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SUMMARY
Mammalian A2-adenosine receptor binding subunits (A2AR) can
be visualized by covalent labeling with the photoaffinity cross-
liking ligand 125l-2-[4-[2-[2-[(4-aminophenyl)methylcarbonyl-
amino]ethylaminocarbonyl]ethyl}phenyl]ethylamino- 5’ -N - ethyl-
carboxamidoadenosine or directly with the azide derivative de-
scribed in this paper. The protein comprising the A2-adenosine
receptor binding subunit migrates with a Mr of 45,000 on sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. In this study,
the glycoproteins representing the radiolabeled A1- and A2-aden-
osine receptor binding subunit from bovine brain were compared
by partial peptide maps and following treatment with exo- and
endoglycosidases. Peptide maps using two separate proteases
reveal that the A1- and A2-adenosine receptor binding subunits
share no common peptide fragments by two-dimensional gel
electrophoresis. Endoglycosidase F treatment of labeled A2AR
results in a single labeled peptide of Mr 38,000 without interme-

diate peptides, suggesting a single N-linked carbohydrate chain.
The labeled A2AR demonstrates a sensitivity to neuraminidase,
as evidenced by an increased mobility on gel electrophoresis,
suggesting the receptors contain a glycan component containing
terminal sialic acid. Treatment of the labeled A2AR with a-
mannosidase reveals two distinct populations of A2ARs, one of
which is sensitive and the other resistant to the enzyme. The
nonadditivity of sequential treatments with the two exoglycosi-
dases suggests, a heterogeneous population of A2AR containing
either complex- or high mannose-type carbohydrate chains.
These data suggest the A2AR is a Mr 45,000 glycoprotein with
a single carbohydrate chain of either the complex or high man-
nose type. In addition, the A1- and A2ARs are distinct glycopro-
teins, as evidenced by their differing molecular weights (before
and after deglycosylation) and distinct peptide maps.

Adenosine is a widely distributed nucleoside that mediates a

variety of physiological responses such as central nervous sys-

tern sedation, inhibition of platelet aggregation, and vascular

smooth muscle vasodilatation. These effects occur largely

through the interaction of adenosine with either the A,-aden-

osine receptor, which is inhibitory to adenylate cyclase and

exhibits the potency order (R)-PIA > NECA > (S)-PIA, or the

A2-adenosine receptor, which is stimulatory to adenylate cy-

clase and displays a distinctly different potency order, where
NECA is more potent than (R)-PIA, which is more potent still
than (S)-PIA (1).

The A,-adenosine receptor binding subunit, like the /3-adre-
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nergic and many other membrane receptors, has been shown

to be a glycoprotein (2, 3). Removal of the carbohydrate moiety

from the photoaffinity-labeled A,-adenosine receptor binding

subunit results in a decrease in the apparent molecular weight

of the photolabeled receptor binding subunit from Mr 38,000 to

Mr 32,000 on SDSPAGE (3). This increase in mobility (i.e.,

decrease in Mr) following endo- and exoglycosidase treatment

is thought to be attributable not only to the removal of the

carbohydrate moiety (molecular mass effect) but also to

changes in the receptor charge density due to alterations in the

binding of SDS to the receptor protein (2, 3).

In contrast to the relatively well characterized A,-adenosine

receptor, very little is known about the nature of the A2-

adenosine receptor, largely due to the dearth of selective high

affinity A2-adenosine receptor radioligands and photoaffinity

probes. Recently, [3H] CGS 21680 (4) and ‘25I-PAPA-APEC

ABBREVIATIONS: PIA, N�-1 -phenyl-2-isopropyladenosine; ADA, adenosine deaminase; APNEA, N�-2-(4-aminophenyl)ethyladenosine; [125IJAZPNEA,
[�l)N�-2-(4-azido-3-iodophenyl)ethyladenosine; CHAPS, 3-[(3-chloramidopropyl)dimethylammonioj-1-propanesulfonate; HEPES, N-2-hydroxyethyl-
piperazine-N’-2-ethanesulfonic acid; HPLC, high performance liquid chromatography; NECA, N-ethyladenosine-5’-uronic acid; PAPA-APEC, 2-[4-[2-
[2-[(4-aminophenyl)methylcarbonyl-aminojethylaminocarbonyl]ethyl]phenyl]ethylamino-5’-N-ethylcarboxamido adenosine; ‘25l-azido-PAPA-APEC,

adenosine; SANPAH, N-
succinimidyl 6-(4’-azido-2’-nitrophenylamine)hexanoate; SDS, sodium dodecyl sulfate; PAGE, polyacrylamide gel electrophoresis; Gpp(NH)p,
guanosine 5’41,’y-imido) triphosphate. ______________________
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(5) have been shown to be selective high affinity agonist A2-

adenosine receptor radioligands. Photoaffinity cross-linking

studies with ‘25I-PAPA-APEC identified the A2 binding subunit

as a M. 45,000 protein (on SDS-PAGE) that was clearly distinct

from the Mr 38,000 A,-adenosine receptor binding subunit.

We have now synthesized the azide derivative of ‘25I-PAPA-

APEC and demonstrated that this direct photoaffinity radioli-

gand labels the same Mr 45,000 band previously identified with

the photoaffinity cross-linking probe ‘25I-PAPA-APEC, but at

a nearly 3-fold greater efficiency of photoincorporation. Utiliz-

ing this direct A2-adenosine receptor photoaffinity probe, we

have demonstrated that the A2 binding subunit is a glycoprotein

and is clearly different from the A,-adenosine receptor binding

subunit. Furthermore, in bovine striatal membranes, A2-aden-

osine receptors exist as a heterogeneous population containing

either a single complex or a single high mannose-type carbo-

hydrate chain.

