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Summary 

A high-molecular-weight (250 000) bile salt hydrolase (cholylglycine hydro- 
lase, EC 3.5.-.-) was isolated and purified 128-fold from the "spheroplast 
lysate" fraction prepared from Bacteroides fragilis subsp, fragilis ATCC 25285. 
The intact enzyme had a molecular weight of approx. 250 000 as determined 
by gel filtration chromatography. One major protein band, corresponding to a 
molecular weight of 32 500, was observed on 7% sodium dodecyl sulfate poly- 
acrylamide gel electrophoresis of pooled fractions from DEAE-cellulose column 
chromatography (128-fold purified). 

The pH optimum for the 64-fold purified enzyme isolated from Bio-Gel A 
1.5 M chromatography was 4.2 and bile salt hydrolase activity measured in 
intact cell suspensions had a pH optimum of 4.5. Substrate specificity studies 
indicated that taurine and glycine conjugates of cholic acid, chenodeoxycholic 
acid and deoxycholic acid were readily hydrolyzed; however, lithocholic acid 
conjugates were not hydrolyzed. Substrate saturation kinetics were biphasic 
with an intermediate plateau (0.2--0.3 mM) and a complete loss of enzymatic 
activity was observed at high concentration for certain substrates. The presence 
or absence of 7-a-hydroxysteroid dehydrogenase was absolutely correlated with 
that of bile salt hydrolase activity in six to ten strains and subspecies of B. 
fragilis. 

I n t r o d u c t i o n  

In man, bile acids are formed by the liver as conjugates of glycine or taurine 
[1 ] and stored in the gall bladder. Upon stimulation, the gall bladder discharges 
the bile salts and other biliary constituents into the duodenal region of the 
small intestine. Bile salts are transported from the lumen of the small intestine 
via an active transport mechanism in the ileum [2] and returned to the liver by 
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the portal venous system. It has been estimated that  approx. 500 mg bile salts 
per day escape the enterohepatic circucaltion and enter the large bowel [3], 
The indigenous intestinal microflora of  the large bowel in man contains bacte- 
ria which are capable of transforming bile salts into a variety of  compounds  
[4,5] some of which have been implicated in the etiology of  colon cancer in 
man [6]. 

One of  the major biotransformation reactions carried out  by human intestin- 
al bacteria is the hydrolysis of  bile salts to form free bile acids [7]. The hydrol- 
ysis of  bile salts results in a decrease in the polarity of the side chain due to the 
hydrolysis of  the peptide bond, an increase in the pKa and decreased solubility 
of bile acid in acid solutions [8]. Bile salt deconjugation has been demonstrated 
with certain members of  the genera Bacteroides, Bifidobacterium, Clostridium, 
Enterococcus and Veillonella [9]. 

The enzyme responsible for the hydrolyt ic  cleavage of  bile salts, bile salt 
hydrolase (cholylglycine hydrolase, EC 3.5.-.-), was first isolated and partially 
purified from a strain of  Clostridium perfringens by Nair et  al. [10]. Properties 
of  bile salt hydrolase also have been described in crude cell extracts prepared 
from strains of the genera Bacteroides, Bifidobacterium, Clostridium and 
En terococcus [ 11 ]. Although various characteristics of  bile salt hydrolase have 
been described using whole cells or crude cell extracts, there remains a paucity 
of  published information regarding the molecular characteristics of  the purified 
enzyme. 

Materials and Methods 

Strains o f  bacteria. Selected strains of Bacteroides [ragilis were kindly 
donated by Drs. J.L. Johnson and W.E.C. Moore of  the Anaerobe Laboratory,  
Virgina Polytechnic Insti tute (V.P.I.) and State University. Stock cultures of  B. 
fragilis were maintained in chopped-meat  medium under anaerobic conditions 
as described by Holdeman and Moore [12]. 

Growth media and cultural conditions. B. fragilis subsp, fragilis ATCC 25285 
(NCTC 9343) utilized for enzyme isolation and characterization was cultured 
anaerobically as described previously [13]. Cells were harvested by centrifuga- 
tion at 13 700 × g for 20 min at 25°C from a 6 1 culture at the stationary 
growth phase. 

