muCD40 vectors ( named HEK293/
wtCD40, HEK293/70muCD40 and HEK293/114muCD40 cells, respectively ) were screened. The binding abilities of
HEK293/witCD40, HEK293/70muCD40 and HEK293/114muCD40 cells with 5C11 were examined by flow cytometry and
Western blotting analysis. Results: The recombinant eukaryotic expression vectors pIRES2-EGFP/wtCD40, pIRES2-EG-
FP/70muCD40 and pIRES2-EGFP/114muCD40 were successfully constructed and the corresponding stably transfected
HEK293 cells were obtained. The binding ability between 5C11 antibody and HEK293/70muCD40 and HEK293/
114muCDA40 cells were lower than that with HEK293/wtCD40 cells. Western blotting results showed that SC11 antibody
only recognized HEK293/wtCD40 cells but not HEK293/70muCD40 and HEK293/114muCD40 cells. Conclusion: The
70" threonine and 114" glutamic acids in human CD40 amino acid sequence are the antigenic epitopes of 5C11 monoclonal
antibody, which has potential clinical significance for humanized CD40 antibody research.
[ Key words ]| CD40; antigenic epitope; homology modeling; site-directed mutation; cancer biotherapy
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JIriil & ORAE , RKIAFF T ToplO M ASHEZE BT - FP. B
kT 40 iRk Daudi \HEK293 41 i34 [ v E R
B b AU AIETE T, AT S i DR A7, A6 N Dt S i
G AN AT FHAEE S IBM IR 55 4%,
AR Tnsight 1 2005 Ji ) FE P AI( 225 R 220 24 B
WA B2t ).
1.2 Insight Il #4430 SC11 AR 7] 69 405 A A

FIA Insight I #5351 6 £ 4% 21 /5 CD40 B i
FISC1L PUiRTE st i 25 A AT R IR A homolo-
oy VI 1A discover ) SR IG R 43 T & & X
IRV VAR Fy S Z5H . AR
P X4 docking ) B T2 RAUC discover 3 ) ik
Fy# 5C11 Bk Fv B CD40 A HA/E IR B & Wk
R THEAS B BRI AR AL, 48 R 8 B RE i i
A A RS, DT 3153 Hh e SR e A (] 4 /E F A7
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1.3 pIRSE2-EGFP/wiCD40 A 4% A ik # 4k ey #y 2

BU5 x 10° 4> Daudi 2, TRIzol — 25 R
RNA , L) Oligo( dT A 514, # H AMV 53 53 il 15
B AT UL A cDNA . L) eDNA it , 1) F
CD40 5% P1( 5'-CGGCTAGCCGATGGTTCGTCTGC-
CTCTGC-3", &% Nhe 1 {ii £ ) Fl P2( 5'-CCGCTCG
AGGGCTTAATGATGATGATGATGATGCTGTCTCTCC
TGC-3", % Xho 1 i i M 6-His #3% ) #47 PCR.
PCR S )% 451F:94 °C .5 min,94 °C 30 5,55 °C 45 s,
72 °C .45 s( 30 MEFR );72 °C 10 min, PCR F=¥4:
10 g/ L BrEWRBRE I i Dk 265 0 I, e Il ol i 1 2 1A
FBE. 4 CD40 JEH A BEA pIRSE2-EGFP #8443 5
H Nhe 1 1 Xho 1 XY, #KJ5 FH T4 DNA 3% £ bl %
PEIFHALE R AT ToplO, £ ¥4 PCR ¥) 4 %5
PH P SE R , P USRI 48 7 |, 3% R 5t 4 17 3 2 )
HEAT DNA W5, 345 pIRSE2-EGFP/wiCD40 # 14
1.4  pIRSE2-EGFP/70muCD40 #= pIRSE2-EGFP/
114muCD40 A4 & A H ARG M

