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Abstract

Chemotaxis inhibitory protein of S. aureus (CHIPS) is a 121-residue immune 

evasion protein, which abrogates neutrophil and glioblastoma cell migration 

by binding the formyl peptide receptor-1 (FPR1). The clinical use of CHIPS in 

a small phase I study was complicated by toxicities caused by pre-existing 

circulating anti-CHIPS antibodies interacting with CHIPS. Therefore, our 

aim was to generate a less immunogenic CHIPS variant while preserving its 

binding capacities to FPR1. 

In an Escherichia Coli expression system CHIPS mutants were developed 

which included; (1) a chimera protein consisting of CHIPS with FPR-like 1 

inhibitory protein (FLIPrL) (FPR1 high-affinity CHIPS homologue) composed by 

amino acids (aa) 1-6 of CHIPS and 7-104 of FLIPrL, [CHIPS(1-6)FLIPrL(7-104)], 

(2) CHIPS with a substitution at position 69-71 with FLIPr (FPR1 low-affinity 

CHIPS homologue) derived proline (P), arginine (R) and aspartic acid (D) aa 

(CHIPS-PRD), (3) a deletion of aa 7-30, which represents a structural CHIPS 

spacer [CHIPS(1-6)(31-121)] and (4) a deletion of structural spacer and 

α-helix [CHIPS(1-6)(56-121)]. The inhibitory capacity of all CHIPS mutants 

was tested with fMLF-induced calcium mobilization assays performed with 

neutrophils. Furthermore using neutrophils, synthesized truncated parts of 

the N-terminus of CHIPS were tested in migration assays towards fMLF, while 

truncated parts of FLIPrL were tested in calcium mobilization and migration 

assays with fMLF. Finally, we generated a CHIPS variant by substituting 7 

aa, located at previously described immunogenicity points (CHIPS-JC). The 

immunogenicity of CHIPS-JC was tested with a direct ELISA by measuring the 

affinity of human serum anti-CHIPS IgG for CHIPS-JC. The activity of CHIPS-JC 

was tested on neutrophils with calcium mobilization and migration assays. 

CHIPS(1-6)FLIPrL(7-104) maintained inhibition of fMLF-induced calcium 

mobilization while this was impaired with CHIPS-PRD, CHIPS(1-6)(31-121) 

and CHIPS(1-6)(56-121). Although less immunogenic, both CHIPS-based and 
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FLIPrL-based N-terminal peptides showed 10,000 times reduced inhibitory 

capacity as compared to CHIPS. CHIPS-JC was less immunogenic than CHIPS 

wild type (P=0.0078) and could efficiently block fMLF induced calcium 

mobilization but not migration towards fMLF. 

substituting PRD aa, deleting an α-helix or deleting the first spacer in CHIPS 

reduces inhibitory activity on FPR1, while these functions were mostly 

maintained with CHIPS(1-6)FLIPrL(7-104). Although CHIPS-based and 

FLIPrL-based peptides are able to mimic CHIPS activity they lose inhibitory 

potency. Less immunogenic CHIPS-JC inhibits calcium mobilization but blocks 

migration less efficiently. 
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Introduction

The formyl peptide receptor-1 (FPR1) is a G-protein coupled receptor originally 

identified on leukocytes, which mediates the innate immune reaction against 

infection of bacteria such as Staphylococcus aureus [1]. This commensal 

bacteria usually causes small self-limiting infections but may occasionally 

spread with potentially serious consequences [2,3]. The Chemotaxis 

inhibitory protein of S. aureus (CHIPS) is an exogenous protein produced by 

S. aureus which potently and selectively inhibits FPR1 and another receptor 

called complement receptor of C5a (C5aR) [1]. CHIPS is a 14.1 kDa protein 

with high affinity for FPR1 (Kd value of 35.4 nM) [4], it does not internalize 

upon binding and can potently abrogate the migration of neutrophils 

and monocytes towards the site of infection [1]. S. aureus secretes a vast 

number of other immune evasion proteins, of which two other retain FPR1 

antagonistic functions. These proteins are called FPR-like1 inhibitory protein 

(FLIPr) and its homologue FLIPr-Like (FLIPrL). Although with less affinity than 

CHIPS, FLIPr and FLIPrL retain the same ability to inhibit the activation of 

neutrophils via FPR1. In this context FLIPrL is more potent than FLIPr [5,6].

