
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

www.rsc.org/pccp

PCCP

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Journal Name 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ►

ARTICLE TYPEARTICLE TYPEARTICLE TYPEARTICLE TYPE
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

A fluorescence polarization assay for the experimental validation of an in silico 

model of the chemokine CXCL8 binding to receptor derived peptides 

 

Maria Girrbach a,b, Irene Melicianic, Björn Waterkotte b,d, Susann Bertholde, Alisha Osterb,d, Fiona 
Brurein b,d, Timo Strunkc, Parvesh Wadhwanif, Sonja Berensmeiere, Wolfgang Wenzelc, Katja 5 

Schmitzb,d,g,1 

 

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX 
DOI: 10.1039/b000000x 

Peptide based inhibitors of protein-protein interactions are of great interest in proteomics, structural 10 

biology and in medicinal chemistry. Optimized inhibitors can be designed by systematic experiments or 
by computational prediction. Ideally, computational models are adjusted to the peptide-protein complex 
of interest according to experimental data obtained in specific binding experiments. The chemokine 
CXCL8 (interleukin-8) is an interesting target for drug discovery due to its role in inflammatory diseases. 
Given the available structural data and information on its receptor interactions it constitutes a basis for the 15 

rational design of inhibitor peptides. Starting from the reported structure of CXCL8 in complex with a 
peptide derived from its receptor CXCR1 we developed a computational docking procedure to estimate 
the changes in binding energy as a function of individual amino acid exchanges. This indicates whether 
the respective amino acid residue must be preserved or can be substituted to maintain or improve affinity, 
respectively. To validate and improve the assumptions made in this docking simulation we established a 20 

fluorescence polarization assay for receptor-derived peptides binding to CXCL8. A peptide library was 
tested comprising selected mutants characterized by docking simulations. A number of predictions 
regarding electrostatic interactions were confirmed by these experiments and it was revealed that the 
model needed to be corrected for backbone flexibility. Therefore, the assay presented here is a useful tool 
to systematically improve the computational model by iterative cycles of modeling, experimental 25 

validation and refinement of the algorithm leading to a more reliable model and peptides with improved 
affinity. 

Introduction 

 Peptides to inhibit protein-protein interactions can be derived 
from the amino acid sequence of either of the interaction partners 30 

by systematic binding experiments performed by using fragments 
of the respective other protein. Thus, a minimal binding motif is 
defined which can be further optimized by identifying conserved 
residues and by performing other side chain modifications. 
Optimization can proceed either by experiments or by rational 35 

design and, ideally, by a combination of both to narrow the 
choice of molecules to be tested.  
 
Precise computational models with highly accurate prediction 
would help reduce the time and effort required to develop 40 

peptides targeting protein-protein interactions. However, several 
computational bottlenecks need to be overcome to arrive at 
reliable predictions. Estimation of absolute binding energy 

requires large computational efforts even for small molecule 
ligands binding to structurally well characterized receptors, and 45 

even methods aiming at predicting relative binding energy 
changes have difficulties to balance treatment of strong 
interactions (such as electrostatics, salt-bridges or hydrogen 
bonding) with solvation and entropic effects. The force fields 
used in docking algorithms are based on a number of assumptions 50 

to reduce the computational effort to predict the behavior of the 
binding partners. They also comprise empirical parameters that 
may have to be adjusted to the particular setting of individual 
receptor-ligand systems. Based on collections of experimental 
data from several databases, computational methods have been 55 

developed to predict so-called hot spots, i.e. amino acid residues 
with a crucial contribution to the overall binding energy 1.  
 
In our work, we investigate a rather simple computational model 
based on the all-atoms free energy force field PFF02 that was 60 

initially developed for protein-structure prediction. 2, 3 In previous 
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works we found that results obtained with this model compared 
favourably with results from other methods available on web 
servers such as FoldX 4, ROBETTA 5 and KFC 6 and to 
experimental data reported in the literature. 7 
 5 

However, for most protein-peptide-complexes experimental data 
is not readily available, and even the existing data sets may have 
been performed under different conditions making them difficult 
to compare. Therefore the development of computational models 
needs to be accompanied by actual binding experiments on the 10 

specific set of ligands and the respective protein target to test if 
simplifying assumptions made in the model yield meaningful 
predictions. 
 
