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Abstract The binding of 303 8-mer to 11-mer peptide? \
carrying the anchor residues at P2 and the C-terminusitiyoduction

HLA-B*5101 molecules was examined by a stabilizatio . . : .
assay in which peptides were incubated with RI\/lA_$ecent studies of the sequencing of self-peptides isolated

B*5101 cells at 26°C for 3 h. Analysis of the binding of ITom Ppurified major histocompatibility complex (MHC)

these peptides to HLA-B*5101 molecules showed that PffSS | molecules have shown that the peptides bound to

and Ala at P2 and lle. Val. and Leu at the C—terminJQe MHC class | molecules have an allele-specific motif
functioned as anchor residues. while Gly at P2 and Met d characteristic anchor residues (Falk et al. 1991, 1993,

the C-terminus were weak anchors. Pro was a strondei24; Jardetzky et al. 1991). The critical role of anchor

anchor residue than Ala at P2, while lle was the strong gtsidue_s in MH_C class I-pep_tide binding was c_onfirmed l_Jy
anchor at the C-terminus. Among 8-mer to 11-mer peptidds PEPtide binding assay using synthetic peptides carrying

the 9-mer peptides showed the strongest binding to HL&[ichor re§idues (Parker et al. 1992; Takamiya et al. 1994).
B*5101 molecules. This is in contrast to our recent finding0St peptides bound to MHC class | molecules are 9-mer,

that 10-mer and 11-mer peptides bind to HLA-B*350 hile 8-mer, 10-mer, and 11-mer peptides are also capable
molecules as effectively as 9-mer peptides. Since bdf b|r.1d|ng to the M"!C class | molecules (Parker et al.
HLA class | molecules have the same B-pocket and t 92, Guo et al. 1992; Takamiya et al. 1994). Studies of the
binding peptides carry the same anchor residues, it gld:ng ggHLA—gz molecgles (Rlupplert etsc';ll- 195?]3, Parlker
assumed that the structure of the F-pocket may restftt @l 1994) and HLA-B35 molecules (Suitmch et al.

the length of binding peptides. The ability of HLA-B*5101 995) with chemically synthesized peptides carrying anchor
binding peptides to stabilize the HLA-B*5101 molecule&eSidues have shown that not only the anchor residues are
was markedly lower than that of HLA-B*3501 bindingCrtical for MHC class I-peptide binding, but nonanchor
peptides to stabilize the HLA-B*3501 molecules. It i esidues also have an important role in MHC class I-peptide
known that HLA-B*5101 is a slow assembling molecule?inding.

while HLA-B*3501 assembles rapidly. The results imply HLA-B51 and HLA-B35 molecules form part of a

that the slow assembling of HLA-B*5101 molecules resul rolggigalllydg:ross—reactivg group cglled dHLA—BS, 8835
from the low affinity of peptides to HLA-B*5101 mole- REG including HLA-B52, HLA-B53, and HLA-B7
(Tait et al. 1992). These HLA-B5, B35 CREG molecules

cules. > .
are also cross-recognized by some alloreactive T cells
(Matsumoto et al. 1990). HLA-B51 and B35 molecules
differ by five amino acids associated with HLA-Bw4/Bw6
public epitopes and eight amino acids in th& domain
(Hayashi et al. 1989; Ooba et al. 1989). Since the B- and
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Beheet's disease is strongly associated with HLA-B5&t al. 1992). Peptides were shown to be homogeneous by liquid
but not with HLA-B35 and B52 (Ohno et al. 1973, 197gsecondary ion mass spectrometry and reverse-phase high pressure
Baricordi et al. 1986), though the pathogenesis of thl?gu'd chromatography.
disease remains unknown. It is speculated that the presen-
tation of a particular peptide by HLA-B51 molecules t N,

T cells migh? initiate thF; gnset 031( Beébts disease. There—(ajelotlde binding assay by flow cytometry
fore, it is expected that analyses of HLA-B51 bindinghe binding of peptides to HLA-B51 molecules was tested as pre-

peptides might contribute to studies clarifying the pathgiously described (Kikuchi et al. 1996). Briefly, RMA-S-B*5101 cells
genesis of the disease. were cultured at 26C for 18—24 h. Cells (2x 105) in 50 pl of

