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and the products obtained
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A Sk leader peptide

CAGCTGTCCTTCATCACAACACAAGACACAGAAATCCTCCTCAT CAAAAAC@’;TG 61

Vi
AACTCCGTCCTCATCTGGACTCTGCTCTGCTGCTGCTTCACAGAGTCCAGAGGACAGGTC 121
N 5 vL I WTUL L CC CFT ESZR G Q V
ACAGTGACTCAGTCTGGAGCAGTGAGCTCTGCTCTGGGAGGCTCCGTCAGGATCACATGT 181
T vT Q s GG AV S §&§A L GG 5 VRTIT C
AGAACCAGTCAGAACGTTTATGGCTCAAACTATTTAGCCTGGTACCAACAGAGAGACGGA 241
R T s Q NV Y G S NY L A WYOQ QRD G
GAAAAACCTAAACTGCTTATTTACGGTGCTTCCTATCGAGCATCAGGGATTCCAGGTCGT 301
E K P K L LI Y G A S Y RA S GI P G R
TTTACAGGAAGTGGATCAAACTCCGACTTCACTCTGACCATCAGTGGAGTCCAGACTGAA 361
F T GG S G SN S DF T L T I S G V. QO T E

Jx
GATGCAGCAGTTTACTACTGTCAGAGTTATCACGAAATCAACAGTCAGAGGGTGAACACG 421
D A A VYY CQS Y HE IN S Q RVDN T

Ck
TTTGGTGGAGGAACCAGACTGGATATTGGAAGTGATACCCGTCCCACCCTGACGGTGCTG 481
F G 66T R L DI GSD TR PT L T V L
CCCCCCTCCATTGAGGAGCTGGAGAAGGGCAAGGCCACGCTCATGTGCCTGGCCAACAGG 541
P P S I EEL E KGKA TL M CUL AN R
GGCTTCCCCTCAGACTGGAGTCTGGCCTGGAAGGTGGGGGGCAGCAGCATCAGCAGCAGC 601
G F P S DWS L A WK VGGG S5 5 I S &5 S
TGGGAGGAGAGCAGGAGCCCCGGGETCCTGGGGAAGGACGGCCTCTACAGCTGGAGCAGC 661
W&E ES RSP G VLG KDGOGIL Y S W S 8
ACCCTGAGGCTCCCTGCAGACCAGTGGAAGAAGCTGGACTCTGTGACCTGTGAGGCCACC 721
T L RL PA DQW KK L DS VT CZEA A T
CAGGGCTCCCAGACTCTGGTGGCAGAGACTC TGAGGAGAGACCAGTGTCCCCAGGCC 781
Q G § ¢ T L VA ETU L RRUD QC P Qg A *
CCTGACTCACTGGGACTCTGCTACTGGTTTTACTCTGCTGTCTTTARAAACCCTCTTTGTC 841
TCTCTCTCATTTTCTGTCTTTCTCTCTCATATGTTTGGTAGTTTTTTATCATATTTGCAA 959

TTTCACTATTTCAGAAAATAAAGATCTGTTCATC 961

AAAAAAMA 969

2 K cDNA
ATG TAG ; ; . Vk: ;I
Ck:

Fig. 2 c¢DNA and deduced amino acid sequences of cobia k gene
Start and stop codons of the open reading frame are highlighted in bold. Putative polyadenylation signal(AATAAA) in 3'UTR is underlined.
Disorder region is colored with green. Vk: variable region; Jk: junctional region; Ck: constant region.

: #i(86%) (77%) ,
fl(60%)(  2) K : B0(87%) (64%)
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MTLNSVLIWTLLCCCFTESRGQVTVTQSGAVSSALGGSVRITCRESONVYGSNYLAWYOQRDGEKPKLLIYE
#

CDRZ2] [ FR3 10 CDR3 ][ J region ]
ASYRASGIPGRFTGSGSNSDFTLTISGVQTEDAAVYYCOSYHETINSORVNTFGGG ! H L DI CSDTRPTLTVLEPS
#
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IEELEKGKATLMCLANRGFPSDWSLAWKVGGSSISSSWEESRSPGVLGKDGLYSWSSTLRLPADQWKKLDSVTC
f ¥

EATQGSQTLVAETLRRDQCPQA.
@

3 K
FR: ; CDR: ; # @
Fig. 3 Domain of variable regions of deduced cobia «k chain

FR: framework region. CDR: complementarity determining region. The cysteine residues involved in intra- and inter-domain interactions are
indicated by # and @, respectively.

