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We have investigated the effect of cholestasis on the
closely related acyl-CoA:amino acid N-acyltrans-
ferase, benzoyltransferase, and phenylacetyltrans-
ferase activities in rat liver. Benzoyltransferase and
phenylacetyltransferase activities in the liver cytosol,
mitochondria, and microsome were investigated for a
period of 42 d after common bile duct ligation. Both the
mitochondrial and microsomal benzoyltransferases
showed significant increase in their activities between
the 1st and 7th day after common bile duct ligation,
although the cytosolic benzoyltransferase activity did
not show a significant change compared to the activities
from the sham-operated control. The cytosolic
phenylacetyltransferase activity showed a significant
increase between the 1st and 2nd day, the mito-
chondrial activity showed a significant increase
between the 2nd and 7th day, and microsomal activity
showed a significant increase between the 1st and 7th
day, respectively. Enzyme kinetic parameters of hepatic
benzoyltransferase were analyzed using benzoyl
coenzyme A as a substrate with the preparations from
the 1st day post-ligation. Enzyme parameters of hepatic
phenylacetyltransferase were also analyzed using
phenylacetyl coenzyme A as a substrate with the
preparations from the 2nd day post-ligation. The
results indicated that although the K,, values of these
enzymes were about the same as the sham-operated
control, the V, . values of both enzymes increased
significantly. These results, therefore, suggest that
the biosynthesis of benzoyltransferase and phenyl-
acetyltransferase has been induced in response to
cholestasis.
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Introduction

Two closely related acyl-CoA:amino acid N-acyltrans-
ferases, benzoyltransferase (benzoyl coenzyme A: amino
acid N-acetyltransferase) and phenylacetyltransferase
(phenylacetyl coenzyme A: amino acid N-acetyltransferase)
have been identified in liver mitochondria (Webster, 1981).
They catalyze the conjugation of aromatic carboxylic acids
with amino acids to form the corresponding amides
(Webster et al., 1976). Benzoyltransferase is specific for
benzoyl-CoA, salicyl-CoA, and short straight and branched
chain fatty acyl-CoA esters (Nandi et al., 1979), as well as
2,4-dichlorophenoxyacetyl-CoA and 2,4,5-trichloro-
phenoxyacetatyl-CoA as substrates (Kelly and Vassey,
1986), while phenylacetyltransferase is specific for
phenylacetyl-CoA, indoleacetyl-CoA, phenoxyacetyl-CoA,
and 2,4-dichlorophenoxyacetyl-CoA (Killenberg er al.,
1980). Glycine is the preferred acyl acceptor for both
enzymes, but either L-asparagine or L-glutamine may also
serve as acyl acceptors (Nandi et al., 1979).

The amino acid conjugates are more water soluble and
usually less toxic than their precursor acids and are
rapidly excreted by mammals in the urine or bile.
Conjugation thus generally serves to protect the organism
against a variety of cyclic acids in the form of
xenobiotics, drugs, and dietary compounds (Webster ez
al., 1976; Killenberg et al., 1980). In mammals, the liver
and kidney are involved in the conjugation of aromatic
carboxylates, and this is coincident with the occurrence
of these two enzymes.

The common bile duct-ligated rats have been widely
used as an experimental model for human extrahepatic
cholestasis (Kaplan and Righetti, 1970; Righetti and
Kaplan, 1972; Kryszewski et al., 1973). In humans,
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anatornical or mechanical obstruction of the common bile
duct occurs most commonly due to gallstones, neoplasms,
or strictures, and less commonly due to primary biliary
cirrhosis, cholangitis, or hepatitis (Mezey, 1976; Rosalki,
1976). In chronic cholestatic livers in humans and rats, the
hepatocytes are particularly susceptible, thus allowing
functional and morphological derangements to develop
into pathological conditions such as necrosis,
inflammation, fatty changes, biliary hyperplasia, fibrosis,
and cirrhosis (Desmet, 1979; Kountouras et al., 1984;
Chang, 1987; Kim et al., 1989).

