Genetic diversity in Entamoeba histolytica
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Genetic diversity within Entamoeba histolytica led to the re-description of the species 10 years ago. However,
more recent investigation has revealed significant diversity within the re-defined species. Both protein-coding
and non-coding sequences show variability, but the common feature in al cases is the presence of short tandem
repeats of varying length and sequence. The ability to identify strains of E. histolytica may lead to insights into
the population structure and epidemiology of the organism.
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1. Introduction

Intestinal amoebae of the genus Entamoeba offer very
few morphological features on which identification can
be based. Not surprisingly, therefore, with the advent of
molecular tools there have been revisions made to the
taxonomy of Entamoeba species. The most important
changes are those that affect the pathogen E. histolytica.

The first involves the ‘E. histolytica-like' amoebae that
are able to grow at a wide range of temperatures (the
‘Laredo’ strain and others). These have been identified as
E. moshkovskii, which is typically a free-living species
(Clark and Diamond 1991a). These organisms are occa-
sionally isolated from humans, although how common
such infections are is unclear.

A more important change, however, is the separation
of E. histolytica from E. dispar (Diamond and Clark
1993). These two species are morphologically identical
parasites but only the former causes invasive disease. The
distinction initially was proposed based on isoenzyme
analyses (Sargeaunt 1987) and subsequently this has been
upheld through the discovery of many antigenic and
genetic differences. The recognition of E. dispar as a
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distinct species has profound implications for the diagno-
Sis, treatment and epidemiology of amoebiasis (Anony-
mous 1997). With respect to the latter, it means that E.
histolytica prevalence data that were collected using stool
microscopy alone are no longer of any use, as the species
present cannot be identified retrospectively with any con-
fidence. Clearly, new data on the prevalence of E. histo-
Iytica are needed, now that we have the tools necessary to
identify this species specifically.

One of the long-standing mysteries of amoebiasis has
been the disparity between the large number of people
infected and the relatively small number who are symp-
tomatic. Despite recognition of the non-invasive E. dis-
par as the more common species, it is apparent that many
individuals infected with E. histolytica, as newly defined,
never develop disease (Gathiram and Jackson 1987). One
possible explanation for this is that genetic subgroups
exist within E. histolytica that give rise to infections
with different outcomes. In order to examine this possi-
bility, it is necessary to have tools that detect variation
within the species. The aim of this review is to examine
where we stand at present with respect to achieving this
goal.

Abbreviations used: PCR, Polymerase chain reaction; SREHP, serine-rich E. histolytica protein; STRs, short tandem repeats.
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2. lsoenzymes

The first indication of variation within E. histolytica
came from isoenzyme studies (Sargeaunt et al 1978).
These identified not only the ‘non-pathogenic’ and *patho-
genic’ subgroups that are now known as E. dispar and
E. histolytica, respectively, but also the existence of
variation within each group. Sargeaunt and colleagues
defined 22 zymodemes divided between the two species
(Sargeaunt 1987) and others have since reported more.
These data are difficult to interpret, however, as the pat-
terns do not appear to be reliable. Blanc and Sargeaunt
(1991) reported that the most variable bands in the
zymodeme patterns were influenced by the presence of
starch in the medium. Jackson and Suparsad (1997) have
reported that many zymodemes *disappear’ upon removal
of the bacterial flora, suggesting that at least some of the
bands are of bacterial rather than amoebal origin. If the
zymodemes defined by stable bands alone are counted,
only three remain for E. histolytica (I, XIV and XIX)
and one for E. dispar (I).

In addition to low diversity, zymodeme analysis has
other drawbacks. It relies on establishing the amoebae in
culture—a large number of cells are needed for the
enzyme analyses. This process is not always successful.
In addition, cultivation may lead to selection — in the case
of mixed infections one species or strain may outgrow
the other, which is not desirable when studying diversity.
Finaly, cultivation is also labour intensive.

In combination, these potential and real problems have
meant that isoenzyme analysis has been superseded
by DNA-based methods as the approach of choice for
detecting variation in E. histolytica. The use of the poly-
merase chain reaction (PCR) means that, in theory, no
cultivation is necessary —extraction of DNA directly
from stool specimens should provide appropriate and
sufficient material for analysis. In practise, this is not
straightforward, and most studies still rely on cultivated
cells. However, with improvements in extraction meth-
ods, the analysis of DNA derived directly from stool is
likely to become more widespread.

PCR targets for the detection of diversity fall into two
categories — protein-encoding genes and non-coding DNA.
In all cases, the basis of the detection system is variation
in the number and/or sequence of short tandem repeats
(STRs) inthe DNA.

3. Protein
Two protein-encoding genes have been shown to exhibit
polymorphism in the coding region — the “serine-rich E.

histolytica protein” (SREHP; Stanley et al 1990) and
chitinase (delaVegaet al 1997).
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SREHP was first described as an antigen (Stanley et al
1990; Koéhler and Tannich 1993) and is being investi-
gated as a vaccine candidate. An early paper showed that
independent cDNA sequences from the same strain
encoded different numbers of amino acid STRs (Koéhler
and Tannich 1993; figure 1A). This observation was exten-
ded using PCR and PCR-RFLP to detect a large amount
of variation in this gene in a geographically diverse
collection of axenic E. histolytica isolates (Clark and
Diamond 1993). Subsequently, DNA sequencing has
been used to further define the basis of variation and to
show that repeat humber alone does not give the full pic-
ture of the diversity that exists in both E. histolytica and
E. dispar (Ghosh et al 2000). A nested SREHP-PCR
approach has recently been used to investigate E. histo-
Iytica diversity in a single human population using DNA
extracted from stool specimens (Ayeh-Kumi et al 2001).

