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Morphology and physiology of Paramecium



Introduction Paramecium (Gr. "oblong") is a genus of the unicellular Eukaryotic ciliate protozoan. It is one of the most widely studied protozoan as a representative of the ciliate group and as a model organism for biological processes. The term Paramecium was coined by John Hill, an English microscopist in 1752. In the past two and half centuries, knowledge about the genus Paramecium has evolved with more than 40 representatives descriptions of the genus in the literature. However, the numbers of morphospecies reported for this genus till date is recorded as 17 as most description about the reported representatives were not clear enough. The 17 morphospecies according to Fokin (2010) are: P. bursaria, P. putrinum, P. duboscqui, P. calkinsi, P. polycaryum, P. nephridiatum, P. woodruffi, P. pseudotrichium, P. caudatum, complex of P. aurelia, P. multimicronucleatum, P. jenningsi, P. wichtermani, P. africanum, P. schewiakoffi, P. jankowskii and P. ugandae. Value addition: What is so complex about Paramecium aurelia? Heading text: Paramecium aurelia complex Body text: Refers to a group of 15 genetically isolated sibling species of Paramecium aurelia. Earlier when Paramecia species were distinguish on the basis of body and nuclear morphology, these sibling species where considered to be a single species (Paramecium aurelia). However,



with



the



discovery



of



mating-type



characteristics



by Sonneborn



and



advancement of biochemical techniques, classification of this group of organisms achieved finer resolution. On the basis of mating types,



the 15 subgroups (14 then)



were referred to as



„varieties‟, and was subsequently designated as „biological species‟, or „syngens‟ and finally species status was given to the 15 syngens (14 then), now



considered sibling



species of an „aurelia complex‟. Source: http://www.nies.go.jp/chiiki1/protoz/morpho/parameci.htm Source: Catania, F., Wurmser,F., Potekhin,A.A., Przybos´, E and Lynch, M. (2008). Genetic Diversity in the Paramecium aurelia Species Complex. Mol. Biol. Evol. 26(2):421–431.



Historical background The discovery of Paramecium was probably parallel with the invention of microscope. They were amongst the first ciliates to be seen by microscopist in the late 17 th century. Institute of Lifelong Learning, University of Delhi
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Morphology and physiology of Paramecium In 1718, Louis Jablot gave the name "Chausson," or "Slipper," which remained as a colloquial epithet throughout the 18th and 19th centuries. In 1773, O.F. Muller gave the name Paramecium aurelia and became the first to place the genus within the Linnaean system of taxonomy. In 1786 in an attempt to classify microscopic animals scientifically the genus Paramecium was established and included under it five species but Muller changed the spelling from Paramecium to Paramoecium. Among the species which Muller noted were Paramoecium aurelia and Paramoecium versutum (Present P. bursaria).



Figure: 1 a) "Slipper animalcule," illustrated by Louis Joblot, 1718; b) Paramecia, illustrated by Otto Müller, 1773. Source: http://en.wikipedia.org/wiki/Paramecium In 1838, Ehrenberg in his great monograph on the Infusoria recognized eight species under the genus and restored the spelling of Hill‟s „Paramecium’. Among Ehrenberg‟s species were two true Paramecia: P. aurelia, which he assumed to be the P. aurelia of Muller, and P. caudatum, which he distinguish from P. aurelia chiefly by the greater attenuation of the posterior end of the animal. Then on many more Paramecium species have been reported by many authors and according to Fokin (2010) there are 17 recorded species of Paramecium till date.



Taxonomic position Based on certain characteristic features, the systematic position (below) has been assigned to Paramecium. Kingdom



Protista



Superphylum



Protozoa



Phylum



Ciliophora



Class



Oligohymenophora



Subclass



Hymenostomata



Genus



Paramecium Institute of Lifelong Learning, University of Delhi
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Morphology and physiology of Paramecium Characteristics of the taxa grouping 



Protozoa: single-celled organisms possessing typical membrane-bound cellular organelles.







Ciliophora: Possess cilia or compound ciliary structures as locomotor or food gathering organ and infraciliary system at some stage in their life cycle. Dimorphic nuclei: macronucleus, concerned with the synthesis of RNA as well as DNA and the other micronucleus, concerned with synthesis of DNA. Most ciliates possess a mouth or cytostome.







Oligohymenophora: Oral apparatus usually well-developed and containing compound ciliary organelles.







Hymenostomata: Body ciliation commonly uniform and oral structures not conspicuous. NOTE: Invertebrate Zoology, Fifth Edition by Robert D. Barnes has been consulted for classification.



Habit and Habitat The genus Paramecium has a cosmopolitan distribution. However, species wise they have an uneven patchy distribution according to some reports though many areas are yet to be investigated by professional ciliate taxonomists. They are found in freshwater, brackish water and marine environments. They can be easily maintained in the laboratory or obtained from stagnant water bodies such as ponds and slow moving streams which contain decaying organic matter or aquatic plants where they are most abundantly available.



