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H E:. ARBELEZLZEZEG (hemagglutinin, HA) ¢ ZIRRAAART, &7 AW, k5
FEAME R E RS, MPMRKET —#E5 HINO A S AL RE HA BO £33 K
(aa 428-452) R 49% &4tk (SD3-1BS). A AL fM LA F 4, KHFAMNET 5D3-1BS
A FARZAN (1gG. B4 5 mA P F il L), 58 T SRR R KA b %A K R o) 5 ) B4k
#H, RN T RAE AR RA AR R EFO IR LA, 4 RET, 5D3-1B5 REH 435 HIN9 7
Hy g E SR E T AEN, 225 HA O REHER, AT 2 kB2 AW XKL
WA AR R T A S IR E Rk g ik, %2 T SD3-1BS iR 5] 69 KA1 245 F HA 23 C #r X
0 BIWISSYSTL 5, BAHZALREHEE HIN BELEET SHRKGR M, M T ik
TERGERFF| AT BELEETH-TERLAMNEE R, RART R R G LEMEMS 5 F 2t
NIEET ik G HA & @ £ 30 C e R 4944 AIFEZ 69 ~, 5D3-1B5 5 group 1 #2 2 R B A
R B R EREA R . B, SD3-1BS EA A ARB R EEN 5 FR0G 57 41 75 69 2 A
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Abstract: The conserved hemagglutinin (HA) stem region of avian influenza virus (AIV) is an
important target for designing broad-spectrum vaccines, therapeutic antibodies and diagnostic reagents.
Previously, we obtained a monoclonal antibody (mAb) (5D3-1B5) which was reactive with the HA stem
epitope (aa 428—452) of H7N9 subtype AIV. To systematically characterize the mAb, we determined the
antibody titers, including the HA-binding IgG, hemagglutination-inhibition (HI) and virus neutralizing
(VN) titers. In addition, the antigenic epitope recognized by the antibody as well as the sequence and
structure of the antibody variable region (VR) were also determined. Moreover, we evaluated the
cross-reactivity of the antibody with influenza virus strains of different subtypes. The results showed
that the 5D3-1B5 antibody had undetectable HI and VN activities against H7N9 virus, whereas it
exhibited strong reactivity with the HA protein. Using the peptide-based enzyme-linked immunosorbent
assay and biopanning with a phage-displayed random peptide library, a motif with the core sequence
(P'W-*Y-*"L) in the C-helix domain in the HA stem was identified as the epitope recognized by
5D3-1B5. Moreover, the mAb failed to react with the mutant H7N9 virus which contains mutations in
the epitope. The VR of the antibody was sequenced and the complementarity determining regions in the
VR of the light and heavy chains were determined. Structural modeling and molecular docking analysis
of the VR verified specific binding between the antibody and the C-helix domain of the HA stem.
Notably, 5D3-1B5 showed a broad cross-reactivity with influenza virus strains of different subtypes
belonging to groups 1 and 2. In conclusion, 5D3-1B5 antibody is a promising candidate in terms of the
development of broad-spectrum virus diagnostic reagents and therapeutic antibodies. Our findings also
provided new information for understanding the epitope characteristics of the HA protein of H7N9
subtype AIV.

Keywords: avian influenza virus; hemagglutinin stem; monoclonal antibody; antigenic epitope;
cross-reactivity
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A T B B 2 — P B E S R R
R HINT A H3N2 3 A 37 8 7 225 A )
ZT MR . AR A A A B,
A A A DX Y TR R AT 1 TN
TS, A, H5. H9 Fl H7 A& 36 3
(avian influenza virus, AIV) TERX & 2
11, PEAERERME G AL TAEL S, FHiL,
LIRS B T NS B 5 75 A & S 1Y) i Ak

