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ABSTRACT Vasoactive intestinal peptide (VIP) has been
identified in ovarian nerves and stimulates steroid secretion
from immature ovaries. To gain insight into its mechanism of
action, the effect of VIP on the synthesis of the cholesterol
side-chain cleavage enzyme complex was studied in ovarian
granulosa cells from immature estrogen-primed rats. The cells
were cultured for 48 hr in serum-free medium; the proteins
were labeled with [35S]methionine; and the synthesis of cyto-
chrome P-450, iron-sulfur protein, and NADPH:iron-sulfur
protein reductase was evaluated by electrophoretic analysis
after immunoisolation with polyclonal antibodies directed
against the bovine adrenal enzymes. VIP at concentrations
ranging from 0.001 to 1 FAM stimulated 3- to 5-fold the synthesis
of cytochrome P-450 and iron-sulfur protein. Peptide NH2-
terminal histidine, COOH-terminal isoleucine, which has >50%
sequence homology of VIP, stimulated the synthesis of both
proteins at -50% of VIP effectiveness. Secretin, another
member of the glucagon-secretin family of peptides, which has
only 30% sequence homology to VIP, was without effect.
Similar results were observed with the NADPH:iron-sulfur
protein reductase. VIP-induced synthesis of the cholesterol
side-chain cleavage enzyme complex was accompanied by a
dose-related increase in cAMP accumulation and progestin
formation. It is concluded that VIP regulates the synthesis of
the ovarian cholesterol side-chain cleavage enzyme complex,
which catalyzes the rate-limiting reaction in progesterone
biosynthesis, and that the VIP effect is at least partially
mediated through cAMP. It is suggested that a stimulatory
action of VIP on the synthesis of ovarian progesterone may
contribute to regulating the functional development of the
ovary.

It is becoming increasingly evident that the mammalian ovary
is regulated by both hormonal and neural inputs (1-3). While
the hormonal regulation has been extensively investigated,
much less attention has been given to the neural regulatory
component (4, 5). Recently, the presence of ovarian pep-
tidergic nerves (6, 7) has been thoroughly documented (8, 9).
The occurrence of vasoactive intestinal peptide (VIP)-con-
taining nerves in the immature rat ovary (9) is of particular
interest since VIP has been found to stimulate steroid release
from immature rat ovaries in vitro (9), rat granulosa cells in
culture (10), and whole rabbit ovaries in situ (11).
The rate-limiting reaction in progesterone synthesis in the

ovary is the conversion of cholesterol to pregnenolone. This
reaction is catalyzed by the cholesterol side-chain cleavage
enzyme complex (SCC), which is comprised of cholesterol
side-chain cleavage cytochrome P-450 (P-450SCC), iron-
sulfur protein, and NADPH:iron-sulfur protein reductase

(reductase) (12). The reaction is regulated by follicle-stim-
ulating hormone (FSH), which induces the synthesis of SCC
in both bovine (13, 14) and rat (15) granulosa cells in culture,
resulting in increased progesterone formation.
The effectiveness of VIP in stimulating progesterone se-

cretion from the ovary (9-11) raises the possibility that the
mode of action of VIP involves regulation of SCC synthesis.
The present report examines this possibility by utilizing
cultured ovarian granulosa cells obtained from immature
estrogen-primed rats. With the use of specific antibodies to
the components of SCC, induction of the synthesis of these
enzymes by VIP was demonstrated. A preliminary report of
these findings has appeared (16).

MATERIALS AND METHODS
Radiochemicals. [3H]Progesterone (specific activity, 40-60

Ci/mmol; 1 Ci = 37 GBq), 20a-[3H]hydroxyprogesterone
(specific activity, 40-60 Ci/mmol), [35S]methionine (specific
activity, 1120 Ci/mmol), 14C-labeled molecular weight pro-
tein standards, and Na125I were obtained from New England
Nuclear. 02-monosuccinyladenosine 3':5'-cyclic monophos-
phate tyrosyl methyl ester (Sigma) was radiolabeled with 1251I
as described (17).
Hormones. VIP, peptide NH2-terminal histidine, COOH-

terminal isoleucine (PHI), and secretin were obtained from
Peninsula Laboratories (Belmont, CA). Ovine FSH (oFSH-
16, AFP-5592C) was donated by the National Institute of
Arthritis, Diabetes, and Digestive and Kidney Diseases
(Bethesda, MD).