Morphology The genus Paramecium is possibly amid the most complex unicellular organisms. The genus consists of microscopic, elongated species organisms usually ranging in length from 50 to 350 micrometres (Figure 2). The species, P. caudatum measures between 170 to 290 micrometers while P. aurelia ranges 120 to 250 micrometers in length. Paramecia are typically ovoid, slipper shaped or cigar-shaped. On the basis of the general shape of the cell, Paramecium representatives can be divided into two groups: “aurelia”, with a cigar-shaped body and “bursaria”, with the body more like a slipper with obliquely truncated anterior end. However, some species such as P. pseudotrichium (more ellipsoidal) and the one, newly found Paramecium species from Norway (somehow
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Morphology and physiology of Paramecium combining cigar and slipper shape) deviate from these general images – (Fokin et al., 2006).



Figure:



2



The



main



morphospecies



of



Paramecium:



a)



P.



multimicronucleatum; b) P. caudatum; c) P. jenningsi; d) P. schewiakoffi; e) Paramecium sp. (Norway); f) P. woodruffi; g) P. aurelia; h) P. nephridiatum; i) P. bursaria, j) P. calkinsi; k) P. duboscqui; l) P. putrinum; m) P. polycaryum. Abbreviations: Ma – macronucleus, Mi – micronucleus, b – buccal cavity, c – cytoproct. Scale bar = 100 µm. Source: Fokin, S.I., (2010). Paramecium genus: biodiversity, some morphological features and the key to the main morphospecies discrimination. Protistology 6 (4), 227– 235.
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Morphology and physiology of Paramecium Figure: 3 General structure of Paramecium Source: Self modified Unlike protozoans such as Amoeba, their body shape is generally constant and asymmetrical due to the presence of oral groove situated at 2/3rd part of the body on the ventral side of the animal. The oral groove posteriorly leads into a deeper conical vestibule which in turn is connected with buccal cavity having a mouth (or cytostome). The body is distinguished into the dorsal and ventral surface. The animal‟s body is enclosed externally by a tough elastic membrane called pellicle uniformly covered with cilia. Internally, the cells cytoplasm is divided into a thin outer part, the ectoplasm containing trichocysts and base of cilia and an inner granular area, endoplasm containing the organelles (nucleus, contractile vacuole, food vacuoles, etc.) and cell inclusions (Figure 3). Pellicular system The pellicle along with associated structures forms the pellicular system as shown in the diagram (Figure 4).



Figure: 4 Pellicular system in Paramecium (After Ehret and Powers from Corliss) Source: http://www.sfu.ca/~fankbone/v/lab02.html wriiten for permission It consists of an outer cell membrane (plasma membrane) in continuation with the membrane surrounding the cilia. Below the cell membrane are inflated donut-shaped alveoli bounded by outer and inner alveolar membrane enclosing alveolar cavity. Within
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Morphology and physiology of Paramecium the alveoli arise one or two cilia creating a circumciliary space about them. Alternating with the alveoli are trichocysts forming a second, deeper close-packed layer of the pellicular system. Below the alveoli is located the infraciliary system constituted by the basal bodies and kinetodesma. Pellicle The pellicle is a thin and elastic outer covering of the cell. It comprises of: cell membrane, outer and inner alveolar membrane, and alveoli. It provides shape and elasticity to the cell. Cilia These are tiny, hair-like fine projections covering the entire animal body and measuring 10-12 micrometers in length and about 0.27 micrometers in diameter. They arise by penetrating the pellicle from basal bodies located within the ectoplasm of the cell. They are about 10,000 to 14,000 arranged in regular longitudinal rows having more or less uniform length throughout except for few species (caudal tuft of P. caudatum where few cilia are longer at the extreme posterior end of the animal‟s body). Each cilium is bounded by plasma membrane (PM) and has a core axoneme (Figure 5) consisting of 9 doublet microtubules with dynein arms around the periphery and two singlet central microtubules surrounded by a sheath. Nexin and radial spokes provide elastic connections between microtubule of the doublets and between A tubule of each doublet to the central sheath respectively. The function of cilia is food capture and locomotion.



Figure: 5 Structure of cilium in cross-section Source: http://commons.wikimedia.org/wiki/File:Eukaryotic_cilium_diagram_en.svg Trichocysts
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Morphology and physiology of Paramecium Bottle-shaped or rodlike organelles which can be explosively discharged as a filament capped with barbed harpoon-like tip (Figure 7). They are found on the inner side of the pellicle within the ectoplasm alternating with alveoli. When undischarged the trichocyst is position at 90º angle to the body surface. They occur to function as an organ of defence against predators. Trichocysts are extruded when disturbed (reaction to injury) or for use as an anchoring device.



