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Screening of Potential Stress-Responsive and Immune-Related
Genes by Expressed Sequence Tags in Mud Loach
(Misgurnus mizolepis)

Yoon Kwon Nam' and Dong Soo Kim
Department of Aquaculture, Pukyong National University, Pusan 608-737, Korea

EST analysis was performed to identify stress-responsive and immune-related genes from mud loach
(Misgurius mizolepis), cDNA libraries were constructed with liver, intestine and kidney tissues and ran-
domly chosen clones (216 for liver, 198 for intestine and 224 for kidney) were subjected to automated
sequence analysis. Of 638 clones sequenced in total, approximately 25% of ESTs was novel sequences (Ro
match to GenBank) or sequences with high homotogy to hypothetical/unknown genes. Several potential
stress-responsive biomarker and/or immune-related penes were identified in all the tissues examined. It
included lectin, MHC class IAI proteins, proteinase, proteinase inhibitors, superoxide dismutase, catalase,
glutathione-S- transferase, heat-shock protein, warm temperature acclimation protein, complements,
methyltransferase, zinc finger proteins, macrophage maturation associated protetn, and others. This infor-
mation will offer new possibilities as fundamental baseline data for the molecular genetics and breeding of
this species with an emphasis on the development of stress (and disease)-resistant fish.
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Introduction

Expressed sequence tags, single pass sequences
of randomly selected ¢cDNA clones, can offer a fun-
damental basis for numerous genomic studies and
other biological researches by providing powerful
means to discover useful genes expressed in differ-
ent tissues (Gong ef al., 1994). This techniques can
also be of importance for illuminating the transcrip-
tion profiling of an organism at a particular time; i.e.
a snapshot of a given genome can he looked by
ESTs (Douglas et al., 1999). Recently nmerous
EST projects have been developed in many finfish
and shellfish species in order to (1) find useful
piscine genes (Hamilton ef ai., 2000; Miyahara ez
al., 2000), (2) develop an efficient genetic marker
for genome mapping (Liu ef al., 1999) and (3) per-
form transcriptional profiling of different tissues
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under defined experimental stimuli (Kono ef ai.,
2000; Savan and Sakai, 2002). Also the genetic
information achicved in EST project will be much
helpful to extend the 'wish list' of transgenesis in
fish (Nam and Kim, 2001). In present, over 13 mil-
[ion public entries exist in NCBI GenBank
(hitp:/fwww.nebi.nlm.nih.gov/dbEST) including
several fish dbESTs which correspond to around
3% of total ESTs.

Mud loach (Misgurnus mizolepis), an important
freshwater food fish in Korea has many attractive
merits as a model system for genomic studies. It
tncludes (1) fast and transparent embryonic devel-
opment {24 hours at 25C), (2) short generation
tine (3-5 months), (3) small adult size (around 10
grams in adult), (4) high fecundity (several ten
thousands of eggs per female simultaneously) and
(5} well established breeding techniques allowing
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year-round spawning under controlled condition,
Due to these advantageous traits, this species has
been the subjects for numerous genetic manipula-
tions including chromosome engineering and (rans-
senests (Kim et ¢f., 1994; Nam ef al., 2001a, 2002).
Based on our long-term goal to develop this species
as vertebrate model system for genomics and trans-
genesis, this study was aimed to identify stress-
responsive and/or immune-related genes from mud
loach using EST analysis, which will be important
basis of further genetic manipulatiﬁns to develop
disease-resistant fish model with this species.

Materials and Methods

Experimental fish

Three-year-old female and male mud loaches that
have been maintained at 25°C in Fish Genetic
Manipulation Laboratories (NRL), Pukyong
National Unmiversity were used for construction of
¢DNA libraries. Tissues sources for cDNA library
constructions were liver, intestine and kidney, Tis-
sues from three males (average BW 11.5 g) and
females (average BW 17.5 g) each were pooled
prior to RNA preparation,

RNA preparation and construction of ¢cDNA
libraries

Total RNA was prepared using Tripure Reagent
(Roche Molecular Biochemicals, Germany) accord-
ing to manufacturer's recommendations. Briefly, 10
mf of reagent was added to 1 g of freshly obtained
tissue and homogenization was performed using
motor-driven tissue homogenizer. After homoge-
nization, 2 m¢ of chloroform was mixed with the
homogenate and followed by centrifugation at
13,000 rpm for 10 min. Aqueous supernatant con-
taining RNA fraction was mixed with equal volume
of 10sopropanol to precipitate RNA. Messenger

RNAs containing poly (A) tails were isolated from
the total RNA mix using mRNA Isolation Kit
(Roche). The isolated mRNA was converted to
cDNA with reverse-transcription using oligo d(T)
primer according to the manufacturer's instruction
of Lambda Zap cDNA Synthesis Kit (Stratagen Co.
USA). The synthesized cDNA was subjected to size
fraction and ligated to the UniZap XL vector. The
ligate was packed with packaging extract supplied
by manufacture (Stratagen). The primary library
was amplified to 1 x 10"pfu/mé and the cDNAs

were mass excised in vive to plasmid vector (pBlue-
script SK).

