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1. Electron microscope of nuclei (A) , halo structure (B)
and nuclear matrix (C) isolated which from P.olivaceus
blood cell.

2. Schematic representation of roles of Matrix attachment

regions(MARs) in the compacted and open chromatin

domains of a eukaryotic chromosome.

Experimental outline.

Construction of pURY19 - MAR.

Identification of MAR DNA PCR products.

In vitro Matrix / Halo binding assay.
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In vitro Matrix / Halo binding assay.
— control experiment
8. MAR association potential and distribution of motifs.
9. Correlation of MAR-related motifs and binding strength.
10. Sliding window of % AT across the MARs.
11. Fractions of bound DNA (P) and released DNA (S)
in each structure.
12. In vitro core MAR binding Assay.
13. Core MAR binding and MAR binding motifs model
in the flounder Matrix.
14. Schematic representation of roles of MARs in the MAR
binding motifs model.
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o MEAA GAAL 55 ZF 749 loopTZEH domaino 2 FASEH AdH
4 2 (Chromatin fiber)E2 “Nuclear matrix"eh= 3 FxEo] F-2xjo] &) 4

9] >

o Fa3% oAl HAHEES Fukdvh ¥ 71" (N matri)S A A A LIS
35-diiodosalicylate)$} A3t &4 Aol ol&] GA ¥=d), o] 3 7jHo] HolHog
Agal 295 MAR(Matrix attachment region)@bal dtc}. o]2)3k MAR: &) 1440]]}\1
DNA ), /"V\} 3], RNA 2=Z8o]d, 18]y &AM F9 715& S8y,

s 2Ash: v x4 - vlsAes Fash 9438 dgsta 9k

o] 2§ 5t NARJ 548 2437 98 9 (Polivaceus)el BFAFE2REH 8 7)
A3 MAREZ #gstdd o83 MAR % 25719 MAR ©¥HE S Adlsio] 37T
12A7F Ft 3 Zldae) A3 whe-g JAAE 3 AR ‘117] o] &3t Fatd
DNASH & 71"l A Wolx 2 DNAE &35tk o] ¥ Southern-hybridization
& of&3te] | yjHFe] AFHd wel MAR DNAES ¥ /et 243 Ay
MAR ©#o] 700 bp o3tz #& wol: 2o Agdow g BE MAR?A a
217 & Agol 3 Ao g5 §ite] Wl witel ZAgtEe] & sbsAdel Ay
MARS®] o] Ak s Agde] G F= AL ofrju), -ldJ_ MAR-Cﬂ 471
Aqae HA38 A3 AT-rich, ORI, ATC Rule 22813 Topo 0 motifS# ¢3it5 o
Rew o] motifse] A HJAE olFol 75 E FugE & AU Z1elaL o
gk MAR®] 58S °1839 #83 349 =YS A 2d Ay iud
olE 4 AE Ao Aztdng

TR - QWAL olivaceus), 3 71A (N. matirx), MAR(Matrix Attachment Region)



1. Nuclear Matrix

Ao AE e A gloja] & AW gpo] FAlo] Hi= Aotk A
AL JAZE ol B o] o] FoyA = FRE A Eol H oA o]Fo}x
oo Hszel Aol whEw, ojed Al A s e AT W FRE
(nucleoskeleton) H:3= 3 7] A(nuclear matrix)o| A} d& o] A So] o] Fo)z
thal Basa 9tH(Table. 1). A &o FxEs ARHARY, Q4R
(chromatin), #3l %9 (nucleolar compartments), 3 & 23x ﬂ(nuclear pore
complex)Z otk Zejar o] AMA F dwMAy Mifdz A=
nonchromatin®l 3 7] & (nuclear matrix)el %3}  (Bermnhard and
Granboulan,1963), & 7]4& =74 1) nuclear lamina 2) internal protein
network 3) residual nucleolar structure % 37F* & #7F 9 tHFig. 1).

Aol 94 (chromatin fiber)& FAHEA 2 717 U F7]19 A]7]e &)

? ez, ©]52 domain FEY loop +EE o]F L 9t} o
s 7] AL ‘nuclear matrix’ 2k @A XX AU FLERE o|Fn
9}9}14, of Fx=2 i 9} A9t DNase H2& Faa 28 4 vt o] +

Z& UelAl DNAE 228 © 2 nuclear lamina®l &34 sl3 2 t}e ¢
Aleli= internal network FElE o] 58 ¢HAg3E o] Ao A} %
(folding)& °lth “12)al F7] GMA 9l F+2A=  ‘scaffold @il &
ol M AE gulds o]folx] dou] o] xl7]o] o] FHA vHe A

e e = ]

o] volrt AEe] deE AR/ E 3} (Jovan Mirkovitch, 1984).

o W omd
ool o g

2. Matrix attachment regions (MARs)

M 7] A(N. matrix)9) loopT % FollA] FFRE] Eoldozm RAgo] 9=
DNAZ} =6 o] {92 MARs %Y SARs (matrix/scaffold attachment
regions)2til gl MARYE 7324, 715808 £R83% EAS Ui =4,

FrAeze o A A $Ase] 8y FukEE 24 A a5l
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ofuby] FAE FE 5L ¥ V|4 T3 oFE dddnt I A2y o
AA el MARe] 93] RAEE TFig. 29 vERH A THRachel
Holmes-Davis and Luca Comai, 1998). Z12}3, %18 A& DNA 5] A
L S AE repliconole) dhy, olEo] @ 7jAo]| FAtx o] ¢li= DNA loop
FRO A TheEEE 2ol AL replisomeﬁc']a} 3}, o] replisomes©l A

origino] W A7} dojy o]Fo R e Reke] AL DNAZL A
A loop TXFE olFA drt. g3 MARE Atgyd v 933 A9
(noncoding area), AAF 28 QATo] wo] WAN=H, oy MAROIA

DNA 2=}, AAF “12]31 RNA sphcmg—a- ZA3A 3 o], 3 7|HAL F
st HAMAZE YR2 FE 5’4‘4 %3 enhancer®] 9ty A dold A
FA F9o MARZE 208 A%, & ulo dMa AA e EAste 9
BoEg) fAxe] wde) TS T Adoem ugtth ol A Eo] MAR
Yol Al dojutA @t (M. E. Eva Luderus, 1992 ; C. Bruce A. White law,
2000).

3. MARs®] £444 E43} o1 22

MAR® EA& ¢etny] f3te 4 | A(P.Olivaceus)?l A ELZFH
I 32, LISUow salt)9} AlSta4E AHalste] 3 71 2A(N. matrix)
g F, 8 712 23 DNAMARE 2dch 283 F5¥ MAR
librariesi= UhAl WA9] AyAlxelA g @ rAd AFdE AMFow
MAR®] F5ol wepr] 3 7jdo] £+ ZEE ¢ F AAG. o) 4E
BATE blg‘ 3ol b 2 Aol & v)dy AdE MAR
librariesE® A ¢ H o] el F-7317) —.%HH in vitro matrix binding assayE® &
@elglch 21eli MAR DNAS) 917] A€ BA% 43, 8 /143 23
o] ¥ F-9el AT-rich motif7} ”—LOI Fyshs Ao= gk
A ylolAje) FRE Jlvs @dstal e ¥ )Eel F3d" DNA S,
MAR7} A 2e) B¥s]o] gt o]e]gdh MAR DNAE 3 7[dste] 2 A3
Ae RS 3 97A49d 248 539 MARY #AE motif 8 €obii
1o tidk MAR DNAS) EAS whsluiarat sho 223 83 449 5=
1o

e A ohAA Y EeAdo]l & A wHe FoAe] i A= AA

O = = =
= T=<

Mo 1%
o 1
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n. 23 As 9 a4 344
1. Strains, plasmids

w AP olA] AFEH strain® plasmidi= Table. 20 YeERAT A9 E
colizw- DH5a MCR, JM 1098 ZAggev o] National Institues of
Health(NIH; Bethesda, MD, USA)olA] Wk} 28} 31 plasmidy® pUCI9,
YIpS, pBluescript SK + YEp24E AF£3led], pUCI9H YIphys A]-&djshw
M e Agdela] B wekon pBluescript SK +3 F-7Z g n) Ay
b FAs A@olA] Bk ol A&t

