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Pcpndc dlreclcd anubcdxcx were used o map mc N- and C -termini of mc mrkcy crythmcylc il .\drcnergm rc:cepmr. xhc fuu length remmbmam

receplor expressed in S cells, and a mutant that terminates lter residue 424 (T424). Both forms of the natural receptor (P40 and P50) were

pratealytically clipped between residues 419 and 424. P40, but not P50, is alvo proteolyzed between residues 14 und 28, Truncation mutants, but

not-full length receptors. also display both large and snll forms, The short form of T424 i3 Tormed by proteolysis after residue 14, but neither
‘ fm'm is proteolyzed in the C-lermmal region. The wild type recambinant receptoris not prmeoly?cd

'{f-adrg:ntrgxt receptor; Proteolysis: Immunogenic pcpudg; Am;b‘ﬁdy_

1. ‘INTRODUCTION

The B-adrenergic receptor is based on a bundie of

seven membrane-spanning helices that form the ligand
binding pocket ([1-3] for :cviews) A short, ex-

tracellular N-terminal domain is apparently. not re-
quired for receptor function, but is N-glycosylated and
is important for receptor assembly. The cytoplasmic C-
terminal domain varies in length among different recep-
tors. . The ' B-adrenergic = receptor . from - turkey
erythrocytes has an unusually long C- terminal domain,
as'do a few other G protein-coupled receptors. Trunca-
tion of this region causes the receptor to be expressed at

‘higher levels, to be capable of ‘agonist-induced en-

docytosis and down-regulation, and to display several
other phenotypic changes [4,5]. It is unknown how: the
extreme C-terminal region exerts these effects.

The avian B-adrenergic receptor purified from turkey
erythrocytes displays two electrophoretic components,
referred to as P40 and P50 according to their apparent
sizes on SDS-PAGE [6-10]. Both forms are active. P40
is deglycosylated and lacks. an-N-terminal peptide
‘epitope, which led Jurss et al. [10] to conclude that P40
is formed from P50 by proteolysis near the N-terminus.
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Because P40 retains Arg®” (11,12}, proteolysis must
have occurred between residues 15 and 28. Yarden etal,
{12] found that P40 also lacks extreme C-terminal se-
quences. that are pred:cted from the cDNA sequence,

»but did not examine P50,

Although recombinant 8- qdrenergxc rcc.cptor appcars
as a single glycoprotein species when expressed in

. several different cells [4,13], the truncated receptors ap-

pear as two bands that are reminiscent of P40 and P50
[5]. The smaller form:lacks N-linked carbohydrate, as
does P40. Because-of the newly dppreciated importance
of the C-terminal region and because C-terminal trun-
cation: promotes the formation of two e¢lectrophoretic

- species, we have now mapped the N- and C-terminal of

several avian S-adrenergic receptor species.

5. MATERIALS AND METHODS

Peptides (Fig. 1) were synthesized and coupled to hemocyanin or
soy trypsin inhibitor [14]. Mice weie immunized with the conjugate
using standard protocols and, in some cases, were boosted .in com-
plete Freund's adjuvant.to obtain ascites fluid [15). Anuserum agambx
peptide X111 was prepared in rabbits {9,

B~ Adrencrglc receptors were purified from turkey ery:hn ocytes [16]
or from Sf9 cells infected with recombinant baculovirus. [13].- Two
truncation musants, T424 and T397, were constructed by replacing
codons 398 and 425 in the wild type cDNA with termipation codons
{5]. Recepiors. were photo-affinity labeled with ['**1]icdocyanopins
dolol-diazirine [17] (Amersham) cs described [11]. Samples for elec-

- trophoresis were reduced and alkylated [11] and electrophoresed on:

8% polyacrylamide gels [18]. Gels were soaked for 10 min in 25 mM’

Tris~195 mM glycine (pH 8.3) and transferred to nitrocellulose in the
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Fig. l.‘Lbemiqn in the avian f-udrenergic recepror of peptides used

for immunization (se¢ [12) for the complete sequence). Peptide V
(250-263), CGSQEQPPPLQHQP; peptide Xi (470-483), CHKLKH-

‘KWRFKQHQA: peptide X1 (416-429), CKTSRSESKMEREKN:

-peptide Xiin (416-424), KTSRSESKM (the first Bamino acids of pep-
“tide X11): pepride X111 (2103, GDGWLPPDC.

same buffer (30 Vi L b 4°C). Blots were probed. agcording to Harris

etal, 19} or, for anti-X 111 serum, Dunkel ef al, {9} None of theim-
munoreactive bands referred to in the text were observed if the

primary antibodies were exposed first to the immunogenic peptide.’

