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ABSTRACT A pair of PCR primers, with EcoR I and Not 1 restricted enzyme sites in the 5’
and 3’ end respectively, was designed according to the major capsid protein (MCP) gene of tur-
bot viral reddish body iridovirus (TRBIV). After PCR amplification, a recombinant expression
vector including a-factor peptide and 6 X His tag was constructed by inserting TRBIV MCP gene
into GAP promoter downstream of pGAPZaA directly. The constructed vector pGAPZoaA MCP

was linearized by Avr Il , and then transformed and intergrated into the host Pichia pastoris X-
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33 genome by electroporation. The recombinant yeasts with high-level secreted expression of
MCP were screened by ELISA-Dot. The expressed proteins were identified by SDS-PAGE and
Western blot. The results revealed that a recombinant protein with the molecular weight of ap-
proximately 51kDa was secreted into the supernatant from the recombinant yeast cells success-
fully. The expressional amount of TRBIV MCP could reach to 60.2 ug/ml in the supernatant
secreted from recombinant yeast after being fermented at 28 °C for 72 h.

KEY WORDS Turbot reddish body iridovirus Major capsid protein Expression

Pichia pastoris

KB ARRIL %%  (Turbot reddish body iridovirus, TRBIV) & 2003 £ 2 AR R E e M A6
{1 — 7 B0 T R T BT LA 51 K 35 695 7 44 41 4% (Viiral reddish body syndrome, VRBS), 3£ 285
FARZESERBILT, R BB AG K2 B 35 B b A 08 FR W) 7 22 & J& (Shi er al.  2004), TRBIV Ny R B KE
DNA 55 %, 7E4r B4 HR IR B FL Iridoviridae i K40 J % 5 /8 Megalocytivirus (£ AR 2005), M
K 4 L B R A ML R B R R A A B R R, © U B SR B B (Chinchar ez al. 20055
Liiezal. 2005, HATEM K4MEIRREFRRIE S FAEDF MATHRE ¥ BALEMNE, fE¥
ZHHEHNFRHEARBEMBEAR LS TIKFE(He etal.  2001; Chaoetal. 20043 Luetal. 2005; Ao et
al. 2006; Caipang etal. 2006; Goetal. 2006), MBI THRELSEFNAFINNENZREBEEREE L
WERERESEDNEYF G BEN S FIEULEFEERAAYEFETROEA.

E NSNS A B ML R AR B 1 E B K 72 H (major capsid protein, MCP) MU MBI FEMRES, T
BfEFREN LR S E Y X EEHEH (Nakajima ez al.  1998; Qin ef al. 2002; Caipang et al.
2006), {HR, BT TRBIV B &SR0 M & i R S 8, MELUE S (R AP SR M X TRBIV #47 K B
MR A TREBEFEMATHRSREREEY. B, AIAENEHAEARNBIRIRZERBAEF LY
W TRBIVMCP EHER . RAEENE X,

B REERE Pichia pastoris RIBRARBILFERKBERG—LEBENRLIEHEONEBLERERE (Ce-
reghino ezal. 2000), KR XM EQRBHTEHMEIFEMLANE NTERAAEFEYEEEANEAN
F 3 1% (Sreekrishna ez al.  1997), &, RBAMHEEKBEHEA N BHEOM DAL REER. B
HZRAREELZHENTERIEGRETEI THAHERIZES MR ZRGEN AT TRBIV MCP &4
FIEMIE. £ T MCP 7 TRBIV FHEZ/EM  ARRME T TRBIV MCP Y BE & B H R KSR
BERE P R H IR L, X8 TRBIV (B B2 W FE0RIT A BB 58 ER F/KF 34 TRBIV (98 £ E
EREBRURRERN T TRV ST 54T T 2.

1 #HEFE

1.1 H#

1.1.1 % &

AT E PCR ¥ Ay B KEH, B AKTH R EMRAR T 2003 4 11 ARELUAEMET
FEMBERRAEFFHAYG . WARFHBHRBEOERER, ZHEREM PCR MELRAHENEFE
TRBIV /@& . BURAME . FEALET 80 CkHP&EH.

