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Abstract-The hydrophobic cyclohexapeptide cyclo(Phe-Thr-Lys-Trp-Phe-oPro) (008), an analog of 
somatostatin v&h retro sequence, was previously shown to competitively inhibit the uptake of cholate 
and taurocholate into isolated rat liver cells. Conversely, the competitive uptake inhibition of 008 into 
isolated rat hepatocytes by bile acids confirmed the observation of common binding and transport sites 
by bile acids and cyclosomatostatin. Furthermore the transport characteristics of 008 uptake revealed 
a significant and rapid binding to cell membranes. In this context it was of special interest to investigate 
the specificity of the binding component since specific binding of the substrate to membrane proteins 
could be responsible for the low Km of 008-transport. Therefore, the cyclohexapeptide 008 could be 
used as the ligand in affinity chromatography in order to isolate such binding proteins. The gel matrix 
used did not interact non-specifically with octylglucoside-solubilized proteins from isolated rat liver 
plasma membranes. In affinity chromatography of octylglucoside-solubilized plasma membranes, two 
dominant proteins with apparent molecular masses of 60 and 58 kDa bound specifically to the 008 
ligand. When used as ligands in affinity chromatography, these membrane-associated 60 and 58 kDa 
proteins bound exclusively to aromatic cyclopeptides, e.g. cyclosomatostatin 008, but not to linear 
peptides or taurocholate derivatives. The amino acid sequences of tryptic digests of the 008-affinity- 
purified 58 kDa protein were identical to the sequence of a microsomal ~16.1 carboxylesterase. 
Immunofluorescence of intact hepatocytes showed that this xenobiotic metabolizing enzyme is also 
located in sinusoidal rat liver plasma membranes and could therefore account for the extensive and 
specific binding of the cyclosomatostatin to sinusoidal plasma membranes of rat liver. 
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The development of drugs with peptide structure, 
e.g. analogs of somatostatin, is facilitated by 
manipulation of the peptide conformation and 
structure. For example, cyclization leads to the 
formation of compounds that are stable to proteolytic 
cleavage (cyclosomatostatins) [I]. Nevertheless, 
these compounds often have a short half-life in uivo 
due to rapid biliary elimination. Pharmacokinetic 
studies in the rat have shown that somatostatin and 
especially its cyclic arralogs are rapidly taken up by 
the liver and are subssequently excreted as intact 
peptides in the bile [2]. 

The cyclosomatostaiin analog 0088, competitively 
inhibits the uptake of both taurocholate and cholate 
into isolated rat hepatocytes, with K, values of 2 and 
3 PM, respectively [3]. On the other hand the uptake 
of 008 is competitively inhibited by taurocholate and 
cholate, with Ki values, of 13 and 7 PM, respectively 
[3]. The existence of mutual competitive inhibition 
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of bile acid and 008 transport is the main evidence 
for a common transport system of these chemically 
different compounds and for their recognition by a 
common transport protein, As a consequence, 
however, it makes the clinical usefulness of such 
drugs questionable, since they show high first-pass 
effects and cause cholestasis. Besides efficient and 
specific inhibition of bile acid transporters, the 
cyclosomatostatin 008 displayed a rapid and 
significant binding to the hepatocyte plasma 
membranes, as was previously shown [3]. 

It was of special interest to clarify whether this 
large binding component is due to the hydrophobic 
properties of 008, leading to unspecific adsorption 
to the plasma membranes in addition to its specific 
binding to the bile acid transporters, or whether the 
binding is exclusively specific, since a specific binding 
could probably account for the low K,,, of 1.5 PM 
[3]. To proceed on the assumption that transport of 
a substrate through the sinusoidal plasma membrane 
of the hepatocyte first requires the binding of the 
compound to the carrier protein or to proteins which 
are related to the transporter, the aim of the present 
study was to identify and isolate these binding 
proteins for cyclosomatostatins in isolated rat liver 
basolateral plasma membranes. To this end, the 
cyclohexapeptide 008 was used as the ligand in 
affinity chromatography. 
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Materials 
MATERIALS AND METHODS 

008 was a generous gift from Prof. Dr H. Kessler 
(Munich, Germany). The following compounds were 
also kindly provided as gifts: ABATC from Prof. 
Dr H. Fasold and Dr S. Mtillner (Frankfurt/M., 
Germany); the linear renin inhibitor EMD 55068 
from Merck (Darmstadt, Germany); and cyclo- 
decapeptide c(Phe-Ala-Lys-Pro-Phe-Phe-Ala-Lys- 
Pro-Phe) from Dr G. Zannotti (Rome, Italy). Affi- 
Gel 10 was obtained from Bio-Rad (Munich, 
Germany). Octylglucoside was acquired from Merck 
(Darmstadt, Germany). Marker proteins for SDS- 
PAGE were from Pharmacia (Heidelberg, 
Germany). Trypsin of sequencing grade was from 
Boehringer (Mannheim, Germany). The pI 6.0 
carboxylesterase antibody was a generous gift from 
Prof. Dr R. Mentlein (Kiel, Germany). The second 
antibody used for immunofluorescence (fluorescein- 
isothiocyanate-conjugated) was purchased from 
Sigma (Deisenhofen, Germany). The reagents for 
cell culture were from GIBCO-BRL (Deisenhofen, 
Germany). All other chemicals were of analytical 
grade purity or better. 

