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kY, RELR, RWE, BB, wEEY, wFEz
FEAY, RIS, FRE, & &7, K &

(1 HEE I R A MR %0, | RE K RFETEREESTRE, R M 510631;
2. 8RN TR =B s R B 5B, | R B KIRE 5K i % & TREF AR L L,
PO KR ESKEFREESSLIRE, TR 510225)

BE: BEARTRANEEZNAETY, S5HBEAHITNEGRTUEX, AR EF
P450(CYP)302al Z F Zof LK EZ A RBEHFH Xl —. AAXTET F KB
CYP302al % [F (Mr-CYP302al), cDNA4 ¥ 1859 bp, FF # |7 i 4E(ORF)#4 1629 bp, %L
54340 B B (), B FEANDH61.09ku, & & K842, BB T 7447 B R CYP302al
I By R S 45 A A SANPASOSE Bl K ik AR AE 4R 5F X 3 : heme-binding. helix-K. helix-
C. helix-I% PERF. % % # b 2041 4 £ 8 T Mr-CYP302al# % 5 4 #F CYP302a1 % % —
X, RESANHENBR=ZRERTFEETREFRIMPHNCYPII R —X%, 5F %3
Wi R % ok R R IT. SR Ot & 8 PCR(QRT-PCR)S Il 5% BA Mr-CYP302al £ % K78 4T & %
NARFHHERSL, HYEYREFTYWERLERST, BRYKRZ. BHARLKIA, Mr-
CYP302al £ F £ % K8 7 0y 3L J5 1AM An B R % ERAK, S BCE)KRLETF
¥ B, EBLE A D Lk B E . S Mr-CYP302al 34T % B R 3k R % 50 & LK #
£, & @ B 7k 3 (Western blot, WB)4 il & I Mr-CYP302alE G &£ Z KB YHEE T £
KERE, EHATBRIHH LMD, LA REME, S LR, ZAEAEZ RBIFH
BEARIREE TP EENAE

REE: B KB, BLEEE; XE R, CYP302al; 4 Ak

FESES: Q78559174

TER e, Ak, kE . B
e, Wig R EEW I EENEN, JFRT T
AW AR LT, R, 58k B
BR—AERRE AR, 2R MR T
A S WR S, Hrp— R N T
Je U5 Bz S [ I 05 R [ B AN AT AR . I 2
25U B IR | 3- M S R R B3

WS BHA: 2019-07-07  {&EIBH#: 2019-09-25

X HAFRERS: A

S-25 S R PR W R PR SRR AR
R, EOAE MR b gk Y, S AR AR
A HF (Jasus lalandii) . 32N #5 % (Callinectes
sapidus)ZE P FP AR AR A LSS R R G L
32 B Z2 B0 ORI A R AR, R IR
(molt inhibiting hormone, MIH) I F 5¢ 5l 4 /=5 il ¥
25 3 (crustacean hyperglycemic hormone, CHH)RE

BEITE : E R RIS (31872606); | AR HEVE 50k R 3 4 (GDME-2018C006, D21822202); F[H—&K Wi EA&E#
4 (CAMC-2018F); |~ &R & B T3 4 (KA170500G, TK222001G, KA18058B3, KAI1819604); | 44 B ANk

H AR AR Z AT A 22 1% L 30 (2019K T 141)
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44 B b, % B IRTE IR0 (7 R PAS0Z iR CYP302a 1 3 X 50 i K H A dii iz J&) 30 b i 2656 563

i 410 T 8 B R IR T, BRIt 2 Ah ik
)15 7K ST, 1T L2 Wi 56 B R 1) 43 e

Y#% B (Y-organ, YO)J&—FF I [ N7 i
B, BRHEIHYEZNATUWHFEEZ —, VT
HrERE, I, M TR A 2 SN 43 Mh 2 B
TR, RN, BAEMERYSRES
B AW, SRIGFER K . IRAR R . EAH
PR B AR A5 A 2 b A 20 8 L IR R (20-
hydroxyecdysone, 20B)"'"?, 20B2& Wi {7 ¥ % 1) &
BTG EIE A, R W H 7 3h W i
B R W R SR AE A BRI A A Y A R R
HCYP307al, CYP306al., CYP302al, CYP315al
FICYP314al %5 240 il (5 X PASOZ I 5 H il A9 3L 7]
Z 5B 01 A i 0 2K PASOSK R 25 1 i Y 2 1 2k [
N Bk RM“Halloween FEH N, & A helix-K .
helix-C. heme-binding. PERFFllhelix-IiX 5™} 5F
gER L, REIA IR K BL, HalloweenZZ ik 2k Al
T SR W0 K R A i AR v R A O R A A
U R UM e, B G Halloween K
FETEH FE s Y rh i 5 A X g, (BB
A RR A, ot s P HalloweenX
T 2 R B BE 5 A B B TR A . A
FEAEZ M P 5L Y b e B T Halloween %K Ji% A&
, Hen = PR T (Portunus trituberculatus)
CYP302al3L U
CYP330al J: !,

