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Induction of carnitine acetyltransferase by clofibrate in rat liver
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Administration of the anti-hypercholesterolaemic drug clofibrate to the rat increases the
activity of carnitine acetyltransferase (acetyl-CoA-carnitine O-acetyltransferase, EC
2.3.1.7) in liver and kidney. The drug-mediated increase in enzyme activity in hepatic
mitochondria shows a time lag during which the activity increases in the microsomal
and peroxisomal fractions. The enzyme induced in the particulate fractions is identical
with one normally present in mitochondria. The increase in enzyme activity is prevented
by inhibitors of RNA and general protein synthesis. Mitochondrial protein-synthetic
machinery does not appear to be involved in the process. Immunoprecipitation shows
increased concentration of the enzyme protein in hepatic mitochondria isolated from
drug-treated animals. In these animals, the rate of synthesis of the enzyme is increased
7-fold.

Administration of the anti-hypercholesterolaemic
drug clofibrate [2-(4-chlorophenoxy)-2-methyl-
propanoic acid ethyl ester] to the rat has been shown
to increase the activities of fatty acyltransferases in
liver (Solberg et al., 1972; Daae & Aas, 1973;
Kahonen & Ylikahri, 1974). Among these trans-
ferases, the short-chain fatty-acid-transferring en-

zyme carnitine acetyltransferase (acetyl-CoA-
carnitine O-acetyltransferase, EC 2.3.1.7), which is
at a barely detectable concentration in normal rat
liver, is activated most by the drug. The drug-
induced increase in the activity of the enzyme has
been shown to occur in microsomal, peroxisomal
and mitochondrial fractions. However, the increase
is highest in the mitochondrial fraction (Markwell et
al., 1977). We have recently purified to homo-
geneity the enzyme from hepatic mitochondria of
drug-treated rats (Mittal & Kurup, 1980a). By using
antibody raised against the purified enzyme, we have
attempted to study the mode of drug-induced
increase in enzyme activity. The results presented in
the present paper show that the increase in enzyme
activity is due to increase in content of the enzyme
protein because of its enhanced rate of synthesis.

Materials and methods

Animals and administration o drug
Male albino rats, 3 months old, weighing about

150 g and obtained from the Central Animal Facility
of the Institute, were fed with a vitamin-supple-
mented casein diet (Kurup et al., 1970), and used in
the experiments reported here. Clofibrate was
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administered either orally as a water emulsion
(50mg in 0.2ml/rat per day) or mixed with the diet
(0.5%, w/w).

Subcellularfractionation
Subcellular fractionation of liver was carried out

essentially as described previously (Kurup et al.,
1970). Mitochondria were sedimented by centri-
fugation at 8250g for 0min and a 'peroxisome-rich'
fraction was isolated by centrifugation at 17000g
for 20min in a refrigerated RC 2-B Sorvall centri-
fuge. The microsomal fraction was obtained by
centrifugation at lOOOOOg for 60min in a Beckman
model L5-50 ultracentrifuge. The mitochondrial
fraction was washed once with 0.25 M-sucrose.
Mitoplasts were prepared by digitonin treatment as
described by Greenwalt (1974).

Pure preparations of peroxisomes were obtained
from rat liver by using isopycnic sucrose-density-
gradient centrifugation, essentially as described by
Baudhuin (1974). The animals had received an

intraperitoneal injection of Triton WR-1339 (10mg/
lOOg body wt.) 5 days before killing. The purity of
the catalase-rich peroxisomes was checked by the
assay of marker enzymes for mitochondria, micro-
somal fraction ('microsomes') and lysosomes.
Protein was measured by the biuret method (Gornall
et al., 1949) or by the method of Lowry et al.

(1951).

Enzyme assays

Carnitine acetyltransferase was assayed spectro-
photometrically by measuring the rate of release of
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coenzyme A, using 5,5'-dithiobis-(2-nitrobenzoic
acid) (Bieber et al., 1972; Mittal & Kurup 1980a).
One unit of the enzyme activity releases 1 umol of
coenzyme A under the assay conditions. a-Glycero-
phosphate dehydrogenase [L-glycerol 3-phosphate-
(acceptor) oxidoreductase, EC 1. 1.99.51 was
assayed manometrically as described by Krishna-
kantha & Kurup (1972). Catalase (hydrogen
peroxide-hydrogen peroxide oxidoreductase, EC
1.11.1.6) was determined spectrophotometrically as
described by Luck (1963). Other marker enzymes
were assayed by standard procedures as described
previously (Mittal & Kurup, 1980b).

