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Abstract

Perchlike fish are a vast group of advanced teleosts. The species examined to date have three forms of gonadotropin-releasing hormone
(GnRH) within a single species, but the origin of the third GhRH peptide is unknown. In this study, the primary structure of three GhnRH
peptides is determined from the brain of the pacu, Piaractus mesopotamicus, an example of a teleost that is less advanced than the
perchlike fish. The GnRH was purified from pacu brain extracts using high-performance liquid chromatography (HPLC) and
radioimmunoassay (RIA). The three forms identified by chemical sequencing and mass spectrometry are sea bream GnRH (pGlu—His—
Trp—Ser—Tyr—Gly—Leu—Ser—Pro—-Gly—NH,,, 1113.4 Da); chicken GnRH-Il (pGlu—His-Trp—Ser—His—Gly—Trp—-Tyr—Pro—Gly—NH,,
1236.6 Da); and salmon GnRH (pGlu—His-Trp—Ser—Tyr—Gly—Trp—Leu—Pro—Gly—NH,, 1212.3 Dg). In addition, the number of forms
of GNRH in the brains of male and female fish was determined separately. The same three forms of GhRH were present in the brains of
both sexes as determined by antisera cross-reactivity and elution position from the HPLC column. The results indicate that the pacu brain
has the identical forms of GnRH identified in perchlike fish and hence, the origin of three forms occurred earlier in evolution than
previously thought. [0 1997 Elsevier Science BV. All rights reserved
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1. Introduction second form of GnRH is present, but the structure varies

depending on the species. many teleosts have salmon

It is commonly accepted that there are at least two forms
of gonadotropin-releasing hormone (GhRH) in the brains
of teleost fishes [see [1]]. One form of GnRH known as
chicken GnRH-Il (cGnRH-I1) is present in the brains of all
teleost species studied to date [see [2]]. In addition, a

* Corresponding author.

0167-0115/97/$17.00 [ 1997 Elsevier Science BV. All rights reserved
Pll S0167-0115(96)02119-2

GnRH (sGnRH), but three species of catfish have catfish
GnRH (cfGnRH) [3-5], and eels, Anguilla anguilla [6]
have mammalian GnRH (mGnhRH). Together, these data
are strong evidence that cGnRH-Il and at least one other
form of GnNRH are present in the teleost brain.
Additionally, in the brains of the most advanced fish, the
perchlike fish, three forms of GnRH have been identified
by primary structure [7,8], cDNA coding [9,10] or antisera
cross-reactivity coupled with elution position from high-
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performance liquid chromatography (HPLC) [11,12].
These forms have been identified as cGnRH-II, sGhRH
and a novel form called sea bream GnRH (sbGnRH).

The three forms of GnRH in the brain, at least in the
cichlid Haplochromis burtoni, have distinct locations [10]
and hence, may have different functions. Chicken GnRH-I1
is in the midbrain of H. burtoni and all bony fish tested
with specific antisera [13—-17] and in situ hybridization
[10,17]. The use of baoth in situ hybridization, to show that
the cGnRH-II cell bodies are exclusively in the midbrain
[10], and retrograde labelling from the pituitary, to show
that cell bodies in the midbrain are not labelled [18],
suggests that cGnRH-Il does not control the release of the
gonadotropins from the pituitary, at least for the cichlid, H.
burtoni. Additionally, analysis of pituitaries from the same
cichlid shows that cGnRH-Il is not detectable [8]. In
contrast, sGnRH-producing neurons are located in the
terminal nerve and sbGnRH is located in the preoptic
nucleus [10] and the pituitary [8] of H. burtoni. Retrograde
staining shows that the preoptic GhRH neurons innervate
the pituitary and hence are thought to control pituitary
secretions of gonadotropins [18].

