JOURNAL OF AQUACULTURE 7(1) : 41~54(1994) SEREMEEE 7(1) | 41~54(1994)

u| e} R, Misgurnus mizolepisoll 212l A} o] 4]
I. lacZ9) reporter FAAZEA L] [F&A4 ZHE*

Transfer of Foreign Gene into Mud Loach,
Misgurnus mizolepis™
I. Availability of the lacZ as a reporter gene for

producing transgenic mud loach
Dong Soo KIM and Yoon Kwon NAM

Department of Aquaculture, National Fisheries University of Pusan,
Pusan 608-737, Korea

ABSTRACT

In order to evaluate the availability of lacZ as a reporter gene for producing transgenic
mud loach, foreign DNA, bacterial B-galactosidase gene (lacZ) was microinjected into mud
loach eggs and its insertion and expression were examined. X-gal based histochemical assay,
fluorimetric analysis of B-galactosidase with 4-methylumbelliferyl-p-D-galactoside (MUG)
and molecular biological examination using polymerase chain reaction (PCR), dot blot,
southern blot and sequence analysis of PCR products were carried out to analyze both
microinjected group and non-injected controls. The results are disccussed in this paper.
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t} (Chen and Powers 1990 : Maclean and Penman 1990). “12iu} o} &o o) &
Eol AlxH7] AlZtE SHE Eofolr, B9-7] oJF7F EHFoe o2 of e A,
3L Qo] ob A of R fHA} o] AG A EANESF VYol I HHE o
A LA AR /S gz FAso] & FAR oje FHE ojF g
FHAE A9t 2 model o1EFE 7FA 3L EAlo] §o]& reporter %] o] 40] AlLgn
Atk (Ozato et al. 1986 : Chong an Vielkind 1989 ; Stuart et al. 1990).

B-galacatosidase gene (lacZ)-& E. coli®] lactose operond] #eiste FAAZA ]9 4HE9 B.
galacatosidasex= B} F 72t 4HEo &) E4o] Lolshy ZHF ¥ ozt (Gording et al
1987 ; Wolff et al. 1989) 2]& (Teeri et al. 1989 ; Teeri and Herrera-Estrella 1991) 5 &} §d=}
o] 2o g *F‘lﬂ‘ﬂ 2 reporter FHAlolth o] 72 {37} o] AFE o 9= oft]o] A McEvoy
5(1988) 0] £ R ZFHAE reporter gene2 & AME, HojF o] FE Uz I FAx A 2 LS
Hagk olgl), FA7j40], o], zebrafish 3 chinook salmon %A% B-galacatosidase geneS ©]
A% olo] A9 e wHS FASE HF it} (Hansen et al. 1991 : Inoue et al. 1991 : Bayer and
Campos-Ortega 1992 ; Sin et al 1993).

B APs deag ofFel ul et R, Misgurnus mizolepisoll 912} & FH=} o] S 93 A7
A2 2 bacterial Bgalact051dase gened reporter gene2 2 ARG, w|EE o o2 go 2 n]it
ghx)o] 1oy JacZ9) reporter geneC. 242 F8XE HES LA FstHT)

A% o
1. d8 M=
1-1. 43
oI ek A (Misgurnus mizolepis) © FAPFAU S o] 753 AP Aol A ALS3L e MAE
o do] do 9 S R F F14 oA HER

< ol &, Kim 5(1992) 9] "o o As}
AHg-3hd o

1-2. fr32

B A AR E FAxE, FRNENAM Inoue 5(1991)©] o]0] reporter FHAE AFE S
d} %l fusion gene?! pmiwZ (JRCB deposit No. VE 052) & AM&-3t9t}h (Fig. 1). F3A} o] 4]
A8-E plasmide] F8]E sl LB @ RE o] &, pmiwZE g3l 9= transformed bacteriaZ 37
Coll A wjoF3t ¥ 7]£9) alkaline lysis-phenol/chloroform extraction®] miniprep WS 43 b
plasmidE #z3t4ct ©]F Gene Clean Kit (BIO 101 Co., USA)E ©]&, #3F plasmidE ¥
HA st Aol AE3tA
2. 2y

