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Bz —, BATHRA ARG AR ERATIA . ARG EFR flashBAC TR R EFRLALK,
4% HuNoV s 4% B 42 (virus-like particles, VLP), 4 #F & HuNoV & 3£ & s a4 . [ 5 % 14% GIL4
A HuNoV &) VP1 & A 2 KK A F 7| #ATE BT HAE &R, JLHE ZAFKR A F pBacPAKY 4445 &
K, k1% pBacPAK9-8his-VP1 ZTAi4i. Badn. M5 %52 EAEH THMAES LM baculovirus
plasmid (Bacmid)3t 4% % SF9 mjien, k1344 VP1 AR 69 LA K% & . TLHAFK A FH A % Hi-Five
(HF) %m & 3t 47 & 32, H A + = ko KX 2L BR 40 - R & M BE 2 2% I & 3k (sodium  dodecyl
sulfate-polyacrylamide gel electrophoresis, SDS-PAGE)#= Western blotting 247 VP1 & & &) & &, A
A F e BT 7 iR 4L VPL & & ; 24640 E 89 VP1 & & #£4T SDS-PAGE #= Western blotting 4 ).
1% JF 3 2% A8 &% (high performance liquid chromatography, HPLC)t 464L.49 VP1 & & #4746 E %
. AIREH AR VLP, [4£ %] #9227 pBacPAK9-8his-VP1 €414, VPl & @ 4 HF %
Jod L& EmIGT N AL, T EHH 58kDa. HPLC 4R 27 VP1 ZA AKX T 99%, &4 %
AT VAMLES B ARALIN] . K3 —. AR A 30-40 nm 49 VLP., [ AR RRER LR %
%47 GIL4 & HuNoV #) VLP, * HuNoV J& # #94F & L2 7 K ah,
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Preparation of virus-like particles of human GII.4 norovirus
in the flashBAC baculovirus expression system

LIU Zhipengl, XTIAO Jinningz, DUAN Liangweil, WANG Qiongzil, WANG Xiangpengl*

1 Henan Key Laboratory of Immunology and Targeted Drugs, School of Medical Technology, Xinxiang Medical
University, Xinxiang 453003, Henan, China
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Xinxiang 453003, Henan, China

Abstract: [Objective] Human norovirus (HuNoV) is one of the most common pathogens causing
acute gastroenteritis in humans worldwide. Currently, there are no approved vaccines to prevent
this disease. This study aimed to prepare virus-like particles (VLPs) of HuNoV in the flashBAC
baculovirus expression system, laying a foundation for the development of vaccines against
HuNoV. [Methods] After codon optimization, the full-length gene sequence of the VP1 protein of
HuNoV GII.4 was synthesized and cloned into the baculovirus pBacPAK9 transfer vector to obtain
the recombinant plasmid pBacPAK9-8his-VP1. After enzyme digestion and sequencing, the
recombinant plasmid was co-transfected with the linear baculovirus plasmid (Bacmid) into SF9
cells to obtain a recombinant baculovirus carrying the VP1 gene. Hi-Five (HF) cells were infected
by the recombinant baculovirus for protein expression, and the expression of VP1 was analyzed by
SDS-PAGE and Western blotting. VP1 was purified by Ni-NTA affinity chromatography and
identified by SDS-PAGE and Western blotting. The purity of VP1 was examined by high
performance liquid chromatography (HPLC). The VLPs were observed by transmission electron
microscopy. [Results] A transfer plasmid pBacPAK9-8his-VP1 was constructed, and the VP1
protein, with a molecular weight of approximately 58 kDa, was mainly expressed in the cytoplasm
of HF cells. The HPLC results showed that the purity of VP1 was over 99%. The VLPs with a
regular shape, uniform sizes, and diameters of 30—40 nm were observed by transmission electron
microscopy. [Conclusion] The VLPs of HuNoV GII.4 were prepared with a baculovirus expression
system, laying a foundation for the development of HuNoV vaccines.

