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Abstract

In order to explore the characteristics of TXNDC5 gene in Tapes dorsatus, gradient PCR was used to
amplify the open reading frame sequence of TdTXNDC5 gene which was 1236 bp in length and
could encode 411 amino acid residues. The isoelectric Point (pI) of TATXNDC5 protein was 5.05
and the theoretical molecular weight was 46.40 kD. There were three typical PDI domains in
TATXNDC5 and a signal peptide composed of 20 amino acid residues at the N-terminal. The results
of homology analysis showed that TXNDC5 protein of T. dorsatus had 37.9%~70.8% homology
with the other three marine mollusks, indicating that TXNDC5 protein was conserved in different
marine shellfish species. The phylogenetic tree was constructed based on the amino acid sequence
of TXNDC5 protein, and the results showed that T. dorsatus was only clustered with Mercenaria
mercenaria. Quantitative Real-time PCR results showed that TdTXNDC5 gene was expressed in all
the 8 tissues of T. dorsatus, and the highest expression level was found in gill, followed by mantle.
The expression of TdTXNDC5 gene in gill and visceral mass of T. dorsatus reached the peak at 3 h
and in mantle at 6 h under the stress of Vibrio alginolyticus. These results suggest that TdTXNDC5
gene may be involved in the response to bacterial infection and play an important role in innate
immune defense.
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1. 518§

Bl 2% #ad (Tapes dorsatus Lamarck, 1818):R J& £ 24 (Lamellibranchia). 7 H (Veneroida). 7ids A
(Veneridae). ZXERIAJE (Tapes), J&—FRTIHGHE . SR HEPEL DT LK, B0 A0 16 V4 5 AP iRk,
FERE D AIEARNG . B SIS [1]. BEEE S 32 SN S AR R o A X 2 )R 7l BRI
VW my, BN, BAAKEER. EIRNE mARIE S SE S A [2] [3]. HET, AR s
IR 8 AR 4 TP AE TR AS[4] [5] [6]. AEASSIVE[2] [7] [8] AL A7 [9] [LO]FI &M A=Y [3] [11] [12]4% 5
THI, G Y5 AH O Jk DR R AR 77 THD v A L T o

TR K= S 72 IR 95 55 34 B 2 B A R FTIA 20~30 AZJT/4E, i 1Rk e £ LR A [13] [14]. ©
W ST AR T 20 P 0 i R K B (Crrasso streagigas) [15] FE4: A4 (Ruditapes philippinarum) [16]A1K:
7% (Solenstrictus) [17]55 /K ZhH K EIET . AN VR FT A SL560 N P8 AL it 7 N IR 58 I B S S 4
SRR Z PR, 16S rRNA S50 45 3R B, Vs 7E BTG BB ) o5 Lo = 0 DR 8 TIREE
TEMESNY, SRR S T BN T 2 M0 T2 5N R I R R, AN RN B N T R R
A FH AR AR E FRARE R

Chawsheen Z5[18]WF 7% M, BIEREILE A 5 (TXNDCS)E A [ 08 8 [ F0 R 51 7] 2 5 41 g %
JiE )2 W . TXNDCS5, PR ERp46, &4 [ k4 7 A4 B (Protein disulfide isomerase family, PDI) ) — 7,
[ J&& fiml 80 2 1 (Thioredoxin, TRX)ZCR[19], HAT WA T4 Dt U BRI I #EAT S A0 38 5 S 2 R A 1 [20] o
TXNDC5 7E %% e N [18]« & H B IEAHT &[21]. AR IATI[22]. Pratbig[23]. & H —hidk EHE
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A TP [22] [24]5 4 arid A b B HEAE R . BF 0], TXNDCS J [R5 38 KU A 5% 75 48 S8 AR T i
FCEFAEA M [25] T £F 4E A0 50 (1) 2H 23 [26] LA S Jie e B8 3 (R AL A M An Jfa [18] [27]vh i 3Rik . /K77 84
TXNDCS5 FE K I 7 AR 850, AU Sandamalik Z5[28]#1 Liyanage 5[29]43 7#Ri& T KAt 5 (Hippocampus
abdominalis) A1 it fifl (Haliotis discus) ) TXNDC5 2 K REAE R R E AR .