Selected strains of  B. fragilis investigated for the qualitative ability to decon- 
jugate bile salts were cultured in a chemically defined growth medium contain- 
ing 0.5 mM sodium glycocholate as described previously [14]. Growth of bac- 
teria was determined by measuring the culture absorbance with a Bausch and 
Lomb Spectronic 20 at 660 nm. 

Qualitative assay for bile salt hydrolase in whole cells. In qualitative assays 
for the presence of  bile salt hydrolase from selected strains of B. fragilis, conju- 
gated and free bile acids were extracted from 10 ml cell culture (72 h) by  acidi- 
fication to  pH 1.0 with 6 M HC1 fol lowed by extraction of free and conjugated 
bile acids with 1 ml ethylacetate as described previously [14]. The cultures 
were then centrifuged at 10 000 × g for 20 min to sediment cell debris and pro- 
mote  phase separation. The ethylacetate phase was removed and portions were 
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spot ted on thin-layer chromatograms (20 by 20 cm) of silica gel IB-F (Baker- 
Flex). Conjugated and free bile acids were separated in a solvent system consist- 
ing of chloroform/acetone/acet ic  acid/water (7 : 1 : 2 : 0.1, v/v) [7]. Conju- 
gated and free bile acids were identified by comparing their mobilities to the 
mobili ty of known standards following development by spraying plates with 
phosphomolybdic  acid (Baker Reagent) and heating at 150°C for 10 min. 

Quantitative enzyme assay for bile salt hydrolase. Enzymatic cleavage of  gly- 
cine- and taurine-conjugated bile acids was followed by measuring the initial 
rate of  free glycine or taurine formed from the bile salt substrates. Glycine and 
taurine concentrations were determined spectrophotometrical ly at 570 nm by a 
modification of  the ninhydrin reaction as described by Troll and Carman [15]. 
Standard curves were prepared using free glycine or free taurine. 

The standard reaction mixture (1.0 ml) contained in final concentrations, 
1.0 mM bile acid conjugate, 50 mM sodium acetate buffer (pH 4.2) and an 
appropriate sample of  enzyme. Reaction mixtures were incubated at 37°C for 
a time course of  30 min. The substrate conversion rate was linear over 15 min 
with deviations from linearity for longer time course depending on the sub- 
strate utilized. Enzymatic activity was terminated by  the addition of 1.0 ml of  
0.5 M trichloroacetic acid directly to the reaction mixture at various t ime inter- 
vals and the precipitated protein removed by centrifugation at 15 000 X g for 
10 min. The supernatant fluid (0.2 ml) was assayed spectrophotometrical ly for 
glycine or taurine. A unit of  enzyme activity was expressed as the amount  of  
enzyme required for the formation of  1 pmol of glycine or taurine in 1 min per 
mg extract  protein under standard assay conditions. The initial reaction veloci- 
ty was directly proportional to protein concentration over a range of  25--400 
pg/ml. Protein concentration was measured by the method of Lowry et al. 
[16]. 

Preparation of spheroplast fractions. Spheroplast fractions of  B. fragilis were 
prepared as described previously [ 13 ]. The procedure for spheroplast fractiona- 
tion is outlined in Fig. 1. This initial step for enzyme purification was em- 
ployed because bile salt hydrolase activity in cell extracts obtained from soni- 
cated whole cell suspensions was very unstable. Furthermore,  this initial 
spheroplast fractionation procedure also removed approx. 10--20% of the total 
cell protein. 

Enzyme chromatography. The enzyme preparation obtained from the 
"spheroplast  lysate" fraction (Fig. 1) was chromatographed on Bio-Gel A 
1.5-M. The column was equilibrated prior to applying sample using 20 mM 
potassium phosphate buffer (pH 7.0) which was 1 mM in sodium ethylenedia- 
mine-tetraacetate (EDTA) and 20 mM in 2-mercaptoethanol.  The Bio-Gel A 
1.5-M column was calibrated for molecular weight estimations using Dextran 
Blue 2000, beef liver catalase (250 000) aldolase (158 000) and ovalbumin 
(45 000) as molecular weight standards. Bile salt hydrolase was eluted from the 
column using equilibration buffer. Measurement of  enzyme activity in eluted 
fractions allowed an approximation of the molecular weight of  bile salt hydro- 
lase. Fractions (6.0 ml) were eluted at a rate of 10 ml/h. 

