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ORI E NE AL BEE F R g K INEE

EREY, MEmEe,

w, WEXY,

=7

(1T ZRMGFERFK = 5BE, TR WL 524088;
2 KRB HRFEE I L LREERF PG, 7R BEIL 524088)

ME: RRANFEHFENETAEARTHRRED, 25E07 L RELE.
BAXUBELARIANEY, XRBRAMETWED & KRR T WEER . A5 %A A
RACEH# A 7 [ B | ok & N a2 3 % B8 PmCHSTla% %, 3 # i RNATF 3% 3 R4 0
PmCHST\ax{ W8 A R % & A N R Bk E W KB %o &R ER, PmCHSTlaZk 2K
1385bp, 43662 E®; SHEEKYBEME, BABREMME TR, 24T
BAREEK L, ARAEZRRERMH AN, PmCHSTlatk ¥ L JE 8 ¥ & Kk 4 Pm-
CHST1atRNAifR 4 J&, PmCHSTlat ¥k JEth Rk B 8 % T, JF HANEBRIK ¥ RBR
AMEWRELEE; SEMBM A AR ELEMFH. & LPTR, PmCHST1a™ f &
REEIERIBRFRBRAREN 2R, ZEDRENT K. KB A #—F Rtk
RUBMAES SR BRERERRARKAED KRR IEMT 1 oy B H R BEKE

RUEIE: o ok L; BB, BB AR E; RNAI

FEHES: Q785; S968.3

T R ot 2 2 AR R N T 2 A AE 1 — B b
e BB, 5 A AL A5 S8 R IR A T R &
H R (KSPG), MU 584K . Pt MsE s
RN, BS540 i B, AR
R, SRR 0 B AR ) A A B R A
PR EH R mRARRBSS/NEF
AP RIE 8 7, CarrinoS5 P iRl T 22K &
FEHBLIR ff B Z W & AR Ca™, SRS 5E5Em
YK . Fernandez 5 ™7E 1.1 (Haliotis rufescens)
MN B RIZAP P EN TRBRMEE, o
DL TR 1 50 3R A5 5 ME 3 W) A1 JCH HES W 19 AR
WAL T i T EEAE

il BL 55 B% B (sulfotransferase ) i A4 fisf iR JE 41 M
it 1 56 (AL A 3 - B8 2 M 1 - S - W T2 4 PR I (PAPS )i
BERFEIRY b, STy, B
FEAR YR DY, S e RO B B G B
i Fe 5% % i CHST1 [carbohydrate (keratan sulfate

I FS BHA: 2016-06-15 &R BH: 2016-09-22

XRkARERRD: A

Gal-6) sulfotransferase 11 Z SR fii K HE —
W B 667 Bk 1 it 198 Ak BNy, A i IR A BT 3R A
1) B

L IR Bk U1 (Pinctada martensii) & 3% [E &
MK BRI T4k, W TIRMAE L, &
[CEE B DI 2k - e F BT ) i R R . DAtk
WESE A= W) AL B 0 T B I BR B DL SR 5 K 2
BREERCEZL, HE, R T/AETC &k,
SR T — 28 I [ ERBE DL 6 A DG JE Y 41
TEFH L RIA, FEMR T HAE Y o aet ',
BB IR £ Jo 38 B HC O I e PRI 7 15 [ B B DU P 4
16 Ty RE B WF 5T 34 G A 48 o A AF5E R FHRACE
TR FIRNAGE AN T i 2 5% 75 i 3k [ PmCHST1a
[Pinctada martensii carbohydrate (keratan sulfate Gal-
6) sulfotransferase la]X} Dl 7222k I A% DA B Bt 2
BRG], RV PmCHST1afe A= M0 L
IR TIRE, b R A DUAE YR i B 5
PRSI

BT : E K E AR 4 (31372526, 31272635); T AR K S 81 HT 954 T FE(GDOU2014050207)

BEEE: HEA, E-mail: gdoudxd@hotmail.com
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1 MRS JTE