HAT, JREEEEA DI TXNDCS & D5 7E 4H B I8 T RIS AU i R WL ARTE . AR S50 B TERIE Fe Bl 45 4 0
TXNDCS5 (TdTXNDC5)ZE [l [ 77 BRI K i 12 375 5 5B (Vibrio alginolyticus) il Rk B, it A\ T
SFPIR 1AV LA A T A P SR LR S VA e B VA, A YA S 5 AN R B A] s AR AR an O B AMEE, THALE
FEAPIEHA A TATXNDCS 2 [ 1R IE B AR B L, AR Tt TATXNDCS J R 7 £ 285 7 et 4k P 1) G e L3
TRALSH, g TE UL RAH B M IR B R SR AR B A A

2. MRIE A%
2.1. SCIgFHE

2021 4F 10 A 5 AAE) P9dbiE i BBk 3L 150 K IS A/M Bl 43 4R dA (52K 6.38 cm + 0.58 cm, &
JiifE 43.40 g +5.04 g), B TH/KIZ B AL KIS i IR i %, (EFRFEAH (45 cm x 30 cm x 30 cm) & 7%,
46 15 R . WKEE 20 cm, hE 25~27, JKIE 25°C~28°C, VAfRE >5.0mg/lL. #3:7d, WEFHHE
PROGHE, AR ME Y 00 Ji 5 (Platymonas subcordiformis) i 1 78, X 1 Lo

2.2. tA%8 RNA $2EVF1 cDNA X EHE

27 Lu %5 [30] 771k, BEFREEH)E, MFRIEAERNLE I 3 R Eig g B T UK FRRIE, HX 75%iP5HS 2k
B, HTC R AR T AR BT B SR a1 O I B8 752 APEIE. HKE. L. HILE %
A RS 8 FRALZR BN S, N RNAIso Plus &l &) KAk . A4 RNAiso Plus 551t B 15 (TaKaRa)
Iy WITREL ik 8 R4 R )5 RNA, S8 PrimeScript RT reagent Kit 15 B 45 (TaKaRa) & % cDNA %5 —4k,
FEHE T —80°C ORAT o MR A AR PR A ZE LI 5 (10 e 250 3 ke 5 R 445 JE 00 P A5 4K TATXNDCS =R 7 41 ) F
NUFAEGR S X 514 ., R Oligo 6.0 3k A e it v B 5 A e B 51 (6 1), FFZRABA R (B4 T) & .

Table 1. The primers used in this paper

1. AXEA5I4Y
514 Gl K JE/op P&
Primers Sequence Length/bp Purpose
TdTXNDCS5F CGTTACTTTCGCATTGTATAT
1269 o B
TATXNDC5R GCCATTTTTTTTTCTAAATCT
gTdTXNDC5F CGGCCTTTACGATCTTA
129 JE
gTdTXNDC5R CCAGCAAGTTCTTCCCAAGTT
gEF-1aF GATCACAGGGACATCTCAAGC
122 SE
gEF-1aR AAGTAAAGGCAAGCAAAGCAT

2.3. TATXNDC5 EFE 7=, MAEMEYSEFE S

S R M3 S2 50 71k, PIAB IR 1.2 ¥k Arfs cDNA AR, S8 TksGflex Polymerase i
i1 45 (TaKaRa)J 1 TATXNDC5 2 [Al [ T % ] 2 HE (Open Reading Frame, ORF)F#%1). PCR Wik & A 2x
Buffer 12.5 uL, b FIF5I¥EKE N 10 umoL/L)#% 1 uL, Tks & 0.5 uL, cDNA #iRk 1 uL, *MiniEatiK

