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A humui cDNA fraumcm bexmnu the cumplete codinu reglon for lhe [f,-udrcnergm recepmr wat m:roduccd inte thc gename a!’.-lmagmphu eaﬂﬂ»r-
.ternuelens polyhedrosis vieus under the conteol of the polyhedrin promoter. Binding studies using [ [Jiodocyanopindela) showed that 519 insect
cellg infeeted with the reeombinint virus expredsed =1 x 10* f,-adrencrgic receptors on thelr celt surfuce, thn.ll”ﬁnuy lubeling of whele sells and
membranes vevenled & mofecular weight of 46000 for the expressed receptar. The receptor produted in insect colis is glycosylated but the extent

‘m\d p;mern duﬂ‘cr rmm thut of the receptor from human tissue, The hemmlanausiy expressed reeeplar was purified by alprcnolnl aﬂ’imty chromu- L

msmphy. und wasublela hclwate uolntcd Gs-protein.

ﬂ-adrehcrgic feeeptor; Baculovirys; Expressmn, Glycasyl;tnon; Aﬂ’mzty chrqm;nqngrnphy

1. INTRODUCTION

‘The ﬁz?a'drcne“rgic‘ receptor is probably the best

characterized hormone and neurotransmitter receptor:

‘The receptor is coupled via a G-protein (Gs) to stimula-

tion of the'enzyme adenylate cyclase (for review see [1]).

‘Recently the human £; receptor gene has been cloned
-and sequenced [2,3]. The ¢cDNA contains an open:

rcadmg frame encoding a protein of 413 aa M, =

46 000). Hydrophobicity analysis of the human AR -

- reveals the presence of 7 transmembrane helices con-

ttected by hydrophilic loops. The hydrophobic core of -
the receptor is apparently involved in bmdmg of the

1lgand to the receptor [4).

Deétailed structural data are not avaﬂable for any of - .

the G- -protein linked receptors. Determmatlon of the
structure will require milligram quantities of the recep-

- tors, We chose 1o express the human $,AR utilising the -
bacuiovxrus expression system to obtain the receptor

‘protem in 111gh vield (for review ae I5 C\J)
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" Abbreviations: £1AR, " gyadrencrgic receptor; CGP 12177, Ciba -

" Geigy Produgt 121773 CanA, concanavalin A, Gs stimulatory GTP
‘bindlng  protein; GTP[y]S, guanosine 5'-0-(3- thlomphosphate},
P PICYR, [‘Zjl}:cdacy..noplndmol ' #NICYP-nzide 2, ['*hicdo.
- cyanopindolol-azide 23 MOI, multiplicity’ of infection; SDE-PAGE,

sodium dodecyl sulfate polyacrylamide gel electrophoresis; Sf-cells, . .

_ _Spoqoptera f‘rugiper_da‘ cells; WG A, wheat germ agglutinin
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2. MATER[ALS AND METHODS

s 2.1, Cells ond v(ru.ms‘

The insect cell line SI9 (Spndopmmfmmperdw ATCC‘ agcession g
number CRL 1711} was propagated at 27°C in TNM-FH-medium

-with 5% fetal calf serum and S0 mg/) gentamyein. Procedures forcell -

culture, viral infection and isolation af viral genomic DNA WEre Sar-
ried out as describad in detail by Summers and Smith [7]. The transfer

- vegtor pACB'.'B and the wild-type Auwrographa californica nuclaar

polyhedrosis virus (AVINPY) were klndly prawded by Max Sum-
mers of the A&M tollcge, Tcxus

a2 F‘Iasmm‘ constructs

Plasmid pTF3 (ATCC accession number 57537) was the source of  . ‘
AR DNA. [2] To facilitate the construction of ‘the recomhmant

tranisfer. veetor, the 2 kb EcoRl fragment of pTF3 was cloned into

pBluescript (Stratagene). From theresulting plasmid pBSS2ZAR a 2 kb
BamM1/Kpni fragment was isolated and ligated into pAc3?3 cut with

" BenHI and: Kpni. To reinove the complete 5’ untranslatéd regmn

preceeding the inivatien codon of the AR gene, pAcﬁZAR WaSs .

digested with BemHI and Neol, and protruding ends were filled in’

with. Klenow polymerase and deoxynucteotides, The 3" non-coding .