% IR YN (Macrobrachium rosenbergii), X.Fx
ISR PY I RHR, SR — R RBNRAKER, B T AR
B, 8T B s (Arthropoda), %k H 44
(Malacostraca), 1 /& H (Decapoda), & HFE}
(Palaemonidae), A YFE (Macrobrachium), BEWSLE
A PR IR IK RN BOK hAE TG . 19764F 5| i
DIk, % IRTE AR E & e i o 36 [ 8 IR K 5%
B b b 2 — B AR B TGRSR B b AT AR A
—BLR) R, BN K SR L W K AR AE SRR, i 2
TR L B PR K PR R BT R
B VR4 19 43 WL AE 58 6 2 IQ VR MR N T4 R 5%
B R ek R A A AR L MR R
o 0E i L BRI, B IR AR CYP302al
B[N b P PEAE o ALK i qRT-PCR .
WB%: Z Fl 5 258 CYP302a 1 34 [H R R (76 % [
TH MR AN [R] 20 2R AS [m) 58 Bz S 0 vp i) 3 38 728 Ak 1
W b7 ) 7 (2 DANNC B d o A ANR TSR O U L E A Rl £
YRR AL T B AR

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

& & (Carcinus maenas)

1 M5k
1.1 SEE#HR

W TN 4 K PR IR B AT PR N R B 2 IR
IR, KK 9~12 ecm, RFIE40~80 g, WK J5H I
TR E IR T, BREDIUH, HHM
B f A T, JKIR23~26 °C, B R B4R
B2, BR2RHK 1K,
1.2 HmX&E

MRAE L A& 2F AR RR I, 1 % I V8 MR it iz &)
W50 S W 7 S (A RIBI) . WE R TR1 3 (C )
Wi AT (Do Dy Dy, DyAID, I ) F s Kz 1)
(YA Bf 1220 fECH, SRAES HUMERR AN S U
MYERE . RE . TEIRON SRR ). R, M
LR FINPTINY | N 7 NG 3 S A B
AN [ st e R S (BB BR A1), 20 iR AR 5 HER I Y 4%
Ho SHLHEUK L #5534 T RNAiso Plus it
#(TaKaRa, Ki%E)H, MARE, T-80 CiHAfT
#Ho

1.3 ERNAIEEL

1% B Trizolil 77 £ (TaKaRa, K )i 45,
XF bR SR A 2R AR T B RNASR HL . SARNA
FiDNasel(TaKaRa, Ki%)ZXPRIEFADNANE, 3
BB R S P R D L S A, O F R o e
JE 11 Nano-2000 (AT M B A &% A BR 23 w] )4
RNAM MR

1.4 HEE=E

i BR S SR 0] 0 (Vazyme, B 5016 43 52
15 3 cDNA, —20 °C{# . #HClone
Manager$k 8| CYP302a13£ [ [F)ORF, ¥ il5|¥
(#£1), PCRY MK ZR . cDNABIH1 uL, [ Fif
#1451 pL(10 pmol/L), 2xTaq Mix: 10 pL,
ddH,0: 7 pL. ¥ 3 W FEJF . 94 °CHiAE #
5min, 95°C7AEM305s, 55°CiE k305, 72 °CIEfiH
1 min, 35ME¥F; fJ572 °CHEH10 min, 1%F)
TN B R FL VK RS T PCR™ 40, FH Bt g M g [
WO & (RARAERBHH AR AR, dbs) ik,
H [l 77 4 1% 43 3 pMD™18-T Vector(TaKaRa, K
#Y), HALFE. coli DH5a, W1 T & K5
2 (50 pg/mL)WLBF-H, ##E2min, fHE T37°C
fEIR I A B IR 12~16 ho BEPATEVE T 10 mL& &
THHERMLBI R 3%, B S IR PCRE
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564 KopE o R 44 45

o AP R B B R) & R AR A AR IR
A, RO B O BRI B B, PR .