2 FA% o)A

f{ uleta] oA Mol FE e de F a5 En A 3ol A micromanipulator® ©]%, 10

ug/ml-q =2 TE (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) bufferel =% DNA& 20 nlE

Aol mAdnEa A oA Ede] =94 A7t Bd AT d izTe @& 25T e
zd &A4 FAHT

4> 4>
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Fig. 1. Partial restriction map of pmiwZ containing bacterial p-galactosidase gene.
B-Actin (act) and 8-crystallin (cry) sequences are shown and their exon sequences by solid
boxes. Bacterial sequence (gal) is indicated by open hox, HSV-tK sequence by box with
vertical stripes, SV40 sequence by box with horizontal stripes, and the RSV LTR sequence
by open arrow. Restriction sites : B, BamHI : E, EcoRI : K, Kpnl : Ps, pstl : S¢, Scal ; S1,
Sall 3 Sm, Smal ; Sp, Sphl; Ss, SstI ; Xb, Xbal.

22, Bokg 2 2VNEE
ol En] F=o) 93 e §HA F4 &)
HEEE Kim 5 (1994) 9] Wl wat hzZ3 vmstg,

2-3. X-gal &4 24
12} ol 4] Aelel d¥T 9tz #3199 v g ojg o Xgal G4 248
B-galactosidase®] W& P HBAHE A5 H) X-gal 94 2 2 Inoue 5 (1991)2] W
WE ot FAske] dAskAdh #3199 /NAE PBSE 23 M ¥ 1.25% glutaraldehydeol
3A2F st 4 E M ES PBSE 1584 33 A3 3 X-gal ¥4 £ (1.2mM 5-bromo-
4-chloro-3-indoyl-B-D-galactopyranoside, 0.1% Triton X-100, 1 mM MgCl,, 6 mM K, [Fe (CN).], 6
mM K; [Fe (CN)¢] in PBS)-& o] 37Col A 3417+ £t v Al Aty A4 wkgo] etad 3 thal
PBSZ 33 M A3}al 70% ethanolol R@stAM ¢4 29 2 Q4 H 2 fRAw A o)A B
st

2-4. 4-Methylumbelliferyl-B-D-galactoside (4-MUG) 2ol 23} B-galactosidased] P E ZA}

5 29 HAE ddes dixe 2 MYTAAN 2 20mbE] A4S AEstd MUG A4S 5
dakch ¥4 WH-E McEvoy 5 (1988)9] o] o A8ttt Aeld 2 uzold 2=
FEG 7F 3 AojF 03ml9 buffer A (10 mM sodium phosphate, pH 7.0 containing 0.1 M NaCl,
1 mM MgCl, 0.1% BSA)ell %1l homogenizationg 1%3F 33t} homogenization®] S+ H A
o 50ul®]  substrate  solution (0.5%  4-methylumbelliferyl-B-D-galactoside in  N'N-
dimethylformamide) & 7} ¥ 30Tl A 1412 B X5t uhe-& FEatgich 1413 ¥H8 3 25 ml9
stopping buffer (0.1 M glycine-NaOH, pH 103)E o] Wh$-S EHA7|n Z8zo] 110002
8] 4{sted fluorimeter @ flouoroscence unitS 2% sl

N

o R 1

2-5. Polymerase chain reaction (PCR)

