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(pentamer), 12 4 To BAKLH LG 7 A 7E (capsid)!
SN ST VP1-3 2054 213, 218, 220 aa
(amino acid, ZJERR), —FH IS AELL, #B
JEH 8 NEEIR B AT RAMAHIEMI AL, DL VP HISEH
EHIF VP2, VP3 HIZE S ESCEMIE X FET
PR R, Hd, VPL Y G-H 3F /& FMDV
I BRSSP A7 F VP G-H Hp
# RGD (Arg-Gly-Asp, 1145-1147 aa)— KK F &
FMDV iH A% BEE [ (integrin, Ins; f4% avpl .,
avB3. avp6. avp8)ZiA 4T IEmHC,

WHFE R, FMDV  HH[R] 53 25 b R R 156 2 11 -
P 26 1A 1 N A 1 R AR e o Jket T s
Hf A= 7 FMDV 78R SN E Iy 240 i i 3 7 v oA fig
FRASF FH A R £ 1k I % (heparan sulfate, HS)/E
KA AR S, I i /NES B [ (caveola) At 3L
5E I8 E 44 L A % N 78 4k (internalization) it 2P,
FIFH HS Z KM FMDV 4 bR A 1 5 41 i
R AR S AR B0 0 #E S R AU N 1 il
wRAN,

Baranowski Z!'*% FMDV C-S8c1 7£ BHK-21
A F i SA% 255 100 FRH, % B8R (C-S8c1p100)
AT T X R A R M) HRES A HAE RGD K
WA ZRIRYY CHO RAAMMEAR, XS VP3
G-H ™ E3173K (O B4 M55 3174 {50)Fafs IE £ H 1o
MRS A 56 . A s AE O B FMDV H i i 5 7%
HIZX B IES 3173 #3179 & IEBRFESEEAE O
RUFN C %I FMDV Z [ AEFERAE 22 5 S F it
ABEFE YRR T MR E 2K, PEH] VP3
G-H ¥R S SRR 278 X% O 1 FMDV % ) Je
L YA F B AR S AR 2 R g e, DAY
% FMDV 515 32 (40 f )i i e 2L Ak 19 43
RIS AT RL SR
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LR
L1 JR%. BoRMAM

B4 B THN Sy F F FMDV 2 [ 33k (L 45 A 5
ARG IRB O/HN/CHA/93 (4 MLy v k) 3£ 1
TR, HIERN4 4K cDNA fiki pOFS (UL pSK
R AL AR AR AETY . & fHN VP3
B E R E Y A pUCST-VP3YTY R
pUCS7-VP3P3PNVITENITC ke phy 55 M 42 R A=
PR BRA A G . FERIE T7 RNA RETH
() BSR/T7-5 4l s 7 rh 7% [¥] Karl-Klaus Conzelmann
R EW . BHK-21 4ifi(Ins+, HS+)FI CHO-K1
M (Ins—, HS+H)73551 A HE SR 35 Py OR et
S P S AR T A ) it IR s o
12 FEEHF

BRAPEN VNG . T4 460 . DNA 707 B AR
#E . BERE [RICFN DNA 2lifbin & . Bkl 0]
G AEEY TRORE)VARAF . E coli
IM109 &7 2541 1l H Transgene 23 ] . Opti-MEM
1. Lipofectamine™ 2000, GMEM , DMEM , 2xMEM
¥ A Invitrogen /A ). PRI (fetal bovine
serum, FBS)IJ H Hyclone A, WML Eh 22 ik
(phosphate buffered saline, PBS; pH 7.4)l4 H
Biological Industries /- F], RNeasy Mini Kit 4 H
Qiagen A H] ., BE KN H MP Biomedicals 23 A,
O % FMD JKRPLIM . FMDV AE45H & H
(non-structural protein, NSP) 3A .o [ $i K
(monoclonal antibody, McAb) i A [ £\l Bl 2 5 2%
I BERF TS TR . Clathrin FAE McAb FlH I
caveolin £ wi [ H K (polyclonal antibody, PcAb)
I H ThermoFisher A H] . IHFEHIKR IgG H&L
(Alexa Fluor® 647)l [ Abcam /Al . FITC K1)
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HEEPL R IgGHFL) LS5 1gGHFL)E Ak
SRR I A IR BR 2 v . DAPLIY H i3
BRAEYFEARGRAF
1.3 L3