Preparation ofenzyme and antibody
The procedure for the purification of carnitine

acetyltransferase from mitochondria isolated from
the livers of clofibrate-fed rats has been described
previously (Mittal & Kurup, 1980a). The purified
enzyme was emulsified with complete Freund's
adjuvant (1 : 1, v/v) and injected subcutaneously into
a rabbit on three separate occasions at 10 day
intervals (300 pg of protein for the first time and
lOOpg subsequently). Fourth injection (100pg) was
given intramuscularly. One week later, a booster
injection (100,pg, no adjuvant) was given intra-
venously and the animal was bled 6 days later.
Serum was prepared and a y-globulin fraction was
purified as described by Campbell et al. (1970). The
purified preparation was stored in 1 ml lots at
-150C until use.

Rate ofenzyme synthesis
Chlorella protein hydrolysate (1OOpCi of 14C;

0.2 ml/rat) was injected intraperitoneally into
animals that were given clofibrate (50mg/rat per
day orally) for 4 days. At 1h after injection, the
animals were killed and a hepatic microsomal fraction
was prepared. The preparation (35mg of protein)
from control and drug-fed animals was treated with

excess antibody (4 mg). The immunoprecipitate was
washed, dissolved in formic acid (0.2 ml), spotted on
Whatman no. 1 filter paper strip and the radio-
activity was determined, after addition of 5ml of
toluene containing 2,5-diphenyloxazole (0.5%, w/v),
in a Beckman LS-100 Counter. The counting
efficiency was 30% and the error was <2.5%.

Reagents
All biochemicals, dextran, ethidium bromide,

chloramphenicol and actinomycin D were
purchased from Sigma Chemical Co., St. Louis,
MO, U.S.A. Cycloheximide was obtained from
Upjohn Co., Kalamazoo, MI, U.S.A. Triton WR-
1339 was obtained from Rohm and Haas, Phila-
delphia, PA, U.S.A. Thiamphenicol glycinate hydro-
chloride was generously given by Dr. D. D. Bella,
Zambon Research Laboratories, Milan, Italy. Clo-
fibrate was generously given by Dr. Vasant S.
Palkar, Nivedita Chemicals, Pvt., Bombay, India.
All common reagents were of analytical grade. All
solutions were prepared with triple-quartz-distilled
water.

Results

Carnitine acetyltransferase activity in rat tissues
The effect of prolonged feeding with clofibrate on

the activity of the enzyme in different tissues of the
animal is shown in Table 1. The enzyme activity,
which is very low (at the barely detectable level) in
the livers of normal animals, increases tre-
mendously on administration of clofibrate. In
hepatic mitochondria the specific activity of the
enzyme increases almost 30-fold (Table 1). In
kidney, the enzyme increases about 5-fold. In the
heart, which shows a fairly high activity of the
enzyme, the increase in activity on administration of
the drug is marginal. No increase is detected in the
brain or in testes. The latter tissue shows very high

Table 1. Effect ofclofibrate administration on the activity ofcarnitine acetyltransferase in tissues ofthe rat
Animals were fed with clofibrate (0.5%, w/w) in the diet for 45 days. The activity of the enzyme was determined
in the tissue homogenate and mitochondria. The values are means for three independent determinations (animals).
Means + S.D. are given.

Enzyme activity (m-units/mg of protein)

Tissue
Liver
Kidney
Heart
Testes
Brain

Control Clofibrate-fed

Homogenate Mitochondria Homogenate Mitochondria
1.5 + 0.2 23.0 + 2.7* 44.4 + 2. 1*

2.6 + 1.0 5.0 + 0.9 15.0 + 1.4* 28.4 + 2.7*
8.0 +0.9 11.4 + 2.9 9.2 + 0.8 13.5 + 2.8

23.8 + 3.3 22.2 +0.4
2.0+0.1 2.0+0.1

* P < 0.01 (drug-fed versus control).
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enzyme activity in normal animals. No increase was
detected in smooth muscle or skeletal muscle as well
(results not shown).

