



























































































































































































































































































































































PROTEIN SYNTHESIS IN LEYDIG CELLS

by the different incubation conditions used) was
calculated. This ratio was used for a quantitative
evaluation of the cbserved protein bands.

Results

Synthesis of proteins in Leydig eells incubated in the
absence or presence of hiteinizing hormone

Levdig cells prepared by centrifugation of the cell
suspension through 139 Ficoll/0.2% bovine serum
albumin in Krebs—Ringer buffer, were incubated for
60min with and without added luteipizing hormone

{(100ng/ml); this amount of luteinizing hormone
gives maximum stimulation of testosterone produc-
tion (Janszen et al., 1976). [PH]l.eucine was then
added to luteinizing-hormone-stimulated cells and
[**Clleucine to control cells, and the incubations
were continued for 30min. Both incubations were
cembined and the proteins were extracted and sub-
mitted to electrophoresis in cylindrical gels. No
difference in the separation pattern of incorporated
lencine was observed between control and loteinizing-
hormone-stimulated cells (Fig. 1), Also, with shorter
labelling times (5 and 10 min}, no significant difference
between the radioactive patterns of contrel and

Ratio d.p.m. *H{**C

Wik LH

1073 % [*H ] Leucine radioaclivity/slice (d.p.m.)

and Uk levoine o

1073 % [*C] Leucine radioactivity/stice (d.p.m.)

Fig. 1. Syathesis of Leydig-cell proteins in the absence or presence of luteinizing hormone, and theiy separation by sodium
dodecy! sulphatelpolyacrylamide-gel elecirophorests

Leydig cells were incubated for 60min with or without added luteinizing hormone {(100ng/ml) followed by incubation
with [“H]leucine (100 +Ci/ml) and [“Clleucine (104 i/ml} respectively. Electrophoresis was performed on a stacking
£ci (347 fromslice numbers 1-12, and 10% gel from slice numbers 13-90. To detect changes in the synthesis of a specific
protein the ratio of “H and O radioactivities {d.p.m.) in each slice was calenlated. The mean {+5.0.) value of the
ratio for slices numbered 13-82 was 9,51+0.41. This ratio did not exceed the mean + twice the 8.0, in any of the slices.
1 slices numbered §3-90 the amount of '*C label increased relative to the *H label, This increase was independent
of the presence of luteinizing hormone. Abbreviation: LH, luteinizing hormone.
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luteinizing-hormone-stimulated cells was observed.
In other experiments, Leydig cells were purified by
centrifugation of the cell suspension through Ficoll
and dextran solutions. These cells were incubated with
or without luteinizing hormone (i00ng/ml) for
0, 1, 2 and 3h, followed by incubation with [*35}-
methieonine for 20 min. After incubation, the proteins
were extracted and separated by electrophoresis on
sedium dodecyl suiphate/ polyacrylamide slab gels.
Radioactivity was detected by radioautography.

No new 3%8-labelled protein band was observed
afier incubation with luteinizing hormons for up to
1h [Plate 1{g, ¢, ¢ and g)]. Similar results were also
oblained after subceliular fractionation before
clectrophoresis, to improve the sensitivity of detec-
tion. Only after incubation of Leydig cells with
luteinizing hormone for 2h or more was an increase
obscrved in [*“S]methionine incorporation into a
protein band with an apparent molwt. of approx.
21000 [Plate (7, j, &, I, 11, 1, 0 and p}, band A]. For
convenience this protein is referred to as ‘profein 21",

Effect of cyclehexinide on P58 Imethionine-lubelled
proteins

Cells were incubated with cycloheximide (235 ug/mi),
which inhibits 959/ of protein synthesis, for different
time-periods up to 30min, to investigate the possi-
bility that a protein with long half-life is converied
inte a pretein with short half-life afier incubation
wilh luteinizing hormone. No dillerence between
lwteinizing-hormoene-stimulated and  control cells
was observed. However, it was found that an intensely
labelled band disappeared very quickiy after addition
of cycloheximide [Plate 2{a, A, ¢, d, e, fand g}]. The
rafe of decrease followed first-order kinetics and a
half-life of 11min was calculated. Incubation of

eydig cells in the presence of luteinizing hormone
did not change this hall-life. The decrease in the
amount of the protein in the cell did not correspond
with the appearance of this protein in the incubation
medium. The apparent molwt, of the protcin was

determined o be approx. 33000, For convenience it
is referred to as ‘protein 33°. Incubation of Leydig
cells in the presence of luteinizing hormone did not
result in a detectable change in molecular weight of
protein 33,

When Leydig cells were incubated with cyclo-
heximide (25 zg/ml) for 30min after the appearance
of protein 21 in the presence of luteinizing hormone,
ne decrease in amount of radicactivity of this protein
band was observed [Plate 2(k, /, 0 and p)].

Cellilar localization of proteins 33 and 21

Seminiferous tubules, obtained by wet djssection
of rat testis (Rommerts e¢ of,, 1973}, were incubated
with [*38]methionine, and the proteins werc separated
by sodium dodecyl sulphate/polyacrylamide- gel
electrophorcsis. No protein with a mol.wt. of 33000
and a short half-life was observed (Plate 3). When
seminiferous tubules were incubated for 3h with
luteinizing hormenz (100ng/ml) or testosterone
(800ng/ml), followed by incubation for 30min with
[**3Imethionine, it was not possivle to detect the
appearance of protein 21. Similar resulls were ob-
tained with rat blood celis. In a cell preparation con-
taining 5% Leydig cells instead of 60% {as used in
above study), the presence of profein 33, or the
appearance of protein 21 after incubation for 3h with
luteinizing hermone, were hardly detectable,

Subceliular localization of protein 33

The subcellular localization of protein 33 was
determined by homogenization of the cells and sub-
cellular fractionation of the homogenate, Extensive
washing of the fractions was omitted, because it was
decided to work quickly to minimize degradation of
the labile protein by proteinases. The different sub-
cellular fractions were characterized by using the
following markers: DNA, moncamine oxidase,
carboxylesleraseand lactate dehydrogenase (Tuble T).
Protein 33 was mainly present in the 10min/500g

Tuble 1. Disgribution of DNA, monoamine oxidase, carboxyl estevase aird laciate delndegenaie in
subcelivlar fractions of a rat testis Leyeiv-coll honogenare
The concentrations of the markers are been expressed as relative specitic activity tratia of
percentage recovered activity Lo the percentayge of recavered protein).

Relutive specific activity

Markers 10min, 100g

DNA 3.07
Monoamine oxidase 2.03
Carboxyl esterase 0.24
Lactate debydrogenase 0.40
Protein 174,
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Sediment
Supernatant
10min, 500z min, 15002 Iomin, 15000y

5.30 0.00 (.25
2.03 270 -

0.72 1.16 147
0.46 .38 Ll
4% 2 a0
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EXPLANATICN OF PLATE 2

Inflience of cycloheximide on proreins labelled with {3 Slmethivnine

Leydig cells were first incubated with luteinizing hormene (100 ngiml} for 30min, lollowed by incubation with [*S])-
methionine for 30min. After this incubation period, cycloheximide (25 gg/ml) was added for 0 (a). 5 (H), 10 (c), 15 {4),
25 {e), 35 ( f) and 45 min (g). Proleins were separated on a sodium dodecy] sulphate/polyacrylamide {10%,, w/v) gel,
After scanning of the radioautogram, the ratio ol the activities in bands A and B was calgulated. In a semi-logarithmic
plot of this ratio against time, a straight line was obtained with a correlation coefficient (r) of 0.99, and a relative hall-
life of 11.7min was calculated for band A. In a control experiment cells were incubated in the absence of luteinizing
hormone, and a relative half-life of 10.9min for band A was calculated.

