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ME HGHMALNFENE A ANAALREZE RS EFORENETERA,
FUT2(Fucosyltransferase 2, a-1,2-% # # 3545 # By ) & A Bl A 40 408 6 R 0y K 4 B, ARBF RAE AT
B 77 & 7 K F 3 4 5 (Crassostrea gigas) % FUT2 5 ¢cDNA 2K By Lal |, R AT E %4 F 1k
FMRMNIE KT X FUT2 EH, # NFE %KL H K pRSET A ## pRSET-mof, fH # b K 7 #F
W BL21, A & #£-B-D-Au X A EH(IPTG)H . & SDS-PAGE 2 4F & 7~, % 37°C. IPTG £ %
& 0.8 mmol/L W4T, %% 4 h g HILA/NL Yy 46 kDa 8945 712 B th &4 . #I A His £/ 2
MARMSARBEETREENEE, BRI E 54, HASMBR BRI, Western blot 247 &<, H
By & A 590 6xHis AR A £ 57 AR . HUA FUT2 B30 iR 4 e K e R R B, R AR LG IR
FHHGE FUR XREAERIHERE T R ERL, KAARERNSFHARKFFELESE FUR £
EWohee, #— P REAEHRFUEEEE R EN S FINEEE T

ES a0

hESERE S917.4 SCEkERIEAD A

SR Y T SR BH AT P i R SRR, 2012 AFEFR
B A = 3k 394 437t (RS Mk SR, 2013), 23K
) B () SR A L8 U DL o b R 22 A 00 7 3T V8 g Sl
LA, AR A PRI BRI 55 19 52 1) 17 52 3 A
[ BE A T5 gy, AEWGTE uE &K b DR R, o
K AR H ) B R BE - A 7 (Norovirus, NoV)4RE 5
PEHL R TR, T5 QbR GRS &K 2
(Langlet e al, 2015; Moore et al, 2015), H- 544k &
£ NoV 195 T HLERE JUAF 1k PR L 5T $0
H i C 0 I e H SN AR —F RN A Rl
21 |fil BB JFL (A Like Histo-Blood Group Antigens, A Like

ANFEAY; XFUR £H; B8FRA; Bk
XEHS  2095-9869(2016)01-0074-06

HBGAs) YT, HAENZARN T T HW5e 50 5 4
NoV 4= ¥4 i3 F2(Le Guyader et al, 2006; Tian et al,
2006), XA K IR G EE ISR, BR T
T S B S NoV i/ T-HLEE

TEN A B HBGAs 4 UL # , FUT2(Fucosyl-
transferase 2, o-1,2-74 WA R AL L, B Se B 5 e
BHILAL RS 2] 1 RUBE(B-1, 3 W RE Y TR Y i)
FUREFR R e i H PU)s, FfS A B (a-1,3-N-£ 75
LB R BB )HE GalNAc #£#%3 H $iJ8 Gal 5%
FeoR s, B A BIPUJF (Shirato er al, 2012), Kt Se
i ANZE A B HBGA & B CHERE . ASHIF 58 7E 1T
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Wk AR KOFEEAEWG(Crassostrea gigas)2 o-1,2-%4 SN IE G B W 1) % 10 F Ak 5 R A R ik 75

BRI v e KSR AR (Crassostrea gigas)ZSs FUT2
LN cDNA K AL I, MR R T B 2% 0 1 2
PEXTIER AT T4, M T 2 FUT2 S R R A
\EAHFR, IFERBITE P H#HITRIE S %S, hif—
BTG FUT2 FE DR i 25 1 Ke i

1 #REFE
1.1 FRNE5E#Kk

B RFPEHWFE FUT2 5 R 58 5 2 i HE (4 JFORE
pMD-OF2 [ 2 4 45 (2014) ¥ 7 (GenBank % 55 .
KJ184342); Ji#%#Kik#H A pRSET-A 24 Invitrogen 2
FI 7= b s KIGFF B Top10 Fl BL21(DE3)&3Z 241
FARAEALRLEE L5 A BRA 7 =i o

1.2 IEf5FEKA

FRAIPEN VIR . T4 DNA R . Tag B . FYe
FAET YLK 4 54> T3 Marker W H Fermentas 2\ ] ,
DNA P [ & L Bt 6xHis AR H i PR  HRP
FRICHIEDT Rl 1gG. HRP-DAB JEH) i (637 & 16 H
RARAMEH AL ABRA R, LA FUT2 HripEdiik
) H Abcam /3], His Gravei Trap Ni Z2A1Z T H
% E GE A r], USRS (10 kDa)ll [ 3 E Millipore
v, IPTG. 2N %5 RN B R
BHEABR A E], HoAd a1 4 Hr k.

