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Chapter 1

Viruses

General properties of viruses:

Viruses are acellular bodies, meaning they
are biological structures that do not have a
cellular structure. They therefore lack most
of the components of cells, such as
endoplasmic reticulum, ribosomes, and the
plasma membrane. A virion consists of a
nucleic acid core, and outer protein coat
called capsid, and sometimes there is an
outer envelope made of protein and
phospholipid derived from the host cell.
contain  additional

Viruses may also

proteins, such as enzymes. The most
obvious difference between members of
viral families is their morphology, which is

quite diverse.

In addition, viruses are obligate
intracellular parasitic particles. Viruses are
absolutely requiring living host cells in
order to multiply. Viruses contains a single
type of nucleic acids, either DNA or RNA.
Viruses multiply inside living cells by
using the synthesizing machinery of the

host cell.
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Shape of viruses

The shapes of viral capsids are helical or
polyhedral, or a combination of both
shapes. Helical viruses, such as the tobacco
mosaic virus (TMV), appear as long rods
or threads (Figure. 1-1). The capsid made
from over a thousand molecules of a single
type of protein arranged in a helix. The rod-
shaped viruses are commonly called
helical viruses for this reason. The capsid
is in the form of hollow cylinder that form

a groove into which the RNA fits.

Polyhedral  viruses, such as the
adenoviruses (which infect the respiratory
tracts of animals), appear somewhat
spherical (Figure 1 - 1). The capsid consists
of 252

arranged in a polyhedral shape with 20

identical protein capsomers
triangular faces. Capsomeres are organized

in equilateral triangles.

The capsid of a large virus consists of
several hundred of capsomeres. The most
common polyhedral structure is an
icosahedron. This structure has 20 identical
surface faces (each face is a triangle).
These viruses are referred to as icosahedral

viruses (Figure 1 - 1).
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Some viruses have both helical and

polyhedral components. For example,

bacterial viruses. Viruses that infect
bacteria are called bacteriophages (bacteria
eaters), or phages (Figure 1 - 1). The T4
phage that infects the bacterium
Escherichia coli consists of a polyhedral
head attached to a helical tail. This shape is
commonly found in bacteriophages. Many
phages have tail fibers that attach to the

host cell.
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Size of viruses

Viruses are much smaller than bacteria. They
are too small to be seen under the light
microscope. The viral sizes are determined
by electron microscope. The size of viruses
ranges from 20 nm to 1000 nm in length.
Poxviruses is one of the largest viruses and
parvoviruses is one of the smallest viruses.
Isometric viruses have sizes of about 12 to
50 nm for large viruses while helical viruses

have sizes of about 100 to 2000 nm long.

Viruses structure

A virion is a viral particle composed of
nucleic acid and surrounded by protein coat.
This coat is called capsid. The capsid and the
nucleic acid are called the nucleocapsid.

Some viruses have outer envelope.

e The capsid: The function of the capsid
is to protect the viral nucleic acid from
the surrounding environment and during
its transfer from cell to cell. In addition,
capsid determines the shape of the virus.
Depending on the type of virus, the
capsid may be rod-shaped, polyhedral
(isometric or

spherical), or more

complex in shape like T4 virus.
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The capsid is composed of a large
number of protein subunits called
capsomeres. In some viral types, the
capsomeres are formed of a single
protein type while in other viruses
consists of many types. Structure and
arrangement  of  capsomeres s
characteristic of each virus type. These
used for viral

characters are

identification (Figure 1 - 1).

