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1. BUHIC

A DA L 0 1 5 FRHERE O 22 [ 5 e,
RO TEHTRA | 28z, BELx5) /) A=+
DFARETHD DOH B, AFTHERNTSHXB 15
FEhE (Diffracted X-ray Tracking: DXT) SaiEo 1
STE L ES HIE, So—TICE X A=1A&E)
T HWTWA Ul Z: H7ev, £ D70 DXT I, "It
O RAEE DZEM SRR D — KIS A VT A B — LA —
F—\CHIET H L BATREIC 7 - 72, 2 DXT 1%, 1998
T 2« RIBRDIC K DIRESI NS, AEXBET /#
ik A G, J /KSR O ORI R A BT
5T T R L 7o 2 R B O T PRRER A S
UE»O< A4 7 O ORHREE TY 7L X A LEMT %
CEMPHRDL XD -7,

Fig. 11 DXT OXEKRFHAZRT, BHO X VN7 B%
HRAMEEWICEE L, FOEE L2 v 7 BiceT /
R T 5, Al X (8-20keV) Z#HW4&T /
i 05y TR A% 2 KT L 0 REEEa
T 5, BEISNAEHTE 1 SOEEILET /il D
DENETHHMEE (tilting) © 6 Jj & ol (twisting) O
X HAO 2 DRl I U S YT VORETIRET S &
MWAJEETH A, ik S N7oF /fEahlE, Bk 2 /N
7B FHOMMETED & @B 5, FREICT
JREROEBRNTETCHINE LI 5T TR VNI ES TN
YEF)OD in situ FH7E G T3 in vivo FHILATRE L 72 5,

Diffraction spot
-20

Tilting

H Substrate
Detector

Fig. 1 (Color online) Schematic drawing of the principles of
Diffracted X-ray Tracking (DXT). The marker is gold
nanocrystal anchored to the protein. The movement of
diffraction spot from Au 111 and 200 along the # and y direc-
tions follow the in situ motion of the individual protein in the
solution.

I LI DXT OFEALICaT TRA V&b, 1
2/ N7 BT ORBER 7e 7 T NEEB AL D Z OB
LI D E OGS T %o X /737 B0 TR OHE:
HE LEIIT, XN BORREN, MHEZe, %X
JEDT x—IVT 4 7 EEICIEFICBERA R, K
(&, 2RI BT EREEN AL A B S 721 L
AW P VA= F BT SOV AL —8— L DXT ##
AEDRIAFTEXM LD TEREOMELIT- 72, &
722 /N7 EO Ly TRES OS2 L0 % SEHL o
FHEEB) & TN T 5 720D TV F—IBDIEW X
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fr7a—"7 % B IRAEE DXT #B%L 7.

KRETEID2OOFEHRICOVTHHL, 7V AXE
PO =& L THW Y » XB =V 5 F O EEEE BN &
v g7V 7 2 (Human Serum Albumin: HSA) 4
F&2-7 v 5V VEE (2-anthracenecarboxylic
acid: AC) 23 Mb L 72 HSA/AC kI35 % DXT 12
KBTS EWEZFICHENT 5,

72, ZVNIVESF 1S TOHEEREZVICLT
KiED X 57 2 koo FICRBR T 50 &5 5 AN
B L VIR F L AR S, A DXT B0 RA& BRI, 8
EE P OMBENEE 3RTE X VN7 B 1 5 AHGEE O
RN AR T 52 & Th L, Z VXV EGTH
B+ 528U EOFKRTICB T 5 3 RciERORRZA
g N CEm T %0 2% D, 3RS ARMEINEE S
4 RTEEMTEET BU7 5 O Hamd SIC L k)
N oW Enrb, By rr—2uR0%kD k575
B ThHHD, 4B IOEKEARTLT—2%, &
FEREFOR L 7B A 75 ADOBEZFIR & L TERHTE
% LIRS LT, RIRICZE DGR RT,