Methods 

Isolation of rat hepatocytes. Rat liver parenchymal 
cells were isolated from male Wistar rats by the 
perfusion technique of Berry and Friend [4]. Only 
preparations with less than 15% non-viable cells, as 
determined by Trypan Blue exclusion, were used 
for immunofluorescence studies. 

Immunofluorescence. Immunofluorescence was 
performed as described by Honscha et al. [S]. 
Accordingly, freshly isolated hepatocytes were grown 
on 12 mm cover slips for 2 hr and then fixed with 
3% freshly prepared paraformaldehyde in 100mM 
PBS, pH7.4, for 1 hr at 4”. The cells were washed 
three times for 10 min with PBS, pH7.4 and 
subsequently incubated with rabbit antisera to rat 
liver microsomal carboxylesterase ~16.0 [6] at a 
dilution of 1:50 overnight at 4”. After three 
additional 10min washings with PBS, pH 7.4, the 
cells were incubated with fluorescein-isothiocyanate 
conjugated goat anti-rabbit IgG at a dilution of 
1:200 for 2 hr at room temperature in the dark. 
After mounting the cover slips onto slides with a 
glycerol-based medium containing p-phenylene- 
diamine to reduce photobleaching [7], the hepa- 
tocytes were visualized with a Zeiss Universal 
microscope, equipped with appropriate fluorescence 
filters. Hepatocytes incubated with preimmune 
serum served as control. 

Preparation of blPm from rat liver. Sinusoidal 
plasma membranes were prepared from livers of 
male Wistar rats according to the method of Blitzer 
and Donovan [8], with the following modifications: 
after homogenization of the livers with a loose 
Dounce homogenizer and a motor-driven teflon 
pestle, the homogenate was diluted lo-fold (w/v) 
with 10 mM Tri-HCl (pH 7.6), containing 250 mM 
sucrose and 1 mM PMSF, and was centrifuged at 
25OOg for 15 min using a GSA-rotor in a Sorvall 
RCSC centrifuge. A continuous Percoll gradient was 
performed by centrifugation in an SS 34-rotor 

(Sorvall) at 24,000g for 35 min. The final pellet 
containing the blPm was resuspended in PBS 
(pH 7.4, containing 1 mM PMSF) with a protein 
concentration of 4 mg/mL and stored at -196” in 
liquid nitrogen. 

Analysis of enzyme activities. Purity of plasma 
membrane fractions was characterized by deter- 
mination of marker enzymes. Na+/K+-ATPase was 
determined according to the method of Scharschmidt 
et al. [9]. Glucose-6-phosphatase was determined 
according to Harper [lo] and 5’-nucleotidase 
according to Michell and Hawthorne [ll]. Release 
of an organic phosphate by the latter two enzymes 
was measured according to the method of Chen et 
al. [12], modified by Ames and Dubin [13]. The 
quality of the membrane preparation was tested by 
measuring marker enzyme enrichments. The blPm 
marker Nat/K+-ATPase was enriched 18-22-fold, 
the canalicular marker 5’-nucleotidase 3.2-3.5- 
fold and the marker for microsomes, glucose-6- 
phosphatase, was enriched 1.5-1.7-fold, indicating 
a microsomal contamination of blPm. Esterase 
activity of the 008-affinity-purified proteins was 
determined spectrophotometrically by the release ot 
4-nitrophenol from 4-nitrophenylacetate at 405 nm 
according to the method of Mentlein et al. [14]. The 
concentration of the substrate was 2OOpM. The 
inhibitors cyclohexapeptide 008, cyclodecapeptide 
c(Phe-Ala-Lys-Pro-Phe-Phe-Ala-Lys-Pro-Phe) and 
linear renin inhibitor 55068 [15] were used at a 
concentration of 100 pM in 50 mM Tris-HCl buffer, 
pH 7.4, 2% methanol. The reaction was started by 
addition of 10 pg of the OO&affinity-purified protein. 

Separation of hydrophilic membrane associated 
proteins from integral hydrophobic proteins. Plasma 
membrane vesicles were dialysed overnight at 4” 
against 10 mM EDTA at pH 8.0. Thereafter, 
membrane-associated hydrophilic proteins were 
separated from the more hydrophobic proteins by 
centrifugation at 100,000 g for 30 min at 4”. 

