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ABSTRACT

Major histocompatibility complex (MHC) class || genes play acrucial role in the immune system of vertebrates. Here we
report the cloning of full-length cDNA from the swamp eel (Monopterus albus) MHC class || B (MHC-DAB) gene. We
described its genomic structure, molecular polymorphism and expression profiles. The full-length cDNA (Gen Bank
accession No0.:JQ236680) is 1339 bp, encoding a 249 amino acid peptide. The genomic sequence was identified to be
3066 bp in length, which contained six exons and five introns. Sequence comparison showed that the proposed amino
acid segquence shared between 26.4 and 74.7% identity with other species. Thirty seven distinct alleles were isolated from
sixty individuals. There were between two and five aleles per individual. The presence of five aleles in an individual
suggested that there were at least three MHC 11B loci in the genome. At the protein-binding region dy was significantly
greater than ds, providing evidence of strong positive selection among swamp eel sequences. RT-PCR demonstrated high
MHC-DAB expression in stomach, spleen, blood cell and liver, moderate expression in brain, skin and kidney, and low
or negligible expression in heart, intestine and muscle. Great changes were observed in liver, spleen and intestine after
challenged with pathogenic bacteria, Aeromonas hydrophilia.

Key words: Major histocompatibility complex (MHC); cDNA; genomic structure; polymorphism; swamp eel
(Monopterus albus).

INTRODUCTION genes have been isolated from different teleosts (Ristow
etal., 1999; Xu et al., 2009; Zhou et al.,2013; Pang et al.,
The major histocompatibility complex (MHC) 2013;Siltmann et al., 1994). With the development of

encodes the celular glycoproteins responsible for ~ Study, growing eidence showed that high degrees of
presenting self or non-self antigens to T cell receptors ~ MHC polymorphism are closely related to resistance or
(TCR), and thereby initiate immune responses in susceptibility to dlmase_m mammals (Medina et al., 1998;
invertebrates (Rothbard et al., 1991; Sommer, 2005).  Paterson et al., 1998;Hill et al.,1991;Tang et al., 2012),
MHC molecules, in general, are divided into two main ~ Poultry (Briles et al., 1983; Nikolich-Zugich et al., 2004;
subgroups according to their chemical structure and ~ Banat et al., 2012) and teleost fish (Zhang et al., 2006b;
molecular function (Piertney et al., 2006; Srisapoome et~ Wynne et al., 2007; Rakus et al., 2009; Du et al., 2011).
al., 2004). MHC class Il proteins are heterodimers, ~ Therefore, MHC genes are likely candidates as gene
composed of two peptides (alpha and beta chains). The markers for disease resistance. As far as we are
apha-1 and beta-1 domains of the two chains form the ~ concerned, at present, there is no report on the swamp eel
peptide-binding region (PBR), which facilitates the =~ MHC molecules. _
T lymphocyte-mediated ~ immune  recognition  of ~Swamp eels, Monopterus albus, are an important
pathogens (Carroll et al., 2002). Mgjor changes in the ~ €conomical freshwater fish in China and other Asian
amino acid sequences of the PBRs alter the peptide countries (Zhou et al., 2002). However, traditional
binding capabilities of the MHC locus and also affect ~ breeding of swamp eels rely heavily on the natural
pathogen recognition (Brown et al., 1993). All MHC  resources (Cai et al., 2008). The production of swamp eel
molecules are characterized by an extremely high degree  has become seriously challenged not only because of the
of polymorphism, mainly due to the large number of ~ Poor bacterial-resistance of farmed populations, but also
aleles that exist within populations, and the high ~ because of decline in wild populations due to large scale
sequence variation between alleles (Grimholt et al., 2003).  application of pesticides and overfishing (Lei et al.,
Since the first fish MHC was cloned from carp 2012). In order to conserve and sustainably exploit these

in 1990 (Hashimoto et al., 1990), alarge number of MHC ~ Fesources, new resistant genes, urgently need to be
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introduced into the marker-assisted selection (MAS)
breeding program.

In this study, we firstly reported the cloning and
structural analysis of the swamp eel MHC-DAB gene.
We aso described its molecular polymorphism and
expression in tissues in response to infection with
pathogenic bacteria. The objective of the study was to
facilitate better understanding of vertebrate immunity and
thereby help to formulate disease management strategies
for farming swamp eels.

MATERIALSAND METHODS

Sampling and challenge of swamp eel with bacteria:
Two hundred, healthy, swamp eels (weighing 60 to 70g)
were purchased from the Taihu Fishery Farm in
Jingzhou, China. The fish were raised in tanks at 20 °C
for 1 week before genetic analysis. Ten different tissues
(heart, liver, spleen, stomach, kidney, blood cdlls,
intestine, skin, muscle, brain) were removed and
immediately immersed in liquid nitrogen at -80 °C until
RNA extraction.

