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WEH, &, #H 8, THE
TR A2 AR 2 B, R BE S 453007)

WE: H TR L% A4 EE % E KT (prophenoloxiase activating factors, PPAFs) £ ¥
TR R R P T, TR R A AE, AL B F A PCR f2 RACE $# A M H A&
BI R E LB S ET — /N PPAF L H , & % § MnPPAF1 (GenBank % % 5 %
OP784577), F|Jf 4 4t K% . L8 % %% & PCR (QPCR) F2 RNA F 4 (RNAI) % 7 %, #
RIZREBERFIRHAE. R RABR. BAR LW E HF G KK MnPPAF1 B % F K F .
B 4. 1.5 (phenoloxidase, PO) &1 LA K H AR IR LT M be 4R 87K, MnPPAF1cDNA A%
1718 bp, 4% 460 & EF, E A kT 454 4 4% % @ 8 (clip-domain serine proteinases,
Clip-SPs) Fuf# & (& g £ #2 2 B & 1 B8 (trypsin-like serine proteases, Tryp-SPs) Z5#4%. MnPPAF1
EREABEERL. . B, B, QE. FEBES M AL H KK kK MnPPAF1
W Rk G BRI A X, S8 (CH) ML, 8RCAT B (Dy 1) MnPPAF1 %35 & 3
i 857%. HAKABME K EE, KK MnPPAF1 &L KP4 6 h ik B T, Foxt R4
i 227%, T d& K PO VE WA 12 h 3k B, [ b e 24%. ZERE A E 2 W E 4 3 ng
dsRNA i, & 12 /s 1R, FEH3K, RE1TREHE 12h, THRUAERS,
% Ji MnPPAF1 3K [ e T 71.79%, % 24h, 3 PO W& M (K 72.31%. % THE M % &
BHI R R E, £ 120h, HAEFTHATE B AR TR LK E R TH AW 26%. 4
REY, MnPPAF1 Rk EEZNARET, 25 ATHALER AR hEE, ZEEEX
ETHEEEH SRR BT RN T FE, AFRAEARAET RN EERE
FHE R R R T k.
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tunus trituberculatus) BRAR"" 25 21 2178 B JF %5 1Y
PPAFs &t ] 4 1< 5 o I s 4= 1) T %5 5 PPAF JE A
FEIRUN G % PPAF B[R 5 2 PO & PE R RS,
Har, XTH 52sh¥ 3k 12 PPAFs B IR A ikid
U5 B8 (Callinectes sapidus) " F1BE 15 XF iR 3 f7
PPAF it [H ik A8 fb 5 Wd fz R A A5G, (HPp K3k
B¢ PPAF RSB I RE 14 A ULAH o

R T PR FR B PPAFs 78 H 72 5l ) S5 g
PIVERT, ARSEE T IRk T H ATRER (M. nippon-
ense) FJZHl—A~ PPAF JEIH, 44 N MnPPAF1,
X H AT A AE B b R SE I PO E =
PCR (quantitative real-time, qPCR)F1 RNA T
(RNAQ) %771, WF58 T MnPPAF1 I %8 KA
K. WK HMIEE (Aderomonas hydrophila) T E J5
KL MnPPAFT Y%K PO TEPERL K H ATH
WRBET- 0284k, BFFE s A0 I WA 3R B2 76 W 52 30
W RGP VIR T %R

1 MRS I7

1.1 SEIe#fRt

H 7 TR IR I 19 T R 44 B PH B S g, e HUAR
1 (3.5£0.5) cm ) H A8 UFE T 5056 28 BF B K AR
Mo ZKi 27+1) °C, FMAMR 1 K. WFF 1,
BEATSESG . WK LM TR B BT & B B, A&
SR ARAT T 100 B I3 R 27 52 56 Bl g 4 B AL I A8
PR G2t ((H LS5 o HNSD-2023-BS0420), K

