
POLYMERASE The present invention relates to DNA
polymerases. In particular the invention relates to a
method for the generation of DNA polymerases which
exhibit a relaxed substrate specificity. Uses of
engineered polymerases produced using the methods of
the invention are also described. Background: Accurate
DNA replication is of fundamental importance to all
life ensuring the maintenance and transmission of the
genome and limiting tumorigenesis in higher organisms.
High-fidelity DNA polymerases perform an astonishing
feat of molecular recognition, incorporating the
correct nucleotide triphosphate (dNTP) substrate
molecules as specified by the template base with
minimal error rates. For example, even without
exonucleolytic proofreading, the replicative DNA
polymerase III from E.coli on average only makes one
error in 10^ base pairs (Schaaper JBC 1993). As
energetic differences between correctly and mispaired
nucleotides per se are much too small to give rise to
a 10^ fold discrimination, the structure of the
polymerase active site in high-fidelity polymerases
has evolved to enhance those differences. Recent
structural studies of the A-family (Pol I-like) DNA
polymerases from Thermus aquaticus (Taq) (Li 98),
phage T7 (Ellenberger) and B. stearothermophilus (Bst)
(Beese) in particular have revealed how conformational
changes during the catalytic cycle may exclude
non-cognate base-pairing geometries because of steric
clashes within the closed active site. As a result of
these tight steric constraints, not only are
mismatched nucleotides excluded but catalysis becomes
exquisitely sensitive to even slight distortions in
the primer-template duplex. This precludes or greatly
diminishes the replication of modified or damaged DNA
templates, the incorporation of modified or
unnaturaldeoxinucleotide triphosphates (dNTP) and the
extension of mismatched or unnatural 3' termini. While
desirable in nature, such stringent substrate
discrimination is limiting for many applications in
biotechnology. Specifically, it restricts the use of
unnatural or modified nucleotide bases and the
applications they enable. It also precludes the
efficient PCR amplification of damaged DNA templates. 



Some other naturally occurring polymerases are less
stringent with regard to their substrate specificity.
For example, viral reverse transcriptases like HIV-I
reverse transcriptase or AMV reverse transcriptase and
polymerases capable of translesion synthesis such as
polY-family polymerases, pol X (Vaisman et al, 2001,
JBC) or pol X (Washington (2002), PNAS; or the unusual
polB-family polymerase pol X (Johnson, Nature), all
extend 3' mismatches with elevated efficiency compared
to high fidelity polymerases. The disadvantage of the
use of translesion synthesis polymerases for
biotechnological uses is that they depend on cellular
processivity factors for their activity, such as PCNA.
Moreover such polymerases are not stable at the
temperatures at which certain biotechnological
techniques are performed, such as PCR. Furthermore
most Translesion synthesis polymerases have a much
reduced fidelity, which would severely compromise
their utility for cloning. Using another approach, the
availability of high-resolution structures has guided
efforts to rationally alter the substrate specificity
of high fidelity DNA polymerases by site-directed
mutagenesis e.g. to increase acceptance of dideoxi-
(ddNTPs) (Li 99) or ribonucleotides (rNTPs) (Astatke
98). In vivo complementation followed by screening has
also yielded polymerase variants with increased rNTP
incorporation and limited bypass of template lesions
(Patel 01). Recently, two different in vitro
strategies for selection of polymerase activity have
been described (Jestin 00, Ghadessy 01, Xia 02). One
is based on the proximal attachent of polymerase and
template-primer duplex on the same phage particle and
has allowed the isolation mutants of Taq polymerase,
which incorporate rNTPs and dNTPs with comparable
efficiency (Xia 02). However, such methods are
complex, prone to error and are laborious.Recently,
the technique of compartmentalized self-replication
(CSR) (Ghadessy 01), which is based on the
self-replication of polymerase genes by the encoded
polymerases within discrete, non-communicating
compartments has allowed the selection of mutants of
Taq polymerase with increased thermostability and/or
resistance to the potent inhibitor heparin (Ghadessy
et a 01). However, there still remains a need in the
art for an efficient and simple method for relaxing
the substrate specificity of high fidelity DNA
polymerases whilst maintaining 



high catalytic turnover and processivity of DNA
fragments up to several tens of kb. Such polymerases
will be of particular use in applications such as PCR
amplification and sequencing of damaged DNA templates,
for the incorporation of unnatural base analogues into
DNA (such as is required for sequencing or array
labelling) and as a starting point for the creation of
novel polymerase activities using compartmentalised
self replication or other methods. Summary of the
invention The present inventors modified the
principles of directed evolution, (in particular
compartmentalised self replication) described in
GB97143002, 986063936 and GB 01275643 in the name of
the present inventors, to relax the steric control of
high fidelity DNA polymerases and consequently to
expand the substrate range of such polymerases. All of
the documents listed above are herein incorporated by
reference. They surprisingly found that by performing
the technique of compartmentalised self replication
referenced above, using repertoires of randomly
mutated Taq genes, and flanking primers bearing the
mismatches A*G and C*C at their 3' terminus/end, then
mutants were generated which not only exhibited the
ability to extend the A*G and C*C tranversion
mismatches used in the CSR selection, but also
surprisingly exhibited a generic ability to extend
mispaired 3' termini. This finding is especially
significant since Taq polymerase is not able to extend
3' mismatches (Kwok wt al, (1990), Huang (1992).4 The
mutant polymerases generated also exhibit high
catalytic turnover, concomitant with other high
fidelity polymerases and are capable of efficient
amplification of DNA fragments up to 26kb. Thus in a
first aspect the present invention provides a method
for the generation of an engineered DNA polymerase
with an expanded substrate range which comprises the
step of preparing and expressing nucleic acid encoding
an engineered DNA polymerase utilising template
nucleic acid and flanking primers which bear one or
more distorting 3' termini/ends. As herein defined
'flanking primers which bear a 3' distorting
terminus/end' refer to those primers which possess at
their 3' ends one or more group/s, preferably 



