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(Huang et al, 2010), JLT B2 H s sbseny £ 2
g1, HA ORI B AR AE 2 28 sh W il fe A o A8 ol 5 R
WEENEM. #BILT AR FY], JLT R
RT3 6 (i, 2004), 1. T, M, IV, V
T N- £ o 38 2 0 it o W SE TR K A S 19 R ds 1
. VA, FZAETHEY. 518 BEass AV

R, FE s MBS o Tz, RS T TR R
FEENY) =Ptk % (Portunus trituberculatus) i) JL T it
JEFILT Wafss 18 el AL, 55 20 MWELHG N-2 kA
% BRI B (Techkarnjanaruk et al, 1999), =Jitk T4 &
BRI LT BAhse s, RAJLT A B+
THALIL T Bie WFEsh LT BB 15 ) 5 8 je A7 A 2%
VIR, S0 SER GBI — (B R,
2011), Bk, AHBWMILT FafieziEnr, RE
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(1998)7r B i T H 7 4 %t iIF (Penaeus japonicus) ) JL
TRl Pjchi-3, KITEHATBENR h &L, SHA
X R X LT BT 2 W I A A G . BE T X AR
(Penaeus mondon) PmChi3 -t = B 7e JF AR ik, nf
BEFEJL T B & W i Ak & ¥ /E H (Proespraiwong
et al, 2010), [ B % ¥F(Fenneropenaeus chinensis)
Fcchi-3 (Zhang et al, 2010)A1 JL4H 7% % 45 (Litopenaeus
vannamei) LVCHT3 (Qian et al, 2010) /& T fig i 45
PR, HIHEAHE,

ARSI N PR I R AT T i
BESRA I Y, M i 3R A5 PtCht3 36K i &84 ¥ 51
KM RACE HR, wapefd iz 5 M 2K cDNA JF
G, FERE LA [R50 K JRl S AR ER 38 /5 1) = et +
T U0 ) FRARFHE A TR 2P 05, DU =R+
& PtCht3 4424 DI REFN95 15 R 1 ML AY AFF 57 42
HEHLS AR

1 HHEH%
1.1 el

SRR A SR A L R EEYT B B A R SR
{ARIRAS RAFI) = PR T8 1200 2, {AHE N 4.67-6.89 g,
M 20 m®, FRBIFAE 200 R =Pt T, Hho b,
7% 3d. HARB/KFFFEERE A 33), /KIEAEHITE 24-26C
feti, pH=8.7, PRFFILEARE, HRTH 1/3 HKE,
B, K 18:00 % B i3 (Potamocorbulay)
PN BAE Y 5%-8%.

1.2 EEAHE

RNA, T M 56 B v A% 2 € it U (Biodropsis,
BO-1000)5 1.0%B B b &8 e v vk A I 5 4% HUAH ] J52
WP AR R EE 6 XTEE Y B RNA RS, %R
SMART™ RACE Amplification Kit %] 454 i 3' RACE
H1 5" RACE ) cDNA,

1.22 4% cDNA # 55  FIFEM: Primer
Premier 5.0 51, WK = PEm 188 I s S 8K
PR LT RS 3 1 BN IR P FIFR 2 (BST),
47 3"F1 5" RACE F¢ 51 Wi it . F Advantage
2 PCR Kit ¥4 3'F1 5" Kui. /-3 AFeHHEsY
PtCht3F 1 PtCht3R 5id 5|4 UPM §"1 3'F1 5" A vy
(&), HESETHE14),

123 F3o5H S M EH1(2014)V, F Vector NTI
11.0 B LB el 7 8 R i TCAR P50, JF 9k R
- DNAStar 1) EditSeq T JF % 5 52 HE | IR 2 JE TR 5
XF PtCht3 3t PR 11 e 7 91 e 5 1) L e )3 91 A 7
) 1 L x5 R o A T T | AR R X
3 HT B AR ST ) BE S AR J A3 A 2 R AR SCAE S (2014) 5
HHAWYFILT Bl 3 05T 285, R
Ja AR IEL AT R i i, BRI
Bt €45 (2013),

