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Abstract

1998 4FIC X #1170 13B#% (Diffracted X-ray Tracking: DXT) ZIRRFEH LTz, BEEX T 15 FMIc, v/ 7ah s
/RO EEME 2R L, 10 FNERESZ © O X— MUVALERERE TRHMIITE, BEFET % 1 ofatillike LT,
R CREEE A ER T 2 E TICEEI Y5 T LN TE 2, DXT IIEMREZEIE L TV A OICHER RS
DM, TOREERIALUCH RS EENS, SHETORTTO—7 1 5 FitiRE OB Rz #3455 L 5% 0
JERAZ R LTz

1. X&1 3 FRIFLORRLER Visible light (A=300nm-800nm) We utilize the tracking concept
1976 4F T. Hirschfield [11iC&>T [ Etk EoOd 1% Optical Diffraction limit in the x-ray regions.

A BNB] LS EAVESN B 15 TR F imaging concept =15 | xeray (=1nm-0.01nm)

ofce A& I DTEMELIENS ETICHERL, K ]

EREN TR BT E T OFHUIE OFIFA DA Tracking concept / Tracking  ~A/100

TN TS, T. Hirschfield D X 5 I A[#DEREE D 7 0 ~4100 T
— 720t 1 iR, ORHIEEOm 2 '
HNE LTELKDTRBPRENTE e ZNNTHEGFN
WREFEBIT B BRIC, BT 20 FNIOMIGZ(LEiZ~ 1  Figurel

o T S M R e 5y ) 4 I\ There is the difference between the imaging concept and the tracking
7 uBOmEET, D Al/f:FOD 'ﬁl%g M2 5> Tl ;j one. The single molecule technology is usually applied to the tracking
FRliT s ik, 2L 0EmBGOFRBREZMIET 5K concept. Diffracted X-ray Tracking (DXT) methods are the first
EBETHDB, EHLUE 1 59FHh 5 OFHNESSEHRZ in vivo demonstration of single molecular detection systems to be adapted in the
12 BT ZRIIC SRS 2 . FARIC 1330 SR tracking concept in x-ray wavelength region.
HRET, ORI 1 0FEHIS AT LORBIX, Ay

Nanometer-scale Dynamics Picometer-scale Dynamics

FREO & 5 1 SR TR R B S L 3 B A1 X““Q P Moving Difraction Spots
WEIRE ) Lis%, FHTFHIZOE S ICHUC 1 /LS e )
Vv T TR L TR OIROIIES S TH S, —_— —
Fig. | Tl 1 70 TEHAl & BMEBIOBES D EARNTE S T Structural Change
L Uz, TEHRERIL) 205 Wi B L7z [5) N
TIBPREZ ) 14 LTI A T H - e, B

£8 1 D7t OREARTH D, 41 Super-Resolution
(g ORARFM LIRS TS 2], 1998 I Z DFE
A2 XREEICHEEE L C, /R ziE#ST s 0ws 71 Figure 2

FYREE LU TERL-ONXE 1 5 TR (Diffracted Schematic drawing of the single molecular detection system using
x-rays. DXT monitors the behavior of a single special domain with

X-ray Tracking; DXT) T % [3,4]. T D% Fig. 2127”96 the guidance of diffraction spots from the nanocrystal which is tightly
DXT D7 A T 7B TELEE T nm OME T /&G coupled to the special domain. Additionally most of proteins or enzymes

N0 J RSN — AR > ) — pzh - are composed of multi-domain proteins, such as dimer, trimmer, or
2SI TR TORAER IS DR &L S IR L, 17 higher-order structures. DXT can observe collaboration movements from

A ER B O XHRRIITRE S 2 RIS, BH UL Z N0 E this structural symmetry.