DOI: 10.12677/0jfr.2022.92005 39 KPR


https://doi.org/10.12677/ojfr.2022.92005

ittt %

% 25 uL. KMNAEFA: 94°C 4 min; 94°C 30s, 65°C 30s, 72°C 60s (5 IMEH); 94°C 30s, 63°C 30s,
72°C 60s (5 MEFF); 94°C 30s, 61°C 30s, 72°C 60s (20 NMEIR); 72°CHE(H 10 min. FofE=4ERES|
Peasy-Blunt Simple 24 (6 3 42 20 4x) 3845 B 4 2044, B A1 20Kk 3N Trans1-T1 /B2 S g (At 4 04),
IH 1= o o B AR 2% 2 2 ) (L i A 1) e I &5 SRR SeqMan 3 #FHF2, F TBtools 244 Tl 72 22 1) ORF
FF 51

F EXPASY IR 45 88t TXNDCS & AT, T KA SRR & b & % s (p) 2515
F Softberry 7E£RHCLETRIZ 2 A B AN E AL, SignlP BT TXNDCS & (1115 5 ik, DNAStar
f) Protean F2FE TN A A 5T —Zi 4544 . FIF MEGA 7.0 B4 HE4E TXNDCS & A E LR F VI & R %K
H M (Bootstraps # 4 1000).

2.4, FHERSRR N TR R SR ERE PCR

FRAE TS 06 &5 SR A5 501, 1 B 5INE (V. alginolyticus) x4l 45 4 (1) 2 BB FE (LCso) N 1.0 x 10° CFU/50 g,
PRI AE %0 BT N TR ity . A SZIGFEHL kL 90 H AR dns, Iy ML (B4 45 H), ¥ 45 K
BEGERMA B 3 AN FREAFE T, HAE 15 N F UM S B M BE SR AR T R P S VLS 0.1 mL VARSI
(1.0 x 10° CFU/mL), X FRZHVE S 45 10 K K. 2 eSS %5 3h, 6hy 9hy 12h, 24h, 48
hy 72 h A1 96 h SRAEHE . SNERE, WHE MM NEAGHL, A SR 3 R, SDIE 1.2 404
HUZH 2355 RNA 56 55 i cDNA

R A R, ARG A FEH L R TATXNDCS JERI R A, ALK H oRT-PCR
FAA M 5 AN [R]IF[R] 5 TATXNDCS ZE K (AR Rk &, I LU EF-1a NN S [)NAA % : 2x SYBR
Green PreMix Ex Taq (TaKaRa) 10 uL, cDNA f54% 2 uL, E. FiF5140%% 0.3 uL, 5o #Mn#E 4K 2 20 uL,
AR 3ANEE ., RNAEF: 95°C 3min, 95°C 10s, 60°C 30 s (39 MEFF), 95°C 10s, JAfRHIZ::
65°C~95'C (1%~ 0.5C), 5s. HZHHEIAAFZLZ TATXNDCS & K I AH X ik EAR Y qRT-PCR 45 311
2T
2.5. GitE o

SEI 9 5E B PCR 45 SR ) SPSS #f4-1) ANOVA T2 5 F1 Tukey’s FEFE0HT. FIFT t 4656 % K i3k
ITHE, Gt BB HIWARHE N p < 0.05, B I HIWRiES p < 0.01.

3. LREDH
3.1. TATXNDC5 EBE4HE 5 47

TATXNDCS5 =[] v =M B L ik 45 R LIS 1, 431 K/NoN 1326 bp (6175 49 bp 19 5 dE 4w A% X H1 41 bp
(1 3 et X), 5 HARD PR, AT T e80T 50508 455 H TBtools 4 i 2 4]
[f) ORF J¥ 41, 45K, TATXNDC5 ZE[H (1) ORF K J% )y 1236 bp. # & ORF &% I 144 GenBank %
YRS OMB891503), JHIFH Primer Primier5.0 £ F5lll TATXNDCS % % R LR 51, 5%
I 2 DA 7 H0 AT LU