Antigens and Antibodies. Cytochrome P-450scc, iron-
sulfur protein, and reductase, purified to homogeneity from
bovine adrenals, were provided by G. David Lambeth
(Emory University, Atlanta). Antibodies to these proteins
were those described by Kramer et al. (18) and were provided
by M. R. Waterman (The University ofTexas Health Science
Center at Dallas). Antibodies to mitochondrial Fl-ATPase
from bovine heart were donated by G. A. Breen (The
University of Texas at Dallas).
The progesterone antiserum (GDN-377) was provided by

G. D. Niswender (Colorado State University, Fort Collins,
CO). The 20a-hydroxyprogesterone antiserum was obtained
from Endocrine Sciences (Tarzana, CA). Antiserum to
cAMP was purchased from Miles Laboratories (Naperville,
IL).

Abbreviations: VIP, vasoactive intestinal peptide; PHI, peptide
NH2-terminal histidine, COOH-terminal isoleucine; FSH, follicle-
stimulating hormone; SCC, cholesterol side-chain cleavage enzyme
complex; P-450scc, cholesterol side-chain cleavage cytochrome
P-450.
*Permanent address: Department of Physiological Chemistry, Acad-
emy of Medicine, 60-781 Poznan, Poland.
§To whom reprint requests should be addressed.
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Cell Culture and Radiolabeling of Proteins. Female
Sprague-Dawley, 19-day-old rats (Holtzmann, Madison, WI)
were implanted s.c. with Silastic capsules containing 100 mg
of diethylstilbestrol (19). The animals were killed 4 days
thereafter, and ovarian granulosa cells were obtained by
puncturing the follicles (20). Three million viable cells were
plated onto 60-mm tissue culture dishes and cultured in a
humidified atmosphere of 95% air/5% CO2 at 370C for 48 hr
in a medium comprised of 4 ml of McCoy's 5a medium
containing 25 mM glutamine, 10 mM Hepes (pH 7.4) (Irvine
Scientific), penicillin (100 international units/ml), streptomy-
cin sulfate (0.1 mg/ml), bacitracin (50 ,AM), diethylstilbestrol
(0.1 uM), transferrin (1 ng/ml), and sodium selenite (1
pg/ml). The medium was supplemented with VIP (1 nM to 1
,uM), PHI (1 ,uM), secretin (1 ,uM), and/or FSH (30 ng/ml) or
dibutyryl-cAMP (1 mM) added at the beginning ofthe culture
and after changing the media at 24 hr. Samples of media were
taken for determination of cAMP, progesterone, and 20a-
hydroxyprogesterone content and frozen until RIA. Prior to
immunoisolation of radiolabeled proteins, the cells were
incubated for 2 hr in Ham's F-12 plus Dulbecco's modified
Eagle's medium (methionine free), followed by 2 hr of
incubation in the same medium containing [35S]methionine
(50 ,tCi/ml). Experiments were terminated by washing the
cell layer twice with Gey's balanced salt solution, followed
by scraping the cells with a rubber policeman, centrifugation,
and washing the cell pellet. The cells were then sonicated and
freeze-thawed 3 times in phosphate-buffered saline contain-
ing 1% sodium cholate, 0.1% NaDodSO4, and 0.1 mM
phenylmethylsulfonyl fluoride.

Immunoisolation and NaDodSO4/PAGE. Newly synthe-
sized, radiolabeled P450scc, iron-sulfur protein, reductase,
and Fl-ATPase were immunoisolated from cell lysates (21) as
described (22) and subjected to 0.1% NaDodSO4/PAGE (23)
using 10% gels for separating P450scc, reductase, and
F1-ATPase, and 15% gels for separating iron-sulfur protein.
The gels were treated with EN3HANCE (New England
Nuclear), dried, and exposed to X-Omat AR films (Kodak).
The intensity of the bands on the autoradiograms was
evaluated by densitometric scanning. Molecular weights
were calculated by least-squares regression analysis using the
following 14C-labeled standards: phosphorylase b (Mr,
92,500), bovine serum albumin (Mr, 69,000), ovalbumin (Mr,
46,000), carbonic anhydrase (Mr, 30,000), and cytochrome c
(Mr, 12,000).
Radioimmunoassays. To measure cAMP, the culture media

were boiled for 10 min to inactivate phosphodiesterases and
were stored at -20'C prior to the assay. cAMP was deter-
mined in duplicate samples after acetylation, as described
(24). Progesterone was determined as reported (25). 20a-
Hydroxyprogesterone was assayed as recommended by the
antiserum manufacturer, except that the buffer and the
separation of bound from free hormone were the same as for
the progesterone assay (25). All the results are presented as
the mean ± SEM ofdata obtained from at least three separate
cultures within each treatment, each performed in duplicate.
The significance of differences was determined by the test of
Duncan.