. ...__.. phosphate buffered saline (PBS) supplemented with 20% FCS (PBS-
We have recently established the HLA-B51 stabilizatiofcsy were incubated at 2& for 3 h with 504l of a solution of

assay using the RMA-S-transfectant expressing HLAeptides at 16, 104, 10-5, 106, and 167 M and then at 37C for 3 h.
B*5101 molecules and have shown that P2 and P9 of @-this condition, protease activity of FCS was ruled out (Kikuchi et al.
mer peptides are the anchor residues and that the aﬁinity1§?6)- After washing with PBS-FCS, cellsX20%) were incubated for

~ . o : min on ice with an appropriate dilution of TP25.99 anti-HLA class |
9-mer peptides to HLA-B*5101 molecules is markedl 3 domain monoclonal antibody (mAb; D’Urso et al. 1991; Tanabe et

weaker than that of HLA-B*3501 binding peptides (Kikuz. 1992). After two washes with PBS-FCS, cells were incubated for
chi et al. 1996). In the present study, we attempted 30 min on ice with an appropriate dilution of fluorescein isothiocya-
improve the binding assay for HLA-B*5101 molecules imate-conjugated 1gG of sheep mouse-specific Ig antibodies (Silenus

L ; _aboratories, Hawthorn, Australia). Cells were then washed three
order to accurately evaluate the affinity of peptides to HLA; es with PBS-FCS and the fluorescence intensity was measured

p - il
B*5101 molecules. Furthermore, we investigated the binsing a FACScan, RMA-S-B*5101 cultured at 26 and at 37°C, and
ing of 8-mer to 11-mer peptides to HLA-B*5101 moleculestained with mAb TP25.99 under the same experimental conditions

by the stabilization assay modified for HLA-B*5101 mo-Wwere used as controls.

lecules.
Analysis of peptide binding to HLA-B*5101 molecules
Materials and methods Peptides at a concentration of-3M giving more than 25% of the
mean fluorescence intensity (M. F. I.) of RMA-S-B*5101 cells cultured
Cells at 26 °C were evaluated as binding peptides. The relative M. F. I. of

RMA-S-B*5101 cells was obtained by subtracting the M. F. I. value of
peptide-unloaded RMA-S-B*5101 cells stained with TP25.99 mAb
(%om the M. F. |. value of peptide loaded RMA-S-B*5101 cells stained
with TP25.99 mAb. The half-maximal binding level (Bd. which is
he peptide concentration yielding the half-maximal M. F. I. was
glculated. Binding peptides were classified according to theoBL
0 three categories: high binder (BL=10-4M), medium binder
(104 <BLso = 103 M) and low binder (Blso >10-3 M). High,
medium, low, and nonbinders were then given the ranks 3, 2, 1, and 0,
respectively. The mean binding rank (MBR) of these peptides was
calculated.

RMA-S cells expressing humafz-microglobulin @2 m; RMA-S-h

B2m) were cultured in RPMI 1640 medium supplemented with 10
fetal calf serum (FCS). RMA-S cells expressing HLA-B*510
(RMA-S-B*5101) were previously generated (Nakayama et a
1994). These cells were cultured in RPMI 1640 medium supplemenﬁ
with 10% FCS and 0.2 mg/ml hygromycin B.

Peptides

Sequences derived from human immunodeficiency virus type-1 (HIV-

1: Env, Gag, Pol, Nef, and Vif), and hepatitis C virus (HCV: C, E1, E2/

NS1, NS2, NS3, NS4, and NS5), were screened for Pro, Ala, and GlyNdnparametric two group unpaired t-test

P2, and Leu, lle, Val, Met, and Phe at the C-terminus of 8-mer to

11-mer peptides. The peptides were prepared using an automatbd mean binding rank of peptides carrying Pro and Ala at P2, or lle,
multiple peptide synthesizer, Shimadzu Model PSSM-8, with tHeeu, and Val at the C-terminus for each length was judged by-tbst
Fmoc strategy followed by cleavage as previously described (Nokihg&tatView 4.02; Abacus Concepts, Berkeley, CA). The test compares

