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AW N~

W B AT ZAE A YR BN B R 2 T R R AR, PR BRIRCE R Gl 1 (chondroitin sulfate
synthase-1, ChSy-1)7EA5 H| 2 (Apostichopus japonicus)Z BV KN (Vibrio splendidus)E&GJa WIVE, AR R T
P2 ChSy-1 3L (4jChSy- D& AT A Fo e L8 & R Gl b4 #r, R A7t i PCR AR E T 1% 35k B %
AR AL ) FRE 2T ARG T RSB FR IR, 4iChSy-1 2 cDNA 21Kk 2756 bp, Hr,
5'-UTR K&}y 194 bp, 3'-UTR N 228 bp, ORF Ky 2334 bp, ZwiS 777 NEIERL . AjChSy-1 FER Gty 1) 26 1 5 4 i
RSP DXD 3607 | B3-S R IL T I pA-WEILFL RO W 3L 7 S5 4540 o S ILH A X B BLAE chrl3 YLl
AEAE 24 4jChSy-1 BRI . RGN IR, RS 4jChSy-1 b 15 £ RS (Holothuria leucospilota)
I B2 (Acanthaster planci))E RS KRBT, 53 S (Danio rerio). 7 N(Homo sapiens) 58 HESh W 09 &
PSR RBGE . DOLE I PCR /R, AjChSy-1 SER BAT T {2 M URIAReME, Hoh, fRpsani b Rk i s, &
BE PR R CHE P FREME) R ILIR 22 o A8 Mo Bl 2 A {2 e s A v, WAL A2 SR GR (R G B TR 3 0, ARRBE oY 47 ChSy-1 3Rk
R EFE TR, e 3. 6. 9 RATBINM IR 1.79. 2.06. 3.12 %, X &I HABUIR HE 1A F 5 B4k
HZSE P R I 25 SRR B, B R R (A % 3 TR ek & B B N T HUR BRI (P<0.05), RILERFIL 11.4%, %I
(R AT B 0 2 o 6l B B P & $5 S RE B AR, AH GBI R 45 SR W AT R 2= 4jChSy-1 SE R T fE L B bos 43 F IR %
HLHHRAE T S5 500 .

KEEE: PiRZ; ChSy-1; SR velE; JOLER PCR; SR, AL INGE
hE S ES: S947 CERPRAERD: A XEHS: 1005-8737—(2024)04—0488—12

BR A H & A 8i-1 (chondroitin sulfate
synthase-1, ChSy-1)J& Tl R b Z %, FERBR K
‘B % (chondroitin sulfate, CS)AI AW & M kK 545
KEEVER, 1E%8 N(Homo sapiens)" UL H Z M
MIE AFTE, 78 K 22 55020 M 3 1 R0 40 it A1 355 o v
Fik, A5 AMMEAE AR S AR A Ik BT

rim B ER: 2024-01-31; 1&iTHER: 2024-02-24.
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Tl B Z 4 Wi (ChSy-1. ChSy-3), 2 Fhik B XER &
[AF-(CHPF, ChSy-2)H12 Ff CS N-Z Bt FLHE

E&£TE: ERELSMEITIH(2022YFD2400105); 1L AR T 0 & 110135 H (2023LZGC019); H E K™= B4 0 58 B g
N 25 PRI B BT AR BHIE AL 45 3% & 009 42 700 H (2023 TD29).
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SR RE(CSGalNACT1 . CSGalNAcT2)! M, €S
5 B2 3 6 R & a4, Horp ChSy-1 23
B HEEAIMEM . ChSy-1. ChSy-3 . CHPF #1 ChSy-2
T B AR IL A B T DL SRk th CS RATE
P, i ChSy-1 il CHPF ()RR RIEE S HAH
ORI AR, B BESE R ChSy-1 3 A
(D) RE B G 25 F O A BURI TG 48 | BB R
BB KRB AR RKR SR 0, fERE
fli(Danio rerio) N aig ChSy-1 JEH A2 T 8Bt
LG R E i, o 3 B s A0 68 1Y
KB, ENEERLH R, HAE ChSy-1
CS L HE R EY S AR SRR E M, 3L CS
AREIEWATH IR, ka0, ChSy-1 JEM7E
FHOGIE AR A B B i AR