CD40 43 FHISMNBAL & 4 N8 St E R H AR
JKEL, #4555 HEBC AR 45 4 19 X 3] Domain 1 ~ 419777,
MRS SCHRARGE 1Y CD40-CDAOL 254 IVE FI A 25, 455
AFAHTIEE 3 K53 5437 F Domain 2 F1 3 B4 70
PEAn 2 TR A 114 17 4% 24 TR 58 48 i TR 2 e, 1 2
pIRSE2-EGFP/wtCD40 %% 78 #Y 4§ {4 : pIRSE2-EGFP/
70muCD40 F1 pIRSE2-EGFP/114muCD40., % TaKaRa
Mutant BEST 340 & v B A5 9 223K , 211 CD40 FE A
5570 7 A &R R ZE 514 PT0mu 1( 5'-TAGGAAT-
TCGCTTTCACCGCAAGGA-3") #1 P70mu 2 ( 5'-GAC
GCCTGGAACAGAGAGACACACT-3" ); CD40 #: [H 28

114 7 75 & R 22 248 5] 4 Pl14mu 1 ( 5'-ACTG-
TACGAGTGCGGCCTGTGAGAGCTGT-3" )l P114mu 2
(5'-GCCAGCCTTCTTCACAGGTGCAGA-3" ). LA pIRSE2-
EGFP/wtCD40 HZH 4 Bt i#E4T PCR 94 , £80
R - Ak B 57 R v i R Ak B 1, 1 B 3 4 R
J B4 2 KT Topl0, B 74 PCR %2 PV Efie
FEHEAT DNA 5, 3845 pIRSE2-EGFP/70muCD40
1 pIRSE2-EGFP/114muCD40 2 4 44
1.5 #EABRE K& pIRES2-EGFP/wtCD40 . pIRES2-
EGFP/70muCD40 . pIRES2-EGFP/114muCD40 Jf %
#) HEK293 4 iz,

1 x10° /> HEK293 4 ji 5 T 6 fLAR, 55 5% 24
h, YA AR F] 90% ~95% I}, 4% Lipofect 2000
e L H 45, 8 pIRES2-EGFP/wtCD40 | pIRES2-EG-
FP/70muCD40 . pIRES2-EGFP/114muCD40 F1 pIRES2-
EGFP/mock %5 {453 L Y HEK293 4iififl, % YLt
HTCIM R FR5E .6 h J5Heal RPMI 1640 58 215 R 3,
YL 24 h J5 FCM Kl 4268 H( GFP )Rk, it

B HATH A B T G418( 1 mg/ml A EFER:
FeHk 24 FLAR TR 57, FFPik e b K 2 R B K,
H PE pricdt 2 R A AR 5 HE 53t CD40 514 P2
BHINA 6-His #3454 #5159 2] 1Y CD40 K B A
ZRAA D, N IEA TR H 2 R4 =R )
FIRF )BT REHTAAR 28 M A e a5 b B, i 3R
IRF A B v B, 22 JLIR O v BE S ff HEK293/
witCD40 . HEK293/70muCD40 1 HEK293/114muCD40
YR 22 R 2R F R AR , RS R ik
A witCD40 , 70muCD40 . 114muCD40 ) 21 it £ ( BD
HEK293/wtCD40 \HEK293/ 70muCD40 . HEK293/ 114muCD40
Y ), ko Yy pIRES2-EGFP/mock Y HEK293 4]
HuAR( HEK293/mock 4 fiS ) A%} IR
1.6 AX @ REnAE T 4 Emintks 5C11 $
I 2k A

¥ HEK293/mock , HEK293/wtCD40 . HEK293/
70muCD40 F1 HEK293/114muCD40 #4HitE( 5 x 10°/
O PBS VR, LLSCLL B —Ti,4 CHRE
30 min; A PE-2EHT 1gG 8 — 91,4 CHEE 30 min;
VR HEA TR A A AT
1.7 Western blotting ¥ #4 5€ 4% 4= 4m fu 4k &5 5C11
LRI ROE S

