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ABSTRACT

A study was undertaken to examine the effect of curing agents on the stability, curing and
segregation of R plasmid pSL100. And also the stability, transfer frequency, and recombination
of its segregants obtained from curing agent treatment were studied. Ethidium bromide, acridine
orange, and mitomycin-C were used as curing agent.

The results obtained were as follows:

1. The curing agent ethidium bromide, acridine orange, and mitomycin-C were not effective
for curing the multiple antibiotic resistant determinant of pSL100 in Salmonelia typhimurium
and Escherichia coli. However, they induced plasmid segregation with high frequency in S.
typhimuruim LT-2 strains. TcApSmCm, TcSmCmKm, TcApCm, TcAp, TcKm, Tc segregants
were obtained.

The resistant markers of the segregants were transferred to S. typhimurium LT-2 strains

[\V]

with high frequencies whereas they were transferred to .E. coli K-12 only with low frequ-
encies.

3. The transconjugants obtained from conjugation between two different S. typhimurium
segregants were similar to the phenotype of the original R factor pSL100 and the resistant
markers were transferred to the S. typhimurium LT-2 or E. coli strain with equal frequ-
encies, indicating that they are recombinants.

4. The transconjugants obtained from conjugation between pSL100 segregants and pKMI0IL,
or pBR322 possessed the resistant markers of the two parental plasmids and they were
transferred to both S. #yphimurium and E. coli K-12 strains with the same frequencies and
maintained stably, suggesting that they are also recombinants.

5. The recombinant pSL100 could be also obtained in rec A-strains of E. coli, suggesting that
the gene function of rec A is not required for the recombination of pSL10C segregants in
E. coli.
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A& replicone 2 &3] A o] B9 o1A
4 ¢ replication®} recominationo] ] =&
g7}, & plasmid Eo] 4] & deletions} transpo-
sitiono] W W3} 35w %3 chromosomes} =z
recombinationo] ol o]+ <= 9l t}, (Cohen, ef al.,
1980). DNA 7} =3 DNAd] Eo]z o & inser-
tions] 71} deletion ® o}, =X plasmid 72
recombinationo] o] Fo] & <3 chromosome
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Table 1. List of bacterial strains used
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T AQ A Hrery 2y 944 o
A g2 712 R plasmid pSL100+] plasmidZ
curingA] 7] &= B3 5 o2 A ethidium bromide,
acridine orange, mitomycin-C& = #]8le] 3
o c}& pSL1002] curing®} segreation(deletion)
& ZAPslel . segregant S8 yecA ol A
recombinationA] Z t}. gk pSL100c) 4 ol o] 2]
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Strain Phenotype Genotype chromosome/ Derivation Source

designation plasmid
JH1 Ap' Cm* Km* Smr Tc* /pHK100 from sewage
JH?2 Ap" Cm™ Km® Sm* Te¢r /pSL100 from sewage
JH3 Ap" Cm" Km* Sm* Tcr /pHK 200 from sewage
CSH52 Ara- Pro- Str- BI- ara (lacpro) strA

thi (980 dlact) recA

NG30 Arg- argHamb recA tonB phr
CSH56 ara\ (lacpro) supD nalA thi E. coli K-12
G46 His— his (base substitute) S. typlimurium
TA100 His~ hisG46 wvrBrfa/pKM101 B.N. Ames
CPr18 His~ Ap" Cm* Km™ Sm* Ter hisG46/pSL100 conjugation CP21/G46
CP21 CSH56 Ap Cm* Km® Sm® Ter CSH56/pSL100 conjugation JH2/CSH56
HB204 Thr- Leu- Thi- R~ M- Phe- /pBR322

*The abbreviations Ap’, Cm', Km", Sm’, and Ter represent resistance marker to ampicillin, chloramphen-
icol, kanamycin, streptomycin, and tetracycline, respectively.
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1. Ethidium bromideg|| 2|3t pSL1002| curing
o) gegregation
Intercalating agento] ethidium bromide:
acridine dye$ &t#| plasmid curing agent® <
e gler, plasmide] fAdAE sk
wg] o)&sol gir}(Tomchick, 1964
Bouanchaud. ef al., 1969).
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= o ouelg AEy guvkg e g E gk,
W 2E oz AT BN E WEE AA
3= A-2x 9lch(Hahn, et al., 1974).

