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Abstract

Gunn rats are a mutant strain of Wistar rats that have uncon-
jugated hyperbilirubinemia due to absence of hepatic uridine di-
phosphate-glucuronosyltransferase (UDPGT; EC. 2.4.1.17) ac-
tivity toward bilirubin. Weisolated five UDPGTisoforms from
solubilized microsomal fractions from liver of inbred Wistar
(RHA) rats and congeneic Gunn rats. UDPGTisoform V (elution
pH 7.5) from Wistar (RHA) rats is active toward bilirubin and
4'-hydroxydimethylaminoazobenzene. The corresponding isoform
from Gunn rat liver was enzymically inactive but exhibited normal
elution pH and mobility on NaDodSO4/polyacrylamide gel elec-
trophoresis (Mr 53,000), and was recognized by a UDPGT-spe-
cific antiserum. UDPGTisoform I (elution pH 8.7) from Wistar
(RHA) and Gunn rats was active toward 4-nitrophenol. The iso-
form from Gunn rat liver had only 10% of normal UDPGTac-
tivity, however UDPGTactivity increased to normal upon ad-
dition of 15 mMdiethylnitrosamine in vitro. Isoforms II (elution
pH 8.4), III (elution pH 8.0), and IV (elution pH 7.8) from Gunn
rats had normal UDPGTactivities, except that Isoform IV was
inactive toward bilirubin.

Introduction

Glucuronidation is a major pathway for detoxication of relatively
nonpolar metabolites, drugs, toxins, and other xenobiotics (1).
Formation of glucuronides is catalyzed by uridine diphosphate-
glucuronosyltransferase (UDPGT),' concentrated in hepatic en-
doplasmic reticulum and nuclear envelope (2), and catalyzes the
transfer of glucuronic acid from UDP-glucuronic acid to a wide
variety of aglycones, forming 0-, N-, S-, and C-glucuronides (3).
Functional heterogeneity of UDPGTis suggested by different
times of appearance of transferase activity toward various sub-
strates during perinatal life in rats (4) and differential effects of
enzyme-inducing agents on substrate-specific transferase activ-
ities (5-7). The concept of multiplicity of UDPGTwas supported
recently by chromatographic separation and isolation of multiple
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forms of rat liver UDPGTwith distinct substrate specificities
(6-13).

UDPGT-mediated glucuronidation is essential for efficient
biliary excretion of bilirubin (14-16). Patients with Crigler-
Najjar syndrome, type I, lack hepatic UDPGTactivity, exhibit
life-long nonhemolytic unconjugated hyperbilirubinemia, and
die of kernicterus in infancy or early adulthood. Mutant Gunn
rats ( 17) lack hepatic UDPGTactivity for bilirubin (18) and are
a model for Crigler-Najar syndrome, type I (15-20). Patients
with Crigler-Najar syndrome, type I and homozygous Gunn
rats excrete only small amounts of unconjugated bilirubin in
bile (19). UDPGTactivity toward bilirubin is undetectable in
Gunn rats (18), but activity toward simple phenolic substrates,
such as 4-nitrophenol, has been reported to be normal or de-
creased (21-24), possibly reflecting strain differences within
Gunn rats (3). In contrast, glucuronidation of aniline (25) and
several steroid substrates was normal in Gunn rats (26, 27).
UDPGTactivity toward 4-nitrophenol is stimulated to normal
in vitro by diethylnitrosamine, but UDPGTactivity toward bil-
irubin is unaffected (28). Recently, a defective form of UDPGT
was isolated from Gunn rat liver (29). The preparation was en-
zymically inactive, but activity toward 4-nitrophenol was restored
on addition of diethylnitrosamine (29).

The mechanism of defective function of UDPGTin Gunn
rats is not known. Because of the differences in the extent of the
defect of rates of glucuronidation of various aglycones in Gunn
rats and normalization of the transferase activity toward phenolic
substrates in the presence of diethylnitrosamine, the presence
of normal amounts of defective forms of UDPGTin the Gunn
rat liver has been suggested (24, 30). Other authors have suggested
on the basis of immunological studies that certain forms of
UDPGTare absent in the liver of Gunn rats (31).

