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Autonomously replicating sequence (ARS) Bind-
ing Factor 1(ABF1)2 <i7]4€de] RTCRYN;
ACGQl ¥8-& 50)3H4 dA3k= DNA 23 o
Aot} ABF1o] q1A3h= 47]494-& ARS, MAT
(mating type)2] silence copydl HMR3 HML<$]
mating type silencers, & §3%A2] promoter2]
UAS(upstream activating sequence)ollA] ehjoy,
ABF1& $]9} 722 DNA %90 Zysle], DNA
HAe Fodstz HMLZ HMRS AAHE A3,
AAe 8437 A8 715E 2 7R ok
ABF1 @942 ojefiobell A} 75302, OBFI(6),

ABF1/SBE-B (20), GF1(5), SUF (7)., SFB-B(21), -

TAF (11) 59] o8] o]Fe 2% 2ix gjov 2%
ABF13} Fd¥ =dojct

ABF19] WA 75L& ARSol Z§sled DNA
el gedsle ziolth Yeastoll: 40099719 ARS
7b EAsin, o] 20477} waFck(2). ARSE
BE ARSHA H&5 3 Q)+ ARS core consensus
sequence (ACS)E E§sl= domain A2} ACS9] T-
rich region®ll 3'%9] 449! domain B2 F44%c}
Domain B+ ARS71%5¢9 2&< ¢j8] a3}, Bl.
B2, B32 A= e] glt}. ABF1, ACBP (8), DBFA7}
ARSY) A= Aoz wizsdl, ABFlo] 14
3= 94714 d& B3 domainel] $x§c}. ARSE
mutational analysis®] Z3}o} w23, ABF1-& ARSe
trans-acting element® 2h4-3h ), ARS #4dol] iz

102

Al BasAe gfon, EAxr)d RzAq 9%
e Ao BAD(Q).

ABF19] A 7]%5<& mating type F3A
HML 3 HMR#] silencerell A3sted HML} HMR
2] HAE A3l Holt) Saccharomyces cerevisiae
9] mating type2 chromosome III MAT locusel
a £t o alleled] A4 w2}l A=} MAT
locuse] £1Z:d| ZA)sh= HMLY+ a allele?} 32,
2 2% HMRIE= a allele?} &A3x1%E 4749 SIR
4 (silent information regulator)(20)3 RAPI,
ABFld] 2j3te] A7} ofA5]e] MAT locus®]
Ax}e] w2} mating typee] AAEA k(1)

ABF19] A4 7]%5-& ABFlo] o8 #3221
promotert] ©] UASell Agtste] HALS B4 3]
Ze]t}. ABF1& yeast RNA polymerase®] ¥ 4
Z}el RPC16, RPC40 (20), pyruvate kinase %2}
(PYK1), phosphoglycerate kinase 2} (PGK)(3),
YPT1, TUB2 (9), enolase #3A}2] ENOI1, ENO2
(2), ribosomal protein S33(7), L3 (10,22)%} mito-
chondria A& codingsle ¥ #A3E(5)9
UASH| ZA§sld AAg 843471 Aoz gy
At} Database search H3}o] m=2w FaA7}=] vt
&7 yeast §-HAHF 804370 o]Ake] 42} promoter
UASei| 4] ABF1 <217 <§7]xjde] vehdr}(17).

