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Previous studies on the binding of HLA class | molecules tdFI was obtained by subtracting the MFI of cells not
chemically synthesized peptides carrying primary anchlmaded with peptide and stained with TP25.99 mAb from
residues (Ruppert et al. 1993; Parker et al. 1994 Bchch the MFI of peptide-loaded cells stained with TP25.99 mAb.
et al. 1995, 1996) have shown that not only are primafhe affinity of a peptide was represented by the half-
anchor residues critical for major histocompatibility commaximal binding level (Bko) which is the peptide con-
plex (MHC) class | peptide binding, but also that secondacgntration yielding the half-maximal mean fluorescence
residues play an important role in MHC class | peptidiatensity. Binding peptides were classified according to the
binding. Our recent studies (Saftmach et al. 1995, 1996)BLso into three categories: high binder (BL= 104 M),
have demonstrated that in addition to two primary anchoredium binder (18 < BlLso = 10-3 M), and low binder
residues at position 2 (P2) and the C-terminus, secondé&t¥-3M < BLsg). High, medium, low, and nonbinders were
anchor residues can be identified by statistical analysggven ranks 3, 2, 1, and 0, respectively, and the mean
However, there are other methods to analyze the effecthfding rank (MBR) was calculated.
secondary anchors on MHC class | peptide binding, as We tested 127 nonamer peptides (Sakaguchi et al. 1997)
shown by Udaka and co-workers (1995). carrying the anchor residues at P2 (Pro, Ala, and Gly) and
In a previous study using the HLA-B*5101 stabilizatiorP9 (lle, Val, Leu and Met) which were selected from the
assay (Kikuchi et al. 1996), we failed to clarify the role ofequence of the SF2 strain of human immunodeficiency
secondary anchor residues of HLA-B*5101 binding pepdrus-1 (Sanchez-Pescador et al. 1985) and the JT strain of
tides by statistical analysis because the ability of HLAepatitis C virus protein (Tanaka et al. 1992). The MBR of
B*5101 binding peptides to stabilize HLA-B*5101 mole-these peptides increased from 0.22 to 0.42 by the improved
cules is very weak. We therefore improved the stabilizatiagtabilization assay (Sakaguchi et al. 1997). Subsequently
assay for HLA-B*5101 binding peptides by extending theve conducted an analysis of these nonamer peptides to
incubation time as follows: RMA-S-B*5101 cells cultureddetermine secondary anchor residues which contribute to
at 26°C for 18—24 h were incubated at 26 for 3 h with the HLA-B*5101-peptide interaction. The frequency of
various concentrations of peptides followed by a 3 hinding peptides and the MBR was calculated for each
incubation at 37C. The cells were then stained withamino acid or groups of amino acids at each non-primary
TP25.99 HLA class o3 domain specific monoclonal anchor position (positions 1, 3, 4, 5, 6, 7, and 8) in a Mann-
antibody (mAb) (D'Urso et al. 1991: Tanabe et al. 1992)Vhitney U-test (Table 1). Positive effects on the peptide
and FITC-conjugated IgG of sheep mouse-specific hynding to HLA-B*5101 molecules were found for aro-
antibodies. The mean linear fluorescence intensity (MRbatic (Tyr, Phe, Trp, and His) and aliphatic (Leu, Val, lle,
of the cells was measured by using a FACScan. The relataed Met) hydrophobic residues at FA £ 0.01). Likewise,
small amino acids, Ala and Gly at P6, significantly en-
_ i __ hanced the binding to HLA-B*5101 moleculeB (0.05).
Besiﬁ?ggﬁpé foulr?wi : gib%c“mﬁi‘t?&tg'b I?;(é%‘#ggl' gaéiénce In contrast, negative effects on the peptide binding to HLA-
Unﬁlersity of Tokyo, Shiroka?lﬁdai 4-6-1, Minato-ku, Tokyo 1b8,Japa ;52'8105”)10@(:“'63 were observed for Gly and Ala at P1
K. Miwa ;
Ajinomoto Central Research Laboratory, Suzuki-cho 1-1, I.n order to (;onflrm the ef.feCt of the secondary anchor
Kawasaki-ku, Kawasaki, Kanagawa 210, Japan residues, the blnd|_ng _of peptides mutat_ed at P1 and P6 was
tested. The substitution of hydrophobic residues Tyr and
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Table 1 Effect on nonanchor residues in peptide binding to HLA-B*5101 molecules

