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Abstract
We have previously demonstrated that pregnant ovine endometrium expresses the gastrin releasing
peptide (GRP) gene at a high level following conceptus implantation. Here we report the isolation,
characterization and biological activity of ovine GRP1-46, the primary product of this gene in the
pregnant endometrium. Full thickness 125–140 day pregnant sheep uterus (term is 145 day) was
homogenized in 80% acetonitrile/2% trifluoroacetic acid (1:7 ACN/TFA), concentrated on reverse-
phase C18 cartridges and chromatographed successively on gel filtration (Sephadex G-50) and
reverse-phase HPLC (C18 μBondapak). Purification was monitored by RIA. Purified GRP peptide
was analysed by mass spectrometry giving a major mass ion at 4963 which corresponds exactly to
GRP1-46. Other mass ions from pro-GRP did not contain a biologically active N-terminus or
antigenic determinant. Proteolytic cleavage of pro-GRP to give rise to GRP1-46 would require
preferential cleavage at the Glu-Glu bond by a Glu-C2-like enzyme, rather than the trypsin-like and
C-terminal amidation enzymes (PAM) that produce GRP18-27 and GRP 1-27 in other tissues. GRP1-46
was synthesized and receptor binding and biological activity tested on a range of rodent and human
cell lines that express GRP-related receptors GRPR, NMBR and BRS3. GRP1-46 bound GRPR and
NMBR with low affinity, and mobilized inositol phosphate in cell lines expressing the GRPR and
NMBR, but not BRS-3. This study describes a new processed product of the GRP gene, GRP1-46,
which is highly expressed in the pregnant sheep endometrium and which acts as a weak agonist at
the GRPR and NMBR.
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1. Introduction
Gastrin releasing peptides (GRPs) are the mammalian homologs of the frog skin peptide
bombesin, and have a broad spectrum of regulatory functions in tissues as diverse as the central
nervous system, pituitary and gastrointestinal tract [17]. The major recognised bioactive forms
of GRP are the amidated GRP1-27 and 18-27. GRPs mediate these functions primarily via
neurotransmission and also locally by paracrine or autocrine means. No hormonal role for this
peptide family has yet been described, except for the presence of an immunoreactive GRP
peptide product which circulates at high levels in the fetal and maternal circulation of the
pregnant sheep [8].

We and others have previously shown that the pregnant ovine and bovine endometrium
expresses the GRP gene, producing very large amounts of a translated and processed product
which is different to the well characterized amidated bioactive peptides GRP1-27 and 18-27,
as well as the C-terminally Gly extended forms. [1,2,6,7,9,24,26]. Indeed this protein was by
far the major stored and secreted form of proGRP processing in the pregnant sheep [26]. Using
antisera directed against the the amidated C-terminus of GRP 1-27 (common to all mammalian
species), we showed that the primary gene product synthesised by the ovine endometrium
during pregnancy is a 5–6.5 kD protein that cross-reacts weakly with our antiserum [26]. The
peptide cannot be an N-terminally extended form of GRP, as the known processing products
occur immediately C-terminal to the pro-GRP signal sequence, and cross-reactivity with other
related gene products with homology to GRP such as NMB have been excluded [26]. This
suggests that since an alternate GRP transcript has not been detected [27], the protein in
question is most likely to be a C-terminally extended form of GRP, and that it is bound with
low affinity by the detection antiserum. This observation, combined with difficulties in
determining the molecular mass ion by mass spectroscopy have previously precluded
unambiguous identification of this GRP product.

Recently we have tested a new GRP antiserum which was raised to the C-terminal region of
GRP18-27 extended by glycine residue (GRP18-27gly). Unexpectedly, this antiserum bound
avidly to the ovine pregnant endometrial GRP peptide, substantially reducing the detection
threshold for monitoring purification by radioimmunoassay (RIA). Here we report the
successful isolation, characterization and biological activity of the principal pro-GRP-derived
processing product of the pregnant ovine endometrium, which corresponds to GRP1-46
(oGRP1-46).

