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Abstract

The organization of eukayotic chromatin into specific conformation that are associated with transcription, replication,
reapir and other nuclear processes are achieved via a series of DNA-protein interaction. These interactions are mediated
by a range of DNA-binding domains such as SAP domain et al. By searching S. pombe genomic DNA database, we
have found a gene named SAPuvs (SAP UV Sensitive) whose amino acid sequence is in part similar to SAP domain of
Arabidopsis poly (ADP-ribose) polymerase and Ku70. Knock-out cell of S. pombe SAPuvs gene was constructed using Ura4
as a selection marker. Survival analysis of knock-out cell indicated that treatment with UV significantly reduces the
survival compared to wild type cell. Potentiation of MMS-induced cytotoxicity by 3AB post-treatment was observed in
wild type cells, but not in knock-out cells. These data suggested that the protein encoded by SAPuvs gene is associated
with chromatin reorganization during DNA repair.
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o2, A&9 PARP (poly (ADP-ribose)polymerase)s} 3
FEE AFH T¥¢ol9) DNA 35 oAl Ku70/809)
A EAHATHY]. ol FA7 3Ed FHE DA 9
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dFE= Schizosaccharomyces pombe diploid (DE668: h+,
leul-32, ura4-D18, ade6-M216; ED665: h+, leul-32, urad-D18,
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pombeol| A E28}7] 918l Sanger ME Y] S. pombe H]©]
o]~ & tblastx program© 2 ®AM3IHT. o 7]dA
C31H12.c03 fAAR= o}d 2 EA4o] #3AA g& #
AAE 7 ¢to] ¥3HE SAP domaind A& 9] Arabidopsis
thaliana PARP2] DNA binding domainu]ol] &x}3}= SAP
7} 68% EE 78%9 ¥ AFAHL HYTHFg 1). SAP
domaing 711 e o dWAAE AFAc] BYL
U, Arabidopsis thaliana PARPS] SAPo| 714 &£& AFA
S HEth o] FAzY RwEHULEHE MES ZAEHY
4 ORFE BA3I1 ol 7|22 ofv|xat HEz WY
St thFig. 2). o|2A B4 FHAE SAPuvs (SAP UV
sensitive) & 2 H Y3}

4 FUXY Knock-out MZE 74

SAPuvs 34 AE WM 75g &es}7] 93
o 4§40 %A Yehd SAP domain F£-& ZAAZH
34 FES 24A717) H3te SAP domaino} E0i3)
< genomic DNA clone?! C31H12 clone$ SangerAlE{2
B 7|3egton, o]g o7 PCRE 3o 454
& X3sle 1212 bpe] DNA HHE EAUvhFig. 3 A
and B). £ Z2Z5 DNA Mdo] H3ls HEA &l
3t7] $18t9 nested PCRS %3) 816 bpe] DNAS A3}
o SAP domain¥#o] EAs= DNAYS st
(Fig. 3 A and B).

gt ; pirlT01311 NAD+ ADP -ribosyltransferase (EC 2.4.2.30) - Arabidopsis
thaliana gblAACI9283.]] (AF069298) Arabidopsis poly(ADP -ribose) polymerase
(GB:248243) [ Arabidopsis thaliana ] embiCAB80732.1| (AL161494) NAD+ ADP -
ribosyltransferase [Arabidopsis thaliana] Length = 635
Score - 38.7 bits (88), Expect - 0.049
Identities = 21/28 (75%), Positives - 22/28 (78%)
Query: 7 LKVAELREKLAEKGLSTAGNKAELVSRL 34
LKV ELR KLAE+GLST G KA LV RL
Sbjct: 5 LKVDELRLKLAERGLSTTGVKAVLVERL 32
Score 32.5 bits (72}, Expect - 3.7
Identities - 13/34 (38%), Positives - 23/34 (67%)
Query: 1 MSDYKSLKVAELREKLAEKGLSTAGNKAELVSRL 34
+ +++ + V ELRE+ ++GL T G K +L+ RL
Sbjct: 66 IGEFRGMIVKELREEAIKRGLDTTGTKKDLLERL 99

gt ;sp/Q11207[PPOL._ARATH POLY [ADP -RIBOSE] POLYMERASE (PARP) (ADPRT}
(NAD (+) ADP ~RIBOSYLTRANSFERASE) (PCLY[ADP ~RIBOSE] SYNTHETASE) pirll865662
NAD+ADP -ribosyltransferase (EC 2.4.2.30) - Arabidopsis thaliana

emb!CAA88288.1| (248243) PARP protein { Arabidopsis thaliana] Length = 637
Score = 38.7 bits (88), Expect = 0.049
Identities = 21/28 (75%), Positives = 22/28 (78%)

Query: 7 LKVAELREKLAEKGLSTAGNKAELVSRL 34

LKV ELR KLAE+GLST G KA LV RL
Sbjct : 5 LKVDELRLKLAERGLSTTGVKAVLVERL 32
Score = 32.5 bits (72), Expect = 3.7
Identities = 13/34 (38%), Positives = 23/34 (67%)
Query: 1 MSDYKSLKVAELREKLAEKGLSTAGNKAELVSRL 34