2 2 %o] A intercalating agent oA E3]
«ethidium bromide (phenanthridine $%.4)7+ A
el gl 7] & ethidium bromider} DNA¢] A s}
= Axs DNAY 3xFzd wheb ZeiA A

DNA»} Al Ak(linear form)ew} b 3l (circular

form)d W wc} v ol AFshH, AEEolA
X supercoil F+25 7}z 4o DNA6]  supe-

reoil 2% 7FA1 A gz 449 DNAo) oo A
2rd o weol A gk Aol BuE 3z 9le
-(Hudson, et al., 1967) o] = plasmid 54 <]
frameshiftd Eolwolw] A DNA gr)g A
b He Aol Qe Zolehm AAH W
o] ¢},

S. typhimurium LT-2 G464 9lej4]  pSL100
‘9] curingz} segregation patterng 17| 3}
CP18 #F%& ethidium bromide® A & 8} Ta-
ble 2.0] 4] = whel 7 AHE Aok

pKM1013} = =3g] (Lee, et al., 1980) pSL100
2 S, typhimuriumo)] A curingo] A dojrix] &
gkor] o ale] pSL100 plasmide] o]e] segreg-
anty} Aot olaslx] e g E. coil K-
12 CSH56¢) 9l o] 4] pSL1002] curings} segrega-
tiong ¥ 7] 38t CP21 #FFf ethidium brom-
ide® A e]ste] Thale 3.7 22 AFE dAE
o E. coli K-12o)| 4l & v}zt7}=] 2 ethidium br-
omideed]] ]+ curingo] ojv}x] ¢kgrow S.
typhimurium LT-2] 4 &= 2] segregant®. 7
o A=A gkt

olg] 8 A3} plasmide] curings} segrega-
tiono] Qo] A curing agent#=l o}v] e} plasmid

Table 2. Curing and segregation of pSL1090 in
Salmonella typhimurium LT-2 G46
by ethidium bromide

«Conc. of  Survivors No. of Cured Segregated
EB (M) (cells/mi) colonies colo- colonies
tested nies
0 5.66X 108 464 0 14
2X10~* 1.39X107 538 0 49
19X 107 5.0X10° 607 0 41
1073 1.98X10% 79 0 3

[Vol. 20, No. i
o FH SEE SRS oA 4ag g
T3he Acleh
Table 3. Curing and segregation of pSL100 in
E. coli K-12 CSH56 by ethidium bro-
mide
Conc. of Survivors No. of Cured Segrega-
EB (M) (celis/ml) colonies celon-  ted colo-
tested ies nies
0 2. 87108 297 3 0
2X10"¢ 5.84X10° 200 0 0
53<10-* 4.84X10* 268 0 1*
1073 N.G. — — —

*Tcr segregant
N.G.: no growth
2. CHE curing agentS0lf 2|3t pSL1002] curing
T} gersgation

Ethidium bromides] ¢} 4 pSL1002) curing
of dejvtAl ggtom R b curing agentSof
I B3}E zeig ok

Curing agentii acridine dye% (acridine or-

5-aminoacridine %),

ange, 9-aminoacridine,
mitomycin-C, sodium dodecyl sulfate, penicillin
marcarbomycin, flavomycin, ultraviolet, nalid-
ixic acid, phenethyl alcohol, trimethoprim %-o)
Bzse] gld (Hahn, ef af., 1974) 2 4 3o
A= DNA strandalo]e] crosslinking 8- <) o 7]
£mitomycin-Ce} DNAG 7] 4 Apole]  439) 5] of
frameshift &<l o] & <] ©7] = acridine orange
& AHg3hsich Table 4. 9} Table 5. &= #2 §.
typhimurium LT-2 G463 E. coli K-12 CSH56
o gleiA pSL100 plasmide] mitomycin-Co]] 9
gk curing} segregationd 2Abgl A d 7 sho) v
o176 4 5. 395} whash
A& 5 FFo) A =F curinge] wlojilx] ek
3L segregation E. coli K-120] 4] wr} S. typ-
himuriumo) A4 B W o] o]yl o) %5 S. typ-
himurium LT-2 CP182] segregant o- A9 7F
HE AR 22 gk

ethidium bromidev};

