
 

 

Review Paper 1 

 2 

The protozoan Tetrahymena: cellular model for 3 

biological studies  4 

 5 
 6 7 
.8 
ABSTRACT 9 
 10 
Biological research, including clinical trials, mainly uses animals as model organisms. 
Currently, animal experimentation remains controversial for several reasons, namely the 
implementation of animal protection and ethics panels, the high costs and the long duration 
of experiments. These constraints encourage researchers to use alternative methods in 
order to overcome these barriers. 
The ciliate Tetrahymena is a unicellular eukaryotic organism that has contributed 
significantly to the acquisition of knowledge in the field of fundamental biology. 
Characterized by a well-ordered structure and a short life cycle, the protozoan Tetrahymena 
is very commonly used in the laboratory due to the ease involved in handling it. Therefore, 
this organism has allowed researchers to elucidate a number of mechanisms in higher 
organisms including mammals. 
This bibliographic review describes the favorable biological characteristics of the protozoan 
Tetrahymena as well as various physiological and molecular studies that have been carried 
out on this organism. Studies have shown that Tetrahymena is one of the alternatives to 
animal experimentation and a major contributor to the development of biological and life 
sciences. 
 11 
Keywords: Tetrahymena, Cell model, Structure, Life cycle, Physiological studies, Molecular 12 
studies. 13 
 14 
1. INTRODUCTION 15 
 16 
Cellular model systems have a long history and are important tools for acquiring a great deal 17 
of knowledge in fundamental biology. Many structures and biological pathways have been 18 
discovered due to studies of well-explored model organisms [1, 2, 3, 4]. The emergence of 19 
model organism studies stems from the fact that a multitude of biological mechanisms and 20 
structures are maintained across model organisms [5, 6, 7]. Historically, the most commonly 21 
used model organisms have been fungi and animals [8]. Indeed, these organisms are 22 
related to opisthokonts in much the same way as humans. Thus, this convergence 23 
encourages researchers to favor these organisms in order to respond to the complexity of 24 
the intracellular functioning of higher organisms. In this context, the yeast Saccharomyces 25 
cerevisiae is an example of an organism much in demand in biological studies, based on its 26 
ancestral relationship with humans. 27 
However, a systematic approach with the same objective consists of the study of less-28 
explored model organisms, coming from a different line of opisthokonts. Ciliates represent 29 
an attractive group of organisms to extend cellular biological studies to different lines. During 30 
their evolutionary history, ciliates have retained ancestral structures and functions that 31 
yeasts have lost, such as cilia and the regulation of the secretion of stored materials. Ciliated 32 
organisms have allowed the development of a wide range of experimental tools, namely the 33 
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protozoa Tetrahymena T. thermophila and Paramecium tetraurelia which are used to 34 
rigorously examine important biological issues [9, 10, 11]. 35 
The protozoan Tetrahymena is a eukaryotic, mobile, and phagocytogenic unicellular 36 
organism commonly found in fresh and stagnant waters. In nature, they feed on bacteria 37 
while laboratory strains typically live in axenic cultures composed of nutrient-rich media or 38 
chemically defined media. These unicellular organisms are introduced to the laboratory at a 39 
very early stage because of their ease of culture in axenic media and the rapid growth of 40 
cells that divide every 2-3 hours under optimal conditions. The cells are wide, with a length 41 
between 30µm and 50µm, ideal dimensions for studies under light and electron microscope. 42 
Like all ciliates, Tetrahymena belongs to the group of alveolates that is part of the SAR clade 43 
(Stramenopiles - Alveolata - Rhizaria). Tetrahymena belongs to the class of 44 
Oligohymenophorea and includes several morphologically indistinguishable species, among 45 
which we find the two best known species Tetrahymena T. pyriformis and Tetrahymena T. 46 
thermophila. Previously, these two species were grouped into a single species Tetrahymena 47 
geleii [12], later renamed Tetrahymena pyriformis. The discovery of mating patterns led to 48 
the separation of the group, based on sexual isolation, and identified Tetrahymena T. 49 
thermophila as a distinct species [13]. The name "thermophila" is attributed to this species 50 
because it has an optimum growth temperature higher than the maximum temperature 51 
tolerated by Tetrahymena T. pyriformis. 52 
Tetrahymena has a long history distinguished by the discovery of major biological 53 
paradigms. Tetrahymena T. thermophila is widely used in studies in cellular physiology and 54 
molecular genetics, Tetrahymena T. pyriformis is also a very useful species in physiological 55 
and toxicological studies. Tetrahymena has a complex intracellular organization and 56 
combines the biological complexity of higher organisms and the experimental accessibility of 57 
unicellular organisms. This organism uses many universally conserved eukaryotic 58 
processes, which also makes it useful for clarifying these conserved characteristics [14,15].  59 
As part of this review, we will focus on the structural configuration of the protozoan 60 
Tetrahymena. Secondly, we will review the essential characteristics of the cellular life cycle. 61 
Finally, we will devote a section to the studies in various fields in biology already carried out 62 
on the protozoan Tetrahymena, which have proven the credibility of this organism as a 63 
eukaryotic cellular model. 64 
 65 
2. TETRAHYMENA CELL STRUCTURE 66 
 67 
The protozoan Tetrahymena is a unicellular ciliate organism with a pear shape, 68 
approximately 50 µm long and 20 µm wide. It seems simple and small visually, but has a 69 
complex, orderly structural organization at the cell surface [16]. Under the plasma 70 
membrane, eight distinct structural systems can be observed in an ordered network (Fig. 1) 71 
[17]. From the outside inward finds: cortical cells encased in a flattened membrane; 18 to 21 72 
longitudinal microtubule groups; a continuous membrane skeleton (epiplasm); ciliated units 73 
(basal bodies); a network of dense nucleus secretory granules arranged longitudinally 74 
(mucocysts); a set of mitochondria aligned parallel to the rows of basal bodies and secretory 75 
granules; flattened sheets of endoplasmic reticulum; a network of small Golgi apparatus 76 
elements. 77 
The cell has at its anterior end an oral cavity (cytostome) composed of four ("Tetra") ciliary 78 
units: an undulating membrane on the right and three membranelles on the left of the cavity. 79 
At the posterior end, we find the cytoproct which has excretory functions and two pores of 80 
the contractile vacuole. The latter, located at the distal part of the cell, plays a very important 81 
role in the osmotic regulation and empties through its two pores. The contractile vacuole is 82 
also involved in ionic balance. Cell cytoplasm is also distinguished by an enlarged 83 
phagosomal compartment in digestive vacuoles [18], Mitochondria concentrated in the 84 
cellular cortex that provide aerobic respiration to the cell [19], a rough endoplasmic reticulum 85 
that suggests a role in the synthesis of membrane and secreted proteins similar to that of 86 
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other eukaryotes [16], the Golgi apparatus associated with the endoplasmic reticulum 87 
and peroxisomes which are sites of enzymatic activity such as catalase 88 
oxidation of fatty acids [22]. 89 
Like all ciliates, Tetrahymena90 
the genome of the germ line and the somatic genome are located in two different nuclei: the 91 
micronucleus and the macronucleus respectively. The micronucle92 
and meiosis but is transcriptionally silent while the macronucleus is transcriptionally very 93 
active. This germinal-somatic separation is reminiscent of metazoans where the distinction 94 
between somatic cells and germ cells is maintai95 
 96 