Challenge of swamp eel with pathogenic
bacteria was performed as reported previously (Zhou et
al., 2013) with minor modifications. Briefly, the
pathogenic bacteria (Aeromonas hydrophilia) were
cultured at 28°C to mid-logarithmic growth in LB
medium. The bacteria were then collected by
centrifugation a 4500 rpm/min for 5 min, and
resuspended at approximately 2.2x10° CFU/mL in
phosphate-buffered saline (PBS). The challenge
concentration was determined in  pre-challenge
experiments. The fish were anesthetized by immersion in
3-Aminobenzoic acid ethyl ester methanesulfonate
(MS222, Sigma) and injected intraperitoneally with 20
pL of bacteria suspension or with the same volume of
PBS (controls). Infected and control fish were sacrificed
4,12, 24, 48 and 72 h after injection. Three tissues (liver,
spleen and intestineg) were collected and kept at -80°C for
RNA extraction.

DNA isolation and cDNA synthesis: Genomic DNA
was isolated from the liver of swamp eels using a DNA
isolation kit (Omega). Total RNA was extracted from the
tissues using Trizol reagent (Invitrogen) according to the
manufacturer’s instructions. cDNA synthesis was carried
out with PrimeScript® RT reagent kit (Takara) according
to manufacturer’s instructions. The synthesized cDNA
was kept at -80°C until further use.

Primer design, amplification of MHC-DAB fragment
and RACE-PCR amplification: A pair of degenerate
primers, seMHC-N1 and seMHC-C1 (Table 1), were
designed according to the conserved sequences of MHC
Il B genes from other species, such as large yellow
croaker (ABV48908), striped sea bass (AAA49379),
spotted halibut (GU253881), rainbow trout (AF115529)
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and cichlid (AAB27553). 5 RACE and 3° RACE PCR
amplification of the MHC-DAB gene were performed
using a Smart Race cDNA amplification kit (Clonetech)
according to the manufacturer’s instructions. Nested PCR
was carried out using the first-PCR products as templ ates.
Touchdown polymerase chain reaction was used for
RACE PCR. The sequence was performed as described in
Xu et al. (2009): 94°C for 3 min, 94 °C for 1 min, 70 °C
for 45 s, 72 °C for 2 min, for 5 cycles. This was followed
by 94°C for 1 min, 65 °C for 50 s, 72 °C for 1 min, for 30
cycles; and 72°C for 10 min for elongation. The PCR
products were resolved and purified by QIAEX gel
extraction kit (Qiagen).The purified fragments were
ligated into pMD-18T (Takara) and cloned to Topl0
cells. Positvie clones were screened via PCR with
M13+/- primers. At least three clones were sequenced per
fragement using ABI PRISM 3730 DNA sequencer with
M13 primer.

Genomic sequences of swamp eel MHC-DAB gene:
Based on the full-length cDNA sequence of MHC-DAB,
gene-specific primers were synthesized to amplify the
introns in order to further characterize swamp eel MHC
class Il B (Table 1). The conditions of the PCR were as
follows: pre-denaturalization at 94°C for 4 min, followed
by 35 cycles of 94°C for 30 s, 50-60°C for 35 s and 72°C
for 1 min 30 s, followed by one extension cycle at 72°C
for 10 min. Exon-intron junctions were deduced
according to the known MHC 11B genes.

Molecular polymorphism analysis of the swamp eel
MHC-DAB: According to the full-length cDNA
sequence of MHC-DAB, two gene-specific primers
(DAB-dle-F and DAB-alle-R), were designed to amplify
the complete exon 2 in order to analyze molecular
polymorphism of the swamp eel MHC-DAB gene (Table
1). Sixty healthy eels were randomly selected for these
experiments. The aleles were named and determined
according to the principle published by Klein et al.
(1990) and Kennedy et al. (2002). Peptide-binding region
(PBR) sites were determined according to Brown et al.
(1993). The average rates of synonymous (ds) and
nonsynonymous (dy) substitutions per site were
calculated using the method described by Nei and
Gojobori (Nei et al., 1986) with the Jukes and Cantor
correction as implemented in the MEGA 4.0 software. P
values and standard error was determined by 1000
bootstrap replications and the rates were compared with
the Z-test of selection (Tamuraet al., 2007).

Sequence alignment and  phylogenetic  tree
construction: The aignment of deduced amino acid
sequences of MHC class Il B was performed using the
Clustal W procedure in MEGA version 4.0 (Tamura et
al., 2007). A phylogentic tree was constructed using
deduced amino acid sequences from MHC class Il B
genes using the neighbor-joining method (Saitou and Nei,
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1987). Bootstrap tests were replicated 1000 times to
derive the confidence values for the phylogeny analysis.