RESULTS
Effect of VIP on the Synthesis of SCC. The effect of VIP on

the synthesis of SCC, measured as the incorporation of
[35S]methionine into the SCC components, is presented in
Figs. 1-3. The protein immunoprecipitated with the antibody
to P-450scc had the electrophoretic mobility of purified
bovine adrenal P-450SCC (Fig. 1) and a molecular weight of
49,100 ± 300. It was almost completely displaced from the
antibody complex by using S ug of purified P-450SCC (not
shown). Likewise, the protein immunoprecipitated with the
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FIG. 1. Electrophoretic analysis of the effect of VIP on P-450scc
synthesis. Granulosa cells were cultured in medium containing FSH
(30 ng/ml), dibutyryl-cAMP (1 mM), VIP, PHI, or secretin (1 ALM
each), or without additions. After 48 hr of culture, the cells were
labeled with [35S]methionine (50 uCi/ml) and the radiolabeled
cytochrome P-450scc was immunoisolated from the cell lysates and
separated by NaDodSO4/PAGE followed by fluorography. The cells
were treated as follows: lane 1, no treatment; lane 2, FSH; lane 3,
dibutyryl-cAMP; lane 4, VIP; lane 5, FSH and VIP; lane 6,
dibutyryl-cAMP and VIP; lane 7, PHI; lane 8, secretin; lane 9, bovine
adrenal P-450scc coelectrophoresed and stained with Coomassie
brilliant blue (arrow). The bars under the autoradiogram represent
the areas of the bands obtained from densitometric scanning of the
depicted autoradiogram.

antibody to iron-sulfur protein had the electrophoretic mo-
bility of purified bovine adrenal iron-sulfur protein (fig. 2),
a molecular weight of 12,300 ± 300, and was completely
displaced from the antibody complex by using 5 ,ug ofpurified
iron-sulfur protein (not shown). VIP induced the synthesis of
P-450scc (Fig. 1, lane 4), iron-sulfur protein (Fig. 2, lane 4),
and reductase (not shown). Densitometric scans of the
autoradiograms revealed that VIP stimulated the synthesis of
P-450scc 5-fold (Fig. 1, lane 4). The VIP stimulation was
=20%o less than that ofFSH (Fig. 1, lane 2), and 60% less than
that produced by dibutyryl cAMP (Fig. 1, lane 3). Similar
results were obtained when the effect ofVIP on the synthesis
of iron-sulfur protein was examined (Fig. 2). PHI stimulated
the synthesis of P-450scc and iron-sulfur protein ==2-fold
(Figs. 1 and 2, lanes 7), whereas secretin was ineffective
(Figs. 1 and 2, lanes 8). The effects of VIP and FSH on the
synthesis of P-450scc and iron-sulfur protein were nearly
additive (Figs. 1 and 2, lanes 5), as were the effects ofVIP and
dibutyryl-cAMP (Figs. 1 and 2, lanes 6). In this experiment,
all these substances were tested at maximally effective
concentrations, namely FSH at 30 ng/ml, VIP at 1 AM, and
dibutyryl-cAMP at 1 mM. This concentration of FSH was
considered to be maximally effective, based on the findings
that in our system a concentration of FSH of 50 ng/ml was
equally as effective as 30 ng/ml in terms of cAMP accumu-
lation, progestin formation, and induction of SCC compo-
nents. A similar observation has been made by others in a
comparable model system in terms of progestin formation
(10).
The synthesis ofboth P-450scc and iron-sulfur protein was

induced by VIP at concentrations as low as 1 nM. The effect
of this dose is compared in Fig. 3 (lane 4) with that of FSH
and dibutyryl-cAMP, which were tested in the same exper-
iment. The phosphodiesterase inhibitor isobutylmethylxan-
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FIG. 2. Electrophoretic analysis of the effect of VIP on
iron-sulfur protein (ISP) synthesis. The conditions of cell culture,
concentrations of added compounds, separation of radiolabeled
iron-sulfur protein by NaDodSO4/PAGE were the same as described
in legend to Fig. 1. The cells were treated as in Fig. 1 except that lane
9 shows standard bovine adrenal iron-sulfur protein. The bars under
the autoradiogram show the areas of the bands obtained from
densitometric scanning of the depicted autoradiogram.

thine (0.1 mM) potentiated the effect of VIP on the synthesis
of the two enzymes (not shown),

A similar pattern of induction of the synthesis of reductase
by VIP was observed, whereas mitochondrial F1-ATPase,
whose synthesis is not influenced by FSH (15), was not
induced by VIP or the other substances tested (not shown).