Amino acid Position of amino acid in peptides
1 3 4 5 6 7 8

Y,FW,H 6/10 (60.09%) 2/10 (20.0%)  1/11 (9.1%) 3/15 (20.0%) 2/7 (28.6%) 2/12 (16.7%) 1/4 (25.0%)
1.60 = 0.30 0.09 0.40 0.43 0.33 0.50

L,V,I,M 12/23 (52.3%)  8/26 (30.8%) 8/27 (29.6%) 7/23 (30.4%) 5/36 (13,9%) 7/20 (35.0%) 7/24 (29.2%)
1.09* 0.73 0.56 0.78 0.31 0.65 0.67

S,TC 2/19 (10.5%) 5/18 (27.7%) 5/18 (27.8%) 5/19 (26.3%) 4/12 (33.3%) 1/17 (5.9%) 7/21 (33.3%)
0.21 0.61 0.72 0.63 0.58 0.18 0.71

P 0/7 (0%) 5/11 (45.5%) 2/11 (18.2%) 3/10 (30.0%) 1/ 7 (14.3%) 4/ 9 (44.4%) 3/11 (27.3%)
0 1.18 0.45 0.80 0.43 0.78 0.73

GA 1/26 (3.8%) 3/23 (13.0%) 4/15 (26.7%) 4/24 (16.7%) 9/18 (50.0%) 3/17 (17.6%) 4/22 (18.2%)
0.04** 0.22 0.67 0.25 1.00** 0.47 0.27

QN 4/12 (33.3%) 2/ 8 (25.0%) 0/10 (0%) 0/5 (0%) 3/17 (17.6%) 2/11 (18.2%) 1/16 (6.3%)
0.50 0.38 0 0 0.41 0.55 0.19

R,K 2/20 (10.0%) 3/20 (15.0%) 8/24 (33.3%) 2/21 (9.5%) 3/17 (17.6%) 8/22 (36.4%) 2/15 (13.3%)
0.50 0.30 0.58 0.10 0.41 0.68 0.13

D,E 2/10 (20.0%) 1/11 (9.1%) 1/11 (9.1%) 5/10 (50.0%) 2/13 (15.4%) 2/19 (10.5%) 4/14 (28.6%)

0.60

0.09

0.27

0.90

0.38

0.26

0.64

1 No. of binding peptides / Total No. of peptides

2 Percentage of binding peptides

3 MBR (Mean Binding Rank): MBR of the peptides carrying the

corresponding amino acid(s) at each position was calculated

* P <0.01 * P <0.05

Table 2 Effect of amino acid substitution at P1 on peptide binding to HLA-B*5101 molecules

Peptide Peptide concentratiopM)
1000 333 100 33 10 1 Bl

NPPIPVGEI 22.3* 19.3 9.0 3.7 0.8 0 19 104
YPPIPVGEI 37.3 33.0 29.3 22.4 14.9 4.6 1x110-5
LPPIPVGEI 33.7 30.8 24.8 18.5 10.8 3.2 23105
DARAYDTEV 22.9 21.5 15.9 9.5 3.8 0.6 7.8 105
YARAYDTEV 25.8 23.7 15.3 9.9 4.3 0.9 6.8 105
LARAYDTEV 26.0 22.8 131 7.9 3.4 0.4 1.8 104
YAPPIGGQI 35.2 34.4 23.1 14.1 8.7 4.1 3x110-5
DAPPIGGQI 36.0 34.5 27.7 22.0 16.1 5.0 1x210-5
NAPPIGGQI 29.9 27.0 20.8 10.3 8.8 1.9 £810-5
LPCRIKQII 27.9 21.5 131 9.0 45 0.5 12 104
YPCRIKQII 30.4 26.9 18.9 13.8 8.5 16 42105
VPCRIKQII 27.7 22.3 13.0 9.6 4.4 0.6 1% 104
DPCRIKQII 25.0 17.9 10.3 6.4 2.8 0.2 22104
PPCRIKQII 0 0 0 0 0 0 -
GPCRIKQII 0 0 0 0 0 0 -
APCRIKQII 0 0 0 0 0 0 -

