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ABSTRACT — Enterotoxigenic E. coli is one of the major causative agents of the infantile diar-
rhea and traveler’s diarrhea.

The heat-stable enterotoxin(ST) is thought to be a virulence factor in the pathogenesis of
the diarrhea and to be a maker for identification of the enterotoxingeic E. coli from non pathoge-
nic E. coli.

The isolate of enterotoxigenic E. coli was isolated from swine during 1989 year(from 5 to
10 month) in the Kyong-gi and Chung-Cheong provinces, and three strains(KM-4, KM-7 and
KM-12) was selected from 189 isolates of ST producing E. coli. The detection of a ST produced
of the isolated E. coli was performed by the infant mouse assay(IMA). This study was designed
to know optimal conditions for the production of the ST and the molecular properties of plas-
mids of the enterotoxigenic E. coli. Amount of ST produced were the most at initial pH 8.5~9.0
of succinate salts medium culture. The cultural time of the same medium was accumulated
the highest level of ST was at the 14 to 16 hours, and then stationary phase was at the 20
hours. From this experiment the KM-7 strain was selected among ST producing strains by
IMA. Partial plasmid-curing experiment was done to select plasmid encoding for ST among
other plasmids and then comparing the plasmid pattern of ST producing strain(KM-7) with
those of other ST non-producing strains, it is found that ST gene exists on the about 80 Kbp
plasmid. Each fragment of this plasmid digested with EcoRI was ligated to vector pBR 322
and transformed into E. coli K-12. A clone producing ST(eKT 53) was selected by IMA. The
EcoRI digestion pattern of the isolated plasmid(pKD 37) from the ST producing clone it is
indicated that the size of the inserted fragment in eKT 53 strain is 16 Kbp. The cuitured
supernatant of eKT 53 strain was positive result of ST production in IMA.
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2oz RHREM(Enteropathogenic E.  coli;
EPEC), B%EM(Enterotoxigenic E. coli; ETEC),
18 At (Enteroinvasive E. coli; EIEC) 22
2EsolAy, |53 BEHABE(ETECO S &8
$9} SA B2 B4 7 ool At AHAL AH
o slZo} Alg = 7R SiMpE $3)
% A o] o] FAAL? FEHLS BER
KB A4tk MiBWEBE K (heat-stable ente-
rotoxin; ST) E& o] A #AH%-4 (heat-lable entero-
toxin; LT)ell 7113k ® BERABENE mE
Fio] o} pilus7} 9ol /MBI BBRGRRC -28te
ZAsHA BERS Fuistyd 713 AtA A
A2 gubA| 71799 Pilus HiE M-S K88, K99, F41,
CFA(Colonization Factor Antigen) [, Il 5& 23
QIr}s® pesmgaEie L To} STFIA st =
' 5 gYAsi® BERF LTe NBH &
R #fBa2) adenylate cyclase-cyclic AMPE ¥4i3}
A AAE dodln ¥e& o]l UATH®
ST /NBA FERMAS guanylate cyclase-cyclic
GMPE ZA3A1A HALS FEA171%7 Gafgtkol
o} STRHE 0 2 {8 7] oYPckt® Adat
g 2o 2l Aol IREERIBE A
shspd Aabolu) muiERle] HEA et STHA
we JEata uyhyql 27, 7, #HA 55 o83k
ligated looptt@ 3} #wje] 43 AR (IMA)*2Y
e R AY 5T o)g-sta YohE® e
ol AL AFH ko] sFFEE ZHAML
A= Adgle wgel el 87 St

ueld B Ay AL BEMLRS sk
BEtABES 47, 23X dAgelA £
83 STAARsHo| $48 AugFe] WS4
7} STYAF AR AL 241817] $13ke E. coli
K-127 5o WElHEAA STAAHE FX313, colo-
ning® STH47& probe2 AH§-3tef B A
AAbzn Qe 258 Hobsln =3 ST 4
PAe A% HAR STAYA o] 8-38taat ¥t