10 ml of the combined Bio-Gel A 1.5-M fractions (57--59) (Fig. 2) were 
applied to a column (1 by 15 cm) of DEAE-cellulose that had been equilibrated 
with 10 mM sodium phosphate buffer (pH 7.0). The protein on the column was 
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16 g wet weight whole cells were suspended in 40 ml 20 mM potassium phosphate buffer 
(pH 7.0) containing sucrose (0.5 M) and sodium EDTA (1 raM). 

Lysozyme (50 pg/ml) treatment 
for 1 h at 37°C. 

Spheroplasts centrifuged at 
10 000 × g for 210 min at 20°C. 

The sedimented spheroplasts were lysed by suspending 
in 40 ml of 20 mM potassium phosphate buffer (pH 7.0) 
containing sodium EDTA (1 mM) and 100% lysis accom- 
plished by passage through a French Pressure Cell 
(8000 lb/inch 2) at 4°C. 

Centrifuged at 105 000 × g for 

Lysed spheroplast sediment "Spheroplast lysate" 
(supernatant) 

Fig. 1. Procedure for spheroplast fractionation. 

"Spheroplast medium" 
(supernatant containing 
10--20% of total protein) 

then eluted with a linear (10--100 mM) gradient of sodium phosphate buffer 
(pH 7.0). Protein elution was monitored spectrophotometrically by measuring 
absorbance of eluant at 280 nm. Fractions were assayed for enzymatic activity 
immediately following elution and fractions containing peak activities were 
pooled and frozen (--20°C) for use in subsequent enzyme characterization 
experiments. The enzyme did not detectably lose activity when stored under 
these conditions for 3 months. 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis. The most puri- 
fied (128-fold) bile salt hydrolase preparation obtained (spec. act. 160 pmol.  
min -1 • mg protein-') from pooled fractions following Bio-Gel A 1.5-M and 
DEAE column chromatography was applied to 7% sodium dodecyl sulfate 
polyacrylamide gels overlayed with 4% acrylamide gel using the method of 
Davis [17]. Proteins were incubated for 3 h at 37°C in a 0.2--0.3 ml solution 
of 1% SDS containing 1% 2-mercaptoethanol before applying onto gels. Sam- 
ples were electrophoresed at 25°C with a current of 5 mA per gel for 6 h. Pro- 
teins were stained overnight with 0.05% Coomassie Brilliant Blue according to 
the method of Weber et al. [18]. 

Materials. Glycine and taurine conjugates of cholic acid, deoxycholic acid 
and lithocholic acid were obtained as the sodium salts from Calbiochem (San 
Diego, Calif.). Lysozyme (9000 I.U./mg) used in spheroplast formation was 
obtained from Worthington Biochemical Corp. (Freehold, N.J.). Bio-Gel A 
1.5-M was obtained from Biorad Laboratories (Richmond, Calif.}. Acrylamide 
was obtained from Eastman Kodak Co. (Rochester, N.Y.) and was purified by 
recrystallization from chloroform wash. Sodium dodecyl sulfate (SDS) was 
obtained from Sigma Chemical Co. (St. Louis, Mo.). Diethylaminoethyl-cellu- 
lose (DE-52} was purchased from Whatman (W. & R. Balston Ltd, England). 
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Results 

Enzyme purification. The results of the purification procedure are summar- 
ized in Table I. Pooled fractions (57--59) from Bio-Gel A 1.5-M {Fig. 2) 
showed a 64-fold purification over whole spheroplasts. The enzyme was further 
purified (2-fold) using DEAE-cellulose column chromatography (Table I). Bile 
salt hydrolase eluted from DEAE-cellulose columns showed a high degree of 
congruency between enzyme activity and protein profile (Stellwag, E.J. and 
Hylemon, P.B., unpublished). The bile salt hydrolase isolated and purified 
from the spheroplast lysate fraction had a specific activity of 160 pmol/min per 
mg of protein under standard reaction conditions. Because of the limited quan- 
tity of 128-fold purified enzyme, the 64-fold purified preparation was utilized 
in all subsequent experiments, except  for SDS polyacrylamide gel electrophore- 
sis. 