" .region of the @2AR ¢DNA was not altered during construction [2]. .
. The correctness .of the construcnon was conﬂrmed by restrmnon .
analysis and DNA-sequencmg.

2 3 Isolanon af recombmanl bucu.’owrus )
Recombinant baculovirus was produced by co- transfectmg Sf9 cells
with 1 ug. of genomic AcMNPV-DNA and 10 #g of. plasmid.

' pAg#2ARA. Screening. for recombinant virus was perforrmed as-

described Ly Fung et al. [B] using radioactive transeripta of plasmid

‘pBS;ﬂzAR Putative recombinant virus was further analysed by two
: rounds of visual plaque screening and Southern Hybridization of ap- -

propriately digested DNA from cells infected with recombinant virus.
The total absence of any wild type AcMNPY was ensured by PCR us- |
ing the culture supernalant of infected <ells (Vaaudevan, Re:]ander,‘

Mauil and Mlc.hel 1991 in prc.paranon) ‘
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Nambranes from $0%coll infecred wim uwmbiuam hacalovirus
(MOL. = 10} were prepardd by nhregen caviiaten and differential
centrifugation (91, Furification of SHAR lom digitonla u%,ﬁvervﬁ.
Heidulberg) solubitizal membraniy by aftinity chramaiogiaphy was
done as described in Eml Spevifiv photonflinity labeling of recombis
nant receplor with, !
cording 1o 111 in whale cells and membranes prepacad From infeetet
calls was earried out s deseribed previously [9,12). Ay 4 Contrel
‘mative human F1AR from monokayers of Au By epldermuld cells was
andlyred in- parallel. SDS-PAGE (11% acrylamide amcd 0.8%

bisacrylamidey was as deéseribed n (13 and the pratelas were vinmlu
ed by silver ﬂainlng nee@rdiﬂg w (‘)ﬂk'ﬂr H4). ‘

>4 Assays

Glyeasviation mmlyxh of the reconibinant l\umzm AAR hy lmin '

wifinity chramamgrnphy (Sigma) Tallowed the protocel develaped for
analysis of the native human 2:AR [9]. Reseptor numbers of Inut

cells phd isolated membranes were determined by radiadigand binding -
with ["H]isdocyanopindolel {ICYF) us a ligand {2000 Cismmol, |
:Amershisn) {9). Speeifichy of the assay was controlled: by displageé«
ment with the hydrophilic A Respecific ligand d, OGP 12177 (kindly

provided by Dre. K. A, Jaeggi, Ciba.Geigy, anél) ensrminaiion of
protein content fellawed the method of Peterson (151, Functionnl
recanstitution of solubilized crude ghAR and purified SjAR with pure
Cis isolated from turkey erythrasyles in lipid vesisles, and analysis off
Gs stimulntion with an adenylae eyclase preparadon from rabbi
. myocardium wais performed as deseribed earlier [16-19). Routinely,
vesielas contained 2-8 Thol/ul of receplor and 9 20 tmalzul of Gs.

Conc:ntrmian of eAMP was-memnrcd f\c‘mrdins'lo Salomon |20).

3. RESULTS AND DISCUSSION

lnfccuon of Sf9 celh wuh rccombmant bacu]ovnrus

containing the humall_ﬂ;-adrengrglc receptor DNA

resulted in a time dependent increase of #zAR binding
sites of whole cells as détermined by radioligand assay
(Fig. 1). 72-92 hours after infection of cells with recom-
binan: baculovirus (MOl = .10) more than 10°