"B A Gk
Bmaile 2al-2 AdeM MR HRAdYA

= STYARFE A7), 2HAA 4K oA
AEE T SlE olulsh A7 E WAL R 1980

5YRE] 1049714 AAEQ AHSES] BHARE
A2ste) WHOKIBE 212 Edward $9¢
ol wel FuAHFE Felsty, Fed AAd
E3 STAARYo| $43 FF& Auskch
NBUX| - ¥ STAANTFFS ¢34 R kel
£ LB AHg3ieli, MEmRY &k STA
A4 wWAlEe CYES-2wAE A3l
STAjAL 9 2 — F-eitt ABES] ST AFT5
WHO STHAY® @ £ 52| IMA(Infant Mouse
Assay)€ AH3dte] w3l ST A&
A7) $18ked wiokey 1.5 m/& microcentrifuge®
537 ALY F 1 EBRS AH-sslc
ANZE W ST unit AHE—STAAEA ZApel] A}
2% succinate salts W Al& 2 52 whyol ue}
A5t AMR3tE T, ¥2ldE ST AiksHe] %
23 KS4, KM-7, KM-12 3358 A4t Alg-3}eich.
AQAkEl ST2) unit AHE-& wiok ERKRS 280
o2 Mt 4F qk 3d% HolNH B
Mol 25 W4 F91g ¥ WHOS 47|52l e}
G/Bg&o] 007¢] HE ASE JHo2 #A3x
5] Al gol] 40(1,000 W/25 W) & F3ted wiokl 1
mio] Absls unit® FHAbsgicl

sfERe|] G/BE AME ST} LTAAle] $4 X
z7#2(EC84;ST- LT- SC 13 01 H7 KD¥
WHO#2] Central public Health Laboratory(Lon-
don)ollA] Feofitol HEECZ 3o IMAYOR
Aol g3 20ufelel] FAIE ¥ G/BEo] it
el 3uje]de AAG 14vt2)e] G/BE HT
& e G/B&E AR

7 MY 55— 5EEEH(LKB Ultrospec 4050)
2 A}g3ted wiekele] 0.DZE 590 nmell A &
o F9 FAFE ¥lwstyrch

Ba|7o| uieka BAZAL— el o] Wt EA4E
zA}sbe] 7H AFHEQ ST AT 8 2 ¥
AR gFFe) STAL w2l o183l7] $138ted suc-
cinate saltstjz]oll A pH % wfefAlztel & STH
Avepe ZAbshil, M9 ¥ix], CYES-2 vi#], LB w}=]
=3} succinate salts W=l 4] FZ3A & STAAL
23z

STAAIRTXIS] HAMel ALBet 2F U Plas-
mid—ST A4t ®&2FF+= EC-82(STT LT~ 015
077 H11 K80)& WHOS$] Central Health Labora-
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tory(London) ol| 4] F-ofito} AV-4-315l T HHEBHA
TBE T+ E. coli K-12(F recAl3 aral4 proA2
lacYI) &, Vector DNA+ pBR322(ColEI Amp* Tet”)
(BRL, Inc) & AH&-sleict AT T2 $2¢ ST
AAbEF5 ST Aiksdel 714 S8 KM-7(ST*
K88 K99) #7F8& Aldste] Al8-3l4ch

Plasmid #2|— %2174 plasmid &34 % 83
APJFT] ST gened ¥f3he plasmidelslr]
A3 Ak plasmid-& #2l+ alkaline lysist®-&
F83std A3t x, dizke] plasmid -]+ Dil-
lon $'V2] uhjo)) oz} LBeR=]o] chroamphenicol
(150 pg/m))-& 718t plasmidg FE-sle] HA|
shoi o

