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研究成果の概要（和文）：本申請課題において、HLA分子（HLA-DP5, HLA-DR53, HLA-DR4）に結合する抗原ペプチドと
の複合体について、タンパク質の試料調製、結晶化を実施した。HLA-DP5に関しては、スギ花粉由来の抗原ペプチド（p
Cry j 1）との複合体の結晶構造の決定に成功した。この立体構造情報に基づいて、pCry j 1結合部位に対する阻害剤
を設計した。最終的に、10個の化合物を結合親和性に対する評価試験の候補とした。さらに、HLA-DP5が隣接領域を含
むpCry j 1を認識した結晶構造の決定にも成功した。

研究成果の概要（英文）：In this project, we performed the protein expression, purification, and 
crystallization of HLA molecules, HLA-DP5, HLA-DR53, and HLA-DR4, bound to their antigenic peptide. 
Thereby, we successfully determined the crystal structure of HLA-DP5 in complex with Cryptomeria japonica 
1 peptide (pCry j 1), derived from Japanese cedar pollen. Based on this structural information, we 
designed ten compounds to inhibit pCry j 1 binding to HLA-DP5, as evaluation test candidates for the 
peptide-binding affinity. Furthermore, we determined the crystal structure of HLA-DP5 in complex with 
pCry j 1, including the flanking region.

研究分野： 構造生物化学
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ȼȻƳƻȢćīÐRǗŝ 
� � R MHC (Major Histocompatibility 
Complex, §ǱǋǏȕìȗ¶Ĉǰì¹) M5
a HLA S-Ɲ¹ȥĲRŠÔǎMăŴPƧã
¹ƟũR����eǍìA-ŅãƕƣƬÇƥ
ķǀeÒĲAL6a.?bXMQ-Œƫ¼R
HLA ÎĈRǍŞųȎ;ýð@bL6a;-
WNfO;ǉǥ]kj�zƟũRŅãNR
ǰì¹ųȎM5IH.XH-HLA ÎĈN0ǝ
Ğ}��rȅƟũ����1NRǍì;ǝĞ
ÇƥƦĺeƩƨ@EaéǚĹ;Ƶô@bL
6a;-HLA ;ǍìAL6a����RǵŚ
QSǞIL6P6.čȨ-ǃø NIH R HLA
Ǎì����� }� zȸIEDBȹMS-Ř
ťQƩƨCaǝĞÇƥĹƠƖǜƎ]zq
ǡǄƨQȤ¥Ca HLA-DP5 NưȤCa 4 ƺ
ȰRŅã����;Ʋ_baRYM-Řť
HLA NƦĺNȤ¿Ca� };¤ȇAL6
a.HLA NƧľNRȤ¿eŚ_:QA-HLA 
eŵƬNAHÇƥÒĲÎĈRíČeǫ7H
[QS-HLA 9^TǝĞ/ȬǝĞ}��rȅ
Ɵũ����NRǰì¹RƼ¹ųȎRƁČ
Sź:EP6.ı_bHųȎĻýQüK<-
ŵƬÎĈRŹǚeÒĲCa¸ÎĈÞìƔe in 
silico screening Q^`ŌČA-ÎĈØǧUî
>HĻýüƭRųǂQȄCaĶǱ;5a. 
 
ȽȻƳƻRƮƬ 
ȸ1ȹHLA RǉǙƝƔĊƬŹǚeǵŚCa¢
M-Ƽ¹ųȎRƁČP_TQǍì����R
íČNǍì�� �RƁČ;üƭNALŠ
ȜǱM5a.ŘťȪöQȶȯĦMĉùA-
XHƦĺNưȤCa-HLA-DR53, DP5, DR4, 
B52, B54 QǍìAH����NRǰì¹ų
ȎeŚ_:QCa. 
 
