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20 Abstract

21 A novel mechanism of action was described, when a protease-activated receptor 4 (P4Pal10) 

22 derived lipopeptide (pepducin) was shown to inhibit signaling downstream of several unrelated 

23 Gq-coupled receptors. We show that this putative Gq-inhibiting pepducin lacks inhibitory 

24 effects on signaling downstream of the Gαq-coupled receptors for ATP (P2Y2R) and PAF 

25 (PAFR) expressed in human neutrophils. P4Pal10 inhibited however, signaling in neutrophils 

26 activated with agonists for the Gi-coupled formyl peptide receptor 2 (FPR2) but not the 

27 closely related FPR1. In addition, the P4Pal10 pepducin was turned into an activating agonist in 

28 the presence of an allosteric modulator selective for free fatty acid receptor 2 (FFA2R). The 

29 results presented thus reveal Gq-independent effects of P4Pal10 in modulating FPR2- and 

30 FFA2R-mediated neutrophil activation.  
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39 Introduction 
40
41 Receptors belonging to the G-protein-coupled receptor (GPCR) family constitute a class of 

42 recognition molecules involved in a broad range of physiological processes as well as 

43 pathological conditions (1). The GPCRs have in common that they are polypeptides that span 

44 a cell membrane seven times, and the transmembrane-spanning α-helices connect the N-

45 terminal tail and three loops expressed on the cell surface, with three intracellular loops and a 

46 C-terminal tail facing the cytosolic compartment (2). To mediate a cellular response following 

47 recognition of an extracellular ligand that binds to its membrane exposed binding 

48 cavity/domain, the cytosolic domains are structurally and functionally modified to allow and 

49 mediate an intracellular coupling to a so-called heterotrimeric G-protein containing an α- and a 

50 β/γ subunit (3). There are four classes of α-subunits, designated as Gαs, Gαq, Gαi/o and 

51 Gα12/13, which initiate distinct as well as overlapping signaling cascades (3). The Gα subunit 

52 part possesses an intrinsic GTPase activity which keeps signaling of a receptor at a very low or 

53 zero level in the absence of an agonist (4). The  conformational changes in the receptor, initiated 

54 by the binding of an agonist, promotes an exchange of GDP for GTP, which leads to 

55 dissociation and activation of the Gα subunit and a start of the G-protein dependent signaling 

56 cascade (3). The large structural similarities between G-proteins makes it hard to determine the 

57 precise identity of a signaling partner, and  two bacterial toxins (pertussis toxin from Bordetella 

58 pertussis and cholera toxin from Vibro cholera)  have for long  been the only tools available to 

59 investigate receptor coupling to Gαi (sensitive to pertussis toxin) and Gαs (sensitive to cholera 

60 toxin), respectively (5, 6). New and more efficient inhibitors of specific G-protein subunits have 

61 been eagerly awaited and small molecule inhibitors of Gαq are now available (7, 8). These 

62 inhibitors (the depsipeptide YM-254890 and the analog FR900359) selectively target Gαq 

63 signaling through an inhibition of the GDP/GTP exchange, and signaling is thus selectively 

64 terminated downstream of the Gαq-protein. 
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65 Pepducins, lipidated peptides with an amino acid sequence identical to one of the intracellular 

66 parts of the GPCR to be targeted, represent a novel group of modulators (9, 10). According to 

67 the proposed model for interaction, the lipid moiety of a pepducin facilitates its transport over 

68 the cell membrane and the peptide part interacts with an allosteric receptor site exposed to the 

69 cytosol and binding of the pepducin either activates or inhibits signaling by the cognate receptor 

70 (9). According to the concept, pepducins should selectively target receptors that harbor a 

71 sequence in one of their cytosolic parts that is identical to that in the pepducin (10). Our earlier 

72 studies with GPCRs expressed by human neutrophils including the formyl peptide receptors 

73 (FPR1 and FPR2) and the ATP receptor (P2Y2R) have raised questions about the precise 

74 mechanism for how pepducins specifically activate/inhibit neutrophil GPCRs, and it is clear 

75 from these studies that the receptor selectivity is not always dictated solely by amino acid 

76 similarities between the receptor and the activating/inhibiting pepducin (1). In agreement with 

77 this, it was recently shown that the pepducin P4Pal10, a lipopeptide with an amino acids 

78 sequence identical to a part of  the third intracellular loop of the protease-activated receptor 4 

79 (PAR4), inhibits signaling not only by this receptor but also by an array of other GPCRs that 

80 signal through a G-protein containing a Gq subunit (11). The P4Pal10 pepducin lacked effect 

81 on signaling by Gs-coupled as well as Gi-coupled receptors, and even though it had no direct 

82 effect on Gq function , it was proposed to be a selective inhibitor for a group of receptors that 

83 recruit and signal through the Gαq-class of G-proteins (11). 