Fig. 1LA—C Peptide binding to A B ‘ C
HLA-B*5101 molecules with .

different incubation times at
26 °C. Binding of three 9-mer 30r 30r 20 -
peptidesA FPISPIETV,

B LPPVVAKEI, and

C DARAYDTEV to HLA-
B*5101 molecules was tested
with 1 h (O),2h (@), or 3h (@)
incubation at 26°C. BLso of each
peptide is as follows:
EPISPIETV: 5.5¢<10-5 (1 h),
1.3x105 (2 h), 9.4x10-6 (3 h),
LPPVVAKEI: 1.4x10-4 (1 h),
2.9x104 (2 h), 1.9<105 (3 h),
DARAYDTEV: >10-3(1 h),
>10-3 (2 h), 2.1x10-4 (3 h) 0 L ' 0 J ; e s ‘

167 16°  16° gt 107 16° 10° 10" 107 16®° 10° 10
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Table 1 Effect of an amino acid at position 2 of 8-mer, 9-mer, 10-mer, and 11-mer peptides on their binding to HLA-B*5101 molecules

8-mer 9-mer 10-mer 11-mer Total
Amino acid N.B.P1/ N.B.P./ N.B.P./ N.B.P./ N.B.P./
at position 2 N.T.PZ MBR N.T.P. MBR N.T.P. MBR N.T.P. MBR N.T.P. MBR
P - - 21/78 (26.9%) 0.60 4/25 (16.0%) 0.32 5/32 (15.6%) 0.22 30/135 (22.2%) 0.46
A 7/44 (16.0%)® 0.34 6/21 (28.6%) 0.48 2/32 (6.3%) 0.06 3/28 (10.7%) 0.18 18/125 (14.4%) 0.27
G - - 2/43  (4.7%) 0.05 - - - - 2/43  (4.7%) 0.05
Total 7144 (16.0%) 0.34 29/142 (20.4%) 0.42 6/57 (10.5%) 0.12 8/60 (13.3%) 0.20 50/303 (16.5%) 0.32

*1 No. binding peptides
*2 Total No. of peptides
*3 Percentage of binding peptides

the ranks of peptides carrying anchor residues at P2 or the C-termiBi5101 stabilization assay. Twenty-nine of 142 9-mer

among 8-mer to 11-mer peptides.

Results

Enhancement of the peptide binding to HLA-B*5101
molecules with a long incubation time at 26

Our previous HLA class | stabilization assay for HLA

B*3501 and B*5101 molecules using RMA-S transfectan

expressing HLA-B*3501 and B*5101 molecules w
carried out under the following experimental conditi
(Takamiya et al. 1994; S¢hbach et al. 1995; Kikuchi et al.
1996): RMA-S transfectants cultured at 26 overnight

were incubated with peptides at 26 for 1 h and then at
37 °C for 3 h before the cells were stained with antibodi
These studies showed that the affinity of peptides to HL
B*5101 is markedly weaker than that to HLA-B*350

molecules (Kikuchi et al. 1996). If the association o
peptides with HLA-B*5101 molecules is dependent o
the incubation time, the stabilization of HLA-B*5101

molecules may be restored in a longer incubation time
26 °C. In order to clarify the relationship between th
stabilization of HLA-B*5101 molecules and the incubatio
time at 26°C, we tested the stabilization of HLA-B*510

e

peptides (20.4%) bound to HLA-B*5101 molecules
(Table 1). The frequency of binding peptides was almost
the same as that (18.4%) in a previous study (Kikuchi et al.
1996) using the 1 h incubation time at 26. In contrast,
MBR (0.42) of these peptides was much higher than that
(0.22) measured in the previous study using the 1 h incuba-
tion time at 26°C (Kikuchi et al. 1996). These results
indicate that the affinity of peptides was evaluated to be
higher, but the frequency of binding peptides to HLA-

