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Abstract: This paper deals with the genetic properties of R plasmids in Salmonelle orig-
inated from pigs and cattle. The plasmid DNA was examined for incompatibility, stability and
fertility inhibition(Fi), and gel electrophoresis was performed for isolation of plasmid DNA.

The results obtained were summerized as follows:

1. Among the 66 conjugative R plasmids from 44 pigs and 22 cattle, 61 R plasmids (92.4%)
were Fi~, whereas the remainder were Fi*.

2. The Inc groups of 66 R plasmids were determined with 7 standard plasmids. Twenty-six
R plasmids were classified into Inc group Ia, H1, H2 or F1, 40 R plasmids being not classified
with standard plasmids used, and the Inc group Ia (57.7%) was most frequent.

3. Inc groups Ia, H1, and F1 were identified in strains from swine, Inc groups H2 and F1
from cattle.

4. The plasmid DNA profiles in 16 Salmonella isolated from pigs and cattle were confirmed
as being 1 to 10 fragments by the gel eletrophoresis. Their molecular weight ranged 1.0 to 90
megadalton,

5. The molecular weight of conjugative plasmids ranged 1.0 to 80 megadalton in 4 Salmonella
(P-4, P-5, P-7 and P-8) isolated from pigs.

Key words: Salmonella, R plasmid, incompatibility, fertility inhibition, plasmid profile.
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Table 1. Bacteria and plasmids used

Bacteria strain or " Relevant genetic

Plasmid markers*
E coli K-12
ML1410 F~, met req, nal*
SG1 Rifampin-resistant mutant
of Hfr W1895
Plasmid
R40a (C)* Km Su
R386 (FD Te
R124 (FIV) Te
R27 (HD Te
R478 (H2) Cm Km Te
R144 (Ia) Km
R621a Ir) Te

* Abbreviations: met, methionine; nal, nalidixic
acid; Am, ampicillin; Km, kanamycin; Su,
sulfadimethoxine; Te, tetracycline; Cm, chlora-
mphenicol; req, required; r, resistant.

** Incompatibility group

ella@i®l 7+ R plasmildg nalidixic acid(Na) =+
rifampin(Rf)oll fiti el E coliol {&&#AA WA
#3R plasmidS BHE R plasmidffA #HMRE B
SRS o2 R R plasmidE 713 E colivle] i
#e Az Qe ¥MS BEEE E colivl WS
AA 3z e Na 2x RIS Hing BB BHE
#®slo, YeEhE transconjugant 20fEY € Hdte M
gy A2 %S9 plasmidst @2 7Sk plasmid
o) HEHEE T plasmide] HRY e marker®:
HEsted e o] AU LA FES
plasmid7} W& =& transconjugantﬂ]/i-] Bh= 9
& Ao ol & JoE RERKIS & FfRIW
JEEatez flESE. 9 #FEsS plasmidst
—#Bl A BEIAd —RBdAE BEY A M
plasmid & {RH3}E transconjugants KEHE H% B
trypticase soy brothol H#fA¥53% # MacConkey #UK
ool Rt vehtE 2089 £%S HEkd
% plasmide] fitke] B FE Bt ASHE
B o] & HLEABo 2 b o} B BEEEA MEBAA o
5 % plasmid7t 77 %Y A& Fakoz #lEst
Az, F plasmid’t RERA #EE AA AW &%
Ess A e ol & JEEAstor HAwIAt
Plasmid DNA SR : plasmid DNA #HERERE H
#3}7] 913l Maniatis5'7¢] alkalinelysis e 2
plasmid® ##essich. & B#%E Luria-Bertani broth
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smlZ 37°C, 1K iz##E¥ES 4 15,000 rpmo 2 54
E FHEY % VhEE HME GET solution(50 mM
glucose, 10 mM EDTA, 25 mM Tris-Cl, pHS.0) 100!
o] i3tz lysing solution (0.2 N NaOH 1% SDS)
200 pl9} potassium acetate solution (5M potassium
acetate 60 ml, glacial acetic acid 11.5 ml, H,O 28.5
ml, pH4.8) 150 pl& 0sle] dgol 53R B33
. oA & LM M&S phenol/chloroform$&
e % ROSRES 265 RS ethanole fndtd
plasmid DNAE R.OWE # BHREKY M2 2183
At