97 
Fig. 1. Structural organization of 98 
(A) Nuclear organization. The cell has a germinal micronucleus (Mi) and a somatic macronucleus (Ma). 99 
(B) Cytoplasmic organization seen from the ventral surface of the cell. Seven of the 18 to 21 ciliary 100 
rows (CR) are observed, with ciliated basal bodies (cBB101 
basal bodies (UBB) in tiny open dots, groups of longitudinal microtubules (LM) represented by lines to 102 
the left (to the right of the cell) of the basal bodies. The cilia come from the cBBs of one of the CRs and 103 
are omitted from the other rows. Dense nucleus secretory granules (DCG) are also called mucocysts 104 
(Mc). The three unique cortical landmarks are the oral apparatus (OA) on the anterior surface, the 105 
cytoproct (Cyp) and the contractile vacuolar pore (CVP) on the 106 
the right end of the cell of the two ciliary rows that terminate at the posterior end of the OA, which is 107 
arbitrarily designated as the reference row, the ciliary row no. 1 (CR # 1). The basal bodies of the OA 108 
are organized into four structures composed of an undulating membrane (UM) and three membranelles 109 
(M). A mouth or cytostome (Cst) is located at the posterior end of the OA. Only one contractile vacuole 110 
(CV) empties through both CVPs. Food vacuoles (FV) are form111 
 112 
3. LIFE CYCLE OF THE PR113 
 114 
Like all ciliates, Tetrahymena115 
respectively into a micronucleus and a macronucleus. This separation specific to higher 116 
organisms is very rare in unicellular eukaryotes. To maintain these genomes and genetic 117 
diversity, the protozoan Tetrahymena118 
sexual reorganization (or conjugation).119 
 120 
3.1 Asexual reproduction121 
 122 
During vegetative division, the macronucleus is divided by random chromosomal 123 
segregation while the micronucleus is divided by mitosis, resulting in a binary fission 124 
(cytokinesis) of the parent cell into two daughter cells. However, vegetative reproduction125 
marked by significant changes from the cell surface to the nuclei. These changes begin with 126 
the morphogenesis of a new structure, future oral apparatus of the posterior daughter cell 127 
and perpendicular to the old oral apparatus (Fig. 2A, OP). This primi128 
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Tetrahymena is characterized by a nuclear dimorphism that illustrates that 
the genome of the germ line and the somatic genome are located in two different nuclei: the 
micronucleus and the macronucleus respectively. The micronucleus is capable of mitosis 
and meiosis but is transcriptionally silent while the macronucleus is transcriptionally very 
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Structural organization of Tetrahymena T. thermophila [17]. 

