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(57) ABSTRACT 

The present invention is related to a quantitative structure 
based af?nity scoring method for peptide/protein complexes. 
More speci?cally, the present invention comprises a method 
that operates on the basis of a highly speci?c force ?eld 
function (eg CHARMM) that is applied to all-atom struc 
tural representations of peptide/receptor complexes. Peptide 
side-chain contributions to total a?inity are scored after 
detailed rotameric sampling followed by controlled energy 
re?nement. The method of the invention further comprises a 
de novo approach to estimate dehydration energies from the 
simulation of individual amino acids in a solvent box ?lled 
With explicit Water molecules and applying the same force 
?eld function as used to evaluate peptide/receptor complex 
interactions. 

30 

N O 

Energy (kcal/mol) O 



Patent Application Publication Dec. 18, 2008 Sheet 1 0f 2 US 2008/0312840 A1 

Hydration energy (kcallmol) 

Amino acid side-chain 



Patent Application Publication Dec. 18, 2008 Sheet 2 0f 2 US 2008/0312840 A1 

cocsmoé 36cm 

Side-chain 

2A Fi 

2 O E 1 

Fig. 2B 

KYNWNP WWKREE RRRKQD FKIWDM PHGVPV HFSTGT EE?SMs MDQQHQ CMPDICN YPVNWM QNLMIL MGALLI IMCIAH NVFHVG LLWGiMC DIMFMA AGYCTM vAHAFF SSEDKK TTDEYY e e E 

3 Fig. 



US 2008/0312840 A1 

METHOD FOR AFFINITY SCORING OF 
PEPTIDE/PROTEIN COMPLEXES 

[0001] This application is a National Stage of PCT/ 
BE2005/000052, ?led on Apr. 21, 2005, Which claims prior 
ity to EPO patent 044471035 ?led on Apr. 21, 2004, Which 
applications are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention is related to a quantitative 
structure-based a?inity scoring method for ligand/protein 
complexes such as peptide/protein complexes. More speci? 
cally, the present invention comprises a method that operates 
on the basis of a highly speci?c force ?eld function (eg 
CHARMM) that is applied to all-atom structural representa 
tions of peptide/receptor complexes. Peptide side-chain con 
tributions to total a?inity are scored after detailed rotameric 
sampling folloWed by controlled energy re?nement. The 
method of the invention further comprises a de novo approach 
to estimate dehydration energies from the simulation of indi 
vidual amino acids in a solvent box ?lled With explicit Water 
molecules and applying the same force ?eld function as used 
to evaluate peptide/receptor complex interactions. 

BACKGROUND OF THE INVENTION 

[0003] Peptides are important regulatory molecules 
involved in a variety of biological mechanisms. Their func 
tion is generally determined by processing kinetics, interac 
tion speci?city and, more fundamentally, binding a?inity. A 
thorough understanding of the contributions relevant for 
stable complex formation may form the basis of experimental 
rationalization, detection of novel ligands and optimiZation of 
lead compounds. Predictive structure-based methods can be 
very helpful, provided that they are of su?iciently high accu 
racy. 
[0004] Structure-based binding studies face tWo major 
technical barriers. The ?rst resides in the prediction of accu 
rate 3D-structures for peptide/receptor complexes. Peptides 
are conformationally very ?exible since most of their chemi 
cal bonds are subject to free rotation. A partial solution is to 
perform ?exible docking using prede?ned rotamers. Yet, 
deviation from ideal rotameric states and small-scale ?exibil 
ity due to bond angle bending present additional di?iculties. 
Occasionally, peptides adopt variable binding modes, partly 
bulge out into solvent or let some ?anking residues hang out 
of the binding site. Yet, it is often observed that one or more 
peptide side-chains are anchored into Well-shaped pockets in 
the interface surface. In such cases, conformational ?exibility 
is limited, Which facilitates structure-based analysis. 
[0005] The second problem is hoW to derive accurate bind 
ing a?inities from experimental or modeled representations. 
Even short peptides easily contain more than a hundred 
atoms, making thousands of small pairWise atomic interac 
tions. Further, ligand/receptor interfaces are rarely optimally 
packed and can include multiple Water molecules. Finally, 
binding a?inity depends on thermodynamic properties of the 
bound and free states of the molecules involved. 
[0006] In vieW of these complications, structure-based 
a?inity scoring methods invariably include approximations 
and/or a parameteriZation step Wherein physically relevant 
effects are captured into tunable parameters. A distinction 
should be made betWeen statistical and empirical methods. 
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Statistical, or knoWledge-based scoring methods operate on 
the basis of atom (or group) contact potentials derived from 
knoWn protein structures. Empirical, or partitioning methods 
Work With prede?ned physical energy terms, represented by 
parameteriZed mathematical equations that are optimiZed 
against experimental data. In vieW of the inevitable training 
step, validation on independent data is required. Here, it is not 
uncommon that methods performing relatively Well on data 
similar to the training set are signi?cantly less accurate on 
more divergent datasets or must even be retrained. Transfer 
ability therefore remains an important and delicate matter. 
Transferability is de?ned herein as the use of one and the 
same scoring function for different receptor/ligand systems. 
[0007] The present invention is related to the binding char 
acteristics of anchor residues Within peptide ligands of recep 
tor molecules, e.g. human leukocyte antigen (HLA) com 
plexes. HLA class I molecules are immunologically 
important receptors involved in speci?c recognition betWeen 
cytotoxic T lymphocytes and pathogen-infected cells. Patho 
gen-derived peptides, knoWn as antigens, are mostly 8-10 
residues long. Structural information from the Protein Data 
Bank (PDB) is available for an increasing number of receptor 
subtypes (at present about ten). Common features of these 
complexes are the strong interactions betWeen receptor side 
chains and the N- and C-terminal ends of the peptide back 
bone. The side-chains of peptide residues P2 (or, occasion 
ally, P3) and P9 (for 9-mers) are located into Well-formed 
pockets named B (or D) and F, respectively. Hence, the side 
chain orientation of anchor residues and their structural con 
text are relatively ?xed. Yet, there is a signi?cant variety in 
anchor properties among different subtypes. Finally, anchor 
residues are dominant contributors to total a?inity and greatly 
determine binding speci?city. For all these reasons, anchor 
residues in HLA class I complexes are ideally suited to 
develop or test novel a?inity scoring methods. 
[0008] The present invention relates to the identi?cation of 
the physico-chemically most relevant a?inity determinants. 
Possible contributions like contact-based potentials, Weight 
adapted conformational energy terms, shape complementar 
ity, hydrophobic corrections and different entropical compo 
nents may yield good results but poor transferability. Because 
of the danger of over-parameteriZation, erroneous assignment 
of either false or redundant contributions is likely. Underpa 
rameteriZation, in particular of conformational strain, is 
another problem. The inventors therefore examined the pos 
sibility to develop a scoring function based exclusively on an 
established force ?eld function. The principal advantage of 
force ?eld based approaches is that different physico-chemi 
cal interactions can be computed in a consistent Way. 

SUMMARY OF THE INVENTION 

[0009] The present invention concerns a method for deter 
mining an a?inity score of a binding protein/ ligand complex 
such as a MHC receptor/ligand complex, said score advanta 
geously being based, advantageously being primarily or 
solely based on structural data and a force ?eld. 

[0010] An a?inity score can equally be determined for the 
anchor residues of said binding protein/ligand complex such 
as a MHC receptor/ligand complex. 

[0011] In another embodiment the present invention com 
prises the method according to any of the previous embodi 
ments Whereby said a?inity score represents a combination of 
desolvation energy and protein-ligand complex energy, 
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advantageously receptor-ligand complex energy, Wherein 
both said energies advantageously are derived from the same 
force ?eld. 
[0012] Advantageously, the af?nity score and method of 
the present invention is transferable to different protein/ 
ligand systems, advantageously to different receptor/ligand 
systems, Without reparameterisation. 
[0013] The present invention in particular relates to a 
method for determining an a?inity score of a protein/ligand 
complex, characterised in that said score is based on, advan 
tageously primarily based on, advantageously solely based on 
structural data and a force ?eld, this method comprising the 
steps of 
[0014] (a) calculating a ligand-solvent interaction energy 
from a structural representation of the ligand placed in a box 
?lled With explicit solvent molecules; 
[0015] (b) calculating a ligand-protein interaction energy 
from a structural representation of the ligand placed in the 
binding site of the protein; and 
[0016] (c) calculating said af?nity score by subtracting the 
ligand-solvent interaction energy of step (a) from the ligand 
protein interaction energy of step (b). 
[0017] Preferably conformational strain energies are also 
taken into account. Accordingly, the present invention further 
relates to a method for determining an a?inity score of a 
protein/ligand complex, characterised in that said score is 
based on, advantageously primarily based on, advanta 
geously solely based on structural data and a force ?eld, this 
method comprising the steps of 
[0018] (a) calculating a ligand-solvent interaction energy 
from a structural representation of the ligand placed in a box 
?lled With explicit solvent molecules; 
[0019] (b) calculating a ligand-protein interaction energy 
from a structural representation of the ligand placed in the 
binding site of the protein; 
[0020] (c) calculating a conformational strain energy for 
the protein/ ligand representation of step b; and 
[0021] (d) calculating said a?inity score by subtracting the 
ligand-solvent interaction energy of step (a) and the confor 
mational strain energy of step (c) from the ligand-protein 
interaction energy of step (b). Advantageously the conforma 
tional strain energy of step (c) herein is calculated as the 
difference betWeen, on the one hand, the sum of the confor 
mational energies of the ligand and protein in an unbound 
reference state and, on the other hand, the sum of the confor 
mational energies of the ligand and the protein in the protein/ 
ligand representation of step (b). It is thus possible to calcu 
late conformational strain energies suf?ciently fast and in a 
Way that they are compatible With the force ?eld used. 
[0022] In a method according to the invention an a?inity 
score advantageously is calculated (solely) from structural 
data and a force ?eld. The force ?eld may be any force ?eld 
knoWn in the art. 

