
INTRODUCTION

Acanthamoeba spp. are the most ubiquitous
protozoa among environments such as soil,

air, freshwater and ocean sediment (De
Jonckheere, 1991). Sometimes the amoebae
can be carriers or vectors in the dispersion
and dissemination of pathogenic microbes
such as Legionella spp., Listeria spp., Myco-
bacterium spp., and Vibrio spp. (Jadin, 1973;
Ly and Muller, 1990; Field, 1991; Thom et al.,
1992; Kong and Chung, 1996; Chung et al,
1997). Furthermore, several members of the
genus Acanthamoeba play direct roles as
human pathogens causing life-threatening
granulomatous amebic encephalitis and
vision-threatening keratitis (Sisson et al.,
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Abstract: We investigated the value of mitochondrial small subunit rRNA gene (mt SSU
rDNA) PCR-RFLP as a taxonomic tool for Acanthamoeba isolates with close inter-
relationships. Twenty-five isolates representing 20 species were included in the analysis.
As in nuclear 18S rDNA analysis, two type strains (A. astronyxis and A. tubiashi) of
morphological group 1 diverged earliest from the other strains, but the divergence between
them was less than in 18S riboprinting. Acanthamoeba griffini of morphological group 2
branched between pathogenic (A. culbertsoni A-1 and A. healyi OC-3A) and nonpathogenic
(A. palestinensis Reich, A. pustulosa GE-3a, A. royreba Oak Ridge, and A lenticulata PD2S)
strains of morphological group 3. Among the remaining isolates of morphological group 2,
the Chang strain had the identical mitochondrial riboprints as the type strain of A.
hatchetti. AA2 and AA1, the type strains of A. divionensis and A. paradivionensis,
respectively, had the identical riboprints as A. quina Vil3 and A. castellanii Ma. Although
the branching orders of A. castellanii Neff, A. polyphaga P23, A. triangularis SH621, and A.
lugdunensis L3a were different from those in 18S riboprinting analysis, the results
obtained from this study generally coincided well with those from 18S riboprinting.
Mitochondrial riboprinting may have an advantage over nuclear 18S rDNA riboprinting
because the mt SSU rDNAs do not seem to have introns that are found in the 18S genes of
Acanthamoeba and that distort phylogenetic analyses.
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1995).
Recent molecular systematic studies

provided a new classification of the genus
Acathamoeba. Stothard et al. (1998) classified
53 strains of Acanthamoeba spp. into 12 Rns
sequence types based on sequence analysis of
18S rDNA. The results obtained were incon-
sistent with some previous species designation
and indicated that the taxonomy of Acanth-
amoeba should be revised. Although 18S rDNA
sequence data are useful for identification and
differentiation of Acanthamoeba isolates,
generation of sequence data is too labor-
intensive and expensive for routine identi-
fication and classification of Acanthamoeba.
Riboprinting, PCR-RFLP analysis of 18S rDNA,
is a simpler and less expensive substitute for
18S rDNA sequence analysis (Clark and
Diamond, 1997). Chung et al., (1998) applied
riboprinting to subgenus classification of
Acantamoeba. The results were congruent with
those of sequence analysis. However, 18S
rDNA of some Acanth-amoeba strains contains
an intron, which therefore can generate
misleading results (Chung et al., 1998).

Mitochondrial DNA (mtDNA) is a molecular
clone within mitochondriate eukaryotic cells
like Acanthamoeba. Although variation of the
mitochondrial genome size limited the
availability of the RFLP analysis of whole
mitochondrial genome as a phylogenetic tool,
usefulness of mitochondrial small subunit
(SSU) rDNA remains unknown. In this study,
we evaluated PCR-RFLP of Acanthamoeba
mitochondrial SSU rDNA as a phylogenetic
tool and compared the results with those from
nuclear riboprinting analysis.

MATERIALS AND METHODS

Acanthamoeba
Twenty-five strains including 20 type strains

of the genus Acanthamoeba which were
previously assigned to 20 species, were
obtained from ATCC (Table 1). They were
cultured axenically in Proteose peptone-Yeast
extract-Glucose (PYG) or Proteose peptone-
Yeast extract-Glucose-Cysteine (PYGC) media
at 25°C or 37°C (Chung et al., 1996).

Extraction of mtDNA
mtDNA of Acanthamoeba was extracted

using phenol and phenol/chloroform (1:1) and
recovered by precipitation with cold absolute
ethanol in the presence of sodium acetate
(Yagita and Endo, 1990). The DNA was stored
at -20°C until used as template DNA for PCR
reactions.

PCR amplification of mitochondrial SSU
rRNA coding DNA (SSU rDNA) 

The primers for the PCR, FP16; 5’-
TTGTATAAACAATCGTTGGGTTTTATT-3’,
RP16; 5’-GTCCAGCAGCAGGTTCCCCTAC
CGCTA-3’, are designed to hybridize to highly
conserved sequences at the extreme 5’ (P3)
and 3’ (P4) termini of mitochondrial SSU rDNA
(Lonergan and Gray, 1994). The PCR was done
using a kit of premixed PCR reagents (Bioneer,
Chongwon, Korea) and a thermal cycler
(Perkin Elmer Cetus, CA, USA). Fifty µl scale
premix was dissolved in 47 µl of distilled water
and vortexed vigorously. One µl of template
DNA and 1 µl of each primer (25 nmol concen-
tration) were added to the premix and mixed
thoroughly. The whole mixture was covered
with 20 µl of mineral oil. Each PCR process
was performed through 30 cycles at 94°C for 1
min, 58°C for 30 sec, and 72°C for 2 min
followed by an extension time of 10 min. After
amplification, the mineral oil was removed by
treating with chloroform and the amplified
DNA was stored at -20°C until used (Chung et
al., 1998).

RFLP of mitochondrial SSU rDNA
The PCR products of 25 strains were electro-

phoresed in a 1.5% agarose gel with DNA size
standards (Amplisize, Biorad, CA, USA). Eight
kinds of restriction endonucleases (Hae III,
Hsp92 I, Hinf I, Dde I, Mbo I, Sau96 I, Rsa I,
and Taq I; Poscochem, Seoul, Korea), which
have recognition sequences of four nucleo-
tides, were used to generate comparative
riboprints. The amplified DNA (1 µg) was
digested with 5-10 units of the enzymes for 2
hr with recommended buffers at 37°C, except
for Taq I (67°C), and electrophoresed in a 2.5%
agarose gel (agarose 3: Nusieve 1) for 1.5 hr.
To differentiate small DNA fragments, which
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within nuclear 18S rDNA.
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