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(Rat hver) 

A melhod for the synthesis of the glutathlane conjugate S-(4-azidophenacyl)13'S]glatatluone is d~senbedl. The 
¢ompomld was used for Itlkotoaffinity labeling of la~teins present in canalicular membrane veskles (CMV), sinusoidal 
memlmme vesicles (SMV), miteebendrla and mterosomes from rat liver MeJ~I of the rad|oa¢livity iuU'odl.~'ed by 
photo~linity labelmg of ~ appeared m the 2S-29 kDa range. Further labeled protelr~ were observed [n ~ at 37, 
10S and about 120 k l ~  79% of the 25--29 kDa asso¢,ated radloaetiva~ was reeovered in the supematant after extensive 
reveslculaflan (waslfing) of the vesie.les, together ruth the 37 kDa wotem CM'V and SMV t'onlain~l g l u ~  
S.tmnsferase (GST) activity which in CMV was decreased by 75% by washing. Photolabeling of a mixtlme of puntk, d 
bas~ GST ~damits frmn rat liver resulted in a band pattern at 2.~--29 kDa s[ml]llr io ~ t  in the m e v ~ m e  prep~'ali~a~. 
I so~gt r ie  foetming of the L"WIV indicated the ~esence  of basle soluble GST sulmnits ,.%Hexylglutathlone-Seplmros~ 
affmity ¢lmmatosraphy showed reversible binding of phototabeled la'oteins at 2..g-29 kDa. Di f fe re t~  phoioalfinily 
labeling with GSSG, $-hexylglulathione, taurndmlate and phenylmethylsulfonyl fluoride decreased the radioaelivity 
bound by GST, bat not thai inlrodueed into the 105 ItDa protem band ln'esen! in CMV. It ,s eonchnled that 
memla'an~L~m¢late~l bash: GST lsoenzymes are lleesant in standa~l n~embrane vesicle preparations. In the cell, the 
ftmctaon may be lranspoa of GST-bound cempomuls aerass the membrane and protection of the membranes againsl 
dem~plule~ 

I n ~  

Based on prmaoas work [1,2], several methods for the 
isolation of plasma membrane preparations ennehed m 
marker enzymes ~ther  from the canahcular (bthary) or 
the smusoadat (basolateral) membrane poles of rat 
hepatocytes have r¢cemtly been desenbed [3-6] Plasma 
membrane vestries were used m transport stuches w~th 
numerous eompotmds me.iudmg hydrophth¢ subatrates 
such as L-alanme [4,7,8], glmathtone [9], GSSG [101, and 
amphipathtc compounds, e g ,  S-(2A-dmttroph~ayl)glu- 

Abbr©vlat~0as APASG, 3-(4-amdophenacyl)gltRatbaOn¢, []SS] 
APASG, S-(4-a~dophenacyl~[:~S]glmm!~o~¢, CDI'4B, ]-chloro-2,4- 
dnmrobe'azen©, CMV, ~ meml~ae v~wA.e% GST, $haathz- 
one $-txlmsferas~s), "y-GT, y-glutamyi ttaasOepada.~, HcxSG, S-fn- 
hcx'yl)gl.utatlatoae, IEF, kqlcl~Uac foc'asmg, 1EP~ lsoe.lcctnc point, 
PMSF. phtaylmcth~lsulfonyt fltlm-ide 

CoffeSlumdmace T P M Aketb0om. lnsratut fl~ PhyszologLsche 
Chenue l dcr Umve~sRat DUs.~klorL Moorenstre.~e 5, D4000 
Dllsse]doff I, F R.G 

IXD5-2736/89/$03 50 © t989 Else~et S¢'wnc.¢ Pubhshers B V (l~mmedw.al 

tathione [11] or tanrocholate [8,12,13] Binding stu&e~ 
with chelate dea'tvahves have also been performed [14] 

The tcchmque of photoafFmtty labeling has been 
used for the lsolauon of a 100 kDa protean from CMV 
using a ra~hoacUve photolablle denvatave of taurocho- 
late [15,16] Reconsututton experiments showed that 
tins protein catalyzes tauroeholate transport rote hpo- 
seines [17] 

The purpose of tlus work was to elaborate a method 
for the synthesis of a radioactive photoaffn'uty label for 
the deteetaon of glutafluone S-conJugate*binding mem- 
brane proteins, possibly revolved m the transport of 
these glutathtone species across the plasma membrane. 
In the present study, S - ( 4 - a z l d o p h e n a e y t ) 1 3 s $ ] g l u t a t h t  - 

one ([3sS]APASG) was used for photoaffimty labeling 
of proteins present m C/kfV and SMV from rat hepato- 
eytes APASG m its nonradtoacUve form 118] has been 
shown to reactivate Funfied cytosebc glyoxalas¢ ] (EC 
4 4 1 5) mad II (EC 3 1 2 6) and $1utathmne $-trans- 
ferase (Gh-'T) (EC 2 5 1 18) acuvaty trreverstblhty dunng  
photoaffm~ty labehng [19,20] The presence of GST 
acavmes m membrane preparations was not examined 

I~tston) 
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so fat An update on current knowledge on OST ~s 
~tven m Refs 21 and 22 

