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ABSTRACT: An iodinated azido derivative of ketanserin, 7-azido-8- [ 1251]iodoketanserin ([ 1251]AZIK), has 
been used to label the monoamine transporter of bovine chromaffin granule membranes by the technique 
of photoaffinity labeling. In the dark, this derivative was found to bind reversibly to the membranes, with 
an equilibrium dissociation constant estimated to be 6 nM at  0 OC. As for ketanserin, binding occurred 
at  the tetrabenazine site: (i) [1251]AZIK was displaced efficiently from its binding site by tetrabenazine, 
ketanserin, and 7-azidoketanserin, whereas serotonin, which is a substrate for the transporter but has a low 
affinity for tetrabenazine binding site, was a poor displacer; pipamperone and pyrilamine, two antagonists 
of respectively serotonin S2 and histamine H1 receptors, were inactive. (ii) 7-Azidoketanserin was a competitive 
inhibitor of [3H]dihydrotetrabenazine binding, and it inhibited the ATP-dependent uptake of serotonin by 
chromaffin granule ghosts. Irradiation of [ 1251]AZIK with long-wavelength UV light, followed by elec- 
trophoresis on sodium dodecyl sulfate/polyacrylamide gels and autoradiography, revealed irreversible labeling 
of a membrane component with an apparent molecular weight of 73 000. Tetrabenazine inhibited the labeling 
of this 73-kDa band in a manner parallel to the binding of [1251]AZIK in the dark. Such a labeling is totally 
compatible with previous results obtained through photolabeling with a tetrabenazine derivative or by target 
size analysis. Moreover, preliminary experiments showed that [ 1251] AZIK can label the tetrabenazine binding 
sites of various sources including rat striatum, rabbit platelets, human pheochromocytoma, and human adrenal 
medulla. Therefore, this molecule appears to be an excellent probe to label the monoamine transporter of 
different amine storage vesicles even without purification. 

I n  the adrenal medulla, catecholamines are stored in spe- 
cialized organelles, the chromaffin granules. The mechanism 
by which these organelles take up not only catecholamines but 
also other monoamines such as serotonin or tyramine is now 
well understood [for a review, see Johnson (1987)l. A specific 
monoamine transporter of the chromaffin granule membrane 
catalyzes a monoamineproton antiport, and this exchange is 
driven by the H+ electrochemical gradient generated by an 
inwardly directed ATP-dependent H+ pump using cytosolic 
ATP. A similar mechanism is found in the various monoamine 
storage vesicles, such as the synaptic vesicles of dopaminergic, 
noradrenergic, and serotoninergic neurons (Toll & Howard, 
1978; Maron et al., 1979; Scherman, 1986), the serotonin- 
containing dense granules of blood platelets (Carty et al., 198 1; 
Fishkes & Rudnick, 1982), and the histamine-containing 
granules of basophils (Schuldiner et al., 1987). 

Progress in our knowledge on the monoamine transporter 
came largely through the use of the inhibitors tetrabenazine 
(TBZ)' and reserpine (RES), mainly in binding studies [for 
a review, see Henry et al. (1987)l. The two drugs have dif- 
ferent binding sites. [3H]Re~erpine binds rapidly only in the 
presence of the H+-electrochemical gradient generated by the 
proton pump, and it is efficiently displaced from its binding 
site by monoamine substrates (Deupree & Weaver, 1984; 
Scherman & Henry, 1984). On the contrary, the binding of 
[3H]TBZOH, a TBZ derivative, is not affected by the presence 
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of ATP, and it is poorly inhibited by the substrates (Scherman 
et al., 1983). 

Recently, ketanserin, a drug that was reported to bind on 
serotonin S2 receptors (Leysen et al., 1982), was also shown 
to be a good ligand of the chromaffin granule monoamine 
transporter (Darchen et al., 1988). [3H]Ketan~erin binds to 
TBZ binding sites with an equilibrium dissociation constant 
of 45 nM at 30 OC and of 6 nM at 0 OC. More recently, 
7-azido-8- [1251]iodoketanserin ([ lZ5H]AZIK), an azido de- 
rivative of ketanserin, was found to photolabel serotonin S2 
receptors in rat frontal cortex (Wouters et al., 1987). 

