The Korean Journal of Microbiology, Vol. 35, No. 4, December 1999, p. 258-265

Copyright(©1999, The Microbiological Society of Korea

Saccharomyces cerevisiae2| ZTE% 50|X Protein Kinase?!

Ime22| &

IM3| - Efpls . MRl
Solchati Xjoinisicyst MSsta)

SRRl M= i) 123 MATwMAT o o) vlA A X2 733 7] SolA Q] $HA L6 o3 AL
9719 GrdA 48712 Aol AL o)t F Aze A4EA7] SolH IME AT g A
A" o8] A o] 429717} AztEle). & d7 IME2 $4A7} protein kinaseZA] ZHprgdd]9] ojw
Aol AA Bl 2A5P] 9131 WA PCR mutagenesisE F31o] 22754 ime2 M o|5-E 221315
AA 62 719 LEFA HolF FollM =0 WE EAYA ST 5 ED7] AZT Wl sl JAg Ao]E
el 3 F57) Hol|FE(ts < ime2-11, ts + ime2-129} ts - ime2-13y& A3} 0|88 3 72 2354 4
o|F-E o] 43l AL ToA PR 2HAY F HAE&E =AY 418, FACScan analysisE 8 A3} IME2
A 5E4d7]9] DNA A 34 9] /A] 9 gl FATE & 5 UL, hist T2 argd locusM 74
71 AxF wiEe] o2 A2 JYd ST L A= AS & 4 AUsiTh B0l Imred B3 Fo) IME2
FAAE APEEAA L JFE =AY A, H5EE7] BolA Q) protein kinased) IME29} MRE47} 7353-47]
Z7|34AQ A2 AAHAME FUg A2 F4TPdE Ao AA=H

KEY WORDS [] IME2, meiotic recombination, S. cerevisiae, spore formation

AN L] MEFT]= ZA AANZEE7|} AFEE7IE
g ey, B3] 7EEre ddAEte] AUs SR
58 5 9ot JAM T TEE7)] gk 42 o]y
Rdrld Boldog ot fRA) e A75

3 7V et HJk3, 16). EolERAX TEETE] F

L FAAHR 8l 2T ALY 5o JY¥add &3 Gi

oA AMTEL7IZY AP WHRAHL, FAFQL 80

25 MATwMATa 1A AXe) ZRE7) Sol3 fxat

e 93] 2Rk, o)Hd F a1l o dd R
G2 Eo7t A¥EE 245EY7] A DNA EA 7 (premeiotic

DNA synthesis)@ Z<=R A7) A 2334 (meiotic recombina-

tiony & AAA 24 AHHA FIE F&f HFUHES 449
vhA) IS A, AAE RG] g 283}

AAFEe] 3 A7E 197080 o)FRE F&3) W3

skon, £ ARGV FAlol J&Ee FAATT oE

A A7)t A8t fRAre] EAigh(10, 19). AXEF7)
o)) g AA o] o]Foix= START AHQI AMAMEZRE

o] GUS7I¢k ZrREY] 271341 5E<E  DNA EA4)
1= 2t Alxs7)e) Z=gdo] wigt AAo] o|FojAx A7l

AellA 1 FAMEE ZAdTh19, 20). oldd Al7iel g3}

FRAAATE Blashd, ANZEE7)ANME CDC28, CDCA,

CDC7 59 FAAES 2438 A DNA Aol dojuiA

=
2
t:,—l_
=
3
7

3
o

o

e > N oo @
N

|

F

*To whom correspondence should be addressed
Tel: 82-51-200-6789, Fax: 82-51-200-6789
E-mail : yisunwoo@daunet.donga.a.ac kr

258

ut, ZApEA7 M IMEL, IME2, MCK] 53 228 2489
7] BolFHQl $xAt &Aestu Urh®, 21, 27). B3] IME2
protein kinase™ CDC282] homologZA], ZFEg 7oA
CDC28%) 7)%50) IME29) 93] HAIHE Aoz v gEy),
ol 7t Aol ulEl o3 fHAt FHE3A AS-E Al
ARSH(2, 6, 26). B3] CDC7 AR R 7)ol DNA
A o Fof] 2, AMERF A= DNA 4 ol ™ol
g3l F A7 N7 2 FEHe 2 Ao 4y
UTH18). o]Eist B EolA TRar] ol fFaxld @3t
Aol ofs) pREr] ANAE AHE = UE Hoz A}
s9.

