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FHFEMF (Cherax quadricarinatus)" F1 H 7 58 B 5%
IK# (Tigriopus japonicus). CSTs 7E 142 4l il Bi
S A e S o R g S B e o N & - = ] LR
BEOKRAE R, BTGV 208 T2 A R
(A B A A, an A% CSTs 545 i B
UNARIE « BT IR UG BRAE « o3 BE AR5 S e A
S0 A HESI I CSTs SHpeiisf X,
QN Bl 22 B (Litomosoides sigmodontis)it) CST 24l
HIILAZ Y 0 7 3 0 i OB P2, T R A B R 1
CST W& [ Byt iz e e 117, =
£ % H AR YR (Macrobrachium nipponense) CST 1Y
G358 NI RERY 43 B H H R BT ARIE

H AR R & T & H (Decapoda) . K& L
(Palaemonidae). JHEFE, XK, HFIF, BT
BERIREEL, BERTE, BARSHAFNHE,
e ey, &, e EAS )T
ISR, BET, HARTEIFE B IR EIR K SR 5E 1)
FEMEZ—, # CPEfLSEIHEE 2017) B
AT IR, 2016 AF 4 H A TH R 57 56 4F 7 i
27.26 Ji t, fERFEIRIE AP AL 3 . AT
PSR A R B R AE A R ASTE MR A R
M, XFH AT ARPE R & B RN B A ) 2 AT A
ST B o AR SEES A H AV MR IR LA SR
2R 73 Bt v R I —Fh e B S = SRR Y CST SR
RBP4 MnCST 3N, 3 THFSE MnCST
FEATE HATEAROP S rp (R, A B 5% v B 15 2
T MnCST 3 H 14K cDNA JF41, R T &
TE H A VR ERAS R 21 D) S A BP £ & B AN R B B
2R K- 1LAh, FIH RNA THRNADFAY]
5T T MnCST FEPRUTERXS H A JE iR 51 S 2]
241 f5 1 i B(cathepsin B, CtsB) 4 4 & 1 i
L(cathepsin L, CrsL)ZE K, DL J B9 8 & A I
(vitellogenin, Vg)A:KFRIiAMm, 7R HAH
IR AR BB RN b W R B R A 4

1 MRS
11 KB

BERE F AT T o 5250 3h i, 445
PRI 4.0 g, JEURTFHTIT A YAOK P BF 92 A L
LRSI MM . VK LA 6 FEE R MR

BOHOREE . FFEEARE . B8R OE. B . . IRAE.
WL FNRE M 2875 9 DN, I3 nlfgi 6 FEEP
KB LT AR HAEER, B0l T ~VIHm
B L B Y A5 4 4R BP L N7 BRI AR
7o RS Wu %P3 Zhao 00N Iy ik,
A3 T IR 09 3 A i i00) T S99 (e S8 B 4 A
BCHT )« THA (5300 O B 26 il d00) . IV 303 (160 401 O B
ARG VIO A VI (HE DR S £ T 1R 1)
&L
1.2 HZAZY CST EEEKHRKE

#i57 & Total RNA kit Il (Omega A F])
B XA T A BY S0 U S, RNA
NanoDrop 2000c f# & %8 #h 43 )6 ' B 11 (Thermo,
FKEDME RNA R FZERE, 1.5%3EREHE5E L
HLPK RGN RNA 5284, SRJF 1% primeScript' ™ RT
Master Mix &5 & (TaKaRa, i) ULEH 5 A
S—HE cDNA. ARHE H AT AR 5P SL4% S 20 07
BN CST R Bri it 4 X 51%): MnCST-F1 .
MnCST-R1, MnCST-F2 . MnCST-R2, MnCST-F3 |
MnCST-R3 fl MnCST-F4 . MnCST-R4 (% 1), LIH
AVHEFOY S cDNA fERBR 1T PCR Y3, /IF
BRI 4 B B BoikAS MnCST 2 ORF X
¥4, FEE KA ORF X J¥ 41 3 ikl I & it
3'-RACE #l 5'-RACE WJ¥¢1E514% MnCST-3'-
RACE GSP fil MnCST-5"-RACE GSP (% 1), X H
SMARTer®RACE 5'/3' Kit(Clontech 23 )ik # &,
H AR & 538 H 5 19 (Universal Primer, UMP)
Y 3-RACE Fl 5’-RACE H5 S E5 1450 51
H A EE G 3781 SRS P81 . PCR 78 =4 ol
Wegtifl . EHG AL IS PREE BH M e B2k T LR g iR
AR BRA w1
1.3 FHIXTEE

i FHFELR B 4T MnCST #E47F 8140,
F5 i 5] 2 HE B4 $500 (http://www.ncbi.nlm.nih.gov/
gorf/orfig.cgi). & B HISAHXT 435 ot & DL S P
1055 B S A TR (http://web.expasy.org/compute_pi/) |
R B BE R b AL A I (http://www.dabi.temple.
edu/disphos/) . & 1 1Y 2 BE Z5 #4 B 50 (http://
smart.embl-heidelberg.de/index2.cgi)%5 ., N H
ClustalX2 F&J¥ #1472 F R 2 &5 51 L X (http://
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Tab.1 Primersusedin thestudy