2. @F/BERDEREY > TVEROER

2.1 &F/EREH

SN BOEGE L TET / fEdho S TR S Ak
RS HRIE T 5 & CADRFHIREDOEIZ I 5, )’
IC&T /RO S TEYT S A S/N & S/B AR VIRRET
BIEL, o/ BOMEIC RIE T &8 R/ RICT
LIl EF R R A 7210 S Wb O T < Tl
L7\, DXTIC K BHETIIET /HBHOKE I LG
HORBERKERPA Vb, BFEITEIC NaCl
(100) % KCI(100) D RIC TR F ¥V » VEES# LT &
TH#920-40 nm DK & SO RBE e /fEdhaFid 5 C
ERATREIC 72 5 728, &0 JHEMERERE, HEYO X VN
BITHEZ S 5 72 DITIRDIC A A VERS SO FENT b 7> & it
L, 2V BOBEOIIIKESSE S, 1 >OfEHD
51o0{111} 4 L < 13{200} O[T S & BH T 5, KB
W THT /S SR 57202 VR 7 BTk 54
F/ FEF O X IR, T /R S OEIET A
3, HEXHO I RIVF—IETOEGT LM EL 2R
T H AT /RSO DXT B+ 5 2 AR5,

2.2 YT IERDOIEER

Fig. 2(a) I $u 872 DXT Y TRV & — %=,
SRELIRIA I FEBICEMO 2 V7 BRBEEL -
BiceF /M E#RL, RUAIF 7 VATELYT
Ho YV T INWEEHATLZRKBRDOEZZ50um 2§ %
(Fig. 2(b)), = DXT 7RIV X — THIE A BE7x A DOl
BAIZ 7x7mm? T Y (Fig. 2(¢)), 1[ED S 7 TEIF B
PIETH LWV T IVEANEBE L )5 X BRI &

Parafilm

Polyimide packing

Polyimide film

\\G*A [ < N
Qe M- Polyimide film
(a)
Polyimide film 50 pm  Polyimide film

aqueous solution

White X-ray

gold nanocrystal  adsorbed protein

(b)

7 mm

(c)

Fig. 2 (Color online) (a) Schematic views of the DXT sample
holder. The buffer solution layer (about 50 um thick) is held
by polyimide films. Each protein is anchored to a gold
deposited film through sulfur-gold bonds. (b) Side view of
sample holder. The X-ray is irradiated in a direction perpen-
dicular to protein anchored to the polyimide film of the
downstream film. (c) Photograph of the DXT sample hol-
der. The window size is 7 X 7 mm?2.

BRI EOEE R RET OO, 6X6 EOBEIEARTT - 72,
1[EO S 7 TEPTEEZ PEICBT 5 X HREE LRI
33s (1 7V —147-036ms DYEE) THb,

3. NNV AV—YF—ZRHWERTFBEXE 19
FEWFEDOMR (+ANOZYDEIGEES)
FMZEFIC)

KBS ATP I K FEDO PV H— e b HES £/
5T PNELICIRRBIC T 5 2 VR0 BT D50 T
HE)OZELE, X RSN » GHER T 5 C & A8 FHET
BHHDEBRMCEELRETH S, £D/DHF /L —
PF— WAL S P U=, DXT &% C & CHiE
R & & DI S BKREBRPDOZ VNV BORSE, K
AL 2 OEE B L R T ALENHNTEL, &
TEEE L 5l 57200 DXT & U —H—% &
O FHEAATBE R L, & T OV — R R TR
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Fig. 3 (Color online) Schematic diagram of the laser-pumped DXT at beamline NW14A, PF-AR.

(KEK) @ Photon Factory Advanced Ring (PF-AR) D&
MR XHAEY — A5 A4V NWI4A T WD, /LA
U—Y =% ZGA A ZEHFHER X 1 55 78k (Laser-
pump Diffracted X-ray Tracking: Laser-pump DXT) DBd
Feh Lic, NWI4A X T & CY OGO R Y T .
TO—7 X HBEEE & L CPIE R R & LRS-
AV EAF I 7 ADOWFETHRAY LFTE 80, 20
V=Y 5l & BT — A OREG FHIE M 2 G H L,

DXT & #A4& 47 Laser-pump DXT) DEIFE 1T - 7=

INE THEFODXT Tid, BEFL )/ fERomEH A
D E TS 5720 1 7 — 24245721036 ms TIORREY
L C&7, BAETIE, CMOS HoE#H CCD 1 A 5% H
W5 Z ETRU S T EPTE %100 ps/frame THE HK
HEDICm-TETWS, T2 Tid36 ms/frame THOL —
¥ — & DXT % A &+ /- Laser-pump DXT 12 D\ T
BT 5,