124 =ZRABRTESEEHELR B HUA 7E W5 Kz
0. B, SR =R T 3 L SIS
(2011), AW =Peh FREREE | XTEE . ULP . TR

FoXtaE, M. B DR, R R, M4, T
WAL, R RNA,
125 #%EMia L FEALPEECE 35 3 d I =TER

FHE 600 H, SCIGIEE 2 ANEREEA, 0 R ER AL (3

1.2.1 % RNA %3 IE cDNA % —44 654 %, R TD)FNER (A SRR, R R 33), M4k 3
ST (2014)", Trizol ¥ HEHUIT B LY & ASEAT, FAFAT 100 2, T 3 m’ @i i f 7508
xR1 ZHEBTEPCh3IEEEFASIMET
Tab.1 Sequences of primers used in the cloning of P. trituberculatus PtCht3
5|4 Primers J¥%1 Sequences (5'-3") 1 Purpose
PtCht3F GCCGAGGAGGGGTGGACGATAGC 3'RACE 5%
PtCht3R ACCGTCAGCACCATACCTTCAGC 5'RACE 5|9
UPM CTAATACGACTCACTATAGGGC 5'RACE 5%
PtCht3RCf ATGATGTGGAAGGCGCTG I04F ORF IE[M 514
PtCht3RCr TCAGCGTTTGGCCTTGTT I51IF ORF J 19514
MI3F (—47) CGCCAGGGTTTTCCCAGTCACGAC DNA %38 F 1E 514
MI13R (—48) AGCGGATAACAATTTCACACAGGA DNA ) J5 38 ] 5 1) 5 1 )

1) Wang Y. Expression analysis of salinity-related genes and development of SNP in Portunus trituberculatus. Master's

Thesis of Shanghai Ocean University, 2014, 11-12 [ E#1. =Pt FEEELEMISCIL N TR . FRIBHT KL LT SNP ) FF 4.

R R AR LR R AR 2 IR S, 2014, 11-12]
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ik & =PEtk T8 (Portunus trituberculatus) JL T i PtCht3 5 [ 7o [ % 2 J ik 20 Hr 169

MICER 2 ER BE L Uy i . 5 RS HE NS 25(2012) 1] [ SR 65
KRR, IRE), EHAREE R 11, FIA YSI
EREEAURHESR B . 2y 2 4, B 3 ANEAT, A
THHE 0, 3. 6, 12, 24, 48 F1 72 h Aff] S 3 1
SRR TR AT AR, FIRE PR R, 3 T
HAREIR GO, T /52 RNA B2,
1.2.6 JULT B4 B PtCht3 mRNA #) Real-time PCR
i3 ol Xif R 4 NS0 4H = AR T8 T B4 21
L RNA FEEUHT cDNA (1)) 5% 5386 1oy 3 A Trizol
{57 #1 PrimeScript RT Reagent Kit 5% i
RIEPHETISR PICht3 ¢cDNA JF54 K FE M
1) = PR TR 2 BL IR B-actin, 439353t 1 % iE s
5519 (B-actin-F Fl B-actin-R, PtCht3qF I PtCht3qR)
(R 2), X = PoHe 188 JH J A R e 45 A 5 PR FE AN [+
B[] 506 B W 38 09 AH X R Gk R AT AR I . R
Real-time PCR X} 464~ 2H 21 p Al filpac HEFE H PtCht3 3%
)28 DLHEA T GE 3153 BT . PtCht3 &K 1 AR X 2235
A 2 MR, i SPSS 19.0 # R T LN
27 2241 (One-way ANOVA), P<0.05 F£R2% 503,

2 H#R

2.1 A RNA [RE®N

I A T 5 2 ASOGT Jir B A% 21 2 B IO R AR 1
RNA #4745, H ODago nn/ODago nm HLIHIITE 1.8-2.0
ZIa) 5 1.0%Ih N WE e I F Uk R TN 2 B 3 2% Wb 174 4%
M, Jr9IE 28S. 18S I 5S rRNA. #5455 7,
PRI B RNA 403 35 1 HL 52 B34

