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Conjugal Transfer and Fate of the Genetically Engineered
Km" Gene in Freshwater Environments

Kim, Chi-Kyung and Sung-Gie Lee
Department of Microbiology, College of Natural Sciences, Chungbuk National University,
Cheongju 360-763, Korea

ABSTRACT: A kanamycin resistance(Km") gene was studied for its transfer in natural freshwater envi-
ronments by using the natural bacterial isolate(NI) of DK1 and the DKC601 strain, Km’ plasmid of
which was genetically engineered from the NI strain, The transfer frequency of the Km® gene and
rearrangement of the Km' plasmid were compared between the gnetically engineered
microorganism(GEM) and the NI parental strain by conjugation with the same recipient strain. The
transfer frequency of the Km gene was about 9.1 x 10-12-1.8 x 10~ in both the GEM and NI strains at
§ 10 10°C, but the frequency of the NI was about 10 times higher than that of the GEM at 20 to 30°C.
The Km" plasmid in the transconjugants obtained by conjugation of the NI with the MT1 strain as a
ricipient showed a lot of rearrangement, but the Km’ plasmid transferred from the GEM was stable
without alteration of its size. When the MT2 strain was used as a recipient, however, such a rearrange-
ment of the Km' plamid was observed in the transconjugants obtained from the GEM as well as the NI
strain. In those transconjugants obtained from different mating pairs and water environments, the
plasmid were appeared to decrease in their number as the period of conjugation time was prolonged,
but only the Km" plasmid transferred from the GEM kept having its size of 52 kb. Therefore, the Km'
gene was transferred at the same rate from the GEM and NI strains in natural freshwater environment,
but the gene of the GEM strain was more stable than the NI during conjugation and the Km® plasmid
was rearranged by changing the recipient strain for conjugation in any water environments.
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Table 1. Bacterial strains and plasmids used in this study
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Relevant

Strains and plasmids L
characteristics

Remarks

Bacteria
DKI1 (E. coli) Km™ Aps Tes Cmr
DKC601 (E. coliya Km" ApS Tet Cm’™
MTI (Prov. rettseri) Km*® Ap" Tc' Cm”
MT2 (E. coli) Km® Ap" Ter Cm?
C600 (£. coli) Kms Ap" Tcd Cm?
DKC600 (E. coli)® Km" Apr Te¢s Cmf
Plasmids
pDK101 Km' Cmr*
pDT529¢ Kmr™ Cmr
pKT230 Km" Cms Sm’

Natural isolate, donor
Genetically engineered strain, donor
Natural isolate, recipient
Natural isolate, recipient
ATCC 23724, compentent host

Transconjugant

Plasmid in DK1
Recombinant plasmid in DKC601

Vector

“Made by transformation of the recombiant plasmid of pDT529 into E. coli C600.

bMade by conjugation of DK1 with £. coli C600 for isolation of PDK101.

“Made by ligation of EcoRI fragments of pDK101 and the vector of pKT230.

Km, kanamycin; Ap, ampicillin; Tc, tetracycline; Cm, chloramphenicol; Sm, streptomycin.
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Table 2. Conditions of the natural river water during conjugation

Conjugation Water Water pH Conductivity Turbidity
time(h) temp. (°C) depth(cm) (umhos/cm) (NTU)
0 10-10.5 20-25 8.2 270-300 20
6 7.5-8 20-25 8.3 270-300 18
12 5 20-25 8.0 270-300 16
18 10 20-25 8.4 270-300 21
24 10 20-25 8.2 270-300 22
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Fig. 1. Agarose gel electrophoresis of plasmids in the
natural bacterial isolate and the genetically en-
gineered strain.

Lanes: A, DK1; B, DKC600; C, DKC601; D, E
coli C600; E, E. coli V517.
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Table 3. Conjugal transfer of Km'’ gene of genetically engineered strain and its parental bacterial isolate in the natural
river water at 5~10°C

Mating pairs Inocula of Transfer frequency by conjugation for(h):
donor/recipient
Donor Recipient (cells/m/) 6 12 18 24
DKC601¢ MTI1 4.4x1012/1.4 x 1012 4.5x10-12 6.8 x10-12 1.8 x 101 2.1x10-12
DK1% MTI1 2.2x10'2/1.4 x 1012 3.2x 1011 —¢ 9.1x10-12 1.8 x10-11
DKC601 MT2 4.4 x 1012/8.2 x 1011 1.0x 10-12 2.3x10-12 2.3x10-12 1.5x10-12
DK1 MT2 2.2x101/8.2x 1011 — — 4.5x10°12 1.7 x10-12

2Genetically engineered strain from DK1.
bBacterial strain isolated from the natural environment.
¢No transconjugant was detected.