1.3 KEFEHIFE FUT2 ERHEZEBFHNRE
E &K

FIH Codon Usage Database (http://www.kazusa.
or.jp/coden)Xf K- AL FUT2 BRI H#EATH#6 A % 65
TorHT o F IR A I 0 10 = VX 2R FUT2 JE A
HEATOUAL, BT AR AR TR AT FRA A AT 4 Bk A
B IO sE R pMD-18T 84K I, 444 & pMD-mof,

1.4 5|#i%it5 PCR ¥ 1%

FRE AT P4 WA FUT2 SR BF 55 8., 3t
P I SRR TF R AHE B9 514 FofPm/RofH, b 5|
YW o It Pst 1 A Hind TRV &5, 5149
J¥% . FofPm 5-TTTCTGCAGATGGTGAAACGTA-
TGTTTTCATCTGG-3'; RofH 5'-TTTAAGCTTCATT-
GGGATCCATTGAGGAAAATAATAATC-3', 3 FUT2
(4" 14 LBk pMD-mof AAR , W 4F R 95C
WA 5 min; 94°C 1 min, 52°C 40s, 72°C 2.5 min,
30 MEIFF T 72°CHEM 7 min, Wi 1.0%(W/V)EERS

WEE it B UK 28 € PCR 72#)
1.5 ERREZEARMPHESLEE

¥ bR PCR Y1477 W) 22 DNA HBE I 012k 5 £ 4l
{65, I Pst 1R Hind TIWUEGEYT, B U 4ifk, 46
A [FREF] Pst 1H1 Hind TIAUEE] () pRSET-A #hiAk
B E R = AL Top10 BAZ A0, PRI B V5 /N i
PRBUFOR I W ) K PCR %58, HBHPE L% &
A T AN FHEA T .

1.6 E#ZRix

V5P S o ) 1 2L SR B Ak R I AT R JER A2 A Al
Mg BL21, PRECPHPEEREHMEEF R LB Bl (3
50 pg/ml AR ERER), 37CIRG RIS, BER,
% 11100 1Y LU AR #0208 6 LB 35 Rirh, 37
CHRGHFEE ODgoo wm 12 0.4-0.6 1, IIIALKH i
$70.4. 0.6. 0.8, 1.0 mmol/L [ IPTG, 37°CiEF%
ko FEMAIPTG 5, 43T 2. 3. 4. 5. 6 h#&1IK
W 1.5 ml, £ 12000 r/min &.0> 5 min, 7 W,
FH 80 ul pH=7.4 ) PBS H B IAUTIEY), NA 20 wl
(%) 5xLoading Buffer, /K ¥k 10 min 5537 B & Tk
I, it SDS-PAGE HLJK/ &, % HHistis R-250
Ye AN FE RGN, AR B E RS A pRSET-A %5 ik
) BL21 5 BL21 {E-R X HE

1.7 EEHAZEA4L

i H His bR s R MUZ TS T8 1 i alifl .
SEH 10 ml 25622 vpi (20 mmol/L NasPO,, 500 mmol/L
NaCl, 20 mmol/L WKW, pH=7.4)Ff)20H:, A
ZE R PR & H A A R AR R 10 ml,
10 ml 2552 ol vE S, I 3 ml YEMige nhik
(20 mmol/L NazPO,4, 500 mmol/L NaCl, 500 mmol/L
WP, pH=7.4) Wi, WCREBENHK . B4 ml iR P
W, JNA Amicon Ultra [ 384 & A HIFEASME,
14000 r/min &5.0> 20 min 5, KA EEEEE S —I5
FELLA N, 3500 r/min B0 10 min, 753 A g ED
etk HBEH, A SDS-PAGE #a il 4 fbas i .

