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A recombmnnt b.u:ulewrus bearing the cDNA mding for the rat muscanmc mctylctmlinc rccepmr subtlype M3 placcd undcr the control m’ the

Autographa californica nuclear polyhedrosis virug polyhedrin gene promoter, was constructed. Polymerage chain reaction sereening was uxed to

identify the recombinunt baculovirus, Northern blot anulysis of total RNA from insect eells infected with the recombinant baculovirus indicated

that the teanseripts weré abundant, Binding assays carried out with the muscarinic antagonist [‘H]qmnuchdmyl benzilate ivdieated that mare than -
I % 10° receplors were produced per eell, Immunofluorescence microscopy showed thut the receptor is locited on the cell surface,

Musearinic mccptor. Baculovirus expression; PCR sereening: lmmunuﬂunrcsceme

1. INTRODUCTION

The class of receptors coupled to G proteins (GTP
binding proteins) are growing in number, and their
pharracological relevance leads to increasing interest
in their 3-dimensional structure. However, at present
there is a vacuum in our understanding of the tertiary
structure of G protein-linked receptors [1]. The current

consensus arising from structural studies of bacte-

riorhodopsin :[2] and from topography studies of 8-
adrenergic receptor [3] is that the class of G protein-
linked receptors traverse the membrane Seven times
with connecting intracellular and extraceltular loops.

 The family of muscarinic receptors where five sub-
types have been identified by gene cloning and sequenc-

ing, mediate a variety of important physiological

events. These subtypes have been broadly classified in-
to two groups based on their G protein and effector
coupling characteristics (reviewed in: [4]). From the
viewpoint of crystallization, -the muscarinic acetyl-
choline receptor may have a unique favourable feature
in that the third cytoplasmic loop: which connects the
putative transmembrane helices 5 and 6, is very large.

A similarity with the photosynthetic reaction centre

" Abbreviations; QNB, quinuclidiny! benzilate; RM3, rat muscarinic
acetylcholine receptor subtype 3; 81 9, Spodoptera frugiperda cells;
PCR, polymerase chain reaction; FITC, fluorescein isothiocyanate

- Correspondence address: S. Vasudevan, Abteilung Molekulare Mem-

branbiologie, Max-Planck-Institut fiir Biophysik, Heinrich-Hoff-
mann-Str. . 7, 6000 Frankfurt/M 71, Germany. . Fax:
(45) (69) 6704423, .

52

from Rhodopseudomonas viridis, which is the first in-
tegral membrane protein to yield well-ordered crystals

(5] is that the cytochrome and the H-subunit form large

extramembraneous parts. ‘
Since there are no rich natural sources of a homo-

~geneous subtype of the muscarinic receptor, we have

sought to produce the protein heterologously in insect
cells using the baculovirus system (reviewed in [6,7]). In
this report we describe the construction of a baculo-
virus transfer vector containing the cDINA coding for
the rat muscarinic receptor subtype 3 (RM3), and fur-.
ther show that the receptor is produced and located on
the cell surface of Sf9 cells infected with recombinant

“baculovirus.

2. MATERIALS AND METHODS

Malenals IR
W:ld -type ACMNPV and baculovirus transfer vectors (pVL1392
and pVL1393) were kindly provided by Max Summers of* the Texas
A&M University. The plasmid pBluescript KS + was purchased from
Stratagene. Restriction endonucleases and DNA modifying enzymes

-were. from Boehringer Mannheim or Bethesda Research Labora-

tories,- The - thermostable DNA ‘polymerase, AmpliTag was -from
Perkin Eimer-Cetus. Tissue culture flasks, muliidisti 6 and related
material were from Nunc, Denmark. Spinner flasks for suspension
culture were from Techne, UK. Components for TNM-FH medium -
were purchased from Sigma. Fetal calf serum-and gentamycm were
from Gibco BRL. Monoclonal anubody M35 was purchased from

Chemunex, France, Pluronic F-68 was a gift from BASF, Mannheim,

- 2.2, Methods

2,2.1, Cells and viruses
Sf 9 cells (ATCC no. 1711) were routinely propagated at 27°C in
TNM-FH medium supplemented with 5% fetal calf serum and
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30 apsmt of gentamyein (+0.2% Pluronic F-68, Yor suiperaion
eulturex), Procedures Tor cell calwure, ¢o-trans{ection, viral infeetdon
and isalation af viral genemiec DINA were carried out as deveribed (8],
For analysix of RM3, 81 9 ¢ells were Infected with the recombinant
virus a1 1 MO (muliplichty of infection) of m

