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Genetic characterization of R plasmid of Shigella
Min Ho Suh, MD; Jong Wook Park, MD; Seong Il Suh, MD

Deparitment of Microbiology, Keimyung University
School of medicine, Taegu, Korea

In order to choose adequate antimicrobial drugs for shigellosis and to know the mechanisms of drug
resistances and molecular. epidemiologic data, 67 strains of Shigella flexneri and 11 strains of
Shigella sonnei were tested for the antimicrobial susceptibilities, conjugal transfer of R plasmids,
incompatibility. grouping, plasmid DNA profiles and the recombinations of resistance genes.

In S. flexneri, 88.1 to 97% of the strains were susceptible to kanamycin(Km) and rifampicin(Rf),
76.1% of the strains were susceptible to nalidixic acid(Na) and 37.3 to 52.2% of strains to sulfiso-
midine(Su), trimethoprim(Tp), and cotrimoxazol(Co).

Only O to 11.9% were susceptible to chloramphenicol(Cm), tetracycline(Tc), streptomycin(Sm),
and ampicillin(Ap).

In S. sonnei, 100% were susceptible to Km and Rf, and 63.6% to Na. There was no susceptible
strain to Cm, Tec, Sm, and Su.

In contrast to S. flexneri, many strains(81.8%) of S. somnei were susceptible to Ap and few(0 to
9.1%) strains to Su, Tp. and Co.

Most of drug resistances except to Na and Km in 50 to 100% of resistant strains were co-transferred
to recipient E. coli RG488, indicating that multiple drug resistances were R plamid mediated
phenomenon.

Most of R plasmids were 62.4 mega dalton(Mdal) in size and classified into the incompatibility
group FII, Somewhat larger plasmids, 115.6 Mdal in size were frequently found in Shigella.

Doubles containing both resistances of incoming plasmid and resident plasmid in incompatibility
grouping were tested for the plasmid DNA profiles and the conjugations to the plasmid free recipient.
According to these results, we found that doubles had single recombinant plasmid, 64.5 Mdal in size
and the mechanisms of the recombinations of these resistance genes were thought to be transpositions

between two plasmids.
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1. #x2e ¥ 5%

A dn FAd5dA Fel5 Shigella fle-
xneri 6759+ Shigella sonnei 115% A¥ o A&
sk, $47%& Edwards % Ewing®, Lenn-
ette? % Koneman!®e] whujell o] akgivh.

2. FREUTLEM

chloramphenicol(Cm), tetracycline(Te), strep-

tomycin(Sm), kanamycin(Km), sulfisomidine

(Sw), trimethoprim(Tp), cotrimoxazole(Co),
ampicillin(Ap), rifampicin(Rf) 4. palidixic acid
(Na) = 10% FFAl g FrAdAAE A Al sk
gon AAduyoere Steers TV multiple
inoculator & o] 23 agar dilution method & 2§
shivh. W Ageiet FEes AT 7} 87
2]t ATCC(American Type Culture and Colle-
ction)s] EIFE5(E. coli ATCC 25922, Pseu-
domonas aeruginose ATCC 27853, Staphylococcus
aureus ATCC 25923)% bl AAstgx AT
4 -& NCCLS(National Committee for Clinical
Laboratory Standards)®] st 7 &1Pel wtiteh

3. Conjugationof ot LHAHEH A

Aol OF AFy HHAAE 7 Ast7) $)ahe
s RFor 7 oAl el gt Rfell 4=
A WAl E. coli RG4882- A}$-351-4 vb. = colicin
A o] 7 $el colicin w4l RG488 Eon
o) 2E wARFoR o &ehgrh AH W 2 & Mu-
eller Hinton(MHD) vl Aol <kalel whek 15~20p8/
mlé] 7 A ekal o) sl 2ol WAel Na = Rf
£ 50pg/ml A FArpsel A& Al kR
who] g 4= QA stk WAl A¥EA A% F5
HRALFE QAR FFeed FAHA FeE
ol skl et

4, "IEELFE A

% plasmid & 28 IAxgTol A 9 st}
st R plasmid & # gl dshe] AgAged ¥
o R plasmid ¢} vl oA 2 Aeshed vehhs
transconjugant 2 20714 & ekl &l ok F A
2 g 55 plasmid o} 9o FA 3= plasmid ¢ -F
#4358 oF plasmid &] Aol & w4 marker = &
glsted chgsh ol wsbgich d# ExSR
plasmid & w2 marker 7} Z& transconjugant of
A AAHL ol & dez %% plasmid & A Fel
A AR Wl ®F plasmid ¢ marker ite] trans-
conjugant o} Al FHd o o & X EE 2 o
2 #AAstget.

