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A method for the synthesis of the glutathione conjugate S-(4-azidophenacyl)l*"S]glutatione is descnbed. The
compound was used for photoaffinity labeling of proteins present in canalicular membrane vesicles (CMYV), sinusoidal
membrane vesicles (SMY), mitochondria and microsomes from rat liver Most of the radicactivity introduced by
photoaffinity labehng of CMV appeared in the 25-29 k'a vange. Further tabeled proteins were observed in bands at 37,
105 and about 120 kDa. 79% of the 2529 kDa associated radioactivicy was recovered in the supernatant after extensive
revesiculation (washing) of the vesicles, together with the 37 kDa protein CMYV and SMV contained glutathione
S-transferase (GST) activity which in CMV was decreased by 75% by washing. Photolabeling of a mixture of purified
basic GST subunits from rat liver resulted in a band pattern at 25-29 kDa sinular to that in the membrane preparations.
Isoelectric focusing of the CMV indicated the presence of basic solube GST subunits S-Hexylglutathione-Sepharose
affinity chromatography showed reversible bindimg of phatolabeled proteins at 25-29 kDa. Difference photoaffinity
labeling with GSSG, S-hexylglutathione, taurocholate and phenylmethylsulfonyl fluoride decreased the radioactivity
bound by GST, but not that introduced into the 105 kDa protemn band present in CMYV. It 1s concluded that
membrane-associated basic GST 1soenzymes are present in standard membrane vesicle preparations. In the cell, the
funchon may be transport of GST-bound cempounds across the membrane and protection of the membranes against
electrophiles,

Introduction tattuone [11] or taurocholate [8,12,13] Binding studies
with cholate denvatives have also been performed [14)

Based on previous work [1,2], several methods for the The techmique of photoaffimty labeling has been

1solaton of plasma membrane preparations ennched mn
marker enzymes either from the canahcular (hihary) or
the smusoidal (basolateral) membrane poles of rat
hepatocytes have recently been desenbed [3-6] Plasma
membrane vesicles were used i transport studies with
numerous compounds includmg hydrophilic subsirates
such as L-alapme [4,7,8], glutathione [9], GSSG [10), and
amphipathac compounds, e g, S<{24-dimtrophenyl)glu-

Abbreviations APASG, S-(4-andophenacylglutathione, |58}
APASG, S-(4-azdophenacyl)f™ Slgh CDNB, 1-chloro-24-
dumnrob , CMYV, canalicul b les, GST, glutath
ane S-tansferase(s), v-GT, y-glutamyl transpeptidase, HexSG, S-(n-
hexyhglutath 1EF, 1 focusing, 1EP, 1soelectnc pomnt,
PMSF, phenylmethylsulfonyt fluonde

Cortespondence TEM  Akerboom, Instwut fir Physiclogische
Chemie [ der Unmversitit Dlisseldorf, Moorenstrasse 5, D-4000
Diisseldorl 1, F R.G

used for the 1selation of a 100 kDa protemn from CMV
using a radioactive photalabile denvative of taurocho-
late [15,16] Reconsttution expernnments showed that
this protemn catalyzes taurccholate transport mnto hipo-
somes [17]

The putpose of thus work was to elaborate a method
for the synthesis of a radioacuve photoaffiuty label for
the detection of glutathuone S-comugate-binding mem-
brane protemns, possibly involved in the transport of
these glutathione species across the plasma membrane.
In the present study, S-(4-azidophenacyl)]**Slglutathi-
one ([*SJAPASG) was used for photoaffimty labehng
of pretemns present 1n CMV and SMV from rat hepato-
cytes APASG 1n 1ts nonradicactive form {18) has besn
shown to machwvate punfied cytosche glyoxalase 1 (EC
4415) and Il (EC 3126) and glotatiuone S-trans-
ferase (GST) (EC 2 51 1B) activity wrreversibiity dunng
photoaffimty labehng [19,20] The presence of GST
activities tn membrane preparations was not exammned
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so far An update on current knowledge on GST s
given n Refs 21 and 22

