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The dynamics of the nitrobenzylthioinosinc (NBTI)-sensitive nucleoside transporter were studied in cultured chronaaffin cells. 
Photolabelling of transporters with [3H]NBT! induced a down-regulation of this protein from the plasma membrane with a 
half-lilt value of 2.31 + 0.61 h, measured by specific isolation of plasma membrane on polycafionic beads, in this internalization 
step 51)-61)% of transporters were destroyed. The remaining labelled protein reappeared in plasma membranes and un,:lerwcnt a 
new disappearance cycle with a longer half-life period (34.65 5- 3.9 h). A similar pattern of internalization and reappearance of 
nucleosidc transporters was observed in cells cross-linked with non-labelled NBTI, with a half value of |'¢al)pCal'allcc of 33 II. 
Chromaffin cells cultured in the presence of the protein synthesis inhibitor, cyclohcximidc, had a component of disappearance 
fi)r NBT! binding sites with a half-life value of 24.6 + 1.4 h. 

Introduction 

The plasma membrane is a dynamic nmcronmlecular 
assembly with possibilities to regulate the variety and 
the number of its membrane proteins. One of best 
known components is the non-concentrative glucose 
transporter, the presence of which can be modified in 
several ways at the plasma membrane: translocation 
from an intracellular pool, modulation by the effects of 
protein kinases and expression of several mRNA [1-5]. 

A similar membrane protein is tl~e non-concentra- 
tive nucleoside transport which is expressed by all the 
studied mammalian cells [6]. Nevertheless, there has 
been no investigation so far of its membrane dynamics 
and turnover, in spite of the increasing importance of 
the nucleoside adenosine, as an extracellular signal [7]. 
In neural tissues extracellular adenosine seems to orig- 
inate from the exocytotically released ATP, degraded 
by the action of ectonucleotidases to adenosine [8-10]. 

Correspondence: M.T. Miras-Portugal. Departamento de Bioquimica. 
Facultad de Veterinaria, Universidad Complutense de Madrid. 2811411 
Madrid, Spain. 

To recover the synaptic vesicle functionality, the 
adenosine transport, salvage, and storage as ATP in 
the recycled vesicles are necessary [11,12]. 

To study the dynamics of nucleo,;ide transporters, 
chromaffin cells were selected as a neuronal model. 
These cells present the advantage of being largeiy 
employed as a neurosecretory model, where the mem- 
brane recycling of secretory granules is well known. 
The kinetic parameters for nucleoside transport are 
very similar in these cells, when compared with other 
neural preparations [6,11,13,14]. Furthermore, the ma- 
jority of nucleoside transporters in chromaffin cells are 
very sensitive to inhibition by nitrobenzylthioinosine 
(NBTI). This homogeneous population of transporters 
with respect to this photoactivable ligand is of interest 
in undertaking the recycling studies [15]. 

The study of the nucleoside transporter metabolism 
in cultured chromaffin cells is the purpose of this 
experimental work. Direct approaches were made us- 
ing covalently binding of radiolabelled nitrobenzylth- 
ioinosine. The disappearance of covalently hound ra- 
dioactivity was studied, both from the whole cells and 
from plasma membranes, specificaly isolated on poly- 
cationic beads. Nucleoside transporter metabolism was 
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measured indirectly with cells cultured in the presence 
of inhibitors of protein synthesis, the number of trans- 
porters measured as a function of time. 

In this study we demonstrate for the first time that 
exposure of chromaffin cells to cowdcntly bound ni- 
trobenzyithioinosine, leads to down regulation of nu- 
cleoside transporters from plasma membrane, with a 
half-life close to 2 h. The half-life for transporters 
disappearance in presence of cycloheximide was 25 h. 

Materials and Methods 

Materials 
Cycloheximide, cytosine arabinofuranoside, dig{- 

ton{n, nitrobenzylthioinosine and other purine bases 
and nucleosides were obtained from Sigma Chemical 
Co., MO: adenosine deaminase (EC 3.5.4.4) aad colla- 
gcnase (EC 3.4.24.3) from Boehringer Mannheim, cul- 
ture media from Gibed, Percoll and cytodex from Phar- 
macia (Upsala, Sweden): the scintillation liquid Ready 
Safe from Beckmam [2,8-~lt]adenosk, c (22 Ci/mmol), 
S.adenosyl[methyl.t4C]methionine (50 Ci/mmol), [7- 
~4C]tyramine hydrochloride (60 Ci/mmol) from Amer- 
sham. ['~H]Nitrobenzylthioinosine (32 Ci/mmoi)was 
obtained from New England Nuclear. All other 
reagents were obtained from Merck. 