Pattern ofincrease in liver
The effect of progressive feeding of rats with

clofibrate on the specific activity of carnitine
acetyltransferase in hepatic mitochondria is illus-
trated in Fig. 1. The enzyme activity increases
rapidly and becomes about 10-fold higher in 4 days.
In contrast with this, the increase in the activity of
mitochondrial glycerophosphate dehydrogenase,
which is also induced by the drug (Krishnakantha &
Kurup, 1972), takes place at a much slower rate, the
activity increasing only 2-fold in 4 days (Fig. 1).
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Fig. 1. Increase in carnitine acetyltransferase and
glycerophosphate dehydrogenase activities in rat liver on

progressivefeeding with clofibrate
The drug was given mixed with the diet (0.5%, w/w)
for the time period indicated. The activities of
transferase in hepatic mitochondria (a) and post-
mitochondrial supernatant fraction (0) are shown.
The activity of mitochondrial glycerophosphate
dehydrogenase is also shown (A). The values are
means for two independent determinations. The
variation between determinations was less than 10%.
One unit of enzyme activity is defined as the enzyme
required for the release of 1 ,umol of CoA/min
(transferase) or uptake of lug-atom of 0/min
(dehydrogenase). Other details are given in the
Materials and methods section.
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With continued feeding, mitochondrial transferase
activity increases enormously, reaching values as
high as 360m-units/mg of mitochondrial protein in
about 90 days. In contrast, the dehydrogenase
activity rarely increases beyond 5-6-fold.

Clofibrate-induced increase in transferase activity
is not confined to the mitochondria (Kahonen, 1976;
Markwell et al., 1977). The enzyme activity
increases, though to a lesser extent, in the peroxi-
somal and microsomal fractions also. Under our
experimental conditions, in animals that are fed with
the drug for 3 months, 85% of the total activity in
liver is accounted for by the mitochondria, 9-10%
by the 'peroxisomal' fraction and about 5% by the
microsomal fraction. The activity in cytosol
(100lOOg) is at the limits of detection.
We have reported previously (Mittal & Kurup,

1980c) that even in regenerating liver, the drug is
able to bring about increase in liver size and
mitochondrial population. It was therefore of in-
terest to see whether the drug would induce these
enzymes when administered after partial hepa-
tectomy. The results presented in Fig. 2 show that in
regenerating conditions, the enzyme activity
increases progressively with feeding of the drug. In
the first 24h, the increase in activity is relatively
small (Fig. 2). It is noteworthy that during this
period, there is very little change in the content of
mitochondrial protein in the liver (Mittal & Kurup,
1980c). It may also be seen from the Figure that the
glycerophosphate dehydrogenase activity increases
at a much slower rate than does the transferase
activity.

Considerable increases in the activity of the
enzyme in liver mitochondria can be observed even
after a single oral dose of the drug. The pattern of
increase is shown in Fig. 3. The specific activity of
the enzyme in the mitochondrial fraction remains
unchanged for about 6 h after a single dose of
clofibrate. Thereafter it increases progressively with
time and appears to reach a maximum in 30h. The
specific activity decreases thereafter. The activity of
the enzyme in the 'peroxisomal' fraction appears to
increase earlier than in the mitochondrial fraction,
the activity increasing 2-fold between 3 and 6 h
(P<0.01). Thereafter, the increase is progressive
with time and follows the same pattern as shown by
the mitochondrial fraction (Fig. 3). The specific
activity of the enzyme in the microsomes doubles
within 3 h after the administration of the drug
(P<0.01). The subsequent increase follows the
same course as the 'peroxisomal' and mitochondrial
fractions. In normal animals, the specific activity of
the enzyme in the 'peroxisomal' fraction is higher
than that in the mitochondrial fraction. The activity
of microsomes is less than half that of mito-
chondria. However, the maximum activity attained
by the particulate fractions is more or less of the
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Fig. 2. Increase in carnitine acetyltransferase and
glycerophosphate dehydrogenase activities in rat liver
mitochondria on progressive feeding with clofibrate after

partial hepatectomy
Rats were partially hepatectomized as described by
Bresnick (1971). Wherever indicated, animals were
fed with the drug orally (50 mg/rat in 0.2 ml of water
as an emulsion) on the day of surgery and in the diet
(0.5%, w/w) from the next day. Hepatic mito-
chondrial transferase activities from control (0) and
drug-fed (-) animals are given. The dehydrogenase
activities of liver mitochondria from control (E) and
drug-fed (S) animals are also given. The values are
means + S.D. for three to four independent
estimations (animals). Other details are the same as
given in the legend for Fig. 3.

