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1. Introduction

The placental biovsynthesis of lanosterol and cho-
lesterol from labelled mevalonate was demonstraied
by Zelewski and Villee [1] in 1966; in spite of a low
yield, these two sterols have been identified by a re-
crystallization to constant specific radioactivity. In
1967, in a general survey of the placental Iipids bio-
synthesis, Kleine [2] described the incorporation of
labelled acetate into’both free and esterified choles-
terol. In 1968, Vilize {3] observed that the placental
microsomes were responsible for epoxidase-cyclase ac-
tivity; in addition, this activity seemed to be inhibited
by placental cy1osol, but was increased by rat liver gy-
tosol. The identification of the sterols in the last two
publications may be in guestion; no data concerning
the recrystallization to constant specific radioactivity
was given.

The above results obtained with tissue slices have
been recently re-examined by perfusion of whole pla-
centa {Diczfalusy et al. [4]). No steroid biosynthesis
could be observed from labelled acetate with midges-
iation placenia. .

These contradictory observations, although ob-
tained under slightly different conditions, have led us
to study the epoxidase-cyelase activity of term pla-
centa under conditions designed to improve the con-
version: subcellular fraciionation; high specific activi-
ty squalene instead of acetate or mevalonate (more ve-

- mote precursors); addition of rat liver cytosol carrier

protein (S.C.P.) according to Scallen et al. [5] and -

_Ritter and Dempsey [6]. To this end, epoxidase-cy«-
clase activity of three systems have been examined:

placental microsomes + buffer; placental mlcrommss

o3 cytosol p]acental microsomes + S~C P.

Our resulis demonstrate that human term placenia
possesses an effective epoxidase-cyclase activity
which leads nnder our experimental conditions, to
Jlanosterol rather than cholesterol, that the sterols ob-
iained are in part esterified and that the low basal
epoxidase-cyclase activity of placentsi microsomes
can be greatly enhanced by S.C.P, and therefore re-
lated more to the lack of placental cytoplasmic S.C.P.
than to the presence of some inhibitor in placental
gytosol {as envisaged by Villee [3]).

2. Material and methods

2.1. Reagentis

The cholesterol, lanostercl, EDTA and ghatathione
were supplied by Merck {Darmsiadt); the
11, 12-3H]squalene (18 mCi/mM) was generonsly
donated by Professor Biellmann {University Louis
Pasteur, Strasbourg); NAD* and NADPH were ob-
tained from Boghringer {Tubingen); the hexane {ana-
Jytical grade) was purchased from Union Chimigue
Belge (U.C.B.). The phosphate buffer used {0.02 M,
pH 7.0, 10~ M EDTA) was prepared using double
distilled water. The thin-layer chromatography {TLC)
was performed on Kieselgel Merck Fos, plates (thick-
ness: 0.25 mm; Support: aluminium sheet).

.2 Prepzzramnn @f placenial macro.mmes and rat lwfr
eytosol
Al enzyme preparations were x:arned out at 4°C.
The term placenta was processed within half an hour
of delivery. Tissue {200 g) was homogenized {ultra-

~ Turrax or Potter) in phosphate buffer (160 ml) for 2 to.
i 3 min.. T he homogenate was x:entnfuged 1(13 *Oﬂl}g X .
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Fig- 1. incubation 1, 2 and 3.

15 min) and the supernatant recentrifuged (140 000
£ X 110 min). The pellet (microsomes) was used direct-
iy for the incnbations.

Rat livers (18.4 g) from 2 smonths-0ld animals were
homogenized in phosphate buffer (20 mi, ultra-
Turrax} for 3 min. The homogenate was centrifuged
{13 000 g X 15 min) and the supernatant recentri-
fuged (140 000 g X 135 min); only the top 2/3 of the
latter supematant were taken.

2.3. Incubations
All incubations were carried out at 37°C, and weie
shaken nnder oxygen. A splation of Tween-80 (0.5
mg) in 20 ul of benzene was added to a solntion of ra-
dicactive squalene {5 ul containing 1.85 ug= 160
dpm) in hexane. The solvents were removed in vach-
um {60°C), buffer {2 ml) added and shaken to sns-
pend the substrate. To the solution were added the
following quantities of cofactors: NADPH 1.4 gmol;
NAD 1.3 umol; glutathione 20 pmol; Mg2* 32 pmol
{in 1.5 ml of water) and a suspensicn of the microso-
mal pellet in: 6.5 ml of placental cytosol (incubation
1); 6.5 ml of buffer {incubation 23; 6.5 ml of rat liver
cytosol (incubations 3 and 4); 10 mi of liver cytosol
and placental cytosol 1:1 {incubations 5 and 6); 10
-l of Yiver cytosol and buffer 1:1 (incubations 7 and
8). The incubation times were 140 min for incuba-
tions 1—3; 280 min for incubations 43

