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LAMMER kinase modulates the DNA replicative stress response in

fission yeast
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Involvement of the LAMMER kinase (Lkhl) in replicative
stress response of Schizosaccharomyces pome was investigated.
The Rad3 (sensor kinase for replication checkpoint) deletion
was more sensitive to hydroxyurea (HU) than the LAMMER
deletion. However, the Lkh1/Rad3 double deletion and the
Rad3 single deletion showed almost the same level of HU
sensitivity. The Lkh1 deletion increased the expression of
rad3" and downstream genes (cdcl8" and cdc22"). These
results suggested that the Lkh1 modulates the rad3" expression
negatively. Both of Tupl1 and Tup12 were also involved in
response to HU and thus in rad3" expression, but the Tup
proteins in HU response seemed to be activated by unknown
factor(s) other than the previously known Lkhl. Here, we
presented clues for novel findings indicating the involvement
of LAMMER kinase and Tup proteins in the replication stress
response by modulating Rad3 activity.

Keywords: fission yeast, LAMMER kinase, Rad3, replicative
stress

ASAEA o 2 0] i 2le7lolulo|ZLAMMER
kinase)+= Ser/Thr kinase2} 2}7]Q1AFs52] Tyr kinase 24
2 72t o] EolA QlAkst g Aot Yun et al., 1994). X127}
A 9Ya17) 15541 2] 2ol 1ol o] 2= precursor mRNA )
217F9] hCIk1,2,3, % 2] mating factor ¥

splicing& Z43h=
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A& AL o U= o717 S| AFCI (Bender and Fink, 1994),
SR (serine/arginine rich) splicing factor& 28 3}+= 32 mClk
(Colwill et al., 1996), Z1}2]9] = 9 uj WAYo| Hofdl=
DOA (Du et al., 1998), BHl| ] SR splicing factor S14Fs}of| Tk
oJ3}=PK12 (Lopato et al., 1996) 5-¢] 1t} 215520 A
AR ohefRl epntoldlo] 28] 7] 5ol S UstAl = ke
SR 22 9] AL5}5}o] pre-mRNA 9] splicing2 %43}
7)%5& FASFHNayler et al., 1997), B, B35 2 A5 4
o= Hofsh= Aoz defA ek 53], A2 ghmztoly|

o] 2= Al Z3t o] FEFE mA 7] wzoll Ao Ay
Al e, A A 5] S o X 3 of] ol ghrH(Talmadge
et al., 1998).