E. coli DH5e MCR< MAR fragment’} 4= el ¥ plasmid vector®)
%8 9% host cell& AFE S A3, JM 109 straine pUCI9 vector® =2 A
717} 1% HAoz ALLE vl “1e] a1 pUCLY, YIpS 59 plasmids MAR
fragment®] A1 A 2 23 MAR cloning vector(pURY19)& #3317 93k
Aoz gt 2123l MAR bindingS %3] A9¥ MAR DNA2 47
A F48 AP o] W pURYIOM vectorZt A& 91T o] vectors=
pURY19¢ll Poull digestion *12]& 3+ & Polylinker Cloning SiteE ZHeb
<, A pBluescript SK + vector® Poull digestion #g= 22 MCS
(Multi Cloning Site) 912 Arglsle] 9+ Ao 2 cloning AP S 3=t
ojA] F2 ARES A 183t YEp249) 21 circle DNA 528 EcoR 102
A=, pURY1IOM 2] EcoR 1 A&]ol 4Fdste] pURY19A vectorE %34
t}.

2. Cell culture

E  coli~= Luria-Bertani [LB:1% bacto-tryptone, 1% NaCl, 05% vyeast
extractl medium®. = 37ColA & wiIFs Aot 18] F 8 A9+ LB
mediumol HE %7} 100peg/mlo] =% ampicilling 718l ALB WA &
AFE sk



3. MAR library ++=

T+ MAR fragmentZ 4313171 $1% pURY19 vector® F&3ut.
pURY19:= pUC19el Ssp 1 digestion A2l E 3 F 1 &9 YIpsol Ecod?
Il digestion 3t 22j2 URA 3 gene H9E pUC199) Sspl Ahalo] AFql sk
vectoro]th. ©] vector W2} Polylinker Cloning Site?] FcoRl ¥9& A2 &,
YA (P.Olivaceus) =5-€ AL FcoRl MAR  fragmentE  4}¢lsle]
pURY19-MAR library & +33}9c} (Fig. 4)

4. E. coli transformation

I coli transformation< Calcium Chloride W& o]&3%9tt. (Inoue,
[L.Nojima, 1990) LBel E. coli DH5e MCR ®i%e 0.1ml& 10mee] LB A ol
Ho] 37CelA  overnight growth A)Zivk. o] & SOB [2%(w/v) bacto
tryptone, 0.5%(w/v) yeast extract, 10mM NaCl, 25mM KCl, 10mM MgCl,,
10mM MgSO,, pH 6.7-7.01 8=} 250méo] LB wj=]2] wjoked 25m08 oA
/1002 HF3F ¥ 18TlA OD.7F 04-057F € w7 wjFS v} o] &
iceol A 10%3F HAAIZl & AR 7|5 o] &3to] 4T, 2500X gollA]l 10%
9 E¥ F cells v A2 cellS ice—cold AEIQ), TB buffer [10mM
Pipes, 55mM MnClL, 15mM CaCly, 250mM KCl, pH6.7} 80mé-2 ¥ 2 =3
AZIth o] & ogceoll A @Rl o] 10¥3F ¥ ¥, oAl 4T, 2500 X gl A 108-3F
Y715 3 F supernantE W 3L pelletd] A¥E cellS 20mée] TB
buffer [7% DMSO7} ZH7j4 ”EHP% zZ AT o] & wrEolx
competent cell 20002t @2 A%k staral 3k DNAS 0.1-50nge] do= 4

of 7 Mol & & icedl A 308 & Wk AIZIh 308 F 42TColA 30% F<t
heat shocks A%l ¥, iceol A 2% &< FA¢t -LE] L 308 ¥ 0.8mee] SOC
[SOB ®A] + 20mM Glucose|9] A& o] & § 37T wld7)olA 1413} &9t

vFAIZICE o] & mlkel 200utE ALB plate [LB + X-gal(50upg/ml),
IPTG(50pg/m),  Amp(100gg/m)]el]  wol == 3§ 37C w7l
overnight3te] 83 A A7 colony S AU}



5. E. coli=4 ¥ plasmid DNA29] &g

QIAprep Spin Miniprep Kit Protocol(Qiagen™)ell w&} plasmid DNAZ
2l el ampillin A A7F o) LBulA 5méol] 7} colonyE HE3 &
37CIAl overnightste] g widdch 283 7+ ke bacteria® 1.5ml
polypropylene tubeell %31, 603 F<t A4 828t cell& AL o] F 250
12} resuspension buffer [50mM Tris pH8.0, 10mM EDTA]E % 3. vortex?|
7 cell?} 2 E3H8FA ) o] & 250ul lysis buffer [200mM NaOH, 1% SDS]
5 ¥olAM FAsHA £33 F 58 HAEo FUrh o & 350u09)
neutralization buffer {3.0M potassium acetate pH 5.5 with acetic acid]& %
o &AL F 15000rpmel A} 108 59+ Y4)R 2o supernants slica’}
2A3= QIAprep spin columnol] FojAl 30-60% %<t YA AE skt 19
U2 obd i # L buffer €48 Ml g 750609 washing buffer [50mM
NaCl, 10mM Tris pH7.5, 25mM EDTA, 50% etanollZ il 30-60% %<
A4 7lA Ed F, A buffer £4& @k 18] ¢S washing
bufferE Slef7] 9138 1% &b A& 7)olA 3 H o E& F ethanolo]
dob AR BEE dryAlzl F 50me] TE buffer [10mM Tris, ImM EDTA

=
pHBSIY S5FF 5 ¥o] DNAZE & F =5 183 SAAz & 183 9

o HE

6. Polymerase chain reaction (PCR)

+¢8 pURY19-MAR DNAE EcoRI digestion X 2]E FFOEH EcoRI
MAR fragment®] <2 #5-2F 2715 ¢ & AAh o] F Matrixete] A3
< 913k MAR fragmentE 97| $13td Polymerase Chain Reaction (PCR)&
A it PCR 532 Perkin Elmer PCR System 97002 A}&39c}. wkg-
9= F 502 e, 10ng9 template DNA, 0.25mM¢ dNTP,
0.5-1.0U¢] Tag polymerase(Promega®), 1X buffer, 3mM MgCls, 10pmole2]
universal primer (MI3F/R)E &¢éto] whEA AT AME$ primer & MI13
Forward(24mer)+= 5-d(CGC-CAG-GGT-TTT-CCC-AGT-CAC-GAC)-3',