In other groups of fish in which only two forms of
GnRH have been detected, cGnRH-II-producing cell
bodies are located in the midbrain, whereas the second
form is located in both the terminal nerve region and the
preoptic area of the brain. Examples of fish with this
pattern of GnRH distribution are sturgeon, Acipenser baeri
[14], samon, Oncorhynchus masou [13] and catfish,
Clarias gariepinus, [17].

The origin of the third form of GnRH is examined in the
present study. An earlier study on sabalo, Prochilodus
lineatus, [19] and preliminary work reported here for our
study on pacu show that these fish, which are both in the
same fish order of Characiformes, have three forms of
GnRH. Characiform fishes are less advanced compared to
perchlike fishes. Pacu branched from the basal teleost
lineage at about the same time as primitive salmonids.
However, the early history of the perchlike fishes and their
relationship to basal teleosts is less clear [20]. Hence, pacu
represents an interesting taxon for study of the origin of
the third form of GnRH.

In the present experiments, GnRH is examined from the
brain of the pacu, Piaractus mesopotamicus, a freshwater
fish native to the Paranah River Basin in Brazil. Firstly, the
elution position of immunoreactive GnRH (irGnRH) from
HPLC eluates was used to determine the number of forms
present. Female and male fish were investigated separately.
Secondly, the three areas that were identified by HPLC to
contain distinct forms of irGnRH were purified from a
large number of pacu brains to obtain the amino acid
sequence and molecule mass. The presence of three forms
of GNRH in single species in two divergent fish groups has
evolutionary implications for establishing the origin of the
third form.

2. Materials and methods
2.1. Collection of brains

In the preliminary investigation, brains were collected
and pooled from mature male (n = 20) and female (n = 13)
pacu (Piaractus mesopotamicus) during the 1989 spawning
season. Tissues were immediately placed on dry ice, stored
frozen, then shipped on dry ice to the University of
Victoria where they were placed in a — 80°C freezer. In
the large scale purification protocol in 1994, brains and
pituitaries (total weight =165 g) from mature male and
female fish were removed, pooled and frozen. Frozen
tissues were shipped as above.

2.2. Extraction of peptides

The same extraction method was used for both the
preliminary investigation and purification protocol. Frozen
brains wrapped in foil were pulverized with a mallet and
then powdered in a Waring Blendor in the presence of
liquid nitrogen. The powdered material was treated as
described earlier [21]. Briefly, the materia was added to
1 N HCIl/acetone (3:100 v/v), stirred for 3 h and filtered
(#| Whatman) in a Buchner funnel. The residue was re-
extracted with 0.01 N HCL /acetone (1.5 v/v). Acetone,
lipids and other hydrophobic substances were removed
from the combined filtrates by five successive extractions
using petroleum ether (4:1, v/v, filtrate to petroleum
ether). The final agueous phase was reduced in volumein a
vacuum centrifuge.

2.3, Preliminary investigation of irGnRH

Chromatography of pacu brain extracts from separate
sexes was carried out with a Varian 5000 HPLC and
detector. A Supelco C,; column (0.4X25 cm) was
repeatedly washed overnight with increasing and decreas-
ing gradients of solvents A and B (see below), then
equilibrated to the initial conditions of 17% solution B
(acetonitrile) and 83% solution A (0.25 M triethylam-
monium formate, TEAF, at pH 6.5) at a flow-rate of 1
ml/min. A blank run of 800 pl solution A was applied to
the column and fractions collected for RIA. Extract from
female brains was divided into three aliquots of 800 p.l;
each was applied through a 1 ml injection loop to the
column at two minute intervals. After 10 min at initial
conditions, an increasing gradient of 1% per minute
solution B was used for 7 min, then held isocratically at
24% for 48 min. Fractions of 1 ml were collected for 65
min and dried aliquots (100 wl) were assayed for irGnRH.
The column was again repeatedly washed, followed by a
blank run. Extract from male brains was applied (4 X 800
wl) as for female brains. Immediately after the male brain
extract was eluted from the HPLC column, the column was
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equilibrated to the starting conditions. Five synthetic
GnRH standards (lamprey GnRH-I, mammalian GhRH,
sGnRH, chicken GnRH-I and cGnRH-II) were prepared as
a mixture of 200 ng each in a total volume of 800 wl of
water and applied to the column. Synthetic sea bream
GnRH (sbGnRH) was not available to add to the mixture
for this preliminary study, but the elution position was
determined after we had identified shGnRH in the latter
part of the study. HPLC fractions for blanks, standards and
extracts were assayed using antisera raised against GhRH.