84 The Gαq preference for P4Pal10 among different GPCRs in human neutrophils is not known, 

85 and we have now determined the effects of the presumed Gαq-inhibiting pepducin P4Pal10 on 

86 signaling induced by both Gαq- (PAFR and P2Y2R), and Gαi-coupled GPCRs (FFA2R, FPR1, 

87 and FPR2) expressed in neutrophils. We show that no inhibition was induced by P4Pal10 on the 

88 signals generated by Gαq-coupled receptors, whereas the responses triggered by the Gαi-

89 coupled FPR2 and FFA2R was selectively inhibited and amplified, respectively. 
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90 Material and Methods
91
92 Ethics Statement

93 In this study, conducted at the Sahlgrenska Academy in Sweden, buffy coats obtained from the 

94 blood bank at Sahlgrenska University Hospital, Gothenburg, Sweden were used to isolate 

95 neutrophils. According to the Swedish legislation section code 4§ 3p SFS 2003:460, no ethical 

96 approval was needed since the buffy coats were provided anonymously. 

97 Chemicals 

98 Dextran and Ficoll-Paque were obtained from GE-Healthcare Bio-Science (Uppsala, Sweden).

99 The tripeptide fMLF, and bovine serum albumin, were purchased from Millipore Sigma  

100 (Burlington, MA, USA). Horseradish peroxidase (HRP) was obtained from Boehringer 

101 Mannheim (Germany). The hexapeptide WKYMVM, isoluminol, TNFα, propionate, dimethyl 

102 sulfoxide (DMSO) and ATP were obtained from Sigma (St. Louis, MO, USA). Cyclosporin H 

103 was kindly provided by Novartis Pharma (Basel, Switzerland) and PAF was from Avanti Polar 

104 Lipids Inc. (Alabama, USA). The pepducin F2Pal10 (12) and the palmitoylated ten amino acids 

105 long pepducin P4Pal10 (Pal-SGRRYGHALR) were synthesized by CASLO Laboratory 

106 (Lyngby, Denmark). The FPR2 peptidomimetic agonist Compound 14 (13) and the FPR2 

107 peptidomimetic antagonist  CN6 (14) were kind gifts from Henrik Franzyk (Copenhagen, 

108 Denmark). MCT-ND4 was a kind gift from Hidehito Mukai (Nagahama Institute of Bio-

109 Science, Japan). PSMα2 was from the American Peptide Company (Sunnyvale, CA). 

110 YM‐254890 was purchased from Wako Chemicals (Neuss, Germany). CATPB (FFA2R 

111 antagonist) was from Tocris Bioscience (Bristol, England). Fura‐2 was from Thermo Fisher 

112 Scientific (Waltham, MA, USA). Cy5-WKYMVM was purchased from Phoenix 

113 Pharmaceuticals (Burlingame, CA).

114

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted August 23, 2019. ; https://doi.org/10.1101/745596doi: bioRxiv preprint 

https://doi.org/10.1101/745596
http://creativecommons.org/licenses/by/4.0/


6

115 All reagents were dissolved in DMSO and then further diluted in Krebs-Ringer phosphate 

116 buffer (KRG, pH 7.3; 120 mM NaCl, 5 mM KCl, 1.7 mM KH2PO4, 8.3 mM NaH2PO4 and 10 

117 mM glucose) supplemented with Ca2+ (1 mM) and Mg2+ (1.5 mM). 

118 Isolation of human neutrophils and monocytes

119 Neutrophils from healthy donors were isolated from peripheral blood or buffy coats using 

120 dextran sedimentation and Ficoll-Paque gradient centrifugation as described (15). After 

121 hypotonic lysis of the remaining erythrocytes, neutrophils were washed, suspended in KRG, 

122 and stored on ice until use. Monocytes were isolated with dextran sedimentation and Ficoll-

123 Paque, follow by negative selection with magnetic beads (16).

124

125 Neutrophil NADPH-oxidase activity 

126 The NADPH-oxidase activity was determined using isoluminol-enhanced chemiluminescence 

127 (CL) (17, 18) and measured in a six-channel Biolumat LB 9505 (Berthold Co., Wildbad, 

128 Germany). Disposable polypropylene tubes containing a 900 µl reaction mixture of 105 

129 neutrophils in KRG, isoluminol (2 x 10-5 M) and HRP (4 Units/mL), were equilibrated at 37°C 

130 for 5 minutes in the absence or presence of inhibitors before addition of 100 µL of stimulus. 