-6 -



M13 Reverse (22mer)+= 5-d{TCA-CAC-AGG-AAA-CAG-CTA-TGA-C)
-3'& AR&SFTh 12]al Matrixshe] A3 AP Helsy] 99 Aow
MAR fragment®] labeling€ 3h+= 4%l 0.2mM9 digoxigenin-1-dUTP
(DIG)E W&o H7gdch PCR ¥ 2712 =2 Hot Starti= 94°C, 5+ 3¢
WHS- Al 2151, 947C, 40% &<F Denaturation ¥H3-, 60C, 40% Fob Armeahng
k- 72T, 80% %0} Extension WH&S F 30cycleS A&t} 1e]ar o] %
72T, T8 &%t it F 4TCA Storage WHES A7) £, A7 sl 93] PCR

productE% &<l 8 4= Ui}
7. A7 A EEHE 9 Matrix / Halo Structure %]

o= WA (Polivaceus) 258 lithium 3,5-diiodosalicylate (LIS) 5
g ol &3le] ¥ FEEQ Matrix/HaloS 2%td (Mirkomitch et al
1984). HAZRY dHg A3 dAZnE WAy 93 deof 10m%
3.2mM EDTAY}F £9¢] 3= tubeoll oA iceoll A WAt} o] & fAalie
715 o] &3t 17T, 3000rpmel Al 10%3F £8 §F, EH S AASS - AX
E dAu dojd H M ¥ bufferAS AMEH dof Ryjo] 2vg Qo] H
e &e A7l o] W, bufferAs= 3.75mM Tris-HCl pH7.4, 20mM KCl,
3.2mM EDTA, 0.25M Sucrose, 0.0omM Spermine, 0.125mM Spermidine, 19
thiodiglycol, ImM DTT, 20ug/m¢ Aprotinin® 2 *4=o] itk EDTAE
&N Fo] nF T A A ApRo] Ho| dRe] P AYE WAEHY] A
ARE-51 9131, spermined spermidines DNA2) +35 <HdshA|7]7]) $18 R o)
o DT T(dithiothreitol)3= 1A 3Fo] AsH® olv]g} Aprotinini} 22 Protease
inhibitor& AF&H A} o]2}d DTTE SH(thioD2] 4H3E W33l disulfide
Aol dojubA] ¥stn®E o =4 protease inhibitor=9 7)eg T
(R. CURTIS BIRD et al., 1997)
47T, 3,000rpmell Al 1083 94825 & F bufferAol U= A&
sl v, thA] ¥ washingS H8lA] bufferAot 4ie] AR E 3
o] & pe Wkl o 2 gsypernantE Vgl 3L, 0.5mM EDTAZ} £ bufferA<t
fol 2& W o2 washing2 2¥ ©f A3l 2¥ 2] washinge] ¥

5 15me bufferB [bufferA(without Sucrose), 0.1% digitonin(Sigma),

o

Lok & Fr
AR - J o



ImM phenylmethylsulfonyl fluoride (PMSF), 4Mm Vanadyl Riboside
Complex (VRO)IE Yo} dE £ teflon-glass homogenizerS o] -&3lo] 15
A3t cellS ZAx=e] WS AAY. o] wf bufferB2 digitonine M| E 92
2 A FS woli=dl o]y, PMSF¥ Protease inhibitor®] <&, VRCYE
RNase inhibitor=¢] &g Fggv}. of & & Efé}ﬂ g etedo] 15mee)
buffer C [buffer B+05M SucroselE #7}3te] 2 &3Fst & 4T, 3,000rpmoll
A16% EFeF AAE oA =Y 4R A7l § supernantE ¥ 2] AL
Hedt o 20-25mle} bufferBES A 7Fste] 47C, 2500mpmolA 1083 23
washing S 34

WE washinge] v & 35 10 0.D.200/100p 557} ¥ &5 Stabilizatio
-n buffer |buffer A(without 1mM PMSF, 4mM VRC, 0.5mM CuSOs 19 &
EbA) A 37TCoNA 2087 vHES A o] & 8mee] 3,5-diiodosalicylate
(LIS) buffer [2omM LIS, 2mM KCl, 2mM EDTA/KOH pH7.4, 0.25mM
spermidine, 5mM Hepes/NaOH pH7.4, 0.1% digitonin, ImM PMSF, 4mM
VRCIE =34 HA3) #71e & Aol 587 v A7) o284 Matrix
%ol loop®™ ¥ DNAZF ¥ojdi= 49 Halo structure® ¥& + AT
o] 3 ALy 2000xg & 1083 AR A7 F pelletS 10m¢e] MWRB
[Matrix Washing Buffer; 20mM KCl, 10mM MgCl;, 70mM NaCl, 20mM
Tris-HCl pH74, 0.05mM spermine, 0.125 spermidine, 0.196 digitonin, ImM
PMSF, 4mM VRC]Q} s3ke & AL 2000xgolA 1057+ 4 washing S
2 A8k} o] & Stroage buffer [7.5mM Tris-HCl pH7.4, 40mM KCl, 1mM
EDTA, 0.2M Sucorse, 50% glycerol, 0.1mM spermine, 0.25mM spermidine,
1% thiodiglycolll HaloE -70Col4] X #3F2A . (Pierre Rollini, 1999)

12} 31 MatrixE& 247) 9314 5x10" Halos @ 05mle] EcoRI j‘]E](ECORI
400Units/me) 3te] 37°Cell Al 3213 g A|z1 £, 4C, 2,000 < goll 4] 1083t ¥
AEelste] 1 opellets 05meel MWB [without Mgug, with 1mM EDTA]E?;
+ W washingg & & -70ColA Bttt (SM.Gasser and UK.
Laemmli, 1986)

~



8. MAR®] ¥#-¢

2} 3 Matrix©ll lysis buffer [10mM Tris-HCI pH7.4, 10mM EDTA, 05%
SDSIE Yar 54‘?“] 1 3, proteinase KZ 100pg/méZ H7Fsle] 30T ol A
overnight*] 71t} ¢] % Phenol-Chloroform ##]E 3ty MAR DNAE #A A
33l o] E isopropanol HA WHE& d & TE buffer [10mM Tris-HCl |,
10mM EDTA pH7.4}5 Yo MAR DNAE <3t} ©] ¥ pURY199 EcoRI
Ae}oll EcoRIC 2 ez MAR fragmentE 4139l MAR libraryE 43}
ATt

9. Matrix / Halo®} MAR®] binding

& FxE% MARQ binding 288 37] 3 2712 WS A&
24 MAR fragmenti= MI13F/R primerZ ©]-83% PCRYH A <3 Fv)5 A
t}. matrix®} MAR binding 23 nuclear matrix(3x10° nuclear)?t MAR
DNA(30-100ng)E matrix binding buffer [2% triton X-100, 250mM KC],
70mM NaCl, 20mM Tris-HCl pH7.4)olA &A1 2k 12 o] &
E.coli DH5a MCRolA #2 3 genomic DNAE sonication AlAH €& 7L
fragment=< binding A @9l A competitor DNAZA] @7lsl] W& Eo] F
100pe2) <ol A 3kl 1)t 37ColAl 3A17F 52t binding 2 8-&
ot re)x lalo®t MAR binding A8 o|lde & x=xo= Halo
Structure®} MAR DNAE 1X FcoRI digestion buffere} &3t 8t & FEcoRl
(36units) A g ot JA 100w Fe %F F 37CA overnightst=
binding& A1 8. (Cornelis M. van Drunen, 1999)

Matrix/Halo®t MAR9} binding ¥HS-o] iy 5, 4T 9] 10,000 gol A 105
b gA R A7l & supernant®t pelletS 7} 4 A~ A el 1
A 50p02] 1X EcoRl digestion buffer®. 2 pellet& washing 3l & lysis
bufferet &7 100ug/m¢ proteinase K& 713k 55CAA 2417 vh&S AR
vt} o] ¥ 7} ztol MatrixolA] wWolx & DNA WHES supernant®}
Matrixell 2o}l DNA 9 AE5< pellets &3 AANS ol g3t 10w TE
buffer® 2o} DNAE 3|53ttt o] %ol 0.8% agarose gelol*] binding®l

iV}

4

mio

...9_



ALl MAR fragmentg} supernant, pellet®] DNAE 7} 7} loadingdte] A 7|
152 A7l % VILBER LOURMAT(BIO-PRINTY) S o] &3l ARAS & o]
i R A

