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Abstract The three-dimensional structure of human leukocyte antigens HLA-DR*0301 and HLA-
DR*0302 have been calculated using the homology modeling approach. General structural features of
our models are similar to those of related HLA molecules. The typical layout of segments of the sec-
ondary structure is well preserved. However polypeptide chains are less tightly bound, which causes
slightly broader opening of the binding groove. It also results in the modified layout of pockets in the
binding groove. Amino acids defining the restricted sequence diversity of the proteins studied are easily
available for interactions with ligands.

A set of docking simulations was performed using modeled structures of both HLA molecules and
various specific peptide ligands. The control docking of influenza hemagglutinin peptide into the HLA-
DR*0101 molecule gives a complex structure which is in good agreement with that from crystallographic
studies. Thexensive analysis of the structure of modeled complexes of HLA-DR*0301 and HLA-
DR*0302 with various ligands indicates that sequence microvariation of both alleles does not directly
control the binding specificity. Preferences for binding of specific ligands, as evaluated from interac-
tions in modeled complexes, agree qualitatively with experimental olieasvalhus, the computer

aided docking simulations can be successfully used to calculate the three-dimensional structure of
HLA-ligand complexes. However, a detailed explanation of binding specificity cannot be given using
presently available modeling procedures.
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DRl Tyr26, Asp28, Phe47, Val86

Introduction DR32 Phe26, Glu28, Tyr47, Gly86

Major histocompatibility compounds (MHC) are proteingcheme 1Microvariant amino acid residues in wild types of
which form unusually stable complexes with peptide antif A-DR*0301 and HLA-DR*0302 molecules
gens, “presenting” them on the cell surface for recognition
by T cells of the immune system. Human leukocyte antigens
of the DR type (HLA-DR) are predominant alleles belongiraple template for molecular modeling studies. PDB entry
to class Il of MHC proteins. HLA-DR molecules are comtDLH actually contains coordinates of HLA-DR*0101
posed of two membrane-anchored chamsutdf3) contain- complexed with influenza hemagglutinin peptide, which is
ing extracellular 1 andp1) and membrane embedded®( one of ligands also used in studies by Posch et al. [4]. There
and32) domains, respectively. The binding site of HLA-DRs also a structure of HLA-DR*0301 complexed with CLIP
molecules has the form of a groove betéwal andPl do- peptide deposited recently in the PDB (entry 1A6A) [7].
mains. HLA-DR alleles differ only in the amino acid sequen¢¢owever, this structure was solved by the molecular replace-
of B1 domains but still preserve a high degree of the sequemant method using HLA-DR*0101 as reference and could
homology. Many studies have been devoted to the structuralbiased towards the structure of the reference molecule.
aspects of complex formation [1] and ligand recognition [2hus it seems to be less suitable as a template for molecular
by HLA molecules. In spite of this effort the molecular basiaodeling. Nevertheless, it can be used for comparison with
of binding specificity as well as details of interactions witinodeled structures.
presentation peptides are still unclear. In this paper we present modeled structures ofithig1l
Posch et al. [3,4] have performed extensive experimerdaimains dimer for DR31, DR32 and DR*0101 proteins. Also
studies on HLA-DR*0301 (DR31) and HLA-DR*0302models of docked molecular complexes formed by the above
(DR32) alleles and their binding with severalaligls. Wild alleles with their specific peptide antigens are presented.
type DR31 and DR32 proteins differ only in four amino ad-urthermore, analysis of the intermolecular and intramolecu-
ids (Scheme 1) and it has been shown that this sequdacénteractions in the computed structures was performed to
microvariation correlates well with the binding specificitassess the quality of the models as well as to gain a deeper
towards several ligands - influenza hemagglutinin peptidasight into complex formation between HLA-DR3 alleles
heat-shock protein, myelin basic protein and sperm whaled their ligands.
myoglobin [4]. Thusithe restricted sequence diversity ap-
pears to be sufficient for expression of clear binding
specificity. A simple explanation could be that such SequUenEg . ods
microvariations are reflected in the three-dimensional struc-
ture of the binding groove and thus influence the bindin ]
properties of HLA-DR3 molecules. In order to prove the aboy&€ Bl domain of HLA-DR*0301 (DR31) and HLA-
reasoning, it is necessary to model the DR31 and DR32 nf3iR*0302 (DR32) proteins, used in modeling studies, com-
ecules and perform a comparative analysis of their structupége fragment 1 - 90 of tHchain sequence [8]. The three-
and interactions. dimensional structure of these domains were created using
Several crystallographic structures of MHC class Il pré€ homology modeling approach taking HLA-DR*0101
teins are available in the Protein Data Bank [5]. The strd&DB entry 1DLH) as the structure template. The aligned
ture of HLA-DR*0101 (PDB entry 1DLH) [6] was solved aequences are shown in Scheme 2. . ,
high resolution and the amino acid sequence is highly ho-The modeled31 domain was than combined with thé
mologous to the DR31 and DR32 molecules.Thus it is a s@@main of HLA-DR*0101 so as to form the binding groove.

