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Regulation of Cytochrome P450scc Synthesis 
and Activity in the Ovine Corpus Luteum 
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The ra t e - l imi t ing  step in luteal  biosynthesis  of  progesterone consists of  cleavage of  the side chain 
of  cholesterol  by mi tochondr i a l  cy tochrome  P450 s ide-chain cleavage enzyme (P450scc) to f o r m  
pregnenolone.  Luteal  mRNA encoding P450 .... quan t i t a t ed  on selected days of  the 16-day ovine 
estrous cycle, was s imi la r  on days 3 and  6, increased by 2-fold on day 9 (P < 0.05) and  r e m a i n e d  
elevated on day 15. Levels of  P450s~ c mRNA on day 15 of  p regnancy  were not  different  f r o m  those 
found  on any day of  the cycle (P < 0.05). To de t e rmine  whether  levels of  mRNA encoding P450~¢c are 
h o r m o n a l l y  regulated,  ewes on day 10 of  the estrous cycle were injected with hCG or p ros tag landin  
F2~ (PGF2~). P450~¢c mRNA was not increased for up to 36 h af ter  inject ion of  hCG, nor  decreased 
wi thin  8 h af ter  inject ion of  PGF2~ (P < 0.05). An assay for P450sc¢ act ivi ty was developed which 
uti l ized ovine smal l  and large luteal  cells in the presence of  22R-hydroxycholes terol  and ovine high 
densi ty  l ipoprotein.  Enzyme  act ivi ty was quan t i t a t ed  by m e a s u r e m e n t  of  progesterone product ion.  
In smal l  luteal  cells act ivat ion of  the pro te in  kinase A (PKA) second-messenger  sys tem by t r e a t m e n t  
with LH resul ted  in 910% increase in progesterone produc t ion  wi thout  a l ter ing act ivi ty of  P450~¢. 
Act ivat ion of  the prote in  kinase C (PKC) second-messenger  sys tem with phorbol  12-myris ta te  
13-acetate caused a 51% reduc t ion  in proges terone  secret ion f r o m  large luteal  cells but  did not  a l ter  
act ivi ty of  P450,~¢. These findings suggest tha t  in m a t u r e  luteal  tissue s teady state levels of  mRNA 
encoding P450 .... and  enzyme  activi ty are independent  of  acute regula t ion  by act ivat ion of  PKA or 
PKC second-messenger  systems.  
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INTRODUCTION 

In sheep, as in other mammals, estrous cycles of normal 
duration and maintenance of pregnancy depend upon 
secretion of progesterone by the corpus luteum. The 
rate-limiting step in this process is conversion of 
cholesterol to pregnenolone by mitochondrial cyto- 
chrome P450 side-chain cleavage enzyme (P450scc) [1]. 
In several species cholesterol side-chain cleavage 
appears to be regulated by LH, which stimulates 
synthesis of enzyme [2-4] and mRNA encoding the 
enzyme [5, 6] in granulosa cells. Once luteinization has 
occurred, P450scc is thought to be constitutively pro- 
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duced and thus less dependent upon hormonal regu- 
lation [7]. The level of P450s¢c enzyme is low in follicles 
of the cow [8] and rat [4], increases in the corpus 
luteum, and decreases as the corpus luteum regresses. 
Enzyme concentrations are paralleled by levels of 
mRNA encoding P450~c in bovine and human 
granulosa and luteal cells [9, 10]. 

Regulation of luteal P450~:c activity by protein kinase 
A (PKA) and C (PKC) has been investigated utilizing 
exogenous hydroxylated substrates. Increased conver- 
sion of 25-hydroxycholesterol to progesterone and 
pregnenolone by porcine granulosa cell mitochondria 
following lengthy pretreatment with FSH and estradiol 
was correlated with increased enzyme mass [2]. Wilt- 
bank et al. [11] assessed side-chain cleavage activity in 
ovine luteal cells using ovine high density lipoprotein 
(oHDL) to facilitate uptake of hydroxycholesterols; 
progesterone production was unaffected by activation 
of PKA or PKC. Similar studies conducted without 
lipoprotein supplementation have yielded conflicting 
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results [12-14]. A preliminary goal of this study was to 
establish a kinetically valid in vitro assay for cholesterol 
side-chain cleavage activity over a range of time and 
tissue concentrations. Since activation of  PKA in- 
creases production of progesterone in ovine small 
steroidogenic luteal cells, and PKC activation decreases 
progesterone production in ovine large steroidogenic 
luteal cells, partially purified preparations of ovine 
luteal cells offer a useful system in which the effects of 
PKA and P KC  activation upon activity of cytochrome 
P 4 5 0 ~  might be clarified. 