nucleotide group/s which deviate from cognate
base-pairing geometry. Such deviations from cognate
base-pairing geometry includes but is not limited to:
nucleotide mismatches, base lesions (i.e. modified or
damaged bases) or entirely unnatural, synthetic base
substitutes.. According to the above aspects of the
invention, advantageously, the flanking primer/s bear
one or more nucleotide mismatches at their 3'
end/terminus. Advantageously, according to the above
aspects of the invention the flanking primers may have
one, two, three, four, or five or more nucleotide
mismatches at the 3' primer end. More advantageously,
the one or more nucleotide mismatches are consecutive
mismatches. More advantageously, according to the
above aspects of the invention, the flanking primers
have one or two nucleotide mismatches at the 3' primer
end. Most preferably according to the above aspects of
the invention, the flanking primers have one
nucleotide mismatch at their ' primer end. More
specificallythe term 'distorting 3' termini/ends'
includes within its scopethe phenomenon f whereby, for
example, either the 3' terminal base ( -mismatch) or
the 3' terminal and upstream base (2-mismatch,
3-mismatch, 4-mismatch and so on) are not
complementary to the template base. Preferably
mismatches are transversion mismatches i.e. apposing
purines with purines and pyrimidines with pyrimidines.
Preferablytransversion mismatches are G.A and CC. This
type of primer terminus distortion is referred to
herein as 'primer mismatch distortion'. In addition,
and as eluded to above, the term 'flanking primers
bearing distorting 3' termini/ends' includes within
its scope flanking primers bearing one or more
unatural base analogues at the 3' termini/end of the
one or more flanking primers so that distortion of the
cognate DNA duplex geometry is created. The method of
the invention may be used to expand the substrate
range of any DNA polymerase which lacks an intrinsic
3-5' exonuclease proofreading activity or where a 3-
5' exonuclease proofreading activity has been
disabled, e.g. through mutation . Suitable DNA
polymerases include polA, polB (see e.g. Parrel &
Loeb, Nature Struc Biol 2001) polC, polD, polY, polX
and reverse transcriptases (RT) but preferably are
processive, high-fidelity polymerases. 



Advantageously, an engineered DNA polymerase with an
expanded substrate range according to the invention is
generated from a pol A-family DNA polymerase.
Advantageously, the DNA polymerase is generated from a
repertoire of pol A DNA polymerase nucleic acid as
template nucleic acid. Preferably the pol A polymerase
is Taq polymerase and the flanking primers used in the
generation of the polymerase are one or more of those
primers selected from the group consisting of the
following: 5'-CAG GAA ACA GCT ATG AGA AAA ATC TAG ATA
ACG AGG GA-3';AiG mismatch); 5'GTA AAA CGA CGG CCA GTA
CCA CCG AAC TGC GGG TGA CGC CAA GCC-3 C*C mismatch.
More advantageously, according to the above aspect of
the invention, the nucleic acid encoding the
engineered polymerase according to the invention is
generated using PCR using one or more flanking primers
listed herein. Advantageously, the method of the
present invention involves the use of
compartmentalised self replication, and consists of
the steps listed below:(a) preparing nucleic acid
encoding a engineered DNA polymerase, wherein the
polymerase is generated using a repertoire of nucleic
acid molecules encoding one or more DNA polymerases
and flanking primers which bears a 'distorting end.
(b) compartmentalising the nucleic acid of step (a)
into microcapsules; (c) expressing the nucleic acid to
produce their respective DNA polymerase within the
microcapsules; (d) sorting the nucleic acid encoding
the engineered DNA polymerase which exhibits an
expanded substrate range; and (e) expressing the
engineered DNA polymerase which exhibits an expanded
substrate range. Most advantageously, the method of
the invention comprises the use of one or more DNA
polymerases and flanking primers which bears one or
more nucleotide mismatches at their 3 'primer ends.
According to the above aspects of the invention, the
term 'engineered DNA polymerase' refers to a DNA
polymerase which has a nucleic acid sequence which is 