1.8 FRiILEFF¥IRY Western blot 547

WL R E, #E1T SDS-PAGE HLik, ¥ PAGE
JiE bR L ED B RS IR AT 4 R IS, S 10%5 5
Wikt TBST £33 %, TBST BE% 3 K, 54T 6xHis
PR SEBEBUARH TBST 1 : 2000 5% B st A
FUT2 BATEREHUIAH TBST 1 : 1000 f5F B)1E
1 h, TBST i 3 Ik, 5HURE AP EbRIC I FEHT
fl 1gG (F TBST 1 : 1000 17%#i )& 40 min J5 , TBST
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YE% 5 K, F HRP-DAB W) B (085 & o (o 4L
2 #R

21 RFUN EEANHEEZBFOMEMAEKL

TOT-PEAT 5 B A B2 FUT2 S rh (R AT 25 0%
SHTER TR 26 FUT2 & A 6 Ffl A #651,
314, IR 11.6%, HfilEEGER 1), Hif, &
T MEEARE T 9 M H AR T 4 M EA
MEHT . 4 MIHEARES T 2 LR T

1A BRAREEF, I HAAFE 1A ZBIAR A 51
TCEER-AEZWR)M 1 A=A A 05 7O 2Rk
AMR-HAMR), X LRSS, KT E
W ZEE LG I T2 FUT2 X, H KW
FFA AR B CGU KRB EMR, A GGU
FEHEmMR, M AUU RikFRoEmR, H CUG &kik
SeER, M CCG RBMAM, H ACC RLNAER,
B RASR FUT2 326544 4 mof, P25 20, 1
b B JE AR AE K I T R A %505 1, - BoR s AR &
HRITH

1 KEFHFFERE FUN2 ERHEERTHH
Tab.1 The analysis of rare codons of FUT2 like gene in wild-type C. gigas
B AT TS A i B 2 A i S s
i H Items K& R Arginine H& M Glycine m%_@( %%@& #mﬁ‘,@( 7 %@(
Leucine Proline Isoleucine Threonine
i %% ¥ Rare codon CGG AGG AGA GGA GGG CUA cce AUA ACG
H IR Occurrence number 1 4 6 3 4 4 2 1
AL %S T Optimized codon CGU GGU CUG CCG AUU ACC

2.2 FEAFRH pRSET-mof HHESLE

LUK pMD-mof A4 AR , £ 514 FofPm/RofH
XFH R BEAT PCR Y 1S, 973 7= 2 1% e A 5E
FEHLYK , T UL K/INZ R 1.1 kb (4R S pE 47, 5 HIM
FHE R RN —(E 1) Bl b5 1) PCR F=H4: Pst 1
M Hind TDWEEYIE , 6 AR Pst 1 Al Hind 11

M 1 2 3 4

Bl 1 Hfb)Eri3s FUT2 5608 PCR 4474 v vk
Fig.1 Agarose gel analysis of codon-optimized FUT2-like
gene PCR amplification product
M. DNA 4rF#it DL2000; 1-3. 2% FUT2 ¥ 3474,

4. FHEXS IR
M. DNA marker DL2000; Lane 1-3. FUT2-like gene PCR
product; Lane 4. Negative control

XEFYI pRSET-A M, AL KGR B2 25 40
Jfl Top10 Ji, /INEEHEEUTORE, MU % 5 0] UL/ oy
2.9 kb (IR LA 5 1.1 kb 224 IR A B, IFS2H
HIEM(E 2), TSR RY] PCR 2 B BRI,
Bz 5 3k H A AR A 45 A pRSET-mof,

M 1 2 3 M

2000

1000
750
500
250
100

Bl 2 E4FR pRSET-mof Y AU % 5 5 PCR % 7E
Fig.2 Digestion and PCR identification of the recombinant
plasmid pRSET-mof

M,. DNA 437 DL2000; M,. DNA 43 DL15000;
1. Pst 1 #1 Hind T V) pRSET-mof; 2. Pst I 1 Hind TITAL
fi#]] pRSET A; 3. pRSET-mof (1) PCR 41§
M,. DNA marker DL2000; M,. DNA marker DL15000;
Lane 1. pRSET-mof digested with Ps¢ I and Hind 1l