 The CHIPS structure has been almost completely crystallized except for 

the first N-terminal 30 amino acids (aa) residues of the protein, which is 

highly flexible. The N-terminal part of CHIPS was studied by creating a set of 

synthetic peptides with variable number of aa, containing partial overlapping 

residues. Amongst these a 6 aa N-terminal peptide (FTFEPF) was the smallest 

peptide which still retained FPR1 blocking activity [7]. This CHIPS-based 6 

aa N-terminal peptide reached its maximum inhibitory capacity at 100 µM 

concentration. Interestingly CHIPS-based peptides containing the first 5 aa 

(FTFEP) exhibited no FPR1 blocking activity [7]. Mainly the first and to a lower 

extent the third phenylalanine of CHIPS are essential for FPR1 binding activity 

[5,7]. 

CHIPS can be further investigated as a potential drug candidate as its 
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target receptor FPR1, is highly expressed in GBM patients. In this context 

FPR1 contributes to tumor cell migration and vascular endothelial growth 

factor (VEGF) production [8-10]. In addition, CHIPS has the unique property 

of binding FPR1 with high affinity and inhibit tumor cell migration in vitro. 

Furthermore, CHIPS was also investigated in a small phase 1 study where 

its pharmacokinetics and toxicity were tested, aiming to identify its anti-

inflammatory potential. In this study intravenous administration of CHIPS 

in healthy volunteers induced circulating anti-CHIPS antibodies. Although 

3 out of 4 subjects moderately tolerated CHIPS, in 1 subject this lead to 

adverse reactions. Side effects included abdominal and chest pain, dizziness, 

nausea and muscle spasms (Haas PJ, Jongerius I, JAG van Strijp, Poppelier 

MJJG, Heezius ECJM, Ruyken M et al,. CHIPS activity in vivo, manuscript in 

preparation), thus precluding further clinical development. Therefore, in 

this study we aimed to develop a less immunogenic CHIPS variant while 

maintaining its properties to inhibit FPR1 functions.

Materials and Methods

Cloning, expression and purification of mutant CHIPS proteins
The recombinant CHIPS and various CHIPS mutants; CHIPS(1-6)FLIPrL(7-104), 

CHIPS(1-6)(31-121), CHIPS(1-6)(56-121), CHIPS-PRD and CHIPS-JC (Table 1, Fig. 

1), were cloned into a slightly adapted pRSETB vector (Invitrogen, Carlsbad, 

CA, USA), for expression of N-terminal HIS-tagged CHIPS proteins containing 

an enterokinase cleavage site exactly upstream of the first phenylalanine of 

CHIPS, crucial for FPR1 activity [7,11]. Mutant/recombinant proteins were 

over-expressed in E. coli strains Rosetta Gami(DE3)pLysS and BL21(DE3). The 

expression of the mutant/recombinant proteins was induced with 1 mM 

isopropyl-β-D-thiogalactoside (IPTG) as previously described [7]. CHIPS-JC 

and CHIPS(1-6)FLIPrL(7-104) were natively isolated, whereas the other CHIPS 

variants (CHIPS(1-6)(31-121), CHIPS(1-30)(56-121) and CHIPS-PRD) were 
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isolated under denaturing conditions. Finally, the HIS-tag was removed by 

enterokinase cleavage, according to manufacturer’s instructions (Invitrogen). 

Calcium mobilization
Polymorphonuclear (PMN) cells (5x106 cells /mL), freshly isolated from healthy 

donors, were incubated for 20 min with Fluo-3-AM (Life Technologies) (2 μM), 

washed by centrifuging twice (10 min, 385 g at 21°C) in RPMI/0.05% human 

serum albumin (HSA) and resuspended in RPMI/HSA. Fluorescence was 

measured using flow cytometry (BD FACSVerseTM). The basal fluorescence 

level of cells was measured before stimulation with 10-9 M fMLF alone or 

pre-incubated with serial dilutions of CHIPS wild type, mutants and chimera 

(10, 3.3, 1.1, 0.36, 0.12 and 0.04 nM) or FLIPrL derivatives (listed in Table 2) 