5] 0.8

Oll

10. Matrix / Halo®} core MAR®] binding

in vitro MAR assayE %34 strong binder® ¥3Z2 MAR DNAE A&
skl core MAR binding& AAIRt oo AEd 57§¢] MAR DNA &
pURY19-MAR 362% 37019 @8 oz 7} 2 Y3l 362-corel& FcoR 1-
BamH 1 @A, 362-core2= BamH 1-Xho I WA, 362-core3™ Xho 1-EcoR
I Ao 2 Ze} core fragmentE-S THlstgth 12l 31 pURY19-MAR 3662
619 @GHE Fudl=d, 366-corel > EcoR [-Sca 1 ©HHo 2 Zgrony,
366-core2~4 FHELS A7) AL 4S 944 Exonuclease ME FallA &
< 7+ z+e] pURY19M-MAR 366B16, C12, C22] DNAE MI3F/R primers
AbEEte] PCRE &3te] 7 719 AHES 28 5 vk “18 3l 366 coreds
MI13F, 366AR primerE, 366-core6< 366BF, 366BR primers AF83H0. 24
PCRE E3te] 7zt 2}9) AEESE 25 + AUt 285 PCRE| whg =02
o]2l MAR DNAE 7] 9% i #Zdvt 22/a pURY19- MAR 374
T FKeoR1-Sal 1 WA 374-corel, Sal 1 -Xmn1 ©3H2] 374-core2, Xmn 1
~EcoR1 w9 core3& EvlstArt. =3 pURYI9-MAR 3802 Sacl ©H
o] AA" corel, Sacl-Poull FHR core2, Poull-Sacl AL core3,
corc2¢} core3& I cored Aoz FALW pURY1I9-MAR 3902 EcoR
I-Sacl HQ corel, Sacl-Sacl ©HI core2, Sacl-EcoR1 WH
core3, Exonuclease ME %34 4L pURYI9-MAR 390 Cl16°] MI3F/R
primers ©]83k cored, 390AF, MI13R primers o| &3t ¢ coreb ©HE
S 7+ 7} #usFAH(Fig. 13-1~5). ZF 7}e] primer sequencest Table 6. ¢
theb A et

Fulgojzl 7F Zbo] MAR WHES Halo 7% %3% bindings AA ok A
g 27 % core MAR DNAZE 100ngo.= #H7lstd oy, 1 99 231& o
4] binding 2@ FA3IA HAE A



11. Southern blot and hybridization

3]<+3t pellet? supernant DNAZ TAE bufferl0.04M Tris-acetate pHS8.3,
ImM EDTAI®lA] ethidium bromide’} €13} 0.8% agarose gel®l loading A

71 & Awrake]l 025N HCIS @ Sl‘i—z HH8] &50°] FHA depurination
= A olE F W o APE FFRFE gels A F Y o] ¥
0AN NaOHE gelol #3stAl QolE § A3 EEUA 2083 WA 7)=

il

- ol& 2# AAg}h denaturation WAl Eubir U, gele] H WO
positive charged nylon membranes #3th ©] @ membranes GeneScreen
Plus(Dupont-NEN Research Products™< AFg3l9v}h, 18] gele] 5=
Whatman 3MM paperE 2zt 7z} 3% 2 29 9 toweldol Fo} HFEHow
transfer buffer{0.4AN NaOHI9t 14% 4 Q= %1 Whatman 3MM paperZ
Addste] =A% d4del 93] DNAZF membrane®. 2 $74 24 4 5= A
gt 12-16A17F ©] % gelolA] membranes 7o} NaOHE £3A|7) 3 G &
agaroseE glol”] 984l neutralization buffer [0.1X SSC, 0.1% SDS, 50mM
Tris—HCl pH75]e) 4] 53zt ¥H&A ATt (Samrook et al. 1989)

neutralization®] #% membraned hybridization tubeo] 2o] 15mt9)
hybridization solution[5X SSC buffer, 0.126 N-lauroylcosine(Sigma), 0.029%
SDS, 1% blocking reagent]S #7}F3ltd. 18] 3 hybridization incubatorel]
o] 68CelA 1A]z+ w8 AlA  prehybridization FAE AR —1gxm
digoxigenin(DIG) Mix (Roche™)& ¢} 43}l PCR labeling ¥ probe® 100T
oA 10%3} denaturation AlZl & w}= jcedll POl 3-583F FUrh o] &
hybridization solution& A7 % %, hybridization solution® probeE % iL 6
8ColA 16-17AF &< WHEA A wkg 5 tubeoll 4] probeE A As}ar
wash solution 1{2XSSC, 0.1%6 SDS}E it A29A4 587 Egv}. o0& 2
¥ washing ¥ %, wash solution 2 [0.1X SSC, 0.1% SDSIE& 231 68ColA
15%¢F washings 2% 3FAv. o] w H7}st= buffere] %S membrane
100erd 50mé ]t}

otk e BT Ao #siA M detections 18 washing buffer
[Maleic acid buffer(0.IM Maleic acid, 0.15M NaCl, pH 7.5 with NaOH),
0.3% Tween 20]= 1-3%7F rinse A 71t} Z1e] 30 25me9] blocking solution
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[126 blocking reagent, Maleic acid buffer|& ZH7}ste] 3087 =3 &
blocking solution®] 5ml% 1402 anti dig AP conjugate solution(Roche®)2)
&2 2omS AUEE 3 30%3F wre s AAAY Ao fAHSe) iy &
washing bufferz 1537 2 wEEA1ZH 01 tubeoll Al membranes 7 o
detection buffer [ 0.IM Tris-HCl pH9.5, 50mM MgCl: , 0.1M NaCl |o] &
b 150mm  dishel 5#3F ¥eo] FAvh zEla A& 150mm  dishel
membranes % 3L color-substrate solution [20ux0/detection buffer mf]S =
8] & & o]F% Fo| ¥o] DNA fragment7t ¥ Q4 wj7px] WS A7} o]
T s WF7l HslA TE bufferg Weol 5830 wH$A12l % Image
Analysis System(BIO-PRINT™)E A}g3dlo] ApRS #e & DNA 9HS &
H] 5 g o},

12. MARs DNA 714" 54

MAR fragments= pURY19 vector Well 2o MI3F/R primerE A}-&3}¢]
BigDye Terminator Cyclic Sequencing ¥+ 22 PCR 3 ¥ ABI 377 DNA
Sequencer® °|&3t A7) AMdE 24 zela 1Kb o4 =27)E 7}
X MAR DNA & MAR 366, MAR390, MAR20, MAR63% < Exonuclease I
& ol&3tq A& £, 7} 7zte] dH S-S ligation AAA] pURY19 vectorZ o}
&3t &4 Ak MAR374(Sal 1), MAR380(Sac 1), MARTA(EcoR 1 )5 7}
7+ol AdaEA~ZE A pURYIIM vector®l MCS(Multi Cloning Sites)oll

%ol cloning 3t 971 A4 248 dA4
13. MAR data computational analysis

¢4 MAR 971 AM49& #As817] $1s] DNAsis Sequence Analysis
Softwarc(Hitachi Software™)S A18319 2.9, genome data® B2 317 93l
GenBank! BLAST (http://www. ncbi.nmlnih.gov) ZZ 138 o] &3t}
“1E Al vrEl MAR DNAS) 97] A E & o] 43l MARS A% motifE 3}
matrix2te] ZA3eE& 2ol ] 98] MAR Finder (http:/futuresoft.org/MAR
~Wiz)&  ol&3stel MARS SAEE BAFA. o] el MAR WA
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interspersed repeats sequence® 7] 93] RepeatMasker2 (http://ftp.genome
-washington.cdu/cgi-bin/RM2-resp.pD)-& A}-83-9 2™ transcription binding
sites ¢otR 7] 93] Motif (http://www.motif.genome.ad.jp), promoter 5-$J

=

= 27 84 (http//www-hgc.lbl.gov/projects/promoter.html), =12] 1. of A}
5= Exon 918 37] 984 BCM (http://dot.imager.bem,tme, edu;9331/se

-q search/genc-search.html)5 2] internct program$ ©] &3l data® B3}
o3 =
AA .
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1. MAR clones

Matrix= 58 #28l¥d 2t Z}e] MAR fragmentE pURY19 vectorol] %o
E.coli DH5a MCR strain® Z5-€ MAR clone5& 2th o5 7 clone &
25715 AdEste] MAR bindingol AF&&tdth zF zbe] MAR 4gl H2&
PCRE o] &3t FTEANZH oY clone 52 =719 7= Fig. 59 Table. 3
o vhebU LT}

