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Abstract
Proopiomelanocortin (POMC) is an important gene involved in the stress response of the hypothalamic–pituitary–adrenal axis. It
is a precursor of several peptide hormones including adrenocorticotropic hormone, melanocyte stimulating hormones, and -endorphin. Our study aims to determine genomic structure and expression of POMC gene during temporal stress in channel catWsh (Ictalurus punctatus). The catWsh POMC gene consisting of three exons and two introns has a similar structural organization to that of
other species. The catWsh and mammalian POMC promoters do not exhibit regions of conservation except that of one TATA box.
Genomic Southern blot analysis indicated POMC is present as a single copy gene in the catWsh genome. Real-time PCR allowed us to
monitor temporal expression of the POMC mRNA in catWsh pituitary during low-water stress. Plasma cortisol concentrations were
also measured as an indicator of stress. Within 15 min after the onset of low-water stress, POMC mRNA expression was elevated
1.87-fold above the control value. The POMC mRNA level had declined after 30 min (1.29-fold) and 1 h (1.1-fold) at which time
stress was removed. After 1 h recovery, a signiWcant increase in the POMC mRNA expression was detected (2.44-fold, P < 0.05) followed by a decline 2 h later (1.52-fold) when the experiment was terminated. Plasma cortisol levels in stressed Wsh were signiWcantly
above the cortisol levels in control Wsh during stress application (t D 15 min, t D 30 min, and t D 1 h, P < 0.05), which then returned to
normal during recovery. We conclude that POMC and cortisol are both involved in the low-water stress response during which cortisol may serve as a negative regulator of POMC expression in catWsh.
 2005 Elsevier Inc. All rights reserved.
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1. Introduction
Proopiomelanocortin (POMC) plays an important
role in the hypothalamic–pituitary–adrenal axis (HPA),
the main mediator of stress response in vertebrates
(Slominski et al., 2000). In the pituitary of mammalian
species, lobe speciWc processing, and post-translational
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modiWcations of the precursor protein yield biologically
active peptides. POMC processing in the anterior
pituitary results in an N-terminal peptide, adrenocorticotropic hormone (ACTH), and -lipotropin (-LPH).
In the intermediate lobe of the pituitary, each of the
polypeptides is further cleaved at di-basic amino acids
yielding melanocyte stimulating hormones (MSH), MSH, -MSH, and -MSH, corticotropin-like intermediate lobe peptide (CLIP), and -endorphin (-EP;
Castro and Morrison, 1997; Smith and Funder, 1988).
POMC mRNA sequence and its protein structure have
already been well documented in Wsh species from
advanced actinopterygians, primitive actinopterygians,
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sarcopterygians, elasmobranch, and agnatha (Alrubaian
et al., 1999; Amemiya et al., 1997, 1999a,b, 2000; Arends
et al., 1998a; Danielson et al., 1999; Dores et al., 1997;
Hansen et al., 2003; Heinig et al., 1995; Karsi et al., 2004;
Lee et al., 1999a,b; Okuta et al., 1996; Salbert et al., 1992;
Takahashi et al., 1995; Varsamos et al., 2003). However,
genomic structure of this important gene is not well
studied in Wsh simply because of the lack of its genomic
sequences in Wsh species. To date, complete structure of
POMC locus has only been reported from zebraWsh
(Danio rerio, Gonzalez-Nunez et al., 2003; Hansen et al.,
2003). Therefore, further studies are essential to determine organization of Wsh POMC gene and to identify
important regulatory elements of its promoter.
POMC-derived peptides play important physiological
roles including background adaptation, energy balance,
stress response, and obesity (Roubos, 1997; Wardlaw,
2001; Wendelaar Bonga, 1997). During the stress
response, activation of the HPA results in production
and secretion of corticotropin releasing hormone (CRH)
in the hypothalamus, which stimulates production and
secretion of MSH, ACTH, and -EP. ACTH activates
the melanocortin 2 receptors inducing the production
and secretion of cortisol (for review, see Slominski et al.,
2000). In all vertebrates, including Wsh, cortisol plays a
key role in the restoration of homeostasis during or after
stress. In Wsh, ACTH has been considered the major factor that controls synthesis and release of cortisol from
interrenal cells of the anterior kidney (Balm et al., 1994;
Sumpter et al., 1986, 1994). In rat, acute stress increased
the rate of POMC transcription, translation, and conversion into products but post-translational mechanisms
were no longer accelerated during the chronic stress
(Shiomi et al., 1986). Similarly, chronic electrical footshock caused an increase in POMC mRNA in rat pituitary (Hollt et al., 1986). POMC transcription increased
in response to immobilization stress in normal and heterozygous mice (Chesnokova et al., 1998). During background adaptation of Xenopus, high POMC mRNA
levels were detected (Martens et al., 1987). This increase
has been attributed to alterations in POMC gene transcription as well as POMC mRNA stability (Ayoubi
et al., 1992).
Stress paradigms and the role of POMC in stress
responses are understudied in Wsh as compared to other
vertebrates. Research in Wsh has mainly focused on
POMC-derived peptides rather than POMC mRNA
expression (Balm and Pottinger, 1995; Flik et al., 2002;
Rotllant et al., 2001). In Wsh, transcriptional changes of
POMC during acute and/or chronic stress have been
reported from carp (Cyprinus carpio, Arends et al.,
1998b) and rainbow trout (Oncorhynchus mykiss, Gilchriest et al., 2000; Winberg and Lepage, 1998). Therefore,
further studies with diVerent stressors are essential to
elucidate the role of POMC in stress adaptation in Wsh.
Availability of POMC promoter could help develop bio-
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sensor Wsh harboring transcriptional fusion of POMC
promoter and Xuorescent reporter proteins for real-time
stress monitoring.

