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(Fig. 22-1 B control)  Vpr
(Fig 2-2-1 B
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Fig. 2-2-1 Vpr-inhibited yeast cell growth

A: Yeast cells transformed with control or Vpr vector were grown to the
log phase in non-inducible medium and were cultured in either non-
inducible (off) or inducible (on) medium for 1 h. Cell lysatesfrom an
equal density of cells were examined for Vpr expression by Western
blotting with anti-FLAG antibody.

B and C: Cellswere cultured in the inducible medium asin A and the
effects of Vpr on the growth were determined by theincrease in cell
density (B) and FACS analysis (C) .

D: The morphology of yeast cells expressed control or Vpr for O, 2, 4h
were observed under Nomarski and fluorescence microscopy after DAPI
staining. Histogram showed the percentage of each cell types (I-1V); the
single cell body without abud (I) or with abud (1), the double cell body
with dividing nucleus (I11), and the double cell with two nucleuses (1V).
Datafrom three independent experiments are shown; for each time point
more than 200 cells were counted.
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Budding yeast Humans

Fig. 2-3-1 Checkpoint signaling in budding yeast and humans
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Y300 Y 306 Y657 Y 664

(wt) (mecl-21) (Dt 1) (mecl-21 Dtel1)
HU
(15 mg/ml)

Y301 Y801 Y858
(rad53-21) (Dchk1) (rad53-21 Dchkl)
12h
HU
(15 mg/mi)

Fig. 2-3-2 The sensitivity for HU in checkpoint deficient strains

Wild type strain or strains deficient in checkpoint functions were
transformed with control (reversed-Vpr) vector and incubated in the
selection medium over night. Each culture were plated on the selection agar
plates(Oh), then further incubated with 15 mg/ml HU for 12 hour. Each
cultureswith the equal volumeto O h were plated on the plate (without HU)
and incubated at 30°C for 3 days.
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-9 Vpr
05 P
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Time(h)
Dchkl
0 4 8 12 o 4 8 12
Time(h) Time(h)
D G
2 mecl-21 Dtell 2.5 rad53-21 Dchkl
15
e 1
05

Time(h) Time(h)

Fig. 2-3-3 Growth inhibition by Vpr in DNA damage
or replication checkpoint mutant strains

Growth of each strain with Vpr expression (closed symbolsin A-G)
was examined by the increase in optical density of the cell culture
(Agyo)- Growth of each strain without V pr expression vector in the
same medium is also shown (open symbols).
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Fig. 2-3-4 Colony forming ability after Vpr expression of DNA damage
or replication checkpoint strains

Y east growth after Vpr expression was examined by the colony forming ability.
After incubation in the inducible medium for indicated periods, cells were plated
on nort+inducible agar plates, incubated at 30°C for 3 days and colony numbers
were counted. The colony numbersindicate the number of living cells at each
time point and are indicated as percent of 0 time (without induction of Vpr).
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control vpr

Timeh) 0 2 2 0 2
+HU

P-Rad53+ ﬂ
Rad53

Vpr - -
‘mEEmEn

CBB -
M 80 i e W

Fig. 2-3-5 Effect of Vpr expression on Rad53 phophorylation

Y east cells were grown to the log phase in non-inducible medium (Oh). Cells were
washed with inducible medium and cultured for 2 hours (2h), or 15 mg/ml
hydroxyurea (HU) were added to the control cells and cultured for 2 hours. Rad53
and Vpr proteins were detected by western blotting with anti-Rad53 andtibody
(upper) or anti-Flag antibody (middle). CBB stained filter is also shown asa
loading control (bottom).
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Fig. 2-3-6 The effects of Vpr expression on the growth of
Mrell/Rad50/X RS2 mutant strains

A: The effects of Vpr expression on the yeast growth were examined as described
inFig. 2-3-3.

B: Colony forming ability after V pr expression were determined as described in Fig.
2-3-4
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Fig. 2-4-1 Mutational analysis of the growth inhibitory activity of Vpr

A: Structure of Vpr. The mutated amino acids used in this study are indicated.

B: Yeast cells were transformed with control or wild-type/mutant Vpr plasmids.

The expression of mutant forms of Vpr protein was examined by Western blotting,
asshownin Fig. 2-2-1.
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S FFIEFSE s o%’y FE &

Vpr- off
(1 day)

Vpr-on
(4day)

Growtharrest - ++ ++ ++ + ++ + + + - A o+ o

Fig. 2-4-2 The effects of mutant-Vpr on the yeast growth

Theindicated yeast transformants were cultured in norn-inducible
medium overnight and were then harvested. Fivefold serial dilutions of
yeast were spotted on either non-inducible (upper panels, V pr-off) or
inducible (lower panels, Vpr-on) agar plates and were cultured at 30°C
for 1 day or 4 days, respectively. The strength of the growth inhibitory
activities of each V pr-mutant were estimated, and the results are shown
in the Figure.
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Fig. 2-4-5 Mutational analysis of the cellular localization of Vpr

A: The expression of EGFP-tagged wt/mutant V pr was examined by the
western blotting with anti-EGFP antibody. CBB stained filter is also shown as
aloading control (bottom).