Methods and Materials 

(1) Svnlhevts of [SsS]APArdG 
OperaUons were earned out avmdmg exposure to 

direct hght The sleps prior to the first TLC were 
conducted under mlrogen and with mtrogen-saturated 
soluUons [)sS]glutatl~one (125 #C0 was freed from 
dllh.toery/hrttol (DTE'~ [23] and was dduted with nonra- 
dioactive GSH to a specific actl~aty o ¢ 40 Ct/mmol,  lh.e 
final volume was 40 #l DenvausaUon was started by 
the subsequent addttlon of 10 tti 4-az~dophena- 
eylbrormde (final concentrauon 4 raM), 50 ~al potassmm 
phosphate buffer (pH 7 2) /EDTA (final c.oncentrauons 
50/1 raM), 5 #1 glutathmne reductase (120 mU) and 5 
~1 NADPH (final conen 1 raM) The reaciton was 
alloweo to proceed at room temperature and was 
stopped after 20 mm by appl3ang the reaction rnLxture 
to a Polygram Sd G TLC plate that was developed m 
l-propanot/,~ater/acetm actd (12 5 1, v /v)  (solvent 
system A) The area on the TLC plate cont~anmg the 
radmacuvtty corresponding to unlabeled APASG (Rt = 
0 60) was scraped off and extracted stx ames with $00 
t~l wate~ (50~C-3 "I~e extract was filtered through a 
Mfllex-GS 0 22 o m  filter and tyophahsed to decrease the 
volume to about 50 -1 A second TLC was carried out 
using 1-butanol/water/acettc actd (7 2 1, v /v)  
(solvent system B) for further punftcatton The product 
that ran parallel to unlabeled APASG (Rf ~ 0 24) was 
extracted and filtered as described The radiochcrmeal 
purity of the product was checked by TLC m solvent 
systems A and B and system C (1-propanol/water 
t7 3, v /~ ,  Re=056)  The 3add was about 30~ and 
the radtochenucal purity more than 95% as deternuned 
wtth an Isomess TLC ~-nalvzcr (Isomess GmbH, 

Strauhenhardt, F R O ) As the product was prone to 
decomposlUon with a rate of approx 5% per day at 
- 70°C, ahquots of 2-3 ~tO were lyoptuhzed m quartz 
tubes and used lmmedtately for photoafflmty labdmg 

(2) Preparatton of ~ t  lwer plasma membrane veswles and 
cell comparlments 

Canahcular and smusoldal rat tlver plasma mem- 
brane vesicles (CMV and SMV) were isolated from 
hvers from male W~star rats (260-300 g body wt ~ fed 
an Ahroman standard diet ad hbRum Stx hvers were 
b.;'qogentzed and membrane separatton was performed 
by a combmaUon of rate zonal flotatmn and h~gh-speed 
ccntrffugatton through a dtscontmous sucrose gradtent 
essenttally as described m Refs 5 and 13 Normal CMV 
were taken up in buffer A (313 mM sucrose, 6 25 mM 
magnesium gluconate, 0 25 mM calctum gluconate, 12 5 
mM Hepes-Trts (pH 7 4)) after the final centnfugatmn 
Washed CMV were obtmned by thlutton of the CMV 
wRh buffer A (1 3 (v/v)) and vesleulatton through a 26 
gauge synnge needle for 10 tortes before the final 
centtafugaUon 

The peUets thus obtained were resuspended m buffer 
A and were used freshly for photoaff~mty labeling with 
the execptmn of the samples used for Fig, 2 where 
vesmles were shock frozen with hqmd mtrogcn and 
stored at - 7 0 *  C unul used Marker enzyme aeUwt~es 
and relahve enrtehment factors with regard to hver 
homogenate are documented m Table I M~tochondna 
were isolated by the method of Klmgenbcrg and 
Slenczka [24], nucrosomes as described m Ref 25 Both 
were stored frozen m buffer A at - 7 0 " C  until used 

(3) Photoaffinny labehng wrth [s~S]APASG, electro- 
phorests and autoradmgraphy 

Vcstcles or subcellular preparattons were used fresh 
or after raptd thawing at 37°C 

TAIILE i 

Murker enzyme a¢lwltre~ oJ rat hepatic tanahcular and xln~ardal membrane vt$zcles 

Dat~ ere means ± S D n d, eel delectable 

Sarapl¢ Eo-zym= Sp~d~e aehwty Emadtment Number of 
(mU/mg protein) (-fold m~reasc relative vc~acl¢ prcpa~atlens 

to hvcr homog~lale'l 

CMV 
Normal Alkahne phosphatase 549 ± 152 37 ~ ± 69 6 

Na +/K *-ATPasc n d 0 6 
Mg z +-ATPaso 153B 4- 300 57 3 + 10 2 6 
7 Glutamyl Iranspept,dase 385-9 100 381 J. 13 4 0 

Washed A|kzlmephosphataze 4~0± 62 2954- 61 3 
Na +/K +-ATP~e n d 0 3 
Mg2+-A'rPase 1180 +271 2765:92 3 
v-Gletamyl transpepudase 244.4- zl 5 234 ± 45 3 