[0023] Advantageously exactly the same force ?eld func 
tion is used to derive ligand-protein interaction energies; 
ligand-solvent interaction energies, also called (de)solvation 
energies, (de)hydration energies; and possibly also confor 
mational strain energies. (De)solvation energies are advanta 
geously derived from simulations of amino acid model com 
pounds in an explicit solvent environment, for instance an 
explicit Water environment. Potential inconsistencies 
betWeen solvent terms derived from experimental data and 
intra-complex terms based on the force ?eld are thus avoided. 
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Advantageously the solvent in step (a) of the above methods 
exclusively consists of Water molecules. 
[0024] Advantageously, the protein/ligand representation 
of step (b) in a method according to the invention is derived 
from an experimentally determined structure. 
[0025] Alternatively the protein/ligand representation of 
step (b) may be generated by computer modelling. Advanta 
geously, the computer modelling comprises an amino acid 
side-chain modelling step and/ or an energy minimisation 
step. 
[0026] Advantageously the representation of the ligand in 
the solvent box of step (a) of a method according to the 
invention is derived from an experimentally determined 
structure. 

[0027] Alternatively the representation of the ligand in the 
solvent box of step (a) may be generated by computer mod 
elling. 
[0028] Advantageously the computer modelling comprises 
an amino acid side-chain modelling step and/or an energy 
minimisation step. 
[0029] The methods of the invention are highly suitable for 
a?inity scoring of protein-ligand complexes or receptor 
ligand complexes. The protein to Which the ligand binds can 
be a receptor such as eg a MHC receptor, a HLA receptor, 
but it may also be an antibody. The antibody may be a poly 
clonal or a monoclonal antibody or a fragment thereof that is 
capable of forming a 3-D structure (a macromolecule) to 
Which a ligand can bind. 

[0030] Advantageously the ligand is apeptide, a small mol 
ecule or a pharmacophore. The term “ligand” in the context of 
the present invention can refer to part of a ligand, such as the 
anchor residues of a ligand. The term “ligand” can refer in 
particular to any part of a peptide, including a side chain, 
backbone moiety, chemical group, . . . via Which the ligand 

can interact With/bind to its binding protein or receptor. 
[0031] A method of the invention is highly suited to calcu 
late an af?nity score for the anchor residues of a ligand, but 
may also be used to determine a?inity scores for non-anchor 
residues so that a score can be determined for the Whole of a 

ligand. 
[0032] Advantageously, experimental data are used to 
verify predicted results. 
[0033] The scoring functions of the invention are easily 
transferable to different protein/ ligand complexes, as demon 
strated beloW, Without the need of reparameterisation. 

SHORT DESCRIPTION OF THE DRAWINGS 
AND TABLES 

[0034] The FIG. 1 represents computed hydration energies 
for amino acid side-chains in a Water box. Contributions for 
van der Waals (black bars), H-bonding (gray) and electro 
static interactions (White) are given separately. Values are 
further subdivided per chemical group present in a side-chain 
and are therefore useful as group salvation parameters (GSP). 
Nine different functions are considered: (1) aliphatic CxHy; 
(2) aromatic CxHy; (3) aromatic NxHy; (4) hydroxyl, OH; (5) 
sulphur/sulphydryl, S/SH; (6) charged amine, NH3’'; (7) car 
boxyl, COO“; (8) amide, CONH2; and (9) guanidinium, NHC 
(NH2)2+ atoms. Thus, each side-chain is composed of maxi 
mally three groups. Values for the aliphatic moieties (all 
residue types) are indicated by thin outlines. The second 
chemical moiety, if any, is indicated by thick outlines. The 
third moiety (only Tyr, Trp and His) again by thin outlines. 
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[0035] The FIG. 2A represents energy contributions calcu 
lated for different side-chains placed at P2 in the pAla/A2 
complex. White bars, desolvation energies; light gray bars, 
strain terms; dark gray bars, sum of intra-complex interac 
tions. Total energies are indicated by tiny black bars; they 
correspond to the scores in column 3 of Table I. The FIG. 2B 
represents a detail of Gln interactions With the A2 receptor; 1, 
?rst group (aliphatic moiety); 2, second group (amide func 
tion); V, van der Waals; H, H-bonds; E, electrostatic energy. 
Numeric values are computed interaction energies in kcal/ 
mol units. 1V: —6.1,0H: 0.0, 1E: 0.2, 2V: —9.6, 2H: —2.6, 2E: 
—2.9. 
[0036] The FIG. 3 represents a comparison of anchor pro 
?les for HLA-A1 betWeen PepScope and Bimas predictions. 
Amino acid preferences for the anchor positions indicated at 
the left are listed in decreasing order of preference. Strong 
and non-preferred residues are indicated in bold and italics, 
respectively. The corresponding cutoffs are —2.5 and 0 kcal/ 
mol for PepScope and 2 and 0.1 units for Bimas. 
[0037] Table I gives Predicted vs Experimental Af?nities of 
FLSKQYMTL Mutants. 
[0038] Table II shoWs HLA-B7 Anchor Speci?city. 
[0039] The invention Will be described in further details in 
the folloWing examples by reference to the enclosed draWings 
and tables, Which are not in any Way intended to limit the 
scope of the invention as claimed. The methods here 
described in more details for HLA receptors is applicable to 
other binding protein-ligand complexes. 

DETAILED DESCRIPTION OF THE INVENTION 

[0040] The present invention describes the development of 
a novel al?nity scoring method here named “PepScope”. The 
latter forms part of the EpiBaseTM platform for T-cell epitope 
identi?cation (pending patent application WO03/ 105058 
Which is incorporated herein by reference). The CHARMM 
force ?eld Was selected as the sole input function to Pep 
Scope. No parameteriZation steps Were performed, except at 
the level of the protocol (eg the number of energy minimi 
Zation steps, cutoff distances and model preparation strat 
egy). Exactly the same force ?eld function Was used to derive 
(de)hydration energies from simulations of amino acid model 
compounds in explicit Water environment. Potential inconsis 
tencies betWeen solvent terms derived from experimental 
data and intra-complex terms based on the force ?eld Were 
thus avoided. 
[0041] To demonstrate the transferability of the scoring 
function, the PepScope method has been applied to four 
physically different HLA receptors as described in the 
examples section of this application. A systematic study of all 
natural amino acid substitutions at the anchor positions in 
HLA-A*0101 (A1), HLA-A*0201 (A2), HLA-A*2402 
(A24) and HLA-B*0702 (B7) Was performed. The predic 
tions Were compared With experimental data either from lit 
erature (A1 and B7) or from oWn binding assays (A2 and 
A24). The binding capacity of 39 nonamers FxSKQYMTx (x 
is any of the 20 natural amino acids) Was tested on A2 and 
A24. The latter data are unique in that they display the anchor 
speci?city over the entire range of possible substitutions. This 
has enabled the inventors to quantify not only favorable but 
also disruptive effects. With respect to the latter, the inventors 
emphasiZe the generally underestimated roles of desolvation 
and conformational strain. 
[0042] The PepScope method uses only structural data and 
a standard force ?eld function to score anchor residues in 
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HLA complexes. This approach offers several advantages: (i) 
its independence from experimental binding data guarantees 
unbiased analysis With a greater sensitivity, (ii) the method is 
equally Well applicable in cases Where experimental informa 
tion is scarce, and (iii) computed af?nities can be thoroughly 
rationaliZed either by dissection into physical contributions 
or by structural inspection. Furthermore, since the method 
does not contain a training step, it is characterized by a great 
transferability. The inventors have demonstrated this by vali 
dation on four HLA receptors With divergent physical prop 
erties. 
[0043] Transferability of the method Was demonstrated by 
its application to the hydrophobic HLA-A2 and -A24 recep 
tors, the polar HLA-A1 and the sterically ruled HLA-B7 
receptor. A combined theoretical and experimental study on 
39 anchor substitutions in FxSKQYMTx/HLA-A2 and -A24 
complexes indicated a prediction accuracy of about 2/3 of a 
log-unit in Kd. Analysis of free energy contributions identi 
?ed a great role of desolvation and conformational strain 
effects in establishing a given speci?city pro?le. 
[0044] Interestingly, the method rightly predicted that most 
anchor pro?les are less speci?c than so far assumed. This 
suggests that many potential T-cell epitopes could be missed 
With current prediction methods. The results presented in this 
Work may therefore signi?cantly affect T-cell epitope discov 
ery programs applied in the ?eld of peptide vaccine develop 
ment. 

[0045] The PepScope method has an original approach to 
quantify desolvation effects. This is accomplished by in silico 
submersion of amino acid model compounds in explicit 
Water, folloWed by standard energy minimization and proper 
rotameric sampling, energy calculation, averaging and selec 
tion. Combination of solvent terms With intra-complex ener 
gies results in scores devoid of systematic errors. Thus, des 
olvation energies derived by the said in silico method are 
compatible With intra-complex terms. 
[0046] The PepScope scoring function basically consists of 
three energetic components: desolvation, direct ligand/recep 
tor interactions and intra-complex strain (Whereby the tWo 
latter components are tWo types of intra-complex energy). 
These terms are strongly affected by local conditions in a 
complex, the latter forming the basis of speci?city. In order 
for a residue to be contributive, its local interactions have to 
compensate for unfavorable desolvation and strain. The net 
balance can be very delicate, especially When aromatic or 
polar side-chains are involved. From a modeling point of 
vieW, this imposes very high demands on the accuracy of 
complex models. The inventors have demonstrated that such 
high level of accuracy is attainable for buried anchors. It is 
obvious for the man skilled in the art that scoring of non 
anchor residues or full peptide sequences lies in the extension 
of the methodology of the present invention. The PepScope 
method is therefore to be seen as an al?nity scoring method 
for complete ligands. 