B: The effect of EGFP-tagged wt/mutant V pr on the yeast cell growth
compared to FLAG-tagged wt/mutant Vpr was determined as described in Fig.
2-4-2.
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Fig. 2-4-4 Mutational analysis of the cellular localization of Vpr

2

4

Y east cells transformed with EGFP or EGFP-V pr expression plasmids
(indicated in the Figure) were grown in non-inducible medium. After one hour
of incubation in the inducible medium, cells were fixed and stained with DAPI
for nuclear visualization. Signals of EGFP and DAPI were observed under
fluorescence microscopy. Cells were viewed with Nomarski optics.
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Table. 2-4-1 Summary of effects of mutant Vprin S cerevisiae
and mammalian cells.

Scerevisiae mammalian cells
rowth — G2/M - . UNG
garr ot localization arrest localization apoptosis binding references***
wt ++ Nuc + Nuc + +
-0 3 R ++ Nuc + - (D
E 25 K ++  Nuc+Cytd + Nuc+Cyto + - (2-5)
A 30L + Nuc - Nuc + (2,68
W 54 R ++ Nuc + + = (2,4
L 67 A + Nuc+Cytad + - (9)
H71R + Nuc+Cytag - Nuc+Cyto - (4, 10)
R 73 A ++  Nuc+Cytd - Nuc (6)
| 74 P + Nuc - - (11)
G 75 A + Nuc + Nuc (6,7,12)
C 76 A + Nuc+Cytd - Nuc - (2,12)
R 80 A ++ Nuc - Nuc - (2, 6, 8)
R 90 K ++ Nuc - + (4, 5)
cD1g +  NuctCytd - Nuc+Cyto [l

+; wild-type level, = ; modest level, -; almost no effect

A shadow box indicated the relieved effect of wild type function.

*  Eighteen amino acids at the C-terminus were deleted with R73A and H78Tsubstitutions.
**Nighteen amino acids at the C-terminus were deleted.

***references are shown as follows;

(1)Somasundaran, 2002, (2)Gaynor, 2001, (3)Y ao, 1995, (4)Selig, 1997 (5)Mansky;2001
(6)Di Marzio, 1995, (7)Mahalingam,1997 (8)Stewart, 1997, (9)Nishizawa, 2000
(10)Vodicka, 1998, (11)Nishizawa, 1999, (12)Mahalingam, 1995,
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Vpr
HIV-1Vpr
Vpr DNA /
Vpr
Mecl/Tell Chk1/Rad53( ATM/ATR
Chk1/Chk2 ) DNA
Vpr
DNA /
Vpr
DNA  / {Elder, 2000
#250} { Elder, 2001 #249} S Vpr
G2 {Watanabe, 20004248} Vpr ATR

{Roshd, 2003 #179}{ Zimmerman, 2004 #180}

Vpr
Vpr
Vpr
Vpr
Vpr Vpr S cerevisae
Vpr AIDS
(CD4 T ) Vpr
Vpr
HIV-1 AIDS
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1 Vpr
PME18Neo- FVpr(Nishinoetd., 1997)  Xhol-Not! FLAG N
HIV-1 nas Vpr
pY EX-BX
(AmRad) BamHI
3 (9 Vpr
pY ES2(invitrogen)  Hind [11/Xbal (HindlIl
) PME18Neo- FVpr Xhol-Xbal (Xhol ) FLAG
Vpr
pYES2
Vpr Quick Change Site- Directed Mutagenesis Kit
(Stratagene) PCR Table2-6-1
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(Table2-6-1 Vpr PCR )

Q3R | 5 |CGACAAGATATCTGAACGAGCCCCAGAAGACC
Q3R | 3" |GGTCTTCTGGGGCTCGTTCAGATATCTTGTCG
A30L| 5 [GAGCTTTTAGAGGAACTTAAGAGTGAACTTGTTAGACATTTTCCTAGG
A30L| 3" [CCTAGGAAAATGTCTAACAAGTTCACTCTTAAGTTCCTCTAAAAGCTC
E25K| 5 |GGACACTAGAGCTTTTAGAGAAACTTAAGAGTGAAGCTG
E25K| 3' |CAGCTTCACTCTTAAGTTTCTCTAAAAGCTCTAGTGTCC
W54R| 5 |CTTACGGGGATACTAGGGCAGGAGTGGAAG
W54R| 3' |CTTCCACTCCTGCCCTAGTATCCCCGTAAG
L67A| 5 |GCCATAATAAGAATTCTGCAACAAGCGCTGTTTATCCATTTCAGAATTG
L67A| 3' |CAATTCTGAAATGGATAAACAGCGCTTGTTGCAGAATTCTTATTATGGC
H71R| 5 |CAACAACTGCTGTTTATCCGTTTCAGAATTGGGTGTC
H71R| 3' |GACACCCAATTCTGAAACGGATAAACAGCAGTTGTTG
R73A| 5 |CTGCTGTTTATCCATTTCGCAATTGGGTGTCGACATAGC
R73A| 3' |GCTATGTCGACACCCAATTGCGAAATGGATAAACAGCAG
74P 5 |[GCTGTTTATCCATTTCAGACCTGGGTGTCGACATAGCAG
74P 3' [CTGCTATGTCGACACCCAGGTCTGAAATGGATAAACAGC
G75A| 5 |GTTTATCCATTTCAGAATTGCGTGTCGACATAGCAGAATAG
G75A| 3' |ICTATTCTGCTATGTCGACACGCAATTCTGAAATGGATAAAC
C76A| 5 |GTTTATCCATTTCAGAATTGGGGCTCGACATAGCAGAATAGG
C76A| 3' |CCTATTCTGCTATGTCGAGCCCCAATTCTGAAATGGATAAAC
R80A| 5 |GGGTGTCGACATAGCGCAATAGGCGTTACTCGAC
R80A| 3' |GTCGAGTAACGCCTATTGCGCTATGTCGACACCC
RI90K| 5 |CTCGACAGAGGAGAGCAAAAAATGGAGCCAGTAG
R90K| 3' |CTACTGGCTCCATTTTTTGCTCTCCTCTGTCGAG

