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Expression of the hemagglutinin and neuramidinase gene of
influenza A virus HIN1 in Pichia methanolica

Ye Zhang', Zaijiang Yu', Li Xin', Yongkun Chen', Qihui Tang?, Yubao Chen’, Qingxuan Chen’,
and Yuelong Shu'

1 Department of Influertza, Nattonat Institute of Viral Disease Control and Prevention, Chinese Center for Disease Control and Prevention, Beijing
100052, China

2 Beijing Biokit Science and Technology Limited Company, Beijing 100094, China

3 Sinogreen Institute for Bioeconomy, Beijing 102206, China

Abstract: On the basis of successful cloning the full length hemagglulinin (HA) and neuramidinase (NA) gene and sequence
analysis of influenza virus HIN1, part of the gene was ligated into pMETA. Expression vectors pMETA/HA (52-1 557 bp) and
pMETA/NA (121-1 263 bp) were constructed and expressed in pMAD16 induced by methanol. Recombinant protein was purified
through Ni*" affinity chromatography. Western blotting and ELISA were used to determine the antigenic activity of the recombinant
protein. SDS-PAGE showed that the recombinant capsid gene could be overexpressed in Pichia methanolica. ELISA and Western

blotting showed that the recombinant protein had antigenicity.
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A BIUEYREE HIND WALBAR HINT R E, 2 A
T T 1 — B, NS TR 1 Y S 7
Z—o —L HINI WFhZEn] LITE N SEAME RS, fuds
1918 AF TR &, o) —Se m] 7E48 15 R & ) %
5 o HINT 37 AL 35 g 25 A A AR S 2 4 30 70 i #4
sy, [RIRHARE S 8UMH . OBE . BRIR S 2 F 1
24 B IR . IR T A 2R i W P SR IS AT
OB AE T AT, R DR AR B
0 AT BE AR BT AL TR, RN 2 A S 3
Z A 700 P RE T B R AT,

FHC 2009 AR K AT B B A T AL A
HINT J52E, S B A LB 2R T A8 TR, 2 23 2ok
WE 5 N5 N Z B A1 o e IR 5 21 e i
ARARL, o B R R A 5 A 8 R L T SRR AT
JE& 3 LI B A A R SR R BT i 7
T 2 38 Ao A DR e 8 ST D e ohe i R S P A
AP, IS S R AT, JEHE L HAL X405
P TR AR S d o S L, A SR TR
T HINL AWkt . SURHLIE . 2 Wi gy i) i
% H 2552 3 DA N LR E A

1L #%E 2% (Hemagglulinin, HA) 5 H 2R 82 1
FEREAZ—, BT EENRPEDRE, AU
A DAY R S e e R ™ A, ELE A] DRI AL
7= A 40 M PR L AR (CTL) . %5 4h, HA
FESRBE BT . 28 B LA B o s 9 5 1 1 245 S R RN 2
I3 17 ¥ e A S R Y N 5 DR i 1) 28 4
i i (Neuramidinase, NA) 25 &AW S i L HT
J5, ATV R S UK, PO EA iR
Ak (S

AR LR RERERINRET
HINI ## HA. NA &M, I EAE AP Tk
FTT RV, S I3 AT 27 98 2 S a2 Wikl i
FERAT T T RAFI 5L

1 At

1.1 ##l
FUEGRTE HINTD B B 5% 100 4 ) oo 7
9 T Bl R O A B B 3% s KIBFT R E. coli DH5a.,

DNA marker 73t FrgllBHE A R 777 i s pMETA
# AR Invitrogen A7 i pMD20-T #ifk . & E
marker > TaKaRa 23 @] 7= iy ; R il 14 P9 VI . T4 DNA
BN NEB 2377l ; DNA RAEM 005 5
g TaKaRa 23 777 i ; DNA BER RIS H & . Bk
DNA /Ml iR7] & RNA i85 & b stdrsl
FHEATBR A 7] 77 il ;- Ni-NTAgrose A Qiagen 23 F 7™
it s AR A 3 B 2l 7
1.2 At
1.2.1  Ji/pa HINI (KRB 2 H
LUK HA, NA FEA 19 75/