131 Calcium mobilization

132 Neutrophils were loaded with Fura-2-AM (5 µM) for 30 minutes in darkness at room 

133 temperature (RT) before washing and suspension in KRG. Measurements of intracellular 

134 calcium were carried out at 37°C in a PerkinElmer fluorescence spectrophotometer (LC50, 

135 Perkin Elmer, USA), with excitation wavelengths of 340 and 380 nm, an emission wavelength 

136 of 509 nm, and slit widths of 5 and 10 nm. The transient rise in intracellular calcium is presented 

137 as the ratio of fluorescence intensities (340 nm: 380 nm) detected. 

138

139
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140

141 Cy5-WKYMVM competitive receptor binding assay

142 The pepducin P4Pal10 (2 µM) was added to neutrophils (1 × 106 cells/ml) in KRG supplemented 

143 with Ca2+ and incubated on ice for 10 min, after which the fluorescently labeled FPR2 agonist 

144 Cy5-WKYMVM was added (1 nM), and incubation was continued for 1 h. Samples with Cy5-

145 WKYMVM in the presence (non-specific binding) or absence (total binding) of WKYMVM 

146 (100 nM) were used as controls. The samples were analyzed by flow cytometry using an Accuri 

147 flow cytometer.

148

149 Data analysis

150 Data analysis was performed using GraphPad Prism 8.1.0 (Graphpad Software, San Diego, CA, 

151 USA). Curve fitting was performed by non-linear regression using the sigmoidal dose-response 

152 equation (variable-slope). Student’s t-test was used for statistical analysis, *p < 0.05, **p < 

153 0.01.

154

155 Result 

156
157 The transient increase in the cytosolic concentration of free Ca2+ mediated by Gαq-coupled 

158 PAFR and P2Y2R, is not inhibited by the P4Pal10 pepducin

159 One of the very early events in neutrophils following activation by G-protein coupled receptor 

160 (GPCR) selective agonists, is the induction of the PLC-PIP2-IP3 intracellular signaling pathway 

161 leading to an increase in the intracellular/cytosolic concentration of free Ca2+ ([Ca2+]i) (19). The 

162 Gq-coupled GPCRs for the lipid chemoattractant platelet activating factor (PAFRs) and for 

163 ATP (P2Y2Rs) are abundantly expressed by neutrophils. In accordance with the general 

164 signaling scheme, stimulation of these GPCRs with their respective receptor specific agonist 
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165 induced a transient rise in [Ca2+]i (Fig. 1A, B). The cyclic desipeptide YM-254890, an inhibitor 

166 that selectively inhibit signaling by GPCRs coupled to G-protein containing the Gq-subunit, 

167 abolished the PAF-mediated as well as the ATP-induced rise in [Ca2+]i (Fig. 1A, B), confirming 

168 that both P2Y2R and PAFR couple to Gq (20, 21). 

169 The PAR4-derived pepducin P4Pal10 has been shown to be a promiscuous inhibitor of GPCR-

170 signaling that affects signaling by different Gq-coupled receptors (11). Mechanistically, the 

171 P4Pal10 pepducin effect is indirect in that there is no direct effect on the function of the Gq-

172 protein; instead, the signaling capacity of sensitive receptors is modulated by the pepducin (11). 

173 As illustrated by the complete inhibition by YM-254890, the PAFRs and P2Y2Rs exclusively 

174 couple to Gq, but despite this, no inhibition of the PAF- or ATP-induced transient rise in 

175 [Ca2+]i was mediated by the P4Pal10 pepducin determined at concentrations up to 500 nM (Fig. 

176 1A and B). 

