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@Arrﬁolg believedithat living things &=

generate from non-living matters  INC A4

“Spontaneous generation” 350 BC
=N TN

This belief remained unchallenged,. ..~
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for more than 2000 years.
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Little boxes — cells >

Cell theory — all living things are made up of cells
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Hooke's mICroscope was capable of showing large
cells, it Iacked the resolution so he didn't see
the microbe
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Meat exposed to flies became infested

opﬁs\[) .
they claimed that fresh air was needed for
spontaneous generation.
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Anton van Leeuwenhoek, 1674
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1st person to actually see living
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Tou Lmasteur 1861

Dlsprov the Theory of Spontaneous Generation
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Pasteur first poured beef broth e Next he heated the neck of the flask
into a long-necked flask. and bent it into an S-shape; then he
boiled the broth for several minutes.
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Microorganisms were

present in the broth.
Microorganisms were
not present in the
broth after boiling.

» Pasteur demonstrated that microorganisms
are present in the air and can contaminate
sterile solutions, but that air itself doesn’t

create microbes. | ( ?l\’e,s no‘l" }ﬁ‘uv&c,x
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Microorganisms did not appear in the
cooled solution, even after long periods.

Bend prevented microbes
from entering flask.

Microorganisms were
not present even
after long periods.
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Experimented with medium to grow
bacteria

Using agar (a gelatin-like product derived
from seaweed)

Add various nutrients necessary to grow
certain organisms.

He provided proof that a bacterium
causes anthrax (Koch’s postulates)
used to prove that a specitic microbe
causes a specific disease
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Koch’s postulates : Understanding Disease
Ly Modern Micrebid AW  JHo—"F
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Pathogen must be present in all cases of dlsease Ly Jf; 3

CPS’E[:cr)é;en must be isolated and grown in Iab in pure""l"rJ

Pathogen from pure cultures must cause disease when
Inoculated into healthy, susceptible lab animal

Same pathogen must be isolated from the diseased lab
animal




Robert Kock experiment [Pefi

0 Microorganisms are isolated @ The microorganisms are - s e The microorganisms are injected
from a diseased or dead animal. grown in pure culture. Q'Zﬁ ‘-—‘1"—’ into a healthy laboratory animal.
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Disease is reproduced in a
laboratory animal.

are identified.
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Microorganisms
are identified.
The microorganism from the
diseased host caused the same

disease in a laboratory host.




Principles of
Modern
Mlcroblolog\

Modern Microbiology

Molecular biology

Mark Wheelis

ImMUNology, s s ¢.%

ecombmant DNA and genetic engineering
Laboratory Medicine and pathology
Prevention and treatment

Emerging infections: AIDS, SARS, CORONA, etc
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Bacteria are primary decomposers

Microbes produce various food products {D ﬁs;% éi?&-_s
Microbes produce Antibiotics

Bacteria synthesize chemicals that our body needs,
but cannot synthesize (Vitamin b and K)

Normal microbial flora prevents potential pathogens
from gaining access to our body

Using bacteria to control the growth of insects

Using microbes to clean up pollutants and toxic
wastes

Bacteria can be manipulated to produce enzymes
and proteins they normally would not produce
(insulin)
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2- Bacterial cell structure
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Objectives

Understanding Prokaryotic cells structure and function
Understanding Eukaryocytic cells anatomy and function
Differentiates Prokaryotic from Eukaryotic cells
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Prokaryote comes from the Greek words for prenucleus

—

Eukaryote comes from the Greek words for true nucleus

Prokaryotic cell 1s simpler than eukaryotic cells at every
level except the cell envelop which 1s more complex
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Prokaryotic Cells




Typical Prokaryotlc Cell

L A e e L e e e S e R L S

Glycocalyx Ribosomes ) Cell wall Cytoplasmic
membrane

Nucleoid —

DNA fibrils ——

Cytoplasm —

Cell wall

Pili Chromosome Nucleoid / Storage ). Flagellum
(DNA) granule
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“The Prokaryotic Cell Wa
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Glycocalyx Ribosomes | Cell wall Cytoplasmm
membrane

Nucleoid —

DNA fibrils —}—

TSR

Cytoplasm

o

Cell wall
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Pili Chromosome Nucleoid Storage Flagellum

@) (DNA) granule
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Determines cell shape = on N
; : /1
»  Prevents osmotic 1y31s \:%.5— enkers “the f N
L—>c Nhpops\—o

»  Part of cell envelope &

» In some cases recognized by host immune system
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Made of peptl/doglycﬁ acteria). o xr
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Polymer of dlsaccharldeng‘M>sw\,, ,._)lvc s Bl N;} 5D T3
N-acetylglucosamine (NAG) & N-acetylmuramic acid (NAM)
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Linked by polypeptides
(:. N-acetylglucosamine (NAG) Tetrapeptide side chain
:. N-acetylmuramic acid (NAM) Peptide cross-bridge

O Side chain amino acid

O Cross-bridge amino acid

Carbohydrate
“backbone”

{a) Structure of peptidoalvcan in aram-positive bacteria




+5" /' Wall teichoic
acid

Plasma
membrane
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Protein b NO
(b) Gram-positive cell wall [
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membrane '
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Periplasm

(c) Gram-negative cell wall

Peptidoglycan

L7l substances

Lipid A Porin protein

Lipoprotein

Phospholipid

Enzymes
and other
active

Protein
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%ﬁrm/positive cell walls Gram-negative cell walls

membrane

Peptidoglycan
and teichoic acids

——

Cytoplasmic

Gram-Positive

- Teichoic acids

«  No periplasm

Gram-Negative

- Thick peptidoglycan *  Thin peptidoglycan

0 No teichoic acids

- No outer membrane . Outer membrane

- Have periplasm




Av\\q\o\ohCS ,6‘/3( el

? = 1
L - Jﬁ@ﬁ/

pepltcloghons M s an QFcfe Ands yoin
& ¢ Porin- proted e Ja oo I M

Clinical Importance of 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 -zl G
= ceol Lepue