a2 5 DK 2H A B U 7 RNA SR IBUA T & 1
B iE AT 35 /E . AR ¥E GenBank H Jfii /B HINI
(GenBank Accession No. EU516079.1) J:HF%], %
T ERXT HINT HA I NA KR BER 519, DIHEEUAY
WTE RNA NBIN, 78305 SR 1/ F R 3 o
HA Fll NA B #8058y . B 5514 70°C IR
i 10 min JFREAEVK F 2% 3 min, BEEHMAD
RAHMZ B . ANTPs, RNA FEMHIF  SfE 5
fitt . JC RNA Ji/K, 42°CHEHE 1 ho DLi#E S H K
cDNA 5 —8E M AIEFT PCR P73, OB 25140
95 CHIAEM: 5 min; 93°CA:M: 30s, 55CiEk 30s,
72°CHEM 2 min, 30 MMEH; 72°CLEMH 10 min, PCR
ZERIE . &1 % BRI EE I L UK S FRE Y B,
JiE IR ik b f5 , safE % pMD20-T 2k,
HALRKIAFF R IR Z A4 DHSa, PCR %3, FHE
Jkz ik AL bR IR A BRA JIN P 2 . 51Y)F )
W1,
1.2.2  HA. NA ZFI9017 7 BRI 19 1

RS HA . NA FE 5L P BH 1 5 21 ok 0 I )y 485
REITE1Y GR 1) DA aE HINT 8
PEE Tkl (pMD20-T-HA/NA) MR 4T PCR,
S5 A% - 95 CTHIAE M 5 min; 93 CAEME: 30's, 55°C
Bk 30 s, 72°CHEMH 2 min, 30 PMEH; 72°CHEf
10 min, PCR 4”34t B HAUE 150 bp #9# diirly 4 1
VI S AR IR EE 1 HA F NA JEH T 28 1% 3
MR WEEE RS LTk o 88, i i alifb 5 SURD) , 5 28 1)
FEXUREYI ) pMETA 8K 42 | AL KIG AT R %2 28
il DHSa, PREATOREY KEEFE, PCR % i FH
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vilE, B4 Tk pMETA/HA (52~1 557 bp). pMETA/
NA(121~1 263 bp) PCR PH: v pe ik At sl bR gl B A7
FELZA 1)

£1 XHEFAMSIMET

Table 1 The primer sequences in this study

Primer name Primer sequence (5'-3")

Hl-up GACACAATATGTATCGGCT
H1-down TTAGATGCATATTCTACACT
Nl-up GGAAGTCAAAACCACACT
N1-down CTACTTGTCAATGGTGAACGGC
GAGAGGATCCTCAAAATGGACA
PMETA-HI-up -\ ATATGTATCGGCT
GAGAGCGGCCGCCACTCCATCA
PMETA-HI-down  \rrrpereceT
GAGAGAATTCAAAATGGGAAGT
PMETA-NI-up -\ A AACCACACTGGAAT

GAGAGCGGCCGCGCAAGGTCT
TATACAGTCCAATCCT

Hl1-up: forward primer of HI1; Hl-down:reward primer of HI;
Nl-up: forward primer of N1; Nl-down: reward primer of NI;
pMETA-HI-up: forward primer of Hl(along with restriction
enzyme cutting site); pMETA-H1-down:reward primer of H1(along
with restriction enzyme cutting site); pMETA-NI-up:forward
primer of Nl(along with restriction enzyme cutting site);
pMETA-NI1-down:reward primer of Nl(along with restriction

pMETA-N1-down

enzyme cutting site).

1.2.3  HA. NA ZZF190/R B4

pMETA/HA(52~1 557 bp). pMETA/NA(121~
1 263 bp) FHMEFEKIZ Asc T Zteik, B4k P
methanolica pMAD16, & MD Vi, PRrafe, 42
flA 10 mL BMDY ¥5323EH1, 30°C . 250 r/min $R4F
R WHH 10 mL Y Es.o U Wik, BT
100 mL BMMY #5353 i S 4537 3 d, R
FH B 28 9k 0.5%,3 d J 25 O WU B4, 9 PBS
Ve 1Yk, —40°C a2 Y, 1/10 {4&F21% PBST (PBS,
0.5% Triton-X100, pH 7.4) 2JFE 4, il PMSF
FLUREE N 1 mmol/L, B B BRI E i 17 B A B 14k
4°C . 12 000 r/min 25.0> 30 min, ZFBICEEDTIEM
W, VUEHRIE T 8 mol/L JRZE W, 4°C L 12 000 r/min
B0 30 min, W4 B, FEULGE, SDS-PAGE il
HAEEARIBMWEI, 4550 BREAPE T EEkEL,
SR R/NE TR R, HEMDE B A2t TR
TN R TR S B Y e SR S G e N IR S )
AR,
1.2.4  FAYHIZE1E

