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Synthetic oligonucleotide primers of 24 and 23 bases were used in a PCR assay to amplify a sequence of the
lip gene, which encodes a thermostable extracellular lipase of Aeromonas hydrophila. A DNA fragment of
approximately 760 bp was amplified from both sources, i.e., lysed A. hydrophila cells and isolated DNA. The
amplified sequence was detected in ethidium bromide-stained agarose gels or by Southern blot analysis with
an internal HindIII-BamHI 356-bp fragment as a hybridization probe. With A. hydrophila cells, the sensitivity
of the PCR assay was <10 CFU, and with the isolated target, the lower detection limit was 0.89 pg of DNA.
Primer specificity for A. hydrophila was determined by the PCR assay with cells of 50 strains of bacteria,
including most of the 14 currently recognized DNA hybridization groups of Aeromonas spp. as well as other
human and environmental Aeromonas isolates. Detection of A. hydrophila by PCR amplification of DNA has
great potential for rapid identification of this bacterium because it has proved to be highly specific.

Aeromonas hydrophila and related species are gram-nega-
tive, facultatively anaerobic freshwater bacteria which are re-
lated to disease in humans and are also pathogenic for aquatic
and terrestrial animals (1, 11, 17). Most human and environ-
mental isolates of A. hydrophila and related aeromonads se-
crete many extracellular products, some of which, such as aero-
lysin, enterotoxins, proteases, and acetylcholinesterase, have
been characterized and considered as virulence factors in
pathogenesis (4, 14, 15, 17, 22, 23). Furthermore, A. hydrophila
releases an extracellular glycerophospholipid-cholesterol acyl-
transferase, which has been characterized by others (8, 24, 26).
Glycerophospholipid-cholesterol acyltransferase is analogous
to the mammalian plasma enzyme lecithin-cholesterol acyl-
transferase (12) and, like other lipases found in the microbial
world, is a member of the lipase superfamily. In addition, we
have purified and characterized another extracellular lipase,
and its gene, the lip gene, has been cloned and sequenced (2).
Microbial lipases have received increasing attention because of
their potential biotechnological applications as stereospecific
catalysts, flavor-modifying enzymes, or detergent additives (6),
but their role in bacterial metabolism is not fully understood.
Lipases may be important extracellular enzymes for bacterial
nutrition (7), and they may also be virulence factors affecting
several immune system functions through free fatty acids gen-
erated by lipolytic activity (3, 5).
Since A. hydrophila was first recognized as a significant op-

portunistic pathogen for humans, many efforts were dedicated
to find methods for a correct identification (16, 18) and also for
classification of species belonging to this genus. For many
years, the taxonomy of Aeromonas spp. was confusing, and
after significant revision, it now appears reasonably ordered
(13). Popoff and coworkers (20), studying 55 Aeromonas
strains, placed them into DNA hybridization groups (HGs).
Since then, the taxonomy of the genus has depended on a
complex mixture of phenotypic and genotypic data. Biochem-
ically distinct species are referred to as phenospecies, whereas
distinct DNA HGs are called genospecies or genomic species.

Bergey’s Manual of Systematic Bacteriology (19), on the basis of
phenotypic characteristics, recognizes the following four
groups or complexes in the genus Aeromonas: A. hydrophila
(HGs 1, 2, and 3), Aeromonas caviae (HGs 4, 5A, 5B, and 6),
Aeromonas sobria (HGs 7, 8, and 9), and Aeromonas salmoni-
cida (HG 3). These groups are treated as if they were members
of one (pheno)species, although each consists of one or more
HGs. In comparison, the following recently described taxa
seem to be genotypically more homogeneous: Aeromonas vero-
nii biogroup veronii (HG 10), Aeromonas schubertii (HG 12),
and Aeromonas trota (HG 13) (9). Actually, the genus Aero-
monas contains at least 11 phenospecies and at least 14 HGs
(10).
Since more and more A. hydrophila strains are being found

in different samples (water, fecal and clinical specimens, and
food), the development of sensitive and specific methods for
rapid detection of A. hydrophila is needed. Amplification of
specific DNA by PCR provides a highly sensitive and specific
tool for the detection of microorganisms from different
sources. In this report, we describe the development of a spe-
cific, rapid, and sensitive nucleic acid-based procedure (PCR)
to detect the lipase H3 gene in A. hydrophila cells without
nucleic acid extraction. The utility of the PCR is further en-
hanced by the hybridization assay for the PCR product.