EMBL} NBRF data base?] A} Zs}o] upaw
ABF13} ojd ©al Aol f9A]l fAHe
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g5tk B3 ABF1& od2] eukaryotic transcription
factorell A 75+ ¥ A< metal binding pro-
teing] zinc finger 27} ohja}, vl YAQ zinc
finger motif& ¥/32 Ue Aoz 44 ded,
Z 3782} Cys3} 2709 Hiso] 41¢)4) 71 Ate]g] o}
vl Al AdellA Cys 49, 66, 71 H2]¢]A4 His2
57, 61 f1XA epdel oleize] Cysi}l Hisd
773} wldo] AY¥AH4 zinc finger motife} YA
32 ek 23y zinc iong AAY AeolA
DNA A% 53¢ A 2= DNAZY $3He
AAdche B2 (4o Hhd 93] zinc finger
motif§ A3z g} =3 Halfter 52 (10) His 57
—-Gln F+ Cys 71-Serdl Ed¥e]7} DNAJ| &
§3lx] R332 His 57, Cys 71o] DNA Z#el
A¥gE 893, Campbell X (18) Cys 49->Tyrgl
<& A FQ¥olFo] DNAC ZA§stA 3
otz 23z gl 23 deletion mutants] ¥
Aol oJsbd ik 104 530712]9] o}ujxAl R9]7}
dojel A3 A DNAS A Bae ot
(10). 222} #2712 8) DNA-binding Ao B3
Aol 23bd AA ofH Y9 zinc finger§ 1Al
Ao Ay AfEel M2 dX3A Yz, 4
DNA Zgle #3d" ¥97F @A N-terminal
regiond] I+ zinc finger motifgt EAe= Ao 2
424 9ok z2ejEE £ AYlAM= zinc finger
motife] His-61& Alac® HAstE, zinc finger
motif2 YL z7] o9 FA Y & DNA
AFEA7E UAeRAE Golrr] Y3t FIR A6
9l Leu3533} Leu360-8 Arg> & mutagenesisd}i
zinc finger motif ©]]¢] ¢}& DNA ZAI¥-$E
Az} shgich

g ¥ Uy

52l #2A0|E

Escherichia coli NM522L(F' laclqg A(lacZ)M15proAB/
supE  thiA(lac-proAB) A(hsdMS-mcrB)5(rk-mk-McrB-)]
£ BE Az plasmidol] it host= AR&-3lgic)
E coli ¥¥ ¥WE]2% New England Biolabsol 4
T8 pMAL-c2 plasmid& AH&3tgth 25°CellA]
= AR £ gley, 37°ColAe A + g+ Sac-
chromyces cerevisiae YCA35 (MAT a, 1rpl, ura3-52,
Iys2-801, ade2-1, gal. abfl-5)(18) €X 7oA B4
o] #5858 ¥AAYel A3} Yeast a9
Bl ABFI promoter®} ORFE d YEp24-3a
(NE AHg3lglen, o] Fefir|me 7t Fadwol
8 229
PMAHW expression vector?| H|=

YEp24-3a (17)& Bglll2 &2} 45kb DNA 27
4 93 M13mpli8& BamHIL R #He} Z24d3ly
MI13mpl8ABF1-& %HE9it}. DEL oligonucleotide
(5'-cacgactaagctticcatecttgtg-3' )2 AR8-3lod, mutagene-
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Fig. 1. Schematic diagram of the construction of
PMAHW containing ABF1 gene.
MCS is multiple cloning site. E, H, Bg and
B; restiction enzyme sites of EcoRI. HindIIl,
Bglll and BamHI, respectively.

sisqdh A3} ABF19] start codon <t&el Hindlll
enzyme site?} A5t Hindlll enzyme site7}
g A=l MI13mplSABF1-S HindllIZ A2} pMAL
-c2 vectorel] cloningdle], A= ABF13 MBP
(maltose binding protein)7} " pMAHW
expression plasmid& # %3} (Fig. 1), DNA ¢
7] Aed AA 22 ORF (open reading frame)e]
Z24$ sk (Fig 2).
oiX| 2} ujUZEH

pMAHW3#] expression plasmidE A E. coli-S
LB (Bactotrypton 10 g/l, yeast extract 5 g/l, NaCl
10g/noll HAEE wioFsl, 1/10002 3)4s}e],
glucose-containing LB(Bactotryptone 10 g/l, yeast
extract 5g/l. NaCl 10 g/l glucose 2g/l) x| A
w]}3ich. Ampicilline& 100 pg/m/E AH-#t}. ODe
05414 IPTGE #F5=7} 0.3 mMe] =7 uf gkl of
w3, AgA 32°C A 3417 F el sigdch
Yeast®] 79} YEPD (yeast extract 10g//, Bactope-
ptone 20g/l, glucose 20 g/l) Wi A] 2} selctive minimal
media (yeast nitrogen base 1.7g/l, ammonium
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Fig. 2. Autoradiography showing nucleotide sequence
of the fusion region between ABF1 and MBP.