SMV ALkaline pho~phetase 1044- 2 1 7 8 + 0 8 3 
Na*/K*-ATFase 1540+ 210 1054- 38 3 
Mg~+-ATPase 2540± 204 141± 21 3 
y-GlntamsItranqpeptxda~e 74~. 38 734- 33 3 
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The membranes were vesmulated and premcuhated 
at 37eC for 30 nun vath the y-GT inhibitor AT-125 
(100 gM) m troffer B to avoid enzymatic hydrolysis of 
the photolab*l Buffer B ts 230 mM sucrose, 100 mM 
potassium gluconate, 5 mM magnesmm giuconat¢, 0 2 
mM calcium glu~onate, 10 mM Hepes-Tns (pH 7 4) 40 
p.l of the membrane suspens,on commmng !20 a~e"3 gg 
of protein on tee were added to quartz vials contatmng 
[~sSIAPASG 42-3 ~Ct/vlal) taken up m [60 ~l buffex 
B Effectors used for difference labeling were added at 
t~us stage, solutions being neutrahzed with concentrated 
Trts where necessary The final volume wa~ 200 V-I 
gtwng concentrations of the ?hotolabel from about 270 
to 400 nM After 2 nan of equthbratton at room tem- 
perature the samples were wradiated for 2 nun in a 
gayonet RPR-1CO Photocheameat Chamber Reactor 
(The Southern New England Ultraviolet Co Hamden, 
CT) equipped vath 16 symmetrically arranged RPR-3000 
A lamps at ambient temperature without stlrnng 
Ahquots of 5/~| were submitted to TLC analysis either 
m solvent system A or B to check the state of the 
photolah~q unmedlately before and after photolysls 
Proteins were obtamexl using the dehptdlsatton proce- 
dure of Wessei and F]ugge [26] employing methanol 
and chloroform In the cases whm'e no organic solvents 
,,vere used (FI 8 1), the photolabeled membrane suspen- 
sion was cenmfuged for 30 mm at 47000xg  m a 
Beckman atrfuge (Beckman Instrumoms GmbH, 
Mumch, F R G).  Protein pellets were redlssolved in 
buffer C (125 mM Tns-HC! (pH 6 8), 6 5% SDS, 8 5*6 
glycerol, 5% mercaptoethanol, 0 02% Bromophenol blue) 
and subjected to electrophoresls vath 10% polyacryla- 
nude gels [27] Gels were stained with Coomasste blue 
R-250, photographed and dried The thstnbuhon of 
radloacra~ty on the dried gels wa.~ measured by autora- 
dtography exposing films at - 7 0 ° C  for 2 to 6 days or 
w~th a TLC analyzer 

(4) Miscellaneous pmcedu, e~ 
Enzyme actwmes Marker enzymes (alkaline phos- 

phatase (EC 3 1 3 1), N a + / K  + ATP~e (EC 3 6 1 3), 
Mg2+-ATPase and 3,-glutamyt transpept*dase (EC 
2 3 2 13)were d~ternuned by the methods m Refs 28-30 
(see Table !) 

GST actavtty was assayed as m Ref 31 by using 
1-ehloro-2,4-&mtrobenzene (CDNB) Protean was de- 
terrmned as den:abed m Ref 32 

Treatment of GST subumts Basic GST tsoenzyme 
subumts 1, 2, 3 and 4 (for nomenclature see Ref 22) 
from rat hver were purified according to Refs 31, 33, 34 
and stored frozen at - 7 O ° C  After rapid thawing at 
37°C, the subumts were reLied to ~eld a specific 
acttwty of 25 2 U/rag. 10 ttg of protein were used for 
photolabehng after dialysis against buffer B and treat- 
ment with AT-125 to create umform condattons 

Af/mllV chromato~raph~' of labeled CMV prorew~ 
Photolaheled CMV were so|uhdtzed by 30 nun mcuba- 
uon at 3 7 ° (  vath 1% Triton }(-I00 and 2 raM. dl- 
thaoerythntol fDTE) m buffer B (final volume 800/*l) 
and appll~.d to .t 2 m] .S'-hexylgiutathtoae-Sepharose 
column equilibrated with 10 mM Tns-HCI (pH 7 4). 2 
mM DTE 1'~ Triton X-t00 Unbound proteins were 
washed from thc column (flow-through fraction) with 5 
m] of the samc buffer Unspeclficall¥ adsorbed proteins 
were eluted w~th 5 ml buffer containing 300 mM NaCI 
Finally, a third fraction wa~ obtained vath 5 ml buffer 
c.onlammg 300 mM NaC1 and 5 mM HexSG Proteins 
of each fraction were pelleled as m Ref 26 and sub- 
jected to SDS electrophoresis as described above 