Figure: 6 Paramecium ejecting Trichocysts Source: "trichocyst". Photograph. Encyclopædia Britannica Online. Web. 30 May. 2015. 
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Morphology and physiology of Paramecium Figure: 7 Discharge of Trichocyst When the trichocyst is discharged its body (tric) suddenly elongates 7 times into a long slender thread. Its tip (tt) and tip sheath do not change shape. per, peroxisome; kd, kinetosomal fibers; il, infraciliary lattice. EM taken 11/4/68 by R. Allen with Philips 300 TEM. Neg. 14,800X. Bar = 0. Source :http://www5.pbrc.hawaii.edu/allen/ch10a/19pca283.html IMAGE CREDIT: FOR EDUCATIONAL PURPOSE ONLY



Oral groove It is a depression that runs obliquely backward on the ventral side lined with inconspicuous cilia slightly towards the anterior side. Beating of cilia along with spiral movement of the animal drives food along with water into the oral groove and further down into the gullet which terminates in food vacuole. Cytopyge (=cytoproct or anal pore) It is a small opening behind the oral groove. Undigested matters within the food vacuole are excreted from this opening. The cytoproct in „bursaria‟–like Paramecium species, are located close to the posterior end of the cell, while those „aurelia‟-like Paramecium species have it located at some distance from the posterior end (Fokin and Chivilev, 1999, 2000) Basal bodies and Kinetodesma Basal bodies (also known as kinetosome, basal granule, and blepharoblast in older cytological literature) are modified centrioles of tube like structures at the base of each cilium. They are self-replicating units giving rise to new cilia. The wall of the basal body as seen in the cross section (Figure 8) consists of nine triplets of sub-fibers. The kinetosomes of a particular longitudinal row are connected by means of fine striated fibers, kinetodesma (Figure 4) made of smaller kinetodesmal fibrils arising from a kinetosome. The kinetodesma runs to the right side of the row of kinetosomes. The kinetodesma together with kinetosome and cilia forms a kinety, a characteristic feature of all ciliates with variations in the pattern.
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Morphology and physiology of Paramecium Figure: 8 Structure of basal body in cross-section Sourec: http://commons.wikimedia.org/wiki/File:Eukaryotic_cilium_diagram_en.svg Nucleus There are two types of nucleus: larger kidney shaped macronucleus and small spherical micronucleus containing the full complement of genes that bear the hereditary information of the organism. Macronucleus is vegetative, concerned with the synthesis of RNA as well as DNA, serving as the center of all metabolic activities of the organism. The micronucleus on the other hand is reproductive, serving as a storage site for genetic material of the organism, concerned primarily with the synthesis of DNA. The micronucleus gives rise to the macronucleus and is responsible for genetic reorganization during conjugation (cross fertilization). The number of nuclei varies from species to species. P. caudatum has one macronucleus and one micronucleus while P. aurelia has one macronucleus and two micronunuclei. In the case of P. multimicronucleatum (Figure 9), there are many micronuclei.



Figure: 9 Paramecium multimicronucleatum Source: http://protist.i.hosei.ac.jp/pdb/images/ciliophora/paramecium/multimicronucleatum/sp_ 2.html



Paramecium multimicronucleatum, cell body 250 μm long, μm wide, vesicular



micronuclei visible, x 400, x 640, Tagami, Kanazawa city, Ishikawa Pref., Japan, September 2002, by Y. Tsukii IMAGE CREDIT: FOR EDUCATIONAL PURPOSE ONLY
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Morphology and physiology of Paramecium Generally there are two contractile vacuoles (occasionally more) present within the cytoplasm of a Paramecium at somewhat fixed positions, close to the cell surface towards either ends of the cell. Each of the vacuole is surrounded by 5 to 10 long, narrow, spindle-shaped radial canals (Figure 3 & 17). Each vacuole opens to the outside through a permanent pore in pellicle of dorsal side of the animal‟s body. Their main function is to regulate the water content within the cell and also serve as excretory structure by expelling water containing waste (thus, serving as osmoregulation organ). The number of contractile vacuoles varies from one to many depending on the species.



Figure: 10 Paramecium contractile vacuoles Source: http://commons.wikimedia.org/wiki/File:Paramecium_contractile_vacuoles.jpg Food vacuoles These are non-contractile membranous vesicles formed at the base of the gullet when enough food is accumulated. It serves as a site for storage and digestion of food substances. Numerous food vacuoles can be seen moving with the streaming endoplasm (cyclosis) differing in shape and size according to the nature of ingested food particles, but mostly they are rounded in form.



Figure: 11 Paramecium fed with dyed food showing food vacuoles in blue Source: http://commons.wikimedia.org/wiki/File:Paramecium_dye_blue.JPG Institute of Lifelong Learning, University of Delhi
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Morphology and physiology of Paramecium



Value addition: Video Heading text: Feeding and food vacuole formation in Paramecium Body text:



Link: http://vimeo.com/73978854



Source: http://vimeo.com



Physiology Unlike the multicellular organisms in which the organisms have cells specialized for performing the various body functions, the unicellular Paramecium species must perform all the functions with the single cell.



Locomotion Movement in Paramecium could be in pursuit of food or to avoid predators. Paramecia are found in aquatic environment and have a streamlined body enabling them to move swiftly through the water. This movement in the water is facilitated by the coordinated movement or beating of cilia that covers the entire animal body. The cilia beat in a



rhythmic pattern, (metachronal rhythm), so that the waves of contraction pass over the cell body like wind blowing through ripe corn. They are amongst the fastest moving protozoans. The movement of an individual cilium resembles that of the oars of a boat (Figure 12). It has two phases: effective or backward stroke and recovery or forward stroke. During the effective stroke, the cilium is relatively stiff, striking the water like an oar and pushing the animal forward while during the recovery stroke, the cilium curls loosely and brings the cilium into position for the next effective strike.