1-3 HIRFLB(RBIR), thrhEfRV R
M-EBEWFFE TS g sy b e it
1.4 VP3 EHRAK FMDV K4 LK cDNA
FLREA R

W, M Spe UNot T 4r3lliig4k pOFS .
pUC-VP3YV'* F1 pUCS7-VPp3P3 I PNAVITIERIITC
P pSK-VP3V374Y FiI pSK-VP3D3I3NIVIITEMSITC
kL. SRJE, WK A Spe 1/EcoR 1, Nhe I(Spe 1)/
Not I, Spe 1/BamH 1 I Bgl 11/Not 1 52 Ji, pOFS"?'"™*Y
1 pOFSP33NTVIITAENSITIC groter by g (1 1) B 2K
WP ZE Spe 1/Not 1 XG4 78 25 FIE R Y VP3
FE AR FMDV JERZ] 4K cDNA siffi%kardl
FONE I KB IR A BR S vl #6471 €
1.5 FMDV & s R IR S %€

Bl o 45 R OIE B By pOFSYYY A
pOFSP PPNVIHENSITC ok FY Not T Y] . I
4 Lipofectamine™ 2000 #&fEULIA A, K 2.5 pg 28

BamH 1 (1572—1577nts)
v VP4 VP2 v

PEAL I R )55 e BSR/T7-5 4i8, 72 h Picsk
TR AN SRR . IS VR 3 IR, 7E BHK-21 2
J SRR, ELE 90%LA 1 4 H B 4 it
7534 N (cytopathic effect, CPE)AYIN I THa5E .

S 10 [CREAE TRR(TF), #% RNeasy
mini Kit 60 F4AE, $2HUE RNA, RT-PCR 471
P1 R ( LR 204: 5-ACCTCCGACGGGTGG
TACGC-3', Tii#514 NK61: 5'-GACATGTCCTCC
TGCATCTG-3)"!, et i sk . [mldie H ) F
Bom, kA atN SR BE R B B A BR 2 v
WP
1.6 MBI EGALK:

¥ rHN B Ptk FMDV & 5 838 R 7E T 10 175
RONFERE, AR T 6 fLtk P R SRR
BHK-21 5% CHO-K1 #fififi(200 uL/fL), 37 °C. 1 h,
1a] M) B 1015 min 2425280 1 U, f 4 fr
FHR . Bifs , WM, B35 2 mL MEM
K31 mL 7 2% FBS A9 2xMEM+1 mL 1.2%
(8 E KRBk L 8597 2 48 h (BHK-21)!'
5 72 h (CHO-K )" f & , W ST 573, 8 72 (50%
FITE+50% N ) | 0.2%25 i 52 48 0, WLEIF 51k
BEIE i #843 (plaque forming unit, PFU),

EcoR 1 (2551-2556nts) Nhe 1/Spe 1 (3175-3180nts) Bg/ 11 (5330-5335nts)

v VP1

G- 3

£
Spe |

3153 aa

Not 1

3193 aa

—SKETESIPYLSAADYAYTASDVAETTNVQEGWVCLEQTTHGK- pOFS
-SKETESIPYLSAADY AYTASDYAETTNVQGWVCLEQITHGK - hOFSY3I74Y
—SKETESTPYLSAADY AYTASNEAETTCVQEWVELEQTTHGK ~ [y OF SD3173NV3IHEN3ITC

oG

1. VP3 EEZRTH FMDV EFEH LK cDNA ZEHEREE

Figure 1.
site-directed mutation(s) in the VP3 coding region.

The schematic diagram for the construction of genomic full-length cDNA clones of FMDYV that contain

http://journals.im.ac.cn/actamicrocn
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1.7 —BHEKHREH

#% 1.0 MOI (multiplicity of infection, JE&YLid
FOUE tHN K H iRk FMDV 28 s 28 28 A 435142
Fh2E BHK-21 4, 4 °C WFfF 1 h )5, SFHEAR
FLEHUIMA AR FBS ) DMEM $53: 3%, 37 °C i
BEH 2.4,6,8.9,10, 12, 16, 20, 24 h
I3 SISORIR 7 o S VR 3 U, AR IR 1.6 SN
JE PFU, Z:ifil—P A Kk
1.8 TCIDs, B IIE