MATERIALS AND METHODS
Strains and culture conditions. The Aeromonas strains used in this study are

detailed in Table 1. All reference strains were obtained from the Spanish Type
Culture Collection (CECT), and another designation is given when known.
Environmental strains have been isolated in our laboratory and identified as
described previously (19). Two strains of A. hydrophila, 67-P-24 and 1.54, were
fish isolates (25). Human isolates were provided by the Hospital Princesa Sofı́a,
León, Spain, and identified as before. Strains were grown on Luria broth (LB) or
Luria agar. To detect extracellular lipolytic activity, Luria agar was supplemented
with 0.5% tributyrin emulsified by sonication in the presence of 0.2% Triton
X-100; a clear halo around colonies indicated lipolytic activity (2). Cells were
incubated at 288C except for strains of A. salmonicida, which were incubated at
208C. Escherichia coli C600-1, used to propagate plasmid pLA2 (2), was grown on
LB medium and incubated at 378C. E. coli C600-1 and E. coli AB2829 were
included in the PCR assay as negative controls. Streptococcus pyogenes CECT 190
was grown on nutrient agar and incubated at 378C, and Pseudomonas putida
CECT 324 and Serratia marcescens CECT 159 were grown on LB and incubated
at 268C.* Corresponding author. Phone: 34 987 291294. Fax: 34 987 291194.
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DNA isolation and manipulation. Chromosomal DNA from Aeromonas
strains was obtained from an overnight culture grown on LB medium as reported
earlier (21). Plasmid DNA was extracted by an alkaline lysis procedure and
purified by two rounds of ultracentrifugation through CsCl-ethidium bromide
gradients followed by extensive dialysis (for 6 h, and with buffer changed every
hour) against Tris-EDTA buffer (10 mM Tris hydrochloride [pH 8.0], 1 mM
EDTA). The internal HindIII-BamHI 356-bp fragment from plasmid pLA2 (2),
used as a probe in hybridization studies, was purified from an agarose gel by use
of a Geneclean II kit (Bio 101, Inc., La Jolla, Calif.) as described in the instruc-
tions of the manufacturer.

Oligonucleotide probes. Primers were selected on the basis of the nucleotide
sequence of the 1,952-bp lipase gene derived from A. hydrophila H3 and pub-
lished elsewhere (2). Primers were synthesized by British Bio-Technological
Products (Avingdon, England), and the sequences of the two primers of 24 and
23 bases, respectively, were 59-AACCTGGTTCCGCTCAAGCCGTTG-39
(primer 1) and 59-TTGCTCGCCTCGGCCCAGCAGCT-39 (primer 2). Primer 1
was between nucleotides 1442 and 1467, and primer 2 was between nucleotides
11181 and 11205.
Preparation of PCR samples and PCR amplification. Samples to be analyzed

were cultures of bacteria and bacterium-extracted nucleic acids. Bacteria were

TABLE 1. Summary of microorganisms used in this study and their lipolytic activities and PCR products

Aeromonas strains HG Lipolytic
activitya

PCR product
(760 bp)

Reference strains
A. hydrophila CECT 839 (ATCC 7966) 1 1 1
A. hydrophila CECT 398 (NCIB 9233) 2 1 2
A. hydrophila CECT 4223 (ATCC 14486) 2 1 2
A. euchrenophila CECT 4224 (ATCC 23309) 6 1 2
A. jandaei CECT 4228 (ATCC 49568) 9 1 2
A. salmonicida CECT 895 (ATCC 33659) 3 1 2
A. salmonicida CECT 894 (ATCC 33658) 3 1 2
A. salmonicida CECT 896 (ATCC 27013) 3 1 2
A. sobria CECT 837 (NCIB 12065) 7 1 2
A. trota CECT 4255 (ATCC 49657) 13 1 2
A. enteropelogenes CECT 4487 (ATCC 49803) NDb 1 2
A. shuberti CECT 4241 (ATCC 43700) 12 1 2
A. ichthiosmia CECT 4486 (ATCC 49904) ND 1 2
A. media CECT 4232 (ATCC 33907) 5b 1 2
A. allosaccharophila CECT 4199 ND 1 2
A. caviae CECT 838 (ATCC 15468) 4 1 2

Environmental strainsc

A. hydrophila D6 1 1 1
A. hydrophila D9 1 1 1
A. hydrophila D11 1 1 1
A. hydrophila D13 1 1 1
A. hydrophila A7 1 1 1
A. hydrophila F9 1 1 1
A. hydrophila S04/1 1 1 1
A. hydrophila 67-p-24 1 1 1
A. hydrophila B01.3 1 1 1
A. hydrophila B01.6 1 1 1
A. hydrophila B01.9 1 1 1
A. hydrophila B01.27 1 1 1
A. hydrophila B01.28 1 1 1
A. hydrophila 1.54 1 1 1
A. hydrophila S02/2 1 1 1
A. caviae B01.5 4 1 2
A. caviae B01.31 4 1 2
A. caviae B01.32 4 1 2
A. caviae D5 4 1 2
A. caviae D8 4 1 2
A. caviae D10 4 1 2
A. caviae B01.10 4 1 2
A. caviae B01.11 4 1 2
A. caviae B01.23 4 1 2
A. caviae B02.8 4 1 2
A. caviae H01 4 1 2
A. caviae H02 4 1 2
A. caviae H03 4 1 2
A. sobria HS1 7 1 2
A. sobria HS2 7 1 2
A. sobria B01.1 7 1 2

