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[Introduction]

The specific manner of Histidine 64 (His64), in which the transfer of productive proton is
mediated during catalysis of CO; hydration reaction in human carbonic anhydrase I (HCAII),
has been explored on the basis of structural information. X-ray analysis of HCAII suggests
that His64 undergoes a pH-dependent conformational change in which either an “in” or “out”
conformation can be adopted in the active site cleft at a neutral pH [1], whereas ""N-NMR
analysis of HCAII suggests that the interconversion of two N,;-H and N,-H tautomers of
His64 can associate with the proton-transfer in which imidazole nitrogen atoms serve as both

a donor and acceptor [2].

Our previous work reported that the existence of the m-stacking interaction between Trp5 and
the “out” conformation of His64 in HCAII [3]. We also determine the relation of the -
stacking interaction in the His64 rotation of motion on a simple model, consist of Trp5, Gly63,
His64 and Ala65. The result indicates that the m-stacking interaction cause an increase in
energy barrier of rotational motion [4,5].

In this study, we performed ab initio calculation with electronic correlation (MP2) for the
imidazole in the Trp5-containing cluster models constructed to estimate the energetic effect of
the tautomerization of His64 coupled with the ionization of zinc-bound water via water-bridge
on the rotation of )7 angle of His64 in the active site cleft of HCAIIL The goal of our study is
to detail the mechanism responsible for the catalytic manner of human carbonic anhydrase II.

[Calculation Methods]

The three-dimensional structure of HCAII was obtained from the X-ray coordinate file
(Protein Data Bank (PDB) code: 2CBA). The active site residues (ASR; Trp5, Tyr7, Gly63,
His64, Ala65, Asn67, His94, His96, His119, Thr199, and Thr200), zinc ion, and four oxygen
atoms of water molecules (named ZnO, wla, w2, and w3a) were extracted to obtain the
cluster model, as shown in Fig. 1, then two types of cluster models were constructed: models
with/without three oxygen atoms, wla, w2, and w3a, as shown in Fig. 1.

The hybrid meta-GGA density functional theory (DFT) calculations, M06-2X, has produced
reliable models including transition metals and hydrogen bonding interactions. By using this
method, the optimized structure was obtained. In addition, the second-order Meller-Plesset
perturbation theory (MP2) is a reliable method for models having electron correlation,



Thr200 ‘:'T‘hr199

Figure 1. The representation of the active site of the HCA Il

allowing the estimation of the structure having m-stacking interaction between two aromatic
rings (His64 and Trp5). All calculation were performed on the Gaussian 09 program package,
using 6-31G(d,p) basis set and solvent ether (e=4.24).

[Results and Discussion]

Comparative analysis of rotational energy surfaces indicates that a formation of water-
cluster having water-bridge between His64 and zinc-bound solvent in cleft stabilizes the “in”
conformation, compared to “out”, especially when the protonated form in interconversion is
adopted in the way of the tautomerization (protonated form), the energetic difference for the
water-cluster formation in the cleft is large (-13.6 kcal/mol) to cause the change of stability of
conformation. As a result, the “in” conformation becomes 9.34 kcal mol” more stable than
the “out” conformation.

The interaction energy analysis of the water-cluster to the active site residues shows that
energetic contributions of protonated form and N,;-H tautomer of His64 to the water-bridge
formation are -16 and -8.5 kcal/mol, respectively, while that of N,-H tautomer is -4.3
kcal/mol. This can be compatible with the experimental result in which the imidazole group
intrinsically tends to the N,-H tautomer in histidine residues, unless a hydrogen bond
interacts with the d1-nitrogen of the imidazole ring.

In addition to the favorable interactions of the water-cluster with the protonated form and N,;-
H tautomer, these forms of His64 have a productive proton transferred from zinc-bound water
in the proton-relay process. Considering them, the ring of His64 having the productive proton
cannot rotate/swing from “in” to “out”. Our data indicates that the N,,-H tautomer has the
lowest rotation energy barrier (5.9 kcal/mol) compared to another forms, which have a limited
possibility or rotate. These results are significantly inconsistent with that of simulations in
which TIP3P bulk water model was used for HCAII [6]. These suggest that there is no
occasion for His64 having the productive proton to rotate from “in” to “out” in proton-transfer
process during catalysis of HCAIL.
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AAEZLARBAF (AGaps = 0.226 (AEping + Edigp + AGso)) +16.9: =8, r=0.968, s = 0.670, F = 88.5)&455Z
EMTETZ. it QSAR fEHTRC docking FHE (X 1a, b) & 1T 72 0, FEHHELFHRAE (AGows EAGa)&
DIIL BRI EBR 130D LA R TED (M o).

