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wEW, ®wAR, R W, KER', KiEi”,
(1 WrLs BB e S 3B R, Wil T 3151005

2. WL KK F=HIFFE AT, AP A AT 3 5% 7 b e 7 8 L S =
W 48 0 (@ B 508 7 FE s it =, WV 38970 313001)

B N R A E T 2 E cxcll0 W) 5 38 FFAE B X AN IR JR A At vl B, SE B DA P AR
Exxz, AHENE L ¥ CXCLIO & & 84 FHAE K A St ft, @1tk & PCR
(QPCR) EABR M ZEFAAREF L ELURFHREQTRAEEZRERT L EECHS
HKERELRAMEE AR EME MY FmRNA Wk A . R BT, ZEALTHR
4 1089 ku, T EA 9.62, FARGTHRMBBRMM L, £HLS 1N loop X,
LMo B3 NMREFTBIE; ZEAREREFRENFBEMCOREFRELIERS, &
tn 2R Rk B R AR FAR A AR R R B AR BT oxell0 KIE A Kk B T A&
B tmnf-afn il-1f mRNA £ X S0 8 F Ll FFR RN, cxcll0 o 2 & 4 BRI HE %%

HEFREERER ASLR A P4 LR E 6 RS,
KHEIE: A% CXCLI0; mRNA &£i#k; £4E 8%

hE S S Q786; S947.1

#ak R T (chemokine) 42— 2 15 FEAR ST 19/ N3
TN F, 4T 8~12 ku'™, g Al LIZEHL
AR ER A TR A T TG AL, 7 AR S g Al
R e A T B AR, RS
AL TR 4R : CXC, CC. CHI
CX3C"”, CXCLI0 XFEHTIME yiIFEFHEN 10
(IP-10), 5 CXCL9 il CXCL11 [A] )& F ELR-CXC
B TR, FEEdS GEAMPKZK
CXCR3 MHEAEHT, 42 45 Fh G 75 48 e (1] 49 7 1) %
B, w4 Th BURGE RN, a1k T ik 40 i
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CERFRERD: A

HAEUARDE 4 B e i i s = 2 LRt
QYL g K S R (deromonas hydrophila) F14x
T {055 2 BR 8 (Staphylococcus aureus) J5 , cxcll0
TEBNTE (Quasipaa spinosa) WENE R H 14 4% 35
B, 7 i 2 AL [ (Edwardsiella
ictaluri) [ J5 BE /5 R 0 (Ietalurus punctatus) 1
Kt LRI furcatus) 3k "B FNGIIE A1 1) excll10 &
PRl ,  HIHAEBE 55 SR AR Py 1Y 2 58 A
Tt

g 85 (Pelodiscus sinensis) J& 3 E # UL A 7K
RS AZ —, BEE AT h AR S B
IR R RGN, % Tl b SR A A K
H 2, AR SR IE I B 52 45 20 R i A= )
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1R %E . WFoE R FIL N F CXCL10 £ RAE T &
FEEZER, M BEAE TS 5K b
Yery R NEAILT, A3 B Tk 2 T i h AR g R
g, WCNIRIT ZEM T . SR EOR SR
PRt In e, ek AR SRR A T P S R R
AL R AT 827 T 343 i CXCL10 48
HEsME R, R St 4, RO
- PCR (qPCR) K cxel10 1 filt 5 rh A2 AN [R) 41
U R E I, B 2 FG B B 1 K A
TR P AT 4 ) 2 R DRI O B 2 2 B TP kb
HF cxcl10 MARIEAH N F mf-a. il-18 Fik T B

S
1 MRS IT

1.1 SCIg#R)

SEUS AR Ry (47.97+9.20) g A AR B IA A
N B IR K ™ 320 B A VEAL, FREE T K%
%8 (35 cmx45 cmx19 cm), FHWNEHT) 3 cm, KIEE
HlAE (25+1) °C, B H M 1R, R TR A0k
1ok, THRIAEESRE 1. ERaH I K%
HH T 19 R B rh A e R A 7 S8

A S T TR PCR 514 i A T A TR (1
) B A BR Fl A . RNA $#2HUR RNAiso Plus
1 % 550 & PrimeScript™ RT reagent Kit with
gDNA Eraser W B F4 Y T2 (Ki%E) AR A H,
¢ 7€ 1 F) & SYBR Green Real time PCR Mas-
ter Mix W F % [CAE A (B 1), BB WEEE I DNA
R & e B R AR AE AR s ARR A A

HAR o0 [ P24 Hral
1.2 2 RNA $ZEUK cDNA &%

FI ] RNAiso Plus # Ht b 48 % 2% 20 2119 &
RNA, DL 2.0% BB Bl 5 15 i Yok I 5L RNA 58
M, iR R 66 BT (Nanodrop 2000) £
W RNA £ 51 9 OD,go il ODogopsoo il J Prime-
Script™ RT reagent Kit with gDNA Eraser % % i
& R S A L cDNA, FF 8 F-20 °C fR7F&H .