Quantitative comparison of UDPGTactivity with different
substrates in Gunn and Wistar rats has been difficult due to
heterogeneity in both strains (21-24, 32). Weobviated this vani-
ability by using inbred Wistar rats (RHA strain) and congeneic
Gunn rats, which differ from inbred Wistar rats only in having
the jaundice locus (33). Weseparated and purified five forms of
enzymically active UDPGTfrom microsomal fractions of Wistar
(RHA) rat livers. Five corresponding isoforms were also purified
from Gunn rat liver. Although each isoform from Gunn rats
was recognized by a UDPGT-specific antiserum, two isoforms
that are normally active toward bilirubin and 4-nitrophenol were
functionally defective. The remaining three isoforms from Gunn
rats had normal UDPGTactivity.

Methods

Material Syngeneic Wistar rats (RHA strain) and Gunn rats congeneic
with the Wistar (RHA) rats except for the jaundice locus were obtained
from Dr. Carl Hansen (National Institutes of Health, Bethesda, MD).
Wistar (RHA) rats were maintained in syngeneic state in the Carlson
Animal Institute, University of Chicago, by inbreeding for 40 generations
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and backcrossing every fifth generation. Gunn rats were maintained in
congeneic state by breeding homozygous males with obligate heterozygous
females, produced by breeding between male Gunn rats and female Wistar
(RHA) rats. Male animals of both strains (250-300 g) were maintained
on a 12-h light/dark cycle and fed standard rat chow ad lib., until de-
capitation under light ether anesthesia.

Chromatofocusing gel (Polybuffer Exchanger 94), chromatofocusing
buffer (Polybuffer 96), and phenyl-Sepharose 4B were obtained from
Pharmacia, Inc., Uppsala, Sweden. UDP-hexanolamine was synthesized
and linked to cyanogen bromide-activated Sepharose 4B according to
Tukey and Tephly (34). All other reagents were of the purest available
grade; their sources have been previously reported (12, 13).

Separation and purification of UDPGTisoforms. Microsomal frac-
tions from Wistar and Gunn rat livers were prepared. Proteins were
solubilized and UDPGTisoforms were resolved by chromatofocusing
(pH 9.4 to 6.0) as previously described (13). UDP-glucuronosyltransferase
activities toward 4-nitrophenol, testosterone, androsterone, and bilirubin
were assayed in the chromatofocusing fraction in the presence of phos-
phatidylcholine liposomes as previously described (10-13). Protein was
quantitated according to Bradford with bovine serum albumin (BSA) as
standard (35).

Enzyme-linked immunosorbent assay. The concentration of UDPGT
was determined in chromatofocusing fractions using an enzyme-linked
immunosorbent assay (ELISA) (36). 0.05-ml aliquots from chromato-
focusing fractions were applied to ELISA plate wells and incubated for
16 h at 40C. Unsaturated protein binding sites were blocked with 1%
BSA in phosphate buffered saline (PBS) (pH 7.4). After washing with
PBS containing Tween 20 (33), anti-rat UDPGTrabbit serum, recog-
nizing all UDPGTtransferase isoforms (2), was added at 1:500 dilution
in PBS containing 1% BSA. Antibody binding was quantitated by in-
cubation with alkaline phosphatase-conjugated anti-rabbit IgG, followed
by assay of alkaline phosphatase activity using p-nitrophenol 1-phosphate
as substrate. The reaction product was quantitated from absorbance at
420 nm with an automated ELISA plate reader. Known amounts of
purified UDPGTisoforms I-V were used as standards for quantitation
of UDPGTconcentrations in each fraction.

Affinity chromatography. Chromatofocusing fractions I (elution pH
8.8), II (elution pH 8.6), III (elution pH 8.0), IV (elution pH 7.8), and
V (elution pH 7.5) were enzymatically active in Wistar rats. These frac-
tions and the corresponding Gunn rat fractions (see Fig. 1) were made
5 mMin MgCl2 and subjected to affinity chromatography on UDP-
hexanolamine-Sepharose 4B (13). For isoform I, the affinity column was
washed sequentially with 3 bed volumes of 20 mMethanolamine/acetate,
pH 8.0, containing 0.5 mg/ml Emulgen 911 (termed buffer A) containing
30 mMKCI, buffer A containing 40 ,uM UDP-glucuronic acid, and
buffer A containing 2 mMUDP-glucuronic acid; the final wash contained
pure isoform I. Affinity chromatography of other isoforms was performed
as previously described (13).