Viral envelop: In some viruses, the
capsid is covered by an outer envelope.
These viruses are called enveloped
viruses. The virus acquires the envelope
from the host cell membrane when the
virus buds out through the host plasma
membrane or passes through a
membrane-bound organelles such as the
nucleus. The envelope consists of lipids,
The

envelope of some viruses may have

proteins and carbohydrates.

spikes. Spikes are composed of

carbohydrate-protein complexes
(glycoproteins) that project from the
surface of the envelope. The virus
synthesizes these glycoproteins inside
the host cell and inserts them into the
host’s plasma membrane. Spikes are
used for attachment of viruses to their

hosts (Figure 1 - 2).
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Nucleic acids: The virus has either
DNA or RNA but never both. Some
viral types have circular nucleic acid
while other types have linear nucleic
acids (Figure 1 — 3). Some viruses have
nucleic acid separated into pieces
ranged from two to ten segments. For
example, influenza virus has nucleic
acid in the form of eight separate
segments (Figure 1 - 10). The smallest
viruses known have only four genes in
their genome, while the largest viruses
have several hundred to a thousand.
There are four class of the viral nucleic
acids:

viruses have single stranded DNA
(ssDNA).
viruses have double stranded DNA
(dsDNA).

viruses have single stranded RNA
(ssRNA). This type of RNA may be
positive (+ sSRNA) or negative (—
sSRNA). Single stranded RNA that
translated directly after infection and
act as mRNA is called positive RNA.
Single stranded RNA that must be
transcribed to mMRNA is called negative
RNA.

viruses have double stranded RNA
(dsRNA).
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The DNA viruses

DNA viruses includes several types for
example herpes viruses and bacteriophage.

Structure of herpesvirus

Herpes virus causes skin lesions in human.

Herpesviruses are large viruses. All
herpesviruses have a core of double-
stranded DNA, surrounded by a protein
coat that has icosahedral symmetry and has
162 capsomeres. The nucleocapsid is
surrounded by an envelope that is derived
from the nuclear membrane of the infected
cell and contains viral glycoprotein spikes.
An amorphous structure is present between
the capsid and envelope is called tegument
(Figure 1 - 4). The enveloped size 150-200
nm; the “naked” wvirion, 125 nm. The

genome consists of linear double-stranded
DNA (125-240 kbp).

The herpesvirus genome is large and
encodes at least for 100 different proteins.
Of these, more than 35 polypeptides are
involved in the structure of the virus body;
at least 10 are present in the viral envelope.
Herpesviruses encode for a group of virus-
specific enzymes involved in nucleic acid
metabolism, DNA synthesis, regulation of

gene expression, and protein synthesis.
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Herpesvirus Replication:

The virus enters the host cell by fusion with
the cell membrane after binding to specific
cellular receptors  via  envelope
glycoproteins. After fusion, the capsid is
transported through the cytoplasm to a
nuclear pore, uncoating occurs, and the
DNA becomes inside the nucleus. The
viral DNA forms a circle immediately
upon its release from the capsid.
Expression of the viral genome is tightly
and ordered.

regulated sequentially

Immediate-early genes are expressed,

(P2

yielding “a” proteins. These proteins
induce expression of the early set of genes,
which are translated into “B” proteins.
Viral DNA replication begins, and late
transcripts are produced that give rise to
“y” proteins. More than 50 different
proteins are synthesized in herpesvirus-
infected cells. Many a and B proteins are
enzymes or DNA-binding proteins; most
of the y proteins are structural components.
Viral DNA is transcribed throughout the
by DNA

polymerase Il but with the participation of

replicative cycle cellular
viral factors. Viral DNA is synthesized by

a rolling-circle mechanism.
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Herpesviruses differ from other DNA
viruses in that they encode a large number
of enzymes involved in DNA synthesis.
Newly synthesized viral DNA is packaged
into empty nucleocapsids in the host cell
nucleus. Maturation occurs by budding of
nucleocapsids through the altered inner
nuclear membrane. Enveloped virus
particles are then transported to the surface

of the host cell (Figure 1 - 5).

