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B 09 % 5 &4 (monoclonal antibody, MAb), —EAZEH4) TH RO FE. AT H& CAER
R IR 5w T A~ 2 (polymerase basic protein 2, PB2) %] MAb, AFFARE ABRMAZ BB E @ 32A
(human acidic nuclear phosphoprotein 32 family member A, huANP32A) 5 7R % & RNA 1R # 4
RNA K &8 (RNA dependent RNA polymerase, RdRp) #8 ZAE A 694544, FIF %5 IR K ER
AR IE B %P 18 i kA Flag 472 49 huANP32A (huANP32A-Flag) #44b7+F % C 2R RdRp
(PB1. PB2. P3), jfuAZAEH % 9% & % 9% BALB/c s K., #1814 ELISA 5 Western blotting 7 i%
it 6 #k (7B11-5. 8A4-5. 13D9-6. 8D4-1. 8D4-3. 9F9-4) #eA4 & 4 ikiRA] PB2 MAD &) a4
B mIk. 2% % TB11-5. 8A4-5. 8D4-1 = 8D4-3 LR LA % 1gGl &, 13D9-6 ik LA
IgG2a &, 9F9-4 #ik EA 4 1gG3, 2434 v 4. #t—FRI | MM 589 % /g )l 8D4-1
S &R, R EE 64 s R KR A 1 2 64 000. Western blotting 5 R 2 7, #]&-4) MADb
9L C AUAR R F PB2 R AT 2R )i/’, AL R BRI LR A, iZ MADb T /A #4420 C
AR RE PB2 ¢y L tn e 4n. AAFRiE T huANP32A &8 5308 £ 7 C & AR R4 RdRp,
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Purification of influenza C virus polymerase based on
huANP32A protein and efficient preparation of monoclonal
antibody targeting PB2 protein

QU Yuxing, GUO Xing, HAN Jiaqi, ZHANG Zhenyu, WANG Xiaojun

Equine Infectious Diseases and Lentiviral Diseases Research Group, State Key Laboratory of Veterinary
Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Harbin 150069,
Heilongjiang, China

Abstract: Influenza C virus is an important respiratory pathogen not only infecting people, but also
pigs, dogs, and other animals. Polymerase is central to the replication of influenza C virus and is an
important target for studying the mechanism of viral replication. However, there is no commercial
monoclonal antibody (MAb) targeting influenza C virus polymerase, which hampers the development of
relevant research to some extent. In order to prepare MAD targeting the polymerase basic protein 2
(PB2) of influenza C virus, influenza C virus RNA-dependent RNA polymerase (RdRp, consists of PBI,
PB2 and P3) was co-immunoprecipitated with Flag-tagged human acidic nuclear phosphoprotein 32A
(huANP32A-Flag) from 293T cells based on the interaction between huANP32A and influenza virus
RdRp. The purified RdRp was used as antigen to immunize BALB/c mice. Six positive hybridoma cell
lines (7B11-5, 8A4-5, 13D9-6, 8D4-1, 8D4-3, 9F9-4) that stably secrete and recognize PB2 MAb were
screened by indirect ELISA and Western blotting. The subtypes of MAb 7B11-5, 8A4-5, 8D4-1 and
8D4-3 antibody were identified as IgG1, the subtypes of MAb 13D9-6 and 9F9-4 were IgG2a and 1gG3,
respectively. All the light chains of the MAbs were k chain. A hybridoma cell line 8D4-1 with high titer
was further selected to prepare ascites. The titer of mouse ascites antibody was determined to be
1:64 000. Western blotting results showed that the MAb 8D4-1 had a specific immune response with
ICV PB2; laser confocal assay showed that the prepared MAb 8D4-1 accurately detected the subcellular
localization of PB2 subunits. Moreover, ICV RdRp was highly enriched by ANP32A. The high specific
of the prepared PB2 MAb 8D4-1 may facilitate the polymerase detection, structural analysis and

mechanism study of influenza C virus.