5. R plasmid 7}2] recombination Zi Ak

A@stn) 6 R plasmid & £ R plasmid &
wgg gl Fgel dste] AZAA Fo
R plasmid @ £% R plasmid & W4 FAle) 54
o] WAlq] transconjugant = doubles)$- # st
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o £k F 7 plasmid o] WAe] AEIEIE
et Aol A% FETE W o] F T Fom e
plasmid & 23 g4 & A LEol A¢AA F
plasmid o] Wxo] FEshEAE Erb. olw o
plasmid &} W o] AL FEE s o] & recom-
binant 2 7¢km® o] plasmid DNA & ¥ 5kl
agarose gel #1719l 4§ plasmid DNA ¢|
recombination o] X8 alasle] A std o).

6. plasmia DNA o] 22| & MH7|gE

plasmid DNA ¢ &+ Kado9} Liusg] g™
4+ AgEa 2719 FL 0.7% agarose gel(15X
15cm, agarose type 1)3+ TEB buffer(89mM Tris
base, 89mM boric acid, 2mM EDTA, pH 8.0)&
Agste] =y JEF 2 70mA, 80Volt = 54
7} submarine electrophoresis B 4 A3} g ). Plas-
mid & ¥t EFH & §ske] A o Fwlok R1083
(45mega dalton: Mdal), RP4(38Mdal), R1(58
Mdal) 54 %% plasmid DNA & 4 o543
t}. 955 gel & 0.5ug/mle ethidium bromide
2 AN HA A FAA S A&ste] Al Ey sha
plasmid DNA 9] o T4 & ¥F plasmid DNA
8] %A e} linear regression - o] £3he]
Apepe Abehg e

4

ol Age] FFA 7t 74 -& Table 1.5 2
th S. fleaneri = Rf o] 97%7F 7F5A4olgdlx Km
ol 88.1%, Naol 76.1%7} FF=A o]l o] Su, Tp,
4 Codl& 37.3~52.2%7F #ZF2olglek. Smsk
Apel & 10,4~11.9%7}, Tecdl & 1.5%%o] 754

Table 1. Antimicrobial drug susceptibility of
Shigella species

Shigella sonneic

susceptible 90%
number(%) MIC

Shigella flexneri®

susceptible  90%
number(%) MIC

Drug®

Cm oC 0) 256 oC 0 256
Tc 1( 1.5) 256 oC 0) 256
Sm 8(11.9) 256 o 0 256
Km 59(88.1) 256 11 100) 4
Su 25(37.3) 2048 0C 0) 2048
Tp 35(52.2) 256 1(9.D 64
Co 33(49.3) 640 1(9.D 64
Ap 7(10.4) 256 9(81.8) 256
Rf 65(97.0) 16 11¢ 100) 16
Na 51(76.1) 256 7(63.6) 256

a: Abbreviation: See text.
b: Total 67 strains were tested.
c: Total 11 strains were tested.

o]l Cmell= Zhidql Aol gl 9% #
FE AAIdA & F JdE 2 90% MIC(mini-
mal inhibitory concentration)E =z2}¢ Az} Rf
7} 16ug/ml 2 7474 Wgtw Te, Sm, Km, Na &
256pg/mlol gl 0w Cm, Tp, Ap& 256ug/ml o] 4F
o]glx Cost Sut 640 ¥ 2048ug/ml o)A o2 o}
F w4+t

S. sonmei = Km sk Rf o] 100%7F Z5Aelgdx
Apdl] 81.8%, Naodl 63.6%% .2+ Tpst Cox 9.1
%4x Cm, Tc, Sm, Sudl: 744 Fe] ggct.
90% MICE& Kmo] 4, Rf 7} 16ug/mlelglz Tp
4} Cor} 64ug/ml, Tc, Sm, Ap, Na & 256ug/ml
i Cm 3}k Sut 256 2 2048ug/ml o] A} o & o} F
E3teh

Table 2.& HFANATY A414 2 AEH

Table 2. Conjugal transfer of multiple drug resistances of Shigella

Resistance pattern of donor N:{?gfrfs of Recipient Tlf%lrggggjgf Transferred resistance
gants