Af?nity Scoring Algorithm 

[0047] Af?nity scoring of anchor residues is accomplished 
basically by a combined side-chain rotameric search and 
energy re?nement approach. The folloWing steps are per 
formed individually for all amino acid side-chains at each 
anchor position in all pAla/HLA complex models. 
[0048] The side-chain is introduced in standard geometry. 
Then, all rotamers from the same library as used in the model 
preparation are applied consecutively to the mutated side 
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chain. Dummy rotamers are used for Gly, Ala and Pro. Each 
rotameric variant is submitted to 800 steps conjugated gradi 
ent energy minimization. Moderate positional restraints (1 
kcal/A2) are applied to the full backbone of the complex 
except the substituted residue and its ?anking peptidic 
groups. The cutoff for non-bonded interactions is set to 14 A. 
The folloWing analyses are carried out on the minimized 
structures: computation of accessible surface area (ASA) of 
the side-chain rotamer, conversion of ASA into percentage 
buried surface area (% BSA), calculation of desolvation 
energy (Edesolv), computation of side-chain/receptor non 
bonded interactions (El-my) and computation of conforrna 
tional strain energy (EStml-n). The modeling step is concluded 
by selecting the rotamer r With the best total energy score 
(Etoml), in accordance With Eq. 1. 

Etotal:minr{Edesolv(r) +Einter(r)+Eslrain (01’ (1) 

[0049] Af?nity scores are calculated for all possible amino 
acid substitutions at the anchor positions P2 and P9 in pAla/ 
A2, -A24 and —B7, and positions P3 and P9 in pAla/A1. Noise 
effects due to imperfections in individual models or ?uctua 
tions in the minimization path are reduced by taking the 
average Ema] value over three models constructed per recep 
tor type. 

[0050] The PepScope scoring function by default subdi 
vides each of the three global energy terms into more elemen 
tary components, primarily for the sake of comprehensibility. 
In the case of the desolvation terms, this also enables Working 
With functional group solvation parameters (GSPs) rendering 
desolvation terms conformation sensitive. The global ener 
gies are subdivided according to Eqs. 2-4; the contributions 
are discussed in the next paragraphs. 

In Eqs. 2 and 3, i denotes one of the chemical functions 
present in the mutated side-chain (de?ned in the legend to 
FIG. 1). Any given side-chain type is described by maximally 
three chemical groups. All side-chain types comprise group 1, 
de?ned as the aliphatic moiety. The subdivision of E dew 1v and 
Elmer into group contributions is justi?ed in vieW of the addi 
tive nature of surface areas and nonbonded energy terms. 

[0051] An important aspect of PepScope is that GSP values 
are derived de novo, i.e. from simulations of amino acid 
reference conformations in a spherical Water box ?lled With 
explicit Water molecules. This approach is expected to yield 
Edmlv energies that are maximally consistent With the intra 
complex terms Elmer and EStml-n, because both types of energy 
are based on the same parameters and equations from the 
CHARMM force ?eld. The PepScope solvent model is there 
fore designated “internal” as opposed to “external” models 
based on experimental group or atomic solvation parameters. 

[0052] The direct side-chain/receptor interactions (El-mgr) 
are the most obvious contributions. They consist of van der 
Waals interactions quanti?ed by a “6-12” Lennard-Jones 
potential (Evdw(i)), H-bonds represented by a “10-12” poten 
tial (Ehb0(i)) and electrostatic interactions calculated by a 
Coulombic equation With a distance-dependent dielectric 
constant (Eele(i)). Van der Waals and H-bond interactions are 
computed With a cutoff distance of 16 A While 25 A is used for 
electrostatic energy. Computed values for Evdw(i), Where i 
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refers to aromatic or guanidinium groups, are reduced to 80% 
of the original value to avoid overprediction. 
[0053] The strain term Ema,” stands for “every increment in 
energy due to the mutant side-chain, except direct interac 
tions”. Computing it by comparing energies before and after 
minimization Would mostly result in “negative increments” 
due to global structural drift independent of the substitution. 
Therefore, strain contributions are computed on the mutated 
and minimized structure and compared With the same terms 
derived from the minimized pAla/HLA structure (“mutant” 
strain minus “Ala” strain). A ?rst component of Ema,” is Erec, 
the strain energy residing in the receptor, more precisely 
Within the set of atoms closer than 15 A from the CB-atom of 
the mutated position. A second component is Epep, the strain 
felt by the entire poly-Ala peptide (i.e., the full peptide minus 
the substituted residue). This term includes both the self 
energy of the peptide and its interactions With the receptor. 
The third component is Eself, the self tension of the mutation, 
including all bonded and nonbonded energies Within the 
mutated residue (side-chain, main-chain and ?anking peptide 
groups). In contrast to Erec and Epep, Eselfis measured relative 
to the self energy of the same amino acid in the Waterbox, and 
not relative to the minimized pAla/HLA structure. Occasion 
ally, one or more of the strain terms assume unrealistically 
high values. HoWever, rather than imposing general strain 
maxima, the full score is alWays calculated ?rst (Eq. 1) and 
then, if higher, truncated at 3.0 kcal/mol. 

Computation of Group Salvation Parameters. 

[0054] Acetylated and aminomethylated amino acids are 
placed at the center of a spherical Water box With a radius of 
37 A and containing 6840 molecules in a TIP4P con?gura 
tion. Side-chain conformations are retrieved from the same 
rotamer library as used in the preparation of complex models. 
Rotamers are considered one by one, for all 20 natural residue 
types. For each rotamer, the dimensions of the system are 
reduced by retaining only the Water molecules in a 20 A layer 
around the solute. Next, all overlapping Water molecules are 
removed. Overlap is de?ned as a distance betWeen any solute 
Water atom pair smaller than the sum of their respective van 
der Waals radii, minus a tolerance of 1 A. The system is 
subsequently energy minimized by performing 200 steps 
conjugated gradient minimization using a 14 A cutoff and 10 
kcal/A2 positional restraint on the Water oxygen atoms (not on 
the hydro gens, nor on the solute atoms). The Whole procedure 
is repeated 100 times per rotamer using slightly different 
initial placements (a uniform random offset relative to the 
center of the sphere Was applied to the X-, Y- and Z-coordi 
nates of the solute, sampled from the interval —2, +2 A). For 
each rotamer, the 25 solutions having the best total side 
chain/Water interaction are retained and their values are aver 
aged. Finally, the rotamer With the loWest average energy is 
retained for each residue type. FIG. 1 shoWs the computed 
energies, subdivided into van der Waals, H-bonding and elec 
trostatic interactions for each chemical group. 

Development of an Internal Desolvation Model 

[0055] The energetic cost associated With the liberation of a 
ligand from a solvent environment is very large in comparison 
With the net gain in free energy upon binding to a receptor. 
Hence, the model used to quantify desolvation effects is criti 
cal for success. The knoWn anchor preferences of different 
class I receptor subtypes are described reasonably Well by the 
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CHARMM force ?eld but only for hydrophobic and not for 
polar residues. Dissection of intra-complex interaction ener 
gies into contributions from separate functional groups shoWs 
that the interactions from polar groups and, to a lesser extent, 
also aromatic atoms are much too strong to be correlating 
With experimental a?inities. The interaction energies that are 
to be compensated by the solvent model are typically around 
20 kcal/mol for buried polar side-chains. Since this value is 
much larger than experimental transfer free energies from the 
vapor phase to Water, one could question the compatibility of 
such data With the force ?eld used in the present invention. 
The inventors therefore analyZed solute-solvent interactions 
of the 20 natural amino acidresidues, in silico submerged into 
a Water box. The energetic analysis Was performed separately 
for van der Waals, H-bonding and electrostatic contributions 
and for the different chemical functions present in the side 
chain, using the CHARMM force ?eld. 
[0056] FIG. 1 shoWs that the aliphatic residues Ala, Pro, 
Val, Ile and Leu have small, negative hydration energies aris 
ing almost purely from van der Waals interactions. They 
remain beloW 5 kcal/mol in absolute value. In contrast, polar 
side-chains other than Ser and Thr make about 3 to 4 times 
stronger interactions, roughly betWeen —13 kcal/mol (Lys) 
and —l9 kcal/mol (Glu). Thus, even nonpolar side-chains 
have favorable hydration energies but the latter are much 
smaller than those of polar side-chains. 

[0057] All OH groups (Ser, Thr, Tyr) have similar values: 
negligible van der Waals and about —3 kcal/mol H-bonding 
and electrostatic interactions. 

[0058] Amide and carboxylate groups have nearly identical 
H-bonding and electrostatic interactions (about —5 and —7 
kcal/mol, respectively). This may seem surprising in vieW of 
the carboxylate groups carrying a net charge, as opposed to 
amide groups. Apparently, the OC- and the tWo HN-dipoles in 
an amide group are almost equivalent to the tWo OC-dipoles 
carrying negative charges in carboxylates. Compared to OH 
groups, amides and carboxylates have much stronger van der 
Waals (~7><), slightly stronger H-bonds (~l .5><) and much 
stronger electrostatics (~2.5><). Very similar results are 
obtained for the j oint N;,-/N EH- groups from the His imidaZole 
ring. Considering that these contributions to hydration energy 
must be overcompensated in a complex in order for the cor 
responding groups to have a net stabiliZing effect, the values 
obtained are very large. 

[0059] The charged amine of Lys and the guanidinium 
function of Arg both have H-bonding terms similar to that of 
an OH-group (~—3.0 kcal/mol). Also the electrostatic terms 
hardly differ: that of the guanidinium group is ~l kcal/mol 
smaller than for OH. This is yet another unexpected result in 
vieW of both Lys andArg being charged and possessing much 
more dipoles than OH-containing residues. The main differ 
ence With OH-functions is observed at the level of van der 
Waals interactions: the Lys and Arg polar groups respectively 
have 2.5 and 12-fold stronger van der Waals interactions than 
OH. 