11 12 (Apostichopus japonicus) X A%, J&
Tk K% 5% 1] (Echinodermata), 2 44(Holot-
huroidea), #5iF H (Aspidochirotida), #|ZF}
(Stichopodidae), 154ilZ: & (4postichopus)!'®, H
TG T VIR R, 2 DR R oK X
KT . RISAER — ML GRS, B R0
B, R IR E 2K SR A 2 —
21 WZa Lok, BEE FRAAHOR KT, 2o A
AWK, FREE 7 RALB ARG H 2004 45Dk,
PIAIEESK I (Vibrio splendidus) . fR38HE ¥ 4
(Pseudoalteromonas nigrifaciens)>} 3= 5 20 1 1Y
“JE R LR AR E R R K, T E S
flRETRAE S B E RS RN, R B
Py [) LAt TG 5 A Bl ) — FE R P8 RV S g% RS8R
AR IR, 124, B shi b s e
FAE TEEER . BUBAK. WwmE . BREN
Toll 52 A kMA C3 SEGPEAHSCHE A L & miR-133
miR-137 FI miR2008 4 6y 35 R 721221, A< A
AT H0 A 0 5 gy e S R e %) B ik 2L B 9 v
PR ChSy-1 HeP ik EEAER R4S %) gl 2
(B FRIN G2 T 0 E, BRixER RS E
SPEVE P, SR Z: ChSy-1 FED 45 K HiAE
Sl BT R G T 1 LA R R A5 2 R DA DG 4k
i, AR iR ERE -, SR RACE R
(rapid-amplification of ¢cDNA ends)i[& T =

ChSy-1 R K p3, Wl T H g% & [ 45+ )
HEEPERR, 20T 7% 3 R 7 3 DR 2 0 o0 A T 4
F, DUSE T 12 3 DR 7R ) 2 AN [R) 45 AL 4] 1Y) 3k
TE B AR R B R T ik 22 5, DI it
— B W5E ChSy-1 FED I Dy g A b il S B pl
il P R B

1 #M#EFE

1.1 S

SEEG NS AR AR A WL AR T I B AR A R
SN, HEARS N (50.0£1.0) g/ B, EEGE TR
U PR AE R B AR B TR IR K R SR 7 d il
HOIE N S A, TR TR AR R 7E (14.0£2.0) C,
REEH 28.0+0.5, FFELFE o WM A AT IR
JE R BRAF 1 4 5 R S RS 2 2 1l A S R A
(AJ-Vb1801), FIREE R K LA 15 57 B (TSB)
[ A B 772 L B I AR, SRS TSB iR A s 77 5
N
1.2 HRXE&E

T S0 2 MR A SR 2 g 8 A 2 I B A
TP kS f i 1 2 AL A3 X B 2 AR
e, MW 3 ANER, BNER 30 K, X
oIS Y H AR K, R G AR KA R s il =
oI A TR TR R 1x10° CFU/mL (G Mk % Ryl
SR il 2 A0 B 2 BORIR ) . SEERTE 70 LAY
B SERLKAE, B HHoK 20 L, S0 BRI
TRAEAE, A YAl B K 5 #b TR IR R, B
FESEFAE 1x10° CFU/mL, RS8R, BK
WS MRS, RN AR 3 d FEHLIBC 3 H o 2k
TRERREGEE 0. 3. 6. 9K), £ 12d HEfbIZ
i MR G SR AR AR G 20 Ak A (12dS) B[] S5 46 20 11
AR (12dH), BRI 3~6 H o fRF R AE R RE |
WEIR RS . i . PR (HEE R ) . PANLRMA R
WAL, IR (4 °C, 5000 r/min, 10 min)
JE AR B AR A, BT A RE B TR AT
IR, T80 CHMGEIKF H -
1.3 #®IB 4jChSy-1 &1 cDNA &

2 MR35 & UL IH 45 (MiniBEST Universal RNA
Extraction Kit, TaKaRa)¥2 BT R-AFZH ) 2L RNA,
WA 1% Byt i 0 BE B R UK R DU e R M, A
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NanoDrop 1000 43636 11 (Thermo, 3¢ [ ) &
HFEFAEEE . B 5 #51 RNA 4% 8 SMARTer
RACE 5'/3' kit (TaKaRa)i}i# #5 4 5RACE K&
3'RACE cDNA . H4f %l 2 % 5% 40 15 45 3 19
AjChSy-1 N EB 4> cDNA JF 4, fdi ] Primer
Premier 5.0 BRI FHIFRE RS 1 (FE 1), LUK
SRBE LT cDNA AR Y38 3L %0 | B,
PCR 728 1%Zr B W EE e o Dk Ror T s 26 26 TR
Yy AR ) e A RN W i R R 3R A5

