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Expression of Modified HSN1 Avian Influenza Virus M2 Gene and the
Recombinant M2 Protein Immunogenicity Assay
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Abstract: The present vaccination is one of main strategy for control of avian influenza virus that critically threatened human
health. Recent investigations of subunit component vaccine focused on M2 gene because M2 gene possessed a highly
structurally conserved property among influenza viral strain. In this study, the recombinants prokaryotic expression plasmid
pET32a- A M2 harboring the deletion of the transmembrane segment of M2 gene was constructed. SDS-PAGE
electrophoresis showed that modified M2 gene was highly expressed as fusion protein in a soluble form after genetic modified
E.coli BL21(DE3) bacteria were induced with IPTG. The fusion protein of M2 possessed antigenicity and immunogenicity
properties by Western Blotting analysis of fusion protein with standard antibody against M2(HS5N1) and mouse vaccination
of purified fusion protein respectively. The results laid a foundation of further study on the development of cross-protection
avian influenza vaccine.
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B M1 1 M2 BAREERFIIREERTS, STHGE M2 EAK N i 24 MEERRE (BX) 5—ik
KA FHZEESR M2 BHEBREDREHE Y= 4 M2 Z AR R RHUE. M2 A KPR
HIBRBRRENES, M2 EAHREHIVAR AN, FERERT, I EXM R R EREFRNT
BRI AR R, S F M2 BAXT THHEIERBRREFRKN. TG EFEERN, AHRHRE
TR BEERERSEN —H 4 B R RAEYE HSN1 TR E RN R M2 EEIHTBMRIE, 0 RIEF=Y
G JRMEREAT 2 B £ 2R

2 MRERZE

2.1 BRR. Bk KR
pMDI18-M (&7 H5N1 TR S FURR 5581 M1 A M2 2D, KB E DH5a, RKixHE#k BL21
(DE3), FERFREH A pET32a(H ALK = {RTF). Pyrobest DNA R & K& AVIMEEM B KEREY THER
FRAT, HisLink™ &AM IS H Promega A7 (F=E4iS: V8821), %t HSN1-M2 ikl B itxiid
RHEY) (F=R%5: bs-0344R), HRP ARiiEHIAR IgG W B4Ry, How B R0 /A4t
2.2 51kt
SRBERREM HIN1 TR ERBRE M2 ZEEKFF, Wit&R 4 &514:
P1: 5-GGCAAGCTTGCATGAGTCTTCTAACCGAGGTCGAAACGCCTACCAGAAACGA
ATGGGAG-3;
P2: 5-GGCCTCGAGTTACTCCAATTCTATGTTGAC-3;
P3: 5-GATAAATGCAAGGATCACTTGAATCGCTG-3;
P4: 5-CAAGTGATCCTTGCATTTATCGTCGCCTTA-3
5191 P1 A0 P2 yHE SRR M2 . ATERE N RIZRIEE AR pET32a, P1 Al P2 Pisigsr5) ikt T AR NS
YIS . P15 P3 LAY 18 M2 EREEANX, P25 P4 &Y 1 M2 ERKMAK, Hd P31 P4 514+
A 21 MEEEAN
2.3 M2 EEFIRAE KGR EEX 1) M2 EH AR A B A
A P1 #1 P2 )\ pMD18-M ¥ 38 M2 2K EH, A P1 A1 P3 5|\ pMD18T-M FUfi 3 18 H M2 &=
BHREANX, P2 5 P4 HIEHERX. 5518 H IR BEANX R A X =40 10 o/L IMBRARFERERR vk, KAMT T
VI &4 5 B IO H B, SR EIMGAFIEFEI DNA FrB, K [EI v B4 X R Py X &5 LR & 1 4
BEAR , L P1FT P2 45 | 904 385 HE SR AR B R X [ M2 B K], H547™ 386 HH PRy d5R SR B AL IX 1) M2 2 K A Hind TN Xho 1
KUY 5 BRI, AR5 5 FIREXUEE V) pET32a BiikEE:, EE YL DHSo BZEH M. RET
HERIEPR, BATHPIR LB AARRRE. REURN, AGHT PCR MEEYI%E, Xe N
PR TEREE LG ERAEYATNF, WFERNTERSLA pET32a-AM2.
2.4 FEH M2 EEMERREREALAMN
WP ERK pET32a-AM2 FUR B LR E B BL21 (DE3) 1, PkEXHMERE, FBIKE PCR
BV e R R I MRS R EM TR THERDUE LB BiEEFRESD, 37°C, 170 r/min FRFHEFEZE 0Dgo0
=0.5~0.6, I IPTG ZL&IRE X 0.8 mmol/L, 55 M2 HEHFEX, EREHABEINE. BS4h FEL
Rk, A 15% SDS-PAGE HLIKAHIE ARIEE N,
HEAREEKREMNT 50 mL Jitk LB BAAREFREDIESR, IPTG 53 4 h FUERE#, A 5 mL PBS
R, BAKLEMRERREER, 4°C, 12000 r/min L 10 min, HEERTTIEN_ LB, SDS-PAGE