514 primer J¥31(5'-3") sequence (5'-3")
W] i BE SR partial sequence PCR

MnCST-F1 CTTCTTCTCCCGCCTCG

MnCST-R1 TCCACCAACAGCCACAG

MnCST-F2 TTATCCTGCCACAACTC

MnCST-R2 TCATCCCGCTCATCACA

MnCST-F3 GGATGCTGGTGGAATGA

MnCST-R3 TGGTCTTATCTGCCTGTT

MnCST-F4 CAACAGGCAGATAAGAC

MnCST-R4 GAATTCCACTGAACTAAG

3'F S Y S RACE PCR

MnCST-3'- RACE GSP GATTACGCCAAGCTT GGCCATACCAAACTTGTGAAGTGGTCG
MnCST-5'- RACE GSP GATTACGCCAAGCTT AGAATTACTGGGTCATTAAGAGGTG
UPM TAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT

dsRNA 4 i, dsRNA synthesis

T7-MnCST-f1 IAATACGACTCACTATAGGGAGATTATCCTGCCACAACTC

MnCST-r1 CTTCGCATGACATAGACA

MnCST-f2 TTATCCTGCCACAACTC

T7-MnCST-12 TAATACGACTCACTATAGGGAGACTTCGCATGACATAGACA

T7-EGFP-f1 TAATACGACTCACTATAGGGAGATGCCCATCCTGGTCGAGCT

EGFP-rl TGCACGCTGCCGTCCTCGAT

EGFP-f2 GTGCCCATCCTGGTCGAGCT

T7-EGFP-r2 IAATACGACTCACTATAGGGAGATGCACGCTGCCGTCCTCGAT
PeNEE PCR - qRT-PCR

MnCST-qf TGTTGGTGGAAGTTTTGCTGC

MnCST-qr TCATCCTCACGCCTGTTGTATT

CtsB-qf GTCAGCAACGGCACAAAGTT

CtsB-qr CTAAGCCCCTCCAGATACCT

CtsL-qf CTGTGGTAATGGAGGAGTGGGA

CisL-qr CAGTATGATAGAGCTTGTTGTGGG

Vg-qf CATCCGCTCTTGGTTTGTTG

Vg-qr TATGTCTGCCCCTACTTTTGGT

B-actin-qf AATGTGTGACGACGAAGTAG

p-actin-qr GCCTCATCACCGACATAA

TE: BT RIZARIS N 15 bp BEARFEIEF S, BUFRIZE SN T7 J5 30 7751,

Note: The 15 bp vector homologous sequence was underlined; T7 promoter sequence was double-underlined.

clustalw.ddbj.nig.ac.jp/), M F MEGAS.0 3k {4 LA4R

R R G AR

1.4 SEEEE PCR(QRT-PCR)%# MnCST & &
X5 £ Total RNA kit 11 (Omega 23]

Ui B XA TR RS | IR AR . B O

B. . IR, DIAFERZT 9 MHZL DKk

I ~VIAR BN SLA U RNA, RNA I9IREE
2 i A SE R ARSI ] 1.2, ] PrimeScriptRT
reagent Kit with gDNA Eraser(TaKaRa)is{ 5] & X 21
U 5 RNA #F47 i o M-3R s BERY MnCST 4
K H 98 %E 51 % MnCST-qf il MnCST-qr
(# 1), VL B-actin HNSHEFH (K 1), ] CFX96
SERFSE PCR Kl 245 (Bio-Rad, USA)FI SYBR™
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Premix Ex Taq™ II(TaKaRa, Ki%)if#|iE1T gRT-
PCR, SO 1A% (25 uL): SYBR®Premix Ex Taq II
12.5 pL, k. TH5194 1.0 uL, cDNA Hitk
2.0 pL, ddH,0 8.5 pL; W FE)F: 95 CHiAs 4 30 s;
95C 5's, 60°C 30 s, 3t 40 NMER . BAFEAK
B3 AEE, KR 2R SR AR AR MrCST
FIFIXT ik i, SPSS20.0 44 One-way ANOVA
ST M A% s, #5847 LSD #1 Duncan K H#,
DL P<0.05 N HEA BEWZES, 4RV EAR
TR (X £SE)E /R .
1.5 RNA F#Lis

MnCST H& PFFI 3 53 51 2 (6, 58 6 B (1 (EGFP)
SER A AE RNA(DsSRNA)YAY & % I Qian 2517
RSN SR e i, RS 1751 L3k 1,
B R () U0 5 B AL T T 309 M B AR AR 300
HOF¥RRIRES 4.0 g5k 3 4, L. ¥
PEXT BEZH FNZ8 (0 FRZH 4% 100 H . 4% 18 Bai %2
%) 4 ng dsRNA/g 1A {9 7 59 7 & F S e vk, 5K
K ZH LA VEST 16 pg MnCST-dsRNA/20 uL Jof K,
BT BRZH LN T 5T 16 pg EGFP-dsRNA/20 pL
TelK, 25 AR IR NN ESS 20 uL JCEK, 1
HIRES S 8 K& L4 FAb stk T 1 IR%
RS BT HARBEN 1 A UEEFRYIH T
KB R VI RETE A 18 d 2247, RSBy e E
WHESERE 2, 4. 6, 8, 10, 12, 14, 16 Hl
18 K, MRS P REHLEL 6 RBEF, vKIGRREE S
SERIArES BN HLA Y, HEAT R RNA FYHREL, K By
BB MnCST JEFMTTBRACE, DL B
CtsB, CtsL Fl Vg KKK, & RNA HHEEL
HIRFEAF] & Total RNA kit 11 (Omega /A F))HY
VLB T, SR RBAKEHREIN SR 1.4 195
Bf 2 i PCR 43 #7752 90 20 BRI AT

