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Previously, as an effort to make an autonomously replicating expression vector in fish,
an ARS (autonomously replicating sequence) was cloned from MAR (matrix attachment
region) of Misgurnus mizolepis. The DNA fragment composed of 443 base pairs contains
ARS core consensus sequences, topoisomerase II consensus sequences, and A or T box
sequences which are homologous to the known consensus sequences originated from other
organisms. The clond ARS, as other DNA replication origins, contains inverted repeat sequen-
ces and several potential hairpin loop structures. These consensus sequences and hairpin
structures may serve as recognition signals for regulatory proteins of DNA replication initiation.
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A2 i FEY o T Adngo) wE
ol ¥F Zhaol wel o FY AAMA XY F8
Ado] FopAR Yk, 7HA I3 BHE HEFE
ol &3le olfw, % € ¥EFE By
Aol Al APANH Apfo] JHswr]
i Eell, MEEH AFE T 2 Axgler
o]l &5 20 Powers, 1989).

AT =949 F34 ADUIHLe £-8 ARE
v} A% (microinjection) ©lu electropora-
tion 59 WHE Sl A FABIY 279

wol] ol 1 g Jdidte HAoE, 84 ¢
<%, A3 =¥, 357, metallothionein, cr-
ystalline, esterase €2 FARZoA AEEH
ek a2 o] olF FollA BEFAA in-
tegration ZEE 97 Jebsen, AR
olfet XL oAl HEEHE HlEo]
vE A JebdcH(Chourrout et al.,, 1990 ;
Houdebine and Chourrout 1991 ; Devlin et
al., 1994). & FAHAE olF ol mAFY
sto] 2 FAAT) &Aoo e YAH3L

FE M = FEE 97 A AdH

vector?] SH3A 2 integration X7} Folok

E =L SR F3F A7ui(1994, BAME 127-2) Aol o FAENE,
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30, 738 % promoter I enhancer® E3sts
vector’} E8sirl,

Z7] olfF YA QAT BF metallo-
thionein -+ A Zhu et al.,, 1985 ; Dunham
and Eash, 1987 ; Maclean et al., 1987
1988 ; Brem et al., 1988),
rous sarcoma virus (Yoon et al., 1990),
283 simian virus 40 (Stuart et al., 1988)
<9 promotergel AMEHQrh, Y oE
R promoterg2 o F9] Ud XAl
AR 22 olF a9 3&E H3, me-
tallothionein-B, protamin %+4# S92 pro-
moterg°] FZY = o] t}oksl fish cell lines
NA 2 84S vl A olF F2HS) promo-
tergol olf ¥FAATRS 3% LH vectord
Tl o Heslrhs A3E 2% (Chan and
Devlin, 1993).

2y obA7tA] HAAG ofF WAE A%
vector®] Mol g1l A vectord A4 9 inte-
gration A%l TA| 4+ DNA 24U H (repli-
cation origin)oll th3t AF= olF wFI A
Aolr}, MM T4 DNA &4 (Foster et al.,
1985 : Neri et al, 1992), ZHAMtranscrip-
tion ; Getzenberg, 1994), 183 2% (reco-
mbination) 5°] 2% W F4 £2E9 nuc-
lear matrix/goll4 dojdries AE nE o,
o2 ol ulAFY e B, M F Oy
33 A2 =7 ¥ vectorE nuclear mat-
rixell 24 Agsle Al A9 Hasirtn
#tk=lo], olul v]Fetx| 9] autonomous repli-
cating sequence (ARS) & E2slo] HE A
G714g9E #¥ vk YUckLim et al, 1995).
o5 DNA EBAIHA g o A3 ARE
A7l 18 A& GAAGE HHA 2 F2E
45k

MCcEvovy et al.,

Az 2 Wy

AH-FF 9 plasmids

894 -

dpgo) - o] 33

A DHSa [supE 44 Alac U169 (980
lac Z AM15) hsd R 17 rec Al end Al gyr
A 96 thi-l relAl]E =E plasmid ZZol A}
259t} plasmid pBluecript 1T SK (3.0 Kb,
amp’, fl1 origin, colE1l ori, lac I, lac Z, T7
and T3 promoter) = DNA sequencing anal-

ysis vectorZ o]&= it}

A1) 2]

