Table 1. Characterization and analysis of complex polar lipids of Methanospirillum hungatei

(Fig. 1).
Item PGL-1 PGL-II DGT-I DGT-I DGD-I DGD-II PG
0y (3) 2) C)) (%) (6) )
TLC, R 0.34 0.46 0.73 0.83 0.68 0.78 0.61
Weight (percent of 50 14 0.5 0.2 17 2 5
total lipid)
Molar ratios?
Pltetraethert 1 1
Pjdiether$§ 1
Hexose/tetraether 2 2 2
Hexose/diether 2 2
Hexose/P 2 2

*Thin-layer chromatography (TLC) on silica gel G in a mixture of chloroform, methanol, diethylamine, and

water (110:50:8:3.5, by volume).
©6).

meric configuration of the sugar residues
was established by *C NMR as «-glu-
copyranosyl (99.1 ppm) and -galactofu-
ranosyl (106.7 ppm) in PGL-I; in PGL-II,
both residues were g-galactofuranosyl
groups (109.0 and 108.4 ppm). These as-
signments were supported by the 'H
NMR spectra and by molecular rotation
data calculated by Hudson’s isorotation
rule.

In PGL-I and PGL-II, both sugars
must be located on one side of the tetra-
ether and the glycerophosphate group on
the other (Fig. 1) since, after hydrolysis,
completely methylated PGL-I and PGL-
II yielded only the free tetraether,
whereas DGT-I and DGT-II yielded only
the monomethyl tetraether derivative.
The glycerophosphate group has the sn-3
configuration and is linked to the tetra-
ether by a phosphodiester bond, as
shown by the quantitative release of
glycerophosphate {59 percent 8 isomer,
41 percent sn-3 isomer (11, 12)] by alka-
line hydrolysis. The sn-3-glycerophos-
phate residue in PGL-I and PGL-II is
enantiomeric with that of the correspond-
ing residue in Gram-positive bacterial
phosphoglycolipids (17, 12).

The PG component (compound 7 in
Fig. 1) was identified as the 2,3-di-O-
phytanyl-sn-1-glycerophosphoryl-sn-1'-
glycerol, diasteriomeric with that (com-
pound 8 in Fig. 1) found in extreme halo-
philes (6).

On the basis of the above results, the
structure of each polar lipid component
can be assigned as shown in Fig. 1. The
structures of PGL-I and PGL-II suggest
that they behave as covalently bonded
asymmetric lipid bilayers in methanogen
membranes, as was proposed by Lang-
worthy (7, 17) for the lipids of thermo-
acidophiles. Such a structure would im-
part rigidity and stability to the mem-
branes not possible with a conventional
bilayer structure.

Further investigation is required to de-
termine the biosynthetic pathway for

1164

tLipid-P and hexose were determined as described (9).
is 2,3,2',3'-tetra-0-16",16"-biphytanyl-di-sn-glycerol (7, 16).

i Tetraether
§Diether is 2,3-di-O-phytanyl-sn-glycerol

these polar lipids, their distribution with-
in the cell and also the orientation of the
asymmetric PGL-I and PGL-II within
the membranes. Our findings strengthen
the concept of a phylogenetic relation-
ship between methanogens, extreme
halophiles, and certain thermoacido-
philes (3, 5, 17, 18).
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Conversion of 3T3-L1 Fibroblasts to Fat Cells by an
Inhibitor of Methylation: Effect of 3-Deazaadenosine

Abstract. 3-Deazaadenosine, an inhibitor of methylation, increased the frequency
of conversion of 3T3-L1 fibroblasts to fat cells in a dose-dependent manner. Once
converted, the 3T3-L1 fat cells retained their adipose morphology and accumulated
triglycerides even when 3-deazaadenosine was removed from the culture medium. 3-
Deazaadenosine may perturb cellular methylation and thereby lead to an increase in
the frequency of differentiation of 3T3-L1 fibroblasts to fat cells.

