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Abstract. These studies were carried out to determine whether bovine serum albumin (BSA), 
which is usually included in the incubation mixture for the in vitro determination of bilirubin- 
UDP-glucuronyl transferase (GT) activity, affects GT activity. Using bilirubin as substrate, addition 
of BSA to the enzyme reaction mixture at concentrations varying from 2 to 30 mg/ml resulted 
in a dose-related inhibition of “native” GT activity of rat liver microsomes. When detergent- 
activated enzyme was employed, increasing concentrations of BSA also required higher concen- 
trations of deoxycholate, digitonin, or Triton X- 100 to produce maximal bilirubin conjugation. 
Low BSA concentrations (2 mg/ml) prevented enzyme activation by both detergents and UDP- 
N-acetyl glucosamine. When BSA was omitted and bilirubin dissolved in dimethyl sulfoxide, 
UDP-N-acetyl glucosamine failed to enhance GT activity, and activation by detergents was only 
15-2596 of that observed in the presence of optimal concentrations of BSA. When rat albumin 
was substituted for BSA, a similar dose-related inhibition of in vitro bilirubin conjugation by 
untreated microsomes was observed, although at any given albumin concentration, GT activity 
was lower with rat than with bovine albumin. Additionally, both detergents and UDP-N-acetyl 
glucosamine produced similar GT activation regardless of the rat albumin concentration. Finally, 
these effects of BSA and rat albumin could not be reproduced when /3-lactoglobulin was employed 
and/or when pnitrophenol was the acceptor substrate of GT. These findings indicate that albumin, 
in particular BSA, profoundly and selectively influences the in vitro activity of microsomal GT 
toward bilirubin as the acceptor substrate. 

UDP-glucuronyl transferase (GT) denotes 
the group of enzymes responsible for the ad- 
dition of glucuronic acid to a variety of agly- 
cones of endogenous and exogenous origin. 
Accordingly, the in vitro activity of GT can 
be measured using a number of acceptor sub- 
strates, and several systems have been de- 
scribed for its assay (1-8). 

A specific bilirubin GT has been isolated, 
and detailed studies of its enzymologic prop- 
erties have been reported (9). Nevertheless, in 
certain clinical settings, especially in puzzling 
cases of unconjugated hyperbilirubinemia, as- 
say of bilirubin GT is still frequently per- 
formed employing crude homogenates of bi- 
opsy samples of liver tissue ( 10) or, when larger 
samples are available, partially purified mi- 
crosomal preparations ( l ,  2). Several authors 
have noted the wide variation in assay results 
produced by superficially similar methods ( 1, 
2, lo), and the apparent discrepancy in many 
situations between the bilirubin GT activity 
and the serum concentration of unconjugated 

bilirubin (1 1, 12). The reasons for the dis- 
crepancies have not been fully elucidated. 

When bilirubin is employed as the acceptor 
substrate, determination of GT activity usually 
involves the introduction into the enzyme in- 
cubation mixture of a certain amount of al- 
bumin (4-8 mg/ml), most often bovine serum 
albumin (BSA) (1,2, 10). This is required be- 
cause at the optimal pH of the enzyme reaction 
(7.7 at 37°C (1,2, 10, 13)), bilirubin is virtually 
insoluble in the aqueous phase (14, 15) and 
must be bound to albumin to avoid precipi- 
tation. However, despite this commonly used 
procedure, no studies have systematically ex- 
amined whether the presence of albumin in- 
fluences the enzyme activity. In this report we 
describe the effects of albumin on the in vitro 
conjugation of bilirubin by rat liver micro- 
somes. Similar considerations may apply to 
the assay of human bilirubin GT, although 
limited access to fresh human liver tissue has 
thus far prevented direct confirmation of these 
findings in man. 
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Methods. Chemicals and solutions. All 
chemicals including proteins used in these 
studies were reagent grade and, unless 0th- 
envise indicated, were purchased from Sigma 
(St. Louis, Mo.). Bovine serum albumin (BSA) 
was fatty acid free as defined by the supplier. 
The original source of P-lactoglobulin (folate 
binding protein, containing both A and B 
fractions) was cow’s milk. Rat albumin was 
Fraction V. Proteins were generally used as 
hrnished by the supplier. However, in selected 
studies, they were first dialyzed for 18 hr at 
4°C against 20 vol of 0.1 M sodium bicar- 
bonate, pH 8.6. Most reagent solutions for the 
GT assay were prepared immediately before 
use; the reader is referred to our previous re- 
port for detailed information ( 13). Bilirubin 
(E450 = 59,000-61,000; >92% IXa! by thin 
layer chromatography ( 16)) was dissolved first 
in a few drops of NaOH (0.25 M) and sub- 
sequently added to a solution of BSA, rat al- 
bumin, or p-lactoglobulin. The resulting stock 
solution contained the desired concentration 
of unconjugated bilirubin (0.856 mM or 0.5 
mg/ml for standard enzyme assay) and 8 mg/ 
ml of one of the above-mentioned proteins. 
This solution was adjusted to a pH of 7.9 at 
22°C (7.7 at 37°C) and was invariably used 
within 6 hr of preparation, over which it was 
stable with no evidence of either precipitation 
or colloid formation. When unconjugated bil- 
irubin was dissolved in dimethyl sulphoxide 
(DMSO) (Fisher, Pittsburgh, Pa.), the pigment 
was added directly to the solvent to achieve 
a concentration of 0.856 mM. Chromato- 
graphically pure bilirubin diglucuronide was 
isolated from rat bile as previously described 
( 17), stored in vacuo and in the dark at -2O”C, 
and dissolved just prior to use. All the pro- 
cedures for the preparation of the bilirubin 
solutions as well as those for measuring GT 
activity were carried out in the presence of 
subdued light. 