LR 4 1 e R Bk ke S B 1 B S
JEEAR 5 o NI 2T 1 3 e v R A R T LA T o
B, TR v AR e B Y AR S AT A
AR e A I TR RNA i aE, 3%
PRI AL7 8 AN1T B o IR BRI 8 N SLRI AR E A W itk
b, HPIASRIEREE T, M% R (hemagglutinin,
HA) FI# 2 % FR M (neuraminidase, NA) [
AR S d ok 2 P e I HA 5 NA SRR 22 5,
WEGR A A 18 4 HA ALY 11 4~ NA WA,
MATA 1 HA WAL T e R AE LR NN
group 1 A1 2 BRI, Ji i 75 3= 223 5 i
PUH S BUPH AR 5. — 2P0 RIERS , R 8 5
PR rp S S8R B R RS R B e el s s R
SR, BV s ANk Il R A R B
B, 7= A A

BT 3 S0 S T R A I o 0] S g T B
PR AR S 5 e B 4 R S it . PRt
RS B B8 26 11 5 RO i bUR R 5K
T 0] B AR T HA AR R TR
AT 5 B B PR LAY, F e AR R S B S R
SRS AL HET, B TSR HA 253
A B R T A SRR M R R IR T S PR
SEREBUAR (BRH0), RIS T .
BT S EE TR, Hi, HA ZEEREE
ST BB T B R ) T DA R LR T
R ARG A R BeAh, BT R
SF AL BT AE SRy U SR B 1 ) AN o) 55
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A 4 R I R b U s EE R P R, AR
FERR BT A, IR, ) e
WA SR 15 56 B 2 URE Sk S A o 1) J R
GiAt, AT H I ARAE il H AN [ AR A i
B, Mo T—@r TR HE, A HA
SRR BB ) 1 2 g i A I o) ) A% oY
MXFE A, 2588 HA A AR e x 1,
KT ZE IR R A FE S AR B 8 HA
RN A P IER T e A HEA, R
il T HA ZEER TR T A A

T HA ZEFRPLR R A T A& 15
ST | UK SR R A B S, HA 22
B HAL Y507 N 3 Fl C B — B 5 28R
HA2 WA, 524 o BE. BITIES
Hih L ERRYE pH TR, HA 253
R G, A I BE R A4 5 )
A, BRRER NS B ACTE T, fE g T
ZETRAY S A B Rl B AAR AT LA v R SR B 1Y
JERGE TS A e 2R A A (A AR T DA T
YLk AT 45 5 - Bt (fragment crystallizable, Fc)
AT I AR, AT A AR A A A S Y
M7 1E A (antibody-dependent cell-mediated
cytotoxicity, ADCC). WA 1 240 g 5w A
A (antibody-dependent cellular phagocytosis,
ADCP) JAMAMK A5 /E A (complement-
dependent cytotoxicity, CDC) %, Vi BRJn ik T
s REE L A SE TR B HA R
PR R C B R R, Hd gl
FERM— IR S p P, BHT CR6261
WU HA2 1) A SRR HAT /D i B R ik A
SH RIS BEARSF B 07, BERH T HA #4428k
PR, X group 1 B B AT 1% H
FEPEDY; BAHT CR8020 151 HA 25305 i 7
SFIA R RAL, BEUERHIT HA MRS S
ARl 5 2415k, X group 2 WIEGR R HA T
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HORIEPERY S 5y — 2R R s R B,
ZE PR HIND 7B e 2 0 HSNT MR ATV
B HA & AA S AR AR, gefgim
it ADCC R A 7 I FH T T E B 200 i v i
BERUHEBREY AN EA TP RGP BT 41-5D06
F107-5E01 55 group 1 Fl 2 B LB 55 [ b, BE
53T ADCP 200 175 90 8 T bR, (H)2,
FEXT HA ZEFR0) 3 RO AR, JE AR TR A
B, RBIPTE RO B Z RGERA MG .
FATHT A HINO WA AIV (A/chicken/
Guangdong/GD15/2016, GD15 #%) 1 HA & 1
TR/, FET 1 S HA X2k
(aa 428-452) WP (5D3-1B5), $&/Ri%
PO ZE R PR . AIFFEXT 5D3-1B5 1Y
AR L R PUR R AL . UK AT AR X
DR ¥ 91) 5 245 4 S A8 SR i AT T R G 4y
Mo BFFEEE IR it B 1 1 ) 3 A ) 5 e Jk e
B A SR TR AR A, IR HA 255
SOEANESI RS s T (UK DS