Enzyme purity and molecular weight estimations. The molecular weight of  
the 64-fold purified hydrolase was estimated by gel filtration using Bio-Gel A 
1.5-M column (3 by 90 cm) chromatography (Fig. 2). Elution volumes of three 
reference proteins, Ve/Vo (V0, void volume; Ve, elution volume) values were 
plotted against molecular weight on a log scale. From the standard curve a 
molecular weight of  approx. 250 000 was obtained for the 64-fold purified bile 
salt hydrolase isolated from the "spheroplast lysate" fraction of B. fragilis. 

Enzyme purity was evaluated by SDS polyacrylamide gel electrophoresis. 
The 128-fold purified enzyme preparation yielded only one major protein band 
which corresponded to a molecular weight of  approx. 32 500. 

Optimum pH for enzyme catalysis. The initial rates of enzyme catalysis were 
measured over a time course of 15 min under standard assay conditions and a 

T A B L E  I 

P U R I F I C A T I O N  OF BILE S A L T  H Y D R O L A S E  F R O M  B. F R A G I L I S  SUBSP. F R A G I L I S  A T C C  2 5 2 8 5  

Procedure Vol. Tota l  Tota l  Specific Purification R e c o v e r y  
(ml)  activity protein activity (fold) (%) 

( I .U. )  * (mg)  ( I . U . / m g  
p ro te in )  

Whole sphero- 
plasts ** 50 1230  984  1 .25  1.0 100 

Spheroplast  
lysate 
(105  000  × g 
supernatant)  30 540 135 4.0 3.2 44  

Biogel A 1.5-M 
c h r o m a t o g -  
r a p h y  18 360  4.5 80 .0  64.0 30 

DEAE-ce l lu lose  * * 
chromatog-  
raphy 10 133  0 .83  160.2  128 .0  10 

* I .U. ,  i n t e rna t iona l  uni ts .  
** Whole sphcroplasts were prepared f r o m  16 g wet  weight  whole  cells of B. fragilis subsp,  fragilis 

A T C C  2 5 2 8 5  as described previously [ 13 ] .  
*** D E A E ,  diethylaminoethyl .  
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Fig. 2. E lu t ion  profi le  of  bile salt hydro lase  f r o m  Bio-Gel A 1.5-M c o l u m n  (3 by  90  cm) .  F rac t ions  (6 ml)  
were  co l lec ted  and  assayed  for  a b s o r b a n c e  a t  280  n m  (o)  a nd  bile salt hydro lase  ac t iv i ty  (u). 

pH range of 3.5--7.0. Hydrolysis of glycocholic acid resulted in pH alterations 
of less than 0.1 pH unit during the incubation. 64-fold purified bile salt hydro- 
lase isolated from the spheroplast lysate fraction of B. fragilis had an optimal 
pH of 4.2 (Fig. 3B) compared to a value of 4.5 for whole cells of B. fragilis 
(Fig. 3A). 

Substrate specificity. Several glycine and taurine conjugates of bile acids 
were examined for activity as substrates of bile salt hydrolase. The enzyme 
hydrolyzed both glycine and taurine conjugates and demonstrated greatest acti- 
vity on dihydroxyl taurine conjugates (Table II) as compared to dihydroxyl gly- 
cine conjugates or trihydroxyl conjugates of glycine or taurine. The least acti- 
vity was demonstrated using glycochenodeoxycholic acid and taurocholic acid 

T A B L E  II  

S U B S T R A T E  S P E C I F I C I T Y  OF BILE S A L T  H Y D R O L A S E  FROM B. F R A G I L I S  SUBSP. F R A G I L I S  
A T C C  25285  

Each  s te ro id  was  assayed  a t  a c o n c e n t r a t i o n  of  1.0 mM unde r  s t a n d a r d  assay condi t ions .  The  r eac t i on  was  
in i t ia ted  by  the add i t ion  of  25 /~g of 64-fold pur i f ied  e n z y m e  a n d  a c t i v i t y  is r e p o r t e d  as pxnol subs t ra te  
h y d r o l y z e d / m i n  per  mg  pro te in .  

