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Nuclear matrix+= & W] 7|2 5248 F43E protein® E matrix
9} loop DNA<}e] ZA3gHH-91¢] MAR(mtrix attachment region) DNA$}
A3t3lo] DNA  replication, transcription, repair, splicing,
recombinations 2] ¢ &g 3t}

2 Ago A= gdX<9 MAReIA  ARS(autonomously replication
sequence, named ARS1564)E cloning 3t Y. ARS1564+ control
vectordl YEP24e¢l H]|3}o] 1/3 &9 transformation efficiency® 73 2.
Lt} exonucleaselll deletion®. & A7l sub-fragment % core sequence
R7F5(192-bp)+= &4 = =8 A 5k transformation efficiency+= full
<l ARSI1564(7112-bp)E.t} 64, YEP24E t} 1.8¥] ¥ <tal R7F4(254-bp)
v AAESELE w23 ARSI564(7112-bp) Rt} 168, YEP24R 1t} 4.84)
ol Ztglgl ARSYS AlALgTE. ARS1564E DNASIS® MAR finder
site(http://www. futuresoft.org/MAR—-wiz) program©. 5 sequence® &
Mgk Az AT §hdo] 50.44%0°]3 AukH < MAR, ARS?] 542l ori,
curved DNA, kinked DNA, topoll patlern, unwinding element,
ACS(ARS consensus sequence), ACBP(ARS consensus binding
protein)s 2] motif7l FASA Y. 121} Fish cell line oA+ &84

2l replication origin® 715< sFX+ 5330



I . Introduction

Azl e dEo] Aol ADMAEZ Weo] ) Ao= FxA

A FEIA 7eHA FEoR FAHo glojof g} TRAHQ REJ
thgt A% histone?} GAA DNAN 7rell o] Fo} 2 loop domain
Q. o] A =

AR e] wAA FrEe U@ AT olvul Wol waA vt
(Gasser S. M, 1989 ; Gasser. S. M, 1987 ; Goldman M. A, 1988 ;
Nelson. W. G, 1986). o]j&{gt #-A = wa s} #do] gli= e ol =

23 AE  AT@ozm de TEHow Amnw A7)
heterochromatin®} interchromatin &, F42 23L& 3= 23 Z12x]
gv Fo=m R, #4dx WAL = interchromatine
euchromatin® nonchromatin®.& ¥+ 9=t o7]4 nonchromatin-$

matrix2t3l  $-cH{Fig 1]. Protein complex?] matrix2 LISUithium
3,5-diiodosalicylate) ¥ o2 & & 3hd 7}142e] 9 lamina protein
7h= ARFE Y9 internal  matrix, 28|32 Q9] o] EAo] Fi=t}
Lamina proteine 3 &3 F 714 EA R o)X= A O 2 chromatin
olgl o] A= Hoew Yewi=d HAAE in vivo’d lamina protein
¥} DNAZ} binding®] d v (Gerace, 1986). & ©|Z-& chromatin loop”}
matrix®t # 3l A chromatin AHF 125 o1& 4 YA = ddL
at= Zolth(Lebkowski. J. S., 1982). o] & A matrix’ell = 5kb~ 200kb
7hA 9] kgt loopE ¥ DNAZ} binding®o] &= loop DNAZ
matrix®t ZgtEol d= FH9 DNAE 53 MAR(matrix attachment
region)o| 2kal 3l matrix®] 7]%[table 1]0] A H Aoz o] Fojx|=
Folol ®BE A7t sHojx Qtitable 2], =3 MAR$® matrix®}
binding 43 2% MARY: H3Hom BFEol z Hoglye 721e & %
24t} Human(Stephanie J, 1998)3} rat, chick® matrix®} dosophila®)
MAR®}€] binding 4! %] (Cockerill. P. N, 1986 ; Izaurralde. I, 1988 ;



Fig 1. Nuclear matrix structure

Nuclear matrix 1s composed of nuclear lamina protein(l.),
fibrogranular internal matrix(F) and residual copmonents of

nucleoli(N)
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DNA loop attschment site sequence
DNA binding protein

DNA topoisomerase I
Replicating DNA

Replication origin

DNA polymerase @ and primase
Other replicative factors

Active gene sequence

RNA polymerasel
Transcriptional regulatory proteins
hn-RNA and RNP

Preribosomal RNA and RNP
sn-RNA and RNP

RNA splicing

Spliceosome -associated proteins
Steroid hormone receptor binding
Viral DNA and Replication

Viral premessenger RNA

Viral proteins

Carcinogen binding

Oncogene proteins

Tumor suppressors

Heat shock proteins

Calmudulin binding proteins
HMG-14 and HMG-17 binding
ADP-ribosylation

Protein phosphorylation

Protein kinase A

Protein kinase B

Protein kinase C

Protein kinase CK2

Histone acetylation and deacetylation
Protein disulfide oxidoreductase
Reversible size change

(Gasser and Laemmli, 1987)
(Hakes and Berezney, 1991)
(Fernandes and Catapano, 1991)
(van der Velden and Wanka,1987)
(Dijkwel et al, Tubo, 1986)
(Tubo and Berezney, 1987h)
(Tubo and Berezney, 1987a)
(Zehnbauer and Vogristein, 1985)
(Lewis et al, 1984)

(Felmen and Nevins, 1983)
I(Verheijen et al, 1988)

(Ciejek et al, 1932)

(Harris and Smith, 1988)

(Zeitlin et al, 1987)

(Blenkowe et al, 1994)

(Rennie et al, 1983)

1(Smith et al, 1985)

(Mariman et al, 1982)

(Covey et al, 1984)

(Gupta et al, 19853)
(Eisenman et al, 1985)
(Mancini et al, 1994)

(Reter and Penman, 1983)
(Bachs and Carafoli, 1987)
(Reeves and Chang, 1983)
(Cardenas-Comna et al, 1987)
(Allen et al, 1997)

(Sikorska et al, 1988)
(Sahvoun et al, 1984)
(Capitani et al, 1987)

(Tawfic and Ahmed, 1994)
(Hendzel et al, 1991, 1994)
(Altieri et al, 1993)
(Wunderlich and Herlan, 1977)

Table 1. Functional properties associated with isolated

nuclear matrix

(from "Nuclear Matrix |,

Renald Berezney et al)



Species Gene Position Reference J
Whitehurst
Ig « Intron
o et al.1992 ]
Apolipoproterin B 5 & 3'frank Fortier et al.1989
A . Conningham
Y 3'frank
et al.1994
Human |Bjood-clotting factorIX 5’end & intronic Beggs et al.1989
c-myc J'end & intron  Gromova et al1995
B -globin_genecomplex |Introgenic Higgs et al 1988 |
Histone H4 Promoter Stein et al1991
Osteocalcin _|Promoter Stein et al 1991
Topoisomerase [ __|Intron Romig et al.1994 |
. Rabbit Jlgx B intron Sperry et al.1989
__Mouse | £ -Globin locis - [9'frank DNA, 7, 601, 1988
Lysozyme 5'&3’ frank B B
Chicken |a@-globin 5'&3’" frank _{Phi-van et al,1988
B —globin 3' frank
Xenopus [Ribosomal genes Intergenic(OPI) Marilley et al.1989
Lectin |=7kb Intergrnic |Breyne et al1992
Plant Plastocyanin 3'frank Slatter et al.1991
ST-LS] 5'&3" frank Dictz et al.1994
Adhl 5'frank Paul et al.1993
) . . Mirkovitch
Histone intergenic
et al.1964
. i. ] Mirkovitch
Drosophila|f7SP70 intergenic ,
) o et allogd
Fishi-tarazu ~ 5'&3’end Gasser et al.1991
_— |Sgs—4 __5'&3’end  iGasser et al.1983
TRP1 ARSI !
Yeast |CHr3 CEN3 |Amatt el al, 1988
JARSI 3'frank o

Table 2. Summary of SARs/MARs identified in various cells

(from Hak-Seob L..,1999)



Mirkovitch. J. S, 1988 ; Phi-van. L, 1988), drosophila®] histone gene
7o) MAR$} yeast®] matrix9te] 23#, yeast, chick cell®] matrix ¢}
rat®] Ig«chain gene? MAR®99 biding(Amati. B. B, 1983 ;
Cockerill. P. N, 1986 ; Phi-van. L, 1988), rat® liver®} Hela cell,
drosophila®] matrix®} histone, haet shock, fushi tarazu, Sgs-4, Adh
gene’d 2] MARS$}e] A3 Al(Mirkovitch. J, in the press), soybean®
MAR®} drosophila®l matrixel W3k Eo]lA(J. Falquet, unpublished
result) S EW £E7F matrix?} binding®+= MARZ}F X3 Aoz n&E
9 AL 9 & 9

o] gk MAR®S| g I+ genomic DNAS] @M A& Al O 22 o]
YA, Saccharomyces cerevisiae®] MAR| A= 5 A (centromere) £+
ARS(autonomously replication sequenc) elementZ X 3Hsla 9rl= A
S <A (Amati, B. B, 1988). 3 0| A drosophila®t mammalian
matrixi= ARS1¥ binding©] €t}(Amati. B. B, 1988). 4 A A DNAY
EHHo e HA & 4 A @9, = protein complex$! replisome®}
DNA%}e] E3tA o] w@9l<el replicon(Edenberg, H. J, 1975)S 7} =4
o] 8t replicon[Table 3] Welli= ~2~% EA 7153 ARS element’}
FEAe. &) replicatione] dojui= MARA = ARS7| &A= A
ot}

ARSE 9AA DNA9E= SHAH OS2 plasmide] £A48= 7fsA o=
7122 dt9  Saccharomyses cerevisiael~ & A} (Hsiao. C.-L,
1979 ; Stinchcomb. D. T, 1979). t % plasmid’ol Al saccharomyses
cerevisiae °| replication ongmgi/‘i—J 1ol A5 L (Brewer B.
J, 1987 ; Huberman. J. A, 1987), A4 A replicatioin DNA°| #3gt A&
2 plasmiddel A ARS13} 24 ARS9 750 L AHA A2 At
(Huberman. J. A, 1987 ; Brewer. B. J, 1987). Replication®ol] ¢lo]A]
ARS7} 2442 ARS domaing 9 FA=2 &7IAY flaw#d
replication 7]5©°] AstHAY ofd glojAd WE= s B 4 Ay

(Maria Gomez, 1999). ©]#] 3l replication machinary+ 23} Aboll A 23}
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Ho g REHAHY(Dutta. A, 1997). Tg ARSE 53] ACS(ARS
consensus sequence)?! Al domain® Bl, B2, B3 domain®. % Y- =H)
(Anja-Karin Bielinsky, 1998) %3] B3 domain< ABF1(ARS binding
factor) protein binding site’} €A gteH(York Marahrens, 1992). ACS
= ARSHo] BEHE d7i4dg=2 "W-T-T-T-A-T-R-T-T-T-W,
9] sequenceE 7zt glom o] FoA  Tx-x-T-+-A-*-G-T-T-T-
x, 9] 670 base oA st x WEo] HW replication &&°] A&
213 (Robert T. Simpson, 1990) o}dl gflojd ®wlg7|= 3a(].-H.
SHON, 1996) &1tolx REHT 54 2= (Dutta and Bell, 1997,
Rosemary K, 1997).

