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Abstract—The effects of RHC 80267, (1-6-di(O-carbamoyl)cyclohexanone oxime)hexane, a diacyl-
glycerol (DG) lipase inhibitor, on the DG lipase pathway and on arachidonic acid (AA) metabolism
were investigated in the iris muscle. Incubation of the iris for 30 min at 37° resulted in a loss of AA
from phosphatidylinositol, phosphatidylcholine, and phosphatidylethanolamine of 40, 25, and 32%
respectively. It was found that the drug inhibited the activity of DG lipase in the iris microsomal fraction
and it increased the accumulation of DG, AA and other glycerolipids in iris muscle prelabeled with
[“CJAA, presumably by inhibiting this enzyme. Under the same experimental conditions, the drug
increased the accumulation of DG and AA in the tissue in a dose- and time-dependent manner, and it
inhibited the synthesis of prostaglandin E, (PGE,) and PGF,, by iris and iris microsomes in a dose-
dependent manner. The data presented indicate that RHC 80267 has nonspecific effects on glycerolipid
and AA metabolism in this tissue. We conclude that, while the drug does inhibit DG lipase in the intact
iris, the present findings that it increased the accumulation of glycerolipids and AA and that it inhibited
the biosynthesis of PGs in this tissue throw some doubt on its use in studies on the mechanism of AA
release from membrane phosphoinositides for PG synthesis.
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In mammalian tissues, arachidonic acid (AAY), the
precursor of prostaglandins (PGs), is found mainly
esterified to phospholipids and triacylglycerol (TG).
It is esterified almost exclusively at the second posi-
tion of phospholipids [1], from which it could be
released by the action of phospholipases [2, 3]. The
metabolism of this polyunsaturated fatty acid to PGs
has been studied extensively by a number of inves-
tigators, including in the iris [4, 5]. Phosphoinositides
are enriched in AA, and in some tissues it has been
proposed that when degradation of phosphat-
idylinositol (PI) by a specific phospholipase C to DG
occurs, AA is then released from the latter by the
DG/monoacylglycerol pathway [6-8]. Sutherland
and Amin [9] have described an inhibitor, RHC
80267, (1,6-di-O-carbamoyl)cyclohexane oxime)
hexane, of DG lipase activity in microsomes from
canine platelets, and more recently this drug was
used by Chau and Tai [10] and Bross et al. [11] in an
attempt to evaluate the DG pathway in platelets.
In previous communications from this laboratory,
we have investigated the agonist-stimulated pho-
sphodiesteratic breakdown of phosphoinositides (for
review see Ref. 12) and the agonist-stimulated
release of AA in the iris muscle ([5], and for review
see Ref. 13). To throw more light on the mech-
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+ Abbreviations: AA, arachidonic acid; PG, prosta-
glandin; DG, diacylglycerol; TG, triacylglycerol; PA, pho-
sphatidic acid; PI, phosphatidylinositol; PC, phosphat-
idylcholine; and PE, phosphatidylethanolamine.

anism(s) involved in AA reiease for PG synthesis,
we have investigated the effect of RHC 80267 on the
DG pathway and on AA metabolism in the iris. We
have found that this drug inhibits PG synthesis and
it increases the accumulation of DG and AA in this
tissue.

MATERIALS AND METHODS

Materials. [1-*C]JAA, sp. act. 56.5 mCi/mmole,
was purchased from the Amersham Corp., Arlington
Heights, IL; and phosphatidylcholine, L-a-1-pal-
mitoyl-2-arachidonyl, [arachidonyl-1-1*C-], sp. act.
54.5 mCi/mmole, was purchased from the New Eng-
land Nuclear Corp., Boston, MA. Phospholipase D-
phosphatidylcholine phosphohydrolase (EC
3.1.4.4), sp. act. 20 units/mg lyophilisate, was pur-
chased from Pfaltz & Bauer Inc., Stamford, CT.
[“C]PA was prepared from ['*C)phosphatidylcho-
line, through the action of phospholipase D, accord-
ing to Taki and Kanfer [14]. RHC 80267 was a gift
from Dr. Charles Sutherland (Revion Health Care).
PGE, *H-RIA kit was obtained from Seragen Inc.,
Boston, MA. Phospholipids and neutral lipids were
from sources described previously {5]. All other
chemicals were of reagent grade.

