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Abstract

Entamoeba histolytica is an important human pathogen and a leading parasitic cause of death
globally. The parasite life cycle alternates between the trophozoite form, which is motile and causes
invasive disease and the cyst stage, which is environmentally resistant and transmits infection.
Understanding the triggers that initiate stage conversion is an important yet understudied area of
investigation. Recent progress in dissecting the transcriptional networks that regulate E. histolytica
development is outlined in this review.
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1. Introduction

Entamoeba histolytica is a pathogenic amoeba that is widespread throughout the world but is
especially common in the developing world, where many people do not have access to clean
water supplies. The parasite causes invasive disease in over 50 million people and an estimated
100,000 deaths per year, making it a leading cause of parasitic death in humans (WHO,
1997). In Dhaka, Bangladesh, where diarrheal diseases are the leading cause of death in
children younger than 6 years of age, ~ 50% of children have serological evidence of exposure
to E. histolytica by age 5 years (Haque et al., 1999). Infection with E. histolytica can lead to
asymptomatic colonization, amebic colitis or extra-intestinal disseminated disease. The most
common extra-intestinal disease attributed to E. histolytica is liver abscess but infection may
spread to other organs, particularly the lung and brain (Haque et al., 2003). Several virulence
factors have been identified that are important for parasite pathogenesis, however the majority
of molecular mechanisms that the parasite utilizes as it establishes invasive disease remain
unclear (Stanley, 2003).

*Corresponding author. Upinder Singh, S-143 Grant Building, 300 Pasteur Drive, Stanford, CA 94305-5107 USA. Tel.: +1 650 723-4045;
fax: +1 650 724-3892. E-mail address: usingh@stanford.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Singh and Ehrenkaufer Page 2

The infectious cycle of E. histolytica begins with the ingestion of the cyst, a non-dividing,
quadrinucleate form that is able to survive in the environment due to a protective, chitin-
containing cell wall (Haque et al., 2003). After ingestion, the cyst undergoes excystation in the
small intestine to produce the proliferative trophozoite form. Trophozoites colonize the colon,
adhering to the mucus layer by means of a lectin, which binds colonic mucins. Disease results
when this mucus layer is penetrated and the trophozoites attack the intestinal epithelial cells.
Due to unknown factors, some trophozoites encyst, allowing them to be excreted in the stool
and to go on to infect new hosts. Since only the cyst form can be transmitted, blocking
encystation would prevent new infections, making the encystation program an attractive target
for the development of new drugs or a vaccine.

Early studies of E. histolytica utilized xenic cultures in which the protozoa were grown in a
complex medium with polymicrobial bacterial flora. Under these conditions, spontaneous
encystation was observed (Jensen, 1983). However, establishment of axenic culture methods
(or methods in which the xenic flora were less complex, largely aerobic or monomicrobial)
greatly facilitated Entamoeba research, but led to the loss of the ability to differentiate into
cysts (Eichinger, 1997). Long-term axenic growth in tissue culture has undoubtedly selected
for strains that are able to adapt to those conditions, but has likely selected against the ability
to differentiate into cysts. Although there have been published reports of formation of chitin
containing cyst-like structures in response to certain stimuli, such as metal ions and serum
(Chayen et al., 1988; Gonzalez-Salazar et al., 2000), these structures are likely not fully
differentiated cysts, as they have a defective cell wall and are primarily mononucleate. These
are likely pre-cysts that could not differentiate fully. To date, no method for high efficiency in
vitro encystation with production of mature cysts is available.