Table 1. Sequences of synthetic oligonucleotides.

oligonucleotide sequence (5’ ---------- 3)
name

ZINC-1 TGTAAAATCTTTGTTCC
LEU-1 ATCTTAGTTCTAATAAATTT
LEU-2 TCGTTTTGTCTAATCTTTGG
LPRIMER TTTAAATTACTCACTG
pMAL-2 forward

primer GGTCGTCAGACTGTCGATGAAGCC

sulfate 5g/l, glucose 20 g/l) WAl & Al&-3lgich
Mutagenesis

ABF1 #z #4327} #2495 pMAHWS] phage-
mid el 4] uracilel -2 single-strand DNA
£ A z3t] Kunkle methodE we} Edne)d wt
E9ci14). A3 oligonucleotide®] A& Table
13} 2t} Oligonucleotide & ©]-4-31e] mutagenesis
g2, DNA 9714d A2 EdwWelE 3 o
Leu-1. Leu-23= LPRIMERE primerZ AH3-3l9i 5
ZINC+ pMAL-c29] forward primer& AH&-31%c}.
99| ¥A Hal

Yeast, YCA35(16)2] Z$-olli= 25°ColH 24417
zet wfeksted 50 mie] YEPD wi=lefl 1/100 3143}
o JEZ Foll ODyw 0.5~1 Ato]9] vikey 30 m/&
4000 rpmo 2 $-23}gick 10 m/9] Li acetate £
[0.5M Li acetate, 10 mM Tris-Cl (pH 8.0), | mM
EDTAleZ HEE A& Fo 1mi9 Li acetate
Sofoll AmA] EEo|4, 100 Wl 10 42] DNA7L
FHd S8E o 1087 A2olA WX Tl 50%
PEG 60007} £g% Li acetate £°4-2 280 4/ ¥3
30°CoN A 45%8-7) wkA)sla, DMSOE 43 W& vl
42°CollA] 337AL& F Fof selective mediaol] 33

o
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A A7) AEE AsiH(12).
28 3ol x|

IPTG& inductionste] wjdgt HEE 4000Xgel
A gk AMY AL wet weighte] T 2
9] column buffer[ 10 mM Tris-Cl (pH 7.4), | mM
EDTA, 200 mM NaCl]ell d=sled #z wet weight
9] Ful9] column bufferel] c}A] #etelod, French
pressZ AEE E3HE Fol 13000Xg2 ¥4 £
3toich A2l e wol [ 1022 343t amylose
resin affinity column (1.5X3 cm)& ¥4}t 2
2] resin packing volumn®2] 8u§¢] column
buffer 412 ¥ 10 mM maltose column buffer2
elutiondlod 7} 1 m/4 9] fraction-& 207 gle}(11).
SDS-PAGE ¥ Immuncblot

A" protein®] ¥AF 3 £ ¥4 Laem-
mliYf (15)9) =2} SDS-PAGEE Al#3¢ 1 protein
o] e Lowry %4 (16)& ARE-3tsich. pMAL-c2
plasmid”} zt3 3l& fusion proteindl maltose
binding proteinol] 3| 7)ol wrEoj FAAS
13} A2 3T oA HEHA E7) 3t 3
g43¢ 23 #$A=E slo] o)zel horse radish
peroxidase® A §A1A immunoblot$ Al &35t}
13} 23+ New England Biolabsell4 2x} &&=
Jackson Laboratoryel| A <+]]3}lg]ch
Gel retardation analysis '

Gel retardation®ll Al4-5& probets yeast ARSI
region®] B3 clement® 33-mer9] oligonucleotide
(5'-GAATTCATTTCTTAGCATTTTTGACGAAAT-
TTG)2 uhEeJA hybridizationd i, end filling
H e 2 sequenaseE AME3lY - ?P-dATPZ la-
bellingdt ¥, 025ng AXE ¥2J3 ABF1 oA
1 g3} 43, binding buffer[20 mM Tris-Cl (pH 7.
4), 50 mM KCI, 0.5 mM EDTA, 0.5 mM DTT, 10%
glycerol]ol 4] 20% $<} bindingAl?] 3ol 05X
TBE, 6% acrylamide geloll4] A7) 35§ & 2¢aix
autoradiographyd}lcl. Nonspecific competitor2
£ salmon sperm DNAE 200 ng A28t} Spe-
cific competitor2+ ARS1¢] B3 oligonucleotide
£ AHg-gtgc
Complementation test