Agarose gel MM kB . 7#3 plasmid DNAS &
FIXB2 0.7% agarose gelo] A 100 V, 3850 AA -4
th. A7t Fd gel& ethidium bromide (0.5xg/ml)
2 #ueaste] UVRAL 3o plasmid DNAE #el st s,
At & & polaroid type 667 filme AH&3 4. FF

< E coli V 517% marker® o] £3td HiE s o}.

B R

R plasmid& RAFsz 9+ A B 4489 £ H
3k 22#k2] SalmonellaBiol = & fertility inhibition (Fi)

9 JEEAN K WER HRE Table 28 Atk
#:3% 66f% R plasmiddr 6118 (92.4%)7k Fimg e
o, 5@(7.6%)7F Fitgdth. ®HAlEs A Bk 4
f@<] R plasmidsr 4148(93.2%) 7} Fi~¢ 5 3f@(6.8%
7} Fitgden, & m\%k 2289 R plasmiddg 20/
(90.9%) 7 Fi"g e 2(@(9.1%)7F Fi*d .

@ $E3 SalmonellaB§ 66%S R plasmidel o &
FERAMR 48 A< 26/ R plasmids}t I, HL
H2 9 FIo| 488 JEfEauRe2 SEANLH, o &
=) kel A e, H1 2 FI, 2 fzkeld H2 € FI
e AR FAs . Haw FREARH & Lok
o] 15#(57.7%)2 A #eke™ FIBE 6#(23.0%),
H1# 3#:(11.5%) 2 H2ge 2#:(7.7%)°l A=t

5 RES, 1A BgH 4 3ME LFEBN sl
Salmonellaiiel R plasmid FEFEMRE SHRE-S
Table 35 2ok, WEKBo A FEFALDELS ARKS
Ia, H1 9 FI, B%E® I« ¥ Hl, CE%ESH I« ¢ Fl,
DRES la, EREE [« 2 Hl 27z FRES FIiF
o] astz YU, BBl FEBEENS GHUS
H2 2 IBuH FIel izt 1%,

R AtERo] Fa=l A hiks] Salmonella Bk

Table 2. Typing of plasmids derived from Saimonella isolated from pig and cattle

Character of plasmid

Source - Serovar Resistance patterns
Resistance patterns Fi* Inc**
Pig S derby Tc Sm Su(9) Te Sm(3) - Ia
Te Sm(2) - Fl1
Sm(4) - UTH**
Sm Su(3) Sm(2) — Ia
Sm(1) - Fl
S infantis Am Cm Te¢ Sm Su Am Cm Tc¢ Sm — uT
Km Tc Sm Su Tec Sm + uT
Sm Su(3d) Sm(2) — FI
Sm(1) — UT
S bredeney Tc Sm Su(2) Sm(1) — Ta
Sm(1) — UuT
Sm Su(2) Sm(1) — F1
Sm(1) — uT
S enteritidis Am Cm Tc¢ Sm Su Am Cm Tc¢ Sm — Ia
Te Sm Su Sm — uT
S pullorum Tc Sm Su(2) Te Sm Su(l) — HI
Te Sm(1) + Ia
S bareilly Tc Sm Su Sm — uT
S paratyphi B Sm Su Sm — uT
S senftenberg Tc Sm Su Sm — uT
S typhimurium Am Cm Km Tc¢ Sm Su Am Te¢ Sm Su — Ia
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Cattle

C1 group

C2 group
D group
E group
Untypable

S derby

S bareilly

S typhimurium
S infantis

S montevideo
C1 group

E group

Untypable

Am Te¢ Sm Su
Cm Te¢ Sm Su
Am Tc Su
Sm Su

Te Sm Su

Tec Sm Su
Am Tc Sm Su
Am Tc Sm Su
Tec Sm Su(6)

