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Abstract
This study artempted to verify the validity of using restricrion fragment length polymorphism (RFLP)
patterns of the genomic DNA and polymetase chain reaction (PCR) products of Acanthamoeba castellanii
to assist in the identification and classification of rhe parasite. Both the genomic DNA and the PCR
products of the A. castellanii using a genus-specific set of primers A3 (TCCCCTAGCAGCTTGTG)
and A4 (GTTAAGGTCTCGTTCGTTA) were digested using 27 cestriction endonucleases. The pat-
terns of the digested products were analyzed by electirophoresis on agarose gel. The RFLP patterns of
the genomic DNA showed different banding patterns with only enzyme Sma 1, which did nor digest
the DNA. The restriction endonuclease-digesrion patterns of the PCR products showed thar 4 restric-
tion endonucleases; Alu 1, BséN 1, Hinf 1 and Msp [ digested the DNA. Our results showed that the
RFLP patterns of the genomic DNA and the PCR products may be of use in identifying and classify-

ing the A. castellaniiisolate that we have.
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Introduction
In recentyears medical atcenrion has focused on a small,

free-living amoeba which causes severe, sight-threaten-
ing keratiris. Theamoeba, Acanthamoebacausesa pain-
ful inflammation of the cornea that can lead to blind-
ness if reatment is delayed. Affected persons are com-
monly soft contact lens users with unhygienic practices
(Bacon er al,, 1993; Horne et al, 1994). Cases of
Acanthamoeba keraritis have been reported in Europe,
Africa, Israel, Japan, India, Taiwan, Australia, and North
and South America. Since the first reported case two
decades ago, the number of cases worldwide has in-
creased. As it is nor a reporrable disease, the true inci-
dence is not known and may be higher (Visvesvara &
Srehr-Green, 1990). In Malaysia, the first reported case
was in 1996 involving a woman who had a long history
of using contact lenses. She had accidenrly used an old
spare lens, which was probably contaminated
(Mohamed Kame! & Norazah, 1996). The clinical pres-
entation of rthe infection is often mistakenly diagnosed
as herpes simplex infection and in the presence of sec-
ondary bacteria infection, the aetiology of rhe kerariris
may be missed.

Acanthamoeba keratitis is difficult to treat even with
the availability of modern drugs. Among
immunocompromised patients, such as diabetics and
alcoholics, ir can cause a chronic, subacute encephali-
tis, often with granuloma formation, termed Granuloma
Amoebic Encephalitis (GAE) (Visvesvara & Stehr-
Green, 1990). Restriction fragment length
polymorphism (RFLP) is a useful method for rhe typ-

ing of viruses, bacteria, bacterial plasmids, and
eukaryoric pathogens. Ithasalso been used to trace the
origin of pathogenic isolates as well as clarifying
phylogenic relationships among closely-related organ-
isms. (McLaughlin er 4/, 1988). McLaughlin and co-
workers studied the restriction endonuclease digestion
patterns of selected Naegleriaand Acanthamoebaamoe-
bae using Bg/l1, Hind 111, and EcoR 1. They found that
each species displayed a characteristic pattern of repeti-
tive restriction fragments. Digestion of the
Acanthamoeba species showed fewer fragments than
those of the Naegleriaspecies (McLaughlin et al., 1988).
The mitochondrial DNA’s RFLP patterns of eight iso-
lates of Acanthamoeba with six restriction endonucleases,
namely EcoR [, Bglll, Hind 111, Hpal, Scal, and Xbal,
have been studied and 4 distinct mtDNA RFLP phe-
notypes were discovered for the eight strains (Yagita &
Endo, 1990). Three sttains morphologically classified
as A. polyphaga shared a single RFLP phenotype with
the Ma strain of A. castellansi indicating thar both might
be a single species complex (Yagira & Endo, 1990). In
another study, 32 morphologically identical strains of
Acanthamoeba were digested with Bgl II, EcoR I, and
Hind Il and the resulting RFLP patterns differenti-
ated the srrains into seven multiple-strain and three sin-
gle-strain groups (Kilvington er al, 1991). Although
the RFLP technique is a usefil too! for the differentia-
tion of morphologically-identical Acanthamoeba strains,
other methods for identifying and classifying
Acanthamoeba ace still needed. The combination of
RFLP and polymerase chain reaction (PCR) appears to
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be a logical approach. The use of PCR can increase the
sensitivity for the detection of parasites in a specimen
while the RFLP of the PCR product may be very diag-
nostic for the parasite being studied. We have there-
fore, used this approach in our study of an A. castellainii
isolate, using 27 restriction endonucleases to digest both

its genomic DNA and PCR products.