Phenyl-Sepharose 4B chromatography. To remove UDP-glucuronic
acid and minor contaminating proteins, the affinity chromatography-
purified UDPGTisoforms were subjected to phenyl-Sepharose 4B chro-
matography as previously described (12). In brief, the fractions were
made 0.2 Min (NH4)2SO4 and applied to a phenyl-Sepharose 4B column
equilibrated with 25 mMTris/HCl, pH 8.0, containing 0.5 mg/ml Emul-
gen 911 and 0.2 M(NH4)2SO4. After washing the column with 4 bed
volumes of 25 mMTris, HC1, pH 8.0, enzyme was eluted with 2 bed
volumes of 25 mMTris/HCl, pH 8.0, containing 5 mg/ml Emulgen 91 1.

Enzyme assay. UDPGTactivities for 4-nitrophenol (31), testosterone
(13), androsterone (11) and 4'-OH-DAB (12) were assayed in solubilized
microsomes and chromatographic fractions as previously described. For
chromatographic fractions, phosphatidylcholine liposomes were added
to the incubation mixture. The liposomes were freshly prepared from
egg phosphatidylcholine as described (12). For assay of UDPGTactivity
with bilirubin as substrate, 1.0 mg/ml phosphatidylcholine was used;
other incubation mixtures contained 0.1 mg/ml (13). To determine the
effect of diethylnitrosamine (DEN), chromatofocusing fractions were as-
sayed for UDPGTactivity for various substrates in the presence or absence
of 15 mMDEN.
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Figure 1. Chromatofocusing of solubilized microsomalfractions from
Wistar and Gunn rat liver. Wistar (solid line) or Gunn rmt (dashed
line) liver microsomes were solubilized; proteins were separated by
chromatofocusing. Immunoreactive UDPGTwas determined by
ELISA. Transferase activities toward various substrates were deter-
mined after reconstitution with phosphatidylcholine liposomes as de-
scribed in the Methods. Data are from single representative experi-
ments.

NaDodSO4/polyacrylamide gel electrophoresis (PAGE). Solubilized
hepatic microsomal fractions from Wistar (RHA) and Gunn rats, en-
zymatically active chromatofocusing fractions from Wistar (RHA) rats,
corresponding fractions from Gunn rats, and purified UDPGTisoforms
from Wistar and Gunn rats were subjected to electrophoresis on Na-
DodSO4/l0% polyacrylamide slab gels (37). Proteins were visualized by
silver staining (38).

Immunotransblot. Enzymatically active chromatofocusing fractions
from Wistar (RHA) rat and corresponding Gunn rat fractions (fractions
I-V) were subjected to NaDodSO4/PAGE. The proteins were electro-
blotted to nitrocellulose sheets. Immunotransblotting'(39) was performed
with the anti-rat UDPGT(rabbit) antiserum, which recognizes all
UDPGTisoforms (2). Antibody binding was recognized with '25_-staph-
ylococcal protein A and autoradiography.

Results

Separation of UDPGTactivities toward various substrates. Fig.
1 shows UDPGTactivity toward various substrates in solubilized
hepatic microsomal fractions from Wistar (RHA) and congeneic
Gunn rats. Protein recovery in fractions and UDPGTcontent
are also shown. Protein recoveries and specific UDPGTactivities
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in the chromatofocusing fractions are shown in Table I. Five
chromatofocusing fractions (elution pH 8.7, 8.4, 8.0, 7.8, and
7.5, respectively) from Wistar rats had UDPGTactivity toward
various substrates after reconstitution with phosphatidyicholine
liposomes (Fig. 1). Fraction I (elution pH 8.9) from Wistar rats
was active toward 4-nitrophenol; the corresponding fraction from
Gunn rats contained equivalent amounts of protein, but had
only 10% of UDPGTactivity (Table I). Fraction V (elution pH
7.5) from Wistar (RHA) rats was active toward bilirubin; the
corresponding Gunn rat fractions had no UDPGTactivity (Fig.
1, Table I) but contained approximately equal amounts of pro-
tein (Table I). The other chromatofocusing fractions from Wistar
and Gunn rats contained equivalent amounts of protein and
substrate-specific UDPGTactivities except for fraction IV from
Gunn rats, which had normal activity toward androsterone and
4'-OH-DAB, but was inactive with bilirubin as a substrate (Table
I). It should be noted that the solubilized microsomal fractions
contain endogenous membrane lipids and are fully active without
the addition of liposomes, whereas UDPGTactivity in the chro-
matofocusing or subsequent chromatographic fractions depend
on reconstitution with added phosphatidylcholine liposomes.
Because of this difference in the assay methods, the degree of
purification cannot be quantitatively calculated from the en-