¥ 28 A S Jg)

ethidium bromidesg]

Acridine orange® A &
mitomycin-Co} 7 3-8} 7 &
t}(Table 6., Table 7.).

Plasmid R100(NR1)ol} R6, ColEl %% ac-
ridine dyeo] 2ols} 4] curinge] 5 x| @il u

ZEe] gt (Tomoeda, et al., 1968: Rowbury,
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1978).

Table 4. Curing and segregation of pSL100 in
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Tabla 7. Curing and segregation of pSL100 in
E. coli K-12 CSH56 by acridine orange

Salmonellat yphimurium LT-2 G46 by
acridine orange

. . Conc. of AO Survivors No. of Cured Segrega-
Salmonella typhimurium LT-2 G46 by (ug/ml)  (cells/ml) colonies colon- ted
mitomycin-C tested les colonies
‘Conc. of Survivors No. of Cured Segrega- X 3
MT-C(M) (cells/ml) colonies colon- ted 0 3-5x10 172 0
tested ies colonies 2.5 3.3X10" 198 1
8
0 5. 72X 10° 184 0 7 5 2-15X10 430 0 0
7
1.25X10-  1.24X10° 248 0 11 10 98310 393 0 t
6
2.5X1077  2.77X107 166 0 19 40 2.91x10 541 0 0
51077 1.07X107 159 0 25 *TCr segregant
oL 3. pSL100 % curing agent X2|0| 2|34 ¢ 0{Zl
Table 5. Curing and segregation of pSL100 in
) ) egant=o| 9FEM B HTHA
E. coli K-12 CSH56 by mitomycin-C segregants ol 4 ¥ H2d
R factor& Ay 7+ 739 49 WA A
Conc. of  Survivors  No. of Cured Segrega- v o= - A
MT-C(M) (cells/ml)  colonies colon- tecll Et 54 Cm, Tex 25pg/mls) X2 AL3)
ted i i -
teste 1e8 colonies X}‘:ﬂ_‘ % /}—:]‘?:],/l‘:]oﬂ %t TCT_— aOug,ml 7oq _‘_,:_E_ }\}_
0 3.89 X 10° 389 0 0 Sotef o £7kol = &etg om, Ape 504g/mi
1.25X1077  9.13X10" 279 0 6 7bA] Qe E o o) glglot Sme 30ug/ml
2.5X107  7.52x10° 7 0 3 AE ke A E wsich Fa e B
- — = T - .
ajflo 7 3.37X10 357 0 0 B %t pSL100 plasmid®] spontaneous segregant}
S. typhimuriumo) 4 v & A -
Table 6. Curing and segregation of pSL100 in ? I+ e 45 9.5 segrega

tion patterng ¥ =] Table 8. ¢ 4 31 ulo} 7+
o H¥-¥2 Tc segregant o]9le] ApCmSmTc
markerE 7}7 segregants} KmTc markers 7}
- bA 89 segregantrt lolzr). ol
g AaE Su, Sm, Cm factor: Zhz- e A

%)
Az Tce] A4L 2 o] Urz] fac-

‘Conc. of AQ Survivors No. of Cured Segrega-
(pg/ml) (cells/yml) colomies colon- ted
tested ies colonies
0 2.7X108 248 0 3
2.5 2.5 108 162 0 8
5 1.9210® 192 0 5
10 1.29x108 517 0 8
20 1.86<X10% 437 0 6

tore] A% A4

EIOELEEN

< =EA =

Table 8. List of CP18 segregants obtained from curing agents

% curing&-
Yol vtohE Watanabe. et al., (1962)
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pSL100¢] curing agent ] 2] A)

