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Activity Analysis of Misgurnus mizolepis Expression Vector
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An expression vector, pUC19NG6-luc, containing nuclear matrix attachment region (MAR)
isolated from Misgurnus mizolepis liver and control expression vector, pUC19-luc, were constru-
cted. After these vectors were transferred into CHSE-214 cell line by electroporation, the exp-
ression rate of luciferase gene, copy number of vectors and chromosome integration of vectors
were analyzed by using assay of luciferase activity, PCR and Southern blotting. While the
expression pattern of luciferase gene of pUC19-luc was shown in typical transient expression
pattern, that of pUC19N6-luc was highly increased at the 5 days after transfection. Although
the copy number of pUC19NG6-luc vector was higher than that of pUC19-luc vector, these vec-
tors were integrated into chromosome at the same time point in the transfected CHSE-214
cells. In conclusion, the increase of luciferase gene expression of pUCI9NG6-luc was resulted
from not the maintaining of the high copy number but the formation of transcription- favorable
structure by MAR effect after chromosomal integration.
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7H A5 FHAY HEEE ol ke o
i, $% 8 HFSERY ZBAHoln A
ARAA Ago] Fbgeie, 2 AdA WA
gl 3 A7 T2 % AESH md s
Heog o5 Uk (Powers, 1989). wieha &
ARGl F] FoAo] Folxa Y AA o))

Z7] FHL FAA3 ol tidt dFEelA
transgene&°] AZ thE genomic locioll EAlls}
© BAAY ofF AAIZe] 2 WH go] oS o}
&% Aoz Yelgrl (Chourrout et al., 1990

Houdebine and Chourrout, 1991 ; Devlin et
al,, 1994). 3 ol# wla84 94X A posi-
tion effect) & ZEAZ|AY AAs 7 g8l 37
2 B89 (nuclear matrix attachment re-
gion : MAR)ll i@t 4ol Eolxm 9o}
(Mielke et al., 1990 ; Phi-van et al., 1990 ;
Liu and Tabe, 1998).

# DNAT 5338 288 983 317] 9l
Adela & 249 + v 2394 Fx(hi-
gher order DNA Folding) & ZAs)jo} 54,
o] 7x= v AVALE 7= o2 loopE
TAslo] gles(Manuelidis, 1990), ol23F

2 =Fe ;SR A A7) (1996, FAMZT 210-2) A Yol 2lal $lEPe.
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7}7+e] loopt DNA EAI9} HAre 71 EFz2
ZgslE Aoz A7 o] loopel FAell N.
matrix7} $odsbe Zk2}9] Joope 1 LA F-$7L
N. matrixoll A3zl 9lo.v 2 (Marilley and
Bonnet, 1989), ©] nuclear matrix attach-
ment region (MAR)E #&3ta 1 7]5S
Hale A77) 2ol gho] 2=l (Foster et
al., 1985 : Neri et al., 1992 ; Yu et al., 1994).
A=7H4] mapping® MARE 0.3-1Kb AxE 9]
DNA &zZteg A9 70—75% 7} AT-rich3}
o oJ2] consensus sequences® Z+etl o1 F
HEHQA Aol GTN*/7AY/ cATTNATNNC/, 4]
4% 714 topoisomerase II (Topo II) conse-

nsus ©|t}, Topoll+ N. matrix®} metaphase
F8 FAAEel=, chromo-
some folding, DNA EAl¢} A, Az
(Wang, 1996) Goll FFPHog Pojsluz
MAR 42 Topo II consensust Topo 11 &
e Al 23] EAslol Hrk xstlold ¥
A3 6712 MAR= Topo II consensus$]oll
F7141 F %54l conserved sequence mo-
tif7} EAsl=d], o= AATAAAY/CAAAE 74
2 A-box®} TTTTA/(TTY/,TTE F+4¥ T-boxol
th T-boxel] H|&l, A-boxi= AH HHEH o Z o]
copy’t EAl3lH, o] boxe-& olvtT EA|YH9]
71 H23 bent DNA Aol £33+ 288
st} ofARch

ol ATellA, (A+T)Fo] FH-3}13L, ARS co-
nsensus, Topo II consensus, A-box$} T-boxE
7}A) 9], A 2oll9] Transfection &8 F7H17+=
MARZ "7 et4] 7+ DNAERE] olu] F243}
of 2 7lAge % vk JdeHLim et al., 19
95: 9 5, 1996). wiekA] £ dFollA o] ulFe}
A MARe| ol AHlE£ CHSE-214 AlZFHz A
23 luciferase] 2 9 Wi o] Ao vl
deS Al Sk

chromosome 2]

