then represent a merozoite stage, since
they form in the host by endodyogeny
(3), and give rise directly to sexual
stages in cell culture.

RoNALD FAYER
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U.S. Department of Agriculture,
Beltsville, Maryland 20705
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Mechanism of Gonadotropin Action in Amphibia:

Involvement of Mitochondria

Abstract. Luteinizing hormone (a pituitary gonadotropic hormone) stimulates
A%-3B-hydroxysteroid dehydrogenase activity in the microsomal fraction of frog
testes when incubated together with the mitochondria; incubation together with the
nuclei instead of the mitochondria does not result in increased N°%-383-hydroxy-
steroid dehydrogenase activity. The increase is not induced by adenosine triphos-
phate, it appears to be hormone-specific, and it is sensitive to puromycin and
actinomycin D. These data suggest that the mitochondrial DNA may be involved

in mediating the action of luteinizing

The controlling effect of pituitary
gonadotropic hormones on steroid pro-
duction in the vertebrate testis has long
been recognized (/). Biosynthesis of
gonadal steroid hormones is accelerated
when gonadotropins are administered in
vivo and when added to incubating tis-
sue slices (2). Moreover, histochemical
and biochemical data indicate that cer-
tain enzymes (the hydroxysteroid de-
hydrogenases) involved in steroid
hormone biosynthesis show increased
activity after in vivo or in vitro admin-
istration of gonadotropins (3, 4). One
such enzyme is the A3-38-hydroxyste-
roid dehydrogenase complex (33-HSD).
Testicular, ovarian, adrenal, and placen-
tal tissues are known biochemically to
contain this enzyme, which irreversibly
converts A%-38-hydroxysteroids to A%-3-
ketosteroids (5). Its presence has been
demonstrated histochemically in all
classes of vertebrates and it plays a
cardinal role in the biosynthesis  of
many steroid hormones (3).

The activity of testicular 38-HSD in
amphibians is markedly increased by in-
jections of mammalian gonadotropic
hormones (4). Recently it also has
been demonstrated that a homogenate
of frog (Rana pipiens) testes incubated
for several hours together with mam-
malian luteinizing hormone (LH) will
show greater 38-HSD activity in the
microsome fraction than one incubated
without the hormone (6); this demon-
strates that the cells do not need to be
intact in order for gonadotropins to
cause increased steroid hormone bio-
synthesis.
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hormone in amphibian steroidogenesis.

One important aspect of gonadotro-
pin-stimulated steroidogenesis which has
remained largely unstudied is the site of
action within the target cells, that is,
whether the primary controlling site of
action of gonadotropins within the ste-
roid-producing cells resides in the cell

membrane, the cytoplasmic organelles,

or the nucleus. Below I present evidence
—based on various recombinations of
cell organelles—that LH will give an
increased 33-HSD activity in the micro-
somal fraction of frog testes in the
presence of the mitochondria but not
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the nuclei. Evidence is further presented
which idicates that this increase in 33-
HSD activity involves protein synthesis
(puromycin-sensitive) and may be medi-
ated via the mitochondrial DNA (ac-
tinomycin-sensitive).

Testes from grass frogs (Rana pipiens)
were excised and weighed. The gonads
from about 10 to 15 individuals were
pooled over ice and then homogenized
at 0°C with a motor-driven glass-Teflon
tissue homogenizer. The homogenizing
medium consisted of 0.02M phosphate
buffer (pH 7.6) and 0.25M sucrose,
and sometimes contained mercapto-
ethanol (0.001M); the final tissue con-
centration was usually 5 percent (wt./
vol.), Standard differential centrifuga-
tion procedures were used to separate
the organelles: pellet from 10 minutes
at 200 to 800g = nuclei; pellets from
10 minutes each at 800 to 5,000¢g and
5,000 to 24,000¢ = mitochondria; su-
pernatant from 10 minutes at 24,-
000g = microsomes and dissolved sub-
stances. Organelles were resuspended in
homogenization medium, recombined
(see Figs. 1 and 2 and Table 1), and
incubated in a medium consisting of
homogenizing solution (90 percent) and
calf serum (10 percent) and the vari-
ous test substances. Incubation was
carried out in 25-ml erlenmeyer flasks
in a Dubnoff incubator (25 oscillations
per minute) at 28° to 30°C for 4 to 6
hours under air. The contents were then
centrifuged at 24,000g for 10 minutes
and the supernatant was assayed for
3B-HSD activity as described (4).

Fig. 1. The role of mitochondria and nu-
clei in mediating the stimulatory effect of
LH on 3g8-HSD activity in Rana testicular
microsomes. Testes were homogenized (5
percent, wt./vol.) in the following medi-
um: 0.02M potassium phosphate buffer
(pH 7.4), 0.25M sucrose, and 0.001M
mercaptoethanol. Organelles were isolated
by differential centrifugation. The micro-
somal fraction was recombined with the
mitochondria or nuclei (each equivalent to
an amount from 100 mg of fresh tissue)
and then incubated in homogenization me-
dium containing calf serum (10 percent
by volume). Final total incubation volume
was 3.0 ml. All operations except incuba-
tion and final assay were at 0° to 4°C.
Incubation in a Dubnoff incubator was at
29°C for 6 hours. The 38-HSD activity
was determined on the 24,000g superna-
tant by the spectrophotometric technique
described previously (4). Sn = superna-
tant, 24,000g for 10 minutes. Mito =
mitochondria. LH = 65 ug of ovine NIH-

LH-S16 per milliliter of total incubation mixture. Bars and lines represent means and
standard errors (n = 3). Testes from eight animals were pooled and each assay was
run three times. One hundred percent is equal to approximately 2.5 nmole of the
reduced form of nicotinamide adenine dinucleotide (NADH:) per gram per minute
formed between the second and twentieth minutes.
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Results of a typical experiment are
shown in Fig. 1. The activity of 38-HSD
remains unaltered in the microsomal
fraction which has been incubated with
either LH, or nuclei, or mitochondria.
However, a significant increase in en-
zyme activity results when the micro-
somes are incubated with LH in the
presence of mitochondria; no such in-
creased -activity -is observed when the
nuclei are present instead of the mito-
chondria. Also, no further increase is
observed when nuclei are included, in
addition to the mitochondria, in the in-
cubation mixture.