Methods and Matenals

(1) Syathens of [¥SJAPASG

Operations were carned out avoiding exposure 10
direct lLight The sieps prior to the fust TLC were
conducted under mtrogen and with nrtrogen-saturated
solutions [¥Slalutathrone (125 uC1) was freed from
dittuoerythntal {DTE) [23] and was diluted with nonra-
dioactive GSH to a specific activity oF 40 Cr,/mmol, the
final volume was 40 gl Denvatisabon was started by
the subsequent addition of 10 pi 4-amdophena-
cylbromde (final concentration 4 mM), 30 pl potassiam
phosphate buifer (pH 7 2) /EDTA (final concentrations
50,/1 mM), 5 pl glutathione reductase (120 mU) and 5
pl NADPH (final conen 1 mM) The reaction was
allowea to proceed at room temperature and was
stopped after 20 mun by applying the reaction muxture
to a Polygram Sil G TLC plate that was developed n
t-propanol/ water/acetic acd (12 5 1, v/v) (solvent
system A) The arez on the TLC plate containmg the
radioactivity corresponding to unlabeled APASG (R, =
0 60) was scraped off and extracted six umes with 800
gl water (50°C) The extract was fltered through a
Millex-GS 0 22 pm filter and lyophilised to decrease the
volur.e to about 50 1 A second TLC was carned out
using 1-butanol/ water/acetic acd (7 2 1, v/v)
(solvent system B) for further punfication The product
that ran parallel 10 unlabeled APASG (R;=1024) was
extracted and filtered as descnbed The radiochermeal
punty of the product was checked by TLC in solvent
systems A and B and system C (l-propanol/water
{7 3, v/v), R;=056) The vicld was about 30% and
the radiochenucal purity more than 95% as determuned
with an Isomess TLC Analyzer (Isomess GmbH,

TABLE 1

Straubenhardt, FR G} As the product was prone to
decomposition with a rate of approx 5% per day at
—70°C, ahquots of 2-3 uC1 were lyophilized in quartz
tubes and used immediately for photoaffimity labeling

{2) Preparation of rat liwer plasma membrane vesicles and
cell compartments

Canglicular and sinusoidal rat hver plasma mem-
brane vesicles (CMV and SMYV) were 1solated from
livers from male Wistar rats (260-300 g body wt 5 fed
an Altromun standard diet ad hbitum Six hvers were
bsmogenized and membrane separation was performed
by a combination of rate zonal flotation and hugh-speed
centrifugation through a discontinous sucrose gradient
essenbally as described 1n Refs 5 and 13 Normal CMV
weie taken up n buffer A (312 mM sucrose, 625 mM
magnesiun gluconate, 0 25 mM calcium gluconate, 12 5
mM Hepes-Tns (pH 7 4)) after the final centnfugabion
Washed CMV were obtamned by diluuion of the CMV
with buffer A (1 3 (v/v)) and vesiculation through a 26
gauge synnge needle for 10 tmes befors the final
centrifugation

The pellets thus obtaned were resuspended sn buffer
A and were used freshly for photoaifimty labeling with
the exception of the samples used for Fig. 2 where
vesicles were shock frozen with hquid mtrogen and
stored at —70°C unul used Marker enzyme activities
and relatve enrichment factors with regard to hver
homogenate are documented m Table I Mitochondna
were 1solated by the method of Klngenberg and
Slenczka {24], mucrosomes as descrnibed in Ref 25 Both
were stored frozen 1 buffer A at —70° C untl used

(3} Photeaffinnty labeling with [YS]APASG, electro-
phoresis and autoradiography

Vesicles or subcellular preparations were used fresh
or after rapad thawing at 37°C

Marker enzvme activitres of rar hepanic canalivaler and sinusordal membrane vencles

Dats are medans+ S D nd, nol delectable

Sample Enzyme Spevific acvity Enrwhment Number of
{mU/mg protein) (-fold increase relative vesicle preparations
to liver homagenate)
CMV
Normal Alkahne phosphatase 5494 152 378+ 69 ]
Na*/K*-ATPase nd 1] 6
Mg *-ATPase 1538 £ 300 573£102 6
¥ Glutamyl Iranspepuidase 3BS+ 100 3811134 [
Washed Alkaline phosphatase 460+ 62 295+ 61 3
Na*/K*-ATPase nd 1] 3
Mg?*-ATPase 1180 +271 276+ 92 3
y-Glutary] transpeptidase 244+ 45 2344 45 3
SMV Alkaline phosphutase w04t 21 76+ Q8 3
Na’/K*-ATPase 1840+ 210 165+ 38 3
Mg ?*-ATPase 2840+ 204 141+ 21 3
y-CHutamyl transpeptdase 741 38 73+ 13 3



