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1 HMRFITTE

1.1 ##

H5N1 % & ¥k A/CK/Hongkong/3-69 (H5N1),
A/Goose/ZD/8-9106 (H5N1), A/Jiangsu/08-6 (H5N1),
A/Jiangsu/1/2007(H5N1) (GenBank: EU434686.1) HH
TLIRA8 PRI TR P R Lo B 3k, AE XS IR rp B 55 A0
]

WCHE Ak HSNT 20 8 V7 S 7 SR 4% 1 X9 JUR IR 2
W TPREOE, IRH BRSO B BRUTE, 30%~ 50%2k
P RERE D P g B0, A AR SR 2 T B X
gl aE A T/ i PBS 1. BCA VAN & 85 1k
J, HZE 0.1 gL A7

HA JE D1 85 53 74 51 %) HAF: 5" CGGGAT-
CCGAGAAAATAGTGCTTCTTCTTGCAATA 3’ ,
HAR: 5’ CCGCTCGAGCTAATGGTGGTGATG -
GTGGTGAATGCAAATTCTGCATTG 3', H|l A
5" BamH 1 M13" Xho 1 (B VIG5, 51 EARIE 6
MR )P A . HE 4l Bacmid % @ 1l H 51 9
M13F: 5" CCCAGTCACGACGTTGTAAAACG 3,
MI3R: 5" AGCGGATAACAATTTCACACAGG 3/,
A 5193 Invitrogen 23 & 5 k.

Jit #i pFastBac, Cellfectin T %% 4% & 7l & ,
PureLink™ HiPure Plasmid Miniprep Kit, E. coli
DH10Bac( F~ mcrAA (mrr-hsdRMS-mcrBC) ¢p80lacZ
AM15 AlacX74 recAl endAl araD139 A(ara, leu)7697

galU galK A\~ rpsL nupG/bMON14272/pMON7124), Sf9
41 B 5% 7% 3 Grace's Insect Medium, 58 445 77 5&,
PR [ 41 i 1% 77 5L DMEM, FBS ¥ [ Invitrogen
AR

Ex Taq . T4 DNA B PR EITE N D)

JTURE B HCI A 5 A S B R [ R & e A
TaKaRa 2\ #].

Anti-6 xHis (HRP), anti-influenza virus NP IgG
YUk, Alexa Fluor594 -labeled goat anti-mouse IgG
YA H Santa Cruz Biotechnologies 23 A .

F A4 M SO F- M RERE %, H & 10%FBS 1)
Grace’'s Insect Medium, 58435553 27C 5558, 1
TUREPUAR AL AT IR Al W RE R %, Y 10%  FBS
) DMEM 37C, 5% CO, £7%.

1.2 H5N1 B ERAHS HA EERETFRHFE-E
HIBPRRIEREE

M4l GenBank 7 % 1Y) HSN1 7 85 9 [ 75 1%
BRIV 4, LAYLH54) B #k A/Jiangsu/1/2007(H5N1) K
PR, HEEU 7 E K4 RNA, 46554 cDNA,
DUFS VL5149 HAF A HAR 788 HA JE[, i)
W) 5 FE 4L Uk pFastBac E i L FH L F 4L 1. FH
P 7e Bk — 2D ¥4k E. coli DH10Bac J& 32 25 41 i,
WA B IR Ak A PCR % & A B ME S R T
PureLink™ HiPure Plasmid Miniprep Kit &7 & i $2
& A F ki rBacmid-HA. 3R 4 [ B 41 rBacmid-HA
WL Cellfectin T 8 571 4% % B L 40 i SO, 17 40 il
70%~ 80%J5 A% Ji5 W 5 L35 18 4y 26 1 AR 5 4190 7,
A 1 RALARE 0% 16 3] i BE 1R 5 A HA JE A )
B AR N 5 rBacmid-HA W ™. % = i E
rBacmid-HA ¥ LA 10 £ B4 525 (MOT =10) £ 7
SO ELHUA L, JKYL 72 h J5 4 BCEE B ORI 40 e
DUVE, R MUTHE 5 mA /> & PBS Wi, i
RCTE 2RI 0y W4T 12%SDS-PAGE, #E NC
JiE, F HRP A5ic ) anti-6xHis PUiAA M, ECL B
6. DL His SERIATEZI4L HA A&, ik 5T
SDS-PAGE #5:31l.
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P4k HSNT 24 & i 8o 55 F 41 55 11 HA %
J% Balb/c /N, HUBA0 RS R 40 R, DA
KO ) HSN1 B 25 i 8% 2 A/Jiangsu/1/2007
(HSN1) A i, ] ELISA 7 % i J5F o
SRR TR BRI ARSI A0 kK, A b, B
€U,

