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Size of viruses

Human DNA viruses Human RNA viruses
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FIGURE 6-4. Relative sizes of viruses and bacteria. (Cour-
tesy the Upjohn Company, Kalamazoo, Mich.)
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> Figure 10.2 Viral sizes and shapes. Variations in shapes and sizes of viruses compared with a
bacterial cell, an animal cell, and a eukaryotic ribosome.




Measuring the Sizes of \VIrUSES

o small’size and the ability to, pass through filters that
hold back bacteria are classic attributes of viruses.
- However, because some bacteria may be smaller than the

largest viruses, filterability Is not regarded as a unigue
feature of viruses.

o [DIFECT 0RSERVAoN INTUNETEIECUONIMICEOSCOPENIS the
maost widely used method for estimating particle size.

o Viruses can be visualized in preparations from tissue
extracts.and-inultrathin sections of infected cells.

- JAnother method that can be used Is sedimentation In the
ultracentrifuge.

o The relationship between the size and shape ofia particle
and its rate of sedimentation permits determination: of
particle density.




Comparative Meastrements

o Viruses range in diameter from about 20 to 300 nm . For purposes of
comparison, the following data should lbe recalled:

(©)

O

(1) Staphylococcus species have a diameter of about 1000 nm (1 um).

(2) Bacterial viruses (bacteriophages) vary: in size (10-100 nm). Some
are spherical or hexagonal and have short or long tails.

(3) Representative protein molecules range In diameter from serum
albumin (5 nm) and globulin (7 nm) to certain hemocyanins (23 nm).

(4). Eukaryotic ribosomes are about 25-30 nm iIn size, with
mitochondria being much larger (1—10 pum).

(5) Red blood cells are about 6-8 um in.diameter.

(6) The width of a human hair is about 100 pm.



Chlamydia Pox virus
elementary

body

Staphylococcus

Herpes virus Influenza virus Polio virus

m FIGURE 23-1 Viruses are the smallest of infectious agents.
The relative size of a bacterium. Staphylococcus, is compared
with Chlamydia. with the largest virus group (poxvirus). and
with one ofthe smallest viruses (poliovirus. a member of the

enterovirus group).
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Viruses

m Viruses are the one of smallest infectious
particles,

s The units for measurement of virion size are
nanometers The clinically important
VIruses range from (parvoviruses). to

(POXVITUSES)

n are less than and cannot
be seen with a light microscope).
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VIruses
m Viruses typically contain either (DNA) or (RNA) but not

both:
= While the recently discovered

= The viral nucleic acids and proteins required for replication
and pathogenesis are enclosed in a protein coat with or without

= a lipid membrane coat.
= Viruses are true parasites, requiring host cells for replication.
= The cells they infect and the host response to the infection

dictate the nature of the clinical manifestation.

= however,
(see Chapter 66),
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TERMS AND DEFINITIONS IN VIROLOGY

Capsid: The protein shell, or coat, that encloses the
nucleic acid genome.

Capsomeres: Morphologic units seen in the electron
microscope on the surface of icosahedral virus particles.
Capsomeres represent clusters of polypeptides, but the mor-
phologic units do not necessarily correspond to the chemi-
cally defined structural units.

Defective virus: A virus particle that is functionally defi-
cient in some aspect of replication.

Envelope: A lipid-containing membrane that surrounds
some virus particles. It is acquired during viral maturation
by a budding process through a cellular membrane. Virus-
encoded glycoproteins are exposed on the surface of the
envelope. These projections are called peplomers.

Nucleocapsid: The protein-nucleic acid complex repre-
senting the packaged form of the viral genome. The term is
commonly used in cases in which the nucleocapsid is a sub-
structure of a more complex virus particle.

Structural units: The basic protein building blocks of
the coat. They are usually a collection of more than one non-
identical protein subunit. The structural unit is often referred
to as a protomer.

Subunit: A single folded viral polypeptide chain.

Virion: The complete virus particle. In some instances
(eg, papillomaviruses, picornaviruses), the virion is identical
with the nucleocapsid. In more complex virions (herpesvi-
ruses, orthomyxoviruses), this includes the nucleocapsid plus
a surrounding envelope. This structure, the virion, serves to
transfer the viral nucleic acid from one cell to another.




Terms and defeniation in virology

Capsid: The protein shell, or coat, that encloses the nucleic acid
genome.