Expression analysis of swamp eel MHC-DAB: Real-
time quantitative (RT)-PCR was performed to determine
the expression profiles of the MHC-DAB mRNA in
normal tissues and to investigate the regulation of the
MHC-DAB following bacterial challenge. Tota RNA
was extracted from ten normal tissues and three infected
fish tissues. Based on the full-length cDNA sequence of
MHC-DAB, primer DAB-rt-F1 and DAB-rt-R1 (Table 1)
were designed by primer premier 5.0 to amplify the gene
fragments. Expression of beta-actin was used as internal
control.

RT-PCR was performed on a 7500 Real-time
PCR system (Applied Biosystems, USA). The 20 uL
reaction system contained 1 pL cDNA template, 10 pL
SYBR Premix Ex Tag™ (Takara), 0.4 pL ROX reference
dye Il, 0.4 pL of each primer and 7.8 pL of sterile H,O.
Reactions carried out without the template were used as a
blank control. PCR was performed in triplicate wells,
three samples per treatment, using the following
sequence: 30 s at 95°C, followed by 40 cycles consisting
of 5 sa 95°C, 25 s at 54°C and 1 min at 72°C.
Dissociation curve anaysis was performed after each
assay to determine target specificity.

RESULTSAND DISCUSSION

Sequences analysis of swamp eel MHC-DAB: Full-
length ¢cDNA of swamp ed MHC-DAB that was
designated as moal-DAB*0101 is 1339 bp, including 10
bp 5 UTR, 750 bp encoding region and 579 bp 3 UTR
(GenBank accession No0.JQ236680) (Figure 1). The
swamp edd MHC-DAB genomic DNA was 3066 bp in
length. Six exons and five introns were identified, which
is similar to that of the Atlantic salmon (Kjgglum et al.,
2006), spotted halibut (Li et al., 2011), Mi-iuy croaker
(Xu et al., 2011) and Nile tilapia (Zhou et al., 2013; Pang
et al., 2013). However, the sequence was markedly
different from the general five-exon-four-intron structure
of other teleosts, such as the turbot (Zhang and Chen,
2006a) and half-smooth tongue sole (Xu et al., 2009)
(Figure 2). Interestingly, a 15-bp repeat sequence
(ACTGTCTACACAGCA) was found both in exon 1 and
intron 1, which suggested that alternative splicing was
involved in the prematuration process of MHC-DAB
mRNA.

Compared with that of other teleosts, the
putative amino acid sequence of swamp eel MHC 1B
consisted of two extracellular domains, one connecting
peptide, one transmembrane region and one cytoplasmic
domain. Moreover, a single N-glycosylation site (N-X-
S/T-X) was found in the beta-1 domain. Three protein
kinase C phosphorylation sites (S/'T-X-R/K), three kinase
Il phosphorylation sites (ST-X-X-D/E) and a
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GXXGXXXGXXXXXXG motif were observed in the
ORF (Figure 3). Four conserved cysteine residues were
found in the beta-l and beta-2 domains, which are
conserved among other fishes (Figure 3). These structure
features of swamp eel were very similar to those in
mammalian and teleosts (Brown et al., 1993; Xu et al.,
2009; Li et al., 2011; Zhou et al., 2013; Pang et al.,
2013).

Molecular polymorphism of MHC-DAB: Sixty
randomly selected healthy eels were used to study the
alelic polymorphism. Primer DAB-ale-F and DAB-alle-
R were used to amplify the complete exon 2 fragment of
MHC-DAB from every individual. All the PCR products
were purified and ligased to pMD-18T. Positvie clones
were screened via PCR with M13+/- primers. Five or six
positive clones from each eed were randomly
sequenced.Thirty-seven alleles belonging to 30 allele
major types, were isolated (Figure 4). The proportion of
variable sites for nucleotide and amino acid sequences
across the 37 alleles were 40.3% (110/273) and 50.6%
(46/91), respectively. There were between two and five
aleles per individual, with 56 (93.3%) of the 60 eels
displaying at least three alleles; one of 56 eels displayed 5
aleles, and 9 of the 56 displayed 4 aleles. More than
four aleles of MHC 1B have also been identified in a
single individual from other fish species, suggesting the
existence of at least three loci of class IIB (Li et al.,
2011;Zhou et al., 2013; Pang et al., 2013;Zhang and
Chen, 2006a; Xu et al., 2009). However, only one MHC
class Il B locus was identified in Chinese long snout
catfish (Shen et al., 2011).

In mammals, MHC polymorphism is maintained
over long times by positive (balancing) selection at the
nonsynonymous sites specifying the PBR of the MHC
molecule (Graser et al.,, 1996). The rate of
nonsynonymous substitutions significantly exceeds that
of synonymous substitutions in MHC genes, the dN/dS
ratio is greater than 1, as would be expected if the locus
were evolving under balancing selection (Hughes and
Nei, 1989). In our study, the rate of non-synonymous
substitution (dy) was significantly higher than the rate of
synonymous substitution (ds) in the peptide-bridging
regions (PBR) (Z-test, dy/ds=3.018, P=0.005), suggesting
that the polymorphism of MHC-DAB alleles may be
maintained by positive selection (Table 2).

