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ABSTRACT. Previous studies have documented the presence of protein-mediated transport of UDP-glucuronic
acid (UDP-GIcUA) in rat liver endoplasmic reticulum (ER). To determine the crucial amino acids of the
membrane transporter and evaluate their function in regulating the glucuronidation reaction, we examined
the effect of histidyl-specific irreversible inhibitors on the uptake of radiolabeled UDP-GIcUA in rat liver
ER. Inactivation of uptake (initial rate) was more pronounced with hydrophobic reagents [diethyl
pyrocarbonate (DEPCR-bromophenacyl bromide] as compared to the more hydrophilic reagent (
nitrobenzenesulfonic acid methyl ester). DEPC was used to further characterize the inhibition because of
its greater specificity for protein histidyl residues. While initidfJJUDP-GIcUA uptake rates were
diminished by DEPC treatment of intact microsomes, the accumulation of isotope at equilibrium was not
significantly affected, indicating no loss of vesicle integrity. Kjof ~7 for the modified residue(s) of

the transporter supported the alkylation of imidazole moieties. Protection against inactivation was observed
with UDP-GICUA as well as other nucleotide-sugars known for their interaction with this transporter.
Uptake activity of the transporteifay but not UDP-GIcUA binding Km) was affected by a limited
inactivation. Furthermore, a partial inactivation of the transporter impaired the binding of the photoaffinity
label [3-32P]5-azido-UDP-GIcUA to UDP-glucuronosyltransferases (UGTS) in intact, but not in detergent-
disrupted, ER vesicles. These results demonstrate the involvement of histidyl residue(s) in the UDP-
GlcUA uptake process in rat liver ER, provide additional evidence for the lumenal orientation of the
UGT active site, and support the view that translocation of the UGT cosubstrate is a rate-limiting step of
the glucuronidation reaction.

Most nucleotide-sugars are synthesized in the cytosol andboth endogenous [such as bibirulf)] and exogenoué3),
translocated across the Golgi and endoplasmic reticulumfacilitating the excretion of hydrophobic substances from the
(ER)}* membranes to the lumenal compartment for multiple body. Glucuronic acid conjugation is a detoxification process
glycosylation reactions prior to secretion as processedbut is also involved in the biosynthesis of macromolecular
productq1). These translocations are carried out by different structures such as proteoglycans and glycolipis 5).
protein carriers in Golgi and ER membranes. Our attention Studies on the regulation of glucuronidation have been
has been focused on the glucuronidation reaction in the ERperformed by focusing on the enzymatic activity of membrane-
and transport of UDP-glucuronic acid (UDP-GIcUA), the bound and lumenally oriented UGTs. The transport mech-
cosubstrate for the UDP-glucurononsyltransferases (UGTs).anism of substrates and products of UGTs must also be
A UDP-GIcUA carrier resides in the ER membrane, transfer- considered in this regard. Indeed, new inhibitors of protein
ring the sugar-nucleotide, formed from glucose 6-phosphateand lipid glycosylation, targeting the import of sugar-
in the cytosol, to the lumenal face where glucuronidation nucleotides in the Golgi-ER network, are emerging as
takes place. Glucuronic acid, through its high-energy form potential therapeutic toolks).

UDP-GIcUA, is incorporated into a variety of compounds,  The UDP-GICUA transport process in the ER has been
phenomenologically characterized: compounds such as
* This work was supported in part by NIH Grant DK-38678. A UDP-N-acetylglucosamine (L.JDP'G|CNaCO7: 8), UDP-
portion of this work was presented at the 17th International Congress xylose (UDP-Xyl)(9), and 4-nitrophenol- and phenolphtha-
of Biochemistry and Molecular Biology in conjunction with the 1997 |ejn-glucuronideg10) have been shown to have antiporter
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UDP-glucuronic acid. function of the protein of interest on the basis of the effect
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of cross-linking these residues and currently provides the 2% v/v), at concentrations ranging between 1 and 10 mM
only logical approach for characterization of the UDP-GICUA (as described in the corresponding figure legends), and for

transporter protein.
In this work, we have examined the contribution of histidyl

30-60 s. Following inactivation, microsomes were diluted
50 times with ice-cold 10 mM Tris-HCI (pH 7.4) buffer