4+ b4s + U ELRES +4GL T G K 4L+ RL
Sbjct : 66 IGEFRGMIVKELREEAIKRGLDTTGTKKDLLERL 9%

Fig. 1. Blast search results from S. pombe genome project
database showing homology with Arabidopsis thaliana
PARP amino acids sequence.
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Nucleotide Sequence 738 BP;

atgtcagatt acaagagtct taaagttgca gaactgcgtg aaaaacttgc ggagaaagge 60
ctctccactg ctggaaacaa agctgaattg gtaagccgat tgacagcage gaccgagagt 120
aacgatgaaa atacttcgaa taacaacgct acagatctag gagatcttgc tcctcccgag 180
gatgatattg attggggaga catggagaat gatactattt caactgacgt taacaagcca 240
gcagaacceg aaagtaaaga gaccagtget cctgccgetg ctgtagagat tgaaaaggaa 300
aatgaaagca ttatttcgaa agagacttca caagetcctg aaacttccac tggtgctgaa 360
gagcatcaag aaaccacaga ggaatccaaa caaagtgtat ctaatgaagt ctctagccca 420
gatgtagcta aagagcaaga aaaactcatc caaagggcta aacgatttgg cattcctgtg 480
gacgatgaac aaattaagaa agetgctcgt getgcacgtt ttggcattca acaaccttta 540
gcgtcaagta ataacaaaaa ccataatcaa tctaagaacc ctcaaaatcg ttccaactca 600
cgttctaaac aaagaaataa gaatgegect cctaaaagtg ctccatccaa gcggaagagt 660
aatattttgg acgaccctat agaggcagaa aaagctagga agegtgetga gogetttggt 720
gttgctgeca agaattaa 738

B

MSDYKSLKVAELREKLAEKGLSTAGNKAELVSRLTAXXXKXXXXXXXXXXXXXLGDLAPPE 60
MSDYKSLKVAELREKLAEKGLSTAGNKAELVSRLTA LGDLAPPE
MSDYKSLKVAELREKLAEKGLSTAGNKAELVSRLTAATESNDENTSNNNATDLGDLAPPE 60

DDIDWGDMENDT ISTDVNKPAEPESKETSAPAAA XX XTSQAPETSTGAE 12 0
DDIDWGDMENDTISTDVNKPAEPESKETSAPAAAV TSQARPETSTGAE
DDIDWGDMENDTISTDVNKPAEPESKETSAPAAAVEIEKENESI TSKETSQAPETSTGAE 12 0
EHQETTEESKQSVSNEVSSPDVAKEQEKLIQRAKRFGI PVDDEQIKKAARAARFGIQQOPL 18 0
EHQETTEESKQSVSNEVSSPDVAKEQEKLIQRAKRFGIPVDDEQIKKAARAARFGIQQPL
EHQETTEESKQSVSNEVSSPDVAKEQEKLIQRAKRFGIPVDDEQIKKAARAARFGIQQPL 18 0
A XX )RNKNAPPKSAPSKRKSNILDDPIEAEKARKRAERFG 24 0
A RSNSRSKQRNKNAPPKSAPSKRKSNILDDPIEAEKARKRAERFG
ASSNNKNHNQSKNPQ JRNKNAPPKSAPSKRKSNILDDPIEAEKARKRAERFG 24 0
VABKN 245

VAARKN

VAAKN 245

Fig. 2. Nucleotide (A) and amino acid (B) sequences of
the SAPuvs gene in S. pombe. X, intron region.

Urad

— 1.212kb

— 8.16 kb —22kb

Fig. 3. (A) strategy of homologous recombination for
knock-out S. pombe SAPuvs gene. (B) The 1,212
bp fragment is amplified using the S. pombe ge-
nomic DNA as a template and primer 1 and
primer 3. The 816 bp fragment is a nested PCR
product of the 1,212 bp fragment using primer 1
and primer 2. (C) 2.2 kb fragment is amplified
using the knock-out S. pombe genomic DNA as a
template and primer 1 and primer 3.
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o2 FAHE FAAE T-vectord] Yol FEX7 %
Hpa I3} Xba 102 Ao} SAP domain B2E-& A A3
o] BEo MEEAZ AME3te Und FHAE B Al
Z3 DNAZ gAYtk o]EA 49 DNAE PCR=z
&5t SZ g DNAS A S pombed] A A3}
o] SAP domain #-£0o] ZHE AEE Itk o] Fol
3t7] $13le] genomic DNAE F&3l9 o8 FYog
primerl#} primer 3.2 PCR3}9 SAP domaino] ZA=
AZYE A5 tHFig. 3C).
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SAP domaino] ZHE HE& B4 AEopes b 9
8-S BYHFig 4). 19 40 Hole AT go] A A
X B¢ 2L g2 43t Ade b2 FUT £
o] o WA BLS BAT ole FAA A4
0E AE Fg9 olgog Koz wtA o FAA7L A
EEIHA BAFE AT