Lane 2. pRSET-A digested with Psz I and Hind 1II;
Lane 3. PCR identification of pRSET-mof
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Bk A j(%?::léﬁﬂjﬁ((frassostrea gigas)?@ o-1,2- 7 OB IR AL B I B T AL 5 R ek 77

23 EFUT EAEANEZRESHWL

AR pRSET-mof 4k I T i1 852 25 241
BL21 J&, /35l AL N 0.4.0.6. 0.8, 1.0 mmol/L
1) IPTG DIt A5 R 5 /il e 2. 3. 4.
5. 6 h AR TR, 2 P IEmERE, 2 VORI
U, 1T SDS-PAGE 4r#1. 455 /R, 7 IPTG &k
BERH 1.0 mmol/L, S 4 h AUREART T, HILI/PNAH
46 kDa P A &A1, KNS HOTEERAFT A, PR
MR AR DL H 19 5571 . 418 114 His Gravei Trap Ni
FEFENTAE LML, SDS-PAGE %53 @7, 4ifbr e
H 1 KRNl 46 kDa IR SRIESAT, R HAB K
/N2 BT AR (] 3), RIS Al B i B 4
2 FUT2 & H,

kDa M 1 2 3 4 5 6
116.0—s== —

66.2—

45.0—==

K3 4 FUT2 EALERBITE P FE SRS
HZERENT AL

Fig.3 Expression and Ni** affinity column purification of
the recombinant FUT2 protein

M. AT 1 afb)s g FUT2 B,

2. pRSET A &S WK HE 1 3. K FF i BL21(DE3) I 44k
5 4-6. HSIRREL FUT2 21, §ik45 10 H A& M
M. Protein relative molecular mass marker; Lane 1. Purified
recombinant FUT2; Lane 2. Negative control of BL21( DE3)
transformed by pRSET A; Lane 3. Negative control of
BL21(DE3); Lane 4-6. Recombinant FUT?2 protein induced
by IPTG, arrow indicates the target protein

2.4 Z FUT2 EHZEBH Western blot £7E

H2H AN 45 SDS-PAGE HLVK 5 , 8 4 L 76 B
HE R B FRAF AL R B L, A BIHPL 6xHis Fra&sp
¥, PLN FUT2 H4ifEN—Pi, 1T Western blot 7
Mro G5 J 7R, 724 46 kDa 2bF W B & H 40 (K 4),
PN BRA B R DL 45, RIAE L AU RE B It
6xHis tr& i, WwagS5 A FUT2 b kA5
PERORE, 16 KPR FUT2 418 A k1S
£k,

3 it

NoV J&FHEAZE SRR 40 5 PR R 15 1Y i 32 200

\Da M 1 2 3 4 Wa M 1 2 3 4
130 130 —

_ 100 —}
too— 00—

70 — 5

55— ]

40 — 40—

35— 35—

A B

K 4 HE4H FUT2 & Y Western blot 7347
Fig.4 Western blot analysis of the recombinant
FUT?2 protein

A: LIHT 6xHis-Tag HL3a BEHLIA R —$THY Western blot 45
M. HE T4 1-2. B4 FUT2 & 11; 3. pRSET A &4,
P RXS A 4. K FF A BL21(DE3)X A
B: LT FUT2 HIEREHTIA N —HTHY Western blot 45 2.
M. EHES T8 1-2. B4 FUT2 % M; 3. pRSET A 75 %
PHRXS IR 4. K FF A BL21(DE3)X)

A: Western blot results using monoclonal antibody of
6xHis-Tag as the first antibody. M. Protein relative molecular
mass marker; Lane 1-2. Recombinant FUT2 protein;
Lane 3. Negative control of BL21(DE3) transformed by
pRSET A; Lane 4. Negative control of BL21(DE3)

B: Western blot results using monoclonal antibody of human
FUT?2 as the first antibody. M. Protein relative molecular
mass marker; Lane 1-2. Recombinant FUT2 protein;

Lane 3. Negative control of BL21(DE3) transformed by
pRSET A; Lane 4. Negative control of BL21(DE3)

