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Cell Biology Cell Biology: Structure and function of cells and intracellular organelles (of both prokaryotes and eukaryotes): mechanism of cell division including (mitosis and meiosis) and cell differentiation: Cell-cell interaction; Malignant growth; Immune response: Dosage compensation and mechanism of sex determination.



GENERAL INTRODUCTION 1. Resolving Power: Ability to distinguish two close points as two separate points by any optical system is called as its resolving power. The resolving power of human eye is 100 micron. Mathematically, resolving power = l2 where l is the source of illumination. Resolving power of compound microscope & electron microscope is 0.3 microns & 10 Å respectively. 2. Zacharis Janssens combined lenses in an effort to improve magnifying efficiency and resolving power. He produced the first compound microscope which combines two lenses for greater magnification. 3. About Cell Concept : (a) Marcello Malpighi (1628-1694), an Italian microscopist, studied the structure of plants. He believed that the plants are composed of separate structural units which he called “utricles”. (b) Robert Hooke (1635-1703), examined thin slices of cork (dead outer bark of an oak) under his microscope. He saw hundreds of very small hexagonal ‘boxes’ or ‘chambers’ which are together appeared like a ‘honeycomb’. The term ‘cell’ was coined by Robert Hooke to denote these chambers. His observations, alongwith the figures, were published in 1665 in Micrographia. (c) Anton von Leeuwenhoek, 1674, using good quality simple lenses (magnifying upto 200 times) observed unicellular organisms and called them ‘wild animalcules’. In this way, he was the first to observe “living and moving individual” cells as compared to the “fixed” cells seen by earlier workers. (d) H.J.Dutrochet (1824), a French scientist, boiled some tissues and separated the cells from one another. He expressed the idea of individual cells i.e., cells
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were not just spaces between a network of fibres, but that these were separate and separable units. 4. Concept of Protoplasm : Corti (1772) first of all observed that all cells contain a living substance. This was first observed by Corti (1772). Felix Dujardin (1836), observed it in living amoebae, and called it ‘Sarcode’. In 1839, J.E. Purkinje used the word ‘protoplasm’ to describe the living substance. Hugo von Mohl (1846), also suggested the same name – protoplasm – for the similar substance found in plant cells. 5. Robert Brown, an English naturalist, described in 1828, characteristic dancing of cell particles. It is now, therefore, known as Brownian movement. 6. Nucleus : In 1831, Robert Brown saw that small spherical body was present in every plant cell. He used the word ‘nucleus’ to identify them. 7. Cell Theory : Two German biologists, M.J. Schleiden (1838) and Theodor Schwann (1839) proposed cell theory (or cell doctrine) – which unified the ideas prevailing at that time. He stated that – (a) living things are composed of cells and cell products. (b) cells are the fundamental structural units of living organisms. In fact, Schwann coined the word “metabolism” for all chemical processes carried on in the cell. Actually, he called cells “the unit of life”. 8. Rudolf Virchow (1858), a German pathologist, developed the idea of generation to generation continuity of cell that Omnis cellula e cellula (i.e. cells arise from preexisting cells). This occurs by the division of cell. 9. Nucleolus: In 1781, Fontana had seen dense spherical body inside nucleus. Schleiden (1838) also described it. But, it was given the name “nucleolus” by Bowman (1840). 10. Nageli and Cramer (1855) gave the name “cell membrane” to the outer boundary of the protoplasm. Overton (1899) proved its existence. J.Q. Plowe (1931), later on, called it ‘plasmalemma’. 11. Protoplasm Theory : Max Schultze (1861) proposed the protoplasm theory. According to it “cell is an accumulation of living substance (or protoplasm) which is limited by an outer membrane, and possesses a nucleus”. 12. Plastids : N. Pringsheim and J. Sachs (1865-1892) described coloured bodies in the cytoplasm which were called plastid by Haeckel in 1866. 13. Schimper (1883) classified plastids into three types – Leucoplasts (colourless), Chloroplasts (green) and Chromoplasts (colour other than green). The green plastids were also identified by Meyer (1883) who called them autoplasts. However, Errera gave the name chloroplasts to them. 14. Mitochondria : Kollicker (1880) was the first to observe small thread-like structures in the cytoplasm of the striated muscle cells of insect. These were called ‘fila’ by Flemming (1882). Altmann (1890) described them as “bioplasts”. It was Benda (1897) who coined the term mitochondria. 15. Centrosome : Boveri (1888) used the word “centrosome” for a body found at one pole of the cell near the nucleus in animal cells. Most of the plant cells were found to be lacking it.
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16. Golgi apparatus : Camello Golgi (1898), an Italian scientist, discovered in the cytoplasm of nerve cells of owl/cat, a complex structure which he called ‘Internal reticular apparatus’. 17. Protoplasm is a polyphasic crystallo-colloidal solution. Various theories about the nature of protoplasm are: (a) Alveolar theory of Butschli; (b) Fibrillar theory of Velton; (c) Granular theory of Altman; (d) Colloidal theory of Fischer; (e) Reticular theory of Fromann, and (f) sol gel theory of Hyman. But colloidal theory of Fischer is best. Conversion of sol into gel and vice versa is due to colloidal nature of cytoplasm. 18. Cyclosis of cytoplasm in eukaryotic cells is due to sol microfilament activities.



gel conversion and



19. In Paramoecium, cyclosis moves food vacuoles in ‘8’ like manner. 20. Cytoplasm coagulates at temperature above 60°. 21. Amount of water in cell is usually not more than 3 quarters, i.e. 75%. 22. pH of cytoplasm, nucleoplasm and human blood is 6.9 ± 0.2, 7.4 ± 0.2 and 7.34 ± 0.2 respectively. 23. Proteins and enzymes in the cytoplasm are found in colloidal form. This increases their surface area. Vitamins, amino acids, minerals, sugars and nucleic acids are found in solution form. 24. Cell coat (Glycocalyx or extraneous coat) is made up of oligosaccharides which act as recognition-centre during organ transplantation. 25. Swammerdam was first to describe (RBC of frog). Dutrochet (1824) gave the idea of individuality of cells. Term cell (L. cella = hollow space) coined by Hooke (1665) is misnomer as cell is not a hollow structure. It has cytoplasm and contains organelles, inclusions and nucleus. Leeuwenhoek (1672) was first to see a free cell under microscope and called them tiny animalcules. Malphigi (1661) called cells as saccules (utricles). 26. Contribution of scientists in the field of tissue culture (a) Haberlandt (1902) suggested the idea of tissue culture. (b) Steward et al (1957) provided first evidence of cellular totipotency by growing mature problem tissue of carrot roots in a medium supplemented with coconut milk. (c) Tissue culture was raised by White (1932) when he grew tomato roots on artificial medium. (d) Callus by White, Gauthret and Nobecourt. (e) Differentiation of Callus into tissues by Skoog and Miller. (f) Single cell culture (cellular totipotency) by Steward (1957). (g) Nurse technique to get callus from a single cell by Muir et al (1958). (h) Microchamber technique for single cell culture by Vasil & Hilderbrandt (1965).
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(i) Embryoid (non zygotic embryo) culture by Steward et al (1963), Halperin & Wetherell (1964). (j) Embryo culture by Laibach (1928). (k) Pollen/Haploid androgenic culture from anthers of Dature by Guha & Maheshwari (1966). 27. Unicellular eukaryote is 1-1000 mµ in size. 28. Ostrich egg (Largest cell) is 15-20 × 13.5-15 cm in size. 29. Human nerve cell (Longest animal cell) is 90 cm. 30. Largest acellular plant Acetabularia is 10 cm long. 31. Viruses do not have a cellular structure. Ostrich egg is not considered as true cell as it stores a large amount of reserve food. 32. In human beings, cells of kidney are smallest and of nerve fibre longest. 33. Smallest cell (Mycoplasma gallisepticum – PPLO) is 0.1 to 0.3 to mµ in size.



CELL MEMBRANE 1. All cells are enclosed by a thin, film-like membrane called the plasma membrane or plasmalemma. 2. Danielli and Davson (1935) proposed a “Trilamellar model”. According to this, the plasma membrane is formed of a bimolecular layer of phospholipids (35 Å thick) sandwitched between two layers of proteins (each 20 Å thick). Thus, the total thickness of plasma membrane, as per their model, should be 20 Å + 35 Å + 20 Å = 75 Å (i.e., about 75 Å). The model was proposed even before the plasma membrane was seen under the electron microscope. 3. J.D. Robertson (1959) proposed a “unit membrane concept”. According to this, all biological membranes shared the same basic structure : (a) These are about 75 Å thick. (b) These have a characteristics trilaminar appearance when viewed with electron microscope. (c) The three layers are a result of the same arrangement of proteins and lipids as proposed by Danielli and Davson. 4. Singer and Nicolson (1972) put forward the “fluid mosaic model” of membrane structure. It is the latest and most widely accepted model. According to this model, the cell membrane consists of a highly viscous fluid matrix of two layers of phospholipids molecules. These serve as a relatively impermeable barrier to the passage of most water soluble molecules. Protein molecules on their complexes occur in the membrane, but not in continuous layer; instead, these occur as separate particles asymmetrically arranged in a mosaic pattern. Some of these (peripheral or extrinsic proteins) are loosely bound at the polar surfaces of lipid layers. Others (called integral or intrinsic proteins), penetrate deeply into the lipid layer. Some of the integral proteins penetrate through the phospholipids layers and project on both the surfaces. These are called Trans membranes or tunnel proteins. 5. The plasma membrane contains lipids (32%), proteins (42%), carbohydrates (6%) and water (20%) although variations are always there.
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6. The carbohydrates occur only at the outer surface of the membrane. Their molecules are covalently linked to (i) the polar heads of some lipid molecules (forming glycolipids) and (ii) most of the proteins exposed at outer surface (forming glycoproteins). The carbohydrates so bound to membrane components constitute the glycocalyx of cell surface. 7. The sugar portions of glycolipids and glycoproteins are involved in recognition mechanisms:(a) Sugar recognition sites of two neighbouring cells may bind each other causing cell-to-cell adhesion. This enables cells to orient themselves and to form tissues. (b) Through glycoproteins, bacteria recognise each other (female bacteria are recognized by male bacteria; Paramoecia of different mating types recognize each other). (c) These provide the basic of immune response and various control systems, where glycoproteins act as antigens. 8. Lipids and integral proteins are amphipathic in nature (i.e. have both hydrophobic and hydrophilic groups). The hydrophobic ends are situated inside the bilayer while the hydrophilic groups are directed outwards. Thus, the membrane is held together primarily by hydrophobic attraction. However, the lipids have links in their fatty acid tails. These links prevent close packing of molecules and make the membrane structure more fluid. The fluidity increases with decreasing length of fatty acid tails. 9. Thousand of different types of proteins can occur in cell membranes. These may be purely structural (provide elasticity and mechanical support) or have additional functions as : (a) Carriers, for transporting specific molecules into or out of the cell. (b) Receptors, for immediate flow of information into the cells. 10. Gases like O2 and CO2 diffuse rapidly in solution through membranes. 11. Ions and small polar molecules diffuse slowly through the membranes. Unchanged and fat soluble molecules pass through membranes much more rapidly. 12. Endocytosis occurs by an infolding or extension of plasma membrane to form a vacuole or a vesicle (small vacuole). It is of two types : (a) Phagocytosis (i.e. cell eating): Material is taken up in solid form. The cells involved in phagocytosis are called phagocytes or phagocytic cells (e.g. white blood cells). The vesicle/vacuole formed is called phagocytic vacuole. (b) Pinocytosis (i.e. cell drinking): Material is taken up in liquid (solution/colloid/ suspension) form. If the vesicle formed is extremely small, the process is known as micropinocytosis and the vesicle is micropinocytotic. 13. Exocytosis or reverse of endocytosis by which materials are removed from the cells including reverse pinocytosis. 14. Membrane Channels: They are of two type’s aqueous channels for the passage of water and ion channels for the passage of ions. Nehar and Sakmann got Noble prize for discovery of single ion channels. 15. Pseudopodial Movement: Pseudopodia are blunt outgrowths which are formed by three developments. Sol-gel changes, cytoplasmic streaming and extension of plasma membrance e.g., Amoeba, Macrophages, WBC, etc.
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17. Undulation: They are small protrusions, projections or ruffings of the membrane which pass out like a regular wave in the area of contact with a solid substratum.



