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DPB11 is a component of the S-phase checkpoint
in Saccharomyces cerevisiae
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Abstract

The DPBII gene, which genetically interacts with DNA polymerase I { &) encoded by POL2 and DFB2, is required
for DNA replication and the S phase checkpoint in Saccharomyces cerevisine. The transcripts of DPB11 did not
fluctuated as evidently as DPB2 and POL2 genes during cell cycle. To identify the physical interaction between Dpb2
and Dpbll, we examined the interaction by two-hybrid system. The interaction between Dpb2 and Dpbll was
detected in a two-hybrid assay. These results suggest that the amount of the Dpb2-Dpbll complex may peak at the

G1/S boundary. Therefore, we strongly suggest the involvement of the Dpb2-Dpbll complex in a progression of

DNA replication and S-phase checkpoint.
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Table 1. Sirains used in this study

olB R el A 57 checkpointe] eishs DPBIIe) Bk 9

£ A= AZF7] F Dpblle] 715 olds7] $1st
o 2T F WHSEE ZAE, in vivo R 2hy-
brid system& o]&3la Dpblld} 4 X57) & DNA E7
717l #efsbe Dpb2ste] HQE3e 2AEtAnh o 4
T AEEE Edhed DPBII Ldxbe] ] ttazs}z]
Serhe A DPBI H74% 454 E dehhe &
£59) QUTRADE §7ts] R 40l BUE I
wdste) JERgd o5 2ADES qel%% Mfﬂ
Tk E# in vive V9] 2-hybrid system %
Dpb2st AFEE AUE o] BEA D
A A &L E3 57] Checkpoint 7}'5_' Zo] A
PE G o|# 3 AfS Ed|E DPBIIY DPBIv e
838 mull-copy suppression®] o} HA in vivo A
Fiom, mE Dpb2 Wil gds] EAR) A4
A Gohhe AE TAFHT
THE 2 i

o

% plasmid DNA

E El‘noﬂ AL ZolAY #59 hATL Table 19
FAlstAh AZF7)7E AgEE F9 DPBIT 3R
WS 24187 9% Northern blot analysise] AR&-H
total RNA E@lolle W3BA 752 Agagw, the a7t
in vivo U9| F5aE-& 2ARH7] A% two-hybridH ol =
Y1907 of4 WlZTo =M SNELpSELI1)Z SNFA(pSE
s AR sl YIN/ENF g5 AR THSE]. *
& CBO01 @3+ proteinase Al o] A4y F72aA 33

ARE WEHIRE G 420 AL et

Strain Genotype

W303-1A Mata ade2-1 canl-100 his3-11,15 len2-3,112 trpl-1 urad-1

W303-1B Mat ¢ ade?-1 cani-100 hs3-11,15 leu2-3,112 trpl-1 ura3-1

W303-1A/B  Mata/ e diploid, cross of W303-1A and W303-1B

Y190 Mata gald gal80 his3 trpl-801 nde2-101 wrad-52 len2,3,112 + URA3:GAL-lacZ, LYS2:GAL(UAS)-HIS3 ol
Y190/SNF Y190 with pSE1111 and pSE1112

CBo01 Mata leu? trpl wrad prb pepd::UIRA3

DH5 » F™ 80d lacZDM13 endAl recAl hsdR17 [t mi']

supbdd thi-1 A~ qurAY% relAl AllacZYA -argF) Uls9
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Table 2. The used oligonucleotides

]

- AFd

oitd - AFFL - FAY

primer name

5 -oligomer- 3°

emzyme site

DPB2-Forward CCC ATT GTA AGC TTC AAT GCC HindIl

DPB2-Reverse GCA TTA TTT CTA GAT ATA TCT C Xba 1

DPB11-Forward CGC CAA GCT TTC TGC C Hind I

DPBR11-Reverse CGT GIC TTC TGC ATG CGA TCC Spht 1
CLEN I S| ¥ time{miny 4-& o] &35 19

£2 9 gAFE o83 4258 YL Sambrook F
[18] 2 Sherman S{19|¢] ¥ & AHE-5H3 T i+ DHS
a9 Z28 wxZ LB{Luwia-Bertani} broth{0.5% Yeast
extract, 1% Bactotrypton, 05% NaCl, 50 pg/ml Ampi-
cillin)2 AMHEsled 37°C oA sl vl Two-hybrid £ pla-
smidss] A dge] AM-HE A= SCleust SCArp