not 100% identical at the nucleic acid level to the
one or more DNA polymerase/s or fragments thereof,
from which it is derived, and which is synthetic.
According to the invention, an engineered DNA
polymerase may belong to any family of DNA polymerase.
Advantageously, an engineered DNA polymerase according
to the invention is a pol A DNA polymerase. As
referred to above the term 'engineered DNA polymerase'
also includes within its scope fragments, derivatives
and homologues of an 'engineered DNA polymerase' as
herein defined so long as it exhibits the requisite
property of possessing an expanded substrate range as
defined herein. In addition, it is an essential
feature of the present invention that an engineered
DNA polymerase according to the invention does not
include a polymerase with a 3-5' exonuclease activity
under the conditions used for the polymerisation
reaction. (This definition includes polymerases in
which the 3-5' exonuclease is not part of the
polymerase polypeptide chain but is associated
non-covalently with the active polymerase). Such a
proofreading activity would remove any 3' mismatches
incorporated according to themethod of the invention,
and thus would prevent a polymerase according to the
invention possessing an expanded substrate range as
defined herein. As defined herein the term 'expanded
substrate range' (of an engineered DNA polymerase)
means that substrate range of an engineered DNA
polymerase according to the present invention is
broader than that of the one or more DNA polymerases,
or fragments thereof from which it is derived. The
term ' a broader substrate range' refers to the
ability of an engineered polymerase according to the
present invention to extend one or more 'distorting
ends, advantageously transversion mismatches
(purine*purine, pyrirnidine*pyrimidine) for example A*
, C*C, G*G, T*T and G* , which the one or more
polymerase/s from which it is derived cannot extend.
That is, essentially, a DNA polymerase which exhibits
a relaxed substrate range as herein defined has the
ability not only to extend the 3' distorting endsused
in its generation, IE those of the flanking primers)
but also exhibits a generic ability to extend 3'
distorting ends (for example A*G, A* , G*G
mismatches). Preferably, 'expanded substrate range'
(of an engineered DNA polymerase) includes a wider
spectrum of unnatural nucleotide substrates including
aS dNTPs, dye-labelled nucleotides, 



damaged DNA templates and so on. More details are
given in the Examples. According to the above aspect
of the invention advantageously the DNA polymerase
generated using CSR technology is a pol A polymerase
and it is generated using flanking primers selected
from the group consisting of the following: 5'-CAG GAA
ACA GCT ATG ACA AAA ATC TAG ATA ACG AGG GA-3';AjG
mismatch); 5'GTA AAA CGA CGG CCA GTA CCA CCG AAC TGC
GGG TGA CGC CAA GCC-3' C*C mismatch. One skilled in
the art will appreciate that in essence, any DNA
polymerase flanking primer which incorporates a 3'
mismatch will work with any suitable repertoire. The
process of mismatch extension will vary in
characteristics from polymerase to polymerase, and
will also vary according to the experimental
conditions. For example,8 G*A and C*C are the most
disfavoured mismatches for extension by Taq polymerase
(Huang et al, 92). Other mismatches are favoured for
extension by other polymerases and this can be
routinely determined by the skilled person. One
skilled in the art will also appreciate that it is an
essential feature of the present invention that the
methods described herein will only work for
polymerases which are devoid of 3-5' exonuclease
activity proofreading under the conditions used for
the polymerisation reaction, as such activity would
result in the removal of the incorporated mismatches.
Using the method of the invention, the present
inventors generated a number of pol A polymerase
mutants. Two of the mutants named Ml and M4 not only
exhibit the ability to extend the G*A and C*C
transversion mismatches used in the CSR selection, but
also surprisingly exhibit a generically enhanced
ability to extend 3' mismatched termini. Thus in a
further aspect the present invention provides an
engineered DNA polymerase which exhibits an expanded
substrate range. Preferably such an engineered
polymerase is obtainable using one or more method/s of
the present invention. According to the above aspect
of the invention, preferably the DNA polymerase is a
pol A polymerase. 



According to the above aspect of the invention,
preferably the engineered DNA polymerase is obtained
using the method of the invention. In a further aspect
still, the present invention provides a pol A DNA
polymerase with an expanded substrate range, or the
nucleic acid encoding it, wherein the DNA polymerase
is designated Ml or M4 as shown in fig 1 and fig 2
respectively and depicted as SEQ No 1 and SEQNo 2
respectively.According to the above aspect of the
invention, preferably the engineered DNA polymerase as
herein defined is that polymerase designated Ml in fig
1 and depicted SEQ . In yet a further aspect the
invention provides a pol A DNA polymerase with an
expanded substrate range, wherein the polymerase
exhibits at least 95% identity to one or more of the
amino acid sequences designated Ml and M4 as shown in
fig 1 and fig 2 respectively and depicted SEQ No 1 and
SEQ No 2 respectively and which comprises any one or
more of the following mutations: E520G, D144G, L254P,
E520G, E524G, N583S, 1.1- D144G, L254P, E520G, E524G,
N583S, Vl 131, A129V, L245R, E315K, G364D, G403R,
E432D, P481A, I614M, R704W, D144G, G370D, E742G, K56E,
I63T, K127R, M317I, Q680R, R343G, G370D, E520G, G12A,
A109T, D251E, P387L, A608V, R617K, D655E, T710N,
E742G, A109T, D144G, V155I, P298L, G370D, I614M,
E694K, R795G, E39K, R343G, G370D, E520G, T539A, M747V,
K767R, G84A, D144G, K314R, E520G, F598L, A608V, E742G,
D58G, R74P, A109T, L245R, R343G, G370D, E520G, N583S,
E694K, A743P. Advantageously, the invention provides a
pol A DNA polymerase with an expanded substrate range,
or the nucleic acid encoding it, wherein the
polymerase exhibits at least 95% identity to one or
more of the amino acid sequences designated Ml and M4
as shown in fig 1 and fig 2 respectively and depicted
SEQ 1 and 2 respectively and which comprises any one
or more of the following mutations: G84A, D144G,
K314R, E520G, F598L, A608V, E742G, D58G, R74P, A109T,
L245R, R343G, G370D, E520G, N583S, E694K, A743P. Most
advantageously, the invention provides a pol A DNA
polymerase with an expanded substrate range, or the
nucleic acid encoding it, wherein the polymerase
exhibits at least 