Keywords: human norovirus; VP1 protein; baculovirus expression system; virus-like particles

N9 8 (human norovirus, HuNoV)i&4r 1, FUEELY. mdixt LERE K, 5 2L
HKIEE AT RN 2SR R LN EER  PLERGSA RSB R AR EAL . Bk, R
2 —, R R s ks e s TP EERER G, R IETPY, H R ekt
Fe-LRARMERE , W] LIE S Kt B p s e e SRR YR T BB R YT HuNoV e
AR, Tt yetlsm, AREYSm SR, B SUEMEON, NTET RN i, 7R

i PRAEAR T 2R B O L IR | B R | IR
I AL SRR, ZRURGEHE L AR

L4 LB FI22 R 5 37 T 25 5 5 R B R IRA T, N
M A R & AT A R HuNoV 4328 T
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PRI B B W B2 Jm L BE R AL Ok B R OE B
RNA, FEEAR S A TR ST A BRI BRE 0k,
TCAE ., FGaE N K40 7.5 kb, 3 MK
%] 32HE (open reading frames, ORF)41 i, 77 FJ&
ORF1, ORF2 #l ORF3°l, ORF1 Zhdii it 6 4~
EL5EN, TEBEES SR ENE ] ORF2
YA BE A B SEE [ VPL, ORF3 gnfdii s
PR EARFEE A VP2, i — AR FEH
90 1~ VP1 8 1 RIKFI/D 81 VP2 LK,
TR LA S, VP 8 (] LS R G,
SRR I B GRS, VP B A ess
FIS(S DX)FNZE H Z5 R 3 (P X)ALAR, S XAEAH]
BERRZ AR AR, P IXON[R B bk 22 [A) AR S 45
K, ISR EBUR RN E 2 P X, R
JEFGTE RNA RAEEAIAK 52 & (A3 F 5 AR
[i], HuNoV #4345 3B, 202 GI. GII,
GII. GIVH GVEE, [a]—ZEHHREn] ik —E 5
FARRIFER AL, Hirh GIL4 B bk R ERVE N
FEFAT R,

Ji B FE UK (virus-like particles, VLP)J& H %
B — s 2S5 TR 5 R RN B A
TEB RG2S OB A PR, VLP AN E0H
BERIBR ALY, ANREE B, FILRHEAEUR
PERUE YL, VLP RIS AL ™ A fgse N 25
N, FFLABET VLP BB v 52 312 1 6
o WFFE 2B HuNoV [ VP1 25 1Al DL [ 4156,
VLP!M S i T HuNoV ¥ AN B o 41 E4 7 15
7%, il HuNoV RE1 (IR & FE M p 4K
%1% . FlashBAC PRI EER IS REGLE T HAZ
HARKRR, RARGHK TR EEREA
DNA Whifs FEE W —# 45y, N T A B 2
(bacterial artificial chromosome, BAC)E .2 A
PRI X, Beis 5 A AR S 35 BEZE K AT I h &
il , ANfede R s gu b & 2 S B AL
B B 2k ML e R i A, a3 RV 4 T
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BIRAT TR B, 306 B f SR R AR
BRI, R R AR R AL R 5 A BB 7R
B A i A i, DA T S B R e 4 — 21k
AT BT X R R RIBINEE T H A A EE
JIRNEE A 0 = SRR o ARWE ST Bl 2o v
flashBAC #FIR 9% 8 R ik RAE KL GIL4 &
HuNoV ] VP1 #E [ iil4 VLP, & HuNoV W.H
16 9238 T PO BT & B4 A