B-galactosidase fxd#te] Q) oH-5 xAlEY] 98 dlzit ¢ Helie] B3 $ 3099 A
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Zkz} 30wk g F2hg) Mdeato AANEQGh 7 AAREE A=ov] £e npgde s
BE o 519 dHe AFHI F DNAS F%3te] PCR 40 AH&stAth PCR ®F52 50 ule]
reaction cocktail (10 X PCR buffer 5 pl, 2mM dNTPs 5 pl, 0.1 pg/ul each primer 1 pl, 25 mM MgCl,
5pul, H:O 315 ul, 25 unit Tag DNA polymerase)& %HE ¥ genomic DNAE ¥} 94T 1%, 63C 1+
2 72T 127 30 cycles FHsIATh 2 8o o]4H primers §9€ oligonucleotide?! L106 (5
CGC CTT GCA GCA CAT CCC CC-3)# L108 (5-CTG CCG TCA CTC CAA CGC AG-3)°l%

o

2-6. Dot blot 4]

§Az o] AT ¥ YERT FHoF HE high molecular weight genomic DNAE &3
% 72+ WAG 1pge DNAE dot blot 40} AME-3t3th DNAE 95CelA 5&3F AT F ice
bathE ©]&, A|82 4143 43 % pylon membranedl blottingA] Zth. MembraneZ denaturation
solution®ll A1 1%7}, neutralization solutionol Al 13t z47 X 2] & BMAFS] manualol] 9] A 3be] 2
A ZFEek 65Tl A prehybridizationd 42333 digoxygenin-labeled probe (3kbel lacZ %)%} 65
Toll A 16A17+5 <t hybridizationd 3 3F8th. Hybridization %+-8- ¥ Digoxygenin Nucleic Acid
Labeling and Detection Kit (BM Co., Germany)& ©]-&3} hybridization signal& 43t

2-7. Southern blot ¥4

SA o) AT 2 R dNoZRE DA high molecular weight genomic DNAE 3
23 & 7} 7HA 2 30 g DNAE southern blot ¥2jo] A}&-3tch 30 uge DNAE A|FA L (Xba
1) 37Col A digestiondt ¥ 0.8% TAE agarose gel ©|§, 40 VoA 12413 W74 E8 st
A719% & AwAQ capillary transfer methodE ©]&3ta] 244175 <t nylon membraneol
blotting*] 7] . membraneg 80C vaccum dry ovenoll Al 1z, A7 Fo 4F71] dot blotel M2}
293 9o 2 prehybridization, hybridization @ detections G338 th

2-8. PCR product sequencing

Ao uietzlz e 9& PCR productsE Gene Clean KitE ©]&3te] £4% amplified
PCR products §+& 2alate 2714 d EA 0 At 271X E 248 Kim 5 (1993)9) 2
ol oA Fgatgon e T 2 Helw 47 202 5§ 22 8702 PCR product
71N ES E coli p-galactosidase FA=Le] F71A &7 vt

2-9. pHoll W& X-gal G4 ¥4

=
larva, yolk sac absorption fry 2 filngerling) & pHE 4.5, 68, 74 ¥ 10022 273 3ta] X.gal FM&
AxER G4 Hhge] g E T FR dnAstoA 74 Agae ANEEE #F, £45A0

2 3

P
N
0z
rbi
Ho

1. 832 5

o EnEAA gzt D AdFe 2agd 27 AZES EAT AHE Table 19] e
t} Table 1914 B5o] &xg] tx7e] 382 506~682%Fod, FHAE o 2§ Aol
HNE 426~718% ¢ 232 Jehdo] gzie] o7k 24 veldou BAFE felxe gt
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Table 1. Hatching success and early survival rates of microinjected eggs of mud loach, Misgurnus

Hatching rate

Early survival

Mating number Exp. group (%) rate (%)*
1 control 114/167 (68.3) 105/114 (92.1)
injected 130/181 (71.8) 118/130 (90.8)
2 control 79/156 (50.6) 58/ 79 (73.4)
injected 87/204 (42.6) 69/ 87 (79.3)
3 control 113/181 (62.4) 101/113 (89.4)
injected 92/160 (57.5) 79/ 92 (85.9)
4 control 117/185 (63.2) 99/117 (84.6)
injected 73/141 (51.8) 49/ 73 (67.1)
5 control 118/201 (58.7) 89/118 (75.4)
injected 82/197 (41.6) 65/ 82 (79.3)
Meanz+ SD** contro 60.6+ 5.9 83.0+ 74"
injected 53.1+ 11.1° 80.5+ 8.0°

*7U;o yolk sac absorption.
** Based on the moan of five females.
Means do not differ at P {0.05.