2.2.2, Construstion of reecmhinam wmtm ’
Standard methods for in vitro DNA manipulanam were exsentlally
as deseribed [9). An =18 kb ¢DNA fragmeny which comained the
open reading frame for RMY {10] in plasmid pSPES was gencrously
provided by Peler Secburg, ZMBH, Heldelberg., The 3 and
dr-unranslated sequences were removed by the following strategy.
Two- oligo-nuclearide primers (26-mer, 3" AATCTAGAATGACC-
TTGCACAGTAACY" and 21-mer §°-CCCCCOATUAGOGTCGC-
TGGAG-3') were used to-amplify a 200 bp fragment by PCR [11].
The amplified fragment was sequentinlly preeipitned, digested with
the restriction endonuclease Xbal, isolited from an 1.2% agarose gel
and ligated to plasmid pBlueseript KS + that was previously linedriz-
ed by cutting with. Xbal and Smal. The resultant plasmid was
digested: with Sryl (+92) and EcoRV before ligation ta. a 1717 bp
Styl-Thal fragment from the parent plasmid. The resultunt plasmid
pBSKSMac3 was the source af ¢DNA fof the construction of the
transfer vectors pVL Maed and pVL Camd (Fig. 1), The correciness

of the construets was confirmed by restriction nm\lysis and DNA s¢-
quencing.

pVL MAC3

Poly hedrin
Pm\moter
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2.2.%  belation af recombinant buculavirus

The transfer veetors pVL Macd and. pVL Camd (10 48} were <o
transfecied | sepurately with ACMNPY - genomic  DNA (1 2g) 1o
generate (he recombinant baculovieus. Visually sereened plaques
were anulysed by PCR wreening 1o Identify the recombinant virus.
The PCR primers (BagF, 3 -AATGATAACCATCTCGCAATAAA-
TAAG-Y  and - BuR, $"-CTTTUAACACCAGGGAAACTTCA-

TAGGAG-Y'Y are designed sueh that they can be used with all

currently avallable transfer vecrors based on the pwlyhedrln pro-
moter. Briefly, plaques thay were picked by visual sereening were
¢luted into cell culture medium (1 miy and used to infect =1 x 108
cells i Multidish. 6. After: 2 hoincubarion at 27*°C a further ¥ mi
medium was added and incubation econtinued for 6-8 days. The
supernatant was caollected after centrifugation -at 4000 rpm : for
10 min After saving & portion of the, supernatant as master: viral:
stock, the remalnder (1 ml) was centrifuged at 100000 x g for 30 min
in 4 TL=100 ultracentrifuge (Beckman), The viral pellet was sus-
pended in 200 1 of STET buffer (8% tuerose, 0.1% Triton X-100,
I mM EDTA, 50 mM Tris-HCL, pH 8), and beiled for 1 min. The
suspenston: was extracted successively with phenol, phénol/chlore-

| ~form, ehloreform, and finally precipitated with ethanel. The DNA

was divsolved in 30 gl of water and a portion (10 4l) was used for
PCR,

2.2.5, Other methods :
‘Northern amlysis was carried out as described {9). P'HIQuinueli-

B.

pVL CAMS3

Pelyhedrin
Promo!er

_Mpc3 ORF J

+1 035 B UL :
PVL TAATAATT. . . GCG (MCS ) PTTCT " Xbal

pvVL MAC3 TAATAATT. . .GCGCGGATCAGA‘I‘CTGCAGCGGCCGCTCCAGAATTCTAGAATG
pVL CAM3 TAATAATT . .GCGCGGA’I‘CCCCGCT‘I.'GCGTGGTC&CTGCTCTCMCATACCCC
Fig. 1, Structure of recombinant baculovirus transfer vectors pVL MAC3 and pVL CAM3. (A)pVL MAC3 was obtained by i msertmg an ~1.85 kb

