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Transfer and Survival of Genes Resistant to Antibiotics in Soil
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ABSTRACT

The transfer of plasmid-borne genes coding for resistance to antibiotics (Ampicillin, Carbenicil-
lin, and tetracycline) among 16 strains isolated from Mankyong River was examined, The survival
of donors, recipient, and transformants in sterile and nonsterile soil (the soil was amended with
12% vol /vol with the clay mineral, montmorillonite) was also studied.

In sterile soil, the survival was prolonged in the order of donors, transformants, and recipient.
The survival of donors, transformants, and recipient increased when the soil was amended with
12% montmorillonite, but not in nonsterile soil,

In nonsterile soil, donors survived longer than transformants and recipient, but the survival of
transformants and recipient showed no significant differences.

The results of these studies suggest that genes can be transferred by transformation, and trans-
ferred genes can survive in soil for a considerable time,
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FAEd HARFAAY R plasmid7} 2AFA AN AM & Wz g 25431 (o] 1991), T Ho]
Hi Qe o] daA gk (Lee and Kim 1989, Mach and Grimes 1982, O Morchoe e al.
1988). ol A AgiAlN A MFE Alolol] 2+E FAAES] e, My, do] Fol R@3s] o
ol AL onEhE Aotk o] oW fHxh FepAv|EsE g w5 Hol® & A
T4 2 AulEE s Aol ThdEtA dold = 7] Wil (Hall ef al. 1991), AT #3354
Ql N1 Ho g TrEojR mAE(GMMs: Genetically Modified Microorganisms) o] of ] & ool
Al o] =11 Qi E vrE| AT Q) welA o9} go] ykEojZl GMMsyt A E] Al 9%
FHOoZ EE AR REHAS o 2719 36 £ 5 e FAH el @A opjg B
o] =F2 1993t ==z ey FRAA AFvld it AFHAS.
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A Ex o2 g F4 A7 B a1 T} (Curtiss 1976, Rissler 1984, Sharples 1983).

GMMs7} A el Aol #2=QS Wet FAdE Bejstd dYAleE F2 uAES HEH
x4 2 ERNFoze] §HED Ho] 202 (Tiedje of al. 1989), ol BAE A7 A7)
of ZA st A E T Egl el GMMsel Aozt B9 olFo &3 &3} (Trevors and Oddie
1986), E¥oiX e §HE2 Ho| (Stotzky and Babich 1984, Stotzky et al. 1990, 1991,
Gauthier e al. 1985) o] T}

B ARE ol#igk o A3 F 53] GMMse] AeiA F&0 wE JELHA F2 288
Wzl e AoA vl B WFE st A7 (Bissonette et al. 1975, Lessard and
Sieburth 1983, Liang ef al. 1982, McFeters and Stuart 1972, Ohana et al. 1987, Scheuerman
et al. 1988) & wol o]F o]z 9xt, GMMstt 19 B g A EEY AA M Ao A2 A=
o A ArE Hod AR Yo F&2 E9 §7H(Bentjen ¢ al. 1989, Devanas ef al.
1986, Devanas and Stotzky 1986, Walter et al. 1987) o] } &4 ¢ 1) (Dwyer et al. 1988), 18]
T A 2o #9 (Amstrong et al. 1987) oA 2] A F] THF AFEo|t},

B Ao E 933l B8 53 A AT FE APl A Aol
e A ATl FAA HAAURE ol A1l thy EgFFe Aol A&du g s 2
A" AFER Escherichia coli 7w EWoly FAFAAA 7]9E AL ol At EF3 5
ABRZANN 43717t JEse e d8A 3l (Henschke and Schmidt 1990), 7 #k=
2 Ag oA 7HE &3] AHEE & FFolth (Davies 1983).

ol#3t ATE AAAH A EAsts dYA AN T EFA el A e dE BH
AgRANA Fn AR2 82 £ doen, GMMsr e Al #EEHAE uf ol &
T UE FAYE FYsta, ¢ volriA S$EGEH Y Al #EE VxAER A2
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AME3RE U Plasmids