Preparation and incubation of iris muscle. Irises
(iris-ciliary body) from cows and albino rabbits were
employed in the present study. The iris was removed
from the eye and placed in Krebs-Ringer bicar-
bonate buffer (pH 7.4) that contained 10 mM D-
glucose.
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In general, two irises from pairs were prelabeled
with ["*C]AA by incubation in 2 ml of Krebs~Ringer
that contained 0.15 uCi of the isotope/ml for 1 hr at
37°. The prelabeled irises were washed three times
with nonradioactive medium and then incubated (of
the pair one was used as control) in the absence and
presence of RHC 80267 as indicated. RHC 80267 was
dissolved in 10 ul of absolute alcohol. An equivalent
amount of alcohol was routinely added to the
controls. The medium was analyzed for PGs and the
tissue was analyzed for glycerolipids and AA as
previously described [5].

Preparation and incubation of microsomes. Micro-
somes were prepared from the iris as previously
described [15]. Microsomes, equivalent to 0.25 mg
protein, were incubated in 1 ml of 0.1 M phosphate
buffer, pH 7.8, that contained 1 uM AA, at 37° for
15min. The reactions were ended by acidification
with 10% formic acid to pH3.5 and addition of
ethylacetate.

Extraction and determination of PGs. At the end
of incubation the medium was analyzed for PGs. It
was acidified with formic acid to pH 3.5 and extracted
three times with 3 ml of ethylacetate. The solvent
was evaporated under nitrogen. The residue was
dissolved in chloroform—methanol (2:1), and PG
was determined.

Isolation and determination of “C-labeled PGs.
When [*C]AA was employed as a precursor for PG
biosynthesis, an aliquot of the chloroform-methanol
extract was spotted on Whatman precoated silica gel
LK6DF and developed in a solvent system [5, 16}
of diethyl ether-methanol-acetic acid (90:1:2, by
vol.). After visualization of the PG standards by
exposure to iodine vapour, the radioactive PG spots
were located with autoradiography and their radio-
active contents were measured by counting in a Beck-
man Liquid Scintillation Counter.

Determination of PGE, by radioimmunoassay.
PGE, in the chloroform~methanol extract was
quantitated using the RIA method of Jaffe et al. [17].
The amount of PGE, in each sample was determined
by interpolation from the standard curve as described
previously [18].

Extraction and isolation of glycerolipids. Gly-
cerolipids were extracted twice from the tissue with
chloroform-methanol-HCI (400:200:1.5, by vol.),
and phospholipids and neutral lipids were separated
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by TLC. An aliquot of the lipid extract, equivalent
to 80% of the total, was used for phospholipid analy-
sis, and the remainder was used for neutral lipid
analysis. Phospholipids were separated by means of
two-dimensional thin-layer chromatography (TLC)
with silica gel H, and their radioactive contents were
determined as described previously [19]. Neutral
lipids and AA were separated by means of one-
dimensional TLC with Whatman precoated silica gel
LK6DF plates in a solvent system [5, 20] of hexane-
diethyl ether-acetic acid (80:20:1, by vol.). The
neutral lipid spots were localized with autoradio-
graphy, and their radioactive contents were
determined.

Gas-liguid chromatography (GLC). The com-
position of fatty acids liberated by saponification
was determined by GLC of their methylesters as
previously described [21].

Protein determination. Protein was estimated by
the method of Lowry er al. [22] using bovine serum
albumin as standard.

Analysis of data. Data are reported as *C-radio-
activity (dpm) incorporated into glycerolipids or con-
verted into PGs/iris, or as ng PGE,/g tissue, or ng
PGE,/mg protein.

RESULTS

Effect of incubation on AA content of iris phospho-
lipids. In the iris most of the AA is found in PI, PC
and PE [21]. Incubation of this tissue for 30 min at
37° resulted in a loss of AA from PI, PC and PE of
40, 25 and 32% respectively (Table 1). These data
suggest that in the iris any of these phospholipids
could serve as a source of AA for PG synthesis.