Materials and Methods
The original culture of 4. castellaniiwas obtained from
the Parasitology Unit of the Department of Microbiol-
ogy, National University of Singapore from Prof. Mulkit
Singh. The parasites were cultured in vitro in mycological
peptone medium (4%) in 25 mm? culture flask
(Coming, USA) at room temperature and subculrured
every 3 days. Subculture was carried out by placing the
culture flask on ice for 10 minutes and then flushing
the wall of the culture flask with pasture pipette to de-
tach the adherent parasites (trophozoites) from the walls
of the flask and the conrents were transfered into a cen-
trifuge tube. Aftercenrrifugation at 1,900 g for 10 min-
utes at 4°C the culture medium was removed and the
parasite pellet washed twice with coldsterile phosphate
buffered saline (PBS) at 1,900 g for 10 minutes at 4°C.
Excraction of genomic DNA of A. castellanii was
carried out using a modified method of Riley e /.
(1991). In this method, the parasite pellet was washed
twice with PBS, resuspended in Triton X-100 in
reticulocyre standard buffer solution (1ml 1% Triton
X-100, 10mM Tris, 10mM NaCl, and 5SmM MgClZ),
and centrifuged at 1,900 g for 10 minutes at 4°C. The
supernatant was then discarded. Five ml of lysis buffer
(2% SDS, 10mM Tris HCI pH 8.0, 150mM NaCl,
10mM EDTA) and Proteinase K (500 pig/ml) were
added to the pellet. The suspension was incubated at
37°C for 1 hour. Fifry ul of RNAse (100 gg/ml) were
added to the suspension which was then incubated at
37°C for | hour. The standard phenol/chloroform
method for the extraction of DNA was carried out. Pre-
cipitation of DNA was then carried out by adding 1/10
volume with 3M sodium acetate (pH 5.2) and 2.5 vol-
ume of absolute alcohol to the suspension. The solu-
rion was then incubared overnight at -20°C. Aftet in-
cubation, the solution was centrifuged at 7,000 g for
15 minutes at 4°C. The supernatant was then removed
without disturbing the pellet. The pellet was washed
with 500 (4 of 70% alcohot and centrifuged at 7,000 g
for 15 minutes at 4°C. The supernatant was carefully
removed using a pipette and the pellet dried under
vacuum for 10 minutes. Once dried, the pellet was
resuspended in 50 y of TE buffer pH 8.0 (0.01M Tris-
Cl, 0.001M EDTA 8.0). The DNA was then
electrophoresed on 2% agarose gel in TBE (Tris-borate
EDTA) buffer at 100 volts for 30 minutes. Determina-
tion of the content and purity of DNA was determined
by spectrophotometry (UV-VIS spectrophotometer,
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Shimadzu). The size of the genomic DNA was more
than 12,216 bp.

Polymerase chain reaction of A. castellanii was car-
tied our using primers based on the study of Vodkin et
al. (1992). These primers, A3 and A4, were found to
be genus-specific for Acanthamoeba and have the fol-
lowing nucleotide sequences: Primer A3:
TCCCCTAGCAGCTTGTG, Primer A4:
GTTAAGGTCTCGTTCGTTA. A 50- reaction mix-
ture was set up in a MicroAmp tube (Perkin Elmer, USA)
consisting of 0.5 f4g DNA, 10x buffer magnesium-free,
2mM of MgCl,, 200uM of deoxynucleotide
triphosphate mix (dANTP mix, Boehringer Mannheim,
Germany), 20 pmole each of primers A3 and A4, 2.5
unit of Tag DNA polymerase (Promega, USA). The
reaction mixture was briefly centrifuged at 500 g for 10
seconds and then amplified by using the GeneAmp PCR
sysrem 2400 (Perkin Elmer, USA). The PCR was per-
formed wirh the following temperature cycle: an initial
94°C for 3 minutes followed by 30 cycles of denatura-
tion at 94°C for 1 minute, annealing at 49°C for 1
minute, and primer extension at 72°C for 1 minute. A
final elongation step ar 72°C for 5 minutes was also
done. The amplified product was then analyzed using
2% agarose gel electrophoresis at 100 volts for 30 min-
utes and visualized under ultraviolet light. The expected
PCR product was 272 basepairs in size.

