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T N T FEBE T 6 R o- U K S TR (1 45 A6 R A 40 2 Th e, AR AR A S 06 = 6 2 1K) BE 4T X MR (Penaeus
monodon) cDNA FEAF B FJEST/F 41, FIFHRACERARIRAT 1 5 X5 MR o- i€ B Bl 5E DK (PmAmy) () cDNA 2 K 7
Hlo ZEF T 4K 2465 bp, BHE2175 bplWHF AUUEAE, dii 724 MR ER, 7 T S EN78.9 kD, B &
H4.660 PmAmyfl S —o-VE R AR A G K (The *-Ser ') Fl— AN C4E M318(Glu ™ -Ala™") . PmAmy%
F W 7 5 5 A A B R AU 47 %—99%, FIl I PmAmy i) 8 0 38 A6 B 5 7R BIE 55 X IR A1 L 49 95 X6 iR
(Litopenaeus vannamei) )54 X R« FE R RIE S5 T G IR PmAmy T I IR IR AL ZArp ) 304 B B 2 v T HAth
HLU(P<0.05)0 BETTXTURPmAmy L FITE I $L4 B I A2 P A Rk, RIAEA AR, BRRAE RKILEE M
)22 57 (P=0.09) o BE 15 XS UF PmAmyfE BN A KB BV R I 8 Rk, Hh gk & i R A4 B e 2
HRAR B 3 PmAmy R 15 5 53 = TG BOR4AE FAT IR #1(P<0.05). DL L sEag s Ryb it 1

PmAmy ] G5 BETTRTUR )B4 B H 2%

RERIR): PPN, o-TEAREE BERTORE REPRIRIL; AiRKHE

HhE SIS Q781 SCAERFRIRED: A

o-E KT I (0-Amylase) & a-1,4-D-1] 5 W -8 56 B
JK fi# 1 (a-1,4-glucan-glucanhydrolase) ) i #%, J& T
WE I /K i B 13 X %% (Glycosyl hydrolase family 13),
Mla-VERt iR . RRAMERK. RE. B
SRR P 7 A R 2 B AR VR TV A Bl e TEDRL R
0 AEE TRV AL B AR EH & . 523)
)P IR v 1 22 B S A L E TR E TR
R AR ), REVF R R AR EmAE KSR, K
FET- H AR E G 5L BE 1B B SRR
o~ VE K Bl A SE B A A I R — b B B R K4k
EYIKEEGE, © CARENLE 07 I Wrie ks . hE
Ji . SEEREE B N AT B a- 1,45 %) 0
AR TERE . ARG SRR S S T LA,
5HANE WB-TE b Mg 50 . EHEREALEE .

Uks BEA: 2016-07-28; 1&1T HHEA: 2017-04-25

X EHE: 1000-3207(2017)06-1186-07

VE By Bl S K SR UE R (B SR A L, o-VE R B AL
SRR 1 I, L4 WANL A ) 5 59 BB B 2 4kt
BV ARE 77, M 520 A K S0 S At A= 2
2,

H HI o~ 3 Il 255 DR 0 A 22 2R ) v e B 15 3
FHHEATHIT, 40218 S8 (Drosophila melanogaster)”
Bt 5 i1 (Danio rerio)~ %.f4(Ctenopharyngodon idel-
lus) . KA4LWG(Crassostrea gigas) &%k EE
(Pinctada fucata)™'2 . %to-E¥ BT BE B 58 1A
1R Z 338, WvanwormhoudtZE Wl 5 T £ Fh M 55
B4 JHF I 42 S P - ViE 90 VS 12, R I - VR K IR VG
P 7E — YL I 5 2% (Penaeid, Brachyura, Anomura)
1R, MAEIEE |8 (Carcinus) JEAF(Palinurus)55 i
FhrRAEEAR. FEZE EA RN, Ve R B 17K
-5 B S A L MBIV )8 I AT AR, B 2R0E R
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B R e, 4 e st HuvetZg™
X AW (Crassostrea gigas)o-TE R B3 K 2
AUES AR HARR R A BT T8,
o~ JE K73 Tl 3 ERT0T L 1) £ £ S RSO B R 5
mi, ST A A2 K . R4, PrudenceZE! T
TR, o-VE K il 35k R (1) 22 28 1k 5 bl ) AR K B 2
AHR, FEURVE R B R I 2 AR id fE B M B
TEAEN R . XTIR_E A Bt 7T 3% B a-E Ho il
SR ) B ELH AL, a-TE R BRI RN AE KR B IS
FEEA BB, Y7 A 5 IR A KPR AE SG 1)
BRI 2 1,