Sm
Sm(5)

Sm Tec

Sm Ce

Sm(2)

Sm

Am Cm Tc¢ Sm
Sm

Ce

Sm

Ce(2)

Sm Te
Sm Ce

Sm(2)
Ce(2)

Am T¢ Sm Su
Te¢ Sm
Am Tc Su
Sm

Sm

Te Sm Su
Am Sm
Am Te¢ Sm
Te Sm(2)
Te Sm(1)
Te Sm(2)
Sm(1)

Sm

Sm(4)
Sm(1)

Sm

Sm Ce
Sm(2)

Sm

Sm

Sm

Ce

Sm

Ce(2)

Sm
Sm Ce

Sm(2)
Ce(2)

uT
HI
uT
uT
la
la
Ta
UTH*
Ia
HI
uT
uT
I
uT
H2
FI
uT
uT
uT
uT
uT
ur
H2
uT

uT
uT

oT
uT

Abbreviations: Tc, tetracycline; Sm, streptomycin Ce, cephalothin; Am, ampicillin Cm, chlorampheri?ol;
**Inc. Incompatibility

Su, sulfadimethoxine Km, kanamycin
group. **UT: Untypable.

*Fi: Fertility inhibition.
Figures in parentheses are number of strains obtained.

Table 3. Incompatibility group distribution of R plasmids detected in pig and cattle farms

Incompatibility group

Source Farms Fi~=* Total
Ia H1 H2 FI uT

Pig A 13%%* 3 1 2 8 14
B 4 2 1 2 5
C 11 4 2 5 11
D 5 2 3 5
E 6 4 1 2 7
F 2 1 1 2

Cattle G 13 2 12 14
H 5 5 5
1 2 1 2 3

Total 61 15 3 2 6 40 66

(%) 92.4) 22.7) 4.5) 3.0 (9.0) (60.6) (100)

A,B,E,F,G,H,I: the farm in Kyeongbuk. C: slaughter house in Taegu.
*: Fi~: no fertility inhibition.
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**: UT: untypable.

D: the farm in Kyeongnam.
**¥: number of strains,



Table 4. Plasmids and drug resistance patterns in Salmonella isolated from pigs
Strains Serov. Resistance Transferred In No of Molecular weight of plasmids
No crovar patterns drug resistance ¢ plasmids (megadalton)
P-1 S derby Sm Su Sm FI 15,4.0,3.7,3.4,2.3,2.0
P-2 S derby Sm Su Sm FI 50,15,4.0,3.7,3.4,2.3,2.0
pP-3 Untypable Te Sm Su Te Sm I« 10 75, 70, 32, 30, 25, 15,12, 4.0,2.4, 1.4
P-4 C1 group Tec Sm Su Sm Su H1 8 80%,15,5.0,4.0,3.8,3.2,3.0,1.9
P-5 S pullorum Tc Sm Su Sm Su Hi 80, 37, 36, 25%, 10%, 2. 5%, 1. 6*
P-6 S derby Tec Sm Tec Sm FI 50, 15,4.0,3.7,3.4,2.3,2.0
P-7 D group Tc Sm Su Sm Su Ia 10 32*, 15:, 5.0,4.5,4.0%,3.2,3.0,2.0% 1.
5%, 1.0
P-8  Untypable Tc Sm Su Tec Sm Ia 10 75%,70, 32, 30, 25, 15,12, 4. 0%, 2. 4%, 1.4

Abbreviations: see Table 2.

i Ta 3%, FI 38k 2 Hi1 289l plasmid DNA #F
182 Table 49} 7o) plasmid#i+ 6~10EH 5 4F

£ oF 1.0~80 megadalton(Md) &.2 t}oka}A ek
et

FEFAERINE B FIBEe] Sderbyql P-1, P-2 ¥
P-6 Bifke o 15, 4.0, 3.7, 3.4, 2.3 ¥ 2.0Md9]
6/ plasmide FEAH oz EHZ YA}, laB9
KEIE Salmonellattiql P-3 2 P-8Ffkt plasmid £