®2 FEE«HEEXSHEHMENHNVREEEXTERMBEMUE

Tab.2 Amino acid similarity of cobia k constant region with those known in other animals

species /% simiarity E  Evalue access. no.

#i(2) Seriola quinqueradiata(2) 86 le-29 AB062650
#i(3) Seriola quinqueradiata(3) 81 4e-26 AB062653
L3 Salmo salarL3 77 3e-31 AF406956
#i(1) Seriola quinqueradiata(1) 64 le-25 AB062647
L1 Salmo salar L1 64 le-25 AF273017

G Ictalurus punctatus G 60 8e-18 L25531
L1 Danio rerios L1 58 le-17 AF246185
L1A Cyprinus carpio L1A 58 2e-21 AB073328
L1B Cyprinus carpio L1B 52 2e-11 AB073331
Mus musculus 37 Te-14, BC091750

2 Raja erinacea 2 35 4e-08 L25566
Bos taurus 35 le-12 BC151500

1 Raja erinacea 1 33 le-06 L25568

F Ictalurus punctatus F 32 le-06 U25705
Macaca mulatta 32 2e-06 FJ795855
L2 Danio rerios L2 30 8e-08 AF246162
L2 Cyprinus carpio L2 30 le-07 AB091119
L3 Danio rerios L3 29 le-07 AF246193
L2 Salmo salar L2 27 4e-06 AF297518
L3 Cyprinus carpio L3 28 2e-07 AB035730

®3 FEE«HAETXSHMEMNBREATEXIEIRBIE
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Tab.3 Amino acids similarity of cobia k variable region with those known in other animals

species /% simiarity E  E value access. no.
8i(C) Seriola quinqueradiata (C) 87 S5e-36 AB062667
L3 Salmo salar L3 64 3e-23 AF406956
Macaca mulatta 63 3e-26 FJ795855
L1 Salmo salar L1 61 3e-22 AF273017
L3 Danio rerios L3 60 3e-23 AF246193
8i(B) Seriola quinqueradiata (B) 60 le-23 AB062653
F Ictalurus punctatus F 59 4e-24 U25705
Mus musculus 56 le-22 BC091750
L1 Danio rerios L1 55 8e-22 AF246185
Bos taurus 53 3e-23 BCI151500
2 Raja erinacea 2 49 2e-18 L25566
#i(A) Seriola quinqueradiata (A) 44 le-15 AB062664
1 Raja erinacea 1 41 le-13 L25568
L2 Danio rerios L2 33 9e-06 AF246162
#
Rac SDTRPTLTVLPPSIEELE-KGKATLMCLANRGFPSDWSLAWKV---GGSSISS----SWE 52
Ana SDVPPTLTVLPPSSEELQ-QGKATLMCLANKGFPSDWSLAWKV---DGSSSSSSS--SWE 54
Ano SDARPTLTVLPPSSEELQ-QGKATLMCLANKGFPSDWSLAWKV---DGSSSSSS5--SWE 54
Tre SDVRPTLTVLPPSTEELQ-QGKATLMCLANKGFPSDWSLAWKV---DGSSS5----- SWE 51
Spa SDVRPTLTVLPPSSEELQ-QGKATLMCLANKGFPSDWSLSWKV---DGS555-—---- SWE 51
Pse SDTAPTLTVLPPSSEQLO-QGKATLMCLANKGFPSDWSLAWKV---DGSSSSSSSSISWE 56
Ser SDARPTLTVLPPSSEELQ-QEKVTVLCLANKGFPSDWSLAWKV---EGSSSS—--—- SWE 51
Cha SDVRPTLTVLPPSSEELG-KDEVTLMCLANEGFPSDWNTLSWEV---DGS55G5-—--SWE 52
sal SNSAPTLTVLPPSSEELSSTTTATLTCLANKGFPSDWTMSWKV-—--DGTSKN-—————-— 49
Dnol TVSPPOQVSVLOPSSAEISSKRTATLLCVANKGFPSDWRLVWKVLKPDGSSSS——---- GGQ 55
Dno2 SPVKPSVSLLGSSSLOSS-GDSAALLCLLSSY SPPGAKVSWTR---DGSELS------- E 49
P T T *s .
4 @
Rac ESRSPGVLGKDGLYSWSSTLRLPADQWKKLDSVICEATQGSQTLVAE--TLERDQCPQA 109
Ana ESRSPGVLEKDGHYSWSSTLRLPADQWRKVGSVSCEATQGSQTPLSE--TLRRDQCSQNS 111
Ano ESRSPGVLEKDGHY SWSSTLRLTADQWRKVGSVTCEATQGSQTPLSE--TLRRDQCSQS 111
Tre ESRSPGVLEKDAHYSWSSTLRLSADQWRKVGSVTCEATQGSQTA-—-—————————-—- 96
Spa QSRSPGVLEKDGRYSWSSTLRLPADQWRKVGSVTCEATQGSQTPVSE--TLGRDQCS-- 106
Pse ESSSPGVLGKDGLYSWSSTLRLPADQWRKVGSVTCEATQGSQTPRSE--TLRRDQCSQS 113
Ser ESRSPGVLEKDGLYSWSSTLRLPADQWSKLGSVTCEATQGSQTPLSE--TLRRDQCSQS 108
Cha ETRSPGVLETDGRYSWSSTLRIPADQWRNAGSVTICEATQGSQTPVRQ--TLRGDQCPQS 109
Sal QKTSPGVLEKDGLY SWESTLTLTGQEWTKAGEVTCERAQQOKSQTPVTK--TLRRADCSG- 105
Dnol ESSSAGLLEKDGLYSWSSSLTLTEQQOWMESASVSCEATRSGQPALTAGDTVRRQQCSE- 113
Dno?2 GFLTSAESQQODGRYSCTSVLKLKREEWEKREPYACRVTHAGGDQEIP=-==——~ FPKC--- 100
*,ORE oo HH HE
4 K K
# @ . * R : R R .
. Ano: (AF137397), Tre: (EF421439), Ana: (BT083068), Pse:
(DQ862131),Ser: #i(AB062649), Rac: , Spa: , Cha: (EU822511), sal: (AF273019), Dan2:
2 (AF246193), Danl: 1 (AF246185), Onc: (OMU69987).