2. In vitro MAR binding assay

Halo(3x 10° nuclear)® MAR binding$ 3 3, Matrixe] 20} 913= DNA:
AL E IS o dud HAS b= Matrixol 93] pellet 8o 2 7}
ehok=th oo wha] Wojx & DNAYX supernant® e} E27b 7b% b},
ol¢} 2& d# & o] &3l binding 2171 MAR fragment¥ Southern hybridi
-zation A%E -S4 pellet, supernantol A1 9] band #3}7]& wjwslo zx
matrix2he] A= S & = AdArt. 22 binding A @l YolA negative
control=4 pUCI9E, positive controlZ24 pURY19AE A}&3tu}. o}a)dh
binding assayi= Fig. 6(1~8) - Fig. 7 e o}

3. Binding strengthel] W& B &

Pellet# supernant®] band #3715 98]23sl7]  $18e]  quantification
density(BIO-PRINT")Z o] 43te] binding strength(%)E F&th 12
binding strengthel]l @z} 57}X]& #5/F31+=dl, strong binder¥ 70-100%,
medium binder= 40-70%, medium-weak binderi= 30-40%, weak bindery=
309013}, unbounds= 0%= 7} 7} 8 x|k o] 24 25 MAR fragment 5
strong binderi= 57, medium binderi= 57l, medium-weak 271, weak 671,

unbound 7712 A #}7} gkt (Table. 3)
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ax

4. MAR DNA?®] 7] A4

A

7t MAR DNA®] ¢7] A& =2l g H, MAR® ## 5= motif&s #
7] 918l DNAsis sequence analysis software?} MAR Finders ©]& 3t} o]
% MAR3902] 971 A9 5 937-972 5914 (CA)n simple repeat”} 331 ]
2tk o] simple repeatis 3 ule] @A FFo] #H#H signale] ¢ shet
HAHEG, e ar 231-241 59994 ACS(ARS Consensus Sequence) motif7}
Ea¢ch. 183t MAR202 (CGGGG)n simple repeat (422-446), MAR32+
(GA)n simple repeat(196-218)7F 2= A}k, o] 2]o], MAR64F 997-1005 5
2ol 4] BUR(base unpairing region) motif7} 2Ad%=d o]RAL DNAY
unwinding®ol ol Aoz MARS @ ¥ = motif 2 & A Sl 1
2]3. MAR769 47] AdS 43¢ 23 62-72 F9lA ACS motif7t WA
%) 2131 MAR366(1460-1485)7 MAR76(47-72)= plant MAR consensus motif
7} el o] consensus motifi= TCTTTAATTTCTAATATATTTAGAA
o] A7 EE 7FAT (Kohul-shigematsu's lab. JBC). ZF 2] motif®] #3%h
&8 Table. 49 e ATE

5. MAR?% &4 &4

MAR DNA9] 97| Ag #4& %4 MAR #HE motif5& XA
A3 (Table. 5), AT-rich, ORI, ATC Rule% 2 motif”} matrix binding®ll ‘¢
BAdol = Zoz Mt FAIRE o] motifERF @Wo] EATT L FaFAH ol
R & F gla, F7h8 o= kinked DNA, Topo I motif7} &4 A4
ul binding strengthol] 9&=& F= Ao = ®WAY. 1251 TG-rich, curved
DNA, CAAT - TATA box motifs< At#Aol AL Zioe ystth olgd
MAR®] 548 A3 BAs7] 934 MAR Finder(Gautam B. Singh,
1997)& %3] 2zt 7}o] fragmentol A ©] motifS2] AdiAQ A2} nuclear
matrix<}2] binding Z=E v o] doprurh
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1) Matrix association potential® motifse] Ardj A ¢l B

7} 7kel MAR fragmentS 2] matrix association potential®} motif $1 &
sk 9all A Fig. 8(1~7)el Yebigich ¢4 binding strengthol wha}
e W o ARl oE Aols FAs] AAAE F o Urh $AHow
binding asscociation potential®] A Y2 HF o= AT-rich, ATC Rule
motif7}b HFEo] A&E ¢ 4 Ach 28l o] motifE7t B ¥o] Topo II
motif7} F EAAT. 1e]la motife) FHAN AR Auugs ),
curved DNA motifE AA 2 Atd 2 wie} &8 2zt fragment 42 —?42]
A} o= A5 matrix bindinge] G&FHL ALE & 5 A} zeEa =
binding strength”’} & MAR fragment 4ol AA motif % A X

AT-rich motif7} 712] HMojx] &g & I Adr

rdo 2

2) Binding strength®} motifs®] A4

MAR fragment?] binding strengthE 7|02 3te] 2+ 7} motifS 7 9)
Add S e Y] 98l plot graph®} 13} 45 o]-&3to] vhebylc} (Fig. 9)
- binding strength®} lengths A HHW S u 7|87 Fto] A e}
MARel lojAl °FzF AdaAdo]l A= Ao usgtvd 18] binding assay &
gk A3 700bp olstel &L WdHELS At o] oF3k Agow gtk frgy
MAR fragment7} & Aol& Auil Itharl A4 matrixst AdAo] = A
= ok I wrg e FEo] @o] FAEE wWE matrix9 ) 2 AL Q)
7hsgel Axvieta & 4 3l

MAR® ¥ 9 motifE FolA] Topoll motif’} r=0.632.% 7} A o
ghom, ORIr=040), ATC Rule(r=039) motif woiz %7 ygrl 7
fragment®] 91x do = AW RWYE 9 AT-rich motif7} A vpgtod A
A2 Q) = **ﬁ%ﬂ"‘i i r=0.322 °ofgh v ﬂol vhske}h. ol 2% MAR

s ox m

®

Ol 0}‘4‘4 s A %?Ml% o] Fo] N. matrix
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3) MAR fragment%} %AT

7t 7ol MAR fragment2} %AT 18] Z3= Fig. 1001 YElUQIT) o2 3
1 7t binding strength?] 3tel] we} AHww Aol S MAR
Q

fragments S %ATHEC] & 597F 1127 @o] B¥3he & 4= qldu}. o
of whall e o] ”9»*% S6AT kol Stobxs= F97b wel sy,
Matrix2o] Z3gteleo] §l= MAR fragment®] 7 -$olli= 23] %AT7} o}

e A & 4 AA
6. In vitro core MAR binding assay

~

5

koY

Strong binder= ¥ ¥ 571 MAR DNAZXH core MAR DNA 7} v+
Halo %% 3 bindingS 3% ¥, Southern-Hybridizationg %3}
=9 S & 4 Ut o] Fig. 12 (1-5)0 e}, D1
MAR DNAE positive control, pURY19-MAR 498 negative controliz

Al ALE-EF AT

}ix

mio
N
=

~{
-
i
i

Z

Qrﬂ
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V. 2&

1. Matix / Halo binding assay

MAR fragment9} matix$t2] binding 288 3= 459 A3 245 A
kAl 5, E coli DHa MCRZHE 223 genomic DNAE competitor
DNAZA H7bglch 183l Halo Structure2b®l binding g ¢ &iA s As &
2% Agste 22 £dA AREe AASAY 7 R AP A g
Matrix¢te] 2 &olA genomic competitor DNAE Yo|F¥ 73} Halo%td)
binding| Al A& & Ao o3& 2 J& vHE9 competitor DNAZF 23 o)
AofA M EAl BRIy Z2eu MAR fragments B4 22 dEiolA
matrix?S 2L 2oz A33 S v supernante] el o= DNAZ @
o] WA} (Fig. 11) o2& 1¥FE Matrixel DNAZF b H o2 29
AA 2ol MAR DNAE ¥ A& W % 3tho] competitor DNAZ 283)o
MAR fragment® Matrix2}e] Eolxdo] dojx| A %= ZAojc}t ule}brd Halo
structure A EiolA MAR bindingg 3HA =W, A3t F 4o o&A o=
DNA fragment’} Matrix2}2] binding 2 geolA2] <xc} Ho =L binding
Aol Qoja EolAdo] oAl Atk o]o ¥ A Fxp= Matrix binding 4
&lol A Halo structure binding 282 FAsHA = A}