Human isolatesd

A. hydrophila H1 1 1 1
A. hydrophila H2 1 1 1
A. hydrophila H3 1 1 1

a Lipolytic activity was determined as described previously (14).
b ND, not determined.
c Freshwater isolates; identified as described previously (24).
d Isolated from a blood culture from hospitalized patients.
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diluted in sterile saline prior to lysis by 10 min of boiling in a water bath. For
determining the sensitivity of the PCR, 10-fold serial dilutions (106 to 0 bacteria)
were tested. One hundred microliters of each boiled dilution was centrifuged
(12,000 3 g for 15 min) to remove cellular debris, and 5 ml of supernatant was
used for PCR amplification without further processing. Viable cells were counted
as CFU by triplicate plating of samples on Luria agar and counting colonies after
incubation at 288C for 24 h. When nucleic acids were used, the sensitivity of the
PCR was determined by amplifying 5 ml of 10-fold serial dilutions (1 ng to 0.1
pg). PCR amplification was performed with a DNA thermal cycler (Perkin-
Elmer Cetus, Norwalk, Conn.) by use of a PCR kit (Boehringer GmbH, Mann-
heim, Germany) and as described in the instructions of the manufacturer with
some modifications. The reaction mixture consisted of 5 ml of DNA-containing
sample, 1.25 U of Taq DNA polymerase, 5 ml of 103 PCR amplification buffer
(100 mM Tris-HCl, 20 mM MgCl2, 500 mM KCl [pH 8.3]), 1 mM each primer,
0.4 mM deoxynucleoside triphosphate, and double-distilled water up to a final
volume of 50 ml. To prevent evaporation, 50 ml of mineral oil was added to the
mixtures. A total of 40 PCR cycles were run under the following conditions:
DNA denaturation at 948C for 1 min, primer annealing at 628C for 1 min, and
DNA extension at 728C for 1.5 min. After the final cycle, reactions were termi-
nated by keeping them at 728C for 5 min.
Southern blot. PCR products were analyzed by agarose gel electrophoresis in

a horizontal 1.2% agarose gel and with ethidium bromide incorporated for DNA
staining. The DNA was blotted onto a nylon membrane and hybridized with
DNA labeled by random priming with digoxigenin-dUTP. Hybrids were detected
by enzyme immunoassay as described in the manufacturer’s instructions (Boehr-
inger). Stringent conditions were used for hybridization, i.e., 50% formamide and
a temperature of 428C.

RESULTS AND DISCUSSION

Development of the PCR assay and specificity of the PCR.
Although the PCR amplification procedure was performed
according to the manufacturer’s suggestions, minor modifica-
tions were introduced. The optimal concentration of MgCl2
was 2 mM in the reaction mixture; no amplification product
was obtained when the concentration was 1.5 mM, and non-
specific amplification was obtained when the concentration of
MgCl2 was higher than 2 mM. The primer pair was designed on
the basis of the published nucleotide sequence of the lip gene
(2) and used to amplify target sequences in genomic DNA
from 50 strains of Aeromonas spp. (Table 1). An expected
product with a length of 760 bp was obtained in the PCR when
A. hydrophila H3 cells, the source of the cloned lip gene, were
used as the source of target DNA (Table 1). A. hydrophila H3
presumably belongs to hybridization group 1 (HG 1) on the
basis of a set of 11 key tests carried out and currently used to
identify all recognized Aeromonas genospecies (13). All envi-
ronmental strains of A. hydrophila isolated in our laboratory
and those from human sources were identified as DNA HG 1
members; a PCR amplification product of the expected length
(760 bp) was obtained (Table 1). A. hydrophilaATCC 7966, the
type strain and definition strain for DNA HG 1 (Table 1), was
also positive in the PCR amplification assay. Two other refer-
ence strains of A. hydrophila (CECT 398 and CECT 4223) were
negative in the PCR amplification assay (Table 1). These two
strains are included in the DNA HG2 after identification. No
amplification product was obtained when bacterial cells or
isolated nucleic acids from reference strains, representing most
of the HGs, or A. caviae and A. sobria, isolated in our labora-
tory, were used as template DNA (Table 1). These results
suggest that the pair of primers used in this study is specific for
PCR amplification of a 760-bp fragment from an A. hydrophila
H3 cloned lip gene and appears to be specific for A. hydrophila
strains included in DNA HG 1. We did not obtain nonspecific
amplification products. As a routine negative control, E. coli
cells or isolated nucleic acid was used.
Southern blot hybridization of PCR amplification products