3, § i gt to|d|o| 2= Schizosaccharomyces pombe
O] #AFH AAHKim et al., 2001), AFSHA A E | A HE-3(Park
et al., 2003; Kang et al., 2007), A3 7(Kang ef al., 2010;
Park et al., 2018) W H|32F=7|(Yu et al., 2013), Saccharomyces
cerevisiae®] wAYE AAHPark ef al., 2011) W =1 7HA
(Park and Park, 2011), 18] 31 Candida albicans 2] A-AF 43
7 2EY AU 9 Aol B o] QlekLim et al., 2020).
AMAEQ) 7 2-of| = Aspergillus nidulans 2] 237 W B3 Kang
et al., 2013), Aspergillus fuimgatus 2| A7}, B3} 2 =H LA
(Lim et al.,2021), 12] 311 A58 Qb4+ Ustilago maydis @) 5
AA| 1k AMA| wejahg ol 2H-8-gtH(de Sana-Tomas
etal., 2015).
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9 =AY 714 Sl thet A7 Hd A o2 71 gol 3
El S. pombe ] 7-%-, 2fm7Fo|d| o] =(Lkh1)7} ZF = Al
Ao|7t o o vlsf ZrobA|=tl|(Kim et al., 2001) °]= A £
F71 % G17]7} ghobA S7] 2.9 Z o] 7k ihefx| 7| ufjZofl Lt
U= dArC 7 N ZF7| 5 24 3= CDK (cyclin-dependent
kinase)2] A3} A}2] Rum19o] Lkh1-2]&2 QlAls} v} A
o2 B4akE] x| L5Ho] the CDK o] Bo] obA)7] uj
o]t Yuetal., 2013). 3138, CDK B4 Z71H=, AARIA B3t
|21 MBF (MIu I cell cycle box binding factor)o]] 2]af] 22 &
= G1/S7] Eo] §#=}+2] 28 o](Fernandez-Sarabia et al.,
1993; Connolly and Beach, 1994; Yoshida ez al., 2003) 1] A A;
2| o7 F7tsh= 3RS st s A2t BAl- A E A
(replication stress) o] ©]-2-3-#A]
el AstA "t o] 22 G1/S7] AR A3l Al(dere-
gulation)©] &J3f| oF7|H EFA-AE 2= DNASALS T
HDR (homology-directed repair) 2] -4 312} AL Z Ao A=
2 0] 7] o E F-AA}e] D475 E5(ol: MBF 2JE4]
replication licensing factor$] Cdc182] #|3f)) Sof oJslo] 2+
=E5]= EXo] QI Caetano et al., 2011). 3HH, A|3EFE7]
ZA o] ToJ3H= Rum1Z} DNAEA| of] Zofal= Cdcl180] £
A a2 o] DNAEAZNAIQF dAA o] 9o m(Jallepallid and
Kelly, 1996), Ustilago maydis 2] 8- A QFFA] -5-%] 2K de Sana-
Tomas et al., 2015), Candida albicans 2] DNA B-A|- A~ E g A
SAA S (Lim et al., 2020), Z12] 32 Magnaporthe oryzae2)
DNA EA-2~E# X H5{(Li et al., 2022)°]= ghw7to]d|o]
27} #ofgto] Ha1E uf glch
weha], & Aol A =Ruml O] V2 = 257 & =4
Sh= HE AR gh7toly|o] =7} DNA BA-AEH A Hh
(replicative stress response)ol| = TSt 7l sAlo] =& Fog
A FEle], BEA- AEYAE oF7|Sh= oA ¢ HU (hydroxyurea)

E-0F4 4)(genome instability)

Table 1. Schizosaccharomyces pombe strains used in this study

Aol digk etztedlo]= 4 B rE
|2 RS- o Ak 2 MBFQ—E*Q GAR O] U oA} =

2 A gk

%

B Ao\ A A3 Schizosaccharomyces pombe w-5=
Table 17} Z o, § WS 93 LPAuj A 2= YES (0.5%
Bacto-yeast extract, 3% glucose, supplement: leucine 250 mg/L,
adenine 75 mg/L, uracil 75 mg/L) & Z]| A8 X 2= EMM (0.3%
KH phthalate, 0.22% Na,HPO,, 0.5% NH4Cl, 2% glucose, 50X
salts stock sol’n 20 ml/L, 10,000X minerals stock sol’n 0.1
ml/L, 1,000X vitamine stock sol’'n 1 ml/L)& AF&-3}91 o
fof w2} DNA EA|-AEd A 93 1= oFA|(hydroxyurea,
HU)Q} AFst=24-2- oF7]3}+= 2FA|(hydrogen peroxide, H,O,)
2 w7 of) A71slo] 30°Col A AEheF st 24z o)

79, #] ok R4 wref ok, ebd, FAL 5
Fshgon], AR 2% 9] B3-S H71ste] Azt

DNA 24 Of| X2 $ A% 3 SRR W U 20l

DNAZ:AF 9FA| 01 HU 2] %] 2]+ Miyabe ef al. (2009)] H}
M2 sto] Saslgick. 2, HRE YESH|X|o] 4 30°CE
ODgyo] 057} 8 w7kA] BjoFet 5, 2t7] ThE 3529 HU7}
EYE YES Bl o] 10818 A< 54131 wjopAl S 4 A
%5431 30°CollA] 3907 wfestol BABLATE RNA 552
S AIEYESH| 2] o141 30°CE ODgoo0] 0.30] 2 w74 o
S 28 A\ HU7} H7he) oAl <lo) 4 44121 o wofst
ek