Zeidrl = 2 g £93% I98L s H1A
2] IME(inducer of meiosis) 15°} & ¢ 3L, IMEI~
IME4= 78497 NEAA B $Fo 2 UdE 5 2-8g
Aol F5Foth(23, 25, 26). B Aol AMES TrE-ET)
Eol&] IME2 F3AAR= Mitchell 5(17)° 218} MATW/MATo )
Aol multi-copy librarygE ST &, GGl AA 7Eg
712 FgPH AEAAM AL EIHA o] {44 DNA
sequencingS E43 A= 645 opu|AHE codingdhs 1935
bp2] ORF(open reading frame)Z A1, o] ORFQ] o}oj= &
o 2991 oF 400 o}u)=At FHo) A serine-threonine protein-
kinase®} 538 YERNSITE &3] AMEZREG7AM Gisz
G2/M7) Aol P Cde28 B AT & AFAS Az
o} (23). Aime2 THAFe] FHYP L TR FAo] FAEHA P,
424G 3 DNA E40) dojulr] Aol ZeEgr] Age o
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ZH, o3t TR 27| T2 T\ HWEERA
HAshE FEAte] ddo] fHA] v Fo] B ATH(1S).
#A5EL7] 27IdA A 3k AR E A DNA A 2 Az
FAL FEEY] A8 2 g5 wig F831H, o] AlY|e
PAZEG7Ie Gus7iol Aigscln A7kl A7) o]
& g AL Aor)tell dist e dAls] AR &
A},

E A3 E IME2 protein kinase®] ZHE g 7)ol A9] 28-S
dolr 7] $13}e], M3 PCR mutagenesis *H-& AHE3te] 2%
74 EQH O] (temperature-sensitive mutant; ts oSS £
et oj#d 2% 744 HolFe 382 HiE g2k
Mol Z2EAdF olate EHEUen, HE 62 WolF F
AA 2xo mE 1 FHFo] Wit A /)9 WHolF (s -
ime2-11, ts - ime2-12, ts - ime2-13)5 A &3lo] thg-2] A A}
L3147 Hol|RE FEEVIZE fx% &, AR E 2
7] SAlol &8s AEE A DNA EAlg e Z=Rd7) A
ZERA nXE FEE 2ARBIE. 1 FH, ARzl A
75EE X DNA EAS) 2HpR-d7) QxS 3 S B
Ao 7 715E& st Rez velgth ol IME2 §3Ae
7150l FHpREr]e) =g dART oplel 74-E< A DNA
EAe} 7EEr] AT HA-Y A 2 Aeex A=
7o 7 BRI}

Mg o Uy

A2 25 % HiX|

Plasmid DNA®] 338 9J8) AM8-8F WA d55 DHSoE
AN 2 FRYE supE4d AlacU169( 2 80lacZ AMI5) hsdR17
recAl endAl gyrA96thi-1 re[Al1°10}, H2A WG| ALL2H LB Hj
A= 1% bactotyptone, 0.5% bacto yeast extract, 0.5% NaCl9]
FAHo =z s, Qudde] H7kE wiAle BEd ., 50°C7
A g A dHbe] HFFEI} 50 ug/mio] HE=E THEACH
(1. olm) 17 WA E 1.5%2] agarE H7}3e] ARE-3FFT)

B AdofA] ALE-3E Fola R @FE Table 1o} YERARL
k. 5w Aol AME3leE A wMiAZE YPD WA (2%
glucose, 2% polypeptone, 1% yeast extractyS AME-8}T1, &2
AZol} g 752 ARl Mgk A ofvliit
38 A(SD)EA] 0.67% yeast nitorgen base3} 2% glucose®ll
Aexo g AT o ihE A AT 1 xolH| =il £HS
A7kste] mRElch. ojwf ARE-§ obui=At B 10X obH| At
LAL gock A F QAL I FAL Kasier T(9)°] V)&
g W] ofs) sttt wae] 2AEAE HsiAE 1A
YPD A AN F-& EEete] G FREYE €L F YPD
HAuf Ao A SRt viFSIETE. o] BiYH S P REVIR &
EFoz FRAFZ] A E=AEA A wixed YPA
(presporulation medium; 1% yeast extract, 2% bactopeptone,
2% potassium acetate)dl] 528t 12 AIZF v §, ]3]
%o SPM (sporulation medium; 0.3% potassium acetate,
0.03% raffinose)oll #EFSIA ‘return to growth' 59 A& AL
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Table 1. Genotypes of yeast strains