Fig. 4 Alignment of k chain amino acids between cobia and other fish species
Cysteine residues involved in intra- and inter-domain interactions are indicated by # and @, respectively. Identical amino acids are indi-
cated with asterisk. Similar amino acids are indicated with dots, and more dots mean higher similarity. The conversed cysteines and tryptophan
are shaded. Ano: Anarhichas mino (AF137397), Tre: Trematomus bernacchii (EF421439), Ana: Anoplopoma fimbria (BT083068), Pse: Pseu-
dosciaena crocea(DQ862131), Ser: Seriola quinqueradiata (AB062649), Rac: Rachycentron canadium, Spa: Sparus aurata (EF555070),
Cha: Channa argu (EU822511), sal: Salmo salar (AF273019), Dan2: Danio rerio 2(AF246193), Danl: Danio rerio 1(AF246185), Onc:
Oncorhynchus mykiss(OMU69987).
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Fig. 5 Phylogenetic analysis of Ig k chain amino acid sequences in teleost
a: amino acid sequences of full length Igk chain; b: amino acid sequences of immunoglobulin light chain constant region; c: amino acid se-
quences of immunoglobulin light chain’s variable region. Figures on the nodes are bootstrap values of 1 000 repeats.
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Fig. 6 Cobia Ig k gene expression in different tissues of fish head—kidney

[30]
BT (gl

Ig , Ig (Ig”H) V-CI1

Ig Fab ,
IgL ,
IgL
321 IgL

IgL , Igl

3.1 Igk cDNA
RACE Igk
cDAN , IgL
) Igx Igl
\Y C I,
—FGxG, V CDR1 CDR2 ,
13: 7 IgL IgL
, Edholm ** IgL
) IgL Igxk
, K \% 2 ,
C 3
, c26 c87 ,
cl06 (33]
IeL Vv C



56

18

5 ,
J 9~13 s
2 , Edholm (251 Coscia
[34] T ,
J A% C
. J
IgL J 11
, K s J
3.2 Igk
IgL,
R IgL
) , Ig x
Bl ,
, Ig
, IgL
Edholm ,
) IgL s
IgL , lgL
33 Igk
RT-PCR
K
Igx,
192h ,Igk ,

S 3k

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

Sarker N, Tsudzuki M, Nishibori M, et al. Cell-Mediated
and humoral immunity an phagocytic ability in chicken lines
divergently selected for serum immunoglobulin M and G
levds[J]. Poultry Sci, 2000, 78: 1705—1709.

Johansson J, Aveskogh M, Munday B, et al. Heavy chain V
region diversity the duck billed platypus(Ornithorhynchus
anatinus): long and highly variable complementarity-deter-
mining region compensates for limited gennline diversity[J].
J Immunol, 2002, 168: 5155-5162.