2. MAR clones®] A=

TFE5 o]z MAR librariesoll = pURY19 vector’} 53 oz &x)3tc}, o]
£ o] &3t pURY19 vectorZ probeZ 3t MAR fragment%% ector9} gt
7l binding 2 €S 39, webA Southern-Hybridizationg 3 1 % OHH
matrix2t9] Aol ¥& MAR fragmentsS ZAAEL F U%a
AelEte] PCRS o] 843t =235 25719 MAR A5lA 58 2% /F A3t
12131 pURY19 vectorE ©]8€3le] binding 28S& o 7 $oli= pUCIY-)
pURY19A(+)7} control@A] AF§513L, 2y zhe] &% MAR AHiAE 2%
M-S 7% strong binderz 2<¢l¥ MAR390S positive control, unbound 2 &
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91l MAR49E negative control24 X834
3. 3 WA MAR® &3 #d% motifs

MAR(Matrix attachment region)i= 3 FZFEo] Eojz o=z Ho] 9 o
A gEe] FAAN) A - )EE 98-S $dela vk MAR ol
A= DNA A, AL 34 28]3 RNA splicing 5 & W £23 7% S0
Fubejol A ar frda o] 9oj A enhancer?) 75O 2 cis-acting clement
U trans-acting factors o] WASD, W3How 2 wHEHo rl 1e]ar
MAR 3 Fx& oA wEoix] 32 A loop TFEE FAE
anchorage pointE 7FAaL Qle] FxAQ HAEo] Heod} (Susan M.
Michalowski, 1999). °]2j3t MAR DNAS FAFS A2 3@y motifS ol
wol EAAY. 1 FolA AT-rich motif7} matrix bindingol] ¥ 8)i=4d),
genome WollA Topo I, kinked DNA, curved DNA motif 3 23 & o]
FOo24  DNA9 %2 wpagEoes wrsojevt aglal o] F
topoisomerase 3= DNA At knotting, unkontting L2] 31 supercoiling,
relaxation ®¥FgS A SIAIAA]  replication, transcription, recombination,
daughter chromosome segregation 52 @A aldje] o F 3% V] wg
s 4 & 3t} (Miriam Sander, 1985). 18]3 ORI motif= I5=3F
origin HTZA HA ATdHY, curved DNA motif= A %23, B A, AAL S
°] DNASH ©jdzio]l A5 atgo] o]Fojxli= wrgola F23 7|58 By
o 3 FAME TG-rich motifEs & A2 Ug=d ©] motifis geneo
3 UTRel F2 #Ashd Axg 3-2lola dsgzie) 1ae $aan.
2]l wpx]ut o 2 kinked DNAY H]Eoj daz Fx2<9 4 wigdg
=5

MAR library % interspersed repeats’7F A%t 1 5 MAR 3900 A
1} (CA)n simple repeati= NLS(nuclear location signals)-binding protein-g
Gz stslis dAelrh NLS= 8 Uz dulde] 4o Bolsli= Aoz oy
A 9lew NLSOl ZAgteh= proteing 271 9814 simple sequence length
polymorphism(SSLP)Q! p(CA)n repeatE o] &3 Aoz <dx v} (Elkind
NB, 1995). Z22]31 MAR fragmentiol A FALE AA} 24 Qa2 F3)A
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eukaryotic cis—acting regulatory DNA element € 3o]u} enhancer®} ## o]
A&E o F At oje)d MARS EAS o] &3le] FAx wIHE FH3s)

™ (C. Burce A. Whitelaw, 2000), 53 %9} MAR 5918 ¥ & vector®
A¥ g2 SRS W, AE WAl copy Fi= o oy AdE AH
M) 2 HElE AlEG BAE AT Baxar ot (C. Piechaczek,
1999).

4. MAR motif model

Core MAR binding assayS ®3A 7} 79 o)Al motif¢te] @A
= HE}% ul, MAR®} matrix¢te] 7+ #AE =24 AAE F 2
t}. o] & MAR 3629 Aol corelolA & Aol Ui, gene
A A e Ao Z Mol corelo] matrixoll A3 o]9f tjEo] AT-rich,
Topo II, Kinked DNA, ORI 59 motife} #AE o]lFH, o] 9o HR L&
Matrix T el vy Aoz »wdE& AgAE = UAv}) (Fig. 13 1)

MAR 3662 7] M4 84 Z3 444-556, 707-827, 983-1075 H-9 A
exons o] B7so] ol Anti-HIV proteing L& <= Q%= 3= ChainA,
Met-Rantes genee] &A1 8th 12] 3L core MAR bindingS #3lA exonl §-
o] -7 core6F- 9ol Al Matrixot A5 shw, o] F-919] 444bpe] F5-
¥l Al promoter’t ZE3te] o] S+ Fi-o] Abo]ell A Met-Rantes gene ©] %
e Aow Addy. Tga GF-Eo A3t F99l= kinked DNA motif
7} Bodshy], S1R-Rel= AT-rich, kinked DNA, Topo I, ORI motifge]
St o]y AdHo] IR WA Aoz A7} (Fig 13-2)

MAR 374°) 4= 16-587, 651-911 F-9Jo|A] exonl, 27} 2A A=t <] A
¢ myc-binding protein® L&} FAHE KIAA0916 geneo] ATt core
binding 3% FalA, 635-647 F-91olA] kinked DNA motif7} o] 3FH A
matrix9}2] 2338 Mo, cxonl F-9] HFFolA] vhA] matrixete] 2eHH
S woly o] wl AT-rich, Topoll, ORI curved DNA motif'5 ] 45}”5}
aejar o] F BB Atole] AgH x| 2 F-29lolA promoter(983-1033)7F =
=3lo] KIAA0916 geneo] wal v 2dS AAle 4 o) (Fig. 13-3)

18] 3 MAR 3802 7 -9-ol= 954-1268 F-9 ol Al alternative splicingell ¥

NE 32 o

q

oy ob m}'.. f”
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o8k polycystin-1 gene©} ,°‘°E] corel®} 3o A AZsl= Ao el
t} 218] 3 corel 399 7H7bE 3ol Al promoter(832-877)7F A&k polycys
~tin-1 gene¥ WAAZ 7;19-§ Azbeeh 23 dAY motifEg Fig .
13-4 YERH AT

vpx]Eto 2 MAR 3902 300-409 HF-$olA] hypothetical protein FLJ12547
genco] WAFEA =Y o] AL transcriptiond} A Aolv}. 183l coreby-H
oA AFHS AU U= A ZHEE o] F9o R9olA promoter(455-505
) 7b Agsle] WEA 7= REAE AAE 4 AT (Fig. 13-5)

o]#{ 8t core MAR binding assay®} ZdEHE A4 FAE 4AHHHA
matrix®t AFHYEE Folsts motifs S ¢ AATh wEbA] dA MAR
DNA & 54 59+ matrixe]l 43& st dew, 79 4 AT-rich,
Topoll, curved DNA, kinked DNA, ORI motif$°] utsojxv} ey 4
el 9o FHolAl promoter’t EASHH, matrix®t At o] YA &L F
Aol A= FAaxr Bdses wE5e] 73 XRE9E AANE A (Fig 14)

5. BE FAAY Y A% 2@ Ae o AP

A A A ojFo] AJAbe] W AUl Faxar ) ol E 98 X
T AL o5 Wel AAE = 1A dldlA el FEgo] Eobof b, HNER
3= T AAe] ZdHo] AR o) Fojxop i el Add FAAH
chromosomal integration® o] & Fdzte} v} &4357F 7l ex F5s &
o 3tv, kg AdleA T wddo] F o]Fojxef gk ol F HiE FH Ao
A9e fsA @ gl digh I rb o] FojRla low, oo wE Wi
91 &8 F7HN717) sk o2 2AAAAE Hbske 59 o

