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Size, Shape and Arrangement of bacterial cellSize Very small (0.5-1m) Surface Area (SA)/ Volume ratio very high Large SA helps to enter nutrients and leave waste Small Volume impart high growth rate (SA / VOLUME) ratio
 Disadvantage: SA/VOLUME ratio limits bacterial sizeShape & Arrangement Shape due to its rigid cell wall Cells are:
 Mass of cell subs to be nourished close to cell surface
 No circulatory m/c needed to distribute nutrients
 Spherical (Cocci)Straight rods (Bacilli)Helically curved (Spirilla)
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Fig.1 Different shapes of bacteria
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Some cells are Pleomorphic (variety in shapes)
 Arrangement Cocci appear in various characteristic arrangements depending on Cell division and daughter cell
 Diplobacilli Most occur in pairs or single i.e. Bacilli
 Streptobacilli Form chains i.e. Bacillis subtilis
 Trichomes Similar to chain but ↑ SA to contact with adjacent cells i.e. Saprospira grandis
 Palisade arrangement Cells lined side by side i.e. Corynebacterium diphthetiae
 Hyphae Long, branched, multinucleate filaments that collectively form Mycelium i.e. Streptomyces viridochromogenes
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Fig.2 Characteristics arrangements of cocci
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Fig.3 Characteristics shapes of different bacteria
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Fig.4 Pleomorphic form of Arthrobacter
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Vibrioid and helical shapeBacteria < one twist or turn i.e. Genus VibrioBacteria > one twist or turne.g. Spirochetes Flexible, can twist to change shape
 Spirilla Rigid
 BACTERIAL STRUCTURE A. Structure external to cell wall
 Flagella Description Hair-like helical structure that protrude
 through cell wallMuch thinner than eucaryotes flagella or
 celia(0.01m)Simple structureHelps in motility/swimming
 Location Polar at one or both end of bacteriumLateral along sides
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Fig.5 Types of Flagella
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Fig.5 Different parts of Flagella
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Parts 3 parts:
 Protein of filament is called Flagelin Flagellum grows at its tip
 Mortility
 1. Hydrodyamics of flagella Small size of bacteria BLOCK inertia of H2O for propulsive
 force and viscosity of H2O (x 1000) Bacteria propel by rotating helical flagella (e.g. like
 corkscrew) Polar flagella can swim back and forth and can reverse
 direction by reversing Flagella rotation
 Basal body (with cytoplasmic membrane) Hook (with cell wall) composed of protein Filament (long/helical structure) composed of subunit
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2. Swimming and tumbling e.g. Petrichous flagellaSwimming Rotate counter clockwise to form a
 bundle
 Tumbling Flagella reverse their rotationPortion acquire short wavelength and right
 handed configuration; Bundle flies apart exhibit a chaotic motion (crossed arrows)
 3. Swimming mortality without flagella Some helical bacteria exhibit swimming
 They have gel like structure in cell Peri-plasmic flagella (axial fibrils)e.g. Spirochetes & Spiroplasm spp
 4. Gliding mortality Mortal with solid surface Exhibits flexing motion (very slow)e.g. cytopbaga spp
 Mortality (in viscous medium) without Flagella

Page 12
                        

Fig.6 Hydrodyamics of flagella (Swimming and tumbling )
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5. Bacterial Chemotaxis Mortal bacteria capable of swimming towards or away from various chemical compound a phenomenon called Chemotaxis
 Swimming towards chemical is +ve Chemotaxis
 Swimming away is - ve Chemotaxis
 Chemical may act as Attractant or Repellants
 Stimulus is change Temporal gradient (concentration with time)
 6. Phototaxis Exhibit +ve phototaxis with: light intensities Repelled by: light intensities e.g. Phototropic bacteria
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Pili (fimbriae) Hollow, non-helical filaments that are thinner, shorter and more