95% identity to one or more of the amino acid
sequences designated Ml and M4 as shown in fig 1 and
fig 2 respectively and depicted SEQ 1 and 2
respectively and which comprises any one or more of
the following mutations: G84A, D144G, K314R, E520G,
F598L, A608V, E742G.10 According to the above aspect
of the invention the mutation 520G' describes a DNA
polymerase according to the invention in which glycine
is present at position 520 of the amino acid sequence.
The present inventors were surprised to find that
E520, which is located at the tip of the thumb domain
at a distance 2OA from the 'OH of the mismatched
primer terminus, would be involved in mismatch
recognition or extension . The mutation of E520 to
G520 is clearly important in such roles however as the
present inventors have demonstrated. This aspect of
the invention is described further in the detailed
description of the invention. The present inventors
consider that the method of the invention is
applicable to the generation of 'blends' of engineered
DNA polymerases with an expanded substrate range.
According to the present invention the term a 'blend'
of more than one polymerase refers to a mixture of 2
or more, 3 or more 4 or more, 5 or more enginerred
polymerases. Preferably the term 'blends' refers to a
mixture of 6, 7, 8, 9 or 10 or more 'engineered
polymerases'. It is important to note that the
extension of mismatched 3 primer termini is a feature
of naturally occurring polymerases. Viral reverse
transcriptases (RT) like HIV-I RT or AMV RT and
polymerases capable of translesion synthesis (TLS)
such as the polYfamily polymerases pol i (Vaisman 200
IJBC) or pol K (Washington 2002 PNAS) or the unusual
polB-family polymerase polz (Johnson Nature), all
extend 3 mismatches with elevated efficiency compared
to high-fidelity polymerases. Thus, the mutant polA
polymerases according to the present invention share
significant functional similarities with other
polymerases found in nature but so far represent, the
only known member of the polA-family polymerases that
are proficient in mismatch extension (ME) and
translesion synthesis (TLS). In contrast to TLS
polymerases, which are distributive and depend on
cellular 



processivity factors such as PCNA, Ml and M4 combine
mismatch extension (ME) and translesion synthesis
(TLS) with high processivity and in the case of Ml are
capable of efficient amplification of DNA fragments of
up to 26kb.11 In a further aspect still the present
invention provides a nucleic acid construct which is
capable of encoding a pol A DNA polymerase which
exhibits an expanded substrate range, wherein said pol
A DNA polymerase is depicted in fig 1 and fig 2 as SEQ
No 1 or SEQ No 2 and is designated Ml andM4
respectively. According to the above aspect of the
invention, preferably the nucleic acid construct
encodes the Ml pol A polymerase as described herein.
In a further aspects the invention provides a pol A
DNA polymerase with an expanded substrate range, in
particular which is capable of mismatch extension,
wherein the DNA polymerase comprises, preferably
consists of the amino acid sequence of any one or more
of the clones designated herein as 3B5, 3B8, 3C12 and
3Dl. h yet a further aspect the invention provides a
pol A DNA polymerase with an expanded substrate range,
in particular which is capable of abasic site bypass,
wherein the DNA polymerase comprises, preferably
consists of the amino acid sequence of any one or more
of the clones designated herein as 3A10, 3B6 and 3Bl
1. a further aspect still the invention provides a pol
A DNA polymerase with an expanded substrate range, in
particular which is capable of DNA replication
involving the incorporation of unatural base analogues
into the newly replicated DNA, wherein the pol A DNA
polymerase comprises, preferably consists of the amino
acid sequence of any one or more of the clones
designated herein as 4Dl 1 and 5D4. h a further aspect
the present invention provides a pol A DNA polymerase
with an expanded substrate range, wherein the
polymerase exhibits at least 95% identity to one or
more of the amino acid sequences designated 3B5, 3B8,
3C12, 3Dl, 3A10, 3B6, 3Bl 1, 4Dl 1 and 5D4. which
comprises any one or more of the mutations (with
respect to either of the three parent genes Taq, Tth,
TfI) or gene segments found in clones 3B5, 3B8, 3C12,
3Dl, 3A10, 3B6, 3Bl 1, 4Dl 1 and 5D4.12 In a fUrther
aspect still, the present invention provides a vector
comprising a nucleic acid 