P

1.1 #R

FRARIS B2 55 #2314 pBacPAK9 . SF9 [ 4
i . Hi-Five (HF)E M 4008 . FF IR % 7 R
baculovirus plasmid (Bacmid) fil K ## #F
DH 50 J8%3Z 25 200 Al H A< 52 3 28 O A7 50T 45 5 GIL4
%) HuNoV VP1 & (PDB %:%5 8 7TK6V_AA)
B AR SF9 4 i 25 i ar- ki A T4k
R e W Ee A MR BR A Rl G O S =
pUCS57 #ifk; FRHIPEAYIES . PrimeSTAR Max
Premix (2x), TaKaRa /\#]; [NHL 5. GIL4
Al HuNoV i 2 sa et Pk . HRP Aric i =E4t
bk, et SRR AR A ] B
Jfl 1B907 . 1B908 Tl i #5773k, Wiils R
PIH ARG BR N F] 5 HAE-Sofast FE YRR, I
KBS A= TR A IR W) 5 BRATSEORE, AR BE(
M AEI R ARABR A H]
1.2 FEMNE

PCR Y, FEER CHIRBH (P E)ARA
4 B b E AL, TN SEE A R i A
BRA ] mBAR AR, B A BT
W fHEE, HITACHI A,
1.3 E|LAFK pBacPAK9-8his-VP1 HIHiE
FEE

PLE L) pUCS7-VPL JBURL At , PCR 4"
BN A 8 N AMRPR 2 VP SR A B,
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PCR IEM 5% F JF4: 5-GAATTCGAGCT
CGGTACC (HAK[FVEE 751) ATGCATCACCA
CCATCACCATCATCAC (His #3257 41) GAGA
ATTTGTATTTCCAAGGC-3', [Z[a5|#) R J¥51 .
5-GGCCGCCCTGCAGGCCTCGAG (14 [a] I
B ¥%1) TCATAGTGCCCTCCTCCGTC-3'. PCR
SV ZR (50 pL): AR (200 ng) 1 uL, 514 F il
R (10 umol/L)%» 1 uL, PrimeSTAR Max Premix
(2x) 25 uL, JCH/K 22 uL., PCR JZ )i £51F: 98 °C
10s, 58°C 10's, 72 °C 20 s, 3t 30 MfEIf; 72 °C
10 min, #§ PCR F=# 1 1% B Ie A B i v vk it
Fr¥e, FHEER EGR & ik VP Bt DL
pBacPAK9 [t it , FHBRMIMEN DI Kpn 1
Al Xno 1Y)#E|JFki15 24 1L pBacPAKY . D]
{AZ: pBacPAK9 Jiiki 2 nug, Kpn IF1 Xho 14%
1 uL, 10xCutsmart 5 pL, JCH K2 ST
50 uL. 37 °CH§YI 1 ho VP1 ZEPERZAR.: 4
PE4k pBacPAK9 2 pL, VP1 JER B 3 pL, 2x
INHL TE R 5 ulo 50 °CAA4 T % 4% 30 min, 3k
155 2H JFoki pBacPAK9-8his-VP1 ., ¥ 5 4H i
b 2= R DHSo B2 S UL, IR AR £
THEZRPMMN LB EAR R F, 37 °CHiE
16 h JEPRBCRGETEHATY KA, STk
BamH I Fl Xho I #47 W EFYI4EE , BV % IEAf
SO A T A TR R A BR A RIIF o
1.4 FRIX VPl EHEHFRFESGHI&

¥ pBacPAK9-8his-VP1 Jiik: 52k 4k Bacmid
FAMRAE-Sofast % YGRS Yu 28 SF9 4 i) 2
HAFRIEE, HAEERIEMT . # SFO 2
P 6 FLANMIEEFRAR , AR 1.5%10°~/mL,
YNNG RE S A TR Y . FRUWAR 0 A W B
WP AT 28, A M. 2 Bacmid 4 L,
pBacPAK9-8his-VP1 Jiifi 4 pg, 1B908 ikt
100 uL; B ¥ : #5408 5 ul, 1B908 100 L.
B B BUR BRI E A WP HRRWITIRS,