Steroid  Bile salt 
hydro lase  act iv i ty  

Glycochol ic  acid 80 
G l y c o c h e n o d e o x y c h o l i c  acid 37 
G l y c o d e o x y c h o l i c  acid 57 
Glyco l i thocho l i c  acid * <1  
Taurocho l i c  acid 53 
T a u r o c h e n o d e o x y c h o l i c  acid 40  
T a r u o d e o x y c h o l i c  acid 48 
Tauro l i thocho l i c  acid * < 1  

* These  s tero ids  were  spar ingly  soluble u n d e r  s t a n d a r d  assay condi t ions .  



171 

0 1.2 
r r  

>-  c 

_J ~.~ 

-- 0.4 

-J 

s0 
~z 
>-'~ 

~ 60 

u J c  40 
~ E  

o -  6 
>-~ 20 

q 

i I I I i I I I 1 

I I I i i I I I I .... 
3 , 0  4 . 0  5 , 0  6 . 0  7 . 0  

p H  

Fig.  3. E f f e c t  o f  p H  o n  ca ta lys i s  o f  b i le  sal t  hyd ro l a se .  The  pH o p t i m u m  of  bile salt  hyd~olase  us ing  intact  
w h o l e  cell s u s p e n s i o n s  (A)  and  64- fo ld  pu r i f i ed  bi le  salt  h y d r o l a s e  f r o m  the  in t raee l lu laz  lysa te  f r a c t i o n  

(B). 

substrates under our assay conditions. Bile salt hydrolase from B. fragilis 
showed undetectable activity with glycine or taurine conjugates of  lithocholic 
acid as substrates (Table II). 

Kinetic properties. Substrate saturation kinetics were performed and the 
results are shown in Figs. 4, 5, 6 and 7. These data show that substrate satura- 
tion kinetics were biphasic. For example, an intermediate plateau was observed 
with taurocholic acid, glycochenodeoxycholic  acid, glycodeoxycholic  acid, 
taurochenodeoxychol ic  acid and taurodeoxychol ic  acid (Figs. 5, 6 and 7). A 
complete  loss of  enzymatic activity at high substrate concentrations was 
observed with glycochenodeoxychol ic  acid, taurochenodeoxychol ic  acid, and 
taurodeoxychol ic  acid (Figs. 6A, 7A and 7B). In contrast, substrate saturation 
kinetics performed using glycocholic acid, glycodeoxycholic  acid and tauro- 
cholic acid showed saturable kinetic behavior wi thout  concomitant  decrease in 
enzymatic activity at high substrate concentrations (Figs. 4, 5 and 6B). It is of  
interest to note  that a decrease in enzymatic activity at a particular substrate 
concentration was paralleled by the appearance in the  reaction vessel of  a floc- 
culent  precipitate at the time of  reaction initiation. Additional experiments 
were performed to determine if the loss of  enzymatic activity at high substrate 
concentrations was reversible. For example, enzymatic reaction mixtures were 
incubated 15 min with bile salt substrate concentrations known to cause inac- 
tivation of  bile salt hydrolase. Various dilutions were made in acetate buffer 
(pH 4.2) and the diluted reaction mixtures were further incubated for 30 min. 
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over  a t i m e  course  of  15 m i n .  
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Fig. 7. E f f ec t  of  t a u r o c h e n o d e o x y c h o l i c  acid (A)  and  t a u r o d e o x y c h o l i c  acid (B) on  bile salt hydro lase  
ac t iv i ty .  Bile salt  hydro iase  (25  #g  of  64- fo ld  pur i f i ed  e n z y m e )  was  ad d ed  to ini t ia te  the  r eac t ion .  Init ial  
ra tes  of  hydro lys i s  we re  m e a s u r e d  over  a t ime  course of  15 rain.  
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T A B L E  I I I  

A P P R O X I M A T E D  V A L U E S  F O R  V A N D  K m 

The  V values  w e r e  d e t e r m i n e d  f r o m  the  s u b s t r a t e  s a t u r a t i o n  curves  s h o w n  in Figs.  4,  5, 6 and  7 and  the  
a p p a r e n t  K m v a l u e s  were  ca lcu la ted  by  e s t i m a t i n g  1 /2  V. 

