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Transfer of R Plasmids of Bacterial Isolates and Their Cloned
R Genes in Natural Wastewater Environments (II)
— Comparison of Transfer Frequency —
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Antibiotics resistance genes both in natural bacterial isolates and the genetically cloned bacteria
were comparatively studied for their transfer frequencies by the method of conjugation in several
different water environments. The Km~ genes in both kinds of bacteria were transferred more fre-
quently in autoclaved wastewater of laboratory environment than in natural river water, but in Lu-
ria Bertani (LB) broth medium under the laboratory conditions the transfer frequences of the genes
were much higher than in the autoclaved wastewater. The transfer frequencies at 20°C and 30°C
were not much different in any water environments. The Km" genes of the genetically cloned bacteria
and the naturil isolates were transferred at the same frequency both in natural river water and in

the autoclaved wastewater of laboratory environment, but in LB broth under laboratory conditions
the transfer frequencies were lowered by 10-3 to 10-4 in the genetically cloned cells than the natural
isolates. When donors of different cloned cells were conjugated with recipient of a natural isolates,
the Km" genes of different donor cells were transferred at the about same frequency, but the same
donor of the cloned cell were conjugated with recipients of different natural isolates, the transfer
of Km” gene of the cloned cell showed some diferences of 10! to 102 in frequency.

+ we PAEde deg 12 olFel g
AedAY ooz osld AT ATHL A% F

haw2} Cabelli (3)oll 2]3}od
ol A ApAAANAM FAE
A JAFAAE 7R Y& plasmid DNA7F o] 2
AlEE Abololl A AdE7tel e Aolsm UHE 9
ulste Zolch, zE]lz Gram A ATl F2
Ehilz 9lel kanamycin, erythromycin, tetracycline
ol gk Aol Gram SAATAAE d2
el 2lg-¢] Flint 5(4), Shoemaker®} Salyers

(5), 28]z O’'Morchoe 5 (6)ol 23l X153
. = oolF IAEA WAFARTE R AA
Gram 24 9 oRAAIFE Alololl FH Y 3lo] Aol
=1 922 Brisson-Nogl 5 (7) # Trieu-Cuot (8)©]
Haslglend, 53 olzd WARFAHAY AHels
conjugation uhHell 25led Bro| dejrtx glrke 7
o] Buchanan-Wollaston % (9)ell 2]3te] A=l
o,

o]e} 7o) ztAAAS] FAZA A FHEA WA
AR} ATEE Alelo] de] Helsla ke AL
27, 37 o Qe SdelA Fad ooE W
Z3tx 9ok, 53 A 7|HoE Az o

Key words: R plasmid, R genes, conjugal transfer, water environments

*Corresponding author



Vol. 17, No. 5

AEo) ateiAe] ulEgo 2] 259 hybrid plas-

mid”} conjugation %2 transfer 7]&ell 2|3dte] 2}
HeetA AstE A5AE Ada doke Aol O
Morchoe & (6)ell 23] A== wf gleh, =
McPherson® Gealt (10) = 4 %2 transconjugant
Eo°| plasmid A=A T°r7< A+2] rearrangement$
vehd £ Qla, o] W AxgE = AEE A
oA AEdl= w|AEEF "c}iﬂ*"“o}m{ A z3t=l
FrAAe AolE oS folsiA siFE 4+ Uk A
Halgich, 18] Gealt 5 (11)# Mancini 5 (12) %
sholl Aeztal 2ol 4R WES} g £
el Az o4EH} AL UVE% Alolof]

[« o
plasmid®] rearrangement”} 3% o] plasmid pro-

file zHA1-E W3 17 F= derl conjugativedtA]
% plasmidZAx® Aol & Ads& AHsta
of, =3 Aoy FAAHE chofgt Az, 5
o} Wzt 5o gqlel el FAEA HAATA
zZkel Aol % oaelZ otz A dojd 4 UF
Aolt}y, aeit olg} e FAlel o A o
T Adrans A gl Aegelrt,

agjng B odFolie stH4 AFERE E
& AWAFES ol &dte] 2Eol v Y= &
AR YAFRAAEL] Ho|EAol thdte] A5
o}, E3 £AGA] Aold A x, AT
4, uREA1Z} ol uhE "] 54 & conjugation ¥
How oju] Hugh wl glon(13), ¥ BelAxe A
AAoll A £2J3 A9 R plasmid®] Helg& A
e B4l fAFE JlHer Azgd 4
HAFARLY Aol g3 A2 wlm Adsigch

