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Resumen: 

Las DNA polimerasas son un grupo de enzimas esenciales para los procesos de replicación y reparación 

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 evolución que dieron origen a esta gran diversidad, no había 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 común que permite relacionar 

a las DNA polimerasas tipo I con las DNA polimerasas tipo 11: el dominio palm. Posteriormente dentro 

del reporte de Delaye, Vázquez y Lazcano, (2000), expuesto para este trabajo de titulación fue posible el 

evidenciar este rasgo, con un muestreo con DNA polimerasas tipo 1 y II de los tres linajes celulares 

identificando por estructura terciaria a una región del dominio palm homóloga para los dos grupos de 

proteínas-o Con esto fue posible suponer por su conservación y distribución que los mecanismos de 

polimerización se pudieron haber presentado en momentos evolutivos tempranos. En la continuación 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 búsqueda de homólogos. Del mismo 

modo se muestran los avances del análisis evolutivo de una muestra propuesta de DNA polimerasas tipo 

Ir representadas por varias clases de enzimas reportadas para los genomas de Eucarya y Archaea las cuales 

se podrían ver relacionadas a eventos de duplicación y divergencia. 



Introducción: 

La reconstrucción de caracteres ancestrales esta basada en una metodología en donde a pmtir de 

rasgos tanto comUnes como divergentes detectados en una serie de organismos, se deduce la existencia de 

posibles eventos de especiación y adaptación que resultan en la diversidad del linaje cuya historia se 

pretende reconocer. Bajo ésta misma óptica se ha abordado la evolución de las etapas tempranas de la 

vida, intentando reconocer caracteres y rasgos que relacionen a todos los seres vivos conocidos, para 

poder detectar características conservadas en todos ellos y que posiblemente ya estaban presentes en el 

último ancestro común. 

Una de las primeras propuestas para estudiar la diversidad biológica y defmir simultáneamente 

características ancestrales fue llevada a cabo por Haeckel en 1866, quien propuso la separación de todos 

los seres vivos eu tres reinos. Uno de estos reinos, el Monera, agrupaba a las bacterías 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 

autotróficos. 

No fue sino hasta 1938 cuando Edouard Chatton diferenció dos grandes tipos de células. Uno de 

estos grupos, los eucariontes, se caracterizan por presentar arreglos intramembranales que constituyen 

organelos celulares y un núcleo-citoplasma. El otro que carecía de núcleo se le denomin6 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 argwnentos estables para 

poder suponer que los eucm10ntes son el resultado de procesos de endosimbiosis producidos entre un 

organismo hospedero, unas bacterias con metabolismo aerobio, unas cianobacteI1as y bacterias similares a 

2 



las espiroquetas, que pudieron haber dado origen a las actuales mitocondrías, cloroplastos y estructuras de 

microtúbulos de arreglos 9+2, respectivamente. 

Paralelamente a estos estudios, se desarrolló la evolución molecular, que a partir del trabajo de 

Zuckerkandl y Pauling (1965) se mostró que el estudio de algunas de las secuencias de nucleótidos y 

aminoácidos podrían dar mas información con respecto a la evolución de las secuencias y de la evolución 

de los seres vivos que las presentan respaldando caracteres, funciones y eventos de evolución que no son 

detectables por caracteres fenotípicos. Este estudio de secuencias nos permitirla deducir las probables 

características de organismos ancestrales y asomarnos a su vez a eventos de la evolución temprana de la 

vida. 

Uno de los aportes centrales basados en esta metodología es el trabajo de Woese & Fox (1977), en 

donde a partir de un banco de secuencias de fragmentos de restricción, primero, y posteriormente por las 

secuencias completas de las subunidades 16S / 18S rRNA fue posible proponer la separación de todos los 

organismos en tres dominios: Bacteria, división representada por procariontes generalmente mesofílicos, 

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 metanógenos y 

halofllicos. El tercer dominio es el Eucarya, que incluye a todos los organismos con células nuc1eadas. A 

partir de la propuesta de que los tres dominios tienen un origen común, Woese propone como último 

ancestro común de los tres grandes linajes celulares, la existencia de una entidad biológica hipotética 

llamada progenote, describiéndolo con un organismo de naturaleza menos compleja a la de un procarionte 

actual y con un fenotipo y genotipo indiferenciados y en continua evolución (Woese, 1982; Woese, 1998), 

con una probable localización 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 bioinfonnacional sea de RNA así como por la complejidad operacional e infonnacional presente 

en cada representante de los tres dominios proponen como último ancestro común de los tres dominios 

propuestos por Woese a una entidad hipotética llamada cenancestro, que se defme como un sistema 

celular mucho más complejo de lo que se pensaba en los primeros reportes, al identificar probables 

elementos tales como un sistema de A TPasas, múltiples rutas biosintéticas, con proteínas ribosomales, 

factores de elongación transcripcional, sistemas relacionados al metabolismo de tRNA, así como 

elementos metabólicos relacionados a la sintesis del mismo DNA como 10 son rutas de salvamento de 

purinas y enzimas de polimerización de DNA y RNA (Lazcano, el al. 1988a; Lazcano el al. 1988b; 

Becen·a el al., 1997; Lazcano & Forterre, 1999) 

A partir de este enfoque molecular de la evolución, fue posible evidenciar cierta relación entre el 

dominio Archaea y Eucarya, lo que pennite suponer su pasado compartido. Para lograr comprender como 

se ha analizado esta relación entre los dominios es necesario aclarar algunos conceptos en el estudio de las 

secuencias. Los caracteres se pueden definir como homólogos cuando se les reconoce un pasado 

evolutivo común, originándose en un mismo ancestro (Fitch, 2000). A su vez, en las secuencias de 

nucleótidos es posible deducir tres tipos de homología: (a) los genes ortólogos, los cuales son de un 

llamado transporte vertical en donde es posible detectarlos relacionados a un proceso de especiación de un 

linaje; (b) los genes parálogos que resultan de un evento de duplicación de un gen, posterior a un evento 

de especiación; por último, (c) los genes xenólogos, que son secuencias compartidas entre dos o más 

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

La evolución de los caracteres y secuencias ortólogas han pennitido el establecer la separación de 

los tres dominios a partir de diferentes filogenias, mientras que algunos genes parálogos han pennitido 

enraizar árboles filogenéticos universales y reconocer la relación entre estos tres grandes grupos. Esta 

metodología fue aplicada por Iwabe el al., (1989); Gogarten el al., (1989) en donde a partir de las 
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secuencias que se les adjudica una antigüedad mayor a la del cenancestro es posible reconocer una 

relación estable entre los tres dominios. Así, al comparar las secuencias ya sea de las subunidades a y 0 de 

la A TPasa, o de los factores de elongación y sus homólogos, es posible proponer árboles filogenéticos que 

se relacionan en dos subarreglos que describan la estructura y relación entre los dominios. Ello ponía la 

raíz del árbol entre los grupos Archaea y Eucarya separándolos del grupo Bacteria. 

Los resultados de ambos trabajos apoyan la infonnación bioqulmica, molecular e infonnacional 

que apoyaba la relación del dominio Eucarya y Archaea como grupos hennanos y que había sido deducida 

a partir del análisis de la estructura secundaria de las subunidades de la RNA polimerasa (Zillig, 1991). 

Sin embargo, cuando se incrementó el conocimiento de diferentes marcadores moleculares fue posible 

detectar variaciones en estos arreglos: así, hay filogenias basadas en genes operacionales (defutidos 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 que comparten una historia evolutiva común 

(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 fonna a veces confusa, siendo dificil establecer si la relación de 

homología es OItóloga o paráloga, o si en algún momento la distribución de esta secuencia se deba a 

procesos de transferencia horizontal (Gogarten el al., 1996; Doolittle & Longsdon, 1998). Otra hipótesis 

que podria explicar la presencia de posibles elementos moleculares antiguos que no reflejan la historia 

evolutiva de todos los organismos asumiría que el último ancestro común (LeA), mas que ser una sola 

entidad celular única, era un conglomerado de células primitivas y luego se separó en comunidades de 

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

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

conservación y la probable presencia de mecanismos moleculares en el cenancestro tales como la 
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transcripción, t!'aducción, un sistema de reparación del genoma y rasgos conservados del metabolismo de 

desoxirribonucleótidos (Woese, 1987; Lazcano, 1992; Lazcano el al" 1999; Penny & 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 homólogos dentro de los sistemas de replicación 

de los tres dominios han hecho que se argumenten otras posibilidades sobre la naturaleza del 

cenancestro, suponiendo un genoma de RNA (Mushegian & Koonin, 1996) o con una estructura 

combinada de RNA y DNA (Leipe, Aravind & Koonin, 1999), o bien suponiendo que la estructura 

genómica pudo haber evolucionado en forma independiente dos veces en la historia evolutiva. El empleo 

de estos argumentos supone escenarios con un mayor número de eventos evolutivos, que no toman en 

consideración todas las evidencias presentes, como lo son todos los elementos de los sistemas de 

informacionales que hablan de un sólo origen común y apoyándose en la poca conservación de los 

elementos conservados en el sistema de replicación. 

Cuando uno comienza a estudiar las características de los sistemas de replicación es posible 

reconocer genes homólogos que relacionan a los dominios de Archaea y Eucarya, pero pocos elementos 

comunes a los tres dominios. Entre estos últimos se incluye la conservación del complejo "clamp loader", 

la ribonucleasa H y la presencia conservada de las DNA polimerasas tipo 11 (Edgell & Doolittle, 1997). 

Para poder estudiar con mayor detenimiento la conservación de las polimerasas tipo II 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 & lto, 1993). La clasificación 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), así como en base a sus funciones. 
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A partir de los primeros estudios llevados a cabo en las DNA polimerasas de bacteriófagos fue 

posible reconocer varios dominios bien defuridos, lo cual pennite identificar en la enzima cuatro regiones 

funcionales. Basándose en las primeras estructuras terciarias reportadas, cuya arquitectura y geometría se 

ha comparado con la de una mano derecha, es posible reconocer a cuatro dominios: (a) el dominio de los 

dedos (frogers), encargado de la especificidad del reconocimiento del molde, así como de promover la 

posición adecuada de los dNTP que se unen a las bandas recién sintetizadas; (b) el dominio pulgar 

(thumb) que pennite el movimiento del molde dentro de la enzima y que posee motivos de reconocimiento 

específicos para el molde; (c) un dominio denominado 3' - 5' exonucleasa, encargado de detectar posibles 

errores en la polimerización 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 fonnación del enlace fosfodiester entre los 

nucleótidos y que al parecer es uno de los dominios que se presenta conservado en función y arreglo 

dentro de todas las polimerasas conocidas. 

Las DNA polimerasas se reportan como enzimas presentes en los tres linajes celulares 

estableciéndose una clasificación de cuatro grupos principales: las DNA polimerasas tipo 1 que tienen 

representantes dentro de los sistemas de reparación bacterianos, eucariontes y en la replicación de los 

genomas mitocondriales o de cloroplastos. El grupo de las DNA polimerasas tipo II que tienen un papel 

importante en la reparación y replicación de genomas eucariontes y posiblemente en arqueobacterianos y 

en algunos genomas de bacterias. el tercer grupo lo confonnan solamente los sistemas Illultiméricos que 

confonnan a las DNA polimerasas replicativas denominadas como las DNA polimerasas II1 y el cuarto y 

último grupo lo confonnan las DNA polimerasas tipo IV que presentan actividad de nuc1eotidil 

transferasas, estas solamente se presentan dentro del dominio Eucarya 

Dentro de diferentes reportes ha sido posible detectar una gran diversidad de DNA polimeraSas 

tipo n, 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 problemática de localizar rasgos comWles dentro de dos o mas grupos para 

así establecer posibles eventos de evolución entre cada unO de estos grupos. 

Con el propósito de abordar el problema de la presencia de Wl genoma de ONA en el cenancestro, 

nosotros nos hemos concentrado al estudio de las DNA polimerasas a partir de la búsqueda 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 fonna común y estable posibles motivos 

que pudiesen ser comWlCS a mas de una familia. 

PosteriOlmente analizamos las estructuras terciarias de las ONA polimerasas incluidas en la lista 

de Brautigam & Steitz (1998) Y en la revisión de Steitz (1999). En este último trabajo se insiste en que la 

región palm de las polimerasas tipo 1 y II es Wla región homóloga a nivel de estructura terciaria, y que su 

conservación probablemente se ha debido al papel central que juega en la fonnación del enlace covalente 

entre los nucleótidos, a pesar de ser Wla secuencia con Wla alta tasa de cambio (Patel & Loeb, 2000). 

A partir de estos antecedentes se intentó corroborar que la homología del dominio palm puede 

mantenerse constante frente a una muestra de polimerasas de la familia 1 y I1 con una distribución 

filo genética más extensa. Ello fue demostrado primero por Delaye, Vazquez & Lazcano (2000) a 

partir de una alineación en estructura secundaria, que apoya la conservación de esta homología en 

representantes de los tres dominios. Posteriormente, en la continuación de este proyecto hemos 

llevado a cabo comparaciones en estructura primaria de las secuencias de los diferentes dominios 

identificados dentro de una polimerasa tipo 1 y una tipo n. Así en este trabajo hemos estudiado si 

se presenta mas información por parte de otros dominios de DNA polimerasas analizando por 

separado a cada uno de los dominios y la distribución de sus homólogos encontrados para 

determinar si alguno de los dos linajes se presentan con una historia evolutiva mas antigua y 

suponer así su presencia en el último ancestro común. De la misma forma, se analizará de una 

forma posterior a los homólogos comunes a los dominios para cada uno de los linajes de DNA 
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polimerasas y enumerando las posibles consecuencias de la información obtenida dentro de una 

propuesta tílogenética en forma de un árbol. 

Tanto por el arreglo del mismo dominio palm como por la distribución que muestra dentro de los 

diferentes representantes de las familias de RNA y DNA polimerasas en donde se presenta, se busca 

obtener mas información para respaldar a este elemento como una parte de las primeras polimerasas 

peptidicas más antiguas así como el buscar dentro de los diferentes dominios de las DNA polimerasas 

otros rasgos que podrían ser ancestrales, y que podrian formar parte de los primeros sistemas replicativos 

del mundo del RNNproteína. 
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Estructura de la tesis: 

Esta tesis esta fonnada por el trabajo: Delaye, L. Vazquez, H., and Lazcano, A. 2000. The 

cenancestor and its contemporary biological relics: tbe case of nuc1eic acids polymerases. En: Chela

Flores, J. 2000. Proceedings of/he Trieste conference on ¡he early evolu/lOn ofliJe ed. Kluwier Academic 

Press; en donde se demuestra la conservación del dominio palm dentro de los tres linaj es celulares en las 

DNA polimerasas tipo 1 y II. Se incluye el trabajo en proceso: "Relics of tbe ancestral DNA polymerase 

lineage" que es continuación del proyecto de análisis de DNA polimerasas en donde se intentan evidenciar 

otros probables rasgos conservados dentro de las DNA polimerasas tipo 1 y II frente a la diversidad de 

secuencias y genomas completos detectados hasta mayo del 200 l. 
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Tlm CENANCESTOR AND ITS CONTEMI'ORARY B1ULOGICAL RELICS: 
TIIE CASE UF NUCLEIC ACm I'OLYMERASES 

Luis Delaye, Héctor V ázquc7., aJld Antonio Lazcano 
Facultad de Ciencias. UNAM 
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1. lntroduction 

The recognition lhat dirferent macromolecules may be uniquely suitcd as molecular 
chronometers in the constmction of near1y unÍvenm.l phylogenies has widened lhe range' 
of phylogenetie studies to previously unsuspectcd hcights. In particular. tlle use of smal! 
subunit ribosotnal Rj'lAs (16/ I 8S rRNA) as molecular markers led to the eonstIuetion 
o[ a trifurcated, unroofcd tree in which all known organisms CM be grouped in ane of 
three major monophyletie cell lineages: the eubacteria. Ibe archaebaeteria, alld the 
eukaryotic nucleocytoplasm, now referred to as tIle damains Bacteria, Archaea, and 
EUCa7}'fl, respectiveJy (Woese et al., 1990). The construction oC the rRNA tree showcd 
that no single majar branch predates the other two, and all three derivo from a cornmon 
ancestor. It was thus eoneluded thal tlle latter \Vas á progenote, whieh was defined as • 
hypolhetieal entity in which phenotype alid genotype still had all imprecise, nldimentary 
Iinkage relationship (Woese a!ld Fax, 1977). According to Ihis view, the differences 
found among the transeriptional 'nd transl.tional m.ehineries· of eubacteria, 
archaebactctÍfl, and eukaryotes. were the result of evolutionary t"efincrnents that took 
place sep.r.tely in eaeh of these primaty branehes of deseent .fler they have diverged 
from their universal ancestor (W_9~~e, 1987). o," . . 

FrOlH nn cvolutio1lnry point of vicw ir ¡s rctlfionnhlc to t\!1:H1I11C 11mt nt SO/llC poinl il! time 
the ancestors of all fon1ls of Ji['e must have beco less complex than 'even the simpler 
extant cells, bl.lt our .CUlTent knowledge of the characledstics shmcd between the three 
lilles suggesls lhat lhe. c.onclusion that ~he last coml1lon ancestor was a progenole may 
have becn plematUl'c. Pcnding the issue ofhorizontal gene transport (Figure 1), a partiaI 
description of tl,e In,t e0111111011 ancestor (LCA) of eubacteria, arehaebaetei'ia, and 
eukalyntcs I1wy be illfCfrcd from Ihe distribution or hotllologous trnlls nrnong ils 
descendnnl5;, Ten year!i ago, the set or such genes that Imel becll scqucllced and 
eompared IVas .til! small, but the sketchy pieture that hod emerged sugg<:sted that the 
most recent COllllllon ancestor or all ex(ant organif:ms, or cellancestOI', os defined by 
I'itch ¡¡nd Upper (1987), \Vas a rather sophistie.ted cel! (Lazeano, Fox and Oró, 1992) 
wilb at least (a) DNA polymerases endowed Witll proof-reading activity; (b) ribosomc-
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medintcd Itnnslnlion appatatl1~ wit.h an oligomeric RNA polymc!~se; (e) mcmbnmc
associated ATP production; (d) signat11ng molecules sllch as cAMP 2nd insulin-like 
peptidcs; (e) RNA proeessing enzymes; and (1) biosynlhetie pothways leading to amino 
acids, purines, pyrimidines, coenzyrnes, and other key molecules in metabo1ism (cf. 
Lazcano, 1995), 

Recent rcsutts have confinned the 
aboye conclusiotls. These traits are 
rar to numerous and complex to 
assurne that, they evolved 
independently or !hat !hey are the 
result af massive multidirectiohal 
horizontal transfer events which 
took place before the earliest 
speciation events recorded in each 
of the three lineages, Their 
presence suggests thal lhe 
cenanceslral population was nol. a 
direct, immediate descendant of the 
RNA world, a protocell or any 
other pre-life progenitor system 
(Lazcano, 199?), Very likely, the 
LCA was already a cOlnpléx 
organjsm, much akin to extant 
bacteria, and must be considered 
the lasi of a long line of simpler 
earHer cells for which no modero 
equivalent is known: Moreover, the 
universal distribution. of the same 

Figure 1. The gene complemcnt of the LeA is defined 
, by Ihe intcrsection of the complete genoines of the lhree 

domaill5. 11\e arrows represent the horizontal gene 
transrú between cellular domnlns. 

essential features of genome repIication, gene expression, basic anabolic reactions, and 
membrane-associated A TPase-mediated energy prodllCtiOIl in aU knOWll organisms not 
ollly previde direet evidenee of the monophyletie origin of aH extant forms of life, but 
also imply tha!'the sets of genes encodillg the componenls of these eomplex tmits were 
trozen n long 'time ago, i. e" m'\lor changes in Olem,are very strongly selected against. 

, , ~ ) 

While trees based on' wh~le genome infonnation have confinned at a broad leve! the 
;RNA-based phylogeilie, .'(Snel et aL, 1999; Tekaia et aL, 1999); it is also true !hat the 
eongruence between rRNA genes and othor moleeules is not always ideal. A large 
variety of phylogenetic u'ees constructed from DNA and RNA polylnerases, elongatioll 
factors, F-type ATrase subunits, heat-shock and ribosomal proteins¡ and .n increasingly 
large set of genes encoding en7.ymes in volved in biosYlllhetic palhways, have eonfinned 
the exislence of Ihe three primary cellular Iines of evolutionary descent (Doolittle and 
Brown, 1994), but there is evidence of extensive' ilOrizonlal transfer events that have 
taken place in the past (Doolittle, 1999)""hí faet, in addition lo tateral gene transfer 
(Figure 1), insighls into cenanceitral slales can' be strot1g1y hindered by inadequate 
bioclivcndly sml1pling, polyphyJetic gene losses, uncqual motes o~ molecular evolution, 
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convclgence, poJyphyly, and seconclary loss of organelles. These factors c]early limit 
our ability lo recognize the extant molecular relics of the cenRncestOI. 

1.I THE SEARCIl FOR TI!E ANCESTRAL NUCLEIC ACm POLYMERASE 

Replication of genetic material must have been one of tl~e oIclest functions to evolve 
(Figure 2). Ideally, abiotic laboralory polyrnerizalion of nucleolides should provide 
insights into the transition fram lhe prebiotic brolh lo the extanl enzyme-mediated 
replication of nucleic acids. "----

non-template 

NIl,-CN 
llis-lIis 
Clays 

Nucleotide 

Ribonucle.se A 
Polynucleolide phosphorylase 
roly (A) enzyrne 

FIgure 2. The abiotic and enzymntic polymerization or nuc!colidcs. 

In principie, lhis couId also explain lhe evolulionary developrnenl of polymerases, an 
issue directly related to thc chemical composition of lhe cenancestral genome. Since all 
cxlant cells <lre endowed wilh DNA genomes, the most parsimoniour. conctu.':don is that 
such genomes were already present in the cenances(ral population. ·Ilowever, tllis 
hypolhesis has been conlested by sllggeslions of fin RNA- (Mtlshcginn and Koonin, 
1996) or even· a mixed UNA-RNA gcntllllc ror Ihe LCA (Leipc el al., 1999). Those 
proposnJs me bnscd, nt le<l!'1t in p<lrt, on Ihe low level of cOl1servnlion or the prinlflry 
sll uclure of UNA polymeroses (Olsen a",1 Woese, 1996; Edgell and Doolittle, 1997), as 
well as on lhe slriking differenees in Iheir phylogellelie dislribulion compared wilh 
rRNAs, aminoacyl-tRNA-synthetases, and olher tllo1coules involvcd in transo! iption 
and translation. This has led to suggcstions thal DNA genomes, together \\'ith the 
corresponding polymerases\ may have been invcnted indcpendcntly in the different cell 
domains (Mushegian amI K~onin, 19%; Loi1'o., el al. 1999). 

Evolution of enzymes in biological syslems oftcn involves the acquisition of new 
catalytic or binding propcrties by an existing prolein scaffold. llowever, idcntification . 
of several non-homologous classes of nucteic acid polyl11crnses (primase, reverse 
lranscriplase (RT), RNA polyrnerase and DNA polymer.se) shows lhal Olis is not lhe 
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case for thcsc enzymes, and demonstrates {he polyphyletic origin of tClllplate-dependcnt 
enzyme-medialcd synlhes;s ofphosphod;esier bonds (Ste;lz, 1999). 

I3nsed on sequenee similarily and eryslhl slmef'lt'e nn"lysi, (Slcilz, 1999) DNA 
polymcrascs have hecll clas'sified into five families (Table 1). 1 hree dimensional 
stmctures are available for the UNA potyJ\lClaSe families defined by the DNA poI l, 
DNA poI a, RT, aud rat DNA poI j3 prototypes. 

, 
Fnmlly. Rc(!rcscntntlves 
DNA polym~rnse' fmnily (A polymcrase family) - / Klcnow nngmcnt of Escherichia coli DNA 

r{)lymrr;¡~e I 
KJc!low frngmCll! or BacillllS DNA 
po!yrl1cl7I~c I 

- ]7¡('rmtls (lquaf/el/s DNA polymcra<;c 

.~7 R~~~)'mcrascs 
DNA rolymem~c a (O f.1111ily DNA polymcrnsc o! Al! cuktllyotic rcplicnting DNA porYJTl~mscs 
f<1Il1ily JI) (a.o,E) 

- Phngc T4 DNA polymernse 
- RB69 Ph'gcp<llymernsc 

Reverse lrnnscriptase family - HIV revel'fie transcriptasc 
- RNI\-dcpcndent RNA polymcl1lse 
- Telomcrase 

Rat DNA......@b:'.!ncmseJ3_ - DNA polymcmsc U (mI) 
Bacterial DNA polymcrase lit - B<lcterinl DNA polymcrnse m, on Ihe basis 

of amino acid scqucnce compansons. 

Tnblc L Clnssific<lliol1 of DNA polymcrnses into fivc fa mines according lo sequence sitnilnrity and telijar)' 
struc(urc criterifl (cf. Slci!?, 1999). 

AIl DNA polymclases whose tertiaIY structure has becl1 detenninaled apperu to share a 
comman overalf archilectural [enture comparable to a right hand shapc. This structure is 
not so evident, however, in the case of rat DN¡\ poI P <1nd its homologues. Thc slructure 
of lhe otile!' polylllcrases has been described as consisting of "thumb", "palm", and 
"finge¡" domains (Kohlstaedt, et al, 1992). Delailcd analysis of the three dimensional 
structurc of DNA polymerases fi'om lhe poli, poi a, and RT familics suggcst (hal their 
palm s\.1b·d01m~jn ha" a single origin, Le., iI is hO!l1o!ogo\l." in nll of Ihclll, w¡dle lile 
fingen;; ami the Ultl!lllJ sub-domains are dilTerent in ;dl rour of lhe fh!Jlilics ror which 
strtlclurcs are kllQWIl (BlClUligalll ane! Steitz, 1998). -I he complex evoltllionary history of 
nucleic acid polymerases, combined wirh Ihe wicle scqtlcnce spnce explol'cd by these 
enzymes during biologicnl evolution, strongly hinders lhe identiHcation of Ihe ancestral 
polymerase. 

As atgucd he~e, the three-dimcllsiomtl hOl1lology between the pallll dOl11ains of DNA 
polymcrase 1 alTd DNA pOlylllCHlScS 13, which itlcludes nll eukaryotic re(1licflting DNA 
polymerases (Stcit7., 1999), crUl be extended fa suggest that such domain, which 
catalyses the phosphodicstel bond, W<t$ already present in the cemlllcestor. As shown 
herc, the stmctural Illultiple aligmnent of the pnlll1 sub-doma in at DNX polymerases 
bclanging to the polI alld poI IX ramilies fram lhe tree eeJlul.r dornains of Jife strongly 
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suggests that this sub-domain is the mas! ancient protein segment found within these 
enzymes ane! could have been present in the LeA. 

2. Material nnd Methods 

The crystal structurci' from the following DNA polymerases sequences werc 
downloaded from Protein Dala Bank (www.resb.org/pdb/): DNA polymerases A family: 
lKLN, Escherichia coN; I TAQ, 1'hennus aquaticlIs; 1 XV(L Bacil/us 
sfearothermophilus; and from DNA polymera~cs B fruniIy: !TGO, Thcrmococcus 
gorgonarius; lUSA, and Deslllfurococcus .sp. Tok;. 

The palm sub-domains of aH of them, following the cJassificatioll of CATI-l database 
(www.biochem.ucJ.ac.uklbsm/cathJ1cw/index.html). were aligncd manually tlsing the 
program SPDBV (Guex, .ud Peitseh, 1997) (www.expasy.eh/spdbv/textlrefs.htm) to 
construct a structural multiple alignment. 

The sequenee of lhe palm domain from T. gorgollorius (1 TGO) was used as a query 
against Ole SwissProl clalabase in the NCBI server (www.nebi.nlll1.llih.govIBLAST/), 
using Blast (Allschul, e\ al, 1997). Sequences fro", eukaryolicDNA polymerases thus 
idcntified using this metiQd, were added to tlle stru~tural multiple alignment llsiIlg the 
program ClllslalX v 1.81 (Thompsol1, et al, 1997). 

The Illultiple slruchlral alignment W(lS perfOlTIled by first aligning the two archaeal fmd 
the Iluce bacteria! palm sub-domaills sepmately, in order to idcntify the conserved 
residllcs in e,H;!t of ¡he f.1.111ilics, This W<lS rollowed by the IllClJIlI<11 alig!l1l1cnl nf al! 
st.mctures looking for the 3-dimensional eonscrved residues identified before, 

3. Results 

Thc mul1iplc strucll.lr<11 alignmcnt of Ihc primary slructure of thc ciirrclcnf p<11m sul1-
domains in, Lo:; shown in Figure 3, 

The Blnst seareh found cighl euearyolie DNA polymernses: DPOIl_llUMAN DNA 
polyll1erase delta ealalylic subunil (Expecl = 4e-04); DI'OD_BOVIN DNA polyll1era.se 
della ealalytie subllnit (Expeel = 5e-04); DPOD_MESAU DNA polymerase della 
ealalylie subunit (Expeet = 7e-04); DPOD __ RAT DNA polymemse delta calalylie 
subunil (Expeet = 8e-04); DPOZ_HUMAN DNA polymerase zeta ealalytic subunit 
(Expeel = ge-04); DPOD_MOUSE DNA polymernse clella enlalylic snbunit (E.xpecl = 
0.001); DI'OZ_MOUSE DNA polymerose zela ealalylie subunit (Expeet = 0.001); 
DPOD_SOYBN DNA polymerase delta calal)'tic sllbunit (Expect = 001). 
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>lKLN 

>lXWL 

>l'fl\Q 

>lTGO 

>lDSA 

T!lE CASE or NUCLE!C ACm POLYMERASES 

hhh hhhhhh lhhhhhhhhhh}¡}¡bhhhhhhhhh 11:1_58 S !'";¡S s ss __ ss s s 
/aaaerartin prnqgtaadiikramiavdawlqp.eqprvrrr imqvhdelv 

hhhhhhhhhhhhh lhhhbhhhhhhhhbhhhhhhhhh 1 ___ 56 SSS __ SSSS 

fnvrsfaerm<"Unn ·piqgsaadiikkamidlnarl:k ::..erlqahJ llqvhdel i 

lhhhhhhhhhhhhhhhhhhhhhh 1 h_s.s~~ss_ s.',ss 
lrÍ\íqcj tá;ic) 1 rúk.l clrnv)( 1 fpr 1 F' < - -mga Trr 11 qv hdl,! 1 v 

h lhhhhhhhhhhhhhhhhhhhhhh !,>, ~8ss~~s""'ss 
k.caesvtawgrqyiettireieec--fgf.kvlyadLdgff 

hlhhhhhhhhhhhhhhhhhhhhhr __ ssssss_ssss 
r caesvtawgrqyiettrnreieeK--fgfkvlyadtdgff 

------------------------------------------------------------

>lKLN 

>lXWL 

>lTl\Q 

>l'l'GO 

>lD5l1. 

sssss __ hhhhhhhhhh_ ____ _sssssh:s hhhh 
fevhkdd davakqihqlm nctrld----~llvevgrgenwdqa 

ssss~_ Jlhhhhhhhhhh 1h___ sssss :;s __ _ 
leapkeelerlcrlvpevro qavtlr----r,.,plkvdyb gstwyda 

SSSSS_ 1hhhhhhhhhhhl'____ r.-.-:-sssss sssshhh 
leapker eavarlakevro gvypla----fPlevevg~gedwlsake 

5S__ .hhhhhhhhhhh lhhhhhh __ r.-sssssss ~S8 
atipga- aetvkkkakef dyinaklpgl1eleyegfykr 

ss__ hhhhhbhhhhh _hhhh _____ ssssss~ 
at.ip9a- laetvknkakef nyinprlpgl1.e]eyegf 

FIt!,\1I (' 1, Mu1tirlc ,>tr\J(:tuml ;11igtl1l1cn! of the p;¡!m stlhdom;¡in~, Ellc!o~C'd in boxc~ nte lhe residues which ;¡re 
s!nrcltnally hOlll(ll(1go\J~ il\ all Ihe dOI11:dt1!' stlldicd hC1C I he $C'<illcl1ce'> nle as FollolVs' UNA polylT1clil~CS A 
fnl11ily: 1 K LN, ";~('hrl h:ftia colí; 1 X WL n(lcf"",~ .ffrOl'Olhrl !l!o¡drlllls. 1 TAQ, 7Irrt'llll/,t aqr/nl/clls; nl1(l fmm 
DN¡\ p{)lyl11cl11.~l''' B fi111lily: liGO, 7'I'('lmococCIIS g()l!Z()Iwirls; ID5A. ""ti f)r,w{¡illoCOCCIIS fl'. 'Iok. Ahove 
cnch scC]t\cllce the sccol1dnly !'trtlctulc is showll: h, o·hclix, nnd s, f(lr Il-~(rnl1d, 

4. Disctlsiol1 :lnd cOllclus!oI1S 

Althollgh the flvai18bility of comp1etely scqucncec1 cellular genomes has cnhanced the 
likchood of more acc\lrale reconstmctions of ancestral states, hori7.ontí\1 gene transfcr 
can strongly hineler our ability to unc1erstand the charactetistics of the last common 
ancestor. As showll by the Cllrrent discussions on the chemical nature oC Ihe LeA 
genome (Mushegint\ and Koonin, 1996; Leipe, ef al" 1999), our attempts lo understand 
the dislRnt pe.t can also be !imited by the polyphy!etie origin of DNA po!ymera.es, 
whose classincntion inl0 dirrerent fmnilics Icnecls a case of convcrgGl1ce, Nevcrtheless, 
the evidence plc~clltcd here clcnr1y shows thnt lhe p:dm subdomains of t.he 1 nna 11 

16 



DELA VE, L., V ÁZQUEZ, 11., AND LAZCANO, A. 