HA% 0 e B 13 5 RACE Fi1 3’ RACE 5 #)(3%
1), 2 SMARTer RACE 5'/3' kit (TaKaRa)iR
&V, #17 RACE ¥4 . PCR ¥l 1%
BN A B I F Pk R, ) SteadyPure DNA #E i
Ml R & (AG, ) ik gt fk, Jf % 35 3
pMD™19-T (TaKaRa)#i ik, 2%k AR IH 1k
TPEE R ST R S 80, 0 16 BH M Se B R A7 0 e, X
TP AR RO F . 3P FIAT 55 R 1T e Xt
JaPHE, PARIZEHE A 2K mRNA 751,

F1 RS AjChSy-1 BERAREREERIE SRS

Tab. 1

Primers for cloning and quantitative expression analysis of the 4jChSy-1 gene of Apostichopus japonicus

5|%) primer

5| ¥) % (5'-3") primer sequence (5'-3")

HHAY purpose

AjChSy-1F
AjChSy-1R

AjChSy-1 3'GSP1
AjChSy-1 3'GSP2
AjChSy-1 5'GSP1
AjChSy-1 5'GSP2

CGGGTGTGACCCTAAGTGGC

UPM Long primer
UPM Short primer

q-AjChSy-1F TCCGTCCGTGTTCAGTCAGT
q-AjChSy-1R AGACACACGATCCCGTACCCA
Cytb F TGAGCCGCAACAGTAATC
CytbR AAGGGAAAAGGAAGTGAAAG

GCACTCTACCTTTCACGGGCA
CGCACCTCCTGCAGCTGTTTGGC
ACCTGCAGAGGGTCGGAGGGTTGG
GCCAAACAGCTGCAGGAGGTGCG

TGCCCGTGAAAGGTAGAGTGC
CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
CTAATACGACTCACTATAGGGC

ORF ¥}

ORF amplification
3'RACE, lIst
3'RACE, 2nd
5'RACE, lst
5S'RACE, 2nd

i HI5 Y

universal primer
RT-qPCR

NS AER

reference gene

1.4 ERAFIISH

| FH NCBI ) /% (https://www.ncbi.nlm.nih.gov/
orffinder/)fl DNAMAN 3 #7 FI0 FF 3¢ 5] 45 [X 3k,
Ui By e i 2 11 ) 2 SRR F A 4 R B AT NCBI
AR A XA E LR F 5, FIH NetPhos-3.1
(https://services.healthtech.dtu.dk/service.php?NetP
hos-3.1) 5L I 2K 11 A9 % B2 {7 535 NetNGlye-1.0
(http://www.cbs./services/NetNGlyc/) 7£ £k % 14 iF
17 N - HA A s 50 M AU ExPASy FfF
(https://web.expasy.org/protparam/) Tl il i 24 75
oy F B MAE ;M SMART 3k 4 (http://
SMART.embl-heidelberg.de/) Tl 8 11 45 4 3%; #1] FH
B4 SignalP5.0Server (http:/www.cbs.dtu.dk/services/
SignalP/) 73T B Y55 K, FIH TMHMM V2.0c

(https://services.healthtech.dtu.dk/service.php? TM
HMM-2.0) it Il & 11 5 b /Y 25 158 08 e ;. R

SWISS-MODEL (https://swissmodel.expasy.org/)Til
2R Y =R 248 ] prabi 478 H BT — 2045
¥ fit W (https://npsa-prabi.ibep.fr/cgi-bin/npsa
automat.pl?page=npsa_sopma.html); ff F§ ClustalW
(http://www.genome.jp/tools-bin/clustalw) X} Fii il
A NCBI T £ ACRMEY A Y ChSy-1 ¥ 51 i
TTRFEBR T L XT, 18 ENDscript/ESPript 3
(http://espript.ibcp.fr/ESPript/cgi-bin/ESPript.cgi)
XEFPII XTS5 R BEATAEIEL FIUAT MEGAT1.0 1 4F
FEAT R R 31 L X, R JH 4R 42 k4 1 & Gt ik Ak
R o 3 2k 5 A R 20 2 1 2 5 AL (7 81 5
PRINA901209) L % 3 15 i% K P 7 Y €4 1 1) 43 A7
N Ai &, H TBtools (https://github.com/CJ-Chen/
TBtools)Zs il Y ta iAo A1 K] . 3l i 7E L Bk GSDS
2.0 (http://gsds.cbi.pku.edu.cn) 7R I F 4P N
&1 UTR B EARN &
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1.5 #®Z AjChSy-1 BRI = RIESFES