No data exist regarding luteal content of P450sc~ 
enzyme or mRNA throughout  the estrous cycle of 
sheep. However,  loss of luteal steroidogenic activity 
during luteolysis in sheep is initiated by prostaglandin 
F2~ (PGF2~) through activation of the PKC second- 
messenger system [15]. Pharmacologic activation of 
PKC  with phorbol 12-myristate 13-acetate (PMA) also 
inhibits PKA-stimulated increases in mRNA encoding 
P 4 5 0 ~  in rat granulosa cells [16]. 

The  current study was designed to quantitate luteal 
mRNA encoding P450~c throughout  the reproductive 
cycle of the sheep. Additionally, experiments were 
designed to characterize the effect of in vivo treatment 
with hCG and PGF2~ upon luteal levels of P 4 5 0 ~  
mRNA 

E X P E R I M E N T A L  

Materials 

The  cDNA probe complementary to mRNA which 
encodes bovine adrenal P450scc [17] was provided by 
Dr  M. R. Waterman (Vanderbilt University, Nashville, 
TN) .  Medium 199 (M199), restriction enzymes 
HaeI I I  and HindI I I ,  and ~bx D N A  were obtained from 
Gibco (Grand Island, NY), and restriction enzyme 
Pw~II from Promega (Madison, WI). Hybond  nylon 
filters and [a32p]dCPT were purchased from Amer- 
sham (Arlington Heights, IL). Corning 24-well plastic 
culture plates were purchased from VWR (Denver, 
CO). Sodium acetate, sodium chloride, sodium dodecyl 
sulfate (SDS), deoxyribonuclease I (DNase), hCG,  
penicillin G, streptomycin sulfate, PMA, cholesterol, 
20~-hydroxycholesterol,  22R-hydroxycholesterol,  25- 
hydroxycholesterol and dimethyl sulfoxide (DMSO) 
were obtained from Sigma (St Louis, MO). Collagen- 
ase D was obtained from Boehringer Mannheim Bio- 
chemicals (Indianapolis, IN). Lutalyse was obtained 
from Upjohn Corp. (Kalamazoo, MI)  and L H  
( N I D D K - o L H - 2 5 )  from the National Hormone and 
Pituitary Program (Bethesda, MD).  HEPES  [4-(2- 
hydroxyethyl)-l-piperazineethanesulfonic acid] was 
purchased from United States Biochemical Corp. 
(Cleveland, OH). Agarose Bio-Gel A-5m and Biorad 
protein reagent were purchased from Biorad (Rich- 
mond, CA). Falcon 96-well plastic microtiter plates 
were obtained from Baxter Diagnostics, Inc. (McGaw 
Park, IL). 

Northern blot procedures 

Specificity of hybridization of the labeled cDNA 
probe was demonstrated and sample RNA analyzed 
using Nor thern  blot analysis. Total  RNA was extracted 
from 100-300 mg of tissue by the method of Chom- 
czynski and Sacchi [18]. The  1.5 kb cDNA insert was 
isolated from plasmid D N A  pcD, Okayama fragment 
[19] by restriction digestion with PvuI I .  Radiolabeled 
cDNA transcripts of P450sc c and tubulin were syn- 
thesized using random primer extension to incorporate 
[~32P]dCTP [20]. Twenty  or 25 #g of total RNA iso- 
lated from steroidogenic (adrenal and corpus luteum) 
and non-steroidogenic tissue (liver, uterus, brain, 
kidney and cardiac and skeletal muscle) were loaded 
onto 1.5°~, agarose gel containing 3°.0 formaldehyde 
and electrophoresed for 1.5 h at 250 V. Radiolabeled 
~bx phage D N A  digested with Hae I l I  or 3~ phage DNA 
digested with HindI I I  endonuclease were used as mol- 
ecular weight markers. RNA was passively transferred 
to nylon filters and subjected to ultraviolet crosslinking 
(Stratagene, La Jolla, CA). Filters were hybridized for 
36-48h  at 65'-'C in 10ml buffer containing approx. 
107 cpm of radiolabeled cDNA and 150 mg denatured 
sperm DNA. Th e  filters were washed three times with 
gentle agitation at room temperature and once at 65"C, 
in buffer consisting of SSC (0.3 M sodium chloride, 
0 .03M sodium citrate at pH7 .0 )  and 0.1°,, SDS. 
Exposure of the hybridized filters to Kodak X-Omat  
film at - 7 0 r C  for 24-48 h produced autoradiograms 
which were quantitated by scanning densitometry 
(Hoefer Scientific Instruments,  San Francisco, CA; 
Model  GS300) [21]. Specific P450scc mRNA was quan- 
titated relative to tubulin mRNA to reduce variation 
caused by unequal loading of the gels. Data, expressed 
as relative densitometric units, were analyzed by 
analysis of variance and Duncan's  multiple range test. 

