
!"

!#

$

#

"

%
&
'
(
)
*
+
,
'
-
!
#

!" !# $ # "

%&'()*+,'-!.

."$%/

.0$%/

1$2%/

1$3%/

#$$%/
#.2%/

4%&'()*+,'-
4
4,-+)&!56/,-4+&6-/,+,'-

1P094 

!"#$%&'()* 

Photoactive Yellow Protein+,-./(01*23456 

789: ; 1<=>: ? 2<@A: BC 2: DE: FG 1,2 

(HIJKBLMNOPQR 1<STBLMUV 2W 

XYZ 

: PYP(photoactive yellow protein)[ Ectothiorhodospira halophila+\]^_`ab+c

db_efghij*kl_mn"-!NRo+ trans-cis cpb/qrPs%tuvfgh

w,-./u<xyz+{|}q~%��~�R(��1*�t()���l�1*k��

l�(���,-./+�����q&C1*�t[<�+��(��*B��O%N+�

t]ij*k 

: fgh+,-./[���+��<��<�� ¡¢£¤Ww¥¦§§¨�24([©C

i�*[ªij*w<«2/¬4®q¥*([¯°±�²%$³wB�´�µ(¶·q¸

°�¹wº´kfgh+,-./q»¼1*½(´¾(¿À³qÁÂ1*¾t´°�t[B

��ÃÄij�<ÅÆÇÆ�ÈÉ+ÊËMÌÍ+ÎÏwÐÑ¦§vÒ�kÓÔ[ÕÖ<��

×�¬ØÙ()*²%$(Úuv<ÛÜ4!"#$%&'[1]qÝ¤u<QÞßoàáâãR

+Þ!ä#åæç!�è|Mé|êëi+,-./q&'u<ìO�~�RíîRï%+

Basin |ðñ+òót<ô+ðñ(��*QÞßoàáâãRi+ìO�~�RíîRï%

+õ�t�()*,-./+&öqÐÑ�k 

X÷ÏZ 

: øù,-[ PDBID:2PYP q¤´�k��×�¬~Þúâ%~û�(¤´���[

Amber03<�)ül_mij*!NRoýþ+ÿ �!q Gaussian03()*³��¬ØÙ

(B3LYP/6-31+G(d,p))()"v#óu<ô§¾¦$´���q%¤u�kTIP3P &}'²R

8��qfghýþ( 11131()*u<300K(v NVTQ�+�,Ri��×�¬~Þúâ

%~û�q-"�kr%$R+"�$.�[ 5 nsij*k 

: ¥¦§�r"/0!rP²%$[ C1��(]´v2��&'(PCA)q-´<34M35

2��6+r"/0!rP+7ä/0!~û

�qØÙ1*�t()�<589Nç7q¥�k

�+589Nç79+:[<j*è;i+fg

h,-+<=:ij�<5:|+>?[<34

t35+'%@()*AB,-|+ deviation

q®1*kÓÔ[<500 ps+r"/0!rP

¾¦�*589Nç79+ 20000 :(Úuv

ÛÜ4!"#$&'q-´<C+!"#$â

ãR(��*!"#��q-"�kÆ�<¥¦

§�,-./+ìO�~�RqDE1*�µ(<

fg h(FÆ§*�QÞßoàá|+ìO�~ 

G 1Hfgh PCA+34M352��()*r"/0 

!rP+ABt 12+!"#$�)üðñ: 



�RíîRï%(I 8000 JQ)q 10000 flameshot iØÙu<ô§+¿pK�&(Singular 

Value Decomposition :SVD[2])q-"�k 

XLMtDEZ 

: G 1(r"/0!rP²%$+ PCA()*5897ä/0!~û�Nç7qN1kOP[

G+QR¾¦#$%ru<SRiTU"v´*kOP9+�:q!"#$%&'¾¦(VW4

()12+êë(��<_X(N1kêë|+ðñ[ 481Öj�<gY�Z[i=Nu�k 

            G\HfghQÞßoàá|+ìO�~�R SVD()*]^�� U#J!rRk 

                  S)U1<Q)U7k_`[a+<^`[b+ìO�~�RqN1k 

cêëqìO�~�R+ Basinij*tdó1*t<,-./+ef[g�\ Basin|+

ðñqh�iu]]j-1*�twU¾*kBasin|ðñ+k�+è|lmq<Amber��

)�X(ØÙu�fgh+ìO�~�RíîRï%./tno1*t<ìO�~�R./t

ðñ+k�+j´p([q´¡0wj"�k 

4÷<fgh+QÞßoàá|+ìO�~�R./+ SVD¾¦[<no4,ä%@�¿p

K+�!w¥¦§�w<fgh�}+ìO�~�RíîRï%./+r�q-°t<I 101

(s�+��¾¦�*`tL¹i¿Àqeuu�kSVD(��*QÞßoàá|ìO�~�

RíîRï%�!+]^��ij* U#J!rRqv±*t<�¾p¾x(+QÞßoàá

+0ww@Þx�rij�<¾]c��(�´v¿À4(y"�7äz{.RqNu�(G\)k

�+�t¾¦<|�}t\x~æå�+è|�%�%(��*fg+ìO�~�R+./[<

10 (s�+”]^u�ìO�~�R./+n$%�”+�Ñ¹U�()"v~xP�/i�*

tD�¦§*k 

��i[�§¦+!"#��Å§��,-q¤´<,-./(�´v�}4(�+QÞß

oàáwíîRï%4(0wuv´*¾qFµv<fgh+�.xÞ!#q�31*k 

 

[�D��] 

1. R.Dubes and A.K.Jain, Pattern Recognition, 11, 235-254 (1979) 

2. G.H.Golub and C.Reinsch., Numer.Math, 14, 403-420(1970) 