Figure: 12 Beating direction of a cilium. a) Effective or backward stroke; b) Recovery or forward stroke Institute of Lifelong Learning, University of Delhi
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Morphology and physiology of Paramecium Source: Author The cilia around the oral grove are longer and beat vigorously from the rest of the body causing the anterior end of the animal to swerve aborally. At the same time the beating of cilia is somewhat oblique towards the right causing the animal to rotate over to the left on its longitudinal axis. This way the animal moves forward in a spiral course (Figure 13).



Figure: 13 Spiral course followed by a swimming Paramecium Source: Author Paramecium not only moves in the forward direction but also moves backward whenever it comes across some barrier (Figure 14). This behaviour is referred to as avoidance reaction. During the backward movement, ciliary beat is reversed of the forward movement. The animal moves backward for a short distance and then takes a slight turn and moves forward again. The animal performs the avoidance action till its path is cleared of any obstacles. This reaction indicates that paramecium is sensitive to stimuli (here, the stimulus of touch).
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Morphology and physiology of Paramecium



Figure: 14 Avoidance reaction of Paramecium Source: Author There is also a second type of locomotion found in Paramecium which is by contraction and expansion of the body, facilitated by myonemes present in the ectoplasm.



Nutrition Paramecia are heterotrophic, obtaining their nutrients by feeding on bacteria, algae, and other small organisms. A single Paramecium is capable of devouring about 2 to 5.5 million individuals of bacteria in 24 hours. P. bursaria (Figure 15) harbours symbiotic Zoochlorella in its endoplasm and can live holophytically for long periods on food substances manufactured by Zoochlorella. During scarcity of food, it can digest even its own Zoochlorella.
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Morphology and physiology of Paramecium



Figure: 15 Paramecium bursaria Source: http://protist.i.hosei.ac.jp/pdb/images/ciliophora/paramecium/bursaria/sample_3.html Paramecium bursaria, cell body 123-150 μm long, 53-78 μm wide, x 400, Japan, 199 by Y. Tsukii IMAGE CREDIT: FOR EDUCATIONAL PURPOSE ONLY
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Morphology and physiology of Paramecium



Figure: 16 Path of circulating food vacuole in Paramecium Source: Author Paramecium swims about in water to places where it can get its food. Food along with water is ingested through the oral groove by the beating of cilia. The food is moved down to oral groove cavity (vestibule), from where it moves to buccal cavity and from there through cytostome moves to the gullet (or cytopharynx). At the base of the gullet food gets accumulated into a membranous vesicle and when enough food is accumulated the vesicle nipped off as a food vacuole which circulates in a more or less definite path within the cytoplasm by a slow streaming movement of endoplasm known as cyclosis (Figure 16). As it moves along, enzymes (proteases, carbohydrases, lipases) from the cytoplasm secreted by lysosomes enter the vacuole and digest the contents. The content within the vacuole initially becomes increasingly acidic and later becomes alkaline gradually. The vacuole becomes smaller as the food gets further digested. The digested nutrients then pass out of the vacuole into the cytoplasm and the waste contents are release into the environment through the anal pore. Paramecia are filter feeders, they do not take in all the food that comes in along with water, and rather, they reject some of the food particles which are discharged outside.



Respiration and Excretion
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Morphology and physiology of Paramecium Both respiration and excretion takes place by diffusion through the pellicle. Oxygen dissolved in water diffuses into the cell and is used for oxidation of cytoplasmic molecules. Catabolic waste products such as carbon dioxide (CO2) and nitrogenous waste (NH3) simply diffuse out of the cell into the external water as their concentration is higher inside the body. Some of the excretory products from the cell‟s cytoplasm are removed along with water through contractile vacuoles.



Osmoregulation Osmoregulation is a process of water and ion balance. In Paramecium it is accomplished by the contractile vacuoles which are generally two in number, one anterior and one posterior.



Figure: 17 Working of contractile vacuole Source: Author



Value addition: Video Heading text: Contraction and expansion of contractile vacuoles in Paramecium Body text:



Link: http://vimeo.com/73978854



Source: http://vimeo.com
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Morphology and physiology of Paramecium The concentration of matter within the cytoplasm is higher than the outside as a result of which water enters the cell by osmosis causing excess water accumulation inside the cell. Water also enters the animal‟s body along with food. The excess water is removed by the contraction (systole) and expansion (diastole) of contractile vacuoles (Figure 17). The water from the cell enters the radial canals which then pour their content into the contractile vacuole. Once filled with water, the contractile vacuole contracts, expelling excess water from the body and upon relaxation the contractile vacuole refills and repeats its pumping activity. The posterior contractile vacuole pulsates faster than anterior vacuole as larger amount of water is being delivered into the posterior region by cytopharynx.



