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Synopsis

To date, little research has been done to consider the process involved
in regulating prolactin (PRL) gene wansaiption in fish species. Com-
parative work carried out shows thar 5-flanking sequences of PRL genes
in mammals differ quite extensively from those in mwo teleostean fish
species: the tilapia and chinook salimon. Nevertheless, several potential
binding sites for the wanscription factor Pit-1, which are known to be
involved in PRL gene expression in mammals, are found in the 5'-
flanking regions of the salmon and itilapia PRL genes. This suggests the
factor may possibly play a role in fish PRL gene expression, Recent dara
indicate that Pird is conserved quite extensively among vertehrates, Stud-
ies on the salmén and tilapia PRL genes point to the conseivation of
part of the melecular mechanisms involved in pitdtaryspecific expres-
sion of the PRL genes from teleosts to mammals and, more particularly,
to the rele of Pit-1. However, the species-specific pauvcerns of PRL gene
expression thar do exist might involve species-specific factors that have
yer to be identified. Or, alternatively, they could concen species-specific
interactions of Pitl with the transcription machinery.

In vertebrates, prelactin (PRL) is involved in many physiological
processes such as reproducdon, osmoregulation, growth, differentation,
metaholisn, and immunity (for a review, see Clirke and Bern, 1980). In
teleostean fish, the primary role of PRL and, for that matter, the one
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that has been most researched, is to regulate water and electrolyte
lhomeostasis. PRL is well established as a freshwater-adapting hormone

for euryhaline fish, even though in some species it is not essential for

their survival in freshwater (Loretz and Bern, 1982; Hirano, 1986
Wendefaar Bonga and Pang, 1989, Prunet et al,, 1990). Several studies
have shown that PRL acts on virtually all osmoeregulatory surfaces, ie.,
gills, opercular membrane, skin, gut, kidney, and urinary bladder, w0
conserve ions and to minimize hydration.

PRL has been isolated from different fish species, including tilapia
(Specker et al,, 1985a), chum, chinoock, and Adanrtic salmon (Idl?r et al.,
1978; Kawauchi et al,, 1983; Prunet and Houdehine, 1984; Andersen et al.,

1989}, common carp (Yasuda et al. 1987), and eel (Suzuki et al, 1991).

The 1clecstean PRLs show 60-80% sequence identity among themselves,
and only 20-30% with manunalian PRLs. The fish PRLs all lack the first
12 amino acid residues present in mammalian PRLs and, consequently,
Iack the frst disulfide loop to be found in mammalian PRLs. Two foims
of PRL, with high sequence identity (more t]);_m 97%), have been ob-
served in salmon (Oucorhynchus keia) and carp (Cypuinus corpio) (Yasuda et
aL, 1986; 1987). In dlapia (Qreochromis mossambicus), wo PRLs have also
been isolated from piitaries (Specker et al, 1985; Yamaguchi et al,
1988} and the corresponding cDNAs have been cloned and sequenced (0.
niloticus, Renter-Delrue et al., 1989). However, these mwo FRLs have dif
ferent melecular weights and share only 69% amine acid identity. The
larger onie (iPRL I, 188 amino acids) has more in common with other {ish
PRLs than.does the smaller one (dPRL I, 177 amino acids).-Both tPRL
I and dPRL II have been produced as recombinant proteins (Swennen et
al,, 1991) 1o hwvesiigate their proper biological actvities (Auperin et al,,
1994a, 1994b; Flik et al., 1994; Auperin et al.; 1995

In most relecstean fsh PRL cells are Iocated in the rosual pars
distalis of the adenohypoplhysis. In accordance with Its key role in fresh-
water osmaoregnlation, PRL cell actvity and plasma PRL fevels are higher
in freshwater than in seawater in some teleostean species (Dhanmamba
and Nishioka, 1968, Abraham, 197]1; Nagahama et al, 1975; Olivereau
et al., 1981; Prunet et al, 1990; Boiski et al., 1992; Ayson et al,, 1993;
Yada et al,, 1994). In some teleosts, including rilapia, PRL cell activity
responds direcly 1o changes in osmotic pressure (Nishioka et al., 198§;
Grau et al,, 1994).

