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Resumen:

Las DNA polimerasas son un grupo de enzimas esenciales para los procesos de replicacion y reparacion
del genoma, estas pueden dividirse en cuatro grupos principales, los cuales se distribuyen dentro de los
tres dominios, Archaea, Bacteria y Eucarya. A pesar de los intentos por comprender los posibles eventos
de evolucién que dieron origen a esta gran diversidad, no habia sido posible evidenciar rasgos que
permitan aclarar como se originaron cada uno de los grupos de DNA polimerasas. Recientemente, por
comparaciones llevadas a cabo con las estructuras terciarias con representantes de tres de los cuatro
grupos de polimerasas (Steitz, 1999) ha sido posible el evidenciar un rasgo comun que permite relacionar
a las DNA polimerasas tipo 1 con las DNA polimerasas tipo II: ¢l dominio palm. Posteriormente dentro
del reporte de Delaye, Vazquez y Lazcano, (2000), expuesto para este trabajo de titulacién fue posible el
evidenciar este rasgo, con un muestreo con DNA polimerasas tipo [ y Il de los tres linajes celulares
identificando por estructura terciaria a una regién del dominio palm homoéloga para los dos grupos de
proteinas-. Con esto fue posible suponer por su conservacion y distribucion que los mecanismos de
polimerizacién se pudieron haber presentado en momentos evolutivos tempranos. En la continuacion de
este trabajo, se anexan los avances y resultados en donde se comprueba la homologia del dominio 3° ~5°
exonucleasa para ambos grupos de DNA polimerasas a partir de una basqueda de homélogos. Del mismo
modo se muestran los avances del analisis evolutivo de una muestra propuesta d¢ DNA polimerasas tipo
II representadas por varias clases de enzimas reportadas para los genomas de Eucarya y Archaea las cuales

se podrian ver relacionadas a eventos de duplicacién y divergencia.



Introduccion:

La reconstruccion de caracteres ancestrales esta basada en una metodologia en donde a partir de
rasgos tanto comunes como divergentes detectados en una serie de organismos, se deduce la existencia de
postbles eventos de especiacion y adaptacion que resultan en la diversidad del linaje cuya historia se
pretende reconocer. Bajo ésta misma optica se ha abordado la evolucion de las etapas tempranas de la
vida, intentando reconocer caracteres y rasgos que relacionen a todos los seres vivos conocidos, para
poder detectar caracteristicas conservadas en todos ellos y que posiblemente ya estaban presentes en el

altimo ancestro comun.

Una de las primeras propuestas para estudiar la diversidad bioldgica y definir simultineamente
caracteristicas ancestrales fue llevada a cabo por Haeckel en 1866, quien propuso Ia separacién de todos
los seres vivos en tres reinos. Uno de estos reinos, el Monera, agrupaba a las bacterias y a otros
organismos unicelulares. A partir de aqui se propuso que las bacterias presentes en este reino podian ser
similares a las de las primeras formas de vida, vistas entonces como sistemas elementales, unicelulares y

autotroficos.

No fue sing hasta 1938 cuando Edouard Chatton diferencié dos grandes tipos de células. Uno de
estos grupos, los eucariontes, se¢ caracterizan por presentar arreglos intramembranales que constituyen
organelos celulares y un nicleo-citoplasma. El otro que carecia de nacleo se le denomind procarionte. Esta
propuesta fue luego retomada por Stanier & Van Niel en 1962, por un lado, y paralelamente por Margulis

en 1970.

Pero fue hasta el trabajo de Margulis en 1970 en donde se proponen argumentos estables para
poder suponer que los eucariontes son el resultado de procesos de endosimbiosis producidos entre un

organismo hospedero, unas bacterias con metabolismo aerobio, unas cianobacterias y bacterias similares a
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ias espiroquetas, que pudieron haber dado osigen a las actuales mitocondrias, cloroplastos y estructuras de

microtiibulos de arreglos 9+2, respectivamente.

Paralelamente a estos estudios, se desarrolld la evolucidn molecular, que a partir del trabajo de
Zuckerkandl y Pauling (1965) se mostré que ¢l estudio de algunas de las secuencias de nucledtidos y
aminodcidos podrian dar mas informacion con respecto a la evolucién de las secuencias y de la evolucién
de los seres vivos que las presentan respaldando caracteres, funciones y eventos de evolucién que no son
detectables por caracteres fenotipicos. Este estudio de secuencias nos permitiria deducir las probables

caracteristicas de organismos ancestrales y asomarmos a su vez a eventos de la evolucién temprana de la

vida.

Uno de los aportes centrales basados en esta metodologia es el trabajo de Woese & Fox (1977), en
donde a partir de un banco de secuencias de fragmentos de restriccidn, primero, y posteriormente por las
sceuencias completas de las subunidades 16S / 185 rRNA fue posible proponer la separacién de todos los
organismos en tres dominios: Bacteria, division representada por procariontes generalmente mesofilicos,
en donde se presentan una amplia gama de metabolismos y adaptaciones a diferentes ambientes y tipos de
vida; el dominio Archaea, que separa a dos grandes grupos de procariontes: Crenarchaeota, conformado
por procariontes hipertermofilicos y especies relacionadas filogenéticamente que presentan rasgos
comunes con los eucariontes; y los Euryarchaeota, que incluye a los procariontes metandgenos y
halofilicos. El tercer dominio es el Eucarya, que incluye a todos los organismos con células nucleadas. A
partir de la propuesta de que los tres dominios tienen un origen comin, Woese propone como ultimo
ancestro comun de los tres grandes linajes celulares, la existencia de una entidad bioldgica hipotética
llamada progenote, describiéndolo con un organismo de naturaleza menos compleja  la de un procarionte
actual y con un fenotipo y genotipo indiferenciados y en continua evolucion (Woese, 1982; Woese, 1998),
con una probable localizacién temporal dentro del mundo del RNA (Alberts, 1986; Gilbert, 1986,

Lazcano, 1986).
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Sin embargo, Fitch & Upper (1987) consideran que por la ausencia de sistemas celulares cuya
molécula bioinformacional sea de RNA asi como por la complejidad operacional e informacional presente
en cada representante de los tres dominios proponen como ultuno ancestro comin de los tres dominios
propuestos por Woese a una entidad hipotética llamada cenancestro, que se define como un sistema
celular mucho mas complejo de o que se pensaba en los primeros reportes, al identificar probables
elementos tales como un sistema de ATPasas, multiples rutas biosintéticas, con proteinas ribosomales,
factores de elongacion transcripcional, sistemas relacionados al metabolismo de tRNA, asi como
elementos metabdlicos relacionados a la sintesis del mismo DNA como lo son rutas de salvamento de
puwrinas y enzimas de polimerizacién de DNA y RNA (Lazcano, ef /. 1988a; Lazcano e al. 1988b;

Becerra et al., 1997; Lazcano & Forterre, 1999)

A partir de este enfoque molecular de la evolucion, fue posible evidenciar cierta relacién entre el
dominio Archaea y Eucarya, lo que permite suponer su pasado compartido. Para lograr comprender como
se ha analizado esta relacion entre los dominios es necesario aclarar algunos conceptos en el estudio de las
secuencias. Los caracteres se pueden definir como homdélogos cuando se les reconoce un pasado
evolutivo comiin, origindndose en un mismo ancestro (Fitch, 2000). A su vez, en las secuencias de
nucledtidos es posible deducir tres tipos de homologia: (a) los genes ortdlogos, los cuales son de un
Hamado transporte vertical en donde es posible detectarlos relacionados a un proceso de especiacion de un
linaje; (b) los genes pardlogos que resultan de un evento de duplicaciéon de un gen, posterior a un evento
de especiacién; por tltimo, (c) los genes xendlogos, que son secuencias compartidas entre dos 0 mas

organismos y que resultan de eventos de transferencia horizontal de genes,

La evolucién de los caracteres y secuencias ortologas han permitido el establecer la separacion de
los tres dominios a partir de diferentes filogenias, mientras que algunos genes pardlogos han permitido
enraizar arboles filogenéticos universales vy reconocer la relacién entre estos tres grandes grupos. Esta

metodologia fue aplicada por Iwabe et al, (1989), Gogarten ef al., (1989) en donde a partir de las
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secuencias que se les adjudica una antigiiedad mayor a la del cenmancestro es posible reconocer una
relacion estable entre los tres dominios. Asi, al comparar las secuencias ya sea de las subunidades oy 3 de
la ATPasa, o de los factores de elongacién y sus homologos, es posible proponer arboles filogenéticos que
se relacionan en dos subarreglos que describan la estructura y relacidén entre los dominios. Ello ponia la

raiz del arbol entre los grupos Archaea y Eucarya separandolos del grupo Bacteria.

Los resultados de ambos trabajos apoyan la informacién bioquimica, molecular e informacional
que apoyaba la relacién del dominio Eucarya y Archaea como grupos hermanos v que habia sido deducida
g partir del analisis de la estructura secundaria de las subunidades de 1a RNA polimerasa (Zillig, 1991).
Sin embargo, cuando se incrementé el conocimiento de diferentes marcadores moleculares fue posible
detectar variaciones en estos arreglos: asi, hay filogenias basadas en genes operacionales (definidos en:
Jain, Rivera & Lake, 1999) en donde se relacionan a los dominios Archaea y Bacteria como grupos
hermanos o al dominio Bacteria y Eucarya como grupos gue comparten una historia evolutiva comin

(Doolittle & Brown, 1994; Edgell & Doolittle, 1997).

Debido a la disponibilidad de genomas secuenciados se han podido detectar diversas familias de
proteinas y de genes que se relacionan en forma a veces confusa, siendo dificil establecer si la relacién de
homologia es ortdloga o pardloga, o si en algin momento la distribucion de esta secuencia se deba a
procesos de transferencia horizontal (Gogarten et al., 1996; Doolittle & Longsdon, 1998). Otra hipétesis
que podria explicar la presencia de posibles elementos moleculares antiguos que no reflejan la historia
evolutiva de todos los organismos asumiria que el altimo ancestro comin (LCA), mas que ser una sola
entidad celular Gnica, era un conglomerado de células primitivas y luego se separd en comunidades de

domnde divergieron los tres diferentes linajes celulares (Woese, 1998).

Gracias a las evidencias obtenidas por diferentes trabajos de investigacién, es posible suponer la

conservacién y la probable presencia de mecanismos moleculares en el cenancestro tales como la
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franscripeidn, traduccidn, un sistema de reparacién del genoma y rasgos conservados del metabolismo de
desoximribonucledtidos (Woese, 1987, Lazcano, 1992; Lazcano ef al, 1999; Pemny & Poole, 1999;
Doolittle, 2000), dando con esto la posibilidad de que fuese una entidad compleja en algunos sistemas y

que pudiese tener ya un genoma de DNA,

Sin embargo, la ausencia aparente de caracteres homologos dentro de los sistemas de replicacién
de los tres dominios han hecho que se argumenten otras posibilidades sobre la naturaleza del
cenancestro, suponiendo un gemoma de RNA (Mushegian & Koonin, 1996) o con uma estructura
combinada de RNA y DNA (Leipe, Aravind & Koonin, 1999), o bien suponiendo que la estructura
gendmica pudo haber evolucionado en forma independiente dos veces en la historia evolutiva. El empleo
de estos argumentos supone escenartos con un mayor namero de eventos evolutivos, que no toman en
consideracion todas las evidencias presentes, como lo son todos los elementos de los sistemas de
informacionales que hablan de un solo origen comin y apoyandose en la poca conservacién de los

elementos conservados en ¢l sistema de replicacion.

Cuando uno comienza a estudiar las caracteristicas de los sistemas de replicacién es posible
reconocer genes homologos que relacionan a los dominios de Archaea y Eucarya, pero pocos elementos
comunes a los tres dominios. Entre estos dltimos se incluye la conservacién del complejo “clamp loader”,
la ribonucleasa H y la presencia conservada de las DNA polimerasas tipo 1I (Edgell & Doolittle, 1997).
Para poder estudiar con mayor detenimiento la conservacién de las polimerasas tipo Il es necesario
reconocer la similitud en base a la estructura, funciones y similitudes, que hace posible dividir a las DNA
polimerasas en cuatro grandes grupos (Braithwaite & Ito, 1993). La clasificacién de estas enzimas se ha
propuesto y apoyado por medio de comparaciones de sus secuencias, al arreglo de sus dominios
(Braughtiman & Steitz, 1999), al reconocimiento que hacen de su molde y a diferentes motivos

detectados en estructura primaria (Sousa, 1996), asi como en base a sus funciones.



A partir de los primeros estudios Hevados a cabo en las DNA polimerasas de bacteridfagos fue
posible reconocer varios dominios bien definidos, lo cual permite identificar en la enzima cuatro regiones
funcionales. Basandose en las primeras estructuras terciarias reportadas, cuya arquitectura y geometria se
ha comparado con la de una mano derecha, es posible reconocer a cuatro dominios: (a) el dominio de los
dedos (fingers), encargado de la especificidad del reconocimiento del molde, asi como de promover la
posicion adecuada de los dNTP que se unen a las bandas recién sintetizadas; (b) el dominio pulgar
(thumb) que permite el movimiento del molde dentro de 13 enzima y que posee motivos de reconocimiento
especificos para el molde; (¢) un dominio denominado 3' - 5' exonucleasa, encargado de detectar posibles
errores en la polimerizacién y capaz de separarlos de la misma molécula; y (d) el dominio palma (palm)
de la mano, que contiene el sitio activo que hace posible la formacién del enlace fosfodiester entre los
nucledtidos y que al parecer es uno de los dominios que se presenta conservado en funcién y arreglo

dentro de todas las polimerasas conocidas,

Las DNA polimerasas se reportan como enzimas presentes en los tres linajes celulares
estableciéndose una clasificacién de cuatro grupos principates: las DNA polimerasas tipo I que tienen
representantes dentro de los sistemas de reparacion bacterianos, eucariontes y en la replicacion de los
genomas mitocondriales o de cloroplastos. El grupo de las DNA polimerasas tipo II que tienen un papel
importante en la reparacion y replicacién de genomas eucariontes y posiblemente en arqueobacterianos y
en algunos genomas de bacterias. el tercer grupo lo conforman solamente los sistemas multiméricos que
conforman a las DNA polimerasas replicativas denominadas como las DNA polimerasas II1 y el cuarto y
altimo grupo lo conforman las DNA polimerasas tipo IV que presentan actividad de nucleotidil

transferasas, estas solamente se presentan dentro del dominio Eucarya.

Dentro de diferentes reportes ha sido posible detectar una gran diversidad de DNA polimerasas
tipo II, cuatro tipos para los genomas eucariontes y hasta tres tipos dentro algunos genomas

arqueobacterianos. Las clasificaciones que intentan englobar a todas estas enzimas cuya naturaleza podria
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ser polifilética se enfrentan a la problemética de localizar rasgos comunes dentro de dos o mas grupos para

asi establecer posibles eventos de evolucidn entre cada uno de estos grupos.

Con el propésito de abordar el problema de la presencia de un genoma de DNA en ¢l cenancestro,
nosotros nos hemos concentrado al estudio de las DNA polimerasas a partir de la busqueda de regiones
conservadas dentro de estas enzimas en las cuatro familias (Braithwaite & Ito, 1993), llevando a cabo
comparaciones en estructura primaria e intentando reconocer en forma comin y estable posibles motivos

que pudiesen ser comunes a mas de una familia.

Posteriormente analizamos las estructurag terciarias de las DNA polimerasas incluidas en la lista
de Brautigam & Steitz (1998) y en la revisién de Steitz (1999). En este Giltimo trabajo se insiste en que la
region palm de las polimerasas tipo Ly I es una region homologa a mivel de estructura terciaria, v que su
conservacién probablemente se ha debido al papel central que juega en la formacidn del enlace covalente
entre los nucledtidos, a pesar de ser una secuencia con una alta tasa de cambio (Patel & Loeb, 2000). -

A partir de estos antecedentes se intentd corroborar que la homologia del dominio palm puede
mantenerse constante frente a una muestra de polimerasas de 1a familia I y II con una distribucion
filogenética mas extensa. Ello fue demostrado primero por Delaye, Vazquez & Lazcano (2000) a
partir de una alineacion en estructura secundaria, que apoya la conservacion de esta homologia en
representantes de los tres dominios. Posteriormente, en la continuacion de este proyecto hemos
llevado a cabo comparaciones en estructura primaria de las secuencias de los diferentes dominios
identificados dentro de una polimerasa tipo I y una tipo II. Asi en este trabajo hemos estudiado si
se presenta mas informacion por parte de otros dominios de DNA polimerasas analizando por
separado a cada uno de los dominios y la distribucion de sus homoélogos encontrados para
determinar si alguno de los dos linajes se presentan con una historia evolutiva mas antigua y
suponer asi su presencia en el Gltimo ancestro comin. De la misma forma, se analizard de una
forma posterior a los homologos comunes a los dominios para cada uno de los linajes de DNA
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polimerasas y enumerando las posibles consecuencias de la informacién obtenida dentro de una

propuesta filogenética en forma de un  arbol.

Tanto por ¢l arreglo del mismo dominio palm como por la distribucién que muestra dentro de los
diferentes representantes de las familias de RNA y DNA polimerasas en donde se presenta, se busca
obtener mas informacion para respaldar a este elemento como una parte de las primeras polimerasas
peptidicas méas antiguas asi como el buscar dentro de los diferentes dominios de las DNA polimerasas
otros rasgos que podrian ser ancestrales, y que podrian formar parte de los primeros sistemnas replicativos

del mundo del RNA/proteina,



Estructura de la tesis:

Esta tesis esta formada por el trabajo: Delaye, L. Vazquez, H,, and Lazcano, A. 2000. The
cenancestor and its contemporary biological relics: the case of nucleic acids polymerases. En: Chela-
Flores, J. 2000. Proceedings of the Trieste conference on the early evolution of Jife ed. Kluwier Academic
Press; en donde se demuestra la conservacién del dominjo palm dentro de los tres linajes celulares en las
DNA polimerasas tipo I v II. Se incluye el trabajo en proceso: "Relics of the ancestral DNA polymerase
lineage” que es continuacion del proyecto de analisis de DNA polimerasas en donde se intentan evidenciar
otros probables rasgos conservados dentro de las DNA polimerasas tipo [ y 11 frente a la diversidad de

secuencias y genomas completos detectados hasta mayo del 2001,
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1. Introduction

The recognition that different macromolecules may be uniquely suited as molecular

chronometers in the construction of nearly universal phylogenies has widened the range’

of phylogenetic studies to previously unsuspected heights. In particular, the use of smatll
subunit ribosomal RNAs (16/18S rRNA) as molecular markers led to the construction
of a trifurcated, unrooted tree in which all known organisms can be grouped in one of
three major monophyletic cell lineages: the eubacteria, the archasbacteria, and the
eukaryotic nucleocyloplasm, now referred to as the domaing Bacteria, Archaea, and
Eucarya, respectively (Woese et al,, 1990). The construction of the tRNA tree showed
that no single major branch predates the other two, and all three derive from a common
ancestor. It was thus concluded that tlie lalter was 4 progenote, which was defined as a
hypothetical entity in which phenotype aid genotype still had an imprecise, rudimentary
linkage relationship (Woese and Fox, 1977). According to this view, the differences
found among the transcriptional and translational machineries of eubacteria,
archaebactetia, and eukaryotes, were the resull of evolutionary tefinements that tock
place separately in each of these primary branches of descent after they have diverged
from their universal ancestor (Woese, 1987). -+ =~ -

From an evolutionary point of view it is reasonable to assume that at spme point in time
the ancestors of alf forms of life musl have been less complex than even the simpler
extant cells, but our current knowledge of the characletistics shared between the three
lines suggests that the conclusion that the last common ancestor was a progenote may
have been premature. Pending the issue ol horizontal gene transport (Figure 1), a partial
description of the last comtnon ancestor (LCA) of eubacteria, archacbacteiia, and
enkaryotes may be infetred from (he distribution of homelogous tralls among its
descendants, Ten yewrs ago, the set of such genes that had beep sequenced and
compared was still small, but the skeichy picture that had emerged suggested that the
most recent common ancestor of all exiant organismns, or cenancestor, as defined by
Fitch and Upper (1987), was a ratlier sophisticated cell (Lazcano, Fox and Oré, 1992)
with at least (2) DNA polymerases endowed with proof-reading activity; (b) ribosome-

[
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mediated tianslation appatatus with an oligomeric RNA polymerase; (¢) membrane-
associaled ATP production; (d) signalling molecules such as cAMP and insulin-like
peptides; (e} RNA processing enzymes; and (f) biosynthetic pathways leading to amino
acids, purines, pyrimidines, coenzymes, and other key molecules in metabolism {cf.
Lazcano, 1993).

Recent results have confirmed the
above conclusions. These traits are
Far to numerous and complex to
assume that . they evolved
independently or that they are the
result of massive muliidirectional
horizontal transfer events which
took place before the earliest
speciation events recorded in each
of the three lineages. Their
presence  sugpests that  the
cenancestral population was not a
direct, immediate descendant of the
RNA world, a protocell or any
other pre-life progenitor system
(lazcano, 1995). Very likely, the
LCA was already a complex

organjsm, nmuch akin to extant
bacteria, and must be considered
the last of a long line of simpler Figure 1. The gene complement of the LCA is defined

li s hicl d y the intersection of the complete genomes of the three
ear ller ce S or w 1.01 e modern domams The amows represent the horizontal gene
equivalent is known. Moreover, the  ransfer between cellular domains.

universal distribution of the same

essential features of genome replication, gene expression, basic anabolic reactions, and
membrane-associated ATPase-mediated energy production in all known organisms not
only provide direct evidence of the monophyletic origin of all extant forms of life, but
also imply that'the sets of genes encoding the componenls of these complex traits were
f;ozgn a long tme ago, i. e., major changes in ﬂlem,nre very strongly selected apainst.

While trees based on 'whole genome mfonnahon have confirmed at a broad leve! the
|RNA-b1<ed phylogenies’ (Snel et al., 1999; Tekaia et al,, 1999Y; it is also true that the
congruence between rRNA genes and other molecules is not always ideal. A large
variety of phylogenetic trees construsted from DNA and RNA polymerases, elongation
factors, F-type ATPase subunits, heat-shock and ribosomal proteins; and an increasingly
large set of genes encoding enzymes involved in biogynthetic palhways, have confirmed
the existence of the three primary cellular lines of evolutionary descent (Doolittle and
Brown, 1994), but there is evidence of extensive’ horizontal transfer events that have
taken place in the past (Doolittle, 1999)..1n fact, in addition to lateral gene transfer
(Figure 1), insights into cenancestral slates can be strongly hindered by inadequate
biodiversity sampling, polyphyletic gene losses, unequal rates of molecular evolution,
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convergence, polyphyly, and secondary loss of organelles. These Factors clearly limit
our ability to recognize the extant molecutar relics of the cenancestor.

1. THE SEARCII FOR THE ANCESTRAL NUCLEIC ACID POLYMERASE

Replication of genetic material must have been one of the oldest functions to evolve
(Figure 2). Ideally, abiotic laboratory polymerization of nuclectides should provide
ingights into the transition from the prebiotic broth to the extant enzyme-mediated
replication of nucleic acids. o '

Nucleotide polymerization

non-template

NIEL-CN
His-Tlis
Clays

Ribonuclease A
Polynucleotide phosphorylase
Poly (A) enzyme

Figure 2. The abiotic and enzymatic polymerization of nucleotides.

In principle, this could also explain the evolutionary development of polymerases, an
issue directly related to the chemical composition of the cenancestral genome. Since all
extant cells are endowed with DNA genomes, the most parsimonious conclusion is that
such genomes were already present in the cenancestral popwlation. -Ilowever, this
hypothesis has been contested by suggestions of an RNA- (Mushegian and Koonin,
1996) or even-a mixed DNA-RNA genome for the LCA (Leipe ct al., 1999). These
proposals are based, al least in part, on the fow level of conservalion of the primary
stiucture of DNA polymerases (Olsen and Woese, 1996; Edgell and Doolillle, 1997), as
well as on the striking differences in their phylogenetic distribution compared with
rRNAs, aminoacyl-tRNA-synthetases, and other molecules involved in transcription
and translation. This has led to suggestions that DNA genomes, together with the
corresponding polymerases, may have been invented indspendently in the different cell
domains (Mushegian and Kijon'm, 1996; Leipe, ef al. 1999).

Evolution of enzymes in biolegical systems often involves the acquisition of new
catalytic or binding properties by an existing protein scaffotd. However, identification
of several non-homologous classes of nucleic acid polymerases (primase, reverse
transcriptase (RT), RNA polymerase and DNA polymerase) shows that this is not the
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case for these enzymes, and demonstrates the polyphyletic origin of teiplate-dependent
enzyme-mediated synthesis of phosphodiesier bonds (Steitz, 1999).

Based on sequence similarity and crysthl struchire analysis (Steitz, 1999) DNA
polymerases have been classified into five families (Tak)le 1). Three dimensional
struclures are available for the DINA polyiieiase families defined by the DNA pol I,
DNA pol o, RT, and rat DNA pol § prototypes.

Family Representatives

DNA polyimerase | family (A pelymerase family) - Klenow hagment of Escherichia coli DNA
polymerase 1

- Klenow fragiment  of  Bacillus  DNA
polymarnse ]

- Thermus aquaticus DNA polymerase

- 17 RNA and DNA polymerases

DNA polymemse o (B family DNA polymemse ot | - All eukaryotic replicating DNA polymerases
family it) (0.8,€) '

- Pliage T4 DNA polymerase

- RB&9 I'hage polymierase
Reverse transcriptase [amily - HIV reverse transcriptase

- RNA-dependent RNA polymcrase
- Telomerase

Rat DNA polyinerase i - PNA polymerase [} (ral)
Bacterial DNA polymerase Hi - Bacterial DNA polymerase 11, on the basis

of amino acid sequence comparisons.

Table 1. Classification of DNA polymerases into five families according to sequence similarity and tenliary
structurc criteria (cf. Steitz, 1999).

All DNA polymeiases whose tertiary structure has been determinated appear to share a
common overall architectural feature comparable to a right hand shape. This structure is
not so evident, however, in the case of rat DNA pol 5 and its homologues, The structure
of the other polymerases has been described as consisting of “thumb”, “palm”, and
“finge1” domains (Kohlstaedt, et al, 1992). Detailed analysis of the three dimensional
structure of DNA peolymerases from the pol 1, pol @, and RT familics suggest (hat their
palm sub-domain has a single origin, i.e., il 15 homologeus in all of them, while the
fingers and lhe thumb sub-domains are different in all four of the families for which
structures are known (Biautigam and Steitz, 1998). The complex evolutionary history of
nucleic acid polymerases, combined with the widc scquence space explored by these
enzymes during biological evalutian, strongly hinders the identification of the ancestral
polymerase.

As argued here, the three-dimensional homelogy between the palm domains of DNA
polymerase I ard DNA polymeinses B, which includes all eukaryolic replicating DNA
polymerases {Steitz, 1999), can be extended (o suggest that such domain, which
catalyses the phosphodicster bond, was already present in the cenancestor. As shown
here, the structural multiple alignment of the palm sub-domain of DNAX polymerases
belonging to the pol I and pol o families from the tree cellular domains of life strongly
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suggests that this sub-domain is the most ancient protein segment found within these
enzymes and could have been present in the LCA.