(100, 33, 11, 3.6, 1.2 and 0.4 µM) for 15 min at room temperature to test 

the calcium flux inhibition. Ionomycin (10-6 M) (a calcium ionophore which 

induces intracellular calcium release) (Sigma) served as positive control 

and buffer stimulated cells served as negative control. For each sample, 

Table 1. CHIPS-based protein mutants and CHIPS-FLILPr chimera 

Name Origin Mutation Type

C H I P S ( 1 - 6 ) F L I P -
rL(7-104)

CHIPS/FLIPrL Chimera, combination of aa  
1-6 of CHIPS and aa 7-104 of 
FLIPrL proteins

CHIPS(1-121)PRD* CHIPS Deletion at aa positions 69-71 
CHIPS derived NKG was sub-
stituted with FLIPr-derived  
PRD

CHIPS(1-6)(31-121) * CHIPS Deletion of aa 7-30, consisting 
of first spacer

CHIPS(1-6)(56-121)* CHIPS Deletion of aa 7-56, consisting 
of α helix

CHIPS-JC CHIPS Less immunogenic variant, 
site-directed mutation of 7 
aa consisting in: K40E, D42V, 
N77H, K100R, K105R, N111K, 
G112A

* Mutations causing partial or complete loss of functon.
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calcium mobilization was calculated by subtracting the mean fluorescence 

of unstimulated cells (background) from the mean fluorescence of 

stimulated cells. The percentage of inhibition was calculated as [1-((MFsample−

bgFsample)/(MFmax−bgFmax))]x100%, MF(max)=mean fluorescence(maximum), 

bgF(max)=background fluorescence(maximum) [11]. All samples were analyzed 

with FlowJo (Tree Star Inc. Ashland, KY, USA). 

Chemotaxis
The migration PMN cells (5x106 cells/mL) was determined in 96-well 

ChemoTX® system (NeuroProbe, Costar). Cells were incubated with 2 μM 

Calcein-AM (Life Technologies) for 20 min at room temperature and washed 

Figure 1. Construction of CHIPS mutants and chimera. The CHIPS structure has been 
almost completely crystallized. The first 6 aa N-terminal peptides (FTFEPF) are crucial 
for CHIPS binding to FPR1. Top panel (A) and (D) represent the linear and 3D struc-
ture of CHIPS. The crystal structure predicts 4 β-sheets and 1 α-helix while the first 
30 residues of the protein constitute a highly flexible arm with unknown structure. 
(B) and (C) are the linear structures of FLIPr and FLIPrL which share respectively 28% 
and 27% homology with CHIPS. Five different mutant proteins were created contain-
ing a second part of FLIPrL (E), first spacer deletion (F) and α-helix deletion (G), the 
substitution of 3 consecutive aa (H) and finally, a less immunogenic CHIPS protein 
containing 7 single aa mutations throughout the protein (I).
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with buffer HBSS/HSA by centrifuging 10 min at 395 g. Cells were pre-

incubated with 1 nM CHIPS, 100 μM CHIPS-based peptides, 1 nM CHIPS-JC or 

buffer and triggered with fMLF (10-8 M, 3.3x10-9 M, 10-9 M). After loading the 

microplate bottom wells with stimulant or buffer, cells were placed on top of 

the filter. After incubating for 20 min at 37 °C/5% CO2 the top of the filter was 

washed. The fluorescence of cells that migrated towards the bottom wells 

was measured in FLUO-star Omega reader (BMG-LABTECH). Cells directly 

loaded on the bottom of the well served as positive control condition as 

these are the maximum amount of cells that can migrate through the filter. 

Migration percentages were calculated relative to positive control.

ELISA
Human serum of 12 individual healthy volunteers intrinsically containing IgG 

Table 2. List of CHIPS-based and FLIPrL-based N-terminal peptides and native proteins used.

Name Origin Type Source/Manufacturer

Protein

CHIPS S.aureus WT Medical Microbiology 
UMCU

FLIPr S.aureus WT Medical Microbiology 
UMCU

FLIPrL S.aureus WT Medical Microbiology 
UMCU

CHIPS-based peptides

CHIPS5 First 5 N-terminal aa of CHIPS Lin John Kruijtzer

CHIPS6 First 6 N-terminal aa of CHIPS Lin John Kruijtzer

FLIPrL-based peptides

FLIPr6 First 6 N-terminal aa of FLIPrL Lin Pepscan

FLIPr7 First 7 N-terminal aa of FLIPrL Lin Pepscan

FLIPr8 First 8 N-terminal aa of FLIPrL Lin Pepscan

FLIPr9 First 9 N-terminal aa of FLIPrL Lin Pepscan

FLIPr10 First 10 N-terminal aa of FLIPrL Lin Pepscan

FLIPr15 First 15 N-terminal aa of FLIPrL Lin Pepscan

FLIPr20 First 20 N-terminal aa of FLIPrL Lin Pepscan

WT= Wild Type; aa = amino acids; Lin= linear peptides.