] 2] (0.67% veast nitrogen base, 2% glucose, 1 X amino

acids dropout leucine -2 tryptophan)d A8} G 0]
28 HEHAAE o] &8 Two-hybrid system& 53 4
AL Yolr 7| 98] SChis + 25 mM 3-AT (3-Amino-
1,2 A-triazole; Sigma co.) Bl =] A HEAE streaking3l

of 30T M 397 weket T 22ue 348 FAET

Two-hybrid analysis
DPB2¢} DPBIT f#4¢] ORF & Table 29] primers
o] &3l A PCRE F83le] dETh of3lA el @&
2z pASI¥ pACTH[A[d] Ardste]  Gald-Dpbllz}
Gald-Dpb2 43 99 (fusion protein)& TET} pAS1TH
pACTII plasmidse 217} Gald®] DNA binding domain®}
activation domaing ¥ gl FTHog pASL/DPE2,
pACTII /DPB2, pAS1/DPB113} pACTII/DPBII1¢] ThE o
Atk 7+ plasmide Y190 #3o dF7@sHT 4 HE
#AgH = Heua] SC-trp, SCleu, SC-trp-lens] A oiz]
0oolgs) 2oid 9AdBAT 7 AawdA oh
patchaled b4 g %, filter paper(Whatman no. 50)5]
replicagtt}. o] filter paper® HAALT WYFEAI F, 4
28 X-gal(5-bromo-4-chloro-3-indolyl- £ -D-galactopyrano-
side)} TFF Z buffer(l0 mM KC, 1 mM MgSO,,
Na-PQy, pH 7008 AlE3ld ZAMHgich =31 Permea-
bilized cell assay® E4+ §-galactosidased] HAEHE

247 YAl AE Oy / ODsw X volume assayed(md)

612 / A ehs] R

Western blot analysis

7 plasmidg AMEdtel HEAFTH CBO01 #55 ¥lY
8 3, 38l lysis buffer(10% glycerol, 50 mM Tris[pH
75, 1 mM EDTA, 015 M NaCl, 02% Nonidet P-40,
ImM  phenylmethylsulfonyl finoride, complete protein
inthibitor [Boehringer Marmheim]Z #E%- % glass bead
2 gwAs FE284ch 23 AL polyacrylamide
geldh lane & 10 pg¥ A FFdd £ F, Inuno-
bilon-P 2ol transferE 435k & HA(hemagglutinin) mo-
noclonal antibodyell 28} &84T

2t o o

DPB172| MAeER M23rls S YnsiAH waFct
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BaE ozst DPBII 349 AZF7) & Al
22 zAElg =, WA elutriation[22]¥ o] 2ty F2
ZolAE HEE AMEstd AEF7)Y 4 A7) B2
RNAE F&alo] 24815t Northern blot analysis®] o
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Time(min) 30 60 90 120 50 (80 210 240 270

Fig. 1. Steady-state levels of the DPBI1 mRNA during
the cell cycle. 5. cerevisine W303A cells were syn-
chronized by elutiom as described before[8]. G1
cells obtained by cenirifugal elutriation were re-
leased into fresh medivm. Samples were with-
draw every 20 min. To make sure that the same
amount of total RNA from each time point was
applied on a gel, the gel was stained with ethi-
dium bromide before RNA transfer to a mem-
brane, Based on intensity of rRNA bands, appro-
ximately the same amount of total RNA was used
in each time point m this experiment. Northern
blots were hybridized with “P-labeled BamHI1-
Aafll DNA fragment of DPBI1 along with *P-
labeled Histone H2B, Protein 1 and POL? DNA
[13]. PR. 1; protein 1 mRNA, H2B; Histone H2B
mRNA.

TEol ¥EEA wAth oldE Zie EEARAA
DNA |7 Ea+] 4844 AU 7154 fAHE o
B Cutd fdzte] dAteest SR8 e,
wﬁw DPBI1E: 57]¢] DNA EAuge] A3 #efsis]

3L DNA EAs) e &d S BE5ke] 571 Check-
p0mt°ﬂ BT 7 dE Ushhgch THER Sl A
Tago] e DPB2stel duld AeAgg
Foted Al G

hybrid analysis&

Dpb22} Dph 11 chHA 7ie| S2|& MF Zt

dpb2-1 WolF ¢l gk DPBII 4 Ak2] multi-copy sup-
pression?] Au[4]= DPB2¢} DPBI1 T A4 Aol &
VEE daAd s AAEY. w3 DPBIT fAARs HU
{hydroxyurea)®} 22 S7) A EA ey F=de
HERRSTHAL f7Ate] W »MHE DPB2 %ﬁl}
B2 AZTATH 4 7o w2 AN5EY 95
s)Awt, DPBI1 4737} 24E-L Fig. 104 51_04%‘—5—
2ol AW waFs Yepdn, ol 2ne

Fig. 2. Physical interaction between DPBE2Z and DPBIL
Transformants of Y19) carrying each pair of the
plasmids were streaked onto SC-His -+ 25 mM
3-AT plate and incubated at 30T for 3~4 days.
Plasmids in this transformation were shown in
Table 3 as same number, respectively.