The PRL Gene Family

Prolactin (PRL) belongs to a family of structurally and functionally re-
lated polypeptides, including growit hormone (GH), placensal lactogen
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{PL), proliferin, and somatolacin (SL). The primary stuctures of the
GH, PRL, and PL in mammals and the structures of their genes suggest
they are derived from a common ancestral gene as a result of the dupli-
cation of a smaller coding region and the insertion of introns (Niall et

, 1971; Martal and Coocke, 1980; Cooke et al., 1981; Barta et al., 1981;

Miller and Eberhardt, 1983; Slater et al,, 1986). In 1988, the fliist te-

leostean GH gene, the rainbow trout GH gene, was cloned and charac-
rerized (Agfel]on et al., 1988). Since then, the primary structure and the
genomic organization of GIT have been determined for several fish specics
(Johansen et al,, 198%; Chiou et al., 1990; Ber and Daniel, 1992; Zhu et
al., 1992; Hong and Schanl, 1993; Tang et al,, 1993). A few PRL genes
have also been sequenced in teleostean species including the conunon
carp (Chen et al, 1991), dlapia (dPRL I, Swennen et al, 1992) and
chinook salmon (sPRL IT; Xiong et al,, 1992). All fish PRL genes contain
five exons and four inwons like the mammalian PRL genes (Gubbins et
al,, 1980; Camper et al.,, 1984; Truong et al, 1984). Moreover, the
position and type of each exon/intron SI)[!C(. site are well conserved
between mammals and 1eleosts. The length of the fish PRL genes varies
between 2,600 and 3,700 bhase pairs (bp), whereas the mammalian PRL
genes are 10-12 kilobases (kb) long. Size differences are due solely to
variatons in inwon size, Recent research, {focused on the purification of
a novel pitvitary glycopratein from several teleosts (Ono et al, 1990
Rand-Weaver et al, 1991) and an analysis of its amino acid sequence,
revealed that this protein belongs to the GH/PRL family. Because of its
soructnal resemblance to GH and PRL, the protein was described as a
somatolactin (SL). Clening of the chum salmon SL gene has produced
a new evolutionary model for the GH/PRL/SL family (Takayama et al.,
1991; see Chen et al, 1994 for a review). These genes evolved from a

common ancesul gene, produced by shufiling five exons, and diverged,

in the early stages of vertebrate eveluldon, before fish and renapodc
went their separate ways (Fig. 1). Emerging after the divergence of
mammals, PL genes are derived from the GH gene in primates and PRL
gene in rodents (Kawauchi et al., 1990).

Regulation of PRL Gene Expression in Mammals

The fact that the lactotroph cells of the anterior pititary form the main
site of PRL expression in vertebrates indicates that developmental mecha-
nisms determining tssue-specific expression of PRL genes were con-
served during evolution. )
Research on the rat PRL gene showgs that two positive regulatory
regions are invelved in its pltuitary-specific expression: a proximal pro-

&



386 PONCELET ET AL,

here ] {} I —

—
-

PRt [—1F—
cPRi;"' [H}H‘D 1 kb
serL [HHH]

Figure 1. Evolutionary moded for the PRL/GH/SL gene family {(adapted from Takayama

et al.,, 1991}, Introns (lines) and exons {(boxes) are drawn to scale.

moter between coordinates =36 and —422, and a distal enhancer he-
tween positions -1,5630 and -1,830 (Nelson et al.,, 1986, 1988). The
proximal region is sufficient to elicit pituiml}'-speciﬁc expression in
wansgenic mice. However, a synergistic interaction with the enhancer is
necessary for high levels of expression in prolactin-producing cell types
(Crenshaw IH et al, 1989). Transient wansfecton experiments reveal
that pituitary-specific expression of the human PRL gene is regulated by
three positive regions: a proximal promoter lying on the first 250 bp 5%
flanking sequences, a distal region bewween coordinates -1,064 and
-2,050, and a superdistal region benveen ~4,450 and —-4,777 (Lemaigre
et al, 1989; Peers ctal, 1990; Van de Weerdy, personal communication).
In rats and human beings, these regulatory regions conmin several cis-
acting sequences that interact with the phuitaiy-specific wanseription
factor Pit-1 (also called GHF-1).

This factor was at first identified as a transcriptonal actvator of the
GH and PRL genes in the rat {(Bodner et al, 1988; Ingrabam et al,
1988). Pir-1 is a member of the POU domain wranscription factor family
(reviewed by Vensjjzer and Van der Viietr, 1993). The POU domain is a
bipartite DNA binding demain conumining a 75 amino acid POU-specific
domain, a variable linker of 15-30 residues, and a 60 amino acid POU
homeodomain (1{61'7{ et al, 1988; see Wrighr, 1994 for a review). Tran-
scriptional acuvation is mediated by a less conserved domain, rich in
serines and threonines, located at the N-terminal end (Theill er al.,
1989; Ingraham et al, 1990).

