REVIEW ARTICLES

Encystment and excystment in ciliated protists:
multidimensional approach
Harpreet Kaur1,2,*, Sara Iqbal1, Evelyn Inga1 and Dorcas Yawe1
1
2

California Institute of Behavioral Neurosciences and Psychology LLC, 4751 Mangels Blvd, Fairfield, CA 94534
Department of Zoology, University of Delhi, Delhi 110 007, India

In unfavourable conditions, ciliated protists lower or
shut down their metabolic activities and form resting
cysts to survive. According to the present knowledge,
most studies are based on one or two-dimensional
approaches to understand the morphological, physiological and biochemical changes during encystment
and excystment. However, in the last few years, research has been initiated to reveal proteins involved in
encystment. This review provides an insight into the
major findings related to the formation of resting
cysts in ciliates using multidimensional approach and
various limitations in the field.
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Theories and schools, like microbes and globules, devour
each other and by their struggle ensure the continuing of
life.
– Marcel Proust
LIVING systems adopt different survival strategies
depending upon the variations in the habitat which they
inhabit1. Protists are the earliest eukaryotes that appeared
2 billion years ago. A large number of variations occurred
within the group to survive in different environmental
conditions resulting in rich diversity of protists2. Some
protists maintain a constant phenotype under similar
environments, while others change their phenotype in
obligatory stages of life as an adaptive strategy in
response to alterations in the environment2,3.
In most protists, the adaptive strategy against major
stresses such as starvation and dehydration usually
includes lowering the metabolic rate or completely shutting down all metabolic activities. This state is defined as
cryptobiosis by Keilin4. Lowering of the metabolic rate is
usually found in non-differentiating microbes and
includes the production of degrading enzymes. There is
an immediate emergence of vegetative cells in case of
non-differentiating microbes upon the return of normal
conditions. Shutting down the whole metabolic system
in some protists requires a highly gene-regulated system1,3.
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A resting cyst is the cryptobiotic form found in protists
to survive in stress conditions5. Formation of a resting
cyst during unfavourable condition is called ‘encystment’
and the emergence of the vegetative cell out of the cryptobiotic state is known as ‘excystment’. This constitutes a
facultative encystment and excystment cycle (E–E cycle)
which is genetically coded6.
Among protists, E–E cycle is commonly found in freeliving ciliates that are prone to unfavourable conditions
such as starvation, high population density and salinity
variation6–8. Ciliated protists are unicellular eukaryotes
widely found in almost all habitats9,10. Presence of nuclear dualism, short generation time, species-specific ciliature and specialized oral apparatus to grasp food are some
of the unique characteristics which distinguish ciliates
from other protists11,12. Ciliates are heterotrophs; many of
them feed on bacteria, diatoms and algae13. Furthermore,
ciliates are found at various trophic levels in food webs,
which make them important for the proper functioning of
an ecosystem6.
Resting cysts in ciliates have been understudied; less
than 40 ciliate species have been studied with respect to
their cyst morphology and physiology14,15. In parasitic
ciliates, encystment is an obligatory phase of their life
cycle, whereas in some species encystment occurs for the
purpose of reproduction3. Most studies available delve
upon the ultrastructure of the resting cysts in different
species2,16. However, to understand the importance of the
formation of resting cysts in ciliates, studies have been
conducted in the last few years to explore the cellular
process at the genetic and proteomic levels during E–E
cycle17,18.
This review highlights the morphological, physiological and molecular level changes (multidimensional
approach) that usually occur during the process of E–E
cycle to form a resting cyst in different species belonging
to phylum Ciliophora, especially those belonging to the
order Hypotrichida.

Material and methods
The research papers included in the present review have
been downloaded from Google Scholar and PubMed.
Keywords to determine relevant studies for the selected
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topic are as follows: encystment and hypotrichs, excystment and hypotrichs, morphological changes in excystment and hypotrichs, morphological changes in encystment
and hypotrichs, genes involved during encystment in
hypotrichs, genes involved during excystment in hypotrichs. Selected studies included morphological and
physiological changes during encystment and excystment
and genetic changes in the encystment and excystment
process in members of the order Hypotrichia. Species
with different cell size and habitat have been included.

Results
A total of 64 studies downloaded from Google Scholar
and PubMed have been included in the present review;
three studies have been taken from PubMed and the
remaining from Google Scholar. Relevant chapters in
books and journals, abstracts of 14 studies and 46 full
papers were included in the study. Data of 38 ciliate species (mostly from Order Hypotrichia), proteomics of two
ciliates species, Euplotes encysticus and Pseudourostyla
cristata published from 2014 to 2018 have been included.