Isolation and culture of chromaffin cells 
Chromaffin cells were prepared by the method of 

Miras-Portugal et al. [16] in a Ca ~+ free Locke's solu- 
tion (raM, NaCI 154, KCI 5.6, NaHCO~ 3.6, glucose 
5.6, Hepes 5, (pH 7.4)) supplemented with collagenase 
(1 mg/ml) and 0.25% (w/v) albumine. After digestion, 
cells were purified through a Percoll gradient, carefully 
collected and washt:d with Locke's solution. Cells were 
then suspended in Dulbecco's modified Eagle's medium 
(DMEM) containing 10% foetal calf serum, 50 g M 
cytosine arabinofuranoside and l0 gM 5'-fluoro-2-de- 
oxyuridine. Cells were plated in 3.5 era/diameter Petri 
dishes at a density of (3-5). 10 ~' cells/dish. The incu- 
bation was at 37°C in 5% CO,/95% air. Cells were 
employed during the first 6 days after plating. Controls 
for cellular viability were routinely done by Trypan 
blue exclusion and vesicular accumulation of neutral 
red dye, which is specifically taken up by monoaminer- 
gic cells [ 17]. 

Cultured chromaffin cells were then preincubated 
under the following conditions: (I) basal, cells were 
incubated (with no additions) in DMEM, and pro. 
cessed at different times; (2) cycloheximide; this com- 
pound (10 #g/ml)  was added to culture medium and 
the cells were incubated for the experimental time 
required. 

The digitonin permeabilization of chromaffin cells 
was carried out with 5- l0 t' cells plated in 3.5 era/di- 
ameter Petri dishes, according to the experimental 

procedure described by Dunn and Holz [18], with mi- 
nor modifications. Briefly, the culture media was aspi- 
rated, the cells were washed three times with Ca: ~-~'ree 
Locke's solution and then they were preincubated for 5 
min at 37°C with Ca-'+-free permeabilizing medium 
containing: digitonin 20 #M: sodium glutamate 140 
raM; piperazine-N,N'-bis(2-ethanesulfonic acid) 
(Pipes) 20 mM; glucose 5 mM; MgSO 4 5 mM; KC! 5 
raM; and EGTA 5 raM, adjusted to pH 6.8. After that, 
the cells were washed twice with Ca-'+-free Locke's 
solution. The binding study was done a:; described in 
the next section, using 1 nM of [~H]NBTI in Ca2+-free 
Locke's solution. 

Nitrobenzylthioinosine binding studies 
The NBTl-binding to nuclcoside transport sites in 

chromaffin cells were carried out as described by "lbr- 
reset al. [14]. 

(3-5). lip cultured cells in Petri dishes were incu- 
bated with 2 ml of Locke's solution, containing ! U of 
adenosine deaminase and a graded concentration of 
[3H]NBT! ranging from 0.01 to 10 nM for 30 rain at 
37°C, in order to reach the equilibriunl; the medium 
was then aspirated and the cells washed twice with 5 
ml of cold Locke's solution containing 10 pM non- 
labelled NBTI. ().5 ml of trichloroacetic acid (10% 
w/v) was added and the cells scraped out of the dish 
and the radioactivity counted, in order to determine 
the non-specific binding, controls were done in the 
presence of 10 g M non-labelled nitrobenzyithioinosine 
and labelled compound in the same concentrations as 
in the assay. 

Binding experiments with hypoosmotic lysed cells 
were carried out in the same conditions as above, but 
in the absence of 154 mM NaCI in the incubation 
medium. Once the equilibrium was reached, the cellu- 
lar lysate was filtered on G F / C  Whatman filters and 
washed twice with 5 ml of cold hypoosmotic buffer. 

in experiments where the K d value determination 
was no): necessary, I nM of ['~H]NBTI was routinely 
used. This ligand concentration was twice the K,i value 
obtained for this compound by Scatchard analysis, and 
assures a high specific binding. 

Photochenzical crass-linking of cultured chron~affin cells 
with nitrobenzyithioinosbw 

Cultured chromaffin cells were incubated in Locke's 
solution, supplemented with 5 mM ascorbic acid, at 
37°C with 25 nM of ['~H]NBTI or 25 nM of non-labelled 
NBTI. After 30 min of ligand-transporter interaction, 
the ceils were then photochemically cross-linked by 
using a 450 watt mercury arc lamp at 6 cm distance 
from the cells for 2 min, according to the procedure of 
Gati et al. [19]. The remaining non-covalently bound 
ligand was eliminated by two cycles of washing with 5 
ml of Locke's solution with 5-min intervals between 



cycles to reach equilibrium. 5 ml of culture medium 
were added at the end of washing and the cells were 
ready to be processed at the required times. Controls 
for non-covalently bound ligand displacement were 
done in the presence of 25 nM [3H]NBTi without 
irradiation. After the equilibrium was reached the re- 
maining radioactivity was about 0.3e,; , after the second 
cycle of washing. Trypan blue exclusion and neutral 
red dye accumulation were employed as probes of 
viability at the end of the photolabelling procedure. 