2.4. Purification: Sep-Pak HPLC

A column of 10 Sep-Pak cartridges (C,5, Waters,
Milford, CT) connected in series was primed with 100%
methanol and washed with 6 ml Milli-Q water. The extract
from 165 g of brains was diluted to one liter with Milli-Q
water and pumped through the column using a peristaltic
pump at a flow-rate of 1.5 ml/min. The cartridge column
was connected to a Beckman 125 HPLC with initid
conditions of 95% solution A (0.05% trifluoroacetic acid in
water) and 5% solution B (80% acetonitrile diluted with
20% solution A) at a flow-rate of 1 ml/min. Then, an
increasing gradient of 1% solution B per minute was
applied to the cartridge column for 60 min. Fractions of |
ml were collected for 60 min and 10 .l from each fraction
was assayed for GnRH-like immunoreactivity.

2.5, Further purification of GnRH

Three successive HPLC programs were used after Sep-
Pak HPLC. Table 1 describes the column type, solvents
and ion-pairing agents; the latter includes TEAF, TFA and
TEAP [22]. Aliquots of 10 pl were used to identify the
fractions containing immunoreactive GnRH (irGnRH) for
further purification.

Table 1

2.6. Radioimmunoassay (RIA)

Aliquots from HPLC fractions were assayed for irGnRH
by RIA as previously described [21]. Antiserum GF-4
(raised against sSGNRH) was used in a final dilution of
1:50,000 resulting in 22—32% binding of ‘*’I-mGnRH.
Antiserum BLA-4 (raised against lamprey GnRH-I) was
used in a fina dilution of 1:10,000 resulting in 9-17%
binding of '**I-mGnRH. Antiserum B-6 (1:5000 final
dilution) was raised against mammalian GhRH (mGnRH)
and resulted in binding of 52% with ***I-mGnRH. Cross-
reactivity studies show that antisera GF-4 and BLA-4
together recognize the 9 known vertebrate GnRHs:
MGnRH, cGnRH-1, cGnRH-I1, sGhRH, cfGhRH, shGnRH,
dogfish GnRH and lamprey GnRH-1 and -I1I [ [23] and
unpublished observations]. In contrast, antiserum B-6,
although a polyclonal antibody, is specific for mGnRH and
does not cross-react with the other eight known forms of
GnRH in vertebrates as listed above [ [23] and unpublished
observations]. Limits of detection for assays (B/Bo=
80%) averaged 10.4 pg for GF-4, 47.6 pg for Bla-4, and
9.4 pg for B-6. Fractions with high irGnRH (tracer
binding, B/Bo, of 20% or less) were serially diluted 1:2
and reassayed. The value closest to 50% tracer binding is
reported. Only antiserum GF-4 was used in the purification
of irGnRH from pacu brains.