Strain designation Drug resistance Genotype chromosome/ Derivation Source
marker plasmid
CP181 ApCmSmTc hisG46,/pSL101 Spontaneous CP18
segregation
CP182 ApCmSmTc hisG46/pSL102 EB curing CP18
CP183 ApCmSmTc hisG46/pSL103 EB curing CP18
CP184 ApCmSmTec hisG46/pSL104 AO curing CP18
CP185 ApCmSmTc hisG46/pSL105 AO curing CP18
CP186 KmTe hisG46/pSL106 Spontaneous CP18

segregation
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Qo)A segregantZ-o] ol Al 9l ulolglE re- Table 9. Spontaneous segregation of CP18 seg-
sistance marker®] S. typhimurium LT-2 5 E. regants obtained from curing agents
coli K-12¢] 2¢) transfer frequency % stability Strain Survivors  No. of Tcr Segrerega-

- = designation (cell / tested s -t -
=9 $2a vl Table 9, Table 100] 4 2= v} 8 (cells/mb) - tested  seare o oted

9} 7o) S. typhimurium LT-2¢) 4 ApCmSmTc

- P181 . 8 2 .
marker% ~}z segregantEe] 7ol L1~ ¢ 3-61x10 532 6 1.13
2.59%:¢) taneous segregation frequency£ crisz 285X 10° 424 > 118

.599] spontane =

O/; b -, KgSgT fers ‘3‘4 CPI83 3.02x10° 302 4 1.32
= o =
el ¢l o1} KmTerl KmSmTc markerE z]. A CP184 3. 35% 10° . s 1.19
segregant£-2] 7 -$-¢f} == spontaneous segregation CPIS5 3.07%10° 307 4 1.30
o] delrtx] gyghow], Table 117+ Table 1201  cpiss 2. 82X 10° 568 0 0

A B3 ulel o] CP18 segregantEe] A4

marker= S. typhimurium LT-2:] 2= =2 v Table 10. Spontaneous segregation of transco-
T2 Ay wate E coli K-12 22 go njugants
ulz 2 A ekE oo Transcon- No. of trans No. of Tc Segrega-
W b fRom dehd BRAA & Km e e o )
SmTc marker& =] L& segregant®} ApCmSm-
. . CP101 1.66<108 572 8 1.4
Tc markerE =) Y & segregant-&-2 conjugation
Az A5k A pSLI00] A% resistance CP102 1.38X10° 1,162 24 2.1
= CP103 1.68x108 566 6 1.1
marker (ApCmKmSmTc)E reblgiet(Table  p 5, 1.56 X 10° 530 9 1.7
13)- CP105 1. 57:X10° 536 14 2.6
g TcKmCmSm markerE =4 CP18 CP106 1. 19X 10® 434 i1 2.5
Fo} Apdl A 34 7} plasmid pKM101elE  cpio7 1.18X 10 324 0 0
o] 9l = S. typhimurium TA100F 5 £ conjugation

Table 11. Transfer of resistance factors from CP18 segregants to CP10

Donor Recipient Transfer frequency Counter selection marker  Strain designation of
transconjugant

CP180 CP10 1.35X10™! ApCmSmTcGal- CP101

CP181 CP10 2.15X10-2 ApCmSmTcGal- CP102

CP182 CP10 7.46X1072 ApCmSmTcGal~ CP103

CP183 CP10 4.69X107° ApCmSmTcGal~ CP104

CP184 CP10 1.89>1072 ApCmSmTcGal- CP105

CP185 CPI10 9.67x1072 ApCmSmTcGal~ CP106

CP186 CP10 5.47X107* KmSmTcGal~ CP107

Table 12. Transfer of resistance factors from CFP18 segregants to E. coli K-12

Donor Recipient Transfer frequency Counter selection marker Strain desgination of
transconjugant
CP181 CSH56 <1077 ApCmSmTcFro~ CP211
CP182 CSH56 <1077 ApCmSmTckro~ Cp212
CPI183 CsSHEB <1077 ApCmSmTcFro- CP213
CPI84 CsH56 <1077 ApCmSmTcPro- CP214
CcP185 CSHbH6 < 10°7 ApCmSmTclro- CP215