Xbal-Kpn) fragment (derived from pBSKSMac3) containing the entire 1,77 kb RM3 coding sequence into pVL 1392, (B) pVL CAM3 was obtained
as follows: the plasmid pBSKSMac3 was cut with Kpnl followed by treatment with T4 DNA polymierase to produce a blunt end and digested
with the Xbudl to exise an ~1.85 kb fragment which was inserted between Smal and Xbal sites of pVL 1393, (C) The positions of nucleotides
around the mutated translation initiation codon of polyhedrm gene are indicated. The sequence between +4 and +34 of the polyhedrin gene and
the multiple cloning sites (MCS) inserted between: +38 and +177 are not shown. The sequence of the ATG start codon of RM3 in pVL MAC3

and the 3'-untranslated region of RM3.in pVL CAM3 are indicated in bold.
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dinyl benzilate (QNB) binding mssays en whole cells and membrane
preparations were carried out as deseribed {12). Analyvis of binding

data. was carrled out using  stapdard compuler pregrami, I

munofluorescence using monoclonal antibady M2% was darried out
exsentially ¢ deseribed [13].

3. RESULTS AND DISCUSSION

The strategy - employed for: the construction of
recombinant transfer vectors pVL Maed and pVL
Cam3 took into- account some of the salient features re-
quired for expression of heterologous genes in eukaryo-
tic cells, The presence of an upstream initiation codon
without an in-frame termination codon before the start

site for translation initiation of RM3 gene may be detri-

mental {10,14]. Also it is known that GC rich §' un-
translated . regions, and the presence of secondary
structures near the translation 'initiation region of
mRNAs can have profound effect on expression. To
circumvent these problems, the 5'-untranslated region
of RM3 ¢cDNA was removed by PCR with the simul-
taneous introduction of ‘an upstream Xbal site ‘to
facilitate cloning into the transfer vector. A convenient
Thal site 34 bp downstream from the RM3 gene ter-

1 2 3 4
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mination codon allowed the removal of the 3" -untrans-
lated region which has been known (o reduce mRNA
stability [14]. The choice of the transfer vector was bas:
ed on the observation that the retention of coding se-
quences for the initial amino acids of the polyhedrin
gene resulted in higher levels of the heterologously pro-
duced protein (15]. Fig. 1 summarises the c.onstrumon
of the recombinant vectors.

Homologous recombination that results in the for-
mation of recombinant baculovirus is a rare event [7].
Hence, the wide applications. of PCR technology
promp‘tcd the design of the two primers for the screen:
ing of viral DNA obtained from visually screened pla-
ques. The procedure for isolation of viral DNA suitable
for ‘PCR screening  was cleveloped to allow large
numbers. of  plaques. to be analysed simuitaneously:
When a plaque -had a mixture of wild-type and recom-
binant virus, the PCR amplifi¢ation revealed a product

of about 0.7 kb (polyhedrin DNA) in addition to a

band of the expected size for the cloned DNA (e.g.

" Fig. 2, lane 5). The purity of the recombinant baculo-

virus was indicated by the complete absence of the
0.7 kb fragment. There are scvcral advantages in using

a
~
@

Fig. 2. PCR amplifications with wild-type and recombinant baculovirus DNA, and with recombinant transfer vectors. The DNA amplifications
were carried out it 100 4! reaction volume containing 0.26 pmol of each primer, 200 #M of each ANTP and 10 ul of template’in a buffer that
contained 10. mM Tris-HCl, pH 8.4, 2 mM MgCla, 20 mM KCI and 0.1 mg gelatin, with 2-3 units. of AmpliTag DNA polymerase. The samples
were amplified for 25 cycles with DNA denaturation at 93°C for 1.5 min, primer annealing at 60°C for 2 min and primer extension at 72°C for
‘4 min. (Lanes ! and 8) Size markers; (lane 2) 0.7 kb fragment amplified from wild-type baculovirus; (larie 3) an ~2.2 kb fragment amplified from
pVL MACS3; (lane 4) an ~2.6 kb fragment amplified from pVL CAM3; (lane 5) mixture of two fragments from an apparently occlusion negative
- plagues (lane 6) band from an occlusion neganve plague with ' RM3 gene in correct orientation and (lane 7) wrong orientation with respect to
the polyhedrm promoter.
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PCR screening to ldentify a recombinant baculovirus,
mainly it obviates the need to show proof for the isola-
tion of a recombinant virus by Southern hybridization

with probes from the foreign gene and portion of

polyhedrin gene deleted in the recombinant virus. Ad-

ditionally, PCR screening can identify possible recom-
bination errors especially when the foreign gene is

closely related to the genome of Sf 9 cells [16).

