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10 Peptide based inhibitors of protein-protein intéoacs are of great interest in proteomics, strutur
biology and in medicinal chemistry. Optimized initdlos can be designed by systematic experiments or
by computational prediction. Ideally, computationadels are adjusted to the peptide-protein complex
of interest according to experimental data obtainezpecific binding experiments. The chemokine
CXCLS8 (interleukin-8) is an interesting target foudrdiscovery due to its role in inflammatory disesas

15 Given the available structural data and informabarits receptor interactions it constitutes a$é&si the
rational design of inhibitor peptides. Startingnfrthe reported structure of CXCL8 in complex with a
peptide derived from its receptor CXCR1 we developedraputational docking procedure to estimate
the changes in binding energy as a function ofviddal amino acid exchanges. This indicates whether
the respective amino acid residue must be presenvedn be substituted to maintain or improve &ifin

20 respectively. To validate and improve the assumgtibade in this docking simulation we established a
fluorescence polarization assay for receptor-ddrpeptides binding to CXCL8. A peptide library was
tested comprising selected mutants characterizetbbiing simulations. A number of predictions
regarding electrostatic interactions were confirrhgdhese experiments and it was revealed that the
model needed to be corrected for backbone flegbiliherefore, the assay presented here is a useful

25 to systematically improve the computational modeiterative cycles of modeling, experimental
validation and refinement of the algorithm leadiag more reliable model and peptides with improved

affinity.

Introduction

Peptides to inhibit protein-protein interactiorde derived
30 from the amino acid sequence of either of the aufbon partners
by systematic binding experiments performed by gifiagments
of the respective other protein. Thus, a minimaldiig motif is
defined which can be further optimized by identifyiconserved
residues and by performing other side chain maaifics.
35 Optimization can proceed either by experiments yrdtional
design and, ideally, by a combination of both taroa the
choice of molecules to be tested.

Precise computational models with highly accuratedigtion
o would help reduce the time and effort required ®velop
peptides targeting protein-protein interactionswideer, several
computational bottlenecks need to be overcome tivearat
reliable predictions. Estimation of absolute bimfdienergy

requires large computational efforts even for srmmablecule

4s ligands binding to structurally well characterizesteptors, and
even methods aiming at predicting relative bindiegergy
changes have difficulties to balance treatment tfong
interactions (such as electrostatics, salt-bridgeshydrogen
bonding) with solvation and entropic effects. Tloecé fields

so used in docking algorithms are based on a numbasafmptions
to reduce the computational effort to predict tleddwior of the
binding partners. They also comprise empirical peters that
may have to be adjusted to the particular settihgndividual
receptor-ligand systems. Based on collections ofeempental

ss data from several databases, computational methads been
developed to predict so-called hot spots, i.e. anaicid residues
with a crucial contribution to the overall bindiegergy*.

In our work, we investigate a rather simple compartel model
s based on the all-atoms free energy force field RFF@t was
initially developed for protein-structure prediatid ®In previous
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works we found that results obtained with this mMagempared Pro10 Nanpmg Met8
favourably with results from other methods avaaloh web
servers such as FoldX ROBETTA ° and KFC® and to
experimental data reported in the literatdre.
5
However, for most protein-peptide-complexes experital data
is not readily available, and even the existingadsts may have
been performed under different conditions makirgnthdifficult
to compare. Therefore the development of computatimodels
10 needs to be accompanied by actual binding expetsmam the
specific set of ligands and the respective protaiget to test if

simplifying assumptions made in the model yield niegful Figure 1  Structure of CXCL8 (blue) in complex witre
predictions. 60  receptor derived peptide H2N-MWDFDDGMPPADEDYSP-COOH
(green stick model) used in this work.

Asp12
Tyr15

Asp14  Pro17
Ser16 Glu13

15 In this study we investigated receptor derived igestas ligands

] ety - i The changes in binding energy in response to th&atmon of
and prospective inhibitors of the inflammatory clo&ine

) selected residues in the receptor-derived peptiges quantified.
CXCL8 as a model system. CXCL8 (CXC-class chemokine 8,g,q0d on the comparison of computational and exgetiah data
interleukin-8) triggers the chemotaxis of leukosyte damaged o computer model can be improved. Furthermoreagisay can
or infected tissue’ Its cognate receptors, CXCR1 and CXCR2, o ompioved to experimentally identify or test fetunhibitory

