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Measuring the Sizes of Viruses

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

largest viruses, filterability is not regarded as a unique 
feature of viruses. 

o Direct observation in the electron microscope is the 
most widely used method for estimating particle size.
o Viruses can be visualized in preparations from tissue 

extracts and in ultrathin sections of infected cells.

o Another method that can be used is sedimentation in the 
ultracentrifuge.

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



Comparative Measurements
o Viruses range in diameter from about 20 to 300 nm . For purposes of 

comparison, the following data should be recalled:

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

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

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

o (4) Eukaryotic ribosomes are about 25–30 nm in size, with 
mitochondria being much larger (1–10 μm). 

o (5) Red blood cells are about 6–8 μm in diameter.

o (6) The width of a human hair is about 100 μm. 
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Viruses

 Viruses are the one of  smallest infectious 

particles,

 The units for measurement of virion size are 

nanometers (nm). The clinically important 

viruses range from 18 nm (parvoviruses) to 

300 nm (poxviruses)

 (most viruses are less than 200 nm and cannot 

be seen with a light microscope).
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Viruses 
 Viruses typically contain either  (DNA) or (RNA) but not 

both;

 while the recently discovered Mimivirus contains both RNA 

and DNA. 

 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, prions do not contain any detectable 

nucleic acids (see Chapter 66), 



What is virion ?
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 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 is 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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 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 acid from one cell to another.Dr. M. Aslanimehr
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Types of Symmetry of Virus Particles

o X-ray crystallography can provide atomic 
resolution information, generally at a level of 0.2–0.3 
nm. The specimen must be crystalline, and this has 
only been achieved with small, nonenveloped viruses. 

o Viral architecture can be grouped into three types 
based on the arrangement of morphologic subunits:

o (1) cubic symmetry (eg, adenoviruses), 

o (2) helical symmetry (eg, orthomyxoviruses), and

o (3) complex structures (eg, poxviruses).
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Icosahedral symmetric in  Naked Capsid (left) and Envelope virus (right)



SARS-CoV-2ويروس و ساختاری  ,ژنيکويژگيهاي آنتي 

SARS-CoV-2  ساختماني،پروتئين غير 15دارای

.پروتئين ساختاری است5و 
25Dr. Masoumeh Aslanimehr
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Symmetry of Virus Particles determined By:

 Electron microscopy, cryoelectron microscopy, and x-ray 

diffraction techniques 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 heavy metal stains (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 helix is 2 nm.)

 However, conventional methods of sample preparation often cause 

distortions and changes in particle morphology. 

 Cryoelectron microscopy 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 processing procedures. Dr. M. Aslanimehr



Cubic Symmetry

 All cubic symmetry 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. 

 Larger 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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Schematic diagram of the virion with  Helical 

Symmetry in enveloped viruses



Cubic Symmetry

o The viral nucleic acid is condensed within the isometric 
particles; virus-encoded 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 sequences” on viral nucleic acid are involved in 

assembly into virus particles.

o Icosahedral capsids are formed independently of nucleic 
acid. 

o Expression of capsid proteins from cloned genes often results 
in self-assembly and formation of empty “virus-like 
particles.”
o Both DNA and RNA viral groups exhibit examples of cubic 

symmetry.
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Helical Symmetry

o In cases of helical symmetry, protein subunits are bound in 
a periodic way to the viral nucleic acid, winding it into a 
helix.

o The filamentous viral nucleic acid–protein complex 
(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 in viruses with helical symmetry. It is not possible 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
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Complex Structures

 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
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Viral Attachment protein ( VAP )
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Spike and RBD 

(Receptor Binding Domain)
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Peplomer & Spikes



Herpesvirus Particle

envelope

icosahedral 
capsid
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What are atypical agents?

 Atypic virus like agents 

1- Defective Viruses 

2- Pseudovirions

 Atypic agents

1- Viroids

2- Prions
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HDV as a defective virus
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Atypic agents

Viroid Prion



Viroids

 Viroid are small infectious agents that cause diseases 

of plants.

 Viroids are agents that do not fit the definition of 

classic viruses. They are nucleic acid molecules 

without a protein coat. 

 Plant viroids are single-stranded, covalently closed 

circular RNA molecules consisting of about 

 246 to 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 mechanism. Hepatitis D virus 

in humans has properties similar to viroids.
Dr. M. Aslanimehr



Viroids

 The 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. 

 Viroid RNA is replicated by the DNA-dependent 

RNA polymerase of the plant host; preemption of this 

enzyme may contribute to viroid pathogenicity
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Prions
 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 

viruses. 

 The infectious prion protein is misfolded and able 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 (see Chapter 42).Dr. M. Aslanimehr
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Evolutionary Origin of Viruses

The origin of viruses is not known.

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. 

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 
independently 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.



Evolutionary Origin of Viruses

(2) Viruses may be degenerate forms of intracellular 
parasites. 

 There is no evidence that viruses evolved from bacteria, 
though other obligately intracellular organisms, 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



Evolutionary of Viruses

 The physical structure and genetics of viruses 

have been optimized by mutation and selection 

to infect humans or other hosts. 

 To do this, the virus must be capable of transmission 

between hosts, must traverse the skin or other 

protective barriers of the host, must be adapted to the 

biochemical 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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تا که بوديم نبوديم کسی

کشت ما را غم بی همنفسی

تا که رفتيم همه يار شدند

خفته ايم و همه بيدارشدند

قدر آينه بدانيم چون هست

نه در آن وقت که اقبال 

شکست

مير عماد قزوينی