In this study we investigated receptor derived peptides as ligands 15 

and prospective inhibitors of the inflammatory chemokine 
CXCL8 as a model system. CXCL8 (CXC-class chemokine 8; 
interleukin-8) triggers the chemotaxis of leukocytes to damaged 
or infected tissue. 8, 9 Its cognate receptors, CXCR1 and CXCR2, 
belonging to the family of G protein-coupled receptors (GPCRs) 20 

are expressed on different types of leukocytes. 10 As a pro-
inflammatory cytokine CXCL8 plays an important role in 
autoimmune diseases and chronic inflammation. Like other CXC-
chemokines with an ELR-motif at their N-terminus, it induces 
angiogenesis and promotes the development of tumors and 25 

metastases.11 Therefore the binding of CXCL8 to its receptors is 
an important target in drug development and numerous 
approaches have been made to inhibit the CXCL8-receptor 
interaction. 12-15 The structure and function of CXCL8 and its 
interactions with CXCL8 receptors have been thoroughly studied. 30 

16-259, 31 As has been previously demonstrated, peptides derived 
from the sequence of the extracellular part of the human CXCL8 
receptor 26-28 or its rabbit homolog 29 bind to CXCL8 and inhibit 
receptor recognition and resulting cellular responses such as 
calcium influx or leukocyte migration. Peptides designed from 35 

segments of the receptor12, 19, 29 were subsequently shortened and 
modified according to experimental findings. Other inhibitor 
peptides were discovered by phage display to map epitopes of 
chemokine receptors 30 or for chemokine binding domains.27 
Based on the wealth of available data we chose the 40 

CXCL8/CXCR1-peptide system as a model to computationally 
predict peptides with improved affinity to CXCL8.  
 
This model system bears the additional advantages that CXCL8 
can be heterologously expressed in E. coli and purified in high 45 

yields 31-34 and structural data of CXCL8 with a 17 amino acid 
peptide derived from the N-terminal sequence of chemokine 
receptor CXCR1 is available in the literature.22 
 
In this study we used the existing structural data to calculate the 50 

binding energies of a receptor-derived peptide to CXCL8. 22 
Changes in protein-peptide binding energies upon exchange of 
individual amino acids with alanine revealed hot-spots with large 
contributions to this interaction 7 and identified amino acid 
exchanges that would increase the peptide’s affinity to CXCL8. 55 

To validate and improve the model we further developed a 
fluorescence polarization assay to experimentally measure the 
affinity of receptor-derived peptides to the chemokine CXCL8.  

 Figure 1 Structure of CXCL8 (blue) in complex with the 
receptor derived peptide H2N-MWDFDDGMPPADEDYSP-COOH 60 

(green stick model) used in this work. 

The changes in binding energy in response to the mutation of 
selected residues in the receptor-derived peptides were quantified. 
Based on the comparison of computational and experimental data 
the computer model can be improved. Furthermore the assay can 65 

be employed to experimentally identify or test future inhibitory 
sequences especially for the pharmaceutically relevant 
CXCL8/CXCR1-peptide system in an efficient manner. 

Results and Discussion 

In silico full peptide exchange of an CXCL8-receptor-peptide 70 

complex 

 To identify peptides with an increased affinity to CXCL8 a full 
peptide scan was conducted based on the structural model of 
CXCL8 bound to the receptor-derived peptide H2N-MWDFDD-
Ahx-MPPADEDYSP-COOH7 in which Ahx was replaced by 75 

glycine (see Figure 1). In the course of the peptide scan, each 
amino acid residue of this peptide was successively replaced by 
each of the 20 standard proteinogenic amino acids. After docking 
the peptide mutant to the CXCL8 structure, the binding energy 
was estimated and the difference to the binding energy of the 80 

wildtype peptide-CXCL8 complex was calculated. Results are 
shown in a heatmap representation (Figure 2). Most amino acid 
replacements led to an increase in binding energy and thereby a 
loss of affinity as indicated by positive ∆∆G values (shown in red 
in Figure 2). In particular, incorporation of the basic amino acids 85 

histidine, lysine and arginine into the mainly negatively charged 
sequence led to a dramatic loss of affinity, indicating that salt 
bridges have a significant contribution to the overall binding 
energy. Correspondingly, an increase in affinity was predicted for 
the incorporation of additional residues of glutamic and aspartic 90 

