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Physical coupling of N-formyl peptide chemoattractant receptors to G protein is
unaffected by desensitization

(Received 15 March 1994; accepted 18 May 1994)

Abstract—Desensitization of N-formyl peptide chemoattractant receptors (FPR) in human neutrophils
results in association of these receptors to the membrane skeleton. This is thought to be the critical
event in the lateral segregation of receptors and guanyl nucleotide-binding proteins (G proteins) within
the plane of the plasma membrane resulting in an interruption of the signaling cascade. In this study
we probed the interaction of FPR with G protein in human neutrophils that were desensitized to various
degrees. Human neutrophils were desensitized using the photoreactive agonist N-formyl-met-leu-phe-
lys-Ne-['2]]2( p-azidosalicylamido)ethyl-1,3’-dithiopropionate (fMLFK-['®I]JASD). The interaction of
FPR with G protein was studied via a reconstitution assay and subsequent analysis of FPR-G protein
complexes in sucrose density gradients. FPR-G protein complexes were reconstituted with solubilized
FPR from partially and fully desensitized neutrophils with increasing concentrations of G; purified from
bovine brain. The respective ECsy values for reconstitution were similar to that determined for FPR
from unstimulated neutrophils (Bommakanti RK et al., J Biol Chem 267: 7576-7581, 1992). We
conclude, therefore, that the affinity of the interaction of FPR with G protein is not affected by
desensitization, consistent with the model of lateral segregation of FPR and G protein as a mechanism
of desensitization.
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FPR+t on human neutrophils transduce signals via pertussis
toxin-sensitive guanyl nucleotide-binding proteins (G
proteins) which activate phospholipase C [1, 2]. Analagous
to other members of the family of G protein-coupled
receptors, FPR exhibit the phenomenon of desensitization
upon prolonged exposure to agonists [3]. Several
mechanisms of desensitization have been proposed
(reviewed in Refs. 4, 5). It has been shown that receptor
phosphorylation of B-adrenergic receptors plays a crucial
role in rapid desensitization. This covalent modification of
the receptor protein triggers binding of arrestin-like
proteins [6] that ultimately leads to uncoupling of receptors
from their specific G protein. Although phosphorylation
of FPR was demonstrated recently {7, 8] it is not clear
whether a similar pathway involving a specific receptor
kinase and an arrestin-like protein are involved in FPR
desensitization.

For FPR a different mechanism of rapid desensitization
appears to be operative. FPR in desensitized neutrophils
are shifted to an actin- and fodrin-rich plasma membrane
domain that is depleted of G protein [9]. Simultaneously,
FPR are found complexed to the membrane skeletal actin
as desensitization occurs [10,11]. We believe that
immobilization by coupling to the membrane skeleton is a
mechanism to segregate receptors from G protein in the
plane of the plasma membrane, thus allowing for physical
interruption of the signaling cascade [12]. In agreement
with this model are reports showing a decreased coupling
of FPR and G protein [13, 14]. It is not yet clear what
molecular events determine the coupling of FPR to G
protein or the membrane skeleton in responsive and
desensitized neutrophils, respectively. With a recently
developed reconstitution assay for FPR-G protein

+ Abbreviations: FPR, N-formyl peptide chemo-
attractant receptors; fMLFK-['I]JASD, N-formyl-met-
leu - phe - lys - N* - ['®I]2( p - azidosalicylamido)ethyl - 1,3’ -
dithiopropionate; OG, n-octyl-3-D-glucopyranoside.

complexes that allows us to study the physical interaction
of receptor and G protein [15], we investigated whether
binding of FPR to G protein was altered during
desensitization. Our results show that the apparent affinity
of FPR for G protein in desensitized neutrophils was
identical to that in responsive cells, suggesting that a
modification of FPR causing an altered coupling to the G
protein does not occur.

Materials and Methods

Materials. Bovine brain G; was purified according to
Sternweis and Robishaw [16] as described by Bommakanti
et al. [15]. GTPYS was from Boehringer Mannheim
(Indianapolis, IN, U.S.A.) and OG was from Calbiochem
(La Jolla, CA, U.S.A.). All other materials were from
sources described previously [9, 15, 17]. Procedures for
SDS-PAGE have been carried out as described [9].