same order (Fig. 3). It may also be mentioned that
at no time could the carnitine acetyltransferase
activity be detected in the cytosol during these
experiments.
As may be seen from Fig. 3, the specific activity

of the enzyme in all the particulate fractions
decreases from 30h after a single dose of the drug.
The decrease, though rapid in the initial stages,
slows down after 24h, taking about 1 week for the
activity to return to the normal values. It may be
mentioned that the concentration of the drug
reaches a maximum in serum (1.3mM) and liver
(200nmol/g of liver) 2h after ingestion, decreases
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Fig. 3. Pattern of increase of carnitine acetyltransferase
activity in rat liver subcellular fractions after a single

oral dose ofclofibrate
Rats were given clofibrate (50mg/rat) orally as an
emulsion in water (0.2 ml) at zero time. The animals
were killed at the time period indicated, the hepatic
subcellular fractions were isolated and the enzyme
activity was assayed. The specific activities of the
enzyme in the mitochondrial (0), 'peroxisomal' (0)
and microsomal (A) fractions are given. Signifi-
cance (P < 0.01, versus zero time) is indicated by
x x. The values are means+ S.D. for six to ten
independent determinations. Other details are given
in the Materials and methods section.

thereafter and practically disappears from the
system in 24h (Kurup & Chhabra, 1977).

In animals that have been fed with the drug for 90
days, the mitochondrial carnitine acetyltransferase
activity did not show any significant decrease in
activity for the first 5 days after withdrawal of the
drug from the diet. In 10 days the activity decreased
by 75%, but was still about 5-fold higher than the
value in control mitochondria. In contrast, the
glycerophosphate dehydrogenase activity decreased
by 50% in the first 5 days after withdrawal of the
drug (results not shown).

Inhibition of drug-induced carnitine acetyl-
transferase
To see whether the drug-induced increase in

enzyme activity involves synthesis of RNA and
protein de novo, the effect of actinomycin D
(200 ,ug/rat) and cycloheximide (300,ug/rat) was
tested. One injection at 30min before the
administration of clofibrate totally prevented any
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increase in the activity of the enzyme in all the
particulate fractions for 18 h. Treatment of the
animal with either antibiotic (6, 9 or 12h) subse-
quent to the administration of clofibrate effectively
arrested further increase in the activity of the
enzyme in mitochondria up to 18 h. The same results
were obtained when multiple injections of the
antibiotics were given (results not shown).
The effect of inhibitors of mitochondrial protein

synthesis on clofibrate-induced carnitine actyltrans-
ferase activity in mitochondria was also tested.
Repeated injections of chloramphenicol (100mg/rat,
every 6 h) or of ethidium bromide (2 mg/rat) failed to
inhibit clofibrate-mediated increases in enzyme
activity in mitochondria in normal as well as
partially hepatectomized animals. However, in these
experiments we failed to observe any decrease in the
specific activity of cytochrome oxidase, the syn-
thesis of which is known to be inhibited by these
compounds (Kroon & De Vries, 1971). When
partially hepatectomized animals were injected with
thiamphenicol (45 mg/rat) twice daily for 3 days, the
cytochrome oxidase activity of hepatic mito-
chondria decreased by 40-45%. Administration of
clofibrate (single dose) to such animals resulted in an
uninhibited increase in the activity of carnitine
acetyltransferase. It may be mentioned that thiam-
phenicol is more slowly metabolized in the body
than chloramphenicol (Della Bella et al., 1968).
Conditions that are characterized by severe mito-
chondrial degeneration, like acute starvation
(Chhabra et al., 1979) or cuprizone feeding (Sub-
ramanian et al., 1975), also did not interfere with the
induction of carnitine acetyltransferase activity by
clofibrate.