Solubilization of the plasma membranes. The blPm 
pretreated with EDTA pH 8.0 were solubilized for 
1 hr at 4” with 2% octylglucoside at a protein to 
detergent ratio of 1: 10. After a centrifugation step 
for 1 hr at 100,OOOg the supernatant was used for 
affinity chromatography. 

Preparation of 008 affinity columns. After washing 
the gel bed (Affi-Gel 10) several times with ethanol, 
17 pmol 008 per mL of gel, dissolved in ethanol, 
were added and coupled by gentle agitation at room 
temperature overnight. The coupling reaction of the 
cyclosomatostatin 008 to the Affi-Gel 10 matrix is 
shown in Fig. 1. Subsequently, 100 ,uL 1 M 
ethanolamine (pH 8.0) per mL gel were added and 
stirred for 1 hr at room temperature to block free 
binding sites. The gel was then washed with an 
excess of PBS (pH 7.4), containing 1 mM PMSF, 
and stored at 4”. The ethanolamine-blocked Affi- 
Gel 10 matrix without ligand was used as control. 
After packing the 0.5 x 10 cm columns with the gel 
matrices the gel was degassed prior to use. 

Affinity chromatography. All steps in affinity 
chromatography were performed at 4”. The solu- 
bilized plasma membrane proteins were applied onto 
the column and allowed to penetrate into the gelbed. 
After an incubation period of 1 hr the column was 
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Fig. 1. Coupling reaction of cyclosomatostatin 008 with Affi-Gel 10. The 008 affinity resin was 
synthesized under anhydrous conditions as described in the Materials and Methods. 

washed with PBS to elute unbound proteins followed 
by a linear O-l M KC1 gradient to elute proteins 
bound via electrostatic interactions. To increase 
further the specificity of the column, an additional 
washing step with .a linear 0-5OOpM piperonyl- 
butoxide gradient in 30% ethanol was applied to 
elute cytochrome P450 dependent enzymes. These 
enzymes are known to represent contaminating 
microsomal proteins in the blPm fraction. Since their 
photolabelling by bile acid derivatives has been 
demonstrated previously [16], they could possibly 
also display affinity to 008. Elution of proteins bound 
specifically to the cyclosomatostatin ligand via 
hydrophobic interactions was carried out with a 
linear O-l M KSCPJ gradient. Finally a linear 
O-10 mM taurocholate gradient was applied to elute 
proteins which could not be desorbed by weakening 
the hydrophobic interactions but which display a 
high affinity to bile acids. All elution steps 
were performed in the presence of a detergent 
concentration above the critical micellar con- 
centration (cmc). Elution was done at a flow rate of 
0.17 mL/min. The protein-containing fractions, as 
determined by the method of Lowry et al. [17 
were pooled and concentrated with Centricon B 

microconcentrators (exclusion limit 30 kDa) prior to 
analysis by SDS-PAGE according to the method of 
Laemmli [18]. If no protein was detectable by the 
Lowry method, the whole gradient was concentrated 
prior to SDS-PAGE. In Fig. 2 a typical protein 
elution profile of octylglucoside-solubilized blPm on 
the 008-column is shown. 

In-gel digestion of proteins with trypsin for internal 
sequence analysis after SDS-PAGE. 008-affinity- 
purified proteins of 20 chromatographic runs were 
pooled and concentrated prior to separation on a 
preparative 10% SDS-polyacrylamide gel. The gel 
was stained in 0.2’% Coomassie Brilliant Blue 

G-250/20% methanol/0.5% acetic acid for 20 min 
and destained in 30% methanol until the background 
became colorless. The stained protein bands were 
excised and washed for 2 days in aqua bidest. The 
water was changed frequently. The bands were cut 
into 1 mm pieces and lyophilised for 4 hr in a WKF- 
L2 freeze-dryer. For in-gel digestion trypsin was 
dissolved in 1 mM HCl (1 ,ug/pL). Trypsin (10% of 
protein weight) was made up to 100 PL with 0.2 M 
N-methylmorpholine-acetate/l M urea, pH 7.8, and 
added to the gel pieces. Subsequently the gel pieces 
were soaked in the same buffer until no more fluid 
was taken up and shaken gently overnight. The 
supernatant was taken off, the gel pieces washed 
with 5OO~L of buffer shaken for 5 min and 
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Fig. 2. Protein distribution of octylglucoside-solubilized 
blPm in 008 affinity chromatography. After washing the 
column with PBS, pH 7.4, the linear gradients were applied 
where indicated ( 4 ). The gradients were: KCl, O-l M; 
piperonylbutoxide (PBO), O-500 PM; KSCN, O-l M; 

taurocholate (TC), O-10 mM. 
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centrifuged for 3 hr in an Eppendorf microfuge at 
12,OOOrpm. The supernatant was again taken off, 
the gel pieces washed with 5OOpL trifluoroacetic 
acid, shaken for 5 min and centrifuged for 1 hr. The 
last washing step was repeated with 20% acetonitrile. 

