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Abstract—We have investigated the ability of camphor, menthol, pinene, limonene and myrcene to
induce in rats members of a cytochrome P-450 sub-family termed PB P-450. These proteins have recently
been designated as members of the P45S0IIB sub-family. None of these naturally occurring terpenoids
significantly changed the total content of cytochromes P-450 or cytochrome b;. Radicimmunoassay
results showed that PB P-450 was induced 6-fold by camphor and to a lesser extent by menthol and
pinene. The induction was confirmed by Western blotting. It was shown by nucleic acid hybridization
that induction of PB P-450 by terpenoids was mediated by an increase in the amount of the corresponding
mRNA. Analysis of the denaturation of mRNA-cDNA hybrids demonstrated that the mRNA induced
by the terpenoids was encoded by a member of the P4501IB sub-family. None of the terpenoids had an
effect on the amount of mRNA coding for P4501A2 (a cytochrome P-450 inducible by S-naphthoflavone
and isosafrole). The results indicate that cytochromes P-450 induced by a synthetic compound, pheno-
barbital, may have originally evolved in response to terpenoid compounds normally present in the
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environment.

The cytochrome P-450-mediated mono-oxygenase
system is involved in the metabolism of endogenous
compounds such as steroid hormones, fatty acids and
prostaglandins. It is also of central importance in
the detoxification or activation of a wide range of
hydrophobic foreign compounds, including many
drugs, carcinogens and environmental pollutants
(see, for example, Ref. 1). Many members of the
cytochrome P-450 super-family are inducible by a
variety of foreign chemicals, such as phenobarbital,
2,3,7,8-tetrachlorodibenzo-p-dioxin, B-naphthofla-
vone [2-4}, and some naturally occurring compounds
such as isosafrole [5]. The specific variant induced
depends on the compound to which the organism is
exposed.

The ability to induce selectively the particular
cytochrome P-450 required to metabolise a poten-
tially harmful hydrophobic compound present in the
environment is clearly of great benefit to the organ-
ism. However, it is not clear how organisms have
evolved an ability to respond in a specific manner
to synthetic compounds such as phenobarbital. A
possibility is that the synthetic chemical fortuitously
elicits the synthesis of a cytochrome P-450 identical
to one induced by a naturally occurring compound
to which the organism is normally exposed in its
environment. If this is so it should be possible to
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identify a natural inducer for each cytochrome P-450
variant induced by a synthetic compound.

The inducing effect has been investigated of sev-
eral natural compounds in a variety of organisms
including Southern army worm larva [6], housefly
[7], mouse [8-10] and rat [11-13]. This early work
has shown that several classes of natural products
including heterocyclics {6], glycosides [6] and ter-
penoids [6, 8-11, 13] can affect the cytochrome P-
450 mono-oxygenase system and increase the rate of
their metabolism. In addition, it was found that
various terpenoids increase the rate of metabolism of
penta- and hexabarbital, and decrease the sleeptime
induced by these barbiturates [8,9,11,14],
suggesting that the action of the terpenoids may be
mediated through an increase in the activity of a
member of the major phenobarbital-inducible cyto-
chrome P-450 sub-family P450IIB [15].

In this paper we use specific antibodies and DNA
probes to investigate the effects of five terpenoids
on the expression of genes coding for components of
the P450IIB sub-family (termed collectively PB P-
450 [16])]| of rat liver microsomal membranes.

MATERIALS AND METHODS

Animals. Camphor, limonene, menthol, myrcene
and pinene were purchased from Aldrich Chemical
Co. Ltd. (Gillingham, Kent) and sodium pheno-
barbital from British Drug House (Poole, Dorset).
All terpenoids were 97% to 99% pure. Sprague—
Dawley rats were bred at the University College
animal facility. After mating the females were trans-
ferred to an isolation room. For the first week after
birth pups were housed in plastic cages containing
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cellulose bedding. The animals were then transferred
to wire-bottomed cages with no bedding material.
When weaned, animals were allowed free access to
water and food (diet GR3 E.K., Dixon and Sons,
Ltd., Ware, Herts., U.K.) and maintained on a
controlled light cycle of 12 hr light/12 hr dark. When
they had reached a weight of 180-200 g, the rats
were given three consecutive daily intraperitoneal
injections of either camphor, limonene, menthol,
myrcene or pinene dissolved in 10% ethanol, 90%
corn oil at a dose of 40 mg/kg body weight. For
comparison some animals were similarly treated with
an identical dose of phenobarbital dissolved in 0.9%
(w/v) NaCl. Control animals were injected with
vehicle (10% ethanol, 90% corn oil) alone. The
vehicles have no effect on amounts of PB P-450 or
NF P-450 proteins or mRNAs. The rats were starved
overnight and killed by cervical dislocation 18 hr
after receiving the third injection.