Strains Genotype

D665 h ade6 - M210 leul =32 ura4 -D18

PHMSL h ade6 - M210 leul =32 ura4 —~D18 Alkhl": :leu2

ED665R I ade6 - M210 leul —32 ura4 ~D18 Arad3"::KanMX

PHMSLR I ade6 - M210 leul ~32 ura4 ~DI18 Alkhl"::leu2
Arad3’: :junk sequence

PHMTI1 I ade6 - M210 leul =32 ura4 D18 Atupl1™::KanMX

ED665T12 I ade6 - M210 leul =32 ura4 —~D18 Atup12"::KanMX

PHMTI1ITI12 W ade6 - M210 leul =32 ura4 —~DI18 Atupl1™::KanMX
Atup12”::urad

SP107 W ade6 - M210 leul =32 ura4 —~D18 Aprkl”::ura4

Source (Reference)
Laboratory stock (Kang et al., 2010)
Laboratory stock (Kang et al., 2010)
Laboratory stock
Laboratory stock

Laboratory stock (Kang et al., 2010)
Laboratory stock

Laboratory stock (Kang ef al., 2010)

Laboratory stock (Park ef al., 2018)
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RNA &1} RT-gPCR

RNA &2 Invitrogen Aol A A|-3-8}= Trizol ¥ 1=
&, N Zap A S F71sto] ask i) &, A RuleF dE

M- 50 ml Al ol Wil YAIEE] §F 32 ml A o] Al
©F0.2~0.3 g2 A T3, 0.3 22] 600 um Glass bead (Sigma) 2}
0.4 ml9] Trizol (Invitrogen)S 7}t T Mini-beadbeater
(BioSpec Products) & 20z 2 % 2|5} %t} Trizol 0.6 ml-S-
Y11 102 529F &35t F chloroform 0.2 ml-g A 7}8le] 102
&Rt =R A2l A1 10427 2|7 -, 4°C 13,000 rpm
O &2 1537 AEEREF o. 4m14 *o% 1S Fok3le) A5

% }a1 4°Cof| 413,000 rppm ©. 2 15—Er‘ 7+ QAR E] 51

T} AFSolS v a] 11 2 A ES 759% o ER-e- 2 A &3t 55
g2l A =l UDEPCEZ{FAB'PZ 2240 ul 2 H7}stol

60°Cof A 1027 55 53tk 53 5 RNA=RNAE
agarose gel (1% agarose, 20 mM MOPS, 8 mM sodium acetate,
1 mM EDTA, 1.85% formaldehyde)o|| 7] %535}o] rRNA
band £ E35) RNAAE] & &13t 5, RT-qPCR-S- ${3F cDNA
ol Atk

FZ3 ZRNAE FF O 2 oligo dTL} M-MLV reverse
transcriptase (Elpis Biotech)& Alg-3}o] ©hU71E cDNAE

Table 2. Primers used for quantitative real time PCR

Name Sequence (5°-3%)
actl RT F CCC AAA GCT GAG GGT TGG AA
actl_ RT R ACC GCC GAA CGT GAA ATT GT
rad3_RT F ACC AGC TAA AGA TGC TAA CAG AGC
rad3_RT R GTA TAA GTT GCC ATC CGT ACC TCT
qRT _cdc22 F TTG GCA TGC CGA TGT TAT GG
qRT_cde22 R TTG GGG CAG AAG AAG GTC CA
cdcl8 RT F CTT CAC AAC GTG CTG GAT CA
cdc18 RT R GCG ACT CTA GTT CAC ATT GG

HU 0 mM 2 mM 4 mM

A5kt RT-qPCR-E %291 actl' 1} A &F2lrad3’,
cdcl8’, cdc22” 2] cDNAZEE 2F100 bp ] AHE-S ZE35H 4~
Q)= primer?}, SYBR green 7]%2]Acuupower Greenstar 2X
Mix (Bioneer) 2 Exicycler™96 (Bioneer)E ©]-8-3f| Bionner
APk A B AL S TFet SR RT-gPCR O] AFE2H
oligonucleotide primer+= Table 2] A A]3}% Tk