Due to lack of an in vitro encystation system in E. histolytica, most research on encystation of
Entamoeba has been performed using the related reptilian parasite, Entamoeba invadens. In
E. invadens, encystation in vitro can be triggered using either osmotic shock (Bailey and
Rengypian, 1980), or removal of glucose or other carbon sources (Vazquezdelara-Cisneros
and Arroyo-Begovich, 1984; Byers et al., 2005). However, achieving high levels of cyst
formation requires the addition of either 5% serum or the glycoprotein mucin, which acts as a
ligand for the Entamoeba membrane lectin and stimulates the aggregation of trophozoites
(Eichinger, 2001). This phenomenon is dose-specific as high concentrations of mucin can
inhibit aggregation and encystation. This requirement for mucin can be circumvented by
treatment with B-adrenergic receptor agonists, suggesting a function for this pathway in the
regulation of encystation (Coppi et al., 2002). Recent work has indicated a link between colonic
short chain fatty acids (SCFAs) and inhibition of parasite encystation (Byers et al., 2005). Since
glucose is not present in the enteric environment, but SCFAs are produced by colonic microbial
flora, it is interesting to speculate that the carbon source that the parasites are exposed to has
effects on encystation potential. Roles for cell cycle regulation and proteasome function in E.
invadens encystation have also been identified (Gangopadhyay et al., 1997; Gonzalez et al.,
1999). In addition to these discoveries of encystation stimuli, several proteins expressed in
cysts or in encysting trophozoites have been identified, including chitin synthase (Das and
Gillin, 1991), chitinase (Villagomez-Castro et al., 1992), a glycoprotein that is a major
component of cyst cell walls (Frisardi et al., 2000), and a developmentally regulated gene
(Sanchez et al., 1994). Furthermore, a number of drugs have been identified as inhibiting
excystation in E. invadens including inhibitors of cysteine proteases, protein kinase C,
phosphatidylinositol 3-kinase and calcium chelators (Makioka et al., 2002a, b, 2003, 2005).

2. Recent advances in characterizing amebic development

During the last few years, our understanding of the molecular basis of Entamoeba development
has improved substantially. These advances, largely predicated using information and tools
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based on the genome sequencing projects of E. histolytica (Loftus et al., 2005) and E.
invadens (Wang et al., 2003), are outlined below.

2.1. Molecular analysis of Entamoeba cysts

Progress in characterizing Entamoeba development has been made with an improved
understanding of the components of the cyst wall (Das et al., 2006; Van Dellen et al., 2006a,
2006b), histone modification (Byers and Eichinger, 2008), cellular control of excystation
(Makioka et al., 2006) and handling of cellular debris (Picazarri et al., 2008).

The Entamoeba cyst wall is largely composed of proteins with chitin-binding domains, such
as chitinases, Jessie lectins and Jacob lectins. The Jacob lectins are differentially modified by
a number of post-translational modifications including proteolysis by cysteine proteases and
glycosylation by O-phosphodiester-linked glycans (Van Dellen et al., 2006b). Overall,
structural analysis of the cyst wall allows for the identification of potential novel diagnostic or
therapeutic targets. SCFAs, which are released by bacteria inhabiting the human colon, have
roles in Entamoeba development and enter the amebic trophozoites in a pH-dependent manner.
Subsequent effects on acetylation of the amebic histone H4 N-terminal domain were
demonstrated for a number of E. histolytica strains (Byers and Eichinger, 2008). Thus, the
environmental milieu of the host colon and the bacterial by-products likely effect amebic gene
expression and may have roles in regulating development in vivo. Furthermore, the requirement
for galactose ligands during encystation was identified, indicating the complexity of signals
and stimuli that affect parasite stage conversion (Turner and Eichinger, 2007). A report on the
formation of chitin containing cyst-like structures in response to bacteria and histamine is
similar to those referenced above in that the structures shown are likely not fully differentiated
cysts (Barron-Gonzalez et al., 2008). As cells undergo development, they must have means of
dealing with cellular debris. It has recently been demonstrated that the cellular mechanism of
autophagy, a method of degrading damaged or unnecessary proteins and organelles, is
functional in Entamoeba trophozoites and cysts (Picazarri et al., 2008). An Atg8 (autophagy
related) conjugation system was identified in the genome sequence and an increase in Atg8-
associated structures was noted in E. invadens trophozoites preceding the morphological and
biochemical changes associated with early development, indicating that this mechanism may
be a prerequisite for encystation.