1 #H57%

1.1 [RAL. mEFMEH

B IR H AR pHW2000 . 54 HIN9 GD15
Pk HA (Z4f% 07 55 KRTA #MER) 5 NA JEH
Rt A7 HON2 WL ATV 6 /> P30 56 R 0 4% 32
STV ik TARN 77D DN =¥ ) D R - R (B
SEH NP R B AT 11 AR ATV 58 R
SR B IRAE (R 1) HTN9 1GD15 #k o B
AL GD1S #RE HA SR 5 58815 5 1 I 75
WPV, FRR SR RFERBEMEL HA &
PRSI = A7, oAb A HA &30
B b SCHEB M A ARG RA R (8 2).
1.2 k. ZAIA54A

BT 5D3-1BS 5T HA AWK (aa
428-452) TARLIELAE; RE LR MHFR
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F1 KHARFERAB ALV HH

Table 1  AIV strains used in this study

AlV strains Subtypes
A/duck/Shandong/SDd11/2013 HIN1
A/duck/Jiangsu/YZD3/2013 H3N2
A/duck/Anhui/AHd38/2014 H4N6

A/chicken/Eastern China/1404/2014 H5N1

Al/chicken/Yangzhou/YJD/2014 H5N6
A/duck/Jiangsu/119/2015 H6N2
A/chicken/Guangdong/GD15/2016 H7N9
A/duck/Yangzhou/02/2005 H8N4
A/chicken/Eastern China/0923/2015 HIN2
A/duck/Jiangsu/XZD53/2014 HI10N7
A/duck/Jiangsu/YZD1/2013 HI11N9

x2 AMREAR HA EH
Table 2 The influenza HA proteins used in this
study

Virus origin of the HA protein Subtypes
A/PR/8/34 HIN1
A/Wisconsin/67/2005 H3N2
A/swine/Ontario/01911-1/99 H4N6
A/Vietnam/1194/2004 H5N1
A/chicken/Guangdong/GD15/2016 H7NO9
A/Hong Kong/1073/99 HON2
A/duck/AUS/341/1983 HI15N8

(Madin-Darby canine kidney cells, MDCK) 7E+%
A 10%JA4 M5 DMEM R 323k ih i 5%
1.3 EERH

DMEM #F% 4k 51627 i i Gibeo 24 7)™
it s B2 SN A bt 2 AW E AR R
)3 Ph.D.- 12" P 1A 2 1T Ji /s B AL 22 K SO
Bl ] UM BsmB 1 2 NEB ;= ; T4 DNA %
Hell 5 FITC FRid B4 RS 508 1gG HiiAly A
ThermoFisher Scientific 23 7] ; TMB IK#) i (L 2
BCA M E i &l A 2 = KAV EARA R
A bR O & YUy Qiagen 24
w7 96 FLBEFR R A F IR A R
PR 2> 7] s HRP ARic B9 L 5T IR 1gG Hidiy Merck
I A SO RG] G B TaKaRa 23 7]
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14 BIMAEFIEEHETE
1.4.1 HIFEMENE

Fie bR M H5 E T AR I 2 PR £ X HTNO
rGD15 ¥RAY HI 35 P20,
142 fREPHFELENE

HEAT A v R IR T B AR B e B R
(virus neutralizing, VN) (&, BEmEN:
PUAREAT 2 AU RE, K55 100 244
VAN L R B GD15 MR RIR S, 137 C
TWE 1 h; KRS YH% 2 MDCK 4 i Jf 45
F% 72 hy WCHERE SR B, FH I BE R I E
BERYL . 1 HTNO KIS 1 e 2808 I v 4 K PH
PEXFIE (56 CHUKIE 30 min). B 58 4065 15
SRR 1) e e A R BE DU ML B VN R S
1.43 HA EHHEESMHNE