MNE LY SMAAZ 2=

2ZAMAS

oAy R i} efm7ho| o] = AES5 YES HAufA] ol A Ttk

2> O] & tf5=7] FHHODeyo = 0.3)7FA] vl gt & H2DCFDA
(2',7'-dichlorodihydrofluorescein diacetate)E 2= 5% 50 u
Mo) ] 2 H7}a}aL 1 7k 0k kg A Zick. o] % Thata}e
(10 mM)L}HU (5 mM) 22} 2] 2] gt el ofl A 241 7F B wfj oF
3lo] A|3EE 4=E3}a1, PBS (phosphate buffered saline) 2 Al
Z5}o] &33-3 u) 7 (Olympus System Microscope Model BX51)

o= T AE | BHALF HH FES ST,
Z o

DNA ER-AEZAT} afm3lo|Uoj= ZASHHoo) 0|

Rl 8

G1/S7] Zo]of Hojst= SR} WElS TAsH= AR
A} 512 MBF= DNA B4 A58 v 4 7o)
o= Tof3l= Ao R UEHA 212 (de Bruin ef al., 2008;
Gomez-Escoda et al., 2011), g} 7}o| o] %<1 Lkh1-& A5}
=7 50| 7% 9B AEHA HkSo| TojsttiPark ef al.,
2003; Kang et al., 2007). W2}A, MBF 7|5 & of| THofsh=
Lkh10] DNA A 54 2 ghgol i whofat 715-40] 917]
ofjZoll, DNA EA- A E g2 {38k oFA Q1 HUA| 2 of] Tzt of
AE T} Likh1-Z2=0] AAFFA} B3} 2 A a1 Th
UREA © 2 A2 DNA BEA-AEH AE 7FstAL, Gl 7|

6 mM 8§ mM 10 mM

WT Alkhl  WT Alkhl

10"
10

107

WT Alkhl

WT Alkhl ~ WT Alkhl ~ WT Alkhl

Fig. 1. Growth of S. pombe strains on plates supplemented with hydroxyurea. Serially diluted (10-fold) cells were spotted onto the plates contained various
concentrations of hydroxyurea (HU) and incubated for 3 days at 30°C. WT (wild type strain), AlkhI (Ikhl deletion strain).

=32l A A|s8d Al4%
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AR & 4 125)7] 21519] 10~15 mM 2] HUES 44|71 2 251t
(Miyabe et al., 2009), 2 A o) A= op & of] v]5tof Lkhl-
AEF Yol Az o g AdfjE= =5 A7 floto]
0 mMoj| 410 mM7}A] 2 mM §-9] & HUZ} 718 aLAuf 2]
of|  FF ot B FS WSt L A3 HUZE6 mM
o] X7He wj x| ol A Lkh1-Z&529] A7} 542 o
= | Rick(Fig. 1).

2iHZoU[0|=7} EX-AEM|A HE2O| sensor kinase
(Rad3)0f| O|Xl= Hsk

DNA 2418 oF7] 51z gh40] 43 KaA| o) 4] 255}
R B R SR = EAL K PV N
.

(sensor kinase) 2l ATRo|H, &g Hof4=Rad37} 1 &g+
= 3t} SuE A= Rad3 A2 )< e o] Gl 7] Al 27}

WT

Alkhl
Arad3
AlkhlArad3

WT

Alkhl
Arad3
AlkhlArad3

Fig. 2. Sensitivity of S. pombe strains to hydroxyrea. Serially diluted
(10-fold) cells from mid-exponential phase of wild type, Alkhl (lkhi
deletion strain), Arad3 (rad3 deletion strain), and AlkhlArad3 (lkhi and
rad3 double-deletion strain) were plated onto YES plates supplemented
with 0, 1, 2, and 5 mM hydroxyurea, respectively. Plates were incubated at
30°C for 3 days.