2, Material and Methods

The crystal structures from the following DNA  polymerases sequences were
downloaded from Protein Data Bank (www.resh.org/pdb/): DNA polymerases A family:
YKLN,  Escherichia  coli;  1TAQ, Thermus  aguaticus; 1XWL  Bacillus
stearothermophilus; and from DNA polymerases B family: 1TGOQ, Thermococeus
gorgonarius; |D5A, and Desulfurococens sp. Tok;.

The palm sub-domains of all of them, following the classification of CATH database
(www.biochem.ucl.ac.ul/bsm/cath_new/index. html), were aligned manually using the
program SPDBV (Guex, and Peitsch, 1997) (www expasy.cl/spdbv/text/refs. hr.m) to
construct a structural multiple alignment.

The sequence of the palm domain from T. gorgonarins (I'TGO} was used as a query
against the SwissProt database in the NCBI server (www.nebinlm.nih.gov/BLASTY),
using Blast (Altschul, et al, 1997). Sequences from eukaryoticDNA polymerases thus
identified using this mei%d, were added (o the structural multiple aligiment using the
program ClustalX v1.81 (Thompson, et af, 1997). .

The muitiple structural alignment was performed by first aligning the two archaeal and
the tluge bacterial palin sub-domains separately, in order to identify the conserved
restdues in each ol the families, This was followed hy the manuval alignment of all
structures looking for the 3-dimensional conserved residues identified before.

3. Resulis

The mulliple structural alignment of the primary structure of the dilferent palm sub-
damaing in, is shown in Migure 3.

The Blast scarch found eight eucaryotic DNA polymernses: DPOD_TTUMAN DNA
polymerase delta catalytic subunit (Expect = 4e-04); DPOD_BOVIN DNA pelymerase
delta catalytic subvnit (Expect = 5e-04); DPOD_MESAU DNA polymerase delta
catalytic subunit (Expect = 7¢-04); DPOD_RAT DNA polymerase delta catalylic
subunil (Expect = 8e-04); DPOZ_HUMAN DINA polymerase zeta catalytic subunit
(Expect = Je-04); DPOD_MOUSE DNA polymerase delta catalytic subunit (Expect =
0.0G1); DPOZ_MOUSE DNA peolymerase zeta catalytic subunit (Expect = 0.001);
DPOD_SQYBN DNA polymerase delta catalytic subunit (Expect = 001).
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hhhhhhhhhlihhhehhhhhhhhhhhbhhhhhhhith sssslssss _ssss

>1KLN faaaeraainppmggtaadiikramiavdawlighegprvrnimgvhdely
hhbhhhhhhhhhhhhhbhhhhhhbhhhhhbEhhhhhhhhhh 2EBEsSSs, G888
> 1XWL fnvrsfaermamn‘piqgsaadiikkamidlnarlﬁeerlqah]Ilqvhdeli
hhhhhhhbhhhhhhbhbhhhhhhih h__ssgsss_ssss
>1TAQ pVdgtaddimklamvkl Fprter--mgarml tquhedely
hhhhhhhhbhhhbhbhhhhbhbhhhh _ _  sopgsssossass
= 1TGC ktcaesvtawgrgylettireiesk-~fgfkylyadtdgfs
bhhhhhhhhhhhhhhhhthhhhhhhh SSIES88_8588
>1D5A racaesvtawgrqyiettmreieek~-fgfk41yadtdgff
sssss_ | hhhhhhhhhh_ | _ __sssssls__hhhh
>1KLN fevhkddydavakgihglménctrld----pllvevgbsgenwdaa
sgsss_ | hhhhhhhhhhhhh 559588558
>1XWL leapkeenerlerlvpevmbgavtlir--«-wplkvdyhiygstwyda
ssssg__hhhhhhhhhhhhi ssssssesgshbh
>1TAD leapkerheavarlakevnegvypla----pplevevgigedwlsake
ss_____ |l.hhhhhhhhhhhhhhhhhh_ | sssgssskEss
»1TGO atipga-flactvkkkakef}dyinaklpgl|leleyegfikr
sg__ . [ hhhhhhhhhhi___hhhh_ | sssssss
> 1D5A atipga-flaetvknkakefInyinprlpgl|lel eyegf

Fipnie 3. Multipte structural alignment of the patm subdomains, Enclosed in boxes ate (he residues which are
structually homelogous in all the domaing studied heie [he sequences aic as follows: DNA polymerases A
family: TKLN, FEseherichia coliy | XWL Bacilius stearothermophilus, \YAQ, Thermus agnatlens; and from
DNA polymemses B family: 11GO, Thermococcus gorganarins, 1DSA, and Pesulfiv ococcus sp.Fok. Above
cach sequence the sccondary strtctwie is shown: h, o-helix, and s, for J-strand,

4, Discusion and conclusions

Although the availability of completely sequenced celiular genomes has enhanced the
likehood of more accurale reconstructions of ancestral states, horizontal gene transfer
can strongly hinder our ability to understand the characteristics of the last common
ancestor. As shown by the current discussions on the chemical nature of the LCA
genome (Mushegian and Koonin, 1996; Leipe, ef al., 1999), our attempts to understand
the distant past can also be limited by the polypbyletic origin of DNA polymerases,
whose classification into different families reflects a case of convergence. Nevertheless,
the evidence mescuted bere clearly shows that the palm subdomaing of the T and II
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DNA polymerase families, which are found in all three cell linenges, have a common
origin that has canserved the same tertiary structure and is thus an indication of the
monophyletic origin of these enzymes. The lack of a crystalized eukaryotic replicative
DNA polymeiase has not allowed the recognilion of the common origin of these
pelymerases. As shown here however, their monophyletic origin is recognizable even at
the primary structure level {Blast search). The evolutionary conscrvation of  this
subdomain, which is involved in the catalysis of the phosphoribosyl transfer reaction
(Steitz, 1999), is probably due to the central role it plays in the synthesis of
polynucleotides.

On the other hand, the lack of homology between the other subdomains (i.e., the thumb
and finger) indicates the casyness by which nucleotide-binding motifs can evolve. A
possible evolutionary sequence of nucleotide polymerization agents, starling from the
prebiotic synthesis of phosphodiester bonds (aud omitting the existence of possible
preRNA worlds) is shown in Figure 4. This scheme is based on Steitz (1999) suggestion
of a stepwise-emergence of functional peptides in an ribozymic replicase, and on the
evolution of polymerization agenis discussed elsewhere (Lazcano et al., 1988).

A possible evolutionary sequence of nucleotide polymerization

Prebiclic polymerization of nuclectide-derivatives mediated by His-1lis, NILCN, Zn"™ (perhaps in chemically
active surfaces?)

Ton-dependent ribozymic RNA replicase

Appenimnee of protein synthesis leads to the development of RNA-binding peptides

Y

Stepwise substitution of the ribozymic RNA scaffold by peptides

Y

Appearance of an ion-dependent proteinic ancestral polymerase (palm-subdemain?)

Palyphyletic origin of txtant polymerases

Figure 4. Possible cvolutionary sequence of nucleotide polymesization agents, starting from the prebiotic
synthesis of phosphodiester bonds (and omilting the existence of possible preRNA worlds),

Given the lack of absclute chemical specificity (hat polymerases exlibit for both
template and substrate (Lazcano et al., 1988), it is quite possible that the conserved ion-
dependent palm-subdomain discussed hete was part of an ancestral replicase and
transcriptase duting the RNA/prolein werld stage (Figure 4). This possibility is
supporied by the homology between the viral T7 RNA and DNA polymerase. However,
the highly conscrved sequences of the f and * subunits of the DNA-dependent RNA
polymerase which are found in all three cellufar domains, indicate that by the time the
LCA had evelved, a modem type of aligomeric RNA polymerase had already evolved.
Why polymerases have originated independently several times and why the level of
divergence willin each family of DNA polymetases is so high, are still cpen qucsuons
that deserve fuither attention.
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Relics of the ancestral DNA polymerase lineage

Sir,

Tt is ¢learly known that DNA polymerases have a main role in the replication and repair of genetic
material in all extant organisms. Attempts to classify and understand the evolutive history of those
enzymes have been tried by many research groups (Ito and Braithwaite, 1991; Forterre, 1993; Edgell,
Klenk and Doolittle, 1997; Edgell Malik and Doolittle, Forterre, 1998 ; Villarreal and DeFilipis, 2000).
These groups have accorded in the establishment of four main groups of DNA polymerases: The DNA
polymerases type [ with repair function in Bacteria, Eucarya and replication in some organelles. The DNA
polymerases type 11 family with enzymes involved mainly in repair and repiication. This role is played in
the Archeobacterial and Eucaryal genomes, and is only detected in some cases for the Bacterial species.
The DNA polymerase type III family are the replicative enzymes for the bacterial genomes and are
specific for this domain. The forth group are the DNA polymerase type IV exclusive for the Eucaryotic
genomes and are related into a nucleotydil transferase activity. In recent research works and according to
similarity in primary and tertiary structure Steitz {1999) had classified polymerases in five main groups

{Table 1)

The evolutionary history of these different groups seems to be a complex topics for research because 1ts

phylogenetic distribution and their probable polyphyletic origins.

All DNA polymerases whose tertiary structure appears to share a common overall architectural feature
comparable to a right hand shape, consisting of “thumb”, “palm”, and “finger” domains (Kohlstaedt, et al,

1992). This structure is not so evident, however, in the case of rat DNA pol § and its homologues.



Family

Representatives

DNA polymerase type 1 or A

Klenow fragment of Lscherichia  colr DNA
polymerase 1

Klenow fragment of Bacillus DNA polymerase {
Thermus aquaticus DNA polymerase

T7 RNA and DNA polymerases

DNA polymerases type 1 0 B

All eukaryotic replicating DNA polymerases (,8,€)
Phage T4 DNA polyimerase
RB69 Phage polymerase

Reverse transcriptases family

(RT)

HIV reverse transcriptase
RNA-dependent RNA polymerase

Telomerases

Rat DNA polymerase 3

Type B DNA polymerases

Bacterial DNA polymerases III

¥

Bacterial DNA polymerase III, on the basis of amino

acid sequence comparisons

Table t. Classification of DNA polymerases into five families according to sequence similarity and terfiary structure

criteria (cf Stelz, 1999)

With the arrival of tertiary structures of DNA polymerases from 1, II, RT, and 3 families it was
possible to identify a common domain (i.c. the palm domain) between Thermus aquaticus DNA
polymerase (family I), RB69 Phage polymerase (family II), and HIV reverse transcriptase (family RT)
(Brautigam and Steitz, 1998; Steitz, 1999). This domain catalyze the formation of the fosfodiester bond

using two metal ions of Mg joined in two aspartic residues that make possible the relation between the

dNTP and the oxygen present in the last nucleotide bonded in the template (Steitz, 1998).



In a previews work, we corroborated the proposition made by Steitz (1999) that part of the palm
domain is homologous between DNA polymerases family I and II (Figure 1), and showed that this region
is conserved across the three cellular lineages of life, i.e. Archaea, Bacteria, and Eucarva (Delaye,
Vézquez and Lazcano, 2000). The presence of part the palm domain from DNA pol I and IT suggest that
this could be an element of the ancestral polymerase. In fact, it is likely that this domain was already
present in the last common ancestor (LCA). And the lack of homology between the finger and thumb
domains from pols [ and 11 it is likely an example of how easy is the evolution of nucleotide binding sites,
for instance, in the CATH database, one of the most common topology that different homologous
superfamilies of domains adopt is the Rossmand topology which is a nucleotide binding fold (Orengo, et
al, 1997). Different domains within a superfamily are thought to be evolutionary related, but it is uncertain
if different proteins within the same topology are related homologous or are the result of convergent

evolution.

Because, DNA polymerases I and II shares part of the paim domain, but not finger and thumb
domains, in this work we are attempting to study the evolution of the individuals domains (i.e. palm,
finger, thumb, and 3°-5 exonuclease) from DNA polymerases [ and Il in order to know if there have been
a process of mosaic evolution In these enzymes. We are also trying to provide a model for the early
gvolution of these enzymes to understand more features of the ancestral polymerase. Understanding the
early evolution of DNA polymerization will also help us to improve our picture of the last common

ancestor (LCA), (i.e.. if it had a genome of RNA or DNA).

As show in table 2, we found that the palm, finger, thumb, and 3°-5" exonuclease domains of
DNA pol 11 (1D5A) are conserved in Eucarya, Archaea, and Proteobacteria. Such pattern of phylogenetic
distribution suggests that the proteobacterial polymerase II could be originated by means of an horizontal
transfer event. It was not possible to detect the homology between the palm domains form pol 1 and 11 at

the level of primary structure. Because the domains of DNA pol T and DNA pol H matched only domains

21



from their respective families, the whole molecules seems to have evolved as a unit (there is no mosaic

evolution between both types of DNA polymerases).

As mentioned above, we couldn’t find any homology-relationship between the two type of the
DNA polymerases 3°-5'exonuclease domains at the level of primary structure. However, as in the case of
part of the palm doman, analyzing the 3D structures we found similarities (that we interpret as evidence of
homology as suggested by Forterre et al. (1993) (Figure 2). Both domains are classified inside the same
superfamily of homologous according to the CATH classification. It is intriguing that only one part of the
palm domain and the 3°-5 exonuclease domain from pol 1 and 11 are homologous, while the thumb and
fingers dornains are not. Both domains show a similar level of conservation, that is, it is only possible to
detect the homology at the level of tertiary structure and not with PSI-BLAST searches. Anyway, it is
intriguing to note that the 3°-5" exonuclease domain of bacterial DNA pol III appears in the PSI-BLAST
searches with the 3°-5" exonuclease domain of pol I and II (data not shown) but it doesn’t appear any

mitochondrial exomiclease domain,

The obtained phylogenctie proposal of the evolution of DNA polymerase type 1T can make us
suppose that possibly the divergence between all the DNA polymerase type [l could be a separed event 1n
the three studied cetlular lineages, to make more clear the study of these enzyme group is necessary to
make an extensive sample to identify more properties about with more stability the different group
identified in this first approximation. Some references report a divergence and possible relation between

the cellular DNA polymerases and viral enzymes (Villareal and Defilipis, 2000).

To establish the robustness in this hypothesis we need to understand and analyze in posterior
works the evolution of the viral polymerases and make an profile to establish common regions that could
be related by convergence of by homology between a separed profile for all cellular DNA polymerases

type 11 In the same way is necessary to make a better and complete sample of cellular DNA polymerases

1
-2



to identify some traits i the ¢volution of DNA such as duplication and divergence to try to identify a
conserved and ancient DNA polymerase type II for each domain first and after to try to identify the
common origins and properties of the Eucaryal/Archacobacterial last common ancestor polymerase

system.

I 1s hikely that one of the carliest polymetases that ever existed was a ribozyane cation dependent,
and that this ancestral molecule was replaced domain by domain during evolution (Steitz, 1999). If the
similarities that we found between the pol 1 and pol 1l are due to common ancestry rater than to
convergence, it is possible that both domains (palmt and 3°-5° exonuclease) are the relics of an ancestral
polymerase which evolved prior the last common ancestor, likely in the RNA-protein world and were the
first domains to replace the ribozymic polymerase. Of course, this polymerase was already endowed with
editing activity, which certainly represented an advantage on such evolutionary stage. This ancestral
polymerase eventually gave rise by duplication to the ancestors of DNA polymerase 1 and 1l before the
LCA, recruiting each different thumb and finger domains. If both types of enzymes were already present
in the LCA the extant distnbution of polymerases | and 11 in the tree cellular domains (Table 2) could be

explained by differential gene losses.

Future perspectives about this work is to compare new DNA polymerase tertiary structures to
corroborate and try to evidence more elements in the evolution between the different domains of the DNA
polymerases and try to establish more paths and features for the ancestral DNA polymerase lineage

represented in actual sequences of DNA polymerases type 1 and IL

Maybe some properties and clues about how the ancestral RNA polymerase evolved into an
ancestral DNA polymerase could be present in the evolution and sequences of the RNA and DNA
polymerases of the type I group, this study would focus in the fingers and thumb domain: regions of the

polymetase with nucleic acid binding sites with recognition of deoxyribonucleic or ribonucleic acids,

1]
()



Another topic to study is the properties and structure of the elements for the DNA polymerase
type . In this case we could try of evidence the possible characters that could have reguiated the changes
between an RNA and DNA polymerase, using as models to compare the DNA and RNA polymerases

represented by some phage and viral DNA polymerases.
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E. coli DNA polymerase Type 1 VS Swiss Prot database sequences in primary and tertiary structure

Domains Bactera Archaca Eucarya
Type Function Type Function Type Function
“Thumb” .
Escherichig coli DNA repair in Type 1 DNA DNA repair ©
TypeI(Poll) |77 7 b e G polymerase Theta, ](interstrand
1.13.152,220 gaps 4 ONA 1 Jink
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Type IDNA DNA repair ©
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3.40.453.10 CATH strand DNA
{RNAse - D)
DNA Replication | Type I DNA DNA Replication X DNA Replication
Tg: f igr?zf and maybe DNA  }polymerases and maybe DNA Tf} ‘? igrfzf and maybe DNA
Powy 5 repair {Archaea) repair poy repair




b)

Desulfurococcus sp. Tok DNA polymerase type 11 sequence comparison VS Swiss Prot database sequences in primary and tertiary structure.

Domains Bacteria Archaea Eucarya
Tvpe Function Type Function Type Function
Replicative polymerase o,
« » . I Type I1 DNA elongation polymerase 9,
Thumb Type II DNA DNA rep mr'and Type H DNA DNA Replication polymerases translesion synthesis £,
Desulfurecoccus damaged-primer and maybe DNA o :
unassigned CATH Polymerase replication polymerases repair Alpha, Delta, participates in
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Table 2. Type and function of the different homologous sequences for the peptide domains of a)
Escherichia coli and b) Desulfurococcus sp. Tok DNA polymerases type I and II respectively found with
PSI-BLAST search (Altschul, er a/, 1997) and Fasta33 (Pearson, 1994). Their CATH number
classification is also shown in the first colomn. The thumb, palm, finger and 3°-5° exonuclease domains of
DNA polymerases [IKLN and ID5A were identified following the CATH database

(www.biochem.ucl.ac.uk/bsm/cath new/index.html). Then, we searched for homologous sequences for

each of the protein domains in the swiss-prot database using the PSI-BLAST algorithm as implemented in

NCBI (www.ncbi.nlm.nih. gov/BLAST/). cutoff value 0.001, matrix BLOSUM 62, default parameters,

until convergence. We created eight databases consisting each one in homologous sequences for each of
the domains found with PSI-BLAST and Fasta33. The domains were searched using Fasta33 algorithm
against the following partial and complete set of genomes downloaded from the KEGG
{(http://www.genome.ad jp'kegg/); bacterial complete genomes: Agquifex aeolicus VFS5, Bacillus
halodurans C-125, Bacillus subtilis 168, Borrelia burgdorferi B31, Buchnera sp. Campylobacter jejuni,
Chlamydia muridarum, Chlamydia pneumoniae AR39, Chlamydia trachomatis (serovar D), Demococcus
radiodurans R, Escherichia colt K-12, Haemophilus mfluenzae Rd, Helicobacter pylori 26695,
Helicobacter pylori 199, Mycobacterium leprae, Mycobacterium tubevculosis H37Rv (lab strain),
Mycoplasma genitalium G-37, Mycoplasma preumorniae M129, Neisseria meningindis MCS58 (serogroup
B), Pseudomonas acruginosa PAOY,  Rickettsia prowazekii Madrid E, Synechocysiis sp. PCC06803,
Thermotoga maritima MSBS, Treponema pallidum, Ureaplasma urealyticum, Vibrio cholerae, Xylella
fastrdiosa 9aS¢: archaeobacterial genomes: Aeropyrum pernix K1, Archaeoglobus fulgidus DSM4304,
Halobacterium sp. NRC-1, Methanobacterium thermoautotrophicum delta H, Methanococcus jannaschi,
Pyrococeis abyss, Pyrococens horikoshiz OT3, Thermoplasma acidophilum,

Thermoplasma volcanium GSS1; and eucaryal genomes: Saccharomyces cerevisiae; and the eucaryal
fragmental genomes: Mus musculus, Arabidopsis thaliana, Caenorhabditis elegans, Drosophila
melanogaster. According to the secondary structure and tertiary structure comparisons and, it was possible

to identify homologous domains between the DNA polymerase I and Il showed in shadowed lines.
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Figure 1. Multiple alignment of part of the palm domain from DNA polymerases I and II families.
The colors in the primary structure alignment correspond to thé colors in the 3D structures (analized
with RasMol program (Sayle & Milner-White, 1995), and the catalytic Aspartic is enclosed in a box
and in dots in the primary and tertiary structures respectively. In shaded are the regions which align
properly between the three molecules. Also shown are the second region of the palm domains from
several eucaryotes whit an estimation of its secondary using the Hierarchical Neural Network
method (Guermeur, etal. 1999) available in (http://npsa-pbil.ibep. fi/cgi-

bin/npsa_automat.pl?page=npsa_nnhtml), (Alpha helix (h); Extended strand (Ee); Random coil

( )) and the program SIMPA96 (Levin, 1997) (Alpha helix (H); Extended strand (b); values are
from 0 to 9, being 9 very strong, 5 strong and 0 weak). DNA pol Delta: DPOD_ORYSA, Oryza
sativa (Rice), DPOD_SCHPO, Schizosaccharomyces pombe (Fission yeast); DPOD_PLAFK
Plasmodium falciparum (isolate K1 / Thailand); DNA pol Alpha: DPOA RAT, Rattus norvegicus
(Rat); DPOA_ORYSA Oryza sativa (Rice); and DNA pol Zeta: DPOZ_HUMAN, Homo sapiens
(Human). The crystal structures from the following DNA polymerases sequences were downioaded
from the Protein Data Bank (www.rcsb.org/pdb/) and visualizing them with the RasMol tertiary
structure protein viewer (Sayle R.A. & Milner-White, 1995): DNA polymerase A family: 1KLN,
Escherichia coli; 1TAQ, Thermus aquaticus; 1XWL, Bacillus stearothermophilus, and from DNA
polymerase B family: 1TGO, Thermococcus gorgonarius; and 1D5A, from Desulfurococcus sp.
Tok. The thumb, palm, finger and 3°-5° exonuclease subdomains of DNA polymerases 1IKLN and
the palm, thumb and finger subdomains of DNA polymerase 1D5A were identified following the

CATH database (www biochemn. ucl.ac.uk/bsm/cath new/index.html). The second region of the

palm subdomain of all five crystal structures were aligned manually using the program SPDBV

(www_expasy.ch/spdb/text/refs.htm) (Guex, and Peitsch, 1997).
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Figure 2. a) 3’-5" exonuclease domain from Escherichia coli DNA pol I (1kln) residues 326-542 and
Desulfurococcus sp. TOK (1d5a) residues 133-355 visualized with the Ras Mol Program and coloured
according to the . b} Structural based hand-made alignment of exonuclease domains sequences improved
with ClustalX. The color code from the non conserved regions of the protein has the following pattern:
yellow, beta-sheet; Fucsia, alpha-helix; blue, tum;. Boxed areas signalize the secondary structures that
spatially and topologically have similar positions in bout structures. Underlined is a region found with Macaw

(Schuler, et al, 1991) to be “maybe” statistically significative using Blossum 80 matrix.
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Figure 3. Phylogenetic proposal for the DNA polymerases type 1l reported as homologous
sequences for all the the structural domains of the Desulfurococcus sp. Tok polymerase. A multiple
alignment was built for the sequences homologous for the DNA polymerase type II using ClustalX
(1.81) (Thompson, et al, 1997). The alignment thus obtained was edited by hand to obtain the
conserved regions among all the sequences. Then, a phylogenetic reconstruction was performed
using the Neighbor-Joining algorithm with the PHYLIP program, using default parameters and 100
bootstrap replications. The results of this proposal is the construction of five groups of cellular
DNA polymerases: Eucaryal DNA polymerase type a and DNA polymerase type J, Bacterial DNA
polimerase type 1, Crearchacota DNA polymerase type I and Crenarchaeota and Euryarchaeaota
DNA polymerase type i and three groups of viral DNA polymerases type 11: Baculoviridac,
Herpesviridae and Phycoviridae DNA polymerase type II. The name and classification of every
sequence is based in the Swiss-prot code and the specie of every element of the tree is preesented in

Appendix 3.
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Conclusiones:

[ - La presencia del dominio palm de las DNA polimerasas [ y 1T sugiere que éste podria ser parte
de la polimerasa ancestral de donde se diversificaron la DNA pelimerasas tipo 1 y 11, De hecho, como lo
indican las comparaciones de secuencia y estructura que reportamos aquf, este dominio palm
probablemente ya estaba presente en el altimo ancestro comin. La falta de similitud a nivel primario y
terciario entre los dominios finger y thumb es probablemente un indicador de la facilidad con la que

pueden surgir en la evolucion sitios de unidn a nucledidos y a moldes de 4cidos nucléicos.

2.- La conservacion de los dominios palm, fingers, thumb y exonucleasa de la DNA pol 11 en
Archaea, Eucarya y proteobacteria, pero su ausencia en otras bacterias, {incluyendo cianobacterias) y en
cloroplastos puede ser explicada como el resultado de un evento de transporte horizontal del linaje
Archaea /Eucarya hacia las proteobacterias, (antes de su diversificacion ) luego de la separacién de las
cianobacterias de los otros miembros del dominio Bacteria. Al parecer el posible eventos de transferencia
horizontal de las DNA polimerasas tipo II dentro de las Proteobacterias detectadas podria determinarse al
ultimo ancestro comun de las bacterias y que posiblemente no se reporten otros homologos a cansa de el

todavia bajo numere de genomas completamente secuenciados

3.- Que el dominio exonucleasa se encuentre localizado como homologo solamente en estructura
terciaria para la DNA polimerasa I y II es un evento que podria clasificarse, al igual que el palm, como un
rasgo ancestral también conscrvado dentro de cste linaje de cnzimas cxiendido hacia los tres grandes
dominios celulares. Esta caracteristica es un rasgo que es necesario estudiar posteriormente para analizar
su probable antigiiedad como los posibles eventos de evolucién que lo relacionan con la DNA polimerasa
111 y otras proteinas de representantes eucariontes con las que se relaciona en los anisis de estructura

primaria.



4.- Una limitante para estos estudios es el no tener deniro de los bancos de datos de estructuras
terciarias a las IDNA polimerasas cucariontes. Posiblemente cuando se presenten modelos de las DNA
polimerasa o & y C sea posible corroborar las homologias propuestas dentro de estos dos trabajos y sea

posible ¢l obtener mas informacién acerca de la evolucion de las mismas DNA polimerasas.

5.~ La conservacion a nivel de estructura primaria de los diferentes domunios de las polimerasas I
y II permite usarlas como marcadores filogenéticos v su utilizacién como identificador de dominios
podriaser corroborada posteriormente cuando se dispongan de mas estructuras terciarias y estudios

referentes a los diferentes dommios.

