pounds is to interfere with normal
synthesis of hydroxyproline-protein, the
results presented herein further support
the hypothesized general role for hy-
droxyproline-protein in liverwort mor-
phogenesis. (ii) Because the action of
both antagonists would logically result
in the altered synthesis of hydroxypro-
line-protein, this experiment further
supports the hypothesis that the devel-
opment of three rows of leaves, rather
than two, and unrestricted branching
are somehow causally related to a lim-
ited formation or limited hydroxylation
of hydroxyproline-protein, or both.
(iii) Because changes in morphology
were clearly not permanent (pheno-
variants reverted to their characteristic
morphology) it is assumed that Nowel-
lia like Scapania has retained, rather
than obtained, the genetic capacity to
form ventral leaves and to branch
freely. This is considered strong sup-
port of the hypothesis that triradial
symmetry with free branching is the
primitive condition in the leafy liver-
worts and dorsiventral symmetry with
restricted branching is derived (3, 4,
7).

Of course, even though the foregoing
hypotheses are supported by work with
representatives of two well-separated
families of the Jungermanniales, similar
evidence from experiments with repre-
sentative species of several other fami-
lies must be obtained before any firm
conclusion concerning the role of hy-
droxyproline-protein in the phylogeny
and morphogenesis of the leafy liver-
worts can be reached. .
D. V. BAsILE
Department of Biological Sciences,
Columbia University,

New York 10027
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Genetic Variation of Cholesterol Ester Content

in Mouse Adrenals

Abstract. Total cholesterol concentrations in muscle, liver, and plasma do not
differ significantly between adult male C57BL/10J and DBA/2J] mice. In the
adrenal glands of these two strains, of their hybrids, and of AC mice, concen-
trations of free cholesterol vary by 5 percent. Adrenals from C57 mice, how-
ever, contain six times as much esterified cholesterol as adrenals from AC or
DBA mice. The intermediate concentrations of cholesterol esters in F, hybrids
suggest that the difference in this measure is inherited additively. The finding
of variation in adrenal cholesterol within a species is useful for the further study
of the role of cholesterol in steroidogenesis by means of geretic analysis.

Current theories on steroid hormone
production in the adrenal gland ascribe
a special role to the cholesterol ester
fraction. During short-term stimula-
tion, cholesterol from the ester frac-
tion provides substrate for the forma-

tion of the corticosteroid secreted by
the gland (/). After prolonged stress
the adrenals are depleted of the nor-
mally present lipid droplets (2). It was
recently found that one of the early
events in the mechanism of action of

Table 1. Weights of pairs of adrenal glands, body weights, and ratios of adrenals to body
weights of pure strains of mice and hybrids (C57 mice crossed with DBA mice). For further
details see text. Values shown are the means of the means obtained in » different experiments
(number in parentheses) and the standard errors of the means. Because no statistically signifi-
cant (at P < .05) differences were found between the two reciprocal hybrids in any of the
three parameters, the values for the hybrids are pooled for the purpose of this presentation.

. Adrenal glands Body Ratio
Strain (mg) (2) (mg/100 g)
CS7BL/10Y 3.0 = 0.04 (7) 28 = 0.6 (15) 11 +0.2 (4)
DBA/2J 3.1 + 0.07 (10) 26 = 0.3 (16) 12 + 0.6 (5)
F, Hybrids 3.4 +0.09 (9) 29 + 1.0 (7) 12 = 0.3 (6)
AC 2.7 = 0.04 (3) 21 =1.3 (3) 13 +0.9 (3)
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adrenocorticotropic hormone (ACTH)
is the hydrolysis of cholesterol esters
(3). The extent to which this pool of
cholesterol contributes to the dynamics
of hormone production has, however,
not been studied sufficiently.

The two inbred strains of mice
C57BL/10J and DBA/2J have been
observed to respond differently to
stress in terms of plasma corticosterone
concentrations (4). In an attempt to
find biochemical mechanisms for this
apparent genetic difference in stress re-
sponse, we studied the involvement of
adrenal cholesterol. We report here
large differences in cholesterol ester
concentrations in adrenal glands of dif-
ferent strains of mice.

