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A5}, transposable elementel] 2]3}e] oJ B A ==
plasmid P& 9] F27} Halgo 2 zuld HAlo)
oldct B s v} 9lekd, 11). Collis Hall(8)e
integron DNA$] integrasee] 2|3t deletion®} inser-
tonell *J3je] §Axtel Auedel olurchu ek
® Gealt 5(10) 18]32 McPherson3} Gealt(19)%
sll4= o4 conjugative plasmidE 7}3 mob-
ilizer #5=ol] 98lo] plasmid®] Awjdo] theks) =zl
chil Eagk wp ok aEy $AEA e AFE A
olell 4] HMolel| oJsfy dejifi= FAALe] Aujd ¥
Az 3 AL A9 olslstx Eala glor, 37
fa0te] ARJAL AAHeZ A7 »p7) gle
Fefolct. t]2o] fAFAHo g WA nYEE
(genetically modified microorganisms, GMMs)o}
AdA e eZ" W 25 fHAte] Aol 23t A
jede) FAle W opje}l FapgejEtos
A& FAAE =HAH2).

B2 B QFelMe AdAE ¥H R
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A3 ALgEl 39} plasmide Table 13
7t E coli DKI3} Providencia rettseri MT1-& 2}
oA FedFEA L 542 Kim#t Lee(13)9] B
Iel rlsd upel 2tk DKC600% DKC601%
Kim3} Lee(13)2] B.aro| 29} 7te] £ coli DK1S.E
BE] HFY GMMITFESo|1, 68 kb pDK101
Km' plasmid& 7}z 7 it} 12l DKB701 #+5=
Fig. 1ol e} #ho] =g Ax3d plasmidgl 151
kb® Km' plasmidql pDKB702E E coli XLI1-
Blues] &= A3 GMM F5o]c}.
e Al

AEA 2 ‘101]*1 DKI1 #F2} GMM #F7} 7}
A3 9l Km' 31212 Ao)s o47]913 At
Kim¥} Lee(14), 28] 2 Lee®} Kim(16)2] ¥t OI]HSZ}
7o) Luria-Bertani(LB) | #|ul=x]¢} FAlHe »m
AN A TS 02 um9) mcmbrane
filter®= o3+ s} 4x(filtered river water, FW)el 4]
AAlEtde) AgwFe) des 100~ 10° cell/m/o]
HEE PEsle] £ 20°C9 pH 7.0~7.74 18
AIZF EoF Ak

st o] A Kimit Lee(14)9] why
]*19} ol edrw ol o7} gl FAlH ] I 9x
(2% AAHF 9 [ E Aso] ’éa’*] 5hod 0w,
Standdrd methods(1)el] 2]A 3] F2.g BA3)4
ok AP A2 R APE S HTE 0.2 um2) mem-
brane filter® o #%F E(FW)2 Sambrook ${22)¢]
Whdol wlz} Fw)gk Zo] 30em 2Bl AA 10
mmel 543 Sigma Co)ell FFx2o 2 10~20
m/A-& Pe 5 g4 wjek%l donor ¥ reci-
pient 'Fi‘ F5 10"~10" cells/mlE AHZ3}gie}, 2+
FHEE 4T F 7 AEIHY 20~50cm A
A sted 5~12°C2] 32 7.0~9.52) pH #H$]d) 4]
Aol d8lE shadrk Aoz HE3 donorel] i
&le] dolA conjugante] £ wlE A xleleich
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Roaelxjeh 3o Wby o g B FZslo] 0.7~1%
agarose geloll4] 5V/em o]3l2 #7|d %L )}
Plasmid DNA¢] aujdel gk 242 donoret
recipient®] plasmid®t 37 conjugantE-2] ujd gl
plasmid pattern-& 719453 gelaboll A w3}
Tt 2719 Aske sk

pDK101(68 kb, Kmf)

&3
pBluescript SK+)

(2.96kb) EcoRI

Y

pDKB702 \

(151kb)  Kmf

EcoRl

E 9.1kb,Km" E
[ 9 = |
probe

Fig. 1. Construction of DNA fragment of 9.1 kb which
was used to make Km' DNA probe.

