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Prokaryotic Expression and Functional Characterization of Head-
tail Joining Protein EV8 from Thermophilic Bacteriophage GVE2
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Abstract: To investigate the role of head-tail joining protein in viral infection and DNA packaging, the head-
tail joining protein EV8 from the deep-sea thermophilic bacteriophage GVE2 was characterized. EV8 encoding
gene was cloned into prokaryotic expression vector pGEX4T-2 and transformed into E. coli BL21 for expression.
The purified proteins characterized by SDS-PAGE and the 36 kD GST-EVS8 protein was obtained. The Western
blot results demonstrated that the EV8 gene was expressed in the 2 hours of GVE2 infection, implying that it
might be a viral late gene. As revealed by immuno-electron microscopy, the gold particles were observed in the
junction between the phage head and the phage tail. The result may help to reveal the mechanism of assembly
and transcriptional regulation of thermophilic bacteriophage .
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FREY R A S oy ARk, T HE
A A Yy ek ik 2 A 75 R itk 72,
FEE TR AW 502 DRSS SR AL |
AL A L R TR AT AR
A RN T 2R A, T FLAE A A v AR e
KRG N T ERIRFIARSE . R G0 i Tl
U DL N o T A W T B B T2 Y
Jof FH it 1,

1926 4F Kose B YK MFEIIN B Bacillus J& 50
BB IR A, TR SRR R e R
Bacillus . Thermus \A cidianus \Sulfolobus S R
BRI T PR 20 B R TR A, (X B8 0 B 31 Y
o I P TR AR SR B i e S 2 1 AR S G AR AT
FEH T R K P ¥ PO X s EPRO302 (12°
42'29"N, 104° 02'01"W )3 033 m IRIEFKFERE I
Geobacillius sp.£263 H1E IR 43 25 2 w5 5 W 0 AR
GVE2. ATC X ZWE AR AT T 2SRy,
RI GVE2 BIZIR J 553 LR AUE DNA, ]
2HR/INHR 40.8 kb, T 4 65 62 A T il 1] 152 HE
(Genbank % 555 NC_009552) '), % FF 75 el 2 HE
I R T — A his 109 N IERR Y EVE JEIN
55 VAT B A Sk R4 e 2R 1 L R LA R
LR

F ST B IR B R GVE2 1 EVS JE K 4 i
EAMDIEE, FRAOTTZIEE ST T sabE ik bt
£, FH Western blot 19 7 24041 T2 A TE
GVE2 B YL R i 3Rk , JFid 2o S vl B % 2
AT 7. AR S5 Ry ik — 2P0 9 s el e
BRI 21 206 RN R R BE 2 T .

1 MRE5HE

1.1 KFREK

BRI N VI BamH 1, Xho 1. #1117 K. T,
DNA % 3 il &2 Marker DL2000 ) [ TaRaKa 2%
Al Rk U (PVDF) I H 3£ [E Millipore /A 7 5
A BEH K Sepharose 4B SEFZHTHEIE M 25 AL B
W BEITRR AL /NP DR B % % 1
(GST)BATefsdilh 3, 3- R BB M (DAB) . F
P/ R ALl (HRP ) bric Pt B b
I RAAEACRHE A FRA ] IR A A Sigma 2
") ; pGEX-4T-2, K3 4y IR BL21(DE3) Jy A
BRI
1.2 WEE K DNA BI3REL

H 100 mL W B A4 B B TS 7 2 W IR

4 10° ~ 10° PFU /mL, 6 000 g &5.0> 15 min, &
Re R I R AR S A A R, e R R 10
000 g B0 15 min, FUCHE, FiEHINA DNAase
1 RNAase (Z¥KJE K 10 mL/L), 37 CiH4k 30
min J5 75 CIEY 10 min, FINAGE 1 HF K (29
FE 50 mg/L), 10% + — ke LN AR (AW N
0.5% ) F1 10% SDS(ZVK B 0.5% ), 56°CIR¥ 1 h.
Al 1 A5 AR E 1A DNA.
1.3 EVSHIS Tk

A5 EV8 8 M4 75t —Xt 5149 I
W5l ¥ PF: 5 -GCGGATCCATGAATCCTGGA-
CAATTCCG-3" 5 FiF51% PR: 5° -CGACTC-
GAGTTAGCCATCCGCCGCCACCC-3' . 5%y 4y
BN E T BamH 1 #1 Xho 1 BRIIPEREYIA7 5. PCR
5197 i i AR R AR R A R A