BE 1T XS UR (Penaeus monodon) & X MRS A
BN —FTIR, BAARKR, ENEE. RN
B & AR A, 2 Tt B = RIRSR R A s Fh 2 —,
92 o [ R 2R e P X EE L) AR S AR o R B B
Vo R LA 50560 B 45 6 W - ViE Hp Bl 2 Xl cDNA 7
F 5 B AT, WD AR SR FE I BE 1 iR A KR E
()5 IV AE W22 D e, AR — D - TE M il 5 [
FAZ IR 2 A PE(SNP)AL ik J = 5 A K MR
KERMED T o FAnic i Bl E P es e 24l

1 #MR5REE

1.1 SEIeArRl

SEGENA: BET R UR RV T B K B 7 (R
I ) BE 5 0T 0 30 4% & ey, 7E KR (2542) °C
Hh B 930 %0 16 B K b b 35 3d 5 BURE, T
CDNA 7 [ e L 2R R IR S5 Sy o e HUME P B 45 36T
3R (AR 2050 o) BUZL4URE &, A FE M. IRHA.
L0, BFREMR. . B. M. DL, OpEsE
AR TR BT . AR A e
A5 4 0 G B8 3, EBUBE T R (4 R 20—200 g)
REN T HIE V0 84 4R T 9% & & 5
By o SRV 5T BT Xl A= Ay s OB 9L, 43
SR BB A5 XA (K TE T AR . RS . R AR AT
PRI BRI 4h A, S HAFAR . SR, E R Ak

A KB B B IR IRZH 21, F T & A KB B i 2k A
EERIKTL . UL EFE S A 4R FIRN Alater”
Solutionfr 17, 4°CiL K J5-80CLRTF .

SEIGRGT): RNAlater Tissue Collection) H 1 18
AW 2\ RNASZ U 7] & (RNeasy Plus Mini
Kit)JJ H QIAGENA 7] ; Trizol Reagentd H Invitro-
gen’/A Al ; 1 55 S PrimeScript 11 1st Strand
cDNA Synthesis KitJJ H Promega/s &) ; pMT18-T
Vector. T4 DNA LigasefIDL5000 DNA Marker, %%
Y52 Bk i TaKaRa SYBR. PrimeScriptTM RT-
PCR Kit (Perfect Real Time)lJ H TaKaRa /A 7] ; Ji& 52
AN K o A B T o FR A S
1.2 REHE

S RNALRZEUN cDNABIERL  H TcDNA%
R AAROR IR T-ON 8. FE S JH R IR B VR A FF
(L5 30 mg), $R U0 HR R R i 2H 2L
RNA. $RIBKRNAZ B BE I L vk il g . 58 8
FE, & eI E iR . LS RNA (2 pg) AR
PR 0 8% 5% 3870 &1, £23442°C 15minEffiA170°C
15mini¥i 7 5% )2 37 J5 15 B cDNA R 25 — 2%k Bt .

W a-EHEE R E cDNATE X
LM cDNASCFE 1 (WES T #1177 BLAST /¢
T, 45 R~ H — 2R EST/F 415 FLANIEXT IR o-VE 47
i 3 [ v BE [R) 9 . K FH PremierS. 0% AF 1% it 51 4,
IR AE) A 7 G . FH cDNAAK S bR
H P 1 H R (Rapid amplification of cDNA ends,
RACE). [F7EPCREAMIFHEFPCR (Semi-nest
PCR)FARY 1 H ) EE R 3 K. fE3'RACEH,
B 5 PCRALE FH IE [ 51 AMY -F LRI 823k 38 F 514
UPM (511 .3 1), Fr13PCR™ ¥ #i B 50145 f5 HL
2 WL T 8 APCR, R MFEFT I 5% A 2 1R S = T
TSR B NG UG P 281 2% B R B
R PRSI, 2 =T H i B S pMT18-TH A
BEAT R, IR 5 12 R A T JE 32 76 4 i v A Ak, s
AL G R AT B 38 S iR B 7R 0k b, 85548 h 1%

#1 SRR SIFS

Tab. 1 Primers sequences used in this experiment

5| YyPrimer 519 /F %1 Sequence (5'—3") FHi& Application
AMY-F1 ATGTCATCCTATGATTTTGGGG RACE PCR
AMY-F2 AGGTCATCATCGCCGTCT
AMY (RT)-F AAGGACACCACACTTACAA Real-time PCR
AMY (RT)-R CCACGGAAGCCATTCAT
Pactin-F GGTATCCTCACCCTCAAGTA Real-time PCR
Bactin-R AAGAGCGAAACCTTCATAGA
EF-F ATGGTTGTCAACTTTGCCCC KMcDNA