Increase in enzyme protein
The results presented in Fig. 3 give a clear

indication that the clofibrate-mediated increase in
carnitine acetyltransferase activity in rat liver is due
to stimulation of the synthesis of the enzyme by the
drug. To confirm this, antibody against the drug-
induced enzyme was prepared. The purified
immunoglobulins cross-reacted with microsomal,
peroxisomal and mitochondrial fractions, giving in
each case a single precipitin line (Fig. 4), indicating
the immunological identity of the enzyme in the
three particulate fractions.
To ascertain that the enzyme activity in the

'peroxisomal' fraction does not arise from
contamination by other subcellular fractions, par-
ticularly mitochondria, pure preparations of hepatic
peroxisomes from drug-fed (15 days) animals were
obtained by isopycnic sucrose-density-gradient
centrifugation. These preparations showed high
catalase activity (17.7 mmol of H202 decomposed/
min per mg of protein) and practically no cyto-
chrome oxidase activity. The specific activity of
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Fig. 4. Immunoprecipitin reaction between carnitine
acetyltransferase antibody and subcellularfractions
Purified antibody (250 pg) was placed in the central
well (1). Phosphate buffer, pH 7.4 (2), solubilized
mitochondria (2mg of protein) (3), solubilized
peroxisomes (2mg of protein) (4) and solubilized
microsomes (2mg of protein) (5) were placed in the
other wells as indicated. The subcellular fractions
were isolated from the livers of animals fed with
clofibrate for 90 days. The plates were incubated for
4 days at room temperature. The precipitin bands
were stained with Coomassie Blue.

carnitine acetyltransferase was 52.1 m-units/mg of
protein. The mitochondrial preparation (cyto-
chrome oxidase activity 545 ng-atom of 0/min per
mg of protein; catalase activity 0.24mmol of
H202/min per mg of protein) showed a transferase
activity of 76.1 m-units/mg of protein. The trans-
ferase activity in both preparations (peroxisomes
and mitochondria) were completely precipitated by
the antibody raised against the mitochondrial
enzyme. The peroxisomal preparation did not show
any contamination by lysosomal or microsomal
fractions also. The enzyme activity in microsomes
was not due to peroxisomal contamination. The
existence of the enzyme in microsomes has already
been demonstrated (Kahonen, 1976; Markwell et
al., 1977).
The pattern of precipitation of mitochondrial

carnitine acetyltransferase activity by its antibody,
depicted in Fig. 5, reveals that the organelles isolated
from the livers of clofibrate-fed animals contain
more of the enzyme (protein) per mg of particulate
protein. With both mitochondrial preparations,
50 pg of the antibody was equivalent to about
22 m-units of carnitine acetyltransferase activity.
From regression analysis the amount was calculated
as 23.8 and 21.0m-units for mitochondria from
normal and drug-fed animals respectively. This

253



B. Mittal and C. K. R. Kurup

1-

. 70

-
60

._
0

C)

t 50

66
c. 40

0 30
2.(A

)

>- 10

0 20 40 60 80
Mitochondrial enzyme activity added (rn-units)

the livers of normal and drug-fed animals was
compared by pulse labelling the proteins with
radioactive amino acids. The radioactivity precipi-
tated by the antibody from 35mg of microsomal
protein was llOd.p.m. and 700d.p.m. respectively
from normal and drug-fed animals. This would
indicate that in clofibrate-fed animals the enzyme is
synthesized at a rate 7-fold higher than in normal
animals.

100

Fig. 5. Immunoprecipitation of mitochondrial carnitine
acetyltransferase activity in control (O) and clofibrate-fed

(a) animals
Mitochondria, with carnitine acetyltransferase ac-
tivity as indicated, were solubilized with Triton
X-100 (1%, w/v) and mixed with 50,ug of purified
y-globulin preparation containing antibody for the
enzyme and left for 24h at 4°C. The total volume
was 0.5ml. The precipitate was removed by centri-
fugation and the enzyme activity in the supernatant
fraction was estimated. To obtain 50m-units of
activity, the amount of mitochondrial piottein re-
quired was 0.8 mg in the case of clofibra-fed
animals and 9.6 mg in the case of control animals.
Regression lines were fitted by least-squares method
for immunoprecipitation of carnitine acetyl-
transferase in mitochondria from control (y=
0.854x- 20.3; r = 0.99) and drug-fed animals (y =
0.913x-19.2; r= 0.99). The regression line for
both values analysed together (y = 0.883x- 19.73;
r = 0.98) is indicated. The inset shows the titration
of clofibrate-induced enzyme with the antibody.
Various concentrations of the mitochondrial pre-

paration were treated as above with l50,ug of the
antibody preparation. The immunoprecipitate was
washed three times with 20mM-phosphate buffer,
pH 7.4, containing 0.3 M-NaCl and the protein
content was estimated.

amount of enzyme is present in 0.33mg of mito-
chondrial protein from clofibrate-fed animals or
4.2mg of mitochondrial protein from control
animals. Addition of increasing concentrations of
the enzyme to a fixed concentration of antibody
yields a typical immunotitration curve (inset in Fig.
5).