S u b s t r a t e  V K m (raM) 
( p M / m i n  pe r  

m g  p r o t e i n )  

G lycocho l i c  acid  80 0 .35  
G l y c o d e o x y c h o l i c  acid 72 0 .20  

G l y e o c h e n o d e o x y c h o l i c  acid 38 0 .26 

T a u r o c h o l i c  acid 66 0 .45  

T a u r o d e o x y c h o l i c  acid  53 0 .17 

T a u r o c h e n o d e o x y c h o l i c  acid  40 0 .29 

Samples were taken every 5 min during this incubation and assayed for product 
accumulation. Enzyme activity was detectable following dilution of  these reac- 
tion mixtures; however, the amount of activity recovered was variable. 

The data shown in Figs. 4, 5, 6 and 7 demonstrate intermediate plateaus in 
plots of initial reaction rates versus substrate concentrations for all substrates 
except glycocholic acid {Fig. 4). Interestingly, the intermediate plateaus were 
all located in the region of  0.2--0.3 mM substrate concentration irrespective of 
the substrate being hydrolyzed. The apparent Km and V values for glycine and 
taurine conjugates of cholic, deoxycholic and chenodeoxycholic acids are sum- 
marized in Table III. 

Distribution of bile salt hydrolase and 7-a-hydroxysteroid dehydrogenase in 

T A B L E  IV 

D I S T R I B U T I O N  O F  7 - c z - H Y D R O X Y S T E R O I D  D E H Y D R O G E N A S E  A N D  B I L E  S A L T  H Y D R O L A S E  IN 

D I F F E R E N T  D E O X Y R I B O N U C L E I C  A C I D  H O M O L O G Y  G R O U P S  O F  B. F R A G I L I S  

St ra in  No.  D e o x y r i b o n u c l e i c  acid Bile salt  7 - ~ - H y d r o x y s t e r o i d  

h o m o l o g y  g r o u p  * h y d r o l a s e  ** d e h y d r o g e n a s e  *** 

A T C C  2 5 2 8 5  Subsp.  fragilis (1) + + 

VPI  2 3 9 3  Subsp .  fragilis (2)  + + 
VPI  4 2 4 3  Subsp.  d i s tason i s  (1) - -  - -  

VPI  3452-A Subsp.  d i s tason i s  (2) + + 
VPI  4 2 4 5  Subsp.  vu lga tus  - -  - -  

VPI  0061-1  Subsp .  t h e t a i o t a o m i c r o n  (1)  - -  

VPI  5482  Subsp .  t h e t a i o t a o m i c r o n  (2)  + + 
VPI  2 3 0 2  Subsp .  t h e t a i o t a o m i c r o n  (3) + + 

VPI 0038-1  Subsp .  o v a t u s  (1) + + 
VPI  3 5 2 4  Subsp.  o v a t u s  (2) + + 

* R e p o r t e d  by  J o h n s o n  [ 1 9 ] .  

** Cells o f  B. fragilis w e r e  cu l t u r ed  in  chemica l l y  d e f i n e d  m e d i u m  c o n t a i n i n g  0 .5  mM g lycochoHc  
ac id  a n d  bile salt  h y d r o l a s e  a s s a y e d  c h r o m a t o g r a p h i c a l l y  as  desc r ibed  in Mate r ia l s  and  Me thods .  

***  7 - ~ - H y d r o x y s t e r o i d  d e h y d r o g e n a s e  w a s  d e t e r m i n e d  b y  i d e n t i f i c a t i o n  o f  7 - k e t o d e o x y [ 1 4 C ] c h o l l c  
acid  g e n e r a t e d  by  g r o w i n g  cu l tu res  o f  B. fragilis in  chemic a l l y  d e f i n e d  m e d i u m  c o n t a i n i n g  [14C]- 
chol ic  acid  as d e s c r i b e d  p rev ious ly  [ 14] .  
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strains of  B. fragilis. The distribution of  bile salt hydrolase as compared to the 
distribution of  7-a-hydroxysteroid dehydrogenase in different DNA-DNA ho- 
mology groups [19] of B. fragilis is shown in Table IV. It should be noted  that  
the presence or absence of  bile salt hydrolase activity correlates absolutely with 
the presence or absence of  7~-hydroxys tero id  dehydrogenase in all 10 strains 
of  B. fragilis assayed. 

