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ATA ACC TAC TCC CAA CAT CC-3'7} aacCl-2: 5-ATA
TAG ATC TCA CTA CGC GC-3% aacC2-1: 5-ACT GTG ATG
GGA TAC GCG TC3Y aacC2-2: 5-CTC CGT CAG CGT
TTC AGC TA-3": aacC3-1: 5-CAC AAG AAC GTG GTC

CGC-37 aacC3-2: 5-AAC AGG TAA GCA TCC GCA TC-34
aacC4-1: 5-CTT CAG GAT GGC AAG TTG GT-3% aacC4-2:
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A hydrophila  entrotoxn GCGACAC-GCCT CAATCCG-GTTA TGACG GC-GUTAUGACACCGCCACCAACTGGT

A hvdrophila  AHHA4 GCGACAC-GCCT CAATCCG-GTTA TGACG’ (GC-GCTACGACACCGCCACCAACTGGT
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Fig. 1. Comparison of the genes encoding aerolysin and hemolysin from Acromonas spp. for primer synthesis. The nucleotide sequences of

aero355 and 356 primer set are indicated by dark shaded boxes.
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Table 1. DNA vyield and heterotrophic bacterial numbers in twelve
water samples collected from 1996 to 1998 in Juam lake

No. of DNA yield

Date of sampling

water sample (day/mo/yr) (uglh) CFU/mI*
1 31/1/96 0.85 3.0 X 10
2 7/4/96 0.95 142 X 10°
3 7/9/96 25 ND
4 24/11/96 125 ND
5 27/12/96 0.5 3.0 X 10'
6 27/4/97 0.7 1.57 X 10?
7 27/7/97 0.6 243 X 107
8 27/10/97 0.5 7.50 X 10
9 24/1/98 0.35 7.80 X 10!
10 29/4/98 0.55 1.43 X 10*
11 29/7/98 0.5 3.04 X 10*
12 29/11/98 0.4 ND

*Heterotrophic bacterial numbers were counted on plate count agar.
ND: not determined
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Fig. 2. PCR detection of auc(2 gene in water samples from Juam
lake. Amplification fragments were detected with aacC2-1 and aacC2-
2 primer sct by which a 237 bp product was amplified (A), and with
Genl and GenR primer set by which a 278 bp was amplified (B).
lanes‘ I, 100 bp-ladder marker: 2. Jan. 1996: 3, Apr. 1996: 4. Sep.
1996 5. Nov. 1996; 6, Jan. 1997; 7, Apr. 1997: & Jul. 1997; 9. Oct.
1997: 10, Jan. 1998; 11, Apr. 199&; 12, Jul. 1998; 13. Nov. 1998: 14,
positive control: 13, negative control.
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Fig. 3. Agarose gel clectrophoresis of restriction fragments of
amplification product. A 414 bp fragment was amplified with primers,
acro355 and aero3s6 from Aeromonas hvdrophila Ah65. The product
was digested with Mboll to be verified as the internal aerolysin gene
fragment. Lanes: 1. 100 bp-ladder marker; 2. amplification product; 3,
Mboll digested DNA.
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Fig. 4. PCR detection of aerolysin gene in water samples from Juam
fake. Amplification fragments were detected with aero355 and
acro356 primer set by which a 414 bp product was amplified (A).
Southern hybridization of the same gel in panel A hybridized with
acrolysin-specific probe (B). lzmu 1. 100 bp-ladder marker; 2, Jan.
1996; 3. Apr. 1996: 4. Sep. 1996: 5. Nov. 1996; 6. Jan. 1997 7. Apr.
1997: 8, Jul. 1997: 9, Oct. 1997; 10. Jan. 1998: 11, Apr. 1998; 12, Jul.
1998: 13. Nov. 1998: 14, positive control: 15, negative control.

A2} aarolwm | 447 =9t aol A Ald s} sk =44
22 elujsict,

1, o“] /‘"’H 121014 DNA 7% W} pcrRe] HAZAS
ro}”“* Alarel DNA 5 AIES =48 43 2 CFU/mI
= YERSTE o Wl ARESE primer sets ¥ 77] off WS
ERdE 4 /ndmp/w/aq aerolysin +44}2] A7 E(6)S 7R