The AC mice and colonies of the
pure-bred strains C57BL/10J and
DBA/2J and their F; hybrids were
maintained in our laboratory. The col-
onies were started from breeders pur-
chased from the Jackson Memorial
Laboratory, Bar Harbor, Maine. Lit-
ters were weaned at about 24 days
after birth and housed in groups of
three to eight. Breeding pans always
contained two females and one male.
The F;C hybrids were derived from
crossing a C57 female with a DBA
male; the F;D hybrids were derived
from crossing a DBA female with a
C57 male. Experiments were per-
formed exclusively on adult male mice
(10 to 20 weeks old). In experiments
in which more than one type of mouse
was used, the tissues were coded and
analyzed without knowledge of their
strain classification.

The mice were killed by decapita-
tion. Blood was collected in small, dry,
heparinized beakers. Centrifugation in
a Beckman microfuge for 2 minutes
yielded 0.1 to 0.3 ml of plasma. Small
samples of liver and muscle (from the
hind leg) were collected in one experi-
ment. Adrenal glands were removed
and freed from adhering fat. The tis-
ues were kept ice cold and moist with
isotonic NaCl. Before weighing, they
were blotted briefly with filter paper.

Tracer amounts of [26-14C]choles-
terol and [7a-3H]cholesteryl stearate
were added to the tissue (100 mg of
muscle or liver, 0.10 ml of plasma, or
one pair of adrenals), which was then
extracted twice with 3 ml of a mix-
ture of acetone, ethanol, and ethyl ether
(4:4:1, by volume) (5). A glass rod
was used to break up the tissue in a
centrifuge tube. The combined extract
was evaporated with N, The residue
was dissolved in 3 ml of a mixture of
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Table 2. Cholesterol content in some tissues of two strains of mice. The numbers in parentheses are the number of separate analyses.
Results are expressed as the means = S.E.M. Experimental details are in the text and in the legend of Fig. 1.

Total cholesterol

Free cholesterol Cholesterol ester

Strain Muscle Liver Plasma in plasma in plasma
(mg/g) (mg/g) (mg/ml) (mg/ml) (mg/ml)
C57BL/10J 0.89% (2) 2.32 +=0.106 (8) 0.75 = 0.040 (21) 0.25 = 0.109 (13) 0.51 == 0.038 (13)
DBA/2J 1.041 (2) 2.61 = 0.164 (7) 0.75 == 0.032 (21) 0.22 % 0.009 (14} 0.48 == 0.017 (14)

* Range, 0.84 to 0.94. 1 Range, 0.73 to 1.36.

~ ethanol and water (65:35) and ex-
tracted three times with 3 ml of hex-
ane. The hexane extract was washed
with water, filtered through a small
column of Na,SO,, and reduced in
volume. On thin-layer chromatography
on 0.25 mm of silica gel G impreg-
nated with Rhodamine 6G (6) in a
mixture of toluene and ethyl acetate
(9:1), free sterols were separated from
sterol esters. The dye made the spots.
visible in daylight. The sterol and sterol
ester areas were eluted three times with
a mixture of benzene and methanol
(19:1). The eluate was filtered through
a small column of silica gel to remove
eluted dye and evaporated with N,.
The sterol ester fraction was dis-
solved in 2 ml of absolute ethanol.
After adding 0.25 ml of saturated aque-
ous KOH, the mixture was kept at
72°C for 1 hour. It was then diluted
with 2 ml of water and extracted three
times with hexane. The hexane extract
was washed with water, filtered through
Na,SO,, and reduced in volume. Thin-
layer chromatography of the saponified
ester fraction and elution of sterols
from silica gel was carried out as de-
scribed above. As a check of the com-
pleteness of the saponification step, the
sterol ester area was scraped into vials
and checked for radioactivity in a scin-
tillation counter. It always contained

less than 1 percent of the original 3H -

tracer dose of cholesteryl stearate.

The free sterol fraction and the
sterol from the ester fraction were dis-
solved in small volumes of heptane and
analyzed in a gas chromatograph. A
portion of the heptane solution of each
extract was assayed for radioactivity
by liquid scintillation, and the recovery
of “C from the free cholesterol frac-
tion (85 to 95 percent) or 3H from the
cholesterol ester fraction (60 to 70
percent) was used to correct the mass
of cholesterol determined by gas
chromatography.. Only a single peak
with the retention time of standard
cholesterol was recorded with most
extracts. Occasional, additional small
peaks were not further analyzed.