1.1 SEIEH R

Ih QR BE DUBL A T 2R 43 1) KO A i X0 it
A, 52K (54.66+5.72) mm,

1.2 KA

PmCHSTla® u &R 531547 PmCHSTla
Hla] R BE L S A3 I ARAR T TR S IR D AR AR,
Fr I W1, K315 5 )F 5138 i DNAMAN
A HEAT PF 43R5 7 51 4K . ORF Finder7r £k 1l
DL R T e B2 AE (ORF) M JE R 1751 ;. DNAMAN
A4 A Primer Premier 5.0%K {4 X 7 ] i 22 & iR
SUPEATHRAE ; NCBIFEZR L, %558 3 K T & 1)
B HR; ProtParamfE 28/ AT & L 1R )7 91) 1) #1
Rtk ; SMARTH N H A& A 45458; TMHMM
Server v. 2.0%K {44 78 £& 70U > 51 (1) 195 B 235 #4) el
ClusterW2 X} PR 47 [A] P54 H X5 SOPMA it il
T A5 ; SWISS-MODELTE £k Fil il 25 1
TR = REEH

DL, DA 52 LA L A0 A5 o 40 e, B B Ah 2 v e
DX (A FR oy S 5 . A0 B A S DX (AT FR 120 4% 5T
ZEL. . AR . PERR AR VAR AR
Mo Z M Trizolfi W 5 IRNA ;[ 5k k1% cDNA
4k, 2B BM-MLVIZ ) & 1B 45 (TaKaRa
wENIEAT, BRI RS IR D,

RNAiZ IR+ S YanZE" 0 ikt iy
PmCHST1afRNAISL K, 51975 W31, RNAI
S R B 1S SR 4 (1 5 dsRNA-PmCHST1a),
24 %F REAL BV 2s 7 6 R 4H (7 S DEPCIK ) AT BH M X
W 2H (£ S} dsRNA-RFP), DL 5 AL 5 1 7 2k
7o BHTFH10RIL, B3 dEFH 1R, BRE
SFF)H 100 pL, dsRNAWJE 41000 ng/pL, 3t
AT 20K o B 20 B4 dJE B B e R T e
FER R A fh IO R A T I R A
FRRWRE; Nsevkd AT, HTFWENEN
PN H A LR 2 B S 4

RNAi PmCHSTlak A Z gz FIFH St
5 6 E FEPCRKG I Pm CHST1afE S BBk AF U1 rp g
) R iA A .

MR EFRESH BEPLE10H B [ B RNAIG 9N £ IR 51 i b BB A 2 R B B M 2
*1 AXLEMASIY
Tab.1 Primers used in the study
514 ST H)(5'—3") FHig

primer primer sequence usage
PmCHST1a-5"outer GCAATGCTTGAACGGCAGTGTTGTTC 5'RACE
PmCHST1a-5'inner CGGCAGTTTTGAAATCTGGCAGGTGAA 5'RACE
PmCHSTla-3'outer CACATGATCCGTGATCCGAGAGCAA 3'RACE
PmCHST1a-3'inner TGAGAGCAACCCGCTTTTATTTAGCAGAA 3'RACE
PmCHSTl1a-S ACAATCATCCAGCACCAATC rha B
PmCHSTl1a-A AATTTTTTAGCATCACAGGACTT rha B
MI3-S CGCCAGGGTTTTCCCAGTCACGAC % PCR
MI3-A AGCGGATAACAATTTCACACAGGA % PCR
GAPDH-S GCAGATGGTGCCGAGTATGT TOCER(NS
GAPDH-A CGTTGATTATCTTGGCGAGTG TOCER(NS