Sequence alignment and phylogentic analysis:
Phylogenetic analysis demonstrated that the deduced
amino acid sequence of swamp eel MHC-DAB had
29.6%, 27.1%, 29.0%, 29.6%, 39.7%, 49.8%, 51.1%,
51.6%, 54.9%, 67.1%, 69.6%, 70.7%, 71.9%, 73.5%,
74.2% and 74.7%identity with those of nurse shark,
chicken, human, mouse, guppy, zbrafish, common carp,
rainbow trout, Atlantic salmon, spotted halibut, tongue
sole, turbot, cichlid, red sea bream, stripped sea bass, and
large yellow croaker, respectively. The phylogenetic trees
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exhibited a close relationship with other teleosts. The cichlid and other teleosts (Figure 5). All these results
swamp eel MHC-DAB was clustered with those from the
1 CAGAGE ARTCATGEC T TCATCCTTCCT CACCTTCTC CCTCCTCTTCATCACTE TCTACACAC CAp tapgat caatact ct gat cat tgat
M- A 5 5F LS F C L L,-E:.'T T ¥ T T &k

a1 cntlu:lucc;t‘l-u:cttcnmgdiicimﬁ'lﬂ'n:nltmltac‘ct'lt:ac:[c‘nl[li:llactln:ttt'tltl:l'ttl
181 ctectcar AT e AT IO T A AT TTATAC TG AGCCCTC T T T TTAACT CCAC T ATCTCAAGG ACAT O AGCT ACATCTACTCTCATT
D ¢ P L NP I ¥yQ@ RCVYTFI S5 TDILXODTIETYTITYSTD

271 ATTACE AGAGCCC T AGATO-TCAGECT TCAG CAGCAG O T A ACT TIC T I CATACACTCAGCTATCCTETEF AACTECCTCACCACT
¥ ¥ E R L E I ¥Y“R F &E § 8 ¥ &£ X FY ¢ ¥ T ET G Y EL & I H

31 GCRARCACTEATCCTT TOFAGC TR CTETFAGGAAGAC TECrAAGEAGATATACTGCAA AR ACCACETTEACATTICECT ACCAGEFCTECTC

E W 5 P P F E L A ¥ E E T A X E I Y C E ¥ H-¥ D I B ¥ @ A A
451 TFACTAAATCAgtgagttagtgtctgtgcaacacaaccaggt cttcacgttcagecctctgacagact gaaccagtaacacaaccagt gag
L T K 8§

541 tEAaEticEcCCcatcaEcagacafacCaacacasacact ggct tcactaactgacagtgacacact gtgacaagt t tasacettactgcaget
&31 ttattgttgtctitggegtcaagticcEgtEEaaasatpgatgttittapgasactttatcactitttacacattagttagttttttctt ottt gt
T21 ataactgatctassatatcatcagtttacageEcepatettigacaaatactcatttccocasaccagsetEgagtctetEEcECcCRcote
211 ctgtraaacaccmcncattictgtcttoacttictctpt ttcttattaspettcttt taact t tagarasacact cct tcact ctpact
901 Etegcacagtaatgtactctatat ctgtttagt cacaascacttetamapticattatggaaatttasacmaacet ttasactatasasapt 4
991 taaaacgccatasacataatattgtacaattcagatasagtgtaatgateggatocgttctagagctictgtctoctottgagesttt ittt ot
1081 taatcitcattgtacaacttacasattatitatttacatitctatigaapcagtgactcagptttassssacatt taapgasastttasattt

1171 cattctEcagat gasCtCanaacEt ECaEt tcagtaant tant cantatttEtagtat cgEtEt cct gt tect Ctaagactaaaantet Ea

1261 accttctact tacasasaccacttictoctcttiictgcastasctmatmaaictigat castatacsatacaatataatctattaatetesan
1351 ccacaactacecactacaacettaacacagatictasatetigeegati tasacticapasatcagcagctasatacaagt teateact t gt
1441 ttatatttggatttttatgaagtt cEEagEecaccecgtgactitpat gt gagctaacecmcoccoaccccccacecccacoct goccacag

