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Summary
During periods of stress, trophozoites of Entamoeba invadens (strain IP-1) undergo a process of
differentiation (encystment) that results in a dormant cyst with a chitin containing cyst wall.
Encystment can be induced by resuspension of trophozoites from growth medium into a diluted
glucose free medium (47% LG) containing 5% adult bovine serum (ABS). ABS is thought to be a
source of gal-terminated ligands that are required for high levels of encystment. After resuspension
of trophozoites in 47% LG, encystment cultures were examined every 2h for responses to the (i)
addition of 10 mM free-galactose, (ii) resuspension of cells to serum free medium, (iii) and dilution
of encysting cultures to cell densities below that known to support full encystment (from 5 × 105 to
1 × 104 cells/ml). The role of serum components (and the gal-terminated ligand asialofetuin; ASF)
adsorbed onto the surface upon which encystment proceeds, and their effect on the multi-cellular
aggregation patterns formed during encystment, were also investigated. The addition of free galactose
reduced the levels of encystment (compared with the control) even when added at 10 h after
resuspension of trophozoites in 47% LG. The requirement for the presence of ABS during encystment
was lost within 6 h, with levels of encystment of cells washed free of serum reaching 80% of the
control. The ability of cells to encyst when diluted to a cell density below that normally thought to
support encystment reached over 50% by 8 h. Efficient encystment could be obtained in 47% LG in
the absence of ABS or ASF using pretreated glass culture tubes. Encystment (47% LG; 5% ABS)
using ultra low attachment plates was poor, suggesting attachment of cells to a surface via gal-
terminated ligands was important for efficient encystment.

The results suggest that ABS is probably not the only source of gal-terminated ligands necessary for
high levels of encystment in 47% LG. While serum may provide a source of ligands which enhance
the levels of encystment initially, other gal-terminated ligands possibly released by the encysting
cells are still required for the completion of the encystment process and the formation of mature cysts.
In addition, the gal-terminated ligands necessary for encystment efficiency may be adsorbed onto
the glass surface of culture tubes and aid the initial aggregation process, as well as be involved in
cell signaling during the encystment process.
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Introduction
Amebiasis is a potentially life threatening infection of the human gastrointestinal tract that
accounts for approximately 70 thousand deaths each year worldwide and is associated with the
protozoan parasite Entamoeba histolytica (Espinosa-Cantellano and Martinez-Palomo, 2000).
Entamoeba invadens is a parasitic amoeba of reptiles, which has a life cycle very similar to E.
histolytica and has served as an experimental model for the human parasite especially with
regards to the differentiation process (Coppi and Eichinger, 1999; Coppi et al., 2002; Eichinger,
2001).

During periods of stress, trophozoites of E. invadens and E. histolytica undergo a process of
differentiation (encystment) that results in a dormant cyst with a chitin containing cyst wall.
The cyst is believed to be important in the transmission of the organism from one individual
to another (Espinosa-Cantellano and Martinez-Palomo, 2000; Eichinger, 2001; Haque et al.,
2003). The conditions within the infected colon that trigger the differentiation of the vegetative
trophozoites are not known. While E. histolytica does not readily differentiate under axenic
culture conditions in vitro, E. invadens (strain IP-1) can be induced to encyst by transfer of
trophozoites from their growth medium (TYI-S-33) into a diluted glucose free medium (47%
LG) containing 5% adult bovine serum (ABS). ABS is thought to provide a source of galactose
(gal) -terminated ligands which have been shown to be required for efficient in vitro encystment
of E. invadens (Coppi and Eichinger 1999; Eichinger, 2001). Mucin, galactosylated bovine
serum albumin (galBSA), or asialofetuin (ASF) have been demonstrated to substitute for the
requirement for ABS in 47% LG providing an alternative source of polyvalent gal-terminated
ligands needed for efficient in vitro encystment. A narrow effective concentration range for
efficient encystment was observed suggesting a specific ligand to lectin ratio was required
within the encystment medium to convey the signal to proceed with encystment. [Coppi and
Eichinger, 1999].