PmCHST1a-qPCR-S
PmCHST1a-qPCR-A
RNAI-RFP-S
RNAI-RFP-A
RNAi-PmCHST1a-S

RNAi-PmCHST1a-A

AGACAATCATCCAGCACCAATC

TTCATCAAATGTTCCACCAATG

GCGTAATACGACTCACTATAGGGCTGTCCCCCCAGTTCCAGTAC

GCGTAATACGACTCACTATAGGGCGTTGTGGGAGGTGATGTCCAGCT

GCGTAATACGACTCACTATAGGGATCCAGCACCAATCTTGATTCTATC

GCGTAATACGACTCACTATAGGGTCTGATACAGCATCCGCAGTATTAT

RNAIi

RNAIi

RNAI

e RPN RILARERTIRE) T 5

Notes: the sequences underlined represent the T7 promoter sequence
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Ll Chondroitin sulfate A M FR#ET, e JE /51
PE M60, 80, 100, 150H1200 mg/mL, {4 IK
S Bl ) s UL, 110 mgl] R W 8GXIE T 15%
IR —2% MIREW T, HERFE100 mL, M
W TAEBCIE T = 50, FEM10 ul, AW 190 pL,
K Vi3~5 mine W4 3% B 490 nm, i FH i
FR A RN A5 DU A4 402 55 A1 o i R A o 25

RNAiG N 7% M & &3 & 52k B R4 M ULE

MUK DL S22 2R 2 5 b A2 28 i 43
PIAL1 emx1 emfg/he, veidg . B+ . 27k gt
LI 5T 180 sf&, TSM-6300 LV & K E 25 394 B 1
i BB L2 DL 5S¢ P 3R TR AR T 30
1.3 HIREAIE

SR FH 2788 C0 i S I 2 Ol e i R 2E AT Ab
PR, FIHSPSS 19.0%% {4 X 35k K & 1k 5 A1 2 £
JO 2 R (R S (A HE AT 35 PR 4 BT (P<0.05)

2 SR 55T

2.1 PmCHST1af %= [E 5IhEE SR

PmCHST1a# B 5 3| 547 ] FIRACE#
AR, IEPmCHST1a cDNALKJFES . iZF5 4
1385 bp, H:A15'UTRA88 bp, 3'UTR 4196 bp,
£31526 bp ployA; HIF B 5 HE (ORF) K
1101 bp, ZitH3661 2 HEFR (&l 1), it SMART#K
PR BTAR Y, PmCHSTa)¥ 5\ £ 45 Tl L 4 45 W 235
¥y 15 (sulfotransfer 3 domain)(&2), FFHAF S Ik
X%, FFHTMHMM Server v.2.075 0 B 5 45 44
B, 459 R PmCHSTafg 14N B AR e X, FL
PEAET~19(K3), & THIREN.

PmCHST1a’% @ i BACK R 4547 FIH
ProtParam TS B PmCHST1a it FHE N
42 4653 u; SFHE A ON9.52; Hoh S E i E & Ik
fi M Leu (9.8%). Ser(9.0%). Lys(7.4%). Val(7.4%).
LA R 344, IE LT AR 3520 s O Hr A R
7 Ho g 7 48 $% (aliphatic index) 4 84.62; P14 3%
7K P (grand average of hydropathy, GRAVY)J}
-0.203, J& TRAKMEHE A, i HSOPMAKK A Xf
PmCHSTal] — 945t 347 W0, B0 o e 25
P 7 B8R 19 33.33%, B FA 24544 110.38%, ZEfi
B 1721.58%, TCHLIAT & 15 34.70%,

PmCHST1alR) & M 4 #7 B = 4R 4 A T
| F ClustalW2 A4, ¥ K44 (Crassostrea gigas,
EKC35714.1), WM 55 2F (Lingula anatina, XP_

013421993.1), Jin FI 4% J& W1 % (Aplysia califor-
nica, XP_005099075.1), St WU B2 (Biomphalaria
glabrata, XP_013087691.1), WM # (Limulus
polyphemus, XP_013774249.1) [¥) CHST1 & 3: 1R 7
G| [7] PmCHST1aJ 75 AT RIIE XS, & IRPmCHST1a
55 H Al 4 Bl 9 CHST IR W 52K (K 4), Horr,
PmCHST1 a5 K4t W5 (CgCHST1) 3 3L 12 1 )5 51) AH
LR e, H31%. >k Swiss-ModelXf Pm-
CHSTaift A7 = 4ELEF T, I 5K 4 W5(CeCHST1)
PEAT LB A3 T (5) . & B PmCHST1a5 CgCHSTI
FIARALE AN, DLW CHSTIAE = 4454 A {5 <
PEAAIE