1.4 fHEPFRE

FEHL 4 BRG #ERR ) RNA, RT-PCR ¥71 HA 4
KHEAT IR, FIH MEGAS.0 #1449 1 2 45 ik Ak,
B, DL AR 2 (WHO) R AE ) HSNT B & 37
TR ERRIEAT L0, ¥ 4 BRI EEEAT clade 1K)

F Reed-Muench J5 £ & %4> clade H5N1 %Y
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Fig. 1 Construction of recombinant bacmid (rBacmid-HA1) and SDS-PAGE analysis of the HA recombinant protein
(a) Restriction digestion of pFastBac-HA recombinant plasmids. (b) PCR analysis of rBacmid-HA with M13primers. (¢) SDS-PAGE analysis of the HA

recombinant protein after purification.
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VS S MY TUE, Western-blot 6 3% WA 76 _F 5 W
AR M 3 AL 1 HA (ERIA. alifb )51
SDS-PAGE 43 #7 2/~ 41 H 150 T R AE 70 ku Fff
(K 1c), B2 HA BRI,

2.2 RIFRSERRS &

PLAAK ) A/Tiangsu/1/2007 (HSN )95 5 2 40 4%
P, 0.1 wg/ FL, ELISA Jiii%k miw B i e 2 M 1
T REBUAR 22 A bk, —ILIRM 5 BRAI AL
e IR 24 AT Al Bk, i 448 3A1A2, 3B5BII,
SH7F2, 8G10D7, 9D6D2. M 4 ZAg % 41 i ¥k 73
W B, BCA VEN & S FWKREE, 435 H PBS
Fike3) 1 g/L 451, ELISA # &/ AHiBE S 10
JI A% UL A s TEATS AR D9 B FRONC) Y 2.1 4% A
. & 2 24 ELISA &l 51 8G10D7 5 H5N1
RS Ot WS ER, Byl 3A1A2,
3B5B11, 8G10D7 M HE i J& T 1gG2a W4, SHTF2,
9D6D2 I E#E IR T 1gG1 WA, 5 FREAFi SRy
J&T « W,

2.5F

2.04

R 1.5+

“1.0t
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Fig. 2 ELISA used to analyze the binding specific of
mAb 8G10D7 to H5N1 avian influenza A virus
o—e : NC; e—e:8GIOD7. [:1:400; 2:1:800; 3:1:1600; 4:
1:3200; 5:1:6400; 6:1:12800; 7:1:25600; 8:1: 51200;9:
11102 400.

23 BREMRPIEEEE

X 4 Kk HSNT Ji 824K 1 HA & A 3707, Fl
M MEGAS.0 #5041, At sEAesy, 45 oK,
A/CK/Hongkong/3-69(H5N1)J& T clade 9, A/Goose/
ZD/8-9106 (H5N1),  A/Jiangsu/08-6 (H5N1) Al
A/Jiangsu/1/2007(HSN1) ¥ J& T clade 2. %43 &5k
B 15 %4>, A/CK/Hongkong/3-69 (H5N1) 5
A/Goose/ZD/8-9106 (HSN1) 2y &5 >k Y5 11 9% & 4%
A/Jiangsu/08-6 (H5SN1)5 A/Jiangsu/1/2007(H5N1) A
NSRRI BEE.