In mammals, Pit-1 is expressed in thyrowoph, somaron'oph,.and
lactatroph cell types. [t has been shown to activate the expression of GH,
PRL, TSHP, growih hormone-releasing factor receptor genes and its own
gene (Mangalam et al, 1989; Fox et al, 1990; Chen et al, 1990; Mason
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ct al,, 1993; reviewed by Rhodes et al, 1994). Snell and Jackson dwarf
mice, defective in the Pit-1 gene, are characterized hy a lack of lactoraph,
thyrowoph, and somatotroph cells. This suggests that functional Pit-1 is
required for the proliferation and maintenance of these cell gpes as well
as for the tanscriptional activation of the GH, PRL and TSHP genes (Li
et al, 1990). Pitl may mediate the wanscriptional regulatdon of these
genes, but more work still needs w be done to discover exacdy what
mechanisms resuict their expression to their respective cell types. Pos-
sible mechanisms are active suppression of target genes in heterclogous
cells and/or different forms of Pit-1 with different activities and/or syn-
ergistic interaction between Pit-l and other wuanscriptional factors (see
Andersen and Rosenfeld, 1994; Rhodes ecr al., 1994 and references
therein),

Regulation of PRL Gene Expression in Fish Species

Analysis of the 5-flanking region of the PRL genes

The 5-flanking sequences of PRL genes have been cloned and charac-
terized in two teleostean species: the tilapia PRL I (tPRL I; Swennen et
al,, 1992; Poncelet et al., submitted) and chinook salmon PRL 11 (sPRL
II; Xieng et al., 1992) gmalysis of 1these regions reveals several
potendal Pitl binding sites, which differ by no more than one or two
nucleotides from the mammalian Pit-1 motif, A (A/T) (A/T) TATNCAT
(Nelson etal, 1988). Only 30% identity is found berween the 5-flanking
sequences of the dlapia and salmon PRL genes. In the 140 bp proximal
promoter regions, however, the sequence identity is 63% (Fig. 2). Our
DNase I foorprinting experiments on the tPRL I proximal promoter
revealed two footprints in the presefnce of rat pimitary cell extracts, P1
(-73, ~46) and P2 (-140, -111). This is awributed to the binding of the rat
Pit-1 factor. The potential Pit-1 binding sites P2 are identcal in the two
species, whereas the tlapia P1 site, contzaining a degenerate Pit-1 consen-
sus, partiaily overlaps with the TATGCAT motif (-63, -57) to be found in
the chinook salmon PRL gene.

Comparison of the 5'-flanking sequences of the rar, human, and
bovine PRL genes shows that several regions are highly conseived (70%
identity) ameng manmmals. The first region corresponds to the proximal
promoter. Located on the first 250 bp, the proximal promoter contains
four and three Pit-l binding sites in rat and human, respectively, as
revealed by DNase [ footprinting experimems (Nelson et al., T988;
Lemaigre et al, 1989). The second region corresponds to the rPRL
enhancer between coordinates -1,800 and -1,530, and is highly homolo-
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gous to the bovine PRL enhancer (-1,124 and -985; Wolf et al., 1990) and
to the 5'-flanking region of the hPRL gene between coordinates -1,400
and -1,150 shown to contain four distal Pit-1 binding sites (Peers et al,
1990). A comparison of the regulatory sequences of mammalian PRL
genes with the 5-flanking regions of the dlapia and salmon PRL genes
points o a major difference berween mammals and teleosts (less than
30% identiry). Although the proximal promoter regions of the manima-
Han and teleostean PRL genes are fairly dissimilar, the positons of the
first Pit-1 binding sites are conserved (Fig. 3). This suggests that the sites
could be involved in the transcripdonal regulation of the teleostean PRL
genes.

Functional analysis of fish PRL promoters

Xiong et al. (1992) set about investigating the pimitary-specific expres-
sion of the salmon PRL I gene by performing wansfection experimers
on rainbow trout pituitary cells with constructs containing the sPRL I
promoter. Freliminary functional analysis suggests the presence of a
proximal promoter lying on the first 109 bp 5'-flanking region and
containing one putative Pit-1 binding site, and a negative region be-
rween coordinates ~109 and —-2,400. In our laboratory, we investigated
the pituitny-specific expression of the tiPRL I gene. We conducted ran-
sient expression experiments on hybrid genes containing tiPRL I 5-
flanking sequences linked to the luciferase reporter gene (PRLI-LUC
constructs) in ratand silapia pitnitary cells and in nonpiwitary cells. The
experiments showed that three regulatory regions are involved in 1the
pintitary-specific expression of the PRL I gene: a proximal positive
region between coordinates =50 and ~550, a negative region spanning
coordinates =550 1o ~2,600 and a slighily activating region between
positions -2,600 and -3,400 (Poncelet et al., swcd). The first 160
bp of the tiPRL I promoter is sufficient for pitnitany-specific expression
to occur. This actvity correlates with the presence of binding sies for
the pituitaryspecific factor Pitl (sites P1 and P2), which was identified
in footpriming experimenis. This situation is similar to that ohserved in
the rat and human PRL genes insofar as their proximal promoter re-
gions are suflicient 1o elicit pitvitary-specific expression and contain four
and three Pit-1 binding sires, i‘espe(:r'.i\'ely,' (Nelson et al, 1988; Lemaigre
et al.,, 1989; Peers et al., 1990), Involved, in particular, in basal actvity,
the two promorters also fearure a Jrighly conserved sequence, named BTE
(rat) or A (man), spanning coordinates -85 10 ~115 Letween the first
nwo Pit-1 sites (Peers et al, 1991, 1992; Jackéon et al, 1992). That rhe
same sort of sequence is not found in the tilapia and salmon PRL pro-
moters suggests it is not conserved in releosts.