residues in the carrier-mediated translocation of UDP-GICUA containing 0.25 M sucrose and 1 mM Mg@ quench the
across the ER membrane in intact rat liver microsomes. We alkylation, pelleted by centrifugation at 100@0at 4°C for
show that residues modified by histidyl-specific reagents are an hour, and resuspended in the same buffer. Assays for

directly involved in the uptake of UDP-GICUA. In addition,

UDP-GIcUA uptake were performed by the fast filtration

the results suggest that this transport plays a major role as anethod previously describdd1), using either -32P]JUDP-

rate-limiting factor for the glucuronidation reaction in the

GIcUA or [YCJUDP-GIcUA (5 uM). As a control, mi-

ER and clearly demonstrate a lumenal orientation of the crosomes were subjected to the same procedure in the

UGTs active site.

EXPERIMENTAL PROCEDURES

Materials. Uridine diphosphate glucuronic acidylficu-
ronyl-*4C(U)] (285.2 mCi/mmol) (*C]JUDP-GIcUA), was

purchased from American Radiolabeled Chemicals (Saint

Louis, MO). Filtron-X and Dimiscint were from National

Diagnostics (Manville, NJ), and Soluene 350 was from
Packard (Downers Grove, IL). Diethyl pyrocarbonate (DEPC),

p-bromophenacyl bromidg:-nitrobenzenesulfonic acid meth-
yl ester, UDP-GICUA (triammonium salt), UDP-Glc (diso-
dium salt), UDP-Xyl (sodium salt), and UDP-GIcNAc

(sodium salt) were obtained from Sigma (Saint Louis, MO).

Synthesis of 4-2P]JUDP-GICUA and [B-32P]5N;UDP-
GIcUA. [B-*?P]UDP-GIcUA (specific activity of 510 mCi/

presence of 2% absolute ethanol (v/v). Uptake at equilibrium
was evaluated usingCJUDP-GICUA as previously de-
scribed(11). The pH-dependence of inactivation of uptake
by DEPC was studied by incubating the microsomes at 30
mg of protein/mL in 10 mM sodium phosphate buffer
containing 0.25 M sucrose and 1 mM Mg@it the specific

pH values indicated in Figure 4. After rapid mixing of
microsomes and buffer, DEPC (5 mM) was added and the
mixture was left for 30 s at 25C prior to UDP-GICUA
uptake measurement. Since the small volumes used pre-
cluded a direct determination of pH, the relative amounts of
phosphate buffer needed to reach the desired pH values wert
estimated by setting up proportionally identical mixtures on
larger volumes, allowing direct pH measurement. Control
experiments (2% absolute ethanol) were carried out in a
similar way to determine total uptake at each pH.

umol) was synthesized and purified as previously described  prgiection against inactivation by DEPC was studied by

(11). The synthesis of-3?P]5-azido-UDP-glucuronic acid
([8-32P]5NsUDP-GIcUA, specific activity 25 mCijumol)
is described in13).

Rat Liver Microsomal Preparation. Intact liver mi-
crosomes from male rats (Sprague-Dawley,-2280 g) were

preincubating the microsomes (30 mg of protein/mL) with
UDP-GIcUA, UDP-Xyl, UDP-GIcNAc, and UDP-GIc for
exactly 20 s at 28C before incubating with DEPC (5 mM)
for 30 s. The external concentration of all UDP-sugars was
fixed at 50u4M. In these experiments, the time of preincu-

prepared, without subfractionation into rough and smooth pation with UDP-sugars and the time of inactivation were

ER fractions, as previously describ@dl). Phenylmethane-
sulfonyl fluoride (PMSF) was omitted from the preparation

since we observed an inhibitory effect on the UDP-GICUA

minimized to favorcis-competition by reducing possible
translocation.
Michaelis-Menten parameters were computed by non-

uptake (not shown). Microsomes were rapidly frozen in jinear regression analysis of the double reciprocal plot of

liquid nitrogen and stored at80 °C. The protein concen-
tration was determined by the Bradford methdd). The