Discussion
Ecological conditions responsible for encystment
and excystment (Figure 1)
Encystment is triggered mostly by a stimulus such as
changes in environmental conditions, starvation, an
excess/depletion of food, certain metabolites or crowding.
The absence/depletion of nutrients1 or water6 in the medium causes starvation; a universal exogenous inducer1.
In terrestrial ciliate species such as Parentocirrus hortualis (1997) desiccation is also an inducer of cyst formation19. In Stylonychia pustulata, depletion of oxygen has
been reported as a cause of encystment13. Changes in pH,
salinity and temperature are the most common environmental parameters that cause encystment20–22. Excretory
substances of ciliates in the case of crowding of ciliates
in a particular place causes encystment in some cells in a
culture, while others remain in a vegetative state23. Some
ciliates secrete specific metabolites that are harmful to
other ciliates and act as inducers of encystment. Whenever
the conditions become favourable, excystment begins22.
Many factors cause encystment and excystment; however, the differential response of cells of the same species
under similar conditions needs to be resolved in future
studies.

kinetosomes resorbing (NKR) in euplotids24 and partial
kinetosomes resorbing cysts in urostylids25. KR cysts
resorb all kinetosomes, cilia and microtubules26–28. In
NKR cysts, cilia, microtubules and kinetosomes remain
intact. In some Urostylids, there is partial resorption of
the cilia and microtubules; these can be considered as
‘transition ciliates’ between sub orders Stichotrichina and
Sporadotrichina. It has been found in Urostyla (renamed
Pseudourostyla) sps.29. Several physiological and biochemical changes such as reduction of cell volume and
condensation of chromatin in macronucleus occur during
the process of encystation and excystation12. Most oxytrichids show similar salient features during encystment and
excystment. During the initial stages of encystment, cell
movement slows down and cytoplasm shrinks, thus reducing overall cell volume19,20. Dehydration of cytoplasm
reduces fluidity and volume of cell compartments, therefore, causing crowding of organelles and macromolecules6,30. Reduction of cell volume is followed by the
resorption of the ciliature28. In KR cysts, resorption of
ciliature starts with the disassembly of undulating membranes, followed by the shortening of ciliary shafts,
separation of associated microtubules and retraction of
remaining ciliature in the cytoplasm26. Autophagocytosis
in the cytoplasm is responsible for the resorption of
ciliary shafts, kinetosomes, and cellular organelles.
Autophagic vacuoles provide macromolecules and energy
required for cellular differentiation and sustenance of
resting cysts6,12,27,31. In the later stages of resting cyst
formation, the cyst starts taking the shape of a sphere
(young cyst) and macronuclear nodules begin to fuse together forming a round mass generally located at the centre18. In some species, macronuclear nodules do not fuse,
as in Australocirrus cf. australis27. Cell dehydration and
microtubules are responsible for the fusion of macronuclear nodules6. In partial and non-kinetosomes resorbing
cysts, some ciliature is present on the outer surface of a
mature cyst3,5,28,.
Excystment in most oxytrichids begins either by rupturing the cyst wall32 or by emerging from a pore with a
removable plug6. In the case of emerging from a pore,
ciliates actively rotate within the cyst till the plug disappears and then the vegetative cell escapes through the

Physiological changes during encystment and
excystment
Resting cysts of hypotrichs are divided into three types–
kinetosome resorbing (KR) in oxytrichids, nonCURRENT SCIENCE, VOL. 117, NO. 2, 25 JULY 2019

Figure 1.
ciliates.

Environmental factors responsible for encystment in
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pore33. Parentocirrus hortualis and Rigidohymena quadrinucleata escape by breaking the cyst wall with the
help of an excystation vacuole. Contractile vacuoles in
these species stop pulsating and become excystation
vacuoles during the excystment phase16,19. In rare cases,
an excystation vacuole breaks only a thin membrane; the
rest of the cyst wall is ruptured by the excysting cell. The
structure and composition of the thin membrane enveloping the emerging cell during excystment needs to be
explored16. In some species such as Oxytricha fallax, the
excysting cell has fully differentiated ciliature before
emerging out of the resting cyst, whereas some species
such as Parentocirrus hortualis and Coniculostomum
monilata, require some regeneration rounds before coming into a normal vegetative state20,32. All the cellular
organelles resorbed during encystment form again before
and/or after excystment. Certain abiotic factors affect
excystment although there are few studies supporting
this. Temperature affects the time period of excystment
and increase in pH and bacteria retard the rate of excystment. In low concentrations of plant extracts, dilute solutions of certain plant acid mixtures neutralized with KOH
and a number of organic substances such as bacto-yeast
extract and bactopeptone, are also effective in inducing
excystment34.

