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cRNA from a PCR-generated C5aR clone was prepared by in vitro transcription and micromjected into Xenopus laevis oocytes Ligand-induced

whole celi current could be detected after co-mmjection of cRNA for the C5aR with total RNA of the unstimulated U937 cell hne, but not with

either of the components njected alone These data clearly demonstrate an absolute requirement of the C5aR for an additional human factor to
become functionally expressed in Xenopus oocytes

Reconstitution C3a receptor, U937 Xenopus oocyte

1. INTRODUCTION

The human C5a anaphylatoxin 1s a potent mediator
of inflammatory reactions including chemotaxis and ac-
twation of neutrophils, smooth muscle contraction and
mcrease 1n vascular permeability. It 1s generated by pro-
teolytic cleavage of the complement component C5 dur-
ing activation of the complement system (see [1] for
review) and exerts 1ts various functions by binding to a
specific C5a receptor found 1n the membrane of several
cells, like neutrophils, eosinophils and the U937 and
HL60 cell line [2-5] These latter two cell hnes expiess
high levels of CS5aR if stimulated with cAMP while no
C5aR expression can be demonstiated in unstimulated
cells Cloning of the ¢cDNA for the human C5aR from
the U937 and HL60 cell lines has recently been reported
[4,5]. The C5aR identity of the cDNA clones was de-
monstrated by their ability to confer a lugh-affinity C5a
binding property to transfected COS cells

Functional expression of the C5aR in Xenopus oocy-
tes by microinjection of mRNA from cAMP-stimulated
HL60 cells has been reported by Murphy et al [6]. The
oocyte expression system would therefore seem well sui-
ted to supplement the preliminary characterization of
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the recombmant C5aR by functional data We now re-
port the cloning and functional expression of the recom-
binant human C5aR 1n Xewnopus oocytes and demon-
strate 1ts absolute dependence on an additional human
factor for functional expression

2 MATERIALS AND METHODS

21 Materials

Ohigonucleotides P1(5-CGGAATTCATGAACTCCTTCAATTA-
TAC-3), P2 (5-CCAAGCTTGACGTGTCGCCTACACTGCCT-
3), P (5-ATAGAAGCTTAGCCCAGGAGACCAGAACATGA-
ACTCCTTCAATTAT-3) and all sequencing primers were synthest-
zed on a GENE Assembler Plus (Pharmacia) and purified according
to the manufacturer’s instructions Restriction endonucleases were
obtained from Pharmadcta, deoxynucleotide-triphosphate solutions
and T4-DNA ligase from Gibco RhC54 was obtaned from Sigma or
purified from our own recombinant £ colt strain (Bautsch et al,
submitted) Identical results were obtained irrespective of the source
of the rhCS5a Adult Xenopus laewis were purchased from Kihler
(Hamburg. Germany) Composition of oocyte Ringer solution (OR,
i mM) NaCl 96, KCI 2, CaCl, 18, MgCl, 1, HEPES 5, pH 74
Bovine serum albumin (0 2%, Bochringer) was added to OR in all
clectrophysiological measurements

22 Clomng of the C5aR

Total human DNA was prepdred from peripheral blood leukocytes
[8] The DNA sequence for the C54R was amphified fiom 10 ng total
human DNA using P1, P2 and VENT DNA polymerase (Biolabs)
decording to the manufacturer’s instiuctions 36 cycles at an anncaling
temperatute of 50°C were tun The DNA fragment wus digested by
EcoRIIHmdII and cloned into pGEM-9Zf(-) (Piomegd) Powitive
clones were completely sequenced using the T'7 sequencing kit (Phai-
mdctd) One out of § sequenced clones contained the complete muta-
tion-fice DNA sequence cotrespondmg to position 1-1063 of the
C54R sequence To introduce purt of the native led er sequence of the
C54R 1 ng of the recombinant DNA clone was reamphified by 25
cycles PCR 1rvong P and P2 as amplification primers and cloned into
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the HindlIT site of pGEM-9Zf(—) Positive clones were completely
sequenced as described above The final recombinant plasmid, called
pCGl, contained the complete DNA sequence of the C5aR from
position —18 to 1063 downstream of the T7 promotor [5] This clone
(or a subclone 1n pCDMS8 (Invitrogen) called pCCl) served for the
production of cRNA [7]

23 Preparanon of RNA

U937 cells were grown tn RPMI 1640 medium (Gibeo) For induc-
tion of C5aR expression cells were treated with I mM dibutyryl-cAMP
(Boehringer) for 40 h Total RNA was prepared by the guanidinium
1sothiocyanate method {7) and stored at —70°C n water cRNA for
the C5aR was prepared from the T7 promotor of the Nsil-digested
pCG1 (or Xbal-digested pCCl, respectively) using the mCAP mRNA
capping kit (Stratagene) and quantitated by densitometric evaluation
from ethidium bromide-stained agarose gels against a known RNA
standard using the CS-1 system (Cybertech)