2.4, Isplation of incubntion producis
2.4.1. Extraction
The incubation was stopped by adding ether (30
- mi) to the cooled mixture which was then continuous-

1y extracted {travelling band, 5 hr) and centrifuged
-{3000 g X 15 min). The ether solution was decanted,
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dried on sodium sulphate and concentrated. The
weighed residue was dissolved in hexane (5 mi) aud
the radioactivity measured {50 24 aliguot).

2.4.2. Saponification

An gliguot of the hexane solution {3 mi) was con-
cenirated and sgponified by refluxing {1 hr) with 3 m’
of 15% methanolic KOH. The methanolic sclution
was concentrated to 1mi, diluted with water {10 ml)
and the emnulsion thus obtained exiracted continuously
{30 ml of ether; travelling band: 3 hr). The ether solu-
tion was decanted. dried snd concventraied. The resi-
due obtzined {nevtral extract) was dissolved in hex-
ane after addition of 2 mg of non radicactive lanoster-
ol.

2.4.3. Chromatography

The neutral exiract was separated by TLC using
benzene—ethylacetate (83/15) as the irrigant. The
zones corresponding to cholesterol, lanosiero] and
squalene were determinated by using reference sam-
ples run on the edge of the plate. The st1.p carying;
the standards was cut off and seperately spraysd with
a mixiure of acetic acid—sulfuric acid—benzaldehyde
(©8/1/1) and heated at 120°C. The aress corresponding
10 these compounds are cut ont: the silica gel ob-
timed was fnactiveted by two d.ops of water, packed
into a glass-column {5 X 150 mm). The eluates were
concentrated angd dissolved in 1 mi of benzene and
e radioactivity was measired on an aliquot (0.1 mi).

2.4.4. Recrysiallization

The radioactive lanoste ol or cholesterol fraction
was diluted with non radicactive lanostero] or choles-
terol and recrysiailized in methanol to constant spe-
cific radipactivity.

2.5. Examination for esterified steroils in incubation 4
2.5.1. Total sierols

Sarme opseration work zs @bm'e on an aliquot of
the crude extract. .

2.5.2. Free sterols

To 7.8 mg of crude exrast (27 030 dpm) were
added 2 mg of non racdiozctive lanosterol, the mixture
was submitted 1o TLC {nv.-1) {Benzene ethylacetate:
85/15) and revealed as in sect. 2.4.3). To locate the
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Table 1 : .
Fractionation steps and distribution of radioactivity after incuba«tim:s 1-3. "
incubation 1 = ‘Incobation 2 " Incubation 3
Radio- o Radio- Redio-
Weight activity Weight motivity Weight aciivity
{mg) {dpm) {mg) {dpm) {mg) {dpm)
Baponification 27.7 76 20D 17.7 - 58 6DD i3.9 52 50D
Fractionation Aliquot of ) . '
steps nentral extract 4.4 36 650 5.5 53 200 2.5 24 150
. chromatographied o :
Distribution Cholesterol zone . 200 221 480
of radio- Lanosterol zone ND £90 ND 890 - ND 1 600
actvity m: Sgualene zone 43 00D 42 100 20 00D
* ND = not determinated.
sterol esters, cholesterol oleate was atded to usual 2.6. Radioactivity measuremenit
standargds. The radicactivity is measured by liquid scintilla-
. tion counting (Fackard 3320) in 15 ml of the follow-
- 2.5.3. Esterified sterols ing mixture: PPO, 3 g; POPOP, 0.1 g; toluene, 1 £,

The squalene and cholesterol ester zone was saponi-
fied by refluxing in 2.5 ml of 15% methanolic KOH

{90 min). The neutral extract was submitted to TLC 3. Results and discnssion

(no. 2) (hexane—ethylacetate: 95/5). The different

zones {sgualene Ry: 0.65; lanosterol Ry 0.075 were The scheme describirg the steps in the isolation of
eluted and recrystallized as described in sect. 2.4. products from incubations 1,2 and 3 is shown in fig.

