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Human liver contam~ hydrolytic activity toward 3fl-glucos~do.chenodeoxychohc acid Thin fl-glucos~dase activity, localized predominantly m the 
m~crosomal fractio~a, was optimally actwe in the presence of d~valent metal ~ons dose to pH 5.0 and was inhibited by EDTA. Kinetic parameters 
and other catalytic properties o1" hydrolytic actwny towards 3,,~-glucosido-chenodeoxyclaolic acid From human liver microsomes are described. 
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1. I N T R O D U C T I O N  

Bile acid glucosides have been shown to be formed in 
human liver microsomes by a glucosyltransferase [1,2] 
and to occur as constituents of  human urine in health 
[3] and disease [4]. In the present report hydrolytic activ- 
ity toward the glucoside of the main bile acid chenode- 
oxycholic acid is described from human liver. This fl- 
glucosidase activity has been shown to have properties 
distinct from the two ~-glucosidases known in human 
liver and many other mammalian tissues: a lysosomal 
fl-glucosidase, termed glucocerebrosidase (N-acylsphin- 
gosyl-l-O-fl-o-glacoside: glucohydrolase) according to 
its natural substrata ghtcosylceramide [5], and a broad 
specificity fl-glucosidase located in the cytosol [6-8]. 

2. M A T E R I A L S  A N D  M E T H O D S  

2.1. llatate/~al~ 
Sources of chemical~ [I,21 and of human hve~ [9] were the same a~ 

described m prev~ou~ papers. The fol!owmg materials were obtained 
from Sigma, Munich: deoxyco~ti¢osterone 21-81ucoside, octyl n-t~- 
glucopyranos~de, glucosylsphingo~ine (sphmgosyl-l-O-fl-~-gluco- 
~ide), galactosylsphmgo~me(sphingosyl-l-O-fl-~galacto~lde), gluco. 
sylceram~de (glucocercbroside, N.acyl~ph;zgosyl.l.O.fl.D-gluco~ide) 
from human ~pleen, N BD (12-[N-methyl-N-('/-nitrobenz-2-oxa-l,3- 
diazol-4-yl)] aminododecanoic a¢~d)-gluco~),leeram~de, L-~-phosphat- 
idyl-L.serme from bovine brain and bromocondurltol A/B. Castano. 
spermme was from Boehringer, Mannheim. l-Deoxynojirimycin wa~ 
a generous gift from Dry. G. Scango~ and D. Sehmldt, B,iyer AG, 
Wuppertal. 

[24-t'~C]Claenodeoxychohc acid glucoside (8/~Ci/#mol) was synthe- 
9 t~ sized by enzymatic conj agation of [.4- Clchenodeoxychohc acid with 

human liver microsomes as enzyme ~ouree and octyl fl-t~-glucopyra- 
non,de as glucose donor a~ described [3]. The enzymatically synthe- 
sized ehenodeoxyeholie acid 81ucos~de has bee~ characterized to be the 
3-fl-glucoside of the b~le acid [l,10] and analyzed by fast atom bom- 
bardment naa~ ~pectrometry [3]. 
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2.2. T~ssue preparatton 
Liver speeimen~ could be stored frozen at -30"C for at least 2 

months without loss of /~-~la¢o~ida~e activity toward ehenode- 
oxycholic acid glueo~ide. For tissue fractionation, however, only fresh 
liver ~ample~ were used. Liver homogenates were obtained and sub- 
jeered to dil~'erential eentrffugation into 4 fractions by a modification 
of the method described by Amar-Cozte~e et al. [11]. The tissues were 
homogenized in 0.25 M sucrose/5 mM Tris-l-lCl (pH 7.4) umul~ a glass 
homogem,'er with a teflon pestle (Braun-Melsungen). The nuclear 
Fraction was obtained by centnfugation of the homogenate at 
1,000 × g for 10 rain; large granules were sedimcnted at 25,000 ~ g for 
10 rain, the microsomal fraction was ~eparated from the final ~uperna- 
taut at 109,000 × g for 60 mia. All pellets were washed by re~uspension 
in homogenization mad,urn as described [11 ] followed by recentrifaga- 
tion at the same force used for the respective fract~onatton step. The 
washings were added to the ¢orrehponding Sul~rnatants before further 
treatment, and the final pellets were ~unpended m homogenization 
medium. All centrifugal Forces (g) are calculated from average value~ 
of radn m rotors. 

