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ABSTRACT

The influence of lipids on gap-junction-mediated intercellular com
munication (i.e., metabolic cooperation) between Chinese hamster V79
cells was investigated. Unsaturated free fatty acids (oleate, linoleate,
linolenate, palmitoleate, myristoleate, and arachidonate) inhibited meta
bolic cooperation between 6-thioguanine-resistant, hypoxanthine guanine
phosphoribosyltransferase-deficient and 6-thioguanine-sensitive, hypo
xanthine guanine phosphoribosyltransferase-proficient V79 cells. Satu
rated fatty acids (stÃ©arate,palmitate, m>ristati1, and arachidate) had no

effect. Further characterization of the effects of fatty acids on metabolic
cooperation is summarized as follows: a relationship between the degree
of unsaturation and the ability of unsaturated fatty acids to inhibit
metabolic cooperation could not be established (i.e., inhibition of meta
bolic cooperation by 18:1 > 18:2 = 18:3); longer carbon chain monoun-
saturated fatty acids are more effective in inhibiting metabolic cooperation
(i.e., inhibition of metabolic cooperation by 18:1 > 16:1 > 14:1); geometric
isomerism is of some importance in determining the efficacy of monoun-
saturated fatty acids to inhibit metabolic cooperation (i.e., inhibition of
metabolic cooperation by cis 18:1 > trans 18:1 and cis 16:1 > trans 16:1);
and the position of the double bond(s) is relatively unimportant (i.e.,
inhibition of metabolic cooperation by 18:3 = y 18:3). Unsaturated
diacylglycerol compounds (diolein, dilinolein, and l-oleoyl-2-acetyl glyc-
erol) inhibit metabolic cooperation; a saturated diacylglycerol compound
(distearin) had no effect. The position of the unsaturated fatty acid groups
is not of importance in the inhibition of metabolic cooperation by diac-
ylglycerols containing unsaturated fatty acid moieties (i.e., 1,2-diolein
and 1,3-diolein are equally efficacious in inhibiting metabolic cooperation;
relative inhibition of metabolic cooperation by 18:1 > l-oleoyl-2-acetyl
glycerol > 1,2-diolein). Alterations of membrane biophysical properties
and protein kinase C involvement are discussed as possible mechanisms
involved in the inhibition of metabolic cooperation by unsaturated lipid.

INTRODUCTION

The consumption of dietary fat is associated with promoting
the development of many types of experimental and human
tumors. The development of carcinogen-induced, spontaneous
and transplantable mammary tumors is enhanced by the intake
of diets containing elevated levels of dietary fat (for reviews,
see Refs. 1-3). High levels of dietary fat also enhance the
development of other types of experimental cancers including
carcinogen-induced rat colon (4-7) and azaserine-induced rat
pancreatic tumors (8, 9). In mice, sarcomas (10) and tumors of
the integument (11, 12), lymphatic system (13), lung (13), and
central nervous (14) system also are promoted by dietary fat.
Dietary fat also is implicated in the etiology of many human
cancers, especially of the breast, colon, and prostate (1, 15-17).
However, with the abundant experimental and epidemiolÃ³gica!
evidence firmly establishing a relationship between dietary fat
and cancer, a mechanism(s) to fully account for these effects
has not been described. Most currently available evidence sup
ports a direct action of dietary lipid in the promotion of cancer
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rather than indirect, endocrine- or immune-related mechanisms
(2, 3).

Gap-junction-mediated intercellular communication has
been proposed to have an important role in the process of
tumor promotion (18). Many known tumor promoters inhibit
metabolic cooperation (for reviews, see Refs. 18 and 19), a
specific type of intercellular communication in which small-
molecular-weight, possible growth-regulatory molecules are
passed between adjacent cells in physical contact via membrane
structures called "gap-junctions.*1 Correlations are reported

linking the tumor-promoting efficacy of tumor-promoting com
pounds with their ability to inhibit metabolic cooperation (18,
20).

In a recent publication our laboratory reported that certain
unsaturated fatty acids, but not certain saturated fatty acids,
inhibit metabolic cooperation between Chinese hamster V79
cells and suggested that, mechanistically, high levels of dietary
polyunsaturated fat may promote tumorigenesis by inhibiting
gap-junction-mediated intercellular communication (21).