Keywords: influenza C virus; PB2; huANP32A; monoclonal antibody

C BB (influenza C virus, ICV) J& AR T7EE RNA JREE, HIEE 4 5> 7 N0 B,
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T, ERRORBOL, M2 R R
A AT 2 SR IR 5 S .
Y IOV AR RS, B A
e TRV AR, 7 L - A
1,

ICV PB2 %Hﬂ%ﬁﬁﬁﬁ%ﬁléﬂﬁﬂ% 1B
RNA 4t , f175 774 DNEIERE, 5 RSFI4s

8. PB2 5 PBI, P3, NP & [1 LK RNA
%éﬂﬂ‘ﬁﬁ%%%ﬁimﬁfﬁaﬁﬁiﬁﬁﬁﬂ/*
& (viral ribonucleoprotein complexes, VRNPs)!"'
TE it B s AL W BT A2 ] L e s g e rpole
FAA]ECBRAVE T . AT H TR ICV SRE A
PLRIAE SR, S A RIS R], At 2R
A W) PR L EPTIA  (monoclonal antibody, MAD)
S, TE— BRI W2 TSR
FATFHAD L5 = B PSRBT, ANP32A
o, ANP32B A] 5t i@ i 2R il — WSS 5, 1
il A g 3k
J7AUER] ANP32 FE 115 RNA it RNA R4
fitf (RNA-dependent RNA polymerase, RARP) #
AR A AR R Co-IP ikl LA
EAL AL B9 B RdRp. A RHE ICV R4 T
AR PB2 BYAHIRMISE, A SIS LT3
HOR, @RS Flag #2519 huANP32A S5k 4k
ﬂa ICV RdRp, JZEAL T 425 BALB/c /M,
M 2 AR AN M S BRI & 5T ICV PB2 Y
MADb, HIRAMFSE ICV PB2 (T REHL I 5 4G
U T B E FEAil

1 #H57%

1.1 FESHEMH

PCAGGS-ICVyigoria-PB1 . pCAGGS-ICV vicoria-
PB2 . pCAGGS-ICVyicioriaP3 . pPCAGGS-huANP32A-
Flag. pCAGGS-Flag. pCAGGS-ICVyjoia-PB1-His
PCAGGS-ICVyictoria-PB2-His . pCAGGS-ICVyictoria-

LYULE  (co-immunoprecipitation, Co-IP)

: 010-64807509

P3-His. pCAGGS-IAVgco-PB2-His, pCAGGS-
BV yamagaa-PB2-His FI pPCAGGS-IDVygygaia-PB2-His
G JFR % HEK293T 2l . SP2/0 4 ifd i A< 5256
FIHHIRLT; 6 JEl SPF 2% BALB/c Mt/
B (RE N 15-20 g) W I T RAAEYH AR
WA R F, ShY e Iy 2238 ST AH G SE 5 3 )
FEFIRLE . IF3RA5 b ARl B2 BE I IR B2 2
WEGE T SL g sh ) PS5 s i e (At
5 210224-02)5 FE YRR IR 0 W R ER R L
MAX (PEI MAX 40K) lJ H Polysciences 2\ H] ;
P Flag M2 W52k . B4 5% PEG. HT Supplement
(50x) (HT #EFREUIF]) . HAT Supplement
(50x) (HAT ¥5323L0 ). Pt Flag MAb. T
6xHis-tag MAb . HRP #5ic i 3¢ $t Bl 1gG
(IgG-HRP), DyLight 800™ #Fric i F4 Bl IgG .
3xFlag Z k¥ H Sigma /A5 96 FLIE 2 Ml
Pt B Costar A w5 i 4 1L3E (FBS).DMEM
Bige 4 . %5 Marker W H Thermo Fisher 23 7l ;
TMB R {4 . QuickAntibody-Mouse 3W (3 J
Pt BT/ Z P AR W B b S e
REFARABRA A IFEH/NR 1gG Alexa Fluor
488 W H Invitrogen A H]; FHEREFYEREBE (NC
JE) Mg @ Millipore /A ) o
1.2 ICV RdRp BIFRIER 41k
FE 75 cm’ 4RI 5 3% HEK293T 4 f,