(PY0.05). ¢3 F574A9 27 A& L5 TA48 ETol 734~921%, FAA 02 ML 67.
1~908% 2.2 VER} 27] AEF GA F AFT0 497 ol FFE A okt (P)0.05).

2. X-gal YAl A

hET 2 A48T E Xgal €8 248 23 J2aH 28T ZFoA positive G4 Fdo]l #
Z5ch Xgal g9 AnE diz2d 2 AEE 25 AR AolE JeRizien, viekA
23k Ao ¢, AHE A7) 9 uEREe Fole A & A

(Fig. 2). 53] #A= 014 Hzg 4T e W9 AT G4 =g Reole FF /A= &2

=) At
3. MUG 24

B3 2ols ez MUG BAHS HAS ZHE Table 20 WERAQICE Table 2014 H 3o
2T A2 B-galactosidased] BAE B} JRAT HT 13.7+ 269 arbitrary fluorescence unitE
Yehglod, ¢Axt o2l MardMe 9.85~55.689 S el AT ZolE B ol F
2z Fixe 350% 5 @5 MASE #2-Uth

4. PCR 24M

PCR 242 #8% A7 njFgAe gz @ F2x7 oj4d M B5dA 2e AA7t
positive (+) Z#E Jehle] L106-L108% o] &3dta] FZE PCR producteE °F 510 bpH
(Fig. 3).
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Fig. 2. Histochemical detection of B-galactosidase expressed in mud loach, Misgurnus mizolepis
using X-gal staining. Arrow indicates the microinjected fish.
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Table 2. Relative yields of B-galactosidase analyzed by flouorimetric assay using
_ 4-methylumbelliferyl B-D-galactoside

. Arbitrary fluoroscence " Relative B-galactosidase
Fish number . .
units’ yields”
control 13.74+ 2.60° 100.0
1 55.68 405.2
2 15.98 116.3
3 17.94 130.2
4 21.80 158.7
5 16.20 1325
6 14.63 107.9
7 49.50 360.3
8 23.83 1734
9 19.32 140.6
10 18.48 134.5
11 51.20 3724
12 25.52 183.4
13 9.85 717
14 16.97 138.1
15 15.75 114.6
16 13.70 99.7
17 14.76 107.6
18 11.53 83.9
19 18.40 133.9
20 17.05 - 1241

*Per mg of Body weight
> Unit from fish injected / mean units from controls X 100
“Mean+ SD (n=20)

ML + — 1 2 3 4 5 6 M2

Fig. 3. Ethidium bromide stained 2% agarose gel showing the amplified segments from the
genomic DNA of microinjected group (1-3) and non-injected controls (4-6). M1, 1kb
ladder ; M2, 123bp ladder.
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5. Dot blot &4
A7 27 2 AEF ZFoA AE§ probe9te] hybridization©ol &2 = At (Fig.

Dot blot ¥4 2

4).

Fig. 4. Dot blot analysis of microinjected group and non-injected controls. One ug of DNA sapmle
were blotted onto a nylon membrane, denatured, neutralized and hybridized with the

digoxygenin labeled about 3 kb lecZ fragment

6. Southern blot 244
1 23, dEza 2 AT o 6kbet 3kbAolA

DIG-labeled probe®} hybridization A]Z!
hybridized band7} #Z= Ao 2 AFteoi E4F vpeta] tz2ad Moty NAEL 59T

A%E Yetl A (Fig. 5).

7. PCR products®} H7|MH 24
< PCR product9] °F 300 bpE W3 A3 ZA3 A7
g Zte Aoz YElgten

AT 2 UR2TY vFHA = REH
NA7}F E. coli B-galactosidase gene® ¥-2 homology

L AT BE )
ol 7AA 7t = PCR product?t 2o]l= Holx| gkt (Fig. 6)

o AN Q.