EF-R TTGACCTCCTTGATCACACC
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72 8—10h J5 Hk BB Hb (%) BH M 5 %, 28 0 B TR
PCR%E JG IR A ml T o
1.3 FHlath

W7 25 Bk F Dnaman 3K {4 0 #r P2, 12 A
EdiSeq 2 /7 00l FF 755 () 2 AE % 28 2L e 7 41,
GOR4J7 ¥ (http://www.expasy.org/) AT L5 43
¥r, FISMART (Simple Modular Architecture Re-
search Tool)(http://smart.emblheidelberg.de/) 5k {43
BT R A (1 45 R 4, @ I NCBI-F BLAST X B 15 X i
Lo H At A0 Ao 1) E o T AR R Y M1 3k AT 22 E LU X
3D &5 14 Tl A1 5 7 2K H phyre2 8 A4 (http://www.
sbg.bio.ic.ac.uk/phyre2)# 4. Swiss-model (http://
swissmodel.expasy.org)#£¥ fIFirstGlance in Jmol
(http://bioinformatics.org/firstglance/) ¥ ¥, H
Clustalx2.0.11 1 Bioedit 4 {1+ #E4T 2 7 51 ELXT, SR
ARLAHBEFY R G R, A FHHMEGAS.0.
1.4 BT e-EMBEEE ERIFRIX ST

I FH RN A B0 & B BB 15 505 R &2 2 (B
FEONE . JHFRRME . R, PERR. WL AN, R
f. B HRARFINE B 2 R RNA, HE R RS
JlcDNA, PL# 7t € ERT-PCREEBEH . 12 H [
FERITIESRAG N K E 1 — VIHE RO E ERT-
PCRABLHANGAN A G I I ) 2% 0 58 TR o BN
WIR B 3AAT, S rhBE AN I SRR A S 1 o
217930 mg.

AR 5 TR 17 0 U o- 5 o Bl 25 DR R cDNA P 91 15 it
KRG YAMY (RT)-FFIAMY (RT)-R, Z A
W 5L RGP 1% F B-actin N S 5, Bl 51K
Bactin-FfllBactin-R (& 1). f&k}TaKaRa SYBR Pre-
mix Ex Tag " Kit (Perfect Real Time)i 77 & i3 B 4
HATPCRI M. o LAZE TR 7K AR AR AR Dy B X6k e,
FERAN S R3ANEE . LI EE K A X ACT
(2715 43 BT PmCatL 5 PR 7R BE 15 6 4541 4
(R A R eIk B
1.5 ZitE9Hh

Fr 45 #0452k FH SPSS18.0 1 44 1 LR 3. 7 %243
HT(One-Way ANOVA)ZEAT AL BE, 25 A1 LLF 1
fH+AREZE (Mean+SD)E 7~ . K F Duncanf 56 i 2
P 25 53 (P<0.05).

2 4R

2.1 BET XM BEEEEF S5
ARSI AT 38, K a5 =il e e
HESTF A9, 345 BT 5 5 0 o- 5 8 i 22 K 1)
cDNAFH, fiv % NPmAmy, F/ENCBIfGenBank
%5 NKU308415. PmAmy®E[F 4 K:2465 bp,

$573 bpf) 5 dE 4w AL [X (Untranslated region, UTR),
217 bp 3 i AE R AL X F12175 bp ) FF R 52 HE
(Open reading frame, ORF), & A polyAlll B15 5
AATAAA . 2555t Ho g i & I /R 17 41 #0043 4T,
PmAmy 9 )& 5T 75 & A 724N 2 5L R, b
B2 MR T AR (Gly) I & iR (Val) 23 591 15 2
RIS EM11.3%M8.6%. 7T HE NT8.9 kD,
FR A RN4.66. R BT R, PmAmy()
Nty & A 2 I E IR R 1S 5 B, PmdmyiB 65
B — A o-TE R B 5 AR 57 B AZE 3 (Thr*-Ser ')
F—CEE R (Glu™-Ala ™).
22 B ERS E s e-Amylase[S]iR 1% 5347

PmAmy 55 FLGY ST 1) — S0 5 5N 99% .
HRAE . SRR, AL A — B A
55%- 48%- 47%FM148%. @it 5 HASIYo-Amy-
lase [ Hb R, 12 35 DR G 0 5k 2 v 110 2 JO 0 1% r
M TR S S AT A T A
SLEA AR AL A& PRAF o

T T A0S 57 P v A A AR a0 P 1 FTOR, B
TXFUR 5 LGNV UR R 400 R iiln, HOR P K
VKR (Macrobrachium rosenbergii), =3 % N—/
X, GRS K R0 . XML R
S8t B8, WA ERREE LAY
Pl o3 2B AT
2.3 BEP AT PmAmyE B FRIK4EHE S

LTRSS B R, PmAmy mRNATE FT A6 20
Yk, RINEHFEREES . TFHRIRALFHIFRE
BEEEE T HMENHL(P<0.05), FEME . i,
A — e 3Rk, RIE B AR A IR 2 R
L EHZA(E 2).

