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Genetic Characteristics of Arsenic
Compounds-Resistant
Bacteria Isolated from Stream Water

Chung, Mi Kyung and Ho-Sa lLee
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Seoul, 130-701. Korea

ABSTRACT: Several arsenic compound-resistant bacteria were isolated from Jung-Rang stream.
The isolates, D-3, D-12, and D-14 were characterized phenotypically and genetically, and
identified as Serratia liquefaciens, Klebsiella oxytoca, and Klebsiella pneumoniae, respectively. A
plasmid of 67 kb was found in Klebsiella oxytoca D-12 and designated as pMHI12. Transfer
of this plasmid from D-12 to E. coli HB101 was occurred, and the resulting transconjugant
strains expressed the same level of heavy metal resistance as the donor strain. The physical
presence of this plasmid in transconjugant was detected with agarose gel electrophoresis.
Arsenite-sensitive derivatives of isolate D-12 were obtained with Mitomycin C treatment which
cured pMH12. Antibiotics and heavy metal resistances were also examined to be used as a
proper marker for the isolates in gene cloning. Isolate D-12 has resistance to several heavy
metal ions such as Cd**, Zn**, and Hg?". Also, all the other arsenite resistant isolates showed
resistance to several heavy metal ions and antibiotics.

KEY WORDSLU Kiebsiella pneumoniae, arsenite-resistant plasmid, conjugation, plasmid curing
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Table 1. Bacterial strains and plasmids
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Strain Plasmid Relevant Reference
markers or source
E. coli
HB101 F . hsd20, recAl3,
rpsL20(Sm’) KCTC 22874
Y517 harboring the known
8 cce plasmids Macrina er al.
(1978)
Klebsiella
K. oxytoca wild type KCTC 1686
K. preumoniae wild type KCTC 2208
K. oxyroca D-12 pMHI2 Ast This study
K. preumoniae D-14 Asi” This study
K. oxyroca H42 Ast' This study
K. oxyroca G21 Asi* This study
Serratia liquefaciens D-3 Asi” This study

“KCTC: Korean collection for type cultures
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Table 2. Biochemical and physiological characteristics
of arsenite-resistant isolates

Test D-3 D-i12 D-14

+
+

PBgalactosidase
Arginine dihydrolase
Lysine decarboxylase
Ornithine decarboxylase
Citrate utilization
Production of H,S
Urease

Tryptophane deaminase
Indole production
Voges-Proskauer
Gelatin liquefaction
Glucose

Mannitol

Inositol

Sorbitol

Rhamnose
Saccharose
Melibiose
Amygdalin
Arabinose
Cytochrome-oxidase

L+

I+ I+ 1+ |

44+ ++4+4++++ 1+ T+ 1+ 1+ 1+

L+ ++++++++
44+ ++++++ 1+

+: positive, —: negative
Mitomycin C7} 5, 10 ug/m/ £12)% L-brothell &
sorsisich. o) wopele s 3)Aeled LB A
wjR|ol] wubstedw, vhehd AZHES arseniter} ¥
&% LB 24w 2o replica platingdted curing®d{-%&
Fhalsladct
A o BFE Y

A g FelFFEY WA FEE 24
9)&}ed LB aA|ulR)ol|, tetracyclin 15 pg/mi, kana-
mycin 50 wug/mi, streptomycin 50 pg/mi, chlor-
amphenicol 250 pg/miEE H7tstel A3 A=A
2 Agsidch =3 FFE] i RS oot
¥7] 25} Cadmium chloride 1 mM, Sodium
arsenite 5 mM, Mercuric chloride 0.5 mM, Zinc
sulfate 1 mM & LB almj=|d] Hrlsle] AMS
slgdc}d (Timoney et al, 1978).

dn o o%

Arsenite LT FC| B2l X X

AN A AT AR AHAFLEA
arsenite(Asd) 5 mMolH A&3H= 4FE 1457 &
218}, 1 Foll 4] arseniteo] tHal 7R WA =7}
xo Fx2 ds D-3, D-12, D-142} FH3}a, 4
2| A stat HALE AA|sto] 22t Servatia liquefaciens,
Klebsiella oxytoca, Klebsiella pneumoniae 3. 5733+
t}(Table 2).
EziAn|E DNAZ| F4

Augk 7 #FFe] A7edE s Mg 2de
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Fig. 1. Agarose gel electrophoresis pattern of plasmids
of the isoltes.
lane 1; D-3, lane 2; D-12, lane 3. D-14, lane
4, E. coli V517.

o2 o (Fig 1). D-3v =7|7} 67, 61, 39, 20,
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D-14= 77} 67, 55 kbe Z7]|E ze 1709 e}
#n|=8 742 2dgdek o) F D-127} 713 67 kb
Zepv| =g pMHIZE 9eisich 2ag vl of
29 E colio] A E-2]¥ As” R factord] R7733 R46
& =77} 2z 90 kbet 52 kbE A 2 AgelA &
218 #FER fAE A9E Jebigc(Mobley
and Rosen, 1982). &}, Mobley 5 (1984)
arsenite-resistant clinical isolates 155l ofs] Z&}
2uEghg 82 gaslded, 1 F 139577 50
kb o]4re] Zeprwl=E 7R A, R773%9)
colony blot hybridization &M Klebsiella®2
A3 ATBAS dehlA] ke B3 ssich
o) E coli®} Kiebsiella%io] 7+ A Algole} 8t
t]2}E arsenite resistance determinante 3
£4 Moo= ot
T