acid (green squares in Figure 2). Likewise, replacing the existing 
negatively charged residues in positions 3, 5, 6, 12, 13 and 14 
with any but another negatively charged residue led to an increase 
in binding energy. Interestingly, a gain in affinity was predicted 
for most substitutions of the tryptophan residue in position 2 and 95 

the N-terminal methionine. There were several exchanges by 
individual non-polar residues with a predicted gain in affinity 
such as Gly7Ile or Pro10Phe (see Figure 2). These exchanges are 
of particular interest for peptide improvement since they do not 
necessitate the introduction of further charges to the highly 100 

negatively charged peptide. 
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Figure 2 Results of docking receptor peptide mutants from the full 

peptide scan to IL 8. Free binding enthalpy differences, ∆∆G, in kJ/mol 
are presented as a heat map using the conditional format option in 
Microsoft Office Excel 2010 with the positive values (∆∆G >0) 5 

corresponding to a loss in affinity represented in red, neutral mutations 
(∆∆G ≈0) leading to no change in affinity shown in black and the 

negative values (∆∆G <0) indicating a gain of affinity colored in green. 
Positions in the receptor peptide are indicated as position number on the 

left column and amino acids in the top row. 10 

 
Development of an affinity assay for peptides binding to 
CXCL8 
 
 To validate these modeling results we measured the affinity of 15 

CXCL8 to selected peptides in a fluorescence polarization (FP) 
assay. In this type of assay, the smaller ligand molecules (here: 
the peptides) were fluorescently labeled and were incubated with 
varying concentrations of the larger protein to measure binding 
via the loss of peptide flexibility leading to an increase in the 20 

observed fluorescence polarization. This type of measurement has 
the advantage that it can be performed in equilibrium without the 
need to separate bound from free peptide or to immobilize the 
protein to a surface, which might lead to structural changes in the 
72 aa small protein.  25 

 
 To obtain large amounts of protein, CXCL8 was 
recombinantly expressed from bacteria following an established 
protocol 35 with some modifications. Heating the bacterial lysate 
at 70 °C for 10-15 min as reported by Cheng et al.34 and 30 

optimizing the cation exchange chromatography step removed 
unwanted proteins from the lysate and obliterated the need for an 
additional affinity chromatography step. Preliminary fluorescence 
polarization experiments with carboxyfluorescein and a 
fluorescein-labeled unrelated peptide (Fluo-AVLPALP-COOH) 35 

demonstrated that there was no non-specific interaction of 
fluorescein or fluorescein-labeled peptides per se that would 
confer affinity to the fluorescein-labeled receptor derived 
peptides (see Fig S2). 
 40 

 To test whether the molecular weight difference between 
CXCL8 (72 aa) and the fluorescently labeled receptor peptide 
(17 aa) was sufficient to detect the difference between bound and 
free peptide in fluorescence polarization, we synthesized the 
peptide reported by Attwood and Skelton (H2N-MWDFDD-Ahx-45 

MPPADEDYSP-COOH)22, 26 on solid phase and attached a 
carboxyfluorescein as a fluorescent label to the N-terminus.  

 
Figure 3 Sample graph for binding experiments. Binding isotherms of 
the peptide with the highest (D12K, black triangles) and lowest (G7L, 50 

white diamonds) Kd value are shown. 

First fluorescence polarization experiments in phosphate buffer at 
physiological pH yielded 67 mPU for the free peptide and 
164 mPU for the receptor ligand complex at 94 µM CXCL8 (see 
Figure S1). The binding isotherm indicated that saturation was 55 

not yet reached at this concentration. 
 
 In preliminary experiments to optimize peptide concentration, 
the free peptide showed increased polarization values of over 180 
mPU at low concentrations (10-20 nM) while at higher 60 

concentrations (100 nM) polarization values around 80 mPU 
were recorded. This effect was attributed to peptide adsorption to 
the walls of the microtiter plate. Different buffer supplements 
were tested as recommended by Moerke 36 and the most effective 
suppression of non-specific binding was observed for the addition 65 

of 0.1% of Triton X-100 (see Figure S3).  
 