BEAT R PmAmy BER7E O S K% B (1S 2 3
[ RIE, RIEEA RN, EREZZ0H 5on It
B R 2 M 2 57 (P=0.09) (] 3). BEFT XU
PmAmyTEBA A KB BRI #84 Rik . 1E%)
TR B IR P AR B 1 25 57, B AR 3 PmdAmy 3
R RIAFEAE, B S TR ER AR R =
MK B(P<0.05). BERIEZR TR, WE—H
B AT B BE, 331 4% 2B K ) R B A AR Ak,
EAE J5 TR . ZhUF . SIE R MR A= K i 3 9
BRI (8 4),
3 g

o=V K B TE VF 22 7K A s b s 36 oK A&

Yo AR, JF XA KRR H BT, DERE
(RIIF 78 5 R I E B 0 ) 2 B 53k, E R
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&: Bos mutus
100 Human

100 ——— Gallus gallus

Hyriopsis cumingii

Pinctada maxima

100 '
100 Pinctada fucata
100 Crassostrea gigas
Haliotis discus discus

Macrobrachium rosenbergii

39 r— Penaceus monodon

100 |—Lilopenaeus vannamei

030 025 020 015 010 005 0
1 FIFClustal WEEFF FIMEGA 5.0% 44 2 (I PmAmy R ZE il (b
Fig. 1 Phylogenetic tree of the AMY amino acid sequence in different groups by program Clustal W and MEGA 5.0
Y AMY 751 Bt 9 F0 7 51 B8 45 5 RKU308415; FLANTEXTHFAII02079.1; ¥ KRIBUFAKL71614.1; 4XP_005898010.1; A

AAA35525.1; BNP_001001528.1; KEEEEJTHMOI89014.1; = AMLIEEAGWA45296.1; A iRk FE DLAGNS5419.1; KA WHEKC28393.1; i fifl
ABO26611.1

The AMY sequence No. of each species: P. monodon KU308415; L. vannamei A1J02079.1; M. rosenbergii AKL71614.1; Bos mutus
XP _005898010.1; Human AAA35525.1; Gallus gallus NP_001001528.1; Pinctada maxima HM989014.1; Hyriopsis cumingii

AGW45296.1; Pinctada fucata AGN55419.1; Crassostrea gigas EKC28393.1; Haliotis discus discus ABO26611.1
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Fig. 2 Distribution of PmAmy gene expression in different tissues
of P. monodon
I H 2R RN P EERUE 2 (n=3); DRI FREROREAE B E =
F£(P<0.05); L. lymphifk E; H. hepatopancreasft i lig; G. gillfi;
I. intestinefl77; O. ovary§i ; S. stomach{; T. thoracic abdominal
nerve[IEF1£5; M. muscle/JLIA; E. eyestalkf4#; B. brainfifi; HT.
heart:Co I
Vertical bars represent the mean+SD (n=3). Significant differences
are indicated with different letters above vertical bars (P<0.05)

P T A 2 52 31 22 M R T B S0, A 22 7K
SE THAG G Al B IK 72 AR AE A T5 1% B R IR A,
SR N3 7K P A D0 o0 3 7 1 e 8] Y 9 s /K P A
WA E RS AR 5k, AT DU T 8 a-DE o i 1)
B G s AT 5 SR B X -
E R AL DR AEAPAS I 14 22 R LA ep iz o0 A1, HLAE
JHF e i v R ik B 2 e T AR AL, XS5 R
5 (Siniperca chuatsi)~ ¥ fi(Mylopharyngodon

1.2 ¢

1.0 | a
0.8 | a
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PmAmy e RARR Feik
Relative expression level of PmAmy

[ 1Y) Stage

3 BTN AF PmAmy e K75 51 8L H %I 3] 10 2R B R AE
Fig. 3 Relative expression level of PmAmy mRNA in different
development stages of ovary