Magor B G, Magor K E. Evolution of effectors and receptors
of innate immunity[J]. Dev Comp Immunol, 2005, 25(8-9):
651-682.

Zachau H G. Immunoglobulin light-chain genes of the-type
in man and mouse[M]/Honjo T, Alt F W, Rabbitts T H.
Immunoglobulin genes. London: Academic Press, 1989: 91—
109.

Bauser T R Jr, Blomberg B. The human-L chain Ig locus.
Characterization of JCl6 and identification of functional
JC17[J]. J Immunol, 1991, 146: 2813-2820.

Home W A, Ford J E, Gibson D M. L chain isotype regula-
tion in horse[J]. J Immunol, 1992, 149: 3927-3936.
Kirschbaum T, Jaenichen R, Zachau H G. The mouse immu-
noglobulin-locus contains about 140 variable gene seg-
ments[J]. Eur J Immunol, 1996, 26: 1613-1620.

Raynaud C A, Dahan A, Weill J C. Complete sequence of a
chicken-light chain immunoglobulin derived from the nuc-
leotide sequence of its mRNA[J]. Proc Natl Acad Sci USA,
1983, 80: 4099—4103.

Haire R N, Ota T, Rast J P, et al. A third Ig light chain gene
isotype in Xenopus laevis consists of six distinct VL families

and is related to mammalian lambda genes[J]. J Immunol,



Ig x

cDNA

57

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

1996, 157: 1544-1550.

Schwager J, Burckert N, Schwager M,et al. Evolution of
immunoglobulin light chain genes: analysis of Xenopus laevis
IgL isotypes and their contribution to antibody diversity[J].
EMBO J, 1991, 10: 505-511.

Zezza D J, Stewart S E, Steiner L A. Genes encoding
Xenopus laevis 1g L chains. Implications for the evolution of
k and 1 chains[J]. J Immunol, 1992, 149: 3968-3977.
Shamblott M J, Litman G W. Complete nucleotide sequence
of primitive vertebrate immunoglobulin light chain genes[J].
Proc Natl Acad Sci USA, 1989, 86:4684—4688.

Shamblott M J, Litman G W. Genomoic organization and
sequences of immunoglobulin light chain genes in a primi-
tive vertebrate suggest coevolution of immunoglobulin gene
organization[J]. EMBO J,1989, 8: 3733-3739.

Rast J P, Anderson M K, Ota T, et al. Immunoglobulin light
chain class multiplicity and alternative organizational forms
in early vertebrate phylogeny[J]. Immunogenetics, 1994, 40:
83-99.

Fleurant M, Changchien L, Chen C T, et al. Shark Ig light
chain junctions are as diverse as in heavy chains[J]. J Im-
munol, 2004, 173: 5574-5582.

Criscitiello M F, Flajnik M F. Four primordial immu-
noglobulin light chain isotypes, including lambda and kappa,
identified in the most primitive living jawed vertebrates[J].
Eur J Immunol, 2007, 37: 2683-2694.

Hohman V S, Schluter S F, Marchalonis J J. Complete se-
quence of a ¢cDNA clone specifying sandbar shark immu-
noglobulin light chain: gene organisation and implications
for the evolution of light chains[J]. Proc Natl Acad Sci USA,
1992, 89: 276-280.

Rast J P, Anderson M K, Ota T, et al. Immunoglobulin light
chain class multiplicity and alternative organizational forms
in early vertebrate phylogeny[J].
40: 83-99.

Ghaffari S, Lobb C J. Structure and genomic organization of

Immunogenetics, 1994,

immunoglobulin light chain in the channel catfish. An un-
usual genomic organizational pattern of segmental genes[J].
J Immunol, 1993, 151: 6900-6912.

Partula S, Schwager J, Timmusk S, et al. A second immu-
noglobulin light chain isotype in the rainbow trout[J]. Im-
munogenetics, 1996, 45: 44-51.

Ghaffari S, Lobb C J. Structure and genomic organization of
a second class of immunoglobulin light chain genes in the
channelcatfish[J]. J Immunol, 1997, 159: 250-258.

Espelid S, Halse M, Solem S T, et al . Immunoglobulin genes

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

[34]

[35]

and antibody responses in the spotted wolftish(4narhichas
minor Olafsen) [J]. Fish Shellfish Immunol, 2001, 11: 399—
413.

Haire R N, Rast J P, Litman R T,et al. Characterization of
three isotypes of immunoglobulin light chains and T-cell an-
tigen receptor alpha in zebrafish[J]. Immunogenetics, 2000,
51: 915-923.

