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pattern during the period of cyst develop-
ment.

Summary. QOvarian cysts were experimen-
tally induced by injecting hypothyroid rats
with human chorionic gonadotropin. Cystic
ovarian tissue synthesized i wvitro a large
quantity of 20«-hydroxypregn-4-en-3-one but
estrogen synthesis was low.

1. Goldzieher, J. W., Green, J. A, J. Clin. En-
docrinol., 1962, v22, 325.

2. Nalbandov, A. V. Reproductive Physiology,
W. H. Freeman & Co., San Francisco, 1958, 128.

3. Gawienowski, A. M., Lee, S. L., Marion, G. B,
Endocrinology, 1961, v69, 388.

4. Axelrod, L. R., Goldzieher, J. W., Arch. Bio-
chem., 1961, v95, 547.

5. Short, R. V., J. Reprod. Fertil,, 1962, v4, 27.

6. Leathem, J. H., Ciba Found. Colloquia on En-
docrinol., 1958, v12, 173.

7. Short, R. V., J. Endocrinol,, 1960, v20, 147.

8. Bush, I. E., Biochem. J., 1952, v50, 370.

9. Zaffaroni, A., Recent Progr. Hormone Res., 1953,
v8, 51.

10. Eberlein, W. R., Bongiovanni, A. M., Arch.
Biochem., 1955, v59, 90.

11. Warren, J. C., Salhanick, H. A, J. Clin. En-

999

docrinol., 1961, v21, 1218.

12. Ward, P. J., Grant, J. K., J. Endocrinol., 1963,
v26, 139.

13. Rubin, B. L., Deane, H. W., Hamilton, J. A,,
Endocrinology, 1963, v73, 748.

14. Huang, W. Y., Pearlman, W. H., J. Biol. Chem.,
1962, v237, 1060.

15. Weisz, J., Matsuyama, E., Self, L. W,, Lloyd,
C. W., 46th Meeting of Endocrine Soc., 1964, (Abst.
6), 25.

16. Stitch, S. R., Oakey, R. E., Eccles, S. S,
Biochem, J., 1963, v88, 70.

17. Eto, T., Masuda, H., Shzuki, Y., Hosi, T,
Jap. J. Animal Reprod., 1962, v8, 34.

18. Hoar, R. M., Goy, R. W, Young, W. C,
Endocrinology, 1957, v60, 337.

19. Rice, B. F., Hammerstein, J., Savard, K., J.
Clin. Endocrinol,, 1964, v24, 606.

20. Wiest, W. G., Wilcox, R. B., Kirschbaum,
T. H., Endocrinology, 1963, v73, 588.

21. Blye, R. P., Leathem, J. H., Fed. Proc., 1959,
v18, 49.

22, Adams, W. C., Leathem, J. H., ibid., 1963, v22,
570.

23. Leathem, J. H,, Adams, W. C,, Proc. Soc. Exp.
Biol. and Med., 1963, v113, 240.

Received December 7, 1964. P.S.E.B.M., 1965, v118.

Purification of Ovine Luteinizing Hormone-Releasing Factor by Gel

Filtration and Ion Exchange Chromatography.*
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Release of hypophyseal luteinizing hor-
mone (LH) appears to be controlled by a
hypothalamic LH-releasing factor (LH-RF).
Crude or partially purified rat, beef, or sheep
hypothalamic extracts prepared from the
stalk-median eminence (SME) region evoke
the release of LH in a variety of test animals
(1-4). Since the extracts are active after de-
struction of the median eminence region(2),
an operation which eliminates neural control
of LH, it is believed that they act directly

* This project was supported by Grant #01236-09
from US.PHS. and by grants from Population
Council and Ford Foundation.

t Postdoctoral fellow of Rockefeller Foundation.

I Miss Suzette Shockley and Mr. Christopher
Harvey provided important technical assistance.

on the pituitary to release LH. This belief
is strengthened by the finding that micro-
injection of these extracts into the adenohy-
pophysis induces ovulation in both rats(5)
and rabbits(6). More recently, it has been
possible to demonstrate a decline in stored
LH-releasing activity in rats at proestrus(7,
8), and to observe LH-releasing activity in
plasma of hypophysectomized rats(9). These
observations suggest that variations in secre-
tion rate of the LH-RF may bring about the
altered rates of LH release which occur un-
der various physiological conditions, such as
the stages of the estrous cycle and alter-
ations in gonadal hormone titers.