DNA polymcrase fa11lilies, which are found in aH three cell lincngcl-i, have a COll1mOIl 
origin t1ml h<ls COtlsclve.d the sa.me tertiary' structure and is thus ~n indication of Ihe 
monophyletic Origill of these enzymes. The hck of a crystnlized cukaryotic rcplicative 
DNA pOlylllcl,lsC hns nol allowed lhe recogni!i011 oC Ihe cotnl1lon origin of thcse 
polymerases. As shown here however, their rnonophyletic origin is recognizable even at 
the primmy structHre leve! (Blast search). "1 he evolution(lty conscrvatíon oC t!Jis 
subdomain, which is involved in lhe cala!y;;is of lhe phosphoribosyl transfcr rcactioll 
(Steitz, 1999), is probably due to the central role it plays in the synthesis of 
polynucleotides. 

011 Ihe otller Im!ld, fhe Iack of hOl11ology bctwccl1 Ihe other subdo1l1:lins (i.e., !he !ht1rno 
and fingel) indic'Cltc'S the casyness by which nucleotide-bindíng motifs cml evoIve. A 
possible evolutionary sequen ce of nucleotide polymerization <1gents, starting from the 
prebiotic synthesis of phosphodiester bonds (and 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 fUllctional peptides in an ribozymic replicase, and on the 
evolution ofpolyrnerization agents discussed elsewbere (Lazcano et al., 1988). 

A possihle evolutionary sequcnce of nucleotide polymerization 

Prcbiotic polymcrb::ation of nuc!cotide-den'lati'les medintcc1 by His-1Jis, N1l 2CN, Zn H (p(,lhaps in cnemicar!y 
active sllrfaces?) 

T 
IOtl-dependcnt ribo7.ymic RNA replicase: 

T 
ApPC!lll1110: 01 ptolcin ~ytl!lH:~L~ lcad~ lo ll!{' dcvc!oplllcnl (lf RNA-binding p{'plk1cs 

T 
Slcpwise subsliluliol1 of lhe rih07;ymic R]>.;A ~carrord by pcplidcs 

T 
A rrC:J r<1J1CC of 'In iO!Hlcpcndcnl prolc1nic ;1I1ccslrnl pory!llcr~sc (pnlnHllbdomnin?) 

{'(ltyphylctíc Qrigil1!f~;"I;m\ po!ymcr<lscs 

FlglIJ't' 4. Possrb!c- cv01Uliol1<lty .~t'<1rlcnce ('Ir r1l1c!tolidc polymcriznlion agcn!~. sl<lrling fmm Ihe prcbiolie 
syn!he.~is of ph(lspll0dics!cr horrd~ (ilnd omi!ling lhe ex is!ence of possible preRNA world,~). 

Given lhe IllCk of abl10lnte chelllical l1pecificÍly !IH1t polymel'ascs exhibil for bo!h 
tcmplate ami :mb$lrate (Lllzcano el a1., 1988), it is quite possible that !he conserved ion
dependen! pallll-subdomnin discusscd hele was part of an ancestral replicase and 
transcriptase dudng the RNAlprotein worId stage (Figure 4). This possibility is 
supported by the hOlllology belween the vilal T7 RNA and DNA polymclase. lIowever, 
the highly cOllsen'ed sequences oC the ~ and W subullits oC the DNJ\-dcpendent RNA 
polymerase which are found in al! tl1ree cellular domains, indicale that by the time the 
LCA had evolved, a Illodem typ\, oC oligomeric RNA polymeIase "ad alteady evolved. 
Why polymerases have origillated independently several times and why the level of 
divergence within each farnily of DNA polymelases is so high, are still operi questions 
that deserve fUlther attention. 
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Relics ofthe ancestral DNA polymerase lineage 

Sir, 

lt is clellIly known that DNA polymerases have a main role in the replication and repair of genetic 

material in alJ extant organisms. Attempts to classify and understand the evolutive history of those 

enzymes have been tried by many resellIch 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 offour main groups ofDNA polymerases: The DNA 

polymerases type 1 with repair function in Bacteria, EucllIYa and replication in some organelles. The DN A 

polymerases type 1I family with enzymes involved mainly in repair and replication. This role is played in 

the Archeobacterial and EucllIYaI 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 gronp are the DNA polymerase type IV exclusive for the EucllIYotic 

genomes and are related into a nucleotydil transferase activity. In recent research works and according to 

similmity in primllIY and tertillIY structure SteÍlz (1999) had classified polymerases in five main groups 

(Table 1) 

The evolutionruy history of these different groups seems to be a complex topics for rescarch because Its 

phylogenetic distribution and their probable polyphyletic origins. 

AH DNA polymerases whose tertillIY structure appears to share a common overall architectural feature 

comparable to a 11ght hand shape, consisting of"thumb", "palm", and "finger" domains (Kohlstaedt, el al, 

1992). This structure is not so evident, however, in the case ofrat DNA poI i3 and its homologues. 

19 



Family Representatives 
- --------"- --_._-- -------" --

DNA polymerase type 1 or A - Klenow fragment of }~'schertchja col! DNA 

polymerase 1 
I 

- Klenow fragment of Bacil/us DNA polymerase ¡ 

- Thermus aquaticus DNA polymerase 

- T7 RNA and DNA polymerases 

DNA polymerases type Il o B - AH eukaryotic replicating DNA polymerases (a,o,E) 

- Phage T4 DNA polymerase 

- RB69 Phage polymerase 

Reverse transcriptases family - HIV reverse transcriptase 

(RT) - RNA-dependent RNA polymerase 

- Telomerases 

Rat DNA polymerase 13 - Type 13 DNA polymerases 

Bacterial DNA polymerases III - Bacteria! DNA polymerase IlI, on the basis ofamino 

acid sequence comparisons 

Tablc 1. Classification ofONA polymerases into five families according to sequence similaríty and tCl1iary stmcture 

eriteria Cef Steitz, 1999) 

With the arriva! of teJ1iary structures of DNA polymerases from 1, !l, RT, and 13 famtlies it was 

possible to identifY a common domain (i.c. the palm domain) between Thermu.\ aquallcus DNA 

polymerase (family ¡), RB69 Phage polymerase (family Il), and HIV reverse transcriptase (family RT) 

(Brautigam and Steitz, 1998; Steitz, 1999). This domain cata!yze the fonnation of the fosfodiester bond 

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

dNTP and the oxygen present in the last nuc1eotide bonded in lhe template (Steitz, 1998). 
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In a previews work, we eorroborated the proposition made by Steitz (1999) that part of the palm 

domain is homoIogous between DNA polymerases family I and II (Figure 1), and showed that this region 

is eonserved aeross the three eeHular lineages of Jife, i.e. Arehaea, Bacteria, and Eucarya (Delaye, 

Vázquez and Lazcano, 2000). The presence ofpar! the palm domain from DNA poI I and II suggest that 

this could be an element of the ancestral polymerase. In faet, it is likely that this domain was already 

present in the last common ancestor (LeA). And the lack of homology between the finger and thumb 

domains rrom poi s I and 11 il is likely an examplc 01' how easy is lhe cvolulion 01' nuclcollde bindlng siles, 

for instan ce, in the eA TH database, one of the most COIllinon 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 evolutionalY related, but it is uneertain 

if different proteins within the srune topology are related homologous or are the result of convergent 

evolution. 

Beeause, DNA polymerases 1 and II shares par! of the palm domain, but not finger and thumb 

domains, in this work we are attempting to Sludy the evolution of the individual s domains (i.e. palm, 

finger, thumb, and 3'-5' exonuclcasc) {[om DNi\ polymcrases l and II in oleler 10 know irlhere have bccJ! 

a process of mosaie evolution in these enzymes. We aI'e also trying to provide a model for tile early 

evolution of these enzymes to understand more fealures of the ancestral polymerase. Understanding the 

early evolution of DNA polymerization will also help uS to improve our pieture of the lasl common 

aneestor (LeA), (Le" ifit had a genome ofRNA or DNA). 

As show in table 2, we found that the palm, finger, thumb, alld 3'-5' exonuc!ease domains of 

DNA poi 11 (1 DSA) are conserved in Euealya, Archaea, and Proteobacteria. Sueh pattem of phylogenetic 

distribution suggests that the proteobacterial polymerase II eould be originated by means of an horizontal 

transfer event. Jt was not possible to deteet the homology between the palm domains fonn polI and 11 at 

the level of primary slTUclure. Because the domains of DN i\ polI and DNi\ poi 11 matchcd only domains 
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from their respective families, the whole moleeules seems to have evolved as a unit (there is no mosaie 

evolution between both types of DNA polyrnerases). 

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 ofprimary structure. However, as in the case of 

parl oflhe palm dOlllaill, analyzillg lhe 3D slrllclllrcs we fOllnd similarilics lhal we inlcrprcl a, cvidencc of 

homology as suggested by Forterre et al. (J993) (Figure 2). Both dOlllains are classifled inslde lhe same 

superfamily of homologous aeeording to the CATH c1assification. lt is intriguing that only one part of the 

palm domain and the 3'-5 exonuclease domain trom poi 1 and II are homologous, while the thumb and 

fingers domains are no!. Both domains show a similar level of eonservation, that is, it is only possible to 

detect !he homology at the level of tertiary structure and not with PSI-BLAST searehes. Anyway, it is 

intriguing to note !hat the 3'-5' exonuclease domain ofbacterial DNA poI III appears in the PSI-BLAST 

searches with the 3'-5' exonuc1ease dOlllain of poi 1 and II (data not shown) but it doesn't appear any 

Illitochondrial exonuc1ease domain. 

11lC oblaincd phylogenetre proposal of lhe evolution of DNA polymcrase lypc fl can makc liS 

suppose that possibly the divergence between al! the DNA polymerase type II could be a separed event In 

the three studied ceUular lineages, to make more clear the study of these enzyme group is necessary to 

make 311 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 celiular DNA polymerases and viral enzymes (VilJar'eal and Defilipis, 2000). 

To cstablish the robuslness in this hypothesis we need to undcrstand ar1d analyze in posterior 

works the evolution of the viral polymerases and make an profile to establish common regions that could 

be related by convergen ce of by homology between a separed profile for all celiular DNA polymerases 

type 11. In lhe samc way is nccessary to make a bcttcr and complete sample of ccllular DNA polymcrascs 



to identi:fy some traits m the evolution of DNA such as duplication and divergence to try to identi:fy a 

conserved and ancient DNA polymerase type IJ for each domain first and afier to uy to identi:fy the 

common origins and properties of the Eucruyal/ Archaeobacterial last common anceslor polymerase 

system. 

Ills Ilkcly lhal one oflhc earliesl polymelases lhal ever exisled was a ribo¿Yllle callOll dependenl, 

and that this ancestral molecule was replaced domain by domain during evolution (Steitz, 1999). If the 

similarities that we found between the poI 1 and poI ¡¡ are dne to conllnon ancestry rater than to 

convergence, it is possible that both domains (palm and 3'-5' exonuclease) are the relics of an ancesu'al 

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 certaiuly represented an advantage on such evolutionruy stage. 111is ancestral 

polymerase eventnally gave rise by duplication to the ancestors of DNA polymerase I ruld lJ befare the 

LC A, recruiting each different thumb and flllger domains. If both types of enzymes were already present 

in the LCA the extant distribution of polymerases J and Il in the tree cellular domains (Table 2) could be 

explained by dlfferential gene losses. 

Future perspectives about this work is to compare new DNA polymerase tertiary structures lO 

corroborate and uy to evidence more elements in the evolution between the different domains ofthe DNA 

polymerases and try to establish more paths and featnres for the ancestral DNA polymerase Iineage 

represented in actnal sequences of DNA polymerases type 1 and !l. 

Maybe some propel1ies alld clues about how the ancestral RNA polymerase evolved into an 

ancestral DNA polymerase could be presen! in the evolution and sequences of the RNA and DNA 

polymerases of the type 1 group, tbis stndy would focus in the fingers and thumb domain: regions of the 

polymcrasc with nuclcic acid binding sites with rccognition 01' dcoxyribonuclcic or ribolluclcic aeíds. 



Another topic to study is the properties and structure of the elements for the DNA polymerase 

type I. In this case we could try of evidence the possible characters that could have regulated the changes 

between an RNA and DNA polymerase, using as models to compare the DNA and RNA polymerases 

represented by sorne phage and viral DNA polymerases. 
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a) 

E. cali DNA polymerase Iype 1 VS Swiss Prot database sequences in primary and tertiary structure 

Domains Bacteria 
Archaea 

Type Functíon Type Function 

"Thumb" 
Escherichia coli DNA repair in 
1.1 0.152.220 

Type 1 (Poi 1) ~------- .-------
gaps 

CATH 

"Fingers" 
DNA repair in Escherichia coli Type I (Poli) --------- ---_._--

1.10.473 10 CATH gaps 

Type 1 (Poi 1) 
DNA repair in 

.--------- --------«PaIrn" gaps 
Escherichia coli 
3.30.70370 CATH 

TypelIDNA 
DNA Replication TypeIlDNA DNA Replication 

polymerases und maybe DNA polymerases und maybe DNA 
repair I (Archaea) repair 

DNA repair in 
"3'-5' Type I (poll) ---------- .--_._--

exonuc1easen gaps 

Escherichia coli 
3.40.453.10 CATH 

TypeIlDNA 
DNA Replication TypellDNA DNA Replication 

po/ymerases 
t/Ud maybe DNA po/ymerases und maybe DNA 

----_ .. _- ._--- repair (Archaea) _ repair 

Eucarya 

Type 

Type lONA 
polymerase Theta, 
and DNA poI A 

Type IDNA 
polymerase Theta, 
Gamma 
mitochondrial, 
and DNA poI A 

TypeJ DNA 
polymerase Theta, 
andGamma 
mitochondrial 

TypeJ] DNA 
po/ymerases 

YASB SCHPO 
PMC2_MOUSE 
Ribonuclease D 

Typell DNA 
polymerases 

- -

Function 

DNArepair e 
(interstrand 
crosslinks) 

DNArepair e 
(interstrand 
crosslinks ), 
mitoehondrial 
replieation y 

DNArepair e 
(interstrand 
crosslinks), 
mitoehondrial 
replieation y 

DNA Replication 
und maybe DNA 
upair 

Hypothetical 
(YasB); 
Polymyositisl 
Scleroderna auto 
antigen (Pmc2) 
Cleaves tRNA 
precursor and double 
strand DNA 
(Rl'lAse - D) 

DNA Replication 
am/ maybe DNA 
repair . 

'-C 
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b) 

DeSlIljllrococClIs sp. Tok D"IA polymerase type II sequenee eomparison VS Swiss Prot database sequences in primary and tertiary structure. 

Dornains Bacteria Arehaea Euearya 
, 

Tvpe Function Type Function Type Function 

Replieative polymerase a, , 

"Thumb" DNA repaír and DNA Replieation 
TypeIlDNA elongation polymerase /l, 

I 

TypeIl DNA Type II DNA polymerases translesion synthesis <;, I 

Desuljurococcus 
Polymerase 

damaged-primer 
polymerases 

and maybe DNA 
Alpha, Delta, partieipates in 

I unassigned CATH replieation repair 
Zeta and Epsilon ehromosomal DNA 

I 
replication and re!",ir e I 

Replieative polymerase a, I 

"Fingers" Type II DNA repair and DNA Replication 
Type II DNA elongation polymerase /l, 

I Desulfilrococcus DNA damaged-primer 
TypeIl DNA 

and maybe DNA 
polymerases translesion synthesis <;, 

polymerase Alpha, Delta, participates in unassígned CATH polymerases replication repaiJ 
Zeta and Epsilon ehromosomal DNA 

r~ication and r~air e 

DNA repair and DNA Replieation 
Type II DNA Replieative polymerase a, , 

TypelIDNA 
damaged-primer 

TypeIl DNA 
and maybe DNA 

polymerases 
elongation polymerase O, 

¡ "Paim" polymerase 
replieation 

polymerases repair Alpha, Delta and 
translesion synthesis <; Desllljurococcus Zeta I 

3.3070.510 CATH 
TypelDNA TypellDNA 

DNA Replication 
TypelIDNA DNA Rep/ication and DNA repair in gaps and maybe DNA , 

polyme'IIse polymerases 
repair 

polymerases maybe DNA repair 
! 

DNA repair and DNA Replieation 
TypeIlDNA 

Replieative polymerase a, I 
Type11 DNA 

damaged-primer 
TypeIlDNA 

and maybe DNA 
polymerases 

elongation polymerase /l, polymerase polymerases Alpha , Delta and 
, 

3' -5' Exonuclease replieation repair translesion synthesis <; I 

Zeta 
3.40.453.10 CATH 

I TypelDNA 
DNA ,epai, in gaps 

TypeIlDNA 
DNA repf,;r in gaps 

Typell DNA 
DNA repair in gaps 

po/ymerase polymerase polymerase 
_. '- - . --- ----

.... 
rl 



Table 2. Type and function of the different homologons seqnences for the peptide domains of a) 

Escherichia coli and b) Desulforococcus sp. Tok DNA polymerases type 1 and JI respectively fonnd with 

PSI-BLAST search (Altschul, el al, 1997) and Fasta33 (Pearson, 1994). Their CATH nmnber 

c1assification is also shown in the first colmnn. The thumb, palm, finger and 3'-5' exonuclease domams of 

DNA polymerases 1 KLN and I D5A were identified following the C ATIl database 

(www.biochem.ucl.ac.uldbsmlcathnewlindex.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.govfBLASTf), cutoff value 0.001, matrix BLOSUM 62, default parameters, 

nntil convergen ce. We created eight databases consisting each one in homologous sequences for each of 

the domains fonnd with PSI-BLAST and Fasta33. The domains were searched using Fasta33 algorithm 

against the following partíal and complete set of genomes downloaded from the KEGG 

(http://www.genome.ad.jpfkeggf); bacterial complete genomes: Aquifex aeo/zcus VF5, Baclilus 

halodurans C-125, Bacillus subtilis 168, Borre/lO burgdorleri B31, Buchnera sp. Campylobacter jejuni, 

Chlamydia mundarum, Chlamydia pneumoniae AR39, ChlamydlO Irachomatis (serovar D), Demococcus 

radiodurans R 1, Hscherichia eoll K-12, HaenlOph¡/us mfluenzae Rd, He/icobacler pylori 26695, 

Helicobac/er pylon J99, Mycobactenum leprae, Mycobac/enum tuberculosIs H37Rv (lab strain), 

Mycoplasma geni/alium G-37, Mycoplasma pneumomae M129, Neisseria meningl/ldis MC58 (serogroup 

B), Pseudomonas aeru[iinosa PAOI, RickellslO prowazekii Madrid E, Synecho(ystis sp. PCC6803, 

Therm%ga marJIima MSB8, Treponema pallid"m, ¡¡reaplasma urealylicum, Vibno cho/erae, Xylello 

fasl/diosa 9a5c; archaeobacterial genomes; Aeropyrum pernix KI, Archaeoglobus ful[iidus DSM4304, 

Halobaclerium "p. NRC-I, Me/hanobacterium Ihermoau/o/rophicum delta H, MelhanocoeclIs jannaschli, 

})yrococclIS ahJ'Ssl, 1~)ro(:()ccUS f¡orikoshiJ OTJ) 'l'herlJloplasnUl acidophillfm, 

Thermop/asma volcanium GSS 1; and eucaryal genomes: Saccharomyces cerevislOe; and the eucaryal 

fragmental genomes: Mus muscu/us, Arabidopsis /ha/iana, Caenorhabditis e/egans, Drosophila 

me/anogas/er. According to the secondary structure and tertiary structure comparisons and, it was possible 

to identify homologous domains between the DNA polymerase 1 and Il showed in shadowed Iines. 
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Bacteria 

E. colí 
DNA polymerase 1 
(lKLN) 

>lKLl'I 

>lXWL 

>lTGO 

>1D5" 

Eucruya 

::-DPOD_OR'lS;, 

Archaea 

B. stearothermophilus 
DNA polymerase 1 
(lXWL) 

Thermus aquaticus 
DNA polymerase 1 
(lTAQ) 

T. gorgonarius 
DNA polymerase II 
(lTGO) 

Desulfurococcus sp. 
Tok 
DNA polymerase Il 
(IDSA) 
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Figure 1. Multiple alignment ofpart ofthe palm domain from DNA polymerases 1 and II families. 

The colors in the primary structure alignment correspond to the colors in the 3D structures (analized 

with RasMol program (Sayle & Milner-White, 1995), and the cata1ytic Aspartic is enc10sed 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. AIso shown are the second region of the palm domains from 

several encaryotes whit an estimation of its secondary using the Hierarchical Neural Network 

method (Guerrneur, etal. 1999) available in (htt.p://npsa-pbil.ibcp.fr/cgi

bin/nRsa automat.pl?page=npsa nn.htrnI), (AIpha helix (h); Extended strand (Ee); Random coil 

( » and the program SIMPA96 (Levin, 1997) (AIpha helix (H); Extended strand (b); values are 

from O to 9, being 9 very strong, 5 strong and O weak). DNA poi Delta: DPOD_ORYSA, Oryza 

sativa (Rice); DPOD_SCHPO, Schizosaccharomyces pombe (Fission yeast); DPOD]LAFK 

Plasmodiumfalciparum (isolate Kl/ Thailand); DNA poi AIpha: DPOA_RAT, Rattus norveg¡cus 

(Rat); DPOA_ORYSA Oryza saliva (Rice); and DNA poi Zeta: DPOZ_HUMAN, Horno sapiens 

(Hmnan). The crystal structures from the following DNA polymerases sequen ces were downloaded 

frorn the Protein Data Bank (www.rcsb.orglpdbD and visualizing them with the RasMol tertiary 

structure protein viewer (Sayle RA. & Milner-White, 1995): DNA polymerase A family: IKLN, 

Escherich¡a coli; I TAQ, Thermus aquaticus; lXWL, Bacillus stearothermophilus; and from DNA 

poiymerase B family: lTGO, Thermococcus gorgonarius; and lD5A, from Desulforococcus sp. 

Tok. The thumb, palm, fmger and 3'-5' exonuclease subdornains of DNA polymerases IKLN and 

the palm, thumb and fmger subdomains of DNA polymerase ID5A were identified following the 

CATH database (www.biochem.ucl.ac.uklbsmlcath new/index.htrnI). 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.htrn) (Guex, and Peitsch, 1997). 
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Figure 2. a) 3'-5' exonuele.se domain from Escherichia coli DNA poi 1 (lldn) residues 326-542 and 

Desulfurococcus sp. TOK (ld5a) residues 133-355 visualized with the Ras Mol Program and coloured 

aceording to the . b) Structural based hand-made alignment of exonuelease domains sequences improved 

with ClustalX The color code from the non eonserved regions of the protein has the folJowing pattem: 

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 reglon 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 lhe DNA polymerases type II reported as homologous 

sequences for a11 lhe rhe structural domains of lhe Desulfurococcus sp. Tok polymerase. A multiple 

alignment was built for lhe sequences homologous for lhe DNA polymerase type n using ClustalX 

(1.81) (Thompson, et al, 1997). The alignment thus obtained was edited by hand to obtain the 

conserved regions among all lhe sequences. Then, a phylogenetic reconstruction was perfonned 

using the Neighbor-Joining algorithm wilh !he PHYLlP program, using defauIt parameters and lOO 

bootstrap replications. The results of this proposal is lhe construction of five groups of cellular 

DNA polymerases: Eucaryal DNA polymerase type a and DNA polymerase type O, Bacterial DNA 

polimerase type n, Crearchaeota DNA polymerase type 1I and Crenarchaeota and Euryarchaeaota 

DNA polymerase type 11; and three groups of viral DNA polymerases type 11: Baculoviridac, 

Herpesviridae and Phycoviridae DNA po1ymerase type [1. The name and classification of every 

sequence is based in the Swiss-prot code and lhe specie of every element of lhe tree is preesented in 

Appendix 3. 



Conclusiones: 

l - La presencia del dominio palm dc las DNA polimerasas J y " sugiere que éste podría ser paIte 

de la polimerasa ancestral de donde se diversificaron la DNA polimerasas tipo 1 y 11. Dc hecho, como lo 

indican las comparaciones de secuencia y estructura que reportarnos aquí, este dominio palm 

probablemente ya estaba presente en el último ancestro común. La falta de similitud a nivel prímario y 

terciario entre los dominios frnger y thumb es probablemente un indicador de la facilidad con la que 

pueden surgir en la evolución sitios de unión a nuc!eóidos ya moldes de ácidos nucléicos. 

2.- La conservación de los dominios palm, fingers, thumb y exonucleasa de la DNA poI JI 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 lEucarya hacia las proteobacterias, (antes de su diversificación) luego de la separación de las 

cianobacterias de los otros miembros del dominio Bacteria. Al parecer el posible evcntos dc transferencia 

horizontal de las DNA polimerasas tipo II dentro de las Proteobacterias detectadas podría determinarse al 

último ancestro común de las bacterias y que posiblemente no se reporten otros homologos a causa de el 

todavía bajo número de genomas completamente secuenciados. 

3. - Que el dominio exonuc1easa se encuentre localizado como homólogo solamente en estmctura 

terciaria para la DNA polimerasa 1 y 11 es un evento que podría clasificarse, al igual que el palm, como un 

rasgo ancestral lambién conservado dentro de este linaje de enzimas extendido haCia los tres grandes 

dominios celulares. Esta caracteristica es un rasgo que es necesario estudiar posteriormente para analizar 

su probable antigüedad como los posibles eventos de evolución que lo relacionan con la DNA polimerasa 

III y otras proteinas de representantes eucarÍontes con las que se relaciona en los anáisis de estructura 

primaria. 
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4.- Una limitante para estos estudios es el no tener dentro de los bancos de datos de estructuras 

terciarias a las DNA polimerasas ellcariontcs. Posiblemente cuando se presenten modclos de las DNA 

polimerasa a 15 y c:; sea pOSIble corroborar las homologías propuestas dentro de estos dos trabajOS y sea 

posible el obtener mas infonnación acerca de la evolución de las mismas DNA polimerasas. 

5. - La conservación a nivel de estmctura primaria de los diferentes dommios de las polimerasas 1 

y II permite usarlas como marcadores filogenéticos y su utilización como identificador de dOnllnios 

podríaser corroborada posteriormente cuando se dispongan de mas estructtu'as terciarias y estudios 

referentes a los diferentes dominios. 

6.- La localización de estos homólogos distribuidos para las DNA polimerasa tipo II dentro de los 

tres dominios así 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 número de homólogos tanto para comparar su estructura terciruia hasta para 

comparar y comprobar sus posibles capacidades replicativas como la reportada para la DNA polimerasa 

tipo II de E. coli (Rangarajan, el al. 1997). 

7.- Gracias al dominio palm y exonucleasa es posible relacionar a las DNA polimerasas tipo I y II 

en un posible origen común y posterior reclutamiento dc dominios. Este lilHlje parece pl~cscntar clementos 

para ser posiblemente un mecanismo catalítico y con capacidad correctiva como mecanismos más 

antiguos. Para el caso del palm es posible suponer su presencia en momentos de evolución temprana, ya 

que solamente se depende de los iones relacionados a los aspálticos para catalizar la reacción Con esto es 

posible ver que la hornología de los palm presentados por las DNA polimerasas 11 y IV podrian presentar 

una historia evolutiva separada de su palm. 
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8.- La separación y diversificación de las DNA polímerasas tipo JI analizada dentro de las 

referencias hace notar la presencia de 4 diferentes tipos de enzimas eucariontes relacionadas a la 

replicación (Hübcher, Nasheuer & Syvaoja, 2000) y cuando menos tres tipos dentro de las Archaea 

(Edgell, Klenk & Doolittle, 1997; Edgell, Malik & Doolittle, 1998), el análisis realizado dentro de este 

estudio hizo posible evidenciar que posiblemente los eventos evolutivos que dieron lugar a la diversidad 

de DNA polimerasas ¡¡ dentro de los dominios Archaea y Eukarya son eventos evolutIvos separados y que 

se pudieron haber dado dentro del tiempo de su diversificación temprana. Sin embargo una de las 

características que permite pensar y relacionar a todas estas enzimas en un solo grupo es el presentarse 

como elementos fundamentales para los sistemas de reparación y replicación. 

9.-Posiblemente los eventos de duplicación y divergencia para cuando menos las DNA 

polirnerasas vitales para el sistema de reparación y replicación de los eucariontes (a, J3 y e) se pudieron 

haber dado dentro de su último ancestro común mientras que los eventos de duplicación y diferenciación 

realizados dentro de los genomas de Archaea qne se han estudiado de manera reciente e independiente a la 

separación de los grupos de Emyarchaeaota y Crenarchaeota (información pendiente a analizar dentro del 

árbol filogenético). Para entender la presencia de un tipo de DNA polimerasas tipo Il de una Crearchaeota 

relacionada con el grupo de DNA polimerasas de Emyarchaeaota 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 así intentar aclarar las posibles funciones de estas 

enzimas dentro de los sistemas de reparación y replicación de Archaea. 

10.- Posiblemente también los sistemas de DNA polimerasas tipo 1 se necesiten estudiar mas, esto 

debido a los dIferentes representantes de RNA y DNA polimerasas reportados de bacteriófagos y virus 

dentro de todo el grupo, posiblemente estas enzimas podrían ser buenos elementos de estudio para 

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

dar origen a una DNA polimerasa ancestral. 

1 l.-El estudio e importancia de las polimerasas de ácidos nuc1eicos de VilUS y bacteriófagos Se 

presentan como un elemento pendiente a analizar dentro de este trabajo, las consecuencias de su estudio al 

analizar de fonna separada cada uno de sus dominios podrÍrul detectru' posibles eventos de evolución para 

las DNA y RNA así como el poder detectar mas rasgos que nos podrían ayudar a entender como fue el 

paso de las RNA a las DNA polimerasas. 
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g:.. i 17065021 "'p I :05202<11 DP01_THETH ONA POLYMERASE 1, THERMe'STABT,r:: ( ••. 
gll232010lsplP303131DPOl THEFL DNA POLYMERASE 1, THERMOSTABLE (T ..• 
g.!.:3913S10IspiQS222SIDE'Ol Tl-lEFI DNA NLYMERASE 1, THERMOS'L'A6LE ( ••• 
gil1188Z81splP19B211DP01 THEAQ DNA POLYMERASE 1, THERM05TABLE IT ••• 
glI1188271::;PIP11252ID?Ol-STRPN DNl\. POLYMERASE 1 (?OL 1) >giI9802 .. . 
<JlI60150011:3pIOl49%IOP01_BACS1) DNA POLYMEAASE 1 (POL 11 '>glI70 .. . 
9J¡11694021~p¡P41741IDP01~HAt:IN otrA POLYMEMSf, 1 (POL l) >g11107, •. 
glI1l8825Ispl>'00582IDP01_ECOLI DNA POLYMEAASE 1 (POL 1) >giI6705 .. . 
gl160149991sp1Q591S61DP01_ANATH DNA POLYMERASE 1 (POL 1) >g.1.1140 .. . 
gll601S0031spl032801lDP01 LACLC DNA POLYMERASE ! (POL 1) >giI228 ..• 
glI74043611::;pIPS2027IDPO()ElRA DNA POLYMEAASE 1 (POL I) >giI747 .. . 
q~112229B151.:':pIQ9S1G.?IDP01 RHJLE DNA POLYMERASE 1 (POr. X) >9iI55 .. . 
glI1115940:,IÓ'pIP46835IDP01J:fn'LE DNA POLYMERA$E X (POL I) >g~II07 .. . 
qiI585062IspIQ07700IDP{l1 MYCTU DNA POLYMERASE 1 (POr. !) >glI7434 .. . 
g:).161C610IspIP74933IDPOl_TREPA DNA POLYMF.:AASF.: r (POL 1) >g:).1743 •.• 
qll57299B4lreflNP 006587.11 polymeJ:8.se (DNA dir",ctedl, thet<l; po ... 
gll~OJ5002ISl'IOOe307IDP01_CHLAU DNA POLYMERASE I (POL 11 >9l1191. .. 
qlI6.22528413pIO:'149810POl BORBU DNA POLYMERASE r (POL 1: ">glI7~3 ... 
qi 1601S(l(l·JI"pl(,\O!'9~QllW01-RICPR (lN,\ r'OLYMERJ\~~;:: r ([>OL 1.' '>'1) 1741 ••• 
'1119l.3(),1~t<lL"(dINf' 046HbO.ll [!NA I'olym(,rll::l~'; ,1l,J~4 IMy~()~,.J,t(,l'!I')J··· 
9lI62:::528~113pl'..i[;597110P01_$YNY3 DNA POLYMERASF.: ! (PO], r, >-;liI74J ... 
glln89856ISP:!'56105IDP01_HELPY ONA POLYMERASE 1 (P{1L 1:1 
(¡J IQ78,,7481:<pIQ'nSE9IDPOl HEI..PJ DNA POLYMEAASE 1 (POL JI >giI743 .•• 
Cjl1 4151(jl5l..ll.!'plp:w:n4I DPOL BP~'Pl DNA POLYMERASE 
gll~'¡6:·~,.n4IrefINP_(]:i'1708-:-11 predi"ted 66.2Kd prOH'1n [Mycob.~c't<,l" .•. 
g.l.:lló1f,l!'>SI!<pl?1"8::-::IDPOL_BPTS DNA POLY,'1ERASE >giI670,",Slpu-IID,1BP .. . 
qll(015000ISl-'I(¡t.7779IDPOl_.A(~UAE DNA POLYMERASE I (POL II >g.l.1751 .. . 
qil%335~:ll'<fofIN? 0510Cl6.11 i'4[, [B:lct,¡¡¡;1cphaqe APSE-l) 'qil~9106 .. . 
'Ii ! ~",~7 ~ ~.·lll' ... ,f I NI'-'041 'H;2. 11 q",r,c,' ~" DNA p,)lym.~r;:¡S(' [Bac:~·J."ioprl."q 
(Ull1ÍjilSjl~ipl¡:'/.(ljI1IDr'OL !1['T.l DIIA POLYHf.RASE >qll·JE.nSlpirIIS()"/',. 
qlll18n~:!,,¡'I\'l\( '.'~,I1JI'OL 1J1'!H<' !'IN/I POI,YMERA~\I:: .'qll(,70!1.~lp\rlll\,r[1 

'lll'.¡'1.117<1¡'.I,i<.'''¡OJ4Ir"1l''¡'; ,¡:NIJ\ ['NA f'O¡'YMrRASf Gf\.MI~¡\ (M1TOf'UIlNPl, •• 
'l!I';4"o\l,¡~I.llll'~1.;/O~11l1'()', :"lil'(, IINJ\ l'úLYMf;¡\A,~¡:; [,:r,,"'IMA (I~;'j'O'.'IK'lli)I, .. 
gll'.l';67,J~¿lr,~f,N~' ilS'i'49<),II mir.,~,;hol1d.rial PQlyl\\~t'-St:' gOlIl\[\\<I (Mu'S 
gi 145059.371 ref IN'P'::'OO::oB4 .11 p.:>lyrnel'M'" \tlN/lI di • .:,--:ted), g<l.l1\l1'L~ [He .. . 
gJ 12494171:11~PIQ92076IDPOG_CmCK DNA POLYMERASE; GAMMA (MITOCl-lONDR .. . 
g!124941801~PIQ.n(.i07IDPOG_DROME DNA POLYMERASE GAMMA PRECURSOR ( .. 
gi 117065091 . .,p 1 ~158011 DrOG_YEAST DNA POLYMERASE GAMMA IMITOCHONDR ... 
giI249·\lall~pIQ01941IDPOG_P!CPA DNA POLYMERASE GAMMA (MTTOCHONDR .. 
'p 1 142854331 :)1:>1 ';¡()n~71 nr'(X,_NEI1CR PNA f'OLYMF.:AASE: GAMMA (MITOCHONO. 