Unit-length viral DNA is cleaved from
concatemers and packaged into capsids.
Enveloped viral particles accumulate in the
endoplasmic reticulum (ER) and are

transported by budding from the cell.
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Galall 4 Al wsodl DNA G
Quj)ﬁgsw%g"_am}):\éw})\}ﬂ\
Oe IS 2l G5 Ll 8 s AT DNA
DNA 1l DNA I Galas & & )L cilay 53
Y € Jaly G Uan RN s 5
il oy il 08 81 5 B e Hla Ay,
slie JOA 4l Y Sl oo 5 Ao 5
G5 al) laa JE 25 ¢y 3aall A1) 3 )

(5 - 1d88) Jilall B8 o ) ki)

Gl 5 cDlulisiall (e dpns g yudll B 1) Juads
Adlae g pd Clues oS) 8 OV sl
(e el JaSy dpe iDlsulyl Al A

G4

I

Envelop proteins
Tegument

Nucleocapsid

Figure 1 - 4 : Structure of Herpes simplex virus(HSV):
Sl (uaih ugpd S s 4 -1 J8&

13



Adsorption, penetration
of the Herpes virus

Host plasma
membrane

\N-IOSt cytoplasm

Host nucleus

Viral DNA vQ(\
Formati

on of
mRNA from y-
genes 2

2l

Viral genome. a-
Genes activate -
genes. Then B-genes
activate y-genes

Formation of viral

s ®
‘s
proteins by
translation of
mRNA from y-
genes

Assembly of
new viruses

new viruses enter
endoplasmic

. Budding of new
reticulum

viruses to outside the

new viruses acquire
envelope from
endonlasmic reticulum

e

Figure 1-5 : life cycle of Herpes virus
CuR pugBad g 541 Jsd

14



Bacteriophages

The virions T-even bacteriophages are
large, complex and non-enveloped. They
have head and tail (Figure 1 - 3). The viral
DNA contains for about 300 genes. The
virus has two types of life cycle.

The lytic cycle

The phage replicative cycle that terminates
in death of the host cell is known as a lytic
cycle. The phage that replicates only by a
Iytic cycle is called virulent phage. The lytic
cycle includes five stages:

Attachment stage: The virus is attached to
the bacterial cells by the help of attachment
site on the virus. This site is complementary
to a receptor site on the bacterial cell. T-
even bacteriophage use fibers at the end of
the tail for attachment.

Penetration stage: The virus uses its
lysozyme to break the bacterial cell wall.
Then T-even bacteriophage injects its DNA
into the bacterial cell. During the process of
penetration, the tail sheath of the phage
contracts and the DNA passes from the
bacteriophage through the tail and plasma
membrane. Then the DNA enters the
bacterial cell. The capsid remains outside
the bacterial cell.
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Biosynthesis stage: The viral DNA contains
all the genetic information necessary to
produce new viruses. After entrance of viral
DNA, the viral genome uses the metabolic
machinery of the host cell to synthesize new
viral DNA and new viral proteins.

Assembly stage: In this step, the viral DNA
and capsids are assembled into complete

new viruses.

Release stage: This stage is also called lysis
stage. In this stage the viral genes encode the
formation of lysozyme enzyme within the
bacterial cell. This causes the breaks down
of the bacterial cell wall. Then the newly
produced bacteriophages are released from
The

infect other

the bacterial cell. released new

bacteriophages susceptible
bacterial cells and the viral multiplication

cycle is repeated (Figure 1 — 6).

The time required for viral reproduction
from attachment to release of new viruses,

varies from 20 minutes to about an hour .
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Lysogenic cycle of bacteriophage:

In this cycle, the phage does not kill the
bacterial cell. After penetration, the viral
genome is integrated into the host bacterial
cell DNA. The integrated viral genome is
called prophage, provirus, lysogenic phages
or temperate virus. For example the lambda
(1) phage of Escherichia coli. When the
bacterial DNA replicates, the genome of the
prophage also replicates. This sort of
reproductive cycle, is called a lysogenic
cycle. In this cycle, the viral genes that
codes for viral proteins responsible for lytic
cycle and multiplication of viruses are
indefinitely repressed. Bacterial cells
carrying prophages are called lysogenic
cells. Certain external factors such as
ultraviolet light and X-rays cause temperate
viruses to revert to a lytic cycle and then
destroy their bacterial host cells. Sometimes
viruses become

temperate lytic

spontaneously (Figure 1 - 7).
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The RNA viruses

Some phages and most plants and animals
viruses have RNA genomes. There are
three types of RNA genomes found in
animal viruses. These types are positive
single stranded RNA (+ ssSRNA), negative
single stranded RNA (—ssRNA) and

double stranded RNA (dsRNA).