Experimental Procedures

Materials. Benzamidine, chloramine T, EDTA, HEPES, leupeptin
(L-2884), a-mannosidase (from jack beans; M-7257), MgCl2, neuramin-
idase (type X from Clostridium perfringen.s; N-2138), phenylmethyl-

sulfonyl fluoride, sodium azide, sodium nitrite, soybean trypsin inhib-

itor (T-9003), Staphylococcus aureus V8 protease (P-8400), theophyl-

line, Tris, and Triton X-100 were obtained from Sigma Chemical Co.

(St. Louis, MO). ADA and endoglycosidase F (878 740) were purchased
from Boehringer Mannheim (Indianapolis, IN). APNEA was a gener-
ous gift from Dr. Ray Olsson (University of South Florida) and [1251]

AZPNEA was synthesized from APNEA by one of the authors
(W.W.B.) as previously reported (6). SANPAH was purchased from

Pierce Chemical Co. (Rockford, IL). Na’251 (carrier-free) was obtained

from Amersham Corp. (Arlington Heights, IL). All other reagents were
of the highest available grade and were purchased from standard
sources.

Preparation of bovine striatal membranes. The striatal mem-

brane preparation has been recently described (5). Briefly, the striatum

was excised from a fresh bovine brain, placed in 20 ml of ice-cold 50

mM Tris (pH 8.26 at 5’), minced, and gently disrupted with a motor-

driven Teflon pestle. This suspension was centrifuged at 43,000 x g for
10 mm, resuspended in 20 ml of Tris buffer, and recentrifuged at 43,000

x g for an additional 10 mm. The final pellet was suspended in sufficient

buffer to yield a final concentration of 200 mg of wet striatal tissue/
ml. When stored at -70, the frozen membranes were stable for at least

1 month.

Synthesis of ‘251-azido-PAPA-APEC. The detailed synthesis of

PAPA-APEC will be reported elsewhere.’ Briefly, the parent compound

PAPA-APEC was iodinated by the chloramine T method, as previously
described (7, 8). The ‘251-PAPA-APEC was completely separated from
the starting materials by HPLC, using a gradient protocol (curve 8) on
a Waters model 680 automated gradient controller with a Waters C,8
�s-Bondapak column. The mobile phase was initially composed of 60%

methanol and 40% 20 mM ammonium formate (pH 7.8) and attained a

final concentration (at 10 mm) of 50% methanol and 50% 20 mM

ammonium formate.
The ‘251-PAPA-APEC emerged as a radioactive peak at -7 mm and

was the radioligand previously described in binding and cross-linking
experiments (5). This fraction (in the HPLC mobile phase) was then

dried completely by lyophilization (typically requiring 4 hr), and the

residue was dissolved in 10 ,fl of 6 N acetic acid with 10 �sl of water.

This solution was placed on ice and 20 sl of ice-cold sodium nitrite (20

mg/ml of water) were added and allowed to react for 10 mm. At the

end of this time, the solution was placed in subdued lighting, 10 �sl of

ice-cold sodium azide (5 mg/ml) were added, and the entire mixture

was allowed to react for 5 mm on ice. An additional 10 �sl of the azide

solution were then added, and the solution was removed from ice for a

final 5 mm of reaction time. Eight microliters of ammonium hydroxide

were added to alkalinize the reaction mixture, and this was then injected

onto the HPLC column for separation.

The ‘251-azido-PAPA-APEC was separated from the other reaction

products by an isocratic protocol using a 75% methanol/25% 20 mM

ammonium formate (pH 7.8) mobile phase. The azide emerged as a
radioactive peak at -6 mm. Thin layer chromatography (85:10:5 chlo-

roform/methanol/glacial acetic acid) confirmed the product purity and

the fact that PAPA-APEC (R, = 0.11) was distinct from ‘251-PAPA-

APEC (R, = 0.22) and ‘251-azido-PAPA-APEC (R, = 0.34). Each of the

purified radioligands was assumed to have a specific activity of 2200

Ci/mmol.

‘251-Azido-PAPA-APEC binding. One-milliliter aliquots of fro-

zen striatal membranes were thawed and suspended in 9 ml of buffer

containing 50 mM HEPES and 10 mM MgCl2 adjusted to pH 7.2
(hereafter referred to as 50/10 buffer), with 0.2 units/ml ADA and

0.01% (w/v) CHAPS (added to reduce nonspecific binding).

All binding experiments were performed in subdued lighting, in foil-
wrapped polypropylene tubes. The total reaction volume of 250 �zl was

composed of 150 �sl of the membrane suspension (-75 �zg of protein),
50 �zl of water or competitor (5 mM theophylline), and 50 �l of diluted

ligand. Competition curves for both ‘251-azido-PAPA-APEC and 125I

PAPA-APEC were performed using 0.5-0.75 nM levels of radioligand

and five to eight different concentrations of competitors, ranging from

iO-� to iO-� M, depending on the competitor. Specific binding repre-

sented 50-60% of the total binding at the concentrations of radioligand
used. Binding of both radioligands is reversible in the absence of UV

light, as expected. Total binding in these experiments was approxi-

mately 75,000 cpm in the absence of competitor. The suspension was

incubated for 1 hr at 37’ , which was sufficient time to ensure the

attainment of equilibrium binding.
After incubation, the contents of each tube were filtered over glass

filters (Schleicher & Schuell no. 32, treated for 1 hr in 0.3% polyethe-

lenimine) and washed three times with 3-ml aliquots of ice-cold 50/10

buffer containing 0.05% (w/v) CHAPS. The filters were placed in

polypropylene tubes and counted in a Packard -y-counter.