177 The transient increase in [Ca2+]i triggered by WKYMVM, an agonist specifically recognized by 

178 the Gαi-coupled FPR2, is selectively inhibited by the P4Pal10 pepducin

179 In addition to P2Y2R and PAFR, neutrophils express also pattern recognition GPCRs including 

180 FPR1/2 and the FFA2R  that sense formylated peptides and free fatty acids such as propionate 

181 produced in the gut during microbial fermentation of fiber diets, respectively  (22). The PLC-

182 PIP2-IP3 intracellular signaling pathways leading to an increase of the cytosolic concentration 

183 of [Ca2+]i was triggered also by the FPR1 agonists fMLF, the FPR2 agonist WKYMVM as well 

184 as by the FFA2R agonist propionate (Fig 1C-E). In agreement with the known Gi preference 

185 (23), the Gq selective inhibitor YM-254890 was without effect on the responses triggered by 

186 the agonist occupied FPRs and FFA2R (Fig 1 C-E). Similar to YM-254890, the P4Pal10 

187 pepducin was without effect on the fMLF/FPR1- as well as on the propionate/FFA2R-induced 

188 transient rise in [Ca2+]i (Fig 1C, D). The WKYMVM response was, however, substantially 
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189 reduced in the presence of P4Pal10 (Fig 1E). Taken together, our data show that P4Pal10 has no 

190 effect on signaling by the Gq-coupled PAFR and P2Y2R, but it selectively inhibits signaling 

191 by Gi-coupled FPR2. The inhibitory effect of P4Pal10 is apparently not due to an inhibition of 

192 Gi, a conclusion drawn from the fact that the pepducin had no inhibitory effect on signaling 

193 by the closely related FPR1 or by FFA2R in neutrophils.

194 The FPR2-mediated activation of the superoxide (O2
-) generating neutrophil NADPH-oxidase 

195 is selectively inhibited by the P4Pal10 pepducin

196 We next examined the effect of P4Pal10 on activation of the O2
-generating NADPH-oxidase, an 

197 electron transporting enzyme system in neutrophils that is assembled/activated by many 

198 agonist-occupied GPCRs (24, 25). Accordingly, agonists for the Gi-coupled FPRs and for the 

199 Gq-coupled PAFR are potent activators of the NADPH-oxidase, while ATP or propionate are 

200 unable to directly trigger an activate neutrophil NADPH-oxidase (26, 27). The neutrophil 

201 response induced by FPR- or PAFR-agonists has a rapid onset, reach a peak after around 1 min 

202 and is terminated in around 5 min (Fig. 2A-C).  In agreement with the inability of the Gq 

203 inhibitor YM-254890 to reduce the rise in [Ca2+]i when triggered by FPR agonists (Fig 1C, E), 

204 no reduction in O2
- production was obtained in the presence of YM-254890 (Fig. 2A and B). 

205 As expected, the PAF-induced activation of NADPH-oxidase was largely inhibited by YM-

206 254890 (Fig 2C). The P4Pal10 pepducin did not reduce, but rather significantly increased PAF-

207 induced production of O2
- (Fig 2C and D). In line with the data obtained in Ca2+ assay system, 

208 P4Pal10 selectively inhibited FPR2-triggered activation of the NADPH-oxidase, as illustrated 

209 by the fact that the WKYMVM-induced production of O2
- was totally inhibited by the pepducin 

210 while the response induced by the the agonist for the closely related FPR1 was unaffected (Fig 

211 2A and B). The effects of the FPR2 specific antagonist CN6 (14) was included for comparison 

212 (Fig 2A, B). 

213 The P4Pal10 pepducin inhibits O2
- production triggered also by other FPR2 agonists

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted August 23, 2019. ; https://doi.org/10.1101/745596doi: bioRxiv preprint 

https://doi.org/10.1101/745596
http://creativecommons.org/licenses/by/4.0/


10

214 The P4Pal10 pepducin abolished WKYMVM-induced O2
- production, and the inhibition was 

215 P4Pal10 concentration dependent with an IC50-value of ~ 0.7 µM (Fig 3A). To further investigate 

216 whether the inhibitory effect of P4Pal10 is restricted to the agonist WKYMVM or achieved on 

217 the level of FPR2, we used several other FPR2 selective agonists including the Staphylococcus 

218 aureus-derived PSM2 peptide (28), the mitochondrial-derived MCT-ND4 peptide (29), the 

219 lipidated peptidomimetic agonist Compound 14 (13), and the activating FPR2 specific pepducin 

220 F2Pal10 (12, 30). All these FPR2 agonists activate neutrophils and P4Pal10 inhibited the 

221 response (Fig 3B). These data clearly show that the P4Pal10 pepducin inhibits FPR2-mediated 

222 neutrophil activation, and the inhibition is at the level of receptor rather than on the specific 

223 ligand used. 