FF 25 S 9 5 i S L R4S TP CYP302al 3 K 31
AT X,

x1 ZRSIMEEF

Tab.1 Primers and sequences

ST FFE(5"-3") N H
primer sequence from 5'to 3’ usage
CYP302al-F1 ATGATTCCCGAAATGCTAAAGTTCTGTC RT-PCR
CYP302al-R1 TTA GTTTCTTGGAGTAAATGTGAAATCTA
CYP302al-F2 GGCGATATCATGATTCCCGAAATGCTAAAGTTCTGTC W3 fECYP302al 3
CYP302al-R2 CGCGGATCCTTA GTTTCTTGGAGTAAATGTGAAATCTA
CYP302al-F3 TGATCGACCCGAGATGTACAAC qRT-PCR
CYP302al-R3 GGATGAGACCCGTTACTGGATC
p-actin-F1 GTCGTGACTTGACCGATTACCT qRT-PCR
p-actin-R1 ATCTCCTGCTCGAAGTCCAATG
L5 554 PAGEMLIK &S Hm , dEATHERE, KB T

{#i F§ Emboss(http://emboss.Bioinformatics.N1/)
TN & FEMR ¥ %), Protparam(http://web.expasy.org/
protparam/) il ORF 2 J& 12 )7 5] i) B8 4k 14 it |
SMART (http://smart.embl-heidelberg.de/) Fi il & H
R ZERY 1Y, TMHMM(http:/www.cbs.dtu.dk/services/
TMHMM/)53 M7 2 1 5 1 B5 X, SignalP(http://
www.cbs.dtu.dk/services/SignalP) T il 2 [ i (1) 5
FIke T CYP302al B AR 2 7 51 LL XS Rl g
R G AR B AN [R] Y ) 2 3 12 )7 51 Blast L %
(http://blast.ncbi.nlm.nih.gov/Blast); fifi A Clustal
XF2 7 FIMEGA 7.05K {1 3#E 47 2 5 41 L X R R 42
HEAE B [Neighbor-Joining(NT)¥: [/ #E . DL 8 55
BCYP1IB2H H MR, WISS-MOEDLER /X %/
[CTHERCYP302al & AT = Z 4544 [F] IR A

1.6 CYP302alEHFRNAME., ELEED
RIEFIKLE

R P8 75 2] () & [RIR IR CYP302al 3E K 31,
B DY ORFX (1 629 bp), PCRJIZ
A% 94 °CHAEMES min, 94°C30s, 55°C30s,
72°C 1 min, 35MEH, 72 °CHEMH110 min, Kf 3K
I PCR™ ¥ % $ B pET-32affi ki (TaKaRa, K
), KAl ) E 4 TR 5% A E. coli BL21(DE3),
f# FH0.4 mmol/L IPTG, 37 °Ci%E 54 h, UK
&, PBSH &, fil A5x loading buffer, /KA
12 min, FH&EF12% SDS-PAGEJR, il 8 4 1
R FB R, FIFHWBK I E M #712% SDS-

http://www.scxuebao.cn

5% MR 4= W3(BD, 22 E)A TBSTIH W == i 5t 4]
2 h, /NEPTHis-tagBiH0(1 = 1 000 L 51 7 B8 ) % Yk
JF A ME3 h, TBSTUEFR3K(S min/iK), HIIAHRPHR
ICLPEHTN R = H0IgG(1 1 10 000 L 5177 B (18 51
HAEVHEARARAA, JLHOIFESS min, TBST
PE3YRK (5 min/ik), ECLIE {1 min, ChemiScope
6000471 J1Et

1.7 CYP302a1EHEZERAK . ZmEHAEH
. FRMHREERERNKRIE

WA LIPTGIS S R, F PBSH Lt i
M I EAT PR, DR300 W, 10 s/
10 s[E] B, 20 min. 4 8 0RJ5 19 B IR ES O,
ULUE HPBSHE Hu il 85 B, il A 5% loading bufferii
A1, WK¥12 min, FHAETF12% SDS-PAGEJK,
KM CYP302al £ [ A9 F 3k 18 O o MR 10 1R 14 2K
4l fk 1 07 36 B AL R B T E AT R . R
5. H12% SDS-PAGE A6 I CYP302al 5 41
LR TEN, % 5 ss i P el (RAR AR
RHEABRA R, dbmd)dets, M6 )5 FH ChemiScope
6000471 J1Et