6o A AR A N BT AR T S S 6 S ) B SR A B
FHAEFFIAE BERLIE ,  If-$2 AT Rl 3 2 52 36 3y
e PR 51 2> i) i A L 1 BE Fh AT

1.2 = RNA ZEULL K cDNA &1,

#| F§ Mini BEST Universal RNA Extraction Kit
(TaKaRa, H A) 50 & 42 B H A< {E R 20 20 (6
(1 7 IR S (1 A 91707 S e s
B ) A [] 5 Bz s 300 10 5 3 1) 6 B 5 RN, i 1]
EERCHLUK . R AN OB EE T [ B G IR
BHE (P ) AR 120540 S RNA 15888 |
WP . 2 B850 & PrimeScript™ One Step RT-PCR
Kit (TaKaRa, H 7<) BiHH 454 i cDNA % — 455,
—20 °C PR17F45H . S M8 Kirirat 51 7 1k S8 @ i f2
Jili

1.3 MnPPAF1 ) cDNA FH &K=&

HR T S 21 I 7 3545 MnPPAF1 45T F 51
fii FH| Primer Premier 5.0 411519 (MnPPAF1-
F Fl MnPPAF1-R, # 1), ¥ #{E<FIF5]; RIE
MnPPAF1 {#] 3' RACE il 5 RACE &5 (% 1),
FIFH RACE My 7553 147 38 3K 3 Al 5" A% cDNA
J¥% . PCR =¥ IK)G , #% M HiPure Gel Pure
DNA Mini Kit (7 E 3B YR A RA R 897
Bemlieatift, gifer=PriEE s pMDI19-T £k, ik
|| DH Sou JEAZ AU, 77 176 FH 44 B o 6 P ik a6 A
TAY TR () B BRA "IN o AR 7

®1 SZWFHSIYFS

Tab.1 Primers used in the experiment

514 Fe31 (5'-3") Boiki
primers sequences function

MnPPAF1-F CTGGACTCCGTGTCTTGTA RT-PCR

MnPPAF1-R CTCAGTAAGCCTTCGTCAG RT-PCR

MnPPAF1-3'Out TCTCTCATTCATCCTCAGGTTGTCC 3'-RACE

MnPPAF1-3'In GCTCTCCACTGGTCTGTGCGGTAG 3'-RACE

MnPPAF1-5'0Out CAGTGCAAAATCGTTCCAGAGGG 5'-RACE

MnPPAF1-5'In GAACGGTTGGGTCCAATCCTAATGT 5'-RACE

MnPPAF1-qF TCATTACTGATGGTGCCGGCC qPCR

MnPPAF1-qR CATTTTTGCTGGATGGGAGGATTG qPCR

B-actin-qF TATGCACTTCCTCATGCCATC WZ5|%  reference primer
p-actin-qR AGGAGGCGGCAGTGGTCAT 25 reference primer
MnPPAF1ds-F GATCACTAATACGACTCACTATAGG RNAI

GGTTTGCCACGTTCCTAGCCACC
MnPPAF1ds-R GATCACTAATACGACTCACTATAGG RNAi

GCCATCCAGGGAAATTCACCAAACT
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ZE 9 fifi il DNAMAN #A4-BHE34S MnPPAF1 1y
42K cDNA J£%1,

1.4 E£MEEFEDH

F| F§ NCBI ORF finder #f4: (https://www.ncbi.
nlm.nih.gov/orffinder/) 43 #7 ¥ i ] 2 HE ; BLAST
¥ M (https://blast.ncbi.nlm.nih.gov/Blast.cgi) 43T %
s 7 %[GR Pk ; {# F Consvered domain Search
A4 (https://www.ncbi.nlm.nih.gov/Structure/cdd/wr-
psb.cgi) T PR ~F 45 #4935 fif A SignalP 5.0 1 {4
(https://services.healthtech.dtu.dk/service.php?Signal P-
5.0) FMAE 5 ks {8 ExPASy {4 (https://web.
expasy.org/compute_pi/) I 2 F 5T 0 B S 55
M rFim; it Clustal X P #7255
XFIEFIH MEGA 5.1 A &R 3L (ND) I R 4¢
REM