=
AH _,_/\‘l

8. pHO|| 2 X-gal 244
Table 304 R5o] m]3tglx] —} Z7] A GA oA pHEE X-gal
o2 vElgton pHY} 718 &8 o1 94 A
Be Ao e 2| R @

o4 714 WA Mol HE A
100914 A9 dalo] 94 Pt oz Uehgrh olele pHol Be 44 9
Azt Aol7h glol =5 pH 45914 718 2% 4o BRHAY

N

Reporter A= 19 {3 A} &) -“'&:“;} | &olsted /A4 o]2 AFAl promotere] -
ZA 2 FAR o)A 279 BY Fol AT AMgEo] o
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Fig. 5. Genomic southern analysis of microinjected group and non-injected controls. DNA sample
were digested with Xba I, separated on a 0.7% agarose gel, blotted onto a nylon membrane
and hybridized with the digoxygenin labeled about 3 kb lacZ fragment. M, marker ; —
negative control 5 1, non-injected control ; 2, injected fish ; a, 6kb ; b, 3kb.

’

Table 3. Effects of pH on the activity of p-galactosidase of mud loach, Misgurnus mizolepis, based
on the analysis of X-gal staining

Developmental
stage i pH
(izzh?ffge)r 45 658 74 10.0
Just hatch A ++* T + I
0
Yolk sac larvae +++ ++ + -
(1-3)
Fry +++ ++ + -
(4—10)
Fingerlings +++ ++ + -
11— 20)
* Density of X- gal stammg o+ +-‘é_z;£k blue; + +7, blues o
+, light blue 5 —, unstained
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i
10 20 30 40 50 60
lacZ TAATACCGAA GAGCCCCGCA CCGATCGCCC TTCCCAACAG TTGCGCAGCC TGAATGGCGA
Mud Loach TAATAGCGAA GAGGCCGGCA CCGATCGCCC TTCCCAACAG  TTGCGCAGNC TGAATGGCGA
EY ® %
70 80 30 100 110 120
lacZ ATGGCGCTTT GCCTGGTTTC CGGCACCAGA AGCGGTGCCG GAAAGCTGGC TGGAGTGCGA

Mud Loach ATGGCGCTTT  GCCTGGTTTC CGGCACCAGA AGCGGTGCCG  GAAAGCTGGC  TGGAGTGCGA

130 140 150 160 170 180
lacZ TCTTCCTGAG GCCGATACTG TCGCCGTCCC CTCAAACTGG CAGATGCACG GTTACGATGC
Mud Loach TCTTCCTGAG GCCGATACTG TCGTCGNCCC CTCAAACTGG CAGATGCACG  GTTACGATGC

*

190 200 210 220 230 240
lacZ GCCCATCTAC ACCAACGTAA CCTATCCCAT TACGGTCAAT CCGCCGTTTG TTCCCACGGA
Mud Loach GCCCATCTAC ACCAACGTGA CCTATCCCAT TACGGTCANT CCGCCGTTTG TTCCCACGGA

%*

250 260 270 280 290 300
lacZ TCCGACGGTT TGTTACTCGC TCACATTTAA TGTTGATGAA AGCTGGCTAC AGGAAGGCCA
Mud Loach TCCGACGGGT TGTTACTCGC TCACATTTAA TGTTGATGAA AGCTGGCTAC AGGAAGGCCA

x*

310
lacZ GACGCGATTT
Mud Loach GACGCGANTT

Fig. 6. Sequences of B-galactosidase gene segments amplified from mud loach, Misgurnus mizolepis
aligned with that of a E. coli B-galactosidase goene. Asteriks indicate the non-homologous
base.