F. H. A, JANSZEN, B. A. COOKE AND H. J. YAN DER MOLEN
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Mal.wr. Mol.wt.
43 000—>
43 000~
33 000—>
25 700—»
33000 :
15 700

EXPLANATION OF FLATE 3

Cellular focalization of prorein 33
Rat blood cells {w) or seminiferous tubules (5, ¢, &), obtained by wet dissection of rat testis, were incubated with [*38])-
methionine for 30min, lollowed by incubation with cycloheximide lor Omin (&, b}, 15min (¢} and 30min (), and the
proteins were separated on a 10%;, (wiv) gel (¢) or a 10-13"7 discontinuous (w/v) polyacrylamide gel (b, ¢, d).
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PROTEIN SYNTHESIS IN LEYDIG CELLS

pellet and 10min/15000g pellet, which indicates that
the protein is localized in the particulate fraction of
the celi (Plate 4). However, a more specific localiza-
tion was difficult, because in different experiments
variable amounts of protein 33 were found in different
fractions, probably because of a variaticn in the
extent of homogenization of the cells in different
experiments,

Discussion

The aim of the present study was to investigate the
possible induction and involvement of newly
synthesized protein(s) in the action of luteinizing
hermene on testosterone production by testis Leydig
cells, Two proteins were detected which may be
involved in this action: ome is a cycloheximide-~
sensitive protein {protein 33) with a half-fife of 11 min
and the other a protein which appeared in Leydig
cells 2h afler addition of luteinizing hormone
{protein 21), Protein 33 was relatively highly labelled
with [**S]lmethionine and could be detected easily
among other labelled protein bands. This may be
explained partly because ofits short half-life (1 T min);

about 90 % of the protein pool was Iabelled during a
30min incubation period with [?*S]methionine. By
contrast. protein 2! contained a much smaller
amouni of [**3]methionine and could be detected
only after impregnation of the polvacrylamide gels
with Z,5-diphenyloxazole to increase the detection
efficiency of the 3°3 label and exposure of the gel to
the X-ray film for 1-2 weeks. By that time part of the
film became almost completely biack (Fig. 2). When
such small amounts of labelled proteins would appear
in the upper part of the gel, they will be easily over-
looked.

The detection of the two proteins in the present
study raises the question of the role of protein
synthesis in the mechanism of action of iuteinizing
hormone cn steroidogenesis in the Levdig cell. In
Scheme 1 a number of possible models are given. In
maodel 1, which was criginally proposed by Garren
et al. (1965) for the adrenal gland, the regulation of
steroidogenesis by trophic hormones is mediated by
the synthesis of a regulatory protein with a short
half-life. We did not observe the induction by lutein-
izing hormone of a protein with short half-life in rat
testis Leydig cells, and therefore the present results

Muadel |
Dregradation
Cycleheximide T
L=
Amino Protein synihesis Specific
acids Ay protein

|
Trophiv hormone

Pegradation

I

Aciive R .
_-T.“') specific —TJ-} Steroidogenesis
T " protein '

Trophic hormene

Model 13
Dreweadation
Crolunzsinnide *
. =3 !
Ao Frewin syntiesis Inactive
. — »
avids Drecursar
nrotein
Maodel 111
. Degradalion
Cyeloheximide - T
, (=) ot
Amiro Specilic
aclids protein

=+ Steyoidogenesis

o) I “+

Trophic hormone

Schenwe 1. Hypothetival nudels for e role of protein synthesis it the regulation of stereidogencsis by frophic horinone
—, Inhibition; 4, stimulution.
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do not support this model for the testis. In adrenal
cells, Schulster ef ¢f. (1974) and Lowry & McMartin
(1974) also rejected model 1 on basis of the rapid
corticosterone response, which was observed less
than 24s after addition of corticotropin or ¢yclic
AMP, This appeared too fast for new protein syn-
thesis. Although in testis Leydig ceils the time between
luteinizing hormone addition and testosierone
response in vitro has been reported to be rather
lenger, in the order of 20min (Moyle &
Ramachandran, 1973; Dufau & Catt, 1975; Janszen
et al,, 1976), results of recent experiments in our
laboratory indicate that stimulation of testosterone
production may well occur within 5 min after addition
of luteinizing hormone (Cooke er al., 1977). In
the present study an increase of the synthesis of a
specific protein (pretein 21) was only observed 2h
after addition of luteinizing hormone to Leydig cells,
which is a long time after the initial stimulation
(within 5min} of testosterone production by luteiniz-
ing hormoene. For this reagon it appears unlikely that
protein 21 plays a role in the short-term stimulation
of testosterone production by trophic hormones.
However, this docs noi exclude a possible role of

protein 21 in long-term effects of trophic hormones

on Leydig cells, Such long-term effects have been
described by Purvis ef al. (1973) for rat testis.

On the basis of the present results it alse cannot be
excluded that the synthesis of protein 21 js cnly
indirectly influenced by luteinizing hormone, i.e. via
testosterone production. The mechanism of induciion
of protein 21 and its possible role in Leydig-cell
function therefore requires further investigation.

The protein with short halfdife (protein 33)
detected in the present study could aiso play a role in
the production of testosterone and its regulation by
luteinizing hormone. It has properties of the regulator
protein, which might be expected from previous
studies, especially those involving protein-synihesis
inhibitors, i.e. a short half-life {11 min) was estimated
for protein 33, which is comparabie with the half-life
(I13min) calculated from inhibition studies with
cycloheximide on superfused Leydig-cell prepara-
tions (Cooke er al., 1975). Further, in the testis,
protein 33 is specificzlly focated in the Levdig cells,

These results are in better agreement with the.

characteristics of the regulatory protein depicted in
model II of Scheme 1. This madel is based on the
praposition by Schulster #r al. (1574) and Lowry &
Martin (1974} that an inactive precursor protein with
a short half-life is activated in the prescnce of trophic
hormene. Thelatier does not have any direct effect on
the synthesis de noro of the precursor protein, but
cycloheximide would inhibit iis synthesis. However,
uritil now it has not been possibie to detect an eilest
of luteinizing hormone on any of the properiics of
protein 33 studied, i.e, molecuiar weight, hall-lifie and
subcellular Jocalization of the protein. So, &t present,

346

even a third possibility (model III in Scheme 1)
cannot 'be excluded, 1.e. that a protein with-a shori
half-life is involved without being affected itself by
the trophic hormone,
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REGULATION OF THE SYNTHESIS OF LUTROPIN-INDUCED
PROTEIN IN RAT TESTIS LEYDIG CELLS

Felix H.A., Janszen, Brian A, Cooke, Maria J.A. van

Driel and Henk J. van der Molen

Department of Bicchemistry (Division of Chemical
Endocrinology), Medical Faculty, Erasmus University
Rotterdam, Rotterdam, The Netherlands