) Nuclear organization. The cell has a germinal micronucleus (Mi) and a somatic macronucleus (Ma). 
(B) Cytoplasmic organization seen from the ventral surface of the cell. Seven of the 18 to 21 ciliary 
rows (CR) are observed, with ciliated basal bodies (cBB) represented by closed points, uncapped 
basal bodies (UBB) in tiny open dots, groups of longitudinal microtubules (LM) represented by lines to 
the left (to the right of the cell) of the basal bodies. The cilia come from the cBBs of one of the CRs and 

omitted from the other rows. Dense nucleus secretory granules (DCG) are also called mucocysts 
(Mc). The three unique cortical landmarks are the oral apparatus (OA) on the anterior surface, the 
cytoproct (Cyp) and the contractile vacuolar pore (CVP) on the posterior surface. The Cyp is located at 
the right end of the cell of the two ciliary rows that terminate at the posterior end of the OA, which is 
arbitrarily designated as the reference row, the ciliary row no. 1 (CR # 1). The basal bodies of the OA 

rganized into four structures composed of an undulating membrane (UM) and three membranelles 
(M). A mouth or cytostome (Cst) is located at the posterior end of the OA. Only one contractile vacuole 
(CV) empties through both CVPs. Food vacuoles (FV) are formed in the Cst and emptied at Cyp.

LIFE CYCLE OF THE PROTOZOAN TETRAHYMENA 

Tetrahymena is characterized by a germ line and a somatic line separated 
respectively into a micronucleus and a macronucleus. This separation specific to higher 
organisms is very rare in unicellular eukaryotes. To maintain these genomes and genetic 

Tetrahymena uses both asexual (or vegetative) cell division and 
sexual reorganization (or conjugation). 