22 LT REEE PtCht3 B cDNA £ K=&

B JERR T HRAR 555 6 o SR IR I 9 3 RNA
PR A WIVE B, 430 B % 5% 31 5" RACE 1Y%
—4H% cDNA. 437 F%E 55149 PtCht3F 1 PtCht3R 5
W5 UPM ECXF, #E47 3'F1 5’ RACE 993, 15
FR/NA350 K 457 bp Fl 567 bp A cDNA HEE, 5B
HIRIKFHNRZEDHE , PiA8 =T TR LT il 3 5
i) cDNA J¥ 5 2, ¥ HAir 4 4 PtCht3, GenBank

B35 KM100754, PtCht3 1 cDNA F411 4 K0 1409
bp, 05 JF B 52 HE (ORF)1185 bp, 3'3F 4 5 [X
(3-UTR)199 bp, 57¥idE4mfiX (5'-UTR) 25 bp. 3'¥iE:
HZ R Poly A BAUNEN S AATAAA (B 1),

2.3 JLTREEE R PtCht3 B 5145 # A2 45 44 1 73

HRAE PtCht3 LR i St 1 238 1R 3 9 b A7
SRS, BRI SA 394 MEEMRE LT, T
N 43.67 kDa, HLSHLAT pl O 4.80. Z BEFR L AL
ISR N, PtCht3 8 & A i MR R 3L 27
~(Arg Fl Lys), BRMEZILRRIEHE 51 1 (Asp Al Glu),
K A FERSRIE 144 1~(Ala. Ile. Leu. Phe. Trp
F1 Val), etk FERR 98 ~(Ser. Cys. Asn, Gln, Tyr
F1 Thr), PtCht3 35K B8 h-0.097, BT
FREEA., Mo irdRen, H N 1-20 25t
FRAMFFEE 5K, PtCht3 FFIAAE 1 LT R EEE
18 FIEIHEVENL &5 S FDGLDLAWT ', 1 22-368 2 4t
FRAMFAE LT JREAR 18 FRMAb L, & 4 4
S J5

24 JLTREgERE PtCht3 B ER %S 7

BLAST [A] #5153 = JE#2 78 PtCht3 J¥ 51, .
78 PtCht3 3K 5 H A {j5 [ &5 i (Pandal opsis japonica)
Cht3 BYRITEER R, N 54%. 5 H ALY R gk
%% (Eriocheir sinensis) . #i % % #(Scylla serrata), H
AR iR (Macrobrachium nipponense) . H E B X HF AT H
ARBENFUR Y R TE A 53% . 52% . 51%. S0%A
49%. 5 HADFAUEE  rhAe gl B BRI i 275 B 55 50
Yy Cht3 Z M7 9 LL X550, JLT BRgES 18 &%
PEAL SR IR RSP 7 Motif T \Motif 1T \Motif 1
M Motif IVZELL EJLAS YR R EBAEAE (B 2)0

FIF# A MEGA 5.0 #F17 2 58 LN 322) 4347
N, JUT RS 18 KM A 2R Ny 2 RERE: H
FERMEB A, =P TE PICht3 BT H
ez | RaER . HAGGRANR . H AR
WR L HAYRER | BESTER . LN IR [ X R A
(K 3)s

*R 2 Z=HEHRFE PICht3 mRNA X RIES BT A Y5

Tab.2 Sequences of primers used in the analysis of relative mRNA expression of P. trituberculatus PtCht3

5|#¥) Primers JF%1 Sequences (5'-3") YEH Purpose

PtCht3qF CTCTGGTCTCGGCAGTCTCT PtCht3 EHIE [ 54
PtCht3qR GGTGCGGCTTTGATAAGTTC PtCht3 &+ 1) 54
B-actinF CGAAACCTTCAACACTCCCG B-actin E I IE 7154
B-actinR GGGACAGTGTGTGAAACGCC B-actin E I IE 7154
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1 ATGG GGA GTG CTGACA ATCTCC GGC-AT G TGG AAG GCG CTG CTC CTG CTC CTC TCC GTC TCCACC CTC CCT CTT ATT GAG GGC GCC 88
M M W K A L L L L L s V § T L P L I E G A