Table 4. Conjugal transfer of Km’ gene of genetically engineered strain and its parental bacterial isolate in the auto-
claved river water under laboratory conditions at 9 ~10°C.

Mating pairs Inocula of Transfer frequency by conjugation for(h):
donor/recipient
Donor Recipient (cells/m/) 6 12 18 24
DKC601¢ MTI 4.4x10'2/1.4 x 1012 9.1x10-12 1.5x10-10 5.2x10-11 1.8 x 1010
DK1# MTI ' 2.2x1012/1.4 x 1012 —¢ 5.5%10-11 6.4 x 1011 5.0x 1011
DKC601 MT2 4.4x10'2/8.2 x 101! — - 1.3x10°12 1.8 x 1012
DK1 MT2 2.2x1012/8.2 x 101! — - 1.0x 1012 1.2x10°12

4.6:¢ same as in Table 3

Table 5. Conjugal transfer of Km' gene of genetically engineered strain and its parental bacterial isolate in the Luria-
Bertani broth under laboratory conditions at 3~10°C

Mating pairs Inocula of Transfer frequency by conjugation for(h):

donor/recipient

Donor Recipient (cells/m/) 6 12 18 24

DKC601¢ MTI 1.4 x1011/7 4 x 1011 1.5x10-% 1.7 x10-° 1.5x10-8 7.0x10-9
DK1Y MTI1 1.2x10!2/7.4 x 1011 8.3x10-!! 1.3 x10-10 1.2x10-9 6.6 x10-10
DKC601 MT2 1.4x1011/2.6 x 10! —< — 7.1x10-U! 6.4 x10-10
DK1 MT2 1.2x10'2/2.6 x 101! — o 1.1x10-12 1.4 x10-12

4.5,¢ same as in Table 3
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EZ a7t slvjElxs Km' f4xke] el dke&
T el dv AeE vehdrh
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Table 6. Conjugal transfer of Km’ gene of genetically engineered strain and its parental bacterial isolate by conjuga-
tion for 18 h in the natural river waters of different temperature

Mating pairs

Inocula of
donor/recipient

Transfer frequency by conjugation at( °C):

Donor Recipient (cells/m/) 5-10 18-204 28-304

DKC6012 MTI 4.4 x1012/1.4 x 1012 1.8 x10-1! 2.0x10-11 4.2 x 1011
DK1¢ MTI1 2.2x1012/1.4 x 1012 9.1x10-12 4.0x10-10 2.3x10-10
DKC601 MT2 4.4x1012/8.2 x 101! 2.3x10-12 1.3x10-12 2.6 x 10-12
DK1 MT2 2.2 x1012/8.2 x 101! 4.5x10-12 1.1x10-1 2.8x 1011

aThe inocula of donor and recipient for conjugation at 18-20°C and 28-30°C were 2.6 x 1019/1.0 x 10% for DKC601 x MT1,
4.8 x10%/1.0x10° for DK1 xMTI1, 8.6 X 10'1/4.5 x 1010 for DKC601 x MT2, and 4.6 x 1011/4.5 x 100 for DK1 x MT2,

respectively.
bGenetically engineered strain from DKI.
¢Bacterial strain isolated from the natural environment.

A|Z}F &9} conjugationdle] B-& o] Wlnl= 20T}
30Cel| 4]2) H}bel v]we)s o, %7} 73l w
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transconjugant 2] plasmid patterng Bl -3t
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mfjell ¢1& transconjugant=<2] plasmid pattern Abeo]
of = Fw|gl= z]—o 7} A E el Recipient7} B3k
o] MT1gld|x &-73bar donor/} NIQl DK1¢] A%
(lane A, B, O)clliz K #3 =47} &8z 70 kb2
pDK101e] tjeptx] °~‘°}__U% recipientd] MT1e]
7441 9lyd plasmidE-& 2} =23ko] o) plasmid9)
zz|7h debzl Agrb wotth el donord:
GEM<l DKC6012.% 8+ 7d-%-2] transconjugant(lane
E F, GOF& Km' §3H25 7FHa gl 52 kb2
pDT529 #-1t ofrz} recipientq! MT19] plasmid &S
B 2ol A AL 9ledoh Natural isolates] DK1
#} MT1 Foll & 318 transconjugant&o] e+
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Fig. 2. Agarose gel electrophoresis of plasmids in the

natural bacterial isolates, genetically engineered
strain, and their transconjugants.
Lanes; A, transconjugant of DKIxMT! in LB
broth; B, transconjugant of DK1xMT1 in auto-
claved water; C,
DK1 xMTI1 in natural river water;
jugant of DKI1xMT2 in natural river water; E,
transconjugant of DKC601 x MT1 in LB broth; F,
transconjugant of DKC601 x MT1 in autoclaved
river water; G, transconjugant of DKC601 x MT]1
in natural river water; H, transconjugant of
DKC601xMT2 in natural river water; I, DK1; J,
DKC601; K, MT1; L, MT2; M, £E. coli V517.