B A8y QX (Paralichyhus Olivaceus)®] MARONA 2 g
ARS1564% yeast’dol A 2] replication origin®. =42} &AL =AH3 %
fish cell line?] CHSE-214¢l transfection ¥ ot} FAEE Z=AHFA
vt} oln] Aty ol AHH[Table 4]& & 8359] CMV promoter®t GFP
selectable report gene(Johan G. de Boer, 1997)-& A}-8 3} o).

- ro‘

ol
2,



Specises

' To sub(2) cells

. Construct Expression Reference
(cell line) o _ S
CMV-tGH Active Betancourt et al.1993
. CMV -lacZ Active Sharps et al.1993
Carp EPC cells )
cBA-CAT Low active Moav et al.1992
RSA-bGH Active Bearzotti et al.1992
Chinook salmon 1o 1oz LA S t 211993
IV-Lac Active Sharps et al.
(CHSE-214) arps et a
Salmonoid cell line | AFP-CAT Active Jun et al.1992
Rainbow trout
hepatoma cell cA-CAT Low active Moav et al.1992
(RTH149)
Rainbow trout i
) , cBA-CAT Low active Moav et al.1992
fibroblasts(RTG2)
GR cell line aag-CAT Active Fu et al.1993
, CMV-tGH Active Betancourt et al.1993
Salmon CHSE cell ) . ‘
RSV-tGH Active Betancourt et al.1993
Tilapia CMV-tGH Active Betancourt et al.1993
RSV-tGH Betancourt et

Active

al.1993

Table 4. Gene transfer in fish cell line
(from Kung-Hoon H.,1997)



II. Materials and Methods

1. Bacteria culture and condition
Bacteria strain E.coli DH5e¢ MCRE AF£31 311 Luria-Bertani(LB
0.5% yeast extract, 19 bacto-tryptone, 1% NaCl) wjx|elA] 37T
vz g wgsidn. deujAE ARESr] 98 100ug/mle)
ampicilling H7tsto] AR DAAZ ALEE A9 2% agars 4]
oSl t}. E.coli back transformationA] host cell#+ XL1-Blueg& A&
FeH ol 12548/mle) tetracyclin & F7bste] AR&3shtt.

2. Yeast culture and condition

Yeast strain®. == Fold & W2 Saccharomyces cerevisiae
DBY747& AFE33 YPD(1% vyeast extract, 2% Dextrose, 2%
bacto-tryptone) ¥l X[ el A 30TC2] &5z 2y wjdsict My z=
SC-URA(0.67% vyeast nitrogen base, 2% Dextrose, 0.5% ammonium
sulfate, 0.05% Drop-URA)Z AF&-3}A ). ez 2 A& 49 29
°] bacto agarg 2 oFArCt.

3. Cell line culture and condition

Cell line strain®.=+= fish cell linel CHSE-214(Chinook salmon
embryo)< 18TCeolA 117 wigstsdc)h wiAl == MEM Eagle(Minimum
Essential Medium Eagle, sigma M-1018), NaHCO3(0.35g/ £ ), penicillin
G(0.06g/ £ ), streptomycin(0.1g/ £ )& 4°] 0.2¢um membrane® & filter &
71 10% FBS(Fetal Bovine Serum)S 43¢ ARk Alo) wj ke cell
o] 80%AHE AzHE& o sPge=d wiAE g il PBS(Phosphate
Buffered Saline, NaCl(8g/¢), KCI(0.2g/¢), NaHPOs(1.15g/¢),
KH>PO4(0.28g/ ¢ ))o.22 28 washingdlal  Trypsine-EDTA(KCI,
KIoPO4, NaCl, NasHPO,, glucose, trypsine, EDTA)S 557} 3¢ 3} o
30%Hx seeding & § wlX] 10ml-E vl o] 18T A u)kslgdr).

..10_



Specises

Description

Strain E.coli DH5 ¢ MCR | supk44, Alac, 4U169,
@ 80lacZ 4M15,hsdR17, rec Al,
end Al, gry A 96, thi-1, relAl
E.coli XL1-Blue recAl, endAl, gyrA96, thi,
hsdR17, supE44, relAl, lac
S. isi
cerevisiae Mat a, his 3, leu2-3,
DBY747
lue2-112, ura3-52, trp 1-289
CHSE-214 Chinook Salmon Embryo
Plasmid [YIP5(5541bp) amp’, ter, Ura’, colEl ori
pUC19(2686bp) amyp’, lacl, lacZ, colEl ori
pBluescript 1 SK(+) | amp’, F1(+)ori, colEl ori, lacl, lacZ,
(2961bp) T7 and T3 promoter, MCS
YEP24(7769bp) amp” 2p circle ori, Ura3, Tet"
pEGFP-C; CMV(Cytomegalo virus) promoter,

GFP. MCS, f1 or, kan',
SV40 polyA, pUC ori,
HSV TK polyA

Table 5. Bacteria, yeast, cell line and plasmid DNAs

..11_




[Table 5]

4. Plasmid construction

E.coli®} yeast 7} suttle vector?l pURY1IOME ¥ A& aleA  YIP5,
pUC19, pBluescriptISK(+)& ©]&3lo Al&g vectore]t}. Control
vector= v YEP24E A}-&3131 3. cell lineol transfection® ¥ pGA-neo
vectort ¥ A3 A A pEGFP-Cl(clontech, #5084-1)¢} pUC19& o] &
slo] A2k vectoro]th. [Fig 2]

9. Plasmid preparation from E.coli

A v X (LB-ampicillin)°] colonyS % %3} overnight %% ujj}
g % 15ml tubedllA centrifuge® cell harvestd H  200xf
resuspension buffer(50mM Tris pH8.0, 10mM EDTA)S 231 voltax 3l
o} 200ul lysis beffer(200mM NaOH, 1%SDS)E Y3 invert 3+ ¥
2008 neutralization beffer(3.0M potassium acetate pH5.5 with acetic
acid)E FH7bsle] 3BE8F HA2oA AAEF § T 20040 silica(sigma
S5631)ell dE NS A7HE Y. Washing buffer(50mM NaCl, 10mM Tris
pH75, 256mM EDTA, 50% ethanol)® washing ¥ <42 9443 A~
gt 3 3540 water® elutiond]| Al 0.7% agarose gel Aol 4 #2ls}¢ o).

6. Exonucleaselll digestion

5o A 3o R nuclease FEE& 7 exonucleasell®] AA 7+A
9] digestione T WAA deletion ¥ sub-clonegs % ¥4 94A4L
= A4 Aol core sequences 7] ¢ DAL Deletion &
3Fo| 5'-overhang®] H %% A3 E AR double reaction § 3 1% 303%
rA o2 30Tl A exonucleasell AeE 3 25uE njg wHEo] Fg
d  S1 nuclease mixture 75409 A Ao 308 F H Si
nuclease stop buffer® Y31 70ColA heatingdled S1 nuclease
inactivationA]| A%, &4&E A % klenow polymerase$t ANTPES 7ztz+

g

_12_



2.7kb

EcoRl  NMARg EcoRI
———

“coRI

MARs

coRl

Fig 2-1. Construction of pURY19 ~ARS1564(MAR)
pURYIOM  was constructed wusing pUCIY, YIP5.  Ecod7M
fragment(778 ~2908) including URA3 selectable marker gene of YIP5
intruded into Ssp I site of pUCI19. This vector named pURY19. The
pvull fragment(529~977) including MCS of pBluescript SK(+) was
inserted into pvull site of pURY19(pURYI19M). ARSIS64 was
inserted into EcoR I site of pURY19M.

_13_



‘Neo gene by PCR,

|
: |
amp |
— IR I }

Ecoﬂr_’]x('l)B i
fl ori, SV40 ori|

kan'/neo’

pLCori

. MY promoater

IS SRR OGN

EGEFP
pGA-Neo
4666 bp
Mhood 10401
Amp
HSY TR
Iy A
FaaRT 2720 po ¥ Neuv pewe
Sl FRE T S T g
Cumsl0 2712 - 352 hal THE0
FeanZ Ol 270G ﬁ:';fi

Fig2-2. Construction of pGA-neo, pGA-nARS1564, F3
Xho I /Xba I -deleted pEGFP C1 was ligated with Neo' sclectable
marker gene, and deleted f1 ori, SV 40 ori, kan' genc and added
amp gene. The vector named pGA-neo, pGA-nARS1564, F3 were
constructed by inserting ARS1564 and F3 into pGA-neo.
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1l #H7bsto] 37Co| A HES-A]7]aL ThA] 65C ol A heating3}e] klenow
polymeraseE inactivation AlZl ¥ ligation3}e 16CelA] overnight
incubation A Z1t}.

