A8 7 Ak 3R 2024, 39 (11): 1228-1235 http://www.finyxb.cn
Fujian Journal of Agricultural Sciences doi: 10.19303/j.issn.1008-0384.2024.11.003

LT, SR, B, . TR pro 6 FERIUEGZ A RS R YA 2 THLRIAT R ], Aol 24, 2024, 39 (11): 1228-1235.
QIN S Y, JINB Y, LI Q Q, et al. Antimicrobial Function of Crayfish prx 6 on Edwardsiella ictaluri [J]. Fujian Journal of Agricultural Sciences,
2024, 39 (11): 1228-1235.

5 FRJREUN pry 6 R B ELELREIRERN
7 FHLEI R

ArF', aHm, B4 kR, L #, wEw, iR

(L NFEH R R = AR SHE AR, NES sk 0140105 2. A RHE R B,
WEE sk 014010)
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PR L (antimicrobial peptides, Amps ) F N (2L 1EN . (4R ] L qRT-PCRIK S, A& B 28 il 7% 546 PGB i 3
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Antimicrobial Function of Crayfish prx 6 on Edwardsiella ictaluri
QIN Shiyu', JIN Boyang', LI Qiangian', ZHANG Mingda', WEN Jing', SHEN Xiuli’, DU Zhigiang'
(1. School of Life Science and Technology, Inner Mongolia University of Science and Technology, Baotou, Inner Mongolia
Autonomous Region 014010, China; 2. Library, Inner Mongolia University of Science and Technology,
Baotou, Inner Mongolia Autonomous Region 014010, China)
Abstract: [Objective] Function of peroxiredoxin 6 gene (prx 6) in the antimicrobial innate immune response mechanism of
Procambarus clarkii against Edwardsiella ictaluri was studied. [ Methods] To confirm the involvement of prx 6 in the
immunological response, gene expressions in the haemocytes, hepatopancreas, gills, and intestines of the P. clarkii were
examined. Double-strand RNA (dsRNA) of the antimicrobial peptide (Amp) gene in P. clarkii, prx 6, was prepared by in vitro
transcription in crayfish blood sinusoids using sterile syringes with the effect verified by qRT-PCR analysis. In a challenge test,
survival rate of the E. ictaluri-inoculated crayfish was determined by a RNAI assay with the changes in prx 6 expression

analyzed by qRT-PCR. [ Results] The upregulated expressions of prx 6 in various crayfish tissues after the E.ictaluri
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stimulation indicated a positive association of the gene with the pathogenic invasion. Furthermore, an injection of the in vitro

prepared dsRNA significantly suppressed the expression of prx 6 in the hepatopancreas confirming the response of the crayfish.

The RNAI assay also showed a significant lower survival rate of the crayfish in the E. ictalurid-inoculation group than that in

the dsGFP control indicating a significant effect of prx 6 in combating the bacterial infections. Additionally, in the challenge

test some other endogenous Amp genes, such as ALF 4, ALF 1, crustin 1, crustin 2, lys, and lectin 2, were significantly

downregulated in the E. ictaluri-inoculated crayfish in comparison with the dsGFP-inoculated counterparts. It was speculated

that prx 6 contributed to the crayfish resistance to the infection by E. ictaluri through modulating Amp genes resulting in an

improved survival. It was hypothesized that prx 6 participated in the innate immune response of crayfish against E. ictaluri

through regulations on the endogenous Amp genes.