construct according to the present invention. In a
further aspect still the present invention provides
the use of a DNA polymerase according to the present
invention in any one or more of the following
applications selected from the group consisting of the
following: PCR amplification, sequencing of damaged
DNA templates, the incorporation of unnatural base
analogues into DNA and the creation of novel
polymerase activities. According to the above aspect
of the invention, preferably the use is of a 'blend'
of DNA polymerases according to the invention or
selected according to the method of the invention. The
use of blends of polymerases will be familiar to those
skilled in the art and is described in Barnes, W.M.
(1994) Proc. Natl. Acad. Sd. USA 91, 2216-2220 which
is herein incorporated by reference. According to the
above aspect of the invention, preferably the DNA
polymerase is a pol A DNA polymerase. Advantageously,
it is generated using CSR technology using flanking
primers bearing one or more 3' mismatch pairs of
interest as described herein. Other suitable methods
include screening after activity preselection (see
Patel & Loeb 01) and phage display with proximity
coupled template-primer duplex substrate (Jestin 01,
Xue, 02. CST is also ideally suited as the present
inventors have demonstrated. According to the above
aspect of the invention, preferably the use of a
polymerase according to the invention is in PCR
amplification and the polymerase is Ml as herein
described. According to the above aspect of the
invention, advantageously, the creation of novel
polymerase activities is produced using the technique
of compartmentalised self replication as described
herein. Definitions13 The term 'engineered DNA
polymerase' refers to a DNA polymerase which has a
nucleic acid sequence which is not 100% identical at
the nucleic acid level to the one or more DNA
polymerase/s or fragments thereof, from which it is
derived, and which has been generated using one or
more biotechnological methods. Advantageously, an
engineered DNA polymerase according to the invention
is a pol-A family DNA 



polymerase or a pol-B family DNA polymerase. More
advantageously, an engineered DNA polymerase according
to the invention is a pol-A family DNA polymerase.As
referred to above the term 'engineered DNA polymerase'
also includes within its scope fragments, derivatives
and homologues of an 'engineered DNA polymerase' as
herein defined so long as it exhibits the requisite
property of possessing an expanded substrate range as
defined herein. In addition, it is an essential
feature of the present invention that an engineered
DNA polymerase according to the invention does not
include a polymerase with a 3-5' exonuclease activity
under the conditions used for the polymerisation
reaction. Such a proofreading activity would remove
any 3' mismatches incorporated according to the method
of the invention, and thus would prevent a polymerase
according to the invention possessing an expanded
substrate range as defined herein. As herein defined
'flanking primers which bear a 3' distorting terminus'
refer to those DNA polymerase primers which possess at
their ' ends one or more group/s, preferably
nucleotide group/s which deviate from cognate
base-pairing geometry. Such deviations from cognate
base-pairing geometry includes but is not limited to:
nucleotide mismatches, base lesions (i.e. modified or
damaged bases) or entirely unnatural, synthetic base
substitutes at the 3 end of a flanking primer used
according to the methods of the invention. According
to the above aspects of the invention, advantageously,
the flanking primer/s bear one or more nucleotide
mismatches at their 3' end. Advantageously, according
to the above aspects of the invention the flanking
primers may have one, two, three, four, or five or
more nucleotide mismatches at the 3' primer end.
Preferably according to the above aspects of the
invention, the flanking primers have one or two
nucleotide mismatches at the 3' primer end. Most
preferably according to the above aspects of the
invention, the flanking primers have one nucleotide
mismatch at their 3' primer end.14 As defined herein
the term 'expanded substrate range' (of an engineered
DNA polymerase) means that substrate range of an
engineered DNA polymerase according to the present
invention is broader than that of the one or more DNA
polymerases, or fragments thereof from which it is
derived. The term a broader substrate range' refers 



to the ability of an engineered polymerase according
to the present invention to extend one or more
'distorting ends, advantageously transversion
mismatches (purine*purine, pyrimidine*pyrimidine) for
example A* , C*C, G*G, T*T and G* , which the one or
more polymerase/s from which it is derived cannot
extend. That is, essentially, a DNA polymerase which
exhibits a relaxed substrate range as herein defined
has the ability not only to extend the 3' distorting
ends used in its generation, IE those of the flanking
primers) but also exhibits a generic ability to extend
3' distorting ends(for example A*G, A* , G*G
mismatches). Brief description of thefigures Figure 1
shows the Ml nucleic acid (a) and amino acid sequence
(b) Figure 2 shows the M4 nucleic acid (a) amino acid
sequence (b) Figure 3 shows the general scheme of
mismatch extension CSR selection. Selfreplication of
the pol gene by the encoded polymerase requires
extension of flanking primers bearing GA and C 3'
mismatches. Polymerases capable of mismatch extension
(Pol*) replicate their own encoding gene (pol*), while
Pol cannot extend mismatches and fails to
self-replicate. Black bars denote incorporation of the
mismatch into replication products. Fig. 4. Mismatch
extension properties of selected polymerases. (A)
Polymerase activity in PCR for matched 3' ends and
mismatches. Only mutant polymerases M4 and Ml (not
shown) generate amplification products using primers
with 3' transversion mismatches. (B) Mismatch
extension PCR assay. Mismatch extension capability is
expressed as arbitrary mismatch extension units (ratio
of polymerase activity in PCR with matched vs.
mismatched flanking primers). Different15 polymerases
(black diamonds) and derivatives (open squares,
triangles) are shown in separate columns. Fig. 5.
Lesion bypass activity (A) wtTaq, (B) Ml, (C) M4. Each
polymerase was assayed over time for its ability to
extend a radiolabeled primer annealed to either an
undamaged template, or a template containing an abasic
site or a cis-syn cyclobutane thymine-thymine dimer
(CPD). Template sequence was identical except for
three 