Campbell o (18) Ssted AZ2Y L% 744
Eddeldl YCA3SH] ddngste] 77 25°Ce} 37
CollA] wF F AA=E 2ABIgIcH

d= o o

Site-specific mutagenesis

ABF1¢] 4904 71 Apoje] oAl v el Cys3}
Hiso) %A 3 =& 7709 eln|ieAt 744E =z
Cys 34, His2 2o} Ex3l7] ufEof] o
ofr]iz4te] A zinc o}&7} wi$] H3tE 3t zinc
fingerd] +Z% yAs=AE ¢ + ¢k ABF1
Al el 49, 55, 71 ofelxAbE o]m] Campbells}
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Table 2. Nucleotide and amino acid change in mutant.

Mutant Nucleotide Nucleotide Amino acid
name affected change change
ZINC(H61A) 181 C—»G  His6l—Ala
LEU-1(L353R) 1056 C-T
1057 C—>A Leu353—Arg
1058 T-G
LEU-2(L360R) 1081 T—A  Leu360—Arg
1082 T-G
LEU-12 1056 C-T
(L353R/L360R) 1057 C—>A Leu353—Arg
1058 T-G
1081 T—A  Leu360—Arg
1082 T-G

Halfterol} 2)3led DNA ZAitell F83lcka v}
(18,10). 2822 49, 55 71HA o}l o]9)9]
His-61 o}v|:Alg Alae 2 x|#3tgict =3 DNA
AR H-7 TCS ACGE FEH Sl AHH
ABF1 whalale] basic amino acid residueE =)
Ye 471 7844 ler2 = o DNA
binding motif’} £a18 7FsAe] Uk an=z
ABF! gened) F7F = Hol basic amino acid
residueE AU+ 99 Leu-353, 3602 c}& o)v)
XAke 2 X &l ch (Table 2). Ed¥ol: 7] A
Aoz #Astg} (Fig 3).
Gel retardation analysis

E. coliofA] @A) ABF1 ©wize] DNA bind-
ing activity® AW Qle=AE H4l57] 8k gel

WILD TYPE

Lou-1

Leu-2
MUTANT MUTANT
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retardation& A|#¥3}¢ic} Fusion¥ ABFI A&
Factor Xa2 &2 ¥, ABF1 A | yg3} o-¥P-
labelled ARS1 B3 element oligonucleotide(0.25 ng)
£ 43 05SXTBE. 6% acrylamide geloll #71d%
sled 4] autoradiography3t A=}, @3 ABF1 pro-
tein®] ARS1 DNA2} complex& o]F A& #als}
2k (Fig. 4). o] AMAL yeastoll 4] #2]g ABF1%}
E. coliol Al &@4]7] sl de] FUg ZHAPYsHE
A lehe Halfter 529 27 (10)2F dxsbdcl =3
2 complex?} &3+ ABF1/ARS! complex?l7}Fe
#<q13}7] $13le unlabelled ASR1 B3 element
oligonucleotide® ¥X¥WZ competition¥t A3},
band”} ARl ZeE Holx ABFI/ARSI
complex-& st} (Fig. 4). Fdwo] @ YA&
wild type ABF13} Fd& z7slollA wdsty &
23 Fol e wyog pgel retardation
assayE Algstsich. ZINC (H61A), LEU-2 (L360R),
LEU-12 (L353R/L360R) Tl AE5HE 4
Adtg o, LEU-1(L353R)x= DNAe ¢ <F34
Agstod} (Fig. 5). oJAe2 el 61'Hs ofv]x 4t
o]l His-& Zinc finger motifE FAdshe=d Fa3HA
2-2-3ln], ABF19] ORFel] Leu-353, Leu-360 ¢}v]
kAte] X#g Fedfel® DNA ZA7|5ol wi¢
ofsf 2 A, A RAeg Mol F7HA] 7"
ABF12] DNA binding domainel] thale] &z
o4& A 22] DNA binding motif7} EA3= 7oz
A5z Qlvk LEU-12 94l DNA 335y
o] Algbzedl ©]72 LEU-1(L360R) EdHol7}
243 DNA Z3sHe] §17] wgel L3533 360°l

WILD TYPE

Z!
MUTANT

Fig. 3. Autoradiography showing nucleotide sequences of mutants.