In the present paper, we have tested [1251]AZIK as a pho- 
toaffinity marker of the TBZ binding site of the monoamine 
transporter, and we have compared the results to those ob- 
tained with an arylazido derivative of TBZ (Isambert & 
Henry, 1985). 

EXPERIMENTAL PROCEDURES 
TBZ and RES were from Fluka (Buchs, 

Switzerland). Ketanserin and pipamperone were from Janssen 
Pharmaceutica (Beerse, Belgium); pyrilamine was from 
RhBne-Poulenc (Vitry, France). [3H]TBZOH (1 5 Ci/mmol) 
was purchased from CEA (Saclay, France). [3H] Serotonin 
(20 Ci/mmol) and [1251]AZIK (1800 Ci/mmol) were obtained 

Chemicals. 

I Abbreviations: AZIK, 7-azido-8-iodo-ketanserin [7-azido-8-iodo- 
3- [ 2- [4-(4-fluorobenzoyl)- 1 -piperidinyl] ethyl] -2,4( 1 H ,3H)-  
quinazolinedione]; [ lZSI]AZIK, 7-azid0-8-[*~~I]iodo-ketanserin; TBZ, 
tetrabenazine (2-0~0-3-isobutyl-9,lO-dimethoxy- 1,2,3,4,6,7-hexahydro- 
1 1 bH-benzo[o]quinolizine); TBZOH, dihydrotetrabenazine (2-hydroxy- 
3-isobutyl-9,lO-dimethoxy- 1,2,3,4,6,7-hexahydro- 1 1 bH-benzo[a]- 
quinolizine); ['HITBZOH, [2-)H]dihydrotetrabenazine; RES, reserpine; 
Hepes, N-(2-hydroxyethyl)piperazine-N'-2-ethanesulfonic acid; SDS, 
sodium dodecyl sulfate. 

0 1989 American Chemical Society 
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from Amersham (Aylesbury, Buckinghamshire, U.K.). 
Chromaffin Granule Membrane Preparation. Bovine 

chromaffin granules were purified by centrifugation on a 1.6 
M sucrose layer (Smith & Winkler, 1967). Membranes were 
prepared by osmotic lysis of the granules, essentially as de- 
scribed by Giraudat et al. (1980). EDTA (1 mM), leupeptin 
(3 pg/mL), and aprotinin (5 pg/mL) were included in the lysis 
buffer to prevent proteolysis. Membranes were frozen in liquid 
nitrogen and stored at -80 OC. 

Other Tissues. Purified granule membranes were isolated 
from a fragment of human pheochromocytoma (35 g) by 
centrifugation on a 1.6 M sucrose layer and then submitted 
to osmotic lysis, as previously described (Roisin et al., 1984). 
A crude granule fraction was prepared from a fragment of 
human adrenal medulla (0.2 g) by differential centrifugation 
(Roisin et al., 1984). 

Rat brain striata (0.24 g) were dissected and homogenized 
in 2 mL of ice-cold 0.3 M sucrose/lO mM Hepes (Na+), pH 
7.5, with a glass-Teflon homogenizer (12 strokes at 500 rpm). 

Rabbit platelets were isolated according to the method of 
Pletscher et al. (1966). 

[3H]Serotonin Uptake. Bovine chromaffin granule vesicles 
(0.1 mg of protein/mL) were preincubated at  22 OC in the 
dark in 0.3 M sucrose/lO mM Hepes (Na') buffer, pH 7.3, 
containing 5 mM ATP/2.5 mM MgS04 and increasing 
amounts of 7-azidoketanserin. The uptake was initiated by 
the addition of [3H]serotonin (10 nM final concentration). 
Aliquots (0.5 mL) were withdrawn at  intervals, diluted with 
1.5 mL of ice-cold isotonic buffer, and filtered through GF/B 
glass fiber filters (Whatman, Clifton, NJ) preincubated in 
0.3% poly(ethy1enimine) (Bruns et al., 1983). The filters were 
washed twice with the same buffer and counted by liquid 
scintillation in Aqualuma (Lumac, Landgraaf, The Nether- 
lands). Nonspecific uptake rate, determined by addition of 
2 pM TBZ to the incubation medium, was subtracted from 
the data. The concentration of 7-azidoketanserin solutions was 
checked by measuring their absorbance at  240 nm (Wouters 
et al., 1985a). 

