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sequence homology with oi-like DNA polymerases
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Recent studies in the evolutionary relationships of life on this
planet have placed the root of the universal tree between
eubacteria (or Bacteria) on the one hand and archaebacteria (or
Archaea) and eukaryotes (or Eucarya) on the other (1, 2). The
latter two Urkingdoms are therefore thought to have a common
ancestor. Support for such a conclusion comes from molecular
comparisons of rRNAs, tRNAs, RNA polymerases and
elongation factors (3,4). Of significance is the fact that the most
ancient phenotype of the archaebacterial-eukaryotic lineage is also
the most thermophilic. Thus, the extremely thermophilic
archaebacteria (5) are considered to have a life strategy closely
related to the ancestor of all extant life. To date sequence
information has been limited to one hyperthermophilic enzyme,
and this was not analyzed in phylogenetic terms (6). In this
communication, we describe the first amino acid sequence
information from an archaebacterial DNA polymerase gene and
its striking homology to a-like DNA polymerases.
DNA polymerases are ideal for evolutionary analyses as close

structural and functional relationships have already been
demonstrated between the enzymes from phylogenetically diverse
sources and conserved regions have been described (7, 8). We
have recently cloned the gene encoding a high fidelity DNA
polymerase from the hyperthermophilic archaebacterium,
Pyrococcus furiosus (Pffu) (9-11) and report here on the
implications of its amino acid sequence.

Figure 1 shows that the deduced amino acid sequence of Pfu
DNA polymerase has considerable homology (37 of 57 residues)
with highly conserved regions in a-like DNA polymerases (7,
12, 14). In addition to a-human DNA polymerase, this group
also contains a-yeast, 5-yeast, and REV3 cellular eukaryotic
DNA polymerases. In contrast, the homology between Pfi and
Poll-like DNA polymerases in the same regions is considerably
less (20 of 57 conserved residues). Along with E. coli DNA
polymerase 1, the Poll-like polymerase group contains Thermus
aquaticus (Taq), T7, T5, Streptococcus pneumoniae (Spn) poll
and SPO2 procaryotic and bacteriophage DNA polymerases.
Interestingly, ax-like DNA polymerases exihibit 24 of 57
conserved residues with Poll-like DNA polymerases within the
same regions. Since present day eubacterial and eukaryotic DNA
polymerases are thought to have evolved from a common
ancestral 'Klenow-like' core, the sequence homology of Pfi DNA
polymerase not only supports the archaebacterial-eukaryotic
relationship, it may more closely resemble the ancestral form
of the eukaryotic polymerase enzyme.

ACKNOWLEDGEMENTS
MWWA acknowledges the support of the Dept. of Energy and
the National Science Foundation

REFERENCES
1. Woese,C.R. (1987) Microbiol. Rev. 51, 2221-2714.
2. Woese,C.R., Kandler,O. and Wheelis,M.L. (1990) Proc. Natl. Acad. Sci.

USA 87, 4576-4579.
3. Linkklda,T.P. and Gogarten,J.P. (1991) Trends Biochem Sci. 8, 287-288.
4. Kjems,J. and Garrett,A.R. (1985) Nature 318, 675-677.
5. Stetter,K.O., et al. (1990) FEMS Microbiol. Rev. 75, 117-124.
6. Zwiekl,P., Fabry,S., Bogedain,C., Haas,A. and Hensel,R. (1990) J.

Bacteriol. 172, 4329-4338.
7. Blanco,L., Bemad,A., Blasco,M. and Salas,M. (1991) Gene 100, 27-38.
8. Ito,J. and Braithwaite,D.K. (1991) Nucleic Acids Res. 19, 4055-4057.
9. Fiala,G. and Stetter,K.O. (1986) Arch. Microbiol. 145, 56-61.

10. Lundberg,K.S., et al. (1991) Gene 108, 1-6.
11. Cline,J.M., Callen,W.N., Schoettlin,W., Kretz,K.A., Adams,M.W.W.,

Sorge,J.A. and Mathur,E.J., Manuscript in preparation.
12. Bernad,A., et al. (1987) EMBO J. 6, 4219-4225.
13. Bernad,A., et al. (1989) Cell 59, 219-228.
14. Wong,S.W., et al. (1988) EMBO J. 7, 37-47.

R"anI1 Regio2_

To a3ooou3arA'uuvE1vIIU3? to? azamas,uz.u j
wtvas ws^lL?~uP3S, LOjKKSI33KljV.jDIsI!I iu L

> te

AN it Iw|t
OL

08 Lp a$ ITt^ Sl l al-Sb--+ 16

I"

I III 11I IIMITI 1
I 1T'111111111 11 i1 1 11111 IIJIsaIeIsIII

_14 XDX

p I
LS :2MMn

°| CfTW
9

§ L

ik

X ReM,l@ Lsteit^s@wlC
puw

V tz ILYLL!.IIA t e LDRSIUUUOIakEI3&jIIk . $I_mm * s p * WG *L PS **IIGI X*C S$wIX L nbos s ** a Xli

Figure 1. Alignment of amino acid residues from Pfu, Poll-like and a-like DNA
polymerases in the highly conserved regions 1 and 2a. Bold lefters indicate
consensus amino acids considered conserved among all DNA polymerase groups;
boxed-in letters indicate consensus amino acids within the Poll-like and a-like
groups (figure adopted from Blanco,L., Blasco,M. and Salas,M. (1991) Gene
100, 27-38).
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