R73A 77 78
T H 79
R73A H78T C Vpr CD18
EGFP  Vpr pPEGFP-C1 (Clontech) EGFP ORF Ncol/EcoR
Fag Vpr
N Xhol
)
2 4 Scerevisae W303-1A
ML30(Miyamoto et d., 2002) 3

( ) Teable2-62
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Table 2-6-2

strain genotype Gifted from reference
Mat a ade2-1 leu2-3,112 trpl-1 ura3-
Y300 wt 1 his3-11 15 can1-100 Stephen J. Elledge | Y olanda Sanchez, 1996
Y301 rads3 Y 300, rad53-21 Stephen J. Elledge | Y olanda Sanchez, 1996
Y 306 mecl Y 300, mec1-21 Stephen J. Elledge | Y olanda Sanchez, 1996
Y658 Atell tel1::HIS3 Stephen J. Elledge | Y olanda Sanchez, 1996
Y664 | A tell/mecl Jtell::mecl-21 Stephen J. Elledge | Y olanda Sanchez, 1996
Y801 A Chkl  ]Y300, chkl::HIS3 Stephen J. Elledge | Y olanda Sanchez, 1999
Y858 JA Chkl/rad53]Y 300, rad53-21 chkl::HIS3 Stephen J. Elledge | Y olanda Sanchez, 1999
Mat a ade2-1 leu2-3,112 rad5-535 .
W303-1A wit trpi-1 ura3-1 his3-11,15 canl-100 Stephen P. Jackson| D. D's Amours, 2001
DDY 004 A X2 W303-1A, xrs.:LEU2 Stephen P. Jackson| D. D's Amours, 2001
DDY 006 Anmrell JW303-1A, mrell::HIS3 Stephen P. Jackson| D. D's Amours, 2001
DDY008 Arad50 JW303-1A, rads0:: TRP11 Stephen P. Jackson| D. D's Amours, 2001
W303-1A, xrs::LEU2 mrell::HIS3 .
DDY022 A XImir rad50: TRP1L Stephen P. Jackson| D. D's Amours, 2001

(Table 2-6-3)
(Teble2-6-3 )
%(wiv)
0.7 yeast nitrogen base 0 0
2 glucose 0 0
0.002 Adenine o o
0.002 L-arginine 0 e
0.002 L-histidine o o
0.003 L-leucine o -
0.003 L-lysine 0 o
0.002 L-methionine o 0
0.005 L-phenylaanine 0 o
0.002 L -threonine o o
0.003 L-thyrosine 0 0
0.003 L-tryptophan 0 o
0.0015 L-varine 0 o
0.002 Uracil - -
1.5 agar (o (o
0.5mM CuSO4 - 0
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3

CeLytic-Y (SIGMA) 10 mM DTT(L,4-dithio- DL-threitol)
(complete protease inhibitor cocktail (Roche)) 15
15% DS
PVDF (MILLIPORE) Flag (M2 SIGMA)
GFP  (MBL) Vpr
Rad53 NaOH  (2M NaOH 7.6 % 2-mercaptoethanol)
60% trichloroacid
10% Rad53 (SANTA CRUZ)

(4)

3.7% 10 PBS
70% 4°C 1 PBS
4,6-diamidino-2-phenylindole (DAPI; 0.4 ng/ml in PBS)
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(Correia, 1991)

(Rieder
and Palazzo, 1992, Waters et d., 1998)
M
(Schmidt et d., 1986) M
M
Egb monastrol (Mayer et d., 1999)
)
ATP
10
(kinesin related proteins. KRPs) 100
KRPs

(Hirokawa, 1998; Wa czak and Mitchison, 1996)

KHC



(3) KHC

KHC(conventiond kinesin
) (Vaeed., 1985) 12 2 7 2

500 a C 150
(Fg.-31-2 31-3)(Bloometd., 1988;
Brady, 1985; Schnepp et d., 1985; Vaeet d., 1985) KHC