Serum levels of progesterone were determined by 
radioimmunoassay [22]; tissue concentrations of pro- 
gesterone were assessed by the methods of Diekman 
et al. [23]. Intra- and interassay coefficients of variation 
were 10 and 11°.,,, respectively. 

Evaluation of m R N A  encoding P450sc~ 

Experiment I. To assess steady state levels of mRNA 
encoding P450 .... corpora lutea were collected from 
normally cycling Western range ewes on days 3, 6, 9, 
12 and 15 after observation of estrous behavior and on 
day 15 of pregnancy. RNA was isolated and analyzed 
for each luteal sample from individual ewes as 
described above. 

Experiment 2. To  determine whether the increase 
seen in P450scc mRNA from days 3 and 6 to day 9 in 
Experiment 1 was due to luteotropic hormonal stimu- 
lation, ewes were treated on day 10 post-estrous with 
1000 IU h CG  injected intravenously, hCG was used 
for this study because of its prolonged circulation in 
blood (tl,2 = 23 h vs 25 min for oLH)  and the repeated 
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demonstrat ion that it binds to the L H  receptor [24]. 
Blood was sampled at - 2 ,  - 1 ,  0, 2, 4, 8, 12, 24 and 
36 h, or until removal of  the corpus luteum. Corpora  
lutea were collected 12, 24 or 36 h after h C G  injection, 
immediately frozen on dry ice, weighed and stored at 
- 7 0 ° C  until R N A  was extracted. Control ewes were 
injected with saline and corpora lutea collected at 12 or 
36h  post-injection. Four  animals were randomly 
assigned to each treatment  or control group. However,  
due to lack of a corpus luteum in one hCG-t rea ted  ewe, 
the 12 h h C G  treatment  group consisted of only 3 
animals. Luteal  and serum progesterone concentrations 
were determined as described above. 

Experiment 3. Since there is considerable variability 
in the stage of luteolysis of corpora lutea collected on 
day 15 of the ovine estrous cycle, levels of m R N A  
encoding P450~cc were determined in an experimental  
model where luteolysis was precisely controlled with a 
known luteolytic regimen of PGF2~ [25]. Ewes were 
treated on day 10 post-estrus with two intramuscular 
injections of  PGF2~ (lutalyse, 5 mg each) or saline at 4 h 
intervals. Corpora  lutea were collected 1 or 8 h after the 
second prostaglandin injection or 8 h after the second 
saline injection (n = 4 per group) and analyzed as in 
Exper iment  2. Blood samples were obtained hourly, 
starting 2 h prior  to the first injection until removal of  
the corpora lutea. 

In vitro experiments 

Corpora  lutea were surgically removed from ewes on 
day 10 of the estrous cycle, decapsulated, sliced and 
dissociated into single cell suspensions using 0.25°0 
collagenase and 0.05°..0 DNase  [26]. T w o  enriched 
fractions of  cells were obtained by centrifugal elutri- 
ation, containing primari ly small (SLC,  10-20 #m)  or 
large (LLC,  20-35 #m)  steroidogenic cells [27]. Fol- 
lowing quantitation using a hemocytometer  under  40 x 
magnification, cells were washed three times with 
M199 and diluted to a concentration of 20-75 x 103/ml 
S L C  or 6-22.5 x 103/ml L L C  with M199 containing 
2 0 r a M  HEPES ,  4.2 m M  NaHCO3,  100 IU /ml  peni- 
cillin G, 10pg /ml  s t reptomycin sulfate and 5% ram 
serum. Aliquots of  1 ml were placed into 24-well plates 
and allowed to attach for 18 h at 37°C in the presence 
of humidified room air. T h e  med ium was then removed 
and cells were washed three times with 1 ml serum-free 
M199. Fresh M199 was added along with exogenous 
substrate, l ipoprotein, and hormone treatment  to a total 
volume of 1 ml. Plates were gently agitated to mix the 
reagents, incubated at 37°C, and aliquots were removed 
at times indicated in the experiments.  Progesterone was 
assayed in duplicate by radioimmunoassay [22] and 
expressed either as fg/cell/min or ng progesterone 
accumulated. T h e  mean intra-assay coefficient of  
variation was 90'o; inter-assay coefficient of  variation 
was 14°,o. 