Membrane Protein
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DFOEE 2R EINCBENT 5, BN 1 3 FO—ERCHE
BEEDE T 2 & ZDEBAICERENTWVS T/ R
FNEBOMIEZL LRI LA ZEL L T/ fEED 5 DlEl
RS OMENTI <, XoThEE LT, 675mE y Ak
NIRRT LTHEE NS DT, MEIELRREEZ
X 3 It EEHNRET 5 T L B EETH D, XN
TETIENCR A VT U VICREICEE LTS EE, 7
DR ST AN FEATICHUIMRE) L TV 2 58EE) (tilting) A0
JTANC B ARy S AEES B 77T, X8 HOmN
I (EEA MO L THREZN RN B35l
FEH)] (rotating) ICIRIE T NZ DD y MO EIPT AR bi#
BCHIGT %, B E NI/ fEiE, JEREERIAD & >R
JHE T OMMGEERA 2B L CEFI LT hd L
5 URFDEFIRMOEE, IKIARDORI T2 B U 72 ih%e
ol BfAT 3, LML, IRERMRET, TNZGHT
51O XREHTHSOEE&EOR A (i), 5%
ki DEEERRHEE & L TIERTZ %,

2. DXT ORHEHEMIEF / ERERICHS
XHRetilEfs & UCild, #ovikiciEgRE Nz, /&
DANMAFN 0 TETE TR EEHII L TV 3 721
TER, HINMICZZNEEHLIHREE S o 72
ME LNEV, DXT Z2EBlT 2 R KOMEIIEHT 28
7/ ke OS R R BICH o Tz, 1998 FERiRDE R Y]
&, HRENTHSER 10-40 nm DI04 REFHAL
7EDXT ZEZ TV, TNETOLL DM TEITA
R ORGSO B FEEMBEEGRIE O LT L TATHREN
NTWih 57, DXTOFIHE LTI DRETERE>TY
BENDHBETBELIE, BAEIENICS Y TREIT RSO
T, Iz, eF4 LA 33 I VUPHEE) Of)mEiRy
ZRHEELTWVWBRTH 5, ZORPICHEE R < BIHTH7
BN T 208 N D 5Tz, M, ZLOHIRENTN
a0 PR 2B DGR LA 30 S VLA
JVTEITHESFITE DR E 1 D& - 7,
FEDRAITTIC 2B DMFNEE Nz, 1DIFT
wFVTEBEERANEEDT, FOTOYRARIERICHE

Deposition of Gold Detachment Gold Nanocrystals
Nanocrystal I:>

NaCl,KCI (100) NaCl, KCI (100)

Dispersed Gold Nanocrystals
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Ly g ’
S /‘\

K =
by ad

Figure 3

The preparation scheme of labeled gold nanocrystals. First, vacuum
evaporation was used to deposit a super thin layer of gold on a cleaved
NaCl(100) or KC1(100). The deposited gold formed islands on the
substrate and grew epitaxially. Then, to disperse the deposited gold
nanocrystals in aqueous solutions without aggregation, the substrate was
dissolved by adding the detergent solutions.
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HEZT-DICHIIHO DXT DREBTOBED A LIZ> T
%34, 5 1 DD EERFig 3D&SIcAF UiEm%R
oI EZF v ) VREZFIHL TWA, COFRER
Tav AN Y TIVTREEEICANT NS, AT,
NaCl(100) > KCI(100) b4 DA FLIC B3 % 5%
& 1950 FEED S Hed TEMICHIFENENTE D, ZDZXK
EH DML OIS TEETH 5 T & H IR
INTWz 5]

AL AWz 1 A FRtilEdfc B VT e, #EZ2FO0
TENFEPELFHENTVS (6], HUHNEZF DIFFD
KEIHDNEVEID, Cy3 9 Cys FDOHIHI/NE 5y
FHFHESA TN, X0 EEEOREED RS Nk
&, BIIVBLANoxA 7 ub LN )UDARAER 1 5 TEl
HOGEE, BEEE A~ nm D Quantum Dot (& T K B)
[ﬂ@ﬂﬁ#ﬁfzm&&of%to%@g%#Eﬁéf