Animals and microsome preparation. Male 
Sprague-Dawley rats (260-280 g) were pur- 
chased from Perfection Breeders (Douglasville, 
Pa.) and kept for at least 1 week in a tem- 
perature-controlled room (22°C) with alter- 
nating 12-hr light-dark cycles prior to being 
used. Except where otherwise noted, hepatic 
microsome fractions were prepared in 0.25 M 
sucrose containing 1 mMEDTA (pH 7.4) by 
a conventional ultracentrifugation procedure 

as reported in detail elsewhere (1 3). Micro- 
some pellets were stored at -20°C and re- 
suspended in an appropriate volume of su- 
crose-EDTA so that the microsomes isolated 
from 1 g of liver were contained in a 4-ml 
suspension. For a limited number of com- 
parison studies, microsomes prepared, stored, 
and resuspended in 150 mM KCl (2) were 
employed. 

Enzyme activation. GT activity toward bil- 
irubin or p-nitrophenol as the acceptor sub- 
strate was measured in microsome suspensions 
in which the enzyme was either in its “native” 
form or activated with a variety of detergents 
or with the sugar nucleotide UDP-N-acetyl 
glucosamine (UDPNAG). The source of “na- 
tive” enzyme was a suspension of microsomes 
obtained from 1 g of liver in 8 ml of sucrose- 
EDTA, which was obtained by diluting 1 vol 
of the original suspension (4 ml) with 1 vol 
of sucrose-EDTA. Similarly, the detergent- 
activated enzyme was prepared by adding 1 
vol of the original microsome suspension to 
1 vol of sucrose-EDTA containing the desired 
concentration of the detergent used. Both un- 
treated and detergent-treated microsome sus- 
pensions were incubated at 0°C for 30 min 
before being added to the reaction mixture. 
When GT was activated by UDPNAG, the 
latter was added directly to the reaction mix- 
ture. 

GT activity determination. The activity of 
GT was measured aerobically at 37°C using 
either bilirubin or p-nitrophenol as the ac- 
ceptor substrate. When bilirubin was em- 
ployed, the standard incubation mixture con- 
tained: Tris (pH 7.7 at 37”C), 250 mM; MgCl, 
10 mM; UDP-glucuronic acid, 5.17 mM; mi- 
crosomal protein, 0.25-0.35 mg; bilirubin, 
0.214 mM; and the desired concentration of 
BSA, rat albumin, or P-lactoglobulin. When 
applicable, UDPNAG was included at the de- 
sired concentration (see below). In studies 
omitting BSA, rat albumin, and P-lactoglob- 
ulin, bilirubin was dissolved in DMSO, at a 
final concentration in the incubation mixture 
of 2.5 M. Similar incubation mixtures were 
prepared when p-nitrophenol was the acceptor 
substrate, except that Tris, pH 7.4, was used 
instead of Tris, pH 7.9, and p-nitrophenol 
(0.75 mM) was substituted for bilirubin. In 
both assays, the final volume of the reaction 
mixture was 1 ml and all components were 
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added to a 10 ml Erlenmeyer flask which was 
kept on ice until incubation was initiated. In 
the bilirubin GT assay, incubations were done 
for 30 min, whereas in the p-nitrophenol GT 
assay, samples were incubated for 10 min. The 
activity of GT toward bilirubin and p-nitro- 
phenol was measured by minor modifications 
of the methods of Strebel and Ode11 (2) and 
Isselbacher et al. (3), respectively, as previously 
described ( 18). Protein concentration was de- 
termined by the Lowry method ( 19) using BSA 
as standard. 