2. Materials and methods
2.1. Animals and treatment
Channel catWsh were obtained from the Thad Cochran
National Warmwater Aquaculture Center in September
2002,
as
18-month-old
juveniles
(104.0 § 3.6 g,
26.2 § 1.1 cm) of the NWAC103 strain. The Wsh were
stocked in triplicate 150 L raceways at the rate of 35 Wsh
per raceway and fed a commercial catWsh feed daily to
satiety. Water temperature of the raceways was 26 °C.
After a 1-week acclimation, the Wsh were fasted for 48 h,
and then subjected to a low-water stressor. Following
accepted standards of animal care, approved by the Institutional Animal Care and Use Committee according to
USDA-ARS policies and procedures, Wve control Wsh
from each raceway were rapidly euthanized in a solution
of 8 mg/L metomidate hydrochloride and 200 mg/L tricaine methanesulphonate (Janssen Pharmaceutica, Belgium; Argent Chemical Laboratories, Redmond, WA).
During sampling, all Wve Wsh were captured and bled in
less than 2 min, and then dissected to collect pituitaries.
Blood samples were taken from the caudal vasculature
with heparinized syringes and held on ice until plasma
separation. Pituitary tissues were immediately collected
into RNAlater Tissue Collection/RNA Stabilization Solution (Ambion, Austin, TX). Subsequently, the water in the
raceway was rapidly drained to Wsh eye-level to induce a
stress response. After 15 min of low-water stress, Wve more
Wsh were sampled as above. An additional Wve Wsh were
similarly sampled after 30 min and 1 h of the onset of
stress. Stress was removed by reWlling the tank and sampling continued after 1 and 3 h of recovery. Plasma and
pituitary samples were stored at ¡80 °C until analysis.
2.2. Isolation and sequencing of POMC gene
Two catWsh bacterial artiWcial chromosome (BAC)
clones containing the POMC gene were isolated from a
catWsh BAC library. Primers were designed using online
Primer three software (http://www-genome.wi.mit.edu/
cgi-bin/primer/primer3_www.cgi) and synthesized commercially (Integrated DNA Technologies, Coralville, IA).
BrieXy, pooled BAC DNAs were used as template for the
initial screening of the BAC library with forward
(IpPOMC-F1, 5⬘-GTTTCATGAAGTCTTGGGATGA
G-3⬘) and reverse (IpPOMC-R1, 5⬘-ATGGTGAAAG
TACTGCTGGCTAC-3⬘) primers designed from a fulllength catWsh POMC mRNA sequence (Accession No.
AY174050). Once the two individual BAC clones
(CCBL1-29g23, CCBL1-39e12) were identiWed, they were
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grown overnight in 50 ml LB medium containing 12.5 g/
ml chloramphenicol and DNA was isolated using an
alkaline lysis method (Sambrook et al., 1989). Big Dye
v3.0 Cycle Sequencing Kit (Applied Biosystems, Foster
City, CA) and screening primers were used in sequencing
reactions for the conWrmation of the POMC gene in the
BAC clones. Putative intron locations were determined
by aligning the catWsh POMC mRNA sequences with
available zebraWsh POMC (Accession No. AL590149)
and chicken (Accession No. AB019555) POMC genomic
sequences using Blast 2 sequences program available at
http://www.ncbi.nlm. nih.gov/BLAST/. New primers were
designed from the exon sequences close to the predicted
intron insertion locations (Table 1, Fig. 1). Sequencing
reactions were performed in a PTC-200 thermal cycler
(MJ Research, Waltham, MA) with the following conditions: initial denaturation at 94 °C for 3 min followed by
99 cycles of 95 °C for 30 s, 50 °C for 20 s, and 60 °C for
4 min. The sequence information was obtained using ABI
Prism 3700 DNA Analyzer (Applied Biosystems). Conserved sequences in catWsh POMC promoter were determined by aligning catWsh promoter sequence (Accession
No. AY174051) with zebraWsh (Accession No.
AL590149), rat (Accession No. X03171), and human
(Accession No. J00290) promoter sequences using MegAlign program of DNASTAR software (DNASTAR,
Madison, WI). Presence or absence of repetitive elements in
the catWsh POMC genomic sequences was determined with
RepeatMasker software (http://www.repeatmasker. org/).

