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ACBBP, acyl-CoA-binding protein

Ac-DEVD-MCA, acetyl-Asp-Glu-Val-Asp-a-(4-methyl-coumaryl-7-amide)
Ac-IETD-MCA, acetyl-Ile-Glu-Thr-Asp-MCA

Ac-LEHD-MCA, acetyl-Leu-Glu-His-Asp-MCA

AEBSEF, 4-(2’-aminoethyl)-benzensulfony! fluoride ‘

AIF, apoptosis inducing factor

AMC, 7-amino-4-methyl-coumarin

AUT, Erl2-FR3&-Triton X-100

CAD, J A 3—¥TEHAL DNA 43 fREESR

CBB, 7 —<v—7 Y U7V FTN—

CHAPS, 3-[(3-cholamidopropyl)dimethylammonio]propansulfonic acid

DAP, death-associated protein

DFP, diisopropy! fluorophosphate

DIABLO, direct IAP binding protein with low p/

Dik, DAP like kinase

E-64-d, (L3 trans-ethoxycarbonyloxirane-2-carbonyl)-L-leucine(3-methylbutyl)amide
EDTA, ethylenediaminetetraacetic acid

EGFP, enhanced green fluoro protein

EGTA, ethyleneglycol-bis(b-aminoethylether)-N,N,N’, N -tetraacetic acid

ERK, extracellular signal-regulated kinase

HEPES, N-2-hydroxyethylpiperazine-N -2-ethanesulfonic acid

HMG, high mobility group

HPCE, high-performance capillary electrophoresis

HPLC, E#EEs u~< 757 4 —

HtrA2, high temperature requirement protein A2

IAP, inhibitor of apoptosis protein

INK, c-Jun NH,-terminal kinase

MAP, mitogen-activated protein

MAPK, MAP kinase

MTT, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2 H-tetrazolium bromide

PBS, phosphate buffered saline

P1, propidium iodide

PIPES, piperazine-N, N -bis(2-ethanesul{onic acid)

PP, 7 37 ERLY ERICEESR

PS, ZRRTZ 7y FVNEY

PTB, polypyrimidine tract-binding protein

SDS, sodium dodecyl sulfate

SDS-PAGE, SDS-R Y 7 7 Y V7 X RN BRIKE

Smac, second mitochondria-derived activator of caspase

TUNEL, terminal deoxynucloetidyl transferase-mediated dUTP nick end labeling
ulH2A, =% F 4kt X b H2A

YO-0, rans-4-aminomethylcyclohexanecarbonyl-L-(O-2-bromobenzyloxycarbonyl)tyrosine-4-acetylanilide
YO-1, trans-4-aminomethylcyclohexanecarbonyl-phenylalanine-4-carboxymethylanilide
YO-2, trans-4-aminomethylcyclohexanecarbonyl-L-(O-picolyl)tyrosine-octylamide
YO-3, trans-4-aminomethylcyclohexanecarbonyl-L-(O-2-bromobenzyloxycarbonyl)tyrosine-octhylamide
YO-4, trans-4-aminomethylcyclohexanecarbonyl-L-(O-2-bromobenzyloxycarbonyl)tyrosine-isoamylamide
YO-5, trans-4-aminomethylcyclohexanecarbonyl-L-(O-2-bromobenzyloxycarbonyl)tyrosine-octhylester



YO-6, trans-4-aminomethylcyclohexanecarbonyl-L-(O-2-pyrimidyl)tyrosine-3-carboxyanilide
Z-DEVD-FMK, carbobenzoxy-Asp(OCH;)-Glu(OCHj;)-Val-Asp(OCH;)-fluoromethylketone
ZIP, zipper interacting protein

Z-VAD-FMK, carbobenzoxy-Val-Ala-Asp(OCH;)-FMK

WST, water soluble tetrazolium
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1972 4EIZ Wyllie & Kerr [1] DI XV RH SN2 T7 R b—3 R T kA RAEMBREORE
CBWCEODTEERBREATHLEEZEZ LN TWVD [2,34,5], £72. 2 0EPITE
WCT R b= ZAFRIER [6,7,8] T N b—ZAEMA [9,10,11] BRHESH. TN bHD
VT FNA R — RIZEBENICLEB SN TWS, TR M=V RAVTFNVIRr—RIZ
BLTiE, =8 [12,13,14]. X bar R 7ESE [15] . MAlEEZ LR [16] OE»D
ERIIFEINTEY, BRI I A Ay — ROBEERRE S TWS (Fig. 1) [15]6
TR M=V ZAOAEZRHED 1 D THE X7 LAY — ABLOD DNA B {LiZ 7 & b—
VADEKBETHY . ZORIRITH A S—PIEM(L DNA /5 f#EE:%E (CAD) [17,18] 12 X
DA XN D, ABERIEEOTREICE L QIR RFES 2 INTWE R, MiEEE2Z175
DNA DN TOZEENIRE T B ERITMmD THRU,

Chemotherapeutics
DNA damaging agents s 2
Death receptor pathway irradiation o Mitochondrial pathway
g growth-factor depletion -~ PTE 7 .
b gramzyme B wip- ACBP - g Calpains
cathepsins

calpain

Fig. 1. Many death signals converge onto mitochondria and release multiple intermembrane space
proteins. Black arrows represent caspase-dependent cell death pathways; dashed arrows represent
caspase-independent cell death pathway; grey arrows represent the convergence of death signals on the
mitochondria and the subsequent release of intermembrane space proteins. A variety of apoptotic stimuli
(death domain receptors, chemotherapeutics, DNA-damaging agents, growth-factor withdrawal, and
irradiation) trigger mitochondria, which results in the release of apoptotic proteins including cytochrome
¢, AIF, endonuclease G, Smac/DIABLO, Omi/HtrA2, and ACBP. Cytochrome c induces caspase
activation by binding to Apaf-1. Smac/DIABLO and Omi/HtrA2 can neutralize IAP inhibition of
caspases. AIF and endonuclease G are involved in caspase-independent nuclear DNA degradation.
ACBP can promote the activation of m-calpain, which belongs to a family of cysteine proteinases. The
release of PTB from mitochondria is not clear, since it lacks a mitochondrial localization signal.



DNA i3 & VN7 B TR ENZX 7 v F Y —saT b rsuvF U 2RE LB
WY Te e EN TN S T3 [19], %> T, DNA #EH L3 3BRO/ERAIR
BEIBSIREN TV EEX N, BERREONERICY o~ F U EENIE L, BR
EDOMBEERANFRREELZ LD EBRRINTNDS [20,21,22], 207 a~vF U EBER
{LZRET HHEO— DIz X M ALREMAM BTV D [20,23,24,25,26], X7 LAY
—LDERT THDE X b T EFEFIC LS BREENZHTER 10-30 kDa DEE
P& 7 ET, REL ST THL, H2A, H2B, H3, H4 © SEERFET D, Zhbid
NREZICE X T — NV E TN S EMEMLZE A TBY . TEF 4k [20,21]. U BE
fb [27,28,29,30]. A F Ak [25,31,32] 72 & Dk x RFIRRBEME=Z T A LA TY
b, THHDE A b ALHEMITEREFE [20,21,22] CHAREE [27,28,29,30] 7 EFRE 4
DHEFIBEREOREICEAEG LT\ 5, T EBE L, Lee b [33] X, 7 b— Y X EfTIRE
KB 27 a<vF AEERLOTREEEZHE LT\ 5,

DX RBERICBNT, AR T, TR P AETRBICBIT S b X AL E
HOBENZBRT 2 BRI T HERIRN T 7 2 I VIERB XV in viro MIKAEEET LT
OT R M=V AFRIZONWT, £ETR b=V AETBEBRICEBIT 5 b R b ALREMIC
WTHRR L7, SHi2, 7R M=V 2REFRBBICBIT S 2 r<F 0 DNA DRIk
T B REMEIT OV TRE LT, '



B8 TRPFP-IRICL BB
B BRI AIVHEEYO2IZLDTHR =X

YO-2 (Fig. 2) 1% b 7 R ¥ ¥ AR, picolyltyrosine 33 X U} octylamine @ 3 DDIERRER L
20, FHROBRH S AIVHEETHD [34], AMEEWITHENGl~ D X CBEI
7ot MEFHROEMER L OEBEEEZHHI 5 2 & [35], e ot MEFGMERICHEEE
FETDHI L [36] BPEESNTND, ABFETIE, YO-2 IZ X HMEIERT R b— R
X2bDONEID, ELIDOT RV AFRIEANT T AIVEBEERLBERLTHS
PEDRE LTz,

CHa

NH2—CH2—<:>—CONH—CH—CONH—(CH2)1—CH3

Fig. 2. The structure of YO-2.

ERGE

MR DIEZE Ty PEEMRIZEER O FEC I VAR L 37, SFEEET v b @5
W) OFRX v BRHREEER L, MESE 10X10° cells/ml T 5% CO,. 37°CHHT.
10% 7 BRI MLiE % & T RPMI 1640 K5H T Uz, MRMIARIIFEE . EHICERICMHE
AL,

il

DNA B HAEFEDHE T v MR EZ YO BELAME 38R Y v /0 B4 fames
FAERDFET THERE L. TR b= R OAEMFHEZE ChH 2 DNAK LR L BIE L7,
HIBE (10X 10° cells) ZHINRESARAAEEE (10 mM Tris-HC1 (pH 7.4), 10 mM EDTA, 0.5%
Triton X-100) HC 4°C, 15 5Ll LKiE U CHAfER. MRBBRE BB L7, EE o)
Fik DNA) B X OUEE GElTR{k DNA) ODNABZ Y 7 ==L 7 I Vi 381 KXV %
NZNEE L7, DNA WA {LEIX, %A DNA & (kI DNA B0 DNA ) 1IZxh3 50
Jr{t DNA & (L& DNA E) OBlE& (%) TERLE,




T2 —X L EHKENC ) S DNA D4Hr 30 WM YO-2 FFE T £ 7213 9EFE T CRER
L7 v MERHITE (20X10° cells) 7°5 DNA ZHiH L, 1.8%7 ¥ u—X X /LVERIKENC
S Uiz, DNA ZE(b=F Vv AREIZ I VIR L [33],

Annexin V-EGFP/PI &% 30 uM YO-2 FE T E7/-133EFE T TS L - A
(10X 10° cells) % . Annexin V-EGFP Apoptosis Detection Kit (Medical & Biological Laboratories
Co., Ltd., Nagoya, Japan) THefath, FHMHE S L —V —FEMEE (LSM GB 200, Olympus Optical
Co., Ltd., Tokyo, Japan) THEZE L7z,

EBDFEREZREE BIRHINE (10X10° cells) % 30 uM YO-2 £/ 138 BH LRI B55fE
B RIAERGFET CTHER. S%EVAT AT E FE&Ete PBS T4C, 15 5HILLEHE L.
BE L7, 300Xg, 10 400 BE L CHIRZEIR L, PBS IZHEE LT, BOLEITM
MRRIBIE (10X 10° cells/ml) 2 12.3 pg/ml Hoechst 33342 #h1 %, HIE T 10 HEIRIGEEES
LIk ViTok, Mifa%E PBS THEHE. BEEESL—V—BEMETHE L 39,