2. Materials and Methods
2.1 Isolation of oGRP1-46

2.1.1 Tissue extraction and initial purification—Late pregnant ovine endometrium was
obtained from 125–140 day pregnant ewes after ethical culling. Protocols were assessed and
passed by the appropriate institutional eanimal ethics committee. Three different extraction
procedures were evaluated in terms of extraction efficacy of immunoreactive GRP eluting prior
to the GRP1-27 standard at 5–6.5kDal. The extraction conditions were 3% acetic acid, ice-cold
acetonitrile/trifluoacetic acid (TFA), and ice-cold formic acid/TFA. Ice-cold 80% acetonitrile/
2%TFA extraction was found to be the most effective extraction medium.
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Briefly, frozen endometrium was pulverised in liquid nitrogen using a mortar and pestle to
produce a fine frozen powder. 2g was immediately added to 10vol 80% acetonitrile/2% TFA
and homogenized. After centrifugation (10,000g for 15min) the supernatant was collected and
the pellet re-extracted in the same solution. Supernatants were combined and acetonitrile
evaporated under a continuous stream of air. The liquid phase was cooled on ice, then passed
3 times through a C18 Sep-pak reverse-phase cartridge which had been activated and washed
according to the manufacturer’s instructions (Millipore/Waters Rydalmere, Australia). GRP
was eluted with 6ml of 75% acetonitrile/0.05% TFA.

2.1.2 Gel filtration of semi-purified GRP—Sep-pak eluates were freeze dried and
concentrated to < 100 ul, reconstituted in 3% glacial acetic acid and chromatographed on
Sephadex G-50 (1.5 × 90cm) with 3% glacial acetic acid as the eluant. Fractions (100 × 1.4ml)
were collected, lyophilised and assayed for GRP immunoreactivity by RIA. The gel filtration
column was calibrated with BSA (void volume), ovine GRP1-46, human GRP1-27 and human
GRP18-27.

2.1.3 Reverse-phase high pressure liquid chromatography (RP-HPLC)—The GRP
immunoreactive profile on gel filtration gave an overlapping immunoreactive doublet at
fractions 40/41 and 44/45 (see Fig. 1A). This peak eluted between the void volume and human
(h) GRP1-27. Each peak (2.8ml) was freeze dried to <100ul and separately chromatographed
by RP-HPLC on a C18 μ Bondapak column (Millipore-Waters) eluted with a gradient of 0–
70% acetonitrile/0/05% TFA. Peak fractions 40/41 and 44/45 each gave a single sharp Gaussian
peak with identical elution position (~ 30% acetonitrile) containing 82 and 95 pmol
immunoreactivity respectively (Fig 1B). These were used for subsequent Matrix Assisted Laser
Desorption Ionization Time-of-flight (Maldi-TOF) analysis.

2.1.4 Mass spectroscopy—The HPLC fraction was concentrated using a vacuum
centrifugal concentrator and then 1μl was mixed with 1μl of matrix (α-cyano-4-hydroxy-
cinnamic acid) and dried onto a sample plate followed by mass spectrometric analysis using
the Maldi-TOF method on an Qstar mass spectrometer (Applied Biosystems, Foster City, CA).

2.2 RIA of GRP
Two RIAs were used to detect oGRP1-46; one used initially for primary extraction monitoring
and directed to the amidated C-terminus of GRP18-27 and 1-27 (#R40), and the other used for
final purification monitoring, and directed against gly-extended GRP18-27 (#8684;
GRP18-27gly).

2.2.1 GRP #R40 RIA—The details of this assay has been previously published [4]. Briefly
this antiserum detects amidated GRP of all mammalian species tested. 125I-labelled Tyr4-
bombesin was used as the tracer and was prepared using iodogen (Pierce Chemical, Rockford,
IL) followed by reduction with dithiothreitol to reverse methionine oxidation and purified by
RP-HPLC. Assay cocktail was 100μl tracer (3000–5000cpm), 100μl antibody (1:75,000 final
dilution), sample and standard (2–2000 fmol/ml bombesin) made up to 1ml with 0.02M veronal
buffer containing 0.1% BSA and 2μM NaN3. Bound from free counts were separated using
either activated charcoal or SacCel (100ul/tube). ID50 was 100 fmol/tube, intra-assay and inter-
assay variation 4% and 14% respectively.