In the first type, the viral RNA genome
serves as a template for mRNA synthesis.
The RNA genome is transcribed into
complementary RNA strands (cCRNA). The
resulted complementary RNA strands
function as mMRNA and as templates for the
synthesis of additional copies of genomic
RNA (Figure 1 - 11).

In the second type (+ssRNA), the genome
of viruses can directly serve as mMRNA and
thus can be translated into viral protein

immediately after infection (Figure 1 - 15).

All viruses that require RNA for synthesis
of mMRNA use a viral specific RNA
polymerase enzyme capable of carrying
out this process. There are no such
enzymes in most cells. The viral enzyme is
packaged with the genome inside the viral
capsid (Figure 1 - 10).
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The genomes of most animal and plant
viruses consist of RNA. They are called
retroviruses (retro means backward). They
have complicated replicative cycles. These
viruses are equipped with an enzyme called
reverse transcriptase enzyme, which
RNA into DNA

(providing an RNA to DNA genetic

transcribes the viral

information flow, the opposite of the usual
direction). This unusual phenomenon is the

source of the name retroviruses (Figure 1-9).

The human immunodeficiency virus
(HIV)

The human immunodeficiency virus (HIV)
is a type of retroviruses. This virus causes
acquired immunodeficiency syndrome
(AIDS). HIV and other retroviruses have
an outer envelope and capsid. These
viruses contain two identical molecules of
single stranded RNA and two molecules of
reverse transcriptase enzyme (Figure 1 - 8).

The HIV replicative cycle: the cycle

consists of the following stages:

Attachment: The HIV has an outer
envelope. This envelope has glycoproteins.
The glycoproteins enable the virus to bind
to specific receptors on the white blood
cells.
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Penetration: The virus fuses with the
plasma membrane of the host cell. This
fusion causes releasing of the viral capsid
and the viral RNA to inside the cytoplasm
of the host cell (Figure 1 - 9).

Reverse transcription: After entrance of
HIV virus to inside a host cell, the viral
RNA and viral
enzyme molecules are released into the
host Then the
transcriptase enzyme uses the viral RNA

reverse transcriptase

cytoplasm. reverse
strand as a template to synthesizes the first
viral DNA strand complementary to the
viral RNA. Then the reverse transcriptase
enzyme uses the first DNA strand as a
template to synthesizes of the second DNA
strand complementary to the first DNA
strand. The new DNA
complementary DNA (cDNA). (Figure 1 -

is called
9). During this process the viral RNA

strand is degraded.

Integration: Then the newly made viral
double stranded cDNA enters the nucleus
of the host cell integrates into
DNA of the host. The

integrated viral cDNA is called a provirus.

and

chromosomal

The provirus never leaves the host's
genome, remaining a permanent resident
of the cell (Figure 1 - 9).
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Biosynthesis: The RNA polymerase of the
host transcribes the proviral genes (cCDNA)
into RNA molecules. The RNA molecules
can function as mRNA for the synthesis of
viral proteins and as a template for
synthesizing new RNA viral genomes.
Viral proteins include capsid proteins,
reverse transcriptase enzyme and viral

spikes.

Maturation: Capsids are assembled
around both viral RNA genomes and
reverse transcriptase molecules to form

nNew viruses.

Release: The new viruses are released by
budding from the host cell to infect new
cells. During release, the new viruses
acquired their envelopes and spikes. The
spikes are coded by viral genomes. (Figure
1-9).