Asexual reproduction   

During vegetative division, the macronucleus is divided by random chromosomal 
segregation while the micronucleus is divided by mitosis, resulting in a binary fission 
(cytokinesis) of the parent cell into two daughter cells. However, vegetative reproduction
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and perpendicular to the old oral apparatus (Fig. 2A, OP). This primitive structure then 
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undergoes a complex process of development to form four ciliary structures: membranelles 129 
and an undulating membrane. An intermediate step is shown in Fig. 2B. When the primitive 130 
structure develops, new ciliary units are formed in the ci131 
anterior and perpendicular to the old. The membrane skeleton specific to basal bodies is 132 
formed as the new basal bodies take position in the cortex 133 
of the cellular cortex occurs shortly before the start of cytokinesis (Fig. 2C), marked by the 134 
appearance of an equatorial cleft in the ciliary rows separating any prod135 
and posterior division. The cortical organization is asymmetrical on the side of the cleft and 136 
just in front of the cleft; a new cytoproct and new contractile vacuoles are formed, destined 137 
for the posterior extremities of the former da138 
cortical cycle is cytokinesis (Fig. 2D). The anterior and posterior oral apparatuses complete 139 
their development synchronously. At this time, the micronucleus begins to divide which ends 140 
before the initiation of cytokinesis (Fig. 2C). The macronucleus division begins at the end of 141 
the micronucleus division [25]142 
 143 
 144 

145 
 146 
Fig. 2. Vegetative reproduction in the protozoan 147 
Scale bar: 10 µm. 148 
The anterior end is represented at the top of each figure; Figures (A), (B) and (C) are ventral view, 149 
Figure (D) is dorsal view. (A) Beginning of the development of the 150 
device (OP "oral primordium") appears along the right ciliary row (1) posterior to the oral cavity (OA 151 
"oral apparatus"). In mature ciliary units (c), the basal bodies are associated with transverse 152 
microtubule groups (TM) and cilia (Cil). Immature ciliary units are observed at different stages of 153 
development. "Naked" basal bodies without TM or Cil (arrowheads) are located very close to mature 154 
ciliary units. Maturation units (arrows), with short TMs without cilia, are usual155 
parental ciliary units. LM: longitudinal band. (B) Advanced development of the oral cavity. 156 
Membranelles development in OP. The proliferation of the basal body along the ciliary rows continues. 157 
The micronucleus (Mi), close to th158 
The membranelles and the undulating membrane in OP are well developed. The oral cavity (OA) is 159 
simplified to look like OP. The fission zone is visible between the points of the arro160 
form of a circumferential ring in the ciliary rows. The micronuclei have completed the division, although 161 
they are still connected by one or more strands containing the separation microtubules; Macronoyau 162 
(Ma) has just begun to divide. (D) The surface of a dividing cell. The macronoyau is divided.163 
 164 
3.2 Sexual reproduction 165 
 166 

undergoes a complex process of development to form four ciliary structures: membranelles 
and an undulating membrane. An intermediate step is shown in Fig. 2B. When the primitive 
structure develops, new ciliary units are formed in the ciliary rows from a new probasal body 
anterior and perpendicular to the old. The membrane skeleton specific to basal bodies is 
formed as the new basal bodies take position in the cortex [23, 24]. An equatorial subdivision 
of the cellular cortex occurs shortly before the start of cytokinesis (Fig. 2C), marked by the 
appearance of an equatorial cleft in the ciliary rows separating any products of the anterior 
and posterior division. The cortical organization is asymmetrical on the side of the cleft and 
just in front of the cleft; a new cytoproct and new contractile vacuoles are formed, destined 
for the posterior extremities of the former daughter cell. The most important event of the 
cortical cycle is cytokinesis (Fig. 2D). The anterior and posterior oral apparatuses complete 
their development synchronously. At this time, the micronucleus begins to divide which ends 

cytokinesis (Fig. 2C). The macronucleus division begins at the end of 
[25] and ends in the midst of cytokinesis (Fig. 2D). 