Prepaear, oe IEF P-eparatlve ~soelectnc focusing on 
Sephadex G-lS0 wa~ done vath 1 mg of CMV protein 
as descnbed in Re, 35, except [hat 2% Triton X-100 
was added CMV protein was solubthzed as descnbed in 
the prewous paragraph The ~olutton was apphed to the 
preparative IEF plate consmtmg of Sephadex G-150 
containing 2% LKB Ampholyte (pH 5 0-8.0) and 2% 
"I -'~on X-100, layered on the hydrophobtc side of (]el 
Bona PAG film -he plate was focused with buffer 
str~ps contmmng pH 10 and pH 3 electrode buffers for 
60 gIun at 7°C wl:h limiting vMue~ of 1500 V, 44 mA, 
18 W, for a 2 mm tlnek, 20 3 cm long and 16 cm vade 
gel The resuhmg flat gel was dissected into 10 fractions 
which were collected and dduted with 1 ml of water 
The pH ~as measured tar coarse IEP deterrmnatmn 
After centnfugatton the protein sn the suFernatant was 
precipitated [261 and the protein fractions were sub- 
jotted to SDS electrophoresls 

(5) Chemlcals 
[~sS]GlotatMone and [2H]taurocholate were from 

NEN [Dreteach, F R G ) (~el Bond PAG Film was from 
LKB Produeter AB (Bromma, Sweden). 4-A2adophena- 
eylbrormde was from Fluke (Buchs, SwRzefland) 
Actvacm (AT-125) was a gift from The Opjohn (?0 
(Kalamazoo, MI) Autora&ography films (Kodak X- 
OMAT AR) were from Eastman Kodak Co (Rochester, 
NY) The Electrophorests get for Molecular Weight 
Deternunataon of Low Molecular Weight Proteins and 
Amphohne pH 5-g were from Phannataa AB (Uppsala, 
Sweden), The pH 10 and 3 electrode buffers were from 
Serve (Heidelberg, F R G ) 

S-Hcxylglmatluone-Sepharose 6B was prepared as 
described m Ref 33 

For TLC we used Polygram $11 G without gypsum, 
0 25 nun (Maeherey & Nagel Co, Duren, F g G ) To 
remove sthca get parucles from photolabd preparations 
we used Mdlex-GS 0 22 ~m fdters (Mdhpore S.A, 
Molhe~m, France) Filters for taurochotate export were 
045 ~m cellulose retrain filters (Type SM 11306, 
Sertorius GmbH, Gottmgen, F.R G ) 
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All other chemicals were from Merck (Darmstadt. 
F g 13 ). Boetmnger (Mannh=m, F R G L and Serva 
(Heidelberg. F 1LG ) 

R ~ d ~  

Synthes~s and eharactenzatlon of the photo/abel 
For the synthesis of the radloactrve glutatbaone-de- 

nved photolabel, S-(4~azadophenacyl)[~SS]glutatlucne, 
on excess of azadophenacylbrormde over [3SS]glutalhl- 
one and the presence of G$SG reductase and NADPH 
improved the yield consnlerably Charactenzataon of 
the product by TLC demonstrated a radaochermcal pur- 
ity larger than 95% The product decomposed with a 
rate of approx 5~g per day, probably due to release of 
mtrogen, and therefore was used immediately for photo- 
afhmty labehng experiments The advantages of the 
35S-labeled conjugate as compared to 3H-labehng are 
the high specific actlwty and the more intensive /~- 
wradmtxon To avoid hydrolysis of the m/act photoaffin- 
lty label by 7-GT, we premcubated all membrane pre- 
parat,ons tn the presence of the "~-GT mlnbttor acivlcln 
(AT 125) I111 After 2 man incubation of the photolabel 
,~lth the prctreated CMV more than 90q~ of the radloac- 
ttvtty could be ldenuhed as APASG by TLC using 
solvent system B Without AT-125 only 65% of the 
radloact, v~ty nugrated w~th unlabeled APASG 

Dependence of labeling pattern on procedure of ueszcle 
preparation and processing 

Usmg the radmactwe photoreactave glutatluone con- 
jugate S-(4-azldophenaeyl)[3sS]glutath,one ([3sS~- 
AP~,SG) for photoafhntty labeling we found differences 

m the ¢hstrabutton pattern of radioactivity on the auto- 
rad]ogram~ f rom freshly prepared unfrozen normal and 
~ashed CMV (Fig 1) The Cooma=.~,,e ~tatn (Fig 1A) 
shows that normal CMV (lanes 1, 2) contained a domi- 
nant protein band a: the 37 kDa range when protein 
obtaaned by preopttatton with orgamc solvents 
(methanol, chlorofotra [26]) was applied The amount of 
tins 37 kDa protein was suhstmltlally decreased after 
eentrffngatton w, thout organt¢ solvents (lanes 3, 4), 
correspondingly, the ~upernatant eontmned the 37 kDa 
protein (lanes 5, 6) ]n addmon, some material m the 
25-29 kDa range was dtssomable as well In hne with 
tins, washed vesicles (see Methods) contained low 
amounts of these proteins ¢.lane~ 7. :8), ~;~ch could be 
further decreased by pelleting mthout  orgamc solvents 
0aries 9, 1(3) Fig 1B ,,haws "he corresponding aurora- 
diagram By pelleting the CMV p r o t m  v~th orgamc 
solvents most of the radloaetwtty was reeo,cered in the 
25-29 kDa range (lanes 1, 2) The amount  of the 
radloactavxty of washed CMV m tbas Mr range (lanes 7, 
8) was 21% of that of normal CMV, 79% appeanng m 
the supematant  0anes 5, 6) (dewar/on m two experi- 
ments < 3~g) In both normal and washed CMV tbas 
radioactivity was further dire/rushed by peltetang vothout 
orgamc solvents (lanes 3, 4 and 9, I0, respectw~.ly) The 
radmactmty seen at the posmon of the 37 kDa protean 
m normal CMV is also decreased by washing On the 
other hand, the protein bands at 10:5 and 120 kDa were 
not dissociated from the vesicles by any of these proce- 
dures, mcheatmg that these protems are very t tghdy 
bound membrane proteins 

