LECTURE 2 :
BACTERIAL CELL
STRUCTURE
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antibiotics lglass a8 Hlire bysiSdl cuS)yi egdd Joliy Lisl
. Prokaryote comes from the Greek words for
prenucleus (blue-green algae, bacteria)
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+ Eukaryote comes from the Greek words for true
nucleus

. Prokaryotic cell is simpler than eukaryotic cells
at every level except the cell envelop which is
more complex
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glycocalyx Jl .o prokaryote JI Llhgo dab yo|

6lycocalyx, Capsule
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. Structure: (literally meaning “sugar coat™) ‘ﬁ‘*\;@

. A network of polysaccharides that project from cellular

. surfaces (found just outside thebacterium cell wall) and

. consist of: capsule lgaw! 5 thick Lol (sSi ol duii Gtk 63lo Lo s
. A gelatinous capsule slime layer lgouwl g thin ;)Sigl

+ Aslime layer is unorganized & loose

. Function: protects the bacterium from harmful phagocytes by
creating capsules or allowing the bacterium to attach itself to
inert surfaces, like teeth or rocks, via biofilms
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Cell Wall structure

Made of peptidoglycan (in bacteria) ¢ 7 ¢ S5/ €55 olbe dlosh byt

. Polymer of disaccharide
N-acetylglucosamine (NAG) & N-acetylmuramic acid (NAM)
. Linked by polypeptides

B N-acetyiglucosamine (NAG) Tatrapeptide side chain
:ﬂ M-acetylmuramic acid (NAM) Peptide croas-bridge

(22 side chain amino acid
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(b) Gram-positive cell wall
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Grr'am-PoeiJrive cell walls Vs &r'am-negaﬁve cell wals

Peptidoglycan
and teichoic acids

L

Cyloplasmic
membrang

Gram-Positive Gram-Negative
. Thick peptidoglycan . Thin peptidoglycan
. Teichoic acids . No teichoic acids
. No outer membrane . Outer membrane
. No periplasm . Have periplasm

A+ypical Cell Wall

Pleomorphic

. Muycoplasmas (e.g. Mycoplasma
pneumonia-
walking pneumonia)
33w JSib Lall Las cell wall L)l Lo by
. Lackcell walls
. Sterols in plasma membrane

cell wall functions

. Determines cell shape

. Prevents osmotic lysis

. Part of cell envelope

. Insome cases recognized by host
immune system
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Clinical ImPor+ance ofF Cell Wall

. Differentiate Gram-positive from Gram-negative
bacteria (Investigation and diagnosis)

. Cell wall provide antigenic variation critical for host
immune defense and autoimmune diseases

. Cell wall is target for antibiotics, Gram-negative cell
wall provide resistance for many antibiotics

. Grame-negative outer membrane
Lipopolysacchraide (Lipid A) secretes Endotoxins in
Gram-negative bacteria Upid 2 Jl nsfi g enda J

Exotoxins Endotoxins
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Exotoxin Endotoxin

Some species of both Gram-positive and

Species i Most Gram-negative bacteria and Listeria
Gram-neqative bacteria
Protein Location Proteins secreted from cell Part of cell (ipopolysaccharide) that
fragments off
Ot Locetion Genes for exotoxin are in plasmid or Genes for endotoxin are on bacterial
bacteriophage chromosome
Toxicity ) lilﬂh' foxicity Low toxicity . .
)9k J3l 90 clio Hline dyyuw dfe Gloswdl il 3 deow »iS| 4l go €X0 JI poorly 43 ;5| is) deoww JSl endo JI
=i
Antigenicity Highly antigenic (hos_t fo.rms antibodies called Poorly antig e;;}:'gemc
antitoxins)
Vaccine  Vaccine available (formed from toxoids) No vaccine available
Heat Stability Heat labile Heat stable
Example Think cholera, tetanus, botulism Think meningococcemia, sepsis



Bacteria Flaaella

Structure:
Outside cell wall Made of chains of flagellin

Attached to a protein hook
Anchored to the wall and membrane by the basal body

Function: Motility
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Pili and Fimbriae

Biycocalys  Aibodomes el wall  Cysoplasmic

Filamentous appendages that are ) mergesn
shorter, straighter and more {2 :
numerous than flagella g

Found mostly in Gram (-) Bacteria 1
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Fimbriae allow attachment while Pili o
are used to transfer DNA from one
cell to another
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Integral proteins 1o |
Transmembrane proteins

e 3 J euuin s> b s cell envelope JI
capsule ¢ cell wall ¢ membrane

Plasma Membrane

G _'-' q = Cytuplasmic membrane

Phosphoipid
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(8 Planma mambranes in cell

Structure:

Phospholipid bilayer oursiceco

Integral

Peripheral proteins protein . 7 {r——
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Integral membrane can be classified according to their relationship with
the bilayer:proteins

Transmembrane proteins span the entire plasma membrane.
Integral monotopic proteins are permanently attached to the membrane
from only one side.
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Plasma Membrane Functions

. Selective permeability allows passage of some molecules

. Enzymes for ATP production cellmembrane JI e loaic (g8 byaiSoile loic Lo Lyl 43
ATP s Wlail degoo internal side JI Gle Losic 69