¥ BHK-21 il s 2x10°/mL A B, 5
10 15 25 F B A9 rHN FIPIER FMDV 22 s A8 A
25 HU50 pL B 96 FLAk (8 L/ RREE), & 37 °C.
CO, BiFRFARGFR A 72 he WFRTFREL, I 10%48/K
ThRKE E 30 min, 0.05% F L5 R UL 4 30 min
JE vk, FERRTE)E, SitmAfLE, %R
Kirber 118 TCIDs",
1.9 LDs, il E

AHU 10710 B ny rHN FIH Ak FMDV 22 s
FARRE MR 1-3 HIBFLER (200 uL/H, 5 HY/
WRERE), WAL R LRWREN, 257 X, Gt
AL EAIFETEL, %8 Reed-Muech 315 LDso*%,
1.10 (Al AE R

¥ rHN L H itk FMDV & s 2828 R 73 51l
#| BHK-21 8% CHO-K1 4ffifl |-, ¥ 37 °C. CO, %%
FA . 4-8 h 5, IR, 4%2 5 HE
%€ 30 min, 0.2% Triton X-100 ## % 15 min, 5% BSA
£ 1h, A FMDV 3A McAb (3A24, 1 : 400).
37°C#RH 1h, LA FITC ARic i =EHT R 1gG
(1 :50)5 M 1h, JimA DAPI (1 : 10000)%¢ 4%
5 min, f—PRRERUGIH] PBS Vi 3-5 K.
&E, EYOGEE BIMEI(EVOS FL) T WAL,
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L11 ok R A& B e

i 100 MOI ¥ rHN e H P #k FMDV & 5 2748
3Bl T BHK-21 8, CHO-K1 4fiffl. 37 °C jif
B 15 min J5, WM, PBS MM 3 K. KK
A O %Y FMD JKRPTMLIE (1 : 500), Clathrin
B McADb (1 : 500)E; %Ik caveolin PcAb (1 : 200),
Alexa Fluor® 647 Fric B9 11FEPLIK R 1gG H&L
(1 : 400), FITC FriciIli=ht et 1gG (1 : 50),
37 °C £ F &AM 1 ho DAPLJ44% 5 min, PBS
Pelk 5-8 K. S0%HME AR, EEOCILRAER
A (TCS SP8) F %%,

2 ERFpH

2.1 VP3 ELRAH FMDV EHFNHALK cDNA
TLRERG Y] 4 B AR

L pOFS 1E R BHMEXT B8, X HyEE A pOFSY? 7+
1 pOFSPHNVIHENSIIC ok /2SI EA T Spe UNot 13X
VIS e , S5 58805 T SRR/ IMERF I 45 B i
(K 2-A) MIFFSERFEITIESS, PIRh VP3 E fi %R
ARE) FMDV JFERIZH 42K cDNA v fgkb i s sh (1) .
2.2 FMDV &SRB E IR 55 R R

pOFSV3l74Y%ﬂ pOFSD3173N+V3174E+N3179C s 43 5]
2t Not 14k 1AL . #5Y BSR/T7-5 4iffl), 48 h N
Y3 TR A CPE (KN, KRRV Gere
AWTE BHK-21 20 FiEseBit, Wik A 4 10JF
TASE 90%L FANME I CPE RYINHE] # THa
(%1 8-10 h A f). #EFEHERD BHK-21 4HEAYES 10
fRIEH THEEE, YEfT RT-PCR &, SRR
T 2 2474 bp (base pairs, Bl FEXT)AY H K547,
Y B TR0 AT 7= 40 400 45 SR 5 DA ORI 41— B
(K 2-B. & 2-C). Witk FMDV 7& i AR AR5yl i
4,k THN V317 ) pHND3 173N VIITAENSI79C
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(A) (B)