As examined on TLC, photolysts resulted m the 
dtrmnution of the content of [~SS]APASG from 92 :t: 1% 

L . Q  ne 

Mr 

1 2 0 ~  
1 0 5 ~  

A 
1 2 3 4  5 6 7 8 g 1 0  

- -  Star t  - -  

- -  g z ,  - 

- -  6 7  - 

- -  4 3  - -  

- -  3 0  - -  

- -  Front - -  

B 
1 2 3 ~ 5 6 7 8 9 1 0  

Ftg. l Innucnvc ol CMV prctr¢almcat and sampling method on the photoaffimly lahehng pattern on SDS gels after labehng w, lh [3~$]APAS(r (3 
pC)/qane) Normal ae.d washed CMV were used with 180 pg of pxotem per lane {A) Ccomassm stmn. (B) Con'espondmsautoradzogram Lanes 1. 
2 n o e l  CMV pre,~pLtsted ~:ordmg to Re[ 26, lanes 3. 4 norrr~t CMV pdlet~l by centrffugatton, lanes 5, 6 m~emalant of nature! CMV 
pelleted according to Rcf 26 Lanes ?, 8 washed CMV prec,_printed according to Ref 26, lanes 9, 10 wo.ched CMV pelleted by ceamfugaUon M. 

is gwen (xt0 -~) 



Lane 
Mr 

105 

A 

1 2 3 4 

C D 

Lol3e 

Mr 

6 7 
Sta r t  

94 

6 7  

4 3  

30  - -  

do , = 

6 7 

muuedaatety before trradmtaon to 8 3 + 0 6 ~  af terwards,  
41 4- 2% of the radaoact lwty now appear ing  at  the o n g m  
of  the T L C  pla te  and  5 1 + 2 ~  at  R f = 0 2 5  ( n = 8 )  
[ ~ S I A P A S G  alone ( R f = 0 6 0 )  was 9 6 3 ~  pure (data  
from two experiments)  

TABLE II 

GST-acu~*ty m Normal and Wgshed CMV and SMV 

Vesmles GST Tolal Number of 
~.¢llvlty protelo, vehicle pre- 
(mU/mg {rag+ S D ) paratlons 
± S D )  

Lt~er 
homc~,enale 700--99 12".10@ 4-1100 14 

CMV 
Nccmal 304.+76 92"4-2 8 14 
Washed 78:1:15 874- 2 7 9 

SMV 3394-55 31 9+3 6 13 

- -  S |o r t  - -  

- -  94  - -  

- -  67  - -  

- -  43  - -  

- -  3 0  - -  

- -  F f c , ~ t -  

B 

1 2 3 t. 5 

F~g 2 Companion o[" t~¢ photoeffimty lauding pallt:rn of normal 
CMV (lane l), t~s/wd ~ MV (lane 2}, punhed GST (lane 3) SMV 
{lane 4), h~er hom0genatc (lane 5) rmtochondna [lane 6} and nmcro- 
som~ [lane 7) aftra" pholoafhmty labehn;~ vtqth 2 S /tCl per Ian¢ 0£ 
[3~S]APASG excepl for hver homc.ganate (i 5 laCi) and nmochondna 
or rracros~meg (2 6 btCl) 200 p.g of frozen and thawed protein ".~ere 
~ontamed within ea~.h sample with the e~tcepaon of GST <10 pg) and 
tractosomes or mJto~hc~ndna (150 tag) (A, C) CoOm~L~_q,e ~am (B D) 

autoradmgram 

Presence o f  G S T  m different ceil fractzons 

G S T  acttvtty 
On the duloradlogrdm, the strongest  labehng was 

found for C M V  protems w t h  M, = 28 2, 27 2, and  25 5 
kDa  (Fig 1) Tins  Js the range typical  for the soluble 
GST tsoenzym¢ subumts  GST actlwLy was present  m 
normal CMV and  SMV wtth a specific aeuvl ty  com- 
parable  to that  of total  hver homogenate  (Table  11) 
After  wasbang, the amoun t  of activi ty m CMV was 
towered to abou t  25% Tills decrease correlated wRh the 
deere.ase of radmact twty  found m the 25-29  k D a  range 
seen by  was luag  of CMV (Fig. 1), suggesting that  the 
labehng  was  due to GST subumts  