Key words: Procambarus clarkii; RNAi; innate immunity; prx 6; Amps; E. ictaluri
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[ 5 & XY 5 KR # I (Procambarus
clarkii ), EFR/NIEUF, JE TR E HZ AR K LT FR I
Yz — o TEE AU, PRHMURR 8 XU T B AT
g%, R, W TIHRKFEAENELL, FH
e IR B MR SR A R v By AR, 2 e T R
WRGN BRI 1, 5 350 H 78 2 40 11 1 5 06 4 &
FEE IR T IR 2 v TERMITARER, SRR
Jr MR B = W] A S A 51, BRI Rl 1
RICA MDY e K RSB B AT
FE 7 B 58 QSR B AR prx 6 FERIVE 7R B9 2 S HU Al i
SR A% RN 4y D RE . — 5 T AT AR K SR B
A7 M B A0 20 TR SR A W AR T, 53—
11 A] LA — 25 58 35 JC A HE 3l 0BT 4H 1 S R S e 1Y
St . CRT AR gt e Y 7828 T Sk Wik It
fiff ( peroxiredoxin, Prx ) AYMFZE A, Kim 55 B I MR
T % £ ( Saccharomyces cerevisiae ) 2% € H prx 3
RZJE, P AR e E S8 ( Drosophila) . 75
W B AF £k B ( Caenorhabditis elegans ) . #is 11 #f
( Trachidermus fasciatus ) W0 &I T Prx 73 F 1Y
AR fEEMES Y, T Prx TS 15
SETPTEM IR B S KR T, AH DGR SE A R AR W
Prx AN AN AT LA 2o 335 B3 Ji 96 240 it v 9 ROS S 8 i i
YA B A T L AT DAL R A0 i e a7 R R R
SRR S R B RO B T 3T T4E B
HE RN PP B AR AT & 5, WF5E N BN Prx (5L 3
25 DA K AR T HHE N W i AR I PIL I A R & R A LA D
Mo i BRTHESE A R R Y], T HESI Y Prx R &
A6 FORRIEARL, R 7 b IR AR L #2, 6 A
AN TR RS 1) proc 55 PRIAE 1 32 TR AR AN [R) 2 B 1 5%
ik, RWENRA TS5 THE S Hidi# e X
G E B I R L @4, Zhao %™ LU BE 5 ) AR
( Penaeus monodon ) NHEFEXT &, K WTEZ B|4E4:
Wi B D R A R BB, BRE T XA Y prxc FEE K]

ik EAERE LI, [FEASMAEEUESS T Prx &
4 B W P . Weerachatyanukul 251" % #f &
HXTUR ( Banana prawn ) A& 3P j T K it i 20 2R 58
I 75 1T LASE 8 $2 55 Prx (43 S A0 P i D il 0 4 ok & 45
SR ZU A S E A o ik s R A R B Prx 1T DL B
Z: 5 BB X008 J5L T 4= e 1) e e 25 ek # . 7ETE
HHESHY B R R R G s EER MO [
F, SEHANTSE & B proc LR AT RRAE N —Fh {5 515 1
e S I R g e R N TR R A |
i, Ran 221" B8 FLAGE IR ( Litopenaeus vannamei )
TRNAETELL prx 4 R G BEAX A1 045 5 G006 2 g 3 72
ML Y Prx 4 73 F 23 BN AR AN, Sk A S0 i
254 B A0 R Y 82 4R B, DT SO0 1R Y JAK/STAT
F il e, PR BRI (antimicrobial peptides, AMPs )
FE DR R A 5 s, B AR TR i — PR e
Meginnis 25" 75 Bl % B, Prx (9 4 AL I B 5
ANACAT LA by 48 i S AL 3 S R HL 0, 38 A% 46 /9 bR
A&, AT DATEE W PR RO R AR, e AT R
WA P 4 — A= B % . Shao %" E R B T
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FHACHEFE, (HZ pro 6 55 K5 5 B AREE IX] A ELAAC
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TR SEAM P, @i RNA FHHEAR N K
[CJRE AR pro 6 FER 1R IXAKTF, BERABR
e QSR E T proc 6 R A B 2 AR QAR L J5 2 5L
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Ji % IR A R TR K R R AT TSR, PR U R H
3, WFREIE 27~30 ¢, BHEh2 A, Z)E, ik
{ARRE . A G Y T IR R B IR T o A i R A EE . RS
BT F IR s ZEAE R ( Edwardsiella ictaluri ), H:
30% H I PR A 1 B RR DR T A 52 50 S IR vk AR L 5K
SRR AR LB 55 SRR AR IR th AT 3 iR A
1.2 HEHEE
1.2.1 # &% KA RS R pre 6 69 & EAR X

