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SUMMARY 

Low concentrations of the detergents Triton X-Ioo and deoxycholate enhanced 
the activity of rat liver microsomal p-nitrophenol glucuronyltransferase 3-fold with- 
out radically altering the activities of pyrophosphatase or fl-glucuronidase. Similar 
concentrations of the detergents, however, had no significant activating effect on the 
glucuronyltransferase activity of guinea pig liver microsomal fractions prepared in 
identical manner. Triton X-Ioo still activated the rat liver enzyme when competition 
between glucuronyltransferase and pyrophosphatase for UDP-glucuronate was re- 
duced at a higher concentration of the sugar nucleotide and when/5-glucuronidase had 
been substantially inhibited with saccharo-I,4-1actone. It  is concluded that the closely 
associated pyrophosphatase and/%glucuronidase activities are not involved in the ac- 
tivation of the rat liver enzyme by detergents. The activation of rat liver glucuronyl- 
transferase and the differences between that enzyme and guinea pig liver glucuronyl- 
transferase are discussed. 

INTRODUCTION 

When liver microsomal fractions from a number of species (mainly rat, but also 
rabbit and ox) are treated with detergents such as Triton X-zoo and deoxycholate, 
the apparent activity of glucuronyltransferase (UDP-glucuronate glucuronyltrans- 
ferase, EC 2.4.1.17) is increased several fold 1-4. Adlard and Lathe 5 have attributed 
these effects in the rat to the inhibition of a microsomal pyrophosphatase (nucleoside 
diphosphate sugar pyrophosphatase) which, in the absence of detergent, competes 
with glucuronyltransferase for the substrate UDP-glucuronate, (UDP-GlcUA). It  has 
been suggested 6 that inhibition by detergent of fl-glucuronidase (EC 3.2.1.31) present 
in the microsomal preparations might also contribute to the apparent detergent- 
stimulation of glucuronyltransferase. Microsomal fractions from guinea pig liver ap- 
pear to respond differently to detergents. We have found 6, in agreement with Mowat 

Abbrev ia t ion :  UDP-GIcUA,  U D P - g l u c u r o n a t e .  
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and Arias 7, tha t  glucuronyltransferase in such preparations is not activated by  deter- 
gents. Since it is known that  the activities of both pyrophosphatase and fl-glucuroni- 
dase are very much lower in guinea pig liver microsomal preparations than in similar 
preparations from the rat  s , these findings lend support to the idea that  inhibition of 
these hydrolases is involved in the stimulation of glucuronyltransferase in rat  liver 
microsomal fraction. However, the strength of this evidence is diminished by the ob- 
servation of Leuders and Kuff I that  Triton X-Ioo did in fact stimulate the activity of 
glucuronyltransferase in a guinea pig liver microsomal fraction under certain experi- 
mental  conditions. I t  may well be, as we have suggested 6, that  the apparent  discrep- 
ancy between our results and those of Mowat and Arias 7 on one hand and those of 
Leuders and Kuff I on the other, is the result of differences in such factors as time and 
conditions of storage of microsomal suspensions or to minor differences in fractionating 
techniques or ratio of microsomal protein to detergent. 

Therefore, to establish whether or not there is a real difference in the response 
to detergents of glucuronyltransferase activity of rat  and guinea pig liver, we have 
compared the effects of Triton X-zoo and deoxycholate on microsomal fractions pre- 
pared from the two sources in identical manner. We also have measured the effects of 
the detergents on the pyrophosphatase and ~-glucuronidase activities of the same 
preparations in order to investigate the role of these enzymes in the activation of 
glucuronyltransferase. 

MATERIALS AND METHODS 

Male rats (Wistar, 2oo-25o g) and guinea pigs (Hartley, 6oo-7oo g) were ob- 
tained from Fisons Pharmaceuticals, Loughborough, Leicestershire, U.K. The ani- 
mals were starved overnight and liver microsomal fractions prepared as described 
previously s. Within I h of preparation the microsomal suspensions (5 mg of protein/ 
ml, final concentration) were preincubated at room temperature for IO min with 12.5 
mM Tris-HC1 buffer (pH 8.0) and various concentrations of detergents in the range 
0-0.50/0 . Portions of the mixtures were then taken as follows for the assay of enzyme 
activities; for glucuronyltransferase, o.2 ml; for pyrophosphatase, 0. 4 ml; for /~- 
glueuronidase, 0.3 ml. In all assays the incubation tubes were shaken at 37 °C for 20 
rain. 