Cm Tc Sm Su Ap Tp Co Na 12 11 Cm Tc Sm Su Ap Tp Co

Cm Tc Sm Su Ap Tp Co Km 6 5 Cm Tc Sm Su Ap Tp Co

Cm Tc Sm Su Tp Co Na 4 RG488® or 4 Cm Tc gm Su Tp Co

Cm Tec Sm Su Ap Tp Co 13 12 Cm Tc Sm Su Ap Tp Co

Cm Tec Sm Su Ap 6 RG488-col° 3 Cm Tc Sm Su Ap

Cm Tc Sm Su Tp Co 6 Cm Tc gm Su Tp Co

Cm Tc Sm Ap 17 9 Cm Tc sm Ap

a: On]y one transconjugant strain was resistant to Km.
b: Recipient RG488 is lactose non-fermenting E. coli chromosomally resistant to rifampicin.
c: When donor cell produced colicin, we used colicin-resistant RG488-col as a recipient.
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Fig 1. Plasmid profiles of Skigella and their transconjugant E. coli.

Molecular weights of

Lane Name of strains or plasmids plasmids(mega dalton)
1 Shigella DSO7 62.4, 83.9
2 E. coli harboring pDS07 and pDS07-1 62.4, 83.9
3 Shigella DS22 42,4, 62,4, 115.6
4 E. coli harboring pDS22 and pDS22-1 62.4 42.4
5 Shigella DS28 62,4
6 E. coli harboring pDS28 62.4
7 R1033 45.0
8 RP4 38.0
9 Shigella DS29 62.4, 115.6
10 E. coli harboring pDS29 and pDS29-1 62.4, 44.5
11 Shigella DS37 62.4, 115.6
12 E. coli harboring pDS37 62.4
13 E.coli harboring pDS45 83.9

WA RS 248 fl8 A4 A g A% WA
A Aol vk, WAl okabel wheh 50~100% ¢ WA AL
dHleE ¥ o YdYdm g WAFYE Na o
Km W42 A& A Aol Adsglel

Figure 1.2 A3 F 9 sz @F¢ plasmid DNA
& A7 EFE vhebd Zlol el Lane 1.2 skigella
DS072] of B4o 2 62.4Mdal ¥ 83.9Mdal &} plas-
mid 7} 94 ¢ et Lane 2= 62.4Mdal &) pDS07)- 83.9
Mdal ¢ pDS07-1-¢- 713l E. coli RG4880] c}. Lane
32 42,4, 62.4 9 115.6Mdal & plasmids & 1A
shigella DS220)tt. Lane 4% 62.4Mdal 9] pDS
22, 42.4Mdal 9] pDS22-1¢ 7} E. coli RG488e]
t}. Lane 5% skigella DS289] 62.4Mdal 9] plas-
mid of 5-4Folr}, Lane 62 62.4Mdale] pDS28¢-

7kal E. coli RG488¢|v}. Lane 7-& 45.0Mdal &)
R10330}v}. Lane 8& 38.0Mdal & Rp4e]t}l., Lane
9= 62,4 2 115.6 Mdal 9 plasmids B 7} ski-
gella DS29%o) v}, Lane 10 62.4 Mdal 2] pDS29
9l 44.5 Mdal 9] pDS29-1¢ »a E. coli RG488
¢]c}. Lane 11-& 62.4 ® 115.6 Mdal 9] plasmids
£ 7} shigella DS37¢]vl. Lane 12%= 62.4 Mdal
9] pDS374- 744 E. coli RG4880]t}. Lane 138
83.9 Mdal ¢] pDS45%- 7} E. coli RG488o| t}.
Table 3-& A 74 R plasmid ¢} #|= AT A
AL Aol e}, pDS05, pDS07, pDS22, pDS28, pDS
29, pDS37, pDS38, pDS43, pDS44, pDS46, pDS47
9 R plasmid 7} w]A T Flol syt
Donor plasmid ¢] 44 marker 9} recipient plasmid
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Table 3. Results of incompatibility test of R plasmids of Shigella

