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Saccharomyces cerevisiaeOl|M M|ZF7|9] Tigint =Ho|

Ho|FE2 22| ¥ S48
SHS - M8l - MY~

SIS Xieinfsichst St

£ dFeAME AEF719 GUS7ld A ALY 2H4713HE o) #8}7) $l8te] ZolR R Ql Saccharomyces
cerevisiaeS A3 A EF7] A8 9l A A Wo|FE Felsle BA el AFE et HA A2
£ Ho|F-E Huldlr] §l8|A HeLa A X8} EolH WA G1-& Z381= CPO(ciclopirox olamine) 2FAlel| o] 7}
A& BolE Ho|FE Aty 2 A3, # 31709 CPOY W& 31454 ¥ o] F-Eo] -85 T, ciclopirox
olamine sensitivity®] 3 ZAE WA cos mutantsg} Y31} cos Wo)F-E59 FA Y EAL AA 7] <3
MMS(methylmethane sulfonate)®} HU(hydroxyurea)ell oj &t 7hpAd & 2Ab8te] 1 Ao we} 471¢) group o 2.
Y} Group I8 cos27, cos28, cos32, cos33, cos36, cos37, cos40, cos42, cosd6, cos50, cos52, cos53 W o]
F7}F EJHE L, o] 52 MMSe} HU F oA 25 8l 248 B S7] checkpointel] #A3E Aoz Mo,
Group IF= cos43, cos48 ¥Mo]F2 MMSe H8iM ZHpAd2 AW G17] =X G27) checkpointd] 3P Aoz =
23}, Group III W o]|F9l3= cos35, cosd7, cos54, cos55, cos560) EFFE T HUe| di&jr] 715418 v S7)d &
PG Hogx], Group IV W o]|FE c0s29, cos30, cos3l, cos3d, cos38, cos39, cosdl, cosdd, cosd5, cos49,
cos51, cos572A FA CPOSl W#iA et ZMA-& elldc), o] $o] W] HEFANF-L 3P0 4§ o] 43}
ZARle, §7] checkpointol] HHE A2 Holi= cos37 Mol FE Hldlgr). =8, ¥ o) F9} opF9] o] A
A olujAE wtEe] WMol AT AL st

Key words ] cell cycle, checkpoint, ciclopirox olamine, start point, Saccharomyces cerevisiae

0L E NS Saccharomyces cerevisive= 212 genome sized]| =
ETelal 31F JIAET 78] dFEo] glom, TEAHX
Al Reprt olge Aagr] 2-d BHE A8 v 4
A FeE 4 Aok B0l A FotaRe] HA d7IMgE A
o] &auo], FAFAEH Hto] 783 AFulgoz 7Y
o] BdA| ARl o 2 de| o] 8531 ITh23).

HFEF718] AgelA glo] Zolau s v Q% &
Hao] ek, oA R MEF7)E DNAZE 5= $719%
o] ofFo)A= M7] Z12jar 1 Atele] EAsh= G1719}F G27)
2 WYrolzlth9,17,19). olaigk MEF717F ] 3E7] 9
siMe 2 A HAG 2"z} Aov)k Fashy, o]zd 7]
2R checkpoint system®l] ]38} ©]F0]ZITk(15,24). Checkpointe
A FF7 A & GAZE gdd Foll e AR Y3 E
sk 21 7|22, Weinert®} Hartwellol] ofa) XAol A
HE7} 2719 AAste] el E w2 DNAZF 3] 352
@ 3 FAE AdEe AL Ddstd old A
CheckpointZhe &) & 22 AR TH15,24). SolE R
DNA EAZL BAm AU 2FAo] o) &45 WA 5
checkpoint system2 ©]# 3 A7} 3B wj7lx] A EF7]

m 2 2 oo mf
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ARA| 71 A "ok

o]&1dt MEF7] AHFE 2A-SR= checkpoint 7152 GI17]2}
G271 A dRtx o g A deix J3A3), 53] G17] Fuk
START F-91i= Al227} 847 Fak AMEW delE 728t A
EF71E FPE ANA, ofd thE A H dAlZ 2UdT A9
A& AYshs A1 eth20,23). Tk o] Al7lol BER FRA}
UVE ZARIZ Y eRAE Ae)sl 5o ¥HoE DNA g7t
FEEW AEE G1Y) checkpoint 200 o8] A7t 3189 w)
7] 871 7WAE X8l B} BEE G27] checkpoint FollA]
DNA 387 f2ted fAHEEo] 7155, 53] G2 checkpoint
A= 874 3 AX 4% oluzl DNA B4 ¢se Ui =
A% g7 o] FoINTh3,20,2831). FZllE 7] checkpointel] &
AE A7 o]FoA] 3 ATk, 10).

