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Summary-Continuous protein synthesis is required for the hormonal regulation of cholesterol side chain 
cleavage activity. A protein with a short half-life (f,,? = 2-13 min) is believed to play an important role, 
but the regulation of the synthesis of this putative rapidly-turning-over protein is largely unknown. The 
steroid production rate in tumour Leydig cells can be increased more than 4-fold after addition of lutropin. 
However, steroid production by cells preincubated for 60min with medium containing cycloheximide 
(89 PM) could not be stimulated when lutropin was added to the medium. Thus, the putative protein with 
the short half-life is apparently not derived from a stable precursor protein. Moreover, in tumour Leydig 
cells incubated with low concentrations of cycloheximide (0.2.-0.8 PM), inhibition of steroid production 
was signi~cant~y greater in lutropin-stimulated cells than in control cells. These results support the 
hypothesis that tutropin regulates the de nmo synthesis of rapidly-turning--over proteins by increasing the 
rate of initiation of the translation step of protein synthesis. 

INTRODUCTION 

Short-term hormonal stimulation of steroid prod- 

uction in steroidogenic cells requires continuous pro- 
tein synthesis. The stimulatory effects of tropic hor- 
mones on such (testicular, ovarian, adrenal) cells 
decay within a few minutes after administration of 
cycloheximide [l-6]. In this regard several in- 
vestigators postulated the hormone-dependent syn- 
thesis of rapidly-turning-over proteins which are di- 
rectly or indirectly involved in the mitochondrial 
cholesterol side-chain cleavage enzyme activity. The 

estimated half-lifes for such proteins in testis Leydig 
cells [3] and tumour Leydig cells [5] were 13 and 6 min 
respectively. 

Studies with rat Leydig cells by Janszen et a[.[71 
and with rabbit ovarian cells by Losier and 
YoungLai[S] and YoungLai and Osoko[9] failed to 
demonstrate the synthesis of a rapidly-turning-over 
protein. In Leydig cells Janszen et uf.[7] demonstrated 
the presence of a cycloheximide-sensitive protein of 
33,000 Da with a half-life of approx. I 1 min. but its 
synthesis was not controlled by lutropin, aithough a 

‘Correspondence to: Department of Biochemistry II, Med- 
ical Faculty, Erasmus University Rotterdam, P.O. Box 
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Trivial names: Lutropin, LH, luteinizing hormone; adre- 
nocorticotropin, ACTH, adrenocorticotropic hormone; 
dibutyryl cyclic AMP, (W-2’-O-dibutyryl) adenosine 
cyclic-3’S’-monophosphate. 

lutropin-induced protein could be demonstrated 2 h 
after the addition of lutropin. 

Experiments with actinomycin D[l,8, 10, 111 

showed that acute effects of corticotropin or lutropin 
on mRNA synthesis are not required for increased 
steroid production. Therefore, the observation of 
rapidly-turning-over (or labile) proteins might reflect 
either regulation of de noco protein synthesis, or 
metabolism of stable precursor proteins. Kinetic ex- 
periments with Leydig cells preincubated for various 
time periods with cycloheximide suggested that lu- 
tropin stimulated the production of a labile protein 
by conversion of a stable (inactive) protein into an 
unstable (active) protein [l2]. Recently, it was shown 
that hormones or cyclic AMP can also stimulate the 
production of specific proteins via an effect on de 

noco protein synthesis (rat hepatoma cells, 13; rat 
adrenal cells, 14). 

In the present study we have investigated whether 
labile proteins produced in tumour Leydig cells are 
derived from either conversion of a stable regulator 
protein, or de moo protein synthesis. 

EXPERIMENTAL 

Materials und methods 

Chemicals used, procedures for isolation of tumour 
Leydig cells, incubation conditions for incorporation 
of ‘H and “C-labelled amino acids into proteins, and 
the procedure for estimation of pregnenolone prod- 
uction have been described previously [S, IS]. 
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Lutropin (LH-NIH-S20, 1.9 I.U. NIH-Sl/mg) was a 
gift from the National Institute of Health, Endo- 
crinology Study Section, Bethesda, U.S.A. 

Leydig cells were preincubated at 32°C for 1 h and 
during this period Leydig cells attached to the plastic 
dish. In all experiments 1-2 x lo6 attached tumour 
Leydig cells were used. Stimulation of tumour Leydig 
cells was performed with a solution containing 
lutropin ( 1000 ngiml) and 3-isobutyl- l- 

methylxanthine (0.25 mM). 