1.3 HEE cxenl0 EE /=&

FR A oA a1k I cxel10 () mRNA F51%
5% CXCL10-F F1 CXCL10-R, 5|43 43 5 4%
TnBRH1E A YI EE BamH 1 H1 Xno 1 BEVIAL S (32 1),
DL A 8 T RN 0 JUE 41 21 B cDNA B, LA
CXCL10-F/R N5 ¥1#% Tag PCR Master Mix 13611 43
PEAT 8 B PCR FLRE . PCR SN R &R B AR A 50
uL, 13#E Tag PCR master Mix 25 uL. Primer F/R
£ 1uL., cDNA 2 pL. ddH,0 #hFE % 50 uL, PCR
RNFERE . WA 94 °C 4 min; 78 94 °C 30 s,
Bk 55°C30s, %Ef1 72°C30s, 30 MEH; 72°C
ZAEA 10 min, 16 °C{Ri . ¥ G5 209 ™= ¥ H
1% MR BEBE I FEL DA, I i 71 )R
HE R B, 2 BBURHREE DNA [EIBGR 5 & 0 1k
AL BRIEAT DNA B, Bifi e b Il B v e
F| pMDI19-T Jii i, 4 48 4 % 1k = K AT i
(Escherichia coli) TOP10F & 7 75 41 ffl , £ B W
PCR %7€ J5 ik AR 7

®x1 ZBFAMSIHFS

Tab.1 Sequences of primers used in this study

514 S 5(5'—3" Ji BER/Mop Fig
primers sequences fragment size usage
CXCL10-F ATTGGATCCATGAAGGGAGCCTGGGCTG 321 JERzARIE G
CXCL10-R AGGCTCGAGTCAGGTGCGTGTTTTGTGAAGAC
CXCL10-g-F GGGCTGTAGTTCTTTGTTC 182 RGERTIY)
CXCL10-g-R AGTAGCAATGATCTCCACAT
TNF-a-F CCATCATCCTCCATCCTTG 194 RGERTIY)
TNF-a-R ACGGTCAGTGTGATATGTG
IL-1B-F GGACAATGACTTGAGCAGCA 226 RGERTIY)
IL-15-R AGCCATGTTCAGCCTCACTT
p-actin-F GAGACCTGACAGACTACCT 156 WZE K5
f-actin-R AGGATGATGAAGCAGCAGT

i NRIZONEYIAL R

Notes: The underline marks the restriction enzyme cleavage site.
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14 EVEEESH Rk, B ALA . AR IR . 3D Z54 %55
I AR W B (o) xR e AT
CXCL10 & ME HFUTS] . BACTER . BRI
&2 CXCLI0EWEEZFNHNIAR
Tab.2 Software for bioinformatic analysis of CXCL10
ST A THRAMR B BAE LR 3 W it
analysis content tool name software or online analysis software

BB E TS H1  analysis of nucleic acid protein sequence
FRAL T 43T analysis of physical and chemical properties
FEMLE R TIM  prediction of transmembrane domain

{& 5 KT prediction of signal peptide

PEIALAL S TR prediction of glycosylation sites

R AL AT prediction of phosphorylation site

R FIEHESTEE amino acid homology comparison
RAEKBMIE  phylogenetic tree construction

FEEFRVREME  protein homology modeling

NCBI http://www.ncbi.nlm.gov/blast

ExPASy-ProtParam https://web.expasy.org/protparam/
TMHMM https://services.healthtech.dtu.dk/
SignalP https://services.healthtech.dtu.dk/

NetNGlyc 1.0 https://services.healthtech.dtu.dk/

NetPhos 3.1 https://services.healthtech.dtu.dk/
Clustal-W DNAMAN
Phylogenetic Mega7

SWISS-MODEL https://swissmodel.expasy.org

1.5 KHEEZE PCRENMAPIEE cxcll0 mRNA
RN RIRGFE

FR g A A2 AL TR exel10 3£ X7 31 (Gen-
Bank: XM 006133884.3), # F| Primer Premier 5.0
AT 9O 2 B PCR B (5 1), HLS HE 5%
JE R AR RIS WL, S A B
BRAE . M. LA, KRk, /Mg K. DIERE
JIEAE 9 AN4HZ, FIFH TRIzol AR ZHZ1E RNA,
FH R SR 7 &5 i cDNA, L% cDNA 1E N
M 47 PCRY 3, MK 3IANELE ., ®bEE
PCR 1% (Light Cycler*480) #£ 4T qPCR ¥ il , 52 1/
RS B RO & il R & Ul 945 Be -
2xMaster Mix 5 uL. Primer F/R % 0.5 uL, cDNA
2.5 uL, ddH,O 1.5 pL, PCRY" 4 ¥ . 95 °C
5min; 95°C 10s, 60°C 10s, 72°C 10s, &40
MMER s WM. 95°C5s, 65°C 1 min, #
P 2 20 Pt AR AL R AR, A
R 3 IREEAR TR, IFLL -actin NS HE ]
b dEA T3 . BT A B0HE 24 F O 318 b o 22
(mean+SE) %1k, it SPSS 16.0 #F#L[R % )y 2
I3 B (One-Way ANOVA) #E47 43 #, #I F Origin
8.1 F e &, St S g B ds AR A A T AL

1.6 ZHAEMMETEY exell0 EE BB FHRIA

M LB AR M 4315 4 0 (0 4] 28 BR R0
Mg /K S PR B TRV, 43 llAE 37 °C Al 28 °C 1Y LB
WARE:FE R PR 12 h, 4 000 r/min &5 .0 5 min,

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

WAL A (PBS) Vi, 5% 1x10” CFU/mL,
S ZH 43 590 L T 5 200 p 4 3 (78 25 BR 1 R
FE K BRI BE R, X BR AL A o T 5 A e B v 4
B, EALEE3. 6. 12, 24, 48 A1 72h )5, 4rdl
B S R AR NRE | VBRI EA T RNA 42
HUH qPCR 2256