#1835 & PrimeScript™ IV Ist strand cDNA
Synthesis Mix (TaKaRa)f# F i B #4141 5 RNA
Sl cDNA, T2 4/ChSy-1 FEK cDNA
OB IOLE B LIYI(E 1), IFLL Cyt b HNS
S BY SR WAk 4T RT-qPCR §7% . 5 it
PCR fK%: 10 uL 2xTB Green Fast qPCR Mix
(TaKaRa). 0.8 pL Forward Primer. 0.8 uL Reverse
Primer, 2 uL ¢cDNA #ifiy . 6.4 pL KE/K ., ¥ 3 5%
f£: 95 °C 305;95 °C 55,60 C 155, 3 40 PMEH,;
§75 ik i 2 43 A 26 ' 22 11 4% (Eppendorf) BRIA
PRI o AREAR B 3 M RE L, 27kt
=N PO Svyiigs
1.6 HESH

A s L bR 1 22 (X £SD)RoR, H
Graphpad Prism 9 %4 19 0 K 2 Jr 22 o #r
(one-way ANOVA)#EFT 2% 55 W PER 5, P<0.05
R 22 5 0 E VR

2 ERE5HW

2.1 HlB AjChSy-1 WF 5| &K 4HIE

12 4jChSy-1 KK cDNA 4K by 2756 bp, H:
i XK BN 2334 bp, S 777 DRI,
5'-UTR K J¥ 4 194 bp, 3'-UTR K J¥ N 228 bp, £
£ 37K 30 bp [ polyA B, T g A 2K 11 5
Sy Tk 89.1 kD, BEIRAEHL SN 7.62, TR R AL
1 82.25, NEEREN43.77, WAREEH,; F
BI3EKYE GRAVY {5 8—0.293, M3EKEH . it
FHEMRAESE 13~32 (ifA Ess IR TE, MIREs & IX
B, 55 157~159 i1 610~612 fif LA {457 DXD
FEJF; 5590, 175, 266 Fl 710 SLAF7E 4 ANETEM
N-HEFEALA S (B 1), BBAh, BAT 11 2E R R ik
B, WNE] 38 22 FIRWEFR AL 15 IR AR
BERR AL A7 SR 11 A ER R R AL i . R T —
WEEN T 41.18% o IRHE . 3.60% B H5ff1. 39.12%
TR B DL S 16.09%ZE (i, = 42 ] 4%
iR, H[Z AjChSy-1 HE 5 E LS ChSy-1
SER T NARMRL, FEB N ChSy-1 28 F i/ 2 NI
JEMHZRR . 2 DI FR T 1 A A il 2 R
(A 2),

L 5 S R AT LU, TS 5L A
PAGT 2 4 ChSy-1 FEHF#E DL, B evm.model.chr
13.482 Fl evm.model.chr13.478, FoREsiHAy 4K
J7 9] 5 5 DR A 3 R 1 1 0 R AR BL R 4300 R 100%
F191.18%.evm.model.chr13.482 F evm.model.chr
13.478 #5345 F chrl3 Je(afk |, AHEE 0.068Mb.
FE R 45 7 B 7R, evm.model.chr13.482 #l
evm.model.chr13.478 ¥4 2 MANEF A1 1 NN &
+ (&l 3)

22 SEBFIIENERGHL ST

[l JE MM s, AjChSy-1 & PP 3 51 N
W6 F B W) E &1 2 (Holothuria leucospilota) ¥ 1Ll
PR, A 82.37%, HKJEWUE A (Acanthaster
planci), & 54.57%, 545 (Chelonia mydas)HY
SN, b 43.24% (£ 2). 2790 xR,
AjChSy-1 HATHESERE B g fr <7 ¥ DXD JE5 | f3-
WL B Wl 3 17 L K pA- W JE e B Tl L 7 S5 O
E Y, PR TR A B M N-WESL A s 4
SR NFYRA —E 278 4). REIIHTER
B4, %1% AjChSy-1 5E 2 ChSy-1 LR HN—
3, REGRFREEL, M50 E ChSy-1 R y—
7, MPEhfa . A JTNIE (Xenopus tropicalis), 5
NEEBHESI Y AR RN — 4003, 5HZ5%
TR K BN B 3 4 K BRI (] 5)0
2.3 RIZ AjChSy-1 AR RIELFE

FIFH RT-qPCR X fit B ol 2 4% 2 41 47 ChSy-1
FE BRI S5 R VLB 6, 38 A A 25 ] LA
i, RN S AL PR R, Hhk
JEEA AL A B ey, JEIRRERY 1.96 £, WE
THAl A ZHZU(P<0.05); HUCHIARE | HEPEPERR |
WEPE TR L, ik EARIK R, (HIC W& 122
Sy WA R G i o PR KA i TR
BE, IR RBERIA B 65%F1 36%, WEMT
HoAth 4 41 41(P<0.05).