JiEROEREEY 1 Xk, 87 Ry b EEEY A XDE
££5-10 nm ¥ A RICHRELTWVS 8], LA L, BHERKE
BFT, COYAATOREET /HEEOIERIIZIIL
TRV, 508 A0/ A XE20nm TH 2, £D
FRRIEBZREREDA A VR OWEHIEN—BFBICEZ S
N3, LR OB GHIE DM BIZE H N & ¥z 5 i
R EICER UsrNida b avm e, ElEnzS

J REEEZ DRRIC 2 R T B ALK E B &R
NEE 570D T, T/ ERORKIRICBNT, KIAK
HTLEICTEUREICE SR NER SRV ETH S, D
£, TEXFUYIVKETESHERIE, RicET /iS5
MHOFEEE R RINE RS RV, ZOTHEEY YT INIC
L 2 R0 B FAOILEN R B S mhi T X
TV, BTEIZ Fig. 3 O X 5 IZ/KIAHE L CIEEIC NaCl(100)
A KCI(100) FiD 587 /HimZHET 2 T &N TE %,
B 2 OZEEFMZREICHREL, KO/NELTED
MEEEDOBWET SR EREN DL L TETWVED
T, MEfE5-10 nm Y14 ZOMEHEREOMETH A5, T
DY A RT75 % &R IZEYHHRKICHA T 5 T LV A]HE
BDT, DXT OWENENEK D KEZ in vivo ZTA\ETHE
JETE BT TH %,

T/ EEROFE SR A XOFMIZIERICEETH 5,
DXT RS I RTZFHMO L, YA XAOREET /
FEROVERZMHC BT, &2/ T2
21795, DXT HiaHliik & LTCiE, £ UiEss EhS AV
T4V TT—=TR K> THN LI TV EDT Y LA
fre, RHD AFM #i, 1E#H D DLS FHiliDETH 5.
INBILE-> T, fmEev 14X, Z LU OKBRHhDS
HUEDVEHIE C X %0 BN A T2 @HiAIC SEM IC K 58
%/ 8GELIEHT EBSD (Electron Backscattering Diffraction) #F
lind s, THiFHikd 3BT 1 7 FEHNE (Diffracted
Electron Tracking;DET) DJFFE L U THIH L T3 [9], Fig.
413, HHEMETFTIEH- LSS /fR0 T i %
— L EBSD/NZ—TH %, Fig. 4A)1EF U ZREHTT
AR 7 [T B AN C & Tz dl, EBSD TIEH
ICHAME RS/ R 2 — DM BN T W5, Fig. 4(B) 37 D
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(B)

Figure 4

Characterizations from Laue pattern and EBSD profile. (A) The
crystallinity of the gold nanocrystal is good only in the surface region.
(B) The crystallinity of the gold nanocrystal is good except for the
surface region.

f B

E_E Image |
1 | Intensifier

739P

polyimide film

polyimide film

aqueous
solution
A\ X-rays
a
r gold hano
g . \\'\ crystal prot
fay PFARINW14A |

Figure 5

A photograph of the instrumental arrangements for DXT at PF-AR
NWI14A. The sectional view of the DXT sample is shown. Although
X-rays have penetrability, there is a limit in the thickness of an aqueous
layer (5-10micro-meter).

T, 79 LA CTIEHAEZREHTHSDGHI T E TV DI,
EBSD Tl Fig. 4(A) & D & RIS ER/ S X — M 5N
TW3, EBSD &4 / A5 ORMIENLD A DR &tk 7z 3T
fliL, DXT &7/ #ESEROBEEFT ML T3 LE
AbNb,

Fig. 5 13 DXT O#ERESE (KEK PF AR NWI14A) T
HB, BT B vy RO D ATP FHEITHES 1 5 FW
HRmIEAEHEENEHI [10] TIX, caged ATP OF|HDKLETH -
Tzo WE 815 D TEYTE & L—Y =ik (YAG L—¥
— i) ZHH LU TERBRTE 2EEIEMIZEL TSR
— LT A Y TRIFNIRARERERTH o 7z