6.- La localizacién de estos homoélogos distribuidos para las DNA polimerasa tipo II dentro de los
tres dominios asi como su actividad replicativa casi constante permite reconocer a a esta molécula como
una de las mas importantes y probablemente ancestrales dentro de los sistemas replicativos comunes a los
tres linajes celulares. Para poder dar mayor solidez a esta propuesta en el dominio Bacteria, es necesario
disponer de un mayor mimero de homologos tanto para comparar su estructura terciaria hasta para
comparar y comprobar sus posibles capacidades replicativas como la reportada para la DNA polimerasa

tipo II de £. coli (Rangarajan, ef af. 1997).

7.- Gracias al dominio palm y exonucleasa es posible relacionar a las DNA polimerasas tipo [ y 11
¢n un posible origen comin y posterior reclutamiento de dominios. Este linaje parcee presentar elementos
para ser posiblemente un mecanismo catalitico y con capacidad correctiva como mecanismos mas
antiguos. Para el caso del palm es posible suponer su presencia en momentos de evolucion temprana, ya
que solamente sc¢ depende de los iones relacionados a los asparticos para catalizar la reaccion Con csto es
posible ver que la homologia de los palm presentados por las DNA polimerasas Il y 1V podrian presentar

una historia evolutiva separada de su palm.
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8.- La separacion y diversificacion de las DNA polimerasas tipo I analizada dentro de las
referencias hace notar la presencia de 4 diferentes tipos de enzimas eucariontes relacionadas a la
replicacion (Hiibcher, Nasheuer & Syvaoja, 2000) y cuando menos tres tipos dentro de las Archaea
(Edgell, Klenk & Doolittle, 1997; Edgell, Malik & Doolittle, 1998), el analisis realizado dentro de este
estudio hizo posible evidenciar que posiblemente los eventos evolutivos que dieron lugar a la diversidad
de DNA polimerasas I dentro de los dominios Archaea y Eukarya son eventos evolutivos separados y que
se pudieron haber dado dentro del tiempo de su diversificacion temprana. Sin embargo una de las
caracteristicas que permite pensar y relacionar a todas estas enzimas en un solo grupo es el presentarse

como elementos fundamentales para los sistemas de reparacién y replicacion.

9.-Posiblemente los eventos de duplicacién y divergencia para cuando menos las DNA
polimerasas vitales para el sistema de reparacion y replicacion de los eucariontes (¢, By €) se pudieron
haber dado dentro de su ditimo ancestro comin mientras que los eventos de duplicacion y diferenciacién
realizados dentro de los genomas de Archaea que se han estudiado de manera reciente ¢ independiente a la
separacion de los grupos de Euryarchaeaota y Crenarchaeota (informacién pendiente a analizar dentro del
arbol filogenético). Para entender la presencia de un tipo de DNA polimerasas tipo I de una Crearchaeota
relacionada con el grupo de DNA polimerasas de Euryarchaeaota es necesario profundizar y realizar un
estudio detallado de las DNA polimerasas de Archaea en donde se estudien todas las secuencias de DNA
polimerasas tanto descritas como hipotéticas para asi intentar aclarar las posibles funciones de estas

enzimas dentro de los sistemas de reparacion y replicacion de Archaea.

10.- Posiblemente también los sistemas de DNA polimerasas tipo I se necesiten estudiar mas, esto
debido a los diferentes representantes de RNA y DNA polimerasas reportados de bacteridfagos y virus
dentro de todo ¢l grupo, posiblemente estas enzimas podrian ser buenos clementos de estudio para

identificar posibles rasgos de especificidad a la sintesis de las bandas (ya sea de RNA o DNA) para asi
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suponer posibles eventos de evolucion dentro de un linaje ancestral de una RNA polimerasa y como pudo

dar origen a una DNA polimerasa ancestral.

11.-El estudio e importancia de las polimerasas de acidos nucleicos de virus y bacteriéfagos se
presentan como un elemento pendiente a analizar dentro de este trabajo, las consecuencias de su estudio al
analizar de forma separada cada uno de sus dominios podrian detectar postbles eventos de evolucién para
las DNA v RNA asi como el poder detectar mas rasgos que nos podrian ayudar a entender como fue el

paso de las RNA a las DNA polimerasas.
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Appendix 1
Fasta results: Type I DNA polymerase Fingers domain against Swiss Prot Database

CRSTA (7 s Tung UGG Tute taon Jopt Ymd repd, BRYE ity by 010 =500 bog, 7
Jedn: Su, opt o YA, gapmiens 210 <, wld b 1t

The lapat  oocriea) uyae it Bhe oy e ld)
DasLy  puld, pesh, DR Lobyaeiase LoARPOL L, (U L N Y R ]
pas:PASdYS s ooln; DHA polymerase T [EC:2.7.7.71 { 913 636 148 3 Je~'5
HIOSS6 polh; DNA polymerase I (POL I). (BC:2.7.7 [ 930) %21 145 1. 3s-14
vch:VCO108  DNA polyvimerase I [EC 2.7.7.71 { 934 G055 141 4,1e-33
nine s NMB1982  THNA polymerase 1 [EC.2.7.7.7) { 938) 237 124 1 lendb
xfa:XF1103 DHA polyneress I [RC-2.7.7.7} { 923) 51g¢ 127 2.le~Z7
ML1381, peolA, DNA polymeizse T 1645220:185095% e { 211)  43% 104 E,7a-220
Rv1629 polA, polymerase 1. [ 1.7 19041 42% 102 ) Ge=2l
bha - 847%1%3 pelh: A golymﬂLase I {E L7.7-1 { 876} A3 10 3.4w-21
dratDRLTI0T  DHA-directed INA polymersze [(TO:/. 7.7 [ 9561 415 100 1.Ze~70
polA  BUEA palymerase To 62 7.7 { #80)  ags 98 3, W=D
TT493  DNA Polymerase I. [EQ:2. /.7 7) { Boeby 406 98 4.40-20
cru: TCO780  ONA polymerase T {BEC:2.7.7.7) [ BEEY  and4 95 2. 7o-19
tma  TM1E19  DNE-directea DWA polymerase 1 [EC.2Z.7 [ 383; 137 94 7.%=2-19%
TPO10S DHA polvmerase 1 (polh). [EC.2.7,7.71) {897 285 63 1.%2e-18
RETTe  pold; OHR polywerase L. [ECHZ.7.7.7) L 8ATy  3BZ 93 1.6e-1H
CPOLIS DNA polymerase I (polA} { 870y 370 92 1le-17
BBOS48  polA; DNA peolymerase I. {EC 2.7.7.7) { o0g} 33 B3 1.1s-15%
©3e:070378c  polA; DNA polymerase I {EC:2.7.7.71 [ 879) 219 TH 7,3e-14
HPi470 wpolh; DNA polymerase 1T (BOL I). [BC-2.7.7 ( 8821 316 T3 3, Ge-l4
hpy.jhplied DNA polymetase 1| [BC.2.7.7,7) {8971 345 73 4.2e-14
21x0707  polh; DNA polymetase 1. [EC-2.7.7.7) { 986) 299 75 5.le~13
ac 1967 polh; DHA polymerase I {Poll). [Ec:2.7.7 ( 574) 293 T3 7.%e~13
ati ATAg L I00 putative protern {1918) 200 9% 2.d4e-00
cel:WO3A3, ) DNA polymerase (CEL4486) {EC:2.7.7.7 {1208) 14§ 41 0.0067
pae PA3678  PA3STE, prohable transcripticnal regu (212} i) a1 158
PAB1646 (thiD) DE:hyaresxymethylpyramidine phospha { 4486) z 29 9.8

Sequences With E-value BUTTER than threshold

Baore E
Seguente, producirg significent alignments: (rifs) Value
glI3041€72|Sp[P52026|DPDlﬁEACST DNA POLYMERASE I (POL I) 208 1le-54
gr125063651spiP80154 | DPO1_THECA DNA POLIMERASE I, THERMCSTABLE f... 206 62-59
11416913} 2p QU457 DPOL_BACCA DNA POLYMERASE I (POL I) >ga|41%6. . 205 8e-54
g211706502 | 5p1PE2028 [DPO1_THETH DNA POLYMERASE I, THERMCOSTRBIE (... 204 le-33

g212320101spiP30313{DPOL_THEFL DNA POLYMERASE I, THERMOSTRBLE (T... 201 1le-52
grid9I3510(spl082225|DPOL _THEFT DNA POLYMERASE I, THERMOSTRBLE (... 201 2e-82
gL1118878rﬂp!P19321IDP01_THEAO DNA POLYMERASE I, THERMOSTABLE {T... 201 22-32

qi 1118827 1api Pl 32521 0POT GTRPN DNA POLYMERASE I (POL 1) »gl|9802... 158 1e=%1
gj\50]4001|3p|03499rIDP01 BACS] DMA POLYMERASE I {POL I) »git741... 196 Se-5i
gji116940z|3p|P41741|DPOI*HALIN DNA POLYMERASE I (POL I} »gl|l107... 196 5e-51
911118825 sp| PO0SE2 | DPCL_ECOLT  DMA POLYMERASE 1 (POL 1) >gilé705... 192 ge-50

g1i6014999] spl Q59156 DPCL_ANATH DNA POLYMERASE I {(POL I) >gaild0... 191 le-49
g1l 680150031sp 0328011 DPO1_LACLC DNA POLYMERASE I (POL I) »gl|228... 191 2e-49

4117404361 15p| PS2027 1 DEOL_DEXRA DNA POLYMERRSE I (POL 1) »gi|747... 189 de-42
L t122298151epQYSIGR IDPCL_RAILE DNA FOLYMERRSE I {POL I} >gi|5%... 187 3e-48
qil1169403) 2p) P468351 DPOI_MYCLE DNA POLYMERASE I (POL Iy »ga|307... 186 Se-4y

qilSB5062 | sp| QO7700| DPOL_MYCTU DNA POLYMERASE I (FOL I) >ga[7434... 185 Se—di
g1i616614215p | PT4933|DPO1_TREPA DNA POLYMERASE I (POL I} »qul743... 184 l2-47

g | 5729804t ref INP_006587.11 polymerase (DNA directed), theta; po... 179  Se-46
gl\GOIQOOZISPIODBJOTEDpol CHLAU DNA POLYMERASE T (POL I} »ga1l191... 177 3e~-45
g1 | 6z2526413p 1051441 DPO1_BORBU  DNA POLYMERASE I (POL I »gl|743... 173 3a-44
qi 16015004 Ixp 1 00hG49 DPO1_RICPFR  ONA POLYMERARSE T (POL 1) wgu|43... 167 Jeomidl
b 1 9e30A26Irat iNI_Gd6860.11  DHA polymerasce; gudd [Mydobac e luplia . AR RN
q;]b’“ﬁ”@ﬁ[quEQ55971tDPOl SYNY) DNA POLYMERASE I {POL Ii »yil743... 152 Ge-t@
gl 19789856 spl FShJO%[DPOl HELPY DNA FOLYMERASE I (POL X 144 2¢-35
qi\078974HEsp!QQZJBQFDPOI_HEJPJ DNA FOLYMERASE I {POL I, >guil743... 144 2e-35
Gl 4619601 sp I F30ATY | DPOL_RPSP1  DNA POLYMERASE e L le-s4

glt9635474IrGfINP_URQTUHTII predictad 6€.2Kd protaeln [Mycobacter... 137 Ze-33
gail1ef58 & | PSS DPOL_BPTS DNA POLYMERASE »>gi|670551pariIDIBP. .. 138

511€0150001 51 G777 DPOL_AQUAE  DNA POLYMERASE I (POL Iy »gatf751... 123

il P633507 | vef INP _DBI00E.11 P45 [Bacteriophage RPSE-1] ~gi1890104... 105

A3V AEZTATA I ref INP_041982, 11 gene 5, DNA polymerage [Bacteriophad .. ez

arl 1188541 ept Po03111D00L BETS  DHA POLYMERASE »qu | P6%15|pir| 18075, .. 0
QUITIEASD tapl YOO S UEOL BRETD DNA POLYMERASE a2 167052 [pir | LEWB e
PO i OGBS DG NENLA DNA POLYMERASE GAMMA (M TOCHONDR. .. Hn
GlE2Aawdloliap 1o i04a DG _u it [INA POLYMERASE GARMMA  (M] UGUCHGHT A, - T
qiigse7ie2ieef Nl 099490, T1 mirochendrial pelyingr 132 Ganma (Mu3 ... 78
gli4505937 1 ref INP_OCToBd. 11 polymerass {DRA directed), gamma {(Ho... 15
gjl’494173\ap\0q’076|DPOF CHICK DNA POLYMERASE GAMMA {MITQCHCNDR. .. 75
g1i2494180 0p | QI7607 IDPOG_DROME  DNA POLYMERASE GAMMA PRECURSOR (... T4 de~l4
gi{ 1706509 8p| D15201 | OPOG_YEAST DHNA POLYMERASE GAMMA (MITOCHONIR... 65 Ze-1l
gl|249414113p Q02041 | DPOG_PICPA  DONA POLYMERASE GAMMA (M{TOCHCMDR. .. 62 le-10
1| 14285433 [8p1P%¥Te7 | DEGO_NEUCR  DNA POLYMERASE GAMMA ([MITOCHOND. .. 61 de-10

Seoapaene ey Wi TR Tl WORSE than Yheealiold
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9216318940 ref INP_(l0026.11  ARlcehol dehydrogenase, Ycrifep {Sac... 29 1.0
Qi12500746 spi QESTOGINT FA_RHEISN NIF-SPECIFIC REGULATORY PROTEIN ... 28 2.0
Gei3AlETEZ | api QYL 476 HLPT STHPO  KINESTHM-LTKE PROTDIN T »gp 174921, . bl B A |
VA NARTG ans PRLAGLEMI Y LU0 ML TOCHONDRIAL IMPDORT D5 MEMBR .. oH oA
bl h2c0iepi PE49TL I UVRA_MYCTY  RACINUCLEAGSE ABC SUDBUNLT A -guid .. OHOLh
GEI6319442 iref INP 00952411 YhlOZ9wp [SaCcharoiyces Cerovlsias] ... 25 27
Guih4q 130 ap | LAZGALICYSR CHICK CYSTEINE-RICH PROTRIN 1 (CRP1) (O .. R
g1 163248831 ef NP 014952.11 long chean fatiy acyl:ToA synthotaze... J LR D
Gi 124944381 2pi 42130 |MAUM_METEX METHYLAMINE UTILIZATICN FERREDOX... 2% 3.6
g1 6323737 [ref IHP Q13B08.11 Ymr(90wp [Saccharonyces ¢erevisias] ... T 45
q3 176300551 ref INF_Q48263. 1!  unknown {Qrgyia psesdeotsugata nuclea... 27 4.5
G11313el8052 1 7p i QUKYHOIACEA_BACHD ISOCITRATE LYASE (ISOCITRRSE} (... er o4
GrI24uSiaT i epi V91472 1 IHFA PSEAE  INTEGRATION HOST FACTOR ALPHA-5L . 26 87
gLl 4I€55L0 g PAZD 3G 1128 _DROME  FTP-BIMDING PROTEIN 128Up -gxld22 26 9.2
GrlI1zaf i ve f1HE QUR30GA, T Fepas orly protesr 24 Fones proves ... 26 f.H
Alrgaments

DPOL_BACST DNA POLYMERASE I (pOL 1)

ore » 208 pLts

<< { Expect = le—-34
dentities = £5/128

& Ve

I 1S0%), Positives = 90/128 [(69%)

Querv: 1 IELRIMABLSRDHGLLTAFAEGKDIHRATAAEVEGLPLETVTSEQRRSAKAINEGLITGM 6
TELR++AH++ D T+ AF G DIH TA ++F + B VT+ RR AKA+NFGH+YG+

Sphjet: 57 ICLRVLARTAEDDNL]TATERGLUTHTHTAMDT FEVAEEDVT MMRROAREVHEGIVIGT e

HAFGLARGLE L EREEAQKYMDLY FERT POVLEYMER TRAUAKEGCY VE PLLGRRLY LELL 140
S +GLAF LNI RRLA +#+44 YE  +PGV +YM+ +AK++GYV TL  RR YLFDT
Shjyct: 117 SDYGLAONLNITHFRERRETLERYEASFPGVEQYMDNIVQEAKOKGYVITLLHRRRYLEDI 776

Query b1

Query: 121 KSSHGARR 1.4
ER) R
Shyct. 777 TSRMENVR 724

>g1| 2508385 spl PRO1SA DU ThECA DNA POLYMERASE I, THERMOSTABLL (TAC DOLYMERASE 1}
g1l114701151gn ] AABE1393. 1] (Ue2584) thermostable DNA polymerdase [Theimus caloophrius]
Langkl - 834

Soore = 206 buits (524}, rpect = Be-94
Ident ities = 6l/128 {47%), Posibives = 92/128 (71%)

Query: 1  TELRIMARLSRDKGLLTAFAEGKDIHRATAREVEGLFLETVTSIQRRSAKAINTGLIYGM 60
IELR++AHLS [+ L+ F EGKDIH TA+ +FG+P E V RR+AK +NEG++YGM
Spyct: €16 IELRVLAHLSGDENLIARVFQEGKOIKTQTASWMEGVPPEAVDPLMRRAAKTVNEGVIYGM 675

Query: 61  SATGLARPLNIPRKEAQKYMILY FERYPGVLEYMERTRAQAKEQSYVETLDGRRLYLPDT 120
SA Lt++L IP +ER  +++ YP+ +P V  ++E+T + +++GYVETL GRR Y+PD+
Spjct: €75 SAHRLEQELAIPYECAVAFICRY FOSTPKVRAWIEKTLEEGRKRGYVETLEGRRRYVPDL 735

FONNGARK 1w
¥ R
Shiat: TG HARVESVR 743

Quary: ls

>gltd1e8131ap|Q0A%57 | DFOL_BACCA DNA POLYMERASE I (POL I}
g 1419652 Ip1r| | JR0256 DNA-directed DNR polymerase (EC 2.7.7.7) - Bacillus caldetenax
gi1912445idoy | BAAOZ3GT. 1| (D129B2) DNA polymerase (Bacillus caldotenax]
Length = 877

Score = 205 bibs {523}, Expect = fe-54
Identities = 55/128 (50%), Positives = 83/128 {87%)

Query: t IELRIMAHLS RDKSLLTATAEGKDTHRATAREVEGLPLETVTSEORREAKAINTGLIYGM 60
TELR+4AH++ U L+ AP DI TA ++0 +  + VT KRR AKRS N4 Y+
shjet: eSh IFLRVLAHIARDDNLMEAFRRDLOTHTIPAMDT FOVEBLEY TPRMRROAFAVNIIVYOT 717

fHugry: bl SAPGLAROLNIPRKEAQKYMODLYFERI PGVLEYMERTRAQAKEQGYVETLDGRRLYLFDI 124
3 +GLA+ LNI RKEA ++++ YFE +pGYV YME +AK++GYY TL  RR YLEDI
seyct: 716 SDYCLAMINTSRYEAREFIERY PESFRGYHRYMENIVQEAKQRGYVTTLLERRRYLEDI 7

]

Quary: 171 hESNGARR 1.4
&N R
Shict- 1T8 TERMFNVR TAL

W [ Y7CESN e i PED0ALEIGT THETH DHA POLYMERASF I, THERMOSTABLL (TTH POLYMUWASE 1

Gy TAGGH 4 Tk L BARLLA L 1L (DT rhoomontable DNA pelynerage [ [Thermus rhepmopto Tu s

8 ROOTA VD L TUABRRAIY 1 AROS NIRRT Trh DNA polymerase [Lajitaseion s tar pLEL=1IT]
Jastpt 1o« W4

Scote v Q04 pals (SM1p, Bepoet o le-83
Tdentit ey « 01/10R (4791, Pomitivas « 93128 (719)

Quary: 1 TELRIMAHLS RDKGLL TATAEGKD THRATAREY FGLELETVTSEQRRSAKAINEGLIYGM 6t
TELR++RHLE D+ L+ F EGKDIH  TA+ +EG+P E V RR+AK +NEG+ +TGM
sbier: 61h IELRVLAHLSGDENLIRVEQEGKDIATQTASWMEGVRPEAVORLMRRARKTVNEGVLYGH 675

Query L1 SAPGLARGLNT FRLEAONYHDLY FERY PGVLEYMERTRACRREQGY VETLDGRRLYLFDL 120
SR LestL IV +EA #4r YF+ +B VO b+EsT v ++2GYVETL GRR Y+PD
shynrs i SAHRLEORLAT PP EAVAR TERY FOR PRV RAWLER TLEEGRY ROYVETLFGRARYVERL 7125
Muerys 101 AnRNGARR LR
e i R



Appendix 1
Fasta results: Type II DNA polymerase Fingers domain against Swiss Prot Database

TASTA (3.3 June 2000 (unction (aptimlzed, BLYG wabiiy (1%, -2 Ytups o
join: &, opb: 24, Fap-pen: -i2s -2, widtns 14

The best scores are: opt pits E{1156722)

PAB1128 (poll; DE DNA polymersse 1 {771} 3fe al 4e=1%

PAL947 123533 long hypothetical DNA-directed DNA  (123%) 263 70 &.8e-12

MTAIZOR Ina-cependent OMA polymersse famly B (P { 586) 231 82 Be-10

ape APE2098 DMA-mirected DMA polymerase [EC:2 {784y 199 55 1.7¢-07

sce:YNLIO2W  POLL, CLDNIT; DNA polymerase alpha (D {1468} 185 52 Z.%e-0%

AF0497  polB, DMNA polvme:ase BL. [EC:2.7.7.71 {781y 174 49 & 0e=06

nas Tafdu7 WA polymer (Pall), largs : {106y 1el 44 0.0GDEY

sees'COLINZW LN, POl TEXT, DhA polyme - P10 141 4% 0O.0007

TVGOR59451 WA polymerase B0, 14 4z G O014

celiF10CZ. 4 LDNA polymerass family b (CEQ9I0R) [E (10811 140 41 Q.onzv

MINAES  purabive DMA polywerase. [EC.2.7.7.7] [SF  (I634p 133 40 0.013

mmuc 85680 folal; DHA polymerase alpha 1, 180 kDa  (1468%) 130 39 o019

arth:T12B7. putative DNA polymerase Iota catalyt (1871 122 37 0.083

atn:TLIFLS Similar to pubative DNA @olymerase g (1894) 122 3 G.083

scesYPL1eTy  KEVI, PSOL; DMA polymersse zeta cata (1504) 106 23 0.9

hal:VNGD521¢  pol3l, DNA polymerase Bl (BC:2.7.7. ( 9201 a8 31 iy}

Sequences with T-valus BETTER Lhaa threshold

fCore

Seouencor produclig Cigontftoant aligiment s, (bit=) Malue
g2 | 60150251 ap) PE6ES9IDPOL_THEGC DA POLYMERASE {TC POL} >gl|4699... 105 Ze-23
gii3913528|5piP?4918 I DPOL_THEFM DNA POLYMERASE (POL TFU) 1@11155 104 2e-22
4153013540 sp1QHhE36EIDPOL_THESS  DNA POLYMERASE vgu|7434808ipar||. 102 le-22
G11399403| 3pi P300EY | DPOL_PYRFU DNA POLYMERASE (PFU POLYMERASE) »... 49 le-2i
GA 9625739 | ref |HP_039988.11 DNA polymerase (8) [human herpeqv1ru... 85 2e-20
g1ildz 5104GlreleP 116408.11 T34 [Tupaxs herpesvirus] >gil829694.. 94 Se-Z0
g1507909655<p|Q°VU531DP0L HS8YT1 DNA POLYMERASE »gi|41650731gblAA.. 84 he-20
ga 112644199 sp| PRI DEGD GCHRQ  DMp POLYMERASE QELTA CATALYTIC ... 93 Te-20
g11362565T tref INF_03%308.11 BALFS DNA polymerase {(early), homola... 43 @e-20
GrEQEIHIAQ rel | NP _042931.11 U8, DMA polymerase [Human Lerposvin, 98 16=14
q1160150731sp 1071121 |DPOL_RHCME  DNA POLYMERARSE zq11£944/dOlqbiAA 94 le-1%
A 131242 ]GISpIGGLRES\DPOD ORYSA  DNA POLYMERRSE DELTA CAIALYTIC ... a8z Je=19
gi1t3124195 | =p| PY0E23| DECD CREFL DNA BPOLYMERASE DELTA CATALYTIC ... 92 le-19
g2 6324227 ref INP_014297.11 DNA polymerase I alpha subunit, pl#0. 92 Ze-1%
71| 9628761 i ref |NP_043792.1] DNA polymerase |Human herpesvirus 77... 91 Be-19%
g211188881sp 227172 |DPOL_MCMVS  DNA POLYMERASE >gils7043|pirt iDJB... 90 fe-19
gril31242201sp| Q9LVNT | DRPOD_ARATH DNA POLYMERASE DELTA CATALYTIC ... 89 le-13
g1i13124718 19p| P54.3581 DPOD_DROME  DNA POLYMERASE EELTA CATALYTIC ... £3  le-13
g1 180150191 sp | QE90251 DPOL_GPCMY  DNA POLYMERASE \q¢l§59763|qblAAA - 86 ie-18
qri3vl3sisl=p| 048901 DPOD_SOYBN  DNA POLYMERASE DELTA CATALYTIC S... 89 1le-13
gr11188381splP2833910POD_BOVIN  DNA POLYMERASE DELTA CATALYTIC SU. 89 Ze-ld
gr|E420102 ) ref iNP_010181.11 largest and catalytac subunit of DNA, 88 Fe-1H
I3V 20291 e PAIZAZIDPON_MESAU  DNA POLYMENASL DELTA CATALLTIC 5... AR 3= 14
9114505933 ref iNP_002682.11 polymerase (DNA directed}), delta 1, ... gy Je-1d
41113124716 | 3| P46588 | DPOD_CANAL  DNA POLYMERASE DELTR CATALYTIC ... 3% 3e-13
q1i391353C1sp|B779321DPOL_PYRSE DNA POLYMERASE »>gi|14837701emb|C.. 37 de-1R
gi(14521919 ref [NB_127306.11 DNA polymerase I [Pyrucoccus abysai 47 de-18
gaL17065OHISP1P52431!DPOD MOUSE  DNA POLYMERASE DELTA CATRLYTIC 3. 87 He-18
G1 [ 8015022 | spiQehi28 1 DPOL_RCMVM  DNA POLYMERASE BE Je-lu
g2 {36253965 I ref INF_040211.11 DNA polymerase {Saimiriine herpesvi... 86 le-17
g1 13313522 spl 0272761 DFOL_METTH DHA PCOLYMERASE >gi|74822911pirll... 36 Je-17
q1|G225286]spl Q93746 DPO2_AERPE DNA POLYMERASE T 9117434801 |pd. 85 Ze-17
§11118831isp!p27727 | DFOA_TRYBE DNA POLYMERASE ALPHA CATALYTIC SU... 85 3217
aLl 0150131 sploR9042(DPOA_RAT DNA POLYMERASE ALPHA CATALYTIC SUB. 834 de-=17
GUITLONT 38 Iref INF_067684011  DHA polymoerase delia, catalytic sub.._ 84 de-17
116679409 ol NP 032918, 1) DNA polymerase alpha 1, 180 kDa [Mus... B3 Be-lV
gi[llh&\l\dpip“h0191ﬂpﬁk DROME  DNA POLYMERASE ALFPHA CATALYTIC 35U .. 83 Se-1i7
qliR3B3995 Lef NP, _065633.11 polymerase (DNA-directed), alpha; po... 53 fe=17
011064b011\Lnf1h? 04260%,11 UNA polymerase roplicabtive subunib [... 83 Te-17
i l“h“G7b?\Lﬂf\N? Q4103%.11 ENA polymerase [Equine herpesviius 1... 83 Te-17
LIPSO spIOeT TSR I DRGR_OX{TR  ONA POLYMERAST ALOWA CRTRLYTIC ... 82 ie-lg
g1:bleﬂlllsp|Q04Q3Q|UlOA TORYNG  UNR POLAMERRSE ALPHA CATALYTLC . 82 Ze-ly
gL 160150101 5p1 04BE53 I DPOA_ORYSA DNA POLYMERASE ALPHA CATALYTIC 82 Ze-lb