The molecular type that covalently binds to NBT! 
after photolabelling was studied by using one aliquot of 
plasma membranes  covalcntly cross-linked to 
[3H]NBTi. Membranes were boiled tor 5 min in 
Laemmli [21)] sample buffer for sohlbilization, and then 
analysed by SDS-polyacrylamide gel electrophoresis as 
previously described by Torres et al. [14]. The acryl- 
amide concentration in the resolving gel was !(}%. 

Migration distances of molecular-nlass marker pro- 
teins (Pharmacia) were used to estimate the molecul,~r 
weight of [ "aH]NBTl-labelled proteins. 

Radioactivity was measured in a liquid scintillation 
system after extraction of 2 nun slices of the gel lanes 
in a solution of 30% H ,O,. 

holation of chroma]]b~ cell phasma membranes on poly- 
cationic beads 

The original procedure described by Jacobsen et al. 
[21] and modified by Van der Meuicn et al. [22] was 
adapted to the small cellular preparations of cultured 
chromaffin cells, in order to i'ecover the radioactivity 
cowdenlly cross-linked to plasma membranes. 

After photochemical cross-linking at the required 
times, the cultured chr,.)maffin cells {5. Ill" cells/dish) 
were processed :ts follows: the culture medium was 
aspirated from the dishes and I ml of sucrose-acetate 
buffer (0.3 M sucrose, 10 mM sodium acetate (pH 5.2)) 
containing 5 mg of cytodex, wa~; gently added. The 
polyeationic beads of cytodex had been hydrated and 
equilibrated previously with the sucrose-acetate buffer. 
The mixture was carefully stirred tbr 10 min and cells 
were detached from the culture dish and bound to the 
cytodex. The cationic charges of cytodex not bound to 
chromaffin cells were blocked with 5 mg of heparin 
sulfate added in 1 ml of sucrose-acetate buffer. The 
mixture was then transferred from Petri dishes to 10 mi 
tubes. The cytodex beads with the bound cells were 
sedimented and the supernatant aspirated. The cells 
were then lysed by hypotonic shock with 10 ml of 10 
mM Tris-tiCI (pH 7.4) and washed and sedimented 
three times with the same buffer. All procedures were 
carried out between 0 and 4°C. 

Finally, the plasma membranes recovered on polyca-. 
tionic beads were transferred to counting vials and the 
radioactivity measured. 
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Among the enzymes assayed, acetylcholincsterase 
(EC 3.1.1.7) activity was measured by the method of 
Ellman, according to the procedure of Low and Fincan 
[23]. 5'-Nucicotidase tEC 3.1.3.5) activity was deter- 
unincd by the method of Aronson and Touster [24], 
dopamine-/J-l|ydroxylase (EC 1.14.17.1 ) activity was as- 
sayed as described by Miras-Portugal et al. [25]. The 
more sensitive radiometric method of Goldstein et al. 
[26] modified by Mufkoz et al. [27] was employed t:~ 
quantify the presence of chromaffin granule mem- 
branes on the plasma tnembrane fraction which were 
recovered on polycationic beads. Monoamine oxidase 
(EC 1.4.3.4), used as a mitochondrial marker enzyme, 
was assayed by the method of Goridis and Neff [28]. 
Protein determination was carried out by the method 
of Bradford. 

All values in the text are given as means + S.D. 
Kinetic analysis of transporter turnover need not take 
into account cell growth, because chromaMn cells arc 
non proliferating. 

Results 

Cyclolwrimide effects on NBTl-sensitit'e nuch, oside 
transporters 

Cultured chromaffin cells presented highoaffinity 
binding sites for nitrobenzylthioinosine, the specific 
ligand tbr nucleoside transporters. In Fig. 1 a Scatchard 
representation is shown. The K d value obtained was 
11.54 + 0.12 nM and the number of high-affinity binding 
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Fig. 1. Scatchard analysis of ['~H]NBT! binding to chromaffin cells. 
Effecl of cycloheximide. Cullured chromaffin cells (3. l0 t' cells/dish) 
were incubated with variable concentrations of ['~H]NBT! in the 
presence or absence of 10 pM non-labelled NBTI as described in 
Methods. Specific binding of NBT! represen,.s the difference be- 
tween cell-associated ['~H]NBTi in the presence and absence of non 
labelled NBTI. The binding studies were made wilh control cells, in 
the absence of cycloheximide (o  o) and with cultured cells in 