Crude ovine l ipoprotein was isolated from E D T A -  
anticoagulated sheep plasma by density gradient cen- 

trifugation; separation into high ( o H D L )  and low 
( o L D L )  density fractions was achieved by agarose 
Bio-Gel  A-5m chromatography [28]. Protein was quan- 
titated using Biorad protein reagent and cholesterol by 
the Le ibe rmann-Burchard  procedure [29], both 
modified to assay 10 ktl of  sample. Purity of  the o H D L  
fraction was evaluated by agarose electrophoretic 
analysis [30], which indicated less than 1% contami- 
nation of H D L  lipid with L D L  lipid. 

Measurement of side-chain cleavage activity 

Small or large ovine luteal cells, plated and washed 
as indicated, were used to measure P450~cc activity. 
Lineari ty of enzyme activity over t ime was assessed 
using 50 × 103 or 15 × 1 0  3 small or large luteal cells, 
respectively, o H D L  (100#g  cholesterol) and 22R- 
hydroxycholesterol substrate (30ktM). Progesterone 
product ion was evaluated at t ime points from 0-8 h 
after addition of reagents. T h e  experiment  was con- 
ducted on three occasions with 3 to 6 wells per repli- 
cate. Slopes representing progesterone produced at 
each time point were calculated using a Taylor  series 
expansion [31] where x = elapsed time and f ( x ) =  
accumulated progesterone; inclusion of preceding and 
following points yields a truer estimate of the dynamic 
process represented by progesterone product ion than 
does a simple slope calculation using two points. 
Unequal time intervals are also considered in the 
following equation: 

slope at fl = (czf2 + (1 - or)f1 - f o ) / ( h  + ~j) 

where h = time interval from f0 to f l ,  J = time interval 
from fl to f2 and ~ = (h/j )2. T h e  slopes thus calculated 
were compared by analysis of  variance. 

Lineari ty of  the assay over a range of enzyme concen- 
trations was assessed by plating 20-75 x 1 0  3 small, or 
6-22.5 x 10  3 large luteal cells per well. Substrate 
22R-hydroxycholesterol  (30 # M )  and o H D L  (100pg  
cholesterol/ml) were added, and concentration of pro-  
gesterone in the medium evaluated at 0 and 2 h. The  
experiment was replicated on three occasions using two 
wells per point. Slopes calculated as described above 
were compared by analysis of variance. 

Enzyme kinetics were examined using 50 x 1 0  3 small 
or 15 x 1 0  3 large luteal cells, 100/~g/ml o H D L  choles- 
terol and 0 to 9 0 p M  22R-hydroxycholesterol  sub- 
strate. Initial velocity (Vo) of  the side-chain cleavage 
reaction was calculated as fg/cell/min at 2 h  after 
addition of reagents. Values of  1/V o were plotted 
against 1/substrate concentration. The  experiment  was 
replicated on four occasions using duplicate wells each 
time. 

Effect of P K A  and P K C  upon P450s, activity 

The  effect of  activation of the appropriate  second 
messenger system upon side-chain cleavage activity 
was assessed by the following procedure.  Small 
luteal cells (50 x 103/well) and large luteal cells 
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(15 x 103/well) were incubated with 100 #g/ml  o H D L  
cholesterol and 3 0 p M  22R-hydroxycholesterol .  L H ,  
200 ng/ml dissolved in M199, was utilized to activate 
the P K A  second messenger system in small luteal cells. 
PMA,  100 nM dissolved in ethanol, was used to acti- 
vate the P K C  second messenger system of large luteal 
cells. T h e  final ethanol concentration of 0.01% was 
added to control treatments in large luteal cells. T o  
assess progesterone produced from the sum of 
endogenous substrate and H D L  cholesterol, an 
additional series of wells containing 50 × 103 small 
luteal cells received no 22R-hydroxycholesterol  but 
were exposed to H D L  and 0 or 200 ng/ml LH.  Another  
series contained 15 x 103 large luteal cells/well, no 
22R-hydroxycholesterol ,  and H D L +  100nM PMA. 
Media were removed 0, 0.5, 1, 1.5, 2, 4, 6 and 8 h from 
triplicate wells and assayed for accumulated progester-  
one. Four  replicates of the experiment  were conducted. 
Data were analyzed by the general linear model of 
analysis of variance, in which treatment  and t ime are 
considered together and separately. 

