Prokaryotes

Cell Structure and Function




Characteristics
of Living Things

e Metabolism
Nutrient source
Chemical processes

e Growth
e Responsiveness

e Reproduction
Asexual
Sexual




Size Comparison
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Comparison

e Eukaryotes
e Prokaryotes

DNA

Nucleus

Other Organelles
Cell wall

Plasma Membrane

Other characteristics
e Size

e Shape

e Location
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Cell Wall Appendages
Cell Walll

Plasma Membrane Bl actesial flaaln
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Cell Wall Appendages

e Glycocalyx
® CapSUIe Chromosome
e Slime L ayer Pilus (fimbria)

o S-layer =
_ -‘j-: ﬁ* \Q/EZ?

o Flagella WX 525

e Fimbria / Pil x/\‘ =

’w/ Plasmid  Gytoplasm

Cell membrane

Ribosomes

Capsule or
slime layer

Cell wall



Glycocalyx

e Secreted by all bacteria
In some form

Produced inside
Extruded to outside

Aid In survivability
Aid in pathogenicity
Negatively charged
Composition
Polysaccharides

Polypetides
Both

Anatomy of a Bacterial Cell

polysaccharide
capsule

cellwall

cellmembrane ===




Glycocalyx: Capsule

CAPSULES

(High Power 40) ® Organized repeating
units

e Thick
e Firmly Attached

e Function

e Protect from desiccation
and other environmental
hazards

o Evade host defenses via
phagocytosis




Glycocalyx: Slime Layer

Nuclear I inclusi
Cytoplasm Membrane Material Cell inclusions

Flagella——

slime layer
Cell wall (capsule)

Cell structure

Cytoplas

Unorganized
Thin

Loosely attached
Viscous

Water soluble

Function

o Adherence

e Protection

e Trap nutrients



e Glycoprotein

e Viscous
"\1’? e Thin
.,v\ Russell Kightley e Organized in crystal lattice
rkim.com.au e Anchored to plasma membrane
e SomeG+andG -
Eubacteria
Archeae
e Function

e Strengthen and reinforce
phospholipid bilayer
e Adherence
Colonize
Resist flushing
e Protection
Environment
Immune




Biofims

e Microbial community
attached to surface
e Resistant
e AB
e Immune

e Types

e Environmental

e Infectious
¢ ‘ z Dental Plaque
TR s i AL AP ST W R Endocarditis
Kidney Stones
CF




Flagella

e Appearance
e 10 -20 micrometers
e thin

e Arrangement
e Parts
e Function




Flagellar Arrangement

Monotrichous
Amphitrichous

Lophotrichous

o Tuft

e One or both poles
Peritrichous

Variations
o Axial Filaments
e Atrichous

-

MoNoinchous
.

laphotnchous

S

amphitrichous

partrichous




Flagella Examples

e Monotrichous:

e Pseudomonas
aeruginosa

e Amphitrichous:
e Spirullum volutans

e Lophotrichous:
o E. coli

e Peritrichous:
e Proteus vulgaris




Flagella

'ELAGELLA - N
Spirals
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Endoflagellar Arrangement

e Amphitrichous outer axial

e Spiral around outer S Mament
membrane

e Axial Filament rotation peptidoglycan Cytoplasm

and nucleoid

e Corkscrew motility
e Spirochetes




Flagella Anatomy: Exoflagella




Flagellar Parts: Exoflagella

e Filament
Flagellin chains in helix
Hollow core for repair
H protein antigen

Flagellar hook _’ Flagelium P Hook

Flagellum

Protein coupling
- [ ower membrane L or curved shape
NMT F - = Pepidoolycan Function: rotation
" , . ® Basal Body
" eatptes” Function: anchor

Flagellum in a Gram-positive bacterium Flagellum in a Gram-negative bacterium

Central Protein Rod
Ringed protein structures
4 rings for Gram Negative
2 rings for Gram positive



Gram Negative Flagella

BASAL BODY

FLAGELLA STRUCTURE IN GRAM NEGATIVE ORGANISM

Hook —————»=

=i}—————— Filament
[S—

—L-Ring Outer Membrane
_ ‘ CELL WAlLL
I;-Hdmg Peptidoglycan
o
*Ring toplasmic
__M-Ring rcop