Ghaffari S, Lobb C J. Structure and genomic organization of
a second class of immunoglobulin light chain genes in the
channelcatfish[J]. J Immunol, 1997, 159: 250-258.

Edholm E-S, Wilson M, Sahoo M, et al. Identification of Igo
and Ig)h in channel catfish, Ictalurus punctatus, and Igh in
Atlantic cod, Gadus morhua[J]. Immunogenetics, 2009, 61:
353-370.

Daggfeldt A, Bengtén E, Pilstrom L. A cluster type organi-
zation of the loci of the immunoglobulin light chain in At-
lantic cod(Gadus morhua L.) and rainbow trout (Oncorh-
ynchus mykiss Walbaum) indicated by nucleotide sequences
of cDNA and hybridization analysis[J]. Immunogenetics,
1993, 38: 199-209.

Timmusk S, Partula S, Pilstrom L. Different genomic or-
ganization and expression of immunoglobulin light-chain
isotypes in the rainbow trout[J]. Immunogenetics, 2000, 51:
905-914.

s s

. , 2006, 13(5): 823-828.
, , ;o 1B
1. , 2005, 12(2):

119-125.

Shintani S, Terzic J, Sato A. Do lampreys have lamphocytes?
The Spi evidence[J]. Proc Natl Acad Sci USA, 2000, 97(13):
7417-7422.

Scapigliati G, Romano N, Abelli L. Monoclonal antibodies in
fish immunology: identification, ontogeny and activity of
T-and B-lymphocytes[J]. Aquaculture, 1999, 172: 3-28.
Stanfield R L , Zemla A, Wilson L A, et al. Antibody elbow
angles are influenced by their light chain class[J]. J Mol Biol,
2006, 357: 1566—-1574.

Wiersma E J, Shulman M J. Assembly of IgM: Role of di-
sulfide bonding and noncovalent interaction[J]. J Immunol,
1995, 154: 5265-5272.

Coscia M R, Giacomelli S, Santi C D, et al. Immunoglobulin
light isotypes in the teleost Trematomus bernacchii[J]. Mol
Immunol, 2008, 45: 3096-3106.

s s s

[J1. , 2008, 15: 644-649.



58 18

Molecular cloning and tissue expression analysis of immunoglobulin
light k chain cDNA from cobia Rachycentron canadium Linnaeus

HOU Yue’e'?, FENG Juan', NING Zhangyong®, MAO Lina'?, GUO Zhixun', XU Haidong', KONG
Xiaoming®

1. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China;
2. South China Agriculture University, Guangzhou 510642, China

Abstract: The technique of homologous cloning and Rapid Amplification of cDNA Ends(RACE) was used to am-
plify full length cDNA gene of immunoglobulin light chain(x chain) from cobia (Rachycentron canadium Lin-
naeus). The full length cDNA of « in cobia is 969 bp, containing a 3’ untranslated region (UTR) of 188 bp, a 5’
UTR of 52 bp, and an open reading frame (ORF) of 729 bp, encoding 242 amine acids. The estimated molecular
weight of Ig k is 26.255 kD, and the theoretical isoelectric point is 7.52. The deduced Igk amino acid sequences of
cobia were compared with those of other teleost species. For the constant region of Igk, higher percentage similar-
ity was obtained from comparisons between R. canadium and Seriola quinqueradiata and between R. canadium
and Salmo salar, which was higher than 77%. For the variable region, higher percentage similarity was obtained
from comparisons between R. canadium and S. quinqueradiata , which reached 87%. By the phylogenetic tree of
immunoglobulin light chain constant region, Igk amino acid sequences of cobia were clustered with S. quinquera-
diata (1,2,3) and Ictalurus punctatus G chain which belong to the type of k chain, so IgL of cobia was supposed to
type of k. Salmo salar L2 chain, Danio rerios L2 chain, Cyprinus carpio L2 chain that belong to the type of A
chain were clustered together. The expression of Igk gene in healthy cobia was initially measured by
semi-quantitative RT-PCR. It was found that the expression of the Igk existed more obviously in liver and gill than
in other tissues, but they were hardly expressed in intestine and brain. The expression of the target gene in head
kidney, spleen, intestine and gill increased obviously after cobia was immunized by intraperitoneal injection with
Vibrio carchariae strain JT2, while the expression in liver decreased. The result indicated that head kidney, spleen,
intestine and gill are main organs for Igk production after stimulation, and play a critical role in host-pathogen in-
teraction. [Journal of Fishery Sciences of China, 2011, 18(1): 48—58]
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