Effect of RHC 80267 on glycerolipids of iris pre-
labeled with [**C]AA. Addition of a 25uM con-
centration of the drug to iris muscle prelabeled with
[“CJAA provoked an increase in the labeling of
glycerolipids which ranged from 17 to 37% of their
respective controls {Table 2). Inhibition of DG lipase
by the drug could cause accumulation of [“C]DG in
the tissue, and this could account for the increase
observed in the glycerolipid labeling. Inhibition of
AA conversion into PGs by the drug could also
increase [“CJAA in the tissue and, consequently,
bring about an increase in the labeling of gly-
cerolipids. This interpretation is supported by the

Table 1. Effect of incubation on A A content of bovine iris phospholipids*

Content of AA

(ugfiris)
Frozen in Incubated for % Loss
Phospholipid liquid N, 30 min at 37° of AA
PI 6.9+ 0.87 (7) 4.2 +0.30 (3) 40
PC 124+ 1.50 (7) 9.3+ 1.84(3) 25
PE 1152210 (%) 7.8 1.86 (3) 32

* One iris from each pair was frozen in liquid N, and the other was
incubated for 30 min at 37°. Phospholipids were extracted and separated
by TLC, and their AA content was determined by GLC as described in
the text. Values are means + S.E. with the number of determinations

given in parentheses.
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Table 2. Effect of RHC 80267 on the distribution of radio-
activity in glycerolipids of rabbit iris muscle prelabeled with

[MC] AA*
14C-Radioactivity
(dpmyiris)
+RHC 80267 % of
Glycerolipid Control (25 uM) Control
PA 205 265 129
PI 1426 1811 127
PC 5362 6997 131
PE 979 1226 117
DG 3841 5224 136
TG 6547 8971 137

* Rabbit irises, in pairs, were preincubated in 2 ml of
Krebs—Ringer buffer (pH7.4) that contained 10 mM p-
glucose and 0.15 uCi [*C]AA per ml for 1hr at 37°. The
prelabeled irises were washed three times with non-radio-
active Krebs—Ringer and then incubated (one of the pair
was used as control and the other as experimental) in the
absence and presence of RHC 80267 (25 uM) for 30 min.
The tissue was analyzed for glycerolipids as described in
the text. The results are the average of two experiments.

findings in the present study that RHC 80267
increased the accumulation of [“CJAA in the iris
(see below).

Effect of RHC 80267 on DG lipase activity of iris
microsomes. This drug is a potent inhibitor of the
DG lipase activity of platelet microsomes [9-11]. As
can be seen from Table 3, at 25 M it inhibited the
DG lipase activity of iris microsomes by 37% and
this was accompanied by a corresponding decrease
in the release of labeled AA from [*C)DG. In the
assay for DG lipase, the substrate was generated
from [*C]JPA through the action of microsomal PA-
phosphohydrolase [23]. RHC 80267 had no effect
on the activity of PA phosphohydrolase (data not
shown). In general, the drug increased DG and AA
accumulation in the tissue and inhibited PG release
in a dose-dependent manner (Fig. 1). Thus, at a
50 uM concentration of the drug, the accumulation
of both DG and AA increased by about 70% (Fig.
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Fig. 1. Effect of RHC 80267 concentration on DG and
AA accumulation (A) and PG release (B) in rabbit iris
prelabeled with [“C]AA. Conditions of incubation were
the same as described under Table 2 except that the irises
were incubated in the absence and presence of different
concentrations of RHC 80267 as indicated. The tissue was
analyzed for DG and AA and the medium was analyzed
for PGs as described in the text. The control values (dpm/
iris) for AA, PGE, and PGF,, were 5284 + 315,2214 + 169
and 1080 + 89 respectively. The results are the average of
two separate experiments,

1A), and the synthesis of PGE, and PGF,, decreased
by 50 and 35% respectively (Fig. 1B). These data
could suggest the following: (a) although RHC 80267

Table 3. Effect of RHC 80267 on metabolism of [*C]PA and [“C]DG by
bovine iris microsomes*

14C-Radioactivity (cpm)

Additions Origin DG AA
None 24,671 = 178 2,588 + 102 1,516 = 12
RHC 80267 (25 uM) 25,751 + 231 3,423+ 92 887 + 21

* The assay method for this system is similar to that employed previously
for the assay of PA phosphohydrolase [23]. The reaction mixture contained
in 0.5 mi: 52 mM Tris-maleate buffer (pH 7.4), 0.4 mM PA (that contained
2.9 X 10°cpm of [C]PA) added as a sonicated suspension, 200 ug of
microsomal proteins (suspended in 0.1 ml of 0.25 M sucrose), and RHC
80267 (25 uM) added as indicated. Incubations were carried out at 37° for
30 min. The products of the reaction were extracted with chloroform-
methanol (2:1, v/v), and the formation of [“C]DG and [“C]JAA was
determined by one-dimensional TLC as described in the text. The data
presented are averages of six determinations, and expressed as

means * S.E.
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Fig. 2. Time course of the effect of RHC 80267 on DG and
AA accumulation (A) and PG release (B) in rabbit iris
prelabeled with [“CJAA. Conditions of incubation were
the same as described under Table 2 except that the irises
were incubated in the absence and presence of RHC
(25 uM) for various time intervals as indicated. The tissue
was analyzed for DG and A A and the medium was analyzed
for PGs as described in the text. The control values (dpm/
iris) for AA, DG, PGE,, and PGF,, were 5023 + 287,
3927 + 351, 2321 = 138, and 1093 *+ 78 respectively. The
results are the average of two separate experiments.

