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Abstract Bile acid CoA synthetase has been discovered in rat 
kidney. Incubation of kidney microsomes with [ '4C]chenodeoxy- 
cholic acid and CoA produced a single peak with the high per- 
formance liquid chromatography (HPLC) retention time of 
CDC-CoA. This peak, when incubated with purified bile acid 
CoA:amino acid N-acyltransferase (BAT) from human liver and 
either taurine or glycine, led to the formation of CDC-taurine 
or CDC-glycine, respectively. Kinetic analysis revealed apparent 
K,s for C D C  and CoA of 2.5 pM and 2.6 p M ,  respectively. This 
activity appeared specific for bile acids as it was not inhibited by 
benzoic acid or salicylic acid, known substrates for other rat kid- 
ney CoA synthetases. This demonstrates that the kidney has the 
potential for bile acid metabolism and may have a role in bile 
acid physiology -Kwakye, J. B., S. Barnes, and R. B. Diasio. 
Identification of bile acid coenzyme A synthetase in rat kidney. 
J. Lipid Res. 1993. 34: 95-99. 

CoA synthetase activity to be present in this organ. Fur- 
thermore, bile acid CoA synthetase would be expected to 
be rate-limiting, as it is in the liver (7), and therefore the 
more important of the two enzymes. As the kidney is a 
very unusual location for a bile acid conjugating enzyme, 
the question of whether it has the capacity to form bile 
acid N-acyl amidates cannot be resolved without also 
demonstrating bile acid CoA synthetase activity. 

The purpose of the present study was to determine 
whether bile acid CoA synthetase activity is also present 
in rat kidney and to characterize its kinetic and substrate 
properties. 
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microsomes chenodeoxycholyl-CoA 

Bile acids are synthesized in the liver and conjugated 
with either taurine or glycine to form bile acid N-acyl 
amidates prior to secretion into bile (1). It had been previ- 
ously thought that conjugation of bile acids occurs solely 
in the liver; however, we recently demonstrated a unique 
source of bile acid CoA:amino acid N-acyltransferase 
(BAT) (E.C. 2.3.1.65) activity in rat kidney (Z), suggesting 
that the kidney may have a role in bile acid physiology. 

The conjugation of bile acids in the liver has been 
shown to occur in two distinct steps (3). In an initial re- 
action, the bile acid is activated to a coenzyme A 
thioester: 

Bile acid +ATP + CoA= bile acid CoA+ AMP + PPi. 

This reaction is catalyzed by the microsomal enzyme, bile 
acid CoA synthetase (E.C. 6.2.1.7) (4). The bile acid CoA 
subsequently reacts with taurine or glycine in a reaction 
catalyzed by BAT (5, 6) to form a bile acid N-acyl amidate: 

Bile acid CoA + amino acid =bile acid N-acyl amidate + CoA. 

In order for BAT to form bile acid N-acyl amidates in 
the kidney, there is an absolute requirement for bile acid 

[Carboxyl- 14C]chenodeoxycholic acid (50.5 mCi/mmol) 
and [2,4-3H]cholic acid (25 Cilmmol) were purchased 
from New England Nuclear Corporation, Boston, MA. 
They were purified by HPLC before use. Unlabeled bile 
acids, benzoic acid, salicylic acid, and ATP were pur- 
chased from Aldrich Chemical Company, Milwaukee, 
WI. Coenzyme A, CTP, and GTP were purchased from 
Sigma Chemical Co., St. Louis, MO. Diethyl ether was 
purchased from Fisher Scientific, Norcross, GA. Cheno- 
deoxycholyl-CoA was synthesized by the method of Shah 
and Staple (8) and purified as previously described (9). 
All other solvents and reagents were purchased in the 
highest grade possible. 

Preparation of microsomes 

Microsomes were prepared as described by Suzue and 
Marcel (10). Kidneys were removed from male Sprague- 

Abbreviations: CoA, coenzyme A; CDC, chenodeoxycholic acid; 
CDC-CoA, chenodeoxycholyl CoA; CDC-taurine, chenodeoxycholyl- 
taurine; CDC-glycine, chenodeoxycholylglycine; MT, bile acid 
CoA:amino acid N-acyltransferase; HPLC, high performance liquid 
chromatography. 
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Dawley rats after cervical dislocation and washed in cold 
physiological saline. All subsequent procedures were done 
at 4'C. Kidneys were homogenized in 4 volumes of 
0.25 M sucrose solution and centrifuged at 20,000 g in a 
Beckman Type 50.2 Ti rotor for 20 min. The resulting 
supernatant was centrifuged at 105,000 g in a Beckman 
Type 50.2 Ti rotor for 1 h. The microsomal pellet was 
resuspended in the same volume of sucrose solution and 
centrifuged again at 105,000 g for 1 h. The washed micro- 
somes were homogenized in 0.25 M sucrose solution con- 
taining dithiothreitol (1 mg/ml). Small aliquots were 
stored at -70OC. 