2 4R

2.0 FAEEMSYEF exen0 EERESEYE

BESH

M NCBI 48245 2 AR AL IR excl10
) cDNA J¥ 31| H 4 % — 4~ 303 bp A4 FF ik 15 352 AE
(ORF), AL IFIE AL IELH ST cDNA Fh5REY 1
HIEE (B 1), MP45HR 5 Hbr)P 5 (GenBank:
XM_006133884.3) FH—%L .,

rh AR AL N cxel10 f) ORF 4ifi% 100 N4
B, BAMERU TS R R, A H0
Cy75H799N 130013587, AHXT 70 i i Ay 10.89 ku, 45
HL R 9.62, FEEIEMRAL T, A 15 AN IE gk
B (Arg+Lys) F17 M5 (Asp+Glu), CXCL10
TEMFL 30 P 40 A T S 30 30 h, AR bR Ee
IR WERE: (Pichia pastoris) FVR AT B H 1 2 52 11 43
SR T 20 #1110 he AFRE RECH 4336, B TAN
FUERE M. CXCLI10 MR EFLIRIE HCH 98.50,
KV R B N—0.083, FEKMEREE ., AW
KA AT 0T 2 B, CXCL10 JG 5 45 4
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bp

500
300

El1 AEEE cxcll0 B PCR i =48 5k E
M. marker, 1~2. AFFJE cDNA J98iHR: 3~4. LG E cDNA 98t .
Fig. 1 Electrophoresis diagram of the PCR-amplified
cxcl10 from P. sinensis

M. marker, 1-2. using liver cDNA as the template; 3-4. using heart
cDNA as the template.

ToWEREAA i, HI 21 DEIERNE TR, ohE
T 8 ABERR AL A (B 2-a).

¥ b e # CXCL10 & 56 1R J7 91 5 0L 65 1,
(Chelydra serpentina), M 2<W)W5| (Rhinatrema bivit-
tatum) . WK BAEH ILUE S (dpteryx rowi), W)
8 (Polyodon spathula) F13FE N PE % (Phacochoerus
afiicanus) 5 F{HHE Y 09 A0 DL 51 R AT IR UE X e
SrHT (181 2-a), AIHIFPAREE CXCL10 &1 5656
FIAR I fe i, IR E 87%; 5 H ALY Fh B AH R
HREAR , 7E 42.27%~55% (£ 3)o R NJ k44 2
T 17T R EHESI I R R B W (5] 2-b), 45RE

{55 ik signal peptide "
HEEE P sinensis i ﬁéﬁﬁiﬁi?:_s?&l_fiiiféalcLSP 70
LG C. serpentina I KGTHAVVLCSVLLIAREICGQLAY 70
LW R. bivittatum E DRRGALLLCSLLLIAAGIQGLSIA 70
B BT JL4E LY A, rowi ISKCEEFTVVLC. . FVLVSKIQRSLAP 68
HeWptd P spathula ENSTATLFFIS.FVLCAAVEGTSLY 69
I P afficanus  BNQSAVLIFCLILLTLSGTOGTELS 70
*x
HHABEE P sinensis RCLNEEIATRTSATE V-8 11:3:3:35:101 s 6 ) AR 100
EL{E C. serpentina =N SKWVCKMMTALIKKRSSCSTHL . o v e vveennonnnnnnnnnnnnnnnns 100
XAV R. bivittatum BRNSENVRRLLIIMAR :RSSWsis s sviaws 5 somas & 6mas 6 5596 & 550 8 95
TR PAE LA A. rowi )= FAKHVKMMMKELKKEATLKPSRERRCLNPEAKHVKMMMKHELLKKHSAGKLR 127
#WIEE P spathula 002 G SKEVONLYSTLRTRYSK . e oo eeeennnnannnannnnannnnannnnn 94
PSS P africanus KERSKRSPRTQREB . o oo vvvveceeeenenennnnns 104
E N Homo sapiens NP_001556.2
100 WEWNHEIR Tursiops truncatus XP_004329720.1 72K
2 /N Mus musculus NP_067249.1 mammals
41 WA$RE Phascolarctos cinereus XP_020844111.1
— 8 Dromaius novaehollandiae XP_025959343.1 3%
43 100 L s BUEW LA 4. rowi XP 025945955.1 aves
E2Wl Pogona vitticeps XP_020660864.1
7515 Crocodylus porosus XP_019389802.1
67 . fes7 %
——— A T P sinensis XP_006133946.1 !
1 84 - reptiles
100 _E%u@%% C. serpentina KAG6931987.1
81 ¥ K2 f Dermochelys coriacea XP_038256646.1
A7 WS Xenopus tropicalis XP_002940621.2
— o [LES
75 —— *if(—ﬁ Rana temporaria XP_040183563.1 amphibians
100 b w1 LLHE S Nanorana parkeri XP_018409049.1
Je B B E4. Oreochromis niloticus XP_003459069.2
T4 : T 2
100 | — PN 0 Maylandia zebra XP_004564327.2 eleost
€ICOs
74 LA RNt Astatotilapia burtoni XP_005942655.1
—
0.050

2 CXCL10 S & FFItb 3t S# o
(a) CXCL10 AWM Z P HI LT, M&THERRESIK, DETHERRELET C-X-C (SCY) &g, * MMM . FIH MEGA
7 %A, 383 1000 4~ bootstrap #4) ## Neighbor-joining # . (b) H %L E T CXCL10 RHER R KB W .