Separation of tryptic peptides and amino acid 
sequencing. The combined supernatants from the in- 
gel digestion procedure were injected on an 
Aquapore@, C8 reversed phase HPLC column 
(250 mm x 1 mm). The tryptic peptides were eluted 
from the column using a linear gradient formed 
from buffer A (5% acetonitrile in water, 0.1% 
trifluoroacetic acid) and buffer B (90% acetonitrile 
in water, 0.1% trifluoroacetic acid). The gradient 
was performed from O-55% buffer B in 76 min, at 
a flow rate of 50 pL/min. The peptides were collected 
and submitted to automatic sequence analysis using 
a pulsed liquid protein sequencer (477A, Applied 
Biosystems). 

RESULTS 

Affinity chromatography of EDTA-extracted octyl- 
glucoside solubilized blPm proteins on 008 affinity 
columns 

As the first step in purification of integral plasma 
membrane proteins, the blPm were dialysed against 
10 mM EDTA, pH 8.0 to remove proteins loosely 
bound to membrane bilayer via Ca2+ ions. The 
resulting more hydrophobic integral proteins were 
solubilized with the detergent octylglucoside. 
Octylglucoside-solubilized proteins did not bind to 
the gel matrix Affi Gel 10 without ligand. Solubilized 
plasma membrane proteins of 58 and 60 kDa, 
however, bound to the 008 affinity matrix and were 
specifically eluted by KSCN. Proteins of 56, 43 and 
37 kDa were found in the fraction of taurocholate, 
a competitive inhibitor of 008 uptake into isolated 
rat hepatocytes (Fig. 3A). The massively silver- 
stained 67 kDa protein of the piperonylbutoxide 
(Fig. 3A, lane d) and KSCN fraction (Fig. 3A, lane 
e) is likely to be albumin since this protein was 
identified by chemically reactive and photolabile bile 
acid analogs [19,20]. A 43 kDa protein (taurocholate 
fraction: Fig. 3A, lane f) was identified as actin [Zl]. 
The role of albumin in bile acid uptake is controversial 
[22,23], the manner by which this hydrophilic protein 
adsorbs to the hydrophobic parts of the membrane 
during EDTA extraction remains unclear. The 
43 kDa protein actin does not seem to be directly 
involved in bile acid transport [24,25]. 

It must be noted that the number of the 
cyclosomatostatin binding proteins could not be 
calculated from silver-stained PAGE, since the 
intensity of the sensitive silver stain is more 
dependent on the kind of protein than on its quantity. 
Therefore, the proteins specifically eluted from the 
008 column were separated by SDS-PAGE, stained 
with Coomassie Brilliant Blue G-250 and quantified 
by elution of the dye from the stained protein bands 
[26]. It became evident that only the two binding 
proteins eluted by KSCN with apparent molecular 
masses of 58 and d0 kDa were present in an amount 
allowing reliable N-terminal sequencing, whereas 
the other silver-stained proteins with affinity to 008 
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Fig. 3. 008 affinity chromatography of EDTA-extracted 
octylglucoside-solubilized blPmproteins. (A) Silver-stained 
10% SDS gel. a, marker proteins; b, flow through fraction; 
c, proteins eluted with a KC1 gradient; d, proteins eluted 
by piperonylbutoxide; e, proteins bound to the affinity 
column and eluted by KSCN; f, proteins eluted from the 
OO&affinity-ligand by the competitive inhibitor of 008 
uptake, taurocholate. (B) Coomassie-stained 10% SDS 
gel. a, marker proteins; b, proteins eluted by KSCN; c, 

proteins desorbed by taurocholate. 

were almost undetectable bv Coomassie Brilliant 
Blue G-250 staining (Fig. 3Bj. 

Specificity of the interaction between the 58 and 
60 kDa proteins and cyclosomatostatin 008 

Affinity chromatography with substrates of a bile 
acid transport system as ligands. The supposition 
that the interaction of the 60 and 58 kDa proteins 
with the 008 affinity matrix is rather specific than 
attributable to non-specific hydrophobic interactions 
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51 BSLRFAPPQP AEPWNFVKNT TSYPPMCSQD AVGGQVLSEL 

