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W OE: BR  RIORIRNREE AL PR AP0 o v A 75 45 G 32 ARG U e 1 Y B IR, R S R T
BEFIRIBAEMIG . FiE A5 T RS °C)BARIE(S *OALFE, BULEEAE LRI FPZLZ, $EHX
RNA JE A7 st e 5 00 07 o eI A 52 435 -5 52 (A5 I it b R AR e 7 30 B A B 5 PRI R H AR, )
HER R AT b . R RS S G Bl 45 0 o 38 1 SE I 56 O a2 2 B A Wl 6 X S 1] (quantitative real-time
polymerase chain reaction, qRT-PCR)/MTIZILIH AU R IR T LR, &R 28 p1,3 LML LEG 1
(B3GALTI) 3 (GenBank LOC117683256)7E il 41 LUK IR 41 1) 2 BORE 53 H I R 3 B . 3545 Bz L A
1089 bp HY % 14 [X (coding sequence, CDS). £ 25 °C . 5 A %k -D-#i 1% 2 FL W5 4F (isopropyl beta-D-1-
thiogalactopyranoside, IPTG)iE S 8 h i, HILK/NA K 84.9 kDa I H 4N, %40 550 MBP FR&EHUIA . it
A B3GALTI itk RE R AR LS & 0 28 B3GALT! BEI7ES A b K ik, HARTRIS 1ok B 3% T
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TR EA ALY S sse Stk 28 B3GALTI FEPR W AH SRR RN 2T SRah A AE — AR B S TR A s & iy 215
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ABSTRACT: Objective To explore the genes that respond to the synthesis pathway of norovirus binding receptors
in Crassostrea gigas under different temperature stress, screen them, and study their cloning and expression patterns.
Methods Crassostrea gigas were treated at high temperature (25 °C) and low temperature (5 °C), and two tissues
of gills and digestive glands were extracted for RNA extracted for transcriptome sequencing and analysis. Selected
genes on the synthesis pathway of norovirus binding receptors that responded to temperature treatment as targets,
clone, express in prokaryotic cells, and identified by Western blotting. The tissue expression and seasonal
expression pattern of the gene were analyzed by quantitative real time-polymerase chain reaction (qQRT-PCR).
Results The $1,3 galactosyltransferase-like 1 (B3GALTI-like) gene (GenBank LOC117683256) was significantly
upregulated in multiple sampling sites in the gill group. The 1089 bp coding sequence (CDS) region of the gene was
amplified. After 8 h of induction of 25 °C, isopropyl beta-D-1-thiogalactopyranoside (IPTG), a protein band of about
84.9 kDa appeared, which was specifically bound to both anti-MBP tag antibody and anti-human B3GALT1 antibody.
B3GALTI-like genes was abundantly expressed in gill tissue and was significantly higher at low temperature than at
high temperature (P<0.01). Conclusion The expression level of B3GALTI gene in Crassostrea gigas is affected by
temperature, and the expressed protein has similar immunogenicity to human f1,3 galactosyltransferase. The tissue
expression and seasonal expression patterns of the B3GALTI gene are somewhat consistent with the seasonality of
norovirus outbreaks. This study provides a foundation for further exploration of the molecular mechanism of seasonal
enrichment of norovirus in Crassostrea gigas.

KEY WORDS: Crassostrea gigas; transcriptome; norovirus; B3GALTI-like gene; tissue expression
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1 MR5ERZE