1531 atccatgtgancoetgetccet ctacetcactgneet pract tcagtctgt cagncetnaacatpat gt cat cactact panct t ot gta
1621 actgccetatgecoccpaggagaccoagticactctgteet passsactgtat tactgatetegaactget ttaacteggtaatttect t ta
1711 tepasacaactgaticcaacaccaatagtectgccitgtactgetactastaatatitgtgaat tactcoccagatantettcatcatcaca
1801 etgtttgtgt tccagcOCAAGCOCTACCTCCCACTTICACTCTACF-ACEFCOCTCTCCTFETCAACATCCT - OC AT TTCETCTCCAGCETC
kA XK P ¥ ¥ K L H 88 T T P &£ A & @ H P &# H L ¥V C g ¥
1891 ITTICCACTTCTACCOCAARC AG ATCAGAGCTEAGC TR CECAGAGACCCACAC A AAGTC ACCTCTCATCTICACT TOC ACTGATCACATEGCA
FBF‘EPKEIRUEHKRDGI{K?TSDUTSTDEHL
1981 GATFETGATTGETACT ACCAGGCGTCCACTCICACCTGGAGTACACGCCCAGGetgagtcct caggaccEEEt conctcaget coagt tag
D & D W ¥ ¥ @ ¥ H 5 HL E Y T P R
2071 aggaEcactpapacacaaccagtgacatettegtttgtet teaaecae TOTCCAGAC AACATCTCOCTETETCC TG AGCACCOCAGCCTE
S &« E X I § C ¥ ¥ E H A 5 L
2161 GRAGAGCCTTTICCTCACTCACTH-gtasatacctgtctgt gt ctcaccigtatgtpat tacacctgtctcicticictacct gtctgactc
¢ E P L ¥ T D W
2251 tacacctetctgt oot caprACOCCTOCATGOCTEAG TCAGAGACGARACAAG ATCECCATCCEAGCCTICAGF ACTEATCCTCCETCT AT
D F E M F E E H X I A I & k& & & L I L & L I
2341 CTTATCTCT GO TEFATTCCTCTACTACAGCTECAAGECCOF At pacaecacascacac i ccagaaccagt t tacaccagt catagtiea
_L 8 L A &« F L ¥ ¥ KR ® K a4 K
2431 tetatttegttectpgacoctgt cctcatoteoctet et t taacccapeGACGEATCCTGETICCCACT AACTFACOC TG ACCTGETOCTGT

¢ R I L ¥ P T H *x
2521 TTCTCAGATGC ARG ACAATCCAGCTCCTCCT TOCACCTCCTTTCTC T TTCCAGOCC A CAG ACCCAC TCC THCCOCC TR CTC G ACTCIC TR
2511 ATCCTCTCAGTCTGGACT A ARCCTGFAC TG TCC T TOC T A TCAGG TTCAGTC TG ACTCTATCAGEATC T ACTCTGATCCTT TAC
2701 TATCTCAAATCAATACTTTTICTCCCACAACTEACTTCAT AAAGETTT ARA TOCGCCECOCAGECCA ARG C TCAGCCTECEA AR A A GG
2791 TAAGAAGCCAAACTCARAAACACCAAGAACCCCAG ARATCCCT AMACTAACCAGCT ATCCACACCTGECECTECTTCTET ACCEO0A TG A il
g8l TETECTTTAAATTCG AR TTACCECTTARATCTAARTCT AATCTTCATCOG G TTC TG G CTCCATCTCAGCACTCAA TG TCTHCTHATG AA
a7l AT AT AT ATA AR T A TG T T T T G AT AT C I T A T TG AT G TI T C AR TCACACTTTCTAACTCAT ARCADEG AR
061 AOCTCTC Aufuh AR A AU AR A
Li etal., Figure 1 Genomic sequence of swamp eel MHC class || B gene. Exonsarein uppercaseand intronsarein
lowercase. The stop codon is indicated by an asterisk. N-linked glycosylation site is represented with a
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are underlined with —; the GXXGXXXGXXXXXXG motif was underlined with —.The 15-bp repeat
sequence was shaded with dull gray.

S'UTR/ALP baeatzad Ereatia? bestaa? CPITMICT CT/IS'UTR
BBy ee! 124 b el 53
1/55 273 216 (=1 275684
B'UTR/LP batal bataz beataz CRITMICT CT/3UTR
Spolieghalibut 85 s ool s=al
T/55 270 214 68 26/390
5'UTR/LP betat heta? CR/TM/ICT CT/3UTR
Ao, == =1
fisunder 66 | I 392 | I 85 1 09
31/66 270 279 114 23/422
SUTRILP betat beta2 CPITM/ICT CT/R'UTR
turbot | [ [
162 IBGEEE 57 | an|
36/55 264 282 114 26/521
5'UTR/LF betail betaz CP/TMICT CT/3UTR
half-smoath I ] [
tongue sole 80 | INESER I—m—| I'gﬁl:-
51/58 270 282 114 28/285

Li et al., Figure 2 Schematic illustration of the swamp eel MHC-DAB gene. Boxes represent exons, and the lines
represent introns. LP: leader peptide; CP:connecting peptide; TM:transmembrane region; and CT:
cytoplasmatic tail. Number sindicated the length of the introns and exons.