2.2.2 GRP18-27gly #8684 RIA—Antiserum 8684 was produced by immunization of rabbits
with GRP18-27gly conjugated to keyhole limpet hemocyanin. GRP18-27gly (Auspep,
Melbourne, Vic., Australia) was used for the standard curve, and the tracer was 125I-labeled
GRP-gly which was prepared using the iodogen method and purified by reverse-phase HPLC.
The ID50 was 40 fmol/tube. The antiserum cross reacts (60%) with amidated forms of GRP1-27
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and GRP18-27 and less than 1% with amidated bombesin. GRP18-27 differs from bombesin
by a Gln to His substitution at position 20.

2.3 Western blotting
Proteins for immunoblotting were taken after reverse-phase C18 chromatography. 50 μL
aliquots containing 20μg protein were taken, and subjected to electrophoresis on a 15% SDS
PAGE gel under reducing conditions. After electrophoresis and protein transfer, membranes
were incubated with C-terminal GRP antiserum #R40 at 1:5000 (#8684 has not been validated
for immunoblotting), peroxide-conjugated swine anti-rabbit IgG-HRP secondary antibody
(1:1000) and visualized by enhanced chemiluminescence (Amersham, Buckinghamshire, UK).
The blot was calibrated using GRP1-27 and low range molecular weight markers (2.35–46
kDal; Amersham).

2.5 Activity of oGRP1-46
2.5.1 Synthesis of oGRP1-46—oGRP1-46
(APVTAGRAGALAKMYTRGNHWAVGHLMGKKSVAESPQLREEES LKE) was
synthesized by solid phase means (Peptide Solutions, Bundoora, Australia) and supplied
lyophilized at 70% purity. It was stored dried at −80°C until use.

2.5.2 Measurement of [3H]IP—Non-adherent, NCI-H69, NCI-H209, NCI-N417 or NCI-
N592 (1 × 106 cells/ml) were sub-cultured into a 75-cm2 tissue culture flask containing 15 ml
of RPMI-160 supplemented with 2% (v/v) FBS and 3mCi/ml myo-[2-3H]inositol and
incubated for 24 hr at 37C. The cells were then washed and incubated for 10 min at 37C with
equivalent volume of PBS (pH 7.0) containing 20 mM lithium chloride. The cell were then re-
suspended in IP assay buffer containing 135 mM sodium chloride, 20 mM lithium chloride,
20 mM HEPES (pH 7.4), 2 mM calcium chloride, 2 mM magnesium sulfate, 1 mM EGTA,
11.1 mM glucose and 0.05% BSA. 300μl of the cell suspension was added to test tubes
containing the peptides to be tested and incubated at 37C for 60 min after which the incubation
was terminated with 1 ml ice-cold HCl/methanol (1% v/v). [3H]IP generation was determined
as described previously [11,21]. Briefly, the samples were loaded on AG1-X8 anion exchange
resin columns, washed with 4 ml of water to remove [3H]inositol, and then washed with 2 ml
of 5 mM disodium tetraborate/60 mM sodium formate to remove [3H]
glycerophosphorylinositol. The columns were the eluted with 2 ml of 1 mM ammonium
formate/100 mM formic acid solution to elute total [3H]IP. 10 ml of scintillation cocktail was
added to the eluates and radioactivity was measured in a beta scintillation counter. For hNMBR-
transfected BALB 3T3 cells, hNMBR-transfected H1299 cells, hGRPR-transfected BALB
cells and HuTu80 (Gonzalez etal. 2009) which grow as monolayers on plates and flasks, cells
were subcultured in 24-well plates (5 × 104 cell/well) in their growing media and incubated at
37C for 24 hr. [3H]IP generation was determined as described previously [11,21]. Briefly, the
cells were then loaded with 3μCi/ml myo-[2-3H]inositol in growth media supplemented with
2% FBS and incubated for another 24 hr. The 24-well plates were then incubated with 1 ml/
well of wash buffer (PBS (pH 7.0) containing 20 mM lithium chloride) for 30 min. The wash
buffer was aspirated and replaced with 500 μl IP assay buffer with or without the peptides
studied and incubated at 37C for 60 min after which the incubation was terminated with 1 ml
ice-cold HCl/methanol (1% v/v). The samples were applied to columns and total [3H]IP
determined as stated above.