2.4 HIETNEELEAE R E R SEE 4jChSy-1
FRIEER

YT SR BE S T e 27 T i B Y R LY
M, P, APPSR TR IR R RS,
BEL Az R RIA ) 25 5, 45 R RW, TEiK
W2 AR, BRI IR G 2 G g, i 24k
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1

91
181
1
271
26
361
56
451
86
541
116
631
146
721
176
811
206
901
236
991
266
1081
296
1171
326
1261
356
1351
386
1441
416
1531
446
1621
476
1711
506
1801
536
1891
566
1981
596
2071
626
2161
656
2251
686
2341
716
2431
746
2521
776
2611
2701

gacatcgattaagttagtactggtgtgtatttacacctgttcagacggeccgtacccatcagaagaagtgtgacatttgtgecttegaatg
gtccagaatgcctacctagatcaacgtttggacgaaatcaaccaccaggtaacttcgtatccaaatgtatcgcaggaaaagactaagaag
gagaacttgtcat TTCTGCGACGGTCATCCGTTCCTGGATTCCGCTATGTGGCAGTTTTGTTCACAGGGATAGTGTTAGGCTTCA
M FLRRSSVPGFRYVAVLFTSGTIVTVLGTF
CTCTAGCAACATGGATACTACAGCACTTAGGTCACGGAGGGGTCATATTCAGTGGGCAAAAATGCTCTCGGATGGACTTTCAGGCCGATG
TLATWTIULAG QUHLGHGGVTITFS SGQK CSI RMDTFAQATD
GTGCCACTACAAGTACAGTAGATTCAGTACCATCCAAAAACCTGATATTTGTGGGGGTTATGACTGCAGCAAAGTATCTTCCCACACGTG
GATTSTVDSVPSKNLTIFVGVMTAAKYTLTPTHR
CTGTTGCAGTCAATCGGACGTGGGCACAAACTATTCCTGGCCAAGTAGCATTTTTCTCCAGCAGTTCGTCCGAGGTACCAGCAGAGTGGA
AVAVNRTWAQTTIPGAQVAFFSSSSSEVPAEW
ACCTACCAGTAGTAAGTTTACACGGGGTAGATGATTCCTACCCACCACAAAAGAAGTCATTTATGATGCTGAAATACATGCATGATAACT
NLPVVSLHGVDDSYPPQEKI K ST FMMLIEKTYMHTDN
TTATTGACAAGTATGAATGGTTTATGAGGGCAGATGATGATGTTTACATTAAAGGCTACAAATTAGAACCATTCCTACGATCCCTTAATG
FIDIKYEWFMRADDTDVYTIZ KSGYZ KTLTEPFLTR RS STLN
GGACTAAGCGCCTCTACGTGGGCCAAGCAGGACTGGGAAAAACAGAAGAGAAAGGTCTTCTGCATTTACAACATGGAGAGAACTTTTGCA
G TKRLYVGQAGLG GI KTETEI KG GLTLHUHTLU QHGENTFTC
TGGGTGGACCTGGAATGATTTTTAGTAGGGAAACCTTAAAAAGTATTGCACCCCACATTAGTTACTGTCTGCAGAACCTTTGGAGTGTAC
MGGPGMTITFSRETTLI KT STAPHTIS SYC CLA QNTLWSYV
ATGAAGATGTAGAAGTTGGAAGATGTGTCCGAAAGTTTGCAGAAGTGGATTGCACGTGGTCCTATGAGATGCAGACGCTCTTTTACCAAA
HEDVEVGRCVRIEKTFAEVDCTWSYEM®AQTTLTFYAQ
ACTACAGTAGTGGCACTCTACCTTTCACGGGCAATCTTCACACACCAGAAGTATGGAGAGCAATAACCCTCCACCCAATCAAAAGAACTC
NYSSGTLPPFTOGNLHTPEVWRAITILUHPTII KT RT
TTCACATGTACCGGTTACATGCATACCTTGAATCTCAGTATATAGCCGAGAAGAGACTTCAGATTCTATCCTACTACCGAGAAATTCAGG
LHMYRULUHAYLES SO QYTAEI KRLA QITLSYYRETNQ
ACATGAAAGAACTTCTGCACGAGGACAAGTCGGAGAATCCCGGTACCCACGAGACCCGCCACTTAGGGTCACACCCGAGTCTCATGAAAT
DMK ETLTLHEDI KSENPGTHETIRHLGSHPSTILMEK
ACCGGGCCGATTCATTCCAAGACGTTATACCGTGGAAGTGTTTCAGCCGTTACCTGTATCTTCATAACATGGACTCTCCGAAGCAGGGAT