1. Teble 1 indicates the distribution of radicactivity

Table 2
Lanostero] recrysiallizations in incubations 1—3.
x sromsreno. Z . Additionof  Incubation1 Incubation2  Incubation 3
mnon radioactive
2 LANDSIEROL lanosterol 15mg 2D mg 20 mg
7.3] - . idpmjmg)  {pm/mp)  (dpm/mD
f/” Recrystal- . ' o o oo
: % s 1izaﬁc_m 1 25 23.5 . €5.5
0,501 ¢ 1.8 Recrystal- - .
B 2 © . Yzation2 . 234 - = 242 70.5
_ } Recrystal- - - : i
moomszioN. 1 - - o2 S B lzation 3 - 25 2856 - 67.5
PLACENTAL - : L : R , T
MICROSGMES : . R e
%ggg%u 3 : L g ) - Yietd of radio- - - R
" ' ‘ , active 1anoster- . nep Csaem _
 LIVER £¥I030L + -~ olafter rectys: ’DJSS% f“is% ‘ ,7%

Tt e L tallization”
- Fig, 2. The converdon of sgualene into lanosteral and chelep - - T —— - — e
terol {results expressed asa percentage of [°H)sgualene): " ... %oof the total tadiosctivity €lutedfrom TLC. -
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Table 3
Lanosterol xecrystalhzahon in nnr:ub:atmn 4 (esterified + nor-
esianﬁed)
Recrystallization ' _ {dpm/me}
1 7 168
2 161
3 135
Yield in recry s‘LaJI—
Jized ] lanosisral 0%

* % of the to1al radicactivity eluted from TLC. -

in the different fractions separated by TLLC. Fig. 2
compares the conversion of squalene into lanosterol -
in ingubations 1, 2 and 3. The identification of lano-
sterol in incubations 1, 2 and 3 was carrieqd out by
suceessive recrystallizations of lanosterol to constant
specific radioactivity (table 2). A comparison of the
data in tables 1 and 2 shows that the radioactivities of
the lanosterol zones before recrysiallization (690
gpmy{ 830 dpm = 0.77) and after recrystallization
{0.85/1.15 = 0.74) is about the same for both incuba-
tion 1 and 2, suggesting that the lanosterol was ade-

guately purified by TLC.

CRUDE EXTRACT (‘512@)

SAPONIFICATION
ACIDS

NEVIRAL EXTRAGT
T.L.0. B 1 T.L.L.
STERDL-ZSTERS |
+SQUALENE LANOST. CHOLEST.

{ 823 0,732

SQEAL. LANOST. CHOLEST.
10,82 1,7 %

SAPONTFICATION

ACIDS NEUTRAL, EXTRACT
T.L.g. N° 2

. SgUAL. LANOST. CHOLEST.
13000 dpm  ZONE ZONE
350 dom 400 ?m
B RECRYSTALLIZATION

-
0.
Q

Fig. 3. Examination for ;téml esters (incubation: 4)-
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Table 3 :
Resulis of lanosterol n:cryszallizzttiop in im:ubaﬁt?ns 3-8
Incubations 5 .6 ‘ 7 | b
Placenta cyiosol + + - ' —
Lanosterol” 4.10% 4.3% 4.6% 4.0%

* & of ‘the 1otal radiozoiivity ehaed from TLC.

Tables 1 and 2, as well as fig. 2 show that the pla-
cental microsomes are able 10 conver? sgualens into
sterol even when incebated without rat liver cytosol.
Afier recrystallization {0 constant specific radioactivi-
vy, more than 1% cof the radioectivity obtained is pres-
ent in the lanosterol. We observed (incubation 3: pla-
cental microsomes + rat liver cytosol) the yield of
{anosierol to be much higher than in incubations 1
and 2. This increasz can be explaired by the results
of Dempsey and Ritter [6] and of Scallen et al. {35}
which show that the liver cytosol contains a sgualene
and sterol carrier protein (3.CP.). Thus, the addition
of liver cytosol {(and therefore presumably S.C.P.) in-
creases the epoxidase-cyclass activity of placenial mi-
crosomes 3 to 5 times. Incnation 4 was carried cut
for a longer pericd of time in.order {0 increass the
yield of radioactive sterols (fig. 3, table 3) and thus
make the separation of the free sterols from the ester-
ified ones easier. The lower vield cbhiained in incuba~
tions 5—38 can be explained by a difference in experi-
memntal conditions {Potter homogenization).