136 EINRTE R R (BRRHERO

Rk R A E AR, EAAIZ K Promega /A F] HisLink & B2 IEREFIHEAT. ditkER
SE R KA Bradford 5, AMB REATEPARMRFAE F=H5: SK3031) H1T.
2.5 Western blotting 73T
BT IPTG B REFANKIB FHAREAHAT SDS-PAGE Bk, HXKEHEHEALEBER T
&, 2BICL%HT (HSN1) M2 Hifh/E R E—Hiik, DL HRP {BEEHi5R 1gG 1E 0 — 54T Western blotting
ST, —HUR U AR (BT TBST Wl S%BIETH) Wk, RAEESERSE IR 1.
2.6 WG KBRS R
B IRBERA RS EAAM2 53 RESEAEERRES, KAKTZ REFERE 5-6 it
BALB/c /M, BR/MRAEAMLEARN 50 pg. T 2 AR —IK, EEME 3R, RARENALES
50 pg SAELBREFIITRE. RIRFZSE 1| FIRIERM 2 S0, EEF-80CHRAEH. M2 Rtk
PUAKIUR A Dot-ELISA E", Pitdssih s b kA PO MBI A I B ) 75 B KRR R A 4. A iR
FIRI A REYR R HANL BV R R ER, EAH&ES IR 12.

3 HBRS5SH

3.1 RSN ) M2 ZEEY 8 K& pET32a-AM2 £ &
St P1 5 P3. P2 5 P4 2} 5IF 18 M2 ERFE RS

2009 5

2000bp
1000bp "

XAFERK, RGP P2 H514), BRI IRESNX
FH P XA BAR Y 3G H h ok T BSREIX 1) M2 B (LA
1a), M2 BEREX BRI E R Rk R I B ER 5 LA 2.
B M2 2P B pET32a XY S I, i,
1t DH50, PEEXFHPETCRE, FHMEIERE PCR RS X5E 4
R A.E 1b, PCR =R/ KXY 5= D BR NG
THAMER R B IEX () M2 BEEA/PMMARFE, WPRIEGER
B BT 3 iR A 3% pET32a- A M2 $5 M2 B (25 7 X A
B (LR 72 bp, SRERBHEE M2 BEX), BEIX
FRE P R OE B 5 IR FF T IEHA (1) SRS AE R,
3.2 MAEAMNRELEATEEREST

S EY R pET32a-AM2 [ARiA1E £ BL21(DE3)
£ 0.8 mmol/L IPTG 553555 4 h J5, WOREIE, BRFE
F=4¥) SDS-PAGE HUKZ R ILE 3, SxiHAHEEL, HRME
MM TR A 7EL) 28 ku EHILRIA SR E A& (B
3 gikpiis), REASTREXNDEWHAM2 EHH
pET32a k5| FPRERBEEA M T HRE 2, KRR
REEXK M2 BRERHETERTRE, BEA#H
GREVHREBANEEREAM 25%.

FEIREME M RE R E A, JO008E L
BEEUESS, SDS-PAGE HIKGRRW LEFEHKEM

750bp
S00bp

250bp
100bp

b

B 1 PCRF=Y (a) KRELFHL PCR AEEY) 4 ERE (b)

a: 1. M2 &EKERY =Y, 2. SRREBEXK M2 &
Ey- =Y, 3. BARKT AR, 4. BN K
¥ B

b: 1. PCR %2/, 2. BARK HindlIH Xho I I
Y4 R, M. Takara DL2000 DNA 4 FIEE
PR

WER G
ATGAGTCTTCTAACCGAGGTCGAAACGTA-~--CAGGCCTACCAGAAACGAATGGG AG---TGGAGTAA

| =N

1 2 15 982
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Pl o
~— T
P3

—_—llbld

A2 (#h%26-49 82 )

MSLLTEVETFTRNEWECKCSDSSDR.CIVRRLK YGLKR (ST R VPESH REEVROB) QS AVD VDD GHFUNIELE

P2

B 2 PSR ERN M2 EEAERER
MERE T 1~26 ™, 715~982 Al M2 2H
HISN BT M2 A KEERAT 27~46 HiZEENE
JERF5, SRARMBEMXFFIA LVVAASIIGI LHLILWILD
RLFFK.