2.5.3 Binding of the BRS3 preferring ligand 125I-[D-Tyr6, β-Ala11, Phe13, Nle14]
Bn(6-14) to various cells—125I-[D-Tyr6, β-Ala11, Phe13, Nle14]Bn(6-14) (2200 Ci/mmol)
was prepared as described previously [14]. The standard binding buffer contained 24.5 mM
HEPES (pH 7.4), 98 mM NaCl, 6 mM KCl, 5 mM MgCl2, 2.5 mM NaH2PO4, 5 mM sodium
pyruvate, 5 mM sodium fumarate, 0.01% (w/v) soybean trypsin inhibitor, 1% amino acid
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mixture, 0.2% (w/v) bovine serum albumin and 0.05% (w/v) bacitracin. For H1299 cells stably
transfected with hNMBR(0.8 × 106); HuTu 80 cell(1 × 106); BALB 3T3 cells stably expressing
hGRPR (0.3 × 106), hNMBR (0.03 × 106), rNMBR(0.3 × 106), mNMBR(1.5 × 106) or hBRS-3
(0.3 × 106) binding was determined as described previously [11] with an incubation with 50
pM 125I-[D-Tyr6, β-Ala11, Phe13, Nle14]Bn(6-14) at 22°C for 60 min. Aliquots (100 μl) were
removed and centrifuged through 300 μl of incubation buffer in 400 μl microfuge tubes at
10,000 × g for 1 min using a Beckman Micro-centrifuge B. The pellets were washed twice
with buffer and counted for radioactivity in a gamma counter. The nonsaturable binding was
the amount of radioactivity associated with cells in incubations containing 50 pM 125I-[D-
Tyr6, β-Ala11, Phe13, Nle14]Bn(6-14) and 1 μM unlabeled ligand. Nonsaturable binding was
<10% of total binding in all the experiments.

3. Results
3.1 Optimization of initial extraction conditions for ovine endometrial GRP

3 different extraction conditions coupled with the R40 antiserum-based RIA were compared
as detailed in Materials and Methods. Organic extraction with ice-cold 80% acetonitrile/2%
TFA yielded higher concentrations of GRP-IR (7.2 ± 2.6 pmol/g, n = 4) than either 3% acetic
acid extraction (1.3 ± 0.6 pmol/g, n = 6) or 5% formic acid/1% TFA (2.2 pmol/g, n=1).
Chromatography of extracts using different methodologies showed that unlike the other
extraction methods, acidified acetonitrile gave a single major peak of immunoreactivity
without evidence of proteolysis (data not shown).

3.2 Isolation of oGRP1-46
Yield from acidified acetonitrile extraction was 6–8 pmol immunoreactivity/g tissue and ~
3pmol/g after batchwise sep-pak (reverse-phase C18) chromatography. This was further
purified by gel filtration on Sephadex G-50 and RP-HPLC prior to mass spectroscopy.
Purification during chromatography steps was monitored by RIA using # 8684 anti-
GRP18-27gly antiserum which gave a very similar elution profile to #R40, but was much more
sensitive in detecting ovine endometrial GRP.

Gel filtration chromatography of the initial semi-purified extract showed two closely
overlapping immunoreactive peaks which eluted together with baseline separation and much
later than the void volume and main protein peak (Fig. 1A). Peak fractions from the gel filtration
doublet were further purified by RP-HPLC on a C18 μ-bondapak column eluted with 0–70%
ACN/0.05% TFA. Each peak eluted with identical hydrophobicity (~30% ACN/TFA; Fig. 1B)
as a sharp Gaussian peak, and these were pooled and subjected to mass spectroscopy (Fig. 2).