1.1 #R5F

AT I R4 R F s B AR5

LA A RNA SO & . KIGHITE Escherichia
coli TOP10 Fl BL21 (DE3)Esz 400 . M5 RUBR 1 A Ak
Y oBF - — A F B¢ K % (horseradish peroxidase-
diaminobenzidine, HRP-DAB)JiE#¥) i iR 7] & (Jb 5t RAR 4=
R A BR 2 7); QRT-PCR 2 5% 1877 & PrimeScript ™ RT
reagent Kit with gDNA Eraser (perfect realtime) , qRT-PCR i{
#I4: TB Green ® Premix Ex Taq TM (AL 505 H BE A= M4 A
A BRZ2AD); pMAL-c5x 2R DR R A IR A FRZA FD);
PCR 2xAccurate Taq Master Mix(Ti{Z %) . Evo M-MLV Plus
cDNA & AR & (1 B R AR ) TG R A H]); 12 em
SERUZHAEZS A | Ni-NTA 6FF Ziisbiaifb it . Mg
6FF . 51¥( AT AW TREBRMARAR), HRAHEE
(AL AT R AT BR 2 wl); 57 9 L -D-Br A LB Y
(isopropyl-D-thiogalactoside, IPTG). 4 IfiLi& 1% I (bovine
serum albumin, BSA)(JbEt RIEERHA RA ), MHE M
SO R A M (H AR AR 28 ) (L3 Z R AR A R
H); bt L3RRS NG 1 2 s BEpUIR (RN 5 g
FHEARA ) HRP ARic M FEHi e ERED G
(immunoglobulin G, 1gG)(EE#f 4% ) (3 H Proteintech %
A B2\ Fl); Rabbit pAb fudit MBP-tag £ S REHTIA [ 4=
PR (EHE B A TR A W
1.2 BFE5RE

Tl % PCR ¥ (f% E Whatman Biomerra 72\ #);
LightCycler 48011 3B} %5t PCR {¥ (#i1: Hoffmann-La
Roche A [R/\F]); Nano Photometer Pearl {3 & 42 fR & H
T (FEE Implen A H]); Y-ZY3 R T REFLAL B BELR
J5 HLIK B 5 A BRZA FD); ALQDS9A300 5256 % SR B K A
P R G RN B B A R A R ); TY92-TIN A it 4
R B HILCT B 2 AR R B A PR /D)

1.3 WA
1.3.1 RIEFHhH B A2

e UM AR I H X e ¢ # 4 e Je i 03 i T 05 120
H 58 K (11.0£1.0) cm, 5% & (4.0£0.5) cm, 1@ |
(120.0+5.0) g B FIHLE 4~8 cCiaMi B EG, LR
WP, FHIEUEJS ATk i T, 7ESRHIRFEAR (1.0 mx
0.7 mx0.4 m)"F&FE 3 d, WIRKIRIRFFTE 15 °C, fEKik
12 K, FRgEseia, ABROREY.

WA 3N FRAEAE, X HRZH TR 15 *CRYHEK, Ik
TSI | RS IR A IR A N I A K S R A R Gl
IKIRAT BILERELE 5 °CHI 25 °C, MR RIS A /KR AR br7s
PP K SE A SR 10 120 HARIGRERLA I T 3 AR IEA .

Fp4 40 H S MRS AR, BRI K 1 IR, BoK AT
BOK BT TR B4 T IR, A KA/ INERTE 11K

PLSZIRFFARIT O h BUBEFE A Xt B, BRI 1L IR 41 40
ST ERZH 454 9 GC A HC., 2 IR0 24523 g0 i
FEXH A2 HBGAs 23 105 M i B0 BRORE i i, 43
PITEE R S ARIR AL FE 6. 12, 24, 48 h IFIRRE, —3k 18
AT, 54 DHERL, HARTAH TR 1.

1 HREATHNE

Table 1 Group of the transcriptome experiments

G5 g =8 4E RN b3 b B8 8] /h
GHA 6
GHB . 12
e AL B
GHC 24
GHD 48
82 21
GLA 6
GLB ) 12
AT Ak B
GLC 24
GLD 48
HHA 6
HHB . 12
e AL B
HHC 24
HHD 48
THAL IR 2R
HLA 6
HLB ) 12
AT Ak B
HLC 24
HLD 48
GC R 2 0
pogitst
HC THALAR 0

FHAEBRE BT LA 2 RAtE, AR AT AR
DI 8 R T AL AR U . B 1~2 g HEVE TR
FEURAEE IR R E TR, BEEHBEH-80 CUKFETRAF
B AR RR A REBGL EIR S G IR 1 MR, B
WP E 3 EYEES, MR 6 H4t;,

