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The body of existent knowledge on the
anterior pituitary hormones has been largely
derived from studies on the eutherian mam-
mals, while almost nothing is known about
methatherian (marsupial) mammals. We
report here studies on a small quantity of
kangaroo (Megaleia rufa) pituitaries, which
were fractionated by a scheme designed to
obtain most of the known hormonal activi-
ties of the anterior pituitary. Fractions con-
taining follicle-stimulating hormone (FSH),
luteinizing hormone (LH, ICSH), growth
hormone (GH), prolactin (PRL), and
adrenocorticotropin (ACTH) activity were
identified, partially purified, and compared
to well-characterized mammalian pituitary
hormones.

Fractionation of kangaroo pituitaries. The
glands were obtained by Dr. Donald S.
Bradshaw (Department of Zoology, Univer-
sity of West Australia, Nedlands) and put
at our disposal by Dr. Paul Licht (Univer-
sity of California, Berkeley). Two batches
were employed, the first consisting of 2.3 g
acetone-dried pituitaries which were several
years old, and a second batch of 0.73 g
which was collected and acetone dried in
the preceding year. Both batches were
handled identically and the fractions of each
were combined for further purification after
comparable results were obtained with each.
The fractionation procedures were adapted
from methods developed in this laboratory
for the purification of individual mammalian
pituitary hormones (1). In brief, the glands

1 Supported in part by NIH Grant AM-6097
and NSF Grant GB3524IX. One of us (H.P.)
is a Career Developmental Awardee of the NIH.

were homogenized in a Waring Blender with
cold water, adjusted to pH 9.5 with
Ca(OH)., and stirred at 4° for 3 hr. After
centrifugation, the alkaline extract was frac-
tionated with (NH,).SO,, which was ini-
tially added to a concentration of 0.5 sat-
aration (0.5 SAS); a second fraction
(0.5-0.8 SAS) was obtained by adding
(NH,).SO, to the 0.5 SAS supernatant fluid
to a final concentration of 0.8 SAS. The
0.5 SAS fraction was dialyzed, lyophilized,
and extracted with phosphate buffer, pH
5.1, 12% SAS. After removal of the insolu-
ble material (fraction P), the extract was
chromatographed on Amberlite IRC-50 as
previously described (2, 3) and yielded four
fractions: the initial pH 5.1 unadsorbed
fraction (A), a water eluate (B), pH 6.0
eluate (C), and an alkaline (pH 9.5) eluate
(D). The 0.5-0.8 SAS fraction was further
purified by extraction with 10% NH,Ac,
pH 5.1, 40% EtOH, a technique known to
extract glycoproteins (4). This fraction was
designated SS. The procedure was also ap-
plied to the Amberlite IRC-50 fraction A,
yielding fraction AS. The residue (R) re-
maining after the initial alkaline extraction
and the P fraction were each extracted with
an acid-acetone mixture routinely em-
ployed in this laboratory to prepare ovine
prolactin and ACTH (1), dialyzed, and
lyophilized.

These materials were the major fractions
initially tested for different hormonal activi-
ties. LH activity was determined by the
ovarian ascorbic acid depletion (OAAD)
test (5) and FSH by the Steelman—Pohley
assay (6). GH fractions were identified by
precipitin reactions in agar gel (7) using
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monkey antiserum to purified rat GH (8)
and by the rat tibia test (9). Prolactin was
identified electrophoretically using poly-
acrylamide disc electrophoresis (10), by
precipitin reactions in agar gel using rabbit
antiserum against ovine prolactin, and as-
sayed by the pigeon crop sac test (11).
ACTH was assayed by an in vivo adrenal
steroidogenic assay (12). Standard gonado-
tropin preparations were obtained from the
Endocrinology Study Section of the N.I.H.
These assays revealed LH and GH activ-
ity in the C fraction, FSH activity in SS,
prolactin in P and R, and ACTH in R.
Fractions AS, B, and D were without sig-
nificant activity. Interestingly, with human
pituitaries fraction B contains growth hor-
mone (1). The further purification and
characterization of several of the hormonally
active fractions will be described below.
Results and Discussion. Gonadotropins.
The results of bioassays for LH and FSH
obtained with the major fractions described
above are shown in Table I. The % total
activity distribution clearly shows that the
majority (86% ) of the LH activity is in
the C fraction while the FSH activity
(89%) is in SS. These results showing the
separation of kangaroo LH and FSH by
(NH,),SO, precipitation parallel those
found with many species of mammalian
pituitaries (13). In addition, purified mam-
malian LH (ovine, porcine), like the kanga-
roo LH here, also elutes in fraction C on
Amberlite IRC-50 chromatography (unpub-
lished studies). Also, it may be inferred
that the kangaroo gonadotropins are glyco-
proteins since they are soluble in the
NH,Ac-EtOH extraction technique. Thus,
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in these respects, the kangaroo gonado-
tropins resemble the mammalian hormones.