GqL1118833 | sp] P2ROAOIDPOA_SCHEO  DNA POLYMERASE ALPRA CATALYTIC &U... 81 de-14
g1l 1188791 9p | POTELT | DPOL_KSVIA DA POLYMERASE g2 670361pacl IDJIR. .. 81 de-18
i 82011 el | HP 044632.11  DHA polymeorase [human hetpesvirua i)... 81 da-1lh

q!\l1H$MUIﬂpIP04?“?[DPOL HEVIE DNA DOIYMERASE g B 303A b 0o, .. H1  Ae=14
A1 P PLERRT L ap | #0854 1DEOL HOV1S  INA POLYMERASF gl 167030 [phol )l .. Bl Ae-lf,
QLS ROTGT A 0 L0 EDPOL, CHVNT PR POLYMERA B b BLIOTG Iptr .. BO Go=ly
ql|hblbOU“iip\uOO$14tDEOA LEIIX) DWNA POLTYMEMALE ALPHA CATALYTIL S... B0 Gu=ly,
qLI118EEZ I op| POTRLGIDEQL_HSV2T  UNA POLYMERASE >g1|67039\pLLElDJB... B0 Te-le
g1 124314651 9p) P77933 | DPOL_FYRKO DNA POLYMERASF [CONTATNS: ENDON. 79 le-1i
g4 00150241 5p | 070736| DPOL_ REIV  DNA POLYMERASE gl 3176380 dbd|BA. . 79 le-15
GLie0L802 L ap QR L3 | DEOL_ TORENZ  DNA POLYMERASE >l 1236847 Ighiph.. 78 2o-1&
qi111498108 rof INP_069333,11 DNA polymerase Bl (polB) [Archaoogl... 78 de-l&
g&l:lzﬂlll°p|P10315\DFOD PLAFE DMA POLYMERASE DELTA CATALYTIC sil. 77 da-lE

2134135261 8p1059610 DPOL_PYRHO  DNA POLYMERASE >qi17448920ipir|. 77 4e-15
q‘l“&°757llzf’|NP 042094.11 ESL [Variola vizus) aq1146]“51i3p|?3 77 bhe-1L
a1 12994185) cptb1334 | DPOL_PYRSD  DNA POLYMERASE (DREP VENT DNA PO... 77 Su-16
i [9TR0NRS Gl I NP_063712.11  ESL; potative [Vaccaplas virus] »qild.., 77 Be-10
g1 | DIRAND Lap  POERSE I DPCL _VACCY  [NA PULYMERASE g3 td3B75E1gD1ARRL, ., TE el
1L TARASANBE TR IAQ) | DPOL FOWPY  DNA POLYMERASE »gu 67047 IpariDav. .. 76 =10
L ESRILO0 L NP, O40351. 11 ORF28 {ARI~11%4) [Human herpesvizul ... e 1e-14
A AR TS F|HMHth\D|OI“1HEGH IINA POLYMERASE | CONTAING: ENDON. .. TG -1



GrieGii TSR3 ref inP_G43532.1 PBVC-1 OHA polymerase [Paramecium b, T ie-14
gt 2A20201spi PRO3ITT | DPOL_ THELI NNA POLYMERASE (VEMT DMA FOLYMERA. .. Ta e-14
quldG1AL7 4 lapi0ai6dl] Dl“Ol,_iTHE.ST DA POLYMERASE w2 VARG | enks [ T4 Lty

G EASI3GET | spInG0eTAIDPOZ HUMAN  DHNA POLYMCRASE ALTE CAIRLYTIC S4 Ty e-id
1T ETORLY e PRTOM I DPOL METYO DNA POLYMERASL, g1 id9bendghl AR L] L

G EETRETIE s QRT3 DPOZ MOUSE  DHA POLYMERRSE 274 CATAMLYILC o . 5% L

2 P3IDTA508 | ap1 050607 | DPOT _SULOH  ONA POLYMEFASE I (DNfA POLYMERASE . 51 el
g1 16325080 ref INP_015156.11 DA polymerase zeta subumit; Revip [L.. 88 Te-17
g1 1127643074 3 P2ERILIDPOT_SULSO  DNA POLYMIRASE I g3 |205235319b . 86 le-12
¢1P23201%1ap i F30318 | DPOL_NPVED  DNA POLYMERASE >¢a 1484512 |parl 1JQ. .. §¢  de-l1
113913534 sp|FET7154 | DPOE_SCHPD DA POLYMERASE EPSILON, CATALYTI... 8% 2=-09
gL iGZ2328 31 ep 10937451 DEQ1_AERPE  DNA POLYMERRSE I »qg2 17434800 par. .. ST Ge=04
111165407 =p 1 P4I138 I DPOL_ASFLE DR POLYMERASE »gqa 1480553 1parl|3... 56 8e-09
GLi4933588{spi POSES0| DPOL _SULAC  DMp POLYMERRSE T »g9:i212943QIpir... S0 le~-08
qr (1169408 =p P4Z483 1 LPOL_ASEBT?  LNA POLYMERASE »31i437€24 gk RAAA .. 56 le-0QAR
Gl BULSG20 1 ap 1 GH01621 DPOL_NPVCE  DHA FULYMERRSE g\ 1747603 1 gb iRl E fz-0h
g1' 6324067 (ref (NP _014137.11 DNA peolymerase 13; Pollp iSaccharomy... 53 fa-lE
g2l 9530008 ref [NP_048226.11 DMR wolymerase [Orgyla oreudotsugats... 53 la-07
41138156791 5p| Q582951 DPOL_METJR  DNA POLYMERASE [CONTAINS. MJAR PO... 533 1e-27
1] 8453926 | ref INP_U06222 11 polymerase {(DNA directed), epsilom [... E Te-07
g1 | 9630872 | ret INF 04746511  DNA PolymerasesAcMpoV orfGh {Bombyr ... 18 Ze-0&
a1 | 9627808 ref [NF_QE4GH5. L1 DNA-dependant DNA-polymersse [Aubogr... 45 Ze=04

Sequences with E-valus WORSE than threshold

qa1111467137frefINP_054438. 11 ORF207 {Marchantia polymorphal »gxj... 37 L005S
gLl 116829 e Po1189|D0Ge_ECOLT  DHA POLYMERASE I1 {POL IL} >gil67,... 3z 7
gril4424453)sp|Q0T635|DPOL_SULSO DNA POLYMERASE 11 {DNA POLYMERA., . 2 -

g11232071%tsp 19303191 DROL_CBERY  DHA POLYMERASE »>qri281200%lpicliis2,. .. 8
g119032637 ref INP_049662.11 DHA polymerase [Bacteriopnage T4} >g... z8
5115174472 | ref INP_006022.1] pericentrin B; pericentrin-B [Homo =... 27
gli8225350 | 50| 0542431 FLEB_RAIME FLAGELLAR BIQSYNTHETIC PROTEIM F... 27
g1l 6094138 | sp | OE2951IRR2 PICAB CHLOROPLAST 305 RIBOSCMAL PROTEIN. .. 27
gLJ7514b91\reL\NP_04:447.11 ribosomal pratein §3 [Pinus thunberg, .. 43

Wl LA L OO
R R =)

Al rgpment o

Sl [LOT60 L sl PLO s DOl THREOGD DA POLYMERASE (10O 1OL)

gLAGoMNG pdl | ITGOIR Jhain A, Thermostable B Type Dna Polymerase Fron Thermosocdis
Gorgonarius
Length = 773

Score = 105 bits (262}, Expect = Ze-2}
Tdentities = 56751 (91%), Positives = 53/81 (95%)

Duery. 1 TEEIPILLGDLLERROYVERIGAMATVOR TERKLLDY RORATVILENSY YUY RY ENARWY 60
PGELPSLLGRLLEERDKVKKKMKAT+DPIE+ KLLDYRORATKILANS +YGYY YA ARWY
Shbyect 446 PGFIPSLLOGDLLEERQKVKKEMKATIDRPIEKKLLDYRORATKILANSFYGYYGYAKARWY 505

Quety: &1 C 61
o
Shyet- 506 © 906

gL | 3913526 | spl P74518{ DPCL_THETM DNA POLYMERASE (PCL TFU)
qrl 16556595 emb I CARDITIH. 11 (269882) DNA polymerase and endeonuclasse [Thermecoccus fumicolans]
Lenygth = 1523

Score = 104 bits {261), Expect = Ze-23
Tdaentities = B5/61 {90%), Positivey = 58/61 [94%

uery: 1 EGETLSLLLDLLERRORVEKKMEATVDP T ERKLLOY RORA LR TLANS Y Y G YAYANARWY
ToF T0S1LLGDLL P ERQEVRE MRATVDP LE+ KLLUYRQRATRILANS 1 YGYY YA RRWY
Shict: 80u POFIPSLLGLLLDERORVKKHMEATVURTEKKLLUDYRORALE [LANSEY Y YT AKARWY LS

>0

Query: £ il

Shjet: 8486 U 8586

13013540 2p | QORI6E] L‘>POL'_T}1ESEJ ONA POLYMERASE
g1 17434808 lprx | 1867220 DNA~dirested DNA polywerase (€ 2.7.7.7) - Thermococius op
gl 1197452 gt ARARETLE. Ly (M4T10%Y DNA. polynenase [Tharmacorins ap. Pob-7]
Length = 7%

Score = 10/ batas DALY, Rdperl o= le=l
Tdant 3ti«; = R4A/401 [Rys), Poxitawves = L6751 (90%

Quary., 1 PGEF PULLGDLLEEROEVEARMEATVDE TERKLLDYRQRAL R TLANS Y YGY YAYANARKY o0
PGET PSLLGDLLEERQE Y K KMEATY P+ 24 KLLDYROQRAIKILAKS YOYY YA ARWY
Sbict: 446 FGFYPELLGOLLEERCKIRRAMRATYORLERKLLDYRGRALKILANSEYGYYGYAKARWY 06

v

Query: €1 ¢ 61
¢
Shjet: 500 © LOC

ryd 39940 1| PRODET | DPOL PYRFU DNA POLYMERASE (PFU POLYMERASE)

G AT i 1SSy TRA=dL e b DHA polymerane (BC 20 0.7.7) = Pyresoscug furyonun

gL 1216018 LR JTRAAL WG YT (D109} UNA polymerase [Pyrocossns Luciosis]

11234704 VU ge I ARBETORE. 1Y {UR4155) TNA=dependant PNA polyncrase [Fyrostacug wooael]
Length o~ 774

Guzape w M0 bat s 1247, Bvpest = la=0



Appendix 1
Fasta results: Type | DNA polymerase Thumb domam against Swiss Prot Database

FASTR 13, 36 Jums 2000 Loeaonion [ophunlzed, BLY maloir (149 =93] kFLup.

jert: 36, opt 24, gapenen: =12/ -2, widrn: 16
The WESr acores avo ops Birs il ey
BIEHR palh, oAl UNA polymerase T O (POL 1}, [LO { R4 f4 0 104 Fe =401
vl VL OT0N  LNA palymera s DO[EC 2LTT07) { Medr AT Tla o e=o
HIGa%8  polr; DEA polywerase I (POL L), (BC:2. 7.7 f 330) g4 102 1 ge-g)
nres HMBLSEE  TMA polywerase 1 [DC:2.7.7.7%1 ( 938Y 431 100 la=20
paztPAS493  poll; DMA polymerase I fEC 2.7.7.71 t ol3) 410 95 2 1e-1G
«fa 1F1:03% [DMA polymesase I [EC:2.7.7.7) {973) 393 B2 2. be-18
tma. TM1C1 0 DNA-dJ:ected DHA polymenase I [EC-2.7 | 893) 2359 87 8, %e-17
sLeRT07 poelr, LNA pelywstase 1. [BC:2.7.71.7) I 986) 319 74 1.3e-13
dra:DR17)”  DhHR-dipected DNA polymersse [27:2,7.7  ( 356 310 74 4.Fe=13
polh  OMA pelymerzse I. [EC:2.7.7.7) { B8OV 303 T3 fe-1d
bha.BH21%3 pold; DNA polynerase I (EC.2.7.7.7] [ aT8] 300 71, Ge-12
TPO105 DNA pelvmerase I {polR). [EC:i2.7.7.7] [ 3%7) 249 82 3,%e-0%
BBUSAY  polk; DHA polymerazse 1. [EC12.7.7.73% {808y 246 (38 Se-09
RPTTS  polh; DNA pelymetsve 1. [EC.2.7.7.7) { 867) 238 5% 1,5e-08
CT493  DNA Tolymerase I, [EC:2.7.7.71 { RBE) 226 47 8.,de~08
CPOLIS DNR pelymerase I ‘DolAJ [ 870} 225 57 &,8e-08
cme, TCOTS0 DNA polymerase I [BEC 2.7.7.7) [ 566 Z1% 55 2. 4e-07
<]ett]0338c  pold; DNA polymerase I [BL:2.7.7.7%} { B7%) 208 53 1.2e-0%
HPL470  polA; DNA polymsiase T (POL Ip. {EC:2.7.7 ( 8821 203 52 2.6e-0D8§
hp3 jhiplied DNA polymerase » [EC 2.7.7.7] (897 197 51 &.2e-08
ML1L, pold, TNR palymerasze 1 1648220:16%095% re  { 911) 177 47 000012
Kvi62¥  polk, pelymerass 1. (BO.2.7.7.71 § Ay 166 44 4,000%7

cel!WO3AZ, 2 TNA polymwsrase (CE14486) [BC:2.7.7.7  (1208) 128 a6 0.18
aq_1%67 polf: DNA polymarase T (Poll). [EC:2.7.7 ( 574) 113 33 Y
PABZ309 (rorA-1} DE.2~retoglutarate fercedonin ox | 408) a7 30 6.7

Fequences witp E-value BETTER than thrashold

LRI f

Saquencas nroducang xigni Ficant alognment =i (e el
¢4 318828 | 3p ! P19B21 | DPC]_THEAQ [NA PCOLYMERASE I, THERMOSTRBLE (T. 174 Lewslh
g112506365tsp| PEOL1S4IDPOI_THECA DNA POLYMERASE I, THERMOSTABLE (. 175 le-44
§1i232010) 5p ) P30313DPOL_THEFL DNA POLYMERASE I, THERMOSTARLE {T... 174 Ze-44
gi 1706502 1sp | PS2028 | DPOI_THETH DNA FOLYMERASE T, THERMOSTABLE (... 173 Se-44
9130416721 sp) PE20261DEOY_DBACSY DuA POLYMERASE I {20L 1) 172 SHe-44
92 1118825] 5| POOSE2IDPOI_ECOLI  DNA POLYMERASE I (POL I) »¢i|87085... 171 2e-43
g*I5q33510!¢p105232%IDP01 THEFI DNAR POLYMERASE I, THERMOSTABLE (... 164  le-41
a1 AUIS001 1510349896 DPOL_BACSY  DNA POLYMERASE I {POL I} >ga|743-.. 164 2e-41
qLL€C¢4999tspiQ591561DPOI _ANATH DNA POLYMERASE I (POL I) >ga1140... 161 le-40
quI416913 sp| Q4957 DPOT_] BACCR  DNR POLYMERASE 1 {POL TI) >qu|4196... 161 2e-40
gigoU1300>|splUOUiO?lDrtl CHLAY  DNA POLYMERASE I (POL 1) »gu|19i... 160 3e-40
gLI11684G2{sp | P43741IDPOI_HAEIN DNA POLYMERASE 1 (POL I) >gi|107... 160 3e-40
q;}6225:3¢15010 S87110DFOL_SYHY3 DNA POLYMERASE I (POL 1) >qga|743... 157 2e-39
gitT404361¢spiPR2027 | DPOI_DEIRA DNA POLYMERASE I {POL IV »5i1747... 157 Ze-38
QLi122298151spi0951GEIDPGI_RHILE DNA POLYMERASE T {POL I} »gai35... 157  3e-39
9itBlEE1431ep | PT4%33|DRPOL_TREPA DNAR POLYMERASE I (POL TI) >gli743... 153 3e-3%
4116225284 spi 051428 DPOL_BORBU  DNA FOLYMERASE I (POL I} >qa(743... 145 9e-a7
g;ﬁvQ‘500%t3pt03°8G1LDPO1 LACLC  DNA POLYMERASE I (POL I) >gif228... 146 5e-36
cllb015Q04|qpl0O%949IDP01 RICPR DNA FOLYMERASE I (PCL I) >gal743... 141 le~34
g1l 585067 ap QUTT0OO DPOY_MYCTU  DNA POLYMERASE I (POL I} >g1|7434... 139 Se-34
13188l 7!3p!?1*’5”\DF01 STRPN  DNA POLYMERASE I (POL 1) »gu|PBC2... 129
qaIG7$9BRGI<P1Pﬁ61011DFO] HELPY DNMA FOLYMERASE 1 (POL T) 139
GLIETEYI AR gp I QZJIEA DROL_HRELET  DNA BOLYMERASE T (RO 1Y ﬂqil’ﬁ\... R
GLILLER4031 sl bA6RISIDFO]_ MYCLE  DNA POLYMERASE 1 (BOL 1) “yi| o). TaL
ali 26254741 refINP_O39704, T1 predicted 66.2Kd piotein [Myr-ohacter, 141 Femd1
q;lllRGﬁ;lsblPl)BCDlDFOL BETS  DNA POLYMERASE ngIGVQbSIlelluJBP 130 Ze-3l
219630428 el NP _044380.11 DNA polymerasze: gpid [Mycobacteraoph.. 130 3e-31
qx 1 E723884 | ref INP_0065867.1] polymerase (DMA diresied), theta, po... 105 8e-z4
GLi461%60 | sp 1403141 DPOL_3P5P1  DNA POLYMERASE 102 Te-23
gri 0150001 ap 1007770 DRQI_AQUAE  DNA POLYMERASE 1 (0QL T) >gai7il... &8 2e-1g
g1 TRRS45an I FAN3LT | DEOL_ RPTI ONA POLYMERASE »a1|76%15|pir| | 5075, .. 8¢ Ta-lb
QrieR2TENA et NE G413 L] gene b, DNA polymerase [Bacteriophiy... L Pe=l%

Focuon e Wit B=value WOLHE than rhre Lold

alled0E 700 pef (NP _ 000111 A kinase (PREA} anchor protean o (Ho. .. 34 0.037
11120962 [ 9p PLILI9IPTHS CLOAT  FORMATE--TETRAHYDROFOLATE LIGASE ... 31 0.3%
ull‘brﬂﬂ?l,plfﬂi‘UBIﬁUHT‘)YNV’ SULCATL-DINDING PROTRIN PRECURSOR. .. 30 0.4n
g1 SRS EOT  ap W FOLATETHE_CLOCY  FORMATE~-TETRAHYDROCOLNTE LIGATY ... N 0.8
an | 2169348 1 5p  PI3822 1 CYIA_NCUCK  SULFRTE PERMCASE 17 30 0.70
ql}‘ﬂBJT B | QBQATIYOAZ METJA BYPOTHETICAL PROTEIN MJIOU42 =qal. 289 0.9%0
g;\h DJ9RE7| sl PR6194 | YIBL AZOVI  HYPOTHETICAL TRANSCRIPTIONAL nEu... 29 1,00
il ‘01596\39\9“4490!V13G_DKCDI VEG136 PROTEIM >4 {15133001ghiAR. .. 28 1.0
i pIBAET el [HP 036662.11 creatine Xinage, muscle form [Rastus.. 28 1.4
qularlTTuZ el {NE "Ga1T36.11  crwatine kinase, muw, L [Mus musculu. .. 29 1.4
TS0 P0G KE R RRBET CREATIHE KINAGE, M CHAIN (M-cH) <., naooy,a
U I7930 Y 5pl P0SLL 3 KORM_CANEA  CREATINE KINALE, M CHAIN (M-CK) -... L0
el G016 el THP_008602. 11 topioduction B: Reproduction/chromes. .. 2 2.0
JLITER9CA  ral NP o470, 11 aytoheain 1, Llaoform 1, hemolog »f =... L <
LIRSS T v e TNE 04471711 Taetl [Enrocobacter saregensal »qui... F1:
LTI e [ WRESCAL KO RM BOVIN  CREATINE RINASE, M CHAIN (M=CE)... 28l

45



Grifhsn T AT Y PRTIOYT ARGPL T3OLENCYL=TREA SOUTHETASE (1S0L00. . R T
CERR R Ty REtrl E R AUV § VI PRSEI DY LHA - POLYM AL IR R PR R RPN | L o o

AV DT ke EMO TR REATT IR RIRAST, MO I (M) - IR A
AU tos sl DG TR R IOMAN LD AT KRG 1 IR (1 ) e [
1113466101 wnewd 3033 I MYC_HYLLA  MYT PROTO-ONCOGENE PROILIM (C=MYO. .. o8 LI
Q11174548 v pAA0T4 | ZYT_HARIN  THROONYE=THNA SYNTHSTAS (FefEOI o v
42 '117016% | spl r 465001 HAT] ARATH  HOMELRGN-LEUCINE 7 IPEER FROHBTHN L. o i,

g1 | A9 0RAD ] an, CUALGE) PRIH‘THEMA DHE FRIMRSE Zgu| T44 M40 o |22 [
G2 1463267 | ref INP_043445. 1| pripase [Bacterrophage T4] -qgat 11873, .. Jeodoa
gLi2482647 | spl1 Q82412 1LY54_EMENI  HOMOACONITASE PRECURSOR (dOMOACO. .. 27 8.2
4212501733 sp 02961 FEXC*PICPA FPEROXISOME ASSEMBLY FROTEIM FASI.. 27 6.2
gai111.24094 el QUIRE0INIGE_NETMA  NADH DEHYDROGIMASE I CHAIM € (N,.. 2766
g 113134002 1 sp QAKTCTINUOT NETME  NADH DEHYDRGGENASE 1 CHATN ¢ (N... I I 7
grilda il splr879%2) HUTS‘_?ASMU DHA MISMATON REVALK PROTEIN MUT. .. P A
16678176 ref {NP_032791.11  origlr recognitior comples, subunit ... 26 1m0
Qi R4859RR 5L EPRYLTIGERT SCHPC  GLUCOSE-6~PHOSPHATE ISOMERASE (G... 26 4 "
i1 EgP1T 4 ref NP 01162511 (stechrone B pre—mRMAE Lrocesaang pro., - A
GLT1I363Z5B6 | 5p| Q75747 | P3G _HUMAN  PHOSPHATIDYLINOSITOL 3~KINASE C .. 2 8.4
g1 5803387 |vel NP _006748.1| transaldolase 1; dihydroxyacetens tr, .- 25 4.4
g1 0523515 1ef INP_013546,11  MADH dehydrogenase (ubagui-onel; MNdio.. 26 9.4

Alignments

>gul 118826 spP19821i0PO1 _THEAQ DNA BOLYMERASE I, THERMOSTABLE (TAQ FOLYMERASE 1)
gl 9470% [plr[1A33S30 DNA-directad DNA polymerase (EC 2.7.7.7) 1 - Thermus agquatisus
g1l 389193% | pdly| IBGXIT Chain T, Tay Polymerase In Complex Wath Tp?, Ar Irhebiteory Fab
gi{7246019 pdb | 1CMWHEA Chain A, Crystal Stiucture Of Tag Dna-Polyne:rase Shows A New
Jrientatlon Tor The Stiucture=Specific Nucleass Domara
Gri155129 1 antARAZTS07. 1] {J04639Y DNA pelymerase [Thermus aguaticus)
Lengtn = B32

Szore = 177 bits {(451), E4pect = 2e-49%
ldentities = S2/115 {45%), Posataives = 73/115 (63%), Gaps = 1/115 (0%}

Cuary 2 GVETUT aVLANH S ELELTLRLAELEKKAHET AGER I'NLISTRQLLI ILEEKQOT Ky L KET- 60
SEVAREY 1 nont tALE 1AL FNLES QLY +Tkre G ¢ MT
Shyel 14k GVRLDVAYLRALMLEVAER IARLEAEVE RLAGHPFNLNSRDQLERVLFDELGLEATGHTE L0

Tuery A1 ef AR S TLRAYLE L LALDY DL PV ILEYROLAKLES CY {DELELMIN PR GRVILT 11¢
G [s VLE L +B4 v IL+YR L KLESTY D LP +1+P+TGR4+HI
Shact: 308 KTO L TSAAVLEATREAHETVEF ILOYRELTKLKSTY IDPLPTL I HPRTGRLHT SG2

A

ali2S065uS13p) PaD1%ALDEFYL _THECA DRE POLYMOKASLE I, THERMOSTALLE ([AC POLIMERASE 1)
g:P1470115 ght AAES139R. 11 {U22584) thermestable DNA polymersse [Therwus caldophilus]
Length = 224

Score = 174 bres (4491, Epact = le-d4
Tdentities = 4%/115 (42%), Posaitives = 717115 (61%3), Gaps = 1/115 (0%}

Querty GVKIDPRYLHNHSE ELTLRLARLEKKAHELAGEEFNLESTRQLO PTLE RKQGIRPLERT - ol
GV++D L 5 EL + LE++ +AG  ENL+5 QL+ +LE++ + L KT
Shyct- 450 GVRLDVAYLOALSLELAEEIRRLEEEVFRLAGHPFNLNSROQLERVLFDELRLPALGKTY 509

Query: 61 PGGAPSTSEEVLEELALDYPLEKVILEYRGLAKLKSTYTDKLPLMINFKTGRVHT 115
G &T% VLEL 4P+ + TL++R L KLE+TY D LB ++4+P TGRHHT
Shycht: 5.0 RIGKRS TSAAVLEALREAHPIVEKILOHRELTKLKNTYVDPLESLVHENTGRLHT 564

>y 2320101 e | 2031V DPOL_THEFL INA POLYMERASE I, THERMOSTABLE (TFL POLYMERASE 1)
911281485 1pir | | S26678 INA-divected DMA Dolywersse (EC 2.7.7.7) 1 ~ Tharnus adquaticus
g1 48166 ek LARAGI0N.1( (X65105) DNA-directed DNA polymerase [Thermus thermophilus]

length o B3

moone VI byt (4401, Fxrpeset e Za-aa
Tdentitles o S0/11% (43%), Possbilves » 73/115 ()W), waps - 17115 {(Q%)

Query. 2 GYRI GERVLANHSEEL TLRLAELEKKAHEIAGEEFNLSSTROLQTILFERKQGI KPLKKT= #0
O e+ Ty L §Es + +LE++ +AG  FHL+S QL+ +LF++ G+ + KT
Sbysh. 447 GVRLDVAY LOALSLEVEAFVROLEEEVERLAGHEFNLNSRDOLERVLFDELGLFATGKTE S0w