In this paper we have extended our initial observation that
unsaturated fatty acids, but not saturated fatty acids, can inhibit
metabolic cooperation, and we further describe and characterize
the role of lipids in gap-junction-mediated intercellular com
munication. Specifically we have examined the following: (a)
the relationship between the degree of unsaturation and carbon
chain length and the ability of unsaturated fatty acids to inhibit
metabolic cooperation; (b) the importance of the position and
orientation of the double bond(s) in the ability of unsaturated
fatty acids to inhibit metabolic cooperation; and (c) the influ
ence of various diacylglycerol compounds on metabolic coop
eration.

MATERIALS AND METHODS

Cell Culture. Wild-type, 6-TG*,3 hypoxanthine guanine phosphori-
bosyl transferase-proficient, V79 Chinese hamster cells, X-ray-induced
mutant 6-TGR, hypoxanthine guanine phosphoribosyltransferase-defi-
cient V79 cells, and 6TGR MC" cells were used in the metabolic

cooperation and cytotoxicity determinations. Cells were grown in a
modified Eagle's minimal essential medium with Earle's salts supple

mented with a 100% increase of all nonessential amino acids, 50%
increase of all vitamins and essential amino acids except glutamine, 1.0
DIM sodium pyruvate, and 3% fetal bovine serum. The bicarbonate
concentration was decreased to 1.0 g/liter. Cells were cultured at 37Â°C

in humidified air containing 5% CO-.
Lipids. All fatty acids and diacylglycerides were obtained from Sigma

Chemical Co., St. Louis, MO. Lipids were dissolved and diluted in
100% ethanol. In most instances the final concentration of ethanol in
the culture medium was 0.5%. Because of solubility problems in exper
iments with arachadic and arachidonic acids, the final concentration of
ethanol was 1.0%.

Cytotoxicity and Metabolic Cooperation Determinations. The cyto-
toxic effects of the lipids were tested by examining the influence of

3The abbreviations used are: 6-TGs, 6-thioguanine sensitive; 6-TGH, 6-thio-
guanine resistant; 6-TG, 6-thioguanine; OAG, l-oleoyl-2-acetyl glycerol; MC~,
metabolic cooperation defective; TP A, 12-0-tetradecanoylphorbol-13-acetate;
14:0, myristic acid; 14:1, myristoleic acid; 16:0, palmitic acid; 16:1, palmitoleic
acid: 18:0, stearic acid; 18:1, oleic acid; 18:2, linoleic acid; 18:3, linolenic acid;
20:0, arachadic acid; 20:4, arachidonic acid.
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EFFECT OF LIPIDS ON METABOLIC COOPERATION

various concentrations of the lipid on the colony-forming ability of 100
6-TGR MC" mutants cocultured in 6-cm tissue culture dishes with 4 x
10* 6-TGs wild-type V79 Chinese hamster cells in the presence of 6-

TG (10 Â¿ig/ml).This method allows for a more accurate assessment of
cytotoxicity since, unlike previously utilized cytotoxicity determina
tions, the cell density conditions are identical to those in the metabolic
cooperation determinations. The cytotoxicity of all lipids was deter
mined in this manner.

Details of the metabolic cooperation assay have been published
previously (22). Briefly, metabolic cooperation was assessed as follows.
Wild-type 6-TGs cells were seeded in 6-cm tissue culture dishes at a
density of 4 x 10s cells per plate with 100 6-TG" cells in 5 ml of culture
medium. After 3-4 h, various doses of the lipid being tested were added.
Ethanol (0.5%) was added to a series of plates as a solvent control.
TPA (1 or 2 ng/ml) was added to another series of plates as a positive
control. One h after the addition of the test chemicals, 6-TG was added
to all plates at a concentration of 10 Me/ml. Cells were cultured for 3
days, after which the culture medium was removed and replaced with
culture medium containing 6-TG (10 Mg/m') and without the test
chemical. Culture medium was changed once again on Day 6. On Day
9 of culture, when the surviving colonies had reached sufficient size,
the medium was removed, and the colonies were washed with 0.85%
saline solution, fixed, stained with crystal violet, and scored visually.
For metabolic cooperation determinations, the percentage of recovery
of 6-TGR colonies was calculated for each treatment and control group
as compared with the plating efficiency of 100 6-TG" cells cultured
alone in the presence of ethanol (0.5%) and 6-TG only. For the
cytotoxicity determinations the percentage of survival of 6-TGR MC~

colonies was calculated for each treatment group as compared with the
plating efficiency of 100 6-TG" MC" cells cocultured with 4 x 10s 6-
TGS cells in the presence of ethanol (0.5%) and 6-TG only.