Checkpoint TE-F-7R2 4 STARTS} §71¢] F8 A@A#<]
cdcl8 A= START E-0]3] HAllAlel] 23 a3} target
Fdztelm, g Cdels T AL 2% DNA BA7iAle] #o
g Aoz BHEATHT7.12,29). Cdcl8 @ AL ORC(origin
recognition complex)?} A3, DNA &4 A7l & &
o2 sl M7|R9] Y-S ARt oeidt EHE Cdels
e B origin®] 43t Bdshe initiator7)s-S 71
AR T Q) o]#it EEa w9 cdelsyt 716 H - &
A AEAZ 8HE 7 Fola el cdes FAAE Tk LEATA
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S M7]8] Al zho] A AETH7,12.29).

DNA damage checkpoint] ZH-838H= FAAZE rud9, radl7,
rad24, mecl, mec2/rad53/sadl/spki 28130 mec37F U1 4,
30). 1 ol Mmecl mec2i= G113} G2 checkpointol] F-H-F S
72 FHEH o8] checkpoint EHOITE FAX rud9. rad2,
rad53 58 G137+ G2 checkpoint 5o &4 AL, ﬂi
o] o]E2- S$7]°l positivedtal M7l negativedt ZH7)15-& 7}

A|E SM checkpointol] TH&E FHxERE Rel EO]';LEQ}‘ =

HaFol| A BHE ATh(5.6,8.11).

B2 checkpointd]l Tshe FAAES TR AR HolFE
o] &3t ¥R HEA H-g B3l FoAHTh2s). MEFTIE A
ZA171E DNA g3l AL DNA EA| Xﬁﬂxﬂg HeElg &, Al

717F A=) gk Alg ldishe: BolFE &AL ofdf
83 checkpoint 2SS SRt olgt fHAE
S o] 8% A7 d}lAM checkpoint 71%50] ©dl MEFIE
A2 A= AN oluEl DNA 3183 AL d 53] DNA 35
o Bl fAAke] B { R T Hodtthe AM-S A
AcH21,33).

ol mjAsRE B =FdMe AMEFS] START &t
DNA EAZIAIE Adsk= A71Q1 GI/S7Ie F5ste], I8+
AE2] HeLa cellol A GI & %3k synchronization)s # 5 3HaL
B 11E0]21(32) CPO (ciclopirox olamine) SIS ZFold ol A
gste] TREE HZ9} o] Gl arrest7t Yol FRlstyith

oJell W HEFINA GI7lsh s7)e BAR FHAES] 715
& A7) #18te] CPO kAol wialed FHAE vERhE

cm(clclopxrox olamine sensitive, cos27~cos57) ¥o|FE {?_— &}

Eejg 2} wlo]F7h AL F7]9] of= Al A AES B
#X]E Yolr 7] $la MMS, HUl Wigh 2544 35*}3}9&
o]83t7] {3l olu Al (diploid)yE A28}
Holo} ﬁ‘x}fﬂ”%?- FAFSEIL, AREA 4

o
o] 8-} EX}PJ BESE AR,
e % Uy

Al"g' T3 3 Plasmid

B Ao ARR-H ZoLER Succharomyces cerevisiae®] HH:
H TERE W303A9F W303B7) AREERLLL, oA FFEE
°l T e wHlet W303A/B7E ARBEQloM, 7} o] {4

< o231 P2k W303AMata ade2-1 ura3-1 his3-11, 15
trpl-1 leu2-3, 112 canl-100), W303B(Matow ade2-1 ura3-1 his3-
11, 15 wpl-]1 leu2-3, 112 cani-100), W303A/B(W303A X
W303B: MATwa, ade2-1/ade2-1, wra3-1/ura3-1, his3-11, 15/his3-
11, 15 wpl-1/opl-1, leu2-3, 112/leu2-3, 112, canl-100/canl-
100). °F3521 W303B2} W303A00 MNNGvE— Ae)ste] A
o]3Hmutagenesis)SFATH HE|F Hol 559 olulja] FA]q|
FEE sy A3 MaterE2w KRZOA-I(Mata, IysI-D¥},
KR20A-2 (Matc;, Iysi-1y5 AHE-8FSITE