The free cholesterol concentration in
whole adrenal glands of the different

11 DECEMBER 1970

groups of mice varied only about 5
percent between the highest and lowest
(Fig. 1) (7). In contrast, the choles-
terol ester concentration in C57 was
more . than six times as high as that
of the DBA or AC strains. The choles-
terol ester values of the two reciprocal
F; hybrids were intermediate to those
of the parent strains and also differed
between each other. As determined by
Student’s z-test, the differences in all
groups were significant (P < .001).
No correlation was found between
adrenal weight (Table 1) and choles-
terol ester concentration. The adrenal
weights of C57 and DBA mice did
not differ significantly, but adrenals of
the hybrids were heavier (P < .01).
This finding rules out the possibility
that differences in adrenal weight would
in part compensate for differences in

"1 Free cholesterol
W/A cholesterol as ester

Cholesterol (mg/g pf wet tissue)

1 .
LA E% UL

DBA/2J FC FD (C57BL/10J

Fig. 1. Cholesterol content in whole adre-
nal glands of different types of adult male
mice. The height of the bar indicates the
mean of values of separately analyzed
pairs of adrenals (the number inside the
bar); the horizontal lines show the stan-
dard error of the mean. Cholesterol was
analyzed by quantitative gas chromatog-
raphy [hydrogen flame ionization de-
tector, 1.8 m by 3.2 mm column of 1 per-
cent XE-60 on Gas Chrom Q 100/120

‘mesh (Applied Sciences Laboratory) at

230°C and N. at 85 ml/min]. The reten-
tion time of cholesterol was 5 to 6 min-
utes, and the peak heights of standard
samples (0.2 to 1.0 ug) bore a linear rela-
tion to the mass injected. Cholesterol as
ester is the amount of cholesterol derived
from the cholesterol ester fraction. The
strains of mice and the tissue extraction
procedure are described in the text.

cholesterol ester concentration. Lastly,
differences in the ratio of adrenal
weight to body weight were negligible
in these groups.

For comparison with the adrenals,
we also determined the cholesterol con-
tent of muscle, liver, and plasma in
the C57 and DBA strains (Table 2).
Any differences between the strains
were not significant.

Large, genetically determined differ-
ences in adrenal cholesterol ester con-
centration (Fig. 1) have hitherto not
been reported to occur within the same
species. Goodman (8) listed one cate-
gory of mammalian species, including
man, rat, and others, whose adrenal
glands contain 2 to 6 percent choles-
terol, of which about 85 percent is
esterified, and a contrasting category
of species, including cattle and sheep,
in which total adrenal cholesterol is
less than 1 percent, with only about
50 percent esterified. The finding of
the same wide variation in the single
species Mus musculus now makes it
convenient to study the pattern of in-
heritance of adrenal cholesterol concen-
trations. The results obtained with F,
hybrids of C57BL/10J and DBA/2J
are consistent with an additive mode
of inheritance for adrenal cholesterol
ester concentrations. Further studies in
segregating (that is, F, and backcross)
generations are needed to confirm this.
An additive mode of inheritance in
mice was described by Bruell (9) and
by Yamamoto et al. (10) for serum
and plasma cholesterol concentrations,
respectively. The causes of the small
difference between the reciprocal F;
hybrids in cholesterol ester concentra-
tions (Fig. 1) are not known.

The AC mice were included in this
study because they carry the auto-
somal recessive adrenal lipid depletion
gene (ald) (I11). Adrenal lipid deple-
tion is defined as the virtual absence
of histochemical sudanophilia of ad-
renal slices, in contrast with the "in-
tense lipid stain of the “normal” ad-
renal zona fasciculata. With ACTH-
stimulated adrenals of a subline of mice
related to AC and carrying ald, Solem
(12) noted a curtailed production in
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vitro of corticosterone as compared to
adrenals with the “normal” high lipid
content. Since the cholesterol concen-
trations of DBA mice resemble those
of the AC (Fig. 1), it remains to be
seen whether the phenomena of low
adrenal cholesterol and adrenal lipid
depletion have a common genetic
cause. Vicari reported (I13) lower ad-
renocortical sudanophilia in young
DBA mice than in young C57 mice.