RESULTS 

P450~c~ messenger RNA 

Northern  blot analysis demonstrated specific binding 
of the P450~cc e D N A  probe to 25 #g  of total R N A  from 
luteal and adrenal tissue but not to R N A  from liver, 
uterus, brain, kidney, heart or skeletal muscle. P450sc~ 
message existed primarily as a 2 kb species (Fig. 1). 

Messenger  RNA encoding P450~c was quantitated 
f rom Nor thern  blots containing 20/~g of total RNA 
from individual corpora lutea. T h e  amount  of message 
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Fig. 2. P450~c ~ m R N A  m e a s u r e d  in c o r p o r a  lu tea  o f  cycl ing 
sheep.  D a t a  a r e  e x p r e s s e d  as m e a n  + s t a n d a r d  e r r o r  of  the  
m e a n  (n = 4 p e r  g roup) .  D e n s i t o m e t r i c  peak he igh t s  r e p r e -  
sen t ing  P450~c c m R N A  were  d iv ided  by  those  of  t u b u l i n  
m R N A  in the  s a m e  s a m p l e s  to yield re la t ive  d e n s i t o m e t r i c  
uni ts .  S igni f ican t  d i f ferences  (P  <0.05) a re  deno ted  by  

d i f f e r e n t  l e t t e r s  (a,b).  

encoding P450scc was similar on days 3 and 6 of the 
estrous cycle. On day 9 the m R N A  concentration was 
higher (2-fold, P < 0.05) and remained elevated on day 
15 of the cycle (Fig. 2). Mean luteal concentration of 
P450scc message on day 12 of the cycle was not different 
from that of any other day examined while concen- 
trations on day 15 of pregnancy were similar to those 
found in luteal tissue from day 12. 

No differences were observed in luteal weights be- 
tween h C G -  and saline-treated animals (P < 0.05). 
Concentrations of progesterone in luteal tissue at 36 h 
after t reatment  were not elevated over pret reatment  
levels but were elevated over those measured in the 36 h 
control group (P < 0.05, Fig. 3). Serum levels of 
progesterone were increased (P < 0.05) at 24 and 36 h 
post - t rea tment  over pre- t rea tment  levels, but were not 
different from the level measured in the 36 h control 
(Fig. 3). No significant differences in m R N A  encoding 
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Fig. l. A u t o r a d i o g r a m  i l l u s t r a t i n g  specific b i nd i ng  of  cDNA 
encod ing  P450sc c to 25/~g o f  to ta l  RNA iso la ted  f r o m  
s t e ro idogen ic  and  n o n - s t e r o i d o g e n i c  t i ssues .  The  m i n o r  b a n d  
o f  r ad ioac t iv i t y  be low the  2 kb b a n d  va r i ed  widely in in tens i ty  
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one, a n d  lu tea l  m R N A  encod ing  c y t o e h r o m e  P450sc ¢ fo l lowing  
in vivo t r e a t m e n t  wi th  h C G  (n = 3 or  4 p e r  g r oup ) .  Q u a n t i t y  
o f  m R N A  encod ing  P450~c c is e x p r e s s e d  re la t ive  to t h a t  
encod ing  tubu l in .  S ign i f ican t  d i f ferences  (P <0.05)  a re  
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Fig. 4. Luteal tissue and serum concentrations of progester- 
one, and luteal mRNA encoding cytochrome P450,c ¢ following 
i n  v i v o  treatment with PGFz= (n = 4 per group). The quantity 
of mRNA encoding P450~ is expressed relative to that encod- 
ing tubulin. Significant differences (P < 0.05) are represented 

by different letters (a,b). 

