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SUMMARY: Recently we identified five novel peptides of M; 13,000 to
18,000 (designated P13, P14, P16, P17, and P18 according to approximate
M,;) in the anterior pituitary gland of rat and man that appeared related to
GH and PRL in regulation and structure. We have now raised polyclonal
antibodies in the rabbit to four of these peptides--P13, P14, P17 and P18--
isolated from rat anterior pituitary; the rabbit injected with P16 did not
produce antibodies. Besides reacting with their respective immunogens,
antisera to all four peptides crossreacted, quite unexpectedly, with human
GH and with human, porcine, and ovine PRL. Antiserum to P17, in addition,
crossreacted very strongly with rat PRL, while P18 antiserum crossreacted
not only with human GH but also with its 20K and cleaved variants. These
results provide strong evidence for the structural relatedness of these
peptides to GH and PRL, and raise the possibility that they may be related
functionally as well.  © 1989 acadenic press, 1nc.

The mammalian adenohypophysis elaborates a number of hormonal
proteins, the major two being GH and PRL. Recently, we have identified five
additional anterior pituitary peptides, ranging in M; from 13,000 to 18,000,
that appear related to GH and PRL in regulation and structure (1).
Immunologically, they do not crossreact with currently available antisera to
murine GH and PRL. Furthermore, P14 seems to be a glycosylated form of
P13. Although found in large quantities (4-8 pg/mg) in the pituitary gland of
several species, the physiological significance of these peptides has never
been explored. Results of our current experiments indicate that one of
these, the approximately 13,000 M; band designated P13, is released in
response to cold stress (2}, and its tyrosine peptide map partially resembles

Abbreviations used are: GH, growth hormone; PRL, prolactin; G-PRL,
glycosylated PRL; SDS, sodium dodecyl sulfate; PAGE, polyacrylamide gel
electrophoresis; IL, interleukin.
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that of human IL-1 (unpublished), suggesting that this molecule might have
growth promoting and immunomodulatory activities. The actions of the
other peptides are unknown. The subject of the present communication is
our finding that antibodies generated against these peptides of murine
origin crossreact strongly with GH and PRL of several species, including
man.

MATERIALS AND METHODS

Tissues and hormones. Anterior pituitary tissues were obtained from rats of
S/A strain (Simonsen Laboratories, Gilroy, CA), pigs of Duroc X Yorkshire
breed (Meat Animal Research Center, Clay Center, NE), and human cadavers
(National Pituitary Agency, NIH). Purified preparations of rat PRL (NIAMDD-
RP-1), ovine PRL (NIH-P-S12), human PRL (NIADDK-I-7), rat GH (NIAMDD-
RP-1), and human GH (NIH HS2243E) were gifts from the Hormone
Distribution Program of the NIH, and porcine PRL (USDA-B1) and porcine
GH (USDA-B1) were gifts from the U.S.D.A.

Production of antisera. Each peptide electroeluted from gels, as described
below, was suspended in Freund's complete adjuvant. The suspension was
injected into the popliteal lymph node of a rabbit by the method of Goudie et
al. (3), as described earlier (4). Approximately 80-100 pg of protein in each
case was injected into a 2-3 kg female New Zealand White rabbit. After four
weeks, a booster injection of the same amount of antigen, suspended in
Freund's incomplete adjuvant, was administered subcutaneously at multiple
sites. The rabbits were bled 10 days later and the immunological reactivity
of the antisera was determined by Western blot analysis.

Electroelution. Proteins for immunization were recovered from dye-stained
gels by electroelution using a BIO-RAD electroeluter (model 422). Protein
bands of interest were excised from the gel, minced into small pieces, and
electrophoresed in SDS-containing Tris buffer at 60 mA for 3 hr. The
eluted material was dialyzed against distilled water to remove some of the
NaDodSO4 and other salts, and it was then lyophilized.

Protein assay. The protein content of the eluates was determined by the
Pierce bicinchoninic acid method (5). Bovine serum albumin was used as
the standard.