R 3K 70%—80%H T, K ki pCAGGS-
ICVvicoria-PB1 . pCAGGS-ICV yigoria-PB2 . pPCAGGS-
ICVvicworia-P3 . pCAGGS-huANP32A-Flag % 3 ug
DL ] 60 uL PEI #% YL iRl i 7 4Lat e | 8 h J5 &
W20 M RE IR, 36 h T PG L T i 2
12 000 r/min =i L 10 min JEEBGH S EiEMA
5xSDS-PAGE [ _FFEZE i , 98 “CaxJa i i
10 min il B2 IR RE S, TR I AT
Flag M2 62k, 4 CHeFsHEIRME 2 h, BGHR
ZERM A 5xSDS-PAGE %5 [ | FESE mrigd i #4
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B ZE WA S, PBS FRArUETR 5-8 K, MMA
3xFlag Z Rk, 4 CHeFFEIRBEME 30 min 13K H
B, BUT S 5xSDS-PAGE & FREZE nh
W, M B B B AR i, i# 4T SDS-PAGE
SHTHI AR N R ik, Fa HEAH
F4J% BALB/c /MR EL 73280 CLRAE

1.3 MAb 895 &

i HIEHY QuickAntibody-Mouse 3W it
AL SR TR, a5 R /N AIL PR 33 5 1
Jr X fesE BALB/c /N, BERRPIFHATES 2 X
FER 3 WA, TE55 3 RGIE G AR, 18
1 [A132 BLISA Jy BeAG I i 5 85, 24 1l 5 s
KF] 1012 800 DA A, MRS Ai A AP E
Hemag e, 3d 5, BUNRMAINS SP2/0 4
fAER &R PEG EF T il ATRG A G )5 1A,
FIFH A4 ELISA J7 ik A h ik, i 45 R
ksl 3 woakesifh, EEikH g
FE ST HT ICV RdRp 57 MAb 19 FHPE 2% 8 97
MK - K HEK293T ittt T 6 LAk, 4331l
# Yt pCAGGS-ICVyioria-PB1-His . pCAGGS-
ICV victoria-PB2-His Fl pCAGGS-ICVvyioria-P3-His
FiRi 1 ug, 24 h 2@, HCRIE IR
JE1T Western blotting 3256, 223 a4l ks 5% -
Ti L AT 6xHis-tag MADb 1 5—%T, DyLight
800™FRIC K LB B IgG (1 © 10 000 Fi ) VEN
THL, SEESMW PB2 MAD B 2 58 9 4 i
PR o BB ELISA ODyso {H 5% 5 H. Western blotting
SRR R RAT R 1 BR, K A5 AN E s v
S5 BALB/c /N (285 RS2 A Tl AL 3
2.0x10° N4/ 2, 7-10 d J5 RAEME KR
protein A PLIRLEAT S THUIALEML, #alifb)s
) MAD 4734 31 F-80 CLRAF -

1.4 MAETESEKANIERE

HR PR AR S7 78 45 7 a7 6 1 1 B A5 6 A 7

RIS E SR a1 ELISA 15 2l 5 I8 7k 4fifk,
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JE BT, F4ifbE) ICV RdRp HFAEN
AR, KA G PR (1 pg/ul) BN
—¥HiH PBS (pH 7.4) 1 : 1 000 fskt, ZJG%
k2 11 128 000, *FHiFl IgG-HRP (1 5 000)
Vi ZHi AT MAD 2 G
1.5 MAb XX RMNMHEE