20 belonging to the family of G protein-coupled recept(GPCRS) sequences especially for the pharmaceutically asiev

are expressed on different types of leukocytésAs a pro- CXCL8/CXCR1-peptide system in an efficient manner.
inflammatory cytokine CXCL8 plays an important role i

autoimmune diseases and chronic inflammation. biker CXC-
chemokines with an ELR-motif at their N-terminus,iriduces

2s angiogenesis and promotes the development of turaacs 7o In silico full peptide exchange of an CXCL8-receptor-peptide
metastase¥. Therefore the binding of CXCLS to its receptors is complex

an important target in drug development and num®rou  To identify peptides with an increased affinityGXCLS8 a full
approaches have been made to inhibit the CXCL8-tecep peptide scan was conducted based on the struahodel of
interaction.***® The structure and function of CXCL8 and it cxCL8 bound to the receptor-derived peptidgNHMWDFDD-
a0 interactions with CXCL8 receptors have been thoropghidied. . Ahx-MPPADEDYSP-COOH in which Ahx was replaced by
16259 31 As has been previously demonstrated, peptideseteri  giycine (see Figure 1). In the course of the peptidan, each
from the sequence of the extracellular part oftthman CXCL8  gmino acid residue of this peptide was successisagiaced by
receptor”®* or its rabbit homolog® bind to CXCL8 and inhibit  each of the 20 standard proteinogenic amino aiisr docking
receptor recognition and resulting cellular resgsnsuch as e peptide mutant to the CXCL8 structure, the Isigdénergy
s calcium influx or leukocyte migration. Peptides idesd from g, was estimated and the difference to the bindingggnef the
segments of the receptdr' *were subsequently shortened and wildtype peptide-CXCL8 complex was calculated. Resaits
modified according to experimental findings. Othiaehibitor shown in a heatmap representation (Figure 2). Mosho acid
peptides were discovered by phage display to maopgs of  yeplacements led to an increase in binding enengytaereby a
chemokine receptors® or for chemokine binding domaifi§.  |oss of affinity as indicated by positiveAG values (shown in red
wBased on the wealth of available data we chose then Figure 2). In particular, incorporation of thesic amino acids
CXCL8/CXCR1-peptide system as a model to computatignall pistidine, lysine and arginine into the mainly néagely charged
predict peptides with improved affinity to CXCLS. sequence led to a dramatic loss of affinity, intiiga that salt
bridges have a significant contribution to the a¥ebinding
This model system bears the additional advantauss@XCL8  energy. Correspondingly, an increase in affinity weedicted for
ss can be heterologously expressedEincoli and purified in high 4 the incorporation of additional residues of glutarand aspartic
yields *** and structural data of CXCL8 with a 17 amino acid acid (green squares in Figure 2). Likewise, repigche existing
peptide derived from the N-terminal sequence ofnufléne  npegatively charged residues in positions 3, 5,%,1B and 14
receptor CXCR1 is available in the literatdfe. with any but another negatively charged residugdesh increase
in binding energy. Interestingly, a gain in affinivas predicted
s0 In this study we used the existing structural dataalculate the . for most substitutions of the tryptophan residu@asition 2 and
binding energies of a receptor-derived peptide toCCX > the N-terminal methionine. There were several emgba by
Changes in protein-peptide binding energies uporange of  jndividual non-polar residues with a predicted gainaffinity
individual amino acids with alanine revealed habtspwith large such as Gly7Ile or Pro10Phe (see Figure 2). Thesieaages are
contributions to this interactiod and identified amino acid of particular interest for peptide improvement sirthey do not

ss exchanges that would increase the peptide’s affititCXCL8. ., necessitate the introduction of further chargesttte highly
To validate and improve the model we further depetb a  npegatively charged peptide.

fluorescence polarization assay to experimentalgasare the
affinity of receptor-derived peptides to the chemekCXCL8.

Results and Discussion

2 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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Figure 2 Results of docking receptor peptide msténatm the full 0 0.2 0.4 0.6 0.8

peptide scan to IL 8. Free binding enthalpy diffees AAG, in kd/mol
are presented as a heat map using the conditiomahf option in
5 Microsoft Office Excel 2010 with the positive valIAAG >0)
corresponding to a loss in affinity representetkoh neutral mutations
(AAG =0) leading to no change in affinity shown in blaaid the
negative valuesNAG <0) indicating a gain of affinity colored in gree
Positions in the receptor peptide are indicateploagtion number on the
10 left column and amino acids in the top row.