Query: 61 PGOGAPSTIEEVLELLALDY PLEKVILEYRGLAKLESTYTOALPLMINPKTGRVHT 115
& 87TF Win L LR IL+YR L KLK+TY D LP +++PHETCOR+HT
Sbhyats 907 KTGERSTSAAVLFALREAHPTVDRTLOYRELTKLENTY IDFLPALYHEKTGRLKT el

L@l TI0GEY v sl LS 0 e I In QT _THETH DWA DOLIMIRASE §, CTHERMOS (RHLE (110 POLMERASE 1)

ALl ARRSTA L AR TURADE DY, 1L JUZVETRY tharmmstable DNA polymersst 1 [Thermas tharmophilue,

g1 | RAGHE U ldby TEaARE I 11 ARG BTAR] T DMA polymer o [Epreossion vectur pLED«HY
Longth ~ R4

Sewre = VT3 bt (341, Edpect » Be=dd
1genUities o 487115 (d0-), Peotcdves » 717110 (63%), Gape - i/120 0 (0%)

Cuery. GVRIDIEVLANHSEEL TLRLAELEKKAKEIAGEEFNLSS TROLOQTI LUERQG TKFLERT 0
G¥e L % BL o+ LEas RGO FNLAS  QLe #LFss o+ LONT
Shict: 450 GVRKDVALLQALSLELAEEIRRLEEEVFRLAGHEFNLNSRDQLERVLFDELRLPALGKTQ 509

Query: €1 GOAPSTSELVLEFLALDY PLERVI LEYRGLAKLKS I'YTDRLFLMINPETGRVHT 115
YLE L 4P o 1L4eR L VLKA TY D LE ¢ ¢+ POTGR+HT
THEAAVLEALREARPIVEKI LOHRELTKLENTYVDPLESLYHPRTGRLHT 564

Abjrt:

b 3022672 ZEIDEOY_BACST DNA POLYMERASE I (ron 1)
festipul » 876

Semte w17, bata (43R), Expest = Se=qd



Appendix 1
Fasta results: Type 11 DNA polymerase Thumb domain against Swiss Prot Database

FASTA {3.46 June 2000} function jopramized, BLS0 macrrig (2
joan- 26, ept. Z4, gap-per: =127 ~2, width: 16
The best scores are:
PARL12%& (pell) DE:DNA polymerass J {771
EFHiI847 123%sa long hypnthetical DNA-directed OMA (1235)
MF0885 putatice ONP polymerase. {RC:2.7.7.7) 159 (1434)
MTHZ O D peridon 0 DUA el et e Dand p Bt 0 20
apel APEI0% DHA-ULTed Led DMA polymeraze [ro.g 7. [ Tad
AF0457 ©polB; DMA polymeraze Bl. [EC:2.7.7.7) { 781
goe:YDLIOZY  COCZ, POL3, TEX1; DMA polymerase del (1097,
ape:APEZZ2S [MA-directed DMA polymerase {EC:12.7. ( £37)
bODSO  polB, dinA; DMA pelvmerase IT (pol IIN. {E  { 7R3)
mumu: 48660 Polal; DNA polymerase alpha 1, 120 kDa (1465
hal :VNGOEZ1G  polBl; DNA polymerase Bl {EC:2.7.7. { 301t
pae: PAISES polB, DNA polymerase I [EC:2,7.7.7] {787
vehiVCL212  DNA polymerswe I {EC:2.7.7.7] { 787N
TVGNS50709 raibogomal proteln small subunit $9% {200)
AF1938 conserved bypothetical protein. { 673
ath:F12B7.5 putative DNA polymerase zeta catalyt (1871)
ath.T1FLs. Y Similar to putative DNA polymerase g (1894)
MILE30  conserved hyporhetical proteln. {1139;
cel:T10C2.4 DMB polyvmerase famxly b (CED®308) [E  {1081)
Sequences with E-value BETTER than threshold
Sequence: producing significant alignments

5 =B)] ctvp. £

opt kats 310731
1

458
456
Ay

PN X AT
(R NRTR SRR e

O S I

bt
@ O
—~

103
108
108
105
nd

i1 4. 3e~2
t01 8.
£4 3. 7e-1
Pe &, e

[

35 (U
i4 O 4R
34 .92
33 3
3z 3.6
32 3.7
31 5.6
29 7.8
30 8.6
32 9.7
3z %.8
31 4.9
31 il
{bres)

11131242291 5p | Q9LREG I DPOU_ORYSRE  DNA POLYMERASE LELTA CATALYTIL

113431465 9p, P?T933ILPOL_PLRKC  DNA POLYMERASE [CONTAINS. FNDOM, ..
I ILTS[p | QIHBATDPOL THEGH  DNA DPOLYMERASE [(ONTAINLG. FHDON., o
g [GOTS0SY [ ap I Ceed 2 NPT THREGG DA POLYMERASE {10 POT) “aiddta, |,
gl L3O spI¢Ss 0 DROLTHESY  ONA POLYMERASE >gy|/434u)siprrti..
g;13913525\sploaﬁ?ﬂllﬁ?OD_SOYBN DNA POLYMERASE DELTA CATALYTIC 5...
;i3913528[sp|P74918!DPOL“THE?M DNA POLYMERASE (POL TFU) >gullés...
gl 13813530 I spipyTe32 JDPOL_FYRSE DNA POLYMERASE »g1i1485770embdIC. ..
gLi14521919 | zef {NP_127396.11 DNA polymerase I [Pyrococcus abyssi...
gl11312471615p] P54258{DPOD_DROME  DNA POLYMERRSE DELTA CATALYTIC ...

g1139135261spj 0598101 DPOL_PYRHC DNA POLYMERASE >g1]7446%20Ipirii.
gr12320Z015ptP3C317IDROL_THELL ODNA POLYMERMSE (VENT DNA PCLYMERA.
§1113124220)sp1PLVNT I DPCU_REATH DNA POLYMERASE DELTA CATALYTIC .

g1L] 3354031 splegndsl IDPOL_PYREU  DNA POLYMERASE (PFU POLYMERASE) >...
g 17494180 451 23 DROL_PYRED  DNA FOLYMERASE [DEEP VENT DNA PO. ..

i 1450594 ref|NP_002082.11 polymerase {DNA directed), delta 1,

g: 117065051 p1P524311DPOD_MOUSE  DNA POLYMERASE DELTP CATALYTIC s...
g11126441981spi P203161DPOD_SCHPO DNA POLYMERASE DELTA CATALYTIC ...
g1 1118835 Spip28339|DPOD_BOVIN DNA POLYMERASE DELTA CATALYTIC SU...
G213513524 |spl033645{DPOL_THEST DNA POLYMERASE »g1|2298338%jembiC...
gx 1131247141 5p | P4656E | DPOD_CANAL DNA POLYMERARSE DELTAR CATALYTIC ...
a1t l10e7381 lref INP_067694.11 DNA polymerase delta, catalytic sub...

1312300891 sp | PAT283 | DPOD_MESAU  DNA FOLYMERASE DELTA CATALYTIC S

01138156791 5p| G562 851 DE

LAxﬁhJeogL...
L, METJA  DHA POLYMERASE [CONTAINS MJA FO...
gL160150081spi 0008741 DPOA_LEIDO DNA POLYMERASE ALPHA CATALYTIC §...
G 11705513 sp1 BL20251 LROL, METVO  ONA POLYMERASE »q1|495654 |ghlARA, .,
ql!3913502\Sp\OOETOGiDPOBaSULSH oA POLYMERASE II
4112320111 epl PR35 DEON FLATE  DNA FOLYMERASE DELTA CATRLYTIC SU._. .

421118834151 P 7727 | DPOA_ TRYBB DNA POLYMERASE ALPHA CATALYTIC SU.
s 132135158 s PabNT] I,'JPL'\B SULS0O  DNA POLYMERASE III {DNA POLYMERA.
41125201 REap | PAOIZOIDBUL, CHVNZ DA POLYMERASE vqil28i076 pari!B4..

g1 | GOS0 spOBDSIBI D?OL RCHMVM  DNA POLYMERASE

yi i b 2 spi e rOAGIDROA FCHPO  OMA POLYMERPSE RLDHA TATALYTIC
q\]ﬂnalfh‘lrrﬂlnh 4k 42010 PRV =1 BNA polymo! @ge
EIRRTANUN SETYRETICEE [V B N B O R TY B TN U TR RPN NP NI RO FIVT IV A IO
i) DU] MRS AL AT LPOL GEUCMY DHA POLYMURASE g i) LA YL AR, L
S TIRABA Lap P 2T I0 I DROL MOMYES DA BPOLYMERASE gl 67042 paa | 1DIB. .

gl 962%00T L 1 uP_D3OO0R.1Y BALYS DUA polymerase {cablyd, hoewelo...
gLieLS0R ) spIeTILZLI DEDL_RHCME  DNA DOLYMERASE >yl 2944240 |gblRA., .
gLl 9296963 sp QLU I DEOL_BSVTL  DNA POLYMERASE »giidl1650731gblAA...
wli14291040 reFINP_ 116408, 754 (Tupaia herpesvicug) >gi| %29696. ..
GLI LIS T Sp I eGT ¥ DEOZ_HUMAN - DNA POLYMERALE ZETA CATALYTIC SU...

1115141139 2p pA0E2A [ DPOD_TAEEL [NA POLYMERASE DELTA CTATALYTIC ...

CA2a101 b eof |ME_010181.%1  largest and catatytic subun:it of DNAL
EGb‘:p\Oq1746\DPO~ AERPE DNA POLYMERASE 1I >gl\?4?49011p1
W ll1498105 [raf |NP_065334.11  DNA polvmerase Bl (polB)

{DNA POLYMERA. .,

SU. ..
{ParamncIum M.,

GLRLIRTLL TR INE_DAITOL LY DA polymorsse (Human herpesvinus Ti.

g;l“u“ﬁléﬁlrn!!NP Od‘*\l 11 U3R, DNA polymerasc (Humsn horpesvir...
LU DHA polymerase [Orgyla pecudebsugata, ..
FINP_ "047004. 11 DNA polymeraze roplicative subunit (...
'iNP_Ol“i‘d 11 DNA polymerase oeta subunlt, Revip (..

1 REIU LA P D410 LY DNA polymorase {Egqulue herpesvives 1.,

i 12CA0VAR I  HE 04
nllﬂf A0T1I
1l AsZ SN0

qilETRSBaLIpeFINP_05RED0 T polymerase (DNA-dirccrod), ulphas po.
q;\LOIbOllisylﬁ6“04°luPDA RAT DNA POLYMERASE ALPHA CATALYTIC SUb,

4.1 eQ150001 R 080162 DEOL_NPVCF  DNA POLYMERASE bqut .4.&38|qb\AAC... 117
vl GLTUA0N (A [ NP_0329 0,30 DNA polymerase alohy 3, 190 kDa [Mus..
A IGOIA0LI L 15 IDPOA, UAYTH  DNA DOLYIMERASE ALPWA CATARLYTIC 3..,

Score
Value

180
180
1149
174
175
178
178
172
172
172
172
171
170
170
170
1od
168
les
168
lé8
1le8
167
167
183
158
157
153
149
147
147
146
145
145
140
136
136
135
1az
141
140G
148
128
126
125
125
123
123
123
121
121
120
118
11k
117

118
114

q;\f019271iSP!OCl4ﬂJIDFOZ}MOUSE DHNA POLYMERASE IETA CATALYTIC 3U... 14

toouC15010
:‘\Ut EER e

1ONEE 36 I NPOA

NG DHA POLYMERASE ALPHA CATALYTIC S..
TINP_040151, 11 NREJR (AAI-Y1ING) [Humin norpesyice?

R 114
s

fee ]
Zew s
3oe 30
Be-30



e LA W el 3N DA TEE LT DA Pobymer are< A MIEY {0 Theant 2 L [EEN

Ga L 126A A e sl LIRS L THLGO BHA POLYMIFASE 1 ] ot 65 bt L 16

G201 9627804 rel NP _Q2409h. 1] DNA-dependant DNA-polymevrare JAULGGL. .. E3ib]
g2 | 6324227 ref [NP_014257 1| DNA polymerase I alphs subunit, pi80... 1Q0
g1 11188291 spli PI1ISQI0POL_ECOLI DWA POLYMERASE II (POL II) >q1i87... a4
G110 1188%1 i Lpt PREO1 B DPOR DROME  DNA POLYMERASE ALPAR CATALYTIO SU... a5
G2 i118%81 Len) PUCRSAIDROL, HEVIS  DHR POLYMERASE L4140 0 py LITGa. L. kA
g1 9622411 ref [NP_044€32.11 DNA polymeraze {human retpe.virys lj... as
g2 1118880 | ap | PG4252 tDPOL | H3V1K  LNA POLYMERASE »qit67034ip.r]i0Js. 55
gii118879 | sp|FUTI17 EDPOL» HSV1A  DNA POLYMERASE »grl67036{p:rliDJB. 95
ql44913J*8‘5p‘E95690|D?01 SULAC DNA POLYMERASE T ;gll4]494305p1r G4
Girl11&E8sY -plPOITE| Dl‘fﬂ_H WEL O DNA POLYMERASE gy 1610 1dtaivtiDaR, 9%
gl leZi020a12pl oA 4L APOT _ABRPE  DNA POLYMEKASE | -0 17434600 oLy, “

y112420181spiP3031E | DPOL_| NEVLD DMA POLYMERASE g‘lé&ﬂdlzlplLllJL 90
CLLJQIJSOS'Bp'050507}DP01 _SULOH DNA POLYMERASE I (DNA POLYMERAS~... es
G116324067 |ref (NP_014137.7} DNA polymerase II, Pelip iSaccharomy... 58
G11545382¢ | raelINP_00€222.11 polymerase IDNA directed), epsilon [... 55
oA | 38135341 2pi PE7154 |DPOE SCHPC DNA POLYMERASE EPSILON, CATALYTI... 54

Sequences with E-value WORSE than threshold

gLibul3DZA[sp 0707301 DPOL_REIV  LHA POLYMERASE »g1|3176380tab]iBA.. EE]
q1'1169407!=p|?411i9[DPUL ASFLS DNA POLYMERASE )glIABOSSKIp}rIIS... 35
gL111654081 2p | P42499 [ DPOL_ “ASFB? DNA POLYMERASE >g11457624 fgblARA. .. 3%
gli963263T ref INP_049662.11 DNA polymerase [Bactericphage Td4] >g... 31
g1§63250451sef INP_QI5113.1] 1involved in ribosome blogenesis, WNip... 31
YLIB32230511ef INP_D12379.11  Seybp [Saccharomycss cerevisiza) »gn... 3G
gL 465671 spl P343441 YKES_CAEEL HYPOTHETICAL V3.3 KD PROTEBIN C2%E... 30
gr16322923 1 cefiNP_012996.11 Ykr0Tdwp [Saccharomnyces cerevisias) ... 30
gLi417433 spiP228711211A_BOVIN  PROSPHATIDYLINOSITOL 3-KINASE CAT... 30
gLiE679317 [ref |WP_D32R65.11 phosphatidylinoesitol 3-kinase, catal.., 29
G115453892 | ref |NP_008209.1f phospholnositide-3-kinase, catalytic... 2%
g1 1232015 5p| P20 S INPOL_CUBEPY  DNA POLYMERASE >gif28120%9ipirtisS2... 29
g1|3024676]2pl PLLASTISYH_HELPY HISTIDYL~TRNA SYNTHETASE (HISTIDI.. o4
G I L16924 3| R PAGIZO | DHAY PACSIT  PROBABLE ALDEHYDE DEHYDROGENASE o
GbP1264 3L apl JOSAC9 T AHM ARATH  POTENTIRL COPPTR-TRANSPORTIW, A . )
G TeTE Y A QUERST I SYH_BELEG HESTIOYE=TRNA SYNTHRTASE (HTSTIND. ., 2
g2160L502115piQe4173 I DROL_ORENZ  DNA FOLYMERASE »glP1236947 lgelAA.L .. L4
F116004269 1 2ap Q46455 SELB_MOOTH  STLEMOGCYSTEINE-SPECITIC ELONGATI... 25
4u189TR0IT i ap1QoLseT| COAA_BACTE  PERSTICIDIAL CRYSTAL PROTEIN CRYZ... 28
95124424453 5p | QOTLISIDPOZ_SULSO  DNA POLYMERASE TI {(DNA POLYMCRA... 6
gl 3122742!Sp|024689[RL3WbYNPH 508 WIBOSCOMAL PROTEIN L3 »gil2446... 27
Alignments

>grl13124219tspiQSLREE | DPOD _ORYSA DNA POLYMERASE DELTA CATALYTIC SUBUNIT

L007
-038
065
.14

0
o
0
Q
0.
1.
1
1.
2.
2-
2
2
‘.
5
+
3.
4.
5.
7
8.

R RPNy S

PN N NV I N

GLIDLBESIU) oy | BARDSS73. 11 {RBGITES0) DMA polvmerase delta satalytic chawin [Oryza satiwal

Leagth = 1105

Score = 180 bibs (457, Euwpect = §e—46
Identities » 43/175 (24%}, Posikives = $8/175 (374}, Gaps = 32/175 (18%)

Query: 1 LRRGETVTERRYAVID=—-——~ EEDKITTRGLEIVRRDWSEIARETQARVLEATLKHGIVE 55
Y ++ERHYA + + DK+ T+G+E VRRD + K L I %
Skicr: RD4 YFPYLL RYASLYWINPEKEIMMDTKGIETVRRINCLLVENLVTECLHKILVDRDVE 862
Query: 56 EAVRIVKEVIEXLSRHEVPPEKLVIYEAG----------- PHVARA -~ —tm e mwaeew s G0
AV+ VK L +V LVI + RY A

Shiyct: 864 GAVOYVENTISDLEMNRVDLSLLVITKGLTKTGEDY AVKAANVELAERMREKRDAATAPTYV 523

Query. 91 ATVISYIVLE--GEGRVODRATLPYLEFDPARKHRYDAEY Y TENQVLEAVERILRAE 143
+ Y r+dK + +R+ D +YY+ENO + RI
Shyct: 924 GDRVEYYI TKAAKGAXAYERSEDPIYVLDNNIPIDPOYYLENQISKPLLRIFERL 478

>a 1134014055 | sp| PITHININPOL_PYRKS DONA DOLYMERRSE [CONTAINS  ENDONUCLEASE BI-PMOL {IVS-A);

PI-PRQIT (IVS5-BI}
g1 6TOE000 by 1 BRACE14. L (DORET71) DNA-dependent DMA polymerase [Pyrowcccus 3p.)
Lenath » 1671

Seute - 180 blUs (447, Erpeo b - dewdd
Tdetitateon = LAL/1IA (IR, Purttrves - L6 /100 (1%), waps = 47174 (L%
Query. 1 Y RICGEEVTRAEYAV I DEEDR]T TTROLE 1VRRDWSE] ARETOARVLEAL LKHOLVEEAVIT 60

Y+RGYFVTRRKYAVIDEE KITTRGLEIVRRDWSEIAKETQARVLEA+LE GOVE+AVRT
Shjct: 1480 YKRGFFVTKEKYAVIDEEGEI TTRGLEIVRROWSEIAKETQARVLEALLEDGDVEKAVRI 1539

Quary: 61 VKEVTERLSRHEVPFERLVIYCA~==nr=mmm—m GPHVARART = w e o VISYT o7
VKEVTEKLA++EVPRELLVI+E GRBVA A VISYT
Shyet. 1540 VEEVTEKLAKYRVPPERLVIHEQI TROLKDY KATEPHVAVAKRLAARGVR I REATVISYT 15493

Query. VLRGPGRYGORAT RFDEFDRAKHRY DALY Y TENOVLPAVERI LFAFGYRKEDLR 151
VLEG GR+GDEAIPFDEFDD KH+ YDAEYYIENQVLPAVERILRAFGYRKLDLR
Spfer: 1600 VLKGRORIGLRATPFREFDPTHHEY DAY YTENQVLPAVERILRAFGYRIEDLR 1653

AL L TXETRETL s 1 QOMYEYS | DPOL_THEGE DNA POLYMERASE [{CONTAING: ENDONUCLEASE PI-TSPGEHT
THTETH 11: SHDONUCLERSE PI-TSPGESTD (TSPGEA POL-1 THTEIN

E R
g;\lO?ﬂhau 1.mh\€h€l‘ﬂﬂ& 11 {AJSEQIN) DNA polymerast and «ndonuclaasds [ThermGeoosu

Longth - 1R90

Sogra + 0 17T s 4%, Lxpoct o= Le—abh

\TEPGEY FOL-]

3 Op.

TN

48



Appendix 1
Fasta results: Type I DNA polymerase Palm domain against Swiss Prot Database

FASTA (3,38 June 20007 functiom {uoptimizec, BLSO matrix (19:-5)) ktup: 2
gexn: 36, opt: 24, 9sp-pen: -12/ -2, wdth 16

The DeSt 2¢0T83 aré. wpt bats
L386s  polA, tesh; DNA polymery+ 1 (PGL I) fEC, 9zft) 593 14z
wenLVCOI0F  DNA polymetaae [ [E .7.7.7] 931} 388 @1
pae-PRS493  pelA; DNA polymerate I [EC:Z.7 7.7) 913} 266 91
HIDGSE polAr DA polymerase I {POL L}. [EC:2.7.7 B3y 244 85 1.
XE£3:XF1102 DHA polymersse T (BC:2.7.7.7] 9231 13 B3
polh  DNA polymerase 1. [E0:7.0 7.7 agoy 299 H
RPT76 polds DHA polymexase I [EC:2.7.7.1) He!) 287w
EmaiTM1E19 DHA-dipectad DHA polymsrase I [EC:Z.! 8341 282 8
Bvl8Z29  polAs polymerase 1. {EC:2.7.7.7) S04y 289 13
ML1381l, pold, DNA polymerass I 1588220:1650955 re a1t} 236 73
bhazBE3153 polh; DNA polymerase I [EC*2.7.7.7) 8TEr 273 70
dra:DR1707 DNA-directed DNA polymerase {(EC:2.7.7 9561 273 70
2110707 polA; DNA polymerass 1. | 2.7.7.71 @Bp) 252 65
cP0l35 OdR polymeysse L otpalpl 4701 246 &L
ameiKMB 1982 DHA polymerass I [BC:2.7.7.71 a3e) 236 62
cuuiTCOT30  DNA polymerase I [EC:iZ.7.7.71 866) 232 8l
CT493 O Folymerase I- (BC:Z.7.7.71 866} 230 @)
TPOI0S DNA polymersse I (pold). [EC:2.7.7.71 89%) 224 59
CYBICINAIBG  poLM; DRA Bblywerase 1 [30:2.7.7.7) 874} 218 5§
BBOSAE poldr DWA polymerass I. [EC:2.7.7 7) s08) 215 57
HEP1470 polA; DNA polymstase I (POL T). [EC:2.7.7 882y 182 50
hpl:iJhpld63  DNA polymerase 3 [EC;2.7.7.9) 857) 182 %0
ag_1967 polh; THA polymerase I {(PelXy. [(EC:2.7.7 {578 174 (¥
caliWO3AL, 2 DNA polymerase (UBLA486) [BC:zZ.7.7.7  (1208) 160 45
£th:T16¥5,.210 samilarity to various ADP-RIEQSYLA (¢ 185} 55 A0

arhiAT4gI2700 putative protern {1548} 58 31
CT362 Aspartokainase [il. [EC:2.7.2.4) {431) a1 2%
yrvM  =apilar te hypothetjcal proteins. [ 161) 84 28
vehiVC11%0 hypothetical protein { oz Ba 2B

Score E
Sequences proeducing argnificant aligrments. [bite} Value
GELSATEL LN IR0 IDBUL TRERD  DHA POLYMERASE 1, THERMUSTABLL (- . 140 be 3
gLl40816724 s PS2025(N20OL BAUST  DNA POLYMERASE 1 (POL 1) 147 Be-12
FL1BES0621ep 1207704 |BPOL MYCTI)  DNA POLYMURASE T (POL I} >qul7434.. 130 le 31
GLIGUISGY 121004906 (DI _LACSU  UNA pOLYMERASR I (POL 13 sgliM) -, 111 2e ')
91 141691316p10048571 DPOL_EACLA DMA POLYMERASE 1 [POL 1) »ga]4190.. 130 de-11

g1 160139951 5plQ59]56IDP01 ANATH DNA POLYMERASE I (POL I} >gifliQ .. 130 5e-31
GLi11694903 | 3p!PA6835 IDPOL_; “MYCLE DNA FOLYMERASE T {POL I) >q11107 .. 129 Te-31
3L 12320104ap1PINILILDPOL TMEFL DHA PQLYMERASE I, THERMOSTABLE 1Tewn 129 le-30
1! 118828 spiPLOBZL lDPOl TEEAQ DNA PQLYMERASE I, THERMOSTABLE {I... 128 le~-30

i 16015003 | 5p|032802 IDECT. _LACLC DHA POLYMERASE I (POL I} »>gil228. 126 Sa-30
41117065021 5p | P520281DPO] TPHETH DWA POLYMERASE 1, THERMOSTABLE (- 126 Se-20
4112506365 15p| PEO19Y IDPOI_THECA DNA POLYMERASE I, THERMOSTABLE (. 1256 le-29
g A 616816215p1 87482210001 _TREFA DHA POLYMERASE I {(20L I1 >gui743. 124 3e-2B
Ggr1622528412p|0514951DPO1_BORBU  DNA BOLYMERASE I {PCL I) »>q1i7d3. 123 de-20
gi 162252851 2pIQS5571IDPOL_SYNYS DNA POLYMERASE I {POL I) >gul743. 123 4e-29
g1 | 7404361 1spIPS2027IDPCE_DETRA DHA POLYMERASE 1 {PQL I) >ga(747. 122 Tew29
g11118827isp|P13252 |DPOL_STRPR DNA PGLYMERASE I (POL 1) >gl|8802... 122 9a-2%
911315225150 POLSEZIDPOL_BCOLT  DMA POLYMERRSE 1 (BOL 1) >gu|670%... L21 2e-2%
4112169402 (=] P43 74 1IDPOL_HASTH DNA POLYMERASE T (POL T) >gaild? .. 120 de-28
g114619601ap|P3023141DPOL_BPSF1 DNA POLYMERASE 115 fHe-27
9i1GOLE0DZISPIO0S3D7 [DRGT_CHLAY DNA POLYMERASE I (POL I} >gil1%l... 115 20-2¢
qll122793151$9|Q95162i3901 RHILE DHE POLYMERASE I (POL i) >g1..i55 . 113 de-26
g118015004 splO05349 IDPOL_RICPR DNA pOLYMERASE 1 [POL 1) »>ga1733... 113 §e-26

@1 19789748 ispI09ZIES IDPOL_HELPJ DRA POLYMERASE I {POL I) >ga|743... 100 3e-22

41 19789956 [ 5pIPSELOS IDPOL_HELPY DNA POLYMERASE I (POL I) 100 5e-22
g 19729985 11ef INE_006387.1) polymerase {DHA directed), thota; po. .. 95 le-20
G211188931spIP20211 |DPOL_BPTI  ODMA POLYMBRASE »gil76915ipir|IS075. . 88 Ze-13