hancement of UDPGT-specific activity in the purified fractions.

Purification and NaDodSO4/PAGE of UDPGTisoforms.
Table II shows protein recovery and UDPGT-specific activities
of isoforms I-V, purified by affinity and phenyl-Sepharose chro-
matography from the five enzymically active chromatofocusing
fractions from Wistar and Gunn rats. Proteins from chroma-
tofocusing fraction I (elution pH 8.9) were subfractionated by
affinity chromatography; the 2 mMUDP-glucuronic acid eluate
(termed isoform I) had the highest specific UDPGTactivity to-
ward 4-nitrophenol (13). Fig. 2 shows NaDodSO4/polyacryl-
amide gel electrophorograms of purified UDPGTisoforms. Iso-
forms I (Mr 51,000), II (Mr 52,000), IV (Mr 53,000), and V (Mr

53,000) from Wistar (RHA) and Gunn rat liver showed single
silver-stained bands; isoform III revealed two bands (Mr 52,000
and 53,000). Staining with Coomassie blue (data not shown)
showed similar results.

Effect ofDEN. Whenassays were performed in 15 mMDEN,
specific UDPGTactivity in isoform I from Gunn rat liver was
increased 9-12-fold to the level seen in isoform I from Wistar
rats (Table III). DENdid not activate Gunn rat isoform V or
affect activities of isoforms II, III, and IV in normal or Gunn
rats.

Immunotransblot. Each UDPGTisoform from Wistar and
Gunn rats was recognized by anti-UDPGT (rabbit) antiserum
(Fig. 3).

Table L Protein Recovery and UDPGTSpecific Activities in Chromatofocusing Fractions
of Solubilized Hepatic Microsomal Fractions from Wistar (RHA) and Gunn Rats

Fraction I Fraction II Fraction III Fraction IV Fraction V

Solubilized
Elution pH microsomes 8.9 8.4 8.0 7.8 7.5

Protein recovery (mg)
Wistar rats 82±5 1.90±0.79 0.23±0.03 0.80±0.09 0.76±0.05 0.71±0.09
Gunn rats 86±6 1.95±0.65 0.21±0.07 0.76±0.10 0.78±0.09 0.76±0.11

Substrate UDPGTactivity (nmol per min per mgprotein)

4-Nitrophenol
Wistar rats 153±19 1968±208 789±79 898±108 45±5 0
Gunn rats 69±7* 188±19* 798±80 889±98 39±5 0

4-Methylumbelliferone
Wistar rats 16±2 343±41 11±3 12±4 98±9 0
Gunn rats 7±1* 38±31* 12±4 13±5 89±10 0

Testosterone
Wistar rats 5±0.7 60±5 184±12 172±20 24±3 0
Gunn rats 6±0.5 58±5 179±19 180±17 23±2 0

Androsterone
Wistar rats 8±1 0 0 155±19 225±20 0
Gunn rats 6±1 0 0 160±23 231±19 0

4'-OH-DAB
Wistar rats 0.7±0.1 8±0.7 5±0.4 4±0.5 5±0.4 11±0.7
Gunn rats 0.2±0.03* 0.1±0.01* 5±0.6 4±0.4 6±0.8 0*