Pregaratw¢ I E F  
Unlabeled  2 5 - 2 9  k D a  protems in normal CMV were 

also found by  p repara twe  IEF  of  T n t o n  X-100-solubl- 
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hzed CMV >rotems on a Sephadex G-150 fiat bed gel 
SDS eleetrophores~s of the pH 10 fract,or~ produced 
three bands with molecular mass 7.5 5, 27 2 and 28 2 
kDa (data not shown) This ~s m accordance w~th the 
pre~ence of basl~. ,soenzymes of GST Also the 37 kDa 
protein was found tn the pH = 10 fraetton A protein of 
lg5 kDa was present in the most ae~dte fraction (pH < 5) 
together w~th most of the other membrane assoemted 
protems 

Comparison of d~fferent cell fracnons 
That binding of photoaffmaty label to GST is re- 

spons,ble tar most of the radmacttwty m the 25-29 kDa 
range was further evidenced by photolabelmg a rmxmre 
of the GST subumts 1, 2, 3, and 4 On the lane w~th 
purified GST (F~g 2B, lane 3), 78% of the total radtoae- 
ttvzty corr~ponded to the three GST hands The re- 
mainder was bound to eontammattons not detected by 
Coomasste blue stmmng (F~g ZA, lane 3) Tl~s demon- 
strates the lugh degree of sens~t~vtty of the method for 
detecUon of glutatluonc conjugate bmdtng proteins The 
GST su~umts revealed bands vnth apparent molecular 
mass of 25 5 27 2 and 28 2 kDa It can be seen from 
F~g 2 that SMV, hver homogenate, rm~rosomes and to 
a weaker extent, autoehondaaa all show labehng m the 
25-29 kDa range w~th ztmdar band patterns The 37 
kDa protein band ~s present maudy m normal CMV 
and SMV The protean at 105 kDa is present only m 
CM'V 

A tfimry ehroraatography ofphotolabeled CMV proteins 
GST subumts are bound to S-hexytglutat tuone-~-  

harose affn'uty columns [33] The labeled proteans m the 
25-29 kDa range from normal CMV also show thts 
behavtour (Fig 3) 37% of the radmactavzty m the GST 
M r range was eluted by HexSG m the final elutton step 
54% of lhe radmaet]v~ty m tbas range was eluted with 
the flow-throu~3h fraeUon, 9~ vath NaCI The labeled 
105 kDa protein and the 120 kDa protein also appeared 
in the flow-through fraeuon 

Dtfferenc¢ labeling o.f CMV 
To search for specific effects on the protein labeling, 

dtfference photoaffimty labeling of trashed, freshly pre- 
pared CMV wtth 5 mM GSSG, 5 mM HexSG and 150 
/LM taurceholate was earrtcd out (Ftg 4) Also the 
sertne protemase trthtbltor PMSF (mterfenn s ",~ath the 
acttvxty of the = 100 kDa cartahculax protein dlpepttdyl 
peptldase IV) was used 5 raM GSSG decreased the 
binding to all proteins TLC separatton of the photo- 
products m the presence of GSSG showed a new peak 
wtth R f = 0 1 1 ,  whereas the peak at R r = 0 2 5  wa.~ no 
longer ~nbxble Tins aught mdxea'~e some mteractton of 
the photolabel with GSSG or some other side reaetton 
thrmmsl~ng the yteld of the photoreaeuon A normal 
TLC pattern was observed vath all other effeetors 5 

Lane 1 

120 
I05 

2 3 

- -  S t a r t  

- 9/* 

- 67 

- - / * 3  

I i  ~ - 3 O  

- - 20,t 
- Front 

Ftg 3 Fractlonatton of photolab¢l=d pm~as f~ora normo~ CMV on 
S-he~:ylglutath~onc-Scpharo~e 6B Autoradtogram of the SDS gel after 
apphcauon of protein obtained by separauan of 400/zg of labeIed 
protein after l~radmuon m the presence of 3 pC, [3~S~APASG La~e 
1 flow-through fract,ort, lane 2 proteins eluted with 300 mM NaCI, 

lane 3 proteins eluted wtth $-hexyl~l,lafluo~e 

mM HexSG markedly suppressed photoaffm]ty labeling 
of the OST 150 tzM taurocholate and the premcubaUon 
of CMV wtth 05  mM PMSF gave moderate sup- 
pressrun Referring to the mean value of total counts 
found for GST m washed CMV wtthout ¢ffeetor, per- 
centages of radtoaettvity m the GST range were 18~ 
with GSSG, 205 wath HexSG, 68~ wtth taun3eholate 
and 65f[ with PMSF (Table III) As shown m FI8 1 and 
Table II1, the labeling of the 105 kDa protein turned 

Lone 

Mr 

120 , -  
105 

37 P 

282 

25,5 " 