2 HRESH

2.1 MnCST EE cDNA & KIS EBF 554

Fir i BE PN LM T . PR, B8R WK MnCST
M cDNA FH4K 6199 bp (GenBank & 55
MG049914), Hrf SHE4RASIX K 1183 bp, 3'JE4H
B XK 2304 bp, poly(A)ERTA 2 MNIERF5
AATAAA . ZIEFFFE EAE 2709 bp, Zwft 903

MEEER, HFEASTFEHN 101181 kD, Hip
LT 4.95, 53 F 20N CaaooHeo16N 124401410843, &
TR (8.9%) . KA Z R (8.3%) M2 R (8.3%),
SR AR (0.8%) 0 73 Ab, FEIXAIERRITH) I
W] 42 NSBEER AL, 4G 24 4 Ser, 74>
Tyr 1 11 4> Thr, FIHFELN SMART 73 #7 i
7R MnCST BIEBR T3 A 6 4> cystatin-like(2F
Nk g N NS R = S EA (R s o K DA R
60-171. % 208-315. f 346-455. 4 483-592,
55 670-779. 5 794-903 (i &ZILFR (K 1),
2.2 MnCST EH 6 4 cystatin-like &I &
EBF5 S E L

FIF ClustalX2 #{FXF MnCST EHY 6 4
cystatin-like 45 ¥4 3k (1) S JE 8 Jy 51 33547 T 22 5 Hu X,
RITE cystatin Z5FBRP N % EA 1 3 ASHEXT AR
ST 5 28 IR 2R B 1 B A TR A S — N R
Wi GRS A Q-X-V-X-G 1E HEFEEF M C K
Wil PW, 78 MnCST B 1. % 5 FI%E 6 4~
cystatin-like Z5F3 P 2 AELE . N Kl G £
X 6 4~ cystatin-like Z5H3NFEIfE7E, HiX 6 1~
cystatin-like 25 438 Py 35 A A~ A (A 2).
23 HZABEMnCST BiRELEIREBS RS
it

FIFH NCBI BLASTP #fF, #4845 89 H A8
IR CST 5& DK il (1) 2 FE R 7 91) 5 HoAth, 3 i H 7 5
Yy, BPLTEEEAR . H A FEBREAG K 35 i rh A ol 2 g
() CST & 2 SE /)7 51 47 RV b X o 45 2R B,
HAVHERE CST 4[5 21 % 2 0F 7] J6 7 & =
(62%), HK K H A R BEAE K % (32%), 15 HiE
o BB B AR, S 30% . A FH 7E Lk B
SMART Zr#r i, HAVHIFE CST EHA 6 1
cystatin-like £5#def, 2T #ELUFAY CST HHAH 3 41
cystatin-like Z5H438, H A FRBEAE K & A2 g8 2
) CST E A 14 cystatin-like 251 (K 3),
HBix 4 FhHSTEh Y CST AU —A> cystatin-like
S F LR IT A AT Z L, ZIEA1E
BARSFI N K3 G Fd )33 1) Q-X-V-X-G
SR, BT R AN, AN 3 R SRS
55—~ cystatin-like 25 B iR B A C K Im K PW
FIPABE P e (K] 4) A MEGA 5.0 FfF it
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Fig. 1

ACATGGGAAACAGTGGTATCAACGCAGAGTACATGGGGAGTATTGAGGTGTATGTGGTGTTGAGAGGGTCAAATACTCAAATTGCGACTCTCGGACAATGTGGTGGCGGGTACAGTTT
TTGGTGGTTGTGTTGGGTAGTGTGGCGAACTTGGTCCTAGCTCAAGATGGAGGAGTGCCACTGCCTGGCCTTCCACCACAGCAGGCATCGTCAGGCCCAGCAGGAGCGTCGCTAGACATC
GGCAGTGGCGGAGGAGGAGTGCCACTTCCACCCCATACGTCGGATGTGCATCTCTCCGTTGGAAGCGATGGCGGTTTTCCTCTCGGACAGGGCGGCGGTGTCCCCTTGCCTCCGACAGGA
GGAGCGACGCCTGTCGGTGGTTTCGGTGACGATCCCGTCTTCGTGGTGCCCTTAGAACAGGGCTCTGGCGTACCTCTCCCCCCCTCGGCGGGTGGACAGGGCACAGTCGGAGTTCCCTTG
CCCCCACCTTACGACACCGTCGGCGTCGGAGGACCAGGTGCCCAACAGCCAGCTCTCGATCTCGGAGGTTCCCCTGGAGGATTGAGACATGTGCACGACCCCCATGTGGATGCCACCGTC
CAGAGGGTTTTGGGACTGGCCAGCGTCAGGGACCACCTCCAGCTCAGGACACGTGCTGACAAGGCTGTCAAAATTAGCGATGTCGTCACGGCCCACAAACAGGTTGTCACTGGTCAGCTT
GTCTACCTGACTCTACGAGTTGGAGAGACCAACTGCCCAGTTGGAACTCCTGACGTCACTAACTGCCCCCTGGACCACACCGAAGATGATTACGTCTGTGAGATCGTCGTCTGGGAAAGG
CCCTGGCTCAACAGCTCTAAAGTCATTGAAGAGAAATCAAAATGTGCTGAAACTGAGGATGATAACGACTTCAACATTTGGGGCTTCTTCTCCCGCCTCGCCAACTCTCCATCTGAGATC
CCTCAGCAAAATCTCCCAACGGGCATTAGTGAACAGCAGTTGGGATTGGAGGCTTTCAACTATGTTGACCGTGCATCAGAATCAAAATTCAGAGGCGATATGGTCAACTTCAATCTTGGC
AAGATCACATTTGATCCTTTGTCTAACACAACTAAAGTTCAAGTAAATGTCGAATATGGCTTCAAGATGTGCCTCAGGTCTCCAGATGAGAAGACTGACTCCAGGATGTGCCCACGTGAC