slo] AAE Zloju) -

w5 Qg /g%h

u o} primer set® ©]83F PCRS 4l
B0} g sobrias A
AL AIZ G o 2] AL

U2l deromonas 422 At

1. ll}dr()phi/aQ]
atAthie). web Ak o



Vol. 36, No. 4

< A4 AEs] Akl A2 primer set®] AAI7} B35
HAT}. aero3559} aero3s56 primer sets A. hydrophiladl X B
H 525, A sobriad|A 1555, 283l A. salmonicida X 15
, & 709 aerolysin F-AAFS] H7IME (7S Hlnsle] st
> Hole F-915 Fol AAIEA7] W&ol o] primer set
3+ PCR assays= Aderomonass:2] aerolysin -4} 74Z]
ojA HME(12)014 B} ¥IgEe} Bolmry) w4 YERsith T
o] 4] PCR-aided Southern hybridization®] PCR assay
Ho} 2o NS YeRdo 2R AT DNA HE 34 o
Al PCR assay2th Wold Aoz AlgEr) o]gsh 23w A%
H primers$} probeE ©]-8-3+ PCR-aided Southern hybridization
o] A M teket vAE 3o 5AS I fgt
Tzt o 889 4 S 2o Yo"k

o off
oX
o

rd 3O it o> S
o

e
>

Haes

—

. Brau, B., U. Pilz, and W. Piepersberg. 1984. Genes for gentamicin-
(3)-N-acetyltransferase III and IV. Nucleotide sequence of the
AAC(3)-IV gene and possible involvement of an IS140 element in
its expression. Mol. Gen. Genet. 193, 179-187.

. Davies, J. 1994. Inactivation of antibiotics and the dissemination
of resistance genes. Science 264, 375-382.

.Han, H.S., N.D. Kim, Y.J. Lee, H.Y. Lee, and J.S. Jung. 1997.
Occurrence of Tn3 sequence upstream of aacC2 gene in gentam-
icin resistance R plasmid. Korean J. Microbiol. 33(3), 165-169.

4, Havelaar, A.H., FM. Schets, A. van Silthout, W.H. Jansen, G.
Wieten, and D. van Der Kooij. 1992. Typing of Aeromonas strains
from patients with diarrhoea and from drinking water. J. Appl.
Bacteriol. 72, 435-444.

5. Ho, B.S. and M.H. Ng. 1993. Development of a specific probe for
the aminoglycoside-(3)-N-acetyltransferase resistance gene. /.
Antimicrob. Chemother. 31, 637-644.

6. Howard, S.P., W.J. Garland, M.J. Green, and J.T. Buckley. 1987.

Nucleotide sequence of the gene for the hole-forming toxin aerol-

ysin of Aeromonas hydrophila. J. Bacteriol. 169, 2869-2871.

Husslein, V., Huhle, T. Jarchau, R. Lurz, W. Goebel, and T.

Chakraborty. 1988. Nucleotide sequence and transcriptional anal-

ysis of the aerCaerA region of Aeromonas sobria encoding aerol-

ysin and its regulatory region. Mol. Microbiol. 2, 980-997.

8. Janda, J.M. 1991. Recent advances in the study of the taxonomy,
pathogenicity, and infectious syndromes associated with the genus
Aeromonas. Clin. Microbiol. Rev. 4, 397-410.

9. Jung, J.S., H.Y. Lee, J.H. Chung. 1998. Increased expression of the
gentamicin resistance gene by a Tn3 sequence located at the
upstream region. Mol. Cells 8(2), 201-204.

10. Jung, J.S., T.C. Cheong, M.S. Cho, Y.C. Hah, and J.H. Chung,
1994. Nucleotide sequence and expression of a gentamicin resis-
tance gene isolated from the R plasmid in Serratia marcescens.
Biochem. Biophy. Res. Comm. 198, 1084-1089.

11. Jung, J.S., Y.J. Lee, I.H. Kim. 1999. Distributional pattern of tetQ

and aacC2 genes in stream water. Korean J. Ecol. 22, 305-309.

N

|95]

~

3ol aacC29t Aerolysin 2] A& 277

12. Jung, J.S. and Y.J. Lee. 1997. Methods for the extraction of DNA
from water samples for polymerase chain reaction. J. Microbiol.
35, 354-359.

13. Lee, Y.J., H.S. Han, CN. Seong, H.Y. Lee, and J.S. Jung. 1998.
Distribution of genes coding for aminoglycoside acetyltransferases
in gentamicin resistant bacteria isolated from aquatic environment.
J. Microbiol. 36, 249-255.

14. Monfort, P. and B. Baleux. 1990. Dynamics of Aderomonas hydro-
phila, Aeromonas sorbria, and Aeromonas caviae in a sewage
treatment pond. Appl. Environ. Microbiol. 56, 1999-2006.

15. Nakano, H., T. Kameyama, K. Venkateswaran, H. Kawakami, and
H. Hashimoto. 1990. Distribution and characterization of
hemolytic, and entropathogenic motile Aeromonas in aquatic envi-
ronment. Microbiol. Immunol. 34, 447-458.