A oy

AEEF
E.coli strain®] DHSa (supE44 AlacUI69

B - ARA - oldE

(080 lacZ AMI15) hsdR 17 recAl endAl
@rA96 thi-1 relAl) S Agddtm FAY B3t}
A w2 e BoF vl Q3 Hepzels
& S%sleul o1&k mFEA MARe]
F3rE wele] HHa S B 98 oF
A EFQ) CHSE-214& &AHgha vy Ed=}
WS AFRRE] £ Wol & A A A

thufekete] ARgebgict.

E.coli ¥ Z+% Eel=zv|=2] £7

USBio Clean Kits protocolsoll wtz} Fzh=
"= DNAE Selsisich. aoksiw, Hgede ¢
AA7E 4= LB #iA] smeell 7} colony & HEF,
A weko g s-=ub Fok viokdt 3 7w
WS 1.5m tubeol] %3, 6025% A41E
stk 282 lysis buffer (50mM Sucrose,
25mM tris-HCIl, pH8.0, 10mM EDTA, 4mg/
né Lysozyme) & 100ul-$ 42 = ta#g det
Al7)aL, 587 A2dl Foleh 5EF, alkaline
buffer (1% SDS. 0.2N NaOH) & 200u9 1,
7hdA B8, A2l 58 5k oAl 2 10
mM ammonium acetate 100pfE H7lsta
A3l 587 & vF2 microcentrifuge2 387+
AAEE st =ALFA ASHE 35l
sed A5d Ha]9 3ui7) 5= 6M Na IE
H7ksta <F 20u£9) glass powders H7}slo]
A2l 15587 T2k 155 ol microspin .2
A7 29 5, A5HE AASL, 50% ethanol
rinse buffer® 2¥ AMoj¥ch nlx|et L4 Re]
o)l glass powder A& &5l TE bufferd ¢ 20
pey L 55CoA SEZF uiFA 7|, ohA] AR
2l & A 2 94Ee ¥ DNAZE Sof

P FSAL AFelel, 1 DNAS 795
sho] #alsigic,

E.coli®] 3AAZ

Calcium chloride #HE wlglo & F.coli2)
HFAALS =3slsiel. LBol DHSa S FHulok
o (.5méE 100mée] LB iAol &7 37CelA
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oA HEHRE ] B4E 2A}

ok §X 10" ANE/mAE7A 7]9-31, 2mé (1X10°
A x5 wiFlE F3te] 1.5me9 * 50mM
CaCl,—10mM Tris bufferE 2& ¥ AT 3
HEE ZALFHA Fo] A3 FollA 147 A
g o5 ARk 20009 50mM CaCl,
—10mM Tris buffer® Y& ¥ AL S 24~
HA 3, el PAFZ A7|nxs= DNA
£ 15~20ulE 92 F, &g Soll 507 X3
thE 42C FRol|4 287 A FAE AR oA
1mée] LB ®RE Yol 37T wiekrlolA 40
o A7, MEE T8 ¥ G F
A7 A DI Ad] = sho 37CeAA
16~ 1841753t wiokste] Elsqivh

e o] 4

2T pUC19-lucE FA3H7] H3led pUCT9
9] multicloning % 9] Kpnl& BamHI #9&
Agas=2 Fa3 F pGL3-Control vector
(Promega)oll Y& SV40 Z2 e 3l a4,
aelx g2 AR luciferased 7172 whg
EAE Agleled pUC19-lucE FAsIH el 74
= pUCI19-tuc®l EcoRI #l2lell EcoRI %+
MARZE T, DNA ligase & o] &3}e] A% o5
E. colidll A3 AA U= WEEE A
HFig. 1. °] Wel& obA] e izl 32
A%, FEAA o AEE AT FEE G
AWlel S 3]s