There was: no effect of .control peplides. Peptide blockade ex-

periments are not showt except in Fig.4. A small band below the P40
fo:m of the receptor purificd - from erythrogytes is spccatsca!ly im-
mynoreactive. PhotoafTfinity labeling indicates that it is a proteolyiic ,

product of the receptor {(not shown)

3, RESULTS AND D!bCUSSION

The clectrophorenc moblimes of photoafﬁmty label-
ed B-adrenergic receptors are shown in Fig. 2, Recep-
tors purified from turkey erythrocytes displayed: two
bands, PS50 and P40, as described previously [8-10].

- The full length recombinait receptor -displayed an ap- - )

parent M, of 45 kDa, slightly smaller than the P50 form
of the natural receptor. The M; of the full length recep-

tor predicted from its ¢DNA sequence is 54078, and it

should behave as an even larger species because of
glycosylatxon.- Its elec:txophoretxc mobility - is  thus
anomalously high. Mutants truncated after residues 424

or 397 both displayed two electrophoretic species (see
“also [5)). In the case of T424, one band migrated at

about 43 kDa and the other at about 37 kDa. Similar

‘results were obtained when these receptors were ex-

pressed in Sf9 {13], L [4] and COS [5] cells.

Because the two forms of the natural receptor and. of

the truncation mutants might differ as a result of pro-
teolysis, glycosylanon or other modlﬁcatlon, we raised
antibodies against selected amino acid | sequences in the
receptor (Fig. 1) to determine whether specxfzc N-:and

C- termmal regions had been removed (Fig. 3). The wild
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Fig. 2. SDS polyacrylumide gel clecrrophoresis of ICYP-dinziring

Inbeled receprors, WT, full fength recombinant receptor; T424 nnd

“T397, recombinant receplors truneated after residues 424 and 197

RBC, receptor purificd from turkey erythroeytes (2 different prepara-

.xicm) All bands were blaeked by inclusion ef pmpmnalm i the

nbc mg mmurc (nm mowﬂ).

‘type recombinant receptor expressed in Sf9 cells was

not  proteolyzed. It retained  N-terminal - epitopes

-detected by anti-XIII serum (lane 14), N-linked:

glycosylation at Asn'* [13] and C-terminal epitopes
detected by anti-XI serum (lane 5). Epitopes in the third

- ¢cytoplasmic loop and in the middle of the cytoplasmic
" C-terminal domain were also detected by anti-V serum

and either of two anti-XII sera, respectively (lanes
2,8,11). Reactivity with anti-V serum, which detects in-
ternal epitopes, is used for ‘quantitative. comparison

—among different receptors or between two forms of a.

single receptor.
Only the larger form of T424 reacted w:th anti- XIH
serum (lane 13), indicating that the smaller form is pro~

- teoiyzed at its N-terminus, whzch is consistent with its.

smaller size and ‘its loss of glycosylation at Asn'®: {5].

Both forms of T424 reacted with either of two anti-XI1
sera (lanes 7 and 10), which shows that neither form i is
proteolyzed s;gmf&cantly, if at all, at the C-terminus.
Genetic truncation of the C-terrrinus thus p:edlsposes
the receptor to N-terminal proteolysis.- As a control, we
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Fig.'s. Immunoblots of either purified T424 (4.5 pmol); membranes
of 8f9 celis that contain full length recombinant receptor (WT; 120

- fmoly 30 ug protein); or receptor purified from turkey erythrocytes'
(RBC; 22 pmol). The different anti-peptide antisera were diluted so

that the full length receptor yielded a clear sighal using anti-V serum,
thus allowing comparison with the signals. obtained with the other