1/[$1 (p.M) "1 

Fig. 5. Lineweaver-Burk plot representing kinetic par- 
ameters of P450s¢ ¢. Vm= . is calculated from the points at 
which the lines cross the Y-axis, Km from the points of 
intersection with the X-axis. Mean progesterone and stan- 
dard errors of the means were determined using measure- 

ments from four experiments. 

P450sc c were seen among any of the t reatment  groups 
(P < 0.05, Fig. 3). 

Luteal  weights did not differ among the control or 
PGF2=-treated groups at the times studied. However ,  at 
8 h after the second injection both luteal progesterone 
and serum progesterone concentrations had decreased 
significantly (P < 0.05) when compared to both control 
and 1 h t reatment  levels (Fig. 4). Nevertheless,  relative 
levels of  m R N A  encoding P450scc were not different 
among the three groups (Fig. 4). 

Assay of side-chain cleavage activity 

T h e  assay of side-chain cleavage activity was linear 
over t ime for up to 8 h (data not shown). Compar ison 
of the rates of  progesterone synthesis at each time point 
by analysis of  variance revealed no significant differ- 
ences over the 8 h experiment,  in either small or large 
plated luteal cells. Thus ,  the assay of side-chain 
cleavage activity, per formed using 50 x 10 3 small luteal 
cells or 15 x 103 large luteal cells, 100 #g  H D L  choles- 
terol and 30 /zM 22R-hydroxycholesterol  per ml of  
culture med ium is linear over a t ime span of 8 h. 

Lineari ty of  the side-chain cleavage assay over a 
range of cell numbers  was demonstrated by comparison 
of the slopes calculated to represent progesterone pro-  
duction per  cell number .  Over a range of 20-75 x 103 
small luteal cells or 6-22.5 x 103 large luteal cells, no 
significant differences were seen among the calculated 
rates of steroid synthesis (data not shown). 

Kinetic data are presented in Fig. 5. A substrate 
concentration of 90/~M was the highest level utilized 
due to the limited solubility of  the sterol. Data  obtained 
at substrate concentrations I>7.5 # M  were compared 
by the double-reciprocal  Lineweaver -Burk  plot 
(Fig. 5), f rom which K m and Vm~, can be determined. 
T h e  K m determined in this manner  was similar for both 
cell types (50ktM), while Vmax of large cells exceeded 

that of  small cells by nearly 2-fold (134 vs 
69 fg/cell/min). 

Effect of P K A  and P K C  upon P450,cc enzyme activity 

In both small and large luteal cells treated with H D L  
in the absence of exogenous substrate, activation of the 
P K A  or P K C  second messenger system, respectively, 
resulted in highly significant alterations (P < 0.01) in 
progesterone product ion (Fig. 6). In  small luteal cell 
cultures, LH-s t imula ted  progesterone product ion was 
910% of that produced by unst imulated small luteal 
cells. P M A  treatment  of  large luteal cells resulted in 
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Fig. 6. Effect of LH (200ng/ml) or PMA (100nM) on pro- 
duction of progesterone by cultured small and large lutcal 
cells in the presence of endogenous substrate and 100 #g HDL 
cholesterol. Mean progesterone accumulation and standard 
errors of the means represent data from four experiments. 
Differences between treated and control cultures were 

significant (P < 0.01) at times >/90 min. 
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s m a l l  l u t e a l  cel ls  t h e  P K A  s e c o n d  m e s s e n g e r  s y s t e m  w a s  
a c t i v a t e d  w i t h  LH;  in  l a r g e  l u t e a l  cel ls  t h e  P K C  s e c o n d  

m e s s e n g e r  s y s t e m  was  a c t i v a t e d  by  t r e a t m e n t  w i t h  P M A .  
Ce l l s  we re  c u l t u r e d  w i t h  100 p g  H D L  c h o l e s t e r o l  a n d  30/~M 
2 2 R - h y d r o x y c h o l e s t e r o l .  M e a n  p r o g e s t e r o n e  a c c u m u l a t i o n  
a n d  s t a n d a r d  e r r o r s  o f  t h e  m e a n s  r e p r e s e n t  d a t a  f r o m  f o u r  
e x p e r i m e n t s .  No s i g n i f i c a n t  d i f f e r e n c e s  a r e  a p p a r e n t  fo r  

t r e a t m e n t  w i t h i n  t i m e  (P  < 0.05). 