Mass spectroscopy of the RP-HPLC purified peptide on the Maldi MS spectrum gave a major
mass ion of 4963 and minor ions at 4733, 4934, 4937 and 5022 Da (Fig. 2; Table 3). The most
abundant mass ion corresponds to GRP1-46 which has a theoretical mass of 4963.67 and
contains both the antigenic determinant required for binding by either antiserum R40 (GHLM-
NH2) or #8684 (GHLMG) as well as an intact N-terminus which is shared by all established
GRP peptides with in vivo bioactivity, derived from pro-GRP processing. Proteolytic cleavage
of pro-GRP to give rise to GRP1-46 would require preferential cleavage at the Glu-Glu bond
by a Glu-C2-like enzyme, rather than the tryptic and C-terminal amidation enzymes (PAM)
that produce GRP18-27 and 1-27 in other tissues.

The minor mass ions at 4734 and 4934 correspond to GRP52-98 and GRP34-75, and since
they do not contain the antigenic determinant required for antibody binding nor an intact N-
terminus are unlikely to be bioactive. Mass ions at 4937 and 5023 correspond to GRP3-47 and
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GRP18-60. These contain the antibody binding epitope but lack an intact N-terminus, so are
unlikely to be bioactive.

Fig. 3 shows a representative Western blot of the partially purified material after reverse-phase
chromatography of pregnant ovine endometrial extracts. Immunoreactive GRP in the pregnant
endometrium has a mass of 5–6 kDal with a slightly smaller and faster migrating
uncharacterised form also being apparent. Ovine endometrial GRP migrates more slowly than
the oGRP1-27 standard.

3.3 Biological activity of oGRP1-46
oGRP1-46 was produced commercially by solid-phase synthesis. Lyophilised oGRP 1-46 was
reconstituted in binding buffer and its receptor affinity quantified in binding assays using a
series of cell lines that express the rat, mouse or human GRPR, the human or rat NMBR, or
BRS3, and activity compared to GRP or NMB. In addition, the ability of oGRP 1-46 to activate
phospholipase C quantified by 3H-inositol release from the same cell lines as used for receptor
binding was quantified. The data is summarised in Table 1. oGRP 1-46 interacted with GRPR
from human rat and mouse as well as human and rat NMBR. For hGRPR, oGRP1-46 had a
300–400 fold lower affinity than GRP, and was similar to NMB. For rat and mouse GRPR,
oGRP1-46 had a 150-fold lower affinity than GRP and 6-fold less active than NMB. For
hNMBR, GRP had a 4000 fold lower affinity than NMB and oGRP1-46 was approximately
10-fold less potent than GRP, with a similar outcome for the rNMBR. For hBRS-3, similar to
GRP and NMB, oGRP1-46 had a very low affinity (i.e. >10,000 nM). As shown in Table 1,
oGRP1-46 could also activate the human GRPR as well as the human and rat NMBR. For the
hGRPR and similar to the binding results, oGRP1-46 was 40–100 fold less potent than GRP
at releasing 3H-inositol, and had similar potency to NMB. Likewise, with the human NMBR,
oGRP1-46 was 15-fold less potent than GRP, which in turn was 35–50 fold less potent than
NMB(Table 1). This indicates that oGRP1-46 is a weak agonist at the GRPR and NMBR, and
was without activity at the BRS3 receptor.

To explore the ability of oGRP1-46 to activate known human bombesin receptors on human
cancer cells, and possibly to bind a unique receptor, we studied its ability to activate
phospholipase C and stimulate the generation of [3H]IP in 4 human SCLC cell lines that are
known to frequently ectopically express bombesin receptors [11, 13, 14, 15, 21). This was
quantified and data are shown in Table 2. For 3 of the SCLC cell lines (H69, N417, H209) but
not N592, at least one of the know bombesin receptor agonists (GRP for GRPR, NMB for
NMBR, or [D-Phe6, β-Ala11, Phe13, Nle14] Bn(6-14) for hBRS-3 [5,15] stimulated
phospholipase C activity. oGRP1-46 also stimulated phospholipase C activity in two of these
cell lines (H69, H209), however, this was inhibited by either a specific GRPR or NMBR
antagonist, demonstrating that the actions of oGRP1-46 were mediated through interaction
with either a GRPR or NMBR in these non-ovine cells, and not through a unique receptor.