ȸ2ȹHLA ÎĈNǍì����NRƼ¹ųȎ
ĻýQüK6L-����ǍìȘ·QǍìC
aȦďÕeǸǶCa.ǸǶCaȦďÕRƺȰ
NALS-ÎĈȞ 500 ±£ƹĦR¸ÎĈÞì
ƔR®-10 ŽüƹĦR����eēȂNCa. 
 
ȾȻƳƻRŖƂ 
ȸ1ȹǍŞÞQ½Ca}��rȅǻŔRǿǯ
QS-ĄǛǥ-Țž-řǨǉǙ-ó©ÝƔǉ
ǙƿRƝǉǙìŀǆ-P_TQ-ĄǛǥ-Ė
ȷǘǢ-řǨǉǙ-��ǉǙƿQƟũCaƑ
ǉǙ}��rȅìŀǆ:_-ēȂNPa HLA
ÎĈQŠȕPǆeȖŇA-ĄȞìŀ�ǅǯe
ǫIH.DLS-MALDI-Ɠ���gj��s-
ÎūȆȔĵPOQ^`}��rȅRĹƖÎ
ūeǫ6-ǍŞÞUNȐ[H.���h |
ƇÛ-ĳĖȜÙƜĀ-� w ƒĔeSB[
NCaǍŞÞÀȐŃƂRÑƞ]-ǍŞÞãƛ
RƣPa 4 ƺȰRǝÝÞ����eȳ»A-
ŒáRŨ³Q96LǍŞÞeǫIH.ı_b
HǍŞe SPring-8 ƿRĄúŐĔÆŗǸƿQ
96L X ǎƒĔeǫ6-ųȎǵūeǫIH.
ı_bHǍŞ;ĳĖP\RM5aþìQ\-
�jr��n oz� �ƿeƞ6LåĔ

eıL-ǵūeǫIH. 
 
ȸ2ȹj�x�uzr� ��sQJ6LS-
��p�sNÎĈÝÙĊǶǁeǋYìdE
HŃƂMčŗAH.XD-HLA-DP5 ÄRųȎ
RǝƟĦeǕĿCaH[Q-ÎĈÝÙĊǶǁ
eǫ6-ųȎRh�v���eºŀAH.ı
_bHh�v���eƞ6L-��p�sR
Ũ³ŰǷeǫIH.Š\ǠĆPŨ³eƞ6L-
Ū¬ĄĊRÞìƔ�j��� e��p�
s@E-��p�szuhR¢·eȖČAH.
����RǸǶQȤALS-Cry j 1 ƟũR 13
h��țŽü:_Pa����QJ6L-1
Ⱥ4 ÂRĂƣe´ĽR·ǑQ:>H²ļ��
���j��� eºŀAH.?b_R��
��QJ6L-pCry j 1 R·ǑQüK6LÐ
ţųȎeºŀA-ÎĈÝÙĊǶǁeǫIH.
ı_bH��ylr�� ȸųȎRŜǆÏ�
 }ȹRǍìm��q e MM-PBSA ƂQ^
ILzuh��sA-zuh¢·R����
eȖČAH.¸ÎĈÞìƔƿRŠȕÞRH[
QS-(1)HLA NRǰì¹RųȎǵū-(2)¸
ÎĈÞìƔƿRǸǶRz���eǐ`ȋA-
Ȑ[H. 
 
ȿȻƳƻŀŬ 
ȸ1ȹzqǡǄƨNưȤCa HLA-DP5 Nzq
ǡǄŅã����ȸ pCry j 1 ȹ9^T
HLA-DR53 N pCry j 2-XH-s� �zƧ
NưȤCa HLA-DP5 NƠƖǜÓƍ����
èĐ¹����ȸpTSHRȹ-@_Q-ŸťƧ
NưȤCa HLA-DR53 N pTSHR QȤAL-
ǍŞÞzr� ��sQ½Ca?N;éǚ
PȞRǅǯǻŔeıa?NQŀÚAH.ı_
bHǿǯǻŔeƞ6L-ƺ/RŨ³MǍŞÞ
eȐ[HN?c-HLA-DP5•pCry j 1 ǰì¹M
SâǍŞ;-HLA-DR53•pCry j 2 ǰì¹N
HLA-DP5•pTSHR ǰì¹MSĳĖǍŞ;-ı
_bH. 
 