224 The P4Pal10 pepducin blocked FPR2-mediated activation also in monocytes but lacked effect 

225 on binding of WKYMVM to FPR2 

226 In addition to neutrophils that abundantly express FPR1 and FPR2, also monocytes express the 

227 two members of the FPRs in addition to the third family member FPR3 (23). To determine 

228 whether the P4Pal10 pepducin selectively targets FPR2- but not FPR1-signaling also in 

229 monocytes, we purified human blood-derived monocytes using CD14 negative selection 

230 magnetic beads and the monocyte purity was confirmed using CD14 antibody (Fig 4 A). Very 

231 similar to the results obtained from neutrophils, the P4Pal10 pepducin preferentially inhibited 

232 also the FPR2 but not FPR1-mediated O2
- production when monocytes were used (Fig 4B, C). 

233 Despite the clear inhibitory effect of the P4Pal10 pepducin on FPR2-mediated responses in both 

234 neutrophils and monocytes, our experiments in which P4Pal10 competes with a Cy5-labeled 

235 WKYMVM in binding to cell membrane exposed FPR2, show that the pepducin does not affect 

236 agonist binding (Fig 4D). Binding of Cy5-WKYMVM to FPR2 was, however, inhibited by 

237 non-labeled WKYMVM in large excess (Figure 4D).  

238
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239 The allosteric FFA2R modulator Cmp58 turns P4Pal10 into a potent agonist that activates the 

240 neutrophil NADPH oxidase 

241 In addition to FPR2, neutrophils express also pattern recognition FFA2R that sense short free 

242 fatty acids (22). In contrast to the FPR2 agonists used above, the FFA2R agonist propionate 

243 cannot alone trigger an activation of the NADPH-oxidase, but the allosteric FFA2R modulator 

244 Cmp58 turns propionate into a potent activator of the NADPH-oxidase (27, 31). Our results not 

245 only confirmed the effect of Cmp58 on propionate but also revealed that this allosteric 

246 modulator turned also the P4Pal10 pepducin into a potent neutrophil activator (Fig 5A). In the 

247 presence of Cmp58, the P4Pal10-induced O2
- release was of the same magnitude as that induced 

248 by propionate (Fig 5A inset). The P4Pal10-induced response was inhibited by an FFA2R 

249 antagonist (Fig 5A), clearly showing that the response is mediated through FFA2R. To further 

250 characterize the P4Pal10-induced activation of the neutrophil NADPH-oxidase, we determined 

251 the priming effect of TNFα on this response. In agreement with our previous data with 

252 propionate as the activating agonist (20), the P4Pal10 response in the presence of Cmp58 was 

253 greatly augmented in TNFα primed cells (Fig 5B). In addition, we found that the primed P4Pal10 

254 response was sensitive to the Gq inhibitor YM-254890 (Fig 5B and Fig 5C). The amount of 

255 O2
- production was not significant altered when the order of the Cmp58 and P4Pal10 was 

256 reversed upon stimulation (inset Fig 5D) but the onset of the response was somewhat delayed 

257 (Fig 5D). Taken together, these data clearly demonstrate that together with an allosteric FFA2R 

258 modulator, P4Pal10 acts as a potent FFA2R agonist that activates the neutrophil NADPH 

259 oxidase.

260

261
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262 Discussion 
263

264 In this study, we have investigated the effects of the presumed Gαq-inhibitory pepducin P4Pal10 

265 using human neutrophils and well-characterized agonists specific for Gαq- and Gαi-coupled 

266 receptors. Our results show that P4Pal10 has no inhibiting effect on signaling transduced by the 

267 Gαq-coupled receptors studied, but the pepducin inhibits selectively activation of the Gαi-

268 coupled FPR2 both in human neutrophils and monocytes. In addition, the allosteric FFA2R 

269 modulator Cmp58 turns P4Pal10 into a potent neutrophil activator and this effect is reciprocal, 

270 meaning that the pepducin turns the allosteric modulator into a potent activating agonist. Our 

271 findings thus call for further investigation of the precise mechanism of action of pepducins on 

272 GPCRs and when it comes to the therapeutic potential for P4Pal10 (as well as other pepducins) 

273 in different types of diseases, there is a need for a careful evaluation of receptor selectivity. 

274 Despite this, both activating and inhibiting lipopeptides including P4Pal10 clearly serve as 

275 unique tool compounds for further mechanistic studies of GPCR signaling and modulation. 

276 GPCR pepducins were introduced some 15 years ago as allosteric receptor modulators with a 

277 unique mechanism of action directly involving the cytosolic signaling parts of the receptor (9). 