DPBI18] 7]52 DNA 57 wi7lUZe| &3 DPB2%} ¢
£ FA} A sty 57] checkpoint 7 5€ 4T

Pl AAET cld# A5AS 2 A9 Fol
EX9 two-hybrid system& o] 48] in vivo A F v
A Atole] HFAEE ZAFEI T Two-hybrid analysisol]
o8 plasmidi= A5 3 WA HEE Za 2o
Gal42] binding domain(pAS1)#} activation domain{pACT
< A4 plasmid o] Table 28] primerE | &3]
PCRE F85}e] & 2} ORFE 4¢3t Algalsict. 4
AulFFe 2 pASly} pACTT plasmid3t Eogls &
2 A3k:(Fig. 2-D)9} 7} DPB2¢} DPBRI1Y) & Zake
plasmid7} &2 #3E FF(Fig. 2-@~G) 21T F B
4 Aele) AzAFe] dedl ¥4 dETLE SNFIF
SN2 plasmid(pSE11115 pSE1112)¢] 33484 (Fig. 2-

@) AHdetdct. =i Dpb2sh Dpblie] 2t dwldo] 4
B3 o|HAE BAs=vHE AVl H8 pASl/DPB2
s} pACTII/DPB27} 8AMSE F4(Fig 2-T)5 pASL/
DPBI15} pACTII/DPBIl] 3AABE FF(Fig 20)S
FAFSFS T Dph2¢} Dpbll 5 gl Alo|o] 45 AFL
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Fig. 29] Ag= 2t FAAEAE 25 mM9 3-ATE £
a5t SD-His M elw] 2o streakingdtel A4S 2ALe A
ojth. 1 ¥ tiERFoE AR DG gFelHs
SD-His+25 mM 3-AT uz|e]A wh& A& Jehyo
W, o4 OFFOR o 88 SNFIZ SNFie] 48-& Gol
A Heole A £& F& A4S vehdin. dEzt
o] FA S ZANS AFe]A Dpbll whiA(Fig. 2-00) Aol
de s ol@AE P4 v ASR ol
Fig. 2@ A HoAFE Az Zo] Dpb2 w42 o|F4
4oz Dph2 @ Atoldle AR E A= &Oi
LFERSTE Dpb2-Dpbll 7 @i g Alojo] dgder o
Goll A= SD-His-+25 mM 3-AT9] A diuf =] ¢ 1
= *é“% UER 21} Fig, 2-Be M= A thad
£ wE A4S UEhiEE F A Aele] AEAES

m\J

Table 32 22 Ale]g] A& E3E A -galactosidases]
g4 ZAof o8 A FAE untZ e A Table
3o AbE-El 7 AAATA = Fig 28 2YE ALL B
pASl/DPB2-pACTII/DPBI1S] Al o B2 %A
thzF SNFI-SNF4S: 418k k8 vehisith Jed &
g gulds A3 58 vudE urel A% pASl/
DPBI1-pACT I /DPB22] A$-ol= B4 o] *A veht
Fig. 29} 54§ A4E Vel

Table 3. The Activity as §-galactosidase units in transfor-
mants of Y190 carrying each pawr of the plasmids.

transformed plasmid activity {unit)

O pAST + pACTH 0.04
@ pAS1/DPB2 0.08
3 pACT I /DPB2 0.01
@ pAST /DPBII 0.03
% pACTI1/DPB11 0.04
® pSE1111+pSE1112 1.37
@ pAS T /DPR2+pACTTl/DPB2 430
® pAS [ /DPB2+pACTII /DPB11 1.38
@ pAS I /DPBI1+pACTII/DPB2 0.03
T pAS T /DPBIT+pACT I /DPBII 0.04
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BA 22 v wde] 298 5o vyehie 299
Aale Aze 4 gich Fig. 29} Table 33 Asjolr] v E

ol Hihe Fe4g dolEy] A& Gal-HA% Gal-HA-
Dpb2 &2 Gal-HA-Dpb11£ 2Al5e] Fadae fa)s
G g £8 ASE ehdA 4o ol
pAS1/DPE2-pACT[1/DPBI12] 72 AWsA 3 pASl/

DPBI1
DPB2

Fig. 3. Expression of the DPBII gene in yeast. The pro-
tein extracts and precipilates were analyzed for
the presence of Gal+-HA(pASl and pACTI; lane
2 and 4), Gald-HA-Dpbll{pAS1/DPBII and
pACTII /DPBIL; lane 3 and 5) and Gald-HA-Dpb2
(pPACTII/DPB2; lane 6). lane 1 shows the pre-
stained size marker(20.9-, 29.1-, 355, 30.6-, 83
101-kDa). The western blols of vyeast extracts
were probed with anti-HA monoclonal antibody.
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A0 A SHFe] ErdE AAHARR, HA
7 ERANEE AW FARRH M gl 2HE 24
a3t Fig. 3e14] vehll= 33 o] pASl/DPBIi(lane
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