ApoI, BstXI, and NdeI and electrophoresed on a 0.8%
agarose gel. The gel was incubated in 250 mM HCl for
7.5 min to depurinate the DNA and then transferred into
denaturation solution (0.5 N NaOH, 1.5 M NaCl) for 2£
15 min to denature the DNA. Preceding the membrane
transfer, the gel was incubated in neutralization solution
(1 M Tris, 1.5 M NaCl, pH 7.4) for 2£ 15 min. The DNA
was transferred overnight to a piece of Biodyne Membrane (Pierce, Rockford, IL) by downward capillary
transfer with 10£ SSC (3 M NaCl, 0.3 M sodium citrate,
pH 7.0). The DNA was Wxed to the membrane using a
UV crosslinker (Hoefer, San Francisco, CA), washed
brieXy in double distilled water, and air-dried. Probe
labeling, pre-hybridization, hybridization, and detection
procedures were performed using North2South Direct
HRP Labeling and Detection Kit (Pierce) following the
manufacturer’s instructions. Stringency washes were
modiWed such that the membrane was washed twice in
2£ wash solution (2£ SSC, 0.1%SDS) for 5 min at room
temperature by gentle agitation and then once in 0.5£
wash solution (0.5£ SSC, 0.1% SDS) for 15 min at 55 °C.
The blot was probed with 100–200 ng of full-length
POMC cDNA. Five nanograms of 1 kb DNA size ladder
(New England Bioloabs, Beverly, MA) was also included
in the probe generation step for size determination. At
the end of the hybridization, the moist membrane was
transferred into a piece of sheet protector and the chemiluminescent signal was detected by exposing the membrane to CL-Xposure Wlm (Pierce) for 1–15 min
depending on the signal intensity.

2.3. Southern blot analysis
2.4. Total RNA extraction and cDNA synthesis
Ten micrograms of channel catWsh genomic DNA
was separately digested with restriction endonucleases
Table 1
Primers used in BAC screening and sequencing of POMC gene
Primer name

Primer sequence

Location

IpPOMC-F1
IpPOMC-F2
IpPOMC-F3
IpPOMC-F5
IpPOMC-R1
IpPOMC-R2
IpPOMC-R3
IpPOMC-R4

GTTTCATGAAGTCTTGGGATGAG
TACATAGTGGGACGTCGAGTG
CTCAGAGGTTAGAGCCCAGTG
TTCAAGCAGTAAATGTCAAGGTG
ATGGTGAAAGTACTGCTGGCTAC
TGCAACAGCGTAAGTGAACTC
AGCCAGAGCTAACATCCACAC
TCGTGATTTCACTGGGTATGAG

1279 ! 1301
0009 ! 0029
0587 ! 0607
1700 ! 1722
1541 Ã 1563
0039 Ã 0059
0549 Ã 0569
0954 Ã 0975

Total RNAs from the collected tissues were isolated
using an RNAqueous Kit (Ambion) following the manufacturer’s instructions. RNA pellets were dissolved in 50 l
nuclease-free H2O, quantiWed by UV absorbance, and
stored at ¡80 °C. Five micrograms of the total RNA was
treated with a DNA-free DNAse Treatment and Removal
Kit (Ambion) to remove contaminating DNA. After the
DNAse treatment, 750 ng of total RNA was converted to
cDNA using the ThermoScript RT-PCR System (Invitrogen, Carlsbad, CA) and cDNA quality was conWrmed
prior to expression analysis by amplifying diVerent genes
of various sizes including glyceraldehyde-3-phosphate
dehydrogenase, 18S RNA gene, follistatin, and POMC.