TATXNDCS HAMBEAMEFR WML R TR, EASTHEE 411 MEERERE, 7N
Ca0s8H3107N5350643S21 » 2 2t B¢ 1o A2 BUEURR (Lys) N 9.0%, FLIR AL Z R (Glu) ly 8.5%, it fIK A2 (& R (Trp)
N 1.2%. F RS A 5.05, FRE T 46.40 KD V.40 E AL AIS S BTN 45 5 2 oR, TATXNDCS
F A FEALAE T EAZAN A P 5 M (Endoplasm reticulum), N A& 1 BKJE N 20 aa (15 S k(75 A
MQNFIFGCVICICLIAVVTS).
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Figure 1. Agarose gel electrophoresis of Td-TXNDCS5 gene
B 1. TATXNDC5 £ [ Z s #7852 A2 F 7k (B

TATXNDCS5 & F R IERA R ILE 2, FH S 3 AN LR Cys-X-X-Cys 454 (AL B 7 HERR L), 2
WAL TR IERR T A N K o 8~11 L. 54~57 (Al 194~197 {2, TATXNDC5 & 4 1¥) P4 Jii ¥ B8 45 5 (ER
retention signal)fiz - C AK¥i, ] 51 53 7E 5 I b 1) 8 fr (S € 7 HEAR ) o

1 /\TGCAGAAT'I‘TTATTTTTGGTTATGCCTCATCGCAGTGGTTACATCAGACGATC/\TGGTGAAA/\TGTAGTGTC/\TAT

1 M QNFTIFGlcVvIclicLIAVVTSDDHGENVVSY
91 ACGAAAACAACATTTAACGAAGCCATCGCCAACGAAGAAATTCTGTTTGTGATGTTTTATGCTCCATG AAAAGACTT
31 TKTTFNEAIANEETILTFVMFYAPUWCGHC|KRTL
181 TCACCAATATGGGATGATCTAGCTAAGGATTTCAACATTGAAGGTCGTCAACTCACTGTTGGAAAGGTTGATTGTACAAAAGAGACGGAT
61 S PIWDDLAEKDTFNTIEG®GRI QLTVGEKVDCTZEKTETHD
271 CTATGTAGTGACCATTTGGTTCGAGGATATCCCACTGTGAAATACTTCCATAAAACCAATATCGGTATTAAATATGGAAATGAACGCACC
91 LCSDHLVYRGYPTVEKYTFHEKTNTIGTIEKYGNETRT
361 GTAGACGCTTTTAAGACATTCATAGCAGATGCTTTATCCAAGGGTGAAAGTCTCAATATGCAGAAGCTTGAGCAACCGGCTGCGGAAAAG
121 VDAFKTTFTIADALSEKGESTLNMQKTLES® QPAAEK
451 AAAGATGAGAAGGCAGACCAGAAAGAACCGGAAGTTGTCGTGACTGACGGCCTTTACGATCTTAACGATGACACGTTCTCCAGTCACGTT
151 KDEEKADG QKT EPEVVVTDGLYDLNDDTTFSSHV
541 GCTCAGGGACATCATTTCATCAAATTCTACGCCCCCTGGAGCGACTGGCTCCAACTTGGGAAGAACTTGCTGGTCTA
181 AQ GHHFTIIKTFYAPUWI[CGHCIKRLAPTWETETLASG.HL
631 TACAAAGACAGTGATAAAGTGAAAGTTGGCAAGATTGACTGTACCCAGAATAGGGCGACCTGTTCTAAATTTGGTATCCGAGGATACCCA
211 Y KDSDEKVEKVGKTIDOCT QNRATCSZ KTFGTITRGYP
721 ACCATTCTCTGGCTGACCAATGGAGAAAGGAGCGAGGATTACAGAGGTCAGAGGTCAATTGAAGAGCTGACGAAGTTTGTGGTAAAGATG
241 TILWLTNGERSEDVYRGQRSTIEETLTE KTEFEVV KM
811 ACGAGTGTAGAGTCGGAGACGGCCAAGACGTCCAATGACGGAACCGTTCCCGATATTTTGAAAGATGAACCAGAAGTGGGAGTGGTGGCT
271 TSVESETAKTSNDGTVPDTILE KDETPEVGV VA
901 TTGACTGATGAAGATTTTAAAGAATCGGTGTCGGAAGATTTTACGTTAGCTGTATTTGACGATGATGTTAAAAGAATGGAAGCAGTATTG
301 LTDEDTFZ KESVSEDTFTLAVFDDDVEKTRMEAVL
991 CCCACGTTGGAGAAACTGGCAGAACGTTACGTTACCAAACCCGAGCTATTAGTCGCTACCATTGACTGTACGAAGAATCCAGAAACGTGT
331 PTLEKLAERYVTEKPETLTLVATTID CTIE KNTPETSC
1081 AAAAGCCAGGATGCCAGTGGGCCATATCCTCAGTACAAGTTGTACCATAATGGAGCGGCCATTGTATCATATCAAGGAGAGAAGACTGTT
361 KSQDASGPYPQYKLYHNGAATIVSYQGETEKTYV
1171 GTTGCCATGGAAACCTATATTAATGAGATGATGAAGAAATATGGCAAAGATCACAA
391 VAMETYTINEMMEKTEKYGEKTDHI[DE L|x*