Binding studies with ‘251-PAPA-APEC were performed in the man-
ner previously outlined (5).

Photoaffinity labeling. One-milliliter aliquots of frozen striatal
membranes were thawed, suspended in 15 ml of 50/10 buffer with 0.4

units/mI ADA, and incubated at 37’ for 15 mm. After centrifugation

at 43,000 x g for 5 mm, the pellet was resuspended in 15 ml of 50/10

buffer containing 0.01% (w/v) CHAPS and 0.2 units/ml ADA. Labeling
was performed in foil-wrapped tubes in a total volume of 1 ml, consist-

ing of 0.8 ml of the membrane suspension (250-300 jsg of protein), 0.2

ml of water (control) or competitor, and -0.8 nM final concentration

of ‘251-azido-PAPA-APEC. After a 1-hr incubation at 37’, the mem-
branes were placed on ice and washed once with ice-cold 50/10 buffer

containing 0.03% (w/v) CHAPS and once with ice-cold 50/10 buffer
containing 0.01% (w/v) CHAPS, before being resuspended in 1 ml of

50/10 buffer with 0.01% CHAPS in preparation for photoincorporation.

The samples were centrifuged at 43,000 x g for 5 mm at the end of
each wash.

The ‘251-azido-PAPA-APEC/membrane suspension was then poured
into an iced Petri dish and exposed to UV light (model UVCG-25

mineral light) for 4 mm at a distance of 1 cm. The photolyzed suspen-

sion was washed once with 50/10 buffer containing 0.05% CHAPS,

centrifuged at 43,000 x g for 5 mm, washed again with plain 50/10

buffer, and centrifuged a final time at 43,000 X g for 5 more mm before

being prepared for deglycosylation or SDS-PAGE.
The striatal membranes for [‘251]AZPNEA (A,-adenosine receptor

binding subunit) labeling were prepared and labeled exactly as above,
except that the 50/10 buffer was replaced with a buffer consisting of

50 mM Tris, 10 mM MgCl2, and 1 mM EDTA, adjusted to pH 8.26 at

5,. Additionally, CHAPS was not added to the incubation buffer but

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 4, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


A2-Adenosine Receptor Glycoprotein Nature 179

was used in the wash buffer. This labeling procedure has been previ-

ously described for bovine brain membrafle$ (3)

�ndo�1�s�t’obldass tr@l*Img’n#{149},TIm � F t re�i nmiu
follow� ihe prov�’tlnr� origin8ll�’ d8bI�rih@d fur tlw A-�deno�i,w r8tePttlr
(3), Briefly # 1�ml t*tiquot ofthe � �

hr�n� btl�p�n�inn W8b Iim�n�(I 81 4L001) � �i ti,r IS mm, 8nd iht’
r�biillln� p�ll�t w�s snIohilig8d in flOO i�l ni pH 65 lniHtir c()lflt)O�t1tl ut
100 mM N8HPO4, nO mM l�PTA, ()$�i. (v/v) Tricin X-l00, �inti

proL�in8se inhibitor t�iIckl8il ( )()4 M phenylm�thylstsllnnyl fluorjtle,
lti�� M ))�n�8mldin8, #{241}�/ml �uyh�t*n tryp�in inhibitor, �nd ,� jig/mi
i@up�p(in, §11 fin8i t�Ofl�8fltF�it$t)fl�) lh�it h8b I)@en shown �o ht’ 81lt’ttlvt’
in inhlhitlng prot�olYaib in other receptor �yst�n� liii,

Five unitb/ml � F w� rn1d�d to th� �j4nhili�@d ‘�#{176}l-

ggido�PAPA�APEC-i8heled memhr8nt� �*nd tim sn8p�n�ion wn� �h�tk�i-
ineuhg�8d �tt �i7� for (h� indlC8(84 time (typiCally #{241}hr) At th� �nd ui
thi� tim� tim �8mpl� w#� deb8l(@4 ttn it $eph8d8� (l#{241}0t’oiumn to

�x�h8ng� th8 �8mpie huif�r to ont� �timpo�t�d ui t)�4’�i. �4�))� �nd It) mM

Trig �t p11 68� Th8 �lot�d �8mpie wta Eroi�n in liquid nitrogen hod
Iyophili�ed ov�rnight Th� iyophili�84 r�slt.hw wti� then prt�phrs�ci br

Control �8mpl8a w�rt’ pr8pbred �hCtby §� hi)t)v�, 0�t�8pI Ilib) sindo�

glY�(Jbidhbe F w� nut rnkled to th� aobohl1ig�d bo�p8nbiun
ll�o�bFI1o�Idft$#{248} tN8jltflWflI$, I�hCh �xoglycoaidhse tr�hbl1wnt titi�

lig@ci i� 1-mi hliqtlot of tiw ‘55I�hIido-PAPA-APt�C-lhh8i�d m�mbre*tw
bU�P8nb�0n (�onthining tim 1�ili �ompl�m�nt ni Prt)t�ina8� jnh�hjtur�),

in � m�nnt’r �n�1ugou� to tho� d�Crih8d for i�r�vioti� A-huienuhine
r@e�ptor d�gly�o�yls*tion �p�rim�nt� iai,