T 0 1 A A B AR O A R4 )
A TXPBS il 2l (B4l ). (G 1 XPBS #
i 52 A TG R AR AR TR LL 1:8 AT BE, XTG4 35 I
JRECMRAESE AT AL FE ST 100 uL B, Baft A L5
FC J50 B MR /9 410 5 1 4 R O 2X107 CFU (colony
forming units ) ; X #8205 [C i 28 0 U] 3 S5 45 £ TG TR
1XPBS. Zr%1F 0, 12, 24, 36, 48 h ¥E 17 ] B
BE, ARSI EEL 3 H DL b A I S EG SRS MR ) i
ECH s ). FBAR. 8. Hagl, i
50 mg 20 21 UE AT B RNA $EHL . [ 5% 5% 4 ik cDNA,
TR VK AE PR A o

DL FiR cDNA MR . 5% [C R B 0 18S rRNA
WZILH, R qRT-PCR K5l 4 LU pra 6 F[H
MRk KF, FTHBIYF SR 1 iR . gRT-PCR
A 95°C, 30s; 95°C, 5s (40 MEH ); 60 C,
345 (40 MEFR )5 95°C, 15s; 60 °C, 60s; 95 C,
15s, ARG SR E 3 NEYFER, K
FiT 2 25T S A 5 R B R o ek
122 £ KJBRHIT pro 6 W5k RNA 7R sh 3 ik 4 &

R A5 117 30 2% Si A AR A5 0 EC R BF prx 6 3697
H, B TSI prx 6-iF 5 pre 6-iR (£ 1), LITE
QRS IR IR A 4141 cDNA A, #E47 PCR ¥4+
PR B, MHBRFEMT: 94°C, 3min; 94 °C, 30s;
54°C, 45s; 72°C, 45s; 72°C, 5min, 3£35 PMEER,
ZJE, 38 I B e R R H Uk I i B Y 55 B DNA K
Br, BrHiA 7 4 DNA B B 7] & ( Takara), fF
FRAG 1% DNA 5 DR AT T°-20 °C KA

i i in vitro Transcription T7 Kit i3 & ( Takara )

PEFT R A1 S ) 4% Prx 6 XUEE RNA (dsPrx 6), &4
B SR RN IR R ALFE . 5 uL RNase free H,O. 4 pL
10 X Transcription buffer, 4 uL A/U/C/GTP. 1 uL RNase
inhibitor, 1 pL T7 RNA Polymerase #1 10 pL DNA
M2, 42 °C /K 2h /)5, A RNase free DNase 1 4 pL,
Yk 2L 7K i 30 min £ BR5E F DNA AR . % 5% dsPrx 6
P17 F-80 C (K VKA . GFP W% RNA (dsGFP)
R L3R vk A% o
1.2.3 RRBRES pro6 KA RNA T (RNAID) K5e

¥ dsPrx 6% dsGFP H 1XPBS# B % 3000
ng-ul ', FIFHTCEE | XPBS $i BB IAF LY 1:8 7 Behd &
TEAL QR A R, R I s
I1XPBS 4 (¥R ). dsGFP-+Hi% 2 148 1G5 il 3 40
(IRER 4 1) F dsPrx 6+ 2 fE A2 QRN (50
H2), BH 30 Hur, Kk, B H 5 KR E R i
SE 40 VE 5T 30 uL dsPrx 6 3%, dsGFP, 455 T4 —IE
Kb 5 0% 2 A [C B B BRI 100 uL (2X107 CFU ),
Xof FRZH VRS 100 uL Joi 1 XPBS. 43 WI1E B W U 5 5
0. 12, 24, 36. 48 h 47 va [ I 2 MR A 701 55 e ik
HAVEURE , BURE RS R Ay 2 R L

N TR TR AR, L dsGFP 2] 7 FC 5 0 it
N7 B9 S B AR A %o BERE i, DA S IR R 28 MR 18S RNA Wy
WZHN, R qRT-PCR & 0, 12, 24, 36, 48h
AR L2 prx 6 SRR AR X8 o BT S 149 an
# 1R, qRT-PCR ¥ R : 95 C30s; 95 C5s,
60 °C 34s, 340 4MEFR; 95°C 15s; 60 °C 60s; 95 C
155, FAREME 3 MEYEEE, RA2 22T H
AR R, Ak, 7EH IR pre 6 THEAL
REMARZIE, 55HE% 0, 2. 6. 12, 24, 36,
48 h B[] i 5 [C B MRS S 00, FEEF TS0 MT .
1.2.4 RNAiQ X3 ¥ 5t KR 2 47 I ROz S RNA #9 32 5
B cDNA B 4% F A m