The gene encoding chitinase (figure 1B) has been used
less frequently but repeat number variation is detected by
PCR and sequencing in both E. histolytica and E. dispar
(Ghosh et al 2000).

4. Ribosomal DNA

The ribosomal RNA genes (rDNA) of E. histolytica are
carried on circular episomes, usualy as two copies per
circle organized in inverted repeats. In addition, these
molecules carry several classes of repeated sequences
(Bhattacharya et al 1998). Polymorphism has been
observed on several levels. One class of repeats appears
to undergo expansion and contraction that is observable
in the same isolate over time in vitro (Bhattacharya et al
1992). Another region (SSG or Tr; figure 1C) shows
variation in the number of STRs between strains but
appears to be relatively stable (Clark and Diamond
1993). On a larger scale, in some isolates the episome has
undergone recombinational loss of one rDNA coding
region and the adjacent STR classes (Cazares et al 1994;
Sehgal et al 1994; Ghosh et al 2001). This loss has never
been observed in recent isolates from patients and is
likely to have occurred during long term in vitro cultiva-
tion. The rDNA recombination event leads to the loss of
the SSG region, making this polymorphic region unsuit-
able for typing certain isolates. The rDNA coding regions
themselves appear to be relatively homogeneous in
seguence within the species (Clark and Diamond 1991b;
Newton-Sanchez et al 1997; Som et al 2000).

5. tRNA genes
A recent search for new polymorphic sequences in E.

histolytica unearthed a number of loci suitable for strain
typing, and revealed a unique gene organization at the
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Figure 1. (A) Schematic representation of the SREHP locus. (B) Schematic representation of the chitinase locus. (C) Schematic
representation of the SSG/Tr locus. In each case the sequence and number of the repeat elements in the gene from E. histolytica
HM-1:IMSS is shown (the larger of the two alelic variants in the case of SREHP). The single letter amino acid code is used in A
and B. The location of the primers used in PCR amplification is indicated by arrows. Not to scale. (D) Schematic representation of
the Arg™T locus. The location of the primers used in PCR amplification is indicated by small arrows, the tRNA genes are indicated
by large arrows, and the STRs by shaded boxes. Not to scale. (E) Polymorphism in the Arg"®" locus. DNA was extracted from ax-
enically grown isolates of E. histolytica as described in Clark and Diamond (1991b) and the Arg™ " locus was amplified by PCR.
Lanes, 1, HM-1:IMSS; 2, HK-9; 3, HB-301:NIH; 4, Rahman; 5, SD157; 6, DKB; M, 100 bp ladder size marker. The primers used
were TCT5 (AGCATCAGCCTTCTAAGCTG) and TCT3 (CTTCCGACTGAGCTAACAAG). PCR amplification consisted of 30
cycles of 94°C, 1 min; 55°C, 1%6 min; 72°C, 2 min. PCR products were separated in a 1>8% agarose gel using Tris-Borate-EDTA
electrophoresis buffer.
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same time. These loci are all characterized by the pres-
ence of A + T-rich STRs that vary in both humber and
sequence between strains (Zaki and Clark 2001). The loci
also share the characteristic of being closely linked to
tRNA genes (figure 1D) and in a few cases to 5S RNA
genes also (C G Clark, unpublished). In fact, aimost al
the tRNA genes and all of the 5S RNA genes of E. histo-
Iytica are found in this context. The tRNA genes are
found in clusters of one to five distinct types, inter-
spersed with STRs and these clusters are in turn repeated
to form long arrays. The arrays make up a significant
proportion of the genome— approximately 13% of the
sequences being generated by the E. histolytica genome
project contain tRNA genes.

While almost all tRNA genes are separated by STRs,
not al of these intergenic regions exhibit detectable
polymorphism (I K M Ali, unpublished). However,
several loci that are highly polymorphic have already
been identified (e.g. figure 1E) and a number remain to
be tested. These tRNA loci are also found in E. dispar
but sufficient sequence divergence exists to allow the
design of specific primers that permit simultaneous species
differentiation and strain typing (Zaki et al 2002).

6. Conclusions

Epidemiological studies to determine the role of parasite
genetics in the outcome of infection by E. histolytica will
require the examination of a large number of samples.
For this reason, amoeba cultivation and DNA sequencing
are likely to be too labour intensive and too expensive,
respectively. DNA extraction directly from stool samples
for PCR-based species identification is now a reality and
we have recently shown that, depending on the extraction
method, such samples can also be used to type strains at
the tRNA-linked polymorphic loci (M Zaki, unpub-
lished). Although PCR products of the same length need
not necessarily have the same sequence, the use of muilti-
ple loci for strain typing makes it unlikely that two unre-
lated strains will produce the same fragment pattern.
Likewise, the apparent stability of the loci makes it
unlikely that two individuals infected with the same
strain will yield distinct polymorphic patterns. We feel
that the time is near for an investigation to be undertaken
into the role of genetic diversity in the outcome of E.
histolytica infection.
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