D) B A L PR 4H DNA B dR 3 14 Eve 3t
K, JN 2. 95 CHIAEE 5 min, i) 95 °C
540 s , 58 CiBk 40 s , 72 CHE{H 3 min, ff
35K, e 72 CHEA 7 min. BOIHEEE I HL Uk
FSEIN I FH 28 13 BE T AGHI L4l B A 2
14 EVS BhE#HEmHE

BamH 1 & Xho 1 X} PCR ;=¥ F#4k pGEX-
4T-2 S B AT Y], 28 1 Q3 IR LI FL K 43
B, KR IX R DNA W T, DNA 4827
16 CIEHI I, N B AIRZ A E. coli
BL21. il 2 N 5 8 R PRV 2k, e PRk T
JORLEE AL, AU HL UK S DNA 5 %6 2 15 21 1E
Wi pGEX4T-2-EV8 fili Fik a4,
1.5 pGEX4T-2-EV8 B & H K FESRIE

B 50 w L 85550 i i BHE SO B TR, I
A2 R 5 mL LB Bi3R i, F 37 CTER A
220 v/min FEIREFE 3 h AEAT, MWW Aso N
0.5 ~ 1.0 Z A}, finA IPTG EZHKE 1 mmol/ L
WRRIL Sh, BOWERIK, #1712 RN
Pk Pz B it L, Tk ( SDS-PAGE ) 237 Fi 3R 5 ok
PR SRS TR SRR, B O IEREIR, =
I8 Sepharose 4B 1 B 5 i1 T & 1 4lifk.
1.6 HIEH®E

FH4AL Y pGEXAT-2-EVS & [ SD K,
IR e 30 R 8 A 7, Pl a2y & H
200 g, FHRELPIMIE T 2 503594, 3 JJ)G , s
9%, PR R R E W, Mk AN, LUE iR
2 JEhsEAaE 1R, b 4 R R 1 IR 7
d, FREBHHKERIL, 432 M5 RAET —20°C H e,
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1.7 ZEBENE(Western Blot) HillEAHER

W R IRBEEE S T3 55 EN 2 PVDF JiE
b5 %R 4 CHFE 12 h, LR GST Ht
W —Pe(FRFEEE 12 1000) EiRHFH 1 h, TTBS
PRV 3 UK, FHR 5 min, SRJE HEHS B ALY bR
ICHEPTR [eG (FRBEEL 12 500) =IIFH 1 h,
TTBS ¥E¥ 3 K, FIK 5 min, — % B K I
(DAB) B I H A4, Bk & k).
1.8 REBHREENM

B 10°~10° PFU/mL (415 B A 20 o L
A AR R - BN SRR A A I L, W2 BT 30
min J5 RN T W, ffF B TIRE L 2%
BSA T 4 CHFH 1 h; [T PBS H Bt 40 5 A4 IM1775
FU TR 1 h i, F PBS SRS 3 7k, JH 80
FERR R EHT R 1gG MR 4 (4000 A% 10 nm,
Sigma J i ) i) PBS ¥ ARIC 1 h, DL PBS 78431k
VeI 3% T TR B e €0 )5 3% B L T S OB
(JEOL 100 CXII, Japan) T W25,

2 %R

2.1 EV8 F3o#r

FIFH BLAST X #2778 NCBI 28 1 b Fb it &
W, EV8 HEFMATRMEE A 11143 #yk ik E
FI Y 2R 7 41— S0Pk A 48%. 43 M EVS 4544
188 % Bl Phage_H_T_join %% ¥4 35 hy s 1 {4 3k 2 3
PSR PR WS K. NI GVE2 MR AR EVS B 13
A3k e i 2R 1.

2.2 EVS8 EEHA PCR ¥ 1%

XF EV8 R:[H #E4T PCR ¥4, 7= 1% Bt
BEWHEE I R UK HEA TR, BAFSR & BRAE 320 bp A4
HIRE Y A (D), ST R/NMESRT,
WAL PCR FiLIhY 3T EVS JLH.

M 1
bp

2 000

1 000
750
500

250

1 EV8 EEK PCR ¥ = ik&ER

M: Marker DL2000; 1. EV8 B 3 = 4.