YR ¢ <FH|

cos WolFE2] 54 29

Zola R wix] 24 B viY 2= Sherman 59 HH
Qe olgd AT Are] widds JFAZ YPDR%
1% yeast extract)yE ARESIUTE 2%
FA Z2ACE  s(thermosensitive)= 37°C., cs(cold
sensitiveye 16°ColA] vkl ct. WHolF2] H3 o] AL ok
Q1 CPO(C,,H,N,0,, Sigma, co.)& DMSO (dimethyl sulfoxide)
o = 0.1 M %9 stock solutiond YFEITE CPO F7ha)
A= YPD WA Z-2 AEuiAQ] SC-Leucine(0.67% yeast
nitrogen base, 2% glucose, 2% agar) WIX|& Hsld oF 50°C
AER A3 T 2 aj Xl o sEE Hriste] e
a8z Egelsle] o]8¥ MNNG (N-methyl-N-nitro-N-
nitrosoguanidine:C,HN,O,)= wWErE-ol =od 10 pe/miQl stock
solutiongd ¥HEO] 3|48t ARE-3ISI3L, MMS(methylmethane
sulfonate) 2} HU(hydroxyurea' Sigma, co.) WJA] Al B3t uj
215 A% F oy T Hrtete] AHESIAT) olul A AlEe
E21 A4 FZAbo)|= SPM(sporulation medium: ¥ AFE AWl A
1% potassuim acetate, ().1% bacto-yeast extract, 0.05% glucose,

2% agar) WiA S A8 TH2).

polypeptone, 2% glucose,

JL2= 23 0
e

MNNG #2| 5£2| ?é’é;

W303A9} W303B 52 YPD HAMRR|ol A &5 ujoksl
o 2X10% cells/mlE A]—%o}%ltk MNNGol| st Z =53 A3
2= -G (survival rate)*g FAVEHZ] A8l ON culture | miRS
Epp. tbeo] EF3 5 10,000 g2 18-7F 94 Eejsle] it
H SFTE Aol Uil 1 mi9 sodium phosphate buffer (pH
7.0)& Yrste] d 58 AT o)A Fu1" 2 ubeo
MNNGE 0, 1, 2. 3, 4, 5, 10 ug/mi®] =22 x7]st] 30T
Al AIZE IR wiekA 71, ek & A Reldlar 9he- AR
(5% sodium thiosulfate) 1 mie- ¥'o] &2 MNNGE E&43}
Azict oA 94 B2k F, sodium phosphate buffer (pH 7.0)
| miell 5 39S 31 plaed 200~30070 BEe] F2Y
7F U 4 UEF 84107 10 9A17] F YPD BiAle] =2a}
Ak Zh iR 25°CAl A 3~4Y7t WA B 2 UE Alg
slo] HEEE ZAEIGTH).

CPO Z+Y HO|F2| E2| ¢y

7}. CPO X2|=sx 4N

W303A 75 sl wleksled 2X 108 cellym/Z 2248}
CPO FX 0, 150, 160, 170, 180, 190, 200, 210, 220 uM®]
YPD+CPO BJX]ol] 200 p¥ =E3F &, 30°Co|A] 3~4U7F ul
WFstart. of wjR|el Ao} oA WSO%AA AEEES ZARE
Aol ik VXA Y Hul ¥5E CPO A WHol 5o
i w2 243514}

L. MNNGO|| 2j8t g3o| §oiH0|5}

O/N culture 1 mi-& Epp. wbeel] &73 &, folx 444
MNNG FEZ 30°Col| A 1 AIRE H2jate] EAwio|sls a3}
St MNNGE *2]3F ¥, sodium phosphate buffer (pH 7.0) 1
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mil]l BE3la] YPD & plate & <F 200~300 F2U7} vehd
F AR sl matar, 25°Col A 3~4U7k wioksih

