
INTRODUCTION

Free-living amoebas of Acanthamoeba sp.
induce granulomatous amoebic encephalitis

and keratitis (Cohen et al., 1985, 1987;
Ishibashi et al., 1987; Stehr-Green et al.,
1987). The virulence of the pathogenic
amoebas can be decreased by a long-term in
vitro cultivation, and it can be recovered by
intranasal infection or mouse brain passages
(Lee et al., 1983; Mazur and Hadas, 1994). On
the basis of the recovery of virulence, it may be
postulated that the secretion of some
biochemical products related to the virulence
is increased. For example, the presence of
proteinase was confirmed in pathogenic
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Abstract: Identification of the genes responsible for the recovery of virulence in brain-
passaged Acanthamoeba culbertsoni was attempted via mRNA differential display-
polymerase chain reaction (mRNA DD-PCR) analysis. In order to identify the regulatory
changes in transcription of the virulence related genes by the brain passages, mRNA DD-
PCR was performed which enabled the display of differentially transcribed mRNAs after
the brain passages. Through mRNA DD-PCR analysis, 96 brain-passaged amoeba specific
amplicons were observed and were screened to identify the amplicons that failed to
amplify in the non-brain-passaged amoeba mRNAs. Out of the 96 brain-passaged amoeba
specific amplicons, 12 turned out to be amplified only from the brain-passaged amoeba
mRNAs by DNA slot blot hybridization. The clone, A289C, amplified with an arbitrary
primer of UBC #289 and the oligo dT11-C primer, revealed the highest homology (49.8%) to
the amino acid sequences of UPD-galactose lipid transferase of Erwinia amylovora, which
is known to act as an important virulence factor. The deduced amino acid sequences of an
insert DNA in clone A289C were also revealed to be similar to cpsD, which is the essential
gene for the expression of type III capsule in group B streptococcus. Upregulated
expression of clone A289C was verified by RNA slot blot hybridization. Similar
hydrophobicity values were also observed between A289C (at residues 47-66) and the
AmsG gene of E. amylovora (at residues 286-305: transmembrane domains). This result
suggested that the insert of clone A289C might play the same function as galactosyl
transferase controlled by the AmsG gene in E. amylovora.
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Acanthamoeba (Hadas and Mazur, 1993) and
the increased activities of peroxidase and
proteinase were also observed in Acanth-
amoeba as the virulence was recovered by
mouse brain passages (Mazur and Hadas,
1994).

In this study, mouse brain passages were
performed with Acanthamoeba culbertsoni that
had been maintained in the laboratory for
several years in order to monitor any change
in the level of the virulence. We tried to
identify upregulated mRNAs by mRNA
differential display-polymerase chain reaction
(mRNA DD-PCR), which was responsible for
the increase of virulence in mouse-brain-
passaged amoebas.

MATERIALS AND METHODS

Cultivation of amoebas and mouse
brain passages

Acanthamoeba culbertsoni isolated at the
Prince Leopold Institute of Tropical Medicine in
Belgium was cultured in Casitone, Glucose
and Vitamin (CGV) medium at 37°C. Tropho-
zoites of A. culbertsoni (1×106 trophozoites per
5 ml saline) were inoculated intranasally into
male ICR mice under anesthesia. Mortality
and behavior of the infected ICR mice were
monitored 25 days post-inoculation (PI). Thiry-
inoculated ICR mice of around 20 g were
prepared as a control group. The recovered
amoebas were cultured briefly in CGV medium
and directly used for the consecutive mouse
infection. In order to recover amoebas, autopsy
was performed immediately after sacrificing
the animals and some pieces of the forebrain
tissue were placed in culture medium.