RESULTS AND DISCUSSION 

Hormonal stimulation of steroid production in 
Leydig cells may involve transformation of an inac- 
tive, stable precursor protein into an active protein 
with a short half-life required for cholesterol side- 
chain cleavage. Owing to the proposed stability of 
this regulator protein, preincubation of cells with 
cycloheximide should not significantly reduce the 
initial effect of lutropin on steroidogenesis [12]. To 
test this hypothesis, pregnenolone production was 
measured during consecutive 10 min periods in cells 
incubated each time with fresh medium. With this 
approach the determination of lutropin-induced 
changes in steroid production is more accurate than 
in static incubations. The results in Fig. 1A show that 
the rate of pregnenolone production by cells pre- 
incubated for 60min with cycloheximide was not 
increased by lutropin/3-isobutyl-I-methylxanthine in 
the continued presence of cycloheximide. No tran- 
sient steroid response could be observed. The mar- 
ginal increase in steroid production which was ob- 
served occasionally during incubation with 
lutropin/3-isobutyl-I-methylxanthine and cy- 

(A) ng P’olonll06 cells x 10 min (B) 

cloheximide was not caused by lutropin or 

3-isobutyl-1-methylxanthine, since the same small 
increase was observed in the presence of cy- 
cloheximide alone (data not shown). These results 
indicate no evidence for the presence of a stable 
precursor protein which is required for lutropin- 
stimulation of steroidogenesis. In addition, the ab- 
sence of lutropin-stimulation of steroid production in 
the presence of cycloheximide cannot be explained by 
aspecific toxic effects of cycloheximide, because after 
removal of cycloheximide and incubation of cells 
with lutropin/3-isobutyl-I-methylxanthine. steroid 
production could be stimulated more than 20-fold 

indicating that the cells were still highly active (Fig. 
1B). This is in support of results by Mason and 
Robidoux[l6] in showing no adverse effects on 
steroid production due to previous incubation with 
cycloheximide. Moreover, non-specific effects of cy- 
cloheximide apart from inhibition of protein syn- 
thesis appear unlikely in view of the concentrations of 
cycloheximide used [see: 16, 171. 

Cooke et a1.[12] have reported that lutropin- 
dependent steroid production in rat Leydig cells was 
not affected by previous incubation with cy- 
cloheximide, intended to remove putative rapidly- 
turning-over proteins. However, in their experiments 
Cooke et a[.[121 employed a washing procedure (at 
4°C) to remove cycloheximide prior to incubation of 
cells with lutropin, which did not eliminate possible 
resynthesis of rapidly-turning-over proteins during 
the warming-up period and during incubation with 
lutropin. In the present experiments cylcoheximide 
was present continuously, thus continuously abolish- 
ing protein synthesis [cf. Bakker et al., 51. The 
absence of an effect of lutropin on steroid production 
under these conditions strongly suggests that stable 
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Fig. 1. Effects of lutropin/3-isobutyl-I-methylxanthine and cycloheximide (89 /LM) on pregnenolone 
production of tumour Leydig cells. A Cells were incubated in Petri dishes in the presence of cycloheximide 
and lutropin/3-isobutyl-I-methylxanthine (LH/MIX), as indicated. Pregnenolone production was deter- 
mined in media collected in 1Omin periods with fresh medium. The effects of addition of 
lutropin/3-isobutyl-I-methylxanthine was not significant. B Pregnenolone production in cells after 
washing (three times) with fresh medium to remove cycloheximide and addition of 
lutropin:3-isobutyl-I-methylxanthine, or in cells in the continued presence of cycloheximide. Results 

