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Molecular Cloning, Sequences Analysis and Immune-related Expression

Changes of aCCL4-like Gene from Ayu (Plecoglossus altivelis)

Yang Danyang, Chen Jiong*, Lu Xinjiang, Shi Yuhong, Li Mingyun
(Key Laboratory of Applied Marine Biotechnology, Ministry of Education, Ningbo University, Ningbo 315211, China)

Abstract CC chemokines are a kind of multi-functional cytokines and play vital roles in innate immune
system of teleost fish. In this study, we obtained a cDNA sequence encoding CCL4-like from ayu. The predicted ayu
CCL4-like (aCCL4-like) propeptide was 123 amino acids (aa) long with a 22 aa signal peptide in the N-terminus.
The mature peptide contained four conserved cysteine residues and they could form two disulfide bonds.
Phylogenetic tree analysis showed that Plecoglossus altivelis CCL4-like was closely to Salmo salar CCL4. The
Real-time quantitative PCR(RT-qPCR) analysis displayed that aCCL4-like mRNAs were widely existed in kinds of
tissues of healthy ayu, and that the highest expression was in the liver. After Listonella anguillarum (L.anguillarum)
infection, aCCL4-like mRNAs were dramatically up-regulated in all detected ayu tissues, especially in the intestine.

Followed by aCCL4-like prokaryotic expression and its preparation of antiserum. Western blot analysis revealed
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that the ayu serum aCCL4-like was no significant change after bacterial infection after 4 h, but increased suddenly

at 8 h and since then continued to raise. In summary, our results suggested that aCCL4-like gene expression level

was closely related to the progress of L.anguillarum infection, which predicts aCCL4-like’role in the immune

response against microbial infections of ayu.
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MOPIARRM A Z IR . SWRETS 050 FAIPT763502) KIGHiE(ACI67426) BE T (XP_002667365) B 11 S RAI(ABA54963).
HET(ACQS8878). A(AAI04227). /NEL(P14097). KE(NP_446310).

The signal peptide sequences were underlined, the conserved cysteine residues were marked by “V¥” and the potential glycosylation site was marked
as “@”, threshold for shading is >70%, similar residues were marked as gray shadow and identical residues were black shadow. Accession numbers
of sequences used are: Plecoglossus altivelis, JP763502; Salmo salar, atalantic salmon: ACI67426; Danio rerio, zebrafish: XP_002667365; Ictalurus
punctatus, channel catfish: ABA54936; Anoplopoma fimbria, sablefish: ACQ58878; Homo sapiens, human: AA104227; Mus musculus, mouse: P14097;
Rattus norvegicus, rat: NP_446310.
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Fig.1 Multiple alignment of the amino acid sequences of ayu CCL4-like and other animals
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The values at the forks indicate the percentage of trees in which this grouping occurred after bootstrapping the data(1 000 replicates; shown only when
>60%). The scale bar shows the number of substitutions per site. GenBank accession numbers of sequences used are listed in Fig.1.
E2 ETNIEZRESMEMYFHICCLA-like RFH LR

Fig.2 Phylogenetic tree of the amino acid sequences of ayu and other animal CCL4-like using neighbor-joining method
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Fig.4 Real-time quantitative PCR analysis of aCCL4-like

transcripts in various ayu tissues upon L.anguillarum infection
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A: SDS-PAGE analysis of prokaryotic expressed aCCL4-like, stained by
Coomassie brilliant blue G-250. M: protein molecular weight standards
(kDa); 1: pET-28a(+)-transformed BL21 plys E, induced by IPTG; 2:
pET-28a-aCCL4-like-transformed BL21 plys E, induced by IPTG; 3:
purified recombinant aCCL4-like; B: the test of prepared aCCL4-like
antiserum by Western blot through ECL developing. NC: negative
control, 1: the production of prokaryotic expression; 2: ayu serum.
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Fig.5 Prokaryotic expression of aCCL4-like and the test of

prepared antiserum
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A: Western blot analysis of ayu serum aCCL4-like in different time
points post L.anguillarum infection; B: relative quantification of serum
aCCL4-like based on the Western blot results shown in A. *P<0.05.
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Fig.6 Expression changes analysis of ayu serum aCCL4-
like during L.anguillarum infection by Western blot