Purification of mRNA and synthesis of
single stranded cDNA

Total RNA was extracted by the method of
Chomczynski and Sacchi (1987) and quanti-
fied with a Dipstick kit (Invitrogen, San Diego,
CA, USA). mRNA was purified from the total
RNA by using a magnetic oligo dT25-bead
(Dynabeads�, Oslo, Norway). Three kinds of
the first stranded cDNA templates for DD-PCR
were synthesized from the purified mRNA by
using one of the 3 one-base anchored oligo-dT
primers (i.e., 5’-TTTTTTTTTTT-N-3’: N is either

A, G, or C). Synthesized cDNA templates were
quantified using a Dipstick kit and stored at 
-20°C.

mRNA DD-PCR and reamplification of
the selected DNA fragments

The mixture for mRNA DD-PCR consisted of
30 pg template cDNA, 0.38 µM arbitrary
primer (Biotechnology Laboratory, University
of British Columbia, Vancouver, Canada), 0.4
µM one-base anchored oligo-dT11 primer which
was identical to the one used for cDNA
synthesis, 1X reaction buffer (100 mM Tris-
HCl, 500 mM KCl, pH 8.3, Boehringer
Mannheim, Mannheim, Germany), 250 µM
dNTPs, 1.5 mM MgCl2, and 1.5 unit Taq DNA
polymerase (Promega, WI, USA). PCR was
performed as follows: 40 cycles of denaturation
at 94°C for 5 sec, annealing at 42°C for 60 sec,
primer extension at 72°C for 90 sec and final
extension at 72°C for 10 min. PCR products
(15 µl of 20 µl total volume) were fractionated
by 5% polyacrylamide gel electrophoresis with
the salt-gradient buffer system. The remaining
PCR products (5 µl each) were pooled into two
groups, the brain-passaged group (tester
group) and the non-brain-passaged group
(driver group), to prepare the probes for
Southern analysis. By comparing the
electrophoretic migration of the PCR products
between two groups, PCR products amplified
only in the tester sample were selected for
reamplification. Unique DNA fragments in the
tester were purified from the gel and
reamplified using the identical primer set.

DNA slot-blot hybridization
Reamplified PCR products were purified by

using a Gene Spin kit (Bio 101, Inc., Vista, CA,
USA) and blotted onto a nylon membrane
(Tropix, Bedford, MA, USA) using slot-blot
filtration manifolds (Hoeffer, San Francisco,
CA, USA). Pooled PCR products of both groups
were purified with a Gene Spin kit. Purified
PCR products were labeled with biotin-14-
dCTP by using a random primer biotin DNA
labeling kit (Tropix), with the use of a random
octamer as a primer. Hybridization reaction
was performed with a Southern-lightTM

chemiluminescent detection system (Tropix).
After hybridization, membrane was exposed to
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passaged amoeba-specific amplification
products, the remaining amplification
products, although they were observed only in
the brain-passaged amoeba, turned out to be
the false-positive signals which were also
frequently observed in other studies using
mRNA DD-PCR technique.

On the basis of sequencing analysis, clone
A289C (750 bp amplification product of mRNA
DD-PCR with a combination of the arbitrary
primer #289 and oligo dT11-C) was verified as
a gene controlling the expression of trans-
ferase. By BLAST searching analysis, the most
similar amino acid sequence was found to be
UPD-galactose lipid transferase of E. amylo-
vora, which is known to be controlled by the
AmsG gene and acts as an important virulence
factor (Bugert et al., 1995). The amino acid
sequence of the clone A289C was also similar
to that of the cpsD gene, which is known to be
an important factor for the expression of type
III capsule in group B streptococcus.
Galactosyl transferase is known to be a
prerequisite in the assembly of the group B
streptococci type III capsular polysaccharide,
which is an important element of the virulence
function in the capsule (Rubens et al., 1993).
This finding was supported by the
hydrophobicity value at residues 47-66 in the
clone A289C, which was identical to the
transmembrane domains (residues 286-305) of
the AmsG gene in E. amylovora. The high
similarity of hydro-phobicity, including the
transmembrane domain, seems that the clone
A289C is closely related or the same as the
AmsG gene both in the structure and the
function. RNA slot-blot analysis also revealed
that the DNA insert of clone A289C was
amplified from upregulatedly-expressed mRNA
of the brain-passaged amoeba whose virulence
was recovered. Galactosyl transferase is also
well-known as an important factor for
pathogenesis in several bacteria including
salmonella and Escherichia coli (Jiang et al.,
1991) On the basis of this observation, it was
postulated that an insert of the clone A289C
might have the same function as galactosyl
transferase which is controlled by the AmsG
gene in E. amylovora. Also, it may play an
important role in the recovery of virulence in
A. culbertsoni by brain passages.
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