SYNOPSIS

The mechanism of action of lutropin on the stimulation
of ‘the synthesis of a specific lutropin-induced protein in
rat testis Leydig cells was investigated. Lutropin-induced
protein has a mol. wt. of approx. 21000 and is detected by
labelling the Leydig cell proteins with 358—methionine,
followed by separatioh by polyacrylamide gel electrophofesis
and radiocautography of the dried gel. The incorporation of
358 into lutropin-induced protein was used as an estimate
for the syhthesis of the protein. Incubatibn of Leydig cells
with dibutyryl cyclic AMP c¢r cholera toxin alsc resulted in
the stimulation of synthesis of the protein. Synthesis of
lutropin-induced'brotein,'when maximally stimulated with
100 ng of lutropin/ml, could not be stimulated further by
addition of dibutyryl cyclic AMP. Addition of 3-iscbutyl-l-
methylxanthine, a phoséhbdiesterase inhibiter, further in-
creased synthesis of the protein in the presence of a sub=-
maximal dose of luﬁropih (10 ng/ml) but not in the absence
of lutfopin or with maximal amounts of lutropin {100 and
1000 ng/ml}). Actinomycin D prevented the effect of lutropin

on the stimulation of-lutropin—induced protein synthesis



when added immediately or 1 h after the start of the incu-
baticn, but not when added after 5-6 h. This is interpreted
as reflecting that after induction of mRNA coding for
lutrepin-induced protein, lutropin had no influence on
the synthesis of the protein in the presence of actinomycin D.
Synthesis of the protein was also stimulated in vivo by in-
jection of choriogcnadotropin into rats 1 day after hypophy-
sectomy and the time course of this stimulation of lutrepin-
induced protein synthesis in vive was similar to that ob-
tained by incubating Leydig cells in vitro with lutropin.
From these results it is concluded that stimulation of lu-
tropin-induced protein synthesis by lutropin is most pro-

bably mediated by cyclic AMP and involves synthesis of mRNA.
INTRODUCTION

It has heen shown that protein synthesis is involved in
stimulation by lutropin of testosterone production in rat
testis Leydig cells (Hall & Eik-Nes, 1962; Cooke et al.,
1975b; Mendelson et al., 1975}. After maximal stimulation
of testosterone synthesis in rat testis Leydig cells by
lutropin, addition of cycloheximide decreasés testosterone
production to control values. This decrease follows first
order kinetics with a half-time of 13 min, indicating that
continuous synthesis of a protein(s) with short half-life
is necessary (Coocke et al., 1975b). Inhibitors of RNA synthe-
sis also cause at least a partial inhibition of lutropin sti-
mulated production of testosterone (Cocke et al.,, 1975a;
Mendelson et al., 1975). These results may indicate that the
synthesis of mRNA coding for this protein{s) may also be in-
volved in lutropin regulaticn of testosterone preduction.
From previcus studies in our laboratory it is known, that
additicn of lutropin to Leydig cells stimulates the synthe-
sis cof a specific protein {(lutropin-induced protein) with a
mol. wt. of approx. 21000 (Janszen et al., 1976b, 1%77).
Lutropin-induced protein synthesis was nbt influenced by

addition of testostercne or follitropin to the Leydig cells



(Janszen et al., 1976b). Addition of actincomycin B to
Leydig cells prevented the stimulation of the synthesis of
this protein (Janszen et al., 1976b}. The half-=-1ife of this
protein, however, was found to be longer than 30 min
(Janszen et al,, 1977) and increased synthesis of lutrepin-
induced protein could be observed only 2 h after addition
of lutropin to Leydig cells, which is a long time after
stimulation of testosterone production by lutropin can be
detected (5-30 min: Cocke et al., 1977).

To obtain more information about the mechanism involved
in the control of the synthesis of lutreopin-induced protein,
we have now studied the effects of dibutyryl cyclic AMP,
3-isobutyl-l-methylxanthine and actinomycin D on synthesis
of the protein, because it is known that these compounds can
influence testesterone production in Leydig cells (Catt
et al., 1972; Cooke et al., 1975a}. In additicn the produc-
tion of lutropin-induced protein in Levdig cells after sti-
mulation with choriogonadotropin in vive has been investi-
gated. The results obtained are discussed in relation to
the possible role of lutropin-induced protein in the regu-

laticon of stercidogenesis.

MATERIALS AND METHODS

Cholera toxin was a gift from R.S. Northrup National
Institute of Allergy and Infectious Diseases, Bethesda, MD,
U.S.A., and was prepared by the procedure of Finkelstein &
Lospallutco (1970) under contract for the National Institute
of Allergy and Infectiocus Diseases (WIAID) by Dr. R.A,
Finkelstein, The University of Texas Southwestern Medical
School, Dallas, TX, U.S.A.

Sheep lutropin (NIH-LH-518) was a gift from the
Endocrinclogy Study Section, National Institute of Health,
Bethesda, MD, U.S.A.

35S—Methionine (280 Ci/mmol) was purchased from The
Radiocchemical Centre, Amersham, U.K. and 3-isobutyl-1-

methylxanthine was obtained from Aldrich Chemical Co.,



Milwaukee, WI, U.S.A. Human choriogonadotroPin was obtained
from COrganon, 0Oss, The Netherlands. Leydig cell suspensions
from adult rat testes were preparad and purified by centri-
fugation through Ficoll and Dextran solutions as described
previously (Janszen et al., 1976a), except that testes were
incubated in the collagenase sclution {1 mg/ml) for 30 min
instead of 18 min.

Leydig cells were incubated and proteins were labelled
with 35S—methionine, extracted, separated by sodium dodecyl
sulphate polyacrylamide gel electrophoresis and detected by
radioautography as described previously (Janszen et al.,
1976b) , except that proteins were labelled with 355—methionine
for 60 min instead of 30 min. Quantification ¢f radiocactivity
in the lutropin-induced protein band was performed as des-
cribed previously (Janszen et al., 1377). The ratio of the
density of the lutropin-induced protein band divided by the
density of a band with a mol. wt., of approx. 23000 {which
was shown to be unaffected by the different conditions used)
was calculated. This ratio was used for a guantitative eva-
luation of the lutropin-induced protein. For comparison be-
tween different experiments the amcunt of radicactivity in
lutropin-induced protein, measured as described above, was
expressed as a percentage of the amount of radicactivity in
lutropin-induced protein when maximally stimulated with
100 ng of lutropin/ml.

To investigate if stercidogenesis was stimulated by the
different reagents used, Leydig cells were incubated in
parallel experiments for 2 h in the presence of these various
reagents. After the incubation period testostercone was ex=-
tracted and determined as described by Verjans et al. (1973).

For statlistical apalysis the Student t-test for correlated
data was used. Differences were considered significant when
P < 0,025 {one-tailed).



RESULTS

Role of cyeclic AMP in stimulation of LH-IP synthesis by

lutropin
This was investigated by studying the effect of dibutyryl

cyclic AMP, 3-isobutyl-l-methylxanthine and cholera toxin.

The effect of dibutyryl cyclic AMP on synthesis of lutro-
pin-induced protein and testosterone was investigated in the
presence and absence of maximum amcunts ¢f lutropin. The
results in Table 1 show that the effect of 100 ng of lutro-
pin/ml or of 1 mM dibutyryl cyeclic AMP on stimulation of
testosterone production and lutropin-induced protein syn-
thesis are not significantly different from each other and
no further stimulation of synthesis of the protein was ob-

served when these two substances were added together.

TABLE 1

Effect of lutrepin (100 ng/ml) and dibutyryl eyclic AMP {1 mM} on synthesis of testosterone and
lutropin-induced protein in testis Leydig ¢ells. Results are expressed as percentage of synthesis
obtained in the presence of lutropin.

