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1. In incubation mixtures containing digitonin-activated or untreated preparations from
rat liver, albumin-solubilized bilirubin as the acceptor substrate and (a) UDP-glucuronic
acid, (b) UDP-glucose or (c) UDP-xylose as the sugar donor, formation of the following
ester glycosides was demonstrated: with (a), bilirubin P-D-monoglucuronoside, with (b),
bilirubin ,B-D-monoglucoside and with (c), bilirubin monoxyloside or mixtures of the
mono- and di-xyloside. 2. With UDP-glucuronic acid prolonged incubation and variation
of the composition of the incubation mixtures yielded equimolar amounts of azodipyrrole
(I) and azodipyrrole fl-D-monoglucuronoside (II) after treatment of the incubation
mixtures with the diazonium salt ofethyl anthranilate. The azo-derivatives were identified
by t.l.c. by reference to known compounds and by the following chemical tests. After
ammonolysis the conjugated azo-derivative (II) yielded D-glucuronic acid and the carb-
oxylic acid amide of azodipyrrole, indicating transfer of a glucuronic acid residue to the
carboxylic acid groups of bilirubin. The ,8-D-configuration ofthe sugar moiety and binding
at C-I were demonstrated by enzymic hydrolysis tests. 3. Analogous evidence established
the structure of the reaction product obtained with UDP-glucose as the sugar donor, as
bilirubin ,-D-monoglucoside. 4. With UDP-xylose as the sugar donor xylosyl transfer to
the carboxylic acid groups of bilirubin with attachment at C-1 was demonstrated in an
analogous way. A P-D-configuration is considered very likely, but requires confirmation.
5. Monoxyloside formation was predominant at pH7.4, whereas at decreasing pH values
increasing fractions of the substrate were converted into the dixyloside. Prolonged
incubation, low concentrations of bilirubin and high concentrations of UDP-xylose
favoured diconjugate formation. The available evidence supports the synthesis sequence:

bilirubin -÷ bilirubin monoxyloside -* bilirubin dixyloside.

In bile ofnormal rats the mono- and di-glucurono-
side of bilirubin (Schoenfield & Bollman, 1963;
Ostrow & Murphy, 1970) and small amounts of the
corresponding glucosidic conjugates occur (Fevery
et al., 1971). Larger amounts of bilirubin glucoside
and conjugates of xylose are excreted in dog bile.
Transfer of glucuronic acid (Grodsky & Carbone,
1957; Schmid et al., 1957; Lathe & Walker, 1958),
glucose (Wong, 1971b; Fevery et al., 1972) and xylose
residues (Fevery et al., 1972) from the respective
UDP-sugars to bilirubin occurs in vitro in the pre-
sence of preparations from rat liver.
The present paper establishes tentative structures

of several bilirubin glycosides synthesized in vitro
from albumin-solubilized bilirubin and UDP-sugar
in the presence of homogenates or microsomal
material from rat liver. After incubation with UDP-
glucuronic acid or UDP-glucose under a variety of
reaction conditions, only bilirubin f,-D-monoglyco-
sides could be detected. With UDP-xylose as the
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sugar donor monoxyloside or mixtures ofmono- and
di-xyloside were formed, depending on the conditions
of incubation. A preliminary account of the work has
been given (Heirwegh et al., 1971).

Materials and Methods

Chemicals

Chemicals were as specified by Van Roy & Heir-
wegh (1968), Heirwegh et al. (1972) and Fevery et al.
(1972).

Synthesis ofbilirubin glycosides in vitro andformation
ofazo-derivatives

Adult Wistar R male albino rats were used. Digi-
tonin-activated homogenates and treated and un-
treated microsomal preparations from rat liver were
incubated with albumin-solubilized bilirubin and
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STRUCTURES OF BILIRUBIN CONJUGATES SYNTHESIZED IN VITRO

UDP-sugar (UDP-glucuronic acid, UDP-glucose or
UDP-xylose). The bilirubin glycosides thus syn-
thesized were treated with diazotized ethyl anthrani-
late and the azopigments extracted into pentan-2-
one-n-butyl acetate (17: 3, v/v). Full details about the
procedures are given by Heirwegh et al. (1972) and by
Fevery et al. (1972).