Plasmid 5% —STAAS A4S T3 plas-
midE #4l3l7] ¢k KM-74F5 LBul |l A
37CE 1412} v ok’ o8 2 whoked 0.1 mi& acri-
dine orange7} 25, 50, 75, 100 ¥ 120 pg/mi% z}z}
FElel A 5mie) LB wile HEdn wWe
At AHE 80rpmoE FEo FwiM 1047
vlefstedch. o] wiokel 0.1 m/-E LB sl =)o
B3l 37CA A 12417 w3l ok el B
#£%E9 plasmidE #2]3l agaros geld7]°d%
o2 plasmidifxE T2s}3, plasmid7} #E4
HE R STYAT-S IMAH L i’ ¥
STAHEERBTE ishe #HSHE Bk
ST4ERMF cloning— STAAF+-AA}E clonings}t
7] $}3te acridine orange® plasmidg H¥4A
A7) WEPT STE il 4575 Adsle
STHEEEBETE ¥H3he plasmidg ¥-lslsdd
#2]3} plasmidv EcoRI #liEE¥E S Axtsled pBR
322 vector DNA A3FA1Z F E. coli K-120 #
H#ggAl 7o

DNA #42 KWk STH4A2-E 78k plas-
mid EcoRI #IIRERE a3 ¥ CIAP(Calf In-
testinal Alkaline Phosphatase) 2 5'dwie] #EEE
§ Maniatis $%9] wpfd] wal AAAA A
ARS-3ld s, STAAH-A A9} pBR322 vector DNA
2] H§-& 50 mM Tris-HCI(pH 7.8), 10 mM MgCl,
20 mM dithiothreitol, 1mM ATP, 5pg/m/ BSA
(Bovine Serum Albumin) & 4% &%e) 10 w2l
EcoRl2g Awgl plasmid DNA 243t 2 /o)
EcoRI2Z Hgt vector DNALYS Y1 59

T4 DNA ligase(1 unit/1 W, NEB) & g 12Cejj 4]
18217 whEAI AL A s DNAEY Y-S HE
WH#ET E coli K-12¢) Maniatis 52 %} Dillon
S wylg Ame s HHEMMRAIACL
FHRMmEs: M- PEMRY 2~3mme] 73
& A7 S48 (tooth pick) & AH4-3) 294 LB
A R)ell &7)3 YA microcentrifuge tube
ol $AM FENHE® L plasimdE ¥-2)3sict.
MO ER-& 68Tl A 10¥#7 7}9312 microcent-
rifuge 2 587 428t AY5N-g wol 25 e
25% ficoll& 7}3}1 agarose gel2 H7]<i%-3lo
plasmido}4-& B}

Agarose ge! AR - Feid ¥ yAANFF9
plasmid ¥ ¥} FAL Maniatis 59 whyol
utel AA| g AH-j agarose geld 0.7~1.0%%
7.5V/cme] #9}3}olj4) TBE(Tris-Borate EDTA)
buffer& %3te] 4Al3ldc)

DNA M3 — ¥-2)§ DNA A A& $)sto] PREPAC™
mini-column{BRL A &) & A}&3te] ch&a 7ho)
AA)atdch 229 plasmid 3 HIBFEERES] &
W} DNA&--& vle] JzHr)z] 95% ethanol& 29}
H7hsle] —20Tol|4 4417 A A3LE microcentri-
fuge® 107 FOHEESIY EBRLS Wex
DNATH y7dz% ¥ 239 A(0.05M NaCl, 10
mM Tris-HCI(pH 72), 1mM EDTA) 0.4 miof
52 012m/9 39} B(2ZM NaCl, 10mM
Tris-HCI(pH 7.2), 1mM EDTA) & #H7}slod &3
gtdet. Mini-column-& $H9) C(0.5M NaCl, 10
mM Tris-HCI(pH 7.2), 1mM EDTA)E 1m/4
5~63 AH3l37 DNA &£3498& columnel £33}
A17] ¥ DNA4-E& 939 D(0.7M NaCl, 10 mM
Tris-HCI(pH 7.2), 1mM EDTA) 025m/4 23
4233 DNASNE wobd 1m/9] dzd 95%
ethanol8 7}8ted —20Cel] 24)7F A X|§F F micro-
cetrifuge® 16%-7F WU EEsY HBKS slgx
A" DNA® Wzzxste 2ot sh3-4dolu
Aol Hodd] —20Te| R Fa A3
At