Atk A A HHA Hofsh MARe dig J*—;Ol 58 Aol
q‘ apebA] & UlelAle] e 7bxA FA szt HA QY= MAR94 54& 9l
3oy a&AN kddo] A A Id WMHE Y o+ 2l

=3

,‘1—
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V. ¥ =5

Characterization of Matrix Attachment Regions from

the Flounder, Paralichyhus olivaceus

Matrix attachment regions (MARs) are specific DNAs attached to
nuclear matrix which is the nuclear skeleton that remains after salt
extraction and nuclease treatment of nuclei. In this study, MARs
were obtained from the fish blood(P. Olivaceus) by a modified LIS
method. In vitro nuclear matrix binding assay, twentv-five DNA
fragments were selected from library of the nuclear matrix-attached
DNA. The selected MARs were incubated with halo structure at 3
7C for overnight and the mixtures seperated into bound and
released fractions by centrifugation. After electrophorization and
southern hybridization, the MARs were classified as strong, medium,
and weak binding activity to the nuclear matrix. The results showed
that sequences (< 700-bp) have not strong binding activity to the
nuclear matrix. Longer MARs, of course, have the potential for
extended regions that bind to the nuclear matrix and thus increase
the strength of binding through cooperativity. However, binding
strength does not appear to be strongly dependent upon only length.
In vitro nuclear matrix binding assay and their sequence analysis
suggested that the binding activity was related to AT-rich, ORI,
ATC rule and Topo I motifs.
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IFig 2. Schematic representation of roles of matrix
attachment regions(MARs) in the compacted and
open chromatin domains of a eukaryotic chromosome.
Three MARs are present in the DNA segment shown,
corresponding to the domain boundary and regulatory sites. Domain

boud aries prevent the spreading of alternative chromatin states

along the chromosome, thus insulation the domain. The regulatory
MAR is shown facilitating the access of a transcription activator to
the gene promoter via the formation of a ternary complex consisting

of a MAR, matrix and activator.
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Isolation of nuclei from P.olivaceus ‘

L

~ Isolation of Matrix / Ilalo Structure |
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\
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 Binding of MAR fragments to Matrix / Halo |

jL | Centrifugatiﬂ(;ni_m} :’ L

{ Released

| ‘Associated
( unbound )

~ (bound )

I

\ 7

L Punfy DNA by ethanol precipitation ~1
i

[ Southern blot and hybridization T
N

| MAR DNA sequence analysis

Fig 3. Experimental outline
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2.7kb

Feald Feoltl

Fig 4. Construction of pURY19 - MARs
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Ml 12 3 45 6 7 8 9 1011 1213 M2

Fig 5. Identification of MAR DNAs by PCR.
PCR products from MAR were inserted in pURY19 vector.
MI13F/R was used as a primer for amplifying MAR fragments.
M1 ; A DNA/Hind III size marker
M2 ; 100bp size marker
[Lane 1 ~ 25 ; MAR DNAs
( 64, 76, 96, 66, 99, 92, 73, 74, 69, 18, 32, 20, 33,
63, 40, 48, 49, 95, 22, 362, 363, 366, 380, 390, 374 )
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(A)

P<sS |

Fig 6-1. In vitro Matrix / Halo binding assay

M : A DNA/Hind UI marker , I indicates aliquots of the total
MAR DNA used in the assay. P indicates bound DNA in the matrix.
S indicates the fraction of released to the matrix. It is identified by
the density of band in each fraction. Upper panels show the
ethidium bromide/UV staining patterns of these DNAs and down
panels show the hybridization patterns of a probe to a southern tran
-sfer of the gel shown in upper panel A,B, and C respectively.
(A) pURY19-MAR64 ,(B) pURY19-MAR76, (C) pURY19-MARY96
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(D)

Ps P P<s

Fig 6-2. In vitro Matrix / Halo binding assay

(D) pURY19-MAR66 ; unbound
(E) pURY19-MAR99 ; unbound
(F) pURY19-MAR92 ; weak binder
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_P<s | s r |

Fig 6-3. In vitro Matrix / Halo binding assay

(G) pURY19-MAR73 ; weak binder
(I pURY19-MAR74 ; medium binder
(I) pURY19-MAR69 ; unbound
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(1)

P=s

Di =S

Fig 6-4. In vitro Matrix / Halo binding assay

(J]) pURY19-MARIS ; medium - weak binder
(K) pURY19-MAR32 ; medium binder
(1.) pURY19-MAR20 ; medium binder
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| P<s|

Fig 6-5. In vitro Matrix / Halo binding Assay

(M) pURY19-MAR33 ; unbound
(N) pURY19-MAR63 ; medium binder
(0) pURY19-MAR40 ; weak binder
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Fig 6-6. In vitro Matrix / Halo binding Assay

(P) pURY19-MAR48 ; unbound
(Q) pURY19-MAR49 ; unbound
(R) pURY19-MARY95 ; medium - weak binder

_37_




]

Fig 6-7. In vitro Matrix/Halo binding Assay

(S) pURY19-MAR 22 ; weak binder
(T) pURY19-MAR 362 ; strong binder
(U) pURY19-MAR 363 ; weak binder
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P) S P) S| PS

Fig 6-8. In vitro Matrix / Halo binding Assay

(V) pURY19-MAR 366 ; strong binder
(W) pURY19-MAR 380 ; strong binder
(X) pURY19-MAR 390 ; strong binder
(Y) pURY19-MAR 374 ; strong binder
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Fig 7. In vitro Matrix/Halo binding Assay
— control experiment

(A) pURY19A ; Positive control

(B) pUC19 ; Negative control

(C) MAR 390 ; Positive control

(D) MAR 49 ; Negative control
PURY19A and pUC19 are used as positive and negative control
fragments in the matrix binding assay respectively.
MAR 390, MAR 49 are used as strong and unbound MARs in the
halo structure binding assay respectively.
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MAR 362 (1122bp)
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(C) MAR 374 (1627bp)
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Fig 8-1. MAR association potential and distribution of motifs
in the P.olivaceus MARs.
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(D) MAR 380 (1557bp)
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(E) MAR 390 (1644bp)
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(F) MAR 20 (1328bp)
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Fig 8-2. MAR association potentlal and dlstnbutlon of motifs
in the P.olivaceus MARs.
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(G) MAR 32 (1197bp)
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(H) MAR 63 (1431bp)
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Fig 8-3 . MAR association potential and distribution of motifs
in the P.olivaceus MARs.
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(J) MAR 74 (1556bp)
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Fig 8-4. MAR association potential and distribution of motifs
in the P.olivaceus MARs.
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(O) MAR 40 (570bp)
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Fig 8-5. MAR association potential and distribution of motifs
in the P.olivaceus MARs.
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(R) MAR 92 (1225bp)
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Fig 8-6. MAR association potential and distribution of motifs
in the P.olivaceus MARs.
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(U) MAR 69 (731bp)
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Fig 8-7. MAR association potential and distribution of motifs
in the P.olivaceus MARs.
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Fig 10. Sliding window of %AT across the MARs.
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IFig 11. Fractions of bound DNA (P) and released
DNA (S) in each structure.