with an internal 356-bp HindIII-BamHI probe was performed
as described in Materials and Methods. All amplification prod-
ucts hybridized with the internal probe (data not shown), dem-

onstrating that these products originated from the previously
cloned lip gene.
A PCR protocol has been designed to detect the aerolysin

gene in A. hydrophila-extracted nucleic acid (18); however,
strains of Streptococcus pyogenes producing erythrogenic toxin
and streptolysin O were also typified by amplification of a
200-bp fragment that could be differentiated from the 209-bp
aer gene amplification product by 4% agarose gel electro-
phoresis or NciI endonuclease restriction. To check whether
our pair of primers could target DNA from Streptococcus pyo-
genes, we used strain CECT 190 of this microorganism as well
as other lipase producers such as Serratia marcescens CECT
159 and P. putida CECT 324 in a PCR assay. PCR products
were not obtained in any case (data not shown). Up to this
point, these results demonstrated that the primer pair used in
our study and targeting the lip gene could not target any DNA
other than that of A. hydrophila included in the DNAHG 1 and
could be considered an excellent method of identifying strains
of A. hydrophila included in HG 1.
Lipolytic activity and PCR product. Aeromonads are known

to express many extracellular enzymatic activities. All strains of
Aeromonas spp. analyzed to date in our laboratory secrete
lipolytic activity (Table 1) into the culture medium as deter-
mined in LB agar supplemented with 0.5% tributyrin. By this
procedure, it was not possible to differentiate among the lipo-
lytic activities secreted by Aeromonas spp., as was the case for
aerolysin and other beta-hemolytic activities secreted by Aero-
monas spp. as determined with an agar medium supplemented
with erythrocytes (personal observation). The fact that all
strains of Aeromonas spp. showed lipolytic activity demon-
strated that more than one lipolytic activity was being secreted
into the medium. Although two lipases, belonging to the lipase
superfamily, have been described to date as being present in
culture supernatant of A. hydrophila strains (2, 26), we also
detected esterase activity when purified b-lactamase from A.
hydrophila was assayed with p-nitrophenyl derivatives as sub-
strates (unpublished results). The presence of more than one
lipolytic activity might be considered the reason why all strains
of Aeromonas spp. showed this activity and only lipase H3
producers were positive in the PCR assay. Strains of Aeromo-
nas spp. that were negative in the PCR amplification assay and
positive for lipolytic activity lack production of lipase H3,
which might be masked by other lipolytic activities. That is the
reason why the isolation and characterization of species-spe-
cific genes must be a useful tool for identifying all recognized
Aeromonas genospecies.
Sensitivity of the PCR assay. The lower limit of detection of

A. hydrophila bacterial cells or isolated DNA by PCR was
examined for strain H3. A suspension of bacterial cells was
diluted and processed as detailed in Materials and Methods.
Amplification which resulted in detectable levels of PCR prod-
uct was achieved when a minimum of 8 CFU of A. hydrophila
were lysed (Fig. 1A), on the basis of an average of five repeated
testings of viable cells and PCR assays. Similar detection limits
were observed when other strains of A. hydrophila were used.
A PCR amplification product could not be obtained when a
sample with more than 106 CFU was used in the assay, prob-
ably because of accumulation of soluble cell products inhibi-
tory to PCR. Isolated DNA from A. hydrophila H3 was serially
diluted in saline and used as a template. The minimum amount
of purified DNA in the reaction mixture needed to obtain a
detectable PCR product was 0.89 pg (Fig. 1B).
Our PCR assay also detected A. hydrophila in natural sam-

ples, such as river water, without culturing. The limit of detec-
tion was related to environmental temperature, season of the
year, and water pollution.
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FIG. 1. (A) Agarose gel analysis of PCR products of boiled 10-fold serial
dilutions of A. hydrophila H3 grown in LB broth. Lanes: 1 to 5, 104 to 1 CFU,
respectively, of A. hydrophila H3. (B) Agarose gel analysis of PCR products of
10-fold serial dilutions of extracted nucleic acid from A. hydrophila H3. Lanes: 1
to 5, 1 ng to 0.1 pg, respectively, of extracted nucleic acid. Standards from
HaeIII-digested fX174 (top to bottom, 1,353, 1,078, 872, and 603 bp) are shown
in lanes S.

1170 CASCÓN ET AL. APPL. ENVIRON. MICROBIOL.