N�nrhminidhs8 1rt3htm�nl wi� h�gun by whbhing ni I ml of tim
ihh�l�d m�mhrhn� with hubT8r conbisting ui 100 mM bod�um iwel�t�, 5

mM II�DTA, hod h� 8hUVt� prntt’inhb� inhibitor O��klhil, hdjtl�t�’d to i1i
� 8t �5 Af�r C@ntrifu$tstiun 81 43,000 � ii for S mm tim pellet W84

r�impend�d in 1 ml ui hc�titte hobf�r, ‘� nnit� nb neorbminidhse were
hdd@4, hnd tim �ntir@ �hmpl� w� bhbk�in�oi1ht�d 8) 17� b�r 6 hr.
�n�?mhtit� 4i�btion W8� hhits’d by dihuion of tim �hmpl� in 41) voiunw�
of 50/10 boff8r 81 pH 7� Tim bospen�ion W8b 58dim�nt8d h� 43,1)0(1 �

$ for S tnin, hnd tim p�ll�t Wh5 binhliy �olohilii8d in M1)i4 �hmplb hul)er
Control 8hmpt�b were pr�phr�d �hCtlY 85 otstl�n8d hIItW8, ��c�pt

th8� tworhminidhb� w� nor §4d�d to tim �olnhiiii�d �u�p�naiun
�,�M�nno8idhs8 trs�8tnmnt imghn with � l�mi aliquot ni tim

hmnity�lhiml8d m8mhrhn8s whbh8d hod r8simpend�d in htti)t’r t’um�
pob@d o 50 mM bodiom Ci(rt*te, S mM 1�II)TA, hod tim Prot�in848

inhibitor i�ockthii 8d.)t15(�4 It) pH 45. Foor onits/mi ,i�n1hnnu�idttbt’
Wh� hdd�d to tim m8mbrbn�/ligt*nd suspension hod tim �ntir� abnlpkt

wh� �hhk��bnenh8ted itt �5’ for �4 hr hebor� h@ing wbbimd with �U 7�
&l/)0 hoft�r, e�ntriEug�d itt 43,0t)0 x � h�r S mm, hod sobohibiged in

st:�s shmpl� huff�r fur SD$�PA(fl�
Tim �8qn8ntihl hppli�h1ion 0) these engymt�b whs ;mriormed ht’gin-

nine with tim n�nrhminidh� Ir8htm�n( (85 inUlined hhov�), ��ept,
in�t�hd of tIm flntti p�ii�t h@ing soiohiligtoi in MD$ hufij’r, it w�m whbimd

hnd subp@n4�d in �odium citrht� huffbr und tr�h(e4 � untlin�d in tim
o�mhnno�l4h�@ 4ig�st ion

ND�PA6t�:� I�lectroph�1rt’aib w�*a periornwd bt’t�ording to tim hthnd�

hrti m�thoii� ootlin�d h� I�h�mmli (Ii)), in homog8nbotm blhhb ui l�i.,
15%, or l$% §�rylhmi4�

Mi �hn�pl8b w�r� �oh.ihiliged for 45 mm in shmplb huff�r I’onthinlng
100r SD$, )g)0�. giyC�rul �S mM Trib-UCI, hod 5’i cl�nn�r�hpts1t’thbnoi,

§djimt@d to pH 6,$ � �S-
After �l8rtrophor�sis tim gt�lb w�r� dristd hod �pus8d to Kodhk

XAR4� film with 4081 int�n�itv�ng avr�n� (or 4$ to 7� hr

L4ImIt�d prtfl�o1ysIh In NDS?po1�’8uryhtmIdt� gt4�, Liniit�d pru�
t@oly�is Wh� �mrform�d � previo�mly onliin�d (7 1 1, l�) Iiri�b1y, tim

1hbel�d r��ptor wa*� inltibliy snhj8ct@d to ei8�truph.1r�bbb on 8

poivberylhmid� �phrbting g�l The region of tim w�t g�l �unthining the

lhlml�d r��ptor Whb then e�iaed hnd electruphurebed in the sevj,nd
dimension on 8 higher per�enthge ‘-l$’�. ncrvl8n�(de i()S�mn� Sbph-

rhting g�I with 8 3#{241}-mm �tlWking gel ‘l’he e�ieed gel bet’tiun Wits

honrtitd to the s�i�ond�dinmnsion btiwking gel with lt�i. itgitroite, itnd the

upper sample well was fitted with 1 ml of buffer containing the

npprtipriitbe it�i�ym�, � MI)S, ll)’�. glyterul, nod no mM ‘l’ris�Hi’i,
itdjts�ted tt’ pH 6,8 itt rouni te,ntmrittnre

The twu-dimei�is�iiiti gek were I hen dried isnil �ishjt’tieti to ntit�’rit�

diugritphv it� ithuvi’

Protitin ds’iitrmlne*tbons, The ;)ri)tein junleni ol sb�11�lltla wits

determined liv I hit met hod ui lirituiburd t I ;i

An81�t�I$ of d818, )“ihttsrituiun nod vompelitiv� hintling tbittit wt’rt’

itnitlyged 1w it �revit’ts�iv de�trilitid itnd vitbiditteti n’nlint’isr ieis�i-

�qnitre� ti’mputer itbg’rithm I 14 Averitgt’s unit esjreeetiti itb smitne ±

eiitnditrd deviitliunit
Il)itnbiIot)litt ru itnitiveis ui I lie notisritdii�grit�ihs wits iwrb�’rmed with

it Biu� iiitd model (1t40 video tleneits)l1�eter, tssjng I1iss� Ritti t’’niptster
ituitwitre on itn IL�M 15t’/AT Iumlm(er

