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Abstract: [Objective] To rescue the recombinant influenza A/WSN/33 (HINI1) virus
expressing the tandem affinity purification TAP-tag. [Methods] The PA sequence of influenza
A/WSN/33 (HINI) virus was modified and then inserted into the TAP sequence to construct a
recombinant plasmid pHW-PA-TAP-WSN. The recombinant influenza virus WSN PA-TAP
expressing exogenous TAP-tag was rescued by reverse genetics and then identified by plaque
assay, RNA sliver staining, etc. [Results] The recombinant influenza viruses WSN PA-TAP
were successfully rescued. The sequencing results showed that the sequence of the recombinant
virus genome was correct, and the eight fragments of the rescued virus were observed by RNA
silver staining. The growth curve of WSN PA-TAP was established with MDCK cells. The
recombinant WSN PA-TAP had weaker replication ability than the wild-type WSN. Western
blotting showed that the PA-TAP fusion protein had a molecular weight of 96 kDa.
[Conclusion] The recombinant influenza virus WSN PA-TAP capable of expressing the
exogenous TAP-tag was successfully rescued, which provided a new method for the screening
of host proteins related to influenza A virus polymerase. Furthermore, the recombinant
influenza virus provides a basis for the exploration of influenza A virus carrying foreign genes.
Keywords: influenza A virus; tandem affinity purification; reverse genetics
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Table 1  Primers used in this study

Primers Sequences (5'—3")

PA-TAP-F gtagaactaaggaggg

PA-TAP-R cttcatatagccccccaatcaggttgacttcceccge
PA-Vector-F ttggggggctatatgaag

PA-Vector-R ccctecttagttctac

Hor, A R (PCR) Q5 High-
Fidelity PCR Master Mix I [ NEB. Ji& IR
%5 AxyPrep DNA Gel Extraction Kit Il H Axygen,
1.3.2 M EIRR Y1

DL RS i B % B Influenza A/WSN/33
(HIN1) 8 Bukif mlistfe =4k R Ge v (1) pHW-
WSN-PA Jithi WAk, 514 PA-Vector-F/PA-
Vector-R (3¢ 1) PCR ¥ #4884k A B, 4 1%5i5
R I PR UK 25 e I IR Ak . s Al Ak H
1) 55 B B R P A 1Y) 28k A 4 i TJC 4 32 42 1)
Ui HH 4 (Trelief™ SoSoo Cloning Kit Ver.2)i#
TTiEHz . 45 R e JR UL WA 15 B 21 7 W e Ak
DH50 B2 S 400, FIH AT Z N EER
PUPESEAT R BE , Wi 452 B ) B p R TR T AT
PG odife, ZHACsTEREYRHCA BRA
HEATIN P 5
14 EHHFRWNHEARELETE

HKE293T 4iffi%li+ 6 LA, #fL 1.2x
10° /M40, 2 mL K533k, vk HFEYeni, K
LG SR AT L Opti-MEM, -3 1 pg 1Y pHW-
WSN-PA ., t# pHW-WSN-PA-TAP D) J =%
# pHW2000 ki3IBS 1.5 pL Invitrogen
Lipofectamine 2000 (Thermo, 11668019), #ZH#
Lipofectamine 2000 Ui B] FiE7#5 4%, 4-6h )5,
6 fLAAY Opti-MEM i il 10% FBS . 1%
PU(P/S) Y538 4 i 1 772 2 DMEM, & T 37 C.
5% CO, 453/, 24 h i, WSE4NM, W
FREFH, FILINA 1 mL PBS ¥ 2 3, H440 0
DIVEFE 100 pL 2452 hi CytoBuster (Merck
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Biosciences 23 F) ™, 7K F24f# 30 min, AR
A B-#iKk LR Loading buffer FH AR i & b
10 min, ¥ /1] 8% SDS-PAGE %43 B 8 14 i, i
FHPT PA Hiik . HSERESL PB2 HUIARI BT RE DT
actin LK WMEE PA-TAP fil &5 85 R IAH N
1.5 HIZENIEELE

WSS 19 4 LR i 3HET Western: blotting 35
UE . i CytoBuster (Merck Biosciences)Z fif 4l
Jitd 30 min, 3F 12 000 r/min 54 F &.L> 30 min
PLEBRAnB i B o it 8% SDS-PAGE 4154k
150 BT AL, IR ED RS PR A 4E R AE(NC).
i FHAR 28 LR AT IRDye e B AR E 4T 0 5% B3k
(LI-COR Biosciences), H:HTHL K& 80 V.,
120 min, $5ENZ40 80 V. 90 min, F 5%/
BAWIEP] 1-2 ho [ RESELLAP R RS
(LI-COR Biosciences)l & £ 1 it R ik K-
H Odyssey Z G884 53 B A 8 FH Rk K-
1.6 FHFRFFRIEK