278 According to the suggested model, the peptide part of a pepducin determines the receptor 

279 specificity that is fine-tuned by the identity at the level of the amino acid sequence in the peptide 

280 part of pepducin and one of cytosolic receptor domains (9), and with an absolute fit between 

281 these, the pepducin either activates or inhibits receptor function. The P4Pal10 pepducin operates, 

282 however, not only on the cognate receptor (PAR4) from which it was derived, but also on 

283 receptors that do not share a strong sequence homology with the pepducin (11). The background 

284 to the receptor promiscuity of the inhibition mediated by the P4Pal10 pepducin was suggested 

285 to be linked to the recruitment of the signaling G-protein down-stream of the targeted receptors, 

286 with the common denominator being that the sensitive receptors signal through a Gαq 

287 containing G-protein (11). Our results in this study clearly show that this mode of action does 
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288 not apply to human neutrophils as P4Pal10 inhibited signaling transduced by the Gαi-coupled 

289 FPR2 but not by the Gαq-coupled receptors investigated. In addition, we expanded the P4Pal10-

290 targeting GPCRs by including also FFA2R, a receptor designed to recognize short chain fatty 

291 acids. The molecular background to the effects of P4Pal10 on FPR2 and FFA2R cannot be fitted 

292 into the original pepducin concept stating that the peptide sequence of a receptor modulating 

293 pepducin, should be present also in one of the cytosolic parts of the targeted receptor. There are 

294 no sequence similarities between P4Pal10 (peptide sequence (SGRRYGHALR)) and any of the 

295 cytosolic parts of FPR2 and FFA2R. The basis for our study was that P4Pal10 was claimed to 

296 be an inhibitor of Gq signaling, with an inhibition profile across multiple receptor subtypes, 

297 of which some have no or very limited sequence similarity in their intracellular domains, with 

298 the third intracellular loop of PAR4 from which the amino acid sequence in the P4Pal10 

299 pepducin was derived (32). The precise mechanism by which P4Pal10 affects the diverse set of 

300 Gq-coupled receptors (11), thus, remains elusive, but according to the pepducin concept, 

301 P4Pal10 should affect some unknown but critical intra-receptor or receptor–G protein interaction 

302 site that is necessary for the down-stream signaling promoted selectively by a Gq protein. It 

303 is clear from the data presented, that the putative Gαq inhibitory pepducin P4Pal10 does not 

304 inhibit the Gαq-coupled neutrophil receptors PAFR and P2Y2R in human neutrophils, 

305 suggesting that the unknown critical interaction site required for inhibition is missing in these 

306 receptors. 

307 More importantly, we present some novel modes of action of P4Pal10; it antagonizes the Gαi-

308 coupled FPR2 and activates the allosterically modulated FFA2Rs. It should also be noticed, that 

309 the effect of Cmp58 on the P2Pal10 induced response was the same as when the order of addition 

310 was reversed and the pepducin was used as sensitizing ligand. This type of allosteric interaction 

311 is reciprocal in nature and the results presented are, thus, in agreement with the reciprocity 

312 characterizing receptor allosterism. As mentioned, the pepducin dogma states that active 
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313 pepducins are expected to allosterically modulate receptor function through an interaction with 

314 an intracellular receptor-specific binding site; the fatty acid anchors the pepducin to the cell 

315 membrane and allow the peptide part to flip over and enter the cytosol to interact and activate 

316 or inhibit signaling by its cognate receptor (9). We have in a series of earlier studies presented 

317 data that strongly challenge the dogma when showing that, i) even though and FPR2 derived 

318 pepducin is  a highly selective activating FPR2 agonist, its activity is inhibited by conventional 

319 orthosteric antagonists, ii) there is no direct link between the amino acid sequence in the 

320 targeted receptor and in the activating/inhibiting pepducin and, iii) pepducins with peptide 

321 sequences derived from intracellular domains present in several GPCRs hijack FPR2 (33-35). 

322 Irrespective of the precise mode of action of P4Pal10, we now add the putative Gq inhibitor 

323 P4Pal10 to the list of FPR2 hijacking pepducins, and this together with earlier published data 

324 raise questions not only about the general mode of action of pepducins but also about FPR2 and 

325 FFA2R as pattern recognition receptors for some type of endogenous or microbe-derived, lipid-

326 substituted peptides that might represent an additional molecular pattern that is recognized by 

327 and activate or inhibit FPRs/FFARs. 

328 In summary, we show that the putative Gαq inhibitory pepducin P4Pal10 does not inhibit the 

329 Gαq-coupled PAFR and P2Y2R expressed in in neutrophils but the lipopeptide selectively 

330 antagonizes the Gαi-coupled FPR2. In addition, we show that an allosteric FFA2R modulator 

331 turns P4Pal10 into an activator of the O2
- generating neutrophil NADPH oxidase. 
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453

454

455
456
457 Figure legends 
458
459 Figure 1.

