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ABSTRACT

Immunoglobulin M (IgM) is the major isotype among teleost immunoglobulins. The present
study was aimed to explore IgM heavy chain gene and its expression profile in rohu. Full-
length IgM heavy chain ¢cDNA of rohu consisted of 1994 bp encoding a polypeptide of 576
amino acid residues including a leader peptide, variable (VH) and constant
(CH1-CH2-CH3-CH4) domains confirming the secretory form of IgM. The sequence carries
conserved residues such as cysteine, tryptophan and amino acid motifs like ‘YYCAR' and
‘FDYWGKGT-VTV-S'. The predicted 3D model confirmed various domains of rohu IgM heavy
chain. Phylogenetic tree analysis revealed that IgM heavy chain gene of rohu shared the
same cluster with that of other cyprinid fishes. Tissue distribution analysis showed the pre-
dominant level of IgM heavy chain gene expression in kidney, spleen and intestine. IgM
heavy chain gene expression in rohu kidney was found to be up-regulated and reached a
maximum at 7 days post-challenge with Aeromonas hydrophila. These findings demonstrate
the first report of full-length secretory IgM heavy chain gene in rohu. Besides, IgM heavy
chain gene was highly expressed in major lymphoid tissues and bacterial challenge influ-
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enced
immune response.

Introduction

The adaptive immune system of teleost is a well special-
ized and regulated process. The major humoral compo-
nent of the adaptive immune system belongs to
immunoglobulins (Igs). Ig comprised of two heavy and
light chains each and encoded by variable and constant
domains which are stabilized by disulfide bridges.
Different isotypes of Ig are determined by the constant
domains of the heavy chain.' Three major isotypes of
immunoglobulins have been reported in teleosts,
namely IgM,>* IgD**° and IgZ or IgT,”® among which
the major isotype belongs to IgM. Further, IgM is
involved in systemic and mucosal immunity of host
against disease-causing organisms,” but IgT and IgD are
involved in mucosal protection.'®"!

Teleost IgM exists as a tetramer with eight antigen
binding sites.'* IgM heavy chain molecules present in
two different forms, namely, secretory IgM (sIgM)
and membrane IgM (mIgM).">'* The heavy chain of
sIgM consists of one variable region and four constant

its expression which further confirmed its role

in the adaptive humoral

domains, whereas mIgM comprises of one variable
region, three constant domains and two additional
transmembrane domains such as TM1 and TM2.'>'?
IgM heavy chain genes were characterized from vari-
ous fish species such as Danio rerio,'® Siniperca
chuatsi,'” Paralichthys olivaceus,'® Anguilla anguilla *°
and Megalobrama amblycephala.’

Considerable information is available on the adap-
tive immune genes, especially immunoglobulins of vari-
ous fishes but the information on structural and
functional properties of immunoglobulin genes in rohu
and other Indian Major Carps (IMCs) is lacking.
Knowledge on the adaptive immune system including
structural and genetic organization of immunoglobulins
is of potential importance to devise effective prophylac-
tic measures to manage diseases in cultured fish. Till
date, the research on IgM of rohu has been confined
to serum IgM isolation, partial characterization and
few aspects on immunological characterization.’**
With this background, here we have characterized the
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Table 1. List of primers used in this study.

Annealing temperature (°C) Amplicon size (bp)

Primer Sequence (5'-3)

Primers for amplifying partial IgM heavy chain cDNA
RoHCF1 GGACGCTTCACCATCTCCAG
RoHCR1 ATCATGAAACCACTTAAACG
RoHCF2 AGCAACCTTCATGTGTGTAGCCC
RoHCR2 CAAGCCAAGACACAAACACCTC

IgM specific primers for 5' RACE
Oligo (dG) GGGGGGIGGGIIGGGIIG
5'RACEIR GTTCCTTTCCCCCAGTAGTCG
5’RACEIIR GCGTCCCTGAACAGACTGAGAG

IgM specific primers for 3’ RACE
Adapter oligo (dT) GGCCACGCGTCGACTAGTAC(dT)17

Adapter GGCCACGCGTCGACTAGTAC
3'RACEIF GAAGAATGGAGCAACGGCACTG
3'RACEIIF AGAGGTGTTTGTGTCTTGGCTTG

IgM specific primers for amplifying ORF

ORFF GTCTGTGACTTTGATGTATCAGC

ORFR GACACCACATACACAACGCT
Primers for real-time PCR

IgMqRTF CAGGGACGCTTCACCATCTC

IgMgRTR GTTCCTTTCCCCCAGTAGTCG

p-actingRTF GACTTCGAGCAGGAGATGG

f-actingRTR CAAGAAGGATGGCTGGAACA

48 600
52 683
51

54 319
53

54 508
54 1790
51 149
553 138

full-length IgM heavy chain gene of rohu. Further, tis-
sue distribution analysis of IgM heavy chain gene
expression in various tissues of healthy rohu and fishes
challenged with bacteria was also analyzed.

Materials and methods
Animals

Healthy rohu fingerlings weighing 30-40g were pro-
cured from a commercial fish farm near Mumbai,
India and acclimatized in plastic tanks (500 liter cap-
acity) for one month under disease-free condition.
The fish were fed once a day with commercial fish
feed pellets. After acclimatization, the fishes were
euthanised using an overdose of MS-222 (Tricaine
methanesulfonate, Sigma-Aldrich, Saint Louis, MO,
USA) and the tissues were collected aseptically for
total RNA isolation.

Isolation of total RNA and reverse transcription

Total RNA was isolated from rohu kidney for the
characterization of full-length IgM heavy chain cDNA
and from various tissues for tissue distribution ana-
lysis using TRIzol®) as per the manufacturer’s proto-
col. The total RNA obtained was quantified using
Nanodrop 2000 (Thermo Scientific, Carlsbad, CA,
USA). To remove genomic DNA contamination, the
quantified RNA was treated with DNase I (Thermo
Scientific, USA). Reverse transcription of DNase
treated RNA was performed using the First-strand
cDNA synthesis kit (Thermo Scientific, USA) follow-
ing the manufacturer’s instructions.

Amplification of full-length IgM heavy chain cDNA

Primers were designed on the basis of conserved IgM
heavy chain gene sequences from the closely related spe-
cies using DNASTAR® software (DNASTAR Inc,
Madison, WI, USA). Real-time PCR primers were
designed based on the sequence obtained from our ear-
lier study.”® B-Actin primers previously reported for
rohu®* was used to amplify the reference gene (Table 1).