The membranes were vesiculated and preincubated
at 37°C for 30 mun with the v-GT inhubitor AT-125
(100 uM) in buffer B to avord enzymatic hydrolysis of
ihe photolabel Buffer B 1s 250 mM sucrose, 100 mM
potassium gluconate, 5 mM magnesium gluconate, 02
mM calctum gluconate, 10 mM Hepes-Tns (pH 74) 40
pl of the membrane suspension contaiming 120480 g g
of protemn on 1ce were added to quartz vials contaiming
[*SJAPASG (2-3 nCi/vial) taken up n 160 pl buffer
B Effcctors used for difference labeling were added at
thus stage, solultons being newtralized with concentrated
Tris whers necessary The final volume was 200 pl
giving concentrattons of the shotolabel from about 270
to 400 nM  After 2 mun of equihbration at room tem-
perature the samples were wuradiated for 2 mun mn a
Rayonet RPR-100 Photochemmcat Chamber Reactor
(The Southern New England Ultraviolet Co Hamden,
CT) equipped with 16 symmetrically arranged RPR-3000
A lamps at ambient temperature without stirrng
Ahquots of 5 pl were submitted to TLC analysis erther
i solvent system A or B to check the state of the
photolabel immediately before and after photolysis
Protems were obtamned using the dehpidisation proce-
dure of Wessel and Flugge [26] employing methanol
and chloroform In the cases where no orgamc solvents
were used (Fig 1), the photelabeled membrane suspen-
sion was centrnifuged for 30 nun at 47000 X g mn a
Beckman arrfuge (Beckman Insirumems GmbH,
Munich, FRG). Protemn pellets were redissolved n
buffer C (125 mM Tns-HCl (pH 6 8), 6 3% SDS, 85%
glyeerol, 5% mercapioethanol, 0 02% Bromophenol bive)
and subjected to electrophoresis with 10% polyacryla-
mude gels [27] Gels were staned with Coomassie blue
R-250, photographed and dnied The distnbution of
radicactuvity on the dned gels was measured by autora-
dhography exposing films at —70°C for 2 to 6 days or
with a TLC analyzer

(4) riscellaneous procedures

Enzyme actwities Marker enzymes (alkaline phos-
phatase {EC 3131}, Na*/K* ATPase (EC 3613),
Mg?*-ATPase and y-glutamyl transpeptdase (EC
2 3 2 13) were determined by the methods in Refs 28-30
(see Table I)

GST acuwity was assayed as in Ref 31 by using
1-chloro-2,4-dimtrobenzene (CDNB) Protemn was de-
termined as descnbed in Ref 32

Treatment of GST subunits Basic GST isoenzyme
subumts 1, 2, 3 and 4 (for nomenclature see Ref 22)
from rat liver were punfied according to Refs 31, 33, 34
and stored frozen at —70°C After rapid thawing at
37°C, the subumts were mixed to yeld a spembic
activity of 272 U/mg. 10 pg of protein were used for
photolabeling after dialysis against buffer B and treat-
ment with AT-125 to create umform conditions
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Affiuty  chromatography of labeled CMV provemns
Photolabeled CMYV were solubilized by 30 mn incuba-
tion at 37°C with 1% Tnton X-100 and 2 mM di-
thiocerythnitol {DTE) i buffer B (final volume 800 pb)
and apphud to a 2 mi S-hexylglutathione-Sepharose
column equilibrated with 10 mM Tns-HCl (pH 74), 2
mM DTE 1% Tnton X-103 Unbound proteins were
washed from the column (ow-through fraction) with 3
ml of the same buffer Unspeeifically adsorbed proteins
were eluted with S mi buffer contaimng 300 mM NaCl
Finally, a third fraction was obtained wath 5 ml buffer
contamung 300 mM NaCl and 5 mM HexSG Proteins
of each fracnon were pelleied as 1 Ref 26 and sub-
yected to SDS electrophoresis as descnibed above