FHAEAL 0 2H A B = R E R ARE
B2 SIS S 3R, B ILYS , IR1FCYP302al
Ly iR, WBKIICYP302al 22 v i 40 14 il 4
Sk, RED RIBEFYSFE B EFZH210.1 g, A
1 mL RIPAZ# W (245 1 mmol/L PMSF. 10 mmol/L
FALEN . 1 mmol/LIFALR ) (CE = RAEMH A A
BRAW, i), HBEOHES Tk EOHE, 4°C
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44 B b, % B IRTE IR0 (7 R PAS0Z iR CYP302a 1 3 X 50 i K H A dii iz J&) 30 b i 2656 565

T 12 000 r/min.0>3 min, H E# . FBradford
AR E UGN & CR s RAEWHEARARA
H, _bi)EEAWE, EF30ug, SDS-PAGE
MYk, R, B, piikEE . Ba, Hf
CYP302al 2 s BEHUARRG BE LI 1 2 1000, R
i E6% 47 5 W BT A 1 725 (enzyme linked immunosorbent
assay, ELISA)K il CYP302a1 £ v F Hi 44 A 25441

1.8 qRT-PCR 73 #f

{#i F AceQ qPCR SYBR" Green Master Mix
(Vazyme/Aw], Fut)ik#], #ERoche Light Cycler
480(Roche, ) L i#17qRT-PCR, FIHIWFK 1,
qRT-PCRIZ W 451 : 95 °C 5 min; 95°C 10 s,
60°C10s, 72°C 10s, 45ME¥ . FAH LU
M7 3R o R LB 5 0, WEh
B-actin, 4l W NV ELbRMEZ,
GraphPad Prism 74 {4 H () 50 K R 7 25 70 B it A 74k
o3BT, P<0.053 7R 2 5 .3 (LUI*RoR), JF
GraphPad Prism 7% 4] .

1.9 Western blot4 #

H“CYP302al A HE 2L . ZralEdNT
PR 28 L R S A 30 B LA G 56 v ) T vk A
WA 2 20 B 1 Bk D2 R B . o R BB R
(i) gt iz ST A (ERABR MR A YRR B, S IR“CYP302al
FAE LMk . ZoaEPUIRG & . feFERR
R LA G 36 v 1 5 A I 2 G TR R CY P302al
HEATES ALK G, LB-actinff
HWNSEH, I HImage-Pro plus 6.0 1443 #r
CYP302al%E I Flp-actindk (M &4 1Y 6%
(IODYR T3 HOR EEAH

2 HEiH

2.1 FBICBEFCYP302al cDNAFES 447

% RIBUFCYP302al13E K cDNA4 K 1 859
bp, ORFH1 629 bp, 5'dE4 % X (UTR) A 200
bp, 3'dE4 A5 X (UTR) N 20 bp, A & HHLEIfy
poly(A)IN 15 5 AATAAA, Tl —1AAAAAA
M EfE 5 (Kl 1-a), ProtparamE £& B 1 1l i
ORF i fith () S F& R 43 T 1 M 61.09 ku, FEIE%FH
HON8A2, EM . RNAMR . WA AT
B, 2l h11.4%, 8.6%. 6.9%, J&k/KBEPE
W, BB RE S K. ORF4I% 543102
e (aa), Hith70~533 K PASOLE ST 45 ke 555 (18] 1-b).

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

2GR EFCYP302al 45 1Y = 20 2544 J2 i R
B-H% A1 AT WL U o i A R &5 4 i 2H (8T 1-¢) o
ExPASy ProtParam Tool #ilill] i & 1 43 F 20K Cy 755
Hy 334N7350797S 15, AL 7 14> N B 5 A6 A7 A5
(270~27341), 14> cAMPHIcGMPAR #fi P & (A i iR
AL £(292~29513%), 61> 11 I Cl R 1k oz s
(36~38., 46~48. 290~292, 413~415, 451~453.
539~541107), 64~k 3E H IR AL 47 (318~321 .
328~331., 337~340, 372~375., 389~392,
532~53517), 24 P& & W PG B IR 1k 47 s
(129~137., 93~50117), 34~N- A % Bt 2 Ak 5
(165~174. 218~227. 355~3641%), 1 EEMzALA;
J(491~4941), 121 S €0 ZR PASOZ I 4547 1Y 31
BRIMLL R 455 X (483~492111)