Effects of VIP on cAMP Accumulation and Progestin For-
mation. VIP induced a dose-dependent increase in the accu-
mulation ofcAMP in the culture medium (Fig. 4). The effect
was slightly less than that caused by FSH at 30 ng/ml, in
agreement with the relative degree of induction of the SCC
components by the two substances. The VIP effect was
observed even at a concentration as low as 1 nM, as was the
induction of the SCC enzymes (see Fig. 3, lane 4), and
became maximal at 0.1 ,uM with an ED50 of 15 nM (Fig. 4
Inset). PHI (1 AM) stimulated cAMP accumulation to -60%6
of the levels seen with 1 ILM VIP, whereas secretin was
ineffective. The effects of maximally effective doses of VIP
plus FSH were nearly additive, paralleling again their degree
of induction of the SCC enzymes.
VIP stimulated progesterone formation by the cultured

granulosa cells (Fig. 5) in a dose-related manner with an ED50
of 3 nM (Inset). As seen in the case of the SCC components,
the effect of 1 uM VIP on progesterone secretion was less
than that seen with FSH at 30 ng/ml or 1 mM dibutyryl-
cAMP. In contrast to cAMP, the effects of VIP and FSH on
progesterone formation were not completely additive. VIP
also stimulated the formation of 20a-hydroxyprogesterone
with an effectiveness similar to that shown for progester-
one-i.e., lower than that of FSH and dibutyryl-cAMP (data
not shown).

DISCUSSION
The -foregoing results demonstrate that the peptide neuro-
transmitter VIP, which occurs in ovarian nerves, induces the
synthesis of P-450scc iron-sulfur protein, and reductase in
cultured granulosa cells. These enzymes are components of
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FIG. 3. Effectiveness ofVIP at a nanomolar concentration on the
synthesis of P-450scc and iron-sulfur protein. Granulosa cells were
cultured for 48 hr, treated with FSH (30 ng/ml), dibutyryl-cAMP (1
mM), or VIP (1 nM), and processed as described in the legend to Fig.
1. The radiolabeled P-450scc (A) and iron-sulfur protein (B) were
immunoisolated from the cells treated as follows: lanes 1, no
treatment; lanes 2, FSH; lanes 3, dibutyryl-cAMP; lanes 4, VIP.
Positions of the P-45Oscc and iron-sulfur protein standards are
indicated by arrows.

FSH

FIG. 4. Effect of VIP on cAMP accumulation in the culture
medium of granulosa cells. The cells were cultured under standard
conditions (C), or with the addition of FSH (30 ng/ml), and/or 1 AuM
VIP, 1 AM PHI, 1 jAM secretin (SEC). The culture media were
collected at 24 hr and duplicate samples were assayed for cAMP.
(Inset) Dose dependence of VIP-stimulated cAMP accumulation,
shown as the mean SEM of at least three independent deter-
minations.
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FIG. 5. Effect of VIP on progesterone formation by cultured
granulosa cells. The cells were treated as described in the legend to
Fig. 4 except that an additional treatment [1 mM dibutyryl-cAMP
(DBC)] was introduced. The culture media were collected at 24 hr
and duplicate samples were assayed for progesterone. (Inset) Dose
dependence of VIP-stimulated progesterone formation, shown as the
mean SEM of at least three independent determinations.

the SCC enzyme complex, whose activity is of prime impor-
tance in regulating steroid synthesis in the ovary (26). The
induction of the enzymes is specific, coordinated, and high
enough to account for the increase in progestin formation
observed. Protein specificity of the VIP effect is indicated by
its failure to increase the incorporation of [35S]methionine
into mitochondrial F1-ATPase, a constitutive mitochondrial
enzyme. The coordinate nature of the induction can be
deduced from the fact that the synthesis of the three com-
ponents of SCC was increased to the same extent. The
magnitude of the VIP effect on the induction of the three
proteins was less than that of FSH, which has been recently
shown to induce the synthesis of SCC in rat granulosa cells
(15). VIP stimulated the synthesis of SCC at concentrations
as low as 1 nM. In addition to its actions on the synthesis of
SCC, VIP stimulated the formation of both cAMP and
progesterone in a concentration-dependent fashion.
We have previously reported the presence of VIP in the