 numerous Not helps in mortality (found in mortal and non mortal species) F Pilus (special type) acts as port of entry of genetic material in
 mating Attach to epithelial cell lining of Respiratory / Intestinal tract
 human infection
 CapsulesDescriptionA viscous substance forming a covering layer/envelop around cell
 (visible under Light microscope) “Capsule” Too thin layer microcapsule When too many cells embedded in common matrix the material is
 SLIME Appear as amorphous gelatinous area Highly H2O soluble (dissolves readily) in medium viscosity
 of broth
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Fig.7 Different parts & structure of bacterial cell
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Functions Protect against temporary drying by binding H2O molecule Bacteriophage attachment blocking Anti-phagocytic i.e. inhibit engulfment of pathogenic
 bacteria WBC Helps in attachment to surface e.g. Streptococcus mutans
 (dental caries) attach to teeth surface by secreting H2O insoluble glucan
 Composition Polysaccharide (sugar) Made of single sugar called Homopolysaccharide
 e.g. S mutans synthesize Glucan ( a polymer of glucose) from sucrose
 When capsule carry charge (Sugar- uronic acid)
 Bacterial suspension by preventing aggregating & setting out
 provide stability of
 Heteropolysaccharide synthesized from sugar precursors
 Attach toLipid carrier molecule and transported across Cytoplasmic membrane & Polymerized outside cell
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Sheaths A group of chains/trichomes that are enclosed by hollow
 tube Found in species from fresh H2O and marine environment Can be readily seen when some cells migrated
 Prosthecae and Stalks Semi-rigid extensions of cell wall & cytoplasmic membrane Diameter less than cell Found in aerobic bacteria of fresh H2O e.g. Caulobacter SA of cells for nutrient absorption Stalk Ribbon like/tubular structure excreted by cell
 that helps cell attachment to surface CELL WALLA rigid structure that gives shape to cellRemains beneath capsule/sheaths and flagella
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Function Main function to prevent bacteria from expanding or bursting because
 of uptake of H2O Due to cell wall
 Cell wall of G- bacteria (10-15 nm) thinner than G+ bacteria (20-25nm) Cell wall very important for bacterial growth and divisioni.e. Protoplasts
 Structure and chemical composition (Cell Wall)
 Peptidologlycan Mostly Peptidolycan Insoluble , porous, cross-linked polymer Rigid structure and found in prokaryotes only
 Retain original shape when subject to high pressure
 To get isolated Cell wall for analysis
 Mechanical disintegration by sonic/ultrasound treatment.
 where walls completely removed
 incapable of Normal growth and Division
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A “bag-shaped” molecule around cytoplasmic membrane Must be continuously degraded by hydrolytic enzyme to add
 polymer
 Basic constituents A polymer of: N-acetylglucosamineN-acetylmuramic acidL- alanineD-glutamineDi-amino acid
 Wall of Archaeobacteria No peptidoglycan Cell-wall and chemical composition different from Eubacteria Cell wall consists of: Proteins/glycoproteins/polysaccharide
 Pseudomurein A polymer whose structure resembles eubacteria peptidoglycon but differ in chemical composition. e.g. Methanobacterium
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Fig.8 Structure and chemical composition (Cell Wall)
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Walls of G+ Eubacteria
 More peptidoglycan (than G- ) 50% of dry weight of wall (while 10% in G- )CompositionPolysaccharide Covalently linked with Peptidoglycan that can
 be extracted with hot HCl. e.g. Streptococcus pyogenes
 Teichoic acid - Acidic polymer of ribitol or glycerol phosphate and covalently bonded with Peptidoglycan (with cold HCl)
 - Bind Mg+ to protect bacteria from thermal injury (a pool of cation and stabilize cytoplasmic membrane)
 Walls of G- Eubacteria More complex Contain an outer membrane that surround layer of
 peptidoglycan & high lipid contents (11-22%)