shown are means ri: SD (n = 3). 
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Fig. 2. Effects of low concentrations of cycloheximide on pregnenolone production (A) and incorporation 
of “C-labelled amino acids into proteins (B) in tumour Leydig cells. Tumour Leydig cells were 
preincubated for 1 h and incubated with various concentrations of cycloheximide with (dashed lines, 0) 
or without (solid lines, 0) lutropin/3-isobutyl-1-methylxanthine. Incubations were carried out: A for 
60 min for estimation of pregnenolone production; B for 30 min with 14C-labelled amino acids. Results 
are expressed as the percentage of the activity in the absence of cycloheximide. Mean values of duplicate 
incubations from three (A) or two (B) different cell preparations are shown. Inhibition of lutropin- 
dependent pregnenolone production was significantly higher than inhibition of control pregnenolone 
production (P < 0.005). Lines drawn in panel A do not run in parallel (P < 0.01). One hundred percent 
values: A control. 53.1 & 4.9 (6) ng h-‘.mg protein-‘; stimulated, 453.3 f 58.1 (6) ngh-‘.mg protein-‘. 
B control and stimulated (cf. ref. S), 250.9 f 27.4 (4) dpm. 3Omin-‘.mg protein-’ in Expt 1; 776.0 + 65.3 

(4) dpm. 30 min-‘.mg protein-’ in Expt 2. Results are means 1 SD (n). 
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precursor proteins are of minor importance for 
lutropin-dependent steroidogenesis (Fig. 1A). 

Recently, Snoek et a1.[13] showed that dibutyryl 
cyclic AMP can increase the rate of initiation of 
translation of the mRNA coding for tyrosine amino- 
transferase in rat hepatoma cells, without stimulation 
of general protein synthesis. This specific effect of 
dibutyryl cyclic AMP on the rate of initiation could 
also be inferred from investigations on the effects of 
low concentrations of cycloheximide on synthesis of 
tyrosine aminotransferase. Cycloheximide inhibits 
the elongation step of translation [18]. Inhibition of 
protein synthesis in the presence of cycloheximide 
occurs when the rate of elongation becomes smaller 
than the rate of initiation, and an apparently greater 
inhibition of protein synthesis will be observed when 
at the same low concentration of cycloheximide the 
rate of initiation of translation is increased, e.g. by 
hormonal stimulation. Snoek et a!.[131 showed that 
relative to control synthesis, the inhibition of di- 

butyryl cyclic AMP-stimulated synthesis of tyrosine 
aminotransferase was higher with low concentrations 
of cycloheximide (0.04-3 PM). 

Lutropin-stimulated steroid production can be en- 
visaged as the consequence of direct of indirect 
stimulation of the cholesterol side-chain cleavage 
enzyme activity by the putative rapidly-turning-over 
protein. The degree of stimulation of steroid prod- 
uction may reflect therefore specifically the steady- 
state concentration of the rapidly-turning-over pro- 

tein in the cell. In view of this, the effects of low 
concentrations of cycloheximide on steroid prod- 

uction and general protein synthesis were in- 
vestigated. Incubation of tumour Leydig cells with 
low concentrations of cycloheximide resulted in a 
significantly higher inhibition of lutropin-stimulated 
pregnenolone production when compared to preg- 
nenolone production by cells without 
lutropin/3-isobutyl-I-methylxanthine (Fig. 2A). 
However, there was no difference in inhibition of 

genera1 protein synthesis in control and stimulated 
cells (Fig. 2B). In analogy with the results described 
by Snoek cr a!.[ 131, the significantly higher inhibition 
of iutropin/3-isobutyl-1-methyixanthine-dependent 
pregnenolone production by cycloheximide may indi- 
cate, although indirectly, increased initiation of trans- 
lation of a specific mRNA coding for a rapidly- 
turning-over protein [see also: 191. The increase in the 
extent of inhibition of lutropin-dependent preg- 
nenolone production with increasing concentrations 
of cycloheximide is significantly higher than the 
increase in the extent of inhibition of unstimulated 
pregenolone production. It has been shown, that the 
relative elect of cycloheximide on translation- 
controlled synthesis of a single, specific protein under 
control and stimulated conditions is the same [ 13; see 
also: 20, 211. Hence, the aberrant effects of cy- 
cloheximide on pregnenolone production may indi- 
cate that lutropin influences the de nmo synthesis of 
more than one specific protein required for steroid 
production. Support for this hypothesis can be de- 
rived from experiments with adrenal cells [14]. In 
these experiments [14] it was shown that adre- 
nocorticotropin could rapidly stimulate the synthesis 
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of one protein, and inhibit the synthesis of another 
protein which appeared not to be a precursor for the 
former protein. 

Additional experiments, such as isolation of the 
protein(s) from stimulatory cytosol fractions [cf. 
22. 23, 241 are required for further elucidation of the 
mechanisms of the hormonal control of cholesterol 
side-chain cleavage activity in Leydig cells. 
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