 

Vegetative reproduction in the protozoan Tetrahymena T. thermophila 

The anterior end is represented at the top of each figure; Figures (A), (B) and (C) are ventral view, 
Figure (D) is dorsal view. (A) Beginning of the development of the oral cavity. A new oral primitive 
device (OP "oral primordium") appears along the right ciliary row (1) posterior to the oral cavity (OA 
"oral apparatus"). In mature ciliary units (c), the basal bodies are associated with transverse 

and cilia (Cil). Immature ciliary units are observed at different stages of 
development. "Naked" basal bodies without TM or Cil (arrowheads) are located very close to mature 
ciliary units. Maturation units (arrows), with short TMs without cilia, are usually located farther from the 
parental ciliary units. LM: longitudinal band. (B) Advanced development of the oral cavity. 
Membranelles development in OP. The proliferation of the basal body along the ciliary rows continues. 
The micronucleus (Mi), close to the cell surface, is not yet divided. (C) Cell undergoing cortical division. 
The membranelles and the undulating membrane in OP are well developed. The oral cavity (OA) is 
simplified to look like OP. The fission zone is visible between the points of the arrows on a space in the 
form of a circumferential ring in the ciliary rows. The micronuclei have completed the division, although 
they are still connected by one or more strands containing the separation microtubules; Macronoyau 

(D) The surface of a dividing cell. The macronoyau is divided.
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In the absence of sufficient food for vegetative reproduction, the cells engage in a sexual 167 
reproduction called conjugation. Conjugation is a process involving pairs of cells with a 168 
different mating pattern and is characterized by micronucleus meiosis, gametogenesis, and 169 
nuclei fusion to form the zygote nuclei (Fig. 3). The zygotic nuclei divide by mitosis to 170 
differentiate into a new micronucleus (MIC) and a new macronucleus (MAC), the MAC of 171 
each conjugant is destroyed (Fig. 3). Conjugation is very important because it allows an 172 
increase in genetic diversity. 173 
 174 