the presence of cycloheximide (10 p,g/ml) for 3() h ( e ~ e ) .  
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sites was 48 + 8 fmol/10 (' cells which corresponded to 
32 000 + 6 000 high-affinity binding sites per cell. As 
NBTi is a lipid soluble compound it was necessary to 
carry out experiments in order to know if the ligand 
was bound to the plasma membranes or to intracellular 
binding sites. The first approach was to measure the 
number of binding sites in hypoosmotic lysed cells. In 
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Fig, 2, ('ycloheximkle effect on [ ~ilJNBT! binding to chromaffin cells 
;,is it funclit)ll ~)f tim,:, ( 'ultured chrom:fffin cells (3, If)" cells/dish) 
~,'ere preincubated in the presence of cyclohexinfide (111 ,ug/ml), At 
required times the cullun: medium was aspirated and I~llINB'I'I 
binding was measured, as described in Methods, (A) [~li]NBTI 
binding (as percentage with respect to central) at different preincu- 
bation times with cycluheximide, Binding values were done with ! 
nM of [3|IINBTi. At this concentratitm the IIXIC; of specific binding 
was 35 ± 4 finol/I11" cells (1600 _+ 15(I cpm/ !0"  cells). Values arc Ihe 
means _+ S,D, of three experiments in triplicate. No changes were 
o b , ~ ' e d  in binding values for lhis concentration of [aH]NBTI to 
cultured cells in absence of cy.cloheximide. (B) Semilogarithmic plot 
from NBTi binding data from Fig. 2A as a function of preincuba- 

lion time. 
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Fig. 3. l)ynamics , f  covalently-bL~und [ ~IIINI'I'I'I to whole t 'hnmmMn 
cells. (A) ('ultured chromaffin cells (5. I1)" cells/dish) were photo- 
stimulated in the presence of [~il]NBTI 25 nM as described i.I 
Methods. At required times the culture medium was removed and 
cells were washed twice with 5 ml w,.ockc's solution and then scraped 
out of tile plastic, and tile radioactivity counted. Values are lilt: 
means + S.D. of three experiment:, in triplicate. (B) Semilogarithmlc 
plot of ctwalently-bound NBTi to chromaffin cells, as a time function 

after photoslimulatitm. Values arc from Fig, 3A. 

this situation the accesibility of [~H]NBTI to the total- 
ity of binding sites was permitted. The B,.,,~ value 
obtained was 115 2011 + 13 0(}() binding sites per lysed 
cell. The second approach was carried ()ut with digi- 
tonin pcrmabilized cells. This experimental situ0tion 
allows the accessibility of the ligand to the cytosol, but 
the integrity of subcellular structures was maintained. 
The binding values for I nM [~H]NBTi concentration 
were 35 _+ 4 (n = 8) and 36 + 5 (n = 8) fmol/10 ~' cells 
for controls and permeabilized cells, respectively. These 
results pleaded for the almost exclusive measurement 
of plasma membrane binding sites in intact chromaffin 
cells. 



To study the imiflife of the iluclcosidc transporters 
the protein synthesis was inhibited and thc [~H]NBTI 
binding was measured as a function of tirnc. The 
protein synthesis inhibitor, cycloheximide, added to the 
culture medium ( iO # g / m l )  caused a significant dc- 
crease of NBTI binding sites (Fig. 1). After 311 h the 
B.,,,, was 27 + 3 f m o l / l i p  cells (18 ()110 + 2 11111) 
sites/ceil). No change was observed at the K a value in 
cells cultured in the prcsence of cyclohcximidc. 

In Fig. 2A the effect of protein ~ynthcsis inhibition 
on the transporter number is represented as a I 'ullCtion 

of time. The remaining nucleoside transporters were 
measured with i nM [3H]NBTi, which correspondcd 
approximately to twice the K a value for this ligand. 
The exponenli~i representation I'rom Fig. 2A can bc 
linearized as shown in Fig. 2B. Two velocity constants 
ft." the d i s a p p c m ' a n c e  ol" n u c l e o s i d e  t r a n s p o r t e r s  c a n  

bc deduced will'= half-lives of 24.h ± !.4 (tt = 3) and 
121.5 ±: 15.(~ h (n = 3). in the absence of cyclohcximidc, 
the nunlbcr ol' NBT! binding sites was not modil'icd in 
cultured chromaff in  culls throughout the same experi- 
mental time. The decrese in transport capacity in the 
presence of cycloheximidc correlates well with the de- 
crease in the number of binding sites. The half-life 
obtained fronl these experiments was 24.3 + 2.i h [29]. 