1 1 1
6@ r=-0940 0 5L ©® ® -0299 6L © .
-7 h -7+ -7+ r=0.968
5 8 & |3 8 e 5 8r .,
E 9 o2 £ -9 g £ o %
® ° ® ot ® e
£-10 5 4 | £-10F 5| £-10F /
LD§—11 o‘\\ 6 LD%—11 - 8 O 03—11 - 8 %5
N o i
S-2t 073G <-2r r=o921 7| <12 o
-13} o -13} 6/ -3
| ®Typel o) _aal (o) _14k O
14T o Typel 4 14 6
_150 1 2 3 4 _1§80 =70 -60 -50 -40 15115—14—13—12—11—10—9 -8 —7 —6 -5
Clog P Docking energy (kcal/mol) AGgyc (kcal/mol)

X 1. AGgps &(a) Clog P (H7 8
DA=SN

LERE-QSAR #1120

QSAR fi#4T), (b) Docking energy (docking #14#L), (¢) AG.ac (LERE-QSAR F#AT)

BONTEA TRV F—THDOE 10

5% X 2 1R T, ABying EAG DEEBNIREVD, Wi
DOENZIE R AF 728 A B BAFR S ZL TS (AGs =
—0.585 AEying + 89.8: r = —0.971). 72bb, FEAHA
TERNC LD BT, BARFINZED A EILIZLDIEGS
SND. LINLIEND, AEyng DFGPAGy DOF5-X0
FEXTHICREV. ZOFER, MHOM THLEHEM A
TER TR E— (AEping + AGo)D 2 ZRHN DAL AW D
7273, carboxylic acid (type I)& hydroxamic acid (type II)
DIEM KNG T D287 D. —FC, Egsy DEBNZ
4 FEFAD aryl FEOIEMEZEEE BAFHIHBELTWD (r =
0.954 (type I), 0.946 (type II)). UL EXD, MMP-12 &—
B O arylsulfone 7 & A& DE A BRI ED FEH D

AGops DEENZRILT, MiZyFRHIZB T BIbED

Energy (kcal/mol)

L AEbind
_O_ Edisp
-&- AGg,
| —@- AGys
' AGcalc

Type |

Type ll
Compounds

2. MMP-12 & arylsulfone i8R DE &K
FSAZPED B =RV —THOZEH) (compound 1

ZILYELLTERY)

TG EAR AR (ABbina + Eaisp) 23 XBLAVZR B E 2 RI-L TWOD Efiam D1 b s,

(1]
(2]
(3]
(4]

Molet, S. et al., Inflamm. Res. 2005, 54, 31-36.
Nuti, E. et al., J. Med. Chem. 2009, 52, 6347-6361.
Hitaoka, S. et al., J. Pestic. Sci. 2013, 38, 60-67.

Verma, R. P. et al., Bioorg. Med. Chem. 2007, 15, 2223-2268.
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Theoretical elucidation on the full chemical reactions of
assimilatory nitrite reductase
(1Univ. Tsukuba, 2Hiroshima Univ.) OMitsuo Shoji,! Wataru Tanaka,Yuzuru Ujiie,! Megumi Kayanuma,!
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]
ﬁm@ﬁ%%%*%%@thtmx%rﬂh_meéﬁﬁ%ﬁofwé L7 RS 2R
TR T Y TIRENSERFEWNO)ZWIN L, NHMIEWTHZ LT I JBREDAE

BROERFIZLTNWD, RERFLERITHEY OREICE L{EEEL 52 TND72D
aNiR DSITE SICZDHE R DS TH D,

aNiR OGIE 6 EBFBENE 8 SO 1 b U BEIBNK MmO THEMERRISTH Y . RISH
DZvm~bE[4Fe-48]7 7 A X — DR 3 T A2 FFORBIEEEZ A L T b, 207D
HERIC B0 WO HEL < | BROGBEIC OV TIERIZEH LIS T o iz,
AN T N— TN X0 R T & oS 2 pR Sk RS R R ST I R OO B R 0 fRERE XORRAG
%ﬁhm%%&mxm%fEE%ﬁw5ﬁﬁ%@ % (QM/MM i) ZHW5HET, 3T
D FOGSZEAIZ DU THEER AV M RE R AR B 2 3 2 7