682 WL -
3 it A)o BRI, L BAAA L, R I ik

CCEL A 72 HA Z B Dh e i) 73 W 8L /N4y 1
AN MR 7, FENR LBl B Bt b )iz v T
Wil ACE RN E T aCCL4-likeFE X () cDNA P
Hlo 7453 BT #87, aCCLA4-like L AT #4 1k K 145 1iE
PEIIAAN DR 57 2 e 2 IR AR 2, 5 DK 8 v B ) 95 A
1E, N52%; FRGIEAR S AT R B, B O P v i
CCLAS % % »

M 21 R I8 R AE 9 BT W 7R, aCCLY-like %
MRNATE A A it (G pa e & f i, i Sk
B8O M UL AR ST U 41 2R 38 A A [ R
FER)RIE, I BAE S RBEAH G A Rk
HRAYIE. SR COaL R T )i
PR R, W OO b K F(CCL-CSakf)#E i B
o AR WLAL . SK'E S AR . BERLOE
10~ A ¥ RIA P Bl CCRath R CCLATE B
Oy WL 80 FF B B W3 Kk, BT
YR AHCCHAALIA - (SCYAIO-126) 25 AT+ B, SK'EF.
=N 7N = N N3 TN 7R AL L S U N
P4 v 65 CC#a 1k I GmSCYA101. GmSCYA102.
GmSCYA106a,b. GmSCYA 10825 7 % 7% #H % 1 3k
LN SN R | R BT B S VN

f53 K1) S s G T 5 A A £ SRR ) 3 2 R
22— U1 A I A N T T 8 R B I R A B,
aCCL4-likeF: R fImRNAZ 15 J% 1M 75 H'aCCL4-like
(A 17 AR A 38 5 L R 4R G A £ 0 PR A R,
Fi7naCCL4-like W] it 2 15 31| 0 R HUAH0 1R 12 G2 1) fo i
RN HRERRY], COBALIEFAEHRBTAM b R
B NAZ 51 R B A8 BT R 980 B N v R
FHEEAEM . B, i CCéEtR 7 MimiCC2fE
X il AR BT G AT S G AR B, G A B A DG AL
MimiCC2 mRNARIE /KPR EFHEHALY, RE,
SR PRRE T DL S LPS I S v] LB COBa LN 143
S5 PR/ E W A B AN TR 2 40 B 55 i 1) AT A% 22 1 A R
RGBT, KA WA I B [ AART, - Borza 50!
43 ) 2% A< PR 0 1R (Aeromonas salmonicida) UL 2
pL:CIYPBSEVR I I v S K PU v, 45 SR ] e il
FACCRL I FAERF. M. Sk, i iR IE
JUT-#848 3 B, 7RI S K P S CCa b I 1 ]
REAE R RIED 72 5 AN SRS |6 R 40 Y 2
TR A SCEE o, 08 ) S G R G S, A
Y ZaCCL4-likeFt ImRNA [ 1A 34145 8 35 A2 4k (K

WEE AN, BGkd Wi RUAFI436%, 24 Wi B2 = T
X IR 2, 48 7naCCL4-like ] fit 75 01 S B 40 1R K e
O ot fi 1 R B R A . i R A
RGN FBLARE, FWITTR RV, N0 iiE F e
e FERE T A7 K= I Bl i, 9 & B 41
5 JAE B NN, T b Y 1 3 73 CCRICX C b EA]
TR IO FH LA SR T 22 1 11 40 5 A ) S
i — B R PT R AER, 118 aCCL4-like$: [NmRNA
1) 2215 AR AXAR T B8 A2 Fh 1 IR s v 4 4l v 5 AT
(1) 1 20 23 e ST A e, R0 B 2 S A O 1
Ji BR8] d0p ot [ B 42 G 5 1) A £ 1L T CCL4-like
S AR RIEYTIAR AR, L8 hm &4 n,
24 h IR BN IRV 5.57 15, R 7~BEAG 4% 5 1tk 2O0E Y.
FR) 0 R, BLAA 75 22 5 22 (aCCL4-like ik FH LAAR %5 K
et 0 5 R T, R A A

gi bR, A S0 i vt aCCLY-like 7 %1 5E |
Y1 2R3 TR A Ak Jy B R xE Jk Y £ R JB S S (1)
aCCLA4-like& 1A A 43 #, ik — i e fa K ik
A7 (4540 THAREAVE - ALEE BE 5 T JEAit