Membrane




Flagellar Stain

e Special Stain

e Determine
FLAGELLA
e Presence Spiral
o Number .
e Location & 2

e Stains used
e Carbolfuscin
e Pararosanaline
e With mordants




Flagellar Motility

e Rotation
e ATP proton pump

e Flagellar Motor

MotA

MotB

Driven by proton Gradient [outside to inside cell]
e Moves toward food source

Clockwise= random movement [tumble]
Counterclockwise=forward movement [run]



Motility Tests

 Negative Positive Positive




Flagella Summary

e Function: Motility
e Phototaxis

e Chemotaxis @{}WQ
e Positive taxis
e Negative taxis

e Proteins allow for classification into M

groups called serovars

e Types
e Endoflagella [spirochetes]
e Exoflagella Arrangement
Monotrichous
Amphitrichous

Lophotrichous
Peritrichous
e Anatomy
e Filament
e Hook
e Basal body




Pili

e Pilin protein
e Thin hollow tubes
e Number
e Average 1-2
e Some have up to 10-100
e Glycoprotein or
glycolipid tip
e Length varies

e Shorter: adherence
e Longer: conjugation




Pili Structure

Cell wall and membrane

Protein
molecule

Lipid
bilayer

Cell Cell
membrane  wall

[

g@g EPili

2

20nm

\
\

Haemophilus influenzae

P-pili Hib pili

Escherichia coli



Fimbria

e Gram Negative bacteria

e Shorter than flagella
aka “Short pili”

o Sticky

e Function
e Adherence
e Resist flushing
e Biofilm




Biofilms

e Attachment to surface of host tissue or other
microbes

e Cell to cell attachment

e Production of extracellular polysaccharides [eps]
e Planktonic colonization



Conjugation (Sex or F) Pili

Transfer DNA




Cell Wall Structure

e Peptidoglycan :
e Complex polysaccharide _ 5
e Alternating AminoSugars

Linkage g

TransegCOIatlon Growing cell wall Dizaccharide unit
. Beta 1'4 Llnkage Transgl},ntr.:sylase

|:L|nkmg of disaccharide units)
Structure

=  NAM (muramic acid)
= NAG (glucosamine)
e Crossbridge

Transpeptldase
n:Crossllnklng of sicde chain to an adjacent

Linkage: Transpeptidases ey it oo oot
Structure - o,
= Tetrapeptide ancror
From NAM - (3,
Bonded together s o
e Lyine

Short chains —



Pe

tidoglycan Structural Unit

N-Acetylglucosamina

Thiz patt is the satme as
the chitin coat of insect
exoskeletons

Structural Units L-Aladine
of Peptidoglycan

"Ilitror itnage" D-atitio acid.
Backwards from normal proteins

n-lsnglutamic acid

Thiz patt varies. Iay be

DAPA of ornithine, both
related to Iysine, but not \

normal amino acids
L-L.¥sine
Another mirror image
atnirno acidl
D-Alanine

This carboxyl group is bound to a short string of
glycines, which crosslink to the free aming group™
oty the Iyvsine attached to the next chitin chain

& CH,DE CH,OH
5

|
1L,C—CH—O=—0

M-Acetylmuramic acld

I
I'|~I'H
[le—l','H_,
~
a }IJ[—[
This free amino
?H’ group attaches
CH to a shott string
1 of glycites from
[|:=D the next chain
[
CH—(GH,),—CH.—N,
o
= I-qu
(lTH —ICH,
| COOH




Peptidoglycan Linkage

hrydrokyzed CH,
bond [

f/’/ ¢ 7
/ H | /H NH
H;C <‘3 H 0-C CH,OH H;c—C—H o=‘|c
F <|:H c. |
o"' \OH 3 & “oH CH,4
NAM NAG NAM

B (1-4) glycosidic bonds in red

MAM NAG

pentapeptide

cross-links between
tetrapeptide chains

murein




Peptidoglycan Structure
Compared

N
e =
i
/% ;
Gram negative Gram positive

(:) N-acetylglucosamine (NAG)
(:O N-acetylmuramic acid (NAM)