51°o reduction of steroid synthesis. The  effects of 
second messenger activation upon activity of  P450~cc 
are shown in Fig. 7. The  activity of cholesterol side- 
chain cleavage enzyme was determined from values of 
progesterone produced only f rom 22R-hydroxycholes-  
terol. Progesterone produced f rom the sum of H D L  
and cellular stores of cholesterol (Fig. 6) was subtracted 
from each point. Nei ther  t reatment  of small luteal cells 
with L H  nor large luteal cells with P M A  produced 
significant alteration (P <0 .05)  in activity of the 
side-chain cleavage enzyme. 

DISCUSSION 

P450~  messenger R N A  

Of ovine tissues examined, only corpus luteum and 
adrenal contained detectable quantities of m R N A  
encoding P 4 5 0 ~ .  John et al. [17] previously noted the 
presence of P 4 5 0 ~  m R N A  in bovine adrenal cortex 
and corpus luteum, but not in heart, liver or kidney. 
The  2 kb size of  m R N A  transcript detected in this 
study was in agreement with that reported in bovine 
[17], human [10], rat [32] and monkey [33] luteal tissue. 

Rodgers et al. [9] demonstrated detectable levels of  
m R N A  encoding P 4 5 0 ~  in corpora lutea classified by 
visual criteria as early, early-mid and late-mid tissue. 
Luteal  tissue designated as regressing contained no 
detectable P450~c~ mRNA.  In monkey,  luteal m R N A  
encoding P450~c was maintained for the 15 day life- 

span of the corpus luteum [33]. Similarly, Doody et al. 
[10] noted a high level of message encoding P450s~c in 
human corpora lutea obtained late in the cycle. Data  
f rom the latter two studies indicated that only in 
regressing corpora lutea (obtained post menses) was the 
concentration of m R N A  coding for P450~c reduced to 
undetectable levels. Although corpora lutea collected 
on day 15 of the cycle in the present study showed no 
gross signs of  luteal regression, m R N A  encoding 
3 f lHSD was diminished by nearly 80°0 in this same 
luteal tissue [34] suggesting that the luteolytic process 
had been initiated. 

Enhancement  of cellular content of cytochrome 
P45Qcc in follicular cells by activation of P K A  was 
demonstrated by Toaf f  et al. [2], Funkenstein et al. [3], 
Trzeciak et al. [35], Voutilainen et al. [36], Golos et al. 
[5], Mcallister et al. [37] and Urban  et al. [6]. Similar 
increases are seen upon luteinization in response to the 
L H  surge [4, 38]. Maintenance of progesterone se- 
cretion by luteinized rat pre-ovulatory follicles in cul- 
ture without L H  stimulation [39] suggest that P450~c 
is quite stable following luteinization. 

Trea tment  of  sheep with h C G  on day 10 of the 
estrous cycle failed to alter the quantity of m R N A  
coding for P450scc after 36 h. Although serum concen- 
trations of progesterone were approximately doubled at 
24 and 36 h pos t -hCG treatment (P < 0.05 compared 
to 0 h controls), these levels only tended (P < 0.05) to 
be different from those observed in the 36 h control 
group. This  finding is similar to those of Suter et al. 
[40] who increased serum levels of L H  over 200-fold 
but detected less than a 50°0 increase in serum levels 
of progesterone between 10 min and 2 h after injection 
of LH.  Since large luteal cells secrete over 85°,, of  total 
luteal progestin [41] but do not respond to LH,  this 
observation is not surprising. There  are no receptors 
for F S H  detectable in the ovine corpus luteum under 
conditions where they are easily quantified in bovine 
corpora lutea [42]. Thus ,  F S H  cannot be considered a 
candidate for regulation of luteal P450~cc activity in 
ovine luteal cells. It  is thus concluded that tropic 
hormone stimulation did not increase luteal content of 
m R N A  encoding cytochrome P 4 5 0 ~ .  

In the current study, concentrations of  both serum 
and luteal progesterone were significantly depressed 8 h 
after the second injection of PGF2 ~. In spite of this 
indication of P K C  inhibition of steroidogenesis, luteal 
levels of m R N A  encoding cytochrome P 4 5 0 ~  were not 
decreased. Therefore ,  acute regulation of progesterone 
synthesis through either activation of P K A  by h C G  
or activation of P K C  by PGF2~ does not appear to be 
due to alterations in the level of  m R N A  encoding 
cytochrome P 4 5 0 ~ .  