Isolation and solubilization of microsomal men.
brane vesicles. Liver microsomal membrane vesicles
were isolated by the method of van der Hoeven and
Coon [17] and solubilized with 0.7% (w/v) sodium
cholate as described in [18].

Determination of specific content of cytochromes
P-450 and cytochrome bs. Cytochrome P-450 was
assayed by CO-reduced difference spectroscopy as
described by Omura and Sato [19]. Cytochrome bs
was determined spectrophotometrically as in Ref.
20. Protein concentrations were determined as pre-
viously described [21].

Preparation of P-450b and antibodies. These were
as previously described [21].

Radioimmunoassay of P-450b. Purified P-450b was
iodinated with *I-labelled Bolton and Hunter
reagent [22] as previously described {21]. Radio-
immunoassay was as described by Phillips et al.
[21].

Western blotting. Microsomal membranes were
solubilized at a final protein concentration of 1 mg/
ml in 1% (w/v) SDS/10mM sodium phosphate
buffer (pH 7.0)/1% 2-mercaptoethanol/15% (v/v)
glycerol, and electrophoresed through an SDS/
polyacrylamide gel [21]. Proteins were electroblotted
from the gel to a nitrocellulose filter at 30 V for 20 hr
in a Transblot apparatus (Bio-Rad). The transfer
buffer was 25 mM Tris base/0.192 M glycine/20%
(v/v) methanol. Immunostaining was done at room
temperature using anti-(P-450b) serum and a goat-
(anti-rabbit IgG)-horse radish peroxidase conjugate
(Bio-Rad Immuno-Blot (GAR-HRP) assay kit)
according to the manufacturer’s instructions.

RNA hybridization. Total rat liver RNA was iso-
lated by the guanidinium thiocyanate method [23].
For dot hybridization RNA was denatured with 1M
glygxal, serially diluted with water, and applied to a
nitrocellulose filter [24] by means of a Hybri-dot
manifold (BRL). For Northern blot hybridization
RNA was denatured with glyoxal [25], electro-
phoresed through a 1% agarose gel and transferred
to a nitrocellulose filter [24]. RNA dot blots and
Northern blots were hybridized and washed as pre-
viously described [26]. The final wash was in
0.1 x SSPE, 0.1% SDS at 50°.

Preparation and labelling of DNAs. Plasmids puri-
fied by caesium chloride density gradient cen-
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trifugation were radiolabelled by nick translation
[27] to a specific radioactivity of ~1 x 108 cpm/ug
with [a-3°P]dATP (800 Ci/mmole, Amersham
International Ltd.).

Melting profile determination. Aliquots (10 ug) of
liver total RNA isolated from phenobarbital-treated
or camphor-treated animals were bound to a nitro-
cellulose filter and hybridized with [>2P]pP450(1)
[28] as described above. The filter was washed with
2 X 8§SC for 3 X 20 min at room temperature. The
filter was then cut into individual “RNA spots”, each
of which was washed for 20 min in 2 X SSC [29] at a
temperature between 50° and 90° as indicated in the
figure legend. The filters were dried, 4 ml of Aquasol
(New England Nuclear) was added and the radio-
activity remaining bound to each filter was deter-
mined by liquid scintillation spectrometry.

RESULTS

Effect of terpenoids on the total cytochrome P-450
content of liver microsomal membranes

The specific content of cytochromes P-450 in con-
trol male rats reared in the absence of hardwood
shaving bedding material was 0.84 nmoles/mg of
liver microsomal membrane protein (Table 1). As
this is within the range found previously for rats
maintained on bedding material composed of hard-
wood shavings [21,30] the use of such shavings
results in no significant induction of the specific con-
tent of cytochromes P-450. With the exception of the
1.3-fold induction in female rats by limonene, no
significant change in the specific content of cyto-
chromes P-450 was observed following treatment of
rats with naturally occurring terpenoid compounds
such as camphor, menthol, pinene, limonene and
myrcene. In contrast, phenobarbital treatment
increased the specific content of cytochromes P-450
by almost 2-fold.

