00000 (PCA: Principal Component Analysis)

gd oo

20240 30 70

00000 [1]0,000000000D000000D00O00000O0D0O00O0UO0UODOUDOUODOD.
000o000O0O0o0O000O0O00,00000000000DDO0O0ODODOO0O [2,3,4. 00,0000000
oobooooooooobOooobooOoOoooOOoOoOobOOoOoOobooOoon.

1 O00O0Oooood

0000000, 0000 QULUODDODUD0OO0ODU0ODOUODOODU0ODUOODUDO (=Obo0OOD)
E={w}0000000000.000000000000000000 A'0000

E=A'Q M

Oo000.00000000,k00000000000000D00 Q, E,000000O0C0.O00O0OCDOO
oooooooo,

APA = AA* =1 (2)

00000. 000100000000, 0000000, 00000000000000D00000000O0O
gbobobooooobo.bobooooo

= Tr[A'SA] (3)

oooooo. ooo0,00000000000000D0O0D0000w,00000. 00,¥X¥0000000
0000.00,0000000000 xx=Tr(xx")00000000000. A*tA0000000,0 (3)
000000 A0JOOOoOooooooO:

J(A) = Tr[A'SA] - [(A*A —1)3)] (4)



000,Xx00000000. Adgdogoog

9J(A)
oA

000, (nm)00 X,n000000YOO00O

—25A -2AX =0 (5)

8 t _ t
S IHXYX) = (Y +YOX (6)

gooo. oo,
TA = AX
A'SA =X (7)

000,A'0X00000000000.

2 J0OO0bOobobooboooooo

NOOOODOOOoOOoOOoOoDOo. 0oooooooooo »,y,20,0000000000 qOOOODOOO
0.0000o00o0oooooo0, 00000000 UooD C,U00DU0DUoUOooDooDDODOO
00. 00000000 (0000000000000 0000O0)000000D0. D00O0ODOooOOoOO
0000, KOOOODOoOooooOo.0000oo0,0000000000000000000,000000
ooo0oooOo0.oo0o0ooo0o0oo0,00o000ooDo00L0oD,3NxKOO

Q = {Qir} = {Vmi (gir — (@)} (8)

000.000, () 000 q00000000. () 000000000000: 0000 ¢, 000
0.000,q, 0000 KODOOOOOOO bestit00000000000. 00000000000
0000000000 best it 0000000000. 0000000000 O0O0O0O0O0O0O0O0O00O0O. O
000000000000000000000000000.

0000000,0000 QOOOD0DO0O0O00O0O0O0O00000O0O000000O0 (=00000)
»={0,} 0000000000.000000000000000000 P*OOOO

T =P'Q 9)
0000.000,0000000 ROOOO:

R=(Q'Q)
= {ymam; (g — (@) (g — (2;))) }
= {mam; (@inar) — (@) (a;)) } -

0000D000000000000. 000000000 w000000000000,000
K
(@) =D wegik

k=1
K
(@) =Y wi(qixase)
k=1

*lJpooo00000000,0000000000.000,0000 q;000000.



ggbodb. bbb weobooboooobooobo.

00000000000000000 P'0,000000000000 RO0O0O0O0OODOO (0DO00O)00O
oooo.

RP = PA (10)

000 ADODOOOOOO0. 0000 MN(e=1,2,---,3N)0000000,0000000000000:
)\a:<02k>.DDDDDDDDDDD best it00 000000000000 UOOOOOOOO,600000
000o0o00.00POODOO,0000000 ROODODOOOO uw,000O:

P:[ul U --- U3N]. (11)

ooobboduw,0ad0000000000DO. O00,00000000O0C00000000O0CO0. 00O,
00000 PP'=P'P=10000.0000 QO000000D000000000O0,00000000
ooobooooooono.