Rssults

ChtirtwttrI�t*IIon of ‘ � Tim �on
vt�rition of nn�int� prnctir�or ri*dinii�nndit to oryin�ide djrtict

photont’finity proheit Imit httttn itut’t’tiititltlii,v empioy�ci bur it

rit’ty of fitCt��(4)i’ iignndit I6, 7) Typk’niIy1 t h�’ ritdioij�tisnti rt�tn�nit

nil �ititstntiril prop�rti�it with ngoni�t iignnd� rt�nio1nin�t iigonsittit
t*ftt3r convtsrition to rim t*ryin�sdi’ (61, Niu eurpriitin�tiv the

conversion of ‘4�I-l5Al’A�AI’t�(1 (I he nniine pret’urbor to ‘�1-

tt�idft PAPA-APEC I ( he nryin�.�de I hoit Pr�dLu’ed it direct ihot �

nb1�nity i�robe i het exiilhllit itelect kit itnturnhie high nifloity
A�-ndeno�ine re(�eJ)tor binding, w�t h ri diititot’iet �on i’s mitt ent
I K�1 ) ni I ,� ± 04 nM I ( hrtte experinntnte) rind it r��’�Pb�’r tknitity

� of ti)7 ± MS inlol/nig ol protein (three �xl)erinlentit) �
preitentie of It) ‘ M (���(NHji decrenseit both the oryiw,.ide

binding nnd leheting by � l0�/. c(),�1�r,�in�t the n�Loniitt tint ore

of ‘45l-n�ido�PAPA-APEC, ‘there weit no iti�tiib�i’nni ‘hnn�itt in

K� Compet it lye binding 8ttldie� de,nonht rlUe I he nppro�)rinul

&j receptor ihnrn�n��ioi�’ (i1nhte I )� with NECA heing more
potent then (U i-PtA whk�h it n�ore � ittili thnn theoph-

ylline (two 10 boor experlnmntit) A1ihoti�h the potency order it

identi�ni for hoth the itmine nnd nryini.ide rndioiignndt the

Icing, veluet itids�’nte thet the c’tim;ieti(ion ctsrvet hnve heen
th�fted to the right with the nrytnzide dtirivntive nub tnnw

phnrmn�oio�y �t refleCted in the photontfini� inheling d�t-
pleynd in Fig, 1�

Fig, I c’(rnfrol lone ehtiwe the �I, 45,Ooo A�-ndenotjnti re(’ttJ)14)r

hitidin� tubunit, rJ�he j�retent�e of 5 �M NECA (Fig, 1 �

lnnt,) drnmntk’ntiy detrentet the inheling u1ih�t M, 461)1)1) imnd
wherent S �iM illi�PtA him it iet�er ebftwt on inheiin�t rind S

(,� )�PIA heit nimn8t no eife�’t it) nil. Fin, 1, ri,i,’ht kim’ U’ toM

theophylline) wet uted to detine nontpecibic inheling and
clearly thowit that the It!, 45,000 hand I nrrmi’ 1 �e t he only
tpet’ifical)y inhaled hand, tu�etiing that thit hatid �t the A�-
adenotine reCeptor hindin� tuhun�t Thit atnoradio�traph it

typical of the retultit teen in tour labeling experimenit

Exclition and coonling ol, the radioactivity in (he reg�e’ti ni

TABI� I

A�Ad�nosini reo�ptor binding pMrmaoology
ftn#{248}tngwita pertorme#{248}tmng the condultpris describeti to �persment8$ Procetlureit.

)�bt�

Cornpel�tor �- . -
�8Ib’A�A.l�P�C

-
�5I-4edQPAPA-AP�f

tIM

PAPA�AP� �R ± 6
N�A R6±41
(fl)�PIA 1 350 ± 423
TheQphyibirm 31 600 ± 4240

48 ± 9
112±36

1 500 ± 479
36750 ± 100
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Fig. 1. Autoradiograph of ‘25l-azido-PAPA-APEC-labeled A2-adenosine
receptor binding subunit. Bovine stnatal membranes were incubated with
0.8 n�i 125l-azido-PAPA-APEC, as outlined in Experimental Procedures.
Molecular weight markers are shown on the left. Left lane, control labeling
(xl 000) demonstrating the Mr 45,000 A2-adenosine receptor binding
subunit. Labeling is decreased significantly more with 5 jiM NECA than
5 �tM (R)-PIA or 5 �zM (S)-PIA, which is appropriate for A2-adenosine
receptor pharmacology. Right lane, labeling in the presence of 5 mM
theophylline, representing nonspecific labeling. The M, 45,000 band
(arrow) is the only specifically labeled band and is identical to the band
visualized with the cross-linked 1251-PAPA-APEC. This autoradiograph is
typical of four experiments.

the M. 45,000 band give a calculated 6.5% efficiency of pho-
toincorporation. This finding is in excellent agreement with

the efficiency described for other direct photoaffinity probes

(6, 7) and is approximately 3-fold higher than the labeling

efficiency of cross-linked ‘2’�I-PAPA-APEC (5).

Because ‘25I-azido-PAPA-APEC binds to and labels the A2-

adenosine receptor binding subunit with all the appropriate

pharmacology and a 3-fold higher efficiency of photoincorpor-
ation, we chose to utilize this direct photoaffinity probe in our

studies.