[kl

QM/MM &7 V21X aNiR Z/KERCTHE 72T V(X 1) ZAEZE L7z, QM SEIR I ILTE M H 0
PR DI T2 8 AU 72, G L ~ULZ(UB3LYP/6-31G*)/Amber99 % v 7=, A€ 7 /L 1% aNiR
DRI E I T D BI04 XLFHEL L TORYBNTH D, QMMM FHIZIT
NWChem 7w 7 J LRy r—va2 M, Z2< OFTEEENVEL 25720, EROZ—
/=2 2 — % (COMA@Univ.Tsukuba, System B@ISSP, Fx10@ Univ.Tokyo) Z | L 7=,

[t R & & 23]

7 b AL & BEITERIC OV THERERICHT T 25 T, RISEEZMRET L7, TORR,
BICL 1L AT v T TORIZOBEOES THLHELH LM LT2(K 2), NO #E4 Telf & K
5T DERRGEFTIZ DWW TIE, BOSH IR Z M L7 X2l of R & BO—8»n Ao
AT WEMEHRL D v a LT HICIE % < OFEMET 2 BRI (Arg, Lys) WIFE L, EEBM D
Fx ANV ERR L TND, ZRHITAEBEMEFFORENO) EETBIICKE REELE
ZTCHEY | ISERICBT 2 M 0o BT 258 < il LTz,



AFZEIC L0 . aNiR OL S HEZ 10 TH O NI Lz, B bz e K., Mih— 3L
X— JEEFRLICBIT B EEILIZOVW T L Em T D,

1. [FALRY AR Y Ee e CEE 2 (aNiR) © QM/MM 4% () & QM FEls K (OF),

R179 R179
K224 : K224
4 HO.. + HO.
CHOTT A
H,0 | H,0 |
<_F|el> CF;?‘)
S S
7\ 7\
ca8s TFeS ) 485 (e,
NO,, H*
2e +2H*
N 2H,0
H*+H,0
H,0 R179
R179
E c K224 0
K224 HO. T
Lo NH, Ri09 H0 )
e N Fo
0 2+ 2H* S —
S— esatt Ny ¢
3 N
aN Q179 485 [Fe,S)
485 [FeS)” i
K224 d-’H
o HN R1
wo-") 09
Fex*
C§> <> :Shiroheme

N
ca8s  [FeS)

7

2. QM/MM FHE 2545 b SO (2 B 780 2 & OME 2 b % FL#).,

Eifsd

(DHP RFFER LI & — « FEEFERIA 7 1 7T A QR KRS 2 — - 4R
FIA, Q) ERKRFWYEEIEAT - EFEFH

(%3 3Cik]

[1] S. Nakano, et al, protein science, 21, 383-395 (2012).

[2] S. Nakano, et al, proteins, 80, 2035 (2012).
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Theoretical study on substrate binding process
and dynamical conformational change of enzyme
(Osaka University', University of Tsukuba®, JST-CREST?)
oTakeshi Baba', Ryuhei Harada’, Masayoshi Nakano', Yasuteru Shigeta™

[(BE] REIRRICGEST DL, —HoBERIT, REO/BE I > TRE REEE
b5l E 232 L&A X AR S E M 72 EOEBROH DRI I N TE Y LIXLIER
EREA LI TS, AR TR E LTWDH T A 1A U I~ — g (NylB)
LB EEATAMED 1 O TH 5, NylB DIE TH 5 ALD(Ahx-liner dimer) 3 A9
% & V— 7 HEI(GIn166-Vall 77)(Z 3 5 Tyrl70 28 ALD & /KFHES 2Rk L, KR
IREERA AR 2T 2 DAL EN TV D[], RIS — T B8O X 5 72 K
RS A LB RS 72 E1X, B OV To WMy T8 T E TR, RET 5 2
EIERICREECH D Z RO TWD, ZOMEEMRET LI, VY IR
ERAZTA T I T AEREOFEPHIBEINLTWD D, KU TIL,
PaCS-MD(Parallel Cascade Selection-MD){E% 1w H L72[2], ATFiEIL. 250 SE
PHIE SN2 O MD GHR &2 TR BIRKE TEIT L, ZOFME b & ITHEL )
RILK YTV T T LRBFHETH D, AWFFETIL PaCS-MD OHEELREFRTH S
selection L —/LZOWTHKER L, A4 a4 d~—0fESOFEE S mER-C Kk
BRI Z I LT 5 Z L ICEY AT,