2.2 PmCHST\a B RIEER D

PmCHST1aft " 9 JE A EE A () A X 55 2 8
5 T 5T LRI IR (P<0.05), TR, 2.
JF I B A0 111 2400 0 A 22 35 (E 6)

2.3 PmCHST1aZEERNAi%E R

RNAi/GPmCHSTla mRNA#) R A SZIF5¢
6 E 5 AR RNA T4 J5 PmCHST1 a4 il
MFeikE . 4R TN, SLRAH X IRAM, £k
12 1 3 T 54.33%(P<0.05)(8 7-a) . #PmCHST1a
A dsRNA . 2§ il PmCHST1a mRNATE & [C Bk £
DL e i v () 3R K

RNAIJG SMNE AN IR £ 5 K 199 B RN A
J5, SXTEAMLL, LA D KRB DA E R
AN TR AR T R VR 3 R 70.31%(P<0.05)
(K1 7-b). VLI PmCHST1al)dsRNA i 2 4 ] 4h &
JEE S HH B R £ BT 3R 5 o

RNAiG N THsk 2oy H MRS
BR 2 3R 2 IR B SO SRS AR, Bk
JZ R B ERAR R HES 25 AR 4 5 )E S AR
W), 25820 6 (K 8-a, 8-b); [KI8-dFiI8-en] LU
W2 3 FRAS G5 GRS RN S8, i R
BT, 2 A A B B G K, A B R OG T
iR, ML ABRZENRE KA KE
WL, WAESCAZERIESIEA, 455 ERmICY] B
SERRREZ BT, RmALRES, HHBA 2 (K8-c);
KI8-flid /s 4 i AR B AE K ZE L, S5 MR RIN, 34
RATEM, R EEEANRES, 4ifERn
LS

3 iR

BiE TR A Jo 2% b i e % 8t 3 o e A 7R AL AR
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1 acatggggacLgtcaaatcttggaagatLLcaLLgLachLcccLaLLLLaLaLaLcLaLLLgtactgtatgcacataatLLcaLLLL
1 M
91 TCGAAAATGAGGAAATGGACAG TTTCACTATTTGCTAACGGGCTCATTAATTGCCATGATATTTCTATACGACTTCCTAAATGACAGAAG
2 S KMRKWTVSLEFEVITGSL I AMIFVYVYDFVNDRR R