2.2. Whole genome transcriptional profiling of E. histolytica cysts

Transcriptional profiling using microarray technology has revolutionized the way in which
expression patterns are obtained. A number of different microarray approaches have been
developed and utilized for studying important aspects of E. histolytica biology including strain
differences (MacFarlane and Singh, 2006; Davis et al., 2007), host colonic and hepatic invasion
(Gilchrist et al., 2006; Santi-Rocca et al., 2008), and stress response (Weber et al., 2006;
Hackney et al., 2007). One approach that has been highly successful is the use of short
oligonucleotides microarrays, based on Affymetrix technology (Gilchrist et al., 2006). Using
this approach, Ehrenkaufer and colleagues developed the first whole-genome transcriptome of
E. histolytica cysts (Ehrenkaufer et al., 2007b). As outlined above, recent clinical isolates of
E. histolytica, when maintained in a complex diphasic media, retain their ability to generate
cysts. Ehrenkaufer et al. (2007) used clinical samples isolated from patients which were
maintained in culture for less than 8 weeks and were able to demonstrate the presence of cysts
using calcofluor staining (calcofluor stains chitin in the cyst wall). This material was used for
whole-genome expression profiling. Success was dependent on the ability to use extremely
small amounts of RNA and utilize methods of signal amplification (Dumur et al., 2004), since
the clinical isolates do not grow in large quantities.
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By comparing the transcriptomes of two genetically distinct recent clinical isolates, which
contain cysts, with expression data from a number of E. histolytica strains and conditions
(including trophozoites of virulent and non-virulent strains and parasites harvested from a
mouse model of amebic colitis), a subset of genes regulated uniquely in the samples that contain
cysts were identified: genes whose expression increased in the clinical samples compared with
controls were considered to be “cyst-specific” and genes whose expression decreased in the
clinical samples compared with controls were considered to be “trophozoite-

specific” (Ehrenkaufer etal., 2007b). Overall, 672 genes were cyst-specific and 767 genes were
trophozoite-specific, indicating that ~ 15% of the E. histolytica genome is transcriptionally
modulated during stage conversion. This extent of transcriptional modulation is similar to the
extent of changes seen with developmental regulation in yeast (Chu et al., 1998).

Developmentally regulated genes identified in this manner include numerous cysteine
proteases, of which both cyst- and trophozoite-specific examples were found, as well as several
known virulence factors, which were all more highly expressed in trophozoites. In addition,
numerous genes with possible signaling or regulatory roles were found to have
developmentally regulated expression, including transmembrane kinases, calcium binding
proteins and putative transcription factors. The proteins encoded by some of these genes may
play a role in regulating stage conversion. The identification of cyst-specific genes will allow
development of novel diagnostic and treatment approaches targeting cysts. Furthermore, the
identification of the cyst transcriptome sets the stage for further characterization of the
molecular basis of the encystation pathway.

2.3. Identification of stimuli that induce encystation

2.3.1. Complex culture medium—It has previously been described that complex medium
(such as Robinson’s medium or LY SGM), which contain a complex bacterial flora, can support
E. histolytica encystation (Balamuth, 1951; Chayen et al., 1988; Stechmann et al., 2008;
Robinson, 1968) (http://homepages.Ishtm.ac.uk/entamoeba/xenic.htm). The work of
Ehrenkaufer and colleagues in developing the E. histolytica cyst transcriptome brought that
information back to center stage. Additionally, they demonstrated that E. invadens
spontaneously encysts with high efficiency in a complex medium, without the need for the
osmotic shock or other stresses typically utilized to induce encystation (Ehrenkaufer et al.,
2007b). Furthermore, the complex medium appears capable of maintaining long-term cultures
of E. invadens; thus, the parasites appear to cycle between cysts and trophozoites, an
observation that has not been recapitulated with E. invadens in other encystation media (G.
Ehrenkaufer and D. Eichinger, unpublished data). For work with the recent clinical isolates of
E. histolytica, Ehrenkaufer utilized Robinson’s medium (Robinson, 1968), but similar results
with other E. histolytica clinical isolates have also been seen with LYSGM medium (C. G.
Clark, personal communication). Thus, it appears that some components of the complex
medium are sufficient to trigger developmental conversion in Entamoeba.