STRUCTURAL ORGANISATION OF A CELL 1. Smaller cells with smaller volume have more surface area. Surface: volume ratio decreases with increasing size of cell. Larger cells increase their surface area by developing a cylindrical shape or by forming numerous extensions of the cell membrane like microvilli, ER, etc. 2. Smaller cells have more surfaces: volume ratio and higher nucleo-cytoplasmic ratio hence are more active. 3. Position, cell wall, age, viscosity of cytoplasm, skeleton and function of the cell, control the shape of cell, e.g., RBC is biconcave to increase surface area. Nerve cells are large as they are able to conduct impulses. 4. Cells regulate their activities by flow of energy and flow of extrinsic and intrinsic (genetic) information. 5. Green cells trap radiant solar energy and convert it into chemical (potential) energy like ATP which on oxidation of food is converted into kinetic energy for doing work. 6. Schwann (1839) recognized that animal and plant cells are alike except that animal cells lack cell wall. Schleiden stated that cell is the unit of structure and budded off from nucleus. Rudolf virchow (1855) was first to modify cell theory and gave generalization- “Omnis cellula e cellula”. Viruses are exception to cell theory. The specialized cells lose some of their autonomous activities, e.g., muscle and nerve cells do not divide and RBCs do not respire. 7. Cells show 3 types of organization: (a) Prokaryotic cells e.g., Bacteria, cyanobacteria, archaebacteria, mycoplasma (PPLO), rickettsiae. Size 0.1 to 5 µ; DNA : RNA ratio 1 : 2, r-RNA-65%, A + T / G + C ratio = 0.88; only one envelope system; membrane bound organelles absent; histone, nuclear membrane, nucleolus, cyclosis meiosis absent. (b) Eukaryotic cell. Size 3 to 30 µ, DNA : RNA is 1:1, rRNA = 45%, A + T / G + C ratio = 1.52; two envelop system, membrane bound organelles; histone and true nucleus present. (c) Mesokaryotic cell e.g., Dinoflagellates (a type of algae) – histone protein absent but nucleus present. 8. Cell organelles (organoids) are of four types on the basis of membranes. (i) Organelle bounded by single unit membrane. e.g., Microbodies (peroxisomes, sphaerosomes, glyoxysomes, lysosomes), ER, golgi bodies. (ii) Organelle bounded by double membrane e.g., Plastids, mitochondria and nucleus. (iii) Organelle bounded by triple membrane e.g. Transosomes. (iv) Organelle without any membrane e.g., Ribosomes, centriole, nucleolus. 9. Protoplasm of eukaryotic cells shows of streaming movements known as cyclosis : It is of two types. (i) Rotation (cytoplasm moves around a vacuole in one direction) e.g., Hydrilla leaf cells.
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(ii) Circulation (movement in different direction around different vacuoles e.g., staminal hairs of Tradescantia (Rhoeo discolor). These movements are due to colloidal nature of cytoplasm and microfilament activities. 10. Ribosomes : (a) Ribosomes were first discovered by Palade in animal cell and called them as microsomes. Robinson and Brown discovered them first in plant cell. Claude (1955) called these structures as ribosomes. (b) Proteins synthesized on free ribosome are used within cell. Proteins synthesized on bound ribosomes are used outside the cell or incorporated into membrane or go out as secretory (export) protein. (c) They are smallest, membraneless organelle and are called ribo-nucleoprotein or Palade particles. These are negatively charged and contained rRNA and protein and were seen only after the discovery of electron microscope. Their size is 150 to 250 A. These act as site of protein synthesis. A ribosome may be 70 S or 80 S. (S=sedimentation coefficient) and consists of a smaller and larger sub unit. 70 S are found in both prokaryotic and eukaryotic cells & lie freely in cytoplasm as in prokaryotes. 80 S ribosomes are either attached to endoplasmic reticulum or nuclear membrane or lie freely in cytoplasm. Ergasomes o r polyribosomes (Rich. 1963) are formed by the combination of 5 to 6 ribosomes on a single mRNA. A 70 S ribosome has three molecules of rRNA (16 S, 5 S, 23 S) and 53 protein molecules and 80 S ribosome has 3 molecules of rRNA (18 S, 5 S, and 28 S) and 80 molecules of protein. 11. Endoplasmic reticulum (Ergastoplasm) : It was reported by Porter, Claude and Fullman (1945). It was named as endoplasmic reticulum by Porter (1953). In muscles, it is called sarcoplasmic reticulum, in eyes called myeloid bodies and in nerves as Nissle granules. ER forms intracellular transport system and provides mechanical support to cytoplasm. GERL (Golgi associated with ER from which lysosomes arise) system is formed by ER and golgi bodies and form lysosomes. ER is of two types – Smooth endoplasmic reticulum (SER) and Rough endoplasmic reticulum (RER). RER arises from nuclear membrane. RER is mainly cisternal and studded with ribosomes. SER consists of tubules mainly. It constitutues more than half of the total cell membranes in a cell. SER helps to synthesize lipids and helps in detoxification. 12. Plastids: They are double walled DNA containing largest organelle in plant cells, discovered by Haeckel (1865). These are developed from colourless proplastids found in meristems. Three types of plastids are (i) Leucoplasts: Largest, colourless, found in unexposed parts and store starch (amyloplast), fat (claioplast) or Protein (aleuronplast). (ii) Chromoplasts: Second largest plastids, have carontenoids to provide attractive colour to fruits, seeds, flowers. (iii) Chloroplasts: Green plastids discovered by Sachs (1862) but named Chloroplast by Schimper (1885) store starch temporarily; shape variable, maximum variation in shape is found in green algae. Shape is planoconvex or discoid; each chloroplast has two membranes. Its matrix (stroma) has prokaryotic naked circular DNA (0.5%), RNA, vitamin E and K, plastoglobules (osmiophillic globules), starch particles; 70 S ribosomes, minerals (Fe, Mg, Cu, Mn, Zn, Co) and enzymes of dark reaction of photosynthesis. 50% of matrix is filled with Rubisco enzyme. In matrix are found double membrane bounded tubular sacs called thylakoids (structural unit of chloroplast) which are stacked to form grana; number of grana per chloroplast is 40-100 and each granum has 2-100 stacked
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thylakoids. Inner membrane of thylakoid bears quantasomes (functional unit of chloroplast, discovered by Park and Biggins (1962), size 180 × 150 × 100 Å, called photosynthetic units (PSU) where primary act of photosynthesis (i.e. release of e – ) occurs. A quantasome has 230 chlorophyll molecules (160 chl a + 70 chl b) and about 50 carotenoid molecules. One of the molecules of Chl a acts as reaction (trap) centre. It is P700 in PS I and P680 in PS II. Two grana are joined by Frets channel (stroma lamella). Chloroplasts and mitochondria are energy transducing. DNA containing, semiautonomous, double walled organelles and called cell within cell because they have their own protein machinery and show cytoplasmic inheritance. No life is possible on this earth without chloroplast. 13. Chl a is C55 H72 O5 N 4 Mg – blue green and has – CH 3 group. 14. Chl b is C55 H70 O6 N 4 Mg – greenish colour and has – CHO group. 15. Pyrenoid is a proteinaceous body around which starch is stored in green algae. 16. Chloroplasts are extremely fragile osmotically and burst in H2 O and hence, chloroplasts are isolated from green leaves using sugar solution. 17. Golgi bodies: Also called as (Lipochondria, Idiosome or Dalton complex): They are middle man of cell and discovered by Camello Golgi (1898) in cytoplasm of nerve cell of owl and cat by silver metallic impregnation technique. They form internal reticular apparatus (apparato recticulare interno) and take black stain with Sudan III being rich in lipids. Dalton and Felix (1954) observed them under TEM and confirmed their existence. In plants, golgi bodies are unconnected and scattered called dictyosomes. In fungi, a dictyosome is unicisternal. In vertebrates these are found near the nucleus. A dictyosome has a stack of usually 312 cisternae with swollen ends, tubules and vesicles. It shows polarity. Concave or maturing (M) face or trans face is near cell membrane and cis or convex or forming (F) face is towards nuclear membrane. Lysosomes and secretory vesicle arise from ‘M’ face. New cisternae are formed from SER. Root cap cells are rich in golgi bodies which secrete mucilage for lubrication of root tip. They process package and help in transport and release of secretory proteins. They also cause glycosidation of lipids and glycosylation of proteins to form glycolipids and glycoproteins. Golgi body forms acrosome in sperm, yolk and cortical granules in eggs, secretion of insulin, lactoprotein in mammary glands, cellulose, hemicellulose, mucilage, pectin, cell plate during cell division, root hairs etc. They regulate fluid balance of cell. All secretory cells are rich in golgi bodies. Main enzyme in golgi bodies is nucleoside disphosphatase. These bodies arise from SER mainly. 18. Mitochondria: They are also called as chondriosome, sarcosome, bioplast, plastochondria: They are power house of cell, largest organelle in animal cell and 2nd largest organelle in plant cell. These are double walled, DNA containing, self replicating, semiautonomous, organelle found only in eukaryotic aerobic cells (except mature RBC), first observed in insect striated muscles as granular structure by Kolliker (1850). He called these granules of striated muscles as sarcosomes. Altman (1890) studied them in detail and called them as bioplasts. He considered them as symbionts comparable to bacteria. Flemming called them file and term ‘mitochondria’ was