89 GTG CTG TGC TAC TTC GAG TCC TGG GCG GTATAC AGG CTC GGC GAT GGC AAG GTG GAAATATCC GAC CTC GAA CCG GCACTC TGC TCC CAC 178
v L ¢C Y F E S W A VY R L GG DG KV E T s$ DL E P A L C S H

179 TAC ATC TAT GCT TTT GCT GGC ATC AACACC GAT TAT ACC ATC AGG GTG TTG GAC CCG TGG GCA GAC CTG TGT GAT GGA GGC GGA AGG TGC 268
Yy 1 Y A F A 661 N T D Y T 1 R V L D P W A D L C DG G G R C

269 GGC TTT GAT AAG TTC ACA GCC ATG AAGAAC GTC GAG CCG CAT CTG TCTGCT CTT 338
G F DK F T A MK NV E P H L|L T L L AV G G WN D G| S A L

359 TAC TCT CAG ATG GCA GAGACT GCC GAGACCAGA GCAGTG TTC ATC AAG TCATCC ATA CAG CTT CTG AAGATT CAC AAT TTT GA 448
Y $S Q M A E T A E T R AV F I K s$ s I Q@ L L K I H NJFfF D G L

449 GAT TTG GCC TGGACG TAT CCCACA CAG AAT GGA GGC GCC CCT CAT GAC CGG GAG AAC TAT GTG CAT CTG CTG CGG GAA CTG AAAGAG GCG 538
IDLAWTYPTQ'NGGAPHDRENYVHLLRELKEA

539 CTG GAA GCT GAA GGT ATG GTG CTGACG GTA ACAGTT TCT CCA ACCAAGAGT GTC ATA GAC GAG GCT TAT GACATC CCAGGCATT GCACAA 628
L E A E GMV L T V T V S P T KX S V I D E A Y DI P G I A Q

629 CAC GCG GAC CTC GTCACC GTG TCG TGG GAG CAC CAC ACT AAC CAT CAT TCA GGC CTG TAC GCC TTCTCC 718
H A D L V T VI|T T Y DL H G|]S W E H H T NHHS G L Y A F §

719 GAG GAT GTT GGC AGC GAT TTG TTC CTG AAC GTG GAC TAC ATA ATA AAT TAC TGG GTG GCA GGA GGG ATG CCG GAA AAA AAG CTG GTA ATG 808
E DV GS$S DL FL NV DY I I NY WV A GG GMUP E K K L VM

809 GGG GTG CCC GCC TTT GGT CGC ACT TGGACG CTG GAC TCA ATC GAG GAG CAC GGA TAC TAC GCC CCT GCC TAT TTG CCT GGG ATGACG GGG 898
G v p A F G R TW T L DS I E E H GY Y A P A Y L P G MT G

899 CCT TGG ACG AAGACG GAG GGT TTC ATG GCG TAC GCT GAG ATC TGC GTG AAG CAG GCC GAG GAG GGG TGG ACG ATA GCA GTG GAGAAA GGC 988
P W T K T E G FM A Y A ETI € V K Q A E E GGW T I A V E K G

989 TGC AAC GAA CCT TACACT TAC CAA CTG TCC TCC AGC AAG ATC TGG TGC GCG TAC GAG AAC CAC GAC TCT GTC ACT CTC AAG GCC CAA TAC 1078
¢Cc N E P Y T Y Q L 8§ s 8 K I W C A Y EN HUD SV T L K A QY

1079 GCA GCT GAC CAC GGC CTT GGA GGAGTTATGATC TGG TCC ATA AAT GAC GAT GAT GCG CAC GGC GTC TGC GGT GGT CGC AAG TTT GAT CTG 1168
A A D H G L GG VMI WS I ND DUIDIAH G V C G G R K F D L

1169 ACA TCT ACG TTG GCA GAC ACC TTC AAC AAG GCC AAA CGC TGAITGT GTC TAC AGA GTG CAA GAG TTC CCG TAC CCA CTT TTG CCATCT TCC 1258
T s T L A D T F N K A K R *