208 le-54 
206 6e-5,¡ 
205 ge-54 
204 le-53 
201 1('!-:',2 
201 2e-5~ 

201 2e-52 
198 l~-')l 

196 5e-5] 
1% 5e-51 
192 6e-50 
191 1",,-49 
191 2e-49 

18' 4e-49 
1S? 3e-~8 

186 5",-4>, 
185 8e-4(l 
184 1",-47 
179 5e-46 
177 302-4[; 
173 3",-·14 
1(,7 ~c'-,l:' 

1:,:; '",- \',\ 

152 6~'-.\l' 
144 2e-J5 
144 2(.>-35 
142 . le-J4 
137 .20-,1:1 
136 t,,,,-3.1 
123 5",-29 
1 O~, 1~·-23 

" 1~,-1" 

90 .1"-1 'l 
f., '),·-j·1 
"19 1,'·-1 " 
14 .. ',- j ~ 

" 2c-l,) 
75 1",-1·\ 
75 .:e-14 

" 4~-14 

65 20-11 
62 10-10 

" 30-10 

.10 (1. ;.1 
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'J:11631994:,1 r€>f 1 NP 010026.:1 1 P.l<;"olwl dehydrogen"',e, 1'c rl02c.p [3ac. 
giI2Sn07461:opIQSJ206INlfA_RHISN Nlr-SPEnrrC REGIJLATORY PROTE.IN ••• 
c¡li3~1':,7c,2IspIQ"2n6IKLrl SCHPO KJNE:.'Hl-Lrr::f. PHOTI~lN 1 '>'J).1749)1, 
'11:.1; 1",j:',I:<r"I'f<fl~(,II~"!;':' :.,r'lIl'q t11 rnr'!i'")NI)!nA!, IMI'Cm]' 111"1"1, MrMl<l< 
').l.IJ~1'-,2~Olsl'¡P949-'2IUVRA_MYC'fU "!.CHIUCLEA!.,,, AliC ~~lI!\l!11LT A -C¡LI ¡ 
qt16:n94Q211'0f1NP 0095::4 .. 11 Ybl029wp [Sa(:charo)'1,Yc-"s cernv¡!nae) 
q',\é.441.30\"\11¡'):~9';c,lC"isr, CareK CYSTEINF,-RICI' PI,OT¡::IN 1 (C"H"1) le 
,:p 16324293ILefIN?_0149¿;Z:11 10n9 chaln f;)tty élc.yl:Co!\ ;,¡ynth'Jta3(; •• 
9¡ 1 24944381",p: Q49130 lMAUM_METEX m:l'HYLA,"lINE unLIZA'!'JON n:RREDOY., 
'11163237:171 reflll!' 013BOB.11 l'rnr090wp [Sac-c.haromyc",~ cer<?vl.<:.<iae] 
~p ISrG3004SIr- .. f:Nf',,=04626J.l! ur,known ¡OrgYla psel:dc~tsugata nuclea. 
g¡11J~::'60?21:;Ti'JgK~rlOiA,EA_BACHD lS0CITRATE 1YAS,: (TSOC:JTRASE:) (, 
qll::'4(,'5:'47I:opl\,)~,j472IrHFA F~:;EAE IN1E:GRATION H0ST fACTOR ALPHA-S¡, 
;llI4}(':'~'!"SI'IE'J?::341128[¡ liROME f~TP-BINmNG ,R/l'JE1N 128UP >qtI422 
';!lj1')2~('~<;:,c:'::¡P_OJf,3():¡.11 P-r'C)/ o',]¡ "r'~t'-'j' 2to; "-r,cJ/ pr'J1."", 

>q.l.I.3041r,7':!S¡.JI>,S2026i::JPO: BACST DOl;> ;:'OLY~lSR.PcSE 
Len';Ch ~ 876 -

(?OL I) 

Sco::e ~ 208 Ol..ts (530), Exp~ct = liil-S4 
1dentitle<,¡ ~ (,51128 150%), Po:ntlVc,':" ~ 90/128 (69'1,) 

Qu~¡ y: 1 ELRlMAHLSRN:GLL TAFAEGKDIHRATAA'f-VfGL?LETVTSSQRRSAKAINfGLI ¡ GM 60 
IELR++AH++ D L+ AF G DIH TA ++F + E VT+ RR A~A+NFG++YG+ 

So J (;1.: (,',7 1 CLRVLA1HAF:DDN1.]I:AFÍ{"RG1.1111l'l'KTAMD1 nl.V~f.f.D\11ANlol¡RRQr",AVNH,1'';'íGl 11 Q 

VI.l.¡ot y 61 ~A!'l,LAr,<)LNL ¡'¡,yrAQKYMDL'fFE1,y,'(,vl,Ó:YMEk fRA'.!J\Kt::(,\(''lV'" J'I,L'(,HHL'll..l'l.'[ l.!.f) 
S +GLA¡. LNI ",,(!:.A UH 'lF +I?GV +YM+ +AKH-GYV 1'L KR ¡LPDl 

Sl:l)ct: 717 SDYGLAQNLNI Tf'KEAAEHERYFASFPGVKQYMDNIVQEI\KQKGYVTTLLilRRRYLPDI 776 

Q,-,ery' 111 KSsr~GARR 1~8 
S}I R 

SPJct, 777 TSRNfNVR 784 

29 
28 
:'[1 
:'tf 
;''1 

28 
:;'H 

'8 :;7 

2' 
27 
27 
26 

" ?t, 

~ <;1 125063",~, I sI'l .,80194 I DP,)l Tht:CA DNA POLYMEAASE r, THEÑ"10STABLC (TI\(' ['OLYM¡;:AASE 1) 
qll147011 :"lgbIAABB1398.11"' (\)625841 thermo,,,table DNA polymeLdse [Th'H~"l$ c;,,,loopl11 ~Lo'.1 

L.,n'1~1, 8)4 

S<:-cr"! 2()~, blct,'"l (",2~), ':'(p",,~r. D 68-';)4 
ld8ntit~.,,~ • (;11121> (4/,,), ]?o,'l'lt¡ve<,¡ ~ 9:2/128 171'!,1 

Query: IELíUMAHLSRDKGLLTAFAEGKDIHAATAAEVFGLPLETVTS':QR.RSAKAINFGLIYGM 60 
IELR++Al-iLS D+ L.¡- F EGKDIH TA+ +rG+p E v RR+AK +NFG++YGM 

SPJ ct' 616 1 ELRVLAHLSGDENLI RVfQEGKDIHTQTAS¡""MfGVP?FJWDP¡.MR:lAAK'l'VNFGV1YGM 675 

Q"ery; 61 SA,(;LARQLNI PRl\EAQKYMDLYf'E:RYPGV!-EYMERTRAQAKEQGYVETLDGRRLYLPDr l?O 
SA L+++L IP +SA .¡-++ YF+ +P V ++E+T + ++'tGYVSTL GRR '::t-PD+ 

SOJ ct: 6, b SAHRl.SQELAI PYEE;AVAfI ERyrQSnKVAAWI EKTLEEGRKRGYVETLrGRRRYVPDL i 35 

<:¡U')fy: 1" r:S:.iN(~l\r'K llf! , f< 
SbJct: 7 Ir; l-IARVKSVR 74'3 

>g1141b913IspIOQ4957IDP01_EACCA DNA POLYM~RASE 1 (?OL ti 

. e 
2 
"','1 ., 

., 
2. 
4 
4.5 , , 
8 ., 
0'. 
0'. 

glI41965¿lplrIIJXO¿56 DNA-dHiilcted DNA polYI'Tl8rll.,sc, (Be 2.7.7.7) - 6~c¡11u!! c~ldoten.ax 
g1 1912445 ido] [BAA02361.11 (D129e.2) ONA polym~r"",'5e [6aclllus caldoteM,X] 

L<.:-ngth ~ 677 

SC01€ ~ 205 blt~ (5~31, E~p~ct R 9"'-54 
Id<2'nt::.tle'l - 65/128 (50~). PO'Jit::''1e3 - 88/128 (6n1 

Query: 1 ELR1MAHLSRPKGLL TAFAEGKD1HAATAAEVFGLPLETVT:,í,:ORR&""IUNrGLI'iGM 60 
lELR+1AH++ D l"I\' lilH TA ++r + + VT RR AKA'NF,<+YC,+ 

~I) I,'!': ,,',¡' 1 Pl,¡NL¡\llJ Af:r11\NLMt::Af'Rl\f'1 .. Dl HTK'I'AMDl f'QV$¡;U¡;VTl'NMRI\~)!\F!\VN¡'r,¡v)(,¡ 11 I 

Qu'~ ry: ti 1 SAfGLA;:..QLNI PRl\EAQKYMDLY fER't PGVL8YMERTRJl.QAKEQGYVt:.TLDGRRL 'lL"DI 120 
S +GLA+ LNI RKF..A +H+ ,FE +PGV '{ME +AKHGYV TL RR YLO'OI 

Sl.'ld' i18 :,t'liGi..A\~NLN'iSR;<E.1\}\t.f!t:."'ifE$rpG.VI',RYMt:.NI"QEAf,Q¡(G,(VT'rLLHRRRYLI'\)I 77: 

Qll'Jry: :'1 r,3~,NGAR" 1:,< , N R 
.sbj( t • n¡~ T:~HN,NVg 78:, 

:'ql 1 ~7()1 <,r,: 1 "1,1 ¡'S~()l.f, t ',,'(,1 'I'H¡':TH PI:A I?Ol,YME.RA~F' 1, 1'H¡::¡'¡'M(j~:T¡'BL1: (;'!'H P01,YMel-.A~E: 11 
<JlI4(~V,14: \bl',í.li\MI('()"',1:-(¡l.f;"7~'1 "h0,¡"C).?1,1bl.~ [,NA t)olym'H,'l,~C' 1 [Th"!-nlJ', rh<])"'''I'¡,ll','¡ 
t;¡llh()~Y¡¡"-,ldl )1\ll'AlI.I"')" 11 (1\1\(1..",','flnl TrI. llNA l'"lYI""rI<,~'" [L",I\'''''~I(j!1 'J'" 1(,," I,Lrl,l-ilnl 

1."""1' 1, " lO \,\ 

Sco~,~ y ,>O~ I'll" (~,:l], 'r:":P"'"~ ,. 1,'-".1 
1ck'l\tiQ," H <,l/L'fj H7~1, [",~'\Uv'm H '\;,'/128 (71~,l 

Quet y: 1 ELRIMAHL:,f"DK(,LL !AFAE(,Kt>lHAA::AAEVFGLPLETVTSEQRRSAKAINfGLIY<;;M 60 
1ELRHAH!.S D> ¡" f E(,KDIH TA' +FG+P E V RR+AK ~NfGHYGM 

Sbj <:t; 1) 16 IELRVLAH'!.Z(;mENt,l RVf'QEC,KDI HTQTA5WMrr,-I/PPVWDP:LMRf.'.A.l\KTVNfGVL 'l.(;H 67.5 

QIK'ry' 1,1 ~:ArGLAHQ1,Nl "H,f.I\Q):YMLlL YrERY .. GVLf.YI~ERTAAQAKE:QG'l.V!::1'LO(,RRL 'l.LPD! 1 :~O 
~;I\ 1 •••• 1, If.' tE:A l •• 'ir. +p v ,.EtT ,++'"G'l.VE:TL GRR 'l.,PD> 

';;b)r, r: i¡, ':"':II(L~:<.I¡:¡,"'J l' rr,:AViI,'] EI,yr'.':-'fr'¡.:vr',iWl F:r;Tl .. f:t:'~l,i'l<r,'(V':TLFGr,rS,'l.vPrJ!. '11'> 

!.!'J"( v' :. 1 f;::-~,tlGfll,l, "K 
• R 

42 



Appendix 1 
Fasta results: Type II DNA polyrnerase Fingers dornain against Swiss Prot Database 
ti'8'jl., \).~\, .1<lw< ~'-j()'lJ (<<\\<;\\\)1\ (Qpll-'''1!.8d, ,,[,')0 tt>clt~lY (1',.-Sll ~lllp' 

join: 3b, opt: .2~, ?"-P-P01l: -1:' -2, w!dta' 1<; 
The best .,;cores .J¡:-'¿': 

PABl128 ,,.,<)11: DE D"IA ~")lyr,,er,:¡se 1 
Prl1947 12_,5",:. long hypothetJ.cal DNA-dira,:;ted DNA 
MTH::208 JN:l-cependent DNA ¡:>olymeras<J famlly B (P 
ape APE20<1S DNA-e'u:<?ct<;ld DNA polymet"'¿¡e ¡EC::: 7. 
sc'?:YN:'lO::,,' >'01.1, CúLl/; DNA polynle~<lse ClIp)'" (D 
Af0497 p()lB, [l''¡A r-~~lyme~a~E' Bl. [EC:2.7.7.7] 
"de L,,!J9')7 V,A ¡~,;¡lyu¡et",~e (PolB), l~f'3e ,;j'<I!il ~., 

:)c,8'''DL;r)/';¡ (Tir:?, ¡,r,LJ, 'fr.;;¡, ~)J.A ),ol;;rr,o'I,'''''' u •. ] 
TVG08594:'1 "NA r>olymera'Je 
c81:flOC2.4 DNA polymeLd.'O'", fd"llÜy b (CE,)93IJR) [E 
M.JD885 p'HJ>.t~ve DÑA [lolym",rase. [E(,.2.1.7.71 (SE' 
mmu'9966G ,;::.1<11; P'lA polY'neram;' ctlpha 1, 180 ~Da 
ath:F12B7.5 ¡)lJtatlve DNA polymelase zeta catalyt 
ath:T1F:5.3 Slm1.1ar to putatlve DNA polymelase g 
sce:Y¡:'Llb7c :<:t:V3, PS01; DN.l; polymel$.s'S z'?ta cata 
hal:VNGO·)..'l¡; pa18l, DNA !)olymeu"le 81 (EC:2.7.7. 

I 771) 
(1235) 
I 586) 
I 784 ) 
(1468) 
I 781 \ 
I :'lf,) 
I1r)'J 1; 

( 8(!~ ! 

(1081) 
(:VH¡ 
(:4 (5) 

( l6n) 
(189~ ) 
(1504 ) 
I 901¡ 

opt 
.«;(, 

263 
231 
199 
185 
176 
1': ; 
1 ~ 'J 

,(,< 

140 
1 {3 
,'jO 

:22 
122 
106 

9B 

oit ~ E(11~722J 
93 ~e-19 

70 8.8e-12 
62 8e-lO 
SS 1.7e-07 
52 2. &e-06 
4"::· 6.%-0(, 
44 0.000')9 
n 00(,1 
~2 1, 0014 
~l O. QI)Z'" 
40 0.1)13 

" O 019 
37 0.083 
37 0.083 
33 0.9 
31 :'. ] 

f,~or.· 

(l'lt",) V,,1\1<' 

g:!.16015025IspIP56€89IDPOL THEGO DNA POtYMERASE (TO POLi >g;.14699 ••• 
gii3~1352815p;P74918IDPOL-THEfM DNA POLYMSRASE (POL ,FU) >glI165 ... 
gl. 1.39135401 sPIQ%3661DPOL=THES9 DNA POLYMERASE "91.1743480Slpo.rll .•• 
qll3994031splP800611DPOL PYRfU DNA POLYMERASE (PFU ?OLYMERASE) > ... 
9.l. 1 91525739 1 refI1'l9_03998S-:-1 1 DNA pol:Y1:,erase (S) [l'J\lman herpesnn.l .. , 
g1.i:l4251046IrefINP_11640S.11 ,54 [TupaHI herpesVU\15) >g.l.1929696 .. . 
gl 1929,,9651 sr' 1 Q?YUS31 DPOL_HSVn ['NA POLYMERASE >g1 141650731 ghl AA .. . 
91. r, 12644 i99\ spl ?:{0316\ DI'OO SCHPO Dw>. I'OLYME'.RA$E: OE'.tTA CATIU.YTIC , •• 
glI9f,2SE:')71refINP 039908.11 BAJ,F~. DNA polym-=,rasr~ (early), homol0 ... 
011~6?iiJ4()lr0fIHP'"04;t931.11 lIlf3, UNA PQlym",ra:-:o? [Hqm~TJ I ... rp,,"wlr ••• 
q1 i601S0?.lISPI011121IDPOL RHCM6 DNA POLYMERASE >qlI2944240IqbIM ••• 
9:,131:!421'.-.ISPIQ'JLRE6IDPOD_ORYSA DNA POLYMEfl.ASE DELTA CA1ALYTTC 
gil13124199IspIPY08:29ID?OD_CAEBL DNA POLYMERASE DELTA CATlQ,YTIC 
9:..163242271 r,;,[ 1 NP_014297. 11 DNA polymetase 1 alpb¿¡ subunl t, p1S0 ... 
'l1.19628161lrefINP 04379:2.11 UNA polyrn'Hase !HlJman herp",~vl..LljS 7) .. , 
9111l8888:~plP27172IDPQL_MCMVS DNA NLi'MERASE >giI6704ll¡nrIIDJB •.• 
g:..1131242¿OlspIQ9LVN7IDPOD_ARATH UNA POLYMERASE DELTA CATAL\TIC ••• 
9l11J124íl8IspIP')05810POD_DROl'¡E DN;" POLYMERASE DELT."" CATALYTIC 
gll ¡;Ol 501 '11 _"'p I Q690251 DPOL_GPCMV UNA POLYMERASE >Q).! 4597631 gb 1AA? ••• 
g:..13913')25IspI048901IDPOO SOYBN ONA rOLYMERASE DELTA CATALYTIC S ••• 
g:..1118838\~plp28j39fDPOD BOVrN DNA POLYMERASE DELTA CATALYTIC SU. 
gll6J201011reflNP 010181~11 largest and catalyt.l.~ 3ubunlt of DNA ... 
'lll:11('('0291::r,IP'02fl.lIDPOD MF.:SAU rJNA POL'iMí:HASt l!E.LTA ,ATIILfTl(' :; ••• 
9l14;,059331ref1NP 002682.11 polyrnerase (DNA duected), delta 1, ••• 
giI13124716Ispl?46588IDPOD_CANAL DNA POLYMERASE DELTA CATALYTIC ••• 
ql13913530lsplP119321DPOL P'iRSE DNA potYMERASE. >giI1495110IembIC. 
9iI14521919IrefINP_127396~11 DNA polym€ra~e 1 [PyrocoCCu5 aby55i .. . 
S¡lln06505IspIP52~311DPOD_!10~lSE DNA POLYMERASE DEL'!'A CATA1.YTlC S .. . 
gll'.015022IspIQ8~,42SIDpOL Rc"MVM DNA POLYMERASE 
q¡ : 9625%51 ref 1 NP 040211.11 DNA polymera51? [Sa1m1riJ.ne herpe~vi .. . 
~l 13n35221 sp 1 0272761 DrOL_MZTTH DNA POLYMERASE >g1 174622911 pir 11 .. . 
gl1C22528Eilsp10931461DP02 AERPE. DNA POLYMEAASE Ir >glI7434B01Ipi. .. 
91il1B831IspIP27727IDPOA_TRYBS DNA POLYMERASE ALPHA CATALYTIC SU .•• 
c¡1.160150131:;pIOf<90,12IDPOA RAT DNA ?OLYME.RASE AL¡;>,IA CATALYTIC SUB ••• 
0\lll0,¡7)~<llrc>rINr'_.(1(,7(,?1:-11 DNI\, p,üymcra.o;¡e do;¡llo<, ~~.;¡talytl(' !Jub .. , 
c:pI6,"'941l91IQtltIP,_ü3¿9lt1.11 [¡NA l?olym€'rasQ a1l)I).:), 1. 180 kD~ [Mu,). 
9111H18311:l[.)Il:·:;(,019IDPOA_DkOME DNA ?0LYMERASE ALPHA CATAL'fTIC- SU 
91183\139951 Hlf 1 NP_ 058633.11 polyme¡;ase (DNA-directed), <ll!)ha; po. 
<;;il96:28011IL~fII'P_042GOS.11 DNA p"lyme¡;ds\l r'9plJ.c'ltlv,~ suOunJ.t (. 
<Jl19(,.~C7(:,71¡8fl!,<"_IHl(n~.11 DNA l)olym'~L<I:9'i! (E':¡ullle he¡;peSVlIU;s 1. 
'll.lbi)l';.I)"1..' I srlí,\:'·)'J ')2 1 íW(>'" ();I,.'{'tR ON;"" t'()L'::MT:.RASí:. M,I?'rIR CR'1:RLHIC ~ ••• 
'~11601b011IS1)IQ~)4(:036ILll'()A=O:-"YN(j UNA l-'OLYM8RASE ALI'KA CATALYT1C :i ... 
<Ji 160150101 spl 048t'S3 1 DPOA_ORYSA DNA E'OLYMERASE ALFHA CA'rALYTIC ~ •.• 
q-illlS8JJI".pIP2t1040IDPOI\, SCI1PO DNA POLYMERASE ALPHA CATALYT1C su •.• 
'llI11I3S791,¡pIP()1917IClPOL,=HSV1A DNA ¡¡OL'fME:MSE ;·q1.1610~16IplLIIDJB •.• 
c.¡!1?62'14111¡0fl~'¡P 04,1632.11 DNA v~lymot'dse (hlJlnCin h\np~·.~vJrllfl 11 ••• 
,¡JI11118(,1()1''IJlf'()4~''¡;'IDr'OI, IlSVlr: I>NA f'(¡J.Yt~rI'ASf: ·,¡il,,-IQ3~11,1¡IIIJ,IIl .•• 
<l1111¡'!<Hl\·Jplf'l)o)B~4Irl['OI.IIDV1'; l.>NA !'Ol,YMr,r,A:W 'qllf,103'llplLIII¡.J!J. 
qll:l,'O]¡,I·:I,II·)()):OIU['O]. ":l1VN" r'Nl\ P(!I.YI~¡:r{l\:,¡: '¡II.'rI1()·"~lptlllll,I ••• 
clll,,0~~()I)~'1~1)ll)()08'14ID,'()A LI::IIXJ LlNA "'()LYMEI~¡: ALf'HA CATAL·O'J,. ~ ••• 
'JL 1 118il1l21.·¡p 1 PO'¡nS1 D"OL_HSV21 [)NA PQLYMERASE :"<]1 I 1;11)391 ¡)lt 1 I D,J8 .•• 
g1.ll~431,16SI,~plr779nIDPOLJYRKO DNA POLYMEI\AS, [CONTAINS: ENDON ... 
g1. 160150241 $P 1 0701361 DPOL_R$lV DNA PQLyMERASt >g1 13176380 I dbjl SAo •• 
';i I ~0150Z1.\ erlQtl41131 OP01._0"RE'N2 DNA. l?OLYMERASE >qi IlnG947j gol AA ••• 
giI1149S108IrdINP_O';9,',','.11 DNA polymcra.:;c Bl (polS) [Archaoogl ... 
9tl;:320HlspIP\Ci315IDPOD_PLAn~ DNA POL~'MERASE (¡ELTA CATALYT!C S,I ••• 
q.:.139135261sp10S96101DPOL ?'iRHO DNA POLYME.RASE '>q.1líH69Z0Ipil'II .. . 
~lil%n~,11IrU:INP 0420(14.11 E(lL [V:.nol.:. viro:.] -'..¡.11461%11:spIP3 .. . 
qiI2.19~1861,~¡:¡1'~;'1334IDPOL_P)RSD DNA POLYMERASE ([¡P.EP VENT DNA PO .. . 
qll'n"(\~¡¡'!)Ir<.EIIH' 0~:n12.11 E~'L; put{.tlve [V"·.('lTJ1,, viru:,¡1 :.-qill .•• 
(lo 11 ]flf,(f¡? 1 ~'pl r·(I<,(!~(.1 [IP(ll" Vl\((:V fiNA PI,¡LYMERASE: ,.qj 1 :U:''¡:,(, I \I)¡\ Mli~, ••• 
'11 1118,,:-.'·11 "~': ,':'HO:'I flP()!. fOWPV fiNA ?OLYMERASf. >q1 1670·17 1 pH I I D,lV .•• 
';11'-H • .:.~,q(l11l.,fINI' Ool(]l~.l':ll {1IH':;8 (AAl-119t.1 [lfum"n r:','rl"05\1it\I:: ••• 
'l \ 1 1 1('I,(.¡"i :.1 :,rol r,I'<Hl!8" I ní'O!. .• rHE;l'« [¡NA rQt,i'MERASr: 1 ,'ONTAItJ:;: ~:NrJ()N.,. 

105 
104 
102 

99 
95 
94 
94 
93 
93 
9.1 

93 
'1:' 
92 
92 
91 
90 
89 
89 
89 
89 
89 
B8 
HU 

88 
88 
87 

" " " 86 
86 

" " " " 83 
83 
83 
83 
83 
82 

" 62 
81 
81 
81 
81 
81 
;'0 

"' 80 
79 
79 

" " 77 
77 
77 
77 
7"1 
7(. 

" '/6 
'7(, 

2e-23 
2e-23 
1e-22 
le-21_ 
2e-20 
Se-20 
:'e-20 
7e-20 
Elf'-20 
1 0 .-1') 
]<:)-1',> 

1"-1 'J 
le-19 
28-19 
í~-l'" 
6",-19 
le-lB 
le-18 
le-18 
le-18 
2e-1[¡ 
¿€'-18 
\1,-1 r¡ 

3",-18 
3e-18 
4e-1>1 
4e-l& 
~'8-1a 

l3e-lt! 
1e-17 
le-n 
2et-17 
;l~-1 1 
4e-17 
4~-1/ 
,e-l'l 
5..,,-17 
602-17 
7e-17 
7",-17 
le-16 
,i:e-ll) 
2e-16 
4c-l(¡ 
40-16 
40-1(, 
~"-1'. 
~ ,,'-1 r. 
(;,,-1 " 
(,'.l~ 1" 
1~-lb 

le-lb 
le-1~ 

;10-1::. 
:>c-15 
.)0-1;; 
4e-1;'1 
!:le-l" 
5(,-15 
()(.·-1[, 

",.~ \:. 
'l~'-J ;, 
1,-'-]': 
l' -H 

43 



g¡:"(31)~,31':-,,"(INP_048:,32.11 PBVC-l [~iI' polym~'ra~,,,, IP''lrc''"''él.llm hl]. 
'JlI23?02C1I"'pIP-',Cl317IDPüL TilELI DNA POLYMERASE (V!'.NT DNlI POLYMERA. 
qllj':l1:l!;-('1Ió'PICiJ3,,4:.I[IF'OL THEST DNA POLYMI'.RAcn: ;,'qll:::.'':l-"JH'41<-mbIC 
qIIJ Q 1J,';:'7ISPI'')(.Cl67JIIlPOZ'-HUMAN DNl, POLfMCHA5F. ,~;:;1" ('AIA',YT1'." sir 
q 1 r l 7') (,c, 1 1 1 ' j): P ',';0;' ", 1 npnL-HfrVO DN!, I-'OL YMr.R"~;¡, 'q 1 : ~ q :,(.')~ 1 q" 1 ,V'J\ 
'~, :¡;~.:'l,n~IS()lr,J',~4'.l)\u?OZ-1~O'Ú3E. ',iNA "OLY1~E.MSr, 1,':~'\ CASM,'i'll( ,Al 
ql 1391 35081 "~': 0,,06071 DP01-SLJLOH DNA POLYMI'.PASE I ([¡JlA ?'):.YMERA5E 
',llI63¿50:¡Oi::~'fll,)l;l_OlS1S8.íl DN/; yolymer",:;¡p ¡;",t~ :,t;buDlt; R(.'v}p [. 
91: 12643:'741 :<pI1'26811 1 DP01_3ULsO flNA POLYMf2RASE 1 -'',l] 1 -:'052.'\531 qb 
ql.I2j201':lI.:opIF30318IDPOL NPVLD DNA POLYMERASE >(ll.I4(145¡ZlpJ.¡;-IIJQ" 
qi 13"135341 spl Hl7154 1 DPOE $CHPO Dl'1A POLYMERASE EP:;1LON, cATALYTr, 
0\:G22522J\SF\0937451Dl'Ol="_ERPE DNA. POLYME.RASE 1 >{jll'4J48C'Olpn. 
9l.i11,:;94C17jsp\P4,H39IDPOL_A5FL6 DNA POLYMERASE _'glI4(10553Ip;¡,rIIS. 
{j1iJ~.)135:J81.'5piP<j:,690IDP01_SULAC ¡¡ti? POLYHER.ASE 1 >gli212QOOlpir. 
ql.I1H94(l8:spIP42~891[;POL ASF87 [¡tlJI POLYMERA.3E _"qlI457(2~lqblAAJ\. 

;jl 1 'Óú15020 l.srJ 1 (/,(11(;21 DPOL=NFVCf [¡HA ¡'ULYNER.AS', "qlI7-1"1'Ó '\~ 1 ghi M\': .. 
ql'632~067lrefl'<P 0141:l7.11 DNA polymBl'ásB U; Po:"2p ,Sá':cha::omy .. 
g! ! 9630008, re! 1 NP:::046226 .11 DNA lJolyrn,;,rase [01'g1'1a p2'i'ud,~t!'>0g3ta. 
glI39156i9IspIQ5329510POL_METJA DNA POLYMER,..'1.S.e: ¡CCNTAINS. MJA PO. 
gll ,',4539261 r'i'f 1 '1P_.006222 11 polymBrasB (ONA d1rec.tedJ / epsilon r, 
91196308721 r-?t INP_04746;,.·) I DNA PolyJllenls<4~A(.MN,'V (JrfC,S [Bowbyy 
9119627[1081 r-?f I Nf'_05Q(¡:;',S.11 DNA-dependant DNA-pc.,lymE'nnE' [Auto']I, 

Sequenee-:; w1th E-valu,", WORSE than thr€:shold 

<]lI11467137It",fINP 054438.11 ORF207 (Marchantl.a polymorpha] >gli .. . 
'.l.l1111;¡8291':;1'IP~1l89IDt'O¿ f:COLl DNA pOLYl>lERASE II (POL Il) ><J.l167 .. . 
gl.I144244:,3:"9IQ07635IDP01_SULSO ONA POLYMERASE 11 (DNA POLi'MEAA. 
g.l. j 23201~\ osp\ ,.,3031'3\ 1)~OL_CBt:.FíI DNA NL'H1ERASE >\~l. \ 2Sl209\pü \ \ 52 ••. 
glIge32637IrefINP_049()62,"l-1 ONA polymera.,>e [Bacten.opn.age T4] >g, .• 
glIS174479IrefINP_OO~022,"l-1 peticen.trin. Bi petlcentr~n.-B [Horno s .•• 
glI6~25}5QlspIOS4243\P~HB_RHIME FLAGELLAR BIOSYNTHETIC PROTEIN f ... 
glló09413BlspI0629S1IRR3_PICAB CHLOROPLAST 305 ~IBOSOMAL PROTEIN. 
gil;S24l>9\lretl;JP_0~.:"447.11 rl.bosomaI prote1n S3 [Pl..nus thunberg ... 