CP186 CSHI <107 KmSmTe CP210
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Table 13. Transfer of resistance factor from CP186 to other segregants
Donor Recipient Transfer frequency Counter selection marker Strain designation
of transconjugant
CP186 CP181 <1077 ApCmSmKmHis- CP1801
CP186 CP182 <1077 ApCmSmKmHis~ CP1802
CP186 CP183 <1077 ApCmSmKmHis~ CP1803
CP186 CP184 <1077 ApCmSmKmHis~ CP1804
CP186 CP185 <10-7 ApCmEmKmHis- CP1805
A7 Axk ApKmCmSmTc marker® =4 S = Aolr A= o segregantEZ el segregationr
typhimurium 5% selection® & gl om Te 2% Aoz sdislg oy Azlsl s o8

KmCmSm marker& =1 CPI18 segregantsl
Aps}t Teell A4S 717 plasmid pBR3227} =
o] 9l HB294 52 conjugationA] 71 23} Ap
KmCmSm markerg A4 E. colitZ& selec-

tiong- 4= ¢l it} (Table 14).

Table 14. Transfer of resistance factors from
CP18 segregant(TcKmCmSm) to HB

294, TAI100

Donor Recipient  Transfer Counter selec-
frequency tion marker

CPIS HB294 2%1078 ApKmCmSmTe

CP18 TAI00 5x 107 ApKmCmSmTc

¢k segregantEo] conjugatione] o) A
9] pSL100o] =] i= resistant marker (ApCm
KmSmTc) & el #35 selectiondle] o]
T2 E coli K-127F 9] CSH52% transfers #
transfer frequency$} segregation patterns <
2 2] pSL1005} v &)< o} (Table 15). CP21F
9] plasmid pSL100S E. coli K-125209] CS-
H52-F o) transfers] #2wf 2] transfer frequency
= 3.3X107'E dgks] =& 3olg ot CP2101
~CP2105 CSH52#Fo% tran-
sfer Al Zd) o] transfer frequency:= 1/100]3}2
vrold o}, zalzw 7+ plasmidE4 CSH>2¢
= A Awle] ek o] segregantZ T Z%?‘fi
5% goreh, & CP2101~CP2105 4
smid: 271 2] 7}7] I Z plasmidel J_OH‘ L2 g
Aslelx Floldd o) Fe] weF X
hostWe] F&£gclnd KmSmTeo]| A3-4& 7}
plasmid®} ApCmSmTee] A &4 < 7}x]%= pla-
smidz} A1 2 t}E transfer frequency Z transfer

2] plasmid&

ol

i -W
d},l_l‘

A

b

A e Ao g vol CP2101~CP21057F Fol 2
A g plasmid & -&- ¢ = o} segregant KmSmTe"
o} ApCmSmTcre) A g 4
ol oevl E. coli BH2945+F¢} S. typhimurium TA
100%—;—0%]/‘ w e #Batis ool o w2 recomb-

inante}= 7 < LRl = Aol gl A

recombinants}

T ol Siiﬂ-

Table 15. Transfer of resistance factor from

CSH56 to CSH52
Donor Recipient Transfer Phenotype of
frequency transconjugant

CP21 CSH52 3.3x107! ApCmKmSmTc
CP2101 CSH52 5.6X10°? ApCmKmSmTc
CP2102 CSH52 1.7X107? ApCmKmSmTe
CP2103 CSH52 1. 11072 ApCmKmSmTc
CP2104 CSH52 1.4 107 ApCmKmSmTc
CP2105 CSH52 5.8>107° ApCmKmSmTc