ȸ2ȹHLA-DP5 NȬǝĞM5a Cry j 1 ƟũR
9 ŽüRŅã����NRǰì¹ǍŞQȤA
L-ĄúŐĔÆŗǸQL X ǎõņčȴeǫ6-
2.4 Å ÎǵǚRõņ� }eçıAH.
HLA-DP2ȸPDB:3LQZȹeŊǈųȎNALÎ
ĈǑŎƂQ^a·ưƁČİ-ÎĈ���Rǅ
đÞeǌL-ŠǊųȎeıa?NQŀÚAH
ȸ÷ȼĜȹ. 
 
 
 
 
 
 
 
 
 
 
 

÷ 1.  HLA-DP5•pCry j 1ǰì¹RǍŞųȎ 
 



pCry j 1ȸ9-merȹS-HLA-DP5 RαȠNβȠ:
_ųŀ@baŅãǍì�t��QæĐ@b
ȸ÷ 1 êȹ-10 ǋRƀǇǍìNƤƀƬPư«
ºƞQ^`ǽȁ@bL6Hȸ÷ 2 ¢ȹ.¡Ŗ-
ǝĞŅãeǍìAH HLA-DP2 MSŅã��
��NRȣQƀǇǍìe 1 ǋA:ĬŀED-
żO;ƤƀƬPư«ºƞQ^a\RM5`-
ǽȁŹĤRȓ6;ŚƪM5IHȸ÷ 2 £ȹ. 
 
 
 
 
 
 
 
 
 
 
 
 
÷ 2.  HLA-DP5 N HLA-DP2 RŅãǽȁŹĤ 
 
?RŴP pCry j 1ȸ9-merȹǽȁRųȎƬƕĴ
eȈX8-ĂƣǵūčȴeǫIH.HLA-DP5 
βȠR N ŤƽQ pCry j 1ȸ9-merȹeǩìA-
HLA-DP5 αȠNÊQƑǉǙ}��rȅìŀ
ǆMÊƩƚ@E-pCry j 1ȸ9-merȹURĂƣ
ĕÈ¹NȝƝúQJ6LƩƚȞRĝƣe�
�~k�ƂQLſȉAHȸ÷ 3ȹ.ĂƣRƺȰ
QȤALS-ı_bHčųȎRư«ºƞĻý
QüK6L-ư«ºƞQĭȭe¥8aĂƣ
ȸKp1E, Np7Q, Fp9Aȹ-ư«ºƞQĭȭe¥
8P6ĂƣȸTp3Y, Qp8EȹeFbGbƁČA
Hȸ÷ 3ȹ.ǵūRǍŬ-ÉLRĂƣ¹MªƊ
NǍŬ;¡ǟAL6HH[-ƁČAHǰì¹
ųȎSƌƆ¦MRƼ¹ųȎeåśAL6a
NǍȀ¯>H. 
 
 
 
 
 
 
 
 
 

÷ 3.  pCry j 1 QēCaĂƣ¹ǵū 
 
@_Q-ųȎĊƬ9^TȐÞĊƬPŃƂeǋ
YìdELǕĒAHǍŬ-HLA-DP5 SțĹR
P1 �t��ȸacidic pocketȹeȐÞRȑƹQ
96LƘıA-HLA-DP5 NưȤCazqǡǄ
Ņã����QïXbaÿüĹRÄȠ
ȸLys/Argȹ;-ȶȯĦM?R�t��Q¿ơ
@baƏeǲÍAHȸ÷ 4ȹ.XH-DP5 Rư
í¹M5a DP2 Q\țĹR P4 �t��
ȸacidic pocketȹ;ĉùA-ưȤCaŅã��
��RÿüĹÄȠeȶȯĦM¿ơM<aƏ
eǲÍAHȸ÷ 4ȹ.@_Q-HLA-DP SȐÞ
RȑƹM DP5 N DP2 RĬȅeFbGbÁŢ