Additions
Dibutyryl Lutrepin plus
None Lutropin cyclic AMP dibutyryl eyclic AMP
Testosterone production 53:1 (12) 114+ 16 (11} 126:25 %3] n.d.
{ng/2 h per 10G cells)
{mean * s.2.m.)
. . o =] o + +
Lutropin-induced protein 22+24 (4] 1040 3] 100423 (4] L00+23  (4)

synthesis
{mean + s.d.}

number of experiments are given in parentheses
“p .« p.005
Taot significant (B > 0,025)

n.d.: not determined



To estimate the effect of the phosphodiesterase inhibitor
3-isobutyl-l~-methylxanthine on lutropin-induced protein syn-
thesis, the Leydig cells were first incubated for 3 h in the
presence of different doses of lutropin without or with 3-

isobutyl-l-methylxanthine; then 33

S-methionine was added and
the incubation was continued for another 1 h. As shown in
"Takble 2, lutropin-induced preotein gynthesis is significantly
increased in the presence c¢f 3-iscbutyl-l-methylxanthine
with a submaximal dose of lutropin, but not in the absence
of lutropin or with a maximal dose (100 and 1000 ng/ml). In
these experiments testosterone producticon in the presence of
1 ng of lutropin/ml increased from 6 + 2 ng/2 h per 106 cells
in the absence of 3-isobutyl-l-methylxanthine tc 26 + 16 ng/
2 h per 106 cells in its present {(mean + s.d., n=4,

P < 0.025).,

TABLE 2

Effect of .25 mM 3-isobutyl-l-methylxanthine on lutropin-induced protein
synthesis in Leydig cells in the presence of different doses of lutropin.
Results are expressed as percentage of lutropin-induced protein synthesis,
in the presence of 100 ng of lutropin, and are means + s.d. of the
numbers of experiments in parentheses.

lutropin-induced protein synthesis

lutropin ng/ml - inhibitor + inhibitor Effect of inhibitor
0 14422 15410 (4) N.S.
1 14+22 34+26 (4) N.s.
10 35+23 BO+16 (3) P < 0.005
100 100 B9+12 (3) N.S.
1000 95+ 9 89+23 (3) N.5.

number of experiments in brackets

N.S5.: not significant {P > 0.025)



The Leydig cells were incubated in the presence cof chelera
toxin, which has previously been shown to stimulate produc-
tion of both cyclic AMP and testosterone in Leydig cells in
a parallel fashion (Cocke et al., 1977). Leydig cells were
incubated for 3 h without or with lutropin or with 40 ug of
cholera toxin/ml, followed by incubation with 355—methionine
for 1 h. For measurement of testosterone production, Leydig

cells were incubated for 2 h. Table 3 shows that in the pre-

TABLE 3

Effect of cholera toxin on testcGstercone production and lutropin-induced protein synthesis in Leydig

cells. Lutrcpin-induced protein synthesis is expressed as a percentage of that in the presence cof
lutropin (100 ng/ml).

control + lutropirn + cholera toxin

testosterone production 441 141435 15414 ¥
(ng/2 b per 10% cells)

lutrepin-induced protein ° 4+3 100 80+18 oo

synthesis

*mean * s.d. of 4 different experiments

Chearn + s5.d. of 6 different observations in 4 different experiments

% . 0.005 compared with control

sence of cholera toxin both testosterone production and
lutropin-induced protein synthesis were increased, although
a lower stimulation was found compared with the effect of
lutropin. It has been previously demonstrated that stimula-
tion of producticen of cyclic AMP and testosterone is delayed
in the presence of chelera toxin compared with the stimula-
tion obtained in the presence of lutropin (Cooke et al.,
1977} . To investigate if there was also a delay in the sti-
mulation of lutropin-induced prctein synthesis by cholera
toxin, the time course of this stimulation was investigated.
With cholera toxin as well as with lutropin, the first sti-

mulation of synthesis of the protein was observed 2 h after



the start of the incubation, and synthesis was maximal
after about 4 h (Fig. 1}.

LH-IP synthesis
]00%7 s +LH

@ + cholergtoxin

-
-
50% P
v
@
o /
/
/
/
‘/ A control
-
-
o - A
T T T uad T
2 3 4 5 incubation time
{hours}
Figure ! Time course of lutropin—induced protein synthesis

in presence of lutropim or choleratoxin
Leydig cells were incubated for different time periocds in
the absence (&) or presence of lutropin (#) or choleratoxin
@). ??

continued for | h. Total cell protein was extracted and

S~Methionine was then added and the incubation was

separated by electrophoresis and the amount of radiocactivity
in the LH-IP band was measured as described in the Materials
and Methods secticn. Lutropin-induced protelin synthesis is

expressed as percentage of that 5 h after addition of lutro-

pin



Role of mRNA synthesis in the stimulation of LH-IP synthesis

by lutropin

The effect of actinomycin D on the stimulation by lutro-
pin of lutropin~induced protein synthesis was investigated
at different times after the start of the incubation. Stimu-
lation of the synthesis of this protein was prevented com-
rletely when actincmycin D was added immediately or 1 h after
the start of the incubation. Inhibition became progressively
less when actincmycin D was added at later times until no
inhibition was detectable when actinomycin D was added 4-5 h
after the start of the incubation with lutropin (Fig. 2).
The stability of mRNA was investigated in Leydig cells which
were incubated with dibutyryl cyclic AMP for 3 h to stimu-
late lutropin-induced protein synthesis.

The synthesis of lutropin-induced protein in the control
cells was 5+ 6% of that in the dikbutyryl cyclic AMP stimula-
ted Leydig cells (=100%) {mean + s.d. of 5 experiments). The
dibutyryl cyclic AMP was then removed from the cells by
washing with the incubation buffer followed by centrifugation
{twice) and the incubation was then continued for 3 h in the
presence of actinomycin D without or with lutropin. After
this period 358—methionine was added and the incubation was
continued for another hour. In this case the production of
lutropin~induced protein in the Leydig cells that were incu-
bated during the lagt 4 hours without or with lutropin was
1 + 25% and 106 + 38% respectively of the synthesis of lu-
tropin-induced protein in Levdig cells only incubated for
4 h with dibutyryl cyclic AMP (mean + s.d. of 5 experiments).
In separate experiments it was demonstrated that with this
washing procedure testosterone production in Leydig cells
preincubated for 3 h in the presence of dibutyryl cyclic AMP
fell to kasal values after removal of dibutyryl cyclic AMP
(7 + 6 and & + 3 ng of testosterone/2 h per 106 cells res-
pectively for washed cells and control cells, mean + s.d.,
n=3).

(s



LH-1P synthesis
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time of addition of actinomycin D after start of incubation {hours)

Figure 2 Effect of actinomycin D on lutropin-induced pro-
tein synthesis
Actinomycin D was added at different times after the start
of incubation in the presence of lutropin. Leydig cells were
incubated with lutropin (100 ng/ml) for different time
periods, then actinomycin D (46 uM) was added and the incu-
baticns were continued. The total incubation time was 8 h.
35S—Methicnine was then added and the incubation was con-
tinued for another 1 h. Lutropin-induced protein synthesis
is expressaed as percentage of that in Leydig cells incubated

for 9 h with lutropin without actinomycin D

Lutropin-induced protein synthesis in Leydig cells stimula-

ted in vive with choricgonadeotropin

To investigate if lutropin-induced protein synthesis
could be stimulated also in vivo, choriogonadotropin
(100 I.U.) was injected into the tail vein of rats 1 day
after hypophysectomy. From previous work it was known that
this amcount of choricgonadotropin would stimulate testoste-

rone secretion in vivo (De Jong et al., 1273}. Control rats
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were injected with 0.9% NaCl 3 h before decapitation. After
decapitation Leydig cells were prepared and incubated in
vitro for 3 h without or with lutropin in the absence or
presence of actinomycin D. 3SS—Methionine was then added
and the incubaticn was continued for another 1 h.
Testostercone production in the absence or presence of

lutropin was measured in parallel incubations (Table 4).

TABLE 4

Effect of choriogonadotropin on testosterone production in Leydig
cells from 1 day hypophysectomized rats. Isclated cells were
incubated for 2 h with or without 100 ng of lutropin/ml.

"Control rats" were injected 3 h before decapitation with 0.9%
NaCl solution and "HCG rats" with 100 I.U. of choricgenadotropin.

testosterone production {ng/2 h per 106 cells

- lutropin + lutrepin
control rats 6+3 263465
HCG rats 57+17 53+7

Results are mean + s.d. of three experiments.