5 BREPU hANRSG 45 R W 8G10D7 Hifk
5 4 bR aeile i R N, GE B IEX) clade 2 A

clade 9 1) HSN1 R &yt B 1 A7) 3k 1y b fg
PE, ORI AR SN 1 64~ 11 256(% 1),
o, B RIS R BRI T 18 1Cs0 BN KIS
BEK, Ut B PR 8 KU 198 7 B AT B ¥ A
TR 1) 3A1A2 F13B5B11 %) A/Jiangsu/08-6 Al
A/Tiangsu/1/2007 FHANETE, 10 M 11 16~1 1 128;
9D6D2 1V %} A/Jiangsu/1/2007 45t RMITE M, 1Cs M
11 64; SHTF2 fEde KARBAGELIN (1 0 D)X 4 B
BEL T A TE.

Table 1 Neutralizing activity and hemagglutination-
inhibition activity of 8G10D7 against the

4 H5SN1 avian influenza A viruses

Influenza A virus ICs HI
A/CK/Hongkong/3-69 1256 1:64
A/Goose/ZD/8-9106 <1:256 1:128

A/Jiangsu/08-6 1:64 1:32

A/Jiangsu/1/2007 1:256 1:64

2.4 Western-blot & 7o & 7% S &

F 8G10D7 Hidh 5 55 AN dE bk EAT e 428
Kl (& 3), 4 AN 3 AR R I 3043 7 i 70 ku,
43 ku [P 2 4417, 4> 518 HAO K& HAL & 1K
/N HA2 W3 26 ku BT B 4w L, IEE T
8G10D7 R4 LI YoE 7 HAL W& b g
PENCAT I LI 4, M 4 ] WA F I G S5 11
MM L0 A5, IFH MDCK 40 il H g 0 52 21 41
HUAZ 15 0 5.

Western-blot J% %t 34 %¢ Y kG I 28 H [7] i3 B T
8G10D7 Bt L5 AL HA SR A48 4, 5 R
1 HA S A 45 GistE.

ku 1 2 3 4
72—

Fig. 3 The specific binding of the 8G10D7 to the 4 H5N1
avian influenza A viruses detected by Western-blot
I: A/CK/Hongkong/3-69; 2: A/Goose/ZD/8-9106; 3: A/Jiangsu/08-6; 4:
A/Jiangsu/1/2007.
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Fig. 4 Immunofluorescence assays used to show the specific binding of 8G10D7

to 4 H5N1 avian influenza A viruses in permeabilized MDCK cells
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b, WHNZEAP IS 4 Mo Egh 4, FHIEAZ AR

2.6 H5N1 B EREREEREWEAENEER
B FIRA R E

MR 5 Western-blot J% ML &A1 1] S 36 45 W m] 41,
8G10D7 5 HA HH 4G A7 A T HA1 WA I,
H e Fres bR fmatmgl, Mimst— B HeRrz a5 &0
ML F R ARG G A S BT, A SWISS-PDBV 4k

LB 4. 8G10DT X ANFREEE ) HLWE RS R A/Jiangsu/1/2007(HSN1)JK 7 HA 1) 3D dHH
[Cso RAEHCAROMEGR 1). iR sy, CRRIISCERR W], £E HA [k
(@) (b)
8G10D7 binding site
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binding site”

Fig. 5 Epitopes of the HA and mAb 8G10D7 binding site
(a) Globular head of amonomer of HA (Protein Data Bank ID code 1hgf), showing five antibody-binding sites (or epitopes) and the receptor-binding
site. (b) A surface representation of the trimeric A/Jiangsu/1/2007(HS5N1) HA protein. The trimeric HA protein were drawn in pink, green and blue,
respectively. 8G10D7 binds an epitope near the receptor binding sites in HA1 domain.
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AT 0] LAE— B HfEIKr 8G10D7 (45 &7 A EIA T

TR BT (K 5b). 08-6(H5N1)(Kl 6¢), A/Jiangsu/1/2007 (HSN1)(K 6d)

2.7 8G10D7 3 10 LDy, &5 B LIS RYRIPIR IS JEK % B RS IR U 75 B 100 wl 5 ATk B 100% [ £
Kl 6 Bon T AN 8G10DT Hufkxt 4 ¥k P&,