Further purification of kangaroo FSH
was achieved by chromatography on sulfo-
ethyl-Sephadex C50 in a manner similar to
that described for ovine FSH (14). Figure
1 shows the results obtained on chromat-
ographing the SS fraction. The active
eluate, the 0.03 M NHHCO; peak, had a
potency of 2.7 X N1H-FSH-S1 and could
be additionally purified by gel filtration on
Sephadex G-100 (Fig. 1). The B fraction
from the experiment shown in Fig. 1 was
found to have an activity of 19.4 X N1H-
FSH-S1. Highly purified ovine FSH prep-
arations obtained by similar techniques have
had activities of about 50 X N1H-FSH-S1
(14).

The Amberlite IRC-50 fraction C, con-
taining both LH and GH activity, was
chromatographed on DEAE-cellulose in
0.03 M NH,HCO,, pH 9.0. With a variety
of analogous mammalian and nonmam-
malian fractions chromatographed under
these conditions, we have found that the
unadsorbed fraction (DEAE-A) contains
the LH, and the adsorbed GH can be eluted
with 1 M NH,HCO; (in preparation for
publication). Attempts, however, to further
purify kangaroo LH by this procedure were
unsuccessful, due perhaps to the technical
difficulties encountered in handling very
small quantities of material.

Growth hormone. The DEAE-B fraction,
containing the kangaroo growth hormone
activity, was applied to a small Sephadex
G-100 column, in 0.05 M NH,HCO,. Three
major elution peaks were pooled, corre-
sponding to Ve/Vo’s of approximately 1-2

TABLE 1. Fractionation of Kangaroo Gonadotropins by (NH,),SO, Precipitation and Amberlite
IRC-50 Chromatography.

Total activity

Yield® Potency® _—

Fraction (mg) (U/mg) 8] %
AS 10 LH 0.04 04 9
FSH 0.56 5.6 11

C 27 LH 0.14 3.8 86
FSH — — —

SS 23 LH 0.01 0.2 5
FSH 1.90 43.6 89

@ Obtained from 725 mg dry weight of pituitaries. See text for details.
® Potencies are expressed in terms of NIH-LH-S1 and NIH-FSH-SI.
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Fi16. 1. Upper. Chromatography of 22 mg o
of sulfoethyl-Sephadex C50; 5 ml/tube; FSH ac

f kangaroo FSH fraction SS on a 10-ml column
tivity was located in peak C.

Lower. Gel filtration of the active FSH fraction obtained above (peak C) on a 130-ml
column of Sephadex G-100 in 0.05 M NHHCO;; 3.3 mg applied; 1.5 ml/tube; FSH activity

is mainly in peak B,

(A), 24 (B), and 4-6 (C). These frac-
tions were tested for the presence of GH
by the Ouchterlony technique (7) using
monkey antiserum against rat GH. The re-
sults indicated that GH was mainly in peak
A, but detectable in peak B as well. The re-
sults with the A peak are shown in Fig. 2A.
It can be seen that kangaroo GH gives a
reaction of complete identity with rat, bo-
vine, and porcine GH. The B peak gave
similar results and both were active in the
rat tibia test, the A peak resulting in a tibial
cartilage plate width of 215 nm and B of
203 nm when assayed at a dose of 100 pg.

Prolactin and ACTH. A fast migrating

band characteristic of prolactins (10) was
observed when the P fraction was examined
by disc electrophoresis. In addition, a simi-
lar but fainter band was observed when the
residue was examined. On this basis, these
fractions were pooled, dissolved in water,
and adjusted to pH 5.3 to obtain a precipi-
tate. The disc electrophoresis pattern of this
precipitate is shown in Fig. 3 and it can be
seen that there is one major staining
band, a very fast migrating one. This evi-
dence, suggesting the presence of prolactin,
was confirmed by data from the pigeon crop
sac assay which showed the preparation to
have a potency of 0.11 X N1H-O-PRL.



Fic. 2. (A) Ouchterlony plate showing the reaction of a monkey antiserum to rat growth
hormone (center well, 0.1 ml) with purified kangaroo, pig, rat, and ox GH (20 ug each).
Note reaction of complete identity and lack of reaction of human GH.

(B) Ouchterlony plate showing reaction of rabbit antiserum to ovine prolactin (center well,
0.1 ml) with 40 ug each of kangaroo, pig, ovine, and ox prolactin. Note reaction of identity
between kangaroo and pig prolactin and/or partia] identity with ovine and ox prolactin.
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Fic. 3. Disc electrophoresis pattern of kangaroo prolactin; pH 8.3, 7% gel; stained with
Amido Schwartz; migration from left to right; prolactin bands located just before right-most

dye front band.