1309, B9 s 4t e 30, 10000, A e o 50 TIDA. e i A A= 4, IV 4.
GBI, VL. R

I . ovogonium stage; II. chromatin nucleolus stage; III.
perinucleolus stage; IV. yolky stage; V. cortical rod stage

piceus) LR EPH B AR R, A0 5 S ligkir ',
5t P EAT AR U, U TSR Eh I R i T R UK
MR Procambarus clarkii) IR 58 45 S8 — 5.
AHIE T PmAmy B DRE JHE i rh 208 B 4 ey 1Y) 45
T BE 5 JH M i A2 TR T 00 R E K g o0 B P
A 20 T AR At 22 A A 2 () 3 0k [ N 3
T IR IR FEAS & P Amy J5 PRE BE 15 06T R A4 A & 4%
YER e — 37 o

EME IR B B Dise e, — B2 a-UE
¥y BB T LT I 2 —, B N AN IR 2 A Rk
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Fig. 4 Expression level of PmAmy in different growth stage of P.
monodon
Ik B R R R P IE AR UHEZE (n=3); N F) F RER RAFTE R M %
F£(P<0.05)
Vertical bars represent the mean+SD (n=3); Significant differences
are indicated with different letters above vertical bars (P<0.05)

. e FE R AR AL S 5 R BRI o
e b g R D] 1 3k, RAE S TR R I A K I o TE
FrEEmRN AR A & . oAt 2 Fh 38 0 H A 68 fi |
KVHEZ IR St (Polydactylus sexfilis) 53
(Acipenser fulvescens)~ HlfiFi(Perca fluviatilis)~ 7%
(Pagrus pagrus)S5> " W #8 I BUAE AT 1) 540
REM BB e BT, 5B G. X
LeRT R LW, IR 2 R AE K E R = 58 3% 1T AL
PRAIRRE WAL R G, X EL3E o- VE KD B AE N 1) 2 Fh
TH A AE TORVRIE FR 1 o R TE A R b R 5 &
ST B . AHIF TR BT R AN A K
B B 250k W B PmAmy 3 IR IR 0K, 5 A3 0 B 1
PmAmyBEPR F 1K 5 A ) EAH, X 7] 585 BET XM %)
A B T ek B K B R e R SR AR R — S 1Y)
KEZ, X — G5 LAl H 523 P A 7 R BME A 52
3. W E BXER A H AR IR E YR R B T
T2, VE A Bl 5 A AE IR 2 A LI AN 30— e,
DLE B Es ™o 5 A A T 9t 28 I v Al 22 [
RIEBWENMEE B K EA R, e LB
WEFE T, KV IEIG & B AR T, ok B A2 1
K%T%ﬂ, RRRCIR B A S, Il PR % 2 35 T, X
e 5 4R A 5 T & 1 B & LA K
:%[30], M o-TE R B RIS BRI R REAIR %,
W M. Eh SN A SR
R, a-TE R G IE R 78 FLAE RS L o R R
F[m%@r%ﬁ]EF"E@J%EI‘]M&MTJ‘TL%E%HEJ&E%
EHAEZER, AMNES Z MR ERYEA R E

o A o AR A B DA O, RRAR A g 4 A
T2 o0 M Tt R B S A K R A e A e
(1 2% 325 8 A 5 AIE T B 5 B 45 R AR 5] K 7 W BRI
B 5, o-VE R BEHE R AT B 5 5 P B X
NIRRT S = Bun c
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Abstract: In order to study the structure and biological function of the alpha-amylase gene in Penaeus monodon, the
full-length cDNA sequence of a-Amylase from Penaeus monodon (PmAmy) was obtained by high throughput transcrip-
tome sequencing and RACE. The PmAmy cDNA included an open reading frame of 2175 bp encoding a polypeptide of
724 amino acids, and the predicted molecular mass and isoelectric point were 78.9 kD and 4.66, respectively. The

PmAmy contained a conservative A domain (Thr34-Ser4lo) and a C domain (Glum—Ala496

) of alpha amylase family. Ho-
mology analysis revealed that the PmAmy shared 47%—99% identity to other known amylase sequences, and the
phylogenetic tree showed that the PmAmy was closely related to Litopenaeus vannamei. The expression levels of
PmAmy in hepatopancreas were significantly higher than those of the other tissues (P<0.05). The PmAmy expression
was found in five ovarian development stages. The expression level in yolky stage (stageIV) was the highest among the
five stages, and was the lowest in ovogonium stage (stage I ). The expression levels of PmAmy showed no significantly
difference in ovary development stages. Expression of PmAmy was detected in all tested growth stages, and the expres-
sion level in mysis was significantly higher than that in nauplius, zoea and post larval (P<0.05). These results sugges-

ted that PmAmy might be associated with larval development in P. monodon.
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