7. E. coli transformation

LBui Aol DH5a¢ MCRS 37ColA &5 wigd H 1/1002 A=
&2 SOB(2% tryptone, 0.5% yeast extract, 10mM NaCl, 2.5mM
KCl, 10mM MgClz, 10mM MgSOs)l A ODgw#ko] 0.60] = 18Tl
Az W gAZ T O.DFol ZHZ cellg icedl 108% & H 4TolA
2500 < g, 1087 L|AEZ g 3 TB buffer(10mM Pipes, 55mM
MnCl,, 15mM CaClz, 250mM KCDZ pellets Zo]F3L iced 10% F
AT 4TAA 2500x g, 1087 dAEH 3 20mlel ice cold TB buffer
2 pellet2 F3 iceol] 108 ¥ % 1~2ml aliquotdiA] -70Ce A Y=
BA3te] A8 Pl o2 A CaCl, A8l ¥ competent cell 200yl
DNA 0.1~50ngS 449} icedl 30% % 427C 30%%} heat shock A& %
iceol 2¥3F i 08w LBE 2 37ColA Az Ay wgeaivt.
kst 200ul cellS AEu]x]  plated] =% F 37ColA  dF
incubation A Zt}.

8. Yeast transformation

YPD ujjx]ell A DBY747S 30CeolA 35 njdgr % 17102 3|4l
A& 5 gEste] A YPDOl ODewstol 1277 Hx% I8 w433l
o 4T A 5000rpmo.= 58-3F A4 F 2514 cell harvest ¢ H YPD
10ml, 1M Hepes 2004, IM DTT 25044 resuspensiondto] 307 o] A]
shacking incubatore] A 50~60rpme. = 1587t wjgsiiv). dad 23t
water® ©] 2% washinge 4TColA 5000rpme.2 5%-7F 23 2] U4
B2 st vl 9o s 1M sorbitol 10mlE suspension 3t 4Tl
Al 8000rpm 103 GAFEE & ¥ 1M sorbitol® cello] 35X

10°cell/ml=] © 2 suspension 3 9t} o]&A wSol AW competent
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cell 4002} 100nge] DNAZE 4 ojA 0.1cm gap cuvetted] 22 % icedl
1587 1 YA electroporation(LV mode, pulse length @ 15, set
charge voltage : 325, number of pulse : 1, BTX)S 3%t} Pulse %
vl 1M sorbitol Iml= A3t ¢ H 2005 A& aAfa) o] =2st
o} 3~5Y3F g3t

9. Measurement of yeast transformation efficiency
&z Ag g8 DNA pgd CF.U(Colony Formation Unit) &
/K}ﬁ'~o}5’;l.1~ YEP24¢] DNA g3 CFUE 7l5Fo= ¢ g3 =
fo = et At [Table 6]

10. Stability measurement of transformed plasmid

g4 A3 9 plasmid”Zl cell Wol dvby HAS A EA)st=AE W
Y& wowm YelSlYh Yeast transformed colonyE Al wA]
(SC-URA)°| #=3}o] 24X 7H8 generation) &<¢F 30Tl A ¥ njek
o ?’l 5 zbzh mA] e wjx e} v E w x| (YPD)ol =2 o
) w=ursls] A cell countingdlo]l 1x 10%cell/ml Az w30} ThA]
]/‘LEJ,J ) x| o)} HEsto] 224]17H(13~14 generation) &St 30Tl A A&
ok g § oA Zbzb Al AdeulR], 8]Ag wjx|e] st of 7]
A Y€ colony FF generation @ stabilitys A4S tH Table
71(Kaiser C, 1994).

‘JI

11. Total DNA preparation from yeast

Transformed colony® A8 wjx]ojA 15U ALx g wg & %
5000rpm, 5%7F WA EE sl cell harvest Stal 100 STET(8%
sucrose, 50mM Tris pH80, 50mM EDTA, 5% Triton X-100)¢}
045mm glass beads 0.2gS ¥ 3. 5% 3t voltax 331tk STET 100pdE
o] 93 A" voltax, 387 #2 % 4CA 12000rpm, 10837 YA
g &lo] A=l 100xLol] 75M ammonium acetate 50ul 23l -20TCel 1

_16_



-1} -

ADUSIDIJJO UOIJRULIOJSURI] JO JUSWAINSBIW IoJ uonjenby -9 9[qelL

(00T)VNQ 37 19d "V A'D peddX

(26)00T X (d8eI0AR) YN 87 Iod "D odureg <

(9) AOUSIOIJJF UOTIBULIOJSURL], ©)

paie[d uonBULIOJSURI] [B10] JO JUDIISJ

(81/3d 0T x 1) x (VN pawojsuery jo 3d / aje[d uo AUojod jo Iaquiny)

VNJ 87 1ad (Ju) uonewlIo Auo[o) ) ‘N'AD ©



Transformed colony culture in selective media(SC-Ura)

yd AN

e N
e \\

Selective plate(A) Non-selective plate(B)

1x10* cell/ml culture in

non-selective media(YPD)

y .
// \

Selective plate(C) Non-selective plate(D)

- E ! Transformed colony number on non-selective plate

© Conlent of first plasmid (F) = A / B
© Content of Last plasmid (L) = C / D

© Generation (n) = log (D/E) / log 2 (E X 2" = D)

® Plasmid Stability = ( F / L)Y x 100 (%)

Table 7. Equation for measurement of transformed plasmid
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AZE FAT 1TAIZE 5 4Tl Al 12000rpm, 1083 94l ¥e 5 A
1009l 20048 ice cold ethanols ¥ il 4TelA 15000rpm, 1057k
w3t Asd W 70% ethanol 500uL®  invert ¥ 4°Col A
15000rpm, 1023 YA 8. &8 94 AA 3 20 water=
elution &} t}.

o 12

e ofy

12. E.coli back transformation

Yeast total DNA®| transformation ¥ plasmid® episomal A= <]
EA AR E #2ldr] Y3t electroporations ©]€38 E.coli back
transformatione At} Host celldl XL1-Blue® 12.5ug/mle]
tetracyclin®] 3= LB¥WI A 500mlell 4] O.Desw3tol 0.7¢0] €@ wj7bx] ek
v & & 500ml cold water® 4°Cel A 3000rpm, 108-37F 233al2] Q4
22 washing 3 % 10% glycerolo] %38 ZFTHS 1ml=
resuspension 8¢}  -70TCe] R®HII ALLsPrr. olgA wEoA
competent cell 504} cell®] 143 0.1ng®] DNAE 4jo] A& 158
& % 0lem gap cuvettedl Yol electroporation(lIV mode, set
voltage @ 2.0kV, set pulse length : 99usec set number of pulse : 10,
BTX)& 394, Pulse & SOC(SOB + filtered 20mM glucose) ul) %]
Iml ¥3aL 37°Cell A 1AIF J8 sl vha Mgl wjx]o] w=2kabl o,

13. Cell hne transfection

Fish cell line CHSE-2147} flask 4 80%A % A#& uw PBSel|
washing § trypsine A 23t cell€ 40ml tubec] X.oF 47TColA
2000rpm, 4%%F A4 s A g W PBS® washing ¥ 15X
10°cell/mlo] = %% PBSE Y1 resuspensiondt$ltl. Competent cell
40002} DNA 10pg-S mixingdle] 0.4cm gap cuvetteol] 2] iceol] 108
v & % electroporation(LV mode, pulse length : 1, set charge
voltage : 350, number of pulse : 4, BTX)3l 5t} Pulse & 1ml W] &
A g F FebaFdd Wi wiAE o HEEe] 24A17F AU wiR &
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o732l tHLee M. Ellis, 1998).

14. Standard curve for measurement of GFP activity

Expression A=+ A A protein #t(mg/mbDell g GFP =& W9
R.F.U(Realated Flourescence Unit)E& A}-83}9) GFP &4 ey
vl 2zl standard &S 7lFo® 1 kol AA LY} Total protein
w2 10mg/ml= stock® BSA(Bovine Serum Albumin)& #1302
AAA 1/42 39 protein assay reagent(Bio-Rad, #500-0006)<}
SN 5 ZhzZbel] Ol ODsesab o2 YeERSlth. GFP® 3= 1004/
o] rEGFP protein(Clonetech, #8365-1)& Ax}A o = s AAAA 2z}
& lysis buffer(100mM potassium phosphate pH7.8, 0.2% Triton-X,
ImM DTT)9 42 % ™Fluorometerel A e = exicitation filter
485~496nm, emission filter 505~515nme] Ao A e} RFUS
=2 3} 9 vH(Monique Bearzotti, 1992).

3
Ll
i
Z_I

15. Measurement of GFP activity

=43 flasks PBS® 29 washing g § 1ml lysis beffer® 231 5
#3F lysis A7l 3 15ml tubeo] %A voltax3 ¥ iceol 45% Tt}
AT A 12000rpm, 583 A E2] 3 ArZFd o 2004+ fluorometerell
A G o s RFU #& SAs, 50ue] F45He 1/42 34
H protein assay reagent 25ml¥ 3087F ¥FE Al A ODssit s A3}
Aok A4 L ko= standard curve’del A €] protein % (mg/ml) 7}
rEGFP protein & 273 H total protein #°] ™3t rEGFP protein
= Ateit

16. Sequence analysis

Dideoxy-chain terminatin W& $A 3% willilams® Wl ulz)
ABI 377 sequence®l] big-dye®} M;3-20 primerE ©]&3t9 sequences
atd et
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. Result

1. ARS1564 cloning from flounder(Paralichyhus Olivaceus)
MAR

A A (Paralichyhus Olivaceus)® matrixE #%3% 5 proteinase K&
Agste] v MAR(Matrix Attachment Region)& EcoR I o2 A&
g % pURYIOM® EcoRI site W ligation 3tsgich =2 =
ARS(autonomously  replication sequence)”|5<  2zt=  plasmidE
cloning 3}7] 93l yeast Jol FAAS 3t yracile] gl 1A A
g 2] (SC-URA) “dell A selection 3t=H ARS 7]%5°] 229 plasmid
7} replications 3} uracilg #HEo] A AMe wjx] AoA zzhA)
Hub, ARS7] 50 flod Aeha] £&4A d= Aolt). o|&A ARSY %
S Zt= cloneE F ARS15648 AEstA H o)

2. ARS1564 sub—cloning by exonucleaselll digestion

= Ad el A cloning 3 MAR%F ARSE zt:= ARS15649 EAL
2817 913l reverse W (R1~R8)©. % exonucleaselll digestione 3
7THA fragment(R7, 1140bp)7}A] replication origin & 3& -2
3 % R7S tHA] forward W (R7F1~R7F5) % A A] digestion 3}

o ARSI564E % 13709 sub-fragment® Y+ttt 2z} fragment?]
size¢} WA & [Fig 3]¢} #o}

~r

£

e
o

3. Characterization of sub-cloned fragment by ' yeast
transformation
Z+7} o] sub-fragmentZ yeast transformation 3t 77 EAE L Ay

B xet.