[0060] The S-/SH-groups of Cys and Met are poor H-bond 
formers and make Weak electrostatic interactions in Water. In 
contrast, the van der Waals contribution is exceptionally large 
(—3.3 kcal/mol), Which is obviously due to the greater polar 
iZability of S-atoms. Finally, aromatic atoms have a relatively 
simple hydration pro?le: no H-bonds, very Weak electrostat 
ics and regular van der Waals interactions of about —l.3 
kcal/mol per heavy atom. 
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[0061] These computed hydration energies are to be con 
sidered as group salvation parameters (GSPs). The energetic 
cost associated With (partial) dehydration of a side-chain i 
consisting of functional groups i, E dehy d, can be computed by 
Eq. 5 (analogous to Eq. 2): 

Where f b(i,j) is the fraction of buried surface area for group j 
of side-chain i, calculated as 

and Where A,(i,j) and Ac(i,j) are the group ASAs in the refer 
ence state (here, the rotamer selected in the Water box simu 
lations) and in a complex, respectively. 

Af?nity Scoring Issues 

[0062] Accurate modeling of the conformation of anchor 
residues in peptide/receptor complexes is not very compli 
cated, provided that models are prepared With state-of-the-art 
methodology, that the conformational space of the anchor 
side-chains is thoroughly explored, and that the structures are 
adequately re?ned using appropriate restraints. A greater 
problem hoWever is to derive a?inities from structural data. It 
is a real challenge to develop a robust, generally applicable 
scoring method that does not require reparameteriZation for 
different systems, ie a transferable method. 
[0063] The invention has contributed to the af?nity scoring 
problem in several Ways. 
[0064] In one embodiment, the inventors have demon 
strated that a standard force ?eld is useful as the basis of a 
scoring function, provided that it is supplemented With a 
suitable solvent function. 
[0065] In another embodiment, a method Was developed to 
derive desolvation energies on the basis of the same force 
?eld that is used to evaluate intra-complex energetic contri 
butions. The hypothesis that such “intemal” model Would be 
preferred over “extemal” approaches because of a higher 
consistency in the calculated energies, is con?rmed by the 
results. 
[0066] Yet another embodiment of the present invention 
applies a fully additive energy model, Wherein diverse con 
tributions from van der Waals interactions, H-bonds, electro 
statics, and different types of bonded energy are calculated 
separately and then simply added up in order to obtain ?nal 
scores. As a matter of fact, there are tWo aspects to the prob 
lem of (non-)additivity: (i) the question Whether a simple 
pairWise-additive force ?eld function is of su?icient accu 
racy, and (ii) in the case of multi-residue peptide ligands, the 
assumption that each residue contributes independently to 
total a?inity. Concerning the ?rst type of non-additivity it is 
likely that the errors made by a pairWise atomic force ?eld 
function are not signi?cant enough to urge for a more sophis 
ticated approach. Regarding the assumption of independence 
betWeen different parts of a ligand, this is circumvented in the 
present invention by focussing on the peptide/MHC anchor 
residues, the backbone of Which is held in a stiff grip by the 
receptor, and the side-chains of Which are relatively isolated. 
This Way, the a?inity scoring problem could be studied With 
out interference from global, non-linear packing problems. 
[0067] Another embodiment of the present invention dem 
onstrates that the net ligand binding free energy is fundamen 
tally a delicate balance betWeen very large components: free 
energy of desolvation and free energy of binding. When 
decomposing the latter into direct ligand/receptor interac 
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tions and induced strain, one arrives at tWo positive and one 
negative contribution. FIG. 2 illustrates their mutual propor 
tions, computed for all amino acid side-chains at position P2 
in HLA-A2. Given the good correlation With experiment 
(Tables I and II), the individual terms should be meaningful. 
HoWever, the implications from the point of vieW of a modeler 
are, to put it mildly, enormous. The net binding energy of an 
“average” side-chain in a “typical” receptor pocket amounts 
at best about 25%, but mostly around 10%, or less, of the 
corresponding intra-complex interaction terms. This means 
that a 10% error in any of the independent contributions is 
likely to destroy the correlation With experiment. Failure to 
simulate a single, relevant H-bond (or the generation of a false 
H-bond) distorts the computed interaction energy by 1.5 kcal/ 
mol in H-bonding and roughly an equal amount in electro 
static energy; this is equivalent to more than 1 lo g-order in Kd. 
[0068] The present invention focuses on anchor residues, of 
Which the conformation is strongly imposed by the receptor. 
In contrast, full-length (octa- to decameric) HLA class Ibind 
ing peptides are characterized by a signi?cant degree of ?ex 
ibility near the middle part. Scoring of full peptide sequences 
is possible on the basis of the scoring function of the present 
invention. Non-anchor residues are in general contributing 
Weakly to total a?inity. Exposed residues remain largely 
hydrated but cannot bene?t from strong interactions. Buried 
side-chains are more di?icult: by de?nition, they pay the full 
dehydration price but they are usually located in regions of 
loWer atomic density, Which leads to reduced (van der Waals) 
interactions. Assuming that they can bind free of strain, the 
interactions and hydration energies of polar side-chains are, 
as a rule of thumb, similar in size. For aromatic and aliphatic 
side-chains there usually remains a small net pro?t. This 
explains the overall slight preference for apolar residues at 
buried non-anchor positions (mostly P3 and P7). Thus, buried 
polar side-chains in loW-density regions generally stand no 
chance against non-polar ones, unless they are further stabi 
lized by favorable electrostatics or H-bonds, potentially also 
mediated by structured Water molecules. The technical com 
plexity of modeling and scoring non-anchor residues is there 
fore very high, but fundamentally the same rules apply. The 
present invention on conformationally more restrained 
anchor residues can therefore be of great help in quantifying 
the contributions that are relevant to total a?inity. 

EXAMPLES 

[0069] To demonstrate the transferability of the scoring 
function, the PepScope method has been applied to four 
physically different HLA receptors as described in the 
examples section of this application. A systematic study of all 
natural amino acid substitutions at the anchor positions in 
HLA-A*0101 (A1), HLA-A*0201 (A2), HLA-A*2402 
(A24) and HLA-B*0702 (B7) Was performed. The predic 
tions Were compared With experimental data either from lit 
erature (A1 and B7) or from oWn binding assays (A2 and 
A24). The binding capacity of 39 nonamers FxSKQYMTx (x 
is any of the 20 natural amino acids) Was experimentally 
tested on A2 and A24. The latter data are unique in that they 
display the anchor speci?city over the entire range of possible 
substitutions. This has enabled the inventors to quantify not 
only favorable but also disruptive effects. With respect to the 
latter, the inventors emphasize the generally underestimated 
roles of desolvation and conformational strain. 
[0070] The binding speci?city of peptide/HLA complexes 
is strongly determined by peptide anchor positions. Yet, the 
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anchor preferences for most HLA subtypes remain poorly 
characterized. The inventors shoWed that many commonly 
accepted pro?les are skeWed in the sense that they contain 
false positive and, especially, false negative information. The 
binding capacities of Trp and Met are generally undervalued. 
Small, polar side-chains (e.g. Ser, Thr) are usually assigned 
neutral values in Bimas and Syfpeithi scoring matrices While 
in reality their binding strength is highly variable: relatively 
strong at A2-P2, A2-P9, A1-P2 and A1-P9 but prohibitive at 
A24-P9, B7-P2 and B7-P9. In general, all current binding 
motifs and pro?les have di?iculties in correctly appreciating 
anchor residues With intermediate binding capacity. Another 
observation is that true binding pro?les are usually broader, 
ie less speci?c, than assumed thus far. 

Example 1 

Model Preparation 

[0071] The preparation of model complexes depends on the 
availability of template structures in the Protein Data Bank. If 
one or more tertiary structures for a given HLA subtype are 
knoWn, a selection is made primarily on the basis of crystal 
lographic resolution. Additional criteria such as R-factor, 
length of the bound peptide, experimental a?inity of the latter, 
Width of the binding groove, etc., are considered as Well. For 
A2 lDUZ Was selected as the starting template. Since no 
exact templates Were available forA1 , A24 and B7, these had 
to be modeled. First, a structure Was selected from the PDB 
using the same criteria as for A2, considering also the 
sequence similarity of receptor residues in contact With the 
peptide. The folloWing template structures Were chosen: 
1HSB (type AW68) for A1, lDUZ (type A2) for A24 and 
1A9E (type B35) for B7. The coordinates for amino acid 
residues 1-181 (the (Xl(X2-dOII1aiI1) and the extant peptide 
Were extracted from the ?les. Water molecules Were ignored 
in this study. The truncated peptide/HLA complexes Were 
submitted to 200 steps unrestrained steepest descent energy 
minimization. 
[0072] In a next step, the substitutions required to construct 
a desired HLA sequence Were introduced and modeled by the 
FASTER algorithm as described in pending patent applica 
tion WO01/33438 Which is incorporated herein by reference, 
and as described by Desmet et al. (Proteins, 2002, ref 40). 
Brie?y, the peptide Was temporarily removed from the com 
plex and the mutations Were performed in standard geometry. 
The FASTER algorithm Was then applied to search for the 
best global packing arrangement of the substituted side 
chains, using a rotamer library containing 899 conforma 
tional states for the 20 natural amino acid side-chains. The 
structure With the best global conformational energy Was 
selected and re?ned by an extra 200 steps unrestrained steep 
est descent energy minimization. The original peptide Was 
?nally placed back as poly-Ala With the original backbone 
coordinates (likeWise for the lHSB-based model containing 
only the ?rst three and last tWo peptide residues). The result 
ing model Was stored as input data for the docking algorithm. 
The homology modeling step Was skipped for HLA-A2. 
[0073] In a further step, a high a?inity peptide Was docked 
into each HLA model by means of a ?exible peptide docking 
algorithm, as described in Desmet et al (FASEB J). Brie?y, 
the poly-Ala peptide Was replaced by the sequence YTAV 
VPLVY for A1, FLSKQYMTL for A2 and A24, and FPVR 
PQVPL for B7. Bond lengths and angles, also for the main 
chain, Were initialized in standard geometry to avoid 
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structural bias. The docking algorithm Was then instructed to 
rebuild the peptide from the N- towards the C-terminus. Lim 
ited translation (max. 1 A) Was alloWed. The same backbone 
dependent rotamer library Was used as before. All groove 
side-chains With rotatable bonds Were kept ?exible during the 
docking. Typically, the docking algorithm identi?es 50 to a 
feW hundreds of energetically favorable complex structures. 
For the present study on anchor residues, only three structures 
per receptor type Were needed. They Were selected from the 
top-10 docking solutions, considering aspects like general 
packing quality, peptide backbone variation and receptor 
side-chain conformation. The selected complex structures 
Were thoroughly energy minimized by 800 steps unrestrained 
conjugated gradient minimization. Finally, all peptides Were 
again mutated into poly-Ala. The resulting structures, 
referred to as pAla/HLA models, Were stored as input data for 
the scoring algorithm. 