PCR reaction was performed with gene-specific pri-
mers to obtain a partial sequence of IgM heavy chain
gene using thermal cycler (Applied Biosystems, Foster
City, CA, USA). The PCR reaction mixture consisted
of 12.5ul of 2x master mix (Taq polymerase 0.05 U/pl,
4mM MgCl, and 04mM each dNTPs), 10.5ul of
nuclease-free water, forward and reverse primers of
0.5ul each (25 p mole) and 1pl of cDNA. The PCR
thermal profile was 95°C for 4 mins, 35 cycles of 95°C
for 30s, appropriate annealing temperatures for 30s
and 72°C for 2 mins and finally 72°C for 10 mins.
The obtained PCR products were resolved by agarose
gel electrophoresis and then cloned into pTZ57R/T
vector using InsTAclone PCR cloning kit (Thermo
Scientificc, USA) and sequenced at Bioserve
Biotechnologies Pvt. Ltd., India using ABI 3730x] DNA
analyzer. The partial IgM heavy chain gene sequence
was used to design primers for 5 and 3’ Rapid
Amplification of cDNA Ends (RACE) PCR.*®

For 5 RACE, 2 g of total RNA was reverse tran-
scribed using oligo dT primer as mentioned earlier.
MinElute PCR purification kit (Qiagen, USA) was
used to purify the synthesized cDNA. Homopolymeric
C-tailing was added at the 3’ end of purified first
strand cDNA using recombinant terminal transferase



enzyme and dCTP (Thermo Scientific, USA). The dC-
tailed cDNA was used for the first step PCR with
oligo dG and gene-specific (5RACEIR) primers.
Further, 2 pl of the first step PCR product was used as
a template for nested PCR along with forward primer
(Oligo (dG)) and reverse primer (5RACEIIR) as men-
tioned earlier. Likewise, in 3’ RACE, 2pug of total
RNA was used for synthesizing first strand ¢cDNA
with oligo dT-adapter primer as mentioned -earlier.
First step PCR was performed using adapter oligo
(dT) primed first strand cDNA as a template along
with forward primer (3’RACEIF) and reverse
(adapter) primer. As mentioned earlier, nested PCR
was also performed using forward nested primer
(3'RACEIIF) and reverse (adapter) primer. PCR was
also performed to amplify the ORF region of IgM
heavy chain gene of rohu using a forward primer
(ORFF) and reverse primer (ORFR) as mentioned ear-
lier. After confirmation on agarose gel electrophoresis,
the amplified products were cloned using InsTAclone
PCR cloning kit (Thermo Scientific, USA) and
then sequenced.

Sequence analysis

Basic Local Alignment Search Tool (NCBI; http://
www.ncbi.nlm.nih.gov/blast/) was used to find similar-
ity of the obtained IgM heavy chain gene sequence of
rohu with other sequences. The amino acid sequence
was predicted using a translator program at open read-
ing frame finder (http://www.ncbi.nlm.nih.gov/gorf/
gorfhtml). UniProt (http://www.uniprot.org/) and
SMART  (http://smart.embl-heidelberg.de) databases
were used to identify the protein domains. Functional
domains of IgM heavy chain was identified on the
basis of sequence comparisons with zebrafish IgM
heavy chain gene in the IMGT reference directory
using IMGT/DomainGapAlign tool (http://www.imgt.
org/3Dstructure-DB/cgi/DomainGapAlign.cgi). NetNGl
yc 1.0 Server (http://www.cbs.dtu.dk/services/NetNG
lyc/) was used to predict N-linked glycosylation sites.
Multiple sequence alignment was performed using
Clustal Omega program (http://www.ebi.ac.uk/Tools/
msa/clustalo/). Neighbor-joining tree was prepared
using MEGAG6 software, (University Park, PA)?®
employing pairwise deletion and Poisson correction
method.”” SWISS-MODEL (http://swissmodel.expasy.
org/) was employed to predict the 3D model of rohu
IgM heavy chain gene. The predicted 3D model was
validated wusing the Ramachandran plot in the
RAMPAGE server (http://www.mordred.bioc.cam.ac.
uk/*rapper/rampage.php).
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Quantitative real-time PCR

Various tissues such as kidney, intestine, liver, gill,
spleen, and skin were collected from apparently
healthy rohu (30-40g body weight) to study the
expression of IgM heavy chain gene. All the tissue
samples were collected in triplicate and each replicate
contained the tissue pooled from three healthy fishes.
For tissue harvesting, the fishes were euthanised using
an overdose of MS-222 (Tricaine methanesulfonate)
(Sigma, USA) and the tissues were collected aseptically
for total RNA isolation. Uniform quantity of RNA
was reverse transcribed using oligo d(T)18 primer as
mentioned earlier. Quantitative real-time PCR was
performed using the ABI 7500 Real-time PCR System
(Applied Biosystems, USA). The PCR reaction mixture
consisted of 12.5ul of Maxima'™ SYBR Green qPCR
Master Mix (Thermo Scientific, USA), 10.5ul of
nuclease-free water, forward and reverse primers of
0.5l each (25 p mole) and 1pl of cDNA (equivalent
to 20 ng). The thermal cycling profile for PCR amplifi-
cation consists of 95°C for 10 mins, followed by 40
cycles at 95°C for 15s and 60°C for 1min. The
threshold cycle (Ct) value was determined using the
automatic setting on the ABI 7500 real-time PCR sys-
tem. Relative expression of IgM heavy chain gene in
relation to B-actin was derived using 27" method.?®

Rohu fishes were injected with Aeromonas hydro-
phila intraperitoneally to study the IgM heavy chain
gene expression in response to bacterial infection. The
bacteria were cultured using brain heart infusion
broth (Himedia, Mumbai, India), washed and resus-
pended in phosphate-buffered saline (pH 7.4). A total
of 54 numbers of healthy fish (30-40g body weight)
were challenged intraperitoneally with 10”7 CFU of A.
hydrophila fish™" in 100 ul volume. Kidney tissue was
collected aseptically from nine fishes each at 1, 3, 7,
10 and 14days post-challenge (dpc). Samples from
nine uninfected fishes injected with 100pl of PBS
fish~' were used as control. Total RNA was isolated
and synthesized into ¢cDNA and then quantitative
real-time PCR was carried out. The transcriptional
level of IgM heavy chain gene was normalized to
f-actin and calibrated with the control sample

to obtain the fold change in expression according to
2744CT method.?