2474 bp

©

rHNDB 173N+V3174E+N3179C

bl

ACCACATGCGTGCAG

rHN

iy

GCGTCCGACGTCGCCGAAACCACAAACGTGCAG] |G

AS-AETT

2. pOFSV3174Y %u 0FSD3173N+V3174E+N3179C &E/:E 5 ,\gwmém

Figure 2. The results for identification of pOFSY*'™*Y and pOQFSP3!73N*V3IT4EMIITC and the corresponding
site-directed mutants. A: M: 1 kb DNA marker; lane 1-3: The products of pOFS, pOFS"*'’*Y and
pOFSPINVIITAEMIIIC qi00sted with Spe I/Not 1 (from left to right). B: M: DL5000 DNA marker; lane 1-3:
The RT-PCR products of tHN, rHNY*!"*Y and rHNP?!73N*VITHEMNITIC 4 plified with 204 and NK61 primer pairs
(from left to right). C: The intrinsically or site-directed mutated peaks of 3173-3181 amino acid residues in the
VP3 coding region of tHN, rHNY?'"*Y and rHNP3!7PNV3IT4ERNSITC oraved by nucleotide sequencing (from left to
right).

CGTCCGACTACGCCGAAACCACA

IN]V Q AS-AETT.VQ ASMAETTVQ

ACGTGCAG GCGTCCAACGAAGCCGA

2.3 FMDV & SRR R MBERBIFNE Hl3h J12#

PO BRI 25 R, 76 BHK-21 20/ |-,
H5E%5% % HN M, FMDV & SR A K
rHNY'Y B Bl BRE I A AR L KT A
%’ ﬁlﬁ FMDV %)ﬁ%ﬁ'ﬁi I,I_H\IDS173N+V3174E+N3179C
M3 70 B A NN = L 5 =W 5 O DO | S e
SFTERIFAREE 3, £ 1), HEBHZE, fHN

AL, ZHWE N IR R I R 2=
S(El 4).
2.4 FMDV & s =AM BUR M

TCIDs FIIE AR R, HASEE tHN 5 FMDV
TEERASR rHNYAAY ) NP3 TINVIITAERSITC gy
TCIDso /- F 10107 Z i), =& Z Al 25
AR, X—giR kP T O A FMDV

#£ CHO-K1 Zif FRRETE BB, 1 rHNY 7Y F
I'HND3173N+V3174E+N3179C Tﬂ_:‘ CHO-K1 éﬂflﬂﬁlj:iéjﬁ‘éﬁjgfg
B 3. % 1), —HE KMk 45 R R,

FAHE tHN 5 FMDV JE 481K tHNY Y Al
I.HI\ID3173N+V3174E+N3179C YIE BHK-21 éHE]H@J: E@iﬁﬁﬁ

VP3 G-H PR A 2 1R 5 A8 ff A< B S Mg A8 L
BHK-21 40l ARG (R 1), LDso FYME 25 51 i
/jf\. L:erN*HH: I'HNV3174Y3H]I'HND3173N+V3174E+N3179C
Xt FL B A EOR S BRES, FEEIUNH B TR
10 504, WEE1).

http://journals.im.ac.cn/actamicrocn
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BHK-21

rHN
CHO-K1 ‘

r-[_ﬂ\IVBINY

rHN D3173N+V3174E+N3179C

3. rHN, rHNYV7# f0 pENPPNVIHERSIDC 4 BHK-21 1 CHO-K1 4 A iBERL S
Figure 3. The plaque morphology of rHN, rHNY?'"*Y and rHN3!7PNFVITHERSITC oy BHK-21 and CHO-K 1 cells.

%E 1. I'HN\ I'HNV3174Y ﬂ';u I'HND3173N+V3174E+N3179C E’{lﬂﬁf%@'—ﬁﬁﬁ'ﬁ tti_&ﬁ ﬁ*ﬁ.

Table 1. Comparative analysis of plaque phenotypes and pathogenicity of rHN, rHNY'7#" and rHNP?!73NV3IT4EMGIT9C
PFU/mL
FMDV TCIDs, LDs,
BHK-21 CHO-K1
rHN (1.15£0.1)x10’ No plaques 107(6-750+0250) 10774059
rHI\I\/3174Y (237i10)>< 107 10 10—(6.87510.125) 10—(6.210.55)
I'HND3173N+V3174E+N3179C (850i20)>< 106 102 10—(7.00010.125) 10—(5.810.70)