132 #FALEGMESLS RS

K F TRIzol 354 HE 158 B A3 B HURE S RNA J5 i
RSk, SURBR-GAR S, 8 lumina W7 AGHEATINT o
KH fastp BPFFUAL P s f 5408 5 4R BT B 6 ) 1R A0 A
Bl FT RSB0 prY,

133 #Fanh

ALV AR SR ZUY 2 AL 7E 4
ANIBURE IR R0 FE AR HE B9 HLA vs HC . GLA vs GC %% 16
AN AT, (R HISAT2 3% & 5T it )5 51 59 (clean
reads) 5 5% JL K 41 (GCF_902806645.1 cgigas uk roslin_v1)
HEATEOXH, A TR R SRk w0, FIF DESeq2 /4
PEAT 22 AR BN b, Hoh A5 g (<0.05 H R K 2 A
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#(foldchange, FC)>2 B{ FC<0.5 B{H 3L B & Ll 2257
FORFERPT BT, T U] 404 o0 22 5 Rk LA
HEAT FE IR A RIS (gene ontology, GO)FI L #F I K 5 5
2 H B4 45 (kyoto encyclopedia of genes and genomes,
KEGG) & 41, ATk E EEEEfesEH. £t
R RR G A )RR BRI AT SO L B S )y
ForHr
134 #3415 qRT-PCR BiE

h T BRI i 2H SE e i VR PR e T S AR, 43 A
8 2H 20T A0 R 2H 210 1 R B AN TR Ak B2 v 45 B ALk PR
MR EBIN, U DDX39B . ATP-dependent RNA
helicase DEAH12 %53t 8 ANFE [, #H4T qQRT-PCR 8, 5%
H& GC 411 HC 2153 I%F b o ¥ qRT-PCR 5% 5% 20 I 5 4k
5 v DR (R A X 3R A AR LA A B o o8 T 55 2 SR 2 ) [+
HER Y RNA, 2 B0 Saal R Gt B Btk Ay ) 5%, 3145
AHRL AT cDNA YRR, L4185 B-actin (Genbank 4
51 AF026063) B H LN, AINE1H) F-actin M R-actin®®],
#%18 TB Green®Premix Ex Taq TM 11 7 €347 qRT-PCR,
VR ZWT: B FWES1H(10 umol/L)#% 0.8 uL, TB Green
Premix Ex Taq II 10 pL, cDNA #i4 2 pL, DNase Free
Water 6.4 uL W Pk TAEME 95 °C 30's, A8ME95°C S s,
Bk 60 °C 30s, fiEHH 40 I, Rlfi# 95°C 55, 60°C60s, %

I 50 °C 30 s, BRAMEARIEAT 3 IRBERE R, M RIB W
B A 272 A E R, 519Es i 2.
135 FTEARFLAR BRI LIE

N2 R RB R A PAT KEGG &L, A5 5 e
W NG A= 9 A - L s OB 7L AR &R 513 B (KEGG % 5
crg00601) bR, X &~ SC g 5 X B AR LY, LHAE
I b S 2 S e R R e i Y Ak PR B P
J HFEA

M 2 [ R AW H AR5 )8 HP 0> (National Center for
Biotechnology Information, NCBI)#k 28 Ff 13 41 i 3
HZH(ID 291594 HWLE TG B, it —Hr s
E, B A MY X (coding sequence, CDS), Ff] Primer
5.0 B A% O B S ) B3GALTI-FIB3GALTI-R, Jit
FBIYIFHIE 2,

B AP PR WG Y SR LH 2024 50 mg, FC AR N A&
FEOT RIS IS R HUE RNA, LA Evo M-MLV Plus cDNA
ARG F A A —4E cDNA RHBitR, PCR § 440X
FBE RN S5 F: TR 95 °C 5 min; A8 95°C 30's, 1B
K 50 °C 30 s, ZEff 72 °C 1 min, 35 MEFF; A IEf
72 °C 5 min, PCR =14 0.8%I S WHEE A f ik, o e
e BAGAN SR, HeBE A I8 A DI 3% AR TAE W) TR
B A B 28 w0