.sera, None of the bands was observed if the serum was preincubdted .
,w:*h the immunogenic péptide except :he 68 kDa band, which is also

found in ceHs infected with wild type: virus and, occasionally, in-.
unmfecled calls,
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showed thm no nnti-xu serum wmwd with the TI97
tryncation mutant (not shown), indicating that other se-
quences in the receptor do not cross-reget with anti-XIE
sera. Both forms of T424 reacted with anti-V serum, as
expected (lane 1). Td24 does not contain the extreme C-
terminal epitope detected by anti-X1 serum (lane 4),
which lies beyond the truncation, and thus did nat react
with anti-XI serum..

A similar set of ewpéﬂmems suggests that both the

P40 and P50 forms of the natural ;?-ndrenerg\e receptor
are proteolyzed before residue 424, the region contain-
ed in immunogeni¢ peptide XII. First, neither P40 nor
P50 rencted with anti-XI serum (lane 6), indicating that
the extreme C-terminal region is missing from both
forms. P40 and P50 also did not react with serum XI11.4
(lane 12). They did react with serum XIL1, but only
weakly compared with T424, which suggests that the C-
termini of P40 and PS50 lie before residue 424, Peptide
blockade experiments (Fig. 4) support this icdea. Serum
XII.1, which reacted with both P40 and P50, detects

only detérminants before residue 424 because its reac-

tivity with wild type receptor was completély blocked by
either peptide XII ¢residues 416-429) or by a fragment
of peptide XII, peptide Xlla (residues 416-424). Serum
XIL.4, which -did not react with P40 or PS50, detects
epitopes predominantly in the C-terminal part of pep-

tide XII. Its reaction with wild type receptor was in- .

hibited only incompletely by peptide Xiia but was com-
pletely blocked by peptide XI11; From these data we ¢on-
clude that the site of C-terminal proteolysis of P40 and
P50 lies within the span of peptide Xlla, after residue
416 but before residue 424, As reported by Dunkel et al,
[9], P40 is N-terminally proteolyzed. It lacks both car-
bohydrate [8,10) and N- tcrmmal epitope XII ([9] and
lane 15).

These data indicate that much of the C-terminal do-
main of the natural $-adrenergic receptor from turkey
erythrocytes is proteolytically clipped, as suggested by
Yarden et al. [12]. Both the P40 and P50 forms are pro-
teolyzed, and the major difference between the two
forms is that P40 is also proteolyzed at a site betweén
amino acids 14 and 29 [9]. The N-términal residue of

P40 is blocked by an unknown modification [12] and -

has not been’ determined. The C-terminal truncation
mutants also display two forms, the shorter of which is
similarly proteolyzed near theN-terminus to yield a
deglycosylated protein. It is plausible that the short

form of the truncation mutants is proteolyzed at the .-

same protease-sensitive site that causes conversion of
P50.to P40.

These data raise the guestion of why truncation of the
cytoplasmic = C-terminal domain. of the receptor
predisposes it to proteolysis in. the extracellular N-

terminal region. Because the truncated receptors are ..

more readily endocytosed [4,5], we speculate that N-
terminal proteolysis is occurring in some intracellular,
protease-rich compartment through which only the
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Fig. 4. Effeet of preincubation of anti- X sern whth inac pcmkh: X
or u fragment, peptide N, Left panct, Parificd T424: 3 pmoli WT
membranes, 120 fmol, WT . way overloaded Yor camparison, whicly
mitde nomblocked bands mere obvious. Right panel. ' Recepior
purificd from RBC, 16 pmol: purified T424, 2 pmeol, Contrel peptide

V wag, umt al 100 ;«g!ml And peptides X1 and Xifa \\ere \md aio
agsml,

truricated receptors pass. We do not know whether the
C-terminal proteolysis- of receptors in: ervihroeytes is
responsible for the further proteolysis of P50 1o P40,
Experiments to determine the flux of mutant and wild
typ:. receptors through the cell are in progress. -