One immediate hypothesis to explain
the above results is that an energy
source is required for 38-HSD activity
—either to stabilize the enzyme, to pre-
vent jts breakdown, or to enhance its

Table 1. The effect of adenosine triphosphate
(ATP), LH, growth hormone (STH), and
thyroid-stimulating hormone (TSH) on 3g-
HSD activity in Rana testicular microsome
fraction incubated together with mitochon-
dria. Procedures were as in Fig. 1 but only
the equivalent of 80 mg of fresh tissue was
used for each incubation, and the final total
incubation volume was 3.1 ml. Testes from
seven animals were pooled and each assay
was run twice (n=2).

38-HSD activity

Treatment (% of control,
mean = S.E.)

Sn (supernatant) 100 =7
Sn -+ mitochondria 979
Sn - mitochondria -

ATP* 2+5
Sn + mitochondria -+

LHY 166 =17
Sn - mitochondria -

STHY . 101 =10
Sn 4 mitochondria +

TSHY 84+ 8

* Ten nanomoles per milliliter final total incuba-
tion volume. 7 Sixty-five micrograms per milliliter
final total volume (ovine NIH-LH-S16; bovine
NIH-TSH-B5; porcine STH, No. S-1501, Sigma).
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Fig. 2. Effect of actinomycin D and puro-
mycin on LH-stimulated 38-HSD activity
in the microsome/mitochondria fraction of
Rana testes, Procedures were similar to
those described in Fig. 1. Fresh tissue
equivalent was 100 mg, final total incuba-
tion volume was 4.0 ml, and incubation
time was 4 hours, LH = 50 ug of ovine
NIH-LH-S16 per milliliter of total incuba-
tion medium. Actino = 3 ug of actinomy-
cin D per milliliter of total incubation me-
dium. Puro = 3 ug of puromycin per milli-
liter of total incubation medium. Bars and
lines represent means and standard errors,.
and n = 3.

synthesis—and that the system in the
mitochondria for producing energy-rich
intermediates is stimulated by gonado-
tropins, However, in experiments in
which microsomes in recombination
with mitochondria were incubated to-
gether with either LH, growth hormone,
thyroid-stimulating hormone, or adeno-
sine triphosphate, only LH resulted in
increased 3B-HSD activity (Table 1).
Thes= results suggest a hormonally spe-
cific reaction in which ATP is not the
mediator. However, this does not rule
out entirely the possibility that other
energy-rich intermediates (that is, the
so-called nonphosphorylated energy-rich
compounds) are involved.

In recent years the antibiotics actino-
mycin D and puromycin have frequent-
ly served as tools for investigating phe-
nomena of hormone action on target
cells. In order to determine whether the
LH-induced increase in 33-HSD activity
involves transcription by the mitochon-
drial genome, organelles from Rana
testes were recombined as described
above and then incubated with either
one of these antibiotics (Fig. 2). Both
actinomycin D and puromycin resulted
in decreased 38-HSD activity. However,
only puromycin caused a statistically
significant (at P < .05) suppression of
the hormone-stimulated enzyme activity.
Actinomycin D is generally believed to
act as a specific inhibitor of DNA-de-
pendent RNA polymerase. DN'A-depen-
dent RNA polymerase has been reported

in mitochondria, and like nuclear RNA,

polymerase it is sensitive to actinomy-
cin D. However, there are reports that
inhibition is not observed if intact mi-
tochondria are used (7), and this may
be the explanation for the incomplete
suppression observed here. In vivo treat-
ment with actinomycin D results in sup-
pression of the gonadotropin-induced
3B-HSD activity in Xenopus testes (4),
and in vitro experiments using whole
homogenate of Rana testes also show a

similar suppression (6). The fact that
puromycin results in complete inhibi-
tion of the LH-induced increases in
3B8-HSD supports the suggestion that
protein synthesis is involved in this
aspect of gonadotropin action (4, 8).
A mitochondrial ribosome has been
isolated from the ovary of Xenopus
laevis which is active in a submitochon-
drial protein synthesizing system (9).
It contains two species of RNA which
have sequences complementary to mito-
chondrial DNA and which apparently
share no sequence homology with cy-
toplasmic ribosomal RNA, If we sup-
pose that mitochondrial DNA may be
able to code for the synthesis of other
than mitochondrial protein via mito-
chondrial RNA, several possible mech-
anisms involving the mitochondrial ge-
nome may be forwarded to explain the
present findings. On the one hand, it
may be suggested that gonadotropins
stimulate 38-HSD activity in mature
and/or maturing amphibian testes by
acting on the mitochondrial DNA (pos-
sibly via a second messenger), resulting
in increased synthesis of RNA, and,
finally, more 3B8-HSD. A second possi-
bility is that gonadotropin action on the
mitochondrial genome results finally in
the production of a specific substance
which protects the steroid dehydrogen-
ase, Puromycin then may be assumed
to inhibit the synthesis of proteinace-
ous end products in either situation.
Joun P. WIEBE
Department of Biology,
Texas A&M University,
College Station 77843
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