Fig.2 Amino acid alignment and phylogenetic tree analysis of CXCL10

(a) multiple sequence alignment of CXCL10 protein, where the signal peptide is shown with a dashed box, and the chemokine C-X-C (SCY) domain is

shown with a red box, *. the predicted phosphorylation site; using MEGA 7 software to construct Neighbor-joining tree through 1,000 bootstraps. (b) P.

sinensis chemokine CXCL10 amino acid phylogeny tree.
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®3 PEESHMOYMELEF CXCL10 FFIHEERTE

Tab.3 Similarity comparison of CXCL10 in P. sinensis and other species

LRy i Hifl'S R =B /% B 2%
species name accession no. max identity query coverage
HiERs P, sinensis XP_006133968.2 100.00 100
U C. serpentina KAG6931987.1 87.00 100
XE&WIE R, bivittatum XP_029440950.1 55.00 80
WAREIEWLL4ES A rowi XP_025945945.1 51.58 95
WS P. spathula XP 041128824.1 46.81 94
MPESE P, africanus QDV59532.1 4227 97
B, SRS L I T CXCLI0 & 115 8472 ) S oo
VMR, HUCRSA . WHILE, S MK CE T oo '
LR 5200 M
SWISS-MODEL [ A4 H iR, CXCLI1O §§40'3%0 ;
ST CXC A B AR, Hrb 5 Rk ZEg0g
#4L K F Small-inducible cytokine B10 AHE /5 , g % 20 13.76
ik 48.48%. CXCLI0 Hy%5 9 BB B, g 28 10 6DTMMW% 571
B CXCLIO M FI 3 4 4 o, R ARPHEHT | £, L i e
A~ N i Y Toop X, 14~ o B2 EAI 3 4N 2 8] F-47 B E 1 23 45678 910
P& (1% 3). ENGERERAE =

a-helix

7
N-terminal loop
(b)
L CXCL10 B = KT

&3

(a) CXCL10 % [ (4 25 W) 45 BB (b) CXCLI0 B [ (L
1 2B (H 45 B

Fig. 3 Prediction of teriary structure of
CXCL10 protein in P. sinensis

(a) structural model of CXCL10 protein (four single chains); (b) struc-
tural model of CXCL10 protein (one single chain).

2.2 FEEBLETF excll0 BIELAFRIEFHE

excl10 % S A A vh AR s 45 2 2L 3 AN ]
R R, Hd, exell0 ZERFRE . O F0 A
AR R, AL M. BEE . Rk /D
Ji R W v ) 22 8 AR R BEAIS A It 40 i P
Tk ER L. UmAEhmRLiE NS H, T
Ik 19 2% 35 B & L 49.01 4%, O 2902 I 47.08 1%
(% 4.

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

different tissue and organ

Bl 4 e excll0 BIEAERRIE D
LoO I, 2. BAE, 3.8, 4. WA, 5. KNk, 6. /Mg, 7. K, 8.
JERE, 9. M4ma, 10. "B,

Fig. 4 Analysis of tissue differential expression of
cxcll0 inP. sinensis

1. liver, 2. spleen, 3. lung, 4. muscle, 5. skin, 6. small intestine, 7. intest-

inum crassum, 8. heart, 9. blood cells, 10. kidney.

23 WAEMIETHHEE cxcno ERE R FIE
FIAFFE

DA 22 [ BH P 1 4 0 8 28 R 7 22 [
PETE g K SRR AR AR, AT gPCR HR
IR ARG ET S, tnfea, il-18 AN excl10 FE R AE
PR PR FRRNEN . SR ER, LLOh XTI,
LG K S MRS . FFE mf-a mRNA %5k
T 3R 12 hoif 8L 2 & (P<0.05), 24 h(¥)
mRNA FiK B 5 & T 0h (P<0.01), 48 H
FIRRA RS, IR tnf-a mRNA Rikim 2 B
S5 FIHE TRE##, {H 6. 12 F1 72 h A mRNA 3
BT 0h (P<0.01) (8 5-a).

WK S AR RS, R i-1p Fik it b
T+, 3. 12, 24 F148 h i) mRNA Fikm % (P<
0.05) BiH B E 7T 0 h (P<0.01), 4 (0 45 49 BR i

https://www.china-fishery.cn
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50 [ ] WK A. hydrophila 1000 - [ KSR A. hydrophila
EEJH 45 + Wl & O R ERE S, aureus ng 800 + Wl GO BRE S, aureus
®SB 5 40¢ i R B 5600 | .
' §:= = 5 =400 |
ZEZ 282
S8 S 8220
25% 5% |
5 o E =) 1S4 =
= .2 3 N r
\E i s $ 3= S 10
¥ He3
<, " =" or
= ~ I
= = 0
0 3 6 12 24 48 72 0 3 6 12 24 48 72
I 18] /h i 18] /h
time time
(a) (b)
i 8 r [ ] WK MUER A. hydrophila ] . 100 ¢ [ WS HMIBE A. hydrophila
) Wl & O R ERE S, aureus n = Wl & OO BRE S, aureus
I o 5 ®e 8 "
K526l =g 80|
225 22
o @ =N
r =240 &8
o~ 2 % <
=Yg =0z
= 2o 0 g Qé
dES =%
H sST 2 = o
o 0 =B 'l\— 0 =
= = ° o T3
B = 8
- :
0 3 6 12 24 48 72 0 3 6 12 24 48 72
i [H] /h i 18] /h
time time
© (d)
i 85 | [ WKL 4. hydrophila
K= I5 ¢ Il 5o (R EERE S, aureus
®s3 8 i
7=
2
+ &2
H o ~
=2k
CEZ
H
] rro |l T
g . | .
0 3 6 12 24 48 72
IS []/h
time
(e