Table 1. Bacterial strains and plasmids used in this study.

Strains and plasmids Relevant characteristics

Remarks and sources

Bacteria
E. coli DKI Km'Ap*Te'Cm*
E. coli DKC600 Km'Ap Tce'Cm*
E. coli DKC601 Km'ApTc*Cm'
E. coli DKB731 Km'Ap"Cm*Sm*
Providencia rettseri MTI  Km*ApTc'Cm'Sm’*
E. coli XLI1-Blue Km*Ap*T¢!
Plasmids
pDKI101 Km'Cmy'
pDKB702 Km'Ap'
pBluescript SK(+) Ap'Lac’

Donor, natural isolate, (13)
Donor, GMM strain, (13)
Donor. GMM strain, (13)
Donor. GMM strain, this study
Recipient. natural isolate, (13)
(16)

Plasmid in DK1 and DKC600, (13)
Recombinant plasmid in DKB701, this study
(16}
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pDX95 plasmid® HE Km' $33AE Eist=
39kbe] DNA 235 £u9]3 vy A1 (16,17)
oAb 2tk I Fig 1e]A4 9} 7ol A3 pDKB702
plasmidE EcoRIS. 2 Hw}gt & Tris-acetate buf-
ferg AHE3bod 0.8% agarose geldll A 2 V/icm ©]3l2
A2 R 310nme] A4S F EcoRl HH-& &
213 &, Gene Clean II kit (Bio 101)2.2 elutiong}
9.1kb AHHd| multiprime DNA labeling system
(RPN 1600Z, Amersham Co.)2.2 biotin-7dATP
(BRL, Life Technologies, Inc)E& 3EAl3le] Km'
DNA sHIxt2 ARg-8hoic)
Southern hybridization

Aol &3t Hold Km' FH=H9] P& 53
87] $18te] 7F Aol €& conjugantEE HE]
plasmidE& #2lsle] #7]94%3% ¥, Amersham
Co.9] 43AAF} Lees} Kim (16, 17)2] W dl| u}e}
Km* DNA probe® Southern hybridization-g 4
Algte] Km' +42] $1#& FA 3ok

2 3% ¥

Km' REXle| Holvlz

Aga AT Adstdgeld Kmm #3219 3
ghel) 2]t Holulmi Table 2648} Zc} AgA
BA AT JF3HHFW)N A Aol m(10 °~
1077l u|3te] LB ujA]el A& 1074~10722] ¥H
=& AolHlxr} wrdsgir). &3] donor7t Al
Bo)#HDKNDY # Hol DKC600:7 DKC6019
GMM ¥Fd d Km' F3Ae] Aojulz== 100w)
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BAE o FUh e FAA sS4 Table
33 o] 9 A& B3 Ao ulsto] o}t al
BHRas AEAHQ #7842 B SAedEs)
ket Km' f3xke] Holulxe F 24 o) 4]
27 e 107022 vlepdrl O'Morchoe S(20)2 LB
Hep FWollA Z1e] 5 Aoy Bobe gad
A plasmid®] Aol xr} WA Jehdola shgdom,
ol & <delMe] Ao} dx3t}. Fernandez-
Astorga (9= wFv T2 59 A4 o3
Aolzel] @& zol7} Udkz slglon}, B o7
ol /] 97t Aol gk FAIH Y £ AP YA 4] Fe
Aol #e)7} gt}
Plasmid2| i ¢ Km' XA} x|