(B1ICYP binding sites/cell (equivalent. to 12-17

pmol/mg membrane. protein) were found. In com-
‘parison non-infected cells or cells infected with wild-
type .ACMNPYVY showed no significant binding of
{"*1]ICYP. It is inleresting that George et al. [21] ob-
tained a similar concentration of binding sites in mem-
brane preparations from baculovirus. infected cells,
whereas the number of receplors/cell differed con-
siderably. The Ky of 26 + 6 pM for binding with
['#*1]ICYP is in good accordance with results published
-earlier [9], and did not significantly change in the conrse
of expression. The hydrophilic, membrane im-
permeable ZAR specific ligand CGP 12177 which
preferentially binds to receptors located on the cell sur-
face {22] completely blocked ['F1ICYP binding as well

as incorporation of the FAR specnfxc photoaffmlty label ‘

[ #1ICYP-azide 2.
Photoaffinity labeling of the receptor on whole insect
cells with ['**IJICYP-azide 2 followed by SDS-PAGE

and  autoradiography. indicates a single polypeptide

band with a M; of = 46 000 (Fig. 2). Incorporation of

“the photolabel could be blocked stereospecifically by - ¢

addition of the #AR specific ligands 1-isoproterencl
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Fig. 1" L*brcsxi&m of hum:\'li FaAR i baculovirnx. ifected S1Y ey,
“The cells were harvesied immediniely befors (day 05 and a1 imervals
-of 24 h for 7 days after m!‘cctmn The expression of F3AR was deter-

mined by specific binding of ["DICYE disnlaceable by d,L.CGP
120770 MY, By vlues were caleulated fram binding isothicrms by

N mmpuu:r_mcicd non-linenr regression anslysis [26] and nre expressed

Ay the mean & SEM of triplicare measurements,

and CGP 12177 (Fig. 2). A band with the same M, was
obtained when a membrane preparation of infected in-

sect cells was used for _photoaffinity labeling. The
Juman ﬁzAR expressed in Ay4yEs cells which was

analysed in parallel revealed a M; of = 75 060 (Fig, 2).
As the molecular weight of the A2AR based on the gene
sequence is = 46 000, it appears that the receptor is
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Fig, 2, Phdtoaffinity labeling of B:AR expressed in AsyE; cells and
in 819 celly infected with recombinant badulovirus, Membranes wer‘e‘
prepared from 39 cells 3 days after infection. 89 cells in suspension
(lanes 5 and 6) and membranes (lanes 1-4) were labeled with
[#IICYP-azide Z as described in [12], and monolayers of AgEs
cells (fanes 7 and 8) were labeled as dcscnbed in [9], Specmcuy of
['*1]ICY P-azide 2 incorporation was checked by addition o7 1 zM -

] lsoproterenol (lanc 2), d-lsoproierenol (lane 3), and d 1-CGP l2177

(lanee 4, 6 and ).
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 highly givcosylated In AanEy cellx bur is muek lesx
glycosylated in infected inseet cellsr AqxEy cells in-
eubated with: tunicamyein ¢xpress the non-glycosylared
form of e human 72 AR with an apparent molecular
- weight c;F = A0 Gnﬁcmmmed by phcmaf!mity labelms

193
o In nrder to stmly the glycmylauﬁn pattern at’ the

BiAR expressed in the Insect eelis, we applied lectin af.

. finity ahremnmgraphy asx an analytieat ool [23]). As

shoiwn in Big. 3, ["IICYP-azide 2 labeled receptor
was beund 1 immobillzved ConA with high affinity and

thefefore could be specifleally eluted with a-methyl D-
‘mannopyranoside. Proteins with N-linked carbohy-
© drates of the: high{okgo)-mannosidic type bind with
high affinity, whereas certain bi-antennary complex

type glycoprateins bind with low affinity to ConA.
- WGA which selectively interacts with N- linked glyeo-:
proteins of the complex type allows to differentiate be-

tween these two forms [23]. The #:AR isolated from
infecied inseet cells did not bind 1o immobilized WGH.
These rcsul:s indncmc that in contmst to 5:AR isclated

from -human tissue which contains both types of N- -
,glycans [9}, the recepror from the insect cells pvobably ‘
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lng 3, Lectin afﬂnity ulrommograplw of B2AR prepdrcd from in-
. fected 819 cells. Membranes were’ prepared fron SI9 cells 3 days after
infection, Receptors were photolabeled with [12‘£]ICYP-nz|dc 2 and

subsequently solubilized in 0.5% Triton-X100. ‘Soluble extracts were

dilured and 1 ml aligiots ‘were subjected to WGA- or ConA-

- Sephaross affinity - chromatography ‘(for - details sce: [9]). After

;wachmg, coluinns were eluted with 0.5 M of the appropriate sugar (N-

- acetyl-D-glucosamine for WGA and a-methyl D-mannopyranoside -
for ConAlj. The sugars weredissolved it 50 mM borate buffer pli 8.0,
} M NaCl, Flow-through-; wash-and eluled framom(] ml eacll) were
courizd in a Pharnmacia-LKB gamma-counter: o all cases more than
0595 of the applicd radioaclivily could be recovered. Aliquatsof each:
fraction were applied 1o  SDS-PAGE  and  visnalized by

auto:adxography after waslnng (fraction 2-9), spemhc eluuon (lrac-
- - tion 10-14), :