Leader peptide Beta-1 domain
swamp eel 0 0————————————— MASSFLSFCLLFI-TVYTAD GF-———- LNFIVORCNFNSTDLKDIEYIYSDYYERLEIVRFSSS [ 80
cichlid LS. . x s o ] R. V. .NK. ZEATE [ 8O
large yellow croaker % “5. . Do Y. . NKM.YS. .. .. 80
red sea bream = B3 E. Y. FNKV. FA. . 80
striped sea bass = . MY NKL YA 80
turbot = A. . W X M Tk 80
half smooth tongue sole - B . .D.¥Y.LNK.K_15.D 80
spotted halibut = =2 S.F. Q. YN.NK. Y. T.R 80
Atlantic salmon = NSMSI—FGV LT. VLS-IFSGT .D.YVFENKA. Y. . . N. T 80
rainbow trout = MSKSIRFY IGLAVALS—. L. ET. Q. YTEFNKV.HL. .N. T &0
carp e -t e et e e e LI.HPILM. SA-FTG. . H YS!S.YS.HV LL. YSFNQGLDAG. N BO
zebrafish = —MYLLKL. . VILM. 5T-FTE. .. ¥S5.5.YS. MVLLI. YSFNKVVDTO. N 80
EUppy T o e MAQ. OGCSV. LV. . L-VFSPGG 55. 5. GH. AVLLDOV. FNKILE. EYN. T BO
nurse shark 0 Z—————- LGGVASRSLWI-RIPFLIAVLV-IFNGER WV-———FLEQYV. DQEL. AYYDYN 80
chickean MGSGRVPAAGAVLVALLALGARPAA-GTRPSA WTFK IYPNGTERARFLERHI. ~N. QOFMH. D. D B0
mouse -—MVWLPRVPCVAAVILLLTVLSPPVAL-VRNSRP Y . YNGTORVRFLERYI.-N.E.Y...D.D [ 80
human MVCGLRLPGGSCMAVLTVTLMVLSSP. AL-AGD. RP R EYSTSE p. FNGTERVRFLDRYFH-NQE.F. . .D.D [ 80
P PP P PP Dp ]
i Bata-2 domain
aswamp eel VGKFVGYTEYGVEL#DHRNSDPFELﬂVRKT AKE I Y[QKNHVD IRYQAALTKS ﬂKPYVRLHSTTPS#GOHPAMLM_SVFDF 1&60
evehldd . 0 . VBRI SKG. LY. KAI.S5M. A-0. . T_|LlH. NIGVD. 5. 1.5.. V@. 5. K...MK. ASSH. ¢ 3 160
large yvellow croaker ...Y..F ..... KN.EYW NN SL. .RERG-E. .R.L|IL.N.QAD. _5. . D. _ .H..S.. 160
red sea bream o SR L.LKQ. QGW. K. K51. KRA-E. . R TN. GNE. AY. Q. i K. OS5. 5. @ ..., 160
striped sea bass S TGl L..KM.ERF.K..SY. .G RA-E. .R.|ILTNIN.D. .N. _D.. N i e o 2 AP 1&60
turbot S e RN. EQ. HWR———. GCNES—SEGDVILSOORGKDHE. . N K.UTV kg 160
half smooth tongue sole ......... F..SN. KRW. EG. EVTRA-RN-E. . R.|.[VHN. GLD. RTG. A. ; A (3 pine RN Reoh i 160
spotted halibut ...Y..TNA. . EKN. EKW. . G.E—. EG. RA-0. OA_LIFPNIG. ATEN. . .. V. . K. <l LY. . 160
Atlantic salmon e W e L..KN. EAW. KG. E ELG-EL. RA.|. HNA. LH. R DT W i R - MBL AY. . 160
rainbow trout A L. LKN. KRL. RGDE-VVOMRG—EL. RL.|. PNA. . H. 1.D.T NE.H v R ML AY. . 160
carp L .11 K.MKD.EYW.NN.A. .Q0. RA-EVDT.| [RHNAQ! LDSSVRD.T V.. KIT.R. ARG&G.SR..V.. L AY. . 160
zabeafish 020 Coanlai Q. . KS. ENF. KNOAY. OOL. A-GVDTF [RHNAQ. SDS. VRD. A VL. E.TIK. VROAE. K. .. V. U | AYE. 160
Euppy KTEA. . 1IL. NN. E-FITHEI-W. THNL.|. RNTPLAQK--.LTP VE...0Q. RLEKAEYS 00 AL AY. . 160
nurse shark GR. YIAVKAﬂMKSNV RW. . ——E-G. EEQYOEAKA.| [EHNIPVM. ES. . ARD VE. K. TIRTKESTYPGPS. Il [fAVG. 160
chickan Y. AD.PL.ERG.EIW. . NAEI. EDEMN-, VDTF [RHNYGVGESFTVOR. VE. K. . VShLOSGSLPETDR A Y. TG, 160
mouse _EYRAV. .L.RPD.EYW. . 0. E|. EDARA-TVDT.| [RHNYE. FDNFLVPRR VE. T. TVYP. KTOPLE. HNL. .| | . 5. . 160
human .U EYRAV..L.RPD. EYW. . OKDL. ER. RA—EVDT. JRHNYGVVESFTVGRR VH. K. TVYPSKTQPL. . HNL - . 5G. 160
B [:]-] P P PP P p¥ * * *