Upon transfer to the encystment medium trophozoites of E. invadens form multicellular
aggregates within which differentiation proceeds. Gal-terminated ligands from the ABS are
believed to be important for the initial aggregation phase of in vitro encystment and may act
as a signal for the differentiation process acting via the galactose inhibitable cell surface lectins
of E. invadens (Coppi and Eichinger, 1999; Eichinger, 2001). High concentrations (10 mM)
of free-galactose or N-acetylglucosamine (glcNAc) inhibits in vitro encystment of E.
invadens at temporally separated steps of the encystment pathway, with free-galactose
inhibiting the initial aggregation phase of the encystment and glcNAc inhibiting the aggregated
trophozoites from forming mature cysts (Cho and Eichinger 1998; Coppi and Eichinger,
1999). This is thought to be due to their ability to interfere with lectin function and the
transmission of encystment-inducing signals to within the cell.

We were interested in the relationship between the need for gal-terminated ligands during
encystment and their effect on the differentiation process itself. The effects of high
concentrations of free-galactose and glcNAc during the encystment process were investigated,
as was the effects of cell density within encystment cultures, which is also believed to be
important for a high efficiency of encystment.

Materials and Methods
Materials

24-well ultra low attachment plates (Corning Costar), 24-well tissue culture treated plates
(Corning Costar) and 9 ml borosilicate glass screw-cap culture tubes were obtained from Fisher
Scientific (Pittsburgh, Pennsylvania, USA). Asialofetuin (ASF), D-galactose, N-
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acetylglucosamine (glcNAc), as well as all other reagents and media were obtained from
Sigma-Aldrich (St. Louis, Missouri, USA).

Organism and culture
Entamoeba invadens (strain IP-1) was purchased from the American Type Culture Collection
and maintained at 25°C in 50 ml culture flaks containing 50 ml of TYI-S-33 medium (Diamond,
1987) supplemented with 10% adult bovine serum (ABS).

Encystment method
Growth phase trophozoites (cultured as above) were harvested (800 g for 5 min) from 50 ml
culture flasks, which had previously been chilled on ice for 10 min. The harvested trophozoites
were washed with 50 ml ice-cold LG (TYI-S-33 without glucose) and resuspended in 9 ml of
encystment media at a final concentration of 5 × 105 cells/ml, before transfer to 9 ml glass
screw-cap culture tubes. The encystment media consisted of 47% v/v LG diluted with deionized
water (47% LG only or 47% LG supplemented with either 5% v/v ABS or 1 μg/ml ASF). The
tubes were incubated horizontally at 25°C for 48 h. After 48 h, the culture tubes were chilled
on ice and a total cell count (trophozoites and cysts) was performed on 1ml samples from each
tube.

Encystment efficiency
Samples (1 ml) from 48 h old encystment cultures were centrifuged at 800 g for 5 min, before
the pellet was resuspended in 1 ml of ice-cold 0.1% g/v Sarkosyl and incubated on ice for 10
min. Cell counts were then performed using a haemacytometer and the total number of
detergent-resistant cysts was determined. The percentage encystment was calculated as the
percentage of an appropriate control culture or as a percentage of the total cell count
(trophozoites and cysts) of a culture sample untreated with detergent. All encystment
experiments were performed with duplicate or triplicate cultures for each induction condition,
and data are presented as mean ± SD.

Time point analyses of the sensitivities to the addition of free galactose or N-
acetylglucosamine (glcNAc), and the need for a specific cell density or serum

Encystment cultures using log phase trophozoites were prepared as described above. The cells
were resuspended in 9 ml of encystment medium (47% LG) containing 5% ABS (time=0) to
give a final cell density of 5 × 105 cells/ml. Culture tubes containing the suspensions were then
incubated horizontally at 25 °C until required for sampling.