Effect of P K A  and P K C  upon P450,~ enzyme activity 

In the present study, conversion of 22R-hydroxy-  
cholesterol to progesterone reflects activity of P450 .... 
and activation of PKA,  which increased progesterone 
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p roduc t i on  9-fold,  did not  affect the activity of side- 
cha in  cleavage enzyme.  E n h a n c e d  s ide-chain  cleavage 

enzyme activity after P K A  act ivat ion has general ly  

reflected increased enzyme mass fol lowing extended 
s t imula t ion  [2, 43, 44]. I n  mos t  cases where P K A  acti- 
va t ion  enhances  s ide-chain  cleavage enzyme activity,  
the t ime span s tudied is far longer  than  that requi red  
to observe effects of L H  on progesterone product ion .  
By 3 0 m i n  (Fig. 6) progesterone p roduced  from en-  
dogenous  subst ra te  in L H - s t i m u l a t e d  small  luteal cells 
was 7.6-fold of that  measured  in uns t imu la t ed  cells. 
T h u s ,  while enhanced  enzyme activity (itself a reflec- 

t ion  of increased enzyme concent ra t ion)  appears to 
result  f rom long - t e rm s t imula t ion  of proges t in  syn-  
thesis, such e n h a n c e m e n t  is no t  involved in acute 

s t imula t ion .  
P K C  act ivat ion has also been  shown to exert an 

effect on  s ide-chain  cleavage enzyme activity. W i l t b a n k  
et al. [13], us ing  ovine large luteal cells, no ted  a 28°,0 
decrease in proges terone  p roduc t i on  by cells t reated 

with 25-hydroxycholes tero l  and  P M A ,  compared  to a 
50% a t t enua t ion  f rom cells u t i l iz ing substrate  f rom 
endogenous  sources. Veldhuis  and  Demers  [12] re- 
por ted  80% lower convers ion  of exogenous hydroxyl -  
ated subst ra tes  in porc ine  granulosa  cells t reated wi th  
P M A .  In  ne i ther  of these studies,  however ,  were cells 
t reated with l ipoprote in .  W i t h o u t  enhanced  en t ry  of 
substra te ,  decreased proges terone  p roduc t ion  from 
22R-hydroxycholes te ro l  fol lowing P M A  t rea tment  
may  s imply  reflect a l imi ta t ion  of endogenous  

substrate .  
G r u s e n m e y e r  and  Pate [14] assessed s ide-chain  

cleavage activity in  bovine  luteal cells in  the absence of 
l ipoprote in ,  bu t  detected no difference in convers ion  of 
25-hydroxycholes te ro l  to proges terone  fol lowing 7 
days of PGF2~ t r ea tment  at 10 ng /ml  (28 nM) .  In  the 
cu r r en t  s tudy,  1 h of P M A  t rea tment  p roduced  a 
decrease in  proges terone  p roduc t i on  of 30°Jo, while at 
90 m i n  the loss in proges terone  p roduc t ion  was 42°,.0 
(Fig. 6); the lat ter  difference was significant at 
P < 0.01. T h u s  a loss in s ide-chain  cleavage enzyme 

act ivi ty should  be apparen t  by 90 m i n  of P M A  treat-  
ment ,  if such al terat ion is the mechan i sm  of decrease in 

proges terone  produc t ion .  Ex tended  p re t r ea tmen t  by 
activators of P K C  migh t  actual ly deplete P K C  with 
resu l tan t  absence of effects of addi t ional  PGF2~ or 
P M A .  In  fact, W i l t b a n k  et al. [13] showed 82 and  93% 
decrease in  P K C  activity in small  and  large ovine luteal 
cells, respectively,  fol lowing t r ea tment  for 1 2 - 1 8 h  
wi th  1 n M  P M A .  

O n  the basis of the data obta ined ,  it is conc luded  that  
while s t imula t ion  of proges terone  p roduc t ion  follows 
act ivat ion of the P K A  second messenger  system, and  
inh ib i t i on  results f rom act ivat ion of the P K C  system, 
these actions are no t  effects of changes in  cy tochrome 
P 4 5 0 ~  enzyme  activity. I t  is possible,  then,  that  
s teroidogenesis  is altered th rough  effects of P K A  and  
P K C  act ivat ion u p o n  availabil i ty of substrate ,  t ranspor t  

of  subst ra te  to the mi tochondr i a  or t r anspor t  of sub-  

strate wi th in  mi tochondr i a  to cy tochrome P45Qcc. 
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