Cells and membranes. Human neutrophils were prepared
as described recently [18]. The cells were desensitized to
various degrees by incubation with an agonist at different
temperatures. Neutrophils were incubated with the
photoaffinity ligand f MLFK-[*I]ASD for 5 min at 4° which
results in partial desensitization while incubation for 20 min
at 15° or for Smin at 37° causes complete desensitization
of the cells {3, 11]. At the end of the respective incubation
periods the cell suspensions were UV-irradiated in order
to photoincorporate the ligand into the receptor protein.
Further details and the preparation of membranes by N,
cavitation have been described recently [11].

Solubilization of FPR and reconstitution of 7S FPR-G
protein complexes. Endogenous FPR-G protein complexes
were dissociated by treatment of the membranes
with GTPyS with subsequent washing as reported by
Bommakanti and co-workers [15, 19]. Plasma membranes
of about 7 x 107 cell equivalents were solubilized on ice in
200 uL solubilization buffer (20 mM Hepes/3 mM MgCl,
pH 7.4 containing 1% OG) for 1hr. Aliquots of these
membrane extracts were incubated with increasing
concentrations of purified G protein for 6 hr at 4°. Then
the incubation mixture was loaded on 5-20% sucrose
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Fig. 1. Reconstitution of 7S FPR-G protein complexes. 7S receptor complexes were reconstituted with
FPR solubilized from partially (@) and fully (W) desensitized neutrophils and bovine brain G;. A control
curve with FPR from unstimulated neutrophils is also shown (A). Partial desensitization was achieved
by incubation of neutrophils with fMLFK-["*I]ASD for 5 min at 4°. For full desensitization cells were
incubated with the photoaffinity ligand for 20 min at 15°. (For experimental details see Refs. 11, 19).
For reconstitution of 7S receptor complexes an ECs value of 56 nM was calculated for FPR from
responsive neutrophils and 85 and 100 nM for FPR from partially and fully desensitized neutrophils,
respectively.

Table 1. EC5y values for reconstitution of 7S receptor complexes from solubilized

4S FPR with G protein

State of neutrophil FPR reconstituted with ECso (nM)
Responsive G; 170* (6)
Responsive G, 70* (3)
Partially desensitized, 4° G; 98 (2)
Fully desensitized, 15° G; 85 (2)
Fully desensitized, 37° G; 130 (1)

FPR were photoaffinity labeled in membranes from unstimulated (responsive)
neutrophils or after incubation of neutrophils with the photoaffinity ligand at
different temperatures which allows desensitization to various degrees (see Materials
and Methods [11,15]). Mean values with the number of experiments given in

parentheses are shown. * Data from [15].

density gradients and spun for 8 hr. The gradients were
fractionated and the fractions analysed by SDS-PAGE and
phosphor imager analysis. For further details see Refs.
15,19.

Results and Discussion

We used a recently developed reconstitution assay [15]
in order to study the interaction of FPR from neutrophils
that were desensitized to various degrees with G proteins.
Reconstitution of FPR-G protein complexes with G; was
carried out with solubilized receptors from partially
desensitized neutrophils (cells photoaffinity labeled at 4°)
or fully desensitized neutrophils (cells photoaffinity labeled
at 15°) {9, 11, 20]. FPR complexed with G protein sediment
as 7S complexes in OG-containing sucrose density gradients

that are disrupted to 4S complexes by GTPyS [17]. 7S
receptor complexes were reconstituted from 4S receptors
with increasing concentrations of bovine brain G; and
complex formation was monitored with sucrose density
gradient centrifugation. For reconstitution with FPR from
partially desensitized and fully desensitized neutrophils
ECsp values of 85 and 100 nM, respectively, were determined
(Fig. 1, Table 1). Previous studies of the reconstitution of
7S FPR-G protein complexes with FPR from unstimulated
responsive neutrophils [15] gave Ecs, values of 170 nM for
G; and 70nM for G, (G protein purified from human
neutrophils which is identical to G, (Table 1). Thus, the
affinity of the interaction of receptor and G protein appears
to be unchanged by desensitization. We also photoaffinity
labeled neutrophils at 37°, a temperature not normally used
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for desensitization experiments, because it allows for
internalization of FPR [3]. Again, reconstitution occurred
with a similar Ecg value of 130 nM (Table 1).