H Ni-NTA agarose i QAGEN F M Jrik4lifk I
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i (nEERIR), PBS &M,
1.2.5 1L Wor 71T EE
ELISA . LIRS RERG B ik H A & A0
R, MERBERRPTREE T HIND M3 N —
U, HRP FRic B0t 1gG b —Pi, #4T ELISA ¥
I, I8 PO RS e wi /I BRI SR BT B, 75
MFEA OD (HK T FIHEXT I OD 8 2 154 BHE
Western blotting fill: LIEELH&E F AP, R
PUIERE R HINT ME/E N —40, HRP bRiciEht
e 1gG R —9t, #H4T Western EQBAGI, Ii%i5S
) pMAD16 (% A pMETA 75 JFUk) A B % L

2 %

2.1 HINl FEEEFBRILE HA. NA EF
B 5 b

W RNA fk 2% 58 ) PCR U345, Bl
W VK R 5 3] — 4% 1 700 bp F1—2% 1 400 bp A4y
4 (B 1), WS T #BikERER LR 2
ABAETERE, WFEERaaHr, X 2 KEHTFIE
HINT 5 85 1) 1358 25 PP 28 2 1R i 2 1A

1 2 M bp

— 1500

— 900
700

500
300

1 HA. NA EE# PCR ¥ &
Fig. 1 PCR analysis for HA and NA. M: DNA marker; 1: PCR
products of HA gene; 2: PCR products of NA gene.

2.2 HA. NA EEIMERBRIERRHIHE
PCR W2 1% BERRHEEERS B IR 3 B, e mTi
aifb )5, R WEREDI AL SUREY] ,  [R]E [ RE
AbFH pMETA AR , % 3554k K ATH E. coli DHSa.,
/NEA R BORLIS #EA7 XU UI AT PCR 28 5E , FL Uk 45 2R
BRFM /NG BUAFRE (K 2), P45 R IEH,
T H AN E L) W57 B & pMETA 24
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1 2 3 4 5 6 M 7 8 9 10 bp

23130
4361

2322
564

Bl 2 EHFRIEAFRHK pMETA/HA (52~1 557 bp). pMETA/

NA (121~1 263 bp) H9EEII K PCR £

Fig. 2 Enzyme digestion analysis and PCR identification of
recombinant plasmid pMETA/HA(52—-1 557 bp), pMETA/NA
(121-1 263 bp). 1: pMETA; 2: pMETA digested with BamH 1I;
3: pMETA/HA(52-1 557 bp); 4: pMETA/HA(52-1 557 bp)
digested with BamH 1; 5: pMETA/HA(52—1 557 bp) digested with
BamH 1 and Not I; 6: PCR for HA(52—1 557 bp); 7: pMETA/
NA(121-1 263 bp); 8: pMETA/NA(121-1 263 bp) digested with
EcoR I; 9: pMETA/NA(121-1 263 bp) digested with EcoR I and
Not 1; 10: PCR for NA(121-1 263 bp); M: DNA marker.

2.3 HA. NA EHMERBRHRIE

A FGRTRLE Asc 12eEAL, ER Ak P methanolica
PMADI16, ZHEE%ES 3dJ5, SDS-PAGE 434 n] L
PRt Rikiy, o Fa I, MR E AR
Ja it THERACAE M . v AT R AR AL RE R
AR A A R A KA
24 FRiIEFHIRE

A Ni-NTA agarose >EFZMrit4lifk i, 7
300 mmol/L KM L i) Bradford 27 45 55 Z1 14 B €2,
4k, 2 SDS-PAGE fill, R H & 1554k,
FEEAE S BEAR 95% L (F 3 I 4), 4ifk
JF I 2 PBS BT 5 RAF

PR e S

El3 HA EAFEBMRIEMLEL
Fig. 3 Expression and purification of HA. M: protein marker;
1: pMADI16 before methanol induction; 2: pMADI6 after
methanol induction; 3: ultrasonic supernatant after methanol
induction; 4: crude extract of infusibility protein; 5: purified
recombinant protein.
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Fig. 4 Expression and purification of NA. M: protein marker; 1:
PMADI6 before methanol induction; 2: pMADI16 after methanol
induction; 3: ultrasonic supernatant after methanol induction; 4:
crude extract of infusibility protein; 5: purified recombinant
protein.