Invitro KHC ( 06mMm/y (Cohneta., 1989,
Vdeetd., 1996) ab 8nim
1 1 1 ATP (Huaetd.,
1997; Schnitzer and Block, 1997) 100
(Block et dl., 1990) 1 2
processivity
non processvity
processivity
processivity
(Kasedaet d., 2003)
2
(Asbury et al., 2003)
fnike by M Hoterotatamer

ST Motor domain,
~350 aa, globular

(Fig. 3-1-2KHC

R

e
(EL B, I,

Folded conformation
inhibits motor ATPase

i ey
e U T
R

3

v
e
\\\\t,\\\k,\ B
S, W 5
e
e ——

Central «-helical
coiled coil stalk

)

(Fig. 3-1-3KHC )

45



(4) EQS

Egb Xenous laevie egg extract (Hedld, 2000; Le
Guelecetd., 1991) (KRPs bimC family (Goodson
etd., 1994) BimC family 1 homologue

Aspergillusnidulans  BimC(Enosand Morris, 1990)  Schizosaccaromyces
pombe cut 7(Hagan and Yanegida, 1990) Saccharomycescerevisae  cingp
kipl(Hoyt et d., 1992) Drosophila KLP61F(Heck et d., 1993) Xenopus(Le Gudlec et dl.,
1991; Sawinetd., 1992) human Eg5(Blangy et d., 1995)

Eg5 N (heed) coiled-coil
a-hdixddk nonhdicad C (tal) 3 (LeGuélecetd.,
1991) (Fig.31-4) C himC
“bimC box” 40
(Heck et dl., 1993) HeLa Eg5 1057
bimC box 927 Cdc2 in
\itro (Blangy et ., 1995) Egb
M M Cdc2
EgS M Eg5
EgS motor KHC 60% homology 40% identity
(Kapoor and Mitchison, 1999) KHC
(Heald, 2000)
EgS
monoadtrd spindle M
(Xenopus egg extract EgS
immunodepletion(Sawin et d., 1992) EgS
(Blangy et d., 1995; Gaglio &t d., 1996; Sawin and Mitchison, 1995) SRNA (Goshima
and Ve, 2003, Well et d., 2002) EgS
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EgS
(Fig. 3-1-5) EgS
KHC 2
( ) (Fg.31-3) Ego
W coled col, -o008a A
(Fig.31-4 Eg5 (Fg. 31-5 Eg5 )
Invitro Ego 0.063(x0.01) mm/'s KHC 10-20
(Lockhart and Cross, 1996) KHC processve
Egcs ATP
nonprocessive EgS
MgATP KHC
(Turner et d.,
2001) Egs KHC
) terpendole E

Terpendole E  ACAT (acyl-CoA:cholesterol O-acyltransferase)
terpendole  (A~L) Albophoma yamanashiens's
(Tomodaet d., 1995)
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Cdc2 tsF17210
(Osdaet d., 1997) terpendole E
terpendole E M
terpendole E
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2 G2/M terpendole E

4000 2 tsFT210
tsFT210 39°C
G2/IM (Fig. 322 B) 32°C
M 4 Gl (Fig.32-2 C)
M (Fig.32-2 D)
RK99-F33 G2IM
acyl-CoA: cholesterol
O-acyltransferase (ACAT) terpendole E
terpendod H terpendolel terpendoleC (Fig. 32-1)
39°C tsFT210 32°C terpendole E 50 miM
G2IM (Fig. 32-2E) P°C tSFT210
terpendoleE 50 nM G2/M (Fg. 32-3F)
terpendoleE  ACAT terpendole (A-~L)

(Tomodaet d., 1995)
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Terpendole H Terpendole |

Fig. 3-2-1 The structure of terpendoles
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1C 2C 1C 2C 1C 2C

Cdl numbers

1C 2C 1C 2C 1C 2C
DNA contents

Fig. 3-2-2 Terpendole E inhibits the G2/M phase progression of tsFT210 cells

DNA distribution of tsFT210 cells was analyzed by flow cytometry after
propidium iodide staining. The cells were cultured at 32°C (A) and
synchronized at the G2/M boundary by incubation at 39°C for 17 hours (B).
When the cells were transferred at 32°C  to release them from G2 arrest, the
cells pass through M phase and entered G1 phase after 4 hour (C). The cells
were released from the temperature arrest in the presence of 10 mM colchicine
(D) or 50 nM terpendole E (E). At 32 °C, the cell cycle progression was also

monitored in the presence of 50 nM terpendole E (F).
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invitro

(20 mMl)

terpendole E
1mM GTP 37°C
1% DMSO ( ) 37 OD3s0
40 ODaso (DODgx) 100 % (asembly)
(%) (Fig. 3:3-1)
(11 miv1) 40
(Fg. 331 100nM  terpendole E

terpendole E
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Fig. 3-3-1 In vitro microtubul e polymerizaiton assay

Microtubule assembly in vitro was monitored under the presence or
absence of chemicals. Microtubules proteins (2 mg/ml) were incubated
with 100 mM terpendole E (open circle), 11 mM vinblastine(closed
diamond), 20 mM taxol (closed triangle), or without chemical (open
circle).
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Terpendole E  tsFT210
tsF1210