Statistical differences in recovery of 6-TGR cells (metabolic cooper
ation) and 6-TGR MC" cells (cytotoxicity) were determined by the

Student t test. For multigroup comparisons, analysis of variance and
the Student-Neuman-Keuls tests were used. A difference of P < 0.05
was considered to be statistically significant.

Each experiment was repeated at least 3 times. Data from represent
ative experiments are presented in "Results" (Figs. 1-12).

RESULTS

Effect of Saturated and Unsaturated Fatty Acids on Metabolic
Cooperation. The effects of different concentrations of saturated
and unsaturated fatty acids on cytotoxicity and metabolic co
operation between V79 Chinese hamster cells are summarized
in Figs. 1-5. It is readily apparent from these data that unsat
urated fatty acids inhibit metabolic cooperation at noncytotoxic
concentrations, whereas saturated fatty acids fail to do so at
either noncytotoxic or cytotoxic concentrations. The unsatu
rated fatty acids, linoleate (18:2; Fig. 1), palmitoleate (16:1;
Fig. 2), inyrist oleati- (14:1; Fig. 3), and arachidonate (20:4; Fig.
4), significantly increase the recovery of 6-TGR cells cocultured
with 6-TGs cells in a concentration-dependent manner at non

cytotoxic concentrations. However, the corresponding satu
rated fatty acids, stÃ©arate(18:0; Fig. 1), palmitate (16:0; Fig.
2), myristate (14:1; Fig. 3), and arachidate (20:0; Fig. 4), failed
to significantly influence the recovery of 6-TGR cells at noncy

totoxic concentrations. Other unsaturated fatty acids, oleate
(18:1; Fig. 5) and linolenate (18:3; Fig. 5), also inhibit metabolic
cooperation, resulting in a significant increase in the recovery
of 6-TGR cells.

Influence of the Degree of Unsaturation and Carbon Chain
Length on the Inhibition of Metabolic Cooperation by Unsatu
rated Fatty Acids. In order to assess the importance of the
degree of unsaturation in the inhibition of metabolic coopera
tion by unsaturated fatty acids, the relative ability of unsaturated
fatty acids with identical carbon chain lengths and different
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Fig. 1. Effect of linotele acid (18:2) and stearic acid (18:0) on cytotoxicity
(percentage of survival) and on metabolic cooperation (percentage of recovery)
between Chinese hamster V79 cells. Negative (solvent) and positive (TPA-treated)
controls are shown in shaded areas. Points, mean; bars, SE.
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Fig. 2. Effect of palmitoleic acid ( 16: 1) and palmitic acid ( 16:0) on cytotoxicity
(percentage of survival) and metabolic cooperation (percentage of recovery).
Points, mean; bars, SE.

numbers of double bonds (i.e., 18:1 versus 18:2 versus 18:3) to
increase 6-TG" cell recovery was evaluated. Fig. 5 shows that

no apparent relationship exists between the degree of unsatu
ration of fatty acids of the same carbon chain length and their
ability to inhibit metabolic cooperation. Oleic acid (18:1) ap
pears to be slightly more efficacious than linoleic acid (18:2)
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Fig. 3. Effect of myristoleic acid (14:1) and myristic acid (14:0) on cytotoxicity
(percentage of survival) and metabolic cooperation (percentage of recovery).
Points, mean; bars, SE.
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Fig. 4. Effect of arachidonic acid (20:4) and arachidic acid (20:0) on cytotox
icity (percentage of survival) and metabolic cooperation (percentage of recovery).
Points, mean; bars, SE.
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Fig. 5. Importance of the degree of unsaturation on the inhibition of metabolic
cooperation by unsaturated fatty acids. Effects of oleic acid (18:1), linoleic acid
(18:2), and linolenic acid (18:3) on cytotoxicity (percentage of survival) and
metabolic cooperation (percentage of recovery). Points, mean; ears, SE.
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Fig. 6. Importance of carbon chain length on the inhibition of metabolic
cooperation by unsaturated fatty acids. Effects of oleic acid (18:1), palmitoleic
acid (16:1), and myristoleic acid (14:1) cytotoxicity (percentage of survival) and
metabolic cooperation. Points, mean; hur\. SE.

and linolenic acid (18:3) in increased 6-TGR cell recovery (i.e.,

inhibiting metabolic cooperation). At 13.5 ^g/ml, oleic acid
(18:1) significantly increased 6-TGR cell recovery when com

pared to linoleic (18:2) and linolenic (18:3) acids (P < 0.05).
Linoleic acid (18:2) and linolenic acid (18:3) are approximately
equal in their ability to inhibit metabolic cooperation. No
significant differences were observed between linoleic (18:2)
and linolenic acids (18:3) at any concentration.