R 20 min, BER G2 0E I 2 AR IR
fL, HE O EEEME 6 FLANMEFRRMIE, 27 °C
FRERETR. v 6 dE, WORMNMIER 2 mL R
oy PLACEAFFIRIG TR e BT IR R
#r, B P1 AR EELRLSEAE SF9 dififiFfE4L, 6 d
Je W B A BT B ok P2 AR EE ARG 75 o B P2
RURFETE SF9 4%, 6 d J5 R4 i Ak

Bk P3 ACE HFFIRGEE .
1.5 VP1 A7 HF BRI RIER

BOEUA K100 HF (R 2.5x10°/mL)
800 mL # A 2 L &), B P3 AEH A HRm
PRI E 1% 3R & 2 L3 YRR
HF 403 27 °C. 120 r/min $53% 3 d, EHRGEHR)G
WER HF 47T VPT A4 E . B0 1 mL
F£09 HF 40023, 12 000 r/min 25.0> 1 min, UI§
EA0M, A 600 uL PBS ZE g, FHAE S %t
HF M0 TRERE . S BERRRET . TAE 28, 45
1E 3's, BABFAE] 2 min, PR A7 H 30%. # 4E R
J&, 12000 r/min &0 1 min, W4E 3. REHIL
R RIETENY HF 40 FEAT AR [R] 2 ARy xof B H
80 uL 4 s F 35 A 20 pL 5xLoading buffer, #
% 10 min, F SDS-PAGE 7l Western blotting %
FE TR BRI

SDS-PAGE e : il & 12%M & AL,
iz BE Marker , 35 FF 5 AT HF 2038 A IFEN - in
A, 80V HLJE 20 min, 140 V HLJE 40 min, HLJK
S5, R ER R P T e A R R T
BEL .

Western blotting % & 25 [y : 4 BS54
SDS-PAGE J& , ¥ 85 ¢ b i 2 5% 2 il iR et 4t
% (nitrocellulose, NC)E, FHE B 9% L K
(tris-HC1 buffer solution tween, TBST)PERR 3 1K,
B 5 min, HE 5%BEAEYRY Y TBST MM
£ NC I, 150 r/min #2KZERE 1 h,

http://journals.im.ac.cn/actamicrocn
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TBST VM 3 ¥k, £k 5 min, ¥ GIL4 % HuNoV
B IR L SRR & 5% NS Wik i TBST I
WA BE 10 000 fE5AE R —PUf A, 150 r/min $2K
IR E 1 h, F TBST PEAR 3 ¥k, AEK 5 min,
T Hi R 1:5 000 F B HRP ARIC L 20T 1gG $t
&, 150 r/min $EIKEFIFEF 30 min, A TBST
PRI 3 K, &K 5 min, fJEMIA ECL fb2: k%
WA T R RE, WEREE R
1.6 VP1 ZEBMAL

B 1.4 FRIRIGEEBEL Y HF 4/, 7F 4 °C%%
4F 12 000 r/min &.0> 20 min, WHELNM, FRE
YRR F08 1 g 4108 10 mL ZZ v e, F
% WP A (50 mmol/L Tris. 150 mmol/L NaCl
F1 5 mmol/L BKME, pH 7.4)% i &, H
T P VR SOXT 20 BB VR A T A, R P e e A
F:IF 25 6 3, MITE] 15 min, 393 45 1 60%.
BFELEHS, 4 °C. 12 000 r/min 2> 20 min,
e BT, BIE4 0.45 um SRRSO L 0E .
Je BV A AR AT R 4 A 3l Ak 8 1 Sl Ak SOkt
VP1 S A2 : 1 58 AR AKX LA
PEAT R, IR B E 8 mL/min, LR I
g, B, pH)Y VM), 482 S mL IR TR AL,
WA RCEZ R AW, B ARCEZ N B K
(50 mmol/L Tris. 150 mmol/L NaCl F1 500 mmol/L
bk, pH 7.4)h . SRJ5 M S Ml B WO R
WATINUE, WE 100%Z% MK B W, g R
2 mL/min, FRIEZSEATIS, V2 100%%% il
AW, FFEELPETE, K A TR B AR
m b BAE, PRRZE RS A EEUORAZ IR A
Wb TIPS, A ZEHCA 0.5 mol/L NaCl
B, B AR IR R A . S
LU R AW, THH 20% B, B
SRR S B IS AR . RS-
J&, A 100%Z shi B WPENHMER, R
Ve IENE H AN . REWRME s,