EST analysis

Plasmmd containing cDNA insert was isolated
from the recombinant bacterial clones for sequenc-
ing reaction. Purified 0.5 gg of plasmid DNA were
used for a primer extension using BigDye termina-
tor sequencing kit (Applied Biosystem Co., USA).
The reaction mixture contained 2 pmoles (1 zf) of
SK primer (5" -CGCTCTAGA ACTAGTGGATC-
3, 4 uf of BigDye terminator, 4 zf of 2.5X dilu-
tion buffer, 2 xf of plasmid DNA and 9 #¢ of H:0.
The thermal eycling was carried out with iCycler
PCR machine (BioRad, USA) as following thermal
cycling conditions: 96°C initial denauration for 3
min was followed by 25 cycles of 96'C 10 sec., 50
‘C 5 sec. and 65°C 4 min. The extended product
was purified with spin column (CHROM A-100,
Clonetech Co. USA) to remove unincorporated
ddNTPs and primers. Two microlitters of each
product was run onfo a sequencing gel and analyzed
with ABI377 automatic sequencer (Applied Biosys-
tem). Raw data of sequence were ediled with an
analysis software, Sequencher ver 3.01 (GeneCodes
Co., USA) prior to BLAST search against Gen-
Bank. The sequence tags were clustered inlo several
categories based on their annotated functions and/or
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sequence structures.
Resuits and Discussion
cDNA library construction

Each primary cDNA library contained at least 1.3
x 10° pfu/ml, which was likely to be sufficient to
represent expression mRNAs of that tissue when
considering the genome size of the mud loach (2.8
pg/diploid cell, Nam ¢f al., 20015). The average
lengths of ¢cDNA inserts in recombinant clones
{rom libraries were ranged from 1.6 to 1.8 kb,
which also indicated the possibilities that the cDNA
librartes should contain full-length cDNA clones.

General EST profiles

In the present ESTs, less than 10% ESTs were
tepresented more than once in these libraries, sug-
gesting that a randomized collection should be
made, and that constructed libraries would contain a
rich source of genetic information. Most overlap-
ping clones were housekeeping genes such as beta-
actin and ribosomal transcripts. The average length
of sequence reads was about 620 bp, which offers a
high probability of a match with homologous in the
database and is comparable with any previous
reports (Douglas et ai., 1999),

Based on the BLAST search against the protein
and dbEST databases at GenBank, the ESTs from

Table 1, Clustering of ESTSs fiom liver, intestine and kidney of mud loach

_ Liver infestine Kidney Total
Categories

10.(%0) 10.(%0) no.(%) no.(%)
Novel genes (no matches) 36 (16.7) 39(19.7 48 (21.4) 123(19.3)
ESTs homologous to genes of unknown
function (hypothetical or unknown) 74.2) 13{6.6) 18 (8.0) 406.3)
Ribosomnal RNA transcripts 14 (6.5) 16(8.1) 19(8.5) 49 (7.7
Mitochondrial transcripts 17 (7.9) Lt {5.6) 25{(11.2) 53 (8.3
DNA replication, splicing, chromatin,
transcription and tepair 27 (12.5) 27(13.6) 21 (9.4 75(11.8)
Digestion 0{(0L.0} 6 (3.0 0 (0. 6(0.9
Reproduction and maniration 13 (6.0 0(0.0) 20,9 15 (2.4)
Cytoplasmic functions(cytoskeleton, inhibitors, _
kinases, phosphatases, translation fuctors etc) 34 {157) B ALY 31(13.8) 100157
Intracellular compartments(golgi apparatus,
lysosomes, peroxisomes efc.) 35(16.2) 31{15.7) 25(11.2) 91 (14.3)
Immune-related and/or stress-responsive) 15(6.9) 6(3.0) 18 (8.0) 39(6.1)
Other micellaneons 16 {7.4) 14 (7.1) 17 {7.6) 47 (7.4)
Number of ESTs generated 216 198 224 638
Number of unique genes 198 (91.7 179 (90.4) 205(91.5)  582(91.2)
Number of full-length clone 150 {69.4) 134 (67.7) 155(69.2)  490(68.8)
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mud loach tissues could be clustered into 11 cate-
gories; (1) novel sequences yielding no matches or
had little matches (e-value < 0.001), (2) ESTs with
significant homology to genes of unknown func-
tion, {3) ribosomal RNA transcripts, (4) mitochon-
drial transcripts, {5} genes involved in nuclear
process including DNA replication, transcription,
RNA splicing and repair, {6) genes of digestion, (7)
senes of reproduction and maturation, (8) genes
involved in cytoplasmic functions such as
cytoskeleton, inhibitors, kinases, phosphatases and
translation factors etc., (9) genes intracellular com-
partitents including of golg1 apparatus, lysosomes
and peroxisomes etc., (10) genes of known and
potential immune funciions including stress-respon-
sive proteins, and finally (11) other miscellaneous
sequences (Table 1).