Fig. 3 | Laser-pump DXT &% ~4, 7 /L —F—
7OV A X FROICENT G L CRIZOEAZE O F TR L,
X RO A 13400 um (H) x 80 um (V), % 7= X #L1A
SIS A 7R —3 % K510 1mme TU—H—/ L A%
LU/ XU —1F, 7 /BNd: YAGL —H¥—
(Powerlite 8000, Continuum #L#.) OE3I Kk EHEH TH
4355 nm, /3L AWE 8ns, 10Hz HIEOL —F —% F\n»
7o Fig.812F /B VAV —Y—¢DXT DX A I/ 7
Fy—rorRd, TO—-T7ThHLAGBREX T, v—7r
THIVF—318keV, T HILF—igix AE/E=15%DH
X HErHW, DXTIZBTAIURLLYT7IURE
TOMEL, X/ OVAEDORPITEFIC/NIVALY —
Y—DI0Hz §H5 A~ AX—r 1y 7 & LTH/FEmDS
o TEIFTEE B LT, NIV ALV =Y —IC AN S REE
FTHHI0HzEE X — P EFICRAPLAZV—Y—v
vx—t, CCODAHE N U T —%BUL/ )V AFEA %
(DG535, Oxford #) IZX VRIS 52 L TEEOT LV —
L2355 mm DOV —F— OV ABH TS5 LB TE 5,

10 Hz

Laser ‘

before laser irradiation |—| after laser irradiation

Laser shutter

X-ray shutter L
90 -120 frames

Fig. 4 Timing chart of the synchronization system of laser-pump
and DXT measurement.

Z @ Laser-pump DXT 2 & Z5HHIEOBFRIC XD, @&
IS 2 VN7 B F OV —Y—BEFTO 5 F PIETEE & R
FHE D5 T PITEB AL A B L M35 2 &8 Al 8
127 - 72,

VO VidER R R B EEEREERL, ih
Tl R RAE S DL X VNI B TH B Vv NI VIEHE
Bov7azy bpbRshecy v ogsy, 2 od
AORICERICHBRELE YIS, ATPIKFENZY v
G DOBIIRRE > HHIREEN OIS LA/ L THET 5
EDHENTWSD, ZORISEREHAL TR, F/
BV ZAV ==L ETU—LARMHAALAE DAY Laser-
pump DXT &, MR EHIC L D ATP » i3 %
Caged-ATP Z T, By » Xo=v 55T ATP
0 1A AR OREE LI D\ CE B A T - 72, Fig. 5(a)
IZ x KA OER ORI AL AR T, ATPFET Tl x i
M OEE) D CW & CCW il Jj 776 L T\ /722, Caged-
ATP # FW /=856, SR OV AR T%K 2 T CCW
iz tnsZ & &9 (Fig.5(h)), TN HORFBRIT,
VaeXnZ vy v rh, BIRED HERENETT T AR
i, A bd 2Oo0E) (F /fEHRD 0B KU x Jim
OEENICM) #EH T &, F/- CCW Hao i L niEH)
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Fig. 5 (Color online) (a) Rotational position trajectories along x
direction are shown as a function of time in the presence of 2
mM ATP (1) and 5 mM caged-ATP after laser pulse irradia-
tion (2). The histogram in 2 and 4 show the frequency of the
initial direction, either clockwise (CW) or counterclockwise
(CCW), respectively. (b) Schematic illustration of a group
II chaperonin attached the gold nanocrystal, which was
produced from ref. 11 with modification.

N1 T UV THL I - 72V, Laser-pump DXT
THRON/ERE, ATy 77 —8RE LW 72T
YT IVHIEREER & FE LR\, BRI 28RS
nicv,

4. XEMOAMIMNES—-ERWELEEERE
DXT AIEEDHFR

CNETHEADZ I —T1F, #kD DXT EgziT> D

@ 'BLAOXU

— BL28B2

Normalized Intensity / a. u.
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Fig. 6 (a) X-ray spectra measured for the BL28B2 beamline (solid
line) and for the BL40XU beamline (dotted line) at the sam-
ple position. Intensity of both spectra are normalized. The
X-ray signal obtained after focusing the X-ray was measured
using a Si X-ray detector (XR-100CR, Seiko EG&G Co.,
Ltd, Japan). (b) Image of X-ray beam and focusing size at
the sample position.