YRADSFQDVIPWK CFSZRYLYLHNMDS SZPIKAE QG
TCACTAAACCCATCCAGGCCGCCGTGACTGATGTGGTTCTACAAGTAATGCAACTCATTAATTCCAATTCAAAGAGGGTAGGTAGAACAA
FTKPIQAAVTDVVLQVMQLTINSNSI KRV GRT
TAGAATTCAAAGAAATAATGTATGGCTATTCAAGACTCATCCCACCGTACGGTGTGGATTATATTTTGGATCTTCTGTTAGTTTACAAGA
I EF XEIMYGYSRLTIPPYGVDYTIULVDLTLTVLVYZK
AACATCAGGGTTCAAGTCGGACTCTCTCGGTCCGACGGCACACGTACCTACACCAGAGCTTTGGTCGGATCGAGCTGATCGAAGACGAAT
KHQGSSRTLSVRRHTYULH QST FOGRTITETLTTETDE
ATCTCCAGAATTCAGAAGAGCTGAAATTATCGGACGAAAGTCGCAGTATATTTAGCCAAAATTCGTATTATTCAAAGGATAGTTGGTTCA
YLQNSEETLTZ KTLS STDES SRS STIFSAQNSYYSIK KD SUWEF
TAAACAAATCAAAGGAGACGATACACTTCATCATGCCGCTGGCGGGTCGGTTAGAGATTTTTCAAAGATTCATGAAGAACTTTGAGAAGA
I NX S KETTIHFTIMPLAGRTLETITFAQRTFMIKNTFEFEK
ATTGCCTGGTGCCGGGCGATAGCGTGAAACTGTTGGTAGTGCTATTCAAACAAGACAATGATGATCAATCGGAAGCGATCGAAGAGACTC
NCLVPGDSVEKLLVVLFKQDNDIDAG QSEATIETET
TGATGAAATACGCAAAGCAATACCCTAACTACGATTTACGTCTTCTTCATGGCGTTGGAGACTTCAAGAGAGGGGCGGCTCTCGACCTAG
LMKYAKQYPNYDLRLLUHGY GDFI KT RGAALTDTL
GAGCGTCGCAGTTCCCCAAATCGGCGTTGATGTTTTTCGTCGACGTTGATATGTATCTGTCTCCAGGGTTTCTCTCGCGATGCCGTCTCA
GASQFPKSALMFFVDVDMYULSPGTFTLSZ RTCTRTL
ACACAGCATTGGGGAGTCAGGTTTACTTTCCGTCCGTGTTCAGTCAGTACAATCCGGATTTTGTTTACGGCCCCGAAAGTCATCCGAGCA
NTALGSQVYFPSVFSQYNPDFVYGPESUHPS
GCCAGCTGGTCATCAACAAGGAGGCTGGCTTCTTCCGCAATTATGGGTACGGGATCGTGTGTCTCTACAACGAAGACCTGCAGAGGGTCG
S QLVINIE KEAGFTFRNYGYGTIVCLYNETDTLGE QR RYV
GAGGGTTGGACTCTTCCATCGTAGGATGGGGATTCGAGGATGTGGACTTGTACCAAAAATTTGTCTCCAGCAATATCACAATACTCCGAA
G GLDSSIVGWGFEDVDLYQI KT FVSSNTITTITLTR R
CGCCAGACCCAGGCCTGGTCCATATTTACCACCCGGTGGAGTGTGATGTAATGCTGGAGCCTAAGCAATACCAGATGTGCATGGGAACGA
TPDPGLVHTIYHPVETCDVMLEPI KA QYQMCOCMGT
AGGGCAACACATACGGGAGTAATATGCAGCTGGCCAAACAGCTGCAGGAGGTGCGAGCTAAACTAGATGACGGAGCTCGAGAATTGCTTG
K GNTYGSNMQLAKO QLA QEVRAKTLDDSGARTETLTL
GGAAgtgtaatcaaatgtcagctttatcaaagagtttattgtcttgatgacggtgtctttaatctcactgcgtgtgcatgcgtgt
G K =*
gtgtgcagatgtgtgtttgtgaagattctagggattcattgatcagatgttcccaatcataaagtaccatcccagatgtactgaagagag
gacaaacaaaacattcccatccgaccaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

B 1 HZ 4iChSy-1 F 4K cDNA FFE51) K e i 2 512 2 51

ORF X FHKE FHRE/R, 5'-UTR Ml 3'-UTR H/NEFHFE/R, BIGHIETFMLIEZHEFMHERR,

B PR RN BUE BB IRES A, T KI5 7 DXD Z544 5.
Fig. 1 Full-length cDNA sequence and putative amino acid sequence of AjChSy-1 gene
in Apostichopus japonicus