In control rats lutropin-induced protein synthesis increased
in the presence of lutropin, and this increase was prevented
by addition of actinemycin D to the cells (Table 5 and

Fig. 3). From Leydig cells of choricgonadotropin-injected
rats a prominent 355~1abelled protein with the same mcle-
cular weight as lutropin-induced protein was iscolated

(Fig. 3). Incorporation of 35

S into this protein was not
affected by either lutropin or actinomycin D added during

incubation of the cells {(Table 5).
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CONTROL RATS HCG INJECTED RATS
MOL., WT.

11700

- + - + LUTEINIZING HORMONE - + - +

- - + + . ACTINOMYCIN D - - + +

Figure 3 Effect of injection of human choriogonadotropin omn
lutropin-induced protein synthesis by Leydig cells
in vitre

Rats, | day after hypophysectomy, were injected with (00 I.9U.

of human choriogonadotrepin (b) or with 0.9%Z NaCl (centrel,

a) 3 h before decapitation. Leydig cells were prepared and

incubated fer 3 h in the absence or presence of lutropin

(100 ng/ml) and in the absence or presence of actinomycin D.

Then 35Smmethionine was added and the incubation was conti-

nued for | h. After extraction total cell protein was sepa-

rated on & 10-15% discontinuous sodium dodecyl sulphate
polvacrylamide gel. Only the radicautogramme of the 15% part
of the gel iz shown

12



TABLE 5

Effect of choriogonadotropin on lutropin-induced protein synthesis
in Leydig cells from 1 day hypophysectomized rats. Rats were
injected 3 h before decapitation with 0.9% NaCl {control) or with
100 I.U. choriecgonadotropin (HCG rats). Synthesis of lutropin-
induced protein is expressed as percentage of synthesis in cells
incubated in vitro with lutropin (100 ng/ml}, without actinomycin D.

Results are given as mean + s.d. for three experiments.

- lutropin + lutropin

Actinomycin D Actinomycin D
- + - +

control rats 14+12 T+7 160 10+12
HCG rats 91+23 98+34 100 106+6

In other experiments, rats that had been hypophysecto-
mized for 1 day were injected with 100 I.U. of choriogonadotropil
at varicus times before decapitation. Leydig cells were
prepared and then incubated in vitro as described above. In
the cells isolated 3 h after injection of choriogonadotropin
again maximal 5S—incorporation was obtained in a protein
band of mol. wt. 21000. This was ocobserved in incubaticns
with and without added lutrcepin and was unaffected by the
presence of actinomycin D. When rats were injected with
choricgonadotropin 1 and 2 h before decapitation, addition
of actinomycin D to the isolated cells resulted in a de-

crease of 35S—incorporation into this protein band
(Table 6).
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TABLE &

Lutropin-induced protein synthesis in isolated Leydig cells from
rats injected with human chericgonadotropin at different times
before decapitation.

Synthesis of lutyopin-induced protein in the presence of lutropin
was taken as 100% and the synthesis of lutropin-induced protein
in the presence of actinomycin D was expressed as percentage of
synthesis in the presence of lutropin,

rat injected hours before synthesis of lutropin-
with decapitation induced protein

0.9% NaCl 3 11+3%

choriogonadotropin 1 26+190

choriogonadotropin 2 58+2

choriogonadotropin 3 81+19

® .
mean + range of two determinations.

DISCUSSION

In the present study it has been demonstrated that dibu-
tyryl cyclic 2MP, cholera toxin and 3-isobutyl-l-methyl-
xanthine can stimulate the synthesis of lutreopin-induced
protein in testis Leydig cells. These results may support
a possible role of cyclic AMP in the stimulation of synthe-
sis of this protein, because it has been demonstrated that
cyclic AMP production in Leydig cells is stimulated by
lutropin (see reviews by Rommerts et al., 1974; Catt &
Dufauw, 1976; Marsh, 1976} and by cholera toxin (Cooke et al.,
1977) . Phosphodiesterase inhibitors, such as 3-isobutyl-~1-
methylxanthine or theophylline, have been shown to poten-—
tiate lutropin acticon mest probably by inhibition of the
degradation cf cyclic AMP by phosphodiesterase (Catt et al.,
1974). Previously it has been shown that addition of acti=-
nomycin D to Leydig cells at the start of the incubation

prevents stimulation of lutropin~induced protein synthesis
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by lutropin (Janszen st al., 1976k).

From the lack of effect of actinomycin D on the lutropin-
stimulated synthesis of lutropin-induced protein, when
added to the Leydig cells 5 h after the start of the incu-
bation (Fig. 2}, it may be concluded that actinomycin D
does not interfere with the synthesis of this protein as
such. Hence, the inhibitory effect of actinomycin D on
lutropin stimulation of the synthesis of this protein, when
added earlier, may be explained by preventicn cof the accu-
mulation of mRNA cocding for lutreopin-induced protein. This
accumulation of mRNA may result either from stabilization
cf existing mRNA in the presence of lutropin or from in-
creased synthesis of mRNA. The present results demonstrate
that after stimulation with dibutyryl cyclic AMP the synthe~
sis of lutropin-induced protein remains at an elevated level
for several hours after removal of the dibutyryl cyclic AMP.
This could indicate that under these conditions no marked
degradation of mRNA occurs. However, these experiments were
verformed in the presence of actinomycin D in order to pre-
vent new mRNA synthesis and seccondary effects of this inhi-
bitor on the synthesig of lutropin-induced protein cannct
be excluded. Therefore, more research iz needed to deter-
mine the stability cf the mRNA in the presence and in the
absence of the hormone,.

When hypophysectomized rats were injected with chorio-
gonadotropin 3 h before decapitation no subsequent inhibi-
tion of lutreopin-induced protein synthesis occurred in the
presence of actinomycin D. This indicates that in this situa-
tion synthesis of this protein was already maximally stimu-
lated before addition of the actinomycin D. Testosterone
production of Leydig cells from choriogonadotropin treated
rats could not be stimulated further by addition cf lutropin
to the isolated c¢ells in vitro. However, stimulation of
Leydig cells in vitro with dikutyryl cyclic AMP and subse-
quent removal of the dibutyryl cyclic AMP resulted in a low
basal testosterone production. These results may be explained

by assuming that choriogonadotropin, injected in vivo,
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remains bound to its receptor after isolation of the Leydig
cells. Survival of the lutropin-receptor complex after
washing Leydig cells by centrifugation has been described by
Moyle and Ramachandran (1973).

Hsueh et al. (1976) demonstrataed occupancy of receptors
by endogenous lutropin after preparation of Leydig cells. To
study the time course of induction of lutropin-induced pro-
tein synthesis in vivo, actinomycin D was added to the Leydig
cells from in vivo stimulated animals to prevent further
stimulation of lutropin-induced protein. Under these condi-
tions only a small stimulation of lutropin-induced protein
synthesis was found in Leydig cells from rats injected with
choriogonadotropin 1 h before decapitation (the total time
of stimulation was 2.5 h; 1 h in vivo and 1.5 h during cell
preparation}. Maximum stimulation of lutropin-induced pro-
tein synthesis was observed when the Leydig cells were exposed
to choriogonadotropin for 4-5 h, It may be concluded therefore
that the time course of stimulation of lutropin~induced pro-
tein synthesis in vivo and in vitro are very similar.

To summarize, the present evidence indicates that the
synthesis of both lutropin-induced protein and testosterone
is regulated by similar mechanisms involving cyclic AMP and
mRNA under the contrcl of lutropin. However, it is still dif-
ficult to conclude that lutropin-induced protein is obliga-—
tory invelved in lutropin stimulation of testosterone bio-
synthesis, because a long time {2 h) is needed after lutropin
addition before increased synthesis of the protein is detec-
table compared with 5-20 min for stimulation of testosterone
production. Thus maximum testosterone synthesis can occur in
the presence of low lutropin-induced protein synthesis.