(A) ; N. matrix
(B) ; Halo structure
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“ig 12-1. In vitro core 362 MAR binding assay

(A) 362- corel (B) 362- core2 (C) 362~ core3

The core 1 shows that "P” is darker signal than "S” fraction.
The core 2 and 3 fragments show that “P” is similar

to "S”. Thus the corel is the strong region in the 362 MAR
DNA.
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(A)

MIPS |

8] [pes] [pes] [P |

(B)
PS

i

Fig 12-2. In vitro core 366 MAR binding assay

(A) 366— corel
(C) 366- core3
(I£) 366— coreb

(B) 366- core2
(D) 366- cored
(FF) 366- coreb
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‘ Py S |

Fig 12-3. In vitro core 374 MAR binding assay

(A) 374- corel (B) 374- core?2
(C) 374- core3 (D) 374- cored

...53_




Fig 12-4. In vitro core 380 MAR binding assay

(A) 380- corel (B) 380- core?
(C) 380- core3 (D) 380- cored
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P (S { Py S

Fig 12-5. In vitro core 390 MAR binding assay

(A) 390- corel (B) 390- core2 (C) 390- core3
(1)) 390- cored (E) 390- coreb
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nuclear matrix.

Table 1. Fuctional properties associated with isolated

( From Nuclar Structure and Gene Expression, R. CURTIS BIRD et al, )

Property
DNA loop attachment site sequences
DNA binding proteins
DNA topoisomerase I
Replication DNA
Replication origins
DNA polymerase e and primase
Other replicative factors
Active gene sequences
RNA polymerase 1l
Transcriptional regulatory proteins
hn—-RNA and RNP
Preribosomal regulatory proteins
sn—RNA and RNP
RNA splicing 7
Spliccosome - associated proteins
Viral DNA and Replication
Viral premessenger RNA
Viral proteins B
Carciongen binding
Oncogene proteins
Tumor suppressors
Heat shock proteins
Calmodulin binding proteins
HMG-14 AND HMG-17 Binding
ADP-tibosylation
Protein phosphorylation
Protein kinase A
Protein kinase B
Protein kinase C
Protein kinase CK2
Histone acetylation and deacetylation
Protein disulfide oxidoreductase
Reversible size chagnes

Reference
(Gasser and Laemmli, 1987)
(Hakes and Berezney, 1991)
(Fernandes and Catapano, 1991)

| (van der Velden and Wanka, 1987)

(Dijkwel et al., 1986) N
(Tubo and Berezney, 1987b)
| (Tubo and Berezney, 1987a)

| - (Zehnbauer and Vogelstein, 1985)

(Lewis et al,1984)

~ (Feldman and Nevins, 1983)
(Verheijen et al.,, 1988)
{Cicjek et al., 1982)
{(Harris and Smith, 1988)
(Zcitlin et al., 1987)
(Blenkowe et al.,, 1988)
(Rennie et al., 1983)
(Smith et al., 1985)
(Mariman et al., 1982)
(Covey et al., 1984)
(Gupta et al., 1985)

| (Eisenman et al., 1985)

- (Mancini et al., 1994)

(Reiter and Penman, 1983)
~ (Bachs and Carafoli, 1987)
| {Reeves and Chang, 1983)
| (Cardenas-Comna et al.,, 1987)
(Allen et al., 1977)
(Sikorska et al., 1988)
(Sahyoun et al., 1984)
(Captiani et al., 1987)
(Tawfic and Ahmed, 1994)
(Tendzel et al., 1991, 1994)
(Altiert et al., 1993)
(Wunderlich and Herlan, 1977
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Table 2. Strains and plasmid DNAs

Strains, plasimds

Strains

Plasmids

E. coli DH5«
MCR

E. coli JM109

pBluescriptII
SK +

YEp24
pU RYI g

pURY1SM

- U169, deoR, rec Al, end Al, supE 44 ,
thi-1, gyrAl

- 2686 Kb, Amp, lacl, lacZ, colEl ori

Descripions

F', mer A N(mrr-hsd RMS-merBC),
0 80d lacZ AMI15 ( ALlacZYA-argh),

end Al, rec Al, gvrA96, thi, hsdR17
(rK' ,mK"), rel Al, sup E44, »(lac-pro
AB), [F’, traD36, proAB, lac/qZ AMI15]

4.431Kb, ampr, terr, Ura+, colEl ori

2.961Kb, Amp, F1(+) ori, colEl ori, lacl,

lacZ, T7 and T3 promoter

7.769Kb, ampr, terr, Ura+, 2 ¢ circle
DNA

4.8Kb, ampr, Ura+, lacl, lacZ, colEl orf
4942Kb, ampr, Urar, lacl, lac7, colEl

ori “
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Table 3. Classification of MAR by binding strength.

Classification

Strong

Medium

Medium-weak

Weak

Not-bound

Binding Strength (26) = K./ ( Ko + Kg ) X100

MAR

pURYI9-MAR
DURY 19-MAR
. pURY19-MAR

pURY19-MAR
pURY19-MAR
pURYI3-MAR

pURY19-MAR
pURY19-MAR

pURY 19-MAR
PURY19-MAR
pURY19-MAR
pURY19-MAR
pURY19-MAR
pURY19-MAR
pURY19-MAR

PURY13-MAR
- PURYIS-MAR

pURY19-MAR
pURY19-MAR
PURY19-MAR
pURY19-MAR
pURY19-MAR
pURY19-MAR
pURY19-MAR
pURY19-MAR

( Ks = association constant,

362
366
374
380

390
20

32

641
74

363
33

18

Length

(bp)

1122
1912
1627
1557

1644

1328 -

1197
1431
1071
1566
1011
1068
=1000

571

1224
1027
1225

1200

= 1600
= 1500
518
196
731

]

[en)

2
2

[R—

[

K.,

100
100
100

100
100

48,644

35,452
22,197
13,154
26,277
20,399
12,513
9,687
16,533
5896
10,865

6729

i

0
0
0
0
0

0
0

Kd

0

0

10,255

48,232
32,581
37,810
31,940
43,049
27,342
25,197
58,569
94,211
49,473
85,137
13,139
100
100
100
100
100
100
100

} Binding

Strength
(96)
100
100
100
100
100
M7
124
40.5
53.3
15.1
314
278
22.0
09
17.4
7.3
20.4
0

Kq = dissociation constant )
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Motifs sequence

ATTA
ORI pattern ATTTA
ATTTTA
TGTTTTG
TG-riches pattern TGTTTTTTG
R TTTTGGGG
Curved DNA AAAANAAANIAAAA
pattern TTTAAA
Kinked DNA pattern TAN3TGN3CAN3

WNYNNCNNGYNGKTNYNY

TOPO I GTNWAYATTNATNNR
CAAT box CCAAT
TATA box TATAAA
ACS WTTTAYRTTTW
" BUR ANTATATTT

Table 4. MAR related Motifs Sequecnces.
W= A/TMU), R=A/G, Y =T/, K-=GT

ORI motif is related to replication. It is known that DNA replication is
associated with the N.matrix. It has also been demonstrated that N.matrix
attachment sites, homeotic protein recognition and binding sites and the
origins of replication. This implies that differential activation of origins of
replication are regulated while part of the n.matrix. And Topoll binding
and clcavage sites are concentrated at the sites of nuclear attachment.
Selecting this rule will use both vertebrate and Drosophila Topoll consen-
sus sequences. In addition to, many MARSs contain significant stretches of
AT-rich sequences. It has been suggested that the simple occurrence of
1solated AT-rich regions is not sufficient to cause matrix association.
Several such regularly spaced motifs are required for matrix association.

Such a periodicity was considered while formulating this rule.
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Table 6. Primer sequences.

These primers were used for amplifying MAR fragments by PCR

from P. olivaceus.

Primer Sequences
MI3E |
(24mer) |5'-CGC-CAG-GGT-TTT-CCC-AGT-CAC-GAC-3" |
MI13R

v 5-TCA-CAC-AGG-AAA-CAG-CTA-TGA-C-3’
(22mer)

366AR | 5'-CCT-GCT-TGC-TGA-ACC-AGA-AAA-G-3'
366BF | 5'-CTT-TTC-TGG-TTC-AGC-AAG-CAG-G-3’

366BR 5" -CAA-GGT-TAC-AGC-ATT-TTC-TCC-C-3’

30AF  5'-CAG-AGC-TTT-GTG-CTC-GGA-GCT-C-3’
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