Restriction enzyme digestion was done on both the
genomic DNA and the PCR product of the A
castellanii. Twenty seven restriction enzymes (New Eng-
land Biolabs USA) were used in this study (Table 1).
The buffer for each enzyme was provided by the manu-
facturer and some enzymes were supplemented with
bovine serum albumin (BSA). For the digestion reac-
tion of genomic DNA; a reaction mixture consisting of
7.5 g DNA and 3 units of restriction enzyme per pig of
DNA was mixed in an eppendorf microcentrifuge tube
together with rhe cortesponding 10x buffer, BSA for
some enzymes, and enough millipore water to make
the final reaction volume of 104d. The mixture was then
incubated overnight at the enzyme’s optimal tempera-
wure. Electrophoresis was carried out at 30 volts for 5
hours (4 volts/em of gel) and the gel was stained with
ethidium bromide (1 pg/ml for | hour) . The digestion
patterns of the genomic DNA was visualized under ul-
traviolet light and photographed for permanent record.
Digestion reaction for the PCR products was similarly
prepared and the electrophoresis was carried outin 2%
agarose gel (with 2 1 ethidium bromide) at 100 volts
for 30 minutes. 1 Kb Ladder Marker (Pharmacia) was
used as DNA marker. The digestion pattern was then
visualized under ultraviolet light and photographed.

Results
All enzymes except one digested the genomic DNA.
Three enzymes could only partially digest it (Table 1).



RESTRICTION ENZYME DIGESTION OF ACANTHAMOEBA CASTELLAN!

Table 1. Restriction digestion of A. castellanii using
27 restriction endonucleases.

ENZYMES Genomic DNA PCR Product

Al 1
BamH 1
Bgl |
BN |
Dral
EcoR |
EcoRV
Haell
Haelll
Hba }
Hinell
Hind 111
Hinf1
Hpa |
Hpa ll
Kpn 1
Mp 1
Pl
Lol
Sac 1
Sal |
Sau3a
Sca |
Sma |
Tag 1
Xba 1
Xho 1

SHl==dlelef-Hof vellsReR Rellols Hollofsledofls BoNeMolc e
222222222202 22Z0222222Z2Z2Z02Z2Z2Z0

N = Not digested
D = Digested
P = Partially Digested

Asseen in Fig. 1, Mspl cleaved the genomic DNA in
8 to 9 places starting at 5,090 bp and ending at above
506 bp with DNA smearing towards the end of the
lane. Kpn I gave two very distinct bands above the
12,216 bp mark, while Hinc Il gave about 9 to 10
closely-spaced bands. Afteran initial restriction site at
10,180 bp, the next 8 bands of Hae 1l were evenly-
spaced from 1018 to 3,054 bp, with heavy smear-
ing towards the end. Hpa I gave 5 indistinct bands,
but the 5 bands of Sa/l were quite distinct. EcoR V
had 4 bands with still heavy DNA concentration at cthe
top of the lane.

Alu 1 completely cleaved the genomic DNA wich no
bands seen (Fig. 2). Dral-digested DNA also showed
no distinct banding pattern, but the DNA concentra-
tion ar the top of the 12,216 bp mark was very sharp.
Xba | gave 4 bands at 7,126 bp, 4,072 bp, 3,054 bp,
and about 1,636 bp. Hinf | had no distinct band but
showed DNA smearing starting from 2,036 bp down-
wards. Xbho I gaves 2 to 3 bands, but DNA could still
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Fig. 1. Electrophoretic patrerns of the genomic DNA of 4.
castellanti digested with enzymes: Mip 1 (lane 2), Apn [ (lane 3),
Hinc1l (lane 4), Haelll (lane 5), Hpal (lane 6), Sa/l (lane 7) and
EcoRV (lane 8), 1 Kb DNA ladder macker (lane 1).