Example 2 
Peptide Binding Assays 

[0074] 1C5O values Were determined using a cell-based 
assay, largely according to van der Burg et al, Hum Immunol 
1995; 44:189-98 and Kessler et al, Hum Immunol 2003; 
64:245-55. Brie?y, immortalized B-cells displaying HLA 
A*0201 or HLA-A*2402 homozygously (VOSE EBV 
(A*0201, B*4402, CW*0501/0711) and HATT EBV 
(A*2402, B*4801, CW*0801/1202) are stripped oftheir self 
peptides, folloWed by equilibrium binding of test peptide in 
competition With ?uorescent reference peptide (FLPSDC 
(5Fluorescein)FPSV for A2 and RYLKC(5Fluorescein) 
QQLL for A24). A 10-point concentration range of test pep 
tide is used for each measurement, typically in 2-fold 
increments from 62.5 nM to 32 uM, in a constant background 
of 30 nM reference peptide. Adapted ranges Were used for 
excellent binders (minimal concentration 7.8 nM) and Weak 
binders (maximal concentration 128 uM). 50% inhibitory 
concentrations (lCso-values) Were calculated as averages 
obtained from at least 3 independent measurements, i.e. from 
different cell preparations and peptide dilutions. Test peptides 
>95% pure (Thermo Electron GmbH) Were stored at 10 mM 
in DMSO at —200 C. Cysteine-containing peptides Were 
stored at 10 mM in 1 mM DTT DMSO. DTT did not affect 
binding of FLSKQYMTL control peptide but signi?cantly 
improved binding and reproducibility for FCSKQYMTL and 
FLSKQYMTC on bothA2 and A24 (not shoWn). lCso-values 
Were converted to binding free energies (AG) using the rela 
tionships 

Where Kdrefand crefare the dissociation constant and formal 
concentration of the reference peptide, respectively. The 
Kd values Were derived from an independent binding assay 
in vmvhich the ?uorescence intensity Was measured as a func 
tion of increasing concentrations of reference peptide. Non 
linear curve ?tting using a single-site binding scheme gave 
approximate Kd’s of 3 nM for the A2 and 30 nM for the A24 
reference peptides, respectively. 

Example 3 
A?inity Scoring of HLA-A2 Complexes 

[0075] HLA-A*0201 (A2) is one of the most extensively 
studied peptide binding receptor molecules. It is knoWn to 
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shoW a strong preference for peptide ligands having Leu at 
position P2 and Val or Leu at P9. The modeling of all 20 
natural amino acid residues at the anchor positions P2 and P9 
Was performed systematically for the three pAla-A2 models. 
FIG. 2 shoWs the averaged scoring values for position P2 in 
pAla-A2. Total af?nity scores have been dissected into the 
three major energetic components: desolvation energy, side 
chain/complex interaction (including interactions With all 
pAla residues but the mutated one) and “local strain” (includ 
ing strain Within the mutant residue). All values are expressed 
in units of kcal/mol, i.e. the units of the force ?eld equations. 
[0076] A striking observation from FIG. 2 is that direct 
side-chain/ complex interactions are very large: for 50% of the 
residues they lie in the range —15 to —20 kcal/mol. It is seen 
that most of the side-chains “larger than Leu” have similar 
interactions With values around —17 kcal/mol. The smaller 
side-chains, most of Which are aliphatic, have variable inter 
actions ranging from 0 (Gly) to —12 kcal/mol (Leu). Thus, in 
absence of any compensatory effects, pure force ?eld derived 
energies Would predict aromatic and polar side-chains to be 
largely preferred over aliphatic residues at position P2 in A2 
complexes. Rather, the opposite is true: peptides binding 
strongly to A2 mostly have Leu, Met, He and sometimes Val, 
Ala or Thr at position P2. FIG. 2 shoWs that the explanation is 
to be found at tWo levels, i.e. the compensatory desolvation 
and strain terms. From FIG. 1 it folloWed that polar and 
aromatic side-chains are characterized by relatively large des 
olvation energies. The latter appears to be the primary reason 
for Ser, Asn, Asp and Glu to be undesired. Yet, the prohibitive 
nature of various other side-chains can be explained only by 
an additional compensatory component. Here, this is found to 
be the strain induced in the receptor by ill-?tting side-chains. 
The latter is applicable mainly to the aromatic Phe, Tyr, Trp, 
His and the basic Lys and Arg side-chains. Even the aliphatic 
Val, lle, Leu and, especially, Pro induce some tension in their 
environment. 

[0077] Gln is the sole polar side-chain that is reasonably 
Well accepted in the receptor pocket at P2. FIG. 2 shoWs that 
Gln can be accommodated almost free of strain, but the des 
olvation cost is large (17.2 kcal/mol). Yet, Gln seems to have 
no problem in compensating for this by making exceptionally 
favorable interactions. FIG. 2B shoWs more detail. The ali 
phatic part of its side-chain interacts favorably With the 
pocket residues, almost exclusively through van der Waals 
terms. The amide group contributes even better: —9.6 (2V), 
—2.6 (2H) and —2.9 (2E) kcal/mol from van der Waals, 
H-bonds and electrostatic interactions. The total van der 
Waals interaction in the complex is — 1 5 .7 kcal/mol or roughly 
three times stronger than in the Water box. In itself this is not 
an exceptional situation for buried, Well-packed side-chains, 
including the polar ones. What really makes the difference is 
the ability of Gln to form tWo nearly ideal H-bonds, one 
betWeen the ?rst of its tWo amide HE atoms and Glu A63.OE 
and the other betWeen the second amide HE and the backbone 
A63.0 atom. Only Lys can make the same tWo H-bonds, but 
this occurs at the cost of a considerable strain of 5 kcal/mol 
distributed in proportions of 2:1:2 over side-chain self, pep 
tide pAla energy, and receptor tension, respectively. Csh (cys 
tein), Ser, Thr and Asn can only make 1 H-bond, Which is 
apparently not su?icient to make them preferred residues. 
[0078] The net result of the delicate balance is shoWn by the 
tiny black bars in FIG. 2. When plotted on a scale suitable to 
display the individual contributions, the total energy score 
almost vanishes (the total energy often amounts to less than 
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10% of the direct side-chain/receptor interaction). Pending 
the experimental validation below, the top-10 ranked residues 
(L-M-V-l-Q-A-T-S-C-K) correlate Well With those of the 
popular Bimas scoring matrix, (L-M-l-Q-V-E-A-T-C-G). 
Only Glu at rank 6 in the Bimas series is in disagreement With 
the method of the present invention ranking Glu as the ?fth 
Worst type at P2 in A2. It Will be seen that Glu in the Bimas 
matrix is a false positive. 

Experimental Validation for A2 

[0079] Validation of the predicted binding capacity Was 
achieved by direct comparison With experimental af?nities 
obtained for a series of systematic P2 mutants of a selected 
peptide. The nonameric peptide FLSKQYMTL from Hepa 
titis B virus polymerase, residues 676-684, Was chosen 
because of its cross-reactivity betWeen A2 and A24, as pre 
dicted by the full-length peptide scoring method Which is part 
of the EpiBaseTM platform. 
[0080] Since experimental binding free energies Were 
obtained for full-length peptides and expressed in kJ/mol, 
While predicted scores are for single residues in kcal/mol, a 
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calibration step Was required. RaW predicted scores (E) Were 
converted to calibrated scores (E') by the equation 

Where a is the intercept and b the slope of the least squares 
regression line of the correlation plot. For the P2 mutants, the 
slope of the regression line (b) equaled 2.44 kJ/kcal and the 
intercept Was —33.3 kJ/mol. The latter value is a measure for 
the a?inity contributed by the peptide minus the substituted 
side-chain. 
[0081] Table I shoWs the data for the Wild type peptide 
FLSKQYMTL and all 38 P2 and P9 substitutions. The 
experimental data con?rm the potential of Leu at P2 for 
strong binding. The Met and He variants essentially bind With 
the same af?nity. Val and Gln at P2 also alloW strong binding. 
These data are greatly consistent With What is knoWn about 
the P2 preference of A2 binding peptides. HoWever, the 
dataset further shoWs that Thr, Ala, Gly and Ser are feasible 
residues as Well, something Which is rarely recogniZed. Even 
the Csh and Phe variants have a dissociation constant that is 
less than 1 log-order Worse than the Wild type (1 log Kd:5.74 
kJ/mol). Only Tyr, Arg, Lys, Glu, Pro, Asp and Trp are truly 
disruptive (log Kd more than tWo units higher than Wt). 