UDP-GIcUA influx versus UDP-GICUA concentration-{1
110 uM) for intact and partially DEPC-inactivated mi-

integrity of the microsomal vesicles used for uptake mea- crosomes (5 mM DEPC, 1 min inactivation) using the
surement was determined to be greater than 94% by agnzymeKinetics program (Trinity Software, Campton, NH).
mannose-6-phosphatase assay as modified by Blair and photoaffinity Labeling with $-32P]5NsUDP-GICUA. In-

Burchell (15, 16)

tact rat liver microsomes (30 mg of protein/mL) were

Characterization of the ER membranes with marker incubated with DEPC (4 and 8 mM) or ethanol (control, 2%
enzymes was in accordance with our previous observationsy/v) for 1 min at 25°C. The inactivation was stopped by a

(11). No Na'/K* ATPase activity could be detected,

50-fold dilution in ice-cold 10 mM Tris-HCI, pH 7.4,

suggesting no significant contamination of the preparation containing 0.25 M sucrose and 1 mM MgClIThe diluted
with plasma membranes. Galactosyltransferase activitiesmicrosomes were then centrifuged at 100906 1 h at 4
were consistent with minor Golgi contamination, but we have °C. Pellets were resuspended in a minimal volume of the

previously determined that the detected UDP-GICUA uptake same buffer. A portion of the microsomes was treated with

activities do not result from this contaminati¢hl). Man-

Triton X-100 for 10 min on ice at a protein to detergent

nose-6-phosphatase enrichment in the microsomal prepararatio of 40:1 (w/w), sufficient to disrupt the integrity of the

tions over the homogenate wagl-fold, in accordance with
other reportq11, 17)

Inactivation of UDP-GIcUA Uptake.Intact ER vesicles
[30 mg of protein/mL in 10 mM N-(2-hydroxyethyl)-
piperazineN'-2-ethanesulfonic acid (HEPES), pH 7.4, con-
taining 0.25 M sucrose and 1 mM Mgfwere incubated
with DEPC (freshly diluted in ethanol; final concentration
2% vlv), p-bromophenacyl bromide, op-nitrobenzene-
sulfonic acid methyl ester (dissolved in dimethyl sulfoxide,

vesicles. Intact and detergent-disrupted ER vesicles were
photolabeled as follows: SF*2P]5N;UDP-GICUA (40 uM)

was incubated with microsomal proteins (&) for exactly

20 s at room temperature in 10 mM Tris-HCI, pH 7.4,
containing 0.25 M sucrose and 1 mM Mg(lollowed by
irradiation for 90 s with a hand-held UV 254 nm lamp (UVP-
11, Ultra-violet Products, Inc., Upland, CA). Proteins were
processed for sodium dodecyl sulfajgolyacrylamide gel
electrophoresis (SDSPAGE) and run on a 10% gel as
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Ficure 1: Inhibition of microsomal UDP-GICUA uptake by ot ypp-GIcUA transport in ER vesicles. ER membranes (30 mg
histidyl-modifying reagents. Rat liver ER membranes (30 mg of ¢ hrotein/mL) were incubated at Z& with 2.5 ©), 5 (@), and
protein/mL) were preincubated for 1 min in the presence or absence 419 mm DEPC as indicated in the figure. The membranes were
of p-nitrobenzenesulfonic acid methyl estéf)( diethyl pyrocar-  han giluted 50 times in ice-cold 10 mM Tris-HCI (pH 7.4) buffer
bonate @), or p-bromophenacyl bromide2), at the concentrations  ¢qntaining 0.25 M sucrose and 1 mM MgClpelleted by
indicated in the figure. The membranes were then diluted 50 times cenrifugation, and resuspended in the same buffer. UDP-GIcUA
in ice-cold 10 mM Tris-HCI (pH 7.4) buffer containing 0.25 M yangport (15 s) was assayed as described under Experimenta

sucrose and 1 mM Mggl pelleted by centrifugation, and resus- p d val the mearSD for 3 ; t
pended in the same buffer. UDP-GICUA transport (15 s) was rocedures. vaiues are the m o > experiments.