BR % ER

Succinate saltstiX|2] HHJZET| pHIt ZEA D}
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Table 1. Effect of initial pH of succinate salts medium on growth and heat-stable enterotoxin production in
enteropathogenic E. coli

Initial Final pH OD at 24 hour ST (unit/mi)* ST (unit/OD)
pH ABC A B C A B C A B C
6.0 84 84 85 0.76 0.64 093 80 160 80 105 250 86
6.5 84 84 85 0.97 0.92 092 160 320 80 165 348 86
7.0 86 8.7 86 1.20 1.30 1.37 320 640 320 267 492 233
75 88 88 88 1.00 132 136 640 640 320 640 485 235
8.0 87 88 88 092 1.23 1.29 640 640 320 696 520 248
85 88 89 88 1.69 192 1.63 1280 1280 640 757 666 392
9.0 88 88 88 0.83 1.90 1.63 640 1280 640 771 673 392
95 88 89 89 0.75 0980 0.97 320 640 320 427 711 329
10.0 90 89 89 0.74 090 098 320 640 160 432 356 333

*1 unit; minimal amount of heat-stable enterotoxin that gives gut/body ratio more than 0.070.

A; KS+4, B; KM-7, C; KM-12.

Table 2. Growth of enteropathogenic E. coli and heat-stable enterotoxin production in succinate salts
medium
Culture Final pH OD at 24 hour ST (unit/m/)* ST (unit/OD)
time  (hr) ABC A B C A B C A B C
0 8.5 85 85 0.02 0.02 0.02 N.D. ND. ND* N.D. ND. ND.
2 83 84 82 0.03 0.03 0.03 N.D. ND. ND. N.D. ND. ND.
4 82 8.1 80 0.05 0.06 0.04 N.D. ND. ND. ND. ND. ND.
6 77 78 76 0.09 0.12 0.08 N.D. 40 ND. N.D. 333 N.D.
8 78 79 80 0.16 0.23 0.17 40 160 40 250 695 235
10 83 84 83 0.57 0.68 0.54 160 320 160 280 470 296
12 84 85 84 0.76 0.90 0.78 160 640 320 210 711 410
14 88 89 87 1.35 152 1.23 320 1280 640 237 842 520
16 89 89 87 155 1.79 143 1280 1280 640 825 715 447
18 89 89 87 1.74 193 157 1280 1280 640 735 663 407
20 89 9.0 89 1.79 197 1.62 1280 1280 640 715 649 395
22 9.0 9.1 9.0 1.78 197 1.65 1280 1280 640 719 649 387
24 90 9.1 90 179 199 167 1280 1280 640 715 643 382

*N.D.; not detection, A; KS4, B; KM-7, C; KM-12.

STAlAlol olxlE F&—Alderete 593 Staples
5L STA A A& 7|84 Q 712 iR 749
FAMA7E Atz Basic. webd &
=%e] R Y v} QlE succinate salts WAE &
Alge] STAAHE wixZ2 AMgslich FjAdd
STAAHs2o] $¢ KS4, KM-7 ¥ KM-12 #
2 wjokz7] pH7} 6,094 10.0Ake]2 =AH su-

ccinate salts wiAleoll ZF3tn 24417 Zedal it
F 77 FR=E 34 FFAFE AR
STA4FE AHASG o
wjey>] pH7} 85 71745 mMEIBEE
(ST) AAleko)] 33F 25 7H3 wstew KM-73%
KM-12359 29+ wekzr] pH 9.0914 % wfef
&7] pH 8592} & STAAS Ve 3
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Table 3. Effect of incubation medium on production of heat-stable enterotoxin