Bovine striatal membranes contain both A,- and A2-adeno-

sine receptors, which can be selectively labeled with the agonist

direct photoaffinity probes [‘251]AZPNEA and ‘25I-azido-

PAPA-APEC, respectively (3). We, therefore, sought to deter-

mine whether the photolabeled A,- and A2-adenosine receptor

binding subunits shared similar polypeptides.

Partial peptide mapping. Two-dimensional partial pep-
tide mapping with S. aureus V8 protease-digested [12511

AZPNEA-labeled A,-adenosine receptor binding subunit and

the ‘25I-azido-PAPA-APEC-labeled A2-adenosine receptor

binding subunit is shown in Fig. 2. The A, receptor peptide

map is seen in Fig. 2, left lane, whereas the A2 receptor peptide

map is in Fig. 2, right lane. The uppermost band in each lane

represents the undigested receptor and highlights the difference

between the intact M, 38,000 A,-adenosine receptor binding

A1 A2
Fig. 2. S. aureus V8 protease partial peptide map. Two-dimensional
partial peptide mapping was performed as outlined in Experimental
Procedures. One hundred micrograms of S. aureus V8 protease were
used in this digestion. Left lane, A1-adenosine receptor binding subunit
labeled with [‘25l]AZPNEA; right lane, A2-adenosine receptor binding
subunit labeled with 125l-azido-PAPA-APEC. This peptide map is typical
of the results seen in three experiments.

subunit and the Mr 45,000 A2-adenosine receptor binding sub-

unit. The pattern of A, subunit fragments seen in Fig. 2, left
lane, is distinctly different from that seen in Fig. 2, right lane

(A2 subunit) and this suggests that these radioligands label

different polypeptides. This autoradiograph is typical of the

pattern seen in three experiments. A second series of digestions

with papain (results not shown) demonstrated a different diges-

tion pattern, but the A, and A2 subunit partial peptide maps

continued to be distinctly different.

Previous studies have established that the A,-adenosine re-

ceptor binding subunit, like many other receptors, is actually a

glycoprotein (3). We next investigated the possibility that the

differences in the apparent molecular weight of these two

receptors and their peptide fragments were all attributable to

differences in a glycan component of the receptor binding

subunit.

Endoglycosidase F treatment. The result of treatment of
the ‘251-azido-PAPA-APEC-labeled A2-adenosine receptor

binding subunit with endoglycosidase F is shown in Fig. 3. Fig.

3, lane 1 is a control lane cut from a longer exposure of the

same autoradiograph and serves to highlight the expected M.
45,000 A2-adenosine receptor binding subunit (upper arrow).

Fig. 3, lanes 2 through 4 are the result of treatment of the

labeled receptor with endoglycosidase F (5 units/ml) for 30

mm, 2.5 hr, and 5 hr, respectively. With increasing digestion

times, there is clearly a progressive disappearance of the M.

45,000 band and an increasing prominence of a M. 38,000 band

(lower arrow). Densitometric analysis of the original autoradi-

ograph reveals that the M. 45,000 band in Fig. 3, lane 1, has an

optical area of 22.8 units (absorbance x millimeters). This is

only slightly more (less than 12%) than the combined optical
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1 2 3 4
Fig. 3. Endoglycosidase F treatment of the ‘25l-azido-PAPA-APEC-la-
beled A2-adenosine receptor binding subunit. This autoradiograph is
typical of the results seen in three experiments. Lane 1 , intact Mr 45,000
A2-adenosine receptor binding subunit (upper arrow) in the absence of
enzyme. Lanes 2 through 4, the effect of treatment with 5 units/mI
endoglycosidase F for 0.5, 2.5, and 5 hr, respectively. Molecular weight
markers (xl000) are shown on the left. The deglycosylated receptor
(lower arrow) has an Mr of 38,000 and is the only labeled band generated
by the deglycosylation.

areas of the M, 45,000 and 38,000 bands seen in Fig. 3, lanes 2

(20.5 units), 3 (21.8 units), or 4 (20.9 units). Prolonged diges-

tions of up to 26-hr duration with 5 units/ml endoglycosidase

F and for times as brief as 30 mm with only 1 unit/ml endogly-

cosidase F failed to show new labeled bands, a greater than

12% variation in optical areas, or progressive disappearance of

the Mr 38,000 band (data not shown). These findings lead us

to believe that the conversion from M. 45,000 to 38,000 pro-

gresses without any intermediary proteins and without any

degradation products, being essentially complete at 5 hr (Fig.

3, lane 4).

Identical aliquots of photoaffinity-labeled membranes

(paired controls) were also incubated for up to 26 hr in the

absence of endoglycosidase F and showed no degradation of the

Mr 45,000 band (data not shown), suggesting that this change

in M� from 45,000 to 38,000 is due to deglycosylation of a

glycoprotein A2-adenosine receptor binding subunit.

The only new band noted in Fig. 3, lanes 2 through 4, is the

Mr 38,000 band, suggesting that a single endoglycosidase F-
sensitive carbohydrate chain is attached to the A2-adenosine

receptor subunit polypeptide chain, because additional carbo-

hydrate chains would result in the presence of other labeled

bands. The characteristics of this carbohydrate chain were then

examined with selective exoglycosidase treatments.

Exoglycosidase treatment. The result of treatment of the

photoaffinity-labeled A2-adenosine receptor binding subunit

with neuraminidase and a-mannosidase (15) is shown in Fig.

4. Fig. 4, lane 1 is a control lane and serves to demonstrate the

undigested Mr 45,000 A2-adenosine receptor binding subunit.