recA Aol 3rE o] £ plasmide] transferg}

recombinationel] )X 3= ¢ 82 =Alslr] 98}
CSH52¢} NG30e] CP186FF-2]
resistance markerq] KmTcE- conjugatione]] <]
el A=A 9 v w3 Table 16. =+ 79k},
olu] o]zl CSH5Z2FF] KmTc markerst %=
1= 3+ (CP5206), :Laljl NG30# 5o KmTc
marker>} %.¢ % (CP3006) CPi181
~CP185(ApCmSmTc) & conjugationA] #
ApKmCmSmTce]
selection@w] ¢} vl == Table 17, Table 183} 7
gk}, 28]z CSH529F NG30TF
rker7} conjugation® & = = o 9
Zb 3.5X107%  3.9%107*e1 9l ok, CSHS2¢F

o recATTF

Fof| 2}t
conjugantE

markerE 7-3]

o] KmTc ma-

1.
WEe 7
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Table 16. Transfer of resistance factor from CP186 to CSH52 and NG30
Donor Recipient Transfer frequency Counter selection marker Strain designation
CP186 CSH52 3.5%107® KmTcPro- CP5206
CP186 NG30 3.9x10¢ KmTcArg- CP3006
Table 17. Transfer of resistance factors from CP18 segregants to CP5206
Donor Recipient Transfer frequency Counter selection marker Strain designation
CP181 CP5206 4xX1077 ApKmCmSmTecPro- CP5201
CP182 CP5206 4X 107 ApKmCmSmTcPro- CP5202
CP183 CP5206 1X10-¢ ApKmCmSmTcPro- CP5203
CP184 CP5206 7X1078 ApKmCmSmTcPro- CP5204
CP185 CP5206 4X10"7 ApKmCmSmTcPro- CP5205
Table 18. Transfer of resistance factors from CP18 segregants to CP3006
Donor Recipient Transfer frequency Counter selection marker Strain designation
CP181 P3006 71078 ApKmCmSmTc Arg- CP3001
CP182 CP3006 1X1077 ApKmCmSmTc Arg- CP3002
CP183 CP3006 8(107# ApKmCmSmTc Arg- CP3003
CP184 CP3006 1xX10-8 ApKmCmSmTc Arg- CP3004
CPI85 CP3006 1107 ApKmCmSmTc Arg- CP3005
9} NG30FF¢] ApCmSmTe markerd = =g Aw7bAl ¢edz R plasmide] o 8F 3o
Wo] el gel wekeh o CPI86sr CP ojelel Ad B A9 Adold Peld olef 29

181~CP1852} conjugationel] o}al =] z=3gre| 7 5-
o} wlgzahol o, CSH529F NG30of 4] doizl e

9] pSL1000] =1v] = resistance phenotype(Ap-

CmKmSmTc) ¢} 7o &3 conjugationo &
CSH56 (recAt) oz A b8k wlo] vz = Table
19. 9 ZFakeh
Table 19. Transfer of resistance factor from
CSH5A2 tran<comugant to CSH56
Donor Remplent Transfer Phenotype of
frequency transconjugant
CP5201 CSH56 2.8X107° ApCmKmSmTc
CP5202 CSH56 2.1X107° ApCmKmSmTe
CP5203 CSH36 2.5%107° ApCmKmSmTc
CP5204 CSH36 1.5x1072 ApCmKmSmTc
CP5205 CSH56 1.1x1077 ApCmKmSmTc
ol#l Azt o] Fojiol ol & plasmidzke]

recomination¥} transfers] = recA2)

FHA gEna 648 & g,

7150 &

plasmidz} 443 $-A18F A A A} (r-determ-
inant) & FA = & aE Aok 2
£ Tcr RTF(resistance
factor)el] transposono & ZEx) @)z