1259 CAA CAC TAT CCG TTC TTT CCT CGA GGC ATC TCA CCA ATC ACA ATA TTT GTA ACA TTATCG GCG GTG GTG CCA CAC AAAACA GTT CGT ATG 1348
1349 ATC ATA ATT CCATATACACAATTT CGC GTA CAA[AAT AAA|TTA TACACAACTAAA AAAAAA A 1409

K1 =R T8 PICht3 B IR Y 91 S OHAE S i A LR 7 5]
Fig.1 Nucleotide sequence and the deduced amino acid sequence encoded by P. trituberculatus PtCht3

HEIRHEL F(ATG) ., NEE S (AATAAA)FIZ (|31 F(TGA) ANk 5 HERR H

RIZITHEN LT Bl e 18 RGP LY 5 (R 5 IKLLAZR T 3 Zebn il
The letters in the box indicated the start codon (ATG), the polyadenylation signal sequence (AATAAA),
and the stop codon (TGA). The conserved motifs of the catalytic domain of the 18th chitinase family were framed in black boxes.
The signal peptide was underlined with a thin line

25 EMAE PCht3 RIE S 25.3 PtCht3 Zfkzmria FTeokix  (REPHAT,
251 PCht3 K B #4128 & ik & sepaepn: DL T HE POt 1E5E 6 XS RIX RIS DL
& PCR 4M#H7 Al %1, PtCht3 E%@ﬁ\ = 6 X K6, SXTRRAAHEL, Wra4 PtCht3 BRAET 3.
WA O TR UG, MR 120 48 0 HOSRERGCRM, T 48 hKEI M, 4524,
A3k . PICh3 ZENTHENR 2 A iR . 5 hqbatzn T2 h HIIREETE BIH(P <0.05), 72 h kSRR, 24
M, 25 83P<0.05), HKEH, a8 XtHRALAY 4.97 £%, SR EBL FHFR A

By F A E AR 4). PR PtCht3 FEIRERME T AR 1 AR
252 PtCht3 12564 B 8+ o4 R ik PtCht3 7eli — OPRIBHLILE 7. SXTMEAAHI, WEagl PtCht3
B JE S SO E R b i B A LT S S ey REEAIXSRA R T 3 hERBUR I, 3-6 h NI B
R, FFBERR D PtCht3 AR Rkt — 2 byt HHEEHEME LH(P<0.05); T 12 h BF FRHE, &
B, 5 R B S E (P < 0.05), [A] R RIT, 24 h BRI E (P <0.01), KFREK
2N R FRE Ok o TE T Ok B A X B, MIXFRBEIATIRALR 4.32 F5, BIREII )
5 /NI KRR BEH
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Portunus trituberculatus MMWKAL|#LLLS VST|#P LI EGAVL L GDEKVET S 1YA NTDYT|| R GGER 80
Pandalopsis japonica . MKLLL|#FSLI GVY|#SYTEG 13 GKGKFE VELY YA KNS GE|| DWeM 79
Eriocheir sinensis MKTLPLI#FAALA. SIBALTGGV! INOGDEKF DVE 1FG| GS DNK]f NYEK 79
f,fy”a serrata MKLLLPLGCLALS|#SLTEGV! 3P G DVE 1FG GS NNKJ| K DYEL 80

acrobrachium nipponense . MKFLLJBLSLT AVS|#VEGK. YL 1P DA®KFETI E VYA GWDNAJ R AN 78
Litopenaeus vannamei . MRLLLJJLPLVAAS|#SLTEGV] IQGL DVE, 1FG AHDS S|| R} NYEK 79
Consensus cy swa yr g