@ Plasmid stability
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>

fullel ARS1564+=

28] whel] U stability =3 W ow 3
Uha kAol HojA= % Hlony AA|A o stability 7} H] <=8}

X1
kol L}%E‘r R-series:= 4¥ R7F-series+ ?‘?i 5 3l

A7) ¢
A% @ FFgol
% qto

@ Yeast transformation efficiency

z} 7k o] sub-fragment®] transformation efficiency® 1lug DNAW
CFU ®©9E o]&3lo] YEP24E 7|sFoz A3 Ax  fulld
ARS15649] M= &&o] AU AR exonucleaselll digestions
fragmentd =5 A4 olAth 53] 714 & &0l S RIF4:E AS
ARS15648 4 78 16vlvt %2 Z&& 7F3 4L, controld! YEP24 ® U}
48v] & F&& e o)== ARS1I5644 7Z+E s ARSYE &A)3H-S
4 Auk R-seriesi= 5¥, R7F-seriest= 3W 2l& s #7gho]
1564+= 6¥, AB, R7-2 8W¥ A ¢k ghel Haro|u}

@ Growth rate

©] & yeast transformed colony size® YWEFE 4 9+=H [Fig 5]
control® 2} fragment®] colony sizeE A3t} Colony size EA] ¢
A L+ large, M2 middle, S3= small sizeZ UEerd Folt} R71A
R7F27t 2 9] growth rate’} £$kth A A2 <l sub-fragment®] E4 &
[Table 8, Fig 4] Yel it

@ Matrix association potential

ARS15647} MAR Fads e = A0 %
http://www.futuresaft.org/MAR-wiz site®] sequenceZ Y il 2 3PA]A
matrix association potential #-& ZefEZ=2 eI R7 52
matrix association potential #to] A uvsken 1 FAE R7F4,
R7F5 F-H#0°] 714 o] yskrh o2& ARS1564 T ol A% core %+
o5 Zt4&E MARY &80 & Aol
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Transformation efficiency & plasmid stability
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Aod
4
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0 T T T T T T I T T T T T T A

15644 B R1 R2 R3 R4 R5 R6 R7 R7FIR7F2R7F3R7F4R7F5

r - ———1  Sub-cloned fragment
| —6— Plasmid stability
—&— Transformatin efficiency I

Fig 4. Transformation efficiency and plasmid stability of
ARS1564 sub—fragments.

The stabilities of the transformed plasmids were stable(4), and
the transformation efficiency of sub-fragments of ARS1564 showed
higher than its original clone. R7F4(®) was the highest
transformation efficiency. Transformation cfficiency of YEP24 was
set as 100%.
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4. Characteristics of minimum ARS sequence

Replication origin 9&& 3l= H4 20l 9 sequencem £ 23 o A
= R7F57F core sequenceol| &3 ¥t} R7F5E 192bpo)al AT3Feko]
68.85%7 =™ H]E growth ratel= ¥A @A 9 yeast transformation
efficiency7} fulldl ARS1564X. t} 687} =11 controldl YEP24 ¥t} 1.8
v =A $o. 22 replication origin 4% 31 Y ARSEE AL
RoFErh FARTE ACS(ARS Consensus Sequence)’t R7F50) E @
o] 131 ACBP(ARS Consensus Binding Sequence) site?} & )&}

matrix association potential gte] ©] HF-H- /\1 71 = Ao w mol

MAR®} ARS®9Ie] #AIE F5d 2 4 Q= REo|V| % 3t} RIF4:=
R7F5RE T &4 7ZFEdt ARS 84S BAvk. R7F4E 254bp2 R7F5 W
t 62bpyel Atol7b YA g=dl= R7F5X.th transformation efficiency

7} 7H3 ol fulldl ARS1564 Bt} 168H, controlgl YEP24%.0} 4.8ujr}
A YUgkom growth rate™ R7F5R Y H %tk R7914 &= replication
origin H&Z O} RBAA= 182 EZ=d R73% R8AMo]o) 3w
Y= F-Fo] vl R7F4¢ R7F5°] o}

5. Observation plasmid of episomal state in yeast

Transformed plasmid’7} yeast “doll 4l genomic DNA®l integration
o] ARS 7]%& dt=A 53O 2 episomal AHE EAs=xE &
olB 7] 913l yeast Aol A transformed DNAE X3 3}= total DNAE
T 9 electroporationg ©]&3t9] E.coli back transformations 3t
o & plasmid”’} yeast transformation A¢| plasmid® 2<% vl @
st 1 A3 ABNAH-E] R7, R7TF47HA] yeast Aol A episomal 3F
Al EA3 A [Fig 6]

6. ARS activity in fish cell line, CHSE-214
2 AgAo A A Zek marker gene GFP7F 233 pGA-neo vector
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Fig 6. Episomal state of transformed plasmid in yeast

Yeast-transformed plasmid state was observed by FE.coli back
transformation with total yeast DNA and electrophoresis on 0.7%
agarose gel. 4B, R7, R7F1, R7F3, R7F4 was observed as episomal
plasmid . 1, 3, 5 was intact plasmid, 2, 4, 6 was recovered plasmid
by e.coli back trnasformation. 1, intact 4B ; 2, recovered AB ; 3,
intact R7 ; 4, recovered R7 ; 5, intact R7F4 ; 6, recovered R7F4
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GFP(ng)/total protein(mg/ml)

0g 3 5¢ 7 10 15% 20¥ 25¢ 30

~@— pGA-neo ] Day from transfection
—O— pGA-n1564

—w— pGA-nF, ;

—7— negative

J control

Fig 7. Measurement of GFP activity
pGA-neo, pGA-nld64, pGA-nF3 were transfected and measured

GFP activity at 3, 5, 7, 10, 15, 20, 25, 30 dav after fransfection. GFP
activity indicates GFP(ng)/total protein(mg/ml).
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1 2 3
4 5 6
7 8 9

Fig 8. Observation of GFP activity at time course
Detection of GFP trnasfected pGA-neo, pGA-nl1564 and pGA-nF3 at 3, 6, 10day
after transfection. 1, 3rd day pGA-neo ; 2, 3rd day pGA-nl1564 ;

3, 3rd day pGA-nF3 ; 4, 6th day pGA-neo ; 5, 6th day pGA-nl564 ;

6, 6th day pGA-nF3 ; 7, 10th day pGA-neo ; 8, 10th day pGA-nl564 ;

9, 10th day pGA-nF;
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Well  fullyl ARS1564(7112bp)E  EcoR Isitedlol, R7F3& X &3l=
fragment(1287bp)E& Smal site Wl ligation o] 2}z} pGA-nl564,
pGA-nF3% transfection & vector® 1439 Transfection 3 3=
8 3d, 5¢, 74, 10¥, 15¥, 209, 25¥, 3047149 GFP activity &
Agt A3 108714+ B24381A GFP activity 7} FA8H o). [Fig 7]
Zb Ao digh U HAEE g3 dAv|Fos #98r)t[Fig 8]

o

N

7. Sequence analysis

ARS15649] Exonucleaselll digestion %+ fragment® ABI377
sequencer®l 4] sequenced 43 ARS15643= 7112bp= FAX A A1
AT shkol 50.44% 1 t}.[Fig 9] 7112bp 2} A=
http://www futuresoft.org/MAR-wizol A #418le] MAR motife] ORI
pattern, TG-richness pattern, curved DNA pattern(Micheal Synder,
1986), kinked DNA pattern, Topollpattern, AT-richness pattern,
ATC-rule®] <A& =8t sr 1 9 DNASIS program© &
MRS(Matrix Recognition Sequence), flanked sequence, ARSo| A o] 2
T sequence?) ACS, unwinding element, ACBPS <9 9z 3elsg
T [Table 9] Z18]al A A 2 sub-fragment® motif & [Table 10]¢]
Aestder. =3 MAR®F motifd 9XE 8lwdr] 93] matrix
association potential?} motife}e] #AZ [Fig 10l Yelu o)
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041