Our data suggest that upon desensitization of FPR in
human neutrophils these receptors are still fully capable of
interaction with G protein. This result is in keeping with
the proposal that physical segregation of FPR from G
protein within the plane of the plasma membrane serves
as the basis for desensitization. A recent lateral mobility
study [21] provides support for this segregation which is
thought to be achieved by the coupling of FPR to the
membrane skeleton. This coupling results in a receptor
distribution that is distinct from the distribution of G
proteins and thus causes an interruption of the signaling
cascade [12, 17}. The coupling of FPR to the membrane
skeleton may be mediated by direct binding of FPR to
actin [10]. The molecular mechanism of this interaction is
unknown but a covalent modification of FPR in analogy
with phosphorylation of B-adrenergic receptors. that allows
for B-arrestin binding {22, 23] cannot be exciuded. The
recent evidence for phosphorylation of FPR {7, 8] might
provide the basis for such amechanism. However, according

to tha data of thig ctndy cuch
o tne Gata Or tars stuay,

affect the interaction of FPR with actin (and/or other
protein(s) involved in desensitization) but leave the FPR-G
protein interaction unchanged. Although there is strong
evidence for the lateral segregation model of FPR
desensitization, additional mechanisms may be operative.
The recent evidence for phosphorylation of FPR {7, 8]
suggests that these receptors might indeed be uncoupled
from G protein by this modification and binding of an
arrestin-like protein as has been documented for B
adrenergic receptors and luodOpSli‘l [4 6 J

In conclusion, we have shown that the physical interaction
of FPR with G protein is not affected by desensitization
of this receptor system in human neutrophils. A recently
introduced reconstitution assay that allows for an estimation
of the affinity of receptor-G protein interaction (15] gave
similar ECsy values for this interaction for receptors
from unstimulated [15], partially and fully desensitized
neutrophils (Fig. 1, Table 1). This result is consistent with
the model of lateral segregation of FPR and G proteins
into different piasma membrane domains as a mechanism
of desensitization [3, 12].

a modification micsht only
sucn a mogmgeaticn migat omy

Acknowledgements—This work was supported by the
American Cancer Society Institutional Research grant
IRG-172B (K -NK) and PHS grant ROl Al 22735
(A.J.}.) The expert technical assistance of Ms Jeannie

Gripentrog is gratefully acknowledged.

KARI-NORRERT K1 OTZ*

ALGIRDAS J. JESAITIS

Deparment of Microbiology
Montana State University
Bozeman, MT 59717
US.A.

REFERENCES

1. Okajima F, Katada T and Ui M, Coupling of the
guanine nucleotide regulatory protein to chemotactic
peptide receptors in neutrophil membranes and its
uncoupling by islet-activating protein, pertussis toxin.
A possible role of the toxin substrate in Ca?*-mobilizing
receptor-mediated signal transduction. J Biol Chem
260: 67616768, 1985.

2. Gierschik P, Sidiropoulos D and Jakobs KH, Two
distinct Gi-proteins mediate formyl peptide receptor

* Corresponding author: Karl-Norbert Klotz, Institut fiir

Pharmakologie und Toxikologie, Universitdt Wiirzburg,
Versbacher Str. Q Q D-97078 Wnr'lhurg Germanv, Tel (AQ\

Crsoacner oir S wWurzour ssermany. aci.

931-201 2290; FAX (49) 931-201 3539.

(%]

(=)

10.

11.

12.

13.

14.

15.

16.

17.

—
=2}

1299

signal transduction in human leukemia (HL-60) cells.
J Biol Chem 264: 21470-21473, 1989.

. Jesaitis AJ and Allen RA, Activation of the neutrophil

respiratory burst by chemoattractants: regulation of
the N-formyl peptide receptor in the plasma membrane.
J Bioenerg Biomembr 20: 679-707, 1988.

. Benovic JL, Bouvier M, Caron MG and Lefkowitz RJ,

Regulation of adenylyl cyclase-coupled B-adrenergic
receptors. Annu Rev Cell Biol 4: 405-428, 1988.

anadancff WD

T Afl- DT 1IT el als N DaAla
. LERIKOWIlZ RJ, 1ausaoiil wr and Laron MG, Roie

of phosphorylation in desensitization of the g
adrenoceptor. Trends Pharmacol Sci11: 190-194, 1990.

. Lohse MJ, Andexinger S, Pitcher J, Trukawinski S,

Codina J, Faure J-P, Caron MG and Lefkowitz RJ,
Receptor-specific desensitization with purified proteins.
Kinase dependence and receptor specificity of p-
arrestin and arrestin in the B,-adrenergic receptor and
rhodopsin systems. J Biol Chem 267: 8558-8564, 1992.