F2 LWPAHASIMFT

Table 2 Primers sequence used in this experiment

HF 1D 51245

JF31(5'-3"

q-F1

CTGGTCGTCTGCTGGCTCTTG

LOC105319208

q-R1 CGCAAGGTGATCGTATGAATATGGC

q-F2 GTATGTGTTCTTCTTGGCGAGACAG
LOC105325358

q-R2 GCTGCGACTTTCCTTGGTTGTG

q-F3 GTCAATCTAAGTGGTGGGCAGAAAC
LOC105321656

q-R3 ACGAGAGTCAACAGCAGATAGTGG

q-F4 CCATAGACAGAGAACAGCCAGTGAG
LOC105325575

q-R4 GCGAAACCTCTCCAAAGCAACAG

q-F5 TCGGTAACAGTGGACGGTGAC
LOC105318009

q-R5 GCAGGTGCGTATCCGAAGAATAG

q-F6 GGTTCCATTGTACGACTTCCAGAC
LOC105318166

q-R6 ACCTATGCTATGTGCCTCATCCAG

q-F7 GGACAACAACAACCACCGTGAC
LOC117689189

q-R7 GAAGCACCACCTTGAACCTGATG

q-F8 TCAATCACAGAGACTTGGAGCAGAC
LOC105326276

q-R8 GCAGGCGTAGTGGAGGATAGAAC
LOC117683256 B3GALTI-F GTTAGTATTCTTGCTCAACTCTGGACTG
LOCI117683256 B3GALTI-R GAAGAATTGACCCATCACCTACCT
LOC117683256 B3GALTI-q-F TTACCCTCTCGCCACTCAGTTCC
LOC117683256 B3GALTI-q-R CCAGTACCGCACTGTGTTCAC

F-actin CTGTGCTACGTTGCCCTGGACTT
AF026063
R-actin TGGGCACCTGAATCGCTCGTT
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1.3.6 AMEEFENH

5 Snapgene HCIFRIN B A% K& DA Y TR A . 2
T, IR TR R . TMHMM
(https://services.healthtech.dtu.dk/servicess TMHMM-2.0/) 7E
LM E A TRE B W, i SOPMA (http:/npsa-
pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html)
TEL T E i %45 #, 1 SMART (http:/smart.
embl.de/smart/set_mode.cgi?NORMAL=1) I phyre (http://
www.sbg.bio.ic.ac.uk/phyre2/html/help.cgi?id= help/faq) £k
Vagiin: A4S Poilet &y
137 el Rk

fiff 75 £k % 15 + {1 1k 1. E (https://www.genscript.
com.cn/gensmart-free-gene-codon-optimization.html), *f &
B A 3] A4 5 DR P BRI M A T 6 ) O 2 A A
Wt Pufbfm B R SITE BRI 51 5 Ui 6xHis
W2 P4 S TEV BEVIFIAL AR, FEDRG B 8 5 IR 5 2
P A pMAL-c5x |, FEPG b B 40 BTk R 22 464
Wi AR R AT BR S W) 52 1

W T 2H ORI AL B R AT I BL21 (DE3)ESZ 2540,
BN TR RIS PRI E KR T 50 pg/mL N
TR MR LB R, 4 36 °CHE IR AOE 375 % 1:50 &
BB 2T AATEERN LB HfREhy Kk, 2
W OD 600 2y 0.6 B, A IPTG 24Ky 0.2 mmol/L,
R AFERFE S 8 ho I 2 mL iS5 I BB O I Yok
A 1 80 uL ddH,O B ARSTINA 20 uL 19 5xEH -
B WRIRS), /KIBZ W 10 min, 12000 r/min 2> 2 min,
WO B, BISh S AV B 10 L I A TR M ToE vk 1y
12%0)+ Le S AR AR B - R N MR I B P, 28 120 V 1R
Rk B, OB 25 e Wi Qe e 0 1 b, JE B
WFEWLE, BB EARIKEO, 258 EBEHTERE &7
W, ET-20 °CIR A
1.3.8 XK E G IR TS