101 FTNRKENIPL QFSEDCLYLN VYTPADLTKN SRLPVMVWIH GGGLWGGAS 

151 TYDGQVLSAH ENWWT IQY RLGIWGFFST GDEHSRGNWG HLDQVAALHW 
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Fig. 4. Amino acid sequence of the microsomal ~16.1 carboxylesterase. The determined sequences of 
five peptides from the tryptic digest of the OOd-affinity-purified 58 kDa protein are in bold print and 
underlined. Comparison of the obtained sequences with known amino acid sequences of proteins was 

done by Swiss Prot Data bank. 
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is supported by the fact that these proteins neither 
bind to ABATC nor the linear renin inhibitor EMD 
55068, nor the immunosuppressant cyclosporine A 
(data not shown), all of which are hydrophobic in 
nature. ABATC is a precursor of azido- 
benzamidotaurocholate, which was shown to com- 
petitively inhibit the uptake of taurocholate into 
isolated rat hepatocytes as well as the uptake of 
cholate [27]. EMD 5ti068 and cyclosporine A inhibit 
taurocholate uptake into isolated rat liver cells 
competitively, but they inhibit cholate uptake non- 
competitively [28,29]. 

Identification of the 58 kDa binding protein as a 
carboxylesterase 

In order to identify the two dominant 008 binding 
proteins, pooled K!XN fractions from the 008 
affinity chromatography of octylglucoside-solubilized 
blPm were separated on a preparative 10% SDS gel, 
the Coomassie G-250 stained 58 kDa bands were 
excised and the proteins digested with trypsin as 
described in the Materials and Methods. Five of the 
resulting peptides were sequenced. The amino acid 
sequences thus obtained (Fig. 4) were identical to 
that of a microsomal pZ 6.1 carboxylesterase (E.C. 
3.1 .l.l). Evidence that the 60 kDa protein is most 
likely similar to the 58 kDa carboxylesterase comes 

from their very similar behavior in various purification 
steps. This includes the coincident elution in 
Concanavalin A-affinity-, hydroxylapatite- or anion- 
exchange-chromatography (data not shown). In 
addition, both structural microheterogeneity con- 
cerning different glycosylations [30] as well as 
generation of a second polypeptide from the native 
enzyme during the purification procedure have been 
described [31]. Therefore, sequencing of the 60 kDa 
008 binding protein was not performed, since this 
protein also appears to be a carboxylesterase. 

Specificity of the OO&arboxylesterase interaction 

The specificity of the binding of the 60 and 58 kDa 
proteins to 008 was demonstrated by the fact that 
these two proteins bound to cyclosomatostatin but 
not to ABATC, EMD 55068 or cyclosporine A. It 
could be demonstrated further by inhibition of the 
affinity-purified esterase activity by the aromatic 
cyclohexapeptide 008 (63.4 * 7.0% esterase activity 
compared to control without inhibitor). A cyclo- 
decapeptide c(Phe-Ala-Lys-Pro-Phe-Phe-Ala-Lys- 
Pro-Phe) that gave identical results to 008 in affinity 
chromatography also inhibited the esterase activity 
of the affinity-purified enzyme (74.3 * 10.2% of 
control). In contrast, the linear peptide EMD 55068 
did not inhibit esterase activity (101.2 * 4.8% of 
control). 
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A) Carboxylesterase-antibody 

B) Preimmune-serum 

Fig. 5. Immunofluoresccnce of isolated rat hepatocytes. Freshly isolated liver cells were fixed and 
incubated with anti-p1 6.0 carboxylesterase antibody (A) at a dilution of 1: 50 as described in Materials 
and Methods. Preimmune serum was used as control (B). The second antibody, fluorescein- 
isothiocyanate conjugated goat anti-rabbit IgG, was used at a dilution of 1:200. The fluorescent 

hepatocytes were visualized with a Zeiss Universal microscope, equipped with a fluorescence filter. 
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Localization of the cNarboxylesterase 

The rat liver ~16.1 carboxylesterase has been 
described to be located in the endoplasmic reticulum, 
bound to the inner side of the membrane [32]. 
In order to test whether the affinity-purified 
carboxylesterase could be responsible for a large 
and specific plasma Imembrane binding component 
of rat liver cells with regard to OOS-binding, or 
whether the enzyme originates from microsomal 
contaminationofisolated blPm,immunofluorescence 
of isolated rat hepatocytes was measured by means 
of a specific antibody directed against ~16.0 
carboxylesterase. The antibody was found to 
recognize the antigen on the hepatocyte surface 
shown by the clusters of fluorescent spots in the case 
of carboxylesterase-antibody treated cells (Fig. 5A). 
In contrast, cells treated with preimmune serum only 
showed minimal fluorescence (Fig. SB). That the 
differences in the pIs of the affinity-purified 
carboxylesterase and the carboxylesterase‘ against 
which the antibody was directed are due to 
methodological limits is more than suggestive since: 
the antibody directed against carboxylesterase pI 6.0 
is specific [6] for this isoenzyme; and the molecular 
masses of the affinity-purified carboxylesterase and 
the carboxylesterase used for immunization is 
identical in SDS-PAlGE. 