Portunus ﬂ_'ln!berC‘lflatus iF D MKNVEP HLL TL|#A\CIELNDENA L MOWLE TAETINAV] ST OL|
Pandalopsis japonica ; LRET NPNAOT LGSR0 DYSLAL
Eriocheir sinensis F DRIJALKKKNTNL VI LA LEI6) N DYCVE
Scylla serrata FDRYALKKKNTKL VTT [#AVGEIONE DYAI KL
lacrobrachium nipponense 3 L TLONPNLKTT BGY/ClENNE 6} DYAI AL
Litopenaeus vannamei YD LKQQNANLKATI |§A ENP TYSTEL
Consensus c t vggwn s
Portunus trituberculatus YVH|SLRELKENLEMN
Pandalopsis japonica YVT(#L TELKE/ALH S
Eriocheir sinensis FVL|#LEDP KELWHE, S
Scylla serrata FVL#LKDLKE/\
acrobrachium nipponense Y1 S @VKELYERLHIE
Litopenaeus vannamei FVI ELNQRLHIN
Consensus

Portunus trituberculatus AGGMPEKKL VME MANA| KOAEEG[ll AVEK 320
Pandalopsis japonica EKGAPKDKL VI GN]’I S DQTMHE VEDP 319
Eriocheir sinensis 1IDGGMP ADKI AOE] AT TTRG pp 319
i‘fylla serrata DKGF PANKLS 0§ GILA. G HDP 319
lacrobrachium nipponense EKGAPKDKI VM€ [J FOAKEP HDP 318
Litopenaeus vannamei EKRARP GQI AL{gl [ MQTTQE DDP 319
Consensus YW y elc Wit
50’ tg”lus trituberculatus LSSSKI ﬂ(“}A NHDYVTL, iGRKFDETS TLADTENKAKR. . . . . . 394
Eaﬂ ‘;IOPS'SJ"PQ”’C‘I AMNERYANYLPKS RLILVS (EDADJVTT AGVYPFLKAINRIE. .. ... ... .. 388
SCr"u;l(él fé’;;%‘;”m SI TDNRW“::,S DEAJVTT . REENLI KTMVETETGTDI TPPPTO 333
‘ . S LKDGNV|JCS\DDEPJAKL, 5. RKFGLI KTLVETETGNVI TPGPTL 3
%g’;c’ g’l:; gﬁ?“’f";” ;’élr’nl’e‘;"e”se 1 PNNNF UV GYE DVDRVG DWFHGT ®HGS PFPLLNKI KSTLGN. . . ... ... 389
o e AMNSRYTN{YE P MNNI [CS JDHAAYVAL IUVEIR GLHNRKYHLI KTMVEVEGGGSI TEPPPL 399
epy y Wy s dd C
Portunus trituberculatus 394
Pandalopsis japonica 388
E’ ";fhe” SInensts STTTRDPSETTPSPI TKPPTSPPEGVCSKPGI NADPDDCHHYWLCAQNVNGGYDATEEP CADGTLFNPESFI CDWDYVVC 478
Tucrobrachium nipponense " TTRDPDATTTEKVIRPRTPRRDEVCKAPGI NADPDNCHHYWLCST NAEGKYDVTS EACAEGTLF NPMARLCDWERVVC 478
Lit e e e e 389
Cotbensys rnamet PTTTRDPNEPTTT. . TRAP. PPPGVHCTQPGLNP DPLDCTHYYLCS LNTS GGYNEKEEVCPEGTLYNPQS YYCDWASSVC 476
Portunus trituberculatus ~ ........... 394
Pandalopsis japonica .. ... ... 388
Eriocheir sinensis AL. PNTCVNDC 488
Scylla serrata AL. DGVCVNDC 488
acrobrachium nipponense ..
Litopenaeus vannamei HLGEDVCPNDC 389
Consensus 487
B2 =yt T8 PtChi3 SRR 751 £ )7 51 L X

Fig.2 The multiple alignment of the deduced amino acid sequences encoded by P. trituberculatus PtCht3 and other species”