Blast X 45 5 on, 2 [CVH BF 2 5L 7 4
5 &t iR (Neocaridina denticulata). JFL44EXF 4
(Litopenaeus vannamei) . —Jete ¥ | SLHE K
% (Anoplophora glabripennis). 7 25 (Cephus
cinctus). WeUF (Myzus persicae)fRIYE 43 51 N
47.23%. 62.59%. 51.72%. 45.16% . 41.83%%0
43.96%. Clustal XF/F X347 R, %5 R
Fr 5 5 oAl R 52 sh i fn R 2R 3 1 CYP302al i
H—H, &5 P4SOFRAELR~F X3k, 4351k
PERF . helix-C. helix-I. helix-KFfllheme-
binding(¥2). R & it LR &5 R B s P G R
CYP302al 54 HFCYP302al [Fl R e Ry, B ES
HERHW—3, BEHMARRETEASIYH
CYP302al RN —3Z, iR B4 (Insecta) 3l ¥ 1Y
CYP302al W 2 [F) 5y — 3 (B13), DL B4R BoR
CYP302al1 15> T R GE AL K R AP TP 732G &
FEAR—F,

2.2 FIRIBENCYP302a1% 52 BE 4l & R 4

AR

A R WU D S, 2 4% B W A
W, H W& KNS Wl — (¥l 4-a), SDS-
PAGE# H IR &5 KW, HAMCYP302aldH
BRI, Az AR 2 5 ] A5 E)
K/NHK79.09 kuly 5 — 5577 (K1 4-b), fii HIHis-
tag— BT O] K I 21 E 4 ) 2 IR IH EFCYP302al &
1E79.09 kuZe F 4 B — H B WA 4717, K/NRTHI
M ) — 2 (His-tag K/ M 18 kuZi 47, CYP302al%E
HRK/NH61.09 ku, H1179.09 ku), Hil] E 4
CYP302al%E 1 & 7 His-taghn 2 (Kl 4-c). FHEH
CYP302al &8 [ H 2 5 vU == K 1 s B Y 2 5o fe
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566 Ko7E ¥R 44 %

1 GATCTAGCGACCAACAAGACLOBET TGACTACTE TGCACT TR TT TEAACTAACGTTAACGAT TTTCTGEACCAMCOG TCACAGTTACGTETACCATATT 100

101 CrTammsTTETETACGE TGAG TG G TG T AMACGTTEACOEGCA TR TEAMCGTTOCAGAARAAGTAGAGTTTGCTCTAGATTATATAACATTTCGATCE. 200

201 TocCATACAAGT gaticecgaaatgetasagtictotoaagetoctgtgtgetpeacat geeagagersaatgetgeetoteattttoogttptasatet 300
r ¥ I : "ﬂ 4 K
1 IPEMLEFCQGERPVWHCTWOQREMLPLIFRCEKS 30
301 geacaggeotetprotageagacgatetgraacagrageacet tacagttocegagoagtpatatt tgganaaccecacagetot gpraaaageageag. 400
3140 AL ASRRSGTAAMPYSSRASDDLENPTALGERAMAGLOGM
40 1 Litpaagatatanc ccletpeetotagttppaacttiptatetetatettece b itatepptanatacleat topptopact 500
65 KPFEDIPGPEKSLPLYGTLYLYLPFIGEKTYSTFGERL
501 gent Lzt 3t sl Lpglecerleglecpegagangl Lgal tageane gtgnatet et e lgLiat Ligacee Leggzae. 600
98HH'l'_GLK_K_J.KEE“GJ“II"H}:,E.LIb\‘."hLLL_LbJJPR.J130
601 ate tet tacocgatgagaegs toocatategenct tacaggettgategaccegagntetacnactety 700
131 . ET W Y ATEGRYPMRRSIMHNTIALETEKTYRLDEPEMWYNSG 164
701 Fegggcttotgecaacasntgracctgaatggtogaaatt. Foccagasagtttt, BEAZCETCCTC cttocagt 800
165 ¢ L L P T XN GPENWWETLESPALAGQGEVLSREP?PGSVLSRELEV 197
801 taccaptpaget tpeccangatitegttgatetggttaceatetiacgtgateoagtaacpppleteateeceaattteet tyatet ipaganaagactt. 900
198 S EVYAQDFVYDLYAILRDPVYT GLIPFPNFLDLEEKRL 230
901 titetigaattanclatggeageancactggat glengue Liggetzont saatoczcatgaantaagle tgaecctaatae | 000
231]"LI’.[.TM!&.’£?LD‘FR[.GCIDKUNP[!ETSQE.’\.M.‘{[,EK264
1 001 sszcetecpacgactogaattocaccatetteagtacggacaacggattocace tetgiaaagtetieaatacacccacttacazaaagttaacaaatge | 100
265 4 §DDSKNSTIFSTDNGEFHLY¥EKYTFNXNTPTYKKLTNG 207
1 101 acpegatacont tlacagas lagegtataagtalgtggaggecazagataglgnne Lgaanap logae Llgasgne Lot ga baac tettg 1 200