<l actamicro@im.ac.cn, & 010-64807516

FH 2 mol/L NaClIFWHATHE T YE, H 20%Z 1%
PEATEAE, FRIRERTATS , BCREATCE 4 °C 7K
FAORAT . IR AL T Rk vk, (i 5
PraSKs R BT 2, BT AS & DRI [ 2% o
W AW, BHTHH: 1 mLAEE R 100 mL 22
W BITSAE: 4 °C. 300 r/min BHER . BT
JEWIEE I 0.22 pm JEARTUE, X R R AT
1.7 VP1 EEMAEEMNELERE

P e BT AR (B AR VP 3 1A B i i ok
IT80E : AT 0.45 pm PS8 5T HE A i<
F14) R i 7K e 2 OBOR i A ) RAFI L
TERE A B RAFIR S0% BB, 2 5 Bl
7K 34 37 2l 4H (50 mmol/L PB, 300 mmol/L NaCl,
pH 7.0), Fitait:, EILFFa, 4 °C Ul
o LEERRESL 200 WL, A E @R L T .
3k 5. BioCore SEC-500 =580 #H SEC 2,
TEAE(HE2%: 7.8 mmx 300 mm; Kif% .
HORHLAR: 500 A); SREEWE: 0.8 mL/min; £
Wi UV RIES; RN : 280 nm; Ak :
25°C; MESNVETREE: 25°C; FAEE: 50 uL; X
FEIFIA] . 25 min, 25 min J& , AR SIAHIHR 2 40
K, FFEEERE, VIR RAEM 50% H s,
FRREOTRUS , BURAE T, M RO A 4
BEATRGI , bk A T4 H
1.8 HuNoV VLP B £

Bk E AREM 200 pL, TR %
T, T AR AR, B0 EBCHE A1 D) s T AR 2 1
FESLEE 1 min, RN K AR IR R0 K 45
iyt T 2K BT 2%, FH 2% M B S AR 0EA T YL 65 1 miin,
R K AR B R T K 43, B, B S T
WML VP .

2 EREM

2.1 pBacPAK9-8his-VP1 FRAIAIMIEFILE
PCR ¥ 340 VP1 L[ 5N 3045415 5

5 pm;
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AL pBacPAKY Z A [FU Y FF 41, A H o2 B il
FIFHFEREA AL, K VP JER)P SRS
pBacPAK9 #ifAk. #EME LIk pBacPAKY-
8his-VP1 £ BamH Ifil Xho DX EEYI 5, fH 1%
(A B BB R RGN, 45 R S ] A4 R /)N
271700 bp 1 VP1 B 5 B (Bl 1), VP1 B[
I 25 S 58 A DE L 2 18 AR 5 i 51, i B
41 Jfi ki pBacPAK9-8his-VP1 4 E i1 .

2.2 FRiX VP1 ERFIKFEEAE SF9 4
RIH &

W N WEER L YL BRI SFO i, 45
JEW R A Y AT, AR R AT, /NS — (&
2A). ¥4t pBacPAK9-8his-VP1 Jiiki 544k
Bacmid (%) SF9 21 i iT ANAER 2 4 LT 25 H AR AR
K, MBI KB (K 2B), Ui E AR
SRR A B . WA PLAR BOATIR A 4k 2
L2 P3 AR, B8R T LIOWER B SFO 4 it & A 41 i
AR, hd A B L AT IR I 7 )