DNA Bl (L5 98 0 AN~ EHEEDEEE MG E 7 A 3—BHERKC 1 BFRREIET
MEH, 30 uM YO 2 GETELIIIEFEET CELIZ 6 FEEEL, V7 =TI ViE
XY DNA WTH{LZEZ2BIE LT,

YR N—EJEHEDBE BHEREEEZ RN ANR—E3, IAR—EZBLUN R
2—F 9 RIEE ORI EEFEERIC L VIToT, 30 pM YO 2 FEE FE /I3 EHEE T CHEL
7= IIRARAE (100 X 10° cells) % 50 ul OFHFAFREIR (50 mM PIPES-NaOH (pH 7.4), 50 mM
KCl, 5 mM EGTA, 2 mM MgCl,, 20 uM cytochalasin B, 1 mM phenylmethylsulfonyl fluoride, 1
mM dithiothreitol, 1 pg/ml chymostatin, 1 pg/ml leupeptin, 1 pg/ml pepstatin A, 2.83 pg/ml
E-64-d) 8B L CHERRRELZ RV IR L7 b DR BERIEMR & Uiz, 1EMHERIEFBER (100
mM HEPES-KOH (pH 7.5), 10% sucrose, 0.1% CHAPS, 10 mM dithiothreitol, 0.1 mg/ml
ovalbumin) CEERELZFHW L7, 100 uM  Ac-DEVD-MCA. Ac-IETD-MCA %7201k
Ac-LEHD-MCA & 37CTHRISE. AMC OFXEZHE L, ThEH A =83, B AN
—E-8, WANR—EIRRIEMEL Lz [40],

ERAER
Ty MORHEREZELA ORED YO2L HFET C6 RFHEEET D L., 30 ;M THo L B
Z72 DNA WREB R 57 (Fig. 3), YO-2 O DNA Wi A b8 i RSB R I AR 7 L C B8
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Fig. 3. The effect of various concentrations of YO compounds on DNA fragmentation in rat
thymocytes. The thymocytes were incubated with different concentrations of YO compounds for 6 h.
Afier the incubation, the cells were collected and DNA fragmentation was determined. Values are
means + SEM of 3-4 separate experiments. (A) O, YO-0; @5, YO-2; [17, YO-3; W, YO4; A,
YO-5.(B) O,YO-1; @,YO0-6.
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Fig. 4. The effect of incubation time on DNA fragmentation in rat thymocytes. The cells were treated
with 30 uM of various YO compounds for indicated times. After the incubation, DNA fragmentation
was determined. Values are means + SEM of 3-4 separate experiments. (A) <>, control; O, YO-0; @
YO-2; [1,Y0-3; M,YO-4; A, YO-5.(B) O,Y0-1; @,YO-6.

L7z (Fig. 4), DD YO (LB W T HRAEORTE2IT o7, 7T AI VHEERD
VY YO-0. YO-3, YO-4, YO-5[34] 1% YO-2 & F4RIC DNA Wi R {LIEAZR LR, 75
2 I VBEEROTHEN YO-1 BLTIYO-6 [34] iXiTE A EDNABTR LZRZ Seh o7,
YO-3 BLNYO-5 1% 10 pM T, YO-0 B LT YO-4 1% 30 uM Th b 58\ > DNA B {b/EH
%Rk L7 (Fig.3). YO-0. YO-3, YO-4, YO-5 ® DNA Wi i {bAEM X YO-2 & AR G
MICEFEL TR L (Fig 4), 7R —RAFVEKKENZ LY., YO-21Z X% DNA KA
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(Fig. 5),
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Fig. 5. Electrophoretic analysis of fragmented DNA from the thymocytes treated with YO-2. The
cells were treated with 30 uM YO-2 for 6 h. C, control; Y, YO-2.

(A) (B)

Annexin V-EGFP/PI Dioptric image Annexin V-EGFP/PI Dioptric image

Fig. 6. Annexin V-EGFP and propidium iodide staining of untreated and YO-2 treated thymocytes.
The cells were incubated with 30 uM YO-2 for indicated time, then the cells were stained with
Annexin V-EGFP (green) and propidium iodide (red) without fixation. The right panels indicated the
dioptric images of the same field of vision. (A) control; (B) YO-2-treated. Bar, 10 pm.



EBIE, TRV RAPBICBRIND 7H A7 7 F VR (PS) OMBEEANMRIL D
SMAI~DERFE [41,42] DBYO-21C KV Z 252 & 5 M IT-DV T, Annexin V-EGFP (k23 t)
/PI (FREaE ) “EPREEICK VAT, 1 REEO 30 uM YO-2 LLEIZ K D . PS OAfEESMA
~DEER % 3 % Annexin V-EGFP Y [GMEAIRR DM R 5472, Annexin V-EGFP 4
B HEMEIT YO2 ORSREICKFL CHEMLE, 2 KO Y02 LE T
AnnexinV-EGFP %5 & HLIZFEHINE 2 )X B3 2 PL AL S B2 R T MIlE 238D b 1, 6 FREfH]
D YO-2 ALEIZEW TIEKER S DA AnnexinV-EGFP 4efa, PI e ICBETH -7
(Fig. 6), £72. YO2 HFAET T 1 RN G 9 REEIEE L7 MM D% % Hoechst 33342 422D
%, XESL—F—ERECBEELLLEZA, YO2 ORISHRICETFEL T, 78 h—v
AR ORETH DEE L= OB Aoz (Fig. 7).

Caontrol YO0-2

Fig. 7. Laser scanning microscopic images of thymocytes treated with YO-2. The thymocytes were
treated with or without 30 uM YO-2 for indicated times. The cells were fixed and then were stained
with 12.3 pg/ml Hoechst 33342. Bar, 10 pm.

YO-2 DT R b —VAFREAICBNT, YO2 D3 ODERERD I LOWVWThRER
THAINEHLNIT B, BHEKER O DNA W LERZR~ 7, L LARDB 6,
k7 R 39 AEE, picolyltyrosine 35 KON octylamine (% DNA Wi LER &R S 722> 72 (Fig.
8)s X BIZ YO-2 DiEEN D octylamine DA ZFRWIALEY), 2L b7 2TV LBEO A



EERWIALEIZ OV T ORI EITo0, WThd DNA BiA{LEREZ I Rhote (7
— & JERR),

40

DNA fragmentation (%)

Time (h)

Fig. 8. Effect of elements composing YO-2 on DNA fragmentation. The thymocytes were treated with
30 uM ftranexamic acid, O-picolyltyrosine or n-octylamine for 6 h. After the incubation, DNA
fragmentation was determined. Values are means + SEM of 3-4 separate experiments. <>, control; @,
YO-2; O, tranexamic acid; M, O-picolyltyrosine; [, n-octylamine.
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Fig. 9. Effect of other protease inhibitors on DNA fragmentation in rat thymocytes. The cells were
treated with various concentrations of protease inihibitors for 6 h. After the incubation, DNA
fragmentation was determined. Values are means = SEM of 3-4 separate experiments. O, pepstatm A;
@, leupeptin; [, AEBSF; B, DFP; A, E-64-d.

WIZ, YO2 OF R b=V AFRIEA L 7T A I VHERA L OBEZHLPICT S —
Wie LT, BEFO T 7 X I VREBEESZDMD Z X7 B fREERILEILA DNA KAk
ERITHEIDERF LTz, 77X I VHEZKTH S leupeptin, AEBSF 3 LU DFP, B2
a7 7 —EHEEKTH D pepstatinA, VAT A T T —EREEKTHD E-64-d 1T

8



WP b A 7 DNA TR LER 2R & (Fig. 9). £72. INO D& L7 B A fare#iE
EIMBIZ L o UIBEDOBEHER R LN o Te (F—Z FEHRTR),

Control

YO-2 -

0 10 20 30 40
DNA fragmentation (%)

Fig. 10. The effect of caspase inhibitors on DNA fragmentation induced by YO-2. The cells were
preincubated in the presence of 50 uM Z-DEVD-FMK and 12.5 uM Z-VAD-FMK for 1 h. Then, 30
uM of YO-2 was added to the cells, and was incubated for 6 h. Values are means + SEM of 34

separate experiments. Open column, none; hatched column, Z-DEVD-FMK; solid column,
Z-VAD-FMK.
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Fig. 11. Caspase activation in YO-2-treated thymocytes. Thymocytes were incubated in the absence or
presence of 30 uM YO-2 for indicated times. The activities of caspase-3 (A), -8 (B) and -9 (C) were
determined using the substrates Ac-DEVD-MCA, Ac-IETD-MCA and Ac-LEHD-MCA, respectively.
Values are means + SEM of 3 separate experiments.O, control; @, YO-2-treated.



WIZ, YO-2 FRT R =V ADY T F)Vh R — RIZoW TR &EITo T, I A/N—
-3 BLEHK TH 5 Z-DEVD-FMK B L OFEEIRE A A —PHEFK Th D Z-VAD-FMK i
Wb YO-2 12 & 5 DNA WA L2801 L7z (Fig. 10), & blo. BB RERZ HN T
A 3—+E-3 (DEVDase), H A/3—+E-8 (IETDase) I LU A/ 3—¥-9 (LEHDase) tRiGHE%
BIE UTe, YO-2 13 200 & OFEME % FORRRNCARTE L Ol S &, 4 R 5 6 FERI D YO-2
MBI L 0T _RTOEEITINTRb 2 hr—L D 2 B EOEREZR L (Fig. 11). A
L) TawF 4 v THIRIC LY BERD A9 BLOH 2 —F3DFEE, F R
1A c DRIRE~OBEBPER ENT (T — % IERT),

B8 .