Statistical analysis

All the real-time PCR assays were carried out in tripli-
cate and the data were expressed as the mean + stan-
dard error. Statistical analysis was executed using
SPSS 16.0 software (SPSS Inc., Armonk, NY, USA).
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One-way ANOVA and Duncan’s multiple range test
was employed to establish a significant difference
among the mean and p values <0.05 regarded to be
significant.

Results

Characterization of full-length IgM heavy chain
cDNA of rohu

The present study revealed 1994bp full-length IgM
heavy chain ¢cDNA of rohu comprising 5'-untranslated
region (5-UTR, 55bp), 3'-untranslated region (3'-
UTR, 208bp) and an open reading frame (ORF) of
1731 bp which encodes a polypeptide of 576 amino
acid residues which is further divided into leader pep-
tide, variable domain including framework regions
(FRs) and complementarity-determining regions
(CDRs) and CH domains (Figure 1). Nucleotide
sequence of IgM heavy chain cDNA of rohu revealed
the sequence identity of 83 and 80% with
Ctenopharyngodon idella and M. amblycephala,
respectively. Likewise, the amino acid sequence of
IgM heavy chain gene of rohu showed 70 and 60%
similarity with C. idella and M. amblycephala, respect-
ively. Full-length IgM heavy chain ¢cDNA sequence of
rohu was submitted to NCBI GenBank under the
accession no. KX268324.

The deduced amino acid sequence of IgM heavy
chain gene of rohu comprised a leader peptide, vari-
able region (V) and four constant regions
(CH1-CH4). Variable region also contains FRs and
CDRs (Figures 1 and 2). Amino acid sequence ana-
lysis of IgM heavy chain of rohu revealed the presence
of conserved cysteine (Cys) residues and motifs. IgM
heavy chain of rohu contained three conserved cyst-
eine residues each in variable (Cys”, Cys*, Cys''”),
CH1 (Cys'®, Cys'®, Cys***), CH3 (Cys**, Cys’”>,
Cys*’) and CH4 (Cys*’®, Cys>*°, Cys*’*) domains,
except CH2 domain which contained two cysteine res-
idues (Cys®®, Cys®*°). A total of seven numbers of N-
linked glycosylation sites i.e. one in VH, two each in
CH2, CH3 and CH4 were located in the coding region
of IgM heavy chain of rohu. The highly conserved
motifs; YYCAR’ and ‘FDYWGKGT-VTV-S were
found in rohu IgM heavy chain. Besides, putative pol-
yadenylation signal, ‘AATAAA’ was found 13bp
upstream of polyA tail (Figure 1).

Sequence analysis of rohu IgM heavy chain cDNA

Deduced amino acid sequence alignment of rohu IgM
heavy chain with related species showed that cysteine

residues (shadowed) are completely conserved and
involved in disulfide bond formation (Figure 3). The
tryptophan residues (boxed) are also conserved and
responsible for the formation and stabilization of the
tertiary structure of the protein. The structural fea-
tures of rohu VH gene were essentially same as it
found in other vertebrates (Figure 3), having a leader
peptide followed by four FRs and three CDRs between
FRs; the ‘YYCAR’ block and ‘FDYWGKGT-VTV-S.
Further, 28 amino acid residues in the variable region
and 59 residues in the constant region were found to
be conserved (Figure 3).

Phylogenetic tree analysis revealed that IgM heavy
chain gene of L. rohita is closely related to those of C.
idella, M. amblycephala and D. rerio, which were dif-
ferent from the cluster associated with Lutjanus san-
guineus (Figure 4). The 3D model of rohu IgM heavy
chain is comprised of a variable domain (VH) and
four constant domains such as CH1, CH2, CH3 and
CH4 (Figure 5). The predicted 3D model was further
validated using Ramachandran plot (Figure 6).

IgM heavy chain gene expression profile in rohu

IgM heavy chain gene expression was observed in all
the tissues taken for study with higher level of expres-
sion in kidney, followed by spleen, intestine, gill, skin
and liver (Figure 7). The relative expression of IgM
heavy chain gene in rohu kidney against A. hydrophila
infection showed up-regulation, which gradually
increased from initial time period and attained max-
imum (22.35 fold) at 7days post-challenge (dpc)
(Figure 8).

Discussion

The present study identified 1994bp of full-length
IgM heavy chain ¢cDNA in rohu comprising 55bp of
5'-untranslated region (5-UTR, 55bp), 208 bp of 3'-
untranslated region (3’-UTR, 208bp) and 1731bp of
an open reading frame (ORF, 1731bp) which encodes
a polypeptide of 576 amino acid residues. Xia et al.’
reported 1961bp of full-length IgM heavy chain
c¢DNA in blunt snout bream which comprises 49 bp of
5-UTR, 202bp of 3-UTR and an ORF of 1710bp
encodes for a polypeptide of 569 amino acid residues.
Likewise, full-length IgM heavy chain ¢cDNA of grass
carp comprised of 1940bp which encodes for 576
amino acids.”® This corresponds with the earlier study
that IgM heavy chain of teleost exhibits variation in
gene number, sequence diversity and genetic organiza-
tion of putative elements.'*>!
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/Leader
AGACAAAAAAAAACTTGTCTGTGACTTTGATGTATCAGCTTCCTCTTTTCATAAcEH!uCA 61
M T 2
ATGGATATTGTGTCTAAACTGGGTTTTATCCTTATGTTTACTCTCACAGAATTTTGTTGG 121
M D I V S XK L G F I L M F T L T ETF C W 22
A
/VH
/FR1
TGTCAAACACTGACTGAGTCTGAGTCAGTGGTCATTAAACCTGGAGGATCTCACAGACTT 181
Cc QT L TEJSZESV VUV I KZPOGS G S HU R L 42
A
/CDR1 /FR2
ACTTGTACAATCTCTGGATTTAGCAGTGACTATGACATGTCTTGGATCAGACAGGCTGCA 241
T ¢ T I S G F S S D Y DM S W I R QA A 62
A
/CDR2 /FR3
GGAGGAGGTCTGGAGTGGCTGGCATATATCTCATATAGTGGTGGTACTACATCCTACTCT 301
6 ¢6 6 L EWUILAYTI S Y S G G T T S Y S 82
CAGTCTGTTCAGGGACGCTTCACCATCTCCAGAAACAACAGCAAGAAACAGATGTATCTG 361
Q SV 0 G R F TI S RNNDN S KI KOQOQM Y L 102
/CDR3
CAGATGAATAATATGAAAAATGAAGACACTGCTGTATATTATTGTGCAAGAGTATGGAGT 421
Q M N NM KN E D T A V !llﬁllil'ﬂlﬁi Vv w s 122
/FR4 /CH1
GGCGCGTTCGACTACTGGGGGAAAGGAACCAAAGTCACCGTTTCCTCAGCTCAACAATCT 481
G A|/F DY WG K GTZ XKV TV S S|A Q 9 s 142
GCGCCCAAGTCAATCTTCCCCATGTCTCAGTGTACTTCTGATTCTGATGGGTTCCTCACC 541
A P XK S I F PM S OQOCTS D S DG GTF L T 162
A
ATCGGCTGCTTGGCAAGAGGTTTCTCACCTGCGGACTCGGTTACATTCAAATGGAAGAAT 601
I ¢ ¢ L ARGV F S PADS UV TTF K W K N 182
A
CATGCCGGCAAAGAGTTGAGTGATTTCGTGCAGTATCCGGCGTTCCGGACGGGATGGAGAC 661
H A G K EL S DF UV QY P A F G R D G D 202
TATACCAAAATCAGCCATATGCGCGTGAGAAAAAGCGAATGGGATCCTAAAAACCCTTAC 721
Yy T K I S HM R V R K S E W D P K N P Y 222
ACATGTAAAGCGTCAAATTCTCAAGGCAAAATAGACTCATTTTTTTCCCCACCATCCCCA 781
T ¢ K A S N S Q0 G K I DS F F S P P S P 242
A
/CH2
CCGCCAGATCAGCGTGCATCTGTGTACATGACAGTACCTTCAAAAATGGAATTAGACAAT 841
P PDQRASV Y YMTV P S K MTETL DN 262
GGAACAGCAACCTTCATGTGTGTAGCCCAGCGGTTTTCGCCTAAAGCTTACGCGTTTAAG 901
G T A T F M CVAQU RTF S P KA Y A F K 282
A
TGGTTTCATGATGATAAAGATGTGATGCGTAAGATAGACGAATATGACAAAAGTGAGAAG 961
W F H DD K DV M®RZ K I DE Y DI XK S E K 302
AATGGCTCAGTAACCGAATATAGTGCCACAAGCATTTTGCAAATCTCTGCCGAAGAATGG 1021
N ¢ S VT E<Y S AT S I L QI S A E E W 322
AAGACAAACAGCAAAATTAAGTGCCGGTTCGAGCACAAGGCGGGAAATGAAGAAAGGCTG 1081
K T N S K I K ¢C R F EHU K AOGN E E R L 342

