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P Objectives

 Describe why viruses are not considered as living
organisms.

 Describe the basic structure of viruses.

— A virus consists of a nucleic acid surrounded by a
protein coat.

» Viral Genomes.

» Capsids and Envelopes.
* Viruses replicate only in host cells.
* Replicative Cycles of Phages.
— The Lytic Cycle.
— The Lysogenic Cycle.

« Compare between the lytic and lysogenic cycles of
virus replication.



What are viruses?

O Qe Bug

At the boundary of life, between the macromolecules (which are not
alive) and the prokaryotic cells (which are alive), lie the viruses and
bacteriophages (phages).

These creatures are parasites responsible for causing many diseases
in living things (HIV in humans, as an example).

Viruses are found everywhere.

Viruses consist of a core of nucleic acid, either DNA or RNA, and a
protective coat of protein.

Viruses do not show any of the expected signs of life.

Viruses:
do not respond to stimuli,
do not grow,
do not do any of the things we normally associate with life.

Viruses are not considered "living” organisms. However, they do show 47
one of the most important signs of life (the ability to reproduce ina = g4
host cell). 7, =




What are viruses?

W U By

 Viruses are much
smaller than bacteria.

Animal cell

Nucleus

* Virus is about 20nm
in diameter.

Bacterium * Viruses are not cells.

* Avirus is a genome
sss0aia €nclosed in a
protective coat ., .u:
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bacteriophages

Genome (pnARNA)
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Protein coat (capsid)

Capsomere
of capsid

{o nm
(a)Tobacco
mosaic virus

50 nm
(b) Adenoviruses
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A- Capsid ol &

* A protein shell that encloses the viral genome.

* Itis rode-shaped, helical, polyhedral or more complex.
Capsomeres: Are the protein units that form capsid.

Capsomeres |
(proteins) g L= _
Y v S Y S, ~=— Capsid

Membranous envelop
(viral envelope)

Sometimes further wrapped —* in a membranous
envelope (viral envelope st st ), €g. Influenza virus.




Membranous

B- Envelope ... .ua

- Some viruses have viral
envelopes, membranes
cloaking their capsids.

- These envelopes are derived
from the membrane of the host
cell.

50 nm :
(c)Influenza viruses



Types of Viral Genome:

(Hereditary material 45)_ sl 52La))

O Qe Bug

Viral genomes may consist of:
- double-stranded DNA (dsDNA),

- single-stranded DNA (ssDNA),
- double-stranded RNA (dsRNA),
- single-stranded RNA (ssRNA).
depending on the specific type of the
virus.

The viral genome is usually organized
as a single linear or circular molecule

of nucleic acid.

The smallest viruses have only four
genes, while the largest have several

Viral envelope
Glycoprotein :
Capsid

Reverse (two identical
transcriptase strands)

(a)The structure of HIV, the
virus that causes AIDS

hundred.




Virus-Reproduction within a living host cell

O Qe Bug

Obligate parasitism .ty Jik
1-Inters the cell and releases its genome
2- Replicates using host nucleotides :
and enzymes Viral RNA
3- Produce a new capsid units using .!
@
host cell resources. .:

Cap3|d
Proteins

@

4- The new viral DNA and proteins
assemble to form new viruses




- A viral infection begins when
the genome of the virus enters
the host cell.

* Once inside, the viral genome
commandeers its host,
reprogramming the cell to copy
viral nucleic acid and
manufacture proteins.

* The nucleic acid molecules and
capsomeres then self-assemble
into viral particles and exit the
cell.

Entry into cell and
uncoating of DNA

Viral DNA ~AAAAA

/ \

@ Replication © Transcription

4 \

AT ATATATAAS
AANAAR Viral DNA Translation

ARARAR Sovtia {
proulns »;

i

© Seif-assembly of new
virus particles and

\ their exit from cell
]

AAAAAA
AVAVAVAVAVAN AN mMRNA

_
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fj/f, Human Immunodeficiency Virus (HIV), the virus that causes AIDS
o8 > . . . . .
(Acquired Immuno-Deficiency Syndrome) is a retrovirus.