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

Grame-negative outer membrane
S mewbrane_. K}Pl’r/ Crrj
L1popolysacchra1de ( led A) secretes Endotoxines in
Gram-negative bacteria
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-~ Bacteria Flagella

Glycocalyx Ribosomes ~ Cellwall Cytoplasmic
membrane

Pili Chromosome Nucleoid Storage Flagellum

@) (DNA) granule
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Flagellum
Structure: Filament
Outside cell wall
Made of chains of flagellin
Attached to a protein hook s
Anchored to the wall and = wa"\\ ' :ep,;b:yy
membrane by the basal body outer
Function: Motility P,asmla o~

Cytoplasm




b) Amphitrichous e
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(d) Peritrichous
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Axial Filaments

Endoflagella . i’i\: bs
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Anchored at one end of é);é-rl/?f‘/

Rotation causes cell to move
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F 1mb°1531’a @bosomesf el wall Cyloplaamn ey

membrane

Pili Chromosome Nucleoid Storage Flagellum

(a) (DNA) granule
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Filamentous appendages that ar
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shorter, straighter an(i“fnoreﬁ =

numerous than ﬂagellé

F pilus

= lagellum

Found mostly in Gram ()
Bacteria
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Bre b
(D(Fimbriae allowattachment while
2)Piliare used to'transfer DNA>» Cconjw uf’:‘}d Ff@f—,f;’;'lfi}‘f“
from one cell to another B ook sand
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Phospholipid

Opposing g
bilayer

leaflets

__Hydrophilic
head

— Hydrophobic
Membrane tail

protein

Phospholipid
bilayer of plasma
membrane

Peptidoglycan

\.\Q_"’& OQOuter membrane —

(a) Plasma membranes in cell




Structure
Phospholipid bilayer

Peripheral proteins Integral

protein

Integral proteins

Transmembrane proteins 7 ““‘I

Peripheral
Inside cell protein

FunctionS: (b) Phospholipid bilayer of membrane

Selective permeability allows passage of some molecules

Enzymes for ATP production and cell wall synthesis

Photosynthetic pigments
L., hidy




“Movement Across Membranes

Mo Ene

. e Ao poten
© Simple diffusion: Movement of a solute from an area

of high concentration to an area of low concentration

No ene ‘
@ Facilitative diffusion: Solute combines with'4® Pﬁéﬂ

transporter protein in the membrane (with
concentration gradient & no energy expended)

@ Active Transport (against concentration gradient &
energy expended Need Enev‘lﬁ
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clear Area (Nucleoid) and Plasmi
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(DNA) granule

Glycocalyx Ribosomes  Cell wall Cytoplasmic
membrane
Nucleoid
DNA fibrils
Cytoplasm
Cell wall 3t
Pili Chromosome Nucleoid | Storage Flagellum o

(a)
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- Prokaryotic cells have no true Nucle1, DNA 1s packaged g"

as Nucleoid and some small circular DNA pieces named
Plasmid
¢ The number of Nucleoids and Chromosomes depends
on growth condition
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(a)

Pili Chromosome
(DNA)

(a) Small subunit

Nucleoid  Storage Flagellum
granule

(b) Large subunit

Nucleoid —

DNA fibrils —

Cell wall

(c) Complete 70S ribosome




Structure
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Table 3.3 A Summary of Prokaryotic Cell Structures
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Characteristics

\x

Extracellular
Filamentous appendages
Flagella
Pili

Surface layers
Glycocalyx
Capsule

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

Cytoplasmic membrane

Intracellular
DNA
Chromosomal
Plasmid
Endospore

Gas vesicles
Granules

Ribosomes

Composed of subunits of proteins that form a helical chain.
Provides the most common mechanism of motility.

Different types of pili have different functions.The common types, often called fimbriae, enable cells to adhere to surfaces. A few
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 irregular. Enables bacteria to adhere to specific surfaces.
Peptidoglycan is the molecule common 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.

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

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

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

Small, rigid 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, 30S and 50S, join to form the 70S ribosome, which serves as the structure
that facilitates the joining of amino acids.




Eukaryotic Cells
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PLANT CELL ANIMAL CELL
Ribosome

Chloroplast

Cytoplasm

Golgi complex _
Mitochondrion Ribosome
Microtubule Golgi complex
Vacuole Cytoplasm

Nucleolus
Nucleus

Thylakoid
Plasma membrane
Rough endoplasmic

Nucleolus

Nucleus
Lysosome

Plasma membrane
Mitochondrion

reticulum . .

Smooth endoplasmic Microfilament

reticulum Rough endoplasmic
. . reticulum

Microfilament Centrioles

Cell wall Microtubule

Smooth endoplasmic
reticulum

Basal body

(a) Highly schematic diagram of a composite
eucaryotic cell, half plant and half animal ,
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Chromatin

Nuclear envelope

Nuclear
pore Nuclear pore

A

(b) Details of
nuclear
envelope
and pore

Nucleolus
Nuclear envelope
Polyribosome

Nuclear envelope

Nucleolus

Chromatin

Nuclear pores
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Prokaryote Eukaryote

One circular
chromosome, not 1n a
membrane

Paired chromosomes,
1n nuclear membrane

No histones Histones

excepk
No organelles ( ’f\g‘iSMB

Peptidoglycan cell
walls

Organelles

Polysaccharide cell
walls

Hiae feion Mitotic spindle




Thank you...







