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Abstract: The M2 ion channel protein is an important target against influenza A virus. In this study, H5N1 influenza A virus M2 ion
channel (H5M2) gene was cloned into pcDNA4 vector. The HEK293 stable cell line expressing HSM2 was successfully established.
The expression of HSM2 ion channel protein was induced only by tetracycline and confirmed by imuunofluorescence and Western
blot. The ion channel activity of HSM2 was confirmed by whole cell patch-clamp recording. Fifty umol per liter amantadine blocked
the H5SM2 channel conductance completely in HEK293 cells. This stable cell line may provide a model for screening inhibitors of
M2 ion channel.
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MBI A RV R B

HSN1 () M2 B -3 18 a2 40 ik () 22 57 1903

)R S BEL T 351 2 58 — 28 B BB T iR 25, #E A Y
TR T 5167 o R T EEAERC ), SR
T} 2555 BE R o B, AR R A e AL B Y
Hh i e i 78 ) Xof M A ORI 24 G HE A R M2
5 308 T BT R0 B R 2 A S T EUE: H R

BEATEE T M2 2 -3 18 FH 0] A% R UL %6 5 ik
R B 9 B U kT RER R,
HARBR S MARES 2. AR5 pcDNA4
FIRFURIAE HEK293 4l vp gt s R 4, S aisr
M2 5 -3 T8 BE BT 751 174 5 30 i i 22 vk 29 A

1 MHE7%E

1.1 WF 5

Amantadine(4: NIGEll%) . tetracycline(PUIF ) .
HRP frid FE R =50 . HTRAEMRSSER LS
¥ H Sigma-Aldrich(St. louis, MO, USA), HEK293Trex
ZMffl . Zeocin, pcDNA4 JFikil H Invitrogen, FITC
FRICHEPT R BT A Santa Cruz, $t M2 fRZ 7ok
ML AR F il 45 . EEAUZSA : Leica 20 E
W . HIR K %% (Axopatch 200B amplifier; Axon
Instruments Inc., Union City, CA) . HLH $7 il #F (Model
P-87; Sutter Instrument Company, Novato, CA). &
1.5 mm /Y B BR 3% B8 (Borosilicate pipettes; World
Precision Instruments, Inc., Sarasota, FL),
12 M2 BFREBEARBRRIAIEE

BT A RIS #E M2 5238 18 5L P 4 5
FEGRSFUO, LUHSNT G #5 b () M2 -3 18 25 11 19 3%
H 2 HE MR ¥ 51 (GenBank Accession No. AAV32638.1)
AR, 2o WAL E T, IR Y 5 AN
HIE G FL S A N = KRk . B Y 41 Hﬂ
N LA MEREHEABRA ), 48 HSM2,
Wk BamH [ 1 Xba I f V) 7i % F pcDNA4 JFikr, %
JRiAE HEK293 #ififd P fEDUIR R 95 T A BER
REHMEER . A AL R 1Y B A AL HSM2 BRI
%1|(GenBank Accession No. AY627887)°M:

5'-ATG AGT CTT CTA ACC GAG GTC GAA
ACG CCT ACC AGA AAC GAA TGG GAG TGC
AGA TGC AGC GAT TCA AGT GAT CCT ATT
GTT GTT GCC GCA AAT ATC ATT GGG ATC TTG
CAC TTG ATA TTG TGG ATT CTT GAT CGT CTT
TTC TTC AAA TGC ATT TAT CGT CGC CTT AAA
TAC GGT TTG AAA AGA GGG CCT GCT ACG

GCA GGG GTA CCT GAG TCT ATG AGG GAA
GAG TAC CGG CAG GAA CAG CAG AGT GCT
GTG GAT GTT GAC GAT GGT CAT TTT GTC
AAC ATA GAA TTG GAG TAA-3';

A R AR i B A B HSM2 LR 51 R
5'-ATG TCC CTG CTG ACA GAG GTG GAG ACC
CCC ACC AGG AAT GAG TGG GAG TGC AGG
TGC TCT GAC TCC TCT GAC CCC CTG GTG GTG
GCT GCC TCC ATC ATT GGC ATC CTG CAT CTG
ATC CTG TGG ATT CTG GAC AGG CTG TTC TTC
AAG TGC ATC TAC AGG AGG CTG AAG TAT
GGC CTG AAG AGG GGC CCT GCC ACA GCT
GGC GTG CCT GAG TCC ATG AGG GAG GAG
TAC AGG CAG GAG CAG CAG TCT GCT GTG
GAT GTG GAT GAT GGC CAC TTT GTG AAC

