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Determination of the apparent functional molecular mass
of ti hepatocellular sodium-dependent taurocholate transporter
by radiation inactivation
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The apparent target size of the sodium-dependent taurocholate transporter in basolateral rat lwer plasma membrane

vesicles, showi hoott: holate uptake in the presence of sodmm was estil by

Radiation at —105 to —120°C and 2.5 Mrad /min causes a dose-d 1 reduction of the
overshoot of caurocholale uptake in the of sodium. In taurochol. port in the absence of sodium
and ion at 4°C il

permeability of the membrane towards

totally unaﬂ'ected by lhe radla(mn dose, mdmmng that the passive

electrons provides information about the size of the fi

by high-energy
unit of the

porter in situ. The target size determined

represents the size of the radiation-sensitive mass whlch is compacl enough for s:gmﬁcam energy transfer to occur

wnhm all parts of the mnsport system, The mis

mass was d

enzymes were tested under identical L‘ondmons.

The hepatocellular uptake of bile acids is driven by a
sodium gradient and the transmembranal potential [1,2].
In the presence of sodnum> uptake of taurocholale ex-
hibits t In
sodium by hthxum, choline or potassium resulls in no
overshoot. Apart from Kinetic studies, photoaffinity
labeling was used to characterize the taurocholate trans-
port system in isolated hepatocytes and in basolateral
plasma membranes [3,4]. Membrane proteins with
molecular masses of 67, 54, 50, 43 and 37 kDa were
identified as possible p of the porter.
Up to row, no other attempts have been made to
determine the apparent molecular weight of the trans-
porter. Therefore, radiation macnvallun and larget-snzc
analysis were used for d deter i of the

d to be 170 kDa for the

To prove the validity of radiation inactivation data four internal standard

Na*/K*-ATPase was 22-26 fold, that of the micro-
sumal membrane marker plucose-6-phosphatase 2-2.2-
fold. The morphology of the vesicles was determined by
electron microscopy, which was kindly performed by
Dr. Wahn, Institute of Virology, University of Giessen,

Uptake of tauracholate into basolateral plasma mem-
brane vesicles was measured by a rapid membrane-
filtration technique [5]. A mixture of taurocholate and
[*Hhtaurocholate was used at a final concentration of 1
pmol/l each. Uptake studies were performed at 37°C
in the presence and absence of sodium (106 mM NaCl
was replaced by 100 mM KCI). Uptake was stopped
after various times by adding 1 ml of ice-cold stop
solution (100 mM NaCl or KCl, 100 mM sucrose, 10
mM Hepes-KOH (pH 7.5}). Sodium-dependent uptake

mass of the sodium-dep hol p
in intact membranes.

Rat liver basol; 1 plasma were pre-
pared according to the method of Blitzer and Donovan
{5] with some modifications [6]. The enrichment of the
specific activity of the basolateral marker enzyme

ter
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was lated by subtraction of the values for the
uptake in potassium medium from those in sodium
buifer.

For irradiation, 10 MeV electrons from a linear
accelerator were used. Vessels with plasma membrane
suspensions were stored before and after irradiation
under liquid nitrogen at —196° C. Samples were placed
in the irradiation chamber in front of the linear acceler-
ator. Chamber and samples were cooled with a stream
of liquid nitrogen flowing through the chamber. The
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temperature remained coustant between —105 and
—120°C during the procedure and was measured with
an electrode placed within the chamber. The dosimeter
and radiation dose-sensitive films (Far West Technol-
ogy Inc. CA, U.S.A.), were placed on each side of the
samples in the radiation chamber during irradiati

Radiation inactivation of four internal standard
enzymes was performed to evaluate tire validity of the
radiation-inactivation method for the determination of
the molecular weight of the taurocholate transporter.
All enzyme activities were determined by recording
spectrophotometric methods. The endogenous enzymes
Na*/K*-ATPase and alkaline phosphatase were mea-
sured according to Scharschmidt et al. [7] and Keefe et
al. [8] (at 37°C and 405 nm using p-nitropheny} phos-
phate as substrate), respectively. Alcohol dehydro-
genase, added externally, was determined as described
by Oppenheimer et al. [9] at 366 nm and a final con-
centration of 0.4 mp/ml; B-galactosidase according to
Craven et al. [10] at 25°C, 405 nm and 2-nitrophenyl-8-
D-galactosidase as substrate.