JUT RS 18 FERPRAT 27 AT HER R

The conserved motifs of the 18th chitinase family were framed in black boxes

A BIE 5E T v B = PE AR T B L T Rl S
PtCht3 cDNA J¥41], 4K 4 1409 bp, il 394 P25
M2, T4l 43.67 kDa, FRISZErL 5 pl b 4.80, F
N i 1-20 ZIEMAMFAEAR TR, 276 1 AL T il
18 FIEIEVEN & P FDGLDLAWT ™, FfFfE7EJLT
JEREES 18 KM, & 4 MRESFIT Motif
[ . Motif Il . Motif Ml Motif IV, iZHEK5HA
P AR Cht3 By RITE iR, N 54%. HRAE cDNA
JEENHE St LR T 9 3 A A 3L, JLT il PtCht3
HAAMANY LT RN 18 FIEMTFIIRE,
i glyco-18 fEALAEHIR . % P57 5% (FDGLDLAWT)
(Boot et al, 2001). PtCht3 fEfb 25 Fkk H AT JL T S il
518 HIEMRSFEY, 5 Motif I T T, IV

(Bleau et al, 1999), JLT JRMES 18 Sk ML L5 5 1)
PRSFIEF Motif I . Motif T . Motif T Al Motif IV £ H
AOFRBUER . P AR B R TN 2 5 B 39 Cht3
BT P AEAE o AR S o, LT e
18 M M A =22y 2 RAHRE: WM I,
PR 18 PtCht3 BEMSAR LT b 5 H 72 2L T it i
Group 3 [ HAWAL IR A —2, RBMUFAR K Jy rh g
WEEE . RGERE . HAGRKEER . HAREXER, H
AVEAR . BEIRTR L PLAA VIR AR ] R AEE
S RS () A5 R SORT I PR AN itk Ab o 6 T
PErR 78 LT Bl PtCht3 A 52 LT Biss 18 Kk
AL T il Group 3 (— 51, HAJLT A 18
KGR —LUige, WJLT BEEEmribi, =58k
1 #2(Coulson, 1994),

ii
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Group 1 (Crustacean F523%)

100

19 Group I (Insect B H12%)

Group I (Insect B H2)

w2
\O
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Fig.3 The phylogenetic analysis of chitinase PtCht3 of P. trituberculatus

*. R TEILT FREFE N PCh3; £YFIJLT HREEH Cht GenBank &SRS : HANHEYF ChtlA (KF466274.1), Cht1B
(KF466275.1). Cht1C (AHL24866.1). Cht3A (KF466276.1). Cht3B (KF466277.1). Cht3C (KF466278.1). Cht4 (KF466279.1);
1 = B XS U Chtl (ABB85237.1), Cht3 (DQ000159.1); BE 15 X} #F Chtl (AAD40313.1), Cht2 (ADG22164.1), Cht3
(ADG22163.1); #i%%7 % Cht (ABY85409.1). Chtl (ACG60512.1), Cht2 (ACZ53950.1); H 4@ Cht (AFF59213.1). Chtl
(BAA12287).Cht2(BAA14014).Cht3 (BAA22854); FLANIE X HF Chtl (EU883591.1).Cht2 (EU861222.1).Cht3 (AAN74647.1).
Cht4 (FJ888480.1). Cht5 (FI888481.1). Cht6 (GQ916594.1); H A 4HKF Cht (AFC60660.1). Chtl (JF694836.1). Cht2
(JN982965.1), Cht3 (JF694838.1). Cht4 (JF694837.1); RIS Cht5 (NP_650314.1). Cht7 (NP_647768.2), Cht8