immature rat ovary at nanomolar concentrations (9), which
are well within the range shown here to stimulate both the
synthesis of SCC and progesterone formation. These obser-
vations suggest that stimulation of SCC synthesis may be a
physiological mechanism by which VIPergic nerves (and
locally produced VIP) affect steroidogenesis in the develop-
ing ovary. The specificity of VIP is demonstrated by the
finding that, as in other tissues (27, 28), the stimulatory effect
of the peptide was shared by PHI and not by secretin. This,
in general, reflects the degree of sequence homology of these
peptides with VIP (29).
The stimulation of progesterone production by VIP in

granulosa cells appears to be mediated, at least in part, by
cAMP (10). As in the case of FSH (13, 15), the VIP action to
increase progesterone formation seems to also involve a
cAMP-mediated induction of the synthesis of P-450scc and
iron-sulfur protein. This is suggested by the capacity of VIP
to increase cAMP formation, the ability of isobutylmethyl-
xanthine to potentiate the VIP effect. Whether the induction
of these enzymes by VIP also involves factors other than
cAMP remains to be determined. The finding that a greater

enzyme induction occurred in the presence ofboth dibutyryl-
cAMP and VIP suggests that this may be the case. The effect
of VIP appears to be mostly exerted at the gene-expression
level, and not at an enzyme-degradation step, since in recent
experiments (unpublished) we have found that VIP increases
the level of translatable mRNAs encoding P-450scc and
iron-sulfur protein.
The actions of VIP and FSH, at maximally effective

concentrations, on the synthesis of the SCC complex as well
as on cAMP accumulation were nearly additive. This is
consistent with the recent suggestion that FSH and VIP may
act on different subpopulations ofgranulosa cells (30). On the
other hand, the effects of FSH and VIP on progesterone
secretion were not completely additive, which might be
explained by their stimulatory effect on the conversion of
progesterone to 20a-hydroxyprogesterone. Our results show
that VIP, like FSH, stimulates 20a-hydroxyprogesterone
formation.

It has been reported that VIP stimulates the secretion of
progesterone and estradiol from granulosa cells (10) and of
testosterone from the immature rat ovary (9). The induction
by VIP of the ovarian SCC enzymes demonstrated here
provides a mechanism by which VIP may affect the produc-
tion of these steroids. The SCC complex catalyzes an early
and rate-limiting step in steroid biosynthesis-i.e., the con-
version of cholesterol to pregnenolone. Stimulation of the
synthesis of this enzyme complex by VIP would not only
result in increased production of progesterone, but also that
of estradiol and testosterone (provided that the availability of
the enzymes involved in the formation of these steroids is not
rate-limiting). There is evidence, however, that VIP indeed
affects additional enzymatic steps. F. W. George and S.R.O.
(unpublished data) have found that VIP can increase
aromatase activity in the fetal rat ovary even before the ovary
acquires responsiveness to FSH. Thus, VIP appears to mimic
at least two actions ofFSH in the ovary: the induction ofSCC
synthesis and stimulation ofaromatase activity. The question
then arises as to the physiological situations during which a
VIP involvement would have its greatest impact. Resolution
ofthis issue may derive from the recent observation that FSH
and VIP act on different subpopulations of granulosa cells
(30).

In conclusion, the present results provide unequivocal
evidence that VIP can act at physiological concentrations to
induce the synthesis of the SCC, which catalyzes the rate-
limiting reaction in ovarian progesterone biosynthesis. While
a significant portion of ovarian VIP is contained in nerve
fibers of extrinsic origin, the possibility of local synthesis of
VIP should also be considered. Regardless of its origin, the
similarity of the VIP effect to that of FSH as well as its
specificity provide a compelling argument in support of a role
for a peptidergic component in the developmental regulation
of ovarian steroidogenesis.

Technical assistance of Ms. Jo Corbin, Ms. Leticia Cortez, Ms.
Maria E. Costa, and Ms. Kathy Katz as well as editorial assistance
of Ms. Judy Scott and Ms. Selina Newsome are gratefully acknowl-
edged. W.H.T. is on sabbatical leave from the Academy of Medicine
(Poznan, Poland). This work was supported by National Institutes of
Health Grants HD-13234 and AM-28350 and National Science
Foundation Grant BNS-8318017.

1. Gerendai, I. & Halasz, B. (1981) Andrologia 13, 275-282.
2. Burden, H. W. (1985) in Catecholamines as Hormone Regu-

lators, eds. Ben-Jonathan, N., Bahr, J. M. & Weiner, R. I.
(Raven, New York), Vol. 18, pp. 261-278.

