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1. Introduction

UDP glucuronyltransferase (UDPglucuronate glucu-
ronyliransferase, EC 2.4.1.17) catalyzing the glucuron-
wde formaetion of foreign compounds 1s firmly bound
10 the membranes of endoplasmic reticutum, The
kinetics of the UDP plucuronyltransferase has there-
fore been studied with only ¢rude preparations. These
kinetic studies have been hampered by tl.e lack of an
accurate and sensitive method for determining enzyme
activity. p-Nitrophenol 1s very often used as an agly-
cone, because its spectrophotometric quantitation 1s
rapid and simple [1]. 1t has also been widely used m
recent detailed kinetic studies of this enzyme [2-8).
This method has, however certain disadvantages, since
the consumption of the substrate 18 measured and not
the formation of the product, which 1s preferable in
kinetic studics. The abzorption spectrum of p-nitro-
phenyl glucuroride and free agfycone have different
abgorption maxima (plucure, ide at 312 and aglycone
at 400 nin, respectively), and this has been utilized in
the dircet muagnrement of UDP glucuronyltransferase
activity [9]. This method is, however, rather insenst-
tive, In kinetic studies low substrate concentrations

should also be usec due to their physiological relevance.

With the okl spectiophotometric methods mentioned
above this has been very difficult.

In the present paper we describe a radiochemicat
method for UDP gluuumnylt ransferase determination
with Increased accuracy und sensitivity, 4C-Labeled
p-nltmphenol whieh is now commcrcially available,
wak uned 88 glucumnyl accoptor substrate.
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2. Experimental

2.1, Isolation of microsomes

Male Wistar rats about three months old were used
for the enzyme preparation. The animals were killed
by a blow on the head and bled. The hver was excised,
cooled m ice cold 0.25 M sucrose and homogenized in
0 25 M suerose 1n 3 volume four times the fresh werght
of *he ussue After centrifugation at 10 000 g for
10 pun the nucrosomat fraction was separated from
the supernatant by spinmng for 60 nun a¢ 105 000 g
The nucrosumal pellet was resusprnded into isotonic
sucrose in a final cone corresponding to 1 g of lver
per ml. This micrasomal suspens n was used in the
CNZYmMe assays

2 2. Incubation technque

The reaction maxture 1n the radiochemical UDP
glucuronyitransferase {p-mtrophenol} determunation
consisted of 85 ul of 0.35 mM p-nitrophenol
(E. Merck AG, Darmstadt, West.-Germany) in 0.5 M
phosphate buffer with 10 mM dipotassium EDTA,
pH 7.0 [10] 'and 15 l of aqueous [2, 6-14C] p-nitro-
phenol (16.7 mCi/mmole, International Chemical and
Nuclear Corporation, lrvine, Calif., USA) corresponding
to 40 nCi per sample unless otherwise mated UDPglu-
curonic acid (UDPGlcUA) {98%, ammcmmm salt,’,
Sigma Chemical Company, St. Louis, Mo., USA) was

sample also had a corresponding blank withaut-added
UDPGIcUA, The' ﬂna! concentrntion nfUDPGlcUA
l - '1 ’l !
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v- a5 4 mM unless otherwise stated. The reaction was
injtiated by adding 50 pl of biver microsomal suspen-
sion. After the incubawion {5—20 min) the reaction
was stopped by adding 0.7 ml of 3% w/v agueous ri-
clhiloroacetic asid.