2.3. En-yme a.~.sa),~ 
Unless otherwise stated fl-.glueosldase aetlvit~' toward ehenade- 

oxychohc acid glueoslde wan determined as follows: Approximately 
10-30 ~g of protein xva~ incubated in a reaction mmtare which con- 
tained (in a total volume of 30/,tl) 0.7 nmol ['aC]cbenodeox~,cholle acid 
glucosid¢, 0.1 M sodium acetate, pH 5.0, 10 mM MaUls, 0 I mM 
EDTA and 1 mM dithiocrythritol. After 20 mm at 37°C the reaction 
was stopped by addition of 30/~1 ethanol containing 0 2 nmol unla- 
beled chenodeoxycholic actta; 50,ul of the miztare was directly applied 
to the preadsorbent layer of 19-dmnneled sd~ea 8el thin-layer plates 
(Baker, Phdhp~bur~, USA), which were develol~.~l with chloroform/ 
lnopropannl/lsobutanollacetic acid/water (30 20:10:2 1, v/v) and ana- 
lyzed m a thin-layer ehromatogram t~.anner with a data system (13er- 
thold, Wddbad). In the presenc~ offl-gluco~ida~e aetivlty a radioac- 
tively labeled reaction product was detectable which was separated 
from anreacted [t~C]ehenodeoxychoqc acid glueoside (Rl 0 50) and 
was identical to the position of authentic [~4C]chenodeox)'cholic acid 
(Rr 0.89). 

Glucocerebrasida~ was a~sayed fluorimemcally w~th a maxture of 
81ucoslcleeramide and the synthetic analogue NBD-glnco~yleeram~de 
as d~eribed ~12]. The following marker enzymen were assayed a~ord- 
ing to pabhshed procedures: nue¢inate-lNT (2~-iodopbenyl)-3-(p-ni- 
trophenyl)-5-phenyltetrazoliam) reductase [13] and 81uco.~e-6.phos- 
phata~ [141. Acid phosphatase was estimated with /J-nltrolahenyl- 
phosphate according to the m~truetlon~ by Boehnnger, Mannhe~m. 

Protein was determined a~ de~cribed in a previou~ report [I]. 
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3. RESULTS AND DISCUSSION 

3.1. St~bcellulav distribution 
The distribution of fl-glucosidase activity toward 

chcnodeoxycholic acid glucoside in subcellular fractions 
of liver homogenates in comparison to the distribution 
pattern of  the known membrane-associated fl-glucosi- 
dase glucocerebrosidase and of  various marker enzymes 
is shown in Table I. According to the distribution of  
suceinate-INT reduetase and acid phosphatase as mark- 
ers of  the mitochondrial-lysosomal fraction and of  glu- 
cose-f-phosphatase as marker enzyme of microsomes 
[11,13], the pellets sedimenting at 25,000×g and 
100,000xg are enriched in mitoehondria-lysosomes 
and microsomes, respectively. Hydrolytic activity to- 
ward ehenodeoxyeholic acid glucoside was found to be 
mainly recovered in the 100,000 × g pellet which showed 
the highest relative specific activity of  3.5 and therefore 
the highest enrichment of the enzyme activity. In con- 
trast, however, to the microsomal marker enzyme glu- 
cose-6-phosphatase, which was exclusively enriched in 
the 100,000 x g pellet, t/-glucosidase activity toward 
chenodeoxycholic acid glucoside showed an additional 
minor enrichment of  about 1.5-fold as compared to the 
homogenate in the 25,000 × g pellet. Only about 3% of  
the total hydrolytic activity toward chenodeoxycholic 
acid glucoside present betbre fractionation was detecta- 
ble in the 100,000 × g supernatant, indicating the mem- 
brane-associated nature of  the enzyme activity. The low 
recovery and lack of  enrichment of hydrolytic activity 
toward chenodeoxycholic acid glucoside in the final su- 
pernatant indicates that the enzyme activity is not iden- 
tical with a broad specificity human liver/?.glucosidase 
which has been localized in the cytosol [7]. The results 
of Table I suggest that ,6-glucosidase activity toward 
chenodeoxycholic acid glucoside is mainly located in the 
microsomal fraction in addition to a minor association 
with the 25,600 x g pellet. The apparently bimodal dis- 