1 11 21 31 41 51
DRB*0101: ——TRPRFL WQ LKAECHFFNG TERVRLERC IY NQEKSVRF DSDVGFRAV TELGRPDEX
DRB*0301: GDTRPRFLEY STSECHFFNG TERVIRLDRY FHNQERVRF DSDVGERAYV TELGRPDAE
DRB*0302: GDTRPRFLEY STSECHFFNG TERVRLERY FHNQERVRF DSDVGEFRAV TELGRPDAE

61 71 81
DRB*0101: WNSQKDLLEQ RRAAVDTYCR HNYGG@ESFT
DRB*0301: WNSQKDLLEQ KRGR/ENYCR HNYGVESFT
DRB*0302: WNS CKDLLED KRGR/DNYCR HNYGG@ESFT

Scheme 2Alignement of thg8l-domains of HLA-DR*0101, HLA-DR*0301 and HLA-DR*0302 molecules
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Finally, a1/31 dimers were optimized using molecular dyserver and results obtaineid e-mail. The CAST server uses
namics calculations. The crystallographic structures of HLA-solvent probe of 1.4 A.
DR*0101 (1DLH) and HLA-DR*0301 (1A6A) were also re- All molecular graphics were prepared using programs
fined by molecular dynamics calculations. MOLMOL (Version 2.6) [14] and RasMol [15].

Docking simulations were performed for 4 ligands: influ-
enza hemagglutinin peptide (HA), heat-shock protein pep-
tide (HSP), myelin basic protein peptide (MBP) and speign
whale myoglobin peptide (SWM) [8]. Amino acid sequences
of respective fragments are given in Scheme 3.

Atomic coordinates of the peptides from influenz . . .
hemagglutinin and sperm whale myoglobin were cut out %}eractlons in crystallographic structures

the respective Protein Data Bank entries 1DLH and 1V .
and wer:e only refined by molecular dynamics calculatio ne crystallographic structure of the HLA-DR*0101 (1DLH)

Three-dimensional structures of the binding peptides frc{%nOIeCUIe indicates thatl andB1 domains are in close con-

sults and discussion

heat-shock protein and myelin basic protein were built fro‘g%(Ct with each other. There are 23 hydrogen bonds and 58
I
I

the respective sequences and optimized by means of mo rophabic interactions between the two chains which sta-
lar dynamics ize their relative orientation required for the formation of
Al basic hodeling tasks - sequence alignment, mo e binding gr_oove.'AnaIyS|s of the secondary structure of
building as well as model refinement by simulated anneali two domains with help of the program MOLMOL re-
were done using the program MODELLER (Version 4) [9].
Structures obtained initially by homology modeling we
subsequently optimized (molecular dynamics) to obtain t . . .
final models. This assures that all result analyses deal Wﬁg;&ﬁ?@ﬁé Tgﬁgﬁiléegnr?ﬁglté:éigs“é?\r;elrnhz?/zl?dle.nti-
structures obtained at the same level of modeling approed-d four ocketsp in the binding aroove of HLA-DR*0101
mation. Themolecular dynamics calculation procedure af P 99 ;