5 HEE THPEE excn0 EE R F1ERIL
(a) tinf-afEFFEFIIRIE, (b) il- 1B FERFIEHRRIE, () excl10 EAFBEH IRIE, (d) excl10 7E MAHMH R IE, () excll0 12 R H £ IE .
*4 P<0.05, **Jy P<0.01,
Fig.5 Temporal expression of the cxcl10 gene following pathogenic infection

(a) expression of tnf~a mRNA in liver, (b) expression of i/-1f mRNA in liver, (c) expression of cxc/10 mRNA in liver, (d) expression of cxc/10 mRNA in
blood cells, (¢) expression of cxc/10 mRNA in spleen. *. P<0.05, **. P<0.01.

FS , JFERE Y il-18 mRNA Rk 2 sk RSB \EZE A, 5T 12 h 8K E(E (P<0.05),

A, T 6 h B 2IKIE(E (P<0.05) (K] 5-b)s LW O A ERE RS . FIEF A cxcl10 mRNA
KSR RIS . FIE exc/10 mRNA - RIAEZH EFH, 12 F1 72 h () mRNA ik &t &
https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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FHET 0h (P<0.01) (8] 5-¢).

TEMLAR AR, mE K MR RS, excll0
mRNA £ ik T 3 h ik F|IE{H (P<0.01), 6 hAf
P, HERBEJ R E ST 0h (P<0.01), 5
excl10 Y AH XT38 i RISk A, (AJ0 W % 2%
o A HCEFAERERET . gAY excl10
mRNA Eikf BT, T 6 h ik (P<0.01), K
JG ek R (P<0.05) (& 5-d).

TENRNEH, WK AR R RS, MEE Y
cxcl10 mRNA FHXT R IA M 3 h PR FHE, 2 12
hik #WAE, Hd 3 h (P<0.01) 5 6 h (P<0.05) Y
XD EST 0h, 7S OHEIRE R T,
JEHE Y cxel10 mRNA Fik i PR ES, H
T #E2E=R (K 5-e).

3 i

CXCLI10 J& —Ff 2 5 e Ji by 25 F1 98 S S 1Y
NBURIAER T, HAr T OIRR S AR S BB A G
22431, CXCL10 J& T 1F LA 1) SR K PEA R e
B, PHE T oA Re ey ik b N 7 5 40 i 5=
A EAER, 2ESTREEENEESHZ ",
WAMZE A 8 A BERR LA AL, X e R (A& 1
FH 20 8 1 A R3S e AR e i, AT
PR A2 Y™, R BN, B
PR 11 = G 25 K 0 LA TR 6 A B, C-K
Uiy o BB IE X2 A A PR A S5 8 A T T P ) i
S R S 15 < X A S Rl N\ /55 NN I = 43
Gy F R A WA — G IR E PR AR
RiZE B R, rhARgE CXCLI10 2 M1 =945 1 B
A 14 N loop. 14~ a2 HEF 345471 B
PrEsitgik (5 3), HHAbLEF 2RI,
R L EAT RN R DI6E . CXCL10 4343 P Fh i
FlEER )2, fEMiFLE. mifids ., 528 M55
B A BB R R R, haekk
HRZSUE S0 BN SRR R
PIR, sk R O R R SR B, &
PR AE s AL R F CXCL10 1 5EF128 . 53
M EEER R, SRR AR — 3

qPCR 5 B IR, excl10 TEH AR AN 4L
Y ik (B 4), $#28 CXCL10 #1178 5o 5
Wi ] fE LA RS IIRE . exell0 LK 7E ek
(A JFEIE © SO0 I LI 20 2 e B B v 3Rk, R Il
20 v S BRI, T A o 1 10 2

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

T, XATHER T A YRRk R Y 43 s 4
MuAS [ 5 CXCL10 W 7E P B8 145 S 1 T B R ik
£S5, B—, TNF-ofl IL-1p 1E R 52 R P
YR T, 38 E R R PG B HE S AT g
ST B & RE S B B AR AR, BRIV TR e 240 i P
(15 S /K F- 7] RE 3R I A NBOR & B 55 1 RE
JREP, AR SEEG R KA B TR R 4 B R 2
BROE W BOR R E R mfaf 15 1
mRNA EiE R AR P E FH, K
PR 240 TR T AR MBI A T JRAE SR