In all the tissues, the genes related housekeeping
genes in nuclear and cytoplasmic processes domi-
nated, indicating that they are expressed in most tis-
sues rather than tissue-specific expression. Sum of
those genes are 44.4%, 47.0% and 34.4% m hver,
intestine and kidney, respectively. Sequences of no
match with the data in GenBank appeared at an
average frequency of 19%, suggesting that those are
novel genes tound in the present study: kidney
ESTs displayed the highest proportion (21.4%) of
no match while liver sequences revealed the lowest
(16.7%). ESTs matched to hypothetical or unknown
genes al GenBank were found with the incidence
ranging 4.2 - 8.0%. Liver ESTs are the most diverse
covering numerous functions of fish, including
reproduction, hormonal metabolism, lipid metabo-
lism, immunity, oncogenic traits, and many house-
keeping process. Intestine is the only lissues (o gen-
erate ESTs falling into a category of digestive
metabolism, On the other hand, many blood pro-
teins such as erythorcyte membrane proteins and
hemoglobin were identified in Kidney tissue. Also

kidney displayed many mitochondrial genes like
cytochrome-c-oxidase polypeptides, NADHP-
ubiquinone oxiso-reductase chain becanse this tis-
sue has an extensive oxidative metabolism (Savan
and Sakai, 2002), Interestingly, four microsatellite-
like sequences of simple repeats (GA and CA) were
found n kidney ESTs, indicating that those were
the transcribable microsatellites that may have
important unplication as potential genetic marker in
this species. Similar finding has been reported in
shrimp ESTs (Lehnert et af., 1999),

In all the three libraries, more than 90% ESTs
were unique sequences and there was a linear rela-
fionship between the number of clones sequenced
and the number of unique genes, indicating the rich-
ness and diversity of the libraries. Furthermore,
about 68% ESTs out of 638 clones sequenced
turned out to be potentially full-length cDNAs,
when judged by Query-Subject alignment obtained
by BLAST search against GenBank. It may facili-
tate the isolation of corresponding genomic copies
of given cDNA clone using PCR technique.

Stress-responsive and/or immune-related genes

From the present ESTs, various putative genes
were identified with respect to the stress-response
and immunity, These putative sequences are shown
in Table 2. Immune-related genes such as lectin,
MHC class I/II proteins, heat-shock proteins,
macrophage maturation associated protein, zmc fin-
ger protein, proteinase, complements, and methyl-
transferase were detected mostly in liver or kidney
tissues. Genes responsive to stress, (especially the
oxidative stresses caused by reactive oxygen
species) were also detected, including superoxide
dismutase (SOD), glutathione-S-transferase (GST),
and catalase. The summary of these ESTs is shown
i Table 2.

Lecting, an important molecules playing roles in
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-tespansive functions identified in liver (liv), intestine