34 8-

(A)m B WT * (B)Qs ; WT
T | =3 aka S .
- S 64 B Arad3
2 2- S | =& amkbisrads
g E
2 2 4]

& &
5 >
51 g
2 R
k=) s
5 &
0- . . 0
! " !
& & &

S7| 2 o]|g=|o] DNA &A4-AEg| AL BAl-AE Aof gl
s e S4go] Qleo] WaLH u} li=viBoe ef dl.
2018), Lkh1-Z<&2 o] | DNA &4k A E 8|2 Hh3-2 07| 3
L 719 htel Absk3 2ol Tlgek T(Park er al, 2003), 2
Al B2 22 2 oFAIQ] HUo| HI7H4€ e 2.2, DNA
BEA-AE G| A 27 Zof| 4] Lkh13} sensor kinase Q1 Rad3 7}
7)Aoz AAE | S-S ol 4= Stk whebA] o,
Lkh1-Z4¢:%, Rad3-24:% 9 Lkh1/Rad3-0]5 2 &%22] HU

W& AR A3}, Lkh1-2 &3 o P Hrkes o vzt
S}l Rad3- A& Rk= & vigstglon, JvlEA=

Lkh1/Rad3-0|F <59 HU Y = Rad3- 250 5
3t 4220 2 2A}E|QItHFig. 2). 0] 2]3F Au}= Lkh17} Rad3
of AFlol A S HARR 288 7F5 A4S A4Sk Stk
S, PR T} Lkh1-A40 4 rad3’ 207 S 24
2t A3}, HU A 2] 271 sfof| 4] o F of] v|sto] Lkhl A&+
o] rad3" koo 18] Z7}et3ithFig. 3A). ol 2l Az}
=HU A 2] 53} 72-2 DNA &4 8174 of| 4] Lkh1 9] rad3" @&
= 542 2o =4 Rad3 o] oJsf 215 == DNA &
A| A Z3E 21 E(replication checkpoint) &4d 0] Z & E-8- AJA}

2.

2tH7 0|HI0|1 =7t EXFAER|A YISO 2S5k= MBF-2|
Z£d Tl Dixl= gt

Rad3 51919 DNA 54 A|=2L3EJE FH2= MBF2} &
2= AARIAF E3kA o] oJ5f Wdo] 2= B E(Dutta et
al.,2008), MBF o] ]3] 9lo] 285l 447 % A 7]
9] S7] Z1Q) T A AN E 2Hof| Tofdh= F-4A cdels”
(Kelly et al., 1993)2} ribonucleotide reductase G- 2}2] cde22”
(Hakansson et al., 2006) 2] &2 2 AVt 71 A3} cdel8*
S} cde22' 9] WA 2 HUS 4] 517 9 Abeol A oby

©) 17 mm wr .
3 =3 Alkhl
T :?: 84 mmm Arad3 _T.
S ZA lkhlArad3
S 64
2
E
< 44
* o *
: 2
E 2 *
Q
~
T 0- T
X 0’ X
$ § $

Fig. 3. Effect of hydroxyurea on the MBF-dependent gene expression in S. pombe strains. Quantitative real time PCR was performed to analyze the
expression of MBF-dependent genes in Alkh1 (Ikh1 deletion strain), Arad3 (rad3 deletion strain), and Alkh1Arad3 (Ikh1 and rad3 double-deletion strain) cells
with or without hydroxyurea (5 mM, 4 h) treatment. Primers specific to each gene were used. (*p < 0.05)

Korean Journal of Microbiology, Vol. 58, No. 4



226 - Leeetal

(A)
WT

Alkhl

Atupll
Atup12
Atup11Atup12
Aprkl

Relative expression of rad3

&

WT
Atupll
Atupl2

Aprkl
AtuplIAtupl2

&

Fig. 4. Sensitivity of S. pombe strains to hydroxyurea and quantitative analysis of the rad3" gene expression. Serially diluted (10-fold) cells from
mid-exponential phase of wild type, Alkhl (Ikhl deletion strain), Atupl1 (tupl1 deletion strain), Atup12 (tup12 deletion strain), Atup11Atup12 (tupl] and
tup12 double-deletion strain) and Aprkl (prkl deletion strain) were plated onto the plates (A). Quantitative real time PCR was performed to confirm the
expression of rad3" in wild type, Atup11, Atup12 and Aprkl cells with or without hydroxyurea treatment (5 mM, 4 h) (B). (***p < 0.001)