A+ DH50% LB (1% Bacto-tryptone,
1% NaCl, 0.5% yeast extract) s|xloll4 37
CollA Aokt HQol wal, ampicil-
ling HZEFE7t 50 pg/ml=Al LBuAAe] A
7¥sto] ARE3l%ith. Screening plate Hi-S- 98
31 LB#)=lell 2% Bacto-agar, 50 pg/ml am-
picillin, 50 pg/ml X-gal, Z&8]% 50 ug/ml
IPTGE 713l

Plasmid 2 ¥ A714%

USBio Clean Kits protocolsoll w2} plas-
mid DNAE &gk 29k, plasmid
DNAE 7! diadz wigdE 1.5 ml tubeoll

£7) thS 12,000 rpm o2 6027 YA Balsted,
pellet$ ¢ ©h& 4 mg/ml Lysozymeo| 3
7}€ 100 ul STE buffer (50 mM Sucrose,
25 mM Tris-HCl, pH 8.0)F H7}ste] pellets
F g AdEd 587 3tk 0.2N NaOH,
1% SDS 200 ulE Z tubeoll H7bsted 25
AollA 557 £tk 150 ul 7.8M ammonium
acetateE H7lslo] ALdll4 587 F oS, 12,
000 rpmo2 387 ARt AFHS Z+
1.5 ml tubedl] #Ha}gich o] FEN o 3ul] Ko
HFEE 6M Nalg H7lslod & 42 b, 5~
10 pl glass bead & H7ksted A-goll 208 <
5k ZF tubeE 12,000 rpm o2 10%7 Y
A g AEAS Wl pellets #Hst
gk o] pelletS 50% ethanol rinse buffer®
23] WMol B8-S AASE 10~20 ul
TE buffer (50 mM Tris pH 8.0, 1 mM
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EDTA) & 3714 o 55CellA 587 £ o2,
12,000 rpmollA 37k AAEe sy F5AE
Fsidet. Fel= plasmid DNA 2 uE 0.7%
agarose gelZ 100VdllAl 30&7 A7ldF 3}
sl

AgEA EcoR I o]83to] pURYIINS
Z<ksto] 4H41€ DNA 93¢ F2lsigich. DNA
sequencing vector] pBluescript II SK vec-
torE FTYY AYELT A o, "
DNA 233 EcoR I siteE 74 vector®
£3sted T, DNA ligaseE o]€3t¢] DNA se-
quencing vectorol]l F71AFdE A& a2 ¢he
DNA ©3& zgAzh

WAF P44

AT E. coli §AALL CaCl, S %7
HEse] oj3allel. Qokeiml olele} 2l E
coli® 10 ml LB s Aol 3 Fs}bed 37TollA 12~
1441752 Zghuilofsigict. o] ujoked 100 ul &
#Haled AMZE 10 ml LBeiA] HA3F &
ODsspollA] 71 gho] 0.500] o5 uj7}A] ufokelsich
2708 1.5 ml tubeol] °] widBE H oL
12,000 rpmeilA 132 5+ 9488 1k 50
mM CaCl,-10 mM Tris (pH 8.0) £ 1.5
mlE H7kslo] pelletd ZALAHA F oL,
AZoll A 6087 Fick 12,000 rpmol A 327+
AL 43 AE Hga e £ 200
uE Z tubeoll H7lstod pelletd olF A~
HA ¥ o8, transforming DNAS Z+2 3
7hsted AgollA 508 F<¢ FUoh 42TellA 2
7 2x23 ¥, 7+ tubeoll 1 ml LBHAE
A7 o2 37CoA 4087 Fth 12,000
rpm22 587 YHEAE oS, ampicillin
%¢& X-gal/IPTG7} #71¥l LB plated] =%
3gdeh

= =
B Ed 2 3z
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DNA 97144d 23 ¢ 7= ¥4

pBluescript II SK vector] AgE 4 EcoR
I siteol] ARS 715°] Sl DNA o] 4H)= o]
Z%4 vector® US Bio clean Kits proto-
colsoll we}l 2 vectors &3 thg, Sanger’s
dideoxy-chain termination method® <37}4]
& 4 sk SAT dr1Agel ¥R
DNA ©HE eyl BLASTE o|&3le &
%2 ARSEF nvlE3lglem, PC gene prog-
ram& o|&3lo] w]Fetx)9] ARS DNA 2§
A8t

Az g 3%

#EAA ARS 7l50] Y= pURY19NGe]
233 DNA 93HE Top™ DNA sequencing
System< o|§std FEAQ ArlAdel AA
HHLim, 1995). o179 DNA HAlg4d
g Q77 vlFslr] ol o A% FRE
7] {3l ol& DNA =HE9] 33 474

< FAHS £ 443709 47 o o) F
olA il 65% AT7} TH3l9, ARS consen-
sus, 12|3 topoisomerase II consensus se-
quenceEo] &3 cH(Fig. 1).