(int) and kidney (kid)
. : Accession no,
Len Tissue Closest Identit
ESTH# Putative match eth _ e-value 4 of matched
(bp)*  sources species (%) entry
MLOI2  C-type Lectin 649 L Oprims o 46 BAAYSET
carpio
MLO98 MHC classI A 712 liy Oryaas o4 40 BAATTSST
atipes
MIl12  MHC class ! heavy chain 638  im  Omeorbyn -, g 46  AAB62232
chus mykiss
MI17]  MHC class I proteis 58 in ?5;‘;’;“ le-64 55 CAA62497
MKogg MHC class Tl-associated pro- oy ) Datiio -89 70 AAD24542
fem : rerios
MKO48  MHCclass Il invariant chain =~ 620 kid ﬁﬁ:ﬁf 9e-90 70 AAF0I568
S-adenosyl-L-homo- \ Xenopus .
MIOGS e hvdrolons 599 int enop: e-101 86  CAAQTI06
MKO0S  Ubiguitin specific protease 605  kid sf;:r?s 60-55 57 XP.02779
MKI59  Protessome subunitalpha6A 665  kid Danio— ¢119 94  AAK40122
MLIGO  Proteasome-macropuin 647 it Rartus e-123 91 NP 017238
nOMegichs
MEK201  Proteasonie subunit beti 11 638 kid gﬁ;{; 2e-93 85 AADS3516
MLo4o  Alpha-l-antiproteinase 00 liv Rattys 2633 42 PI74TS
precursor norvegicus
MI188  Alpha-I-antiproteinase 703 int XE}”;P;;” 9e-29 40  BAA3658]
Inter-alpha-trypsin Homo
ML208 inhibitor family heavy 687 liv saviens Qe-37 42 AADO5198
chain-related protein P
Mi133 Serine profeinase inhibitor 604 int Cypr:}?us T 75 36 150494
CP9 carpio
MKO66  Superoxide dismutase 622  kid if;f 7e-72 86 CAA72925
ML210 654 iy Susscrofa Te-d7 64 P79382

Glutathione-S-fransferase* ®
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_ Length  Tissue Closest Identity ° HOCCSION 1O
EST# Putative match _ e-value of matched
(bp)*  sOUKCES species (%) entry
MLOSS  Catalase 605  liv nﬂ‘ff;;ﬁ o el02 78 PMI62
MLO037 Catalase 608  liv fmi?ﬁiss 3e-98 90  BAA36420
ML199  heat-shock protein 624 liv Dﬁfﬁ le-81 69  BQ450553
Warm temperature | Carassius
ML200  acclimation-related 65-kDa 631 liv am.a;_-m.a de-93 73 150485
pmtﬁin, Wapﬁﬁ QUL
MK099  Complement C3-H1 589 kid Cfﬁ;?f Se-87 73 BAA366I8
ML204  Complement C3-Ql 622 liv ?E;T 3e-79 68  BAA36622
MLO78  Complement C3-S 615 liv ?’i?;ff le-88 70 BAA36621
MLO0S E?:;E};{;;jgggiﬁm 618 liv Sus scrofa Oe-58 68  QU5S332
Macrophage _ Homo
MLO4)  maturation-associated 662 liv sapiens 8e-69 78 JC4503
transcript dd3f protein
: : : Mus
MEK20%  Zinc finger protein 35 631 kid usculis 4e-86 al NP 035885
| . i
MLOO7  Zinc finger protein 609  liv gjhf;‘ 3e-58 58 PC416]
. , Homo
MLI135  Alpha-2-HS glycoprotein 618 hiv sapiens 3e-19 42 NP (01613
MKI58  Cell death regulator Mcl-la 615  kid Damio 5e.51 47 AAK00290
MK169 Ig mu chain C region 624 kid Ictalurus 4e-50 48 A45840
precursor PUNCIatus
MK119  Rho GTPase Cdod2 o1 kid  MPE 14 05  AAG36944
. . - Hﬂmu.
MKI157 Ras GTPase activating protein 600 kid sapiens le-41 75  NP_004832
MK212  Ras-related Ran protein 64  kid Ao 163 85 CAAI0I9I
*Length of sequence read

**Mitochondrial transcripts
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the cellular and tissue transport of carpohydrates,
glycoproteins and calcium, are considered to be
involved in mediation of pathogen recognition and
heutralization of the invading organism during early
stage of an infection (Vasta et al., 1994), although
their occurrence, structure, specificity, and natural
functions have not fully understood. Recent works
have claimed the possible role of lectins regarding
non-self-recognition molecules in vertebrate and
invertebrate immunity (Vasta ef al., 1999; Wilson et
al., 1999): it has been supgested that fectins have
acquired similar immunoglobin like properties by
being able to recognize and bind various microor-
ganism that invade the host. Our EST clone,
MLO12 showed similarity to a wide range of C-type
lecting with acceptable degree of homology to com-
mon carp, Cyprinus carpio C-lectin (46% identity)
and in addition it shared similarities with the
sequences of anti-freeze protein that is also lectin-
based molecule.