RNAi I35, 7E RN ) 5 (200 TR A R Y e S
J5 0. 12, 24, 36, 48 h) #EAT v [T I 8 UF i JB A 40
ZUMORE . 43 B HL 50 mg HFBRARZH Y, f# ] TRZOL up
WAlE (XS EYHEARARAF ) #4175 RNA #2
B, 7EBEE A1 8 A 1 mL TRZOL 2 BUR LA K
200 pL W S 05 B AR, I A IR AR 41 2 5E A
B, FREA R . SERRGALYR, A 50 pL RNA
Dissoving, 55 °C K 10 min, HJ & &L RNA UK -
i NANO Drop 2000 {3 #8547 BEREIN, P 1 %
B B I L UK I GE RNA PR 52 e . g T
—80 C IRk VKA - AT

{# F Prime Script TR Reagent Kit ( Takara ) iz
B30 5 P A i cDNA,  7EJC RNA il 1 200 pl 25
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Table 1 Sequences of applied primers
ElEZEg i S (537 g
Primer name Primer sequence (5'-3") Usage
prx 6-iF GCGTAATACGACTCACTATAGGATGGTTAACTTAGGCGAT
prx 6-iR GCGTAATACGACTCACTATAGGGTCTATGGCTCTAAGAAT .
GFP-iF GCGTAATACGACTCACTATAGGCGAGCTGGACGGCGACGTAAAC
GFP-iR GCGTAATACGACTCACTATAGGCTTGAAGTTCACCTTGATGCC
prx 6-RT-F CGGATCACTGGAGGGTCA AACA
prx 6-RT-R GCA ATTTTCATCCTCGGCATCA
18S rRNA-RT-F TCTTCTTAGAGGGATTAGCGG
18S rRNA-RT-R AAGGGGATTGAACGGGTTA
Pc-ALF 4-RT-F CCAGATCATCTCCACCGTCG
Pc-ALF 4-RT-R GTAGCCTTGAGCTTTTCCCA
Pc-ALF 1-RT-F CGAGAGGCTGTAGAGGATGC
Pc-ALF 1-RT-R CCCAGTTTGTTGATGATGAG o
Pc-crustin 1-RT-F CAACTACCCTAACCACCTCAAC TERPCRITEL
Pc-crustin 1-RT-R CCTCAGAGCTACGACAAATGAG
Pc-crustin 2-RT-F GGGAAGAAAAGCACAATGGT
Pc-crustin 2-RT-R GGTATGGAGGTCGAGACAGG
Pc-lys-RT-F GTCAACCCACCCTCAATAAC
Pc-lys-RT-R CTTGTGAATCAGGGCGTA
Pc-lectin 2-RT-F TTGAATGTGCGTCCTGTGGT
Pc-lectin 2-RT-R ATTGCCATTCAGCAGTGTAAGAG
L H A 5 X PrimeScript TR Master Mix 2 uL, Total JRESURIMZANME . FFRERR . 88 . A2 pre 6 FEH

RNA 1 pL. RNase free dH,0 7 pL, B0 R2) 2 5 F)
FH PCRAXHEAT R s I, #2JF 8 : 37 °C 15 min,
85 °C 5s, 4 °CIRAF. Hl#5E UG IRAFE T80 C IR
VKA -
1.2.5 RNAi K5 P s KR SF AT MM 0 B Ik AR /) 49
F A XA R

DL R B ]S (ARBTG5 0. 12, 24,
36, 48 h) T I Ji 2SR T JBR A cDNA Btk , il H
qRT-PCR 5 il . [ J5 4% MR T 04 IR Ik (R 1) AH X 3R 35
o WSEF N ICJEE IR 18S RNA, A HBLE K
EHEMSI P 1 iR, PCREEFF 1.23, 4
AR E 3 EE, R 2 ST Bk
P DA IR AR ek i
1.3 BERESGIHS

i 1 GraphPad Prism 8 #{4-#F 47 2H P 5 [H 3=y 22
BEM M (one-way ANOVA ), it ¢ K655 43 #7120