3} 20| ko] § o]k 422 2po] 5 xo] 4 ol 3]
O, HU A2 BA-A~Ed A vk 8 23 0A=
Lkh1- 2704 opaRel 5 £ i) wido] Z7hote
78S 9 TKFig. 3A). B, Rad3-Z 222} Lkhl/Rad3-0]
ZAEFEHU A8 3 cdel8 9} cde22" 2] Whe o] o F o)
U Lkh1-Z&5=0f H]sho] BF fash= 43S 2 AKFig.
3B and C). W], FA|- AE | 2 Hh-gof A A 2321 E 24
& 248k BMF-9]&/4d -84 AR} Rad3 & w7l =
She Lkh1 2] 218of ofsto] 4128 B 9 4 9lrk

ExAEYA HE20)M 2tHF 10 |U[0|=0| 25t rad3t &
XL WAXHES oivhisks QUL

T Q1ASHE 4x9l gt 7ol Yo 27} rad3” A&
Z2487] fleljA = o] B ol 592 o= g5k HARRIAL
(negative transcription factor) 7} & 2 $H2 of|AFsF 4= qlct 1
o], Lkh1-2 248 ¥ 9] A3E % F(flocculation) S A =4 5}
o, o] 742 Lkh1of| oJgt QA4S S]] = = HA}
Q]1Z}91 Tupl 13} Tupl?2 (Kang et al., 2010) L8] 11 Prk 10| 2|5}
7] = cH(Park et al., 2018). E3F Wrold X Q1 Saccharomyces
cerevisiaeQ] DNA A AE P A A 29} A EZ 7o Tup T
wizo] Hosh= A 0= U2 A §ltHuang ef al., 1998). w}
2bA], Lkh1 3190l A 258k HARRIAR] Tupl 1, Tupl2 B

=32l A A|s8d Al4%

Prkl &4 457} 2 a1 A2 HUO| tf ¢t 917 E 2t rad3”
FAA A o U] 2= Y S A SJste] o Tt EA
Wol50] HU RIZHEE 2ART 23}, Fig. 4A0]A B%ol
Tupl1, Tupl2 9 Prk1o] ©H=0 2 AL¥ Eolo| = opyY
% Y Lkh1-A&50d oh2 2jo| & Ho|z] ¢kgko L), Tupl |
I} Tupl27} 5 AiH 5= HUO| % 1izds}9int o] &
ARl 5 A Tupl 1, Tupl2 W Pkl 7 502 4

W0l A= HU A 2] 24X 2] rad3” 5712 W&l o] of
G} -f-o] vt Zpol & H.o] %] oh 3} OLf, Tupl 13 Tupl2
AE o]FAET0 F9ofli= HU Az 27ofA
Ao opAy g of| v|ate] fojulgt =E O & FhAd}
ScHFig. 4B). o= DNA ZA|-~E 2 204 0] 207
Erad3” 572 A& o] Tupl 12} Tup122] g2l SJaiA e =
AE = 28 7HsA S BojFs Ayjoloh e, 4
A 10| ghoj7foly|o] =0 Qg QlAtSLR B4 51 Tup T
A2 NxzJHol, 2 tiate] S X AR Agshe f
ke 2 - (Kang er al., 2010) 2 ¥] 3] & o, EA4] AE
g 220f WH-33}od rad3” o] HA-& S7kA 7)1 174 9] Tup ©
w2l o] Zhg slofl = gt 7ol o] 27} obd A 2.8 1AM} 3t
o3 7Hs A v A S 4= gl