[3H] TBZOH and ['251]AZZK Binding. To measure ['HI- 
TBZOH binding, membranes (0.13 mg of protein/mL) were 
preincubated in the dark at  22 OC in 0.3 M sucrose/lO mM 
Hepes buffer, pH 7.5, and, where indicated, with 7-azido- 
ketanserin. ['HITBZOH was then added, and the reaction 
mixtures (0.45 mL) were further incubated for 1 h. The 
amount of [3H]TBZOH bound to the membranes was de- 
termined by filtration, as described above. Nonspecific 
binding, determined by addition of 2 pM TBZ, was subtracted. 

For [12SI]AZIK binding measurements, chromaffin granule 
membranes (0.05-0.1 mg of protein/mL) were preincubated 
at  room temperature in the dark in 0.3 M sucrose/lO mM 
Hepes buffer, pH 7.5, and, where indicated, with inhibitors. 
[1251]AZIK was then added, and the membranes were incu- 
bated further in an ice-cold bath. The temperature of 0 OC 
was chosen because ketanserin has more affinity for bovine 
chromaffin granule membranes at  0 "C than at 20 O C  

(Darchen et al., 1988). The amount of [1251]AZIK bound to 
the membranes was determined by filtration as above, but 
filters were rinsed only once. Because ketanserin dissociates 
rapidly from chromaffin granule membranes with a half-time 
of 40 s (Darchen et al., 1988), the filtration procedure was 
completed in less than 3 s. Radioactivity was measured either 
directly with a y scintillation counter or by liquid scintillation 
in Aqualuma. 

Photolabeling with [ 12s1]AZZK. Samples (0.03-0.3 mg of 
protein/mL) were incubated in the dark with [1251]AZIK 
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FIGURE 1: Inhibition of [3H]serotonin uptake by 7-azidoketanserin. 
The effect of increasing concentrations of 7-azidoketanserin on 
ATP-dependent [3H]serotonin uptake by chromaffin granule mem- 
branes was assayed in the dark as described under Experimental 
Procedures. Results are expressed as percentages of the uptake in 
the absence of inhibitor. The dotted line indicates the theoretical slope 
at midpoint, assuming a Hill number of 1. 

Table I: Pharmacological Profile of [ '2SI]AZIK Binding 
[3H] TBZOH 

serotonin binding,' [1251]AZIK 
uptake,' ECSO or binding,' 

inhibitor ECIn (nM) Kr (nM) E C I ~  (nM) 
serotonin 4OOb 300 x 103d 500 x 103 
TBZ 12b 3d 10 
ketanserin 7 Oc 5 5 c  10 
7-azidoketanserin 5 23 10 

"The inhibitions of serotonin uptake and of [)H]TBZOH binding 
experiments were performed at 22 or 30 O C ,  whereas [1251]AZIK 
binding was measured at 0 "C. bB. Gamier, unpublished data. 
(Darchen et al. (1988). dScherman et al. (1988). 

[(l-5 X lo6 dpm), as described for the [1251]AZIK binding 
assay. The inc.ubation media were then irradiated for 11 min 
at an average distance of 11 cm with a universal UV lamp at 
position 350 nm. After irradiation, membranes were washed 
twice by 4-fold dilution in sucrose buffer followed by centri- 
fugation for 20 min at  140000g. Samples were analyzed by 
SDS/polyacrylamide gel electrophoresis (Laemmli, 1970). 
The gels were stained with Coomassie blue and dried, and 
autoradiograms were obtained by exposure of Curix MR4 
films (Agfa Gevaert) with Lumix MR 800 screens for 3-10 
days at -80 "C. The conditions of irradiation selected were 
those required to flatten the 240-nm absorbance peak of 7- 
azidoketanserin. Irradiation by long-range UV light was 
preferred to irradiation at 254 nm because the former mini- 
mized the labeling of phospholipids. 

Analytical Procedures. Proteins were estimated by the 
Bradford procedure (1976), using bovine serum albumin as 
a standard. The purity of [12SI]AZIK was checked by thin- 
layer chromatography on silica gel plates using chloroform/ 
methanol/acetonitrile/acetic acid (9/9/9/2) as the developing 
solvent (Wouters et al., 1985a). 