Gel electrophoresis. Anterior pituitary tissues were homogenized in
Laemmli's 2-mercaptoethanol-containing sample buffer, in the ratio of 20
mg/ml. The homogenates were heated in boiling water for 3 min and then
centrifuged at 1,000 x g for 15 min. A 25 pl aliquot of the supernatant, or a
5X diluted sample, was loaded on the gel. Purified hormone preparations
were also boiled in sample buffer and loaded in 25 ul volumes. SDS-PAGE
was performed in 1.5-mm thick and 12-cm long slab gels of 12%
acrylamide, using the buffer system of Laemmli (6). The proteins in gels
were stained with Coomassie brilliant blue R or transferred onto
nitrocellulose paper for immunostaining.

Western blotting. Proteins from the gels were electrophoretically
transferred onto nitrocellulose paper by the method described by Burnett
(7). For determining immunological crossreactivity, antisera from the
immunized rabbits were reacted, at a dilution of 1:1,000, with the
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nitrocellulose paper. 125I-labeled Protein A ( 130,000 CPM/ml) was used to
visualize the immunoreactive bands.

RESULTS

Fig. 1 shows the migration patterns in SDS-PAGE of the murine
pituitary proteins under investigation and the electrophoretic purity of the
gel eluates that we used for immunization. Eluates of bands P18, P17, and
P16 were quite homogeneous; P14 and P13 eluates were slightly
contaminated with each other.

Each of the five eluates was injected into a rabbit. Immunoblotting
revealed the presence of antibodies to pituitary proteins in 4 of 5 animals;
the rabbit injected with P16 did not produce antibodies either to P16 or to
any other pituitary protein tested.

Results of the immunological crossreactivities of the four antisera with
GH and PRL from rat, man, pig and sheep are presented in Figs. 2-4.

The anti-P13 serum reacted very weakly with the P13 band in rat
pituitary extract (Fig. 2, Panel B), but the anti-P14 serum reacted quite
strongly with the rat P14 band (Fig. 2, Panel C). Neither of the two antisera
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Fig, 1. Separation of the 13,000 to 18,000 M, murine pituitary peptides by
SDS-PAGE under reducing conditions, and demonstration of electrophoretic
purity of the electroeluted peptides used for immunization. Note: a band
with the Rs of P18 seen in the P13 eluate is not a contaminant but an artifact
of staining. PE = pituitary extract.
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PITUITARY EXTRACTS
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Fig. 2. Western blot analysis showing the immunological crossreactivity of
the murine P13, P14, P17, and P18 antisera with proteins in the pituitary
extracts of rat, man, and pig. Extract from 0.1 mg equivalent of anterior
pituitary tissue was used in each case. Arrowheads indicate the positions of
the immunoreactive P13, P14, P17 and P18 bands in the murine pituitary
extract.

crossreacted with the P13 and P14 bands in human and porcine pituitary
extracts. Both antisera elicited an immunoreactive band having the Rr of G-
PRL in human pituitary extract. The anti-P13 serum, in addition, reacted
with the GH band and a doublet just ahead of G-PRL in the porcine pituitary
extract.

When reacted with purified hormone preparations (Fig. 3), both
antisera crossreacted weakly with glycosylated (8) and unglycosylated forms
of ovine, porcine and human PRL, and with human GH. In the human PRL
preparation used, a G-PRL band was not visible by dye-staining (Fig. 3, Panel
A), yet both antisera elicited an immunoreactive band in that region. It is
likely that a protein other than human G-PRL migrating in the area strongly
crossreacted with P13 and P14 antisera. Possibility for the existence of
such a 25 KDa protein co-migrating with human G-PRL was suggested from
the results of an earlier study as well (9).

The anti-P17 serum crossreacted very strongly with the rat PRL and
human GH bands in pituitary extracts (Fig. 2, Panel D) as well as in purified
hormone preparations (Fig. 4, Panel B). In addition, it weakly crossreacted
with the unglycosylated and glycosylated forms of porcine PRL. Its
crossreaction with human GH included the 20K variant and the large amino
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PURIFIED HORMONES

- Jd a2 g g PR
g acgI I g oo I L o T
B850 £¢8600 EE8 850
S A bl b
G-PRL~- —
PAL — e i e -
GH- -
f - -
(+)

Coomassie Blue Anti-rat P13 Anti-rat P14

Fig. 3. Western blot analysis showing the immunological crossreactivity of
murine P13 and P14 antisera with rat, ovine, porecine, and human PRL, and
rat and human GH. Approximately 15 pg of protein was used for dye-
staining (Panel A) and 5 pg for immunostaining (Panels B and C). The small
letters r, o, h, and p stand for rat, ovine, human and porcine species.

terminal fragment (F;) of cleaved human GH (Fig. 4, Panel B). It did not
crossreact with rat or porcine GH, or human PRL.