bases located immediately downstream of the primer (Nl
-3). The local sequence context in the N -3 region is
given on the right hand side of each respective panel.
X= abasic site; T-T = CPD. Fig. 6. Polymerase activity
on unnatural substrates. (A) Polymerase activity in
PCR using all S dNTPs. aS DNA amplification products
of 0.4kb, 0.8kb and 2kb, are obtained with Ml but not
with wtTaq (wt). fX, Hael -digested phage f 4 DNA
marker. l , Hindl -digested phage l DNA marker. (B)
Polymerase activity in PCR with complete replacement
of dATP with FITC-12-dATP (left) or dTTP with
Biotin-16-dUTP (right). Only Ml yields amplification
products. M, lkb DNA ladder (Invitrogen). (C) Bypass
of a 5-nitroindol template (5NI) base. Polymerase
activity was assayed over time for its ability to
extend a radiolabeled primer annealed to a template
containing a 5NI template base. Fig. 7. Long range
PCR. PCR amplification of fragments of increasing
length from a phage l DNA template. WtTaq (wt) fails
to generate amplification products larger than 8.8kb
while Ml is able to amplify fragments of > 25kb. lH,
Hindl -digested phage l DNA marker. Fig. 8.
Hairpin-ELISAs to test nucleotide analogue
incorporation by mismatch extension clones. Fig 9..
Clones 3B5. 3B8, 3C12 and 3Dl (where 3 indicates that
these are third round clones) were able to extend
primers containing four mismatches.16 Fig 10. A list
of polymerases selected to extend four mismatches were
assayed for their ability to extend abasic sites in
PCR. Figure 11. Seven polymerases were assayed for
their ability to bypass abasic sites in a primer
extension assay.  Figure 12.. Several samples of cave
hyena {Crocuta spelaea) were extracted and analysed.
Figure 13. Appropriate primers for use in the method
of the invention. See example 15 for details. Figure
14. Polymerases selected for replication of 5NI were
tested for activity with a 



range of substrates using the hairpin ELISA assay
described in example 8. See example 16 for details.
Figure 15. Polymerases selected for replication of 5NI
were tested for activity with a range of substrates .
Polymerase 4Dl 1. P is primer, Ch is the chase
reaction. Reaction times in minutes. See example for
details. Figure 16. Polymerases selected for
replication of 5NI were tested for activity with a
range of substrates Polymerase 5D4. P is primer, Ch is
the chase reaction. Reaction times in minutes. See
example 16 for details. Figure 17. Polymerases
selected for replication of 5NI were tested for
activity with a range of substrates Polymerase 4Dl 1.
P is primer, Ch is the chase reaction. Reaction times
in minutes. See example for details.17 Figure 18..
Polymerases selected for replication of 5NI were
tested for activity with a range of substrates
Polymerase 5D4. P is primer, Ch is the chase reaction.
Reaction times in minutes. See example 16 for details.
Figure 19. Microarray hybridisations of FITC-Iabelled
probes. Microarrays contained 5 replicate features of
serial dilutions of Taq, RT and genomic salmon sperm
DNA target sequences, as indicated. Labelled randomers
were used to visualise the microarray and assess the
availability of target sequences for hybridisation.
Array cohybridisations were performed with a
Cy5-labelled Taq probe (Cy5t q) as a reference, and
equivalent unlabelled or FITC-labelled probes (FITC10
, FITC10 , FITCIOO ) Single examples from 3 replicate
experiments are displayed for each cohybridisation.
Figure 20, Figure 21. Microarray signals from
FITC-labelled probes. Mean FITC fluorescence signal of
FITC-labelled probes (FITC10 , FITC10 , FITC100 ) for
each co-hybridisation is plotted against the Cy5
fluorescence signal of the .reference probe (Cy5t )
for A) Taq, B) RT and C) genomic salmon sperm DNA
target sequences, as indicated. D) Microarray
background signals from FITC-labelled probes are
determined using 3 replicate microarrays for each
co-hybridisation experiment of a Cy5-labelled Taq
probe (Cy5 q), as a reference, and unlabeled or
FITC-labelled probes (FITC10 , FITCIO M FITCIOOMI) .
Background information was generated 