¢(CXCL8) | mg/mL

Figure 3 Sample graph for binding experiments. Bigdsotherms of
so the peptide with the highest (D12K, black trianyisd lowest (G7L,
white diamonds) Kvalue are shown.

First fluorescence polarization experiments in phase buffer at
physiological pH yielded 67 mPU for the free pegtidnd
164 mPU for the receptor ligand complex at 94 uM CEXCsee

ss Figure S1). The binding isotherm indicated thausstion was
not yet reached at this concentration.

Development of an affinity assay for peptides bindig to
CXCL8

In preliminary experiments to optimize peptide cemntration,
the free peptide showed increased polarizationegatif over 180
o mMPU at low concentrations (10-20 nM) while at highe
concentrations (100 nM) polarization values aro@td mPU
were recorded. This effect was attributed to pepédsorption to
2 via the loss of peptide flexibility leading to anciease in the the walls of the microtiter plate. Different buffsupplements
observed fluorescence polarization. This type clisnesment has ~ Were tested as recommended by Moéfland the most effective
the advantage that it can be performed in equilibrivithout the s SUppression of non-specific binding was observedhe addition
need to separate bound from free peptide or to iniime the ~ ©f 0.1% of Triton X-100 (see Figure S3).
protein to a surface, which might lead to strudtahenges in the
25 72 aa small protein.

15 To validate these modeling results we measuredffiréty of
CXCL8 to selected peptides in a fluorescence poléoiza(FP)
assay. In this type of assay, the smaller ligandeoubes (here:
the peptides) were fluorescently labeled and wecabated with
varying concentrations of the larger protein to suea binding

We also found that polarization values dependedhensalt
concentration of the buffer (see Figure S4). Treeefve decided

To obtain large amounts of protein,

recombinantly expressed from bacteria followingestablished
with some modifications. Heating the bacteriablgs

protocol®

wat 70 °C for 10-15 min as reported by Cheng et*and
optimizing the cation exchange chromatography stpoved

unwanted proteins from the lysate and obliterabedrteed for an 7
additional affinity chromatography step. Preliminéuorescence

polarization experiments with carboxyfluorescein d ama
3s fluorescein-labeled unrelated peptide (Fluo-AVLPACPOH)
demonstrated that there was no non-specific intieracof
fluorescein or fluorescein-labeled peptidesr se that would
confer affinity to the fluorescein-labeled receptoderived
peptides (see Fig S2).
40
To test whether the molecular weight differencewieen
CXCL8 (72 aa) and the fluorescently labeled recepigptide

(17 aa) was sulfficient to detect the differenceveen bound and
free peptide in fluorescence polarization, we sgsitted the

45 peptide reported by Attwood and Skelton,\-MWDFDD-Ahx-

CXCL8 wa to use a dilute PBS-buffer system with 25 mM phospland

35 mM NaCl. The average polarization measured fer ftee
wildtype peptide was 88 mPU and the polarization fioe
peptide-protein-complex reached a maximum of 22Ura® that
an appropriate dynamic range was available.

Several experiments have been conducted with CXCL8 a.
receptor peptides demonstrating that informatiorouabthe
influence of individual amino acids of the chemakior the
receptor on affinity can be obtained from this egst For this

s purpose, competition assays with radioligands, 2 NMR-

measurementS” 2% 23and fluorescence quenching experiménts
have been performed. To elucidate the mechanis@XtL8
binding to its receptor NMR-experiments are weltexdisince the
contribution of each individual amino acid can Iséreated from

ss the shift of NMR peaks upon ligand addition.

To test the suitability of peptide mutants as g@irotigands,
each of these mutants needs to be tested indilydT&lis type of

MPPADEDYSP-COOHY % on solid phase and attached a Systematic screen was performed by Attwood ebatlevelop an

carboxyfluorescein as a fluorescent label to thedhinus.

9 optimized peptide with a Kof 7 uM based on the CXCR1 N-

terminal sequenc® 2 that was later used by Skelton for their
NMR studies®® and in the study presented here. Atwadal.