M CPRD
ACTCAGCGTGACCATTATATCTGCGCTGTTCATGTTGTGCACAACCCCAACCAAATTGCCACCCTCGAAGTAGTTCCTATCCGAGACTCTAGTGACGAAAACGAGATTCACTGTGAAAAA
Q RDHYTICAVHVYYVHNPNQIATTLEVVPTIRTPD S DENETIHTCEK
AGGAGAAGTGTTGAAGAAGAATTAGTTGTTCCTGTACGAGCCCCTTGCCTTGGTTGTCCTCAGCCAGCACCTCTTAATGACCCAGTAATTC&AGATATAGCTGACTTTGCTCTGAAAGAG
RRSVEEELVVPVRAPCLSGCPAQPAPLNDTPVIILDTIADTFEALTKE
TATGACAeGACAGCTGATGAGGATGACCTCCATATGATCTTGAGACTTGTCAAGGCCCAGACACAGGTGGTTGCAGGTGTTAAGTACTACTTGACTGTTGAGCTTGCAGAGACAGAGTGC
YDRTADEDDLUHMTILRLYEKAQTA QVVAGYV KYYLTVETLAETESC
AAGAAGACCTTGATTGGTGTTGATGTCAACAGGACTTTCTGCAGTCAAGATTTGAACGAAGAAACCAAAATTTGTGACCTTCATATAGTTGACCAGCCATGGGTACCAGCAAGAGATCTT
K K TLTIGVYDVNRTTFTCSA QDILNEETNTICDLIHTIVDA QQPWVPARIDIL
GTTGCTGCTCAGTGCTATGACAAGGATAATTATCCTGCCACAACTCAAGATGAATTTATTGTTCCTGTGGCTGTTGGTGGAAGTTTTGCTGCAGTGCCCTCTGCTACTGGTTTCCAGGCA
VAAQCYDI KDNY?PATTA QDETFTIVPV AV GGSTFAAVPSATGTFA QA
AGAACTTCTGTCTTTGGAGGTCAGGCACCTGTACAGCTTGATGAAAATAGCAGAGCCATAGCTCAGATGGTTGTAGCAGAATACAACAGGCGTGAGGATGACCGTGAGTATTACAAACTC
R TS VFGG QAPV QLDENS ST RATIAQMYVYV AEYNTRRETDTDTR RETYYKTL
ATGAAGGTCCATGAAGCAACACCCCTGGATGCATCTGGAACGTACCACATTGTTGTTGAAATGGCTGAGACAAATTGTAATAAGTTTGATCCCTCTACTGGCAATGGTG%AC%TTGTATT
M KV HEATPLUDASGTYHTIVVEMAETNTCNTIKTE EFDZPS ST GNGEHTCTI
GAGAACCCGAGAGAAGAGC&TGAAGTTTGCAGTGCTCAGGTCCQTGAGCAAGCACCTGGAAACAGAAGAATTTTGTCTATGTCATGCGAAGATCTTG%TGATTACCTTCGAGATAGGTTG
ENPREETREVCSAQVHETZ QATPG R R ILSM CST CEDLUDUDYTULRDTR RTL
ATGCCAACTTTGAACTCCTTTGATATCATGGATCATCCCTTCTTAAGCTCACAAGGT T TCTTCTGGAAACCeTGTC 'ACTAGTGACCCCCGAGTTCAGGAAGTTGCTGCTTTT
M PTLNSTFDIMDHPTFLSSQGSSSSGNPVPTSDPRUYQEVAATF
GTCCTTGACCAGTACAATCTACGAGGGGATGAAGATGAACTCTACG*TC*GACTAATA*TG*CA@TGeTCACACCCAGGATGCTGtTGeAATGACCAAGTATCTCTTAGAGCTGGAAGCA
VLDQYNLTR RGDETDEL VLTNTIVSAHTA QDAGGMMTT KT YTLTLETLEA
GCAGAGACACAGTGCAAGAAATACCTTCCAGTGACAGATCCTTCCCGGTGCCATATTGACCATGGTGAAGAAAGAGAAATCTGCCAAGCAGAGGTGAATGTACCAGCAGACCCATCTCAG
A ETQCKI KYTLPVTDPSIRCHTIDHGETERETITCAQAEVNVZPADTPSAQQ
CCAAAGACACTCACCAGACTTTACTGTGATGAGCaGGATGACTATTACACCAATAAACTCAAAGGTAAAATCTTCTCAGGAGCTGCTCTCCACCCTGATGGTTCTGCTTCCACTCTGGGT
P K L TRLYCDETRDTDYYTNEKTLTZ KSGI KTITFSGAALUHPDSGS SASTTLG
GGAACA TTGCTGCCAGTGTAAATGACTCCAGCATAAGAA%GC*TG&ACACCTTATAGCTGACGAGTTTGATT*CAGGTCTGACGAAGACAACCTATTCATCTTCAGCAAACTTATG
G TWVAASVNDSS STRI KTLGHLTIADETFDTFRSDEDNLTFEFTITFSIKTLM
AAAGCACAAAAAATGGTTACATCTGGCCTAAAATATCACCTGGTTGTCGAACTTCTCGAGACTGTTTGCCCCAAGTACAAGAGGAGAATTGACAAAACTCGTTGCGTCCCAGACATTGGA
K AQ KMVTSGLI KYHLVYVYVYELTLETVCPZ KYZ XKRRTIDIEKTTRTCVZPDTIG
GAGGATCCTGTGATGTGTGAGGCTAATATCTTGATACAACCTTGGCTGAGCAAACAGCAAGTTACAAACCTCCGGTGTGCTGATAGGGATGACTTCCATGAGGGTGATGATTCAGTTGAG
EDPVMCEANTILTIQ QPWILSE KA QQVANTLURTCADT RDTDTFHETGTDTDSVE
GTCTTGCTGCCTCTGGTTCACCCTTCAGCTCATGCTCGCCCAGTCTTCAAGAGCCACTTTGTTGTTCGTACTAGTGATGAAAGTATAGAGAGCAATGAGCGATTCTATCATCCCTCCGGT
VLLPLVHPSAHARPVYVFZIKSHTFUVVR D E I ESNEURTFYHP
GGTAGAAACCATCATCATGACACTGAAGAAGAAGACGATTCTGAAGAACTTCCTAACTTCCGAGGCAGGAGAGGAATTCCTGGTGGTTATCAACAGGCAGATAAGACCAGTCCCAAAGTA
G RNHHHD E E E DD EELPNTFRGRRGTITPGG Q Q ADKTSPKUV
AAGGAAATAGCAGACTTTGCCATCAAGTCTATGGATGAGCTCTCTGAAGATCCTCGAGTTAGAATTGTCAAGGCTGTTGAAAAAGCTG: GACTCAAGTGGTTGCAC&GGTCAACTATAGA