3.3, Extraction procedure

In the next step 0.7 mi of 1.0 M Tris-maleaie buffer,
pH 6.0 was added after letting the tubes stand for
about 10 min. The precipitated protein was separated
by cenirifngation (1500 g, 10 min) and the final pH
before the subsequent ether extraciion was zbout 5.3,
The buffering improved the stability of the extraction
system and promeled the separation of p-nitrophenol
and its ghocuronide. The unconjugated p-nitrophenol
was separated from the more water soluble p-nitro-
pheryl gluenrunids oy extracting the soluzion three
times with 5 mi of diethyl ether {ad narcosin, Orion
Oy, Helsinki, Finland). The separation of the agueous
and organic phases from one another after each shaking
was aceelerated by centrifuging (1000 g for 2 min).
One m? of the agueous phase was ilkien pipetted into a
zonw:ting vial coniaining 1 ml of methanol and 10 mi
of scintilation medium {4 g of 2,5-diphenyloxazul
(PPO) {Merck), D.1 g of 2,2-p-phenylbis-{5-phenyl-
oxazol) {POPOP) (Merck) and 100 g of naphthalens
m a medinm consisting of 800 i of dioxane and
200 m! of toluene). The radicaciivity of the samples
was counted aboul one day later in a Beckmarn 1650
Lquid scintillation counier with a counting efficiency
of 89% for 14C, The ether phases or fractions of them
wore also pipetied into seintillation vials, and the sther
Wwas gvaporated to dryness. After that 10 mi of scin-
1illation medinm for non-agueows samples {4 g of PPO
and 0.1 g of POPOP in 1000 m] of toluene) was added
10 the vials and the radicactivity was determined as

described above with a counmiing efficiency of 93% for
3¢,

2.4, Studies on ransfer of p-nitropheny! glucuronide
into the ether phuse
In order to determine the transfer of p-nitrophenyl
glucuronide into the organic phase, 250 nCi per sample
of [2,6-14Clp-nitrophenol was used in the enzyme
assay and the incubaticn ime was 60 min in order to
increase the produetion of redioactive glucuronids.

After extraction the three ether phases were combined, -

evaperated to dryness and e remainder was dissolved
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in 100 pl of H40. Fifity plof the solution was pipetted
on Whatman No. 1 chromatography paper, and the
chromatogram was developed in ethanol—1 M am-
moninmacetate {9:1) by ascending chromatography.
p-Nitrophenol was Jocated with ammoniz fume and
p-nitropheny? ghhearonide with alkaline sitver nitrale
[11]. After detection, the spots were cut out and their
radioactivity was determined in the scintillation
eounter using the scintilletion medhum for non-
agueous samples. The counling efficiency of 2L from
the paper was 68%.

3. Results and discussion

Diethyl ether proved to be the best exiraction
solven: tested. Hexane, benzene, tolnene and different
benzene-diethyl ether mixtures only partly extracied
p-nitropheno] (table 1). Di-isopropyl ether was almost
as efficient as diethy! ether in the separation of
p-nitrophenol from iis glucuronide. About 0.5% of
radioactive p-nitrophenol remained in the water phase
after thres ether washings. The amount of p-nitrophen-
ol removed in the third washing was less than the
emount 1eft in the water phase after it. Less than 0.4%
of the conjupated plucuronide was found in the ether
phasze after extractton. The solution was bafiered to a
pH below the pK -value of p-nitrophenol, 7.2 [12}, in

Tavie I
The efficiency of the exiraction of iE,ﬁ-ﬂgCﬂp-ninophenoﬂ
(30 nmoles, 40 mCi) by different organic solvent sysiems from
the reaction mixture used in UDP ghocuronyltransfier. se deter-
mination.

Solvent Radinactivity {5 left
in the agneons phase
afier three washings

Benzene 20 0.04

Benzene + diethyl ether (1:1D) 1.1 #§.13

Benzene + disthvl ether {1:3) 0.73 5 0.06

Benzene + diethyl ether {1:5) 0.539 7 0,01

Hexane . 79.2 3 0.43

Toluense 1.7 =0.12

Diisopropyl ether 055 7 0.U3
D351 7 D02

The cxiraction was e pSaled 1hree flines with 3 mil of the sol-

vent after the addition of 0.7 mlof 3% TCA and 1.0 M Tris-

- maleate buifer, pH 6. 3ix experiments wers performed in each

case. The standard ertats of the means are indicated.
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Tebie 2
The hydrolysis of the reaction product by S-plucuronidase in
the absence and presence of Dgiurare-1.4-2acione.