Changes in radhnwtit'ity ~(fter photohd)elling of chremuq'- 
,lbz cells with/¢tt]NB77 

Direct studies of the disappearance of the nuclco- 
side transporters can bc accomplished hy ohotoia- 
belling of chromaffin cells with tritiatcd nitrobcnzylth- 
ioinosinc, and thcn by measuring the radioactivity co- 
wdently bound as a function of time. This cxrJcrinlcntal 
a p p r o a c h  a l l o w s  ;,i d i r e c t  111c~.tStll'enlelll 1.)I t h e  t r ; ins-  

porters' half  life in the whole cell, or spccifically at thc 
plasma membranes. 

Cultured chromaffin cells were photostimulated in 
the presence of 25 nM of [3H]NBTI, as described in 
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Fig. 4. SI)S-I~tflyacrylanfidc gel elech~oph~re.q.~ I'adioacdvity rnolilc.,, 
id chronlaH'iil Null plasma nlcmbra|les covalcnlly labelled with 
I~l I]Nli'rl. Plasma Illeilllll'iitle~, were I~holo~timulated in the prc.,.;eiicc 
(O) I~l' ;|l~.~,¢ncc (, ~)of Ill #M nonlal'~clled NBTI ~lntl 25 nM J ~l IJNI}'I'I 
ill I~olh. Thi.', figure is reprcscnlalivc of a typical :lt|d very repro- 
|hie|hie experimclll. The elccll'tq~horesi.~ w.'ls carried oul a.~ tle.~cribed 
it1 Methoti.~ wilh I1)'~ ptflyacrylanlidc coneenlralion ill Ihe iesolv- 

ing gel. 

Methods. In our experimental conditions thc cova- 
Icntly-bound ligand reached 44-50c~ ,ff the maximal 
specific binding valucs obtained wilhout UV light stim- 
ulation (Fig. ! ). 

In Fig. 3A the covalently bound NBTI to the whole 
cell preparation is shown as a function of time. Two 
components can be observed in the radioactivity de- 
crease. The first sharp decrease could rctlect lhc de° 
struction of transporters after a fast recycling of i11¢111- 
brahe con]ponenlts. Nol all thc transporters with 
[~H]NBTI covalently bound were destroyed, and the 
remaining, representing about 4(I-50% of the total 
radioactivity covalently bound, underwent a slow de- 
crcasc. This second component could indicate the re- 
newal of nucleoside transporters in the whole cells. 

TAI}I.[" ! 

SIn'CtJh" act||'|ties c~l' idasmu memhrmw marker~ isolated on cvrod,'~ hemA from cultured Hmm,a/fi,, ,.,,1!, 

25. I()" cultured chromaMn cells were processed Io study the pai'ameters showed in the first column. (I) Specific enzyme aclivili¢.,, are given in 
nmol of substrate converted per rain per mg of protein. (2) ('ovalenlly hound I~ll]nilrol~enzyllhioino.,iine, after phohflabelling Ircatmenl. a.,, 
dest'ribcd m l-xpcrimcnlal procedures are given in epm per mg of protein. Tile reported vaJue~ ;.ire given a.~ mean.', !: S.i). of (n) determination:: 
done in triplicalc. 

( I ) [-nzynles and ('ulturcd cells l)lasma Ratio Rectwcry (n) 
(2) Transporters h()nlogenale illeml'q'alleS I')erccnlage 

5'-Nucl¢olidase 
Acetylcholineslcrasc 
Monoamine oxidase 
Dopamine-/3-hyd roxylasc 
Covalently bound [ 3 ! I]N BT! 
Proteins (rag per 25. I(P cullured cells) 

"~ 2.3 2.3± 0.3 .,..5 ~ t~.~, 30.15 (3) 
17.1_+ I).h 173.7 -~ 15.~ II).lh 31.24 (3) 

1.75- ().l ILl -~ ().()2 ().()~ ().18 (3) 
31.5:t- 4.0 1.3 + ().3 l).()4 ().13 (3) 
7059 +831) 74003 +2300 10.49 32.28 (5) 

2.6+_ 0.3 0.08_+ ().()l ().0"~ 3.1(I (5, ~ 



1500 The half-life values obtained from Fig. 3B were 2.2 + 
0.74 h for the fast compgnent and 61.14 + 4.26 h for 
the slow component. 

The molecular species of protein that covalently 
bind [~H]NBT! wcrc studied, in Fig. 4 thc cicc- 
trophoretic pattern after I h of photostimulation is 
shown. No significant changes in the radioactivity pro- 
file distribution wcrc obscrvcd at longer experimental 
time period. Two main molecular species were ob- 
served. The molecular weights obtained were 51 (10(1 
and 1(14 ()()0, probably corresponding to tile monomcr;c 
and the dimcric t'orms [h,14,191. 