Our resulis diszgree with Villee’s hypothesis [3}:
the placental cytosol dogs not seemn to inhibit the con-
version of sgualens into sterols, since the placental mi-
crosomes, incubated in the presence of buffer or pla-
cental -«cymsmﬂ have similar epoxidase-cyclase aciivi-
ties (fig. 2). Moreover, the epoxidase cyclase activities
of pﬂa@enial microsomes stimulated by rat liver 8.C.P. -
is the same (1able 4) in the presence (incubations 5, 6)
or in the absence {iancubations 7, 8) of placental cyto-

" sol. Thus, neither the basal, nor the S.C.P. activated

epoxidase-cyclase 'vmzwiy_oﬁﬁacemalmmmmmes pre
inhibited by placental cytosol.
~ Fig. 3 shows the scheme for the separation of the

- products in incubation 4 and the distribution of Iac'ho-
- activity in the cholesterol and lanosterol zones for .
~ the free and esterified sterol fractions. We obtained 2 a

Iad:ioiactxve ’p’DﬂbEI m}nc}a cmcrysi’alhzed with lano-

; 241-# |
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stexol (table 3). After TLC no. 1, some radioactivity -

was present in the sterol esters zone (fig. 3). The ratio

between the radioactivities incorporated in the esteri-
fied and in the-total sterols is 3.6/12.5="28%(fig. 3).
This value can be compared with the ratios of esteri-
fied and total cholesterol of the placental tissue (29%
determined by Nelson et al. [7], 32% according to
‘Eberhagen [8] ) and is in agreement with the enzymat-
jc studies of Robertson et al. [9] who demonstrated
the capacity of the placenta 1o esterify sterols.

" In the case of incubation 4, neither the lanosterol,

nor the cholesterol counstitute the main component of

the esterified sterols since the radioactivity was elimi-

nated during the recrystallization (fig. 3). In addition, -

no digitonin precipitable material could be obtained
from the mother liguors of the recrystallizations.
With the solvent system used, the respective R¢s of
the sgualene (0.65) and the nearest sterol (0.073) are
such that a contamination by the radioactive precuz-
sor is unlikely. We surmise that the radioaciivity lost
during these recrystallizations is associated with me-
tabolites (e.g. methylstercls) implicated in the biosyn-
thesis pathway between lanosterol and cholesterol.
Such intermediates have been identified by Ramsey
et al. [10] from the brain of young rats incubated
with labelled mevalonate, squalene or oxidosqualene.
The brains of young rats (Shah [11]) are rich in these
metabolites especially in the 2sterified fraction.

There are other similarities between placental and
cerebral microsomes: we have found that S.C.P. in-
creases enzymic activity and the synthesis of lanoster-
ol is greater than cholesterol.

Our results show that placental microsomes can
oxidize and cyclise squalene zand these reactions are

“enhanced by the addition of rat liver cytosol S.C.P.

Though the latter is able 16 bind muost of the choles-
terol precursors, lanosterol accumulates. Thus we can

observe a partial blockade of cholesterol biosynthesis -

242
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at the stage of demethylation at C-4. We intend to
study the role of the carrier protein in the regnlation
of the steroidogenesis; the low basal epoxidase cy- -

chaseactivities cannot be related to the presence of an

inhibitor.

Acknow]édgemems

- This work was supported by the following organ-
izations: Institui National de la Santé et de la
Recherche Médicale, Délégation Générale ala
Recherche Scientifique et Technique {contrat de
recherche: Biologis de 'a Reproduction), Fondation
pour la Recherche Médicale Francaise.

Referenves

11] Zelewski, L. and Villee, C.A. {2956) Biochemisiry 3,
1805.
2] Kleing, U. {1967) Hoppe-Seyler’s Z. Physiol. Chem.
3438, 831.
131 Villee, C.A. {1968) Excerpta Medica International
Congress Series no. 183, 110.
{4] van Lensden, H.A., Siemerink, M., Telegdy, 3. and
Diczfalusy, E. {1971) Acta Endocrinol. §6, 711.
15) Seallen, T.3., Schusier, M. and Dhar, A.K. (1971} 3.
Biol. Chem. 246, 224.
i6] Ritter, M.C. and Dempsey, M.E. {1971) J. Biol. Chem.
246, 1536.
173 Nelson, G., Zuspan, F.P. and Mulligan, L.7T. {1966) Am.
J. Obst. Gynec. 310. ,
 [8] Eberhagen, D. {1963) Hoppe-Seyler’s Z. Physiol. Chem.
333, 179.
-19] Robertson, A.F., Sprecher, H. ané Dobbs, C.{1569)
Bicl, Neonai. 14, 32.
{103 Ramsey, R.B., Aexel, R.T., Jones, J.P. and Nicholes, H.J.
{1972) J. Biol. Chem. 247, 3471.
131} Shah, S.N. {1572) FEBS Letiers 20, 75.