WHFE 7R, CXCLI10 7E A HE A5 3 By 40 4 1
Yy A E L WAEH . #lhn, Crawford %55
WFFE AL - CXCL10 v ST i 1 1 ¥ e A2 )
SR, AEE T WA R /N LR RIS
R BN, B F CXCL10 5 S /K Frasshn 5
AR I 3] 1 e S 2 LA T A A R T S
X, #E— PRI T CXCLI0 /S P IETE
PEALE A PN AR 3 2 JE AT A1 JRR A0 301 7 = B 0 v A A
o ARS8 qPCR S I P A AR TR G XT exel10
RIRE O 204 W O R A Ik e IR e, 52
5 2 v A U RN IIE TR exel10 B R iR i HAT
TR R ) = E PN TTEZ = W N U7 B ) = g
U5 2 AR L LTI RRELNE TR Y cxel10 R PR R
5 s P 4 (0 R 2 Bk A R S T Y B
WEaH ., Gasper "7 7E 4R B YL 5 1 FI/N T

CE A e kA R B exel10 i, HAE
22 [RBAME R VDT B (Salmonella) F15E 2% FCFHA:
SEOMARESET cxell0 KIXWRE N FAEE D
FEER. KPP UAEEX L, 2K
(AR L= WA W 7 o U 1 R
CXCL10 FRiAHE J7 9 T 55 2= [ BH M 7 4 o (0.5 4
R, A CXCL10 e H (9 32 /& CXCR3 1
RGE Z WAL (E. tarda) F1ICFLEEER A (Strepto-
coccus agalactiae) &Y% J5 W) & 8 i§ & (Hippocam-
pus abdominalis) WL 0 & BRI 5 68 10,
PSR SRR G . ARLIEE R D
IR, ARG X AR exel10 FE R ik HA 5 5
A5 AR, 123 PRGN () 48 7 1 e g AL 1) AT e
AR,

Zr bRk, AMtR LMK ELIN T
CXCL10 W3 H 70 T 4544 5 B2 10 1 Ik 45 44 A
L, fErpeB sl b igvRIk, Hrp e
C N DR AR L S R E AL LI 8 S i)
IR 2 0 AR~ G 9 T R T O

https://www.china-fishery.cn



5K % 4, 45

Sy

IKF= 2R, 2024, 48(6): 069415

W, #/R CXCL10 nlRES 5 e s Hi i et 72 .
DL 45 5l i — 20 BF9E CXCL10 75 A2 85 A 4h
YU DI RE B9 Feht

(fE# F A AL L Fr g A i Fl o K )

SE ik (References):

[1]

[2]

[7]

Miller M C, Mayo K H. Chemokines from a structural
perspective[J]. International Journal of Molecular Sci-
ences, 2017, 18(10): 2088.

Henrot P, Prevel R, Berger P, et al. Chemokines in
COPD: from implication to therapeutic use[J]. Interna-
tional Journal of Molecular Sciences, 2019, 20(11):
2785.

Wang Q, Huang F Q, Duan X Z, et al. The ERp-
CXCL19/CXCR4-NF«B pathway is critical in mediat-
ing the E2-induced inflammation response in the orange-
spotted grouper (Epinephelus coioides)[J]. The Journal
of Steroid Biochemistry and Molecular Biology, 2021,
212: 105926.

Hughes C E, Nibbs R J B. A guide to chemokines and
their receptors[J]. The FEBS Journal, 2018, 285(16):
2944-2971.

Liu Z P, Gu W B, Wang S Y, et al. Functional differ-
ences of three CXCL10 homologues in the giant spiny
frog Quasipaa spinosa[J]. Developmental & Comparat-
ive Immunology, 2020, 109: 103719.

Wang Z C, Ao X, Shen Z L, et al. TNF-0 augments
CXCL10/CXCR3 axis activity to induce epithelial-mes-
enchymal transition in colon cancer cell[J]. International
Journal of Biological Sciences, 2021, 17(11): 2683-2702.
Yu Q, Tian D L, Tian Y, et al. Elevation of the
chemokine pair CXCL10/CXCR3 initiates sequential
glial activation and crosstalk during the development of
bimodal inflammatory pain after spinal cord ischemia
reperfusion[J]. Cellular Physiology and Biochemistry,
2018, 49(6): 2214-2228.

Nagarsheth N, Wicha M S, Zou W P. Chemokines in the
cancer microenvironment and their relevance in cancer
immunotherapy[J]. Nature Reviews Immunology, 2017,
17(9): 559-572.

Cao S, Liu M F, Sehrawat T S, et al. Regulation and
functional roles of chemokines in liver diseases[J].

Nature Reviews Gastroenterology & Hepatology, 2021,

https://www.china-fishery.cn

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

18(9): 630-647.

Darakhshan S, Fatehi A, Hassanshahi G, et al. Serum
concentration of angiogenic (CXCL1, CXCLI12) and
angiostasis (CXCL9, CXCL10) CXC chemokines are
differentially altered in normal and gestational diabetes
mellitus associated pregnancies[J]. Journal of Diabetes &
Metabolic Disorders, 2019, 18(2): 371-378.

Miyagawa F, Asada H. Chemokines in severe cutaneous
adverse reactions (SCARs)[J]. 2021,
11(6): 847.

Biomolecules,

Peng G Y, Peng X F, Tong T T, et al. Correlation ana-
lysis of expression of CC and CXC chemokines in chil-
dren with autism spectrum disorder[J]. Medicine, 2021,
100(24): e26391.

Crawford M A, Fisher D J, Leung L M, et al. CXC
chemokines exhibit bactericidal activity against mul-
tidrug-resistant gram-negative pathogens[J]. mBio, 2017,
8(6): €01549-17.

Crawford M A, Margulieux K R, Singh A, et al. Mech-
anistic insights and therapeutic opportunities of antimi-
crobial chemokines[J]. Seminars in Cell and Develop-
mental Biology, 2019, 88: 119-128.