FH W 0R A 9% e B R 3R
immunosorbent assay, ELISA) 5[a[45 %)% 75¢ %
5% (indirect immunofluorescence assay, IFA)
% 5D3-1B5 5 HA M4 & 5. ELISA
BRI SR AR A . B 100 pL BREREL-TRIR & 3h 2%
M (0.05 mol/L Na,COs/NaHCO;, pH 9.6) i
Ff) HA ZE 1 (0.25 pg/mL) finA 96 FLEFFR R,
4 CHIpE s i PBST (7 0.05% Tween-20 1
PBS) ¥ 3 K, 4R 100 uL % 5 mg/mL BSA
1) PBST #47E M1, 37 CH¢E 1 h; FH PBST i
W3R, BALMACR TR B A 3 HT, 100 wL/AL,
37 CHEE 1 h; PBST k¥ 3 ¥k, F:fLIIA 100 uL
HRP #RIC I FEHLR =50 (11 5000), 37 CHEH
1 h; PBST ¥E¥ 3 Ik, &EfLMA 100 uL 7 TMB
Yy, SEIREEIFE 10 min 5, FIIA 50 pL
) 2 mol/L HoSO, %% 1k )V, feJ57E 450 nm I
KB EME . LA HINO 3% B 1 e X9 1fi
THAE R PHAE X RE DUIE /0N UL I SR B X B
THEREA G 5 B PE X B E M A FeAE, e
{E>2.1 TAE Ky B S

(enzyme-linked
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IFA MR 4 HIN9 GDI15 #RLA
0.1 YL 55 BHERD MDCK 41 e, 24 h 53
W, M 4% Z RHEEE M, L 5D3-1B5
(1:500, 1:1 000, 1:2 000, 1:4 000 FlI
1 :8000) ~N—Pt, LAFITCHRICHFEH/N M 1gG
oA —He, PO RMEEES .,
1.5 BEHIRFMRERMEE
1.5.1 ETFZBKAY ELISA

ST IESS T 5D3-1B5 5 H7N9 HA 2%
TBZRK (aa 428-452) Mo R T XTI
FIPL IR RAL AT ARG A 7, Bz B 2 KK
B, mAEESEIK, WE TS 2
MiPE, S84 1.4.3 th ELISA WA, £tk
Bk 0.1 ng/fL.
1.5.2 EEE{ARERRMEN % K ERIE

ffi 1 Ph.D.-12"" I 1 4 3% 1l J& /s B ML 22 iR
SRS E SD3-1B5 RGN R AL . R 2R
. # 50 pL protein A BIEHEETEAE 1 mL TBST
(% 0.1% Tween-20 it TBS) H, KB E.L> 30 s
DOVESNR M, 725 IS W B oiig v &I
1 mL B W (54 5 mg/mL BSA 0.1 mol/L
NaHCOs) W', 4 CHHE 1 h; [EEF, ¥ 10" 23
BEJE LA R RS 0.3 neg BUiRIR G, Eil
EE 20 min; K WE R R-BURTR & W 2508
Wb, FIRME 15 min; BLOUUESUEME, I
FH TBST ¥E% 10 ER LRSS SRR K, H
1 mL 0.2 mol/L H2MRUENIZZ & (0.2 mol/L
H&®-HCl, pH2.2, 1 mg/mL BSA) HEEIIE
B, ZIEBEE 10 min, YEMZS A MINERE AR Lk
THES 2 E.CE Y, JEH 150 pL 1 mol/L
Tris-HCl1 (pH 9.1) #EA7H A B—/INEB A PE A
VO T S TR A TR A R L R A 1 R R
TE 20 mL KWGHFF & Escherichia coli ER2738 1%
FRY T HEATY Y . FEiESE 3 RVREkSS, BEMLEE
W10 ASEM AR AR S B, P S SR HUCE
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4, HF-96 gllMF54 (5'-CCCTCATAGTT
AGCGTAACG-3") X I B (A4 AL 5 R B4 7
Wy o T D0 A A% T IR 7 91 41 3 s R AR A
1) 12 fRZ SR 751, I BioEdit #FHEAT L
XFHE] 10 MERER R IEA F . 12 IF S
5 HTN9 HA & T2 FERR T8 HL X, o 7 5 B
P B A
1.5.3  BIiR A RALAY I IE

