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DREEAT — ML . BEFE R 45 2R A B T8 7R
JLT B e A AL B3 DL DL 52 a7 Ak P A T, D4R
FERTFL R DD FE I8 L B4R (1 RS SR Al

1 MRS A

L1 SERRY

FoAL B DU T35 B K= i 3, 1E S A
FigR T AT ECHI Ak, BRI 17~19 °C.

1.2 HiflBERNREERERRIE T

A HTFL RS DL DUSE 25 8 7ok vk, F5%
LA W T I 4~5 d, IR EE B 1R A AL
BRI . IR B LA O JE 258 T OK T Uk
JEMET, MERBFENLITES SO R, Kk fifi H10.45.
0.25H10.15 mmFLA& AT Fad i e, CER 45

B4 D588 R I AE0.8 mol/LAY 2 — iU 2. 1R
(EDTA)E W T, B T4 cCHYREE Pt HE 5 it
2dJE U, R VLSS R AV i ) AR RIS R
DUVE (2 5 Y EDT AR W HE A T 75 At 22 [ 1R AN 7
W, B R KA T R EAR R B A
B A3 mL 10 mmol/L DTT, 1% SDSHY Tris-HCI
W, WA, RS E DR EDTARN Al 4 77 o
H4 VL7803 2R 1) 100 R W e A MD44-3.5i& BT 48 (58
& 44 mm, MWCO: 3500)4 = 1/2{KFL4b, & F 2
BT KT F4 cCHNE FENT2h, &12 hHE
VR B K 15 438 B 48 b (R W AR 32E 1 7 8 D8
Wedyi, RIF53 DI5EEDTAR VAZH 4y . K DL 5E 1Y
EDTATW % 4 43 5 A 0l % 241 7 i 47 SDSHE K
vk, VI RE Gk 2 AR K AR A W B K
TG AT B 37 5 53T (MALDI-TOF/TOF
FEiEA) o

1.3 #FLEINBALE ZRNARIREL

H) F TRIzol3% (Invitrogen) 2 BUHT£L 53 D1 2H 21
M B RNA, 11 1% 149 B Big Bl TBESE e i vk A
Nanodrop43 3t Y6 £ 31 (Thermo Scientific )k &L
RNA 51 &

1.4 JL T RESE cDNAS KB EFI SR

) PR 5 1% cDN A K ¥ (rapid amplification
of cDNA ends, RACE) /Y J5 ¥ ffi FH SMARTer™
RACE cDNA Amplificationix 5fl] £ (Clontech) 5 [ 5
ST FL 5 DA B AL 21 b JL T ) cDN A4
K, BRI MU e, Hrf, SRACE
FI3'RACE M 51 9 /2 AR 45 415 FL B D1 125 5 20 21
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SEAEE EN T B JL T B B unigene )3 81 4T IR
i, BARRFIILZERL, &5, FifLE LT R
fiff 1) 15 f2 L cDN A4 K 3 51 19 35 31k 4 51 4 FRI
SIHIR(E DIEFTY 1 (KOD-Plus-, TOYOBO).

it AE A X AL DL LT o Ak AT 5
G0 53 B, AL FE Tk B 132 AE A B0 (http://www.
ncbi.nlm.nih.gov/gorf/orfig.cgi). & {5 5 Ik T
I (http://www.cbs.dtu.dk/services/SignalP/) . i [ #
PR AT 3 BT £ D S FR e 45 H A5 8 T ((http://
web.expasy.org/compute_pi/). & FH i ) BE 45 #4) 5k
5 (http://smart.embl-heidelberg.de/index2.cgi)5¥ .

1.5 JLT RESEFERIEL S

WAL DUAME RS 2% . SPGB
FE L SENL . PR P R A AR 7 A AL S R T
HEATRNAMFEHL . {8 F Realtime PCRI J5 12 46 ]
AN LU LT BB P A A A Rk i . HAR R
i PrimeScript® RT Master Mix Perfect Real Time
(TaKaRa)if 7l £ % 4 U B RNASE AT S e, IFAf
HSYBRH Premix Ex Taq™ II Kit (TaKaRa)i® 5,
FH I 52t 265 i - PCRIX (LightCycler480, Roche)
HEATARGI o AR T 04 55 56 3L B B-actinfE Sy N2
SRS 35 AR X 2 3k 7K P 1 T BRR 270 T
17, Realtime PCRHME 95 [ WL 41,