TABLE 1 

Predicted vs Experimental Af?nities of FLSKQYMTLa Mutants 

A2 

P2 P9 

AA AGexp Score AGPr Error AA AGexp Score AGPr Error 

L —42.1 —4.8 —45.1 —2.9 M —42.7 —3.3 —40.5 2.2 
M —41.6 —4.4 —44.1 —2 5 V —42.2 —4.2 —41.8 0.4 
I —41.3 —2.7 —40.0 1 3 L —42.1 —3.3 —40.5 1.6 
V —40.5 —3.2 —41.1 —0 5 A —41.8 —2.0 —38.8 3.0 
Q —40.1 —2.4 —39.2 1 0 I —41.3 —2.5 —39.4 2.0 
T —39.7 —1.4 —36.6 3 0 T —40.2 —4.4 —42.2 —1.9 
A —39.5 —2.1 —38.4 10 F —40.2 0.1 —35.7 g 
G —39.3 0.5 —32.2 E S —38.8 —1.8 —38.3 0 4 
S —38.6 —0.5 —34.5 Q C —38.7 —0.6 —36.7 1.9 
C —37.1 —0.5 —34.5 2.6 G —36.9 —0.3 —36.3 0.6 
F —36.6 0.8 —31.4 2 W —36.5 3.0 —31.6 a 
N —35.7 0.5 —32.0 3 7 Q —35.8 —1.5 —38.0 —2.2 
H —33.8 0.1 —33.1 07 P —35.1 —0.3 —36.3 —1.1 
Y —29.7 2.2 —28.0 1 6 H —34.9 0.4 —35.3 —0.4 
R —27.6 2.4 —27.4 0 2 N —34.1 0.3 —35.4 —1.4 
K —27.0 0.1 —33.2 —6 2 Y —33.7 3.0 —31.6 2.2 
E —26.5 1.8 —28.9 —2 5 K —30.3 —1.6 —38.1 —7.8 
P —26.1 0.2 —32.9 —6 9 E —30.0 3.0 —31.6 —1.6 
D —23.8 2.5 —27.2 —3.4 D —29.8 3.0 —31.6 —1.8 
W —23.0 1.5 —29.6 —6.7 R —28.1 1.5 —33.8 —5.7 

0: 3.9 0: 3.1 

A24 

P2 P9 

AA AGexp Score AGPr Error AA AGexp Score AGPr Error 

W —47.0 —6.2 —47.2 —0.1 W —44.4 —4.5 —40.1 i 
F —45.2 —4.5 —43.8 1.4 F —44.4 —4.2 —39.0 2 
Y —44.7 —5.3 —45.4 —0.7 I —41.4 —4.2 —39.0 2.4 

M —44.3 —4.0 —42.8 1.5 L —39.7 —4.0 —38.2 1.5 
Q —43.2 —1.2 —36.9 E M —36.7 —4.1 —38.6 —1.9 
A —42.1 —1.7 —37.9 E V —32.6 —2.3 —32.1 0.5 
G —39.8 0.1 —34.3 g Y —32.4 —1.6 —29.5 2.9 
L —39.7 —3.9 —42.5 —2.8 H —30.8 1.0 —20.0 m 
I —39.4 —3.4 —41.4 —1.9 C —27.4 —1.1 —27.8 —0.4 

V —38.6 —3.1 —40.9 —2.3 A —26.9 —1.6 —29.6 —2.8 
T —37.9 —1.2 —36.9 1.0 G —24.6 0.3 —22.4 2.2 
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TABLE l-continued 
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Predicted vs Experimental Af?nities of FLSKQYMTLa Mutants 

S -36.7 -0.3 -35.1 1.7 Q -18.6 0.7 
H -34.8 0.1 -34.2 0.6 N -18.4 3.0 
C -33.1 -0.7 -35.9 -2.9 T -18.4 -0.9 
N -32.7 1.8 -30.6 2.1 S -18.3 -0.7 
R -31.9 1.0 -32.4 -0.4 K -18.3 -0.4 
P -30.0 0.3 -33.9 -3.8 R -18.2 0.5 
E -29.7 1.8 -30.6 -0.9 P -18.2 1.3 
K -29.0 0.0 -34.4 -5.4 E -17.4 0.4 
D -28.8 1.3 -31.7 -2.9 D -17.2 3.0 

o: 3.1 

—12.7 

—12.7 

-21.3 -2.6 

a 
-27.0 -8.6 
-26.3 -7.9 
-25.0 -6.7 
-21.9 -3.7 
-19.1 -0.9 
-22.1 -4.7 

0: 5.0 

AA, amino acid placed at the indicated anchor position (P2/P9,) ofthe peptide 
FLSKQYMTL in the indicated complex (AZ/A24); AG exp a experimental binding free energy 
in kJ/mol; Score, uncalibrated af?nity score in kcal/mol; AGPI, calibrated af?nity in kJ/mol; 
Error, difference betWeen AGexp 
kJ/mol are underlined; 0, standard deviation of Error values. 

[0082] The predictions folloW the observed trends Well. 
The top-5 best ranked peptides (Leu, Met, Val, lle, Gin) 
exactly coincide With the experimental top-5. The moderately 
binding Gly, Ser and Phe mutants are underpredicted by 
approximately 1 log Kd in magnitude. The opposite holds for 
the disruptive residues Lys, Pro and Trp although the pre 
dicted values are certainly not suggestive of favorable inter 
action.All other predictions are correct to Within about 0.5 log 
Kd. The overall standard deviation of the difference between 
predicted and experimental binding energy is 3 .9 kJ/mol (~2/3 
log Kd). 
[0083] The same theoretical and experimental analysis Was 
performed on the second anchor position P9. Here again, the 
best peptides contained the Well-knoWn motif residues Val, 
Leu or Met. More surprising Was the observation that Ala, lle, 
Thr, Phe, Ser and Csh substitutions caused a reduction in 
al?nity compared to Wt of less than —0.5 log Kd. Especially 
Phe and Ser are usually considered prohibitive. Further, Gly 
and Trp are also presumed to be disruptive, but they do fall 
Within the 1 log Kd range from Wt. Truly prohibited at P9 
(Wt+2 log Kd) are only the charged residues Lys, Glu, Asp and 
Arg. 
[0084] The P9 predictions are generally of the same or even 
slightly better quality than for P2. Only the value for Lys is 
predicted With an error larger than 1 log Kd (in the false 
positive sense). A similar yet smaller error is observed for 
Arg. Underpredicted (in the false negative sense) are Trp and 
Phe Which experienced a relatively high strain in the models 
(12.1 and 5.6 kcal/mol, equivalent to 29.5 and 13.7 kJ/mol, 
respectively; the models Were probably not fully relaxed). All 
other residue types Were predicted With an error less than ~0. 5 
log Kd. The global standard error Was 3.1 kJ/mol. Interest 
ingly, many features that have not been recognized before 
Were correctly predicted: (i) Val is not the best possible resi 
due at P9, (ii) Met, Leu, Ala and He are almost equally 
preferred, (iii) 11 other residue types (50%) bind With loWer 
but non-prohibitive strength. Analysis of the structural data 
showed that all but the aromatic side-chains can be accom 
modated free of strain into a medium-sized, mainly hydro 
phobic pocket (the F pocket). In the case of Phe and Trp, the 
computed strain Was probably even overestimated. Moreover, 
Csh, Ser, Thr, Asn and Gln can form one ideal H-bond. 
Though not enough for strong binding, this evidently helps to 
broaden the speci?city pro?le. The results are supported by 
the systematic survey of Rudolf et al Who checked the A2 
al?nity of all possible 9-mers derived from HPV-18 E6 and 

and AGPI. Values < —3 kJ/mol are given in bold; values > 3 

E7 proteins. Fifteen out of the 247 peptides (6%) had a Kd 
beloW 1 [1M but only 4 had Val at P9, 4 other had Leu, 1 lle, 
and 6 had a non-standard anchor residue. In conclusion, the 
speci?city pro?le at the anchor residues in A2 is Well repre 
sented by the predictions and much more permissive than so 
far assumed. 

Example 4 

Binding Speci?city of A24 

[0085] HLA-A*2402 (A24) is another abundant MHC 
class I receptor With similar hydrophobicity as A2 but a sig 
ni?cantly different (presumed) speci?city pro?le. The anchor 
positions also appear at positions P2 and P9 but the consensus 
motifis P2(Y/F),P9(L/F/l/M) or P2(Y/F),P9(F/W/l/L). Both 
speci?city pockets are considerably larger than in A2. For the 
pocket at P2, this is mainly due to the PheQSer mutation in 
the receptor at residue A9, While the Leu—>Ala mutation at 
A81 can be held responsible for the larger F-pocket at the 
peptide C-terminus. The Asn at A77 (i.s.o. Asp) also tends to 
form a H-bond With Tyr-A116, Which rigidi?es part of the 
pocket Wall. 
[0086] The predictions suggested tWo interesting possibili 
ties, namely, (i) that there is an overall similarity betWeen the 
anchor preferences ofA2 andA24, and (ii) that Trp is the most 
preferred residue at both anchor positions. The latter is com 
pletely overlooked in the Bimas and Syfpeithi scoring matri 
ces and partially in the motif analysis. Also, the idea that A24 
Would be compatible With the A2-motif, With additional pref 
erence for bulky aromatic anchors is not knoWn. Therefore an 
A24 binding assay Was set up to test the same 39 P2 and P9 
mutants of FLSKQYMTL on this receptor. 
[0087] The experimental data in Table l con?rmed the 
expectations: the A2-P2 preferred residues Met, Gln, (Ala), 
(Gly), Leu, He and Val and the A2-P9 preferred lle, Leu and 
Met (not Val) have similar al?nities for A24. Also the polar 
residues shoW the same disruptive character. Moreover, aro 
matic side-chains (With the exception of Tyr at P9) are con 
tributing very strongly to al?nity, a feature that is speci?c to 
A24. Trp is the “Winner” at both positions P2 and P9, Which 
is in agreement With the predictions but not With the presumed 
A24 motif. It is possible that the loWer intrinsic amino acid 
frequence of Trp can be held responsible for the gaps in motifs 
based on experimental data. For that matter, the same fact 
could also explain the often underestimated preference of 
Met at various positions in different receptors. 
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[0088] A number of deviations between theoretical and 
experimental data exist. The tiny side-chains Ala and Gly are 
underpredicted at P2 by about 1 order of magnitude in Kd. 
This is often seen at other positions as Well. A possible expla 
nation could be the presence of structured Water molecules 
Which are ignored in the simulations. The underpredicted Gln 
might be explained in the same Way. Structural analysis 
shoWed that Gln at P2 adopts an identical conformation as in 
A2, but its van der Waals interactions are reduced by ~1 
kcal/mol (equivalent to ~25 kJ/mol), due to the mutation 
PheQSer at receptor position A9. Given the constitution of 
the pocket, it is likely that one or more Water molecules 
further stabiliZe the free 0, atom of Gln. After all, Gln is a Well 
accepted (and commonly underestimated) residue at P2 in 
A24. 
[0089] Position P9 in A24 is a dif?cult case. The pocket at 
P9 is very large but not Well shaped to accommodate bulky 
side-chains. Only Trp can take full advantage of the Leu—>Ala 
mutation at A81 but even here it suffers from a signi?cant 
compensatory strain (ranging from 4.6 to 8.5 kcal/mol in the 
three models). Phe experiences less strain but the latter is also 
strongly ?uctuating (0.7 to 5.5 kcal/mol). All in all, both Trp 
and Phe receive similar scores, in agreement With experiment, 
but both are someWhat underestimated presumably due to 
incomplete relaxation in the simulations. 
[0090] The P9 position in A24 is also special for another 
reason, namely its enormous diversity in binding a?inity. The 
experimental a?inity range spans 27 kJ/mol or ~5 orders of 
magnitude in Kd. As much as 10 of the 20 residue types (50%) 
cause very poor binding. The reason for this pronounced 
speci?city is related to the Weird shape of the F-pocket. Side 
chains larger than Ala tend to bump into the relatively rigid 
Wall formed by A77-Asn, A116-Tyr and A147-Trp. This 
causes a residual strain of 1 kcal/mol (~2.5 kJ/mol) or higher. 
More important, hoWever, is the loss of interaction With resi 
due A81 (Ala i.s.o. Leu) for all side-chains that do not prop 
erly ?ll the pocket. Finally, the Ala mutation leaves a fully 
hydrophobic hole that does not harbor structured Water Well. 
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The combination of these three effects ensures that small 
and/or polar side-chains are absolutely unWanted at P9 in 
A24. Though conceptually understood, the peculiarities of 
the P9 region severely complicate modeling, Which explains 
Why the predicted values ?uctuate more than they usually do. 
Nevertheless, the global standard error remains acceptable 
(5.0 kJ/mol) and the top-5 predicted residues (Trp, Phe, lle, 
Met and Leu) exactly coincide With the experimental top-5. 
[0091] When pooled, the predicted af?nities of all peptides 
tested on A2 and A24 correlate With an R2 of 0.77 and a 
standard error of 3.85 kJ/mol (0.67 log Kd). The only true 
outlier is His at A24-P9. Note that no experimental informa 
tion (apart from the calibration needed for conversion to free 
energy units) Was used in the development of this purely 
structure-based scoring method. The method is therefore 
totally unbiased, the advantages of Which shoW up in the 
discovery of previously unknown anchor preferences. 