B AYo) A #&F(recipient) < E. coli HB101& AM&-3t9 3, ¥4t (donor) &2 = W37
aFo AN 22 THE YA WATF E coli N33, N78& AME-319 2, ol & #F25E 349
7ol A Aol Hol® T33m T78E 4ot Fd#Fe 542 Ampicillin(AM),
Carbenicillin(CB) 2 Tetracycline(Te)oll WS 71X 1 o, {702 AME-H FE coli
HB1012 olE Al thd Z548 BAth ol #FE LBuiAl (1% NaCl, 1%
bacto-tryptone, 1% yeast extract)oll 4] 37°CE ®j3ldon, Foia N33, N78% A =d
Z T33, T789 wjke LBuixiel SigmailZ %8 7Y% AM(304g /ml), CB(100 g /ml),
Te(25ug /ml)& z+2t H7hate) ALg-atath

o [

E <

e 222dy AE299 KitchawandT4oAH 393 E ko] montmorillonite(Volclay,
Panther Creek-Aberden, American Colloid Co.)& 7}7} 3, 6, 9, 12% (vol /vol) A 7}&te] B
Ao AFgstG el o] ®Wl 3%¢] montmorilloniteE 718 B H71EHA & EYH ¥
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sto] Ay Aol A9 2oyt Y EE drTo s AL S B A AMEE EY
YAl E2) 3183 £ -2 Babich 9 Stotzky (1977) ¢ 213 o]n) ¥18) 4 ).

2 oM

oje| Ea2l&d

37 stRdlA AHE A8 E MacConkey ¥i =] (Difco)ol| FFate] F 432 J34 F24
g P d#FE5ES By ed, Eeld #5558 API kit(API systems S.A., Montalicu
vercieu, France) 2 53 3lc] B AFe] ooz AFL39T}

A W A

2 H#Hd Al8d 374 (Antimicrobial drug)® Sigmatl M ES 2 Gentamicin(GM),
Ampicillin(AM), Tobramycin{(NN), Cephalothin(CF), Amikacin{AN), Tetracycline(Te),
Kanamycin(K), Carbenicilin(CB) % 8& &o|t},

gelAn|= Exfggol

el 5HE Aae AN #He Zelan =(plasmid) 2] FA)+= agarose gel elec-
trophoresisE& 4 A8l &elslgon], oju FelAv=eo] 2e) = alkaline lysis®¥ (Maniatis e
al. 1982) & AHg-3tA Tt

HAT aAollM 4| WA plasmidel Ho| el
% 2 A 3 (transformation) 2 Goodman® McDonald(1979) 9] #-& $£3A3le AAE gL
o, &3 A 37 (transformant ) & 9] plasmid DNAE o] A 7)9 =3l v w3t}

EgtoflMe MEF §F

did EgoA 35 4ER 2L 125m| AzEatA =0 25mle] EHE LB broths @
I FAq, 8, FARGTE 47 JES F 37°CAA 16417 B9 A i gFste] o] & H
FAE A2 A H5(0.85% NaCl) = 343 5 LB HuufR) o =asle] 245 ztzte] #4 4
& Fx A 4(initial population) 2 3t¥ ) 3 Al & ol Zzre] EY(K3M, K6M, KoM,
Ki2M) & 1.8g# Yol E¢ s & HollA] wtEolzl zt FF9] Hx AAFE 0.2m¥ HEFsto
o]E& 37°Ce Feul oA 15U viFsle] 1, 2, 4, 7, 10, 1548 71E38te gzt 74

X st Hx FA ¢ vt YR E A A ojn iRl FRAFAAAE A
cyclohexamide (200.g /ml) 2} AAA Q) AM(304g /ml), CB(100 pg /ml) & H7lstg o, #
A & colony-forming unit /g B2 ZZ3IRch HF3HA R EGoA Z 7 HE &
A dvd EYAMY 23 i 5 #3sden, ojld 4 EYE 7R e
Zrte] fparct

=
=

4 =

3o 22 ¥ 53
TAZL SR A B AFe FAAE Fof T (transformation donor)& #7] 93l MacCon-
keyHll 2] 2 Enterobacteriaceae Al %] #FE ¥2l8 F API kitE o] &3ld 1658 Ea 53
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Table 1. Identification by API tests of strains isolated from Mankyoung River

Vol. 17 No. 2
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oDC:

Ornithin Decarboxylase, CIT : Simmons Citrate, H2S : Hydrogen Sulfide, URE : Urease, TDA : Tryptophan
Deaminase, IND : Indole, VP : Aceitoin Production, GEL : Gelatin Hydrolysis, GLU : Glucose, MAN : Manni-
tol, INO :Inositol, SOR : Sorbitol, RHA : Rhamnose, SAC :Sucrose, MEL : Melbiose, ANY : Amygdaline,
ARA : Arabinose, OX :Oxidase, NO2: Nitrite Production, N2: Nitrogen Gas Production, MOB : Motility,

McC : MacConkey, OF/O : Oxidation, OF/F : Fermentation.

sttt 2AE5RE #59 AL Table 18 2u} Fe 53 16050 tisf 3% 2 44
o] i3t WAL Disc 2L o] 83t NCCLS(National Committee for Clinical Laboratory
Standard)® ol ozl ZAMEIH =, o]& 1605 5 AMol 15712 #57F WS el en,
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Table 2. Susceptibility test of strains isolated from Mankyoung River to 8 kinds of antibiotics

Species Antibiotics
No. GM AM NN CF AN Te K

1IN 7) -
2(N17) -
3(N20) -
4(N21) -
5(N 30) -
6(N 33) -
7(N 34) -
8(N 64) -
9(N 68) -
10(N 77) -
11(N 78) -
12(N 79} -
13(N 80) -
14(N 86) -
15(N 94) -
16(N101) -
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Table 3. Strains of isolates resistant to antibiotics (unit : gg /ml)

Antibiotics
Species AM CB Te
No. 60 70 5 10 15 20

UN 7)
2(N17)
3(N 20)
4(N 21)
5(N 30)
6(N 33)
7(N 34)
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14(N 86)
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7] §i3ked Zhzte] FAA e FEE thEA & DA o] 5 & HF M= 2 A3he Table
3% gk % 1675 F 135 (N DE Astne el @57k AM} CB, Teol thate]
WAe B9em AN, CF, NN, K, GMel tsir e Wael et @sltt. °ls o5 3 3¢
(N30, N33, N34)7} 3% 52] Aol thstel WS BAR, UEF7F 257l A (AM,
CB)ell dhate] &84 A& Kl

A WA 32 EalAn| = Exi &2l

Ay Fze] A WA #EE 2= Goodmans} McDonald (1979) A EH & o] 88t

g3 A7 Hefav e e Aes AAAUHFig. 1), webA FAAA WgA A7 2%

zuleate) Qe FF F A Aol vmE i FFo A% et vlad 33 N33
N78& B 439 Foiid oz AFRatdth

tZ-F(HB101)2] HA™E

N33 and N789l| A ztzt 42 ® Za}~n] =8 Goodman¥} McDonald(1979) o] i3S
23t E. coli HB101-S 742} A A @A A © —‘—é 63 1A gka) o] Ehan =g FoiFe F
2R =28 M7|9F5so vug A3 Fodet 3 ol TeAn=E U Hog #Q)
s vt (Fig. 2). wekA] ol FAA ST 24H7} TSSJJr T782 W9t thg #A o A g A
235t

o]

m)i

EdolM 2F2 YEE 5

Montmorillonite®] @717} A @7 Aol vl FF& dohn7) sistd 3%, 6%, 9%,
12%¢] montmorillonite7} #7Hd E%S Bw#e F 5872 E. coli HB101# i F] N33,
N78, @A AT T333} T78S zhzte] Eodol AW B FFF & FA o] Wshe 1540 &
Falgct. 2 FFES 27N F #Fo wet oF 107°~107F cells/gel FHF7F HastAH

1234567 8 91011121314151617

Fig. 1. The electrophoretic profile of the plasmid DNA contained in strains from Mankyoung River.
lane 1, 17 : DNA size-maker A /Hind Il
lane 2-16 : plasmid of strains isolated from Mankyoung River



June 1994 Lee & Lee : Survival of GMMs in Soil 229

12345678 1234567

a b

Fig. 2. The electrophoretic profile of the plasmid DNA from the transformants, T33 and T78.
(a) lane 1 : DNA size-maker A /Hind I, lane 2-7 : plasmid of transformant (T33).
(b) lane 7 : DNA size-maker A /Hind [lI, lane 1-6 : plasmid of transformant (T78).

