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After exposure up to 0.4 mM H,0, for 60 min, total
DNA of the cells was extracted. With 20ng of total
DNA as a template, the target sequence was amplified
and FCS measurement was conducted. When 0.1 mM
H,0, was added, a decrease in the fraction for the
mtDNA LPCR product from 79.3 + 5.4 to 67.9 +3.4%
was observed. At 0.4 mM, the fraction was decreased sig-
nificantly to 53.9 +5.0% (Fig. 3A). The pattern of
change was similar to the result of the gel electrophore-
sis, although the values of fractions obtained by FCS
were different from those of relative band intensities,
which were normalized with the highest band intensity
in each gel. The fraction of the nuclear-encoded B-globin
LPCR product remained unchanged, that is, approxi-
mately 60% under conditions up to 0.4mM H,0,
(Fig. 3B). H,0,-induced mtDNA lesion frequency
increased with its dose (Fig. 3C). The frequencies were
0.17+0.07 lesions/10 kb with 0.2mM treatment and
0.2540.05 lesions/10kb with 0.4 mM treatment. We
confirmed that there was little effect of H,0; on the B-
globin LPCR product on gel. The results shown in
Fig. 3 were consistent with those obtained in previous
studies indicating that mtDNA was more sensitive than
nuclear DNA to H,0, exposure [1,4]. Therefore, the
results suggest that oxidative damage of mtDNA can
be detected by the LPCR-FCS method.

Primary screening of oxidative stress-induced mtDNA
damage

The analysis time of FCS measurement was approxi-
mately 5 min, whereas that of gel electrophoresis was more
than 3 h, in the current study. The current method is pro-
posed only for a rapid primary screening, not for accurate
evaluation of oxidative damage in the mtDNA genome.
When the ratio of mtDNA to the nuclear-encoded gene
LPCR product is significantly low due to a decrease in
the intact mtDNA genome, the screened sample from
FCS can be immediately subjected to detailed analysis such
as sequencing.

The current measurements of FCS were carried out with
a 20-pl sample volume, although theoretically the volume
can be reduced to a volume element on the order of
1071 L (9. Practically, the sample volume for LPCR can
be reduced to 1 wl. Thus, this LPCR-FCS method would
also have a great advantage from an economic point of
view. Physical handling of such a small sample volume
can be done by using a capillary tube or a small sample
pit on a glass surface covered by a thin film or cover glass
for mass examination.

In contrast to common methods used previously without
amplification, such as Northern blotting and HPLC—elec-
trochemical detection, target DNA was amplified in our
method so that a smaller sample could be employed.
Although our method has some of the same limitations
as other methods with amplification (e.g., real-time
PCR), the DNA sample can be reduced due to the tiny vol-
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Fig. 3. (A) H,O, dependence on the fraction of the slow component
obtained from two-component analysis of the autocorrelation function of
the mtDNA, LPCR product (@, means + SE) and on relative band intensity
obtained by densitometry after gel electrophoresis (O, means — SE). (B)
H;O, dependence on the fraction for B-globin. (C) Lesion frequencies in
mtDNA (@, means + SE) and B-globin gene (A, means — SE), evaluated by
FCS. #P <0.05 compared with the fraction without H,0, treatment.

ume element. In this study, we used 20 ng of total DNA. As
shown in Fig. 2B, 2ng of total DNA was sufficient to
detect the mtDNA LPCR product. Furthermore, because
30 pg of total DNA was isolated from 10° cells, mtDNA
damage could be detected using a few hundred cells.
Currently, real-time PCR may be the most sensitive and
precise method for detection and quantification of nucleic
acids. However, it is a complex technique and substantial
problems are associated with its reproducibility. Further-
more, in contrast to our method measuring after PCR,
the real-time PCR method measures fluorescence intensity
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during PCR so that its target usually ranges from 100 to
500 bp. If real-time PCR is expanded for a long target
sequence, setting the optimal PCR conditions becomes
complicated, Our LPCR-FCS method makes possible the
evaluation of oxidative stress-induced mtDNA damage
without a complex process,

In conclusion, the current method would be advanta-
geous for epidemiological studies to determine the relation-
ship between mtDNA damage and the diseases in which
mitochondrial deficiencies might be relevant,
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(%14 20065210 F 10 B)

MM RRARETFEHRL(CEAL, BRBEE
FARMERFTE B 7 7/ B 1 )V X adeno-associated virus
(AAV) N7y —ZBATAZ LITLY, N—FV VIR
V3 B RIET AR OBRIRRERATT AR 2 o 72 V. B7E,
=X YV VR LT3BEO /O ba— itk 24
LABERIRBERASKE TITh T 5 (Fig. 1, Table 1).

1. PRF/BHEIANANYG & —

AAVZ, SMEER (7 7T F) O CBik—4A8 DNA
ZABBAIENSVEIANATEHSD, BADE L XFHE
MERELTWS, AAVEMRTOMMIZARTERT, BR
RTRT7T/ TANVARANNNRAYT AV ADEET T
JEREZ 5. REELS R0 1965 E BRI N T
EHIHEESNTHRBEOKDIBEL N TW7223, 1990

FERCRETFEARRY ¥ - LTOBN S5
NBEHCho7, BETIRERED AAVICIE 1007E
BULOBREFESSFHEINTVE D, AAVARY ¥ —
B, TFEITANARY 5= LB YBERISEAL
Th, BLOWRERGE2ERTAZ i3 i<, Lol
ADMIEMIICEA SN BEFORBERIL R LD 3
EBMUEERTAZ L RE SN TR Y, .