3Y1)
Y1
10 MM

terpendole E

G2IM (2C

50 M

tsFT210

(Fig. 34-1)
G2/M

terpendole E

50

G2/IM
terpendole E
I 50mMM
G2/M

7B M

tsF1210
(Fig. 3-4-1) tsFT210 G2IM
Y1 24
G2IM
(75 mM)terpendole E

25nM

G/M

G2/ M
terpendoleE  3Y1
3Y1
terpendole C terpendole H
S Gl
(Fig. 34-1)

terpendole
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control colchicine 10 miv

2c 4c 2c 4c

terpendole E  terpendoleH  terpendolel  terpendole C

(ox
o
Cdll numbers
I

25 MM

2c 4c 2c 4c 2c 4c 2c 4c
>

DNA contents

Fig. 3-4-1 Effects of terpendoles on the cell cyclein 3Y1 cell

DNA distribution of 3Y 1 cellswas analyzed by flow cytometry after propidium
iodide staining. The cells were cultured in the presence of 1% DM SO(control) ,
10 nM colchicine, or indicated concentrations of terpendole E, H, |, and C for
24 hours.
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terpendole E 3Y1 terpendoleE
DNA (Fig351 1)
(Fig. 351 1C)
Terpendod E

(Fig. 351 IA IB)

3 invitro

(mitotic spindle)
(Fig. 351 11A)
terpendole E
(monoastrd spindle)
(Fig3-51 1IB)
terpendole E  DNA
terpendole H I
(Fig. 351 1)
o
DNA 2
M 2
2
M metaphase
2 (Fig. 351 1IC) terpendole E
(Fig. 351 1ID) 2
M (495+ 1.04mm n=84) 125%  (0.62t 0.37 Mm
n=113)
TerpendoleE  3Y1 M
Hela AB49 terpendoleE 24
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nM

terpendole E

MTT

(Fig. 35-3)

(Fig. 352
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| control  terpendole E

pironetin

control terpendole |

terpendole E terpendole H

-

Fig. 3-5-1 Effects of terpendole E on Cell morphology

Immunofluorescence staining of b-tubulin (green) and DNA (blue) of 3Y1 cells
treated with inhibitors. I; Cells ininterphase were observed. 1 % MeOH (control,
A) or 50 mM terpendole E (B) were treated for 12 hours. 30 ng/ml pironetin(C)
was treated for 6 hours. I1; Cellsin mitosis without treatment (A and C) and
terpendole E-treated cell (B and D). Normal bipolar spindle and DNA alignment
at the metaphase plate of control cells (A and C) were replaced with a monoastral
spindle surrounded by chromosomes in terpendole E-treated cells (B and D).
Unseparated spindle poles in terpendole E-treated cells were ovserved by g-
tubulin staining(C and D). I11; Cells treated with 50 iV terpendole H or
terpendole | showed normal bipolar spindlesin mitosis. Scale bars indicate 10
mm.
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Fig. 3-5-2 Effects of terpendole E on Cell morphology

Three cdll lines, A549(1), and HeL a(Il), were used for the same experiments as
shown in Fig. 3-5-1. Immunofluorescence staining of b-tubulin (greenin[A]-
[D]), gtubulin (red in [E] and [F]), and DNA (blue) of cellstreated for 12 hours
with 1 % MeOH (control) (A, C, and E) or 50 nM terpendole E (B, D, and F).
Céllsininterphasewere observed : withous treatment (A) and terpendole E-
treated cell (B). Cellsin mitosis were ovserved(C-F). Unseparated spindle poles
in terpendol e E-treated cells were ovserved by gtubulin staining(F). Scales bars
indicate 10 nm.
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Fig. 3-5-3 terpendole E inhibits the growth of HeLa cells

8x 103 cellswell for 24h assay or 4x 102 cells/well for 48h assay were plated
on the 96-well plates. After 12 hours cultivation, the indicated doses of

terpendole E were added and further incubated for 24h or 48h. The MTT assay
was performed to detect the proliferating cells.
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6 gliding assay

5 terpendole E
M
Eg5 (g
315) terpendoleE Eg5
EgS Eg5
KHC (conventiond kinesin)

1) kinesn EgS

Es 4 4

invitro

N GST
Eg5 (1-439)
GST Eg5(1-439)-GST ( E439GST )