o] fF AlEF2 FAHZY

wjgE olF AMEF CHSE-2145 EFA A
2lste] 3000 rpmolld 5E EQ YAEE s

8 thg, PBSE 23] A1 HE w571 2X107
/mé 5]# PBSE deheigich dEe AE 500p
22} 7} 20pge] DNAE 3] 42 vh 4cem
vul o] il Wi Aol A 1087 f=13
¥, AtFF71(Pharmacia)¥ 330V, 25maA,
ol 25WE 12433 el A Electroporator
II (Invitrogen)& 500uF 3 Q2 Alelslo]
HAE vhelgich B & FA] 1 meo] bk
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Fig. 1. Construction of pUC19-luc and pUC19N6-
luc vector.

WS Flol Mrkeha, AWEEellA 1057
TS Bl QI AEE PRI} SolglE
WeFE71Z SR A T 16~24 Azbe] A
 ze WA 2wt AEB ueh AE

FEBE FE3o] luciferase 84-& F4s15ch

roHt

Polymerase Chain Reaction (PCR)
wEWelEE Ad ¥ CHSE-2142HE A7}
Azl wal EEld DNAE 3338le] PCRS
ARsle] A FHe] EAGREE E4e9
th, ojul ALH primers®E 5-GTACTGTT-
GGTAAAGCCACCATGG (24-mer) 9 3~
ACAACAAGGTAAGGTAGTGCC (21-mer) &
PCR 7% luciferase F3AS L i} 728
bp2] PCR 4Hz0] sk=0] %tk o1& primers&2
RANgm FAgta e AR Al
gtck, PCR HFS-2 50 pl 9] ¥he 238 (20mM
Tris-HCl pH 8.3, 1.75mM MgClL, 25mM
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KCl, 500nM each primer, 400 uM each dN-
TPs, 200 ng template DNA, 2.5 U Taq poly-
merase)-& o|-&3}o] 94T 14, 60T 1.5%, 72C
2802 30 cyclese Te¥stsich

Southern blot ¥ hybridization

Hybridization ¥4& fall Fdl" 1 pg
DNAE BamHISoE Aghsle] 07% oPlE=
AR A A71GES ¥ 0.4M NaOHell4] 6A17F
%9} GeneScreen Plus (DuPont-NEN Resea-
rch Products)oll blotAlZlth L nylon memb-
rane2 2XSSC (300mM NaCl, 30mM So-
dium citrate, pH 7.0) 2 3 30% &< prehy-
bridizations ¢|3% & DIG Nucleic Acid La-
beling Kit (Boehringer Mannheim)& ©l-8-3}
o digoxigenin-11-dUTPZ labelling®l probe7}
37}8 hybridization £4(0.75 M NaCl, 0.075
M sodium citrate, 2% (w/v) N-lauroylsarco-
sine, Na-salt(Sigma), 0.02% (w/v) SDS, =1&]3L
1% blocking reagent) &2 68Tl A 1641752t
ole¥s}gdtt. Hybridizationo] 7% ¥ Nylon
membraneS 65CoNA ZF 5E7F 23] 2XSSC, 1
% SDSE & 2xol4 7+ 1582 23] 0.1X
SSC, 1% SDSAIE 54}k Immunological dete-
ction® Detection Kit (Boehringer Man-

nheim) 9] Zxjol] whe} o]igieh.

Luciferase activity 4]

B4 ¢ Axzre AuxE A8 Ak
PBS(Mg?* ¢ Ca?* free) buffer® 71 A Z&
Ak, A PBSE A AA ¥, 1Xly-
sis buffer® 53] "rsidch Mg Al e
AET7 283 Mol & A=F HHe] &5
Z o2, 155 59k A2 EollA woksle] AL E
lysisAl713, 1583, cell lysated =7 HObA
microcentrifuge tubeol] Z-& ¥ -goll Bus}
otk Vortex® 10~15% < 3 447 7,
4CollA 28-E9r YA Este] 2 AFNE A
FHEZ $7ch A FHE SAN AE FEF 20

uls} luciferase assay reagent 100uls 22
S04 £33led luminometeroll A L WHS &
FES £ 10204 585 FEee= WS 5
53t