‘4cknow/c'dgwnemx This ‘work was  supported by NIH ‘Grani
GMa035S and R. A, Weleh Foundation Grant 1982, Wark carried out.
by M.H. in the faboratory of Prof, E.J.M, Helmreich (Wtirzburg)
was fupported by grants from the Deutsche Forschungsgemeinsehalt
He22/44-1 - and: Project. Grant - Al to E.J.M.H, of - Sonder-
forschungsbereisli 176.and by the Fonds der Chemischen Indusrie
¢, V. M. H. wishes to acknowledge the interest and support of Prof.,

Erist 1M, Helmreich. We thank Dr E‘m M. Parker for valuable
dlﬁLllSSIOl‘l

REFERENCES

~{1) Parker,E.M. ahd Ross, E.M. (l9‘)0)1h Currem "l"ox&lcsmMcn\J
branes and Transport, vol, 36, T, Clnudxo. ed.) pp. 131-144,
Academic Press, NY.-

{2} Strader, C.D., Sigal, 1.8, and Dixon, R.A. l" (1989) Fascb 3, 3,

. 1825-1832.

(3] Dohlman, 'H.G., Caron, M.G. and Léfkowitz, R.J. (1987)'
Biochemistry 26, 2657-2664.

[4]) ‘Hertel, C., Nunnally, H.H., Wong, S.K-F., Murphy, E.A.,
Ross, E.M. and Perkins,” J.P. (1990). J. Biol, Chem: 265,
1798817994, ‘ ‘ co

{51 Parker, E.M. and Rass, E.M. (1991} 1. Biol. Chem., in press.

'[6) Cervarites-Olivier, ‘P., Durieu-Trautmann, O.,  Delavier-

. Klutchko, C.-and Strossberg, A.D. (1985) Bicchemisiry 24,

. 3765-3770, o

- [7) Shorr, R.G.L., Strohsacker, M.W,, Lavin, T.N., Lefkowitz,

" R.J. and Caron M.G. (1982) L. Blol Chem. 257, 12341 12350.
{8} Boege, F., Jurss, R., Cooney, D., Hekman, M, Keenan, AK,
and Helmrelch E.J M (1987) Blodlennsnry 26, 2418-2425.

[9] Dunkel, F-G., Munch, G., Boege, F., Cantrill, R. and Kurstjens,
N.P. (1989) Blochem Blophyi Res. Commun, 1635, 264-270,
[10]) Jurss, R., Hekman, M. and Helmreich, E.J.M. (1985)
" Biochemistry 24, 3349-3354. _—

157



Vaiume 183, nmnber i

iy W&Rg, €. K-F.. staughm, [a08 Kmhm AE: and Rmn ﬁ \d
(1988) 1. Biol, Chers, 263, T935-7928.

{12} Yarden, Y., Rodriguce, H.. Wong, S. K-E., Brandt, D.R., May, -

D.C., Burnfer. 1., Harking, R.N., Chen, B.Y., Ramachandran,
Jo Ullﬂch. A, and Ross, M. (l‘)GO) Pree, Nau Acud, Scl.
USA 8), 67936799,

{¥3] Parker, E.M., Kameyama, K.. Hiumhljimn, T. and Rovs, E.M,

€1991) J, Bnu! Chem, 266, 519-327,
114} Creen, N., Alexander, H., Olson, A, Ale-mmlem Shinnick,
T.M., Suclitfe, .G, and Lerntr RoA, (I@%")Cell:ﬂ 477441,

158

FFBS LETTE Iig

o »ti}; ﬁmg. '

Maiy lWI

o Sa‘T ﬁma. 8§, :md Mtami‘f A tmﬁg 1 im‘
~munel, Hb, é‘m«(s&l '

~ 116] Brandt, D.R. and Rows, B (19883 1, “Blel. Chem, 261,

16361664, ‘ - E
(k7). Burgermwebuer, W, Na\ml‘ M YWwicland, T, and Hetmreich,
BN ¢198Y) m&whlm. mﬁphx‘* Acta 129, X19=228,
(HE) Laemmli, UK. (19705 Nature 537, 880-443,
[19] Harris, B.A., Robishaw, J.D., Mumby, $.M. and Gitman, A.Q.
- {1983) Selence 229, 121444277,