Reproduction Reproduction in Paramecia is by two methods: asexual and sexual reproduction. Asexual mode of reproduction is more common as compared to the sexual mode. During favourable conditions, the Paramecium is capable of reproducing asexually two or three times within 12 to 24 hours and under unfavourable conditions (such as scarcity of food), the animal generally resorts to sexual method. Asexual reproduction This is achieved by binary fission (Figure 18). In this the division is transverse dividing the longitudinal row of cilia. Before the animal splits transversely into two, the old oral groove disintegrates and new ones formed, the macronucleus elongates and splits (amitotic) while the micronucleus divides mitotically, new contractile vacuoles form. The cell then splits into two transversely.
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Morphology and physiology of Paramecium Figure: 18 Binary fission in Paramecium Source: Author Sexual reproduction (Figure 19) Sexual reproduction in Paramecium is achieved by conjugation process in which a part of micronuclei material is exchanged between two individuals. The process usually but not always is followed by binary fission.



Figure: 19 The process of sexual reproduction in Paramecium caudatum Source: Author The process begins when two Paramecia of sexually compatible members come together (often by the release of attractant substances) and adhere temporarily for several hours, commonly at the oral groove region. The animal stops feeding, the buccal structures disappear along with the pellicle and ectoplasm at the point of contact and a bridge is formed between their cytoplasm. The two conjugating Paramecia are referred to as conjugants. In both the cells, macronucleus disintegrates and the micronucleus Institute of Lifelong Learning, University of Delhi



20



Morphology and physiology of Paramecium undergoes meiosis producing four haploid micronuclei each. Out of the four haploid micronuclei, three degenerate leaving one haploid micronucleus in each cell. Now, the remaining one haploid micronucleus undergoes mitosis forming two micronuclei in each cell. Once mitosis is accomplished, the two cells exchange one of their haploid micronucleus and separate, each is now called the exconjugant. The two haploid micronuclei within the individual cells then fuse forming a diploid micronucleus (zygotic nucleus or synkaryon). The cell then undergoes several nuclear divisions, restoring the normal nuclear condition characteristic of the species. The reconstitution usually involves a certain number of cytosomal divisions. In P. caudatum, the diploid micronucleus (synkaryon) undergoes three mitotic divisions producing eight diploid micronuclei. Four becomes macronuclei and the rest four remains as micronuclei, out of which, three of the micronuclei disintegrate. The remaining one micronucleus divides along with each of the two subsequent cytosomal divisions producing four daughter cells from one parent cell. Each daughter cell receives one macronucleus and one micronucleus. In those species having numerous nuclei, the synkaryon simply divides without cytosomal division to produce the requisite number of macro- and micronuclei. Conjugation brings about genetic variability within the population and helps the animal to maintain the vigour to perform all the activities of a living individual organism.



Other modes of reproduction/nuclear reorganization Autogamy (self-conjugation) It is a type of nuclear reorganization which occurs within a single individual. The nuclear behaviour is similar to that of conjugation but without micronuclear material exchange between two individuals. Autogamy has been reported in P. aurelia (W.F. Diller, 1936) which has one macronucleus and 2 micronuclei. In this, the macronucleus degenerates while the two diploid micronuclei divide by meiosis producing 8 haploid daughter cells. Seven of the micronuclei degenerate and the remaining one micronucleus divide mitotically producing two gamete nuclei which fuse to form a diploid nucleus or synkaryon. The synkaryon divides twice to yield 4 nuclei of which two becomes macronuclei and two micronuclei. The micronuclei divide twice along with cell body giving rise to two daughter cells with one macronucleus and two micronuclei each (Figure 20).
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Morphology and physiology of Paramecium



Figure: 20. Stages in autogamy in P. aurelia Source: author Cytogamy The beginning of the process i.e., nuclear division resembles that of conjugation but the later stages resemble that of autogamy. In this, two individuals come together and fuse temporarily by their oral surfaces but there is no nuclear exchange. Synkaryon is formed by the union of two haploid gametes within each cell as in autogamy. The whole process gets completed in about 13 hours as reported in P. caudatum (R. Wichterman 1940). Endomixis It is a process of nuclear reorganization within a single individual. It was reported for the first time in P. aurelia by Woodruff and Erdmann (1914) occurring periodically at regular intervals of about 30 days. The vegetative macronucleus degenerates while the micronuclei divide twice producing 8 micronuclei. Six of the micronuclei degenerate leaving two micronuclei. The cell divides producing two daughter cells, each receiving one micronucleus. The micronucleus within each cell divide twice mitotically producing four nuclei each. Out of the four nuclei, two becomes macronuclei and two remains as micronuclei. The two micronuclei within each cell divide along with the cell resulting in two daughter cells each with one macronucleus and two micronuclei.



Institute of Lifelong Learning, University of Delhi



22



Morphology and physiology of Paramecium



Figure: 21. Stages of endomixis in Paremecium aurelia Source: Author It has been reported in some species of Paramecium that continuous asexual reproduction for about 350 generations led to cell death due to decline in the function of the macronucleus. This indicates that nuclear reorganization is important for the viability of the organism.