R 0 P (R SC PR B e P 25 8%, B R0 3R 0L
MA% B IR Y AR N AR (A), IR ist
RH AR EFRA R EL HIN9 WdE, wf
j rGD15-5D31B5Smut, FH IFA P-4 4195 88 5
5D3-1B5 My ik, S 1.4.3 1 IFA JifE.
154 RUWRTESEMSH

{1 Fi§ BioEdit # 4 %) H1-H17 V.5 75 J8ps 25
i) HA S FPAI AT X, ] Weblogo T.E.43
BT R 1 AR [RI 7Y 2 (B A PR < o A, 2R
4545 Tl Swiss-Model (https://swissmodel.
expasy.org/) FEZk T.H., i1 [A] 5 ALY 7 Xt
H7N9 HA (4T = iS5 gl 6 & (AR
= HESE R AT PyMOL WL i 7 75 HA 7R
I H B 5 L A T 438
1.6 MAREXMNFEFSEEMERESH
1.6.1 iR e 2 XERE F 51890 E

$EHL 5SD3-1B5 2250 A ML RNA, Ji i 5%
4 ¢cDNA, 2RI /MR 1gG HHERAE[X (variable
region of the heavy chain, VH) Fl#55E 0] A% [X
(variable region of the light chain, VL) i 5|
Y147 PCR, §788 5D3-1B5 Huikn] 48 [X HL [,
IfvifE = pMDIS-T ik, #4775 E .
1.6.2 HMAFIIMNEYEEFEDT

Wit NCBI Bk 8 A nl AR X 35 R A
oM L8 734 T2 IGBLAST (http://www.nicbi.
nlm.nih.gov) XJ BLH0 5 5347 ] 51 6 2 S 43
Mr; RH Swiss-Model, PyMOL & XA n] 4%
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X G5 R AT o3 b s B E A X TR
ZDOCK (http://zdock.umassmed.edu/) #£47 H7N9
HA & 5 P ] 28 X o T X0 .

1.7 B X RS

1.7.1 MASTETEFHRFES HA EANR
Iz 1%

Fl ELISA i€ 5D3-1B5 5 group 1 £
HIN1, H5N1 A HON2 WHIPL K group 2
H3N2. H4N6. H7N9 Fl H15N8 ¥ %l i B 75
HA 8 F 58 S
1.7.2 RS RELE ALV B KR4

TPl SD3-1BS 5R[EERD ALV #J2
i, YEF] group 1/ HIN1. H5N1. H5N6.
H6N2, H8N4, HIN2, HIIN9 W#I 5 group 2
) H3N2, H4N6., H7N9, HION7 WA ATV Ji&
e MDCK 41, F IFA KB i 50 s ye
S 1) 2 I

2 ZREA

2.1 BIRBEYFEEN

NT RGOS PR R AR Wi e, W
THUAM HI, VN 1gG Ui, DIFiikY
HA 1 & HINO 558 45 G4tk . 45 R R,
5D3-1B5 & IgGl W25, X H7NO ek A HI
5 VN EPE, BRI RS (% 3). Bt
&5 H7N9 HA 8 [ e/ NG5 A W BEAE ng G0
(E 1A), H 1:8 000 FBEMPLIRIIIRAENS S5
H7N9 GDI15 BRI 4 (B 1B), ui
5D3-1B5 5 H7NO Jk 5 {4 5 0 15 .

