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ideb late bis in rzt liver plasma
of the fon i of tbe lnindila of shis plietereac-

membranes (biPm) was L

by
tive taurocholate analog to biPm. Radiation causes a d

of binding
ABATC to the srotein subunits with molecular masses of 43-50 and 52-54 kDa in SDS-PAGE. The minimal

of

functional molecular mass of the 48-50 and 52-54 kDa ABATC binding proteins was determined to be 99 + 3.2 and

cholate

93.2 + 7 kDa, respectively.
Introduction tein, whlch is also labeled by chemical rescuve [6-9]
and [10,11,4) hol
R ly the ional mol mass (fmM) of analogs is probably resposnsible for the uplalw of un-
the Na*-d d hol: was de- d bile acids suck as cliolate or represenis the
terriined by radiati of the dium-inds dent bile acid

function in sinusoidai zat liver plasma | membtanc vesl-
cles (bIPmv) {i]. Using the h

[12,13]. Since
ABATC bmds to both proteins, we determined the

uptake into bIPmv as criterium of transport activity, a
fmM of 170 kDa was calculated [1,2). In the study
presented in this paper, the fmM of the binding pro-
teins of a photoreactive taurocholate analog, '*C-
azidobenzamidotaurocholic acid (ABATC), was deter-
mined by amalyzing thc decrease of its binding to
blPmv after ir ion of the b with high
energy electrons. ABATC specifically binds to proteins
with molecular masses of 48-50, 52-54, 60, 54, 37 and
67 kDa [3,4]. The binding to those proteins can be
prevented by preincubation with an excess cf conju-
gated as well as unwn;uzaled bile acuk I’hotolabelms
with ABATC is sodi the
transport of ABATC in the dark is sodium-d d

masses for both. The proteins
with molecular masses of 43 and 67 kDa are identical
with actin {14] and albumin [10]. It is suggested that
they are not carrier proteins for bile acids and we
therefore did not investigate them. The same is true
for the 60 and 37 kDa proteins.

Materinls and Methods
Materials
“C-Azidobenzamidotaurocholic acid was a gift of

Prof. Dr. H. Fasold, Frankfurt, FRG. All other chemi-
cals were purchased in best quality from the usual

[4]). According to expression cloning studies in Xenopus
leavis oocytes [5) insertion of a 48-50 kDa protein in
the oocyte membrane is sufficient to catalyze sodium-
dependent taurocholate uptake. The 52-54 kDa pro-
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I scurces.

Meshods

of basol I plasma b vesicles from
rat liver

BIPmv from rat liver were prepared according to the
method of Blitzer and Donovan (15) with some modifi-
cations [1). Plasma membranes were suspended in 10

mM Hepes-KOH (pH 7.5), 300 mM sucrose at a final
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oncentration of 3.2 mg/ml. No decrease in enzyme
nd transport activities could be found during storage
f plasma membraites in liquid nitrogen (- 196° C) for
months.

Na*/K*-ATPasc in isolated bIPmv, determined ac-
ording to the method of Scharschmidt et al. [16] was
nriched 22-26-fold, whereas 5-nucleotidase [16] and
1g2*-ATPase {17], marker cnzymes for rat liver

licular plasma were d only
2-fold. The marker cnzymec for mi

to one high energy ultraviolet light flash (capacity 8000
#F (630 V, 952 Ws)) [3]. After photolysis, plasma
membrane were washed twice with 30 mM Tris, 1 mM
indoacetic acid, | mM benzamidohydrochloride, i mM
PMSF, 5 mM EDTA, 0.01 mM PCMB (pH 74) to
remove unbound label.

Photoaffinity-labeled plasma membranes were sepa-
rated by SDS gel cl ph is under ing condi-
uons Prolem bands were stained with Coomassxe blue.

R p were lized by fluorograph

i mem-
ranes, glucose-6-phosph (18] was enl d 2-
old.

ladiation procedure

BIPmv stored in polypropylenc vessels were kept
nder liquid nitrogen (- 196°C) prior to irradiation.
rradiation was performed at the Strahlenzentrum in
jiessen as described carlier [1}.

Before irradiation of the samples, the dose distribu-
ion along the sampie holder was ined after

Qi itation of radi y was performed by sl!cmg
SDS-pnlyacrylamude rod gels, and counting the ra-
in Li 1 ive /water (10:1:0.2,

v/V).
Results
As shown in Fig. 1, mcredsmg the radmllon dose

leads to an i of protein d d
ins in higher lecular weight ranges arc de-

hort time irradiation by ferrous sulfate dosimetry.
Juring irradiation dosimetry was performed with radi-
tion dosc scasitive filmes (Far West Technology Inc.,
A, USA), that were placed on the right and the left
wosition of each sampic in the sample holder.