The antiserum to P18, on the other hand, crossreacted with GHs of all
three species tested, both in the pituitary extracts (Fig. 2, Panel E) and in
purified preparations (Fig. 4, Panel C). Unlike anti-P17 serum, however, its
crossreaction with human GH did not include the 20K and cleaved variants.
It weakly crossreacted with human and porcine PRLs also, but not with rat
PRL. Furthermore, it crossreacted strongly with the P18 band in rat and
porcine pituitary extracts, but not in human pituitary extract (Fig. 2, Panel
E}.

DISCUSSION

PRLs and GHs of different species have various degrees of sequence
homology (10). The immunological crossreactivities observed in these
experiments between antisera to the new pituitary polypeptides and GH and
PRL give strong indications that the pituitary peptides designated P13, P14,
P17 and P18 share antigenic epitopes with GHs and PRLs of different
species, and are thus structurally related to them to some extent. The
crossreactivities further suggest that the peptides are related to one another
also, since antibodies raised individually against them crossreacted with a
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Fig. 4. Western blot analysis showing the immunological crossreactivities of
murine P17 and P18 antisera with purified preparations of GH and PRL of
rat, man and pig. Approximately 15 pg of protein was used for dye-staining
and 5 pg for immunostaining. The small letters r, h, and p stand for rat,
human and porcine species. F; refers to the large amino terminal fragment
of cleaved human GH. Arrowheads indicate the positions of the 20K human
GH and F; fragment of cleaved human GH. Note: in the rPRL lane of panel
C, a slanted band-like line in the area of GH is not GH, but a scratch in the
nitrocellulose paper.

common protein such as human GH. Tyrosine peptide maps of the peptides
(1) and those of GH and PRL are in accord with the immunologic data:
murine P17 showed partial resemblance to human GH, and murine P13 and
P14 to human PRL. However, these peptides most likely are not fragments
of GH and PRL, since P17 and P18 were found in human prolactinoma tissue
completely devoid of GH (1). We have recently found that the expression of
these peptides in the fetal porcine pituitary precedes that of GH and PRL
(unpublished), further suggesting the genetic distinctiveness of the
peptides. Therefore, these peptides must represent a new class of pituitary
secretory products with immunogenic and structural features similar to
those of GH and PRL.

That these peptides may indeed possess biological properties similar
to those of GH and PRL is also suggested by the results of recent
experiments. We (2) found a marked release of P13 and P14 from rat
pituitary glands after exposure of the animal to cold, a stress stimulus that is
well known to cause release of bioactive but not immunoreactive GH (11, 12,
13). Chomczynski and Brar (14) reported presence of significant mammary
epithelial cell proliferating activity in a partially purified preparation of
culture media from rat pituitary cells that was devoid of GH and PRL but rich
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in the content of these or similar small M; peptides. In view of rat PRL's
strong crossreaction with the P17 antiserum, and those of other PRLs with
antisera to the other peptides, an expression of a biological activity such as
mammary mitogenesis by one or more of these peptides is not
inconceivable.

The most intriguing finding was the crossreaction of antibodies to all
the four peptides with human GH and also with PRL of human and other
species. Immunologically and biologically, the 191 amino acid human GH is
very distinct from GHs of other species, in as much as antibodies to GHs of
lower vertebrates do not crossreact with it and vice-versa (15), nor do GHs
of lower species produce somatotrophic effects in primates (16). Therefore,
our findings indicate, one, that the pituitary of a lower animal such as the rat
secretes other proteins much more akin immunologically to human GH than
is the traditional murine GH; and, two, that these smaller proteins might be
the progenitor of GH and PRL. Because there is significant sequence
homology between GH and PRL (10}, it has been postulated that the
ancestor of these two proteins may have developed from a small protein by a
process of gene duplication (17). However, such a small protein with
sequences common to both GH and PRL has never been identified. In light
of our results, it is tempting to speculate whether one or more of these
peptides represents that putative ancestral protein.