Glucuronyltransferase activity was measured with p-nitrophenol as acceptor es- 
sentially according to Hollmann and Touster 1°. The incubation medium contained 
UDP-GlcUA (o.167 or o.5ol raM), 50 mM KH~PO4-KOH buffer (pH 7.28) and en- 
zyme in a total  volume of 0.6 ml. 

Pyrophosphatase activity was estimated using an incubation medium of final 
volume 1.2 ml containing UDP-GlcUA (o.167 or o.5ol raM), 50 mM Tris-HC1 buffer 
(pH 7.28 or 8.9) and enzyme. The reaction was terminated by  0.8 ml of 12.5% tri- 
chloroacetic acid and after centrifugation I ml of the supernatant  solution was as- 
sayed for the inorganic phosphate released 1~. In control incubations trichloroacetic 
acid was added before enzyme. Using o.167 mM UDP-GlcUA the product appeared 
linearly with time until 20% of the substrate had been hydrolysed. 

fl-Glucuronidase activity was estimated using a medium of i ml volume con- 
taining 0.2 mM p-nitrophenylglucuronide, 50 mM KH,,PO4-KOH buffer (pH 7.28) or 
50 mM acetate buffer (pH 5.0) and enzyme. The reaction was terminated by  2 ml of 
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o.I M NaOH and I ml of water. Alter centrifuging, the absorbances of control and as- 
say mixtures were measured at 400 nm (ref. ~2). The p-nitrophenol was released 
linearly with time until 45°'/,, of the glueuronide had been bydrolysed. 

Microsomal protein was measured using a biuret method ~a standardised with 
bovine serum albumin and saccharo-I,4-1actone was prepared according to Levvy ~4. 
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Vig. I. The  effects of  de t e rgen t s  on ra t  l iver mic rosomal  g lucurony l t r ans fe rase ,  p y r o p h o s p h a t a s e  
and  f i -g lucuronidase  act ivi t ies .  Glucuronyl t ' r ans fe rase  ac t iv i t ies  are expressed  rela t ive to those  
ob ta ined  in t he  absence  o f  de te rgent .  U D P - G l c U A  concen t r a t ion  in the  a s s ays  of g lucuronyl -  
t r ans fe ra se  and  p y r o p h o s p h a t a s e  was  o.167 mM. All a s s ays  were pe r fo rmed  a t  p H  7.28. 

RESULTS AND DISCUSSION 

In agreement with previous work 1-4, Triton X-Ioo and deoxycholate caused 
substantial stimulation of the glucuronyltransferase activity of freshly prepared rat 
liver microsomal suspensions (Fig. I shows typical results). Both detergents, at their 
optimal concentrations, increased 3-fold the enzyme activity of untreated prepara- 
tions, which in these experiments ranged from 188 to 208 pmoles of glucuronide 
formed/min per mg of protein. Activation depended on the concentration of surfac- 
tant, maximal stimulation occurring near o.I~o Triton X-ioo or 0.06% deoxycholate. 
The effect was critically concentration-dependent with deoxycholate, which, at con- 
centrations greater than o.I% was strongly inhibitory. In a similar series of experi- 
ments, however, in which rat liver glucuronyltransferase activity had been activated 
to 446-475 pmoles/min per mg of protein by storing the microsomal suspensions for 
2 days at o °C, the detergents failed to produce further stimulation. 

In contrast to these findings Fig. 2 shows that, under the same experimental 
conditions, Triton X-Ioo at concentrations near o.O6~o produced only a slight activa- 
tion of the glucuronyltransferase activity of freshly prepared guinea pig liver micro- 
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Fig. 2. The effect of detergents on guinea pig liver microsomal glucuronyltransferase, pyrophos- 
phatase and fl-glucuronidase activities. Glucuronyltransferase activities are expressed relative 
to those obtained in the absence of detergent. UDP-GlcUA concentration in the assays of glucuro- 
nyltransferase and pyrophosphatase was o.167 mM. All assays were performed at pH 7.28. 

somal fractions while deoxycholate strongly inactivated the enzyme. These prepara- 
tions possessed high glucuronyltransferase activity in the absence of detergent (912 - 
1496 pmoles/min per mg of protein). 