assayed at 28C as described under Experimental Procedures. S
Values are the meas: SD for 3 experiments performed on 3  Uptake components, we evaluated dose-dependent inhibitior

different microsomal preparations. by DEPC of the initial uptake offP]JUDP-GIcUA at 5 and

75 uM, where the so-called high- and low-affinity compo-
described(18). After electrophoresis, gels were dried and nents, respectively, would predominate. DEPC inhibition
radiolabeled proteins were visualized by autoradiography for did not discriminate between the two uptake components

5 days at—80 °C. previously identified (results not shown) which further
supports a carrier-mediated process catalyzed by a single
RESULTS protein with two affinities for UDP-GICUA(11). Conse-

Concentration-Dependent Inhibition of UDP-GICUA Influx qugntly, we further characteri;ed the function_ of histidyl
by Histidyl-Specific Reagentsin the present work, we res!dues of the transporter using a concentration givb
employed three imidazole-modifying reagents to delineate radl.olabeled UDP'GICUA' )
the contribution of histidyl residues of the UDP-GIcUA _ Figure 2 shows the time- and concentration-dependent
transporter to uptake activity in ER-derived vesicles from inhibition of UDP-GIcUA uptake by DEPC. Inactivation
rat liver. All three histidyl-selective chemical probes ©f UDP-GICUA uptake by DEPC was rapid, with inactivation
inhibited UDP-GICUA uptake to various degreep-Bro- takmg p!ace within 1 min, anq concentratlon—depgnde'nt.
mophenacy! bromide was the most effective, with almost Inactivation was not gradual, which preglude(_j th_e estimation
complete inactivation (95% inhibition) at 1 mM (Figure 1). of inactivation rate constants for detailed kinetic analysis.
DEPC inhibited the transport activity in a dose-dependent The effect of DEPC was also evaluated on the uptake at
manner, leading to 86% inhibition at 10 mM. The least equilibrium (Figure 3). Because of lumenal breakdown of
potent inhibitor, p-nitrobenzenesulfonic acid methyl ester, UDP-GICUA during prolonged incubation and subsequent
also inhibited the uptake in a concentration-dependent efflux of [3%P], [**C]JUDP-GIcUA (labeled in the glucuronic
fashion, but with only 42% inhibition at 10 mM. Inhibition  acid moiety) was used for the determination of accumulated
was irreversible as uptake activity was not restored by radionuclide. It has been shown th&t(]glucuronic acid
extensive dilution and washing of microsomes followed by resulting from the breakdown of UDP-GICUA is not trans-
centrifugation and resuspension. DEPC was chosen forported out of the ER lume(il7). Initial uptake, as well as
further detailed study because it was potent in inhibiting the uptake in the overshoot pha§g, was strongly inhibited by
uptake of UDP-GICUA, as shown in Figure 1. Furthermore, DEPC, while the steady-state reached after 20 min of
DEPC is described in the literature as a reagent with incubation was unchanged (Figure 3). Therefore, the effect
relatively high specificity for histidyl residues. of DEPC was not due to the impairment of membrane
Characterization of the Inactation of UDP-GICUA integrity but to a direct modification of the protein carrier.
Uptake by DEPC.Previously we described a two-component  Effect of pH on Inactiation. DEPC reacts much faster
model for the translocation of UDP-GICUA in intact ER with an unprotonated imidazole than with an imidazolium
vesicles (11). The results of this work suggested that moiety. Modification of the external pH of the microsomes
multicomponent uptake was probably carried out by a single of the transporter prior to inactivation of the uptake by DEPC
protein but the presence of multiple carriers could not be allows the titration of the essential residues. As shown in
ruled out. In order to study the effect of DEPC on the two Figure 4, the inhibitory potency of DEPC was enhanced as
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Table 1: Kinetic Parameters of UDP-GIcUA Uptake in Rat Liver
Microsomes after Partial Inactivation by DEPC

high-affinity system low-affinity system
Vmaxa Kma VITI aXa Kma

controP 311.0+£19.0 15+0.1 557.0:50.0 37.7+6.1
DEPC  112.0+9.0 15+ 04 258.0+30.0 38.2:17.0

a Parameters described in the table were calculated according to a
two-component model (high-affinity and low-affinity components) for
uptake of UDP-GICUA, using EnzymeKinetic¥max, the maximal
uptake rate, is expressed, for both components, in pmotinging of
protein)?, and K, values are inuM. ? Intact microsomes (2% v/v
ethanol).©c Microsomes modified with 5 mM DEPC for 1 min at room
temperature.