106 Cho, Lea Kim, Kim. Rho. and Jung

<— ABF |/DNA

<*—DNA

Fig. 4. Competition DNA-protein binding analysis with

double stranded oligonucleotides correspond-
ing to ARS1 B3 element.
Gel retardation analysis was performed with
an o-*'P-labelled ARS1 B3 element oli-
gonucleotide in the presence of increasing
amounts of competitor. 1, free labelled
oligonucleotide (ARS1) 0.25ng; 2, binding
mixture containing ABF1 protein (1 ug) and
o-P-labelled ARS] oligonucleotide (0.25 ng);
3-7, binding mixture contained 2, 5, 10, 20
and 50-fold molar excess of unlabelled ARS1
oligonucleotide, respectively.

=dwolql LEU-12 (L353R/L360R)= 23] DNA
AitsHo] AlpAA " Ao}
Complementation test

YCA3S 5 AlEdl Z7+e] mutantE 3 AA3)
atod 25°Col Al colony”} Yebd wj7lz] 7] o
37°Ce 25°CR 258 ¥4 wiks A=t wild
typegte] Ao} wigir} o] As= LEU-1 Slelrt
A #J8t3 gel retardation A9} X 3}e]c} (Fig. 6).
Z LEU-2 §<9*¢]+= DNA binding motif?] 737}
H]g)o 2 qlste] ABF1 bl Fo] DNA| A 3l%|
%3kl AR A L7} Ao} Fg = gloich ¥ ZINC
Eoddle|lr £Ug AAE At olo sl LEU-
I E9de] whiale DNAo| of$ oFslA A
T o} LEU-I Ede)7) dA4d3g AZxe o
& Edwole} o] A 5 Qi) & AFA B
odwie]al. YCA3Se 4+ LEU-1 Eoifo] chijde
in viroo| 1213 DNAe ol-$ <ofsbA| dge & +
Ao <HysHAl Atz F517] o Fel ABF19

KOR. JOUR. MICROBIOL.

Fig. 5. DNA-protein binding analysis of each other
mutants.
Gel retardation analysis was performed with
an g?P-labelled ARS! B3 element oli-
gonucleotide in mutants. 1, free labelled oli-
gonucleotide (ARS1) 0.25 ng; 2, binding mix-
ture containing ABF1 protein (1 yg) and a-
2p.]abelled ARSI oligonucleotide (0.25 ng);
3-6, binding mixture containing each other
mutants, ZINC (H61A), LEU-1 (L353R),
LEU-2 (L360R) and LEU-12 (L353R/L360R).

Fig. 6. Complementation-of the thermosensitive abf1-

5 allele of Saccharomyces cerevisiae by plasmids
containing the wild type and each mutant
ABF1.
WT is YEp24-3a containing wild type ABF1.
1. YEp24-3a containing ZINC mutant; 2,
LEU-1: 3. LEU-2: 4 LEU-12; 5. No YEp24-
3a. Primary transformants was streaked out
on minimal media and incubated at 37°C
and 25°C.
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e 715& Ad motife] F271 HAHRA Wit}
sttizt= DNA Z37)5°] ¢48i#A complement-
ation® 2] 9 Ao FAHA =¥ 43 AY
€ LEU-1 S<to] sl dle] AxulelA & 7%,
Z replication efficiency, transcription activation
3} repressionE9 d¥& e Tl BHPMHe=
3}e] complementation= x| & ZFsAxE WA
¢ ¢ g2, 99 2& LEU-13 LEU-29 com-
plementation®] A= 3533 360 olvjiit Ao
t}& DNA binding motif7} & gchs AL 3%
4 3l $77} s Aol LEU-22] DNA binding
activitys §l& el u]3), LEU-12] DNA binding
activity7} <F&tA] Yele olf+= ABF1 protein]
397-416 olu) XAl x|H ol Helix-Turn-Helix motif7}
&) 3l (unpublished data), olvkE o] 9o
360 o}v)iAbr e} 353 ofv]iAte] o] 747 A, LEU-
28t} LEU-1°] Helix-Turn-Helix motifell *2}3}]
3L viX7) wFo2 AR ABFl whiA e
DNA <qxx]9& RTCRYNJACGE E3] TC,
ACGE 2] ABF1 QA Fgoll4 REF = TCe
919 ¢t §Z d7] Mg Hsrt gled uisiA
ACGE A% FA€ch o] ARl &J3d Q1
97 5 REo2 <¥se] 9l DNA binding
motife § #Eo2 sl UL 7FsAe] Uk
o] AL £ Ay Al dx|¥rl.