00000 2={o}00000,Q00000000000000:
Y = {ou}=P'Q. (12)

{0} 0 a00000000 (k=1,2,---,K)00 « 000000000 04(t)000,00000000
oooooo:

B 1 2 3N
R T T
oalte)=| © g . (13)
by uly e ulyY) | L @an(le)
u{V Q1 () + ulP Qalty) + - uPN Qs (tr)
| Qi)+ uf Qo) + - uS™ Qaw (1) (14)
| S Qi) + uS Qa(tr) + - ulay Qan (1)
MNDou O kOOODDOODOOD0ODODOO0OOOODODOOO:
3N
Aa = <U§k> = vak@gk) (15)
=1
oo, 000d0bo0obog ebonoO
Ao
[ 16
SAEDY 1
Oo0o0ooooooooo.
YOoooooooo )F%DDD[IDEID
Ul=)\"3%=\"3P'Q (17)
DIZIDI],UtU:IIZIDD. Kx3NOO QtDDDDDD
Q' = UA*P! (18)

0000000 P*O0O0OO0OOOOO.



000000000000 00000000000000,000000000000000000000
0.000,000\000000w,0,0000000 [2,3,4]:
kgT
~ (19)

a

Ao =
w

3 PCAODOO
ooooooooo,PCAOO00OO0OODOOOOUOOOOOO. ODOODDOOO,00000000000
opoobooboooooog.
31 PCAOOOOODOOODO1
00000000 {x;}0000:

x1 =(1,2), x2=1(2,4), x3=(3,6) (20)
0000,00000000000000000000000000 {x}}

xp=(-1,-2), x3=(0,0), x3=(1,2) (21)

00000000000000000000,0000000 {x;}000000.*2 00000000,

<$2> _ <x>2 (zy) — (z)(y)] 1+§+9 _ (1+§+3)2 2+93+18 . <1+§+3) (2+4+6)
o)~ @) (0F) — @)F | T |eenas’_ (1aden) (ese)  hmeeas (2fase)]
 [0.666... 1.333...
o {1.333 ... 2.666...

gogbodb.obooboobbooboobbobobooobo

A =3333..., u;=(0450.89)" (22)
A2 =0.000..., up=(-0.89,0.45)" (23)

gob.oob,bboobbooobobooobo.0obooobboobbboobboooboboog, o
0000000000 {x;}0o000ooooooon, 00000000 yOOoO.

045 0.89] [-1 0 1

y_[o.sg 0.45] [2 0 2} (24)
—223 0 223

_[ v o} (25)

32 PCAOOODOOOODOO 2

00000000 {x}0000:

*20p00,00000000000 {x}}000000,00000000 (2)0 (y))00000000,0000000.



00,000000000 xwe=(3,3)000.0000000000000000O00OO0OOOODOOO
{xj} D

x; = (=2,-2), =(0,0), x5=(2,2),

= (1’ _1)7

!
X9
/
X5

<x2> _ <x>2 <xy> _ (a:}(y) 4404+4+1+1  4+4+0+4—1-—1
< 2 >2 } = [4+0+2§—1—1 4+0+§+1+1}

2 12
T 12 2
00000000000000000000000
A =32 u;=(0.71,0.71)" (26)
A2 =08 uy=(-0.71,0.71)" (27)

gob.ooobo,bboobbooobbooobo. bbb bbboobboboobboOg, 0
0000000000 {x,}00000o0o0o0oo0on,00000000 yOOO.

0.71 071][-2 0 2 -1 1
y:[0.71 0.71} [2 02 1 1] (28)
284 0 284 0 0
Sl o 0 0 142 -142

gooo

[1] Martin Karplus and Joseph N. Kushick. Method for Estimating the Configurational Entropy of
Macromolecules. Macromolecules, Vol. 14, No. 2, pp. 325-332, 1981.

[2] Akio Kitao, Fumio Hirata, Nobuhiro G&, and Nobuhiro Go. The effects of solvent on the conformation
and the collective motions of protein: Normal mode analysis and molecular dynamics simulations of
melittin in water and in vacuum. Chemical Physics, Vol. 158, No. 2-3, pp. 447-472, dec 1991.

[3] Akio Kitao and Nobuhiro Go. Investigating protein dynamics in collective coordinate space. Current
Opinion in Structural Biology, Vol. 9, No. 2, pp. 164-169, apr 1999.

[4 0000. 00000D0000000D0000000000000. 0000, Vol. 49, No. 1, pp. 43-56,
2001.