Fig. 1. Structure of the channel catWsh (Ictalurus punctatus) POMC gene. Line represents the non-coding genomic sequence. Black boxes represent
exons. Locations of TATA, ATG translation start site, TGA termination codon, and AATAAA polyadenylation signal are shown. Sequencing primers used for BAC sequencing (Table 1) are indicated below line.
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2.5. Detection of POMC expression and cortisol
concentration
Pituitary expression of the catWsh POMC mRNA was
detected by real-time PCR as previously described
(Karsi et al., 2004). Plasma cortisol concentrations were
determined by time-resolved Xuoroimmunoassay (FIA,
Small and Davis, 2002). The quantities of POMC message from pituitaries were normalized with 18S ribosomal RNA. Relative levels of expression were
determined according to user bulletin #2 (Applied Biosystems). For each of the groups, POMC and 18S RNA
amounts were calculated by iCycler iQ Real-Time PCR
Detection System Software v 3.0a (Bio-Rad, Hercules,
CA). Normalization was carried out by dividing the
average value of POMC by the average value of 18S
RNA in each group. Relative POMC expression was
determined by dividing the normalized value of POMC
in experimental groups by the normalized value of
POMC in the control group. DiVerences among groups
were assessed by ANOVA and mean comparisons were
performed by Tukey post hoc test (P < 0.05).

3. Results
3.1. Cloning of the channel catWsh POMC gene
Sequencing of the identiWed bacterial artiWcial chromosome (BAC) clone with the primers designed from
the published sequences of catWsh POMC mRNA
resulted in 3022 bp of genomic sequence including the
complete POMC gene (Accession No. AY174051, Fig.
2). 1775 bp POMC gene consisting of three exons and
two introns contained a 639 bp open reading frame that
encodes a protein of 212 amino acids. Analysis of promoter region revealed several putative transcriptional
regulatory elements including two TATA boxes
(TATAAA), three CAAT boxes (CAAAT), two E-boxes
(CANNTG), two CArG-like boxes (CC(A/T)6GG), one
GC-like box region (GGGCGG), one cAMP-responsive
element-like (CRE-like, TGACGTCA), two activator
protein-1 binding sites (AP-1, TGACTCA), two chicken
ovalbumin upstream promoter elements (COUP,
RGGTCA), two nurr1/Nur77 response element-like
(NBRE-like, AAAGGTCA), two signal transducers and
activators of transcription response elements (STAT3,
TGGAA), one glucocorticoid responsive element (GRE,
ACANNNTGTTCT), and two negative GRE (nGRE,
CGTCCA, Fig. 2). Comparison of catWsh promoter and
mammalian (rat and human) promoters showed a very
low similarity (20.4%) with no signiWcant conserved
regions except that a TATA box closer to the transcription initiation site. Similarity between catWsh and
zebraWsh promoter regions was slightly higher (28.3%)
and several conserved regions were detected (Fig. 2).
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395 bp intron 1 and 216 bp intron 2 started with GT and
ended with AG bases, the common sequences in exon/
intron boundaries. Intron 1 started 113 bases downstream of the 5⬘ UTR while intron 2 started 138 bases
downstream of the open reading frame. The 402 bp 3⬘
UTR contains two common (AATAAA) and two rare
(ATTAAA) polyadenylation signals. CatWsh POMC
precursor protein consists of 212 amino acids most of
which is encoded by exon three. Only the Wrst 46 amino
acids corresponding to signal peptide (SP, Met1-Ala28)
and part of the N-terminal peptide (Gln29-Leu46) is
encoded by exon 2 (Fig. 2). Genomic Southern blot analysis indicated that catWsh POMC is present as a single
copy gene in the catWsh genome (Fig. 3).
3.2. POMC expression and cortisol concentration during
low-water stress
The level of POMC mRNA expression was determined in 15 Wsh (Wve Wsh from each of three replica)
using real-time PCR (Fig. 4a). The amount of the POMC
mRNA in the pituitaries of control and stressed groups
was not signiWcantly diVerent until t D 2 h. After 1 h of
recovery, POMC mRNA expression increased 2.44-fold,
which was signiWcantly diVerent than non-stressed Wsh
(P < 0.05). At t D 4 h, after 3 h of the recovery, POMC
mRNA expression level declined to the level of the control group (Fig. 4a).
Plasma cortisol levels were monitored as an indicator
of stress. An expected temporal stress response pattern
was observed for cortisol including a rapid increase after
the onset of the stress and a rapid decrease during recovery period (Fig. 4B). Plasma cortisol levels in stressed and
non-stressed Wsh were signiWcantly diVerent during stress
application (t D 15 min, t D 30 min, and t D 1 h, P < 0.05).