Uptake (pmoles/mg)

the kinetic parameters of the transportéfyax values for

25 50 75 100 125 both the high- and low-affinity components of UDP-GICUA

Time (min) uptake were similarly reduced upon partial inactivation, but
there was no effect on the appardfy for UDP-GICUA

Ficure 3: Effect of limited inactivation by DEPC on uptake and iati i i ifad i i

accumulation of UDP-GICUA. Microsomes (30 mg of protein/mL) (Tabletl_). Tlhusd, Fheﬂ?|SE(_jy(Ij_reS|d;J?Jletligegtllf|8(lelrtl’tft1|_s stt;]de
were incubated with@) or without ©) 5 mM DEPC for 1 min, are no '”YO vead in g inding o ) C utin the
diluted 50 times in ice-cold 10 mM Tris-HCI (pH 7.4) buffer translocation process itselVnax values are higher than our

containing 0.25 M sucrose and 1 mM MgClpelleted, and  previously published values for both high- and low-affinity
:gsﬁggggr%d {Patrf]lg %?{ngck;nﬁftéf‘qa@#gg:@:#f i(ﬁél(')\f)(\)l\;gzgsegf componentg11). In the course of this study, we observed
radionuclide was dpetermined )fglt the indicated time.pVaIues are thethat the protease_ inhibitor PMSF, _preVI_oust_ included
mean= SD for 3 experiments. Asterisk: Significantly different throughout the microsomal preparation, impaired UDP-
from control (no DEPC) by Studentistest,P < 0.05. GIcUA uptake. This reagent is no longer used. However,
it is worth mentioning that inhibition by PMSF did not affect

Km values for either the high- or the low-affinity components

-4

” [(11) and Table 1].
T UDP-Sugars Protect against Ireersible Inhibition of
UDP-GIcUA Influx by DEPC.The effect ofcis-addition of
v various UDP-sugars (preincubated with microsomes at a ratio
504 b of 10:1 over UDP-GICUA) on inactivation of uptake by

DEPC was studied to determine the location of essential
residue(s) identified in this study. Figure 5 shows that UDP-
GlcUA, UDP-GIcNAc, and UDP-Xyl reduced the inhibitory
25 ] ® effect of DEPC by 75, 53, and 46%, respectively. Con-
versely, UDP-Glc did not prevent inhibition under the
experimental conditions. The protection observed with UDP-
sugars is in close agreement with our previoigsinhibition
studies of the UDP-GIcUA influx (following this inhibition

% Inactivation

01 pattern: UDP-GlcUA> UDP-GIcNAc> UDP-Xyl > UDP-
6 6.5 7 75 8 Glc) (11). The protection experiments described support the
pHo hypothesis that the locations of essential histidyl residue(s)

o of the UDP-GIcUA transporter are within or near the UDP-
Ficure 4: pH dependence of the inactivation of UDP-GICUA

. . ; sugar binding site.
uptake by DEPC. Microsomes (30 mg of protein/mL) were mixed . . .
with various 10 mM phosphate buffers containing 0.25 M sucrose P hotoaffinity Labeling of UGTs after Treatment with

and 1 mM MgC} to obtain an external pH-range (gHbetween DEPC. Previously, we described a photoaffinity analog of
6.1 and 7.9. DEPC (5 mM) was added, and the initial rate of UDP- UDP-GICUA which covalently labeled the active site of