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used by Benda (1897) who stained them with Janus green B (a vital stain); size 1 = 10µ × 0.2 – 1 µ; Number 1 per cell in Microsterias and Trypanosoma; 50,000 in Choas chaos and 30,000 to 3 lakhs in oocytes of sea urchin. A mitochondrion has two chambers and two membranes. Inner membrane is folded to form cristae which bear oxysomes (F 0 -F 1 particles, elementary particles, ATPase particles. (Fernandez and M oran particles). Oxysomes are 104 to 105 in number, called functional unit of mitochondria, discovered by Fernandez-Moran (1961). Inner chamber has a double stranded, naked circular 5 µ long prokaryotic DNA with high G-C ratio, 70S ribosomes, RNA and 70 types of enzymes. 70% of total enzymes of cell are found in mitochondria. This DNA is 1% of total DNA of cell and discovered by Nass (1966). Kreb’s cycle and oxidative phosphorylation occur here. Mitochondria are called cell within cell. 19. Microbodies : These are (lysosomes, sphaerosomes, glyoxysomes and peroxisomes): They are smallest single membrane bounded organelle. Lysosomes (suicidal bags, disposal units, scavenger of cell) are microbodies of 0.2-0.8 µ size filled with 40 types of acid hydrolases to digest (autolysis) almost every type of organic matter except cellulose. They are common in WBC, liver, spleen etc. They work at pH-5 and cause lysis of foreign body; discovered accidently by Christian de Duve (1955) from rat liver. Novikoff (1956) observed them under TEM. They show pleomorphism (polymorphism). They are of four types: (i) Primary lysosomes (Storage granules) have inactive enzymes; (ii) Secondary lysosomes (Heterophagosomes or Digestive vacuoles or Phagolysosomes) cause digestion (Heterophagy); (iii) Tertiary lysosomes (Residual bodies or Telolysosomes) removes wastes by ephagy from cell by acting as scavenger or disposal unit; (iv ) Autophagic vacuoles (Cytolysosome or Autophagosomes) are complex lysosomes and digest old / injured / dead cells and tissues to keep cell healthy (autolysis or autodigestion). Scavenging, disappearance of tail, softening of gums, acrosomal activity of sperm are few other examples. Autophagy is digestion of stored food (glycogens, fat and proteins) during starvation to provide energy. Thus autophagy has no role in scavenging. If lysosomes burst and release their enzymes, the entire cell is digested and liquefied. It is called autolysis. Osteoclasts (which digest bones) are rich in lysosomes; Plant cells lack lysosomes except Neurospora, root tip of maize, yeast and seeds of pea and cotton. Lack of Lysosome cause Pombe’s Disease. They are also involved with diseases such as Tay-Sachs Syndrome and Rheumatic Arthritis (An Autoimmune disease). Types of Microbodies (a) Sogaerisines (Plant lysosomes) are micro bodies filled with hydrolytic enzymes for fat synthesis. They are highly refractile and rich in fat (98%) and take black stain with Sudan iii / Osmium tetraoxide. These are abundant in endosperm of oily seeds. (b) Transosomes are triple layer bounded organelle in ovary follicle cells of birds to help in yolk formation. (c) Lomasomes are boder bodies between cell wall and cell membrane, common in fungi, discovered by Moore and Mc Allister (1961) and help in cell proliferation and elongation for diffusion of substances required in cell wall formation.
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(d) Peroxisomes (uricosomes) are microbodies containing enzymes for peroxide formation. Catalase and peroxidase are largest and smallest enzymes found in peroxisomes. In plants they do photo-respiration in C3 plants (Tolbert, 1972). In animals they take part in lipid synthesis (b-oxidation of fatty acids). (e) Glyoxysomes- Largest microbody of size upto 10 µ and similar to peroxisomes as these contain catalase and other enzymes for glyoxylate cycle (a modified Krebs’ cycle in which fats are converted into carbohydrates). These are common in germinating oil seeds of castor, groundnut and cucumbers and disappear after germination. 20. Centrioles: They are minute submicroscopic subcylindrical structures of 300-500 nm length and 150 nm diameter and usually occur in pairs (diplosome) inside a specialized fibrous cytoplasm called centrosphere. The complex is called centrosome or central apparatus. Each centriole has a whorl of nine triplet fibrils with interconnections amongst adjacent triplets (called C-A linkers) as well as with a central hub through spokes. Thus show 9 ÷ 0 organisation. Centrioles are surrounded by massules or nucleating centre or pericentriolar satellites for formation of new centrioles. Centrioles are required to form basal bodies, cilia, flagella and spindle poles. They occur in most animal cells except some protozoan protests like Amoeba, common in flagellate forms (e.g., many green algae, bryophytes, pteridophytes and cycads). Centriole is rich in tubulin, ATP. Centrioles are basically locomotory structures and their role in cell division to form spindle is secondary. Basal bodies or basal granules or blepharoplasts are microcylinders that lie below the plasmalemma at the base of flagella and cilia. The structure is exactly similar to centriole. 21. Cilia and flagella: They are microtubular vibratile propoplasmic processes studied by Engleman and have four parts: basal body, rootlets, basal plate and shaft. Shaft contains of an external membrane (extension of plasmalemma), a semifluid matrix and an axoneme. Axoneme has nine peripheral doublet fibrils and two central singlet fibrils. Thus show 9 + 2 fibrillar organization. All the peripheral doublet fibrils are interconnected by C-A linkers of protein nexin. Subfibre A of each doublet has two bent arms, the outer one with a hook. The central fibrils and side arms of subfibre A are made of dyenin protein with ATP-ase activity. Cilia are shorter (5-10 µm as compared to 150 µm for flagella), more numerous, have sweeping or pendular movement and beat in a coordinated rhythmic movement. 22. Vacuoles: Vacuoles in plants were reported by Spallanzani. They are noncytoplasmic fluid filled, lifeless sacs which are separated from cytoplasm by a membrane called tonoplast. (a) Sap vacuoles: They enclose sap or water with dissolved inorganic and organic substances. A mature plant cell has a single large central vacuole. Animal cells have numerous small sap vacuoles that maintain osmotic pressure. Cell sap is slightly acidic and contains acids, esters, phenols, organic acids (acetic and formic acids), enzymes, tannin crystals and pigments etc. (b) Contractile vacuoles: They occur in some simple fresh water forms (e.g., Amoeba, Paramecium, Chlamydomonas). They pick up water from surrounding cytoplasm, expand (diastole) and collapse (systole) to throw water outside. Contractile vacuoles perform osmoregulation and excretion.
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(c) Gas vacuoles (= pseudovacuoles): Gas or air vacuoles occur in some prokaryotes. Gas vacuoles store metabolic gases and take part in buoyancy regulation. 23. Nucleus: A cell may be uni or multinucleated. If a multinucleated condition arises due to fusion of cells, it is called syncytium e.g., plasmodium, body of slime moulds, young xylem vessels and if due to repeated nuclear divisions without cytokinesis, it is called coenocytic e.g. Vaucheria, Rhizopus. Nucleus was reported by Robert Brown (1831) in orchid cells. Strasburger (1882) proved that nucleus arises from pre existing nucleus by division. Hertwig and van Beneden showed the role of nucleus in fertilization. Hammerling (1953) by his grafting experiments on Acetabularia (largest unicellular green, marine alga) proved the role of nucleus in heredity, growth and morphology. 1/10th of volume of cell is occupied by nucleus. In a cell, there is a definite nucleo-cytoplasmic ratio. Nucleocytoplasmic index is Volume of nucleus/ (Volume of cell – Volume of nucleus). About 10% of nuclear membrane bears simple of compound pores. Nucleus has 80% proteins (65% non histone, Mol. Wt. high, rich in tyrosine and tryptophan, acidic and forms enzymes and helps in RNA transaction. 15% proteins are basic, histone proteins, Mol. Wt. low, rich in lysine and arginine. DNA : histone ratio 1 : 1. Nucleosomes are structural units of chromatin. Term was given by Outdet. A nucleosome is an octamer of histone proteins and has a core of 8 molecules of histone proteins (two each of H 2 A, H 2 B, H 3 , H 4 ) bounded by 13/4 turns of DNA having about 166 base pairs. H1 histone does not form nucleosome. Size of a chromosome varies from 0.5 to 32 µ. Minimum number of chromosomes n = 2 e.g., Haplopappus. Maximum number is 2n = 1262 in Adder’s fern (Ophioglossuin). In animals, minimum number is 2n = 2 in Ascaris sp. And maximum number is 2n = 1600 in Aulacantha and Radiolarians. 24. Giant Chromosomes are: (i) Salivary gland chromosomes (size 2000 µm) (ii) lampbrush chromosomes (size 5900 µm). Those chromosomes help in rapid synthesis of proteins. 25. Nucleolus: It is a site of ribosome synthesis. Nucleolus was discovered by Fontana (1781), described by Wagner and numbed by Bowman. There is at least one nucleolus per haploid set of chromosomes in a cell. 26. Cell inclusions: Ergastic, deutoplasmic, paraplasmic bodies are non living, non cytoplasmic substances in vacuoles or cell wall or cytoplasm of eukaryotic cells also called metaplast or deutoplast and are of three types: (a) Reserve food materials: It can be starch as in plant cells, glycogen as in animal cells and fungi, fat or aleurone grains (protein rich, found as outermost layer of cells or endosperms or cereal grains). An aleurone grain in made up of a large part called crystalloid and a small part called globoid. Crystalloid contains nitrogen as amides. Starch is found as grains; simple or compound, concentric or acentric. (b) Excretory products: These are waste (end) products and useless to plant. They get accumulated in bark, old leaves, vacuoles and flowers e.g., alkaloids (Quinine, Atropine, Canada Balsam: a mounting agent from Abies stem), gums, organic acids, cow milk, latex from Cow tree (Brosimum) and mineral crystals.
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Mineral crystals are: (i) CaCO3 crystals occurring as a mass of crystals in a cellulose wall to form bunch of grapes called cystolith, e.g., banyan leaf cell. In Momordica, cystolith is double and in Justicia it is worm like. (ii) Crystals of calcium oxalate are very common and called raphides (needles like e.g., Lemna, Pistia), star like (sphaeraphides or druse e.g. Colocasia, Nerium), prism like in onion scales or crystal sand in Atropa. A cell with raphides is called idioblast. (iii) Silica on margin of leaves of grasses. (c) Secretory products: They are useful to plants e.g., pigments, nectar, essential oil, enzymes etc. Essential oils are ethereal oils and used in perfumery. 27. Cytoskeltal structures: These are fibrous or fine tubular structures which form the supportive structures of the cell. These are of three types – microtubules, microfilaments and Intermediate filaments (a) Microtubules discovered by Robertis and Franchi, (1953) term coined by Slautterback (1963), are unbranched hollow non contractile tubules of indefinite length, 25 nm in thickness with 15 nm core and formed of 13 helically arranged protofilaments of a and b-tubilin protein. Microtubules grow from nucleating centres. Microtubules are basic structures of spindle apparatus, centrioles, basal bodies, cilia and flagella and are responsible for cell motility and maintenance of shape. Their tips can grow and shorten quickly. GTP, Ca2+, Mg2+ and a calmodulin bound protein are required for assembly. Colchicine prevents it. Microtubules are basic structures of spindle apparatus, centrioles, basal bodies, cilia and flagella. They are also present in other cellular structures like sensory hair, nerve processes, sperm tail, etc. Microtubules present in cytoplasm provide shape and polarity to cells. Microtubules are absent in procaryotes (except Anabaena),Amoeba and Slime Moulds. (b) Microfilaments are cylindrical solid, contractile rods or filaments of actin and myosin protein with a diameter of 6 to 10 nm. Microfilaments can form hexagonal bundles, take part in cytoplasmic streaming, membrane undulations, cleavage, contraction of muscles, movement of microvilli to absorb food and endocytosis. (c) Intermediate Filaments are intermediate in size having diameter around 1015 nm and are composed of non-contractile proteins. Intermediate fibres (IF) are of four types–keratin filaments, neurofibrils, glial filaments and heterogeneous filaments (viz., desmin filaments, vimentin filaments, synemin filaments).They privide rigidity to cell and maintains the cell structure



