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The Entamoeba histolytica Mitochondrion-Derived Organelle (Crypton)
Contains Double-Stranded DNA and Appears To Be

Bound by a Double Membrane
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Amebae have an Hsp60-associated, mitochondrion-derived organelle (crypton). In this study, the crypton
was stained with multiple DNA-binding fluorochromes and a monoclonal anti-double-stranded DNA antibody.
Transmission microscopy of partially purified cryptons revealed organelles bound by a double membrane.

The endosymbiont hypothesis, one of the great ideas in cell
biology, suggests that mitochondria derive from a phagocy-
tosed a-purple bacterium (11). Evidence for this idea includes
sequences of rRNA genes, which are present in the mitochon-
drial genome, and sequences of heat shock proteins such as
Hsp60, which are targeted to mitochondria (12, 31). Although
the lumenal parasites (amebae, giardia, and trichomonads)
appear to be “amitochondriate,” they each contain an hsp60
gene encoding a homologue of the mitochondrial Hsp60 (5, 7,
8, 24). The trichomonad mitochondrion has been converted
into a fermentation factory, which is called a hydrogenosome
because it produces hydrogen gas via an iron-dependent hy-
drogenase (Fe-hydrogenase) (2, 6, 19). The amebic mitochon-
drion-derived organelle was called “mitosome” or “crypton,”
because it is small and rare and its function remains unclear
(17, 28). The crypton contains Hsp60, which is induced by heat
shock and is functional in a groEL mutant of Escherichia coli
(17). Like nucleus-encoded mitochondrial and hydrogenoso-
mal proteins, the amebic Hsp60 has a presequence rich in Leu
and Ser, which is cleaved at Arg-2 (4, 9, 17). In contrast, the
crypton lacks enzymes of oxidative phosphorylation and lacks
fermentation proteins including ferredoxin and alcohol dehy-
drogenase 1 (ADH1) (15, 17, 21).

An amebic cytosolic structure, which was stained green with
acridine orange, was called EhKO (Entamoeba histolytica kin-
etoplastid organelle) by Esther Orozco and colleagues, be-
cause it contains circular DNAs (20). They also localized the
24-kb rRNA episome, the pyruvate:ferredoxin oxidoreductase
(POR), and a TATA-binding protein to the EhKO (16, 23).
The goals in this study were to determine whether the amebic
crypton/mitosome is the same as or different from the EhKO
and to determine whether the organelle is bound by a double
membrane as is present around mitochondria and hydrogeno-
somes (1–3, 11, 19).

The crypton contains 2.2% of the amount of DNA in the
amebic nucleus. E. histolytica HM-1 strain trophozoites were
fixed in 2% paraformaldehyde, permeabilized with 0.1% Tri-

ton X-100, treated with 20 mg of RNAse per ml, stained with
DNA-binding fluorochromes (1 mM sytox green or 1 mg of
propidium iodide per ml), and viewed with a Leica NT-TCS
confocal microscope (27). One or at most two cryptons per
amebae stained well with sytox green (Fig. 1A and B), 1 mM
acridine orange (unfixed cells) (Fig. 1C), and propidium iodide
(Fig. 1E). The DNA-associated organelles were the crypton,
because they also stained with rabbit antibodies to the C ter-
minus of Hsp60 (Fig. 1B), which were detected with Texas
red-conjugated goat anti-rabbit antibodies (8, 12, 17). The
crypton was also stained with a 2C10 monoclonal antibody to
anti-double-stranded DNA from a Lupus mouse (Fig. 1D),
which was diluted to 1 mg/ml and detected with Texas red-
conjugated goat anti-mouse antibodies, as previously described
(13). Western blots showed that the anti-DNA monoclonal
antibody bound to amebic DNA but not to amebic RNA or
protein (data not shown). Anti-DNA antibodies have been
used to identify the hydrogenosomal genome of Nyctotherus
ovalis, a protozoan parasite of the cockroach hindgut (1). In-
terestingly, cryptons were also visible as convex spheres by
differential interference contrast microscopy (Fig. 1A and C to
E). Nuclei, which have a double membrane, also appeared
convex, while cytosolic vacuoles, which have a single mem-
brane, appeared concave (see below).

The relative amounts of propidium iodide that bound to the
amebic crypton and nucleus were measured using an Olympus
microscope equipped with an argon laser and an attached
camera and image analysis system (CompuCyte, Cambridge,
Mass.) (Fig. 1F) (14). The propidium iodide-stained organelle
contained 2.2% as much DNA as the amebic nucleus, although
there was marked variability in the amount of crypton DNA.
Assuming that amebae are diploid and have a 20-Mb haploid
genome, the DNA content of the nucleus is 40 Mb and the
crypton is 880 kb (29; S. Ghosh and J. Samuelson, unpublished
observations).

The 24-kb rRNA episome is present in the nucleus, while
Fe-dependent hydrogenase is present in the cytosol. Amebae
were allowed to adhere to polyLys-coated slides, were fixed in
methanol-acetic acid (3:1), air-dried, and denatured in 70%
formamide at 70°C (18). Plasmids, which contained ;40% of
the 24-kb rRNA episome, were labeled with biotin, hybridized
to denatured amebae in 30% formamide and 23 SSC (13 SSC
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FIG. 1. Confocal micrographs of nuclei (N) and cryptons (arrows) of E. histolytica trophozoites stained with DNA-binding fluorochromes, including sytox green
(green [A and B]), acridine orange (green [C]), and propidium iodide (red [E]) (27). The crypton was also stained with anti-Hsp60 antibodies (yellow [B]) and a mouse
monoclonal antibody to double-stranded DNA (red [D]) (13, 17). (F) Scatter diagram shows area and propidium iodide staining of the crypton and nuclei (14).