P €6
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Figure 3. Comparison of the first 230 bp of the 5-lanking sequence of the human, rat,
titapia, and salmon PRL genes. The proximal Pit-1 binding sites of the manmmaliay PRL
genes and e potential Pit-1 sites in the teleostean genes are indicated (P, dark boxes)
as well as the BTE/A sequences (light hoxes) binding a 100 KDa ubiguitous factor (see
text for description).
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Elsholiz et al. (1992) found that the swengih of the salmon PRL 11
gene promoter was much lower than that of the rat PRL gene in rat
pitwitary cells. However, the tilapia and human proximal promater re-
gions elicit approximately the same level of expression in rat pititny
cells. In tilapia cells, the human PRL promoter is expressed at a low level
(Poucelet et al., submitted). The conuust bemween mammals and teleosts
might result from species-specific differences in the Pit-l function. New-

194



392 PONCELET ET AL,
eitheless, several pieces of data indicate that the Pit] factor is conserved
to a high degree among vertebrates (Elsholtz et al., 1992; Argenton et
al., 1993; Ono ctal, 1994; Poncelet et al,, submitted). There are grounds
for supposing the Pitl function is modulated by factors that differ ac-
cording to concenmation, type or activity, depending on the species. In
fact, several siudies have shown synergistic interactions berween Pit-1 and
other transcription factors. For example, wanscriptional synergism be-
tween Pitl and the thyroid hormone receptor, or the Znlb protein has
been observed in the activation of mammalian GH genes (Voz et al,
1992; Schaufele et al, 1992; Lipkin et al, 1993). Cooperative interac-
tions berween Pitl and the estrogen recepror are required for estrogen
responsiveness of the rat PRL gene (Day et al., 1990). Picl and ihe
ubiquitous factor Ocel can also cooperate to Induce expression of his
promoter {Voss et al, 1991). An explanation for the species-specific
expression of the PRL genes might be the interactions of the Pit-1 pro-
tein and speciesspecific factors binding to diverged regulatory sequences,
It has been shown that binding of a 100-KD# ubiquitous factor 1o se-
guence A s required for full basal and hormonal regulation of human
PRL promoter activity (Peers er al, 1992). This factor might differ in the
tlapia pituitary or may not be expressed at all. This could offer an
explanation for the low actvity of the human PRL promoter observed in
tilapia pimitary ceils. The A sequence might not be required for tilapia
PRL I gene cxpression,

In salmon (Xiong et al, 1992) and tlapia (Poncelet et al., M
ted}, negarive regulatory regions are found uLsLleam from the proximal
promoter, spanning coordinates -10% 1o 3:‘7 4()_(5}11]1011) and =554 w

=2,600 (ulapia). Distal negative regions are also deseribed in the 5'-
flanking sequence of the mat (Nelson et al, 1986; 1988) and human
{FPeers et al, 1990; Van de Weerds, personal communication) PRL gencs,
between coordinates —1,800 and 2000 (rat) or —2,000 and —2,600 (man).
In the rat, the negative conuol region contins an alternating purine-
pyrimidine sequence, sequence APP (Maurer, 1983). Able to adopt a
left-handed DNA (Z-DNA) confonmation i witre, this APP sequence has
an inhibitdng effect on transcripdon of the rat PRL gene in wansient
expression assays (Naylor and Clatk, 19903, There is also an APP-like
sequence in the salmon and tilapia inhibitory regions, between coordi-
nates ~1,910 and -1,867 (salmon) and -837 and -812 (dlapia). These
sequences might play a role in the negarive regulation as shown in the
rat FRL gene. A second APP sequence has been identified, Iying on the
proximal promoter region, between coordinates =146 and ~179, in the
tlapia PRL I gene (Swennen et al, 1982). What fimciional role ilrese
sequences play iir the UPRL I gene sdll has to be investigated, as some
APPF sequences have also been related 10 the aciivation of genes (Hamacda

19t6
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et al, 1984; Krajewski, 1995). In both teleostean PRL genes, potential
Pit-1 binding sites are found in the negative regulatory region. Similarly,
Pit-1 hinding sites exist in the distal negative region of the human PRL
gene. It would be interesting to use mutational analysis as a means of
deciding whether these sequences actually play a part in negative con-
trol.