CELL CYCLE I. Interphase and the Control of Cell Division 1. Interphase is the period between divisions of the cytoplasm. A typical eukaryotic cell will spend most of its life in interphase. Some cells lose the capacity to divide altogether and stay in interphase indefinitely. Examples of such cells in humans are nerve cells and muscle cells. Other cells divide regularly, others occasionally. 2. Most cells have two major phases: mitosis and interphase often referred to as the cell cycle.
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3. For most tissues at any given time, only a few cells are in mitosis, and most are in interphase. 4. Interphase consists of three sub-phases. • G1 is Gap 1, the period just after mitosis and before the beginning of DNA synthesis. • Next is S (synthesis), which is the time when the cell’s DNA is replicated. • G2 is the time after S and prior to mitosis. 5. Mitosis and cytokinesis are referred to as M phase. 6. The G1-to-S transition commits the cell to enter another cell cycle.



II. Cyclins and other proteins signal events in the cell cycle 1. Transitions from G1 to S and G2 to M depend on activation of a protein called cyclindependent kinase, or Cdk. 2. A kinase is an enzyme that transfers a phosphate from ATP to different protein(s). This is called phosphorylation. 3. Activated Cdk transfers phosphates from ATP to certain amino acids of proteins that then move the cell in the direction of cycling. 4. The Cdk effect on the cell cycle is a common mechanism in eukaryotic cells. • Studies in sea urchin eggs uncovered a protein called the maturation promoting factor. • A mutant yeast that lacked Cdk was found, which stalled at the G1–S boundary. • These two proteins, one from sea urchins and the other from yeast, were similar in structure and function. Other Cdks have been found in other organisms, including humans. 5. Cyclin is a protein that interacts with Cdk. Cyclin binding of Cdk exposes the active site of the kinase. 6. The cyclin-Cdk complex acts as a protein kinase that triggers transition from G1 to S. The cyclin then breaks down and the Cdk becomes inactive. Several different cyclins exist, which, when bound to Cdk, phosphorylate different target proteins. • Cyclin D-Cdk4 acts during the middle of G1. This is the restriction point in G1, beyond which the rest of the cell cycle is inevitable. • Cyclin E-Cdk2 acts at the boundary of G1 to S to initiate DNA replication. • Cyclin A-Cdk2 acts during S and also stimulates DNA replication. • Cyclin B-Cdk1 acts at the G2-to-M boundary, initiating mitosis. 7. Cyclin-Cdk complexes act as checkpoints. When functioning properly, they allow or prevent the passage to the next cell cycle stage, depending on the extra- and intracellular conditions. • An example is the effect of p21 on the G1-to-S phase transition. • If DNA is damaged by UV radiation, p21 is synthesized (a protein of 21,000 daltons). • It binds to the two different types of G1 Cdk molecules, preventing their activation until damaged DNA is repaired. The p21 is then degraded, allowing the cell cycle to proceed.
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8. Some targets for cyclin-Cdk complexes include proteins that condense chromosomes and others that cause fragmentation of the nuclear envelope. 9. Cyclin-Cdk defects have been found in some cancer cells. • A breast cancer with too much cyclin D has been found. • The protein p53, which inhibits activation of Cdk, is found defective in half of all human cancers.



III.



Growth factors can stimulate cells to divide 1. Cyclin-Cdk complexes provide internal control for cell cycle decisions. 2. Cells in multicellular organisms must divide only when appropriate. They must respond to external signals, controls called growth factors. 3. Some cells respond to growth factors provided by other cells. • Platelets release platelet-derived growth factor, which diffuses to the surface of cells to stimulate wound healing. • Interleukins are released from one type of blood cell to stimulate division of another type resulting in body immune system defenses. • The cells of the kidney make erythropoietin, which stimulates bone marrow cells to divide and differentiate into red blood cells. 4. Cancer cells cycle inappropriately because they either make their own growth factors or no longer require them to start cycling.



IV.



Regulation of the Cell Cycle 1. Cell cycle is driven by specific chemical signals in the cytoplasm. 2. M phase cells that are fused with any other phase cell, the latter cell will enter mitosis. 3. Cell cycle control system triggers and coordinates key events in the cell cycle. 4. Cell cycle checkpoints act as stop and go signals. Three major checkpoints found in G1, G2, and M phases. (a) G1 is critical checkpoint. If cells make it past G1, the entire cell cycle is completed. (b) Non-dividing cells are in G0 state. 5. Fluctuations in cell cycle control molecules abundance and activity control cell cycle. • Protein kinases are activated by cyclin proteins. • Activity of protein kinase is correlated with concentration of specific cyclin (cyclin dependent kinase or “Cdk”). 6. MPF (maturation promoting factor) was first Cdk described. • Cyclin level rises during interphase. • At G2, enough active MPF (cyclin + Cdk) is present to promote mitosis. • Numerous phosphorylation events that cause nuclear envelope to fragment and activate other enzymes. • Cyclin is broken down by proteolytic cleavage (MPF inactive) and Cdk is recycled. • Proteolysis also drives M-phase past anaphase by breaking down proteins that hold sister chromatids together.
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7. Internal and External Cues Regulate Cell Cycle Internal signal delays start of anaphase (separation of chromosomes) until all kinetochores are attached to spindle fibers. • Anaphase promoting complex (APC) is kept in inactive state by proteins associated with kinetochores. • Signal ceases when all kinetochores are attached. 8. Growth factors are external signals that stimulate cells to divide. • Platelet derived growth factor (PDGF) is required for division of fibroblasts. • PDGF binds to tyrosine kinase receptors on surface of cells and triggers signal transduction pathway. 9. Density dependent inhibition describes phenomenon whereby cells stop growing after reaching a certain density. Growth is limited by availability of growth factor. 10. Cancer Cells Have Escaped Cell Cycle Controls • Cancer cells do not exhibit density dependent inhibition. • Cancer cells do not stop growing when growth factor is depleted. • Cancer cells stop at random points in cell cycle (not checkpoints). • Some cancer cell lines are immortal and can divide indefinitely given the right ingredients.e.g. HeLa cells. • p53 gene mutations in tumor suppressor genes (e.g. p53) result in cancer functional p53 aids cell in checkpoint control at G1 and G2



CELL REPRODUCTION & CELL DIVISION I. Systems of Cell Reproduction 1. Four events occur before and during cell division. • A signal to reproduce must be received. • Replication of DNA and vital cell components must occur. • DNA must distribute to the new cells. • The cell membrane (and cell wall in some organisms) must separate the two new cells.



II. Prokaryotes divide by fission 1. Prokaryotic cells grow in size, replicate DNA, and divide into two new cells. This process is called fission. 2. Escherichia coli (a bacterium) simply divides as quickly as resources permit. At 37oC, this is about once every 40 minutes. When resources are abundant, E. coli can divide every 20 minutes. 3. Prokaryotes generally have just one circular chromosome. • The E. coli chromosome is 1.6 mm in diameter, making the unfolded circle 100 times greater than the size of the cell. The molecule is packaged by folding in on itself with the aid of basic proteins that associate with the acidic DNA. • Circular chromosomes appear to be characteristic of all prokaryotes.
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4. The prokaryotes have a site called ori, where DNA replication begins, and a site ter, where it ends. • Ori is short for origin of replication. • Ter is short for terminus of replication. 5. As DNA replicates, each of the two resulting DNA molecules attaches to the plasma membrane. As the bacterium grows, new plasma membrane is added between the attachment points, and the DNA molecules are moved apart. 6. Cytokinesis, which is cell partitioning, begins around 20 minutes after chromosome duplication is completed. A pinching of the plasma membrane to form a constricting ring separates the one cell into two, each with a complete chromosome. • A tubulin-like fiber is involved in the purse-string constriction.



III. Eukaryotic cells divide by mitosis or meiosis 1. All reproduction involves reproduction signals, DNA replication, segregation, and cytokinesis. 2. Unlike prokaryotes, eukaryotic cells do not constantly divide whenever environmental conditions are adequate, although unicellular eukaryotes do so more often than the cells of multicellular organisms. • Some differentiated cells of multicellular organisms rarely or never divide. • Signals to divide are related to the needs of the entire organism, not simply the opportunity created by resources. 3. Eukaryotes usually have many chromosomes. Eukaryotes have a nucleus, which must replicate and, with few exceptions, divide during cell division. Mitosis generates two cells with the same genetic information as the original cell. 4. Meiosis is a specialized cell division used for sexual reproduction. The genetic information of the chromosomes is shuffled, and the cells, called gametes, typically get one-half of the original DNA complement.