Eflect of BSA on the extraction and diaz- 
otization of conjugated bilirubin. Determi- 
nation of GT activity by the procedure used 
in the present studies involves coupling of the 
conjugated bilirubin with diazotized sulfanilic 
acid, after its extraction from the unconjugated 
pigment by solvent partitioning (lactic acid- 
ethyl acetate:chloroform), according to a 
modification of the method of Weber and 
Schalm (20). The validity of applying this par- 
tition method to the extraction of bile pig- 
ments from tissue-derived preparations, such 
as the enzyme incubation mixture, previously 
demonstrated in our laboratory (2 1 ), was again 
confirmed; 3 9  1 % of added radiolabeled bili- 
rubin mono- and diglucuronides was invari- 
ably recovered in the polar, upper layer of the 
partition system, and >95% of labeled un- 
conjugated bilirubin in the nonpolar, lower 
chloroform layer. Nevertheless, it was essential 
to ascertain that any observed effects of BSA 
on GT activity were not related to technical 
artifacts introduced into the extraction and/ 
or diazotization procedures, but reflected real 
changes in enzyme activity. Accordingly, con- 
version of the measured extinction values into 
units of enzyme activity was made using as 
standards modified incubation mixtures which 
contained two different concentrations of BSA 
(2 or 18 mg/ml) and known amounts of pure 
bilirubin diglucuronide ( 1 7). UDP-glucuronic 
acid and UDPNAG were omitted and these 
preparations were kept on ice prior to deter- 
mination of extinction. 

Estimation of the influence of albumin on 
free bilirubin concentration. To examine the 
hypothesis that albumin influences GT activity 
simply through its effect on the concentration 
of free bilirubin in the reaction mixture, the 
free bilirubin concentrations present in so- 
lutions containing 0.2 14 mM total bilirubin 
and 0.029 mM to 0.441 mM bovine or rat 

albumin (bi1irubin:albumin molar ratio 7.3- 
0.49) were estimated. The estimation was done 
using published bilirubin-albumin association 
constants for multiple binding sites, deter- 
mined for rat and bovine albumin by various 
techniques (16, 22). Particular comparisons 
were made for binding constants obtained by 
a standard fluorescence technique (22), the 
only method for which BSA and rat albumin 
were studied under comparable conditions. 
Computation of the free bilirubin concentra- 
tion was done employing the algorithm pub- 
lished by Wosilait and associates (23), adapted 
in MINC-BASIC for use on a MINC- 1 1 digital 
minicomputer (Digital Equipment, Maynard, 
Mass.). 

Results. Validation of methods. Irrespective 
of the albumin concentration in the reaction 
mixture, conjugated bilirubin formation in- 
creased linearly with time for at least 30 min 
whether native, detergent activated (digitonin, 
deoxycholate), or UDPNAG-activated micro- 
somes were employed (Fig. 1). In addition, as 
we have reported previously, quantitation of 
conjugated bilirubin formation yielded iden- 
tical results whether measured by the solvent 
extraction method of Weber and Schalm, or 
by selective diazotization with ethyl anthra- 
nilate at pH 2.7 (1  3). Glucuronidation of p- 
nitrophenol has also been shown to be linear 
over the initial 10 min of the reaction (1 8). 
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FIG. 1.  Formation of conjugated bilirubin by native 
(A) and 0.1% deoxycholate-activated (B) rat liver micro- 
somes at three different concentrations of albumin. Figure 
illustrates linearity of the reaction over the initial 30 min 
of incubation. Similar linearity was observed with digi- 
tonin- or UDPNAG-activated microsomes. 
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In view of the established linearly of the con- 
jugation of both substrates investigated in this 
report, measurement of product formation at 
any point within the linear period provides 
equivalent information to determination of 
initial reaction rates. 

