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ABSTRACT Objective: To establish a rapid, accurate and low-cost influenza A (HIN1) virus detection method based on nucleic
acid sequence analysis. Methods: A highly sensitive pyrosequencing system was establised by optimizing the concentrations of ATP
sulfurylase and luciferase respectively; the nucleic acid sequences of M, NP ,HA gene fragments of influenza virus were analysed with a
low-cost and portable bioluminescence analyzer by coupling the highly sensitive pyrosequencing system. Results: Compared with
conventional pyrosequencing system, the sensitivity of the proposed method increased more than 10 times, and as low as 10 fmol of DNA
samples can be detected. Based on the pyrosequencing results of the M, NP, HA genes, we confirmed the infection of influenza A
(H1IN1) virus in the two samples. The sequencing results of the gene coding M2 protein inhibitor drug resistance marker (S31N mutation)
proved the presence of S31N mutation, indicating that the virus is M2 protein inhibitor-resistant. Conclusion: A rapid, accurate and
low-cost detection method of influenza A (H1IN1) virus was established by combining the highly sensitive pyrosequencing system with a
portable bioluminescence analyzer.
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AR TR, BEE T2 W R IE L K e th Z T aE
REBRAG N )5 3% , A0 RT-PCR \NASBA %75 1 g% i A% B Y™
T SN S B A PR BAGI 0B, (HR B3R 5 TR TR HERR SR A
TR FFIE B, W54 R DNA I ik AFAE AR B ANRE
PRGN A BRpL , BR) T E AE ST — R R A DR T IS ARAS I
SEMRREAL IR PP 7 1509,

FE 2 — Fh oL 2R ) RO A AT iR I £E B R £ (PP Y
HAR B LHGE DNA 9B, 75 DNA %4 il (Klenow ) , =
W N R AR L i ( ATP sulfurylase ) . ¢ 6 % Jiff ( Luciferase ) Fll =
PR MR T UL i ( Apyrase ) IR AE AR K DNA HEZE A ™
A= B PPLFAL I ZOLAE 51, ZEARA T Z R IKFZOLRL,
A LLSE I 515 1) DNA JF 51, 2tk PR AT (25 SRR AT
SEHLA Bk, BB A R — R B2 R,

P45 I S0 R 2R (A RS SR BRE ARG, 5L {dE T pmol
ik LL F A9 DNA REAS, ASHIFFE G i 38 i A 0 e S 1oz ko Y
ATP sulfurylase &3 1 ELEE ) APS Fil Luciferase (1) 2 )7 , fifi
FHER R Luciferase Z5fF T, SINK R IYT SR S REMS4R ]
TEARAR A K-, R 5 3 T, IO R A8 i v 14 LA
ey AR v R I SRR RN T A AR AR B Y O
A R ) /G A AR R ORI, T ST
— iR HER ARACAS (1 B HIN S A R I s v
1 MRE T
L1 fREHEAR

2 BRF Y HINI %55 RNA 248 (A /JiangSu /212 /2009, A
/YiangSu /214 /2009) B VT35 48 R T BT 45 1 b4 43
1.2 X 5iF

EDC-810 BB [K 1% {Y ( Eastwin Life Sciences, Inc. , |,
F1[E ); Power PAC1000 %Y Hi yk{% (BioRad Laboratories, Inc. ,
CA, USA); GeneGenius ¢ 1% 245 (SYNGENE, Co., Ltd. ,
Cambridge, UK) ; /\ il T8 #5225 99 & 043 H1{¥ (Hitachi Ltd. ,
Tokyo, Japan) ; BEERZE A A (AR SLH E %)

Superscript III reverse transcriptase (Invitrogen, USA ); RNA
JiE 40 4135 \Taq DNA 3 & iff (TaKaRa Biotechnology (Dalian)
Co.,Ltd.); PCR 5% ( 17 Invitrogen /A ]G il ,PAGE 2 );
L ig #E (LP0028A, Oxoid Ltd. , Hamp shire, England ) ; Tris i, £
IRAL CBEX S Sangon A= 420 W) 77 b 5 Y M 22 i (10 mmol/L
Tris-HCI, 1 mmol/L EDTA, 1.0 mol/L NaCl, pH 7.5);1x &k 2
i (10 mmol/L Tris-HCI, 1 mmol/L EDTA, pH 8.0); % ¥f
(Dynabeads M-280 strptavidin, Dynal AS,Oslo, Norway ) ; 38 Z. %%
EAE Belld (PVP) . Luciferase Il | Promega /A ] ;D- B G |
Apyrase 5’ - T B AL R AR 1 (APS) 12 If 7 112 11 (BSA) ¥
) H Sigma 2\ 7] ;dGTP . dCTP . dTTP . dATPaS #Ji [§ Mychem
/3] s Klenow I ATP sulfurylase 48 S5 Z 44 @ 3535 5 SE 40

