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Conformational dynamics of Ras using by SACLA and NMR for the development of
anti-cancer drugs

Makino, Yoshiteru
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i i Small GTPases Ras function as a molecular switch which regulates i
intracellular signal transduction, including cell proliferation, differentiation, and apoptosis,

through the GTP hydrolysis process. In this study, in order to obtain basic knowledge for the
development of novel anti-cancer drugs targeting Ras, we performed structural dynamics analysis of

Ras in the GTP hydrolysis process by SACLA, SPring-8 and nuclear magnetic resonance (NMR)
spectroscopy using photo-controllable caged-GTP. As a result, we found that the unique structural

dynamics of Ras may be controlling the GTP hydrolysis mechanism.

NMR  Ras SACLA/SPring-8



ras G Ras GTP
GDP
GTP Ras Statel
State2
30% Ras Ras
GTP GDP
GTP Ras Ras
1 Ras
2005 Ras GTP
Ye M. et al, J Biol Chem. (2005) 280(35), 31267-31275.)
Ras GTP Ras
Ras Ras
Ras
GTP Ras State
Ras GTP 3
Ras GTP
GppNHp GTP Ras
/SBDD 1
(DSACLA(«:<I:2.')Il#ﬁ%'liﬁii‘ﬁmls>

FRlEaTIEe

ey

State1
Ras ° GppNHp
PBD ID: 5B30

FERD € = = = — —
(BAALINH) FHBEIRE

@N MR(Z&%GTPDU*ﬁﬁEﬁEESﬂ&O)ﬁH‘Jﬁﬁg

State2
Ras * GppNHp Ras *- GDP
PBD ID: 3K8Y PBD ID: 4L9S
EBE = - - pRERENER
(BAALRE)  GTPIlkSEREE (DALIDHE)

BIEFPA45771 BIEPA45772
R v hDopentBiEZE(L GTPH/KSIfRIC K B RasDARE{LIRE
=FREMHR (Statal) OEE(LRE
1Ras? > I\UBEDIBE
Ras GTP
caged-GTP
NMR SPring-8 X
X XFEL SACLA

SFX Ras



Ras NMR

Mg 13C 15N
X
Ras GTP GTP Ras GDP
GTP Ras
caged-GTP  loading GTP
31PNMR
GTP
31P_CP_MAS_NMR NMR 1H 500MHz  JEOL
MAS 10KHz
Zr02 365 nm
LED
SACLA SPring-8
X SACLA XFEL
SPring-8 SS-ROX SACLA
XFEL SPring-8 X JASRI
1x 107 = ml-1
XFEL cage
310nm X
SS-ROX 365nm  LED
freeze trap
NMR
NMR Bruker Avance 111 600 1H 600.13279833 MHz
298K Ras cage-GTP 400
—1200u M NMR 15N HSQC
3D NMR hnca  hn(co)ca hncacb  hn(co)cach
hnco hn(ca)co 15N_HSQC
31PNMR GTP
31P_NMR (LED) cage GTP
31P_NMR X
CP-MAS NMR 15 48
cage GTP 31P_NMR
Ras caged-GTP 24
NMR cage GTP GDP
GTP a,B,y -
GTP a - B - GDP
GDP B - GTP
Ras GTP 600
-7 ppm GTP / State 1 y - GTP / State 2 %
150 State 1  State 2 150 300

State 2 GTP



15~ 83 min

Ras-caged-GTP crystal

(®15um) é
. Dark condition 83~ 151 mi
ca;::s.srp (Ras-caged-GTP) a,y B \\”/\/\M,\Ln{n
(State 1) i
Over 24 hours after Ras*GTP
photo-irradiation B \/Wn
L (Ras-GDP)
(state 2)
Ras* GDP f
10.0 0 -10.0 20.0 2150 -200
X 2 . E{&31PNMRIZ X 5 GTPINK 5 fif K it~ 0D 3 BE sr Rt
SACLA SPring-8 X
XFEL SS-ROX
Ras caged-GTP State 1
cage SACLA SPring-8
XFEL cage
310nm
cage GTP
GTP Ras Ras
State 1 cage GTP
Ras State
SPring-8 SS-ROX X
Ras Ras GDP
Ras GTP State 1 State 2 GDP
31PNMR GTP
X SS-ROX GTP

GTP



UV

“ev0

%1_%% State 1 like State 1 State 2 GDP #
X7 117}'9'- i caged -GTP GTP GTP GDP
HMFEN3SHORMN
FENE = = = = = ERE = - - pRSRENR
(DAALIDS) TEBBRE (DAALRE)  GTPhIkARREE (DAILIDH)
R v FDopentBiEZE(L | GTPm*ﬁﬂ(:J:aRasd)*m{bﬁiﬁl
=FEME (Statal) ORE(L{RE
[X13. B[] 43 R XAt d g S T TR S v
AR B 72 GTPINAK RIS 7 7 ADET )V
NMR GTP
NVR 15N_HSQC NMR
GTP Ras
15N_HSQC
Ras cage-GTP State 1
Ras caged-GTP cage 365nm  LED NMR
cage
600 min. GDP
NMR
GTP Ras
P-loop a 3-

Ras GTP



G Ras GTP

94 2021 11 5

2021

Ras

94 2021 11 5

2021

SACLA/SPring-8/NMR Ras

5 2022 3 8

2022

Maho Saeki, Yoshiteru Makino, Shigeyuki Matsumoto, Takashi Kawamura, Eriko Nango, Takashi Kumasaka and Fumi Shima.

Analysis of conformational dynamics of small G-protein Ras on GTP hydrolysis process by SACLA.
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