Therefore, if lutropin-induced protein is involved in
stergid producticn, it may not be the only lutropin-induced
factor, theoretically the protein could even be an inhibitor
of steroidogenesis. It is also possible that stimulation of
lutropin-induced protein synthesis is unrelated to steroido-
genesis and that it is only one of the first trophic effects

of lutropin on Leydig cells irrespective of steroid produc-
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tion. These gquestions cannot be answered at the moment and
must await further studies with purified lutropin-induced

protein.
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SYNOPSIS

The effect of lutropin on the synthesis of specific pro-
teins in tumour Leydig cells and in Leydig cells from imma-
ture rats has been investigated. The amcunt of 35S-—incorpo—
rated into the various prcteins after separation by electro-
phoresis on sodium dodecyl sulphate polyacrylamide gel was
used as an estimate of their synthesis. Incubation of tumour
Leydig cells with lutropin for 5 hours resulted in increased
synthesis of proteins with apparent mol. wt's of 27000 and
29000, The shortest incubation time needed for a significant
increase in the synthesis of these proteins was approxima=
tely 3 hours.

Incubation of Leydig cells from immature rats with lutro-
pin (100 ng/ml) resulted in increased synthesis of proteins
with apparent mol. wt's of 11000, 21000, 27000 and 29000. At
higher concentrations of lutropin (3 100 ng/ml) there was a
decrease in the synthesis of proteins with an apparent mol.
wt. of 13000. The stimulation of specific protein synthesis
was observed approximately 2 h after the addition of lutropin
to the cells.

The amount of lutropin regquired for the stimulation of



protein synthesis in both types of Leydig cells was similar
to the amcunt of lutropin needed for stimulation of steroid-
ogenesis. Lutropin-~stimulated specific protein synthesis was
not due, however, to increased levels of testosterone,
because 1) addition of testosterone to the c¢ells had ne ef-
fect on the synthesis of the proteins, and 2) inhibition of
steroidogenesis with eliptenphosphate (an inhibitor of the
cholesterol side chain cleavage enzyme complex) did not
abolish the effect of lutropin. The stimulation of specific
protein synthesis was also not due to contaminating folli-
tropin in the lutropin preparation, because follitropin
itself had no effect on protein synthesis. Addition of
actinomycin D to the cells at the start of the incubation
prevented the effect of lutropin on specific protein syn-
thesis, indicating that mRNA synthesis may be needed for
the effect of lutropin on specific protein synthesis. Incu-
bation of the cells with cycloheximide for 30 min after
labelling of the preoteins did not result in a detectable
decrease in the amounts of the lutropin induced proteins
indicating that their half lifeg are longer than 30 min.

INTRODUCTION

Stimulation of steroidogenesis in rat testis Leydig cells
by lutropin involves synthesis of protein and RNA {(Cocke
et al., 1975a: Mendelson et al., 1975) and it has been pos-
tulated that the continuous synthesis of a protein with
short half life (g 13 min) is necessary for the stimulation
of stercidecgenesis (Cooke et al., 1975b).

Recently it has been shown that lutropin stimulates in
rat testis Leydig cells the synthesis of a protein with an
apparent mol. wt. of 21000 (referred to as LH-IP}. The half
life of this protein is longer than 30 min (Janszen et al.,
1976b, 1977a). The lutropin stimulation of the synthesis of
this protein is mediated by cyclic AMP and probably involves
mRNA synthesis {Janszen et al., 1977b). In the present study
the effect of lutropin on the synthesis of lutropin~induced



protein (LH-IP) and other proteins has been investigated in
two other types of Leydig cells; i.e. Leydig cells from
immature rats and from a Leydig cell tumour, by first
labelling of the proteins with 355—methionine followed by
separation of the proteins on sodium dodecyl sulphate poly-
acrylamide gels, and fluorography of the dried gels, impreg-

nated with 2,5-diphenyloxazole.
MATERIALS AND METHODS

Ovine FSH (NIH-PSE-812} and ovine LH {NIH-LH-S19) were
gifts from the Endocrinology Study Section of the National
Ingtitute of Health, Bethegda, Maryland, U.S.A. 355—
Methionine (280 Ci/mmol) was purchased from the Radiochemical
Centre, Amersham, England. Eliptenphosphate was a gift from
Ciba, Basal, Switzerland. The Leydig cell tumour was obtained
from the Mason Research Institute Tumour Bank, Worcester,
Massachusetts, U.S.A. and coriginated from R. Huseby, American
Medical Centre at Denver, Spivak, Colorado, U.S$.A. The tumour
originally arose spontaneously in Fisgcher malile rats. The
tumour was grown and sustained in castrated 90 days old male
Fischer rats. A cell suspension of the tumour was prepared by
incubation of small pieces of the tumour in 7 ml Krebs
Ringer bicarbonate buffer pH 7.4 containing 0.2% glucose and
1 mg/ml collagenase {Worthington) for 50 min at 37°C in a
5 (95/5 v/v)
under continuous shaking. After incubation, 25 ml 0.9% NaCl

40 ml plastic tube under an atmosphere of OZ/CO

was added and the tube was inverted 10 times. The tubes were

- left to stand for 10 min at rocm temperature to sediment

cell clumps. The supernatant was syphoned off and filtered
through a nylon gauze (60 um). The cells were then sedimented
by centrifugation for 10 min at 100 g. The sediﬁented cells
:were washed once by centrifugation for 10 min at: 100 .g in
Krebs Ringer bicarbonate buffer pH 7.4 containing 0.2%

_ glucose and 0.1% albumin fractlon v. HlStOChemlCal detectlon
';oﬁ 3p~-Hydroxy steroid dehydrogenase activity (Janszén et al., -

'1976) showed that almost all isolated ceills formed formazan



precipitates. Leydig cell suspensions from immature rats

were prepared from testes of Wistar rats substrain R-Amsterdam,
21-25 days old, as previously described (Janszen et al.,
1976a). The Leydig cell suspensions were purified by centxi-
fugation through a Ficoll solution (Janszen et al., 1976a).
The cell suspension was washed once by centrifugation for

5 min at 100 g through a Krebs Ringer bkicarbonate sclution

pH 7.4 containing 0.2% glucose and 0.1% albumin fraction V.
The cells were incubated in a Krebs Ringer bicarbonate buffer
pH 7.4 containing 0.2% gluccse and 0.1% albumin fraction V
and an aminc acid mixture lacking in methionine under an
atmosphere of 02/C02 {95/5 v/v). Proteins were labelled,
extracted, separated by SDS-PAGE and detected by fliuorography
as previocusly described (Janszen et al., 1977a). Mol. wt.'s
of proteins were estimated by electrophoresis on a 10-20%
continuous gradient SDS polyacrylamide gel with as mol., wt.
markers phosphorylase a (93000), catalase (60000), ovalbumin
{43000), chymotrypsinogen (25700) and cytochrome C (11700).
When testosterone production was measured, the isclated cells
were incubated as described above for 2 h in the presence or
absence of added lutropin and testosterone was extracted and
determined as described by Verjans et al. (1973). For sta-
tistical analysis the Student t-test for correlated data was
used. Differences were considered significant when P < 0.05
(one=-tailed).