DISCUSSION 

From kinetic studies it became evident that the 
cyclohexapeptide 008, a somatostatin analog with 
retro sequence, is cleared from the circulation by 
transport systems that are located on the sinusoidal 
surface of the hepatocyte membrane. These 
transport systems physiologically transport bile acids. 
Moreover the hydrophobic 008 displayed a rapid 
binding to the hepatocyte plasma membranes. The 
aim of the present study, therefore, was to identify 
and characterize this binding component. Based on 
its high affinity with bile acid transporters, the 
cyclosomatostatin 008 should be a suitable tool for 
the identification and isolation of binding and/or 
transport proteins in isolated basolateral plasma 
membranes by affinity chromatography. In this 
regard, octylglucoside seemed to be an appropriate 
detergent for the solubilization of blPm, since 
proteins solubilized by the detergent did show 
specific binding to the Affi-Gel 10 matrix. A pre- 
purification of basola.teral plasma membranes was 
attained by EDTA extraction at pH8.0, removing 
loosely-attached proteins. A 60 and 58 kDa protein 
bound specifically to the 008 affinity matrix. The 
58 kDa protein could be identified as a microsomal 
~16.1 carboxylesterase (E.C.3.1.1.1.). The enzyme 
is involved in detoxication of xenobiotics and in the 
activation of prodrugs of the ester as well as of the 
amide type, but probisbly also in the metabolism of 
natural substrates [14:). The 60 kDa protein behaved 
in the same manner as the 58 kDa carboxylesterase 
in all purification steps. The occurrence of 
microheterogeneity leading to isoenzymes of slightly 
different molecular masses further supports the 
assumption that the 60 kDa protein is also 
cacboxylesterase. The specific interaction of 008 with 
the enzyme was demonstrated by the inhibition of 

the affinity-purified carboxylesterase by aromatic 
cyclopeptides (008 and cyclodecapeptide) but not by 
the linear renin inhibitor EMD 55068. However, 
from the results obtained, it remains unclear whether 
008 binds to the active site of the enzyme or whether 
it alters the activity of the enzyme by binding to 
another site of the protein. The latter case is also 
described for glutathione-S-transferase (unpublished 
results), a cytosolic bile acid and aromatic 
cyclopeptide binding enzyme that has different 
binding sites with respect to glutathione and bile 
acids. It should be noted that bile acids are not a 
substrate of the enzyme [33]. Although the 
carboxylesterases hydrolyze aromatic amides, the 
rate of cleavage is usually low [34]. We were not 
able to detect any 008 metabolites in rat bile after 
perfusion of the liver with 008 nor in the incubation 
medium after incubation of 008 with microsomes or 
blPm, as shown by thin layer chromatography- and 
HPLC-techniques. 

Immunofluorescence showed that the ~16.1 
carboxylesterase, in addition to the microsomal 
localization, was also present in the plasma 
membrane of the hepatocyte. Such a distribution in 
the plasma membrane as well as in the endoplasmic 
reticulum of the rat hepatocyte was also described 
for the xenobiotic metabolizing enzyme epoxide 
hydrolase (351 and for the protein disulfide isomerase 
[51. 

The 58 kDa carboxylesterase as well as the 60 kDa 
008 binding protein did not have any affinity with 
substrates which have been described as competitive 
inhibitors of the Na+/taurocholate co-transporter, 
e.g. EMD 55068 or cyclosporine A, when they were 
used as ligands in affinity chromatography. On one 
hand this implies the specificity of the binding to 
008, but on the other, the 008 transport is probably 
not related to Na+/taurocholate transport, although 
competitive transport inhibition has been shown [3]. 
The carboxylesterase is probably involved as binding 
protein in cholate transport. Evidence for this 
hypothesis comes from studies using CHAPS as 
detergent for solubilization of plasma membrane 
proteins. CHAPS, a bile acid derivative, has been 
shown to inhibit cholate uptake into isolated rat liver 
cells with an lcso 2.4-fold lower than that for 
taurocholate transport (data not shown; ICKY 

cholate = 562 5 47 ,uM, r = 0.97; lcso taurocholate = 
1339 ? 187 PM, r = 0.96). In 008 affinity chroma- 
tography with CHAPS solubilized proteins the 60 
and 58 kDa 008 binding proteins were found in the 
flow-through fraction. It seems that CHAPS prevents 
the binding of the proteins to 008. Therefore, we 
suggest that CHAPS itself has affinity with these 
proteins. The specificity of this interaction between 
CHAPS and the 008 binding proteins was evident 
by the re-acquirement of binding capacity when 008 
re-chromatography of the flow-through fraction was 
carried out with octylglucoside. 