OREF regions are indicated with uppercase letters, 5'-UTR and 3'-UTR in lowercase letters, start and stop codons are boxed, yellow
shade indicates putative transmembrane structural domains, and underlining indicates conserved DXD structural domains.
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B2 HIZ5E RS A ChSy-1 8 A1 = 4E 2451 e
a. ;b HZ e ERES.
Fig.2 Comparison of ChSy-1 protein three-dimensional structure between Apostichopus japonicus,
Holothuria leucospilota and Homo sapiens
a. Homo sapiens; b. Apostichopus japonicus; c. Holothuria leucospilota.

YK length of chromosome

L 1 1 1 1 1 J

30 Mb 25 Mb 20 Mb 15 Mb 10 Mb 5 Mb 0 Mb

evm.model.chr13.482 evm.model.chr13.478

b evm.model.chr13.482 5= 3
1kb ——5kb
legend:
CDS == upstream/downstream — intron
evm.model.chrl 3.478 5 3
OO 2N OO OO IO A OO IO OO OO OO OO OO LONO OO
NSRS ROS QOGBS AAEARIEPON
legend:

CDS == upstream/downstream — intron
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Fig. 3 Localization in the genome (a) and exon-intron structure (b) of 4/ChSy-1 in Apostiopsis japonicus

&2 #S AjChSy-1 EEESHMUFHNRERF FIFRES T

Tab.2 Amino acid sequence homology analysis of AjChSy-1 protein with other species

YFp species 1 2 3 4 5 6 7 8 9

1 0.19 0.58 0.75 0.75 0.77 0.79 0.77 0.77
2 82.37 0.57 0.73 0.73 0.76 0.76 0.75 0.76
3 54.57 55.24 0.76 0.75 0.76 0.76 0.75 0.76
4 43.50 44.89 42.01 0.06 0.14 0.26 0.13 0.17
5 43.63 44.63 41.89 93.52 0.11 0.24 0.09 0.16
6 42.73 43.99 42.5 86.13 88.9 0.24 0.09 0.16
7 42.73 43.73 40.89 76.03 76.78 77.55 0.23 0.25
8 43.24 44.12 41.89 86.63 89.63 89.66 78.00 0.13
9 42.47 44.37 41.89 81.65 84.54 84.49 76.28 86.50

L 2 2,0 KRS, 3. MR, 4. DRG 50 BN 6. U, 7. B 8. SRIEAG; 9. PV IME, AR AT M M ARLTE (%);
A LAk oy g A B

Note: 1. Apostichopus japonicus; 2. Holothuria leucospilota (KAJ8029970.1); 3. Acanthaster planci (XP_022110348.1); 4. Mus musculus
(BAC98065.1); 5. Homo sapiens (AAQ88893.1); 6. Gallus gallus (XP_040535889.1); 7. Danio rerio (NP_997843.1); 8. Chelonia mydas
(XP_007053572.3); 9. Xenopus tropicalis (XP_031753358.1). The lower left part of the table shows similarity (%); the upper right part shows
genetic distance.
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Fig. 4 Multiple sequence alignment of ChSy-1 with other species
Blue borders indicate conserved amino acid residues, residues that are 100% identical are shaded in red,
residues that are =75% identical are indicated by pink letters. The putative transmembrane domains are underlined;
orange boxed lists indicate DXD motifs, black arrow indicate the position of cysteine residues,
green arrow indicate the position of N-glycosylation sites, and red boxes indicate f3-/4-glycosyltransferase motifs.
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J/INBL Mus musculus ChSy-1 (BAC98065.1)

& N\ Homo sapiens ChSy-1 (AAQ88893.1)

JEXY Gallus gallus ChSy-1 (XP 040535889.1)

L3318, Chelonia mydas ChSy-1 (XP 007053572.3)

PHE TS Xenopus tropicalis ChSy-1 (XP 031753358.1)
L4 Danio rerio ChSy-1 (NP 997843.1)

Wk5EHE . Acanthaster planci ChSy-1 (XP 022110348.1)