{Z SPring-8 @ BL40XU U'—AF A VaFICFIHL TE/z,

BLAOXU BNV ANT VY 2 VR —%BBLICET 5 v
JAE—=LTFGAV/THAHY, THXIF—/NV FIRIEH
AE/E=18%Th D, BIFEaBH T 572007 VY 2
V= hbBON5 ART PV TRIVF BRI 5L
IR 7% k5% L CDXT Iic{#H L T/ (Fig. 6(a)),

BIEADER L THDICE, 1 2DOF /i) SomET
BERCEBH T 5720050 TRVFE—IBOIAH GBI
XHEZHWSL Z ERHETH S,

CNFE TITZ2 WA WA IR TlET S8 v eE e IR A
& 1% DXT (wide-angle DXT) OIE¥E O H FiF %
SPring-8 & BL28B2 T{7 - 7= (Fig. 7(a)), & ~ix, WX
WA IH 4 HE XY —AF A /T % SPring-
8 ® BL28B2W ¥ /N » F 21 Rh 8% L 72 Si(111) {8
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C D springs

Toroidal mirror

Pinhole
Beam stopper 1

Fig. 7 (Color online) (a) Schematic diagram of the wide angle
DXT measurement system at the BL28B2 beamline. (b)
Photograph of the wide angle DXT measurement system in
optical hutch 3 of the BL28B2 beamline.

Table 1 Parameter of the X-ray source for the BL28B2 with a
toroidal mirror and for the BL40XU

Attribute BL28B2 BL40XU
X-ray energy bandwidth 82 12
(4E/E) (%)
Width of tracking angle _ »
of Au 111 (degree) 14.3-36.9 18.8-21.2
Time Resolution (ms) 1-36 0.005-36

Insertion device
Energy range (keV) >5 8-17

Bending magnet In-vacuum undulator

RO XA XV IS—% AV AF—ILL, XZ
HE)N AT — I & 0 RN R L TR 1) & SR A B O R
AT ol FRXMIEBA XNV IS—LOT LV TIVET
OENIEHEL, 6m Th 572D HlEX BL28B2 DY/
v I3 TlT- 7 (Fig. 7(h)), RXBEHEADIIR,HDOH
EEXHEEXHErOAXNVIS—CENXS L LT,
BL40XU & HRTH 7RO T RIVFE—NV FilEx iz
JA AL DXT 12 & AHIE 2 e §RIC 7 - 7= (Table 1), Fig.
6(b) ICENABEICHIT S XBOLNF—AXT P&
LXKV A ZXmRT, IT—DREIC L VYV TIVLETD
XY A ZFBESAICHOTLE D, TDDTIRD
XHAY v FIZ &k D50 um(H) X100 um (V) BEEIC 725 &
SNTHENY A X TIVALE CHETL 72,

S /fEROT Y TEWTEGIE, A A—VA VTV T
7 A7+ & CCD By (AR - =7 A%, V7739P,

C4880-10) IZ LV T ZEIFTBEOHFS 51T - /2o Afa
THI% B % HSA ZROISAER DXT I X 5 HleEi, 1
T —22%7-036 ms TI07 L — ADEIHBIEHIE 21T -
726

5. BIRSDEHEE 2 M FREHER b
'S5 (HSA & HSA/AC 5k ZHIIC)

5.1 Human serum albumin (HSA) [CDW\T

k2 VNI BT L THELNTWA HSA L, AC
ERIGUEEAMET 2 2 EDmMbNT W5, kI 7 V7
U, FEEYA R THhANRNE EAREOEFELEY A
WS HEBOMS L 7B DR v B D XS 772k %
FroTwb, HSAFBUKMOERITZFS U 5 0 — %
B, ZORT v FICA-7 ACEHICEDFF)V7n AC
BRERFEHTHIEDPHRKLFI VBT ThH
BHUAD TR A b EIn HERES T ORER L EwmT 5
722, HSA 5+ D& & HSA 55F L 10D AC 5 F %
FUSE#7- HSA/AC B RO FNT 50 v s & KA
B DXT (T & 0 el L& O PREGEB OB 217 - 720

5.2 F@LELeS / EROBEIRSOEER

A7 HSA 75 TICE#R L 224/ fEfo 5 7 TEdr
%% Fig. 8(a) IC" ¥ XROX A L 7 b U—AMFEIEFEK
LIKOBELDOBENEH VIO WIC I VA7 %L T
%o & /fERIILoET A, 2V /R EICH LTS
VA NTHATESRINTEY, EIEFCE% LT/
FEROAPET S E L THREISNS, B4 5 EHT ST,
05 & x FAOABEHESC ZOMMEE, £/ 20f
AL ORI IS & & THTHIEDS £ L ERER
ST RS A BT C— 7 OB B> S R4 % (Fig.
8(h)), ML, HBEERIT L — ADRET E% T AR
TT4 v T4 VT FTHILICENZDO & x OLE & &
ErBENd 5, ZORIC, &7V —A0EPTSAE L 7
% X OB AT B,