GAATTCTCTCGAATCCTCTTGATTTGACACTCTTCACAAGTTCACTGGGGTAATAGCAAC
CATGTCTGCTCCCAGTTTGTTTTCTGTCTCCCTGTTTTATATCATCCCTTGTITGTGEGC
TCTGTTCACTACAAGAAAACAGATTTTAACCCACCTGAAGGCAAATAATAAARAAGAACA
AGTACAATATACGTAATCAATAGATACAGTACCCACAGATTAGAAAGCCACCTGGAGTCC
CATTCTATTTGTCTATTIS AN CCTAAAATACTTTGGTGTAGAAGAAA
GCETTTCCTGAATGACTAATTCTACTTTCTEE ATACATTGATATGGATATCTTCA
CAGTAAAAACAAGGTAARATGTTTICTTTATATTTGAGTTGCAGTGTGCCATGATTTAARA
AAAAAATTCACCAGCCAATGAACTTATGAAGTGTAGACGTTAGCTAGTGTAAAAAGTTAT
TCATCCATCTATCCAATCAGGCAATCATGTGGCAGCAGAGCCATGTATGCAATCATGTAA
ACACAGGCCAGGAGTCTCAGTTAATATTTTCACAGCATAGATTARATAGCTGGTCATTAA
GCCTTAAGAGATTTTATACA AAAGACTTTTACTGATTAACAATTATATATTTT
GCTTTTTAATTCAGCTGAGTCIBATTATATTAAAGCTTATGTTGACTACATATATTTACT
TATCATCTATGCCTTTTACTGTGTTTTACTTTTCTACAGETTTTITTTCTATCATTCTIT
TTTATCTTATCCATGCTTGGGTTGCTTTCCCTGGCCATGATTGTAAAGCAACTCCTGTTG
CTTTTAATGTGCCATATAAATAAAGTGACTTGACTCTCATACAGCCTTTAAAACACAATG
AATGAATTAGTTTTCTTATTTATAGCCACATCTATATCTAAGTATTTTTCTATCAAAAAT
CCCCTTTTTTACTGTAAACCAATGTCATATTGAACGCAGGGGGTCETTGTATAGATAATG
AATCTAATCARATGTGATTTGGGACGACTTTTCACCGATCTTATCAAATTTGACAGGTTT
GATTAAAAACCCTCTCATCACCCACAC@ACCMCATTG%;%AIACATCCCATTATT
AAAGATARACACAAACACGTCAGTCCCTICCCTCCTGTCAGE: ;ss ACATGCAGTATAG
CCAAGGTCAGCCAACATGATGTAATGCAAAGCAAACTTAAACATACTACAT AACTACATG
AAAATAGTTTTTATTGEGGGGECATAAGTCCTTTGGTGACATTTGGTAAGGCCTETGTAT
TTTATATTTTGGTTATAGTTTTAATGAAAAAAAAATATATAATAAAATTGAATATAﬁ(?‘G

CCAATAGGCTACTTTGACAGTTTCTCCAGTTGGTTCAACAAAGCAAACACCTATA
AGTCTTGTCTGTGTGTGTETCTGCGCGCCTGTGCACGCTGTTGAATCATCARAGAGGGAA

CAAAAGGCTAAAAGAAGCAGGACCAGATAAGACCGTGGCAGTAAGGAATCCAAAAGACAC
TTCTGCCCACAACTCCTCAGTCTCTATAGCAACAGCTGCTGCAGAGGCTCCGTGCAGGAG
TGAGCACCCCACTGATTTTCCAACAGCTCTGTTCAACACCCGACTCACATTGGCTGGAAA
CTGAAAATGACCTGTATTCTGTCATTCTGTCATTGAAAAGATGTGATGCCTAGAAAGTAC
GGATTGTTTTCCACCTCTAAGAACAGACATTACAGACGTATTAACTTCAACAACACAGTA
ATAATAAATTAAGACTCAGAGTCTTCAGTGAGTGATTTTTTGATGTAGATGATTAATTIT
GACTIGCTTTGTGTCTAATTTATGTCTCTGACTCCTTTACTCAAACCTCACACAACACAC
CCCACRATGACACATACTAAAGGCAACATTTGGCCATTGTAGCTCACCAACTTGCCAARA
GCTTAGCTGTCCTCTCTCGCTGCCARACACTGGATGAAATGACTACAAGTAATGAGCATT
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2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421

3481
3541

3601
3661
3721
3781
3841
3901
3961
4021
4081

TTAGTCCAGAAGTCTATTGTTAAAAAACCCCAAATTAAAACTGTCTCAGCCTACCTTCTT
CTCTAATTGTTGCTTTTCTCTACCTCTATCCACTCTTCCTACAAGTTCTTCTGACTTGGT
ATTTAACAAGAAAAACACTCCAGCGGTGAAATAGAAGAGGCCAGAGGGAAGGAGAAGAAA
TGAGAAAAAAAAGGCCTCTTTCCATTTTGTARATTTTTITCTAAGATGATTATAGGCTTT
GGTGCACTGAGCATTATGTGGGAGAGAAGCCCAAGAGTGTGGCAGATTGTTGAGCTGAGA
AAAGGAGTGCTTTTCACACAAGTTGGTGCAAAAGAGTGGGGETGCAACATGCACCAAGCA
ACTTATAGGGAAAAAAAACAACTTTATTTTAAACAACAAGCTTCTGACAAAATGTTCTAA
TGCTTGTGTGATAAATATTAAAACATCACAAAATTATTCATTCTICTTC T CEATCT
TTACCGCAACGCTTCACTGTGAAAGAGAGTAAAATGCTCAGATTGTATCTGAAAGGCCCT
GTTAGCATCTATCTGTTCGTCTACATGTGGTTAACAGGGAAACTTTTTGCACGCTAGTEC
CCTGAGTCTGTGAAAGAGGAATCAGAGGAATGCGACCCACTCTATCAATGCCCAGGGGCA
GCACCCATCCACGGCGCAGCTGGTTTTGCTGAGGGCCTTGAGGCEAGAGECCACCCCTCT
GGTGCCTCAAGGGCAGACCACACCCTGCTACTGCCCCGCAGGCCACAAGATGTCTGGCAA
GGGCACGGAACAGATGAAGGACTGTGTCTGTCTGTGTGTGTETCTGCCTGAAGAARAGTG
TGTGTGGATTAATGCTTTCACAGACGTGATTTTTGGACATGTCAAGTGCAAGGAGTGCAG
GAAACTTAAATGCTTCAATAAAGGGAAAGGACGTTAGACTTATATGTTTTCCTTTTACAT
TTAAACATATGCCCCATGCTGCTACGCATACATATGGCCCTATCAAAGTAGCATTATGTT
AA'ITAGCA%AAAATTAAGTCAATGAACAATGTACTTGCI‘ACA’I'I‘ATAATAACI'CTATAT

FAGTTAATCATCACTGTAATTTTGATAACCCCCTATGTACAGGECTAGCCETG
TGI‘C'I"I'CA‘I‘GG’I'GATT'I'I'I‘TAGATTATCITACAGAGGACAGTAAAGAATTAAAATCI‘TCT
TTATGGGTGGTAAAGGTTTCGTGAAGCTACCAGAGAGCCCCAGCACETAATGTCTGTTCT
GTATCTTTTGTGTCATTTAGCTGGATCATGTGAGTTCAACCAGATCGGATCAGATGAAAA
ATGTGTTGTAGTGAGGGCCATCAGTGGAAGAATACATTCAAACACTCAACAGAGAATGCC

AGACCAGAAGTGATAAACTCTAAATCAACAGACAAATACCAGAGAAGAACATAGTGGTCC
GAGTAATATTTGGCGAGGACGCCCTAGCAGAGATACCCAAACGAAGAGAGAGCCATATAT

AGCAGCCATTGTTGTTGTTTCTGCAGCACGCTCATTACACAAATCACCAGTGGTCAAAGG
CAATGTAAGATGTAGCATAATTGTTTCCCTGTTGATAGGCTCAAACAGAACATGCTTGTT
TTGCAAAATATCCACATTATTGTCAACAGGGCGTAAGAGTCTAACAGGTCTAATGGAAGG
AGAAAAGTTACTTATTATGAATAAT TGCGTGGGATTTTACTCTGTGTACTG
GCAACCCTGTACAAATCCATCAAAGTTCTTAAATTAGAACTCCCAGTACTAGT G
TCTTAATCTGTTGACATTTTAAATACATTTCTGTCATTGCTGTCGTGTAGCTAAAGTTTT
AGCACTACTGTCACATAGTGTCAGCCATTACTCATTTCTCCCTGCATGGAATGTTGTCTG
TATAAAGGACAGGGCTTGATTTTAAACATGGAATTTAAGCTGTGTCAGGCATCTCTAAAA
AKARABAAGGAAGGAAGGAAATAATGCAAAT ATAGCACCAGGTCCCAATCCAAGT
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4141
4201
4261
4321
4381
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481

6601
6661

GTAAAGAATAAGGTATGTAAGTCCCTATTGGTTACCAGATGCAGGGATATGTAAGTCTAT
GAGAACCCTGCCTCCAGGGAAAATAGAAGTGTTTATCATCTAATTGTGGCATGCACCCAT
TTTTATTCATCTGAATTAGAATCAAAGTAAGGTTTAAATGAGTTTAAGAAACCAACACCA
CCAATGGCAATCCTCTCCCTCTATTAAGGCTTTCCTTTCTTTCACAGCTCTGCCTAAAAA
GGAAAATGTTGGTGGTTCCCCCTGTAAAAGGGGGAAAGGGAGATGAAAAGGCTAAAGAAT
GAGGGAGEGAGGGAGCGAGAGAGAAAGGGAGACAGGGAGCCGEGATTCCTTTAATGTTCCC
GGcTACAACCCATCACAAAGTCCACTCAAAGGGHTGIEQAAAATGCATGACATGCAccc
AACTAGAAAATAAGTAATGAACTTAAAGAAATAAACKICANS