O oz rp ook
l’u oflt [‘_\"_1. r
nz

N

g,

w
+



LAMMER kinase and DNA replicative stress response in fission yeast « 227

-l

2lH7[0|L{|0|=7}F HU &{2|ofl 2fct M= L EHAAT A
0lxl= g

gim7hold|o] = AEES. pombe o AT A WIS =
ok Ao 3 oFe] A QlthPark ef al., 2003). HU= A U]
F3EAto|H 2 t] H(superoxide radical )2 7M1 7], 4>
At = ] A =R E fefE sto] =5 A] 2] H(hydroxyl
radical)0] =% 0 & DNA £A-AEG A E o737 = 3t
THSingh and Xu, 2016). wh2hA], o & of] B]s}o] HUof| 71%F
d& Hol= Lkhl-Z&39] 5442 HUO| oF7|5l=DNA &/~
2EY| 2o Al = A 51A] Eol7] o)) = T Ao B,
HU©J| 2Jaf) Al Ujol] AA == &4 A4 (oxygen radical) 2
2',7"-dichlorodihydrofluorescein- diacetate (HZDCFDA)Z ©]
B3t FFAn g o= ARSI 1 A3, Fig. SoflA] H
o] oY P it Lkh1- A& F ASh- A E |2 oA 2 2 e
7 BFobax(H0,) EokHU A 2]of] o] 3] A2z Wof] 2] =
= BT F e B O, Lkh1-Z &3 A3 Yo &
e SgAaFol Tt ol E Hrke o =4 HEEHA
o} o] 23t A= Lkh1-A&57FHU A 2o ofsff A ==
Az ff BdAATS SR 02 A AR Foto] o g H
TFDNA &/4-2E | A BEA- A E g 20 o FoRet A Y-S

v Htl

H,0, 10 mM
L

WT

(T 0$) vAd0dzH

Alkhl

Fig. 5. Cellular accumulation of ROS in S. pombe strains. Cells were
stained with H2DCFDA to detect intracellular accumulation of ROS by
hydroxyurea treatment. The wild type and Alkh 1 (Ikh1 deletion strain) cell
were grown to the early mid-exponential phase (ODggo = 0.3), followed by
incubation at 30°C for 1 h with 50 yM H2DCFDA. Thereafter, hydroxyurea
and hydrogen peroxide were treated and incubated at 30°C for 2 h.
Accumulation of ROS in the cells was observed by fluorescence micro-

scopy.

o &

EEAVO|F7L DNA BA-AEH A of7|3h= opAlel 3
| =2 Al Sl oKHU)o 117H4-& Lebdieks Ab4o] Zolst

eu|7ho] o]0} DNA BA-AEH A whe 22 lxjeh

O

o @2

J ot WA A ke

SHEAE A% AR A = B ztol o] = 4
£=0]] 2]5}o] DNA E-A| A =3 21 E 2] sensor kinase -G A}<1
rad3” o] W& o] MslalA] gFor oLt HU A 2] 52] BA-AE
2| 271 op7] E= ol A= i 7hol o] = Ao o5}
rad3” @] F71etot). o= Ao ghu7loly|o]
27} A Ao FE 0] BAl-AE (Y
2F5mM ©]3F2] HU A 2])o] A= DNA EA4| A 221 E =
of| S71&Rt Yok vIAA] oY SRR, Bl A 73t
O] DNA EA|-AEF2(F]4 5 mM o]/Fe] HU %] 2)7} 7}s)
2 270 A= 2h 7o d|o] 27F DNA /-2 E 8 A 2 &
Al- A EH A WG 2.0] A9]of| 2H8-5h= rad3 o WE S &
Axd & AlARSHE Aol 3, HU A2 = 2/ ots=
rad3” ] ZA Rl Tofsh= HARIANE 54817 gt Al
L2 A AARIA EHHO|FE Y42 HU vzt
Rad3 §-AA @S 2ARE A3, 2pm)7ko|d|o] =0 ofsf &
Aot = Ao w Rl A HAREEARR] Tupl 13 Tupl2
(Kang et al., 2010)7} Aol ZAH o|F EHHo|FTI HU
S H el o Rad3 HAF -2 o a) de] hasst
94t ol2let 23k HU A2jo] ofat Rad3 £407 w2
of| Tup113} Tup 127} FA] of] o5t} o] 59 24d 3t Lkh1 7}
oft w| 2] &] 2FA}of| o3 o] FofX|= AL ® AT