Qualitative and quantitative azopigment analysis

Equal volumes of azopigment extracts obtained
from the incubation mixtures and from incubation
controls (UDP-sugar omitted; Mg2+ replaced by di-
sodium EDTA) were applied to a pre-coated silica-
gel plate (DC-Kieselgel F254, 5717/0025; E. Merck
A.-G., Darmstadt, Germany) and separated by suc-
cessive developments with chloroform (containing
0.6%ethanol) (18 cm), chloroform-methanol- water
(65:25: 3, by vol.) (5cm) and chloroform - methanol
(17:3, v/v) (12cm). The first development favours
removal of extracted bilirubin (excess of substrate)
from areas containing azopigment. Azopigment ex-
tracts prepared from dog bile (Fevery et al., 1971) and
rat bile (Heirwegh et al., 1970) served as reference
standards. Structurally characterized preparations of
azodipyrrole (1), azodipyrrole P-D-glucuronoside
(II), azodipyrrole P-D-xylopyranoside (IHD) and azodi-
pyrrole ,-D-glucopyranoside (IV) (Compernolle et
al., 1970, 1971) were also used (Scheme 1).

Azopigments, after separation, were eluted with
methanol and determined photometrically (Heirwegh
et al., 1970). The reddish spots obtained in the test run
were eluted with methanol. Eluates from the control
track, corresponding in shape and RF value to the
azopigment spots, served as blanks. Test and blank
eluates were measured separately at 546nm with
methanol as a reference.

Calculations

Assuming that the molar extinction coefficients of
azodipyrrole (I) and of the conjugated azopigments
(II, Ill and IV) are equal, the ratio R (azodipyrrole/
conjugated azodipyrrole) is given by E/Er,..j (the
corrected extinctions of the azodipyrrole and of the
conjugated azodipyrrole spots respectively). This
assumption probably does not introduce a significant
error, as preparations of both conjugated and uncon-
jugated bilirubin at equal molar concentration
showed the same azo-colour extinction (Van Roy &
Heirwegh, 1968). A ratio of 1 would then be obtained
from monoconjugated bilirubin, a ratio of 0 for di-
conjugated bilirubin and values between 0 and 1 for
mixtures of mono- and di-conjugate (Scheme 1).
The percentage of total conjugated bile pigments

present as monoconjugated bilirubin is equal to
200R/(1 +R). The ranges of experimental error were
established by assuming that the total error on the
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calculated results is mainly due to photometric error
(estimated to be ±0.001 on each extinction measure-
ment).
Adequate correction for colour derived from con-

trol incubation mixtures (especially in the azo-
pigment-oc0 area) is important. At standard bilirubin
concentration, colour formation from excess of bili-
rubin is approximately constant (diazotization con-
ditions being standard for all systems). Decreased
conjugation, owing to decreases in substrate concen-
tration or incubation time, or to the use of enzyme
preparations of low activity, will increase the relative
magnitude of the blank corrections. This may explain
the rather large range of results obtained with bili-
rubin UDP-glucosyltransferase. Fig. 1 illustrates the
relative importance of test and blank values.

Purification of azopigments derived from incubation
mixtures

Pooled azopigment extracts were separated by
preparative t.l.c. (Heirwegh et al., 1970) by using the
sequence of solvents outlined above.

Results and Discussion

Reaction of bilirubin and of conjugated bilirubin
with diazonium salts leads to cleavage at the central
methylene bridge with the formation oftwo dipyrrolic
azopigments (Scheme 1) (for references, see Jansen &
Stoll, 1971). Therefore, as the azo-derivatives are
relatively stable compared with bile pigments, the
elucidation of structure for the latter compounds can
conveniently be done in two stages: structure assign-
ments (1) of separated azopigments and (2) of the
parent tetrapyrroles.

Assignment of structure to azopigments derivedfrom
bile pigments synthesized in vitro

Studies with slices (Lathe & Walker, 1958;
Schoenfield & Bollman, 1963) and broken-cell sys-
tems from rat liver (Grodsky & Carbone, 1957;
Schmid et al., 1957; Brown etal., 1958; Menken etal.,
1966; Wong, 1971a), and experiments with isolated
rat liver preparations (Schoenfield & Bollman, 1963),
support the concept of an enzyme-catalysed glucu-
ronyl transfer from UDP-glucuronic acid to bilirubin.
In attempts to establish the configuration of the syn-
thetic product with ,-glucuronidase no controls
were made with enzyme inhibitor (Schmid et al.,
1957; Brown et al., 1958; Menken et al., 1966;
Wong, 1971a). The acceptor site of the aglycone was
not established. Evidence supporting the enzyme-
catalysed glucosyl transfer from UDP-glucose to
bilirubin has also been obtained (Wong, 1971b).