Margulieux K R, Liebov B K, Tirumala VS KK S, ef al.
Bacillus anthracis peptidoglycan integrity is disrupted
by the chemokine CXCL10 through the FtsE/X Com-
plex[J]. Frontiers in Microbiology, 2017, 8: 740.

Schutte K M, Fisher D J, Burdick M D, et al. Escheri-
chia coli pyruvate dehydrogenase complex is an import-
ant component of CXCL10-mediated antimicrobial
activity[J]. Infection and Immunity, 2015, 84(1): 320-
328.

Gasper N A, Petty C C, Schrum L W, et al. Bacterium-
induced CXCL10 secretion by osteoblasts can be medi-
ated in part through toll-like receptor 4[J]. Infection and
Immunity, 2002, 70(8): 4075-4082.

Baoprasertkul P, Peatman E, Chen L Q, ef al. Sequence
analysis and expression of a CXC chemokine in resist-
ant and susceptible catfish after infection of Edwardsi-
ella ictaluri[J]. Developmental & Comparative Immuno-
logy, 2004, 28(7-8): 769-780.

Nguyen L T, Vogel H J. Structural perspectives on anti-
microbial chemokines[J].
2012, 3: 384.

BURAHER, Tk, 278, 55 A IRPUE KL BR R A (5

K P 22

Frontiers in Immunology,

sponsored by China Society of Fisheries


http://dx.doi.org/10.3390/ijms18102088
http://dx.doi.org/10.3390/ijms18102088
http://dx.doi.org/10.3390/ijms18102088
http://dx.doi.org/10.3390/ijms20112785
http://dx.doi.org/10.3390/ijms20112785
http://dx.doi.org/10.1016/j.jsbmb.2021.105926
http://dx.doi.org/10.1016/j.jsbmb.2021.105926
http://dx.doi.org/10.1111/febs.14466
http://dx.doi.org/10.7150/ijbs.61350
http://dx.doi.org/10.7150/ijbs.61350
http://dx.doi.org/10.1159/000493825
http://dx.doi.org/10.1038/nri.2017.49
http://dx.doi.org/10.3390/biom11060847
http://dx.doi.org/10.1097/MD.0000000000026391
http://dx.doi.org/10.1016/j.semcdb.2018.02.003
http://dx.doi.org/10.1016/j.semcdb.2018.02.003
http://dx.doi.org/10.1016/j.semcdb.2018.02.003
http://dx.doi.org/10.3389/fmicb.2017.00740
http://dx.doi.org/10.1128/IAI.70.8.4075-4082.2002
http://dx.doi.org/10.1128/IAI.70.8.4075-4082.2002

5K % 4, 45

S

IKF= 2R, 2024, 48(6): 069415

(21]

[22]

(23]

[24]

[25]

[26]

[27]

S5 42 1), 9T REE 2 B 2R (1 AR R, 2018,
46(4): 40-44,49.

Hang B L, Zhang W, Li J, ef al. Bioinformatics analysis
of antimicrobial peptide lactoferrcin of bovine[J].
Journal of Henan Institute of Science and Technology
(Natural Science Edition), 2018, 46(4): 40-44,49 (in
Chinese).

Cossio-Ayala M, Dominguez-Lopez M, Mendez-
Enriquez E, et al. In vitro and in vivo antimicrobial activ-
ity of a synthetic peptide derived from the C-terminal
region of human chemokine CCL13 against Pseudomo-
nas aeruginosal[l]. Peptides, 2017, 94: 49-55.
Sathyamoorthi A, Bhatt P, Ravichandran G, et al. Gene
expression and in silico analysis of snakehead murrel
interleukin 8 and antimicrobial activity of C-terminal
derived peptide WS12[J]. Veterinary Immunology and
Immunopathology, 2017, 190: 1-9.

Xiao X, Zhang Y Q, Liao Z W, et al. Characterization
and antimicrobial activity of the teleost chemokine
CXCL20b[J]. Antibiotics, 2020, 9(2): 78.

Margulieux K R, Fox J W, Nakamoto R K, er al.
CXCLI10 acts as a bifunctional antimicrobial molecule
against bacillus anthracis[J]. mBio, 2016, 7(3): e00334-
16.

Dai C, Basilico P, Cremona T P, ef al. CXCL14 displays
antimicrobial activity against respiratory tract bacteria
and contributes to clearance of Streptococcus pneumo-
niae pulmonary infection[J]. The Journal of Immuno-
logy, 2015, 194(12): 5980-5989.

Kufareva I, Salanga C L, Handel T M. Chemokine and
chemokine receptor structure and interactions: implica-
tions for therapeutic strategies[J]. Immunology & Cell
Biology, 2015, 93(4): 372-383.

Chen M, Yan F F, Wei X Y, ef al. Expression and func-

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

(28]

[29]

[30]

[31]

[32]

[33]

tional characterization of chemokine CXCL10 from Nile
tilapia (Oreochromis niloticus) in response to bacterial
infection and Clg-mediated  regulation of
monocytes/macrophages
Reports, 2021, 21: 100778.
T, IR, IR, I T SR IR 5
R P EKREE, 2021, 28(9): 1227-1237.

Ding Z J, Cui H J, Gu Z T. Review on chemokines

activity[J]. Aquaculture

research in teleost fish[J]. Journal of Fishery Sciences of
China, 2021, 28(9): 1227-1237 (in Chinese).