123 4 567 8910

Fig 1. Agarose gel electrophoretic profiles of plasmid

DNAs found in Salmonella spp isolated from
pigs.
Lane: 1. E coli V517, 2. R16 plasmid, 3.
S derby (P-1), 4. S derby (P-2), 5. unty-
pable (P-3); 6. C1 group (P-4), 7. S pull-
orum (P-5), 8. S derby (P-6), 9. D group
(P-7), 10. untypable (P-8)

Inc: incompatibility group

*: size of conjugative transferred R plasmid

#He] Axstgd o, F— FEFAKERA 3t Salmo-
nella D groupq] P-7Hidkste 15 2 4.0Md9 T %
plasmid® {gF3stz QAglch. HIEES Salmonella C
P-4 9 S pullorum?l P-5EitkE 80Md9)
Hel gl et

groupgl

plasmidg ¥F&H oz A} &l
(Fig 1.
% plasmid gffio] #ald IaB¥ 24 R HIFF 28

1 2 3

4 56 7

35.8

Chr

10
4.8

3.7
2.6
2.0
1.8

1.4

Fig 2. Agarose gel electrophoretic patterns of conj-

ugative plasmid DNAs found in Salmonella
spp isolated from pigs.
Lane: 1. E coli V517, 2. E coli ML1410, 3.
transconjugant P-8, 4. transconjugant P-4,
5. transconjugant P-5, 6.
P-7, 7. ADNA/Hind III

transconjugant



Table 5. Plasmids and drug resistance patterns in Salmonella isolated from cattle

SR Serovar  Reemee | Tnferd gy, Nojof,  Molsolge weight of lasmids
C-1 E group Sm Sm H2 1 60
C-2 S derby Sm Sm H2 5 4.0,3.7,3.4,2.3,2.0
C-3 S derby Sm Sm uT* 2 10,3.7
C-4 S derby Ce Sm Ce Sm uT 2 10,3.7
C-5 S dublin Te Te uT 7 90,4.8,4.5,4.0,2.6,2.5,2.3
C-6 S dublin Tc Te uT 7 90,4.8,4.5,4.0,2.6,2.5,2.3
C-7 S infantis Am Sm Sm uT 2 60, 40
Cc-8 Untypable Am Cm Te Sm  Te¢ Sm UuT 1 60

Abgreviationst see Table 2.

£ £& WEEE E coli ML1410F Kk i EE 1%
transconjugante] o ¥ plasmid {FHRES FHESQ
¢l R Fig 29 2o}, lafES] P-TE#%+ 10 plas-
mid # ZF&o] % 36, 15, 4.0, 2.0, 1.5 2 1.0Md
¢l 6f plasmid, P-8EitkE 75, 4.0 ¥ 2.4Md<l 3@
plasmid, H1#< P-4 ##+E 8@ plasmid & 80Mdql
1{# plasmid, P-5 Btk 78 plasmidds 25, 10, 2.5
9 1.6Mdgl 48 plasmid 5 ;8 plasmidr} 93 5

4 5 6 7.8 9 10

Fig 3. Agarose gel electrophoretic profiles of plasmid

DNAs found in Salmonella spp isolated from
cattle.
Lane: 1. E coli V517, 2. R 40a plasmid, 3.
E group (C-1), 4. S derby (C-2), 5. S derby
(C-3), 6. S derby (C-4), 7. S dublin (C-5),
8. S dublin (C-6), 9 S infantis (C-7), 10.
untypable (C-8)

Inc: incompatibility group

*UT: untypable

£ R Salmonellatity = S derby 3tk, S dublin
28k, S infantis 1#%, E group 1# 2 untypable 1%
9] plasmid DNA {£E4##& Table 59 o] plasmid

= 1~7TH, 7R 2.0~90MdR thoksig o,

Btz 2= E groupel C-18ikk, S infantisq
C-7Hit% ¥ untypableql C-8&#+ 60Md9] plasmid
¥ TEA2E KA YRt S derbydl C-2, C-3
2 C-48fE 3.7MdY F % plasmidE Az Q.
S dublindl C-5 2 C-68tk+ plasmid i) @—3}
o = (Fig 3).