Treatment of rats with the various terpenoids
caused no visible change in the pattern of liver micro-
somal membrane proteins, as judged by SDS~poly-
acrylamide gel electrophoretic analysis (data not
shown), whereas phenobarbital increased the
amount of a polypeptide that corresponds in mol-
ecular weight (52,000) to the major phenobarbital-
inducible cytochrome P-450 (PB P-450) [30]. Neither
phenobarbital nor any of the terpenoid compounds
used had an effect on the amount of cytochrome b5
present in liver microsomal membranes (Table 1).

Effect of terpenoids on the amount of PB P-450

A previously reported radioimmunoassay pro-
cedure [21] was used to quantify PB P-450 in micro-
somal membrane vesicles isolated from the livers of
phenobarbital-treated, terpenoid-treated or control
rats (Fig. 1). The amount of PB P-450 in control male
rats was 0.05 nmoles/mg of microsomal membrane
protein. Phenobarbital treatment of male rats
increased the amount of PB P-450 to 1.02 nmoles/
mg of microsomal membrane protein, representing
a 23-fold induction of this cytochrome P-450. Treat-
ment of rats with camphor, menthol or pinene
resulted in smaller but significant inductions of PB P-
450 in both male and female rats, whereas treatment
with limonene induced this cytochrome P-450 only
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Fig. 1. Radioimmunoassay of PB P-450 in male rat liver
microsomal membrane vesicles: '2’I-labelled PB P-450
(2 X 10*cpm) was mixed with the indicated amounts of
unlabelled purified PB P-450 (A ), or with solubilised micro-
somal membranes isolated from the livers of phenobarbital-
treated (O), camphor-treated (A), menthol-treated (X),
or control (@) rats. Mixtures were incubated with an
amount of anti-(P-450b) serum sufficient to precipitate 50%
of the total immunoprecipitable radioactivity. Antibody-
antigen complexes were precipitated with Staph. aureus
cells. Radioactivity in the pellets was expressed as a per-
centage of that immunoprecipitated in the absence of
competitor.

in females. The most effective terpenoid inducer was
camphor, which increased PB P-450 to 0.26 and
0.23 nmoles/mg of microsomal membrane protein in
male and female rats, respectively, an induction of 4-
6-fold. Treatment with myrcene caused no significant
change in the amount of PB P-450. Analysis of the
proteins of rat liver microsomal membranes by West-
ern blotting showed that anti-(P-450b) serum reacted
with a single polypeptide band that was induced
by both phenobarbital and camphor (Fig. 2). The
molecular weight of the polypeptide is 52,000, the
same as that of purified P-4505.

Analysis of PB P-450 mRNA levels
The above results demonstrate that PB P-450 can
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Fig. 2. Western blot analysis of PB P-450 in rat liver
microsomal membranes. Liver microsomal membrane pro-
teins (1ug) from camphor-treated (c), phenobarbital-
treated (d) and control (e) rats were electrophoresed
through an SDS/polyacrylamide gel. Proteins were trans-
ferred to a nitrocellulose filter, and PB P-450 was detected
as described in the Methods section. Tracks a and b con-
tained 0.1 and 0.5 ug of purified P-450b, respectively.
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be induced in rat liver microsomal membranes by
certain naturally occurring terpenoids. A ¢cDNA
clone (pP450(1)) [28] that codes for a microhet-
erogeneous variant of P-450e was used as a molecular
hybridization probe to determine whether the ter-
penoid compounds induced PB P-450 via a mech-
anism similar to that used by the synthetic compound
phenobarbital. The effect of the compounds on the
amount of PB P-450 mRNA was measured by RNA
dot hybridization. Various amounts of RNA,
extracted from the livers of phenobarbital-treated,
terpenoid-treated or control rats, were a?plied toa
nitrocellulose filter and hybridized to 3?P-labelled
pP450(1) as detailed in the Materials and Methods.
For each of the RNA preparations the intensity of
the hybridization signal was linear with respect to
the total amount of RNA applied to the filter (Fig.
3). A comparison of the slopes of the lines generated
showed that treatment of rats with phenobarbital
increased the amount of PB P-450 mRNA in the
liver by 25-fold. PB P-450 mRNA was also induced,
but to a much lesser extent, by treatment of animals
with camphor (Fig. 3), menthol or pinene (data not
shown).