- : : lume of the pockets amounts to 146(P1), 235(P2),
arameterization were the same as defined in the respe ngvo .
Fnacros supplied with the program packet, P 3) and 342(P4) Arespectively. All pockets have very

Docking of presentation peptides in the groove of HLAarge openings and they are smoothly interconnected. Inspec-

DR3 models was performed using the program AutoDoE n of the amino acids lining the wall of pockets .dOE.S. not
[10]. The HLA-DR3 molecules and peptide ligands were pra.oW 2 clear conclusion about the character of the individual
tonated and charged using the standard procedure PREP, I_<ets.h Tdhus ﬁhﬁi 'nﬁjduﬁé |raocild<ets C%} fccrerpt E:dhargec]ic t?\s
Each docking simulation took 50 independent runs and ed' @s Nydrophobic ligand residues. our resigues ot the
run consisted of 50 annealing (8% A cycle teminated af- seguence microvariation set*of DR3 molecules are also ex-
ter reaching 25000 accepted or rejected conformers, whi R_seql n pockets of HLA-DR*0101. The layout of pockets in
ever came first. Parameters for the annealing procedure Peb'ndmg groove dewates slightly from that postulated by
set to values sﬁggested by Morris et al. [11] tern et al. [6]. This discrepancy can be due to the more rig-

Complexes with the lowest total eneréy wére subsequer?t[ us method used in present St.Ud'eS for the pocket |dent|f|-
refined by molecular dynamics calculations and used for fﬁn- tlk?g.t:itnz?:msrf)r;)?/tesggst %reevrlg\lfiie%nigﬁ;zgﬁnt?ﬁzcﬂgcvs
ther structural analysis. Relatively time-consuming comp'u- 99 9

. - ckets layout.
tations of model docking were done on a Sun ULTRA 2 Ser\'B?'The crystallographic structure of the HLA-DR*0301

Interactions between peptides and HLA molecules we 6A) molecule has similar structural properties to those of
analyzed using the program CSU (Contacts of Structu 10‘ prop

: : P A-DR*0101 (1DLH). The binding groove structure is sta-
Units) obtained by courtesy of Dr. Sobolev [12]. Identificg-. . . / .
tion o)f pockets in)t/he bindir)(g grooves was p[erfgjrmed on %zed by 44 interchain hydrogen bonds and 44 hydrophobic

CAST server (A server for Identification of Protein POCkeg‘:rchain interactions. Number and extent of secondary struc-

als the presence of 5 helical and 8 sheet segments, com-
rising 67.5% of all amino acids. Thus, the crystallographic
tructure of thea1/B1 dimer is highly structured and rela-

o : - ; ts is identical in both molecules. The results are
& Cavities) [13] located at the University of Minnesota. Th re segmen ) o >
modeled structures were uploaded for calculation into own in T?‘b'e 1 and Flgure 1. CAS.T computation identifies
pockets in the binding groove with volumes of 145(P1),

461(P2) and 179(P3)3&kespectively (Figure 2). Most resi-

dues lining the wall of pockets are the same as in 1DLH.
HAf agrrent 306-318: PKYVKQNTLKLAT Residues of the sequence microvariation set are exposed in
HSPf agnent 3-15; KTIAYDEEARR the binding groove, however Tyr26 is located in a small pocket
MBP,fi agrrent 152-170: KIFKLGGRDSRSGSPMARR and appears not to be easily accessible foraotens. The
SVAMIr agrrent 132-151; NKALELFRKDIAAKYKEL® relatively small structural difference between the two mol-