FAH AN R b a sk e g s o A TR B K 2 31K
Bl o
1.3 cDNA &/

HU & RNA 50 ng-2 wg £ nuclease-free A/NEH, T A
50-250 ng [ HL5] 4 ,0.5 mmol/L [ ANTP JE &4, /il DE-
PC-H;0 % 13 uL;65C 5 min Ji, BK L E/D 1 min; £ Lk /b
BHIMA 5% 55— A L i 4 pL,5 mmol/L DTT,20 U
RNase #1 %] ] ,200 U Superscript Ill Reverse Transcriptase, Jill
DEPC-H,0 % SRR 20 wl, K645 44459 :25°C 5 min,50°C
S 1h,70C 15 min 1} 5o
1.4 EFE R PCR #1&

SR R R e 3 M PCR 4351 3% M NP HA (NA M2 %
K, 100 WL PCR AR R & A 51445 0.2 pmol/L(ILFE 1),
dNTP 0.5 mmol/L,MgCl, 3.0 mmol/L, 1 x 2w ¥ ,2.5 U Taq
DNA B4 L) 5% 100-500 ng cDNA itz . H#IEHRSER 94°C
AR 3 ming S5 L)L 94°C A5 105,60C (M 3B )3k 55T
(HA ZEPHDIR Kk 20 s,72°C #E{H 40 s, 4% 30 AMEIF; e Jm 72°C
FEA 7 min {7 N 5E 4o SN S8 IS, BUSONE ) 2 WL 7E 2.0
YL N WEBERE I BEATHLIK (1% TAE HLYKZZ i, #JE 100V, 15
JEHL 15 min) , BERNR R GEADB UK BT

* 1 ATERSSM PCR #1E8519F 5!

Table I Primer sequences for gene-specific PCR

Gene Primer Sequence( 5'to 3') Length (bp)
InfA Forward ac cra tce tgt cac cte tgac
M £ g £ 106
InfA Reverse biotin-agg gca tty tgg aca aak cgt cta
SW InfA Forward ca cgg tca gea ctt aty ctr a;
NP geacggtcag y 2 195
SW InfA Reverse biotin-gtg rge tgg gtt tte att tgg te
SW H1 Forward cta taa aca cca gec tyc ca
HA g geely 116
SW H1 Reverse biotin-cgg gat att cct taa tcc tgt rge
Sw-M2-F670 agc tce agt get ggt ctg aaa
M2 & gtgctggtctgaaa g 231
Sw-M2-R900 biotin-gac tca gge act cct tce gta gaa
1.5 & ARG & & BRI S F U, I 100 WL PedA B iRvE 2 3. (245 REEREDT

(1HC10 pL GERM R AP AREER T PCR RV A, Ik

T 90 wL PEIEZE i, SRJG A 90 wL PCR 7=#y , £ HEER 45
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AR T 37°C I 1 h, i R s R R PCR A
BRIRZAL TRIPIRZS . (3) JHBEERIEEREER, W L H
H,O JE¥%RETR 2-3 38, FUINA 180 wL H,O; JilA 0.1 mol/L
NaOH %% 20 pL, 125, ZIRCE 10 min 2 280 0 1y ik
WET 55 —A~ PCR RS, A 1 L 2 mol/L HCI i, B
WOAHHEE. (4)H] 100 WL YEHZE P iRiut vk AR 2 38 5 S8
FH 100 WL 1x Bk ZZ nhilvk 1ok s FRA A REERIE T 20 wl
xR phige i, B FEAHEAEE . (5) 43 S AE A RBOR B o
TMARAREAY 2 pL 10 pumol/ L P75 [ M1EA 73R 2k, 1B K& AF N -
93C 30;55C 3 min, 4C{_-EFEH.
1.6 & R

FEIN 5 52 1 3 B 4B 0 T < 0.1 mol/L Tris-HAc (pH 7.7 ),2
mmol/L EDTA,10 mmol/L Mg (Ac),,0.1 % BSA,1 mmol/L
DTT,04 g/L PVP,0.4 mmol/L D-luciferin,5 pmol/L APS,18
U/ml Klenow, 1.6 U/ml Apyrase,292 mg/L Luciferase,10 U/mL
ATP sulfurylase, KA dCTP . dTTP .dGTP HI dATPaS, X/ %
A5 5 1R K5 B REAS BB REAR AT 510 E