(8] 22 5K, B KB E S P<0.05, 535K
N P<0.01.
2 ZRE5 5
2.1 MBELRERERBGRKRELT pry6 EE
BIRIAER

i 2 AR R TR AR YIS, A qRT-PCR K 7 [

X RIAE, A5 (1) R 7E QR 2R A 4
b prx 6 FED Y R A i RIS TH = JE BRI A Rk
P, U EE N 25 T UL E Y e I8 Y
Ao BbAh, WELR prx 6 76 5T FC R E R AT I AR 41 21
Rk E LW, i H LR RRLR K, R
TEEE AT v QBN e e B v HAT B R RCR |
2.2 Prx 6 W #E RNA 31 5= KRB AR prx 6 EEHY
TR

i RNAL IR A i e G5B IE prac 6 5 ]
FikZJE, FIH qQRT-PCR A6 72 F J5 5 R T g i
AU prxc 6 FER B FRB K, G5RaE 2 ros: M
L3¢ T dsGFP 4L (% L, dsPrx 6 41 v FG J5 28 IR T JE
B 2L prxc 6 BE R0 ek i B E R AK. R I prx
6 WUE RNA (dsPrx 6) 7] LhA 20T 4 5 IG5 2 UF P
U5 prx 6 LR AR IBAKF, WTH TRV
2.3 RNAI I8 ZELRERH G = KEEITH
"FER

RNAi R 5, AN FEAR B 3 K prx 6 K35
W, I H T B AR R E Mz 5, gt T
v QIR B MR A G IE 0L, 45 R e 3 s X1
dsGFP 41 LA B 1 XPBS 4, 7£ A b RNAi FEAIK prx 6 3
HEREEZIE, WRFEEIFOAEREE TR, £
B e [C LB A prx 6 B DR 7E IR i 222 T4 TR R et
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{52 A [ 1 fih 5 fia A (K
A 3 E.ictaluri B 3 E.ictaluri
5 1< B R k2 ki ) I<T R R R it
5 | EHixeBs e 3 L 1«pBS
@52 wWs 2t . .
g e -
K E I *  RE A 2 @
=y 5 B a % a a a ey 3 a %
= 21 a B = 2 1y B a c a a a
) TiN 1N | ) [
0 1 I. 1 1 D 0 1 1 1 1 1
0 2 12 24 36 48 0 2 12 24 36 48
[} 6] Duration/h [} 18] Duration/h
€3 VS LA D31 o 5 i
= E.ictaluri = E.ictaluri
2 e T8 8 S e > s s o
= [ DB Eh G 2 — D BRRRER I A e
wE 2t 1xPBS I § 5L 1xPBS A
X g N g
K2 A * kR K = % % ®
' & a a * a a ' 5 B “a a B
E§1 a Eél-a sl B « ma
* * I I H
o LA Y C, Cll o UL . X . .
0 2 12 24 36 48 0 6 12 24 36 48

i 5] Duration/h

fiJ [ Duration/h

ANIAAE . B ARFBER . C N8, D AW, BEIPAFERS /NG 5 BE o AR A — AL BEAS [ I (] i 2 ) 22 7 R 3% (P<<0.05), *AUK[A

— A AR AL LA 2 ) 22 R R (P<0.05) . B2 A

A: hemocytes tissue; B: hepatopancreas tissue; C: gills tissue; D: intestines tissue. Data with different uppercase or lowercase letters represent significant

differences at different time points within same treatment group; asterisk indicates difference between treatment groups at same time point at P<<0.05.