KHC (1-430) GST
KHC(1-430)-GST ( K430GST )
(2 B

Gliding assay 2 GST GST

ATP ATP
(Fig. 3-6-1)
E439GST E430GST
(0.06 mg/ml )
(0.15 mg/ml)
0.1 mg/mi
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E439GST (terpendoleE=0 M)  0.042+
0.0084 (mm/s) (Fig. 36-3) Terpendole E E439GST
ICs 145mM (Fig. 3-6-2)
terpendole E Egb terpendole
E Fig. 3-6-3 50 mv
terpendole E E439GST
terpendole E (Fig. 36-3)
terpendole E EgS KHC(K430GST)
K430GST 0.63 (+ 0.077) mm/s
terpendole E EgS 100 nM
0.65 (+ 0.093) mm/s K430GST (Fig.
362)
€)) terpendole E439GST K430GST
TerpendoleE  EgS terpendole E ACAT
terpendole terpendole C  terpendole H
terpendolel  E439GST terpendole E 100 nM
Egb terpendole
100 MM 100 mM
terpendoleC  terpendole H terpendolel 100 nM EgS
0.042 (+ 0.0084) nm/'s 0.044 (+
0.010) mm/s  0.0392 (+ 0.050) nmV's 0.0386 (+ 0.0039) NVs
terpendole C  terpendole H terpendole | EgS EgS
terpendole E (Fg.3-6-4) terpendole C
terpendole H terpendole |
terpendole E EgS
E439GST terpendoleC  terpendole H
terpendole |  K430GST K430GST
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0.63 (+ 0.077) mm/s terpendole C  terpendole H terpendole |
100 mM 0.62 (+ 0.16) 0.56 (+ 0.10) Vs 0.602(x 0.050) mm/s (Fig. 365
terpendole  KHC terpendole E

Eg5
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Fig. 3-6-1 The modd illustration of invitro motility assay with dark field
mi croscopy

E439GST or K430GST molecules were attached on the glass surface.
Polymerized microtubules placed on the glass moved with the minus end
leading (A). The movement of microtubules was recorded onto VTR, and
the speed was measured. The movement of the microtubules driven by
E439GST was about 7.6 nm during 3 min (B and C). In the presence of
terpendole E (50 nM), the movement was drastically reduced, and the
movement was about 1.4 mm during 3 min (D and E).
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Fig. 3-6-2 Terpendole E inhibits microtubule motility driven by Eg5in vitro

Terpendole E inhibits the microtubule gliding driven by Eg5, E439GST with
a dose-dependent manner (closed circle), but not by KHC, K430GST (closed

square).
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Fig. 3-6-3 Terpendole E reversibly inhibits the microtubule motility
driven by Eg5(E439GST)

For the wash experiment, we measured Eg5-driven microtubule gliding in
the absence of terpendole E (left column) and then added 100 nivi
terpendol e E into the chamber (middle column). After incubationfor 15 min,
the drug was depleted from the assay chamber and gliding velocity was
immediately measured again (right column).
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Fig. 3-6-4 Terpendole E specifically inhibits microtubule motility
driven by Eg5 invitro

100 mM drusg were tested in microtubule motility driven by
Eg5(E439GST) or KHC(K430GST) in vitro. The graphs indicated the
motility activity of each kinesin (Eg5 or KHC) with 1% MeOH or 100

nM each drugs.
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Terpendole E
Brefddin A
brefeldin A
(retrograde)
(Klausner et d., 1992) brefddin
A brefeldin A (anterograde)
terpendole E Brefddin A
mannosidase |
brefeldin A
8 (Fig. 37-1A
terpendole E brefedin A
(Fig. 37-2B) brefddin A
terpendole E
(Fg. 37-1C D) terpendole E
EgS
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control terpendole E

retrograde

Fig. 3-7-1 Terpendole E affected neither retrograde nor anterograde
trafficking of mannosidase I, a Golgi-Resident Protein

Retrograde (A and B) and anterograde (C and D) trafficking of
mannosidase I were followed with NRK cells treated with the vehicle,
0.5 % MeOH (A and C) or 100 nM terpendole E (B and D). Results at 8
and 60 min after the induction of retrograde and anterograde trafficking
are shown respectively. Scales barsindicate 10 nm.
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8 ATPase

6  gliding assay terpendoleE  Eg5
ATPase
ATP
gliding assay
1
ATPase
ATPae
0~200 nM
650 nm X 650nm y

m

y=37379x—696  R=0.9992
Da /s Egb b M 1 1
ATPae st ¢
c=3738 x Da+ b
ATPase (s)
2) Egs ATPae
Egs KHC ATPase
ATPae ATP
ADP

Eg5 KHC ATPae

Eg5 ATPae 207s? terpendole E

100 mM ATPase 056! 26.9%
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(Fig. 3-8-1) ICs 22.8nM

terpendole E  EQS ATPase
(3) KHC ATPase
Gliding assay terpendole E KHC ATPase
ATPase 9.2+ 15s"
EgS 100 MM terpendole E 104
+ 15¢! terpendoleE KHC  ATPase
(Fg.381)
4 EgS ATPae
Egs ATPae
(100 ) ATP
ATPase (Lockhart
and Cross, 1996) Terpendole E EgS EgS
E439GST ATPase terpendole E
Eg5 ATPae EA39GST
ATPase 8 E439GST 0.3nM
4mv Egs ATPase
0.021+ 0.0045s™ terpendole E 100 mM 0.015
+ 0.0053s! 71.1%
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Fig. 3-8-1 Terpendole E inhibits the microtubule stimulated ATPase
activity of EQ5 in a dose dependent manner