B*5101 molecules was not increased in the stabilization
Tf';'f“ssay using the longer incubation time.

a5 The sequence analysis of eluted self-peptides from
ONS L A-B*3501 molecules revealed that HLA-B*3501 mole-

cules are able to bind 10-mer peptides carrying Tyr at the C-
terminus (Falk et al. 1993). Furthermore, a recent study

eptides carrying anchor residues effectively bind to HLA-
*3501 molecules. In contrast, the study of eluted self-
eptides from HLA-B*5101 molecules demonstrated that
HLA-B*5101 binding peptides are mainly 9-mer peptides
ﬂ:alk et al. 1995), suggesting that the binding of 10-mer and
11-mer peptides to HLA-B*5101 molecules is much
Wkaker than that of 9-mer peptides. In order to clarify the

gch“cnbach et al. 1996) has shown that 10-mer and 11-mer

Binding of longer peptides to HLA-B*5101 molecules, we

1@ested whether 10-mer and 11-mer peptides carrying anchor

molecules by three 9-mer peptides ina 1 h to 3 h incubati

residues can effectively bind to HLA-B*5101 molecules.

&t 57 10-mer peptides and 60 11-mer peptides carrying Pro

time. As shown in Figure 1, the stabilization of HLA-Or Ala at P2, and lle, Leu, Val, Met, or Phe at the

incubation compared with Bjg at 1 h incubation. On the

other hand, incubation for longer than 3 h marked|
decreased the viability of RMA-S-B*5101. Therefore, w

re-estimated the binding of peptides to HLA-B*5101 m

condition of 3 h incubation at 26C.

Effect of length of peptides on the peptide binding to
HLA-B*5101 molecules

¥ i i i I 0, 0,
tion time at 26°C. BLsgo was increased 6—10-fold at 3 hta,atermmus, six and eight peptides (10.5% and 13.3%)

bound to HLA-B*5101 molecules, respectively (Table 1).
The MBR of 10-mer and 11-mer peptides was 0.12 and
¥.20, respectively. These values were lower than those

0?_20.4% and 0.42) of 9-mer peptides.

lecules by the stabilization assay using the experimenta]

Furthermore, we tested the binding of 44 8-mer peptides
rrying Ala at P2 to HLA-B*5101 molecules and com-

pared it with that of longer peptides. Seven of 44 peptides
bound to HLA-B*5101 molecules (Table 1). The frequency
of binding peptides (16.0%) and the MBR of 8-mer pep-
tides (0.34) was higher than those of 10-mer (6.3% and
0.06) and 11-mer peptides carrying Ala at P2 (10.7% and
0.18), but lower than 9-mer peptides carrying Ala at P2

We tested the binding of 303 peptides (44 8-mer, 142 9-m&28.6% and 0.48). These results show that 8-mer peptides
57 10-mer, and 60 11-mer peptides) which carry Pro, Alearrying anchor residues can effectively bind to HLA-
or Gly at P2, and Leu, lle, Val, Met, or Phe at thé*5101 molecules though their affinity is slightly weaker
C-terminus to HLA-B*5101 molecules using the HLA-than that of 9-mer peptides.
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Fig. 3 Leu at P9 but no Phe at P10 of 10-mer peptide YPLTSLRSLF

Fig. 2A, B Binding of mutated peptides at anchor residues to HLAunctions as an anchor residue. Binding of the two peptides
B*5101 moleculesA Binding of mutated peptide LACRIKQIIQ) to  YPLTSLRSLF (O) and YPLTSLRSL @) to HLA-B*5101 molecules
HLA-B*5101 molecules was compared with that of LPCRIKQ@). Was examined at different peptide concentrations

B Binding of mutated peptides LPCRIKQIV{) and LPCRIKQIL

() to HLA-B*5101 molecules was compared with that of

LPCRIKQIl (@) Role of anchor residues at the C-terminus

The effect of five amino acids at P9 on the binding of 9-mer
Role of anchor residues at P2 peptides to HLA-B*5101 molecules was evaluated