Ct. CPO &+ Ho|F2 85

EAHOIEAFZ! 3, YPD platedl] WlUAIZ FEUE HollA
AAE 190 uM CPOE 713 YPD plateol] replicad+ ¥ 16°C,
25°C, 37°Coll A 3~4YU7 wioFsigtt. & 2xolAM uljkd
YPD+CPO plate2} # plateE B3}, YPD plaeol= A&
3t} YPD+CPO platecll & MESA] @ F2UE CPO #H44
o3 (CPO sensitive mutant)E4] ]85t T3k 2%of of
3t ZFEA 0 2+ 37°CY] YPD+CPO plateol| A ABES)A] ¢4 &
FUE ts-CPO 714 WolF:24], 16°C] YPD+CPO platecl| A
AHEEA e FTUE ¢s-CPO A HolFZ Balstsld

MMSe} HUO 8t Zh=4d XA

YPD+MMS HiAE YPD ZAE|A]] MMSE 0, 0.005, 0.01,
0.015, 0.02%2) =2 3715l vE4¢al, YPD+HU H A=
HU %7} 242 0, 50, 100 mMe] HE=2 H7pslgrh. of
A3 W303A%} 7F OIS 2 mie] YPD fAu|x|o] HF st
25°CollA] 2g} wjokated 1107 cellsiml AT wj ARy F, F
FE (5X109X5% 57, 52 57 cellymZ GAH o2 3a51o
FHlslka, IS 99 FEE #8lE YPD+MMS |9} YPD+
HU iAol streaking % spottingdted 3~4U7F wjorst ¥ 7k
A& Bl FARIY T

Y dojld BY

ot} WHolZES YPD Aol 1X10° cells/mlE 3] A5}
o 25°cellM 2 AIRE Wit & wEE GREte 3 &L CPO
£ Agsla thE £ CPOE 3R] ¥ JHlE " wiek
3tk olwl CPOE A8k Al7EE OXTESE Bt 647t AT
% st AFE 4 7FE 0.1 M sorbitol, 40% ethanolol]
1A X7 ¥ DAPI (4',6-diamidino-2-phenilindole)E. 413} &
BHu] Aol A vla BaA-EH

- @M Ho| A

Bo|7} -4 & IAUL &3] 8t HEA]] WolF
ot tE wu¥e Ad oMUFE sl olF HIA
(hetrozygote)S THEATHR). oHlA|S] &1L matere] ZALR} X
A AdsE oz AT o|&E A THEo|7] ¥o|Fe} opF
o] oujA|e] CPO Aol i3l S FATSIY opiFot
AR A8 JeERA T o8 @A BRAEkAL, HolF
9} FA13F TS YeEhY I HolE AR BRI

EXEHNE Y MES AL

AollA] Dol Zkzte] oJujaE SPM v Ao patchdle] 25°C
oA 4~5UTr wjekRt &, BIAN| AN HEE Alrdt] £
2L AHEE ZARIACE B o]FA Aozl FAYPAY dFE
100 ] TE(10 mM Tris-Cl pH7.5, 1 mM EDTA 8.0)0l &g}
3ta] 5 ] zymolase (5 mgimhE 9ol & oA 583 A
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23t &, vl 4 22}7)(micromanipulator, Narishige co., Japan)Z

AHEEHY EAE 747 Be)Ekrh2).
4 =}

CPOU| Cli 3t Z=+4 HMo|F2| 22

HEF710 A G719} s7)el) FEE| ofo] #A
B3] 8l Gl 2348 do7le CPoo #443S
= MEL HolFE Eeslgtt. WA HolFEE sy 9
3, obE 7520 W303A9 W303Bol o] B3 e 3
3G MNNGE Eddo|glo g AMEste oplFo] AHEEE
ZARE Fig. 16 YERARICE o] & AEEC] 0% A=E
Elll= MNNG 552 3 pg/mis A =2 AP o1FA
AYE FEE 7|To8 opA] oMY o)l MNNGE ##]3te
Tao|3l8te) YPD HiR)o)) oF 200~300 E2U7} VEER
TEbske] 25°Cell A 3 UAZF vt o]¥A) E4E FEY
Foll 4] WHo)F2] M (screeningyS 13 oHF WEZ = ¥
&S mH A G FEQ 190 uM CPO A7} H7bE wixo)
replicadle] 16°C, 25°C, 37°CollA] 447) wioksldet. 1 2 &
75,000 F2Y FolA 7} welE ER otype 16782 o s}
a-type 157§¢] ®o|F7} #2]= o] Ciclopirox Olamine Sensitive®]
A EA4F TA cos mutant2h HHEG THEFig. 2, 3 2 Table
D). AA 31789 Ho|F FA cos27, cosd2i= CPOO| h3|A
738t 7¥-AE cos30, cos3l, cos32, cos37, cosdS, cosd6, cosd7,
cos48, cos562 CPOO thsir] &g A EHI, cos3s,