Pit-1 activation

Several studies with rats have shown that the Pirl factor is required for.
the transaiptional activation of the PRL and GH genes (Ingraham et al,,
1988, Mangalam et al,, 1989; Fox et al, 1990). Rat (Bodner et al,, 1988;
Ingraham et al,, 1988), bovirie (Bodner et al, J988), mouse (Li et al,

1090), human (Lew and Elsholtz, 1991; Tamsumi et al,, 1992; Fanasend
_‘VE‘LC«,’- er al., 1993), _:}:rkcy {(Wong et al, 1992), chum salmon {Ono and

Takayama, 1992}, and rainbow trout (Yamada et al., 1993) cDNAs encod-
ing the Pit-1 factor have been cloned. An anglysis of these sequences
indicates high evolutionary conservation (85% identity) of the POU
domain containing the DNA-binding region. Both teleostean proteins
{chum salmon and rainbow wout) are larger than rat Pit-1, due to iwo
insertions of about 30 amino acids each in the N-terminal parts of these
proteins.

Elsholtiz et al. (1992) have shown that the rat Pit-1 factor or a chi-
meric rat/salmon protein containing the N-terminal part m/ rat Pir-1 and '/% f
the salmon POU domain are both able to actvate the rat and salmon
PRL promoters in transient expression assays. We have conducted
cotransfection experiments with mammalian nonpituitary cells involving
a rat Pirl expression vecior and plasmids containing tilapia or human
PRL promoters. These experiments indicate that the rat Pit-1 facior, too,
is able to sdmulate the two prometers (Poncelet et al, wnpubhished). EC[%
Two ctber laboratories recentdy showed that the Pit-1 protein from two
fishes, the minbow trout and chum salmon, can specifically activate
expression of teleostean GH genes (Yamada et al, 1993; Ono et al,
1995). The suggeston is thar Pir-1 may also be invelved in pituitary-
specific expression of the salmon SL gene {Xiong et al, 1993; Ono et
al., 1994} and in ihe development of SL-producing cells in rainbow trout
(Ono et al., 19904).

Species-specific expression of PRL genes
All current research suggests the Pit-l factor plays a funciional rele in

pititary-specific expression of the PRL/GH/SL gene family In verte-
brates and points to some conservationn of the mechanisms involved in
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regulating this gene family during evolution. However, species-specific
patterns of PRL gene expression do exist. Elsholtz et al. (1992) demon-
strated that the salmon and rat genes require a phylogenetically homolo-
gous system for optimal expression. These authors also suggest that
some sequences conferring species-specific expression of the salmon
PRL II gene are located distally in the 5-flanking region. Our transfec-
tion experiments bave shown that discrepancies between the results ob-
tained in rat and dlapia pituitary cells are locared in the distal regulatory
regions of the tilapia PRL I gene. “This suggests that distal sequences
might also be involved in the species-specific expression pattern of the
dFRL I gene. .

Even though the POU domain ef Pit-1 is well conserved among
vertehbrates, the mammalian and teleostean factors may preferably inter-
act with slightly different. sequences, Our electrophoretic mobility shift
assays point to the ability of the rat Pirl facier and the ulapia Pitl-
related protein to hind ro similar cis-elements, albeit with different affini-
ties (Poncelet et aI.,W{!). »

The transactivaton domains of the mammalian and teleostean Pirl
differ in length and are less weil conserved than the POU domain (56%
identity). This might mean that the species-specific expression of PRL

family genes are a result of differences in the tansactivadon activity of

the Pit-1 factor. It has been shown that rat Pit-1 is more eflicient in
mammal cells than salmon Pit-1 for stimulating the salmon GH and SL
promoter activity but not for the rat GH promoter (Ono et al,, 1995).
However, salmon Pit-1 possesses greater mransactivation activity than e
Pit-1 towards the rat and salmon GH prometers in fish cells.

Thus, the specics specificity of PRL/GIH /SL gene family expression
may involve (direct or indirect) species-specific interactions between the
Pit-1 factor and the wanscriptional machinery. Differences may also he
due 1o synergistic interactions of Pit-1 with speciesspecific regulatory
factors and/or a species-specific combination of factors binding to highly
divergent regulatory sequences. To gain a hetter understanding of the
molecular basis for species-specific expression of PRL genes we have to
determine the target of Pit-1 and throw some light on the synergy-related
mechanisms.