A

Figure 1. Complete nucleotide (upper row) and deduced amino acid (lower row) sequences of the IgM heavy chain of Labeo
rohita (GenBank accession number KX268324). The deduced amino acid sequence is reported in one-letter code and the open
reading frame of 1731 bp encodes a protein of 576 amino acid residues which is divided into leader peptide, variable domain (VH)
including, CDRs and FRs and constant domains (CH1 to CH4). The cysteines (C) are denoted by triangle. The putative N-glycosyla-
tion sites are designated by underline. The initiation codon (ATG), stop codon (TAG) and the highly conserved motif 'YYCAR' and

‘FDYWGKGT-VTV-S" were designated in box.

Deduced amino acid sequence of rohu IgM heavy
chain consists of typical structural features of IgM
heavy chain family members of the teleosts. The struc-
tural organization of gene elements in the full-length
IgM heavy chain of rohu includes a leader peptide,
VH domain (FR1 to FR4 and CDRI1 to CDR3) and

CH domain (CH1 to CH4) which is similar to that of
other teleosts like Epinephelus  coioides, M.
amblycephala and Oreochromis niloticus.>>>" As far
as teleost immunoglobulin is considered, CH4 domain
along with CH1-CH3 domains is assumed to be
secretory form'’. Since CH4 is present only in
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Figure 1. Continued.

/CH3
GTTGAAAATACAGATGACTGCAATCCTGAAATAGATCCCGATATAGTGCCTCCCTCTCCT 1141
V ENTDDCNZ&PETIDTPUDTIV PP S P 362
A
GAAGACATGCTGAAAAATAGAGTAGGATTGCTGAAGTGCAAAGCTTCAGCAGAAAATGCA 1201
E DML KDNU RV GL L K CZ KA ASAE N A 382
A
GGATTTGTGAAAATAACAATAAAAGCAAATAATAACATCATCGCTAACAAATCAGGCGAC 1261
G FVEKTITTITZ KA ANNNTITIAINZIKS G D 402
GAATATTTCCAGAACAGAAAATCTGTGGAACTTGATGCACCTATAGGCTATGAAGAATGG 1321
E Y F Q NR K SV ETZLTDA ATPTIG Y E E W 422
AGCAACGGCACTGAATTTACATGCAGCATTGAACACCGCGAGCTAGCAGAGCCCAAGGAG 1381
S NG TETFTOCS I EHTRTETLATE P K E 442
A
/CH4
AAAACGTTCAGCAGAGAAAATGGTAAAGAACCCAAACAACCCACTGTTTTCATAATAGCA 1441
K T F S RENGTZ KTETPZ KU QT PTV F I I A 462
CCCCCAGAGCACAAACCGGGAGAACCTGTGACCCTGACATGTTATGTGAAGGACTTCTAC 1501
P PEHXPGET PV TILTTC YV KD F Y 482
A
CCCAAAGAGGTGTTTGTGTCTTGGCTTGTTGATGATGGACCTCTGCCTGCTGAGTACAGT 1561
P K EV F V S WULVDDGT?PTLZPATE Y S 502
TACAGCACTAGCCAGCCAATTAAGAATGGTCAAAACTTCTCAGCCTACAGTCAGCTAACA 1621
Y S T s Q P I KNGO QNTFSAY S Q L T 522
GTTGGTTATTCTGAGTGGAAGAGCGGTGCAGTGTTCAGTTGTGTTGTGTACCACGAAGGC 1681
V G Y S EWZ KSGAVT FSCV V Y HE G 542
A
ATTGATGACCATATGCGCGTACTGGCTAGATCAATTGATGATAATGTGGAGAAGGCAGGT 1741
I DDHM®RVYVILARTSTIDTDNTVETZKAG 562
GTAATTAATCTAAGTATGAATACCCCTGCATCTTGCAAGGACIPAGRGCGTTGTGTATGTG 1801
vV I NL S M NTPASC K D * 576
A
GTGTCTTCCTGTTATGCCTGTTAAGTGTTCATCTTGTTTTCTTTTTCTTTTGGTTTTTGA 1861
ATTGCATGTCCATATTTGTAATTGTGTTGGTCTTTAATGTTTGTGGCTTCTTGCTTTTTT 1921
GAGATATTTTCATGCACGTTACATTAGGAAAAGATTAATAAAAAAGAAACAAAGCAAAAA 1981
AAAAAAAAAAAAA 1994
Full-length IgM heavy chain protein of rohu
Leader VH CH
peptide
1 3 13 576
FR1 CDR1| FR2 |CDR2 FR3 CDR3|FR4 CH1 CH2 CH3 CH4
23 47 54 T 79 117 127 138 139 244 347 449 576

Figure 2. Schematic representation of full-length IgM heavy chain protein of rohu. The IgM heavy chain protein with a leader pep-
tide, variable domain (VH) and constant domain (CH) were represented schematically as bars with their corresponding amino acid
numbers. Different segments of the V-domains and various constant domains were also represented separately.

secretory IgM,">'> the rohu IgM heavy chain
obtained in this present study is considered as a secre-
tory form of IgM.