Efect of bilirubin concentration on bilirubin 
GT activity. As already reported by other in- 
vestigators ( 1,2), increasing concentrations of 
unconjugated bilirubin in the enzyme incu- 
bation mixture produced a biphasic effect on 
the bilirubin glucuronidation rate: an initial 
increase followed by a decrease. As illustrated 
in Fig. 2, however, the activating effect of bil- 
irubin was dependent on the amount of BSA 
present in the incubation mixture, and pro- 
portionally higher concentrations of bilirubin 
were necessary to produce maximal GT ac- 
tivity when increasing concentrations of BSA 
were included. Thus, in the presence of 2, 6, 
and 12 mg/ml BSA, the highest GT activity 
with digitonin-activated microsomes was ob- 
tained with 0.086, 0.214, and 0.342 mM bil- 
irubin, respectively. This effect of BSA was 
similarly observed when “native” enzyme or 
enzyme activated by UDPNAG or deoxycho- 
late was employed. 

Efect ofBSA on bilirubin GT activity. When 
a constant concentration of unconjugated bil- 

l 1 

L 
Oil43 ,171 .342 ,513 ,684 .855 1.026 

BILIRUBIN (mM) 

FIG. 2. Effect of unconjugated bilirubin on bilirubin 
GT activity in presence of 2 (a), 6 (A), and 12 (m) mg/ 
ml bovine serum albumin. 
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FIG. 3. Effect of bovine serum albumin on “native” 
bilirubin GT activity. 

irubin (0.214 mM) was included in the en- 
zyme incubation mixture, the apparent activ- 
ity of bilirubin GT in untreated microsomes 
(“native” enzyme) varied inversely as a log- 
arithmic function of the BSA concentration. 
The highest GT activity, which ranged from 
7.8 to 10.2 nmoles/lO min/mg protein, was 
observed with the lowest BSA concentration 
(2 mg/ml), and proportionally lower enzyme 
activities were obtained as the BSA concen- 
tration was increased up to 30 mg/ml (Fig. 
3). With 30 mg/ml BSA, the rate of bilirubin 
glucuronidation averaged 1.25 nmoles/ 10 
min/mg, a value which represented roughly 
10- 15% of that observed with 2 mg/ml BSA. 
Virtually identical data were obtained when 
dialyzed albumin was employed. 

The concentration of BSA in the incubation 
mixture influenced not only the activity of the 
“native” GT, but also that of the detergent- 
activated enzyme. Figure 4 illustrates the GT 
activation profile by deoxycholate in the pres- 
ence of 2, 6, and 18 mg/ml BSA. With 2 
mg/ml BSA, little or no activation by deoxy- 
cholate was observed, and only an inhibitory 
effect on GT activity was obtained with con- 
centrations of the detergent greater than 
0.075-0.10%. Conversely, when BSA was in- 
cluded at a concentration of 6 mg/ml or 
greater, the typical biphasic effect of deoxy- 
cholate was observed, which consisted of an 
initial activation followed by inhibition of GT 
activity. However, as the presence of BSA also 
resulted in buffering the activating as well as 
the inhibitory effect of the detergent, propor- 
tionally higher concentrations of deoxycholate 
were necessary to produce maximal GT ac- 
tivation when increasing BSA concentrations 
were included. Thus, in the presence of 6, 18, 
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4,6, and 12 mg/ml BSA, UDPNAG enhanced 
GT activity by 26, 44, and 8696, respectively. 

All of these effects of BSA on “native,” and 
detergent- and UDPNAG-activated bilirubin 
GT were fully reproduced when microsomal 
fractions were prepared and resuspended in 
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FIG. 4. Effect of deoxycholate on bilirubin GT activity 
in presence of 2 (O), 6 (W), and 18 (A) mum1 bovine 
serum albumin. serum albumin. 

FIG. 5. Efffect of UDPNAG on bilirubin GT activity in 
presence of 2 (O), 4 (W), 6 (A), and 12 (0) mg/ml bovine 

and 30 mg/ml BSA, maximal GT activity was nificantly from that observed in the presence 
obtained with 0.1, 0.15, and 0.2% deoxycho- of BSA. Thus, although “native” GT values 
late, respectively. These effects of BSA on the in this situation approximated those seen with 
activation profile of bilirubin GT by deoxy- 6 mg/ml BSA (4.05 nmole/lO min/mg), no 
cholate were similarly observed when other activation was produced by UDPNAG (Fig. 
detergents, both neutral (digitonin) and cat- 
ionic (Triton X- loo), were employed. 