tributi~n of  this enzyme acti,,ity in human liver should 
be more precisely clar:~ed when the purified enzyme 
will be available, e.g. using immunohistoehemical meth- 
ods. 

As shown in Table I glucocerebrosidase differed in its 
subcellular distribution from ]~-glucosidase activity to- 
ward chenodeoxycholie acid glucoside. Enzyme activity 
toward giucosyiceramide was mainly enriched in the 
25,000 x g pellet and showed a minor association with 
the 1000000 x g pellet as judged from the relative specific 
activities of glucocerebrosidase in these pellets of  3.0 
and 1.3, respectively. The main recovery of  glucoeere- 
brosidase in the 25,000 x g pellet (Table I) is in accord- 
ance with the known lysosomal localization of  this 
enzyme [15]. The different subcellular distribution of 
activities toward chenodeoxycholie acid glucoside and 
glucosyleeramide indicates the nonidentity of  both en- 
zyme activities. 

3.2. Characteristics of fl-glucoaidase 
The following characteristics offl-gl ucosidase activity 

toward ehenodeoxyeholic acid glucoside have been ob- 
tained with human liver microsomes as enzyme source 
according to the main localization of  the enzyme activ- 
ity in the microsomal fraction (Table 1). 

The influence of pH on the activity offl-glucosidase 
toward ehenodeoxycholic acid glucoside was investi- 
sated at pH 3.5-8.0 in a mixture of  sodium acetate, 
MES and Bis-Tris-Propane, each component  50 raM. 
Enzyme activity showed a sharp opt imum close to pH 
5.0 and declined steeply toward pH 3.5 and 8.0, with 
half maximal activities at pH 4.2 and 6.0 (not shown). 

As may be seen from Table 11 hydrolysis of  chenode- 
oxycholic acid glucoside was activated by divalent metal 
ions. At pH 6.5, enzyme activity was inhibited about 
90% by 2.5 mM EDTA and was completely or partially 
restored by the addition of  Mn ~'-, Ni °* or Zn °-* (5 raM, 
in the order of  decreasing efficiency, Table II). Other 

Table 1 

Qmmtitatlvc distribution ol'/~-$1ucosldase activity toward ehenodeoxyclaolic acid glucoside and $1ueoc~rebrosldase m relation to marker enzymes 
and protein m human liver after differential centrifugauon 

Constituent Enzyme activities and protein in subcellular fractions (% of homop~enate) 

1.000 × g 25,000 x g 100,009 x g 100.000 x ~q Recovery 
pellet pellet pellet supernatant 

Enzyme activity toward bile acid 22.1 _+ 5.5 (0,9) 21 8 _+ 6,2 (1.5) 46,0 _+ 7,6 (3.5) 2.9 _+ 1,6 (0.1) 92.8 
8htcoside 

Glueocerebrosidase 13.5 ± 5.7 (0.5) 41.8 ± 4,3 (3.0) 16,8 x 3.7 (1.3) 26.1 _+ 6,5 (0,6) 98.2 
Acid phosphatase 19.8 + 4 9 (0 8) 30,6 ± 2 8 (2.2) 9,0 +_ 1.3 (0.7) 26.3 _ 5.3 (0,6) 85.7 
Succipate-lNT reductase 25.4 _ 5.1 (1.0) 55.3 _ 5,7 (3.9) 13.5 ± 1.2 (1 0) 4 8 ± 1.2 (0,1) 99 0 
Gluco.~¢-6-pho~phatase 21.4.1: 4.8 (0,9) 8,5 ± 1.3 (0.6) 57 1 ± 5,9 (4,4) 2,8 _ 1.1 (0,1) 89.8 
Protein 24.9 __. 4.4 14,1 _-2 1,2 13,0 _+ 1.8 46,6 ± 7.4 98.6 