INTETAAVNY ¥ =2 BB EFREBERETS
LT, RETREROERBRICHLTAE 30071 b
TI—=VARIBEINTWE, AAVRY ¥ — 2 BEE9C
55 % BRMEAMERE T, 803t LTRAT 1 X 101
vector genome (vg) AU BEAMER S hizdt, Xr ¥ — Bk
DHEEICIIEMEHERB SR TR, T/, IKHE
BT, HE~DOEEBEFEALT o226 CREDKS
BHEZEO—BE ERNRO LN, FOMOBEIWESIE
B BNTHRN, '
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pars compacta.

Fig. 1 Three different rAAV vector-based strategies for Parkinson's disease. Gene transfer of aromatic L-amino acid decarboxylase
(AADC) restores dopamine synthesis from orally administered L-dopa in the putamen. Expression of neurturin, a neurotrophic factor, in
the putamen protects dopaminergic neurons from degeneration. Transduction of the subthalamic nucleus (STN) with rAAV vectors
expressing glutamic acid decarboxylase (GAD) produces y-aminobutyric acid (GABA), an inhibitory transmitter, in the nucleus and
modaulates its function. GPe: external portion of the globus pallidus, GPi: internal portion of the globus pallidus, SNc: substantia nigra

» rAAV-AADC

rAAV-Neurturin

Putamen
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Table 1 Clinical trials currently underway for gene therapy for Parkinson's disease

. . Aromatic L-amino acid
Therapeutic gene

decarboxylase (AADC)

decarboxylase

Glutamic acid

Neurturin
(GAD)

Synthesize y-aminobutyric

Neurotrophic factor

Function of Convert L-dopa to

acid (GABA), an for dopaminergic
therapeutic gene | dopamine

inhibitory neurotransmitter | neurons

Phase 1 1 1
Sponsor Genzyme Neurologix Ceregene
Dose of vectors Low  9x10" Low  3.5x10° Low 2x10"
(vector genomes Middle 3x 10" Middle 1.0X10' High gx10"
or particles) High 9x 10" High  3.5x10"

Subject number 15 (each group 5)

12 (each group 4 ) 12 (each group 6)

Target region Bilateral Putamen

Unilateral Subthalamic

Bilateral Putamen
nucleus

18 .
F] Fluoro-m-tyrosine
PET [ v

['*F 1 Fluoro-deoxyglucose

(FMT)

['®F] Fluoro-DOPA

(FDG)
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Recombinant adeno-associated viral vectors bring gene therapy

for Parkinson's disease into the clinical arena

Abstract;

- Shin-ichi Muramatsu

Stereotaxic surgery has played an important role in the treatment of medically refractory idiopathic Parkinson's
disease (PD). While deep brain stimulation becoming more popular in clinical practice,

advances in stem cell

research has raised hopes of creating novel cell-replacement therapies for PD. If cell-replacement therapies work by
restoring dopaminergic neurotransmission, then gene therapy to produce dopamine-synthesizing enzymes is much

simpler and more straightforward approach than cell therapy. With recombinant adeno-associated viral (rAAV)
vectors, which are derived from non-pathogenic viruses,

gene therapy is becoming a feasible therapeutic option for

PD. Efficient and long-term expression of genes for dopamine-synthesizing enzymes in the striatum restored local
dopamine production and allowed behavioral recovery in animal models of PD. A phase I clinical investigation is
underway in which rAAV vector-based gene transfer of aromatic L-amino acid decarboxylase (AADC) is combined

with oral administration of L-dopa. Although this method would riot relieve patients of the need to take L-

dopa to

control their PD symptoms, the L-dopa dose would be lowered and the duration of the ON period would be

prolonged after AADC transduction. Two other rAAV vector-based clinical trials fo
is transduction of the subthalamic nucleus (STN) with rAAV vectors

r PD are also underway. One
expressing glutamic acid decarboxylases to

produce y-aminobutyric acid (GABA), an inhibitory transmitter. This strategy aims at modulating "hyperactive"



152 #EREEYAN#HFRAL L Vol 45, No.2, 2006

Key words:

STN neurons, which is what deep brain stimulation does, although its mechanism remains unknown and there are
some theoretical concerns for chemical alterations. The other clinical trial is delivery of rAAV vectors expressing
neurturin, a neurotrophic factor for dopaminergic neurons, into the putamen to slow down the ongoing degenera-
tion. In addition to improved vectors, improved neuroimaging techniques have advanced clinical trails of gene
therapy. A magnetic resonance imaging-directed method has improved the precision of the delivery of vectors to the
target regions and reduced the risk of injuring blood vessels. Positron emission tomography with various tracers can
be used to monitor the effects of therapeutic gene expression i vivo. Gene therapy using rAAV vectors may be a
promising option for treatment of PD in the near future,