12 345678
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Fig. 2. The electrophoreric patterns of the genomic DNA of A
castellanis digested with cnzymes: Xéa | (lane 2), Hinf| (lane 3),
Xbho 1 (lane 4), Haell (lane $), Hbal (lane 6), Dral (lane 7), and
Al 1 (lane 8). 1 Kb DNA ladder marker {lane 1).

be seen near the well. Haell had 8 and Hha I had 3 to
6 discince bands.

Hpall and BamH | produced only a sharp band
with some DNA smearing above the 12,216 bp mark
(Fig. 3). EcoR I also showed the same band but in addi-
tion had 3 bands between 5,090 bp and 10,180 bp.
Hind I1] gave 13 distinct bands with heavy DNA smear-
ing ac the starc of the lane. Bg/I gave 5 bands and with
some smearing while Psz] had 3 bands, with the first
3 bands of both enzymes almost identical in location.
Poull gave 5 hazy bands between 4,072 and 12,216
bp. Smal did not digest the genomic DNA, while BsAN
[ and Sau3al completely digested it (Fig. 4). Tag1 only
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Fig: 3. The electrophoretic patterns of the genomic DNA of 4.
castellanii digested with enzymes; Bg/1 (lane 2), Psz1 (lane 3). Hpa
I (lane 4), EcoR | (lane S), BamH | (lane 6), Pyu Il (lane 7) and
Hird tll(lane8); ! Kb DNA ladder marker (lane 1).

1 ot B b BT

Fig. 4. The elecnophoretic patterns of the genomic DNA of A.
castellanii digested wirh enzymes: Scz 1 (lane 2), Sac1 (lane 3), 8sN
1 {lane 4), Snal (lane 5), Tag 1 (lanc 6) and Sau3a) (lane 7); 1 Kb
DNA ladder marker (lane I}

showed light smearing with no bands rhroughout the
lane. Scal gave about 9 o 10 bands , while Sac | had
only a single band ar 2,036 bp.

Of these enzymes, only 4 could digest the PCR
products (Table 1). EcoR [, Punll, and Ps 1 did not
digest the PCR product while A/« I digested it into 2
distinct bands (Fig.5). Kpn 1, Hinc l, Haelll, Hpa l,
Sall, EcoR V, Xbal, Xho1, Haell (Fig. 6), B¢/, Hpa
1, BamH 1, Hind 111, Hba |, Dral, Scal, Sacl, Smal,
Tagl, and Sau3«1 (Fig. 7) did nocdigest the PCR prod-
ucts. BseN I could digest che PCR product into 3 bands
at 201 bp, 154 bp, and 134 bp respectively (Fig. 8).

Discussion
In our srudy, lowering the agarose gel concentration
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Fig. 5. Theelecrrophoretic patterns of the A3 and A4 PCR product
A. castellaniidigesred with enzymes EcoR 1 (lane 2), Pyu 1l (fane 3),
Aly ! (lane 4) and P | (lane 5); 1 Kb ladder marker (fane 1).
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Fig. 6. The electrophoretic parternsof the A3 and A4 PCR product
of A. castellansi digested with enzymes Msp { (lane 2), Kpn ] (lane
3), Hincll (lane 4), Hae Il (lane 5), Hpal {lane 6), Sa!i (fane 7),
EeR V (lane 8), Xba ) (1ane9), Hinf | (lane 10), Xha I (lane 11),
and Hae ll (lane 12); 1 Kb ladder marker (lane 1).