181 AGTATGGACCAAATATGGAATGAGTACCCCGAGATTACGCAACATGTTTTCCAAACTTCGTACAGATTTTAGAGACAATCATCCAGCACC
32 v wvITEKYGGMSTPRLZRNMEFSIKLRTDEFRDNILPATP
271 AATCTTGATTCTATCATATATGAGAAGTGGATCAACGTTCCTTGGTGACGTCATTCAATCAAGCCCGGATGTGTTTTATATATTTGAACC
62 I L1 LSsSYMRSGSTZEFLGDV1QSS?PDVEFYI1lZFIETP
361 ATTATGGAGCACAGCTTATTTCCCTTGGCCTCTGAAAGATCTCTACGGAAATCACATTGGTGGAACATTTGATGAAATGACTAAACAGAT
92 LwsTAYTFPWPILIKTDILYGNDTSGGTT FTDEMTTZ K QT
451 ACTGAAAGCCGTTTTCACCTGCCAGATTTCAAMACTGCCCACACAGTTGTTTGACAATGATAATTTTATATCTCTCAGCAGAACAACACT
122 LXK AVEFTCQTSIKTILPTAQLTIEFDNDNTEFTSVSTRTTL
541 GCCGTTCAAGCATTGCAAGAAGAACTCTTCTGACATTTCATCCTGCGTAGAACAGCTTCAAAGGGCATGTCTGAGATCTAAGTATGTTCT
152 P FKICKIE KNSSDISSCVEQLQRACLZ RSI KYVL
631 GACAAAGTGTGTAAAATTACAAAGCGACGCGATTCTCGGAATCAAAGAGGATTTCCCTGATTTAAAAATAGTTCACATGATCCGTGATCC
182 T Kk ¢cv KLQsSDAILGILIKEDZPFTPDLIEKTILIVIMIRDTP
721 GAGAGCAACGTTGAATAGTCGAAAGAGGCTTCGGGCCATAGGGGGAGCTAACGTATCCATGCATGTTATTGAGTTCTGCAACAAGGTGAG
212 RATLNSTRIEKRLIRATGGANVSMHVIETFT CNTI KV S
811 CTATGATACACGAATCTTCAAGCTATTAAAAAGGGTATATCCGACTCACGTGTTTACTGTTTATCACAACAGTTTTGAGAGCAACCCGCT
242 ypTRrRTTFKLILIKRVYY®PTDVFEFTVYHNSTEFTESNTPL
901 TTTATTTAGCAGAAAATTGTTTACAGCCTTGAATTTACCATTAAACCCAACTGTTCAGAAAAGACTTGAAGAATTAACCAGCAAAAAGAT
272 L FSRKLFTALNLPLNPTVEZ KR RLIETETLTSZKIK!I
991 TGATTGTACGAGGAATCATTACGTGTGTACCAGCAAATATAATACTGCGGATGCTGTATCAGAATGGCGAAGGGAAATTGAATTTTCATT
302 bc¢cTRNDNYVCTSKYNTADAVSLEWRTRETLIETFSTF
1081 TGTGAAAGTCGTTGATTCACTCTGTAGAAATGTGTACAGAGCTCATGGATTCCTCCCTTTTGAAAGTCCTGTGATGCTAAAAAATTTAAC
332 vVKVvVVvVDSLCRNVYRAINIGEFL®PZFILES?PVMLI KNLT
1171 A'l'TTCCATCACAGAACgLLLLgatLatccccLaaaacatgcgagaacatatgLaLcLgaaaaagacttcLLLaLgaaLaLaggaaaL
362 FP S QN

1261 aalglicatcglecatgectigatattticaaaatlclcaaaaagaaatgtlitaattatatcaacclgaalg aaglataaattiticactagag
1351 tctecattccaaaaaaaaaaaaaaaaaaaaaaaaaa

1 PmCHST1atW % BR 7 5 53 4
SR ARG X NG PR RN s WIS LS &R TP RS 7 RRR . J7HE N (ATG)RI(TGA) 7> il Jy ke 4R 25 75 7 A1 2 11 % T
Ty AORRGE S FRILRIREE PG HIR; BTS00 Dyl 2 56 7 B -3 45 M 35
Fig.1 The nucleotide sequence analysis of PmCHST1a
S'UTR and 3'UTR are indicated with small letters; open reading frame and the deduced amino acid sequences are indicated with
capital letters; nucleotide with a frame represents the initiation codon (ATG) and stop codon (TGA); the red sequence is the signal
peptide; the underlined sequence represents the transmembrane region; the sequence in gray background represents the

sulfotransfer-3 domain

1.2
. 1.0
#H= 0.8
3’%% 0.6
=
= % 0.4 X — JE g [X — outside —
- 0.2 transmembrane — inside — MHAMX —
50 100 150 200 250 300 350
: : BRI R
0 100 200 300 amino acid position
2 SMARTH 475§ PmCHST1a% B R 4514 3 PmCHST1af% & 45 K35 70
Fig. 2 PmCHST]a protein structure analyzed with Fig. 3 Transmembrane region prediction of
SMART software PmCHSTl1a
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ERHE, 4%

SN L. polyphemus
InFAE e Witk % A. californica
HEMEHE S 2F L. anatina
FEIRUGIE B, glabrata