1 2 3 4 5 

- -  S tar t  

- 9 / ,  

- 67  

- / , 3  

- 3O 

- -  2 0 2  
- -  FrOnt 

FI 8 4 Dt f fe~ncc  iub:~a of protc~ from ~ , d  CMV l ~ r ~ =  
of  5 taM GSSG (lane 2l, 5 mM HexSG (lane 3), 150 pM la~rocho]ate 
(lane 4) and premcabatton of CMV wdh 05 mM PMSF at 37"C for 
30 rmn {lane 5) on photoaffimty labehn$ of 150 I~K p~otem mth¢ 
presence of 26 tiC1 or [~S]APASG compared to control v, athout 

taluS]tar (lane l} 



21 

TABLE I l l  

Radwo~l~v~tj. of plastm; manbrane preteens after dtfferevee labeling 

Data of two cxp=nmcnts 

Sample Inhibitor Radmacmnt,~ (cpm) at 
2S-29 kDa 105 kDa 

Washed CMV None 1718 61 
t q87 U4 

GSSG. 5 mM 32"/ 52 
332 52 

HexSG. 5 mM 299 42 
4~5 45 

Taurocholam 1213 64 
1325 ~7 

PMSF 0 5ram 1346 ~O 
107 g 38 

out to be too weak to allow quantRattve conclusions on 
the effects of the different mkdiltors 

Disc t t~s ion  

Presence of GST  
The photolab¢i S-(4-azadophenacyl)[3sSlglutathlone 

was used for the recogmtLon of glutathton~ conjugate- 
binding proteins tn CMV and SMV from rat hver by 
means of autora&ography As unlabeled APASG bus 
been de~rthed as an trrever~ble mtttbttor of GST [19], 
we investigated wh©thcr these enzymes are responsible 
for [35S]APASG binding Indeed, several t m ~  of evi- 
dence re&care that most of the radmacttvtty introduced 
rote the 25-29 kDa range can be ascnbo:l to GST 
copunhed with the CMV and probably alsn with SMV 
and nucrosomes Firstly, comparing normal with washed 
CNfV, we found a parallel d~rease of the amount of 
rachoaettvity m the 25-29 kDa range and of OST 
aotlvlty (Fig 1, Table [l) Sceondly, punfle.d GST sub- 
umts after photoaffm~ty ]abehng showed a smalar chs- 
tnbutmn of radioactivity as the bands at 25-29 kDa m 
CMV, SMV, hver homagenam,n'acrosomes, and, ruth 
less bound radioaetavtty, mltochondrm (Fig 2) Thirdly, 
~sodeetrte focusing of unlabeled, Triton X-100 solubt- 
nzed CMV protein and SDS eJeetrophorests of the 
proteins with tsoel¢ctnc points around pH--~ 10 gave 
three protean bands m the 25-29 kDa range, conmstent 
with the propertaes of the bamc forms of purified solu- 
ble GST [22] ]t ts of interest that no binding of the 
]abe] to the membrane integrated mlcmSomal GST with 
17 kDa (see chapter 5 m Ref 22) was found here (Fig. 
2), Fourthly, fracUonatton of photolabel0d CMV pro- 
tern on $-hoxylglutaLMonyl-Scpharose r¢~ultcd m brad- 
lag Of a large part of the labeled 25-29 kDa proteins by 
the column matrix (Fg  3). The bmdmg was reversed by 
ad&tton of free HexSG Binding on the &hexyl- 
ghtathaonyl.Scpharose matrix is a charactenstm of GST 
and m used for the lr purification [33] It seems unex- 

peeted that labeled OST brad to the gel tf one assumes 
that the bmdmg center for HexSG m CaST is occupied 
by the co,aleatly bound photoafflmty label A possLble 
explanation ~s given by the ['act that Gb-'T cvast as 
&mers From the spectf,c activity ot the phololabel, the 
amount of protein m the 25-29 kDa range and the 
amount of radioacuwty m flus range we esUmated that 
about 1% of tht~ GST subumts r~ ra&oacuvely |abeled 
Thu~, the pro~abdlt2~ that both subumts are labeled ~s 
neghgJble That m our c×penment nevertheless most of 
be p~otelq &d not bend to the afhmty matrix may be 

duc (a) to the presence tZ Triton X-lfl0 v, luch rmght 
interfere wtth the quar'~ernary structure of the GST and 
thezr binding capamty, (b) to overloading of the columm, 
or (c) to interference due to the other components 
I~resent m CMV The band pattern of the proteins at 
25 29 kDa not hound by the afhmty mamx was en- 
tirely stmllar to that of the HexSG-elutcd bands (Fig 
3) 

Regarding the nature of the association of (3S-'T with 
the vesicles both mclu~on and sheklng to the mem- 
branes may eonmbute In erythrocytes, a Ca2+-depen- 
dent binding of GST to the plasma membrane has been 
reported [36] It ~s of interest to speculate on the fact 
that GST rmght be membrane-associated phystofogt- 
tally, providing a hrst line of defense against meormng 
electropi'ules and products of membrane hpld peroxada- 
non, e g,, 4-hydro×ynonenal [37] GST associated to 
membranes also may brad amphtphdie and hydro- 
phobic substrate.s at the tuner plasma membrane surface 
prior to transcellular transport 

The Mgh afhmty photo]abehng of GST found with 
[35S]APASG makes th s  substance a can&date for the 
screening of the acttve or bmdmg center of GST With 
sulfohromophthalem, a bindmg-sRe pepttde from GST 
has been de~nbed recently [3g] 