1.6 WHILBENNENRFIEESIE
B Z1) S0 S FH R AR I DL FE i 18 2 ad R rp
%1 PCR3I¥F7

Tab.1 Primer sequences used in PCR
BIE By 515

primer sequence

5S'RACE-1 AGCCTCCAAGTGACAACATCATTACAAG

S'RACE-2  CAAGGGTAGCATAGGCGTAGACAATA

3'RACE-1 GGAGGAGCCTGACGACAAGAGT

3'RACE-2  ATCCCAAGAATGTGAACAACCTAAGTC

confirm-F CGCTCGTGTTCGGATGTCTGATAAG

TTCATTTTATTATTTGTGGGAAACTGT

TAATACGACTCACTATAGGGACACGAGGAGGAGC

CTGACG
TAATACGACTCACTATAGGGATCGTAGCCGACCC

ACTCATC
Realtime-F  CGATGAGTGGGTCGGCTACG

confirm-R

RNAIi-F

RNAi-R

Realtime-R  TGGTCCTGCCTGGCGTTAGT
B-actin-F TTCTTGGGAATGGAATCTGC

B-actin-R ATTGTGCTACCACCGGAAAG
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FRAmedl, T %3 I D BE R AT /A Y, UG
RNA (dsRNA)#) & i fd I T7 RiboMAX™ Express
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W21, WE R ML D124 5, o S5 4
WIVE ST 40H180 pg cht-dsRNA/200 pL GGk , B
X B8 2H 1 540 ug GFP-dsRNA/200 pLIGHE K, =5
FX RE T 5200 pLICHg K, BEdl6 Bl 6 dJF
WAL B DUANE R AR &, E AT BIRNA
14) 12 BRI BE PR 2 38 /KO iRl AR 4E 2 1]
“HIFL B DL 2 21 RNA R FE I R LT il 3 A
() L 2053 A7 R D S 56 25 BR AR AT o [R] B WA 45 A
AGFLR DD, BB Tk E )RR, A
HH# i 7 B %5 (SEM, FEI Quanta 200)3# 17 1 5%
PR 2R THD 2548 ORI

2 g

21 LT REEEMILENANSZS S
XA AL B DL DL 5 B 5T 40 9 0T 3 43 B 45

WoR, O UWLHRE 7 FE 5T 8 M shematrin 5 85 A5 I A7
E TEDTAREPEA sp b, LT B - 7E T4
fLI DL DL 52 M EDTA R IS PE AL 73 5 A8 T i 1k 41 43
o, EE SR REEY . JLT BEGAE AL RS DL D5
) 1 = R TR 25 AT RE AE AL B DL DL FE TP AR
T EEEE IR

22 WFLERJLT BB & E cDNAZ KHI IR B
K553 #h

R 5 FFL B3 DL A1 2 5 20 4 5 S5 A B H )T
H iy JL T 5 B unigene ¥ 41, 454 BT 43 A4 5
() JL T JoT il & o3 2 S R B B, i 32 RACERY 55 5%
F-Be o B A B M FL RS DUIL T B ) cDNA 2 K
FliFL s DA JL T 0T g 56 P cDNA 4 K 3£ 1587 bp,
HAs R4S X 92 bp, 3'AE4MAS X175 bp, FFik

=
2=

IR HE 1320 bp, 4 i%4390 2 FE R 5k 3 (K] 1-a).
TE L T 1) 25 5% 7R ML R UL T 52 it AR X 23
T 29450.56 ku, FEIRSEHL S N6.22, A —
B 22 F AR 1 AF S K, S — Rl W R
Mo Rl DULT 1 cDNAF A E 4 [ &
GenBank ¥4l 2, %5535y KU882680.,

L Bt DUJLT 5 il 2 5 R 97 1) D) e 45 14
BT R, HBEA I 50T B o i D e % bl
AH W5 K i 1 1 844 1L 45 #4358 (Glyco_18 domain)
DL KA 5 LT B AL T Joa il AR B A FHAH OGB4k
2 5% X 38 (low complexity region, LCR)([& 1-
b)Y HIFL RS DL T Tl s 5 R P 91 A LT
B OR~F DD RE LS M 0, TR 5 LD i AR <7
AN, R AL RS DLLT o Y 2 R A
AR AR Zh ) & 2 i 38 i JL T g LA & LT o
RO EAMFHN AT X & B, FifL R D5 o
% 33 DL (Patinopecten yessoensis)i JL T 5t fiff /v 51
A IE92% M ARUYE , 145 RS X A A e i
A BE BRI Y SR 2% ¢ R AT

23 LT RESEEMAR D/

i i Realtime PCRIY) S50 J7 ik AG I 1 A5 L B
DTAHE P ILT BRI oL, 4R B,
LT HADLA L, LT SR 2 N A S IR A Y
FAEU e THAAL, HASNEREBEN
Rk ANINE R L8515 (K2-) . SNE A
NREZHILEYT W EZEMA, HhZ2YH
A AR SC A Rk o ad HAB 4 2L, TR
FgE R, LT ol S A L A LR DL SR R 2 41
R RS, WA TERES SHILE LI 5
T R E N