Sf 9 cells infected with PCR-screened recombinant

baculovirug and appropriate controls were examined

for the presence of RM3 transéripts by Northern
analysis. As shown in Fig. 3, transeripts were detected
when cells were infected with recombinant viruses con-

taining the RM3 gene in the wrong orientation. and cor-
rect ~ orientation - with respect to the  polyhedrin
promoter. The observed sizes of the transeripts are in
good accordance with the caleulated sizes when the
contributions of the polyhedrin transcriptional start
and polyadenylation signals are taken 'into account.
The transeripts could also be discerned by Methylene
blue stained Northern blot (results not shown), thus in-
dicating the efficiency of transcription from the poly-
hedrin promoter. ‘

9.5
8

Fig.: 3. Northern analysis of total RNA from infectéd and non~

infected Sf 9 cells. Autoradiogiam of Northern blot of total RNA
isolated from: (1) Sf 9 cells 48 ki post-infection with recombinant

virus bearing RM3 gene in the wrong orientation; (2) Sf 9 cells 48 h .

post-infection with recombinant virus where RM3 is in the correct

orientation; (3) Sf 9 cells infected with wild-type baculovirus; and (4)
from non-infected Sf 9 cells, RNA-sizes are given in kb. Hybridiza-

tion was carried out with RM3 probe from pBSKSMac3.
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No - of recepiors per cell {«

SFQ cers per mi (x 0%

Duronion (doys)

Fig. 4. The growtly of non-infected and infected S 9 celly related to
the expression of RM3 as determined by PHJQNB binding assays.

{o=—n) Growth eurve of non-infected 8f 9 cells, (o) Growth
-~ eurve of 89 cells infocted with rmeombinant baculovirus with RM3

in the correct orientation. The arrowhead indicates the point of
infection, The specific number of [PH}QNB binding sites are défined
as that which can be displaced by 10 xM atropine, The number of

"IPHIQNB binding sites on’ non-infected St 9 cells (A---A), recom-

hinant baculovirus infected -cells (u---m),  with' RM3 'in wrang
orientation and (e---e), whh: RM3 in correct orientation: were
measured at the indicated intervals.

Infection of Sf 9 cells grown in suspension culture

~ withrecombinant baculovirus (bearing the RM3 gene in

the correct orientation with respect to the polyhedrin
promoter) revealed a time-dependent increase in the

Fig. 5.. Fluorescence scanning microscopy of non-infected and
recombinant baculovirus infected Sf 9 cells treated with monoclonal
antibody M35, and detected by FITC-conjugated goat anti-mouse
1gM. (A) Horizontal and (C)vertical views of non-infected Sf 9 cells.
(B) Horizontal and (D) vertical views of Sf 9 cells treated 48 h after
infection with recombinant baculovirus - with. RM3 in~ correct
‘orientation with respect to the polyhedrin promoter.

55



Volume 233 number ‘!

receptor bindmg sites an whole cells as determined by
(*HIQNB-binding assay (Fig. 4). The level of the recep-
‘tor was maximal between 48 and 72 h post-infection,
indicating more than a million receptors per cell. Mem-
branes prepared from cells harvested 36 h post-
infection ~ showed  receptor  concentrations of
12-18 pmol/mg protein (compare with 0.7 pmal/mg
from native sources [17]). -

The monoclonal antibody M35 has been shown to be
useful for studying the distribution of muscarinic

receptors in the human cerebral cortex [18). The expres- -
sion of RM3 in insect cells was analysed by fluorescence |

laser scanning microscopy using the monoclonal an-
tibody M35 and a second FITC tagged antibody. Fig. S
shows that M3S specifically recognised an epitope on
cells infected with the recombinant baculovirus. Since
the cells were not permeabilized prior to fixing, we con-
clude that the receptor is localised to the cell surface.
The dark patches observed in both the horizontal and
vertical sections give further credence to our con-
¢lusion,

Taken together, these results show that we have con-.

structed a recombinant baculovirus that upon infection
produces RM3 on the cell surface of Sf 9 cells. The
stage is now set for further pharmacological, bio-

chemical and physical analysis of an important member

of the G protein-linked class of receptors.
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