RESULTS

Tumoutr Leydig cells

Incubation of tumour Leydig cells with lutropin (100 ng/
ml) for 4 h followed by incubation for 1 h in the presence

of 358-methionine to label the proteing resulted in increased

358 incorporation in the two proteins with apparent mel. wt.'s
of 27000 and 29000 (referred to as protein 27000 and protein
29000 respectively (Fig. 1b)). The increased 355 incorporation

intc these proteins as compared to the control (incubated
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Figure |1 8 incorpeoration into proteins of tumour Leydig

cells, incubated in the presence of various hormones
Tumour Leydig cells were incubated for 4 h in the presence of
the following compounds: &)} nomne, b) lutropin (100 ng/ml)},
¢) testosterome (100 ng/lO6 cells), 4} ocestradiol-178
(100 ng/iO6 cells), e} pregnenolone (100 ng/lO6 cells),
f) folliitropin (100 ng/ml), g) none and h) lutropin (100 ng/
ml), followed by incubation for | h in the presence of 35S~
methionine.
Incubation g and h were continued for 30 min in the presence
of cycloheximide (25 ug/ml). The proteins were separated by
electrophoresis on sodium dodecyl sulphate 10-15%7 disconti-
nuous polyacrylamide gel. Only the 1537 part of the gel is

shown



Leydig cells without added lutropin) was statistically sig-
nificant 2-3 h after the addition of lutropin to the cells
(Fig. 2a,b) and during a 4 h incubation period maximum sti-
mulation was not observed. The lowest dose of lutropin needed

for a significant stimulation of testosterone production

Protein 27000 Protein 29000

Protein synthesis
{erbitrary units)

+LH
1004 moJ +LH
L,
-LH
50 S soq
T T T 1 T T T —
0 123 4 0 1 2 3 4

Tncubation time (hours)

NS, NS, 5. S. S. NS, NS 5. S. s.

Figure 2 Time course of lutropin stimulation of the synthe-
gis of protéin 27000 and protein 29000 in tumour
Leydig cells
Tumour Leydig cells were incubated with or without added
lutropin (100 ng/ml} for different time periods followed by
incubations of 'the cells with 358—methionine for 1 h. Spe-
cifiec protein synthesis is expressed as % of specific pro-
tein syn%hgsi; after 4 h stimulation with lutropin.(meay *
s.d.y n=§). N.8. = no significant difference betweeﬁ‘stimu—
1ated'aﬁd control protein synthesis. § = significéqﬁ diffe-

rence betweéen stimulated and control protein synthesis
. . Lo



was 100 ng/ml and a maximum testosterone response was oOb-
tained with approximately 1000 ng/ml (Table 1} (testosterone
production increased from 1.0 + 0.7 ng/loscells/z h in con-
trol cells to 4.6 + 1.1 ng/lO6 cells/2 h in the presence of
lutropin 103 ng/ml, mean + s.d., n=4). The lowest dose of
lutropin to give a significant response in 355 incorporation
in proteins 27000 and 29000 was also 100 ng/ml, a maximum
response was cobtained with 1000 ng/ml (Table 1).

Table 1

Effect of different doses of LH on the synthesis of testosterone and
the 5S—incorporation into protein 27000 and protein 29000 in tumour
Leydig cells. Results are expressed as % of the value obtained in the
presence cof 100 ng/ml LH. Means + s.d. is given with the number of

experiments between brackets.

Dose of testosterone .
LH {ng/m1) production protein 27000 protein 29000
effect effect effect

® of 1H ¥ of LH ¢ of LH

¢ 26+14 (4} 42+27 {4) 31+21 (3)

1 27+10 (4) HN.s. 36+11 (4) N.S. 21424 {4) N.S.

10 S4+26 (4) N.s. 60+18 {3) N.S. 76+30 (3) N.S.

102 100 (4) P<0.005 100 (4) P<0.005 100 P<0.005

103 126450 (4) P<0.01 127424 (4) P<0.01 163450 (4) P<0.05

104 145441 (3) P<0.01 128421 {4) P<C.005 143+29 (4) P<0.025




To investigate whether the increase in 358 incorporation
in protein 27000 and 29000 was due to increased levels of
steroids in the lutropin-stimulated Leydiyg cells, testos-
terone, oestradiol-178 and pregnenclone (100 ng/lO6 cells)
were added separately to the cell preparations instead of
lutropin and incubated for 4 h followed by incubation with

358—methionine for 1 h. No change in 35

§ incorporation into
proteins 27000 or 29000 was obtained (Fig. lc-e) when com—
pared with the controls. In other experiments elipten-
phosphate (300 ug/ml) was added to lutropin-stimulated
tumour cells to prevent stercoid synthesis (El1 Safoury &
Bartke, 1974). The lutropin-~stimulated 355 labellinyg of the
proteins was not inhibited under these conditions. To inves-
tigate whether the increase in 355 incorporation was due to
contamination of the lutropin preparation with follitropin,
tumour c¢ells were incubated with fcllitropin (100 ng/ml)
instead of lutropin; no increase in 358 incorperation into
protein 27000 and 2%000 was cbserved (Fig. 1£f}).

Addition of actinomycin D {46 uM) to the tumour Leydig
cells at the start of the incubation, prevented the lutropin
stimulation of 358 incorporation into both proteins. Pre-
viously it has been shown that addition of this amcunt of
actinomycin D to Leydig cells inhibited 89-93% of RNA synthe-
sis (Cooke et al., 1975a).

In other experiments cycloheximide {25 ug/ml) was added
to the cells after labelling of the proteins with 355—
methiconine and the incubation was continued for 30 min. No
effect of this procedure was cobserved on the amount of 358
incorporated into these two proteins (Fig. 1g,h) indicating

that their half lifes are longer than 30 min.

Leydig cells from immature rats

Incubation of Leydig cells from immature rats with lutro-
pin {100 ng/mi) for 4 h followed by incubation of the cells
with 35S—methionine for 1 h resulted in an increase in 358
incorporation in proteins with apparent mol. wt.'s of res-

pectively 11000, 21000, 27000 and 29000 (referred to as
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43000
29000

25700 27000
21000

11700 sl 11000

~LH +LH
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Figure 3 8 incorporation into proteins of Leydig cells

from immature rats, incubated in the presence or
absence 0f added lutropin
Leydig cells from immature rats were incubated with or
without lutropin (100 ng/ml) feor 4 h fcllowed by incubation
with 35S—methionine for 1 h; the proteins were separated on
10-157 discontinucus sodium dodecyl sulphate polyacrylamide

gel. Only the 157% part of the gel 1s shown.

protein 11000, protein 21000, protein 27000 and protein
23000) (Fig. 3). The first increases in 358 ingcorporation
into these proteins could be observed 1-2 h after the addi-
tion of lutropin to the cells (Fig. 4). At the start of the
incubaticn period, the synthesis of protein 27000 was high
in both control and lutropin treated cells. In the contrecl

cells the synthesis of this protein decreased while in the



Protein 21000 Protein 27000 Pratein 29000

Protein synthesis
tarbitrary units)

106 [ 100
fLH +LH
+LH
50 504 50
-LH
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0 1 2 3 40 1 2 3 40 1 2 3 4
incubarion time (hours)
NS5, NS, S. 5. 5. M55 s s, NS, NS, S 5. 5.

Figure 4 Time course of lutropin stimulation of the synthe-
sis of protein 2:000, protein 27000 and protein
29000 in Leydig cells from immature rats
Leydig cells from immature rats were incubated in the ab-
sence or presence of lutropin (100 ng/ml) for different time
periods followed by incubation with 355—methionine for 1 k.
Specific protein synthesis is expressed as % of specific
protein synthesis stimulated with lutropin feor 4 h {(mean +
s.d., n=3;*mean + range, n=2)., N.S5. = no significant diffe-
rence between stimulated and control specific protein syn-—
thesis; S = significant difference between stimulated and

control specific protein synthesis
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lutropin~treated cells the synthesis of protein 27000 re-
mained at an elevated level. The lowest amoggt of lutropin
that resulted in a significant increase in § incorporation

was 1 ng/ml for protein 21000 and 10 ng/ml for protein
29000 (Table 2).