The virus HIV leaves the infected white
blood cells of the immune system by a
process known as budding. During the
budding process, the virus does not
immediately kill the host cell. It is
impossible for the infected cells to function
normally. They remain alive for a period of
time. These changes, called cytopathic

(causing cell damage) effects.
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Figure 1 - 8: Structure of human immuno deficiency virus
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The influenza virus

Structure of influenza (flu) virus

The influenza virus contains a segmented
genome consisting of eight separate pieces
RNA
molecules ranging from 890 to 2341

of  negative  single-stranded
nucleotides long. Each RNA segment is
packed into an inner nucleocapsid. Each
RNA
molecule with each single RNA strand to
The

nucleocapsids are surrounded by an outer

nucleocapsid contains replicase

ensure gene expression. eight

envelope derived from the host membranes
(Figure. 1 - 10). The outer envelope
containing neuraminidase, hemagglutinin,

and ion channels.

The Viral envelope contains virus-encoded

proteins  such  as  neuraminidase,
hemagglutinin, and ion channels. These
viral proteins are made on the ribosomes of
the infected host cell. These viral proteins
help in virus recognition and entry into host

cells (Figure 1 - 10).
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Life cycle of influenza virus:

The flu virus enters the host cell within a
vesicle. Both the vesicle and the outer coat
of the virus are dissolved, releasing the
nucleocapsids inside the host cytoplasm.
Then the nucleocapsids enter the nucleus
before disassembly. Within the nucleus,
the single stranded RNA and viral RNA
replicases are released. The viral RNA
replicases use the single negative RNA
strands of viral genome to synthesize
single positive RNA strands. (Figure 1 -
11).

exported to the ribosomes where they act

The positive RNA strands are

as mRNA and are translated into new
influenza proteins. Inaddition, the positive
RNA strands are used to synthesize new
single negative RNA strands. The new
synthesized viral proteins are assembled
together with the newly synthesized viral
single negative RNA strands to form new

influenza viruses (Figure 1 - 11).

Because influenza virus has its genes
distributed over eight separate molecules
of RNA, different strains of flu can have
produced due to new combinations of viral
RNA segments (Figure 1 -11).
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The combinations occurred when two
different influenza strains infect the same
host cell and the genomes of both strains
will enter the nucleus. When new viral
particles are formed, some nucleocapsids
from the first strain may be packaged with
the second strain, and vice versa. Thus,
new flu genomes are formed from different
influenza strains. Such new combinations
occur in pigs and birds more than in
human.

In addition, mutations occur at a higher rate
during RNA replication than in DNA.
These two mechanisms result in a lot of
genetic diversity. Consequently, different

strains of flu emerge every year.

The changing surface antigens of the virus
allow it to avoid immune recognition.
These different flu strains vary greatly in
their virulence. Influenza viruses fall into
two major groups; influenza A and B.
Mutation of both A and B causes annual
epidemics. Influenza B is largely restricted
to humans and has less genetic variation.
Influenza A has a wider host range (people,
pigs, and poultry). As a result, influenza A
gives rise to severe epidemics due to
recombination of viruses from different
hosts during mixed infections (Figurel -
12).
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The Ebola virus

EBQV virus has a filamentous particle of
uniform diameter but with variable lengths
(Figure 1 - 13). The viral envelope is
derived from the host cell membrane.
There is viral glycoprotein is present on the
EBOV virus

facilitates virus entry into the host cell.

envelope (GP), which
This glycoprotein is formed on the envelop
by the viral genome. The Ebo virus
genome consists of negative-single strand
RNA genome. This genome is surrounded
by the nucleoprotein (NP). The genome
contains seven genes arranged linearly on
the single stranded negative RNA. They
code for seven structural proteins; NP,
VP35, VP40, GP, VP30, VP24 and L with
NP.

e Glycoproteins (GP): these proteins are

located on the viral envelope.
Glycoprotein spikes help the virus

attachment to a host cell.

e VP40 and VP24: these are membrane
associated proteins that block immune
responses and play a role in viral

assembly and budding.