Mz Y gy

AlgdF

2 Ade] AMEE THE AFEuy sHe W
FA e} A2 EE Standard Methods(14) ol w
g} He2l3t Gram +A4ATERA 2 F DKI(E

coli), MTI1(Providencia rettseri), MT2(E. ccli},
MS1 (Pseudomonas sp.) 535 Al@dFz At
ek, 259 FHEA HAEAHE Kimd Lee(l15)
of Haoliel Fow, FFo FAHE API2E
(API International S.A. France)® A48kt
DK1 #Z%+ donor, MS1 #F+ recipient, L83
MT13 MT2 #3F* donor % recipient® 3lod
conjugation A8 S &g, AAAZYE 2Edd F
Fot vmale A2 2R7|Yer A=gH WA
FAA2 Helg o787l Hske] E. coli C6005+ E.
coli HB1013 & AgA #7ol AHgd I5%

o
A 28 &Ta EJE%HI Argstedeh, w4
Ho g Az I35+ Kim# Lee(lb)
2} DKC601# DKH103% donor® AH34d

o
w,
A
2
£

Plasmid DNAS| 28] ¥ MI|HE

FAETA HAFAxe Aol ddoll AREH ot
. 7A# del= transconjugant$4 plasmid DNAE
Sithavy %(17), Dillon %(18), Perbal(19)2
alkaline extraction WS $-83to] Kim# Lee(15)
o] 71k ulel el FE 31, o] E9 plasmid
DNAE 0.7-1% agarose gel?t 40-100 Ve A4S At
$-5to] Maniatis 5(20)9 Wie® A79E5E 4

AI533

Conjugatlonoﬂ o|st gMEXE WHYMFHAIS Ho]

Al HFEol thdk R plasmide] Hel4&¥-e DKI
e donori star MT13 MT2 5% recipient
2 3} mating pairst MT1 £+ MT2 5%
donor® 32 MS1% recipient® 3} mating pair
2 AAsdd, a2z FAx z22rides Az
F (DKC6019+ DKH1I03) & donor& & wlellw =}
ol 7ol 4] H23 MT1#% MT2 5% z+7: reci-
pientZ & mating pairs A3 skd

AHolAHE 93 #3872 Luria-Bertani(LB)
Mz Ei= DFE AFE ARESle] A4 7
ol Al AAEE BAlol FAlW A4 el gl
Al welsted AAsledct, AelAHE & A £
T 20T, 30CE FHEela donor® recipient®
AL 104/mi-108/mie) F52 2Asl, 6-244]
7F ol Aolgg HlE ‘a”’éﬂ‘ii"%. o 64| Zkulch
AgE AHste] Zzte] FAERE FEEE YA
3 LB &=+ Xylose Lysine Deoxycholate ILA[ul =]
ol =w=hujokslol Breton 5(16)9] counterselection
wlelol] ube}l transconjugant® Awkstgeny Hels

2 Kim3 Lee(13)¢] whiloll ulz} Aalsiadct, =
04/] £ARANA in situ AEE T diol= HETE
dialysis sac(Sigma Co.)oll HH3d stalF& da A
34-?{—_7_8 Az = z T A=A o],zdé[_oﬂ Z—];(] 5}od A&

alodct, o wf af# 3 A]&E iceboxel el 147k
Wel| $ubated transconjugants® AWbstolon]
olo] Alglubie AlgAl ol el FsiAl A4
kol

fr

2w 9 2y

AAA A Zelst #Fe| HEFIX Mol



456

Kor. J. Appl. Microbiol. Bioeng.

Table 1. Conjugal transfer of R genes in bacterial isolates in LB broth.

Selection Temp. Inocula Transfer frequency after mating for (hours)
Mating pairs markers for mating  of donor
(reg/ml) (&) (cell/ml) 6 12 18 24
DK1xMT1 Km, 50; Ap, 50; 20 4.2%108 1.1x104 2.1x104 1.3x103 2.1x102
Te, 50 30 4.2x108 1.3x 104 2.4x104 7.2%x103 2.8x102
DK1xMT2 Km, 50; Ap, 50; 20 4.4x108 1.2x 104 2.1x104 3.1x104 5.4x104
Te, 50 30 4.4x108 2.3x104 6.2x104 4.8x104 4.1x104
MT1xMS1  Cm, 50; Tc, 50; 20 2.5%x 104 1.1x103 2.1x103 4.2x102 6.2x101
Km, 100 30 2.5%x 104 1.3x103 4.3x103 3.2x102 7.2% 1071
MT2xMS1  Cm, 50; Te, 50; 20 2.4%104  2.6x108  35x108  56x102  3.8x101
Km, 100 30 2.4x104 3.2x103 4.6x103 2.4x102 5.1x10!

Table 2. Conjugal transfer of R genes in bacterial isolates in autoclaved wastewater.