T 6 FLA 4l 293T Al MDCK JRA 4,
WCH AT, {fif] PB2. PB1. PA (it
PA-TAP JR#EEF kL), HA. NP, NA., M. NS #k
RUTARLAS 0.5 pg 1R A FF 44 Lipofectamine 2000
g ARG e I AT 4y, 37 'C. 5% CO,
FMF IR NIESE 6 h J5, WA AR
BRI o 5 1%30(P/S)M 0.2 pg/mL
TPCK-E ) Opti-MEM }5F= i 4k 215 5% 48 h,
B 45 S WSS MDCK 200 if g5 728 - Usc 20 it
L, T-80 C 13211 Py 8 LA MOI=0.001
& MDCK #1749 8 HZ P A, Il i ik
3 2 1) e BRI A o o T
1.6.1 it Bk 9% &= YIS BTN &2

MDCK ZiffiLAERFL 2x10° P iffiEfh T 12
Lt . WH, qiiifETCMERFRIEP ] 10 f5
Wi BE RGN B, BT RSB IRER y
300 uL, 7EFIRIEE 1 h JGEREERR BRI £
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W, PBS {HUE 2 w4, BHALIMA 1.5 mL &4
1%3(P/S)F 0.2 pg/mL TPCK-E H¥EEH 1%
A IR B F7 H (Amresco), FIRE 1 h,
frile e gt m s, FIEBA 37 C. 5% CO,
FEFRAR SR, 48-72 h JE WEREE R S RALIMA 1 mL
B @%H ), 4 CHRMEE, ZEMfLImA
0.5 mL YL (25% FF E5+0.5%45 S )i T gL (4
1.6.2 EHFEIHE WSN PA-TAP 4 1K i
£

MDCK 4iififi(3.5 em 535 ML AR 6x10° 4>
41 fg)FH MOI 4 0.001 F 57 A= 7 WSN i 32 WSN
PA-TAP 5 8 #E A7 8% gy, &F L 42 Fl B AR FR
600 uL MR EMBR, EIRWE 1h)s, WL
HIFEHH 2 mL %A 2 pg/mL TPCK-E (Sigma-
Aldrich) I TCIMIE 7758, ARG 5 0. 12,
24, 36 % 48 h WA s IF i EA T BE I 2 o
1.6.3 E4H7 KT WSN PA-TAP RNA 125
K vRNA R

H{—37 WSN PA-TAP P, {UR 2 R 77 IR K
FIRE G, B 250 pL, #% 88 Trizol LS (Sigma-
Aldrich) Ut I FEEHUR 8 SL 40 RNA, Ei)E
HEAT RNA 1Y R TN s Tk e 56 e P Uk B UE o X
WSN F1 WSN PA-TAP RNA £ 500 ng, N
K TG Joie 5 JSC (2.8 %) AT 43 5, 3 B8 & o S %o L
AT YL B 2, AR Y450 & (SilverQuest™ Silver
Staining Kit)#J Hl Thermo Fisher,

pHW-WSN-PA

1 FATFEFRK pHW-WSN-PA-TAP FHiR = &
Construction strategy of recombinant cloning of pHW-WSN-PA-TAP.

Figure 1

1.6.4 7| Western blotting #& | 2 £ i B¢k
5 WSN-PA-TAP MIFEEH

HEK293T Ziffd A% FL 1.2x10° 4> 40 i 1
¥ 6 fLA, YK H ] WSN PA-TAP i #8087 4
B WSN J 8 L MOI=1 J&YL 24 h, FKE R YL i
[ 293T ZHMIAE A BAPEXTIR o 24 h )5, WS40
B3, MALIMA 1 mL PBS 3% 2 0, Y4 HIE
T Western blotting £l PA-TAP &4 & 11 1Y
ik, MHAHCHUA WA R 7R 1.2 71015,
1.7 %it

€152 F GraphPad Prism8 (GraphPad Software)
BAFHRIE, GEit=2#oT GraphPad Prism8 BAHA T

2 BRS04

2.1 FLHFE pHW-WSN-PA-TAP R gy
HEREBHFKIE

L pHW2000 A %k {4 , F1] FHf pHW2000-WSN-
PA F1 pcDNA3.1-PA-TAP JFikify# T pHW-
WSN-PA-TAP H 4 fiki, @it PCR. Jo4riks
HAEEHR, 7F PA-TAP M2 1% FF1 5
NCR 751 Z [a]4f A PA LK 4% [X. 3" %ty 104 nt
(LT, f§i15 PA-TAP vRNA fY 5K %Y
162 nt 5874 B (WT) PA vVRNA 5K 3 5] DL AR
Uk PA F Bt 5/ A S YA A5 5 AR | Fe 238
57 40 Fe Bkl pHW-WSN-PA-TAP (& 1),
250 I B 4 SORE T 81 IE A