(Fig. 3). 3%2] montmorillonite & H7}ste] F 3 E42] 7 $ Fig. 3a0]A B nke} go] =}
A A 22]F N33o| A8 F52 E. coli HB1019] H]8te] ME&of o] Egkrh vbd, N33
7 gro] AAA A 2] ® N782 N33o|| vis] A& 22 Holy A U7R] BEC] 74
HAck 3 FHAHFFL T338 T78L FAHFEUE A& dhoy &R ¥
o}, 3 6%, 9%, 1222 montmorillonite E A 7}sle] H# 8 E9e] 4-$% (Fig. 3b, ¢, d) th
# & 0.2 3%¢°] montmorillonite & H7}e EXF Ao fAS Fade] AETHE B A
Hoz AAA AN g 75 N333 N789] A& &o] M % FAA &7 T33, T78,
83 E. coli HB1019] o2 AFEo] Yopxitt 2 g3 e 9™ E coli HB1019) 3%
HEx FF F 5Y 2d 7MAe 43 Zastd oy 2d 5 H 4d7tx] ohik Frrsirl 79~10
Aol AL % FAFrE AP wbd, N337 N78, ¥ @4d87¢ T333% T789 39, E.
coli HB101B.T}= Bl 3 M A3] #Asta] 15U 7tAE A3 A4 57 A& LS ¢ 5
Ak Awrz o 2 3% o] montmorilloniteE H7}alel W3 EYRc) 12%8 A vtsle 273
BN 3 8, FAPEH 25 o =2 &S ey

33, daslA] 2 EWl 3%, 6%, 9%, 12% 9] montmorilloniteE 2zt ¥713 ¥ 2t #F

S #AlF W E 1597 49 B 29 & Fig. 49 2o}, 2382 &S EQoA z+ F54 A
FL Z2HINEQR 103~105A % Dol Hh E coid HB1019 #AIFE B 73 BEQIA Y #
Ag WiloleE e FAE el A 237 F FAlSeE AS5HA B4 ASE By v

™, N335} N78, T33% T782 d¢3t Eqfol A Bl #AF9] Zast fAI FBos 7439
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Fig. 3. Survival of donors(N33, N78), recipient(HB101), and transformants(T33, T78) in sterile soil
amended with 3%(a), 6%(b), 9%/(c), and 12%(d) montmorillonite, respectively. @HB101, v
N33, wN78, [JT33, BT78.

M S

datA] e EYolrr dast Bl ety Fda vty Al 2 N333 N780] o
S AEEL EYoy, F47Y FAETFY YEESL IS W AT ole AN
o}. Montmorillonite & #7358 wel 2t 759 A& dddE EFNA 12%2] montmoril-
lonite7} H7IHUS o o] F& AES 23l A= @] daHA ¢ E%l montmorillon-
ited] AAE ZAANAL AEL vo| 4 A=A ).
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Fig. 4. Survival of donors (N33, N78), recipient (HB101), and transformants (T33, T78) in nonsterile
soil amended with 3%(a), 6%(b), 9%(c), and 12%(d) montmorillonite, respectively. @HB101,
N33, wN78, [JT33, MT78.

a &

2 AgdA & El 38 #5559 ¢+ AMel WAde] de FF 15%, CFol WAl e 12

T, Teol Aol Sl TF 3%, CBoll iAol e #F 14F0] B =AUt o123 g4 U

dEdE 019} 0](1993) o AN E 1007 FE NP2 8F 9 aaldl st WAL *}‘5}
23 71 B2 UAdE 1 e AMo 2N AEd AlRE 73 £ 77.3%S AP

T 73.6%%, Tew 61.3%% A3 A ATk Wb AP A4 2 == ‘1’%-8— il

€& AM, CF # Tedll 433 A4S vebll 2 28 & 4 Utk o134 AM, CF, Teol i
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ste] & WAE Hole AL o]gjd g So] HT A EE BFHOR AR 51 ew &
g A Aol thE g Ad vle) &olsty] mEQ] Aoz AzbdEui(o] 1991). A& 17 &4
Ao & AMel 73.1%, Teoll 67.6%<] 4ol Yehte Aoz B Adch(sl 5 1990). o]} o]
(1988)+= Kiebsiellaoh AMWAlo] 88,1%, CF WAdo) 35.6%, Te Aol 44.1%= YEhte 3 &

B skl e 7 5(1986)-& Pseudomonas?) SHIA Aol A AMz} CFell W&l 100%, Te
o disl 83.3%7F W& Jepd i B s rh

AAA NS EEd T3 FAA WAJAR AdFFe] doj' 5= vhs Big olv] o
Al o9& R E ulz)l 2tk (Cenci ef al. 1982, Kralikova et al. 1983, Shaw and Cabelli
1980, Smith 1970).