AT-rich¥® 542 DNA EA=7)6l D-loopd
BAE EolslA 37 & BALH L2 °
83 942 ¥aso] ri(Gale et al., 1992 ;
Mark et al., 1990 ; Susan and Ulrich, 1986).

LEelyl BLASTE o83l njfelal falle
ARS consensus sequences 7] FFe9 A
AL, 5 ALz, xda, AFA, o
59 FE3 ulasle] Fig. 20 Yehlich

o]2]& ARS concensus sequencet 2}E,
HEZHE] Ao o|27)|7kR] BESHo] glo,
olfle]] EAH olf mFeUAME AFs] U
23k YUk olEE AL EAMAA
o]4 YFAoln, RE BAIYHNA FEHoE
WA= T Qi)

ul2kx) G219 topoisomerase II consen-
sus sequencex 37H(31—45, 224—238, 351
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4+t R+ 420 30

FGAGAGATGTCGTCATTG

50 60 70
41 AATGCATTTTGTGCCAAAGCAATGATAATTGCTCCTCAGT

90 100 110
81 TTAGCCCACATAGACTTCTGTGGTGCTCACTGTGTGAAGA
130 140 150
121 GTTTTGCAAGTTACCTAAGTATTGAGAAATGTGTCCTAGC
170 +H++ +++41g0+++ +HF+H+H+ A+t E AR A A4
161 'GTGATACTAGTGC
++++++ 210 _
201 TCTATGTCAGCTAGCTTG:
241
290 300 310
281 AGGTTTAAAGTTTCAACCAAGACCTTCATTATGTCTTCTG
. R SR
K ok K K K K K K oK K K K K K 340, 350
321 GGCAAAGAT GTTTATCTCT
t++4++++ 370 380 390
361 TTGAGTGAGGGGGGGTGTGATGTGATGATAGAG!
bk ot R A S
5k ok ok ok oK ok ok ok K K K K K K K
420 430
401 CAAAGCAGCATAAGCAGCAGAA
441 TTC - (3"

Fig. 1. Full-length nucleotide sequences in the insert region of pURY19N,. DNA sequence composition - 136

A3 66 C390 G; 151 T Content of (A+T)=287/443X100%65%

++ + + | Topoisomerase 1I consensus,

—365)9l $1x131, Algh 9 29}e]9] consensus
sequenceE ¥ ¥ladr Az ¥ 33 Zvh A
X2 T box %Al consensus sequenceE
Ade FA44E Hickdata not shown).
ARS DNA 9ol A dhg 71489 &)
oJ X2} hairpin loop 7% B4 7FeA ARE
PC gene program$ o|&3le] E4aich ¥
o) HEEE G7AET 74 ol HrE
o]§0}2 inverted sequence”}t 137] EAl& et
olE inverted sequenceE< EFEES ARS

***x¥ . ARS consensus sequence,
AT-rich region.

A AFAEQY ez WA= rkRao et
al., 1990 ; Landry and Zannis-Hadjopoulos,
1991). #H49] stem lengthE 6 7], unpaired
bases number® 5~8& FUT W, hairpin
loop T-Z& ©|¥ 7V5A-& 123eln, 2% 530
(78—96, 235—260, 253—271, 335—353, 344
—363)o4 AFolvAZL S ghe 7HAH, 2
7Vs¥ FZE Fig. 49 21 (Fig. 4 A~E).
hairpin loop FZ%& DNA Ao &
oJsle B4 DAE] ARESY d9¥s & A