(B EFTEFIE] PaCS-MD (34 MD FHHEICE > THOLNET 7 ans,
HANZRD 7= selection /b— v (Bl 2 1E7 X/ BRFEIEMEREN /N p 70 ) 12HS
WCTT X7 L, 20 L2 G s L CHEBWMD HHE 237425 7k A
Zlcycle ETHFETHD, ZO—EHOEEZMHEVIRT Z LT, KEE R #EZL(
REDHHZFREE LTV D, AR TIZ T A 0 AV I~ —25 R I L TATF
EE LT 5728, 5 FEEED selection /L— b [ JEEE : (a) dy 2/NEW (b) do HI/NE
W (©) dis da D EB LM/ EVY, (50:50 THEER) RMSD:(d) A& 2R R 1 x5t
T 5 RMSD 23/hS\W(e) MDD —E8 (b— 7R & HER) OKEEICxT 5 RMSD
DINZWNIZDOWTHRET LT, dis do & F 0 E 00— 75k & 3R [ (Glu168-Ser217).,
FE L BEFEM(Tyr170-A1d393) Z 3+ S BERE L L CERT D, £ D%, 562k
T T VI T TEEFI LT d & dp IR D B BT RV — T & ST
L7z,



(a) 16 16 1
4 . 14 14
2 1 NEHBDN T 12 Z 12
- g v < 12 < 13\/\;; 18 — - - - - — ] 5.0
6 6 6 AA A
; 4\\ Y MA 16| {Eq45
of T 2 2| 14 40
16 16 16 14 -
14 14 14
. — — 3.5
< 12 < 12 < 12
" o 1ol < 12t 1
T g T gl T g W 3.0
6 6 Mol 6 ¢ J\\ 10 + 7
ab N 4 4 ~°(\' 25
2 2 2
4 8 12 16 20 4 8 12 16 20 4 8 12 16 20 8 n 2.0
cycle cvcle cvcle
‘d’ii ‘e’ii 6 I Close * h 5
24
4 L Meta i 1.0
()& stable 05
2+ state E
1 n 1 L 1 " 1 L 1 L 1 L I L 1 " 0.0
1 | 2 4 6 8 10 12 14 16 18
038 - o
— R d A
9 Y S SN NS A > S Ay
X 1  PaCS-MD DO F X4 2 FEEE S O B B RV — AT R

[#58] X1 1iZ PaCS-MD % 20cycle 51T L7=#E R A /RT, ZOREE, HEECRHRE L
% aE. @RO)D L DR OB 2RI LGS 5 £ < EEMIEICTEEY
BEPDIRWT ENVHB LTz, ZUX 2 >OERE (d. db) IZBIET 50— 7 HERICE F
DT X/ EE(GIul68 & Tyrl70)3 i[RI e & 2 b 295 Z LI K > TOv— 7B
EREDREEELERIFH L TND 2 E2RIB LTS, EE2 >OHEEEZE L7 (o)
DO%E . 9 EFLFIRINT Z LI L » TREEEMIE~OEEZ DB STV 5D,
—7J5. RMSD THRIL72HE . &GSk 5 RMSD TiHli 247> 72(d) Tlix., 9
FLEBEEEICTZEVEL ZEIFXTER D -T2, 2L, AEIRY EiF 7 v— 7B
DEALNER DO —HDOHRTELAIETHA T EDRREISEEL WD LTI
D> T ENT DIEALDOIATHEH Liz(e)D5AM: T PaCS-MD #EAT L7 & T A,
FRIMEEZL L, 5 OFHOF TROBEEIE SR E o7, 22T, A
T TEONIEEELET T LIS o7 ) o TEEFIHTH Z ik - T,
X 2 \ZRTEOBRABT RV NG LN, TORE., V—7BEET (Open
HIE) O —T7BEIE (Closed Hi1E) ~ORGEA(VIBIRITIONNT 4 A A DO HEL TE AL

ﬁﬁ@ﬁé:kﬁ%%ﬂk&okoik\w~ AL OFERI A2 B ENRREE & LTI
[EPHIB L7 WL E R A 9 £ < BEBEMICER T2 Z LIk o T EE (kL Tnb 2 b
AVHEIBA L7z, & 512, Open #&1&E0 5 Closed fi ~DEEZLIZHEV, 9 1.4 keal/mol
DEFEDPHEOILD Z &b anroTe, ARBFSE CTITEE N EEE DO L NEHA~BEIT %
FEREGIBFRIZ OV T b selection /L— /LA FREFTTHZ LI L > T BT 5Z LI
R LTV D, ZDOFERIZRFERIZ OV T BT .