16. Pollard, D.R., W.M. Johnson, H. Lior, S.D. Tyler, and K.R. Rozee.
1990. Detection of the aerolysin genes in Aeromonas hydrophila
by the polymerase chain reaction. J. Clin. Microbiol. 28, 2477-
2481.

17. Somerville, C.C., LT. Knight, W.L. Strube, and R.R. Colwell.
1989. Simple, rapid method for direct isolation of nucleic acids
from aquatic environments. Appl. Environ. Microbiol. 55, 548-
554.

18. Tenover, F.C., K.L. Phillips, T. Gilbert, P. Lockhart, P.J. O’Hara, and
J.P. Plorde. 1989. Development of a DNA probe from the deoxyri-
bonucleotide sequence of a 3-N-aminoglycoside acetyltransferase
[AAC(3)-I] resistance gene. Antimicrob. Agents Chemother. 33,
551-559.

19. Torsvik, V., J. Goksoyr, and F.L. Daae. 1990. High diversity in
DNA of soil bacteria. Appl. Environ. Microbiol. 56, 782-787.

20. van de Klundert, J.AM. and J.S. Vliegenthart. 1993. PCR detec-
tion of genes coding for aminoglycoside-modifying enzymes, p.
547-552. In D.H. Persing, T.E. Smith, F.C. Tenover, and T.J. White
(ed.), Diagnostic molecular microbiology: principles and applica-
tion. American Society for Microbiology, Washington, D.C.

21. Vanhoof, R., J. Content, E. Van Bossuyt, E. Nulens, P. Sonck, F.
Depuydt, J.M. Hubrechts, P. Maes, and E. Hannecart-Pokorni.
1993. Use of polymerase (PCR) for the detection of aacCA genes
encoding aminoglycoside-6'-N-acetyltransferases in reference
strains and Gram-negative clinical isolates from two Belgium hos-
pitals. J. Antimicrob. Chemother. 32, 23-35.

22. Vliegenthart, J. S., P. A. G. Ketelaar, and J. A. M. van de Klundert.
1991. Nucleotide sequence of the aacC3 gene, a gentamicin resis-
tance determinant encoding aminoglycoside-(3)-N-acetyltrans-
ferase III expressed in Pseudomonas aeruginosa but not in
Escherichia coli. Antimicrob. Agents Chemother: 35, 892-897.

23. Vliegenthart, J.S., P.A.G. Ketelaar-Van Gaalen, and J.A.M. van de
Klundert. 1990. Identification of three genes coding for aminogly-
coside-modifying enzymes by means of the polymerase chain
reaction. J. Antimicrob. Chemother. 25, 759-765.

24. Ward, D.M., R. Weller, and M.M. Bateson. 1990. 16S rRNA
sequences reveal numerous uncultured inhabitants in a natural
community. Nature (London) 345, 63-65.

(Received September 25, 2000/Accepted November 2, 2000)



278 Young Jong Lee et al. Kor. J. Microbiol

ABSTRACT: Molecular Biological Detection of the Genes Encoding Aminoglycoside Acetyltransferases
and Aerolysin in Water Samples from Juam Lake

Young Jong Lee,'* Hyo Sim Han,' and Jae Sung Jung'* (' Department of Biology, Sunchon
National University, Sunchon 540-742, *Department of Clinical Pathology, Kwangju Health
College, Kwangju 506-701. Korea)

The aacCl, aacC?2, aacC3, and aacC4 genes, which encode aminoglycoside acetyltransferase AAC3)-1, AAC(3)-
I, AAC(3)-11I, and AAC(3)-1V, respectively, and aerolysin genes in water samples from Juam lake were surveyed
by polymerase chain reaction. Surface water was collected from January 1996 to December 1998, and then bacterial
DNA was extracted from the water. Twelve samples were tested by PCR to servey the genes for aminoglycoside
acetyltransferase and aerolysin in the lake water. The aacC2 gene was detected in 9 of 12 DNA samples. Among
9 samples showing aacC2 positive, 7 samples were associated with Tn3 sequence. However, none of the twelve
samples amplified the expected DNA fragment for aacCl, aacC3. and aacC4 genes. PCR primer to detect the
aerolysin gene was designed using the conserved region of the genes for aerolysin and hemolysin of Aeromonas
spp. This primer set successfully amplified the expected 414 bp PCR product with the DNA samples from the
lake water. The aerolysin gene was detected in 7 of 12 DNA samples. When Southern hybridization of the gel
with probe was performed, the aerolysin gene was detected in 10 of 12 DNA samples. However, the seasonal
fluctuation of these genes was not found.