¥ HEK293T Mt T 6 FLAR D, i il 2%
JEh 70%—-80%H 73 il e ik A BUGIEN
(influenza A, A/Sichuan/01/2009, IAVscqo). B %
W 8 (influenza B, B/Yamagata/PJ/2018,
IBVyamagaa) « C BB EE (influenza C, C/Victoria/
02/2012, ICVvicioria) D T B 7 (influenza D,
D/bovine/Yamagata/10710/2016, IDVyamagata) Ty
His FrZ5AY PB2 JFki (pCAGGS-IAVgcgo-PB2-His
PCAGGS-IBVyumagaa-PB2-His . pPCAGGS-ICVyigioria-
PB2-His., pCAGGS-IDVy,magain-PB2-His) 1 pg,
fFLm 5 uL PEI #4450 . 4 8 h J5 ik,
36 h 5 2440, 12 000 r/min /3% 2.0 10 min
JE B R, F RWERES N 5xSDS-PAGE [ I
FESZBpIR AL R, UE1T Western blotting SZEG4Ht
MAb 1) 58 X Ve o 4% A2 6 40 B 13 AR L
6xHis-tag MAb “J—¥ji, DyLight 800™ 431 Ay
LR 1gG (1 10 000 Fi #¥) R —HrabAsaaim .
1.6 MADb L& BRI E L5 17

¥ HEK293T AL %2 2 4> 35 mm $£5
R FEMA, Y 1 ug pCAGGS-ICVvictoria-
PB2-His Tk 4255 5% 24 hoW bR 41 i % 33 .
FH 4%2 B WS [ 5% 15 min, 0.05% Triton X-100
3% 20 min, 5%BARFLE 1 h 5, Fisl
I 4B PB2 MADb LA K4t 6xHis-tag MAb
(171 000 #ke) 1ER—b1; ¥ILFH/N 1gG
Alexa Fluor 488 fEF — %1 (1 : 500 Fikf), =il
WEOEIEE 4 h; DAPL 44% 10 min, BBEFH 1A
R PBS WEYE 3 Wk A R o0 0 A i
B4R IS LSM800-ZEISS #EA7TWEE, #ailii
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YL J5 PB2 YL 40 E i

2 X504

2.1 ICV RdRp MyFIER ik

W ICV B4 HE =35 A ANP32A H
Wik BURiAE HEK293T Ziffttitye)s, FIH
Flag 950 B oA 4T fo e Sl vE fafifbfs &
SDS-PAGE F1 Western blotting X% i /1 8 [1 5%
WRZHE 80 kDa &b, H M8 1 5% K/ T
AR, HARTFLl R 1) ICV RdRp (A 1),
2.2 MAD W75k 5 TR AR RN £ 7E

FeREOTE 1.3 Wl s DU, At (a4
ELISA 5 Western blotting J5 & i i it 6 #RiE 1%
FasE AR ICV PB2 MAb B FHE 2% A2 9 40
JiL, 5544 TB11-5,8A4-5,13D9-6,8D4-1 ,
8D4-3 1 9F9-4 K¢y His FrZ5 1 ICV PB1,PB2,
P3 Kk R AL YL IF 1K J5 4T Western blotting
R, FX 6 FhZesciianie HiEvE h—Pr, 45
TR RIX 6 B AR I8 41 A 43 1 A BT A E 4 S
PR 5 ICV PB2, FEANIR S| ICV PB1 Fl P3 %5
1, HJ¥HT 6xHis-tag MAb #:1ll3E B PB1., PB2
P33 HIEH R (K 2). MDA A % iR
FIE UL X 6 ARIEATIE A% E , 25 R oR

kba M 1 2 3 kDa M 1 2 3
115— -

S0— .. —

8A4-5

kba M 1 2 3 kDa M 1 2 3
115— - 115—m-

S0—. - 80 —. -

8D4-3 9F9-4

kDa
140

115

PB2
PB1

80 P3

65

50

40

30 huANP32A

25

1 ICV RdRp RI&h{t 547

Figure 1 Purification analysis of ICV RdRp. M:
protein marker; 1: unpurified cell lysate supernatant
of huANP32A-Flag; 2: purified cell Ilysate
supernatant of huANP32A-Flag; 3: 3xFlag peptide
eluent of huANP32A-Flag.