HER, JHePBROFE, REEATEUMENERAGE M Hislink &AM ATET & F 2R



®3M SRET, 4p43%, e, E X, R 5 HSNI BAERBRRE M2 MR R Al RS H 137

WJE 3. ku M 1 5
3.3 GRGBSTAIX M2 28 £ 0 R 4T A ——

H4pi H5SN1 TR SRBRE M2 BAdiisEl 50

5t REBERM W EARAT Western 2 0 -
SAHARLE 4, CANEARNBIRERENE 25 ==
HVKIEZ) 28 ku b F — R RIS E S, TR B RRE B3 AM2 EAMERREMLL

E‘ N NS %, E8 1. pET32a-AM2 £k (E#4L BL21 (DE3) W) RINA IPTG
MR AR R AP RE NG T RN, REERE B5, 2. A TPICRS 4 h K ABESES: 5. P16

by M2 BRERBRERET ERRIE, RELN ¢ 4 papsmsptmemo LEaks R 4 8%
BURBSIEX B M2 BERESHE M2 BRI RS S, BTk e R 5. AEEHRKER; M. BATR

BB 528 M2 & A RPLR . REORRRE
3.4 PLILIEF M2 PR 4T 81%11 M 1 2 3
INRE)E 7 REREER MM -4 85 3, AR E A KIS HSN1 %% A7

HREAQHERME, N Dot-ELISA JIEHHT M2 RFHE 15G M 55
B, SRATRFRILN M2 MEEACEIRETERNT og
M2 B EHUAEUTEBM o 1 13000, R MRAaEREEAE 20
FEAE ML e S RBREME AP M2 RAEGBERN, e B4 RBEREH N2 A RTUREH

N e = 1. ZifbAM2 BARAES: 2. IPTG
BERFAAFMRIIRE. FERE 4 hERRELRTREY, 3.

. BRI CRBSBEABEE): M.
4 WiE WEEHTRERAE

—H RS HERR R R TRV RAEEH AR E R ESEPERRRBSN TR MEER HA 1 NA
b, BETXFEANE ST ERN TREE S EER RN R A K E T RAMEM, EXBNEEARN R4
FIZERER (drift) FZERER shift) WAERATA T ERHEE IR R, ¥R T REMATIFM IR
KB E . B8 METRATIRZEE 51, T mT e AR BRSRAR, HAET HA M NA iR R —RAR
B XGRS, EREREADHRA R REREREE ERE=1E0 —M2 EEEATHRA,
5 HA I NA EEAM, M (V1R M2) EREZREFATHY, H M2 ZBRERR TR 5 FEE S
AL RE M2 AR ERBRER TP INES, HRETR_ ERBE LD, ERESIERY A B
TR R AR S 5R A s R R M2 5 B RN, BTSTE R BLE A M2 R A B P AT DA TR
TRFRTER SR A AR B SIS, B HBRRE M1 R M2 REREE SN ARGE, TAF
—EMTREAA XARP A OO, XEags BAEATARE M2 R E B ERBR RN AP IR, —, 2
BRERLZXRFRENR B WS A R R REDUR.

7 A BIFBR R, M2 ARNERE B RIELFEN", B4 FEKERXRENIIRE LB S, H
FEET M2 WHEE TRV AR T R PRI, M2 &KEREFZMERPRIE, Z4EK M2 EESNE
MrBE EMMEAIAMERE b, FEFEFEERNEN, RBSCEEHMEANRNEFIREMN pH {E, AMXTE 450
PN, RMERARREREPREREEKE M2 R, B4R REHRIEN M2 HEEREZ
FER HOBR K B R X B2 5 A BE B RIS, TScER 9 0 19 TR A% Rk 34 1IH Pharmacia /A 7]
) pGEX RIIE M, KHFEANKRFEERIE, ZRINBMAES WM SATRE RSN HIK S-H#EE (GST)
#E, HGST BHEKX (26 kuw), HEAREINERE —EMHEG, —EHE LSRRSHMERENE
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ERAL, AT E KRS KRR, e R AR RERZ B AR Novagen AT pET32a, H
LR AT R B2 RAFTRNE, EREN—BAXHRITENHE, X EHOEANFEREREAK,
AHFAIF pET32a HAKEREMEH M2 7E BL21 (DE3) BERARPET T EMERE, REHKRE
BEAARFAETEAPCHEEREE LFES, BHTHRRMERBARET B RO, RERRAE
FEX i) M2 EAE A RARR M2 B EHRBRYE, /BB E S I SRR S L BB H M2 EE.
AH SRR A M2 EAER AT R BAR RS RS RURE # BE T 2.