208 @ DT 1 Y¥YRIAYEKEYVEMNKEDSELKSRLEDSDNPTTVIL 330

1 201 seazatticctectecgangtagtctogrcangazagacategtiagrgtattetggacacct tastggetageactgacacggangetteatettt 1 300
331 E ¥ P L LRSS GLD K XDIVWVSVECDTLLBGEINT GGSFTLS 364

1 301 ccterpectratatastetapeaacasarceagasaaacasgasctactgreteaagsagetegagateteeteteteagteagatggansggtaacgas 1 400

365 v A L Y N L AT HNPEEK®ELLAMGEHA ARTDLILSQRSDGEKVYT K 397
1401 agtegtectapeanaggeasgitactizganagetettat paaggeaagcageagar tecatooaatatotategregt tagaagsat tettgetgaagaa | 500

398V\’LF\K.\RYLKJ\II\’KhSSl{LHI‘lblb‘a’GRJn.'ll:,_]; 430
1 501 accgttat Acaneal Lacggtaattigigactonanatoaagtatealgtogootgeotgaatat tloganancoecanan gagt 1 600

431T\-'IR{}\"NIP§(GT\'[\’TQNQ‘:’SCR].PFI\"FFNENF.F464
1 601 Lectgeolgagapat gl Loa rgecaleantoolitet tgteteliooglLy calgglececgapeetgent Lpgaagnageat geelgn 1 700

ERWFTEKEDATINPTFILSL

465 L

1 701 geagantgtatatgeageacttatantgatogeagetantiatasaartggetgEangegegenasactogactgeiac tecacicacatanat gaacea 1 800

498 @ NV ¥ A4 A L T MT AANYETGWEGGEKLDCYSTHINETFP 530

RRWAE 497

801 satictocactagatiteacats tactccaap{aa...ctaa-\.".ﬁﬁ_ﬂqﬂ.'\ﬂ.hﬂﬂ.ﬂ.lMA_-\M 1 859
531D s P L DETF E N *

(@)
70~533 aa

Pfam
p450

0 100 200 300 '400 500
(b)

Mr-CYP302al MF-CYP11B2
(c)

1 FRIAEFCYP302a1 B cDNARZE BR 5 M4m0 X S E B F 51
(IR % i1 F IE D T 7 HEAR 5 helix-CHI B €K 7 B T HEAT tH, helix-IFI R € St AR helix-KH XU LR AR i, PERFHI K €4 A
ZE AR, heme-binding IR K (48 = I T HEFR H, poly(A)R B TN BA ZLAr i ; ()P KIBUAFCYP302al L5 M3 ()% KA R
CYP302al A1 B Bi M CYP1IB2 = 4 45 1) L%
Fig. 1 Nucleotide and deduced amino acid sequence of CYP302al from M. rosenbergii

(a) initiation codon is surrounded by square box; helix-C is marked with black rectangular squares; helix-I is marked with a light gray background; helix-
K is marked with double horizontal lines; PERF is marked with gray horizontal lines; heme-binding is marked by a box on a dark gray background; poly
(A) was underlined. (b) the domain of the CYP302al of M. rosenbergii. (c) the comparison of the tertiary structures of M. rosenbergii CYP302al protein
and M acaca fasciculari CYP302al protein
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Fig.2 Alignment of the deduced amino acid sequences of M. rosenbergii CYP302al with other species

5 conserved domain (helix-C, helix-I, helix-K, PERF, hemebinding)was underlined; black background: identical sequence; dark gray background: 75%

similar sequence; light gray background: 50% similar sequence; white area: completely different sequence; (-) represents missing amino acid; the

GenBank IDs of reference sequences are shown as follows: Macrobrachium rosenbergii; Neocaridina denticulata, ATY69125.1; L. vannamei,
XP_027209672.1; Portunus trituberculatus, AJA06113.1; Anoplophora glabripennis, XP_018574126.1; Cephus cinctus, XP_015605352.1; Myzus

persicae, XP_022181134.1
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Fig.3 Phylogenetic tree of CYP302al