2.7. Characterization of primary structure

Firstly, sequence analysis was attempted on 10% of the
purified sample. The lack of sequence data suggested that
the peptide possessed a blocked N terminus. Secondly,
50% of the sample was dried and digested with calf liver
pyroglutamyl aminopeptidase (Boehringer-Mannheim Bio-
chemicals, Indianapalis, IN). Aliquots containing approxi-
mately 250 ng of pacu GnRHs were concentrated in a
vacuum centrifuge. Reaction buffer (10 wl) containing 100
mM TES (N-tris-(hydroxymethyl)methyl-2-aminoethane-

Steps for the purification of pacu GnRH after Sep-Pak HPLC. Solvent and column types are listed for each successive step. Immunoreactive areas identified
by radioimmunoassay were reduced in volume, combined and applied to the next step of purification

Step Column Type Solvent A Solvent B Program

1 Cis 0.25 M TEAF Acetonitrile 0 min: 17% B
(triethylammonium 10-17 min: 17-24% B
formate) 17-65 min: 24% B

2 Cie 0.25 M TEAP Acetonitrile 5 min: 5% B,
(triethylammonium 5-15 min: 5-20% B
phosphate) 15-55 min: 20-40% B

3 Ci 0.05% TFA in water 80% Acetonitrite 0-5 min: 5% B,
(trifluoroacetic 0.05% TFA in 5-60 min: 5-55% B
acid) 20% water

4 Phenyl 0.05% TFA in water 80% Acetonitrile 0-5 min: 5% B,

0.05% TFA in
20% water

5-15 min: 5-20% B
15-55 min: 20-40% B
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sulphonic acid, (pH 8.0)), I0 mM EDTA, 5 M dithio-
threitol, 5% glycerol and 40 wg of lyophylized pyrog-
lutamyl aminopeptidase was added and the solutions
incubated at 37°C for 30 min [24]. Thirdly, the digested
GnRH was separated from the mixture using a Hewlett
Packard HP 1090L HPLC fitted with a Vydac C,g micro-
bore column. The initial solvent mixture passed through
the column was 95% solution A (0.05% trifluoroacetic acid
in water) and 5% solution B (90% acetonitrile diluted with
10% solution A) to which the digested peptides were
added. The rate of increase of solution B was from 5% to
40% in 30 min. Fractions were collected as peaks of the
chromatograph and saved for peptide sequencing. Finaly,
the digested peptide was sequenced using an Applied
Biosystems Protein Sequencer (Model 470A) equipped
with an on-line phenylthiohydantoin analyzer.

2.8. Mass spectrometry

A sample of the purified, undigested peptide was
analyzed on a Bruker Reflex time-of-flight mass spec-
trometer with matrix assisted laser desorption. An ac-
celerating voltage of 31 kV and a reflectron potential of 30
kV were employed. The sample was applied to a thin film
of a-cyano-4-hydroxy cinamic acid, dried and rinsed with
deionized water. An accelerating/electric field voltage
scan from m/z 1100 to m/z 1500 was done. The mass
accuracy of the measurement was + / — 500 ppm.

3. Resaults

3.1. Preliminary investigation

Immunoreactive GnRH in female and male brain ex-
tracts was detected in HPLC fractions that eluted in three
distinct areas (Fig. 1). These areas were identical with the
elution positions of standards for chicken GnRH-1 (later
shown to be identical to the sbGnRH position), cGnRH-I|
and sGnRH. A small amount of irGnRH material eluted
between the cGnRH-Il and sGnRH standards, but did not
correspond to the elution position of any of the synthetic
standards.

The amount of irGnRH eluting in the first area, which
corresponds to the elution position of cGnRH-I is shown in
Fig. 1. Both antisera GF-4 and BLA-4 detected irGnRH in
male and female eluates. sbhGnRH was not available at the
time of the present pacu investigation, but we found that
sbGnRH elutes in the same position as cGnRH-I under
similar conditions [8]. Antiserum B-6 did not detect
irGnRH in any fractions assayed (Fig. 1).

For the second irGnRH area, which corresponds to the
elution position of the cGnRH-II standard, GF-4 detected
irGnRH in both the HPLC fractions eluting from femae
and male brain extracts. BLA-4, which has less than 1%

cross-reactivity with cGnRH-II [23], barely detected
irGnRH in either the female or male HPLC eluates.