T v AT % YO-2 F7E T CHET 5 & USRI HKAR L 7 DNA WA (Lo shn2s 2.
bz, EHIZ, YO-2IZ LD DNAMIHLARX 7 LAY — LB THHI L, THRI—V
AHIHHIDOFHED 10T 5 PS DHIRIIEPR D &AM~ DEEFE DS YO2 IZ X DI
BT ERRENT, £, WEENBERIZLY, YO2 ABICLVEOEEN R D Z &
bHER INTZ, T O OALFEMNB L OFERBREMREFTL Y, YO-2 37 v MalRMiic 7
RV RAEFRIEDZEBHLL LR, TD Y02 DT R M—TAFERIERICE
WT, YO-2 D 3 DORERDI LOWVWTNHREBECTHLINEHLNCT B0, &
ERRER O DNA WTH{LTER 2Tz, LU s, BT RFXU ABR, picolyltyrosine 33
X ¥ octylamine i3V T4 H DNA Wi i LIER 2 RS b oz, £, YO-2 OEED LR
ERD 102 BRWIZ 2 BEO AW L ERERICDNAM T L2 RZ X o 2 & B Y02
DT R b=V ZAFERERITIEL3 DOBRERT N TRLETHD EEX DN,

Z DD YO {LEMIZTOWTEH DNA Bt ERIC QW TRt &{T o2, 77 XA IV
EEMA OV YO-0, YO-3, YO-4, YO-5 728 DNA Wi {bER &R L7eDict LT, 7T &
I UBHEEAOTEV YO-1 BL U YO0-6 X DNA BTALIEAZB L T\ ehot, DT &
25, YO2 OF R M=V ABFRERANT T A I VEER L BIE L TV 5 ATREME 2RI
Shic, LNLRHRE, PI7AIVHEFRAOH L F I XX T LBLREDTI AI VIR
EEMRIE LA L DNA W LIER 2 RE R o722 LD, YO-2 OF/ER O BEMEDFEM
IRBATH D,

YO2LFERT A M= RADY T F NI AR — RIZOWTIE, I A —EHEED YO-2 i
X% DNA WA b Z2Hl L2 2 E B X Y02 BRIGEEMICEFE L T A NN—E3, 7 AR
—BI3BLOIAR—BIRKEREEZENEIR DO ANN—EREZN LTS EEZ
bivic, A 5770y F 4 THHC LY BERD ZR—E9 BLON A N—E-3 DF
TENFER SN2, EHED ZAA—P8 13RI EhRhroZ & XV, IETDase HEHEDH
i, B AR—B-8 TIXRLMMD Z R 7 B REER OB X 0 BEN SRS R

10



LEZLNE, 77, YO ALEIZLVF N7 a b ¢ OFRE~OKHEBEBZ o722 &H»
B, MMEEVC L DRBEHIRT R b— AFEREANI har U THEEEELBEEL T
WA ZEWRBE N,

11



FE EEe PEETAbMoYA b inviro MIREEZEET LV TCOTHR b— R

AR AL B PRI B O CA TSR O b 0 I AB AR CHERT 2 &, RESISH
BRINER BRASORERAPKERET I Z EBREIN TV D [43,44,45], —F ., Takuma
5 [46] 13EET A b A MIBWT C¥F Fy 7 ABEEICL D TR b= ARFHER
ENDZLERELTVD, RFETIE, HEL FVEET X badA MIBWTARRR
BOERHRBEROBFERCTT R b=V ABRFER SN D DEPRN Lz,

ERFGE

HpaDERE HEr VEET X badA B LUEHE (AGM BulletKit) i Clonetics,
BioWhittaker, Inc. (Walkersville, Maryland) XV EEA L7z, MAdIL 5% CO,, 37CEHETT
AGM BulletKit Z AV, D~ == 7 /MIHE-> THEE L7z, TUNEL il X UMD HE
BERAIZIX TS e DI NF ¥ —T7 T X 2T 3 EIfERTE, 3.4X10° cells/340 pl/iwell (1.7 cm?)
THIRREZBEL, MR LAZZA L Z20%IT 48 FEREND 72 B Z L IZH LN EEHcAc#H L
oo MFZBRIREEIC CTHIRROMEREBERER L, AT A F LD 70-80% % TR HBHE L /-
B (]9 8 B) TEBRICAWE, £/, B X MU VEBMEOSHIZIZER 100 mm £z
3150 mm OF ¢ v ¥ 2 Z AT 2-4 BEFERBEREZITV. T4 v ¥ = LD 60-80% F THEIE
- L72FEA (17 B2 5 28 B) CTEBRICAWE,

LFRIGIRE L N TIERER DO RE ML ekt ABAEERE 2 N TR
(Table 1) C 5% CO,, 37CEHBT T30 4000 1 FFEHRE LT, MIIIREBEREDIC, 2
VN LWEEHIIZ 32 L C & DT R ke R I ERICHE L7, AFEEIER D 5WITAL
R ORD 0 I E BV TREROBIELTo b D& fr— & L,

Table 1. Composition of perfusates.

Component Saline solution Artificial cerebrospinal fluid
Na' 154 mEq 145.4 mEq
K’ - 2.8 mEq
Mg* - 2.2 mEq
Ca™* - 2.3 mEq
Ccr ' 154 mEq 128.5 mEq
HCO;™ - 23.1 mEq
Pi - 1.1 mmol/1
Glucose - 61.0 mg/dl

FAE 7 EDBE FRE 5X10° cells/well T 96 well L — MZEEREL., BRICEH LW
RN AR LT, #EFE 2 B2 100 pl/well CTABEBER H 2 VI AN LIFRERICHRE 2
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BL.EBER O BIXOW LW ASHE LT 12 BRI O 48 BRI % O/ L
TR % MIT X B TH S Cell Counting Kit-8 (Dojindo Laboratories, Kumamoto, Japan) % i
W, Wt =a 7V iE- THRIE LTz,

TUNEL 2= ) & DNA BrA (0 TEFRM, ABREED 5\ OIIA TRFHIEIC
30 S ERFBE H LVOERHNC ASHE U T 24 REEBEER U 7o Ml % B % el | in situ Apoptosis
Detection Kit (Takara Shuzo Co., Ltd., Kyoto, Japan) % Fiv>C TUNEL & %17-7, Mlig%
PBS Ty L CEOLBEMEIC K VEE L,

EOBEZIEE Fx o N—25 4 FicEg&E L NERT X A FEERE
i, ABEEER D 2 VIIALIKFRRIC 1 REHIRE L, RBER (0 ) B XOEFHEH
T 24 FEfEIDND 48 KRB L72MIlEZ 10% P HERE R L AT AT NRCEER. 123
pg/ml Hoechst 33342 TE; % 30 sy L7, MAR% PBS THad L, HER L —VF—BK
ETHEBELL,

EBER '

BEE PEFET A b4 OMBAEFRICHT 2ABEERD 5 W I A TREHRK
BEOFELRT-, ML EEREIC 30 DFRES. H LWVEHICl LT 48 T
THEREZME Lz b — L Cik, MROBENBE I, 48 RECIIRBEZ O 2
ORI ER LIz, —F, ABAERICEE L-HAI0L. REEROMIREGEEN 2

b — VDK S0%IART L, ABRERERE. EFREHICTE L T 48 Bl TR
T L7728, MIROEEIIZ L A LR b oTz, ATIERRICERE LHAILD
REERICABARRER L FRICHREFENMET LTV, IEFHEMHICRHE 12
RERE 2 © 48 BRI CIRMMEEE A R b, 48 IR ICIIRBEEZ O 2 BT L T\
(Fig. 12), ABAERL JOANTHEFHIKEREIC X2 DNA Bt {boFE% TUNEL LA
IR U, ABEAEKREEIC LY TUNEL B itasRo bk, —7F, £8e
WIRO 2D VI A TIHFHIRICRE LR TIEa Yy b e — 054 & [FERIC TUNEL
GBI CH o7 (Fig. 13), Hoechst 33342 TYefa, L B ZIC DWW TR MBI R 21T o 72,
ABEMHRO 1 BRESZRICL Y BREEN O —HOKITEHENGRO bivk, EFE#ICR
Btk 24 BRI D 48 BERIREER T 5 LB L CNIBIBE N ER LEERBIE S, &
o LT, ALFHR~ORE CIIRBER. EFEMICTHR 24 R L U048 I
BOBEBIZLY RBLSOKIZa Yy be—LE ZERBEOEFERFERELRL TV (Fig
14),
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‘Fig. 12. Viability of human astrocytes exposed to various perfusates. Astrocytes were incubated with
fresh growth medium for indicated times following exposure to growth medium (control), saline
solution or artificial cerebrospinal fluid for 30 min, and the viability of the cells were tested by use
of WST-8. Values are means + SEM of 4 separate experiments. O, control; M, saline solution; @,
artificial cerebrospinal fluid.

(A)

(B)

(C) =

Fig. 13. TUNEL reactivity of human astrocytes exposed to various perfusates. All panels show
TUNEL staining of human astrocytes exposed to normal growth medium (A), saline solution (B), or
artificial cerebrospinal fluid (C) for 30 min. After exposure, these perfusates were replaced with
growth medium and the cells were incubated for 24 h. Positive TUNEL staining is indicated by
arrows. Bar, 100 pum.
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23 ]

Fig. 14. Laser scanning microscopic images of human astrocytes treated with perfusates. Human
astrocytes were incubated in normal growth medium for 24 h after exposure to saline solution or
artificial cerebrospinal fluid for 1 h. The cells were fixed and then were stained with 12.3 pg/ml
Hoechst 33342. (A) control, (B) saline solution, (C) artificial cerebrospinal fluid. Bar, 20 pm.

ZE

BEe FEFET A budA MEAHEBSERIC 30 yHERET S LEREER ICHRAETE
DELWETRALN, BRERICEFEHICZH LT 48 FFHE E TR 2kl L7203,
AR OBFITIZIERAICIHE STV, ALKFRIRICEE LZSEICh. RFBEERIC
AHAERERE L AFROMBARERETIRO b, EFEMICHE 12 KRN
48 BRI DIEE CHIBOBEFERBIZE Sz, 48 BFEBICIIRBEEZ 0K 2 OIS %
AL, arybe— LI EERSEOBEE CThH o7z, ALINFRRZBICL Y AREERS
%L AROERALRMBAFRETHARBERICAONZITE DL EFEMICH
#Bizay br— & EIZEOMIBHEER % 7~k L TV 7z, Cell Counting Kit-8 |Z & 5 Mg £ 17
DBETIX, WST-8 BRI b2 R T OJKKRERCTREILINTEL D WST8 S~
VEEAFMROBEL LTS Z b, ALMFHIERE CRONREBER DM
AFRETIE BRI bar N 7 OBMEREIC LD WRRENSE 2 bivie, ABERK
FRBICLIMBEBERT R F—VRAZEDNEINERALMNCT S72HDIZ, TUNEL LB
\Z &% DNA W Lo Z21To7z & 2 A, ABAEEIREE 21T o oM T 24 FEHIEFE 1S
1 CHREFE 1T TUNEL BEMEARD i, 78 b —Y A DE(LZRIFHE TdH 5 DNA Wi
bR ENT, £o, WEFIRFICIVEOEHEIBESNZ, TNHDORERLY., &
BE MNEET R ¥ A " ABARRARR, EFEMCEELMET DL TR F—

15



AREDOMBEERR - D Z LR RENE,

B#ET v P TR MaYA b E Ca'-free BIRICHERFHRER., C¥ 2 ST ERF B CHE
ot B L Ca?*RF Ny o AEE L IEITh 5 MREENHRE S [46,47,48,49]. =D Ca®* /%
7 Ky 7 AEHFEICIL DNA BT LS O T R b — T A DE(LENE X OB R
BHBLED T LBRINTWVD [46), £, BERBETNODOINa—ZADREIZT A b
A MIHIREBEEZFERITIZ L HHEIN TS [50], 2o & Ly, AHAEREE
TEBIZBEE FEET A Fa¥ A bOT R bV 2AEMREFITILC T Ry 7 RE
BRI N a—RYBOBEDOFREENRE X bhit, —F. ALKFHEROREIC L > T
TUNEL Z41Z & 5 DNA WA L3 Sh§' BORRB S REo8 = e — ARk L [
ROEFERFETHo72Z &b, ANLINFHEREZABRERORDVICANVWSZ L TZ
OHIREENERTE 5 Z LRI,

