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Subgenus classification of Acanthamoeba by riboprinting
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Ho-Cheol YUN and Hyun-Hee KONG

Abstract: Subgenus classification of Acanthamoeba remains uncertain. Twenty-three
reference strains of Acanthamoeba including 18 (neo)type-strains were subjected for
classification at the subgenus level by riboprinting, PCR/RFLP analysis of 185 rRNA gene
(rDNA). On the dendrogram reconstructed on the basis of riboprint analyses, two type-
strains (A. astronyxis and A. tubiashi) of morphological group 1 diverged early from the
other strains and were quite distinct from each other. Four type-strains of morphological
group 3, A. culbertsoni, A. palestinensis, A. healyi were considered taxonomically valid, but
A. pustulosa was regarded as an invalid synonym of A. palestinensis. Strains of
morphological group 2 were classified into 6 subgroups. Among them, A. griffini which has
an intron in its 185 rDNA was the most divergent from the remaining strains.
Acanthamoeba castellanii Castellani, A. quina Vil3, A. lugdunensis L3a, A. polyphaga
Jones, A. triangularis SH621, and A. castellanii Ma strains belonged to a subgroup, A.
castellanii complex. However, A. quina and A. lugdunensis were regarded as synonyms of
A. castellanii. The Chang strain could be regarded as A. hatchetti. Acanthamoeba
mauritaniensis, A. divionensis, A. paradivionensis could be considered as synonyms of A.
rhysodes. Neff strain was regarded as A. polyphaga rather than as A. castellanil It is likely
that riboprinting can be applied for rapid identification of Acanthamoeba isolated from the
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clinical specimens and environments.
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INTRODUCTION

Acanthamoeba spp. are ubiquitous among
human environments such as soil, air, fresh-
and sea-water (De Jonckheere, 1991). Some
species of the genus Acanthamoeba are
recognized as human pathogens causing life-
threatening granulomatous amebic encepha-
litis and vision-threatening keratitis (Sisson et
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al., 1995). Sometimes, the amoebae can play
roles as carriers or vectors in the dispersion
and dissemination of pathogenic microbes
such as Mycobacterium spp., Legionella spp.,
Vibrio spp. and Listeria spp. (Jadin, 1973; Ly
and Muller, 1990; Field, 1991; Thom et al.,
1992).

In spite of the medical importance of the
genus Acanthamoeba, subgenus classification
of Acanthamoeba spp. is still problematic.
Although identification at the genus level could
be easily accomplished by morphology,
profound variation of the cyst morphology
within a clone (Page, 1988) limited the
availability of morphology alone as a
taxonomic tool (Visvesvara, 1991). Alloenzyme
and mitochondrial DNA RFLP analyses have



been applied, but the results were highly
polymorphic among strains assigned to the
same species (Kong et al., 1995; Chung et al,,
1996).

Comparison of highly conserved sequences,
which have a central function, can reveal
phylogenetic relationships between organisms
(Sogin et al., 1989). The nuclear small-subunit
TRNA gene is a good example and has been the
most widely used- for phylogenetic study of
organisms. Recently, after sequence analysis
of 185 rDNA, Stothard ef al. (1998) classified
53 strains of Acanthamoeba spp. into 12 Rns
sequence types. The results obtained were
inconsistence with some previous species
designations and indicated that the taxonomy
of Acanthamoeba should be revised. The
taxonomic validity of many Acanthamoeba
strains at the species level remains unclear.

Although 185 rDNA sequence data are
useful for identification and differentiation of
Acanthamoeba isolates, generation of sequence
data is too labor-intensive and expensive for
routine identification and classification of
Acanthamoeba. Therefore, a simpler and less
expensive method is needed.

Riboprinting, PCR/RFLP analysis of 183
rRNA gene, was recently used for subgenus
classification of morphologically indistin-
guishable protozoan genera such as Trypano-
soma (Clark et al.,, 1995) and Tetrahymena
(Jerome and Lynn, 1996) and the results were
very satisfactory. Thus, in this study, we
analyzed the riboprinting patterns of 23
reference strains including 18 (neo)type
strains for subgenus classification of Acanth-
amoeba spp. and discussed taxonomic validity
of some taxa.

MATERIALS AND METHODS

Acanthamoeba

Twenty three strains including 18 (neo) type
strains of the genus Acanthamoeba which were
previously assigned to 18 species, were
obtained from ATCC (Table 1). They were
cultured axenically in Proteose peptone-Yeast
extract-Glucose (PYG) medium or Proteose
peptone-Yeast extract-Glucose-Cysteine
(PYGC) medium at 25°C or 37°C.