. Secretes exoenzymes: amylases, lipases, peptidases

. LSl 1y Joidnn Ul exoenzymes JI a5 LSyl
. Enzymes for cell wall synthesis lasd 50 i)l Jsguns ol Loguns 9ol 9 wlan o)Lino

429U L)uisy

Note : Damage to the membrane by alcohols, quaternary ammonium

(detergents) and polymyxin antibiotics causes leakage of cell contents

Nuclear Area (Nucleoid) and Plasmid

. Prokaryotic cells have no true Nuclei, DNA is packaged as
Nucleoid and some small circular DNA pieces named Plasmid

. The number of Nucleoids and Chromosomes depend on
growth condition

Ghyeooalys  Fiboncmes el wall

. Prokaryotic cells have no true Nuclei, DNA is packaged as
Nucleoid and some small circular DNA pieces named Plasmid
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Ribosomes: Sites of Translation

Flapsikam
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. Ribosomes are cellular organelles that are involved in
protein synthesis. Like other organisms, bacteria need
ribosomes in order to make proteins
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Endospores

. Resting cells

. Dormant, tough, and non-reproductive structure produced

by certain bacteria
. Resistant to desiccation, heat, chemicals

. Bacillus, Clostridium

. Germination: Return to vegetative state

Cnnt

Orwter Membrane

spore form JI egsd ruan SUl Guwdll (uesdl Jodo

Sporulation: Endospore formation o

Taner Membrane

. Response to nutrition limitation
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Structure Characteristics
Extracellular
Fil 1 ppend Composed of subunits of proteins that form a helical chain.
Flagella Provides the most common mechanism of motility.
Pili Different types of pili have different functions. The common types, often called fimbriae, enable cells to adhere to surfaces. A few

Surface layers
Glyeocalyx

Capsule

Slime layer
Cell wall
Gram-positive
Gram-negative
Cell Boundary

Cyloplasmic "

types mediate twitching or gliding motility. Sex pili are involved in a mechanism of DNA transfer.

Layer outside the cell wall, usually made of polysaccharide

Distinct and gelatinous. Enables bacteria to adhere to specific surfaces; allows some organisms to thwart innate defense systems
and thus cause disease.

Diffuse and imegular. Enables bacteria to adhere to specific surfaces.
Peptidoglycan is the molecule commaon to all bacterial cell walls. Provides rigidity to prevent the cell from lysing
Thick layer of peptidoglycan that contains teichoic acids and lipoteichoic acids.

Thin layer of peptidoglycan surrounded by an outer membrane, The outer leaflet of the outer membrane is lipopolysaccharide

Intracellular
DNA
Chromosomal
Plasmid
Endospore

Gas vesicles
Granules

Ribosomes
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Phospholipid bilayer with proteins, A barrier between the cytoplasm and the outside environment. Also functions as a
discriminating conduit between the cell and its sumoundings

Contains the genetic information of the cell.
Carries the genetic information that is essential 1o a cell. Typically a single, droular, double-stranded DNA molecule
Carries genetic information that may be advantageous 10 a cell in certain situations,

A type of dormant cell that is extraordinarily resistant to damaging conditions including heat, desiccation, ultraviolet fight, and
toxic chemicals.

Small, igid structures that provides buoyancy to a cell
Accumulations of high molecular weight polymers, which are synthesized from a nutrient that a cell has in relative excess.

Intimately involved in protein synthesis. Two subunits, 305 and 505, join to form the 705 ribosome, which serves as the structure
that facifitates the joining of amino acids.
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Eukaryo’ria Cells

PLANT CELL ANIMAL CGELL
Abosoma

Chioroplast
Cytopiasm
Tnlgi complex

Ricesaome

Mrechondricn

Micrerhubule Gelgl complax
Waruols Cyloplasm
i Nuglauus
gichas Ruclaus
Thiyakoicl Lysosame

Plasma membrane e
Flough endoplnsmic —

#—— Plasma membrane
Mitachandrian

ratcUlum . Miiarath 1

o iorofilamen
Smooth endoglasmic -8 jes i
rebaiim E?i\:cl;::'_“ndodawh
Mecrofilarnent Centricies
Coall wal Microtubede

Srcoth endoplasmic
reticuiem

Basal body

{a) Highly schematic disgram of a composite
eucaryotic call, bl plant and haf animal
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Flagellum

Oraanelles

Nucleus : Contains chromosomes
ER : Transport network
Giolgi complex : Membrane formation and secretion
Lysosome : Digestive enzymes
Vacuole : Brings food into cells and provides support
Mitochondrion : Cellular respiration
prokayote ! o all oyas Ll eal 1S 555l

Chloroplast : Photosynthesis eukaryote Ji g

Peroxisome : Oxidation of fatty acids; destroys H202

Eukar‘yoJre Vs Pr‘okar‘yoJre
Paired chromosomes, in . One circular chromosome,
nuclear membrane not in a membrane
Histones . No histones

Organelles . Noorganelles
Polysaccharide cell walls . Peptidoglycan cell walls
Mitotic spindle . Binary fission