BRI R IR TR OR300 3. I 6 W LA H X

A/CK/Hongkong/3-69 (H5N1) (& 6a) & 4% 1] X Jif
8G10D7 FifA FH AL 50 pl BIAT £ 100% 1 {13,
M+ A/Goose/ZD/8-9106(HSN1)(I¥l 6b), A/Jiangsu/

(2)

b
100 ®) 100
80
= 60 g
i
g 40 £ 40
& &
20 20
0 L 1 + 0 1 L + + * *
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Days after treatment Days after treatment
©
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2 c 40t
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Fig. 6 Prophylactic protection of the mAb 8G10D7 against the 4 H5N1 avian influenza A viruses
(a) A/CK/Hongkong/3-69(H5N1). (b) A/Goose/ZD/8-9106(H5N1). (c) A/Jiangsu/08-6(HSN1). (d) A/Jiangsu/1/2007(H5N1). ¢ —e: PBS; m—m: 12.5 pl;
A—A 25 pl; 0—0: 50 pl; 0—o0 1 100 pl; e— e : 200 pl.

Kl 7 o8 TANFRKR ) 8G10D7 Hridx) 4 #kip

A/CK/Hongkong/3-69 (H5N1) (& 7a), A/Goose/ZD/
BRI RG IRV ST DR AP R N 7 AT LA 6T

8-9106 (H5N1) (&l 7b) 2 4 i I 18 R 37 H R U, 7
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= = o0t
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g Y S 40}
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Fig. 7 Therapeutic protection of the mAb 8G10D7 against the 4 HSN1 avian influenza A viruses

(a) A/CK/Hongkong/3-69(H5N1). (b) A/Goose/ZD/8-9106(H5N1). (c) A/Jiangsu/08-6(H5N1). (d) A/Jiangsu/1/2007(H5N1). ¢—e: PBS;m—m: 50 pul;
A—A ;100 pl; O—0:200 wl; 0—0:300 wl; e—e: 400 pl.
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e e FH i 400 pl iTIA F 100% 0GR %, 1 6 T
A/Jiangsu/1/2007(H5N1) (K 7d) ) 37 F 8K, 7E
o FH B 400 wl I8 87.5%, Xf A/Jiangsu/08-6
(H5N1) (B 70)M 2 AT 62.5%, 1 HBEZE ST FE 1)
LT IR VS Ak SIS &S OR

3 it it

M6 28 HA S 9 I 4 4 55 B2 (1) 3R TR 2R 1
EHEA S MR TR TR e AL A NS
A A B R A, DRI = A R A
GAERL. WU, N EERIIR AL [ HA 7EW 2
Bk R 5 FBEJo e v B4 DG P, 0 2 1 Sl I A
Fafn e 2 L HAL W3R 15 5 40 i s 28 1T 2 0%
ZARMRR IR 5 L4552, AR T 5 B
K, AFET HA2 W3 [ 2 FE R R o b (Wi 75 )%
GIRRER, WoSEEAEZ K, e g MR I R AR
A T AE 5 5 RNA #EA T B 415, HA 541
SAREE A SR EE I AN MR IR R AP R, HA
YU E A S S B R b A, HE
B 1 HA FAEER 2P ge k. 5—0
I, HA E A5 KREARS, mEg iUt
JBE 1AL AT A N S e ek sy kA,
FREFR 2 Z A AN W) 7Y 55 74 2 R 1 PR <3 R
B, S BLE AT g2 R A IR RO 23 IR IR R 16 7
HAEEEX.