“alculation of the functional molecular masses

The fmM (molecular mass in daltons) can be alcu-
ated by the empirical equation of Kepner and Macey
19] with a temperature corrected factor according to
{empner and Haigler [20]. Surviving activity of onc
rradiation experiment was plotted as a logarithmic
unction of the radmlmn dose. Data were analyzed
vith a linear (least
nethod). Dy;-values were dctcrmmcd from fcnr radia-
ion runs. Alternatively, the interral standard enzyme
nethod was used as published previously [11. The loga-
ithm of the experimentally determined D,;-values
verc plotted against the logarithm of known molecular
nasses of four standard enzymes (Na*/K*-ATPase,
200 kDa [19}; aikalinc phosphatase, 72 kDa [21]; 8-
salactosidase, 464 kDa [22]; alcohol dehydrogenase, 78
<Da {23)). Target molecular weight for any Dj,-value
:ould be determined by this catibration plot with maxi-
mum: deviations of 3.8% from the results, obtained by
the equation o1 Kepner and Macey.

Photoaffinity labeling

After irradiation, bIPmv (500 pg/mi) resuspended
in phosphate-buffered saline (137 mM NaCl, 2.7 mM
KCl, 0.5 mM MgCl,-6 H,0, 45 mM NaH,PO,-2
H,0, 1.5 mM KH,PO,, pH 7.4) were preincubated for
3 min at 37°C. In the dark, 2.7 uCi of [“CJABATC
was added to irradiated and non-irradiated plasma
membrancs and incubated for 3 min. The suspension
was then taken up into quartz glas tubes and exposed

grddcd at low radiation dose in accordance with target
theory. Degradation products are seen in the lower
molecular weight ranges.

94 kDa

67 kDa

Wy 43kDa

A B C D E

Fig. 1. SDS-PAGE of Coomassie blue-stained rat liver plasma mem-
brane proteins before and after irradiation. Plasma membrane pro-
teins of unirradiated (A) and irradiated (B, 10.5 Mrad; C, 15.3 Mrad;
D. 22 Mrad) rat liver plasma membrancs were separated on a 10%
SDS-PAGE. Protein bands were stained with Coomassie blue.
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Fig. 2. Distribution of {"*CJABATC-labeled proteins in unirradiated
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Discussion

The molecular structure of the sodium-dependent
taurocholate transport system is not preciscly known.
The same is truc for the transport svstem for unconju-
gated bile acids such as cholate, whicu is sodium inde-
pendent to an extent of about 50% [3]. In (photo)affin-
ity labeling studies [4.6-11] proteins with molecular
masses of 48-50 and 52-54 kDa were always labeled
with taurocholate analogs but also with cholate deriva-
tives. Since expression-cloning studies {5} made it evi-
dent that the 48-50 kDa protein is sufficient to cat-
alyze the sodium-dependent uptake of taurocholate.
the labeled 52-54 kDa protein does not appear to be a

proteins were d in SDS-pol, 3

ity of the labeled proieins was determined by cutting the gel into

discs of 2 mm and counting the radioactivity in a Packard liuid
scintillation system (Tri Carb 2660).

and irradiated rat liver plasma he plasma
1eels. Radi
gels

In Fig. 2, the decrease of the [“C]ABATC

t protein for taurocholate. On the other hand,
as was shown in radiation inactivation studies, the fmM
for the taurochelate transport protein is 170 kDa.
These data suggest that sodlum dependent |auro—
cholate t is di the

four protein subunits of molecular mass 48 kDa (me
of the transport protein, 170 kDa [1]). In contrast, the
cooperation of only two protein subunits is needed for

of plasma b din doses of
radiation is shown. Plotting the logarithm of the resid-
ual label bound to the proteins in the molecular mass
range of 48-50 and 52-54 kDa versus the radiation
dose, a monoexponential graph could be constructed
for both proteins (fig. 3). For the 48-50 kDa protein a
fmM of 99 + 8,2 kDa and for the 52-54 kDa protein a
fmM of 93.2 + 7 kDa could be calculated using the
approach of Kepner and Macey. With the internal
standard enzyme method the fmM were calculated to
be 101,2 and 95,07 kDa.
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Fig. 3. Radiation inactivation of the ["*CJABATC-labeling activity of
2d and isradiated rat liver plasma membranes. The loga-
rithm of the percemual residual radmnmvny nf the 48-50 kDa and
52-54 kDa bands in SDS-polyacry was

the sodi dent binding of ABATC (fmM of
the binding prolcm. 99 kDa). thther the higher fmM
for the sodil pro-

tein is due to the sodium-d d
remains unknown.

The other ABATC-labeled protein with a molecular

mass of 52-54 kDa is thought to be a component of the
transport system for cholate or the sodium-indepen-
dent bile acid transporter [24]. In this case, binding of
ABATC again needs the cooperation of two protein
subunits (fmM 93.2 kDa). As will be shown in a forth-
coming paper, two protein subunits cooperate to trans-
port cholate into bIPmv (fmM of the cholate transport
protein, 100 kDa). In these cases, 50% of the transport
of cholate as well as the binding of ABATC are
sodium-indcpendent. It would scem that for the
odium-sub t ( holate) the coop-
eration of a higher number of protein subunits is
needed. Further studies, especially in reconstituted
systems, will be ired to solve this p

of the
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plotted versus the radiation dose. Shown is onc typical experiment.
All data were fitted to a straight linc by the lcast-squares method.
9, 48-50 kDa; O 0, 52-kDa.
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