1.5 MnPPAF1 HIRFZEFRIK

LA B-actin YE N S S, FI 33 % 5% PCR
(reverse transcription PCR, RT-PCR) ) J5 32 4 il
MnPPAF1 [ 4L 335, 50 uL L W 1R & . 2xEs
Tag Master Mix 25.0 uL, #54141 cDNA #54z 1.0 uL,
LRSI Y45 2.0 pL, KB ddH,0 20.0 uL; ¥~
W& F . 94 °C WiAE M 5 min; 94 °C AE 1 30 s,
55°C iRk 30s, 72°C ZEff 2 min, Ft 35 MEH;
72 °C A AEAH 7 min;  HL YRS U AS [R) 41 4006 17 1) 2%
e

FIH qPCR 4 J7 5 Kl MnPPAF1 £ Wi 7 J
W AP A £ X (SYBR Premix Ex Tag™ i3 &,
TaKaRa, H 7). 20 uL & W & R : AceQ qPCR
SYBR Green Master Mix 10.0 uL. 38 J¥ cDNA #
t 2.0 pL. BTG4 0.8 L. K& ddH,0
6.4 uLo P 1451 : 95°C A% S min; 95 °C A&
10s, 60 °C &M 30s, 340 MEHA; 95 °C M
155, 60°C &1 60s, 97 °CASM: 1 s (fif 2k e
) BAFEEORIET 3 BSHMF, R 3K, K
FH 208G {7 b R R R M ek i, AT AR
B, B EEES (P<005EKER T FE,
P<0.01 {REZRWEE).

1.6 MEKSHBRREINSIRE MnPPAF] fi3&
B PO SEM RIS

Bifi AL Bk 35 Ak 58 Bz (R 309 %) e R 4 R S 24 4
Y B 4 X R4S 50 BB, A N AE IR A5 &R 4 2 7

R E K7 2: 2 E /) sponsored by China Society of Fisheries

52 ul FE K ATHL M A PR AR (2.5%10° CFU/mL) 5%
WERREL 22 MR (PBS), WS 0. 3. 6. 12, 24,
48 F 72 h 45 ML 3 B2 SC I MR A 3% e, 4y i D e
MnPPAF13¢ 3k K - #1 PO W% 1 . PO Ik M 5 2
B8 Phupet®™ Jrik.

1.7 MnPPAF1 B dsRNA FIER

EH&HE T7 B TR TREE 519 (5 1) M
B cDNA FAR, F% 18 in vitro Transcription T7 Kit
(TaKaRa, HA) 774 B dsRNA, FEALPkE L
Tt R [A] A fEE RRE Zh MR 43 T AL A X R 4% 50 |2,
A NFERE TS HBEE 2 ST 3 ng dsRNA & T sk 554
R PBS. B 12 h S —wk, S 3%k, Do
SR PRACR o TER S —IRESE 00 3. 6. 12,
24, 48 1 72 h £ 0L 3 B SCIRUR R K, 43 e
MnPPAF1 RiK/KF-F1 PO it

1.8 MEAKSBERERSIHABINETEREY

A0

BEAIL Bk 355 150 F (1) 301 {gkt B 4 R kg X6 R AL . 3
B TINA MG EmETRA% S0 2, BhAK
BHI3INEE ., BT AN 3 WIES dsRNA
VEWE 12 h, TESF 2 pL B K BB T R R
(2.5%x10° CFU/mL); X H84] . W8+AK TILL7ES
3 RIESH AR PBS J5 12 h, 43 %IVESH 2 uL PBS
BB 7K PR T R (2.5%10° CFU/mL), £ %
Ja—UREMIE 0. 6. 12, 24, 48, 72, 96 F1 120 h
A3 A H AR IR B AT %

2 4R

2.1 MnPPAF1 R EMEYERFETH

MnPPAF1 i ¢cDNA 4= 1 718 bp, ORF £
JF 4 1383 bp, H:H S'UTR N 87 bp, 3'UTR K
248 bp, Hifih 460 > KR, PO A 11 ST AH X 43
T RIS H 5 00l 49.34 ku Ml 513, ZEH N
Uit HLAT — A~ 19 AN SRR 2 B 11 15 5 BE AT Clip-SPs
SR, Com & A — N RE AR 2 Z IR EH
fiff (trypsin-like serine proteases, Tryp-SPs) %% F4) ki
(K1 1)o Tryp-SPs £ #4) 3l 5 A7 O/ 57 19 44 1k — 185 14
(Hy37-D2g7-S390) (151 2)