For convenience, two separate assessment periods were carried out, viz. 0–10 h and 12–24 h.
Every 2 h, sample culture tubes were chilled on ice for 10 min and each was processed in one
of the following ways: (i) after centrifugation (800 g for 5 min), 0.5 ml of medium was removed
and a 0.5 ml solution of either free-galactose or glcNAc was added to give a final concentration
of 10 mM after mixing; (ii) the cell cultures were washed twice in ice-cold LG (tubes were
centrifuged; 800 g for 5 min) and resuspended in 9 ml of 47% LG containing no serum; (iii)
after thorough mixing to disperse clumped cells, 1ml of the cell suspension was transferred to
a 50 ml culture flask containing 49 ml of 47% LG (supplemented with 5% ABS) to give a final
cell density of approximately 1 × 104 cells/ml. The processed culture tubes or flasks were then
reincubated as described above. Control sample tubes for the above experiments were treated
similar to each of the test samples, except and respectively for each of the above mentioned
procedures: deionized water (0.5 ml) was added to control tubes as an alternative to the test
solution; samples were resuspended in 47% LG supplemented with 5% ABS instead of 47%
LG without ABS; and finally, no cells were removed from the control tubes before reincubation
along side the culture flasks. Encystment cultures using 47% LG (supplemented either with or
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without ABS) were also setup at the start of each experiment in order to determine the overall
effect of the individual procedures on encystment efficiency. After 48 h cell counts were
performed and levels of detergent resistance (to 0.1% g/v Sarkosyl for 10 min on ice) were
established as an indicator of cyst maturity (see above).

Pretreatment of culture tubes with adult bovine serum (ABS) or asialofetuin (ASF) prior to
use with encystment cultures

Glass culture tubes were treated for 10 min at room temperature with 9ml of 47% LG
supplemented with 5% v/v ABS. The tubes were then washed five times with deionized water
(9 ml for each wash) prior to their use with encystment experiments (at a cell density of 5 ×
105 cells/ml) as described previously. Encystment cultures using untreated glass culture tubes
and medium (47% LG) supplemented either with or without 5% v/v ABS were also prepared
as controls. All the encystment culture tubes were incubated horizontally at 25 °C and after 48
h cell counts were performed and levels of detergent resistance were established (see above).

The procedure was similar for experiments involving the serial transfer of cell-free encystment
medium from one 9 ml glass culture tube to another except the 9 ml of medium used for the
conditioning of the culture tubes (47% LG containing either 5% v/v ABS or 1 μg/ml ASF) was
not discarded (after incubation with the tube for 5 min at room temperature), but instead was
transferred to a new 9 ml culture tube. The conditioned culture tubes were rinsed five times
with 9 ml of deionized water after each transfer. The transfer of the same cell-free encystment
medium between glass culture tubes was repeated through a series of four glass culture tubes
prior to their use with encystment cultures as described above. Encystment cultures using
untreated glass tubes and encystment medium (47% LG) supplemented either with or without
5% v/v ABS or 1 μg/ml ASF, were also prepared for comparisons of encystment efficiency.
Cell counts were performed on the encystment cultures after 48 h of incubation (horizontally
at 25 °C) and levels of detergent resistance were established as described above.

To investigate the effect on encystment of the transfer of cells to serum free medium at various
times during encystment chilled (10 min on ice) log phase trophozoites were harvested from
their growth medium (as described previously) before being resuspended (to give a final cell
density of 5 × 105 cells/ml) in 9 ml of encystment medium (47% LG) supplemented with 5%
ABS (time=0). The suspensions were then transferred to 9 ml glass culture tubes and incubated
(tubes placed horizontally) at 25 °C until required for sampling. Encystment cultures both with
and without 5% v/v ABS were also prepared as controls and for the establishment of encystment
efficiency. Every 2 h (up to 10 h) sample culture tubes were chilled on ice for 10 min prior to
the harvested cells being washed twice with, and finally being resuspended in, 9 ml of ice cold
serum free 47% LG. The resuspended cells were then transferred either back to their original
glass culture tube (rinsed twice with deionized water) or a new clean 9 ml glass culture tube
before reincubated as described above. After 48 h cell counts were performed and levels of
detergent resistance were established (see above). Data from this experimental procedure were
analyzed for the statistical significance of any differences between the encystment efficiencies
of the two treatments. The Student’s t-test was used with a probability value of p < 0.05 being
considered as statistically significant.

