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rabies are also caused by viruses. Plants 
are likewise attacked by certain viruses, 
such as the tobacco mosaic virus (TMV), the 
first virus ever discovered, or potato virus 
Y (PVY). Viral infections can significantly 
affect yields of important crops. There are 
also some viruses that attack bacteria, called 
bacteriophages - structurally very complex 
viruses discovered in the early 19th century 
by Canadian doctor Felix Hubert d'Herelle. 

It seems that there is no living organism 
that is unaffected by viruses. It is a little 
known fact that under the structural defini 
tion of life, these menacing parasites are ac 
tually not considered to be living organisms 
themselves. They have no cell structure and 
they are incapable of growth or reproduction 
outside a host cell. Yet on the other hand, 
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they do have genes and demonstrate a ca- j 
pacity to evolve. ,

ł
Ever-present pests .Fe
Humankind has always had to cope

with viruses. The first reports describing
a human being with symptoms typical of
poliomyelitis, a viral disease, date to before
ca. 1400 BC. We also know that smallpox
was an endemic disease in China around
1000 BC. The first attempts at vaccination
were even made in those times. However,
quite some time would have to pass before
humans could study and learn to fight these
invisible predators. It was not until the
1940s that the invention of the electron
microscope made it possible to directly
observe virus particles and to evaluate
their size (until then measured in terms of
permeability through a bacteria filter), their
quantities within the material studied, and
their structure.

An individual virus particle, called a viri
on, consists of two elements. One of them is
the genome - the infectious portion in the
strict sense - in the form of DNA (deoxyri
bonucleic acid) or RNA (ribonucleic acid).
The other element is a surrounding protein
shell, also known as a coat or capsid, which
serves to protect the genetic material inside.
Some viruses moreover have an envelope of
glycoproteins or lipids on the surface of the
capsid, which help recognize the cell to be
infected and facilitate the fusion of the cap
sid tissue with the cell membrane.

Based on the spatial structure of the
capsid, we can classify virons into two basic
types: spherical (or icosahedral, such as
the polio virus) and cylindrical (or helical,
such as TMV). Interestingly, if we mix nu
cleic acids with capsomeres (the compounds
comprising the capsid), new virons will ac
tually assemble themselves spontaneously,
yielding infectious forms. Moreover, in the
absence of genetic material, capsomeres
themselves can independently form what
are called viruslike particles (VLP). Such
particles cannot cause any viral infection
because they do not contain any genetic ma
terial, yet they are capable of triggering the
production of antibodies within the body, so
they can be used in producing vaccinations.
The most complex morphology is seen in
viruses which attack bacteria (known as

Viruses have been 
around since the dawn 
of mankind. Most 
childhood Illnesses 
are in fact of viral origin 

bacteriophages). They consist of a head en
capsulating the genetic material plus a tail
with a contracting sheath, sometimes with
additional tail fibers. By contracting, the tail
breaks the bacteria cell wall and injects the
genetic material into the cell.

Scanty genomes 
A breakthrough in humanity's bat

tle against viruses came with the rise of
molecular biology. The development of
the techniques of DNA recombination, se
quencing, thermocyclic polymerase chain
reaction (PCR), restrictive analysis, and es
pecially the technique of "reverse genetics"
have allowed the structure of viral genes
and genomes to be identified. That, in turn,
has enabled us to answer the question of
how genes are responsible for the "act of
viral violence."

In-depth study has shown that viruses
have genomes that are relatively small, com
pared to those of prokaryotic cells (bacteria)
or eukaryotic cells (nuclear organisms:
plants and animals). The largest known viral
genome contains only 190 thousand nucle
otides ( 190 kb), while bacterial genomes
are on the order of 1000-9000 kb long. The
human genome, in turn, consists of as many
as 6 billion nucleotides! Because of their
small size, it is obvious that viral genomes
can only code a limited number of proteins.
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Depending on the type of virus, that ranges 
from five up to several hundred proteins. 
Some of them are used to build the capsid. 
Viral genomes also code their own DNA and 
RNA polymerases, meaning enzymatic pro 
teins which produce daughter copies of the 
viral genome. Those proteins are necessary 
because the host cells do not contain either 
the RNA polymerases necessary for repli 
cating viral genomes made of RNA, or the 
necessary DNA polymerases and additional 
proteins required for replicating certain 
viral DNA. Some viral genomes likewise 
code the proteins responsible for generating 
pathological symptoms or for determinants 
of their host-to-host transport via "vectors," 
such as insects. 