¥ Stop codon
[ PA ORF
TAP

%,
58 nt

o L Y/ » S

N
162 nt

Packaging signal
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o ) 2 ) T 2H R pHW-WSN-PA-TAP
ITEARBRIE, 458 E/7R PA-TAP WY&
ik, B KR/INY 96 kDa, TARZH) PA Y
82 kDa, SLHZEA(E 2)5HiHH—2L,

2.2 WSN PA-TAP EHFEHERMUKL
PA-TAP #r % & H BRI 36 IE
R FH FR R 358 S8 5 14/ \ TR R SR 2R Ge K ok

~ —96kDa

-— — 83 kDa

Aielin E ey 2w

2 pHW-WSN-PA-TAP EAFRIXIER
Figure 2 Schematic diagram of pHW-WSN-PA-
TAP and its protein expression.

WSN Fl WSN PA-TAP F 412, ¥R 55
BORA T r B Y 293T Hl MDCK TR 2 4 i i
THREEPRRL, 48 h e, KIMMMHEE WSN &K
WSN PA-TAP [} 4 ¥ % AR A 42, $oR
WSN PA-TAP FEALi 5 PR ROR T o K WP 43 5]

BT E A 2 P, XF Py AR AT BRI
Fe s WA EE A MDCK 40 18 A W 3 R
/N, Z55L R WSN PA-TAP T B ek BT 25
IR BE , 3 5 B A= 1 WSN I i i) ek BT 245k
FOAHTE (A 3)

WSN & WSN PA-TAP %) P, A% 755 51l LA
MOI=1 Ji&Z% 293T 4iJffd, Western blotting 4347
PB2. PA Ml TAP bR R IXE O, FFLA
actin fEABAMEXTIE, 25 Bk WSN & WSN
PA-TAP Ji# " PB2 H M4 Fa AR, WSN
PA-TAP ' PA-TAP & 1 5 W& A 11—
(B 4), ZE55 5 EA ok 8 A Rk 45 FAHL,
#2785 WSN PA-TAP 5 45 75 L D) Rk B H .

WSN WSN PA-TAP

B3 WSNPA-TAP f5 & T~ EE R WSN 5 WSN PA-TAP f& & REHEXT Eb

Figure 3 Schematic diagram of WSN PA-TAP and comparison of viral plaque between WSN and WSN
PA-TAP. A: Schematic diagram of WSN PA-TAP virus particles. The modified PA fragment in the internal
genome is represented by dark color, the inserted TAP-tag is represented by light color, and the rest of the
fragments are consistent with WSN and are represented by gray. B. Schematic diagram of WSN and WSN
PA-TAP plaque. The left picture shows the plaque of WSN, the right picture shows the plaque of WSN
PA-TAP, and the picture shows the results of cell staining with crystal violet after the plaque assay of two P,

generation viruses.
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96 kDa
83 kDa

96 kDa
85 kDa

M 42 kDa

4 WSN X WSN PA-TAP /5 &+ PB2. PA &
=FoRAd

Figure 4 Comparison of PB2 and PA proteins
between WSN and WSN PA-TAP.

2.3 WSNPA-TAP EHFHENEREL

F2HL WSN H1 WSN PA-TAP P, {45 7 ik
R RNA, FJH RNA gL 5256 ok W E 0%
BAER BN, 5 WSN AL, WSN
PA-TAP 1 i Bl KT PB2 # PBI vRNA H B K
J£(PB2 1 PB1 vRNA KR 2 341 nt)f 5%
W, A M EAMN TS A TAP AR T 511
PA-TAP ] vVRNA J B, HAC B i J5oR 19 2 233 nt
k2 721 nt (K 5), g Rt —E TAP

Actin

&
> =
&£ &£
PB2. PBI % 7%} D — €= PA-TAP

PA%%”! 53330t e PB2 PBI

HA B | 7785t M HA
18S rRNA ; £ | 18STRNA
NP ih‘ 1565nt 4 NP

NA e 1413 nt

S \A

M @ 1027nt s M

NS o 890 nt NS

5 WSN & WSN PA-TAP {#&H) vRNA 2 #7
Figure 5 VvRNA analysis of WSN and WSN PA-TAP.

PRSI iR A B A5 WSN PA-TAP JE[H
g,

¥ WSN PA-TAP 4 5 R 41 36 73 0 5 2 ) ik
I 2552, 45T AP .
2.4 WSNPA-TAP EEFSWEKNZF
ST

RHIRSE PA WA C ¥l A TAP bR & H
Jei %k R AR G R 1 AR A R B R s e R, B
WSN & WSN PA-TAP #5843 5l /&%t MDCK,
L4 WSN Fl WSN PA-TAP 14 K3 712 il
2k, 2 R AR N R EA4URFH WSN
PA-TAP 75 AS[w] I [H] (%) 995 753 T B8 S0 7 B A= Y
W EE WSN (&l 6), $2/R7E PA WHHY C il &
TAP FRZETE 1435 i WSN PA-TAP 7EA [A] i [i]
S i RE