B-galactosidase 5+ AAE E coli®] lactose operondl] #eddhE A=A B-galactosidase 2= ©] Ll
1 g8 A0] AAFo] A i AFA S ES cell 5 EH7 (Wolff et al. 1989 3 Suemori et al. 1990) #3}
oluz} & (Norton and Coffin 1985), &% (Pennock et al. 1984 ; O’ Kane and Gehring 1987) -4
reporter FAALZ AHE-E vl glon] Az gl o] &8 vl vk (MacGregor et al. 1991 3 Teeri and
Herrera-Estrella 1991). o] 8ol A% B2 o]l oA B-galactosidase FA A7} reporter frAA2 o} &
glo} o]9] o]2] ®& WEo] oju] Biurg vl Utk (Table 4).

Tgble 4. A review of lacZ transfer to fish

Species References -

‘Salmon McEvoy et al., 1988

Carp Hansen et al.,, 1991

Rainbow trout Inoe et al,, 1991

Zebrafish Bayer and Campos-Ortega, 1992
chinook salmon Sin et al., 1993
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X-gal Mol 23 B-galactosidase?] FHe "a B4 &4 glo]l =AW ¢y

I 7N14A5e] ve-g 28] B-galactosidase?] L3 F¢ L oY Fr &
He § Bl A BAe] folslil Yukslxo] 9lo]
galactosidase assay®ll 71 @8] AME-H I o) B Aol A w|etA o] B-galactosidase =}
olAg ¥ T 4 AHE 3 AT 23 33, ) F nE e S
gz 2 AT BE A G4 2o7F Ba=Edon At G4 Hme xeolE e
LH‘Ri‘:} 53], Az e & AAE B de] Wi A He AR BFEHo o)A
A Fdze] Ed 7hEAdE JEhdth 28y Inove 5 (199D B AT ¢t FY3 FHAE
7RG BRI A EA% A, 2T A GAo] HA] gv 2o E B vt §lof
AT dAes g2 Aol Eyon we FrES

MUG 4% #8% 23 AezoX 2T FtAe 22} 360%, 373% 2 405% 5 Yehlie
3utg] AAVE FEEo A o fHAY #H vheAdS UERAL oy gRTAAE G4
B-galactosidase®] o] HAHJL. FAF o]F 9 embryoE w422 B-galactosidase FHAE
o] Algk & o]9] WHE RIe vl v McEvoy 5(1988)% HAl tlZ2TolA B-galactosidae?] &
Aol BaEg Budgon L3 AMIEe JHAF dERTe HEX G vlaA < 330%9 B-
galactosidase &A1& QE}LHE MNAE B1g vl glo] B A7 A9} FAEI T

PCR #4& H<Z A F3A &4 o5 2 A4 B4 B ol genomes oz o &
AR EEHE Ao A de olfHe = Aol o9 AAE AHSE Sin F
(1993) 0] lacZE olA T ole] A o R E #A% vt e T HIEY vl B3] o= gl
Zejuk B AFoA] B 3etA] ] B-galactosidase] Y dF-E EAMsV) 938 PCRE FdstH ot
HzT 2 Aeld 5o positive (+) ZHE JeEPHoZH 4719 PCRE o] 838 oJEt F#
o]4] Ao B4 Aol gl nPHAE FoR ¥ B-galactosidase 2] A A% £4
ol 2 HE EA47 e Aoz YR

Fig. 4 ¥ Fig. 5914 %] dot blot ¥ southern blot & 33 A3, 2ala 2 hzTFoAA
ZAME 2E Aol A A9 A] + hybridized signale] #2E 2 24 McEvoy 5-(1988), Inoue 5 (1991)
4 Sin 5 (1993)°] Bi1g ZAaols thE FdS vedo] n2gA s gdoz 3 {FAA B4
lacZ A7) AL AFs 17t Qlojopnt & Zo g yehgr)