. Mating
Strain Genot
type ype

NKY857 a lys2 ho::LYS2 ura3 leu2::hisG his4X

NKYR6N o Ivs2 ho::LYS2 ura3 leu2:-hisG; his4B

NKY1238 a Iys2 ho::LYS2 ura3 leul: hisG his4 X LEL Z2-
URA3 arg4-nsp

NKY 1240 o Iys2 ho::LYS2 ura3 leu2: hisG his4B::LEU2
arg4-bgl

SLDI101 2n NKY857xNKY860

SLD102 2n NKY1238xNKY 1240

SLD501(Aimel)2n Integration of Aimel plasmid into NKY857/
860

SLD502(Aime2)2n Integration of Aime2 plasmid into NKY 1238/
1240

SLH501 a Integration of Aime2 plasmid into NKY 1238

SLH502 o Integration of Aime2 plasmid into NKY 1240

SLHS503 o Integration of ts - ime2-11 plasmid into
NKY1240

SLD503 2n SLLH503x% SLHS01

SLH504 o Integration of ts - ime2-12 plasmid into
NKY1240

SLD504 2n SLH504x SLH501

SLHS505 o Integration of ts - ime2-13 plasmid into
NKY1240

SLD505 2n SLH505xSLH501

KIC10t 2n leu2/leu2 his4-4/his4-290 CANI/canl’ ura3/
ural ho::LYS2/ho::LYS2 wplitrpl CYH2/
cyh2 ADEG/ade6 ade2/ade?2 lvs2/lys2

IMD403 2n KIC101 with Amre4/Amre4

(Amred)

B3}, LA AR TAIAE 1% potassium acetate2} 0.19%
yeast extract?} 0.05% glucose®} 2% agars 37kt vHE%lal,
TFE E23 £ 3~4 Y7 uigste] AR-sHATh).

MEE DNA ERlADlE

IME2 f+3A= Yoshida 5ol 23l X3 &€ pMW1 &
2B ZME ARESEY, Bl Pl E Fe} IME29] G S
A}t o] THE YCplacdd(5) ET+2u]=2] multicloning site
0l Smal®}t Psi& AASH & ligation® 2 AU3k] YCplac33-
IME2E THEo] ©]E pSL501E Hwatgth 183 PCR
mutagenesis®] A3 FAAF 3 FF 2] HolE AU Fgfiv| o
A IME2 ORF 99 e Hindlll-EcoRI F9E AA %,
YCplac33-IME2 Zetm| =] o] goda} g, 4tdsle] pSL-
503(ts - ime2-11), pSL504(ts - ime2-12)7F pSLS505(ss + ime2-13)
Zgtav| =2 DEYUrkFg 2). B3 FAAE HobdE(over-
expressiom*] 7] 7} $18 EZA0|=2 A, pGAL-IME2E= pYES2
Ze} A= (Invitrogene)2] multicloning site®] Smal3} Pstlol
IME29] ORF -85 4H3J3t vhEith 18]l pGAL-IMEIS
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A
54321 M
B
F1 -106 5’ -CCAGGCTTATCAAAAAG-3’ -89
R1 1456 5’ -CTGTTCCAACATCAGG ~-3' 1441

Fig. 1. PCR products and used primers. (A) A 1kb ladder was used as
a size marker. Lane 1~5 showed the PCR products of Mutl~5. PCR
was performed according to the Material and Methods. One-tenth of
the PCR products was run on a 0.7% agarose gel, and showed one
band of ~1.4 kb in size. (B) Two oligomers were used in this PCR
reaction.

YCpPGALI-IMEI(25)%] BamHI ©H-& 2] A5 pYES
Ee}22v1=9] BamHI sitedl] 49)3t THEATH29).