5 HEK293/mock , HEK293/wtCD40 . HEK293/
70muCD40 F1 HEK293/114muCD40 ZHfiI( 5 x 10° 4~ ),
TER I 2YFRE T 4 CFEK 2 h,4 C 5.0 30 min,
B 3%, A 5 x Loading Buffer, 2 5 min. £ il &
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PUEIRME 2 h, A PBST ¥ £ 45 A& BB, A
HRP-EHUF 1gC L E 1 h, P EEHE R
TUEN ECL B A RGHT R A,

2 # R

2.1 CD40 shik#E M 4n SCI1Fv 2 #3649 Bl IR AL 2 &
WRIRARE MR W 5

HH T 85 H 808 )% ( protein data bank , PDB ) H
JC CD40 @ik Z5H, LRI H CD40 & K751, it
Blastp 18 215 2 [R] Y 14 5 =5 0 50% 19— 55751, $2
22 #) SWISS-MODEL #4784, J7 2 i Ak )5 3k 1%
CD40 fAbBEZS M4 B 1) K E PR v, .
V, BHRMFH 0 B A 4y SWISS-MODEL, 4351
193 [ M SR = 1 — 2507 3, 2 Blastp #2)7, #6485
PDB JE, #4155 vV, .V, J7o [FEPEER L = 1P 81
PLV, FEA R R, 383 1mre. pdb SCF. 43 51 %t
VoV ZS 5 HEAT 1 S WAE A 2= 004k, R
Docking J5 3% BBV, V, IEEE R SE ) Fy 45
FACE 2),

E1 FARBE#EEMAZERLESH
CD40 fashEE = EH 5

Fig.1 Extracellular region structure of CD40 constructed using

homology modeling and refinement of molecular mechanics
The yellow ribbons represented beta-sheet, the green contour
represented the trend of carbon atoms of backbone, the blue
ribbons represented random coil, and the red contour

represented heavy atoms of side chains

WHE L1 CD40 MISM B 5 H 5 5C11 Hiik Fv
SRR Ay T 0T, AR YA AR T R MR
HA A, HOE VBT . MR o U R
15 CDR &5/ 1H 00, HEAT 8 Sy AR, s 7 5 4
BEYHWZ(E 3.3 1), B SRE SRR 2
ARG, S SR R ] A VR A A5, DT 4D
H5C1 BUiRiR B CD40 BT IR A 15 ~17 .23,
43 ~56 .68 ~80.85.87.100 ~ 115,

B2 FASFES. JTEMNZRUKEN

5C11 #ifk Fv B 3D #%

Fig. 2 3D structure of Fv fragment of 5C11 antibody

constructed using molecular docking and refinement
of molecular mechanics
The green represented V| FR; the red represented V, FR; the
yellow, saffron, and purple represented V,; CDR1, CDR2 and
CDR3, respectively; and the white, blue and light green represented
V., CDR1, CDR2 and CDR3, respectively

B3 FASFIHERFH SC11 Hilk Fv &
5 Cp40 HEERNE SRR
Fig. 3 Optimized complex model of Fv fragment of 5C11
antibody interacting with CD40 using molecular docking method
A: C-terminal of CD40 extracellular region interacting with
5C11 Fv; B: N-terminal of CD40 extracellular region interacting
with 5C11 Fv; C1-3: Middle part of CD40 extracellular

region interacting with 5C11 Fv

2.2 pIRSE2-EGFP/wtCD40 pIRSE2-EGFP/70muCD40
F= pIRSE2-EGFP/114muCD40 & 28 & i 2 4K 69 # 1
Tl E

Pl wiCD40 JE[K 514 P1L Al P2 ¥E4T RT-PCR, A\
Daudi ZHfIH 438 H 831 bp MU4RFPE wiCD40 FEH %
WK 4). B3R A wiCD40 JE [X XS V) )5 4 A
pIRSE2-EGFP FRIR#IA, ik 1) FH M 7 pE 28 PCR FIRL
it o3 55 B 3P NS (B R/ N—35, JEPI P 16
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%1 5CI11 FvE5 CD40 AEMERAEREERE
EeB( E/KJ - mol ™' )
Tab.1 Comparison of interaction energy of complex
models formed by Fv fragment of 5C11
and CD40( E/kJ - mol ™' )