¥ o) ug b

A pladl) oLt ad o 41 Y ) (305 8
ey (13 - 1 J<d) Adlide JigkT
s il Ldel e dale us il
e 1353 50 (555 (GP) (s O 5 sSila
Jsad dew gl sa 5 Nsul Gus b olie
OfsonsSalall e il QR ) Gl
g3l asiall dlaul g cliall e (35,
RNA aluls e 035 Yol Gusd asin
S Oson dalae asiall 138 450 58 Al
A pe Gl o e asiall 5580 (NP)
o Al a8 RNA dlale e Gk
(VP35 (NP ¢4 3 i gy dmand Lganaa
NP & L 5 VP24 <VP30 «GP VP40

OS5 a5l o3 1(GP) GiissSila @

Al pil g sl G e 339 50

sl Blaill e el i g 0 sSalad)
(Jilall 445,

s Clidy pll sda VP24 5 VPAD e

Gl (Al Ay eliall dnlian Clids

et 1050 qaliy dpeLiall Alainy)
22 il 5 (a g il

32



e Nucleocapsid: it is a structure
composed of nucleoproteins (NP) that

encapsidate the viral genome.

e V/P30: it is a phosphoprotein involved
in RNA transcription.

e VP35 :itis a nucleocapsid protein that
inhibits antiviral immune responses.

e Polymerase (L) protein: it is an enzyme
that catalyzes RNA replication.

The minor nucleoprotein (VP30), the viral
polymerase (L) and
(VP35)
replication and production of the viral
RNA.

the polymerase

cofactor are required for

Mode of transmission: the virus is

transmitted by:

e By direct contact with broken skin or
mucous membrane of patient.

e By direct contact with a sick person’s
blood or body fluids such asurine, saliva,
faeces, vomit, semen.

e By direct contact with needle that have
been contaminated with infected body
fluids.

e By direct contact with infected animals.
EBOV species Zaire ebola-virus is the

most dangerous of the viruses causing the

largest number of outbreaks.
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Tobacco Mosaic Virus (TMV)

TMV is the most serious pathogen causing
mosaic on tobacco leaves. TMV is very
The
thermal death point is 90°C for 10 minutes.

resistance to high temperatures.

Structure of Tobacco Mosaic Virus
(TMV):

TMV is a simple rod-shaped helical virus
(Figure 1 - 14). The rod capsid has 3,000 A
in length and about 180 A in diameter. The
virus consists of positive single- stranded
RNA surrounded by a protein coat. The
protein coat is called capsid. It was
estimated that the capsid consists of 2,130

capsomeres (Figure 1 - 14).

The capsomers are arranged around a
central hole of 4 nm (40A) (Figure 1 - 14).
Each capsomer is made up of a single
polypeptide chain which possesses 158
amino acids. Inside the protein capsid there
is a positive single stranded RNA molecule
which is also coiled in the form helix. The
single stranded RNA is slightly protruding
from one end of the rod viral body. The
RNA molecule consists of about 7300

nucleotides.
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Replication of tobacco mosaic virus
(TMV):

TMV enters the host cells (Figure 1 - 15).
Inside the host cell, the protein coat
dissociates and the viral nucleic acid
becomes free in the cell cytoplasm.

The studies suggest that the viral-RNA
enter into the host nucleus (possibly into
the nucleolus). Then viral-RNA induces
the formation of RNA polymerase enzyme.
This enzyme synthesizes new RNA strands
called replicative RNA molecules.

These RNA strands are complementary to
the viral genome and act as templates for
producing new positive single strands
RNA which are similar of the parental
viral-RNA. The new viral-RNA strands are
released from the nucleus into the
cytoplasm and serve as messenger-RNAs
(mRNAs). Each mRNA, directs the host
cell to synthesize of new viral proteins

(Figurel - 15).

After the capsomeres and single stranded
RNA have accumulated in the infected
cell, the new viral nucleic acids are
assembled spontaneously with the new
capsomeres resulting in the formation of
new viruses. Assembly of new virions of
TMV occurs in the cytoplasm of the host

cells (Figurel - 15).
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The host cells remain alive and viruses
move from one cell to the other causing
systemic infection. TMV can spread in the
plant body through the vascular system,
cell

usually through phloem, cell-to-

transmission  takes  place  through
plasmodesmata which are cytoplasmic
connections between cells. Chlorophyll
synthesis in infected cells is inhibited,
giving rise to the characteristic mosaic
symptom of the infected leaves having

yellow and green patches.