Example 5 

Binding Speci?city of B7 

[0092] The inventors Wanted to examine the performance 
of PepScope on HLA-B*0702 (B7), a receptor With a pro 
nounced preference for Pro at position P2 and a P9 speci?city 
With shared features from A2 and A24. Especially the P2 
pro?le seemed intriguing: according to a point mutation 
analysis by Sidney et al. on the HIV nef 84-92 peptide 
(FPVRPQVPL), all P2 mutants Were binding at least 100 
times Weaker than the native peptide sequence, thus only the 
Wt Pro Would be alloWed at P2. 

[0093] The inventors folloWed exactly the same approach 
as for A2 in the scoring of all possible amino acid side-chains 
at positions P2 and P9 in three B7 models. Table II shoWs the 
averaged total scores for the side-chains in a pAla/ B7 context. 
These values Were compared to those of Sidney et al and tWo 
frequently used scoring matrices, i.e. Bimas and Syfpeithi. 

TABLE II 

HLA-B7 Anchor Speci?city 

P9 

PepScope Sidney Bimas Syfpeithi PepScope Sidney Bimas Syfpeithi 
score score score score Kd score score 

AA (kcal/mol) (a.u.) (a.u.) AA (kcal/mol) (nM) (a.u.) (a.u.) 

P —4.8 13 20 10 M —3.5 3.8 10 6 
A —1.9 >1300 3 0 L —2.3 13.6 40 10 

S —0.9 >1300 1 0 I —1.8 22.4 4 6 
C —0.6 ND 1 0 F —1.7 9.5 0.2 6 
V —0.5 ND 5 0 V —1.1 23.8 2 6 

T —0.5 >1300 1 0 A —0.7 62.3 1 6 
G 0.0 >1300 1 0 H —0.3 238 0.1 0 

M 0.7 ND 1 0 G 0.0 ND 0.1 0 
N 0.8 >1300 1 0 W 0.0 345 0.2 0 
I 1.2 ND 1 0 K 0.4 >380 0.1 0 

L 1.2 >1300 1 0 Y 0.6 >380 0.2 0 
E 1.5 ND 0.1 0 R 0.7 ND 0.1 0 
H 1.7 ND 0.1 0 S 0.9 ND 0.2 0 

D 2.0 >1300 0.1 0 T 1.0 >380 1 6 
Q 2.0 >1300 1 0 Q 1.0 >380 0.1 0 
W 2.1 ND 0.1 0 C 1.2 >380 1 0 

Y 2.5 ND 0.1 0 D 1.3 >380 0.1 0 

F 3.0 >1300 0.1 0 P 1.4 ND 0.1 0 
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TABLE H-continued 
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HLA-B7 Anchor Speci?ciy 

P2 

PepScope Sidney Bimas Syfpeithi 

AA (kcal/mol) (nM) (a.u.) (a.u.) AA 

PepScope Sidney 
score Kd score score score Kd 

(kcal/mol) (nM) 

Bimas Syfpeithi 
score score 

R 3.0 ND 0.1 0 E 2.8 ND 
K 3.0 >1300 0.1 0 N 3.0 >380 

0.1 0 
0.2 0 

AA, amino acid placed at the indicated anchor position (P2/P9) of the peptide FPVRPQVPL in the B7 
complex; PepScope score, uncalibrated af?nity score; Sidney Kd, dissociation constant published by 
Sidney et al.55; Bimas score (prediction scoresl); Syfpeithi score (prediction score 
units . 

[0094] PepScope indeed came up with Pro as the elected P2 
residue. The gap with the second best (Ala) was about 3 
kcal/mol, which is one of the largest differences the inventors 
ever observed. Yet, if the Sidney pro?le based on a single 
peptide sequence were true in general, then the Ala score 
would still be somewhat overestimated. Analysis of the struc 
tural data indicated that the primary reason for the observed 
pro?le is the steric repulsion of all side-chains larger than Gly, 
Ala, Pro and Ser. The Pro ring hydrocarbons ?ll the pocket in 
a strainless fashion and make strong van der Waals interac 
tions (-8.1 kcal/mol), so it only has to compensate for desol 
vation. Ala can also bind free of strain but interacts more 
weakly (—3.6 kcal/mol). Val makes identical van der Waals 
interactions as Pro (—8.2 kcal/mol) but induces 4.4 kcal/mol 
of strain; together with the desolvation term (3.7 kcal/mol) 
and the minor electrostatics (—0.3 kcal/mol), the balance 
becomes slightly favorable (—0.5 kcal/mol). Unfortunately, 
Sidney et a1. do not provide data for the Val mutant but the 
Bimas matrix takes it up as a feasible residue. Several other 
side-chains can make relatively strong interactions but they 
invariably pay a very high “strain” price for it (eg Leu). Ser, 
Thr and Asn are subject to a more delicate balance between 
different energetic contributions: in the three models they 
make 1-2 (Ser and Thr) or 2-3 (Asn) H-bonds, but again this 
is overcompensated by induced strain. If the latter were not 
the case, these residue types would have even been preferred. 
The question may be asked whether the computed strain 
terms for these small residues are real, but the experimental 
data force to conclude af?rrnative. 
[0095] Position P9 has totally different features. Its pro?le 
looks similar to that of A2-P9 and A24-P9, with a strong 
preference for Met, Leu, Ile, Val and Phe. The relatively 
strong al?nity for Phe (and even Trp), in spite of the absence 
of the receptor A81 Leu—>Ala mutation, could be explained 
by a tendency of the F-pocket to open up as a result of Asp 
A114 attracting Tyr A116 by means of a H-bond. Another 
striking observation is that the top-ranked residue type, Met, 
is indeed identi?ed by Sidney et a1 as the most potent one. 
Note that neither Bimas nor Syfpeithi have correctly 
appraised the capacity of Met. Also, Phe is signi?cantly mis 
judged by Bimas: the coel?cient <1 in the scoring table sug 
gests it is disfavored while it is actually one of the best. 
Overall, it can be concluded that the scores of the present 
invention are in much better agreement with experimental 
al?nities than the ranking by both Bimas and Syfpeithi. 

Example 6 
Binding Speci?city of A1 

[0096] Having examined the anchor speci?city of two typi 
cally hydrophobic (A2 and A24) and one sterically driven 

54) . a a.u., arbitrary 

receptor (37), the inventors decided to test PepScope on a 
more polar system. HLA-A*0101 (A1) is such a receptor, 
showing marked preference for Asp and Glu at P3 (not P2) 
and Tyr, Lys, Arg and Phe, at P9. Position P2 prefers small, 
polar side-chains like Thr and Ser but a pronounced motif has 
not been identi?ed. Hydrophobic side-chains seem to play an 
inferior role in general. The A1 system was therefore consid 
ered as an important test case for the validation of the solvent 
model and the scoring of H-bonds and electrostatic interac 
tions. 

[0097] Since no studies on systematic anchor substitutions 
are available, the scores of this invention were compared with 
Bimas data (FIG. 3). The ?rst impression is that the results 
from both methods are in fair agreement. There is a consensus 
about strong binding capacity of Thr at P2, Asp and Glu at P3 
and Tyr, Lys, Phe and Arg at P9. Both methods also agree 
about the prohibitive nature of Glu, His, Phe, Arg, Trp and Lys 
at P2, Arg and Lys at P3 and Pro, Asp and Glu at P9. However, 
some deviations are observed as well. According to the com 

putations, Tyr is a poor yet tolerated residue at P2, while 
Bimas considers it to be prohibitive. The peptide IYQYMD 
DLY has been identi?ed as a medium-af?nity binder, suggest 
ing that Tyr at P2 is at least feasible. Met and Trp at P3 and P9 
are ranked higher by PepScope than by Bimas. The latter is 
recurrently observed for most receptor systems, and is sup 
ported by direct al?nity measurements. Finally, Thr received 
the fourth best score at P9 (—2.7 kcal/mol), similar to the 
known anchors Phe and Arg, while Bimas assigns a neutral 
score (1.0). The inventors know of only one experimental 
example with Thr at P9, but it is quite convincing: the stron 
gest A1 —binding peptide from HPV-18 was found to be 
YSDSVYGDT, with a Kd of 188 nM. 