1.1.2 BH&EHKE

KBGFFHE E. coli DHS5a (recA, end A FIEEFREEREEE X-33 (Muz™ , His " YN RELR =R EREXH K

pGAPZoA M B Invitrogen A &),
1.1.3 B5A
EcoR I,.Not I.Pst .DNA B4 Ex Taqg 1 T, DNA S MWA X EFEY TRAERAR,Avr 1]
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B NEB A &) ,EZNA Gel Extraction Kit(Catalog No. D2501-01)§ § OMEGA /4 &) (USA), High Pure PCR
Template Preparation Kit (Catalog No. 11796828001) #J H Roche Diagnostics GmbH /4 &) (USA), Zyppy™
Plasmid Miniprep Kit (Catalog No. D4036S) W H R AW E ARG R A, AR Zeocin™ FHL & Anti-His-
HRP ##y B Invitrogen 24 A} (USA), Tryptone 1 Yeast extract i § BBI /A F (USA) , A3 0 B =40 f7 4618
o
1.1.4 3l#&it 54K

K8 Genbank #t TRBIV MCP (Accession No: AY590687) %A 5,13t T TRBIV MCP IE [q il ) [ 5|
Y ARIE A FE XK pGAPZaA FHIBEEIAL A LK MCP BBRF 5 b 8BS U0 45k , 43 548 IE 1 21 51 A BR
YN Y188 EcoR TIRBINL S (GAATTO 72 17 51 1 51 ARR G M Y188 Not TR F|A7 £ (GCGGCCGO) , & 1i5]
#%t PVM1.:5-CTGAATTCTCTGCAATCTTAGGTG-3H PVM2:5-AAGCGGCCGCCAGGATAGGGAAG-
3, 734 E IR Invitrogen 23 &) pGAPZ F W21 51 9 7 31 & M — XF 2k pGAPZeA H 5514, pGAP For-
ward:5-GTCCCTATTTCAATCAATTGAA-3F1 3A0X1:5-GCAAATGGCATTCTGACATCC-3', f T FA 1
HARGEMME. ALY H EBETAY TEERRSERAFE K,

1.2 A&

1.2.1 s % DNA @325 B ey A B4 PCR 43¢

B B R R ZE PR A R B S R 4 4R 50 ~ 60 mg, % High Pure PCR Template Preparation Kit #17 PCR
BLAR 0 ) 45 » R AE RGN S UL B # 4T, RSB MAE 40 pl pH 8.0 #9 10 mmol/L Tris & 4.

Xt BB FR 5 DNA B &, FIF 5 873 PVM1/PVM2 #47 TRBIV MCP # PCR ###, PCR ¥ #8 1) B &R
A 50ul, R MR & A $5: 10 X PCR buffer (10 mmol/L Tris - HCI pH 8.0, 50 mmol/L KCI, 1.5 mmol/L
MgCl,, 0.5% Tween-20) 5 ul, dNTPs (250 yrﬁol/L) 5ul, Takara Ex Taq #f 1U, %3 DNA 8t 1 pl, IE W
M a5 47 (10 pmol/L)ﬁ 2.5 pl, PCR ¥ #f# A1 % E Thermo Hybaid 2 & ) PCR Express {{i# 17, KM
ZH K95 °C 5min; 95 °C 1 min,55 °C 1 min,72 °C 1 min,35 P& ;72 °C M 10 min, RMERE I 2 pl
RN TR FE B R SR Genefinder™ () 1% MZEIR¥EBERE B AL ik, F FujiFilm B U R GE RAE A T 20 4
H4A PCR ¥ Al EZNA Gel Extraction Kit ZifkE Yt H 9 1 Wi, R BREZAN &S BT, RIGHEBE
20 ul pH 8.0 ¥ 10 mmol/L Tris Z P+ .
.22 FARAREHRGMHE