RNA viral genome

Capsomers

Capsomers

RNA viral
genome

Figure1- 14 €
JSA) g ) (B0 g s 14 -1 J84

o ool ety da i Jilad) LS
cisod A les e Laae AT ) AR
IS il e LY 4GS gl (580
Gaay elall A Baley el leal
Uila a2 s 3L JOA 018 ) A8 e JUy)
LA G A 0 s COua s (A Al
L B Jds, K Galas B s
5aaall (EAN Ll jel Glaa  cdiliadl)

o) a5 el jha ady ) 3 ) S

Rod shaped
p— protein
capsid

: Rod shaped Tobacco mosaic virus

37



Viral capsomers
Plasmodesmata
Host cell wall

Virus particle «<—

Cytoplasm
Viral RNA
Replicative
RNA

Virus RNA

Replicative \\\ —» Viral RNA
RNA transcribed to

transcribed to l replicative
positive RNA negative RNA

\i
ew viral - =
" genomezNA \b*\
\ /-\

nucleus
Translation of viral

RNA genomes m
Viral proteins

® \

S

S
D Qé‘g\@' <

New viral
particles

Figure 1-15: life cycle of tobacco mosaic virus
Bl GBS g b Bla 558 1 15 - 1 JS

38



Defective Viruses

Defective viruses are those virus particles
whose genome lacks a specific gene or
genes due to either mutation or deletion. As
a result, defective viruses are not capable
of undergoing a reproductive life cycle in
the host cells. However, if the cell infected
with the defective virus is co-infected with
un-defective virus called helper virus, the
gene product lacking in the defective virus
is complemented by the helper virus and

the defective virus can replicate.

Pseudovirions:

Pseudovirions may be produced during
viral replication when the host genome is
fragmented during the lysis. As a result of
this process, host DNA fragments are
incorporated into the capsid instead of viral
DNA. Thus, pseudovirions possess the
viral capsid can attach and penetrated into
a host cell, but they cannot replicate.
Because they have none of the essential

viral genes for the process.
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Prions

The prion protein (PrP) is naturally
encoded by a gene called Prnp. In healthy
individuals, this gene is normally active in
the cells of the nervous system and
generates a save protein called PrP® (cellular
prion- protein). This protein is found
attached to the outside surface of nerve
cells, especially in the brain. Its function in

the brain is still unknown.

The prion protein can fold into two
alternative folding shapes. The normal
folded protein is called cellular PrP or PrPC.
Infrequently, this protein is misfolded to
another pathological form. This misfolded
protein now is called PrP% (named after
scrapie, a disease of sheep), which then
polymerizes to form fibrillar aggregates.
The prion protein is not chemically altered;
it only changes shape. Healthy prions
consist largely of a-helical segments,

whereas misfolded prions have less a-helix

and lots of B-sheet regions.

PrPC is estimated to have 42% a-helix and
3% B-sheet whereas PrP>* has 30% o-helix
and 43% p-sheet. The presence of the
misfolded PrPs¢ protein form induces the

normal PrPC proteins to become misfolded

40

Sl gl

@ -

(o e A g3 Gaaida 835 ¢ g all (g 0
O5Ss omll 138 celaal) ol Y 4 iy
s egmanll Sleall LA i Lyl Ui
(3™ Omr - Ofis ) Gl Uiy
A bl e Gaaile G g ) 138 25
& Al el B Aald dpuaall LA

Olalie (IS ) LY 43S ¢ sl (05 0
Ul el gl (g s LY JISEH (ha
(PrP s PrPC) sla 05 s A
08 Ghala 21 (5 ) 1aa iy L 100l
JSy il sl 1 Wayas Sl SKa
el A &) PrPSe ¥ R s
Claead 3 jaldhy 53 ¢(alie Y 8 scrapie
hdh (eSS iy ¥ sl i Syl
e Aebiae O alull Gl A s
ISy inall Laiyy ol (53 IS e o) al
5omS Ay ldll (yla (e JB A g s

%35 Wi os3la %42 4 PrPC o 8
Wi ossls %30 41 PrPSC Luy Uy etk
Uax el opsig ) 35mn g .@@%43}
zuad PrPC skl o5 ull Sy PrpSe



(Figure. 1 - 16). Thus, once a few molecules
of Prpsc
themselves by catalyzing the conversion of

PrP¢ to the PrPS¢. Precisely how these

are present, they propagate

changes in protein folding and aggregation

damage nerve cells is still obscure.