4719 o 2R E YA o7 B-galactosidase T RS o) A3l BAE Aug v Fo] B o X-gal,
MUG #44] A1 27y BE NAE0] Bgalactosidase—‘l] g4<¢ Jeldigla, PCR, dot,
southern blot #4]-& E& v]#&A] genome 2AteA 9 BE + AE el o) vjFakx
genome’dell B-galactosidase -2k} A% homology = Z%% A7 g B ol mFEtA zb
Aol E. coli®] B-galactosidase®t FAMGE activityE WUERE &4 27 71545 94 AAEIFEE
Aolth, 2o M= o] E. coli9] B-galactosidases} 413 endogeneous B-galactosidase”} &) go)
Haizl vk 9l o™ o] & endogeneous B-galactosidased] 2l¥ X-gal ¥ MUGY 7ME37 dojd 4=
ATl A Urt (Herrera-Estrella et al. 1988). =3+ /-7l M % endogeneous B-galactosidase
= B-galactosidase like enzyme®] =A]7F B g o] At (An et al. 1982). L1} o}& o]{ &
4o 2 endogeneous B-galactosidase & Ao M= BH v gon ey $AR o)A
Aok A A reporter FHAZA Y F8AH EAE HET dv AT 4otk

2 Aol doj7 47]e] ANE vjgoz u] 2121 9] endogeneous B-galactosidase gene 2 B-
galactosidase®] A 7154 A7) A3 712 AFEM FAA o1 XEF L YT O ERE

S
galactosidase S 2.4 A7
Mtz ol o] ¥

i

fron

—_

.
15|

=
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2& PCR product®] €7) MgL B4 A3 Fig 6014 R%Eo] nFetx]e] PCR products®l &
71 de E coli®] B-galactosidase gene® % homologyE YERHOZA wje Fw2E ANE
Bolzgdo), T3 T &FoA] #BEEE endogeneous B-galactosidase®] EAJo] pHO F&FE W
AP S dlelo 2 (An et al 1982) "] ebR]19) X-gal G4 £4-& pHE R £33 47 pH 45904
M 2o 348 Jehhles pHYE ool wel E4do] HA oksiA L pH 10.091& 78 F 4]
g7 ol Aol gle AoZ veiyttl whgbM v 32elx] 9] endogeneous B-galactosidase Wi f-
galactosidas like enzyme2 2 FH 5w £ fA¥ EF7FlA4 %33 endogeneous B- galactosidaseﬂ}
U}XWPZ]E A3 EE FAAM A4S JelE o2 #adn, 18y ojFe F¥ ERFoe
o 5 48U & QE Sl H nj A& B3| E coliE B]E3 bacterial B-galactosidase
%@Z}% zhe HAESTe] HEol §4 A v R s o7 vREAe 45 1
A 2= Bk opbufe) A 335117} ]*3%44-4 #do] oEl ojFo] HEME 9 Ethe & A
W GAR BAA R o9 7HsA IA) &dd] WA #= gle Holth
221} endogeneous B-galactosidase gene®] EA 7heA EE ”MEE dY 7hedY S
2 128 o, oz nrgz] g FH2 ]2 reporter fFHAAEA lacZe] Aol
NZE AAET} o] FoiMor & ZoZ AR HT)

«‘r

F

3 rﬂ,

2 o

E. coli® B-galactosidase §AAE mRakx] 4o nlddn] FYatr o] EHFLE
¥ oolrekAlel e A o4& 93 reporter FHARAY K848 BESA X-gal
AR 4. methylumbelllferyl B-D-galactoside (MUG) 48 #dg A KA o4
g 2 EH"E@]H 2% B-galactosidase®] &/deo] #& =% 2™ PCR, dot blot ¥ southern
blot B2 JA] FH o)A MYy hRTNA BT FAHG FdE AT e
2 g z79 PCR productd] AB71MEL E colid] B-galactosidase FHAret wfe £
homology & %1 118 pHell W& X-gal G4 £4& P 23 vjFepA|o] #E=H=
E g4t pH 4594 742 22 248 Yl ueid doz nPeA g gides
el FAR}F o] A A E. coli®) B-galactosidase FaAHe] reporter A2 A2 AHEL AET
YA ETL o] FojHorgt & HAo R FrhHEThH

c
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2 3
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