Pt ool Spmimerts e hch DL was ke vare UGTS I 1aL Ier microsomed13, 1) This analog
run to evaluate the totgl uptake activity at the corresponding pH. _[ﬁ-3_2P]5NgUDP-GICUA, was used in t_he prf’se”t study as an
The data are representative of 1 experiment from a total of 3. indicator of UDP-GICUA transport to investigate the process
of UDP-GIcUA translocation as a possible rate-limiting step
the pH was increased from 6.1 to 7.9, reflecting progressive for the glucuronidation reaction in the lumen of microsomes.
dissociation of protonated residue(s). Th& pf the titrated Treatment of intact microsomes with DEPC strongly im-
essential residue(s) was7.0, which is compatible with  paired photolabeling of rat liver UGTs (5®4 kDa) (Figure
carbethoxylation of the imidazole moieties of histidyl 6). Inhibition of the transporter activity correlated with the
residues in proteins. decrease of UGT labeling in intact vesicles. When DEPC-
Effect of Partial Inactiation by DEPC on the Kinetic  treated microsomes were disrupted with Triton X-100 prior
Parameters of the TransporterFurther understanding of  to photolabeling, no impairment of photoincorporation of the
the effect of derivatization of the transporter with DEPC was probe into UGTs was observed (Figure 6). In the latter case,
achieved by evaluating the effect of partial inactivation on uptake activity could not be detected because of the disrup-
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Ficure 5: Effect ofcis-addition of UDP-sugars on the modification R
of UDP-GIcUA transporter by DEPC. Microsomes (30 mg of
protein/mL) were preincubated with and without UDP-GIcUA,
UDP-GIcNAc, UDP-Xyl, and UDP-Glc for 20 s at 2%, followed 0-
by incubation with 5 mM DEPC for 30 s. The microsomes were T T T 1
then diluted 50 times in ice-cold 10 mM Tris-HCI (pH 7.4) buffer 0 2 4 6 8
containing 0.25 M sucrose and 1 mM MgClpelleted by
centrifugation, and resuspended in the same buffer. UDP-GICUA DEPC (mM)

uptake (15 s) at 25C was assayed as described under Experimental Fiure 6 Inhibition of UGT photolabeling with4-32P]5NsUDP-

Procedures. Values are the mean for 3 experiments. Asterisk:G|cUA in DEPC-treated ER vesicles. (A) Intact microsomes (30
g{ﬂﬂgﬁ?gﬂég'fﬁefrg (;rSOm control (DEPC, no UDP-sugars) by mg of protein/mL) were incubated with DEPC (4 and 8 mM) or

' e ethanol (control) for 1 min at 28C. The inactivation was then
) . . quenched by a 50-fold dilution in ice-cold 10 mM Tris-HCI (pH
protein carbethoxylation by DEPC in ER vesicles induced a microsomes were pelleted by centrifugation and resuspended in the
concomitant decrease in binding of the photoaffinity analog same buffer. The integrity of a portion of both intact and DEPC-

_32) N ini i i treated microsomes was then disrupted by treatment with Triton
[A-PISNSUDP-GICUA to UGTS in intact microsomes, which X-100 as described under Experimental Procedures. Intat{-

is due to impairment of the uptake process, and not to 8100) and detergent-disrupted microsomes TX-100), each

reduced UGT affinity for the photoprobe. containing 50ug of protein, were photolabeled with 40M
[3-32P]5NsUDP-GIcUA for 90 s, and subjected to SBBAGE and
DISCUSSION autoradiography as described under Experimental Procedures. The

. . . . autoradiograph is one representative experiment from two repeated
In this study, we have addressed the identity of a critical independently on two different microsomal preparations. (B) UGT
functional group of the UDP-GICUA transporter in rat liver photolabeling with §-32P]5N;UDP-GIcUA (panel A) in intact @)

ER. Our attention was focused on the role of histidyl and detergent-disrupted microsomey (vas quantified by densi-
residues of the transporter. These residues frequently!ometic measurement, and the results were expressed as percer
. - . - .- of control. Uptake activities[{) at 25 °C were also determined

contribute to biochemical processes through substrate binding,ith 5 ,M [2PJUDP-GICUA prior to photolabeling, and results
(H bonds, ionic interaction), cation coordination, or as are expressed as percent of control activity.