The misfolded prion proteins are infectious
molecules with unique properties that are
capable of causing infectious disease. Their
sizes are smaller than viruses. Prions contain
no nucleic acids (neither DNA nor RNA).
Prions are not destroyed or deactivated by
heating with normal cooking temperatures.
To date, there is no known cure for prion

diseases.

The normal prion PrPC is easily digested by
proteases, whereas the infectious prion,
PrPSC, has a more B-sheeted structure that is
resistant to proteases and forms fibrillar

aggregates that are seen in infected tissues.

How can a protein, which cannot replicate
itself, be a transmissible pathogen? It was
suggested that, an infectious prion (PrP%) is
a misfold form of a protein normally present

in brain cells (PrP°).

Transfer of one or more of these infectious
prion (PrP%°) to a new animal will change
all of the normal folded prion proteins
(PrP°) misfolded  form

to causing
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accumulation of new infectious prion
(PrPS%) in the brain of that animal. Several
abnormal prions (PrP*) aggregate into a
complex that can convert other normal
prions (PrP®) to infectious prions (PrP%°),

(Figure 1 -16).

Prion aggregation interferes with normal
cellular functions and causes disease
symptoms. Over time, this leads to neural
degeneration and eventually death of the

animal.

Cattle which dying by the disease were
shown to have developed lesions or holes in
their brain, causing the brain tissue to

resemble a sponge.

PrPS may arise spontaneously in brain
tissue, or it may occur via the spread of
misfolded prions consumed in food into

brain tissue.
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Figure 1- 16 : Change of normal prion protein to misfolded prion protein
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Viroids

Viroids are infectious agents. They consist
only of naked RNA without any protective
layer such as a protein coat. Viroids infect
plants where they are replicated at the
expense of the host cell. Viroid genomes
are small single-stranded circles RNA that
consist of only 250 to 400 bases long
(Figure 1 -17).

Although viroid RNA is single-stranded,
between the
nucleotides on opposite halves of the

base pairing occurs
genomic RNA circle to produce a rod-
shaped structure (Figure 1 - 17). Because
viroids have no protein coat, they lack
attachment proteins and cannot recognize
and penetrate healthy cells as can a true
virus. Viroids can infiltrate a plant cell only
when its surrounding membrane is already
damaged. After its entrance, viroids may
be passed from one plant cell to another via

cellular junctions.

Viroid RNA does not contain any genes
that encode proteins; it only carries signals
for its own replication by the host cell.
Although the viroid does not encode
enzymes, the viroid RNA itself acts as a
ribozyme. That is to say, the RNA
catalyzes an enzymatic reaction.
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Most viroids replicate in the plant cell
nucleus and rely on RNA polymerase 11 for
RNA synthesis. some viroids have a highly
branched structure. Other viroids have rod
shape (Figure 1-17).

Viroids
mechanism (Figure 1 - 18). First, the

replicate by a rolling circle

circular positive RNA strand is copied by
host RNA polymerase to form a multimeric
negative RNA strand.  Site-specific
cleavage of this strand by the ribozyme
activity of the viroid RNA gives monomers
RNA strands that

circularized by a host RNA ligase. The

of negative are
negative stranded circles act as templates
for a second round of rolling circle
replication by the host RNA polymerase to
produce multimeric positive RNA strand.
The resulting multimeric positive RNA
strand undergoes ribozyme cleavage to
create monomers of positive RNA strand.
These positive monomers are circularized
to produce new progeny of viroids

(circular, positive ssRNA).
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Figure 1-17 : RNA genome of the viroids
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Figure 1 - 18 : Replication of viroid RNA by rolling circle mechanism
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