IV. Mitosis: Distributing Exact Copies of Genetic Information 1. A single nucleus gives rise to two genetically identical nuclei, one for each of the two new daughter cells. 2. Mitosis is a continuous event, but it is convenient to look at it as a series of steps. • When the cell enters S phase and DNA is replicated, the centrosome replicates to form two centrosomes. This event is controlled by cyclin E-Cdk2, whose concentration peaks at the G1-to-S transition. This is the key event initiating the direction of mitosis. • During G2-to-M transition, the two centrosomes separate from each other and move to opposite ends of the nuclear envelope. The orientation of the centrosomes determines the cell’s plane of division. • In many organisms, each centrosome contains a pair of centrioles that have replicated during interphase. Centrosomes are regions where microtubules form. These microtubules will orchestrate the movement of chromosomes.
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The spindle forms during prophase 3. In prophase, polar microtubules form between the two centrosomes and make up the developing spindle. 4. Each polar microtubule runs from one mitotic center to just beyond the middle of the spindle, where it overlaps and interacts with a microtubule from the other side. Initially, these m icrotubules are constantly form ing anddepolymerizing (“falling apart”) during this period. Recall that microtubules grow by addition of tubulin dimers to the + end of the microtubule. When microtubules from one centrosome contact microtubules from the other, they become more stable. 5. The mitotic spindle serves as a “railroad track” along which chromosomes will move later in mitosis. A prophase chromosome consists of two chromatids 6. During prophase, chromosomes compact and coil, becoming more dense. Prophase chromosomes consist of two chromatids, held together over much of their length. The region of tight binding between the chromatids, the centromere, is where the microtubules will associate with the chromatids. 7. Late in prophase, the kinetochores develop. The kinetochore is located in the region around the centromere and is the site where microtubules attach to the chromatids. Chromosome movements are highly organized 8. The movement phases of chromosomes are designated pro-metaphase, metaphase, and anaphase. 9. During pro-metaphase, the nuclear lamina disintegrates and the nuclear envelope breaks into small vesicles permitting the fibers of the spindle to “invade” the nuclear region. • The spindle microtubules then associate with kinetochores. • These are called kinetochore microtubules. • The microtubules from one pole associate with the kinetochore of one of the members of a pair of chromatids. Microtubules from the other pole associate with the kinetochore of the other member. • Repulsive forces from the poles push chromosomes toward the center, or equatorial plate, in a rather aimless back and forth motion. • The two chromatids are held together, presumably by proteins called cohesins. 10. During metaphase, the kinetochores arrive at the equatorial plate. • Chromosomes are fully condensed and have distinguishable shapes. • Cohesins break down. • DNA topoisomerase II unravels the interconnected DNA molecules at the centromere, and all the chromatids separate simultaneously. 11. Anaphase begins when the centromeres separate. • The process takes 10 to 60 minutes for the chromosomes to move to opposite poles. • Molecular motors at the kinetochores move the chromosomes toward the poles, accounting for about 75% of the motion. • About 25% of the motion comes from shortening of the microtubules at the poles.
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• Additional distance is gained by the separating of the mitotic centers. This increase in distance between the poles is done by the polar microtubules, which have motor proteins associated in the overlapping regions. By this process the distance between the poles doubles. Nuclei re-form during telophase 12. When chromosomes finish moving, telophase begins. Nuclear envelopes and nucleoli coalesce and re-form.



V. Cytokinesis: The Division of the Cytoplasm 1. Animal cells divide by a furrowing (a “pinching in” or constriction) of the plasma membrane. 2. Microfilaments of actin and the motor protein filament myosin first form a ring beneath the plasma membrane. 3. Actin and myosin contract to produce the constriction. 4. Plants have cell walls and the cytoplasm divides differently. • After the spindle breaks down, vesicles from the Golgi apparatus appear in the equatorial region. • The vesicles fuse to form a new plasma membrane, and the contents of the vesicles combine to form the cell plate, which is the beginning of the new cell wall. 5. Organelles and other cytoplasmic resources do not need to be distributed equally in daughter cells, as long as some of each are present in both new cells to assure additional generation of organelles as needed.



VI. Reproduction: Sexual and Asexual 1. Mitosis by repeated cell cycles can give rise to vast numbers of identical cells. 2. Meiosis results in just four progeny, which usually do not further duplicate. The cells can be genetically different. Reproduction by mitosis results in genetic constancy 3. Asexual reproduction involves the generation of a new individual that is essentially genetically identical to the parent. It involves a cell or cells that were generated by mitosis. • Variation of cells is likely due to mutations or environmental effects. 4. Sexual reproduction involves meiosis. • Two parents each contribute one cell that is genetically different from the parents. • These cells often combine to create variety among the offspring beyond that attributed to mutations or the environment. Reproduction by meiosis results in genetic diversity 5. Sexual reproduction fosters genetic diversity among progeny. Two parents each contribute a set of chromosomes in a sex cell or gamete. Gametes fuse to produce a single cell, the zygote, or fertilized egg. Fusion of gametes is called fertilization.
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6. In each recognizable pair of chromosomes, one comes from each of the two parents. The members of the pair are called homologous chromosomes and are similar, but not identical, in size and appearance. (An exception for sex chromosomes exists in some species.) 7. The homologous chromosomes have corresponding but generally not identical genetic information. 8. Haploid cells contain just one homolog of each pair. The number of chromosomes in a single set is denoted by n. When haploid gametes fuse in fertilization, they create the zygote, which is 2n, or diploid. 9.



Some organisms have a predominant life cycle in a 1n (haploid) state. (Algae & fungi)



10. Some organisms have both a 1n vegetative life stage and a 2n vegetative life stage. (Bryophyte/pteridophytes) 11. In diplontic organisms, which include animals, the organism is usually diploid. (Some insects are excepted.) 12. Homologous chromosomes exchange parts and recombine during meiosis so that the chromosomes passed on to gametes are mixtures of those received from two parents. The two chromosomes of a mixed homologous pair then segregate randomly into haploid gametes. This shuffling greatly increases the diversity of the population and opportunities for evolution. The number, shapes, and sizes of the metaphase chromosomes constitute the karyotype 13. It is possible to count and characterize individual chromosomes. 14. Cells in metaphase can be killed and prepared in a way that spreads the chromosomes around a region on a glass slide. A photograph of the slide can be taken, and images of each chromosome can be organized based on size, number and shape. This spread is called a karyotype.



VII. Meiosis: A Pair of Nuclear Divisions 1. Meiosis consists of two nuclear divisions that reduce the number of chromosomes to the haploid number. 2. The nucleus divides twice, but the DNA is replicated only once. 3. The functions of meiosis are to reduce the chromosome number from diploid to haploid, to ensure each gamete gets a complete set, and to promote genetic diversity among products. 4. Meiosis I is unique for the pairing and synapsis of homologous chromosomes in prophase I of the first nuclear division. After metaphase I, homologous chromosomes separate into different cells. 5. Individual chromosomes, each with two chromatids, remain intact until metaphase of meiosis II (second nuclear division) is completed and the chromatids separate to become chromosomes. The first meiotic division reduces the chromosome number 6. Like mitosis, meiosis I is preceded by an interphase in which DNA is replicated. Meiosis I begins with a long prophase.
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7. During prophase I, synapse occurs: The two homologs are joined together held by a synaptonemal complex of proteins. This forms a tetrad, or “bundle of four,” which consists of two homologous chromosomes with two sister chromatids. 8. At a later point, the chromosomes appear to repel each other except at the centromere and at points of attachments, called chiasmata, which appear X-shaped. These chiasmata reflect the exchange of genetic material between homologous chromosomes, a phenomenon called crossing-over. 9. This crossing-over increases genetic variation by “mixing and watching” the genes on the homologs. 10. In the testis cells of human males, prophase I takes about a week. 11. In the egg cells of human females, prophase I begins before birth in some eggs and can continue for 50 years in others depending on their release in the monthly ovarian cycle. 12. Following telophase I, in some species, there is a reappearance of nuclear envelopes. If this occurs, it is called interkinesis, a stage similar to mitotic interphase, but there is no replication of genetic material and no crossing-over in subsequent stages. The second meiotic division separates the chromatids 13. Meiosis II is similar to mitosis. 14. One difference is that DNA does not replicate before meiosis II. The number of chromosomes is therefore half that found in diploid mitotic cells. 15. In meiosis II, sister chromatids are not identical and there is no crossing-over. Meiosis leads to genetic diversity 16. The products of meiosis I are genetically diverse. 17. Synapsis and crossing over during prophase I mix genetic material of the maternal with that of the paternal homologous chromosomes. 18. Which member of a homologous pair segregates or goes to which daughter cell at anaphase I is simply chance. 19. Since most species of diploid organisms have more than two pairs of chromosomes, the possibilities for variation in combinations becomes huge.