[}

tZstH2t KM AMelof ME SAPuvsREAIZEAL

0% 1

of

AAAES} knock-out® A Eo] AAHE 0~120 J/m’
o AFoz zAEI MEY AFHE YT E via BY
&%l thFig. 5 A and B). A EE LA A3 F &
Bto] 4AstE ¥, knock-outd XE 30 J/m’ o)A =}
94 B g BEsA Rt 3k o]= SAP domaing
AR Qle KA A9 gss g Yad FHx)
d& #As Aol

LA MMS HeJAME knock-outs] 7} A8
S Hoju] ARAEY AAEE Bt & Ao @S B
HAth(Fig. 5C). o] SAPuvs F+AA7F MMSe] €]3F DNA
B3l 5 BN TS YA FHA AHE
Qlste] MMSe] tfgt Aol Fold AoZ Btk

Fig. 4. Light micrographes (1000X) of S. pombe wild type
(A) and SAPuvs gene knock-out cell (B and C).
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3ABE BER (base excision repair)Z A 33l E22 MMS
o} A A2l 3 MMSeE A g Mot 22 AEs
of A Fol E732 3ABY &2 HA AjTh
(Fig 5D). o]& MMS Az ¥ A3 53] AP AEE
& & itk metA], SAPuvse DNA 333 84 2353
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e R 38 4 ok
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g ANTIed Boste ©@WE9 DNA-binding
domain©]|tH4,6,16]. SAP domain®] N-terminal®l] &xz)3s}
= AR 4E9 poly (ADP-ribose) polymerases} 917¢
9] Acinuso]®, SAF-A9} DNA /3338 didx FF4
< EA0412]

olgfgt FHAEL DNA B33 ua FAAe A4
o] Fslm = 1 EAo| gitt w-gkA N-terminal &
o SAP domaing 7}A1 e A2 A tiiiol
o] R} o] DNA-binding domain®]{tH7].

S. pombee FSAHYANEZAN BEHoZ & 31
Saccharomyces cerevisige Rt 38 FAFEE 7143
Ae Aoz ddA QUok S. pombes genomic DNA A€
o] &A% Wz, A 75E AT HelF Al
298 7iAn g B AFR= S pombed| A SAP
domaing 7121 Y= NES FAAY 755 diaxt
Eaii=g

SAP domaing 1AL 1o.H, DNA 43|32 2 Al
A AR BAste FHAAE 27 Astd o|v] w3l
#22 = PARP9} SAP domaing F4Hoz EA3Ich
S. pombe2] ¥3]7 genomic DNA A g & Tulda WAl
7VFsAo] = ORFE ¥ Hste opd A5 g2 o
A 9] o}u Al g E PARPY SAP domain® & A% o]
%2 FHAE blast search program2 o843l 23519
TH3L. 78%%t 68%9 4EHE Hole #FAA FEL
C31HI2.c037E 22 wWEFh o] 529 714 e A
28 motifE BEXdg o), @A SAP domaingto] &3
3+l chFig. 2)
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Fig. 5. Survival test of wild type (W) or knock-out (K) S. pombe cell irradiated by UV (A, B) or treated with MMS (C,
D). (A) and (B); Survival of yeast cells irradiated by various doses of UV and then incubated on complete
medium for 12 hrs (A) or 36 hrs (B). (C) Survival of yeast cells exposed to various doses of MMS for 1 hr and
then incubated on complete medium for 38 hrs. (D); Survival of yeast cells exposed to various doses of MMS for
1 hr and then incubated on complete medium containing 10 mM 3AB for 38 hrs.

2% FAAE 2% miol, mlo2, mlo3o)Ytt. o] F
miolo] B AT EME FAAYG 2 FAAHOH,

mlol G729 9B (DNAE 343ty ol& 23 oy
AlA o] fARY 7)FS EASAT. o A R E
HEEARE o GAH7L viEs e A4S By
[9]. 3lA T o]} HuH HAA = Cterminal FEOZH
B YEEo|n, SAP domaing EEEA otk B
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7t E=tern, PARP 3 gA4H A Bodle 7]
& 7FA1 o PARPo] %3 23w NAD'E o] &

—_

st QAF) 9] Bedat= DNA binding @29 ADP-ribose
polymerg FAsl FAAE FAAEE x¢ Fri13].
T3 QAR F, 258, 4E7A PARPY EA 57} 9t
HROWH11,13,14], ol A7 A= yeastol A& A7} B8 A]
A ¥ Yok AT HEE V)5 DA EAY A
o2 dojxx ok

SAPuvse] 79+ PARPS] NAD domaind} A4S 7t
T Fio] EAstA gyt whebr, SAPuvs7t PARPe| 2}
TE B4 & A7 PARPY DNA binding domain
S 7lA T QloE g PARPHY d@Ao] gon B =
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