Capsomeres: Morphologic units seen in the electron
microscope on the surface of icosahedral virus particles.
Capsomeres represent clusters of polypeptides, but the
morphologic units do not necessarily correspond:to the
chemically defined structural units.

Defective virus: A virus particle that 1s functionally'deficient in
some aspect of replication.

Envelope: A lipid-containing membrane that surrounds some
virus particles. It Is acquired during viral maturation by a
budding process through a cellular membrane. Virus-encoded
glycoproteins are exposed on the surface of the.envelope. These
projections are called peplomers.
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Terms and defeniation in virology

Nucleocapsid: The protein-nucleic acid complex representing
the packaged form of the viral genome. The term Is commonly
used In cases where the nucleocapsid Is a substructure of a more
complex virus particle.

Structural units: The basic protein building blocks of the coat.
They are usually a collection of more than one nonidentical
protein subunit. The structural unit Is often referred to as a
protomer.

Subunit:-A-single folded viral polypeptide chain.

Virion: The complete virus particle. In some instances (eg,
papillomaviruses, picornaviruses), the virion is identical with the
nucleocapsid. In more complex virions (herpesviruses,
orthomyxoviruses), this includes the nucleocapsid plus a
surrounding envelope. This structure, the virion, serves to
transfer the viral nucleic 2cid*fiBiTeGne cell to another.



FIGURE 29-2 shapas and relathes sires of animal virusses of familles that infoct vertobrates. in some diagrams, msin interal structures
of tha particias are represanted. Only those families that indude human pathogens ase lsted in Table 391 and described in the et
[Reproduced with permission from van Reganmortal MEN, Faogust OM, Bishop DHL, ot 3l feditors: Wines Ezeono my- Cessfiostion and
Nomenciatwe of Wnuses Seversth Report of the inferma Sional Commities o Taonomy of Winss. Acedemic Press, 30000
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Figure 4-1. Components of the basic virion.
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DMNA viruses
l
I I

Enveloped Maked capsid
| |
I I I I
Pox Herpes Hepadna Polyoma  Parvo (ss)
Papilloma
Adeno

Fig. 36.2 DNA viruses and their morphology. The viral families are
determined by the structure of the genome and the morphology of the
virion. ss, Single-stranded genome.

RMA viruses

(+RMNA) (—RNA) (+/—RNA) (+RMNA
‘ via DMNA)

(M) (E) (E) (Double capsid) (E)
| | | | |
Picorna Toga Rhabdo Reo Retro
Calici Flawvi Filo
Hepe Corona Orthomyxo
Astro Paramyxo
Bunya
Arena

Fig. 36.3 RMNA viruses, their genome structure, and their morphology.
The viral families are determined by the structure of the genome and
the morphology of the virion. E, Enveloped; N, naked capsid.




Types of Symmetry of Virus Particles

o X-ray/ crystallography,  can provide atomic
resolution iformation, generally at a level 0f:0.2-0.3
nm. The specimen must be crystalline, and this has
only been achieved with small, nenenveloped viruses.

o \iral architecture can be grouped: Into three types
based.on-the arrangement of morphologic subunits:
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\iral Structure

Capsid (protein sheath)

Envelope
protein

(a) Bacteriobhage (b) Tobacco mosaic (c) Human
virus (TMV) immunodeficiency
virus (HIV)




Capsomere

Nucleic
acid core  » Nucleocapsid

Capsid

Envelope

Matrix protein

Nucleocapsid

Lipid envelope

Glycoprotein spikes

—

FIGURE 29-1 Schematic diagram illustrating the components
of the complete virus particle (the virion). A: Enveloped virus with
cosahedral symmetry. Not all icosahedral viruses have envelopes.
B: Virus with helical symmetry.

NAKED CAPSID VIRUS

protein
lycoprotein

Fig. 36.4 Structures of a naked icosahedral capsid virus (top left) and
enveloped viruses (bottom) with an icosahedral (left) nucleocapsid or a
helical (right) ribonucleocapsid. Helical nucleocapsids are always envel-
oped for human viruses.
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(a) A polyhedral virus

Icosahedral symmetric in Naked Capsid (left) and Envelope virus (right)
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Symmetry of Virus Particles determined By:

» Electron  micraoscopy, cryoelectron  mICKOScopy, and

have made It possible to resolve fine
differences In the basic morphology. of viruses.