Effects of ¢cAMP on PRL gene expression

In the tilapia (Oreochromis mossambicus), cyclic AMP (cAMP) plays an
bmportant role in mediating PRL secretion. Exposure to cAMP, 1BMX,
a phosphodiestierase inhibitor, or forskolin, a sthnulator of adenylite
cyclase, increases tilapia PRL release that has been inhibited previously
by somartostatin or hy incubation in hyperesmodc medivm (Grau e al,

AR
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1982; Grau and Helms, 1989). Several studies suggest that the cAMP
second messenger pathway may be involved in the conuol of PRL re-
lease in response to cortisol, somatostatin and altered osmotic pressure
(Borski et al,, 1991; Helms er al, 1991).

The cAMP-dependent signal nansducuon pathway mediates the fran-
scnpuonai response of many genes (see Lalli and Sassone-Corsi, 1994
and references therein) including mammalian PRL genes. Rat and hu-
man PRL promoter activities are seen to be stimulated by cAMP (Day
and Maurer, 1989; Keech and Guiiemrez-Hartumann, 1984 Berwaer et al.,
1991; Peers et al, 1991).

In work we did to investigate the effect of cAMP on the rilapia FRL
I gene, tilapia pituitary primary cultures were incubared with varions
concentrations of chlorophenylthio-cAMP for 16 or 4 8 hours. Toral RNA
fiom treated and conwol cells was prepared and analyzed by Northern
blot using tPRL T and tPRL 11 ¢INAs (Rentier-Delrue et al, 1989) as
probes. The B-actin ¢DNA was used for normalization. Northern blot
analysis of the tPRL mRNAs reveals nwo mRINAs differing in size (1.6
and 1.3 kb) that hybridize with both tPRL I and tiPRL II ¢DNAs. The
larger mRNA produces a strenger signal with the UPRL I cDNA, the
smaller one with the tPRL II ¢DNA. This suggeses that the 1.6 and 1.3
kly mRNAs encode for the tiPRL I and tPRL I, respectively. After 16
hours, low-level stimulation of d]ckiPRL I and tiPRL IT mRNA s‘yuthfﬂi%
independent of the cAMP concentraton, is observed, whereas .1\} signifi-
cant dose-dependent increase in tFRL mRNA synthesis is wpmwd aflter
a two-day incubation with cAMP (se¢ Table 1}.

These results suggest the ¢AMP pathway is direcly involved in
activating tilapia PRL genes in the pituitary. To localize the sequences
required for this cAMP stimulatdon, we performed nmansfecion expert-
ments on rat pititary cell lines with the (iPRL LUC constritets.
The results are shown in Fig. 4. A three-to-four fold increase of tiPRL 1
promoter activity is induced by cAMP or forskolin. The negative
control, the TK-LUG construct (conmining the promoter of the Hepes
simplex virus thymidine kinase gene), is not affected by these 1wo
factors. Deletion of regions between —-3,400 and =350 does not substan-
tially alter the fold stimulation. A progressive loss of cAMP induciion is
associated with deletion of sequences between ~55 and -5k The tiPRL
I proximal promoter region spanning coordinates =550 to =50 is there-
fore sufficient to confer this cAMP activation. This region contains the
P1 and P2 Pit-1 binding sites. However, no obvious sequence corre-
sponding to cis-acting elements known to confer cAMPresponse (CRE:
cAMP-response ¢lement, and AP-2 binding site; reviewed by Roesler et
al,, 1988; Lallt and Sassone-Corsi, 1994) has been identified in the {iPRL
I proximal premoter region. This situation is similar to that obscrved in

\?—)féf
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Figure 4. cAMP induction of tilapia PRL FLUC fission genes in rat pituitary celis GG (A)
Schematic representation of the mutant 3-GPRL 1 promoters fused to the Iuciferase
reporter gene. The thin lines indicate the consensus Pit-1 binding sites. {B) GC cells
{derived from a rat pituitary tumor) were grown in a monolayer at 37°C in Ham's Fi2
supplemenwd with 1% fetal calf serum and 1% penicillin-streptomyciin. For the trans-
feetion experiments, the cells were harvested with trypsin-EDTA and resuspended in the
same culture medium, 1\\611[)—f011: million cells were mixed with 4 pimoles of purified
plasmid DNA in an 800 m*l electroporation cuvette. The cells were then exposed 1o a
single pulse (250 '\V-imm, 1,600 UF eapacitance} delivered by a Cellject apparatus {Equibio,

Seraing, Belgium). The transfected cells were immediately transferred 1o 6 tssue culiwre
dishes (85 mm) and maintained in the same cuture medinm, After 3 hr, half of 1he
transTected cells were incubated for about 18 hr with 0.5 mM chloropheanyldiio-cAMP
{Boehringer). The medium was then removed and the cells were washed with phosphate-
bullered saline. The cells were lysed i sifu with 800 gl of lvsis buffer (25 mM Tris-
phosphate (pH 7.8); 8 mM Mg(l,; 1 mM EDTA; 1% Triton X- 100; 1% BSA; 15% ghyeeral,

aned 1 mM DTT) according to Nguyen et al, (1988} and luciferase assays were per formed.