1 2 3 4 5 6

Fig. 4. Exoglycosidase treatment of the ‘251-azido-PAPA-APEC-labeled
A2-adenosine receptor binding subunit. Lane 1 , intact M, 45,000 A2
adenosine receptor binding subunit in the absence of enzyme. Lane 2,
treatment of the labeled A2-adenosine receptor binding subunit with 2
units/mI neuraminidase for 6 hr at 37#{176}.Lane 3, result of treatment of the
labeled A2-adenosine receptor binding subunit with 4 units/mI a-mannos-
idase for 24 hr at 25#{176};lane 4, result of treatment first with 2 units/mI
neuraminidase at 37#{176}for 6 hr, followed by 24 hr of treatment at 25#{176}with
4 unitsl/mI a-mannosidase. Lane 5, photoaffinity-labeled receptor in the
absence of enzyme from a second experiment. Lane 6, receptor treated
with 2 units/mI neuraminidase for 6 hr at 37#{176}from a separate experiment.
Lower arrow, mobility of the labeled A2-adenosine receptor following
sequential a-mannosidase and neuraminidase treatments and the upper
arrow indicates the untreated A2-adenosine receptor. Molecular weight
markers (x 1000) are shown on the left.

When the labeled subunit is treated with 2 units/ml neuramin-

idase (specifically active in removing terminal sialic acid) for 6

hr, a much broader band extending from M, 45,000 to 42,000

(Fig. 4, lane 2) is seen. The increased counts in Fig. 4, lane 2,

were not typical, as shown in Fig. 4, lane 5 and lane 6, which

represent a second experiment where lane 5 is again a control

and lane 6, is the A2-adenosine receptor treated with 2 units!

ml neuraminidase. The broad band in Fig. 4, lane 2 and 6, does

not become more discrete with prolonged treatment, suggesting

that the A2 receptor population may be heterogeneous with

respect to its sensitivity to neuraminidase.

Treatment of the labeled A2-adenosine receptor subunit with

4 units/ml a-mannosidase (specific for cleaving terminal a-

linked mannose residues) for 24 hr results in the pattern seen

in Fig. 4, lane 3. This lane clearly shows a doublet, with a sharp

lower band at Mr 42,000 and a more diffuse upper band that is

unaffected by a-mannosidase. The combined optical areas of

the Mr 45,000 and 42,000 regions in this lane (20.6 units) are

in close agreement with the area found in Fig. 4, lane I (21.0

units), and suggests that very little if any of the receptor is lost

with a-mannosidase treatment. Again, protracted treatments

of up to 60 hr with a-mannosidase failed to eliminate the upper

band of the doublet (Fig. 4, lane 3), suggesting that only some

of the carbohydrate chains contain terminally a-linked man-

nose.
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If the labeled subunit is sequentially treated, first with neur-

aminidase (2 units/ml for 6 hr) and then with a-mannosidase

(4 units/ml for 24 hr), the result is the single discrete M. 42,000

band seen in Fig. 4, lane 4 (optical area is 20.6 units). The

complete loss of the M. 45,000 band suggests that the vast

majority (if not all) of the carbohydrate chains attached to the

A2-adenosine receptor binding subunit polypeptide contain

either terminal sialic acid or terminal mannose residues. In

addition, the effects of two exoglycosidases are not additive.

The observation that neuraminidase does not decrease the

apparent molecular weight of the Mr 42,000 peptide created by
a-mannosidase treatment suggests that the A2-adenosine recep-

tor does not contain hybrid-type chains with both terminal a-

mannose and sialic acid residues.

Discussion

The recently reported radioligands [3H] CGS 21680 (4) and

‘25I-PAPA-APEC (5) have made it possible to study the A2-

adenosine receptor in detail. ‘25I-PAPA-APEC demonstrates

high affinity, highly selective, A2-adenosine receptor binding

and, although this ligand can be cross-linked with the heter-

obifunctional group SANPAH to label the A2 binding subunit,

the efficiency of photoincorporation with this technique is only

2 to 2.5% (5). The arylazide derivative, on the other hand,

demonstrates an efficiency of 6.5%, along with the same A2-

adenosine receptor specificity, selectivity, and pharmacology

(Table 1, Fig. 1), making it a superior probe for photoaffinity

labeling experiments. Because high quality photoaffinity label-

ing was essential to these studies, we utilized ‘251-azido-PAPA-

APEC to label the A2-adenosine receptor binding subunit.

Our original report of the M. 45,000 A2 receptor binding
subunit suggested that this entity was different from the Mr

38,000 A,-adenosine receptor binding subunit (5). Two-dimen-

sional partial peptide mappings with S. aureus V8 protease

(Fig. 2) and papain (data not shown) show a distinctive pattern

of digestion fragments and confirm that the A,- and A2-aden-

osine receptor binding subunits are, in fact, different.

Because the A,-adenosine receptor binding subunit is an

integral membrane glycoprotein (3), it was conceivable that the

differences between the A,- and A2-adenosine receptor binding

subunits (both in Mr and peptide mapping) were attributable

to differences in the carbohydrate (glycan) chains attached to

basically similar polypeptides.

We initially looked for the presence of a carbohydrate chain

by treating the labeled A2-adenosine receptor binding subunit

with endoglycosidase F, as shown in Fig. 3. The broad specific-

ity of endoglycosidase F activity (cleaving both high mannose-

and complex-type carbohydrate chains), along with our pro-

tracted incubation times and enzyme-free controls, strongly

suggests that the Mr 38,000 band (Fig. 3, lower arrow) seen in

Fig. 3 represents the fully deglycosylated (at least in terms of

N-linked chains) A2-adenosine receptor binding subunit (15).