Bile acid CoA synthetase activity 

Bile acid CoA synthetase activity was measured as de- 
scribed previously (11). The standard assay contained 
0.02 pCi [l*C]chenodeoxycholic acid, 5 FM unlabeled 
chenodeoxycholic acid, 0.2 mM CoA, 5 mM ATP, 50 mM 
sodium fluoride, 200 pg enzyme protein, and 100 mM 
Tris-HC1 buffer in a volume of 0.5 ml at a final pH of 8.5. 
The reaction mixture without the enzyme was incubated 
at 37OC in a shaking water bath for 3 min; then, enzyme 
was added to initiate the reaction. After a further 10 min 
incubation, the reaction was terminated by addition of 
0.5 ml of ice-cold methanol and samples were centrifuged 
to remove the precipitated protein. The supernate (0.7 ml) 
was added to 0.5 ml of 6% (v/v) perchloric acid. It was ex- 
tracted twice with 10 ml diethyl ether saturated with 
water, to remove unreacted bile acid. Excess diethyl ether 
was removed from the aqueous phase by evaporation 
under nitrogen. The extract was neutralized with 50 pl of 
11.5 N ammonium hydroxide and transferred into scintil- 
lation vials for determination of radioactivity. Assays were 
performed in triplicate and blanks were carried out in the 
presence of heat-denatured kidney microsomes. 

Identification of product 

The reaction mixture was concentrated by evaporation 
under dry nitrogen and analyzed by reversed-phase 
HPLC. Chemically synthesized chenodeoxycholyl-CoA 
(CDC-CoA) was added to the concentrated sample and 
injected on a Hewlett-Packard 1050 HPLC fitted with a 
250 x 4.6 mm reversed-phase C i8  column (Jones Chro- 
matography, Littleton, CO). The column was eluted at a 
flow rate of 1 ml/min with 75% methanol-2 mM potas- 
sium phosphate, pH 3.0, as the mobile phase. The un- 
labeled CDC-CoA was monitored by UV absorbance at 
259 nm. 

To confirm that the product was CDC-CoA, purified 
BAT (50 ,us) obtained from human liver (12) and un- 
labeled taurine or glycine (find concentration, 10 mM) 
were added to the reaction mixture after 30 min incuba- 
tion and further incubated for 30 min. The reaction was 
stopped with 0.5 ml of ice-cold methanol, concentrated, 

and injected on an HPLC column under the conditions 
described above. The elution pattern was compared to 
that obtained with chenodeoxycholyltaurine (CDC-taurine) 
and chenodeoxycholylglycine (CDC-glycine), synthesized 
as described elsewhere (9). 

Kinetic experiments 

Initial rates of reaction were determined at various con- 
centrations of CDC (1-10 pM) and coenzyme A (CoA) 
(1.5-8 pM) at saturating concentrations of Co.4 (200 pM) 
and CDC (5 pM), respectively. The protein concentration 
and incubation times were chosen such that not more 
than 10% of the limiting substrate was consumed in the 
reaction. The kinetic parameters were calculated by 
fitting these data to the Michaelis-Menten equation by 
nonlinear regression analysis. 

To determine whether other organic acids were alter- 
nate substrates for this enzyme, formation of bile acid 
CoA was determined at various concentrations of benzoic 
acid or salicylic acid (0-400 pM). 

Assay optimization 

Optimization of bile acid CoA synthetase activity was 
carried out in 0.1 M Tris-HC1 buffer at 37OC, varying the 
pH between 6.5 and 9.8 in the presence of 5 mM MgC12. 
Optimum magnesium requirement of this enzyme was 
determined in 0.1 M Tris-HC1 buffer at pH 8.5; 1 mM 
EDTA was added to one group of samples to yield a 
Mg2+-free solution. Linearity of the enzyme-stimulated 
reaction with time was examined using 200 pg of micro- 
somal protein; at the optimized time (10 min), the range 
of protein concentration over which the reaction was 
linear was determined. 
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Fig. 1. HPLC profile of radioactivity (u) in reaction mixture. In- 
cubation conditions were described under Materials and Methods. The 
incubation mixture was concentrated under a stream ofdry nitrogen and 
chemically synthesized chenodeoxycholyl-CoA was added as a standard. 
The latter was monitored by UV absorbance at 259 nm (----). 
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HPLC profile of radioactivity (0-0.) after further incubation 

of the metabolite shown in Fig. 1 with purified BAT and unlabeled 
taurine (A) or unlabeled glycine (B). Conditions were as described in 
Materials and Methods. Elution times of authentic standards are indi- 
cated by dashed lines (----). 

BAT was purified as described previously (12). Protein 
concentration was determined by the method of Lowry et 
al. (13). 