460 The P4Pal10 pepducin inhibits an increase of intracellular Ca2+downstream of the FPR2 but 

461 not the Gαq-coupled PAFR and P2Y2-R in neutrophils.  

462 Neutrophils labeled with Fura2 were incubated (10 min, 37°C) without (agonist alone, left 

463 panels) or with YM-254890 (200 nM, middle panels) or P4Pal10 (500 nM, right panels). The 

464 transient rise in cytosolic Ca2+ was recorded upon stimulation with A) the P2Y2R agonist 

465 ATP (5 µM); B) the PAFR agonist PAF (0.5 nM); C) the FPR1 agonist fMLF (5 nM); D) the 

466 FFA2R agonist propionate (1.25 mM) E) the FPR2 agonist WKYMVM (5 nM). Arrows 

467 indicate agonist addition and data are presented as the ratio of fluorescence intensities (340 

468 nm: 380 nm). A representative experiment is shown, n > 3. Abscissa: time in seconds (s), 

469 Ordinate: fluorescence (arbitrary units AU).

470

471 Figure 2.

472 The P4Pal10 pepducin inhibits FPR2- but primes PAFR-mediated O2
- release from  

473 neutrophils. 

474 Neutrophils (105) were incubated (5 min, 37°C) without (agonist only, left panels in A-C) or 

475 with YM-254890 (200 nM, Gαq inhibitor), CN6 (100 nM, FPR2 antagonist) or P4Pal10
 (2 

476 µM, PAR4 pepducin) before stimulation with agonist A) WKYMVM (100 nM); B) fMLF 

477 (100 nM); C) PAF (100 nM).The O2
- production was measured by isoluminol-amplified 
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478 chemiluminescence over time. A representative experiment is shown, n > 3. Abscissa: time 

479 (Min), Ordinate: O2
- production (arbitrary units, Mcpm). 

480 D). A representative figure of P4Pal10-induced priming of the PAF response. Neutrophils (105) 

481 were incubated (5 min, 37°C) without (solid line) or with P4Pal10
 (2 µM, dotted line) followed 

482 by stimulation with PAF (100 nM). The O2
- production was measured by chemiluminescence 

483 over time. 

484 A representative experiment is shown, n = 3. Inset, quantification of the priming effect induced 

485 by the P4Pal10 pepducin on the PAF response. The data are expressed as % of control response 

486 (peak O2
- response induced by PAF in the absence of P4Pal10), (means ± sd; n = 3). *P < 0.05. 

487

488 Figure 3.

489  The P4Pal10 pepducin inhibits neutrophil O2
- release triggered by an array of FPR2 agonists.  

490 A). P4Pal10 dose-dependent inhibition of the neutrophil NADPH‐oxidase activity induced by 

491 WKYMVM (100 nM). The results are presented as normalized WKYMVM responses, 

492 determined as the amount of O2
- produced (peak values) in the presence of increasing 

493 concentrations of P4Pal10, compared with production in the absence of P4Pal10. The IC50 value 

494 was calculated from three independent experiments. Abscissa, log concentration of P4Pal10; 

495 ordinate, peak value of O2
- production expressed as the percentage of the peak response 

496 obtained without P4Pal10 (means ± sd; n = 3).

497 B). Effect of the P4Pal10 pepducin (2 µM) on neutrophil O2
- production induced by fMLF (100 

498 nM), PSMα2 (50 nM), MCT-ND4 (5 nM), compound 14 (100 nM), and F2Pal10 (500 nM).  The 

499 results are presented as remaining activity in the presence of the P4Pal10 pepducin, expressed 

500 as a percentage of the control activity (peak value) induced in the absence of P4Pal10 (means ± 

501 sd; n = 3). *p < 0.05, **< 0.01.

502
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503 Figure 4.

504 The P4Pal10 pepducin does not compete with WKYMVM for binding and is also an FPR2 

505 antagonist in monocytes.

506 A) Monocytes were isolated with CD14 negative selection and thereafter stained with a 

507 fluorescently labeled CD14 antibody before being analyzed with flow cytometry. The 

508 histogram shows one representative experiment out of three.