Rate ofenzyme synthesis
The rate of carnitine acetyltransferase synthesis in

Transport ofthe enzyme
With a view to understanding the mode of

transport of the enzyme from the site of synthesis to
peroxisomes and mitochondria, the exchange of
enzyme activity from one type of organelle to
another, on mixing, was studied. When enzyme-rich
microsomes (specific activity 24.2 m-units/mg of
protein) or peroxisomes (21.6 m-units/mg of protein)
were incubated with hepatic mitochondria (specific
activity 1.3 m-units/mg of protein) freshly isolated
from control animals, no apparent transport of the
enzyme took place. Mitoplasts prepared by digitonin
treatment (Greenwalt, 1974) of the incubated
mitochondria showed no significant increase in
specific activity of the enzyme (about 3m-units/mg
of protein). Additions of succinate or ATP also had
no effect. During incubation, the enzyme did not
accumulate in the cytosol either.
To see whether mitochondria take up the enzyme

from solution, the organelles freshly isolated from
normal livers were incubated with the enzyme
purified from hepatic mitochondria of drug-fed
animals. The activity imbibed by mitochondria on
mixing with the purified enzyme was readily
destroyed by proteolytic enzymes, indicating that it
was adsorbed on the outer membrane. Mitoplasts
prepared from such mitochondria did not show
enhanced enzyme activity.

Discussion

The results presented in the present paper report
convincing evidence that the increase in activity of
carnitine acetyltransferase in the livers of clofi-
brate-fed rats results from a stimulation of the rate
of synthesis of the enzyme under the influence of the
drug. The enzyme protein that increases in the
particulate fractions is immunologically identical
with that present in normal rat liver. In this context,
it may be pertinent to point out that the fatty acid
oxidase system induced by the drug in peroxisomes
is different from that present in mitochondria
(Lazarow & de Duve, 1976; Lazarow, 1978). Even
though the mitochondrial fraction accounts for
about 80% of the total enzyme activity in drug-fed
animals, the enzyme (which has two subunits of
unequal size; Mittal & Kurup, 1980a) is synthesized
outside the mitochondrion. Protein-synthetic ma-
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chinery in the organelle appears to have no role to
play. In this respect, the enzyme differs from other
mitochondrial enzymes, like ATPase and cyto-
chrome oxidase, in the synthesis of which both
mitochondrial and cytoplasmic ribosomes are invol-
ved (Tzagoloff et al., 1979).

The mode of transport of the enzyme from the
endoplasmic reticulum into the peroxisomes and
mitochondria is intriguing. Our experiments do not
appear to support the intermediate passage of
proteins through the cytosol as proposed by
Hallermayer et al. (1977) and Schatz (1979). Under
no condition could we detect reasonable enzyme
activity in the cytosol. Moreover, inhibition of
'cytoplasmic' protein synthesis resulted in an im-
mediate cessation of the accumulation of activity in
mitochondria. Also, the purified enzyme was not
taken up by mitochondria when the two were mixed.
In this respect, this enzyme resembles malate
dehydrogenase, which, though of mitochondrial
origin, is not taken up by the intact organelle from
solution (Strasberg et al., 1979). In contrast,
mitochondrial aspartate aminotransferase is readily
and specifically taken up by mitochondria from
solution (Marra et al., 1978).

Direct transfer of the enzyme synthesized on
endoplasmic reticulum to peroxisomes and mito-
chondria is conceivable according to the 'direct
insertion' hypothesis of protein transfer advanced by
Kellems & Butow (1974). It may be pertinent to
mention that clofibrate proliferates not only mito-
chondria but peroxisomes as well (Svoboda &
Azarnoff, 1966). Electron-micrographic evidence for
the intimate association and continuity between
endoplasmic reticulum and peroxisomes in liver has
been presented (Reddy & Svoboda, 1973). Our
experiments, however, failed to show any significant
movement of the enzyme from microsomes or
peroxisomes into mitochondria. The suggestion
(Rothman & Fine, 1980) that vesicles that bud-off
from one membrane and fuse with another may be
the key intermediates in the intracellular transport of
proteins remains to be tested.

One of the authors (B. M.) is a recipient of a fellowship
from the Atomic Energy Commission, India. Financial
support from the University Grants Commission,
Government of India, is acknowledged.