%3 B SD3-1B5 BYEYIEHHE
Table 3 Biological characteristics of the SD3-1B5
antibody

mAb Isotype Activity of the antibody
ELISA HI VN
5D3-1B5  1gGl 2.96

Negative Negative
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L
1

- —— H7N9

e« ee BSA : -’ b

Bl

\vk L]
)

. L
1:300% 44, ¥

r

{1:1 000

1:2 000

OD,5,

200 pm

1:4 000 1:8 000 Mock

2700 1350 270 135 135 1.35 0
Antibody concentration (ng/uL)

1 5D3-1B5 5 H7N9 HA & H K% & R4 M Y S 1z 14

Figure 1 Reactivity of the 5D3-1B5 antibody with the H7N9 HA protein and MDCK cells infected with
H7N9 subtype AIV. (A) Binding of the mAb with the HA protein. Reactivity of 5D3-1B5 at different
concentrations with GD15 HA protein was determined using ELISA. Bovine serum albumin (BSA) was used
as the negative control. (B) Reactivity of 5D3-1B5 with virus-infected MDCK cells. The cells were
inoculated with H7N9 GDI15 strain and serial dilutions of the antibody were used to detect virus infection

in [FA.

22 BHIRAHIRIERA
2.2.1 ET%HE) ELISA

HIAWFSE W7, 5D3-1B5 5 H7N9 HA &
55 428452 (LRI Z RN . R T
— B UEPURIR A R AL, BB IR
5 ANESHEK (B 2A). HTF B,
5D3-1B5 5 5 MM Z IR A Y (E 2B), ##
NP S G MR N, T AT BB 23 (] 4
FRAL,
222 EEARERTMENSKCERE

H T 5D3-1B5 Al Rt g R0, FoAi T4
o WS TR A 3R /R BE ML Z IR SCEXT 5D3-1B5
PEATPUR R T . 2l %4k 3 R TE,
VEHC 10 /™5 BT S 0L %) BH 4 0 4 1 v B kA 7
W FEIE XA AR 12 RS, 4550 s,
WQYSLTLPDVL JEJ¥ 78 I 43 Wik b 44 v [ v 1)
Fefilimms . AR EH, FHAE A SHURRE S
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PERONV L RAL (R 4). LA, JPHIHX R
N, HEEFTH 3 AEERY GD1S HA HEH
55 431 0 W, 433 3 Y 1437 i L W4 I,
BIW-Y BT Y e N SD3-1BS PRI E A %
OIFFN, HiZSEFA T 5D3-1B5S it £ ik
(aa 428-452) i,
223 BIIRAIRABIIIE

h T BRI R A5 R B GD15 HA &
155 431W ., 433Y. 437L HRAEH A, PR E
IR EE, T TFA A DN R0 55 o 405 5 1 S ik o
WKl 3 s, EAR RIS H7NO St
T, B S AL 28 728 AN 52 i 9 2 42 il
5 HA EHMIEH KiK. SD3-1BS HEANK#
rGD15 PRIBCGL 20 S e, A2 5 A
I EE IR A AR AN PRI o 3k e 2 LG HIE T W
PR SCRE R O 45 SR, I P WP Y-PTL SR
J& 5D3-1B5 R A 0FRA7
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A B 40
5D3-1B5-reactive peptide (HA aa 428-452) 35k .
‘ TEVWSYNAELLVAMENQHTIDLADS 3.0
2250
‘ Peptide truncation a 2.0k
© 1.5
TEVWSYNAE Peptide 1 I.0~
|YNAELLVAM| Peptide 2 0'5_
|LVAMENQHT| Peptide 3 Q= e e p—
. : ST I S T N o
NQHTIDLA Peptide 4 _{3? _\‘@‘? ;§§‘ .g‘," .\_355‘ /@ &
s S L LS L
&
o
S
Qe?v

2 5D3-1B5 5 HINOHA EHEIE IR N

Figure 2 Reactivity of 5D3-1B5 with the peptides derived from the H7N9 HA stem (aa 428-452). (A)
[llustration of peptide truncation. The peptide (aa 428—452) reactive to 5SD3-1B5 was truncated into five short
overlapping peptides to perform fine mapping of the antigenic epitope. (B) Reactivity of 5D3-1B5 with the
truncated peptides. Binding of the antibody with the peptides was determined by peptide-based ELISA.
Bovine serum albumin (BSA) was used as the negative control.