 175 
 176 
Fig. 3. Sexual reproduction (conjugation) in the protozoan Tetrahymena [13]. 177 
The cells are represented by ovals with a micronucleus (small circle) and a macronucleus (large circle) 178 
whose DNA content (ploidy) is indicated. The sexual phase of the life cycle begins with two cells of 179 
different types of mating (A), homozygous for the black and white alleles, respectively, which undergo 180 
a pairing (B). The completion of two cycles of meiosis (C) leads to the production of four haploid 181 
products (semicircles, indicated by 1n). One of these meiotic products is positioned at the anterior 182 
cytoplasm of each conjugate, while the remaining three are targeted for elimination (red outline) at the 183 
posterior end of the conjugate. Subsequently, the mitosis of the surviving meiotic product generates 184 
two pronuclei of gametes (D). Each migratory pronucleus is transferred to the opposite conjugate in a 185 
process called pronuclear exchange (E). The incoming migratory pronuclei merge with the stationary 186 
pronuclei (pronuclear fusion), restoring the diploid character of the MIC and thus generating the 187 
fertilization nucleus (or zygote) (F). Thus, each fertilization nucleus obtains a haploid genome from 188 
each parent (black and white semicircles). The nucleus of fertilization undergoes two post-zygotic 189 
mitoses (G), leading to the production of four genetically identical diploid nuclei in each conjugate. (H) 190 
The two anterior nuclei develop into new MACs, while the two later nuclei become the new MICs. A 191 
new MAC maturation involves an increase in ploidy and a rearrangement of the programmed DNA. 192 
Parental MACs are removed by apoptosis (red outline) and do not provide DNA to the offspring. (I) The 193 
exconjugant cells separate and one of the two MICs is removed. When the exconjugants divide, one of 194 
the two fully developed MACs and a mitotic copy of the surviving MIC in each exconjugant are 195 
separated from their daughter cells (karyonides) because each receives an independently developed 196 
MAC (J). Once the process of conjugation is complete, these cells must mature sexually by vegetative 197 
cell division before they can conjugate. 198 
 199 
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 200 
4. TETRAHYMENA AS MODEL ORGANISM FOR RESEARCH: 201 
 202 
4.1 Toxicological 203 
 204 
The protozoan Tetrahymena has been widely used by many researchers to evaluate the 205 
toxic potential of xenobiotics in the environment, but also of drugs and water quality. A 206 
number of studies were carried out by measuring different physiological parameters such as 207 
kinetic growth, cell density, morphology, mobility and cellular biomarkers. Under optimal 208 
conditions, the growth of Tetrahymena is characterized by a lag phase, an exponential 209 
phase and a stationary phase. This behavior can be utilized for toxicological tests. Generally, 210 
the cell density is determined automatically by an electronic particle counter or under a 211 
microscope by a hemocytometer. Tetrahymena is also distinguished by changes in 212 
morphology and mobility in the presence of toxic agents, as well as a change in the 213 
expression of biomarkers that are highly sought after in toxicological studies. 214 
 215 
4.2 Environmental pollutants 216 
 217 
Environmental pollutants have long-term effects on cellular development and pose a threat 218 
to public health. Several diseases are detected in humans through chronic exposure to 219 
pollutants generally contained in food and drinking water. For decades, several studies have 220 
been conducted on the protozoan Tetrahymena as a model organism to understand and 221 
combat the mechanistic impact of various pollutants. Several authors have worked on the 222 
protozoa to study the toxic effect of heavy metals, including arsenic and cadmium, for 223 
example [26, 27, 28].  224 
Arsenic is a toxic element found in the environment which causes a number of diseases 225 
such as cancer and diabetes [29, 30]. Arsenic exposure at IC50 concentration is shown to 226 
cause damage to the growth, shape and mobility of Tetrahymena T. pyriformis [28]. On the 227 
other hand, at moderate concentration, the organism adapts in the long term through metal 228 
detoxification and thus constitutes a pillar for studying the metabolic pathways involved in 229 
this detoxification process. Cadmium is also a toxic element that can be found in food and 230 
drinking water. Larsen’s studies have shown that cadmium sensitivity is proportional to the 231 
exponential phase density of Tetrahymena T. pyriformis while the sensitivity decreases to 232 
the stationary phase due to cell adaptation in the presence of metal [26]. Other studies have 233 
shown an inhibition of the activity, protein expression and kinetic parameters of the 234 