» The study of viral symmetry by standard electron microscopy.
requires the use of (eg,__potassium
phosphotungstate) to emphasize surface structure.

» The heavy metal adsorbs to virus particles and brings out the surface

structure of viruses by virtue of “negative staining.” The typical level
of resolution Is 3—4 nm. (The size of a DNA double helixis 2 nm.)

However,.conventional methods of sample preparation often: cause
distortions and changes In particle morphology.

uses virus samples quickly frozen In
vitreous ice; fine structural features are preserved, and the use of
negative stains Is avoided.

- Three-dimensional” structural information can be obtained by the
use of computer image procesSingPrétedures.



Cubic Symmetry

All cubic symimetry observed with animal viruses Is of: the
Icosahedral pattern, the most efficient arrangement for
subunits in a closed shell.

- The Icosahedron has 20 faces (each an equilateral triangle), 12
vertices, and fivefold, threefold, and twofold axes of rotational
symmetry.

The vertex units have five neighbors (pentavalent), and all

others have six (hexavalent).

- There are 60 identical subunits on the surface of an
Icosahedron. To build a particle size adequate to encapsidate

viral-genomes, viral shells are often composed of multiples of 60
structural units.

LLarger. capsid structures are formed In some cases to
accommodate the size of the viral genome with the
association of additional protein subunits.
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Threefold

Twofold
Icosahedral symmetry

Figure 4-23c
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Mature viron
Five protomers (12 pentamers)

Proteins
-+ (757

Pentamer
Capsomere

FIGURE 6—-6. Capsid assembly of the icosahedral capsid of a
picornavirus. Individual proteins associate into subunits,
which associate into protomers, capsomeres, and an
empty procapsid. Inclusion of the (+) RNA genome trig-
gers its conversion to the final capsid form.




Subunit - Singfe folded polypeptide chain

Structural unit (protomer,
asymmetric unit) - Unit from
which capsids or
nucleocapsids are bully; one
or more subunits

Capsid (capsa= Latin, box) -
Protein shell surrounding
genome

Envelope (viral

membrane) - Host cell-
derived lipid bilayer
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particle; usedwhen is a

discrete substructure Virton - Infectious virus particle
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A

Morphological unit
(capsomere)

Lipid membrane
r/ Lipid membrane

Morphological unit
(capsomere)

— Nucleoprotein

Virion
Virion
m FIGURE 23-2 Virus morphology. Viruses are constructed with great economy. A central nucleoprotein core is surrounded by a
protein capsid. which is made up ofindividual capsomeres. Some viruses also have a host-derived lipoprotein membrane around
the nucleocapsid.The two most common organizational patterns of symmetry are icosahedral (A) and helical (B). Ultrastructur-
ally. the icosahedral viruses appear round. although the facets may occasionally be visualized (see the illustration of adenovirus in

Table 23-2).

Helical Symmetry
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Schematic diagramiofithe varion with: Helical
Symmetry in enveloped Viruses

EBOLA VIRION

Lipid
membrane

Polymerase

Glycoprotein ped virus with helical capsid




(©)

CUbIC Symmetry

The viral nucleic acid I1s condensed within the Isometric
particles; virus-encoced core proteins—or, In the case of
polyomaviruses and papillomaviruses, cellular histones—are
Involved In condensation of the nucleic acid Into a form
suitable for packaging.

o “Packaging seguences” on viral nucleic acid are nvolved In
assembly Into virus particles.

Icc_)gahedral capsids are formed independently of nucleic
acid.

Expression-of capsid proteins from cloned genes often results
In" self-assembly and formation of empty “virus-like
particles.”

- Both DNA and RNA viral groups exhibit examples of cubic
symmetry.
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Helical' Symmetny

o Inicases of helical 'symmetry, protein subunits are bound In
a periodic way to the viral nucleic acid, winding It Into a

helix.

o hesfilamentouss vital® NUCIEICEECIUSnroteinsscamplex
(nucleocapsid) Is then coiled Inside a lipid-containing
envelope.

o Thus, as Is not the case with icosahedral structures, there Is a
regular, periodic interaction between capsid protein and nucleic
acid i viruses with helical symmetry. It 1S not poessible for
“empty” helical particles to form.

o All' known examples of animal viruses with helical
symmetry contain RNA genomes and, with the exception
of rhabdoviruses, have flexible nucleocapsids that are
wound Into a ball inside envelopes

Dr. M. Aslanimehr



Complex StEUCTURES

%~ Some virus particles do not exhibit simple cubic or helical

symmetry but are more complicated In structure.