When UDPNAG was used to activate bil- 
irubin GT, it produced no increase in enzyme 
activity when employed with concentrations 
of BSA below 3-3.5 mg/ml. However, intro- 
duction of BSA at or above 4 mg/ml resulted 
in GT activation by UDPNAG (Fig. 5) .  If the 
activated GT activity was expressed as a per- 
centage of the “native” value, UDPNAG en- 

6). Detergents, including deoxycholate, di& 
tonin and Triton X- 100, enhanced GT activity 
(Fig. 6), but the optimal activating effect (50- 
100%) was far lower than that observed when 
bilirubin was dissolved in BSA (300-500%) 
(Fig. 4). 

To determine whether these effects of BSA 
were due to technical artifacts during the ex- 
traction and/or diazotization procedure, 

hanced enzyme activity in a fashion linearly 
related to the BSA concentration. Thus, with $ 141il 

when-unconju@td bilirubin (OS2l4 FIG. 6.  Effect of UDPNAG (A) or digitonin (0) on 
Was dissolved in DMSO and no BSA 

was included in the enzyme incubation mix- 
ture, the activation profile of GT differed sig- 

bilirubin GT activity when DMSO (2.5 M) was included 
in the enzyme incubation mixture. No albumin was pres- 
ent. 
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FIG. 7. Relationship between the concentration of sul- 
fanilic acid azopigments derived from bilirubin diglucuro- 
nide and their extinction of 570 nm in presence of 2 (0) 
and 18 (a) mg/ml bovine serum albumin. 

known amounts of bilirubin diglucuronide 
were extracted and diazotized (see Methods) 
in the presence of 2 or 18 mg/ml BSA. Under 
these conditions, formation of sulfanilic acid 
azopigment of bilirubin diglucuronide was es- 
sentially the same in the presence of either 
BSA concentration (Fig. 7). The E570 values 
with 2 and 18 mg/ml BSA were, respectively, 
38.1 and 37.2 X lo3 M-’ ,  cm-’. 

Eflect of rat albumin on bilirubin GT ac- 
tivity. When rat albumin was substituted for 
BSA, only part of the previously described 
effects were observed. “Native” bilirubin GT 
activity was similarly influenced by the pres- 
ence of rat albumin and, as observed with 
BSA, the highest GT activity was observed 
with the lowest albumin concentration (2 
mg/ml). However, GT activity of untreated 
microsomes in the presence of 2 mg/ml rat 
albumin accounted for only 60-70% of that 
found with similar concentrations of BSA, and 
could be enhanced by both detergents and 
UDPNAG. Thus, as illustrated in Fig. 8 and 
Table I, treatment of microsomes with de- 
oxycholate resulted in GT activation, which 
was essentially the same when 2 or 6 mg/ml 
rat albumin were included. With 6 mg/ml, 
however, deoxycholate enhanced the “native” 
GT activity by 330-400% when BSA was used 
and 230-300% in the presence of rat albumin. 
Similarly, UDPNAG produced the same de- 
gree of activation in the presence of 2 or 6 
mg/ml rat albumin (Fig. 9 and Table I). Di- 

alysis did not alter the observed effects of rat 
albumin. 

Influence ofjiee bilirubin Concentration on 
bilirubin GT activity. Calculated unbound 
bilirubin concentrations in solutions contain- 
ing 0.214 mM bilirubin and 2-30 mg bovine 
or rat serum albumin (bi1irubin:albumin mo- 
lar ratio 0.49-7.3) are illustrated in Fig. 10. 
Although, in general, GT activity increases as 
the free bilirubin concentration increases, 
there is no simple relation between the free 
bilirubin concentration and measured values 
for GT. Moreover, at any given biliru- 
binalbumin molar ratio, GT activity of native 
microsomes is greater in the presence of bovine 
than rat albumin, although the estimated free 
bilirubin concentration is lower with bovine- 
derived proteins. 

Eflect of P-lactoglobulin on bilirubin GT ac- 
tivity. Replacement of albumin with P-lac- 
toglobulin failed to reproduce the typical ef- 
fects of BSA or rat albumin on bilirubin 
conjugation. “Native” GT activity (9- 1 1 
nmol/lO min/mg) was similar when 2 or 6 
mg/ml of P-lactoglobulin were included and 
roughly resembled that obtained with 2 mg/ 
ml BSA. Furthermore, GT activity in un- 
treated microsomes could not be enhanced by 
either detergents or UDPNAG, regardless of 
the concentration of P-lactoglobulin present. 
On the contrary, addition of either UDPNAG 
(1.54-6.14 mM) or deoxycholate (0.05-0.2%) 
invariably resulted in inhibition of GT activity 
(Table I). 