“YFR

)

The retrovirus

* Avretrovirus is an RNA virus that is
duplicated in a host cell using the
reverse transcriptase enzymes to
produce DNA from its RNA genome. The
DNA is then incorporated into the

host’s genome by an integrase enzymes.

* This viral particle includes:
v An envelope with glycoproteins,

Reverse (two identical
transcriptase strands)

(a)The structure of HIV, the
virus that causes AIDS

v A capsid containing two identical RNA strands as its genome

v Two copies of reverse transcriptase.

* An example is the AIDS (HIV) virus.

12



l Bacteria infecting Viruses (bacteriophages) ‘

Bacteriophages (uss ge1sa)

Head —+
* Viruses that infect bacteria, lf::;at.,__
are called bacteriophages or fT.ﬁ'éf" |
(phages). / ‘_,‘ \

* It has a 20-sided capsid-head
that encloses their DNA and
protein tail piece that attaches
the phage to the host and
injects the phage DNA inside.

* Phages reproduce by Lytic
Cycle (i—«:,5) and/or

Lysogenic cycle (e e 3,5 ). =]
(d)Bacteriophage T4
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Phages reproductive cycles within bacteria (e.g: Escherichia coli)

1)- lytic cycle (i s ),

The phage reproductive cycle results in the death of the host.

— In the last stage, the bacterium lyses (breaks open) and releases
the phages produced within the cell to infect others.

* Virulent phages iu: w4 reproduce only by a lytic cycle.




© The T4 phage uses its tail fibers to @ The sheath of the tail contracts,

stick to specific receptor sites on thrusting a hollow core through
the outer surface of an E. coli cell. the wall and membrane of the
cell. The phage injects its DNA
gﬂ DNA into the cell.

outside the cell. The cell’s

= , €) The empty capsid of the
i gl :-:i phage is left as a “ghost”
P DNA is hydr::-lyze-d.

Phage T4

(virulent viruses) @ ifr; D
Curaa (g 8 4
/ Phage assembly
3 TS

v
i

H". ki)

@ The phage then directs production of A
lysozyme, an enzyme that digests the
bacterial cell wall. With a damaged ) The cell's metabolic machinery,
wall, FIEI'I'ICIEiE causes the l'.:"ﬂ" to swell directed by phage DNA, produces
and finally to burst, releasing 100 to phage proteins, and nuclectides from
200 phage particles. the cell’s degraded DNA are used to

make copies of the phage genome.
The phage parts come together. Three
separate sets of proteins assemble to
form phage heads, tails, and tail fibers.

Head Tail Tail fibers



2)- lysogenic cycle (Lilail 5 )

(W QNES Dury

Phage lambda (a) ey

The phage genome usually replicates
without destroying the host cell.

Temperate

virus
O 9 =t

~

+ Phage lambda (1) (Temperate phages) may
use both lytic and lysogenic cycles. \ /

- Within the host, the virus’ circular DNA engages in either
the lytic or lysogenic cycle.

- During a lytic cycle, the viral genome immediately turns
the host cell into a virus-producing factory, and the cell
soon lyses and releases its viral products.

16



Phage 4%

\ The phage attaches
to host cell and
In]ects DNA.

Phage DNA —L)

&)

/ s:s:;::r;m
N
% % d

\ ﬁ% Lytic cycle

The cell lyses, releasing
phages.

CRNYD

New phage DNA and

proteins are synthesized and
assembled into phages.

2)- Lysogenic cycle (&llail) ,2 3 ) gall)

Occasionally, a prophage exits
the bacterial chromosome,
initiating a lytic cycle.

w Many cell divisions
produce a colony of
bacteria infected
with pruphage
Lysogenic cycle

@;Za;@)

The bacterium reproduces
normally, copying the prophage
and transmitting it to daughter
cells.