24 NEHGIZELSESLT REBEENR
i

FEXT DU FE AT B2 Z 05, ML B D 2 37
BMEE Ry, MABGERALN N 5E, AT
B2 5 5eg b n AR A A U R
Ak . B ST AR B2 S AN [ B TR A5 43 0 R
LS HMIFL B W AN E BT SRNARMAREL,
%% J5 1 14 Realtime PCRXF JL T Joit filf 3 [H] Y 6 1k 7K
FREAFARI . AH LT BB AL (B0 hy, JLT
FE I TE6 hilf i FR 3K 7K R B 22 15 7K1 19 50% 22
Fi, JFHBEE BRI RE R, LT L R Y R
IRAKCPHRFZE TR, BRZI5144 hHERBE T ER
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ga
gtgtcggtgaggtggegetegtgttecggatgtetgataagectgtaggegatatcaaaaaaggattttectggataaatcatatcatcaag
atggacgcgaaagecgttcttcaaggtgtgettgtectectgttacacattatcttaacagecageegagtacaaacgggtgtgttactac
MDAKAVLQGVLVYLLLHITILTAAEYZKT RVCY]Y
agcggetggtctetataccgtgacaaggagaggggectggeteccgaggacatcgacccatatctetgtacacatattgtectacgectat
S GWSLYRDIKERGLAPETDTIDPYLCTHTIUVYAY
gctacccttgatgatacgggaactaggatcattgttecgaacggatatgaatcagaagaactcaacttgttccggaggttecatageatg
A TLDDTGTRTITIVPNGYESEELNLTFRIRTEFIHSM
cgtgccaaaaacgaagatcttgtaatgatgttgtcacttggaggetgggetactgacagtaagetcttttctaagacggtttettettta
RAKNEDLVMMLSLGGWATDSZE KLTFSKTUVSSL
gagaacatgcagegtttegeggaggaagecattaactatcetgegeaaacacgacttegacggactggatattgactggeagtteccegee
ENMQRTFAEEAINYLRIKHDTFDGLDTIDWAQFPA
acgagaggcagtccgccagaggatgtagaaaactactacagatttttaaggetgetccagtgggaatttgaacacgaggaggagectgac
TRGSPPEDVENYYRTFLIRLTLA QWETFEHEETEPD
gacaagagtaccctgatcctaactatctgtgtagatccgacagtggagagggectecatttcttacgacctecctagatatgeaagatgg
bKsSTLTILTTICVDPTVERASTISYDILTPRYARUW
gtgaattggataaacatgaagatgtttgacttctceggecactggaacgatcecgattattgetaatcaccacageccectgtacagtget
VNWINMKMEFDFSGHWND®PTITITANHUHSZPLYSA
cacgatcccaagaatgtgaacaacctaagtcgatattgggtaaacaagggegtgecacgtcataagategtgateggactgectatgtac
HDPZXKNVNNLSRYWVNKSGVPRHKTIVIGLTPMY
ggtcgetcattttctetggecaacaccaactacacacagectggageteccgecateggaccgggatetgatgatggagacggetaceee
GRSFSLANTNYTA QPGAPAIGPGSDDGDGYP
atatcacagctttgtcatctgattaaaaatggtgecagggagatgatgategeagacaaacgagtgecttacgtggtaattggegatgag
I SQLCHLTIKNGAREMMTIADI K RV PYVVIGTDE
tgggtcggctacgataacceccgagagtatcaaacaaaaggetcegtategeattcaacaacttecteggtggegtcatgatttggacattg
WVvVGe6GYDNPESTKA QKARTIAFNNEFLGGVMIWTL
gacatggatgaccaccgtggtgectgtggteggeegtaceegttgataaacgeagegetggacggtceteaacgeccgecacgggtataat
DMDDHRGACGRPY?PLTINAALDSGILNARIHGTYN
gagctcattactaacgecaggeaggaccaggeccaacaggecgeegecaaaaaggagatttatcgacagagageactgggatgggaaatg
E'LITTNARA DA QAQQAAAKIKETIYRQRALTGWEM
caggacaaacaagaacgtatacatcaccaacaaagaggaggtcgtaggegaggetggtgagetgtaactcaagggttacgactacgggte
QDKQERTHH QQRGGRTRRGW *
ggccaataaatggtgttatggtgtaatttaaataaatgecattaactctaaagataccgetactttecggtgtagatactacagtttecca

caaataataaaatgaatattttagaaaaaaaaa aaa
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Fig. 1 Bioinformatic analysis of the chitinase gene in C. farreri