Because the complex media are able to support growth of Entamoeba cysts, we attempted to
adapt E. histolytica laboratory isolates to Robinson’s medium. Unfortunately, all laboratory
strains we tested (E. histolytica HM-1:1IMSS, E. histolytica Rahman and E. histolytica
200:NIH), which have long been adapted to axenic growth, were not able to adapt to growth
in Robinson’s medium. Regardless of the method of adaptation into Robinson’s medium
(immediate or gradual adaptation), all laboratory strains died within 2—-3 weeks of association
with Robinson’s medium (Ehrenkaufer et al., 2007b; G. Ehrenkaufer and U. Singh,
unpublished data). We also attempted to adapt parasites to xenic growth prior to growth in
Robinson’s medium in order to get them acclimated to a phagocytic rather than pinocytic
lifecycle, but met with no success. Parasite death under these conditions was not associated
with the transition to a cyst, as determined by lack of development of a chitin-containing cyst
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wall and calcofluor staining. Similar observations were made with LYSGM medium with an
inability to grow some axenic laboratory strains in this medium (C. G. Clark, personal
communication).

2.3.2. Clinical strains maintained in complex xenic medium are most likely to be
encystation competent—Initially we hypothesized that only recent clinical isolates would
maintain encystation competence and that long-term in vitro culture would remove this stage
conversion phenotype. However, we have maintained clinical isolates as xenic cultures with
complex bacterial flora for more than 3 years without losing encystation competence (G.
Ehrenkaufer, U. Singh and C. G. Clark, unpublished data). These findings are important in that
they allow long-term studies on some aspects of ameba development with a given clinical
strain. However, it appears that once an E. histolytica strain is axenized it may lose encystation
competence. We obtained a clinical isolate when it was grown in complex medium and after
it was axenized. Attempts to re-associate the axenic strain with bacterial flora and/or grow it
in Robinson’s medium were not adequate to restore the ability to make cysts (G. Ehrenkaufer
and U. Singh, unpublished data). We also compared the transcriptome of a recent axenic isolate
in Robinson’s medium to a long-term axenic isolate in Robinson’s medium, and found that the
more recently isolated strain did not have a molecular signature that was more reminiscent of
cysts (G. Ehrenkaufer and U. Singh, unpublished data).

However, some E. histolytica isolates, even after having been axenized, are able to produce
low numbers of cysts when returned to xenic growth in LYSGM medium (C. G. Clark, personal
communication). The variables that determine the ability of an E. histolytica isolate to maintain
encystation competence appear to include the parasite strain, bacterial flora, concentration of
rice starch in the medium and the length of time a strain has been grown axenically. However,
the results of attempts to induce encystation in xenic culture are highly variable, thus making
it necessary to develop more robust techniques for in vitro encystation.

Axenization is a complicated process and undoubtedly represents a major bottleneck to parasite
growth and survival. The parasites that survive this process are those that are able to adapt to
growth under axenic conditions, and likely represent an extremely small minority of the starting
culture (Diamond, 1961). Itis not known whether parasites that survive the axenization process
have rearrangements, deletions or point mutations of their chromosomes, which facilitate
axenic growth but are detrimental to subsequent attempts at encystation. Another unlikely
possibility is that the axenization bottleneck selects for very limited clones from a starting
population, which were never encystation competent. With the advent of improved sequencing
technologies, whole genome sequencing of clinical isolates before and after the axenization
process can be undertaken to begin to answer these questions.