Ca 2 JRs� �QÎęAHƐ-țĹ�t
��NÿüĹÄȠRȣQǲ_baăŴÞS-
ăƺăŴPŅã����eèĐCaH[Q
țĹ�t��NÿüĹÄȠQȤCaăŴĹ
eƘıAH?NeǍȀ¯>H.?RƕĴƬP
ųȎüƭQüK<-̂ `ƴĦRȶ6 HLA-DP5
QēCazqǡǄƨŅãRǍìȦďÕeŊ
ǈA-zqǡǄƨRÜŬƬPªȥ�ÒĲRH
[RǧÕ;ǸǶ@ba?N;ţį@ba. 
 
 
 
 
 
 
 
÷ 4.  HLA-DP Q9>ațĹ�t��RĮ× 
 
ȸ3ȹŪĄÞìƔ�j��� :_��p�
szuhNr�z}��sQ^IL-¸ÎĈ
ÞìƔ 41 ÂeȖT-ǍìǴñĹǺ¾ǻȴR
ÃǮNALōŮAH.XH-Cry j 1 ƟũR²
ļ�����j��� :_S-��ylr
�� ¦M§Ǳ:Jm��q ƬQċČP
ųȎǓR MM-PBSA zuhQüK6L 10 Â
eìŀ�Ǻ¾ÃǮNALōŮAH. 
 
ȸ4ȹXH-HLA-DP5 N N ŤƽÄRȩŋȮû
eïZ Cry j 1 ƟũR 13 ŽüRŅã����
NRǰì¹ǍŞQȤAL-ĄúŐĔÆŗǸQ
L X ǎõņčȴeǫ6-3.4 Å ÎǵǚRõņ
� }eçıAH.HLA-DP5•pCry j 1ȸ9-merȹ
ǰì¹eŊǈųȎNALÎĈǑŎƂQ^a
·ưƁČİ-ÎĈ���RǅđÞeǌL-Š
ǊųȎeıa?NQŀÚAH.æĐƋÌQ9
>a pCry j 1ȸ13-merȹRǽȁŹųS-¢Ȍȸ2ȹ
RȩŋȮûeïXP6 pCry j 1ȸ9-merȹNR
ǍŞųȎNíBM5IH.¡Ŗ-pCry j 1
ȸ13-merȹMS-ǍŞ¦Q9>a 2 ŻÅƬP
ÎĈµì¹;-ȩŋȮûeïZ pCry j 1 Q^
a0ơ[ȟ1ºƞQ^`Ĭŀ@baN67ȵ
=V<ȓ6eǲÍAH.?Rµì¹RƝƛƬ
PĽǔeŰǹCaH[-HLA-DP5 ȧĹRzq
ǡǄƨĺǖŤůǪ:_ȩŋȮûeïZ pCry j 
1ȸ13-merȹeŉŧCa T ǉǙr� �eŷ
ƼA-T ǉǙƃĹÞčȴečŗAH.ȩŋȮ
û;ïXbaþìQS TǉǙƃĹ;ǦA=ā
ĪA-ïXbP6þìSƉĩAH.XH-µ
ì¹¦Q96L-HLA-DP5 NRư«ºƞQƯ
ŋȤ¥CaȩŋȮûQēALåƩĂƣeĕ
ÈAHN?c-ǦA=ƉĩAH.±¢^`-
ȩŋȮûeÑƞALųŀ@baµì¹Ĭŀ
S-É=ŕǳRŲĸM5`-:J-ŹǚƬQ
\ű[LȜǱM5a?N;Ƶ@bH. 
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