 We also found that polarization values depended on the salt 
concentration of the buffer (see Figure S4). Therefore we decided 
to use a dilute PBS-buffer system with 25 mM phosphate and 70 

35 mM NaCl. The average polarization measured for the free 
wildtype peptide was 88 mPU and the polarization for the 
peptide-protein-complex reached a maximum of 227 mPU so that 
an appropriate dynamic range was available.  
 75 

Several experiments have been conducted with CXCL8 and 
receptor peptides demonstrating that information about the 
influence of individual amino acids of the chemokine or the 
receptor on affinity can be obtained from this system. For this 
purpose, competition assays with radioligands, 12, 26 NMR-80 

measurements 19, 22, 23 and fluorescence quenching experiments 29 
have been performed. To elucidate the mechanism of CXCL8 
binding to its receptor NMR-experiments are well suited since the 
contribution of each individual amino acid can be estimated from 
the shift of NMR peaks upon ligand addition.  85 

 
 To test the suitability of peptide mutants as protein ligands, 
each of these mutants needs to be tested individually. This type of 
systematic screen was performed by Attwood et al. to develop an 
optimized peptide with a Ki of 7 µM based on the CXCR1 N-90 

terminal sequence 12, 26 that was later used by Skelton for their 
NMR studies 22 and in the study presented here. Atwood et al. 
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used a radioligand assay in which the unlabeled peptides 
competed with radioactively labeled CXCL8 for CXCR1 
receptors in membrane preparations from leukocytes. 12 In more 
recent works, the Harris group introduced receptor peptides 
derived from consensus sequences in the extracellular domains of 5 

different chemokine receptors that were identified by alignment 
analysis and that exhibited weak binding affinities (10 µM to 
1 mM) to a range of different chemokines. Affinities were also 
estimated by surface plasmon resonance (SPR) spectroscopy on 
immobilized chemokines. 27  Houimel and Mazzucchelli derived 10 

the epitopes of known antibodies against CXCL8 receptors from 
phage-display libraries and demonstrated that these hexapeptides 
could inhibit the binding of CXCL8 to its receptor in a 
competitive radioligand assay. 30 However, no reports have 
described the binding of inhibitor peptides to chemokines directly 15 

by fluorescence polarization, although the binding of 
fluorescently labeled chemokines to their cognate receptors has 
been studied by this technique.37, 38  
 
The advantage of fluorescence polarization is that the amount of 20 

protein-peptide complex can be estimated in equilibrium without 
the need for separation of unbound protein which might disturb 
the equilibrium. Furthermore, there is no requirement to 
immobilize the protein as in SPR-approaches. Immobilization can 
lead to a decrease in affinity if the binding site is blocked or 25 

occluded in the immobilization process. The only requirements to 
allow the use of low concentrations of peptide in fluorescence 
polarization are (1) the need to fluorescently label the peptide of 
interest to obtain a stronger signal than that of intrinsic aromatic 
residues and (2) that the fluorophor itself does not show any 30 

binding preferences. An additional advantage over radioligand 
binding, no safety and waste disposal issues occur fluorescently 
labeled peptides are employed. 
 

Fluorescence polarization to validate computational 35 

predictions 

 To test the predictions made by the in silico model we used 30 
custom-made fluorescein-labeled peptides representing all 
alanine exchange mutations of the CXCL8 receptor peptide. We 
selected positions of the full peptide scan representing mutations 40 

that led to a predicted increase, a decrease or no significant 
change in binding energy, respectively. The wildtype peptide was 
also included to calculate differences in Kd or binding free 
energy. Figure 3 shows the binding isotherms of the receptor 
peptide mutants with the highest (D12K) and lowest (G7L) 45 

measured Kd values. Free binding enthalpies were calculated 
based on these values using the relationship 
 
∆G = RT lnKd    (1) 
 50 

 with a temperature of T = 22 °C (295 K) for all measurements. 
From these values, differences in free binding enthalpies ∆∆G 
were calculated by subtracting ∆G of the wildtype receptor 
peptide A11A and fit to a linear model with zero offset that set 
the absolute energy scale of the model (see Materials and 55 

Methods). The results are listed in Table 1 and illustrated in 
Figure 4. 