Preparanve TEF Preparative soelectne focusing on
Sephadex G-150 was done with 1 mg of CMV protemn
as described in Re. 35, except that 2% Tnten X-108
was added CMYV proten was solubtbized as descnibed in
the previous paragraph The solution was apphed to the
preparative IEF plaile consisting of Sephadex G-150
contaimng 2% LKB Ampholyte (pH 5 0-8.0) and 2%
Trton X-100, layered on the hydrophobic side of Gel
Broa PAG film “he plate was focused with buffer
str.ps containing pii 10 and pH 3 ¢lectrede buffers for
60 mn at 7°C with hmuting values of 1500 V, 44 mA,
18 W, for a 2 mm ihuck, 20 3 cm long and 16 cm wide
gel The resulung fat gel was dissected nto 10 fractions
which were collected and diluted with 1 mi of water
The pH was measured tor coarse IEP determination
After centnfugation the protemn m the supermnatant was
precipieated [26) and the protein fractions were sub-
yected to SDS electrophoresis

(5) Chemicals

[**SiGlutatluone and [*Hjtaurocholate were from
NEN (Dretech, F R G ) Gel Bond PAG Fiim was from
LKB Producter AB (Bromma, Sweden). 4-Andophena-
cylbromide was from Fluka (Buchs, Switzerland)
Aciviem (AT-125) was a mft from The Upohn Co
(Kalamazoo. MI) Autoradiography flms (Kodak X-
OMAT AR) were from Eastman Kodak Co (Rochester,
NY) The Electrophoresis Kat for Molecular Weighe
Determunation of Low Molecutar Weight Prolems and
Awmpholine pH 5-8 were from Pharmacia AB (Uppsala,
Sweden). The pH 10 and 3 electrode buffers were from
Serva (Hewdelberg, FRG)

S-Hexylglutathione-Sepharose 6B was prepared as
described i Ref 33

For TLC we used Polygram Sil G without gypsum,
025 mm (Macherey & Nagel Co, Duren, FRG) To
remove silica gel particles from photolabel preparations
we used Millex-GS 022 pm filters (Millipore S.A,
Molheim, France) Filters for taurocholate export were
045 pm cellulose nitrate filters (Type SM 11306,
Sartonus GmbH, Gotungen, F.RG)
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All other chemicals were from Merck (Darmstadt,
F R G), Bochringer (Mannherm, FRG", and Serva
(Herdelberg, FR.G)

Resuits

Synthesis and characterizanon of the photolabel

For the synthesis of the radiactive glutathuione-de-
nved photolabel, S-(4-amdophenacyl){*S]glutathucne,
an excess of andophenacylbromde over [Slglutathu-
one and the presence of GSSG reductase and NADPH
unproved the yield considerably Charactenizaton of
the product by TLC demonstrated a radiochemucal pur-
ity larger than 95% The proruct decomposed with a
rate of approx 5% per day, probably due to release of
itrogen. and therefore was used immediately for photo-
affinty labeling expenments The advantages of the
¥5.1abeled conjugate as compared 1o *H-labehng are
the lugh specific activity and the more tensive f3-
wracdhatton Te avoid hydrolysis of the intact photoaffin-
ity label by y-GT, we preincubated all membrane pre-
parauons 1 the presence of the y-GT mhibitor acivicn
{AT 125) [11} After 2 mun mcubation of the photolabel
with the pretreated CMV inore than 90% of the radioac-
trvity could be identshed as APASG by TLC using
solvent system B Without AT-125 only 65% of the
radiwwacuvity mugrated with vnlabeled APASG

Dependence of labeling pattern on procedure of vzsicle
preparation and processing

Usimg the radicacuve photorezctive glutathione con-
jugate S-(d-anidophenacyl)[¥S]glutathione ([**S}
APASG) for photoaffinity labeling we found differences