References
Baudhuin, P. (1974) Methods Enzymol. 31, 356-368
Bieber, L. L., Abraham, T. & Helmrath, T. (1972) Anal.

Biochem. 50, 509-516
Bresnick, E. (197 1)Methods Cancer Res. 6, 347-397
Campbell, D. H., Garvey, J. S., Cremer, N. E. &

Sussdorf, D. H. (1970) in Methods in Immunology,
2nd edn., pp. 183-234, W. A. Benjamin Inc., New
York

Chhabra, S., Rasheed, B. K. A. & Kurup, C. K. R.
(1979) Indian J. Biochem. Biophys. 16, 384-391

Daae, L. N. W. & Aas, M. (1973) Atherosclerosis 17,
389-400

Della Bella, D., Ferrari, V., Marca, G. & Bonanomi, L.
(1968) Biochem. Pharmacol. 17, 2381-2390

Gornall, A. G., Bardawill, G. J. & David, M. M. (1949) J.
Biol. Chem. 177, 751-766

Greenwalt, J. W. (1974) Methods Enzymol. 31, 310-323
Hallermayer, G., Zimmerman, R. & Neupert, W. (1977)

Eur. J. Biochem. 81, 523-544
Kahonen, M. T. (1976) Biochim. Biophys. Acta 428,

690-701
Kahonen, M. T. & Ylikahri, R. H. (1974) FEBS Lett. 43,

297-299
Kellems, R. E. & Butow, R. A. (1974)J. Biol. Chem. 249,

3304-3310
Krishnakantha, T. P. & Kurup, C. K. R. (1972) Biochem.

J. 130, 167-175
Kroon, A. M. & De Vries, H. (1971) in Autonomy and

Biogenesis ofMitochondria and Chloroplasts (Board-
man, N. K., Linnane, A. W. & Smellie, R. M., eds.),
pp. 318-327, North-Holland Publishing Co.,
Amsterdam

Kurup, C. K. R. & Chhabra, S. (1977) Indian J.
Biochem. Biophys. 14, 267-271

Kurup, C. K. R., Aithal, H. N. & Ramasarma, T. (1970)
Biochem.J. 116, 773-779

Lazarow, P. B. (1978) J. Biol. Chem. 253, 1522-1528
Lazarow, P. B. & de Duve, C. (1976) Proc. Natl. Acad.

Sci. U.S.A. 73, 2043-2046
Lowry, 0. H., Rosebrough, N. J., Farr, A. L. & Randall,

R.J. (195 1)J.Biol. Chem. 193, 265-275
Lick, H. (1963) in Methods of Enzymatic Analysis

(Bergmeyer, H. U., ed.), pp. 885-894, Verlag Chemie,
Weinheim

Markwell, M. A. K., Bieber, L. L. & Tolbert, E. (1977)
Biochem. Pharmacol. 26, 1697-1702

Marra, E., Doonan, S., Saccone, C. & Quagliariello, E.
(1978) Eur. J. Biochem. 83, 427-435

Mittal, B. & Kurup, C. K. R. (1980a) Biochim. Biophys.
Acta 619, 90-97

Mittal, B. & Kurup, C. K. R. (1980b) Biochim. Biophys.
Acta in the press

Mittal, B. & Kurup, C. K. R. (1980c) Indian J. Biochem.
Biophys. in the press

Reddy, J. K. & Svoboda, D. (1973) Am. J. Pathol. 70,
421-432

Rothman, J. E. & Fine, R. E. (1980) Proc. Natl. Acad.
Sci. U.S.A. 77, 780-784

Schatz, G. (1979) FEBS Lett. 103, 201-21 1
Solberg, H. E., Aas, M. & Daae, L. N. W. (1972)

Biochim. Biophys. Acta 280, 434-439
Strasberg, P. M., Webster, K. A., Patel, H. V. &

Freeman, K. B. (1979) Can. J. Biochem. 57, 662-665
Subramanian, M., Katyare, S. S., Fatterpaker, P. &

Sreenivasan, A. (1975) Indian J. Biochem. Biophys.
12, 307-3 10

Svoboda, D. J. & Azernoff, D. L. (1966) J. Cell Biol. 30,
442-450

Tzagoloff, A., Macino, G. & Sebald, W. (1979) Annu.
Rev. Biochem. 48, 419-441

Vol. 194