4. Discussion
We have previously shown that the main processing product of the GRP gene precursor in the
pregnant ovine uterus is a peptide which is considerably larger than GRP18-27 and 1-27 [8,
10], the best characterised biologically active products of pro-GRP processing in tissues outside
the reproductive tract [12]. This ovine peptide has been shown to be produced by uterine gland
cells in large amounts during pregnancy, beginning soon after implantation and continuing
until parturition, and is secreted into the uterine lumen (“uterine milk”), and also via the utero-
placental circulation into fetal and maternal plasma, where it may act as a hormone of
pregnancy [8]. A peptide of similar size has also been detected in the pregnant, but not non-
pregnant human endometrium, suggesting a phylogenetically conserved role for GRP-related
peptides in mammalian fetal development [25].
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Here we have isolated the main GRP peptide from the pregnant ovine endometrium and shown
it to be GRP1-46 by mass spectroscopy. Although correlative sequencing of this peptide was
unable to be completed, previous isolation attempts gave partial sequence of 42 amino acids
including an intact N-terminus and antigenic determinant, but was incomplete due to limiting
sample abundance. The isolation of oGRP1-46 has important implications for our
understanding of the proteolytic processing of the GRP precursor, and for regulation of post-
translational processing by proteases, as a mechanism for producing different peptide products
from the same precursor at different times, and in the same tissue. The non-pregnant ovine
uterus prior to luteal regression and oestrus, has been shown to produce only GRP1-27 and a
smaller tryptic peptide GRP18-27; the same peptide products elaborated by other mammalian
tissues that express the GRP gene [26,27]. No evidence for larger processing products has been
convincingly demonstrated in any of these tissues, and GRP1-27 is produced as the result of
sequential trypsin-like, carboxypeptidase and peptide amide monoamine oxygenase (PAM)
processing to give the carboxyl terminus alpha-amidated peptide. During luteal regression and
oestrus in the non-pregnant uterus, both GRP1-27 and 18-27 are detected, as well as small
amounts of a larger molecular weight species of about 5–6 kDal, and which is likely to be
oGRP1-46. In the pregnant uterus however, little or no GRP1-27 or 18-27 are produced, but
the expression of a larger molecular weight form is dramatically increased, and we now show
that this main processing product is oGRP1-46.

Several conclusions derive from these results. First, the proteolytic cascade that involves at
least 3 enzymes and results in C-terminally amidated products, is likely inhibited in the ovine
uterus during the luteal regression phase of the oestrus cycle and in pregnancy. Whether this
is also true for other tissues that express the GRP gene needs to be assessed. There are many
precedents for the production from a single precursor of multiple peptides, with independent
receptors, different bioactivities and different expression profiles. For example glucagon,
glucagon-like peptide 1 and glucagon-like peptide 2 are all cleaved from the 160 amino acid
precursor proglucagon. Each peptide has its own distinct receptor, biological role and tissue
specific expression.[3].

Second, we predict that the expression of an enzyme which has Glu-C2-like specificity, that
is with Glu or Asp at P1 and any amino acid at P1′ and P2′ (http://prolysis.phys.univ-tours.fr;
nomenclature of Schecter and Berger [22,23], is transiently induced at the end of oestrus, and
again during pregnancy, and then is down-regulated following parturition. Presumably this
occurs in order to produce peptide products with bioactivity specifically related to preparing
and maintaining the uterus for implantation of the conceptus. Although such an endogenous
enzyme has not yet been described to our knowledge in the pregnant endometrium, there are
numerous examples of processing events with similar specificity, such as that for gastrin 10
(Glu-Ala, P1-P1′) [20] and the 3C-like protease of rabbit hemorrhagic disease virus which is
self-cleaved from its precursor (N-terminal cleavage, Glu-Gly) [29]. Thus we would predict
that in the pregnant endometrium, endogenous PAM activity would be reduced and that of
endogenous Glu-C2 protease increased. A proteolytic scheme for how this might be
accomplished is given in Figure 4.