Phage DNA
circularizes

o

Prophage

D)

Phage DNA integrates into
the bacterial chromosome,
becoming a prophage.
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Summary

Phage T4

Many tail fibres
(virulent virus)
Ciraa (g gy

lytic cycle
(Lallsall 3 ) 5al))

Phage lambda (2)

Only 1 tail fibre
Temperate virus
Ulal Cuce y& (g
Lysogenic cycle

(ARllssll e 5 ,53)

and/or
lytic cycle 18
(ka3 ) 5all)
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Most viruses of eukaryotes attack specific tissues. eg. Human cold viruses
infect only the cells lining the upper respiratory tract, and AIDS virus binds
only to certain white blood cells (Immune system).

- DNA enclosed in a protein coat (sometimes, membranous envelope also)

- Can be crystallised _s\
- They lack i enzymes for metabolism

- Have no ribosomes for making their own proteins

- Reproduce only within a living host cell (obligate parasitism (sl Jiki),

- Each type of a virus infects a limited range of host cells (host range 4uaY¥) )

Viruses are host specific

« a protein on the surface of
the virus has a shape that
matches a molecule in the
plasma membrane of its
host, allowing the virus to
recognize the host cell.
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Objectives

The Cell: Discovery of the Cell
The Cell Theory.
Types of cells.

The two main Domains of Living Organisms
(Prokaryotes and Eukaryotes ).

Similarities between Prokaryotic and Eukaryotic Cells

Differences between Prokaryotic and Eukaryotic Cells
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* The first person to see
cells was Robert Hooke in
1665.

« He was looking at a thin slice
of cork through a microscope

« He found what he described as
“"tiny rooms" that he called
cells

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings



The Cell Theory B

* |In 1838, the German botanist Matthias Schileiden
concluded that all plants were composed of cells

* |In 1839, Theodor Schwann concluded the same thing
for animals

 In 1855, Rudolf Virchow noted that all cells come from
other cells

The cell theory states that:

1) all living organisms are made of one or more cells,
2) cells are the basic units of structure and function, and
3) cells come only from pre-existing cells.

A cell is the smallest unit that can carry
on all of the processes of life



Types of cells

JRIEETN

Eukaryotic
Bacteria and related All Othel_' forms
micro-organisms of life

L g AR LIS 5 |y I8,

25



Domains of life

WD ANEE Burge

A)- Prokaryota s i,
Contains 2 Kingdoms:

1. Archaea,  4xladl L asyl) auad g culailad) dStea
2. Bacteria (Eubacteria), 4iall | i) d<las

B)- Eukaryota s, ciiss
Contains 4 Kingdoms:

1. Fungi <l il ASlas

2. Protista  ilaidall 4Stan

3. Plantae Q&Qﬂ]i{ﬂ,u

4. Animalia  U) gaad) ASlaa




Prokaryotic and eukaryotic cells
differ in size and complexity

O Qe Bug

Similarities i«

All cells are surrounded by a plasma membrane 3 stis,

The semi-fluid substance 4L 4.4 32 within the cell is called
“cytosol”, a2kl containing the cell organelles 41l iz,

All cells contain chromosomes which have genes in the form of DNA.

All cells have tiny organelles 5+« cuze called “Ribosomes” that

make proteins.



Prokaryotic and eukaryotic cells
differ in size and complexity

OB QneSS Bulyg

Differences -y«

. Eukaryotes have a nucleus, while prokaryotes do not.

. Eukaryotes have membrane-bound organelles, while prokaryotes do
not.

. Eukaryotic cells are, on average, ten times the size of prokaryotic cells.

. The DNA of eukaryotes is much more complex and therefore much
more extensive than the DNA of prokaryotes.