Ultrastructure and biochemical characterization of
mature cyst and cyst wall (Table 1)
The presence of partially permeable cyst wall layers is an
important characteristic of resting cysts in ciliates. It protects the cell and helps cysts to adhere to the surface
strongly. Many authors studied cyst wall structures of
different species using scanning and transmission electron microscopy. Cyst walls are made up of three layers
as found in Urostyla grandis35 and Gonostomum sp.36 or
of four layers37–39 as found in Laurentiella acuminate40,
Stylonychia mytilus41, Pleurotricha sp.42, Oxytricha bifaria43, Onychodromus acuminatus44, Australocirrus cf.
australis27 and Rigidohymena quadrinucleata16. The outermost layer is the ectocyst having finger-like protrusions
externally and well-organized sub-spherical part internally. The second layer is a mesocyst which is fibrous and
consists of concentric layers; it can sometimes be divided
into two zones as in Laurentiella acuminate40. The third
layer is the endocyst with regular shape and thickness,
composed of some electron-lucent highly compact
amorphous substance. The fourth layer is a granular
layer which is the innermost and discontinuous layer that
attaches cyst wall to the cell surface41,45. Certain nonhypotrichous ciliate species also have one or two layers
in the cyst wall. Cysts in euplotids present an amorphic
state15. KR cysts have four layered cyst walls and NKR
cysts and Urostyla-type cysts have three layered cyst
walls29. The cyst wall is mostly composed of polysaccha200

rides and proteins in most hypotrichs29,46. The ectocyst
and the endocyst consist of neutral and acidic mucopolysaccharides and proteins, whereas mesocyst and the granular layer are comprised of acidic mucous substances
and neutral polysaccharides respectively29.
Hypotrich cysts are generally simple and spherical,
with rigid or spiny outer coats2. Cyst surface ornamentations are species-specific and can be categorized as spines
(generated by the outer ectocyst lamellae) found in R. quadrinucleata16, thorns (generated by the mesocyst) found
in Laurentiella strenua and lepidosomes (produced in the
cytoplasm content) found in O. granulifera15. Colour of
the cyst also varies from colourless to yellow and red.
This helps in identification of species-specific resting
cysts16.
Foissner et al.47 compared resting cysts of hypotrichids
and oligotrichids and concluded that although there is
vast diversity of resting cysts due to morphological and
ontogenic differences, it is difficult to separate ciliate
species phylogenetically on the basis of resting cysts15. It
has been stated that resting cysts play an important role in
dispersal of ciliate species47.

Encystment–excystment related proteins (Table 2)
Based on the presence of favourable and unfavourable
environmental stimulus, special structural differences
between resting cysts and vegetative cells show that there
is a specific genetic program responsible for thesechanges1,29. The presence of transcripts in the resting cyst
in Sterkiella histriomuscorum among ciliates and other
protists indicate that mRNA storage is maintained in a
dormant stage. Ciliate encystment and excystment are
RNA and protein-dependent processes1,48. Forty two proteins were isolated from the Euplotes encysticus resting
cyst wall. These proteins function in cell wall anchoring,
cytoskeleton formation, energy metabolism, transport and
catabolism, signal transduction, membrane-associated
transportation, processing, sorting and degradation18. The
cyst wall is mainly composed of carbohydrates and
proteins as found in earlier studies using biochemical
approach. Proteomic studies confirm that the cyst wall
consists mainly of tubulin and actin proteins5,18. Most
intracellular proteins degrade during encystment. This
was confirmed by the identification of ubiquitin, ubiquitin carboxyl-terminal hydrolase family proteins and cullin
family proteins in resting cyst. These proteins of the ubiquitin-proteasome pathway are involved in selective protein degradation49,50. This proteolytic activity might also
be responsible for degradation of cyst wall during
excystment. Non-proteolytic activities of ubiquitin systems help in other functions of resting cysts during
encystment and excystment such as membrane transport,
intracellular signal transduction51,52. Chen et al.53
reported upregulation of 12 proteins and down regulation
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Table 1.
Taxon

Characteristics of resting cyst of hypotrichous ciliates
Family

Euplotes muscicola55
Urostyla grandis25
Oxytricha granulifera9
Oxytricha fallax26
Oxytricha bifaria41
Laurentiella strenua26
Laurentiella acuminata 56,57
Gastrostyla steinii24
Kahliella simplex58
Australocirrus cf. australis27
Paraparentocirrus sibillinensis59
Rigidohymena quadrinucleata16
Parentocirrus hortualis19
Pleurotricha sp.42
Paraurostyla weissei29
Coniculostomum monilata32
Steinia sphagnicola15

Table 2.