x4 B SD3-1B5 R A AR IR AL
Table 4 Identification of the mimotope recognized
by the 5D3-1B5 antibody

Phage clones

Mimotope recognized by 5D3-1B5

Cl1 SDRTWNYGNLFG
C2 AWQYSDTLPDVL
C3 AWQYSDTLPDVL
C4 AWQYSDTLPDVL
C5 AWQYSDTLPDVL
C6 GGQYSDTLPDVL
C7 NWSYYSFFNNDR
C8 AWQYSDTLPDVL
C9 AWQYSDTLPDVL
C10 GWQYSDTLPDVL
Consensus AWQYSLTLPDVL

Positions in HA Bly 433y 837,

224 RAUWERTHEEEMLD T

PR 1 | VAL N K 7SS I U
BioEdit #F X H1-H17 WA K FAk ) HA &
RF 8 UEA 7 X, 8 A Weblogo T H. B /R#
PPN AR SRR . 45BN, SD3-1BS #m
B 3 AR IEER 431W . 433Y., 4371 #£ HI-H17
WA HA BRI b BEORSF (K] 4A). HA B

&: 010-64807509
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Figure 3 Reactivity of 5D3-1B5 with the recombinant H7N9 virus carrying a mutated epitope. MDCK cells

were inoculated with rGD15 or rGD15-5D31B5 mut. 5D3-1B5 and H7N9 serum were used to detect virus
infection in IFA.
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Figure 4 Conservation of the epitope recognized by 5D3-1B5 and its location in the HA protein. (A)
Sequence variation of the epitope recognized by 5D3-1B5. The HA sequences of the HI-H17 subtypes were
aligned using BioEdit software and variation of the epitope was illustrated using Weblogo. The size of letters
correlates with the conservation of the amino acid. (B) The structure of the HA monomer shown by cartoon
based on the PDB 6idd.1. The A-, C-, D-helixes and the B-loop in the stem were illustrated in red, yellow,
blue and orange, respectively. The identified epitope was localized in the C-helix. The epitope amino acid
sites were shown in different colors (blue for 431 W, magenta for 433 Y and green for 437 L).
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Figure 5 Sequencing and bioinformatics analysis of the VH and VL regions of 5D3-1B5. (A) PCR amplification
of the VH and VL genes. (B) Identification of the CDR and FR domains of the VH and VL regions. (C) Structure
modeling of the VH and VL regions of the antibody. CDR1, 2 and 3 of the VH were illustrated in red, dark blue
and yellow, respectively. CDR1, 2 and 3 of the VL were shown in orange, cyan and magenta, respectively. (D)
Structure modeling of HA in complex with 5D3-1B5 using ZDOCK. Left: HA was shown as surface
representation in grey and the variable region was shown in cartoon with the VH in red and VL in cyan. Middle:
CDR loops from the VH and VL involved in the interaction with HA were shown. Right: the interaction force of
the hydrogen bond between the CDR loop and the epitope was indicated by the orange dashed line.
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Figure 6 Reactivity of the mAb with influenza virus strains of different subtypes. (A) Reactivity of
5D3-1B5 with the HA proteins from influenza virus strains of different subtypes. Binding of the mAb with
the HA proteins of groups 1 (HINI1, H5N1 and H9N2) and 2 (H3N2, H4N6, H7N9 and H15N8) was
measured in ELISA. Bovine serum albumin (BSA) was used as the negative control. (B) Reactivity of
5D3-1B5 with the cells infected with AIV strains of different subtypes. MDCK cells were infected with the
viruses belonging to groups 1 (HIN1, H5SN1, HSN6, HSN4, HON2 and H11N9) and 2 (H3N2, H4N6, H7N9
and H10N7). Recognition of the viruses by the mAb was tested using IFA. AIV strains of groups 1 and 2

were shown in red and blue, respectively.
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