Parkinson's disease, Gene therapy, Adeno-associated virus, Dopamine
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RIS PRIV OMAETH B, MiK-MEF %8
BLIZCWERIViERb Y, 20BYWETH
% L-3,4-dihydroxyphenylalanine (L-DOPA) % N R
THIELRE DRI ZRENEONRS. Ly
L, EfT U 7 Parkinson F Tl F 83 v ig&F
DEVEBHEDE L <, L-DOPA % F83 v iz Tl
TLHEERT I/ BRI R EEEESE (aromatic L-amino
acid decarboxylase : AADC) DJEMEDMET L, Fo3
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DOPA OZhERIZEEE L, MAREDOESHICHESE
BERDO BB AEEESPEL B, 5
i, BIEERED PRI VEREVHIEEINS
&, {18 EORIFERA S HIR T %, L.-DOPA o b
LZEEE L TROZSIC LD MACBTL Fes
VERBICEBEERT % R o RRBERED
H B, BEEEDWESFI L-DOPA IZHRT
v, TDXIHI, EYREICIBANS B,

< AR DR

B U7z P vl e RT3 e vwIiRk
BT, MIEBMEEEIChRoTwB EVnAE, B
BEERCHEzBEL, MEdE cHigEid
TLEBDICHRE L2 Z LR TENITEEN TS
208, MOEEALE @ﬁﬁfﬁﬁ@%&%ﬁigﬁlﬁﬁf{ G
EOTHECEBETD Z LREETHSE, Th
FTITONTELHEBEERDIZEA LI A
S UELMIEEHMERICREL, FAS VR
X BRpEAOBRBEEY BFEE LTw3, i,
BoOD R s VEEMEE L CRIBHEMEDSR
R 2 & OO BE ERRIGA s,
TVEREBEB SN0, ZOBEHDOVEDE
LT, 2o OfMigizimigic X 28K E Park-
inson JBIZ & BIEAVEBREVRA TV 3 HEIENE
AN TWw3,

1980 {4 LIKE, 27 = —F > @ Lund K%, 7 X
VADau 7 FRER EOEER T ATIERPMHEL
72 BEIR O P RGHHAT 2 R ICRRRET % 1B e
FNTES, 1999 F£ L 2000 ERHVDOWTHE
417z 5 DD open-label study Ti, \WFid L-
DOPA FERRFBBFIC 81T % unified Parkinson’s dis-
ease rating scale(UPDRS) DEEI A 2 7 T 30~

40% DEEEEDER, 1 HDHHTL-DOPA D

B30 72 B ] (off) D 43~66% DiFA, 1 B D i
72 1-DOPA D 16~77% DBz ¥ DEERAIR
BE SN TED, positron emission tomography
(PET) EHEI T b BAERTIC LA T 55~107% D [¥F]
L-DOPA DEGAAEHIATRD bNk?, E5i, &
T 10 FERICLBE L s ERFL, FARAIvo
EELEROBEIBONTVE I EHHEES
N, BlEOESENEAES L, LdL, Ihb
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DWEFT TN D EBIZBIT B open-label
study TH o7z,

TAVALBOTHBEHEOEZEDEEFLLE
WEE L AROZELZHT 3 E5kEE 2>
Tz, WTFNORERTOBERIZE T PET
2 &b [BF]L-DOPA DEGAADIEMATRD &4,
BB TRBMEL 7= F S VBB EE L v
5 EDREREENSY, Ll, BERBICOw
TIEYWEFEINLIEE TR o7, Freed &
DFREETIE, 60 BUTDEETOAT S REEL
B L CTREOEROUEZ2RD Y, £, Ola-
now b DR TIIBENOESEENFEVEED
H, 2 EBOEROHEER T v RX#L bk
ol 2EKELTRTSERBLENED»S
79, X o, BEEEO—E T L-DOPA 2 RSEL
R AR B\ T b R BE B E ) (off-medication
dyskinesia) IR T 3 Z L BHE o7z, &
N6 DGR 5, Olanow & IXIREFE CIXiRIEHE
FHEIX Parkinson JEDIRE L LCHEETER WV L
LTw3,

ZEEHEEBICOWT, Lund KED S L— T
EW iz 0> OEMNRHEEBER N T
V3, Freed & DF LT, BHETICHIZS S0ERS
BELTED, IoRHBOMENEML T,
LU H 5, £/, FIEEILDOT7 Fu—F
K EBBEFMCRIBENLDRELEHEEZXN
Tw3, o, ABRMHEHFZ E-ERALT
VWD RAERIEEEL TW B EBEYS

5. Freed 513, ZOBLENERIILER &

TEFECIE N BRI AR TR RGRE & ESRER
DMEFEL 72 EELY, L-DOPA K XA RIGL, &
BEECEEI O 2 WIREED BEZEIRTIUL, kD &
WIERSHZTES E LTV 3T, Olanow 5 D
B CIdTENE 6 A B12IC cyclosporine % FHf L TH
h, ZRNETHLNTVAREFBANZOH LD
BOoNE{hoTWw3, BEEWE I N7 Lund
KETOBEFIORNT T, BEBEFH 29 1B E
“T cyclosporine, azathioprine, predonisolone 73E#E
INTEY, Fo#HFiL TH UPDRS OEEIR
a7 DELR [¥F] L-DOPA DEUAADIET 134
LT, '