A% 9 23

weje] U4y Fy

pUC19-lucs}t ¥|F23 MAR F&& ZI3
pUCI9N6-lucE Ei17] Al EF CHSE-2144| %
o) transfection A7 ¥ @# APz o1 4y
opALS ZARstglch pUCI9-luc Z9- luciferase
BT transfection® AZF Zatol) ol Hx
Z7 sto] 4Yxfol] 2ol o|23irhrt 0% i
sl= A= transient expression ¥ v}
EPcHFig. 2). ¥Hd, vl¥2kx] MARES £33+t
L pUCI9NG6-lucE 4U=7Hx] 2 e &l w5
kot o o)%, FA3] Frlsle] 8YAE 1
U2 §A5E Soldk 4ol etttk (Fig. 2).
ol2]3t wHl oRibe] W= WEfoll X3t MAR
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Fig. 2. Comparison of expression of the luciferase
gene after electroporation into CHSE-214 cells at
time course. RLU/pg, Relative Light Unit/ one ug
of total protein.
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o ol 711% Aoz HgHAt F, pUCIIN
6-luc?l 7S MARS EAYA750.8 3l &
A 7172 multienzyme complex$} transcrip-
tion machinery?] Aoz A& 4L=7HA 9
transient expression©| A& oLk, o]F chro-
mosomal integrationoll 2|% transgene®]
HZ712 Q& luciferased] ¢HAZQ] Uilo] &
7}, FAEE Aoz dddch. MARS ARS 7l
5 % chromosomal integration”]’s~2 CHSE-
214 A EH el 4= 57} gl genomic DNA9
9] integrationo] F4HE Zeog HiEle] PCR
AERA ") southern blottings A8t

PCRAHE: #4

pUC19-luc®t pUCI19N6-lucE CHSE-214
A EZo transfection A7l F, o] A=
DNAE #%% ¥ o]& template DNAZ A&
3l luciferase AN F7IE2 FAE 2
M9 primers olgste]d PCRE AAlsgth
transfection A7l ¥, 8U#|712 8] Zal= F W
Elol) A wvlgstAl Vebskoh(Fig. 3A).

o] CHSE-214 A Zujol] Z3}5 PCR ®Hgol
dolyt Ax g B3I o] vectorsol EMIE
oujgte}, el transfection 3 33YU=Aloll=
PCR AFE-2l 728bp 2] DNA o ZE7} Zo|u=
Aoz Hol A7k Zdel] wel pUCIING-luc
HEJ7} pUCT9-luc WE]ol] vlsl B +& {4
Ha &S ¢ 4 Uck(Fig. 3B).

Southern blot ¥4}

Transfection Al1Z1 A ZHoll4 HE|e] 429
#W3}le} chromosomal integration oI%-E& A}
3}7] 93l southern blotting 45 HA|sl3]
5 ®ElE transfectionA]Z] CHSE-214 A¥9|
DNAE 77t 223t ¥ BamHICZ A& ¥
DIG-system 2.2 EZ|¥ pUCI19-lucE §HoE
o]-g&8}od southern blottingS A3}, trans-
fection A7) % 1, 2, 4, 6, 8Ys7x] Zpzhe]
o4 5.6kbell ¥X1sk= pUCI9N6-luc® DNA

M1 2345678 91011121314M

Fig. 3. Electrophoretic analysis of PCR product of
genomic DNA extracted from fish cells (CHSE-
214). (A) M, marker DNA fragment ()/HindIIl)
; lane 1, untransfected genomic DNA (negative co-
ntrol) ; lane 2, pUC19-luc (positive control) ; lane
3,57,9,11 and 13, 1, 2, 4, 5, 6 and 8 days after
transfection with pUC19N6-luc ; lane 4, 6, 8, 10,
12 and 14., 1, 2, 4, 5, 6 and 8 days after transfec-
tion with pUC19-luc. (B) lane 1, untransfected ge-
nomic DNA (negative control) ; lane 2, pUC19-luc
(positive control) : lane 3, 33 days after transfec-
tion with pUC19NG6-luc ; lane 4, 33 days after tran-
sfection with pUC19-luc.