EXTRA CONCEPTS: Cell Reproduction or Cell Division 1. Cell Division was first studied by Strasburger (1875) in plants, W. Flemming (1882) in animal cells and Prevost and Dumas (1824) in frog egg. 2. Any agent that stimulates cell division is called mitogen. Temperature, cytokinin, auxin, gibberllin, insulin, steroids and mitogens. 3. The continuation of species from one generation to next is governed by two processes; syngamy (union of gametes) and division of cells (meiosis and mitosis). 4. A cell divides to have high surface area per unit of volume and high nucleocytoplasmic ratio. The smaller the size of cell, more the surface area and nucleo-cytoplasmic ratio it has. 5. Genetic continuity is due to duplication of DNA in cell division that occurs in S-phase.
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6. Mitotic poisons are inhibitors of cell divisions. Azides and cyanides inhibit prophase; colchicines checks spindle formation; chalones inhibit cell division in vivo and in vitro both; ribonuclease blocks prophase; heat shocks prevent cell division and Mustard gas agglutinate all chromosomes. 7. Animal cytokinesis is centripetal and plant cytokinesis is centrifugal. 8. In fungi, spindle is formed inside nucleus (intranuclear division); nuclear membrane remains intact; nucleus divides by furrow (karyochoriosis). 9. Endomitosis is duplication of chromosomes without division of nucleus. 10. Non-disjunction is failure of migration of chromatids at anaphase; discovered by Bridges (1961). 11. Brachymeiosis: It is believed by some mycologists that in some ascomycetes, fertilization takes place in single celled stage resulting in a diploid nucleus which then undergoes free nuclear divisions followed by pairing (dikaryon formation). These dikaryons then fuse and thus become a tetraploid nucleus. This is ascus mother cell. If it has to form haploid ascospores it must now undergo two reductional & one equational division. This is knows as brachymeiosis. 12. Acetocarmine is made by dissolving carmine dye (obtained from cochineal Coccus insect) in acetic acid. It gives purple red colour to chromosomes. 13. C-mitosis is colchicines induced mitosis. Colchicine is an alkaloid, obtained from underground corms of autumn crocus – Colchicum autumnale. It was discovered by Dustin (1934) and used by Blakeslee (1937) to induce polyploidy. Granosan is similar to colchicines in action. Both inhibit spindle formation. 14. In Cyperus, one meiosis produces one pollen grain instead of four. 15. Cell doubles in size and then stops growing in G1 phase. G1 is longest, most variable phase in which maximum growth occurs. Circumstances which induce a cell to divide arise in G1 under the influence of some cytoplasmic clock. Decision for cell division also occurs here. 16. Size of nucleus increases in interphase; size of nucleolus increases in first four substages of Prophase-I of meiosis. 17. Aristolochia (duck weed) has all types of tetrads. 18. Protein (histone) for DNA synthesis is formed in S-phase while tubulin protein required for spindle is synthesized in G2 . 19. All organelles (organoids) including centrioles are doubled in G2 . 20. Amount of DNA doubles in S-phase. 21. Interphase is most active phase followed by prophase. This interphase takes 70-95% of total time of cell cycle. M-phase takes very less time. 22. Amitosis is called direct or incipient cell division and is found in yeasts, protozoans, monerans (prokaryotes), cartilage and degenerated/old tissues. 23. Mitosis forms 2 daughter cells that are morphologically and genetically similar. It distributes chromosomes equally both quantitatively and qualitatively. Term mitosis was given by W. Flemming (1870). Meristems, cells of bone marrow, base of nails and skin are used to study mitosis.
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24. Spindle is astral (amphiastral) and arises from centriole in animal cell and in plant cell; it is anastral and arise from cytoplasmic proteins by gelation. It consists of microtubules made up of sulphur rich tubulin protein (95-97%), RNA (3-5%) and ATPase. Spindle is seen with polarizing microscope only. 25. Prophase is of longest duration. 26. Metaphasic chromosomes are least coiled. The structure of chromosomes is best studied at metaphase while shape of chromosomes is best studied at anaphase. 27. Anaphase is of shortest duration; centromere divides and disjunction occurs here. About 30 molecules of ATP are needed to move one chromosome from equator to pole. 28. Telophase is reverse of prophase. Nuclear membrane reappears from ER and remnants of original nuclear membrane. 29. Meiosis was first discovered by Boveri (1892), studied by Strasburger (1883) and Winiwarter (1990); term by Farmer and Moore (1905). It is double division in which nucleus divides twice but chromosomes only once. It is antithesis of fertilization and havles the number of chromosomes. It maintains number of chromosomes constant through successive generations. 30. Meiosis occurs in diploid reproductive cells (meiocytes) at the time of reproduction. 31. Anthers of unopened young flowers and testes of grasshopper are widely used to study meiosis. 32. Zygotene is zipping or synapsis or pairing of homologous chromosomes. 33. Tetrad formation occurs at pachytene stage. 34. Diplotene is of longest duration and involves chiasmata formation very distinctly. Crossing over begins at pachytene but chiasmata becomes distinct at diplotene, hence we can say crossing over occurs at diplotene. 35. Transportation is exchange and rejoining of chromatids parts during crossing over. 36. In metaphase-I, migrating chromosomes are dyad, i.e., each chromosome has 2 chromatids. 37. Reduction in number of chromosomes occur in anaphase-I but haploidy (reduction) in terms of DNA occur during anaphase-II. 38. In Trillium, anaphase-I directly enters into metaphase-II. 39. Tetrad is a group of 4 haploid cells formed during meiosis. It can be tetrahedral, isobilateral, linear, decussate or T-shaped but tetrahedral tetrad is most common in plants. 40. Kinetochore is a proteinaceous region of the centromere in chromosome to which spindle fibres attach. 41. Nucleoprotein complex present between synapsed chromosomes is called synaptinemal complex. 42. Karyokinesis is division of nucleus. It was first studied by Schleiden. 43. Chromatids move towards the pole at a speed of 1 µm per minute. 44. Chiasmata are the result of crossing over and first observed by Janseens (1909).
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45. He La cells are human cancer cells of a patient Henrietta Lack; maintained in tissue culture since 1953. They divide and double their number in every 24 hrs & widely used in research. 46. During G2, a cell contains double the amount of DNA (4n) as compared to original diploid cell (2n). 47. Repair of damaged DNA also takes place in the interphase. 48. In plants, mitosis occur in meristematic tissues (shoot & root tips). Root tip is the most preferred regions to observe mitosis. 49. Anaphase is a rapid phase lasting only 2-3 minutes. It starts abruptly. The centromere splits into two; each chromatid is pulled slowly towards a spindle pole (each chromatid with own centromere now becomes a separate single stranded (1 DNA) chromosome. The chromatids are moved (towards the pole they face) at a speed of 1µm/minute. The separation of the chromatids starts at the centromeres while the arms trail behind it. As a result, the chromosomes are pulled into V, J and T shapes. 50. The telophase lasts for an hour or so. 51. Stimulation of mitosis: Kinetin (6-furturyl amino purine) increases the mitotic rate in meristems of Allium. At low concentration, it reduces the duration of interphase and increases the mitotic rate. 52. In human males, meiosis starts after puberty. 53. In human females, meiosis starts at the end of 3rd month of prenatal life. In the fifth month of prenatal life, the oocytes reach the diplotene stage and remain arrested at this stage for many (About 12) years, when ovulation occurs. 54. Number of meiosis required to form n number of seeds/grains = n + n/4 (for all cases except cyperus); in cyperus, it is = n + n.



CELL DIFFERENTIATION AND CELL-CELL INTERACTION: Specializations of Plasmalemma They are of three types: (i) Outpushings (Evaginations) - microvilli, flagellar or ciliary sheaths, stereocilia. (ii) Inpushings (Invaginations) - pores, mesosomes, lomasomes and transfer cells. (iii) Junctional Complexes. They are connections between adjacent cells, across intervening space of 15 - 20 nm width which is often filled with tissue fluid. Cementing material is called adherenes, fusion as occludens, spot as macula and strip as zonula. Common junctional complexes are plasmodesmata, gap junctions, interdigitations, intercellular bridges, tight junctions, desmosomes and terminal bars. 1. Microvilli (Singular-Microvillus). They are numerous (upto 3000) fine plasmalemma evaginations (each O’ 6 - 0,8 ,um long and 0.1 ,um in diameter) which gives striated or brush border appearance under optical microscope. Microvilli are supported internally by micro filaments. Externally they possess glycocalyx. Areas in between the microvilli are specialised for absorption. Surface area is increased several times, e.g., intestinal epithelium, hepatic cells, convoluted regions of renal tubules, lining of gall bladder and uterus.
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2. Stereocilia. Nonmotile elongated evaginations of plasma membrane, secretory or sensory, e.g., macula, crista, epididymus. True cilia and flagella are covered by plasma membrane sheaths. Evaginations also occur during formation of phagocytic vesicles. 3. Pores. At places plasma membrane is connected with endoplasmic reticulum forming pores leading to channels of E.R. Infolds also develop during formation of endocytotic vesicles. 4. Mesosome. Complex infolding of plasma membrane in bacteria that is connected with nucleoid and is believed to help in nucleoid replication, septum formation and even respiration. A similar infolding found in fungi is called lomasome. 5. Transfer cells. Both cell wall and plasmalemma show infoldings. Cells are specialized for solute transfer. 6. Plasmodesmata. They are cytoplasmic bridges between adjacent plant cells that occur in very fine pores or pits in the cell wall. 7. Gap Junctions (Nexus, Maculae Occludentes). Fine hydrophilic channels formed by special protein cylinders or connexons of two adjacent cells. Ca2+ is required for their opening, they are very common. 8. Intercellular Bridges. Plasma projections from adjacent cells that come in contact in the intercellular space for quick transfer of stimuli. 9. Interdigitations. Membrane outgrowths of adjacent cells which fit into one another, increase adherence and surface area for exchange of materials. 10. Desmosomes (Spot Desmosomes, Maculae Adherentes). They are just like welded areas between adjacent cells having intercellular thickening materials, transmembrane linkers, disc-shaped intracellular thickening adjacent to each membrane, with tonofibrils. Desmosomes occur in epithelia subjected to disruption. In hemidesmosome, disc-shaped intracellular thickening occurs in one cell. Collagen firbils are found in place of intercellular thickening. Septate desmosomes possess transverse septa in between cells instead of intercellular cement. Tonofibrils are absent. Septate desmosomes occur in invertebrates. 11. Tight Junctions (Zonulae Occludentes). Plasmalemmae of two cells fused to form impermeable or occluding junctions, e.g., epithelial cells or capillaries and brain cells. Function of tight junctions is different in different tissues. 12. Terminal Bars (= Belt Desmosomes, Zonulae Adherentes). Desmosomes which lack tonofibrils and where discoid thickenings are replaced by bands of microfilaments and intermediate filaments.



CANCER AND MALIGNANT GROWTH 1. Cancer is a disease of the body’s cells. It occurs when cells in the body become abnormal and grow out of control. A change which makes the gene faulty is called a mutation. Some special genes, called control genes, instruct the cell to copy its genes correctly, and to divide in an orderly manner. They stop controlling cell division, which is cancer. 2. Benign Tumors: Tumors arise with great frequency, especially in older animals and humans, but most pose little risk to their host because they are localized and of small size. The surface interaction molecules that hold tissues together keep benign tumor
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cells, like normal cells, localized to appropriate tissues. A fibrous capsule usually delineates the extent of a benign tumor. 3. Malignant tumor: In contrast, the cells composing a malignant tumor, or cancer, express some proteins characteristic of the cell type from which it arose, and a high fraction of the cells grow and divide more rapidly than normal. 4. Some malignant tumors remain localized and encapsulated, at least for a time; an example is carcinoma in situ in the ovary or breast. 5. Most, however, do not remain in their original site; instead, they invade surrounding tissues, get into the body’s circulatory system, and set up areas of proliferation away from the site of their original appearance. 6. The spread of tumor cells and establishment of secondary areas of growth is called metastasis; most malignant cells eventually acquire the ability to metastasize. 7.



Thus the major characteristics that differentiate metastatic (or malignant) tumors from benign ones are their invasiveness and spread.