,,;¡J It,01',O ",I-:lI,il",r ','J'jl[}l"JI. Tllf,<J(J ¡¡N/\ \'()I.'{MJ:::H/\~¡'; (10 !'()L) 

'Jb 

71, 

" ., , 
¡,¡ 

'JI 
6< 
66 
()(-, 

64 
59 

" 56 
~G 

SES 
',) 
", 
53 
53 
;',0 
48 
'8 

" }:: 

29 
28 
28 
27 
27 
27 
26 

'JiI4G99f10(~:pdbllTr:;()I.", '-"vl.in A, TheLmosteble B Type Dn.a f'olyn\e¡d';\I" '.om 'l'h"rjn(~cor.,:tJ,., 
(,orgonarlu."l 

Length ~ 773 

Seore ~ 105 bl.t!> l262), Expec-t ~ 2e-2:~ 
Identjt1BS w 5~/t>1 (91~',\, Positlv;?S m SQ/61 (95%) 

Que ry . ?G:l '?:3l.LGDLL'SERQK\lKKKMY,?' TVDt'I ERKI.LDYRQAA 1 q LANSHG'C{AY kNARWY 60 
PGn ?SLLGDLLEERQKVKKKNKA.T+ DPIE'!' KLLDYR'.]RAI KILANSHGH YA AR"IY 

Sb)c t 446 .,GrI PSLUJDL!.EER'¡J...'VKKKMKATI DPIEKKLLDYRQRAI KILANSrYG'(Y(!.YIIKARWY 505 

QueLY: ól e 61 
C' 

Sb)ct, S8E e so(, 

1,'-1·1 
10-1 ~ 
~,,>_ 1 " 

~,., - J ~ 

,- '. 
l' -' 
7,~-l2 

1.¿.-11 
4",-11 
2",-01 
G",-(,q 

8e-09 
100'-['8 
1",-01'1 
r,"'-CI;, 
E;~~-C2 

oB-07 
le-:)7 
7e-07 
('f'-O" 
2",-("; 

o 005 
O. n 

2 
3.8 
3-9 
H 
5. ) 
7. , 
8.5 

'>g.l.I.391j528IspIP749Ii::lILtE'CL THECM Dl'IA POLYMERASE (POL TFU) 
g~1165569SlembICA~9.37J~.11 (ZG988Z) DNA polymeraz~ an.e ~ndonucl~~s~ ¡Thermococcu~ fuml.colansl 

L.~n'Jth ~ 1523 

SCOt'e- ~ 104 ~'it5 (:::61) / ElI.pect ~ 2e-23 
IOQntitl<?," ~ 55/61 (SlO,,), Po,ntiv.;~ ~ 58/61 (Sl4%) 

V.U<..'1 y: ¡',:.n l'SLl,¡,[)1.1.,r:ERVKVKKKHKATVDP1 ERKI.LDYf.:.QRA[ K ILI\NS YYC,YY A YANA"W')' ',0 
1'\,,1 [·!)I,I.\,IJl,j,' ':I,v.KV"" Ml\ATVDl'1 E.KLLUYkQRAIKl L/\Nt, , 'i(,Y'i YA Al<W'i 

Sbjct: ~)o" ,'(,Fl P~L!,Gt\LL!lERQ"VKKHMN"TVDPtEKKt.LDYf.:.(lAAIK[LANsFYr,'i'i\;YAKARW':: "1 " 

QUI'<ry: 6" 61 
e 

>~il.139D:;H11 !'~' 1 'JSI")H·I r>P0L _ ThES9 üNA POLYMERASE 
g.l.17434808Ipl.rIISl'i920 [>NA-<!l.l·«cted DNA polj1nerc.!>.:I (::C 2,7.i.7) - TbtlrmcJCo<:'"us ~p 

glI11901~S~\(Jb\NV\8tli':<¡,~\ l~1111(\~l D!'IJ>. ~,><,ly\~~ras", \n\~\n-\Q(Q,'~'~I~, ,,~,. ':(>H-7\ 
- L';>II~I \ l> • 7') to, 

~i<:'or<1'" )",' ¡'\t~ (",~,I, I'.,p'"\ • 1'~-:', 
Id(,r\ll\j,;·· r,~/,,1 (flH .... I, h~~111'l,·:t. :,"/\;1 ('If.") 

Qu."-!.'y, I\~~f'j 1'~'LL'.'m.r,¡:r~R(I¡:V¡':"f,MKA1'VDf' IEf..r:LLOYRQRAI" '[ LAN:,1YGYi' AY,IINAR!'>'\' (.(1 

rl~E'r rSLLG¡)LI.EEJ<Qf~+ ~~. ~~M~~/I'fVDr+.:+ KLLDYRQRl\I KI LlIN,,' y(,yy i'i\ AI<Ii'Y 
:~bj Ct: ".¡ ~', ,(~fr r:~LLGDLLEER"',,I J...r<f,~lf>ATVLWLEKKLLDY¡;'\.IAAr"I LAH~~nG'iY';YAK,..\r,WY ',Ob 

Q\lC:'ry: 61 <: (>1 
e-

Sbjct: SOl'. (' :,O( 

>q~ I <9940,,\ I '1[' 1 N!OOGl 1 ¡'P01. PYkFU DNA Ó'OLYMERASE (PFU ¡:"OJ.YME:l\lISE) 
9jI47'l~IL'II,IIII~,·.',<,~1 r'¡'II-d11.·.,,,11'NA I",LYII'''IM.'' If:r' ~.1.7.71 - l'yr"""""lJ~ !'I¡)n·ttJ~ 

'Jil .. nb'J~Hi,¡rJlfJN,():'\(,;'.ll Wl..-,')'¡\) !.INA p(,lym.~rl\I".' [~"y(n,;n':.:',\~ ¡'llj",~,j,'JI 
9iI2~470,,11<3blJ\,;8679(l.;.11 (lJ¡:¡415~) DNA-dqp",nd.:-nt PNi\ !~c,lyn.,:·rJ,;¡<:r ¡pya,.:;c,eeu!' .... "os(,'il 

:"'.n'llh ~ i'I~, 

44 



Appendix 1 
Fasta results: Type I DNA polyrnerase Thurnb dorna in against Swiss Prot Database 
fA::JTA !J. ;(, ,]tm,,, ';:0')0) LIl[",I,LO[l [')pttn\l~",d, uV)O m"t¡ eX 11', -',) I ".''1), 

JO::-'l: ")6, ort <,4, ,;a,,-y'n; -11/ -2, wLór;n: 16 
Th~ 1'''''~Jt <¡'~,·'I"" "",, 
b~()b_< p"]I" ,,"<I\! uNA '''')y''","_,.¡", J (f'01. 1). [Le 
v(;h·V(.Olr!~J :J);t< r¡(')y:"-.-!",· ! [te /.7./,/] 
H:08~6 pOi!'; DNJ, P(,.Ly"''''r«",,,, 1 ("Oc, 1). [EC:2,7./ 
nm8:NMB1'lBZ Dtl1'.. \x,lymer¿",e 1 (CC,??7.?] 
pól",:PA5493 ~olA; ;:MA ;A~"-ymeI2.%· I [Se 2.7.7.7) 
/..fa í':'1,01 [lIJA ~~ol:'flr"H"'''''' 1 [1,:(:2.7.7.7] 
tnta. T'11C:9 DNA-dJ lected DNA polymer;)5e 1 [EC·2.7 
,,1.,0707 ¡;'~'lP, [,NA [)<Jl¡ru0!cl,~.,.1. [E(;:2.7.7.71 
dlo.:OR171)- DI:;'-diL"ct"d DNA polymeLOI'>e ['Y;:.2,7.7 
polA DNh. ?ol.y,"e~;..,e l. IEC:2.7.7.7] 
bha.BH31';>3 rolA; DNC'. pnlymeN3<;! 1 ~EC.2.7.7.1) 
TP010S [,NA p"lymera-;e : (polA). [EC: 2. 7.7,7] 
BBDS4't1 po:"A; i\}ji\ pol.ytttN""~.,. 1. lEC: Z. 7.' .7 i 
RP776 [:'01A; DNA polym€<t¿,,¡e r. [EC.Z,/.I,I) 
CT49.3 ;)NA Foly~l'arase r. [E:C:2.7.7.7] 
epOl'5 DNi'l polyrr,eras€ 1 ¡polAr 
cmu.TC0780 DNA polynteLd,e 1 [EC .:..7.1.7) 
cJe:t:J0.338c polA.; DNA polytnet¿,se 1 [tl.:2.7.7.i) 
HP1470 polA! DNA polx'll\eLd':le 1 (POL 11. [E(:2. 7. 7 
hp) ]hp136.3 DN,!\' l)olymer1se 1 [r,e 2.7.7.7] 
M",..1181, 1,<)1,,\, DW; polyn\"¡,~,,,<: 1 1648220: :1.(,",095'-) re 
"Rv1629 PQU\/ polymi?"lM;" l. (E('.2..7,7.71 
cel:W03AJ.2 DNi" p<)lym/~rd.~.:? (CE1448b) [EC:2.7.7.7 
a~1967 polA; DNA poly'lleras", 1 (PolI). [EC:2.7.7 
PAB2.3;'9 (KorA-l) D<:,Z-I''.l-t''gl\lt"r<tte (ercedo"ill ox 

'1 '4, 
:.'30) 
9381 

( 913) 
9?3) 
893\ 
986) 
9'>6) 
880\ 
876) 
997 J 
908) 
867) 
R66) 
870) 
866) 
879! 
8921 
897 ) 
911 ) 

\ 'N~\ 
(120)') 
I 574) 
I 408\ 

w 
43l 
qO 
393 
369 
3~9 

.3 ~O 
30'> 
300 
249 

2" 
2.38 
226 
:26 
:.:19 
208 
203 
197 
11' 
](-,\'0 

128 
113 

97 

UJ2 
100 

9S 
92 

" 76 
74 
73 

" 62 
G1 
SS 
57 
5' 

" 53 
52 
51 

" 44 
36 
33 
30 

J<:¡-20 
2.1"'-19 
2.&e-18 
8 ?,?-17 

.38-13 

ge-13 
1. 9<;.-12 
3.5e-09 

Se-09 
l. ,e-08 
8,8e-08 
8.88-08 
2.48-07 
1. 2e-06 
2.6e-06 
6.2e-06 
O.()0017 
(l.<)lJO')7 

0.18 
0.87 

6.7 

Sequc~nc",'., wltn E-value BSTrl':R (hd" th!","shold 

S'_(¡I, 

(b; r:<) V~l "'" 

g!. 111882;:' I sp 1 Pi "8211 DP01_THEAQ DNA POLYM<:RA$8 1. THEfl.}10STABLS ¡r. 
9llZS063651splPS01941DPOl TBECA DNA POLYMERASE " THERMOSTA3LE ( ... 
gli2320101sp1P303131DP01_THEfL DNA POLYMERASE 1. THERMOSTll.BLS (T ••• 
gi11 7 06S021sp1P520281DP01_THETH DNA POLYMERASE: 1, THERMOSTABLE ( ... 
glI304167¿lspIPS202~\D?Ol BACST DNA ?OLYMERASE 1 ,?OL 1 I 
9lI118815IspIPOO582IDPOl_ECOLI DNA POLYMERASE 1 (POL l) ><;¡i 1 6705 .•. 
gl1J9135101sp10522251DPOl THf;FI DNA POLYMERASE " THf,;RMOSTABLE ( ... 
Cll r 60150011 spl 0349961 DP01_BACSU DNA POLYMEAASE 1 (rOL l) >glI743 ..• 
gll (.014 9991 ~p 1 Q591561 DPOl_ANATH DNA POLYMEAASE 1 (POL l) >9.J.1140 ..• 
,,114169111 iSr 1 Q04 '~')71 DP01_BACCA DNA POLYMERASE 1 (POL l) >9lI4196 ... 
gi I (,(J1:-002 l.sp 1 OOU ,071 DfOl_CHLAlJ ONl\ rOL"'tMERJl,..SE 1 (rOL 11 ><;1.1191. .• 
gil11694021 sp 1 P~J7411 DPOl_HAEIN DNA POLYMERASE 1 (POL l) >gll107 ..• 
gl i G22S:::8;:'1 sf-'I Q5S97i1 DP01_SYNY3 DNA POLYMERASE 1 (POr.. 11 >glI743 ..• 
gi 17404361 i sp i P520271 DPOl_ DE1AA DNA P01,YMtAASE 1 I?OL 1i >1)iI 1 47 ..• 
ql 11.22':':98151 :sp I Q9Sl G.2 I DrOl_PJ1ILE ONA POLYMEAASE 1 (POL I) '>glI5S ... 
gi I 6166143I.:.pl P74~U31 m'OI_TREPA DNA POLYMERASE 1 (POr.. 1 I '>glI 7 43 ... 
]11622;'284) .:,pl 051498 I DP01_BORBU ONA rOLYMEAASE 1 (['OL 11 >glI743 ... 
\Ji \ 60150031 spl(\328011 DF'Ol_LACLC DNA POLYMERA5E 1 (POL 11 '>giI228 ... 
Sl1601S0041sp10059491DP01_RICPR ONA POLYMERASE 1 (POL Ii >glI743 ... 
gl t S850':",> I sp I Q077('()1 DPOJ_MYCTlI "NA pOLYMEAASE 1 (POL 1 I >glI7434 ... 
qll118S:::í I spl FU2;,21 DP01._STRPN DNA POL~'MERA$E 1 (HiL 11 .'ql 1 ~802 ... 
'J 1 : <l7(l'lH561 sr I PS610~ll OF01_ HE:LPY "NA POLYMERASE: 1 (POJ. 11 
q 11 9'18 ~n 4 H 1 ,~)ll ,~q;;,!],:,¡ I DP01 .. 11F:l.[',1 DNA POl.YMf.Rl\S~: 1 ¡PU), 11 "1' I I ~ " 
.¡ 1 11 1 ",.4 O.JI sp I 1'46;' .¡51 [¡P01_ MYCLE [JNA P()LYM,:r"i~;r; 1 (POJ. 1) ~cl! 1 lO,'. 
(111 <.l6?~474 1 ((>f I NP •. OJ9 708 .11 p1'~JictC!d €.6.?Kd P¡,'t0'ln [My'·ot\,,,,\(,~·, . 
(111) 1(¡aS51 ~¡:..¡ P1 98::':: I ('1POL_ 8PT5 ONA POLYM8RASE >')lI 670!oS 1 ¡'Jlr 1 Il.!J8¡.., 
S',l I 'J 6304 281 ra( \ NP _ 046860. l \ PNA polyrnel'ase; gp44 [Mycob,:¡ct(:¡rJ,opl't ••• 
q.:.1 57:299841 :rf:f 1 NP_ OO¡;'S87.11 polyrnerC'",e (DNA dir"';t.ed) , thet,'l, pa ... 
q~ i ,1 (,1 ~J6C 1 «p Il'j(I~141 DPOL_ap~,P1 "NA paLmERASE: 
(j \ ¡ (,015000 I ~pl N,7"'7~ 1 DrOl_JlQtfAE DNA POLYMERASE 1 (POr.. II >CJlI 7 51 ... 
'I! 511""" ;5I'r" p"n'1111 D?0L_ 8PT) ONA FOLYMERASE "'JlI76~15IpirIIS(\75, 

qtl(j(,2'''~4i~d ,1'Ir _,141:.1,,;,. l¡ g-?!l(' ;" DNA p .. ~lyn>(?~·~,.;", l:B,lCH'!'\aph':l\J ... 

<lil"\)(\'¡()~t¡' .. ,ft"¡:' on911·1.11 PI k:'n"".,.~ (l'f.,,"f,) <ln~I)Vl pj'Jt'·~II.;, ¡H\') .•. 
q¡ t 1.:1)';(,.; 1 ~I' t F'l 1,1191 f'Th'S CLO;,,; rOR,M.l\n;--n:TRAHyt\ROn)1.An: LIG"'-"¡;; .. . 
<j ( 1 .~ (, 7 Q·n 1 'll~ 1 (~n j 'j() JI ~,\JlIl"¡:;YN'{ 1 ~;\Jl.r,,'it:~ [IINDl N(, ,'I~(j'l'E 1 N rl{F.('IJI.:.,c:íJr, .. . 
'1 \ 1 ('''~ 1:' 71,Jp I'..!') 11)(,41 fTH,:,=CLOCY n>f.:,MA1T,--Ten-:AHYDkí)[·Oé.1\1'F. Ll GA'"L 
<lll:lb91.1t11,WII''::.1,jZ'::ICYl4 NC1JCF. 5ULrATE ¡;'<:RMCASE 1I 
,l~I.'49)75!)1,"!.'IQ('O.\471)'1)42=ME'l'JA HYI?OTHETlCA.L FROTEI~ MJQ042 ';-lJll ... 
gll.:A~'9"211 :;pl"%194 1 YIBL AZOVI HYI?()'IHETICl\L TRANSCRIPTIONAL R::¡; •.. 
'Ji I ;;':,Ol~f\~1 :,;pl\lC¡~48\l1 VDG_DlCOI VEG1.36 PROTEIN )gl.l1513300 IgblAA .•. 
(.ji 1 r,Q'I81,611 :"r INP .\l3666.?11 <;!"~,1tlne ~ln¡;¡>:lo, I~\l:;clc form [Rattlls .•. 
'11 1f',¡,1l 7t;:>ll··fINI' O,ll"lh,.ll .:t",,,lllw kLll,;.:l,), Inu~,l.l (Mu:lltl\i:l<:tllu .. 
,¡t11:'d(,/I·,¡/il'(¡I!',~JIY.I'I:)1I~AHJT ,'I<¡:A'[IIII; Y.H¡A~F., M l'¡.¡¡\IN (M~,'n '. 
'Jlll:",lO\I';llII-O'.,ldl);I:I<M_,:o,tlrll lJ'(f:ATLN¡: ,;INME, M l:llAlN (M-en .... . 
q ~ t ~O,!l651 1 L ,~f I Hf'_005(¡r..2. 11 L .~p~ od'Jcti')1\ Íj; RepL'odl.lct ion! eh rl)lno.~ .. . 
.¡il~7~8Q,;41r, .. ~:Nf'.O'~,PS,1.1I <:yt')lw,~ln 1. L~,,[orn\ 1, llomolog Q! .~ .. . 
'l\lll)<l<;",'ll!~IX,'~INf' ()4~217,ll 111_:1'.1 [E':nr ... 'rQt)..tct~'t ,~'JL'()'l'"ln';~) .'qLI .. . 
'nl;.l.,~"n.'I~I;.I'.'''i'.SC''Ir:(F<M_[j(>V!N CI\~AnNr. kINA$E, M CHAIN (Mwr;,:) ••• 

171 
375 
174 
173 
172 
1'1 
364 
164 
161 
161 
160 
160 
157 
lSl 
151 
153 
149 
146 
341 
139 
139 
De¡ 
1.".1 
1,1" 
lJl 
DO 
130 
105 
102 

" 86 
B::, 

34 
31 
lO 
31) 
30 
29 
29 

" 29 
:::9 
:~ '1 

~IJ 

" 2Ft 
2'1 

" 

;':e-4" 
le-~4 

2e-44 
58-44 
5",-44 
2e-43 
le-41 
2e-41 
H,-<tO 
2<>-f,O 
3p-41) 
Je-40 
2",-39 
21'>"':$9 
3e-39 
3e- 3S 
ge-:n 
Sa-3t' 
le~34 

Se-.~4 

5("-34 
1e~33 
:"~- .\,\ 

1 "~:\;' 
~'~)~:!1 

;:.,-31 
:%-31 
8<;0<'4 
7e~¿:j 

2",-18 
"0-16 
?(?~ll 

O. ()~7 
O. 3>~ 
0.4» 
O.b') 
O. "lO 
0.90 
1. 00 
1.: 
lo' 
!.4 
l. o 

,1) 

.0 

.1 
,1 
.1 
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'l , ,(, "/;~ ,7', i _'1, i ,/,j' p,') j :"Y r jl,r:J{PI~ L,nr,r:r Ji'YL-'RN/l. :~ (1 :'I'flFl'NW r 1 s"r.r.r r .. 
'rtiIIH,,',:I.'¡,II·rd,;:',[IJI"¡[.I<I' .. 1 I,¡jfl ¡'(iI.YI~JI'A:;J 'lil'./'I',·II,,'illlll' 
'1'11 ",I(J~I,pll,(lilr",',rr,<lM (111", (¡(Ud'llil', ~.IJ.I/\',I', J~ rll/llll 11'1"'11 
'1111.','<I',I~I,II''',II'IL'I(H IIIIMI\]I '.I(IA'j'INl V,IIi/':'¡, I~ 'II/dll ()~ '11 
(Jlllj46"1~,I·,D'j)1';l()J.:IIMYC HYLLA MYC PkOTO-ONC'O(,SNS r"VIC1~' (I'-MY( .. 
'1 J 1 -¡ 17" 54 ,< , ,;", 1 ,',1 10: 4 1 :~YT - HAEI 1" T'fí{l:ONYL-THNl, S 1N'I dó, '11\,,' í r"r'f~')lll 

-'fI 

_J: 

,,8 

,p '11701U31.óplr¡1(,¿;OOI\l¡·Tl· jl,~ATJ-I HUME:l,DOX-LSUl'INf, llr'r,U.., 1'1<')]'.;N , l.' 
'J 1 1 ~ql N<40 1 "p, Vll.1G31 PRH-(TH81-lA DNA HaMASE: ;"Jl 1 7~ ,1,'fH q 1 r': , 1 1 VI ¿' :.1 .1. 
<pl';CJ¿¿;lllr<ofl:oJI"_04S1f,4,j.Ji f'r~¡II",::;<o [Ba<.t<or.LGpri'!<;¡"- '1'4J .... ,;1'11<0,.,. ~ " 9.t124Sl264713pIQ92412ILYS4_EMENI HOMOACONITASE PRECURSOR {riOMOACO. 
glI2S0173Ji5PlyO:961IFEXC_?ICFA FEROXISOME ASSEMBLY ~ROTEIN ~AS1 •. 
g::. i 111,'4,''''4 I "pi ('9JX80 1 NIIOC NEIMA NP,nH DE"JYGROGSNJl,SE J CHAIN e (N, 
'J~11¡,'jf,:(¡21"pl(¿:;K1C1INlI()C-NErMR ¡IADH Dt:J{Yní{Qc;ENF\~,<; 1 rflATN (' (N. 
iJlILHq)(lllsPI~:,7972111l1T:3~PA5MU DNA Ml!:-MJ\'J'CII REI'Alk H,O'rEIN I~,I'!. 
,]:166''''17(.:1:~Jfl!';?_Cl32791.1T O:-ig1P recogn2.t¡or> cO'fLplex, subun.lt 

" 27 
27 
-'7 

26 

" ;>1, 
26 

, J 

8. 

q 1 ::':48:;98:, I s¡Ji ["'891 71 GC?I SCHPO GLliCOSE-f,-PHOSPHATf: rSOMER)l,$E (G. 
.,11 (s?17~'J 1 H":, :iE' _8118:::,.11 C¡to",hrome B p::-q-mR',I)\ ¡..n)';<~~-.twJ 1--",e,. 

'111 1363Z5861 "pi 0757471 P1.(3G HW.AN ?HOSPHATID,;,LINOSITOL J,-KIN¡'.SE ( 
glI5S031871J;efl~'¡P 006746.11 transaldolase 1; d.l.hyd.coxya<.etone tr. 
SlIGJ2351:-I"E-fl',?=013586,1i NADE dehydroqen<:<se (U?.lqul-o-,e); Ndl. 

26 9.4 
26 

All'Jnment<; 

>glI11882(,;<¡pIP1982110E>ol_THEAQ DNA POLYMERASE:. 1, THE~OSTABLE (TA~ POLYMERASE 1) 
'F'9470"'I1'irIIA335-,0 DNA-dJre,;r,,'?d DNA polym"tase (Er' 2.7.7.7) 1 - Therm1.1" aquati":IJ,': 
<,f.l138919J8Ipdbll!3(,XIT C!oaln T, Ta,{ f'olym'H'¡¡,e In c:.omplex Wlth Tp7, Aro IrlLLbitoty F<eh 
gi¡724W191¡;;dbllCMWIA Cltdlll A, Cry;,:;tal StLucture OE Tae¡ Dna-Polymerase Show", A Ñew 

Ollentatlon for The SttuctlJrs-$nec.lflC Nuclea3e Doma)"l 
qlllSS129i'JI)IAAA27S07.11 (,J04639\ UNA polYllleu'-~e [Thermus a':¡1Jat:.c';s1 

Lenqtn ~ 832 

Seore ~ 177 bit~ (451), L<pect = 2e-45 
Identlt~e~ ~ 52/115 (45"1. P051t.lV"',~ ~ 7.,/115 163~), Gaps ~ 1/11510%) 

<).11"" i r,VKI IJf r~VLHNH';';U. TLRLAELf:f\KAHf,r !\\~EEl'NL3STKQLQ1 1 LFr.K()(,J K,'L1q:T- hO 
(,'V"I) L ¡;, ,/\ LE t '1'1(, '·Nl,.,,:~ Ql.f fr.", (" 1>;1' 

SbJCL 1,lh (,VRLUVAYLIV\L.'::.EV/\EUARLr::Ar:V! RLA(,HI-'FNLNSRDQLERVU'UEL(,LPAJ(A;n: ;,t) 1 

r~lJ.l' '( 1,1 ,'r,1 ,td' , ¡' ,U.'fl.ll [,ld.ll'll'l,J 1-''1 [1.I;Yl'( .L.fI.~,L"", ,y i \¡)\ U'LM 1 N ['~,'I' ,1,V1\ l' \ \ ' 
(, Se"-' VL!; L -rFI' lL+YR L KLKSTY D L[' ¡.]+P+TGR'H1 

'sbJ ,;1": 5111, KT(,hR~, rSAl\Vr.EA1.REAHt',V¡':¡'-1 LOYf,,:L TI\LKSTY 1 DPLPnL IllPf,T(,RLfIT ')G2 

_'1,l2':"0(¡H,':"I:;¡rlé'o'j01'141UI-')1_'c¡¡r.CA UNA ?OLn~Ll.;A.':oE. 1, 'ffiER.MO~TAJ.jLE {me. ¡.(;j.nt.¡.J,.'J1: 11 
g.LI1470115Igh1AABSn':l8.11 (1J62S84) thermo",tabl-e DNA polymen:¡<;e [Th"rmus ~",ldop¡nlu~l 

Length - 83~ 

:3,-;o::e ~ 17:" bIts (44<11, E{p~ct ~ 1e-44 
IdentitH¡',5 ~ 49/115 (4n), PO:3.lc"-ve", ~ 71/115 (61'6). ,:;:'ps ~ 1/115 (0%) 

'),Wl y ';Vi':! [JI'I, VL¡¡NH:.~' u:rLkW\I:..L.E:KKA¡¡t:1AG¡':I::F~ILS:.n'I;I;¡L~) I'l U '.Kl,lG 1 y,f'LKK'l'- ',0 
GV++D L S EL + LE++ +AG FNL+S QL+ +Lf->+ + ¡, KT 

SbJ ('t' 450 GVRLDV.'\i'LQALSLE!..AEEIR'\LEEEVFRLAGHPFNLNSR!)QLE:RVLfPELRLPALGKTQ 509 

Query: 61 PGGAPSTSEEVLEELA.LD'tPL"KVILEY~GLA.KLKSTYTDKLPLt1INPKTGRVHT 115 
G S't~ vu: L +t'~ + Il.++R L Kl.K+'t't D U? +Ht' TGR+\{! 

SbJct: ,,:0 "TGKR.:.T5AA\'1,EALRE:AHPIVEKILQHREL TKLKNTYVD"LP$LVHPNTGRLHT 564 

1.', 

>91123201n I ~!'I P303111 DP01_THEF1.. DNA POLYMERASE 1, THERMOSTABLE (TrI. POLYMERASE 1) 
giI281<',~8Ip~rIIS2qq1S DNi\-di.rect",q, ONJl.. poLYlli"'rasr;, ¡<:.c 2.7.1.11 1 - Tl\r;,t;tws aquaticus 
g.l.148166Io¡¡~\bl(AA4GqOO.11 (X6~105) DNA-óiro;cted DNA polymerase [Ther¡l\us thermoph.llus) 

L':-nQl~l .. 8.11 

:,,;,~~". \i'1 I'l-l' (4·1:\, ""\l"'" ., ::'1-'\'\ 
r..:l"lltitl>"! ' .. o/n? 141~), l")!,ltll/'~ . ., ~ 7-'1115 Ib-''!.). ("~!l,~" 1/115 (0'1.) 

Que. y, \3V¡..,r t<f'i\VL¡'NH~EE'.L 1'LRLA~LE:.KKAHEIAGEEE'NLSSTKQLQ.TI LfEKQGI KPLKKT- r,O 
C;\JHí' \., S E" + +LS.¡.+ +AG cNL+S QL" +Lr++ G+ .¡.)o\T 

SbJ :t., ,1,17 GVRLDVAY L0AL'sLEVSAfVR0LE:EEVFRLAGHPfNLNSRDQLSRVLFDELGLPAI GKTF. ~,!)" 

Quecy: 61 P(;(,APSTSEf.VI.EELIl,L:;lY PL!"KVTLEYRGLAKLKSTYTiJ,",LPLMI NPKTGRVHT 118 
(. S~S llU: L ... ~ IL+t:R L KLK.¡.TY O LP +++t'KTGR+HT 

Sl>] ,; t: ~'J7 '~T,~f;R.s':'SAAVLF AJ.RU,KPIVDf,'I LQYRf.L TKLl,NTY IOPLPAINHPK,'GRLHT St; 1 

"g~I!IO(,;,u""'pl¡'r,I!""!,,,,l_rl-ll:TII [iNr, ('UI¡¡~II:I\l\::iO: t, 'IHU.:.MU;,IMILI: ('1'111 ¡'()I,(~tr:I'¡,:';): 1) 
'1\1.,\;,.,°)'14',<'."'\'''''1\1\(\«\'',',,1\ \\\?"B'I~<\ \·h",:\\\','}~\,cl.\,l" [''Ir, p<:!\yro(,r¡;,.~ 1 ¡'l'h.'r!1'\).'> t::h·,,:\;mé,ph!L,¡.· 
(;ll{,0()'"~1',I(j¡.)II<,\J\I;·1'1'\'1 11 liü\0.'~,i':¡\'1 i'th (Mil f'olyn.'-r,: ... · !r:'!LP"'.'lnr, V'·'.'lu[ pLL:[J-Hil] 

J.. 'J'.0th ' f •• '.', 

:';,,->1" ~ 1'1.\ \'\1,' (4:\1,\, fx\""t " '''l-~'\ 
ld.·'ntl.!ll. 4;'lll:, 1·1.',1, I'.:!~,\riv, .. ~< ~ "'1/11!> (\,l~). '::;~'~'., 

('\1'-' ry . ,Wh 1 nr ;':V['H~IHS¡,;r:;. TI. RL,\f':L ¡::n:AHE 1 AGEE FNLSS n;QLQTT L rr.;;QG I K PL 1~I;T- "O 
(;V. D 1, ~'\:.L :'E:, .. ~ *AG FNL"S 0,+ *Lfu 1, I~'!' 