The third area of irGnRH eluted from the HPLC column
in the same position as sGnRH. Both female and mae
HPLC eluates had irGnRH that was detected by antisera
GF-4 and BLA-4, but not by B-6 (Fig. 1). Finaly, the area
of irGnRH elution that did not correspond to known GnRH
standards, was detected in small amounts by antisera GF-4
and BLA-4 in female and male pacu brain extract (Fig. 1).

3.2. Purification of pacu GnRH

Immunoreactive GnRH eluted from the Sep-Pak column
in a broad area. The Sep-Pak HPLC fractions that con-
tained irGnRH were pooled and further purified by the
TEAF-HPLC method (Table 1). Four areas of irGnRH
were detected in the same positions as shown in Fig. 1 for
the preliminary investigation. The areas were labelled PI,
P2, P3 according to elution position and then each area
was sequentialy purified (Table 1). The area of irGnRH
that eluted between the cGnRH-Il and sGhRH standards
was not purified in the present study because irGnRH
eluting in the same position was identified as sGnRH by
sequence identification in our earlier studies on tilapia
(Oreochromis niloticus) and salmon (Oncorhynchus keta)
[unpublished results]. It appears that a small amount of
sGnRH changes elution position during the purification
procedure without changing its primary sequence. At the
end of step 4, 1190 ng of P1, 102 ng of P2 and 183 ng of
P3 irGnRH were recovered from the phenyl HPLC col-
umn.

3.3 Sequence identification and mass spectral analysis

The initial aliquot of 10% of each purified form of
irGnRH could not be sequenced with Edman degradation,
indicating a blocked N terminus. However, pyroglutamyl
aminopeptidase digestion resulted in a fragment that was
sequenced. The deduced sequences are shown in Table 2
and include a pyroglutamy! residue in the first amino acid
position along with the remaining sequence for the purified
material isolated from the pacu brains. P1, P2 and P3 are
identified as sbGnRH, cGnRH-I1 and sGnRH, respectively.
The mass for each purified intact peptide is also shown.

4. Discussion

The three forms of GnRH in the brain of the pacu are
sbGnRH, cGnRH-IlI and sGhRH as determined by HPLC
elution position in comparison with synthetic standards,
antisera cross-reactivity, primary sequence identification
and mass spectral analysis. These three GnRH forms are
identical to the forms that were isolated earlier from the
brains of perchlike fish (sea bream [7], H. burtoni [8,10]
and tilapia [unpublished observation] as shown in Fig. 2.
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Fig. 1. Immunoreactive GnRH in extracts from male and female brains of pacu fish after elution from HPLC. HPLC fractions from extracts of male brains
were tested with three antisera and are shown on the left side, whereas results from females are shown on the right. The elution position of synthetic GnRH
peptides are shown at the top of each graph. The percent acetonitrile in the HPLC mobile phase is shown as a dashed line with values on the right of the
graphs. Antiserum GF-4 detects many forms of GnRH, whereas B-6 detects only mammalian GnRH. Antiserum BLA-4 aso detects several forms of
GnRH, but not cGnRH-II. M = mammalian GnRH; c-I = chicken GnRH-I; c-1I = chicken GnRH-II; s= salmon GnhRH; 1-1 = lamprey GhRH-I.

The presence of GnRH-like molecules was determined
in male and female mature pacu using HPLC and RIA. We
found that the same three forms of GnRH are present in
both sexes. The areas of irGnRH from the HPLC column
for both males and females eluted in the same positions as
the irGnRH that we identified by primary structure in the
second part of the study (Fig. 1, Table 2). The amount of

immunoreactive material per brain showed more sbGnRH,
cGnRH-I1 and sGnRH in the male brain compared with the
female brain (Fig. 1), but the functional significance is
unknown. The absence of mMGnRH in pacu brains was
confirmed with antiserum B-6, which cross-reacts with the
MGNRH standard, but not with the three GnRH forms
reported here (Fig. 1).
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Table 2