(Table 2). lle at P9 is the most favored residue for binding
The binding frequency and MBR of 9-mer peptides carrye HLA-B*5101 molecules. This was observed in both 9-
ing Gly was much lower than that of peptides carrying Proer peptides carrying Pro and Ala at P2 (Table 3). Simi-
and Ala (Table 1), indicating that Gly at P2 is a wealarly, 9-mer peptides carrying Val at P9 effectively bound to
anchor residue, while Pro and Ala are strong anchbBiLA-B*5101 molecules. In contrast, the affinity of 9-mer
residues. Since Gly at P2 is a weak anchor residue fmptides carrying Leu or Met at P9 was weak. These
HLA-B*5101 molecules, we attempted to re-evaluate thindings were consistent with a previous study (Kikuchi
effect of the length of peptides on the peptide binding &t al. 1996) in which the binding of 9-mer peptides to HLA-
HLA-B*5101 molecules by 9-mer to 11-mer peptide8*5101 molecules was measured using the 1 h incubation
carrying Pro and Ala at P2. Statistical analysis showditne at 26°C. Furthermore, we investigated the role of
that the affinity of 10-mer and 11-mer peptides is signifithree aliphatic hydrophobic residues, lle, Val, and Leu, at
cantly weaker than that of 9-mer peptidés £0.05; data P9 using mutated 9-mer peptides of LPCRIKQII. The
not shown). substitution of Leu for lle at P9 significantly decreased

Analyses of the binding data of 9-mer to 11-mer pegheir binding to HLA-B*5101 molecules, while the sub-

tides showed that Pro at P2 is a stronger anchor residue tkttution of Val did not affect the binding to HLA-B*5101
Ala at P2 (Table 1). In order to confirm this, we generatemolecules (Fig. 2B). The results confirmed that lle and Val
mutated peptides of LPCRIKQII. The substitution of Alare stronger anchor residues for HLA-B*5101 than Leu at
for Pro at P2 significantly decreased their binding to HLAP9 of 9-mer peptides.
B*5101 molecules (Fig. 2A). Taken together, these results Similarly, 9-mer peptides, 10-mer, and 11-mer peptides
reveal that at P2, Pro is a stronger anchor residue than Adarrying lle at the C-terminus most effectively bound to

HLA-B*5101 molecules (Table 2). In particular, 10-mer

Table 2 Effect of an amino acid at the C-terminus of 8-mer, 9-mer, 10-mer, and 11-mer peptides on their binding to HLA-B*5101 molecules

8-mer 9-mer 10-mer 11-mer Total
Amino acid N.B.P1/ N.B.P./ N.B.P./ N.B.P./ N.B.P./
at C-terminus 3 N.T.PZ MBR N.T.P. MBR N.T.P. MBR N.T.P. MBR N.T.P. MBR

9/9 (33.3%)® 0.78 18/42 (42.8%) 0.90 3/19 (15.8%) 0.26 6/22 (27.3%) 0.36 30/92 (32.6%) 0.63

|
Vv 3/10 (30.0%) 0.50 6/35 (17.1%) 0.34 1/15(6.7%)  0.07 1/8 (12.5%) 0.13 11/68 (16.2%) 0.31
L 1/15 (6.9%) 0.20 4/32 (12.5%) 0.28 1/12 (8.3%)  0.25 1/16 (6.3%)  0.19 7/75 (9.3%) 0.24
M 0/3 (0%) 0 1/18 (5.6%) 0.11 0/2 (0%) 0 0/4 (0%) 0 1/27  (3.7%) 0.07
F 0/7 (0%) 0 0/15 (0%) O 1/9 (11.1%) 0.11 0/10 (0%) 0 1/41  (2.4%) 0.02
Total 7/44 (16.0%) 0.34 29/142 (20.4%) 0.42 6/57 (10.5%) 0.12 8/60 (13.3%) 0.20 50/303 (16.5%) 0.32

*1 No. binding peptides
*2 Total No. of peptides
*3 Percentage of binding peptides
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Table 3 Effect of amino acids at both position 2 and the C-terminus of 8-mer, 9-mer, 10-mer, and 11-mer peptides on their binding to HLA-
B*5101 molecules