B E 30k (References)

1 Bacon K, Baggiolini M, Broxmeyer H, Horuk R, Lindley I,
Mantovani A, et al. Chemokine/chemokine receptor nomen-
clature. Cytokine 2003; 21(1): 48-9.

2 Hyduk SJ, Chan JR, Duffy ST, Chen M, Peterson MD, Waddell
TK, et al. Phospholipase C, calcium, and calmodulin are critical
for a4P1 integrin afinity up-regulation and monocyte arrest
triggered by chemoattractants. Blood 2007; 109(1): 176-84.

3 Peatman E, Liu ZJ. Evolution of CC chemokines in teleost fish:
A case study in gene duplication and implications for immune
diversity. Immunogenetics 2007; 59(8): 613-23.

4 Zlotnik A, Yoshie O, Nomiyama H. The chemokine and
chemokine receptor superfamilies and their molecular evolution.
Genome Biol 2006; 7(12): 243.

5 Borza T, Stone C, Rise ML, Bowman S, Johnson SC. Atlantic
cod (Gadus morhua) CC chemokines: Diversity and expression
analysis. Dev Comp Immunol 2010; 34(8): 904-13.

6 Nomiyama H, Hieshima K, Osada N, Kato-Unoki Y, Otsuka-Ono
K, Takegawa S, et al. Extensive expansion and diversification of
the chemokine gene family in zebrafish: Identification of a novel
chemokine subfamily CX. BMC Genomics 2008; 9: 222.

7 Kuroda N, Uinuk-ool TS, Sato A, Samonte IE, Figueroa F, Mayer
WE, et al. 1dentification of chemokines and a chemokine receptor
in cichlid fish, shark, and lamprey. Immunogenetics 2003;
54(12): 884-95.

8 Yoshimura T, Moore SK, Appella E, Lerman MI, Leonard EJ.
Human monocyte chemoattractant protein-1 (MCP-1) full-
length cDNA cloning, expression in mitogen-stimulated blood



W HLBH A By 0 CCLA-like 3L IR o o 38100 # e S AR S I B AR A A Y 683

mononuclear leukocytes, and sequence similarity to mouse
competence gene JE. FEBS Lett 1989; 244(2): 487-93.

Zach OR, Bauer HC, Richter K, Webersinke G, Bauer H.
Sequence of the porcine full-length cDNA encoding ribosomal
protein rpS12. Gene 1995; 159(2): 277-8.

Strausberg RL, Feingold EA, Grouse LH, Derge JG, Klausner
RD, Collins FS, ef al. Generation and initial analysis of more
than 15,000 full-length human and mouse cDNA sequences. Proc
Natl Acad Sci USA 2002; 99(26): 16899-903.

Laing KJ, Secombes CJ. Trout CC chemokines: Comparison of
their sequences and expression patterns. Mol Immunol 2004; 41
(8): 793-808.

Peatman E, Liu ZJ. CC chemokines in zebrafish: Evidence for
extensive intrachromosomal gene duplications. Genomics 2006;
3(88): 381-5.

Bao BL, Peatman E, Peng X, Baoprasertkul P, Wang GL, Liu ZJ.
Characterization of 23 CC chemokine genes and analysis of their
expression in channel catfish (/ctalurus punctatus). Dev Comp
Immunol 2006; 9(30): 783-96.