(Trmges in radioactit'ity at phtsma membrane h't'el aJ'ler 
plumdahelling with I ~li/,fitrolr'n:yithi~fim~sin(' as a tim('- 
tion Of thm' 

The photolabcllia~g technique with [~tt]NB'I'I also 
allowed the study of nuclcoside transporters lit the 
plasma membrane level by combination with specific 
isolation of plasma lucmbrancs on polycationics beads. 

The plasma membranes isolated by this procedure 
presented good specific activities of marker enzymes, 
such as acctylcholinestcrase and 5'-nuclcotidasc. The 
low specific activities of dopamine-/3-hydroxylase and 
monoamine oxidase indicated a poor contamination by 
chromaffin granule mcn;brancs and mitochondria, rc- 
spcctivciy (Table !). 

Nucleoside transporters, measured by binding with 
[~H]NBTI showed a similar purification ratio and per- 
centage recovery on polycationics beads as tile enzyme 
markers of plasma mctubrancs, which, in our cxpcri- 
nlcntal conditions, was 311c; (Table I). 

'l'hcsc results support the polycationic beads tech- 
nique as a useful tool , ' :) specifically study the p lasma 

membrane dynamics at short and long time periods. 
Colturcd chromaffin cells photostimulatcd in the 

presence of 25 nM [~H]NBTI showed different cova- 
Icntly bound radioactivity at their plasma membranes, 
according to the time elapsed between the photola- 
belling procedure and tile membrane isolation on poly- 
cationic beads, 

In Fig, 5A, the changes in radioactivity at the plasma 
membranes are represented as a function of time. it is 
necessary to take into accoullt that the recovery of 
pla,mla membranes on polycationic beads fronl cul- 
tured cells is close to 31|%,. This important observation 
allows comparison between Figs, 3A and 5A. A quick 
intcrnalisation of [ ~ti]N BT! cow.dently bound to plasma 
membranes was obsclwed, This entrance reached 80- 
85% of the total bound radioactivity. Afterwards, the 
covalently bound [~H]NBT! returned to the plasma 
membranes but in a lower percentage, usually 40-45q~ 
of the initial values. The recovered radioactivity at the 
plasma membranes then underwent a progressive de- 
crease. The semilogarithmic plot for the fast and slow 
component of radioactivity lost at the plasma mem- 
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Fig. 5. I)ynamics of co'~alcnlly l:ouml I~I I ]NIH'I  to pla.,,ma mcm- 
I'q~,lni.",, of chromaH'in cell,,,. (A) ('tlllUl'L'd chromaffin cells (5' I l l"  
cclls/tlisl'l) were phoh~,~limulalcd ill Ihc presence of 25 nM 1~1 I]NFrI"I 
132 ( ' i / nmml )  as tlcsct'il~cd in Mctlmds. The plasma rncml'mrancs 
~¢t'¢ obtained oI) polycationit" beads at the indicated times, and the 
radioactivity measured. This value is expressed as cpm/,'5. I0" cells 
an a tin)¢ I'url¢iioll. Values arc ihc tUC~.ll),~ ~ S.I ) .  ()l" three ¢xpcrinletli.s 
in triplicate. ( i ] )Scmilopari ihmic plot of ¢ovalcntly-I~ound NI]'I'! to 
plasma Illeml'q'ailt.,s o1" ehromaffit) cell,,, frorl) Fig. 5A as a iim¢ 
fun¢lioll ~.|l'tt'r I'fllolt)slinlul;lllol). rht2 ret:ov~:ry of I'~lasni;.I nlclllbrallus 
on pol.vqatiot)ic beads is about 3lj"; according to Ihc valut.,.,,, I'¢l'~oricd 

in "l'abh: I. 

branes gave two velocity constants with half-lives of 
2.31 ± 0.61 h and 34.65_ 3.9 I1 (Fig. 5B). The quick 
intermdisation corresponded to a significant decrease 
in tile total radioactivity measured in tile whole cells 
(Fig. 3B). Thus processing and eventual destruction 
tookplace. Nevertheless, not all the nucleoside trans- 
porters with the ligand covalently bound were de- 
stroyed, and significant amounts returned to plasma 
membt'anes, where they entered a new dynamic step 
with a Iotiger half-life. 
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Fig. 0. Rec~wery of nuclet)sitle tlallSl'mrlcr Ifilltlillg sixes after I~hoto- 
slit)ltll;.itioll with t|on-hihelled NBTI. ('tllttired chrtmlaffil) cells (3" I1)" 
ce l l s /d i s i l )  were  rdlc;Oslimuhited ill the i lresei |ce ( ,  ' ~ , ~  ' )  or 
abS¢l|Ce (ILl ~ LJ ) el' 25 aM non-hal)oiled Nlfr l ,  ;is tlescl'il~¢d ill 
Methods. ('ells were cultured until the required times. I~II]NII'I'I 
I~intling was tlolle al I nM ligand c tmcent ra t ion  and  rel l resenlet l  as 
perL.enlage of control Ifinding vahles of cells helorc cros,~-Iinking with 
noll-l,lbcl!,.'d Nlt'I'I. The Ifinding value li~l" conlrtd was 35 -~ 4 I'mtd/Ill" 

cells (I(d)l) :t 15(1 c p n l / I ( ) "  cells). 