Initial Final pH O.D. at 24 hour ST (unit/m/)* ST (unit/O.D.)
Medium ABC A B C A B C A B C

M9 8.6 88 86 167 1.70 1.63 640 640 320 383 376 196
SSS 9.1 9.1 90 1.73 186 1.65 1280 1280 640 740 688 388
CYES-2 8.8 9.0 88 1.70 194 1.72 640 640 320 376 330 186
LB 8.7 88 86 163 1.69 1.53 160 160 80 98 95 52

A; KS4, B; Km-7, C; KM-12, M9; medium for enterobacteriaceae by Neidhard, SSS; sodium succinate salts
broth, CYES-2; casamino acid yeast extract broth-2, LB; Lauryl broth.

52 EHMEES Wf 7] pH 85~9.0¢4] 714
Bl EEEET STAAS wvwslr] st
STE{TAPEE(ST unit/O.D) 2.2 $H4lste] vlwdh
At KS-4 59 A9 wiekz 7] pH 854 7572
71 wetond KM-73F KM-12¢3+ oz )
pH7} 9.0 o 7}z} 67332} 3922 4 714 walv) o)+
2 553} Jhonson 59 CYES-2v] x|l 4] wlok
%7] pH 85w 7} STAAeko] grpa ®.w3)
WE-3 & 59 succinate saltswi] #joll 4] vl ef 7]
pH7} 85%-Tel| 4] 71 STAAteFe] wkrhe Mow
o} w)s=8lgdcth. 22y} Lallier 5478 CYES-280 7
ol 4] wiokx7] pH7} 7.2~8.0dd 713 Frhis B
Iehe ohA Aelz) glok HH 24417 wiokdl &
wieked o] pHe wiokz7]e] pHe} #4gle] pH 8.
5~9.02.5 #stEsict atebr EEmE-2 A7
STAARFE HUHE FEAF 5 Ues ik
pHiE KS-4 #7% pH 85, KM-73 KM-12 #5-%=
pH 9023 b},
Succinate salts HYX|0j|A{Q} FEA|Tt STAHA—ul
o}x7] pHE 858 Z & succinate salts vl # el
KS-4, KM-7 % KM-12 #F8 7tz} H4$sbar 4
ehuljoFabd A wokAtabg 24125 2417 A&
T dEAE STAES =Ahsksdch
RS TS 33T BT wekrAbE 2047
o4 i E vjehd o] STHAMFS] 79 KS44
F= ek A12k3 162] 7bel 4] 1280 unitssd. 2 KM-
73 KM-1275= wiof A2HS 1443 el 4 HdA &
viehlie] 1280 units®} 640 units7} # ok wheb4
STAAE d5el Alxtsle] F4le] 2his]7]
4~6A7H el gkn ok 7S Aol olEld A
= o) EP®o] B g succinate saltswl =joll A

STAAF k54|74l 84| b 5‘}°]7]' Ut

g+ B{TAERS 79 KS4aFe oAz
16417} ol A} KM-1F9} KM-123F+= kA2t E
142 3ol A 74AF 9FAIRE £ STAjAle] &%
th= 7& o 4 dgich
%M&NI kg STAANEE ZAL— gl H7}
s RFEES F5el wep STAAl d8& F=
Ao oelx Uck® xigEel viek 2 RHEWE
Appol] Abgsl= gHAdul =] E M9ulA], succinate sa-
lts W4, CYES-290x % LBiA|E whaes 7
wizle] pHE 852 AL ¥ HEES woksta
R STAAE ZAPsH