Table 1  Selected peptide mutations validated in this study 

Measured free binding energies were subtracted from the free energy 
obtained for the wildtype peptide to obtain differences in free energies, 60 

∆∆G, in kJ/mol. 
mutant type calculated measured 

M1A Ala-Scan -0.81 0.38 

W2A Ala-Scan -0.32 2.71 

D3A Ala-Scan 2.16 2.00 

F4A Ala-Scan 2.03 2.06 

D5A Ala-Scan 2.96 2.74 

D6A Ala-Scan 1.55 2.72 

G7A Ala-Scan 0.18 -0.41 

M8A Ala-Scan 0.99 0.45 

P9A Ala-Scan 0.77 2.97 

P10A Ala-Scan 0.50 1.49 

A11A 
wildtype 

Ala-Scan 0.00 0.00 

D12A Ala-Scan 3.32 2.20 

E13A Ala-Scan 2.34 1.56 

D14A Ala-Scan 2.46 2.59 

Y15A Ala-Scan 1.14 1.17 

S16A Ala-Scan 0.28 -0.26 

P17A Ala-Scan 0.85 2.24 

A11D decrease in ∆∆G -2.04 -0.49 

P10F decrease in ∆∆G -1.78 1.08 

M8D decrease in ∆∆G -1.76 0.22 

G7I decrease in ∆∆G -1.17 -0.77 

P9F neutral on ∆∆G -0.03 1.64 

D6M neutral on ∆∆G 0.00 1.64 

P10L neutral on ∆∆G 0.08 1.37 

G7L neutral on ∆∆G 0.23 -1.20 

E13H increase in ∆∆G 3.08 3.64 

D12K increase in ∆∆G 4.84 5.03 

F4R increase in ∆∆G 4.85 3.48 

G7W increase in ∆∆G 5.81 -1.06 

 
 These experimental values corresponded reasonably well to the 
predicted values. The average error in affinity change between 
experiment and theory was only -0.3 kJ/mol or 0.08 kJ/mol 65 

including or excluding the proline substitutions, respectively. 
 
The large increases in binding energy for an alanine exchange at 
the positions of the negatively charged aspartate and glutamate 
residues (D3A, D5A, D6A, D12A, E13A and D14A) were 70 

confirmed to within 1 kJ/mol. The increase in binding energy for 
the proline residues (P9A, P10A, P17A) were on average 1.5 
kJ/mol higher than the values predicted by the computational 
model. This difference can be attributed, at least in part, to the 
expected loss of flexibility of the unbound peptide, which is not 75 

accounted for in the computational model.  
 
The predicted increase in binding free enthalpy for the exchange 
of phenylalanine 4 (F4A) and tyrosine 15 (Y15A) agreed well 
with the computational model. Small predicted gains in binding 80 
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enthalpy for the substitution of glycine 7 (G7A) and serine 16 
(S16A) were found to be small losses in binding enthalpy. 
Alanine substitutions in the N-terminal methionine (M1A) and 
tryptophan residues (W2A) that were predicted to lead to a 
decrease in binding energy had an opposite effect in the 5 

experiment. 
 

Figure 4  Comparison of theoretical and experimental data (a) 
When divided by a factor of three theoretical values (dark grey) 10 

correspond reasonably well with experimental values (light gray) 
for binding energy differences. 

 
 A similar set of observations was made for the selected 
mutants: Increases in binding energy (∆∆G >0) were mostly 15 

predicted correctly (E13H; D12K, F4R). Mutations predicted to 
have mainly no effect ((∆∆G ≈0) led to a loss in affinity, while all 
tested gain-of-affinity (∆∆G <0) predictions exhibited changes in 
either direction in the experiment. The three mutants replacing 
glycine residues are of particular interest: While the computer 20 

model predicts a loss of affinity for G7W, a minor loss for G7L 
(and G7A) and a gain in affinity for G7I, all three individual 
mutations however show a slight increase in affinity in the 
binding experiment. This can be rationalized by the increase in 
rigidity of the peptide backbone upon the exchange of the flexible 25 

glycine that lacks a side chain and can be rotated freely around 
the NH-Cα and Cα-CO-bonds. In a similar manner, substitution of 
either of the proline residue for which gains (P10A, P17A), losses 
(P10F) and negligible effects (P9F) were predicted led to a loss of 
affinity in the experiments as substitution of proline to a more 30 

flexible peptide backbone. Binding of a more rigid peptide results 
in smaller entropic costs compared to the binding of a flexible 
peptide, so that rigid peptides generally exhibit higher affinities. 
Binding energies in the computer model had been computed 
against a fixed unbound model.  35 