These results show that  the enzymes of rat and guinea pig liver differ markedly 
in their response to detergents under these experimental conditions. The effect of 
Triton X-Ioo on the guinea pig enzyme is not exactly the same as reported in our 
previous work 6 when we found that  the detergent inhibited enzyme activity over the 
whole concentration range studied. However, in the earlier experiments the micro- 
somal suspensions had been stored frozen at --18 °C which may account for the ap- 
parent discrepancy. Deoxycholate, on the other hand, inhibited the activities of both 
fresh and frozen preparations. These results do not support the finding that  guinea pig 
liver glucuronyltransferase is strongly activated by Triton X-ioo (ref. I). 

The data of Table I confirm the conclusion 8 that  the activities of pyrophospha- 
tase and fl-glucuronidase are higher in liver microsomal fractions of rat than in those 
of guinea pig. These results also show that, at the pH of the glucuronyltransferase as- 
say used here (pH 7.28), the activities of fl-glucuronidase and pyrophosphatase were 
considerably lower than at their respective pH optima./5-Glucuronidase had a partic- 
ularly low activity at pH 7.28. 

The large activations of glucuronyltransferase in the rat caused by Triton X-Ioo 
and deoxycholate were accompanied by only very modest inhibition of pyrophospha- 
tase activity (Fig. I). Since the amounts of UDP-GlcUA removed by the hydrolase 
were reasonably low even in the absence of detergent, it is considered that  abolition 
by detergent of the competition between pyrophosphatase and glucuronyltransferase 
for UDP-GlcUA is unlikely to be responsible for the activation of glucuronyltransfe- 
rase. The detergent-activation was accompanied by an increase in fl-glucuronidase ac- 
t ivity (Fig. I). This increase, however, was so small as to militate against the enzyme's 
involvement in the stimulation of glucuronyltransferase activity. However, since the 
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TABLI'; 1 

T H E  P Y R O P H O S P H A T A S E  A N D  / ] - ( iLUCUR(~NII~ASI , ;  A C T I V I T I E S  Off RAT ANI)  G U I N E A  P i g  L I V E R  M I C R O S ( ) -  

MAL F R A C T I O N S  

p H  8.9 is optimal for pyrophosphatase (ref. 15), p H  5.0 for /]-glucuronidase (ref. i6). The activity 
of a purified bovine liver preparation (Sigma Type B- 3, o.i mg) is included for comparison. 

Enzyme Source: Concn of added pH of Percentage of 
substrate (raM) assay added substrate 

hydrolysed 

Pyrophosphatase 

/%Glucuronidase 

Rat  liver nlicrosomal 

Guinea pig liver microsonlal 

Rat liver nlicrosomal 

Guinea pig liver microsomal 

Bovine liver, purified 

o.167 7.28 tx. 5 
o.167 8.9 14.1 
0-5 ol 7 .28 5.3 
o.5ol 8. 9 11.2 
o.167 7.28 1. 4 
o.167 8.9 5.7 
o.5ol 7.28 0.6 
o.5ol 8.9 3.2 
0.2 7.28 1.8 
0.2 5.0 37.4 
0.2 7.28 0.2 
0.2 5.0 15.8 
0.2 7.28 0. 4 
0.2 5.0 41.3 

extremely low levels of pyrophosphatase and fl-glucuronidase activities present in 
guinea pig liver microsomal fractions were virtually unaffected by all the concentra- 
tions of both detergents, and since no significant activation of glucuronyltransferase 
occurred in these preparations (Fig. 2), it could be argued that these microsomal 
hydrolases might nevertheless play a part in the glucuronyltransferase activation in 
the rat. 