This journal is © The Royal Society of Chemistry [year]
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used a radioligand assay in which the unlabeledtigegpp  Tablel  Selected peptide mutations validatedi;study

Competed. with - radioactively If":\beled CXCL8 for CXCR1 Measured free binding energies were subtracted fhenfree energy
receptors in membrane preparations from leukocyte more ¢ obtained for the wildtype peptide to obtain diffeces in free energies,

recent works, the Harris group introduced recegieptides AAG, in kd/mol.
derived from consensus sequences in the extrametloimains of mutant type calculated measured
different chemokine receptors that were identifigdalignment M1A Ala-Scan -0.81 0.38
analysis and that exhibited weak binding affiniti@® pM to W2A Ala-Scan 20.32 271
1 mM) to a range of different chemokines. Affinitievere also D3A Ala-Scan 516 200
_estlmat.e.d by surfac_e plasmon .resonance (SPR) spgumy)pn FAA AaScan 503 506
immobilized chemokine’ Houimel and Mazzucchelli derived
the epitopes of known antibodies against CXCL8 remspgrom DSA Ala-Scan 2.96 274
phage-display libraries and demonstrated that thesapeptides D6A Ala-Scan 1.55 2.72
could inhibit the binding of CXCL8 to its receptor ia G7A Ala-Scan 0.18 -0.41
competitive radioligand assay’ However, no reports have M8A Ala-Scan 0.99 0.45
described the binding of inhibitor peptides to ch&mes directly POA Ala-Scan 077 297
ﬁy quoreslceln;eI deIr?rizath'm’ althf?ugh the bindinﬁj PIOA Ala-Scan 050 149
uorescently labeled chemokines to their cognateptors has
been studie)c/i by this technigéfe® ° P ALLA Ala-Scan 0.00 0.00
wildtype

D12A Ala-Scan 3.32 2.20
The a_tdvantqge of fluorescence polgrizatioq is lﬂh\_e.lt.amo.unt of E13A Ala-Scan 234 156
protein-peptide complex can be estlmated_ln eqlulrb vythout DidA AaScan 546 559
the need for separation of unbound protein whicghindisturb
the equilibrium. Furthermore, there is no requiretneo Y15A Ala-Scan 114 L7
immobilize the protein as in SPR-approaches. Imiization can S16A Ala-Scan 0.28 -0.26
lead to a decrease in affinity if the binding sgeblocked or P17A Ala-Scan 0.85 2.24
occluded in the immobilization process. The onlyuieements to A11D decrease iAAG -2.04 -0.49
allow the use of low concentrations of peptide lilofescence P10F decrease IAG 178 1.08
polarlzatlon arg (1) the need tp fluorescently Iab.e. peptide Qf VaD decrease iBAG 176 022
interest to obtain a stronger signal than thantfdrisic aromatic & Jocronse BAG T o7
residues and (2) that the fluorophor itself does stmow any : :
binding preferences. An additional advantage owefiofigand PoF neutral oMAAG -0.03 1.64
binding, no safety and waste disposal issues ditwarescently DéMm neutral oPAAG 0.00 1.64
labeled peptides are employed. P10L neutral onAAG 0.08 1.37

G7L neutral orAAG 0.23 -1.20
Fluorescence polarization to validate computational E13H increase IMAG 3.08 3.64
predictions D12K increase iMMAG 4.84 5.03

To test the predictions made by ihesilico model we used 30 FAR increase iMAG 4.85 3.48

custom-made fluorescein-labeled peptides represgentall G7TW increase iMAG 5.81 -1.06

alanine exchange mutations of the CXCL8 receptorigeptVe
selected positions of the full peptide scan reprisg mutations These experimental values corresponded reasonailyo the

that led to a predicted increase, a decrease osignficant  predicted values. The average error in affinity ngea between
change in binding energy, respectively. The wildtyeptide was experiment and theory was only -0.3 kJ/mol or OK3&mol

also included to calculate differences iny Kr binding free  jhcluding or excluding the proline substitutionsspectively.
energy. Figure 3 shows the binding isotherms of réeeptor

peptide mutants with the h.igh.est (D12K). and lowgstL) The large increases in binding energy for an akeixchange at
measured K values. Free binding enthalpies were calculatedipe positions of the negatively charged aspartatt glutamate

based on these values using the relationship nresidues (D3A, DSA, D6A, D12A, E13A and D14A) were
confirmed to within 1 kJ/mol. The increase in bimglienergy for
AG =RT Inky @) the proline residues (P9A, P10A, P17A) were on ayerl.5