§1 19637455 ITeFINF _D41982.11 gene 5, DNA polymerase [Bacteriophag... 87 &e-18

;,lfaszsq‘?-s:mt\up T639708.11  prodiceed 66.2Kd protaln {Myccbacter... BS Z2e-17
qLI"iNlBl 15piQo1dal IDPQG_EICPA DNA POLYMERASE GAMMA (MITOCHONDR... B2 Z2e-16
19630428 e ?NP_O!EBGO.U DNA polymerase; gpld [Mycobactezloph... 82 2e-1§
4111706509 (£p1P15801 IDPOG_YERST DNA POLYMERASE GAMMA (MITQUHONDR... 8l de-1b
9114605937 ral INp_002684.1| polymeress (DNA directed), gamma (Ho... an de-16
9i85u73921ref INP_059490.11 mitochondrial polymorass gamma (Mus .. 80 do-16
qi 2894179 18pIQU1634 IDPOG_XENLA DNA DOLYMERASE GAMMA (MITOCHONDR. .. T8 do-15
n;\‘d?il?ﬁlaplOﬂiO?GlDPOG CHICK DHA POLYMERASE GAMMA (MITQCHOMDR. .. 77 3w-15
qx\’(BQLSZ\SFlQL’TOUDE‘Oﬁ SCHPL  ONA POLYMERASE GAMMA (MITOCHONDR... 77 6a-1%
gillﬂZBSG'ﬂldp!QQY 7GTIDPOG_NWEUGCR DHA POLYMERASE GAMMA (MITOCHOND.. T Ta-lS
g:.lGOlEOUO]sp\OG‘."ﬂ?OIDPO. AOUAE  DNA POLYMERASE I (POL I) Sgd 1751, 77 Te-1%
gild 490160I"E'\("’7‘601|LI'GG DLROME  LNA TOLYMERASE GARMMA PRECUKSOR (. 6h Zu-11

GLILLIBES5 e PLUA2Y I DEOL_ Epts DNA POLYMERASE >l 167055 Ipar | IDJBP. .. Gl 3n-10

Stequincnd with E-valus WORSE than 1nraabaold

gt 11GHG2Z | 3@l blne2s |DPOL _BESPZ  DNA POLYMERASE ~¢3)a?UbZ1plciibJb... 33 T UnL
qiFOLA3S92 1wl [N 041006.11 P85 {Bactericphage APSE-1] iqil109)06... o 0.67
GLITINAITI~p I PIBOTI IOAT _BACKU ORNITHINE AMINOTAANSFERASE (OGRMITIL... P )
1139115211.,p|ousasmpc>1. THEST DHA POLYMERASE >gi|2‘93339\<mbl¢-.. 28 2.0
Q18323414 [tofinp _013486.1) mitochondiial leucyl tRNA synthotase.. 2 20
2L 1AB26GS0 | Lo fINP 001932.11 DEAD/H (Asp-Glu-Ala-Asp/His) box pol. 27 R,z
qi13713424 1521017434 1 DDLS_STREN  PUTATIVE FRE-MENA SPLICING FACTO. 21 %,
gi 18319257 el tNp_009340, TI ¥alGGiwp (Saccharcayces cerovisise) 27 6.3
gs tGpd1156  ref NP 0.!156.: 11 DEAR/E {Asp-Glu-Aloa-Asp/Hin) bgx pol... 26 9.5

>gals013510 13 pI0s22ESI0PO) _THEFT DNA POLYMERASE I, THERMOSTABLE (TEL POLYMERASE 1)
GLI27301 30 1 gbIARCL60T5, 11 TAFOIR 20 thermazrable DHA polymerase [Theimus fLiifermiz)
Lengih = ub

Seore = 152 bits (335), Bxpecl ® Gu-37
[deatityien = §2/90 (461}, Positives » 28790 (63%), Gaps = 2/90 (%}

Quary: 4 AAETAAINATHOGTANDY1RRAMI AVDRWLRALGIHVENIMGVADELVE EVAKDOVDING 61
AABR A I PrOGTAAD-+E AMs » L+ ++¢VADELY BV +D 4
anjer: 741 AAERMAFNMFVOGTAADIMKIAMVELFPRLI - PLGAHLLLOVHDELVLEVPERRAFTAK 200

Ounty w.  KOITHOLMENCTRLOVED LYEVGSGENWDOA 1
¥ t¥MEN LDVPL VEVG o +W +4



it e M AL VKEVMERAL P RVESVTRIM A B

gh 3041672 3pIFEZ0IGIDEOL BACST DNA POUYMERASE 1 {POL [}
Length = 870

fooxy w172 bats {3M), Eypect = fe-1

identaties = 35789 (42%), Poirtives = GUSEY (bE1)

Query: I AERAATHAFMOGTAADT T RAMT AVDAHLOAEQE PYRMIMOVHDE LVFEVHKDOVDAVAY, 62
MER A+H PAQGHAADITE+AMI + Lt B+ 4 BA+4QVHDELY E Kid4s 3 o

Skhiet: 787 AERTAMNTPIOGSAADI IKKAMIDLSVALREERLOARLLLOVEDELILEAPVEEIERLCR 240

Query: 63 QERQLMENCTPLEMPLLVEVGSGENWDOA 91
+ +iME L VEL W4 G W
Shyet: §47 LVPEVMEQAVYLAVELKVDYHYGETWYDA 675

w3 i885062 1 spIQOTTO0 I DEOL MYCTU A POLYMERASE I (POL 7}
gili7434823 part 1C70558 probable polA protein - Mycobacterium tubsrculos
g2i416117 1gb!ARBAG393. 1| (L11920) Pol? I[Mycobacterium tuberculesas)
gilZ112913jenb] CABOSESL. 11 (Z9E554) polA |Mycobacterium tubersulosis)
1113881298140 1 AAKES935. 1| (AECOTO30) DNA polymerase I [Mycobacterium tuberculesiz CDC1S61)
gx1740010 prEt 120042918 OUA polywmerase I (Mycobactarium bubecsulas:is)

Langth = 50§

{strain H37RV)

Ecore = 132 bits {332}, Expect = le-31
Tdentities = 48/90 (%3%), Posatives = 59790 {65%)

Query: 2 AASRAAINAPMQGTAADI IKRAMIAVDAWIQAEQEAVRMIMIVHDELVEEVHEDDVDAVA 61
AMERAA+NAPHQGHRADIIK AMI VD L 0 RM++QVHDEL#FE®  + + ¥
Sbyut; 813 AAERAALNAPIQGSAADI TKVAMIQVDKALNEAQIASRMLIQVEDELLFEIAFGERERVE 672

Query: &2 !{DT.WQLHBHGTRWPLL\!EVGSGSW 31
LDVEL ¥ WG (3 +WD A
Sbjet: g72 ALVRDIQ{GGAYPLMLE\-SVGYGR.SWDM %02

>93 16015001 | spiC3399GIDPO1_BACSU DNA POLYMERRSE I (POL I}

91174348131 pir) 1ES9680 DRA polymersase I pold - Bacallus subtilay

93122522721 gblARCOD350. 1| {AFO08220) TNA-polymarase ) [(Bacilius subtilas]

gi 12635274 |enb I CARLIIEES. 1] (299118 DNA polymerase I [Bacallus zuptilis}
Length = 880

Scors = 131 bats (331}, EBupect = Ze-31
Identaties =~ 13/3y (488), Fositavesr = 66/09 (731}

Quaty: 3 AERAATHAPMOGETAMT TF RAMIAVDAWIAAROP RVAMTHOVHDELVT RVHVDIDVDAVAE 67
AER ATH PHUASTAALLLE +AMD + A Lt +U v R VROVHDELIFL  Kings 0 K
Sbycr: 791 AERTAMNTEIQGSAADT [KRAMIDMAAKLKENGLKARLLLOVRDELIFLAPKEEIRILEK 250

Query: &3 QIHOLMENCTRLDVPLLVEVSSGENWDOA 21
+ ++ME+ LOVPL ¥+ 585G # R
Shyct: 851 LVPEVMEHALALDVPLAVDFASGRSWYDA §7%

>gLI169131spiQ0435TIDPOL_BACCA DN¥A POLYMERASE I (POL I}
G2 E819652 1pir| [FA0256 DRA-directed DNA polymersss (8C 2.7.7.7) ~ Bacillus caldotesnax
9319124451457 IBARD2361.11 (D123482) DNA polymerase [Bacilluy caldovenzy]

Length = 377

Score = 130 bits (328}, Evpec: = lJe-31
Identities = 39/8% (428}, Posizives = B2/89 (8E%)

Querv: 3 AERARINAFMOGTAADI IKRAMIAVDAWLOAEQPRVRMIMOVHDELVE EVAKDDVIAVAK 62
AER AN POGHAADTIK+AMI ++A L+ E+ + RAMHQVHDELH E Ketrsr + &
Sbjtt; 788 ABRMAMNTPIOGSAADTIKKAMIDLEARLXEERLQARLLLGVADELILEAPKEEMERLCR 847
Quety: 63 QIHQLMENCTRLDOVPLLVEVGESGENWDQA 91
+ ++HE LVELV+ G W A
sbict: 843 LVPEVMEQAVTLRVELKVDYHYGSTWYDA 8706

~ga | §031 3998 15p Q59186 |DFOL ANATH DRA POLYMERASE 1 {POL I}

GLLI40943h]iembl CARGTIEE . VT (%98975) OHA-directsd DNA polymerase; DNA-dopandent DHA polymecass

[Anseracellum thermophllum]
Lanqgth = 850

Sgore = 130 bats (327), Expert = 5e-31
Identitiax = 41785 (468}, positaves « SR/BE (GE)

Query: 3 AERAAINAPMOGTAADITKRAMIAVDANLQAEGERVRMIMOVEDELVFEVHKDDVDAVRAK 62
AER A+N+P+QG+ ADI+E AMI VLt + ++I+QVEREL+ B 4+ D V +
AERLAMNEFIQGSPALIMELAMI VY QR LKENNLKS K 1 LOQVEDELLIBAPYEEKDIVRE 820

Shict: 76

GuoTy: b3 QINOLMENCTRLOVELLVEVGSERNMDG 0
+ 4 MEM RL VPLAVEV G NW +
$hjcts 821 [VKREMENAVRLKVE LVVEVKEGLNWYE B4%

>giil165103 1apl PAE835IDPOL_MYCLE DNA POLYMERRSE I (POL I)
43111076026 paz 1509522 DRA polymuzrase 1 - Mycobncterivm Lopras
gl 17036824 Lpdri 1577659 DRA-directod DHA polymernac (B¢ 2,7.7.7) - Hycobaoterlum lepraa
11559513 1ombICAADLIGA. 1| (240257) DA polymarase I (Mycobactoerium lepias)
gi1130932701embiCACI2TEL, 11 (ALS82921) DHA polymerase I [Mycobactoriun leprae)

Length = 914

Score = 120 bats {326), Ewpest = 7e-31
Identative « §7/90 (%24}, Posdtives = 62/90 (g8

Quety: 2 EAERAATHARMOGTAAD [ [ERAMT AVDAWLOAEOPRYRM IMOVHDELVEEVHKDDVDAVA 61
AAERAMG NADHQGA AMDTER AMIAVD L+ & K ACVRDELAEEY 4 4 v
Shice: B20 AABRAALMAS IOGSAADT LKVAMIAVDKS LKQAKLASAMLLOVEDELLEEVAIGEREQIE B7%

Query: 6 KOIHQLHENCTRIINVILIVEVGSGENWDOA 91
+ +H+ LWL VVGG # A
Shict: 880 AMYREOMGEAYPLDVPLEVEVGEGRSWGAR YUY

vgi 232010 1ap1P30113 | DPOY_THEFL DNA POLYMERASE I, THERMOSTABLE {TFL POLYMERASE 1)

gL1201888 Ipdr! 1526675 DNA- uiracted DHA pOlqurase tEC 2.7.7.7) 1 - Thermus aquaticur

Q1148166 omb | CARSONO0. 3| (X&hI05) DHA-diroctes DHA polymerass (Thermus thermophilust
Lemgth » 831

Seorq = 12% bitx (328}, Expoct = lo-i&
[dengitios ~ 46700 (511}, Posltivea = 55/%0 (631), Gapa # /490 (21}

Cudry: 2 ARERAAINAIMOGTAALT TXRAMI AVDAWLOARQPRVIMIMOVHDELVFEVHKDINDAVA ol
AARR A PHOGTAADHHX MM+ + IO RM++QVHDELY L KD+ VA
SEit: T AATRMAF NHIVOGTAAIR M LAMVRLFFALOE - - LGARMLLOVHDELYLEAPEDRAF I A 7049

50



Appendix 1
Fasta results: Type II DNA polymerase Palm domain against Swiss Prot Database

FASTA (3.3%6 Juns 2000) function {optimized, BLS) matrix {15%:-35)) ktup: 2
jein: 36, opt. 24, gap-pea: -12/ -2, width: 1€

Tre best scores are: opt bita E111073%)
PAB1128 (poll} DE:DNA pelymerase 1 {771} k56 S0 4.4e-~18
PH1947 1s3%a long lyporhebical DNA-directed DNA  [123%) 347 88 2.7e-17
MJOBEE  putarive DNA polymerase. {EC:i2.7.7.7] (49 {1644} he T w11
MTHL208  UNA-dependent DHA polymsrase family B {2 { %8%) L83 07 1.1e=-0GC
AP0497 polB, DHA polymerase Bl. [EC:2.7.7.7] { 781} 173 48 1.7e-05
ape:APE2098  DNA~dl:ected DNA polymerass [EC-Z,7. [ 784) 150 43 0.00067
sce.¥PL167C REV3, PSC1, DNA polymerase zeba cata (1504} 115 35 0.29

scesYOL102W  CDCZ, POLY, TEXL; DMA polymesasse del {1097y 100 32 z-4
apa:APEO09Y DHA-directed DNA polymerase (pfu pol ({ 959, 99 32 2.5
MIHZ08 DNA-dependent DNA polymerase family B {Po [ 223) 55 2% 3.2
Sequences with E-value BETTER than thresheld
Score E
Seguences producany significant alignments: {bats) Value
gr! 60150251 spl P56639 DEOL,_THEGD DNA POLYMERASE (TO POL} >gitdedd... 123 de-2%
911134314651 sp| F779331DROL_PYRKO DNA POLYMERASE [CONTRINS: ENDON... 123 5e-2%
gzt 39135401 sp 0553661 DROL,_THESS DA POLYMERASE »>ga17434808Iparii, .. 119 le-27
g1ri2494186 spl 51334 DFOL_PYRSD DNA POLYMERASE {DEEP VENT DNA PO... 115 le-2%
g1 13954031 sp| PBOOELIDPOL _PYRFU DNA POLYMERASE (PFU POLYMERASE) »... 111 2e-25
gLi13124219!spiQ9LRE6lDPOD ORYSA DNA POLYMERASE DELTA CRTALYTIC ... 106 Be-zd
g1]139L352518p 1048901 IDPOD_SOYEN  DNA POLYMERASE DELTA CATALYTIC S... 124 3e-23
q1114521918 ref |NP_127396.11 DNA polymerase 1 (Pyrococcus abyssi... 103 4e-232
i 113124220 op | QYLYNT | DPOD_ARATH  DNA POLYMERASE DELTA (ATALYTIC ... 102 9a-23
q1F3913530 1 spl el 13321 DPOL_PYRSE  LNA POLYMERASE >gl1T4987 70 enkiC. .. 101 le-2¥
gLI17065051 9pt '52431 | DPOD_MOUSE  DNR POLYMERASE DELTA CATALYTIC ... 101 la-22
Q131220291 ep I POIZE3 I DEOD_MESAY  DNA POLYMERASE DELTA CATALYTLC &... 101 Je-22
q1113124716)sp| P48588 | DPOD_CANAL  DNA POLYMERASE DELTA CATALYTIC ... 101 Ze-22
qal11067381 [ ref [NP_067684.11 DNA polymerase delta, catalytic sub... 101 3e-22
g1 4505933 |ref INP_002882.1) polymerase (ONA directed), delta 1, ... 100 5e-22
2113913526 5p) 0596101 DP0UL_FYRRDO DNA POLIYMERASE >g11744689201par))... 100 Tew22
q1|119813!591P78339|DP0D BOVIN DNA POLYMERASE DELTA CATALYTIC SU--. 95  Ge-22
gll13124718\4P\?54358|DPOD DRGME DNA POLIMERASE DELTA CATALYTIC ... 9% le~-21
43112644199 sp| P303161DPCL_SCHPO  DNA POLYMERASE DELTA CATALYTIC ... 49 le-21
gL\GEEOlOlE:eE!NP_ﬁlO‘Bl 1T largest and catalytic subunit of DNA .. 93 Te-20
g.11312418%1sp| 930629 DPOD_CAEEL DNA POLYMERASE DELTA CRTALYTIC ... 92 le-i¢
g1 601502315p1071121 1 DPOL_RHCME DNA POLYMERASE >g1[2944240[gbiAn... 90 Se-1%
g2i232011isplP303151DROD PLAFK DNR POLYMERASE DELTA CATALYTIC SU... 90 Te-14
Q‘|3913527|Sp!05087‘|0902 HUMAN DNA POLYMERASE ZETA CATALYTIC sSU... §9 le-1%
1l 60150111 sp| 094E36] DPOA_GXYNO DNA POLYMERASE ALPHA CATALYTIC S... 8% 2e-18
7113915679 spl (58295 DPOL_METJA DWNA POLYMERASE ([CONTAINS: MJR PO... 89 2e-18
g1160150131sp!OB2042 | DPOA RAT [DNA POLYMERASE ALFHAR CATALYTIC SUB... 85 28-i8
g1169198741sp| 0614931 DPOZ_MOUSE [NA POLYMERASE ZETA CATALYTIC 5U... §7 4e-1B
91160150101 5p| 046653 DPOA_ORYSA DNA POLYMERRSE ALPHA CRTALYTIC S... 87 S5e-18
gi18393995 | ref INP_058633.11 polymerase (DNA-directed), alpha; po... 87 6Ge-13
gii98631753 1 ref INP_Q48532,11 PBVC-1 DNA polymerase [Paramecium by... 85 le-17
g1 6325090 ref |NP_015158.11 DNA polymerase zeta subunit, Rewdp [ -. 8% 2e-17
gil667%40% ) ref INP_D3218.11 DNA polymerase alpha 2, 180 kDa [Mus... 85 Ze-17
Gqr12320151splPI0OBZ0I0POL_CHVNZ DNA POLYMERASE >ga1i281076l1par|IB4... 34 3e-17
gr1BZ96965 1 =p| QIVUSI [ DPQL_HSVIT1 DNA POLYMERASE >2 4165073 1gb AR, .. 84 5e-17
11142510461 ref iNP_116408.11 T34 [Tupaia herpesvairus] >gulS29696... 84  Ge-17
Qi1 3629764 1 refINP_042782. 10 DMA polymerase {Human herpesvirues 73... BY  Ge-17
gil 9625901Iref|NP 040151.11 ORFz8 {AAl1-1194) [Human herpesvirus ... 83 Te-17
gi\601501ﬁlsp|Q690251D90L GPCMV  DNA POLYMERRSE »ga!4537631gR|AAA. .. 23 8e-17
g;\6015017lspiQ’71SZIDPOA OAYTR DNA POLYMERASE ALPHA CATALYTIC S... 82 2e~lé
gL 9626767 leeEINP_041038.%1  DNA polymerase (Equine herpesvirug l... 82 2e-16
g2 1118882 | spiPO79181DROL_H5VZ1 DNA POLYMERASE ~g1|€7039|par||DJB... 81 le-l¢
it 9628011 | ref |NF_042605.1] DNA polymerase replicative subunitv [... 80 Ee-16
gi\x]SB&llsplPO?ESﬂlDFOL H5V1S DNA POLYMERRSE »qgai670351plclIDIB.. . 80 Be-16
qa 1118880 splPO42G2 | DEOL_HSVIK DNA POLYMERASE >qgi|67034ipir|iDJB .. 30 Be-1¢
qi 13625710 ref INP_O033988.11  DNA polymerasé (8) [human herpesviru.,. 78 le-1f
Al I TTHAA Y apl PoABA0TRIOA_SCHIPQ ONA POLYMERASE. ALPUA CATALYTIE wUL .. I o=l
u;\]]ﬁ&&&lapl[”?l?ﬁlDPOL MUMVS  DNA POLYMERASE »ga1167U4s|pac| [DJB... 19 Imell
gu | 96284111 ref INP 04463211 DNA polymarase [human herpesvirus 1]... 7% 2e-~1lh
g‘l’ln&?“l p!’oTQlT{DPOL HSViA  DNA POLYMERASE >gﬁl67036|plrllDJB . 75 Ze-1h
gr1 63242071 ref INF_(024297.11 DNA polymersse I alpha subunit, pl8O... 77 de-l5
gil96263401ref INP_042631.1f U38, DMA polymerase [Human herpeﬂvlr. . 77 de-1%
ngll&b\llfpleﬁolglb?cA DROME DNA POLYMERASE ALPHA CATALYTIC SU... 77 Se-1%
gL111832015p) PE21891DROR ECCLT  DWA BOLYMERASE LI {POL 11) »gii67... 76 le-ld
gii6015022 1 sp | PRE428 1 DPOL_RCMVM  DNA POLYMERASE 76 le-14
g1 FeN15009 ) sp 00874 IDPOA_LEIDO DNA POLYMERASE ALPHA CATALITIC 5... 75 de«ly
gL 13875475 ap | QUHHB4 [UPOL _THEGS DNA POLYMERASE TGONTAING! FNDON. .. 73 Ge-14
g4I 11R2 34 | an | P2TT2TICROR_TRYBAE  ONA POLYMERASE ALDHA CATRLYTIC SU... 73 epe=14
qL1170651319pt PE2025IDPOL_METVO  DNA POLYMERASE >gi|4956541ghiARA... 73 Ge~ld
GriUe2500S el (NP _D40211,11  DNA - polymerasae [Jalslctine horpesvi... T3 Ae-14
qrld91abestep| EA4AIRIDPOL_THEFM  DNA POLYMERAST (FOL TFU) +qli165.., 13 4a-14
g1l 601524 | 21070736 | DREOL,_RSIV  DNA POLYMERASE )q;iSI?GJSOIdb]IBR... 72 1le-13
g1 9625057 e INP_039806.1) BALFOS DNA polymerase (early}, henelo- .. 71 de=13
1l 39135241 2p1033B45| DPOL_THEST [DNA POLYMERASE »ga[2203380 emb|C... 10 Ae=13
i 111488108 [ raf PNE_ 969333711 DNA pelymerase Bl (pelB) [Archasogl... 70 Se-13
n‘l'3°0°01*plP\0117IDPOL THELT DNA POLYMERASE (VENT DNA POLYMERA... 70
GLIOGI0ETI Ll IND_047469. 1) ONA Polynecase=AcMNEY orfeh fRombys ... &7
Fulap 083740 DEOL_ARRPE  DNA POLYMERASE 11 gl |74 34R01pL.. [
uJﬁIﬂpIPWSuOOIDPUI—vULAt DNA POLYMERASE 7 gt 9430 (pic... Go Gaelr

DO ERIT LA TP _DATODAL 1L ENL [Vatiola vitusl aplpAG el pap i bLo 2=l



ga | 9elVads | ral e 054080, 11 DNA-dopendant DNA-polymar ase [Aulogr... LS su-bd

9118760985 ref INP (63712.11  E9L; putative [Vaccannp virus) »gall. 64 4eo-11
glIAQ1%%O$§SGIWHOGO7|DPOJ SULOH  DNA POLYMERASE 1 (DNA POLYMERASE. 64 de-ll
g1illa882i=n| POSESEIDPOL_ VACCY  DNA POLYMERASE \gl\SE“TﬁbquIAABﬁ 64 de-11
gi19630008 ref | HE 04622€.11 DNA polynerase [Orgyra peesudetsugata. %3 Se-il
g14501352°lsn\047°TGIDPOL METTH DNA POLYMERASE »g1l7482291lpirl] 63  Se-11
g1 800.50% Otsp‘QQOIGZEDPOL NEVCE DRR POLYMERASE >gl!7é7633§gb?AﬁC... €3 9e-11
gii€225283 spi093745|1DFO1_AERPE DNA POLYMERASE I >g1174348000p2r... 82 Ze-10
GLI12G432T41 3p | PREGLTIDPOT SULSO  DMA DPOLYMERASE ! :qiiZOCZ?B?!qh... % 1 =09
g1 1I8E ST 50| PLTA0TIDRGL | POVIY DA BPOLYMORAGE . AJULE RO [pn T DBJY L T B TP V]
gLIe0ls02isp 0841731 ppol _ORFNZ  DNA POLYMERAST rgill236947 1gblAA 55 2e~08
gli23201% | 9piP3031Y | DEOL NPVLD DNA POLYMERASE >g11484512iploid . 50 Te-07