JF(Atmar et al, 2006), EA ZWHF5EFE, NoV 1l
HI N HBGAs, B NoV ¥ HBGAs fF i 2 1 Bt i ok,
ZARIEYe AR (Hennessy et al, 2003; Rockx et al, 2005;
Shirato, 2012), i FUT2 f& A\ HBGAs £ i Y g fifg
Z—o MEIRTEZ TG YK I AT, VB NoV (L4 1Y
HEHM, HARSMEEE Nov M. BTIESE
HuFHE7EZE A & HBGA(Le Guyader er al, 2006;
Tian et al, 2006) , 4145 & & HAFFE S5 AFH LT HBGAS
G RGEAE, FAWA L FUT2 BEGE A &K A
Al HBGAs, X 26[n] 8 i i 55 AU R IR A8 /R
W SR R AR BRI A TALEE, A Bh T — 2
fiff e B PR A1 B

A ST AE H ARG R VEAL W R FUT2 BRI
cDNA 2K M3at [, JFRIFEZRINIG, bl
BRI FUT2 SER EAT IR ARGk, (HFR FH 2R R A%
FIRFIR S ER, S EFRRE . IPTG WRE . %
B[] 5 2 Fp SR A AR S R 0L B G 5 B, #E
DN AT BE &5 A RIS FUT2 Fe R v 35 A5 BRI K T 1 2
KA BT, BVRIBAT R T (RNA MR 29 1
FLLHNEIE R I IR YAMEIEF Y mRNA 7E R
FEGE T BPERT , BT 1 A 2 Al tRNA (A 5
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SECTEIEAER | RAGET BRI a3
FREE L 5 R JE R rp 5 R s 2 A R R A
BT, AMNEE AN RS R IR AL E AL
(Lavner et al, 2005). 27387 4L 28 FUT2 J:[H cDNA
FEHIh & A ik 11L.6% M A %M1, JF AW E
SERRA B T BRI IR, X SRR A B T S AR
A& IAAAE, I Ree S ECH B2 HAE R AT
ANRIR IR BB, WS, FIHSES UG i 5
RSP T ROEFEAEWE2E FUT2 BT K b
Foik, IRGS RAUESE T A AR

23t Z AR AL, 28 FUT2 BN BB W
ARE, JEN AT AR mRNA FPEEARREE A E
SR, BRI T HE R KRR FRL ., —A AT
W AW E BAA T mRNA MRS K H R e, 7
AR E AR AT T, AR p sk, i@
i SAARAL K i 58 AR AR F R A% 2k R G S B g
Fik; “RAMAEERIERGRE, EEEERGES
JRA% Ik RGA L, B AR Z A %S R £
M, RIXEAPNEES, FiEA B AR &R
Mrhtetsr . @ LR mF O, Rk FUuT2 KA
FEJFAZ A Yy ek AR )L, 4 J5 RO PR LG 2
FUT2 SR D ReF ot 2L FE Al .

i T H T3 A DAL PR RS FUT2 S5
FIR PR , ASHIE ST 0 PR AR BT K AT T
2R )4 T Western blot % 7E , —Fh 23T 6xHis-Tag
UK, TTYERGARIC 6xHis-Tag Bl & FRAHEH, 4R
7N, Pi 6xHis-Tag H4THE 52 48 kDa K/NAYH: 4%
HASH RN, W T RS FUT2 SER7E K
AR R SEI T Rk o St AEWE BAE b, K
EREHE A FUT2 BRI R B A 5741 5 N FUT2
F R R P04 — R R, BRIS E4EHT FUT2
() BAHT A AT DA A7 W5 28 FUT2 3R 2R ik
Y, Wik, AW SCRHBLAN FUT2 AT
PUERANLAL TORSFEE M VE S —PT, X R4
Wiz FUT2 FER ) JF %3R5 72 iE 4T Western blot 48
SR AEASTR AT 4 2 I L [RAE LK/ NZ o 48 kDa
(AR S PR 45T, 25 N BB A DL 277 1 B o i SRR I
KVHAEW2E FUT2 JEH MR R = YRe St A
FUT2 B4 G, Mo — A EEIESE T e K
FFHE AR T ik . BbAh, PN FUT2 Briks
PUARI o B R S, BB S RSF PR FUT2 FEA )
A% R F= W K e R S RN, B 3 Z R EA
FE RN B S, L 2 AT AR RRHEDN , AP P4 5
26 FUT2 2585 A FUT2 MM, BA FIL AL
Difeo ZMEMGA T G LR L BUEL