$bj~ t: ~S(l GVRf.-l!V¡,iLIJALSLSLAEErRRLEEEVfR.l.AGHPFNLNSRDQLERV1 ... rDELRLPALCK tQ 509 

Qu'"ry: (,1 1 '(~CAP~n·~~f.CVLf:n,ALDY PI.p':Vr Lf;YRGLAr:LKS rYTDlíLPL~l J NP);TGRVHT 11 ~ 
,~ S1\' VLr. \. ~,,~ .. ll.\>1't L I':LK~TI.' D LI' +\*I'<TGR~HT 

Sbj,-.t: ~,J o I:TG¡,R:.''!'~;AAVLE:,;LRE:AK? IVE.KI l.QHREL TKLKNTYVDPLPSLVilPR1'GRLHT 5~,4 

;"<lll;J()~1~7::'I~i,I[,S;,O:6ImOl_[lAC~:;j' DNA Pül.i'MEFJ.\~;E r (fOL i) 

¡ o'jf, "1 Ú, '" In~, 
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Appendix 1 
Fasta results: Type JI DNA polymenlse Thumb domain against Swiss Pro! Da!abasc 
FASTA (3.-'[, ,T\.n.¡> 2000) flJ:lct.lon ¡opc.l.m.lz€c, [,LSü marr.l": ¡::, -5)] <:,t'p. 

jOln· 3(, ,)pt. 2~, gap-;:>'i'r' -12/ -2, vnd;:h: 16 
The best ",ore" are: 
PJI.B1128 (poll) DE:Dl'<A polymerase 
PH1947 1230'-"'" lon~1 l¡ypn~h"tHal DNft.-dlre,:ted D'lA 
M,i0685 r,ut",t~¡(1 [,H;. pul/met·,·,",';;. íf:(;J.7.7.7) rsp 
MTiíí'(H' [¡l'A-d, ,,,,,,,1,·,,,\ :,jU, 1"']'/""" '" "<. 1",,111 f\ 11'" 
ap~,:)I~'L:'(I~jc< IlJ>IA-c!¡¡e<.l,·cj liN,¡ f'olymB!dSt' 11'(.,c.I. 
AF0497 po13; DliA poly¡r,,,ra,,e B1. [SC:2.7.7.7] 
;:¡ce;YDl..l02'¡ eDe:?, HIL3, TEY.l; DNA pol'frnerase del 
ap€':APE2229 DNA-d.lr'i'('t,=,d DNA polyrr.eras€ tEC:2.7. 
bO(l60 polE, dl'"1A; DNA pl.'lym€'ras'? Ir (poI JI). fE 
mrou:S966G Pola1; DNJI. polyrn",ra~E' alpha 1, 180 kDa 
hal:VNG0521G p~;lBl; DNp. polymera~e Bl ¡EC:2.7.7. 
pa"':PA18S'i pc:1B, DNA polyrt'€'rase TI [EC:2.7.7.7] 
vch:VC1212 DNA pc>lym"'S:óse Ir (EC.:2.7.7.7] 
TVG0550 709 !lb0Z0mal protéin ~mall subunit 39 
Af1938 conselved hypotnBtlcól plotein. 
ath: F12B7. 5 p"t;"dtive DNA polymelaze zeta cata1yt 
,)th.n¡:l':J." Slm:d,H lo putatlve DNA polymelase-J 
M.Jl630 ';<)n";'~L",:,d hypoth"tlcal ¡nqteLn. 
c91:'10C2.4 DNA polylUerase fam.Üy b (CE09108) fE 

Sequenc",-" "·::.th S-v",lue BE'TTER than threshold 

op' 
[ 771 ) 46« 
( 1235) ~56 
1104 ) ," 
( "\) 

( 1,¡41 '·1 J 
[ 781) 217 
(1097: 125 , [371 1;::1 
[ 7R3) :20 
(14 (5) 11' 
( 901 \ 111 
[ 787) 110 
[ 787) 107 , 200) 91 
[ 673) 103 
(1871) lOS 
(1894 ) loe 
(1139) lOS 
( 1081) 104 

bl.t.s E.\J.:Oi)1¡ 
101 4.3e-21 
:01 8 19-21 

[C, , 7e-1J 
" - 1 i 

',1< /"-('>11 

53 1.Je-06 
35 (l. G 

" O ,~ 
34 0.92 
33 3 
32 3.6 
32 3.7 
31 5.6 
29 7.6 

" 8.6 
32 9.7 
3~ 9.8 
31 9. <) 

lL 11 

Sequ"'nc~c;, ¡>LoduC.l.ng -'¡gnlflcant ".l.1.qnments, 
Score 

{bltS) V",lue 

911131242:9Ispli~\9I,RE6IVPuV_ORYSP., UNA t'OLYM?,:RAS¡: GE1.TA CATALYT)( 
q 1 I 13·1314 6S I >1p] ,'77 0)3 1 f!POL _ P {RK(.1 DNA POI. YI~!SRA.sE [rONTA T NS. f'NIXJN •• 
'1' 11 'fe )]!·17 S I -:1' I Q')HH84 IllPO[, _'1 m~GH i'NA I'Ol.YMf:HAS,: [( (lt"j'AJ N,',. f'N[)()N. 
'ltlú()1"O,")I"I'II,c",,,,¡¡91f1P0J. TIl1':(;() UNA I'OLH-H:¡..:ASE ('1'0 I'OL! '",I~I.qc,. 

q¡ I <"13;'101 sp I '/)1,} ,b(,1 üE'OL'THES9 DNA I'OLYMSr-ASE _'<j.l.II4J4IJ JI! I[J¡t 11. 
gl~J91_'5251.sPI048901IDl"OD=SOYBN Dl'lA POLYMEAASE DELTA CATP,LYTI(. S ••• 
'1lI3913S28IspIP74918IDPOL THEFM DNA POLYMERASE 1POL Tro) >g.I165 ... 
gi:39lJ530IsPIP77932IDPQL:FYRSE DNA POLYMERASE >gll149S770Iemt-IC. 
gll14S21919Iref(NP_127396.11 DNA polymerase 1 [Eyroc:ocCl\S abyss.l. ••• 
qiI13124718IspIPS435SIDPOD_DROME DNA POLYMeRASE DEL'!'A CATALYTIC ••• 
91: 39135261 -,pl 059610 I DPOL_PYRHO DNA POLYMEM.SE >gl.17446920 I pit'¡ I ••• 
qL¡232020IspIP]O'317IDPOL THELI DNA. POLYMEAASE (VENT DNA POLYMERA ••• 
9~11J124220:splr.1SlLVN7IDPOD_ARATH DNA POLYMERASE DELTA CATALYTIC 
glI39941l5IspiP8')061IDPOL f'YRru DNA POLYMERASE (?FU rOLYMO:RASE) > ..• 
<Ji 1~'~')41re(,I.lplr.J·,1 <54 I Df'OT. PYR.SD DNA f'OJ.YMERAS¡:: ([¡EEP Vf.NT DNA f'O •. 
1J.14~():,:13'lr'?fINP_002L82.II polym,",rd,~e (DNA dl!ecb~d), d€lt~ 1, 
g~11706505ISP!P524311DPOD_MOUSE Dl'lA POLYMERASE DELTP CATALYTIC S •.. 
qlI1264~199IspIP30316IDPOD_SCHPO DNA POLYMERASE DELTA CATALYTIC 
g~1118838IspIP.2El339IDPOD eOVIN DNA POLYMEAASE DELTA CATALJ."TIC SU ••• 
glI39135Z~lsPI033S~5IDPOL_THZST DNA POLYMERASE >g~¡2293389IEmbIC •.• 
9lI1312471~I~pl?4658eIDPOD_CANAL DNA POLY~RASE DELTA CATALYTIC •.• 
gl.111Q.;7381\rE?iINP_067694.11 DNA f>olymeras,," delta, c.atalytl.c sub ••. 
<j\!.H22029IsPIP97283IDPOD MESAU DNA POLYMEAASE DELTA CATALYTIC S ••• 
q 1 11.11 '11 "" I "'pi péJ082? I DPOD_('AEEL [lNA POLYMEAA$f DELTA rATALYTIr •• , 
q,I(J::()lOllr~'íINl' 010161.11 l",rg'i\ó-t ancl c<lt",lytic s\lbunlt of D>.JA ••• 
qll¡',:2~128",:sPI09ii46ID¡:'02_AERPE DNA E'OLYMEAASE II >giI7434S011¡1l ••• 
',llI11~':!81a>-lrC!fl~P_069:n-,.11 DNA ¡J0lymer:aso;,> Bl (po18l lAr<:h:'Mgl •• , 
~llI391S6791!;!pIQSB295IDpOL METJA DNA POLYMEAASE [CONTAINS MJA PO .•. 
gil';Ol!;,0091':"PIOOOS74IDPOA:LErDO DNA POLYMEAASE ALPHA CA1ALnIC ~; ••• 
~pi170';S1.iI$~)lpS':025IDPOL • .1~ETVO DNA ¡:'OLYMEAASE >qlI49565~lqbIAAA ••• 
-.jl.13913S0.2lsPI005i061C,P03 SULSH DI,A POLYMEAASE IU {DNA P01YMERA. 
{1i.1::'2('\111:,pl~~O~lS\DPOO fLAfK DNA POLYMERA$E DELTA CATMST!C SU .•. 
qlll18\,3~1:<~>IP:7727IDPOA-'mYaB DNA POLYMEAASE ALPHA CATA!..~·Trl' SU. 
m,I.;9l.1515i':'F>IF~!;'~79IDP('J Sl.ILSO DNA P(~LYMEAASr: 111 {DNA POLYMERA ••. 
'j11~J.:()1';I:¡PIPJ(lJ201[¡PUL3:HVN2 [lNJI POLYMERA$f: >gil¿81076IpuiISt, ••• 
':.p. 1 (,(n ~,0:~:: \ :<p: (,[1,4::8 I DPOL_RCMVM [lNA POLYMEAA:.'Z 
,))ll'¡"B','I'O>p\~:J¡:"(V,(\lrWOA G-C\lr~~ NI;" POLYKERA:3,_ ALPHA r.:ATrJ;CrrC SU.,. 
'1)]'0,))1',,11""11111' r¡f,f! ... \,~ll PfW(-). UNII p"lyw.q-J~!~' [P.;¡,,!M,(lUn, h'l ••• 
'1' I'H,;o',·",',I¡.·! 1111' f)4(J:ll.11 [,lltl I",)'!I,,, I"J'!' 1'.,11",1;1"" In>ll''''''!\' 
'1 ' 1 ~,() J ~{) 1 '. 1"1 'i V, 'J(, •. S 11,1" H • .'>J'e.H'/ 1,1111 !'OL YMJ;HJ\!;~, ''1 I I .] ~'<' (, I 1 'i [, 1/\/\/\ ••. 
'11 11'lKf18l)1:<f,I¡:./)1 l.' 1 1·1\'1,1!.. M(1-l\1<: UNJ\ [·O!.YMERJ\SE "qil(,·IO~)lp.l.lIIDJB. 

q11,!l)¿<,,(,~11:,jll'W O)~')Ol\.)\ S,,\"f5 DlI" l~c~ym"'t¡;,,,,,} \(O,Hlyl, h<:>\t1o~o ••• 
91 I .,0150.:" I ::pl C'71121 1 Dt'()L_RHCM6 DNA POLYMEAASE >yi 129442401 go \ M. , . 
qll 92C069,.,SI "'PI Q·~'.u~,31 r)I'OL_HSVn DI'li\ POLYMEAASE': >gil416S0731 gb \ AA ••• 
nli142?ll)4(,ll·.~fINP 11(¡~Of),11 T')4 [TlIp.)i~ h¡¡:!'P"IJV~r:').~l >giln9696 ..• 
q~119'.J:,~11.3PIO',Il(,,7\IN'OZ_Hl)M1\N DNI\ POLYM¡:;AA~·E ~.ETA (:ATIU.YTIC SU ••• 
\H)"'l..:::: .. 71.11¡"íIN"_O~~I').Lll tINA pC)lym.)l","'~' \I-Ium",n bQ!p~$lIltU~ 1j •. , 
91Iq.~~fl \~()lr'~1 iNP 04.;'1,\1.11 U3fl, ¡lNA polym~r~,.() [1\'lO\.:on h,)rpe,vir ••• 
,j J ! :l( .'00,11'11 '_'f Hlf' ~OH),:.;(;. 11 DNA !".lym<H"'~'" 1 O¡O'JyJ 1 1',"'0,)d'"'tl)lIq,~tl.' •• 
Clli:¡I,~flOIJlr('fINP Ot,2t,(¡b.11 DNA ¡loly1\wr;'\!j(? l."QI,l.lc't1tlVf'.J subunll [ •• , 
'¡11".J,(:I(),'OllC.rINr-Ole,1~,8.11 rlNA polyrnC¡·J.,:¡r, ~,~t;1 ,"ubunit, R;:-v3p 1, 
Illl'>i:¡f,I(/li¡c.~IN~'-¡H1(¡1(1.lj (¡NA pf>l.:im()r;:>1H., \E(l\\lllr, b('rp'~:'>lIll:\\S l .. , 
ql:8"·.i:<"~¡II'''fINP~O:, .. \,)(.1: pulym~rl\:Ie ([)NJI-dlroct('d), dlph,,; p~l, 
'1' 1 (,01 :'01.1 \ ~~J 11J8QO~21 flPOl\_f(}',T ül-lA POLYMERJ\SE 1\LPI-IA CATAlYTIC SUb, 
"~.I",0150~QI!>F'iQ~0162:¡;f'OL_NPVl'F DNA POLYMEAASE >q.l.I'I4i638IgbIAAC., 
1:1(,(,7<,·1()"lrr.!INP 03'::~J!\,.:Ji DNA ~¡olymf)r;,.s(, !I10h~,;, )flO kD,< [Ml:!' •. 

'1' 1 (,01501:' \ ,'¡J 1 ,X'·ll:-.:' I OfH)A, OXY"tl, [¡NA Í't~L)MEl'.J\r>E A'LI'HJ\ rI\HIl,Y'rlr S. 
e;; , r' "1!lR111 "'p I ~1(;1 ~!l.i I !)f'OZ_MOll::;E ntlA pmSMERASE ZETA (,ATALYTI(~ $1I. , • 
:. \'('15.0111 ~'P: ,:,"46.1(,1 n"li';_'.i;';·(N(; [lNA POV(MEAASr; ,\I.rHA '~ArAI,YTr(" S. 
1; 1'~\.:"/'(I'I::c':·INP_Ci,\O:~.:.li !)f,F:¡:¡ (Ml-l1'l4) IHL:~"'\J rJHrr,':wlf\l~ .,. 

180 8,,-46 
180 !J,~-4', 

179 1,,-,1', 
17') .',,-~', 

1 /1) ~u-4~ 

178 3€-45 
178 1",-4') 
172 le-O 
172 le-43 
1 i2 2e-43 
172 2e-43 
171 4e-43 
170 Se-O 
170 7e-4J 
170 7r--43 
1b9 1'~-1.) 

168 2e-42 
168 3,.,-42 
168 3",-42 
168 3e-42 
168 4e-~2 

167 6 .. -42 
157 6e-Ü 
16:, 6t.'-4~ 
1~8 2.~-J9 

157 ge-39 
153 7e-31'l 
149 le-3':: 
in 5€-36 
141 60·36 
146 1",-35 
1-15 Zc-3;, 
145 3,,-35 
140 9e--34 
136 l",-JZ 
136 le-:,Z 
13:" 2e-J2 
ln 2<,,-:,1 
1 '11 ¡¡,~ \ t 
1 \(¡ 1 .. , \1 
1L8 2",-,<0 
ua :},,-,() 
126 8e-30 
125 2e-.29 
125 2e-2<) 
123 7(~-.';~' 
1:2.-' 1<')-.::,1 
12.1 1'J-28 
121 J,'-2f) 
1:'1 :,o:>-~8 

1:,0 %-2H 
118 ~,,_'.1 

11B 1",·2) 
11', 1,,-;'7 
117 7(J-.~7 

115 2~,-~~ 

11~ 4,'-:\.\ 
ll·¡ ~c-26 
11~ ~n_:,~ 

47 



,!,I'(\\"'I.I"'fi'Jj' (I"'4f,l,11 'JNA h,IY'lt"ld:",·fl'Mlli'V "í" :11(,rn~J 
q, 1 1-,',·\ l' H 1 '1" l' ",'11' Ilil",1 : IIL:,() 1)]11\ l't)LYHI'I'I\';1 1 '1' 1 'O', 1, i 1 '1) , 
<;¡ll ~¡627fl(J>;i ):~r 1.'11" O!:>4()~:,.11 LlNA-dep,=,nd<tnt DNA-polylr,~·l·,,~,," !A"l'](,l_ 
g: 1 63242271;'efli'P-0142él7 11 DNA )lQlyrnerase 1 olphc sl.lbunlt, p180 .. 
glI118829IspIP211S9IDP02_SCOLI DríA POLYMERASE Ir (POL 11\ :-<11167 ... 
'Jl : 1188 'H: :.pl ";,,,01 91 DPOl, I)ROME DNA POLYI~BRAS;:: ALr>~i" ()',Tr·LYT rr; 51.1 .• , 
<:;'- )11BB8ll--,1)\?'J'_<~JCJf.\D?\)1.-'"'SV1S [*m P(;l.YMf,~::,f, ~Cj\ \S111,';,\p') II[L,;,~ •. 
glI96~9411:).·efINP_.044632-:-11 DNJ\ polym",ráse [hum.:." r""l.:J('_'1~rv" ¡J .. 
<;¡lI1188801:,pl~"()4292IDPOL HSV1K fiN;" POLYMER,.,\SE "gll67034Ipi!'IIDJ8. 
gi:1188791;;,:PIP07917IDPOr...-HSV1A DNA POLYMERASE >gll;;;?036:1)~rIIDJB. 
ql:3913S38¡Sp!f'3~,690IDPOI 5[}LAC DNA POLYMERASE 1 ... giI2129430Ipu. 
<)lll]('{j{j~I.'jljf-'(JI~)iq[lI'lH, If:lV.?l rlNA rOr,YMf.RASf ''1II(;/(I:''I,,¡dln.1Ft. 
gl Ib:';"<¡~'dJI",pl()'1lI4:'IDPO.i Af,F\Pr; r,JN/<' P01"YMCH,A~:E J "1' I'H ¡~II(J(·lf)Lr. 
'J~12.120¡glspIP30J18IDPQL ÑPVLD DNA. i"OLYMERASE >glI484':,12Iplrll,lQ. 
9.Li3913508'$pi050607IDPOISULOH DNA POLY~AASE 1 (DNA POLYM~RASE ••• 
~Pi6214(IC-;'I¡"e::¡'¡P_014137.11 DNA polym€rQse 11, Po12p ¡S~cc'wro;ny ... 
glI5453926Ire:INP_OOE:222.11 polymerase IDNA d:lreeted), ep:>llon [, 
q.l. 139135341 "pi P87154 1 DPOE_SCHPO DNA POLYMEAASE EPSILON, CATJlLYTI .•. 

S1?(juences with E-value WO~>E than threshold 

gl161)1S0241spi07073b1DPOL RSIV DNA POLYMERASE >g~13176380IQbJIBA ..• 
gii1H94071::¡pIP4J1J9tDPOL=ASFL6 DNA POLYMER1'.SE >gllA.8055.\ipHIIS ••• 
glI11694081::¡pIP42489¡DPOL ASFB7 DNA POLYNEAASE >glI457624IgbIAM., 
gll96326.\7lrefINP 04.9662.11 DNA polytnerase [Bacteriol?hage T4) >g ••• 
giI6325045IrefINP=015113.11 l.nvolved 1n r!.bosome biogenesis, Nio .•• 
g1.16j22j051~ef\NP 012379.11 S$y5p (Se.cche.roolyces ceren<;J,:e.ej )-g:;. ••• 
g1.14656711sPIP343441YK65 CAEEL HYPOTHETICAL 73.3 KD PROTEIN C29E ..• 
9116322923ItefINP 012996:-11 Ykr070wp [Saccl13romyces CereViS.l.ae) •.. 
gll4174331spiP328711P11A EOVIN PHOS?HATIDYLINOSITOL 3-KINAS~ CA! ..• 
g1.. [66793171 ref ¡}JP 032R65:-1 i pho,'3[Jhat1dylinositol 3-klnase, <::atal •.• 
gl 1 5453892 1 ref 1 NP - 006209. 11 pt'lO,-Spholnoslt lde-3- kinase, ea talyt le •.. 
'pI2320151,sPIP.10119IDPOL CBEPV DNA POLYHERASE >glIZ81209IpifliS2 ... 
g.l.1 302467{, I <lpl P:,{,4 SSI SYH-HELPY HISTIDYL-TRN¡'. SYNTH.ETASE (HIST!DI, 
<)1 IllCql,lJ I.';¡, I f'H<\20 I ['H,Ú BACStT F'ROBA8LE ALDr;HYDE Df,:IlYrlROGr::NMf' 
<,) 1 i 1 :64 ).1;,'", I "'p I {jq~7.\;91l\)-1I"ÚJ Al\J\'rH POtt.NT1AL CQP1?r.R-1'íU\\<l~;'i'OR1''jI-l', 1\ 

'J ¡ I ,,,'14 j',>! 1":1,1 ':,>92<:,.",' I";YH lI~'U,,1 filó. rHIYL-THNA f;YNTIIC"!\S¡.' IHT';Tt rll . 
gll 60150211,;p i Q841731 DPOL_ORE'N2 DNA POLYMEAASE >glI12369471 gb 1 ,'>.l.. 
91160942691...,p 1 (.\~ 64551 SELS MOOTH S';'LENOCYSTEINE-SPECIFlC ELONGATl ... 
<:Ji \ S'9?\1039 \ SI.' IQ'l'I.S97¡ CQAA-SACT' PEST!CIDIAL CRYSTAL PROTEIN CRY2 .. 
9l1144244531splQ07GJ51DP02 SULSO DNA PüLyt.tERASE 11 (DNA ?OL'iMCRA .. . 
911 H227421 Sr-> 1 02468>l I RL3_:>YNP¡'; 50S RIBOSOMN.. PROTEIN L3 >glI2~46 .. . 

1<;' 

'" ,llI 
10(1 

99 
9', 
gs 
éll~ 

% 
9S 
94 ,,', 
'" 
90 
88 
S9 
SS 
54 

38 
3S 
35 
31 
31 
30 
30 
30 
30 
29 

" 29 

" :,q 

'''1 

,:"l 

" 28 
28 
28 

" 

1 .--

.le-

2",-11 
2~'-21 

40-:': 
¿"-; r; 
;;rj_,,'¡ 
2<,-20 
J".-:.o 
9G-?0 
1'--1 q 

1"-1" 
1e-1(; 

4",-18 
6e-0<) 
48-02 
le-07 

0.007 
0.038 
0.065 
0.74 
0.82 
1.3 
1.5 
1.8 
2.1 
2.2 
2. (: 
2. ·1 

5 
!. q 

, 
4.5 
5.7 
'.5 
O. el 

>gl1131242191 ",pi Q9LR% 1 DPOD ORYSA DNA POLYMER.!l,SE DELTA CATALYTIC SvBUl'lIT 
gi.l,n.6'il57Gldbj\BAA9951::..1.\-(¡'l.EC37€.99) DNl>. ?olY'M'~a""" d",l.ta ",atal'ftle ch"J.n (Ory"" ",,,tjv,,¡ 

L€>'lgth ., 1105 

SeOI€> 180 bits 1457:, Ey.peet m 8<2-46 
Identltles" 4}/175 (24S), Pon~1.ves ~ 6t>/P5 (37"0), Gaps ~ 32/175 (18%) 

Quety: lRR(>.fVTK"KYAVID-----E.E.DKITTRGLEIVRRD~JSEIAKETQARVLEAILKHGDV'S 55 
y ++K~+YA + + DK+ T+G+E VRRD + K L lL DV 

Sb)<:t! RO 4 Y 'F'YLLlt,f:KR.YJI.GL Y¡';'l'N?I::~;FDKMDTKGIETVRRD¡'¡CLLVKNLVTEC'~HKILVDRDVP 863 

Que¡y: S6 t.AVR 1 VKEVl'E¡':LS RHEV PPEKL VI YtAG- -- - - - - - --- PHVAM - - - -~------- ~ - 90 
AV+ VK L + V LVI + ¡'¡V A 

SbJd: 864 GAVQYVKN TI SDLLY.NRVDLSLL VI TKGL TKTGEDYAVKAAHVELAERMRKRDM TAPTV 923 

QUIS'LY, 91 ATVIS'fIVLK--(~t'GRV&DRAI PFDEfOt'AKHRY[JAEY,l ENQVLPAVERILRAF 14 j 
~ YH~K + ~R~ D tYY+ENQ~ t iU 

SbJct: ~2~ GDF<.VPYV~ T KA.!l,K(,AKAYE~EDPIYVLDNNI PI DPQYYLENQISKPLLRI FE?l 97$ 

>g~ i 1 ,'14 :114 ,;:, I!'p 1 ? 179 131 ¡¡POL ;>YR,:,' DNA f'OLYMEAASE 1 rON1'A!NS BNDClN\ICLF..flSí'.. i>l-?':C'rj D\lS-A); ~~NDN,tl('\.."A~¡' 

t'I~P~ .. OII ¡:VS-S1J 
g~It>70('000IdbJI[;AAO('1,1'::.:"1 (rC~¡E,71) DNA-dep,;-r,dcont DNA polym~~¡:"$'2 [Pyt·O<,..OC(;US sp.) 

LNwtn w 1<-71 

"cuH' - \i<() hlt" 14',li, f:YI"" l - lJ.'~.:(, 

ld',r,l¡l:,·,," !..\~,Ill~ !¡'/'~), h • .:-\tl'l'<' ¡'lllll<l (l<\1», '.""" ¡"l/jl'¡ (IY<, 

Q~,-~y, '1 RH';, ,"Vry',:f:'l ,\V ll!¡:f;f¡f~l l'T1l.ra,E' 1 VI<IUM:>EJ AhETQI\I<VJ,¡:AJ 1.~:Hr .LNf.f:AVI< 1 "O 
Y+ RGFfvTr;¡.:n-AVr DeE K!TTRGu:r VRRDWSEIAl<E~'Ql\RVLr:M Lr: GOVE:+I\VkJ 

Sl:>jet: 1480 YKRGFfVTKr:KYAVrotr,Gf:rT'l'RGLSrVRRDWS!2.IAKE!QARVL'o'ALLf:DGDVEKI\VRI l~.:\<¡ 

Quo'U-Y' 61 VKEVrEI\L,SRHEVPPE"LVI YCA-w-- -------GP¡.¡VAAA}\T------ ~ -----VI5Y 1 ~1'7 

VY,E.VTEKLS++EVPPEY,LV1~E GPHVA A V¡SY! 
$bJ(,I,. ¡~,.1(1 Vf:~Vn~Kr..~;I:Yf:VprEKLVIHEQI'fRrILK[JYKlITr3P1WAVM;RLAAr,rw¡"'IRPr;TV,sy 1 1 ;,'<9 

Q\It>r:¡. '!I;l v¡,EGrGRVGORAI prDUDPAKHRYflA¡;YYrENQVLPAVERIUv\FGYR)~EDLR 1:>1 
VU;(: 1..~\<.*C;Dr<.Ar?f[)e:rD(' KH+'{DAEHrENQVLPAVF.RILRArGYRKCDI.R 

Shj' t: 1 b(J" '1'1,1:(::;(;11 r(~Dí<.A 1 PFDf;fflPT):Ill<YDAF.YYI ENQVLPAVERILRAFr;YRKEDLH 16;'>J 

"<JlI1:'6'!~,;7!,,'.:-)..>IQ:'lH!1¡'¡41!lP(lL_r!iEGé! ONP. P0LYMERM;E [CONTAINS' ENDONUCLE.ASl:: PI-T:';PGE:61 lTSP(;SI;! PO:,~l 
IIITETlI 1:; ';lJDONUCLEASE ¡'I-T:,H'GE"Ir (TSt>GE8 1"01.-1 W'l'ErN 

di 
9lI107qC)H";,I.·mr-ln,Cl~»',C,.11 (A<.1.':,O"U3) DNA p~,lym'''l';¡r.:'' a:ld ,nd"!\ucl,'l-\X~ ['l'hO(I't1('CO';:C\L~ "'p. GSR] 

L":lc;t~ ~ 1,,\1(1 

4R 



Appendix 1 
Fasta results: Type 1 DNA polyrnerase Palrn dornain against Swiss Prot Database 
FAS!;' (3.~(i J<ln ... 2000) ftu"tlNl ¡'Jpt",d~",,,, "l.S') m.'ltLi" (l'i:-SI] ktup: ' 
JQ~"¡; 3~, "pl:-: 24, '~~P-p"n: -121 -2, "ilo;lth 16 

l"he b""t """ro;", .. n., 
b386.! r,(jlA, ,.,~,,; PII,\ polymd ''', 1 I~C,L 11 ¡~C. 

vcn.Vr.:Ol0~ DN"A ¡:>oly¡n,,<~% ¡ IEC,2.7.7.7] 
p"~'l'AS493 pl>1A; DSA pOlyrnH",~e 1 IEC,2.7 7.7) 
rlrO&',6 polAr DliA polyrn .. !.,,~ .. 1 (~OL O. [EC:Z.7.7 
xt.a'Xl'1103 PNApoly""u.\<" r !EC:2."I.1.7] 
po]}" rJN~ r-<¡lY!h(.r"!I<' 1. lE'.:}. I 7,'/] 
Jl.p77b "",1;", 1)llJ\p",lymo,~,,~ J [BC:2.1.7.lj 

tn::a;1'l1ló19 D>lA-dHect;;d DlI'I polym"cds" 1 [EC:2./ 
¡tv'1629 ¡¡<,lA; Nlym"" .. ~e r. [EC;2.7.7.7) 
ML1381, polA, DHA p<>lY'M'~ ... g" 1 164e22(l:LG~()95& re 
bb,¡,:BH3153 polA; D}lA pOlym,,:rase I !J;C'2.7.7.7) 
dra:DR1107 DNA-dir .. o::ted DllA polym.¡,.a"", I<:C'2. 7. 7 
"lrOlO? polA: tINA polym.¡¡xas" 1. íEC,).7.i,i] 
(:rilUS 0\(" p<>1.J'~tM'" 1. í1""'":.1'.) 
nm"'mffi198Z PUA ¡:.::.lytner,,~,,! IEC:2.7,7.7) 
c)lIu:TC0780 DUA poloymer<ls" r {EC: 2.7.7.7) 
CT~91 PNA ?O'lym-erA,!;"6 I. (E<:.:2.7.7.7) 
TrOlOS DllA polym6res-e 1 (p:>1A). lEC,:. 7. 7. 7J 
cj."C)o:.>nc -polA,:eNA poll'""n,"" 1 ($C'2.1.1.1} 
BB05HI poliO,¡ PUA jX'lyn¡.-er""", I. JEC:2.7.(7) 
H!'1470 polA; DllA p"lytnec"~,, I jPOL !I. ¡gC:2.7.7 
hpJ :Jhplj63 DNA poly",era~e , lEC: 2.7. i. ·1] 
"'L,.191S7 polA; PNA pO'lyme[,,~c 1 jPolrl. (EC:2. 7. 7 
cel:w0.3A3,2 tINA polyme:>lM jCUHB6) ¡EC:2.1.1.1 
e.W'Tl6l<5.21ú s~",ll"rit.y t,O' ""UO'U~ ,ulP-RIBOSYLll 
"th';:"Ng32700 putatl"" prot,.,u. 
CT362 Aspartobnas@ rn. IEC,2.7,2.~J 

yrvM "~\ul"c to hypctho>tic .. l pLot,,~n~. 
vch:VC11'>O hypoth"tic<ü !>mt@1n 

$9.Jl 
9()4) 
ni) 
8(6) 
956) 
98\\) 
W7Q) 
938) 
866) 
866) 
S91) 
~1~) 

908) 
892) 
8~1) 

( S7~) 

(1105) 
j 16~) 

(1546) 
I 431) 
I 1611 
I 2011 

up! b"t.s F,1¡1<)lH, 
',~~ l~;'; l.~,,-!.l 
.l6S ~1 ,,~,,-le 

366 91 5,~e_le 
3U 86 ', .. _16 
'nI 8,1 1«-1"> 
}'J~ 16 1.'". 1 , 

7~ 1'. ,1' 
I~ 4 ~(O-13 

73 7.,-13 
73 1.1",-l2 
70 5.G,,_J2 
70 S.6é-12 
65 2.2 .. -10 
H ~,,_10 

62 2.5",-09 
61 4.3",-09 
60 5.9,,-09 
59 1. 7,,-06 
56 3.1 .... 0'il 
57 6.1,,-08 
5ú 9,6~-06 
50 ~ 6e-06 
482.30_05 
15 1).;)00:}\;> 
30 l.~ 

31 6,1 
29 6,1 

Scor~ 

Ibit") V~l,,{· 

'J).I~"I~·,lrll,,,I0',Z~L',II)PVl TIIgII mlA 1" .. L'(Mt:lI.AS~ J, 'l'fWnM')JTAB1.1', l. 
qlljOH672I,pl~~(Q261r>~QI·BA<:~r OllA pOLYMEAASB 1 IPOL lJ 
"115~,>Q('2IWIQQ770'!IPPOI MY<;TI! DNA POLVl-U;MSE ¡ I POI, ti >'l'174J4. 
'JII~OI',')QII~I'I<!H'!')(,I[,I'''¡ I·N·~U l'!NA 1'(¡L'IMRKl\lil~ 1 O'()I. 1) ,·,)1171\ 
gilllG~DI,,~IQO;9'.7I[1f'01 MC.CA DNA POLYl1EAASE 1 IPOL 11 >g~1419(;>,. 
g~160H999ISPIQS9J56IDP01_ANATH PNA POLYMERASE I (POL 1) :>gilHO 
9iI1169~031,plF'46G35ID~Ol MYCLE DN1>. FOLYMERASE I (POL I) :>q11107 •. 
,,1.12n(lLlll"PI~303t3\OFQ1J:'KEn 01<1>. POLYMERASE ¡, THEI\MOSTlIBLE {T ••• 
g~ 11 t~~2e 13pl ~l~S211 OFOl TBEAQ ONA !'<,)LYMEAAS~ I, THERMOSTABLE ('{ ••• 
9i I 60150031 ~pl 032801 I [lPOl_LACLC DAA pOLYMERASE I IroL 1) >gi I Z29. , 
qi 11706~021 "p I P520281 DrOl 'I'HE1'H DIIA pOl;fMERASE 1, THEro-lOSTABLIi {. 
g~ 125063651 "pi I'S0194 I DP01-THECA ONA pOLnlERASE 1, TliERMOSTABLE {. 
"I~1"'1"''''1.B\~p\2H·n"lo.N1.-n.E~iI. OIU.. I2'Ot.YMS~S: ¡ (~OL tl >g~\7~3. 
g11622S28~I~PIO~H9aIDI?Ol:SORBU Dt<1< J?OL'fMEAASE 1 jl?OL I) :>g~inJ ••• 
giI62252651~pIQ~5971IPP01_SYIIY3 DNA POL'iMERASg 1 (POI. Il >g~I743. 
g~174043611~plI'52027IDP01_DEIAA Dll)¡ pOL'fMERASE 1 {POL Il >g~1747. 