Connecting peptide
swamp esel YPKOIRVSWRRDGHKVTSDVTSTDEMADGDWYYQVHSHLEYTPRSGEKI § DPSMPESERNKI 239
cichlid .5E. K. L...KEI. E i C 200 ... NV 239
large vellow croaker .l. .L 239
red sea bream «F: ks 239
striped sea bass - P PP | | NP | T 239
turbot -0l l. 239
half smooth tongue sole 229
spotted halibut Q.. 239
Atlantic salmon A Gae 239
rainbow trout “Lh.s 239
carp g Ly 239
zebrafish A 239
BUuppy  iaaees T. L. 239
nurse shark CAK. 5. T. L ‘ - 239
chicken -PE.E. K. FLN. b WEPPADAG.S. L 23%
mouse CGN.E.R.F.N. KEEKTGIV. GLVRN... WHKAQST. AG. . M 239
human .65 . E.R.F.N. QGEEKTG. V. . GLIHN. . . WRARS. . ADS. M 23%

- - L
Transmembrane region

swamp eel hIGASGLILGLILSLAGFLYYRWK&R
cichlid o | o

large yellow croaker
rad sea bream

striped sea bass

turbot

half smooth tongue sole
spotted halibut
Atlantic salmon

rainbow trout

carp

zebrafish - N 2

Euppy V. TEDVCPEETL [2B2
nurse shark AILDSNHGPRLMGPAVS (282
chicken 282
mouse 282
human FRNOK 282

. EFL.

et al., Figure 3 Alignment of swamp eel MHC-DAB amino acid sequences with those of other species. The
GenBank accession numbers of them are listed in Figure 5. “p” indicates the correlative amino acid that
combines the antigen; the N-linked glycosylation signal is underlined with ——; asterisks show the
identical residues; the conserved four cysteine residues were boxed.
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strongly suggest that swamp eel MHC class Il B gene
was a novel member of the MHC superfamily.

Expression analysis of swamp ed MHC-DAB:
Quantitative real-time RT-PCR showed that MHC-DAB
transcripts were ubiquitously expressed in ten tissues, but
expression levels were distinctly different (Figure 6).
There was relatively high expression of MHC-DAB in
stomach, spleen, blood cell and liver; moderate
expression in brain, skin and kidney, and low or
negligible expression in heart, intestine and muscle
(Figure 6). The swamp eel MHC-DAB gene expression
pattern is consistent with what had been found in other
fish and mammalian (Brown et al., 1993; Xu et al., 2009;
Li et al., 2011; Zhou et al., 2013; Pang et al., 2013).
Relatively low or negligible expression of MHC class ||
B in muscle seen in swamp eels has aso been found in
carp (Rodrigues et al., 1995), spotted halibut(Li et al.,
2011), red sea bream (Chen et al., 2006), half-smooth
tongue sole(Xu et al., 2009) and Nile tilapia(Zhou et al.,
2013; Pang et al., 2013). In contrast, the high expression
in spleen, kidney, liver and intestine suggested that these
organs might involve in the adaptive immune system
(Chenet al., 2006; Li et al., 2011; Xu et al., 2009).
Challenge of swamp eel with the pathogenic
bacteria, Aeromonas hydrophilia, resulted in marked

changes in the pattern of expression levels of MHC-DAB.

The expression level of MHC-DAB transcripts was
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initially up-regulated in the intestine from O h to 4 h. It
then decreased acutely between 4 and 48 h, followed by a
marked increase at 72 h. Expression of MHC-DAB
transcripts showed evidence of a sustained decrease in
liver tissue up to 24 h post infection, followed by a dlight
increase from 48 h to 72 h. Expression of MHC-DAB
transcripts in the spleen was slowly down-regulated from
0 to 72 h with minor fluctuations (Figure 7). Previous
studies have shown that expression levels of MHC class
Il B mRNA are markedly affected when challenged with

pathogenic bacteria or lipopolysaccharide (LPS)
(Koppang €t al., 1999; Chen et al., 2006; Li et al., 2011,
Xu et al., 2009; Zhou et al., 2013; Pang et al., 2013).