Samyple Rzdipactivity {cpm}
in ihe aguepus phase

—UDPGIeUA 854 7 103

+UDPGIcUA 18 489 = 1076

UDPGIcUA + galscuronidase 2381 275

UDPGIc A + gelucoronidase +

D-gluraro)-ctone 192205 = 535

The radionciivity of the agneocns phase has been piven, The
wsnal incueation with 40 nCi of |2,6-3C]p-nitrophenct

{30 min) was stopped by adding 0.3 ml of 1.5 M acetaie buffer.
pH 5. g-Glucuronidase (300 units, from bovine liver, type B 1,
2000 DOD mmizs per g, Sigma) was then added to the tubes.
B-Glucuronidass was inhibited in the reference tubes by
D-elutare-1,3-lactone {5 mM) {Piizer, Folkestons, England}.
After 30 min incubation the reaction was stopped with 3%
TCA, extracted with sether, and the radicactivily of the
agpeous phase was determined as derceribed in the section on
experimental procedure. Five experiments were performed in
each gronup.

order 1o maximize the extraction ef{iciency of this
weak acid by the organic solvert, The buffering with
a Tris-mmaleate buffer also reduced standard deviations
of the method and thus obviously stabilized the exirac-
hon sysiem In 30Me Way.

In order 10 prove that the radioactivity remaining
in the waler phase afier incnbaiion was indeed in the
glucurcnide formed, the generally acoepied criterion
[313]. based on the utitization of S-glucuronidase and
on its specific inkibition by D-glucaro-1.4-lactone, was
used. f-Glucuronidase treatmnent revealed that the in-
crease in radioactivity in the water phase of the samples
containing sdded UDPglucuronic acid was due to the
glucuronide Tormed {iable 2). After the addition of
B-glucuronidase radioactivity in the agueons phases of
the tubes containing UDPGicUA was at the level of
ihe tubes sontaining no added UDPGIcUA, D-Glucaro-
1 4-lactone complately abolished this effect of
B-gluguronidase. The formation of radioaciive p-niiro-
phenyl gucuroride was also confirmed by chromato-
graphy of the reaction mixture in ethanol—1 M am-
monismacetate {3: 1) afier incubation, with snbsequent
antozradiography. -

The standard errors of the means of the present
method in comparison with the older speciropholo-
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Siamdard srrors of the means of the present radiochemical
method and of the spectrophotometric methods based either
on the measnrement of the consumplion of p-nitrophencl or
formaticn of p-nitrophenyl glucuronide in different conditions.

UIDPGIcL A Method

concentralion

ang incvbation Present Speciro- Spretro-

time ) photo- photo-
metric melric
substrate product
CONSHImP- formation
tion

0.5 mdd, i0 min 1.32 1235 17.5

1.5 mbi, 13 min 1.28 7.08 4.7

4,0 mp, 20 min 1.14 -.4G 5.50

Mogifications of the speetrophotos ric methodswith 0.F ml
of reaction mixtures were used {9, 13 Fifteen experiments
were performed in each group.

metric methods [1] modified as {9, 10] are given in
table 3. We can see that the ussfulness of the radio-
chemical method compared with other methods in-
creases when the reaction rate is decreassd. The
agcuracy of determinations representing low acuivi-
ties is very imporiant in kinetic studies of the enzyme.
The theoretical sensitivity lirnit of the method depends
on the specific activily of the radicactive aglycone.
With the preparation commercially available today

thiz is 2kout 30 prnoles of the glucuronide, correspond-
ing to 1000 cpm in the final counting. Due o this high
sensitivity the method aiso enables the examination

of tizsues with low UDP glucuronyvltransfesase activi-
ties. With the present radiochemical meithod we were
alsp able to demonstraie & p-nilrophenyl ghucuronide
synthesis by liver micresomes in the absence ¢f added
UDPGlclIA | as confirmed by autoradiography after
paper chromatography in ethanol—3 M smmo 3inm-
acetzie {9: 1), This synihesis is obyiously due 10 endo-
genous active D-glhicuronic acid bound 1o the -nicro-
somal membranes.
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