© side chain amino acid

. Cross-bridge amino acid

(a) Structure of peptidoglycan in gram-positive bacteria
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Cell Walls

Gram Negative Gram Positive

Quter membrana Septurm

_ . Mesosome
Lipoprotein

Cytoplasm
D '/Inclusmn bod;'\\\
v .. : ) . Nuclenid
/Ril}onanze\
Inner mem!}u‘ah 5

= _— Cellvall~_

;f ]‘ '\ GCapsule |
F

Flagella

Flagelia

Gram negative Gram positive
cell envelope cell envelope

Teichoic acids
Lipoteichoic acids

Parin pratein

/LPS

...... W Phospholipid

Binding protein
Lipoprotein
= Pariplasmic space

Thin cellwall
Peptidoglycan
o 9]
Phospolipid
— Inner membrane —

Frolein 4 Fidded Jooccccacoss
Cyioplasm

\ R




Gram Positive Cell Wall

Copyright & The HeGrm-Hit Companiss, Inc.

L] Com pOSI'[IOI’l : Lipoteichoic acid Teichoic acid
Thick peptidoglycan 60-90% of cell wall :

° Teichoic acids §
° Lipoteichoic acids H
. 5
° Proteins &
Surface
Tetrapeptides Sorpieenle
e Function .
° Shape E‘E
° Prevent osmotic lysis [peptidoglycan] =5
° Teichoic Acids Gram+ cell

Polymers of glycerol or ribitol envelope

Reinforce cell wall

lon ﬂOV\_/ surface proteins teichoic acid
Protection 0 T . lipoteichoic acid
Antigen Specificity -8

e  Proteins .‘;ﬂ
Enzymes 15-5 _
Adhesins "';;:, |peptidogiycan
Invasins O NAM NAG

e Examples ‘f’

° Staphylococcus Faptide

° Streptococcus —

° Clostridium membrane

phospholipid




Gram Positive Bacteria



Gram Negative Cell Wall

Composition

Inner Cell Wall
Peptidoglycan
. 1-2 layers make up 20%
. Intermediate cross linkage
. NO teichoic acid
Outer Cell Membrane
Lipid bilayer
. Phospholipids
. Lipopolysaccharides [LPS]
Lipid A
O Antigen
Core Polysaccharide connects A-O
LPS = Endotoxin
Lipoproteins
Proteins
Vary based on species
Porins

Function

Prevent osmotic lysis

° Semipermeable
° Reinforce membrane [LPS]
° Proteins
Adhesins
Enzymes
Invasins
Resist phagocytosis
Passage of nutrients
Examples
° Neisseria
° E coli
° Pseudomonas
° Proteus

Copyright @ The McGraw-Hil Companies, Inc.
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Gram Negative Cell Wall

mycolic acids
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Gram Negative Rods

one rod
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LPS

O Antigen

e Hexoses

e Antigenic specificity

e Smoothness to organism
Core Polysaccharide

e NAG
e Phosphorylated sugars [7,8 C]
Lipid A

e Lipopolysaccharide

e Glucosamine moieties

e Toxic component

Endotoxin

e Hyrophobic

e Resistant: heat, acid

e Released when cell wall disrupted

Flagellum —__~

= Cuiler Membrane
A (Lipopolyssceharide, Lipoprotain)

Lipid

} Rough Mutants

} Smooth Colonles

!
L
b}
“0" Slde Chains

S,

o
“Inner Cyloplaamic Membrane

—._ Selld Mombrane
{(Murien Layer, Mucopaptide, Paptidoglycan)



Cell Wall Comparison

Teichoic Acid

Porin

Lipopolysaccharide —_—
Outer { Layer

Membrane Phospholipid
Thick Layer of Highly Crosslinked ) Layer

Peptidoglycan
Thin Peptidoglycan

Layer
Periplasmic Space ——————"""""

Plasma Membrane

Plasma Membrane —— e
{Inner Membrane)




Cell Wall Comparison #2

Elizabetli ‘Maorales
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Gram Stain

1. Prepare a heat-fixed bacterial smear. 2. Cover the smear with crystal violet
for 60 seconds, then rinse with water.

~

3. Cover the smear with Gram’s iodine 4. Briefly decolorize the smear with
for 30 seconds, then rinse with water. acetone-alcohol, then rinse with water.