1n the distnibution pattern of radioactivity on the auto-
radiograms from freshly prepared unfrozen normaf and
washed CMV (Fig 1) The Coomazae suain (Fig 1A)
shows that roermal CMYV (lanes 1, 2) contained a doms-
nant protein band i the 37 kDa range when protcin
obtammed by precopuation with organic solvents
(methancl, chloraform [26]} was apphed The amount of
this 37 kDa protein was svhstantially decreased after
centrifugation without orgamic solvents (lanes 3, 4),
correspondingly. the tupernatant contamned the 37 kDa
protem (lanes 5, 6) In addition, some matenal 10 the
25-29 kDa range was dissociable as well In Line with
this, washed vesicles (see Methods) contamned low
amounts of these proteins {lanes 7, 8), which could be
forther decreased by pelleting without organc solvents
(lanes 9, 10) Fig 1B shows *he corresponding aulora-
diogram By pelletng the CMV protemn with orgamc
solvents most of the radioacuvity was recovered 1n the
25-29 kDa range (lanes 1, 2) The amount of the
radhcactivity of washed CMV 1n thas M, range (lanes 7,
8) was 21% of that of normal CMYV, 79% appeanng n
the supernatant (lanes 3, 6) (deviaton in two expen-
ments <3%) In both mormal and washed CMV thas
radicactivily was further dummshed by pelleting without
orgamc solvents (lanes 3, 4 and 9, 10, respectivily) The
radwactivity seen at the position of the 37 kDa protemn
i normal CMYV 18 also decreased by washing On the
other hand, the protein bands at 105 and 120 kDa were
not dissociated from the vesicles by any of these proce-
dures, indicating that these protems are very tightly
bound membrane proteins

As examined on TLC, photolysis resulted m the
dinunution of the content of [®SJAPASG from 92 + 1%

A B
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Fig. 1 Influence of CMY pretreatment and sampling method on the photoaffimty labeling pattern on SDS gels after labeling with [SJAPASCr (3

pCr/lane} Normal and washed CMV were used with 180 ug of protem per lane {A) Coomassie stain, {B) Corresponding autoradiogram Lames 1,

2 nermal CMVY precipitated sccording to Rel 26, lanes 3, 4 normal CMV pelleted by centnfugation, lanes 5, 6 supematent of narmal CMV

pelleted according to Ref 26 Lanes 7, 8 washed CMYV precipuated according, lg Ref 26, lanes 9, 10 washed CMV pelleted by ceminfugauon M,
15 given (X107 )
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immediately before irradiation to 8 3 + 0 6% afterwards,
41 1 2% of the rachoactivity now appearing at the ongin
of the TLC plate and 51 +£2% at R;=025 (n=8)
[*SJAPASG alone (R, =060) was 96 3% pure (data
from two expenments)

TABLE H
G8T-acrvity in Normal and Washed CMV and SMV

Vesicles GST Total MNumber of
achvity protan vesicle pre-
(mU/mg {mg+SD) parations
+SD)
Laver
homogenate 0099 12700 1100 14
CMY
Normal WA+76 92428 14
Washed 7B+15 B7+27 9
SMY 339455 N9+t3e 13

ar

Start —

Q7 =
43 —

<lof s

Front — &= SRz e

Fig 2 Companson cf the photoaffimty labebmg patlern of normat
CMYV (lane 1), washed « MY {lane 2}, punfied GSF (lane 3} SMV
{lane 4), liver homogenate (lane 5) muitochondna (lane 6) and mucro-
somes (lane 7) after photeallimty labehog wath 28 uCi per lune of
[**S]APASG except for liver homogenate (1 5 uCi) and muochondna
or microsomes (26 O 200 pg of frozen and thawed protein were
contained within each sample with the exception of GST {10 pg) and
microsomes ar mutechondna (150 pag) (A, C) Copmassie stain (B D)
autoradiogram

Presence of GST n different cell fractrions

GST actieity

On the awloradiogram, the strongest labeling was
found for CMV protemns with M, =282, 2372 and 255
kDa (Fig 1) This is the range typical for the soluble
GS3T soenzyme subumts GST acuwvity was present in
normal CMV and SMV wth a specific acuvity com-
parable to that of total biver homogenate (Table II)
After washing, the amount of actmty wn CMV was
lowered to about 25% This decrease correlated with the
decrease of radicactivity found m the 25-29 kDa range
seen by washung of CMV (Fig. 1), suggesting that the
labeling was due to GST subunits