3. FERE XRICE B EHEDRREZBTMNHA

1 3 FIERIC 35U 2 BIEX B 72 ks LIS s a t il L, %
REME 2 o787 57 ¥ OREREFEBI A 79 = X LD F5taf 22 5 1l
2B LICHMEBADNS T LIdRV, ThE, AR
TZDEIDOLT 1 5 FREEIEMITE % T EARIEH
BETH 5, MR 1 D FtllOBRIOMRRE LTI, &
AFM DFEBINSG % [11], BURTEEA I VRO &Nt &
Bonm LUN O @KL 25 5. AFM DY LT 02 %
A% LD TR TH %, LML, Z<DEUIN
D5 T ORGEEREHNIE, <A 7 aRLL T O E3EMEThH
DIAMUTOEHELEZLEL LTWS, ThZFRET
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BldiclE, BUED 1 57RO TRETd % &,
il S OEEREZ RS % Lhviaw, AfHEETClEET R
w RV, XERFEE T DXT IS X 912 F / fE2 iik
FHT %, HEEDEHFOINE DI, TOE#HTEC L
WK BB TNOEEETH %, TR & OBERHENE
EMICEHMETZ 20 Th N, HERLICETRMEIE SN
5T THEN, SDL T AMEFEDTFHEETRENGHRZ M
K TRE T LI TERY,

I DXT T, T OMAERE & A3k o MR 2 & B 7% fif
MicH® 2 2R L, BIELIE&F /fiiE 4
HER o7 =— ) U RER T = —U ¥ J R Z2 S
% T & T Fig. 6(A) DX 51, 10 nm A5 100 nm F TZ D
EREHEWERT 2 P TES, Fiz, MELTWSE
AR Y MMIAEEERLINC X BREHT SRS & & I iR
Wi T&%, Fig. 6(B) &, ZXV\ZHENFINERENI=EF
At mOEHTRED SE L UIRIRY A Xk, H5HEe:
2RI BT DT/ FERD S OB OEEEE DR
BRz27RT . ARERIE 100 SREOBIHT ARy kO 58 H)H
ETHD, TNETNREERD R ZF> T0d, Y1 X
D RZAES L IZIFERRBER OO DR 5N %, T O,
KEWT /IERZREERT 2 L 5T Tldd 200 FOET=
MRV T BT 2R LT V5, 1 0 F LN)VOEERHE %
EZBHE, TOHEIEERDE, 7/ EROEREED
KDY A ZHh S DFRFRIEETIOM K ZRT EEZEN
%o ZORRIE K D/NENY A ZICHBNT & Hiki R 21 b
MEHE NS, (o T, TOERBEGENS, yUIRIcHiz
5F RERT A X T8 ) ROEEEREZ KD B N T
&5, Fig. 6B)ICBNTROB T ENTESN, Fig 6(B)
DHR L)V DF /G A X & FEANTE % FERE D B8
EDOWRI/RENTHED, EEROMEBIZTNIEERELR
WZ EWERIMCRT T ENTE I, 8 BAA, TOREE
A CIERRD XK 57 2 DD RAA U 1 DORERT /4
ENCTEET B EE, YA XX BB ERKEDITHHM L
TLES, LHL, AFMREBSD DT—2ZMN5EZ % L,
[EFE 20-60 nm D& 7/ FEflENEZE->THE ST, 1FIF 1

(B)
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Figure 6

Sized effect of gold nanocrystal on proteins. AFM image of the gold
deposited 2.0 nm thick at substrate temperature 420°C on the cleaved
KCI1 (100) substrate. The size of gold nanocrystals ranged from 20 to 80
nm. The observed angular velocity of the labelled gold nanocrystal has
a relation linear between the normalized intensity (estimated size) of the
diffraction spot.
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DOMERRIE LTEZR DT ENTES EDOFHiZ LTV 5,