Clearly then, both the A,- and A2-adenosine receptor binding

subunits are glycoproteins.

Because the endoglycosidase F-treated A,- and A2-adenosine

receptor binding subunits continue to have different apparent

molecular weights (32,000 and 38,000, respectively), it seems

likely that this difference reflects a real difference in the A,-

and A2-adenosine receptor binding subunit polypeptides.

Parallel experiments in which labeled A2 receptors were

incubated under the same conditions as above, in the absence

of endoglycosidase F, show no evidence for the generation of

the Mr 38,000 or any other labeled protein. Because no inter-

mediate bands are formed, even when the receptor is treated

for short times with small amounts of enzyme, and no lower

Mr bands are seen after the treatment times are quadrupled, it

is likely that only one carbohydrate chain is being cleaved by

endoglycosidase F. On this basis, we believe that the A2-aden-

osine receptor binding subunit has only one site of glycosyla-

tion, making it similar to the A,-adenosine receptor but differ-

ent from the (32-adrenergic receptor, where two glycosylation

sites are seen (2).
The nature of the glycan chain was then defined with tech-

niques previously developed for the A,-adenosine receptor (3)

and the fl-adrenergic receptor (2), using exoglycosidases that

cleave specific carbohydrate moieties terminally attached to

the glycan chain. Neuraminidase and a-mannosidase are two

such specific exoglycosidases (15), and the result of treatment
of the A2-adenosine receptor binding subunit with these en-

zymes is shown in Fig. 4.

Even prolonged neuraminidase treatment of the labeled re-

ceptor (Fig. 4, lanes 2 and 6) yielded a broad band extending

from M. 45,000 to 42,000. This broad band may represent a

heterogeneity of the receptor population in terms of sensitivity

to neuraminidase. The failure of longer digestion times to

eliminate the upper portion of this band is reminiscent of the

effect neuraminidase had on the (32-adrenergic receptor (2) and

provides evidence that some of the labeled A2-adenosine recep-

tor binding subunits do not contain a terminal sialic acid

residue.

With a-mannosidase (Fig. 4, lane 3), two photolabeled pop-

ulations are clearly seen. Here, the Mr 45,000 band is unaffected

by a-mannosidase treatment (up to 60 hr in duration) and, by

analogy, the distinct -42,000 band is most likely the A2-aden-

osine receptor binding subunit devoid of terminal a-linked

mannose.

Neuraminidase treatment followed by a-mannosidase treat-

ment (Fig. 4, lane 4) led to the most dramatic effect on mobility,

with the generation of a single discrete Mr 42,000 band. The

fact that the sequentially treated, photolabeled receptor mi-

grates as a single Mr 42,000 band is likely a coincidence (because

sequential treatment with these two exoglycosidases will not

fully deglycosylate the receptor) but, because this sequential

treatment does eliminate the Mr 45,000 band, virtually all of

the glycan chains on the A2-adenosine receptor binding subunit

glycoprotein must contain either terminal sialic acid or a-linked

mannose.

The endoglycosidase F treatments imply that only one car-

bohydrate chain is present on each receptor polypeptide. How

then can we reconcile the presence of a single glycan chain

with two distinctly different terminal sugars?

One possible explanation would be the existence of both

sugars on the terminal portions of a single “branched” glycan

chain. In this situation, neuraminidase and a-mannosidase

treatment would each find that the appropriate substrate was

available for deglycosylation and treatment of such a branched

chain glycan with either of the enzymes would then lead to a

decrease in the Mr of the entire receptor population. This is
clearly contradictory to the findings in Fig. 4, lanes 2 and 3,

where we always see a portion of the receptors (upper arrow)

that are unaffected by each of the selective exoglycosidases.

The only explanation that is fully consistent with our exper-
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imental findings requires us to conclude that the A2-adenosine

receptor binding subunit (in bovine striatal membranes) con-

tains two receptor populations. Both populations appear to be

glycoproteins with the same Mr before (Mr 45,000) and after

(Mr 38,000) endoglycosidase F treatment but containing two

different types of glycan chains, a high mannose chain (con-

taming terminal a-linked mannose) in one instance and a

complex chain (containing terminal sialic acid) in the other.

This mixed population of receptors would result in a single

labeled band after endoglycosidase F treatment and would be

only partially sensitive to individual neuraminidase and a-

mannosidase treatment but would be fully sensitive to their

sequential application. This is in contrast to the A,-adenosine

receptor, which contains a single complex-type carbohydrate

chain in a homogeneous population of receptors (3).

Heterogeneous glycoprotein receptor populations have been

observed in other receptor systems, such as the f12-adrenergic
receptor of hamster lung and rat erythrocyte (2). These f32

receptor glycoproteins contain two carbohydrate chains that

can be removed sequentially with endoglycosidase F. In this

case, the chains are both of either the high mannose-type or

the complex-type, resulting in distinct populations of receptors

that are resistant to neuraminidase or ct-mannosidase individ-

ually but fully sensitive to their sequential application, in much

the same way as observed here with the A2-adenosine receptor

(2).

We are unable at this time to determine whether the A2-

adenosine receptor exists on two separate cell types within the

striatum or whether a single cell type expresses this heteroge-

neous population of receptors. Clearly, further work will be

required to determine the reasons for these different patterns

of glycosylation in the A2-adenosine receptor binding subunit,
and full elucidation of the subunit structure will have to await

cloning and sequencing of this physiologically important recep-

tor.
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