. Ali H, Richardson RM, Tomhave ED, Didsbury JR

and Snyderman R, Differences in phosphoryiation of
formylpeptide and C5a chemoattractant receptors
correlate with differences in desensitization. J Biol
Chom 268 2424724284 1003

LA LGS, LRLA7i—45425, 1550,

. Tardif M, Mery L, Brouchon L and Boulay F, Agonist-

dependent phosphorylation of N-formylpeptide and
activation peptide from the fifth component of C (C5a)
chemoattractant receptors in differentiated HL60 cells.
J Immunol 150: 3534-3545, 1993.

. Jesaitis AJ, Bokoch GM, Tolley JO and Allen RA,

Lateral segregation of occupied chemotactic receptors

into actin and fodrin-rich plasma membrane micro-

domains depleted in guanyl nucleotide proteins. J Cell
] anm. A1 0ON0 100

Biol 107: yLl—VLO 1988.

Jesaitis AJ, Erickson RW, Klotz K-N, Bommakanti

RK and Siemsen DW, Functional molecular complexes
of human N-formyl chemoattractant receptors and
actin. J Immunol 151: 5653-5665, 1993.

Klotz K-N, Krotec KL, Gripentrog J and Jesaitis
AJ, Regulatory interaction of N-formyl peptide
chemoattractant receptors with the membrane skeleton
in human neutrophils. J Immunol 152: 801-810, 1994.
Klotz K-N and Jesaitis AJ, Neutrophil chemoattractant
receptors and the membrane skeleton. BioEssays 16:
193-198, 1994,

Wilde MW, Carlson KE, Manning DR and Zigmond
SH, Chemoatiractant-stimulaied GTPase activity is
decreased on membranes from polymorphonuclear
leukocytes incubated in chemoattractant. J Biol Chem
264: 190-196, 1989.

McLeish KR, Gierschik P and Jakobs KH, Desen-
sitization uncouples the formyl peptide receptor-
guanine nucleotide-binding protein interaction in HL60
cells. Mol Pharmacol 36: 384-390, 1989.
Bommakanti RK, Bokoch GM, Tolley JO, Schreiber
RE, Siemsen DW, Klotz K-N and Jesaitis AJ,
Reconstitution of a physical complex between the
N-formyl chemotactic peptide receptor and G
protein: Inhibition by pertussis toxin-catalyzed ADP
ribosylation. J Biol Chem 267: 7576-7581, 1992.
Sternweis PC and Robishaw JD, Isolation of two
proteins with high affinity for guanyl nucleotides from
membranes of bovine brain. J Riol Chem 259: 13806-
13813, 1984.

Jesaitis AJ, Tolley JO, Bokoch GM and Allen RA,
Regulation of chemoattractant receptor interaction
with transducing proteins by organizational control in
the plasma membrane of human neutrophils. J Cell
Biol 109: 2783-2790, 1989.

. Parkos CA, Aiien RA, Cochrane CG and Jesaitis AJ,

Purified cytochrome b from human granulocyte plasma

membrane is composed of two polypeptides with
relative molecular weichts of 91 000 and 22 .000. J Clin

ICaive morccuiar Weigats O Yi,U00 anl 24,000, 7 LR

Invest 80: 732-742, 1987.



1300 Short communications

19. Bommakanti RK, Klotz K-N, Dratz EA and Jesaitis  21. Johansson B, Wymann MP, Holmgren-Peterson K and

Al, A carboxyl-terminal tail peptide of neutrophil Magnusson K-E, N-Formyl peptide receptors in human
chemotactic receptor disrupts its physical complex with neutrophils display distinct membrane distribution and
G protein. J Leukocyte Biol 54: 572-577, 1993. lateral .mobility when labeled with agonist and
20. Jesaitis AJ, Toliey JO and Allen RA, Receptor— antagonist. J Cell Biol 121: 1281-1289, 1993. )
cytoskeleton interactions and membrane traffic may 22. Hausdorff WP, Caron MG and Lefkowitz RJ, Turning
regulate chemoattractant-induced superoxide pro- off the signal: desensitization of B-adrenergic receptor
i ; . function. FASEB J 4: 2881-2889, 1990.
duction in human granulocytes. J Biol Chem 261 . . .
13662-13669, 1986. 23. Wilson CJ and Applebury ML, Arresting G-protein

coupled receptor activity. Curr Biol 3: 683686, 1993.