The importance of carbon chain length on the ability of
unsaturated fatty acids to inhibit metabolic cooperation was
assessed by comparing the relative ability of unsaturated fatty
acids containing a single double bond (monounsaturated) and
different carbon chain lengths (i.e., 14:1 versus 16:1 versus 18:1)
to increase 6-TGR cell recovery. Fig. 6 shows that there is an

apparent association between the ability of monounsaturated
fatty acids to inhibit metabolic cooperation and their carbon
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EFFECT OF LIPIDS ON METABOLIC COOPERATION

chain length. Oleic acid (18:1) is more efficacious than palmi
toleic acid (16:1) and myrisi ole ic acid (14:1) in increasing 6-
TGR cell recovery. At 12.0 and 13.5 Mg/ml, oleic acid (18:1)
significantly increased 6-TGR cell recovery when compared to
palmitoleic (16:1) and myristoleic acids (14:1) (/Â»<0.05). Also,

palm HoleÂ¡cacid (16:1) appears to be slightly more effective
than myristoleic acid (14:1) in increasing 6-TGR cell recovery.

At 9.0, 12.0, and 13.5 ng/ml, palmitoleic acid (16:1) signifi
cantly increased 6-TGR cell recovery when compared to myris

toleic acid (14:1) (P < 0.05). Thus, it appears that, when
comparing fatty acids with the same degree of unsaturation
(i.e., one double bond) and different carbon chain lengths, the
longer carbon chain length fatty acids inhibit metabolic coop
eration to a greater degree than shorter carbon chain length
fatty acids.

Importance of Position and Orientation of the m-Double Bond

in the Inhibition of Metabolic Cooperation by Unsaturated Fatty
Acids. The importance of geometric isomerism in the ability of
unsaturated fatty acids to inhibit metabolic cooperation between
V79 cells was assessed by comparing the ability of cis- and
//â€¢fl/ÃÃ-isomersof oleic and palmitoleic acid to increase 6-TGR

cell recovery. From the data presented in Figs. 7 and 8, it is
apparent that fatty acids containing a as-double bond orienta

tion are more efficacious in inhibiting metabolic cooperation
than their fra/ji-oriented isomers. Fig. 7 shows that oleic acid

(cis 18:1) is much more effective than elaidic acid (trans 18:1)
in increasing 6-TGR cell recovery. Also, palmitoleic acid (cis

16:1) is more effective than pa Imite laid ic acid (trans 16:1) in
increasing 6-TGR cell recovery. However, the differences be

tween m 16:1 and trun.\ 16:1 are much less dramatic than the
differences between cis 18:1 and trans 18:1. Therefore, while
the r/v-clouble bond orientation appears to be of importance for

the inhibition of metabolic cooperation by some unsaturated
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Fig. 7. Importance of geometric isomerism in the ability of unsaturated fatty
acids to inhibit metabolic cooperation. Effects of cÂ»-oleicacid (en 18:1) and
elaidic acid (tran\ 18:1 on cytotoxicity (percentage of survival) and metabolic
cooperation (percentage of recovery). Points, mean; bars, SE.
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Fig. 8. Importance of geometric isomerism in the ability of unsaturated fatty
acids to inhibit metabolic cooperation. Effects of cu-palmitoleic acid (cis 16:1)
and palmitelaidic acid (trans 16:1) on cytotoxicity (percentage of survival) and
metabolic cooperation (percentage of recovery). Points, mean; bars, SE.

fatty acids it may be of lesser importance for other unsaturated
fatty acids.

In order to assess the possible importance of position of
unsaturation in the inhibition of metabolic cooperation by
unsaturated fatty acids, the relative ability of linolenic acid
(9,12,15-octodecatrienoic acid) and 7-linolenic acid (6,9,12-
octadecatrienoic acid) to increase 6-TGR cell recovery was com
pared. Fig. 9 shows that linolenic acid and 7-linolenic acid are
similarly effective in inhibiting V79 cell metabolic acid coop
eration. Both unsaturated fatty acids increased 6-TGR cell re
covery by nearly 3-fold at a concentration of 15 /Â¿g/ml.