‘ 0  0.05 0.10 0.15 0.20 0.25 0.30 
DEOXYCHOLATE (70) 

RG. 8. Effect of deoxycholate on bilirubin GT activity 
in presence of 2 mg/ml bovine (0) or rat (a) serum al- 
bumin. 
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TABLE I. EFFECT OF BOVINE SERUM ALBUMIN, RAT ALBUMIN, AND   LAC TO GLOBULIN ON THE IN VITRO 
CONJUGATION OF BILIRUBIN BY RAT LIVER MICROSOMES 

Albumin (mg/ml) 
@-Lactoglobulin 

Bovine Rat (mg/ml) 
Enzyme 

preparation 6 2 6 2 6 2 

“Native” 100“ 180 80 130 200 200 
UDPNAG~ 150 180 120 170 180 190 
Deoxycholate‘ 350 170 240 270 160 170 

” Values are percentages of the “native” enzyme activity obtained when bovine serum albumin was included in 
the enzyme incubation mixture of 6 mum1 (88 pM). 

Maximal activation obtained (usually observed with 3.07 mM UDPNAG). 
Maximal activation obtained (usually observed with 0.10% deoxycholate at these concentrations of albumins). 

Lineweaver-Burk plot of “native” enzyme 
activity against UDP-glucuronic acid concen- 
tration in the presence of 6 mg/ml BSA or 
P-lactoglobulin (which resembled that ob- 
tained with 2 mg/ml BSA) revealed that Mi- 
chaelis-Menten kinetics were followed in both 
of these situations. Similar apparent K,,, values 
were obtained (5.43 and 5.68 mMwith BSA 
and P-lactoglobulin, respectively) (Fig. 1 1 ). 

Efect of BSA on p-nitrophenol GT activity. 
To determine whether these effects of BSA 
were also observed when another acceptor 
substrate of GT was employed, p-nitrophenol 
GT activity was measured in the presence of 
2 and 12 mg/ml BSA. As illustrated in Fig. 
12, both “native” and UDPNAG- or deoxy- 
cholate-activated enzyme activities were un- 
affected by different concentrations of BSA. 
As expected, the inhibitory effect of high con- 

0 A 1  I 0.77 I I 1.54 I I 2,30 I ’ 3.07 ’ 
UDPNAG (mM) 

FIG. 9. Effect of UDPNAG on bilirubin GT activity in 
presence of bovine (circles) or rat (triangles) serum albumin 
at 2 (open symbols) and 6 (closed symbols) mg/ml. 

centrations of deoxycholate was buffered when 
12 mg/ml BSA were included. 

Discussion. The results of these studies have 
demonstrated that the presence of BSA in the 
reaction mixture profoundly influences the 
rate of in vitro conjugation of bilirubin by rat 
liver microsomes. Specifically, our studies 
have shown that when increasing concentra- 

Total bilirubin=0.214 mM 
Albumin. 29-441pM (2-30mg/ml] 

Bovine 

BILIRUBIN : ALBUMIN MOLAR RATIO ( 9 )  

FIG. 10. Influence of bi1irubin:albumin molar ratio ( v )  
on free bilirubin concentration and bilirubin GT activity 
in incubations containing 0.2 14 mM bilirubin and either 
bovine or rat albumin. 
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FIG. 1 1. Double-reciprocal plots of bilirubin GT activity 
against UDPGA concentration in presence of 6 mg/ml 
bovine serum albumin (a) or o-lactoglobulin (0). 

tions of BSA are added to the incubation mix- 
ture proportionally higher concentrations of 
unconjugated bilirubin are necessary to pro- 
duce optimal GT activity, and proportionally 
less conjugated bilirubin is formed when un- 
treated microsomes are used. Higher concen- 
trations of BSA require higher concentrations 
of detergents to produce maximal GT acti- 
vation, whereas low concentrations (2 mg/ml) 
prevent enhancement of bilirubin conjugation 
by both detergents and UDPNAG. These ef- 
fects were observed only in part when rat al- 
bumin was substituted for BSA and could 
not be reproduced when BSA was replaced by 
p-lactoglobulin. None of these effects of BSA 
on bilirubin conjugation could be demon- 
strated when p-nitrophenol was employed as 
the acceptor substrate for GT. Thus, it appears 
that BSA selectively interferes with the process 
of bilirubin conjugation in vitru by rat liver 
microsomes. Since in the liver cell, prior to 
its conjugation, bilirubin is bound to ligandin 
(24) rather than albumin, the relevance of 
these findings to its in vivu conjugation is un- 
known. 