 
The various literature reports on the binding of receptor derived 
peptides are difficult to compare to the data obtained in this work 
due to the variety of sequences and conditions used (summarized 
Table S1). Peptide lengths range from 17 22, 26 to 40 amino acids 40 

19 derived from the human receptor 19, 26 or its rabbit homolog.23, 

29 Remarkably, binding assays were conducted at pH values 

between 5.5 22 and 8.0 29 so that the degree of protonation in the 
binding partners would be different in the individual studies. 
Finally, as different assay formats are used data are reported as 45 

Kd for affinity assays and as Ki for competition assays, making a 
comparison even more difficult. 
 
 The clear trends indicated by the experimental data provide 
valuable clues how to improve the docking model in order to 50 

obtain more reliable predictions for inhibitor peptide design. An 
overall normalization of the calculated energy differences as 
suggested by the measured data is sensible, since in general 
computational models still tend to have difficulties matching the 
energy scale in experiments. Substitutions of proline and glycine 55 

residues lead to changes in backbone flexibility that need to be 
considered in the computer model. While the replacement of the 
rigid proline residues leads to a more flexible backbone and a loss 
of affinity, replacing the flexible glycine residue with other amino 
acids produces a more rigid backbone and a measured an increase 60 

in affinity. As the flexibility of the free peptide determines the 
change in entropy upon binding to the protein and thereby 
impacts free energy, entropic effects have to be included in the 
model to make correct predictions in these cases. Similar findings 
have been reported by Yang et al. in their study of second 65 

mitochondria-derived activator of caspase (Smac) to X-linked 
inhibitor of apoptosis (XIAP) using computational docking based 
on the MM-GBSA (molecular mechanics and generalized Born 
surface area) approach and comparison to experimental data 
reported in the literature.39 They propose to compensate for 70 

entropic effects by introducing a ligand reorganization free 
energy. 
 

EXPERIMENTAL 

Computational model 75 

 A free-energy based simulation method was applied in which 
each protein backbone conformation is assigned an “internal free-
energy” resulting from integration of the solvent degrees of 
freedom. In this approach sampling of the backbone 
conformational space is decoupled from the computation of the 80 

relative free energies for each conformation.40 All docking 
simulations were performed using the all-atom physics based 
force field PFF02 40, 41 that considers the Lennard-Jones potential, 
electrostatic interactions, solvent interactions, hydrogen bonds 
and a torsional potential to parameterize the internal free energy 85 

of a protein microstate. Parameters were assigned as described 
previously 7.  
 The receptor-ligand binding energy was computed from the 
published structure of a complex of CXCL8 bound to receptor-
derived peptide 22 (PDB No: 1ILP) in which the non-natural 90 

amino acid aminohexanoic acid (Ahx) in position 7 was replaced 
by glycine for simplification. Relaxation simulation and 
computation was performed as described previously 7. In brief, 
the complex was relaxed by keeping the chemokine backbone 
rigid while allowing the peptide to search its lowest energy 95 

conformation. Protein and peptide were separated and the 
interaction energy was calculated as the energy difference 
between the CXCL8-peptide complex and the isolated binding 
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partners ensuring convergence of geometries and energies by 
performing up to 10 simulations of the wild type complex. All 
peptides were expected to assume a similar open-chain 
conformation in complex with the chemokine, and only the 
differences in binding energies were considered in the results, in 5 

which the peptide reference energies cancel out exactly. 
Therefore, the reference structure of the free peptides in solution 
was not computed. The resulting free energy differences therefore 
only permit a comparison of the relative binding energies of 
peptides in the bound state, while the absolute interaction energy 10 

is overestimated. Since the scale of the energy changes in the 
force field is known, energy differences where fitted to the 
experimental data using a linear model with zero offset, resulting 
in an overall correction factor of 3. The scaled computational data 
was used to analyze the impact of the mutation as it allows direct 15 

comparison with experimental data. 