olE
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ARS core seq. |A\pip\plalT|A|T|T|T|A references
Source T G
A|T|T|TIA|T|t|T|T|T|A
Misgurnus mizolepis liver (MARH |T|T|T|T|A[T|t|g|T|T T|this study
T|T|T|T|t|T|G|T|T|T|T
Human (HPRT intron I MAR) T|T|T|T|A|T|c|T|T|T|T|Sykes R. C. et al, 1988.
telomere T|T|T|T|IA|T|{G|T|T|T|A|[Barrell B. et al, 1994.
S.cerevisiae HO T|T|T|a|A{T|A|T|T|T|A|Kearsey S. et al, 1984.
rDNA g|T|T|T|A|T|G|T|T|{T|TMiller C. A. et al, 1986.
J11D1 A|T|c|T/A|T|A|T|T|T|T|Palzkill T. G. et al, 1986
D.melanogaster interband DNA f;f ,¥ $ $ ‘: : g ¥ T ¥ 1‘ Demakov S. A. et al, 1993,
Spinach chloroplast DNA T|T|T|T|c|T|A|T|T|—|A|Briat J. F. et al, 1986.
Candiad boidinii (strain AQU-1 DNA) |T|T{T|T|[t|T|A|T|T|T|T|Sakai Y. et al, 1993.
Aspergillus amstelodami mtDNA T|T|T|T|A|c|A|T|T|T|T|Beri R. K. et al, 1988.

Fig. 2. Comparison of M. mizolepis ARS consensus sequences with other known ARS core sequen-
ces, All sequences within a cloned fragment that are homologous to the ARS core consensus
in at least 9 out of 11 positions are shown. Lower case letters in the sequence indicate nucleotides

which differ from the core consensus.

Topoisomerase II Al |T G
consensus [GN{T| |A] |A|T|T|N|A[TNIN references

Soure €q. T |C A
G|C|T|T|t|T|A|T|T|{T|A|[T|T|T|t
G|T|T|TA|T|c|T|c|T|t|T|GAG

" , . t|{C|T|T|c|a|A|T|T|CIA|T|GIAA| .

Misgurnus mizolepis liver (MAR) e T T (1T T]A Ao [G|T]G) i Study
G|A|T|A|c|T|A|g|TIG|c|T|ICITIA
t|G|T|T|t|T(A|T|T|G{t|T|T|C|A

. a|Gla|T|g|T|A|T|a|T{Ala|A[C|t
Human (B-globin cluster genc)a ClalGIAITIAla 2l TIA cATAYu J. et al, 1994,
. a|GlalA|A|T|A|T|T|C|A|T|T|C|A|Demakov S. A. et al,
D.melanogaster interband DNA LTITITIAITIAITITITIAITIGITIG| 1993.

Fig. 3. Comparison of the Topoisomerase II consensus sequences homology. All sequences within a cloned
fragment that are homologous to the topoisomerase II consensus sequence in at least 8 out of 15 positions
are shown. Lower case letters in the sequence indicate nucleotides which differ from the consensus sequence.

o8 P7E]7] wiFol] DNA el gjul7} ek
(Nielsen et al., 1994), A=AE0] HAAHL
nuclear matrixg} ¥2¢ 9y 7154 FZ23
F-Z25 A=l gk EAYUFEE EF
AF7A g Ae ZE ARSE nuclear ma-
trixell A&}l Nuclear matrixell Z3Eo]
= DNA =HHES MAR (matrix attach-

ment region)Z E#x]31 o] MARL A3
Ao g ¥EFo 97l wifd) 25FES ARSE

AR ZL 35 JYPEoNA ARSEAS] 7

. 5% 7FRH(Cockerill and Garrard, 1986 a

& b).

°| ARSE vulFex| MAREZXE {=
clone®] 1, AT-rich, ARS consensus, topoiso-
merase II consensus sequence, L2 A-box
8l T-box&ol EA3}7] wjEell, o] ARSE 72
vectore V| FelR}e] ol transfer S BT
vectord] copy F F7h AN 4Y H=E
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Fig. 4. Search for the potential hairpin loops in the cloned fragment of pURY19NG6. Analysis was done
on the complete cloned sequences. Allowed base pairs are G—C, A—T (A—U) and G~T (G~U).
A : Centered on base . 87, stem size is . 6, number of unpaired bases is : 7, Free energy value is : AG
(25C)=—.2 kcal, B; Centered on base : 248, stem size is . 9, number of unpaired bases is . 8, Free
energy value is : AG (25C)=—.2 kcal, C ; Centered on base : 262, stem size is . 6, number of unpaired
bases is . 7, Free energy value is . AG (25C)= —3.2 kcal, D ; Centered on base : 344, stem size is : 7,
number of unpaired bases is : 5, Free energy value is | AG (25C) = —.4 keal, E ; Centered on base . 354,
stem size is . 6, number of unpaired bases is @ 8, Free energy value is : AG (25C)=—2 keal.
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FH3l3l, ARS consensus sequences, topoi-
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DNA 282 EA93elA QAL Hfez
Uehhs A9 inverted sequencesg 7t
A i, 5708 758 hairpin loop FEES
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