Fig. 912 HSA 7 TICEERL L 724 J / K dl O [\ S O
%9, Fig. 9(a) & (b) 1L 2+ %1 BL40XU & BL28B2
% M\ 72 HSA @ DXT JI%E 278 5, BL40XU Tid X ##
DT FIVFE—/NY RIRBPEN 2D O D7 TR T s
BIFH{111} L {200} DT Y — 7 Ny HEd 5 Z & HE
%, BL28B2 TiZ X D T FILF — /N RIEMRIE\ 78
{111} & {200} 13 B S 2\ 28, B3 Sefth O A4 JEE 18k A B
2R 20 iR OPIEEPE & ZIERAETH 5720, RWVEF
MIET & A BB 5 C & BARIRRIC A - 72, DXT Tif, &
OFEZFE T O T # B 2 3R & Lz, 8L
T T SRR T A LT, Z VT B 1S T OGS
ZALRRED E IS & /R ORRAEZEL O A% T
UM 21T D 353 & 2100 OB 4 88 L
M ABBE T — % & L CXOHER SO MO
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Fig. 8 (Color online) (a) Typical diffraction image of gold
nanocrystals attached to the surface of a HSA/AC complex.
The center of the image is masked using a lead plate to
eliminate the X-ray scattering from buffer solution and two
polyimide films. Diffraction spots appear randomly in the
area detector. (b) The position of each diffraction spot is
tracked along the 6 and y directions using Gaussian function
fitting. The diffraction spots from the gold nanocrystals shift
over time.
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Fig. 9 (Color online) About 100 trajectories of diffraction spots
form the gold nanocrystals attached to the HSA molecules
Diffraction peaks from Au 111 and 200 using the BL40XU
(a) and the BL28B2 (b). Frame rate was 36 ms/frame.

BAME s & 2 ikam L 7o

5.3 BENBE_BMOTFABEHEI LIS A

NETODXTICEBHER, AVTLAFTVF %
FIIVTH B KesA X VX7 HRYy v NBZV/DEDITkE

6 ¢
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Fig. 10 (Color online) Two-dimensional histogram of the motion

of X-ray diffraction spots from the gold nanocrystals at-
tached to (a) HSA and (b) HSA/AC complex at time inter-
val of 180, 360, 540, and 720 ms in an aqueous buffer solu-
tion. The dotted lines are guides showing the peak center at
180 ms. Frequency of each two-dimensional histogram was
normalized.

IEBAA R S 2 7 B OBRBEE RN B % J6 L T
S/ X ISR e 0 T OFE S EEBy o I S 7
DITIE 20 712 x TRO LS L p—TiOEEHITHEHT %
DT <, MWEFRHENT T U CRRETII 72 84T % In 2 7= i
MBIz A LT, 5 FHTORE S & OHIZ D % B %
B E A LA hhiti 35 C LA WTREIC 725 5,

6. FFREREBNRYEX I NSRS HSA &
F & HSA/AC s5E D5 FAEREEN D LEE

Fig. 10(a) & (b) 1= HSA & HSA/AC (A0 DXTIZ X %
HIE D B/ 572180 ms 72 5720 ms £ TD 2 fihy 158
HEL A7 5 L ERT, M CREIRREO 0 & ¢
OBFAONB A 7S AR b L, BLA TS AL
b O & x HIEIZ OV TR AR RICHBEM A DD, £
DEIFTBENA AR & IR T 2 2 L AL 2ICE -
72o CHUE DXT # 5 HSA & HSA/ACSOE D X %
g L7286, ACHFAHSAWIMCHIR D AT/
&, D THROR S E OMEEASMIRBD O &
Db, it AC T4 HSA 2 T OBKMED RS &
FIZCABZ ETHSADRYY v F & ACH T EOMEIEM
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IZ &0 HSA 5 FO L RS MEPICE DL k72l b
AL T\ 5B, ChOORRIT, &HE#MOFE A
Az (Mean Square Displacement: MSD) DRfEIZ L & & B
=K L7, X 15 TERECKS 15 FHEST —
A O A e Z LIC kD, S CBUIAATRE
TH - 122V B FRMORE S EHMITOWTHL )
IC9 5 C EDBATRRIC 78 5 7219,