(Z& 3]

[1] Y. Kawashima et al., FEBS journal (2009) 276, 2547.

[2] R. Harada et al., J. Chem. Phys. (2013) 139, 035103.
[3] T. Baba, et al. J. Comp. Chem. (2014) 35, 1240.
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Nonequilibrium Molecular Dynamics Simulations of Amyloid Fibril

Disruption by Ultrasonic Cavitation
(Inst. Mol. Sci., SOKENDAI) OHisashi Okumura and Satoru G. Itoh

[F] 7oA FBHETI X X ENRRE S T D 7272k, BETHZ LIk - T
TEICARBEMEDOHETH D, 7 I 1A FEHEIT 20 FELL EOBKORRE & E 2 Hi
TWb, FIZIET AN, ~—FEIT S0 RERXTF RNEELTTEEZT I
A FEHERFEA Tt SbhiTng, T, BEKEZE->TT I a1 N
RS D BRMENNL ONRENT WD, TOWEA =N TIF ¥ ET—
2y (RIBER) IZE2b0TEHAVNEERIN TR, KFoRiEn Eo L
HNTT I A FEHEEZIREEST 5 O T LV TOREMITS D> T, 27T
BxlITT7IvaA RBRXTF KRB b7 I a4 RRHEISHE ST 2 00T 726 170 1
eI ab—3 g v ER{To (1,

[FiE]12 KD T 2 A K B_TF Kh
B5T IaA RgME, 10169 DKy (o
F12MHDOH ) T AL F L HT I 2L —
varihyJ AHEBE L, ZURTE
D F1355121% AMBER parm99SB %, /K
(2% TIP3P % iz, §FEMAIERAD
T UL RETIT R 57, BT
> THEIL A XTI OV TIX 0.5 fs 12,
IKGFFITDONWTIL 4 fs ITFRTE LTz, Koy

FUIRMR & LT, IREEITRESS - 7 —
N—BI, ENEFT X — Dk E
fif > CHIE L7z[2], 9 ko=
DTENFET I ab—va v EToT,
D%, [N BET HERMETARD -
B, —EDAFEIZET D0 FE %Y
2l —yar& lnsfrolz, FORERE,
-100 MPa TXUdAFAET D Z &3
o7 WEDTiy I ab—rainb F1: 7304 RARTF FOEEEHF
LLF®D X H512-100 MPa 75 300 MPa @ g A2 32 L— 3> . S0an25hn 3
B TYA W —=TRICKHEZAET 2F LFIc7IO04q0 REHLBIEIA TS,
D% T CIEFM oy TE T I 2 b

(d) 1= 1093 ps

|

(b) t =800 ps

(e)t=1100ps 7 oo

(¢) £ = 1000 ps (0 ¢=1255ps
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—> 3% 10ns{71-o7,

[REEBLR] a2l —va yOfREN 1 IR T, ENIREOKIZY InAf R
RKDOEEIZ R EREITR O NRNN, AIZRSTZRHIZT I A ROV IZ57E
AU T, ZOKIITEE S (29-42 FH O T 2/ Wik OBUKMEREDE
WZHELDZENE o, 7I8A ROEY OKMIFAFE LKIBICEENTHLT
JuA NIENR-T, EORIENDEHRIEIZZR S &, ZJEDAREE LK O »
TIvA RSO0, TIaAf RBEEINT, O, AKIXFEICIERRE @ ER
(17-28 FH DT X/ WEFREE) OBIKMIRIED BT TIRATL 522 X 0hoTz,
R R3I07 I A FBRHEIZOWTHRRO Y I ab—a U E{Tolt b T A,
TIvA REHEPFEWIZEXIAILZTEIZS S, T IS FERENEAIZS NI &R
otz RERIZED T I v A FHEEZESE it T 2 L, ZORIDIZIEE
LD ERKRAENTVAIS], FrovIal—a  fERIT-0ERERES
WDOEHICHHTE D, BHFERENTDE, HOIRERWT I oA REMEIIRIER
TETHIEINDD, BT I A FRETKEN TERVO THES R, £
Dz, BEWRENTDET I v R OEEINRZEASLI>IDOTH D,