”

5. Cover the smear with saffranin &. Observe the dried smear with the
for 60 seconds, then rinse with water microscope, using oil-immersion.
and dry.




Gram Stain Results



Acid Fast Cell Wall

Composition
e Peptidoglycan
e Arabinogalactan linkage
e Glycolipid: mycolic acid
e Lipids
Free
Glycolipid
Lipoarabinomannan
Phosphatidyinositol mannosides

Peptidoglycolipid
Functions
e Prevent osmoaotic lysis
e Impede entry of chemicals
Slower growing organism
Resistant to phagocytosis
Examples
e Mycobacterium tuberculosis
e Mycobacterium leprae
e Nocardia

free mycolic acids and polypeptides
|

myeolic acid
arabinogalactan

peptidaglycan

cytoplasmic
membrane




Acid Fast Stain




Atypical Cell Walls

Gram negative cell wall

Archaebacteria

No peptidoglycan
Polysaccharides
S-layer [+/-]
Proteins
Gram +

Thick

Stain purple
Gram —

Protein layer

Stain pink



Periplasm

outer membrane

peptidoglycan
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e Composition
° Gelatinous

e Location
e  Between peptidoglycan and cytoplasmic membrane
e Function

° Proteins
Enzymes for nutrient digestion [hyrolytic]
Facilitate transfer of nutrients
Storage for toxins to be released into environment




Plasma Membrane

e Composition

e Phospholipid
Polar
nonpolar

e Proteins
Integral
Peripheral
+/- polysaccharides Fluid-mosaic model of the plasma membrane

e No sterols, hapanoids

e Function PEPPY RTTTTIRRn < i

| |
Crloses oyonesn I T ——
ETC
Peptldoglycan SyntheS|S embedded protein { permease)

Aids in DNA replication
Flagella basal protein rings
Waste removal

Endospore formation



Plasma Membrane Transport

Passive

e Diffusion

e Osmosis

e Facilitated Diffusion
Uniporter

Channel Proteins
. Water
. lons

Active

e Antiporter

e  Symporter

e ATP binding cassette
Gram negative bacteria
Periplasm proteins

Group Translocation
Chemical alteration
Membrane impermeable

Example: Sugars
. Glucose

. Mannose

. Fructose




Cytoplasm: Cytosol

e Composition
80% water
Cytosol with Free Ribosomes Proteins
T CH20
AT Lipids
lons
SR e Function
e Metabolism
Eo s Enzymes
Exoenzymes
Endoenzymes



Organelles of Cytoplasm

e Nucleoid region
e Ribosomes

e Plasmids

e Mesosomes




Nucleoid

e Composition
e Chromosome
Single haploid molecule
Double stranded DNA
Helical

Supercoiled around
protiens via
topoisomerases

e Function
e Genome
e Chemical reactions

Nuclear Zone




Ribosomes: 70S

Ribosome

18 nm

alis

bacterial
flagellum |

capsule

.
D& plasma
membrane

ribosomes cell wall

Composition
e RNA
e Protein
e Subunits
50S
30S
Function
e Protein synthesis
o tRNA
e MRNA



Plasmids

e Composition
e DNA
Small, helical
Double stranded
Independent replication
5-100 genes
1-700 copies in cell
e Function
e Types
R plasmids: AB resistance
F plasmids: Fertility
e Protein synthesis

Unique proteins
Exotoxins
Endotoxins




Plasmid Replication
8 i Tﬂe'oined—'

O-O0-Q10

—



asmid Transformation

Plasmid

Cleavage site

Foreign DNA

Cleavage by EcoRlI

(a) endaniiclease Cleavage sites 1

Cleavage by EcoRl|
| endonuclease

(b)

Plasmid chimera




Transposons

o> Tomweoen e “Jumping Genes”
\\\ ==
End Gene for Another o C om p 0S |t| on
sequence transposon gene
enzyme o DNA
oy — Nucleiod
o i o plasmid
e Function
il il hiabians o Code for enzymes to
\new location transpose
| Transposon ‘ Cut Out
s e Re-insert

Disrupted gene

e AB resistance

Saddison Wesiey Longman, Inc



Transposon cycle

EXCISION DUPLICATION

=£“_‘--/ \&_Z

I
flanking sequences

transposon transposon

—
—

} }
e | A\

replicating polymerase
l flanking l replicating
sequence transposon

] I
\ —
Q transposon @

INTEGRATION INTEGRATION/

Q

| DUPLICATION

target
sequence\\\

}

9.