Do &5 ik, rfsscHYTwsE TR
v N TRIAATRET, EENEMNTZ15E &9 % XEREHRIE
CEHED EDB, 8 BAA, T Ry MO SEOXEREHET
ARy bEFHITE 2D THNE, ZORGFNE fHET
H3H, BEEFTELOMREINTVSETF Y M (B
5-20nm) TR ETA LA N LN)VOREE T XEREHT A
Ay MERWETZ T EICHEILTWEY, LhrL, Thic
BRINTEE51IE, 87 Ry e o—7L LTHL
BT ENTE, AIHMEE & XERAEEKD 1 53 75 HA E R
ETFREL 72D, DXT AWK O IFLHMEAEGRE UTHIAE
Na3E21cEshes Ly, ERiEET Ry M2 T,
E{EIHEICBT S 1 o rREHIEE, KO 2mix
BB EHE ML T NBZ T ETHA I,

DXT D% 5 1 DOFBILBHETH S T &2, Thid
BHBRRICB O TRDBASED D > Too XERMHICIE, [
P XA A=V ATy T 747 (XD ZHO
TW5, MHIASRETXMEBE AL, Tz mE
JERThEL, HABOENAITHETT, 2otz nH
FHHDAASTEET %, AWERTIERNU UYL (0.5mm
JE) OEZEMICEE 0.15mm D CsIBEELTHH, Th
I K o TXHRIATHDEICEB IS NS, Csl DEZEHITIET
+ FAV—FHEELTHY, K> TfDEITET
WCEHE NG, HIINEN TV 2 EEEIC K > TEEhH
TN, HAOEOEIRIC YTz > THROWEEELE TS, TD
BUCE 1L > XD AN OB Ok U T mmic
s 57, AJTHO XFMGZ A LTIl s e LT
BT B EMNAREE RS, BN ENS TS, AIH
HAHASTL Y RAZEB L THIEBRZERT S &N
ARHITIRD, TOHRE, X1 O 5 DIZHOTE
KTHs, ANHDHEIARTH S CsLFE~ A 7 afhDsk
KO Sbnsd, HAEOEYEAICIZ—MITIT R
B DZ O P43 (GADOX/GOS, Gd,0,S:Tb) Wi X 15 7,
P IHIVBOBREEEDE SN TS, P46 (YAG,
Y,ALO,:Ce) DRI A 7 a4 — X —THET 5D
T, EERCIGELTWB EER, YTy ay b ER
A 7 afyCEHIT % & DXT &, T DEEAE P46 T44)
HIEL TV, LA L, XFREHFTOESHRENES K5I

Figure 7
Typical observed Laue diffraction pattern from high speed DXT
technique. It can check that the spots has spread.
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ENEMoTzs Pa6 EFEIEH O Z NI REE N IR E T
EBERABEELIRBDIIERTHS, L, B<EZXBDE
DXT (3BUHETH 5, FART O R EGR 2R D 720 bl
TRV, BT AR Y FOHLEEMNRE 5720 TRV,
FNTPBICRLY YTV ay beEt=A4 7o THlE
T5&, BikobKEDHTWEH S, ERE70-80 nm D%
F k5D D OMERET AR Y N EEBBZ T ENTE
BLEHHAZ RS & Fig. 7 (op HHEE) DX 51K
ENTZERFPSED DR EVA MY =2 2> T3 G
TH->TW5 3 WFICRRROEHTF AN R Z %), U5k
HWENWTZDTH B, UL, BRI BHTAIEDOUE
WATE T B o T2, TOX S ITHRHEERDDMEER D
YR BRI LW IS, FOERETE Tt %
DI DXT ELTRHEEE X %,

4. SEDXTICEZ7OXTVY IHRDOBE (Vv A
O->f&LT)

Ty RaZ VREWNR B L EEREEHL, Z0
NNz lzAZREX 2208 Ths, vy Xa=
BEBOY T2y b EKE Y VI EEEEhEbEIC
2 DEREIREEE & D, ATPKFENIC Z ORSEZ 2L
TBCELTHIETSD, TOXATITRIIHSHTHED
S7z. FREED D TEEEHIZ BT 5 DXT ZHWT,
N8y vy Ru= > OfEZE L% DXT T 1 7 FEHIl LTz,
4 7% ATP RS K U caged-ATP 127 FICHBIF %
TRSIRTR TOMER LR UIASR, v ryXa=y -V
& ATP K5 &1, JEWmERREERI%, VT BB A
TIKEEEHEID K 10 B UNE T EHHIHL 7 [10].