PCR (Polymerase Chain Reaction) mutagenesis

IME2 +71A2] Random mutagenesis& ~33}7] 913l Leung
(11, 289 #WHE gis MY AMESETE PCR
mutagenesisZ  YCplac33-IME2 SdfA~ml=o] AUH IME2
ORF 9% W9 Hindlll-EcoRI F9]] HolE =Y317] 93,
2 v B A7 MES @t P foward primer(F1)%
reverse primer(R1)E AHE-3}HtHFig. 1B). He] =YL ¥ A
A AREE 5 71A] 274 Table 201 EAISHTE. primere] AHE-

Table 2. Condition of PCR mutagenesis (2w
Mutl  Mut2 Mut3 Mutd Muts
DNA (0.1 pg/mi) 10 10 10 10 10
Buffer (kit) 10 10 10 10 10
5 mM MnCl, 10 - 10 10 10
B-mercaptoethanol - - - - 1
DMSO - - - - 3
foward primer 1.5 1.5 1.5 1.5 1.5
(400 pg/mi)
reverse primer 1.5 1.5 1.5 1.5 1.5
(400 ug/ml)
10 mM dGTP 2 2 3 3 3
10 mM dATP 2 1 1 0.6 1
10 mM dCTP 2 2 3 3 3
10 mM dTTP 2 2 3 3 3
H,0 59 70 57 574 53
Taq enzyme 0.6 0.6 1 1 1
(TaKaRa; 4~5 U/mi)
Running Cycle 25 25 35 35 35

Kor. J Microbiol.

FEE 400 pgmle 3t 15 B AMESIRA, 3 DNAT
YCplac33-IME2E Psio2 22} Ay o g ghso] AR
t}. PCR ¥F8-2 Taq polymerase kit(Takara)s AH8-5}<] Takara
A}e] Automated terminal cycler® G838} PCRo} ol&) 3
A%¥ DNAYHS Hindlll-EcoRI AFEALE ARR3o] zHebd
%, 1% low-melting agarose gel® #7]gF3la] oF 1.4 kb2
GHE FAF &, B-agarase IS HE)Eto] A5k A}L&3l9

AAF PCR mutagenized DNA ©HE AIWE
YCplac33-IME29] HindllI-EcoRl F-2-& Zahd %, 1 xjgjol
TaKaRa ligation kitS ©]-8-3}a] A3t

ts - ime2 FAAHO| BalA0|=o| MY 3! HO|Fo] MIEf

25 74 WolE AW EFeav=g AdE3ly] ¥k,
IME29] 3}3F2) SLDS0I(dime2) 5o §A7 o724
URA3E A'd YCplac33-ts « ime2 Se2v|=2 FAABAA
Urate] F2A8AE Aot 2 FAASAE DAl SD-Ura W
Aol patch 3] 2 AE 25°ColA] ujekd ¥, TIA] SPM Hj
Aol replicadted 25°C}F 35.5°Coll A 4A7t wjeksie] Tid
7|12 YA Z ) PCRE SGHolE E913 Zefan|og APd
FAAGAES] R 7|2 APHTE Lot 7] sl
SPM s Ao\ A BjoFA] 7] FE-S FataAn]Ftel ) A EY5S
A Bkt ol 25°ColME EXE A3 35.5°ColX e
EAE AR g AL AEEl] ol f5-ime2 EtAU|=
E A Aoz 73T ol8d dFENE Fev=g
3]478to], ThA] SLDS01 dFolA FA ARSI A Eelsih
XHEE f5-ime2 ZTA0IE Fol|A] 27iEAl] EH 0] HEg
3 Al B ZEAUE(s - ime2-11, ts < ime2-12, ts ¢ ime2-
13T AE3td, NKY860 ol AYAIA onestep gene
disruptionel] 2J3l WHolFE ARSI HTH22). EZFA RAE
AR A= 25°C9) 35.5°C, AA | E 25°C} 34°Ce]|
A PSRt