B otifk 5 Y ) MCP £ H =4 EcoR 1 #1 Not 1 W) J5 , 5 £ M R /5 14 2 B R B EAK pGAPZA
F£ 16 °C T, DNA # BB A/EMA T &8 %, EE= Y B KB E DHSo B2 M, I ARUE RS AR
% EMT LBREERR(FHAEE Zeocin™ 25 pg/mD H1,37 *C I G Hi IR, £ Zyppy™ Plasmid Miniprep
Kit NEIRBUTOR, BV S A b, B DT A Y TRA WA F W, B H FEERA
T IEH K 45 8 IE B 4 B % 9 pGAPZaA MCP,
1.2.3 4 RE B B S B BT 89 T ik 5 KR

%W Invitrogen /A B S R BE BRI VEF M4 & B RE X-33 B2, B 80 pl BZABEMME 10 pl
Avr [ RMUHEHELEXFRIE R EATR K 2 mm EHEMF, KB 5 min, 7 Bio-Rad GenePulser Hi ${Y
1500 V.5 ms & FBBEAE LA 1 ml Hi¥d 8 ILABIES . B 50,100 300 pl ERIRA T YPDS(&E
itk & Zeocin™ 100 pg/mlD PP FAR £ ,28~30 "C BIERESF 2~4 d, PREAER . EMNT YPD(EHIA
F Zeocin™ 100 pg/mD IR A 30 "C IRGHEF K, FHBLASE (1998) iy Iy Bk 1R B &} 2 N 4] DNA, I A
5143 PVM1/PVM2 1 pGAP/3AOX1 #47 PCR ¥ 58, K MW & AR 1. 2. 1,6 PP B 4 B & 45 4 O X-33/
pGAPZoA MCP,
1.2.4 SHABEHLTHFL

225 W BLAE S (2004) X PH 4 7 20 R 13- 9% AL T AT R 15, 2 Zeocin™ 100 .300,900 # 2 700 pg /ml #
JE 6 BE I RO L R SR NC BEAH 50 g/ L BRAE 34 87 °C 14 3 h, PBST PR /G M A Anti-His-HRP, 37 “C
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& 60 min, PBST ¥t /5 i DAB B @K 8 6, A FujiFilm SEBURIGR 5 AT 47 .
1.2.5 MMEEABFEHKO LS &k > He SDS-PAGE 54

Wi hE AL (0 B T R TR 4 BRI X-33/pGAPZoA MCP 4+ B3 T 3 ml YPD+ Zeocin™ 3% 55 3 1,30 °C.240
~280 r/min }%3 24~48 h, B & & ODso N 2~6,FRE .0 5 min WHREEK. HETEA 20 ml YPDSH
Zeocin™ ¥ FE IR R HE 25 ~28 C.240~280 r/min ZUH T HEREHR 72 h, BREREFEE HERBES
000 r/min ZRE L 5 min, E EF. SBIB 10 ol FBEBEEMF R 1 XSDS # HE W, T 100 °C R
¥, B 10 ol BES BB SDS-PAGE B kil . B ERHHE X-33 WER LB BUERLEENMRE. B
W & w5 A FujiFilm B8R4 2 4 A, F il Multi Gauge3. 0 # 43¢ TRBIV MCP M RXB#HITHH. R
R EKEEE TR RKERER  UEBAAREHHREOCCEEE  RAEHFNEFAEEES
A FRAMER Marker [ (10 pg/mDYHEEEME, TR HFNAFHWES SR, FH L SPSS 13.0 fl Ex-
cel FMFHTEIBEG T .
1.2.6 A&k Mo S L b0k 5 #F