— )i |2 Apostichopus japonicus AjChSy-1

0.10 T ) E— % /&3 Holothuria leucospilota ChSy-1 (KAJ8029970.1)

5 HZ AjChSy-1 5 H ALY RN EERR T 51 1) R GE kALY
R MR HEM R R G AR, AT ARR D HHIT, BAFTLERR AjChSy-1.
Fig. 5 Phylogenetic tree of AjChSy-1 with other ChSy-1s in other species
The phylogenetic tree was constructed using the neighbor-joining method, each node represents a
taxonomic unit, and black arrows indicate AjChSy-1.
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Fig. 6 Expression of 4jChSy-1 gene in major
tissues of Apostichopus japonicus
Bo: Body wall; Re: Respiratory tree; In: Intestine; Go: Gonad,
Lo: Longitudinal muscle; Co: Coelomocytes. Different letters
indicate significant differences between groups (P<0.05).
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Fig. 7 Changes in transcript levels of 4/ChSy-1 gene
in response to Vibrio splendidus infection
12dH and 12dS indicate healthy individuals and sick
individuals after 12 d of Vibrio splendidus infection,
respectively. Different letters indicate significant
differences between groups (P<0.05).
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Cloning of the chondroitin sulfate synthase 1 gene and its expression
pattern analysis under Vibrio splendidus infection in sea cucumber
Apostichopus japonicus
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Abstract: Chondroitin sulfate synthase-1 (ChSy-1) is a crucial enzyme involved in the synthesis and elongation of
chondroitin sulfate (CS), playing a vital role in combating bacterial and viral infections. The growing scale of
aquaculture has led to the emergence of "rotting skin syndrome" caused mainly by Vibrio splendidus, posing a
severe threat to the healthy cultivation of sea cucumbers. Our recent transcriptome study has found that CASy-1/
may have an essential immune function in protecting sea cucumbers from pathogenic infection; however, there has
been no prior research on chondroitin sulfate synthase in echinoderms. In the present study, we obtained the
full-length cDNA sequence of ChSy-1 using the RACE technique and analyzed its tissue expression characteristics
in sea cucumbers using real-time fluorescence quantitative PCR. Furthermore, we also examined the expression
characteristics of the body wall tissues under Vibrio vulnificus infiltration to investigate the possible physiological
effects of 4jChSy-1 on pathogenic infection. The study found that the 4jChSy-1 gene has a full cDNA length of
2756 bp, with 5'-UTR length of 194 bp, 3’-UTR length of 228 bp, and ORF length of 2334 bp. The ORF encodes
777 amino acids, with a predicted molecular weight of the encoded protein of 89.1 kDa. The theoretical isoelectric
point was 7.62, with a fat coefficient of 82.25 and an instability factor of 43.77. The protein sequence contains a
type Il transmembrane topology with 11 cysteine residues and four potential N-glycosylation sites. The
three-dimensional spatial structure of the sea cucumbers AjChSy-1 protein is similar to that of the Holothuria
leucospilota ChSy-1, with some differences from Homo sapiens. The sea cucumbers genome contains two copies
of the AjChSy-1 gene, both of which are found on chromosome chrl13. Gene structure analysis shows that both
copies have two exons and one intron. Phylogenetic analysis showed that the protein encoded by AjChSy-1 in sea
cucumbers was closely related to that of Holothuria leucospilota and Acanthaster planci, with similarities of
82.37% and 54.57%, respectively. It was more distantly related to that of Danio rerio, Homo sapiens, and other
vertebrates. The protein encoded by AjChSy-1 contains structures such as a glycosyltransferase-conserved DXD
motif, f3-glycosyltransferase motif, and p4-glycosyltransferase motif. Fluorescence quantitative PCR showed that
the 4jChSy-1 gene has a wide range of tissue expression characteristics, with the highest expression in the
coelomocytes, followed by the body wall, gonads (male and female), and longitudinal muscles. The expression of
AjChSy-1 in the body wall increased and then decreased with an increase in Vibrio splendidus stress duration.
After 3 days of Vibrio splendidus imbibition, it increased sharply to 1.79 times of the control group and reached
the highest transcript level of 3.12 times of the control group at 9 days. It then decreased starting from 12 days,
and in diseased individuals, it decreased to 2.65 times of the control group. Upon analysis of the genes in both
resistant and susceptible populations at the onset of the disease, it was revealed that the susceptible population had
a markedly lower gene expression in their body wall compared to the resistant population (P<0.05), with a
difference of 11.4% in expression. According to the research findings, AjChSy-1 gene could potentially contribute
to the immune protection against Vibrio splendidus in the sea cucumber Apostichopus japonicus. This study has
also provided crucial insights into the regulatory mechanism of disease resistance and functional analysis of the
AjChSy-1 gene in sea cucumbers.

Key words: Apostichopus japonicus; ChSy-1; gene cloning; fluorescence quantitative PCR; gene expression;
Vibrio splendidus
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