3. Ojeda, S. R. & Aguado, L. I. (1985) in Catecholamines as

Hormone Regulators, eds. Ben-Jonathan, N., Bahr, J. M. &
Weiner, R. I. (Raven, New York), Vol. 18, pp. 293-310.

4. Kawakami, M., Kubo, K., Uemura, T., Nagase, M. &
Hayashi, R. (1981) Endocrinology 109, 136-145.

Medical Sciences: Trzeciak et al.



7494 Medical Sciences: Trzeciak et al.

5. Aguado, L. I. & Ojeda, S. R. (1984) Endocrinology 114,
1845-1853.

6. Larsson, L.-I., Fahrenkrug, J. & Schaffalitzky De Muckadell,
0. B. (1977) Science 197, 1374-1375.

7. Hakanson, R., Sundler, F. & Uddman, R. (1982) in Vasoactive
Intestinal Peptide, ed. Said, S. I. (Raven, New York), pp.
121-144.

8. Dees, W. L., Kozlowski, G. P., Dey, R. & Ojeda, S. R. (1985)
Biol. Reprod. 33, 471-476.

9. Ahmed, C. E., Dees, W. L. & Ojeda, S. R. (1986) Endocrinol-
ogy 118, 1682-1689.

10. Davoren, J. B. & Hsueh, A. J. W. (1985) Biol. Reprod. 33,
37-52.

11. Fredericks, C. M., Lundquist, L. E., Mathur, R. S., Ashton,
S. H. & Landgrebe, S. C. (1983) Biol. Reprod. 28, 1052-1060.

12. Takemori, S. & Kominami, S. (1984) Trends Biochem. Sci.
(Pers. Ed.) 9, 393-396.

13. Funkenstein, B., Waterman, M. R. & Simpson, E. R. (1984) J.
Biol. Chem. 259, 8572-8577.

14. Funkenstein, B., Waterman, M. R., Masters, B. S. S. &
Simpson, E. R. (1983) J. Biol. Chem. 258, 10187-10191.

15. Trzeciak, W. H., Waterman, M. R. & Simpson, E. R. (1986)
Endocrinology 119, 323-330.

16. Ahmed, C. E., Trzeciak, W. H. & Ojeda, S. R. (1986) Proc.
68th Meet. Endo. Soc. 67, 145 (abstr.).

17. Steiner, A. L., Parker, C. W. & Kipwis, D. M. (1972) J. Biol.
Chem. 247, 1106-1113.

18. Kramer, R. E., DuBois, R. N., Simpson, E. R., Anderson,

C. M., Kashiwagi, K., Lambeth, J. D., Jefcoate, C. R. &
Waterman, M. R. (1982) Arch. Biochem. Biophys. 215,
478-485.

19. Jones, P. B. C. & Hsueh, A. J. W. (1982) Endocrinology 111,
713-721.

20. Channing, P. & Ledwitz-Rigby, F. (1975) Methods Enzymol.
39, 183-220.

21. Ivarie, R. D. & Jones, P. P. (1979) Anal. Biochem. 97, 24-35.
22. Matocha, M. F. & Waterman, M. R. (1984) J. Biol. Chem. 259,

8672-8678.
23. Laemmli, U. K. & Favre, M. (1973) J. Mol. Biol. 80, 575-599.
24. Welsh, T. H., Jr., Zhuang, L. Z. & Hsueh, A. J. W. (1983)

Endocrinology 112, 1916-1924.
25. Advis, J. P. & Ojeda, S. R. (1978) Endocrinology 103,

924-935.
26. Hall, P. F. (1985) in Vitamins and Hormones, ed. Aurbach,

G. D. & McCormick, D. B. (Academic, New York), Vol. 42,
pp. 315-368.

27. LaBurthe, M., Prieto, J. C., Amiranoff, B., Dupont, C., Hui
Bon Hoa, D. & Rosselin, G. (1979) Eur. J. Biochem. 96,
239-248.

28. Inoue, Y., Kaku, K., Kaneko, T., Yanaihara, N. & Kanno, T.
(1985) Endocrinology 116, 686-692.

29. Tatemoto, K. & Mutt, V. (1981) Proc. NatI. Acad. Sci. USA
75, 4115-4119.

30. Kasson, B. G., Meidan, R., Davoren, J. B. & Hsueh, A. J. W.
(1985) Endocrinology 117, 1027-1034.

Proc. Natl. Acad. Sci. USA 83 (1986)