B X-33 FAAE M (BRSO MHEEARSHKRESESR 72 h FHRELE, H%EXH SDS-
PAGE Hiik¥ & B4 T . @318 i ¥ SDS-PAGE ®a kAW H B H NC B I, A 50 g/L BLAgYI%
37 °C #f} 3 h,PBST ¥ %5 , 7 A Anti-His-HRP B3 Hi&,37 °C # & 60 min,PBST ¥k %5/ DAB B4
B, A FuiFilm B 8RR R % RAHSEAT 404 .
M, 1 2 3 4 5 M,

2 R
15000
/10000
2.1 EHAFRFHE pGAPZaA MCP AR ML E Z388
BI TRBIV DNA % 4%, 5l % PYM1/PyM2 75 20 2500
1000

PCR ¥ ,78 3] 1 SK/N45 1 400 bp A5 — H AR KT, B B 1000

A A B 40 A7 A B TRBIV MCP 2 [H. %1% PCR 7= B Y .
EcoR 1 1 Not I XU B , 7o [ 2 KA 8B4k pGAPZoA H, R /5 H
LA KB HE DHbo B2 D400, ARIE SR, PR R E

%, FfFH PVM1/PVM2 5| ¥ %t # 17 % PCR X &, B 5|4
1400 bp BART = (B 1D, REH XA R EEMT LB
WHERP,37 CIREGERIK, |EURALH T EcoR 1,EcoR 1/
Pst 1,EcoR 1/Not | B4 2 .5 R S (B 1. HEERE
BRI P REH, FHZEBRALR, REBEER, HHAR
RIRIXHAK pGAPZo«A MCP ¥ R T

2.2 PAMEABRBENBESERE

BN EARERE pGAPZ«A MCP ¥ 4L EE £ B X-33
BREMM, RRIBFRBAR %, FF T YPD+Zeocin™ 55
FRW IR RS R, R BEA R4 DNA, LL 5| ¥ 3
PVM1/PVM2 1 pGAP/3AOX1 #F7EEREF N PCR 4t f1
FE A AIRE T 49 1 400 bp 1 1 850 bp W H AR 9, UL R
HEBRBBUELRNERHEARGEERA S (E 2.

2.3 BR:BHAEEABRSFENFRE
16 FR I B TR 45 (2004) 2 57 14 FH 4 2 2 B B 5 b T DR G 3

HEAR % Zeocin™ 100,300,900 F 2700 pg /ml ¥R EEHE BI04, X5 150 RERFAMEEBHBIHAERISTT

1.5 % PCR & &, 2: EH Rk BN pGAPZaA
MCP, 3:EcoR 1/Not 1 B§ ¥ %5, 4: EcoR 1/Pst 1
MY R,5:EcoR 1 Y14 %, M1: Marker DL
2 000, M2.Marker DL 15 000

Lane 1: PCR product amplified with primers
PVM1/PVM2. Lane 2:
pGAPZaA MCP. Lane 3: Restriction digestion of
recombinant vector pGAPZaA MCP with EcoR 1/

Recombinant  vector

Notl, Lane 4: Restriction digestion of recombinant
vector pGAPZaA MCP with EcoR 1/Pst 1. Lane 5:
Restriction digestion of recombinant vector pGAPZaA
MCP with EcoR 1. M1; DNA marker DL 2 000. M2:
DNA marker DL 15 000
1 'EHRKBE pGAPZaA MCP
¥ PCR FIMg 1) % &
Fig.1 PCR amplification and
restriction digestion of recombinant

vector pGAPZaA MCP



E3IM

REES REFOARFOERBELIEXREOERE SRS PHELHNWRE

R B RO T T4, MR Multi Gauge3. 0 BEXT ERB BE R SEAT 704 (B 3D M1 P EHE T 20 him Rk &