Bilirubin
Wistar rats 0.2±0.06 0 0 0 5.1±0.9 9.5±1.0
Gunn rats 0* 0 0 0 0* 0*

Rat liver microsomes were solubilized and proteins were separated by chromatofocusing (range from pH 9.5 to 6.0). Enzyme activities were deter-
mined after reconstitution with phosphatidyicholine liposomes as described in the Methods section. Data represent means±SEMfor six experi-
ments. (*) Indicates that the value obtained from Gunn rats differs significantly from that obtained from Wistar rats (P < 0.01).
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Table II. Protein Recovery and UDPGTSpecific Activity in Purified Transferase Isoforms from Wistar (RHA) and Gunn Rats

Transferase isoforms I II III IV V

Protein recovery (dg)
Wistar rats 236±20 100±13 298±38 201±25 171±25
Gunn rats 243±25 98±10 308±35 192±22 180±19

Substrate Enzyme specific activity (nmol/min per mgprotein)

4-Nitrophenol
Wistar rats 4580±441 1490±151 1540±189 58±6 0
Gunn rats 470±51 * 1500±160 1550±170 61±7 0

4-Methylumbelliferone
Wistar rats 1210±140 60±7 82±10 180±16 0
Gunn rats 131±12* 73±6 80±12 191±20 0

Testosterone
Wistar rats 0 330±28 300±24 20±7 0
Gunn rats 0 325±30 305±35 15±7 0

Androsterone
Wistar rats 0 0 89±10 310±41 0
Gunn rats 0 0 90±9 330±43 0

4'-OH-DAB
Wistar rats 19±3 9±1 6±0.8 13±2 29±3
Gunn rats 1±0.2* 10±2 6±0.6 12±3 0*

Bilirubin
Wistar rats 0 0 0 15±3 28±6
Gunn rats 0 0 0 0* 0*

UDPGTisoforms were purified as described in the Methods section. Data are means±SEM for six experiments. (*) Indicates significant difference
from the value obtained from Wistar rats (P < 0.01).

Discussion

The chromatographic methods were based on our recent study
of normal rat liver UDPGT(12, 13), which indicated that there
are at least four, and possibly seven, distinct UDPGTisoforms.
Chromatofocusing of solubilized liver microsomes results in a
high degree of purification of UDPGT;only 4-5% of total applied
protein is eluted by chromatofocusing in the pH range of 9.4 to
7.5. As a result, protein concentrations in the chromatofocusing
fractions roughly parallel immunoreactive UDPGTconcentra-
tions as determined by ELISA and UDPGTactivities toward
various substrates. Because of the high degree of purification in
the chromatofocusing step, further purification of fractions II-
V resulted in only minor enhancement of specific UDPGTac-
tivities. Specific UDPGTactivity of purified isoform III toward
androsterone (Table I) was lower than that in chromatofocusing
fraction III (Table II). This is consistent with our findings in
previous studies (13) and may represent removal of contami-
nating UDPGTisoform IV during affinity chromatography.
Proteins in chromatofocusing fraction I were resolved into three
fractions by affinity chromatography; the 2 mMUDP-glucuronic
acid fraction (isoform I) had the highest specific activity for 4-
nitrophenol. Isoform I in this report corresponds to Isoform Ic
of a previously reported study ( 13).

Gunn rats were originally described as jaundiced mutants
of the Wistar strain (17). Although the lack of UDPGTactivity
toward bilirubin is a common characteristic of all Gunn rats

(18), colonies of Gunn rats maintained in various laboratories
show considerable heterogeneity regarding UDPGTactivity to-
ward 4-nitrophenol (21-24). Wistar rats are also heterogeneous
with regard to UDPGTactivity toward other substrates, such as
androsterone (32). Because of variabilities in Wistar and Gunn
strains, quantitative comparison of UDPGTactivities toward
substrates other than bilirubin between outbred Gunn and Wistar
rats is unreliable. Recent development of inbred Wistar (RHA)
rats and congeneic Gunn rats, which have the same genetic pool
except for the jaundice locus, permitted precise comparison of
substrate-specific UDPGTactivities between the two (33).