Glucuronoside conjugate. Treatment of incubation
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_ mixtures containing UDP-glucuronic acid with di-
azotized ethyl anthranilate gave rise to azopigments

()o and 8 (Fig. 1, Table 1). The azopigments had the
same chromatographic mobility as azodipyrrole
(I) and azodipyrrole ,B-D-monoglucuronoside (II)
respectively. Ammonolysis of the more hydrophilic
azo-derivative (azopigment 8) obtained from the
incubation mixtures liberated only one sugar that
moved chromatographically as D-glucuronic acid
(Table 2). Formation of the carboxylic acid amide of
azodipyrrole (Table 3) indicates binding of the sugar
moiety to the propionic acid side chain of azodi-
pyrrole (Compernolle et al., 1970). Hydrolysis of
azopigment 8 with ,B-glucuronidase and inhibition of
the process by saccharo-(l -*4)-lactone further sup-
port the presence of a fi-D-glucosiduronic acid residue
bound at C-1 (Table 4).

(b) Xylose andglucose conjugates. Analogous observa-
tions allow azodipyrrole monoxyloside (Il) and
azodipyrrole t-D-monoglucoside (IV) structures to be
assigned to the conjugated azopigments a2 and cc3
derived from incubation mixtures containing UDP-
xylose and UDP-glucose respectively (Tables 1-4).
The emulsin preparation used to establish the con-
figuration of the glucoside (IV) contained negligible

Aa-glucosidase activity (Fevery et al., 1971). Parallel
incubations of purified preparations of azopigment

MM3 and of azodipyrrole P-D-glucopyranoside (IV)
indicated that both compounds were hydrolysed at
the same rate. The Mylase-P preparation, used as a
source of xylosidase activity, was impure (the ratio of
,-xylosidase activity/oc-xylosidase activity was 37:2).
Although a ,-D-configuration of azopigment a2 is

(c) likely, further confirmation with a purer ,B-xylosidase
is essential.

In general the observations demonstrate that
glucuronic acid, glucose and xylose residues can be
transferred from the respective UDP-sugars to the
propionic acid side chains of bilirubin by digitonin-
activated and untreated microsomal material from
rat liver. Inversion at C-1 accompanies the glucuronyl-
and glucosyl-transfer reactions and is likely for xylose.
The ring structures of the sugars were not estab-

lished. The chromatographic reference compounds

areas) were separated by t.l.c. Densitometric records
(E536) obtained with a flying-spot TLD100 densito-
nmeter (Vitatron, Dieren, The Netherlands) are shown.
Digitonin-activated microsomal preparations were
incubated under standard conditions with albumin-

Distance of migration (arbitrary units)
gS solubilized bilirubin and UDP-sugar; the incubation

- Distanceof migration (arbitrary units) times were 10mm with UDP-xylose (a) and UDP-
Fig.1.T.l.c.otazopigmentsideriedfrontestandcon- glucuronic acid (c), and 20min with UDP-glucose

trol incubation mixtures (b). Azopigment spots are denoted by Greek letters
Equal volumes of azopigment extracts obtained from (Heirwegh et al., 1970). Migration is from right to
test (full lines) and control systems (cross-hatched left.
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(III) and (IV) (Compernolle et al., 1971) and (II)
(F. Compernolle, G. P. Van Hees & K. P. M. Heir-
wegh, unpublished work) derived from bile are glyco-

pyranosides. It is likely that the glycopyranose struc-
tures present in UDP-sugars are conserved during
enzyme-catalysed glycosyl transfer.

Table 2. Rgcese values ofconjugating groups

A modification ofthe procedure ofFevery et al. (1971)
was used. Combined azopigment extracts derived
from incubation mixtures containing digitonin-
activated microsomal preparations and UDP-xylose,
UDP-glucose or UDP-glucuronic acid were used to
prepare azopigments Ox2, Ox3 and 8 respectively.
Samples of the purified azopigments were applied to
a t.l.c. plate (DC-Kieselgel F254, 5715/0025) leaving
free spaces for subsequent application of reference
sugars. The plate was kept overnight at room tem-
perature in an atmosphere equilibrated with 27%
(w/v) ammonia. After complete evaporation ofexcess
of ammonia in an air stream reference sugars were
applied and the plate was developed sequentially
with: (1) chloroform-methanol (19:1, v/v) (18cm);
(2) chloroform - methanol - water (65: 25: 3, by vol.)
(15cm); (3) propan-l-ol-water (17:3, v/v) (12cm);
(4) chloroform - methanol - water (65: 25: 3, by vol.)
(15cm). Sugars were localized with a p-anisidine -
phthalate spray (Krebs et al., 1967).