is an inhibitor of DG lipase in the iris, other inhibitors
must also be employed in order to evaluate the DG
lipase pathway in this tissue, (b) in addition to the
DG lipase pathway, other pathways are probably
involved in the release of AA in this tissue, and {(c)
RHC 80267 is an inhibitor of the cyclooxygenase
reaction.

Time course of the effect of RHC 80267 on accumu-
lation of DG and AA and on release of PG in rabbit
iris prelabeled with [YC]AA. At a 25uM con-
centration of the drug, accumulation of DG and AA
increased with time of incubation up to 5 min then
leveled off between 5 and 10 min, and declined mark-
edly thereafter (Fig. 2A). Thus, at 5 min the increase
in DG and AA accumulation by the drug was 31 and
42%, respectively, and at 30 min this declined to 25
and 36% respectively. In contrast, inhibition of PG
synthesis by the drug was time dependent (Fig. 2B).
Thus, at 5 min the inhibition of the synthesis of PGE,
and PGF, by the drug was 21 and 16%, respectively,
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Fig. 3. Effects of RHC 80267 concentration on the basal
release of PGE; by rabbit (O) and bovine (@) irises. In
these experiments one iris from pairs was incubated in 2 ml
of Krebs-Ringer buffer in the absence and presence of
various concentrations of RHC 80267 for 30 min at 37°. At
the end of incubation, PGE, in the medium was quantitated
by RIA. In the absence of RHC 80267, the basal values for
PGE, released by rabbit and bovine irises were 2153 = 101
and 37 = 3.7 ng/g tissue respectively. The data presented
are the means of three separate experiments.

and at 30 min it was 46 and 31% respectively. Again
these data may suggest that RHC 80267 is an inhibi-
tor of DG lipase in the iris, that various pathways
are probably involved in the release of AA, and
that this drug is an inhibitor of the cyclooxygenase
reaction.

Effect of RHC 80267 on the basal release of PGE,
by rabbit and bovine irises and by bovine iris micro-
somes. Further support for the finding that RHC
80267 is an inhibitor of PG synthesis in the iris came
from the data given in Figs. 3 and 4. Thus, the drug
inhibited the basal release of PGE; by rabbit and
bovine irises {Fig. 3) and by bovine iris microsomes
(Fig. 4) in a dose-dependent manner. In the presence
of 25 uM of the drug, the inhibition of PGE; release
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Fig. 4. Effect of RHC 80267 concentration on PGE, syn-
thesis by bovine iris microsomes. Bovine iris microsomes,
equivalent to 0.25 mg protein, were incubated in 1 ml of
0.1 M phosphate buffer, pH 7.8, that contained 1 uM AA
in the absence and presence of various concentrations of
RHC 80267, as indicated, for 15 min at 37°. At the end of
incubation, PGE, was extracted and analyzed by means of
RIA. In the absence of RHC 80267, the basal value for
PGE. released by bovine iris microsomes was
4.78 + 0.4 ng/mg protein. Results are given as means from
three determinations. The data points agreed within 0-5%.
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by rabbit and bovine irises was 35 and 27%, respect-
ively, and at 50 uM it was 45 and 41% respectively.
Maximal inhibition (60%) of PGE, synthesis by bov-
ine iris microsomes was observed at a 25 uM con-
centration of the drug, and this leveled off between
30 and 50 uM (Fig. 4).