w7} 5.1Kboll Y2)sk= pUC19-luce] DNA o
Hol "4 FeiAl debdeh ol 7z ol
pUC19NG6-luc a7 B4 vhgFo g EATE
ojmj3lc},  wabAd, pUCIING-lucoll ZE3hs
MAR7Z} HEI9) copyTE S7HIRSE ¢ F
2K Fig. 4A : lane 4, 6, 8, 10, 137 lane
5,7,9, 11, 128 Z7Z vlit). o] HEejE2] chro-
mosomal integrations 4% A7 transfec-
tion A7 ¥ 5YUsol] X F genomic DNA twoj
gXo} 23t 1o g Hol chromosomal inte-
grationo] ¥oie& ¢ + AU Fig. 4B).
olgjet AFAES Fel E W nFExe
MARE CHSE-214 AlXWollA pUC19N6-luc
HE] Q] copyTE pUCI19-luc HElo)| njzl F7}
A7Iu, ol MEIS copy & F7H7F luciferasef-
Axte] wo) AHHog s uXA Y=
Aoz vebgrt, Chromosomal integration-
5 wele A9 25 ulsst A7lel] doldkgE
2 = dodeh webd, pUCI9NG-luce) 79 tra-
nsfection 5% ©]¥ol b= luciferase®] ¢
- Z71= integration® luciferase FAAE
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Fig. 4. Southern blotting analysis of pUCI9N6-luc
and pUC19-luc transformed CHSE-214 genomic
DNA. (A) lane 1, untransfected CHSE-214 geno-
mic DNA (negative control) : lane 2, pUC19N6-luc
(positive control) ; lane 3, PCR product ; lane 4,
6, 8, 10, and 13,, 1, 2, 4, 6, and 8 days after trans-
fection with pUC19N6-luc (digested with Ba-
mHD ; lane 5, 7, 9, 11, and 12, 1, 2, 4, 6, and
8 days after transfection with pUC19-luc (digested
with BamHI). (B) lane 1, 5 days after transfection
with pUC19N6-luc (digested with BamHI) : lane 2,
5 days after transfection with pUC19N6-luc (undi-
gested) 5 lane 3, 5 days after transfection with pUC
19-luc (digested with BamHI) ; lane 4, 5 days after
transfection with pUC19-luc (undigested) ; lane 5,
3ng digested pUC19-luc with BamHI : lane 6, Ing
digested pUC19-luc with BamHI.

nuclear matrixoll 22414 transcriptiono) %
ol = MARS] 7)55dl 7103 Zez
chE ok

MARS| o]2j3 7152 FAAZH offolA
transgene©®} genomic DNAA ol EA Tl &
T3k AZF ATl whel YHgo) Fashe HA
< I 5 e e f8A AgE 5

vl P2t (Misgrunus mizolepis) 2] DNAEX
B 289 ¥rjd RARI(MAR)E I3
HEWE]Q pUCIING-luc HElE FAS)
°|& E17] CHSE-214 A X34 electropora-
tion2 g transfection A7l ¥ fAz}o] g,
HWE]9 copy = W FMA 4] AR lucife-
rase 24 4, PCR ¥ Southern blotting<
S EAssich iz wdHEld) luciferase
A= A3 transient HHEAE VRN
<4l v3ll, v|Fekz) MAR7F £ pUC19N6-
luc E{9] luciferase 322 W&-L transfe-
ction¥ 5UALE] FA3] Trpshe S B
v}, Transfection® CHSE-214 A|ZHol]l4
pUCI9NG6-luc Ml thzg Welof] njsl 2
copy 5 A, Ay 4 A9
H]523 Alzholl Yoytrh

AZHOZ transfection ¥ A7z}l w2
pUCI19N6-luc WEIW | luciferase F3 1<) 1t
d F7kll wxl= MARS A= HE copys
7t wige] ohlel, AW AIF HAEE
ATz Ao 71k Aoz wgie
=3
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