Preparative IEF
Unlabeled 25-29 kDa protems mn normal CMV were
also found by preparative IEF of Tnton X-100-solubi-
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lized CMY >roteins on a Sephadex G-150 flat bed gel
SDS electropherests of the pH 10 fraction produced
three bands with molecular mass 255, 272 and 282
kDa (data not shown) This 15 1n accordance with the
presence of bask 1soenzymes of GST Also the 37 kDa
protem was found it the pH = 10 fraction A protein of
165 kDa was present in the most acidic fractuon (pH < 5)
together wath most of the other membrane associated
protcms

Compartson of different cell fractions

That binding of photoaffiraty label to GST 15 re-
sponsible tor mosi of the radioactivity in the 25-2% kDa
range was further endenced by photolabeling a mixture
of the GST subumits 1, 2, 3, and 4 On the lane with
punfied GST (Fig 2B, lane 3), 78% of the total radioac-
tmty corresponded 10 the three GST bands The re-
mainder was bound to contaminations not detected by
Coomassie blue staimng (Fig 2A, lane 3} Th:s demon-
strates the lugh degree of sensitivity of the method for
detection of glutathione conjugate binding protems The
GST subunits revealed bands with apparent molecular
mass of 255 272 and 282 kDa It can be seen from
Fig 2 that SMV, liver homogenate, nucrosomes and to
a weaker extent, muitochondna all show labeling in the
25-29 kDa range with sumular band patterns The 37
kDa protein band 1s present mamnly 1n rormal CMV
and SMV The protem at 105 kDa is present only in
CMV

Affimiry chromatography of phorolabeled CMV proteins

GST subumits are bound 1o S-hexylglutathione-Sep-
harose affinity colurnns [33] The lzbeled proteins m the
25-29 kDa range from norinal CMV also show ilus
behaviour (Fig 3) 37% of the radioactivity 1n the GST
M, range was eluted by Hex5G m the final elution step
54% af the radicactivity m thus range was eluted wiih
the flow-through fraction, 9% with NaCl The labeled
105 kDa protem and the 120 kDa protein also appeared
1n the flow-through fraction

Dyfference labeling of CMV

Ta search for specific effects on the protein labeling,
difference photoaffinity labeling of wasked, freshly pre-
pared CMV with 5 mM GSSG, 5 mM HexSG and 150
kM taurocholate was carned out (Fig 4) Also the
seruie proteinase inhibitor PMSF (interfering with the
activity of the = 100 kDa canalicular protem dipepuidyl
pepuidase 1V) was used 5 mM GSSG decreased the
binding to all proteirs TLC separation of the photo-
products in the presence of G35G showed a new peak
with R;= 011, whereas the peak at R;=025 was no
longer vistble This mught indicate some interaction of
the photolabel with GSSG or some other side reaction
dimumshing the yield of the photoreaction A normal
TLC pattern was observed with all other effectors 5

— Start

— 84
— 67
=43

m gy
- =201
— Front

Fig 3 Fractonation of photelabeled protems from normal CMV on

S-bexylglutattuone-Sepharose 6B Autoradiogram of the SDS gel after

application of protein obiamed by separauon of 400 gg of labeled

proten ailer iradiation in the presence of 3 gC1 [*SJAPASG Lane

1 flow-through fracuon, lane 2 pratemns eluted with 300 mM NaCl,
lane 3 proteins eluted wath S-hexylghiiatluone

mM HexSG markedly suppressed photeaffinity labeling
of the GST 150 ¢ M taurocholate and the premcubation
of CMV with 05 mM PMSF gave moderate sup-
pression Refernng to the mean value of total counts
found for GST 1n washed CMY witheut effector, per-
centages of radioactivity in the GST range were 18%
with GSSG, 20% with HexSG, 68% with taurocholate
and 65% with PMSF (Table I1I} As shown m Fig 1 and
Table I11, the iabehing of the 105 kDa protein turned