4. Discussion
Proopiomelanocortin serves as a precursor for a number of biologically active peptides involved in diverse
functions such as stress response, opiate-like activity,
background adaptation, energy balance, and obesity
(Hadley and Haskell-Luevano, 1999; Roubos, 1997;
Wardlaw, 2001; Wendelaar Bonga, 1997). The structure
of the POMC protein and its mRNA are well characterized in vertebrates. The genomic structure of the POMC
gene has been reported in various species including
human (Cochet et al., 1982), rat (Drouin et al., 1985),
chicken (Takeuchi et al., 1999), Xenopus (Deen et al.,
1992), and zebraWsh (Gonzalez-Nunez et al., 2003; Hansen et al., 2003). Sequence analysis revealed the presence
of several putative transcriptional regulatory motifs in
the promoter region of catWsh POMC gene (Fig. 2). The
TATA box closer to the capping site has been shown as
an essential promoter element for the transcription of
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Fig. 2. Nucleotide and deduced amino acid sequences of the genomic DNA coding for catWsh (Ictalurus punctatus) POMC protein. Exons are in capital letters. Protein sequence is under the coding region in bold letters. The stop codon is denoted by an asterisk. Putative promoter elements underlined and marked below but overlapping elements shaded and marked above. The underlined nucleotide sequences in the exon three correspond to
polyadenylation signals. Overlined nucleotides indicate conserved regions between catWsh and zebraWsh promoters. Intron terminals are in boldface.
Sequence is GenBank Accession No. AY174051.
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Fig. 3. Southern blot analysis of catWsh (I. punctatus) genome. Ten
micrograms genomic DNA was digested with ApoI (lane 1), BstXI
(lane 2), and NdeI (lane 3). Full-length catWsh POMC mRNA was used
as a probe. Size marker is indicted on the left.

Fig. 4. POMC mRNA expression (a) and plasma cortisol concentration (b) in response to low-water stress which was in eVect between
t D 0 min and t D 1 h. An increase in the POMC mRNA expression
after onset and after removal of low-water stress was observed. Letters
above the values indicate Tukey grouping (P < 0.05).