22 BLAST HXf, MnPPAF1 W2 3R 51 Fil
HAth 72574 PPAF [l JEETE 52.04%~66.38%, 4N
BE 15 X HF (ABE03741.1) 2N 66.38%, JL4H i€ X #F
(Litopenaeus vannamei, AFW98993.1) & 65.82%,

https://www.china-fishery.cn


https://www.ncbi.nlm.nih.gov/orffinder/
https://www.ncbi.nlm.nih.gov/orffinder/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https://services.healthtech.dtu.dk/service.php?SignalP-5.0
https://services.healthtech.dtu.dk/service.php?SignalP-5.0
https://services.healthtech.dtu.dk/service.php?SignalP-5.0
https://web.expasy.org/compute_pi/
https://web.expasy.org/compute_pi/
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

S, IKF= 24, 2024, 48(11): 119105

1 gagcagttggtctctggactcegtgtettgtacaaacagtgattcgacggatcectattctaactetgeecttcgecaaaggaaattcaga

BAAGTTTGCCACGTTCCTAGCCACCGTGGTGGCTTTGGCTGGTGTCACGAATGGATGCTTCTGGTGGGAACCGAATAACAACTGC
1 M K F ATFLATVVALAGVYTNGC CTFWWEZPNNNLC
175 GATGAAAATGGAGGCGCAGCTGCTGCTGCAGCAAACCCAAGCGGTGGAAATGCCCCTGTTGCAAATACGACCGAAACAGCTCGTTCT
30 b ENGGAAAAAANPSGGNAPVANTTETARS
262 AATCCGAATCCCAACGATCGCATCAGCAACGTTGGAGGTGCTGCAAACGTCCCAGTACCGCTTAACGACGTTCCAGCACCGCTTAAC
59 NP NPNDRTISNVGGAANV PV PLNDVPAPLN
349 GCCAGCCCAGCCGTCGGAGATCCTGAAAGTTACTCACCCTGTAACAACAACCTAGGCCGATGCGTTCCATATTACCTTTGCCGAGAA