7B11-5, 8A4-5, 8D4-1. 8D4-3 HUAW KN 1gG1
K, 13D9-6 HLAI A A 1gG2a B, 9F9-4 HLiAil
KUy 1gG3, BEEMIN « #E. PRIESUNERD 1 #R
(8D4-1) T4 MAD, # 8D4-1 Z 4590 4 ity
BTSN 1 R R R K, SRR PSP
RIBEHE protein A Prikaifbitaifbig K, w445
#| 1 pg/uL By PB2 MADb, lid ik 1.4 (a2
ELISA J5 @ B s 2 1 1 64 000,

kDa M1 2 3 kDa M1 2 3
115—- 115

so— . 80
IS

13D9-6 8D4-1

kDa M 1 2 3
15—

SO—IHiu

Anti-His

2 Western blotting %€ 43 ik PB2 ${AZt 32 2 40 i
Figure 2 Western blotting screen for hybridoma cells with secreted PB2 antibody. M: protein marker; 1:
PCAGGS-ICVyictoria-PB1-His; 2: pCAGGS-ICV yicroria-PB2-His; 3: pCAGGS-1CVvictoria-P3-His.
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23 MAb IR X RMNHEESER

T %E 8D4-1 BB RS, 4 A
A UG  SC09 #k , B BB 7 Yamagata
P, C BB Victoria BRFN D B3 % 75
Yamagata £ () PB2 A2 A Y« HEK293T 4H
e, 36h )5, i Western blotting X 4 Jitd 2 fi
PIBEATREIN , S5R BN 4 MEASEE, BHA
WL HI45H9 ICV PB2 MAb 5 ICV PB2 & [14%
SHgS, (5 AL B, D B R PB2 1Y
AEEE (F 3), BEWIABST &/ 8D4-1 Hidt
AL SEPER ) ICV PB2, ARG IAV., IBV
1 IDV ) PB2,
2.4 MAD XJ5E & | B4 i 7E 5L 57 4

FIHOE I R0 7 ik 4y Hr 4l fb i PB2
MAb 55 335 1 PB2 2 [8] (1) G028 5 W, S B 11 7€ or
L, 45 BR%, 76 HEK293T Ziffirh&ikn
PB2 & [1 5% Alexa Fluor 488 #7iC 1Y PB2 MAD

PB2 DAPI

10 pm

10 pm
—

10 pm

10 pm
am—

kDa M 1 2 3 4

80— -
80—...'i Anti-His
50— - -
B -
.

40—

3 PB2 8D4-1 MAb X X SR 1EH) Western
blotting % &

Figure 3 Cross-reactivity test identified by
Western blotting. M: protein marker; 1: pCAGGS-
[AVgcg9-PB2-His; 2: pCAGGS-IBVyamagata-PB2-His;
3: pCAGGS-ICVyicoria-PB2-His; 4: pCAGGS-
IDV Yamagata-PB2-His.

Anti-ICV-PB2 (8D4-1)

454, R4k, DAPDRANEZ R G, —&

TINE (Merge) AIIEMILEE PB2 TE4H LA 1)
FIkTEN KA B, PB2 FEEENM TAMAZN,
BB A AE R BT, A B P 3 A1 5% B4 His
Bhiikr e g R —3 (A 4).