LB JAu |2} FWE ARg-slod AgAEA o4
AL conjugantEellA 7=+ plasmid9) Aejd-e
Fig. 2-I3} zom, ol% plasmide] %9 I8 -
gt A3= Table 4049} 7} DKI1 759 MTI
w72 Jgo® 4L conjugantS(lanes A} LB
o A1} FWellA F3) 6702 plasmid~} 27slg) o}
A7)EL t2A eyl 538 FWell4 & con-
jugantell A= donor®] 48kbe} 45kbe] plasmid
7} el 9ksket. Donor?t DKC601 #3539l A
$ell 9& conjugantE(lanes C)ol4+= 88 kbe)
plasmid7} A2 viepd vk recipient2] 2H2- plas-
midE°] 2% 2A4Eck = donor’} DKC600 F
8 7-%ol+= LB HAulA] (lane E-LB)o| A& 65
kb ©J3}9] plasmidEe] Yehtz] efgton], FW
(lane E-FW)o| A= 67kbst 14kb2] plasmid”} %
534 AA4EAck LB AAulz] Rohe FWellA

plasmid®] Aujde] A2 Qe AL $£AxAY

Table 2. Transfer frequencies of Km' gene by conjugation in different waters in laboratory and natural river

environments.

Transfer frequency

Mating pairs

Laboratory condition®

Moosimcheon river’

(Donor X Recipient) -
LB broth Filtered water Mochung Heungdeok

DK1XMT1 2.5%107¢ 1.7X107° 5.5X107# 56x107*
DKC600XMT]1 24x107? 1.9%1077 8.0X107# 9.0X10°%
DKC601 XMT1 14X1072 7.3X1078 NT* NT
DKB701 X MT1 NT 89X107# 94Xx107%
“The temperature and pH of the water were 20°C and 7.0~7.7.
*The temperature and pH of the water were 5~12°C and 7.0~9.5.
‘Not tested
Table 3. Physico-chemical and biological conditions of river waters.
Site of Water Water Conductivity  Turbidity DO Total Km* (50 ug/ml)
microcosm temp. pH (#mhos/cm) (NTU) (ppm) isolates isolates

(°O) (cell/m/) (cell/m))
Mochung 9.0 84 125~150 12 0.92 20X10° 5.0x10?
Heungdeok 12.0 9.5 240~350 30 0.78 6.8 10% 6.0X10°
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Fig. 2. Electrophoresis patterns (I} and Southern biot
analysis (I} of the plasmids in the conjugants
obtained by conjugation for 18 h in different
waters in laboratory. Lanes. A, conjugants of
DK1XMT1: B DKI; C conjugants of DKC607
XMTT1: D DKC6OT; E conjugants of DKCE00
XMT]1, F, DKC60O; G, MT1, LB, Luria-Bertan/
broth; FW, filtered niver water. Arrows indicate
PDK101 (¥) and pDT529 (<) containing the
Km' genes.

Table 4. Plasmid pattern rearranged in the conjugants
(Fig. 2) by conjugal transfer of Km' gene in
different waters under laboratory conditions.
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ABCDE FG A BCDE FG
52 537 5z 5z 52 53

2
— chr.

Fig. 3. Electrophoresis patterns (l) and Southern blot
analysis (Il of the plasmids in the conjugants
obtained by conjugation for 18 h in Moo-
simcheon river waters. Lanes: A conjugants of
DK1XMTi, B DK1; C conjugants of DKC600
XMT1. D DKC60O; E conjugants of DKB707
XMT1: k. DKB701, G MT1. M. Mochung site;
H, Heungdeok site. Arrows indicate pDK101
(¥) and pDKB702 (<) containing the Km’
genes.

Table 5. Plasmid pattern rearranged in the conjugants
(Fig. 3) by conjugal transfer of Km’ gene in
different natural river waters.