o] A7IA] Hirel A o] ehuto|d|o]= 75 A4
7} 5 DNA &4 9 BA4-AE A0k o] Q= 2o R,
B3R = AZREE) 2ollA = gh7tolylo]l=
7} HjES7] 2 AHCDK) Q] ZAA 8212191 Ruml T2
2 AR BAE719] GI7jo) A S7]29] o] 2AsH
(Yu et al., 2013), DNA &4k A E g A oF7|ah k4ol Tt
AlBheds 59 ASHE AAE A2l H e ehizholulo) 27} 7
Abeka A FALe] A fH A 4] of kol sl T A Rl
Csx1-& mj7i| 2 2F-8-5lch= A o|ti(Kang et al., 2007).

2 =ol| A= gh 7ol o] =7} AAFA QL A Ht
oL 2} DNA &4 of7| sk A U EA1 & Wrsfishe Bl 78444 ¢l
270 M e FEARE A7) 2H o Tofdtths A=
AP A BT TR A F7HA] A2 X DNA &/4-2E
20 BEALAEY A RS A 2.0] 2]4F9] 91AF] Rad3 9] /9]

H Ao A= BIaHQS. pombed] et 7}o|d|o] = A
A
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o a}uﬂﬂolu}olz@kmm S A AR A Tupl 1, Tupl2)
7} 2 BAR 7V 5Tk 5718 A o]} B o] &
A-~Ed A A g7} EPH?}OM]OE?J 23 o}
P37 rad3 o) WRYE UH 5 P FATTH At
(Fig. 3A)} Tupl 17} Tup 127} SA]of] AiH S o] 9
Rad3 72} W&l o] Z715F A1KFig. 4B)+= et 7ol do] =
U Tup T2 Qo] Rad3 9] &4-& 24 dl= T thE AR}
(EL 2EAR)7F EQE 7ML AARBHE Aoz, §5
2hu)7}o]d|o] 29} Tup Th 4 ket Rad3 49128 A]
7lea AT A7t ol FojAHor & A O & Al

o= w10

5 2
H Ao A= B Y a X Schizosaccharomyces pombe 2] &
UV}OM]O]Z(Lkhl) A& EAWol7) sto| =g A faof
(HU) 50l 2J8f] +-5=%]i= DNA A4 A L2 Eete] ¢4
= ZAPSIITE Lkh1-2&5= 54 555 mM) o|4¢ HU
o W75l o, DNA £A4 ] A FZELJE ] Al A|7Io]do] =
o] Rad3-Z == Lkhl1-24F Bt HUof ¢ wizds)gich ot
H, Lkh13} Rad37} 25 ;._,_H o]& EHHo|F=Rad3 2
&5} TS 29 HU S Helen, HU A=
Lkh1-2459] rad3’ 9 5t9] §704 Wdo] Z7k5teick. of
L= DNA EA| JZZQEE A551=Rad3 2] &4 o] Lkhl ]
o8l &4 =4 H e AlAkSh= Aot 7H, Lkh1}Rad3 Ake]
OlA] 251 HARE SRS T#18517] Slalo] Lkh 891e)
Z AL Tupll, Tupl2 ¥ Prkl Z2£5 9] HU w7147} Rad3
GAR S ZABE da), Tupll/Tup12 SARTE ZA] 0
AdE olF FUHO|FRHHU YIS E.3l o w Rad3 -4
I3l = 7H4astelet o] 2i3t Aak= HU xiﬂ"ﬂ 9]} Rad3
A 2dof Tupl 13} Tup127} FAlof] Tofsh ol &
33} Lkh1 7} obd m]x] &f 8 zpof| O3]} o] Fo] 7 A

F
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