AAz FAAG dojd # Y= FEL 107 LR 45| Yo} § T2 <
Aes] ole ez (Lee and Stotzky 1990) 2 d#oAM = H&E8& AF sted ok =
Lo FE }04 & FAAST T3 T8 Fodd % F&d E. coli HB101-& EFE7

,Q_

O

rﬂ

d

(U[o m&

jg =
i& fr

0¥i ne

A B e 7§T 2 ¥ E ol A= montmorillonite®] 717t F A g o} Fofd
22 ZAAAE=Y o]lz]st AzE montmorilloniteE H71A)1 71 E kol A transconjugant 9]
A &o] 2 F(parental) ] HE Hr} AdvtH o 7 =l Krasovsky 9t Stotzky (1987) 9] R.i1s}
o x)5hc}, o] AukA o & E ko)l montmorilloniteE H7IA A FH EYe pHE 47F 6}74] +
AAA F2 FRIAES FAA7H g 223 WAg g8 F7) Rz g vt &
29k Schilfe} Klingmuller (1983) 7} AR A E. coli J5(RP4) 2} Jc5466(pRD1) 2 in vitro
matingoll X} 9-& transconjugant &) AES #HT A7 o)E FH2veg FRTF ATEL
AlZEo] Aol wel A EE o] Holx= W, EAA|F (indigenous bacteria) & #& 7|t &

o

1

>

YA F titer & FA3H ATk Bastel B A= o dold duE Aok I, 3
2] B& EYM e EYol EXcte EAFERS] BN Eejste g, 7E&T R
ARER 25 s EYolA] Boke 4EEC] A gen A& A FAEH Y
Aoz AARY, £33 W3l &L EFFHA A= montmorillonite®} H7be 2 #5
AES AZAT = A 837t Qe Aoz Abgdn.

2 Ay Ay AgdeA widE FF e AA8HNM YE 0] vuH W Hol, A
AA Belg #59 o|2HE HEAI FAATTE 437N AEe] FAHME] #UH
Ak GMMs7} AejAle] fEHAS Wl AeAl] n A= A= ob2] vt 5ol A &
%, GMMs$] ol go] F7tE 1 Qﬂrz—’l o2 ol21g GMMs+= A A A FE nyE 237
Woll A AEsta w3stE & el F e 7HeAoel Avh wabs do 2 GMMsE A
Eﬂ7ﬂ°ﬂ FEAE ol °z°ﬂ wf? FAA e FAEhE @HIFE 7L o FojH ok

T
oL oot o2 rl

_L

5 2

47} shRolA BB E 16705 F N333 N78o) Zatxm =2dd) gle A WA=
Z Holgo] Rl At

Montmorillonite S & 7}3te] g EL3 F@stA] &L Edol X &7 (E. coli HB101),
Fo 7 (N337 N78), 2] FAH@F (T332 T78) 9] AEHEE #Es A, I3 B
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o] AL, Foj, BAAZR, FET7 £072 YEEo] U, montmorilloniteE 3% 3 713}
EFOIA B 12%8 3718 2N APFFEY AL ANHoE o T v,
T B EYllAs Fodo] i AEE) sdov 879 A HAPF Y YFEL &
AFakd i, montmorillonite®] H7}7F HE o] Acket G &8 T2 i) 2 A3 A3 5P
73 A transformationol] 23 fHE2e] Hol7} Uold & 9lon, Mojg F-AAE= A7
EgolM &L S S B Eo)

AR EH

P& - olFE - A8 - 28Y - A7) 1986, H5TY FAA WA EA. dsto) e
=2 21:1-15

o|AF - o tE. 1993 UA AT RN FEHAYA T ALH Exe AT 54, 37
|73+, 26 : 73-82.

ol . 1991. WA ZEtFol EEsE FAA A Aol I A7 FAE R AAEY =R

pp. 35-47.

T - o) F & 1988, AT ] Kiebsiella pneumoniae R plasmid @] Holo] #&k J7. tfghn|

3533 =) 23 1 345-350

3 - A4Y - wE S - ARE, 1990, AT R-plasmidel 543 &4 W
338 2) 25:19-26
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