Sequences with E-value WORSE zhan threshold

4111169407 | 9piP43239|DPOL_ASFLE DNA POLYMERASE »gi[480553iparlis... 37 0.C0%

1111694061 spiP42489 | DPOL_ASFBT  DNA POLYMERASE »grfi4576241gLIRAA. .. 37 0.007
911118845 | spl POSEES | DPOL ADEO7 DNA POLYMERASE >g2| 53527 ambiCAAZ. .. 35 0.023
qllll&%édl%p(?O%%ga&D?Ob ADECS  DMA ROLYIMERASE >gul&7027ipir!iDIA... 34 0,036
g3 26261621 relINP _D40516.11  DNA polymerase {Humap adenowirus typ... 34 0.036
g1 9626559  raf [NPT040853.11 DNA polymerase {Human adenovirus typ... 34 g 047
gr]3B135331spli PBIS03IDECOL_ADED4  DNA POLYMERRSE >gi;1841634/emb|C. .. 23 0.1
g1 i6015016ispl 0725401 DPCL_ADEBS DNA POLYMERASE >g1i31284531gblAA... 33 Q.12
gif9629220 el [NP_044409.11 DNA polymerzse [canine adenovirus ty... 32 C.iA4
g1196263527 [ref|{NP_040915.11 DHA polymerase [Human adencvirus typ... 32 0.16
gi114424453 | sp|QUT7635|DPO2_SULSC DNA POLYMERASE II (DNA POLYMERA.., 3z 0.17
g1 1232018151 P30310 | DPCL_CBEPV  DNA POLYMERASE »gai28120%|pirlISz... 3z 0.24
91124941671sp! Q659461 DPOL_ADECC DNA POLYMERASE >giil4776301gb|AA. .. 32 0.23
QL[ 20236531sp Q38087 DPOL_RPREY  DNA POLYMERASE (GP43) >gii643555... 30 0.52
9117288011 sp! PAS06T | ACUC_BACSY  RCETOIN UTILIZATION ACUC PROTEIN ... 30 0.5
g1 8845478 | ref INP_064286.11 DNR polymerase [bovine adenovirus 23 . 30 0,62
G| SEZBRAS rel {ND_043878.1] Lk pol [fowl sdenoviruas 17 .gii?494, | ok R S
qlIlSSJiOﬁI%pIIOQLU4lDP01 KLULA  DNA POLYMERASE »gi 11031332 pac!ln. .. P I Y
Aalre79031% raf INP 062890 Ti Pl30 structural polyprotein (Sandbia,.. 29 1.0
a1 | VAGhTd l2p | FZITGOIPOLS SINDO SIAUCTURAL POLYPROTEIN ([F] 30 ILO ML W
g1 | el254€7 | 50 |DEETTE| GLYR _AQUAE SERINE HYDROXYMETHYLTRANSFERASE ... lg 1.5
217883727 |spi043124 |ADIY_HUMAN  RDAM 12 PRECURSOR (A DISINTEGRIN . P
Q114570810 ref INP_ 126285711 DNA topoisomersse VI, subumt B [Py... ol I
A1 | 8246555 spr Q8462 I DPOL_ADETI  DNA POLYMERASE >q:113386261ablAA. . a8 X1
q1 131188301 sp | PO5468 I DPO2_KLULA DNA POLYMERASE (PLASMLD PGKL-Z PR... 2002,
gl\ﬁf*ﬁ\|7|5p'ﬁ?ﬁh’\]¥ﬁ5ﬂ_?“b9$ HYPOTHETTICRAL &b, VDA PROTFTN 0., AL
grifuseu it lzel INP_ (T80 DNA polymolsse [1rtabutid horpesviru.. . S sl
ya 113124601 1spl 0740201 TPCEB_PYRKO  TYPE II DNA TOPOLSOMERAZE VI SU... 28 2.7
g2 196263901 ref iNP_040718.11 gene 2 product [Bacteriophags PRA} > . 28 2.9
gei1175007 Isp| 242015 1 WAPA_BACST WALL-ASSOCIATED FROTEIN PRECURSC . 2T 4 0H
GL{461962] 5p| P33534 | DPOM_NEUIN DPROBABLE DMA POLYMERASYE >gil10189... 27 4k
GL!9626351 | ref INP_040682.11 orf I [Enterobascter:a phage PRPE) »g... 2 4.8
Gll‘Z?SQ‘\Jp 1P138T9 |MSPL_PLAFF MEROZOITE SURFACE PROTEIN 1 PRECU,.. 27 4,9
9116226649 spi FOBIE9IMSP]_PLAFY MEROZOITE SURFACE PROTEIN 1 PREC... 27 5.¢
911118849 spiPOIEROIDPOL_BPPHZ  DNA POLYMERASE (EARLY FROTELN GP2 27 5.0
q11131623531efINP_077071.11 complement facto: I [Rattus norvegyr .. 27 &%.@
g1l BloeDld]s piO“O’ZS\COAT GMDNV  CORT DROTEIN veL (STRUCTURAL PRO... 27 8.5
ql\03?134G|LeF[NP 011423.11 nuclear pore protein; Nupldip [Sacch... fear B 1
=9 118848|5piP1°894\DFOL BPFMZ DNA POLYMERASE »qri7e896!ipiLr| |JQ01... 27 8.1
QL]601501713p\Q3788°1DPOL aPB0Y  DNA POLYMERARSE (EARLY PROTEIN GP... 27 8.z
gLillr12914tsp| B572031HIST BUCAL  HISTIDINE BIOSYNTHESIS BIFUNCTI... 27 8.2
HLYIB2TISL S| PI959BIMUSRY ?LR?\ MEROLOLITE SUREHCE PROTEIN 1 BREC... 27 8.3
GLE1730011 1 sp I P46 I TR Y?A‘T ALPHA, ALPHA-TREHALOSE~PHOSPHATE ... 26 9.8
11129957 bap | PSIOTO I THS ! VITVL STTLBLME SYNTHASE 0 {RTSVLRATROL. .. PECES
G11161801sp | PLISS2|CEIB_SPISO  G2/MITOTIO-SPECIFLL CYCLIN W gl Jeo 1oL
Alignments

>QLiG015025 spl PROBIY I DPOL_THESO DNA POLYMERASE {TO POL)

g1 4899806 | pdp 1T A Thain A, Thermostable B Type Dna Polymerass From Thermococeous
Gorgonarivg
Length - 774

Soore = 123 bits (310), Expect « Je-pf
Idantaties - 7077 (32%), Positives » T4/76 {07%)

Query: 1 RECAESVTAWGROY [ETTMREI EERFGFKVLYADTDGFYATI PGADAL TVKNKAKEFLNY 60
+ECARSVIAWGRQY TETT+REIEEKFGFKVLYADTIGEFATI PGADAETVK KAKEFL+Y
Shict: 507 KECAESVTAWGRQYIETTIREIEEKFGFRVLYADTDGFFATI PGADAETVKKKAKETLDY 566

Quexy: 61 INPRLPGLLELEYEGF 76
IN +LPGLLELEYEGE
Sbjct: 5% INAKLPGLLELEYEGE 583

>quL|1343146515p1 P779331 DPOL_PYRKO DNA POLYMERASE [CONTAINS- ENDONUCLEASE PI-PKOL (IVS-A}, ENDONUCLEASE
FI-PROIT (1VS-8B)
gLIGTOLDDO ) I BARDE1IA2, 2} (DIYEIY) DNA-dwpendant DNA polyhorage [Byiosecous sp.)
Length = 1671

Sgore ~ 123 bite (210), Expect = %e-1§
ldentitiae = 61/7e (BO%), Fositives = 685/70 (90%)

Query: 1 RECARSVIAHGRQY IETTMREIEERFGERKVL Y ARTDGEFATI PGADRETVENKAKEFLNY GO
+ECAESVTAWGR+ YT T1+EIEER+GEKV+Y+DNTDGEFATIPGADAETVK KA EFL Y
Sbhiot: 1404 RECRESVTARGREYTTMTIKETEERYGEKVIVYSOTOGFFATIPGADAE TVKRKAMEFLKY 1ol



Appendix 1
Fasta results: Type I DNA polymerase Exonuclease domain against Swiss Prot
Database

>gil|118825 | 3p | POO5SEZ | DPOL_ECOLTI DNA POLYMERASE I (POL I}
»>gi(1169402)sp|P43741|DPO1 _HAEIN DNA POLYMERASE I (POL Ij
>gif12229815]|splQ951G21DPO)L_RHILE DNA POLYMERASE I (POL L
>g1]61661421spiP74323|DPOL_TRERA DNA POLYMERASE L (POL I}
>g1LiA0L5002 | ap 008307 {DEOL TCHLAI] DNA POLYMERASE T {BOL )

>gi} 6225285 sp Q55871 IDPOJ. SYNY3 DNA POLYMERARSE I (POL I)

»g1j 118855 )spiBI3E22 1 DP0OL BFTS DA POLYMERASE

»gi}62252841 500514928 |0P0]_BOREU DNA POLYMERASE I (FOL I}
>ail£619en-agiP=05L4}mﬂoL BEPSPl DNA POLYMERASE

>gri1iB7¢ !‘—“f"if’132c7l_‘903 RACSY DNA POLYMERASE IXI POLO-TYPE (pPolLfLL1)
>g;§3923564[spt9017€0!Pmtz EMAN POLYMYOSITIS/SCLERCDERMA AUTOANTICEN 2 (AUTOARNTIGEN oM/SCL
2)

PELETLTA0LA s PES 442 IRND HARIN RIBOMUCLEASE L (DWW o,

>gil7710082 frefl |NP 057908.1) polymvositis/scleroderma autcantigen 2 [Mus musculus]
>g1} 6015001 sp]|0349961DP0O1_BACSU DNA POLYMERASE T (POL T)

i1 12938683 s 0554651 0EGE STARY INA POLYMERASE IXT DOLO-TYPE (POLITI;
THLEIITLLA L A PO NS RN FOOLT RTBCHUCLELIE b (RFRSL L
>gil3041672]sp]PS2026IDPO1_BACST DNA POLYMERASE I (POL I)

Bg1)a38 JJg’]bispiﬁ)mfn‘L]LJPOS__IBI\CHD DN FOLYMERASE III POLC-TYWPE (BOLIIT)

>l 6324574 jref |¥P_014643.1} involved in 5.BS rRNA processing; Rrpép [Saccharcmyces
cerevisiael

SELIANT4G00  entonT T4 [DEIR_AQUAR DNA POLYMERASE 111, WES1ON CRATN

>y1]14L16%137sp Q04957 |DPCT BP\CCA DNP. POLYMERASE I {POL 1)

>y} 1I8BIT spiPLl22521DPCL_ "STRPN DNA POLYMERASE I (POL 1}
DHLLATHICT L R I QARRTYIDEOY STREY DA POLVMERASE I[IT POLC TYPL {P2LITIT)
»gi{e0l5000)spl0e?779|DPOL_AQUAE DNA POLYMERASE I (PGL I)

PL RO LT RSN VDT ead LACLA DHA BOLTMERASEA TLD PonC-1abe tbnaltl,

/qj_'\{zﬂlf Pt e EiRY 09722 00 TNA rmi\rmrrasﬂ 171 idna®, c\lg-,ha ALl 134 T enrs T Ol A

>Q111162403 1 ep | PASR3SIDPOL MYCLE ONR POLYMERASE I (POL I)

- - + " Ly ] . - T i ~ - - o v
Fgi{1204484! Traf{NT 2724501 DNA polymerase ITI, subunit 2lpba ‘polf-l)
’
genitalium)
i o ekl s e TN w7 o o y s —— s
,\.,_;.‘,cqu-i_.u...c_‘.u DR RN )Y uu_v‘llt_a._.:v: Yoz —-

RV . . e e AR
>g116015003|sp10 2801iDPOl LACLC DNA PGLYMEQASE T (20L 1)
>gi| 6226742 9p| QL0146 | YASE_SCHPO HYPOTHETICAL 89.6 KDA PROTEIN C3HS.1l IN CHROMOSOME I
>g1i|1706437}splP54394 | DING BACSU PROBABLE ATP-DEPENDENT EELICASE DING HOMOLOG
>g1]§789748 ) sp! Q¥2IEI | DPOL_HELPI DHA POLYMERASE T {POL I)

5T g arm .

)q.;.,g,o.)_; 537 L=fINE uwSz_J.l i} DHA pUJ._)"?ﬂt'dec .LI.L 14.!.)lzd chain i ;L'L&:;.L-a.-,.ua LWleelytaoen)
‘ e TR .
>g.‘L|9789850|spf?56105[DPOl HELEY DNR POLYMERASE i {(POL I}

>.-r1w9n RATG I reTINE a3EVAR L predicied 6 L 2RaA nrarern Ir\qy('\jha.ﬂr.arrn[\n.:ﬂ; [
Mren e Y e Tn-a;;:n B A R ST IE T A S PR = I SR L rO Tl 55 (04 PUTL N S
Qicis QIYL“J. MYCTU HYPOTHETICAL €%.2 RKDA DPROTEIN RV"’"'”

P4 “\uljn/O:" ECOLI ERODEQXYRIBONUCLEASE \E‘J’.‘O?WCLEF\.‘J:J “; {E:‘:C‘ 5
| GIZHFS ] DRPOS_THEMA DNA FOLYMERASE III POLC-TYPE (POLIII.

spbagnt JYINPIR RICPR DNA PULYMRNANE T1], FEBSILON CHATN

- . TR - Sty .
LI WIS | L T S

}gi}'o 5..
16605381

S GO e [ OH fad [P AR TRIEFA LNA FOLYMERDGN 1T, KPRTLON CHAIN
>g;l6014999isp|Q5915010901 "ANATE DNA POLYMERAbE I {POL I}

Metaloo AR WIS TR R A S N i R AR TR e "

Jq:LE(:'C‘Li‘x“JCW‘]FpI "\ “‘-'}‘:iDI."A RHOCA D?-‘-’A POLY"&‘RRA—P" .LI.L ELPHA -UBU":I‘I'

'

NENER ¢ : PONUCTYOWE T YD T TR TLERNL T PR
144723844¢% s piE‘q'!T"Q}DPu.; MYLPU DNA E‘UL\JIHF\P\R:L ;J.[ PULC-TYPE (E’U].'l [P
T I - FEST RS T TAN LY IS A W e T
ERPSILON CHARIN
BEs

gL "'}b.' CHRI

¥E,

R Iy a0 e T vy L

: . SRR
fap[P 7331(UPJE BUCAI DNA BOLYMEPRASE III EPSILON CHAIN
>gl!585062IspIQO:7DOIDPOl MYCTU DNA POLYMERASE I (POL I)
gl L1R405 | sp | POTGGTIDPIE BCOLT DNR BPOLYMARASE YIL, RPSTLON CHATH
PR T R R | e _” SRS S AULE TN T P A G Al e b N LR AR T forine
“g*i7“’311*{°“19“*4801“9°& BUCAP DR POLYMFRASE LI, EBSLLON CHATM
»g131706502 | spl 952028 {DPOL_THETH DNA POLYMERASE I, THERMOSTABLE (TTH POLYMERASE 1)
>Gi}2506365)sp|PE0194 |DPOL_THECA DNA POLYMERASE I, THERMOSTABLE (TAC POLYMERASE 1)
>gi{1185828 |sp|P19821 (DPO1_THEAQ DNA POLYMERASE I, THERMOSTABLE {TAQ POLYMERASE 1)
>g¢IZS”OLD!SpPPSOSlEIDPﬁl THEFL DNA POLYMERASE I, THERMOSTABLE (TFL POLYMERASE 1}
>g1 13913510 |sp|052225]DPOL_THEFT DNA POLYMERASE I, THERMOSTABLE (TFI POLYMERASE 1|

53



N L T Y LISV S (et 2 UPUPAT v A S I UV SRS S
>gLi 7404361 sp{P52027(DECL_DEIRA UHA POLYMERASE I {(POL I

KA E R A R A AT R R R A AR TR AT T R AR AR A A A A AR T AR A A kAR AR A A A TR TR A A AR A A AL AT A kR AR A I RIT TR AR A AR I T T x

Estas de aqui son un PSI-BLAST gquitande a las polIIl, en la daltima iteracidn {la séptima)
salieron de todas formas 3 pol III. El archive para clustal se llama exopolAPSIBLAST.txt

¢i|118825|sp|P00582 |DPOL_ECOLI DNA POLYMERASE I (POL I) >gil6705...
gijl169402|sp|P43741{DPOL1_HREIN DNA POLYMERASE I (POL I) >ga|l107...
gill2229815(spiQ985162|DPO1_RHEILE DNA POLYMERASE I (POL I} >g1i55...
g1{6166143|sp|P74933{DPOL_TREPA DNA POLYMERASE I (POL I) >gi|743...
gi|118855|sp|P19822|DPOL_BPT5 LNA POLYMERASE »gi}67055|pir| |DJBP...
gi}6015002]spi008307(DPCL_CHLAU DNA POLYMERASE I (POL I) >gi|l18i...
gi|6225285|spt 55971 {DPOL_SYNY3 DNA POLYMERASE I (POL I) >gi|743...
gil6225284|spi051498|DPO1_BORRU DNA POLYMERASE I (POL I) >gij743...

gi1461960}sp|P30314{DPOL_BESPL DNA POLYMERASE

gil 6015001 {sp 034996 |DPOL_BACSU DNA POLYMERASE I (POL I} >g1|743...
gi11173094|spiP44442 |[RND HAEIN RIBONUCLEASE D (RNASE D) >gi[1075...

gi13041672|sp|P52026|DPOL_RACST DNA POLYMERASE I (POL I)

gil416913ispiQ049571DPO1_BACCA DNA POLYMERASE I (POL I) >gi|4196...
gi|133152{sp{POSL55{RND_ECQLI RIBONUCLEASE D (RNASE D} »>gi|67284...
gi|6015003|5p|032801|DPO1_LACLC DNA POLYMERASE I (POL I) >gi|228...
gijl169403({sp[P46835|DP0O1l_MYCLE DNA POLYMERASE I (POL I) >gi|l107...
gi|9630428 ref|NP_046860.1| DNA polymerase; gp44 [Mycobacterioph...
gi|6324574|ref|NP_014643.1| involved in 5.8S rRNA processing; Rr...
gi|118827isp1P13252{DPOI_STR?N DNA PCLYMERASE I (POL I) »gi|980Z2...
gi|8928564|sp Q01780 |PMC2_HUMAN POLYMYOSITIS/SCLERODERMA AUTOANT. ..
g117710082 | ref|NP_057908.1! polymyositis/scleroderma autoantigen...
g11460149921sp|Q5¢156|DRPO1_ANATHE DNA POLYMERASE I (POL I) >gi{ld0..
gi1]9625474 | ref {NP_039708.1| predicted 66.2ZKd protein [Mycobacter...
¢11601500C|sp{06777%|DPOL_AQUAE DNA POLYMERASE I (POL I) >gi}7%1...
g1}{6226742|spiQl0146|YASE_SCHPO HYPOTHETICAL 89.6 KDA PROTEIN C3...

gi|9789856]sp | P56105(DPO1_HELPY DNA PCLYMERASE I (POL I)

gi19789748}spQ92JES|DPO)_EELPJ DNA POLYMERASE I (POL I) >gu{743...
g11585062|spQ07700|DPOL_MYCTU DNA POLYMERASE I (PCL I} >gi|7434...
g111706502|sp|P52028|DPC1_THETH DNA POLYMERASE I, THERMOSTABLE (...
g11118828[spiP19821|DPOL THEAQ DNA PCLYMERASE I, THERMOSTABLE (T...
g112506365]sp|P80194|DPOL_THECA DNA POLYMERASE I, THERMOSTABLE (...
9i}232010)sp|P30313|DPO1_THEFL DHA POLYMERASE I, THERMOSTABLE (T...
gi{3913510|spl052225|DPO]_THEFI DNA POLYMERASE I, THERMOSTABLE (...
§11139596831sp!Q53665|DPC3_STARU DNA POLYMERASE III POLC~TYPE (P. .,
g1(7404361{sp|P52027|DPOl_DEIRA DNA POLYMERASE I (POL I) »gi|747...
gill4424449|sp|P47729|DPO3_MYCPU DNA POLYMERASE III POLC-TYPE (P...
gi1118793tsp;Pl32671DP03_BACSU DNA POLYMERASE IIT POLC-TYPEZ (PCL...
gil14194673|sp|Q9FDFY |DPO3_STRPY DNA POLYMERASE III POLC-TYPE (P...

>DPO1_ECOLI DNA POLYMERASE I (POL I)
VISYDNYVTILDEETLRAWIAKLEKAPVEAFDTETDSLONISANLVGLS FATEPGVAAY T
PVARHDYLDAPDQISRERALELLKPLLEDEKALKVGONLKYDRGILANYGIELRGIAFDTM
LESYILNSVAGRHDMDS LAERWLKHKTITFEETAGKGKNQLTFNQIALEEAGRYAAEDAD
VT LRLHLKMWPDLOKEKGPLNVFENIEMPLVPVLSRIER

>DPO1_HAEIN DNA POLYMERASE I (POL I)
IDRTKYETLLTQADLTRWIEKLNAAKLIAVDTETDS LDYMSANLVGISFALENGEAAYLP
LOLDYLDAPKTLEKS TALARIKPILENPNIEKIGONIKFDES IFARRGIELQGVEFDTML
LSYTILNS-TGRENMDLLAKRY LGHETIAFES LAGKGKSQLTFNQIPLEQATEYAREDADV
TMKLQOALWLKLQEEPTLVELYKTMELPLLHEVLSRMER

>DPO1_RHILE DNA POLYMERASE 1 {BOL I)
DHSAYVTIRDLVTLDRWIACARATGLVAFDTET TS LDAMRAELVGFS LALADNTADRTGT
KIRAAYVPLVEKNGVGDLLGGG LADNQIPMRDALPRLKALLEDESVLKVAQNLKYDYLLL
KRYGIETRSFD-DTMLISYVLDAGTGAHGMDPLSEKFLGHT PIPYKDVAGSCKANVTEDL
VDIDRATHYAAEDADVTLRIWLVLKPRLAA-AGLTSVYERLERPLLPVLARME

>DEQL_TREPA DNA POLYMERASE I (BQL I)

SAGHYRGVTDPVELKRIIDCACRNGVVAFDCETDGLHPHDTRLVGESICFQEREAFYVPL
IVPDVSLETESTQCTCARS TNVETEKECTEQHGVSASAVQDPA~~YVOAVMHQLRRLWND
ETLTLVMHENGKFDYHVMHRAGVFERCACNI FDTMVARWLLDPDRGTYGMDVLAASFFQIR
TITFEEVVAKGQ-~~TFARVPYECAVRYAREDADITFRLYRYLKLRLE-TAGLLSVFETY

270
251
2248
215
185
185
191
176
158
15¢
148
148
144
142
l42
138
138
136
135
134
130
125
125
124
122
119
115
107

87

87

86

81

75

5%

58

44

42

42

le-T72
6e-567
Ye-59
Se-56
4e-50
6a-50
Se-49
2e-44
8e-39
3e-38
6e-36
Be-36
le-34
3e-34
de-34
Ze-33
6e-33
2e-32
Se-32
le-31
2e-30
be-29
6e-29
Te-29
4e-28
de-27
6e-26
le-23
2e-17
2e-17
3e-17
le-15
Te-14
4e-0%9
Te-0%
Ze-04
%e-04
Te-04

54



Appendix 1

Fasta results: Type I DNA polymerase Exonuclease domain against Swiss Prot

Database

FAGTAR {4 4 Qina 0ty Tune Uron gt dmtkad, DL metry (1 -0

Join: 36, opt: 24, gap-pen: =12/ -Z, width: 16
The besl 3c0res are”

PH1247 12353aa long hypothetical DNA-directed DMNA
PAB1128 {polI) DE-DNA polyuwerasze I
MJIOBES  putative DNA polymerase. [BEC:2.7,7.7] [SP
MIH1208 DNA-dependent DNA polymerase family B (P
AEQ497 polB; DNA pelymeraze Bl. [EC:2.7,7.7]
ape:APE2098  DNA-directed DNR polymerase [EC:1Z.7.
tac: TaQ%07 DNA polymerasze (PelB), large chain re
TVG0859451 DNA polynerase
ath:tAtZg27120 putative DMA polymerasa epsilon ca
hal:VNGOSZ1G polBl; DNA pelymerase Bl [EC:;2.7.7.
sce:YNL262W  POLZ, DUNZ; DNA polymerase epsilon,
ath:T23G18.11 putatave DNA polymersse gi3ggs34z
cel.F33H2.5 DNA pelymerase family b {3 domains)
pae: PALIESE  PpolB; DNA polymerase II [EC:2.7.7.71
b0080 polB, dinA; DNA polymerase II {pol II). [E
vohiVC1212 DNA polymerase II [EC:2.7.7.7)
mmu: 99660 Polzl; DNA polymerase alpha 1, 180 kDa
ape:APEQOSS DNp-directed INA polymerase (pfu pol
ath:F12B7.5 putative DNA polymerasa zeta catalyt
ath:T1F1%.3 Similar to putative DNA polymerase g
Pha:BH1765 unknown conservad protein in B. subta
nme:NMB1417 conserved hypothetical protain
mee; YDLIOZW CDCE, POL2, TERY, DNA polymersse dal
sce:YPLIETC REVY, PSOl: DNA polywetase zeta cata
cal:F10C2.4  DNA polymerase famely b (CE09308) (E
hEd: inpls2s  putanive
HPOGRS  H. pylory predictea cading reglon HPORSS,
MIH491l convwrved protein.
FpsF  ipa-bdd, spoce coat polysaccharide bioaynth
ag_484  eno, enolase. [ECr4.2.1.11)

Sequences with E-value BETTER than tnrgshold

Szquences producing srgnificant alignments:

gai6015025sp! P5668% | DPOL_THEGC DhA FOLYMERASE (TC POLY »>gild6%9...
grl134.314651sp| P77H33)DROL_FYRKO DNA POLYMERASE [CONTAINS:
¢1113876475] &p| U9HHBY | DPOL_THEGS DNA POLYMERASE {CONTAINS
93129135228 | sp!P74915 | DRPOL_THEFM DNA POLYMERASE (ROL TFU) »g21165...
gn1381354015p Q5463661 DPOL_THESH DNA POLYMERASE >ga|74348081par!l...
421389403 5p | PEOOS1 I DPOL_FYRFU  DNA POLYMERASE [PFU POLYMERASE) >...
91138135261 5p 1 059610 | DPOL_PYRHO ONA FOLYMERASE >ga | 7446920%piril...

{1235)
{771}
{1e34)
{ 586}
[ 781}
{ 784}
1 796}
{ 800}
{2154}
1 801)
{2222)
12271)
(2144)
{ 787)
{ T83]
{7187
11465)
{959}
(1871}
(1894}
| 430)
{ 264}
17097}
11504}
11081)
{278}
{ 166)
{303
| 239)
t 428}

| Brape

opt bits
1359 282
1356 281
134187
674 145
428 96
456 8l
423 75
311 72
265 63
238 S8
228 58
226 58
214 53
196 49
193 49
183 49
180 46
173 45
137 38
137 38
121 24
1135 33
127 34
12 3%
118 33
107 31
104 30
104 31

99 24
102 30

E{110718)

3.%e-75

4a+75
2, 3a-37
4,2e<34
3.5e-1%
7.Te-15
7.6e+13

de-1Z
5.3e-09
1.le~07

8a-07
1.2e-06
5. 3e~06
3.4e-05
5.26-05
5.2e~05
0.00052
0.00097

0.25

0.25

VW w oW e O

B R N N e

w0

(bits}

ENDOW.

EMDON. . .

Score
Value

323
. 32z
32¢
3lg
3lg
317
3z

91024941d013piQ31334 | DFOL_PYRED DNA POLYMERARSE (DEEP VENT DNA PO... 310

4113913530 ap | PT79321DPOL_PYRSE  DMA POLYMERASE >g1114%5770temb!C.. 305
9111452199 ref INP_127396.11 DNA polymarase I [Fyrocotcus abysni... 305
9112320201 sp| P303171DPOL_THELYI DNA POLYMERASE (VENT DNA POLYMERA... 283
gi113124219ispI1QSLRES| DFCD_ORYSA DNA POLYMERASE DELTA CATALYTIC ... 2§81

¢i13913524|5p|0338451DPOL_THEST DNA POLYMERASE >yil2293388lemblC... 291

gL 117065051 ap| P52431 | DPOD_MOUSE  DNA POLYMERASE DELTA CATALYTIC 5...

qil4505833 | ref INP_002682,11 polymerase {(DNA directed), delta 1,

$i11425104€ 1 ref INP_116408.11 T54 [Tupara herpesvirus] >gl192%696. ..

gl 6320101 1ref INP_010181.11 largest and C&talytic subunit
G EA29606 N L ap b UGS DPOL, _HSYT]  LNA POLYMERASE
gl 111067281 lref INF_Q87654.11 DNA polymerase delta, catalylic =ub.
qllﬂlZZU"qup1P“T’SﬁiDPOD MESAU  DNA POLYMERASE DELTA CATALYTIC S... 274
gil1188381spi PEA3ISIDPOD_BOVIN DNA POLYMERASE DELTA CATALYTIC SU... 279
¢i112644199 | spI P303161DPON_SCHRPO DNA POLYMERASE DELTA CARTALYTIC ... 278

of DNA.