Cysteine (Cys) residues are responsible to form
intra-domain disulfide bridges and L-chain binding.*
IgM heavy chain of rohu contained three conserved
cysteine residues each in variable, CH1, CH3 and

CH4 domains, whereas, CH2 domain contained two
residues. Among these residues, a cysteine residue
(Cys'>?) present in CH1 region is responsible for con-
necting heavy chain with light chain, Cys**’ present
in CH3 region is responsible for establishing disul-
phide bond with heavy (H-H) chains and Cys>”* pre-
sent in CH4 region is responsible for forming
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[ FR1 1 [ CDR1 ] FR2 1 [ CDR2 1 [
L.rohita CQTLTESESVVIKPGGSHRLTCTIS GFSSD-YD RQAAGGGLEWLAY ISYSGG-TT S 58
O.niloticus GQTLTQSEPAVKRPGDSHRLTCTGS GYNFGGHG RQAPGKGLEW[AY IYSDGS-ET F 59
C.argus GQTLTESESVVKRPGESHKITCTTS GISFSTYY RQAPGKGLEWYAT ISTGSI-SK Y 59
L.sanguineus GQTLTESEPVVKRPGESHRLTCTAS GFTFSNYY ROAPGKGLEWLAY ITSGGSSLI Y 60
L.lineata GQTLTQSEPVVKRPGESHRLTCTAS GFTFSNYA YROAPGKGLEWFAF VHTGSS-SI S 59
D.rerio SQTLVESEAVVIKPDQSHKLTCTAS GFNFGGSW RQAAGKGPEWYAT LSNGNS-YI Y 59
M.amblycephala SDELTQPESLTVRPDATLSINCKVS YSVTS-YG RQPAGKALEW[GV IW-GGG-GL A 57
I.punctatus GQSLTSSASVVKRPGESVTLSCTVS GFSVGSNW RQKSGRGLPWEGY ID-TGT-GT G 58
H.macropterus SQTLIQSDPVIIKPDQSHKLTCTAS GLDMSGYY RQAPGKGLEWYAS MH-SSS-YI Y 58
C.idella CQTLTESESAVIKPGGSHRLTCTAS GFSSD-PD RQAAGGGLHWLAY IS-SGS-TI Y 57
* * * * EE * *
FR3 1 [ CDR3 1 [ FR4 1
L.rohita YSQSVQGRFTISRNNSKKOMYLOMNNMKNEDTAYYYC ARY-WS-GHFDY [WEKGTKVTVSS| 116
O.niloticus YSDSVRGRFTISRDNSKQQOLYLOMNSLKTEDSAYYYC ARES---GHFDY [WEKGTMVTVTS| 116
C.argus YSQSVQGRFTVSRDDSREQLFLOMNSLKTEDSAYYYC ARPDRAFYYFDY [WEKGTTVTVTS| 119
L.sanguineus YSQSVQGRFTISRDNSRQQVYLOMNSLKTEDSAYYYC ARPR-WNDAFDY [WEKGTMVTVTS| 119
L.lineata YSQSVQGRFTISRDDSSSKLYVOMNSLKTEDTAYYYC ARLW-GGEAFDY [WEKGTMVTVTS| 118
D.rerio YSDKVKGRFTISRDDNKNQLYLQMNSLKTEDTAYYYC AR{E-MEWRYFDY |[WEKGTKVTVSS| 118
M.amblycephala YKDSLKSKFSITRDTSSNTITLQGNNMQVQDTAYYYC AR} -SGYNAFDY |WEKGTMVSVSS| 116
I.punctatus FAQSLQGQFFITKDTNKNMLYLEVKSLKAEDTAYYYC ARWV-VGYYJFDY |[WEKGTTVTVTS| 117
H.macropterus YSSTVKGRFTISRDDSKKQVYLQMNSMRTEDTAYYYC ARERSGNDAFDY |[WEKGTSVTVTS| 118
C.idella YSQSVQGRFTISRDNSKKQOMYLQOMNNMKNEDTAVYYC ATY-SS-DAFDY IWEKGTMYTVSS] 115
* * kkkkk K *kk *hkkkk Kk K Kk
[ CH1
L.rohita AQQSAPKSIFPMSQCTSDSDGFLTIGCLARGFSPADSVTFHWEKNHAGKELSDFVQYPAFG 176
O.niloticus ATSTAP-TVFPLVPCGTESGEMVTLGCLATGFNPP-AVTFYWTKG-GDPLTDFIQYPAVQ 173
C.argus ATTTAP-SVFPLIQCDSGTGDMFTLGCLATGFTPS-SLTFHWTKN-GLALTDFIQYPSVE 176
L.sanguineus ATSQGP-TVWPLTQCGSGAGETVTFGCFATGFSPS-SVTYJWTKN-GAAQTDFIQYPPVQ 176
L.lineata ATSTKP-TTFPLMQCGHGSEQMVTLGCLATGFTPS-SLTYWHKN-EVALNDFIQYPPVL 175
D.rerio AQPSAPQSVFGLSQCSSGSDGSITLGCLAKGFSPADSLNFHWKDPAGKDLSDFVQYPAFG 178
M.amblycephala AQPSAPKSIFGLSQCSSDSSEFLTIGCVTRGFSPADSLTFHWKEA-KKPLTDIVQYPAFG 175
I.punctatus AVQSAPKSLFPVWQCGSASDGLVTLGCVTRDLASADGLSF JWKDASGSALTDVVQYPAVQ 177
H.macropterus AVQGPPQSLFPLWQCGA-SDGFVTLGCITRDLASADGLTFYWADGSGKALTDVVQYPAVQ 177
C.idella AEPSPPKSIFALSQCSSD-SEFLTIGCVSRGFSPADSLTFHWEKDPAKKEVTDFVQYPAFG 174
* * * * k% * * * K k%
CH1 11
L.rohita RDGDYTKISHMRVRKSHWPPKN--PYTCKASNSQGKIDSFFS-—————————— PPSPPP D 223
O.niloticus KGNVYTGVSQIRVRROIWNAQQ--NLQCAVTHAAGNAQTIVT-———————— PPPPPPPP F 222
C.argus KNNFYTGVSQIRVTRQIWENSSTAPFKCLAEHVGGNVQTDISKKTFPSFRTPSKPDDVT Y 236
L.sanguineus KGDTYTGVTQIKVPRQHWEKA - - -TFKCLATHAAGNGQATIP--—-————-— GPPVPPP F 223
L.lineata KGNLYQGISQIRVSROWEAAKPNTIRCAVTHAAGNAQCDF -~ —————————— RPIHVP C 223
D.rerio KEGDYTKISHIRVRKSWPAKK--PYTCEASNSVGAPKTA-SL——-———-——-— APPAPPP D 226
M.amblycephala SDGDYIKISHLRVKKSIHWTPQK--PYTCEASNSKGTVQATVVK -~ ~——————~— AAPPP D 222
I.punctatus ATGGYTSVSHVRVKASHWHGNK - -KFTCEVKNGLGSKDASLQK--————--———— PVER E 223
H.macropterus ANGGYTSVSHARIAATHWPKKN--TYTCEVQNSAGKKYAVLRK--————--———— PEVA E 223
C.idella SDGDYTKISHLRVKKSIIWNFQK - - PYTCEASNSKGGKEARLPP-———--——— TPPPPPP D 223
* * * *
CH2 -
L.rohita QRASVYMTVPSKMELDNGTATFMCVAQRFSPKAYAFHWFHDDKDVMRKIDEY - - -DKSEK 280
O.niloticus KQNPTLKAFSS-SSDEDDTYTASCFAKEFAPKTHNLHWPKNGVDVASTIDL - ---TESKN 277
C.argus -RLPTLKVFASASPDDVNEASFSCYAKEFSPKDYKIHWLKNDVEISDKSHE--TPIEENQ 293
L.sanguineus -VLPTLRVLAS--SDKEHEASFTCFAKDFSPNQYQIHWLKNDADI TNELDEITTTSKDRL 280
L.lineata -DLPTLKVLAS--SDEESEASFSCFAKDFSPKDYKIHWLKNEVEIPNKIYEVHTPAGQRD 280
D.rerio LRATVFLTAPTKMELEGGSATFMCLARRFSPKQYEFHWYQNDQEVTNAVDNF - - -FKDEK 283
M.amblycephala QPATVFLTAPTKKELENGTATFSCLAQQFSPKTYSFHWFKDENQVTNAINTEF - --DTSEK 279
I.punctatus LHASLLLTTPTQTEIDNGTATFVCLATPFSPKSHTFHWLEKTDISNKVKEN---IVSQON 280
H.macropterus FDASLLLTAPTQTDIDNGTAIFICLAENFSPKTHTFHWROGLKDLNGNVKAN---ILSKD 280
C.idella QPATVYLTVPTQKDLENGTATFLCLAQQFSPKKYSFHWFKDGHQVANTINTY - --DTSEK 280
*  x *  x * %
CH2 11
L.rohita NGSVTEYSATSILQISAEEWKTN-SKIKCRFEHKAGNEER----— LVE----N----TD D 326
O.niloticus AAGKTLYNAASFLTVNSSDLNDQ-TRFTCVFTGGED----GSLNKTVIYKKNQC---PG C 329
C.argus VGGDKLYSIASFVTVKGSDLV-N-NKFTCDFEGKIDKTVPGHVNASLIYQQSVS---EP C 348
L.sanguineus ENGTKLYSTAGFLTLPAAQWTDN-DRITCLFEGKGE-NGPAFVNASVAYEDCLGPNPTQ C 338
L.lineata LNGSTLYSAASFLKVPSSEWTHD-DRYTCLFEGKCK-TSSTFKNSTVTYKDCKS---DV C 335
D.rerio NGSVTEYSATSILKINAETWKQAESKVKCVFEHNKRNDSR----— EIQYKDTM----QD C 334
M.amblycephala NGSVTLYSATSILQISAEEWMKADVKVKCEFEHKTGKEVK----— EAE--HDN----GD D 328