20 20 20
(a) 12 AB: dodecamer (b) 6 AB: hexamer (c) 3 AB: trimer
E 15 M N E 15 M ) E 15 I
& c c
210 1 810} 1 210 | Abubble was formed -
@ k] I k] only in one trajectory.
T T T
di! d T d
o Ml . b 1.4 . I
12345678910 12345678910 12345678910
Number of times Number of times Number of times

K 2: 7304 FIEENRIBIBEOAETHRIESINE-NE2RIER NI T L, (a)
12 £k, (b) 6 2K, (c) 3 2K,

(2% 3Tk ]
[1] H. Okumura, S. G. Itoh: J. Am. Chem. Soc. 136 (2014) DOI: 10.1021/ja502749f
[2] H. Okumura, S. G. Itoh, Y. Okamoto: J. Chem. Phys. 126 (2007) 084103.
[3] E. Chatani, Y. H. Lee, H. Yagi, Y. Yoshimura, H. Naiki, Y. Goto: Proc. Natl.
Acad. Sci. U.S.A. 106 (2009) 11119.




4C09
PRHE 2 FF o 72 BRARRY 70 28 LV O BLRRR G

(D v brR%E - B4k O/ &2, 58 B, 8 (58) B,
Baker David

Theoretical Design of Ideal Proteins with a Function

(University of Washington, Department of Biochemistry)
O Takahiro Kosugi, Nobuyasu Koga, Rie Tatsumi-Koga
and David Baker

[F7] BEREAFFOERBELZH IR 2 LIF EEMICAM TH L7210 TR,
AR A PRR T 2 R ORRG T S 7o B HVE & fHl 9 DR I B T ERE OfRE
HEXOERSBEMTHZ L EFRRICT D, 20700, THE T OEHENRES
I ZND OEAENFERITER LR OENERMICHER SN TE T, LLRRL,
INETOTHA ANIBTRAROEAEZKITKFF SN TWD 2D, HIZ L7 s
ZIER CFEEE 2R > TRV | AR IR0EEOR RIZRARH S5 2 & b
HEINTWD, 207D ALEDORRITEEEZ2EAE LA BT 7201213, 8k
EL—DPORIDMERD DL EEZBIND,

IT4E, David Baker HI3AMKE S F7 A 7w 77 A Rosettal V55T,
Kemp eliminase <° Retro-aldase &\ o 7ofigsd, A7 oA RO X 9 72{K45 < Influenza
Hemagglutinin 72 EOEHEIZHET2EAE. C L THCRAT2EAER KA 72
BEHEOT A TS L TE T, TNHDOT WA Tl BATHKEZ FEBLHKR S
AIREMEDS W FESHMEIE 2 HRSUCHEET 2EAEOT LB L, 207 2/ il
N EZ HFIZED  BHOWREZFT-ETEY, 2V EREOT
AVOEPRELSIEND Z LR oTc, LLRBL, ZNUHOTHA B nTa
A, FHEIOEITHARTUTEET DGR SN D 720 1 PR EE O FoiE ki 1
RADD D, £ T, EHBELRELT 272012, £T BRI AL LRV
G2 B HIZAID W TERRE L 0D, F, HENREREO ZHEE LAY
M7z HMREE SN, ZORAZHAWDFICTI VY LAl RkE{b ST
the AR B A EMEZ — 0 OB T SRR ATREIC o 72 2, 22 TT YA v &
NI ERE AN S 2R > TOWDIEFICLERERE ThH 50, Higldf- T
W, £ 2T, ZOHEERETHZ IR, EHEEEZ -2 0A]D D, HEE
A TZEHEZED HT Z & 2ilAl,

[FiE] £ TV A L LEWEREO “RIEEORE L ZN L D27 (FRE
T—) AR, EO MR Y0 Il BTN K S IZEAEREE 2 E D HHINCE -
TEFO _REEORE SRS, Z Z TiE, Phosphate AT DIEWICEEREN
& % {E% 7212, Phosphate Binding Loop (P-loop) EF— 7 BflAIAE Iz hAR v v —
BEFOo/PEAEET VA T 5Z L2 LT, 2@ P-loop “EF— 7% Kinase 72 12 &
F I GXXXXGK(T/S) & W 9 EE% % ¢ > Loop ##i& T ATP <° ADP 7 £ Phosphate %