To understand the biochemical alterations occurring
during cholestasis, many laboratories have studied several
liver enzymes in experimental animals (Kwak, 1985;
Kwak er al., 1988; Mun and Kwak, 1989; Kwon et
al.,1990; Kwak and Lee, 1992; Mun, 1994; Ra et al., 1994,
Ihm et al., 1995; Ihm and Kim, 1997). However, the
possible changes of the benzoyltransferase and
phenylacetyltransferase activities under cholestasis
induced by common bile duct ligation have not been
investigated. Previously, however, we have reported that
cholestasis induced by common bile duct ligation affects
the isozyme pattern of hepatic aryl sulfotransferase in rats
(Ihm et al., 1995). We have also reported that thiosulfate
sulfurtransferase (rhodanese) and UDP-glucuronosyl-
transferase activities are reduced during experimental
cholestasis in rats (Ihm and Kim, 1979). All the enzymes
were shown to mediate detoxification. In the present study,
we have systematically investigated the liver benzoyl-
transferase and phenylacetyltransferase activities with the
subcellular fractions prepared from cholestatic rat liver
induced by common bile duct ligation for a period of 42 d.
In addition, K,, and V,,,, values for these enzymes were
also analyzed with the Ist or the 2nd d post-ligated rat liver
preparations and compared to those values obtained from
the sham-operated control.

Materials and Methods

Chemicals Benzoyl coenzyme A lithium salt, phenylacetyl
coenzyme A lithium salt, 5,5'-dithiobis (2-nitrobenzoic acid), tris
(hydroxymethyl) aminotransferase, glycine, and bovine albumin
standard (10 g/100 ml) were purchased from Sigma Chemical Co.
(St. Louis, USA).

Animals Normal male Sprague-Dawely rats, weighing between
320 and 350 g, were used for the experiments. All animals were
maintained on a pellet diet obtained commercially (Sam Yang
Foods Co., Wonju, Korea) and tap water. During surgery, rats
were anesthesized lightly with ether, and the abdomen was
opened through a median line incision to the liver. The common
bile duct was pulled out and then doubly ligated close to the liver
and excised just below the confluence of the lobular ducts.
Control animals were subjected to a sham operation (midline
laparatomy) as a control. Each experiment was carried out with a
group of 5 rats. Rats were sacrificed after 0.5, 1, 2, 3, 7, 14, 28,
and 48 d following the operation. The livers were excised

following perfusion (see below), and blood collected from the
abdominal aorta. The serum was separated by centrifugation and
stored at —20°C until use. All animals had been fasted for 12 h
prior to sacrifice or surgery.

Subcellular fractionation The livers were perfused via the
portal vein with cold 0.25 M sucrose and then excised, blotted,
weighed, minced, and homogenized in 9 vol of 0.25 M sucrose.
Each homogenate was subjected to cell fractionation. Cytosol,
mitochondria, and microsomes were isolated by the sucrose linear
density gradient centrifugation method (Kwak and Kwak, 1986),
and stored at ~80°C. All the isolation procedures were performed
at 2 to 4°C. The cytosolic, mitochondrial, and microsomal
fractions (hepatic subcellular fractions) were used for the enzyme
assays.

Enzyme assays Phenylacetyltransferase activity was assayed
by monitoring the amino acid-dependent release of CoA thiol
from the CoA ester substrate in the presence of 5,5'-dithiolbis
(2-nitrobenzoic acid) according to the method of Webster (1981).
Reaction mixtures contained in a final volume of 1 ml at 30°C
contained the following: 25 pmol of Tris-HCI/10 umol KCl
buffer, pH 8.0, 0.2 mg of bovine serum albumin, 0.1 gmol of 5,5"-
dithiobis (2-nitrobenzoic acid), 100 nmol of CoA ester, enzyme,
and 100 umol of glycine adjusted to pH 8.0. The final order of
addition was CoA ester, enzyme, and amino acid. The initial
linear rate was then recorded continuously at 412 nm with full-
scale deflection on the recorder set at (.1 optical density unit.
With benzoyl-CoA as substrate, amino acid-dependent continuous
disappearance of thioester absorbance at 280 nm was used for the
enzymatic assay (Webster, 1981). Reaction mixtures were
identical except that 5,5"-dithiobis (2-benzoic acid) was omitted.
Units of enzymatic activity are given in micromoles of amino
acid-dependent thiol formed or benzoyl-CoA cleaved per min at
30°C. Specific activities are defined as units of activity per units
of absorbance of protein measured at 280 nm.