NG
1. FRTITAIVHEEYO21X Ty MNEBHIRIZT R b= R EHRIEDZENHL
nE&lpol,

2. YO2 DT R b=V ABRIEABR TSI AI VHEER EBEEL CTWHWAHEEENE Z B
7o '

3.YO2 SR MRHI T R b— 22X ba v FY THEBREDOBEGENREB IR,
4. BEFe PNEET A oV MeAESERICERE2ER. EFEHT 24 BN D 48
RIS AT 5 L. MBRAREROET 2 D ONCHEREOIMFAI N 5 2 EBNRSE

iz,

5. AEFAEREE CE S AMEREEICITT R b R DAL L OB BRI
& 25 DNA WTAILB L OBEDERERES Z E BN E o Tz,
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EB_E TRPFPIREEARAPNUVERE
B EMERTRP—TRRZBITAE X MU VB

Ty MR EZ e X N7 B FNACBERAEE TAET DL TR P — T ADNFHER
S, Z O DNA BiA{LIZE > Tl r~F U BEEZ BRI E5LEXbND LA b
H4 OT7 B FMAETLERRZ D Z EPBEINLTVD [33], AEHTIE, 5 1 DOFER
t R P ALREHTH D e R U VEBLOBEENCOWT, F U EBLY iR LEESRE
EIERT R P — X2 POITRFEITo T,

EBR T
MaDEZE F—EE —HICR LEFIETITo 7,

DNA BFAAEREDBE T v MR (10X10° cells) & & /N7 B Y o E{LEERMA
EETHOIIIFa2V VADLDIORA I IBREETCHEEL, F—EF SR LEFE
T DNA W b= 2 8E L,

T2 =X T KENIC L S DNA D4 KalgHlE (10X 10%cells) % 10nM 4 U %
22U ADHDBNIX100nM A0 FEEFFET C 6 RefEIEE#E% ., B X DNA BFA (9 50kbp) @
AERRERER LT, MIlEZ PBS SOl iZBRE L. H 60 CDED T2 PBS THME L 72 1% InCert
agarose (FMC Bio Products, Rockland, Maine) %% &Mz T 4°C.30 &rfHE L CE{LE 7,
FIVR % 0.5 MEDTA, 1% sarcosyl 3 & 0% 0.5 mg/ml proteinase K % & L& T 50C. 24
MERI G L 7= %% . 1% FastLane agarose (FMC Bio Products, Rockland, Maine) C/3A 7 R IE5X
EBR TS NVEBRIKE ZITo72 [51]. £/, X7 LAY —LEAro DNA WAk, $—=5F
—EiCEE LTz FEE G,

EBEDIFBEZ B I (10X10%cells) % 10nM H U F =2 U 2 A H BT 100 M
A FBRIFET T 8 R, F—EF HICE L TETROBREHE L,

MBS N2 BV BEDES T v NEBRME (100 X 10° cells/ml) %
phosphate-free RPMI 1640 T C[*?P] U »#8 (11.1 MBq/ml) T 1 BFREERR% . L T LT,
B oMRE EBEYOHFET T30 505 4 BEEIEEE Lz (10X 10° cells/ml), HiE (40
X 10° cells) % MMBYAARIE (167 mM Tris-HC1 (pH 6.8), 5% SDS, 2 mM 2-mercaptoethanol) T
R L, MR Z V0B L Lz, T 12.5% SDS-PAGE THHT L= (F/vh A X85
cmX5.5 cm), ¥ VX7 BOKHEIX CBB LA LV IToT-, EHIT, XA FA A—T T
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7+ Z A ¥— (BAS-1000, Fuji Photo Film Co., Tokyo, Japan) {2 X3 U VE{LFZ LRI BED
BRHEIT> 72 [51],

EXPYBBEDRY WO &R, MRMEE [P VB CERE. SEEDE
FET T U, MR (40X 10° cells) % 42 (10 mM Tris-HC1 (pH 7.6), 150 mM NaCl, 1.5
mM MgCl,, 3% glycerol) TRHE L 7=, FE®D 0.2% Triton X-100 % & ¢ [F EEER 202
TR LT, MR ARIR %:f%@wz (10 mM Tris-HC1 (pH 7.6), 1.5 mM MgCl,, 25% glycerol)

WCEB L T350Xg, 10 pEERLOBEL., BOBEERM L2, #1504 N FREETE X b

SEEZFRBLE, 20Ok X b UoEEEREE-JRR-Triton X-100 (AUT) 7 /VERKE [51]
B L SDS-PAGE & AUT Y NVERIKEZ ALY _RTERIKEN TN Lz (Fv
B A I b 8.5cmX5.5 cm), SDS-PAGE DG4 & [FERIZ CBB 4.3 X U BAS-1000
WDV UBMbE R B0 ET o7,

Fy BT Y —EBRRENC L SEBE XS EDES M (40X10° cells) »HDE
A b EOMBIZEIROFIEIC L VTV, B X P SEIIFED 0.4 N NaOH THRIL
ERICH W, HBE X MR EOERIZIT Quanta 4000E ¥ ¥ 7 U —ERIKENEE
(Waters Corporation, Milford, Massachusetts) %\ 7z, REIZEEEBIC IV ERAES Y 2
FY— (NS0 pmX60cm) PNIZEAL, 02M FSU8EF MY 7 A (pH9.3,0.05M SDS %
&%) FT30pA EER CKEI LTz, B 27X UV RHER T 185 mm ORI E A F ¥ BT -
U —#H L7z, 7 —# i Millennium 2010J Chromatography Manager (ver. 2.18) 2 X ¥ fi#fr L
7

EBRARER

Ty MEBRHRICENT B U X2 A AT FERIT 6 RBIALEIZ L Y  F 24 3nM
BLU100nM TH o & HBEHEZ DNA TR LERZ R L7 (Fig. 15A), 2 bDF 37
BRY VB LEERIEERIC L 5 DNAWHLIZ, H U X =Y v A T2 ME, A VFET
AR DT 72 A LD, RIGRERICERE L THEM LT, (Fig. 15B), 7R b—Y AD4&
(LR THH X7 LAY — LBEALD DNA Wiz e3> T, DNA 3£ 9% 200-300
kbp @ DNA Wi i2 80l S, & HICEIET & THI 50 kbp @ DNA Bt iS4k~ 5 2 & 2350
BTV D [52], DNA Z/5A T AIEEKER T WVEKIKENZ L 0 58 LR, 208 50
kbp @ DNA BTH OAERB R S (Fig. 16A), X BT, #2837 G Y VERLEERIALESE
IZE D DNAWAIERX 7 VA Y —ABNLTH D Z & B3R I (Fig. 16B), FRHEFERIR
FHCEY., ZhbDF N7 ERY VBB CEERILEREFE T TR LR O KRS T
DEFEDBE Iz (Fig. 17),
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Fig. 15. The effects of calyculin A and okadaic acid on DNA fragmentation in rat thymocytes. (A)
The cells were incubated with various concentrations of calyculin A or okadaic acid for 6 h. (B) The
cells were treated with 10 nM calyculin A, 100 nM okadaic acid or without inhibitor for indicated
times. After incubation, DNA fragmentation was determined. Values are means + SEM of 4 separate
experiments. <>, control; O, calyculin A-treated; @, okadaic acid-treated.
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Fig. 16. Electrophoretic analyses of fragmented DNA from the thymocytes treated with protein
phosphatase inhibitors. The cells were treated with 10 nM calyculin A or 100 nM okadaic acid for 6
h. (A) Biased sinusoidal field gel electrophoresis, (B) Conventional agarose gel electrophoresis. 1,
control; 2, calyculin A-treated; 3, okadaic acid-treated.
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Control

Calyculin A

Okadaic acid

Fig. 17. Laser scanning microscopic images of thymocytes treated with protein phosphatase
inhibitors. The thymocytes were treated with 10 nM calyculin A or 100 nM okadaic acid for 8 h. The
cells were fixed and then were stained with 12.3 pg/ml Hoechst 33342.
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Fig. 18. Incorporation of [**P]orthophosphate into proteins in the thymocytes treated with calyculin
A, okadaic acid or dexamethasone. The cells were treated with 10 nM calyculin A, 100 nM okadaic
acid or 0.1 uM dexamethasone for indicated times. Proteins were analyzed by SDS-PAGE. (A) CBB
staining, (B) BAS detected. 1, control; 2, calyculin A-treated; 3, okadaic acid-treated; 4,
dexamethasone-treated. M, marker.
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BY UBLIZ OV TN, MRMIRZPP) VBET 1 RRIE#RE. VX2V ADD
VNEA I FBETFTE T T 30 o h 4 R L7 Mika 0 DRI &2 X7 et L,
SDS-PAGE TH#T Lico B Y F = U ¥ AT 30 40, 20 X BT 2 R EEZ 2> H4Y 15kDa
DENNTE (RE) OV VBETLER RO (WY X2V v Ald 1 FFET30%HE, 4
7 R 4 RS T 20%H8) (Fig. 18), — DX V37 B0V VE{LTLEIT VT b7 &
4 BRI E TR L CU 2, B X b D SDS-PAGE TiX Hl 2L £t A b HFEBNE
N 14-20 kDa DREICIKEI SN S [53] Z &b, T/ 15kDaD Y b Z R 7 Eix
EXMTHHARBENRE L ONE, 22 C, FRICLE LIZMROE» O R N U 4oHE
ZHH L. AUT & VESUKE) CRENT L7,

&)

0.8 h 1 2h Ah

M 8 1 2 % 4 4 2 3 41 2 3 31 2 3 4m

B}
0.5k 1h 2h An
4 1 23 41 2 3 4

Fig. 19. Incorporation of [32P]orthophosphate into histones in the thymocytes treated with calyculin
A, okadaic acid or dexamethasone. The cells were treated with 10 nM calyculin A, 100 nM okadaic
acid or 0.1 pM dexamethasone for indicated times. Histones were analyzed by AUT gel
electrophoresis. (A) CBB staining, (B) BAS detected. 1, control; 2, calyculin A-treated; 3, okadaic
acid-treated; 4, dexamethasone-treated. M, marker.