Figure 2B shows the results obtained by the
immunological precipitin test in agar. It is
seen that the kangaroo PRL cross-reacts
with the antiserum against ovine PRL but
forms a line of incomplete identity. Inter-
estingly, porcine PRL reacts in an identical
manner. It may be concluded that porcine
and kangaroo PRL are immunochemically
more closely related than to ovine or bovine
PRL, but all four share common immuno-
logical determinants,

ACTH was only briefly examined. Activ-
ity was found in the AAP from the residue
amounting to 3 U/mg. Other fractions were
not tested and the active material was not
further purified.

Concluding remarks. Aside from a brief
report (15) describing the extraction of
gonadotropins from pituitaries of the Tam-
mar Wallaby, there is virtually no informa-
tion existent on the biochemical nature of
the marsupial pituitary hormones. In these
studies, all the major mammalian anterior
pituitary hormones were located in the kan-
garoo pituitary extracts and in most cases
purified to some extent. While fractions
were not examined for the presence of
thyrotropin in these studies, it seems reason-
able to expect on the basis of our results
that it is also present. The kangaroo gona-
dotropins, FSH and LH, and GH fol-
lowed mammalian hormone behavior in
(NH,).SO, fractionation and Amberlite
IRC-50 chromatography, suggesting chemi-
cal similarity. Further evidence of the
chemical relatedness of kangaroo FSH to

mammalian FSH is demonstrated by its
solubility in NH,AC-EtOH solution and
the elution pattern (Fig. 1) obtained by
sulfoethyl-Sephadex chromatography. Kan-
garoo GH and prolactin are also seen to be
related to their mammalian counterparts by
the immunochemical studies (Fig. 2). There
were insufficient quantities of any of the
purified materials to do additional tests for
chemical identity such as terminal-group or
amino-acid analyses. The bioassays pro-
vided evidence of biological similarity to
mammalian hormones although the poten-
cies observed were low. While this may re-
flect a lack of final purity, it could also
reflect species specificity in terms of the
marsupial hormones interacting in the
eutherian mammalian and avian assays.
Our results suggest most of the kangaroo
pituitary hormones can be separated and
further purified by the procedures outlined
here.

Summary. A small quantity of kangaroo
pituitaries were subjected to fractionation
procedures known to separate mamma-
lian pituitary hormones. These involved
(NH,).SO, fractionation, ion-exchange
chromatography, and gel filtration. The re-
sults show that the kangaroo possesses
pituitary hormones which behave very much
like their mammalian counterparts with re-
spect to biological, chemical, and immuno-
chemical behavior.

We thank Professor Choh Hao Li for his ad-
vice on these studies; Dr. Paul Licht for helpful



1036

discussions; Dr. T. Hayashida for the gift of mon-
key antiserum to rat GH; Dr. C. S. Nicoll for
performing a number of pigeon crop sac assays;
Dr. J. Ramachandran for performing the ACTH
assay; and J. D. Nelson, Dan Key, and Carol
Hopkins for skilled technical assistance.

1. Papkoff, H., and Li, C. H., Encyl. Chem.
Technol. 11, 52 (1966).

2. Papkoff, H., and Li, C. H., J. Biol. Chem.
231, 367 (1958).

3. Papkoff, H., Li, C. H, and Liu, W..K,,
Arch. Biochem. Biophys. 96, 216 (1962).

4. Hartree, A. S., Biochem. J. 100, 754 (1966).

5. Parlow, A. F., in “Human Pituitary Gonado-
tropins” (A. Albert, ed.), p. 300, Thomas, Spring-
field, T11. (1961).

6. Steelman, S. L., and Pohley, F. M., En-
docrinology 53, 604 (1953).

7. Ouchterlony, O., Acta Pathol. Microbiol.
Scand. 26, 507 (1949).

KANGAROO PITUITARY HORMONES

8. Hayashida, T., Gen. Comp. Endocrinol. 15,
432 (1970).

9. Greenspan, F. S., Li, C. H,, Simpson, M. E,,
and Evans, H. M., Endocrinology 45, 455 (1949).

10. Nicoll, C. S, and Licht, P., Gen. Comp.
Endocrinol. 17, 490 (1971).

11. Nicoll, C. S., Endocrinology 80, 641
(1967).

12. Vernikos-Danellis, J., Anderson, E., and
Trigg, L., Endocrinology 79, 624 (1966).

13. Papkoff, H., in “Reproduction in Domestic
Animals” (Cole, H. H. and Cupps, P. T., eds.),
p. 67, Academic Press, New York (1969).

14. Papkoff, H., Gospodarowicz, D., and Li,
C. H., Arch. Biochem. Biophys. 120, 434 (1967).

15. Hearn, J. P., J. Reprod. Fert. 28, 132
(1972).

Received July 6, 1973. P.S.E.B.M,, 1974, Vol. 145.