Comparison of encystment efficiency using either tissue culture treated plates or ultra low
attachment plates

Growth phase trophozoites were harvested for use in encystment cultures as described
previously except cells were resuspended in encystment medium (47% LG; to a cell density
of 5 × 105 cells/ml) containing various concentration of either ABS or ASF. Each well of a 24-
well ultra low attachment plate (Corning Costar) or a 24-well tissue culture treated plate
(Corning Costar) was filled with 3 ml of the above cell suspension. Control wells were filled
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with 3 ml of cells suspended in 47% LG without either ABS or ASF. After 48 h of incubation
at 25°C cell counts were performed and detergent resistance levels of the mature cysts were
established (see above).

Results
For the purpose of this study, percentage encystment refers to the percentage of cysts, compared
with an appropriate control, able to withstand detergent treatment with 0.1% Sarkosyl for 10
min on ice. This is an arbitrary measurement of cyst maturity/resistance often employed in
similar studies of Entamoeba differentiation.

Time point analyses of the sensitivities to the addition of free galactose or N-
acetylglucosamine (glcNAc), and the need for a specific cell density or serum

The addition of free galactose (10 mM) to encystment cultures of E. invadens at various times
during encystment substantially reduced the levels of detergent resistant cysts counted 48 h
later (compared with the control), even when added at 10 h after resuspension of trophozoites
in to 47% LG containing 5% ABS (Figure 1a). The inhibitory effect of free galactose on the
encystment process was eventually lost by 20 h. The inhibitory effect of the addition glcNAc
(10 mM) at various times during encystment was lost within the first 10 h of encystment (Figure
1a).

The ability of cells taken at various times during the assessment period to become detergent
resistant after their adjustment to a cell density that would normally be unable to support
encystment was greater than 50% by 8 h (Figure 1b). The requirement during encystment for
the inclusion of ABS in the encystment medium (47% LG) was largely lost within 6 h, with
the levels of encystment of cells washed free of serum at various times during encystment
reaching 80% at this and a subsequent 8 h time point (Figure 1c).

Pretreatment of culture tubes with adult bovine serum (ABS) or asialofetuin (ASF) prior to
use with encystment cultures

Another experiment examining the effect of the transfer of cells to serum free medium (47%
LG) during encystment is shown in Figure 2a. In this case, cell samples taken at various times
during encystment (with encystment medium containing 47% LG; 5% ABS) were washed free
from serum, resuspended in 47% LG (no serum), and returned either to the original glass culture
tube (rinsed twice with deionized water) or to a clean culture tube. Significant differences (p
< 0.05) in encystment efficiency of the two treatments were observed after 2 h, with highly
significant levels of encystment (p < 0.01) being observed by 6 h when differentiating cells
were transferred back to their original culture tube. In contrast, cells transferred to new culture
tubes produced low levels encystment, even after 10 h prior exposure to encystment media
containing 5% ABS.

The previous results suggested that medium components provided a conditioning effect on the
culture tubes that stimulated encystment. To directly test this, glass culture tubes were pre-
treated with 47% LG, 5% ABS for 10 minutes, and washed 5 times with deionized water. Cells
adjusted to 5 × 105 cells/ml in 47% LG (no serum) and placed in these tubes were capable of
encysting with high efficiency, reaching ca. 80% of the control (cells suspended in 47% LG
containing 5% ABS; Figure 2b).

To further test the conditioning effect, cell-free encystment medium (containing either 5% ABS
or 0.1 μg/ml ASF), was serially transferred from one glass culture tube to another (with an
exposure time of 5 min) prior to repeated washings with deionized water. There was a
progressive loss of encystment efficiency when the tubes were then used to hold encystment
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cultures (Table 1). After 2 and 1 transfer step(s), for medium containing ABS and ASF,
respectively, the levels of encystment obtained with the treated tubes diminished to values
similar to that of the untreated control (47% LG; no serum).

The cellular aggregation patterns observed in encystment cultures using tubes pre-treated with
either ABS or ASF differed slightly from those observed during encystment with serum or
ASF present. The multiple, discrete, multi-cellular aggregates normally observed within
encystment cultures (when using either 5% ABS or 0.1 μg/ml ASF) were not present in the
pretreated tubes. Instead, a more continuous layer of cells was initially observed which
developed into a pavement-like pattern as encystment proceeded (within the first few hours of
encystment).