7

Chapter 7    CHIPS variants

165

against CHIPS, was tested for reactivity with CHIPS-JC mutant by using a direct 

ELISA. Flat-bottom 96-wells MaxiSorp microtiterplates (Nunc, Denmark) 

were coated with 3 µg/mL CHIPS or CHIPS-JC in 0.1 M sodium carbonate (pH 

9.6) (50 µL per well) for at least 1 hour at 37°C. Wells were then washed with 

PBS/0.05% Tween, blocked with 100 µL PBS/Tween/4% BSA for 1 hour at 

37°C and washed again with PBS/Tween. Using 5-fold serum dilutions of 10%-

2%-0.4%-0.08%-0.016%-0.0032%-0.00064%-0%, each well was loaded with 

50 µL. Plates were incubated for 1 hour at 37°C and washed. HRP-labeled 

goat-anti-human-IgG (1:6000) (SouthernBiotech) was added for 1 hour at 

37°C and then 3,3’,5,5’-Tetramethylbenzidine (TMB) was added as substrate. 

The reaction was stopped with 0.5M H2SO4 and the optical density (OD) 

was measured at 450 nm ELISA Reader (BioRad). The OD measurements 

(subtracted from their background) were plotted against the percentages of 

serum dilution. Then, by using the one-site specific binding test of Graphpad 

Prism 5 (GraphPad, San Diego, CA), the concentration of antigen required for 

50% competition were calculated, thus obtaining the Kd values of each donor. 

Then a two-tailed T-test was performed to assess differences between the 

averages of donor Kd values from the two groups.

Results 

Inhibitory activity of CHIPS mutant proteins on calcium mobilization
In order to study the FPR1-inhibiting activity and properties of CHIPS, a CHIPS-

FLIPrL chimera and 4 different CHIPS mutants were constructed. Ligand 

induced calcium mobilization assay revealed that CHIPS(1-6)FLIPrL(7-104) 

and FLIPrL inhibit neutrophil activation by fMLF with comparable efficiency 

(Fig. 2A). Furthermore at a 1 nM concentration of CHIPS, FPR1 activity is 

inhibited up to 92%±11% while at the same concentration, CHIPS-PRD could 

only inhibit up to 38%±23% of ligand induced calcium mobilization (Fig. 

2B). Furthermore CHIPS(1-6)(31-121) and CHIPS(1-6)(56-121) completely 
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lost their FPR1 blocking capacity (Fig. 2C). Overall these results indicate 

that substituting the NKG aa of CHIPS (at position 69-71) with PRD aa from 

FLIPr, affects the ability of CHIPS to block FPR1, indicating that these aa are 

somehow engaged in this process. Furthermore, the structural spacer and 

α-helix are essential for CHIPS to retain its FPR1 inhibitory activity. 

Fig. 2

A B

C

1 10 100

-100

-50

0

50

100

0.1

CHIPS
CHIPS(1-6)FLIPrL(7-104)

%
 in

hi
bi

ito
n

FLIPrL

protein concentration ( nM)

0.01 0.1 1 10
0

50

100

CHIPS-PRD
CHIPS

protein concentration (nM)

%
 in

hi
bi

tio
n

0.1 1 10
0

50

100
CHIPS

CHIPS(1-6)(56-121)
CHIPS(1-6)(31-121)

protein concentration (nM)