Fig. 8 (3 2 mM ATP JBEEZEIF35 X U 2mM caged-ATP 171(£
NI BT 2RS4 T ORE Z Hig U7 fs R Z2 /R LT
W3, 2 mM ATP {£/E R TlX, CW & CCW Difi 5[\ @l

L=~

2 mM ATP

Il y\/zﬁ
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Figure 8

ATP-triggered twisting directional analysis of the group II chaperonin
in the y axis. Rotational position trajectories are shown as a function of
time in the presence of 2 mM ATP (A) or 5 mM caged-ATP after a UV
flash (C). The histograms in (B) and (D) show the frequency of the initial
direction, either clockwise (CW) or counterclockwise (CCW), in the
presence of 2 mM ATP or 5 mM caged-ATP, respectively.
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B LT\ zhY, Caged ATP 17(E I TidIZIE CCW DA D
R FMTH B T ENEHITE, DX D, CCW FHH
ATP DG U TzBICHESE) U GiRC 2 mlfsE# TH 5 2 &
ThholzDiz, £iz, ATP BEE L THOMEZR{LT 2%
TIKPLRDEAA LT INHST L BINITH A ™y TR
Ta—OHOEE THIIAL, Z ORI ¢ /7RO AT
%<, 0 HRDMEET, hOMmDTHWEETHS T &N
MRS NIz, K7z, CCW Jjm& CW J5 1 D [al s & Bl
MWEEZELHIALZ, ThEFIATZ72HICE, &5
DUEBLAETNE RS RV, 5D A, CCW i1
AT T THEEL, CWId 2 A7 T THEZLTWSDT,
ZNWEKT CCW D J5 T4 [BIESERE DO D Tld iz
MEEZ TS, TOFFIE DXT HIEEEDS TROTE
R RTH %,

BEREME 2 2R BT D% 1E, HER A A G2
STWVBEENE L, Wt E LT T oA R 8A
Hb, FHE, WEllzeyryXaZ v RE8EETY VT
GRS 2h, &F /B LZBEET %7291 Cys
 Met ZBInTFEAT 5, {E>T, ADT /HiFHIC 8 |
DCysY A MBRIST BT LITED, Lohb EREEL
T&/Mﬁﬁ‘?8@@%H%ﬁ%LUKwWMT®EW

BT BN, KLY A ML TES LM
@&T%T ARD FNEEB Z HHTER RS LR
KEEEOHEL TS, F/ERHDOY A X3HE Fig. 6(B) &
3B S TR T B ROFEN E R D, HE, Zovyno
ZVRIEBWT, ZO[nltgEHE) 7z T EE TR I HE
AN B BN, mAEEAIEDXT T —2K0E 2%
BETH-oT, im, FERTH-> THBEETFEAICTER
ZROBE, T Cys BAMRKZ 8 WM LRbT T &
BAHECZ OEBIIBREETH TH S,