Kelly FUBFSE HIBATE B IR SElE T N FUT2 3£ )5
XIAREARER) FUT2 LT T K E 48, %
FE PR 1 G A5 DX P BRLREE 1 2848 (U G428A . A385T .,
C571T. C628T. G849A . C658T)f=4: 1y LI BES 17
FEH B Se BIGMERHES, Tk LB A5 K A% 43 A1
HA — s e v . Mg ek, RIE e LAk
25V (Kelly et al, 1995; Rouquier ef al, 1995), %
T, Se WIS PEBRIC A NBET R 5 32 2 i 05 25 1)
J&YL(Marionneau et al, 2002; Harrington et al, 2004;
Huang et al, 2005) . #W51E Ay 4t 52 40 A 1y D12k
mAhE L MR ER, RS EEARNES Se
it 05 T A R M s A, AT AR LS A TR
HBGAs R Qs aE sz Rk, dkimib s 20k w
VTS BE AU RE ST 7 an SR 3 i af I B 5 S A ST UE 5K
T 2 bt 5 A Wi 4 5k DR AL 00 435 S 19 AS W i AT (Zhang
et al,2012), 4G NKFMEAR, HBEFAEEBELINN
FEO L B FH 2 A o g B 0 e B 5 B K S
B/ IZ R
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Codon Optimization and Prokaryotic Expression of Fucosyltransferase 2

Like Protein from the Oyster (Crassostrea gigas)

YAO Lin', JIANG Yanhua', LI Fengling', ZHU Wenjia', GUO Yingying',
JIANG Wei%, ZHAI Yuxiu', WANG Lianzhu'"”
(1. Key Laboratory of Testing and Evaluation for Aquatic Products Safety and Quality, Ministry of Agriculture;
Laboratory of Quality & Safety Risk Assessment for Aquatic Products (Qingdao), Ministry of Agriculture;

Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;
2. Weifang Product Quality Inspection Institute, Weifang 261061)

Abstract

Norovirus is the most common cause of acute gastroenteritis and is responsible for

substantial morbidity and mortality worldwide. The oyster is considered to be one of the major vehicles
for foodborne disease caused by Norovirus. The A-like histo-blood group antigens (HBGA) in oyster
digestive tissues is a major reason for Norovirus specific bioaccumulation in oyster, and a-1,2-
fucosyltransferase (FUT?2) is one of the key enzymes required in the mammal HBGA synthesis. Based on
our previously cloned the full-length cDNA of FUT2-like gene in oysters (Crassostrea gigas) (GenBank
ID: KJ184342), we re-designed and artificially synthesized the open reading frame of FUT2-like gene by
adopting the codons preferentially used in Escherichia coli without any change of the amino acid
sequences. The synthesized FUT2-like mutant gene was inserted into the pRSET A to construct
prokaryotic expression plasmid pRSET-mof. The recombinant plasmid was identified by enzyme digestion
and sequencing, and then expressed in E. coli BL21 (DE3) cells through isopropyl-p-thiogalactop-
yranoside (IPTG) induction. SDS-PAGE analysis showed that inducing the BL21 (DE3) cells at 37°C in
0.8 mmol/L of IPTG for 4 hours were the optimal conditions for expression of the recombinant fusion
protein. The molecular mass of the expressed protein product was about 46 kDa, which was consistent
with the prediction. The recombinant protein was purified and concentrated by Ni-chelating affinity
chromatography and the ultrafiltration. SDS-PAGE analysis showed a single band (about 46 kDa), which
means a good purification result. Western blot analysis showed that the recombinant fusion protein could
be specifically combined with mouse anti-His-Tag Mab and mouse anti-human FUT2 Mab. So the
expressed protein was confirmed to be the aimed protein. These findings would provide a basis for further
studies on the function of FUT2-Like gene of oyster and the probable molecular mechanism of

accumulation of NoV by oysters.
Key words

Crassostrea gigas; FUT?2 like gene; Codon optimization; Prokaryocyte expression
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