river transconjugant of

D, transcon-
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ACDE FG ABDEFG ABCDEFH ABCDEH

] I

Fig. 3. Agarose gel electrophoresis patterns of plasmids reagrranged in the transconjugants obtained during conjuga-

tion for 6 h(l), 12 h(ll), 18 h(lll), and 24 h(IV).

Lanes: A, transconjugant of DK1 x MT1 in LB broth; B, transconjugant of DK1 x MT1 in autoclaved river water;
C, transconjugant of DK1XMT! in natural river water; D, transconjugant of DKC601 x MT1 in LB broth; E,
transconjugant of DKC601 x MT1 in autoclaved river water; F, transconjugant of DKC601 x MT1 in natural river
water; G, transconjugant of DKC601 x MT2 in natural river water; H, transconjugant of DKC601 x MT2 in LB

broth.

738& By Fgith O'Morchoe 5-(1988) 2] ¥ ol 4]
% Pseudomonase 3ol 4 conjugationd}el-g uf
conjugative plasmidell deletion ¥+ genetic rearra-
ngement”} vEbst o™ Gealt 5(1985)3 McPher-
son¥} Gealt(1986) % plasmid®] rearrangement2
X318k v} 9ok Rafiie} Crawford(1988) = Streptom-
yees GEM #F5 AgAH Eokstol A conjuga-
tionA| 72 o} plJ101, pIj303, plJ702% o}r]e} non-
conjugative plasmid® Hel¥ =, 53] plJ702&
o] 22 ol A rearrangement”} ¢k B yalic)
22} recipient”} MT2 wjol|i= donor”} NIo]
At GEM<l 7%l w2} transconjugantE-2] plas-
mid pattern recipient® MTI1S & &2 uwjd] B
slo] 2A Zelxch NIl DK13 MT2¢4 92 tra-
nsconjugant(lane D)o 4= DK1e] 7}x]2 9%l 70
kbe] pDK101 ¥ oz} 2k& =7]¢] plasmidE =
5 YeldR] 222 7o) recipient”} MTle]giwd
transconjugants(lane A, B, C)ol w]s}e] i}
GEM°1 DKC601#} NIal MT22] conjugationo| 4]
& transconjugant(lane H) 2] 7-$-o|= DKC601¢]

b} MT2°¥IHE A" 2 =27]9 plasmid7} o2
N ebydr}. o]e} -2 plasmid®] rearrangementi:
recipient7} MT1¢]%l%l transconjugant(lane E, F,
GME A¥H gddd ol o)y Az ¥
g Km' f42k= NI GEMel|4] #Hol=l 1]
L+ recipient 78] 5ol wpel & xjo]7} glon)

2 ZA2 QoA transconjugantEoll A eh=
plasmid®] rearrangement pattern- recipient®] £
Froll wtel zfe)z) ghokr). oo} e sl 443
7ol SJalA 2} donori} recipient FF] EF-o)
upe}t Zepricks AL 4 4 glrh Conjugation ¥}
el Al el e)9} 22 plasmid®] rearrange-
ment< Gealt 5(1985)3} Buchanan-Wollaston %
(1987) 2] B M= 223k njel 7o) zped A o) 4
kel Aoz} dofd wf E3) vehbe g4ko] 2wt
2 71A e Fel M obz ks olsslx] Rslw
ok, 2B 2 2 odfo)| 4] natural isolated) DK1
o] 7FAiL gl Km' plasmidql pDK101le] wu]a}od
GEM 2l DKC601°] 7}x12 )+ pDT529 plas-
mid+ pDKlOli—rEi ALz 2E 7]y o2 wWal A7l
AL 2M, K £z} o]9]e] wo HES #4727
3 pKT2305 vector® ARg-slo] A 2§47 plas-
midzh= Aell4] 2 wj, GEMe] 71X 9J& Km’
FAHARE NISJ Kmr -2 2bo] u]sle] 2 2o] EMx
RstE oty Hokdo),

Holol 2lst Km' REX|e| &yt

TA#H AN conjugatione]] 2]5te] lo}xl Kmy
transconjugant5¢] plasmid pattern -2 donor@ A}
£% GEM3} NI o w2} xjo]s} wsich o] &
transconjugantE°| ZFX 1 Q¥ plasmid] k)
SHE olaldt7] $18led, conjugation®] A7+ tiE
A 8kl 92 oJ¥] 7}A] transconjugantS2] plasmid
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Table 7. Analy sis of the plasmids rearranged in the Km’ transconjugants during the period of conjugation