. The DNA of prokaryotes floats freely inside the cell; the DNA of
eukaryotes is held within its nucleus and associated with histones
(proteins)

. Prokaryotes have a cell wall composed of peptidoglycan. Many types of
eukaryoatic cells also have cell walls, but none made of peptidoglycan.

. Eukaryotes undergo mitosis and meiosis; while prokaryotes divide by
binary fission (simple cell division)



Prokaryotic cell

DNA
Eukaryotic cell (no nucleus)

Nucleus
(membrane-
enclosed)

Y @ DNA (throughout
enclosed organelles nucleus) 1 um

A Figure 1.4 Contrasting eukaryotic and prokaryotic cells in
size and complexity.

29



Comparison and Contrast

Prokaryotes

Nucleus
Endoplasmic reticulum

Plasma membrane Golgi apparatus

Ribosomes Lysosomes

Cytosol Vacuoles

Cell wall Mitochondria
Cytoskeleton

Qnegs Buiy

Wi
)
N‘b



A)- PROKARYOTES:

QAR QB Burg

What are Prokaryotes?

* Prokaryotes are single-celled (Unicellular) organisms
that do not have a membrane-bound true nucleus, and
can live in nearly every environment on earth.

« Although tiny, prokaryotes differ greatly in their
genetic traits, their modes of nutrition, however, their

habitats are similar.

 Based on genetic differences, prokaryotes are
grouped into two major Domains:

» Domain Archaea

» Domain Bacteria.

Copyright © 2002 Pearson Education, Inc., publishing as Benjamin Cummings
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! 1. Domain: Archaea
a /(,)/_‘\,

Archaea are extremophiles, “ <kl caa
8l of extreme environments and can

o)) classified »into:

e "\ \

PV iy \ SR SR
a)- Extreme halophiles 4astall ciai;

2+ live in such saline places as the
- a.Great Salt Lake and the Dead Se

AR

e e

’Fs e D TS -
AAJSAM B enwronment to grow

L ‘The optlimal temperatu'resfor,most .,
R ..ﬁthermophllesﬂare 60 80°C 1@ o
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Structure of the bacterial cell.

Shapes of bacteria.

The Gram'’s stain.
Reproduction of bacteria.

Major Nutritional Modes.




II()I ()( Y

*E/ Structure of Bacteria Cell
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R
&

\ —-.\(':7— Pili
ba B
Y X
K L lay)
A e Nucleoid
/—>\ o 8 g3 A
\
A\ / Ribosomes

Cilag g A

Plasma membrane
D slis

Cell wall
s $1Al ylaall

Capsule
PO

L Juii\ 0.5 um
Flagella (b) A thin section through the
bacterium Bacillus coagulans

(TEM)

(a) A typical
rod-shaped
bacterium



Structure of Bacteria Cell

Plasma Cell Wall Capsule
membrane

Ribosomes Nucleoid Cytoplasm

(Cytosol)
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| - Bacterial capsule

- Many bacteria secrete a sticky protective layer
called capsule outside il
the cell wall. p"Y

«  Capsule has the
following functions wuug:

Adhere <. bacterial cells to their substratum k.,
Increase bacterial resistance il to host defenses Jixll aclic,

Stick (s<b) bacterial cells together when live in colonies.
Protect -~ bacterial cell.

hON=
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Il - The bacterial cell wall

- In all prokaryotes, the functions of the cell wall are as

follow:

1. Maintains i the shape of the cell,
2. Affords physical protection w-.lliilall s

3. Prevents the cell from bursting (J-2l) in a hypotonic

environment caisiad e s 8l cld 4,

«  Most bacterial cell walls contain

PEPTIDOGLYCAN (a polymer of
modified sugars cross-linked by short polypeptides).

e The walls of Archaea lack (~iii5) peptidoalvcan.
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The Gram'’s stain: (s taue

\ Developed by the Danish physician “Hans Christian Gram” in 19t century

v
)

)

It is a tool for identifying — ~ bacteria, based on differences in
their cell walls.