mitochondrial biomarker D-β-hydroxybutyrate in Tetrahymena T. pyriformis [27]. 235 
Aluminum is one of the most abundant elements in the environment. It is naturally present in 236 
water and involved in neurodegenerative diseases in humans [31] and increased mortality in 237 
aquatic organisms [32]. These facts were verified in the protozoan Tetrahymena T. 238 
pyriformis, which showed dose-dependent growth and mobility, solubility of aluminum and a 239 
chelator coupled with metal.  [33]. 240 
 241 
4.3 Pharmaceutical products 242 
 243 
The use of drugs requires prior knowledge about the toxic concentrations and side effects of 244 
these products. In this sense chemotaxis of Tetrahymena is used in several studies to 245 
estimate the toxic effect of drugs. Studies have tested the toxic effect of extracts of a 246 
medicinal plant, Ginkgo biloba L. Gingkobiloba, on the PKG protein that controls the 247 
chemotaxis of the protozoa Tetrahymena T. thermophila by adjusting ciliary beats [34]. 248 
These extracts exerted a significant inhibition of chemotaxis and PKG activity in 249 
Tetrahymena T. thermophila cells. 250 
A contributive study showed the mechanism of inhibition of the cellular model Tetrahymena 251 
T. thermophila by shiga-toxins [35]. These products are secreted by certain virulent bacteria 252 
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and cause diseases in mammals [36]. Inhibition of protozoan growth by these substances 253 
has been blocked by mutations preventing bacterial response or by enzymes which degrade 254 
the hydrogen peroxide produced by the protozoan. Hydrogen peroxide signals the presence 255 
of the protozoan leading to the induction of bacteriophages and the production of shiga 256 
toxins. 257 
Researchers have focused on pharmaceuticals contaminating aquatic environments by 258 
testing the toxic effect of several pharmaceuticals on the growth and shape of the protozoa 259 
Tetrahymena T. pyriformis [37]. These studies suggest that the protozoan Tetrahymena is a 260 
model organism for analyzing aquatic contaminants and understanding the mechanisms 261 
involved in toxicity by measuring more specific parameters. 262 
 263 
4.4 Oxidative stress 264 
 265 
Oxidative stress is a process that is involved in the deterioration of several cellular 266 
components such as structure, nucleic acids, proteins and lipids [38, 39], that can 267 
compromise health and cell viability leading to necrotic or apoptotic cell death [40,41]. 268 
Oxidative stress is involved in many diseases such as cancer [42,43] and neurodegenerative 269 
diseases [4344]. Studies have shown that oxidative stress induced by hydrogen peroxide or 270 
nitric oxide inhibits growth and changes the shape of protozoa Tetrahymena T. thermophila 271 
and Tetrahymena T. pyriformis [4445, 4546]. Molecular studies have also shown a 272 
modification of the activity of antioxidant enzymes (superoxide dismutase and catalase) and 273 
a regulation of the GAPDH enzyme which is essential for cellular metabolism [4445]. 274 
The protozoan Tetrahymena T. pyriformis has also been used to study the involvement of 275 
iron in Alzheimer's disease [4647]. Iron has been shown to have adverse effects on the 276 
central nervous system by causing the formation of highly toxic free radicals [4748]. Iron 277 
chelation therapy is in great demand to treat iron overload related diseases, but the use of 278 
currently available chelators to remove iron from the brain is limited because of their toxicity 279 
and / or poor transfer across the blood-brain barrier [4849]. In the search for new 280 
alternatives, the chelating effect of different compounds of the Opuntia ficus-indica (L.) Mill. 281 
Opuntia ficus-indica plant such as resveratrol are tested on the protozoan Tetrahymena 282 
pyriformis by following the viability, density and morphology of the cells. The results of this 283 
study showed that iron accumulates in this protozoan and that this accumulation is 284 
responsible for the decrease in viability and cellular activity. The evaluation of stress markers 285 
shows that iron induces high production of catalase, superoxide dismutase and glutathione 286 
peroxidase. The application of Opuntia O. ficus-indica extracts showed protection of cells 287 
against iron toxicity and a return to normal cellular activity. Morphological visualization has 288 
also shown the ability of plant extracts and metabolites to prevent the accumulation of iron. 289 
A variety of antioxidant supplements have been developed in recent years to enrich the 290 
endogenous defense systems of living organisms. However, the prevention of chronic 291 
diseases through the use of antioxidant supplements remains controversial [4950]. In the 292 
search for new alternatives, a recent study has shown the protective effect of the essential 293 
oils of Salvia officinalis L. and Origanum vulgare L. Oreganum vulgare against the oxidative 294 