Interaction energy
Complex model of

CD40 and 5C11 Van der Waals  Coulomb Total
energy energy energy
A -27.2721 -28.3501 -55.6222
B -23.4008  -9.8799 -33.2805
C1 -53.9283 -48.6563 -102.5850
2 -32.0849 -13.0908 -45.175 8
C3 -50.8923 -45.8954 -96.787 8
poos by

El4 RT-PCR # 1 Daudi Z8ff15h wtCD40 EE
Fig.4 Wild type ( wt ) CD40 gene in Daudi cells
amplified by RT-PCR
M: Marker; 1: Daudi cells

L pIRSE2-EGFP/wtCDA40 21 2% A& ik, 4>
BILLEE 70 AL TR AR A 114 (745 ERR 578 RIS | )
P70mul ,P70mu2 F15[ % Pl14mul , P114mu2 17
PCR "5 , BHPE pEREZ: PCR FIOBGE) %2 5 H 1y 5L
PR (B R/ N — 30, 5 PR P UE B 2828 i T &L S ).
PLE g5 2R R W] 8 20 % 38 # 1k pIRSE2-EGFP/
wtCD40 . pIRSE2-EGFP/70muCD40 F1 pIRSE2-EG-
FP/114muCD40 A #E AL & 6 ).

2.3  HEK293/wtCD40 .HEK293/70muCD40 .HEK293/
114muCD40 % ey % %

LIS P1 Fil P2 ¥E4T RT-PCR, 43 7] A HEK293/
wtCD40 . HEK293/70muCD40 . HEK293/114muCD40 4
Murdr 3 i 831 bp BRERE SR B 7). FIFHMA
e o 13, i X AR M 15 HEK293/wtCD40 , HEK293/
70muCD40 \HEK293/114muCD40 4l s 1) 22 58 2H & 1R
FIRFA (KB 8 ), KM M & FERBA
witCD40 ,70muCD40 F1 114muCD40 FEPH 6 GL 40 i

PoGESEFOTIVIRETHO DS TETCEEGWHCTOBACESDY
POCESERDANAETHOHDH TETCEEOWHCTAMCESCY
A 1]

5 pIRSE2-EGFP/70muCD40 FA
pIRSE2-EGFP/114muCD40 FHI 7 &£ R
Fig. 5 Sequencing results of pIRSE2-EGFP/70muCD40
and pIRSE2-EGFP/114muCD40 plasmids
A: pIRSE2-EGFP/70muCDA40 plasmid;
B: pIRSE2-EGFP/114muCD40 plasmid

T Ml

) o)
L]
i

Kl

B 6 pIRES2-EGFP/wtCD40,pIRES2-EGFP/70muCD40

#0 pIRES2-EGFP/114muCD40 EA K EHIEETILEE
Fig. 6 Identification of pIRES2-EGFP/wtCD40,

pIRES2-EGFP/70muCD40, and pIRES2-EGFP/114muCD40

recombinant vectors by enzyme digestion
1, 3,5, 7: plRES2-EGFP, pIRES2-EGFP/wtCD40,
pIRES2-EGFP/70muCD40, and pIRES2-EGFP/
114muCD40; 2, 4, 6, 8: pIRES2-EGFP, pIRES2-EGFP/
wiCD40, pIRES2-EGFP/70muCD40, and pIRES2-EGFP/
114muCDA40 digested by Nhe I and Xho [