Genetic economy 
Even though viral genomes do not code 

many genes (as compared to pro- and eu 
karyotic organisms), it was stil1 puzzling 
how even such numbers of genes could fit 
within such small genomes. Two important 
traits of viral genomes turn out to be respon 
sible for their high concentration of genetic 
information. Firstly, a vast majority of the 
nucleotides in viral genomes are actually 
involved in the coding of proteins, which 
means that a viral genome contains very few 

non-coding sequences. This is the complete 
opposite of what is seen in many eukaryotic 
organisms, including humans, where a sig 
nificant percentage of nucleotide sequences 
in the genome are non-coding. 

Secondly, many viruses exhibit a kind of 
twofold utilization of genetic information, 
rarely encountered in eukaryotic organ 
isms. This can significantly boost the coding 
potential of the viral genome, above what 
we might expect based on the genetic code 
itself. But how can a single sequence encode 
more than one protein? That question has 
been answered by years of research, which 
discovered that viruses employ diverse 
mechanisms of expression for translating 
nucleotide sequences into the amino acid 
sequences of proteins. In general, sequences 
which encode genes have "start" and "stop" 
signals, telling the cellular protein-building 
machine where to begin and end reading. 
Sometimes there are several "start" signals 
close to one another in the sequence. Under 
the accepted model of classic translation, 
initiation should begin from the first "start" 
signal, but sometimes the translation ma 
chine happens to synthesize proteins from 
both the first and second "start" signals. As a 
result, two pools of viral proteins can be cre 
ated, with partially the same or completely 
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different amino acid sequences. This mecha 
nism is known as "leaky scanning" and it is 
utilized by the Human Immunodeficiency 
Virus (HIV) and the Human Papilloma Virus 
(HPV), to name examples. 

Running through a red light 
Another frequently employed mecha 

nism of expression which only occurs 
under favorable conditions is called a "read 
through." Here it is as if the translation 
machinery failed to stop at a red light and 
runs straight through. But rather than caus 
ing a crash, so to speak, instead of a protein 
with a shorter sequence the process simply 
yields a different protein with a longer, par 
tially identical sequence. 

One more mechanism viruses use to 
boost the efficient harnessing of their 
scanty genome produces a change in the 
reading frame. That causes the very same 
nucleotide sequence to be utilized twice, al 
beit in a different phase. After at the point 
where the reading frame is altered, the two 
emerging proteins may evidence complete 
ly different amino acid sequences. 

Sometimes the structure of the genome 
essentially forces viruses to synthesize ad 
ditional RNA classes (called subgenomic 
RNA). That means that genes which were 
not accessible to the translation machine 
in the genomic arrangement are now ef 
fectively expressed. This is a phenomenon I encountered in many viruses of both plants 
and~mili. I 

The occurrence of any of these mecha- if 

nisms depends upon the sequences that 
regulate virus processes. These may be 
structural or sequencing elements (such as 
promoters) that arise within the genome. 

The potato leafroll virus 
The present author's own research focus 

es on the potato leafroll virus (PLRV). This 
is a plant pathogen with a relatively small 
genome (around 6,000 nucleotides) in the 
form of single-strand(+) RNA, within which 
8 genes have been distinguished, express 
ing functional and structural proteins. The 
former are involved in the replication of the 
virus (polymerase) or its movement within 
the plant, known as "movement proteins" 
(MP), while the latter build the capsid, 
known as "coat proteins" (CP). 

To code these proteins, this specific 
virus employs many of the expression 
mechanisms outlined above. However, 
the location and nature of the regulator 
sequences long remained unidentified. My 
experiments managed to pinpoint both the 
promoter sequence of subgenomic RNAl 
and the region responsible for synthesiz 
ing proteins of this particle. Both regula 
tory regions are located in the vicinity of 
the protein-coding sequence, which means 
that two functions are superimposed within 
a single sequence: regulatory and coding 
functions. This of course paves the way for 
further discussion about the co-evolution of 
sequences and the demands nature makes 
of viral genomes. But one thing is certain: 
PLRV serves as an excellent example of the 
economy principle of genetic information, 
making ideal use of what nature has given 
it - a scanty genome. ■
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Viruses employ various 
techniques to evade 
the problem of their 
small genome. Here 
a Marburg virus, which 
causes hemorrhagic fever 
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