(a) full-length sequence and amino acid sequence of the chitinase cDNA; the shaded parts are predicted function domains and * is the stop codon; (b) the

predicted structure domain of the chitinase protein

1EH K 920%(E2-b) . 2B T FEMIFL B DL L 52
W16 W Fe v, JLT R S D R kKO 2
BT EBES, BREENMEEETFS 5%
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M) D 55 B9 FZ AR A0 oh W

KT P WF I AL DL T R B A D5
WAL AAE A, AHBAIEFT TRNAISLK;:, 85
) A FL B3 DU AT 56 UL HP 3 B LT 5 i XU BE RNASK:
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cht-dsRNA/200 pLJG i 7K 52 5 20 1) JL T 5 il 2 1A
FEIR KV B A ) ) 1E H K 75% &2 4, 80
pg cht-dsRNA/200 pLICHg/K (S2 g2l rh, JLT
il (1) 2 3R 7K P Wtk — AL I B 60% LA (813), X
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Fig. 2 Real-time quantitative PCR results of the chitinase tissue expression level and shell notching

(a) relative gene expression levels of chitinase in different tissues of C. farreri; 1. mantle edge; 2. mantle pallial; 3. gill; 4. foot; 5. gonad; 6. visceral

mass; 7. adductor muscle; (b) response of the chitinase gene during shell regeneration after shell notching
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Fig. 3 RNAIi assay

*_significant difference with control group, P <0.01
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Fig. 4 The structural observation of the shell by SEM

(a) group injected with 200 puL. of DNase/RNase-free water; (b) group injected with 40 pg of GFP-dsRNA diluted in 200 pL of water; (c) group injected
with 40 pg of chitinase-dsRNA diluted in 200 uL of water; (d) group injected with 80 pg of chitinase-dsRNA diluted in 200 pL of water

LB 3G e B b, T A LA DL gy DL e 2 R
AL R BULT 5Tl R A7 A T A R I B LT
Jo A RS P AT AE o AR DL 7P I HE L B S
XFETIILT AR S B i AT TR AR, AE
ERILT BAERL B AT, LT A i & 4% &
EAER, BEATILT B A, Bem LT SR AR AY
FIRGAE], LUGRIEJLT BAg BEER, B A
SR LT B9z i ) A ) AR Sh AT DL SE HE SR Y
. mFILT Ra M EdErWER, A
W W BN A AL, A b SR AT HAD B4 73 1 XS 5
LT BT R, AR A Al i A Y Y
HEZRAE S e e Rt b dh iR g Ao il HLAE B
IHERR Z 5 Z2 A3 W LT Bt S wl e gt DAGkE 4
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WA AR SR, EKRENROENT
DUSE ) SN 22 A B, TR 1 ZEf DL 52 1Y
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AHAER A, FERNAISEES o, XL T Jo il
MRk AT JE , WY T R LR DA N L
TR A, LT A B AR I AT,
1115 3 FRAE DL 52 2 1 2 A B LT stk A JLT Joi il
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Cloning and mineralization-related functions of
the chitinase gene in Chlamys farreri

WANG Jun, GAO Jing, XIEJun, ZHENG Xiangnan, XIE Liping, ZHANG Ronggqing
(School of Life Science, Tsinghua University, Beijing 100084, China)

Abstract: Chitin is the main component of mollusk shell organic scaffold and its metabolism is important for shell
mineralization. Chitinase with the function of chitin hydrolysis plays a key role during chitin metabolism process
and is related to the formation process of shell organic scaffold. In this study, by the mass spectrum analysis of
shell protein, it was proved that chitinase had an abundant amount in the shell of Chlamys farreri. The cDNA
sequence of gene chitinase was obtained by RACE and its full length is 1587 bp, coding 439 amino acid residues.
Analysis of chitinase protein sequence with bioinformatics software shows that it has a conservative function
domain existing in chitinase protein family with the function of chitin hydrolysis. Chitinase in C. farreri had a
much higher expression level in the mantle tissue than in other tissues, especially the area of mantle edge. In the
process of shell regeneration after shell notching, the expression level of chitinase showed a decreasing tendency
indicating that chitinase responded as a negative regulatory factor during shell regeneration. After knocking down
the expression of chitinase, the structure of the mineral slices was irregular and fused with a fuzzy shape and
unclear boundary. In conclusion, it is suggested that chitinase in C. farreri might be related to the formation of
shell organic scaffold with its function of chitin hydrolysis, which is also important during the process of shell
biomineralization.
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