rHNV3 174Y
= rHND3 173N+V3174E+N3179C

—— rHN

Virus titer (Log,,PFU/mL)
© = N W A U O

2 4 6 8 9 10 12 16 20 24
Hour post-infection/h

4 rHN, I'HNV3174Y %u rHND3173N+V3174E+N3179C E,‘J —
T KL

Figure 4. The one-step growth curves of rHN,
FHNY34Y g pHIND3 I 73NHV3IT4EN3179C

2.5 [EHEGETOL SRR E BERMER
[ 4% ey o Ot M 45 R Bos, B WEES
FMDV € 5 2878 ARl BHK-21 4118 4 h )7, 246
WMELEN A 3A24 (McAb)IE| FMDV 3A J5 5 FITC
PRIC e FRERAE 1gG & AR SO T ™ A i 4 (8,58
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j\lﬁ %%Eua I'HN I'HNV3174Y$H rHND3173N+\/3174E+N3179C
7E BHK-21 4l rp ¥ REIEH 2l . #HFJ% 5). (2
ZEILZ I'HN I’HNV3174Y *n I_HND3173N+V3174E+N3179C E&éﬁp
CHO-K1 il 4-8 h J&, 1A B4 A GEK i 2]
FMDV 3A fHAMFEZE, MIMHIET O % FMDV
VP3 G-H s iR 28 A8 fef LS 17 ke
CHO-K1 iR 8E 1 (K 5).

HOLILRERMERE R, BEKES
FMDV /& s 2828 (k4R BHK-21 2018 15 min Ji5,
¥4 HIEeZL 2] FMDV 5 clathrin fl caveolin 1£
%'f_\‘—L ﬁé% I'HND3173N+V3174E+N3179C I'HNV3174Y ﬂl I'HN
124« BHK-21 ZHHIARH T W% 25 AN SR
TP R AEE R SR (E 6). fHAE CHO-K1 4iifiEg
J: Eﬁ gg,fxﬁ I_HNV3174Y %H rHND3173N+V3174E+N3179C
5 caveolin 5L, BiEHPIRE FMDV € i R AR K
{24« CHO-K1 20N S F/ves & N
HAYEFgAS .
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FHINV3174Y FHIND3173N+V31 4E+N3179C Mock

- ....
o ....

& 5. rHN,rHNY34Y 1 pHND3I73NHVITERNIITIC s o BHK-21 F1 CHO-K1 ZHB8/EE Jc NSP 3A FiAHE)iE R E 7

HARMEER

Figure 5. The results of indirect immunofluorescence assays for the detection of non-structural protein 3A

expression of tHN, rHNY?'*Y and rHNP3!73NVIITERNITC 1 BHK 21 and CHO-K1 cell lines.

BHK-21

CHO-K1

Caveolin

rHN, rHNY3!74Y fq pHNDP33NVIIHENIITIC (S5 BHK-21 1 CHO-K1 ZAfA0 S L B4 B a0 M 45 R

6.
V3174Y D3173N+V3174E+N3179C
and rHN

Figure 6. The results of laser confocal microscopies for endocytosis of rHN, rHN

in BHK-21 and CHO-K1 cell lines.

http://journals.im.ac.cn/actamicrocn
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3 itib

AR HT R , FMDV =N
51 VP1-3 19 G-H ¥/(1130-1165 aa, 2172-2176 aa
F13171-3181 aa)fE=sla] A H5EIL Y, FMDV
C-S8¢c1p100 H1,3173K 5 R1141 (RGD H:/%) HAE!,
I O %4 FMDV H, VP3 L4 3174 i B FEMRGE
F5 VPL L5 1135 o 2 SRR 5R L HE 2 5 (B
W) FRATAHBIR LI, 5 3174 ALAgdEmE
FAHEIR (Val) 278 R PERE i K 2 5L R (Ala, Ser,
Thr)Ff R ARG CHO-K1 A ffg 111,
CL %1 CHO-K 1 4fiffl R il = mI it FMDV 7 %0F F
R AR, BAITZS 50 AR HEE
FEHEE SR HAZRIL, W B4 GleNAc (N-Z i
). ST6Gal (B-2EFLBHTY 02,6-MEWk FRELFLTH) |
HS3ST (HS il 3-O-Tf Kb R il ) & 21231 AHt
FEH, Wik FMDV JE 5 R AE & cHNY'Y
I_I{I\ID3173N+\/3174E+N3179C iéjﬁ'é@@ﬁ% CHO-K1 é&lﬂ@» ﬁzﬁ
HE 3173 8 3179 {5 kAl &2 52 A8
(N3173S, C3179S; Z5RAK K R)WAMNIG E L
CHO-K1 4iiffd b iy ik 2 il . #i, R V3174Y
F V3174E 43 K 25 ()52 BRIV, (55 & o s L R Fl
IEf L far VR (R PE 25 R), BRI T VP1 G-H ¥
()73 1) R IG A , S35 FMDV F1 FH A2 AR R0 il i 4k