The order of potency of the compounds with
respect to induction of PB P-450 mRNA was the
same as that for induction of the protein encoded by
this mRNA (Table 1). Camphor, the most effective
terpenoid inducer, caused a 3.5-fold increase of PB
P-450 mRNA in male rats, whereas menthol and
pinene increased the mRNA by 2.5- and 2.0-fold,
respectively. Analysis of rat liver RNA by Northern
blot hybridization demonstrated that the mRNA
induced by camphor was the same size (2100 nucleo-
tides) as PB P-450 mRNA (Fig. 4). An mRNA of
identical size was also induced by menthol and pinene
(data not shown).

Melting profile of cDNA: mRNA hybrids

The degree of homology between the mRNA
species induced by camphor and phenobarbital was
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Fig. 3. Induction of PB P-450 mRNA sequences in rat liver.
Total RNA was extracted from the livers of phenobarbital-
treated (O), camphor-treated (A), or control (@) rats.
Various amounts of RNA were applied to a nitrocellulose
filter and hybridized to [*?P]pP450(1). After auto-
radiography the intensity of absorbance (measured by scan-
ning densitometry) of the dots was plotted against the total
amount of RNA present.
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Fig. 4. Northern blot hybridization analysis of PB P-450
mRNA sequences in rat liver. Total RNA was extracted
from the livers of control rats (a, b) or from rats treated
with phenobarbital (c, d) or camphor (e, f). RNA was
denatured with glyoxal, electrophoresed through a 1%
agarose gel and blotted to a nitrocellulose filter. The filter
was hybridized to [*?P]pP450(1), washed and auto-
radiographed. Amounts of RNA loaded were 2 ug (a, c, €)
and 10 ug (b, d, f).

determined by analysing the temperature depen-
dence of the denaturation of cDNA :mRNA hybrids.
The hybrid molecule formed between the camphor
induced mRNA and pP450(1), and that formed
between PB P-450 mRNA and the recombinant plas-
mid displayed very similar melting characteristics
(Fig. 5). The melting temperatures of the hybrids
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Fig. 5. Melting profile of mRNA :cDNA hybrids. Multiple
10 g aliquots of total RNA isolated from the livers of
phenobarbital-treated (O) or camphor-treated (@) animals
were bound to nitrocellulose filters. After hybridization to
[>*P]pP450(1) the filters were washed at various tem-
peratures as described in the Methods section. The radio-
activity that remained bound to each filter was expressed
as a percentage of that bound after washing at 50°, and
plotted against the wash temperature.
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differed by less than 3° and was approximately 65°.
Thus treatment of rats with camphor induces in liver
an mRNA species that is highly homologous, if not
identical, to the mRNA that codes for P-450e. The
camphor-induced mRNA must therefore be a prod-
uct of the P450IIB gene sub-family.

Effect of terpenoids on the amount of P-450d mRNA

A cloned cDNA (pP450(2)) [31] coding for P-450d
(P450IA2) was used as a molecular hybridization
probe to determine whether the abundance of the
corresponding mRNA species was altered following
treatment of rats with terpenoid compounds. Total
RNA was isolated from the livers of phenobarbital-
treated, pB-naphthoflavone-treated, terpenoid-
treated or control rats and analysed by Northern blot
hybridization (Fig. 6). As previously reported [32],
the P-450d cDNA clone hybridized to two mRNA
species of approximately 2000 and 4000 nucleotides
in RNA isolated from the livers of rats treated with
B-naphthoflavone. The two mRNA size classes were
also present in RNA from phenobarbital-treated
rats, but only the smaller was detected in RNA from
control or terpenoid-treated animals. S-naphtho-
flavone induces both of the mRNA species, but none
of the terpenoids tested increased the amount of
either of the mRNAs (Fig. 6). This was confirmed by
dot blot hybridization experiments (data not shown).