RESULTS 
Binding of 7-Azidoketanserin and [ I z 5 1 ]  AZZK to Bovine 

ChromafJin Granule Membranes. 7-Azidoketanserin inhibited 
ATP-induced serotonin uptake by bovine chromaffin granule 
membranes, with an ECSo of 5 nM at 22 OC (Figure 1 and 
Table I). This compound inhibited also ['HITBZOH binding 
to the same membranes. A Scatchard plot of the saturation 
isotherms representing [3H]TBZOH binding in the presence 
of 7-azidoketanserin revealed that this compound is a com- 
petitive inhibitor of TBZOH binding (Figure 2). The in- 
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Table 11: Apparent Molecular Weight of the TBZ-Sensitive ['251]AZIK-Labeled Polypeptide from Various Origins 
organism tissue preparation Mr no 

bovine adrenal medulla crude granules 68 300 1 
human adrenal medulla crude granules 64 800 1 
human pheochromocytoma purified granule membranes 64 800-66 700 2 
rat striatum homogenate 76 200-72 8006 1 
rabbit Dlatelets intact cells 84 100-84 500 2 

bovine adrenal medulla purified granule membrane 73200 i 3600 24 

I 

ONumber of experiments. b M r  of the two components of a doublet. 

20,  \ I 

a 7-AZIDOKETANSERIN (nM) 

BOUND [ 3H]TBZOH ( pmol/mg of protein) 

FIGURE 2: Inhibition of [3H]TBZOH binding by 7-azidoketanserin. 
Membranes were incubated in the dark with [3H]TBZOH and various 
concentrations of 7-azidoketanserin: (0) 0; (0) 50 nM; (A) 100 nM. 
The data, presented as a Scatchard plot, were analyzed by linear 
regression. In the absence of 7-azidoketanserin, values of 2.2 nM and 
59 pmol/mg of protein were obtained for KD and B,,, respectively 
( r  = 0.95; n = 21). The apparent K D  were plotted as a function of 
7-azidoketanserin concentration. (Inset) From the straight line thus 
obtained (r = 0.99), a Ki value of 23 nM was derived for the inhibition 
of [3H]TBZOH binding by 7-azidoketanserin. 

hibition constant, as determined from this experiment, was 23 
nM at 22 OC (Figure 2, inset). These results suggested that 
7-azidoketanserin, as ketanserin (Darchen et al., 1988), binds 
to the TBZ binding site of the vesicular monoamine trans- 
porter. 

The binding of [lZI]AZIK was then investigated. For these 
experiments, membranes were incubated in the dark with 
subnanomolar concentrations of [ 1251]AZIK. The incubation 
temperature was set at 0 OC to limit the rapid dissociation of 
ketanserin from the TBZ binding site (Darchen et al., 1988). 
Specific [ 1251]AZIK binding, defined as the TBZ-sensitive 
fraction of the binding, increased linearly with the free ligand 
concentration in the 2-20 pM concentration range (Figure 3). 
This binding was not affected by addition of ATP; it was 
inhibited by TBZ, ketanserin, and 7-azidoketanserin, with ECso 
values of about 10 nM at 0 OC (Figure 4 and Table I). The 
transporter substrate serotonin inhibited poorly [ 1251]AZIK 
binding (ECm = 500 pM, Table I), as previously reported for 
the effect of the monoamine substrates on [3H]TBZOH 
binding (Scherman et al., 1983). Pipamperone and pyrilamine, 
which bind specifically to S2 serotonin and HI  histamine re- 
ceptors, respectively, did not affect [1251]AZIK binding at 
concentrations up to 3.5 pM, a concentration which greatly 
exceeds the affinity of these drugs for their own receptor 
(Leysen et al., 1982; Laduron et al., 1982). Therefore, it was 
concluded that [1251]AZIK binds to the TBZ binding site of 
bovine chromaffin granule membranes. 

Photoaffinity Labeling of Bovine Chromaffin Granule 
Membranes with [ 1251]AZIK. Chromaffin granule membranes 
that were incubated at 0 OC with [1251]AZIK and then pho- 

FREE [ '2'1] AZlK ( pM) 