120

100 ¢

[=]
(=)

Suvival (%)
3

401

201

0 T T T T T
0 2 4 6 8 10 12

MNNG conc. (ug/mi)

Fig. 1. Sensitivity to MNNG of the wild-type (W303A). The Cells of
wild-type were grown to a stationary phase in YPD media at 25°C
and treated with various concentrations of MNNG. The MNNG-
treated cells were incubated at 30°C for 1 hour. Then cells were
spread to YPD plate and incubated at 25°C. Colonies were counted
after 4 days incubation.
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Fig. 2. CPO-sensitivity of 15 cos mutants of o-type. The sensitivities
were tested by streaking the mutants onto YPD plate and YPD plate
containing 190 uM of CPO, and incubated at permissive temperature
(25°C) and restrictive temperature (37°C) for 3 days. The ‘C
indicated “cos’.

cosdl, cos49, cos30, cos5l, cos53, cosS72 CPOHA] == 37°C9||
q 4R e me gh4 W PO 444 WelF
(thermosensitive; ts-CPO sensitive mutant)® WERSRIL, cos39<
CPO WIA] 5 16°C] wjF=ANA AdAetA] obe st #2 7
T4 % CPO HFA o] F(coldsensitive; ¢s-CPQ  sensitive
mutan)E XA AW 0528, cos29, cos33, cos3d, cos3b, cos38,
cosd0, cos43. cosdd, cos32, cos54. cos557= A& W 189 &
%= 4 B CcPo A WolsR RIS AthFg 23 R
Table 1).

MMSO| chst Zt=M T A}

MMS DNA “J3ll A Z2A] 420 M7t o] okl w&F
o AaiE YA =¥ checkpointd] FAHRE MEFV= 3PS Y
F31 DNA 8EAle] @402 1 Jsirt ¢hxd3] sl oA
HEF7)E 188 Flck ey DNA 3]& 7|2l Zo] o
ot Wo)F= DNA el Aol =25 DNA 3)Eo] Uoji}x
2o} 48 AEE FAE HolA et ol uis} DNA &

712k Aot AlEFv]e) o] dES& 2= checkpointol]
g Hol 52 43l ¥ DNA7F €3] 51%5 uf7pA] A
XFVE HWEFA| Fsld DNA J8lE 25 @7 A2 Az257]
o] the DAR Hasle] MMSel i3l oFst 73S 3?041—‘;
7o g By QQukl.3.11,14,15.24.28.29). TebA] 7} wo

cos Wol 7528 BA 31

YPD

25T
YPD
+CPO
YPD

37C
YPD
+CPO

Fig. 3. CPO-sensitivity of cos mutants of a-type. The sensitivities were
tested by streaking the mutants onto YPD plate and YPD plate
containing 190 M of CPO, and incubated at permissive temperature
(25°C) and restrictive temperature (37°C) for 3-days. The "C’ indicated
cos’.

o] DNA 4si12) MMSO] tlh 444% 2ATel) 98l oed
FEo] MMSE H71eh YPDuRA] oA ARSI 2 734 opy
FolNE o 4EEA GFE FARE MMse] FEAE
cos36, cos37, cosd2, cos52, ('()A.‘)j% Huwd 33 deAde By
a5, cos28, cos32, cos33, cosd0, cosd3. cosd6, cosd8, cos50L-
MMSell sl eFet A4S BTHFg. 4).