[0098] The underlying structural reasons for the observed 
polar preferences were examined. A common feature for Thr/ 
Ser at P2, Asp/Glu at P3 and Lys/Arg at P9 is their ability to 
bind relatively free of strain (the highest tensions were ~1.5 
kcal/mol for Asp/Glu at P3 and 2.5 kcal/mol for Arg at P9). 
Thus, the interactions made by these residues in the complex 
are compensated only for desolvation energy (FIG. 1). The 
OH-functions of both Ser and Thr at P2 can form two nearly 
ideal H-bonds (one as donor to Glu-A63 and one as acceptor 
from Asn-A66) for which they receive —2.4 kcal/mol. They 
also receive an equal (Ser) or slightly better (Thr: —2.9 kcal/ 
mol) amount of electrostatic energy. Together with the other 
interactions, the balance is slightly in favor of Thr (—2.6 
kcal/mol), immediately followed by Ser (—2.0 kcal/mol). The 
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total scores for Ser and Thr are “good” though not “excel 
lent”; another H-bond Would be needed to make them elected 
anchors. 
[0099] Asp and Glu, in contrast, are true anchor residues at 
position P3. Asp can form a double bifurcated H-bond With 
Arg-A156 (—3.1 kcal/mol) and receives an extra —6.2 kcal/ 
mol electrostatic energy, mainly from the same Arg but also 
from the peptide backbone NH dipoles of residues P3 and P5. 
Glu forms tWo suboptimal H-bonds With Arg-A156 and 
another Weak H-bond With His-A70, for Which it receives a 
total of —2.7 and —5 .2 kcal/mol in H-bonding and electrostatic 
energy, respectively. 
[0100] Lys and Arg at P9 can both form a single H-bond 
With Asp-A116 (yielding —1.4 and —1.9 kcal/mol, respec 
tively), but the electrostatics are only of moderate quality 
(—1.2 and —1.8 kcal/mol, respectively). HoWever, Lys can 
bind in a totally relaxed Way, While Arg induces 2.5 kcal/mol 
of strain. The van der Waals interactions largely suf?ce to 
compensate for desolvation, so that the end balance for both 
is relatively favorable (-4.2 and —2.6 kcal/mol, respectively). 
For comparison, Tyr has a total energy of —5.7 kcal/mol, a 
value that can rightly be associated With a strong anchor. 
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SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: lO 

<2ll> LENGTH: 9 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: HBV POL 676-684 peptide 

<400> SEQUENCE: l 

Phe Leu Ser Lys Gln Tyr Met Thr Leu 
1 5 

<2lO> SEQ ID NO 2 
<2ll> LENGTH: 9 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: HBV POL 676-684 derived peptide, 
with 39 anchor substitutions at positions P2 and P9 

<220> FEATURE: 

<22l> NAME/KEY: MISCiFEATURE 
<222> LOCATION: (2) . . (2) 

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
<220> FEATURE: 

<22l> NAME/KEY: MISCiFEATURE 
<222> LOCATION: (9) . . (9) 

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 

<400> SEQUENCE: 2 

Phe Xaa Ser Lys Gln Tyr Met Thr Xaa 
l 5 

<2ll> LENGTH: 9 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: High affinity peptide for Al 

<400> SEQUENCE: 3 

Tyr Thr Ala Val Val Pro Leu Val Tyr 
l 5 

<2ll> LENGTH: 9 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: HIV nef 84-92 peptide 

<400> SEQUENCE: 4 

Phe Pro Val Arg Pro Gln Val Pro Leu 
1 5 

<2ll> LENGTH: 11 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Fluorescent reference peptide for A2 
<220> FEATURE: 

<22l> NAME/KEY: MISCiFEATURE 
<222> LOCATION: ('7) . . ('7) 

<223> OTHER INFORMATION: Xaa is Phe tagged with fluoroscein 
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—cont inued 

<400> SEQUENCE: 5 

Phe Leu Pro Ser Asp Cys Xaa Phe Pro Ser Val 
l 5 l0 

<2ll> LENGTH: 10 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Fluorescent reference peptide for A24 
<220> FEATURE: 

<22l> NAME/KEY: MISCQFEATURE 
<222> LOCATION: (6) . . (6) 

<223> OTHER INFORMATION: Xaa is Arg tagged with fluoroscein 

<4 00> SEQUENCE: 6 

Arg Tyr Leu Lys Cys Xaa Gln Gln Leu Leu 
1 5 l0 

<2 10> SEQ ID NO '7 
<2ll> LENGTH: 9 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: HBV POL 676-684 derived peptide 

<4 00> SEQUENCE: '7 

Phe Cys Ser Lys Gln Tyr Met Thr Leu 
1 5 

<2 10> SEQ ID NO 8 
<2ll> LENGTH: 9 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: HBV POL 676-684 derived peptide 

<4 00> SEQUENCE: 8 

Phe Leu Ser Lys Gln Tyr Met Thr Cys 
l 5 

<2 10> SEQ ID NO 9 
<2ll> LENGTH: 9 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Medium-affinity binder for Al (Example 6) 

<4 00> SEQUENCE: 9 

Ile Tyr Gln Tyr Met Asp Asp Leu Tyr 
l 5 

<2 10> SEQ ID NO 10 

<2ll> LENGTH: 9 

<2 12> TYPE: PRT 

<2 13> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Strongest Al-binding peptide from HPV-l8 

<4 00> SEQUENCE: lO 

Tyr Ser Asp Ser Val Tyr Gly Asp Thr 
l 5 
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1. A method for determining an a?inity score of a protein/ 
ligand complex, wherein said score is solely based on struc 
tural data and a force ?eld, this method comprising: 

(a) calculating a ligand-solvent interaction energy from a 
structural representation of the ligand placed in a box 
With explicit solvent molecules; 

(b) calculating a ligand-protein interaction energy from a 
structural representation of the ligand placed in the bind 
ing site of the protein; and 

(c) calculating said af?nity score by subtracting the ligand 
solvent interaction energy of step (a) from the ligand 
protein interaction energy of step (b). 

2. The method of claim 1, further comprising 
calculating a conformational strain energy for the protein/ 

ligand representation of step (b); and 
calculating said a?inity score by subtracting the ligand 

solvent interaction energy of step (a) and the conforma 
tional strain energy from the ligand-protein interaction 
energy of step (b). 

3. The method of claim 2 Wherein the conformational strain 
energy of step (c) is calculated as the difference betWeen, the 
sum of conformational energies of the ligand and protein in an 
unbound reference state and the sum of the conformational 
energies of the ligand and the protein in the protein/ligand 
representation of step (b). 

4. The method of claim 1, Wherein the protein/ligand rep 
resentation of step (b) is derived from an experimentally 
determined structure. 

5. The method of claim 1, Wherein the protein/ligand rep 
resentation of step (b) is generated by computer modeling. 

6. The method of claim 5, Wherein the computer modeling 
comprises an amino acid side-chain modeling step. 

7. The method of claim 5, Wherein the computer modeling 
comprises an energy minimiZation step. 

8. The method of claim 1, Wherein the representation of the 
ligand in the solvent box of step (a) is derived from an experi 
mentally determined structure. 

9. The method of claim 1, Wherein the representation of the 
ligand in the solvent box of step (a) is generated by computer 
modeling. 

10. The method of claim 9, Wherein the computer modeling 
comprises an amino acid side-chain modeling step. 

11. The method of claim 9, Wherein the computer modeling 
comprises an energy minimiZation step. 
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12. The method of claim 1, Wherein the protein to Which the 
ligand binds is a receptor such as a MHC receptor or an 
antibody. 

13. The method of claim 1, Wherein the ligand is a peptide, 
a small molecule or a pharmacophore. 

14. The method of claim 1, Wherein the solvent in step (a) 
exclusively consists of Water molecules. 

15. The method of claim 1, Wherein calculating the a?inity 
score further comprises combining desolvation energy and 
protein-ligand complex energy, and Wherein both desolvation 
energy and protein-ligand complex energy are derived from 
the same force ?eld. 

16. The method of claim 1, Wherein calculating the a?inity 
score further comprises combining desolvation energy and 
receptor-ligand complex energy, and Wherein both desolva 
tion energy and protein-ligand complex energy are derived 
from the same force ?eld. 

17. The method of claim 1, Wherein calculating the a?inity 
score further comprises determining the a?inity score for 
anchor residues in a protein-ligand complex. 

18. The method of claim 17, Wherein the protein-ligand 
complex comprises a MHC receptor/ligand complex. 

19. A method for determining an a?inity score of a protein/ 
ligand complex, Wherein said score is solely based on struc 
tural data and a force ?eld, this method comprising 

(a) calculating a ligand-solvent interaction energy from a 
structural representation of the ligand placed in a box 
With explicit solvent molecules; 

(b) calculating a ligand-protein interaction energy from a 
structural representation of the ligand placed in the bind 
ing site of the protein; 

(c) calculating a conformational strain energy for the pro 
tein/ligand representation of step (b); and 

(d) calculating said af?nity score by subtracting the ligand 
solvent interaction energy of step (a) and the conforma 
tional strain energy of step (c) from the ligand-protein 
interaction energy of step (b). 

20. The method of claim 2, Wherein the conformational 
strain energy of step (c) is calculated as the difference 
betWeen the sum of conformational energies of the ligand and 
protein in an unbound reference state and the sum of the 
conformational energies of the ligand and the protein in the 
protein/ligand representation of step (b). 

* * * * * 