One functionally defective form of UDPGTwas previously
isolated from Gunn rat liver by Weatherill and Burchell (29).
This form was enzymically inactive toward bilirubin but was
activated toward 4-nitrophenol in the presence of DEN. How-
ever, in a later study from the same laboratory, both phenol-
UDPGTand bilirubin-UDPGT were reported to be undetect-
able by immunotransblot studies (31). Using the high resolution
power of chromatofocusing (10, 12, 13), we isolated two distinct
functionally defective UDPGTisoforms in addition to three iso-
forms with normal enzymic activity. Both defective isoforms
were recognized by the anti-rat UDPGT(rabbit) antiserum. The
differences probably result from use of inbred Wistar rats and
Gunn rats congeneic with the Wistar rats. This use minimizes
the variation of UDPGTwithin the Wistar strain. Gunn rat
UDPGTisoform I has a lower specific enzyme activity compared
to that in congeneic controls. This functionally defective isoform
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Figure 2. NaDodSO4/PAGEof Wistar and Gunn rat UDPGTiso-
forms. Chromatofocusing was performed as in Fig. 1. Proteins in pH
8.9 fractions were further fractionated by UDP-hexanolamine-sepha-
rose 4B chromatography. Isoforms I (from Wistar rat) and I' (from
Gunn rat) were purified from 30 mMUDP-glucuronic acid eluate by
phenyl-sepharose 4B chromatography. Other isoforms were purified

exhibits normal chromatofocusing elution pH and M, value on
NaDodSO4/PAGE. UDPGTactivity of Gunn rat isoform I to-
ward 4-nitrophenol and l-naphthol was restored to normal upon
addition of DEN. The increase in transferase activity toward 4-
nitrophenol was limited to isoform I; 4-nitrophenol-UDPGT
activity of isoforms II and III, mainly active toward testosterone,
did not increase upon addition of DEN. Transferase isoforms
II, III, and IV from Gunn rats had normal chromatofocusing
elution pH, electrophoretic mobility, and UDPGT-specific ac-
tivities toward their respective steroid substrates. These results
are consistent with previously reported normal UDPGTactivity
toward steroid substrates in Gunn rats (27). However UDPGT
isoform IV from Gunn rats did not have any activity toward
bilirubin. Normal UDPGTisoform V also catalyzes the transfer
of glucose or xylose moieties to bilirubin from UDP-glucose
and UDP-xylose, respectively (12). Neither isoform IV nor iso-
form V from Gunn rats catalyzed these reactions (data not
shown). A possible explanation for the absence of UDPGTac-
tivity in Gunn rat isoform IV toward bilirubin and normal ac-
tivity for androsterone is that the "purified" isoform IV may
contain two forms of UDPGTthat are not distinguishable by
charge or mobility on NaDodSO4/PAGE. Gunn rat UDPGT
isoform V, which had the same chromatofocusing elution pH
and electrophoretic mobility as did normal isoform V, had no

from Wistar (II-V) and Gunn rat (II'-V') liver microsomal fractions as
described in Methods. M, standards (S), solubilized Wistar (M) or
Gunn rat (M') liver microsomal proteins and purified isoforms were
electrophoresed on NaDodSO4/l0% polyacrylamide slab gels. Proteins
were visualized by silver staining.

UDPGTactivity with or without added DEN; this isoform was
recognized as UDPGTby ELISA and immunotransblot (2).

Although UDPGTisoforms are quite specific for endogenous
substrates, they are less specific for xenobiotics. For example,
4'-OH-DAB is a substrate for all five UDPGTisoforms. 4'-OH-
DABbehaves like 4-nitrophenol with isoform I regarding de-
creased rate of glucuronidation in Gunn rats and normalization
of UDPGTactivity in the presence of DEN. However, with
isoform V, 4'-OH-DAB behaves like bilirubin as there is no
UDPGTactivity and addition of DENhas no effect. Thus, the
glucuronidation of various aglycone substrates of UDPGTiso-
form I are similarly affected by the inherited defect in Gunn
rats. Similarly, Gunn rat UDPGTisoform V was inactive toward
both bilirubin and 4'-OH-DAB.

Alterations in membrane lipids could conceivably affect
UDPGTactivities (40). However, in this study, the functional
defect persisted after isoform purification and reconstitution in
defined phospholipid liposomes, thus indicating that a defect
exists in UDPGTrather than in its membrane environment.