GACTTCAAAGAATCAACTTGCCTCGAGGGGGAGAAAATAGAGGGATAAAAATACATCCCA
ATGTTTTTTICTCTGTGAGATTGCAGACTAATTATGCCTCTGTAACACAGAGTGGGCCGE
ACAAGGCTGGATNTGANCCAGTGAATGAACTGAAAAGGAGGCCAGGGGTTATTTGGACTT
NAAGGGAAGTTTAGGCGAACATTCAGTATGAGTCCTTATAAGTAACCCTGCCOBTGCCAGC
GGGAGTGTAACAGACACTATCTGACTTTGCAGTGCAGCGATGGAGTGCCAGTTTGAGGCS
AGGAAGCACATAATTGCTACATAATTACATGCACCAGCAGCCATTAGAATATCCGATAAA
AAAAAAGTAAAAACCAATTATGAAGGGCCGGTE ATTCAATCGACAGGGACGACG
CTGCCAGCACCAGAGACCTCCGTTCTCTCCCAGTTTGACTCACATATGCTGGCCCACATT
CCCCCATCTGGCAGTGGACACAAGCATGAAATGCCCAGCCACTACGCAACATAATGACTT
GTGGCTATGTTCACTGTTTTTATGGTAATGGCACCCCTTTTAACCATGCATTCTTTCACA
CCAAAGCAGGCTTCAGAGAGGGAAAAAATGTATTGTGTACTTTTTATTCAGCGTGACTTT
TGGGTGAAAATTGACCCCGCAAGCATTTCTATCAAACTACACCTGATGCCGGATCAAAGC
TTGGGGCTAAAGGGCAGGGAAATGGCAGATGTGCGTGGATTCTGTTCAAATTTATGCCAC
CTTGCCAGCTATTCAGGTGTTTAAATATATCCACTAGCAATGTAATACCCACTTATCAAC
TGGGTTATTGCTATCGTTTTGGTTCACTGTGAAGTCTTTTT TCACAAGGCCATATAAGTG
AGCCATTGCACCATTTCTCACCTCCGATTCTGACTCCCTTCCCAGCCATTTGTCCCTTTG
TTCCATATTCACAAATGTGAACCACTGAATTTGAAATCATTTCCAGATCAAGGCAATGAA

TGCACCCACGAATCCATGGTGGCTGACES¥§AGGAGCATATGAATAAATCAGCAGAGAGA

AAGAAAAAAGAGGGTGGEGEETIGECABMIBAACGAGCGGACCARAACTGGATCCTTTTA
CCCCTTAGGTCTCACCGCTCCCCCAAARAATGTAATCCGCTTAACCATGETCTGECTCTC
GGTTCTGTATTGCAAGCCAGACTGTGCCAAACCAGATCCCACCAAGACCAGACGGAGGCA
AAAATCAATGCCATACACCCCCCGACTAATGAGATTTCCTCCATTGTATTCTATGTCAAG
AGGGTGTGGGCATGTGTGTGTETTTETGTGAGCGTGCATATTTGGTAAGGAGAGTGGTGG
GTGGTARACGTCTGACATTTCCTCACAGCTGGGGGCATCTTGGGCATGCTCGGGGETAGA
AAATAATGTGCGCETGCTGAGGGGATGGAAGAAGGGGGGAGCTGCCAAACAGGGTATAGG

AGTGGTGGCAGGGGAGAGAAGAACAGAGAGAAAGAGAGAATGAAAAAGCCTGGAGCTCCC
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6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681

AACTGTGGTTGCATTGCAGATAGGTGTTATTGGAAAGGGAGTCCTCTCTCGTCTCTCTCT
TTGCAGGGTTGATGTTCTCTTTAGCAAGAGCAGAGATGAATTATTAAGCTACAGAGATGS
CAGCGAGAAAGCGTAAAGTAAGATGATGGGAGGTGCTAAACACGAGTGGTGAACAGGGGC
TGGGAGTGCGAGAGGAAGAAAAATAAAGGATACAAAGGAACAAAACTTGTAGACAGGAGA
GCACAGGAGGGGCAAGGTCTCAATGGGCTGTGTTGTAAAACATACTGCTGCCCAGATATG
CCTCTTTACCCTTGGCCCTTTTAACTTCACTTTTGGAAGCACTGGCTGAGCTACACCTGC
AGGAGCTGGAATTACCTTTCAATTACTGCTGATAAATCTATGGAAGGCTTTGGGCAGACT
CCACTTTTAAGCCGGCTAACAAGTCTAATTAAGTAATGAGACCCCAGGGGTAGTGAGGAG
GACTTTTTTACCAGTGCATTTCTCTCGTCTTTTTTTTTAATCTCTTTCTCTGAAATCGAT
CTTTGATATCATAATTTTTCTGTCTTTGCACAGTCACAACAACAATCAGGGCAATACCAG
CGCAACACATTCGCTAGCTCGCTGAGGTCCCAGAGTCAAAAGATTTTAGCGTCAGCATGA
ATATTGATGAAACTCACACGTTTCTTGGTGAATGTCCGACTCTGAGTCGGTACATGCAGT
GCTTCGAGTACTGTGCAACGAGGGATATATAAAGGAAGCCTTGGCAGCAGGTCTAATGCA
ACACATCATGAATAACTTAAGACAGTTTGCCAACATGGGGGCTCCTGAGGAGSCCTTGTA
ATGGTTCGGCTGCGTGCCGCAGTAAGGTCTCACCCCTGGAGAACGGACGAGCATTACCAT
TCCTACGACAGCCTGCAGCTGGGTAATAGCACGCATACGCACCACTGCAGGAGCCACTCA
AATATTTACACTCTTAAATGTACAGAGAATTC

Fig 9. Sequences and position of sub-fragments of

ARS1564(7112bp)

_36_



- 1€ -

N=N-NV=O-N-R- 1669 ‘121 ~g6| ¢ b
N-V-L-N-N-N-D-L '
NTN-N-V=L-R-R- AR AT e
N-9-L-N-N-N-V-) ’ VN{
ZIZIZIUI(H\'ZIZ| n . ¢ 13 1 ﬁoxﬁg
-20L ‘-8169 -96€9 ‘~£EES ~£99F ‘-688 9 z
N-V-0-N-N-N-V-L
NZN-N- V=O~N-N- G706 ‘~9668 .-@%w g T
N-9-L-N-N-N-V-1L
| -€10L '-89%9 ‘-20S9
-T6F9 ‘-€329 ‘-0229 ‘-LE6F ‘-€06F ‘-F88y ‘~199% ‘-€82F ~GITh ‘-LT6E i
V-1-L-V|-€I8E ‘-¥ELE ~9.9¢ -PLCSE ~872€ ‘-£07€ ‘-801€ ‘-PLOS ‘-290€ ‘-€50g| PF ¢
-8887 ‘-E€6VZ ‘-LLVZ ‘-£622 ‘-6922 ‘-vL0C ‘7981 ‘-808T ~08LT ‘-69L1 O
~QETT ‘~GEIT ‘-Z80T ‘-906 ‘-689 ‘-¥89 ‘~6V9 ‘-2r9 ‘-96S ‘-18S ‘-612
V-1-1-1-V -PR0L ‘085S '~£665 -S18E-6662 -191Z ‘~8L81 ‘-816 ‘~PI1L ~€Ib| 01 2
V-1-1-1-1-V -€9L9 ‘-6.6¢ ‘-958¢ -FSLE -9Z¥Z -880T -6IEI -T119 ~E€F1 6 T
IuIeu
uia)yed uoryisod Junod

Anjuy

1-4110W



- 8¢ ~

-080L -6L0L ‘-29L9 -9e¥S
-€81S -0Z6¢ -616F -8T67 -L09v "-909F ‘-€6Sy -LZ0¥
-9g0F ‘-6L6€ -8L6E -0FLE '-6ELE -6S0E -8S0€ -LLVC
-9Lbe "-GLkC ‘-¥L¥C "-€LPC '-elbe -2Ive -119¢ -0TPS

soouenbes You-1y JO saYdLIs ‘-ySgg -€577 -2Seg -1S2¢ -1907 -090Z -6S07 -SE8T 0L YoL- 1V
~PE8T -8GET ‘-L8E1 -99€1 -GGET -PCeT -€S8T -0S€T
.l@me -8FET -LPE1 -OPET '-6ECT -8E€T ‘-pCEl "-€3ET
'-geT ‘-12eT -S901 ‘-2p8 ‘-1¥8 -29L ‘-T9L '-09L -2G9
-169 ‘-0%9 ‘-6v9 ‘-89 ‘-LP9 ‘-#9G ‘-€95 ‘-691 .Tw@a
-L189 "-9LL9 "-60VS
So0UANDIs SNSUISUOD ) ) » ) ) h UoINUS0I9Y
‘~8GES -260S -861y -GE8E -68E€ -266¢ -6FLC -08GC) 0T
11 9seswosiodol  eydosoi(), ) N . ) ) ) . ) [ oselswosiodo ],
-0LVe -8vcd -€0L-179 -68S -pcG -89p -SEE -L9
V-V-V-L-1-L -65€G ‘-762r -086¢ -LS8¢ -666¢ -L2FZ 988 -E1F 8 VNd paAm)
O-1-1-1-1L-5-1 -L59e 1 YoL-DL
L-N-N-N-V-L-N m-m-m-w s T 9
TLTNTINTINT VLT INTINTINT V T W U |
N-NCNSY , VNA Payury

-L-N-N-N-V-0-N-N-N-D-1

-160€ -2807 -8761 €

Lo

Z2-4110W



- 6€ -

‘uejold Sulpulq SNSUISU0D SV ‘ddOV ¢ 90usmbss snsuasuod QY ‘SOVY ¢ uordu uonudodsl Xuneuw ‘SN
‘welsold (ZIM-Yy /G0 Yfosannfmma/ /. dpy)ISpuld-YYIN Pue SISYNA A9  (d9ZITL)F9SISHVY O SISAeuy

FOGTSHV Jo suonisod s)i pue suldjjed JIOW 6 IqeL

M-L-L-L-H-M-V-L-L-L-M —0zell T d90v
L-V-1-V-L-V| -C989 ‘-G9EG ‘~Geoe ‘~CGeT “~01L ~2%9 9 Juswale Bulpurmun

M-L-1-L-Y-L-V-L-L-L-M ~0zell 1 SOV
L-L-1-V-1-V-1 ~gzeT “T1L ‘-€99 ~88S b aouenbas paxuey