ATPase activity with microtubules of E439GST (diamond) or
K430GST (square) in the presence of terpendole E were measured
asthe release of phosphate from the g position of ATP using
malachite green.
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3 Fig. 39-1
(control)
terpendole E
ATP

terpendole E

terpendoleE  EgS  gliding

Eg5

100+ 21.0%
terpendole E
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Control  _Terpendole E
(kDa) 1 2 3 1 2 3 (experimentno)
212 ==
170 -
76 —
- — : " «— Eg5
53 | ST S . e e e «—— tubUlin
sup
(kDa)
212 g
170
76 T - . «—— Eg5
-
53 -

Fig. 3-9-1 terpendole E dose not alter the interaction between Eg5
and microtubule in the presence of ATP

Microtubules and E439GST were mixed in the presence or
absence (methanol) of 100 M terpendole E and then
ultracentrifugated to separate microtubule-bounded (upper panel,
ppt)Eg5 or unbounded Eg5(lowere panel, sup) .
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10 ACAT

Terpendole E terpendole ACAT (acyl-CoA:cholesterol
O-acyltransferase) terpendole E EgS
ACAT terpendole ACAT
FR179254(Fig. 3-10-1A)(Tanakaet ., 1998)
FR1792%4 G2/M
(Fig. 3-10-1 B) M
(Fig. 310-1C) terpendole E G2 ACAT
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o HsC
0
HaC

B

0nmM 10 mM 50 MMl 100 nM
2C 4C 2C 4C 2c: 4C 2C 4C 2C 4C
C interphase  mitosis

control

FR179254
100 nM

Fig. 3-10-1 ACAT inhibitor (FR179254) dose not inhibit mitosis.
A: the structure of FR179254

B: DNA distribution of 3Y 1 cells treated with FR178254 for 24 hours was
analyzed by the same way as described in the caption of Fig. 3-4-1.

C: Immunofluorescence stainig of b-tubulin of 3Y 1 cellstreated for 24

hours with DM SO(control) or 100 M FR179254. Cellsininterphase or
mitosis were obsereved.
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terpendole E
1

invitro

terpendole E Eg5

EgS GST
terpendole E  E439GST

terpendole E E439GST

Eg5
(K430GST)

terpendole E
Brefddin A

terpendole E [l
terpendole E
G2IM

EgS

Terpendole E  E439GST

terpendole E
2
Eg5
EgS 2
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D
Cdc2 tsFT210(Osadaet d., 1997) 5%
RPMI11640 32 39°C 17 (€7
32°C 4
R2°«C 17 32°C 17
12 2x 10° cdls
32°C Pl (propidium iodide)
)
Shelanski (Shelanski et d.,
1973) onice (0.9 % NaCl)
19 05m 1mM PMSF
(SIGMA) RB buffer (100 MM Mes pH 6.8 1mM EGTA 0.5 mM MgCh)

5 20,000
xg 60 3 1 1mM GTP
37°C 30 30°C 100,000x g 60

RB buffer 30
4°C 100,000x g 30 3 1
1mM GTP 37°C 0 30°C 100,000x g 60
RB buffer 4°C 30 100,000x g 30
Invitro
phosphocdlulose (PC) column(Whatman  Cation exchanger P11)
Elution buffer (100 MM Mes pH 6.8 1 mM EGTA 0.5 mM MgCh
1mM GTP) PC ( 1m
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3mg ) dution buffer 1im
10m fraction buffer (0.9 M MES 11 mM

1mM EGTA 100 mM GTP) 5m 100mM GTP
-80°C
(3) inwtro
2 mg/mi
RB buffer GTH( 1 mM)
(1 %(vIv) ) 4°C  37°C
350 nm
(4)
3yl A549 HelLa
NRK 10 % (fetd bovine serum) DMEM
5%CO, 37°C
©)
vl ( ) 12well dis(SUMILON) 5x 10°
cdlswell 12 1% (VIV) 24
PBS(0.2%KCl 0.2%KHPO;, 29%
NaHPO,12H,O 8% NaCl) propidium iodine (50 nmg/ml proidium iodide 0.1%
0.2 % Nonident P-40) 30 flow
cytometry(Beckman Coulter)
(6)
(4mmx 24mm)  2x 10*cdlsiwell 12
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1% (viv) 12 PBS 3.7%

5 0.2 % (v/v) Triton X-100
PBShbuffer 5 1% BSA PBS
b- (Amersham pharmeciabiotech) 37°C 1 PBS
ATC IgG  (kirkegaar) 37 45 PBS
rhodamine

phaliidine (Molecular Probe) DNA Hoechst 33258(SIGMA)
g

(7) BrefddinA

(7-1) Brefddin A

NRK terpendole E 100 nV 60 10
ny/ml  brefddinA 0 2 4 6
(7-2) Brefddin A
NRK 10ngml  brefddin A 30
terpendole E 100 nM 60 Brefddin A PBS
terpendole E 60

Il (clone 53FC3 Berkdey Antibody Co.)
Alexa 488 goat anti-mouse (Molecular Probes)