Determination of protein  The protein concenirations of each

subcellular fraction were determined by the biuret reaction
(Gornall et al., 1949), using bovine albumin as the reference
protein.

Statistical analysis Values were expressed as mean + SD.
Statistical evaluation of the experimental data was done by the
Student’s t-test. P values of < (.05 were considered to be
significant.

Results

The activity of benzoyltransferase of cholestatic rat liver
increased significantly in the mitochondrial and the
microsomal preparations after common bile duct ligation
compared to the sham-operated control groups (Table 1).
The activity of benzoyltransferase of cholestatic rat liver in
the cytosolic preparation did not change after the operation
compared to the control (Table 1). Cytosolic,
mitochondrial, and microsomal phenylacetyltransferase
activities in cholestatic rat liver increased significantly
compared to the control groups (Table 2). V, .. values of
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Table 1. Activities of cytosolic, mitochondrial, and microsomal benzoyltransferase in cholestatic rat liver after common bile duct
ligation.

Benzoyltransferase activities
(nmol coenzyme A min’’ mg protein™)

Day(s)
following Cytosol Mitochondria Microsome
ligation
liver of cholestatic liver of cholestatic live of cholestatic
control liver control liver control liver
0.5 7.8 +2.87 9.2 +3.13 54.6 + 1427 64.2 + 18.85 33.5 + 7.23 35.6 + 6.29
1 754292 9.3 +3.25 55.2 + 13.96 85.3 £ 20.26 31.8 + 6.85 52.9 +9.62"
2 7.7 + 2.84 105 £ 3.14 53.4 + 14.13 80.7 £ 21.34" 323+ 7.18 55.4 + 10.73"
3 7.5 £ 2.96 8.5+ 2.87 53.0 + 14.82 81.2 + 18.84" 30.7 £ 6.94 53.0 £ 9.48™
7 73+ 274 7.1 £292 51.8 + 14.12 76.9 + 19.07" 28.7 + 6.42 423 + 891"
14 7.1 £263 6.5+2.74 492 + 13.52 58.8 + 16.15 27.8 £ 6.02 30.0 + 7.83
28 72+ 258 6.6 + 2.83 49.6 + 13.42 48.8 + 15.41 26.4 + 5.93 28.3 + 6.42
42 7.0 £26 6.4 £ 296 485 + 12.67 43.8 + 14.18 26.7 + 6.14 257 +5.52

The data are expressed as mean * SD with 5 rats in each group.
Significant difference from sham-operated rat livers (¥, P<0.05; **, P<0.01).

Table 2. Activities of cytosolic, mitochondrial, and microsomal phenylacetyltransferase in cholestatic rat liver after common bile duct
ligation.

Phenylacetyltransferase activities
(nmol coenzyme A min’! mg protein")