FEBY IFTTER&-\

Mav M“?l

: earrlﬁ only mmars m‘ the hlgh(ﬁllgﬁ) mwnnmiﬁie ype. |

This difference in'the glyeosylation pattern may explain '

the Observed discrepancy in molecular weight batween
the recentor from A.un:; campﬂred with thm expl cxscd e

in Si9.cells [25,235]. .
The solubilized AR from infected ﬁf‘)-wlls wax
purified by nlpmnﬁ!nl-sep\mmsc wffinity chromatog-

raphy (Fig. 4). ¥50-200 pmol of selubilized veceptor
were-bound per gram of alprenolol-sepharose, 10-12% -
of the bound receptor could be eluted with | mM -
L-alprenolol inan active Form:, As judged from silver- -

staingd SDS-gels the eluted reecpror was more than
90% pure (Fig. 4). In order to see whether. the eluted

- receptor I8 Functional after purification” by affinfty.

chromatograply, we compared freshly solobllized and
¢luted receptors for their ability to couple and activate
Gs-proveins, As presented iw Fig.'5, stimulation of

adenylate cyclase was nearly identical for both freshly - i

solubilized receptor (2.8-fold above basal) and purified -
receptos (2.6-{old above basaly. Pseudo first-avder rates
calculuted by non-linear regression analysis of the data
presented in Fig. 5 indicate that the stimulation was

- 3-fold slower for purificd (ko = 0,06 = 0.015 min™")

thm fm freshly solubilized receptor ke, = 017 + 0.05

©min” Y. This dlff‘ercnce in coupling effictency may be :

attributed to the " presence of tightly -associated

- -alprenclel which was used for the clutaon of the ﬁ;AR - f

f"’om [hL afflmty column.

START.

68
43 o
‘ =
a0 5
20

FRONT

Memb Solwb, Eluate

l"lg 4, Punflcauan of B;AR from mfecled Sf9 cells by alprenolul-"

Sepharose affi mlychromamgraphy ‘Vlembranes wére prepared from. .
infected insect cells, solubilized with 19 digitonin, and bound ta the

affinity vesin, Elution was with I mM l-alpresolol {derails see {101,
Aliglots of membranes (Memb.), solubilized membrane (Solub.),

- and cluate from the affinity columin equivalent to 80 fmol of F:AR

were: subjecled to SDS-PACE and visualized by snver stammg
- (Elu.ﬂe)
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-Fig. 8. Rccomlilunon of 3;AR from infected 819 cells wuh Gs I'mm
turkey erythrocyle. Crude (Q , ) or purified recepror (0.@) were
mixed with purified Gs prmein from turkey <rythroeytes and 4 lipid |

mixture (phosphatidylethanolamin/phosphatidylserine/eholesterol

hémisuctinate, 12:5:8) in the presence of 0.24% lauroyl sucrose. -

‘Vesienlation was accomplished by the Sephadex G-50 method [17).

The molsr ratio of B1AR to Gz nfter incorporation into vesicles was

1:2.5. L:lsopraterenol- (10 uM) dependent activation of Gs (@, B)
was carried ont at 30°C in the presence of 60 nM GTPIy)5. For basal
determinations (9, O) l-isopratetenol was. replaced by 10 4M . d,l:
propanolol. For each data point the amount of activated. Gs was
dotermmcd with a crude adcnylatc cyc!ase preparation as described
' -7 .

Taken:togeth'er these results indicate that the human
& %R expressed in the insect cells is biologically active

i nd suitable for further- blochemmal pharmacologlcal :

and physxcal studws.
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