Two approaches were used to calculate the molecul
weight of the taurocholate transporter,

Approach one: The empirical equation of Kepner
and Macey [11] was employed

Molecolar weight = 6.4-10"/ Dy, (rad)

D,, is the radiation dosage in rad that is necessary to
obtain 37% residual biological activity. This value was
calculated from a plot of the logarithm of the residual
taurocholate transport activity versus the radiation dose,
Because the experiments were performed at —105 to

—120°C, the empirical temperature correction factors
of Kempner and Haigler {12] (f = 10083 ~00028xC here
C= =105 10 —120°C) were used to correct inactiva-
tion data to 25°C at which temperature the dosimetry
with radiochrome dye films was done. The temperature
cotrection factor for —105°C used was f=24; for
~120°C f=2.651. The formula used for molecular
weight determination therefore was:

Molecular weight = 6.4:10""- £/ Dy, (rad)

Dy; values were determined for each of nine different
radiation runs. The data of the inactivation experiments
were analyzed by linc .z reg analysis (least-sq
method). Plots of the logarithm of surviving activity
versus radiation dose were linear over two orders of
magnitude. Biological activity of the taurocholate trans-
porter was expressed as the ratio of the sodium-depen-
dent taurocholate uptake at 5-10 s to the uptake at
equilibrium (3 min).

Approach two: Four internal standard enzywmes
namely Na*/K*-ATPase, alkaline phosphatase (both

d B-gal idase and alcohol de-
hydrogenase were irradiated. Nine different radiation
tuns were performed. The logarithm of the experimen-
tally observed Dy, values for these four enzymes was
then plotted versus the logarithm of the known molecu-
lar weights of each enzyme to produce a calibration
curve [11} that applies specifically to the conditions of
these experiments, The D,, value observed for the
taurocholate transport system is then converted to a
molecular weight by use of this calibration curve.

In order to evaluate damage to the morphological

Fig. 1. Plasma membrane vesicles were fixed overnight in 0.1% sodium cacadylate buffer (pH 7.5) containing 2% glutaraldehyde and 2%
paraformaldehyde. The solution was drawn off and the pellet was washed to remove glutar- and paraformaldehyde. Then the pellet was postfixed
with a solution of 1% osmium tetroxide in ethanol. (A} Unirradiated vesicles, (B) irradiated (17 Mrad) vesicles,
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was virtually unaltered (Fig. 2). Equilibrium uptake
ined within deviation, indicati

no increase in leakiness of the vesicle membrane. Fur-
thermore, uptake at 4° C remained totally unaffected by
the radiation dosage. indicating that the passive per-
meability of the membrane towards taurocholate was
unaffected (data not shown). Dj; values for the

di depend chol 1 activity were
determined from inactivation plots as shown in Fig. 3.
The result of a typical inactivation experiment is shown.
The minimal functional molecular size of the tauro-
cholate transporter calculated according to approach
one (Kepner and Macey [11}) with a temperature cor-
rection factor (Kempner and Haigler [12]) was 173 £ 13
kDa using the Dy, value of 9.5 + 0.7. It is the first time
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Fig. 2. Uptake of taurocholate in the presence (@, ©) and absence (¥,
v) of sodium by untreated controls (®, ¥) and irradiated (o, )
plasina membrane vesicles. Plasma membrane vesicles, untreated (8,
) or irradiated (O, ¥) (50-80 ug protein in 10 mM Hepes-KOH, 300
mM sucros: (pH 7.4)) were preincubated for 2 min at 37°C before
addition of 100 mM NaCl (@. O) ar KCl (v. 9). 100 mM sucrose. 10
mM Hepes-KOH (pH 7.5) containing, 1 smol/| | *Hltaurocholate or 1
pmol/1 unlabeled taurocholate. Uptake was stopped after the times
indicated by adding of 1 ml stop solution (100 mM NaCl or KCt, 160
mM sucrose, 10 mM Hepes-KOH (pH 7.5)). Vesicles were separated
from buffer solution by vacuum filtration through 0.22 pm (Milli-
pore) filters. Another 5 ml of stop solution were used to wash the
filters. [*H{Tanrocholate uptake was measured by scintillation couat-
ing in Rotiszint 2220 (Roth AG. Karlsruhe, F.R.G.). Each point
represents the mean of four determinations.