Several lines of evidence indicate that substrate-specific
UDPGTactivities toward 4-nitrophenol and bilirubin, defective
in Gunn rats, maybe catalyzed by two distinct UDPGTisoforms.
UDPGTactivity toward 4-nitrophenol appears in late fetal life
in rats and is induced by treatment with 3-methylcholanthrene

Gunn Rat Uridine Diphosphate-Glucuronosyltransferases 331



Table III. Effect of DENon Transferase Activities in Purified UDPGTIsoforms

Percent increase of transferasesecific activity in the presence of 15 mMDEN

Substrate Isoforms I II III IV V

4-Nitrophenol
Wistar rats 10±2 10±2 9±1 9±1
Gunn rats 890±102* 14±2 10±2 10±2

4-Methylumbelliferone
Wistar rats 11±2 10±1 10±2 9±2
Gunn rats 910±98* 13±2 9±2 10±1

Bilirubin
Wistar rats 0 0
Gunn rats - 0 0

4OH-DAB
Wistar rats 10±3 11±2 10±2 0 0
Gunn rats 1100±210* 15±4 11±2 0 0

Testosterone
Wistarrats 0 0 0
Gunn rats 0 0 0

Androsterone
Wistar rats 5±2 9±3
Gunn rats 4±2 8±2

UDPGTisoforms were purified as in Table II and assay or transferase activity toward various substrates were performed in the presence or ab-
sence of 15 mMDEN. Values are the means±SEMof six expeirments. (*) Indicates that the value from Gunn rats significantly differs from that
obtained from Wistar rats (P < 0.01).

and other carcinogens, whereas the UDPGTactivity toward bil-
irubin appears in neonatal life and is induced by phenobarbital
(4) or clofibrate treatment (5). When Wistar rats were treated

Mr x 1000 S M

with triiodothyronine, UDPGTactivity toward 4-nitrophenol
increased by 200%; UDPGTactivity toward bilirubin decreased
by 80%. These changes are parallelled by commensurate changes

I 11 III IV V M' I' ir ur IV' V'

25.7-

18.4-*

Figure 3. Immunotransblot of Wistar and Gunn rat UDPGTisoforms. Purified UDPGTisoforms from Wistar (I-V) and Gunn rats (r-V') were
electrophoresed as in Fig. 2, and immunotransblot experiments were performed as described in Methods. Immunoreactive transferases were visu-
alized after autoradiography. (S) radiolabeled Mr standards.
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in the abundance of the corresponding UDPGTisoforms (7).
Isoform I and V, which catalyze the glucuronidation of 4-nitro-
phenol and bilirubin, respectively, were completely separated
by chromatofocusing in this study. Wepreviously demonstrated
that isoforms I and V differ in tryptic peptide maps indicating
difference in their protein structure (13).

Nonhemolytic unconjugated hyperbilirubinemia in Gunn
rats is inherited as a Mendelian recessive characteristic ( 17) that
may be associated with a defect in a single structural or regulatory
locus. Although the present study does not address the question
of the mechanism of the functional defect of UDPGTsisoforms
in Gunn rats, the results indicate that immunoreactive UDPGT
isoforms I and V are present in approximately normal amounts
in Gunn rat liver. Therefore, the functional deficit appears to
result from specific functionally defective UDPGTisoforms. This
is consistent with the conclusion reached by Nakata et al. (24)
on the basis of kinetic studies using normal and Gunn rat liver
microsomes. A functional defect in two distinct UDPGTiso-
forms in Gunn rats suggests that isoforms I and V may be prod-
ucts of a single defective gene and are distinguished by post-
transcriptional or posttranslational modification. An alternative
explanation for the functional defect of multiple UDPGTiso-
forms in Gunn rats proposed by Zakim and coworkers (24, 30)
is that UDPGTmay be oligomers and the defective isoforms
may share a common defective subunit. Results of radiation
inactivation studies support the concept of oligomeric structure
of UDPGTisoforms (41). Interaction of a single defective subunit
with various other subunits may modify the properties of the
UDP-glucuronic acid-binding site (24) or the aglycone-binding
site, leading to variability in the degree of defective glucuroni-
dation of different aglycones in the Gunn rat.
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