EST clones MLO98, MI112, MI171, MK009 and
MK048 displayed significant homology either to
MHC class I or II proteins from other fish species.
Expression of MHC proteins is required for an effi-
cient and complete presentation of antigens and
immune response (Savan and Sakai, 2002). Pro-
temases (including proteosomes; MI0G68, MK003,
MK159, MI160 and MK201) also are believed to
have important implications in fish immunity by
providing defensive way to invading pathogenic
microorganims. Proteosome is a large multicatalytic
proteinase (700,000 Mr) that is responsible for most
of the nonlysosomal protein degradation in eukary-
otic cells (Coux et al., 1996): this proteinase
degrades proteins into peptides, some of which are
transported into the endoplasmic reticulum and
loaded onto major histocmpatibility complex
{(MHC) class I molecules for presenfatiﬂn to the
immune system. Various proteinase inhibitors

(MLO49, MI188, ML208 and MI133) also support
host defense mechanism by affording protection
from a variety of proteinases associated with
pathogens.

High dose and/or inadequate removal of ROS,
especially superoxide anton (Q,), results in oxida-
tive stress, which has been implicated in the patho-
genesis of many diseases. Purthermore, such ROS
have been involved in other phystological and
immunological processes such as aging, infertility
and nerodegenerative diseases (Mruk ef ai., 2002),
In teleost, the excessive ROS could cause also
severe defects in performance of fish, including
malformation during embryonic development,
depressed performance in growth viability and oxi-
dation of fatty acids (Bello ef ai., 2000; Bols et al.,
2001; Klumpp ez al., 2002). Aerﬁbic OTganismnis
including fish have both chemical and enzymatic
defence systems against the toxicity cansed by such
reactive oxygen species (ROS) with various antiox-
idant enzymes. Cu-Zn superoxide dismutases
(50D), enceded by our EST clone (MKO0&6) is mmet-
alloenzyme that catalyzes the dismutation of a
charged substrate, the superoxide anion, at a diffu-
sion-limited rate, while catalases, encoded by
clones MLO37 and MLO8S5, are responsible for con-
verting the resulted hydrogen peroxide to water
molecules. Based on their enzymatic properties,
these genes and enzymes have been given attention
as biomarkers to monitor the health of fish and
environmental pollutions (Lopes et al., 2001; Orbea
et al., 2002). Another antioxidant enzyme
expressed in mitochondria, glutathion-S- trans-
ferase (GST) was also identified in liver EST
(ML210),

Clone ML199 encoded the putative heat shock
protein, molecular chaperone that protects the cell
and maintain homoestasis under stressful condi-
tions. Many previous studies support their irﬁpnr—
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tant role and its validily as biomarkers for a variety
of cellular stressors (Scofield et al., 1999; Matranga
et al., 2000). The other EST clonc (ML200) was
annotated as a warm temperature-acclimation 65
kDa protein, which 1s also beheved to represent
similar roles with the heat shock proteins, althongh
there has little information on the detalled function
of the proteins in fish (Kikuch et af., 1993; Kinoshi-
ta et al., 2001).

In addition, vartous complements {encoded by
MK, MLO78 and ML204) that are believed to
be involved in cascade reaction of defense system
in fish, were identified with the strong homologics
to carp complements. Several other potential genes
related with fish immunity (or defense) such as
macrophage maturation assoclated protein
(ML040}, zinc finger protein (MK208 and MLOD7),
cell death regulator (MK 158) and Ig chain
(MK169) were also detected in kidney and liver tis-
sues. Finally, three kidney clones (MK 119, MK 157
and MK212) relating with GTPase-associated sig-
nal transduction were obtained, which 1s important
in cell recognition, molecule transport and onco-
genic activity (Quimby et ad., 2000; Nguyen ef al.,
2002) (Table 2).

- From this study, fundamental baseline data could
be delivered with respect to (1} transcriptional pro-
filing in different tissues of mud loach, (2) under-
standing host defense or immune mechanism at
meolecular level, (3) developing biomarkers for the
monttoring of fish health, and finally (4} generation
of novel [ish strain resistant to various stressors and
diseases. Based on the sequence data of cDNA
clones, the isolation of corresponding penomic
sequences followed by molecular manipulation
would be facilitated. Also the RT-PCR analysis to
trace the expression of target genes under expen-
mentally designed stressful condition will provide a

good possibility to bridge gaps 1n our knowledge on

Dong S00 Kim

the genetic and cellular regulation of host defence
mechanisms. Further study should be made to
demonstrale in vive and in vitro the biological func-
tions of the proteins encoded by our present ESTs.
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