\11111SS27I"pIPl3252IDrOl_STRPN DNA POL'tMEAASB 1 (roL 11 >o;;iI9$02 ••• 
g~IU$\l2!)lspll>l>05nIDP01_llC01.1 DlIA l'OLYl'\ERASE 1 (,<eL 1) >'l~I\',N"' •.• 
~~lllG94021",pIN37.1I0T'Ol_lL'ülnl Ol!}. r>Ol.YMEMSE I (POL I) ~'J~1l0' 

g~I461~601"pIP30314IDI?OL_BPSPl DNA POLYliEAAS~ 
gi16Qt50021~p10083071DPOl C¡¡LNJ DNA POLYMERASE r (FOL I) >gill91 ••• 
ql.I1222981'; 1 ~p I Q9S1r..21 OP01 EUIILE DNi'L POL'lMEAASE 1 (POL ¡;) >gU % .•• 
g~ 16015Q04 l~pI0059l9IDP01_iICPR llNA pOL'l'MERASE 1 {rol. l) >g~ )lB. 
g~ 19789748 IspIQ9ZJE9IDP01_liSLPJ DNA FOLYl'\ERASE 1 (POL 1) >g~ 170 ••• 
giI97B98SGlspl?56105ID?Ol_HEU'Y ONA POL'tMERME 1 (POI. 11 
9'~ 1 S72996ll ,,,fl NP OQ6~67.11 polymO)r=.¡, (ONA dHéctéd), th<>ta: p<:< •• 
g~ 1118SS31 5p I P20311 I DPOL _8?T3 ~UA POLYMSAASE >gi I 76915 IpLr I 1 $075. • 
g~1962745';1."fINF \1.1'>82.11 9"M S, OllA polymera,,(> 18a<"t.erioph<l.;r ••• 
9'11 ~'52S~74 I Nf I NF -039708.11 pt<>dice",d 66.2Kd protain !Myo;:ob<lct"r. 
qiI249~lSll~pI9019~1IDFOO PlC~1< DIIl\ FOLYMERAS~ GIIMMA lMITOCHOUOR •. 
9-~196~Q~28Ic-eflll~_O~6860.11 DNA polym"~,,",e: 'l'p44 !Mycob<>cteLioph •• , 
'lL 1110bSOQ ¡~ .. \ PI ~8QIIDF'OG _YEA$T DAA rOLYMERAS'S G.'IMMA jMlTOCHONDR ••• 
glI450S~~7Ir"fINP 002684 .11 p:>lym"r~.:I.;o WNA dir.;oct",d), (lCJNM (liO, 
giI8So73Q2lu!INP-059490,ll lIlitochondrial p:>lymarMQ g .. mm .. !Mu~ 
qil¿4941791~pIQ916S4IDPOG XENU\ ONA POL\:'MEAASE G1\MMA (MITOCHONDR, •• 
~~1219417SI~pIOq2u~610~OO-CIIICl< OllA POLYMERASE GAMMA jMITOCIIONOR, •• 
;n(Z\gn82Is?(QU1~~IO~OO-SCl!:~O DNI<, pOI.:lMERASE GAMMA (MITOCHONDR. 
1i 114265433 I ~p1Q9Y767 IDPcG_NE\IC,'R DNA POLYMEAASE GAMMA (Ml'TOCHONO., 
g~1601S0001!;pI067nqIOP01_hQtIi\E DNA POLYMEAASE l (POL J) ~ .. iI751. 
~1124941S~I~pl<;'27¡'O~I()¡'OG_l.IROME PilA pOLYMERASE GAMMA PREC.tIRSOR {. 
1illla8""I~pIPL~82ZIO~"L_¡Wr~ DNA ~'¡L'iMERASE :>giI670S5IprIIDJB~, 

(j11118rJ~21 ~pl ['~.¡~2~ I Df'OL_B~SP¿ DNA VOLYMERASE ~911 bIU'.>~1 P'" 1 \W!l., 
(lil~b,1~~921 ... !IN¡' [,1'>1006.11 1'4', iB .. ,t~:iopha'l" ;tr.I'SE-l\ >llil'IQ)06. 
<Ji I? 3(\< 17 I ~~,Il"eoil 1':,A1' _¡'A(:;\I c'RIHTflIN8 N-11NOTRAN:;FEJ\AS~ (ORll1111 ••. 
91 1 .l9U~2~ 1 ~~ I 0.1384, I DP(lL_THg~T DN/\ rOLYM¡';RA.~'S >g1 12293.l~9 I (''''01 C ••• 
~ll';32~4l4 Il .. ( IN~ 013~66.11 mit"~hollclLl,,l ¡"ucyl tRtl"A ~ynth"t,)~é.,. 
giI4eZ¡;690Ic~ftN~··OO,1932.11 DEAD/H (MP-Glu·Al,)-A~p/!(i~) bL'" pol •• 
qi 1 3~13124 I ~i' I 017~3rJ [PDI 'i_STRPIJ ?IJTi'LT!VE PRE-Ml\NA SFL!<;!IIG rAe Tú. , 
q1 16319257 I ""f INI' _009310,11 YII1061",p (S .. ccharomyc"" carovhiM) ••• 
IIl16~al15S Ir .. ! INI' 031865,11 DEAO/H (A~p-¡¡;lu-A.ta-""p/Hi .. l b"" p:>l •.• 

'" 1 J~ 
13;' 

'" DO 
DO 

'" '" '" '" '" 125 

'" 123 
W 

'" m 

'" no 
m 

'" ,,, 
no 
"O 

"" " " " "' "' "' " "' "' " " " " " 65 

'" 

" '" .. ' 
" :la 
27 

" " '" 

1", 

"o " ,. 
" .'0 ., 

.16- \l 
Se-31 
7e-31 
1,,-30 
1,,-30 
5,,-30 
S,,-J!l 
1<;.-29 
3,,-2~ 

4.,-29 
~,,-29 

7e-29 
9~-2~ 
2,,-28 
4~_28 

~e-27 
2.0-26 
4e-26 
~ .. -26 
3",-22 
5~-22 

J<,-ZO 
2 .. -18 
6~-le 

2 .. -17 
2,,-16 
2e-H 
3"-lh 
4",-}6 

~a-16 

Ja_15 
3~-15 

6,,-1~ 

7a-1S 
7,,-15 
2,,· 11 
S~-lO 

,).O"", 
0.61 
l.) 
2.(\ 
~.l . ., ,. , 
o .• 
~.5 

>'l'~I.:I~13~lOI'1'101?n~IOPOl fHEn DNA ~OL:iMERA$E t, TIIERMOSTABLe ¡Tn f'OLYMEMSE 11 
,;iI27~ql,I(¡lgbIN,(4í\07~.11-(I\FO·H)\JO) lh"[II1,.~t~l.h PNlI ¡:",lym(o[ft~" ITh"'m":. flliCo!>.,I, \ 

\"'''\1\\' - t.,\! 

$,OL~ N LJ.J l>i.l~ I~J~I, ~~p,).;I ... G".J~ 
¡.;I"r.tiu~" ~ ;2/"Q 146tJ, ~<)ntiv"z" ~8/90 163t), Gap~ - 2/90 U,) 

Qu~ry: MEMAl NAf'l-IQGTMDI1Y-AAMll\\'O)I~l./,;/i'lEQi',,\ll\l'\1l'\QVrIDELVH.\I}n'OO'ltl¡''1A \) ~ 
MEII A U ¡'.OOTAAI>.+': 11M.' L+ H+QV)IOELV F.V +0 • 

74 1 ..... \SRMAFNMI'VQ('T MfllJ11(JAMVKL¡:i'~ LK • - f'LC..NILLLQ\I}lOliLV!.l;VP¡::PAAFF i\I~ ~ o \) 

¡':QII(Ou-tE~eT~LDVf'l LnVC$C~NWDQA ~l 

• "M~N LD .... PL VE\\, '; .\<1 'A 
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~g,130~1(,721~plP520'::(,IDPO¡ 81\<:$1' D~A P{)"Y¡.<ERA.;;E 1 (POI. [) 
l&r,gt h K S7(1 • 

Seo,,,." )12 inu, ¡:\J41, EYf''''"' _ t) .. _l~ 

Id<;r,t'"U<;~ ~ ~8/89 (~2¡1, p"~,t.lv,,,~ ~ bU/89 ("e1) 

Qu"!Y; AEAAAWAHIQGT;.AD r 1 f'~AH 1¡;,vOiWUjAEQP R'If\M[HQVHDE[,VP~VHKDIlVDI\ VAY !,¿ 
AEa A+f1 NQG+!V\DIU:+AMI + L+ S.¡ + !l.+>+QVHD:'[,+ e K+ ... ., < 

Sb, ct., 787 J\ER'l' AMN'l'PI QGSAADI 1 KK»!IDL$VRLREERLQARLJ,LQVBDELr r.EAPYB€ r ~RL<::R e46 

Q\l"ly: 61 QIHQ1JlENC'TP1,[!VPLJ,V6V<'SGHNWT>o;!A ~J 
+ HME J, V~L V< G W A 

SbJct: 847 LVFSIiMEQAVTLRVn'<VOYHYGPTWYOA 675 

>9i-\5e"'~62\~p\«>T1MID?<l1 M':r(:nt DN1o. POL\'MEw.so; 1 (l?OL ¡) 
giI7~3482:>Ip.lrIIC70~59 probable polA pI"otein - Mycobactenwn tuberculo",~s (str.'\ln H.l7RVI 
gll~ 16117 l\lb:,:vu¡~ 6)93.1 1 (Lll ~<Ol "011 (My~OOaet.,ri,,", tubere\llo~~s) 

gi 121139131 embl CABO$B82. 11 (Z$l~SS41 polA IMyc:ol::>ac:t$riUIll. tub€l.~ulo;us) 
glI138a129algl::>IAAK4~93&.11 (MC07030) ONA polyn\era.e-e r lMycobace.;,num tuJ:.<Hculozi., CDCl%l] 
9:" \ l\O(HQ Ip.f \ 12QQ~ :?91B ON'" polyw.era"",, 1 (K'f=b=t .. rl.'J,01 t1.b.¡,rC:\l1~l.~1 

L<!Inqth m 904 

seo"",, ~ In blts (:1321, Ezp,,"ct '" le-31 
!d .. ntiU .. " - 43/90 (&3%), ~outlves ~ &9/90 (6<;i) 

Que' y: MSRAAINAFMQGT!V\DllKAAMZAVDJMLQAEQ?RVRMIMQVlWELVFEVHh"ODVDA VA 61 
MERM+NAP+Q(.+AADIlK AMI VD L Q !lM++QVHDSL+fS+ + + V 

SbJ ct ; 813 MERAAJ.,NAPIQGSAADI lKVJlMIQVD¡o,UlSAQLASRMLLQVHDELLFEIAPGERERV;;: 872 

Qu,¡ry: 62 "Q!~LM'BNGnll..DV?LL\lEV'(;SG!llf'lOOA 'H 
+ M LDVPL V 'JGG+W!'A 

Sbjct, 973 J,LVRD!OIGGJ,YFLDVPLEVSIIGl:'GRSW!'M 902 

>glI60150011"pI03'l99~IDl'Ol BACSU DNA "OLY.MERAS¡;; 1 (POI. 11 
9lnt34a131pirllE69680 ¡mA polym"ras" 1 po1>. _ ",.,el11u" SUl:/t.Ül" 
giI2293272lgbIAACOQ3S0.11 (,i\FOOS220) DNA-polymertlH· 1 [Badllu5 5\lbt~hsl 
giI26353?;I~ICAaH86~.tl ~Z99116) ONA P<>lYIII<IN"<I 1 [Ba~lllu. ~u))nL~) 

L.,ngth w 86Q 

Scor~ ~ 131 b~t~ (.Hll, E:<p&ct g 2,,-31 
rd""tlti,,~ - ~3/8~ (~e~l, 1'"~H'V,,.u w !.ob/l19 (71~) 

QUq, y, 1 "1>RMJ)lAI'~O<¡TNlI)¡ 1, rAMI /lvr)/1;;ll.)l\~'.)¡'RV~t\THQVHDf;I,VFhvlIvnINnAVAf f,7 
/I~lt A+)/ 1',<,P<MIH!I +AI<\! • /1 L+ ~w + Il." !'.NlIll¡¡I.H·~ j('", , ~ 

SbJ~t: 791 AEIl.TAKNTPI<:CSAADI rKKAHIDMAAKLKh"1(OU<AALLLQVllDELlf~AFKEEl tILE\( t'5() 

Qu .. ry: 63 QIHQLMEll(.-rRWVPLLVE\fGSClENWDQA 91 
+ ++11E+ LDV"L '1+ se¡.\oI >. 

SbJ~t, 8;1 r.NPEVMEHAt.ALDVPL.0IDFASGPSvrtDA 679 

>giIH69LJlsplQ04957IDPOl SACO. ONA POLYMERASE 1 (rOL 1) 
9llU9ti521pir 1 IJr.015b DNA-dHe~t"d tlNA polymera~e (6C 2.7.7.7) - Sacillu~ caldotenax 
9ll912HS IdbJ IBAA01361.11 (tl12~82) OllA polymeno~" [Bacdl'~e caldot-~m 'Ir 

L"ngt.h 5 an 

Seore ~ 130 bits 1328), El'pe~: .. 3,,-31 
Id"ntit,.,,, ~ 39/89 (43~), Po~i:lve~ ~ 62/89 (6Bt) 

Query,:> AEP.i'VI!AAPMQGTAADIlKR.\.'!IAVDJ\WliW\EQPRVRl'1IY,QVHDELVFEVHKD!lVIlAVAK 62 
AER AHI P+QG+!V\D!lK+AMI ++A L+ E+ + R'¡'++QVHDEL'¡' E K+++~ + + 

Sbjct.; 7aS AER.'iAMNTPlQGSAADIIKlC.'.MIDLNAAu\EERLQAAl.J,l()Vl'!DEL1LEAPKEEMSRLCR 647 

Q ... e<y: 63 QlflQr.'1ENCTRLDVPLLV¡¡VGSG<:NWDQA 91 
+ ++I'IE LVPLV+ G W A 

Sbjct; 6\8 LV"EVl1¡¡QAVTLJ¡VPLl\"\fP'!~YGSTWYDA e7b 

"'9~160H99~I"pIQS91S6IDrol_ANAT~ DNA rOL'iMERAS¡;; 1 (POL 1) 
g~IHOo;:'fjl"mbICAA671a4.11 ();9Bo;75) DIIA ... :hr"'~t",d ONA polymi'tr""e; OUA-d<>p~nd .. nt DIIA pOlYl'\er",~ .. 

\~.=·ü1.\JlII. tw,,,,,,,,\>hi1.\:un.l 
L-lnqth - aso 

seore _ 1.>0 bu 13271, E"p<>~t .. 5,,-31 
Idi'tnt.it.i~~ • 41/~6 (46~), Pos,t~v .. s .. 5~/~6 (%\) 

Query, 3 AERJ\AI NAPM(NT MOL rKl'AMrAVD1\\oILQAEQPRVRMIMQVHDELVFEVflk."DDVOAVi\K 62 
AER MU+l?+QG+ AJ;lhK AHl V L+ + ++hOV!{DEL~ E ++ o v + 

Sbjct; 761 AERIJIMNSnQGS"AtlIMKLA.'1IKVYQKl.J\ENNLKSKIlLQVHOELLlEAPYEEKDIVY.E 820 

Q'IlHy: "'~ Ql\\Ql..M:tltC'Hll..tNPl..l,NE'ie¡"-GEN't!tlQ gO 
! + MEll RL VPL+V¡:;<" G NW + 

Sbj~t' 821 rVKREMENAVRLKVpLWEVKEG1.NWYE a4~ 

><¡iI1l69103l~pIPI683,IOP01_M'fGLE OllA POLYHEl\!\SE I (roL I) 

giIl076Gl61"., 1154%:22 mI;\ pol)'lI1~tI1~Ct 1 - MYc<;¡b~t"lIri,,'IIl ~\)pta" 
'.l117434B24Ir,l.tll~"17r,"~ (llII\·d\HKt,.\1 lIlIA polYJl\"t~~(, (E(' 7,"1,"1.·') - My~ob"~t .. rJ,,m l(1pr~" 
<lil$$991)I(1mbIGM~1>l64.11 (ZH¿~7) OllA polym.¡,ta'" 1 (Mycol:>act.Qtium l&p,a~r 
gil130932"101,¡,,,,bICAC3176~.¡1 (AL~S3nll O~A polY"'ua~,¡, ! ¡Mycob~c:t"ti1.u, l"pr"") 

L"ngtl\ .. ?ll 

S,o,,, ~ 12~ b).t~ I~Zto), E~p"n .. 7(1~31 

Id"ntltH,~ w O/~o I~~q, r<"':lti ...... '" * 611;\0 (6Bi) 

Q" .. "y: AA~I\AA.¡ ~,\~Mor;'\"MD 1 rKRAKI AVDAWLOABQ~RVfUHMQVIIOSt.vFEVHKODVDA VA 61 
A1IERJ\1\'¡~AP'QG+AADI!~ iIlIIAVO L+ • I!l-1.HQV\lDE1..H'"S\1 ~ + + 

Sl::>j.:c: 820 MBRJ\ALNArIQGSAAtl[t~'VAMIAVDKSLKQAKLASJ1.MLLQVHtlELLFSVArGF.¡:EQ¡ E B7~ 

Ou(.r¡, 11,' KQIBQ!.HI>!l(1'RLrIV!·L1NSV(;"GJ¡NW[lQJI 91 
++H+ LOVPLVVGGt\ol 1\ 

Sbjct: IWi AMl/REQMGSAynOVnEVSVGFG!tSWGM ~()t¡ 

''di 1232010 I ~pl ~30·!D 1 tlPól THEFI. DNA PQ¡¡(MERASE ¡, THF.I\tKIS1"1\BLF. ITPI, PQ\:(MEf</ISE 1) 

glIZe14~9IpirIIS26(,75 Ollii·(lir~chd DlIII polym-:lr",e lEC 7.1.7.7) l _ Th .. rmun Mlu"ti~,,~ 
q~14S1661t'mbICM4,,~OO.11 ()(b~;05) IlIIII~c:litoct(od ONA p,"lY"'~r<I.!I& (TMrmu~ th(lrmophilu~) 

L.,fj9th .. 631 

Sr..;>r., * lZ9 t,it~ (J~41. gZI:o<)~t .. lo~J{J 
rdol\t~eJ.""" 46/~O (:'lt), r,,,ltiv~,, ~ ~")/'¡O (~3\), G..'p"" ~/~O (~11 

M~I<MJ N':'l M(.(.'T Iv\:¡ JI i:kNiJ }<.1J]"¡,WLQJ\F.OHVf<l-Il M(:¡VJ.IDS1.VHVHKDnV¡,I\V/I h 1 
Iv\~R It 11 r'<XoTMn"~ l\M+ + LQ ¡u.jHQv)iDEl.V L KO • VA 

·H' flv\~RMIIF >;H!'\\'-'::'!" AA¡n./'l~U\MV~ LI'~ kLQf: -_1,c;AR1'¡LLOVHlIEt.VL~:I\P):(l¡¡,)\. r I\"A 7 ~,\ 
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Appendix 1 
Fasta results: Type 1I DNA polymerase Palm dornain against Swiss Prot Database 
,ASTA 11 . .,1; JunB 2000) function {opt.unized, BLSO matLb; (1:':-5)) ktrJp: 2 

)01.,.: '36, opto 24, ga.p-p<iln: -12/ -2, wLdth: 16 
Tl':e be~t .,core.,> are: 
PASl128 (polI) DE:DNA polyme~ase ! 
PH1947 L, ,'laa long ¡'ypor)¡&tical PNA-dHeoted DrlA 
t~.Joa'J~ l')tJt"r-lv<;t PN{\ P"IY1Mr:()1'j'). [EC:2.7.1.7] [SI' 
I'LTtrUCI> DNA-dep'¡'\ld.,n\. UNA polYll1<o-¡;:\:;¡e fal!\ily B \ \.l 
AF0497 polE, DNA polymerase B1. [EC: 2.7.7.7] 
ape:APS2098 DNA-di!ected ONA pol~nera$e [EC-2.? 
see. :tPL167C RE:V3, PSOl, DNA poly¡nEH:ase zeta cata 
sce;YDLI02W COC2, POL1, Tf.Xl¡ UN)).. PQl.yul'~~?$e del 
ape:APE0099 DNA-dJ.rected DNA polymerase (pfu poI 
MTH20B DNA-dependent QNA polymera.!3e family B (Po 

Sequence~ w~th E-value BETTER than thr,,~~old 

( 771) 
(123':» 
(] (, J~ ) 

\ ':>%) 
( 781) 
( 784) 
(1504 ) 
íl097) 
( 959¡ 
( 223) 

m 
150 
11 S 
100 

Stll073:,) 
4.4e-1B 
2.7e-17 

'10 "l. c",_11 
:'2 1.1,,-()6 
48 1. 7e-OS 
43 0.00067 
35 0.29 
12 2.4 
32 2. S 
29 3.2 

Seor'" 
(b1t,,) Value 

g~16015025IspIP56669IDPOL_THEGO DNA POLYMERAS8 (TO POL) >giI4699 ... 
gl1134.314651sp1P779331DPOL PYRKO DNA POLYMERASE [CONTAINS: ENDON ..• 
g::. \ 3913540 I ¡¡p1QS153661 DPOL_!HES9 DAA POL'!MERASE )-9117434$08 IPHI I •. 
gl124941B61sp1Q513341DPOL_PYRSD DNA POLYMERASE (DEEP VENT DNA PO .•• 
g.1139940315p1P800611DPOL PYRFU DNA POLy¡.lERASE (PFU POLY!-1ERASE) )- ... 
giI13124219IspIQ9LRE6IDPOD_ORYSA DN~ POLYMERASE DELTA CATALYT!C ••• 
g~\3913525IspI04B90110~OO_SOYBN DNA ~OLYMERASE DELT~ CA!ALYTIC S .•. 
qlI14521919IrofINP_127396.11 ONA j)olyrnerese 1 (E'yrococ\~US abyssl .•• 
<J11131742Z01~pIQ91JVWlIDPOD_AAA'J'H DNA POL'fMERASf. m::.urA CATALYTIC 
'J l I 3Sl1 )~,)O II;p 1 " 7 1') 32 I DPOL_PYRi;E [,NA rOL YM~:r<A.sE ~g 1 11 ~ <).";/70 I ,"n,b I (.. , . 
'1ll1706S0SI 'lp 1 ['524 311 DPOD_Mo1JSE VNA POLYMERASE DELTA CArALYTIc S ••• 
'111>1220,'91$plf'91283ID['OD_Mt:ZAU UNA !'OLYMERASf.. DFJ,TA CATALYrtC ~ •.• 
<]ll13124'7161<¡pIP46588IDPOD_CANAL DNA POL'fMERASE DELTA CATALYTlC •.• 
ql-ll1067381ILefINP_Of¡7694.11 ONA polymerase delta, Gatalyt~e sub .. . 
<Jl 145059331 .ef 1 NP_002682 .11 polymerase (DNA direGted), delta 1, .. . 
'J~13n35261,~pI0596101DPOL_YiRH"O DNA POLYMLRASE >gll7446920IpJ.rII ••. 
'F IIIR8381 Sr;:> I P283391 DPOD BOVIN DNA POLYME:RASE OSLTA CA!ALYTIC SU ••. 
9J.113124718IsPIP54358IDPOD_DROME DNA POLYMERASE DELTA CATALYTIC 
gJ-IL'6441991$pIP30316IDPOD_SCHPO DNA POLYMERASE DELTA CATALYTIC ... 
9l-\6310101IrefINt>_Ol0181.1( lMgest arld Gat.a.lytl-G s\lbut1l-t of UNA .. 
g~113l2~199Ispl?90829:DPOO_CAEEL DNA POLYMERASE DELTA CATALYTIC .. . 
gl-I 60150231 sp 1 0711211 OPOL_RHCM6 ONA POLYMERASE >g.1-12944240 I gb I AA .. . 
g~12320111sp1P301151DPOD PLAfK ONA PüLYMERASE DELTA CA1ALYTIC SU .. . 
g~13913527IspI060673¡DPOZ_HUMRN ONA POLYMERASE ZETA CAIALYTIC SU .•. 
r./ll 60150111 sp 1 Q946361 DPOA OXYNO ONA POLYMERASE ALPHA C/l,TALYTIC S. 
;~1391%79IsPIQ58"~95IDPOL=METJA DNA POLYMERASE [CONTAIt\S: MJA PO •.. 
gl160150131sp10890421DPOA_RAT DNA POLYMERASE ALPHA CATFLYTIC SUB ..• 
gl169198741sp1Q614931DPOZ_MOUSE DNA POLYMERASE ZETA CAlALYTIC SU ..• 
gl160150101sp10486531DPOA_ORYSA UNA pOLYMERASE ALPHA Cil,TAI,y:'IC S ... 
giI8393995IrefINP_058633.11 polyrnerase (DNA-dHected), alpha; po .•. 
gil963175JlrefINP_048532.11 PBVC~l DNA polymerase ¡Pararnecium bu ... 
glI6325090Ir'O'fINP_015158.11 DNA polyrnerase zeta subunit, Rev3p ¡ 
gi166?94091refINP_032S118.1\ UNA polymerase alpha 1, 18C kDa [Mus ..• 
gl12320161sp1P3032010POL_CHVN2 DNA POLYMERASE ~gl12810761plrl IB4. 
9119296%5 I sp 1 Q9rtl$31 DPOL_HSV'J:1 ONA POLYMERASE ~911416507319bl AA ... 
'11114251046lrli!fINl'_116408,11 T54 lTupl1h hE>rpe$vlr\lS) >gll92 Q ti'16 .. 
9iICl'b2~16llrefINP_í.l431:;:::.1\ [)NA polymeras<:!" \ Hum;:u, he.pe~'Situ:::, 1] ... 
giI9625903IrefINP_040151.11 ORf'26 (AAl-1l94) (Hurnan herpesvirus 
gi160150191sp1Q690251DPOL_GPCMV DNA POLYMERASE >g::.1459763Igbl~PA ... 
911601S0121sp1Q2715210POA_OXYTR DNA POLYMERASE ALPHA CATALYTIC S •.• 
glI9626767INftNI?_041039.11 DNA f'olymerase tEquiTloZ! herlle.svirus l •.. 
glI1l6S62IspIP07n6IDPOL_HSV21 DNA POLYMERASE '>glI67039IpHIIDJB .. . 
gi 196280111 reí INP_042605.11 ONA pOlymC-l"<I$é .eplic:o.Uve sub\mit ( .. . 
gili188811sp1P098541DPOL_HSV1S DNA POLYMERASE :'91167035IpirIIDJ8 .. . 
ql 1118880l!op 1 P04292 1 DPOL HSVIK DNA POLYMERASE >'1i 1 670J41pir I 1 DJB 
q¡I'!6.?5·I'l~Jlrc.fINP_():l998(l:-11 DNA ~.c,lym(1ra~1E' (8) ¡t,\I)It<1n herpfJ$virLl.,. 
q\11111f1j·II:lf,II·.'fj()4(1lril'(1A :_('111'0 ONA P()LYMO;A!~f. Al.J'IIA j'!rrAJ,YTlr' '.11 .•• 
\lllll(i(188Ispll'2717210POL-Me'MVS DNA POLYMEAA5E >~pI61(J4Jlplrll[¡,18 .. . 
9ll%:?411lrefINP_044t.3::::-11 DNA p"lymera"", (hun.,~i\ he¡'pe::;vH\IS 1) .. . 
gill188791!;pl?07917IDPOL_"SVIA DNA POL'fMERASE >g:.167036IpirIIDJB .. . 
qlI6)24~271 refl:-lp_014297.11 DNA polymerMe I alphll Sl1bUn1t, plS0 .. . 
g:'I%28340Ir'2fIN"~042\131.11 1)38, DNA polyrn<:1-ra.se (Human ho?rpoesvir •. 
qiI1l8S311:::¡.¡1?26019IDPOA_t1"OME DNA I?OL'tMEAASE ALPHA CA'l'ALYTIC SU ... 
gllUe-aZ9Isp\?ZllB9IDP02_'t:tCL! Dl'A POL':r!MEFlASE 11 lPOL 11) >giI61, 
qil60l50221:::;PIQR5428IDPOL_R\:MVM VNA POL1MERASE 
qllb0150091:;¡[)IOI)0874IDPOA_LEWO DNA POLYMERA6E ALPHA GATALYTIG S .. . 
'JillJ¡)7¡)4751,~PIO':l}\H¡)4ILlPOl,_THE('S DNA POL'iMERASE ¡r.ONTAINS: FNDON .. . 
'JillWe.\~I>J.P.I?::~:n2·IIOt>()~_1RYaól Ol-l~ POLYM8.RMr.l\LI?I-l/\ ';.i\'''''1.oY'l'lC SU .. . 
qili7I)6513I.'.lpIP52025Itl?OL~MeTVO DNA P01.YHE:AASE >qiI49SG;4IgbIAAA .. . 
'J~I'I(;'2S')(:SI¡"II"E'_04()::11.11 DNA p<)ly!n"~·;:I.,,, r~~,',il~Jrljr.c. Il,··r[l.~'~vl •.• 
'jll,l;\lJ:":::!JI.'Jpl"14'.llI1IDPOL_THErn tiNA I.'OLYMERASC (,'(lL '1ft;) ,'giI16:.". 
q.l.16015024I.';1pIO·I073GIDPOL_RSIV DNA POL':lME:RASE >q~13176J80IdbJI8A, •. 
q~ 19625~571 L'): INf'_039908.1: BALfS DNA polymQr.)$~ (eürly) I hornolo .. . 
gll 3913524I ,spl 0338451 DI?OL_THEST ONA t'OL':l~E:RASE >';111229331391 C'mb 1 C .. . 
<Jil~14%10gl:"'lfIN¡>_Q69333.11 DNA pOlym("lMO 91 (pc.1B) ~l\rGhl.l.~oql ..• 
o1~I::3:::0::?OI!;pIP,\03171()P(jL THELI VNA pf)LYME:RASE 1V~NT DNA POl,Yl-l<:RA., 
,)~I%J0872Il"(IN,,_0'¡74¡;';~\:11 tiNA ¡'otylli>~lal¡ti!~lIcMNPV ,>t'f65 [B,)n\byx .. 
<l1I',.;:~:'.~H.,I,'ll'I(\,.,'7'1~'IDPO.~ ¡"¡:f\f'E PNA rOl,Y~tERt,S[ 1: ·"1117,1)4¡1lill)l~. 
'11 1 \~ 1 ,),',,111 1 "[1 1 "')5",101 [lf'01-~\J1.1\( ['NA POl.YMEI{A~W ! '-l1 i.' ~ ',l~ lO I P I ('. 
!11'l(,,')',I1I'''lll<f'.I),\:::O'l'\.ll rOlI. IV~¡l,'ia ".J,Oj'¡) ',¡11'1,::'1,,11"'1'li l. 

123 
123 
119 
115 
111 
106 
104 
1 01 
102 
101 
101 
101 
101 
101 
100 
100 

99 
99 
99 
91 
92 
90 
90 
89 
89 
89 
89 

" " 87 
85 
85 
as 
84 
84 

" e:, 
83 
83 
82 

" el 
so 
80 
80 
79 ,e, 

" " lB 

" " " " 76 
7S 
71 

'.' 73 
7,' 

" " 71 
70 

" " " ,,' 
(", 
I,~' 

, 
48-29 
5e-29 
1e-27 
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2e-25 
ge-14 
3",-23 
4 "'-:U 
9,~-;>3 

lt>-;!? 
1,,-22 
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2e-22 
3e-22 
5,,-22 
7e-22 
9",-22 
1e-21 
1 (>-21 
7.;-20 
1e-19 
Se-19 
7e-19 
le-18 
2e-18 
2e-18 
2e-18 
4e-18 
5e-18 
6e-18 
1e-17 
2e-17 
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g.l 1 "(,::'/(J(Jd 1 re') 111f-' O~,4uq~"ll DNA-dC'p~·ncl"TJt [lNA-p(.lYJllr.¡ -,,,'" [Allt ('~¡l'" 
g.l.197"'09$~,1 re! I NP-063712.1 i E9L; Plltf,t.l V"'" [V,'l( CHI.l.i1 vlrus] >glI1. 
9.113:<135081 sp 1 0506(17 i DPOl :'"r.0H DNA POI.YMERASE 1 I DNA PO:.YMERi'SE:,. 
<;J.11118891lsPIf'068S6IDPOL_VACCV DNA f'OLYME«-ASE >gll U575bl-;.¡b1AAB5, 
gi \ 9630008\ r~f \ IH" 046226.11 DNA polym",ras", [01:9y13 pseud0tsusata. 
g1.i3913S22lspI027~761:JPOL_MEtTH DNA PO~YMEAASE ::>glI7482291lp.:.rll,. 
g.116015020 Isp! Q90162 I DPOL_NWCF DNA POLYMERASE ::-g.1! 747638 I gbIAJIC .. 
g.1IE:225283IspI093745IDP01_A2RPE DNA POLYMERASE r >g.11743~8001f.'H. 
qlll?G4'32741,pIP26811IDPOl :"UL$O DNA ['OLYMf.f<A"f ~ ;qI120'~L1'031~\), 
':pll }f:J¡j "') 1 ~v 11',;1402 1 f.J"(,L JÓv¡¡'V !J1"r, ¡'()l,Yl~Cf{/\.'J¡'; "'11 1 f, IO~ ) I ytt 1 111,JV. , 
g.1IG015021I"ipIQ8417'3IDPOL ORfN2 DNA POLYMERASE >giI123(¡947lgbIAA,. 
gii232019lspIPJ03HIIDPOLj:iPVLD DNA POLYMERA$E >gJ.1484512Ipirl iJQ. 