24 OQacyte expression eaperiments

Preparation of defolliculated oocytes and clectrophysiological re-
cordings were performed essentially as described previously [8] RNA
(46 nl/oocyte) was jected by a motor-driven micromnjector (Drum-
monr) using glass capillaries broken to an outer diameter of 12 25
pm C5aR activity was tested [-6 days after RNA injection by current
recording of voltage-clamped oocytes (—~70 mV) exposed to OR con-
tamimng 20 nM rhC3a for 100 s

3 RESULTS
Xenopus oocytes express [unctional CS5a receptors
“
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Fig 1 Wholc cell cutients of oocyles exposed 1o 20 nM 1hCSda for 100

s (horizontal bar) Oocytes were mjected with (4) 46 ng total RNA of

cAMP-stimulsted U937 ceils, (h) 46 ng total RNA of unstimulsied

U937 cells, () 0 2 ng of CSaR-eRNA and (d) 0 1 ng af C5aR-cRNA

plus 23 ng total RNA of unstimulated U937 cells Qocytes deined
ftom the same frog weie soltage <damped to =70 mV
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after injection of total RNA prepared from cAMP-sti-
mulated cells of the human U937 cell ine Fig la dis-
plays a rhC3a mnduced current response of a voltage-
clamped oocyte mjected two days before with total
RNA of cAMP-stimulated U937 cells Functional C5a
receptor activity appeared 1-2 days after RNA njection
and reached a maximum at the third day. The response
desensitized strongly upon repeated application of the
Iigand (data not shown) Qocytes injected with RNA
from unstimulated U937 cells or with C5aR-cRNA
alone showed no C5a response as demonstrated in Fig
Ib,c. However, co-ipjection of a 1'1 muxture of both
receptor CRNA and RINA of unstimulated U937 cells
led to expression of functional C3a receptors (Fig 1d)
These CS5a responses showed the same electrophysiolo-
gical charactenstics as those of oocytes mmjected with
cAMP-stimulated U937 RNA, Table [ summarizes the
data of our expression experiments with oocytes of 4
different frogs 44% of the oocytes injected with RNA
of cAMP-stimulated U937 cells and 43% of the oocytes
mjected with the cRNA/RNA mixtuie responded to
C5a The shape and amplitude (ranging from 5 to 320
nA) of the acquired responses varied between different
oocytes as described for other expressed receptors too
[9] In contrast, none of the oocytes mnjected with C5aR
clone cRNA or RNA from unstimulated U937 cells
alone displayed functional C5a receptor activity

4 DISCUSSION

The CS5aR belongs to the rhodopsin-like receptor su-
perfamily, a subgroup of G-protein coupled receptors
[10] Several of these receptors such as the setotonmn
5-HT,. and substance K receptor [11,12] have been
functionally expressed m Xenopus oocytes from thewr
specific cRNA Ligand-induced current responses were
mediated by the endogenous signal tiansduction path-
way of the oocyte via activation of phosphatidylinositol
breakdown and opeming of chloride channels In the

Table 1

Summaiized ddta of the RNA expression experiments with oocytes of
4 different frogs exammed 1-6 days after injection of the indicated
RNA for tunctional C54R dctuvity

Current response

n yos no
total RNA of cAMP-stimulated 71 3] (44%) 40 (56%)
U937 cells
total RNA of unstimulated ¥ 0(0%) 39 (100%)
U937 cells
C5aR.cRNA 34 0 (0%) 34 (1009%)
C5aR cRNA plus total RNA of 88 18 (@3%) 50 (57%)

unstimulated U937 celis

Qocytes were voltageclamped at =70 mV and superfused for 100 s
with 20 nM rhCSa
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present paper we clearly demonstrate that functional
expression of a C5aR clone requires a complementary
human factor. Similar results have quite recently been
obtained by Murphy and McDermott for functional
fMLP receptor expression in oocytes [13]. The identity
of this complementary factor s still unknown. A special
feature of the C5a as well as the fMLP receptor 1s their
tight association with a G-like protein [14,15] These
observations suggest a G-protein to function as this
complementary factor 1n the oocyte system However,
coinjection of the fMLP receptor cRNA with cRNA
coding for the a-subunits G,;, G, and G,; failed to
induce functional fMLP receptors [13]

In summary, we describe a functional expression sys-
tem for the human C5a receptor in Xenopus oocytes and
conclustvely demonstrate the requirement of an addi-
tional human factor derived from comjected RNA This
system provides a functional assay for the study of the
C5a-C5aR interactions by site-directed mutagenesis
and may serve as a tool for expression cloning of the
complementary human factor
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