% OBIEREICHRT 2 FREEESH DR
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72 B ATREE O EMIE & B EME & oA DR
AL TH I ARER EDHEINTVS
Lund RFDBAEH T3 REIHIRI O FIL%, A5
BEFHPEELCRY, BEORKENHESL W
ZAREMES B 39,

< ESHIEDILH
AR DBETIX, ERLU X 5 chEsER
MREZBBT-DICIIENNLRBENBRETH 3
P, BROMERZF T —ARTH 3, BHEBEDOE
Wb 0 DHEETIE, LVERSES2BLAHI
i, $< < E D 100,000 D RS A
BRICEZ L, BHROBED 1/3~1/2 icHY T3
HWEHEAN—TH2UEND 5, BHEMEOEEER
12 5~10% L{EDT, 1 ADBEEL2BET2HD
IE 4~5 ADATHERTS 2 ¥icks, 22
T, BREMECRL 2BEAMIE L LT, ®obk
REOF FIZIFEFIRICHEBEX S 3 2 L 23AEE
T, #HEHEE ST 5w B EHIBICSLT 288
HebD ESHlEHENsEEI L EkoTk
<7 AD ES g% £ RRED E F Parkin-
son JBETN T v P OBEHEIIBET L L, —8
W FSE iR b UEEEE SR ET 3
TEDPREINTWBEY Lal, £564 ES #
BOBECIIEVES*EL 3E81H2, 22T,
ES #ifgd 5 ZhZ, X < Fo8 8 v Eia 2 ok &
BREHEPWLERINTEL, Lok LiEENLS
EE LT, kKo{bo BES MlaE e Bk okER
THET 2 2 L1IT & b BN O EEEE (embryoid
body) 2L L, SV F /) 4 VEER KR ENT
5 I & CHERAE R BT B T EA A ST
%5, 9 LTEsn-mEslaicr 2are
B, sonic hedgehog-N, ¥ X U fibroblast growth fac-
tor 8(FGF8) Z¥RIN L TR T % &, LEEMED
BB EE 1/ADFEASI VBT 20, &
MEEHEO—ETH 2 PA6 LHERTZ I L
W& D, BAREOTEE R BT I HiEiia s ok x
VEAELFEINTHEY, ISIHED L
FEELT, 7V 7PHllgos&bgs FET 25
EDH B, ROMES MO au——%BwE
WFTeTRERIEZT Y FIBFRS SR LT A

F ey A b OSGEEhIc ANTIREREE TR R
THIEILLD, MERMEEKBISURRD
#HAEHE (neural stem sphere) 2R T 5. Z D8,
Z O sphere I EXE 2 L HERMAEOIEE A
£ (98%) 3EMAgc b L, ZD ) BERAT70%
RSV ET A LNTES, ZDF
HETH, FACS RHMRE—RX k29827 e
CTHERDE ES #ifa® 7 4 — 5 — Mg DR A DS
1 EAE R wRElgE: KBICHE TR 3,

BELREFNVINHA FAE 2B E
$H ES fHlEdskoMERMEsBEL T, Z20%
REFZEZRIEAT2EREZToTCw3, JY 7
HRE DGR % {5/ L T neural stem sphere %
T BHFECLY, A2 4 ¥L0 ES figH
S MREHELZ EE L FAoBERABEL
7. BHERIEE D PET 12 X BRI ORBR, Pz v
DEIFEYETH % [B-1C]L-DOPA & KT v}
SUVAR=T—DYF Y FTHB B-CET OBGA
AOEMERDN, 6, A7V 7283y
BEIC L ) BEBOBRET P33 v O IMEE
ENBILD, FRAIVBRBFEDYTVFTH B
[1C] raclopride fEABEDET & L CRIEMICR X
Nz, Th6DZ hs, BEAOERICIB LT
FoS VEEBEMEIE L ESHO R E o7,

@ ParkinsonfSDEFILEN

BERRICSBEETIVBYHBEE KD, Park-
inson FTlak, REHFID 1/ 1S iR mERm
[CIRBT BHREESA UL ETLEYIES T
B. FPAUNTEMMEEBIELIRED Parkinson |
RERRLILTEDNS, FELTIENTLE 1-
methyl-4-phenyi-1, 2, 3, 6-tetrahydropyridine (MPTP)
BREESNE. AZIAH)UIC MPTP =1 E51R
BETHTEICADIRY, B8 - 25, %0, i
BB E, & D Parkinson REBEOESERET ¢
L. 2E0 RS V3ESmanEss L EFILEE
ERTDTENTED. BF TIERIEM Parkinson 7%
TEBEFEEDRDSN, Lewy IMEDBRAS THEH
B a-synuclein 91 JLARY ¥ —#ER U TRE(C
BEERSEDTEICED, NS S mREEs |
BEYSEFIBPBERINTNS.
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& 1 Parkinsoni® EFILHILOBHEIBELIC
W o hiHFAS o KBEBERESR
BREMOME (b ES Mg ko it
Mk B 3 » Ao RERE)