Comparison of encystment efficiency using either tissue culture treated plates or ultra low
attachment plates

A comparison of encystment efficiency of E. invadens obtained when using either tissue culture
treated (TCT) plates or commercially available ultra low attachment (ULA) plates which have
a covalently bonded hydrogel surface (that is hydrophilic and neutrally charged) are displayed
in Figure 3a and 3b. ULA plates were unable to support efficient encystment, even when 5%
ABS or 0.1 μg/ml ASF (not shown) was present in the encystment medium (47% LG). The
levels of encystment obtained were similar to TCT plates when no serum was included in the
medium. The multi-cellular aggregation patterns formed in the ULA plates differed from those
formed in the TCT plates. The encystment-induced trophozoites attached to the bottom of TCT
plates and formed numerous relatively uniform-sized discrete multi-cellular aggregates.
However, at no point during encystment did the cells attach to the covalently bonded hydrogel
surface of the ULA plates. Instead, the majority of the cells formed a single, large clump (Figure
3a).

Discussion
The human parasite E. histolytica is believed to proliferate within the mucus layer of the colon
(Eichinger, 2001). Trophozoites express a heterodimeric galactose/N-acetylgalactosamine
(gal/galNAc)-specific lectin on their surface which has a high affinity for the macroclusters of
ligand sugars present on the colonic forms of mucin, the major glycoprotein of the mucus layer
(Chadee et al., 1987; Alder et el., 1995). Integrin-like sequences found in the cytoplasmic
domain of the heavy subunit of the gal/galNAc lectin suggests a transmembrane signaling
function for the lectin (Vines et al., 1998). An equivalent lectin (gal lectin) is also expressed
on the surface of trophozoites of the reptile parasite E. invadens, which, however, has a
specificity limited to galactose (Coppi and Eichinger, 1999). It has been proposed that as the
cell density increases, the colonic mucus layer is depleted by enzymes expressed by the amoeba
and a point is reached where by encystment is triggered by the sensing of the decreased mucin
concentration via clustering of lectin molecules on the trophozoites surface (Eichinger,
2001).

In vitro, encystment of E. invadens can be stimulated by a change in either osmotic conditions
and/or removal of glucose from the growth medium (Vazquezdelara-Cisneros and Arroyo-
Begovich, 1984; Avron et al., 1986; Sanchez et al., 1994). An optimum concentration of cells
harvested from an exponential growth phase culture, and the inclusion of serum (5% bovine
serum) in the encystment medium, are required for efficient differentiation of E. invadens
(Coppi and Eichinger, 1999). Gal-terminated ligands such as mucin, galBSA, or asialofetuin
(ASF) have been shown to functionally replace the requirement for serum when combined with
the above stimuli. Coppi and Eichinger, (1999) demonstrated that during the induction phase
of encystment high concentrations of free-galactose (10 Mm) prevented the formation of multi-
cellular aggregates and the accumulation of three gene transcripts that were usually upregulated
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during encystment. High concentrations of GlcNAc prevented accumulation of one of the three
encystment-marker transcripts, and multi-cellular aggregates formed but did not go on to yield
detergent-resistant cysts (Coppi and Eichinger, 1999).

The inhibitory effect on encystment of the two sugars when added at various times during
encystment (Figure 1a) imply that at high concentrations glcNAc affects a process that occurs
after the formation of multi-cellular aggregates but does not effect cell wall synthesis once it
has been initiated. Where as, loss of free galactose-mediated inhibition was observed during a
period associated with increases in detergent resistance (by 20 h) - presumably after the chitin
wall synthesis phase had already been initiated. Further to this, even though the differentiation
process resulting in a mature dormant cyst may take several days to complete (Sanchez et al.,
1994; Silberman et al., 1999), the induction phase probably lasts a relatively short period early
on in the encystment process, after which differentiation may proceed in the absence of serum
or direct cell to cell contact (Figure 1b and 1c).