2B E Zinc finger motif$} £7F 249} DNA
binding motif7} 77+e] TC, ACGel Adtsl= A
o2 FA=ES TC A Y9 zinc finger motif7} 2
%3832 & th& DNA binding motif7} A st
e o4 F 912}, phosphorylation®} 72 post-
translational modificationell ¢J3te4 DNA binding
motife] Fx7} WA o2 sl ofutx |44
9] 7)ol Welrt AlgF TCAIGA Ao
Abdlell we} 7+ o3 ABF1 Qx| gG7]Mg249]
AAEr) Skl Aoz FAHc)

#A 2

E =R 19929E $FHedcte) 2372 o
FA| o} Al 2R3 ATANE] (92-4-3)9] AF x| Yu] =
AT AL

22

1. Brindle, P.K., J.P. Holland, C.E. Willett, M.A.
Innis, and M. Holland, 1990. Multiple factors find
the upstream activation sites of the yeast enolase
genes ENOI and ENO2; ABF1 protein, like
repressor activator protein RAPI. binds cis-acting
sequences which modulate repression or
activation of transcription. Mol Cell. Biol 10.
4827-488S.

2. Campbell, J., 1988. Eukaryotic DNA replication;

Analysis of DNA Binding Domain of Yeast ABF1 107

yeast bares its ARSs. TIBS 13, 212-217.

3. Chambers, A., C. Stanway, J.S.H. Tsang, Y.
Henry, A. Kingsman, and S. Kingsman, 1990. ARS
binding factor 1 binds adjacent to RAPI at the
UASs of the yeast glycolytic genes PGK and
PYK. Nucl Acids Res. 18, 5393-5399.

4. Diffley, J.F.X. and B. Stillman, 1989. Similarity
between the transcriptional silencer binding
proteins ABF1 and RAPI1. Science 246, 1034-1038.

5. Dorsman, J.C., W.C. Jeeswijk, and L.A. Grivell,
1988. Identification of two factors which bind to
the upstream sequences of a number of nuclear
genes coding for mitochondrial proteins and to
genetic elements important for cell division in
yeast. Nucl Acids. Res. 16, 7287-7301.

6. Eigenberg, S., C. Civalier, and B.K. Tye, 1988.
Specific interaction between a Saccharomyces
cerevisiae protein and DNA element associated
with certain autonomously replicating sequen-
ces. Proc. Natl. Acad. Sci. USA 85, 743-74.

7. Herruer, M.H., W.H. Mager, T.M. Doorenbosch,
P.L.M. Wessels, T.M. Wassenaar, and R.J. Planta,
1989. The extended promoter of the gene
encoding ribosomal protein $33 in yeast consists
of multiple protein binding elements. Nucl. Acids
Res. 17, 7427-7439.

8. Hofmann, J.FX. and S. Gasser, 1991,
Identification and -purification of a protein that
binds the yeast ARS consensus sequence. Cell 64,
951-960.

9. Halfter, H., U. Muller, E.L. Winnacker, and D.
Gallwitz, 1989. Isolation and DNA binding
characteristics of a protein involved in trans-
cription activation of two divergently transcrib-
ed, essential yeast gene. EMBO J. 8. 3029-3037.

10. Halfter, H., B. Kavety, J. Vandekerckhove, F.
Kiefer, and D. Gallwitz, 1989. Sequence,
expression and mutational analysis of BAFI, a
transcriptional  activator and  ARSI-binding
protein of the yeast Saccharomyces -cerevisiae.
EMBO J. 8, 4265-4272.