The species and GenBank accession numbers of amino acid sequences are listed as follows: Trichoplusia ni, XP_026729307.1; Helicoverpa armigera,
AID54852.1; Bombyx mori, BAD99022.1; Manduca sexta, ABC96069.1; Aedes aegypti, AAX85206.1; Drosophila melanogaster, NP_524810.2; Athalia
rosae, XP_012267510.1; Cephus cinctus, XP_015605352.1; Bombus terrestris, XP_020718318.1; Myzus persicae, XP_022181134.1; Rhopalosiphum
maidis, XP_026815381.1; Cryptotermes secundus, XP_023709673.1; Anoplophora glabripennis, XP_018574126.1; Anoplophora glabripennis,
XP_018574126.1; Leptinotarsa decemlineata, AGT57842.1; Daphnia pulex, EFX63066.1; Portunus trituberculatus, AJA06113.1; Litopenaeus
vannamei, XP_027209672.1; Neocaridina denticulata, A1Y69125.1; Macrobrachium rosenbergii

helix-C. heme-binding., PERFAFlhelix-1**", ¥ %
[CVREFCYP302al 2 FE R 7 5 Al 1 2 H H 5t 3
DL K B B S B CYP302al 75 H 24 L 1R 5 41 4T
ZHJPHL G B, B IRVBEFCYP302al 6l &
RS ORSFE A, 5 R AR AL
FEX S PRSF A5 3, heme-binding > 4 ifd (5, 2%
PA5SOMIFRETESL T, helix-CAi7 T~ 40 itd {5, 25 PA501)
N, FALLLER M NERBRSS & 5 helix-I7 T Mt i

B, AIfEAI40 I 2 % P45S05 R W 47 T B A 4

http://www.scxuebao.cn

F G EE X, helix-Ko] LI E ML 4T E4% 0045
¥J, PERFHEME Flhelix-KIE W R #7127, 12 B HEzh
Yy, heme-bindingZ 5% 1Y Bt & R 5 41 & H

b E ) RS S, SE kSR T
BR R, SRIGFICOZE A, TE450 nmAih /= A R

Wit (HRAREE R R e S A mEEA, ¥
G VA fFheme-binding s V7 F 1 % & 11 L B9 4 25+
i M kLAY =D Re, & E#— D
%o AR A AT oR B [RIB IR CYP302al 5 K H

o E K= % 2 J»  sponsored by China Society of Fisheries


http://www.scxuebao.cn

41 B ot, % B RIBIFNM (0 R P4S0FK R CYP302al 3 [H] 7 e K HAE i fz Ja 1) Hh i ik 569

1 2 3 4 1 2 3 4 5 6 7 8

(b)
- CYP302al £ EHilE
4 . CYP302al polyclonal antibody
s = VTR control group
3| Hkk
g
=
2|
8 *%
1t
0 . . . . . . ’ :
1 2 3 4 5 6 7 8
dilution multiple
(© (d) (e

E 4 FTRIBIFCYPIR2aIEFEEE, FTik, % eBERAEH&REMNEN
(a) Mr-CYP302a1 3[R ¥) o0 [ % il & KI5 ARG UK % : 1. DNA Marker, 2. Mr-CYP302al PCRA BE, 3. SEZA Bk, 4. 5 20 5 ki 0U V) K
4% (b) SDS-PAGE%: & 4lifk FIMr-CYP302al A& H: 1. & [ Marker, 2. KIIPTGi%E S HIpET-32A% %, 3. IPTG% 5 (IpET-32A% #,
4. RINPTGE S EMAE A, S.IPTGHERMELEN, 6. HARA LEWR, 7. VURMWELAED, 8 A4bMELAEA: (o) HishiZ—Hi
K I Mr-CYP302al AL (4 : 1. 25 (A Marker, 2. RIAKIpET-32AZ # 8 B & 3. S EAE A M B EE: (d) Mr-CYP302al £ 5 [ B AR R
B E; 1LEAMarker, 2.YREREH, %0 TEN61.09ku, FMr-CYP302al T 4> T & K/N—5; () Mr-CYP302al % 7 B i
RN . nsTREREWZR, TH
Fig. 4 Molecular cloning and expression of Mr-CYP302al and preparation of polyclonal antibody