Flow cytometry analysis

#HEd A DNA BAl #7489 & ZA37] 918 Flow
Cytometry analysisE B8t YPD AA iAo HEd3
ZZUZS 339 993 & YPA wiRO)A 12 AJ7F skt
Al SPM HiRo] HE 1X 107 cells/miE 8t 25°C9} 34°C=
ol A d7IE A7 W AES ColM 70%
oetgd] 12 AI7HEr ALAAIZ 3, 50 mM Na-citrate(pH 7.5)
2 Ma |3 &, sonicationdt] ZF AEQ] ME $E =43}
gk zZF AZ o AT FE 4x10° fe] AEE 05 mi9) 50
mM Na-citrate®] HEAIZD ¥, 125 w2l 10 mg/ml RNase
A(Sigmays H7lsle 50°CollA 1 AlZFs<r A s} A8
% 25 u9] proteinase K(20 mgiml, Merk)E A7k 50°Co)
A 1 A7 o wiFAIZ] F sonicationdFH T 4EY F, AAH
H d8& DNA EHNS Propidium lodide (PL 10 ug/mi,
Sigma)Z ¥33 50 mM Na-citrateZ 0.5 ml H7Fskd Heds}
At Pt H7ME AAES 4°CY] & dElolA S5 YolE
&, O] sonication3}] FACScan analyzer(Becton Dickinson)&
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Table 3. The mutation frequency of transformants containing the PCR
products amplified under various condition

PCR condition ts mutants/total transformant
Mut1 10/50 (20%)
Mut? 62/1506 (4.19%)
Mut3 16/153 (10.5%)
Mut4 No transformant
Mut5 5/59 (8.5%)
BAEAHA).

ZEe| M=g 2y

7} FAABA FFEH 2EUFA WHolFES 99 Wy
(ts + ime2 EAWo] Zepan|=e] A B WolF Azhow
25°CS} 35.5°CoNA) 5RA72 QA7) F, SD-His #jA
replicadte] 25°Coll A 3437t w43t his4 locus(his4-X/his4-B)
oA His*e] AZFA7F YAEERAE ZARIET EF return-
to-growth’ O 2 7} &2 7+pA Wol|REo] A4EI7] A
Aol WITE hisd locus(hisd-X/his4-BYS} argd locus(argd-nsp/
argd-bghoA ZA1BIGTH AHERE E2UE HA] YPD Hj A o)A
St vloksle, 0|8 AEA A uix|Q] A YPA HiA|d]
/1002 BA3te) HES FT2~5X10° cells/ml), 25°ColA 12
AZF Be¥ale] oF 1~2X107 cellsimio] HEE BB i
okf NEES SPMOE I F, & 4] sPMel HESA
t}. sPMell der® 73 PRt 7H7h 25°Ce} 34°Col A
250 rpmO. 2 e wjokshEA Zh AZPEE samplingdhed 314
& & ojohlz|Q) YPDS} Aeui=]|Ql SD-His viAo] Z=2s}
of 25°Col A 4zt wikatgct. ol™ YPD2} SD-His®t SD-
Argd] WA A HAE 22 $2 Ao A2 =S 574

3t
a4 ¥ O

PCR mutagenesis

IME29] $AA71 AAYE YCplac33-IME2 ZEp2~v| = €]
Hindlll-BamHI ¢} 1.4 kb Gl A@del w2} PCR
mutagenesisS 8 3FATH PCR ¥H3-2  Leung S(11, 28)2
B Tha M St 9Col A 1, 50°CH A 1 7, 70°Ce
A 4 BO= 25 cycles® FHEATHTable 2). 4 5 TFHE £
e BAfLe FFHL AAF)E MnCLel F%2 dNTP
9] % FojA dATPHHS Z2A1A TR dNTP9HY] WSS o
27 3t Ed8olE: FEAHHFg 1A). ©lHT PCR
productsE BamHI-EcoRIS.Z A2]$t &, THA] YCplac33-IME2
o] BamHIT} EcoR1S] ©A3} X]845}ed YCplac33-ts - ime22]
mutant plasmid libraryS WHERITE ol2igh 5 TR/ libraryE
743wl SLDS02 w50l FAZE A17 F, AA FEA
BA)o) g LT EQAHOFE TAH TR AN
tHTable 3). ©] 5 7}A library FollA =L Edwo] Rlx7} 74
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YCplac33
pSL503
pSL504
pSL305
pSL501

355C

Fig. 2. Meiotic recombination was measured by intragenic recombina-
tionin of his4 heteroalleles to His*. Patches of transformants were
grown for 4 days on a SPM plate at 25°C or 35.5°C and then replica
plated to SD lacking histidine (SD-His) to detect His™ recombinants.
The photograph shows the SD-His plates after incubation for 3 days at
25°C. The transformants carry the single-copy plasmid pSL501
(YCplac33-IME2), pSL502 (YCplac33-ts - ime2), pSL503 (YCplac-
33-ts - ime2), pSL504 (YCplac33-ts - ime2), or YCplac33 with no
insert.