Discussion 

The presence of a relative high molecular weight (250 000) bile salt hydrol- 
ase with a pH opt imum of 4.2 exhibiting non-Michaelis-Menten saturation kine- 
tics was unexpected in view of the previous reports. Aries and Hill [7] 
described an oxygen (O: )-sensitive, 50 000--100 000-dalton bile salt hydrolase 
in the same strain of  B. fragilis using a thin-layer chromatography enzyme 
assay. Such a low molecular weight value may have resulted as a consequence 
of  the isolation procedure (i.e. sonic disruption using glass beads), which could 
easily have disrupted the native oligomeric structure of  bile salt hydrolase. For 
example, a single protein band, corresponding to a molecular weight of  approx. 
32 500, was observed on SDS polyacrylamide gel electrophoresis of  the 128- 
fold purified enzyme. These data indicate that the native intact enzyme is com- 
posed of  eight identical subunits. 

Previously reported pH optima for bile salt hydrolase were 5.6--5.8 in C. 
perfringens [10] and 5--6 for a strain of B. fragilis identical to that  utilized in 
our studies [7]. Such results are in contrast to a pH opt imum of 4.2 for bile 
salt hydrolase purified from the spheroplast lysate fraction of  B. fragilis. The 
discrepancies encountered with regard to pH optima may be a result of  differ- 
ences in the enzyme form with respect to the clostridial enzyme, whereas the 
method  of isolation, enzyme assay and purity of bile salt hydrolase may be a 
factor in the bile salt hydrolase isolated from B. fragilis. 

The possibility that  the enzyme isolated and characterized from C. perfrin- 
gens by Nair et al. [10] is different from the enzyme isolated from B. fragilis is 
strengthened by  the reported typical Michaelis-Menten saturation kinetic 
behavior of  the clostridial enzyme. In contrast, we observed biphasic substrate 
saturation kinetics with the 64-fold purified bacteroides enzyme with an inter- 
mediate plateau (0.2--0.3 mM) and substrate inhibition with certain substrates 
at high concentrations. Kagan et al. [20] reported that  the plateau kinetic phe- 
nomenon is highly dependent  on enzymatic form. These investigators reported 
that in a theoretical analysis of allosteric enzyme systems for which equilibrium 
between oligomeric forms occurs, the rate of  equilibration is slower than the 
enzymatic reaction. Moreover, the allosteric transition in the oligomer is of 
high velocity, showing that in such systems the kinetics of  allosteric interac- 
tions may be expressed by V versus [So] plots of  a number  of inflection points 
(one or two intermediate plateaus). Such an explanation may be one interpre- 
tation of  the biphasic kinetic behavior of  bile salt hydrolase isolated from B. 
fragilis. This explanation is also consistent with the fact the enzyme consists of  
several monomeric subunits (probably 8) that appear to exist in loose associa- 
tion as is evidenced by the apparent instability of  the complex to sonic oscilla- 
tion. Although this explanation may be valid for bile salt hydrolase from B. 
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fragilis, further experimentation will be necessary to determine whether the 
shape of the V versus [So] plots is a phenomenon of slow equilibrium installa- 
tion between oligomeric forms having different kinetic parameters. Based on 
the apparent Km values, it appears that the enzyme has the strongest binding 
affinities for the glycine and taurine conjugates of deoxycholic acid and the 
weakest binding affinities for glycine and taurine conjugates of cholic acid. The 
relative binding affinity of the enzyme for various substrates does not seem to 
influence the shape of the saturation curves. With the exception of glycocholic 
acid, an intermediate plateau is present at 0.2--0.3 mM substrate concentration 
for all substrates regardless of the Km values. 

The distribution of bile salt hydrolase in different DNA homology groups of 
B. fragilis deserves note, particularly because its presence or absence correlates 
absolutely, in all strains tested, to the presence or absence of 7~-hydroxyste- 
roid dehydrogenase. We have previously reported [13] that bile salt hydrolase 
and 7-a-hydroxysteroid dehydrogenase activities increase markedly, with 
approximately the same time course, during the stationary growth phase. These 
data indicate that bile salt hydrolase and 7~-hydroxysteroid dehydrogenase 
may be regulated in a similar fashion in B. fragilis. Further, the physiological 
significance of 7-~-hydroxysteroid dehydrogenase and bile salt hydrolase to B. 
fragilis needs to be further clarified with respect to the marked ability of this 
organism to survive and grow in the gastrointestinal tract of animals. 
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