For example, poxviruses are brick shaped, with ridges on the
external surface and a core and lateral bodies inside

Dr. M. Aslanimehr



FIGURE 6-7. Cryoelectron microscopy
and computer-generated three-dimen-
sional image reconstructions of sev-
eral icosahedral capsids. These im-
ages show the symmetry of capsids
and the individual capsomeres. During
assembly, the genome may fill the
capsid through the holes in the her-
pesvirus and papovavirus capso-
meres. 1, Equine herpesvirus nucleo-
capsid; 2, simian rotavirus; 3, reovirus
type 1 (Lang) virion; 4, intermediate
subviral particle (reovirus); 5, core
(inner capsid) particle (reovirus): 6, hu-
man papillomavirus type 19 (papovavi-
rus); 7, mouse polyomavirus (papova-
virus); 8, cauliflower mosaic virus.
(Bar = 50 nm.) (Courtesy Dr. Tim
Baker, Purdue University.)
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» Figure 10.10  False-
color TEM of the temperate
lambda phage (84,000ZX).
This virus infects the bacterium

Escherichia coli.




\iraltAttachment protein (\V/AR')

Host plasma membrane Host plasma
membrane

Membrane
protein
Rhinovirus capsid
with capsomeres
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> Figure 10.14 Viral recognition of an animal host cell. (a) Rhinoviruses have “canyons,” or de-
pressions, in the capsid that attach to specific membrane proteins on the host cell membrane. (b) HIV
has specific envelope spikes (viral glycoproteins) that attach to a membrane protein receptor on the
surface of specific host immune defense cells.
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Spikeand RBD
(Receptor Binding Domain)

Attachment region

Fusion region

M “ “ “ ﬂ “ h h h

FIGURE 6—8. Diagram of the hemagglutinin glycoprotein tri-
mer of influenza A virus, a representative spike protein.
The region for attachment to the cellular receptor is ex-
posed on the spike protein’'s surface. Under mild acidic
conditions, the hemagglutinin changes conformation to ex-
pose a hydrophobic sequence at the “fusion region.”
CHO, NMN-linked carbohydrate attachment sites. (Modified
from Schilesinger MJ, Schilesinger S: Domains of virus gly-
coproteins Adv Virus Res 33:1—44, 1987.)
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Envelope

Capsid
composed of many
capsomeres
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Figure 10.1 The components of
an animal virus (a herpesvirus).
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BOX 36.4 Virion Structure: Naked Capsid

Component

Protein

Properties®

Is environmentally stable to the following:
Temperature
Acid
Proteases
Detergents
Drying
Is released from cell by lysis

Consequences®

Can be spread easily (on fomites, from hand to hand, by dust, by
small droplets)

Can dry out and retain infectivity

Can survive the adverse conditions of the gut

Can be resistant to detergents and poor sewage treatment

Antibody may be sufficient for immunoprotection

‘Exceptions exist.




BOX 36.5 Virion Structure: Envelope

Components

Membrane
Lipids
Proteins
Glycoproteins

Properties®

Is environmentally labile—disrupted by the following:
Acid
Detergents
Drying
Heat
Modifies cell membrane during replication
Is released by budding and cell lysis

Consequences?

Must stay wet

Cannot survive the gastrointestinal tract

Spreads in large droplets, secretions, organ transplants, and blood
transfusions

Does not need to kill the cell to spread

May need antibody and cell-mediated immune response for
protection and control

Elicits hypersensitivity and inflammation to cause immunopatho-
genesis

‘Exceptions exist.




VAhat ake atypicallagentss?

e Atypicvirus like agents
1- Defective Viruses

2- Pseudovirions
= ALypIC agents

1- Viroids

2- Prions
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HID\/ as a deftective VArUS

HDV virion HBV helper virus

Large delta antigen
Small delta antigen
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Abypicagents

\/iroid Prion

Structure of a viroid - circular single-stranded
RNA with some pairing between complementary

bases and loops where no such pairing occurs

43% a-helix 30% o-helix,
43% B-sheet

Figure 8.10 Conformational changes in PrP.