When the concentration of UDP-GlcUA was increased 3-fold (to o.5oi mM) the 
activity of rat liver microsomal pyrophosphatase was increased but the percentage of 
substrate hydrolysed was decreased (Table I). The experiment of Fig. Ia was repeated 
using this higher concentration of UDP-GlcUA in the assays of glucuronyltransferase 
and pyrophosphatase. As might be expected, glucuronyltransferase activity in the ab- 
sence of detergent was higher at the elevated UDP-GlcUA concentration (446 pmoles/ 
min per mg of protein) than at the lower substrate concentration. Nevertheless, o.I% 
Triton X-Ioo still produced a 3-fold activation (Fig. 3a). Using this higher concentra- 
tion of UDP-GlcUA the percentage of substrate removed by pyrophosphatase was 
not only decreased but also was unaltered by all concentrations of the detergent 
between o.02 and o.5% (Fig. 3a). These data provide no support for the theory of 
Adlard and Lathe 5 that the simultaneous inhibition of pyrophosphatase causes the 
activation of glucuronyltransferase by detergent. However, it is noteworthy that these 
authors measured glucuronyltransferase activity with o.25 mM UDP-GlcUA and pyro- 
phosphatase activity with o.5 M sugar nucleotide. Since the present work utilises 
identical concentrations of UDP-GlcUA in both assays it is considered that our results 
are more pertinent to the question of glucuronyltransferase activation. 

To investigate further and possible involvement of fl-glucuronidase in the acti- 
vation of rat liver enzyme a microsomal suspension was treated with Triton X-Ioo in 
presence of saccharo-I,4-1actone, a specific inhibitor of the hydrolyase 14. Fig. 3b 
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Fig. 3. The  i n v o l v e m e n t  of  p y r o p h o s p h a t a s e  and  tS-glucuronidase ac t iv i t ies  in t he  ac t iva t ion  of  
r a t  l iver g lucu rony l t r ans f e r a se  b y  Tr i ton  X- ioo .  G lucu rony l t r ans f e r a se  ac t iv i t ies  are  expressed  
re la t ive  to t hose  ob ta ined  in t he  absence  of  de te rgent .  All a s s ays  were pe r fo rmed  a t  p H  7.28. (a) 
U D P - G l c U A  concen t r a t i on  in t he  a s s ays  of  g lucu rony l t r ans fe r a se  and  p y r o p h o s p h a t a s e  was  
o.5ol  mM. (b) Microsomal  f rac t ion  was  p r e i n c u b a t e d  wi th  t he  va r ious  concen t r a t ions  of  de t e rgen t  
in p resence  of  1.2 m M  saccharo- i ,4-1actone  and  g lucn rony l t r ans fe r a se  ac t iv i t ies  m e a s u r e d  wi th  
o.167 m M  U D P - G l c U A .  

shows that  fl-glueuronidase was indeed strongly inhibited by the lactone and that  the 
residual activity was essentially unaffected by all the concentrations of Triton X-Ioo 
used. Nevertheless, the detergent still produced 3-fold activation of glucuronyltrans- 
ferase. From these data we conclude that/%glucuronidase activity in rat  liver micro- 
somal fraction is not involved in glucuronyltransferase activation. 

The present results provide direct evidence against a role for the closely asso- 
ciated pyrophosphatase and fl-glucuronidase activities in the activation of rat  liver 
microsomal glucuronyltransferase by  detergents. Previous authors have put  forward 
alternative theories to account for activation. I t  has been proposed~, 3, that,  by altering 
the structure of the microsomal membrane,  detergents unmask active sites on the en- 
zyme which are normally inaccessible to substrates due to the location of this protein 
in the membrane. Vessey and Zakim 4 postulate, on the other hand, that  the phospho- 
lipid membrane normally constrains glueuronyltransferase in a conformation of re- 
duced activity and that  detergent t reatment  removes these restraining forces permit- 
ting the enzyme to assume a fully active conformation. I f  either of these theories holds 
for the rat  our observation that  guinea pig glucuronyltransferase is not substantially 
activated by detergents suggests that  this enzyme in intact microsomal fractions may  
already be in a maximally active form, i.e. fully accessible to substrates or in a fully 
active conformation. However, our results clearly show that  high concentrations of 
detergent inactivate both rat  and guinea pig liver enzymes and suggest that  the 
overall effect observed is the net result of two processes, viz. activation at low con- 
centration and inactivation at higher concentrations. Failure of detergents to activate 
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gu inea  p ig  l iver  g l u c u r o n y l t r a n s f e r a s e  m a y  i nd i ca t e  t h a t  th i s  e n z y m e  is more  read i l~  

i n a c t i v a t e d  t h a n  t h a t  o f  the  rat .  
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