kJ/mol higher than the values predicted by the adatpnal
with a temperature of T = 22 °C (295 K) for allaserements.  qdel. This difference can be attributed, at leagpart, to the
From these values, differences in free binding &lptes AAG  ; axpected loss of flexibility of the unbound peptigéhich is not
were calculated by subtractingG of the wildtype receptor  5.counted for in the computational model.
peptide A11A and fit to a linear model with zerdset that set

the absolute energy scale of the model (see M&edad  The predicted increase in binding free enthalpythier exchange
Methods). The results are listed in Table 1 andsttated in  of phenylalanine 4 (F4A) and tyrosine 15 (Y15A) et well
Figure 4. so with the computational model. Small predicted gamsinding

4 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]
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enthalpy for the substitution of glycine 7 (G7A)daserine 16  between 5.52 and 8.0°° so that the degree of protonation in the
(S16A) were found to be small losses in bindinghalmy. binding partners would be different in the indivadustudies.
Alanine substitutions in the N-terminal methioni1A) and s Finally, as different assay formats are used degargported as
tryptophan residues (W2A) that were predicted tadldo a K4 for affinity assays and as; for competition assays, making a
s decrease in binding energy had an opposite effactthie comparison even more difficult.
experiment.

The clear trends indicated by the experimentah gabvide
so valuable clues how to improve the docking modelomder to
obtain more reliable predictions for inhibitor peet design. An
overall normalization of the calculated energy afifnces as
suggested by the measured data is sensible, singeneral
computational models still tend to have difficudtimatching the
ss energy scale in experiments. Substitutions of peolnd glycine
250 residues lead to changes in backbone flexibilit theed to be

considered in the computer model. While the repteg of the

' ‘ rigid proline residues leads to a more flexiblekimme and a loss

‘ ‘ | 11 | ' A

5.50
Experiment m Scaled Theory
4.50

3.50

1.

A4G /kJ/mol
8

of affinity, replacing the flexible glycine residuéth other amino
e0 acids produces a more rigid backbone and a meaaurettrease
in affinity. As the flexibility of the free peptiddetermines the
||| change in entropy upon binding to the protein ahdraby

0

15
o

-0.

1
=]

impacts free energy, entropic effects have to lotuded in the
1.50 model to make correct predictions in these casesla® findings
SSETEE5SRSISF38852580% ss have been reported by Yang et al. in their studysedond
mitochondria-derived activator of caspase (Smac)Xttinked
inhibitor of apoptosis (XIAP) using computationalafing based
on the MM-GBSA (molecular mechanics and generaliBedh
surface area) approach and comparison to expernelata
noreported in the literatur®. They propose to compensate for
entropic effects by introducing a ligand reorgaticza free
energy.

DGM
P10L
G7L
E13H
D12K
F4R
G7W

receptor peptide mutants

Figure 4 Comparison of theoretical and experimetfeitd (a)

10 When divided by a factor of three theoretical val@@ark grey)

correspond reasonably well with experimental vallight gray)
for binding energy differences.

A similar set of observations was made for theected
1s mutants: Increases in binding energdAG >0) were mostly
predicted correctly (E13H; D12K, F4R). Mutations gioted to
have mainly no effect 4AG =0) led to a loss in affinity, while all EXPERIMENTAL
tested gain-of-affinity ZAG <0) predictions exhibited changes irvs Computational model
either direction in the experiment. The three migaeplacing
20 glycine residues are of particular interest: Whte computer
model predicts a loss of affinity for G7W, a mirioss for G7L
(and G7A) and a gain in affinity for G71, all thréedividual
mutations however show a slight increase in affiriit the
binding experiment. This can be rationalized by ith@ease in
25 rigidity of the peptide backbone upon the exchaofghe flexible
glycine that lacks a side chain and can be rothtsly around
the NH-G, and G-CO-bonds. In a similar manner, substitution of
either of the proline residue for which gains (P18A7A), losses
(P10F) and negligible effects (P9F) were preditteldto a loss of
a0 affinity in the experiments as substitution of fmelto a more
flexible peptide backbone. Binding of a more rigieptide results
in smaller entropic costs compared to the bindih@ dlexible
peptide, so that rigid peptides generally exhilgtler affinities.
Binding energies in the computer model had been ctedp
35 against a fixed unbound model.