L RERBEDL P martensii
K4LW5 C. gigas

FWE& L. polyphemus
InRAE B I % A. californica
WSWENE S 2 L. anatina
TR B. glabrata
HIRKBEI P, martensii
K4LW; C. gigas

EIM#E L. polyphemus

InRAE RIS A. californica
WSWENTE S 2F L. anatina
FeIFXU IR B. glabrata

L [RERBEDL P martensii
K4t C. gigas

EME L. polyphemus

INRAEJE RS A. californica
HEMEHE S 2F L. anatina
FIHFIR B. glabrata
HRERBE VL P. martensii
K4t C. gigas

FWE L. polyphemus
INFAEJE G A. californica
REMEHE S 2F L. anatina
FEIHIFIR B. glabrata

5 [RERBE DL P martensii
KALW; C. gigas

o L PR A DR HE 4% 7 i R 14 5 B e S g 673
~TYILLTTY RSO TRLGEVLOHHSRD TgYHYIGLHHL TLS TR~ T 61
Rovrsattsan-pevrL ABRLLLYEDDRY-———— PPK—LPLYR 121

TTGELINKN=DI IA TWGEYKSMEKYGSLTYPNGTTKPAPK
T'I'AA[,IAIIII*KI)V I,I‘\“I,ARW ********* PNNSVNERFY
PAPILILSYWRSLSTFLGDVIQSS*PDVIYIFHPLWSTAYYPWPLKDLY***GK*D——IG

rockkkkro Lok Rk

-MPVVI I.'I'Y\“ISI’I‘(ZI VLQAS-DDV I RTTQFHFRKSNTEYYLNGNNR—SY

*QNHSVDAV’NQLENFLREKFTN;\K\'LSHVQ ********** KKGNEFMFTK——=————
Q,\II)MKEESLQKVKEMLNQFT,\IGSLVERSLTV **************** TTLAQVF———
HGIEFDETTQ IVDDLL,VRMFI\' IPLDVTAPYDIVFQIFRTDKGKEIVVPKDNHDFQAGLG

NTQE-VRSREIT HSFLTEDF***PFDTFSKLD NSFHRTVD

—GTFDEMTKQI [,KAVI"I‘Q ISKLPTQLIFDNDNE TS VS
*’[‘VI‘I,I)IAAI)\"[,\/IEII“Q!\I“IZM_PI,PI‘I‘A*I)(}I‘IS KG

HEE

RHQRL,\IDFKYFD*LK*SK***RGLGK:‘\SLP*LMQEJ\!RTASLKTLLLRI RMNQVET
***** SSRTLYD*LYS L,)K***SGFDHFS!YK*DY I DL!KSHKVTLVT IRYRVQWAEW
R*f**TTLPFKHEKK,\ISS ******* DI SSVE*QLQR;\LRSKYVLT(?VKLQSDJ\I LG
K****KSKEFRVMHQKTKNTSLNEE\TKQ@\L*,‘;IMKKM!QJ\SKYI ILT IRIPLKILVP

k k k koo

LLEQTSDLDIRVVYLV{BYNG | 17\1RRKI_AW('KA'['\J***('SS\WS\ QII I IZII\"QI IFYRL

MIEENPN——LKVIYLVEBIQRAV | I,Q\*II.I%I.I%!\RG\JI[['*I_IZQSI_DI

LMQKNPR——LKV T HLV]NRHAAL IRI%K\r"GII\“II(}\/I,***IZ\“IIIA!\\“IR

FMKKYPN—FKLI II,VA'I'[_I“QAS\"I‘IEKI“I)\\"I’!\Q\’A\II‘SRQIIGI,\/AI{IAA()I:I,I, 2
IKEDFPD**LKIVHMIj\TLNRKRLRE\I(?(?j\N*‘a’SMHVIEF!I\KVSYTRIFKLL :
FPEIFPK**FKILHLL“\TLKEQSRFGVVRTEY*I\“IQEI\}\TKF,\IRVY,\IﬂITIARQT 26

colkelelsk sk L 3

QNIFPGKLS IVRFEDLSYNLKETRJ\LFNNLKLQFSEYAKQYLT,\IHTSVK,\IJ\EK***QPF :