Succinate saltsulj 2]ol A} BEHERER T STAJAleFo]
71 wkokck Mowl A9} CYES-2w A& STA)Aleko)
vl 55l ot EEAAES CYES-2wiR|el4 cja @
sttt hH LBul Aol A& EREE-S of2 wiA &3¢
vldtgl ot ST AL its] Wdth weia
ST AH2-ul 2= succinate saltssf |7} 7}3F 2§t
£ o 7 U, B3] STHAE A% wix] AR
whf Yo} 8-} ghepstEo] #i-EW EelslEg
succinate saltse}z|e} zho]| MMt A §
HeiA & AMgshs Aol #E|¥ o2 Az}
SME2| plasmid HHRE - Feld5 STHASH
o] 7} 43 KM-7¢5E dwsle] plasmidE
2] 3}3 agarose gelAtoll Al #71d%% 73} Fig 1
v} zhe] ilelydrh

KM-7¢%F(lane 1)l 23KbpXr} 2he plas-
midES A F 9l o8} & 2719 pla-
smide= #¥ 4 ¢isdr}. Carton 598 BEMX
e °F 90%c]/de] LTe} STE ¢4 A4iksin
LT} STHEEMTE dli¥ S plasmidu¢]
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Fig. 1. Plasmid patterns of E. coli. Plasmids were
electrophoresed on 0.7% agarose gel at vol-
tage 7.5 V/cm.

Lane 1; KM-7, Lane 2; ST* LT", EC 82 (re-
ference strain), Lane 3; ST~ LT", E. coli(iso-
lated strain), Lane 5; A-Hind III.

ZAst 6X107 daltons(90.9Kbp) 2] Z71E zx
UARE STRES A abehe BEtt KBES] 7 Sl
STHERETE FH3tx 2d+x plasmide 2.1~
8.0X107 daltons(31.8~121.2Kbp)2] =Z7|& F X
Heol glrka sigdch E AYHFed KM-7759
A5 STH#HEFEL A4sle Z5F5(EC-82, lane
2) 9} plasmid ¥ F A4S vlwsigich ¥ 459 23
Kbpol4te] plasmidE wls| & o EC-82¢F+=
o} 80 KbpA =2 plasmid7} g7Hal wbd KM-74#
v 80 KbpA =9 plasmidS £ @3t 509 pla-
smid7} ZA5t2 9llch & ST} LTS A Aksh=]
3= #FE(lane 3, 4)9] 7% 23 KbpolAte] pla-
smidExE& A = et e KM-7359
23Kbp °]4+9] plasmid &5 STHEEME TS §
3t & Ao FH3w plasmid HEEHRS
T3] STAEAEEEFS #2 UE plasmidg &<
&t7] $1%td acridne orangeE Al£3le] plasmid
HEE®RS A8

Plasmid HEWMWE S8 STEE plasmid &Hol—
KM-74# 5% plasmid HEERS %3+ plasmid &
o EEA7171 A8l 5w E acridine orange &
)& 2t FFE2RE plasmidE F-e)sbe] agarose

ABCDETFGH

23.1
9.4
6.6

4.4

23
2.0

Fig. 2. Plasmid curing test. Plasmid of KM-7 strain
was cured with acridine orange. Only B strain
produced heat-stable enterotoxin. Cured plas-
mids were electrophoresed on 0.7% agarose
gel at voltages 7.5 V/cm.

A-G; mutants (cured strarr with acridine
orange), H; A-Hind IIL

Fig. 3. Plasmid patten of eKT 53. The agarose con-
centration in the gel was 0.7 V/cm. Electro-
phoresis was carried out voliages 7.5 V/cm.
Lane 1; pKD 37, Lane 2; eKT 53, Lane 3;
A-Hind IIL

gel2 ERkESI plasmid&AF-F
BEE ).