SeqClences vl.lth E-vallJe WORSE ;:han thresho1d 

ljJ.11169407IspIP43139IDPOL ASfL6 DNA POLYMERASE >q~1480SS3Ip1IjIS, 
'J1 111694061 spl 2424691 DO'OL -ASfB7 DNA POLYMERASE >glI4S762~ IgLIAJl.A. 
<F11168451sp1F056641DPOL ADE07 DNA POLYMERASE >g.l.1 S8527¡",mblC.AA2 •. , 
gl.\llSS44IepIP'0449SIUPOL-.... tlt.05 UN?. 1'0LYl".E'RASE >gl.IS7'021\¡:>irl \DJf\." 
gll96261681reflNP 040516::-11 DNA polym0rasp (Human adenovLrus typ ... 
'l'l1 96.U;S59Ir'"ffNP-04085J.11 DNA polymera',9 [Humar. adenoVlrU" typ", 
91lJ91J5351sPIP875031DPOL ADE04 DNA POLYMERASE >giI18416~419mbIC, 
g~ 161J1501615[:'1 072540 1 DPOL=ADEBJ DNA POLYMERASE >g~ 131284531 gbl AA. , , 
gil9629220IrefINP 044409.11 DNA poiymeras9 [can~ne adeno'llrus ty ..• 
9lf9626627IrefiNP-040915.11 DNA polymerase [Human edenovirus typ, .. 
9i.114424~53IspIQ07635IDP02 SULSO DNA POLYMERASE Il (DNA ?OLY"lERA. 
g~123201SlspIP30319IDPOL_CBEPV DNA POLYMERASE >g~1261209IpirIIS2". 
g~124941$7IspIQ659~6IDPOL_ADECC DNA POLYMERASE >glI1477650IgbIAA ... 
91.130236531sp1Q380871DPOL_BPR69 DNA POLYMERASE (GP43) ::>giI643555., 
9"- 11233011 spl P390G7IACI,)C BACSIJ ACE.!OIN IJT1LIZA1ION ACUC ?R.OTEIN 
0l1984547fll r<:-f INP 0642R6:-11 D1'1A polymera:w [b0vine adenoVlrus 2) 
0~1,,',28[H;I)(efINr-()4:j(n(1.11 ¡;;:b pol jf<,wl adPf,ovlrul< 11 ,gil?~CH, 
qI11J";:JOf,I~¡.,I!'O~Ú¡[l4\DPOl K1.lILA DNA POl.YMERASE. >qlllO:l.\;:lr>l[!I~,. 
qi.f97"O:n"lrc·IINP O,,:~8(l() '11 p1'l(1 ;,tnlt"tllral polyr,rorC'lrl '''Indhl;,., 
qlll.1(,~7dlc<pl~::,':'>,',I!,(j[.S SHIOO :,;j'"l!CTUr<J>.L f'OLY!'I,()')UN (1~1¡()J IC0. 
ql 1,,::25461 ISf,1 0667761 GiS;; AQUAf. SERINE HYD'<OXYMETIlYLTRANSFERASE " 
cll179 Q37271 sp104318~ IAD1;::-HUMAN ADAM 12 PRECURSOR (A DISIN:TEGRIN 
(1l1]4;,lO&101~8fINP 11t:::'~8~,:-11 DN'A topOl;oornel'Ct~,,? VI, ',t..r'lImt B [Py, 
(1] 1 9296<lSSlsp,Q88469ID"OL ADETl !)NA POLYMERASE >q~11336f",tilqbIAi'. 
q111188301«pIP(',:;468IDI'02 KLULA DNA 1"'L'l'MERJlSr. (I'LA5M1D PGKL-? ?R. 
<jll,,{A("Llll~,p\r,3"Cl~)I'f('f,K nlL;>~, fHPnTl-If:nc"L (;10.;' ;;¡-¡il ,'R:'T1'1N ',O. 
q,l'lG':(,\IIHlr"iINl' 04114>1,11 [lNlI polyl"<'~d"" [1,\,.1"'ld h"1¡"_'>W,[U, 
<j.l.1 13124G011"PICn4Cl201TPGB PYRHO TYPE Il DNA TO'?O.cSOMERA3E VI SU. 
911%26390In'fiNP 040719,11 ge<1e 2 product [B.;:ctenophage f'ZA] > 
g~ 11175'0071 sp 1 ?420161h'APA BACST WALL-A$SOCIATW P'1.0TEIN ?Rf-CURSO 
<j.1(4E;196JlspIP33538\DI'OM ;;j~IJIN PROBABLe DNA POLYt\f.RASS. >gil10189. 
gll9G263511reflNP 040b82::-11 orf 1 [Enterob¡].~ter!a phage ~R¡)ll >g." 
01.11273311 spl P138191MS~1 PLAFf MEROZOITE SURf,".CE PROTEIN 1 PR~CU" 
gl: 62266~91 spl ~'08569IMSI'I PLAft-' MEROZOITE SU~FJlCE ?ROTE:~ 1 PRSC. 
gll1188491spiP03680lDPOL 8PPH2 DNA POLYMERASE (EARLY PRortHJ GP2. 
g.1 1 1316235311efl:,:p_077071.11 complement factoL 1 [Rattus norveg.l. 
g.1161oG016Ispl(.>90125ICO¡l,T GI"!DNV C.O.".T PROTEIN VPl (STRUCTUAAL ?RO. 
gil 632134611ef\NI'_Ol1423,11 ¡luclea.r pore proteUlí Ntlp245p [Sacch, 
gl.I1l81d481"pll?19894IDPOL_BPM2 DNA l?OLYMERASE >g.1i76896!plrIIJQ01 .. . 
gl16i)15017j sp 1 Q3788Z 1 DPOL BPEO.' ONA P0LYMERASE (S¡l,RLY PROTSIN G .... . 
g~ 1111329141 sr 10'572031 HIS? BUCAl HISTIDINE BlOSYNTHESIS Blf\JNCTl.., 
gl.\':821151\si'IP1959'3lHSPl PLAO M'<.ROZOlTE S\JRF".C'i: '?ROTnN J. PRISC, •. 
<;lI17300111 'Sr 1 p184':" 1 TP~,\-YEAST ALPHA, ALPHA-TREHl\L,0SE-PHC>S[lHATr. 
'11 1 1 129<1:;;1 I-'pl1",1070I'lli,-,,"Vl'l'Vl ;>'!'tr.Br:NE "YNTIlA:;,:,' ¡¡uSvrr,{\'¡'hGL. 
'l~1116180ISpl"U9:,2ICt;2rj_S¡OlSO (,UMI'I'0'l'lC-srr:l1F'lC CYCLI;l l' "911 .. , 

Allgnm'imts 

>911\;Ol!i()2:,I~plPSt·.¡,.89IL)i.'OL_T¡;EC"'~ DNA POLYMEAAsS (1,) POL) 

l. ~, 

" 64 

" " 63 
63 

" C,'l 

',>J 

55 
50 

37 
30 
35 
34 
34 
34 
33 
33 
32 
32 
32 
32 
32 
30 
30 
30 
?1 
¿"l 

l'l 
:', 
::9 

" ::'1 
:ifl 
2,¡ 
7" 
'[1 

~'8 

28 
;:7 
:n 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
2(-
,:(. 
-'lo 

9114699<1061 pdb 11 TC",~I A Ch.!lin A, Thermo$ta.blo? B Type Dna Polyrn.::>r¡¡~'o? rrom Thexrnococc\IS 
Go:-qon¡¡';.1l1s 

L,~r,qth _ 71j 

SCOH' 12J bits [.110), I::x~)<;·r.t w ~",-~'CI 

!cl(Jr¡t~tlc:; ~ 70n~ In'~I, PO:lltiv<·~< ~ ·¡t,¡-¡C (~7t.¡ 

Q1J~ry: ,'1.ECAESVTAWGRQJ'IETTMREIEEKfGfKVLYADTDGfFATr PGADA';;TV1<NKAKEfLNY 60 
.. ECAE~\VTAWGRQY I E TT+ REI EEKfGfKVLYADTOOffA T 1 PGADAS TVK KA1<E F'J,+ 'f 

$bjct: 5(17 KE~"AESVrAWGR()YIETTIREIEEKfGfKVLYADTDGffATIPGADAETVKKKAKEfLDY 566 

Q1Jo?l;¡: 61 INPR!.PGLLELEYE(;r 7(, 
IN +Lf'GL.r.EJ.E'fEGf 

Sbjct: :, .. :1 INAKLPGLLELEYEGr ;)62 

/,,-1 1 
40-11 
~",~11 

4",-]1 
~",-1l 

5e-11 
ge-21 
2e-10 
1, -o') 
-¡,,-V} 
26-1)8 
7e-07 

0,005 
0,007 
0.023 
0.0% 
0.036 
0,047 
o.n 
0.12 
0,14 
0.16 
0.17 
0.24 
0.25 
0.52 
o, :,~ 
().63 
1 I 

1 I 

1.', 
l. 
1.5 

.2. ") 
, . , 

e .c, , . 
2. 

fl 

" 4. B 
4. 9 
':>,0 
,. O 
:".,1 
6,5 
7.8 
8.1 
8 • .2 
8.2 

B. " 
Q, ~, 

q. <, 
lD, tl 

>gl 113-l314 651 :)[)I 0719131 DPOL_PYRKO DNA I'OLYMF:RA,sE [CONTAINS' ENDONUCLEASE PI-PKOI (IVS-A). ENDON\JtLr.ASE 
r'I-PKOIl (lV$-5) 1 

glllnObr¡OO)dbjl'BA]\061~¿,2\ (0:::%"11) l.ll""-d8p~f1'~')11l; WA p,,~ym.n,)sp' ¡"YL<;";OCC1J,) sp.l 
Lp.ngth _ 16'11 

!;cot'o:o - 1::::,1 biu (:nO), F.:xpect - ~,,-::9 
ldt.i'ntH~c:') ~ (,1171;0 (80~,), h:'.'Jitiv,<,~ - (,\l!7() (90t) 

Quory: RECAi:.SVTI\WGRQY 1 ETTMREl EEKFGF,,'VL Y"DTDGFfAn PGADAF.TVKNK,l\KErLNY 60 
+ECAESVTAWGR+n T1+-EIEEK+GrKV+Y+1"ITN>rfA'tIPGADAETVK KA ErL y 

Sbj.:t.: 1 ,;0,1 n:\:AESVTAW(,RE"!1'MT!KE¡EEK\'GFKVIY$DToorrJ\'l'rr\"Af.V\.ETVKKK;\M,~fLKi' 1,1 \,J 

52 



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

>qit~leB25¡splP005a2IDP01_ECOLr DNa POLY:HSRASE 1 (POL I) 
>giI116940ZjspIP43741IDP01_RAEIN DNA POLYMERASE I (POL I) 
>gij1222S1815jsp!Q931G2!DP01_RHrr.E PNA POLYMgRASE T (POL 1) 
>g~!6166143!Sp!P74933IDP01_TREPA D~~ POLYMEF~$E 1 (POL 1) 
>g~¡6015002.\S?lOQ83.07\DPOl CHLAJJ DNA EOLYMEP.ASE. 1 (POL 11 
>gi!6225285!SPIQ5S971IDPOl=SYNY3 DNA POLYMERASE I (POL I) 
>gii113855j~pj?:9S22j~?01_3P?5 DNA P01xrillR?~E 

>gii6225284IsploS149a¡DPOl_BORBU DNA POL1~RASE 1 (POL I) 
>gi!4¿i::<t;>I)I,spl,P;ú;L41DPOL BPSPl UNA. POLYHEFASE 
>glI1l8793IspIPJ32¿;7IDP03-B..ll..CSU DNA POLYMERJl.~;E III POr.c:-TYPE (P'.;l,Jil) 
>gifB928564[spI2Q17S0rPMCZ HOHAK pOL~Sr~IS/s~OOERMA AUTO~GEN 2 (AUTOANTIGEN 2M/SCL 
2) -
>::;.l\¡.:,7':::(I:.,:¡I",~'oo;"~~;,1f;2\?"m ¡{i'.i-:n,; P.IB(:'NUCt:·,,~';:·E [; (i~;,;J\:3~: ~); 

>giI77100&2IrefINP_057908~-11 po~ymyos.it.is-lsclerode::ona autoantigen 2 tMus musculusJ 
>gl!6015001Isp¡034996IDP01_BACSU DNA POLYMERASE 1 (POL I) 
>gi¡139S9f83¡~p!~5sf65¡I'P()3_ST+Zl,..1\.lJ PN..1\. PC<1YMEPJ>..8S Ir! Pt:\LC'-TYI-E.: {P(';:'!IJ:: 
><;¡;.\~-~'~1·J.!.\":p,?r;S:-'~~~2H,'_ ~~C'::~,} 1<IS\.'NI!CL"f ... .l-.SE: lJ \~::¡~,!,SS ~}~ 

>gii304Hi72lspIPS2026!DPOl_BACS'I' DNA POLYMERASE 1 (pm, I) 
>9~11J9:):J31S)~pl():J;{,"',nIDP03_n;'CllD DNi'\ FOLYHEPJIBE XLi: PGI,C-l'J.'PE íPCiLIJI; 
>gíl 6324574 IrefINP_014643. 11 involved in 5.85 xRNA proce9sing; Rrp6p lsacchararoyc&s 
earevis:i.ae.J 
·;>glJ6(Jltlq(¡r'i"í'!,ih711-¡4i!)I-'~f.-;-_Aº¡IA~; IlN4 POLYMER':tS~~ irJ, ~:PS!i,~N ('8Afl\¡ 

>glI416913!<;p!{)Cl4957IDP01,_BACCA DNJI. POLYMERASE 1 (POI, J) 

>glI118827IspiP132~2iDP01_STRPN ONA POLYMERASE 1 (POL X) 
>q.1\ l~.:(~'h.-"':: 2-p',\::'\Fr,::," 1 DP01 S'TRPY Dm\ F0LnZr,,".f,E II: F''l:X , ",~, r T T , 

\t ,_" 

>gl!ó0150001.spI067779IDPOl AQUAE DN1'\ P01YMERASr. 1 (POL 1) 
>gl.~j.;'j;-):;1~~):,."'),'.d:;,J)T711J;:·,Ú_L"C:LA j)1"¡A p{l;::'¡·t·i8.;:;:i..:;;~. tU ~\:bC-¡'¡~'r~ ¡¡'<,L.l!:. 

>g~i13~":i:'13!l'""fii"~_1(¡,:'!7¿2,li n~.!I. pc,l:rm",r¡:¡s,=, lTI (o;in<lE,' <llphi'l ")-.;'1[' O":"''''''p:",'''1''01 ~_-"·'-d'''''-''''·-' 

>g~!11S9403hP\P4';JI335\DP01_MY<:Lt. DNA P0l,YMER.?J..SE 1 'iPOL 1) 
>gi ¡ 1.:Z')41'3';':!' : :él.'!::: ¡ nr·~¡-'7~t>'H . .l: miA p-::lyme:::-J.ze III, 31,.:bur-...::.:' :11pt'-.3 '¡:::-::~ ':::. ~: ~:c1J·,::-.::r ~ .:: ::::-:'2 
genl.tál.l.l..;IT.; 

",' 
>glI6015003Ispt032801IDP01_LACLC DNA PüLYMERASE I (POL 1) 
>g~16226142IspIQl0146IYASB_SCRPO HYPOTHETlCAL 89.6 KDA PROTErN C3H9.11 IN CHROMOSOME 1 
>gillí06437IspIP54394IDING_BACSU PROBABLE ATP-DEPENDENT HELICASE DING HOMOLOG 
>g:t)9íB91481$p~QS<ZJE9)DP01_HELP.J DNA POLYMERASE :. !POL 1) 
>g~;1335793'7¡l.-=fIK?_07:S211.1¡ DNA pol)''1Il ... J.d.!-':' III s.lpl-.a cbain 1 ít:',Lb;.lói.z,.uo. ... 1.0,"'].'/::. .... ,_'-'-111 

>gi i 9íSS.S561 sp I PS610S1 DP01_HELI?Y DNA. POLYMERASE 1 (POL 1, 
<;>';r~¡9,~;:7>4·¡4irt'-rii\¡",_.1':¡9·itl8.1.1 pr.~<4.!J:t02,i ';,(,.2t\8 rr'r\¡:':>ln ll'1ycQb.:>('I"""""r""'(],:. 1",) 

'"",1 i' ~;\:'l ',"1 .... ,·',1 ,f.': \ 

>~ili72~9081~PjQlC38~IYL91=MYCTU 
>g~ 19!8'Yi46 J s¡:.1 P7<.:,:;81 ¡ EXOX_ECOLI 
>gi i 6225287 i sp i Q9ZliFó ¡ DP03 THE:MM. 
;-111 I t)t;" 'j 'J -;¡ ¡ I ."¡P I L)S! ;;(~.[S.I np ')E - fUCPR 

'>q I 1\,(1 l.) 'I'lI, I "" I (,11 ¡,,~¡ '1 I ¡ 11' l¡':_TIH';¡,'A 

>g~r6014999IspIQ59156IDP01_ANATH 

HYPOTHETICl\l, 69.::: 1~D.l\ PROTEIN RV:-: l ': [ 
E""..<ODEOXYRIBONUCLSASE :-: {E"'.r.ONUCLE;~SE ;.;¡ 
DNA P0Ly~~r~SE 111 POLC-TYPE (POLIIl! 
DNA r\JL'r'I.,¡;,I'A.";~. ¡ ¡ ¡, F:PSf[,ON CtlAlN 
¡,NA 1'(d.y¡.,I<¡O~:;¡'. ¡ J ¡, I,:t'.'" r I,(¡N ,'fll\ 1 N 

DNA P01YME~SE r (POL I) 
:"1.' ,. !... "~'o !,'1 :\1 

>glI6Cl4.~lSI21 sp 1·,)l',8C4.~ I D!:-'3A_RROC~n. m~A POLY~1ERJl...SE UI ALPHA SUBUNIT 
-','J.' <," ".' ":,:':'" ,\":::l~ :·'L:~~',)\lJ';:]" .. '. 1" 'i~·."!'::,;::L:::.:\~',¡,'-· 

>giI14<l244491:-:pIP47729IDP03_!1'iCI:'U UNA POL'iHEP.AS8 lIt E'llLC-TYPE (Pul,lí.J.'¡ 

~g:L12':Í{)6367!sp!P14')')6iDP3E_S.t..LTY Nrp<, POLYMEP.ASS nI, EPSILON CKII.!N 
>g:"¡L.!.€9·~9~:~p:!?.:',:·141j1t:'P'~::_.E"J\E.r:N m!p~ !?0L'!.11E!81'~SE: t:::t, E.l?8r:r.mr C~.1'~n! 

: ,) .:: ' , " :" )" ' "'." 1" ! ,'/'. " , ! "'" ", l.' ~' ;:". L:'~,,'" 

>giilJ.l3227Bi:::PIP57337iDP3E_BUCJU DNA POL'i.11EP...~SE !II, EPsILON Cm\!N 
>giI585062IspIQ07700IDP01_MYCTU DNA POLYMERASE I (POL 1) 
·;..gj.11l8dlíSlspII?O·W07!D¡)~F! .. _E;(';nLT DbI~ f.'Ol--.yMl-;tUt ...... ~;. TU, ~;¡';8tt,m,[ CHAHl 

(SZ() ;.:; 

" 

"~o, O" (" l'" :r" i":,,;~" .I{.\;,:~[..; ¡,¡I''-d'I'¡: \.~',~,::; :r',,-:"!~I~,r,N!jr:,,':'I~<~¡" '! 

:--91. j 2B1.~ ~lr; ¡ :,:p! Qr)'fBBÜ I D!:I~!'.~_BUr;A.!? DNl\. eOL'ff:'U'~RP,:'}E. rr. t, EE'~ tTJm" CHJl TN 
>gl!1706502!splP52QZeIDP01_TH&TH DNA POLYMERASE 1, THERMOSTABLE (TTH POLY~~RASE 1) 
>gi125063651sp1P80194 I DP01_THECA DNA POLYMERASE 1, THERMOSTABLE (TAC POLYMERASE 1) 
>gi!118828jspl?19821IDP01_THEAQ DNA POLYMERASE 1, THERMOSTABLE (tAQ POLYMERASE 1) 
>giI2320101spIP30313IDPOl_THEFL DNA POLYMERASE 1 , THERMOSTABLE (TFL POLirffiRASE 1) 
>gl ¡ 3913510 I sp 105::'::251 DPOl_'I'HEFI DNA POLYM!:RASE T, THERMOSTABLE (TFI POLYMERAS8 1,1 

53 



,~1, :,' \~' '.: ". '.:,¿,,',,; ;,T;:"~,_;,,, " .. ;J,::" 
>g~i?404361\sp¡P5¿027\DPOl OSIRA DNA POLYMERASE 1 (POL 1) 
******************************************************************************************** 
Estas de aqui son un PSI-BLAST quitando a las polIII, en la última ~terac~6n (la sépt~ma) 
salieron de todas formas 3 pOI 111. El arch~vo para clustal se llama exopolAPSIBLAST.txt 

giI118825IspIPOOS82IDP01_ECOLI DNA POLYMERASE I (pOL 1) >g1j670S .. _ 
gijl169402jsplP43741jDPOl HAEIN DNA POLYMERASE 1 (?OL 1) >g~II07 .. . 
gil122298151splQ9S1G21DP01 RHILE DNA POLYMERASE 1 (POL I) >glI55 .. . 
glj61661431splP749331DPOl TREPA DNA POLYMERASE 1 (POL 1) >giI743 .. . 
gi11188551sp1P198221DPOL_BPT5 DNA POLYMERASE >giI6705Slpir! IDJBP .. . 
gi¡6015002IspI008307IDPOl_CHLAU DNA POLYMERASE 1 (POL 1) >giI191 .. . 
gil62252851splQ559711DPOl SYNY3 DNA POLYMERASE I (POL 1) >giI743 .. . 
gi1622S284ISP¡051498IDPOI=BORBU DNA P01YMERASE 1 (POL 1) >giI743 .. _ 
gi\46196G\sp\P30314\DPOL BPSPl DNA POLYMERASE 
gi160150011sPI0349961DP01_BACSU DNA POLYMERASE I (POL 1) >g~1743 .. . 
gi111730941sp1P444421RND_HAEIN RIBONUCLEASE D (RNASE D) >giI1075 .. . 
gil30416721splP520261DPOl BACST DNA POLYMERASE 1 (POL Il 
gi14169131sp1Q049571DPOl_BACCA DNA POLYMERASE I (POL Il >giI4196 .. . 
giI133152IspIP09155!RND_ECOLI RIBONUCLEASE D (RNASE D} >gi!67284 .. . 
gi160150031sp10328011DP01_LACLC DNA POLYMERASE 1 (POL Il >giI228 .. . 
gi111694031sp1P468351DP01_MYCLE DNA POLYMERASE 1 (POL Il >gi\107 .. _ 
giI9630428IrefINP_046860.11 DNA polymerase; gp44 [Mycobacterioph .. . 
giI6324574jrefINP_Ol4643.11 involved ~n 5.8S rRNA processing; Rr .. . 
gill18827jsp1P132521DP01_STRPN DNA POLYMERASE 1 (POL 1) >giI9802 .. . 
gil89285641splQ01780lPMC2 HUMAN POLYMYOSITIS!SCLERODERMA AUTOANT .. . 
9~17710082IrefINP_057908.11 polymyosit~s!scleroderma autoantigen .. . 
gil60149991splQS91561DPOl ANATH DNA POLYMERASE 1 (POL 1l >giI140 .. . 
gll96254741reflNP 039708.11 pred~cted 66.2Kd protein [Mycobacter .. . 
gi160150001SP¡0677791DP01 AQUAE DNA POLYMERASE 1 (POL 1) >glI7S1 .. . 
g~16226742Isp¡QI0146IYASB-SCHPO HYPOTHETICAL 89.6 KDA PROTEIN e3 .. . 
gi197898561SPIP56l051DPOl=HELPY DNA POLYMERASE 1 (POL 1) 
gil97897481splQ9ZJE91DPOl HELPJ DNA POLYMERASE 1 (POL 1) >g~1743 .. . 
glI585062!sp[Q07700IDP01 MYCTU DNA POLYMERASE 1 {POL 1) >giI7434 .. . 
gll17065021splP520281DPOl THETR DNA POLYMERASE 1, TRERMOSTABLE ( .. . 
g~11188281splP198211DP01_THEAQ DNA POLYMERASE 1, THERMOSTABLE (T .. . 
g~125063651sp1PB01941DPOI THECA DNA POLYMERASE 1, THERMOSTABLE { .. . 
gi12320101sp1P30313¡DPOl THEFL DNA POLYMERASE 1, THERMQSTABLE (T .. . 
giI39135l0IspIOS222SIDPOl_TREFI DNA POLYMERASE 1, THERMOSTABLE ( .. . 
gll139596831splQ536651DP03 STAAU DNA POLYMERASE 111 POLC-TYPE (P .. . 
g~17404361IsPIPS2027IDPOl_DElRA DNA POLYMERASE 1 (POL 1) >glI747 .. . 
gill44244491splP477291DP03 MYCPU DNA POLYMERASE II! POLC-TYPE (P .. . 
gill187931sp1P132671~P03 BACSU DNA POLYMERASE 111 POLC-TYPE (POL .. . 
gil141946731splQ9FDF91DP03 STRPY DNA POLYMERASE 111 POLC-TYPE (P .. . 

>DPOl ECOLI DNA POLYMERASE 1 (POL Il 
VISYDÑYVTILDEETLKAWIAKLEKAPVFAFDTETDSLDNISANLVGLSFAIEPGVAAYI 
PVARDYLDAPDQISRERALELLKPLLEDEKALKVGQNLKYDRGlLANYGIELRG1AFDTM 
LESYILNSVAGRHDMDSLAERWLKHKTITFEEIAGKGKNQLTFNQIALEEAGRYAAEDAD 
VTLQLHLKMWPDLQKHKGPLNVFENIEMPLVPVLSRIER 

>DPOl HAEIN DNA POLYMERASE 1 (POL I) 
IDRTKYETLLTQADLTRWIEKLNAAKLIAVDTETDSLDYMSANLVGISFALENGEAAYLP 
LQLDYLDAPKTLEKSTALAAIKPILENPNIHKIGQNIKFDESIFARHGIELQGVEFDTML 
LSYTLNS-TGRHNMDDLAKRYLGHETIAFESLAGKGKSQLTFNQIPLEQATeYAAEDADV 
TMKLQQALWLKLQEEPTLVELYKTMELPLLHVLSRMER 

>DPOl RHILE DNA POLYMERASE 1 (POL 1) 
DHSAYVTIRDLVTLDRWIABARATGLVAFDTETTSLDAMQAELVGFSLAIADNTADPTGT 
KlRAAYVPLVHKNGVGDLLGGGLADNQIPMRDALPRLKALLEDESVLKVAQNLKYDYLLL 
KRYGIETRSFD-DTMLISYVLDAGTGAHGMDPLSEKFLGHTPIPYKDVAGSGKANVTFDL 
VDIDRATHYAAEDADVTLRLWLVLKPRLAA-AGLTSVYERLERPLLPVLARME 

>DPOl TREPA DNA POLYMERASE I (POL Il 
SAGHYRGVTDPVELKRIIDCACANGVVAFDCETDGLHPHDTRLVGFSICFQEAEAFYVPL 
IVPDVSLHTESTQCTCARSTNVETEKECTEQHGVSASAVQDPA--YVQAVMHQLRRLWND 
ETLTLVMHNGKFDYHVMHRAGVFEHCACNIFDTMVAAWLLDPDRGTYGMDVLAASFFQIR 
TltFEEVVAKGQ---TFAHVPYECAVRYAAEDADITFRLYHYLKLRLE-TAGLLSVFETI 

270 1e-72 
251 6e-67 
224 ge-59 
215 Se-56 
195 4e-50 
195 6e-50 
191 5e-49 
176 2e-44 
158 8e-39 
156 3e-38 
148 6e-36 
148 8e-36 
144 le-34 
142 3e-34 
142 4e-34 
139 2e-33 
138 6e-33 
136 2e-32 
135 5e-32 
134 le-3I 
130 2e-30 
125 6e-29 
125 6e-29 
124 7e-29 
122 4e-28 
119 4e-27 
115 6e-26 
107 le-23 

87 2e-17 
87 2e-17 
86 3e-l7 
81 le-l5 
75 7e-14 
59 4e-09 
59 7e-09 
44 2e-04 
42 6e-04 
42 7e-04 
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Appendix 1 
Fasta results: Type II DNA polyrnerase Exonuclease dornaiu against Swiss Prot 
Database 
r¡;,¡}l'll ('j, u: ,/.", .. ¡'I¡rlll) ffil" I ,i,,. ¡"r'~ J(r<¡;; .. tl, r¡),~,I) /NI;J! ox I ¡ '" .',) I ¡.¡ '1'
jQin: JIS, Q~,t: 21, g<cp-p<?r" -12/ -2, wldth: 16 

The best seóre::; are" 
PH1947 1235aa long hypothet~cal DNA-directed DNA 
PAB1128 {poli) DE- DNA polymer;:,s<;f I 
MJ0885 putat.lve DNA polYJ~<;,rase. [EC:2.7.7.7) [SP 
MTH120a DNA-clependent D.NA polymerase fam.lly B (P 
AF0497 polB; DNA polymE'rase Bl. [EC:2.7.7.7] 
ape:APE2098 DM-dlIected DNA polylOE"r<ose !EC:2.7. 
tac:Ta0907 DNA polyrnerase (PolB), large chaln re 
TVG0859451 DNA polymerase 
ath:At2g27120 putat~ve ONA polymerase epsilon ca 
hal:VNG0521G polEl; D.NA polym8rase al !EC:2.7.7. 
sce:Y.NL262W POL2, DUN2; DNA polym€'l"ase epsilon, 
ath:T23GIB.l1 putat~v~ DNA pol~nera~~ gi13885342. 
cel.F33H2.5 DNA polymera:;e fmn:lly b (3 dOllla~ns) 

pae:PAIBB6 polB; DNA polymerase Ir [EC:2.7.7.7) 
b0060 pelB, dinA; DNA poly¡ru,rase II (poI II). [E 
vch:VC1212 DNA polymerasE> Ir [EC:2.7.7.7] 
=\1:99660 POlal; DNA po1ymerase alpha 1, 180 kDa 
ape:APE0099 DNA-d~rectE>d DNA polymerase (pfu pol 
ath:F1287.5 putatl.ve DNA polymE>ra~e zet", C<'ltalyt 
ath:T1F15.3 Sl.IDl.lar to putat~ve DMA polymerase 9 
bha:BH1765 .. nknown consBrv.ed protein in B. subtl
nme:NMB1417 .;:onsel·ved hypoth.etical protein 
zce:YDLI02W COC;:;, VOL':, TE;.:l, DNA polymrua~e dol 
,<;ce:YPI.167C REV1, 1:'$0]; DNI\. polyu\8tds8 zeta catd 
c91:F10C2.4 DNA p,)lyll\",!·)",~ f"tnlly b (l;r.09101J) fE 
h¡Jj: j\1p0628 ¡lllt"-tl.\I'" 
HP0688 H. ryl')rl. ¡nedl.,;teo codl.nq L·'~91.0n HPOr-88. 
MTH491 CQT\~'lo,ved proteln. 
sp"F ip,,-(,Ild, 'lp'~'~ co..,· p<,ly~dC<:h"'l id", bl~'syntll 

aq_484 <ano, enola~e. [E:(·4.2.2.ll) 

SeqclefJces \o;~th E-'1alu", BE.TTER tl'Jan tnre:ohold 

(1235) 
( 771) 
(16.34) 
( 586) 
( 781) 
( 784) 
( 796) 
( 800) 
(2154) 
( 901) 
(2222) 
(2271 ) 
(2144) 
( 787) 
( 783) 
( 787) 
(1465) 
( 959) 
(1871) 
(1894) 
( 430) 
( 264) 
(1097) 
(1504 ) 
(1081) 
( 276) 
( 166) 
( .303) 
( 2,\9) 
( 426) 

opt bits E(110716) 
1359 282 3. ge-75 
1356 281 4,,-75 

734 1572.3e-37 
674 1454.2e-34 
128 96 3.5e-151 
~56 817.7e-15 
J23 7~, 7.6",,-13 
311 72 4e-12 
2.65 63 5.3e-09 
.';;38 58 1.le-07 
.';;29 56 Be-07 
:;-26 56 1.2",-06 
214 53 6. 3e-06 
196 493.4e-05 
193 49 S.2e-OS 
193 49 5.2e-05 
180 460.00052 
173 450.00097 
137 38 0.25 
137 38 0.25 
121 34 0.7 
115 33 1. 1 
122 3-4 1. 1 
122 3') 1. 7 
115 33 3.4 
107 31 3.4 
104 30 3.' 
104 31 5.1, 

99 
102 

29 
3C 

<) :: 

9.7 

Sequence~ pl-odtJcJ.ng 'O<J.glllfJ.cant all.gnrnents: 
Seota 

(bJ.ts) Value 

gJ.160!5025IsP~P56689IDPOL_tH'e:GO DNA I'OLYMERASE (10 POLl >gi(4699 .. 
gJ.11:14314651",pIP77933IDPOL FYRKO DNA POLYMERASE [CONTArNS: ENDON .•. 
pl13878475ISP(Q9IiH84IDPOL=THEG8 DNA POLYMEAASE [CONTAINS' ENDON •.. 
g~IJ9135:8IspIP74918IDPOL_THEFM DNA POLYMERASE (~OL TFU) ~gJ.1165 ... 
go. 13n35401 ~piQ56366IDPOL_THES9 DNA PO¡:'YMERASE >g~ 174348081pul l •.. 
qJ I J994()J I Sf'l P800611 DPOL_PYRFlJ DWI POLYMEAASE ¡PflJ POLYMEAASE) > ... 
giI3nJ5261~<pI0591510IDPOL_PYRHO DNA POLYMERASE >cJl.17446920Ipirll •.. 
gJ.I~4941~GI3pIQ51334(DFOL_PYRSO DNA POLYMERASE (DEEP VENT DNA PO ••. 
~pI39135301:sp(P77932IDPOL_PYRSE DNA POLYMEAASE >gl-I1495770IembIC ..• 
g.lIH5219191ref1MP 127396.11 DMA polymerase 1 [Fyrococcus abyssi ••. 
gi12320201sp1P303171DPOL_THELI DNA POLYMERASE (VENT DNA POLYMERA .•• 
gil131242191sp1Q9LRE61DPOD ORYSA DNA POLYMERASE DELTA CATALYTIC .•• 
gi139135241sp10338451DPOL_THEST DNA POLYMERASE >giI22933SSlembIC ••• 
gi117065051sp1P524311DPOD_MOlJSE DNA POLYMERASE DELTA CAT~LYTIC S ... 
9i 145059331 ref 1 NP_002682 .11 volymera,se (DNA directed), delta 1, .. ' 
gil14251046IrefINP_1164Cl6.11 154 [Tupa¡.a herpe.svir\ls] >Clll929696 .. . 
q.iI';J70101IrMINP.(Jl(J1B1.11 ¡"nw,st ~nd catalytic :lub\lnl.:' of DNA .. . 
q 1 I/¡, 'JG~'. '.1 :1¡d I.J'I'n!~; \ I UPUj, 1l:>VT J IJNI\ J'OI,YMf:r<A:H; "') 1 I 4 j(:[J(l'l) 1'/)' 111/\ ••. 
(ji 11ID(;'} ;l(lll n'! 1 NF ()~,76!14 :'11 llNA polymera.:<~ de1tD, coatalyl.i<:. :«1/.J ..• 
g.lI.'!122(]~91 ~pl P'1728J 1 DPOD_MESAt! DNA POLYMERASE DELTA CATALYTIC S ••• 
gi Il1B8J81 "lpl P283J91 DPOD_BOVIN DNA POLYMERASE DELTA CATA1YTIC SU ••. 
giI126441~9(spIPJ0316IDPOD SCHPO DNA POLYMERASE DELTA CATALYT!C 
g.:.I131~n181 "lpl P54 :~581 DPOO-DROME DNA POLYMEAASE DELTA CATALYTIC ••. 
9J.113124716IspIP46588IDPOD=CANAL DNA POLYMERASE DELTA CArALYTIC ••• 
q.lI 1312422QlspIQ9LVN71DPOO ARA1H DNA POLYMERASE DELTA CATALYTIC ... 
gi 160150231 :!!pl 0711211 DPOL3HCM6 DNA POLYMERASE >gl.12944240 Igbl AA .•. 
911131241 !l91 sp (P(l0829 (OPOn CAEEL DNA POLYMERASE DELTA CATALYTIC 
gl 196256571 reí 1 NP _039908.11 BALF5 DNA polym",nHle (early), homolo ••. 
giI232011IspIP3031~IDPOD_PLAFK DNA POLYMERASE DELTA CATALYTIC SU ... 
giI3~135251~pI04a901IDPOD_SOYBN DNA rOLYMERASE DELTA CATALYTIC S .•. 
<11/96280221 r.f!f J NP_D421)])5.11 OOA polym~rMe r\Jplic"t~v'" .!lt¡bunit l .. · 
gi 1601 !>[)191."JF 1 (\690;:-51 DPOL_GPCMV DNA POLYMERASE >gil4!>976J 1 gbl AAA ... 
9119625965!l·eE 1 NP _040:11.1.1 DNA polymera."Je (S'ilimiuine harp\)s·Ji. .. 
glI39D5221:lpI0272i6IDPOL_METTH DNA POLYMERASE >giI7482291Ipirll ... 
gl196283401ref1NP_042931.11 1))8, DNA polyrneu~~ [Human herp0~\lJ.r •.. 
gi 11l88821.!lp 1 ['079181 DPOL_liSV21 DNA POLYHERASE >9"11 S7Q391pir I 1 DJEl. ,. 
glI1l6f.1881.'JpIP:;717.2IDf'OL_MCMVS DN}l. POL'lMERASE >giI67043lpüIIDJT:I ... 
'lll962573~lr~fINP_039ge8.11 DNA polynlo,)r,,~$ (e) tllUl\ll:I1l h'U·Po,»l\lJ,¡U .•• 
gtI60150221~pIQ8542eltl"OL RCMVM ONA f'OL'{MERASE 
9lI111l8fHll.~pIP()4292IDP01.ji~V1K DNA POLYMERASE >r;J.lb70.l4IpilIIDJU ..• 
qll%::!~4111r:q¡fINP_044G32.11 DNA polymer.:l3& [hum.!l.n herpe.!!vlru.'J 1] ..• 
<)iI118B791."lpIP0791710POL_HSVlA DNA POLYMEAASE ><;¡iI67036IplrIIOJB ... 
"iI1l88tHI.'>pIP09854IDPOL_liSV1S DNA POL'lMERASE >!)11670J5IpirIIDJB •.. 
<Jll)~1~,¡;79I:!1PIQ~~.~95IDPOL_Mr.TJA DNA POLYMERASE (CONTAIN:7: M,T/\ ro ... 