Lane
Mr — Start
120 ——
105 ——= e A
— 67
— 43
37 —
A ~30
255 ——
— 202
Front

Fig 4 Enfference lubehing of protemns from washed CMV Influence

of 5 mM GSSG (lane 2), 5 mM HexSG {lane 3}, 150 M taurocholate

(lane 4) and preincubation of CMV with 05 mM PMSF at 37°C for

30 mun (lane 5) cn photoaffaruty labshing of 150 pg protan in the

presence of 26 pC1 of [*SJAPASG compared 10 control without
mhibntor (lane 1)



TABLE 111

Radioac tinty of plasma membrane pratewns after difference labeling
Dara of two expcnments

Sample Inhibitar Radwactivity (cpm) al
25-29 kDa 105 kDa
Washed CMV None 118 61
1987 0d
GSSG, 5 mM 327 52
LX) 52
Hex8G, 5 mM 9% 42
425 45
Taurachalate 1213 &4
1323 &7
PMSF 0 5mM 134 50
1078 8

out to be too weak to allow quantitative conclusions on
the effects of the different wnhabitors

iscussion

Presence of GST

The photolabel S-(4-azidophenacyl)[ **S|glutatiuone
was used for the recognition of glutathione comjugate-
binding protemns in CMV and SMV from rat hiver by
means of autoradiography As unlabeled APASG has
been descnibed as an irreversible wminbitor of GST [19],
we wnvestigated whether these enzymes are responsible
for [**S]APASG bmding Indeed, several hnes of ew-
dence indicate that most of the radwactivity introduced
mto the 25-29 kDa range can be ascnbed to GST
copurified with the CMV and probably alsn with SMV
and microsomes Firstly, comparing normal with washed
CMYV, we found a parallel decrease of the amount of
rachoachivity in the 25-29 kDa range and of GST
actvity (Fig 1, Table II) Secondly, punfied GST sub-
units after photoaffimty labeling showed a similar dis-
tnbution of radioactivity as the bands at 25-29 kDa 1n
CMY, SMV, liver homogenate,rucrosemes, and, with
less bound radieactvity, mutochondna (Fig 2) Thardly,
woelectric focusing of unlabeled, Tnton X-100 solubi-
nzed CMV protemm and SDS electrophoresis of the
protems with 1soclectne points around pH = 10 gave
three protemn bands in the 25-29 kDa range, consistent
wath the properties of the basic forms of punfred solu-
ble GST [22] It 1s of interest that no binding of the
label to the membrane integrated microsomal GST with
17 kDa (see chapter 5 1n Ref 22) was found here (Fig.
2). Fourthly, fracttonation of photolabeled CMV pro-
tem on S-hexylglutattwonyl-Sepharose resulted in bind-
g of a large part of the labeled 25-29 kDa protens by
the column matrix (Fig 3). The binding was reversed by
additen of free HexSG Bmding on the S-hexyl-
glutathionyl-Sepharose matrix 1s a charactensuic of GST
and 15 used for the ir punficauon [33] It seems unex-
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pected that labeled GST bind to the gel if one assumes
that the binding center for HexSG 1n GST 1s occupied
by the covalently bound photcaffimty iabel A possible
explanation 15 given by the [act that GST ewust as
dimers From the specific activity ot the photolabel, the
amocunt of protein in the 25-29 kDa range and the
amount of radicactivity in thus range we estimated that
about 1% of the GST subuns 13 radioacuvely tabeled
Thus, the provability that both subumits are labeled 1s
neghgible That in our expeniment nevertheless most of
be protein did not bind to the affinily mainx may be
due (a) 10 the presence ¢f Tnton X-100 which mght
interfere with the quarternary structure of the GST and
thew binding capacity, (b} to overloading of the column,
or (c) to interference due to the other components
present in CMV The band pattern of the protemns at
25-29 kDa not bound by the affimly matnx was en-
tirely sumlar to that of the HexS5G-eluted bands (Fig
3