We have reported the purification of bo-
vine LH-RF on a small scale by gel filtration
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on Sephadex G-25(10). We have modified
our procedures to obtain a better purification
on a larger scale for subsequent studies of
amino acid composition and structure of this
releasing factor. This paper describes the
preparation of highly purified ovine LH-RF
by gel filtration, using larger columns of
Sephadex and different methods of extraction
and elution, which was followed by chroma-
tography on columns of carboxymethylcellu-
lose (CMC).

Methods. Extractions. SME tissue from
recently slaughtered sheep$ was collected on
dry ice and converted into acetone powder
prior to extraction with 4 M acetic acid as
previously described(11). The acetic acid ex-
tract was lyophilized and reextracted with
glacial acetic acid, diluted 3-4 times with
glass distilled water and relyophilized. This
step was found useful to remove the bulk of
inert proteins and some insoluble salts.

Chromatography. Gel filtration on a col-
umn (150 X 4.5 cm) of Sephadex G-25
equilibrated in 0.1 M ammonium acetate
(pH 5) was performed first to separate LH-
RF from follicle stimulating hormone releas-
ing factor (FSH-RF), and the bulk of vaso-
pressin and other peptides as reported earlier
(11). The zones containing the LH-RF were
combined and lyophilized. The lyophilized
material was dissolved in 30-40 ml of glacial
acetic acid to remove salt, diluted 3-4 times
with glass distilled water, and relyophilized.
This lyophilized material was dissolved in the
starting buffer and applied to a CMC column
(2 X 100 cm) which had been equilibrated
with 0.002 M ammonium acetate buffer at
pH 4.5. Gradients to pH 6.5, 0.04 M buffer
at tube no. 10, and to 0.2 M buffer at tube
no. 30, were applied through a 500 ml mix-
ing flask. The volume of liquid in each tube
collected was 20 ml. When necessary, further
desalting was accomplished by passage
through the CMC column and by glacial ace-
tic acid extraction.

CMC columns were packed under 8 1b of
pressure and flow rates were maintained at
30-50 ml/hour. Columns were regenerated
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with 1 M acetic acid followed by water and
re-equilibration with the starting buffer.

Polypeptide concentration in the effluent
was followed by the Folin-Lowry reaction
(12). Conductivity measurements were made
by a conductivity bridge, and concentration
of sodium (Na) and potassium (K) was
measured with the Baird flame photometer.

Bioassays. LH-releasing activity was esti-
mated by determining the percentage ovarian
ascorbic acid depletion (OAAD) which fol-
lowed intravenous (iv) administration of the
various fractions into immature female rats
which had been pretreated with gonadotro-
phins]| (1,13). Three to 7 test rats were used
for every fraction evaluated.

Pressor activity was estimated by the
method of Dekanski(14) with Pitressin as
the standard.

Results. Crude extracts. Preliminary ex-
periments revealed that the acetone powder
obtained from sheep SME fragments was
active in depleting ovarian ascorbic acid. A
dose of 4 mg of the powder gave an ascorbic
acid depletion of 22%. The acetic acid ex-
tract made from the acetone powder was like-
wise active; 1 mg of extract made from this
lyophilized powder gave depletions which
averaged 179%. This powder was extracted
with glacial acetic acid, relyophilized, dis-
solved in ammonium acetate, and subjected
to gel filtration.

Gel filtration. Minimal OAAD was ob-
tained in the non-retained, protein-rich frac-
tion which was eluted from the column just
after the void volume, when tested in one
experiment. The activity in this large molec-
ular zone was probably caused by minimal
contamination of the extract with LH. The
major ovarian ascorbic acid depleting activ-
ity was found in a narrow zone from tubes
112 to 126, with a peak at tube 118 (Fig. 1).
Pressor activity began to emerge from the
column just after the LH-releasing activity,
and reached a maximum 4 tubes after that
for LH-release. Fractions were obtained
which had LH-releasing activity and very
little pressor activity (75 to 160 mU) at

§ We are indebted to Mr. A Roth and to Miller
Abatoir (North Bergen, N. J.) for aid in collection
of hypothalamic fragments.
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FIG. 1. LH-releasing and pressor activity of
ovine hypothalamic extracts obtained by gel filtra-
tion on Sephadex G-25. Optical density (at 750
my) represents peptide concentration as deter-
mined by the Folin-Lowry reaction. LH-releasing
activity is estimated by ovarian ascorbic aecid de-
pletion.