Recot'el3' el'/*tt/NBT! bhuling in ('htvmaf]bz cells after 
cross-linking with the nonlabelh'd ligand 

The [aH]NBT! covalcntly bound to the nucleoside 
transporter was a useful tool to study the dynamics of 
the modified protein at the plasma membrane. Fur- 
thermore, this compound can be employed to study the 
dynamics of the non-modified transporters. This other 
experimental approach is possibic by cross-linking the 
nucleosidc transpc,:'tcrs with non-labelled NBTI. The 
reappearar|ce el" new ftnnctior|al trar|sf)on'ters able to 
binad [~H]NBT! is then measured as a function of time. 

only the non-modified f)rotein is inca- In this case, 
sured. 

Cultured 
cross-linked 
described in 

chronaaffin cells were photochemically 
with 25 nM of non-labelled NBTI, as 
Methods. As shown in Fig. 6, the effi- 

ciency of this t;ross-linking was 48% of the total nucleo- 
side transporters present at the plasma membrane of 
the cell at the starting time. it is interesting to point 
out that the decrease in binding sites continued during 
the first hours of the experiment. This result could only 
be explained if some non-covalently bound trans- 
porters were internalized during the first step, as oc- 
cut's with the [~H]NBTl-labelled protein (Fig. 5A). The 
lowest level of nucleoside transporters at the plasma 
membrane was reached between three and four hours 
from the beginning, the mioimal value reached was 
43% of the control. 

The reappearance of transporters presented two 
components. The first sharp rectwery reached 63% of 
the control. The incorporation of these new trans- 
porters to the plasma membrane could be explained by 
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a prcexisting intracelluh|r pool, or the recycling of non 
covalently cross-linked transporters previously internal- 
izcd. 

The slow recovery component showcd a ha l f  value 
fl~r the appearance of new nucleosidc transportcrs of 
33 I1. 

"ik) exclude the actions of UV light radiation on 
chromaffin cells a cellular control was made. in our 
experimentai conditions there was no effect and no 
changes were observed at the transporter level in the 
plasma mcmbnmes after UV light stimulation in the 
absence of the specific iigand (Fig. 6). 

Discussion 

The major goal in initiating these studies wits to gain 
further insight into the metabolism and recycling of 
nucleoside transporters. Cultured chro|nat'fin cells were 
chosen its the cellular model because they are horm~gc- 
neous neural cells ar|d their nucleoside transporter is 
highly sensitive to nitrobenzylthioinosine inhibition [ 15]. 
The number of binding sites for [~H]NBT! (B,..~) wits 
32 (1()1) pet" cell. Due to the hydrophobicity of the 
ligand, the question is to know where they arc local- 
ized. The experiments reported here showed that 
[~H]NBTI bound only to the plasma mer.branes, wht.q 
the subcellt|lar integrity was maintained. This state- 
ment was based on: (a) The non-modification in bind- 
ing values in digitonin permeabilized cells. ( b ) T h e  
increase (3-4-times) in the binding values in hypoos- 
motto iysed cells. It is necessary to take into considera- 
lion that subcellular organellas have an acidic pit 
(close to 5) and the extracellular side of transporters at 
the plasma membranes, is at the inside of the intra- 
cellular vesicles. Once the localization of binding sites 
for [~H]NBTI was established, this compound was enl- 
pioycd in two ways; first, as a ligand to n|easure tile 
number of binding sites: second as an irreversible 
blocking agent that covalently binds to nucleoslde 
transporters after photochemical activation [ 14, I 9]. The 
change in radioactivity, after photostimulation of chro- 
maffin cells in the presence of [3H]NBTI, was a direc, 
approach to nucleoside transporter metabolism. 