(0.75%), increasing the amount of restriction enzymes
(3 unic of enzyme per pg of DNA), lowering the volt-
age of the electrophoresis (4 voltage per cm of gel), and
omitting the ethidium bromide during the gel run, gave
good RFLP patcerns for all the enzymes. McLaughlin
etal (1988) stated that gentle mixing during DNA iso-
lation, sufficienr resrriction enzymes, low voltage dur-
ing electrophoresis, and omission of ethidium bromide
from the gel gave better resolution and incensity of
bands. For most bacteria and eucaryotes, che banding
pacterns are too complex for easy analysis. However for
some eukaryotes, these sequences, particularly che re-
petitive ones acr as good markers for strain characteri-
zation. The discovery of four distinct RFLP pheno-
types for the various strains of A. castellaniiin the study
of Yagita & Endo (1990) is proof for DNA sequence
diversicy within a species . Our results showed that each
enzyme gave different bandmg pacterns. Thisis cxpccted
because each enzyme has its own specific recognition
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Fig. 7. Theelectrophoreticpatterns of the A3 and A4 PCR product
A. castellanii digested with enzymes Bgl l{lane 2), Hpa {1 (lane 3),
BamH 1 (lane 4), Hind 111 (lane $), Hhal (lane 6). Dra 1 (lane 7)
and Sca | (lane 8); 1 Kb ladder marker (lane 1).
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Fig. 8 The electr;horc_[ic patterns of the A3and A4 ’CR product
of A castellansi digested with enzymes Sac | (lane 2); BseN | (lane
3), Sma | (lane 4), T2q | (lane 5) and Sau3a | (lanc 6); | Kb ladder

marker (lane 1).

sire. However, our findingsshowed that although boch
Msp 1 and Hpe Il had che same recognition sire, their
RFLPs were different. The reason for rhis is nor clear.
Although both had the same recognition sequence, chey
were nor isoschizomers. Perhaps, the adjacent
nucleotides also determine whether che enzyme can di-
gest a particular sequence. Alu [, BstN I, and Sau3a |
showed complete digestion of the genomic DNA. This
suggests rhar repetitive sequences corresponding to rhe
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enzyme'’s recognition site are present rhroughour the
DNA. On the other hand, the enzymes BamH |, Dra
[, and AHpall still showed almost-intact genomic band
at the beginning of the lane, implying that there was
near-toral absence of their recognition sequencesin this
Acanthamoeba isolate or that methylation had occured
in these sires. Smal had no recognition sequence at all.
Hind 111, gave distinct and sharp bands. McLaughlin
et al. (1988) also noted thar the Acanthamoeba species
gave fewer, lessintensely staining repetitive fragments
when compared with those of Naegleria species. Com-
parison of the RFLP patterns of our isolate to patterns
demonstrated by several Acanthamoebaspecies in other
studies revealed differences. Although rhe bands of Hind
IIT of our isolate appear similar to those of group C in
the study of Kilvington ez al. (1991) and BamH [ only
gave genomic smearing in both their and our study, we
still believe chat our isolate was different from cheirs
when we tested our isolate with other enzymes and
showed a different pattern. Comparison of our isolate
also with che RFLP patterns of cthe EcoR [-digested
Acanthamoeba species from the study of McLaughlin ez
al. (1988) revealed no similarities, further implying that
our isolate is of a differenc strain. We also compared
our RFLP patterns with chose from the study of Yagica
& Endo (1990). In cheir study, the RFLP phenotypes
of 8 Acanthamoeba isolates obtained from human eye
infections, contact lens conrainers, and soil in Japan
were demonstrated by digesting their mitochondrial
DNA with G restriction enzymes. Although our source
of DNA was different, the comparison is still applica-
ble because according to Kilvington ez 4/ (1991), the
restriction enzyme digestion of Acanthamoeba whole-
cell DNA gives rise to similar RFLPs originarting from
the mitochondrial DNA. Surprisingly, our isolate’s
RFLP patterns appear similar to the phenotype JAC/
El in 5 out of 6 enzymes used (one enzyme, Bg/11, was
not used in our study). The possibility is that our iso-
late hassimilar genetic make-up and probably belongs
to the same phenotype. As anticipated, most enzymes
did not digest the small, 272-bp PCR product any fur-
cther. However, four restriction enzymes, namely Alu |,
BseN [, Msp |, and Hinf 1, cleaved the products into 2
to 3 distinct bands. For Alu 1 and BstN I, this is not
surprising because, as noted above, these 2 enzymes also
completely digested the genomic DNA. As the four re-
striction enzymes gave different banding patterns, the
possibility of using the RFLPs of the PCR products for
identification appears promising. However, fuirther
studies on other isolates of Acanthamoeba and closely
related organisms must be carried out to determine the
validity of using the RFLPs of the PCR product as an

aid in classifying and identifying Acanthamoeba.
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