RESULTS 

Identification of product 

Bile acid CoA synthetase activity in rat kidney was ini- 
tially demonstrated using a radioassay developed for this 
enzyme in rat liver (11). Identity of the product was 
verified by reversed-phase HPLC analysis. In addition to 
the unreacted CDC peak, a new peak of radioactivity was 
observed that coeluted with chemically synthesized CDC- 
CoA (Fig. 1). On further incubation with purified human 
liver BAT and either unlabeled taurine or glycine, a third 
peak appeared which had the chromatographic properties 
of CDC-taurine or CDC-glycine, respectively (Fig. 2 A & 
B), confirming that the original product was CDC-CoA. 

Assay conditions 
Rat kidney bile acid CoA synthetase showed maximum 

activity at pH 8.5 (Fig. 3A). Increasing magnesium con- 
centration stimulated enzyme activity until it reached a 
maximum at 5 mM (Fig. 3B). With no added Mg2+, en- 
zyme activity was 33% ofthe maximum activity; however, 
on addition of 1 mM EDTA, enzyme activity dropped to 
zero. Formation of bile acid GOA was directly related to 
the incubation time up to 20 min (Fig. 4A). At 10 min in- 
cubation, the reaction rate was also linearly related to the 
amount of microsomal protein added up to 400 pg 
(Fig. 4B). 
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Fig. 3. Effect of pH (A) and magnesium concentration (B) on rat kid- 
ney bile acid CoA synthetase activity. Enzyme activity was measured as 
described for the standard assay except for the pH and magnesium con- 
centration. In A, 5.0 mM MgCl, was used and pH was varied in B 
incubation was carried out in 0.1 M Tris-HCI, p H  8.5, and magnesium 
concentration was varied. Enzyme activity was expressed as a percentage 
of the maximum observed activity (3.5 pmol/min per mg). Each value 
is the mean * SEM for three experiments. 
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Fig. 5 .  Double-reciprocal plot of the rate of reaction as a function of 
CDC concentration. Initial rates of CDC-CoA formation were deter- 
mined at various concentrations of CDC (1.0, 2.0, 4.0, 6.0, and 
10.0 pM) in the presence of a saturating concentration of CoA (200 pM). 
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Protein (pg) 
Variation of rat kidney bile acid CoA synthetase activity with 

incubation time (A) and protein concentration (B). The assay mixture 
contained 0.02 pCi['+C]CDC, 5 NM unlabeled CDC, 200 p~ CoA, 
5 mM ATP, 5 mM MgC12, 50 mM NaF, and 0.1 M Tris-HC1, pH 8.5. In 
A, 200 pg of microsomal protein was used. In B, incubation was carried 
out for 10 min. Each value is the mean f SEM for three experiments. 

Substrate specificity 

ATP was essential for enzyme activity. Substitution of 
ATP with an equivalent amount of GTP or CTP did not 
yield any product. Enzyme activity was also partially in- 
hibited (33%) by 5 mM pyrophosphate, a product of the 
reaction. In addition to CDC, [2,4-3H]cholate was 
demonstrated to be a substrate of the enzyme (data not 
shown). Unlabeled deoxycholate (2 pM) and lithocholate 
(3 pM) inhibited the formation of CDC-CoA by 50%, 
suggesting that they are also substrates. 

Kinetic studies 

At a saturating concentration of GOA, the initial rates 
of reaction increased with increasing concentrations of 
CDC, conforming to Michaelis-Menten kinetics (Fig. 5). 
The apparent K, of CDC was 2.5 & 0.38 p M  and the 

V,, was 5.0 0.2 pmol/min per mg. Increasing concen- 
trations of CoA at a fixed concentration of CDC also pro- 
duced increasing initid rates of reaction up to 4.5 p M  

GOA (Fig. 6), although at higher concentrations of CoA, 
substrate inhibition was observed. The apparent K,,, and 
V,, of GOA were 2.6 f 0.17 p M  and 2.8 0.12 
pmol/min per mg, respectively. 

f 
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Fig. 6. Double-reciprocal plot of rat kidney bile acid CoA synthetase 
activity as a function of CoA Concentration. Initial rates of reaction were 
determined at various concentrations of CoA (1.5, 2, 3, 3.5,4, 4.5, 6, and 
8 p ~ )  in the presence of 5 pM CDC. Incubation time and protein con- 
centration were chosen such that no more than 10% of the limiting sub- 
strate was consumed in the reaction. 
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Substrate competition experiments 

Benzoic acid and salicylic acid over the concentration 
range of 0-400 pM did not inhibit CDC-CoA formation. 

bile acid physiology is not complete, as the kidney may 
have a role in bile acid metabolism. 

This study was supported by USPHS Grant CA-40530. 
Manuscript receiued 13 March 1992, in reuised form 26 June 1992, and in 
re-revisedform 17 Ju(y 1992. 
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We have shown in this study, using a radioassay with 
HPLC analysis of the product, that bile acid CoA synthe- 
tase, a key enzyme in the formation of bile acid N-acyl 
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taurine and glycine conjugates of CDC when it was incu- 
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