Effect of Diacylglycerol Compounds on Metabolic Coopera
tion. The effects of various diacylglycerol compounds on meta
bolic cooperation between Chinese hamster V79 cells are sum
marized in Figs. 10-12. From Fig. 10 it is clear that 1,3-
dilinolein can inhibit metabolic cooperation at noncytotoxic
concentrations, whereas 1,3-distearin has no effect on metabolic
cooperation. 1,3-Dilinolein at concentrations from 10-18 jtg/
ml significantly increased the recovery of 6-TGR cells. To

further examine the influence of diacylglycerols on metabolic
cooperation and to determine the importance of the 1,2- versus
1,3-isomerization of these compounds, the relative ability of
1,2-diolein and 1,3-diolein to increase 6-TGR cell recovery was
compared. Fig. 11 shows that 1,2-diolein and 1,3-diolein are
similarly effective in inhibiting V79 cell metabolic cooperation.
Both diacylglycerol compounds increased 6-TGR cell recovery
by approximately 2-fold at a concentration of 33.3 jig/ml. The
effects of oleic acid (18:1), OAG, and 1,2-diolein on metabolic
cooperation between Chinese hamster V79 cells are compared
in Fig. 12. From Fig. 12 it is clear that oleic acid and OAG are
very potent inhibitors of metabolic cooperation, while 1,2-
diolein is a much less effective inhibitor of metabolic coopera-
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Fig. 12. Influence of diacylglycerol compounds on metabolic cooperation.
Effects of oleic acid (18:1), OAG, and 1.2-diolein on cytotoxicity (percentage of
survival) and metabolic cooperation (percentage of recovery). Points, mean; bars,
SE.
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tion. Oleate (18:1) added to the culture medium at a concentra
tion of 16.7 /ig/ml increased 6-TGR cell recovery nearly 5-fold.
OAG increased 6-TGR cell recovery by over 3-fold at a concen
tration of 25 iig/ml. 1,2-Diolein increased 6-TGR cell recovery
by less than 2-fold at a concentration of 50 Mg/ml. Thus, the
relative efficacy of these compounds to inhibit metabolic co
operation on a dose-response basis can be summarized as
follows: 18:1 > OAG > 1,2-diolein.

In separate experiments, the effect of unsaturated fatty acids
on 6-TG cytotoxicity was determined. Neither oleic acid (18:1)
nor linoleic acid (18:2) influenced 6-TGs cell survival at 12.5
and 15.0 pg/m\ in the presence of various doses of 6-TG (range,
0.001-10.0 Mg/ml) (data not shown). Thus, at concentrations
of oleic acid and linoleic acid that markedly inhibit metabolic
cooperation, these fatty acids had no effect on 6-TG cytotoxicity
in 6-TGs cells.

DISCUSSION

The results included in this paper clearly demonstrate that
unsaturated lipids can significantly inhibit metabolic coopera
tion, whereas corresponding saturated lipids cannot do so.
These results correlate well with the growth-promoting effects
of unsaturated fatty acids in vitro as well as with the promo
tional influence of high levels of unsaturated dietary fat in many
types of experimental animal carcinogenesis studies. While the
mechanism(s) for the promotion of experimental carcinogenesis
by high levels of dietary fat remains largely undetermined, most
of the currently available data implicate a direct action of dietary
fat rather than an indirect, endocrine- or immune-related mech
anism (2, 3). Kidwell and coworkers have reported that unsat
urated fatty acids (oleate, linoleate, linolinate, and arachidon-
ate) promote, whereas saturated fatty acids inhibit, the growth
of normal and neoplastic mammary epithelial cells in vitro (23-
25). Similar in vitro growth-promoting effects of unsaturated
fatty acids also have been described in X563.5 mouse melanoma
cells (26) and in Chinese hamster V79 cells (data unpublished).
Clearly, from the data presented in this paper and in a previous
one (21), inhibition of gap-junction-mediated intercellular com
munication by unsaturated fatty acids may be a possible mech
anism for the growth-promoting effects of unsaturated fat both
in vivo and in vitro.