daughter coloniesc containing

];?lggr)xiid Resistance pattern Ele:sl&eirét incoming plas- resident plas-  both
mid only(Tc¢) mid only(Km) (Tc+Km)
p DS05 Cm Tc Sm Su Tp Co 17 0 3
p DSo7 Cm Tc Sm Su Ap Tp Co 16 0 4
p DS22 Cm Tc Sm Su Ap Tp Co 18 0 2
p DS28 Cm Tc Sm Su Tp Co Rix(Inc FII) 17 0 3
p DS29 Cm Tc Sm Su Ap Tp Co 16 0 4
p DS37 Cm Tc Sm Su Tp Co 17 0 3
p DS38 Cm Tc Sm Su Ap Tp Co 18 0 2
p DS43 Cm Tc Sm Su Ap Tp Co 19 0 1
p DS44 Cm Tc Sm Su Ap Tp Co 19 0 1
p DS46 Cm Tc Sm Su Ap Tp Co 20 0 0
p DS47 Cm Tc Sm Su Tp Co 20 0 0

a: Host strain is E. coli RG488.

b: Plasmid R1 belongs to incompatibility group F11 and has resistances to Cm, Sm, Km, Su and Ap.
Host strain is E. coli ML1410 chromosomally resistant to nalidixic acid.
c: Twenty colonies were randomly selected and tested.

9] WA marker & F-Aol A& F,
o] 0~20%¢] Hl=®2 ‘ielyeh.

o] doubles Tl 7+ plasmid 7} FE5t 9l
= 7elA] ok e WA H2 27}t recombination 5 A
A E drlglel AAFALE A HH o] Table
4o}e}. pDS05, pDS07, pDS22, pDS28, pDS29,
pDS37, pDS38 = pDS43 %-elA felgl doubles &
& BFs} & plasmid &) W& ¥ Az 9
o] 4] recombination &g A]4lstgd . pDS44 =
2] doubles = A -7} resident plasmid 7} 7}xlz
el Km o] A ul-4 vielu] o] recombination 5 =] ¢
2ol A S EE Al

Figure 2& 4 41 #}7} recombination ] dou-
bles 9 43 2 274 plasmid DNA o 59
Aol ch, Lane 1-& pDS05 4l doubles 2] of F4Fo.
=24 64.5 Mdal ¢] single plasmid 7} 1§l =}k, Lane
2% pDS07 ¢ 64.5 Mdal$ plasmid o] 5.
Lane 3& pDS22 @]9 64.5 Mdal 9] plasmid o]
t}. Lane 4% 62.4 Mdal &) pDS37& 713l E. coli
RG488¢) v}, Lane 5= pDS37 &) 64.5 Mdal 9]
plasmid o]}, Lane 68 62.4, 115.6 Mdal ¢] pla-
smid & 7}A shigella DS38¢|v}. Lane 72 62.4
Mdal ¢} pDS38s) 48,4 Mdal¢ pDS38-18 7}
E. coli RG488¢]t}., Lane 82 pDS38 f-#l 2] 64.5
Mdal ¢] plasmid o] c}. Lane 9%= 58.1 Mdal¢] R1
o]t}. Lane 10-& 45.0 Mdal ¢] R1033¢}c}. Lane
11e 38.0 Mdal¢ RP4o]r}. Lane 12+ 46.9 H
33.4 Mdal ¢] plasmids % &} small plasmids &

Z doubles &-

Table 4. Results of recombination test of dou-
bles* in incompatibility grouping

Doubles Daughter containi- resista-

from Recipient coclo(r)11}1<f§7c gglme gg:}sl to
p DS05 0 0 20
p DSo7 0 0 20
p DS22 0 0 20
p DS28 RG488 0 0 20
p DS29 0 0 20
p DS37 0 0 20
p DS38 0 0 20
p DS43 0 0 20
p DS44 0 20 0

a: Daughter colonies containing both Tc and
Km resistances in table 3. were designated
as doubles.

b: Host strain is E. coli ML1410.

c: Twenty colonies were randomly selected and
tested.

7+ E. coli 83-27¢|t}. Lane 13< 62.4 € 115.6
Mdal ¢] plasmid & 7}z Shigella DS430)c}. Lane
14+ 62.4 Mdal ] pDS433} 48.4 Mdal 9] pDS43~
1% 7}4 E. coli RG488¢1v}. Lane 15= pDS43
e 2] 64.5 Mdal & plasmid o]t} Lane 16¢ 62,4
4 115.6 Mdal 9 plasmids & 7}7 Shigella DS44
olt}. Lane 172 62.4 Mdal 9] pDS44% 74 E.
coli RG488o|t}. Lane 182 pDS44 e 58.1
Mdal ¢] plasmid o] ¢}.
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Fig 2. Plasmid profiles of doubles obtained from conjugations between E.
coli RG488(harboring Shigellar R plasmid) and E. coli ML1410

(harboring plasmid R1).