DISCUSSION

We have found that treatment of male and female
rats with the terpenoid compounds camphor, men-
thol and pinene, and, in the case of female animals,
limonene, induces a cytochrome P-450 that reacts
with a polyclonal antibody raised to P-450b.
Although the antibody appears to be highly specific
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Fig. 6. Northern blot hybridization analysis of P-450d
mRNA sequences in rat liver. Total RNA was extracted
from the livers of control rats (a, b) or from rats treated with
phenobarbital (c, d), f-naphthoflavone (e, ), camphor (g,
h), pinene (i, j), myrcene (k, 1) or limonene (m, n). RNA
was denatured with glyoxal, electrophoresed through a 1%
agarose gel and blotted to a nitrocelluose filter. The filter
was hybridized to [3?P]P-450d ¢cDNA, washed and auto-
radiographed. Amounts of RNA loaded were 2 ug (a, c, e,
g, i’ k, m) and 10 ug (b’ d’ fy h’ jy l, n)'
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for P-450s b and e, and their microheterogeneous
variants [21], and in Western blots reacts with a
polypeptide of molecular weight 52,000, we have to
consider the possibility that it may detect a different,
terpenoid-inducible, cytochrome P-450 that has an
epitope in common with P-450 b/e. A comparison of
radioimmunoassay curves shows that the extent of
competition obtained with microsomal membrane
proteins from the livers of camphor-treated rats is
the same as that observed for liver microsomal mem-
brane proteins from phenobarbital-treated animals
and for purified P-450b. In addition the identity of
the slopes of the radioimmunoassay curves dem-
onstrates that the corresponding antigenic deter-
minants in the different protein preparations bind to
the antibody with equal avidity. Thus all the antigenic
determinants for P-450b that are recognised by the
antibody must also be present in the cytochrome P-
450 induced by camphor. Owing to its polyclonal
nature, the antibody would be expected to bind to
several epitopes and therefore the cytochrome P-450
induced by camphor is almost certainly P-450b, P-
450e or a microheterogeneous variant of these. The
ability of camphor to induce the expression of a
member of the P450IIB gene sub-family of rats is
confirmed by the molecular hybridization experi-
ments. Hence it is possible that PB P-450 may have
originally evolved to cope with terpenoids such as
camphor, menthol or pinene that are present in
the environment. Our results also indicate that the
molecular basis for the terpenoid-induced increase in
the rate of metabolism of drugs such as phenobarbital
and hexobarbital [8, 9, 11, 14] is an induction of PB
P-450 in liver microsomal membranes, and that this
is mediated by an increase in the amount of the
corresponding mRNA.

Phenobarbital appears to be a much more potent
inducer of P-450b/e than are any of the terpenoids
studied. This may be because the induction regime
with terpenoids was not optimised with respect to
dose, route of administration or duration of treat-
ment. The rate of clearance of the compounds may
also differ. Alternatively the results may reflect a
more fundamental quantitative difference in
response to the different compounds. A further
possibility is that phenobarbital and camphor induce
different members of the P450IIB sub-family.
Although it is clear that phenobarbital acts at the
level of the genome to increase the rate of tran-
scription of PB P-450 gene(s) [26, 33] it remains to
be established whether terpenoids act via the same
mechanism.

PB P-450 represents as little as 5% of the total
content of cytochromes P-450 in the microsomal
membranes of control rat liver. Thus the 2-6-fold
induction of this protein by some terpenoids would
be expected to give rise to an apparent increase of
less than 1.25-fold in the total specific content of
cytochromes P-450. This small increase would be
reduced or even eliminated if, in addition to inducing
PB P-450, the terpenoids caused a decrease in other
cytochromes P-450. We have previously shown that
the cytochrome P-450 inducer B-naphthoflavone
decreases PB P-450 [21, 30]; and other inducers also
have been found to result in a concomitant decrease
of specific cytochromes P-450 [34]. Consequently it
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is not surprising that camphor, menthol and pinene,
while inducing PB P-450, have no significant effect
on the total content of cytochromes P-450 in liver
microsomal membranes. Hence the inability of a
compound to increase the total content of cyto-
chromes P-450 may not always provide a suitable
criterion to judge its effectiveness as an inducer of
specific cytochromes P-450.

Acknowledgements—We thank Jeff Packman for his care
of the animals, and Michelle Ginsberg for supplying Staph.
aureus cells. C.A.A. was a recipient of a post-graduate
studentship from the Medical Research Council. The
research was supported by a grant from the Cancer
Research Campaign.

REFERENCES

1. P. R. Ortiz de Montellano (Ed.), Cytochrome P-450.
Plenum Press, New York (1986).

. A. H. Conney, Pharmac. Rev. 19, 317 (1967).

. R. Sato and T. Omura (Eds.), Cytochrome P-450.
Academic Press, New York (1978).

. D. W. Nebert, Molec. Cell Biochem. 27, 27 (1979).

. M. Dickens, J. W. Bridges, C. R. Elcombe and K.
J. Netter, Biochem. biophys. Res. Commun. 80, 89
(1978).