Characteristics of Cancer Cells 1. They are usually less well differentiated than normal cells or benign tumor cells. The presence of invading cells is the most diagnostic indication of a malignancy. 2. Cancer cells can multiply in the absence of growth-promoting factors required for proliferation of normal cells and are resistant to signals that normally program cell death (apoptosis). 3. Cancer cells also invade surrounding tissues, often breaking through the basal laminas that define the boundaries of tissues and spreading through the body to establish secondary areas of grow th, a process calledmetastasis 4. Both primary and secondary tumors require angiogenesis, the recruitment of new blood vessels, in order to grow to a large mass. 5. Cancer cells, which are closer in their properties to stem cells than to more mature differentiated cell types, usually arise from stem cells and other proliferating cells



Types of Cancer 1. Carcinoma: It includes tumors of brain, breast, skin, cervical region. These are derived from epithelial tissue, originating from either ectoderm or endoderm. These occurs as solid tumors, located in the nervous tissue on the body surface or associated glands. 2. Sarcoma: They are the cancers of connective tissues, cartilage, bone or muscles which are mesodermal in origin. 3. The leukemias: A class of sarcomas, grow as individual cells in the blood, whereas most other tumors are solid masses. (The name leukemia is derived from the Latin for “white blood”: the massive proliferation of leukemic cells can cause a patient’s blood to appear milky) 4. Lymphoma: Lymph nodes, bone marrow, liver and spleen produces excessive lymphocytes. Cancer in them are called as lymphomas eg. Hodgkin’s disease.
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Proto-Oncogenes and Tumor-Suppressor Genes 1. Two broad classes of genes—proto-oncogenes (e.g., ras) and tumor-suppressor genes (e.g., APC) play a key role in cancer induction. These genes encode many kinds of proteins that help control cell growth and proliferation; mutations in these genes can contribute to the development of cancer. 2. Most cancers have inactivating mutations in one or more proteins that normally function to restrict progression through the G1 stage of the cell cycle (e.g., Rb and p16). Virtually all human tumors have inactivating mutations in proteins such as p53 that normally function at crucial cell-cycle checkpoints, stopping the cycle if a previous step has occurred incorrectly or if DNA has been damaged. Likewise, a constitutively active Ras is found in several human tumors of different origin. Thus normal growth control and malignancy are two faces of the same coin. 3. An oncogene is any gene that encodes a protein able to transform cells in culture or to induce cancer in animals. 4. Of the many known oncogenes, all but a few are derived from normal cellular genes (i.e., proto-oncogenes) whose products participate in cellular growth-controlling pathways. For example, the ras gene is a proto-oncogene that encodes an intracellular signal-transduction protein; 5. Conversion, or activation, of a proto-oncogene into an oncogene generally involves a gain-of-function mutation. 6. Tumor-suppressor genes generally encode proteins that in one way or another inhibit cell proliferation. Loss of one or more of these “brakes” contributes to the development of many cancers. 7. Five broad classes of proteins are generally recognized as being encoded by tumorsuppressor genes: • Intracellular proteins, such as the p16 cyclin-kinase inhibitor, that regulate or inhibit progression through a specific stage of the cell cycle • Receptors for secreted hormones (e.g., tumor derived growth factor ?) that function to inhibit cell proliferation • Checkpoint-control proteins that arrest the cell cycle if DNA is damaged or chromosomes are abnormal • Proteins that promote apoptosis and Enzymes that participate in DNA repair



Some of the characteristics of Oncogenes and tumour suppressor genes can be summarized as follows 1. Dominant gain-of-function mutations in proto-oncogenes and recessive loss-of-function mutations in tumor-suppressor genes are oncogenic. 2. Among the proteins encoded by proto-oncogenes are positive-acting growth factors and their receptors, signal-transduction proteins, transcription factors, and cell-cycle control proteins. 3. An activating mutation of one of the two alleles of a proto-oncogene converts it to an oncogene, which can induce transformation in cultured cells or cancer in animals. 4. Activation of a proto-oncogene into an oncogene can occur by point mutation, gene amplification, and gene translocation.
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5. The first recognized oncogene, v-src, was identified in Rous sarcoma virus, a cancercausing retrovirus. Retroviral oncogenes arose by transduction of cellular protooncogenes into the viral genome and subsequent mutation. 6. The first human oncogene to be identified encodes a constitutively active form of Ras, a signal-transduction protein. This oncogene was isolated from a human bladder carcinoma. 7. Slow-acting retroviruses can cause cancer by integrating near a proto-oncogene in such a way that gene transcription is activated continuously and inappropriately. 8. Tumor-suppressor genes encode proteins cell cycle if DNA is damaged or chromosomes are abnormal, receptors for secreted hormones that function to inhibit cell proliferation, proteins that promote apoptosis, and DNA repair enzymes. 9. Inherited mutations causing retinoblastoma led to the identification of RB, the first tumor-suppressor gene to be recognized.



IMMUNE RESPONSE 1. Immunity means protection from disease and especially infectious disease. Cells and m olecules involved in such protection constitute the immune system and the response to introduction of a foreign agent is known as the immune response. 2. Not all immune responses protect from disease; some foreign agents, such as the allergens found in house dust mite, cat dander or rye grass pollen, cause disease as a consequence of inducing an immune response. 3. Likewise some individuals mount immune responses to their own tissues as if they were foreign agents. Thus, the immune response can cause the autoimmune diseases common to man such as multiple sclerosis, diabetes, rheumatoid arthritis or myasthenia gravis. 4. Most individuals do not suffer from autoimmune disease because they have developed tolerance towards their own (self) tissues.



Innate (or natural) immunity: This is made up of several components. 1. Physical barriers are the first line of defense against infection. The skin and mucous membranes provide a continous surface which must be breached and back this up with mechanical protection through cilia and mucous. 2. Physiological factors such as pH, temperature and oxygen tension limit microbial growth. The acid environment of the stomach combined with microbial competion from the commensal flora inhibits gut infection. 3. Protein secretions into external body fluids such as lysozyme also help resist invasion. Soluble factors within the body such as complement, interferons and collectins and other “broadly specific” molecules such as C-reactive protein are of considerable importance in protection against infection. 4. Phagocytic cells are critical in the defense against bacterial and simple eukaryotic pathogens. Macrophages and Polymorphonuclear leucocytes (PMN) can recognise bacterial and yeast cell walls through broadly specific receptors (usually for carbohydrate structures) and this recognition is greatly enhanced by activated complement (opsonin) [as well as by specific antibody].
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5. Acute Inflammation: The acute inflammatory response which has been described in previous lectures is a key part of the innate immune system. Many infections, especially where small wounds are the route of entry, are eliminated by the combination of complement and recruitment of phagocytes, which flow from the acute inflammatory response. A defining aspect of the innate immune system is that it carries no memory of an encounter with a foreign organism.



What is an antigen? 1. An antigen is defined as “anything that can be bound by an antibody”. This can be an enormous range of substances from simple chemicals, sugars, small peptides to complex protein complexes such as viruses. 2. The small antigens are not, however immunogenic in themselves and need to be coupled to a carrier to elicit an immune response. Such small antigens are referred to as haptens. 3. Requirement of Antigen to cause immune response are: Non-self, Complex in structure, should more then 5 KD in size and must have atleast on epitope. 4. In fact antibodies interact specifically with relatively small parts of molecules. These are known as antigenic determinants or epitopes. 5. Sometimes the epitope is composed of a string of amino acids as might be found in a short peptide, such epitopes are said to be linear. Other epitopes are formed by more complex 3-dimensional structures present only as part of a native protein, such epitopes are called conformational.



Adaptive immunity Specific memory is the hallmark of the adaptive immune response
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1. The second level of defence increases in strength and effectiveness with each encounter. The foreign agent is recognised in a specific manner and the immune system acquires memory towards it.
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2. The first encounter with an antigen is known as the primary response. Re-encounter with the same antigen causes a secondary response that is more rapid and powerful. 3. Acquired immunity is a useful evolutionary adaptation because it improves the efficacy of the innate immune response by focusing the response to the site of invasion/ infection as well as providing additional effector mechanisms that are unique to lymphocytes. 4. The difference between innate and acquired immunity lies in the antigen specificity of lymphocytes. This property is conferred upon lymphocytes by the expression of cell surface receptors that recognise discrete parts of the antigen known as antigenic epitopes. 5. The cell surface receptor of B lymphocytes, (derived and mature in Bone marrow in mammals or the Bursa of fabricius in chickens) is an immunoglobulin molecule which, when secreted by the B cell, is known as an antibody. 6. Immunity provided by Immunoglobulins (antibodies) is termed as humoral immunity (Humor=fluid/blood)



Antibodies work in three ways



1. Agglutination: Antibodies bind to antigens to produce large insoluble complexes, which render them harmless and facilitate their destruction by other cells of the immune system. 2. Opsoniation: IgG molecules coat the surface of antigens and this stimulates their recognition and digestion by phagocytes. 3. Complement mediated cell lysis: Complement system is a group of enzymes. They are triggered by IgM - IgG bound to the surface of foreign cells. The activity of some of these enzymes leads to the formation of pores on the plasma membrane of the invading cell causing them to lyse. Structure of Antibody: Antibodies have two ends. One end interacts with the antigen (the variable part) leaving the other (constant ) end free to interact with the immunoglobulin receptors on these cells. During an immune response, a complex lattice of interlinked antigens and antibodies, known as an immune complex, will present an
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array of constant regions which can activate the various cells mentioned above through ligation of their immunoglobulin receptors. 1. Antibodies: Immunoglycoproteins secreted by B-lymphocytes in response to antigens. They are Y shaped molecule made up of two heavy and two light chains [Kappa or lambda either one of them. They occur in the ratio of 2:1 in human’s era]. The antigen combining site of molecule is aminoterminus. It is composed of both L and H chains. The regions in the L and H variable portion that actually combines with the antigenic determinants are called hot spots or ioditypes. The carboxyterminus of light chain has a small constant region. The heavy chain also has two to three constant regions at its carboxy terminus. Depending upon different types of constant regions, five isotypes of Ig have been identified: IgG, IgA, IgM, IgD, IgE Ig G
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2. Lymphocytes: Lymphocytes that are critical for immune reactions are of two types: B-cells and T-cells. Both develop from stern cells located in the liver of the foetus and in the bone marrow cells of the adult. Those that migrate to the thymus, differentiate under its influence and are known as “T-cells”; while those that continue to remain in the bone marrow are called “B-cells”. The young lymphocytes migrate to thymus and later on lymphoid tissues such as spleen lymph nodes and tonsils where they undergo final maturation.