2.3 VP1 EH7 HF EHMAEFHITRIAM
¥E

VP1 EHK/INN 58 kDa, 5ARBEYAIR
JRBEM HF ANMAH G, BRI 809 HF 40
SDS-PAGE #il25 R E7s : £ 55-70 kDa Z [R5

2 FLEITIRFESE SF9 HAE400x) Ao &

B L4, K14 U] VPL B 17 HF 408
Al LR (E 3A). Western blotting fifi fi§ HuNoV
1) 22 sa P IARE —BT, 450 B RTE 55-70 kDa
Z AR R 8 1 254 (K 3B), B ER35 VP
HE FIE HF 40 s 20k .
24 #KE VP EANLE

VP1 & A&l A 4ifb)5 , SDS-PAGE 45
BIRTE 55-70 kDa Z [ H—44H (B 4A),

Western blotting £ il /R 7E 5570 kDa Z [A] f7 H
bp M I 2

5500 bp
1 700 bp

1 ELHRK pBacPAK9-8his-VP1 WEEH] L E
Figure 1 Identification of pBacPAK9-8his-VP1
plasmid digested by double restriction enzyme. M:
DL5000 DNA Marker; Lane 1: pBacPAK9-8his-VP1
plasmid; Lane 2: pBacPAK9-8his-VP1 plasmid
digested by BamH I and Xho 1.

Figure 2 Preparation of recombinant baculovirus in SF9 cells (400%). A: SF9 cells without plasmid
transfected used as control. B: Cytopathic effect caused by recombinant baculovirus infection in SF9 cells

(arrow indication).

http://journals.im.ac.cn/actamicrocn
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— 4% (K 4B), £54 VP1 & A/, B VPL
ALk, difbf5r) VP &AM
BCA £ 19 I 7 U500 £ EA 7R - 800 mL HF
A5G FR 3 d Ja AT ER1540 20 g 410, M 20 g4
g HR R LAtk 29 300 mg B VP 1
2.5 HPLC £F VP1 ER4E
HPLC $E45 R Bon, N kmki g bl A
JRAE 13.8—15.8 min Bf2x BRI Bh, FIFAS &K
AkDa
180

100

70
35

40
35
25

15

W P4 2 PR A V(TR S AV St BE, 1T 4 HPLC
AJ{EIX 8] 1.0-13.8 min, HPLC %5 x4tk
1) VP1 & 4EE>99% (& 5B).
2.6 ESTEHESETWE VLP
HuNoV VP1 HEITEENHL RGN g

5 6 i, VP1 B A AR SN —
FEARN . EARZ1% 30-40 nm 4 VLP, $iHIE H
YA FEEIN VP Z AT LATEZRMI A 4125 VLP,
BkDa M 1 2 3 4

180

100

2

40

35
25

58 kDa

15

[l 3 SDS-PAGE #1 Western blotting #&3 VP1 & B HIRIA

Figure 3 The expression of VP1 protein was identified by SDS-PAGE and Western blotting. A: VP1 protein
expression was identified by SDS-PAGE. M: Protein molecular weight marker; Lane 1-3: Supernatant of
virus-infected HF cells lysate; Lane 4—6: Supernatant of HF cells lysate. B: VP1 protein expression was
identified by Western blotting. M: Protein molecular weight marker; Lane 1-2: Supernatant of virus-infected
HF cells lysate; Lane 3—4: Supernatants of HF cells lysate.

Awa M 1 2 3 B M 1 2 3
kDa
180
180
100
199 7 58 kDa
55 58 kDa 40
40 s
35 )
25 4
15
15

Bl 4 4h1L/EH VP1 & H SDS-PAGE 71 Western blotting 1645 R

Figure 4 The purified VP1 protein was detected by SDS-PAGE and Western blotting. A: VP1 protein
expression was identified by SDS-PAGE. B: VP1 protein expression was identified by Western blotting. M:
Protein molecular weight marker; Lane 1-3: VP1 protein.