Value addition: What causes some Paramecia to be lethal to its own population?? Heading text: Causative agents of Killer trait of Paramecium Body text: The occurrence of Killer trait in Paramecium was discovered by Tracy M. Sonneborn in 1938. He reported that when two races of Paramecium were mixed, sometimes, one race survives while other dies out. The two races were designated as Killer and sensitive respectively. Further studies on the Killer trait, Sonneborn identified that the genetic determinants of the Killer trait were situated within the cytoplasm and called them as plasmagenes. He termed the plasmagenes as „Kappa particles‟ according to the taxonomic rules of his time.
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Morphology and physiology of Paramecium Austin (1948) showed that killings needs no direct contact between the killer and sensitive cells, and that killing of sensitive Paramecium results from exposure to toxic particles released from killers. The Kappa particles were later identified as gram-negative bacteria and put under the genus Caedibacter according to the binomial nomenclature of Bacteriological code. The genus includes five species: Caedibacter



pseudomutans,



Caedibacter taeniospiralis, Caedibacter varicaedens, and



Caedibacter



paraconjugatus,



and



Caedibacter



caryophilus. The particularity of the genus Caedibacter is the presence of the killer trait attribute, R-body (refractile body), a proteinaceous ribbon-like structure within their cell. Paramecia containing kappa endosymbionts in their cytoplasm are referred to as the killer strain. They produce toxic substance, paramecin and release it in the environment causing the death of other kappa free Paramecia strains (sensitives). Eventually with further studies about Kappa particles (or kappa endosymbionts), it was found that a dominant gene (K) in nucleus is necessary for Kappa to exist, multiply and produce Paramecin. They are transmitted directly by cytoplasmic genes (plasmagenes) from cytoplasm of parent cell to the daughter cells, and not by nuclear genes (Figure below). This provides a good example of cytoplasmic inheritance.
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Morphology and physiology of Paramecium Figure: Cytoplasmic inheritance of Kappa particles Image weblink : http://bio3400.nicerweb.com/Locked/media/ch09/Paramecium_kappa.html Other endosymbionts of Paramecium 



Pi endosymbionts: Supposedly originated from kappa by mutation. They are nonkiller, they do not have R‟ bodies and do not produce any toxic substances.







Mu endosymbionts: These are mate-killers discovered by Siegel in 1950. The mu free mates get killed after conjugation with mu containing mates.







Lambda endosymbionts: Is one of the largest endosymbionts measuring 0.7 by 5 micrometers. These are straight rod-shaped, rapid-lysis killers causing death to the sensitive individuals within 30 minutes after exposure and are highly specific with regard to the sensitives which they kill.







Sigma endosymbionts: Is a long, broad, curved or spiral rod endosymbionts achieving the largest size of up to 15 micrometers. They are similar to lambda symbionts in many ways: causing rapid-lysis killing, range of sensitives it affects, its large size, and being heavily flagellated.







Gamma



endosymbionts:



These



endosymbionts



are



small,



about



0.7



micrometers long. They are very strong killers causing vacuolization of the sensitives. 



Tau endosymbionts: The Paramecia containing tau are identified as effective paralysis killer by Stevenson.







Delta endosymbionts: These endosymbionts, like tau are reported to be paralysis killers to sensitives. There are reports that the toxicity of delta could be due to other endosymbionts associated with them in low concentration. Deltas are sparsely flagellated and are most widely distributed endosymbionts.







Nu: Paramecia carrying nu endosymbionts do not kill their mates nor other strains of Paramecia placed into culture with them.







Alpha: Occurs in the macronucleus (P. aurelia) in great numbers and rarely in the cytoplasm. They occur as long spirals about 5 micrometers long, or as short, curved forms. The long, spiral forms are highly infective to a few alpha-free strains of P. aurelia. During autogamy and conjugation, the alpha synbionts find their way out from the old fragments of macronucleus (as the macronucleus disintegrates) and into the newly developing macronucleus.







Omega: A micronuclear endosymbiont of P. caudatum. These are very similar in
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Morphology and physiology of Paramecium appearance to the alpha endosymbionts. Source: Schrallhammer, M. (2010). The killer trait of Paramecium and its causative agents. Palaeodiversity 3, Supplement: 79-88; Preer Jr., J.R., Preer, L.B. and Jurand, A. (1974). Kappa and Other Endosymbionts in Paramecium aurelia. Bacteriological Reviews, 38(2): 113-163.
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Morphology and physiology of Paramecium



Summary Morphology Paramecium is a genus of unicellular ciliate protist having a worldwide distribution. The animal‟s body is enclosed by an elastic membrane called pellicle covered with cilia. the internal body of the animal, the cytoplasm is divided into the ectoplasm and endoplasm. The ectoplasm contains the base of cilia and Trichocysts while the endoplasm contains the organelles such as contractile vacuole, food vacuole, macronucleus, micronucleus, and cell inclusions. Physiology The single cell of the animal body performs all the activities require for sustaining the individual



organism



such



as



locomotion,



nutrition,



respiration



and



excretion,



osmoregulation, reproduction 



Locomotion is achieved by the organized (metachronal rhythm) beating of cilia.