Extraction of genomic DNA

Genomic DNA of Acanthamoeba was
obtained by the method described by Kong and
Chung (1996). Briefly, Acanthamoeba tropho-
zoites (5 x 106) washed with phosphate-
buffered saline (PBS) were boiled with 0.1 ml
of 0.1 N NaOH for 3 min. Supernatant
collected after centrifugation at 800 g for 2
min at room temperature was mixed with 0.2
ml of distilled water. The genomic DNA was
extracted using phenol and phenol/ chloroform
(1:1) and recovered by precipitation with cold
absolute ethanol in the presence of sodium
acetate. The DNA was stored at —-20°C until
used.

PCR amplification of small subunit
ribosomal RNA coding DNA (ssu rDNA)
The primers for the PCR, P3; 5’-
CCGAATTCGTCGACAACCTGGTTGAT
CCTGCCAGT-3', P4; 5'-GGATCCAAGCTTGA
TCCTTCTGCAGGTTCACCTAC-3’, are designed
to hybridize to highly conserved sequences at
the extreme 5' (P3) and 3' (P4) termini of
eukaryotic ssu rDNA (Bhattacharya et al.,
1995). The PCR was done using a kit of
premixed PCR reagents (Bioneer, Korea) and a
thermal cycler (Perkin Elmer Cetus, USA). Fifty
1l scale premix was dissolved in 47 ul of
distilled water and vortexed vigorously. One ul
of template DNA and 1 ul of each primer (25
nmol concentration) were added to the premix
and mixed thoroughly. The whole mixture was
covered with 20 ul 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.

Riboprinting

The PCR products of 23 strains were
electrophoresed in a 2.5% agarose gel with
DNA size standards (Hind III digested A phage
DNA, Poscochem, Korea; Amplisize, Biorad,
USA). Ten kinds of restriction endonucleases
(Hae 111, Hha I, Hinf I, Msp I, Dde I, Mbo I,
Sau96 I, Rsa I, Tag I and Tru9 [; Poscochem,
Korea) which have recognition sequences of



‘uoTeudIssp so1ads 91BINOJE 10 PAP9aU g ABW SIIPNIS I8YUN Y "PSUNILISISP 10N (q "PAUTE]SI SUTRU S3103ds sweg e

O sisusunsapd Y (e£61) Yoy [o'IS] fros - 0280€ 4oy €T
sisuaunsapd v vsopysnd Y (££61) suod B pressnd Qouely ood Sunuwipms - 23205 eg-AD (44
C fipay v {2681} T2 32 BINCI VS qvo + 9980¢ vg-00 12
O HOSLBGIND Y (0261) sed » ysuig vsn sInynd Inssn + 14108 v 0T
O nmsogm v {6L61) 19AMES ] SIMY] vsn I3ALI pu £980¢ 2G1-00 61

O spefivoysn 'y (FS61) sedel B Aey vsn [ios pu L810€ sadeH 1 Aey 81

O njub 'y {1261) 124meg VS uroyoq-yoeaq + 1€.0€ 4-S L1

O uosusaals y (£661) 0 32 I9ineg V¥SN  JUSUIPIs UB300 pu 88809 1-J4-94 91

O waysToY Y (2261) 0 12 Iodmeg VS JUSWIPIs UB300 + 0£208 Z-Hd ST
mayoy 'y HUDNISDS 'Y (0661) 0 12 s194g SN Iayem-ysay + 8680¢ Jueyp !
O pboydfod v {£961) a8ed vsn Joyem-ysay - 12808 £2d s1

* nuppAISwY Y (1861) ' 12 B vsn snne1sy + 0.€05 el 4\

» nuppRISHY 'Y (2G61) B3N vsn fios - 01008 BeN It
saposfiyd 'y sisusuoympoind 'y {£261) suod 3 pressng souely Ttos - 1520% vV o1
saposfiyi 'y SISUBLGIAID Y (£261) suod B pressng ouely ios - 8€20S oYY 6
saposfiyt 'y SISUBIUDILINDW "y (£261) suod B pIessnd  0J20I0W Tros - £3209 fasiel] 8
O saposfiyd 'y (gse1) Usws  puedug ros - £2608 ysurs Ja