The differing timing of the inhibitory effects on encystment of galactose and glcNAc could
suggest that ABS is not the only source of ligands necessary for high levels of encystment in
47% LG. While the serum may provide a source of ligands which enhance the levels of
encystment initially (and can be substituted by gal-terminated molecules), other carbohydrate-
terminated ligands, possibly released by the encysting cells or contained in the medium, are
still required for the completion of the encystment process and the formation of mature cysts.
Alternatively free galactose may interfere with the synthesis or assembly of the chitin-
containing cyst wall, rendering cells less resistant to detergent treatment. A cyst wall
glycoprotein with an apparent molecular mass of ~100 kDa and a ladder-like series of Cys-
rich, chitin-binding domains has been identified in the cyst wall of E. invadens (Frisardi et al.,
2000; Van Dellen et al., 2002). Frisardi et al. (2000) suggested that free galactose interferes
with wall synthesis by preventing the cell surface gal lectin from binding to the glycoprotein
(and possibly other cyst wall glycoproteins). However, free galactose may also have an effect
on glycoprotein and chitinase secretion during encystment (Frisardi et al., 2000).

The significant differential encystment response noted when cell samples taken during
encystment were washed free from ABS and then transferred either back into their original
glass culture tube or to a clean glass culture tube suggested that a component of the ABS was
being adsorbed onto the glass surface (Figure 2a). Pre-treatment of the glass culture tubes prior
to their use for encystment cultures was also able to support efficient encystment (Figure 2b).
Further to this, the serial transfer of cell-free encystment medium (containing either 5% ABS
or 01 μg/ml ASF) from one glass culture tube to another prior to washing and use with
encystment cultures further suggested that the positively charged (hydrophilic) glass surface
of the culture tubes was adsorbing gal-terminated ligands from the medium (Table 1). The
pavement-like pattern of aggregation of induced trophozoites observed during encystment
using treated tubes was presumably due to the cells binding to the ligand-covered surface
preferentially, rather than to each other by either direct cell-to-cell interactions or crosslinking
interactions via serum components or multivalent gal-terminated ligands.

A comparison of encystment efficiencies as well as the aggregation patterns observed using
TCT and ULA plates suggests that attachment of the cells to a surface, via gal-terminated
ligands, is important for efficient encystment in vitro (Figure 3a and 3b). Further, adsorption
of serum components or gal-terminated ligands to the surface upon which encystment is
proceeding may be more important than gal-terminated ligands in solution. This being the case,
then only those cells in contact with the adsorbed ligands would be competent to encyst and
the majority of cells within the multi-cellular aggregates (to which the adsorbed ligands are
unavailable) would not be expected to encyst. The high encystment efficiency would suggest
that the encystment-competent attached cells maybe able to influence the encystment efficiency
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of other cells within the multi-cellular aggregate. The nature of this possible signaling event
was not determined during this study, but a signaling mechanism has been proposed involving
a presumed catecholamine-type receptor that functions downstream of the gal lectin and
upstream of adenylyl cyclase during encystment of E. invadens (Coppi et al., 2002).

An individual infected with Entamoeba may produce hundreds of thousands of cysts per day.
However, the conditions that trigger encystment in the infected colon are not known (Mathur
and Kaur, 1973). It is also unknown whether the cellular aggregation phase observed prior to
encystment in vitro would occur in vivo. Galactose-terminated molecules have been shown
previously to regulate in vitro encystment of E. invadens (Coppi and Eichinger, 1999). The
effectiveness of each of the molecules was confined to a specific narrow concentration range
and it was suggested that galactose-binding molecules on the amoeba’s surface monitor and
transmit signals in response to changes in the concentration of gal-terminated ligands (e.g.
mucin) in the infected reptile colon (Coppi and Eichinger, 1999; Eichinger, 2001).
Alternatively, the ligand concentration required for efficient encystment may reflect a
concentration needed for a sufficient amount of adsorption of the ligand to the surface upon
which the encysting cells attach. Concentrations above and below this may interfere with
attachment to the surface and the formation of aggregates.