The biochemical mechanism con-
trolling ester concentration in the ad-
renal is still obscure. There is good
evidence that blood supplies the bulk
of metabolically active cholesterol and
that any synthesis in the gland itself
contributes relatively little (/4). Shima
and Pincus (I5) have noted a rapid
synthesis and secretion of radioactive
corticosterone by the adrenals of rats
infused with [7a-3H]cholesterol. Never-
theless, a consideration of adrenal ester
concentrations in relation to the plasma
coneentrations in Table 2 makes it
clear that some specific sterol ester-
concentrating mechanism must control
the concentrations in the adrenal inde-
pendently of the prevailing concentra-
tions of cholesterol in the plasma. Dex-
ter et al. (16) have shown that ACTH
stimulates the accumulation of cho-
lesterol by the rat adrenal when the
utilization of cholesterol was blocked
at the same time.

The chief interest of the findings in
Fig. 1 derives from the opportunity to
employ genetic analysis in the problem
of correlating adrenal hormone pro-
duction with cholesterol concentrations.
There is a large difference between

DBA/2J and C57BL/10J mice in the

capacity of the liver to generate re-
duced nicotinamide adenine dinucleo-
tide phosphate with implications for a
number of major metabolic pathways
(17). Bartke (I8) has observed a
much lower ratio of ester to free cho-
lesterol in the testes of DBA than in
those of C57 mice. These findings can
be exploited in the study of the rela-
tion of biochemical and endocrine char-
acters by determining their intercorre-
lation in segregating generations. Ge-
netic analysis could be used as a tool
for the study of the interrelationship of
a number of biochemical and physio-
logical systems which would be difficult
to approach by other means.
CHARLES H. DOERING

SEYMOUR KESSLER, R. B. CLAYTON
Department of Psychiatry, Stanford
University School of Medicine,
Stanford, California 94305
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Similarity and Limited Multiplicity of Membrane
Proteins from Rough and Smooth Endoplasmic Reticulum

Abstract. During electrophoresis on acrylamide gel 30 to 45 percent of the
protein of hepatic microsomal membranes migrates as a single band correspond-
ing to a molecular weight of 52,000. Rough and smooth microsomal membranes
exhibit essentially identical electrophoretic patterns. Different findings by previous
workers may be the result of contamination of the membranes by adsorbed and

entrapped nonmembrane protein.

Recent studies (7, 2) suggest that most
animal cell membranes contain many
different proteins instead of a single
predominant protein, as had been pro-
posed earlier (3). Some of these studies
also indicate that there is considerable
variation in the protein composition of
different membranes, even when closely
related membranes from the same tis-
sue are compared. However, an alter-
native possibility that these findings rep-
resent contamination of the membranes
by extraneous proteins has not been ex-
cluded.

Indeed, evidence from our laboratory
and others (4, 5) suggests that hepatic
microsomal membranes, as normally
isolated, contain relatively large quan-
tities of protein that do not appear to
be required for their structural or func-
tional integrity. A procedure for selec-
tively removing these proteins with salt
and detergent has been briefly described
(4). We have examined the protein
composition of membranes both before

and after removal of these proteins.

Rough and smooth microsomes, iso-
lated from rat liver by the method of
Dallner et al. (6), were washed sequen-
tially with 0.14M sodium chloride,
1.0M sodium chloride, and 0.1M so-
dium carbonate with 0.1M sodium bi-
carbonate (8 ml of each solution per
fraction from 1 g of liver). This pro-
cedure removes membrane-attached ri-
bosomes and large amounts of adsorbed
protein without extracting significant
amournts of phospholipid or several mi-
crosomal enzymes that have been ex-
amined (4). Finally, in order to remove
protein that appears to be trapped with-
in the closed vesicles, we washed the
membranes once with half the above
volume of 0.075 percent sodium de-
oxycholate, pH 7.6.

Unwashed and washed microsomal
fractions were analyzed by electro-
phoresis on polyacrylamide gel in a
sodium dodecyl sulfate (SDS) system
by means of a modification of a meth-
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