323 
322 
320 
318 
318 
317 
31Z 
310 
306 
305 
293 
291 
291 

'" '" 283 

'" ;-1,1 
ll,il 
279 
219 

'" 277 
276 
275 
'73 
268 
'68 
267 
265 
263 
260 
25' 
257 
254 
252 
250 
25O 
W 
246 
246 
245 
244 
244 

E 

28-88 
3",-88 
2",-017 
5e-87 
7",-87 
ge-87 
4",-85 
1",-84 
3e-83 
3e-S3 
2e-79 
6e-79 
7e-79 
1e-76 
2e.-76 
3e-76 
4~--¡6 

'",,- /(. 

(>{.-/(. 

2c-7~) 

2t'-7 :, 
41J-75 
1",-74 
203-74 
6",-74 
2e-73 
5e-72 
5e-7l 
1e-71 
48-71 
Z",-70 
1<;,-69 
4e-69 
ge-69 
113-67 
3e-67 
10-66 
2e-t:6 
2e-65 
2c-65 
3"}-1J5 
40-6::' 
'le-6~ 

7,~-65 
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g.l 1 9628761 IrefINP_043792.1 1 DNA polymera$€, íHtnnon herpe.::;virus 7J. 
g.1 1 9626767 Iref INP_04103~.11 DNA polymerase ¡Equ.1ne herpeSVlrus 1 .•• 
9.1 t 9625903 Iref IN.? 040151.1 t ORF28 (AAl-1194) {H\lman herpesvl.rus ' •• 
gl.l1706S13lspIP52025IDPOL HETVO DM POLYMERASE >g1.1495654IgbIAAA ••• 
gl-t114981081ref1NP 069333:-11 DNA polymerase B1 (polB) [Archa.:ogl. .• 
g1IS45J:'26IrefINpJí0622?11 pr~lymera."e (DNA dir",cted), eps.llon l. 
'1,1"(~_'ll','II",rIJlf1 ('4H!,.',:,JI j.'[)v"-l tJHA ~'01ylllel<l99 Ihlr"llll'''.lllf'' hl" 
gil2320161splP30320lDPOL CHVN2 DNA POLYMERASE >g1.1281076IpnIIB4 ... 
g.1i6225286IspI09374610P02_AERPE DNA POLYMERASE II >giI743480llpl .•• 
9.1163240671 re! 1 NP 014137.11 DNA polyrrterase II; Po12p [SaGc.harorny .. . 
g.1 139135341 spl P871541 DPOE seHPO ONA POLYMeRASE EPSILON, CATALYTI .. . 
g.1IS393995Ir~fINP 058633.11 polymerase (DNA-directed), a1pha; po .•• 
9.116015013ISPIOB9042IDPOA_RAT DNA POLYMERASE ALPHA CATALYTIC SUB ..• 
gll60150241spl0707361DPOL RSIV DNA POLYMERASE >glIJ176380Idb]IBA .. 
gl16(,794091ref1NP 032918.11 DNA polymerase alpha 1, 180 kDa [Mu;:; ... 
':J1 1 J913',.: 11 sp 1 0606731 [.)P(JZ_HUMAN DNA O'(JLYMERASE ZETA CATAl,'lTrC SU ••• 
g.113913502IspI0057Q6IDP03_SUL5H DNA POLYMERASE III (DNA POLYMEAA .. 
<I.1139135151:;1"IP9597910O'03_5U1.50 DNA O'OLYMERASE III (DNA O'OLYMERA .•. 
ql-11188.illspIP26019\DPOA DROME DNA POLYMERA5E ALPHA CATALYTIC 50 ... 
9l-11188291~,pl[>211tl9IDP(2);COLI DNA POLYMERA5E Ir (POI, Ir) >gl-16/. 
'1116015010 I "pi 0486531 OPOA ORY5A DNA POLYMERASE ALPHA CATALYTIC S. 
9;¡.1(.()1S01ZI,.pIQ271~2IDPOA-()XYT.R DN}'t. POLYMERASE ALPHA CATALYTIC S ••• 
gi139135381sp1P956901DP01-StlLAC DNA POLYMERASE I >gl-12129430Ipir. 
gll126432741SPIP2681llDPOl SULSO DNA POLYMEAASE r >g.1120523:dlgb ... 
g.1163250901ref1NF 015158.11 DMA polymer<\.::¡e ::et", sub1J~nt; Rev3p l .•• 
9l 1 9630008 I ref I NP::::046226.11 DNA p.:>lymerase lOrgyla. pS(i'udotsugata, .. 
gll60150111splQ946361DPOA OXYNO DNA POLYMEAASE ALPHA CATALYTIC s ... 
Ql139135081sp10506071DO'Ol-SULOH DNA POLYMERASE I (DNA POLY~E~SE •.. 
ql-16919874IspIQ61493IDPOZ-MOUSE DNA POLYMERASE ZETA CATALYTIC SU, 
iIlI1169407IsplP43139IDPOL-ASFIAi DNA POLYMERASE >gl-1480Sc,3IpirIIS. 
(111 ;,(11."00::013,01 (l'JOHi21 DPOL - NPVCf DNA POLYMERA.<:E: ~'"¡ 1 1~76 181 gI>l Me 
qlil188J41:;f'11':;TI,~7IDPOA TRYBS DNA POLYMERASE ALPHA CATALY11C SLI. 
qll'l6'lOt!7:'lp'fINI' (J4146'1':11 I¡NA poJym<'nl¡,'·-A,MN!'V (>rfb~, j¡\()wby< 
<].lllH~4081~ptf142489IDFOL ASfB7 DNA POLYMERASE >g.l14S7624IgbIAAA •. 
91196278081 rE'f I NP 054095.11 DNA-dependont DNA-polyrrterase [A\ltogr •.• 
QlI9632637IrefINP-049662.11 DNA polymerase [Boctenophage T4J >q ••• 
(fl I 30236!:,3IspIQ380<!7 1 [)l°OL BPR69 DNA POLYMERASE (GP43) >9lI643555.,. 
giI6225283IsPI093745IDPOI-AERI?E ONA POLYMERASE 1 >giI74348001pu ••• 
ql11188331sp11?280401DPOA_SCHPO DNA POLYMtRASE ALPHA CATALYTIC SU ..• 
q.l16324Z27IrefINP_014297.11 DNA polymerase 1 a1pha .:!Iubun.1t, pI80 •.• 
g.11232019IspIP30318IDPOL_NPVLD DNA POLYMERASE >gi14845121pirl IJQ ... 
g.1 I 50150091 $p1000874 1 DPOA LEIDO DNA POLYMEAASE ALPHA CATALYTIC S •.• 
gll2320151splP303191DI?OL CBEI?V ONA I?OLYMERASE >giI281209IpuIIS2 ••• 
gL 11188591 sp I P214021 OPOL - FOWPV DNA POLYMERASE >gl1670471pirll OJ\' ••• 
91160150211~p1Q841731DPOL ORFN2 DNA POLYMERASE >glI1236947IgbIAA ••. 
gl-19627571IrefINJ? 042094.11 E9L [v~riola viru~J >giI461961IspIP3 ••• 
g.1I 9790985IrefINP-063712.11 E9L; putative [VacciO.1a virusJ >gl-I1 •.• 
g.111188921sPIP068561DI?OL VACCV DNA POLYMERASE >giI335756IgbIAABS ••. 
gil17309551SPIP508371YPRB BACSU HYPOTHETICAL 48.0 KQA I?ROTEIN IN ••• 
g.11120448811ref1NI? 072691~11 DNA polymerase III, subun.1t alpha ( ••. 
9.1196268781 reí 1 NI? 041148.11 DNA poIyrrterase licta1urid h"'rpesviru ••• 
g.11 135077731reflNP 109722.11 DNA polymerase III (dnaE) alpha chao 
giI13357937IrefINP=078211.11 DNA polymerase III alpha cha.1n 1 [U .•• 

Sequences wl-th E-va1uQ WORSE than thre~hold 

g.114619621~pIP33537IDPOM NEUCR PROBABLE DNA POLYMERASE >giI28335 ... 
gi124959341sp1Q578111Y365_METJA HYPOTHETICAL PROTEIN MJ0365 >gll ..• 
gi162252871sp1Q9ZHF61DP03_THEMA ONA POLYMERASE III POLC-TYFE (PO .•• 
gil13523081splP098041PPOl KLULA ONA POLYMERASE >gil101l32IpirIIS .•. 
giI6014996I!1pI083649IDP3E::::TREPA DNA PÚLYMERASE III, EPSILON CHAL •• 
gl196263511 :t:ef I NP_040682.11 od 1 ¡O:nterobacte.r:ia phage PR01] >13' ... 
'1i 11730190 I spl PS48041 GALC_C/A.NFA GALACTOCEREBROSIDASE PRECURSOR ( .•• 
giI24941821.<¡:pIQl.2704IDPOG_SCHPO ONA POLYM'ERASE GAMMA (Ml'I'OCHONOR ••• 
giI2496012IspIQS7n'IYSOO_METJF. HYPOTHETICAL PROTEIN MJ0500 >gil .•• 
qil':l6::!7454Ir"rlrH' 041902.11 <¡en<} 5, DNA polyrn.ual'Jo (BecteriophaIJ .•• 
'JlI2~':!IJJOOI.'lrJI~)',~44JIDEXT :;TRMU Dl:¡"rRANI\~¡'; Pl{~:<:Uf(S()H. (Al,PHI\-1,6-.,. 
<J~IU8e5"1IspIP20111IDPOL BP'r." DNA POLYME:RASE >giI7691e>lpirIISOiS .•• 
ql16679927 I rof 1 NP 032105:-11 ga1acto!l-ylc<narnida.sG [Mu.:!l mU1:lc,.1lu,~1) ." 
giI6014992IspIOGS045IDP3A_RHOCA ONA POLYMERASE III ALPHA SUBUNIT .•• 
gil $134 550 I "p I Q9WZ2 51 LEUD _ THEMA 3-ISOPROPYLMALl\.TE OEHYORA'l'ASE SM. 
giI401~411"pIP31254IUBAY_MOUSE UBIQUITIN-ACTIVATING ENZYME El Y ..• 
<]ll9b27557IrefINP_042080.11 C16L [Va.t.io1a vÜul.I'l >glI465091lspll? •• 
gl-16.H90b 1 reE 1 NP_009518 .11 B .subunit of DNA po1ymerase a1pha-pr .•• 
'Ji 11297721 ;O;pl P04()94 1 PENK RAT PROENKEPHALIN A PRECI)RSOR (CONTA!NS." 
9i 17 lI}3J51.~p 1 P4()8031 PKSK)H\CSlJ PIJTATIVE ¡:'OLYKE'rIDE S'íN'rliASE .. KoSK •• , 
9iI66~7e141"pIQ9ZCWeISEC;D RICI?R I?ROTEIN-t.X.PORT Mt.MDRANE I?RO'rEIN .•• 
gl-I.24~141t311."JpIQOl';l41IDPOG-PICPJI. ONA POLYMEAASE GAMMA (M!TOCHONDR ••• 
<JJ.1267J091:'lpIP29889IVF12_VACCP PROTEIN F12 >giI3J5701IqbIAAM826". 

Allgnrncnts 

>gi! 60150251 spl P566891 Ot'úL_'tHEGO DNA POLYMEAASE (TO POL) 

244 
241 
230 
221 
220 
214 
,'1' 
212 
212 
207 
205 
203 
202 
"201 
1% 
192 
188 
186 
182 
179 
179 
m 
174 
m 
17~ 
172 
172 
172 
160 
167 
i 67 
166 
1 G~) 

162 
162 
160 
158 
156 
154 
150 
146 
145 
107 
103 
101 

93 
92 
91 
88 
77 
71 
64 
62 

41 
39 
38 
34 
34 
33 
32 
32 
32 
31 
ji 
31 
31 
31 
30 
30 
29 
29 

" " " 29 
29 

giI469960t,lpr:ibllTGQIA Ch.:o.in A, ThO!LmO"tllb1e B Type Ona PolymeralJ~ from TherrnococcuIJ 
(,orgon~ri\l!l 

L.:cngth ~ 77 J 

Scoreo - :Q:i r.lt~. (828), E:<:poct ~ 20-86 
Identiti(Js - :::Jlf:?~G (;'0'!o), Positiv"" _ 2H/256 (93%) 

Qu('jr)' , t:LRMLM'(J1 ¡:; 1't.AHfIi.::;J\Al\GJ\GP ¡ V!! S'í ADEEGARV 1 TWKN 1 DL P'I VESVS TEKt::MI )~r{ 60 

ge-65 
6e-64 
2e-60 
le-57 
2",-57 
8e-5oS 
.'Q-' , 
3e-55 
Se-55 
le-53 
4e-53 
2e-52 
4e-52 
9E'-52 
3e-",0 
·1,'-49 
7e-48 
3e-47 
5,,-46 
-'(i'-~ 5 
6e-4S 
Se-F,4 

908-44 
ge-44 
2e-43 
508-43 
5",-43 
7e-43 
3e-42 
1.,-41 
\'-4 I 

208-41 
(".-1, 1 
Je-40 
5e-40 
2e-39 
5e-39 
408-38 
1e-37 
2e-36 
3e-35 
6e-35 
1e-23 
3e-22 
le-21 
4e-19 
8e-19 
le-18 
le-17 
2e-H 
2e-12 
2e-10 
le-OS 

0.002 
0.006 
0.011 
0.26 
0.29 
0.52 
0.72 
0.89 
1.1 
7.0 
;:.1 
2,2 
2.2 
2.5 
3. , 
5.5 
5.9 
7.0 
7.1 
7 •• 
7.< 
7.5 
8.1 
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Appendl:t 1 
Pasta nsufts: Type II D!IlA pol)'llIeTaSe Thumb doma.in against Swfss ProtDatabase 

FASTA (3.36 Juna 2000) funct~oQ [optimized, BL50 
JO~fl: 36, opt: 24, ',"'p-pen: -12/ -2, width: 16 

T),., b<>¡~t 'i,;<jl"'.~ "/": 

",\<¡1lZi3 (polI) Dl:::l)N!, puLymera::e 1 
PH1947 1235aa long hy?cthetical PNA-diractad DNA 
MJOBS5 putat~ve D~ polymera~e. [EC:2.7.7.7] [S? 
M'!H208 DNA-dependent DNA polymerase family B (Po 
ape:A?E2098 DNA-dJ.rect€'d DNA pelymerase [EC:2.7. 
AF0497 polB; DNA polymerase El. [EC:2.7.7.7] 
.$ce:YDLI02W CDC2, POL3, TEXl; DNA polymerase cel 
ape:APE2229 DN;!l.-directed DNA polymerase [LC:2.7. 
b0060 polE, dinAr DNA polymera$e 11 (poI 11). [E 
mmu:99660 Polal; DNA polymerase alpha 1, 180 kDa 
hal:VNG0521G polEl; DNA polymerase El [Ee:2.7.7. 
pae:PA1886 polB; DNA polymerase 11 [EC:2.7.7.7] 
vch:VC1212 DNA po1)'merase 11 [EC:2.7.7.7] 
TVG0550709 nbosoma1 protein sma1l suhunit S9 
AF1938 conserved hypothetica1 protein. 
ath:F1237.5 putative DNA po1ymeras~ ~eta cata1yt 
ath:T1r15.3 SimilaZ' to putative DNA po1ymerase 9 
MJ1630 conserved hypothet~cal protein. 
ce1:F10C2.4 DNA po1}~erase fami1y b (CE09308) ¡E 

SeqlH¡'TKes wi th E-v.:.l ue RETTER th.'on thr<:osbold 

rnatrix (15:-5) J ktup: 2 

I 1"11) 
(1235) 
(1634) 
( 223) 
( 764) 
( 781) 
(1097) 
( 637) 
( 763) 
(1465) 
( 901) 
( 787J 
( 767) 
( 200) 
( 673) 
(1871) 
(1694) 
(1139) 
(1081 ) 

,.,pr. bU;~ ¡'.(11071J) 
4:'8 11J1 4. J",-;l 
456 101 S.le-21 
297 69 3.7e-ll 
262 66 6.2e-!1 
243 56 3.7e-08 
211 53 1.3e-06 
125 35 0.6 
121 34 0.68 
120 34 0.92 
115 33 3 
111 32 3.6 
110 32 3.7 
107 31 5.6 

97 29 7.6 
103 30 6.6 
108 32 9."7 
108 32 9.8 
105 31 9.9 
104 31 11 

Sequ~n~~s produclng slgnl:~cant a1ignments: 
Score 

(bl::S) Val\le 

g~113124219Isp¡Q9LRE6ID?OD ORYSA DNA POLYVeRASE DELTA CATALYTIC 
g~ 1134314651 spl P77933 1 DPOL'=:PYRKO DNA POLYMERASE [CONTAlNS: E.>;JDON ••• 
gl1138784751sp1Q9BH841DPOL_THEGB DNA POLYMERASE ICONTA!~S: ENDON ••. 
g~I6015025IsplP566B9IDPOL_THEGO DNA POLYMERASE ITO POL) >g114699 ••• 
glj39135401sp1Q563661DPOL_THES9 DNA POLYMERASE >giI7434608jp~rl j ••• 
g~13913525IspI04S901IDPOD_SOYBN DNA POLYMERASE DELTA CATALYTIC S ••• 
gl139:35281sp1P7491SIDPOL THEFM DNA POLYMERASE (?OL TFU) >g~1165 ••• 
g~ 13913530 1 "'p: P779321 DPOL-PYRSE DMA POLYMEAASE >gi 11495770 I e.lnb 1 c. .. 
g~1145219191ref1NP 127396:11 DNA polymerase 1 IPyrococc~s abyssl ••• 
g.:.1 }31247181 spl ?54356 [DPOD DROME DNA P01YV.ERASE DELTA CATALYTIC .•. 
gi139135261sp10596101DPOL_PYRHO DNA POLYMERASE >giI7446920Ip~rl I ••• 
gi1232020¡spIP30317IDPOL_THELI DNA POLYMERASE (VENT DNA POLYHERA ••• 
giI13124220ispiQ9LVN7\DPOD_ARATn DNA POLYMERAS::, DELTA CA!ALYTIC ••• 
gil3994031splP800611D?OL PYRFU DNA POLYME.RASE (PFU POLn-ERASE) > ••• 
9~124941861sp1Q513341DPOL PYRSD DNA POLYMERASE (DEEP \~NT DNA PO .•• 
gil45059331reflNP 002682.11 polym~rase (DNA directec), delta 1, •.• 
gil 17065051 spl ?S2431 1 DPOD MOUSE DNA POLYMEAASE DELTA CATALYTIC S •.• 
gil126441991splP303161DPOD SCrlPO DNA ?OLYMERASE DELTA CATALYTIC ... 
gil1188381splp26339jDPOD BOv1N DNA POLYMERASE DELTA CATALYT!C SU ••• 
gi 139135241 spl0338451DPOL TREST DNA POLYMERASE >giI2293389IembIC ••• 
gi113124716isplP465881DPOD CANAL DNA POLYMERASE DELTA CATALYTIC ••• 
giI11067381Iref(NP_067694.11 DNA polyrnerase delta. cata1ytic sub ••• 
glI3122029IspIP9~283IDPOD_MESAU DNA POLYMERASE DELTA CATALYTIC S ••• 
g~113124199Ispl?90B29IDPOD_CJl.EEL DNA l?OLYMERASE DELTA CATALYTlC ... 
g~16320101IrefIK?_010181.11 largest anci catalyt~c subu~it of DNA ••• 
gil62252861spl0937461DP02 AERPE DNA POLYMERASE 11 >gili434S01Ipi ••• 
giI11498l08IrefINP_069333~11 DNA po1ymerase El (polB) tArchaeogl ••• 
gi i 39156791 spl Q58295IDPOL_ME:TJA DNA POLYMERASE [CONTATNS: MJA PO ••• 
g~160150091spIOOOe74¡DPOA_LElDO DNA POLYMERASE ALPP~ CATALYTIC $ ... 
gi11706513!sp1P520251DPOL ME:TVO DNA POLYMEAASE >gl 1495654 IgbIAAA ••• 
g~13913502IspI005706IDP03-SULSH DNA POLYMERASE nI (DNA POLYMERA ••• 
gli232Dll1splP303151DPOD PLAFK DNA POLYl-1ERA.SE DELTA CAT.r..LYTIC su ••• 
gll116834 1 sp 1 P27727 I D?OA-TRYBB UNA POLYMERASE ALPHA CATALYT1C SU ••• 
go 1391351S1sPlP959791DP03 SULSO DNA POLYMERASE TrI (DNA POLYMERA •.. 
gl12320161sp1P303201DPOL_CHVN2 úNA POLYMERASE >giI2BI076Iplr: 1&4 ... 
g~160150221spIQ85428IDPOL_RCMVM DNA POLYMERASE 
gil:18633IspIP2d040iDPOA_SCHPO DNA POLYMERASE ALP~A CATALYTIC SÜ ••• 
9~í96317531reflNP_048532.1¡ P3VC-l DNA polymerase [Par~mecium b~ ••. 
9l1962596Slref,NP_040211.1I DNA polymerase [Sa~mir~ine herpesv~ ••• 
gl160150191sp1Q690251DPOL_GPCMV DNA POLYMERASE >gi)4597631gbIAAA •.• 
g.:.1118886IspIP27172ID?OL_MCMVS DNA POLYMERASE >g~167043tpirl lDJB •.• 
gll 9625657 IrefINP_039908.11 SALF5 DNA polyme=ase lear1y), homo1o ••• 
glI601S023;spI071121IDPOL RIJ016 DNA PO.1YMERASE >g~12944240IgbIAA •.• 
g!.! 92969651 spl Q9YUS31 DPOL=:HSVn DNA ?OLYMERASE >9i 14165073) gbiAA •.. 
g.l:14251046Ireft!'J?_1:!640B.ll T5~ [Tupa.~a herpesvirus] >gil929696 •.• 
g~ I ~n352713p 1 0606731 DPOZ_1iUMt\N DNA POLYMERASE ZETA CATALYTIC SU ••• 
g.:.1 9628761:r>?f.NP_043792.1: DNA polyrnerase [Human herpe.'lvirus 7] ••. 
( . .:.196283~0Irefl!-JP 04293:.11 U36, DNA polymerase ¡Human herpesv.:..::- ••• 
;.:.: 96300081 ref 1 NP-046226.11 DNA polymerase [Orgy.la psetJdot.'l'J;ata ... 
,J.:.í96280;'1 1 r",f 1 !'IP::)";2605. 11 DN]). po1ymerase repl.lcat~ve subun~:: l .•. 
g.:.16325090Irefl\lP_01515B.11 DNA polymerase zeta .'lubunit; Rev3p [ ..• 
g~I95267671::ef:NP_041039.::") "DNA po1y;nerase [Eq'nne herpesv~rus 1 .•. 
g~ 1 8393995 ¡ reE INP_058633. 11 polymerase (ONA-dlZ'ected). alpha; po ..• 
g~16015013IspIOB9042IDPO~_RAT DNA POLYMERASB ALP~A CATALYT1C SvB •.• 
g~:60150201~pIQ90l62ID?OL_NPVCF DNA PO~Y~ZRASE >gii747633IgoIAAC ••• 
gií6679409Ir€'fINP_03291B.ll DNA pol)"lTlerase alpba 1, 1BO kDa ¡Mus •.. 
glI60150121~pIQ27152IDPOA_OXYTR DNA POLYMERASE ALPHA CATALYTIC $ ... 
gl i 69198741 sp 1 Q614931 DPOZ_MOUSE DNJl. ?OLYMERASE ZETA CATALYT!C SU ••• 
g~1601501113pIQ94636IDPOA_OXYNO DNA POLYMERASE ALPRA CATALYTIC S ••. 
qi:9625~03IrefINP 040151.:;'1 ORF2S (AA1-1194.) [Human herpesnrus ••• 
¿¡l 196257 :'191 reí 1 NP -03<191313.11 DNA PQlymer;!Ose (8) [numan t,~rpe;'9viru ••. 
gl I 601::'010 I sp 1 0 .. 865.31 DPOA_OR'tSA DNA POL'tMERASE ALPHA CATALYTlC S •.• 

180 
180 
179 
176 
178 
176 
176 
172 
172 
172 
172 
171 
170 
170 
170 
169 
166 
16B 
169 
168 
168 

'" 167 
163 
158 
157 
15' 
149 
1<7 
147 
H6 
145 
145 
14O 
136 
136 
135 
132 
131 
130 
126 
128 
126 
125 
125 
123 
123 
123 
:21 
121 
120 
118 
118 
117 
117 
115 
114 
114 
114 
:09 
108 
104 

8e-46 
8e-46 
le-45 
2e-~5 

3e-45 
3e-45 
4e-45 
1e-43 
1e-43 
2e-43 
2e-43 
4e-43 
5e-43 
7e-43 
7e-43 
le-42 
2e-42 
3e-4.2 
3e-4.2 
3e-42 
4e-42 
6e-42 
6.;--42 
6e-·n 
2e-39 
ge-39 
7e-36 
1e-36 
5e-36 
6e-36 
1e-35 
2e-35 
3.;--35 
90-34 
1,,-3':' 
le-32 
2e-32 
2e-3: 
3e-31 
7e-31 
2e-3D 
3,,-30 
6e-30 
2e-29 
2e-29 
7e-2!1 
le-lB 
1e-28 
3e-28 
5e-2'3 
9",-28 
2e-2 7 
4e-27 
7e-27 
7e-27 
2~-20 

4e-26 
4e-26 
5e-26 
2e-24 
4e-24 
~.",-2J 



Appendix 2 
Part of the multiple alignment to establish the phylogenetic tree, in this sequences is only 
showed only the most conserved areas, common for aIl the DNA polymerases. 
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Appendix 3. Species used for the analysis in the type JI DNA polymerases' phylogenetic tree in Figure 3. 

Herpesviridae type II DNA polymerases 

DPOLCHVPl 

DPOL CllVN2 

DPOLGPCMV 

DPOLHCMVA 

DPOL HSV1A 

DPOLHSV1K 

DPOLHSV1S 

DPOLHSV21 

DPOLHSV6U 

DPOLHSV7J 

DPOLHSVE2 

DPOLHSVEB 

DPOLHSVTl 

DPOLHSVT2 

DPOLMCMVS 

Paramecium bursaYla chlorella virus 1 (PBCV-l) 

Chiorella virus NY-2A (CV-NY2A). 

Guinea pig eytomegalovirus (strain 22122/ ATCC VR682) 

Human eytomegalovirus (strain AD 169) 

Herpes simplex virus (type I I strain Angelotti) 

Herpes simplex virus (type 1 / strain KOS) 

Herpes simplex virus (type 1 / strain SC 16) 

Herpes simplex virus (type 2/ strain 186) 

Human herpesvirus (type 6/ strain Uganda-l102) (HHV6) 

Human herpesvirus (type 7 / strain JI) (HHV7) 

Equine herpesv1rus type 2 (strain 86/87) (EHV-2) 

Equine herpesvirus type 1 (strain AMp)(EHV-l) 

Herpesvirus tupaia (Strain 1 )(THV -1) 

Herpesvirus tupaia (Strain 2) (THV -2) 

Murine cytomegalovirus (strain Smith) 

Type o DNA polymerases (Euearya) 

DPODARATH 

DPODBOVIN 

DPODCAEEL 

DPODHUMAN 

DPODMESAU 

Arabidopsis thaliana (Mouse-ear eress) 

Bos taurus (Bovine) 

Caenorhabditis elegans 

Homo sapiens (Human) 

Mesocricetus aura/us (Golden hamster) 
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DPODMOUSE 

DPODORYSA 

DPODPLAFK 

DPODYEAST 

DPOL NPVCF 

DPOL NPVOP 

Mus musculus (Mouse) 

Oryza satlva (Rice) 

Plasmodiumfalciparum (isolate Kll Thailand) 

Saccharomyces cerevisiae (Baker's yeast) 

Choristoneura fomiférana nuclear polyhedrosis virus (CfMNPV) 

Orgyia pseudotsugata rnulticapsid polyhedrosis virus (OpMNPV) 

Crenarchaeota Type Il DNA polymerases (Group II) 

DPOl AERPE Aeropyrum pernix 

DPO l SULAC (B l) Sulfolobus acidocaldarius 

DPO 1 SULOH Sulfurisphaera ohwakuensis 

Creanarchaeaota and Ewyarchaeota Type II DNA polymerases (Group 1) 

lOSA Desulforococcus sp. Tok (C) 

DP02AERPE Aeropyrum pernix (C) 

DPOLARCFU Archaeoglobus fo/gidus (E) 

DPOLMETJA Melhanococcus jannaschii (E) 

DPOLMETVO Methanococcus vo/tae (E) 

DPOLPYRAB Pyrococcus abyssi (E) 

DPOLPYRSD Pyrococcus sp. (strain GB-D) (E) 

DPOLTHEFM Thermococcus fomicolans (E) 

DPOL THEGO Thermococcus gorgonarius (E) 

Bacteria! Type 11 DN A po!yrnerases (Proteobacteria) 

¡KLN 
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pae PA1886 

vch VC1212 

Pseudomonas aeruginosa 

VibrIO cholerae 

Type a DNA polymerase (Eucarya) 

DPOA DROME Drosophila melanogaster 

DPOA HUMAN Homo sapiens 

DPOA LElDO 

DPOA MOUSE 

DPOA ORYSA 

DPOAOXYNO 

DPOAOXYTR 

DPOA SCHPO 

DPOATRYBB 

DPOA YEAST 

l,eishmania donovonl 

Mus musculus 

Oryza saliva 

Oxylncha nova 

Oxytricha trifallax 

Schizosaccharomyces pombe (Fission yeast) 

Trypanosoma brucei brucei 

Saccharomyces cerevisiae 
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