Reference compounds
D-Xylose
D-Glucose
D-Glucuronic acid

Conjugating groups from
Azopigment-x2
Azopigment-oc3
Azopigment-8

1.42, 1.41 1.39, 1.36
1.00,1.00 1.00,1.00
0.23, 0.23

1.42
1.00
0.23

1.36
1.00

Assignment of structure to bile pigments synthesized
in vitro

Available literature relates only to the synthesis of
glucuronic acid conjugates of bilirubin. Synthesis of
diconjugated bilirubin by liver slices and by isolated
liver preparations from rat (Schoenfield & Bollman,
1963), and ofmono- and di-conjugated bilirubin by a
clonal strain of rat hepatoma cells (Rugstad et al.,
1970), has been demonstrated. In contrast, with
homogenates from human liver (Black et al., 1970),
and with microsomal material from rat liver (Van
Roy & Heirwegh, 1968), treatment of incubation
mixtures containing bilirubin and UDP-glucuronic
acid with diazotized ethyl anthranilate yielded equi-
molar amounts of unconjugated and conjugated
azodipyrrole. The results suggested synthesis in vitro
of bilirubin monoglucuronide.

In the present work broken-cell preparations from
rat liver were tested under a variety of incubation
conditions, in an attempt to obtain values ofthe ratio
R (azodipyrrole/azodipyrrole monoconjugate) sig-
nificantly smaller than 1.
With UDP-glucuronic acid as the sugar donor R

was 0.97±0.08 (S.D.; n = 32). No systematic trends
were apparent when either the incubation time was
lengthened from 15 to 120min or when the concen-
tration of the sugar donor was increased threefold
(Table 5). Addition of UDP-N-acetylglucosamine, a
known inhibitor of UDP-glucuronic acid pyro-

Table 3. Razodipyrrole values ofamide derivatives

Pooled azopignent extracts derived from incubation mixtures containing UDP-xylose, UJDP-glucose or UDP-
glucuronic acid were used to prepare azopigment x2, O3 and 8 respectively. Samples of the purified azopigments
and ofazodipyrrole fl-D-monoglucuronoside (II) were applied to a t.l.c. plate, leaving free spaces between the spots
for subsequent application ofazodipyrrole (I). The plate was kept overnight at room temperature in an atmosphere
equilibrated with 27% (w/v) ammonia. After removal of excess of ammonia in an air stream reference samples
of azodipyrrole (I) were applied. The plate was developed with chloroform - methanol - water (65: 25: 3, by vol.)
(5 cm), dried in an air stream and developed again with redistilled chloroform (18 cm).

Razodipyrrole of amide derivative

Reference compound
Azodipyrrole (I)
Amide from conjugated azopigment

a2
om3

Compound II

Expt. no. ... 1

1.00

1.12
1.12
1.10
1.09

2

1.00

1.14
1.14
1.14

3

1.00

1.24
1.23
1.23
1.20

4

1.00

1.46
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Table 4. Enzyme hydrolysis ofazopigmentsa2, OC3 and 8 derivedfrom synthetic bile pigments

Pooled azopigment extracts derived from incubation mixtures containing digitonin-activated microsomal pre-
parations and UDP-xylose, UDP-glucose or UDP-glucuronic acid were used to prepare azopigments a2, a3 and 8
respectively. The purified azopigment preparations were incubated with Mylase-P (azopigment x2), emulsin
(azopigment a3) or ,B-glucuronidase from Escherichia coli (azopigment 8). Tests were run in the absence and in the
presence of 50mM-glucono-(1--5)-lactone (Mylase-P; emulsin) or of 3mM-saccharo-(1 -+4)-lactone (f8-glucuroni-
dase). The final incubation mixtures were extracted into pentan-2-one and analysed by t.l.c. The percentages of
azopigments hydrolysed were obtained by visual inspection of the plates (mean values estimated by three inde-
pendent observers). Details about the origin and activities ofthe enzyme preparations and about the methods used
are given by Heirwegh et al. (1970) and by Fevery et al. (1971).