V-V-A-V-V-L-V-V 008 P91 ¢ SUIN

H Jo ‘ W w
Auew 0s Sl JMNI-O LY
WWOOCO.HHDOOO 2I0W 10 ON .HO Evuwbm

€-4110W



IO.QI

JUSWBERI] PIUOI-qNS FYGISYVY JO Idquinu JNo "0 d[qe.L

I I i | d9OV
I o 9 JUaUWR[R duIpuimun
I I I SOV
I b p 90uanNbos payue(]
0 [ z SUIN |
c s Pl | °lhd D4V
LT 7€ | 0L | woyed YOU- 1V |
0 071 _ o 0z wieped [rodo;
0 7 | 81 utoped YN(I poduny
0 z _ Q v uraned YN ( poAInd
0 0 , I woyed ssauyong-n L
I ] 8 o 8y - wened O
(dqg61)SALY dqopyDLa | (d9ZIILveST




- v -

(4)IUSWR[ BUIDUIMUN ‘() YN([ POAIND ‘(g )UdLI-D], ‘( # ‘9oUaNbAG UOMEBLOSSY XLUBRADSHIA

( )VNA PYUD ‘(5 )HO ‘(@ )UONUB0RI [[9SEIOWOSIOA0], SIS POGT SYY UO PEaIds S1om Sy PUue VN JO SHION

SOUIdS-Y FIYGISYV JO SJNON pue [erjuajod UOIJRIJOSSE XINB ‘|0 81

usuIafe suipuimun
#* * — » 1 [ Ipul
: » . ww »* » VNG poAna
UVIA Z» you-n,
* L
VNA pa3juny
uroned 110
YR @ e g dh gl S R el g W g e
uonIugdood odo
* " *& * = 3 E 2 B L [ 271 B am L
s oA g @ s w g 0 HOoOI 1I S 0d AN I 163N AIN\NM
ZITL [=1=1 4= 29LS oS BZEY [=1=1=14 o88Z QI¥Z oreT (=

IS /<\ .

TEIINZLG NOTIHTX0SSY RT8160



IN.VI

( 4'URIOI] BuIpulg Snsuasuo) SYVY)dOV ‘( # ‘©oudnbag onouasuo) SUVISIHV
‘(g )IUSWIOP BUIPUIMUN ‘(g )YN( PAAIND ‘(4 )90UINDIS POYyURIY ‘( g ‘D0UINDIG UONBIOOSS Y XIIBIA)SHIN

‘C VN pauB ‘(2 )HIQ ‘(g )uoniudodal [[sserowosiodo ], "Sau0s- /3 FOGT SV U0 peaids alom SV PUB VA JO SJHOA
SOLIdS— LY VISISUV JO SJUON pue [enjudjod UONROSSE XINB Z-01 3L

L2 2 * . » * » L
ured 1o
& - L] - B S & e W g@ R % 5
uonIudoddy [odoJ,
: : - - L2 S * -
« S 4 e g ® 5 € g o HOI1I LIS 0d I I Ly 13

BrrT (=151 4 o1t esa1 (%1213 SL [=1=3-] oSt [=1=134 =T
Il 1 ! 1

I 1
T 1 T + T

TWIINIL0L NOTLBIDDESH KINLHW



IV. Discussion

ARS1564+= WX (Paralichyhus Olivaceus) MARZR-E HalE 7]
ool sequence “dolAx MAR®EAY EAHo] yehdtk MARY
sequence® ¢l EAHo 2= 5719 drosophila upstream MARZ2]
sequence  wAl& 3  Holgk  10-bpe] A-rich  sequence
(AATAAATAAA)®} 10-bp T-rich sequence® U5 copyE 23
(Gasser. S. M, 1986)3t1 2™ 53l non-transcription ¥%(Ruth E.
Kelly, 1995)¢] 213, AT-rich DNA(Yukiko Okuno, 1999)7} 1kbolAH&
218k g o, 871 o] Aol Topoll clevage consensus DAN element
7t EA5re] 98 A M (Gasser. S. M, 1986). ©]#d MARS] dukA <l
SEAE vl & X ARS1564% 94 matrix association potential
F27F A JdEtw il ORI pattern©] glof ¥ 2 dlolA A7a AAY
AFA] replication®]  7}sdt®,  curved DNAUW  kinked DNA
pattern(Takashi Ohyama, 1999), flanked sequence(EE. Izaurralde, 1988)
Z19]3L AT-rich sequence”} 7001 Ftoly &A3lo A unwinding DNA
Aado]  gold Aot} TE  conserved MRS site’t A5
replication, transcription, recombinants ol #<¢}3l= topoisomerasell
recognition site7} gi=d o]2% Topoisomerasell = metaphase
matrix® T8 TFALARE LA dorn(Maxwell P. Lee, 1989,
Earnshaw. W. C, 1985), human® metaphase matrix® 7% DNA
loopd 3copy?t EAFH(Gasser S. M, 1986). ©°jx %  matrix
association potential ZtolYt motif AFollA] MARZA 9] EAS e
T% A3, AH matrixE FE39] matrix® binding dHI= Ax
S54E& wow Ay #Ads= Wil 2 ot

ARS15649] #-& transformation efficiencyS %3l ARS1564¢] 7+&
gt ARSE X §sta &8 ¢ 4 U}k 53] core sequenceol| 717
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TFE O 52 &8 HoliE AL replication origino] Z5A 9 ACSS}H
ACBP "&d #lo]t. ACS:E= & conserve 9o g&=dl ACS 11-bp
'"W-T-T-T-A-T-R-T-T-T-W, ¥ 53] 38, 5, 7H5 A
10HA Tx—+~T—*-A-*-R-T-T-T-*, ¢ 671 base & sljglx W
H sequences= replication origin 7]%5°] flo]4A © o4 ACSZA] 9]
AEE 3x] XA @Y. Virgina Van Houten, 1990)[Table 11]. &
Aol A 2= ACSE 11-bp7b A &3] 2o} origin replication & 82
= Aol =l o= 1320-bpe Al %= ACSS ACBP7} A
A= 3 YA o o] replication origin 9 && Edl= ow =19 g
Yok =g ARS+= FHE conserve EUH(James F. Theis, 1999).
Saccharomyces  Carlsbergensiso| A F&3 719 ARSE z}z}
Saccharomyces cerevisiae®t Saccharomyces monacensis®] &2 = 3}
AN A3 F Fol 35402 9AH3E replication origing 3= ARS:=
ARS305, ARS306 ©]0iL(Chen Yang, 1999), 7719 ARS sequence&
Frojxl B Ago) A ALg3E ARSIS649 motif Bl E & B ko Table
12]. o]l A €A 3 replication origin 9 &5 3= ARS305 ARS306,
S HE4 ARS 7|52 7= ARS309+ FEAHom ACS & ACBP
5 X5t o] ACS 32 ACBP7F €39S & 5 ‘3&15}.

MAR=A €] ARS1564 54 %38 2 MARZA 9 E% BA
B3 ARS15649] 7112bp% matrix® 713 =

il

o
dol Qv FHHE B
A9t ARS®] core sequence’} U X3S E 4= 9t} Matrix association
potential gto] 7Hd =& FF Sl ACSe® ACBP7F &A1 #o|v}, o}
thA MAR olA ARS7F €A413F9d A replication®] Yojdtiy B &
Ak AA=Z ARSE matrix?l bindingd Ay @ o) ‘”Z]“J e
MAR< ARS¢ ##lo] 3= Aol ofye} replicationd]l Z 2.3k 4o
71 o], double helix®] minor groove structure?] MAR ARS7} g g 3o}
(Bruno, 1990). &4 Zo}7} 400bpell Al 500bpo.2 ezl Zo| nis &2
HE el ARS7)G S 2 Ha Aol 192bpO R size’} FHAH o] $o

SHA HAF & F e FAS zh=vh MARY matrix#HE proteindt 2

e (B
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Aoz Fe= Fiolgt matrixdel Jd& 98 715 S 2= proteing
I oAl He=d dAZ MRS ACBPS 9 protein binding site’} &
A8t ARS15649] o] ¥ 3d  replication origin©.# o] A& 9]
transcription® ##d MARZA 2] 7|5 % FAbe R toH[Table 13].
Transformed DNA:= genomic DNAW el integration® 7|1} genomic
DNA®H= 5 YA 2= episomal AEHE FA3t=1 F % integration ¥
= &Eo] AW episomal AE]Z9] plasmids 3ol oA Hal s}
n2 ojul ol g Ao X% episomal vectorE Weo] Ap&3}9lt).
(Tun Huang, 1995) ¥ 23l o)A % transformed plasmid”} episomal At
el sl tHFig 6]. Episomal plasmid®A1 9] #91&  vector7}
degredation® A] &1 HFE copyFE FATSE & F Uu}. W)
transformation %l DNAS$} transformed DNAZ} A x&}= Zo] 9=}
st AR dAS A @ A JEd 9AFA &= AELS sample
EA7) size7t 22 dEAQA DNAQ pattern® ® UERZT (do not
show). g cell line®l transfection ¥ plasmid® total DNA #a o
back transformatione &3] #2S 3] Hol%: trasfection 19 DNAS}
T ouEY BEF osize7t 22 dEAHQ patternS UERIYAC) o] Ale
transformation -2 transfection %4 genomic DNAG®l integration
A7t total DNA #8 2 back transformationg dl& S E4 &
A7l2 A2 A o]Fojzl DNAY Aojgta F=dvt 1ed g3
Z1o] DNA<®} -2 plasmid F3%F integration H$1t}7} total DNA &)
% back transformation IA o)A thA] Raldo] Ygs s15An Azt
al & & Utk B A size’t Y A B A= siteS A
Ztell B 4 di=dl o] AL transposon o] HAE Alzla] Ho}
Cell line CHSE-214% transfection ¢ % GFP expression =&
A& ®w control?l pGA-neo vector® Ut} @& 7kS 7}l Cell line
ol = F%¢ replication origin &G &% A £g ot} I o] f =
A vectord FAIE AZtsl Bl Cell line A selection marker® A}
4371 9% neo—gene©l PCRE foreign gene®.% 4rel¥olA GFP ®

..l

Jl\N'
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Transcript. -1

Entry Name |Count Position Pattern
) .  IG-T-G-N-N-G-Y-
AABS_CS2 2 |1, 6390~
) » A-A
83—, 1685-, 2701-, 2218-, 2341-,
2961,
2966-, 3428-, 3964-, 4031-4236-, _
alpha_INF.2 22 318 A-A-R-K-G-A