ATT GAG CTG GAG TAA-3" (TS AILAL IR
35, JFOkL pcDNA4-H5M2 2853l (TaKaRa) % 5 1IE A
Je A TR M E I AE HEK 293 41 i b #E 7 A E 4i i
1.3 i M2 BFIBIERTE E Rtk

% F Lipofectamine 2000 (Invitrogen) ¥ it %
pcDNA4-H5M2 J H: 25 31K pcDNA4 43 5l 5% e
HEK293-Trex 4 (=% UtH19), 48 h J5 b 40 a4 1:
12 AR TN 200 pg/mL # Zeocin #1755 I %
#iFF 200 pg/mL B Zeocin H557 3 JH, 5 HA40IE o
AT KRB TR 4 . AMAEAE 37°C, 5% CO, T
Regf, BRI N 10%M5 4 M7E DMEM.,

M2 B -FiliE 14k Western blotting %5E:
g HSM2 BE NI v 4l | pg/mL PUFRZEE S
24 h JEWANR,  EAESE hRE, JF T 100°C &
10 min, % PAGE Hiyk 5 H] BBt M2 & il 18 2 40
A(1:1000 #B)F HRP #RiC 09 F 30 B i k4T
Western blotting 4347, & T W% M2 B il 1B & 1
A IO SR A R SR AT T O, AT AN 5 38 Jis 5910 1)
FEGR MR AR AN AT LUK . A0 15 WA DU PR
EN7 A JIPORYSERE AL N Shrekaii) PO N

M2 B8 & R IE M R SO E : HSM2
REMEEMERII A F, A 1 pg/mL WHREIFES
24 W1 F 4°C Wive Y 4%22 5 H I [ 5 4N 15 min,
BB H VLR A BN #4F: PBS ¥k 3 ¥R, 0.1%Triton
X-100 B 15 min, F 5% B NS W £ 4114 77 (4°0),
FH 1:200 F B BT M2 55 2 h, 1% 0.05% Triton
X-100 () PBS ¥ 3 1K, £HK 15 min, 35 1:500 %
[ FITC FricFEPLER =P HE 1 h, % 0.05% Triton
X-100 f# PBS ¥t 3 X, %K 15 min, F Leica 25t
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MBS
1.4 H5M2 BFRIESERSETBEEENNE

KA AXON 200B JiltK#, 1E 23°C~25°C T LU
Sl R il e aE L iU Macintosh
G4 Hifixi (Apple Computer, Cupertino, CA)FIFEE 5%
Hudi ITC-16 7€ 10 kHz iR N REWFEE S, B
2 K44 IGOR Pro (Wavemetrics, Lake Oswego,
OR) T
141 ZEMig

pH 6.8 ZHfI AN mik: 150 mmol/L NaCl, 1 mmol/L
MgCl,, 1 mmol/L CaCl,, 10 mmol/L glucose, 10 mmol/L
HEPES; pH 5.5 4fE4bZZ#hif: 150 mmol/L NaCl,
1 mmol/L MgCl,, 1 mmol/L CaCl,, 10 mmol/L glucose,
10 mmol/L MES, %% #f (%) pH {E A HC1 5% NaOH
e

L A 78 VR (4 N 2% v ): 130 mmol/L
Cs-methanesulfonate, 24 mmol/L CsCl, 1 mmol/L

CaCl,, 1 mmol/L MgCl,, 10 mmol/L HEPES,
200 pg/mL amphotericin B. F CsOH #75 pH £ 6.8,

AL FHHT N 1.8 MQ 2.5 MQ.,
1.4.2 3043 ik

HSM2 Fa B AN A | pg/mL UM R IFES 24 h, K
5S4 AR g % BR O 7E pH 6.8 22 ik P (% 10 pmol/L
i) amiloride 1) pH 6.8 2% 1 191 Ak 4 4 it 1] 715 ok 20 e
AR B 1) J5TF LI ) 20 B R AE-30m v, F PR
Z 4t (RSC-200 Rapid solution changer) } pH 6.8 2%
MORCEAS R pH 5.5 2o, IC LI . 7E A NIBERE
IR h, K — RS AR B A 4 W e A
pH 6.8 ZniH, JH-S5AMMIFE £ 30 s, HHh
pH 5.5 ZZ b 10 S HL L

2 &R

21 H5M2 BFBEBERRENERE

L dEiR )5 PAGE HLUK I Western blotting %8 3¢
FH, H5M2 ) HEK293 FaE 4l &8 U R 15 T 3Rk
JEAE A DARAAR . IR RIS AL, A
2 14 kD, —BIAZ N 28 kD, PUERIAZ) N 56 kD!
(" 1),
22 H5M2 REERAERE

A TV B EE M2 B E A A0 A T RO
BRI, JEH 97 NMEFERA B EEA, HRPT
HSM2 5238 38 2 1 PR A T oo ot 5 e = W,
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HSM2 EEFRATAMMEE L. & 2 o EEDy 5L
h, TS @G IR A (Leica, HURAEEL: 20x10).