1 Ml
I LHNE
il

Sl

&7 HEK293/wtCD40 .HEK293/70muCD40 .
HEK293/114muCD40 Zff1f) RT-PCR ¥E
Fig.7 Identification of HEK293/wtCD40, HEK293/
70muCD40 and HEK293/114muCD40 cells by RT-PCR
M: Marker; 1: HEK293/mock; 2: HEK293/wtCD40;
3: HEK293/70muCD40; 4 :HEK293/114muCD40
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& 8 HEK293/wtCD40 .HEK293/70muCD40 .
HEK293/114muCD40 8k % 38 B S ER B RIE
Fig.8 Expressions of poly-His in HEK293/wtCD40,
HEK293/70muCD40 and HEK293/114muCD40 cells
A: FCM result; B: Western blotting result
1: HEK293/mock; 2: HEK293/wtCD40;

3: HEK293/70muCD40; 4: HEK293/114muCD40

2.4 HEK293/wtCD40 \HEK293/70muCD40 .HEK293/
114muCD40 4L 5 5C11 FilkZs & /8 10t

4 5C11 Pl B ARV EE B, L HEK293/
wtCD40 4 fifd % i, HEK293/70muCD40 F1 HEK293/
114muCD40 40535 5 H b, 45 R K 9 ) ik
N GANFEVREE TR ,5C11 BRI HEK293/70muCD40
1 HEK293 /1 14muCD40 4 il /4 ¥4 5¢ S 8 B #if

W EE A, 24 J5 54T Western blotting 53#7 , 4%
FCE 10 ) @R, L HEK293/mock 4 A (A% R
5C11 ik H R 9 HEK293/wtCD40 4 i, A iR 1)
HEK293,/70muCD40 F1 HEK293/114muCD40 4 Jii
ZE AR, SC1T B4R U5 HEK293/70muCD40 FlI
HEK293/114muCD40 41l fifg () BE 1 B& A, 55 70 43 75
LA 114 (R ARRIEF A4S0 T 5C11 idk
X} CD40 frITR 5]

SRR e i

9 AR ARSI HEK293/wtCD40 . HEK293/70muCD40 .HEK293/114muCD40 Rff5 5C11 Sk & & REH
Fig. 9 Binding abilities of HEK293/wtCD40, HEK293/70muCD40 and
HEK293/114muCD40 cells with SC11 antibody as detected by FCM

MU0 | R T
£

& 10 Western blotting 53 #1 HEK293/wtCD40
HEK293/70muCD40 . HEK293/114muCD40
GRS scu HikMES
Fig.10 Binding of HEK293/wtCD40, HEK293/70muCD40
and HEK293/114muCD40 cells with 5C11 antibody
as detected by Western blotting
1: HEK293/mock; 2: HEK293/wtCD40; 3. HEK293/
70muCD40; 4: HEK293/114muCD40

3 3t it

AT ARG B o> T3 T 5 8 1 28 (R S5
P AR S SRV, Ay e i 8 o7 A AR e T A
BB o PR R 2 B s BT S A, 2
OR3P FH B 20 T 3E00 7 5C11 Bk 2%
LI AR ) — PR BE A AU & CD40 155 1 T BE
PEEYT, LR N AN IR ST, Hol 1 3 O& i S e
TR AL Ak RGN o 0 22 o 248 i PR 5, 7 A= e i R
VR, BRIE A6 AR AL o i o A e 2021 S 511
PR TR AL 5 e W iz iR it — 2 &
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Pk Py Bl AR AL A, SR PR s T
PR PUIR LS B3RO 0 e /NI RE R B BRI, 1 HITRD
PAREE Iy vE L TP CD40 JANBCAT 5C11 Hiik
Fv 175 A1 454 o @3t 3 X8z, B0 SC11 Hiik Fy
SYEERMNE AR, RIS bRk
[V A o5, DU SC1T PR B CD40 BT AL
S} 15 ~17.23 43 ~56 .68 ~80 .85 .87 F1100 ~ 115,

AT GE T A YRR R A B, A R
DU A 45 5= A5 AR 200 ) S A TR IE
AT 5T Bk — A F B A= R CD40 By pIRSE2-EGFP/
wtCD40 kL, LSS 70 A3 2 R MG 114 (043 2
W% 45 28 7% () pIRSE2-EGFP/70muCD40 F1 pIRSE2-
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