FHMEBERE T AR .
2.4 EABEGEFIEYHE SDS-PAGE &7

BIBLE 2.3 WS R, FEVLER 7 skR R EHE Bk,
SHMTABER, AHNEES 248 M2 hERERB LEST
BT AL G R A SDS-PAGE #4780 . B 4 Bimy 17 A BEEHE
PROR [F) & BERT A1 35 3% L1 B9 SDS-PAGE #ilig5 8., WTUE L . BEH
BEENEBELEPHEFE - K/NA S KD, ZH B HREZH (B
AHELETR), RGBSR X33 WRB LEPRAZEW. U
FERY A TRBIV MCP EBESH P E KKK, A Muld
Gauge3. 0 #fxf TRBIV MCP (I RZE#H T . ERER, EH
BEREZE 72 h R EFRE, TRBIV MCP WRZX B X I B &HE,
EHSRNEBRHREEEIE 60.2 pg/ml £4 (B 5).,

2.5 FRIEFHWHE Western blot 447

# XA HEEARSHKRBRAERER 2hEHRE L
W E%RAH SDS-PAGE Bk EHWABEF R ELEEBRE
% SDS-PAGE BBk B #HE B E NC i L, B A Anti-His-HRP 8
DA, #1T Western blot 4047, 5 RWE 6 fim., HE 6 AT 0,
ERBEMARGE LENKES T 51 kD, 224 31— B (i 3k B
RS TR S ALMEHF R pGAPZoA MCP B JR 15 BERE T X-33 1Y
FEPEAX LW, AREAENEORI RSB LB L
B,
3 it

5XBTE BRERS FRESHHIDIYAREREREM
b AR AREAEARSES AR EES . ARFEE ML
BHiTheE SMEESEYEES . REFRRE .85 BEAD S
BEABEZACBRERMGANGEERBRERL, B— 18 2N
ANBREAGRBRR . FHARAINEREEREYEFREERERA
(Vassileva ez al. 2001), L3RG KB AW RE=Y A REHIR
BT REAF B 5T . AP BT R I R E 8K pGAPZeA HH 3R
B BT H - 3-BERR I S A (GAP) , RE S SE B /MR 2 R A9 4 AR B 5
BFEEk., EEAEKNERE T TR A ERIE B Saccharomyces cere-
siviae i) oo A FE B IIFF, A A BSMERE O WM. B
FZBEFHFATHERAES RERHMERBEIRPREGE2NNA.

1.8] 4 % PVM1/PVM2 ¥ PCR ¥ ¢ %5
R, 2: B E, 3.5 ¥ x pGAP/3”
AOX1 iy PCR 3" # 45 R, M. Marker DL
2 000

Lane 1: PCR products amplified with
primers PVM1/PVM2. Lane 2: The neg-
ative control PCR. Lane 3. PCR products
amplified with primer pairs pGAP/3 *
AOX1. M. DNA marker DL2 000

Mz HHARSHERAEHN PCRERE

Fig. 2 PCR amplification of
recombinant Pichia

pastoris (X-33/pGAPZaA MCP)

B3 REAEMHEEHARSENMFE
Fig. 3 The screening of high secreted

recombinant Pichia pastoris (X-33/pGAPZcA

MCP) from individual transformants

AN, pGAPZaA Bk N FER B, FI X BAR B Zeocin™ Hith, TEREK S HB RGP #H 7 REHUHER 2%
i R AAH C- myc #1 6 X His tag PP ER W I FAMNRE BRI, 6 X His tag RIERGER T RAREKS
A4S BT, A R AR B AR TAMEE O AL SRS A TEMITR. Hl. AXEEFERT
X— &gk Fis TRBIV MCP,

TRBIV & —FRET R R E MR BHAERNOFT R R E, 0 TREREZHFHY BAERNEFLE.
ERENSIIRER, MEREN FTERREANMUEANREN EREWEE ML T R FRRE, M HER
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BHERMBRSRE S EEERIEN, BHEN ERIFEMKREH (Nakajima et al.  1998; Qin et al.
2002; Caipang etal. 2006), HEFIBAINIL, A TURKEHHREANEAREIL AREREAKR K
W% 2004; Kimetal. 2007; Aoetal. 2006),MAERBERIRFEILHRIES WAL FBERBRATR
KT EREDREEANRER . AR TRBIV MCP #E 4 HHEHE , B ¥ TRBIV MCP 2 58/
FBH K pGAPZoA E R FEHHMIFEE . B4l MCP fEEREES P ] FHE R R %, AUE TRBIV M
¥R WHAA PR AR, AR SR AR SRR TEREFE.