The stimulation was calculated as the ratio of the luciferase activides in cAMP-ueated
versus untreated cells, The results shown are averages of five separate transfection experi-
ments and were reproduced with several preparations of each plasmid.

rat and human PRL genes. The proximal promoter regions of these
genes have heen shown to be sufficient to confer cAMP induction (Keech
and Gurerez-Hartmaun, 1989; Iverson et al,, 1990; Peers et al, 1091).

Two rypes of ds-acting elements are involved in this activadon: (1) sev-
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Table 1. cAMP stimulation of the mRNAs f#oding for the titapia PRL I and PRL Il in
tilapia pituitary cell culures, Male tilapia hwhrids (Oreochromis uilotirus X O. aureies) with
a body weight of 150-200 g (farm of kibbutz Maa'gan, Tsrael) were used to establish
primary pituitary cell cultures as previously described (Levavi-Sivan and Yaron, 1899).
2.5 x10°% cells were plated in 1 ml of culture medivm (Medium 199 containing 9 1nM
NaHCO, buffered to pl 7.4 with 10 mM Hepes, and supplemented with fetal calf serun
(10% v/vy, penicillin (100 U/ml}, streptomycin (0.1 mg/ml), and nystatin (1.25 U/ml}.
Three days afier plating, dlapia pitiitary primary cells were incubated with various con-
centrations (1.1, 0.5, and 2.5 mM) of chiorophenylthio-cAMP for 16 or 48 hy. Total RNA
from treated and control cells was prepared by the single-step guanidinium-thiocyanate-
phenol-chloroform extraction method according 1o Chomezynski and Sacchi (1987). RNA
preparations were electrophoresed on a formaldchyde agarose gel and translercd 1o
Gene Screen Plus membrane (Amersham). Prehybridization was carried out in 1% SIS,
10% Dextran-sulfate and 1 M NaCl for 4 hr: Hybridizatdon was performed overnight at
F.S% in the same buffer with *P-labeled probe. The EcoRI/BamHI fragments of the
HPRE Tand dPRL IT ¢cDDNA were labeled using the randorm priner labeling kit (Stratagene).
The sparrusactin cDNA was used as a contral of RNA preparation effice ney. The results,
analyzed with the phosphorimager system (Molecular Dynamics Corporation, California),
are expressed as the ratio of tiPRL I mRNA to sparrus B-actin mRNA. Total RNA from
muscle was used as a negative control.

tiPRL I tiPRL 11
[AMPc] 16h 48N 16h 48h
0.1 mM BAX 2.8% Ix 2,3%
0,5 mM 1.2% i 1,1% 2.7
2.5 mM 127/ 447 1.2 345

cAMP-fold inducton

cial Pitl binding sites, and (2) e sequence BTE (rat} or A (man),
spanning coordinates ~115 to -85, shown to hind a 100 kDa ubiquitous
factor (Jackson et al, 1992; Peers et al, 1092). In rats, however, a sc-
quence similar to an AP-2 binding site has been identified between
coordinates =78 and -71. This might he involved in the cAMP induction
of the rat PRL gene. In rats and human beings, all the signs are that Pit-
I, working in conjunction with other transcription factors, plays a part
in mediating both basal and cAMP-stimulated PRL gene nanscription,
The same might hold true for the tPRL I gene. However, additional
deletion and point muation smidies will have 10 be conducted to oain
a more accurate understanding of the DNA elements required for cAMP
induction of the tPRL I gene. As speciesspecific factors could be in-
volved in this regulation process, experiments should also be pelfmmvd
on tilapia pituitary cells.

Influence of salinity on PRL gene expression

PRL is thought to play a key role in the way [reshwater emvhaline
teleostean fishes adapt ta freshwater condidons, In tifapia, small redue-
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tions in medivm osmotic concenwation, thought to reflect blood os-
motic pressure of a fish adapting to fresh water, rapidly stimulate PRL
release (Grau ct al,, 1981; 1987). Two forms of PRL with no more than
69% amino acid sequence identty have been found in tilapia (Yamaguchi
ct al, 1988; Render-Delrue ec al., 1989). This suggests that the two PRLs
could bave different functions and/or be independenmtly regulated. In
addition to the growth-promoting effect of the larger PRL (Specker ct
al,, 1985b), and the fact that the salmandrid integumental prolactin
receptors may disariminate between the nvo PRL variants (Specker et al,,
1989), both tiPRLs behave in a similar way in restoring the hydromineral
balance of hiypophysectomized tilapia after wransfer into freshwater
(Specker et al, 1985a; Young et al, 1988).