Third, C-terminally extended peptide (that is peptides containing the Gly-Lys-Arg cleavage
sequence) products of GRP gene processing, are likely to have biological activity in their own
right. At present the endogenous cellular targets for ovine GRP1-46 is unknown, but roles in
uterine remodelling or fetal maturation are likely. This is especially true given the fact that we
have shown that oGRP1-46 is an agonist at the GRPR which mediates GRP functions such as
proliferation and local cellular regulatory events. Likewise, whether or not oGRP1-46 binds
only the GRPR (and NMBR weakly), or mediates its hormonal or local tissue regulatory
outcomes via a unique receptor is unknown. This possibility is made more plausible since
GRPR, NMB and BRS-3 are undetectable or found only at very low levels in the sheep placenta,
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endometrium and conceptus during fetal development [24]. Competitive binding studies
performed here on human small cell lung carcinoma cell lines do not support the existence of
an alternative receptor mediating the effects of oGRP1-46 in this tissue, however the sheep
peptide is yet to be tested in suitable homologous ovine assay systems.

There are obvious parallels between the actions of oGRP1-46 and other biologically active,
non-amidated and C-terminally extended products of the GRP gene [ 4,16] including GRP-gly
(GRP1-28), and pro-GRP(GRP1-125). Both of these peptides stimulate proliferation and
migration of colorectal cancer cell lines, with the former activating GRPR, while the latter
shows no activity at either GRPR or BRS-3, suggesting the existence of a novel receptor
subtype, at least on some cancer cells [18,19]. The present data further supports the existence
of multiple, biologically active forms being generated from the proGRP precursor.

5. Conclusion
We have isolated and characterized a processing product of the abundant GRP gene precursor
in the pregnant ovine endometrium, which corresponds exactly in molecular weight to ovine
GRP1-46. This peptide, which co-elutes and is similarly bound by detection antisera to a GRP
peptide that circulates in both the pregnant ewe and fetus, and that is strongly induced at the
time of implantation, we now show acts as a weak agonist at both the GRPR and NMBR. The
expression and disposition of oGRP1-46 suggests that it may act as a hormone of pregnancy,
possible regulating aspects of conceptus development, or maintaining receptivity of the
endometrium during fetal maturation.
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Nomenclature

BSA bovine serum albumin

C-terminus Carboxyl terminus

CNS central nervous system

BRS-3 bombesin receptor subtype 3

GRP gastrin releasing peptide

GRPR gastrin-releasing peptide receptor

HRP Horseredish peroxidase

SCLC small cell lung cancer cells

MALDI-TOF Matrix Assisted Laser Desorption Ionization Time-of-flight

NaN3 Sodium azide

NMBR neuromedin B receptor

RIA Radioimmunoassay

RP-HPLC reverse-phase high pressure liquid chromatography

SacCel Silica beads with cellulose
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TFA trifluoroacetic acid
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Fig. 1.
(A) Gel filtration chromatography of protein extract of pregnant ovine endometrium. Open
circles indicate the total protein elution profile (A280nM) while filled rectangles show the
immunoreactive GRP profile. The elution positions of human (h) GRP18-27 and hGRP1-27
as well as oGRP1-46 are indicated. (B) Reverse-phase C18 chromatography (μBondpak) of
pooled fractions 40 and 41 from gel filtration step. The immunoreactive profile is indicated by
the open bars with the peak fraction used subsequently for Maldi-TOF indicated with an arrow.
Total protein is shown by the solid line.
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Fig. 2.
Mass spectroscopy of the RP-HPLC purified peptide on the Maldi MS spectrum with major
mass ion of 4963 and minor ions at 4934, 4737 and 5023 Da The most abundant mass ion
corresponds to GRP1-46 (APVTAGRAGALAKMYTRGNHWA
VGHLMGKKSVAESPQLREEESLKE).
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Fig. 3.
Western blot of the partially purified material after reverse-phase chromatograpy of pregnant
ovine endometrium extract. Immunoreactive GRP has a mass of 5–6 kDal with a slightly
smaller and faster migrating form also being apparent. Elution position of the oGRP1-27
standard (1 μg) is shown for comparison.
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Fig. 4.
Comparison of processing events required to produce GRP1-46 or GRP18-27, 1-27 or
GRP18-27gly, GRP1-27gly from the proGRP precursor.
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