ERG S, 0, Hyd e, WIHCER. B CCLAKE DA [ 3 b 4 3.
B K E (R [Wang Likun, Wang Na, Ma Meisheng,
Hu Chengyu. Cloning and Expression of CCL4 in Grass
Carp(Ctenopharyngodon Idellus). J Nanchang Univ(Natl Sci)]
2009; 33(2): 181-4.

AL, BR M, SRRAL, U . T XA IR 5
B %558, A 2% H(Li Changhong, Chen Jiong, Shi Yuhong,
Li Mingyun. Characterization of Listonella anguillarum as the
actiological agent vibriosis occurred in cultured ayu (Plecoglossus
altivelis) in Ninghai country, China. Acta Micriobiol Sin) 2009;
49(7): 931-37.

Tamura K, Dudley J, Nei M, Kumar S. MEGA4: Molecular
evolutionary genetics analysis (MEGA) software version 4.0.
Mol Biol Evol 2007; 24(8): 1596-99.

Lu XJ, Chen J, Huang ZA, Shi YH, Lv JN. Identification and
characterization of a novel cathelicidin from ayu, Plecoglossus
altivelis. Fish Shellfish Immunol 2011; 31(1): 52-7.

Schmittgen TD, Livak KJ. Analyzing real-time PCR data by the
comparative CT method. Nat Protoc 2008; 3(6): 1101-8.

B, Wk, BT, WRIAL, . ki ] X AR

20

21

22

23

24

25

26

27

28

29

A 5 008 R JUT L B A IR G (AR DG PRI 9. 304 “# Wt 97 (Huang
Zuoan, Chen Jiong, Lu Xinjiang, Shi Yuhong, Li Mingyun.
Alteration on the expression of ayu coagulation factor X gene
upon Listonella anguillarum infection. Zool Res) 2011; 32(5):
492-8.

JE AR, RN, FosBH, Y I SDS-PAGEX M 52 His-tagiil
B Gy A A 22 1 SRR R A B (Tang Weihua,
Zhang Jingliu, Wang Zongyang, Hong Mengmin. The cause of
deviation made in determining the molecular weight of His-tag
fusion proteins by SDS-PAGE. Acta Phytophysiol Sin) 2000;
26(1): 64-9.

Menten P, Wuyts A, Damme JV. Macrophage inflammatory
protein-1. Cytokine Growth Factor Rev 2002; 13(6): 455-81.
Henry OY, Cullen DC, Piletsky SA. Optional interrogation
of molecularly imprinted polymers and development of MIP
sensors: A review. Anal Bioanal Chem 2005; 382(4): 947-56.
VEGR SR, ZE05E, )5 T3, Fb A, L, 5k B A socay
WAL A -F-CCL_CS5att 3k X ) 3 B 41 2308 5 L 43 . Aol
EYIBEAR 2% 4 (Wang Jintu, Li Jiongtang, Wan Yumei, Ji Peifeng,
Cui Runzi, Zhang Yan, et al. Cloning, tissue expressions and
evolutional analysis of Cyprinus carpio CC chemokine CCL-
C5a-like Gene. J Agric Biotech) 2012; 20(4): 426-35.

Xu TJ, Cheng YZ, Shi G, Wang RX. Molecular cloning,
characterization, and expression analysis of a disease-resistance
related CC chemokine gene in miiuy croaker (Miichthys miiuy).
Aquaculture 2011; 318(1): 25-32.

Gerard C, Rollins BJ. Chemokines and disease. Nat Immunol
2001; 2(2): 108-15.

Watts M, Munday BL, Burke CM. Immune responses of teleost
fish. Aus Vet J 2008; 79(8): 570-74.

Karpus WJ, Lukacs NW, Kennedy KJ, Smith WH, Hurst SD,
Barrett TA. Differential CC chemokine—induced enhancement
of T helper cell cytokine production. J Immunol 1997; 158(9):
4129-36.

Heinsbroek SE, Gordon S. The role of macrophages in
inflammatory bowel diseases. Expert Rev Mol Med 2009; 11:
el4.

Kolios G, Lira-Current SA. Chemokines and their receptors in
gut homeostasis and disease. Immunol Rev 2011; 7(3): 271-9.