EEHEEOWEDERERRE ChH -, FHEE
@%u%@1mﬁm.ﬁ&,zﬁ;—fy#%%
AL7:t b ES Mgz ER L CRAKOEREZT-
TEH, EFLVFLOEBICE W IBERROE
ERERAL T3 (). B=274 ¥ ES g
Tid PAG W X D OLEEE L R Mla e BB L TR
BEESEL N ELIRELZN T EY,

& SHORE

ES Mfa ko MRS MEOBRIGAIEL T
X, BHEORERZFCHESH S, ZORDHR
Suiilas Bk 3 HEEY R, T—, FHEN
Ferk U7- b BICHBEX VY B HREBTOEALRY
DEMBEENTONTHS, 7, BEE T ES
WlEoEEcELTIE>Y A0REFHEZ
74 —F—r LTHERAL, 7YRFLEREZE
o2 T 38, BEAMEORBICEL TE
B IH 2 R T 5 2 EASE E L v (xeno-
free ES cell). ZD7dl, BEIONMFERT DA
5 BiEH EHERAS N TV B (R 1), BRI
IS EOMRED 5, RERTIEBHIERE &
E2 6N TWw5DT, RMIfE%EEL 72 ES fifa
(NT-ES) 2 H 2 THEALEZ T I d Ll
v, BEEFOMMREEEALES, BF
AHSED F 88 MM L D b Parkinson WD
THBEFRICEINPTOIRELEZLONS.

BiF, BRTZOESHH (deep brain stimula-
tion) WEFEICERLTE Y, BEETFEHELEKRR
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% 1 ESHIEBHEOBRE N
1. HHECHEEEE~RoGEROKRE
, BREEBETFOEA
2. Bk 0B AR Lk —defined medium DOfER
(xeno-free ES cell)
3. FHBEHOMFE RN OBERLZECT?
REMGEFORELHER ?
ZEERIM RS & DHEA
4, BRVBOHEEEETIERL OFH
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DWRUUSCHREER TS0 A P AA vy oo
BEI L BEREEDROBE L, e, &
SZAEDMIEO B X D Parkinson 8 & FARDIE
R % T Parkinson JEBEICN L CIIBEKERTH
UREEFRER VD, GABA 2 EEWELT
2 MEAEOBENSGHTE 22 Litky, &
BEFRE L REBEBEOHALSETONSE T
H59,

Parkinson T T FAAS v BAica b=V, /
AZEFLFY v ELEENHZ I LBHLN
TEDH, L-DOPA BENH E D EITRWIER &
LCERME, ) oREE, BREHEE, BEMRE
BE, TARRENDBE. s 0BREMRSERE
BUADEEICRT ROV TLERT 54
Esdh 587,

Parkinson J% 0 R AMERA X 41, BARRIGEE
HEHINZ T, BEBEOMREREE5HEE
BET A REND B, FRIBMIICRD S K —ill
B & LT ES MRASEWISREERISAS B &
PHEFEEINS,
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ZEHORER - SIRBE

HlRUSIET

MO S T & MR EERHRES, &
HESmRNARZIZLO LT AR FHHFEL, TNH
ABEL 2o THEREHBIREIRVWEZZONND
TH5H. L LERIEARS 50w A5 RHlH (FH)
i L TEBROI bt S T EELARIEERIT. 20
Tl WBORTYA WA RIEREE - MEFTONR
TVWAILERLTV S, MROFOFRZEDIFER
PR BT, SFVBEHLEELERLEELS AT
Ty S IENTWAZ ERRBL TS, WHEFE W
DBIENA D THCRSTSELHENELON, £O
ACIER R RO TR®RT 5 &b THRN R VAT
ALHETS. LPL—FTHR, ZOLIREEYAT
LTI, BREHAN LAV AT AL ELERL
BERIESTVD, BRENLEVATLADREDLIIC
fEE LTV AR LD, MBORTHFHFED
BEAHICE IS TE0L2ERENETHI LA
BELAL. IOL)RABNOSFOBEZHET S
FEe LT, 2 TIR#ENRMEAEE (fluorescence
correlation spectroscopy | FCS) ##B4r¥ 5. F7z2, £
HFF0E I, RUAFEI LY, TEERo720F
rigatkE o, MAEBLARLEREERLTY

MO TEE L TVADFOBHNIBEREDL S LB TVDH, BIRTEELTLD DD,
ZFNEHREHEBEACETENTVDONREEHBHICRK, ZORTHFHEDEREHICH
(T EDTERONEEENETBCENEBELLD. TOLITHIBRONFOBMEEAET S
HEE LT, TTTEEMBENYE (FCS) #RNT D, T, ERNTFOL L BERTHEE
BT ERAEL, BLDEE, BUATES LD, TRBEESHFEOEEHEDLD, BT
s LA S EEEEREL TS, TOLSMEBEERES FTOBHEWVSBERN SENT DFA
EULT, BEEMREESYE (FCCS) ZBNT 2.

»»KEY WORDS : 876l JGBUES E5F B19FRE HFEEEER

L. IOk RMEEREZENT ATk LTEEEL
A B84 (Auorescence cross correlation spectroscopy -
FCCS) #4875,

¥, FCSIHT 28 LWRSIZN o2y TICH
EXNHBLOT, FNLEBEICLTELWIT. T,
%+ 5 FRAP & FCS & 0 iz D v THIH O 3L Y
BLVWEZILR 5.