25 C

B e Mu 27014 ol Ee]REthe: e dYel
23712 skt o8 E 2712 HEQHOE T2 doldth
3 2 uso]A Leung 59, 21)8) el o3t AT} Wi
3 ulE s VRS

s - ime2 BE2tAanlee] MY 3l HO|F N

9ol Mu2 ZANA Ao 15 - ime2 plasmid libraryS
SLD501 T3l FAAEAA oF 1500 /N Urae] FALA
2 o] ME29] EAEAC U 2% Z44E ARt
AE 2 dbHolA dE Aol ofd) 25°Ce} 35.5CNA
pRdviz SA7 F, el 257 d FANRNE £
2lalgct. ol e 2 ARA T HdHe] P
o FETe B2lstr] 98k replica Wl T FrEEr]

ol

o7 =2
Az Nes zAbEAT Fg 2). AZRFIEE hisd locus
(hisd-X/his4-B)oN A Histe] AZ3A7} 25°ColM e A= A

A
35.5°Col M= PAEA e FAATAE Lelstd HFHo=
3 FFE Adsignt

olz]gt FAARNA = 7A5E D7) 27194l A&S vehl=
Ao T RAXNAGY, 15 - ime2 BTAm|=e] ARL 30 A%
25 3o Taan|zo BiE T o8 B AolE
& gong A o IME2 FARS 15 - ime2-11, s -
ime2-129% 1s - ime2-13% AEAE olgate] Ao 3
Z5-0] WA HolFZ A2EITh(Table 1). o] ¥4 ¥olF
(SLHS03, SLH504, SLH505; MAT 2)& 7+E-E712 TUA7I

Table 4. The frequency of spore formation in wild-type and ts ime2
strains

Strains 25°C 34°C
SLD502 75~85% 70~80%
SLD503 15~20% 0%
SLDsS04 30~40% 1~2%
SLD505 15~20% 0%
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g
Lh_u».. u.,._u.,,_ WAL 4br
L&LL‘A-» u._u__ 6br
u_lﬂ_, u.'__u» " 8hr
b o Ll o

25°C 34°C 25°C 34°C 25°C  34°C Hours in SPM
Fig. 3. Flow cytometry analysis of wild-type(SLD102), Aime2 dis-
ruptant (SLD502) and ts - ime2 mutant(SLD504) strains. Cells were
grown at 25°C or 34°C during meiosis and taken at various time after
transfer to sporulation medium. The peaks of DNA contents are
indicated as black ( ¥ ; 2C ) and white ( V' ; 4C) inverted triangle.

7] Ysted Aime2 WA WMol (SLHS01; MATa)S HA3EAIA
A 2 RE9THSLD503, SLD504, SLD505; Table 1). ©]wl
IME2 S 3R 49 BE8E AUDZ 15 -ime29] HAS
yehdch o8 vtEod 3 FF/ 9 vl$A Wo|FEE A3
o ZrRg 27A3AA st 259 5E AHEY] 9
8, AR Aidr) AF4E9 IS AT Table
4). 7} WolFe] & Uit &= AAER|} LA Aol A
Zbzy 1 AjE 257} tha 2ol e itk A Aol A ]
SLD5033 SLD505E 25°CollAle= XA Ao] oF 15~20%2
eI, 34°C, 36°COlX e EX AL 3R] &sith SLD504
= mAAENe] SPM WA ) 25°Col M ¢k 30~40%9) EAE

Kor. J. Microbiol.