AW SO RS H: RSB 40 pL;
SUEH 0.29 MPa;dNTP (4TI g 0.04 5 S REE y 30T
BBV A 120 s,

2 R

2.1 EEREMR LS TIERE

RifiZs DNA TP R A I & J, ANLER RE T 2 =i i
I I PP AR L ST A Jre R (R B A AR A A A 2 o
53 A W K SG4TSR AR FRU/IS HL A 4% 1K 1) e fi — i 4%
(PD, Hamamatsu Photonics K.K) 1} %¢ Ye 15 5 AR &% , H 5
BEERNIE 1 R 7E2 SRR, DU dNTP AR GBS A
HF I I R, SN A B iR BR 2T AT DL 4 SO
YSRGSV T J X o B — B AL —4> PD I LA
R RTOEE S OGS fr i 2Rl R
AW R GHT AL — R AT LA ] s Ase i 8 i, BEWE 2 1 — 2 1Y
DR, ORIE AR TSR A, I HI/NEE A 315 A
T REHE AT A . (5 PD A& U 2% B9 A R 7E T I R A0 A XA
I, B P 5 308 e A D 7 2 A7 2 A i v ) e 1 6 D0 22 A
B

ERE

[ff‘scl - dN'l‘Ps?}E# =
’m ‘ dNTPs dispenser < Airpump

| IMWI[ 'HU“IIMMH,”]' [ﬂ]/
g L AC

. —
Reaction cell J
=
Pt -t 3
PD

B

fReeHt

ignal conversio

1 EEXEMR ST UGN TEE

Fig. 1 Schematic of the portable bioluminescence analyzer

22 BREENRF K MNKRIEL

TEREIN AR Z o, T APS BS5H 5 ATP AL, W7 B
() APS x9SR MM AR5 & PO, PRI BRI 1
Sl SRR, ROHBR S AR RN 0 R . 1T APS /Eh
ATP BRFRACHE R RN ), 38 e KRB h i) ATP i iR Ak
BtRAe 13 B HTH P R T APS YR, PR & iz g APS %
AT LAEAR R BRI APS 596 RMFILE A, MK
KRBT T SES . EERNENT KRS, APS
WK 5 pmol/L, RN ATP i 2 Akt i)k J 22 10 U/mL
(EP 0.665 wmol/L)i, 1T ATP g iR Akl HAT /A kbl
HE MR B IR F 5.32 wmol/L, KF R Mk APS ¥R TEIL 5%
PETR AT LA a7 B b 38 2o 384 i ' 3Rl A P kD S B v R ARE 1Y
R I o 18] 2 JEAE (il vk ATP B iR fK i (10 U/mlL)
PR MR E 43 518 14.6-292 mg/L Z5 4T, Xf 0.1 pmol )
DNA BABESEA I 25 5 . NI 25 50T LA Hh, Fef F eik
B ATP B BRAGHIEIT , 0P 055 BE O 3R G v P 48 DK A i
B S 5SS — H P HIAEARAR A K, A T4 DNA ZEfif fip
PR TR SR, DT PT AR g 0 ARG R A

2 EEIRE ATP MBUBEGTARRARBRENENFES
B ERIRI
Fig. 2 Effect of different concentrations of Luciferase on the signal

strength at a high concentration of ATP sulfurylase
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REE

N T HEEAAR)E WA P RO R R AE LA PD A G 25 1
(5 AR AT L BRI A . DA T A A b 2
& ADDP-2(J5 412}y 5°-CTGA-3" ) g {9, fEAE 45 X A9 KO
BEAY 14350 %F 0 fmol ., 10 fmol .25 finol .50 fmol. 100 fmol,250
fmol ADDP-2 #4715 , 455 VLI 3, 7 K PR £ K vT ik 10
fimol FRfEEEE (15 L S/N=3 ), (58 H2i 7 S5 0 1 Z2 018 ]
pmol £t L) [ ) DNA REAS , I H A0 5 Y A0 15 52 17 1R 2R 11
SR T R v P A AR — O S L finol
1) DNA BEAT 70T
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Fig. 3 Pyrograms of different amounts of ADDP-2 using highly sensitive pyrosequencing
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Fig. 4 Pyrogram of HINI virus M gene
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Fig. 6 Pyrogram of HINI virus HA gene
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Fig. 5 Pyrogram of HINI virus NP gene
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Fig. 7 Pyrogram of HINI virus M2 gene
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