S X 3k:

1] H&E. SR 0 P ERERE, 1999.
[2] SUBBARAO K, KLIMOV A, KATZ J, et al. Characterization of an avain influenza A (H5N1) virus isolated from a child
with a fatal respiratory illness[J]. Science, 1998, 279(16): 393-396.
[3] RUIGROK R W H. Sructure of Influenza A, B and C Virus in “Textbook of Influenza”’[M]. London, Blackwell Science
Ltd. 1998.
[4] LAMB R A, LAI C J. Conservation of the influenza virus membrane protein (M1) amino acid sequence and an open reading
frame of RNA segment 7 encoding a second protein (M2) in HIN1 and H3N2 strains[J]. Virology, 1981, 112 (2): 746-751.
[5] ITO T., GORMAN O. T., KAWAOKA, Y., et al. Evolutionary analysis of the influenza A virus M gene with comparison of
the M1 and M2 proteins[J]. Journal of Virology, 1991, 65: 5491-5498.
[6] NEIRYNCK S, TOM D, XAVIER S, et al. A universal influenza a vaccine based on the extracellular domain of the M2
protein[J]. Nature Medicine, 1999, 5(10): 1157-1163
[7] MOZDZANOWSKA K, FENG J, EID M, et al. Induction of influenza type A virus-specific resistant by immunization of
mice with a synthetic multiple antigenic peptide vaccine that contains ectodomains of matrix protein 2[J]. Vaccin, 2003,
21(19-20): 2616-2626
[8] SLEPUSHKIN V A, KATA J M, BLACK R A, et al. Protection of mice against influenza A virus challenge by vaccination
with baculovirus-expressed M2 protein[J]. Vaccine, 1995, 13(15): 1399-1402.
[9] FRACE A M, KLIMOV A I, THOMAS R, et al. Modified M2 proteins produce heterotypic immunity against influenza A
virus[J]. Vaccine, 1999, 17: 2237-2244.
[10] KENJI O, IHATA A, SETSUKO W, et al. Protective immunity against influenza A virus induced by immunization with
DNA plasmid containing influenza M genel[J]. Vaccine, 2001, 19: 3681-3691.
[11] SAMBROOK J, FRITSCH E F, MANJATID T. Molecular cloning|[M]: A laboratory Manual. 2nd ed, New York: Cold
Spring Harbor Laboratory Press, 1989.
[12] &%, 4 IFN-ay ZEFERTERE. REREHARARNNATRD]. b5 PERWAZEE BT, 2004,
[13] Wanli Liu, Hua Li, Ying-Hua Chen. N-terminus of M2 protein could induce antibodies with inhibitory activity against
influenza virus replication [J]. FEMS Immunology and Medical Microbiology, 2003, 34: 141-6.
[14] BLACK R A, ROTA P A, GORODKOVA N, et al. Antibody response of M2 protein of influenza A virus expressed in
insect cells [J]. Journal of General Virology, 1993, 74: 1673-1677.
[15] ZEBEDEE S L, LAMB R A. Influenza A virus M2 protein: monoclonal antibody restriction of virus growth and
detection of M2 in virions[J]. Journal of Virology, 1988, 62: 2762-2772.
[16] TREANOR J J, TIERNEY E L, ZEBEDEE S L, et al. Passively transferred monoclonal antibody to the M2 protein
inhibits influenza A virus replication in mice[J]. Journal of Virology, 1990, 64: 1375-1377.
[17] HOLSINGER L J , SHAUGHNESSY M A, MICKO A, et al. Analysis of the posttranslational modifications of the
influenza virus M2 protein [J]. Journal of Virology, 1995, 69: 1219-1225.
[18] BLACK R A, ROTA P A, GORODKOVA N, et al. Production of the M2 protein of influenza A virus in insect cells is
enhanced in the presence of amantadine[J]. Journal of General Virology, 1993, 74: 1733-1737.
19] ZKE, B B, F F, BUF. SHEHE M2 ZRERZRETRELESURESTTI]. SHBESR, 2005,
36(7): 739-743. [SHfEgwEE: MR