3-Deazaadenosine (3-deaza-Ado), an
adenosine analog that is not deaminated
or phosphorylated, inhibits methylation
reactions mediated by S-adenosylme-
thionine (AdoMet) in vivo or in vitro (/-
4). 3-Deaza-Ado inhibits biochemical
methylations by acting as either an inhib-
itor or a substrate of S-adenosylhomo-
cysteine (AdoHcy) hydrolase (5-7). By
inhibiting AdoHcy hydrolase with 3-
deaza-Ado, the intracellular level of
AdoHcy can be increased, and in the

“majority of cases 3-deaza-AdoHcy is al-

so generated (/-3, 5, 8). Thus, the ac-
cumulation of AdoHcy or 3-deaza-
AdoHcy, or both, leads to perturbation
of biochemical methylations that are sen-
sitive to inhibition by these two com-

0036-8075/81/0313-1164$00.50/0 Copyright © 1981 AAAS

pounds (I, 5, 7-9). The biological effects
of 3-deaza-Ado are varied and inter-
esting. It can act as a potent antiviral
agent (8, 10) and can also reverse the on-
cogenic transformation induced by Rous
sarcoma virus (8). It exhibits antimalarial
effects in vitro (/7). Chemotaxis by neu-
trophils (/2), phagocytosis by macro-
phages (/3), lymphocyte-mediated cytol-
ysis (3), capping of membrane immu-
noglobulin in lymphocytes (I/4), and
immunoglobulin E-mediated histamine
release from human basophils (15) are in-
hibited by 3-deaza-Ado. It has also been
shown that 3-deaza-Ado can inhibit, rap-
idly and reversibly, synaptic responses
between retinal neurons and muscle fi-
bers in culture (16).
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Fig. 1. Effect of 3-deaza-Ado on the accumu-
lation of triglycerides in 3T3-L1 cells cultured
for 10 days with or without choline in the me-
dium. Normal choline in the culture medium
was 28.5 uM. Each data point represents the
mean for five cultures; bars show standard er-
rors.

A subline of mouse fibroblasts (3T3-
L1) in the confluent state can undergo
spontaneous differentiation to become
fat cells that resemble mature mamma-
lian adipocytes, both morphologically
and biochemically (/7). The frequency of
conversion to fat cells is increased by
chemical agents such as prostaglandin
F,, and 1-methyl-3-isobutylxanthine (I8,
19) or high insulin levels in the culture
medium (10 pg/ml) (/9). I report here
that 3-deaza-Ado can increase the fre-
quency of conversion of 3T3-L1 fibro-
blasts to fat cells.

For these studies, 3T3-L1 fibroblasts
(American Type Culture Collection)
were grown in Dulbecco-Vogt modified
Eagle’s medium supplemented with 10
percent fetal calf serum, penicillin (100
unit/ml), and streptomycin (125 ug/ml).
The cells were grown at 37°C in 5 percent
CO; and were fed every other day. Three
to four days after 2 x 10° cells were
seeded in 25-cm? flasks, the cells were
about confluent. At this time, 3-deaza-
Ado was added to induce conversion to
fat cells. Triglyceride levels in cells were
determined with a triglyceride kit (Sigma
Chemical Company) based on a coupled-
enzyme method (20). The cells were
scraped into Dulbecco’s phosphate-buf-
fered saline and sonicated. Cellular DNA
content was determined by the proce-
dure of Burton (1), and total carnitine
was assayed by the radioactive method
of Pande and Parvin (22).

When cultured in the presence of 3-
deaza-Ado for 10 days, the 3T3-L1 fibro-
blasts were converted to fat cells in a
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dose-dependent manner (Fig. 1). As
judged by staining with Oil Red O, more
than 90 percent were converted to fat
cells at 10 uM 3-deaza-Ado. The con-
version took place regardless of the cho-
line concentration in the medium. Ten
days after treatment, the cellular concen-
tration of triglycerides (per microgram of
DNA) was about 1800 pg for the control,
about 3500 pg at 10 uM 3-deaza-Ado,
and about 4000 pg at 15 uM 3-deaza-Ado
(Fig. 1). Next, the 3T3-L1 fibroblasts
were cultured with 10 uM 3-deaza-Ado
for 10 days, and then the drug treatment
was discontinued for the following 10
days. Triglycerides remained largely
unaltered when the cells were cultured
further in the absence of 3-deaza-Ado
(Fig. 2). Apparently, once converted, the
3T3-L1 fat cells could retain their adipo-
cyte morphology and triglycerides. If the
cells were cultured continuously in the
presence of 10 uM 3-deaza-Ado for 20
days, the level of triglycerides increased
further to about 10,000 pg per microgram
of DNA. The finding that choline did not
affect the conversion of 3T3-L1 fibro-
blasts to fat cells suggests that the accu-
mulation of triglycerides in the differ-
entiated cells is not equivalent to fatty
liver formation caused by choline defi-
ciency (23).