FIG. 2. LH-releasing (% ovarian ascorbic acid
depletion) and pressor activity of fractions ob-
tained from the CMC column., Arrows represent
application of gradient to 0.04 M (pH 6.5) am-
monium acetate buffer at tube 10 and gradient to
2.0 M (pH 6.5) buffer at tube 30. All tubes to the
left of vertical line at tube 87 contain little or no
vasopressin, Vertical bars give standard error
where 5 or more test rats were used.

the 0.3 ml dose used for evaluation of as-
corbic acid depletion. Although the OAAD
observed on the ascending limb of the curve
for LH-release could hardly have been caused
by vasopressin, in view of the small degree
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of pressor contamination, that on the de-
scending limb may have been in part caused
by vasopressin, since doses of 200 mU of
this polypeptide can give an OAAD of 10%
(15); however, the displacement of the pres-
sor peak from that for LH release indicates
that a separation of these two activities had
been obtained.

Three such fractionations have been car-
ried out on Sephadex. In one case, the
pressor peak was separated from that for
LH release by 6 tubes, instead of the 4 tubes
illustrated in Fig. 1; whereas only in one
fractionation did the peak of pressor and
LH-releasing activity coincide. Even in this
case, tubes on the ascending limb of the LH-
releasing curve had activity which could not
be accounted for by vasopressin contamina-
tion. The peptide content in the 0.3 ml of
effluent injected into the test rats averaged
approximately 70 pg in the tubes which gave
maximal OAAD.

Chromatography on CMC. The LH-releas-
ing zones from the 3 Sephadex fractionations
were pooled, lyophilized, and extracted with
glacial acetic acid to reduce the concentra-
tion of salts. Since the conductivity and con-
centration of Na and K were found to be
still quite high, the extract was relyophilized
and reextracted 2 times in a further effort
to reduce contamination with these cations
which interfere with chromatography on the
CMC ion exchanger. Approximately 500-600
mg of peptide (estimated by Folin-Lowry
determination) were applied to the column.
Despite these precautions nearly all the LH-
releasing activity, and roughly 60-70% of the
pressor activity (which still contaminated the
extract) were not retained on the exchanger
in our first run. After determining its Na
and K content, the non-retained material was
relyophilized, reextracted as before, and
again chromatographed. In all, 4 chromato-
grams were run. In none of the cases were
the columns overloaded with peptide since
the size of the column was quite large (2 X
100 cm). Progressively larger fractions of
the LH-releasing and pressor activity were
retained on the exchanger as the Na and K
concentrations were progressively reduced by
passage through CMC and extraction with
glacial acetic acid. The Na and K contami-
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TABLE I. LH-Releasing Activity of Fractions Purified by Gel Filtration and Chromatography on CMC.

] Pressor % ovarian ascorbic aeid depletion
Fractionation Tube Dose activity Pvs
No. No. (ug peptide) (mT) Individual responses Mean +~ SEM control
APSD 2-14 80 3.5 0 8.7,28.9,11.4,16.4,26.9 17.3 - 4.4 <.01
o 85 3.5 16 22,1, 18.2,18.6, 22.2, 23.4 20.9 = 1.1 <.001
APSD 2-11 50 7.2 0 18.8,11.2,14.5, 9.4 13.4 + 1.7 <.01
vy 57 2.4 7 12.8, 8.2,10.0,18.6,13.0 12.5 + 1.7 <.01
vy 64 4.8 50 224 16.4, 19.6, 16.5, 17.6 18.5 + 1.2 <.001

nation of the extract applied to the column
in the last experiment had been reduced to
I and 0.2 meq respectively. Under these
conditions, essentially all the LH-releasing
and pressor activity was retained on the
column (Fig. 2) and was eluted after appli-
cation of the gradient to 0.2 M, pH 6.5
ammonium acetate buffer. The LH-releasing
activity emerged just prior to the pressor
peak, such that a number of active fractions
(10) were obtained which contained little
or no vasopressin (Fig. 2, Table I). Some
LH-releasing activity was still obtained in
the pressor zone; however, the contamina-
tion with vasopressin (120 mU) in the 1.2
ml dose was too little to account for the
LH-releasing activity found. Considerable
quantities of pressor free LH-RF were re-
covered from the last 2 fractionations on
CMC (APSD 2-14 and 2-11); smaller quan-
tities were obtained from the first 2 fractiona-
tions (APSD 2-1 and 2-8) where most of
the LH-RF was not retained on the exchanger.
Since the presence of Na and K in the ex-
tract inhibited retention of LH-RF more than
that of vasopressin, the starting material for
later fractionations had a higher LH-RF to
vasopressin ratio, which aided in the separa-
tion achieved in the later columns. The
pressor-free, LH-releasing fractions were ac-
tive at a minimum dose of less than 3 ug
of peptide (Table I) and represent highly
purified LH-RF, at least as pure as any so
far reported.