Table 2
Effect of different doses of LH on the 355 incorporation into protein
21000, protein 27000 and protein 29000 in Leydig cells of immature

rats. Results are expressed as % of 35

S incorperation in the proteins
in the presence of 100 ng/ml LH. Mean + s.d. is given with the number

of experiments in brackets.

dose of
LH (ng/ml) protein 21000 protein 27000 protein 29000

5 effect 4 effect % effect

of LH of LH of LH

0 24419 (3) 40+28 (2) 2944 {3)
1 38422 (3) N.S. 46421 (2) 49+13 (3) P<D.025
10 §8+37 (3) 2<0.05 75422 (2] 77429 (3) P<0.025
10? 100 (3) P<6.025 100 (2} 100 (3)  P<0.005
10° 99413 (3) P<0,025 922 (2) 9748 (3) P<0.005
10t 1033 (2) 10248 (2) 113420 (2)

In the case of 2 experiments the means + ranges are given.
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Figura 5 35

S incorporation into proteins of Leydig cells
from immature rats, incubated in the presence of
different deses of lutropin

Leydig cells were incubated in the presence of different

doses of Ilutropin for 4 h followed by incubation with 353—

methionine for 1 h. Proteins were separated on a 10-20%

continuocus sodium dodecyl sulphate polyacrylamide gel.

With 10 ng/ml lutropin an increase in 355 incorporaticn
into protein 11000 was always observed (Fig. 5). Decreased
355 incorporation into a protein with an apparent mel. wt.
of 13000 was found with 100-~10,000 ng/ml lutropin (Fig 5,
Table 3). In contrast with this observation there was an
increase in 355 incorporaticn into protein 13000¢ with a low
dose of lutropin (Table 3). No change in specific protein
synthesis was obtained when the Leydig cells were incubated
in the presence of follitrepin (100 ng/ml) or with testoste-
rone {(1G0 ng/lO6 cells) instead of lutropin. Prevention of

steroidogenesis by addition of eliptenphosphate (300 ug/ml)

12



Table 3

35

Effect of different doses of lutropin cn the S incorporaticn

into protein 13000 in Leydig cells of immature rats. Results

35

are expressed as % of S incorporaticn in protein 13000 in

the presence of 100 ng/ml lutropin (mean + s.d.).

dose of LH 2 effect of LH
{ng/ml}
¢ 122410 (3}
1 143410 (3) P < 0.05 +
10 145424 (3) N.S.

2
10 100 P < 0.025 ¢
107 89+23 (3) P < 0.05 4
104 61,85"

*individual results of 2 experiments

to the lutropin-treated Leydig cells did not prevent the
lutropin stimulation of 355 incorporation in the 4 proteins.
addition of actinomycin D (46 uM) to the Leydig cells from
immature rats at the start of the incubation, prevented the
lutropin stimulation of 358 incorporation into all 4 pro-
teins.

Incubation of the cells in the presence of cycloheximide

{25 ug/ml) for 30 min after labelling of the proteins with

13



35S—methionine did not result in a decrease in the amount

of incorporated 338 into any of the 4 proteins, indicating

that their half lifes are probably longer than 30 min.
DISCUSSION

From the present results it may ke concluded that lutropin
stimulates the synthesis of proteins with apparent mol. wt.'s
of 27000, and 29000 in tumour Leydig cells and proteins with
apparent mol. wt.'s of 11000, 21000, 27000 and 29000 in
Leydig cells from immature rats. The stimulatory effect of
lutropin on the synthesis of these proteins is specific for
lutropin and is not due to increased steroid production or
to contaminating amounts of follitropin in the lutropin pre-
paration. In the tumcur Leydig cells stimulation of specific
protein synthesis was cobtained with the same amount of lutro-
Pin needed for the stimulation of stercidogenesis. The amount
of lutropin needed for stimulation of stercidogenesis in
Leydig, cells from immature rats is approximately the same
(van Beurden et al., 1976) as the dose needed for maximal
stimulation of specific protein synthesis observed in the
present study. From the results obtained in the experiments
with cyclcheximide it may be concluded that none of the spe-
cific proteins have short half lifes in the order of that
proposed for the postulated regulator protein, which has been
shown to play a role in the stimulaticon of adrenal steroid-
ogenesis (Garren et al., 1965).

In a previous study with Leydig cells from mature rats it
was demonstrated that lutropin stimulates the synthesis of a
protein with an apparent mol., wt. of 21000 {lutropin-induced
protein; LH-IP) (Janszen et al., 1976b, 1977a). Table 4 sum-
marizes data obtained about the effect of lutropin on the
synthesis of specific protein synthesis in Leydig cells from
immature and mature rats and in rat tumour Leydig cells. The
agreement in mel. wt.'s of lutropin-~stimulated proteins in
Leydig cells from different sources, may reflect that these

proteins are identical, but ceonclusive evidence can only be
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Table 4
Effect of lutropin on the synthesis of specific proteins in Leydig cells
from immature rats, mature rats and in tumour Leydig cells.

+ reflects stimulation of the synthesis, 0 reflects no effect of lutropin

on the synthesis.

Protein Protein Protein Protein
11000 21000 27000 29000
Leydig cells from
+ + + +
immature rats
Leydiyg cells from
0 + 0 0
mature rats
Tumour Leydig
0 0 + +

cells

cktained by further characterization of these proteins. In
tumour Leydig cells the synthesis of a protein with an ap-
parent mol. wt. of 21000 was observed. However, contrary to
the observations with Leydig cells from immature and mature
rats, synthesis of this 21000 mol. wt. protein in tumour
Leydig cells was nct affected by the presence of lutropin.
Only further characterization of this protein may reveal
whether or not it is identical to the 21000 mol. wt. protein
from normal Leydig cells.

None of the lutropin sensitive proteins detected in this
study have mecl. wt.'s identical to other proteins synthe-
sized or secreted by other steroid producing tissues. Tor
example the 4 proteins reported by Rubin et al. (1974} and
Laychock and Rubin (1974), which are secreted by the cat

15



adrenal in the presence of corticotropin, have apparent

mol. wt.'s of respectively 70000, 58000, 48000 and 12500 on
SDS-PAGE. Grower and Bransome (1970) reported that in the
supernatant of rat adrenal, corticotropin increased the 3H—
leucine incorporation into one protein while at the same
time the 3H—leucine incorporation into another protein was
decreased. The effects observed by these authors cccurred
within 30 min after addition of corticotropin and disappeared
after approximately 60 min. However, no further characteris-
tics of the 2 corticotropin sensitive proteins have been re-
ported. In the Leydig cells from immature rats with increa-
sing doses of lutropin the synthesis of protein 12000 first
increased and then decreased. This decrease may be caused by
a posttranslational modification, e.g. splitting off of part
of the molecule, sc that protein 11000 could be the ultimate
product after modification of protein 313000. The difference
in effects of lutropin on the stimulation of specific pro=-
teins in the Leydig cells obtained from different sources
may reflect differences in the lutropin regulatory mecha-
nisms in these Leydig cells. Several other differences be-
tween Leydig cells from immature and mature rats have been
reported e.9. in steroid metabolism (van Beurden et al.,
1976; wvan der Molen et al., 1975; Sowel et al., 1%74; Wiebe,
1976) and in the effect of hypophysectomy on lutreopin-stimu-
lated steroid synthesis (van Beurden et al., 1%76). Tumour
Leydig cells were also different from mature Leydig cells;
e.,g, in the present study, testosterone only accounted for
less than 10% of the total steroid production by the tumour
Leydig cells (unpublished results). Such differences between
the different Leydig cells make it difficult to extrapolate
results, also for the effect of lutropin on specific proteins,

from one type of Leydig cell tc ancther.
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