A free-energy based simulation method was appfieghich
each protein backbone conformation is assignedraerhal free-
energy” resulting from integration of the solvenégdees of
freedom. In this approach sampling of the backbone

so conformational space is decoupled from the comjmurtatf the
relative free energies for each conformafldnAll docking
simulations were performed using the all-atom ptg/dbased
force field PFF02% *'that considers the Lennard-Jones potential,
electrostatic interactions, solvent interactiongdrbgen bonds
ss and a torsional potential to parameterize the matefree energy
of a protein microstate. Parameters were assigsedeacribed
previously’.

The receptor-ligand binding energy was computeainfithe
published structure of a complex of CXCL8 bound teceptor-
s derived peptide’? (PDB No: 1ILP) in which the non-natural
amino acid aminohexanoic acid (Ahx) in position &weplaced
by glycine for simplification. Relaxation simulatiorand
computation was performed as described previolsly brief,
the complex was relaxed by keeping the chemokirekbdzme
os rigid while allowing the peptide to search its I®wesnergy
conformation. Protein and peptide were separated Hre
interaction energy was calculated as the energyerdiice
between the CXCL8-peptide complex and the isolatexdlibg

The various literature reports on the binding afepgor derived
peptides are difficult to compare to the data aisdiin this work
due to the variety of sequences and conditions (sedmarized
20 Table S1). Peptide lengths range from*37°to 40 amino acids
19 derived from the human receptdr or its rabbit homolog®
2 Remarkably, binding assays were conducted at pidesal

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00—00 | 5
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partners ensuring convergence of geometries andgieseby
performing up to 10 simulations of the wild typengaex. All
peptides were expected to assume a similar
conformation in complex with the chemokine, andyotthe
differences in binding energies were considerethéresults, in
which the peptide reference energies cancel
Therefore, the reference structure of the freeigeptin solution

was not computed. The resulting free energy diffees therefore

only permit a comparison of the relative bindingemies of

peptides in the bound state, while the absolutraction energy

is overestimated. Since the scale of the energngd®min the
force field is known, energy differences whereefittto the
experimental data using a linear model with zefeetf resulting

outctlgxa

were centrifuged for 45 min at 8 °C and 8555x(g. phket was
then resuspended in 4 mL buffer A (40 mM sodiumspihate,

open-cha 90 mM NaCl, pH 7.5) and additionally 1 mM EDTA waddad.
60 Lysis was induced by addition of lysozyme (0.2 m/and

DNase | (0.1 mg/mL, 3000 U/mg). One protease itbiktiablet
(Complete Mini®, Roche, Basel,
additionally. After 1.5 h of incubation on ice agual volume of
0.5 % Triton X-114 was added. Further cell disroptiwas

es accomplished by sonication for 3x 30 s at 50 % @iximum

power (Sonopuls, Bandelin Electronics, Berlin, GerarThe
cell suspension was frozen in liquid nitrogen amalxted at room
temperature. In an optimized purification procedthie lysate
was heated to 70 °C for 10 — 15 min according torépert by

in an overall correction factor of 3. The scaledthpatational data 7 Cheng et al. to precipitate a large fraction of Ehecoli proteins

was used to analyze the impact of the mutation alfoiws direct
comparison with experimental data.

Materials

Salts and culture media for protein expression urification
were purchased from Merck (Darmstadt, Germany) ot Rath
(Karlsruhe, Germany), hen egg white lysozyme, aitfipic
DNase |, Triton X-100, and Triton X-114 were obw&infrom

Sigma-Aldrich-Fluka (Taufkirchen, Germany). All Foio
protected amino acids were commercially
(Novabiochem, Darmstadt, Germany, or

Marktredwitz, Germany) and used without further ifocation.
Solvents and coupling reagents for peptide syrshesere
purchased from Biosolve (Valkenswaard, Netherlandsl).
columns for protein purification were obtained froGE
Healthcare (Chalfont St. Giles, UK).