%
 in

hi
bi

tio
n

Figure 2. CHIPS mutants show a reduced or depleted FPR1 blocking activity in 
calcium mobilization. Fluo-3 labeled neutrophils were incubated with buffer or 
different concentrations (10, 3.3, 1.1, 0.36, 0.12 and 0.04 nM) of CHIPS(1-6)-
FLIPrL(7-104), CHIPS-PRD, CHIPS(1-6)(31-121) and CHIPS(1-6)(56-121), for 15min 
at room temperature and stimulated with fMLF (10-9 M). Data are expressed as 
percentage inhibition. CHIPS(1-6)-FLIPrL(7-104) FPR1 blocking activity is comparable 
to native CHIPS and FLIPrL proteins (A). Reduced FPR1 blocking activity of CHIPS-
PRD in comparison to native CHIPS (B). CHIPS(1-6)(31-121) and CHIPS(1-6)(56-121) 
completely lose FPR1 blocking activity in comparison to native CHIPS activity (C). 
Activation of cells was induced with 10-9 M fMLF and expressed as mean±SD.
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The FPR1 blocking activity of CHIPS-based and FLIPrL-based peptides  
Notoriously peptides exhibit a reduced immunogenicity when compared to 

their native protein. Therefore CHIPS-based and FLIPrL-based peptides were 

used. As previous reports indicated that CHIPS-based peptides are able to 

inhibit fMLF-induced neutrophil activation [7], we tested initially whether 

these peptides were also able to block neutrophil migration towards fMLF. 

However we found that CHIPS-based peptides could not inhibit neutrophil 

migration towards fMLF (Fig. 3A). 

Next we investigated the effects of FLIPrL-based peptides on FPR1. We tested 

7 different peptides containing partial overlapping residues and with variable 

aa lengths (Fig. 3B-E). We observed that the length of FLIPrL-based peptides 

does not influence their inhibitory capacity on FPR1 except for FLIPr10. The 

pre-incubation of neutrophils with 3.6 µM FLIPr10 (Fig. 3D) was twice as 

potent in inhibiting fMLF-induced calcium mobilization, than FLIPr6 at the 

same concentration (Fig. 3B). In addition when compared to CHIPS6, the 

FLIPrL-based peptides have ~30 X times better calcium inhibiting capacity 

(Fig. 3B).  

Just like the CHIPS-based peptides, the FLIPrL-based peptides are able to 

inhibit fMLF-induced neutrophil activation. Therefore we next studied the 

capacity of FLIPrL-based peptides to inhibit migration towards fMLF. As 

the FLIPr10 variant inhibits calcium mobilization with more efficiency in  

comparison to all other FLIPrL-based peptides, we also tested this peptide 

in migration assays. In neutrophils stimulated with 10-8 M fMLF, FLIPr10  

exhibited 40% higher inhibition as compared to FLIPr6 in the same conditions 

(Fig. 3F). This indicates that in the context of N-terminal truncated peptides 

the CHIPS-based sequences are unable to inhibit chemotaxis while FLIPrL-

based sequences have inhibitory capacity,with FLIPr10 as the most efficient 

peptide. However although FLIPrL-based peptides perform better than 

CHIPS-based peptides both on calcium mobilization and migration assays, 

their activity is still 10.000 times lower compared to the CHIPS protein.
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Figure 3. Activity of FLIPrL-based and CHIPS-based N-terminal peptides. The various 
N-terminal FLIPrL-based peptides and CHIPS-based peptides could inhibit fMLF-
induced neutrophil activation (A-D) although this is still ~10,000 less potent than 
wild type CHIPS. Neutrophils stimulated towards 10-8 M, 3.3x10-9 M and 10-9 M fMLF 
could be inhibited with FLIPrL-based peptides (F) but not with CHIPS-based peptides 
(E). Calcium mobilization is depicted as mean fluorescence minus background 
fluorescence and bars represent mean±SD. Migration was expressed as percentage 
stimulation of buffer, CHIPS5, CHIPS6, FLIPr6 and FLIPr10 treated cells. Positive 
control cells (25 µL) were loaded on the bottom of the well and considered as the 
maximum amount of migrated cells. Migration percentages were calculated relative 
fluorescence values measured in the positive control condition
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CHIPS-JC is less immunogenic than CHIPS
There is a drastic loss of potency of N-terminal truncated peptide variants 

compared to their native protein, which makes these N-terminal sequences 

less suitable for further drug development. Therefore we generated a fifth 

mutant, based on a previously described CHIPS31-113 containing 7 mutations 

in immunogenic specific sites while preserving the full C5aR blocking activity 

[12]. To preserve its inhibitory capacity on FPR1, CHIPS needs at least the 

first 6 N-terminal aa of which the first and the third phenylalanine are 

essential [7]. Therefore CHIPS-JC contained the same aa mutations as the 

previously described CHIPS31-113, but was designed over the full length of 

CHIPS1-121.  In order to verify whether the affinity of human serum anti-

CHIPS IgGs for CHIPS-JC was lower than their affinity for normal wild type 

CHIPS we performed an ELISA. The affinities human serum anti-CHIPS IgGs 

to CHIPS-JC and to CHIPS (expressed in Kd values) were different between 

the two groups (P=0.0078) (Fig. 4A). These results show that anti-CHIPS IgGs 

present in donor serum have a weaker interaction with CHIPS-JC than with 

CHIPS, indicating that CHIPS-JC is less immunogenic.