structure of vesicles by irradiation, vesicles were pre-
pared for electron microscopy before and aftcr irradia-
tion. Electron microscopy of controls (Fig. 1A} and of
irradiated (Fig. 1B) plasma membrane vesicles did not
demonstrate any differences in membrane integrity. No
increased membrane damage after irradiation with 17
Mrad was seen. We therefore assume no effects of
radiation on the uptake of taurocholate into plasma
membrane vesicles as a result of increasing leakiness of
vesicles. This was further demonstrated by showing
overshooting holate uptake in irradiated mem-
brane vesicles in the presence of sodium.

Comparison of the overshoot of taurocholate uptake
between unirradiated and irradiated plasma membrane
vesicles suggests that the relative impermeability of the
vesicles is constant after irradiation (Fig. 2). Qvershoot
at 5-10 s of taurocholate uptake into plasma membrane
vesicles in the presence of sodium occurs within a range
of 1.4-15 of that at equilibrium. Equilibrium was
reached in 2-3 min. As a function of radiation dosage,
the height of the overshoot relative to the uptake at
equilibrium decreased exponentially. In contrast, uptake
in the absence of sodium (replacement by potassium)

that radi -induced inactivaticn of the overshoot
during initial uptake into vesicles has been used for
calculation of the size of a carrier.

The reliability of the present investigation was tested
by determination of the Dy, values of four internal
standard enzymes. two endogenous liver plasma mem-
brane enzymes and two externally added proteins. The
results of a typical experiment is shown in Fig. 4. Using
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Fig. 3. Radiation i of the ‘ as a
function of radiation dosage. The residual sodium-dependent tauro-
cholate transpart activity (for details see Methods) was determined
from uptake studies as shown in Fig. 2. The logarithm of the percen-
tual surviving activity was plotted versus radiation dosage in Mrad.
The straight line the [east-sqy line of the inactivati

data of one typical inactivati i Each point the
mean of four determinations. Wine such radiation runs were per

formed to calculate the molecular weight of the transporter.
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approach one and the Dy, values shown for estimation
of the molecular weights of the enzymes similar values
to those determined and published by other authors
could be calculated for the internal standard enzymes
[13-15]): alcohol dehydrogenase 82 kDa; alkaline phos-
phatase 73 kDa; B-galactosidase 478 kDa; Na*/K*-
ATPase 194 kDa. This demonstrates that the above
method yields reliable results for determining the
molecular weight of a molecule such as the sodium-de-
pendent taurocholate transporter.

In addition, in a second approacn, the logarithm of
the mean of the Dj; values from nine different radia-
tion runs and the logarithm of the molecular weights of
the enzymes published in the literature were used to
produce a calibration curve (Fig. 5) from which a
molecular mass of 170 kDa was extrapolatcd for the
taurocholate transporter.