Molecular weights of

Lane Name of strains or plasmids plasmids(mega dalton)

1 doubles between pDS05 and R1 ’ 64.5

2 doubles between pDS07 and R1 64.5

3 doubles between pDS22 and R1 64.5

4 E. coli RG488 harboring pDS37 62,4

5 doubles between pDS37 and R1 64.5

6 Shigella DS38 62.4, 115.6
7 E. coli RG488 harboring pDS38 and pDS38-1 62.4, 48.4
8 doubles between pDS38 and R1 64,5

9 R1 58.1

10 R1033 45.0

11 RP4 38.0

12 E. coli 83-27 46.9, 33.4
13 Shigella DS43 62.4, 115.6
14 E. coli RG488 harboring pDS43 and pDS43-1 62,4, 48.4
15 doubles between pDS43 and R1 64.5

16 Shigella DS44 62,4, 115.6
17 E. coli RG488 harboring pDS44 62. 4

18 doubles between pDS44 and R1 58.1

o &

o] 18 Salmonellary Vibrio, Enterotoxigenic
E. coli, Campylobacter, Yersinia enterocolitica,
ameba, rotavirus 5o &8 2L AdA A4}
A% AL & 61FE Adska god oAm

AREF Tl AL o frobatbwd] Fod 4] Ju
e, Sehvtelel A mkAd we wAgul 2o
o] Fastgoemi™®  FEorl ofFe S,
Slesneri 7 Wol £¥Fx glovt sinbe} S, sonned
8 Felgol AdH R Frdm e o
Huo) oldo| S. sommei o} & A= A Fu)
A Fa) v e, o] AF-e 1950d o He AT
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£ Cm, Tc, Ap, Su 5 el
HaAld vhefAl A A& Vel el o] AgdAME
S. flexneri &) 72 Nao}k Km @ Rf oflul 74
o] Tgtm Y4 o2 gy o]k Cm, Tc, Apsl
= ok 90~100%2] o] W& vrebdl gk Su, Tp
2 Co ¢} & sulfa a]olt oF Fuk=7) vl A o] S v}
S. sonnei = sulfaA|e]l W WAl 90~100%=
S. flexneriol wisl &4 Y%z Kmd Rfd:
100% 7} ZFa=Ad o) del. S. flexneri o A& 11.9%%k
o] 7F=Ajolwl Apr}t S. sommei o A& 81.8%¢ ¥
& A el S, sommei b FFE ol Fe
ATFAANAN Aprl fad dAz A44d £ Y&
4 o £ glvl. Cm, Te, Sm, Su, Tp & Codld=

of FHHAM 4%

90~100%7F W Aol g}, o] AFS Watanabe?®2!)
Falkow?® %o ola] uAel ~]slo] R plasmid ¢l

g FALY APl ATl wadsich of 4
el A m WA kel wel 50~100%¢ chefAl 4
A s 2eodA ke o|dfe] AdAd R
plasmid % ztx 9S4 & & Ydx A= WA
k4% Na 2 Km W& Al8& A Age] A=
o] o]% R plasmid 7} multiple drug resistance &)
Fu daldg o & ggeh. =l Tp R Co o
Aol S AATES AHEs} o 0BH =S W
gtz Tp, Co wWAel Y& FE& oF 83~100%9]
o AENES el WAkl AldulEd
& WAL o T Ysich

F& 48 A A plasmid DNA &
AFe] WA WHFo| 624 Mdale] 39 R
plasmid o »)qlstyd =z -3 83.9 Mdal 9 v}& &
AE 9gel. = R plasmid o} 9ol = 115.6 Mdal
Ao dlg plasmid E4 713 o] Bobeul ol 3l
2. Sansonetti?® 0] Rl Hw AT &4
% A FA ¢ A skE virulence plasmid 4 7}54
o] Tow o] & FukA sty $lsl Yoz cell culture
ARl g T Az YAy B AFYRAmeL
AYFE A& F=shE Seleni test? 7} 4 4]
sojok sk vk

ARG A RE 2HsE tadE
A TF Ad, 9IF A A, G Fza),
colicin 8 = 4}, bacteriophage & 4} 5¢] o] &
olx gleovt WAFE AAARE 2AsE vk o
0@ phent B3R AYAAE F27e
Aol g WA g 441910 8 plasmid DNA
9 FAA BT Fo WAl s
o] AgelA 62.4Mdal 9] ol HHEe R plasmid =