B M o 2 TR AT B L Uk G BR IW) 1.3.7), Wik s
R ZEERRAY 25V IETE 30 min 5B E 1 B0 RRLF 4
FWL, MR E A 1% BSA Mk ii-20 = H A
8 Kk B ke 2% W (Tris buffered saline with Tween-20,
TBST)H &M, T 4 CCORFMIFEH L 6. F TBST Zenhifi it
VR 3 W%, A H R R AP AR (f ] TBST 22 e
BAEE 1000 1), R AESS — AN ARBUE L&
[ (maltose binding protein, MBP)#5%5 £ To e Fi /A (i FH
TBST Z& iyl F5 #% 2000 f5)ZEMFH 2 h, F TBST Z i
VRS 3 U, AR — P 1% BSA HY
TBST Z& thififi B 3000 ) WM H 1 h, F TBST ZZnp
WPEUEE 3 K, 4% 1% HRP-DAB JiE4) B faiat ) & i
P HC ) R AT LS .
139 Zasit

Ve II5  238 5 IR 600 mL 2 OISR TR K, (il

FHZ#A[20 mmol/L Tris-HC, 200 mmol/L NaCl, 1 mmol/L
Z._Ji VU 2./ (ethylene diamine tetraacetic acid, EDTA), pH
7 ATE B AT T ok B AR R A, 8000 r/min .0
10 min J&, 0500 B3 SU0RE. KRBT BIEMA]
PRI 2 0.45 pm URIEL 8, BT 2R Tt
) MBP FRZEAZHTAE, EF 10 min J5 {8 i ZF SR8 HE T
R, R — R ZE R AR OM A AT i s, e S
BURMY 2565 AU m AL P I S R RAFR IO IRER 22 vh
¥ (10 mmol/L Tris-HCIl, 50 mmol/L NaCl, 1 mmol/L EDTA,
pH 7.2)5 10 % F: & B0 & #h 22 v W (10 mmol/L
Tris-HCI, 500 mmol/L NaCl, 1 mmol/L EDTA, pH 7.2)¥EH} 2%
HH. 10 FRERHAT R 22 2E 5 DRI 22 1l (20 mmol/L
Tris-HCI, 1 mmol/L EDTA, 10 mmol/L % 4%, pH 7.4)%%k
JiE I AR A AL JE R B, PR H DA I A AL AR
13.10 B e RR S AR 542 KA

()ZETr R

1E 2023 FEANFEHG AL 6 AL 9 AL 12 A EA),
FAENCTVEARIRE S, B 3 HATIEIA L, fERA TR
B, AR AR RNA, $#00 1.3.4 Mt
B 5 5 qRT-PCR G, LA A AN [a] 2= 15 bk i i 20 24 H i) ik
Rk, TSI sI I 2.

QAL R BT

I3 At shEmE . 68, Pl JEIRATE kIR
2, WA TS WHE I TR G4 I RNA, SRR 1.3.4
By A 7 S s 5 qRT-PCR AN LA A3 5 Fh 40449 H %)
FER AR Ik i S 19141 L3R 2.

1.4 BIENIE

P ER 3 el b, SR LSE S EbR
23R, 4] GraphPad Prism 8.0 #E47 i 2 E 4 #7 Fi
éé{\[gc

2 EREHR

2.1 HFRENF

HFERL 54 DMHEARIA S5 AT, K15 368.79 G
HITES BT, SARAS A SR AT € 6.06~7.08 G,
Q30 B IES> i 7E 92.09%~93.88%, -3 GC &N 42.29%,
REENMP =% KKEHA LM Clean reads 5 kb 18
68.34%~75.57%. T LU X255, MEA7 8 (1 gnfid B K 3R
T ARIEE O REIEREARFEAR TR RIEE, 172
SRR R
2.2 qRT-PCR I3

AT BEMLIE E 9 8 A-FE I TE qQRT-PCR 437
H IR O 575 sl 5 e B a2 0 — 30y EiREL T
TR RIBEE, RUIAR P A B s R B AR =
B YR T R ] S
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25 ot 534l sqRT-PCR

N
N
N
N
N
N
D

VLl
YLl lllliza

6 12 24 48
BURE ] /h
BURERS ] /h
6 12 24 48
0
O -1.0
=~
o520
2
-3.0

-4.0 o 4] ~qRT-PCR

O 544 ~qRT-PCR

6 12 24
IR /b

HURERE]/h
12 24

(L
(Ll

3.0 okt 4] s9qRT-PCR

V77777777772
log, FC
log, FC

VLS LSS SSSSSSSSY.