MO hTHTORERT 32 WETHFHEEZLT,
FCSoiEMlcE {mbhTwaHiEE LTI, mEo
B AL (#4557 A) % SMT (single molecule
tracking) , FRAP (fluorescence recovery after
photobleaching), iFRAP (inverse FRAP) %2 &A% 5.
WERD MRS ERERTOSTFOBE & FOHRS®
AT B HETH Y, FO8ESSILEER (FOEIET
WARAY - Fichis) & LTESNE. RESFT
MEORORENRE LT LR 5, FOMBERIIEL
L, bL, BIErEbdans, 7FORET SR
BAEL LA, b LR TFORESHRFZEI L
S ERRET. BEOELE L TIREEOELPHIRAD
WA EOENE L ONE. —7F, FTFOMRPUEER
DELE LTI, BEEOBES 2 B LREAERDL
no. BEOBETWI RS, BRIESLESLWREOR
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BOFHERBT 5. BAREYIC ‘3B CAHBI B S D RIS A
51 &5 EDBBAEERIIEET 2 FH 0
"DFOR ERYT. s TEEIIIEN T B 72012,
DTOZEAEFNRIC L 5 B EHB RO 5545 b
Mo, ZIT, NBERSFOR, siEMEROHES
BOWME () LERZE Quy) O (5= 22/2wxy), il
FHOBSFHOWBMEE, yidi &R D HESF
DPEFEBANTOEE %R,

Gh)=1+7§§;y{1+{%)1@+-SZJ_W - (2)

o

ELI, BASFOZEHREOEGL ZR L -T5
VEFHCLNEEbH 2, 3 TEILEUE D & L
B i, = wo¥ (D) 2 MEEdH by, #He
ELTHHEE» B O,

5. FCS[E&2MamilzE

%E@,Wﬁttiimb~ﬁ~%ﬁaﬁ%byf,
%@Emmﬁﬁiﬁ%%m:>81~&®3o#6%&
SNTw2 (M2). BEWEOEBELSM % ~— 2 |
waétb,X®40®%&%€?%.if,®7
TAMY Y ML EVI RIS A ETE 2
:hmm%®%ﬁtmﬁbf+ﬁméwtmié.ﬁw
ﬁ%N~ZKLTwé®T,®%w§%ﬁ%%ﬁéa
o1, @WMABTHENTSE 2. WMABEE ISR
ﬁ%,9i0,1~m¢<6w®@ﬁﬁ&h@+ﬁ?
&%.éi~0k%&%&m,@ﬁ~%mwiﬁﬁé
&m5:kf@é.757?@@%%$&Lt,m@%
DEHR DT, KPTHFEEELRDY, S35
LEZ. DFE NI BOHOEEDBFF 2 M2 =
EDEEETH D, B4 TRLAZEIIC, BanRizsy
TORBEWE 2 HUBREITI 2 k<, RIS
HIENTESL. RIZFD—DE LT, HIIEEHP 2
NENUTDWTRE LBl %R,

%%@%@@M%@,E@iﬁ&ﬁ%@%@ﬁ%ﬁ%
HEZFAAT 207, BETINMOBE, & —42v 1
LRBBHERATIL VST EETEH LA, ooT
(XL GFP D & % HeLaIMPIIZ 53 & & C FCS il 2

EfTOoBIERES . R5bD LS CHEIER (C) b 53

RN 2XBILTRELAE 5, MBERN EBEAD
BICHRIZIZE A LT L dshdr o7 (M 52). ¥ 7z,
TREND BCTHBBEOME 75, MIAT o
BIBWrof1/3Tchr b b LI (s o
#).

KIS, FVvaansad FERKE (glucocorticoid
receptor © GR) O GFPRAEERE (GFP-GR) 0illjs &
REWBNTH. GRIZY 7> FERETHI &, M
HP OB BE LS, BEZHRAS L T
AEERFO—2>TH 5, IR & & I HeLa s 2
GFP-GR & R s, MIEMEMAE R L Cfls
TotzbZn, MIBRENTIZRY 7y RN TR
BICEILZE L2072 (M50). 20—F, BATH
VA FEME, B &S IREBEEASEICL T L
TOSHTPEE SNz (W5d). 20, SBEHRT
QYT FOBEEI2DDH LT, 138 A LD GFP-GR
PEHHEZT 5 U EH % LTV HFSBl s (K6
a), TIIHLTYF > FiRMBOMNTIE, Sk

E0E BB ER Vol5i No.14(2006) 2001



X5 #EAFCSHEE

(a) GFPE{BRNICRETHE, ARE,
BMERBUTHELR, WRELT
PBS (phosphate-buffered saline)

= HOEREEA DY THE TH 3.
N (b) R FCS DAEERERYT. B
P TN BESN - RIBFROBRENESC
= HEYER L um? /s] RUTE.
e (c) GFP-GRZ#EHIlRNICRIESE. A
. B (PBS 727128
0 : : ‘ — ;;;ggf (C)) 193208 BETHAELRE. UAYVE (FEUxXy
0.001 0.01 0.1 1 10 100 “ i N = (DR
AN & O o04s32 U Dex) & EH(CRNL THIEREE