DMA snlymerase
replicating

transposon
——

|

!
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Other Organelles

e Storage Granules
Sulfur
Glycogen

Volutin or Metachromic
[Phosphate]

Nitrogen
e Gas vacuoles
e Photosynthesis
e Magnetosomes

Storage Granules

&)

o
o




Mesosomes

¢ Infoldings of cytoplasmic membrane
e Considered artifact of slide preparation




Endospores

e Dormant alternate life forms
e Some Gram positive organisms

|dentified
e Size: large, small

e Shape: oval, rectangular, circular,
club-shaped

e Location : terminal, subterminal,
central

e Resistant
e High temperatures
e Disinfectants
e Radiation
e drying
e Survival
e Germination
e Favorable Conditions
e Spore coat ruptures
e Vegetative cell forms




Spore Structure

e Resistant coats
o Cortex
e Spore coat
e +/- exosporium

e Nucleoid [DNA]
e RiIbosomes
e Enzymes




Spore Formation

Endospore Formation

Vi
Completion of 5
coat sytesis,

increase in
refractility and
heat resistance

Endospore Formation

e Sporulation
DNA replicates
Membrane septums

One at end

One around DNA
[forespore]

Both synthesize
peptidoglycan to form
Cortex [inside layer]

Calcium salts added

Spore Coat = keratin
around cortex

Exosporium = outer
lipid/protein



Spores: Gram Stain

= Vb

v,

Clostrldlum




Spores: Spore Stain
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Atypical Bacteria

e Mycoplasmas
Smalllest free living cell
Lack cell wall

[no peptidoglycan]

Sterols in cytoplasmic
membrane
Mycolic acid [60%]
Examples

Mycoplasma
pneumonia

Mycoplasma hominis




Atypical Bacteria

e Rickettsia

Pleomorphic

Obligate intracellular
parasites

Arthropod vectors
Examples
Rickettsia rickettsi
tick
RMSF
Rickettsia prowazeki

Louse
Epidemic Typhus fever

Rickettsia typhi
Flea
Endemic Typhus fever



Atypical Bacteria

e Chlamydia

Coccoid

Lack peptidoglycan
Obligate intracellular
parasites

Examples

» Chlamydia trachomatis
= STD ->PID

» Chlamydia pneumonia
= Entire air way



Immune System

e Cytokines
e Interleukins
e TNF
e Complement Activation

e Inflammation
o Phagocytosis




Virulence Factors for
Pathogenicity

Capsule [K antigen]
Flagella [H antigen]
Fimbria/Pili [adhesins]
Outer membrane

e LPS endotoxin
e Proteins [porins]
e CellWall
e Peptidoglycan
° Proteins [A, M, T, R]
Periplasmic Space [enzymes]
Plasma membrane
Endospores
Plasmids
Exotoxins
e Enzyme action [hyaluronidase, DNAse, collagenase]
Detergents [hemolysins, Staph a-toxin
Alter cell metabolism [pertussis, cholera, diptheria toxins]
Block Nerve function [tetanus, botulinum toxins]
Others: dermonecrotic, erythrogenic




Physical and Chemical Actions
on Bacterial Structures

e Plasma Membrane
e Polymyxins
o Disinfectants: alcohol, chlorhexidine
e Ribosomes
o 30S: -cyclines
bind reversibly to distort
tRNA/MRNA cannot align
e 50S: macrolides [-mycin]
Bind reversibly
Inhibit elongation




Chemical Actions on the
Bacterial Cell Wall

L]
. Drug molecules )

Gram-negative
bacterium

Vi L
Gram-positive * .
bacterium  ® ™

Cell wall baecalli

-
L
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Summary :
Gram-positive Bacteria Gram-negative Bacteria
PM PM oM
Lipoproteines
DNA
Oligomers
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