In attempting to explain these findings, an 
obvious hypothesis is that the effects on bil- 
irubin GT activity of the various proteins 
studied are determined by their influence on 

the "free," or available substrate concentra- 
tion. However, no obvious direct relationship 
between GT activity and the free bilirubin 
concentration was evident. Indeed, as noted 
above, at any molar ratio of bilirubin to al- 
bumin, the calculated free bilirubin concen- 
tration is lower with BSA than with rat al- 
bumin, although bilirubin GT activity is 
higher in the former case than the latter. 
Hence, the effects of different proteins in the 
incubation mixtures do not appear to be me- 
diated solely by alterations in the free bilirubin 
concentration. This latter conclusion must be 
considered somewhat tentative, as the free bil- 
irubin concentrations were calculated from 
binding constants highly dependent on meth- 
odology (16, 22, 25), using a simple mathe- 
matical model which ignores the binding of 
bilirubin to microsomes (26) and other trace 
constituents of the reaction mixture. A rig- 
orous calculation of the free bilirubin con- 
centration in the initial reaction mixture does 
not appear feasible at this time, both because 
of the complexities of the model, and the un- 
certainties in the various binding parameters. 

That the precise basis for the observed ef- 
fects of BSA remains obscure may reflect the 
complexity of the processes taking place in 
the microsomal reaction mixture, and the in- 

' - 1  
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FIG. 12. Effect of UDPNAG (triangles) or deoxycholate 
(circles) on pnitrophenol GT activity in presences of 2 
(open symbols) and 12 (closed symbols) mg/ml bovine 
serum albumin. 
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adequacy of the relatively crude endpoint em- 
ployed for their quantitation. Thus, bilirubin 
conjugation involves the formation of two 
isomeric (C8 , C12) bilirubin monoglucuro- 
nides, as well as bilirubin diglucuronide, each 
of which may be formed at a different rate. 
Twice as much cosubstrate (UDPGA) is con- 
sumed per mole of bilirubin diglucuronide 
formed as per mole of bilirubin monoglucuro- 
nide, yet the extraction/diazotization proce- 
dure employed to quantitate conjugation does 
not distinguish between the formation of di- 
conjugated and monoconjugated products. 

Studies from our laboratory and others 
have demonstrated the formation of both bili- 
rubin mono- and diglucuronides by native 
UDPNAG- and digitonin-activated rat liver 
microsomes (27). To accurately define the ef- 
fect of BSA on these processes, the use of pu- 
rified enzyme rather than microsomal prep- 
arations (9), and of high-performance liquid 
chromatography to determine the rates of for- 
mation of individual products (28) would be 
essential. While such studies are now becom- 
ing technically feasible in the basic biochem- 
istry laboratory, they remain impractical in 
the setting of a clinical enzyme assay. Hence, 
studies of the sort described above will con- 
tinue to be performed for some years to come, 
employing homogenates of microsomal prep- 
arations from very small samples of human 
liver and extraction and diazotization pro- 
duces to estimate the overall rate of formation 
of conjugated products. 

The present studies indicate that BSA pro- 
foundly affects the in vitro glucuronidation of 
bilirubin by rat liver microsomes, and, pre- 
sumably by human liver when employed in 
analogous assay procedures. Because of the 
widespread use of BSA in in vitro measure- 
ments of bilirubin GT activity in human liver 
biopsy specimens, the importance of these re- 
sults must be kept in mind. Caution will be 
necessary when comparing bilirubin GT ac- 
tivities from different laboratories, both with 
respect to its “native” and activated values, 
as different assay procedures may include dif- 
ferent concentrations of BSA in the enzyme 
reaction mixture. Additionally, special con- 
sideration of the present findings is warranted 
in those studies which utilize DMSO to dis- 
solve bilirubin (29), as the bilirubin GT ac- 
tivities, at least following activation by deter- 

gents or UDPNAG, may provide information 
considerably different from that obtained in 
the presence of albumin. 
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