* Relative MFI = MFI value of peptide loaded RMA-S-B*5101 cells - MFI value of peptide unloaded RMA-S-B*5101 cells

of the peptide to HLA-B*5101 molecules (Table 2). ThesePCRIKQII (Table 2). A similar finding was observed
data support the result of the statistical analysis whidietween DARAYDTEV and its mutants (YARAYDTEV
predicts that hydrophobic residues at P1 increase the biatkd LARAYDTEV) as well as between YAPPIGGQI and
ing of the peptide to HLA-B*5101 molecules. DAPPIGGQI (Table 2). These results indicate that Asp at
A pool sequence analysis of HLA-B51 (Falk et al. 199991 exerts a positive effect on the peptide binding to HLA-
showed that in addition to hydrophobic residues, Asp w5101 molecules, although our analysis of 127 peptides
detected as a preferred residue at P1 of self-peptides elud@tinot show a statistically significant positive effect on the
from HLA-B*5101 molecules. Therefore, we examined thpeptide binding to HLA-B*5101 molecules (Table 1).
role of Asp at P1 in the peptide binding to HLA-B*5101 On the other hand, the substitution of Ala or Gly for Leu
molecules. The affinity of the mutated peptide DPCRIKQHkt P1 of LPCRIKQII critically affected HLA-B*5101-pep-
to HLA-B*5101 molecules was almost identical to that ofide binding (Table 2), supporting the finding that the small
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residues Ala and Gly at P1 have a negative effect on HLA- In the present study, we analyzed secondary anchor
B*5101 peptide binding. Pro also seems to have a negatiasidues of nonamer peptides bound to HLA-B*5101
effect on HLA-B*5101 peptide binding because none of thehich is associated with Behts disease (Ohno et al.
seven peptides carrying Pro at P1 bound to HLA-B*5101973, 1978; Mizuki et al. 1993). Statistical analysis of
molecules (Table 1). Indeed, the substitution of Pro for Leaecondary anchor residues in nonamer peptides showed
at P1 of LPCRIKQII critically affected the peptide bindinghat P1 plays an import role in the peptide binding to
to HLA-B*5101 molecules (Table 2). Taken together, thedéLA-B*5101 molecules, which was further confirmed by
results indicate that the small residues Ala and Gly as weking mutant peptides. However, the statistical analysis
as Pro at P1 have a negative effect on HLA-B*5101 peptidailed to identify Asp at P1 as secondary anchor residues,
binding. whereas pool sequencing of HLA-B*5101 binding self-
The role of Ala and Gly at P6 in peptide binding wapeptides suggested a predominant role of Asp at P1 on
investigated by using mutated peptides. The binding BILA-B*5101 peptide binding. We analyzed only each of
LPCRIKQII and NANPDCKTI to HLA-B*5101 molecules five peptides carrying Asp and Glu at P1. This number was
was compared with its mutant peptides at P6. The substitwt sufficient to observe a statistically significant effect on
tion of Ala for Lys at P6 of LPCRIKQII slightly enhancedHLA-B*5101 peptide binding. An increase in the number
the affinity of the peptide to HLA-B*5101 moleculesof test peptides carrying Asp at P1 should clarify the effect
(LPCRIKQII:BLsgp=1.2 x 104, LPCRIAQII:BLso=5.7 - of Asp at P1 by statistical analysis. Thus, the present study
x 10-5). Conversely, the substitution of Ala and Gly for Cysuggests that both statistical analysis of the binding of the
at P6 of NANPDCKTI slightly decreased the affinity of thechemically synthesized peptides to HLA class | molecules
peptide for HLA-B*5101 molecules [[NANPDCKTI:Bdo and pool sequencing of HLA class | binding self-peptides
= 8.2 x 105 NANPDAKTI:BLso = 1.0 x 104 and are required to identify and characterize the primary and
NANPDGKTI:BLsp = 2.0 x 104 (data not shown)]. secondary anchor residues.
Thus, the experiment using the mutated peptides indicated
that only occasionally do Ala and Gly at P6 have a positivicknowledgments We thank Dr. Soldano Ferrone for kindly pro-