Figure 3. Multiple sequence alignment of deduced amino acid sequence of rohu IgM heavy chain with related species such as
Oreochromis niloticus (AHY86391), Channa argus (ACF49353), Lutjanus sanguineus (ADX01345), Latris lineata (ADC45387), Danio rerio
(AAH67633), Megalobrama amblycephala (AGR34023), Ictalurus punctatus (A45804), Hemibagrus macropterus (AEH84415) and
Ctenopharyngodon idella (ABD76396). The gap positions were indicated by hyphens. Identical amino acid residues found in all of
the compared sequences are indicated by asterisk. Conserved cysteine residues are shadowed and the conserved tryptophan resi-
dues are boxed. The putative N-glycosylation sites are underlined. Highly conserved motifs namely ‘YYCAR and
‘FDYWGKGT-VTV-S’ were designated in the boxes. Boundaries between each domain are shown beyond the sequences estimated
by analogy to the other sequences.
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I.punctatus KG---NFTAISVLELSASEWTSSTSPVKCEFQOKNHNVFK----— EASYAPGD----TK - 327
H.macropterus KY---NYTAVSVLEIPSSEWTGSSTPVRCEFKQKTKTTVK----— EALYVCDN----VQ - 327
C.idella NGSVTLYSATSSLOISAEEWKTA-AKIKCEFEHKTGKEVR----— EAAYTDNN----HD D 330