K ETITADTFATIEK M D E L EDPRVRTIVIEKAYVEZKAETA QVVAGVNYR
CTTATCCTTACTGTCCATTGGACAACTTGCTTGAAAGCAGATGAAGTAGAGGATTTGAGTTCTTGTCCCAGTGATCCTAATGAAGTACCAATTACATGCACTGTCATTGTTTATGATGTG
LI LTVHWTTT CLJI KADEVEDLSSTCPSDZPNEV?PTITZ CTVTIVYDYV
CCATGGACAAACACCCGGAGGGTCACAGAAGCTGCCTGCAACCCTGTAGGTGCTTCAGATGCCCCTGCAAAAAGATCTAGGAGAGCACTACTTGGTGGTTTTAGTGAGGCTGATGTAAAT
P WTNTQRRVYVTEAACNPVGASDAPAKRSRRALLGSGTFSEA ADVN
GATGCAAAAATCAAGGAAATTGGCA%TTTTGCTGTACAAGCTATGGACTCGACAAGTAGTGATCGCCACATTAGACeGGTTGAAGAAATCTTAAGTGCTTCCAAGCAGGTTGTCGCAGGA
DAKTIZKETIGNTFAV QAMDSTS DRHTIRRVYEETILSASTZ KA QUVVAG
TTTAATTATAGGCTGAATATTAAGATATACTGGACGACCTGTTTGAAGGAAGATCACTTAGAGGATATTAGCGGCTGCGAGAGGGATCCCAGCAGGCCATACCAAACTTGTGAAGTGGTC
FNYRLNTIIKTIYUWTT CLZEKEDHTLTEDTISSGT CET RIDZPS SR RPYAQTTCETVYV
GTATATGAGAAGCCTTGGGCAAATCACATTGAGCTTAAATCTGCTTCTTGTAACI&QGAGGAGGTCTTGAAAAACTGATTTTCTCAGAGTT%TTATATTTGAAATGAATTAATGATGACA
VYEIKPWANHTIETLTI KSASTCN =x*
TTAACAATTATTATTATCAGTTGTCATTGCATACTTTTATCGTAGATTGTTTTTTTATTATTGTAATGAGACTTACATACAGTATGGTTGTTAGAGCATGGTGACATATCATGTGAGAAT
TCTTCACTATTGAAATTATATGATTCATGTTATTTAATTGTTGAAAACAAAAATTGAAATTTCTTCTCTGTATATATATCATCCATTATGAATACTATGTATCAACTTTTCTTTTTAGTA
CATTCTTAGTTCAGTGGAATTCAGTTTAAACCTAAGAACCATTGTGCAGAGAAAAGACAAATTACTGTATATTTAATCAACTTATTTTTATAAAACATGAAAATATTATGATCATTTCAT
GTCAGTATCAAACCTTCATGCGGAATCATCTTAGAGAACAGTGCACGATAGATTTCCAGTCTGTAGTTTCCATAACATCAAATGCCTTACTACAAAGCTGGACTGTGGGTTTGTAGCAAC
ATAATGAGGAATATGAAATTAATACTGTATTTGTTTCACTTGAAAAATATAAGAAAACGTTAGTTTTAGAACTTTCAGCTTCTTCAAGGAATAAATCATATTTTAAAATTGTTCATATCA
AACTATGAATATGTACTGATATTTGAATGCCTTAATGTACTCTATTGTTGCCTGTACAGTATATTGATTTTGAAAAAGAATATAGAATTGCATTCAGGATCTATATTTGCATCACTGGTT
ATGTTTCAATGTTCATCTTCTAGTTTTGATTTTAATGGATGTGAATTTTATTCAGATTATTAATATTTAAAAAGCACGAAGCTTTCTCTGTCTTCCCTTTGTTCATGTTTCAGTATATTT
TTAATCACATTAAGCTATAAAGTTTTAGGATCAGGAGTACACTAAAATATCTTGCATAATTGAACTTTGAATTAGTTTACTCTATTAAGTTATATTTCCATCATCTTTAGCAAATATGAC
CCACTTGGAGCATATAATTTCTTTATTTATGAAGGAAAGAATGTAGCAGACCACAGAAAACGTGTTACCAATGCTACATAAATGTTTTTCAGAATATTTCCCTTAATCGTATAAAATGAA
TCTGCATATTTCCTCGTCCCATCTGACCGTCTTTTGTAGTAGGGACGCTTAACACTACCACGACCATTGATGTACATAGATTGTTATTCTTATTGGTCATATTGATGTGCATAGAGCAGC
ATCACAAAGATCTAAAGCACACTTAATGTAGGAAGAGGGAAGGTCATTCTGGTGAAGGAAGCTGTTTTTATTCAATAAAGTATAGGTTTTAGTCATTTTTCAGCAGTTTTGAGAAATATG
TAGTCTGGTTGTAGCAACTTCTTTCATCACAGTTTTCGTCAGTGGATTAATTTTTCCTTTTTTTTATTTTAGGAAAGTTTTTCTGCTTTCTTCTTATCCCTTCATTAAGTGAGCTTAAGA
TGAGGAATATTTTACACTGATTATAATATATCTAATATATACATATATATAATATTGTACCTGTGATGAAAATATATTAAGTTTCCAATAGATATCTTTTGCAATTCTTTTACTTTTTCT
TAGTTGTTCTTTGGTAAAAAAAAAATTTGGATCTTCAAGAGGTATTTTATGGTGAATGTACTACTGTATGAATGTTGAAACAGGGTTAAGAAGCATCACCTGTAGCTGACTTTATTATAT
TGACACAACATAAATACTATTACAAATTTTATGATTAATATATTTAAAAAGAATTGAAAGTTCCTCTTGAATTTTACGTAAACTTTCCTTACAGCAAAGTGATACATAAATCATTTTAGA
AATATTGTATACCAATGTCACATTAGTTTTACATTCAGACGTCCTACTGGCCTATAATTCTGTGCACTTGATTTCTGTCTTTCATCGGCATACAGTAATTTATCTGTGATTTTATTATTT
CAAGGAACAATGTATTTTATAGAATTTATTACCGGTGAATAGTGACTTTTCACTTTGTAAAGTAGTACTTTACTGGTACTACAGTACCATTTAAAAGTGAAATGCTGCTTTGATCTAGTA
AAATATTTGGAACGATTAGCAGTAAAGTAGTGACAGTGATGGTTACAAGTGTGCCATTGGTGAAAACAAAATTTCATGCCATGTGGATGGCCACAGGGAACTATGTATGGGGTGAATTAT
ATGGGAGATATGCTCTAAGGTCTGTGATTACTTCTACAGTATTTTAATTGTGTTTGGAG