4356-, 4405-, 4540-, 4714-, 4742-,
) 5456-, 6155-, 6325-, 6334-, 6871~

alpha_TIF_CS| 1 |5847-

T-A-A-T-G-A-R-

B ] | | o A-T
Anteri Pit. A-W-W-T-A-T-N
riory_Pi 1 loago- % T
_ES -C-A-T
313-, 640-, 1080-, 1482-, 1850-,
AP_1 CS3 9 (3738-, T-G-A-N-T-M-A

- ] 19016-, 5621-, 6909~
AP_1.C54 2 Bl3-, 5016- 5022

AP_2_CS3 1 |2796-, 2803

s | e C-C-C-M-N-5-5-
AP2.CS6 | 3 [2691-, 6582-, 6583~

S
T-G-T-G-G-W-W
AP 3 CS 2 |606-, 2883~ w
i e W-T-T-T-A-Y-R-|
ARS_CS 1 |1320-
B T-T-T-W-B

52-, 229-, 506-, 672-, 1029-, 1300-)]
1407-, 1593-, 1947-, 2604-, 2717-,
2831-, 2923-, 3006-, 3031-, 3327-,
bHLH_CS 35 [3351-, 4076-, 4116-, 4208-, 4539-,C-A-N-N-T-G
5023, 5045-, 5260-, 5306-, 5354-,
5397-, 5507-, 5532-, 5617-, 5891-,
L] 0966-, 6120-, 6474-, 7036~ |

bicoid_CS 2 [3842- 3850, 6636~ 6644

B-B-T-A-A-T-C-|
y-v.
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Transcript. -2

 CAP.site  |64lso many C-A-N-Y-Y-Y ]
L - C-C-W-W-W-W-W-W-G
CArG_box_CS | 1 4313 =
CFLCS g 346 3032~ 3986, 5300~ AT
T e23s-e933- [T ]
 CK_8 mer 1 |1547- _ AANCC-A-AA
CP_2_gamma_FBG| 2 [5077- , 02— A-G-C-C-A-C-T B
CRE.1 2 11158, 6770— ~c-G-T-C-A
~ CREB.CS | 1 |usr- - A-C-G-T-C-A
_____ EIA_F_CS 2 |968- 2974, 4688- N-G-G-A-Y-GT |
A CS o 1592, 2716-, 2830-, 5305-, G A N
T boes-, 035 o B
77777 E2BP_CS 2 2383, 6897- _ITG-c-Aa-a-vy-Ay
engrailed CS | 3 |949-, 3039 5248 H-C-W-A-T-H-A-A-A |
C Bts1CS |1 lae0- ] S-M-G-G-A-W-G-Y
o oowsE21  l1lgo-  lGCAGoA-GGa |
GAGACS | 1 |3525-  M-G-A-G-A-G-A-G-C
’ | 18-, 207+, 232, 334-, 385 T
409-, 549-, 593-, 619-,
869-, 972-, 1215-, 1674-,
1692-, 1895-, 2292-, 2422-
gamma_IRE_CS | 34 2737, 2938-, 3052-, C-W-K-K-A-N-N-Y
3141-, 3299-, 3573, 3926-.
3975-, 4487-, 4687-, 5065-,
9688-, 6110-, 6424-, 6480-,
| 6486, 1068- e
1013-, 1143-, 1525-, 2469-,
GATA_1 CS 9 13160-, 3431-, 3633-, 6138-,W-G-A-T-A-R
B o | les10-
c_Myb_CS 2 1558, 1407- C-M-G-T-T-R
C/EBP.CST | 7 |0 9% 12175 1302, T-K-N-N-G-Y-A-A-K
5921-, 6200, 6569
ZDNA_CS 1 1467~ G~C-G-T-G~T-G-C~A
XRE_CS1 4

1474~, 2630-, 3567-, 7050~

C-A-C-G-C-W
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Transcript, -3

] B, 1184, 13005, 1768, 1947-]
2037-, 2243~ 2292-, 2998, 3052-,
3102-, 3314-, 3573, 3675-, 3855-,
GMCSF_CS | 27 C-A-T-T-W

3866-, 3926-, 3933-, 4198-, 4902-,
6244~, 5472-, 5507-, 5558-, 5956-,

6617-, 7012-

e

] o W-CT-G-W-T-C
GRE_CS7 1 [3293- T
- A-G-A-W-C-A-G
GRE_CS8 2 11760-6080~ W
. H_APF I RS | ’*'fléiii T G Garaa
H1_conserved US | 3 [539-891- 1147— A-A-A-C-A-C-A
 H2B_ CCAAT 3 430 493 4934~ C-C-A-A-T-N-A
A-T-T-T-N-N-N
HiNF_A_RS 1 [247-
e _|I"N-A-T-T-T
313-, 703-, 866-, 871-, 1860
HIS4 US 14 11889-, 2020~, 2152-, 4560, 4822- |T-G-A~C-T
| BOI6, 5095-, 8214- 5491~ |
[ HNF 5.CS ﬂno » 246-, 254-, 3770~ 5901~ T—R—’I—I~T-G—Y {
HSVIE 1 5847~
JCV _repeated_seq | 5 |4383-, 4387-, 4391-, 5652, 6034~

f 44-, 333-, 2009-, 2758, 2813
LBP_I_RS 12 3828, 4502-, 5047, 5373-, 5309-,
L o _ | [o687-, 6461- L -
malTCs |2 2012-6597- G-G-A-K-G-A
NF_EICS2 | 1 |15%- G-A-T-A-A-G
D e L A— . .
IR Bl s N-N-G-C-C
 NFINFI | 1 |433- A-G-C-C-A-A-T
NRE_Box] CS | 1 4210- E_—g*c—c— et
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Transcript. -4

LFAl RS *7 13035-, 4694-, 5030-, 5232-, 5538-, T_G_RMCEA*
T s604-, 6433- e o
T-G-C-R-C-R-C
MBF_1_CS | 3 |1462-, 1472-, 2628
1 w462, 1472-, 2628-, 4192-, 4494-|
MRE_CS2 | 6 T-G-C-R-C-N-C
o8-
 Myb CS | 2 |5397-, 6120- Y-A-A-C-K-G .
M-Y-W-A-T-C-W-
NF_E1_CSI | 2 [719-, 3203- N
1\;F_IL6C58 46-, 1119-, 1217-, 1302-, 5921-,|T-K-N-N-G-N-A-A
o 6200-, 6451-, 6569~ -K
NF_S_CS | 3 [3120-, 3919, 6770- Y-G-T-C-A-G-C
Y-G-G-M-N-N-N-N
NFI CS6 | 1 |4688-
S B -N-G-C-C
G-G-G-R-1I-T-Y-Y
NFKB_CS1 | 1 [3751-
,,,,, — vIVI——C._,fw G S |
Oct R.CS | 1 |4049- A-T-G-C-A-A-A-Y |
, 2939-, 4033-, 4037-, 4041-, 4320~
PEA3.CS | 9 A-G-G-A-A-R
| |4861-, 5669-, 6313-, 6873~ e
Pit_1_CS1 | 4 [477-, 187-, 2494-, 4203~ |W-T-A-T-Y-C-A-T
C-G-W-G-G-W-N-
RAD_CS | 1 |4859-
o T G-M-A B
K-R-G-G-C-K-R-R
Spl CS4 | 2 |4855-, 6296~ «
'TATA box_ o R . o
s 4 1651-, 855-, 1356~ 6866- T-A-T-A-W-A-W
TCF_2_alpha ' . ;
. 1 14860~ S-A-G-G-A-A-G-Y
N
uteroglobin_| -, o e R-Y-Y-W-S-G-T-G
11524 CS . . -
v MCS | 2 |5397-6120- Y-A-A-C-K-G
W_element W-G-N-A-M-C-Y-
—CCME—1 o o397 4142~
676-, 2643-, 4694-, 4769-, 5450-,|
ZESTE CS | 6 . Y-G-A-G-Y-C
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transcript. -5

| CAAT Box

poly A signal

435-,  493-, 979-, 1381-.

[4261-, 4618-, 4934~ B
1270-, 2423-, 4202, 5203~

4070

i

C-C-A-A-T

T-T-T-A-T-T

| TATA Box

F*A—T—An/\—f\

Table 13. Transcription factors of ARS1564
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V. Abstract in English

Characterization of ARS(Autonomously Replication
Sequence) from flounder(Paralichyhus Olivaceus)
MAR (Matrix Attachment Regioin)

Nuclear matrix is the basic structure in Nucleus and its functions,
such as DNA replication, transcription, repair, splicing and
recombination. Nuclear matrix attachment regions(MARs) are specific
DNAs attached to the nuclear matrix. Most of autonomously
replication sequences are associated with nuclear matrix.

In this study, an ARS(named ARS1564) was isolated from MARs
of flounder. The ARS1564 showed about one third of transformation
efficiency of the control vector, YEP24. Identification of the essential
region which are responsible for the ARS function in the ARS was
made by deletion by exonucleaselll. Interestingly, essential element of
the deleted cloned, R7F5(192bp) had 6 times and 1.8times higher
yeast transformation efficiency than original clone and control vector
YEP24. Another clone R7F4(254bp) had 16 times and 4.8 times
higher yeast transformation efficiency than original clone and YEP24.
So, ARS1564 1s strong ARS in yeast. The cloned ARS element was
sequenced and analyzed using the DNASIS and MAR
Finder(http: //www futuresoft.org/MAR-wiz) programs. The ARS1564
1s composed of 7112 base pairs in length and AT contents of 50.44%
and shows a set of common MAR characteristics, such as replication
origin patterns, topoisomerasell, kinked DNA, curved DNA,
unwinding element and ACS(ARS consensus sequences). ARS1564
didn’t show that the clone can efficienty replicate the plasmid in fish
cell line, CHSE-214
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