Materials 

 Salts and culture media for protein expression and purification 
were purchased from Merck (Darmstadt, Germany) or Carl Roth 
(Karlsruhe, Germany), hen egg white lysozyme, ampicillin, 20 

DNase I, Triton X-100, and Triton X-114 were obtained from 
Sigma-Aldrich-Fluka (Taufkirchen, Germany). All Fmoc-
protected amino acids were commercially obtained 
(Novabiochem, Darmstadt, Germany, or IRIS Biotech, 
Marktredwitz, Germany) and used without further purification. 25 

Solvents and coupling reagents for peptide synthesis were 
purchased from Biosolve (Valkenswaard, Netherlands). All 
columns for protein purification were obtained from GE 
Healthcare (Chalfont St. Giles, UK). 

Peptides 30 

 For assay development the CXCL8 receptor peptide reported 
by Skelton 22 was synthesized on a on Syro II multiple peptide 
synthesizer (Syro II, MultiSyntech, Germany) using standard 
Fmoc chemistry as previously described 42, 43. The identity of 
CXCL8 receptor peptide was confirmed by mass spectrometry. 35 

The crude peptide was purified over an RP-18 column (Supelco 
Analytical, Bellefonte, USA) on an ÄKTA purifier HPLC system 
(GE Healthcare Europe, Freiburg) with a gradient of 
acetonitrile/water. Fluorescently labeled peptides were 
commercially obtained from peptides & elephants (Potsdam) and 40 

the fluorescein-coupled control peptide Fluo-AVLPALP was 
purchased Biomatik (Cambridge, Ontario, Canada). All peptides 
were used without further purification. The peptides were 
dissolved in 0.1 % NH3 solution and diluted in ¼ PBS (PBS in a 
1:4 dilution: 35 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 45 

1.8 mM KH2PO4, 0.1 % Triton X-100, pH 7.5) to a final 
concentration of 20 nM. 

Protein Expression 

 CXCL8 was expressed as described previously 35. In brief, 10 
mL of an overnight culture of E. coli BL21 (DE2) RIL cells 50 

(Novagen, Merck, Darmstadt, Germany) transformed with the 
pET22b-IL8 vector were used to inoculate 800 ml of LB- 
medium with 60 µg/mL ampicillin and incubated at 160 rpm and 
37 °C. Expression of CXCL8 was induced at OD600 of 0.6 - 0.8 
by addition of isopropylthiogalactoside (IPTG) to a final 55 

concentration of 0.1 mM and continued for 2 h at 30 °C. The cells 

were centrifuged for 45 min at 8 °C and 8555×g. The pellet was 
then resuspended in 4 mL buffer A (40 mM sodium phosphate, 
90 mM NaCl, pH 7.5) and additionally 1 mM EDTA was added. 
Lysis was induced by addition of lysozyme (0.2 mg/ml) and 60 

DNase I (0.1 mg/mL, 3000 U/mg). One protease inhibitor tablet 
(Complete Mini®, Roche, Basel, Switzerland) was added 
additionally. After 1.5 h of incubation on ice an equal volume of 
0.5 % Triton X-114 was added. Further cell disruption was 
accomplished by sonication for 3x 30 s at 50 % of maximum 65 

power (Sonopuls, Bandelin Electronics, Berlin, Germany). The 
cell suspension was frozen in liquid nitrogen and thawed at room 
temperature. In an optimized purification procedure the lysate 
was heated to 70 °C for 10 – 15 min according to the report by 
Cheng et al. to precipitate a large fraction of the E. coli proteins 70 

while recovering CXCL8 in solution.34 After incubation with 
more DNase for 30 min at RT and centrifugation at 4 °C and 
4754×g for 45 min the supernatant was filtered through a 0.2 µm 
syringe top filter and subjected to cation exchange 
chromatography on a 5 mL HiTrap SP FF column (GE 75 

Healthcare, Munich, Germany) using 2 CV of buffer A for 
washing and a linear salt gradient over 10 CV from buffer A to 
70 % buffer B (1.5 M NaCl and 40 mM sodium phosphate, 
pH 7.4) for elution. Alternatively, after prolonged washing with 
10 CV of buffer A CXCL8 was eluted with 10 CV of 70 % of 80 

buffer B. This resulted in a sharper CXCL8 peak so that further 
concentration steps could be omitted. CXCL8 containing 
fractions were lyophilized, dissolved in a small volume of 
distilled water and desalted on a desalt column HiPrep 26/10 (GE 
Healthcare, Munich, Germany) using buffer C (35 mM NaCl, 85 