) ] . ecules is rather surprising. Taking into account that out of 90

Scheme 3Amino acid sequences of the presentation pefinino acids in thB1 domains of each allele, 18 are different
tides used in this study. HA - influenza hemagglutinin, HSE2096) and that 39% of the substituted amino acids have

heat-shock protein, MBP - myelin basic protein, SWM - spegflanged their character (hydrophobic into charged, etc.),
whale myoglobin
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Table 1 Regions of the sec-g

. truct DR11(1DLH) DR31(1A6A) DR11 DR31 DR32
ondary structures In some [a] [a] [b] [C] [C]
HLA-DR molecules assigned
according to calculations us- a-chain
ing MOLMOL program. gheet 7-14 7-14 7-8 7-8
DR11(1DLH) - PDB entry gheet 11-12 11-12
code: 1DLH;DR31(1A6A)- sheet 19-26 19-26 21-26 22-23 21-23
PDB entry code: 1AGBA; sheet 25.26
DR11 - HLA-DR*0101; gheet 29-35 29-35 30-34 33-34 33-34
DR31 - HLA-DR*0301; gheet 40-43 40-43 41-42 41-42 41-42
DR32 - HLA-DR*0302 helix 46-50 46-51 47-50 46-50 46-50
helix 56-77 56-76 57-76 57-77 57-76
B-chain
sheet 9-18 9-18 9-12 11-12 11-13
sheet 16-17 16-17
sheet 23-32 23-32 24-25 24-25
sheet 28-32 27-31 27-31
sheet 35-41 35-41 39-40 36-41 36-41
sheet 47-49 47-49 47-48 47-48
helix 52-63 52-63 56-63 56-63 55-63
[a] crystallographic structure Eg::’; 65-77 76457772 65-77 7367772 65-72
[b] optimized structure helix 79-85 79-86 79-85 79-85 78-83

[c] modeled structure.

larger structural changes could be expected. This structunééractions in modeled structures
similarity can be an artifact of the crystallographic method-
ology and the structure of HLA-DR*0301 seems to be bias€he optimized structure of HLA-DR*0101 (DR11) shows a
towards 1DLH, which was used as a reference for the nstightly larger sepat®n of the al and 1 chains in com-
parison with the crystallographic structure. The structure of
the binding groove is now stabilized by 14 hydrogen bonds

lecular replacement method.

Figure 1 Secondary structure of tlel/B1-domains of HLA- Figure 2 Pockets in the binding groove of HLA-DR*0301
DR*0301 (crystal structure, PDB entry 1A6A). Red/yello(erystal structure, PDB entry 1A6A). Different CPK colors
ribbon - a-helix; turquoise sipe - 3-sheet

indicate distinct pockets
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Figure 3 Secondary structure dfie al/fl-domains in the Figure 4 Secondary structure ahe al/B1-domains in the
computed model of HLA-DR*0301. Red/yellow ribboa-- computed model of HLA-DR*0302. Red/yellow ribboa- -
helix; turquoise sipe - 3-sheet helix; turquoise sipe - 3-sheet

and 48 hydrophobic intactions. Thesecondary structure general layout is still preserved. Such a relaxed structure is
segments identified by means of the program MOLMOL aligely for the native protein contrary to the more compact
similar to those found in the the crystallographic structuceystallographic structure.

but all segments of secondary structures are shorter. The deCAST calculation identifies 1 large pocket, with a vol-
tails are given irthe Table 1. Theotal number of amino ume of 1626 A which is due to the larger separation of the
acids involved in structural segments reduces to 48% of @ll andB1 chains. Nevertheless, the pocket wall lining amino
amino acids in the two domains. Optimized structures of theids are mostly the same as found in the crystallographic
al/B1 dimers are more relaxed than crystallographic but teeucture. The satisfactory agreement between crystallo-

Figure 5 Pockets in the binding groove in the computed mod&gure 6 Pockets in the binding groove in the computed model
of HLA-DR*0301. Different CPK colors indicate distincof HLA-DR*0302. Different CPK colors indicate distinct
pockets pockets
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Table 2 Total number of intermolecular interactions in somBR*0302;HA - influenza hemagglutinin peptiddSP - heat-
human leukocyte antigens complexes with various peptseck protein peptideMBP - myelin basic protein peptide;
ligands. 1DLH - HLA-DR*0101; 1A6A - HLA-DR*0301; SWM - sperm whale myoglobin peptide.