CHIPS-JC mutant inhibits neutrophil activation by fMLF
In addition we investigated whether CHIPS-JC could inhibit fMLF induced  

calcium mobilization. As CHIPS31-113 had maintained its C5aR blocking  

ability, the full length CHIPS1-121 JC mutant should retain its ability to block 

C5a induced calcium mobilization and was therefore used as a control. Indeed 

CHIPS-JC was able to inhibit the fMLF and C5a induced calcium mobilization 

with similar potency as CHIPS wild type (Fig. 4B and C).

CHIPS-JC inhibits neutrophil chemotaxis towards fMLF but not with 
the same potency as CHIPS wild type.
Next we tested the capacity of CHIPS-JC to block migration towards fMLF. 

Neutrophil migration was stimulated towards 10-8 M, 3x10-9 M and 10-9 M 
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fMLF. In buffer treated cells,  the percentages of cell migration were 75±8, 

74±3 and 60±5 respectively. When pre-treating neutrophils with CHIPS-JC, 

the percentages of cell migration towards the same fMLF concentrations 

were reduced to 69±16, 60±10, 29±6  ( 8±17%, 17±21% and 53±8% inhibition 

Fig.4
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Figure 4. Activity of CHIPS-JC on calcium mobilization and migration. The affinity of 
anti-CHIPS IgG in serum donors to CHIPS-JC was tested. The Kd values of each donor 
were calculated and averaged, statistical differences were calculated with a Student’s 
t-test (A). The mutant CHIPS-JC was compared with native CHIPS for the inhibition of 
(10-9 M) fMLF (B) and (3x10-10 M) C5a (C) induced calcium mobilization in neutrophils. 
Cells were stimulated with 10-9 M fMLF and plotted as mean±SD. CHIPS and CHIPS-
JC were compared for their capacity to inhibit neutrophil migration towards fMLF. 
Migration values are calculated relative to positive control position (cell loaded on 
the bottom of the well) and expressed as mean±SD.
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respectively). However, when cells were treated with CHIPS wild type the 

percentages of cell migration were reduced to 17±6.7, 11±3.8 and 7.4±1.3 

(77±9%, 85±4% and 88±2% inhibition respectively) (Fig. 4D).  

Thus, chemotaxis of neutrophils towards fMLF can be inhibited with CHIPS-JC 

but not as efficiently as with wild type CHIPS. 

Discussion
In this study we elucidated a few aspects of FPR1 inhibition with CHIPS, by 

using CHIPS/FLIPrL-based peptides and various CHIPS mutants including a 

less immunogenic chips variant.

First we showed that CHIPS-FLIPrL chimera, CHIPS and FLIPrL inhibit fMLF-

induced neutrophil activation with comparable efficiency. In a previous study 

the construction of a CHIPS-FLIPrL chimera resulted in the complete loss of 

the ability to block neutrophil activation [5]. However, the loss of function of 

the previous protein could have been the consequence of erroneous protein 

folding [5]. These findings indicate that CHIPS and FLIPrL might possibly bind 

to FPR1 in a similar fashion. However substitution of the first N-terminal 

FLIPrL peptides with N-terminal CHIPS peptides does not improve inhibitory 

capacity of the protein, as inhibition of FPR1 activity with the complete FLIPrL 

protein is more efficient. 

Furthermore, a number of properties, which characterize CHIPS, FLIPrL 

and FLIPr, allow the opportunity to study the binding characteristics of 

these proteins to their receptors and particularly of CHIPS to FPR1. CHIPS 

has the highest binding affinity to FPR1, followed by FLIPrL and FLIPr [5]. 