The disappearance and reappearance of radioac- 
tively labelled nucleoside transporters can be specit'i- 
caily measured by isolation of plasma membranes on 
polycationic heads [22,3()]. With this technique, the 
amplitude of the first internalization step was quanti- 
fied. This value was 80-85% of the total cross-lipked 
nucleoside transporters present at the plasma mem- 
brane. The endocytosed ,ransporters (half-life = 2.31 +_ 
0.61 h) were recycled to an extent of 4(}-5()% com- 
pared with the values at the starting time. The rate and 
extent of nucleoside transporters recycling Iollowing 
internalization was lower when compared to the recy- 
cling of photoaffinity-labelled insulin receptors in rat 
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adipocytes at the same temperature [31], but it was 
very similar to that found for some adrenergic recep- 
tors down-regulated in the prurience of specific agonists 
[32-36]. As in the case of other photoaffinity-labelled 
receptors, the chemically modified protein was not 
completely destroyed in this first step of internalization 
and reappearance to the cell surface [31]. 

The down-regulation of transporters was also ob- 
served using an indirect method, by which, the nucleo- 
side transporters were covalently cross-linked with 
non-labelled ligand and the remaining transporters 
were measured. In this situation the ligand induced the 
internalization of transporters. These results, alto- 
gether, seem to confirm the down-regulation step Ibr 
nucleoside transporters in the presence of a high-affin- 
ity iigand. No bibliographical data have yet shown that 
this event occurs with other cellular transporters. Even 
in the case of the glucose transporter, the appearance 
of this protein at the plasma membrane is triggered by 
insulin through membrane receptors or the transport 
capacity modulated by protein kinases [5]. 

The second step of metabolism and recycling of 
nucleoside transporters presented variable halt-life val- 
ues, according to the meth,~dological approach; and 
seems to be a complex event due to the peculiar 
characteristics of chromaffin cell which contains a huge 
number of cytoplasmic granules. Direct approaches 
with [~H]NBT! gave a half-life of 34 h for the disap- 
pearance of the nuclcoside transporters, specifically at 
plasma membrane. This value was very similar it, the 
33 h necessary to rectwcr half of binding sites liw NBTI 
after cross-linking with the non-labelled compound. 

Previous to stimating of the half-lil'c ,,,f ilucict~,~ide 
transporters in the prcse,:ce of cycloheximide, the ef- 
fect of this compound on NBTi binding paramettcrs 
was studied (Fig. !). The K d values were the same as 
controls, but a significant, decrease of high-affinity 
binding sites in the presence of cycloheximidc was 
ibund, The B/F deviation observed at the highest 
NBTi concentrations could be explained by the inter- 
action of this ligand with glucose transporters, in this 
regard it has been shown that NBT! affinity for glucose 
transporters is 103-1l)'Ltimes lower than that for the 
adenosine transporters [37,38]. In chromaffin cells the 
presence of glucose transporters has been reported to 
be 15-times more abundant than nucleoside trans- 
porters [391. 

The kinetics of nucleoside transporters metabolism 
in the presence of the protein synthesis inhibitor, cyclo- 
heximidc, clearly showed two components. The first 
with a half-life of 24 h was in the same order as that 
obtained for plasma membranes. Similar values are 
described in the literature for half-life of receptors in 
cultured cells and in basal conditions [32-34,37]. The 
same half-life value was obtained for adenosine trans- 
port in the presence of cycloheximide [29]. Thus, func- 

tionality and binding sites had similar behaviour. Not 
all the nucleoside transporters were destroyed at this 
rate: and about 60% presented a longer half-life ( > 100 
h). This slow component in cycloheximide cultured 
cells could be related either to a loss of the degradative 
cellular machinery or to the peculiar subceilular struc- 
ture of chromaffin cells [14,40]. in the absence of 
cycloheximide, with [3H]NBTI labelled cells, the slow 
component gave a half-life of 60 h. This value could 
reflect the nucleoside transporters metabolism of the 
whole ceil, including the granular p,;',;!, and n',:. only 
that of plasma membranes [41-43]. 

The presence of a specific ligand fi)r nucleoside 
transporters (NBTI) was essential to start the down- 
regulation step. This process is reported here for the 
first time. This event needs some additional comments 
and raises the question of how they have bccn modi- 
fied to bc specifically internalized. It is well known that 
plasma membrane rccepto:~ undergo down-regulation 
by binding to an agonist that can induce an allosteric 
modificatiotl at the cytoplasmic side of thi:: 9rotein and 
then bc chemically modified by phosphorylation [44- 
48]. Additional infi)rmation reported that the activa- 
tion of protein kinasc A inhibit the nucleoside trans- 
port [49]. The same results, but to a lower extent, were 
obtained with activators of PKC or cxtracellular signals 
going through the Ca z ~/phosphatidyl inositol pathway 
[50,511. 

Further work is necessary to understand the effects 
of relevant physiological situations, mediated by the 
action of secretagogues or other cxtracellular signals, 
on the dynamics of the nucleoside transporter, in neu- 
ral and non neural tissues. 
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