Mating pairs Water No. and size of plasmids in the transconjugants during conjugation for (h):
Lane for —
Donor Recipient conjugation 6 12 18 24
A DKl MT1 LB-L¢ 6 4 2 2
(51,30,6.2,6.0,4.8,4.5)¢  (51,6.0,4.8,4.5) (6.0,4.8) (6.0,4.8)
B DKl MT1 AR-Lt e 5 4 0
(51,50,6.0,4.8,4.5) (51,50,6.0,4.8)
C DKl MTI1 AR-N¢ 6 — 3 3
(51,50,5.5,5.0,3.8,3.5) (25,6.0,4.8) (51,6.0,4.8)
D DKC601 MTI1 LB-L 3 3 2 2
(52,50,25) (52,50,25) (52,25) (52,45)
E  DKC601 MTI1 AR-L 3 3 3 1
(52,50,45) (52,50,25) (52,50,25) (52)
F  DKC601 MTI AR-N 2 3 3 —
(52,50) (52,50,25) (52,50,25)
G DKC601 MT2 AR-N 6 1 —_ —
(52,7.1,6.8,4.7,4.3,4.1)  (52)
H DKCe601 MT2 LB-L — — 2 1
(52,50) (52)

“Luria-Bertani broth experimented under laboratory condition.

b Autoclaved river water experimented under laboratory condition.
“Autoclaved river water expeirmented in natural environment of river water.
“Numbers in parenthesis mean the estimated size of the plasmids in kilobase.

¢Not determined.

patterng A7]dF ApHeR vl FEAsieich 1
A= Fig. 30412} 3Fo) transconjugantio] 7F#|
913+ plasmid®] <%= conjugation®] A]7te] Zof =l
wel A2 Fastelch 2 donor’} NIgl DK1e
Ag-ol= 71 6702 plasmid7} sl o} 24
AZE Folle= 2~370 2 7h4skelew, donor?b GEM
ol DKC6012] 7 f-oll= 2~371 dwd 7lo] 1~270=
o &4k

Z28]al 7z} transconjugantEo] 7hAR| AL gl A&
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FAZ ol wel $-48 Ax= Table 73 4k} Na-
tural isolatedl DK1-& donor® 3]-& ujolli= DK1o)
7HAAL 9l Km' plasmidg! 70 kb2 pDK101¢] o
transconjugantoll 4| = WFAE 2] ¢rgkor) GEM
73l DKC601-2 donor & 33 woll+= Km’ plasmid<gl
52 kb®] pDT529+= recipient #F7} tt2rigls v
transconjugantol] A 1t 2 WA E ¢l o] NIgl
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AebehE AR, Trevors 5(1990) 2] ¥ ol 4 9}
o] GEM fralate] ob4Adzh odgbstod olajdt 4

“1efu} conjugation #HAell 4] Km' §312}2 £33
&= plasmid®] k- FAIR A wepx= 2 oz
ol& wrAe = ¢l ub(lane A, B, C =+ D, E,
F), 4% +A3744 GEM #3F3 DKC601-&
donor® &ltigb recipient”} MT1(lane F)o] o}l
MT22 &% 7$(ane G))oll*= 52kbe] plas-
mide} &7 2717} 28 plasmidE©] conjugation
Z7)oll ode] 7} vFeRdAInE 124]7F FHE= 52 kb
plasmid o]®ldl= W% gloixlE AFge A" >
algic) ole} 2 A3= Van Der Lelie 5(1990) o]
|2 g} nie} o] #o]¥¥= plasmidol tj& chromo-
somal DNA<2] ojgko|L} Pre(plasmid recombination
enzyme) 2] g0 2 w3 4= glA ow wE Fitzge-
rald?} Gasson(1988)o] H. 1&gk nje} zlo] Hol7}
odofwd & plasmid2] segregationol] 2]&F homologous

recombination 52} Ao g A3 5 gict.
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5 2

g Al 2 8e] ®2]d DK1 #F(ND7F 7113 9l Km' plasmidE f-Az2z3 719og2 wgA|zl DKC601 #+3
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52kbal Km™ A2k8] Z7)= 24417 Fellx i 2 2=k ol¢f 2& AAZ & w, Km™ §3xH= GEMol| A}
NIZHE| FHe|s= HlXx+= recipient 75l FAglo] B3l 2}, conjugation A 5 GEME Km' 53 2= NI¢
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