Tetracycline Vector H5M2
(1 pg/mL) M - + - +
kD
72
55 Tetramer
43 (56 kD)
34
Dimer
26 (28 kD)
17
Monomer
(14 kD)
11

E 1 H5M2 BFEiEF EHAEAYT Western blotting £
Fig. 1 Detection of H5M2 ion channel protein in HEK293
cell by Western blotting

Tetracycline + -
H5M2 + N

B2 H5M2 RIZKIRERNEEE
Immunofluorescence detection of HSM2 expressing
in HEK?293 cell

2.3 H5M2 7£ HEK?293 ZlAE 55 FiBiEiE 14

M2 & FiEEAE pH AT 6.2 B R, HOM M2 2
FAIE M N Ul C Sif s, 7= Az —A> d1 LAk i
FIRLTR . [ 3 45N, 7E-40 mV HHI400E, M4
ShGEPE R pH 6.8 B4y pH 5.5 MZZ PR ET, TG
HSM2 FRR4iify H A o(Z5 ARSI, 1
H5M2 2538 18 32 35 10 20 B ™ A= — > 9 ) BT L AL
50 pumol/L 1) 4 Wil ot i 8 5¢ 4= BH Wt HSM2 2 -3 il 4
SRR FHEFE 3A). 50 umol/L Y4 MIlkeiE i
A0 240 FH T 4 M e 14 % i v gk i AS P LA
Tl o 7E F AR FEREE VR (A AR PN 22 ) H AL 50 pumol/L
1) 4 W e e AN EL A SR L, 2 B W e e L g A

Fig. 2
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IMEIESE: A BIGREHF HSNT (9 M2 2 T30 18 2 40 I pk 1o 8y 1905

MIAMER T H5SM2 & Fl il (45 /AR ). A
W 4 W BE R Il HSM2 & F186E, i 2
%k F IGOR Pro (Wavemetrics, Lake Oswego, OR)
BT, A3 4 WIBE RN HSM2 2538 1Y 1Cs
4y 4.18 pmol/L (&l 3B).

B 1.0

Jzoo pA
2s

1Cs=4.18 pmol/L.

Current (/1)

I 1
0.1 1 10 100
Concentration of amantadine (pmol/L)

B3 H5M2 BFBEESE
Fig. 3 lon channel activity of HSM2
A: the ion channel activity of HSM2 was opened in pH 5.5;
B: the ion channel activity of HSM2 was inhibited by
amantadine

3 itk

M2 B3 1B T & B T IO B2 25 1 11 H A
PRI, AT R M2 3 E TR i vk
MNACA W 22 v G 25 0 75 1 S B A TR RIS 24 75 95 75 48
AR M2 B 38 8 SR DG HE . A TR
M2 B3 & T AE 2 Fh Al i 2R8I T Y
o8 B BRI R AL A i, T M2 A AA
B 38 1A TS PR, 7E 20 M 3R 5K 8 X 4 i i A A
20220 ek ) 2 ot 40 PN A B 2R 235 40 2 i 3 i
XARF T R RAMRRE A . B a4
FEH, M2 53 E 3K URLA: A 0 o A e BT A i
AN, FEEAZANN R RE T M2 BB
W5, 45 M2 BTl & (R D RERF S R AR,
ABFSEiE R HSM2 JER sl T pcDNA4 #ik, 7
HEK293 #ifflrfr ity i 3 Rk AR e i . R4 0y
INEGE T IA BRI S B S Rk, 4
FIEFREM M2 B THEEEAFEAAETE L, 1w
HZAER A PAGE HLUK I Western blotting JIESE,
HSM2 &l DUk . Rk . R IE A7

FE, TP SRS M2 B 7l T BTG PR A o 2 R R
UESEAE HEK 293 4 il 3235 19 HSM2 HA H i 1 1
M HL BB 4 W e il 3xX — il i v, H5M2 1Y
HEK293 Fa & 4 A Ja SeiF oy M2 B 1 i ) D g
e T, M2 5 30 8 TR0 % 0 18 1 BE E T Skt
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