88 AANS PAV GDPESYSPCNNNILGRCVPY YL CRE

436 GGAAATATCATTACTGATGGTGCCGGCCTTATTGACATTAGGATTGGACCCAACCGTTCTGGGGCCAGTGGTGATACAGTCTCCAGT

17 ¢ N 1 1 T D G A G L I D I R T GPNRSGASGDTVSS

523 TCCGAATGCCCACAGTTTTTGGATGTTTGCTGCAACAGCCCAGAAACAGAACCTATTCCAATTCCCAATCCTCCCATCCAGCAAAAA

146 s E ¢c P Q F L DV CCNSPETETPTIPTIPNPPTIAQAQK

610  TGTGGATTACGAAATGAAGAAGGTGTCCACACACGAATCTTAGGATTCAAGGACAATCAGGCCCAGTTTGGTGAATTTCCCTGGATG

17 ¢ 6 L RN EE GV HTRTIILGTFTIKDNI QAZQFGETFPWM

697  GCAGCCATCTTGAGGAAAGAATTCATCGAAGATAAGGAAATCAGCCTCTATGTATGTGGAGGATCTCTCATTCATCCTCAGGTTGTC

204 A A I L R K B F I E D KE I S L YV CGGS L I HP QVV

784 CTAACAGCTGCCCACTGCGTTCATTCAAAGGACGCCAAGTCTCTCAAGGTACGTCTGGGAGAGTGGGACACCCAGAGAACATACGAA

233 L T A A H CV HS KDAKS L KV RILGEWDTQQRTITYE

871 CTGTACCCTCACATCGACCGTAACGTCGTAGATGTAGTCACCCACCCAGGTTTCAACGCAGGTGCCCTCTGGAACGATTTTGCACTG

262 L y p H I D RNV V D VV THPGFNAGATLWNUDF AL

958  CTGTTTTTGGAAACTCCAGCTGACCTTGCCCCTAATGTAGGAACTGTATGTCTTCCAGTTCAAGGCCAGAAATTTGATCTCAACACT

291 L F L E T P A D L A PNV GTV CLPVQGQKFDTILNT

1 045 TGCTGGGCTACTGGCTGGGGAAGGGACGAGTTTGGTAAAGGAGGTAACTATCAGAATGTACTCAAGGAAGTAGCACTGCCCATCGTT

320 ¢ W A T G W G R D E F G K G G NY Q NV L KEVALPTIV

1132 CCTAGGGCCCAATGTGAAACTGCTCTCAGGACCACCAGGCTGGGAATGTTCTTCAAGCTTGACCAGTCCTTTATGTGTGCTGGAGGT

349 P R A Q@ CE T AL RTTRILGMZEFTZFKTILDQQSFEFMTCAGSG

1291 AAACCAGGTCTGGATACATGCAAGGGTGATGGAGGCTCTCCACTGGTCTGTGCGGTAGCACCAAATACTCATACTTATGTGCAGGCG

378 k. P G L D T C K G D G G S P L VCAV AP NTHTITVYV QA

1306 GGTATCGTTGCATGGGGCATTGGCTGTGGAGAAAATGGTATACCTGGAGTCTATGCCGATGTTGCAGGCGCCTCAGACTGGATTATT

407 ¢ I VvV A W G T 6 C G ENG I P GV Y ADVAGASTDUWTITIT

1393 CAAAAGGCTGACGAAGGCTTACTGAGGTTGTATGGCGTCCGAACCACCGA/\AACTACTGGCGAAATTACAAGAACctctagatg

436 Q K ADEGLLRLYGVRTTENYWRNYKN =%

1480 agttatctatttatattgttagacacctatattcatcttttcttcaacccacagcaaactttatatgttgaagttttcagacatata

1567 gggcgtatagggcgaaacatgttatatgecattgatacacttecttecattagttaactatattagtatggatttgtagttttttcta

1654 tgtgatatttaattacctatttatattattaataaatttatacattctaaaaaaaaaaaaaaaaa

1 MnPPAF1 ] cDNA & KMESHEERFT

0 [ B AR LA B TS T (ATG) M I3 T (TAA): HIRZARE poly A MR (S BT, WREHIBAERE B T RI%AUZ T LI
73 HAEK Clip-SPs 45 #43HAN Tryp-SPs £ #3.

Fig.1 cDNA sequence and deduced amino acid sequence of MnPPAF1

Black shadows represent the start codon (ATG) and the stop codon (TAA); wavy line represented the poly A tail-signal sequence; light gray shadow rep-

resented the signal peptide; Clip-SPs domain was underlined, and Tryp-SPs domain was double-layer underlined respectively.

th e G B (Eriocheir sinensis, ACUG65942.1) 0 JEBilf . M ANMIZE Z RSN A4 ik, (ENLA AL
52.04% (141 2). HETROEMIT UM ARSI . giRk gk (1 4), DAL (CI00) AXIR, %
K MnPPAF1 5%} )& PPAFs B h—37 (14 3). e MuPPAF1 E15 12 11510 (D, 10 A0S 1 5 574

2.2 MnPPAF1 KB ZERIE (A 399) 4> B4 857% . 58% (P<0.01), T8 K )i
MnPPAF1 TS TRIOF M . 6. B OfE. BRI (B 3)) FRAIK 40% (P<0.05)(] 5).
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A HAJBES M. nipponensdraTrLATIR QEEE:@H, rN(ML\nL\L\L\NPs(,( NAPANTTETARSNP NPNDRISNVERA 72
BEATXUE  P.monodon  IVINALAIRY pnasl DV SEIEISNDEE%\ PGGPNAA-APSNGDLAASLVGLLNGGAAGGLGGQGGGLGGRGGGLGGGGGLGAGGGLEGACGGLEGACGLEGACGELGGAG 137
AR E. sinensis VVLAVIRY- A 24
HHEXIER P, chinensis AVALATD S im DT/\F"I’%%SNDEE LGGAGEEL 62
JUANTERTIR L. vannamei  TRVEAAMLATI] lic—reprarind ASDDF I((PNT-\( PASNVDHASSLVGLLNGAVAGGLGGRGGGLGGAGEGLGGACGGLGOACGLOGRGEGLECACCELGCACCLOCAGEEL 138