2.3.3. Contribution of bacterial flora—The presence of bacteria appears to be a
requirement to obtain E. histolytica cysts in vitro, although this requirement does not apply to
the in vitro encystation system for E. invadens (Bailey and Rengypian, 1980). The contribution
of bacterial flora is not well understood. However, since E. histolytica encystation in the human
host occurs in the presence of the colonic bacterial flora, a number of potential roles can be
hypothesized including the contribution of SCFASs to cellular signaling, surface receptor
interaction and nutrient acquisition as well as the influence of by-products of bacterial
metabolism that are excreted in the culture medium. A bacterial flora, NRS, isolated from a
monkey that was infected with a human isolate of E. histolytica (Dobell, 1928), was previously
shown to be conducive for induction of encystation in vitro (Balamuth and Wieboldt, 1951).
Unfortunately the components of that mixture are unknown and that flora has subsequently
been lost (D. Eichinger, personal communication). When growing E. histolytica clinical
isolates, the bacterial composition in the culture is initially the colonic flora isolated from the
infected human host. Upon further passage, the bacterial populations may change and whether
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certain bacterial species predominate is not known. It has been observed for some recently
axenized E. histolytica clinical isolates that bacterial flora, when provided exogenously, is
beneficial to inducing encystation (Mukherjee et al., 2008). Furthermore, it has also recently
been demonstrated that there is differential DNA content in parasites grown as long-term axenic
cultures compared with those grown under xenic conditions (Mukherjee et al., 2008). Under
axenic conditions, parasites have heterogeneous DNA content that is ~ 10-fold higher than that
of xenic cultures. Re-association of an axenic isolate with bacteria reduced the DNA content
to levels comparable with those of xenic cultures. Substantial changes in DNA content were
also noted in E. invadens during development. The mechanisms by which bacterial association
is regulating Entamoeba DNA content, and perhaps encystation potential, are not known but
deserve further investigation.

2.4. Control of E. histolytica gene expression during development

Stage conversion is associated with a dramatic change in gene expression in a number of
parasitic protists (Mowatt et al., 1995; Cleary et al., 2002; Bozdech et al., 2003; Ehrenkaufer
etal., 2007b; Saxena et al., 2007). The changes in gene expression can be mediated by a variety
of mechanisms including genetic control and transcription factor occupancy (as occurs in
Giardia lamblia and a developmentally regulated Myb-domain gene) (Sun et al., 2002) or
epigenetic control and histone modification (as occurs in Toxoplasma gondii in the control of
tachyzoite and bradyzoite genes) (Saksouk et al., 2005).

2.4.1. Genetic control of Entamoeba development—Promoter architecture of E.
histolytica genes is well described and a number of amebic transcription factors have been
characterized (Singh et al., 1997; Gilchrist et al., 2001; Schaenman et al., 2001). However, this
work has until recently exclusively focused on genes expressed in trophozoites. Recently, an
E. histolytica myb gene that is developmentally regulated (Ehmyb-dr) and which regulates
expression of a number of stage-specific genes has been identified and characterized
(Ehrenkaufer et al., unpublished data). The ERMYB-dr is classified as a SHAQKY family Myb
protein (Fukuzawa et al., 2006). Over-expression of the EnMYB-dr in E. histolytica
trophozoites results in parasites that have a transcriptional profile, which overlaps significantly
with amebic cysts. Analysis of the promoter regions of genes co-regulated by EnMYB-dr
identified conserved promoter motifs. Using electrophoretic mobility shift assays, a promoter
motif (CCCCCC) was identified to which protein(s) from nuclear extract from EhMYB-dr
over-expressing parasites bind specifically. Further analysis using chromatin
immunoprecipitation (ChlP) indicates that the EhMYB-dr binds directly to the CCCCCC
promoter motif. The EhMYB-dr binding domain is reminiscent of the DNA binding domain
of the Dictyostelium protein MY B-E, another member of the SHAQKY family of Myb proteins,
which was implicated in the regulation of pre-stalk genes (Fukuzawa et al., 2006). We believe
this work is the first identification of a developmentally regulated transcription factor in E.
histolytica. A number of other potential transcription factors were identified as being
developmentally regulated in the cyst microarray studies and future studies will enable further
dissection of the regulatory networks that control stage conversion in E. histolytica.