Bl 1 HAVBEF MnCST 3£ 2K cDNA 75 FIE LR 75 47

Sequence analysis of the full-length cDNA and amino acid of MnCST in Macrobrachium nipponense
Six cystatin-like domains are indicated by gray backgrounds. The start (ATG) and stop codon (TAG) of the ORF are

underlined. An asterisk denotes the termination codon. The phosphorylation sites are marked by A.

Putative polyadenylation sites (AATAAA) are double-underlined.

[53 0 6 4 cystatin-like Z5F30)F 51, THRIZ4E/R ORF X 1U#E 1R %1% T (ATG) MZ 1L %1% F(TAG),
B S NREIEMRAZA 1L, BO=M (M)A IR SRR AN R, BT RZAE7R poly A E(E 5 (AATAAA).
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CY domain “# cystatin-like %
CY domain 1-6; cystatin-like %

CY domain 5 56
CY domain 6 56
CY domain 1 56
CY domain 4 (A 56
CY domain 2 REDDREY YKLMKVHER TpLDASET. 54
CY domain 3 GDE! EIYVLTNIVS 55

Consensus
CY domain 5 TVINYD 110
CY domain 6 SRPYQ YE 110
CY domain 1 TNI@DL PA l 112
CY domain 4 P LI NL 110
CY domain 2 HE . LSMS| 108
CY domain 3 ) . H REI T TRLY@D 110

Consensus £ f k ?

i disulfide s disulfide
2  HATEEF MnCST K 6 4~ cystatin-like 25 #4381 = L FR ¥ 71 £ & LU X

GEME, HBRIEL 1 KA SER A cystatin-like Z5AIR Y A 1T T B90F 4359 6 44
LR IN Y 3 A5 2 B R R B AR A TS PR AL ——N KRR G R F R El
Q-X-V-X-G {&HEFLT A1 C A i) PW 4Bl 25 | SEZR T HE R4 HESR 45 7.