11. Hamil, K.G., H.G. Nam, and H.M. Fried, 1988.
Constitutive transcription of yeast ribosomal
protein gene TCMI is promoted by uncommon
cis and rrans-acting elements. Mol Cell. Biol 8,
4328-4341.

12. Ito, H., Y. Fukuda, and A. Kimura, 1983.
Transformation of intact yeast cell treated with
alkali cation. J. Bacteriol. 153, 163-168.

13. Kellerman, O.K. and T. Ferenci, 1982. Maltose-
binding protein from Escherichia coli. Methods
Enzymol. 90, 459-463.

14. Kunkel, T.A., 1985. Rapid and efficient site
specific mutagenesis without phenotypic selection.
Proc. Natl Acad. Sci. USA 82, 488-492.

15. Laemmli, UK., 1970. Cleavage of structural
proteins during the assembly of the head
bacteriophage T4. Nature 227. 680-685.

16. Lowry, O.H., N.J. Rosebrough, A.L. Farr, and R.J.



108

17.

18.

19.

Cho. Lee Kim, Kim, Rho and Jung

Randall, 1951. Protein measurement with the
Folin phenol reagent. J. Biol. Chem. 193, 265-275.
Rhode, P.R., K.S. Sweder, K.F. Oegema, and J.L.
Campbell, 1989. The gene encoding ARS-bindig
factor 1 is essential for the viability of yeast. Gene
& Development. 3, 1926-1939.

Rhode, P.R., S. Elsasser, and J.L. Campbell, 1992.
Role of multifunctional autonomously replicating
sequence binding factor 1 in the initiation of
DNA replication and transcriptional control in
Saccharomyces. cerevisiae. Mol. Cell. Biol. 12, 1064-
1077.

Rine, J., J. Strathern, J. Hicks, and 1. Herskowitz,
1979. A suppressor of mating type locus mutation
of Saccharomyces cerevisiae: Evidence for and
identification of cryptic mating type loci. Genetics

20.

21

22.

KOR. JOUR. MICROBIOL

193, 837-901.

Seta, D.F., I Treich, J.M. Buhler, and A.
Sentenae, 1990. ABF1 binding sites in yeast RNA
polymerase gene. J Mol Biol 265, 15168-15179.
Shore, D., D.J. Stillman, A.H. Brand, and K.A.
Nasmyth, 1987. Identification of silencer binding
proteins from yeast; Possible roles in SIR control
and DNA replication. EMBO J. 6, 461-467.
Vignais, M.L,, L.P. Woudt, G.M. Wassenaar, W.H.
Mager, A. Sentenac, and R.J. Planta, 1987.
Specific binding of TUF factor to upstream
activation sites of yeast ribosomal protein gene.
EMBO J. 5, 1451-1457.

(Received Febraury 16, 1994)
(Accepted February 24, 1994)

ABSTRACT: Structure-Function Analysis of DNA Binding Domain of the Yeast ABF1

Protein

Cho, Ginam, Sangkyung Lee?, Hong Tae Kim, Ji Young Kim?, Hyune Mo Rho'
and Guhung Jung* (Department of Biology Education and 'Department of
Molecular Biology, Seoul National University, Seoul 151-742, and Department
of Genetic Engineering,: Kyung Hee University, Suwon 449-701, Korea)

Autonomously replicating sequence Binding Factor 1(ABF1) is a DNA-binding protein
that specifically recognizes the RTCRYNSACG at many sites in the yeast genome including
the promoter element, mating-type silencer and ARS. To express the intact full-length ABF1
gene in E. coli, the ABF1 gene has been cloned into pMAL-c2 and His-61, Leu-353 and
Leu-360 were substituted with other amino acid. ABF1 fusion proteins of wild type ABF1
and H61A, L353R and L360R mutants were purified by amylose resin affinity
chromatography. Fusion protein of MBP and ABF1 was digested by Factor Xa and
characterized by gel retardation assay and complementation test. As a result, we suggested
that other DNA binding motif except atypical zinc-finger -motif is in the middle region

of ABF1.