PI777777777774

4.0 o4l sSGRT-PCR
3.0
~ 2.0
1.0
0
6 12 24 48

48 6 12 24 48
UL 7] /h TURERS ] /h
BURERS 7] /h
8 0 R o 25 Oft 4l SQRT-PCR
N N
s N 2.0 S
N [ |2 20 § N|[| = 15 N
g 40 \ &10 N N
0.5 § §
0 N N
00% ool sqRT-PCR 6 12 24 48
Bkt Al /h

#E: A. LOC105319208; B. LOC105325358; C. LOC105321656; D. L0C105325575; E. LOC117689189; F. LOC105326276;
G. LOC105318009; H. LOC105318166,

1 AR AL 3 52 S 2B qRT-PCR BiE

Fig.l Validation of qRT-PCR of Crassostrea gigas transcriptome data under high and cold treatment

2.3 BrERFE
2 1L W A BUE LB i, WA TSR R EE
EFE KEGG F MR A W16 B -FLEAE ZLE 2251 18 %

2RI, Wk 3, Hihde g1, 3- L3R i

r

*3 BMBRLEEMERTEERS
Table 3 Statistics of significant and differentially expressed
genes on the target pathways

(B3GALTI)#:[H (GenBank: LOC117683256) 1) 5 K #¢ 8 21
SUIRIRZLM 12, 24, 48 h 3 MBS BB 2 LA, W
JE g {H<0.05 HERMHKT 2, U7 6 h Bk il 255
fEBCh 1.83, {HIR ¢ {8<0.05, HekHZ N BRIEE, 1
& W2 B3GALTI .

24 HBYERE CDS =g
TEREAS RN B3GALTI 2 1743 bp KEERIER B, I

2, HA{5 1089 bp 5% CDS X, f & — MR IGZ LT

2 BB AR o . "
3 D s ;g e T RN (ATG)FI— /2 1| B F-(TAA), 4l 362 AN KM ¥ 5111
2 Gl
I TR EAE . WFEERE, ZP 3 BUFS S GenBank
2.86 R GHA vs GC
? ID Jy LOC117683256 J£[H ¥4 CDS X—#4.

LOC105327316 2.68 iR GHB vs GC

2.50 [R5 GHC vs GC KDa M 1
LOC105327909 -1.72 T GHC vs GC
LOC117691395 2.63 3 GHD vs GC 2500
LOC105335091 -1.63 T GLA vs GC

1.04 | GLB vs GC 1000
LOC117683256 1.11 A GLC vs GC

1.23 i GLD vs GC
LOC105324924 ~1.50 T HHB vs HC 250
LOC105325959 -1.15 T HHB vs HC

—23.22 T HHB vs HC
LOC105326727
—23.26 T HHD vs HC
- T M. ARUHERR 4T 1. 28 B3GALTI SR 7=4) .

LOC105336015 1.14 A HHB vs HC B2 AWK B3GALTI 3L CDS X PCR =)
LOC105342967 —7.45 ‘Fiﬁ] HHB vs HC F1g2 PCR product of B3GALTI-like gene CDS region of

Crassostrea gigas
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Fig.3 Transmembrane structure prediction of B3GALT1-like
protein of Crassostrea gigas
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Fig.4 Secondary structure prediction of B3GALT-like of
Crassostrea gigas
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Fig.5 Tertiary structure prediction of B3GALT1-like protein of
Crassostrea gigas
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Fig.6 Prokaryotic expression of the BSGALT1-like protein of
Crassostrea gigas
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Fig.7 Western blot analysis of B3GALT1-like protein of
Crassostrea gigas
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Fig.8 Gel electrophoresis analysis of B3GALT-like protein
purification of Crassostrea gigas
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Fig.9 Quarterly and tissue expression analysis of B3GALTI-like
gene of Crassostrea gigas
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