Borski e al, (1992) recemly showed that, in dlapia (. messambicus),
the pitnitary content of both PRLs is greater in freshiwater compared 1o
scawater-adapted tlapia. However, the ratdo of tiPRL I to tiPRL IT is
significantly higher in the pimitary of freshwater fish ihan in seawater
species. Moreover, no parallel change in the plasma levels and synthesis
of both PRLs is noted during freshwater and seawater adaptation. This
suggests that the secretion and/or memabolic clearance of the rwo PRLs
might be regulated differently in dlapia (Yada et al, 1994; Yoshikawa-
Ebesu et al, 1995). Auperin et al. (1994a) recently suggested thar, in
tilapia (O. niloticusy, PRL T and PRL 1T may play different osmoregulatory
roles during adaprarion ro the hyperosmotic environment,

By means of immunohistochemisuy, both PRLs have been localized
in the same secretory granules in the tilapia Q. mossembicus (Specker et
al, 1993). Nishioka et al. (1993) used 7n situ_ hybridization to examine
expression of PRL genes in tilapia O. maossambicus. Colocalization of
mRNAs for PRL I and PRL II is reported. The hybiidization signals for
both mRNAs in the roswal pars distalis were higher for freshwater fish
than seawater species. However, the level of mRNA of PRL 11 seems to
be less affected than that of PRL 1 in seawater-adapted titapia, These
results confirm our recent data. We have used Northem blot analysis 1o
determine the pimitay content of PRL mRNAs in tilapia O, aurens X 0.
niloficis during adaptadon to hyperosmotic medium {unpublished data},
The rvesults, shown in Table 2, indicate that the mRNA levels of both
PRLs are higher in freshwater than in seawater-adapred tilapia. More-
over, the mRNA coding for tiPRL II is less affected than, coding for tiPRL
I by the transfer to hyperosmotic medium. This suggests that in the case
of tilapia Q. wiloticus x Q. aureus, expression of the PRL I and II genes
might be regulated differently in response to changes in osmotic pres-
sure. It was recenty shown by dn sinchybridizatdon that the pitnitny
content in bothh PRL mRNAs decreases in seawater-adapted fishy (Ayson
et al, 1994) during the early development of tilapia O. mossembicus, PRL
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Table 2. Influence of salinity on tilapia pituitary content of PRL mRNAs i vive. Twelve
or fifteen fish from a freshwater (FW) stock tank were transferred to 1/% seawater
(1/8 SW-1.1% salinity). Twenty-four howrs later, half of the fish were transferred into 2/
3 SW (2.2% salinity) for one or two weeks, The water temperature during e.\peﬂmen(s
was maintained at 27°C and the photoperiod was 19L/12D for each group. Total RNA
from pitnitaries was prepared and analyzed by Northern blotting as described above. The
results, anpalyzed with the phosphorimager system (Molecular Dynamics Corporation,
California), are expressed as the ratio of GPRL I mRNA to sparrus Bactin mRNA

1iPRLI tiPRL 11
transfer 1/3 SW 213 SW 1/3 SW 2/3 SW
21 hours nd 2.7% nd 1.2%
I week nd o 10x - nd 2.4%
2 weeks 10x 20x 3.6% 5,4%

IT seems to be more highly expressed than PRL I in seawater during the
early life stages.
The present data suggest that expression qf the two PRL genes may

be regulated diffevently in freshwater and seawater in embiyos, larvae,

and adule tlapia. Cloning of the tPRL II gene and comparison of its

flanking, with the regulatory regions of the tPRL 1 gene will be one of

the first steps in the characterization of the molecular events that regu-
late expression of tilapia PRL genes during adapration 10 changes in
medium osmolarity.

Concluding Remarks

Over the past few years, the genomic structures of several genes of the
PRL/GH/SL family have been characierized for some fish specics,
However, few studies have examined the molecular hasis for iheir pit-
ftry-specific expression. Further research will he necessary to determine
the precise molecular mechanisms contribwiing to a species-specific
pattern of expression in the PRL/GH/SL genes. In addition to uansient
expression experiments in cell culture and other molecular hiology as-
says, gene wansfer in animals may prove (o he a key toecl when conduct-

ing these studies, Transgenic fish rechnology has improved over the past.

years and will, therefore, be useful not only for the study of in v
expression of the PRL/GH/SL gene family, hur also for llndctsmmlmr_,
the mechanisms involved in the modulation of their e:«ple«iou by dif-
ferent factors and environmental stimuli (for example, growth faciors,
hormones, cAMP, stress or changes of salinity).
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