FIG. 2. Confocal micrographs of FISH of amebae with probes to the 24-kb rRNA episome (green [A]) and to foreign episomes in transfected parasites (green [B])
(10, 18, 26). Confocal micrograph of epitope-tagged Fe-dependent hydrogenase (red [C]) in the cytosol of transfected amebae (10).
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is 300 mM sodium chloride and 30 mM sodium citrate [pH 7])
at 37°C, and washed with the same buffer (26). Amebae were
incubated with fluorescein isothiocyanate-avidin, treated with
200 mg of RNAse per ml, and counterstained with propidium
iodide. Numerous copies of the 24-kb rRNA episome were

present in the periphery of amebic nuclei but not within the
cytosol (Fig. 2A). On two previous occasions the rRNA epi-
somes have been shown to be present at the periphery of
amebic nuclei (26, 30). Episomal plasmids based upon pBlue-
script, which were selected in transfected amebae with G418,
were present in clumps throughout the amebic nucleus and
were absent from the cytosol (Fig. 2B) (10). This clumping
is consistent with concatenation of the foreign plasmids in
transfected amebae. Negative controls with pBluescript in
nontransfected parasites showed no fluorescence in situ hy-
bridization (FISH) signal. Because the morphology of the
crypton was not well preserved in the methanol-acetic acid
fixative used for FISH, it was impossible to rule out the pos-
sibility that small numbers of rRNAs or episomal plasmids
were present in the crypton. However, in no cases were cyto-
solic structures heavily stained with the rRNA probes as re-
cently described by autoradiographic methods (20).

We recently cloned an E. histolytica Fe-hydrogenase gene,
which encodes a protein with 34% amino acid identity with an
Fe-hydrogenase of Trichomonas vaginalis (6; J. Field and J.
Samuelson, unpublished observations). Amebae were trans-
fected with a plasmid containing a modified amebic Fe-hydrog-
enase gene, which encodes a protein with amebic chitinase
repeats as an epitope tag at the C terminus (10). Parasites were
fixed, permeabilized, and immunostained with rabbit antibod-
ies to the chitinase repeats exactly as previously described (10).
The amebic Fe-dependent hydrogenase, which lacks an or-
ganelle-targeting presequence, was present in the cytosol (Fig.
2C) (4, 9, 17). Previously, ferredoxin, ADH1, and Hsp60 less
its presequence were identified in the parasite cytosol (17).
Further, amebic fermentation enzymes (ferredoxin, ADH1,
ADHE, ADH3, and POR) all lack presequences, which might
target them to the crypton (15, 22, 25, 32).

Cryptons appear to be bound by a double membrane. The
crypton is small and rare, so parasites were disrupted by gentle
homogenization, nuclei were removed by low-speed centrifu-
gation, and an enriched fraction of propidium iodide-stained
cryptons was obtained using a 20% Percoll gradient (Fig. 3A).
These fractions were fixed in 2% paraformaldehyde, postfixed
in 1% osmium tetroxide, stained in block with uranyl acetate,
dehydrated in graded ethanols, and embedded in Epon. Al-
though there was contamination with vesicles and vacuoles, all
of which were bound by a single membrane, putative cryptons
were present as 0.5- to 1-mm-diameter circles that were filled
with electron-dense material and bound by two closely applied
membranes (Fig. 3B and C). Putative cryptons, which were
abundant and easy to identify, resembled hydrogenosomes of
T. vaginalis and N. ovalis, which are also bound by two closely
applied membranes (1, 3). Because the partially purified cryp-

FIG. 3. (A) Confocal micrograph of partially purified cryptons stained red
with propidium iodide and (B and C) transmission micrographs of cryptons,
which are bound by a double membrane. (B and C) Magnification, 3125,000.

TABLE 1. Staining of nucleus and crypton with various probes

Probe
Result for:

Nucleus Crypton

Sytox green 1 1
Acridine orange 1 1
Propidium iodide 1 1
Anti-ds DNA antibodiesa 1 1
Anti-Hsp60 antibodies 2 1
24-kb rRNA episomes 1 2
Foreign episomes 1 2
Hydrogenase 2 2
Double-membrane 1 1

a ds, double stranded.
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tons fell apart when ultrathin frozen sections were cut, we were
unable to use immunoelectron microscopy to demonstrate
binding of antibodies to Hsp60 or double-stranded DNA.

Conclusions. These results, which are summarized in Table
1, suggest that the amebic crypton/mitosome has genomic
DNA and so likely is the same organelle as the EhKO (17, 20,
28). This conclusion was unexpected because the amebic cryp-
ton appears atrophic and most hydrogenosomes lack a genome
(1, 17, 19). Here and in our previous studies, the crypton did
not contain rRNA genes and fermentation enzymes (hydroge-
nase, ferredoxin, and ADH1), which have been attributed to
the EhKO (15, 17, 20, 23). Further, there are no examples of
nuclear rRNA genes in mitochondrial genomes (11), while
fermentation enzymes of hydrogenosomes all have organelle-
targeting sequences (1, 4–6). Finally, the crypton appears to be
bound by a double membrane, which was expected as the
crypton is descended from mitochondria and appears to have
similar machinery for binding and transporting Hsp60 to the
matrix (8, 17).
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