E %

A2 #AA 7 v FEES plasmide ¥ &gl
A RED FES T F don A ¥ HR HdE
2% o x dvukE RAES =l ol & AN
2k e} 5510 ohA phA| e A A YT AL @
34 A govt EFEAHL R plasmidg H¥slhe
o FA=] k=, o)eq R plasmide) IEFAUEE &
o} fertility inhibition(Fi) %L WEY Hioly
HEY FHS A gl hisieu

Salmonellat2] FiXlFo} glo) 4] TerakadoS202 =
A 9 & f3ke R plasmid 487 ZF Fi~vlx
&3kl 2=, Ishiguro$'*& = mi%k 38/ R plasmid
vk 36MB(94.7%) 7 Fimgbz &3 vl o, o W%
AAE A 9 £ B 66/ R plasmid & 6148
(92.4%)7F Fi"g 3 5M@(7.6%)7+ FitaA LiE %A
€9 #@&Ger dXa glid.

s NBN A Salmonella@de) IEFA MR A3 R
Bol glel A Benzanson 5*2 Bty B Salmonella
el W H-Eo| laffolclz #éatslsz, Ishigurod 6
A=A k] 38fE R plasmidd 3618(95%) 7 HiFFo)
ga #ekslgd or, Terakado5He 4@z 348 R

#
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plasmideh 22{E(64.7%) 7 HiBfel=) 10/ (26.4%) 7}
Iaffol etz #M&R v k. SevatedAe 8% &
% Salmonelladiel JEBAMR A3 HES de A
Holo] A ARG HiE o895, HEPL KE X
*igEid 4 FI, FII, FIV ¢ NIEE A& §E vt
sk

o] KA HAsl EEEHR F LaRfo] 15K
(67.7%) 2 7t% @ol kI £AEY #HES 4A%x
glov HadA AAHAA & & @K FIFF 6%
(23.0%)7F ZHEESI Ao, # SHEAA go] Hd =
Higt e o] WA 3%(11.5%)F AA vehd AL
#ulfe]l =2 R plasmid ke Aol 7]qsl Aoz
A ZrE o,

@3 Ia, H1 9 H2BES St #fpdlA AL &
old FEEAMMoz BEEH, Foz oFI WE:
marker& 7} ¥ JEFHAEHTA Te markerg &4
3 segregant® TR oA v B FEFAHER
¥}el" Aoz Rp=).

RS 2 KBTI EEARR ShRHE 4E BK
B3 1l BEEBA Iaffo] FHo, $elvted A
5 Salmonella® R plasmid®] FEFAUL laffol
A% de] SActe Aoz vektes FIFE <« %
HANA BFE FA=H. Ia  HIFFS RIS A
wro] gol=l ubw HAHKBPAAE A=A %=,
HoRES SLEfUBo] Anl Falsde] Ml ==} s
pepEe] Holrk WEsz dvk. ¥o2 o B FEE
PeBto) olx o mx BN Salmonelladi R plasmidel
9 mB Bt 4482 Aoz 444,

$EEkel = Salmonellaidl FE 2 #HBHFHE 3l
A Ry D mERs S8 AR gz, K
¥ Salmonelladic) 432 i+ plasmid DNAS &
KuBEE, FFE, HIREFE % DNAY BN
HES &8 STEmEN He MRz H%
AYY BB BRE FTE A Fo .28