Euplotidae
Urostylidae
Oxytrichidae
Oxytrichidae
Oxytrichidae
Oxytrichidae
Oxytrichidae
Oxytrichidae
Kahliellidae
Oxytrichidae
Oxytrichidae
Oxytrichidae
Oxytrichidae
Oxytrichidae
Oxytrichidae
Oxytrichidae

Cyst
type

Number of cyst
wall layers

Cyst wall ornamentation

NKR
PKR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR
KR

2 (EC, EN)
3 (EC, MC, EN)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)
4 (EC, MC, EN, MT)

Crests
Smooth
Smooth with granules
Irregularly serrated surface
Spines
Thorns
Thorns
Thorns
Cyst wall smooth
Slightly wrinkled
Reticulate with ridges
Spines
Reticulate with ridges
Spines
Spines
Hexagonal pattern
Spines

Functions of different proteins isolated from resting cysts of hypotrichous ciliates12,17

Proteins
KR-multi-domain protein17
Type II cytoskeletal 117
Keratin17
Nop 16 domain-containing protein17
Protein arginine n-methyltransferase17
Epsilon-trimethyl lysine hydroxylase17
Calpain-like protein17
Methylmalonyl-coenzyme A mutase12
ADP ribosylation factor12
rab1212
MAPK-related kinase12

Functions
Oxidation–reduction reactions
Mechanical properties of cyst wall and be involved in the stability of the cyst wall
Cell-cycle progression and stress signalling, ribosome subunit biosynthesis
Post-translational modification in the regulation of protein signalling.
Energy metabolism
Cytoskeleton protein reorganization
Breakdown of the amino acids, cholesterol, and odd-chain fatty acids
Membrane trafficking and actin cytoskeleton remodelling
Autophagy regulator
Stress-signalling pathway

of 7 proteins during the process of encystment in Euplotes encysticus. These proteins play different roles in the
process of encystment, thus pointing towards an association of morphological changes and molecular signals during the formation of the resting cyst53. Keratin, Nop 16
domain-containing protein, cytoskeletal 1, protein
arginine n-methyltransferase, epsilon-trimethyl lysine
hydroxylase and calpain-like proteins are six resting cystspecific proteins in Euplotes encysticus17. Fibrillarin-like
rRNA methylase, methylmalonyl-coenzyme A mutase,
ADP ribosylation factor, rab12, MAPK-related kinase
and KR-multi-domain proteins have been identified as
specific proteins in resting cysts of Pseudourostyla cristata. These proteins are responsible for RNA methylation,
protein degradation, dynamic actin remodelling, autophagy regulation and oxidation–reduction reactions during
encystment12. This suggests that the peculiar proteins and
differential proteins might play important roles in the
transformation of the vegetative cells into resting cysts18.
There is only one study that has shown an association of
DNA methylation with encystment. Ma-DNA GCGC and
CCGG sequences demethylated in resting cyst DNA,
CURRENT SCIENCE, VOL. 117, NO. 2, 25 JULY 2019

whereas these methylated in vegetative cell DNA. Inhibition of cysteine proteases in Sterkiella histriomuscorum
inhibits encystation and is specifically required for excystation. Cathepsin B gene, a cathepsin L-like gene, and
a calpain-like gene are involved in degradation of the
cyst wall54. Some of the proteins are co-expressed in both
vegetative and resting cysts12,17.

Conclusion
Encystment and excystment play an important role in the
survival of ciliated protist in varied ecological conditions.
In the present review, ecological conditions responsible
for encystment and excystment, ultrastructure of a resting
cyst and the process of formation of a resting cyst with
respect to physiological changes have been listed. Importantly, recent studies to understand the genomics and
proteomics of encystation and excystation have shown
the association of morphological changes with genetic
changes. In the last few years, although work at an
omic level has increased, studies to determine cellular
201
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mechanisms in the E–E cycle of ciliates are limited. Additionally, a number of genomic and protein databases are
required to identify a large number of proteins that remain unidentified in the listed studies. This will help in
understanding the intrinsic signalling pathways responsible for encystment and excystment. Combining morphological, physiological, biochemical and proteomic data
(multidimensional approach), one can understand the
whole mechanism of the formation of resting cyst from
the vegetative cell.
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