3 WibE4£&#®

TEATAE G, FATT T UAE AU i 2
A/WSN/33 (HIND)A PA F Bt FAA TAHMEK
P28 TAP, WINPRKO A TAP Hn%5 1Y i 4
BN #F WSN PA-TAP, %5 417 AEIE H £k

10
—o— WSN

Tal —a— WSN PA-TAP
=
23
&
&
<
g
2
=

0 1 | 1 J

0 12 24 36 48

Hours post-infection

Bl 6 WSN K& WSN PA-TAP 89K 5N 153tk
Figure 6 Comparison of growth kinetics between
WSN and WSN PA-TAP. Data were represented as
means=SDs (n=3) and were representative of at
least 3 independent experiments.
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A I RANEAR T, IR T RA M
Blm5 . Ak, FATIXT WSN PA-TAP #Ef7 I BE
R | 3 PR ZH AR e S 6 D R AR K Bl ) 2 A
SRR, X2 R SR W] H A BR A  7 1Y
S RRAE 5 B AR A WSN 0 & 4R 1F L 5
FEARL, (HE7E & e 255 T WSN, #2278 PA
5 TAP b0 i1l 25 H PA-TAP X} 5 4%
BRI =4 T R, 76 PA WA C wmgh &
T —A> TAP % I g &3% 1 RdRp 25 & il
TG S R, A5 H 45 5 i 20 3 A 5 2T
FEREAR

TERR A SN IE R B BE e £ 1, A5k
% 8T RdRp (19 2 -3 PB2 Al PA, A1
¥yt T PB2-TAP F1 PA-TAP (1) i J8 75 ¥R R
JEORE, FE 56 E S5k 338 TG 1 I R AT B R R
2 PRI AR B T I UE, ¥k
Roh THEAUEE, (AR S X AU B AR
ZEAMITRIEM SRS, AT LA WSN
PB2-TAP Ji &1 Po AU BIARZE BRI S, Wi
WSN-PA-TAP WK H B AR AL, AT 2
1w, AN PA F BEA H AN Y BE 71 7T fiE
F PB2 H B, iX5H A A MW S—3,

HH 700 3 J8 7 I LR A5 5 X TR dE 8 i o
e 7 R B e Y R ATTAE WSN B PA F
B s E S K MRS L5 2 A A FE ,
WSN-PA R Bt A(5 5K 221 nt, A
FEMLELRE BXF PA R B AL (5 54 B 2R A
W, KRS K E IR 162 nt 5T BIIER
ROREANEE, ZRTWAMRIERAE PA B 5
Uit () F M (5 5 4 S R 108 nt 3 AT LU AR R Y
GFP W& A EREREEA Y, (it
A2 T R R F R M iy AT 4 Y
PA WG S KEIFAEE, 1M PA R BAEAR
[7i) S 751 f B TR 3 JRo B 4 v R RS, ik
TR A W] BE R B RN R B 9 AR T 51 5 3L
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PA JE W5 #7478 WSN ' PA F BEAN A RNA
Shky, DTS 1 aE A et

e K B 4 955 B WSN PA-TAP 4= K3 1y
EEF, AR IAEAABFE] S - WSN PA-TAP
PR T BT WSN i B ) 3
(Kl 6), AIREIREINZ —/ZH T TAP tR&5mm |
PA WA B I GE, (175 WSN PA-TAP A58
S HIRE 155 T WSN. FATTHI FH 23 56 52 30 I e H:
WX ) 6x10° PFU/mL, X% [LEFA: 8 WSN
iK%y 100 £%, XA BT F 2 i T1E &
PRI - 1 S 56 A SE B/, (B AR IR /N B
[l , WSN PA-TAP B 1 il BB W] i 55 T WSN,
X ] BE T B A TR AR/ BUA N B RIS R, B
JEL /N B /0N R B 728 i DR A B AR A
Gy AN, % AR EE T AR R R T AR A
TSR RE W AR N, PRt T BE X A
9o T B AR A T AL I 9, A4 v e 7
1 8 A 8 hin A S o 25 28 8 T 7 AT B

ABE S W TR KOS T —FP7E PA
A B E S A KA TAP-tag 1Y 5 41 i 8% 7%
WSN PA-TAP, FH#fiE T AFTFHIA &L PA
F B SR S K . W R R R
SN ARG AE JRE B 2 (R &R 2 0 R ARt —
PR T B, ORA R T FATT A 90X HH Y
TR 7 A2 ) 2 G T B A 40 it 3 s e O B A A
PRIF-, [m] s 1 B R s B PA v Bty F R
FBCRE T PEAL SR T AR
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