(NP_611542.1), Cht10 (EAA46011.1); ZR{IA ¥ ChtS (NP_001034524.1), Cht7 (NP_001036035.1);
AL B Cht8 (NP_001036067.1). Cht10 (NP_001038091.1); IX| He P32 Cht5-1 (HQ456129). Cht7 (XP_308858.4).
Cht8 (XP_316448.2). Chtl0 (XP_317398.3); WHHRIHLE 4 /Mg Cht5(NP_001155084.1); WF¥H FE KM Cht (AGX32025.1);
/NI Cht (AFIS5112.1); A Mk Cht7 (AFM38213.1)
*: PtCht3 from Portunus trituberculatus. GenBank Accession Number of Cht: Macrobrachium nipponense Cht1 A (KF466274.1),
Cht1B (KF466275.1), Cht1C (AHL24866.1), Cht3A (KF466276.1), Cht3B (KF466277.1), Cht3C (KF466278.1), and
Cht4 (KF466279.1); Fenneropenaeus chinensis Chtl (ABB85237.1), and Cht3 (DQ000159.1); Penaeus monodon Chtl
(AAD40313.1), Cht2 (ADG22164.1), and Cht3 (ADG22163.1); Scylla serrata Cht (ABY85409.1), Chtl (ACG60512.1), and
Cht2 (ACZ53950.1); Charybdis japonica Cht (AFF59213.1), Chtl (BAA12287), Cht2(BAA14014), and Cht3 (BAA22854);
Litopenaeus vannamei Chtl (EU883591.1), Cht2 (EU861222.1), Cht3 (AAN74647.1), Cht4 (FJ888480.1), Cht5 (FJ888481.1),
and Cht6 (GQ916594.1); Pandalopsis japonica Cht (AFC60660.1), Chtl (JF694836.1), Cht2 (JN982965.1), Cht3 (JF694838.1),
and Cht4 (JF694837.1); Drosophila melanogaster Cht5 (NP_650314.1), Cht7 (NP_647768.2), Cht8 (NP_611542.1), and Cht10
(EAA46011.1); Tribolium castaneum Cht5 (NP_001034524.1), Cht7 (NP_001036035.1), Cht8 (NP_001036067.1), and Cht10
(NP_001038091.1); Anopheles gambia str. Cht5-1 (HQ456129), Cht7 (XP_308858.4), Cht8 (XP_316448.2), and Cht10
(XP_317398.3); Nasonia vitripennis Cht5 (NP_001155084.1); Ostrinia furnacalis Cht (AGX32025.1);
Plutella xylostella Cht (AF155112.1); Spodoptera exigua Cht7 (AFM38213.1)
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Cloning and Expression Analysis of the cDNA of PtCht3
in Portunus trituberculatus

ZHANG Feng'*?, LU Jianjian'?, LIU Ping'*", GAO Baoquan'?, LI Jian'"

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Ingtitute, Chinese Academy of Fishery Sciences, Qingdao  266071;
2. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory
for Marine Science and Technology, Qingdao  266071;
3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract Portunus trituberculatus, aka the swimming crab, is an important fishery species with high
commercial value in China. They mainly inhabit the sandy and muddy bottom underneath the seawater in
the coast of countries such as China, Japan and Korea. The growth and development of P. trituberculatus
was characterized by periodic molting activities in which the new ectoskeleton grows while the old one
molting. Previous studies reported that chitinase was an essential enzyme involved in the molting of
crustaceans, and that it was required in chitin digestion and the immunity to the pathogen infection.
However, little has been known about the effect of chitinase on molting activities, and the expression of
the enzyme during rapid salinity stress is also obscure. To understand the biological function of PtCht3
gene in P. trituberculatus, we cloned and analyzed the full-length cDNA sequence of PtCht3 gene using
SMART™ RACE amplification kit. The cDNA sequence had 1409 bp encoding 394 amino acid residues.
The isoelectric point (pl) of the putative peptide was 4.80, and the predicted molecular mass was
43.67 kDa. PtCht3 could be a stable protein with the hydrophilic coefficient total average of —0.097. The
homology and systematic evolution analysis revealed that PtCht3 of P. trituberculatus was highly
homologous with the protein in other species; for example, it shared 54% similarity with Pandalopsis
japonica and 53% similarity with Eriocheir sinensis. The phylogenetic analysis showed that P.
trituberculatus PtCht3 was in the same class as other arthropods’ PtCht3. The expression of PtCht3 in
different tissues was analyzed with quantitative real-time PCR. We found that the highest expression level
appeared in hepatopancreas, and that the expression was significantly up-regulated in the prophase of the
molting cycle. In response to the low salinity stress the expression level fluctuated in gills and
hepatopancreas, showing a general up-and-down pattern. Our results suggested that PtCht3 might play an
important role in digestion and molting activities, and it could be involved in the regulation of osmotic
pressure in P. trituberculatus.

Key words Portunus trituberculatus; Chitinase; Moulting; Low salinity stress; Gene cloning; Tissue
expression
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