* vboydfijod "y (F261) 1012 uojdurfeN  pueSug suRe1ay + £.80¢€ uojduideN 9

* suombuory 'y (£261) suod B pressng souelg $309] Leuwny pu ¥520S 1Z9HS g

P* vboydfijod v (G261) ' jo ssuop VSN spReIay + 19¥0¢ souop v
NUOR2ISDD Y umb 'y (£261) suod B pressnd souery  1ood Supunuwms qpu 19205 STIA o
nuUDRAISDS Y sisusunpbm 'y (2261) suod % pIessng soueld  food Fupuwirms + 0FZ0S e z
O nuLR3)SLS 'Y {oes1) se[noq ° puelfug aInno Iseah + 11008 UE[[Ise) I

uoneussap uoneusIsap 32IN0S 22IN0S ON
saads pasodoig s3102ds JTouLIo,] SoUsRIY orqderdoany  [BJUSWIUOIAUL SousIA 201V urens PqUInN

Apn)s ST Ul PIsAJRUR DG30WDLIUDIY Jo sUrens gg Jo IsIT "1 d[qeL



—79

four nucleotides were used to generate
comparative riboprints. The amplified DNA (1
ug) was digested with 5-10 units of the
enzymes for 2 hr with recommended buffers at
37°C, except for Taq I and Tru9 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 were unclear in the
agarose gel, digested samples were electropho-
retically separated in 12% polyacrylamide gels.
The gels were stained with ethidium bromide
and photographed under an UV trans-
illuminator.

Sequence divergence estimates were
calculated by the Nei and Li equation (1979)
from a fragment co-migration dataset (an
average of 15.8% of the SSU-rDNA sequence)
which was obtained by comparison of the
riboprints of 23 Acanthamoeba strains each
other. A phylogenetic tree was reconstructed
by the unweighted pair group method with
arithmetic average (UPGMA) using a computer
program Phylip version 3.5 (Clark, 1992;
Felsenstein, 1993).

RESULTS

Only a single PCR product was amplified
from each Acanthamoeba strain (Fig. 1). The
PCR products of Acanthamoeba strains were
approximately 2,300 nucleotides in length as
predicted, except for A. astronyxis (2.7 kb), A.
tubiashi (2.6 kb), and A. griffini (2.8 kb).

Riboprint patterns of 23 Acanthamoeba
strains by ten restriction endonucleases are
shown schematically in Fig 2. The patterns of
A. rhysodes, A. mauritaniensis, A. divionensis
and A. paradivionensis were identical with all
enzymes. The Chang strain which was
previously assigned to A. castellanii showed
very similar riboprints to the BH-2 strain, the
type strain of A. hatchetti. The GE-3a strain
which was assigned to A. pustulosa revealed
very similar riboprints to the Reich strain, the
type strain of A. palestinensis.

Proportions of co-migrating fragments and
estimated genetic distance between amoebae
strains are shown in Table 2, and the
dendrogram constructed based on the
estimated genetic distance is presented in Fig
3. Acanthamoeba astronyxis Ray & Hayes and
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Fig. 1. Agarose electrophoretic pattern of PCR
products from Acanthamoeba 23 strains. Hind 111
digested A phage DNA was used as DNA size
marker (M).

A. tubiashi OC-15C of morphological group 1
{Pussard and Pons, 1977) were the earliest
branching strains. Among the remaining
strains, the most divergent were A. culbertsoni
A-1 and A. healyi OC-3A, which belong to
morphological group 3 and are known to be
highly virulent. Acanthamoeba griffini, with an
intron in its 185 rRNA gene (Gast et al.. 1996;
Ledee et al., 1996), branched between virulent
(strains A-1 and OC—BA) and avirulent
subgroups (strains GE-3a and Reich) of
morphological group 3. The 17 strains
belonging to morphological group 2 were
classified into six subgroups by 2% estimated
genetic distance. The first subgroup of strains
consisted of A. castellanii Castellani and Ma,
A. quina Vil3, A. lugdunensis L3a, A.
polyphaga Jones, and A. triangularis SH621.
Among these, the Vil3 and L3a strains were
found to be most closely related with the
Castellani strain. The second subgroup of
strains included A. polyphaga Nagington, A.
mauritaniensis 1652, A. rhysodes Singh, A.
divionensis AA2, and A. paradivionensis AAl.
Acanthamoeba polyphaga P23 formed a
subgroup with A. castellanii Neff strain.
Acanthamoeba hatchetti BH-2 clustered with
A. castellanii Chang to form another subgroup.
Acanthamoeba stevensoni RB-F-1 and A.

griffini S-7 were placed individually.