; indi _p* viding TP25.99 mAb, Dr. Kyoshi Nokihara for discussion, Dr. Michael
effect on the peptide binding to HLA-B*5101 mOIeCU|esH Jones for critical reading of the manuscript, and Mashu Noda for
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Here we demonstrated that hydrophobic residues at P1
enhanced the peptide binding to HLA-B*5101 molecules,
whereas Pro and the non-bulky residues Gly and Ala
reduced the peptide binding to HLA-B*5101 molecules.
P1 interacts with A-pocket residues and is crucial in t
hydrogen bonding of amino acid side-chains at the

te”_n'”us (Madd_en et al. 1991). Therefore, hydr_Op_hObESUrso, C. M., Wang, Z., Cao, Y., Tatake, R., Zeff, R. A., and Ferrone,
residues, especially bulky ones, seem to favor binding t0 s. Lack of HLA class | antigen expression by cultured melanoma
HLA-B*5101 molecules. The non-polar side-chains of Gly cells FO-1 due to a defect [fem gene expressiod.Clin Invest 87:
and Ala appear too small to interact with Asn 63 and Tyr 2 ”fSE—é%ZZ'SéﬁEé 0., Takiguchi, M., Grau, ., Stevariows, Jung
while Pro seems to interfere with the hydrogen-bondmg dié . and Rammensee, H.-G. Péptiae motifs of HLA-B51. -B52 and
to the restrained, secondary bigroup. Recent studies of .78 molecules, and implications for Bgtts diseaseint Immunol
HLA-B*3501 binding peptides also showed that hydropho- 7: 223-228, 1995 _ _

bic residues at P1 have a positive effect on the binding of 9kuchi, A., Sakaguchi, T., Miwa, K., Takamiya, Y., Rammensee, H.-

_ : _R* G., Kaneko, Y., and Takiguchi, M. Binding of nonamer peptides to
mer to 11-mer peptides to HLA-B*3501 molecules (Seho three HLA-B51 molecules which differ by a single amino acid

bach et al. 1995, 1996). Since there is only one amino acid g pstitution in the A-pocketmmunogenetics 4268—276, 1996
substitution (Tyr to His) at residue 171 in the A-pockewladden, D. R., Gorga, J. C., Strominger, J. L., and Wiley, D. C. The
between HLA-B*3501 and B*5101, it is assumed that the structure of HLA-B27 reveals nonamer self-peptides bound in an
A-pocket of both HLA class | molecules have simila;\mzextendeol conformatiorNature 353:321-325, 1991

L . ki, N., Inoko, H., Ando, H., Nak ., Kashi K., Ak
structures. Therefore, the substitution of P1 may not influ- # "Fuji’ngof’ Mésuréio’K' 'Taii;Tﬁ{aM? ’an";‘fo'ﬁ“r?j e’s_ Bema “a

ence peptide binding. Indeed, our previous study showeddisease associated with one of the HLA-B51 subantigens, HLA-
that a single amino acid substitution at residue 171 has noB*5101. Am J Ophthal 116406, 1993 _
effect on the peptide binding to HLA-B*5101 (Kikuchi etParker, K. C., Bednarek, M. A., and Coligan, J. E. Scheme for ranking

: : _ potential HLA-A2 binding peptides based on independent binding
al. 1996). The residues forming the A-pocket are conserved of individual peptide side-chaind.Immunol 152:163-175, 1994

in MHC C|a§5 I molecules, especially in the HLA-B5, B3%Ruppert, J., Sidney, J., Celis, E., Kubo, R. T., Grey, H. M., and Sette, A.
cross-reacting group (HLA-B51, B52, B53, B78, and B35), Prominent role of secondary anchor residues in peptide binding to

suggesting that hydrophobic residues and Asp at P1 mayHLA-A2.1 molecules Cell 74: 929-937, 1993

: : : Lo no, S., Aoki, K., Sugiura S., Nakajima, E., ltakura, K., and Aizawa
play an important role in peptide binding to these HLA™® 5 70K K Behet's diseaseLancet 2:1383—1384, 1973

class | molecules. Ohno, S., Asanuma, T., Sugiura, S., Wakisaka, A., and Aizawa, M.
HLA-Bw51 and Behet's diseaseJ Am Med Assoc 2429, 1978
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