HUMORAL AND CELL MEDIATED IMMUNE RESPONSES 1. Humoral immunity produces antibodies in response to toxins (ex bee venom), free bacteria, and viruses present in the body fluids. 2. "Humor” is medieval term for body fluids. Here it refers to the fluid of the blood and the lymph.
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3. Antibodies to these types of antigens are synthesized by B- lymphocytes and then secreted as soluble proteins which circulate through the body in blood plasma and lymph. 4. Cell-mediated immunity is the response to intracellular bacteria and viruses, fungi, protozoans, worms, transplanted tissues, and cancer cells. 5. Depends on the direct action of various types of T-lymphocytes rather than antibodies. 6. T-lymphocytes differentiate into 4 different varieties of T-cells. • Helper/inducer T-cells (Links Cell meduated and Humoral Immunity) • Suppressor T cells (Suppresses the immune response when antigens are disposed off) • Cytotoxic T cells or killer cells (Effector cells of cell mediated immunity) • Memory T-cells. 7. “Memory B and T cells” are cells that have been exposed to an antigen and are readily converted to “Effector cells” by a later encounter with the same antigen. Unlike other lymphocytes, they persist in the body for months or even years. 8. The killer T-cells directly attack and destroy antigens. They move to the site of invasion and produce chemicals that attract phagocytes. Helper T-cells act to stimulate antibody production by B-cells, while suppressor T-cells suppresses the total immune system from attacking the body’s own cells. 9. Thymus-Independent Antigens: Some bacterial polysaccharides can active B-cells. Antigens capable of doing so are called thymus independent antigens because these antigens do not require the cooperation of Helper T-cells for activating B-cells. Thymus dependent antigens; many antigens require the cooperation of T-cells for activating B-cells. The antigens present on organ transplant are thymus dependent antigens. So a person whose thymus gland is removed is not able to reject organ transplant. 10. MHC are major histocompatibilty complex (glycoproteins) prensent on cells which present processed intracellular antigen to T-Lymphocytes. They are also called as Human Leucocyte Antigen (HLA) in humans. 11. MHC-I is present on all nucleated cells and are recognized by CD 8+ arms of TCytotoxic cells and present processed antigen to T-cytotoxic cells while MHC-II are present on T & B lymphocytes, dendritic cells and mast cells and recognized via CD 4+ arm present on T-Helper cell. 12. Lymphokines: They are a family of soluble chemical mediator released by helper Tcells. Lymphokines have two broad functions. One group of lymphokines is concerned with growth and differentiation of B and T cells. The other group helps phagocytosis by attracting phagocytic cells when required through chemotaxis and by activating the phagocytic cells.



VACCINES The introduction of vaccination has been one of the most decisive advances leading to the dramatic downward trend in the incidence of many viral diseases.
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The principle of vaccination is to induce a “primed” state in the vaccinated subject so that, following exposure to a pathogen, a rapid secondary immune response is generated leading to the accelerated elimination of the organism and protection from clinical disease. Success depends on the generation of memory T and B cells and the presence in the serum of neutralizing antibody. Attributes of a good vaccine • Ability to elicit the appropriate immune response for the particular pathogen: Tuberculosis—cell mediated response Most bacterial and viral infections—antibody • Long term protection ideally life-long • Safety vaccine itself should not cause disease • Stable retain immunogenicity, despite adverse storage conditions prior to administration • Inexpensive Types of Vaccine: Vaccines in general use includes: LIVE vaccines; and KILLED vaccines



A. Live Vaccines 1. Live attenuated organisms Organisms whose virulence has been artificially reduced by in vitro culture under adverse conditions, such as reduced temperature. This results in the selection of mutants which replicate poorly in the human host and are therefore of reduced virulence. Replication of the vaccine strain in the host reproduces many of the features of wild type infection, without causing clinical disease. Most successful viral vaccines belong to this group. The immune response is usually good—when the virus replicates in the host cells, both antibody as well as cell mediated immune responses are generated and immunity is generally long lived. Often, only a single dose is needed to induce long term immunity. Potential drawbacks to these vaccines include: the danger of reversion to virulence and the possibility of causing extensive disease in immuno-compromised individuals. 2. Heterologous vaccines Closely related organism of lesser virulence, which shares many antigens with the virulent organism. The vaccine strain replicates in the host and induces an immune response that cross reacts with antigens of the virulent organism. The most famous example of this type of vaccine is vaccinia virus: Both cowpox virus and vaccinia virus are closely related to variola virus, the causitive agent of smallpox. The eighteenth centuary physician, Edward Jenner observed that milkmaids who had been infected with cowpox virus were immune to smallpox. Widespread use of vaccinia virus as a vaccine has lead to the world-wide eradication of smallpox. 3. Live recombinant vaccines It is possible, using genetic engineering, to introduce a gene coding for an immunogenic protein from one organism into the genome of another (such as vaccinia virus). The organism expressing a foreign gene is called a recombinant. Following injection into
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the subject, the recombinant organism will replicate and express sufficient amounts of the foreign protein to induce a specific immune response to the protein.



B. Killed (inactivated) vaccines 1. When safe live vaccines are not available, either because attenuated strains have not been developed or else because reversion to wild type occurs too readily, it may be possible to use an inactivated preparation of the virulent organism to immunize the host. 2. The organism is propagated in bulk, in vitro, and inactivated with either betapropiolactone or formaldehyde. These vaccines are not infectious and are therefore relatively safe. However, they are usually of lower immunogenicity and multiple doses may be needed to induce immunity. In addition, they are usually expensive to prepare. Subcellular fractions 3. When protective immunity is known to be directed against only one or two proteins of an organism, it may be possible to use a purified preparation of these proteins as a vaccine. The organism is grown in bulk and inactivated, and then the protein of interest is purified and concentrated from the culture suspension. These vaccines are safe and fewer local reactions occur at the injection site. However, the same disadvantages of poor immunogenicity and the need for multiple boosters apply.



C. Recombinant proteins Immunogenic proteins of virulent organisms may be synthesized artificially by introducing the gene coding for the protein into an expression vector, such as E-coli or yeasts. The protein of interest can be extracted from lysates of the expression vector, then concentrated and purified for use as a vaccine. The only example of such a vaccine, in current use, is the hepatitis B vaccine.



D. DNA Vaccines DNA vaccines are at present experimental, but hold promise for future therapy since they will evoke both humoral and cell-mediated immunity, without the dangers associated with live virus vaccines. The gene for an antigenic determinant of a pathogenic organism is inserted into a plasmid. This genetically engineered plasmid comprises the DNA vaccine which is then injected into the host. Within the host cells, the foreign gene can be expressed (transcribed and translated) from the plasmid DNA, and if sufficient amounts of the foreign protein are produced, they will elicit an immune response.



E. Vaccines in general use 1. Measles: Live attenuated virus grown in chick embryo fibroblasts, first introduced in the 1960’s. In developed countries, the vaccine is administered to all children in the second year of life (at about 15 months). If the vaccine is administered too early, however, there is a poor take rate due to the interference by maternal antibody. For
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this reason, when vaccine is administered before the age of one year, a booster dose is recommended at 15 months. 2. Mumps: Live attenuated virus developed in the 1960’s. In first world countries it is administered together with measles and rubella at 15 months in the MMR vaccine. 3. Rubella: Live attenuated virus. Rubella causes a mild febrile illness in children, but if infection occurs during pregnancy, the foetus may develop severe congenital abnormalities. 4. Polio: Two highly effective vaccines containing all 3 strains of poliovirus are in general use: The killed virus vaccine (Salk, 1954) is used mainly in Sweden, Finland, Holland and Iceland. The live attenuated oral polio vaccine (Sabin, 1957) has been adopted in most parts of the world; its chief advantages being: low cost, the fact that it induces mucosal immunity and the possibility that, in poorly immunized communities, vaccine strains might replace circulating wild strains and improve herd immunity. The inactivated Salk vaccine is recommended for children who are immunosuppressed. 5. Hepatitis B: Two vaccines are in current use: a serum derived vaccine and a recombinant vaccine. Both contain purified preparations of the hepatitis B surface protein. The serum derived vaccine is prepared from hepatitis B surface protein, purified from the serum of hepatitis B carriers. This protein is synthesised in vast excess by infected hepatocytes and secreted into the blood of infected individuals. A second vaccine, produced by recombinant DNA technology, has since become available. Three doses are given; at 6, 10, and 14 weeks of age. As with any killed viral vaccines, a booster will be required at some interval (not yet determined, but about 5 years) to provide protection in later life from hepatitis B infection as a venereal disease. 5. Hepatitis A: A vaccine for hepatitis A has been developed from formalin-inactivated, cell culture-derived virus. 6. Varicella-Zoster virus: A live attenuated strain of varicella zoster virus has been developed.



DOSAGE COMPENSATION Dosage Compensation by X-inactivation in female mammals 1. How does an organism compensate for the fact that some individuals have a double dosage of sex-linked genes while others have only one? In female mammals, most diploid cells have only one fully functional X chromosome. 2. The explanation for this process is known as the Lyon hypothesis, proposed by the British geneticist Mary F. Lyon. In females, each of the embryonic cells inactivates one of the two X chromosomes. The inactive X chromosome contracts into a dense object called a Barr body.
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3. Barr body = Located inside the nuclear envelope, it is a densely staining object that is an inactivated X chromosome in female mammalian cells. Most Barr body genes are not expressed. They are reactivated in gonadal cells that undergo meiosis to form gametes. Female mammals are a mosaic of two types of cells, those with an active maternal X and those with an active paternal X. Which of the two Xs will be inactivated is determined randomly in embryonic cells. After an X is inactivated, all mitotic descendants will have the same inactive X. As a consequence, if a female is heterozygous for a sex-linked trait, about half of her cells will express one allele and the other cells well express the alternate allele. Examples of this type of mosaicism are coloration in calico cats and normal sweat gland development in humans. A woman who is heterozygous for this trait has patches of normal skin and patches of skin lacking sweat glands. 4. X chromosome inactivation is associated with DNA methylation. Methyl groups (-CH3) attach to cytosine, one of DNA’s nitrogenous bases. Barr bodies are highly methylated compared to actively transcribed DNA. What determines which of the two X chromosomes will be methylated? A recently discovered gene, XIST is active only on the Barr body. The product of the XIST gene, X-inactive specific transcript, is an RNA; multiple copies of XIST attach to the X chromosome inactivating it.



Dosage Compensation by X-hyper activation in Male of Drossophila 1. In Drossophila Dosage compensation is achieved by hyperactivation of single x chromosome present in males. The hyperactivity is polytenization of X chromosome and hypoacetylation of Histones attached to DNA. So Genes are always accessible for transcription.



SEX DETERMINATION 1. Chromosomal Basis of Sex determination: • XX-XY is that type of sex determination in which Y determines sex of maleness. It is found in mammals, several insects. • XX-XO type in which O determines sex of maleness e.g., bugs, cockroach, grasshopper, roundworms. • ZZ-ZW type – W determines sex of femaleness e.g., birds, reptiles, fish, silkworm. • ZO-ZZ type – O determines sex of femaleness. It is opposite to XX-XO type e.g., butterflies, moth, pigeon, ducks. 2. Haploidy- diploidy e.g., ants, wasps, bees. Males are haploid and females are diploid. 3. Gynandromorph is a sex mosaic (an individual with one half of the body male and the other half female). These are common in silk moth and Drosophila. A gynander may be male or female with patches of tissues of other sex on it. Gynandromorphism is developed due to non-disjunction of X-chromosome/aneuploidy.
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4. Genic Balance Theory for sex determination in Drossophilla was given by Bridges (on the basis of ratio of number of X chromosome to sets of autosomes) Chromosome Constitution
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5. It was concluded that X/A ratio of > 1.0 expresses super femaleness, 1.0 femaleness, 1.0 femaleness, below 1.0 and above .05 intersexes, maleness and 
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