In conclusion, our studies suggest that the 
carboxylesterase purified by affinity chromatography 
represents a specific binding protein for the 
cyclosomatostatin 008 in the sinusoidal plasma 
membrane of rat hepatocytes. According to the 
affinities of the enzyme with substrates of basolateral 
localized bile acid transporters, it could be related 
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to the cholate transport system but not to the 
taurocholate transporter. In this regard, the 
membrane-associated carboxylesterase could poss- 
ibly function as part of a binding protein dependent 
transport system, as has been described for solute 
transporters in bacteria [36,37f. 

In future. reconstitution studies will be necessary 
to elucidate these functional properties of the OOS- 
affinity-purified carboxylesterase. 

Acknowledgements-The authors are grateful to Dr B. 
Boschek for critically reading the manuscript. We wish to 
thank Prof. Dr H. Kessler for supplying us with 008 and 
Prof. Dr H. Fasold and Dr S. Miillner for supplying us 
with ABATC. We also thank Dr G. Zannotti for the 
synthesis of cyclopentapeptide and Dr P. Raddatz and Dr 
F. Faro (E. Merck, Darmstadt, Germany) for the synthesis 
of the linear peptide EMD 55068. We gratefully 
acknowledge Prof. Dr R. Mentlein for enabling us to work 
with the carboxylesterase antibody. This work was 
supported by the Deutsche Forschungsgemeinschaft SFB 
249. 

REFERENCES 

1. Hruby VJ, Design of peptide and neurotransmitter 
analogues. Trends Pharmacol Sci 6: 259-262, 1985. 

2. Caldwell LJ, Parr A, Beihm RM etal., Drug distribution 
and biliary excretion pattern of a cyclic somatostatin 
analog. Pharmaceut Res 12: 80-83, 1985. 

3. Ziegler K, Lins W and Frimmer M, Hepatocellular 
transport of cyclosomatostatins: evidence for a carrier 
system related to the multispecific bile acid transporter. 
Biochim Biophys Acta 1061: 287-296, 1991. 

4. Berry MN and Friend DS, High yield preparation of 
isolated rat liver parenchymal cells. jr Cell Biol43: .506- 
529, 1969. 

5. Honscha W, Ottallah M. Kistner A, Platte H and 
Petzinger E. A membrane bound form of protein 
disulfide isomerase and the hepatic uptake of organic 
anions. Biochim Biophys Acta 1153: 175-183, 1994. 

6. Mentlein R, Schuhmann M and Heymann E, 
Comparative chemical and immunological charac- 
terization of five lipolytic enzymes (carboxylesterases) 
from rat liver mi~rosomes. Arch Biochem Biophys 234: 
612-621, 1984. 

7. Johnson CD andde C Nogueira Araujo GMC, A simple 
method of reducing the fading of immunofluorescence 
during microscopy. J Immunol Methods 43: 349-350, 
1981. 

8. Blitzer BL and Donovan CB, A new method for the 
rapid isolation of basolateral plasma membrane vesicles 
from rat liver. I Biof Chem 259: 9295-9301, 1984. 

9. Scharschmidt BF. Keefe EB, Blankenship NM and 
Ockner RK, Validation of a recording spectro- 
photometric method for measurement of membrane 
associated Mgz+- and Nat-K’-ATPase activity. J Lab 
Clin Med 93: 790-799, 1979. 

10. Harner AE, In: Methoden der enzvmatischen Analvse, 
78g792. Verlag Chemie, Weinheim, 1962. . 

11. Michell RH and Hawthorne JN. The site of 
phosphoinositide synthesis in rat liver. Biochem 
Biophys Res Commun 21: 33-38, 1965. 

12. Chen PS, Toribara TY and Warner H, Micro- 
determination of phosphorus. Anal Chem 28: 1756- 
1758, 1956. 

13. Ames BN and Dubin DT, The role of polyamines in 
the neutralization of bacteriophage desoxyri~nu~leic 
acid. J Biol Chem 235: 769-775, 1960. 

14. Mentlein R, Suttorp M and Heymann E, Specificity of 
purified monoacylglycerol lipase, palmitoyl-carnitine 
hydrolase and nonspecific carboxylesterase from rat 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24, 