# sBol A Nakamura§te ol #ktz -5 S

3+ S typhimurium®) plasmid BEX® HHES #AE
3 &R plasmidiis 1~7H, FFES 1.4~120Md=2
thstAl edon @asa . £ Nilda5%2 I
IR AHRE AHF Bk Salmonella 58] plasmid 5}
Fio] 76.9Mde]=], HIFQl w57 sz 2#%] plas-
mid 4F 8ol 120Mdetx & vk ok, HES
2@ atell A & @K S infantis 3% < 100 2 2.8
Mde] plasmid, sl B S weslacox %100, 3.6 %
1.8Md9] plasmid, ALBNA ZHEED S typhimurium
var copenhagend <k 4.8 @ 3.6Md9 plasmid-s} v}

ehykchs @Ed ok 2ok, @ekA o] kel A plasmid
o s-FEol % 1.0~90Md2A FLAEY BEO.4~
120Md) & #-A+3tgl o=, plasmidfre] QA& HH
1 Ao B%®, Nakamura3tel pist f-+1shAdl
el et

WA plasmid BEKSFHEE 29 AA &
e FIfelA 15, 4.0, 3.7, 3.4, 2.3 ¥ 2.0Md9]
plasmid, Ia#follAl 15 ¥ 4.0Md¢] plasmid, H1#Eo A
80Mde] plasmid® FEHEHo2 A3 Gl o F
plasmid7} FERAMETE HAvlo) & Ao F55
A RS SalmonellaBiol A= JEFAEMERE =)
plasmid BB #482] =lo] 7+ <14 5| gl (Table 4).

8 EENE 2wl S derbyol A #HA EEK 3
¥(P-1, P-2 9 P-6) € & @3 3 (C-2, C-3 ¢
C-H¥ EF 3.7Md®] ¥% plasmid® KA}z Y
o, & @K S derby 2#8(C-3 ¥ C-4)+ plasmidig
#o) FA—sld @7t ZE A2z FFHG. =R
S derby, S pullorum, S dublin, S infantis 2 unty-
pablefilol A = plasmidigtae] o]7t 9l A = fivt.

Salmonella BE 2 HE FEHIGHES EHFTE tran-
sconjugant@i &< 1.0~80MdA =9 1@ WA 6@
plasmidE zts Qi A o] Eo] M plasmidd & &
T gl (Fig 2).

Salmonella #ol L1 A 36~120Mde] & plasmid~}
FEMS dHdd s B|ES vk AcH LB o] HER)
A x HA @S] S derbyT 6%kt & WK S dublin
E 5= 36~00Mde| plasmidg FHESLZ sl
ol & plasmidr} FHEES A BAEFE whfzel o
F REE RBS o8 M=ol & Aoz A7
Hrt,

o] Jeagol A vebd ££9) plasmidst ol #i)
Fod AdAE MBHEA gRev dez FE9
plasmidoll W& £HBE M R B #3 #e
HEA o) FgA el & oz B,

W

19844¢ 5H 3-8 19864 10A37< Hedk, Mm@ £ X
ERipiRel 4 2 A R Salmonella Bl g R
plasmide] Je@at:, &wEkk, (fertility inhibition(Fi)
28] 2 gel BEKE) 1%t plasmid DNARHEE HE
g ol 2 BERE et A

1. & 2 A @i 66f@ R plasmids 614@ R pla-
smid (92.4%)7+ Fi~g o},

2. 3 66 R plasmid # 2689 R plasmid~}
Ia, FI, HI ¥ H2EFAMFCR P o, o &
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Iagto] 15@(57.7%)2 744 H%ct.

3. ByAlzE A HEKAA la, FI 2 HIFEES
#, 4 @l FI € H2fe] HAsA.

4. A mEFEK K Y £ dizk 8Kk plasmid EHEMR
s SFEo] 1.0~90Md, plasmidfis 1~10@=Z <t
Fatglm EEAYE © EMA BRXEEHY X
ol 7} AR+t

5. 1A B3 Salmonella A¥(P-4, P-5, P-7 R
P-8)9) transconjugante] i BERXE HR 1.0~
80Mdal 1~6{ES] plasmid-} {#;& plasmidgo] &l
= gl e},
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