DISCUSSION

A number of pathways for AA release from phos-
pholipids have been proposed. These include: (a)
direct deacylation by phospholipase A, [2,24-26],
(b) degradation of PI by a specific phospholipase
C to DG; AA is then released from the latter by
the DG/monoacylglycerol pathway [6-8], and (c)
degradation of PI by phospholipase C into DG; the
latter is then converted into PA which, in turn, is
deacylated by a PA specific phospholipase A, to
release AA [27, 28]. When iris muscle was incubated
for 30 min at 37°, there was a significant loss of AA
from the major AA-containing phospholipids. These
changes have been determined in the present work
by GLC (Table 1), and previously similar changes
were demonstrated in iris muscle prelabeled with
[“C]AA [5]. Addition of RHC 80267 to iris muscle
prelabeled with [“C]AA resulted in an increase in
the labeling of glycerolipids (Table 2). Since the iris
DG lipase, as that of platelets [9-11], were inhibited
by the drug (Table 3), we can speculate that the
inhibition of this enzyme could lead to the accumu-
lation of [*C]DG, and that the [“C]DG is then
converted into PC, PE, TG, PA and PI to increase
their labeling. In support of this argument are the
data obtained from both the dose-response (Fig.
1A) and time—course (Fig. 2A) studies which showed
accumulation of [*C]DG in the drug-treated iris.
However, in spite of these findings, and the fact that
this drug is a potent inhibitor of DG lipase (Table 3,
[9-11]), we observed an increase in the release of
AA by the drug (Figs. 1A and 2A). This observation
could be explained, in part, by the finding that the
drug also inhibited the synthesis of PGs (Figs. 1B,
2B, 3 and 4). However, since only part of the AA
accumulated by the drug could come from inhibition
of AA conversion into PGs, we have to conclude
that part of the released AA must come from the
phospholipase A, pathway. We have experimental
evidence which suggests the formation of lyso PI (S.
Y. K. Yousufzai and A. A. Abdel-Latif, unpublished
observations), and thus PI, PC and PE could serve
as a potential source for AA release in the iiis.
Although we have no experimental evidence for the
presence of a phospholipase A, against PA in the
iris, PA is attacked by the iris microsomal PA
phosphohydrolase [23] to form DG (Table 3); the
latter is then metabolized to liberate AA. Chau and
Tai [10], working with platelets, reported that RHC
80267 prevents the formation of the transient 2-
monoacylglycerol, indicating that the drug inhibits
DG lipase in the intact cells. In the same experiments
the drug did not inhibit AA release, implying that
the DG lipase pathway is not required for AA
release. They also found DG accumulation to be
similar in control and drug-treated platelets. In con-
trast, Bross ez al. [11] reported that RHC 80267 has
little effect on the AA metabolism of intact human
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platelets, and thus concluded that this drug cannot
be used to evaluate the DG lipase pathway in intact
platelets. The mechanism of action of RHC 80267
on phospholipid metabolism is distinct from that of
cationic amphiphilic drugs in that in the latter the
overall effects are to stimulate the de novo synthesis
of CDP-diacylglycerol and the acid phospholipids,
PA, the phosphoinositides, and cardiolipin and to de-
press the synthesis of TG, PC, and PE [15,29-32].
It has been suggested that the rate of conversion
to DG, by PA phosphohydrolase, is inhibited by
cationic amphiphilic drugs such as propranolol
[15,23,30-32]. RHC 80267 had no effect on PA-
phosphohydrolase and its effect on TG lipase has
not been investigated. Rittenhouse-Simmons [33]
showed that indomethacin, which at high level doses
inhibits DG lipase, causes DG to accumulate to
levels five times those of control platelets. The
findings in the present work that the microsomal
DG lipase was inhibited by the drug and that DG
accumulated in the drug-treated tissue suggest to us
that this enzyme was inhibited by RHC 80267 in the
iris. However, the findings that this drug increased
the accumulation of AA and the labeling of gly-
cerolipids and that, in addition, it was an inhibitor
of the cyclooxygenase pathway lead us to conclude
that data obtained from studies in which this drug
was used to investigate the mechanism of AA release
from membrane phosphoinositides should be inter-
preted with caution.

Addendum—After this paper was submitted for publi-
cation, a report appeared on the inhibition of AA metab-
olism in human platelets by RHC 80267 [34]. These authors
concluded that RHC 80267, because of its lack of specificity
at concentrations needed to inhibit DG lipase, is an unsuit-
able inhibitor for studying the release of AA in intact
human platelets.

Acknowledgements—This work was supported by USPHS
Grants EY-04171 and EY-04387 from the National Eye
Institute. This is Contribution No. 0830 from the Depart-
ment of Cell and Molecular Biology, Medical College of
Georgia.

REFERENCES

1. A. J. Marcus, J. L. Ulman and L. B. Safier, J. Lipid
Res. 10, 108 (1969).

2. R. J. Flower and G. J. Blackwell, Biochem. Pharmac.
25, 285 (1976).

3. P. C. Isakson, A. Raz, W. Hsueh and P. Needleman, in
Advances in Prostaglandin and Thromboxane Research
(Eds. C. Galli, G. Galli, and G. Porcellati), Vol. 3,
pp. 113-20. Raven Press, New York (1978).