R %

FlCE kW,
(d) GFP-GRZEMBEMICER T A
TECSHEIERTofz. UHZ RDexiF

Iy

v 0
SR HIIIH]]HHH!II”
1§

- ~ 0 Dex(~) M, EEERIEEEE EBICEILT D
5] 5 Dex(+)30min | NMUTWREFHDLS
@ @ 05 Dex(+)60 min
® =
0.0+ R m—— 0.0 A
0.01 01 1 10 100 1000 0.01 0.1 1 10 100 1000
BEfE/ms BFR/ms
H6 MEBsgETNZNEBU

(@) (b) THELIEES DRAERROET IV

204 Y’W\r gm@_@)% LT 20 \W\"\«\ ) (a) GFPREABEHEFMMO N F LR

18} \ D FOILENRFRS o B SEEEHSFOS ERET, MRETERFT IO VIES)
T \ T2 ) N ZLTWBEEE, FCSOARTIZE
& \ B T | S ¢ VENEDRHEND.
@ 147 N NN (b) GFPRAEBENERICBV T

12} | 12} REAT “" = | onF (EE%’@DNA) SAREMERULT

10 e ] 10 s : " VB EEF, BEURABITHUTEN

1E-3 001 0.1 1 10 100 1000 10,000 1E-3 001 01 't 10 100 10‘9&10.000 §}3—3¢5gm§j}=v73\mﬁ—vna

BB/ ms
BELTNWDHF
DILEE

GFP-GROB 2 &, Bz DEL 72 o7 GFP-GROH) &
DERLEGDEELTHNSNAZLEZ NS (K6D).
AT B AR A, FCSHEIZDRR 25 FOFEHRER
BRiZiB2 ZETELEDT EEVWEEIZERL
WATRIT o2& 2 A, VA Y FEMI & 5 TGFP-GR
BIHEBIC L THED B 2o TWA I EXHLN
WChot, BHIC, SFF2PEEBLT, 0

- e
,k._L.
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GFP-GRAHEL 2 AHED, DNALOHAIZL A1 D
BT, WoRERTFLOEER2ENLRE, 3
EEIRERICEHRBRLTVWALIEDbroTET VS,
CRIZFDBEDIZEALIBEMTHE LV o THEE
TiE Wiy, E(#E’XK@;UL—‘;’E'J&ET T Thi
T&7:, La»L, BALEEIICFCSIttoTHESR
BFAF Iy 7 RERPINT TOE~T 4 — Fvy



7E3NBIET, INFEMREMBATOY 7 IVEE
ANZALDOBRIORBHEEEESIIELTND,
FCSREFTELEMACTHAMAIRESNTET

BN, FEMEORMEE R LT CLEND B

WREEZ TV, FOZEGHBIINEEDT A4 77T
RESHTWCIELETHLILERLTYA, Ml
TANIZBITAEAEDS A+ 37 A IREOWZEIZH L
TFCS& FRAP®RFRET % &, fioFiE L Dligizo
WTHXE S 28E L TELv.

II. EXEEHEREDYEE (FCCS)

CINE TS, FCSEMEASRE R SN/ EE
B REERTTOBE % 1 5 TFERETHRITT 25T
HHIEIIHEBTELLES. T, FOBREOHSTFE
BBt b2 bl ENTELDOTHHAID? —Hi
ICFCSTMZE S NS L HLBMER (B FOBER T X)
ERFFORESIZRONTREINS.

kT

b= 6 nnr - ®

DI I CRILHER, rdfdTFemfkeLliiidn
EETHY, BOOL T, n, 7 3FNFRERLY <V
E, BE, MER, BEOMNET, ThEFhEHTH
5, CZTDEHFErEHHHATEZ EMNRINTED,
TR BRI L DR kT S
MR, S, 8, WMEEEEE S TFoOLRELATEIE
Kb, OF Y, WEEHSIOBEREERLT A2 LI
BEFHIOBE LA IRY, KB (0T Y HTFER)
121000 R&E C (B LA ES ) ERLAZ EE2RT.
COTLEHEORFETRE, HTFOKE ZH10004E
AL THMEENE /ST A — 5 —Th 5 ILHERHIE
WERELIELLZ I WS, EB, FAULKE
SOHFEN LBEE L THHEBBED s 7 7 3EA~NY
ThrTAEIEREEAERADZVWI L ERY, FCS
BENBEBBRRZNEREE VIRV, 20X %
FCSO5H s RIRT 2 FHEDO—2 L LTFCCSHH 5.
FCSH 1 FEFOHEMBROBOLELTWEL TVEHDIT
LT, FCCSiX 2 MO ENBRDIES Bk FEHZN
FETEHLIICHIRLZFETH S, RICFCSDEHE
12EDWT, FCCSOMEMEMBML LS.

= 7 §
= ﬁs* 5
R % 3
H R Y
t T
i BB ()
- //, §—a/(0
= t
= PN 81 (t+ 1)
u .
\VAY
o )
tt+1
B ()

H7 BEEREEBOBENTSEDRE
2DOFHEDY I FHIVDAEETV, BB HEHULT, BlDY
T IVOEEENOY JFLBEZ#EITGhES. EhE, IX
TOER I CHUTHEZITVFEERDS. RIEELSHIE
FENIEDEDEFMREL TREL, OV IFINTHHTET
$D. TORESTERLTET, LREBUREZIRDIRTY.