Furthermore CHIPS and FLIPrL contain 27% homology, FLIPrL and FLIPr 73%, 

while CHIPS and FLIPr share 28% homology [5,6]. Given these assets, it is 

possible to define specific differences through sequence alignment of the 

three proteins and design mutants that can give us information about the 

binding characteristics of CHIPS to FPR1. Sequence alignment showed that 

the aa 69-71 are located within a structural region called β-hairpin. This is a 
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protein structural motive involving two β-strands which resemble a hairpin. 

Amongst all β-hairpin regions, the unique aa 69-71 location is the only site, in 

which FLIPr (containing aa PRD) is markedly different from CHIPS (containing 

aa NKG) and FLIPrL (containing aa KNG) (Fig. 1). The CHIPS-PRD mutant 

showed that the substitution of CHIPS aa NKG with FLIPr aa PRD reduces the 

potency of CHIPS to inhibit FPR1 function. The reduced inhibitory capacity of 

the CHIPS-PRD mutant on fMLF stimulated neutrophils, is a strong indication 

that these 3 aa, located right before the start of the first β-sheet, are involved 

in the binding affinity of CHIPS to FPR1. For future research, mutating the 

FLIPr protein by substituting its PRD aa with the 3 CHIPS derived NKG 

residues could provide further information on the binding characteristics of 

these proteins. Furthermore deleting the first structural spacer (aa 7 to aa 

30) of the CHIPS protein resulted in a complete loss of function. This is an 

indication that CHIPS might possibly dock on one of the extracellular loops 

of FPR1 while subsequently locating the first 6 aa into the binding pocket 

of FPR1. The observation that the deletion of the first spacer induces a 

complete loss of inhibitory capacity suggests that the distance between the 

docking point of CHIPS and the binding pocket of FPR1 are too far apart when 

the protein is deprived of its spacer. However the exact behavior of the first 

30 N-terminal aa of CHIPS has proven difficult to unravel as these aa form a 

flexible arm. Previous attempts to crystallize the entire protein have failed 

allowing the sole crystallization of aa 31-121 of CHIPS [13]. Nevertheless, 

these results elucidate some crucial characteristics of CHIPS binding to FPR1. 

To test the flexibility of the CHIPS N-terminal arm, it would be interesting for 

future research to create new mutants in which variable numbers of aa are 

added or deleted within the first spacer to test until which critical point its 

FPR1 blocking activity is maintained and whether this is explained by binding 

capacity. 

Another important observation was that the deletion of the α-helix is 

damaging for CHIPS, suggesting that its folding capacities and stability are 
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highly dependent on its α-helix possibly keeping the subsequent β-sheets 

together. 

Furthermore FLIPrL-based peptides have slightly better inhibitory capacity 

than CHIPS-based peptides in calcium mobilization assays. Interestingly, the 

inhibitory capacity of FLIPrL-based N-terminal peptides is higher than CHIPS-

based N-terminal peptides while CHIPS protein has higher affinity to FPR1 

than FLIPrL. Given these properties, one could hypothesize that a chimera 

in which the first 6 FLIPrL aa built into the CHIPS protein should have higher 

inhibitory capacity than the chimera that we made. However previous 

results of a FLIPrL-CHIPS chimera revealed that the inhibitory capacity closely 

resembled FLIPrL and not CHIPS [5]. This indicates that the binding rules of 

these proteins to FPR1 are far from unraveled. 

Finally the observation that the less immunogenic CHIPS-JC protein could 

inhibit calcium release in a similar fashion as CHIPS protein led us to the initial 

conclusion that the binding affinity of CHIPS-JC to FPR1 is comparable to wild 

type CHIPS. However, chemotaxis assays revealed that the inhibitory capacity 

of CHIPS-JC was quite different from CHIPS protein, as the FPR1 blocking 

activity of CHIPS-JC on calcium release is much stronger than in chemotaxis. 

In conclusion, the substitution of 3 aa (PRD) and the deletions of an α-helix 

and first spacer in CHIPS affect its FPR1 blocking capacity, which remained 

unaffected for the CHIPS-FLIPrL chimera. The use of N-terminal based peptides 

of both CHIPS and FLIPrL, due to their drastic loss of potency are not suitable 

for further drug development, despite their reduced immunogenicity. Finally 

CHIPS-JC inhibits calcium mobilization but loses its capability to effectively 

block cell migration and therefore warrants further research.
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