ARSI ] Bac-to-Bac MR BERIE RGE R
dl b R FIA T HANT B &R0 5 (1 HA 2K
F, 2 TR 70 ku. FPIRGEEE - B d g i %
KRG N — T B RIE RS, (EANERERRIA
A PEEAL . B A0 AN 2R (1 D) & T s
P, B RS RIEM HA & AR ED 2SR
SRPEPIARIALL, HA BRI . BRI 1h 25 40 M 45 1 45
e, SR ZEA S A /N, T HERR R R L
B A T, ARG 00 5 e A LA 2
ORI LR . ARSI ISR 5 MR EEI
BPT, Be KRS EAT T T RS P s — AR
R IL Y FH T X8 R iy 25 (0 AR ik v, A T
BUFHIR 42

HORRREG 25 K B, S AR P 8G10D7 X}
4 BRI e R e, BT 4 BB E T
AN ANl A 3RV A 5, BATTRT LAHENT %
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S MBI SE B HE— 2P UESE T 8G10D7 (&S 54 55,
fF HAL WA, ST R85 B, uF o

T B R TZARLE A AU

8G10D7 X -5 BER AL IS XS DR B A% AN
), 0] 8 SRR 1090 3 B G (1) OR A 2 35 SR 995 75
(R, R ASIUR K HSNT B 88 970 I 75 (1 v
R R AL S P A L B SRR R BRI X9
TG AR 3 55 o RS 6 K 1 56 410 ) S 56 R BT 1
8G10D7 PUARMIMEAT IEA S, AT REL 7 2590 25
PRITE EAC, T REIE G A IH HSNT L85 Jat Jak g
B AR RN EORTE, oE EATE RSN, 7E
A P 1) BT SR, BV E AR EE Th Z N, i
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Broad-spectrum Neutralizing Monoclonal Antibodies Against HSN1 Avian
Influenza A Viruses and Primary Research on The Mechanism”

ZHANG Xiao", ZENG Xiao-Yan?, LIU Zhe", JIN Qiu", XU Yan", FENG Zhen-Qing"”, JIAO Yong-Jun?"
(" Key Laboratory of Antibody Technique, Minisiry of Hedlth, Nanjing Medical University, Nanjing 210029, China;
Y Key Laboratory of Enteric Pathogenic Microbiology, Minisiry of Health and Institute of Pathogenic Microbiology,
Jiangsu Provincial Center for Disease Prevention and Control, Nanjing 210009, China)

Abstract Avian influenza is a highly contagious disease of birds caused by A influenza viruses. The circulation
in humans by the highly pathogenic H5N1 avian flu in the past few years have caused most pandemics and have
heightened fear that the next influenza pandemic is due. Antibodies could be used as an efficient anti-virus agent in
clinical therapy. The full-length HA of the A/Jiangsu/1/2007(H5N1) about 1.7 kb was amplified, subcloned to the
pFastBac vector and recombinant bacmid DNA was selected. The recombinant HA was expressed and purified HA
about 70 ku was used as the antigen to immunize Balb/c mice. The whole H5N1 virus was used to select 5
mono-antibodies (mAbs), and all of them were tested using microneutralization assays. 8 G10D7, one of the
antibodies, had broad neutralizing effect against clade 2 and clade 9 H5SN1 avian influenza A viruses, and the /Cs
was from 1 : 256 to 1 . 64. When detected with 8G10D7, all 4 viruses showed 70 ku and 43 ku protein band,
which confirms that the binding site of the scFv antibodies were located at the HA1 domain. The nucleuses of
MDCK cells infected by 4 viruses were colored purple, and red around the nucleus. 8G10D7 showed HI activity to
the 4 viruses, the HI has a positive correlation with neutralization concentration /Cs, which also further confirms
that the binding site of the scFv antibodies were located at the HA1 domain. When the mAb 8G10D7 was used for
the study of prophylaxis and therapeutic effect on influenza A viruses infection in an embryonated chicken eggs
model. It had a complete 100% protection effect on the H5NI1 viruses in avian host in the prophylactic and
therapeutic groups. The 100% preventive protection effect could be reached when challenged with H5N1 avian
influenza A viruse in human host in the prophylactic groups, and there is also a 87.5% protection effect with H5N1
viruses in human host in the therapeutic groups. Thereby, the study suggests that the mAb 8G10D7 could be used
in therapies to counter the H5SN1 influenza A virus, and the epitope could be the key point for the design and

implementation of vaccines.

Key words HS5NI avian influenza A virus, Bac-to-Bac baculovirus expression system, mAb, microneutralization
assay, TCIDsj, hemagglutination-inhibition
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