Bl Zejav|sr) HolsHE ZEAE 2
oli7] &) A FFF F AASEr MY wE
D-122 A sL- 2)asqlct E coli HB101S
axzste] zb7k 4, 8, 12, 16, 20, 24, 28*|z3kEt
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jugant®] *o]go] 9.3X10 °2.2 7} EA vhepwdrt
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Table 3. 7ime course for the transfer of Asi' from D-
12 to E. coli HB107

Mating Frequency of
time Conjugant transfer
(h) (per recipient)*
4 3.8X10' 5.0x10°¢
8 2.3X10? 26X10°®
12 45X 107 4.5X1077
16 6.8 X 10? 59Xx1077
20 7.5X10° 8.0X1077
24 9.3x10° 9.3X107¢
28 9.0X10° 89X 10°°

*Frequency of transfer is expressed as the number
of Asi’ colonies per CFU of recipient. CFU of
recipient was determined after mating,
Transconjugants were selected for Sm’ and Asi”

Fig. 2. Agarose gel electrophoresis of transconjugants
from isolates D-12 to E. coli HB107.
lane 1: E. coli HBI0I, lane 2; isolates D-12.
lane 3-7: transconjugants.

(Table 3).

Transconjugants= arsenite 5 mMeol|4] o3¢}
b7 bA R Fale) HA A, in situ lysis HPES o]
43t A719%¢ & H3} RE transconjugant:E
D-129] Zejrmlzol o A58 713 & A9 =
gav|=s st ek (Fig 2). ol: D-127}
ZAge Fehan|sl Aelsdg zhw glom
arsenite WA {427} Sepan|ze 288 A4}
sl gt

223 arsenitel] o8} 7hAde) Klebsiella oxytoca
KCTC 1686°ll E. colis} EUg 702 Hge A
Zl2vt transconjuganti= HAE R ek}, Fig 3ol
A8} 7ol K oxytoca KCTC 16868 D-122] Zal~
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Fig. 3. Agarose gel electrophoresis of isolates D-72
and s cured strains.
lane 1: Kiebsiella oxytoca D-12. lane 2:
Kiebsiclla oxytoca KCTC1686, lane 3-4: cured
strain

nl=of FARE 27]9) ZejanjoE g8slm g
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Table 4. Growth response of the isolates to antibiotics.

Antibiotics
Isolates Tc Sm Km Cm
15 50 50 250
D-3 - - + +
D-12 + — = —
D-14 + - - +

Tc: Tetracycline, Sm: Streptomycin, Km: Kanamycin,
Cm: Chloramphenicol. +: growth, —: no growth
Numbers indicate the minimum concentration in
ug/ml at which normal growth wasn’t observed.

o] ZefAaw| e ggltli= B el dx|ge}(Foster,
1983; Silver et al, 1981; Hendrick ef al, 1984).
AlH 3 BFS Y

514 7] ol (;Hb‘} WAAEE otol® Azp A FF
R streptomycinel] el A& L}E}‘ﬁ‘:} -
o]#lell D-3% tetracyclineell w&] Aol
D-12%  chloramphenicol®  kanamycinell, D—14—c
kanamycinoﬂ 7rrAd& epdigick(Table 4).

F4e dale A B EL HAde o

epRelch(Table 5). o1 B £.7.9.% A48 #7-50]
FTEE& daiA A WS xLZ] ek A o
2140131 o, 53] D-129] 7% Cd, Asi, Zn, Hgell
e =5 WAdE Zha ok ]74" BoFd A
l HH"P"HH o8 TS5 AuTEe] ol E57 4

Tt g Al tﬂ?‘»‘lc’% AW -E asiche
E.AZQ} ol 2} gtc}(Timoney ef al, 1978; Marques et

&’

Arsenite, arsenate] thal WAL A+ FES F2lste] D-3, D-12, D-142 =7 3ial
77} Servatia liquefaciens, Klebsiella oxytoca, Kiebsiella pneumonice® FRAFE et WA 7)ol Feddhe
22 A AR AR Eepav) s EAEhd WA 7 A
L2213 conjugatiwe Ze}anlseloe] galwgir). olof Klebsiella oxytoca D-12¢) &b

% pels Febioisel Helvd
o 2HRE & 4 UYL *
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Table 5. Growth response of the isolates to heavy
metals

i Heavy metals
Isolates Cd As Zn Hg
1.0 5.0 1.0 0.5

D-3
D-12
D-14 - +
K. oxytoca KCTC 1686  — -
K. pneumoniae - - - -

KCTC2208

Cd: CdCl., Hg: HgCl, As: Na>AsQy, Zn: ZnSO,. +
growth, —: no growth

*Numbers indicate the minimum concentration in
mM at which normal growth wasnt observed.

e

o+

L+ 4+
+

al., 1979; Calomiris et al, 1984). wzlr] FPFHe
8- (Kim et al, 1986) = Akgislel] ula} zjed A e
‘”-rrE]L FE5E0 (Yu 1979) 2 7doll A mEsie

2 zhgsle] g4 A EA ] tEle] ohAW Al
i‘°] 235 Aoz Az=ch

¥ adgelA) Feln FrEe BN FES
g3 EXe WAGH2}e] gene cloningg 9&F Al
WHEALC A B0 ohe} 2t 752 W4 8]
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L, A AskEA A B
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