Azopigment hydrolysed (%)

Azopigment a2

Azopigment x3

Azopigment 8

Preparation
no.
1
2
2
3
4
5
5
6

Enzyme
Mylase-P

Emulsin

f-Glucuronidase

Amount of
enzyme
(mg/test)

10
10
10
2
2
2
2
2

Incubation
time (h)

3
1
2
4
3
1
2
4.5

With
enzyme

90
90
95
90
85
90
95
95

With enzyme
and inhibitor

90
90
90
0
0
0
0
0

Table 5. Synthesis in vitro of bilirubin P-D-monoglucuronoside
Homogenate or microsomal material, either digitonin-activated (D) or not activated (U), from rat liver was
incubated at 37°C with albumin-solubilized bilirubin and UDP-glucuronic acid for the times indicated in the table.
Conjugated bilirubin was then treated with diazotized ethyl anthranilate and the derived azopigments (oc0 and 8)
were analysed by quantitative t.l.c. The following variants ofthe standard procedures were also used. (a) Identical
incubation mixtures each received 1mg of UDP-glucuronic acid at zero time; when the first tube was withdrawn
for analysis the tubes remaining at 37°C received a further addition of 1 mg ofUDP-glucuronic acid; the procedure
was repeated until the last incubation period was started. (b) Incubation mixtures were supplemented at zero time
with UDP-N-acetylglucosamine (final concn. 3.2mM). (c) The pH of the incubation mixtures was varied. The re-
sults are expressed as the ratio (R) of azopigment oeo/azopigment 8.

R

Enzyme preparation
Homogenate (D)

Microsomal preparation no. 1 (U)

(D)

Microsomal preparation no. 2 (D)

Microsomal preparation no. 3 (D)

Incubation time (min) ... 15 30 60 90 120
Incubation procedure

Standard system
UDP-glucuronic acid added (a)
Standard system
UDP-N-acetylglucosamine added (b)
Standard system
UDP-N-acetylglucosamine added (b)
Standard system
UDP-glucuronic acid added (a)
Variation ofpH (c)
pH6.6
pH7.0
pH7.6
pH 8.0

1.04
0.97
0.97
1.04
0.97
0.90

0.86 0.89
0.89

0.93
0.97
1.03
1.11

1.11
0.94
0.98
0.99
0.98
0.94
0.91
0.90

1.03 0.82
0.97 1.01
0.99
0.95
1.17
0.99
0.93
0.80

0.91
0.94
1.06
1.05

phosphatase (Pogell & Leloir, 1961; Adlard & Lathe,
1970), had little effect on the ratio R. It may be noted
that addition of the inhibitor to broken-cell prepara-
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tions not treated with digitonin considerably in-
creased glucuronyl-transfer rates (Heirwegh et al.,
1972).

21
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Table 6. Enzyme synthesis in vitro of bilirubin fi-D-monoglucoside

Microsomal material (either digitonin-activated or not activated) was incubated at 37°C with albumin-solubilized
bilirubin and UDP-glucose for the times indicated in the table. Deviations from the standard procedures are
indicated under the heading 'Variable parameter'. Conjugated bilirubin was treated with diazotized ethyl anthra-
nilate and analysed by quantitative t.l.c. The results are expressed as the ratio R ofazopigment xo/azopigment a3.
With R = 1 (only monoconjugate formed) as the value to be found, then experimental values marked with an
asterisk were within the experimental limits of error (see under 'Calculations' in the Materials and Methods
section).

Microsomal material

Variable parameter
pH6.8

pH7.3

2 pH6.42
pH6.72
pH6.78
pH7.08
pH 7.40
pH7.58

3 0.022mM-Bilirubin
0.045mM-Bilirubin
0.134mM-Bilirubin

4 2.6mM-UDP-glucuronic acid

12.8mM-UDP-glucuronic acid

17.9mM-UDP-glucuronic acid

Incubation

time (min)
8
16
8
16
30
30
30
30
30
30
20
20
20
10
20
10
20
10
20

Activated
0.89*
1.13*
1.53
1.06*
0.92*
1.02*
1.00*
1.06*
1.33
1.02*
0.60
0.77
1.00*
1.00*
0.91*
0.82*
0.89*
1.00*
0.94*