(8 kinesin ES

(81)
EgS conventiond kinesin
(xenopusEg5  1-437 rat conventiond kinesn  1-430 ) C
(Fig21)GST
(Creve et d., 1997; Lockhart and Cross, 1996)
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Eg5 HL60 cDNA
Ndel (CATATO)
(5'-GGCATATGGCGTCGCAGCCAAATTCGTCTG-3') Nco (CCATGG)
(5-ATCCATGGACAACTCTGTAACCCTATTCAG-3) PCR
human kinesin like spindle protein HKSP (HK SP)
MRNA(ACCETION no.U37426) CAT 440
442 Ncol
(CCATGG) Eg5
KHC D.melangaster kinesin heavy
chain mMRMA complete cds (ACCETION no.M24441) Ndel
(CATATG) (5-CCTGTAAGCATATGTCCGCGGAACGAG-3) N
430 432
Ncol (CCATGG) (5-CCTGCTCGTTCCATGGCAACCGATGC) C
PCR 373 Leu CTT CTu

GST pGEX-6P-2(Amaersham Pharmacia Biotech) Ncol

(5-GGCCATGGCCCCTATACTAGGTTATTG-3') Hindl 1| (AAGCTT)
(5-GGAAGCTTTCAGTCACGATGCCGCCGCTCG3) PCR
PRSET-B (INVITROGEN) Ndel Hindil1

Eg5/conventiond kinesn-GST

(82
2
(BL21) 10ml  glucose 0.5%
LB (1%(w/v) tryptone 0.5 %(wiv) yeast extract (BECTON DIKISON) 1%
(w/v) NaCl (Wako) 50ng/ml Ampicillin) 37°C
500m LB ( ) 37

ODenw 10 30°C 0 04

mM IPTG (SIGMA) 4
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(83)
4°C 4800rpm 7 wash buffer (20
mM Pipes pH69 2 mM MgCh) 2
lysis buffer(20 mM PipespH 6.9 5 mM b-Mée captoethanol 5mM MgCh 1 mM PMSF

10 ng /ml pepdtatin - 10 ng/ml leupeptin - 10 ng/ml antipain)
2°C 80000rpm 15

150 mM NaCl lyss buffer 15%
(VIV) 4°C 30 GST
30 2°C 3000 rpm 2
150 mM NaCl 10nM ATP
lyss buffer 3
30mM (150 mM NaCl 10 nM ATP 30 mM in lyss buffer
pH 6.8) 500m 13000rpm 3 Eg5-GST
conventional kinesn-GST 2-3
(84)
(83) (Eg5-GST conventiona kinesin-GST)
(ATP )
11
2mg/ml 1mM GTP 25mM MgCL 10
DM3O 37°C 30min 20 nM Taxol
( microtubule; MT) 83
(K430GST/E437GST) 500 nM AMP-PNP
15 27°C 75000rpm 15
kinesin (40 mM NaCl 7
MM ATP 7mM MgClh 200 mM K-Acetate 10 M Taxol in BRB80 (RBR80: 80 mM Pipes
pH6.8 1mM MgCh 1mM EGTA)) 15 25°C
85000 rpm 15 EgS-GST conventiond kinesn-GST
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(9) dliding assay

(91

2mg/ml 100m 1mM GTP 25mM MgCL, 10% DMSO 37
°C 30 20mMM  Taxol
(9-2)

(20 mM Tris, pH 8.8, 200 mM NaCl)
4°C 100000 rpm 20

(9-3) dliding assay

flow chamber
100myml  E439GST K430GST 15ni 5
0.5 mg/ml 25m 5

blocking 25m  MB(Matility buffer  20mM Pipes pH 6.8 4mM
MgSO4 1mM EGTA 2mM EDTA 10nmM ATP 0.5 % mercaptoethanol) 2 chamber

10 MV Taxol MB(TMB) 15m 2

5 25m TMB 2 1mM ATP
TMB(ATMB) Bm 2 ) ATMB
chamber
(Nikon) CCD (Nikon)

(10) ATPase
(10-1)

05M (molecular probe)
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buffer(20 mM pipes pH6.8 5mM MgCL) O 10 50 100

150 200 nM 0.6 M PCA ( perchlolicacid) 0.3
M PCA = 1:1:18:20 25°C 25

650 nm 650 nm
0.1 % NaMoOq ( ) 0.03 % Mdachite Green Oxadate( ) 0.5% Triton X-100

(Wako) 0.7 M HCI(Wako)

(10-2) ATPase
(10-2-1)
2 mg/mi 100m 1mM GTP 25mM MgClL 10% DMSO 37°C
30 20mM  taxol
25% 900m 75000 rpm
20 GTP

buffer B(20 MM PipespH 68 5mM MgCL 1mM
EGTA 10 M taxol)

(102-2) ATPae
(8-4) 03nM E437GST K430GST  (10-2-1) 4
1.5ml (25°C) ATP1mM (ime=0s)
5m 5m 06MPCA
0.3M PCA 1:9:10
25C D 650 nm
ATPase/s/dimer
3
(10-3) ATPase
(8-4) 4mM  Egb (25°C) 10.2
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