Fig. 2 Multiple alignments of amino acid sequence of six cystatin-like domains in MnCST of Macrobrachium nipponense
CY domain represents the cystatin-like domain, according to the top-down order of cystatin-like domains in the gray backgrounds
in Fig. 1, these domains are named CY domain 1-6. The three active sites interact with the cysteine peptidases in cystatin-like
domains: G at the N-terminus, Q-X-V-X-G active motif in the middle of the sequence and PW at the C-terminus are indicated by
asterisk, box with full line and box with dash line, respectively.
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oy SR

CY 2} cystatin-like %% #4158,
Fig. 3 The predicted structure domains of CST proteins in four crustaceans
CY represents the cystatin-like domain.
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BRI IA R (P<0.05, Kl 6a), 1F HAIHIFA
[F] & B W By B S rh BRI 2] MnCST JEK 131K,
MnCSTHEH R BRHEENEMREF LT ®mET
K, 7EIVEAONSE R B M, 76 T HIop iR
kel M. VA VIHIRE TS MaCST FEH )R
SRR EEFP>0.05), HEEHT 1 DMV
B S MnCST F H (1) 335 5 (P<0.05, & 6b).
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HZ BB K % Tigriopus japonicus . . . QKE. LDP. QALATNDGDNSLYHQKAVKVTNVSANAYAEIN 53

v
HZAYBEF Macrobrachium nipponense APC CIQ LNDIVIL DFAEKEYDRTA. DEDDLH. MILRLVKAQIUNQIA®YK 55
LIEFEUF Cherax quadricarinatus . PCL§CPQ LNDPTIM D KEYDRTATDEEDLH. LVLRLIKAQIEAVAYAEILK 55
GERT LK
QEL.

rRAEG B8 Eriocheir sinensis ce IGGLSEEKIMTP NEVRPDVE LGRPVSRFEGLNYKE N 52
Consensus g tqvv g
# # # r—- #

HZ{BEF Macrobrachium nipponense LTYELAE KKTLIGVDVNRTFCSQDLNEETNICDLHIVDQ PARD Q€ 112
YIEFEAT Cherax quadricarinatus LTYELAETDCKKTLTGVDVNRTFCMQDHDEETKICDLHVVDQPWI PARD Q€ 112
H A B BIME K % Tigriopus japonicus MRF VDTECLKSSG. . QEPTEDCAVQEDAPVKECRETVWSKPWENFMKETAVDE 108
T GEEIR Eriocheir sinensis VK{UDIGDNEVV. . ....... HIRVYHTFDGTNTLNGVQHFTDK:" .......... 88
Consensus y v

Kl 4 4FH5EEY CST A 14 cystatin-like 45 F 38 1 B IL R 7 51 £2 5 L X
FLITHENN Q-X-V-X-G HJ¥, VI8/R N RIM G LI HEN Ny CRImM PW. 4R " BRHEAY Cys 5RIEFI#tE7R.
Fig. 4 Multiple alignments of amino acid sequence of the first cystatin-like domain in four crustacean CST
Q-X-V-X-G motif is shown by box with full line; G at the N-terminus is indicated by ¥; PW at the C-terminus is shown
by box with dash line. Cys residues involved in the formation of disulfide bonds are marked by #.

99 E KW Gus gallus (AAA48744.1) \
97 HA#938 Coturnix japonica (XP_015712526.1)

45 L BIMIEL4E Taeniopygia guttata (ACH45794.1)
N Mus musculus (AAT11922.2)
40 £ N\ Homo sapiens (AAK11570.1)
48 K54 Larimichthys crocea (ACF54620.1)
88 W 4% Oncorhynchus mykiss (AAA82049.1)
12 i R Acipenser schrenckii (AAK16732.1) J
100 HZYBYF Macrobrachium nipponense A \

L 2T 8T Cherax quadricarinatus (ALC79585.1)
4111 H A R BIT K % Tigriopus japonicus (AK090278.1)

64

~
QJRIQOMD A §@ﬁ5mﬁ

17 KA M98 Haemaphysalis longicornis (EU019714.1)
— RZM Brugia malayi (U80972.1)
100L—— BESLEE 22 B Onchocerca volvulus (AF177194.1)
20 BRIBLR L Acanthocheilonema viteae (L43053.1)
73 AL HESE Eriocheir sinensis (ADF87935.1)
4{ FFR W Fasciola hepatica (AY647146.1)

—:BE H [BI£R B Nippostrongylus brasiliensis (AB050883.1)
97 IR%E 728 . Haemonchus contortus (AF035945.1)
M Musca domestica (AEO50697.1)