Fig. 204 B ujelzre] BFFolA plasmidFR
S¥FEE BFFE 4 ok 22y WA plasmid
HorilE AR FF52 chromosomal DNA o}Are]
Z plasmid7} 25 HEE o]2e] HalH plas-
mid %2 Aol STAEEHETE TH3h plas-

FEPYE

The Korean Journal of Food Hygiene. Vol. 6, No. 3 4



Molecular Cloning and Expression of Heat-stable Enterotoxin Gene from Swine Enterotoxigenic Escherichia coli 153

A B C D

234

94
6.6
4.4

2!3
2.0

Fig. 4. Restriction fragment patterns of Plasmid pKD
37. Electrophoresis was carried out at volta-
ges 7.5 V/em on the 0.9% agarose gel.
Lane A; A-Hind III, Lane B; eKT 53 plasmid
cut with EcoRI, Lane C; eKT 53 plasmid pat-
terns, Lane D; undigested pKD 37.

midS #<3lr] Aste] AmolYHe MRk
i STHANS A8l 2 A5 Fig. 29 B
BMEEHe] STAA) FAoln o= w5
A4S vepich weld B #RERe) STE A
Absh= BEFE 23 gler < 80Kbp 2719 pla-
smidyoll A STAERBT 7 AL oz
FH3he Ao STAHERMETE gene cloning

3l7] A1Y BRE plasmid® AAs}elc} Hejgz
KM-7332] STAERETE $43R= plasmide
agarose gel £+ PREPAC™ mini-columng o]&
3ted E-2), YAsz Aol AResiedc),
STALH plasmidel MIERB¥NEO CHBF AA - plas-
mid ¥ HERRE 53 A oln STHE RS
F# $#212 Ue o 80Kbp=7)9) plasmid=S
#2l%ed EcoRl #IRE¥KS sl Fig 49} o]
B719Eehe £ A3} 6709) DNA "so] 9gic).
pKD 37 plasmid A8 X MEE—STA 4527}
¥ & 80Kbpe plasmidE EcoRILIRAIERS
A8 EcoRIBIRESZ Aa pBR 322 vector
plasmid®} A3sle] HEHMHRAZ F32EF 8070
TF5 CYES-2¥iA| 2 zlejujelgt wjokelo 2 IMA
(Infant Mouse Assay) & E&be] STHELES A}
& A3 G/B&ol KM-7#59] 0.096 2.t} & 0.102
& vell= #5(eKT 53)& <2t} eKT 5333
E5H MEES#EE A plasmid(pKD 37)& 3
3taL EHKESI Fig. 301 Jehsicl. phssme
pKD 37 plasmid®] #=7]+ 20.36 KbpE EcoRI 4
REEES A& 79 Fig 42 lane 294 2= 73
Ze] 16Kbpe] DNA A#H(insert)e] l=lgict.
Lane 39] eKT 53 #F9] plasmid ¥¥o}4}s} )
3te] 80 Kbp plasmidf 2] 16 Kbp EcoRI #IfREEE
o] vector DNASH HEsUdee & 4 ek
ut2}A] 16 Kbpe] DNAH HAbel]l ST 4 Z:&kEF 7}
EAEE & 5 Aok

289

WARASL(ST) & Aabshe HAYRAF(KS4, KM-7, KM-12)¢ HARES 2 3E| Hejshi R71x] wjopat 545

SR REEECIE COENTPEN

2 dE succinate saltsuf x| 2] pH7} 85~9.04 wf STAjAleko] 7}a} @oton, STHAME a2 succinate salts

A7E 7bg feld Aeg Azbsle] Aok STAA, =

TRT B U~16A17e04 AP wkT FAe wok

A12HE 2041 73el A 7 wke) STA AR e] 7bg S48 KM-73 325 STAASHS 880 F 80 Kbp#] plas-
mid& ¥2]3}3 EcoRI A}E AT A 16 Kbpsl DNARHE pBR 322 vector DNAJ A 3HA1%1 pKD 37 plasmid&
E. coli K-120 ¥AHBAAM KM-720} STHANS o] 953 F7(eKT 53)8 ddch
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