7. 8DYIC

DXT O &FEAL & T FHEIC OWTATP FE Pk
By e N8z v OREEEE) B> HSA » HSA/AC $ifk
D5 FPFE S EFHOYFFE & P28 TR L 72, DXT
1, 27 B T NEEE) A 2 OB SO F ik
TH b, ARTHRNLI2V ALY —Y — & DXT O AE
ORI L AFME T —IC X% 27 BT HERE
FELL, BIEEEOBEIC L b7x > TEN G OE
W EBGFRESEOEET IV T VTV OREE THN
TAHTEPAREIC I -/, EMFEELTRICLD 2
iy (6, x) OB THEBC A+ 7S5 ALTMENT ORE %
L4, DXTIC X AHIIC LD IS & 2B BERERY
B A AR & L CHREICA LT 5 2 EBAHE S L D1
755 720 DXT i3 X SRS MNTIC X A8 e fibstsg & 4
HHOBRERO P IB L5 1y TR EE LTS
B TE 5, EEELL 72 DXT oflE#Ed, %<
DR VINTBOEEE LA O2ICL, EFRX Y
IN7 B OEEE & B2 X7 G OEREOR & L <
RIS D WIS EBMRGR D ARBIC R 5 TH A D,

S HICHHES OB ST/ RO\ [E 5 E S
Rl 5 2 EAFBRIC A > TE /2y KR TIEXAEAN L 7
S 7eEEA L U7 DXTIC X AL, Bicx v /Ny
BOSFPHES BRI 5 WS 720 T, BREOR
W g — = LT B ortiie, 718
FHE202D R F /R BB E B (Particle Tracking
Velocimetry) & LT A 7 B 7% & OWNFHENS & I
H$ 52 EMRA[EEICR> T B THAHD,

BT

JA A B 38 DXT o Ji7%E Bf 76 (3 3212 SPring-8 @ BL28B2
IZBWTfibhic, XA XV IF—DOFFHNC TR
JIniz 72z JASRI O Kig e E A+, (IR RHEE LI
L B ET, KBFFED BL28B2 (2 k5 5 A A B 1K
DXT #HIEICH 7= D JASRI O FE KA+, EHEA
i+, NRKEAELICSH L T iziinwiz, £72K05E
@ HSA & HSA/AC §5{kDikam L TIEHW e KIRAH DI
EAHRE EEIBIESBRICES R L BT,
PF-AR © NW14A |2 :51F % Laser-pump DXT o il 52 B
FITH IV TEW 2 E TR IVF — IR 2R i 7e i o
RN —Hf%, WEREAUERER, (REEENL, SHSCE

BEICEH A B L BT &S, KBFEOBUR I, SPring-8
OB g (2011A421, 2011B1299, 2012A1399,
2012A1484) L PF OffgEak#E (2009G510, 2011G608)
CLAHLDTHS,

ZEM
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Development of Diffracted X-ray Tracking (DXT)
for monitoring intramolecular motions in
individual protein molecules

Kouhei ICHIYANAGI Graduate School of Frontier Sciences, University of Tokyo,
Kashiwa 277-8561, Japan

Hiroshi SEKIGUCHI Japan Synchrotron Research institute, Sayo, 679-5198, Japan
Yuji C. SASAKI

Graduate School of Frontier Sciences, University of Tokyo,
Kashiwa 277-8561, Japan

Abstract Diffracted X-ray Tracking (DXT) enables the intramolecular motions of protein molecules to be
monitored using a highly brilliant X-ray source with a wide energy bandwidth. This technique uses
gold nanocrystals markers combined with a synchrotron X-ray source that has a wide energy ban-
dwidth to probe the tilting and twisting motions of single protein molecules in the solution. Addi-
tionally, we have developed the Laser-pump and DXT and wide-angle DXT methods. The laser-
pump and DXT method can be monitored the in situ single molecular motion change after the laser
pulse trigger. Then, the wide-angle DXT method can be tracked many diffraction spots from the individ-
ual gold nanocrystal attached to the individual protein molecules using bending magnet beamline at the
SPring-8. We reported these experiments in detail and discuss the intramolecular motions of protein.

FRETH May 2014 Vol.27 No.3 - 165