by measuring fluorescence signal from 12 non-feature
areas of each microarray. Mean pixel intensities were
generated and used to derive a ratiometric value for
each nonfeature area. A mean of the mean ratio +/- 1
standard deviation is displayed for each
co-hybridisation experiment.18 Figure 22. Fidelity.
(A) MutS ELISA. Relative replication fidelity of
wtTaq, Ml and M4 was determined using mutS ELISA of
two different DNA fragments (either a 0.4kb or 2.5kb
region of the cloned Tag gene) obtained by PCR and
probed at two different concentrations. (B) Spectra of
nucleotide substitutions observed in PCR fragments
amplified with either wtTaq or Ml. Types of
substitutions are given as % of total substitutions
(wtTaq: 48, Ml: 74). Equivalent substitutions on
either strand (e.g. G->A, C->T) were added together
(GC->AT). Observed - 1 delections (wtTaq: 3, Ml: 1)
are not shown. Figure 23. Processivity of wtTaq, Ml
and M4 was measured at three different polymerase
concentrations in the absence (A) or presence (B) of
trap DNA. The processivity for nucleotide
incorporation at each position was variable but
essentially identical for all three polymerases. For
example, the probability of enzyme dissociation is
higher at positions 2-5 compared to positions 6 and 7
for all three polymerases. In the presence of trap DNA
(to ensure all primer extension is the result of a
single DNA binding event) 13% of bound wtTaq, 28% of
Ml and 15% of M4 extended primers to the end of the
template. The termination probabilities for positions
2 through 5 varied from 15-25% for wtTaq and Ml and
from 13-35% for M4, while at positions 6 and 7 the
termination proabability was 5% for wtTaq, 1% for Ml,
and 2-4% for M4. DNA replication has been
characterized as low processive when the termination
probability reaches 40-80%15. Our results suggest that
Ml and M4 are both processive polymerases, with
processivity equal or higher than wtTaq,19 arguing
against a mechanistic interdependence of low
processivity and translesion synthesis. Detailed
description of the invention (A) Principles underlying
CST technology accordingto the invention. 



In a preferred embodiment the present invention
provides a method for the generation of an engineered
DNA polymerase with an expanded substrate range which
comprises the steps of: (a) preparing nucleic acid
encoding a mutant DNA polymerase, wherein the
polymerase is generated using flanking primers which
bear a 3' distorting end (b) compartmentalising the
nucleic acid of step (a) into microcapsules; (c)
expressing the nucleic acid to produce their
respective DNA polymerase within the microcapsules;
(d) sorting the nucleic acid encoding the mutant DNA
polymerase which exhibits an expanded substrate range;
and (e) expressing the mutant DNA polymerase which
exhibits an expanded substrate range. The techniques
of directed evolution and compartmentalised self
replication are detailed in GB 97143002 and GB
98063936 and GB 01275643, in the name of the present
inventors. These documents are herein incorporatedby
reference. The inventors modified the methods of
compartmentalised self replication and surprisingly
generated DNA polymerases which exhibited an expanded
substrate range as herein defined. In particular, the
inventors realised that for self-replication of Taq
polymerase, compartments must remain stable at the
high temperatures of PCR thermocycling. Encapsulation
of PCRs has been described previously for lipid
vesicles (Oberholzer, T.,20 Albrizio, M. & Luisi, P.
L. (1995) Chem. Biol. 2, 677-82 and fixed cells and
tissues (Haase, A. T., Retzel, E. F. & Staskus, K. A.
(1990) Proc. Natl. Acad. Sd. USA 87, 4971-5; Embleton,
M. J., Gorochov, G., Jones, P. T. & Winter, G. (1992)
Nucleic Acids ) but with low efficiencies. The present
inventors used recently developed oil in water
emulsions but modified the composition of the
surfactant as well as the oil to water ratio. Details
are given in Example 1. These modifications greatly
increased the heat stability of the compartments and
allowed PCR yields in the emulsion to approach those
of PCR in solution. Further 



details of the method of compartmentalised self
replication are given below. Microcapsules The
microcapsules used according to the method of the
invention require appropriate physical properties to
allow the working of the invention. First, to ensure
that the nucleic acids and gene products may not
diffuse between microcapsules, the contents of each
microcapsule must be isolated from the contents of the
surrounding microcapsules, so that there is no or
little exchange of the nucleic acids and gene products
between the microcapsules over the timescale of the
experiment. Second, the method of the present
invention requires that there are only a limited
number of nucleic acids per microcapsule. This ensures
that the gene product of an individual nucleic acid
will be isolated from other nucleic acids. Thus,
coupling between nucleic acid and gene product will be
highly specific. The enrichment factor is greatest
with on average one or fewer nucleic acids per
microcapsule, the linkage between nucleic acid and the
activity of the encoded gene product being as tight as
is possible, since the gene product of an individual
nucleic acid will be isolated from the products of all
other nucleic acids. However, even if the
theoretically optimal situation of, on average, a
single nucleic acid or less per microcapsule is not
used, a ratio of 5, 10, 50, 100 or 1000 or more
nucleic acids per microcapsule may prove beneficial in
sorting a large library. Subsequent rounds of sorting,
including renewed encapsulation with21 differing
nucleic acid distribution, will permit more stringent
sorting of the nucleic acids. Preferably, there is a
single nucleic acid, or fewer, per microcapsule.
Third, the formation and the composition of the
microcapsules must not abolish the function of the
machinery the expression of the nucleic acids and the
activity of the gene products. Consequently, any
microencapsulation system used must fulfil these three
requirements. The appropriate system(s) may vary
depending on the precise nature of the requirements in
each application of the invention, as will be apparent
to the skilled person. A wide variety of
microencapsulation procedures are available (see
Benita, 1996) and may be used to create the
microcapsules used in accordance with the present
invention. 