40 mM phosphate, pH 7.4). Protein concentrations were 
determined by the bicinchoninic acid (BCA)-assay (Thermo 
Scientific, Rockford, IL, USA; according to the manufacturer's 
instructions) against a standard curve of commercial CXCL8 
(Genscript, Hong Kong) or lysozyme 35.  90 

Fluorescence Polarization  

 Fluorescence polarization measurements were performed on a 
plate reader (Infinite F200; Tecan, Crailsheim, Germany) 
equipped with a fluorescence polarization module and a filter set 
for an excitation wavelength of 485 ± 20 nm and emission of 95 

535 ± 20 nm. Peptide solutions were diluted to 40 nM 
(optimization experiments) or 20 nM (library measurement) in 
¼ PBS and 1:2 dilution series of purified CXCL8 in buffer C 
were prepared in 96-well plates. 0.1 % of Triton X-100 was 
added to all buffers to prevent non-specific binding of the 100 

peptides to the microtiter plates.36 Both solutions were transferred 
into 384-well, black, flat-bottom, polystyrene microtiter plates 
(Greiner Bio-One, Frickenhausen, Germany). For transferring 
large sample numbers a manual high throughput pipetting 
instrument (Liqudator96, Steinbrenner Laborsysteme GmbH, 105 

Wiesenbach, Germany) was used. 20 µL of protein solution were 
added to 20 µL of peptide solution yielding a final volume of 40 
µL per well. . The mixture of equal volumes of buffer C from 
protein purification and ¼ PBS for peptide dilution resulted in a 
final concentration of 25 mM phosphate buffer and 35 mM NaCl 110 

).In high throughput experiments, all data points were measured 
in quadruplicates and all measurements were repeated three 
times. Polarization is reported in millipolarization units (mPU). 
Data analysis was performed with Excel version 2007 and 2010 
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(Microsoft, Redmond, USA) and Sigma Plot 10 (Systat Software, 
Chicago, IL, USA). Dissociation constants (Kd) values were 
determined by non-linear regression using a single-site single-
ligand binding model. 

CONCLUSION 5 

 In the work presented here we have established a binding assay 
based on fluorescence polarization to confirm the predictions of a 
computer model for the interaction of receptor derived peptides 
with the chemokine ligand CXCL8. Using the all-atom physics 
based free energy force field PFF02 that was originally designed 10 

for the de novo prediction of protein folding points and published 
structural data of a CXCL8-peptide complex the changes in 
binding energy upon amino acid exchanges in the peptide 
sequence were predicted. A binding assay was established using 
recombinant CXCL8 and a synthetic receptor-derived type 15 

peptide and assay conditions were optimized to obtain a sufficient 
dynamic range for measuring. This assay turned out to be a 
straightforward means to measure affinities of protein-peptide 
complexes and thereby validate predictions on binding energy. 
According to experimental findings a scaling factor was 20 

introduced in the computer model. Some flexibility needs to be 
introduced into the docking algorithm to better reflect the impact 
of exchanges involving flexible residues like glycine and rigid 
residues like proline on the entropic term in free binding 
enthalpy. Also salt effects need to be included since both binding 25 

partners are highly charged and experimental data indicated a 
dependence of affinity on salt concentration. To include the fact 
that IL-8 tends to from dimers 9, 31 the assay is currently being 
extended to include a trapped dimer and a non-dimerizing variant 
of CXCL8.44 A new round of predictions and polarization 30 

experiments are under our active investigation and will be 
published in due course.  
 Thus, the assay presented here will constitute a useful tool to 
improve the computational model by iterative cycles of 
predictions, experimental tests and improvement of the algorithm 35 

resulting in a more reliable model and peptides with improved 
affinity. The presented combination of computer model and 
fluorescence polarization can be easily applied to other pairs of 
chemokines and receptor-derived peptides by exploiting 
homologies in the chemokine family, but also to other protein 40 

peptide pairs as far as suitable structural data is available as a 
starting point. 
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