FIGURE 3: Binding of [lZSI]AZIK to chromaffin granule membranes. 
Membranes were incubated in the dark with increasing concentrations 
of [1251]AZIK in the absence (0) or presence (0) of 2 pM TBZ. The 
lines were obtained by linear regression of the data. 
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FIGURE 4: Displacement of bound ['2SI]AZIK in the dark. Mem- 
branes were incubated with 11 pM [12SI]AZIK and TBZ (0), ke- 
tanserin (O), 7-azidoketanserin (A), and serotonin (A). Results are 
expressed as the fraction of [12s1]AZIK bound in the absence of the 
inhibitor (100 fmol/mg of protein). 
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FIGURE 5: Autoradiogram of membranes photolabeled with [ 1251]- 
AZIK and analyzed by SDS/polyacrylamide gel electrophoresis. 
Membranes (50 pg of protein/mL) were photolabeled with 40 pM 
[1251]AZIK in the absence (lane C) or in the presence of 2 pM TBZ 
(lane T) or 2 pM ketanserin (lane K). The protein profile revealed 
by Coomassie blue staining is shown on the left. In this experiment, 
irradiation was performed at 254 nm. 

tolabeled by UV irradiation were submitted to SDS/Poly- 
acrylamidc gel electrophoresis. Slicing the gel and counting 
the radioactivity revealed a major peak of iodinated material, 
which was not observed in the presence of 200 nM TBZ (data 
not shown). This material was also visualized by autoradi- 
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FIGURE 6: Inhibition of [1251]AZIK photolabeling by TBZ. (A) 
Autoradiogram. The protein profile is shown in the left. (B) 
Doseinhibition curve. The amount of ['zI]AZIK in the 69-kDa band 
(0) was estimated by uantitative densitometry of the autoradiogram. 

aliquots before irradiation. Both curves gave an ECSo value of 25 
nM. 

Reversibly bound [ I 2  9 IIAZIK (0) was determined by filtration of 

ography of the dried gel (Figure 5 ) .  From the data of 24 
independent experiments, an apparent molecular weight of 
73 200 f 3600 was attributed to the labeled component. A 
component with a similar molecular weight was observed when 
either crude or purified intact granules were labeled under the 
same conditions (Table 11). Extraction of the irradiated 
membranes with organic solvents (ethanokacetone, 1 : 1) de- 
creased the radioactivity found in the front of the gel, but did 
not affect that of the 73-kDa component, thus indicating a 
covalent labeling. 

The labeling of the 73-kDa polypeptide chain by [ 1251]AZIK 
was totally prevented by 200 nM TBZ, 2 p M  ketanserin 
(Figure 5 ) ,  and 2 mM serotonin (data not shown). On the 
other hand, this labeling was not affected by preincubation 
with 5 mM ATP-2.5 mM MgS04 or by preincubation with 
20 nM RES. in the presence of ATP and MgS04. Preincu- 
bation of the membranes with increasing concentrations of 
TBZ resulted in a progressive inhibition of the incorporation 
of radioactivity in the 73-kDa polypeptidic chain (Figure 6A). 
An inhibition curve was obtained by scanning the autoradi- 
ography, from which an ECSo of 25 nM was derived (Figure 
6B). The fact that this curve is superimposable on that de- 
scribing the displacement of the reversible binding of [1251]- 
AZIK by TBZ can be taken as evidence that the 73-kDa 
photolabeled component is associated with the [ 1251]AZIK 
reversible binding site, i.e., the TBZ binding site of the mo- 
noamine transporter. 

It may be noted that autoradiography revealed two minor 
components labeled in a TBZ-dependent manner: (i) The 
radioactivity at the front of the gel was decreased by incubation 
in the presence of TBZ; this labeled material might be the 

Bovine Human Human 
Adrenal Medulla Adrenal Medulla Pheochromocytoma 

C T  C T  
_cc .rrrll 

C T  - 
93 - 
66- 

45 - 
lu 

Rat Striatum 
C T M  

1:: 1 
45 - 

Rabbit Platelets 
C T M  - 

93- !y 

66- . . - m 
45- - 

FIGURE 7: Autoradiograms of various monoamine-secreting tissues 
photolabeled by [ 1251]AZIK. Crude granules from human adrenal 
medulla and purified granule membranes from human pheochro- 
mocytoma, rat striatum, and rabbit platelets were photolabeled with 
[1251]AZIK in the absence of inhibitors (lane C) or in the presence 
of 2 pM TBZ (lane T) or 2 pM methysergide (lane M). Protein 
profiles, as revealed by silver staining (platelets) or by Coomassie blue 
staining, are shown on the left. 

result of a proteolytic cleavage of the 73-kDa band. (ii) TBZ, 
in the nanomolar concentration range (Figure 6A), stimulated 
the incorporation of radioactivity in a minor band with an 
apparent molecular weight of 29 000 f 1100 ( n  = 13); this 
observation has not been investigated further. 