Wang Y J, Han X, Zhang L Y, et al. Early pregnancy
induces expression of STAT1, OAS1 and CXCLI10 in
ovine spleen[J]. Animals, 2019, 9(11): 882.

Wang Z, Pascual-Anaya J, Zadissa A, et al. The draft
genomes of soft-shell turtle and green sea turtle yield
insights into the development and evolution of the turtle-
specific body plan[J]. Nature Genetics, 2013, 45(6): 701-
706.

Zhang Z B, Chen B J, Yuan L, ef al. Acute cold stress
improved the transcription of pro-inflammatory
cytokines of Chinese soft-shelled turtle against Aeromo-
nas hydrophila[J]. Developmental & Comparative
Immunology, 2015, 49(1): 127-137.

Crawford M A, Zhu Y H, Green C S, et al. Antimicro-
bial effects of interferon-inducible CXC chemokines
against Bacillus anthracis spores and bacilli[J]. Infec-
tion and Immunity, 2009, 77(4): 1664-1678.

Priyathilaka T T, Oh M, Bathige S D N K, ef al. Two
distinct CXC chemokine receptors (CXCR3 and
CXCR4) from the big-belly seahorse Hippocampus
abdominalis: molecular perspectives and immune
defensive role upon pathogenic stress[J]. Fish & Shell-

fish Immunology, 2017, 65: 59-70.

https://www.china-fishery.cn


http://dx.doi.org/10.1016/j.peptides.2017.06.006
http://dx.doi.org/10.1016/j.vetimm.2017.06.008
http://dx.doi.org/10.1016/j.vetimm.2017.06.008
http://dx.doi.org/10.3390/antibiotics9020078
http://dx.doi.org/10.4049/jimmunol.1402634
http://dx.doi.org/10.4049/jimmunol.1402634
http://dx.doi.org/10.4049/jimmunol.1402634
http://dx.doi.org/10.1016/j.aqrep.2021.100778
http://dx.doi.org/10.1016/j.aqrep.2021.100778
http://dx.doi.org/10.3390/ani9110882
http://dx.doi.org/10.1038/ng.2615
http://dx.doi.org/10.1128/IAI.01208-08
http://dx.doi.org/10.1128/IAI.01208-08

5k % i, 55 IKP= 4R, 2024, 48(6): 069415

Molecular characterization of CXCL10 in Chinese soft-shelled turtle
(Pelodiscus sinensis) and its response to bacterial infection

ZHANG Airu', HUANG Qiuya', WUBin', QIAN Guoying', ZHANG Haiqi*, XU Jiehao "
(1. College of Biological and Environmental Sciences, Zhejiang Wanli University, Ningbo 315100, China;
2. Key Laboratory of Healthy Freshwater Aquaculture, Ministry of Agriculture and Rural Affairs, Key Laboratory of Fish Health and
Nutrition of Zhejiang Province, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China)

Abstract: Chemokines are small molecular secreted proteins with chemoattractive properties. They have bacter-
icidal activity and the ability to recruit leukocytes and activate immune cells. CXCL10 is a kind of CXC
chemokine with specificity for CXCR3 receptors, which has been shown to mediate the generation of Thl-type
immune responses and have antibactericidal effects similar to defensins. Therefore, CXCL10 might be used as an
alternative to antibiotics for bacterial diseases in aquaculture industry. In this study, Pelodiscus sinensis was used
to study the expression characteristics of cxc/10 and its response to gram-positive bacteria (Staphylococcus aureus)
and gram-negative bacteria (4deromonas hydrophila). The molecular characteristics and systematic evolution of
CXCL10 protein in P. sinensis were analyzed by bioinformatics software. The expression and distribution of
cxcl10 mRNA in healthy P. sinensis tissues and that after S.aureus or A. hydrophila challenge were detected by
quantitative PCR (qPCR). The results showed that the open reading frame of CXCL10 was 303 bp, encoding a pro-
tein of 100 amino acids. The molecular weight was 10.89 ku and the estimated isoelectric point was 9.62. P. sinen-
sis cxcl10 had 8 phosphorylation modification sites and a signal peptide. Each single strand of P. sinensis CXCL10
contains one N-terminal loop region, one a helix and three reverse parallel B-folds. Phylogenetic analysis showed a
close relationship between P. sinensis CXCL10 with avian and reptile CXCL10s. P. sinensis cxcl/10 basal levels
were higher in the liver and heart than that in other organs of health turtles. The stimulation of 4. hydrophila and S.
aureus led to significant upregulation of P. sinensis cxcl10 and inflammation-related factors tnf-a and il-1p in liver,
spleen and blood cells. These results suggested that P. sinensis CXCL10 had a similar protein molecular structure
with the cationic antimicrobial peptide. P. sinensis cxcl10 was widely expressed in various tissues of P. sinensis,
and up-regulated in response to the stimulation of gram-negative bacteria and positive bacteria in immuno-related
tissues. In summary, our study found that P. sinensis cxcl10 might be involved in the pro-inflammatory function of
antibacterial immune process. These findings are expected to lay a foundation for further research on the antibac-
terial function of P. sinensis CXCL10 in vitro and in vivo, and also provide a theoretical basis for disease control in
P. sinensis breeding industry.
Key words: Pelodiscus sinensis; CXCL10; mRNA expression; bioinformatics
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