Day(s)
following Cytosol Mitochondria Microsome
ligation
liver of cholestatic liver of cholestatic live of cholestatic
control liver control liver control liver
0.5 9.8 +2.83 104 £272 60.8 + 14.62 57.0 £ 526 382 £ 984 36.5 + 11.63
1 9.7 £ 2.62 14.4 £ 3.08" 61.2 £ 13.74 77.6 + 20.78 30.1 £ 10.23 68.9 + 18.12"
2 9.6 + 2.54 13.5 £ 3.15° 60.5 + 14.35 98.2 + 27.15 372+ 976 60.3 + 17.35
3 9.6 +£2.68 10.7 £ 2,74 60.9 + 14.52 92.3 + 2046 35,7 £ 9.28 56.4 £ 15.17"
7 9.4 £ 2.6l 9.0 £ 2.64 58.2 = 13.62 87.5 £ 22.35" 363 + 892 552 + 15.85
14 9.5 +£2.57 8.8 £ 226 56.6 + 12.85 70.1 £ 17.23 32.3 + 8.86 44.5 + 14.68
28 94 + 249 9.0+ 1.86 56.0 + 12.29 65.6 = 14.9 334 +9.14 348 + 9.18
42 93 +244 8.6+ 272 56.3 £ 13.44 60.4 £ 11.76 32.6 £ 896 30.6 £ 9.09

The data are expressed as mean + SD with 5 rats in each group.
Significant difference from sham-operated rat livers (*, P<0.05; **, P<0.01).

Table 3. Benzoyltransferase kinetic parameters from cholestatic
rat liver determined with benzoyl-coenzyme A.

benzoyltransferase in cholestatic rat liver increased
significantly compared to the control, although K|, values
in these preparations did not change (Table 3). Similarly,

. : K, (mM) Vi (nmol coenzyme A
V,..x. values of phenylacetyl transferase in the cytosolic, Cell _ min" mg protein™)
mitochondrial, and microsomal preparations of cholestatic fraction Tver of  cholestatic Toor of hotestatic
liver increased significantly but K, values of all the control liver control liver

hepatic preparations did not change significantly after
common bile duct ligation (Table 4).

Mitochondria 0.31 £ 0.08 0.33 £0.09 654 t 1531 1132 + 23.27"
Microsome 030+ 0.06 028 +0.04 3891723 642+ 1235

Michaelis-Menten constants for phenylacetyltransferase were determined

Discussion

The effects of cholestasis on the activities of several
xenobiotic biotransforming enzymes have been studied in
cholestatic rat liver. We have previously reperted that

using benzoyl-coenzyme A and glycine at 30°C for mitochondrial and
microsomal fractions of sham-operated male rat livers (liver of control) and
of cholestatic male rat livers at first day after common bile duct ligation. The
data are expressed as mean * SD with 5 rats in each group. Significant
difference from sham-operated rat livers (**, P<0.01).
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Table 4. Phenylacetyltransferase kinetic parameters from
cholestatic rat liver determined with phenylacetyl-coenzyme A.

K, (mM) Vpax (Nnmol coenzyme A
Cell min™! mg protein’l)
fraction liver of cholestatic liver of cholestatic
control liver control liver
Cytosol 064 +015 066+0.18 120+278 1781343
Mitochondria  0.29 + 0.08 027 + 006 74.1 + 1647 116.3 + 30.24"
Microsome 032+007 029+009 4841036 793 +20.16

Michaelis-Menten constants for phenylacetyltransferase were determined
using phenylacetyl-coenzyme A and glycine at 30°C for cytosolic,
mitochondrial and microsomal fractions of sham-operated male rat livers
(liver of control) and of cholestatic male rat livers at second day after
common bile duct ligation. The data are expressed as mean + SD with 5 rats
in each group. Significant difference from sham-operated rat livers
(*, P<0.05).