A)- Gram-positive (Gram +ve) bacteria:

Their cell walls have large amounts (a) Gram-positive bacteria

s a8 8 Of peptidoglycans that
react with Gram'’s stain
(appear violet-stained Ly joat),

—_— glycan

layer
Plasma I
membrane | [l

Peptidoglycan traps crystal violet,
which masks the safranin dye.

R'-v;i
=

I yr——




BIOLOGY

Ve Y |

L %% The Gram'’s stain: ¢» 4
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* B)- Gram-negative (cram -ve) bacteria:

» their cell walls have small amount of peptidoglycan. So,

they do not react (or very weakly react) with Gram’s stain (appear
red-stained LY ol guxi)

Gram- Gram- TP _
positive negative Carbohydrate portion
bacteria bacteria

of lipopolysaccharide

#
Outer
Cell | membrane

wall | Peptido-—_ -~
kglycan layer

Plasma membrane{ 1

—
——




WD AnEs Burg

Summary of Gram’s stain: p» 4

« Gram Staining: Most species of bacteria are classified into two
categories based on the structure of their cell walls as determined
by a technique called the Gram stain.

— Gram-positive bacteria have a thick layer of peptidoglycan in
their cell wall, and they appear under a microscope after

the Gram-staining procedure.

— Gram-negative bacteria have a thin layer of peptidoglycan in
their cell wall, and they appear reddish-pink under a microscope

after the Gram-staining procedure.
\

a Most Gram-negative species are pathogenic (i=,~) more
threatening (:,s-x ') than gram-positive species.

— Gram-negative bacteria are commonly more resistant i~ i to
antibiotics i wiilad than gram-positive ones.

. J
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Shapes of Bacteria

Bacteria are of four shapes: spiral-shaped, sphere-
shaped, rod-shaped, and more other shapes.

A. Spiral shaped (J<i 435 31-) bacteria in the form of spirilla (singular,
spirillum) or vibrio (comma like). An example of spirella is Spirillum

volutans

B. Sphere-shaped (Js3 435 <) bacteria are called cocci (singular,
coccus). An example of cocci is Micrococcus luteus.

C. Rod-shaped (Jsil 4, 5ac) bacteria are called bacilli (singular,
bacillus). An example of bacilli is Bacillus sabitilis.




Reproduction of Bacteria
LSyl 2 sl \
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e Prokaryotes reproduce (<)
only asexually (.= Y) by
binary fission (.o guw Lay),

e A single cell produces a
colony of offspring.




Nutrition of Prokaryotes
Bl ity A 4,084

b\“@ Qe Bulyg

e Nutrition refers to how an organism obtains
enerqy and a carbon from the environment to build
the organic molecules of its cells.

* Prokaryotes are grouped (=) into four
categories (:'s) according to how they obtain
energy and carbon.
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i Nutrition of Prokaryotes @ %
< = B 92 ity (B 4y e 7
) %’&@,95792;

e Phototrophs (i i552): Organisms that obtain energy from light.

A)- Source
of Energy e Chemotrophs (‘ma-ﬂ\ uh-ui) Organisms that obtain energy from

chemicals in their environment.

o Autotrophs (i1 493): Organisms that obtain carbon from CO,.

B)- Source

of Carbon
o Heterotrophs (i:x 2:i:): Organisms that obtain carbon from

organic nutrients.




Major modes of nutrition

O QB Bug

» Photoautotrophs (& sl 23l 431);
use light energy as an energy source, and CO, as a carbon source to
synthesize ((#43) organic compounds.

* Chemoautotrophs (dibwsl 4,0a10 45513);

use chemical inorganic substances as an energy source, and CO, as a carbon
source.

 Photoheterotrophs (& sl 431 saais):

use light as an energy source, and organic substances as carbon sources.

*» Chemoheterotrophs (d:ilbwsl 2,3l 2axia):

use organic substances as a source for both energy and carbon.
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