the POMC gene in human (Notake et al., 1983). Noticeably, this is the only region that has been highly conserved among catWsh, zebraWsh, rat, and human possibly
indicating its essential role in transcriptional initiation.
Pituitary POMC gene expression requires synergistic
interactions of several regulatory elements that act
simultaneously (Therrien and Drouin, 1991). Transcription of the POMC gene is positively regulated by CRH
through cAMP-responsive elements (CRE) and is under
negative feedback control by glucocorticoids through
glucocorticoid responsive elements (GRE; Autelitano
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et al., 1989; Eberwine et al., 1987). In the rat POMC promoter region, no regions highly homologous to CRE
motif has been observed but a diVerent CRH responsive
element (CTGTGCGCGCAG) centered at position
¡166 has been identiWed (Jin et al., 1994). Rat and catWsh promoters corresponding to this region have no
homology but we have noticed a CRE-like sequence in
the catWsh promoter (¡357, TGACCTCC). It has also
been shown that AP-1, COUP, NBRE, and STAT3 are
important transcription factor binding sites in the
POMC promoter regulating expression (Autelitano and
Cohen, 1996; Bousquet et al., 2000; Boutillier et al., 1998,
1995; Murphy and Conneely, 1997; Philips et al., 1997).
Similarly, the catWsh POMC promoter region contains
two AP-1-like elements, (¡302, TGACTTA and ¡183,
TGACATT), two COUP elements (¡507, AGGTTA
and ¡715, AGGTTT), two NBRE-like sequences (¡561,
ACAGGTCT and ¡67, AAAGGTGT), and two STAT3
motifs (¡394 and ¡254, TGGAA). These regions may
be the potential sites for transcriptional activation of the
catWsh POMC gene. The physiological functions of glucocorticoids are mediated by intracellular glucocorticoid
receptors (GRs). The receptor, upon ligand binding,
translocates to the nucleus and it binds to speciWc GREs
or nGREs activating or repressing transcription (Beato
et al., 1996). DNA sequences similar to GRE (¡536,
GTAATATGTTCT) and nGRE (¡723, CATCCA and
¡596, TGTCCA) are present in the catWsh POMC promoter. IdentiWcation of several response elements similar
to those found in mammalian promoters may indicate a
similar regulation in catWsh POMC gene but it remains
to be established which of these sequences are functionally important in catWsh POMC promoter.
CatWsh POMC introns 1 and 2 (0.395 kb/0.216 kb)
were much shorter than in human (3.71 kb/2.89 kb),
bovine (2.2 kb/2.9 kb), and Xenopus (4.37 kb/2.86 kb,
POMC A; 2.44 kb/2.40 kb, POMC B). This size diVerence
between the non-Wsh species and catWsh can be explained
by the presence of various repetitive elements found in
the introns of those species such as vitellogenin (Vi) elements, TAGA tetranucleotide repeats, and JH12 elements in Xenopus, Alu sequences in human, papovavirus
origin of replication-like elements in bovine, and CR1
element in chicken (Deen et al., 1992; Takeuchi et al.,
1999; Tsukada et al., 1982; Watanabe et al., 1982).
Southern blot analysis was performed to examine
whether the POMC gene exists as a single or multicopy gene in the channel catWsh genome. As shown in
Fig. 3, the channel catWsh cDNA probe hybridized with
a single band in the catWsh genome when it was
digested with ApoI and NdeI but hybridized with two
bands when BstXI was used. BstXI has one restriction
site at position 510 in the POMC cDNA. Judging from
these hybridization patterns, we conclude that the
channel catWsh genome contains only one POMC gene.
Two distinct copies of POMC gene have been reported
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in Wsh species that have undergone genome duplication
such as trout, carp, and zebraWsh (Arends et al., 1998a;
Gonzalez-Nunez et al., 2003; Salbert et al., 1992).
Our results indicate a control mechanism for the regulation of POMC mRNA expression is activated during
acute low-water stress in catWsh. Transcription of POMC
was stimulated only at one point, after 1 h of removal of
stress. Shiomi et al. (1986) reported that acute stress
increased POMC translation by 50% and the rate of processing of the POMC protein into end products was also
doubled. Since our detection was at the mRNA level we
do not have direct evidence for such an increase in translation and processing of POMC. In a general stress
response, ACTH release increases plasma cortisol levels.
Plasma cortisol levels were elevated in response to the
low-water stress in the present study and in a manner similar to that previously observed in catWsh (Small and
Davis, 2002). Since the cortisol level is elevated with the
onset of stress, we expect an elevation in ACTH level,
which could be an indicator of an elevated POMC transcription, translation, and/or processing in catWsh. Elevated POMC mRNA expression has been associated with
increased levels of POMC-derived peptides in rat (Hollt
et al., 1986). In our study, removal of stress elevated
POMC mRNA expression while cortisol level was not
aVected. This might be due to prolonged stimulation with
CRH peptide causing reduced ACTH responsiveness
through receptor desensitization (Clark et al., 2003).
POMC expression pattern shown in our study is similar to
that of carp and trout. In carp, POMC I to POMC II ratio
was the lowest at the end of the temperature shock and
increased after temperature was brought to normal
(Arends et al., 1998b). In trout, POMC level was not signiWcantly changed 2 h after the end of an acute conWnement stress but signiWcant increase was detected at later
periods (Gilchriest et al., 2000). Although initial expression pattern in trout and catWsh is similar, we cannot comment on the later periods since recovery period of trout
was longer than that of catWsh. Measured decrease in
POMC mRNA level after 3 h of removal of stress (t D 4 h)
may be due to a decrease in POMC transcription, an
increase in mRNA degradation or a combination of both.
The present research provides the genomic structure
of the catWsh POMC gene, including its promoter region,
and evidence for the up-regulation of POMC mRNA
during low-water stress in catWsh. These Wndings should
be an important step for the characterization of the
POMC promoter, the elucidation of mechanisms regulating POMC gene expression, and the characterization
of stress responses in Wsh.
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