1. SR EERES EDRE

FCSTid 1 EEOENNBRN S OHEHED 7+
L, HLEMEROY 7 FLVOEITEbEDFEERD
72 GL (D) @izt L, FCCSTIIEIEENEROLL
LEBBEILCDV I FVOBHENLZEITELET
VITFNVOELDES FROLFTETH D (K (4)).
Is(DI:(t+ 1))
U D) T:(0))
KORTHFER 7 ITRL.
FCSTRAFOHUEFTFDOEEARDL I EHNTE
7z. FCCSTIZ & 5, 2TBMDITORFRER « 2R
FRERZROBZENTE L. & IZ, FCSOymblk
DK EX GEEEEOIEIE, amplitude& LTRENS)
BOFOEDMHE L TRENTW DI LT, FCCS
OHRERMAEEERZ LTWASTFHICHAL TR L
PEHELTETLNS (K8).
KIZFCCSIC X 2Bl E DB 2 RE .

Ggr('() = (4)

*1 DNAD L) RERSTOHE, TOILEBTEILARY, HLIEBXMSE, 73RNV
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EEiclEs] ek
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EESREIEEsE A

!
:{> ‘A‘A‘A E> THETRRARIEL

8 FCCSORIE

(8) HEERZLTWLS (EaviEaG
L) 2IBBOEXERIEH/NESE

TREBICHADEITS. 2372,
~\\\\~_ FNENOYIFILICERTBFCS D
AREFEI, 2 D0V 7 WOBRS

ommE | PUEKOBILDWETHS. Z0OE
o APEOYIFILOBEENESET
2ITFNBY BT ETHMETREERNESND.
(b) 2 DOENEBEAHEEMARAE LTV
HTWEEFICE, 2DV TFILDERS
PRIFAES, Lich->T, 1HEHAEE
HIFE< 155

LOFIVIEL

2. FCCS [C K 3o FRIBEER D

Z 2 Tit, FCCS#% Fv7:-#Elam o 5-F A E/E A%
HOF® 28N L LS., #AN—E¥IRRAHRTLT I/
EEH T 5 DEVD TGFP & mRFP# A5 ¥ 7 A
&1k (GFP-mRFP) % HeLaflll 233 ¥, FCCS
g (RHOBERD ST 7) 2iTo iRz R 9allRT.
GFP & mRFPREHEBIENTWAHDOT 2B OHEH D
MEAERIZ100% TH Y, HEMPITFCCSD ¥ 7 F Vs
gahi. —F, BIZGFP L mRFPAHHEIH LM
T, WHEIT SRR HROFEFH TV HOT,
FCCSO Y 7 F VIBES b o7 (B 9b).

K, GFP-mRFPHFEHR LM 7R - 2 %
FEEEHEL, FCCSOYTFNTIZLAE R Bolz
(F9¢). TNIETRIN—VAFEIIME) H AN—¥3
DOEEILIC L ) DEVDOME TOYMAIRI o7-Z &
ERLTWS, —F, HANN—E3IIERI N2 VETY
DEVG T GFP & mRFP i A 2 EHIL, 7THRM—D
AFBRILEBTHFCCSO Y 7 FVERA L2V (H
9d).

FCCSTik 2 2 BETARBABAE (FCS) & 1 DDHHE
FABIRE %L (FCCS) O&AE 3 DDA FERENS. &
FHMEERA100% T, EEVEEH L2 L2E25
&, INL3IDOOWMETRT~ETHETTHS. L
»L, BEWIERORLZZ 2HHEO L —F—kE%0
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BIFRA T TRD, ¥ 74 270X =P F—F—T3
RIEWMII—-HSHELEEHIMBE L ETELW, #
BRVWRERLDEIHRET K, 7R, MRREOJEITE
DEVPEZEMOBEROF — =5y THERLIBV S
FTLUOHMOREE (FaAb—7) 2k, 3¥FEEL
ZRT3OOMMME—ET L ZLiddhv, 72, NE
MO EFCEERE L OHEERAICL 2FCCSO Y 7 F
VOERTHDERISING, FOLDIERIIYEIZoT
BUROZETHEFRY T4 7V FPH—AVRIHT
4 7arru—nELoph) EWBI EIRDENE.

BT

FCCSIZZ N T TOFRCSIZLE L TEEBIIC BT F
BV BEOBEESNRDLNDIY, —FTSFSFEL
BEHbLBEE-TETWE., FDO—20FHE LTHEE
REFBRERPHEN TV L2ERLFHATLIILERAIRL
LT, 1BRIE2EREBICEAFCCSHAIE SN T
7. UL BE, RICAXRL2ODOHEERBO 3
RFEWETNERIIT A I L2, BRELCHTFEOM
HERRMETEBLI EITRENTNESY,

S, E7EY, HHEEPCHNMMEREOYRERH
BeHIA T, SFSEILWUEENEERTZZ &
FTERTHAHH W,

HELOMRO—FMEIUMBEEHZNERGBEC Lo

AAN—EIDOWEF— ST L TIREFBERAE L GhimERs