Merge HEK293T

Anti-ICV-PB2 (8D4-1)

Anti-ICV-PB2-His

4 FIAHLHEBERKIGKEN PB2 MAb 5 HEIE [ BT MR E L

Figure 4
microscopy.
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Subcellular co-localization of PB2 MAb and their target proteins in vivo under confocal
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3 Gtk

ICV T 1947 FEAE R H 7 I — 44 F IR
PRI SR TR R B, T JE DS R A s B Ak
EWTEA PR BT ICVIY SN IRA
() A YA B 7R e A EL T B RTXE T ICV
PIBFR S T il HARBOR 1 L A2 Wk il
() JRs B BELAS 7% ICV A Wi, B8R ICV B3k
ek, (R R gy U E
1 WS E, ICV Al e i B e T PRI 36
JEI P 2 T 3O P e Y, I ICV
FHEAI I AN BN

ICV PB2 J& TiEi 8 PB2 5K, ReiHIf
55 T A BUR B 5 | W) IE pre-mRNAs,
T RNP ARG, 7EfE SR FZFE
B e VR AR A T A F N AL 4R 1Y
ICV & &, PB2 HAR MRS, AP
A5 98%P [RIHL LASE i) ICV PB2 il 45 Al A v [
PUAXTF ICV A P BB AT AR AF A3, 1l
£ ICV PB2 1) MAb 47 B FXF ICV 4 TER AR Y

AHFFE T HPE PB2 3[R 3% 82 T pCAGGS %
i, 76 HEK293T 41 ffd Hh A5 3] TR 4 () e 185K
S, (HEBM AL PB2 KT ERNINARE, fER
SN AN 3P A B AR P, JF BARSE
REIRIE T AT AT RE S M 2] PB2 & AW IE
WHTE, MR 2 B T LRI S M (E BT
B E R, R RE RN LR A, AR B
huANP32A FidLiiye KA M = WA, (52
R R A ME T HA B e RARMS, 7
e BRAREE I IR i fe K AR FE AR PR T RAEHETE . 5
BRI, R ASBIESE e R B 2Rk L alifb R ms
Tl ICV BRAMEHAEAR AV RIEEN
BALB/c /N B ik A0S T4 MLl e
] B} 7 126 1) 43 30 ICV PB1 il P3 25 (1A PR DT [
PURR 225N, B FPESE ] IVC RNA

: 010-64807509

REBE AP RGP BERAENRE
M L PP EAST], R A B 5 F e 31 40
A% TR Tl IV 35 B T o BT AR 114) 4 A8 R 4R L A7)
AR A AN FHTE] PR, ARBIF 2 SR M358 - ICV
PB1 il P3 A I o vd BRI A o

ANP32 HE KK FZE G ANP32A |
ANP32B Fll ANP32E™, W58 LB ICV
RO TS ANP32A (4 N 3G S AR &
SZEERI (LRR) JE AR — Ak, IR T
ICV B4 RIAM huANP32A I HE A HK
ARG H SR 5 A DA TGRS T 38 A B A AH 56
hRewroT Y, 20 i S e IO ik =
BAAEA EARZE ) B BURIEY% E (influenza B
virus, IBV) RdRp H.[FIRf 3R Z k5] IBV A
[ SR A i B () MAD™, AR WFSE 5 TiZ 5 ey
B ME L) & huANP32A 5 ICV RdRp Y& 36
YE RN i 3] ICV PB2 ) MAb, H4ifkihi
NSRRIy O e =TT S U= A
XTICV R4 W PB2 ML w BEHUIR . A AEH
Ak aifh 1ICV REW, WARE THEN
RN G DL S s fA G Ve, o ICV R A
it () BE A ST PR T ST SR

g bk, Aot maaife Icv Be
T )7 3k 145 PB2 MAb, f5 2% B, B Hb 075 32 14
6 PRAERSE 43I MAD 22 3SR AR bR, I % 3L
Y 1 kR 8D4-1 JEAT T HUIAE & 500, i H
ELISA. Western blotting DX M 9% 5¢ YE k6
LREB R I Y i PB2, i ICV R G HEAI PB2
PR SR A S A B T A5 R 2 R S 3¢
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