23 A=l o]

F]I%LOH sty en] 83.9 Mdale pDS45 59 =}

£ R plasmid & FIFe] o giv}. Plasmid
o 9 Y gt g FAe SRt X Qe whet g
o} 7k QoA vl F F& BY, OT 54 plasmid 7}
Weon olmelzldl A BT R FI, Td=dHe
H# %ol Bx Syolaoht ditelAE Fiol &
& Aor Hude] glupsn,

el WA gAY AT AFAYS Table 3
9 49 7L doubles Eo] 0~20% A= ilebdrl.
ol Fol ##¢ plasmid 7} TEs& w4
A 2}7} recombination o] single recombinant
plasmid 2 5 A ¢ 742 doubles & FolF
2.2 gte] plasmid 7} 9= HAdToE AFHFHA
g3 o] E¢] transconjugant £-¢] daughter colonies
8] WA marker & zAFoRA & = gri¥. o]
Ag el A Table 48} o] &334 doubles Fo] ¢k
Z 4 marker & ¥4 23 ¢l+) A recombination
e AAskg L o] E plasmid DNA & ¥4 &
A3} Figure 49} #Fe] 64.5 Mdal#] single recom-
binant plasmid & ztx &% AT = ddh.
o] recombination ¢} 7|" 2 2% donor plasmid &
W 4] %A =} 7} resident plasmid 2 transposition 5
QA wbe 2 resident plasmide] 7o) donor &
transposition & A o2 A}, olgl o
o] = Tc @ Km w4+ =}7} transposition & 3
o2 7l gele o] AgeA recombinant plasmid
L 64.5 Mdal o] iz donor 7-& 62.4 Mdal, resident
= 58.1 Mdal o] =2 donor o] transposition ¥

2 o] Tc A 447+ Tn(Transposon) 10(6
Mdal, 9,300 base pairs)y s}5o] Wm Fxte] A
o Km WA 4427} Tn903(2 Mdal, 3,100 base
pairs)d sb5o] Wb, ey oldl @ AMLE #9l
] feaAe dog A FELd o3 DNA A%
& Wl mE A3tz v] 1hols} DNA 454 Southern
blotting®» 2] 7l DNA probe 24 hybridization®"
2. 3 5L =RFLP® Z restriction fragment length
polymorphism - A4l sle] -4 o] Yo ¥ Ao
Az.5 )

ZlA,

2 ¢

o] HAF AzA A5k EAAETY 4%
24 2 ANINAGTY A& k2E 4 g8 S.
Flegneri 675 4 S. sonnel 1156 ol ste] F-FA
FER AL, AR AL, wAgAA A g
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R plasmid &) %, plasmid DNA 34 4 x-6
AR1E4 recombination A} 5-& A A L4 o)

S. flexneri = Km 3} Rfo]| 88.1~97%, Na o
76.1%, Su, Tp & Coedl 37.3~52.2% 7} 7FA o]
P2 Cm, Tc, Sm % Apole 0~11.9%xubo] 75
ol glel. S. sommei = Kmsh Rf o] 1009, Na ol
63.6%7F 4 e1gz Cm, Tc, Sm 2 SudlE 7
TR Tl glslod S. flexneri &h= v 24 o2 Ap
o 81.8%9 & Z44¢ ehdgm Sush Tp 4
Cooll e 0~9.1%¢] w2 zHdsd & vehl v}

dAAATA 2 A AN ARE 24467 g8 A
& AA R A5 50~100%¢) Ay mE B 5 g
oA Bl el o] Aol A4 R plasmid &
AEE <gtrt. Plasmid DNA & =44 A3k R
plasmid &= o) J-20] 62.4 Mdal &) 5oz &
83.9 Mdale] A= gigich. ® dthfe) o] 4o
115.6 Mdal &} t}4 £ plasmid & w383 94
ok 9l ebre] 62.4 Mdal ¢] R plasmid & w1 A 4
4 FI#9 200} 83.9 Mdal ¢] -2 FU s} ol gleh.
Doubles 54 A J A7 43 o5 plasmid
DNA £44%¢ F¢ste] F plasmid o w444
#}Eo] recombination 5¢] 64.5 Mdals] single
recombinant plasmid & zx ¢844 dgm = 7]
Ao 2 plasmids 7k8) ) 4 fd 2}9) transposition
22 Qe
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