uLw&ﬁ&ﬂﬂ&@ﬁ%%%%szi5§ﬁ%éz

JiEREERIC B BRI TE 2N DS, T 0
XTU/&M%T%%D%%m&%%”kﬁg@ﬁﬁ‘
FRREET 20, HRTETIVHERETIVH DK
AE[EEICR D, BERERILD A 1 = X LEFTIC BV T & EIE
U2V FHRESEEID 1 DTH 5 [12], SERIDY ¥R
0= ATP #E &Y A FAZ VO THAKERIGEMETH
ST, TAaRT VY VEIRE 1 5 T NEREGEEIRE D EIH
HEIE UCEHIIG 2 T &, COZERERT / fEGEEk
THlEL 5B, NEDTOHENNE S G S HAEERTE
BDRICBVC, 0T OLHBIO N O ZRETES X1,
U 7Y REEBIRORGEZ L DRIC E D X 5 IakiiE 2 bhs
BT 20OMNE, ZHT1DOOF /FEREIEHRT 5 & THh
HTE%, £z, TOHFHETNIIRER AL RBOHEE)
ThdTZEEZDL, T /BLN)VO@BEHEEE) &V
2&0%, A7 AN)VOHTFHNEETHEEZ 5NS
DT, XA 7 DXT TLRMAERT /Mm% Z
NETPARETH B LWL TV 5B,
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5. thoEFT70—7 1 FFHRENDERESED 1
ﬁ?ﬂﬂm”ﬁ
DXT &, 77 FICEGER L 727 /HEE 5 O XFREIHTHER
DE)E Z2EGIIC FL— R 9 5%, BIfE, €aX— koA
EERETYA 7 ubommdttzREl L, MR
JER R 1 9 Fatillit & ko7, UL, DXTRAD
RolE, XER7a—TiRE UTRBRED iR % RIS %
Z &’_TZ’D%) ZFITXBEO BB EDHEERHDKE
ERRZ VT, EERERRTHERERE 1 sl
%5Mﬁﬁ®mm1\¥§%LM&%®%%%E9KOM
A CTHIRD DXT Tk, XBME—LEFRTY A X TER
W, BEHRRBFIC K2R XA —UDHER L K->
TW3H, AYAADBTLE—LEH NS L TTDOX
A=Y DRERRTED X DIk > Te, RBHFERET
&, EBSD #2877 2 i U 7z L A AU 76 7 BEMEE (Scanning
Electron Microscope; SEM) ZHV>, Ay TITHEEER L=
/GOSN O L, FREIMICAEAER D TAD K A —
VG232 iEL, mERESEENZEE LTz, DM
FEHE T, BRI 2 FEWE (DET) OFEMMEE L
T, @anA FhroOBZEEZHI S L Lz 9],
DET D}EARKEERZ Fig. 9 1ICRT, W@$®%ﬂ%ﬁ
T & % SEM H DREIGARIE (Wet Cell) 72 B 71—
VB (JEX 10-20 nm) DOFFEEZE VT, Ay ?kﬁ%
LizF /K OfG s AN D2 b7z EBSD /N2 — >/ T &k
#ﬁ\%ﬂnﬂﬁﬂ“(%% a7 bR TRY A XD ENEEE TR
77 Chi7) BEETH S, SEMERWT, KiEEH

W-ff@‘%)lﬁ?ﬂ: 40 nm DI 0 A R 7OEFE) % Ea A
— MV (JETY A XD 1/100) FET60 VRO EEN
T2 MBI OFZT B LIS Uiz, £z, HIEIC
KD DET & DXT &572 0, WhilkOGan1 FzEakike
LTHHTES T EMNHTZI D >z, DXT I, FEHIC
BE&F /fmzEnEe U, ZOMESICBT 20782 <
DORENEPE NS, —J/TTDET Tid, BEAREM TR
<, HRENTVEZEFET nm OL&a0 A1 RRIFO /51
%% EBSD MMBUEM D EREEICHE T E 3,

Qn‘e»resolved EBSP
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Figure 9

Conceptual diagram of Diffracted Electron Tracking (DET). This is the
arrangement of our new dynamic single molecular detection system
using the EBSD pattern from the labeled gold nanoparticles on the
coating polymer film with wet-SEM. DET can observe 3D dynamical
motions of the labeled gold nanoparticles in the vacuum and aqueous
solutions with the milli-second time scale.
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LFIDET & DXT ZHikd % Z & TR L L T & 7z 8
BB, 1 DI XEHFERMEICOVT, BrEHWEERE
LS % LIERICERED NN TH S, BFHEEMHLE
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Relationship between DXT, DET, and DNT. Single molecule detection
systems using quantum-beam (X-ray Electron, and neutron) are
characterized by sized effect of labelled gold nanocrystals. TEM/
STEM can observe single-molecule dynamical observations with a non-
labelling method.
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