LSRFPKRFK T VR‘r’Ii'I'()\r"\“ISI)III’AKIC[.I.I)I’AI)IS

EHVEPNR IMQVRYEDI ,AI’,I“'I'IZ'I'A'I‘A IYEFLGLP:
LKRYPGRVLGI RYICDGAI.I’,YKYAQK TYRFLGID:

KR\r"\'I"I‘I)\’I"I‘VYIU\SI’ICS\II,I.I“SRK[.I"I‘AI,\l[_l’l.!\I"I'\’ICKRI,ICICI,’I'SKK IDCTRNHYVC

TSTADGRYFPI SYIC\/I,AKYI’Ii\*IA'I‘\JV‘r'I\I’I EME

*

& 4 PmCHSTIa5H MM e S &8 F5Itk 33

I’RI_QIZ\"QAARIZI_ ‘
iII_RYS'['RQIiI, P

18

15

11

119

208
204

200

—

93

207

292
309

297

R AR OR TR T VR IE IR MR O A B R R SR DL R R < ROR S LR E AR R s A O B R X S SR R 1Y

(A

Fig. 4 Amino acid sequence alignment of PmCHST1a with other species’ CHST1

“*” and black background indicate the conserved amino acid; “:” and gray background indicate amino acid with strong similarity;

« »

M, 2 56 MR & H R (KSPG)EHE Iy 4=
Y o BRIR A R K H R B AR T3 )
MAH, HAPR ., fidi. 25595

indicates amino acid with weak similarity; the right numbers show the position of amino acid in the sequence

Zhp A BRDIREY . AN S 3 o X A R A T AR i
B A% B KL R PmCHST1 ai#F A7 4K S e I R 43
Br, R B BE LR R A o1 3K B Bk e 7% g 5k
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(a) (b)

B 5 DKL N PmCHSTIa (a)fl1K 4t 4fF
CgCHSTI(h)EH S T4
Fig. 5 The spatial structure of protein molecules of
P. martensii PmCHST1a (a) and
C. gigas CgCHSTI1 (b)

KA DL S22 2R)Z 8 it R A E

AW FEH I RACES R RAT T PmCHST1affy
cDNA%4: K, SMARTH A Fil I % 8L PmCHST1a H.
A7 i R () itk KL B L i 45 A9 3 (sulfotransfer_3
domain), %4, PmCHST1a% 3R ¥ 5 ib 515
5RE A RS LS R s, HENT 67 T RSN, AL
SRS T Y, A5 e R A B L e
it () 25 A6 RF A, JE T e R R A BEK R A AR
figlem, FR R, SR SRR S i S
SRR ARG IR . B . IR IR B D) &
iR eI R G, K, PmCHST1an] fig# i
ZHRMARENEY G, 255K
A B A

NudelmanZE"WF 58 & B, 129588 12 (Nautilus

1.2 ,
g 1.0 4
7% 0.8
ﬂﬁ!gOé :
= *
X2 04 :
=g
© 0.2 4
0

1 2 3
RNAJ& % HE RS20 20
the control group and expetiment group after RNAi

@

35 4
30 1 a

|
20 1

15 1
10 A

FHXS ik 5
relative expression

=

b
] i
0 T — T T T

1 2 3 4 5 6

HP
tissue

B 6 PmCHSTIafE 5 RIKE NAEHAFH
Rik7H
LG, 2. i 3. el 4.2 5.8 6 tkliR: 7.1
JofR: 8. LAY FREAS [F 7 BRI 2 R 8 2 (P<0.05)
Fig. 6 Expression distribution of PmCHST1a in
different tissues from P. martensii