FAsA o, 34l ME o 1~2%, 36°ColME AE &8t
At} olF TAFAHLL 7 FFF < 1000 7He AE
g B3t Jehliglch. Ao} g AAujAjAs 25
442 Aol e, A 7Y HolF 2% TAEAY
| 7Fs3lA e HALEE 34°CE Vel AAujx|ol) Aol
FAYAEL 24 A 7hol AR} FARE S YR
ol GAR AollA ABE 15 - ime2 BHo] Fekiv| =R £
& ol FUF TEFL AU S-S AAE aee o]
g Azt wiaA HolFEL AN i dr] 27194
ol tha FALE 25°Ce} 34°Ce] AAMIA|oA 2+ Az E 2A
AT} (meiotic time course).

R

(<]

ts - ime2 BlIO|FOIMO] 229 M DNA SX|3ZH

O F(SLD102), Aime2(SLD502) L83 s - ime2 WOlFE
(SLD503, SLD504, SLD505; Table 1)= meiotic time courseE
8517 A5t Al 71" A 2ol YPD, YPA %
SPMe] AAEAE AMSSle] DEdVIE SUARATH AR
712 Solzt AES) DNAY FAAHL A)7te] Bl ujet
Flow cytometry analysis® 53l A#E T} o Fo M=
25°Col| HI3] 34°ColAe] DNA FAE&E7} tha S=olzon 8
AZE o) Foll & iR A Zr} 340 e & veR W, 4
ime2 (SLD502)IAE & 250 2% h4lS Jehix] ¥t
ThEFig. 3). 2214 99 5 - ime2 HO)|FE-L 25°Co M= opF
o Hlg] £ thh =gA7 DNA FAdo] dojyto, 34°C
o] Ao M= dime2 St} F-9= @] DNA EAj2] 3
7F 10 AR} o] FANAMRE BA] M 20oA BA T 4CE
oF 15~20% FE9 o5 JERMIAGFig. 4). o|2e A=
IME2 3R} 2H58-E7)9] ZQlRRolgt foste A x4
& ZAANIE RAe) oz, 27]78 DNA BAHA 7}
Aol Aol = A Tt YzhE oW,

10°

A. Wild-Type B. SLD503

Recombination Frequency

C. SLD504 D. SLD505

120 4

Hours in SPM

Fig. 4. Analysis of recombination frequency during meiotic time course between wild type and ts ime2 mutant cells measured the 'return to growth’
method. Intragenic recombination at his4 locus (V, 25°C; ¥, 34°C) and at argd locus (O, 25°C; @, 34°C) during meiosis were examined. Cells
were grown in YPA to 2x107 cells/ml were collected and suspended into the same density. At approximate times after incubation in SPM at 25°C or
34°C, aliquots were taken and plated onto YPD, SD-His and SD-Arg plates.
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ts + ime2 HO|FOAMS] =BT MEEay

9] oFAHF(SLD102)$} s - ime2 W O)FE(SLD503, SLD504,
SLD505)2] meiotic time course A4Z-S FACScan analysisol] A}
{3k SAl Ryl AR 34 B3] A8k hise
9} ared locuslA 22BN A ZEHintragenic recombination)2]
=2 2AEGTE okl ME F locus BFONA A2 W
w7t AATEE71Y] A9 E e g vehlls 0 A7
Ho 2445497 =9 F 9 1000 89} S-S JeRiG
(Fig. 4). =354 ime2 W o]5<] SLD503, SLD504, SLD-
505 FEolME 25°CAME oI g} vl=d sglo g AR
U2 JeRAAATE AlFexe] 34T e A2 vert of
10 8 A% 9] F7Mhe YeRNATHSLDS505).

ZaRdr)e] AP L dubH o2 DNA EAE AA A=
g Aol doju= AoR geiA Urk@). Ly HEY 4o
HEL AE49r|e B4 AR XY gL AHe=R
ME AAMAM AVle FFoE BRauska glok19). ol=d I
L& Z5Edrinte] o= o] F 1ol vjg Ad o] Yo
U 3 g2 Fie] fHAE0] o] HAHEY FAlo o8y
7% dH14). 19 F AELS  IME2 FRA AARIAR &
< protein kinase2A] o|-§xo] T Ao FAlo] #AT F
T ¥ HoE BHAAY. w3 o]H3 Ul REE B
sle] IME2 FriAke] Thokst 715 tigt sli4do] 71s8itt.