Values arc the mean +_ S.D. ot"4 experiments. Values m parentheses reprc~cn~ relative spccilic activitic~ cxpreb~cd as percent, activity/percent protein 
Specific activit;us of enzymes in homoBenate~: (i) in nmol per mm per mg protein, hydrolysm of chenodeoxycholm acid glacoside 0.054 ± 0.02, 
glucocerebrosidase 1.97 ± 0.7. (11) in /~mol per mm per mg of  protei~ acid phosphatase 0.03 +-. 0.01, succinate-INT reductase 0.044 + 0 008, 

glucose-6-phosphatase 0.09 ± 0.02. Total protein in homogenate, 185 +_ 24 mg, corresponding to 2 p, of fresh liver. 
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divalent metal ions such as Mg 2÷, Ca 2" or Co 2+ caused 
a comparable activation of  enzyme activity as described 
in Table II for Mn 2+ (not shown). At pH 5.0, metal ions 
had a similar effect on hydrolysis o f  chenodeoxycholic 
acid glueoside as observed at pH 6.5. Enzyme activity 
at pH 5.0 was, however, less sensitive to inhibition by 
EDTA, with 50% inhibition occurring at an EDTA con- 
centration of 10 mM. The metal ion requirement ob- 
served for fl-glucosidase activity toward chenode- 
oxycholie acid glucoside is in contrast to other a- or 
fl-glueosidase activities, which have not been described 
to be metal ion dependent or affected by metal ion 
chelating agents such as EDTA [5,8,16]. However, var- 
ious g-mannosidases have been shown to require diva- 
lent metal ions for activity and are inhibited by EDTA 
[17-19]. 

Since the membrane-associated lysosomal/~-glucosi- 
dase glucocercbrosidase was shown to require deter- 
gents and/or negatively charged lipids for optimal hy- 
drolysis of  substrates [20] the effect of  Triton X-100 
(0.001-0.25%, v/v), taurocholate (0.1-10 mM) or 
phosphatidylserine (0.02-2 mM) was studied on micro- 
somal fl-glucosidase activity toward chenodeoxycholic 
acid glucoside. In the presence of  these compounds hy- 
drolysis of chenodcoxycholic acid glucoside was not 
increased but inhibited with increasing concentrations 
of Triton X-100 (> 0.005%), taurocholate ( > 2 mM) or 
phosphatidylserine ( >  0.5 mM). Since these com- 
pounds were shown to be activators o f  glucocerebrosi- 
dase [20] these results show that fl-glucosidase activities 
toward chenodeoxycholi¢ acid glucoside and gluco- 
sylceramide exhibit marked differences in properties. 

Double-reciprocal plots of  initial rates of  fl-glucosi- 
dase activity as a function of  varying concentrations of 
chenodeoxyeholic acid glucoside (3-26/~M) yielded 
straight lines, from which the apparent Km was calcu- 
lated to be 15.4 _+ 7.1 #M (not shown), The V,,~ was 
0.73 _+ 0.3 nmol/min/mg protein (all values given as 
mean __. S.D., which were obtained from 4 different liver 
samples). 