*  *

CH3
L.rohita CNPEIDPDIVPPSPEDMLKNRVGLLKCKASAEN-AGFVKITIKANNNIIANKSGD----— 380
0.niloticus VTSNVKVVISGPTTEDMLVRKKGTITCAVTVQK-D-EPQITWEDEKLGDIASNPVTKVED 387
C.argus SE-VVDIQITAPSMEDMFVHRRGSVICQVRALK-PSVTKIYWENHNGKEMATDPMNKDNE 406
L.sanguineus PEAAAEITIIGPTMEDMFLNKKGTVVCKVQVEK-PSVTKILWEDEHGNEMVSSTLTPVKD 397
L.lineata DKVNVDIKISGPAVEDMFLHGKGTITCHVNASE-PSLGKIWWEDQHGNEMAAASITPPKG 394
D.rerio IDDNVHIDIIPPTPEDMLKNRKGILKCKASGNPQFHFTKIEIKANDLYVIAEKEE--~-~~ 388
M.amblycephala CN-NVAVNIVPPSLEDMLKNREGTLMCKASGES-AEFIKIEIKANNFIIKEA-SE-—--- 380
I.punctatus -—-QPQVKITGPSTEDILIKRAGOLECRAEGDTG--FKSIKWLIGNREIS-—--SL----— 374
H.macropterus ---QPNIRIISPSPREMLIKRSGDLVCRGDGEPG--FKEIKWFSDNRELA---SV----— 374
C.idella CT-NVAAVIVPPSLEDMLKNREGTLTCKASGAN-PGFTKIEIKANNFVIAEA-SE-—-—- 382

* * * * *

CH3 11
L.rohita -EYFQNRKSVELDAPIGYE NGTEFTCSIEHRELAEPK-EKTFSREN GKEPKQPTVFI 438
O.niloticus N-—---- GNTYVSKLDITYD RGVTRFCVVHHEDLIEPL-REPYKRDF GGNPQRPSVFM 441
C.argus N----- GKLYRLSLDITYEHWTQGVDLKCIVEHSESIDPI-KKSYTRIP GRPTQRPSVFM 460
L.sanguineus TDSKQFKKSLSLSLDITYEHW$QGIRRYCSVEHTEWLEPH-KVLYERSV GGQLQRPSVFM 456
L.lineata S-—-—--—- KGPVNVPLEITYEHW$KGIERYCFVEHTDWLVPE-KKRYERNI GGQTQRPSVFM 448
D.rerio --PLT--NREELDAPINYQHWINGTVFKCIAENTGKTLPE-EKTFVREN GK--KRPSVYV 441
M.amblycephala -EHFKNKKNVALEAPIGYEHWINGTVFTCTVEHKKLSQPK-ETTFTREN GASPKRPSIYL 438
I.punctatus -SNLSSKTTVSLOQTHIGFEHWINGTEFICEVEHEAFTQQYEKVTFKREN GN-PEFPKVYL 432
H.macropterus —KNIQTNTTVKASLRINYTHWISGSTYTCQVSHQSFPOQLFKEVEYKREN GN-KVCPKVYL 432
C.idella -AHFKNKIKVELEAPIGYE NGTVFTCTVEHTKLPQPM-ETTFKREN GARPKRPSVYL 440

* * * * *
CH4
L.rohita IAPPEHKPGEPVTLTCYVKDFYPKEVFVYWLVDDGPLP--AEYSYSTSQPTIKNGONFSAY 496
O.niloticus LPPLEQTNKAEVTLTCFVKDFFPKEVFVYWLVDDEEAD-S-IYAFNTTEPTENNGFYSAY 499
C.argus LRPVEQTRKEMVTLTCYVKDFFPQEAYVYWLVDDEEAD-S-TYKFSTTDPIKDNGSYFVY 518
L.sanguineus LPPVEHTRKEMVTLTCYVRDFYPQEVYVYWLVDDVEAD-STEYEFHTTDPVDNHGTYSAY 515
L.lineata LPPLEHTRKDMVTLACYVKDFFPHDVLVYWLVDDVEAD-P-QYEYYTTNPVKSNGSYSAY 506
D.rerio LAPPENKANEAMTLTCYVKNFLPKEVFVIWLVNDEPAY ---GYKNSTSEPVENDDSFSMY 498
M.amblycephala LAPPEHKEGETMTLTCYVKDFYPKEVFVYWLADDEPVN----LKSQTSLPVQONDKYFSVY 494
I.punctatus LAPPES-SGESVTLTCYVKDFYPKEVAVYWLVNDKQVEEVVGYEQNTTAVIDRNNLEFSVY 491
H.macropterus LPPPEI-SDESVTLTCYVKDFHPKEVAVYWLVDDAPVENVNGYVQATTNVIEENNLEFSTY 491
C.idella LAPPEHKEGETMTLTCYVKDFYPKEVFVYWLADDEPVI--~--FKSKTSLPVQDDEYFSVY 496
* ok * Kk K x * ok *  kx * * *
CH4
L.rohita SQLTVGYSEWKS-GAVFSCVVYHEGIDDHMRVLARSIDDN-VEKAGVINLSMNTP--ASC 552
O.niloticus GQLFVSLHQWPRDDAVYSCVVYHEPVVNTTRAIVRSIGYRTFDKNR-IDLNMNINQDSKC 558
C.argus SHLSLTLEQWKNSDVVYSCVVYHESLVNATKVIVRSIGYRTFENTNLVNLNIDIP--ETK 576
L.sanguineus SQLLLRLDYWPRKDVVYSCAVHHESVSNTTKAIVRSIGYTTFDKTNLVNLNLNIP--ETC 573
L.lineata GOLTISLEQWKKNDVVYSCVVHHESLVNTTKAIVRSIGHRIFEKTNLVNLNMNIP--ETC 564
D.rerio SQITVENSEWIG-GKVYTCVVYHESIDEKLLVLTRSITDN-MDKSSIINLSMTTP--APC 554
M.amblycephala SQITVSYSPWKR-GIMYSCVVYHESIDEKMRVLTRSIDDK-MERPGVINLSMNTP--ASC 550
I.punctatus SQLITIKTAIJ S-GSVFSCLVYHESIKDCVRHISRSIAKD-SKTPTLVNLTLTNP--QSC 547
H.macropterus SQLTLKAAPWEK-GAVFTCRVYHESIEESVLLISRSITSN-SNPPTITHLSLNVP--SVC 547
C.idella SQITVSYSEWKS-GIVYSCVVFHESIDEKMRVLTRSIDDH-IDKPGVINLSMNTP--ASC 552
* * Kk Kk x * % % *
1

L.rohita KD--- 554
O.niloticus SLQ-- 561
C.argus LPQ-- 579
L.sanguineus KAQ-- 576
L.lineata KPQ-- 567
D.rerio KA--- 556
M.amblycephala KE--- 552
I.punctatus SCSTY 552
H.macropterus NKK-- 550
C.idella KD--- 554

Figure 3. Continued.