91 PIG SME Drosophila melanogaster (NP_476856.1)
JHF R IR Manduca sexta (BAE97580.1) /

—

oreIqoLIoA] R FETH NH

—
0.2

K5 JET CST &MY M R G ALH (Neighbor-Joining #4)
LMK S G IR B E e, B AT IR A RR.
Fig. 5 Phylogenetic tree based on amino acid sequences of CST (Neighbor-Joining method)
The length of the phylogenetic tree identified the genetic distance, and the CST of
Macrobrachium nipponense was marked by the black triangle.
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IVER, ABFSEHET T RNAL 528, sl m HA  FEKER4, VORMEBIHEX 41 (EGFP-dsRNA i
TAAR LA 5 MnCST-dsRNA K MnCSTHEH SFADAHELAE 5 B ] A5 5 2 T B (P<0.05), RIFE
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a. HAREIR MnCST WA ZFRIR 0. O: BREL; S: B, G 8 H: (Ol Ag: BER&T; M: LA I #4; He: AR, E: HRAW. b.

MnCST {£ H AR TR IR R & B B BUR IR g g ik, 1

TH9BREE; 1. IIEREE; M. MIERE; V. IVIHORE; V. Vi

S VI VBB, A [R/NS 7R 25 52 12 35 (P<0.05).
Fig. 6 The relative expression of MnCST mRNA in different tissues and in different stages of ovary in Macrobrachium nipponense
a. Tissues expression of MnCST in M. nipponense. O: ovary; S: stomach; G: gill; H: heart; Ag: abdominal ganglion; M: muscle; I:
intestine; He: hepatopancreas; E: eyestalk. b. The relative expression of MnCST mRNA in different stages of ovary in M. nipponense.

I : ovary at stage | ; II: ovary at stage Il ; Ill: ovary at stage II; IV: ovary at stage IV; V: ovary at stage V; VI: ovary at stage VI.
Different letters indicate significant differences (P<0.05).
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Fig. 7 Effects of MnCST-dsRNA injection on gene expression levels in ovary of Macrobrachium nipponense

. Silencing efficiencies of MnCST gene in ovary of M. nipponense after MnCST-dsRNA injection. b, ¢, d represent

the effects of MnCST-dsRNA injection on the expression levels of CtsB, CtsL, Vg genes, respectively, in ovary
of M. nipponense. Different letters indicate significant differences (P<0.05).
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Abstract: Cystatins (CSTs) belong to a protein superfamily the members of which reversibly bind cysteine prote-
ases and inhibit their activity. CSTs are divided into three families: family 1 CSTs are single domain cystatins that
do not contain disulfide bridges and carbohydrate side chains; family 2 CSTs possess a single cystatin domain, but
their structures have at least two intramolecular disulfide bridges; and family 3 CSTs display a higher degree of
structural complexity characterized by the occurrence of multiple cystatin-like domains, each with two disulfide
bridges at positions homologous to those in family 2 CSTs. CSTs widely occur in various vertebrates such as
mammals, birds, and fishes. CSTs have also been identified in some invertebrates. In many cellular defense sys-
tems, the CSTs plays a role in preventing the excessive hydrolysis of cellular proteins by cysteine proteases, and
regulate many metabolic processes that depend on cysteine proteases. However, the study of the role of CSTs in
the gonads of animals has not yet been reported. Macrobrachium nipponense is a member of the Palaemonidae
family of decapod crustaceans and is widely farmed in China because of its flavor and high nutritive and economic
values. To breed superior variety of M. nipponense during actual production, it is necessary to study the charac-
teristics and functions of the gonadal development-related genes of this species. The aims of this study were to
identify the sequence information and function of CSTs in the ovary of M. nipponense. The full-length M. nippo-
nense CST (MnCST) cDNA sequence was cloned using the rapid amplification of cDNA ends (RACE) technology;
then, real-time quantitative PCR (RT-qPCR) was used to analyze the expression level of MnCST in different tis-
sues and different developmental stages of the ovary; and finally, the role of MnCST in the ovary of M. nipponense
was analyzed by RNA interference (RNAi) technology. The results showed that the full-length cDNA of MnCST
was 6199 bp long, including 1183 bp at the 5’-UTR, 2304 bp at the 3’-UTR, and a 2709 bp open reading frame
encoding a peptide of 903 amino acids. The putative peptide contained six cystatin-like domains and 42 phos-
phorylation sites. Multiple sequence comparison of crustacean CST proteins indicated that MnCST has the highest
similarity with the corresponding protein in Cherax quadricarinatus, while it has the lowest similarity with the
corresponding protein in Eriocheir sinensis. Real-time quantitative PCR detected MrCST mRNA in nine different
tissues of M. nipponense, and the maximum level was detected in the intestine. Moreover, MnCST mRNA was also
detected in six developmental stages of the M. nipponense ovary; the maximum level was detected in the stage IV
ovary, while the minimum level was detected in the stage II ovary. The results of RNAi showed that the expression
change of the MnCST gene was basically consistent with the expression changes of cathepsin B (CtsB) and
cathepsin L (CtsL) genes in the ovary of M. nipponense, while there was no effect on the expression of vitel-
logenin (Vg) gene. The role of MnCST in the ovary of M. nipponense is likely to inhibit the activities of cathepsins
and indirectly regulate the hydrolysis of Vg during ovarian development. This study provides new insights into the
role of CSTs in the gonads of crustaceans.
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