DR11- HLA-DR*0101,DR31- HLA-DR*0301,DR32- HLA-

Complex hydrogen aromatic- hydrophobic- destabilizing
bonds -aromatic -hydrophobic
1DLH + HA [a] 20 4 32 47
1A6A + CLIP [a] 23 0 34 49
DR11 + HA 12 1 14 24
DR31 + HA 10 0 14 27
DR31 + HSP 11 0 14 22
DR31 + MBP 5 0 16 24
DR31 + SWM 6 4 23 34
DR32 + HA 13 0 12 21
DR32 + HSP 11 0 13 30
DR32 + MBP 8 1 12 25
DR32 + SWM 4 1 21 26

[a] crystallographic structures

graphic and modeled structures justifies application of olable 1 and Figures 3 and 4). The secondary structure in the
modeling approach for the calculation of yet unknown threB@R31 dimer comprises 38% of all amino acids (Table 1) but
dimensional structures of HLA alleles. the general, usually observed, layout of the backbone is not
Modeled structures of DR31 and DR32 molecules are sirdistorted. Two large pockets in the binding groove with vol-
larly relaxed as that of DR11. The relative orientation of thenes of 866(P1) and 198(P2} Bave 3 large openings (Fig-
al andBl domains in the DR31 molecule is stabilized by 1te 5). The P1 pocket @R31 is equivalent to pockets P1
hydrogen bonds and 51 interchain hydrophobic interactioasd P2 identified in DR11. Thus, the general structural lay-
Patterns of the secondary structure are less pronounced tharof the binding groove is not substantially changed. How-
in the crystallographic structure or the DR11 molecule (sexer these minor changes can suffice to control the specificity

Figure 7 Complex of the HLA-DR*0101 molecule with inFigure 8 Computed complex of the HLA-DR*0101 molecule
fluenza hemagglutinin peptide (crystal structure, PDB entwijth influenza hemagglutinin peptide. Color scheme: green -
1DLH). Color scheme: gen - a-chain, Hue - B-chain, or- a-chain, blue -3-chain, orange - amino acids of the sequen-
ange - amino acids of the sequential microvariation set, startidd microvariation set, standard CPK coloring of the ligand
ard CPK coloring of the ligand atoms atoms
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Table 3 Amino acids of some human leukocyte antigens DR*0302;HA - influenza hemagglutinin peptiddSP - heat-
volved in hydrogen bond formation with respective ligandshock protein peptideyIBP - myelin basic protein peptide
1DLH - HLA-DR*0101; 1A6A - HLA-DR*0301; DR11 - SWM - sperm whale myoglobin peptide

HLA-DR*0101; DR31 - HLA-DR*0301; DR32 - HLA-

1DLH [a] 1A6A [a] DR11 [b] DR31 [b] DR32 [b]
HA CLIP HA HA HSP MBP SWM HA HSP MBP SWM
a-chain

Q9 Q9 Q9 S53 S53 F51 E55 S53 S53 S53 E55
S53 F51 S53 E55 E55 S53 N62 E55 E55 E55 R76
N62 S53 E55 A61 N62 N69 N69 N62 N62 N69
N69 E55 N69 N62 R76 R76
R76 N62 N69

N69 R76

R76

B-chain

D57 Y30 Y47 P56 P56 R74 P56 R74 T12 P56
Y60 P56 D57 H81 R74 D57 H81 R74 L67
W61 D57 Y60 V85 V85 Y60 V85 H81
Q70 E59 Q70 Q70
R71 W61 R71 R74
T77 K71 T77 V85
H81 R74 H81
N82 N77