Clip-SPs __domain

A HAJBEF M. nipponenseavpy \mw INASPAVG-DPES IDIRY] PNES(AS(,DH»’@ CPRFLBNCC : 211
BETATR P monodon G G-GQGGGVV IDTRGGASE 1KSNDTS|_|R,§ 275
ARk E e —— 131
rpE DGR P. Lhznemm GG 196
NGHEXHER L. vannamei G su}« icrgr DYCCNPNERIG 277

Tryp-SPs  domain

A HAHER M. nipponens 348
BEFXHER  P. monodon 412
RARYL NG E. sinensis /271
FEXFUR P chinensis 333
JLYNESER L. vannamei 414

AHARBEF M. nipponenséira
B G P.monodon  [{\I
IR E. sinensis  YFD)
LMEROEL

P. chinensis [ B
JLARESTIR L. vannamei F\N[

(460
523
378
444
525

2 MnPPAF1 5E4EBEENY) PPAF B % FFIEL XS

BETTXTUF (ABE03741.1), AR E (ACU65942.1), H [EXTUF (AFW98986.1), JLANIEXT IR (AFW98993.1);

f& (H. D+ S), #ik&T5 M Clip-SPs 45 HJ I Al Tryp-SPs 44 H45K .

R =AY AR AL = Bk

Fig.2 Alignment of MnPPAF1 with PPAF from other crustaceans

P. monodon (ABE03741.1), E. sinensis (ACU65942.1), P. chinensis (AFW98986.1), L. vannamei (AFW98993.1); black triangle represents catalytic triad
(H, D, S), respectively. The arrow lines refer to the Clip-SPs domain and the Tryp-SPs domain.

PETXHER P, monodon ABE03741
rRE SR P. chinensis AFW98986
KEBXUF P, penicillatus QCQ82553

JLANIESRTER L. vannamei ROT84794

HAAEN M. nipponense A
SCIRIGEELR P, clarkii ACB41380

AT T Agrilus planipennis XP_025834689
#li¢  Diachasma alloeum XP_015112900

100
69
98
100
98
[
100

Th BRI  E. sinensis ACU65942
W C sapidus AAS60227
=R T P, trituberculatus ACN87221

[El3 MnPPAF1 5589 NJ RS i L
Fig. 3 Neighbor-Joining phylogenetic tree of MnPPAF1

1 2 3 4 5 6 7

anpAF] i’ f— — S -

&l 4 MnPPAF1 £ ALAMTIX
168, 2.8, 3. 0UA, 4.0, 5 FFFEE, 6. M40, 7. HTER
R

Fig. 4 Expression of MnPPAF1 at different tissues

1. gill, 2. stomach, 3. muscle, 4. heart, 5. hepatopancreas, 6. hemocyte,

7. ventral and dorsal epidermis.

23 FEKSBEREKEXRE MnPPAF1 9%
XK PO SEM RIS

g 7K S B TR X 2 MnPPAF1 3511 PO 1%

PR 75 SR HH IR AE R S A . S BRAAR L,

WG 3 h, MnPPAF1 ik B30, 6 h k%
WEAE, 4N 227% (P<0.01, & 6-a); %z PO i&ME
2B S (8] 6-b), B )G 12 hik
FIWEAE, BEIGTE E0T BEZH 38 0 24% (P<0.05),

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

9 -
k%
T
1
= 8t
.S
iy 3
YE 7|
=& f
21+ ¢
0 1 1 1 1 1
C D, D, A B
It 1 J AN [ B B
different stages during molting cycle
5 3K MnPPAF1 7E4t 5 B ERh AR 1K