Suto] ¢lAEo] Tnd(TnS)E Ap
(TnA-Tn3)o] 130} insertion=e] ¢z
AAQAI o

9l om o] &2 IS(insertion sequence)r}

ROz
transfer

oli= Smrz}

Z‘JJ 74 o] ;(].-;

transposon
7 Cm s
Km"/Cm" transposon o &
ol 4 &l
inverted repeat

A=) 5

recombination hot spote] = # segregationi}:

= direct repeat Ho 2 7

5}

glem recA-independent site speciﬁc

olw kel 9i& Aoz Ayl (Kopecko,
1976; Kopecko, 1978).

upela] B 1{5‘:7? ﬂ Al o] 3-8-2) Tc™ segregant7}
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2 & RTFE 2]y episomeo] t} (Watanabe, 1970).

-et al., 1964; Watanabe, ef al., 1962; Helinski, upeba] B EFo) A 483k R plasmid pSL-
Al

1973). fit R factori= S. typhimurium LT-2¢f 1008 S. typhimurium LT-24] 4] = spontaneous

Loty et L wx g A EA]u rect muta- segregationo] ulw& dojrvl=d] ukdld, E.
nto] A= vl A orAEl sHolm, E coli K-12 coli K-126) 4= vl 24 o143l oz wo} fir
ol = sl ek Aol ek #m £~ R factor R factorel A o2& A} zt= o},

w

Curing agente] o} 8+ R plasmid pSL100&] <k# 4, curing, segregationd] % o333 A 4}¢led o= curing
agentx] gl &84 dolxl segregantE 9 <A 4, x2H¥lE, recombination 5& FA}sl9lc}. Curing agentz
= ethidium bromide, acridine crange, mitomycin-C 5--& £}-823L¢ ch

e sielal Asbe oh&s 2o

1. Ethidium bromide, acridine orange, mitomycin-C 39| curing agenty: Samonella typhimuriums: Escheri-
chia coliv] 8} s+ A v g4+ R plasmidg] pSL100¢]| & curingg =7} sl ot S, iyphimurium LT-2 7
o sl =& ¥ %z plasmid pSL100-E segregationA] # b, olw] olo] Al segregant: TcApSmCm,
TeSmCmKm, TcApCm, TcAp, TcKm, Tc Fo) gt}

. SegregantE 2] resistant marker 25 S. fyphimurinm LT-2¢F5d & dlxz »es
K-1272S 2% o}F o g a =ws g,

3. 2718 Az & S. typhimurium segregant7ke] conjugatione g ololx transconjuganti--2 el el pS-

o

o E. coli

s

L1003 z+8. phenotype-2 yLx]3 g9) 1 o] resistant markeri= S. typhimurium LT-2-FF2] E. coliv= 74

o vy g s g o segregantell 2l s] A 3 4 = recombinantelz 4 A 4 ¢l glch,
= [} TR A

. pSL100 segregantE 3 pKM101, pBR32271¢] conjugations] 28] <dof 2l transconjuganti-2- 5 | plas-
0

midEo] 7FRl i gl resistant marker$ AL glgl o3 S fyphimuriumz E. colifFel 7hS
I Sa SR ! Y i

141 w o
B jan

VSRS "ﬂ

dElgn F A ok slg emrz o)A EE o] recombinante-x A 2R g ¢ of vl
5. ¢] pSL100 recombinanti-& E. coli recA~ 7-Fel A% olojziomz il colid A plasmid pSL100g] = =
el recA gened] 7] B4de] epeba A EAE g i
3. Cohen, S.N., Shapiro, J.A., 1980. Transposable
#atel w5 genetic elements. Scientific Amirican. Feb. 36.
4. Hahn, F.E., Ciak, J., 1974. Drug-inactivating
of el 4ax Aulel d4g TEAAL 4T enzymes and antibiotic resistance. Ed. S. Mits-
etz FE gl elel AAEe e v uhashi, Medical Press, Prague. 233.
5. Helinski, D.R., 1973. Plasmid determined resis-
51 Bk tance to antibiotics. Amn. Rev. Microbiol. 27,
437.
1. Bouanchaud, D.H., Scavizzi, M.R., and Chabbe- 6. Hirota, Y., 1960. The effect of aciridine dyes
rt, Y.A., 1969. Elimination by ethidium brom- on mating type factors in Escherichia coli. Proc.
ide of antibiotic resistance in Enferobacteria and Natl. Acad. Sci. U.S.A. 46, 57.
Staphylococci. J. Gen. Microbiol. 51, 417. 7. Hudson, B., and Vinograd, J., 1967. Catenated
2. Cohen, S.N., 1976. Transposable genetic eleme- circular DNA molecules in HeLa cell mitochon-