8-mer 9-mer 10-mer 11-mer Total
Amino acid N.B.P1/ N.B.P./ N.B.P./ N.B.P./ N.B.P./
at position 2/ N.T.P.®2 MBR N.T.P. MBR N.T.P. MBR N.T.P. MBR N.T.P. MBR
C-terminus
P/ - - 12/18 (66.7%) 1.50 2/8 (25.0%) 0.50 4/8 (50.0%) 0.50 18/34 (52.9%) 1.06
PV - - 4/10 (40.0%) 0.80 — - - - 4/10 (40.0%) 0.80
P/L - - 4/32 (12.5%) 0.28 1/12 (8.3%) 0.25 1/16 (6.3%) 0.19 6/60 (10.0%) 0.25
P/M - - 1/9 (11.1%) 0.22 0/2 (0%) 0 0/4 (0%) 0 1/15 (6.7%) 0.13
P/IF - - 0/9  (0%) 0 1/3 (33.3%) 0.30 0/4 (0%) 0 1/16 (6.3%) 0.06
Al 3/9 (33.3%)® 0.78 4/8  (50.0%) 1.00 1/11 (9.1%) 0.09 2/14 (11.8%) 0.29 10/42 (23.8%) 0.57
AN 3/10 (30.0%) 0.50 2/7  (28.6%) 0.57 1/15 (6.7%) 0.08 1/8 (12.5%) 0.13 7/40 (17.5%) 0.28
AJL 1/15 (6.7%) 0.20 - - - - - - 1/15 (6.7%) 0.20
AM 0/3 (0%) 0 0/3  (0%) 0 - - - - 0/6  (0%) 0
AJF 0/7 (0%) 0 0/3  (0%) 0 0/6 (0%) 0 0/6 (0%) 0 0/22 (0%) 0
G/l - - 2/16 (12.5%) 0.13 - - - - 2/16 (12.5%) 0.13
GIV - - 0/18  (0%) 0 - - - - 0/18 (0%) 0
G/M - - 0/6  (0%) 0 - - - - 0/6  (0%) 0
G/F - - 0/3  (0%) 0 - - - - 0/3  (0%) 0
Total 7/44 (16.0%) 0.34 29/142 (20.4%) 0.42 6/57 (10.5%) 0.12 8/60 (13.3%) 0.20 50/303 (16.5%) 0.32

*1 No. binding peptides
*2 Total No. of peptides
*3 Percentage of binding peptides

Table 4 Binding of 8-mer to 11-mer peptides carrying Tyr at the CPrevious study of X-ray crystallography of HLA-A*0201
terminus to HLA-B*5101 molecules carrying 10-mer peptide MLLSVPLLLG which contains
the C-terminal anchor residue Leu at P9 showed that the
C-terminal residue Gly positions out the peptide binding

Peptide concentrationui)

Peptides 1000 333 100 333 10 1 site and Leu at P9 occupies the F-pocket (Collins et al.
LPCRIKQII 36.9* 296 188 123 59 09 1994). It is speculated that YPLTSLRSLF also binds to
YPYRLWHY 0 0 0 0 02 01 HLA-B*5101, with the C-terminal residue pointing out the
TPGPGIRY 0 0 08 0 0 10 peptide binding site. Another possibility is that nonanchor
LPIWARPDY 0 0 04 0 08 05 residues of this peptide contribute to the binding to HLA-
TPPLVKLWY 0 0 0 0 02 02 B*5101 molecul han the C inal h .
LPQAVMGSSY 0 0 0.3 0 0.9 0.6 . mo ecules more than the C-terminal anc O!’ resl-
VPLDEDFRKY 0 0 0 0 0 0 due. Similarly, only one (VPVKLKPGM) of 27 peptides
TPCTCGSSDLY 0 0 05 0 10 07 carrying Met at the C-terminus bound to HLA-B*5101
IPAETGQETAY 0 0 0 o o0 0 molecules (Table 3). These results strongly suggest that
* Relative M.F.l. = M.F.I. value of peptide loaded RMA-S-B*5101Phe at the C-terminus is not an anchor for HLA-B*5101,
cells — M.F.I. value of peptide unloaded RMA-S-B*5101 cells while Met at the C-terminus is a very weak anchor.