multimers as reported earlier for medaka and blunt
snout bream.>* Cysteine residues present in IgM
heavy chain of rohu are essential for its polymer
structure.”* Particularly, cysteine residues located
within CH4 domain of rohu IgM heavy chain are
found to be responsible for the formation of

tetrameric structure or dimerization of two heavy
chains®” and provides further evidence to the ear-
lier suggestions that rohu IgM molecule is a tetra-
mer.””*" Besides, constant region of rohu IgM heavy
chain consisted of seven conserved tryptophan (W)
residues, which are responsible for the formation and
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Lutjanus sanguineus IgM (ADX01345)

Lanmichthys crocea IgM (ACF22903)

Latris lineata igM (ADC45387)

100

Channa argus IgM (ACF49353)

Epinephelus coioides IgM (AAX78208)

Oreochromis niloticus IgM (AHY86391)

Oncorhynchus mykiss IgM (AAB27359)

'ICIJl

Ictalurus punctatus lgM (A45804)

Hemibagrus macropterus IgM (AEH84415)
Danio rerio IgM (AAHG67633)

tenopharyngodon idella lgM (ABD76396)

i) A Labeo rohita lgM (KX268324)
% ,: Ci
100 Megalobrama amblycephala igM (AGR34023)

ITI

Figure 4. Phylogenetic tree constructed using the deduced amino acid sequence of the IgM heavy chain gene of Labeo rohita
with other species retrieved from the NCBI GenBank. The tree was constructed using neighbor-joining method and bootstrapped
1000 times using MEGAG6 software. Values within parentheses represent GenBank accession numbers. Numbers next to the
branches indicate bootstrap values. Scale-bar represents evolutionary distance.

CH3

CH4

Figure 5. Putative 3D model of IgM heavy chain of rohu
showing VH, CH1, CH2, CH3 and CH4 domains.

stabilization of tertiary structure of proteins.”"*> The
function of N-linked glycosylation sites is to provide
structural stability and biological function and the
constant regions of immunoglobulin heavy chain
should contain at least one or more N-linked carbohy-
drates.’® Two N-linked glycosylation sites each present
in CH2, CH3 and CH4 domains of rohu IgM heavy
chain may be responsible for maintaining the effector
functions.”® Another feature of putative polyadenyla-
tion signal (AATAAA) was identified 13bp upstream
of the polyA tail in rohu IgM heavy chain as con-
served in other teleost species.”!>!%**40

The maximum IgM heavy chain gene sequence
homology was exhibited among L. rohita, C. idella
and M. amblycephala as all the three species belong to
the same family in the taxonomical hierarchy
(Cyprinidae). The IgM gene sequences are highly con-
served within the family Cyprinidae as in C. idella™
and M. amblycephala.” Moreover, several conserved
amino acids were also found in various domains of
rohu IgM heavy chain as reported in other tele-
osts.”>*"*! The conserved motif (YYCAR) and other
canonical residues (C, S, W, Q, D, L) responsible to
form antigen binding sites by proper folding of VH
domain'>'* were also conserved in rohu.** Likewise,
another motif FDYWGKGT-VTV-S existing in VH
domain is also well conserved in rohu as in other tele-
osts with unknown function.'*?!

The phylogenetic tree analysis showed that IgM
heavy chain gene of rohu formed the same cluster
along with other cyprinid fishes like D. rerio, C. idella
and M. amblycephala and different cluster with L.
sanguineus. This result is well supported by the earlier
findings where a very high level of amino acid identity
was found among the members within a family and
very less identity existed between the families."***
The structural organization of 3D model of IgM
heavy chain in rohu was found to be similar with
Epinephelus akaara.** Ramachandran plot revealed the
good quality 3D model of rohu IgM protein in which
more residues fall in favored (86.9%) and allowed
(10.5%) regions than very less residues in the outlier
region (2.6%).

IgM heavy chain gene expression was observed in
all the tested tissues of rohu with a higher level of
expression in the kidney followed by spleen, intestine,
gill, skin, and liver. This result suggests that IgM
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Figure 6. Ramachandran plot for the predicted 3D model of rohu IgM heavy chain.
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Figure 7. Relative expression of IgM heavy chain gene in dif-
ferent tissues of healthy rohu. Ki: Kidney; In: Intestine; Li: Liver;
Gi: Gill; Sp: Spleen, and Sk: Skin. Bars represent mean values
(£S.E) of nine samples per tissue. The significant differences
(p < 0.05) in gene expression are indicated by different letters
(a, b, ¢, d, e) over the bars.

heavy chain gene is highly expressed in major lymph-
oid organs such as kidney, spleen and intestine in
which antibodies are synthesized by B cells.!®'*?%*
Recently, more focus is given by the researchers on
expression analysis of immune-related genes of fish

30
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Figure 8. Relative expression of IgM heavy chain gene in rohu
kidney in response to Aeromonas hydrophila infection. Bars
represent mean values (£S.E) of nine samples per time point.
The significant differences (p < 0.05) in gene expression are
indicated by different letters (a, b, ¢, d, e) over the bars.

after vaccination or challenge with pathogen*® and
also found that the host immune response varied with
different factors like fish species, pathogen, etc.?’
Aeromonas hydrophila is responsible for many disease
conditions such as haemorrhagic septicaemia and



abdominal dropsy of carps in freshwater aquaculture,
causing mortality and economic loss and hence it is
necessary to understand the immunological response
and defense mechanism of carps against A. hydro-
phila. Kidney tissue was selected for this study based
on the fact that as a major lymphoid organ, it involves
in the process of clearance of bacteria with the sup-
port of macrophages.”® The IgM heavy chain gene
expression in rohu kidney showed a gradual increase
over time and reached maximum level (22.35 fold) at
7 days post-challenge (dpc). This result corroborates
with the earlier reports that the peak level of IgM
expression was observed at 7 days post-immunization
in rainbow trout'' and also in blunt snout bream.’ It
is reported that the IgM secreting cells are mostly
found in teleost kidney and further the plasma cells
present in lymphohaematopoietic tissues like kidney
are involved in the process of antigen trapping and
lymphocyte stimulation during the host immune
response.*” Thus, IgM heavy chain expression in rohu
showed up-regulation during the process of A. hydro-
phila infection.

In conclusion, we have characterized the full-length
IgM heavy chain ¢cDNA of rohu for the first time.
Analysis of constant domains showed that the charac-
terized IgM heavy chain gene of rohu belongs to the
secretory form of IgM. The IgM heavy chain gene
expression was mainly found in lymphoid organs and
also in the mucosal tissues, suggesting its role in adap-
tive humoral immunity. Besides, the IgM heavy chain
gene expression was influenced by challenge with bac-
teria which indicated that IgM could possibly have a
key role to play in the immune response during bac-
terial infections in rohu.
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