In conclusion, the functional molecular mass of the
overshooting sodium-taurocholate transporter of 170
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Fig. 5. Calibration curve for the determination of the molecular
weigll of the taurocholate transporter, The means of the Dy, values
for four internal standard enzymes were determined from nine differ-
ent radiation runs. The logarithm of the known molecular weights of
those enzymes was plotted versus the logarithm of the Dy, values (as
was done in Ref. 11) (D;; for Na*/K*-ATPase 8.56+1.07; for
22.2+3.15; for B- if 3.42+0.24; for
alcohol dehydrogenase 19.53+2.31). A linear function was observed
which could he used to calculate the molecular weight of the tauro-
cholate transporter. The molecular mass used for S-galactosidese was
464 kDa as described by Lo et al. in 1982 [13]; for Na*/K *-ATPasae
200 kDa as described by Kepner and Macey in 1968 [11]; for alcohol

dehydrogenase 78 kDa as described by Nielsen and Braestrup in 1988

(24); for alkaline phosphatase 72 kDa as described by Pollet et al. in

1582 [15]. The molecular weight of the taurocholate transporter is seen
to be 170 kDa ( D3y 9.5 Mrad).

kDa suggests that the carrier is composed of several
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Fig. 4. Radiation inactivation of four internal standard en2ymes as a
function of radiation dosage. The result of a typical experiment is
shown. The logarithm of percentual surviving enzyme activity was
fitted to a straight line by linear regression anatysis, Dy, values were
obtained from the plot to caleulate the molecular weights of the
enzymes by approach one (for details sex Methods), r = regression
cocfficient. lIrradiation of Na*/K’-ATPasc was performed at
= 115°C(f = 2.57), that of the other enzymes at —105°C (/ = 2.4).

Bile acids seem not to be lranleCa!ed by a

of the t lecul:
mass 50 and 54 kDa) which could be identified by
various ditferent (photo)affinity labels derived from bile
acids. Our experiments suggest that combinations of the
above proteins or combinations with unknown subunits
form the functionally active transport system.

We thank Prof, M. Frimmer for valuable discussion,
Dr. B. Boschek for critically readmg the manuscnpt and
P. Kronich for skillful tech Irrad:
was kindly performed at the Strahlenzemtrum of the
University of Giessen. This work was supported by the
D he Forsch inschaft SFB 169,

References

1 Anwer, M.S., Kroker, R, and Hegner, D. (1976) Biochem. Bio-
phys. Res. Commun. 73, 63-71.

2 Petzinger, E, and Frimmer, M. {1984) Biochim. Biophys. Acta 778,
539-548,

3 Ziegler, K., Frimmer, M., Moller, W, and Fasold, H. (1982)
N s Arch. Pl 319, 245-261.




4 Ziegler, K., Frimmer, M., Moller, W. and Fasold, H. (1982)
Nauny jedeberg's Arch. Ph . 319, 249-253,

Blitzer, BL. and Donovan, C.B. (1984) I Biof. Chem. 259.

9259-9301.

Tafler, M., Ziegler, K. and Frimmer. M. (1988) Naunyn-Schmiede-

berg's Arch. Pharmacol. 337, 231-237.

Scharschmidt, B.F., Keefe, E.B., Blank=.ismp, N.M. and Ockner,

RXK. (1979) J. Lab. Clin. Med. 93. 790-799.

Keele, E.B., Scharschmidt, B.F., Blankenship, N.M. and Ockner.

RK. (1979} J. Clin. Tntvest. 64, 1590-1598.

Oppenheimer, H.L.. Green, R.W. and McKay. R.H. (1967} Arch.

Biochem, Biophys, 119, §52-559.

vs

o

-

o

-

10

1

IS

nz

Craven, G.R.. Swers, F. and Anfinsen, C.B, {1965) J. Biol. Chem,
240, 2468-2477.

Kepner, G.R. and Macey. R 1. (1968) Biochim. Biophys. Acta 163,
188-203.

Kempner, ES. and Haigler, HT. {1982) ). Biol. Chem. 257,
9295-9301.

Lo. M.M.S.. Barnard, E A and Dolly, 1.O. (1982) Biochemistry 21,
2210-2217

Nielsen. M. and Braestrup. C. (1988) J. Biol. Chem. 263,
11900-11906.

Pollet, R.
(1982 1

Kempner, ES. Stndsert. ML, and Haazse, BA.
Chem. 257, 894-989.