2.5 HFEMmREMEREE
ELISA frMgs R won: EAEA 5 RbiiBm
B HINT M A VRN R R BR), #mkik
() 2H 2R 1 5 EE B AR A AR fe i T
Western blotting 25 4 i 7~ #1408 [ 5 P ik
R EE HINT IE RNAT R gl ™=, 7 rER
NET 2 (K 5).

Negative H1 N1 M kDa
[l |
-

— 100

! ’ — 62

— 40

—30

—24

5 HEFBPRSRMERERFS HINI IiEH Western
blotting 53 #f

Fig. 5
influenza virus HINI1 antiserum. Negative: pMAD16 control; M:

Western blotting analysis of recombinant protein and

prestained protein marker; HIl: recombinant protein HA; NI1:
recombinant protein NA.
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%R 7% (Influenza virus, 1V) J@& T 5B 1 55
RNA Wi, FHEA KL N 13.6 kb, HR/NATFH 8
ANFEN R BEH AL, gwf% PB2. PB1. PA AW, Il
BERMHA). MAEREENA) . BEHNP), HHE
H M1 MEFEEE A M2, JE45f 8 NS1, NEP
10 iR )y 3R B A U i R
(Hemagglutinin, HA) HHJE T FZM R MU,
BRI DU AR 5 v rh AR 7 A i B e LA
SBAILAR = A 40 B s M L A0 (CTL) ML S5 4h,
HA P9 B W B 28 5 DL R DR s 5 5 1) i e S e
Fow horE R A CHER . Bk, HA LR AR
SRR R R A R FE Y B VAT ONA P
T 0 22 4 B2 B (Neuramidinase, NA) & H &
AV W RERHIUIRZ —, FA KA R 1 6
PE 28R Y R T 28 2E A0 O 2B S i 2
M2 05, s T 2 T Y I E 2K 23 40 Pl R VR R 5 T
20 RSP R I R L T PR P R R o e VR TR UK
fift, DIURG 5 1 A SR B R . ARIT AR
R EE BT A SRR o NA B 55 —Fh 1 R 28 3B
WEE R T R, e T ETENLA N B 4G, S50
BTG VB E M A 55, NA SRR G i bt
J5, ATV AR S LR, PO R (R
PERT, AT EETE R, 00 RE DR A B R
N0 /095 2 g 4 s U7

HINT 38 2 19 74 73 [l & 423k B H A1 i
ARG E, ik, HIND JEEEIE N TR
PE T AT IS WA B A B T R ET R . R
PR_E#EFT HINT 5 22 e i) Mo 12 Wi it 75 22K 15
PR R 1 S RN R R, AR e Al Ak T
Bl s AR SR . 2Ty, HARAEMELIS B
PEBE R PR

AW 50 FH AL B TR 3R 08 R G0 B AR
BRI . AR A . Rk e HRIAMEA
5y FAidb B, RSN TR TFBOK HAL NA
B 55 IRB R 45, SR EZRIKE L pMETA
FIK TS SRR HA FI NA ZE 380 35 K 551
(HA(52~1 557 bp), NA(121~1 263 bp)), FfiIxf LK
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FeRUHEAT T 008, JeBURHR 150 bp JEJ& [N 19 27 IRIX,
55 G I TG O HLAR A3 1 IR 2 PR Ay it 2K AP T 52 e
Fik, BoE R 150 bp, Z5RFMG T EREE
B, SR TERATI, R, g
WRAR AR R4, K2 T 95%LL 1.

B~ M8 T A R 0K 0 B AT R A B 1 S
@A R 4= EN 2 o7 DG N A e 5 = S B L A
PUPRFN G i 27 D s I R O B ), A A S Tl
TFRAHSCHZ Wris R AL A TR TR 1 kAl
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