509 B). WKYMVM-induced O2
- production is inhibited by P4Pal10 in monocytes. Monocytes 

510 purified by CD14 negative selection (105) were incubated (5 min, 37°C) without (solid line) 

511 or with P4Pal10
 (1 µM, PAR4 pepducin, dotted line) before stimulation with WKYMVM (100 

512 nM) as indicated by the arrow. The O2
- production was measured by chemiluminescence and 

513 followed over time. A representative experiment is shown, n = 3. Abscissa: time (Min), 

514 Ordinate: chemiluminescence (arbitrary units, MCPM)

515 C). Inhibition of WKYMVM-induced O2
- production in monocytes by the P4Pal10 (2 µM) 

516 pepducin. The results are presented as remaining activity of WKYMVM (100 nM) or fMLF 

517 (100 nM) in the presence of the P4Pal10 pepducin, expressed as a percentage of the total 

518 production (area under curve (AUC)) induced in the absence of P4Pal10 (means ± sd; n = 3). *p 

519 <0.05.

520 D). Neutrophils (106 cells/ml) were incubated with P4Pal10 (2 µM, black bar) on ice for 10 min. 

521 After which the fluorescently labeled FPR2 agonist Cy5-WKYMVM (1 nM) was added, and 

522 incubation was continued for 60 min. Cells pretreated with unlabeled WKYMVM (100 nM; 

523 white bar) or without agonist/antagonist (control, total binding) before the addition of Cy5-

524 WKYMVM (1 nM) were included. Data are expressed as percentage of total binding (mean 

525 fluorescence intensity ± sd, n = 4).

526  

527 Figure 5.
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528 Modulated FFA2R turns P4Pal10 into an activator of the NADPH oxidase.

529 A). P4Pal10 induced O2
- production in Cmp58 modulated neutrophils. Neutrophils (105) were 

530 incubated (5 min, 37°C) with or without: Cmp58 (1 µM), P4Pal10
 (1 µM, PAR4 pepducin) and 

531 CATPB (100 nM, FFA2R antagonist) before being stimulated with P4Pal10 (1 µM) as 

532 indicated in the figure. Inset, Propionate induced O2
- production in the presence of Cmp58. 

533 Neutrophils (105) were incubated (5 min, 37°C) with or without: Cmp58 (1 µM) before being 

534 stimulated with propionate (25 µM). The O2
- production was measured by chemiluminescence 

535 and followed over time. A representative experiment is shown, n = 3. Abscissa: time (Min),

536 Ordinate: chemiluminescence (arbitrary units, Mcpm).

537 B). P4Pal10 induced O2
- production in TNFα treated and Cmp58 modulated neutrophils. 

538 Neutrophils (105 pretreated with TNFα (20 ng/mL, 20 min, 37°C) were incubated (5 min, 

539 37°C) with or without: Cmp58 (1 µM), P4Pal10
 (1 µM, PAR4 pepducin) and YM-254890 

540 (200 nM, Gαq inhibitor) before being stimulated with P4Pal10 (1 µM) as indicated in the 

541 figure. The O2
- production was measured by chemiluminescence and followed over time. A 

542 representative experiment is shown, n = 3. Abscissa: time (Min), Ordinate: 

543 chemiluminescence (arbitrary units, Mcpm).

544 C). Inhibition of P4Pal10 induced O2
- production in neutrophils by the Gαq inhibitor YM-

545 254890. The results are presented as activity of P4Pal10 (1 µM) with YM-254890 (200 nM, 

546 grey bar) or without (black bar) in the presence of Cmp58 (1 µM), expressed as a peak O2
- 

547 production (means ± sd; n = 3). *p < 0.05. 

548 D). Reversed order induced O2
- production 

549 Neutrophils (105 pretreated with TNFα (20 ng/mL, 20 min, 37°C) were incubated (5 min, 

550 37°C) with Cmp58 (1 µM) before being stimulated with P4Pal10 (1 µM, solid line) or 

551 incubated (5 min, 37°C) with P4Pal10
 (1 µM, PAR4 pepducin) before being stimulated with 

552 Cmp58 (1 µM, dotted line) as indicated in the figure. The O2
- production was measured by 
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553 chemiluminescence and followed over time. A representative experiment is shown, n = 3. 

554 Abscissa: time (Min), Ordinate: chemiluminescence (arbitrary units, Mcpm).

555 Inset: the neutrophil response induced by Cmp58 and P4Pal10 (1 µM respectively) compared 

556 to the response induced by the same ligands added in the reversed order and expressed as the 

557 ratio of the total production (AUC) values induced by (P4Pal10 + Cmp58) / (Cmp58 + 

558 P4Pal10) (means ± sd, n = 5). 

559

560

561

562
563
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