Regarding the nature of the associabion of GST with
the vesicles both inclusion and shcking to the mem-
branes may contribute In erythrocytes, a Ca**-depen-
dent binding of GST to the plasma membrane has been
reported [36] It 1s of interest to speculate on the fact
that GST mught be membrane-associated physiologi-
cally, prowvuding a first hine of defense agmnst meorming
electrophules and products of membrane hipid peroxida-
tion, ¢g., 4hydroxynonenal [37] GST assooated 1o
membranes also may bind amphuphilic and hydro-
phobic substrates at the inner plasma membrane surface
prior to transcellular transport

The lagh affimty photolabeling of GST found with
[*SIAPASG makes tius substance a candidate for the
screenung of the active or binding center of GST With
sulfobromophthalen, a binding-site pepuide from GST
has been descnibed recently [38]

The presence of GST in vesicle preparations 18 m-
portant for the mierpretation ¢f resufts of transport and
binding studies obtained with hydrophobic, ampiu-
patluc and GSH-denved substances smce GST may
contnbute 2 binding component For wstance, the dif-
ference m the bimding propertes of cholate and cheno-
deoxycholate observed with canalicular and sinusoidal
membrane preparatons {14] s also found for GST and
bile acid binders descnbed m Ref 39 For taurocholate
transport studies at low concentrations (between 1 and
10 pM [5.8,13)) as compared to reported dissociation
constants of 100 pM [39], the contnbution of GST-
bound tauzocholale to the vesicle associated taurocho-
late dunng transport may be neghgible Indeed we
observed that decreasing of the vesicle-associated GST
by washing of CMV had no effect on the taurocholate
export rate out of vesicles preloaded with 10 pM
taurocholate (not shown). On the other hand, transport
studies with the CDNB comjugate of GSH, GSH or
GSSG wath K values mn the mucromolar range for GST
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3.3 [40] ot wath other amphipathic compounds might be
comphcated by binding to GST For such studies 1t
seemns mandatory to determune GST activity mm mem-
brane vesicles preparatwons which has not been done
previously, see Refs 1-6

Otfier proteins

A promunent band with low specific activizy after
uradiation appeared at 37 kDa The nature of the
protein(s) 15 not known From the finding that 11 1s
csuy reruoved from qie membrane (Fig 1) 1t can be
concladed that « does not represent an integral mem-
brane protewn

The labeling of a non-dissociable 105 kDa CMV
protein by [ SJAPASG 15 of interest since a protem of
similar molegular mass has been descnbed as a canalic-
ular taurocholate transport protewn [16,17) Further-
more, whbiion of taurocholate transport by GSH
comugates has been descnibed [13] Thus the glutathuone
conjugaie photolabehng found 1n our studies could rep-
resent binding to the membrane protemn invalved m
tauracholate transport Proteins of about 100 kDa have
also been desecnbed as dipepudylpeptidase 1V (EC
3414 5) [41) and as a cell-cell adhesion proten [42]
which might bind to collagen One or more proteins
miaght be mvolved here The substrates for these pro-
temns and also APASG contain hydrophobic mometies
and peptide bonds Thus, APASG has the potential to
bimnd to these proteins

Dufference labeling

Hex8G 1n a large excess compared to the concentra-
tion mibting GST activity in Ref 43 suppressed bind-
mg of the photolabel to the GST almost completely
(Fig 4, Table I11) Labehng of the 105 kDa protein was
not suppressed significantly as compared with the con-
trol Taurocholate showed only moderate inlubition 1n
the GST range and did not dimimsh labelng at the 105
kla protemn A lack of suppression of labeling of the
105 kDa protein by HexSG or taurocholate may be
explained by a compensatory effect due to the ugher
avalabulity of label not bound by the GST PMSF, an
wmhbitor of dipepudylpepudase IV [44], showed no
effect As shown in Results, the effect of (GSSG may be
due to an interaction between GSSG and the photo-
labehng reagent

Taken together, the data show specific effects of
HexSG and tauracholate on the binding of the photo-
label [**S]APASG to GST The label proved to be a
sensitive probe for these enzymes and also other bind-
ing protemns as demonstrated by the labeling of proten
bands (Fig 2) not visible on the Coomassic stain
Specific labeling of the 105 kDa protein cannot be
deduced from our data, The role of this protemn (and
also of a further labeled band at about 120 kDa) and
conclusions concerning a possible role as a glutathione

conjugate transport-mvolved protein require further ex-
penments
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