C. iR 1A135], Dy d6 B2 AT 391, D, W6 Bz ATREI, AL W68 5 F 0,
B. B EMEA; C ASER, *R3EK P<0.05, **8&K P<0.01; FH.

Fig. 5 Expression of MnPPAF1 in epidermis during the
molting cycle

C. intermolt, D. early premolt, D,. later premolt, A. early postmolt,
B. later postmolt; C is the calibrator, * P<0.05, ** P<0.01; the same below.
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0 o CIXHEZH control 207 Dxﬁlﬂa’fﬂ contrgl
35 ¢ B 4 challenged B T4 RNAG
5 §15¢
=g s G
e T
gl ® 510 .
25 - ;
= g —a< ‘% *%
° < 0.5 -
- sk
0
0 3 6 12 24 48 72 0 3 6 12 24 48 72
i 8 /h B ) /h
time time
(@) (@)
FHEZH control
- CO%HE4L  control 06 - (e :
08 . I 4 challenged B T4l RNAi
—~ 07t .
° § 0.5+
2 06| 2
22 05} 2 04} .
e 04 + .,E S 03+ .
e )
wE 03 ZE 02
& e o
=S 0.2 =
~ 0.1 £ 01
0 0
0 3 6 12 24 48 72 0 3 6 12 24 48 72
i 8] /h I 18] /h
time time
(b) (b)

El 6 MEKSBEEEAKEIRK MnPPAF1 I3RIE (a)
K PO JEME (b) BIS20E
Fig. 6 Effects of A. hydrophila challenge on the
expression of MnPPAF1 (a) and PO activity (b)
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Fig.7 Effects of RNAi on the expression of MnPPAF1
(a) and PO activity (b) in the epidermis
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Fig. 8 Effects of A. hydrophila challenge on the
mortality of M. nipponense
The challenged + non-RNAIi group is the calibrator.
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Cloning and function of prophenoloxidase activating factors gene from
the epidermis of Macrobrachium nipponense

PENG Yanxin, YUE Kaidi, DU Juan, NING Qianji !
(College of Life Sciences, Henan Normal University, Xinxiang 453007, China)

Abstract: Prophenoloxidase activation is a crucial innate immune response in crustaceans against pathogenic
microorganisms infections, with prophenoloxidase-activating factors (PPAFs) being pivotal in this activation. Des-
pite their importance, crustacean epidermal PPAFs have been seldom studied. To elucidate the role of epidermal
PPAFs in crustaceans immunity, a novel PPAF gene, MnPPAF1 (GenBank accession: OP784577), was cloned and
characterized from the epidermis of Macrobrachium nipponense using PCR and RACE techniques, based on prior
transcriptome data. Bioinformatics, qPCR and RNAi methods were employed to analyze the gene sequence, spa-
tial and temporal expression patterns, transcription levels of epidermal MnPPAF1, phenoloxidase (PO) activity,
and shrimps mortality following Aeromonas hydrophila challenge. The complete MnPPAF1 cDNA sequence is 1
718 bp, encoding a 460-amino acid protein with clip-domain serine proteinase (Clip-SP) and trypsin-like serine
protease (Tryp-SP) domains. MnPPAF1 expression was detechted in various tissues, including ventral and dorsal
epidermis, hemocytes, gills, stomach, heart, hepatopancreas, with epidermal expression correlating to the molting
cycle. Expression levels in the later premolt stage (D, stage) were 857% higher than in the intermolt stage (C
stage). After A. hydrophila challenge, epidermal MnPPAF1 expression peaked at 6 h, increasing by 227% over the
control group, while epidermal PO activity peaked at 12 h, increasing by 24%. 3 pg of dsRNA solution was injec-
ted into the second segment of the abdomen and back every 12 h, 3 injections in total. RNAi has the highest inter-
ference efficiency 12 h after the last injection, where the expression of epidermal MnPPAF'1 decreased by 71.79%,
compared to the control group, and after 24 h, the activity of epidermal PO decreased by 72.31%. Challenge at the
time point with the highest interference efficiency and within 120 h, the cumulative mortality of shrimp in the chal-
lenged + RNAI group increased by 26% compared with that in the challenged + non-RNAi group. These findings
indicate that MnPPAF'1, an important immune factor in the epidermis, was involved in regulating the activation of
the prophenoloxidase system. The down-regulation of this gene expression can significantly increase the mortality
of shrimp infected by A. hydrophila. This study contributes to a better understanding of the epidermis's role in the
crustaceans immune system.

Key words: Macrobrachium nipponense; epidermis; MnPPAF1; RNAi; Aeromonas hydrophila
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