nts and plasmid evolution. Nature. 263, 731. dria. Nature. 216, 647.



10.

11.

12.

13.

20

Kopecke, D.J., 1978. Microbiology, Ed. D. Sch-
lessinger, American Society for Microbiology.25.
J.., and Cochen, S.N.,

of multiple translocating

Kopecko, D.]J., Brevet,
1976.

DNA segments and recombinational hotspots in

Involvement

the structural evolution of bacterial plasmids. [.
Mol. Biol. 108, 333.
Lederberg, J.. 1948.
variants with tetrazolium. J. Bacteriol. 56, 695.
Lederberg, J., and Lederberg, E.M., 1952. Rep-
lica plating and indirect selection of bacterial
mutants. J. Bacteriol. 63, 399.

Lee, S.Y., Byeon, W.H.. and Baik, H.S., 1979.

reco-

Detection of fermentative

Function of genes related to mutagenesis,
mbinaticn and DNA repair. Korea Science and
Engineering Foundation report. 61.

Miller, H., 1972.
Genetics. Cold Spring Harbor Laboratory, U.S.
A. 82.

Experiments in Molecular

Ph. D. Dissertation, St

14. Mortelmans, K.E., 1975.
anford University. 13.

15. Rowbury, R.]., 1978. The replication of bacte-
rial plasmids. Sci. Prog. Oxf. 65, 231.

16. Siccardi, A.G., 1969. Effect of R factors and
other plasmid on ultraviolet susceptibility and
host cell reactivation property of Escherichia
coli. . Bacteriol. 100, 337.

17. Vogel, H.]., and Bonner, D.M., 1956. Acetylon-

ithinase of Escherichia coli: Partial purification

and some properties J. Biol. Chem. 218,97.

KOR. JOUR. MICROBIOL.

[Vol. 20, No. 1

18. Temchick, T., and Mandel, BH.G., 1964. Bicche

20.

21.

N
[\~]

23.

24.

mical effects of ethidium bromide in micreorgan-

isms. J. Gen. Microbil. 36, 225.

. Tomoceda, M., Inzuka, M., Kubo, N., and Naka-

mura, S., 1968. Effective elimenation of drug

resistance and sex factors in E. coli by sodium
dodecyl sulfate. J. Bacteriol. 95, 1078.
Watanabe, T., T., 1961a. Episo

me-mediated transfer of drug resistance in LEnf-

and Fukasawa,

of resistance in
Enterobacteriaceae. J. Bacteriol. 81, 669.
Watanabe, T., and Fukasawa, T., 1961b. Epis

resistance in

erobacteriaceac. . Transfer

ome-mediatcd transfer of drug
Enterobacteriaceae. § . Elimination of resistance
dyes. J. Bacteriol. 81,

factors with acridine

679.

. Watanabe, T., and Fukasawa, T., 1962. Episo

me-mediated transfer of drug resistance in Ente
robacteriacege. I[. Interaction between resistan-
ce transfer factor and F factor in E. coli K-12
J. Bacteriol. 83, 727.

Watanabe, I"., and Fukasawa, T., 1964. Episome-
mediated transfer of drug resistance in Enterob-
acteriaceae. . Two types of naturally cccur-
ing R factor. J. Bactericl. 88, 716.

Watanabe, T, Y., 1970. Genetic

stability of various resistance factors in E. coli

, and Ogata,

and Salmonclla typhimurium. J. Bacteriol. 102.

363.