FOPZORI AT AT, FMDV 76 BHK-21 41t F ik
PO 5 H FH 22 AR i 2 I Te 4 3ot AR ST
FMDV VP3 C-Bt(3111-3220 aa)fE 3 3h15 T 400
Hg B TR A5 S8 s & R VR R, i
BHK-21 4iiffih 1 BT KB mgn i 20, it
R T M) VP3 G-H A e E IR R A I A
%'@Eﬁl@i I‘HNV3174Y %n I_I_IND3173N+\/3174E+N3179C ?’:E
BHK-21 4l b 04 W~k , (A3 %5 L By o
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JIW B BUGIX — B4 .

R rHN 7 CHO-K1 il ABETE iibh B
EAT TSR 3 CHO-K 1 4002 16 , 3% 855 VP
SR EE M S LR AR (A L2080M . E1083K Al
D1138G Z5)A¢; rHNY'Y i1 pHND? I PNV3ITHERSIRC
Wi/ N AN SN EERE AR CHO-K1
M, SULFIET, BT AR S A AE I RS i i
FARIEY pgsAT745. N-Z Tk I A A e R e 72
Tl [ 20 ) pgsD677 BT CHO R 5141 i 2R _HTE Ak
PG (HIE, FATHIREE R IFA S FMDV #
FA BRI (1A HS LAY Bril o = 262 4k
JMID6 (Jumonji C-domain-containing protein 6,
JmjC S5 MGG 11 6) LA R AR 35 1 1Y IN A AR
Y CHO RANAART, BLH., H449%
# rHN S5Hikk FMDV € 2878k ANV Fi
rHND?PINVITENSITC 0 B AT 36 2% (HS ZRB14) )
SRR

A Sk, ARATAA fHN . tHNYV'7Y A
rHNPPNAVIITENSIBC S bkl AT FMDV 5
R SR> TR SR A $EPUE B R
PRGN 7 FALHI L 2 VP3 G-H SRR E A
FLFRZEAENT FMDV $LJ5M: ) 5% i & 5T

Z % Mk
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Effect of amino acid mutation(s) in the G—H loop of VP3 on
biological characteristics of foot-and-mouth disease virus
serotype O
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Dong Li', Yuanfang Fu', Qifeng Bai’, Hong Yuan', Pu Sun', Xueqing Ma', Yimei Cao',
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Lanzhou Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Lanzhou 730046, Gansu Province, China
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Abstract: [Objective] To study the effect of amino acid mutation(s) in the G—H loop of VP3 of foot-and-mouth

disease virus (FMDV) serotype O on its biological characteristics. [Methods] Two site-directed mutants, rHN">'"Y

and rHNP3BNFVITAENSITC  wore generated by using reverse genetic technique platform of FMDV. The phenotypic
properties of the resulting viruses were characterized by plaque forming assays, one-step growth curves,
determination of TCIDsy and LDsg, indirect immunofluorescence assays and laser confocal microscopies. [Results]
There were no significant differences in the infectivity, plaque phenotype, and replication kinetics between rHN,
rHNY3'74Y and pHNP3I B3NHVIITAENSITC 0 BHK-21 cells. Compared to the backbone virus rHN, however, the

s 174Y D3173N+V3174E+N31
pathogenicity of rHNYV3'7#Y and pHNP? 73N V3ITAEMBITIC

was obvious decreased in suckling mice, and these two
rescued viruses gained the ability to infect CHO-K1 cells via caveola-mediated endocytosis. [Conclusion]
Individual amino acid mutations at position 3174 in VP3 have an influence on the virulence and endocytic pathway
of FMDYV serotype O in the infection of host cells, which may help us understand the potentially important

functional roles of the G—H loop of VP3 in the 3D spatial conformation of FMDYV virion.

Keywords: foot-and-mouth disease virus, VP3, G-H loop, site-directed mutant, biological characteristics, endocytosis
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