Tyr at the C-terminus is a strong anchor for HLA-
and 11-mer peptides carrying Pro at P2 and lle at tB#3501 molecules (Takamiya et al. 1994; Sobach et
C-terminus effectively bound to HLA-B*5101 moleculesal. 1995, 1996). On the other hand, it is assumed that Tyr is
(Table 3). Similarly, 8-mer peptides carrying lle and Val atot an anchor residue for HLA-B*5101 molecules because
the C-terminus could effectively bind to HLA-B*5101Tyr is not detected at the C-terminus of self-peptides eluted
molecules, while the affinity of 8-mer peptides carryinfrom HLA-B*5101 molecules. We examined whether Tyr
other residues was weak (Tables 2 and 3). Taken togetheithe C-terminus is an anchor for HLA-B*5101 molecules.
the results demonstrated that the aliphatic hydrophol#ds shown in Table 4, 8-mer to 11-mer peptides carrying Tyr
residues lle, Val, and Leu at the C-terminus of 8-mer &t the C-terminus did not bind to HLA-B*5101 molecules
11-mer peptides function as anchor residues for HLAthough these peptides are HLA-B*3501 binding peptides
B*5101 molecules. (Schimbach et al. 1995). These results indicate that the

Of 40 peptides carrying Phe at the C-terminus, only ofepocket of HLA-B*5101 molecules does not favor Tyr at
(YPLTSLRSLF) bound to HLA-B*5101 moleculesthe C-terminus of peptides.
(Table 2). Since the binding of 9-mer peptide YPLTSLRSL Statistical analysis showed that the binding of 10-mer
to HLA-B*5101 molecules is much stronger than that adind 11-mer peptides carrying lle at the C-terminus was
10-mer peptide YPLTSLRSLF (Fig. 3), it is suggestedignificantly lower than that of 9-mer peptides carrying lle
that Leu at P9 has a positive effect on the peptide bin(R <0.005), while there is no significant difference in the
ing to HLA-B*5101 molecules while Phe at P10 ofbinding between 8-mer and 9-mer peptides carrying lle at
YPLTSLRSLF has a negative effect on the peptide bindinthe C-terminus, and between 9-mer and shorter or longer
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peptides carrying Val or Leu at the C-terminus (data n&t no amino acid substitution at the residues forming the
shown). Thus, HLA-B*5101 molecules favor most 8-meB-pocket between HLA-B*3501 and HLA-B*5101, it is
and 9-mer peptides carrying lle at the C-terminus. suspected that both HLA class | molecules have the same
B-pocket and favor the same anchor residues at P2.

At the C.-terminus, aromatic hydrophobic residues Tyr
an Phe were stronger anchor residues for HLA-B*3501 than
Discussion aliphatic hydrophobic residues (Falk et al. 1993; Sdtach