Table 2. The comparison of the time courses of DNA fragmentation and histone phosphorylation

Treatment Increase of Increase of
DNA fragmentation histone phosphorylation
10 nM Calyculin A
0.5h - +

2h - 4+

4h + +H+
100 nM Okadaic acid

2h - -

4h - +

8h ++ /
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SDS-PAGE DO 7#r#ER & A CRFE#RE Tk A b H2A/H3 BL O H1 O U VER{LTTHEDTR
Do (B F=2U 2 A1 REREIT 36%3 LUV 43%3E, 40 BRI 4 FFfE T 56%8 LY
11%3) (Fig. 19B), # > /37 B Y v BIVEERAERICL A X U VBB EOTUEILXT
AP —VZAETBETH S DNA BTA{LIZESL > TR Z 5 Z 3 HIB L7z (Table 2), 7=,
AUT 7 )VESIKEID CBB LA TlE, EX M NCEBASINET EFALVEOBITEKFEL TA
Y ROBENEN/NSLS 72D B3] B, VX2V > A, THFBHLINIETIHAZY
0.1 pM) BT A P HABEDN Y RORF — BB R E X o oTz, Tbb, Z
NHDOREITNTNOERX M T EFIMUICEEEZEZX RN LRI (Fig. 19A),
AUT F VERKBIDFERTITH2AH3 D EH L3 Y VEBE S TV 2 OB Lo 7
72, AUT 7 /VESRIKEI L SDS-PAGE Z#lAG LR _RIEERKENZITo72L 2 A,
EWH2Y VBMELTLER R SN DIXI H2A TH D Z E3HBH L7z (Fig. 20),

A} Gontrol

oh 1h 2h
AT auy AT

SDS-PAGE

S8 PAGE

Calyculin A

2h

BOS-PAGE

{8)

B08-PAGE

SDS-PAGE

Fig. 20. Incorporation of [**PJorthophosphate into histones in the thymocytes treated with protein
phosphatase inhibitors. The cells were treated with 10 nM calyculin A or 100 nM okadaic acid for
the indicated times. Histones were analyzed by two-dimensional polyacrylamide electrophoresis and
radioactivity was detected by BAS-1000. (A) calyculin A-treated, (B) okadaic acid-treated.
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AV F=2Vy A LBIZEDERX B OoTFROEBHEILIZOWVWTH ¥ 7 U —EXIK
L VRE LT Fig.21), LLAaRS, UV FaV ABLOA I ABRAEMBRO B
AR EGFREOGREIIa b — L L R TERRD N2> (Fig. 22), /2. E
A NUBRT B FALBERBEECHD MY 3 XA ZF L A(100M) BLUEEE (5 mM) TR
BLIEGELRERICE X FEBEOBIIR bR o7 (F—FHERR),

300 H3 30
H2A
250 H2n 25 -
M4
200 }- 26 i
Z 160 |- Z18
100 10
He
50 |- 5 |
oL .,nwﬁL‘J M g i .‘...4«’ L"‘”’"L’
t 1 i3 i 3 i ] k] (] t i 1 1 1 i i i 3
3 ¥ 156 16 17 18 13 20 21 13 14 15 16 17 18 198 20 21
Migration tims {win} Migration time (min}

Fig. 21. Separation of molecular species of histone by HPCE. The extracts were prepared from the nuclei
of rat thymocytes. The sample solutions were applied to HPCE by hydrostatic injection for 30 sec. (A)
the authentic histone mixture containing H1, H2A, H2B, H3 and H4, (B) the nuclear extracts from rat
thymocytes.

EHIE, TRIMN—VAEFRIEDZOMOEDIZOVTHLE R P Y VBB L OT
TF MUK T DREERFT Lz, M) axFZF o ABLOERIZE X M T RFVLE
TS ER (Fig 234), B R U VEBMLIC L% 5 2 2o 7 (Fig. 23B), %72, 7
R —VREFRTDHIEPREINTODIHA EDT ARV K (10 uM) (Fig. 23) | ffig
MRS T 27 R b=V AFRIEAR L MONTHWET XY A XV (Fig. 19) . F—
EE-HTTR MV AFHRIERZRLEZ Y02 B30 pM) (T —FFHEFR) X, A Y
VBB LOTEFMEOOTIICR L THEEE RIZE o Tz,
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Fig. 22. The effects of calyculin A and okadaic acid on the level of histones. The nuclear extracts
were prepared from the nuclei of rat thymocytes treated with 10 nM calyculin A or 100 nM okadaic
acid. Values are means + SEM of 3 separate experiments. <>, control; O, calyculin A-treated; @,
okadaic acid-treated.
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Fig. 23. Incorporation of [*’Plorthophosphate into histones in the thymocytes treated with
trichostatin A, sodium butyrate or etoposide. The cells were treated with 10 nM trichostatin A, 5 mM
sodium butyrate or 10 uM etoposide for indicated times. Histones were analyzed by AUT gel
electrophoresis. (A) CBB staining, (B) BAS detected. 1, control; 2, trichostatin A-treated; 3, sodium
butyrate-treated; 4, etoposide-treated. M, marker.
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B8 .

Ty NEIRMIEE D) X2 VA ERBIFTVIBEET CEET S L. T 7214 L%R
TRUSKREICKTE L7z DNA BTA L OEMBPBRE Sz, E6IZ, ThoDZ 7Bl
U VERLEERBALEZITH 50 kbp @ DNA B A DAERB L ONX 7 LAY — LB DNA Wr
AT ZeRRENT, o, BRERTHI L VER LR BEShL. Zhb
DFUNRTERY VEBCEEREEERILT v PRI R R R EBRIEH L
BDHLMERoT, _

TDLEDEUNRIEY VEBLOEALIZOWT SDS-PAGE T2 1To72 L 2 A .8 15
kDa D ¥ 7 BDOERRY VBB LTUEPBEI Nz, Z0U VBRLZ LV RIERE R B
YTHDLHRENEZONIZDT, BER FUAEICOVWT AUT F/VESRIKENR LU AUT
FNVEEVKE L SDS-PAGE %M H&b¥ - TRTTERKBIC L VO LERER, 7Y %o
U ADHDINNIADFBUENRE A RN HRABIUHLIO) VEMLETTESE S Z L
ONERoTe, AV X2V VABIXOCA D FBLBIZEIS2EXA N MRABLCGHI DY
BRI LI ZE N ENDNAWH LD T 7 Z A4 ATHD 3008 X O2EENHEI VT D,
DI EBARFRETREL TV, 20X 5IC, N axEZF o ARKRBICEVFRS
NBTRR—VRZHSL>TE R M TEFIMERTTETLIOLREEC. P IF=U A
RAHFBICE > TRBIABTR =L RICE R MY VBB LS > CHET A Z &
RENT, R MU VRRGTEORFZEL L DNA WA {LORFZALiZBE L7 28 &
AL, WINb IV X2l v ALBOFRA I FBABIZETET LT, 2, 7
7N F*VZ@%%&:%V\T%%?@H?J VX2V ATV EREZNEL L, 1Y X
U2 ARE U R7ERY VBRLEER (PP) 1 B L UPP2A 2 EIRRE IR ACHET 3 0lxt
LCAJ X BRiE PP k3 A /ER A PP2A BHEMERICHATHE W [54] ZEhb, X
7EBLY VB LEERAERICL AT A b ROFEHRITITI PP OBERE X bz,

bR R CBMEITERRE c R L Vo Tr 7 n = FUBEOTESICBEIC ) bo TS
T E MR [28,29,30] CEREFHET [24,26,55] WCEEE L-MFFRIC LV HLMIEINT
WS, TARBM-VRZBIFHE X MY UBGICEE L Tk, U EE D gliotoxin 28 MR
TR PV 2AEFERESE, ELIOTRP—TRIZHENE->TE R R H3 @ Ser-10 23V
VERLEN D Z L Waring B [56] IZ X o THEBE XN TWD, & 5T, gliotoxin I cyclic
AMP L~L D EH L cyclic AMPRTEMES R 7B ) VERLEESR (AXT—F) B E2H
BTBHIE, AXT—EDHEEN gliotoxin ICX DA M H3 U VEMLE TR F—T R
BREIFT D ZEIRENTWND [56], £72.Rogakou & [57] B L\ Talasz & [58] 1.
EXRCHAYT 77 IV —0D—D2TH2DH2AX D Ser-139 U VB Fas 72 Kl kB 7
RN =T RIZBWT DNA WAL DBRRIZEE G T D FIREHEZ R L TV 5,

UEORGEIZ. X MU VBN E X h T EFIAL [33] ERMRICT R b— RE
ITBRBIZB O TEERBEIZH > CTO A EREEZ RB L T 5,
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BEH R FNEET7 X et A b inviro MIBBEBFEETVICEBIT 2R MY Rk

E-EEEHICBOTC, BEE FVEET X buY A MNIAHEHAEIKRZERNSREE. E
WEMICR LU TEEEZMET D E TR MV AEMEEENSR B Z L %2R LT (in vitro
MEEEET V), £, FLEF BT, W OPDFEPICLVFERINDI TR
=V RIZBWNT, BER MU VEBMERT B F LR YD R N ALRIEHR TR h— R
RS- TRZIZZ L EHLNC Lz, RETIX, inviro MIREEFEE7 /MIZBIT5E R b
ACREMOEIZ DWW TIRE R ITo T2,

KRG
HYEDIZFFE FH—EE IR L HIETIT o7,

LRGSO TE R DRE R _HIOR LEFETT 7,

EX P U BEDOSET FIA%E[P]Y VB (0.37 MBg/ml) C 1 BERMERS, AMEAE
B DV ALK ERRIC 30 sEEE L, REEE (0WFH) BLURER 1 FRENO
6 RFEIEE LMl b —EF IO R LEFECEUTEEZRRE L, e X Mo oEE
HHE L7, Bohizbe X U SEICOWVT AUT FVERKEIZITV., B MUY UERME
DEALZ T Lz [511,

N K7 I BRA 587 B A N 4HE % AUT 77V (13.5 emX24 cm) THEEL. U v
BALDEALDBRBO DTN FedlY i Lie, 7% 2 EYesR, Tris-HCI (pH 8.0) T
35°C. 20 BfE b U U AR (0.01 pg/pl) 21T o7, SfEWILHEHE HPLC (2.0 mm X250
mm TSKgel ODS-80Ts QA, TOSOH Corporation, Tokyo, Japan) THBEL 7=, BHIZX 0-90%7
ERr=FUNV 01% MY 7 AaBiBBEEde) DUV =T 77V =2 MTTY (JRE 0.2
ml/min), X7°F F< v FE/ERK L7, HP G1005A (Agilent Technologies Inc., Palo Alto,
California) F 721X Procise 494¢LC (Applied Biosystems Japan Ltd., Tokyo, Japan) &7 A >
V= Z P XD RTF RONKET X BESESHT L, N ROZ R E %R
E L7,

EBRER
PPV VER CHES L= 883 NEET A Fr¥ A MEAEBRASEKIC 30 HBEREL, b
R R AT T B EEIC SOV THREA L, CBBEORKR LV, AHAEK. AT
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MERKREBEIONTNOE X P TEFAUICK L TEEEEX VWD LR S
(Fig. 24A), —75. BAS-1000 12X 5 U VER{LORHICEB W T, £ABEAHEIED 30 SRIREIC
LV BRBERICEARC AN ARZ VNI BED Y VEBLOEABRRBD NIz, E X R
H2A/H3 fHEDAA FDHH P BEXOP2 DU VEREATTHE (P1 VU U BR{LIX 102%H, P2
U UBRALIX 135%8) L7=Dizxt LT P3 I Y Bk (P3 U U EE(LIX 57%) HEEIH
7= (Fig. 24B), P1 8L VP2 VU VEMLITABBERZEDOERIZa Y b —/L 0K 2 fFiT
WMLz, 20V VEMEITEERR & & I LR, WTFhOBEERRIZCBV TS Pl
BLROP2 VUBbi=y ha— A TEML TWe, ALK FHMEOZREICL-T
bRIERDZ VR BE Y VEBEOEENRD b0, T OREIIABBEROGEIZHA
THRET, EEEHICRHE LT3 REEERICIE = br— L EFAREDY VB{LERL
7= (Fig. 24B),

(LY
Oh 1h 3h 6h

M CSACSA CSACSAM

Fig. 24. Incorporation of [*°PJorthophosphate into histones in human astrocytes treated with saline
solution or artificial cerebrospinal fluid. Human astrocytes were incubated in normal growth medium
for the indicated times after exposure to saline or artificial cerebrospinal fluid for 0.5 h. Histones were
analyzed by AUT gel electrophoresis. (A) CBB staining, (B) BAS detected. C, control; S, saline
solution; A, artificial cerebrospinal fluid. M, marker.