H81

N82

[a] crystallographic structures
[b] modeled structures.

of the two molecules e.g. by restricting access of some ldpcked complex resembles closely that known from
ands to the binding groove. All residues of the sequeragstallographic studies (Figure 8 and 7 respedgfivelhe
microvariation set are easily available in the binding groo®MSD value calculated for docked versus crystallographic
and can also contribute to differences in the bindirajom coordinates of HA peptide in the binding groove is 5 A.
specificity. The total number of interactions between ligands and the bind-
In the case of DR32, there are 15 hydrogen bonds andri) groove of respective HLA molecules is summarized in
hydrophobic interactions didizing the a1/l dimer. The Table 2. Detailed analysis of hydrogen bonds between HA
secondary structure in the DR32 dimer comprise 41% of pdiptide and DR11 models shows slightly different set of amino
amino acids and the general layout of the backbone, typiaaids involved in the binding than found in the complex de-
for HLA molecules, is again well preserved (Table 1 and Figermined crystallographically (1DLH). The results are given
ure 3). Similarly, 2 large pockets can be found in the bindimgthe Table 3. It is obous that the quantitative agreement
groove of DR32 with volumes of 750(P1) and 409(P2) Aetween our model complex and crystallographic structure
(Figure6). Thus, the binding groove has a larger total votomplex is not possible within the approach used here. The
ume and is more open in comparison with DR31, allowirsfyucture of the target molecule is more relaxed and the bind-
for accommodation of larger ligands. Residues of the sequeimcegroove is slightly morepen. Thus, the docking jpde
microvariation set are also in this case easily available in th®oses another position in the binding groove which is en-
binding groove and can control the binding specificity.  ergetically favorable. Nevertheless, good qualitative agree-
ment between docked and crystallographic complex validates
the application of the docking approach for exploration of
Docking of specific peptides into the binding groove unknown structures of HLA-ligand complexes.
Structures of modeled complexes of DR31+HA,
A control docking of HA peptide into modeled DR11 waBR31+HSP, DR31+MBP and DR31+SWM are shown in Fig-
performed in order to assess the applicability of the dockiutgs 9 - 12, respectively. The full set of Figures for all stud-
procedure for HLA-ligand comples. The sticture of the ied complexes is available in the Supplementary Material.
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Figure 9 Computed complex of the HLA-DR*0301 molecukeégure 10 Computed complex of the HLA-DR*0301 molecule
with influenza hemagglutinin peptide. Color scheme: greemwith heat-shock protein peptide. Color schemesegr- a-

a-chain, blue -B-chain, orange - amino acids of the sequerthain, blue -3-chain, orange - amino acids of the sequential
tial microvariation set, standard CPK coloring of the ligandnicrovariation set, standard CPK coloring of the ligand at-

atoms oms

Figure 11 Computed complex of the HLA-DR*0301 molecufggure 12 Computed complex of the HLA-DR*0301 molecule

with myelin basic protein peptide. Color schemeegr-a- Wwith sperm whale myoglobin peptide. Color scheme: green -

chain, blue |3-chain, orange - amino acids of the sequentia-chain, blue -3-chain, orange - amino acids of the sequen-

microvariation set, standard CPK coloring of ligand atomdial microvariation set, standard CPK coloring of the ligand
atoms
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The number of interactions and residues forming hydro

bonds is compiled in Tables 2 and 3, respectively. Reéferences
HA, HSP and MBP peptides adopt preferably the extendf:d Madden, D. RAnnu. Rev. Immunol995 13, 587

conformation and they can be well accommodated in the bi d'Garcia 7K C Teytbn L.' Wilson. 1. A A:nnu. Rev

ing groove. HA peptide forms more interactions with DR32 Immunél 1'99'é 17 3691 v T ' ’

than with DR31 and it can be predicted r‘ghat the HA-DR%Z Posch P E - /&rﬁjo H A Creswell K.: Praud. C.:

complex will be energetically preferred. This is in agreement S L~ o 5

with results of experimental studies [4]. In the case of HSP Johnson, A. H.;Hurley, C. KHum. Immunol1995 42,

and MBP molecules such clear preferences for specific bigfd- Pdsch P. E.; Hurley, C. K.; Geluk, A.; Ottenhoff, T. H

ing cannot be predicted but experimental studies indicate th'atlvI Hur,n .Imr.r,1unoll9§6 '49 .56 B T

both HSP and MBP bind preferentially (stronger) to DRBé. Bérman.H M. Westbrook, J '.Feng 7. Gilliland. G.:

SWM peptide adopts a total-helix conformation and thus ™ 5, "5 Weissig H.- S’hir.{dyalov, IN.: Bourne. P.E

because of its bigger radial size does not fit well into the Nucléic.Ac.i,ds Re520,00”28 235 T A

binding groove. There are less interactions between SWM siern. L. 3. Brown. J. H ',Jard.etzky T.S.; Gorga, J. C.;

and DR31 or DR32 than in other models, but it can be pre- Urban. R. G.- Strorn’in\c.]er.,J L 'Wiley, D N.a{ture199,4 Y

dicted that SWM will bind stronger to the DR31 molecule, 368 2’15' v Y .

again in agreement with experimental studies [4]. Howev?r, Ghosh P Amaya, M.: Melliu€.; Wiley, D. C.Nature

in this case further docking simulations with the option of 1095 3178.,457 T v T

dynamic opening of the binding groove are Necessapy. accession nurﬁbers of used sequences: HLA-DRA*0101

Microvariation residues are exposed in pockets of the bind- - SwissProt:P01903 HLA-DRS*OlOl )

ing groove in all modeled complexes and they could interact SwissProt'P13758HLA-DRB*0301 - EMBL:U35729

with ligands but results indicate that they are not involved SwissProt:P0191;2HLA-DRB*O302 ) EMBL:U29342'

directly in interactions with the ligand. Thus, the specificity i | '

. . . hemagglutinin- SwissProt:P03436heat shock protein
?r]: stu;hed H.L,?-DR?tﬁlleles. cannp; be eXﬁIamT:td er?stlly by SwissPot:P06806; myelin  basic protein -
e microvariation of the amino acid sequence. It can be pos-g i« < pot-p02686: sperm whale myoglobin-
tulated that these amino acids modify the local environment SwissProt-P02185
aIIovylng another amino acids to make strong interactions w, h Sali, A.: Blundell, T. LJ. Mol. Biol. 1993 234, 779.
the ligand. Thus, a more advanced analysis of the proper

1es . e
of the pockets is required in order to elucidate the nature §f§§r?gtslegéQDé Sl.ééjlson, A. Proteins: Struct,, Funct,,

ligands binding to HLA molecules. 11.Morris, G. M.; Goodsell, D. S.; Huey, R.; Olson, AJJ.

. . . Comp.-Aid. Mol. Desigi996 10, 293.
Supplementary materials available The full set of Figures 12.Sobolev, V.: Sorokine, A.; Prilusky, J.: Abola, E. E.;
for all studied HLA proteins and all docked complexes Og.EdeIman, I\/.I,Bioinforma,tics;,l999 15 327 B
HLA proteins with their specific ligands as well as set qf Liang 3 Edelsbrunnelﬂ‘ Woodward. C.Protein Sci-
files for dynamic visualization and manipulation of computeds'encel’gg'a’ 7 1884 v T
structures (1 archived file). S o L Rillater M - A ;
The Figures can be viewed using an HTML browser WiEh4' Koradi, R.; BilleterM.; Wtrich, K. J. Mol. Graphics

. : : . 1996 14, 51.
installed Ch.|me plug-ln (MDL Informathn Systems, In.c')15. Bernstein, H. J. RasMol version 2.7.1. Bernstein + Sons:
The entry file - index.htm - contains link to the Chime

download site. Bellport, 1999.
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