2.4.2. Epigenetic control of Entamoeba development—Gene expression in E.
histolytica is modulated by a number of epigenetic mechanisms including DNA methylation
(Lavietal., 2006; Alietal., 2007) and histone modifications (Ramakrishnan et al., 2004; Isakov
et al., 2008). Histone modification in E. invadens is linked to stage conversion as shown by
effects of Trichostatin A (TSA) (an inhibitor of histone deacetylase) and SCFAs, both of which
block encystation (Byers et al., 2005). In E. histolytica TSA has effects on histone H4
acetylation (hyperacetylation), with SCFA having the opposite effects (hypoacetylation)
(Byers and Eichinger, 2008).
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Recently data obtained from expression profiling linked histone acetylation to gene expression
relevant to Entamoeba development. Entamoeba histolytica 200:NIH parasites were exposed
to SCFA and TSA and effects on gene expression determined. Despite the changes in histone
profiles and parasite growth rates induced by SCFA, there were minimal changes in amebic
gene expression with ~ 0.1% of genes modulated significantly by SCFA exposure (Ehrenkaufer
etal., 2007a). Thus, although E. histolytica 200:NIH trophozoites grown with SCFAs develop
hypoacetylated H4 histones (Byers and Eichinger, 2008), these changes are not associated with
significant alterations in the parasites’ gene expression profile. These data are in contrast to
data from other eukaryotic systems in which SCFAs regulate gene expression (Fusunyan et
al., 1999).

In contrast, treatment of E. histolytica trophozoites with TSA induced significant
transcriptional differences (Ehrenkaufer et al., 2007a; Isakov et al., 2008). Ehrenkaufer et al.
(2007) used the E. histolytica 200:NIH parasite strain and high doses of TSA (150 nM) and
found decreases in parasite growth rates and transcriptional changes reminiscent of stage
conversion. A total of 163 genes were regulated with 122 genes up-regulated (73 of which
were also up-regulated in cysts) and 41 genes down-regulated (15 of which were also down-
regulated in cysts) (Ehrenkaufer et al., 2007a). Decreased expression of a number of virulence
genes was also identified. Overall, the decreased rates of growth and decreased expression of
virulence genes was concordant with the expression data linking effects of TSA exposure to
stage conversion. Contrasting results were obtained by Isakov et al. (2008) who identified that
TSA effects on the HM-1:1MSS strain caused an increase in virulence and no induction of
stage-specific genes. Whether the differences in the amebic strains or TSA doses used in each
study contributed to these disparate data sets is not known and will need further investigation.

Interestingly, when the transcriptional analysis of E. histolytica cysts was performed, it was
noted that there were genomic regions in which there was clustering of stage-specific genes,
indicating that these genes may be co-regulated using a common mechanism (Ehrenkaufer et
al., 2007b). The analysis of TSA effects on E. histolytica indicates that at least some of these
genomic clusters may be controlled by histone modifications (Ehrenkaufer et al., 2007a).
Whether the effect is a direct or indirect effect of histone acetylation remains to be determined.