Nutrition is holozoic. The food along with water enters through the oral groove into the buccal cavity, then to the gullet where the food gets accumulated at the base forming food vacuole.







Respiration and excretion takes place through the pellicle by diffusion.







Osmoregulation, removal of excess water and waste is accomplished by the contraction and expansion of contractile vacuole.







Reproduction is mainly of two methods: Asexual and sexual. Asexual is achieved by binary fission while, sexual reproduction is achieved by conjugation.
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Morphology and physiology of Paramecium



Exercise Differentiate between the following: a) Cilium and trichocyst b) Macronucleus and micronucleus c) Oral groove and cytostome d) Contractile vacuole and food vacuole e) Effective and recovery stroke f) Conjugation and autogamy g) Cytogamy and endomixis Multiple Choose Questions 1. ………………..is the organ of offence and defence in Paramecium a) Cillium b) Pellicle c) Trichocyst d) Contractile vacuole 2. Streaming movement of food vacuole along a definite path is known as ………. a) Osmosis b) Cyclosis c) Endomixis d) cytokinesis 3. Macronucleus undergoes …………. division during binary fission. a) Meiotic b) Mitotic c) Amitotic d) Zygotic 4. The Trichocysts in Paramecium is confined to …………. a) Ectoplasm region of the cell b) Endoplasm region of the cell c) Outside the cell interspersed between the cilia Institute of Lifelong Learning, University of Delhi
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Morphology and physiology of Paramecium d) Within the pellicle 5. Who gave the epithet „slipper animacule‟ to Paramecium? a) John Hill b) Louis Jablot c) O.F. Muller d) S.I. Fokin 6. Who coined the term „Paramecium’? a) John Hill b) Louis Jablot c) O.F. Muller d) S.I. Fokin 7. The function of macronucleus in Paramecium is……………….. a) Reproduction b) Vegetative c) Reproduction and vegetative d) None 8. Which of the following is the right sequence pathway for the intake of food? a) Oral groove – vestibule – gullet – buccal cavity – cytostome b) Vestibule – oral groove – gullet – buccal cavity – cytostome c) Oral groove – vestivule – cytostome – gullet – buccal cavity d) Oral groove – vestibule – buccal cavity – cytostome - gullet Match the following organelles with their function a) Trichocyst



a) Vegetative



b) Pellicle



b) Defence



c) Contractile vacuole



c) Reproduction



d) Food vacuole



d) Shape and elasticity



e) Macronucleus



e) Locomotion



f)



f) Food digestion



Micronucleus



g) Cilium



g) Water expulsion
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Morphology and physiology of Paramecium Short answer questions 1. What is the function of cytopyge? 2. What is cyclosis? 3. Name the organ of osmoregulation. 4. How is respiration achieved in Paramecium? Long answer questions 1. Discuss the process of locomotion in Paramecium. 2. Give a detailed account of conjugation in Paramecium and their significance. 3. Describe the process of endomixis in Paramecium. 4. Give an account of binary fission and autogamy in Paramecium. 5. Describe the type



of



feeding, process of



digestion



and



egestion in



Paramecium. Write short notes 1 Pellicular system 2 Infraciliary system 3 Osmoregulation in Paramecium 4 Cytoplasmic particles in Paramecium
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Morphology and physiology of Paramecium



Glossary Autogamy (=self-autogamy): Is a process of nuclear reorganization, resembling conjugation but occurs within a single individual. In Paramecium, there is a union of two micronuclei within individual cells. Basal body: Also known as basal granule, kinetosome or blepharoblast. It is an organelle modified from a centriole composed of short cylindrical array of microtubules. It forms the base of cilium or flagellum. Basal granule: Refer to „basal body‟. Binary fission: Form of asexual reproduction in which the cell (or body) duplicates its genetic material and then divides into two parts and the regeneration of those parts into separate cells, each with a copy of the genetic material. Blepharoblast: Refer to „basal body‟. Cilia: Fine hair like structures found on the outer surface of the cell surface. It arises from a modified centriole (basal body) lodge in the cytoplasm. It helps in locomotion. Conjugants: Either of two organisms participating in the process of conjugation. Example: the two Paramecia participating in conjugation. Conjugation: Temporary union of two sexes of same species to exchange genetic material. In Paramecia, two individuals temporarily unite to exchange a part of their micronuclear material. Contractile vacuole: It is an organ of osmoregulation, removing excess water from the body accumulated as a result of osmosis and taken along with food. It is generally surrounded by 5 to 10 radial canals or spokes which absorbed water from the body and pour it into the vacuole. Cyclosis: Slow streaming movement of food vacuoles along a definite path within the endoplasm. Cytogamy: Like conjugation, there is a temporary union of two individuals but without nuclear exchange and two haploid gamete nuclei fuse in each individual cell as in autogamy. Cytoproct: Refer to „cytopyge‟. Cytopyge (=Oral pore): External opening below the oral groove in the body of Paramecium through which the waste matter from the food vacuole is excreted. Endomixis: A process of periodic nuclear reorganization without any conjugation or fusion of nuclei. Institute of Lifelong Learning, University of Delhi
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Morphology and physiology of Paramecium Endosymbiont: Any organism that lives within the body or cells of another organism. Excretion:



Removal



of



nitrogenous



waste



products



from



inside



the



body.