Lanes
(Mating pairs)

No. & size (kb) of plasmids
in the conjugants

Lanes
(Mating pairs)

No. & size (kb) of plasmids
in the conjugants

A-LB(DKIXMT!) 6 (88,79, 66, 62,4.8.4.5)

A-FW ” 6 (79,724, 62, 50, 104, 1.8)
C-LB (DK601 XMTI1) 4 (88,79, 62, 529

C-FW 2 4 (88,79, 62, 52¢)

E-LB (DKC600XMTI1) 3 (72, 68", 66)

E-FW s 5(67, 62,50, 14, 1.8), chr*

“Location of the Km’ genes indicated by Southern
hybridization with the DNA probe: Chr. is chro-
mosome.

zpolel whe <dgFo® fek=Elvd. recipient? plas-
mid7} viehR] ke 7l FW 33} 2.2 & plas-
mid®] incompatibility wWE<e Hew FAl=Ec)
Brom ${N)% 17]Ade] Z&. A, cointegration
% plasmid®] AR g Aujd HAre] wig- o}
o3t dojdriw ®dk wp glc)

7} conjugant®] DNA(Fig. 2-I)ell tl3led Km' &
Hate] uk-e- pDX959 Hindlll AH3I9kb)e
#1212 8le] Southern analysis §+ A3 Fig. 2-112}
#t}. Donor7} DK1 #5349 w(lanes A) LB%} FW
o4 & conjugantE-E donor? R plasmidal
pDKI1013} #3523k $1x]<l 4] hybridizationo] Qoiyt
1k, donor7} DKC601 #F<l H-$Hlanes C)oll=
A2 Tl BAgle]l pDT529 Km® plasmid7}
Aolse] a2 A=) ~2efy} donor7} DKC

A-M (DKI1 XMT1) 4 (1807, 647, 44, 27%). chr

A-H v 4 (1807 647, 44°, 27%), chr.

C-M (DKC600 X MTT1) 4 (70, 687, 62, 44“), chr*

C-H 2 3(70, 68°. 44%), chr.”

E-M (DKB701 XMT1) 9 (80, 72,68, 62.44° 8.5, 7.5,
4.8.4.5), chr*

E-H “ 8(68,62,44" 279, 8.5, 7.5, 4.8,
4.5), chr?

“Location of the Km' genes indicated by Southern
hybridization with the DNA probe; Chr. is chro-
mosome.

600 #F54 Aol LB A vl =) (lane E-LB)ol| 4]
veld conjugants 68 kb2 pDKI101%te] hybrid-
ization signal& H9om, FWell49 conjugant
(lane E-FW)<= 4 Aol A] hybridizationo| 9 ojytc}.
o] conjugative transposong] Tn5276¢] Lac-
tococcus lactis®] -9 Aol AHl = ¢ v= Rauch$} De
Vos(21)®} ®3elx FA}el=|wk donoryd FW =3 9]
daw 248k Zlo g dciglich

AR A9 microcosmol 4 DKI1, DKC600,
DKB701 #5F% donors 3}o] 184]17F -9t 34|
P& conjugant¥9] plasmid F4e Fig 3-134 7
o, plasmid®] ¢ =Z7]E BAE AIE= Table
SellAel ol FAlde 23 PM)F T A)H
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(H)ell/l 332 A1Z-< = DKIe] donoral 759
conjuganta(lane A-M, A-H)<l 4= pDKI101 plas-
mid(68 kb)7h AAE T, 180, 64, 44, 27 kb plas-
midE2 g =} 28 DKC600¢] donordl
7442l conjugantE(lane C-M, C-H)ol4& pDK
1010] Aej=fe] aj2 Yepytor recipiente] 919
20kb °]3}e] plasmidE2 ZF A:AlEgith. DKB
701°] donorgl 74-9] conjugant(lane E-M)ell &
8709 plasmidEe] ME Jeh} wied=gion, =
o} conjugant(lane E-H)oll 41 7709 plasmidS-o]
A2 vtebgdc}. o9} 22e) DKB701¢) donorg! 7
%2 conjugantEA{lanes E)oll 4]+ MTI recipient2]
62kb plasmidile] P z9le % aujodss
548 debigdch. DKl1o] donord wj= 2 plas-
mid&e] A2 velyt zZlolu, pDKB7029] lineart}
open circle & #Hej2] plasmid(44, 27 kb)7} e}
3 Ae A AR AR Jehd Bolg Awg
ok 223 AgA #E3s di2A 22 donorr} A}
AA FHDKDY 5o GMM #F72] %A% B}
o & #H3brb Ao (Fig. 3-1), 180kb2] £ plas-
mid7} & vehd e Aglel <7 AL M=
t}. Bringel 5(6) A§#$ s E<9F Tne DNA
¢} integrase7} Hols|o] A3 M4} Auide] o
oldpr shsdom, Gealt $(10) 22]3L McPherson
2 Geal(19)% 38l3l4> #73oA] conjugative plas-
midE 7}l mobilizer #Fo s Awjdo] &=
b sl asBE B oodo] Fald Agel4
-2 conjugantEol B.F= plasmide) clekdt )
M E% donorZ AHERH AbelA H)FF B ohet
GMM #FE9| conjugative Km' plasmidel] €]t
Axeiy & 4 gk