Non-activated

0.79*
0.82*

1.11*
0.96*
1.20*
0.94*

With UDP-glucose as the sugar donor the beha-
viour was similar with respect to changes in the re-
action parameters (Table 6). The mean R value was
1.01+0.18 (S.D.; n = 34).
Considering the nature of the diazo-reaction ofbile

pigments (Scheme 1) and the precautions taken in
determining the ratio R it is reasonable to conclude
that bilirubin fl->-monoglycosides were synthesized
under the incubation conditions described. Because
of the rather wide range of the results minor dicon-
jugate formation cannot be excluded. By making use
of individual R values, the percentages of conjugated
bile pigments were calculated as 98.3+3.9% (S.D.;
n = 32) of biirubin P-D-monoglucuronoside and
99.9+t8.7% (S.D.; n = 34) of bilirubin ,B-D-mono-
glucoside. Jansen & Stoll (1971) suggest that glucu-
ronyl transfer to either of the carboxylic acid groups
of bilirubin may occur in vitro.
With UDP-xylose as the sugar donor the situation

is more complex (Figs. 2-4). Monoxyloside formation
predominated at pH7.4, considerable fractions of
diconjugate being formed when thepH was decreased
to 6.4 (Fig. 2). Dixyloside formation was stimulated
by prolonging the incubation (Figs. 2-4), by decreas-

ing the concentration of bilirubin (Fig. 3) and by
increasing the concentration of the sugar nucleotide
(Fig. 4). The changes were well outside the estimated
limits of error. Qualitatively, the observed behaviour
is compatiblewith the synthesis sequence: bilirubin
bilirubin monoxyloside -> bilirubin dixyloside.

General comment

As noted above, bile of the normal rat contains
mainly the mono- and di-glucuronoside of bilirubin.
The rather large amounts of monoconjugate (about
73% of total conjugated bile pigment) reported by
Van Roy & Heirwegh (1968) were probably caused
by collection ofbile from rats under ether anaesthesia.
Indeed, Van Damme et al. (1971) demonstrated that
during recovery from anaesthesia the percentage of
monoconjugate gradually decreased to 39 %. Liver
slices and isolated liver preparations from rat
(Schoenfield & Bollman, 1963) and rat hepatoma
cells (Rugstad et al., 1970) appear to be capable of
transforming bilirubin into the diglucuronoside and
it is surprising that it has not been possible to obtain
demonstrable diconjugate formation with homo-

1972
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z, 040 -

_0
° 20

0 I I
6.5 6.7 6.9 7.1 7.3

pH of incubation mixture
Fig. 2. Effects ofpH and incubation time on the syn-
thesis in vitro of the mono- and di-xyloside ofbilirubin
Digitonin-activated microsomal material was incu-
bated at 37°C with albumin-solubilized bilirubin and
UDP-xylose. The incubation times were 30min (-)
and 60min (o). Different pH values were obtained by
varying the concentration of triethanolamine in the
buffer used. Duplicate incubation mixtures prepared
in parallel (UDP-xylose omitted) were used to deter-
mine the pH. Vertical bars indicate ranges of
experimental error.

7575

0~~~~~~~~~
0 ~ 0

0 ~ ~ /

c 50 0
C-

25 I
0

0 0.2 0.4 0.6 0.8 1.0 1.2
[Bilirubin] (mM)

Fig. 3. Effects ofbilirubin concentration and incubation
time on the synthesis in vitro of the mono- and di-

xyloside of bilirubin
Digitonin-activated microsomal material was incu-
bated at 37°C at pH7.1 with albumin-solubilized
bilirubin and UDP-xylose. The incubation times were
4min (-) and 8min (o). Vertical bars indicate ranges
of experimental error.

000

25
1 2 3 4 5

[UDP-xylosel (mm)

Fig. 4. Eff7ects of UDP-xylose concentration and
incubation time on the synthesis in vitro of the mono-

and di-xyloside of bilirubin

Digitonin-activated microsomal material was incu-
bated at 37°C at pH7.1 with albumin-solubilized
bilirubin and UDP-xylose. The incubation times were
lOmin (e) and 20min (o). Vertical bars indicate
ranges of experimental error.

genate or microsomal material from rat liver (Table
5).
With the rat liver systems exhaustion of UDP-

glucuronic acid is very unlikely (Table 5). It is sug-
gested that rat liver may contain a factor essential for
diglucuronoside formation that either is present at
too low a concentration to be effective in the more
dilute incubation mixtures or is destroyed during
fractionation of tissue. The requirements may be less
stringent for the synthesis of dixyloside.
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