Photoaffinity Labeling of the Tetrabenazine Binding Sites 
in Different Tissues of Various Species. Tissues such as 
monoaminergic neurons, blood platelets, or pheochromocytoma 
tumors accumulate monoamines in their secretory vesicles 
through a TBZ-sensitive transporter. The ability of [1251]- 
AZIK to label various vesicular monoamine transporters was 
therefore investigated. Photoaffinity labeling was performed 
in rat striatum, in rabbit platelets, and in human pheochro- 
mocytoma and nontumoral adrenal medullae. Different 
preparations were used as intact cells, homogenate, or purified 
vesicles. In the case of striatum and platelets, which contain 
serotonin S2 receptors with a high affinity for ketanserin de- 
rivatives (Schotte et al., 1983; Leysen et al., 1983), methys- 
ergide was used as a S2 receptor antagonist to assess the 
specificity of the labeling. Representative autoradiograms of 
the labeled material after SDS/polyacrylamide gel electro- 
phoresis are shown in Figure 7. In all preparations, at least 
one polypeptidic chain was labeled by [1251]AZIK in a TBZ- 
sensitive manner, and, where tested, in a methysergide-resistant 
one; a doublet was observed in the rat striatum. The apparent 
molecular weight of the different TBZ-sensitive [ 1251]AZIK 
labeled polypeptide chains varied significantly in different 
tissues as compared to that of bovine chromaffin granule 
membranes (Table 11). The apparent molecular weight of the 
labeled component was smaller in human adrenal medulla and 
pheochromocytoma and larger in rabbit platelets than in bovine 
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chromaffin granules. 

DISCuSSION 
The main result of the present work is that an azido de- 

rivative of ketanserin can be used to label the TBZ binding 
site of the monoamine transporter by the technique of pho- 
toaffinity labeling. Such a result is possible because of the 
high affinity of this site for the probe in the dark. We have 
previously shown that ketanserin binds to this site with an 
affinity in the nanomolar concentration range (Darchen et al., 
1988). The derivatization of ketanserin to 7-azidoketanserin 
did not change the specificity of the ligand, as shown by the 
fact that 7-azidoketanserin inhibited serotonin uptake and 
inhibited [3H]TBZOH binding. Moreover, derivatization did 
not alter significantly the affinity (Table I). 

The iodinated derivative 7-azido-8-iodoketanserin appears 
to have the same specificity for TBZ binding sites because its 
pharmacological profile, defined by displacement of [ 1251] - 
AZIK bound in the dark, is similar to that of [3H]TBZOH 
(Table I). However, although direct estimate of its affinity 
was difficult in the absence of unlabeled 7-azido-8-iodo- 
ketanserin, this affinity was indirectly estimated from the data 
of Figure 3. Assuming the presence of a unique class of 
binding sites, the slope of the line that represents the specif- 
ically bound ligand as a function of free ligand can be inter- 
preted as the ratio B,,,/KD, where B,,, is the density of 
binding sites and KD the equilibrium dissociation constant. 
Assuming for B,,, a value of 60 pmol/mg of protein, as 
measured with [3H]TBZOH or [3H]ketanserin binding 
(Scherman et al., 1983; Darchen et al., 1988) and using a slope 
value of 11 mL/mg of protein, a KD of 5 . 5  nM at 0 "C was 
calculated. This value is similar to that obtained for ketanserin 
at  the same temperature (Darchen et al., 1988). 

When the photoaffinity technique was applied, with irra- 
diation of the probe-membrane mixture at  0 "C with a 
long-wavelength UV light, a major component with an ap- 
parent molecular weight of 73 000 f 4000 was identified by 
SDS/polyacrylamide gel electrophoresis. Several lines of 
evidence indicate that this peptide chain is associated with the 
TBZ binding site: (i) The labeling of the 73-kDa band was 
inhibited by preincubation with TBZ, with an ECso of 25 nM. 
(ii) Ketanserin (2 pM) and serotonin (2 mM) inhibited the 
labeling of the polypeptide chain, as they do for [3H]TBZOH 
binding (Scherman et al., 1983). Reserpine, which binds to 
another site of the transporter, did not inhibit the labeling. (iii) 
ATP, which is required for [3H]RES binding, did not affect 
the labeling (Deupree & Weaver, 1984; Scherman & Henry, 
1984). 