DISCUSSION

The present study revealed that a dendro-
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Fig. 2. Schematic representation of riboprints of 23 strains of Acanthamoeba by 10 kinds of restriction enzymes. Hae III digested ®X174

DNA was used as the size marker,
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Fig. 3. Dendrogram of 23 strains of Acanthamoeba constructed by UPGMA method using Phylip ver. 3.5

based on genetic divergence estimates.

gram based on riboprints coincided well with
the grouping of Pussard and Pons (1977)
based on the morphological features of cysts
and with the dendrogram reconstructed by
Stothard et al. (1998) based on the 185 rRNA
gene sequences. Two strains of morphological
group 1, A. astronyxis Ray & Hayes and A.
tubiashi OC-15C, were the most divergent
(estimated genetic divergence, d>0.2) from the
Castellani strain of A. castellanii, the type
strain of the type species. Those two strains
showed larger PCR products as reported by
Stothard et al. (1998). Four strains of morphol-
ogical group 3, A. culbertsoni A-1, A. healyi
OC-3a, A. palestinensis Reich, and A. pustul-
osa GE-3a were the second most divergent
(0.15>d>0.10) from the Castellani strain.
Among 17 strains of morphological group 2, A.
griffini was the most divergent (d = 0.091) from
the Castellani strain. It was placed between
virulent and avirulemt subgroups of
morphological group 3 amoebae on the
dendrogram in this study. However. when the
intron was removed from its 18S rDNA by
computer-aided analysis. the branching order
of the amoeba was next to the other group 2
amoebae (Data not shown). Acanthamoeba
griffini previously has been shown to have an
intron within the 185 rRNA gene (Gast et al.,

1996; Ledee et al., 1996), thus, explaining the
gene's larger size. The large size of the genes of
A. astronyxis and A, tubilashi were due to
insertions, but not to introns (Stothard et al.,
1998).

Strains AAl, AA2, and 1652 were previously
assigned to A. paradivionensis, A. divionensis,
and A. mauritaniensis, respectively. However,
these 3 strains showed the identical riboprints
with Singh strain, the type strain of A,
rhysodes. In particular, AAl and AA2 strains
were identical in mitochondrial (mt) DNA RFLP
patterns (unpublished data) and alloenzyme
patterns (De Jonckheere, 1983). These four
strains were originally isolated from soil and
were regarded avirulent. De Jonckheere (1983)
analyzed electrophoretic patterns of all-
oenzymes and total proteins and suggested
that A. paradivionensis and A. divionensis were
closely related to A. rhysodes R4e strain.
However, he couldn’t conclude that the species
names are synonyms of A. rhysodes, since he
failed to analyze the type strain of A. rhysodes.
In the present study using Singh strdin, the
type strain of A. rhysodes, we confirmed that
A. divionensis and A. paradivionensis are
synonyms of A. rhysodes. Acanthamoeba
mauritaniensis should also be a synonym of A.
rhysodes. The Nagington strain was found to



be closely related with these strains.

Vil3 and L3a strains, previously assigned as
A. quina and A. lugdunensis respectively,
should be regarded as synonyms of A,
castellanil. The genetic distance of these 2
strains from A. castellanii were less than 0.015
which can be considered as intraspecific
variation. For example, Entamoeba moskouvskii
which consisted of 6 ribodemes showed
intraspecific variation between 0.007 and
0.028 (Clark and Diamond, 1997). The mean
genetic distance among these free-living
Enatmoeba ribodemes was 0.016. Further-
more, the Vil3 and L3a strains showed very
similar alloenzymes IEF and mt DNA RFLP
patterns to those of the Castellani strain of A.
castellarnii (data not shown).

The Chang strain, which had been isolated
from freshwater and assigned to A. castellanii,
was closely related with the type strain of A.
hatchetti isolated from ocean sediments. Both
strains are pathogenic to animal models.
Furthermore, these strains had lots of co-
migrating DNA fragments on mt DNA RFLP
analyses. It is suggested that Chang strain
should be regarded as A. hatchetti.

Strains in a subgroup showed more similar
patterns of alloenzymes and mt DNA RFLP to
one another than to strains belonging to the
other subgroups (data not shown). Results
obtained from this study confirmed close
relatedness of A. pustulosa with A. palesti-
nensis proposed by De Jonckheere (1983) by
alloenzyme analyses and Kim et al. (1996) by
PCR RFLP analysis of a conserved portion of
rDNA.

This study has shown that riboprinting is
useful for subgenus classification of
Acanthamoeba and for estimating relatedness
among strains. Furthermore, riboprinting can
be used for rapid identification of unknown
Acanthamoeba isolates.
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