Sequence and mass of the three purified GnRH peptides from pacu

Area Sequence Mass GnRH

P1 pGlu—His-Trp—Ser—Tyr—Gly—L eu—Ser—Pro—Gly—NH2 1113.4 Da sbGnRH
P2 pGlu—His-Trp—Ser—His—Gly—Trp—Tyr—Pro—Gly—NH2 1236.6 Da cGnRH-11
P3 pGlu—His-Trp—Ser—Tyr—Gly—Trp-Leu—Pro—Gly—NH2 1212.3 Da sGnRH

Chemical sequence was determined after digestion of each peptide with pyroglutamyl aminopeptidase.

Intact mass was determined by mass spectrometry.

SEA BREAM Sb, S, C-li
10. TILAPIA Sb, S, C-ll
H. BURTONI Sb, S, C-li

5.

*PACU Sb, S, C-li
GOLDFISH S, C-ll
CATFISH cf, C-ll

Fig. 2. Diagram of the major groups of living teleosts with the names of
fish from which al detectable forms of GnRH have been sequenced.
Forms of GnRH that have been detected using only RIA—HPLC methods
are not shown. sb = sea bream GnRH; s= samon GnRH; c-Il = chicken
GnRH-II; cf = catfish GnRH. Numbers in each box represent teleost
superorders or infradivisions: 1. Osteoglossomorpha (bony tongued fish),
2. Elopomorpha (eels), 3. Clupeomorpha (herring), 4. Protacanthopterygii
(salmonids), 5. Ostariophysi, 6. Stenopterygii (e.g. lightfish and dragon
fish), 7. Scopelomorpha (e.g. lantern fish and greeneyes), 8. Paracanthop-
terygii (e.g. cod and hake), 9. Atherinomorpha (e.g. medaka, molly), 10.
Percomorpha. Diagram based on [20,25].

sbGnRH is present not only in pacu, but aso in the
brains of several species of perchlike fish: snook [11], sea
bream [7], sunfish, cichlids [8,10] and rockfish [12]. This
suggests that sbhGnRH was present in stem line ancestors
for both pacu and the perchlike groups before they
diverged.

It is generally accepted that the fish group (Os
tariophysi), which includes pacu, catfish and goldfish (Fig.
2), separated from the teleost stem line some time close to
the emergence of the salmonids [20,25]. Indeed, the pacu
has sGnRH and cGnRH-II in its brain (Fig. 2) as do
goldfish [16,26] and salmon [27]. Further, the presence of
sbGnRH in the brains of pacu and the perchlike fishes

suggests that this GnRH form evolved early among the
teleost fishes.

In sabalo (Prochilodus lineatus), which is in the same
order of fish (Characiformes) as pacu, three forms of
GnRH were detected using HPLC and RIA in a protocol
very similar to that reported here [19]. Two of the forms
eluted from the HPLC column in positions that corres-
ponded to the elution position of the cGnRH-1I and sGnRH
standards. The earliest eluting irGnRH area corresponds to
the elution position of shGnRH [8] and the area from
which sbGnRH was purified and identified in the present
study. This supports the evidence that the three forms of
GnRH reported here are in more than one species of
Characiformes, and are in at least two orders of fishes
(Characiformes and Perciformes). However, the third form
of GnRH has not been detected to date in other species or
orders of fish using HPLC-RIA methods.

The most logical explanation for the presence of three
forms of GnRH in pacu is that a gene duplication event
occurred in an ancestral teleost. This ancestor was common
to both the orders of Characiformes (pacu) and Per-
ciformes (sea bream) fishes. This would account for the
presence of the same three forms of GnRH in divergent
species. The point of gene duplication is not known, but
probably occurred before the emergence of perchlike fish
in the Upper Cretaceous Period about 100 million years
ago [20]. The appearance of a third form of GnRH in
single species of teleosts clearly is not a recent event.
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