1. marginal zone; 2. central zone; 3. adductor muscle; 4. foot; 5. gill; 6.
gonad; 7. hepatopancreas; 8. hemocytes; mean values with different
letters are significant different (P<0.05)

pompilius)FIYLBk (Pinna rudis)i) V56 SC A7 SR 1)
ol R BT AT B R R A X, S
5 R . FernandezZ5 R & B, £ 41 i D1 5%
BHEMAHIE T AERRARR, 2505
BIRZMIE . ] s ik R 5 A A R
AR AR VLS 0 AR W i Ak o 78 b A 4 AR
o ARFFFERI T PmCHST okt A 7E 5y [ 2R B 1
HHA P RIL I, KINPmCHST1 ot I i

180 -
160 I

140 -

120 |
100 1

80 -
60 -
40 1 *

20 1
0 . .
1 2 3
RNA & T B AL AN 5250 20
the control group and expetiment group after RNAi
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Fig. 7 The influence of RNAi on the PmCHST1a relative expression and

the extrapallial fluid keratan sulfate concentration

(a) the expression of PmCHST1a after RNAI; (b) the keratan sulfate concentration of extrapallial fluid after RNAi; 1. Rnase-free water group; 2. dsSRNA-
RFP group; 3. dSRNA-PmCHST1a group; mean values with“*”is significant different (P<0.05)
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Fig. 8 The influence of RNAi on the ultrastructure of shell nacre

a, d are the DEPC group; b, e are the RFP group; c, f are the experiment group; d, e, f are enlarged of a, b, ¢ respectively
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Cloning and function of sulfotransferase gene PmCHST1a in
Pinctada martensii

WANG Qingheng '?, HAO Ruijuan ’, ZHENG Zhe >, DENG Yuewen ’, DU Xiaodong "**

(1. Fisheries College, Guangdong Ocean University, Zhanjiang 524088, China;
2. Guangdong Technology Research Center for Pearl Aquaculture and Process, Zhanjiang 524088, China)

Abstract: Biomineralization is the process by which mineral crystals are deposited in an organized fashion in the
matrix (either cellular or extracellular) of living organisms and the deposition of precise arrays of inorganic
crystals in many organisms involves controlled nucleation at interfaces between the crystals and substrate
macromolecules. Mollusc shells are used as a model for studying “organic-matrix-mediated” biomineralization, in
which crystals are nucleated and grow in a pre-formed structural framework composed of proteins and
polysaccharides. Acidic matrix macromolecules glycosaminoglycans were also associated with biological crystal
growth and keratan sulfate widespread in animal tissues had a potential role in the process of biomineralization.
Sulfotransferase plays a vital role in catalyzing the transfer of sulfonic acid groups in the processes of
glycosaminoglycan synthesis, and glycosaminoglycans keratan sulfate with copious amounts of negatively charged
sulfonic acid groups participate in the nucleation process of biomineralization. In this study, we cloned the
sulfotransferase gene PmCHST1a (Pinctada martensii carbohydrate sulfotransferase 1a) which participated in the
synthesis of keratan sulfate and explored the function of sulfotransferase and keratan sulfate in the
biomineralization. The full length sequence of PmCHST1a gene was obtained using the RACE technology, and we
detected its expression pattern by real-time PCR. RNAI technique was used to study the potential functions of
PmCHST1a in nacre formation, and we detected the effects to the synthesis of glycosaminoglycans keratan sulfate
at the same time. The results showed that PmCHST1a, whose full length was 1 385 bp, encoded a protein of 366
amino acids. PmCHST1a carried with a typical Sulfotransferase-3 domain (Sulfotransfer-3 domain), a signal
peptide and a transmembrane domain which made the protein located in the Golgi apparatus. The results of real-
time PCR showed that PmCHST1a was highly expressed in the central zone of mantle. After the RNA interference
experiments, the expression of PmCHST1a significantly decreased in the central zone of P. martensii, in union
with the significant reduction of the concentration of glycosaminoglycans keratan sulfate in the extrapallial fluid.
And the shell nacre crystallized irregularly compared with two control groups. These results showed that
PmCHST1a may affect the formation of nacre through affecting the concentration of glycosaminoglycans keratan
sulfate in the extrapallial fluid. This study provided the fundamental basis for further research of sulfotransferase
and glycosaminoglycans in the formation of nacre.
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