While the inhibition of metabolic cooperation by unsaturated
fatty acids is now clear, a mechanism to explain these effects
remains to be determined. To further understand these effects,
and the possible role of lipids in the control of gap-junction
function, we have further characterized the influence of lipids
on gap-junction-mediated intercellular communication. No re
lationship was observed between the degree of unsaturation and
the capacity of unsaturated fatty acids to inhibit metabolic
cooperation. Thus, simply the presence of unsaturation, rather
than the actual number of double bonds, is what appears to be
important in the inhibition of metabolic cooperation by unsat
urated fatty acids. Also, when comparing similarly unsaturated
fatty acids with different carbon chain lengths (i.e., C-14, C-16,
and C-18), the longer carbon chain length monounsaturated
fatty acids appeared to be more efficacious in inhibiting meta
bolic cooperation. The geometric isomerization of the double
bond in unsaturated fatty acids appears to be of some impor
tance in the inhibition of metabolic cooperation by unsaturated
fatty acids. In general, fra/is-isomers are less effective in inhib
iting metabolic cooperation than cis-isomers. It is interesting
to note that the mammary tumor-promoting capacity of diets
containing trans-fatty acids is less than similar diets containing

m-fatty acids (27). Finally the relative position of the double
bond(s) along the fatty acid carbon chain does not appear to be
of importance, since 7-1ineÂ»Ionicacid and linolenic acid similarly
inhibit metabolic cooperation.

It is conceivable that the inhibitory effects of unsaturated
lipids on metabolic cooperation may be mediated by affecting
cellular membrane structure and/or function. Incorporation of
unsaturated fatty acids may alter many biophysical properties
of the membrane including membrane fluidity, receptor and
macromolecular availability, and various ion and substrate
transport mechanisms. Since gap junctions are membrane struc
tures, changes in the membrane microenvironment could alter
the functional capacity of gap junctions. It is conceivable that
increased membrane fluidity could lead to a destabilization of
gap junction structure and thereby result in a decrease in gap
junctional intercellular communication. It should be noted that
the intake of polyunsaturated dietary fat can qualitatively alter
the lipid composition of cellular membranes in vivo (28-30).

Perhaps a most convincing explanation for the inhibition
effects of unsaturated lipids on metabolic cooperation involves
the Ca2+-activated, phospholipid-dependent, diacylglycerol-sen-

sitive protein kinase (protein kinase C). Protein kinase C has
been implicated in a number of cellular processes, including
tumor promotion and intercellular communication. Protein
kinase C activity is increased by tumor-promoting phorbol
esters that inhibit intercellular communication (31, 32) and by
diacylglycerol compounds that contain unsaturated fatty acids
(33, 34). Recent reports have shown that OAG inhibits gap
junctional dependent intercellular communication and activates
protein kinase C (35). Our data confirm and extend these
observations by showing that other unsaturated diacylglycerol
compounds (OAG, dilinolein, and diolein) inhibit metabolic
cooperation, but saturated diacylglycerol (distearin) does not.
1,3-Diolein is as effective as 1,2-diolein in inhibiting metabolic
cooperation. However, in the activation of protein kinase C by
unsaturated diacylglycerol, the fatty acyl component in position
2 appears to be of prime importance (34). Furthermore, oleic
acid itself was more efficacious than OAG and 1,2-diolein in
inhibiting metabolic cooperation. Unsaturated free fatty acids
do not activate protein kinase C in cell-free systems (34). Thus,
the lack of specificity of unsaturated diacylglycerol compounds
and the ability of free unsaturated fatty acids to effectively
inhibit metabolic cooperation suggest that mechanisms other
than protein kinase C may be involved in the inhibition of
metabolic cooperation by unsaturated lipid. However, the me
tabolism of these lipid compounds when added to cell culture
systems is not well understood. For instance, it is not known at
this point whether free fatty acids are incorporated into mem
brane phospholipid or triglycÃ©rideor both. Thus their subse
quent availability as diacylglycerol compounds for protein ki
nase C activation is unclear. Likewise it is not known whether
diacylglycerols when added to cell cultures remain as identical
diacylglycerol compounds when taken up by the cell or are
broken down by upases into their respective fatty acid compo
nents. From the data presented here and in Ref. 21, it is
certainly possible that the inhibitory effects of unsaturated
diacylglycerols on metabolic cooperation may be mediated by
unsaturated fatty acids. Likewise the effects of unsaturated free
fatty acids may certainly be mediated by their subsequent in
corporation into diacylglycerols. Studies are currently under
way to examine the influence of these lipids on protein kinase
C activity and to correlate these with their effect on metabolic
cooperation. Studies are also being attempted to examine the
ini racellu lar metabolism of these compounds in order to further
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understand a mechanism by which unsaturated fatty acids in
hibit metabolic cooperation.
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