The results of this study confirm that the aggregation phase of the encystment process is an
important period in which differentiation-specific ligand-induced signaling takes place. In
addition, even though the differentiation process may take several days to complete, the
induction phase probably lasts a relatively short period of time (8–10 h), after which
differentiation may proceed in the absence of serum or direct cell-to-cell contact. The gal-
terminated ligands which are important for encystment efficiency may be adsorbed onto the
glass surface of culture tubes and aid the initial aggregation process, as well as be involved in
cell signaling during the encystment process. A possible explanation for the requirement of
gal-terminated ligands during encystment of Entamoeba may be that for the cyst stage in the
life cycle to be a useful means for survival in the open environment a certain level of maturity
would need to be acquired before being expelled from their host. Since the encystment process
may require up to two days for completion (in vitro) one could speculate that upon local
unfavorable conditions within the colon the attachment and retention of a colony to the colonic
mucin layer may allow the differentiating cells to attain a certain level of maturity before their
expulsion into the environment. A prerequisite of attachment to the mucin layer during
encystment may therefore prevent cysts being passed which are too immature to survive in the
environment outside of the host.
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Figure 1.
(a) Effect of the addition of free galactose and glcNAc during encystment. Shown is the
percentage of encystment obtained at 48 h after free galactose (10 mM; diamond symbol) or
glcNAc (10 mM; square symbol) were added at various times during encystment. (b) The loss
of cell concentration dependant inhibition during encystment. Samples were removed from
cultures (at an optimal density of 5 × 105 cells/ml) at various times during encystment,
resuspended at a concentration that would normally be unable to support differentiation (1 ×
104 cells/ml), and assessed for encystment after a total of 48 h. (c) Effect of the transfer of cells
to serum-free medium (47% LG) during encystment. Cell samples taken at various times during
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encystment were washed free from ABS, resuspended in serum-free 47% LG, and assessed for
encystment after a total of 48 h.
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Figure 2.
(a) Effect of the transfer of cells to serum free medium (47% LG) and different tube types
during encystment. Cell samples taken at various times during encystment were washed free
from ABS and resuspended in serum-free 47% LG. They were then transferred either to the
original glass culture tube (rinsed twice with LG; striped columns) or a new culture tube (grey
columns). *p < 0.05, and **p < 0.01, compared to the encystment efficiency of samples
transferred to new culture tubes (n = 3). (b) Encystment in glass culture tubes treated with
ABS. Culture tubes were treated with 5% ABS for 10 minutes and washed 5 times with
deionized water prior to the addition of cells. The first two columns show encystment of cells
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that were suspended in 47% LG (no serum). In the last column cells were suspended in 47%
LG containing 5% ABS.
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Figure 3.
(a) Comparison of encystment efficiency using either tissue culture treated (TCT) plates or
ultra low attachment (ULA) plates. First two columns show encystment efficiency using TCT
plates and the last two columns show encystment efficiency using ULA plates (cells suspended
in 47% LG either supplemented with or without 5% ABS). (b) Comparison of encystment
efficiency in 47% LG using either TCT plates (gray columns) or ULA plates (striped columns)
with various ABS concentrations. Shown is the percentage of encystment obtained at 48 h as
a percentage of the total cell count.
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Table 1
Treatment of glass culture tubes by serial transfer of cell-free encystment medium from one tube to another. Tubes
were pre-treated for 5 min with 47% LG containing either adult bovine serum (ABS) or asialofetuin (ASF) prior to
washing and use with encystment cultures. First two rows of results show encystment efficiency using the conventional
encystment method.

Pre-treatment of glass culture tubes (percentage of control)

Culture conditions ABS 5% (v/v) ASF 0.1 (μg/ml)

Controls (with cells) No ABS or ASF 27.0 ± 7.1 32.4 ± 3.9

With ABS or ASF 82.8 ± 17.0 57.4 ± 4.6

Transfer of cell-free medium
along a series of glass culture

tubes

Culture tube 1 65.1 ± 6.5 40.3 ± 6.2

Culture tube 2 58.3 ± 3.2 26.5 ± 7.8

Culture tube 3 40.9 ± 2.3 21.2 ± 8.0

Culture tube 4 40.6 ± 1.6 24.0 ± 10.8
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