Figure 2. TATXNDCS5 gene sequence and corresponding amino acid sequence

[& 2. TATXNDC5 £ E 51 & 3 M A | E R 75
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Figure 3. Prediction of secondary structure of TATXNDCS protein
[ 3. TATXNDCS & B Z & 5+a 7
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Figure 4. Comparison of multiple sequences of TdTXNDCS5 protein and homologous family protein

4, TATXNDC5 ZEB K EIRKREERL S FHILLE

FT TXNDCS EEMRFIIMEM RG R EW LK 5, HigEdh TXNDCS & AN S5 7S E N — X,

S5&H 5. SEid g A e K 2RI R BE—E.
3.3. TATXNDC5 EFE A RIHATIELE RO

B ARG AN R4 Z R TATXNDCS FE [ 3k & UL 1K 6, TATXNDCS i PRI 75 Bl 4% Ay 1) 2
O E. 2 HAKE. KR FSEUIANEE #% 8 MAd by TRIE, BANMREERE,

HVERE

&

THALERRIEEN 8.75 fff, SERAOIEHL I FRIE BT, 75l E b E ERILER 7.33 A

6.10 .
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99 Penaeus monodon XP 037793280.1
100 Penaeus vannamei XP 027235670.1
4 Penaeus japonicus XP 042859942.1
L Procambarus clarkii XP 045615779.1

Portunus trituberculatus XP 045111657.1
99 Pollicipes pollicipes XP 037069790.1
Agrilus planipennis XP 018328109.1
52 99 Aphidius gifuensis XP 044008039.1
97 Bombus vancouverensis nearcticus XP 033198665.1

Pomacea canaliculata XP 025090120.1
Haliotis discus discus QCW12717.1
92 Gigantopelta aegis XP 041361948.1

— Crassostrea virginica XP 022293558.1

100 L Crassostrea gigas XP 011429706.2

— Tapes dorsatus
100 ——————— Mercenaria mercenaria XP 045181116.1
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Figure 5. Phylogenetic tree based on TXNDC5 amino acid sequence

5. BT TXNDC5 S &R FIERZL BN

funy
o
)

TdTXNDCS in different tissues

REHLATXNDCS X FIA &
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O P N W b U1 OO N 0O O

G M H F E Vv A D

HZ5y A0 Tissue distribution
e BARAR A ] F BHRR A SRR I 42, HALFRY TATXNDCS
FEIMSRERE. G: i, M: #MER; H: OfF; F: #2; E: H
KE; V. WIEE; A: W5 D: b E#.
Figure 6. Distribution of TATXNDCS5 gene in different tissues of T. dorsatus
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Figure 7. Changes of TdTXNDCS5 gene expression in tissues of T. dorsatus under the stress of V. alginolyticus
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