The apparent molecular weight value of 73000 is in 
agreement with previous work from this laboratory: (i) Using 
a tritiated arylazido derivative of TBZ, a polypeptide chain 
with an apparent molecular weight of 70 000 was labeled in 
chromaffin granule membranes (Isambert & Henry, 1985). 
(ii) A radiation inactivation study showed that these binding 
sites are carried by a component with a functional mass of 68 
kDa (Gamier et al., 1987). It may be noted that the probe 
did not label any component with a molecular weight of 40000, 
as previously observed by Gabizon et al. (1982), using an 
arylazido derivative of serotonin. 

From a methodological point of view, [1251]AZIK is a better 
probe of TBZ binding sites than the arylazido derivative of 
TBZ previously used (Isambert & Henry, 1985). The TBZ 
derivative had an affinity of 50 nM, and the membrane-ligand 
complex had to be isolated before irradiation to decrease 
nonspecific labeling. Moreover, the probe was tritiated, and 
fluorography of the gels gave poor results, maybe because of 
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the low specific activity of the probe. Nevertheless, it may 
be noted that the pattern of labeling was similar in the two 
techniques, the radioactive component migrating as a rather 
broad band. Such a pattern might indicate that the 73-kDa 
polypeptide is a glycoprotein. 

If 7-azidoiodoketanserin is a good probe of the monoamine 
transporter, it must be emphasized that it was first developed 
to label serotoninergic S2 and histamine H1 receptors (Wouters 
et al., 1985b). Such sites are not present in purified bovine 
chromaffin granule membranes, as shown by the fact that 
pipamperone and pyrilamine did not affect [ 12sI]AZIK bind- 
ing. However, it was of interest to determine the usefulness 
of this molecule in less purified extracts where ketanserin 
binding receptors coexist with vesicular transporter TBZ 
binding sites. Figure 7 shows that the transporter may be 
visualized in homogenates of rat striatum and in intact rabbit 
blood platelets. The labeled monoamine transporter was 
identified by its TBZ sensitivity and its resistance to meth- 
ysergide. 

The fact that the TBZ-sensitive band of these preparations 
is the major one is consistent with the choice of the starting 
material: the monoamine transporter is only associated with 
the synaptic vesicles of monoaminergic neurons (Scherman 
et al., 1986), and, in the striatum, TBZ-sensitive ketanserin 
binding sites predominate over the methysergide-sensitive ones 
(Darchen et al., 1988). For blood platelets, rabbit cells are 
known to be very rich in serotonin dense granules. It may also 
be noted that in previous experiments where ['251]AZIK was 
used to label S2 receptors (Wouters et al., 1987) that (i) cortex 
membranes were used, where the S2 receptor is more abundant 
than the monoamine transporter (Darchen et al., 1988), and 
that (ii) the membrane-ligand complex was washed by cen- 
trifugation before irradiation, conditions under which ketan- 
serin derivatives are likely to be completely dissociated from 
the TBZ binding site (Darchen et al., 1988). 

The results of Table I1 indicate some heterogeneity in the 
molecular mass of the labeled polypeptide chain depending 
on the tissue and/or species. A similar study, also suggesting 
some structural heterogeneity in the monoamine transporter, 
has been initiated by Schuldiner et al. (1987), but it is difficult 
to compare with ours since the components labeled by the two 
techniques are obviously different. The labeled components 
of human adrenal medulla and pheochromocytoma seem to 
have a molecular weight smaller than their bovine counterpart, 
suggesting a possible species variability. On the other hand, 
the labeled component of rabbit platelets is significantly larger, 
introducing the possibility of an organ variability. Such a 
concept would be somehow surprising in view of the functional 
similarities existing between the various monoamine trans- 
porters tested: the equilibrium dissociation constants for 
[3H]TBZOH and [3H]RES binding and the turnover number 
for serotonin uptake have recently been shown to be the same 
in various rat organs and to be identical with the corresponding 
figures of bovine chromaffin granule membranes (Scherman 
& Boschi, 1988). This point will deserve a more detailed 
analysis. 
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58-46-8; serotonin, 50-67-9; ketanserin, 74050-98-9; 7-azidoketanserin, 
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