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Table 1.4 Nomenclature of eukaryotic DNA polymerases in 2001

Greek name HUGO name Class Other names Proposed main function

alpha POLA B POL1 DNA replication
beta POLB X Base excision repair
gamma POLG A MIP1 Mt replication
delta POLD1 B POL3 DNA replication
epsilon POLE B POL2 DNA replication
zeta POLZ B REV3 Bypass synthesis
eta POLH Y RAD30, XPV Bypass synthesis
theta POLQ A mus308 DNA repair
iota POLI Y RAD30B Bypass synthesis
kappa POLK Y DinB1 Bypass synthesis
lambda POLL X POL4 Base excision repair
mu POLM X Non-homologous end joining
sigma POLS X TRF4 Sister chromatid cohesion

REV1L Y REV1 Bypass synthesis
TDT X Antibody diversity

Adapted from Burgers et al.158

1.12.4 Present Nomenclature for Eukaryotic DNA Polymerases

In 2001 Burgers et al. proposed a novel nomenclature for eukaryotic DNA pols158

reported in Table 1.4.

1.13 Concluding Remarks, Parts 1.5–1.12

With few exceptions (such as the protists yeast and amoebae which are individual,
unicellular organisms), eukaryotes are complex multicellular organisms made up
of many specialized cells containing DNA/chromosomes enclosed by a membrane
defining the nucleus, whose presence gives the name to these organisms. Eukaryotic
cells are also much larger and have a greater degree of structural organization and
functional complexity than prokaryotic cells. Furthermore, nearly all of them pos-
sess self-replicating organelles such as mitochondria (plant cells and various algae
have plastids, among which the most prominent and well studied are the chloro-
plasts present in green parts of the plant). Both types, mitochondrion and plastid,
have probably evolved from aerobic bacteria. They retain their own bacteria-like
chromosomal DNA and are self-replicating organelles that apparently divide inde-
pendently of the cell, although over time most of the original genes were transferred
to the host cell and therefore most of their proteins are now coded for by the nuclear
DNA. Because of this they are unable to live on their own if isolated from the
eukaryotic cell.
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The basic mechanisms of DNA synthesis are similar in prokaryotes and eukary-
otes, but DNA replication is much more complicated in eukaryotes. It starts at a
specific point in the cell cycle, the beginning of the S phase and at several points in
the chromosome leading to chromosome duplication first and then to nuclear and
cell division. The surface/volume area ratio in eukaryotic cells is smaller than in
prokaryotes and explains the lower metabolic rate and longer generation time in
eukaryotes.

All eukaryotes, including plants, are vulnerable to the effects of DNA damage
either due to metabolic processes inside the cell or to environmental factors. They
thus possess different types of DNA repair mechanisms such as base excision repair
(BER), nucleotide excision repair (NER), mismatch repair (MMR), nonhomologous
end joining (NHEJ), recombinational or homologous recombination repair (see
Chapters 2 and 5). When necessary, they are also able to tolerate DNA damage
allowing the DNA replication machinery to replicate past a DNA lesion (translesion
DNA synthesis, TLS).

No wonder that, by analogy with multiple DNA pols (at least 5) found in
E. coli, we have just seen that eukaryotes as well contain many DNA pols, e.g.
at least 8 in yeast and at least 15 in mammalian cells. The model plant organism
Arabidopsis thaliana could contain 10 DNA pols. To replicate and maintain genome
integrity (including the organellar genome) many DNA pols are thus required,
and some cooperate with multiple proteins induced/expressed in response to DNA
damage and involved in the various types of error-free DNA repair mechanisms
as well as in DNA damage checkpoint. Sometimes specialized DNA pols (e.g.
the Y family translesion DNA pols) allow greater tolerance to damage leading to
enhanced mutagenesis as well as to an increased rate of survival (see Chapters 2, 3, 4
and 5).

Viruses are intracellular parasites, and for their replication strategies they must
either operate within limits imposed by the host cells or circumvent these lim-
its. Several viruses, such as parvoviruses, papillomaviruses, polyomaviruses, ade-
noviruses and herpes viruses, enter the cell nucleus to replicate their DNA and
either induce and use a cellular DNA pol (parvoviruses, papillomaviruses, poly-
omaviruses), or encode their own DNA pol (adenoviruses and herpes viruses).
Among cytoplasmic viruses, vaccinia viruses are of historic interest and might be
used as possible agents of bioterrorism.As we have seen in the case of vaccinia, they
possess their own DNA pol. Hepatitis B virus differs from the other DNA viruses
in that it is more similar to the oncornaviruses (RNA tumor viruses) in its mode of
replication. As described above it encodes its own DNA pol that possesses protein-
priming, reverse transcriptase, DNA pol and RNase H activities, all required for its
replication (see Chapter 6).
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Finally, the RNA tumor viruses (retroviruses) are an important class with an
RNA genome that must be copied to DNA by an RNA-dependent DNA pol (reverse
transcriptase) prior to integration in the host cell chromosomes. A member of these
viruses, the human immunodeficiency virus (HIV) has in the last decades caused
the AIDS pandemic, and its reverse transcriptase is the therapeutic target of many
inhibitors described in Chapter 9.

As in the case of bacterial infections, some human/animal pathological states
such as autoimmune diseases, cancer and viral infections are attributable to uncon-
trolled DNA replication, and cellular/viral DNA pols are therapeutic targets for a
variety of therapeutic agents that will be discussed in Chapters 8 and 9.

The discovery of DNA pols has been a long and hard work, spanning more than
half a century, and took the best efforts of some of the most talented scientists of
several disciplines. As always in science, it did not follow a straight line, but rather
it was a winding and climbing trail, with dead ends, crevices and pitfalls. Figure
1.4 ideally represents this extraordinary effort.

Figure 1.4 Climbing Mount DNA polymerase. The most significant achievements are indicated
in chronological (ascending) order by the red flags. The background picture shows Mt. Cervino
(Italy)/Mt. Matterhorn (Switzerland) (4478 m/14730 ft), in the Swiss-Italian Alps.
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