ABAERREBRECIVPIIREERICY b e— LD I12UTOY V(L L VERLT,
ERFEAHE 3 BRI TIIay be—0f 23 DU VBEL_AVThH - 7228, 6 BT
Tz he— DR 15 FEOY VB LSV ER L, ALIKEHIRORZREICL > T
LRERBEERICIIAESERRE LRI P3 U VBLL VOB BALNER, RE 1
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FFRIRICIZa Yy Pe— L EIZIERIRED ) Bk L ~ULiZEE LTz,

Fig. 25. Separation of phosphorylated histones prepared from nuclei of saline solution-treated cells
using long AUT gels. 1, saline solution; 2, control.

INHDERBUAE% long AUT ZVCHRBELTZE ZAPL, P2BLUPIIFWVTILD
2 DD BE LT (Fig. 25), P1. P2 BXUP3DEANRV FE NI TV UEELTHED
N7z_7F R&#H HPLC THEEL TR7F K~y 7&ERK LT (Fig. 26), & HIT—ED
NRTF RIZOWTNKIGT 2/ BESISHT 21TV P1.P2 B L P3 DRIE 2R, P2,
P2, P3, BLXUP3, L VB ONETF FONEKRT 2/ BEFITVThb b X b HA
DONEREFNIZ—FK L, TRENREA MY HA ¥ 7 F A4 T7O—RBTHDHZ LB RENE
(Table 3), P1 ODXFF R=v 71X P2 LIEFICHLE L TEBY (Fig. 26), P1,BLUPI, (It
AU HA THDZ EHRHEESNT, EHITPLBLUPL IZRFEA 2T F RIZDONT
NRi7 X ) BESNGTE2{To7c L TA WTHb 2 EXFF U ONFESNC—HK L TEY |
PL,BEPLIZ=2EXF L {bk R b H2A (uH2A) TH D Z L H3H[EH L7 (Table 3),
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Fig. 26. HPLC profiles of polypeptide fragments of P1, and P2, after digestion with trypsin.
Absorbance was measured at 210 and 280 nm.
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Table 3. Peptide sequences derived from phosphorylated proteins.

Band Peptide sequence Comments

P1,* tITLEVEPSDT internal sequence of ubiquitin
Ply* TITLEVEPSD internal sequence of ubiquitin
P2, VTIAQGGVLPNIQAVLL internal sequence of histone H2A
P2, VTIAQGGVLP internal sequence of histone H2A
P3, AGLQFPVGR internal sequence of histone H2A
P3s ATIAGGGVIP internal sequence of histone H2A

* The peptide maps of P1 agreed with those of P2.

-7

BEE FEFET A bt A bOT R M=V REHREEICE X AL REMHNES L
TOWDEDEPERE LTc, B T B F /U LZAERRIRRS L A TFRER O RTI
Lo TIHIEE A LELBRBO bbb o, ZHICH LT, AHARKBFEIIREEE
bR MY UL EE LS EBIS Y, NRRET I BESIGITORE. ZhbDe X
FoBNTIe H2A THHZ L, F2, 205 b O—IZuH2A THAHZ EBRHAL L 72
ST, B A M A T EHEFIC IS BHEENTVE E X M A TREOT TH B
VT EZATHRLENGFETHY, & FTiX H2A1, H2A2, H2AM, H2AX, H2A.Z D)
2 e SEEPHERINTWS [59], £/, 28X F LI H4 2R KZF LA Mo+
BICRONABREZESHTHLHM, B H2A BIXOHB CEIKBIBZ I ERRENTE
V. BEEEWM T 5-15%0 H2A 78 uH2A & LTHEELTWS [60], EX hratbF
FALD 7 v = F EEICBIT SEENITHARENR LD, 2 EFF ML X b LERE
EMERO 7 n~F U LOBICIIHEER DD Z Eh, EA M rabtxF b ra~vF
VDI T le HTH UTHIHIBICHERET 25, b L7 ueFr OMiERE A RT3
XORVEREBTHAREENSREBIN TS [61], AHEAERZEBRICLY, 2BEERICE
B2 ) VEMETTERR O bz X b (P1) I uB2A THho7zl b, 2D R b
H2A Z2 X F A0l U VBED 2 DOFIRBEMZ FRFCZIT THDZ LB L,
B R b OFRBEMTIXY VBL, TEFUE, 2 EXF ALDIENIT A F LR ADP
YRR BN TND [59], ZiLh D(LFEMIT 1 FBEOE R o FREICx L TH
MTERZ D72 TR, BEERTE T 2 BEU EOEHBAFRFICEZ 22 e B¥REEh
T3 [24,26,55,62], Galasinski & [59] i human erythroleukemia cell X ¥ B@fhH L7z & X
FORBEOERSTIZEY . B X P UoTEDN, ERBICESRREMNF -V THELT
WAHZEERLTWS, EHIZ, BRA M H3 D Ser 10V VEMERNEEHIEICBEEL-E
AP TEFMCERETD [63,64] T &2 EHBEE S, FRICHESHDHRIIER
LT, BE, #H, &E. MiREHR L ofkx ZMEREL RS L O3 EEES RS R
TW5 [55,59,62], uH2A U VERLISABBRKORBEER COLERARTLERR LN Z
Edb, HEE PEET A bad A hOT R M=V AFHMREEDOS &0 1 2 LTE
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BETHLHDNS LRV, —FH, ALINFHEZEICL > THABRRRRRRE LFAROE
A R H2A Y VB LOEBPBEINES, TOERITREChH o, LBRAERREREIZ
EBEeRA MU H2A (P2) OV VB LTTENRD 2 L HIER 6 FFE E TRt L T e izt
LT, ALMEHERE CIIEREIBETIREaY bu— L LRBREREEL TV, &
NOOREREIY, e NEETAba¥ A bOTH M=V ABFRITIEIT A b—T RIZHEL-
TR Z 525887 uH2A U V(L (P1) OXE L ZOH%OFERENZH2A Y VML OTLE (P2)
DEETHDWRENLEZ b, V

BOEERD D WITEBILAKERZEIC LY mitogen-activated protein (MAP) kinase
(MAPK) @ 5 © MAP/extracellular signal-regulated kinase (ERK). p38 kinase 3 & O}
stress-activated protein kinase/c-Jun NH,-terminal kinase (JNK) BIEHELENB Z BRI
TW53 [65,66,67,68], ERK 35 X O} p38 kinase iX c-fos =° cjun 72 & DR B F DI
WS LTEA M H3 2 Y VERLT 5 Z EBHE ST T3 [64], £7=. death-associated
protein (DAP) like kinase (DIk)/Zipper interacting protein (ZIP) kinase (X7 & h—3 X 25
LB EWRRENRTVWS [69,70] 8, ABERIZIL XA P H2A, 3 BXOH4 ZEEL L, 7
RYFUBEEELESED L ICL VEE - BRICH»D DR T L OMEAEH LI L.
EECEINE FIET 5 THER TR SR TVS [71), He FEET 2 budo LS
BEBRZBRECHERINDIER MY VBMEOTLEIZIXIIN b DX NI B Y VER{LEESR
BEE L THDD03% LRV,

ZRNERLY) CBBERERERICL ST v MARMEO T R P - RCB W TE R
FNCH2ABXOHL DY UBBETUER T R M=V RN - TR 5 Z & 28 _EE—H
TR LD, inviro IEEET NV EEZ ONDE NEET XA bad A bOTHRF—T X
ZBWTHEA R H2A U UBEDTLENR D biviz, B2 5 MR RCRREIC & > THS
ENABTHAP—VRIZEINLS>TER MY H2A UV VB LOTUERRZ A Z LR LN E 2
D, TR PV RAETBRRBIZBWTE R P U VEBMEDSEERER 2 5 T 5 FIEEHES
mREINT,

/N
1. ZUROBERY VB LEERIAEZER CHAD Y ¥V v A BIOF I FEBRITT v MR
MRRIZT R P—V AEFERTDHZ EBREINTE, '

2. ZTNHDEUNRITERY VELEERHERIZL AT R b=V RTINS TRE R PV
H2ABXOHI OV VEMELTLENRE - A Z LBHLNE o T,

3. 2o DE R ERY VERLBERHEROLEIIE X P ESFROGEEZRELS
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Biphot,

4, A PUBT B FALBERIEEROLEITIL R b ) VEBRLICERE RIS, i,

— A
A VE (2 bRV E), FraarFal R (TXFAZY ) BLO Y02 XX b
VY VBB IOT EFMEEN TR BB SRR Mo T,

5. 8#Fv MNEFET A MaVA b in vivo HIBEEEETTNLVOT R F—TRZBWT, BRA L
VH2A Y VEBLDOTLENENT S TR A ZEBEHLNE T,
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BEE TRIPVRAFERL 7 o<vF 0O DNA SRERRESE

CEEBWNT —HOTE - RIS TE R P H2A Y VERMEASTIET S D b
ERLT, £, ERXRMUBT EFALBRAEE THERINDI TR F— YRR T,
DNA Wi R {bIZHESE > TR R N HA DT B F MALTIERE Z 5 Z L 25 Lee H [33] 124V
WEINLTVD, —FH. BEX b ALREMOREN OV TIESHIEOMRE LI BSE L
TEHEMIZHFREINLTEBY, E X MALEESHR I a~vF UIBEICEELEZ. ZTRLHOM
MR A G5 2 L BRI TS [20,25,30], % I CAETIX, 7&K b—T RN
T DNA WA Lo DEREICSESL » TR Z A b R b ALSERS, 7 n<F D DNA i
BRI EL RIETOLENERR L,

ERFH
HPADIZE F—EE IR LEFETITo 7,

BHBEEEIZ 75075 DNA BEA/E 7~ MEIRMIEE (40X 10° cells) % & FEEMTFIE T T
%, BERE L, 7 o<F o ONTEME DNA SFEERIC T ARSI, BEEL-B%
40 pl @ DNA W (L FIAEE#R (15 mM Tris-HCI (pH 7.4), 60 mM KCl, 15 mM NaCl, 0.15 mM
2-mercaptoethanol, 0.34 M sucrose, 10 mM sodium hydrogensulfite) #C 30 5306 2 RIS
% BOSHK % 10,000 X g, 20 F3 040 L. B3GR K OEE D DNA &% Z €1 PicoGreen
(Molecular Probes, Inc., Eugene, Oregon) % FVWCTHIET 5 Z & THRE L7z, BEORIGITE 5
DNA B I3 DNA & (LJEDNA E+IEEDNA B) (23 5l {t DNA & (35 DNA
B) OFlE (%) THERLE,

DNA BrAEFEDHE T v NABRMIRET A2 VEMELI I AvaarTFads
FLEFE—T T2 THDIT=T VALY (10uM) SEFETTHEFHBEL.E
—EE IR L= 5T DNA Bth bR 2 8IE L,

B RN—E3 JEMEDRE T v MR E 0.1 pM T XA Z Y U BME 21X 10 pM
IT7=2FVRAMRETC2REEEEL, F—EE IR LEZFETH A R—E-3 KRE
PEERIE LT,

EBRR
ZUNRERY R EREEECHER SN ORI N F— RN T, Trw
34



F 2@ DNA 5B RIEZER BT 20 E I DR SaM AV X2 U VABFETE
TRIXHEFET C 1 KD D 4 R LM b2 L . 7 v~ F O NTEHE DNA
SIFREERICKT T DIRRE A TME L7z, AMEEWTFET T 2 BeffiseE L Ml 0O & B EK
¢ 1 BREIMKIG L7z & &, DNA WA b2y huo— MR TCaELTEY ., 20O
DNA B i LI O BE 2R RICIRE L TN L7z (Fig. 27). Z DWNTENE DNA 4 fREE R
£ % DNA WA LIZX 7 LAY —LBALTH D Z & BHER I 7z (Fig. 28).