2.4.3. Other mechanisms of gene expression regulation during Entamoeba
development—Other mechanisms likely control expression of a subset of amebic stage-
specific genes. One such mechanism may be via small, non-coding RNAs of the small
interfering RNA (siRNA) class. There is an extensive dataset published on siRNAs, including
roles of these RNA species in developmental control (Ambros et al., 2003; Rajagopalan et al.,
2006). It has previously been noted that a number of genes of the RNA interference (RNAI)
pathway are present in the E. histolytica genome (Ullu et al., 2004) and that siRNAs, double-
stranded RNAs (dsRNAs) and short hairpin RNAs can mediate gene silencing in E.
histolytica (Kaur and Lohia, 2004; VVayssie et al., 2004; Boettner et al., 2008). It has recently
been identified that Entamoeba has a complex repertoire of small RNAs, with the most
prevalent population of 27 nucleotides (H. Zhang, G. Ehrenkaufer, U. Singh, unpublished data).
Cloning of the 27 nucleotide small RNAs identified that a substantial portion (~ 20%) of these
map antisense to coding regions. Interestingly, the genes to which the antisense small RNAs
map are not expressed under trophozoite conditions, the stage from which the small RNAs
were cloned. However, a number of these genes are expressed in other E. histolytica strains,
including strains that contain cysts. Whether the small RNAs are silencing a subset of genes
relevant to amebic development is not currently known but will be an important avenue of
future investigation.

2.4.5. Identification of a stress-induced gene family, Ehssp, with complex
promoter regulation—A large gene family, responsive to heat and oxidative stress, was
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previously identified in E. histolytica (Satish et al., 2003). The cyst transcriptome indicated
that a large subset of this family is also regulated in E. histolytica cysts (Ehrenkaufer et al.,
2007b). In order to determine whether these co-regulated genes were coordinately controlled
by promoter motifs, Hackney et al. (2007) used a Bayesian analysis algorithm. The work
identified a complex transcriptional control pattern for the Ehssp gene family that was
composed of three promoter motifs (GAATGATG, AACTATTTAAACATC/+C, and
TGAACTTATAAACATC). Ehssp genes which had two or more of these promoter motifs in
their promoters had low baseline expression and were highly up-regulated during heat shock.
In contrast, genes whose promoters contained only one of the conserved promoter motifs did
not respond to stress conditions. Using electrophoretic mobility shift assays (EMSA), Hackney
demonstrated that amebic nuclear protein(s) bound specifically to the promoter motifs under
stress conditions. This work demonstrates the ability of bioinformatic approaches to identify
complex regulatory networks controlling developmentally regulated genes.

3. Future directions

Genome sequencing of E. histolytica and E. invadens has provided new information relevant
to studying amebic development. The genome sequences allow a detailed comparison between
the two species and have allowed whole-genome functional studies of E. histolytica; similar
studies with E. invadens are underway. A high priority goal for the Entamoeba community
remains the development of a high-level regulated in vitro encystation system in E.
histolytica. Success in that arena, combined with genetic analysis, will allow researchers to
begin to dissect the molecular networks that regulate E. histolytica development.
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Fig. 1.

Schematic of Entamoeba histolytica in the colonic environment, in LYSGM complex xenic
medium, and in axenic medium and the associated encystation ability of the parasites under
each condition. Parasites in the colonic environment are exposed to colonic epithelial cells,
bacteria, mucin, and red blood cells and are fully encystation competent. Parasites in complex
medium are exposed to bacteria, mucin and rice starch and have some ability to encyst. Parasites
in axenic culture, without any associated components as listed above, have not been shown to
be encystation competent. Epithelial cell= & ; Bacteria= <> ; Mucin= 2 ; Rice starch= O ;
Red blood cells= @ ; E. histolytica trophozoites= =¥ ; Immature E. histolytica cysts= @ ; Mature
E. histolytica cysts= 2 .
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Fig. 2.

Two mechanisms by which genetic control of development is regulated. Cyst and trophozoite-
specific genes in Entamoeba histolytica can be regulated by chromatin structure or by promoter
factor occupancy. Of the developmentally regulated genes, 73 cyst-specific genes are regulated
by histone deacetylase inhibitors (HDAC) and 15 trophozoite-specific genes are regulated by
HDAC. The number of genes in each category that are regulated by promoter occupancy is
unknown. Entamoeba histolytica trophozoite= = ; E. histolytica cyst= 2 ; Microarray
expression data--green (no expression) and red (expressed); DNA wrapped around a histone
core = | ; transcription factor= & ; Expressed gene: bent arrow.
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