\Vilgolofs

Viroid are small infectious agents that cause diseases
of plants.

\/irolds are agents that do not fit the definition of
classic Viruses. Tthey are nucleicacid molecules
Without a pretein coat.

Plant viroids are single-stranded, covalently closed
circular RNA molecules consisting of about

246 10 375 nucleotides and with a highly base-paired
rodlike structure.

Viroid RNA does not encode any protein products;
the devastating plant diseases induced by viroids
occur by an unknown,imechanism. Hepatitis D virus
IN humans has properties similar to viroids.



\Vilgolofs

m [he extracellular form of the viroid Is naked RNA
there Is no capsid of any Kind.

= [The RNA molecule contains no protein-encoding
genes, and the viroid Is therefore totally dependent on
host functions for its replication.

= _Virold RNA is replicated by the DNA-dependent
RNAWolymerase of the plant host; preemption of this
enzyme may contribute to viroid pathegemicity,

Dr. M. Aslanimehr



PrIonNs

Prions are infectious particles composed solely of
protein with no detectable nucleic acid.

They are highly resistant to Inactivation by heat,
formaldehyde, and ultraviolet light that inactivate
VITUSES.

Tihe infectious prion protein Is misfolded andiable to
change the conformation of the native prion protein
which is encoded by a single cellular gene.

Prion diseases, called “transmissible spongiform
encephalopathies,” include scrapie in sheep, mad cow
disease In cattle, and kuru and Creutzfeldt-Jakob
disease In humans (seg,Chapter 42).






The best exemplars of evolution by natural selection, and for RNA
viruses, evolution is so rapid it can be followed in real time




EVOLUTIONARY ORIGIN OF VIRUSES

The origin of viruses is not known. There are profound differ-
ences among the DNA viruses, the RNA viruses, and viruses
that use both DNA and RNA as their genetic material during
different stages of their life cycle. It is possible that different
types of agents are of different origins. Two theories of viral
origin can be summarized as follows:

1. Viruses may be derived from DNA or RNA nucleic acid
components of host cells that became able to replicate
autonomously and evolve independently. They resemble

genes that have acquired the capacity to exist indepen-
dently of the cell. Some viral sequences are related to
portions of cellular genes encoding protein functional
domains. It seems likely that at least some viruses evolved
in this fashion.

. Viruses may be degenerate forms of intracellular para-
sites. There is no evidence that viruses evolved from

bacteria, although other obligately intracellular organ-
isms (eg, rickettsiae and chlamydiae) presumably did so.
However, poxviruses are so large and complex that they
might represent evolutionary products of some cellular
ancestor.




Evolutionary Orgin o \1rEUSEes

e GrGgIMERVITUSES 1S ROT KNOWIT.

There are profound differences among the DNA viruses, the
RNA viruses, and viruses that utilize both DNA and RNA

as their genetic material during different stages of their life
cycle.

IS possIble that differentitypes-ofsagents are ofidifferent

origins. TWwo theories of viral origin.can be summarized as
follows:

s (1) \Viruses may be derived firom DNA or RNAnuclerc
acid components. of: nest cells that became able to
replicate autonomously: and-evolve independently. Tiney

resemble genes that have acquired the capacity to exist
Independently of the cell.

= Some Vviral sequences are related to portions.of cellular
genes encoding protein functional demains. It seems likely
that at least some viruses evolved n this fashion.



Evolutionary Orgin o \1rEUSEes
@

= [ihere IS no evidence that viruses evolved from bacteria,
though other obligately intracellular erganisms, eg,
rickettsiae and chlamydiae, presumably did so.

= However, Poxviruses are so large and complex that they
might represent evolutionary products of some cellular
ancestor.

= And recently Mimi Viruses & Mega viruses



BVOIUGONAR OIR\AKUSES

= ['he physical structure and genetics of VIruses
have been optimized by mutation and selection

to Infect humans or other hosts.

= [0 do this, the virus must be capable of transmission
petween hosts, must traverse the skin or other
protective barriers of the host, must be adapted to the
piochemical machinery of the host cell for
replication, and must escape elimination by the host

Immune response.

= Knowledge of the structural (size and morphology) and genetic (type and
tructure of nucleic acid) features of a virus provides insight into how the

virus replicates, spreads, and causes disease.
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