283
283
283
282

-g!:dluJofl\q>!nn... #1]

£l

g-1131°4718!sp1954iﬁEIDPOD DROME  DNA POLYMERASE DELTA CATALYTIC ... 2377
911131247161 3p| P46588| DPOD_CANAL DNA POLYMERASE DELTA CATALYTIC ... 276
ga113124220|2piQILVN7T I DPOD) ARATH DNA POLYMERASE DELTA CATALYTIC ... 275
qli80150237sp1071121 1 DPOL_RHCME DNA POLYMERASE »ga{2944240igblAA... 273
gr113124169|spl PY0629| DPOD _CREEL DNA POLYMERASE DELTA CATALYTIC . . 268
4§11 8625657 1ref {NP_035908.11 BALF5 DNA polymerase learly), hcmolo... 268
41232017 | 2ptPI0NSIDPOD_PLAFK DNA POLYMERASE DELTA CATALYTIC SU. 267
gl 139135251op 10489011 DPOD_SOYEN DNA POLYMERASE DELTA CATALYTIC 3... 265
qii 962NN pel INP_D42ERS. 1) DNA polymerasze replicative subupl: [..- 263
gileQl50191ap | Q690251 DEOL_GFCMV  DNA POLYMERASE »gi|459763 gk lARA. .. 260
gi{9625%65  ref INP_040211.0 1 DNA  polymerase [(Salmiziine hespesvi... 259
91139135221 0p10272761DPOL _METTH DNA PCLYMERASE >gl17482291|piril... 257
gl|19628340 ref INP_042931.11 V38, DMA polymarass {Human herpesvir... 254
gi{1186821ap| POTYLE | DPOL_KEV2L DBNA POLYMERASE >yl |87039(pici! DJB. .. 252
gL 118RE8 | sp | F2T1TZIDPOL_MCMYS  DNRA POLYMERASE >gi167043|plr||DJB... 250
ql(96257391refINP_036985.1]1 DNA pelymerase (8) fhuman harpesvaiud... 250
GL16015022 [ #p1 (854281 DPOL_RCMVM  DNA, POLYMERASE 247
GLIL1RERO] ap | POAZO2 I DEOL_HSVLK  DNA POLYMERASE >qi|6703ipin|IDJIB... 246
qii9629411  ref INP_044632.11 ODNA polymerase (human herpesvirua 1]... 248
GLE11887915p 1 POTS17 IDPOL_HSVIA  DNA POLYMERASE >gj|67026jpic! 1DIB. .. 245
qi1118981 ] spl POYASA I DPOL_HEVIS DNA POLYMERASE >qi167¢35Ipir! IDIB. .. LT
Gl AN S6TOap10SANS | DPOL _METIA  DNA POLYMERASE {CONTAINS: MJA PG... 244

2e-88
3e-85
2e-27
Se-87
T2-87
Se-87
4e-85
le-84
3a-83
3¢-83
Ze=18
6e~79
Ta-78
le=76
2e-176
3e-76
de=-76
SUEA

Qg
20~7%
2e=T5%
4e=735
le-74
2e=74
fe=74
2e-73
Se-72
Se-72
le=71
4qe-T1
Re=T0
le=06%
de=i9
9e-5%
lo~67
39-67
le-66
2e-66
2g~€5
2e-65
Je-65
do-Gh
To=GY
Fi=E8
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Qx| 9628761 lref INP_043792.11 DNA
g1 186267067 | ref |NP_04103%.11 DNA

41111458108 | ref | MP_C68333.11 DNA peolymerase Bl {poiB) {Archazogl.

polymeraze {Human herpesvirus 7)..

polymerase [Equane harpesvirus l1...
g1t 9625303 tref INP_040151.11 OQRF28 (AARl-1194) {Human herpesvirus ..
g1l1706313|splP520251DPOL_METVO DNA POLYMERASE >g1!1495654|gblRAR. ..

gi15453%26 1 ref INP _006227.11 polymerase (DNA directed), epsilon {..
A 1RCal i er 1Y Danl2r L) pave-1 DBA polymerase | Parame. tum by, .
gi12320161sp] P3032Q| DPOL_CHVNZ DNA POLYMERASE >g1|2B10761prx|iB4...

g1 i5225286i3p 083746 DPOZ_AERPE
g1 [ 8324067 [ref INP_014137.11 DNA
g2 13913534 tsp | P87154 | DFCE_SCHPO

¢11667940% rel INP_032916.11 DNA
a3 | 3913527 sp 1060673 | DEOZ_HUMAN
G113513502] 5p 1005706 | DPOI_SULSH
41138135151 sp| PA5979 | DPG3_SULSO

qlIbOlSOlOIapIOdBG%?IDPOﬂ ORYSA
gL 16015012 | ap | Q27152 | DFOA_DXYTR
03113913538 spl £456901 DPOL_SULAC
g2 1126432741 sp] P268111DPOT_SULSO
g1163250901:9{}NP_015158.1T DR
91 1 630008 | xef INP_046226.11 DNA
g13 6015011 =p| Q945361 DPOA_OXYNC
41139135081 5p | 0E0607 | DPO1_SULCH
GLI6FTIBT4 | =p | 061493 DFOL_MOUSE
111169407 sp! P43 394 DEOL_ASFLS
1140150201 3pd Q4901621 DPOL_NPVCE
QLiL1B834 | sp| P2TIZT I DPOA_TRYRR

DNA POLYMERRSE IT >gil7434601 pa..

polymerase II; Pollp [Saccharomy...
_ DNA POLYMERASE EPSILON, CATALYTI...
g1|8393585iref INP_058633.1] polymerase (DNA-directed}, alpha: po .
¢3.160150131sp1 0858042 | DPOA_RAT DNA POLYMERASE ALPHA CATALYTIC SU

g1 16015024 sp1070736(DPOL_RSIV  DNA POLYMERASE >g1|1176380|db]!BA ..
polymerase alpha 1, 180 kDa [Mus...
DNA POLYMERASE ZETA CATALYTIC 8U, ..
DNA POLYMERASE III (DNA POLYMERA...
DA POLYMERASE III (DNA POLYMERA. ..
q1i1188311=sp| P260151DPOA DRCME DNA POLYMERASE ALPHA CATALYTIC S¢..
G1511882081op| P21189 | DPO2_ECOLT  DNA POLYMERASE II (POL II) »qa|67...
DA POLYMERASE ALPHA CATALYTIC S...
DA POLYMERASE ALPHA CATALYTIC S...
DA POLYMERASE I »g1l|2129430lpir...
DNA POLYMERASE I »gi|2032353tgb...

polymerase zeta subunit; Rev3p [..

polymerase [Orgyia pseudotsugata. ..
DNA POLYMERASE ALPHA CATALYTIC S...
ONA POLYMERASE I (DNA FOLYMERASE...
DNA FOLYMERASE ZETA CATALYTIC SU...
DNA POLYMERARSE >g11480553|pirlls5. ..

DA POLYMERASE »g1l /476381 gbi ARD

DA POLYMERASE ALPHA CATALYTIC SU. ..

QuUEFEI0UTIR Iy el (M 047469, 11 DNA FolymerasemAcMNPY orfos [Bomby <
g1i116%400 | spt P424891DPOL_ASFB?  DNA POLYMERASE ~»gu!14576241gbiARA. ..
G119627808  ref INP_054085.1] DNA-dependant DNA-polymerase [Autegr...
qu 19632637 refl INF_04%9662.11 DNA polymerase [Bacteriophage T4) >g...
1130236531 301 Q35087 | DFOL_BPR6S  DNA POLYMERASE {GP43) »g1|643555...
gl 62252831 sp!1 093745 |DPO1_AERPE DNA POLYMERASE 1 >gl]74348001par...
q1t1188331spiP2B040DEOA_ SCHPO  DNA POLYMERASE ALPHA CATALYTIC sU...
g1 16324227 1 ref INE_014297.11 DNA polymerase 1 alpha subunit, piSO...
§112320191spi F30318 | DPOL_NPVLD DNA POLYMERASE >gi{48451Zipir{|JQ...
g1140135008] sp! OOOS?dIDPGA LEIDO DNA POLYMERASE ALPHA CATALYTIC 5...
F1123201519p i PI031%| DROL_ CBEPY DNA POLYMERASE >gil281209ipar(tSz...
911118859 1sp | P21402 | DPOL_FOWPY DNA POLYMERASE >guié7047ipir] |DJV...
g1 60150211 sp 10841731 DPOL_OREN2 TUNA POLYMERASE >gi| 1236947 gbldA. ..
gL} 9E2757 L Iref INP_042084,1] ESL {variola virus] »gi[461961[sp!P3...
g1 9790985 ref INP_D63712.11 EIL; putative [Vaccipria virus} >gill...
g1]118892|5p | ¥06856 | DPOL_VACCY DNA POLYMERASE >¢il1335756|ghiAABS. ..
gi11730955]sp| P50837YPRB_BACSU HYPOTHETICAL 48.0 KDA PROTEIN IN...

9x 12044881 ref INP_072691.11 DNA polymerase III, subunit alpha (...
g118626875] ref INF_041148.1] DNA polymerase [ictalurid herpesviru...
91123507773 ref tNP_109722.1| DNA polymerase III {dnzE) alpha cha...
gil13357937iref INP_078211.1{ DNA polymevase III alpha ¢haan 1 (U...

Sequences With E-value WORSE than threshold

g1 14619621 ap| PAISIT | DFOM_NEUCR  PROBABLE UNA POLYMERASE »gi|28335...
HYPOTHETICAL PROTEIN MJO365 >gil...

gi12495934(spiQ5TA111Y365 _METIA
gl]16225287 1 sp | QSLZREG | DPO3 _THEMA
gL 11352308 | sp PO9EQ4 I DPOL_KLULA
gité01l4596)sp) 083649 DP3E_TREFA
g 5626351 Iref INP_040882.11 orf
gi11730190tsp) PS4S04 | GALC_CANEA
gi12494182 | spl Q127041 DPOG_SCHEOQ
gL1249601218p | Q579231YS00_METIA

DNA POLYMERASE III POLC~TYFE (PO..

DNA POLYMERASE >l [10113Z1pirils...
DNA POLYMERASE III, EPSILCN CHAI...
1 [Enterchacteria phage PRDL] >g...
GALACTOCEREBROSIDASE PRECURSCOR (...

DNA POLYMERASE GRMMA (MITOCHONDR..
HYPOTHETICAL PROTEIN MJOS00 >gil.

gl 19627454 rol IHF 041932.11 qene 5, DNA polymerase [Bectarlophaq .
gL 12498300 (api 04443 | DEXT_STRMY  DEATRANASE PRECURSOR (ALPHA-1,6~...
Q111168531 8pl P20311 | DPOL_BFI3 DNAR POLYMERASE »>gii769151pic1 15075, ..
116679927 1ref INP_032105.11 galactosylceramidase (Mus musculus) ...
GL1G0L49921sp | QCEQ4 5| DPIA_RHOCA DNA POLYMERASE III ALPHA SUBUNIT...
) 3-ISOPROPYLMALATE DERYDRATASE SM. ..
gli401241 1 sp| PI1254 1UBAY_MOUSE UBIQUITIN-ACTIVATING EN2YME E1 Y ..
119627557 kef iNP_042080.11 ClEL [Variola virus] >¢l|4850911spiP...
gri63194361caf INP _O09516,11 B aubunit of DNA polymerase alpha-pr...
gLii1297721ap! PO4ANGA | PENK_RAT PROENKEPHALIN A PRECURSOR [CONTAINS.

gli8134550| spi QIWNIZE | LEUD _THEMA

91730225 sp| PAORO D | PREK_BACSY
glleﬂ?Blﬂl&pIQSZCWBISELD RICER

PROTEIN-DXPORT MEMDRANE PROTEIN ..

PUTATIVE POLYKETIDE SYNTHASE PKSK...

91124941811 sp!QULS4TIDEQG_PICPA DNA POLYMERASE GAMMA (MITOCHONDR...
QL1 2673091 9p | F298BYIVF12_VACCP PROTEIN F12 »>gi|3357011gbIARRAG2E. ..

Alignments

>gL!60150251 spi P5EE8Y | DPOL_THEGH DNA POLYMERRSE (TO POL)

GL14699306{pdbl LTGNIA Chaln A, Thermestable B Type Dna Pelymerase From Thermococcus

Ssore =
Identltlies - 2317250 (20%), Positives = 241/256 {538}

Query.

1

Gorgonarius
Length =~ 773

323 bita (BZR), Expeoct = Zo-H8

ELRMLAFDI ETLAHAGARAGAGPI LMISYADEEGARVI TWKNIDLPYVESVSTEKEMIKR 60

244
241
230
221
220
214

Jewdd
Ge-64
2e~60
le-57
2e~57
Be-5E
3a-55
Se-55
le-53
de-53
2e-52
de-52
9e~52
de=nl
qe=-q%
Te-48
3e—-47
Se~4t
3e-45
te-45
Se-44
Se-44
9e-44
Ze~43
Se-43
Se-43
Te-43
3e-42
le=41

e=41
Ze=41
[T
3e~40
be-40
Ze~39
5a-39
de-38
le-37
2e-36
3e-35
6e-35
le-23
Je-22
lew21
4e-19
ge-19
le-18
1e-17
2e~14
2e~12
2e-10
1e-09

M AABHOVUADN O DS PO

L e A L AR RS S RS s i e |
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Appendly 1
Faste results: Type ¥ DNA polymerase Thumb domain against Swiss Prot Databace

FASTA {3.36 Juns 2000} function [optiimized, BLS0 matrix {15:-5)] ktup: 2
Jein: 36, opt: 24, gap-pen: -1z/ -2, width: 16

The hest 4oaten sfe: npt kita R{110731;
pABIlZ8 (poll) DE:UNA pulymerase I t 797y 458 1yl 4. 3=-7!
FH1547 1235aa long hvpothetical DNA-directed DNA  (1235) 458 101 8.1e-21
MJ0UBB5 putatave DNA polymerase. [EC:2.7.7.7] [SF (1634) 297 68 3.7e-11
MIH208 DNA-dependent DHA polymerase family 2 (Po  ( 223) 282 66 §.2e-11
ApesAPE2098 DNA-directed DNA polymerase [EC:2.7.  ( 784} 243 58 3.7e=08
AFD4%7 polR; DHA polymerase Bl. [EC:2.7.7.7] ( 781y 217 53 1.32-06
sce:¥DLIOZW CDC2, POL3, TEX1l; DNA polymerase del (1087) 125 35 0.6
ape:APEZZ29 DNA-directed DNA polymerase f[2C:z2.7. ( 637y 121 34 0,628
BOCEC polB, dink; DHA polymerase IT (pol IZ}. [E ( 783) 1z0 34 Q.82

mmu: 99860 Polal; DNA polymerase alpha 1, 180 kDa (14€5) 115 33 3

hal:VNGOS21G6 polBl; DHA polymerase Bl [EC:2.7.7. ( %01) 111 32 .6

pae:PA1BES polB; DNA polymerase 11 [BC:2.7.7.7] {787 110 3z 3.7

¥ch:VC1212 DNAR polymersse II [EC:2.7.7.7} {7871 107 31 5.6

TVGO55070% ribosomal protein small subunit S5 { 200 57 29 7.6

AF1938 conserved hypothetical protein. { 6?3) 103 3D 8.6

ath: F1287.5 putative DNA polymerase zeta catalyt (1871} 108 az 8.7

ath:T1F152.3 Similar to putative DNA polymerase g (1834) 108 32 9.8

MJL630 conserved hypothetical protein. {1139 1g: 31 3.9

cel:F10CZ2.4 DNA polymerase family b {CEC®308) [E (1081} 104 31 1

Seqguences with E-value BETTER than threshold

Score £

Sequences producing migmificant alignments: {bicx) Value
911131242191 spl Q9LRES | DPOD_ORYSA DNA POLYMERASE DELTA CATALYTIC ... 180 Be-46
g1 |1343146518p{ PT7833|DPOL PYRKO DNA POLYMERASE [CONTAINS: ENDON... 184 fe-46
gAl138°8475|sp‘QQhHS4IDDDL THEGS DNA POLYMERASE [CONTAINS: ENDON... 179 le-435
G116015025] sp | PSEEBE | DPOL,_THEGD DMA POLYMERASE {TD POL) >gild4695... 178 2e-45
gx13813540]sp| Q563661 DPOL, _THESS DNA POLYMERASE »>gil7434808iparii... 178 3e-43
c1]391?52:l591048901iDPOD SOYBN  DMA POLYMERASE DELTA CATALYTIC S... 178 3e-43
91139“3528!qplPJQQISJDPOL TEEFM DMA POLYMERASE (rOL TFU} >gaiié€5... I78  4e-43
92139135301 2p1P77832 D000 _PYRSE DNA POLYMERASE >gi{l1495770lemb!C... 172 1e-43
gilléSZl?lS‘;ref\'\"_127395 1i DNAR polymerase I [Pyrococcus abysal... 172 1le~43
g‘l41124718L39J954353\D50D DROME  DNA POLYMERASE DELTA CATALYTIC ... 17z 2e-43

$13513526] 50| 059610 ID20L_PYRHO DNA POLYMERASE »>gil744€920(parii... 172 2e-43
¥1j2320201sp)P30317|DPOT._THELI DNA POLYMERASE (VENT DNA POULYMERA... 171 42-43
gil13124220isp!QSLVNT I DPOD_ARATH DNA POLYMERAST DELTA CATALYTIC ... 170 5e-43
g‘|3994031¢plv800611D?0L PYRFU DNA POLYMERASE {[PFU POLYMERASE} >... 170 Ter43
g1i24%41881spt Q513341 DP0L_PYRSD DRA PCLYMERASE (DEEP VENT DNA PO... 170 Te-43
gil4505933 | ref IN2_002882,11 polymerase (DMA directea), delta 1, .-. 189 le=4Z
gi|1706505!sp| 2524311 DPOD MOUSE DNA POLYMERASE DELTA CATALYTIC S... i68 Ze—42
gl|12644199139]P303161DPOD SCHPO DNA POLYMERASE DELTA CATALYTIC ... 188 3e-42
gi[113838)sp!P28335{DPOD _BOVIN DNA POLYMERASE DELTA CATALYTIC 5U... 168 3e-42
gil3913524]sp033845|DPOL_THEST DNA POLYMERASE >gl[229338%[empiC... 168 3e-42
gii13124716!sp | P46588 | DPOD_CANAL [NA POLYMERASE DELTA CATALYTIC ... 168 4e-42
gil11067381tref (NP _0676%4.1] ODNA polymerase delta, catalytic sub... 167 se-d2
g‘|1122029133\°972O3EDPOD MESAU DKA POLYMERASE DELTA CATALYTIC S... 1E7 6242
gi1113124199]sp|P90825|DPOD_CAFEL DNA POLYMERASE DELTA CATALYTIC ... 163 &ewil
g1[6320101{ref |[K? 010161.11 largest and catalytic subunit of DNA... 158 2e-3%
gil6225286]sp| 0527461 DPO2_AERPE DNA POLYMERASE II »>gif743480Lllpi... 157 9e-3%
git11458108| ref IND | 08933311 DNA pelymerase Bl (pelB) [Archaeogl... 153 Te-38
gii3%1567913p1R582551DPOL_METJA DNA PCLYMERASE [CONTAINS: MJA PO... 145 1le-36
116015006 8p | 000874 | DPOR_LEIDD DNA POLYMERASE ALPHA CATALITIC S... 147 5e-36
31117065131 spI P520251 DPCL_MEIVO DNA POLYMERASE >g1[43935654|gblAAA... 147 6e-36
g113913502]8p! 005706 1DPO3_SULSH DNA POLYMERASE TII {DNA POLYMERA... 146 le-25
§11232011|9p1P30315(DPOD_PLAFK DNA POLYMERASE DELTA CATALYTIC SU... 145 2e-35
g:{118834 | sp|P27727 (DPOR_TRYBE DNA POLYMERASE ALPHR CATALYTIC SU... 145 3e-35
g: 138135151 sp I PROSTIIDPC3_SULSC DNA POLYMERASE III (DNA POLYMERA, 140 %e-34
gl232016]3p[P30320DPOL_CHVNZ DnA POLYMERASE »gli |2 81076{p1r:EBd... 136 la-il
g1 60150221 s5pi 085428 | DPOL,_RCMVM DNAR POLYMERASE 136 1e-32
gil11883315p]1P22040:DPOA SCHPO DNA POLYMERASE ALPHA CATATYTIC 5U... 135 2e-32
g1 FB631753 1 ref (N2 _048532.11 PRVC-1 DNA polymerase [Faramacium bu... 132 2e-3Z
4219623965 ref \NP_040221.11 DNA polymerase [Saimiriine herpesva... 331 3e-31
g1 16015019 sp}QEY0251DPCL_GPCMY  DNA POLYMERASE >gil459763ighiAAA. .. 130 Fe-3l
gx 1118858 |sp] P2T2721DPOL,_MCMVS DNA POLYMERASE »>¢11870431plr| [DJB... 128 22-30
119625657 jref INP_039908.11 BALFS DNA polymerase {(early), homolo... 128  3e~30
ga 1801 5023|Sp‘011121|DPOL RHCMé DNA POLYMERASE »ga|2944240|gblAA... 126 8=2-30
Qi) 8265965, spl QOYUS3IDPCL HSVTY DNA POLYMERASE »gil41650731gbinA.. 125 2e-29
g1 14251046 ref INP_126308.11 T54 [Tupara herpesvirus] ba‘l9296°6‘-. 125 Ze-29
113913527 |5p| 060673 | Dr0Z_HUMAN DNA POLYMERASE ZETA CATALYTIC SU... 123 T7e-20
g2 19628761 i ref \NP_043792. 1' DNA polymerase [Buman herpesvirus 7}..- 123 le-28
<-|9693340|refl“° 042932, Y38, DNR polymerase {Heman herpesvir... 123 le-28
L953G”C8Iref|NP 046226. 1] DNA polymerase [Orgyaa psetdotsugata.-. 123 3e-la

b;r96°8011|réflw? 0428605.1] DNR polymerase repl:cative subunit [... 121 ZSe-28:
GLiE323080 1 refINP_D15158.11 DNA polymerase zata subunit; Revdp [... 12¢  S=-28
119628767 | ref (WP _| T042035.11 DNA polymerase [Eguine herpesvirus 1... 18 2=-27
g!lBESSSB:[:a’!ND_DSSé33 1] polymerase {DNA-directed), alpha; po... 118 4e-27
g1 | 60150131501 CBY0421DPOA_RAT DNA POLYMERASE ALPHA CATALYTIC SUB.. 117 T7e-27
gi!601502012p1 Q0162 I DPOL_NFVCF DNA POLYMERASE >g1$?47£38:gDiAAC... 117 Je-27
giie672409 ref (NP _! 0372918.11 DWA polymerase alpha 1, 180 kDa [Mus... 115 2e-26
gi|60150121op| Q271521 DPCA_OXYTR DNA POLYMERASE ALPHA CATALYTIC S... 114 4e-26
g 162198741 5p| R614931DPOZ MOUSE  DNA POLYMERASE ZETA CATALYTIC SU... 114 4e-28
g: 6015011 | 5p1 0246361 DECA OXYNO DNA POLYMERASE ALPHA CATALYTIC S... 114 Se-26
giif625803 ref INP_040151.11 ORFIS (AA1-1184) [Humen herpesvirus ... 108 Pe-24
g1 i962573% | ref INP_039988.11 DNA polymerase {8} [numan herpesviru... 108 de-l4

G1160130101sp| 466531 DROA_ORYSA  DNA FOLYMERASE ALPHA CATALYTIC S... 10g  Ze-23
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Part of the multiple alignment to establish the phylogenetic tree, in this sequences is only
showed only the most conserved areas, common for all the DNA polymerases.
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Appendix 3. Species used for the analysis in the type I DNA polymerases’ phylogenetic tree in Figure 3.

Herpesviridae type Il DNA polymerases

DPOL CHVPI
DPOL CIIVN2
DPOL GPCMV
DPOL HCMVA
DPOL HSV1A
DPOL HSVIK
DPOL HSV1S
DPOL HSV21
DPOL HSVe6U
DPOL HSV7I
DPOL HEVE2
DPOL HSVEB
DPOL HSVTI1
DPOL H8VT2

DPOL MCMVS

Paramecium bursarta chlorella virus 1 (PBCV-1)
Chiorella vimas NY-2A (CV-NY2A).

Guinea pig cytomegalovirus (strain 22122 / ATCC VR682)
Human cytomegalovirus (strain AD169)

Herpes simplex virus (type | / strain Angelotti)

Herpes simplex virus (type 1 / strain KOS)

Herpes simplex virus (type 1 / strain SC16)

Herpes simplex virus (type 2 / strain 186)

Human herpesvirus (type 6 / strain Uganda-1102) (HHV6)
Human herpesvirus (type 7 / strain jI) (HHVT)

Equine herpesvirus type 2 (strain 86/87) (EHV-2)

Equine herpesvirus type 1 (strain Abdp) (EHV-1)
Herpesvirus tupaia (Strain 1) (THV-1)

Herpesvirus tupaia (Strain 2) (THV-2)

Murine cytomegalovirus (strain Smith)

Type 8 DNA polymerases (Eucarya)

DPOD ARATH
DPOD BOVIN
DPOD CAEEL

DPOD HUMAN

DPOD MESAU

Arabidopsis thaliana (Mouse-ear cress)
Bos taurus (Boving)
Caenorhabditis elegans

Homo sapiens (Human)

Mesacricetus auratus (Golden hamster)
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DPOD MOUSE

DPOD ORYSA

DPOD PLAFK

DPOD YEAST

DPOL NPVCF

DPOL NPVQOP

Mus musculus (Mouse)
Oryza sativa (Rice)
Plasmodium falciparum (isolate K1 / Thailand)

Saccharomyces cerevisiae (Baket's yeast)

Choristoneura fumiferana nuclear polyhedrosis virus (CIMNPV)

Orgyia pseudotsugata multicapsid polyhedrosis virus (OpMNPV)

Crenarchaeota Type I1 DNA polymerases (Group II)

DPO1 AERPE

DPO1 SULAC (B1)

DPO1 SULOH

Aeropyrum pernix
Sulfolobus acidocaldarius

Sulfurisphaera ohwakuensis

Creanarchaeaota and Euryarchaeota Type Il DNA polymerases (Group I)

1DSA

DPO2 AERPE

DPOL ARCFU
DPOL METJA

DPOL METVQO
DPOL PYRAB
DPOL PYRSD

DPOL THEFM

DPOL THEGO

Desulfurococcus sp. Tok (C)
Aeropyrum pernix {C)
Archaeoglobus filgidus (E)
Methanococcus jannaschii (E)
Methanococcus voltae (E)
Pyrococcus abyssi (E)
Pyrococcus sp. (strain GB-D) (E)
Thermococcus fumicolans (E)

Thermococcus gorgonarius (E)

Bacterial Type [l DNA polymerases (Proteobacteria)

IKLN
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pac PA1886

veh VC1212

Pseudomonas aeruginosa

Vibrio cholerae

Type o0 DNA polymerase (Eucarya)

DPOA DROME
DPOA HUMAN
DPOA LEIDO
DPOA MOUSE
DPOA ORYSA
DPOA OXYNO
DPOA OXYTR
DPOA SCHPO
DPOA TRYRB

DPOA YEAST

Drosophila melanogaster

Homo sapiens

Leishmania donovani

Mus musculus

Oryza sativg

Oxyiricha nova

Oxytricha wifaliax

Schizosaccharomyces pombe (Fission yeast)
Trypanosoma brucei brucei

Saccharomyces cerevisiae
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