Discussion. The present method for puri-
fication of the LH-RF provides a highly
purified material which is essentially free of
vasopressin after 2 chromatographic steps.
On the basis of its order of elution from
Sephadex, the LH-RF appears to have a
molecular weight slightly greater than that
of vasopressin. That it probably is a poly-
peptide is suggested by the fact that it is

inactivated by the proteolytic enzymes, pep-
sin and trypsin(2,3). Its retention on the
cation exchanger CMC indicates that it is
a basic polypeptide. Other experiments have
revealed that gel filtration on Sephadex can
give a separation of the LH-RF from other
hypothalamic releasing factors, such as the
corticotrophin-releasing factor(16), FSH-RF
(11), and growth hormone-releasing factor
(unpublished data).

Guillemin e¢ al/(17) have reported briefly
on the purification of ovine SME extract by
chromatography on CMC. Since they did not
mention any attempts to desalt their extract
prior to application to the column, it is
rather surprising that appreciable LH-RF
was retained. We would like to point out
that this step is unavoidable in order to
get retention of LH-RF on CMC.

Schally and Bowers(4) have just reported
the purification of bovine LH-RF by means
of gel filtration and ion-exchange chromatog-
raphy on CMC. Their results, obtained with
different solvent systems and conditions of
extraction, are in agreement with ours. They
also noted the importance of desalting the
extract prior to loading on the CMC column,
but attempted to remove anions too by pass-
ing the extract through Amberlite CG-45.
This step may not be necessary, as shown
by these experiments. The only disadvantage
to the present method is the tedious removal
of Na and K, and we are currently searching
for easier ways to accomplish this step. Both
Schally and Bowers, and Guillemin et a/ only
tested zones for LH-releasing activity. A
more complete picture of the behavior of the
releasing factor is presented here where the
entire curve of releasing activity has been
followed.

Two puzzling points cannot yet be ade-
quately explained. First, why was the LH-
releasing zone obtained from the fractiona-
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tion on Sephadex so high in salt content?
Since molecular size is the principal factor
which determines separations on Sephadex,
one would have expected the polypeptide-
containing zone to be relatively free of small
ions. Second, why did the CMC fail to re-
move as much Na and K as would be ex-
pected from its rated capacity for these
cations? Desalting with glacial acetic acid
was also relatively less effective, We do not
know the explanation for this peculiar be-
havior of the material, but it may be related
to its high viscosity which might interfere
with contact of the extract with the particles
of the exchanger. Another possibility is that
other material in the LH-releasing zone may
have a high positive charge which saturates
the exchange capacity of CMC, and conse-
quently interferes with retention of salts and
the releasing factor.

Summary. Acetone powders prepared from
sheep SME fragments were extracted with
acetic acid and subjected to gel filtration on
Sephadex G-25. An LH-releasing zone was
eluted from the column just before the ap-
pearance of the pressor zone. The LH-re-
leasing zones from 3 such columns were
pooled, applied to a CMC column, and eluted
by application of gradients of ammonium
acetate of increasing ionic strength and pH.
A pressor free LH-releasing zone was eluted
from the CMC just prior to emergence of
vasopressin. This highly purified LH-RF was
active at a dose of 3 ug of peptide. Prelim-
inary desalting was required in order for
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the LH-RF to be retained on the CMC
column. Various steps and stages of desalt-
ing have been discussed.
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Purification and Partial Characterization of Mouse Hemopexin

(Beta 2-II1 Globulin).* (30029)
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A protein migrating in the beta-2 globulin
region has been shown to be increased in the
sera, of tumor bearing mice(1,2,3,4), and to
be present in soluble extracts of a mouse
mammary carcinoma of the RIIT mice(4),
and in soluble extracts of a rhabdomyosar-

coma, and mammary carcinoma (both spon-
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