Table lI 

Metal ion d¢l~ndence offl-glucosidas¢ 

Metal ion (5 raM) EDTA 
(2.5 mM) 

/~-Glucosldase 
acttvity (% of 

control) 

100 
13 

187 
210 
150 
91 

NoII¢ 
None + 
Mna ~ 
Mn ~-÷ + 
NF ÷ + 
Zn 2+ + 

As shown in Table IlI hydrolysis of chenode- 
oxycholic acid glucoside was highly sensitive to inhibi- 
tion by compounds known as inhibitors of a- and fl- 
glucosidases, such as D-(l,5)-ghconolactone, the basic 
glucose analogue, 1-deoxynojirimycin, bromoconduri- 
tel A/B [21] and the alkaloid, eastanospermine. Further- 
more, fl-glucosidase activity toward chenodeoxycholic 
acid glucoside was inhibited by natural or synthetic gly- 
cosides, such as glucosylsphingosine, galactosylsphin- 
gosine, deoxycorticosterone 21-glucoside or octyl fl-o- 
glucopyranoside and its a-anomer. Most  of these com- 
pounds have also been described to cause inhibition of 
cytosolie/~-glucosidase [7,8] and of  glueocerebrosidase 
[20]. Hydrolysis of chenodcoxycholic acid glucosid¢ was 
not inhibited by glucosylceramide (0.01-0.5 raM), 
which is the natural substrate of glucocerebrosidase. A 
comparison of  the inhibitory effects of  glucose and ga- 
lactose or o f  their glycosidic derivatives, glucosylsphin- 
gosine and galactosylsphingosine, shows a higher inhib- 
itory potency for the gluco-compounds. Comparing the 
effects of  o:- and/~-linked octyl D-glucopyranosides on 
enzyme activity, the fl-anomer showed a similar inhibi- 
tion as the cz-anomer at a 50-fold lower concentration 
(Table liD. Whether or not the glycosidic inhibitors of  
]Lglucosidase indicated in Table III also act as sub- 
strates of  the enzyme activity should be clarified when 
the purified enzyme becomes available. 

The results of the present study show the existence of  
a human liver fl-glucosidase activity that is mainly pres- 
ent in the microsomal fraction and is able to hydrolyze 
chenodeoxycholic acid glucoside as endogenous sub- 
strate. Since in human liver microsomes bile acid gluco- 
sides can also be synthesized by a glucosyltransferase 
[1], futile cycling of  bile acid glucosides may o ~ u r  via 
hydrolysis and re-synthesis in human liver. Futile cy- 

Table I11 

Inhibition of fl-glucosidase 

AddRlons (raM) ~-Glucosidase 
activity (% of 

control) 

t>(l,S)-Gluconolactone 0.2 48 
l-Deoxynojmmycin 0 001 57 
Bromoconduritol A/B 0.3 53 
Castanospermine 2.0 50 
Glucosylsphin~osine 0.02 46 
Galactosylsphingosme 0. I 42 
Olucosyleeramlde 0.5 105 
Deoxycorficosterone 2 l-glacosid¢ 0.1 57 
Octyl fl-D-glucop yranohid¢ O. 1 46 
Octyl ct-o-glucopyranosMe S.O 53 
Glucose IIXI 48 
Galaciose 100 91 

The assay for fl-glttco~ldmc acttv~ty toward chenod¢oxycholic acid 
glucosid¢ was ~imiiar to the standard a~say except that the buflbr was 
J0 mM MES, pH 6.5, and addaions of metal ion and/or EDTA were 
as ,ndicated. Control activity represents enzyme acUvny without the 

addition of EDTA and metal lens. 

Hydrolytic activity toward chenodeoxycholic acid glueoside was 
measured m the pre~nc¢ or ab~nt.'e of th~ i,dieuted add~hons using 
the assay described in Materials and Methods. Control activity repre- 
sents enzyme aetmty determined in the abzen¢~ of additions to the 

~say. 
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~ n g  h a s  bzgn cons idered  ~o b e  o~" b~ta~og~ca~ ~mpor:~azce 
irt the  r egu la t ion  of  su l fa te  conjugates  by  the ac t ion  o f  
specific transferases a n d  su)fatases in the  }iver I22}. 
W h e t h e r  or  no t  futile cycl ing o f  bile acid glucosides  
p lays  a phys io logica l  ro le  in bile acid m e t a b o l i s m  has  to  
be clarified by fur ther  studies.  
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