6. L. B. Brattsten, C. F. Wilkinson and T. Eisner, Science

196, 1349 (1977).

7. R. H. Stanton, F. W. Plapp, R. A. White and M.
Agosin, Comp. Biochem. Physiol. 61B, 297 (1978).

. H. C. Ferguson, J. Pharm. Sci. 55, 1142 (1966).

. A. E. Wade, J. E. Holl, C. C. Hillard, E. Molton and
F. E. Greene, Pharmacology 1, 317 (1968).

10. A. M. Malkinson, Toxic. appl. Pharmac. 49, 551

(1979).

11. E. S. Vessel, Science 157, 1057 (1967).

12. M. Hashimoto, D. C. Davis and J. R. Gillette,
Biochem. Pharmac. 21, 1514 (1972).

13. R. A. White, R. T. Franklin and M. Agosin, Pestic.
Biochem. Physiol. 10, 233 (1979).

14. A. M. Malkinson and W. C. Shere, Res. Commun.
Chem. Path. Pharmac. 25, 607 (1979).

15. D. W. Nebert, M. Adesnik, M. J. Coon, R. W. Esta-
brook, F. J. Gonzalez, F. P. Guengerich, I. C.
Gunsalus, E. F. Johnson, B. Kemper, W. Levin, I. R.
Phillips, R. Sato and M. R. Waterman, DNA 6, 1
(1987).

16. E. A. Shephard, I. R. Phillips, S. F. Pike, A. Ashworth
and B. R. Rabin, FEBS Les. 150, 375 (1982).

17. D. A. Van der Hoeven and M. J. Coon, J. biol. Chem.
249, 6302 (1974).

18. E. A. Shephard, S. F. Pike, B. R. Rabin and 1. R.
Phillips, Analyt. Biochem. 129, 430 (1983).

19. T. Omura and R. Sato, J. biol. Chem. 239,2379 (1964).

20. R. W. Estabrook and J. Werringloer, in Methods in
Enzymology, Vol. 52 (Eds. S. Fleischer and L. Packer),
p. 212. Academic Press, New York (1978).

21. I. R. Phillips, E. A. Shephard, R. M. Bayney, S. F.
Pike, B. R. Rabin, R. Heath and N. Carter, Biochem.
J. 212, 55 (1983). :

22. A. E. Bolton and W. M. Hunter, Biochem. J. 133, 529
(1973).

23. J. M. Chirgwin, A. E. Przybla, R. J. MacDonald and
W. J. Rutter, Biochemistry 18, 5294 (1979).

24, P. S. Thomas, Proc. natn. Acad. Sci. U.S.A. 77, 5201
(1980).

25. G. K. McMaster and G. C. Carmichael, Proc. nain.
Acad. Sci. U.S.A. 74, 4385 (1977).

26. S. F. Pike, E. A. Shephard, B. R. Rabin and I. R.
Phillips, Biochem. Pharmac. 34, 2489 (1985).

[SS )

Do

O 00



The effect of terpenoid compounds on cytochromes P-450 2229

27. T. Maniatis, E. F. Fritsch and T. Sambrook, Molecular  32. I. R. Phillips, E. A. Shephard, B. R. Rabin, A. Ash-
Cloning, p. 191. Cold Spring Harbor Laboratory, Cold worth and S. F. Pike, in Microsomes and Drug Oxi-

Spring Harbor (1982). dations (Eds. A. R. Boobis, J. Caldwell, F, DeMatteis
28. 1. R. Phillips, E. A. Shephard, A. Ashworth and B. R. and C. R. Elcombe), p. 118. Taylor & Francis, London
Rabin, Gene 24, 41 (1983). (1985).

29. J. D. Brooker, G. Srivastava, 1. A. Borthwick, B. K. 33. J. P. Hardwick, F. J. Gonzalez and C. B. Kasper, J.
May and W. H. Elliot, Eur. J. Biochem. 136, 327 biol. Chem. 258, 8081 (1983). )
(1983). 34. C. J. Serabjit-Singh, P. W. Albro, I. G. C. Robertson

30. I. R. Phillips, E. A. Shephard, F. Mitani and B. R. and R. M. Philpot, J. biol. Chem. 258, 12827 (1983).
Rabin, Biochem. J. 196, 839 (1981).

31. A. Ashworth, E. Shephard, B. Rabin and I. Phillips,

Biochem. Soc. Trans. 12, 669 (1984).

BP 37:11~-1