HUOI CHEH 245 Z=AL

HUE MXF712) s7] AsfAZ 2833 ribonucleoside
reductase®] ZH8-8 wWhaighrh22,23). whEbr HUSE -2 #3)
Aol A48 el ol 782 S71Y S7] checkpointol]
AEE AW AowR defA Uthe4d. 25). oS rtsAE
ZAFe] st b WlolFE S oplTet gl oY v
HUE 3718t YPD wiAlelM 48 ARG 1 49,
cos37, cos42, cos562 HUS disiA 33 ZHAdS By,
cos28, cos32, cos3S, cos360, cosd0, cosd6, cosd7,
08550, cos52, cos53, cos54, cosS5 HUO| s~ okgl 7h4=
4& JeEMATHFig. 5).

cos33,

HBHO|Y 24
cos WolF52 CPO oA A2loll ojal AE ] A3t e}
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W-T
cosZ8
cos29
cos30
cos3l
cos32
c0s33
cos34
cos3H
cos36
cos37
cos38
cos39
cos40
cosdl
cosd?2
cosd3
cosd4
cosds
cosd6
cosd7
cosdS
cos49
cos50)
cosbl
cos52
cosh3
coshd
cosbh
cosht
cosb7

Fig. 4. MMS sensitivity of cos mutants. The sensitivities to MMS were
tested by spotting the mutants onto YPD plate contained series
concentrations of MMS. The mutants were grown until 5x10° cells/ml
and prepared five-fold serial ditutions (5", 57', 57, 57 cells/ml) of log-
phase culture. Aliquots (5 ul) of each cell suspension were spotted
onto YPD and YPD+ MMS plate. And the plates were incubated at
25°C for 2~3 days.

WH, o] uf HE7} ojulgh Fej
type)s UERHERE B3 du7dslolA] #2384 duhs,13).
oRFo] Aol e wro okAAy Folxe HZe g
o Walr} gi=H v, W72 cos479] 73 o= st A
3 otef] 2 JHe] o] BAHIL, cos379] Aole A2 EF
H AR bl W& 9 grlz)l §lo]l DNA ZZHEe] vEldt
“HFig. 6).

% ¥ 33 (terminal pheno-

O{tiH|o| 54 ZAt

7} ol ul&| 2} Xt

FolaNE WA FL oA EAE & glo) F1H &
Ao A, 94 2 GA EdHo|Z 414 AL 2= Yk B
219 7 WolFe] ¢ - AL 2AWLY] 915k A wolFe}
WA opFE mefsle] @ HAE WHEch14.l6). o]
A BEE A4 ) FHFAE mater A R TARAE %
sted olupA| ol e el At (Fig. 7).
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Table 1. Phenotype of cos mutants

type cpo sensitivity MMS HU growth growthrate Group

cos27 o S S S ts very slow I
cos28 cs/ts S S N N I
cos29 cs/ts N N v
cos30 S N N v
cos31 S N N v
cos32 S N slow slow I
cos33 csfts N N 1
cos34 cs/ts N N v
cos35 ts N N I
cos36 csfts N slow I
cos37 N S N very slow I
cos38 cs/ts N N v
cos39 cs ts slow slow v
cos40 cs/ts S S N very slow I
cos4] ts N very slow v
cos42 S S S ts slow slow I
cos43  a csfts N N I
cosd44 cs/ts N slow v
cos45 S N N v
cos46 S S N slow 1
cosd7 S N N I
cos48 S S N slow II
cos49 ts N N v
cos50 ts S S N slow I
cos51 ts N N v
cos52 cs/ts S S N slow |
cos53 ts S S N slow I
cos54 cs/ts S N N 1
cos55 cs/ts S N N I
cos56 S S ts slow 111
cosS7 ts N N v

ts, thermosensitive; cs, cold sensitive; S, sensitive; N, normal

L. HolFel - aE0lo) st
RlE oujAHE8 YPD+CPO uix|of] wdsle] 37°Co]| ujek
33 0 REYS 5—/\]'3]'9.1‘:} olm o]g HFAQA ol ¥
@o] obTel e AL UehRE 1 Wol @4 Mol
S0l Wo| 70} o HAL ehhE 24 Wolz FEF + 3l
tH26). B AT o]-&" HA 107he] Hol|F Fol 028,
cos30, cos33, cos36, cos39, cosdS, cos46, cosd7, cos502 S5
o E ZE AL veho] g4 HelFE FHRA,
cosd2E B CPO sEolMe o Ee] AHde Yehn &
CPO FEolXe= olF9] 438 Heolv B9 49 ey

< VERATHFg. 8).
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YPD

+50 mM HU +100 mM HU

w-T
cosz8
c0s29
cos30
cos31
0837
cos33
cos34
cos35
cos36
cos37
cos38
cos39
cos4d0
cosdl
cosd?
cos43
cosd4
cosd5
cosdt
cosd7
cos48
cos49
cosb0
coshl
cosh2
cosh3
coshd
coshbh
coshb6
cosh7

Fig. 5. HU sensitivity of cos mutants. The sensitivities to HU were
tested by spotting the mutants to YPD plate containing serial
concentrations of HU. The mutants were grown until 5 X 10° cells/ml
and prepared five-fold serial dilutions (3", 57, 572, 57 cells/ml) of log-
phase culture. Aliquots (5 w/) of each cell suspension were spotted onto
YPD and YPD+HU plate. And the plates were incubated at 25°C for
2~3 days.