The presence of GST m vesicle preparanons m im- 
portant for the mterpretauon of results of transport and 
binding studies obtained with hydrophobtc, ampba- 
patluc and GSH-denv~d substances since GST may 
contribute a binding component For mstatice, the dif- 
ference m the binding propertms of chelate and eheno- 
deoxycholate observed vath canahcular and smusotdal 
membrane preparations [14] Is also found i'or GST a'-td 
bde acid binders described m Ref 39 For taurocholate 
transport studies at low concentrataons (between 1 and 
l0 aM [5,8,13]) as compared to reported &ssoctatmn 
constants of 100 /~M [39l, the contribution of GST- 
bound tanrocholate to the v~c le  assoctatexl taurocho- 
late during transport may b¢ ncghglble Indeed we 
observed that decreasing of the vesmle-a.,~octat~l GST 
by washing of CMV had no effect on the tanrocholate 
export rate out of vestries preloadcd with l0 pM 
taurocholate (not shown). On the other hand, transport 
stu&es with the CDNB conjugate of GSH, GSH or 
G,S,S(~ vath K d valu¢,s m tl~ ma0roalolar range for GS"T 
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3-3 [40] or  with other  amplupat lue  compounds  rmght  be  
comphca ted  by  b m d m g  to G S T  F o r  such studtes ~t 
zccms m a n d a t o r y  to  determine G S T  aetr, nty m m e m -  
b rane  vesicles p repara t tons  winch has not  been  d o n e  
previously, see Refs 1 - 6  

OIhcr proteJrl$ 
A prormnent  b a n d  v~th low speethe act ivi ty a f te r  

t r r a&auon  appea red  a t  37 k D a  The  na tu re  of  the  
protein(s) is not  k n o w n  F r o m  lhe f inding tha t  i t  ts 
ca~ay gcmoved f rom die l t ,embrane (Fig  1) tt c an  b e  
conc~ddexl tha~ it d o ~  uot represent  a n  integral  mem-  
brane  prote in  

The  labeling of  a non-chssooablc  105 k D a  C M V  
prote in  by  [3~S]APASG ~s of  interest since a pro te in  of  
s~rrular molecular  mass  has  been descr ibed as a canake -  
u la r  lauroehola te  t ranspor t  pro te in  [16,17] Fur the r -  
more, l n tubmon  of t anrochola te  t r anspor t  b y  G S H  
conjugates  has been described [13] Thus  the g lu ta t luone  
conjugate  pho to labehng  found  tn ou r  stu&eS cou ld  rep-  
resent b ind ing  to the m e m b r a n e  pro te in  revolved m 
1aurocholate t ranspor t  Proteins o f  a b o u t  100 k D a  have  
also been descr ibed as dxpept tdylpept ldase IV (EC 
3 4 1 4 5 )  [41] and  as a cell-cell adlaesmn pro te in  [42] 
wbach rmght  b r ad  to col lagen One  o r  more  prote ins  
a u g h t  be  mvotved here The sttbstrates for  these p ro -  
terns and  also A P A S G  conta in  hyd r0ph0b te  mmettes  
a n d  pepttde b o n d s  Thus ,  A P A S G  has  the potenUal to  
b rad  to these pro te ins  

Difference labehag 
H e x S G  m a large excess compared  to  the eoneent ra-  

a n n  m b a b m n g  G S T  ac t twty  m Ref  43 suppressed  b r a d -  
tug of  the p h o t o l a b d  to  the G S T  a lmost  c o m p l e t d y  
(Fig 4, Tab le  l II)  Label ing  of  the 105 k D a  p ro te in  was  
no t  suppressed stgnffseanfly as compared  wt th  the  con-  
trol  Tauroehota te  showed only  mode ra t e  m ] u b t u o n  m 
the G S T  range a n d  & d  not  diminish label ing a t  the  105 
k D a  pro tmn A lack  of  suppress ion o f  labe l ing  of  fire 
105 k D a  prolean b y  H e x S G  or  t au rocho la te  m a y  be. 
explained by  a compensa lo ry  effect due  to  the  bagher 
avadab ,h ty  of  l a b d  no1 b o u n d  b y  the  G S T  PMSF,  a n  
mhtb i to r  o f  d tpepudy tpepudase  IV [44], showed n o  
effect As shown m Results ,  the effect o f  G S S G  m a y  b e  
due to  a n  mterac t ton  be tween G S S G  a n d  the p h o t o -  
l abehng  reagent  

Taken together,  the d a t a  show specific effects o f  
H e x S G  and  tauroeholate  o n  the b m t h n g  of  the  photo-  
label [3~S]APASG to G S T  The  label p roved  to be  a 
sensmve p robe  for  these enzymes a n d  also o ther  b rad -  
nag proteins  as demons t r a t ed  b y  the  label ing of  protean 
b a n d s  (Fig  2) n o t  visible on  the  Coomass ie  s ta in  
Speelhe label ing of the 105 k D a  prote in  canno t  be  
deduced  f rom our  data ,  The role of thts p ro te in  ( and  
also of  a fur ther  labeled b a n d  a t  a b o u l  120 kDa)  a n d  
cone lasmns  concern ing  a poss:ble role as a g lu ta t l aone  

c o ~ u g a t e  t r anspur t -mvolved  prote in  r eqmre  fur ther  ¢x- 
p e n m e n l s  
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