WETAHZENALNTWDS, FTHELD bR Y —%2 b O E#EEE21EY B 720

. “RIEE T T TA VRN TATTIMNL T I T A RNERDVH L, b a0k
TWo 2, Z LT . ZDOT7 7T A FaELBRDIELUEEH# L 5 Z £12X D, Rosetta
DAAT PELS EAHD bR P —%2FoOBEREO EHEEZ/FEV L, £0%, 2

DEHFHEEICH LT, TNHELREICT DRI Z AT, 51T, EOMIH
O HAET T AR L RElL L, BERO RS S S R L7, 29

UMl & 7 DAEEZ S EED L, 26 OREED )5 Rosetta A 2 7 DKV
15 % 18O P-loop EF— 7 Dir < IT Ligand Z &\ /=, % L T, P-loop EF— 7 & Ligand
DOMNCH R Z T T, O T VA > “HiADOEKE(L., HiEREEE BHO T 72,

BEBIZ, THA v EN#EDOT )5 Rosetta A 27 DR E D &R, HHAESL

THEER LA T o720 29 LTHER EDN o727 A VEHAZ VT, (T b AT

HZITD, T IO EONTEEDT I TIVRT A U AEEOITL £ TR ED &

CHFERLT7 7 RVRIZIe S5 TNDZ L 2ER LT, ZND &Nz LizT A ikt LT,
EBRZFEREZIT>TCTEDT A U DIEL S ER LT,

[FER]  FHEBIC K VG LT3 A VEYIN, EDO LIRS O & HEERIC
FVHERT 272012, RIBEZAWCZOEABELZFE L, Ni 77 2% 0 O
L7z, BIOEREDIEBEL SN TWAD Z &id, Mass A7 ~L & SDS-PAGE (T X
DRERR L7z, Wiz, FIRE AME(CD) AR MV EZRIET S Z L2k, Zo&EAE
NTHA LB Dl BEHETHDL Z ENREINT, 62, xR ETCD
AT MVERIE LTCRER, ZORA7 MuE@Emiiicieo Th T2 2 &<,
MIRVEEREHE CODLZ L 2R LT, £7-. SEC-MALS IcXV, ZOEHE
DREHPCTE /) ~—ThdbZ tbraiz, Lhicky, oA SNT=EREN,
B SR> TV D 2 & 2R LTz, RIS, KT T XE IRG(SPR) 2 HTE &
Fluorescence Polarization {£%Z 5 Z £12X V| Ligand G L TWA T L %2hk
L7, £72, Ploop EF — 7RG SINTWD Lys AR 35 Z L2 LY. Ligand
23 P-loop EF — 7B LTV A ELMEE LT,

[FiFm]  AEIOMEIZBWNT, 79 A 95 FARr Y —IT Ploop EF—7 &9
Phosphate % #8i#k 3" DA% % P-loop EF — 7 WEEILRD X HICE L THEEY A R
TR SN D L O ICHEUNCEAT D Z LIiC KV, FERITZLE 7 Phosphate Ft A&
FEEED 2T RISk Lz, 2O X2 I L CTEBRENEZ R YEAEMELNT=D T,
LE%ZDOTHA v E2H LI LT, ANLEICE D 7 I 7 BREY % KiE{bd 5 H0
Phosphate LIS OER 53 58k HI R 2 8 ECBIS 2 W5 FH T, &ML BIF Tl
HNARETH D, S HIT, ARIOME & RO TR X X Ligand 2556725 2 &35
BNTWDERA RETFT—7IZRLTITO ZERFAHETH VD, B4 72 Ligand 56T
LHEAEET VAL T5Z ERHERS, £7-. Ligand OFEE 7210 TR, BEROIENE
AL A EENCEE T D LTk, BRIEE AR OBEAEAELIELAHETH D, Y
HEF 2 HIE Z oW T H ST 5,

[ k]
[1] Rohl, C. A., Strauss, C. E., Misura, K. M. & Baker, D. Protein structure prediction using
Rosetta. Methods Enzymol. 383, 66-93 (2004).
[2] Koga, N. et al. Principles for designing ideal protein structures. Nature 491, 222-227
(2012).