20

15

10

DNA fragmentation (%)

Time (h)

Fig. 27. The effect of histone phosphorylation on endogenous DNase sensitivity. Thymocytes were
incubated in the presence or absence of 5 nM calyculin A for 1, 2, 3 and 4 h. After the treatment with
calyculin A, the nuclear fractions were prepared. The resulting nuclei were incubated in the DNA
fragmentation buffer for 1 h, and then DNA in the soluble fraction and pellet were determined using
PicoGreen. Values are means + SEM of 4 separate experiments. O, control; @, calyculin A-treated.

10800

3000

Fig. 28. Electrophoretic analysis of soluble chromatin from the thymocytes treated with calyculin A.
Thymocytes were treated with or without 5 nM calyculin A for 2 h, and nuclei were prepared. The
soluble chromatin was obtained from the nuclei incubated in the DNA fragmentation buffer for 1 h.
Agarose gel electrophoresis of the soluble chromatin (60 ng DNA/well) prepared from control (lane 1)
and calyculin A-treated (lane 2) thymocytes. M, DNA size marker.

AYFa)r AFFET T4 RRER LCMEZEEZ AV T, B0 DNA BT bicsd 2 1
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BH CORISREBICOW TR 1T o7z, =22 ba— VIO CIIBENR F CoRIER
BUCHRTE L T D DNA BT R LSRN L, 2 BB O Tt 30 wRIRIS Lz & &
D) 2 5D DNA Wrh bR Z2 R L7z, —FH. TV ¥ =V A LEMRE T3 O DNA B
Rtk 30 HSEOMIG CTIZEPERELE 20, 2 REETIEZLACHENIBR LN o7
(Fig. 29),
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Fig. 29. The effect of incubation time on nuclear DNA fragmentation. Thymocytes were incubated in
the presence or absence of 5 nM calyculin A for 4 h. After the treatment with calyculin A, the nuclear
fractions were prepared. The resulting nuclei were incubated in the DNA fragmentation buffer for 0.5,
1, 1.5 and 2 h, and then DNA in the soluble fraction and pellet were determined using PicoGreen.
Values are means = SEM of 8 separate experiments. O, control; @, calyculin A-treated.

7R3 TD DNA Wr A {biz 9 % Biki DNA 7 fREE R EEOER IOV THRE L 72, 0.1 mM
TOUY MY INRCEE [72] £7202 1 mM Zn® [73] 25 EoEEiR T A 1 BRI UG L.
DNA BT bR ZRIE LTz, = bo— /iR LU0V U = U - A LEMIEEZ O DNA
BT i3 h Zo® I K D IRIERRCIE Shizs, 7o U v MU IARVBIZOWTH
@ DNA BrF{bix LT H &L RIiF S eh o7 (Fig. 30),

flad b 2 b IALREEMTH D X T EFIUIZONWT, 7 avF i ORNTENE DNA
PR RBEZ IR T BB LT, E XA M URT EF A BRAEE THS M ax
ZF ABIOEERIYT » MNERMBIBICT R F—V A EFRIEE T LRRINTNE,
10nM F U a3 2R ZF 0 A E72iE 5 mM BEBRTFIE T C 3 el L - Milah b /B - 2 g1
BHTI1RERET % &, DNABTA{LOTLERRD bt/ (Fig. 31).
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Control '\ —

Calyculin A —

0 5 10 15
DNA fragmentation (%)

Fig. 30. The effect of DNase inhibitors on nuclear DNA fragmentation. Thymocytes were incubated
in the presence or absence of 5 nM calyculin A for 4 h. After the treatment with calyculin A, the
nuclear fractions were prepared. The resulting nuclei were incubated in the DNA fragmentation
buffer with or without DNase inhibitors for 1 h, and then DNA in the soluble fraction and peliet were
determined using PicoGreen. Values are means = SEM of 4 separate experiments. Open columns,
without Dzl:Iase inhibitor; hatched columns, with 0.1 mM aurintricarboxylic acid; solid columns, with
1 mM Zn™".
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0 2 4 6 8 10
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Fig. 31. The effect of histone acetylation on endogenous DNase sensitivity. Thymocytes were
incubated in the presence or absence of 10 nM trichostatin A or 5 mM sodium butyrate for 3 h. Afier
the treatment with the inhibitors, the nuclear fractions were prepared. The resulting nuclei were
incubated in the DNA fragmentation buffer for 1 h, and then DNA in the soluble fraction and pellet
were determined using PicoGreen. Values are means + SEM of 3 separate experiments.

MOIEMZ L DT R F—T RCBW TS, NIEM DNA SREBERICHT 7 a<vF o0
BEMEIC OV THRE Lz, 30 uM YO2 FEE T EHISIEFEET T 1 BN S 4 B
E LM OZEFAM L, B0 DNA BiA{LRE2RE L, YO2 FEET C2REEEL
TR RS BB C 1 SBIRIST 5 & . DNA BT LOTERBZE SN (Fig. 32),

37



DNA fragmentation (%)

Time (h)

Fig. 32. The effect of YO-2 on endogenous DNase sensitivity. Thymocytes were incubated in the
presence or absence of 30 pM YO-2 for 1, 2 and 4 h. After the treatment with YO-2, the nuclear
fractions were prepared. The resulting nuclei were incubated in the DNA fragmentation buffer for 1
h, and then DNA in the soluble fraction and pellet were determined using PicoGreen. Values are
means + SEM of 4 separate experiments. O, control; @, YO-2-treated.
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Fig. 33. The effect of the glucocorticoid receptor antagonist mifepristone on dexamethasone-induced
DNA fragmentation in rat thymocytes. The cells were incubated with various concentrations of
dexamethasone in the presence (M) or absence (@) of 10 pM mifepristone for 6 h. After the
incubation, DNA fragmentation was determined. Values are means + SEM of 4 separate experiments.

EBIT. FEIAZYUBRT R PV ROV THREEMZ T, 7 v MR E 0.1
UM XY A XY UEET C4BREETI L T A X U OREICHKT LT DNA #
FALB#EML, ZrvaarFalf FLerl¥—T v FA=RA M THEIT7=T YA
(10 pM) X2 @ DNA bz #mdl L7z (Fig. 33) £/, S 7=V R M RETXHAF
VN X B I AN—EIREEDO LR EWMET D Z L BHER S e (Fig. 34).
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Fig. 34. The effect of mifepristone on dexamethasone-induced caspase-3 activation. The cells were
treated with 0.1 pM dexamethasone in the presence or absence of 10 uM mifepristone for 2 h. Then,
the extracts from the cells were prepared. The resulting extracts were used as the enzyme
preparations. The activity of caspase-3 was determined using the substrate Ac-DEVD-MCA. Values
are means + SEM of 3 separate experiments.Open columns, without mifepristone; hatched columns,
with mifepristone.

7 u< I ONTENE DNA DEERBRZMEICT 5T X9 2 2 Y v ORI OV THREN
oo THYRAEY LT 2 REHALE LM OB % B ER T C 1 REIRS LIz &, = b
B —/VRIRRIZ B~ TR D DNA WTA{E23TTHE LTz (Fig. 35A), £72, I 7= U A b
[T HY ALY T XD DNA S FREERBRZ MO TLE#E 2 HH] L7z (Fig. 35B).
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e

@

g, 4 Mifepristone m—
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Q 1 1 1 L 1 1 1

oo 1 2 3 4 0 2 4 6 8 10
Time () DNA fragmentation (%)

Fig. 35. DNA fragmentation in the nuclei from thymocytes treated with dexamethasone. Thymocytes
were incubated in the presence (@) or absence (O) of 0.1 uM dexamethasone for indicated times
(A). Thymocytes were incubated with 0.1 mM dexamethasone in the presence or absence of 10 uM
mifepristone for 2 h (B). After the treatment with the compounds, the nuclear fractions were
prepared. The resulting nuclei were incubated in the buffer solution for 1 h, and then DNA in the
soluble fraction and pellet were determined using PicoGreen. Values are means = SEM of 3-4
separate experiments.

39



B8

FOBRARRIZ W CIIRICFFTE T D DNA fFBERBA T R =V RATBIT DX 7 LAY —
LENTD DNA Wi AL ZAREE L T B Z ERHE I TWD [73,74], AEBRTIE. U %
2 U2 AREIZ XY NIENE DNA SMIEESEM L TS Z L &R Lz, BOREKR L O
Ktz X3 DNA Wrhfbiiay be—nABXO0h VX2V v A LBEBONWTHRIZBWNTS
DNA 4 fEEERIAERERASM DN TS I ic X VIl EhizZ & 5, B0 DNA W1k
IIEENICTEET D DNA SRS L TWAZ R RRENE, 7YY MU IR
VERIIFERF RN DNA SRBEROBER THI N, BROBRICLVERZIMERRLRD
[75] Z &5, SEIEBRICHEE U7-EBE Cik DNA B L3 H S 720> o T fTREME N E
2Tz, BV HF2V U AILLBAER MU VBRMGIL 30 SAEBERND 2 br—)WiZtL
ANTEMUIE T, 1 BFFABZIZIIELVY VB LTTEN B 5 Z 2 EF T
AU, —FH U Fa) » ALBHIROED DNAKRLIZ 1 REOT 7 &2 14 LERET,
2 BEEIR LML Wl Enb 7 a~<vF 0 DNA BRI % B EITEIz X
bR bV CEBMESEES L CWARREMERE 2 b iz, Gliotoxin X8t A M H3 DV VBB
L2 TLES T THBRMICT R F—Y R EERTIH, RMEEBIEI n~F icktd 5
DNA SRR ORZHETLEIEZ Z LBHEENTND [56], £/, EX M TEF
MEIZ 7 v~ F U BEERMBSE D8, BT B FMELEREX 7 VA Y — b a7 TR
Ehier v F 3= b e —) /U~ T DNase L EZAEBEML TRBY, 7 u~<Fro
FEREBIZ X V) DNA SR OBRZERENTDZ EBRRENTND [76], Lee © [33]
X R PUBT B FAALBERIAEEN T v MNERMRICT A = X EFER L. KTAR b
—VRIZHSL ST R MY HE TEFIUALRTLET 52 L2 WME L TWDHB, P ax¥
Fr A REBAEBIZL YD J a~F O DNA SEBERESERTLET D LB LPE R
o, TRHDOZ XY, TR MN—VRZBITB I va<vF DO DNA HEEERICITT DR
ZHEDOITTHEIZIX, B R MU VBB LR T v FULICER T 2 7 o< F U EEERRES L
TWARIEEMEDE 2 bz,