L-Carnitine, a postulated carrier for
fatty acid transport, at concentrations as
high as 100 uM has no effect on the con-
version of 3T3-L1 fibroblasts to fat cells
by 15 uM 3-deaza-Ado (data not shown).
Nor was there a difference in carnitine
concentration between the control and
treated cells; the values observed (per
microgram of DNA) were 14.6 = 0.7
pmole for the control and 14.2 = 0.5,
143 £ 0.9, and 14.3 + 2.1 pmole for
cells treated with 5, 10, and 15 uM 3-
deaza-Ado, respectively, for 10 days.
Therefore, 3-deaza-Ado probably did not
inhibit the AdoMet-dependent methyl-
ation of lysine. The methylation of lysine
to trimethyllysine is one of the steps in
carnitine biosynthesis (24). 3-Deaza-
Ado, at 10 or 15 uM, had no apparent
effect on logarithmic growth of 3T3-L1
cells. In fact, at confluence, the number
of cells in the treated cultures was about
twice that in the untreated ones. Two
hours after treatment with 10 uM 3-
deaza-Ado, a tenfold rise in the cellular

level of AdoHcy and formation of 3-dea--

za-AdoHcy at a concentration that is 40
times the normal AdoHcy level have
been observed in 3T3-L1 fibroblasts (25).

3-Deaza-Ado has been shown to have
no effect on the binding of hormones or
polypeptides to receptors of cells or on
subsequent internalization (12, 26). Al-
though 3-deaza-Ado can inhibit adenyl-
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Fig. 2. Accumulation of triglycerides in 3T3-
L1 cells treated with 10 uM 3-deaza-Ado for
10 days and then cultured for another 10 days
in its absence (dotted bar) and in cells treated
with 10 M 3-deaza-Ado continuously for 20
days (hatched bar). The control (open bar)
consisted of cells cultured in the absence of 3-
deaza-Ado for 20 days. Normal choline was
28.5 uM and high choline was 1.79 mM. Each
data point represents the mean for five cul-
tures; bars show standard errors.

ate cyclase in vitro (7), it has no effect on
levels of cyclic adenosine monophos-
phate in intact cells 7). However, itis a
very potent inhibitor of phospholipid
methylation (/, 2, 4). 3-Deaza-Ado may
perturb cellular methylation and sub-
sequently trigger an increase in the fre-
quency of differentiation of 3T3-L1 fi-
broblasts to fat cells. Use of 3-deaza-
Ado may help elucidate some under-
lying biochemical mechanisms of cellu-
lar obesity.
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Opiate Receptor Gradients in Monkey Cerebral Cortex:

Correspondence with Sensory Processing Hierarchies

Abstract. In order to obtain information on the possible functions of endogenous
opiates in the primate cerebral cortex, we assessed the distribution of u-like opiate
receptors (which selectively bind *H-labeled naloxone) and &-like opiate receptors
(which selectively bind *H-labeled D-Ala? D-Leu®enkephalin) throughout the cere-
bral cortex of the rhesus monkey. Stereospecific [*Hlnaloxone binding sites in-
creased in a gradient along hierarchically organized cortical systems that sequen-
tially process modality-specific sensory information of a progressively more complex
nature. Specific [°H lenkephalin binding sites, in contrast, were relatively evenly dis-
tributed throughout the cerebral cortex. These results, in combination with elec-
trophysiological studies of monkeys and humans, suggest that u-like opiate recep-
tors may play a role in the affective filtering of sensory stimuli at the cortical level,
that is, in emotion-induced selective attention.