Different pathogenic bacteria, produce different changes
in MHC class |l B gene expression (Zhou et al.,
2013;Pang et al., 2013). In the same way, challenge with
same pathogen always resulted in different expression
profiles in different fishes (Li et al., 2011; Xu et al.,
2009;Chen et al., 2006). Therefore, it is reasonable to
conclude that high diversity of MHC class Il B gene
results in individual vertebrate species being able to bind
and present a variety of peptide ligands that trigger
different immune responses (Srisapoome et al., 2004;
Croistetiere et al., 2008). Further studies will be needed
for elucidating the precise role and mechanism of MHC
genes in defense response in swamp eels.
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Figure 4 Sequence comparison of putative amino acids from different MHC-DAB alleles based on Clustal

W. “p”” showed the putative PBR positionsin alleles; “*” indicated polymor phic sitesin all the alleles.
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red sea bream (AAA493T)
striped sea bass (AY190711)
large yellow croaker (ABWV48908)
swamp eel (JQ236630)

2 cichlid (AAB2T7553)
100 half smoath tongue sole (ACISE826)
I'I turbot (DQO01730)
6o spotted halibut (GU253881)
[ Aflantic salmon (CAA49726)
100 L — rainbow trout (AF115528)
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100 zebrafish (CADSTT94)
guppy (AF0B80585)
chicken (AY510090)

[——— mouse (P18460)
1on ——— human (AB062112)
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nurse shark (AAFG2681)

|
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Li et al., Figure 5 Phylogenetic tree constructed via neighbor-joining method based on alignment of full deduced
amino acids of MHC class || B genes. Genetic distance was calculated based on nucleotide difference (p-
distance) with complete deletetion of gaps. The number at each node indicates the percentage of
bootstrapping of a 1000 replications. Nurse shark MHC class || B sequence was used as outgroup.
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Li et al., Figure 6 Expression analysis of swamp eel MHC-DAB gene in various tissues. MHC mRNA transcripts
levelswere determined asa ratio relative to beta-actin levelsin the same samples after RT-PCR.
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Li et al., Figure 7 Expression analysis of swamp eedd MHC-DAB gene in three tissues after challenge with
pathogenic bacteria A. hydrophila. MHC mRNA transcripts levels were determined as a ratio relative to

beta-actin levelsin the same samples after RT-PCR.

Lietal., Tablel. Primersused in thisstudy. Primerswere designed by primer premier 5.0.

Primer name Primers sequences (5’-3) Utility in this study
Beta-actinl GCTGTGCTGTCCCTGTA Expression analysis of B-actin
Beta-actin2 GAGTAGCCACGCTCTGTC

seMHC-N1 GGRAAGTWTGTKGGRTACACTGAG cDNA fragment amplification
seMHC-C1 TTCYTCTTGTAGTAGATGARTCCWGC

NUP CTAATACGACTCACTATAGGG RACE amplification

NestG5 CACAGCCAGCTCGAAAGGATC 5’ RACE nested PCR

NestG3 GATCTCCTGTGTGGTGGAGCA 3’ RACE nested PCR
seMHC-GSP5 CAGGCTGGCGTGCTCCACCACACAGGAG 5’ RACE amplification
seMHC-GSP3 ACGTCCGACTTCACTCTACGACGCCCTC 3’ RACE amplification
DAB-inl-F CCTCTTCATCACTGTCTAC Intron 1 amplification
DAB-inl-R GCACTATAAAGTTCAGGAAT

DAB-in2-F GACATTCGGTACCAGGCTGCTCTG Intron 2 amplification
DAB-in2-R AAGACGCTGCAGACCAACATG

DAB-in3-F GGTGATTGGTACTACCAGGT Intron 3 amplification
DAB-in3-R TGGTTTGATGAGGAAGAAGGT

DAB-in4-F GAAGATCTCCTGTGTGGTGGA Inrtron 4 and 5 amplification
DAB-in4-R GGTCAGTTAGTGGGAACCAGGAT

DAB-dle-F CTCCTCTTCATCACTGTCTAC Allele amplification
DAB-dle-R TGATTTAGTCAGAGCAGCCT

DAB-rt-F GAGATGGCAGATGGTGATTGG RT-PCR analysisof MHC |1 B
DAB-rt-R AATCCAGCCAGAGATAAGATCAG
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Li et al., Table2. Nonsynonymous substitution ratio (dy) and synonymous substitution ratio (ds) as well as the
resulting ratio dy/ds for the sequenced section, the putative peptide binding region and non-PBR among

swamp eel alleles.

Sites No. of codons dy (S.E) ds(S.E) dn/ds p(Z-test)
All 91 0.160(+0.027) 0.063(+0.015) 2.539 0.000
Putative PBR 24 0.332(+0.074) 0.110(+0.041) 3.018 0.005
Non-PBR 67 0.110(+0.026) 0.048(+0.016) 2.292 0.021
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