~J
<

116 kDa [
60
66.2 kDa
45kDa g %
35kDa x40
‘ Eg 30
y 25kDa & 5
18.4kDa 10
14.4 kDa 0 —
Rkl (h)

1.8 72 h 19 1# A BEIEF LW, 8 L PR
HY 51 kDa WYEHHARHARW. 2. KB4 h H 17
AR LE. 3. 88 24 h iy 1¥ BARS
B bW, X33 FHREKREE LE. M
Marker Lane 1: Supernatant sample of TRBIV
MCP in 1% recombinant Pichia pastoris (X-33/
pGAPZaA MCP) at time of 72 h. Lane 2; Superna-
tant sample of TRBIV MCP in 1* recombinant
Pichia pastoris (X-33/ pGAPZaA MCP) at time of
48 h. Lane 3: Supernatant sample of TRBIV MCP
in 1% ( X-33/
PGAPZoA MCP) at time of 24 h. Lane 4; Superna-

recombinant  Pichia pastoris

tant sample of non-transformed Pichia pastoris X-
33. M: Low Molecular Weight Protein Marker
B4 1"EABGERATIN
SDS-PAGE #;:#
Fig. 4 Expression of TRBIV MCP in

recombinant Pichia pastoris X-33

1. 72 h S35, TRBIV MCP fEE4
B WEN TSR, 2: 4 h BR
3% J5 . TRBIV MCP 7£ & 41 B 15 1 53 i
EATHER. 3. 24 hiFEFHERE, TR-
BIVMCPEEABHH W EL TN
B. 4:X-33 B Ek AR L

1. Expression amount of TRBIV MCP in 1#
recombinant  Pichia ( X-33/
pPGAPZoA MCP) at time of 72 h. 2, Expres-
sion amount of TRBIV MCP in 1* recombi-
( X-33/pGAPZeA
MCP) at time of 48 h. 3: Expression amount
of TRBIV MCP in 1% recombinant Pichia
pastoris (X-33/pGAPZaA MCP) at time of

24 h. 4 Control sample of non-transformed

pastoris

nant Pichia pastoris

Pichia pastoris X-33
B 5 TRBIV MCP ik M4
Fig. 5

in recombinant Pichia pastoris X-33

Expression amount of TRBIV MCP

1.X-33 R ddk, 2. PRI
SRR,k BT R R4 51
kDa W EHAE A KF

Lane 1; Supernatant sample
from control yeast strain X-
33 . Lane 2: Supernatant
sample from positive recom-
binant Pichia pastoris (X-
33/pGAPZqA MCP)

Be HARYSKELFEDN
Western-Blot £ illj
Fig. 6 Western blot detection of
expressed TRBIV MCP in

recombinant Pichia pastoris X-33

TRBIV MCP {3 > F & #4049 kDa, Hli THEKNEHAEAN AR S AR S EL, HMRENE

HEKKM S TEREE LB HEE R, XKEE 20055 WSSV VAP WA YIS REREH,C i
AEARFIIMEIAFALSEMEHEANAEYEM. Tamaru % (2006) F F AR E B £ A R G X I ER
# (Red sea bream iridovirus,RSIV) ) MCP #t47 T HAR K HEREIHMEHAE AR M ER TEEESH
M, M LR BRI At MALRAEIMRHERES TRBIVMCP EH*Y R UBEHNFETES
mpash, R A B TRBOMA L B A AW EAE A, D X SRR T — 25 B A SR ST T B AR I i
TRBIV MCP 5841t BB AMARST T TEAM, ¥ THEATH TRBIV WEBIHECRE-ENE
X
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