Despite evidence that the cerebral cor-
tex contains opiate receptors (/, 2) and
opiate peptides (3) and responds electri-
cally to opiate compounds ), informa-
tion regarding the functional significance
of cortical opiate systems is scarce.
Clues to such functions might be ob-
tained by analyzing the distribution of
opiate receptors in structurally or func-
tionally defined systems of the cerebral
cortex of the rhesus monkey (Macaca
mulatta), a species used frequently in
neuroanatomical, neurophysiological,
and neurobehavioral analyses of cortical
function. Although previous studies
have provided some information on the
regional distribution of opiate receptors
in the monkey and the human cortex (5),
the dissections were not complete, and
selective assay conditions for opiate re-
ceptor subtypes were not used. We now
report that while specific [*H]enkephalin
binding hardly varies in different parts of
the cortex, opiate receptors labeled by
[*H]naloxone (6) increased in a gradient
along hierarchically organized cortical
systems, which sequentially process mo-
dality-specific sensory information of a
progressively more complex nature.
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Rhesus monkeys (young adults, two
male and two female, weighing 5 to 7 kg)
were rapidly anesthetized with sodium
pentothal (125 mg in 1.5 ml saline, intra-
hepatically) followed by sodium pento-
barbital (35 mg per kilogram of body
weight, injected intraperitoneally). Cere-
bral circulation and respiration were
maintained while a craniotomy was per-
formed. The brain was removed within
12 minutes after sedation and chilled on
crushed ice. The boundaries of the cor-
tical dissection were determined on the
basis of the cytoarchitectonic map of von
Bonin and Bailey (7); the areas obtained
are listed according to both anatomical
name and cytoarchitectonic designation
(Table 1). Tissues were immediately fro-
zen on dry ice and stored at —85°C until
assayed. :

Tissue was homogenized in 50 vol-
umes of ice-cold 0.05M tris HCI buffer
(H 7.55 at 4°C) through the use of a
Polytron tissue disruptor (setting 6 for 15
seconds) and then centrifuged at 4°C at
10,000g . The pellets were resuspended in
2.5 volumes of fresh buffer. To measure
stereospecific [*H]naloxone binding, 100
wl of the tissue homogenate was added to

0036-8075/81/0313-1166%$00.50/0 Copyright © 1981 AAAS

tubes containing (in tris) 100 mM NaCl, 1
nM [*H]naloxone (New England Nucle-
ar; 50 Ci/mmole), and 1 uM dextrallor-
phan or 1 uM levallorphan in a final vol-
ume of 500 ul. After the tubes were in-
cubated at 4°C for 60 minutes, the
reactions were stopped by filtration un-
der low vacuum through Whatman GF/B
filters. The tubes were washed twice and
the filters once with 5-ml portions of ice-
cold tris; the filters were placed in vials,
10 ml of Aquassure (New England Nu-
clear) was added, and the radioactivity
was measured by liquid scintillation
spectrometry at 38 percent efficiency.
Stereospecific [*H]naloxone binding was
defined as binding in the presence of 1
uM dextrallorphan minus binding in the
presence of 1 uM levallorphan. Trip-
licate determinations showed a standard
error of 2 to 5 percent of the mean, and
binding in the presence of levallorphan
was usually 10 to 15 percent of binding in
the presence of dextrallorphan.

To measure specific enkephalin bind-
ing, 100 ul of the homogenate (stored for
less than 1 week at —85°C) was added to
tubes containing (in 0.05M tris HCI, pH
7.4 at 25°C) 0.2 percent bovine serum al-
bumin, 0.08 mg of bacitracin per milli-
liter, 2 uM guanosine triphosphate, 30
mM NaCl, 3 mM manganese acetate,
and 1 nM Dp-Ala*[tyrosyl-3,5-*Hlen-
kephalin (5-D-leucine) (Amersham; 52
Ci/mmole) in a final volume of 500 wl.
After the tubes were incubated at 25°C
for 30 minutes, the reactions were
stopped as before. Specific binding of the
labeled enkephalin ([*H]D-Ala) was de-
fined as total binding in the above assay
minus binding obtained in identical reac-
tion mixtures also containing 1 uM S-
endorphin. Triplicate determinations
showed a standard error of 2 to 5 percent
of the mean, and binding in the presence
of 1 uM B-endorphin was usually 5 to 10
percent of the total binding. Specific
binding of both ligands was linear with
respect to the volume of homogenate
added (from 25 to 100 wl).

In the visual system, sensory input
seems to be processed sequentially
through a series of cortical loci corre-
sponding to the cytoarchitecturally de-
fined areas OC, OB, OA, TEO, TE, and
ventral TG (see Table 1 for cyto-
architectonic designations) (8, 9). The
density of stereospecific opiate receptors
binding [*H]naloxone (Table 1) increased
in a gradient (Fig. 1A) along this system
from the primary sensory cortex (OC) to
the ventral temporal pole (TG), which
projects most densely to the amygdala
(9-11). A similar gradient (Fig. 1A) was
detected in the auditory cortical system,
from primary sensory cortex (TC/TB)
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