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Outer membrane acts as impermeable barrier preventescape of Enzyme from space between Cytoplasmic membrane and outer membrane
 serve as Barrier to external chemical and Enzyme that damage cell
 Protection against Lysozyme Destroy walls of G+ (by dissolving Peptidoglycan)
 Composition In G- cell wall is attached to peptidoglycan by Braun’s Lipoprotein The membrane bi layered structure that contains phospholipid,
 Protein, Lipo -Polysaccharide (LPS)
 LPS Has toxic property (Endotoxin) Found in outer layer only
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Fig.9 Structure and chemical composition (Cell Wall) of G_

Page 24
                        

Composed of 3 covalently linked parts:Lipid A firmly embedded in membraneCore polysaccharide located in membrane surfacePolysaccharide O antigens extend like whiskers from
 membrane surface
 Porins A channel in special proteins that helps passing of:
 NucleosidesOligosaccharidesMonosaccharidePeptide and Amino acid
 To penetrate large molecule i.e. vit B12 As receptor for bacteriophage attachment
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Structure internal to Cell WallCytoplasmic membrane Membrane beneath cell wall Thickness 7.5nm (0.0075 m)Composition Phospholipids (20-30%) Phospholipids form a bilayer in which most proteins are held
 called Integral protein Integral proteins of membrane by
 detergents
 Peripheral proteins mild treatments i.e. osmotic shock
 Lipid matrix of membrane has fluidity (helps components movement)
 Phospholipids difference in Eubacteria & Archaeobacteria
 removed by destruction
 removed by
 Phospholipids are Phosphoglyceride Polyisoprenoid branched chain lipid
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A hydrophobic barrier (inhibits penetration by H2O soluble molecule)
 Allow Passage of small molecules i.e. nutrients and waste products
 Contain ENZYME (respiratory metabolism and synthesis of capsular cell wall components)
 Site for proton-motive (Impermeable to H+) force that drive ATP synthesis
 Protoplast Consists of cytoplasmic membrane and cell material bounded
 by itPreparationG+ bacteria
 Bacteria in antibiotice.g. Penicillin
 LysozymeDissolve cell wall & gives Protoplast
 Prevention of cell wall formation & gives Protoplast
 Culturing
 Bacteria normally occur in hypotonic environment
 Take up H2O by osmosis & Expand
 Bacteria Press cytoplasm membrane against cell wall
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Spheroplast Cell wall of G- differ from G+ by possessing a Outer
 membrane ; because treated cell has 2 membranes (cytoplasmic membrane + outer membrane) the cell is called Spheroplast
 Some bacteria i.e. mycoplasmae have no cell wall and bounded by cytoplasmic membrane (these are parasite to animal/plants so live in isotonic environment)
 Membranous intrusions and intracellular membrane system Bacterial cell do not contain Membrane bound organelles i.e.
 mitochondria and chloroplast
 In absence of cell wall Continuous expansion
 Bursting of protoplast
 Prevented by an Isotonic medium; These protoplast are soft, fragile and spherical
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Have special Invagination of cytoplasmic membrane with special function
 Cytoplasm Cell substance bound to cytoplasmic membrane. Divided in:
 Some G+ bacteria have membrane invaginations in convoluted tubes and vesicles
 Mesosomes
 Some mesosomes deeply penetrate into cytoplasm are located middle of the cell
 Some show only shallow penetration into cytoplasm and not associated with nuclear material
 Central Mesosomes; Involved in DNA replication and division
 Peripheral Mesosomes; Involved in export of exocellular Enzyme
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Ribosome Macromolecular RNA protein and granular in size called
 Ribosome Proteins are synthesized on it
 Chromatin Rich in DNA
 Fluid portion Contain dissolved substance No endoplasmic reticulum like plants/animal and free of
 cytoplasm
 70s units
 Eucaryotic have 80s with 60s and 40s subunit
 Ribosome after sedimentation in centrifuge show
 sedimentation co-efficient of 70 svedberg units (70S) and 2 sub units 50S and 30S
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