In



Paramecium, excretion occurs by diffusion through the pellicle. Filter feeders: Animals that feed by straining suspended matter and food particles from water, typically by passing the water over a specialized filtering structure. Food vacuoles: Are vesicles form at the base of the gullet within a membrane which gets nipped off after sufficient food is accumulated. It circulates within the endoplasm of the cell in a more or less definite path during which enzymes from the cytoplasm enter the vacuole and digest the food. Holozoic nutrition: A method of nutrition involving the ingestion of complex food particles which gets broken down into smaller particles to be absorbed. This consists of many stages such as ingestion, digestion, assimilation and egestion. Infraciliary



system:



Basal



bodies



and



kinetodesmata



together



constitute



the



infraciliary system. Kinetodesma: Longitudinally oriented cytoplasmic fibrils associated with and always on the right of, the kinetosomes (basal bodies) of ciliates (as seen in Paramecium). Kinetosome: Refer to „basal body‟. Kinety: Constituted by kinetodesma together with kinetosome (basal body) and cilia. it is a characteristic feature of all ciliates with variations in the pattern. Locomotion: The act of moving from place to place which is manifested by running, swimming, jumping, flying, etc. Locomotion could be to find food, to find a suitable habitat, to find mates or escape from predators. Macronucleus: Are dumbbell or kidney shaped concern with RNA synthesis as well as DNA. They control the vegetative function of the cell. Meiosis: Process of cell division leading to the production of daughter cells having half the genetic complement of the parent. Metachronal



rhythm



(or



metachronal



wave):



Refers



to



wavy



movements



(appearance of a wind blowing through ripe corn) produced by the sequential action of structures such as cilia as seen in Paramecium. Micronucleus: Contains full complement of the cell and are concerned with DNA synthesis, genetic hereditary. They control the reproductive function of the cell. Mitosis: A process by which the cell nucleus and the cell divides producing daughter cells having identical genetic complement as the parent. It is divided into four phases: Prophase, Metaphase, Anaphase, and Telophase. Institute of Lifelong Learning, University of Delhi
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Morphology and physiology of Paramecium Myonemes: Contractile structure found in some eukaryotic single-celled organisms in the ectoplasm Nuclear reorganization: The act of organizing again the nucleus. Example: in Paramecium, the macronucleus and micronucleus degenerate and divide many times before finally reconstituting the normal nuclear condition characteristic of the species. Nutrition: A process involving the intake of food and their subsequent digestion and excretion in plants and animals. Oral groove: Shallow depression on the ventral side of the animal located at 2/3 rd region of the cell body. The beating of cilia in the oral groove region drives food along with some water into the buccal cavity. Oral pore: Refer to „cytopyge‟. Osmoregulation: Process of balancing water and salt concentration within an individual organism with its surrounding environment. Paramecium: Is a genus of unicellular Ciliate protozoa, found in freshwater, brackish and marine environments, often very abundant in stagnant basins and ponds. Pellicle: It is the thin, elastic, outer most covering of a cell. It gives shape to the animal. In Paramecium, it is made up of plasma membrane, outer alveolar membrane, inner alveolar membrane and the alveolus together. Pellicular system: Pellicle along with associated organelles such as cilia, basal bodies, and Trichocysts formed the pellicular system. Radial canals: Are tube-like canals (numbering 5 to 10) associated with contractile vacuole. They absorb water from the cytoplasm and pour it into the contractile vacuole which pumps it to the outside. R’ bodies: R bodies are unique inclusion bodies of Caedibacteria (endosymbionts of Paramecia) and of certain free-living bacteria of the genus Pseudomonas. R bodies are closely associated with the development of killer phenotypes in some species of Paramecium. Respiration: Transport of oxygen from the outside to the cells and the transport of carbon dioxide in the opposite direction. In Paramecium, respiration occurs by diffusion of oxygen dissolved in water into the cell and diffusion of Carbon dioxide out of the cell to the external water. Sibling species: Any two or more species that closely resemble one another but are reproductively isolated.
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Morphology and physiology of Paramecium Species: Is one of the basic units of biological classification and a taxonomic rank. Individuals belonging to the same species are capable of interbreeding and producing fertile offspring. Synkaryon: A nucleus formed by the fusion of two pre-existing nuclei or the nucleus of a fertilized egg immediately after the male and female nuclei have fused. Trichocyst: Bottle shaped or rodlike structure on the inner side of the pellicle within the ectoplasm found alternating with the base of cilia. It is an organ of offence and defence. It also helps in anchorage. Vestibule: Cavity of the oral groove opening into the buccal cavity. Zoochlorella: Refers to any green algae that live symbiotically within the cytoplasm of a freshwater or marine invertebrate or protozoan.
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Morphology and physiology of Paramecium
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