7 a=F O DNA HFRERBRZMET. YO2 BIOTF X AF YV UHFERT R F—TRIZ
BOTHEH I Fa2 YV AFTETR =V ZAOBEELERRICTELTOE, ZTRLHOT R b
— YV ARMIIE CEE -FHIORLEZE T, BERX P U VEBMER T B F LI EER S
ZTIRNT LB, DNA SfEEHIT U D B X b AL ZEAFS° high mobility group
(HMG) proteins [77] 72 EDIEE R o ¥ LRI B EIC X o THH STV 5 FREM S HE
BInd, £z, 3727V R MRETRHAFZ Y LB I AANA—E I KREER EFB X
U DNA SfRBERICKIT 27 n~F o ORSEHTLEOTE T OBRBEME LIz &hb, 7
R b— REITIRE Toh 5 DNA BrA{Licid, i35 DNA SEER O L & HIcE
EThd7uvdr ORBRIIIT EZHELSES T2 b0 L Bbilk,
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INEORERIL, 7ua~vTF D DNA SREERICHT RS RN, e ORI CH
FEEINBETAR PV RAETFIZBWNT, BEERBED 1 D THIHAREEERET 5,

A i

L AV ¥2l v ALBHBOELBERT CRIGSED L, AU F2l v A ONERRE
IARTE U CINTENE DNA fEEERIC X 5 DNA T LOTTER RO, 2B, U X =
Y > AT X %1% DNA Wik kil DNA s BRI EER 2 b o ™ Ic L v il &b =
ERREINT,

2. P AFF o A FE7-IIEEER CALE L= MBI\ T, NTEME DNA SRR R &
% DNA Bt LB TTET A Z L BRENT,

3. YO-2 ALEHIED LB T-BIC B W T, NTEME DNA 2R R 12 L 5 DNA W A {b O TTEDN
RENTZ,

4 ThaapFal FLielE—TF o Z2Id=A N THBI T2 TV RN BFFHRAF
VN LD DNAWFAEB X O RAX—E3 8ERO FRZWMET 22 2R/ L,

5. TRV AL BEBMBROBICE T, WL DNA 0f#BERIC &5 DNA B Lt

BRON. 20 DNA WMiAMLIZI 77V X P AL VI SNB Z ERHA LML 2o
7o,
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N

AWFEILT R b=V ZAETRBIZBIT B e X N ALREMHOREIZMHEHT 2L %8
BE LT, BrxOHBTHERINDATR P RAZBITD R M ALREEMR ORI 1
~F O DNA BEBEREZHEIC OV TR LIZbDOTH D,

EFF. HLWTR MV ZAFRAOREBLZBRL, FHRAT7AIVHEEE Y02 23T v
MBS T B b - R EBREED 2 L 2 ELENE L OHEENRINIC L VS
P LT, Fx D YOALEMERWERFHZ LY. FEHIITHATH LB, KT R F— R
W IFAIVHEEBEEAPD R L b —HBE L TW A RN RENT, £, YO-2 I
XAMBMIRT A b= A2 bary FUTHEEBESES L TWBHZ AR I
77

EWBERT RPN —V AL RBRBZETNVE LT, BFE PEET X a4 MO invitro
HIREEET VIZOW TR EITo 72, Rk NEFET X but 4 N2 ERHAESRR
(CREE L7, EREMICR U TREREMET D L7 AR b -V 2 OALFENE LUTBRET
HIRHE TH % DNA Wb L OEOERI RS, RETFT VBT R b— A EHRE
ETHHILER LT, $le, AMREBEEFICESL > T X P H2A U VEBRETLENSEZ D
ZEEHOLNI L,

THRM—VACBITAHE AN Y VEBEOBRBIZH LN T 72D, ZUN7EBRY
VR LRI ERE WS 2T o7, BV X2 U ABX AN FBH T v A
JRIZT R R =T REFERIEDH L2 A LFRNB L UORRBEIRFHI I VAL NI L,
TDLEDZUNIEY) VERLDOZE{LE SDS-PAGE B L O AUT 7 /VERIKENC L Y 547
L. TR P=VRIZHINESTER P RABLIOCHI O UVBAERTTELTWD Z & %8
LN LTe, Zu 7B VBB EEERIAERIC LD X F Y VB LOELITW TS
DNA Wb B L OB DB L » BB CORIETH Y |\ I A =B 27— Rz KRR
DT R b=V R T FNOEFRTRICME T DRE TR, IN6DT TV EFT
LCETENDBZ L BRI ENT,

EXRCUVEBEREDE R MALREEMII I u~TF UIBEEZELEE L —HTHD
DT, THRIP—VRAFERICBIT D7 u~vF U EEELOBREIC DWW TR E1To7, WY
Fa U AET CEE UMD O Bl L 22 BERY TR % & DNABTA{LO
MR R L, 7 a~F o ONTENE DNA SEEERIC T D RRZETTEN R S, £
I BERA DT EFMMEETLESES MY 22X F 2 A BLUERFERT F F - ACE
WTh DNA SRR ENERT B LB RENE, Thb ORI XA MU VER
7 2F bl ED B R NALRESHN TR b —Y AETIZBWT, 7 2 <F 0 DNA
SRR VR TET 3 MRS TRT 5 b0 L E X bhi,

FE e, 7 v F L OWNTEME DNA BRI DS MHALIZ YO 2 BRI UT Y A &
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VUBRRT R P RCBVTHRED B, THE M-V RAEFOBEE LTEETHS
AIRBMEDS R S U7z,

AFFE T, Bx ORI TR 2 7R b—YRZBWT, 7 u<vF O DNA HffEESR
BEMENTLET DL EZHALNC L, ER P VB ER T B F LR EDE R b AL
ZEMIT, TR PV RETRBICBWC, Z7u~vF U ORBRESELHGT BB
1oL LTHREET AL R L, T72bb, B R b 1LFERIT DNA SRR OIS
EEBITAH P— UV AFETREBICBW THEENEREZFT2b0LEZX NS, —FTE
AR VBT EFLICEEE RIZERNT IV AZ T R YO LK VBRI
BT R P RICBWNTS, FRRIZY 2 <F O DNA HSREREEZEELBR O, 7
nwFUDOABBRSELZHETTIHEL LT, X U VBEST BF UL D 5]
DBEEHREET D FRetEr#E I,

THRMVRETEBELTREIAR—EB AR — R EZDY T T NVEEROFEMHR
HI# S FOFERT TICH LI ST 5, DNA Wb flilii4 5 DNA HffiER e L
TR A RR—E IR — FOTRIZH S CAD BELH BN TVB A, 7 n<wF D DNA
SYIRBERRBRZ VN TR b — P REIT A I = X LTS LTV B AR 2R L S AHT
OB THD, THEMNVRIBIT D7 u~vF r ORBREZELZRAEST58E0—>
ELTER MY VBERT B F AR EDE A M ALREHNBEE L TVWDZ & &R
L7eds, B X R ) VBB T B F b Z D RN T R F— U XZB1T % DNA 4fiREER
B ORIEESIBIC OV TR ©, S%OKRNEETH D,
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O

TR b R ETBREO TR DNA SRR T % 23, S Tid DNA S REER O K
B L72% DNADFICER L, £, AT 72 I VHEE Y02 BT A b rd A ME
BEFAOTE MV REAZBHELMNC L. ZRDT X L 7 B Y B LR E
EOTRBI—TRZBIFBHE X b U VBEIZOWT, &bIZ u~vFrORNFENE DNA
SRR ESE MR OVWTRE LU T O & 157, :

1. BHESSAILVEEE Y02 Ry MBI T R F— AR BRSED D LW
MM LT, FHZOERIITSRAIVHEERALEEL CHhBREEEZR L,

2. R PEETRbeVA FEAHERERICERRE L CORBERT L, TRV
ABFEREINDIEEHLDIT LI,

3. BURVBEBY VEMVEBERIAER (WU X2V A, IHFE) XY Ty IR
JRIZT AN b=V AVRBEREND L E2R LT,

4, HUNXZERY VERCEERRERICL D TR b= RV T, DNA B iz e sr -
Tt R M H2A, Hl OU UBEOTTERR b=, & PNEET X badA b in
vitro MIBEEET NV CTOT R b=V RAIZBWTH, BIOEMEIZHY > T X 2 H2A
UL OTLENRR Z A Z EEHLNC L,

5. BxDTFE P —VAFER YO2, THXY ALYV ZFURIERY VB vEERILEI,
B X MUBT B F ALEERAER) IZBWT, 7 v I OWNTEN: DNA S fREER 1%t
THRBEERTTE L TNDZ & 2R L,

PLE, BTRT RN AFBRILEHTHD YO-2, FvaarFaf RBIWRE X7
BLY VBRI ERIZT v MNEBHIIC TR b=V A EFRSEDLN, INHOTR
F=T ZFERIITVThE 7 r~<wF O DNA GFEEHEOTLERE > T\, D2 i
TR =V RAFEOBEICED O, TR MV REFITBONTZ 2w F D DNA HfE
BERICH T D RBZMEPBEET L Z L 2RI b0 EELZ N, £, FU0F
BiY ERMLEERIAERCEEE NEET A bad A b in viro MREETT V2 EO—
DT R P =Y RTBNTR, 7R =V RETERTHS DNA BiH{LiCkEL>Te A b
YU VB EOTLERRO bl LD, 7 rvF D DNA SEEERBES ORI
ERX MU B bR EDE R N IALHEMPBEE LTV D FREERE Z b,
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TOEHE, TRIN—VAETFIZBNT, YAR—EHIRAF—FREMNLE CAD &0
DNA B RIEMAL & AT L C, 7 a~F 2 0 DNA BRI DR AL b
STOBHEREENFRENTE, £, 207 u~FrOABRERSHELZRAGTA28ED 1o
& LT R MALRESHOBEE IR I iz,
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W EE

FRERZ DD BETH 25 THRE L THREB D E Uiz, RIKKFERER
KEER., MABRERICLLVESMLELETET, £k, AEOBEEE5EXD
N, BaRZBERLWNCTIREZTEE £ L, P EREERZE, = EEHERII
WS N2 LET, £, FFREZITTHICHEY . HR2DTXEL LT THRE
B0 E Lo, REBETREET. NEERFAITE. B RSEGETICR By
TLET, E. AR EHTTHICHTD . BER YO LEWE TR ZESVELE,
PR FIREER, MG BEHR., ERBFHERICGR BN =L ET, bb¥TE
BRICZHAZWIIZ&E E Lie, MPFRRFEANREE SRR ELEOSMEZEL, B
FHPLEL, ELHERELROCCABRBELTRROERHATREI LD LT 54K
JERL B A DEARIZ BN LR,
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