(a) cloning of Mr-CYP302al gene and digestion test of fusion expression vector with restriction enzyme: 1. DNA Marker, 2. Mr-CYP302al PCR
fragment, 3. fusion expression vector, 4. enzyme digestion verification; (b) purified recombinant Mr-CYP302al protein by SDS-PAGE. 1. protein
marker, 2. E. coli BL21 with pET-32A vector without IPTG, 3. E. coli BL21 with pET-32A vector with IPTG, 4. E. coli with pET-32A- Mr-CYP302al
protein without IPTG, 5. E .coli with pET-32A- Mr-CYP302al with IPTG, 6. supernatant of E. coli with pET-32A- Mr-CYP302al, 7. pellet of E. coli
with pET-32A- Mr-CYP302al, 8. purified recombinant Mr-CYP302al protein; (c) verification of recombinant Mr-CYP302al protein using His-tag
antibody. 1. protein maker. 2. E. coli BL21 with pET-32A vector. 3. E. coli with pET-32A- Mr-CYP302al; (d) polyclonal antibody of Mr-CYP302al
1. protein marker, 2. total protein of YO; (e) effect detection of the Mr-CYP302al Polyclonal antibody; 1. 400%, 2. 800x, 3. 1 600%, 4. 3 200x%, 5. 6 400%,
6. 12 800%, 7. 25 600%, 8. 51 200x. *. P<0.05; **. P<0.01; ***  P<0.001; **** P<0.0001; ns. not significant difference, the same below
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Fig. 5 Relative expression of CYP302al in different tissues(a) and different molting stages in
Y-organ(b) of M. rosenbergii
YO. Y-organ, Ep. epidermis, Go. gonad, Es. eye stalk, TG. thoracic ganglion, Ht. heart, Hp. hepatopancreas, MO. mandibular organ; A, B. postmolt; C.

intermolt; Dy, Dy, D,, D3, D, premolt, the same below
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Fig. 6 Protein expression profiles of Mr-CYP302al in different tissues and different molting stages in YO of M. rosenbergii
(a) CYP302al protein expression in tissues with WB; (b) CYP302al protein expression in different molting stages in Y-organ with WB; (¢) gray value
analysis of CYP302al protein and B-actin protein WB bands in M. rosenbergii in tissues; (d) gray value analysis of CYP302al protein and B-actin with

WB protein bands in M. rosenbergii during different molting periods
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Cloning and characterization of cytochrome P450 302a1 (CYP302al) during
molting stages in Macrobrachium rosenbergii

YANG Guang ’, QIN Zhendong >, ZHAO Lijuan’, ZHAN Fanbin’, SHEN Haiyang '*,
ZHANG Menglan ', LU Zhijie *, YE Chengkai '’, LI Fenglin’, PANGan', LINLi*

(1. Guangdong Provincial Key Laboratory for Healthy and Safe Aquaculture, College of Life Science,
South China Normal University, Guangzhou 510631, China;
2. Guangdong Provincial Water Environment and Aquatic Products Security Engineering Technology Research Center,
Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding, Zhongkai University of
Agriculture and Engineering, Guangzhou 510225, China)

Abstract: The molting process is an essential physiological process in crustaceans that is closely related to the
synthesis of ecdysteriods. Cytochrome P450(CYP)302al is the key enzyme which plays a critical role in the
synthesis of ecdysteriods. Here we present the cloning and characterization of CYP302al gene from
Macrobrachium rosenbergii (Mr-CYP302al). The acquired gene was 1 859 bp in full-length with the open reading
frame (ORF) of 1 629 bp that encodes 543 amino acids (aa) with a molecular weight of 61.09 ku and an isoelectric
point of 8.42. The aa sequence analysis revealed that there were five P450 characteristic conserved regions, i.c.,
heme-binding, helix-K, helix-C, helix-I, and PERF. Phylogenetic analysis demonstrated that Mr-CYP302al was
closely related to the CYP302al of Neocaridina denticulata, and then clustered with the CYP302al from
Decapoda crustaceans such as Litopenaeus vannamei and Portunus trituberculatus. Real-time quantitative PCR
(qRT-PCR) results showed that Mr-CYP302al was expressed in almost all the tissues tested with significantly
higher expression levels in the Y-organ. On the other hand, the expression of Mr-CYP302al was significantly
lower at the postmolt stage (stages A and B), and it was increased gradually at the intermolt (stage C), significantly
enhanced and reached the maximal level at the D, stage. Mr-CYP302al was expressed and its polyclonal antibody
was generated. Western blot (WB) showed that the expression of Mr-CYP302al protein was the highest in Y-
organs of M. rosenbergii. The expression level of Mr-CYP302al protein also reached a peak at D; stage during the
molting process. In summary, our results indicate that Mr-CYP302a1 may play an important role in molting of M.
rosenbergii.

Key words: Macrobrachium rosenbergii; molting stage; gene cloning; CYP302al; expression
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