nucleophilic or acid/base catalysts. We demonstrated the

involvement of histidyl residue(s) in the UDP-GIcUA uptake the UDP-GIcUA binding site. These results also demonstrate
process in rat liver microsomes. Three reagents known tothat UDP-GICNAc and UDP-Xyl are likely to bind to a
preferably react with histidyl residueg-nitrobenzene-  common site with UDP-GICUA, although a ligand-induced
sulfonate p-bromophenacyl bromide, and DEPC, were able conformational change impairing the inhibition cannot be
to inactivate transport of UDP-GIcUA, supporting an inac- totally ruled out. The lack of a significant protective effect
tivation process resulting from modification of one or several by UDP-Glc, which did not strongly compete with UDP-
imidazole moieties of the transporter. The pH-profile of GIcUA uptake incis-inhibition experimentg(11), further
inactivation of uptake by DEPC also suggested modification supported the location of an essential residue(s) within the
of histidyl residue(s) (Ka~ 7.0). Inhibition by DEPC was  sugar-nucleotide binding site. The residue(s) identified in
due to irreversible modification of the transporter protein this work did not appear to be involved in the binding of
itself and was not the result of the spurious side effect of UDP-GICUA, but directly in the translocation process as
chemical modification, such as impairment of membrane reflected by the effect of limited inactivation on the kinetic
properties. Protection experiments with known substrates parameters.

and/orcis-inhibitors (UDP-GIcCUA, UDP-Xyl, UDP-GIcNAC) This work further addressed the possible orientation of
supported the location of essential residue(s) within or nearthe essential residues in the ER membrane. No correlation
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between the steric bulk of the reagents and their inhibition inactivation and photoaffinity labeling of microsomal proteins
potency was apparent from these results (Figure 1). How- with [3-32P]Ns-UDP-GIcUA is being utilized in our labora-

ever, the partition coefficient of an inhibitor into the

tory to identify the protein(s) involved in this carrier-mediated

membrane is an important factor when membrane proteinsprocess.

such as transporters are studied. The inhibition potency of
histidyl-specific reagents appeared to be stronger with
increasing lipophilicity. These results suggested either that
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a hydrophobic microenvironment of the transporter. We
observed that, first, inhibition did not proceed further upon
extensive dilution of inactivated microsomes, suggesting that
DEPC exerted its inhibitory effect by interacting with the
cytoplasmic side of the transporter. Second, changing the
external pH of the vesicles was sufficient to change the
reactivity of the residues toward DEPC. Finally, protection
against inactivation was observed wiis-inhibitors (UDP-
sugars) of UDP-GICUA uptake. The preceding observations
support the location of the modified residue(s) on the
cytoplasmic side of the transporter. The essential residue-
(s) could be positioned in a hydrophobic microenvironment
of the transporter which may explain the reactivity pattern
of the three histidyl-specific reagents used in this study.

Our previous work suggested that the photoaffinity analog
of UDP-GIcUA ([3—3%2P]N;-UDP-GIcUA) is transported

across the ER membrane and subsequently covalently labels

UGTs in intact rat liver microsome&9). Translocation and
subsequent binding of photoactive ligands to lumenal proteins
have been previously used as evidence of transport in ER
vesicles(19, 20) Here, we showed that an intact UDP-
GIcUA transporter is a prerequisite for UGT photolabeling
by 5NsUDP-GIcUA in intact microsomes. Similarly, dose-
dependent inhibition of the transporter Ryethylmaleimide
resulted in impairment of 4-methylumbelliferone glucu-
ronidation(21), supporting the theory that the transport of
UDP-GIcUA is a rate-limiting step for glucuronidation in
rat liver microsomes. Therefore, a low rate of UDP-GIcUA
uptake is likely to compromise the efficiency of the glucu-
ronidation reaction by depletion of the lumenal UDP-GICUA
pool. Thus, UDP-GIcUA transport is part of the process
regulating the UDP-GIcUA level in the ER lumen, thereby
contributing to the regulation of glucuronide biosynthesis.
Other biochemical pathways could well be affected by the
efficiency of UDP-GIcUA translocation since it has been
shown that, in the lumen of chondrocytes, UDP-GICUA can
be converted enzymatically to UDP-Xyl, a regulatory step
in the elongation of glycosaminoglycan chains of glycopro-
teins (4). Our photoaffinity labeling experiments in the
presence of DEPC also strongly support a lumenal orientation
of the UGT active site. The combined application of DEPC
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