25 

liver microsomes. Arch Biochem Biophys 228: 23& 
246, 1984. 
Ziegler K and Stinger U, Binding proteins for linear 
renin-inhibiting peptides. Biochim Biophys Acta 1103: 
219-228, 1992. 
Hoffmann A, Isolation, partial sequencing and 
characterization of bile acid b&ding proteins from rat 
liver pl~ma membranes. Dissertation. Fachbereich 
Biochemie, Pharmazie und Lebensmittelchemie, J.W. 
Goethe Universitat, Frankfurt a.M., Germany, 1992. 
Lowry OH. Rosebroush NJ, Farr AL and Randall RJ. 
Protein measurement with the Folin phenol reagent. j 
Biol Chem 193: 265-275, 1951. 
Laemmli UK, Cleavage of structural proteins during 
assembly of the head of bacteriophage T4. Nature 227: 
680-685, 1970. 
Abberger H, Bickel U, Buscher HP, Fuchte K, Gerok 
W, Kramer W and Kurz G, Transport of bile acids: 
lipoproteins, membrane polypeptides and cytosolic 
proteins as carriers. In: Bile Acids and Lipids (Eds. 
Paumgartner G, Stiehl A, and Gerok W) pp. 23>246. 
MTP Press, Lancaster, 1981. 
Kramer W, Buscher HP, Gerok W and Kurz G, Bile 
salt binding to serum components. ErtrJ B&hem 102: 
l-9, 1979. 
Eaton DL and Claasen CD, Carrier mediated transport 
of oubain in isolated hepatocytes. J Pharmncol Exp 
Ther 205: 480-488, 1978. 
Inoue M, Morino Y and Nagase S, Transhepatic 
transport of taurocholic acid in .normal and mutant 
analbuminemi~ rats. B~ochim B~ophys Acta 833: 211- 
216, 1985. 
Weisiger RA, Gollan JL and Ockner R, Receptor for 
albumin on the liver cell surface may mediate uptake 
of fatty acids and other albumin bound substances. 
Science 211: 1048-1051, 1981. 
Crawford JM, Berken CA and Gollan JL, Role of the 
hepatocyte microtubular system in the excretion of bile 
sahs and biliary lipid: i~pli~ations for intracellular 
vesicular transnort. J LiDid Res 29: 144-156, 1988. 
Crawford JM and Gollan JL, Hepatocyte cotransport 
of taurocholate and bilirubin glucuronides: role of 
microtubules. Am J Physiol255: Gl21-131, 1988. 

26. Ball EH, Quantitation of proteins by elution of 
Coomassie Brilliant Blue R from stained bands 
after sodium dodecyl sulfate-~lyacrylamide gel 
electrophoresis. Anal B&hem 155: 23-27, 1986. 

27. Ziegler K, Frimmer M, Miillner S and Fasold H, Bile 
acid binding proteins in hepatocellular membranes of 
newborn and adult rats. Identification of transport 
proteins with azidobenzamidotauro[“C]cholate ([“Cl- 
ABATC). Biochim BioDhvs Acta 980: 161-168, 1989. 

28. Bertrams A and Ziegler K. Hepato~ellular uptake of 
peptides by bile acid transporters: relationship of 
carrier-mediated transport of linear peptides with 
renin-inhibiting activity to multispecific bile acid 
carriers. Biochim Biophys Acta 1091: 337-348. 1991. 

29. Kukongviriyapan V and Stacey NH, Inhibition of 
taurocholate transport by cyclosporine A in cultured 
rat hepatocytes. J Pharmacol Exp Ther 247: 685-689, 
1988. 

30. Robbi M and Beaufay H, Biosynthesis of rat liver PI- 
5.0 esterases in cell free systems and in cultured 
hepatocytes. Eur J Biochem 158: 187-194, 1986. 

31. Robbi M and Beaufay II, Biosynthesis of rat liver 
pI 6.1 esterase, a carboxylesterase of the cisternal space 
of the endoplasmic reticulum. Biochem J 248: 545-550. 
1987. 

32. Robbi M, Beaufay H and Octave JN, Nucleo- 
tidesequence of cDNA coding for rat liver ~16.1 
esterase (ES-IO), a carboxylesterase located in the 
lumen of the endoplasmic reticulum. Biochem J 269: 
451-458, 1990. 



Binding of somatostatin analogs to hepatic carboxylesterase 487 

33. Takikawa H, Stolz A, Sugimoto M, Sugiyama Y and 
Kaplowitz N, Comparison of the affinities of newly 
identified human bile acid binder and cationic 
glutathione-S-transferase for bile acids. J Lipid Res 27: 
652-657, 1986. 

34. Heymann E, Mentlein R and Rix H, Hydrolysis of 
aromatic amides as assay for carboxylesterase-amidases. 
Methods Enzymol77: 405-409, 1981. 

35. von Dippe P, Amoui M, Alves C and Levy D, Sodium 
dependent bile acid transport is mediated by a protein 

similar to microsomal epoxide hydrolase. Am J Physiol 
264: G528-G534, 1993. 

36. Hiles ID, Gallagher MP, Jamieson DJ and Higgins 
CF. Molecular characterization of the oliaouentide 
permease of salmonella typhimurium J MoZ~Blfo~l95: 
125-142, 1987. 

37. Ames GFL, Bacterial periplasmic transport systems: 
structure, mechanism and evolution. Annu Reu 
Biochem 55: 397-425, 1986. 