+ 1 mM CPO

W-T

cosd7 cos37

Fig. 6. Nuclei structure ot wild-type, cos47 and cos37 with DAPI. After
the cells of wild-type and mutants were grown at 25°C until 1x10°
cells/ml, 1 mM CPO was added. and then the cells were shifted up to in
YPD media at 37°C and incubated for 6 hr. The cells are fixed and
stained with DAPI and examined under the fluorescence microscope
(x1,000).

Ch ZX} 8 ZA
7} oA So] Exl HALL 2ARSY] 28] TArEAJu)=]o

Fig. 7. The comparision of the dominant or recessive phenotype of
mutants. After diploids were constructed from wild-type and mutant,
they were streaked onto the YPD plate containing 190 uM of CPO and
the plates were incubated at 37°C for 4 days. Then the sensitivity of
each diploid was compared with sensitivity of wild-type and mutants,
respectively. Each diploids were determined whether they are dominant
or not.

Table 2. Rate of sporulation

Strain Sporulation (%)
wild type 59.3
cos28 41.9
cos30 48.2
cos36 524
cos42 48.8
cos45 35.6
cos46 41.1
cos47 413
cos50 54.2
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Fig. 8. Nuclei structure of spore with DAPI. The constructed diploid
cells were incubated in SPM plate at 25°C for 5 days. The cells were
fixed and stained with DAPI, and examined under the fluorescence
microscope (x1,000).

Fig. 9. Tetrad analysis. After asci were treated with zymolase, the
treated spores were streaked in one line on the surface of a YPD
dissection plate. Spore was separated on YPD plate by tetrad
dissection (using a micromanipulator).
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ABSTRACT : Characterization and Isolation of Mutants Involved in Cell Cycle Progression and
Regulation in Saccharomyces cerevisiae

Jung-Eun Park, Sun-Hee Leem, and Yangil Sunwoo*(Department of Biology, Faculty of
Natural Science, Dong-A University, Pusan 604-714, Korea)

These studies were carried out to understand the mechanisms of genes which are related in cell cycle pro-
gression at G1/S phase. Mutants involved in cell cycle progression and regulation in Saccharomyces cer-
evisiae were isolated and characterized. To isolate new mutants, we screened the sensitivity to ciclopirox
olamine {CPO) which inhibits the cell cycle traverse at or very near the G1/S phase boundary in Hel.a cell
and budding yeast. As results, we isolated 30 mutants and named cos(ciclopirox olamine sensitivity:
cos27~cos57) mutants. To determine the phenotype of mutants, we examined the sensitivity to methyl-
methane sulfonate (MMS) and hydroxyurea (HU). Several mutants were sensitive to MMS and HU. Accord-
ing to these phenotypes, cos mutants were grouped into four. Group I mutants are cos27, cos28, cos32,
cos33, cos36, cos37, cos40, cos42, cos46, cos50, cos52 and cos53 which show MMS, HU sensitivities and
might act at a checkpoint pathway during S phase. Group II mutants are cos43 and cos48 which show MMS
sensitivities and might act at a checkpoint pathway during G1 or G2 phase. Group III mutants are cos335,
cos47, cos54, cos55 and cos56 which show HU sensitivities and might act at a progress pathway during S
phase. Finally, Group [V mutants are cos29, cos30, cos31, cos34, cos38, cos39, cos41, cosd4, cos45, cos49,
cos51 and cos57 which show only CPO sensitivities. Moreover, we examined the terminal phenotype of
mutants under fluorescent microscope and then found one of S phase checkpoint related mutant(cos37). Fur-
thermore, we constructed the heterozygote strain between mutant and wild type haploid strains to study their
genetic analysis of cos mutants.