Same for Fig. 2.
1 &%

Fig. 1
0 I Prx 6 XUEERNA dsPrx 6
_ “Y[ CIGFPXUHERNA dsGFP
2
=15t & *
i .S x A A
Z AB
ﬁ % 1.0k a AB ];
E 5
<2 b b
£05¢ b .
[}
= 1
0 1 1 1 1

0 12 24 36 48
FJ [8] Duration/h

B2 Prx6 M4E RNA FHBRMENLER
Fig. 2 Detection of interference by dsRNA of Prx 6

i rb ol RE AP AR A
2.4 RNAIRIE 832 fE L E RIS 5= KRB AR
BRAR P ERE RN RIERR

T B IR T IR B SR AE 1 T B R S A
VA K prx 6 Z A RAEAE 9 n] BEZ> L], 7E RNAI
T8 v i o AR TR S, e 4 v TR U R o
RIS BN RARALHATIRANETE . R, B
[l 2 B Toll £5 53 f H 0 70 70 B A ik P R A7 2 [
FOR AR, X LEHTE IR NG IE ALF 4. ALF 1,

fBAE R BRI G 52 KRBT prx 6 BEEBIRIAER

Expressions of prx 6 in crayfish stimulated by E. ictaluri

crustin 1, crustin 2, lys Fl lectin 2 3£ A . qRT-PCR
KSR AT 4 Pros . 5 dsGFP AR ELEL, ALF 4,
ALF 1. crustin 1, crustin2. lys. lectin2 FEN ) - i##4
G WA, HEE LA TR RRE . HEW prx 6
B DA AT B 38 A 5 R B IR TR A R kK, RIS
5 3] T [ i 28 MR R i o TP IR £ e Y A 8 IV 25

UR: S

100
X
2
<
"“\+ T:; 50 Kok
ﬁg > _ Prx GRUBERNA+HR FZH AL (G
e E dsPrx 6+E. ictaluri w3
=5 ___ GFPXUBERNA+RZ B (G
wn dsGFP+E. ictaluri
DB
1xPBS
0 1 1 1 ]
0 12 24 36 48
i 18] Duration/h
HRRERWILE (P<0.0D).
** indicates significant difference at P<<0.01.
E3 RNAIREPRBEECRERZNEREENEFEEEN

A
Fig. 3 Survival rate of crayfish injected with E. ictauri in RNAi
assay
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Prx 6 XUEERNA+S T2 1 46 R
dsPrx 6+E. ictaluri Pc-ALF4
GFPXUHERNAHL T [
dsGFP+lj. ictaluri a
4+ PBS b

01

AR L
Relative expression level

F+J 1] Duration/h

Prx 63U ERNA-Hi% 52 Ak [,
dsPrx 6+E. ictaluri
GFPAUEERNA+i% 5 il [,

I
=

B

4 . = ! :
d;LGFB\ZE' é}lcjfglu”
- IR Eh 22 Mk
: == PBS a
=3 5
g .S
X 2
® g 2
=)
=2 d
=
©
M 1
0
48
F+J [] Duration/h
DX OXUBERNAHE A [C
dsPrx 6+E. ictaluri Pc-lysi

GFPXUFERN A+ 57 i 4 [ 1

81 = 4sGFPLE. ictaluri
S o DRI a
i; 6 | PBS T
1E .S
X2
RE 4
' 5
z2
227
[
o~
0

I 1] Duration/h

Pc-crustinl

A R IA B

xR ILE

Relative expression level
N

G|

AR IA

Relative expression level
o

s P OXUFERNA T 1 [C B
dsPrx 6+E. ictaluri

3 [ — GFPXUBERNA+EE T FE 48 G
dsGFP+E. ictaluri

Pc-ALF1

E 4 b o BERRERZZIR a
o PBS
.2
237
2
53
520 ¢
=
= de
Q
~ f
0
48

fJ [8] Duration/h

mm Prx OXUFERN AR 57 f8 AL [ 14
dsPrx 6+E. ictaluri
8 r — GFPMUEERNAHISZ HAEITTH
dsGFP+E. ictaluri
IR Eh G R
6 L = PBS

Pc-crustin2

FJ [8] Duration/h

Prx 6 WUBERN A+ 7 f 4 [
W= dsPrx 6+E. ictaluri

GFPXUEERNA+HiS 46 [ 1
4 - T dsGFP+E. ictaluri
o BRI
PBS a

Pc-lectin2

fJ [8] Duration/h

P A [ BEAR RS TR b 2 ) 22 57 e 3 (P<<0.05) .
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Fig. 4 Relative expressions of Amp genes in crayfish hepatopancreas detected by RNAi assay
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