P4 actamicro@im.ac.cn, & 010-64807516
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t/min

5 HPLC % VP1 EHMAE

Figure 5 The purity of VP1 protein detected by HPLC.

VP1 protein detected by HPLC.

6 ESTHEEUE VP1 ERBERERNFS
FEFRI(60 000x)

Figure 6 Observation of VLP formed by
self-assembly of VP1 protein observed by transmission
electron microscopy (60 000x) (arrow indication).

3 ik

HuNoV J& [ S5 Fl N 5 A 2k B 1 R 1)
FER IR Z — , TR DR PN A IR YE R 2
LA (R, i JC AR 5 v T Tz s
Pk, IR 25 0iR 9T HuNoV 52 1Y
P99 o HuNoV & B W & 1) IRIE 2247 3 SR
(1) HuNoV 73 #5 Z | Hi)i 722 5K, AR HuNoV
SR Z (B LT Tea8 LR, TR AL P9 AS ] 28 50)

L I I 1 1 1 |

1 1
00 25 50 7.5 10.0 12,5 150 17.5 20.0
t/min

A: Buffer A without imidazole detected by HPLC. B:

VR Z RIS SRR 55 , S350 IR A X R
(2) HuNoV H Hii i ASBEZEA TS M M 43 25 B 57
W I G I8 B SR SR B, i LA 48 55 %
UK R MERE AR (3) A HuNoV iy feji
SONEME R, RIS e R s
TIE 5 AR 5 DA R 2 DRAP R S B 58 A 85 TR
AT SR HuNoV 13 IR e R FRIXE, 2
H AT E NI 2 253008 0 IEFEWESE , X See i
FEAMWKIE, H—F2E HuNoV [ VLP V5
PRSI, B TR T R B R AR K I
PE R R FR L VP B AW EA R
L R I Ny D= o S = S LD
flashBAC FPIRIGEEFRIA R G, W 7E R R
Rk BRI T 12 GIL4 & HuNoV 1
VP1 E [, WERIER VP EARESTE M VLP,
& HuNoV MV FA7 32 1 A & S 2%

VLP ZHmE R S5 E N AT
C T T2 8 ) o 3 8 ) A 1) 2 11 SO R, DR B T
BEEE R R ARG, HA UK i 2 5 AN Ny 1
B PE IV RIRE ST o EAM VLP AN EAT 0 8 g%
YiRT, P DAL s T IOE MG B i , X
i VLP e L A LR, X T

http://journals.im.ac.cn/actamicrocn
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VLP Wiil&, HETEZA JLTFEG A Fshy
KR BNl T VLP, W AFLRRE R ik
RS DERRER A . WA/ NR EE I
T VLP Wiil&, FLEHRmITRRIERS .
ML RN R G W FL Y A0 i 2R08 R G DL IR
JREELRIB RGE AT IR RER A RS
Hil 25 1) VLP BA WP (1) AR 7 32 2%
LR AN, AN LS YA A A, 4
PEm; Q) MR EERBRGE THEEZAYRE
ARG, RESCBLE AW IEH TS AR IS B ;
(3) FFHR I o e gL g L R A Jif AT D S B O B
Fr, EIUTRG, ETAfk, EEEE
AWl VLP J&iE k. HF 24008 055 s
FEARARH, TR VLP (kR (4) H
A IE B FFPIR iR IR RS H 4 VLP F %
2 Bac-to-Bac FIREHEFRIE RS, flashBAC
Y& Bac-to-Bac FPIRIGRERIERGEH—Fhik
HERA, 5 Bac-to-Bac FFRIRIFE R RGLA L,
flashBAC 72 44 S 5 41 AR 3 JC i W 11 BRE O
VETAE, WORR% T B AR 22 R BT[]
T T SEIRHERR o BLAh, AN STE A R A2
Mrikafi AL el 15 8 S 4l & H, 4 HPLC
MR, VP1 4 99%LL 1. &g E kit
BB BSR4l HuNoV 19 VLPU!, H= R iEfE
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