Peptides
For assay development the CXCL8 receptor peptigerted

while recovering CXCL8 in solutioff. After incubation with
more DNase for 30 min at RT and centrifugation &tC4and
4754xg for 45 min the supernatant was filteredugtoa 0.2 um
syringe top filter and subjected to cation exchange

7s chromatography on a 5 mL HiTrap SP FF column (GE

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

obtained 10 CV of buffer A CXCL8 was eluted with 10 CV of 70 &b
IRIS  Biotech, puffer B. This resulted in a sharper CXCL8 peak s¢ tingher

concentration steps could be omitted. CXCL8 contgini
fractions were lyophilized, dissolved in a smalllurne of
distilled water and desalted on a desalt colummnrétiR26/10 (GE

ss Healthcare, Munich, Germany) using buffer C (35 mMQN

40 mM phosphate, pH 7.4). Protein concentrationsrewe
determined by the bicinchoninic acid (BCA)-assay (e
Scientific, Rockford, IL, USA; according to the mdacturer's
instructions) against a standard curve of commerCi¥CL8

by Skelton** was synthesized on a on Syro Il multiple peptidg (Genscript, Hong Kong) or lysozyrie

synthesizer (Syro Il, MultiSyntech, Germany) usistandard
Fmoc chemistry as previously describ&d*® The identity of
CXCL8 receptor peptide was confirmed by mass speetym
The crude peptide was purified over an RP-18 col(8upelco
Analytical, Bellefonte, USA) on an AKTA purifier HRL system
(GE Healthcare Europe, Freiburg) with a gradient
acetonitrile/water.  Fluorescently labeled peptidewere
commercially obtained from peptides & elephantstgffam) and
the fluorescein-coupled control peptide Fluo-AVLHAALwas
purchased Biomatik (Cambridge, Ontario, Canada).pAptides

Fluorescence Polarization

Fluorescence polarization measurements were peefbion a
plate reader (Infinite F200; Tecan, Crailsheim, Gary)
equipped with a fluorescence polarization modulé arfilter set

of for an excitation wavelength of 485 + 20 nm and ssmin of

535+20 nm. Peptide solutions were diluted to 4M n
(optimization experiments) or 20 nM (library measuent) in
¥ PBS and 1:2 dilution series of purified CXCL8 inffbu C
were prepared in 96-well plates. 0.1 % of Triton100 was

were used without further purification. The pepsidevere .o added to all buffers to prevent non-specific bigdiof the
dissolved in 0.1 % Nkisolution and diluted in ¥ PBS (PBS in a peptides to the microtiter plat&sBoth solutions were transferred

1:4 dilution: 35 mM NacCl, 2.7 mM KCI, 10 mM MNdPQ,,

1.8 mM KHPQ, 0.1 % Triton X-100, pH 7.5) to a final

concentration of 20 nM.
Protein Expression

CXCL8 was expressed as described previotisiin brief, 10
mL of an overnight culture of E. coli BL21 (DE2) Ritells
(Novagen, Merck, Darmstadt, Germany) transformeth vthe
PET22b-IL8 vector were used to inoculate 800 ml Ld8-

into 384-well, black, flat-bottom, polystyrene nuotter plates
(Greiner Bio-One, Frickenhausen, Germany). For fearing
large sample numbers a manual high throughput tpiget

105 instrument  (Liqudator96, Steinbrenner LaborsystembH,

Wiesenbach, Germany) was used. 20 pL of proteiutisal were
added to 20 puL of peptide solution yielding a fimalume of 40
pL per well. . The mixture of equal volumes of tufiC from
protein purification and ¥ PBS for peptide dilutiesulted in a

uo final concentration of 25 mM phosphate buffer asdn®@ NacCl

medium with 60ug/mL ampicillin and incubated at 160 rpm and ) |n high throughput experiments, all data poinerevmeasured

37 °C. Expression of CXCL8 was induced at y»f 0.6 - 0.8
by addition of isopropylthiogalactoside (IPTG) to faal
concentration of 0.1 mM and continued for 2 h at@0The cells

in quadruplicates and all measurements were repetitee
times. Polarization is reported in millipolarizatianits (mPU).
Data analysis was performed with Excel version 2a6@ 2010
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(Microsoft, Redmond, USA) and Sigma Plot 10 (SyStaftware,
Chicago, IL, USA). Dissociation constants g{Kvalues were
determined by non-linear regression using a sieigée-single-
ligand binding model.

s CONCLUSION

In the work presented here we have establishéddinly assay
based on fluorescence polarization to confirm tfegligtions of a
computer model for the interaction of receptor i peptides
with the chemokine ligand CXCL8. Using the all-atg@ysics

10 based free energy force field PFF02 that was allyirdesigned
for the de novo prediction of protein folding pairand published
structural data of a CXCL8-peptide complex the change
binding energy upon amino acid exchanges in thetigep
sequence were predicted. A binding assay was estalll using
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