stress induced by hydrogen peroxide and sodium nitroprusside in the two species 295 
Tetrahymena T. thermophila and Tetrahymena T. pyriformis [5051]. Growth, morphology, 296 
and cell density were monitored in this study, and the results showed that oxidative stress 297 
inhibits growth, cell density, and changes the shape of both species. The application of the 298 
oils has shown protection of the peroxide-treated cells which regain normal growth and 299 
morphology, whereas the cells treated with sodium nitroprusside (nitric oxide donor) return to 300 
a normal form but their growth remains slowed because this stressor modifies the 301 
expression of certain proteins essential for cellular metabolism [5152, 5253]. 302 
 303 
4.5 Genetic 304 
 305 
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Tetrahymena is a eukaryotic cell that provides tools and techniques for discovering new 306 
genes and revealing the presence of important molecular mechanisms behind these genes. 307 
It is a unicellular organism that combines the biological complexity of higher organisms with 308 
accessibility in classical and reverse genetics [13]. It is in this sense that Hennessey and 309 
Lampert studied the physiological behavior of Tetrahymena to estimate the effect of genetic 310 
mutations [5354]. They performed experiments that can be used in both classical and 311 
reverse genetics approaches to better understand the cellular functions of genotype to 312 
phenotype [5354].  313 
Characterized by nuclear dimorphism, Tetrahymena helps to elucidate germinal and somatic 314 
differentiation. The work done on Tetrahymena led to major discoveries such as dynein, the 315 
first engine of microtubules [5455], the discovery of catalytic RNA [5556] and the structure of 316 
telomeres and telomerases [5657] which have each earned a Nobel Prize. Tetrahymena 317 
also enabled the discovery the enzyme "histone acetyltransferase" which plays an important 318 
role in histone modification and transcriptional regulation, which gave rise to histone coding 319 
and epigenetic control of gene expression by chromatin modification [5758]. These 320 
discoveries have transformed Tetrahymena into a highly beneficial experimental organism 321 
that is essential for addressing a wide range of biological problems. Among the genetic 322 
advantages of Tetrahymena is also the ability to explore the role of deleterious or lethal 323 
recessive mutations, which can propagate to the homozygous state in the transcriptionally 324 
silent germline [5859, 5960]. Turkewitz and colleagues have described different methods 325 
that can be used for efficient cellular transformation through DNA [11]. 326 
 327 
4.6 Hormone receptors 328 
 329 
The ciliate Tetrahymena has a set of hormone receptors found in higher organisms, 330 
particularly insulin, ACTH, histamine, serotonin, etc. These hormones are chemically and 331 
functionally very similar to those of mammals and play an important role in mobility, 332 
phagocytosis, chemotaxis and growth of the protozoan Tetrahymena [6061]. Previous work 333 
has shown that stress conditions (starvation, high temperature, high salt concentration, 334 
formaldehyde, alcohol) increase the intracellular level of the ACTH, endorphin, serotonin and 335 
T3 hormones produced by Tetrahymena [6162, 6263, 6364]. Other studies have shown that 336 
copper poisoning or treatment with parachlorophenylalanine (tryptophan hydrolase inhibitor) 337 
increases intracellular secretion of the hormones epinephrine, insulin and histamine [6364]. 338 
A recent study has shown that Tetrahymena is able to use lectins to influence sexual 339 
reproduction, stimulate hormonal receptors, imitate hormonal functions, influence 340 
phagocytosis, cell movement and cell division [6465]. Lectins are proteins found in plants 341 
and animals and are used to diagnose sugars in solutions or on the surface of cells, as well 342 
as in the study of blood groups. These proteins are involved in research in cell biology, 343 
membrane structure, innate immunity, cancer, infections and genetic engineering [6566, 344 
6667, 6768]. 345 
 346 
5. CONCLUSION 347 
 348 
This review has shown that a wide array of discoveries have been made by researchers 349 
thanks to the benefits provided by the protozoan Tetrahymena. The latter has several 350 
physiological (growth, morphology, mobility, density), genetic (germ line and somatic line) 351 
and molecular (biomarkers) parameters that present an opportunity to harness this organism 352 
as a model in toxicological, molecular and physiological research. Thus, use of the 353 
protozoan Tetrahymena can be considered an essential approach to answering the 354 
problems related to the complex intracellular functioning of higher organisms. 355 
 356 
 357 
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