Amred LM IME2 FEIXIe| nichdo| g3}
MRE4 f 3= Leem¥ Ogawa(12)0] oj3) #ejd 742
7] E0]&Q] serine-threonine protein kinaseZA1, Z=w-d7] A
Aol "a3{qlo] Bt (13). 74 &7 2
Ed7) E0]39) protein kinase2E ©] MRE4S} IME27} £-2)
Hol o], Amred FH]Fol| M9 IME29] overexpression I}
= zAbEYT #FE Table 19 YERE KIC101(oH8 )9t
IMDA03(AmredyE AMESHS, ZHR-E7] BolFHd AXRIRIZ
SR pGAL-IMEIZ pGAL-IME2Z 7t @3l AR A7)
% QA (mitosis)?} SPM AR (meiosis)l A 3 L7 H)
¥ &, his4 locusOll A AZF WEE ZARBIFEY. o A9,
o] & Zgtav|=g 77 PYAAGH oFE FopiA € ¥
2194 wiRd A F2 W9 AEFe] FEH0], Smithe}
Mitchell24)] A7+ dXehe A4E Jepidd. 28y
PGAL-IME] EE)22n|=0f o5 FAHATE Amred 33504
= FUEAE ARy AZE B Aol FHE] A)
Z3o] f-= ¥t Smithe Mitchell (24)8] A7 e 78
7] 27] @Al FAske TFEA spol 1§ AHE3IH2H o
L Ao I Aol FEEA = At ol ARE-EY] A
Z 2= Hojm F E UH oA glon, o] F 3 HR
T IMEI 37} A48, tE 3 & IME2—MRE4S] 7
22 7I5HD) o] MRE42] §A2F dEo] Aime2d)A EL
WA o} Amred WolFolE IME2 FRA) B@E PR
olgdl &A1/t Jledith 18 B2 Fg 59 AREA IMELS]
AZ27} AZF FGolM & o T FZold, o] A= FHt
ko ]2 7o) ddo] ZHE Aoy AlgHr}

7Fri Eo]3 Protein Kinase Ime22] &3 263

PGAL-IME]
wW.T
PGAL-IME2
pGAL-IMEI
Amred
pGAL-IME2

Mitosis Meiosis
Fig. 5. Stimulation of recombination by incresed IME! or IME2 do-
sage in vegetative or sporulated cells. Patches of transformants with
pGAL-IME] or pGAL-IME? in wild-type and Amre4 cells were grown
in SD-Ura (mitosis) or SPM (meiosis) for 3 days at 30°C and then
replica plated to SD lacking histidine (SD-His) to detect His*
recombinants during mitosis and meiosis. The photograph shows the
SD-His plates after incubation for 2 days at 30°C.
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ABSTRACT : A Specific Role of Ime2, Meiosis-specific Protein Kinase, in the Early Meiotic Pathway in
Saccharomyces cerevisiae

Sun-Hee Leem, Yon-Soo Tak and Yangil Sunwoeo* (Department of Biology, Faculty of Nat-
ural Science, Dong-A University, Pusan 604-714, Korea)

Entry into meiosis in the yeast Saccharomyces cerevisiae is regulated by two major factors: the cell type
(MATa/MAT ) and the nutriational state (starvation) of the cell. The two independent regulations act through
IME] and IME2 expression to initiate meiosis. /ME2 encodes a meiosis-specific protein kinase, and it
enabled MATa/MAT o diploid cells to undergo meiosis and sporulation. The PCR mutagenesis method was
applied for the isolation of thermosensitive ime2 mutants. Among sixty two mutants isolated from the phe-
notype of defective spore formation under the restrictive temperature, three with the most easily observed
temperature-sensitive phenotype (ts -ime2-11, ts -ime2-12 and ts -ime2-13) were selected for further study.
To understand the detailed functions of IME2, we examined the defects of these mutants in the early meiotic
pathway including the premeiotic DNA replication and meiotic recombination. At the restrictive temperature,
the ime2 mutants were defective in premeiotic DNA replication and exhibited decreased level in meiotic
recombination. These results suggest that the /ME?2 gene plays essential role in meiotic recombination path-
way as well as premeiotic DNA replication. As the result of the IME2 overexpression in Amre4, moreover, it
was suggested that the IME2 and MRE4 genes act on the same pathway of initiation step in meiotic recom-

bination.