Fig.1 Agarose gel electrophoresic analysis of the PCR
product of EV8

M. Marker DI1.2000; 1. PCR products of EV8.

23 BEHEHNHESESINE

¥ PCR 4384 7= W4 A B Uk pGEX-4T-2 #4)
## pGEX-4T-2-EV 8 H 4 i hr. 4 A% 5 20 JiT b AL
ity U1 J5 76 1% SR MEE I i Uk 25 SR B, 76 320
bp A —IE I Y 4505 (IR 2 B3k irds 457 ), 5 H
(R BE R ) /N AAHAT , 3R] = 2 kAL i 2.
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2 EARKHREIEE

M. Marker DL2000; 1~3: BamH 1/Xho 1 3 #+7 pGEX-4T-
2-EV8 Fiks.

Fig.2 Double digestion of recombinant plasmid

M. Marker DL2000; 1~3: BamH 1/Xho 1 digestion of plas-
mid pGEX-4T-2-EV8.

24 GST-EV8 EEWI4L

P T T 4liAR S ] 129%SDS-PAGE HL KA
W, KR LLE 36 kD A4 hb LR A 4 (]
3), 5HMEMAKR/MIFE, IEH B & [ Rk m
afifb ).
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B3 #i{ZERK SDS-PAGE 53#ff

M: %& & Marker; 1 #464L49 GST-EV8 & & .
Fig.3 SDS-PAGE of purified protein

M: protein marker; 1: purified GST-EVS8 protein.

25 EV8 EFEEREEPHIRIESH

FHWETA A GVE2 JRYu s £, o0 MTEE LS
0.5.1.2.4.6.8 h Htfi5 E W #E171 SDS-PAGE HE JIX
HL 3K , Western blot E[J 308 % 58 43 #7. 45 3 B R,
GST-EVS FIHIAR 58 Y: GVE2 WA 2.4.6.8 h
JEfE BRI —NE RN, B — AR
S (K 4), SR R EVS JEH 4
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4 EV8 & A RiLEKHIRY Western blot E[J i 2+ 35
i

M: %& & Marker; 1~6: B %5 05,1, 2 4.6.8h #9755
I A EVS 45 M AR 34T Western blot ¥7 i 547,
Fig. 4 Western blot of GVE2-infected Geobacillus sp.
E263

M: protein marker; 1~6: GVE2-infected Geobacillus sp.
E263 at 0.5, 1, 2, 4, 6 , 8 h p.i.( hour post-infection)

2.6 EV8 EHMIEALLS

G L R, WEE IR EVS Biik4:
WORARIC A RE S R AT O ER 2P R -B ik e e 2
G, BRI MEVER RS BEEL (K S),
VLI EVS 2 1R ME TR A GVE2 — 3k B i 12
EH.

B 5 EV8 ZEEMEMS

F Sk P 45 A At el £ Bk

Fig.5 Localization of EV8 protein by immunoelec-
tron microscopy

The arrow indicated gold particles.
3 it

AR, MR R e H AR E S RGP i
YEFIRIBIFTE A RGO R [T, 1 1999 27
AT HERAE YA O3 T SO R AR e
PRAF AT AR VSRR A), S iR
g A] 43 A = i i B9 B2 (archaeal viruses ) A7 57 i
MFEE: (bacterial viruses ), = i 2l F R 5 PR

FERVEE R (thermophilic bacteriophages ). 5 &
TR AR L, R B AR BRI AT AR 1L,

AW IR E A GVE2 i3k R E M
EVS JE4T T I Rk FIIhRE % 2. R KA R H
AL GST fill G R IR K pGEXAT-2, %k
7 bl R FUZ TR Al A, SRR R, FHEE
ML BN AT A 7RIS 25 GST, FE T 3R A5 s B
% A 77 . SDS-PAGE #6510l % B 4l Ak i 1525 1 A1
X}l 36 kD. il Western Blot 73 Mt AH 2
ik, R IAENE A ERYY 2 h st AE A I 33 M 1Y
e, Bl A ) ) AR RS AT B IR, 15687 7%
FH 1 S A A AR R M U R, S L o
R, EVS PSR S HbAR O 78 W TR AR Sk 358 AR
HHIE RS, 25 & EV8 AE W& 8 A R0k
R, T — TR KRR EHEN,
s alifl B bR S8R E T, AT HMER, I
HE— 25T T R I PR A e A P el A v 1
YEHL.
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