enzyme activities were increased in xanthine oxidase
(Kwak et al., 1985; Mun, 1994), the microsomal ethanol
oxidizing system, aldehyde dehydrogenase (Kwak er al.,
1988), cytosolic arylsulfotransferase (Ihm er al., 1995),
glyoxalase I (Byun ef al., 1995), and arylamine acetyltrans-
ferase (Rhee and Kwak, 1988) under cholestasis induced
by common bile duct ligation. We have also reported that
enzyme activities were decreased in catalase, alcohol
dehydrogenase (Kwak et al., 1988), monoamine oxidase
(Mun and Kwak, 1989; Chung and Kwak, 1992),
glutathione S-transferase, glutathione peroxidase (Kwon et
al., 1990; Kwak et al., 1990), arylesterase, carboxyleste-
rase, cholinesterase (Kwak and Lee, 1992), microsomal
arylsulfotransferase, mitochondrial arylsulfotransferase
(Ihm et al., 1995), catechol-O-methyltransferase (Mun,
1996), UDP-glucuronosyltransferase, and thiosulfate
sulfurtransferase (Ihm and Kim, 1997) in cholestatic rat
liver. In particular, benzoyltransferase and phenylacetyl-
transferase are xenobiotic biotransforming enzymes
(Killenberg & Webster, 1980). Nevertheless, the changes
of the benzoyltransferase and phenylacetyltransferase have
not been studied under cholestasis induced by common
bile duct ligation. In order to understand the effects of
cholestasis on these enzyme activities, we have determined
the activities of cytosolic, mitochondrial, and microsomal
benzoyltransferase and phenylacetyltransferase in
cholestatic rat liver induced by common bile duct ligation
for a period of 42 d. Enzyme kinetic parameters (K,, and
Vimay) for benzoyltransferase were determined with the
hepatic preparations from the first day post-ligation using
benzoyl-CoA as a substrate. The values of K,, and V, . for
hepatic phenylacetyltransferase were aiso analyzed at the
second day post-ligation with phenylacetyl-CoA as a
substrate.

The mitochondrial and microsomal benzoyltransferase
activities in cholestatic rat liver showed significant
increase from the first day to the seventh day subsequent

to common bile duct ligation (Table 1). However, the
activity of cytosolic benzoyltransferase did not show a
significant change compared to the activity from the
sham-operated control (Table 1). The cytosolic phenyl-
acetyl transferase activity showed a significant increase
in the early days of cholestasis; the increase was observed
from the first day to the second day of post-ligation
(Table 1). The activity of mitochondrial phenylacetyl-
transferase also increased in cholestatic rat liver
beginning from the second day after the ligation
continued to decrease until the 7th day compared to the
sham-operated liver activity (Table 2). The microsomal
phenylacetyltransferase activity increased markedly soon
after the ligation; about a 2-fold increase was observed at
the first day after ligation, and then the activity gradually
decreased to the control level by the 28th day of post-
ligation (Table 2).

In order to investigate whether the changes of the
benzoyltransferase and phenylacetyltransferase activities in
the cholestatic rat liver were due to alteration in their
catalytic activity or not, K, and V, . values were
determined with the first and second day post-ligation
preparations, respectively. As shown in Table 3, the K,
values of benzoyltransferase did not change significantly
compared to those from the sham-operated liver in the
preparations of mitochondria and microsome. However,
Vimae Values significantly increased in both preparations;
65.4 nmol coenzyme A/min/mg protein vs. 113.5 for
mitochondria and 38.9 nmol coenzyme A/min/mg protein
vs. 64.2 for microsomal fractions, respectively. Similarly,
the V,,,, values of phenylacetyltransferase also increased in
all three preparations compared to the control; 12.0 nmol
coenzyme A/min/mg protein vs. 17.8 for the cytosol, 74.1
nmol coenzyme A/min/mg protein vs. 116.3 for the
mitochondria, and 48.4 nmol coenzyme A/min/mg protein
vs. 79.3 for the microsomal fractions, although the K|,
values did not change significantly in all hepatic fractions
(Table 4).

It should be noted that the higher V,, values of
phenylacetyltransferase in all subcellular fractions of
common bile duct-ligated livers as well as those in
mitochondrial and microsomal benzoyltransferase might
reflect the higher levels of activities in common bile duct-
ligated liver. In addition, it is also conceivable that the
increased enzyme levels of both benzoyliransferase and
phenylacetyltransferase accompanied with higher V.
values in common bile duct-ligated liver preparations
might have been due to increased biosynthetic capability
of the cholestatic liver where functional abnormalities
of the liver are expected to develop. All through the
previous and present findings, however, the mechanism
of changes in activities of several biotransforming
enzymes in cholestatic hepatobiliary disease are still
unknown. Further investigations should eventually re-
solve this issue.
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