4. P. Bhattacherjee, P. S. Kulkarni and K. E. Eakins,
Invest. Ophthal. vis. Sci. 18, 172 (1979).

5. A. A. Abdel-Latif and J. P. Smith, Biochim. biophys.
Acta 711, 478 (1982).

6. R. L. Bell, D. A. Kennerly, N. Stanford and P. W.
Majerus, Proc. natn. Acad. Sci. U.S.A. 76,3238 (1979).

7. T. Okazaki. N. Sagawa, J. R. Okita, J. E. Bleasdale,
P. C. MacDonald and J. M. Johnston, J. biol. Chem.
256, 7316 (1981).

8. S. M. Prescott and P. W. Majerus, J. biol. Chem. 258,
764 (1983).

9. C. A. Sutherland and D. Amin, J. biol. Chem. 257,
14006 (1982).

10. L-Y. Chau and H-H. Tai, Biochem. biophys. Res.
Commun. 113, 241 (1983).



544
11.

12.

13.

14,
15.
16.
17.
18.
19.
20.

21.

S. Y. K. YOUSUFZAI and A. A. ABDEL-LATIF

T. E. Bross, S. M. Prescott and P. W. Majerus,
Biochem. biophys. Res. Commun. 116, 68 (1983).

A. A. Abdel-Latif, in Handbook of Neurochemistry
(Ed. A. Lajtha), Vol. 3, 2nd Edn, pp. 91-131. Plenum
Press, New York (1983).

A. A. Abdel-Latif, J. P. Smith, S. Y. K. Yousufzai and
R. K. Dover, in Neural Membranes (Eds. G. Y. Sun,
N. Bazan, J-Y. Wu, G. Porcellati and A. Y. Sun), pp.
97-122. Humana Press, Clifton, NJ (1983).

T. Taki and J. N. Kanfer, J. biol. Chem. 254, 9761
(1979).

A. A. Abdel-Latif and J. P. Smith, Biochem. Pharmac.
25, 1697 (1976).

D. H. Nugteren and E. Hazelhof, Biochim. biophys.
Acta 326, 448 (1973).

B. M. Jaffe, H. A. Behrman and C. W. Parker. J. clin.
Invest. 52, 398 (1973).

S. Y. K. Yousufzai and A. A. Abdel-Latif, Expl. Eye
Res. 37, 279 (1983).

A. A. Abdel-Latif, R. A. Akhtar and J. N. Hawthorne,
Biochem. J. 162, 61 (1977).

F. Snyder and C. Piantadosi, Biochim. biophys. Acta
152, 794 (1968).

A. A. Abdel-Latif and J. P. Smith, Exp! Eye Res. 29,
131 (1979).

22
23

24,
25.
26.
27.

28

29.
30.
31
32.
33
34

. O. H. Lowry, N. J. Rosebrough, A. L. Farr and R. J.
Randall, J. biol. Chem. 193, 265 (1951).

. A. A. Abdel-Latif and J. P. Smith, Can. J. Biochem.

Cell Biol. 62, 170 (1984).

M. L. McKean, J. B. Smith and M. J. Silver, J. biol.

Chem. 256, 1522 (1981).

G. J. Blackwell, R. J. Flower. F. P, Nijkamp and J. R.

Vane, Br. J. Pharmac. 62, 79 (1978).

C. E. Walsh, B. M. Waite, M. J. Thomas and L. R.

DeChatlet. J. biol. Chem. 256, 7228 (1981).

E. G. Lapetina, M. M. Billah and P. Cuatrecasas. J.

biol. Chem. 256, 5037 (1981).

. E. G. Lapetina, Trends pharmac. Sci. 3. 115 (1982).

D. N. Brindley and M. Bowley, Biochem. J. 148, 461

(1975).

J. Eichberg and G. Hauser, Biochem. biophys. Res.

Commun. 60, 1460 (1974).

H. E. Pascual de Bazan, M. M. Careaga and N. G.

Bazan, Biochim. biophys. Acta 666, 63 (1981).

A. A. Abdel-Latif, J. P. Smith and R. A. Akhtar,

Biochem. Pharmac. 32, 3815 (1983).

S. Rittenhouse-Simmons, J. biol. Chem. 255. 2259

(1980).

T. D. Oglesby and R. R. Gorman, Biochim. biophys.

Acta 793, 269 (1984).