TAAY 23 AHM) T 2 HH)N A 5L
A5t o) velyd conjugantel] 2] Km' f4=}
9] 3ul2. pDKB7029] EcoRI A#(9.1 kb)S 3
AtE to] s e, 2 A= Fig 3-119F 2ok
Atd#H EelF 59 DKIe} donord) 7-$lane A-M,
A-H)oll= 180, 64, 44, 27 kb®] plasmidS3} 44
oA 7}7} hybridization signale] Yeldcl GMM
@52l DKC600 757} donord weKlane C-M,
C-H), DKB701 #7} donorgl 7$<lane E-M, E-
H)ell %= 68, 44, 27kb %59} plasmid9} o 4= el 4]
hybridization®] <ejwt} o= Collis®t Hall(8)¢]
genome 4] 2L A2 Ahsl== ARl o3
A, B85, Auide) A7k & ¥, Hall $(11)
9] integron DNAS$] integraseo| 9]3le] =jujado]
Ao A3et F3Ee Aolth ol9f o] A
ol 9J3te] dojup= Km' f47ke] Mol 2 afud
e Apdst el Hey goky HsE e}
wWoleh 28{ung Ho|wlw @l plasmid7te] e,
Az 1AM ATy B ohe AEe o
Al A8 we FFgE wm e & F gl
ot B A J)ake] e B A4 &
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ABSTRACT: Rearrangement of Km" Gene and Plasmid by Conjugal Transfer in Aquatic

Environments

Lee, Sung-Gie and Chi-Kyung Kim* (Department of Microbiology. College of
Natural Sciences. Chungbuk National University, Cheongju 360-763. and
Research Center for Molecular Microbiology, Seoul National University, Seoul

151-742, Korea)

The Km® gene and plasmid of natural isolate and genetically modified microorganisms
(GMM) rearranged by conjugation in water environments were comparatively analyzed by
agarose gel electrophoresis and Southern analysis. The transfer rates of the Km* gene from
GMM strains were generally 100 times higher than those of natural isolate(DK1) under
laboratory environments, but their transfer rate was not much different in Moosimcheon
River water. The conjugants obtained in LB(Luria-Bertani broth) and FW(filtered river
water) water under laboratory conditions showed same number of the plasmids. but the
sizes of the plasmids were changed. The Km' gene in the conjugants was found in the
same position as the pDKI0l Km' plasmid. In case of the GMM strains as donor, the
large plasmids of 180 kb appeared in conjugants obtained in LB and FW water. Especially,
the Km' gene in the donor of DKC600 was found to be inserted into chromosome of the
conjugant obtained in FW water. However. in the conjugants obtained from DK! and DKB
701 in Moosimcheon River water. the plasmids were rearranged by 4 and 8. respectively,
and all of them showed hybridization by the Km' probe. But the small plasmids of the
recipient disappeared in the conjugant from DKC600 as donor, and the rearranged plasmids
and chromosome in the conjugants were observed to be hybridized with the Km' probe.
Therefore, rearrangement of Km' gene and plasmids by conjugation was found to be affected
diversely by cellular characteristics as well as by environmental factors.