Selection Temp. Inocula Transfer frequency after mating for (hours)
Mating pairs markers for mating  of donor
(mgiml) °C) (cell/ml) 6 12 18 24
DK1xMT1 Km, 50; Ap, 50; 20 2.0x10° 2.5x10° 5.0x 109 7.5%x109 1.5x 109
Te, 50 30 2.0x 109 6.5%109 2.5%x108 2.0x108 1.0x108
DK1xMT2 Km, 50; Ap, 50; 20 6.1x 1011 0 1.3x10-11 1.7x 1011
Te, 50 30 6.1x1011  20x1010  1.7x101! 1.2x1010
MT1xMS1 Cm, 50; Te, 50; 20 7.1x 1010 1.4x108 2.5%x107
Km, 100 30 7.1x1010 1.6 x107 1.1x107 1.4x107
MT2xMS1  Cm, 50; Te, 50; 20 1.3x 108 1.8x 106 1.2x105 7.8x10% 8.6x105
Km, 100 30 1.3x 108 9.3x10% 1.1x105 2.6x104 1.1x104
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Table 3. Conjugal transfer of R genes in bacterial isolates in river water.
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Selection Temp. Inocula Transfer frequency after mating for (hours)
Mating pairs markers for mating  of donor
(ugiml) (°0) (cell/ml) 6 12 18 24
DK1xMT1 Km, 50; Ap, 50; 18-20 4.8x109 0 1.7x10-10  4.0x1010 54x10°10
Te, 50 28-30 4.8x109 2.6x1010  21x1010 23x1010 29x10-11
DK1xMT2 Km, 50; Ap, 50; 18-20 4.6x1011 0 0 1.1x10-11 1.8x 1011
Te, 50 28-30 4.6x 1011 0 1.2x10-11 2.8x1011  4,1x10-1t
MT1xMS1 Cm, 50; Te, 50; 18-20 3.2x1010 0 1.2x1010  4.4x10-10
Km, 100 28-30 3.2x1010 0 0 51x1010  7.5x1010
MT2xMS1  Cm, 50; Tc, 50; 18-20 1.8x108 1.1x109 3.2x 109 6.6x 109 1.1x10-10
Km, 100 28-30 1.8x 108 4.6x10° 9.1x109 2.1x108 4.5%109
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Fig. 1. Agarose gel electrophoresis of the plasmids
in the bacterial isolates and their transconjugants.

Lane A, transconjugant of DK1xMT2; B and F, MTZ2;
C and G, DK1; E, MT1; H, MS1; I, transconjugant of
DK1xMT1; J, transconjugant of MT1xMS1; K,
transconjugant of MT2xMS1; D and L, E. cols V517.
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Table 4. Conjugal transfer of the genetically cloned R genes in LB broth.

Selection Temp. Inocula Transfer frequency after mating for (hours)
Mating pairs markers for mating  of donor
(ug/mi) (°C) (cell/ml) 6 12 18 24
DKC601 x Km, 50; Ap, 50; 20 4.5x108 2.6x107  3.2x107  4.9x107 1.8x106
MT1 Te, 50 30 4.5x108 2.8x107 4.2x10-7 5.8x 107 2.3x106
DKH103 % Km, 50; Ap, 50, 20 4.8x108 1.6x107 2.9%x107 8.8x107 6.1x 108
MT1 Te, 50 30 4.8x 106 1.8x107  2.6x107  9.8x107  7.4x10%
DKC601 x Km, 50; Ap, 50; 20 8.2 % 106 0 0 1.2x 107
MT2 Te, 50 30 8.2x108 0 0 1.1x107 1.5x107

Table 5. Conjugal transfer of the genetically cloned R genes in autoclaved wastewater.

Selection Temp. Inocula Transfer frequency after mating for (hours)
Mating pairs markers for mating  of donor
(1eg/ml) (°C) (cell/ml) 6 12 18 24
DKC601 x Km, 50; Ap, 50; 20 2.8x1010 0 2.2x1011  4.1x1011  2.0x1010
MT1 Te, 50 30 2.8x1010  1.8x10-11  27x1011  67x1011  3.1x1010
DKH103 x Km, 50; Ap, 50; 20 4.1x1010 0 1.3x1011  1.1x1011  1.4x1Q10
MT1 Te, 50 30 4.1x101  12x1011  27x1011  4.2x1011  1.2x1010
DKC601x Km, 50; Ap, 50; 20 8.2x 1011 0 0 1.3x1012  1.8x1011
MT2 Te, 50 30 8.2x 101 1.4x1012  2.0x1012  4.8x1011
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Table 6. Conjugal transfer of the genetically cloned R genes in river water.

Selection Temp. Inocula Transfer frequency after mating for (hours)
Mating pairs markers for mating  of donor
(ug/ml) °C) (cell/ml) 6 12 18 24
DKC601 x Km, 50; Ap, 50; 18-20 2.6x1010 0 1.6x10-11  2,0x1011  21x1010
MT1 Te, 50 28-30 2.6x1010  1.1x1011  1.9x1011  42x1011  4.3x1010
DKH103 x Km, 50; Ap, 50; 18-20 2.7x 1010 1.0x1011  21x1011  1.0x1010
MT1 Te, 50 28-30 2.7x 1010 2.4x1011  37x1011  1.3x1010
DKC601 x Km, 50; Ap, 50; 18-20 8.6x 1011 1.3x10-12  28x1012
MT2 Te, 50 28-30 8.6x101 2.6x1012  4.2x1012
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Fig. 2. Agarose gel electropnoresis of the chimeric
plasmids in the cloned cells and their transconjugants.
Lane A, MT1; B, DKC601; C, DKC602; D, DKH102; E,
DKH103; F, transconjugant of DKC601xMT1; G,
transconjugant of DKH102 x MT1; H, transconjugant of
DKH103xMT1; I, E. coli HB101; J, E. coli C600; K, E.
coli V517,
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