et al. 1995), while only aliphatic hydrophobic residues are
A previous study demonstrated that HLA-B51 moleculegirong anchors for HLA-B*5101. These results imply that
assemble very slowly while the assembling of HLA-B3%he F-pocket of HLA-B*5101 molecules is relatively shal-
molecules is rapid (Hill et al. 1993). Although the moleclow, while HLA-B*3501 has a deep F-pocket. In the
ular mechanism of fast and slow assembling remaingsidues forming the F-pocket, only one substitution is
unknown, it is speculated that the affinity of peptides tobserved at residue 116 between HLA-B*3501 and HLA-
HLA class | molecules in the ER is related to the speed B#5101 (Ooba et al. 1989). Ser in HLA-B*3501 is sub-
assembling. Namely, the weak binding of peptides to HLtituted to Tyr in HLA-B*5101. These findings strongly
B51 molecules results in slow assembling, while the fasuggest that a shallow F-pocket of HLA-B*5101 is gener-
assembling of HLA-B35 molecules results from the highted by the substitution of Tyr for Ser.
affinity of peptides to B35 molecules in the ER. In a Our new recent studies showed that 10-mer and 11-mer
previous study using the HLA-B35 stabilization assageptides bind to HLA-B*3501 molecules as effectively as
with RMA-S-B*3501 cells (Schobach et al. 1995), a9-mer peptides (Scimbach et al. 1996). In contrast, the
10-fold higher threshold was employed for the classificaffinity of 10-mer and 11-mer peptides to HLA-B*5101
tion of HLA-B*3501 binding peptides and, moreover, anolecules was significantly lower than that of 9-mer pep-
short incubation time (1 h) at 28C was used. Therefore,tides. Previous analyses of self-peptides bound to HLA-
the MBR for HLA-B*3501 was calculated to be about 5@*3501 and B*5101 molecules demonstrated that Tyr was
times lower than that for HLA-B*5101 in the present studybserved at P10 of B*3501 binding self-peptides, while no
The MBR of 9-mer peptides for HLA-B*3501 is 1.42signal was detected at P10 of B*5101 binding self-peptides,
(Schimbach et al. 1995), while that for HLA-B*5101 issuggesting that HLA-B*3501 is able to bind effectively
0.42. This means that the affinity of HLA-B*5101 bindingpeptides longer than 9-mer, while HLA-B*5101 molecules
peptides is about 500 times lower than that of HLA-B*350favor 9-mer peptides. The present study supported this idea.
molecules. However, further studies to investigate thHéhese studies together suggest that the shallow F-pocket of
relationship between the affinity of peptides and thgLA-B*5101 molecules favors aliphatic hydrophobic re-
speed of assembling of other HLA class | molecules majdues at the C-terminus rather than aromatic hydrophobic
be necessary to determine whether the affinity of peptidegsidues, while HLA-B*3501 carrying a deep F-pocket
to HLA class | molecules in the ER determines theelects aromatic hydrophobic residues at the C-terminus.
assembling speed of HLA class | molecules. The strong binding of the C-terminus of peptides into the F-

Previous studies (Falk et al. 1993, 1995) of the sequenscket of HLA-B*3501 molecules may permit longer
ing of self-peptides eluted from HLA-B*3501 and B*5101peptides to bind in a form that bulges out. A decrease of
molecules have shown that the small residues, Pro, Ala, dhd affinity of longer peptides to HLA-B*5101 may result
Gly are predominantly observed at P2 of self-peptidé®om weaker binding of the C-terminus of peptides into the
bound to B*5101 molecules, while only Pro is predomiF-pocket of HLA-B*5101 molecules.
nantly found at P2 of self-peptides bound to HLA-B*3501 Since the affinity of peptides to HLA-B51 molecules is
molecules, and Ala is weakly detected at P2. These studiesy weak and the assembling of HLA-B51 molecules is
suggested that Pro, Ala, and Gly at P2 are strong anclery slow, it is hypothesized that HLA-B51 molecules
residues for HLA-B*5101, while Pro at P2 is a strongerarely present various antigens to T cells. In fact, there is
anchor than Ala for HLA-B*3501. In the present study wenly one report of CTL epitopes presented by HLA-B51
revealed that 22.2% of 135 peptides carrying Pro at P®lecules (Koziel et al. 1993). However, this may result
bound to HLA-B*5101 molecules, while only 14.4% of 125rom the fact that HLA-B51-restricted CTL epitopes have
peptides carrying Ala at P2 and 4.7% of 43 peptide®t been intensively studied. Further attempts to identify
carrying Gly at P2 were HLA-B*5101 binding peptidesand characterize HLA-B51-restricted CTL epitopes should
Similarly, our recent study has shown that 60.6% of 24g very important in determining the role of slow and fast
9-mer to 11-mer peptides carrying Pro at P2 and 27.5% agsembling of HLA class | molecules in antigen presenta-
69 peptides of 9-mer to 11-mer carrying Ala at P2 weitgon.
evaluated as HLA-B*3501 binding peptides (Sobach et
al. 1996). Thus, the peptide binding assay showed that Riknowledgments We thank Dr. Soldano Ferrone for kindly pro-
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