The rabbit injected with P16 produced no antibodies. Although this
could be due to biological variation, since only one animal was immunized, a
more likely explanation could be the structure of P16. Its tyrosine peptide
map (1) greatly resembles that of rat GH, and rat GH is not antigenic in
rabbits (15). Recently, gene for a 17.5 KDa form of human GH, a result of
alternative RNA splicing, has been demonstrated in the human pituitary
(18). Because all of P16's tyrosine-containing tryptic peptides are accounted
for in GH (1), P16 could represent the murine counterpart of the predicted
17.5 KDa human GH.

ACKENOWLEDGMENTS

This research was supported by NIH grant DK 32311. We are grateful
to the National Hormone and Pituitary Program of the NIH and Dr. Douglas J.
Bolt, USDA Animal Hormone Program, for the gift of purified hormone
preparations, the National Pituitary Agency for the human pituitary glands,
and Dr. H.G. Klemcke of USDA-ARS, Clay Center, NE, for the porcine
pituitary glands used in this study. We wish to thank Eileen F. VanderLaan
for editorial assistance and Kim M. Moskowitz for typing of the manuscript.

392



Vol. 163, No. 1, 1989 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

oo A~ W N

© N

11.
12.
13.
14.
15.
16.

18.

REFERENCES

Sinha, Y.N. and Jacobsen, B.P. (1988) Biochem. Biophys. Res. Commun.
156:171-179.

Sinha, Y.N. and Jacobsen, B.P. (1989) Progr. 71st Ann. Mtg. Endo. Soc.
p. 108.

Goudie, R.B., Horne, C.H.W. and Wilkinson, P.C. (1966) Lancet ii:1224-
1226.

Sigel, M.B., Sinha, Y.N. and VanderLaan, W.P. (1983) In Methods in
Enzymology, Immunochemical Techniques, Part F, J.J. Langone and
H.V. Vunakis (eds.), Academic Press, New York, pp. 3-12.

Smith, P.K., Krohn, R.I.,, Hermanson, G.T., Mallia, A.K., Gartner, F.H.,
Provenzano, M.D., Fujimoto, E.K., Goeke, N.M., Olson, B.J. and Klenk,
D.C. (1985) Analyt. Biochem. 150:76-85.

Laemmli, U.K. (1970) Nature (London) 227:680-685.

Burnett, W.N. {1981) Analyt. Biochem. 112:195-203.

Lewis, U.J., Singh, R.N.P., Lewis, L.J., Seavey, B.K. and Sinha, Y.N.
(1984) Proc. Natl. Acad. Sci. USA 81:385-389.

Sinha, Y.N., Ott, K. and VanderLaan, W.P. (1987} Am. J. Med. Sci.
294:15-25.

Nicoll, C.S., Mayer, G.L. and Russell, S.M. (1986} Endo. Rev. 7:169-
203.

Krulich, L. and McCann, S.M. (1966) Proc. Soc. Exp. Biol. Med.
122:612-6186.

Muller, E.E., Saito, T., Arimura, A. and Schally, A.V. (1967)
Endocrinology 80:109-117.

Ellis, S., Vodian, M.A. and Grindeland, R.E. (1978) Rec. Progr. Horm.
Res. 34:213-235.

Chomecezynski, P. and Brar, A (1989) Progr. 71st Ann. Mtg. Endo. Soc.
p- 352.

Hayashida, T. (1975) In Hormonal Proteins and Peptides, Vo. III, C.H.
Li (ed.), Academic Press, New York, pp. 41-146.

Knobil, E. and Hotchkiss, J. {1964) Ann. Rev. Physiol. 26:47-74.
Wallis, M. (1978) Austr. Biochem. Soc., Proc. 11:Q12-Q13.

Lecomte, C.M., Renard, A. and Martial, J.A. (1987) Nucleic Acid Res.
15:6331-6348.

393