Indeed, more than 200 microencapsulation methods have
been identified in the literature (Finch, 1993). These
include membrane enveloped aqueous vesicles such as
lipid vesicles (liposomes) (New, 1990) and non-ionic
surfactant vesicles (van Hal et al., 1996). These are
closed-membranous capsules of single or multiple
bilayers of non-covalently assembled molecules, with
each bilayer separated from its neighbour by an
aqueous compartment. In the case of liposomes the
membrane is composed of lipid molecules; these are
usually phospholipids but sterols such as cholesterol
may also be incorporated into the membranes (New,
1990). A variety of enzyme-catalysed biochemical
reactions, including RNA and DNA polymerisation, can
be performed within liposomes (Chakrabarti et ah,
1994; Oberholzer et ah, 1995a; Oberholzer et al.,
1995b; Walde et al, 1994; Wick & Luisi, 1996). With a
membrane-enveloped vesicle system much of the aqueous
phase is outside the vesicles and is therefore
non-compartmentalised. This continuous, aqueous phase
should be removed or the biological systems in it
inhibited or destroyed (for example, by digestion of
nucleic acids with DNase or RNase) in order that the
reactions are limited to the microcapsules (Luisi et
al., 1987).22 Enzyme-catalysed biochemical reactions
have also been demonstrated in microcapsules generated
by a variety of other methods. Many enzymes are active
in reverse micellar solutions (Bru & Walde, 1991; Bru
& Walde, 1993; Creagh et ah, 1993; Haber et ah, 1993;
Kumar et ah, 1989; Luisi & B., 1987; Mao & Walde,
1991; Mao et ah, 1992; Perez et ah, 1992; Walde et
al., 1994; Walde et ah, 1993; Walde et ah, 1988) such
as the AOT-isooctane-water system (Menger & Yamada,
1979). Microcapsules can also be generated by
interfacial polymerisation and interfacial
complexation (Whateley, 1996). Microcapsules of this
sort can have rigid, nonpermeable membranes, or
semipermeable membranes. Semipermeable microcapsules
bordered by cellulose nitrate membranes, polyamide
membranes and lipid-polyamide membranes can all
support biochemical reactions, including multienzyme
systems (Chang, 1987; Chang, 1992; Lim, 1984).
Alginate/polylysine 



microcapsules (Lim & Sun, 1980), which can be formed
under very mild conditions, have also proven to be
very biocompatible, providing, for example, an
effective method of encapsulating living cells and
tissues (Chang, 1992; Sun et ah, 1992). Non-membranous
microencapsulation systems based on phase partitioning
of an aqueous environment in a colloidal system, such
as an emulsion, may also be used. Preferably, the
microcapsules of the present invention are formed from
emulsions; heterogeneous systems of two immiscible
liquid phases with one of the phases dispersed in the
other as droplets of microscopic or colloidal size
(Becher, 1957; Sherman, 1968; Lissant, 1974; Lissant,
1984). Emulsions Emulsions may be produced from any
suitable combination of immiscible liquids. Preferably
the emulsion of the present invention has water
(containing the biochemical components) as the phase
present in the form of finely divided droplets (the
disperse, internal or discontinuous phase) and a
hydrophobic, immiscible liquid (an 'oil') as the23
matrix in which these droplets are suspended (the
nondisperse, continuous or external phase). Such
emulsions are termed 'water-in-oil' (W/O). This has
the advantage that the entire aqueous phase containing
the biochemical components is compartmentalised in
discreet droplets (the internal phase). The external
phase, being a hydrophobic oil, generally contains
none of the biochemical components and hence is inert.
The emulsion may be stabilised by addition of one or
more surface-active agents (surfactants). These
surfactants are termed emulsifying agents and act at
the water/oil interface to prevent (or at least delay)
separation of the phases. Many oils and many
emulsiflers can be used for the generation of
water-in-oil emulsions; a recent compilation listed
over 16,000 surfactants, many of which are used as
emulsifying agents (Ash and Ash, 1993). Suitable oils
include light white mineral oil and non-ionic
surfactants (Schick, 1966) such as sorbitan monooleate
(Span(tm)80; ICI) and polyoxyethylenesorbitan
monooleate (Tween(tm)80; ICI) and Triton-X-100.. The
use of anionic surfactants may also be beneficial.
Suitable surfactants include sodium cholate and sodium
taurocholate. Particularly preferred is sodium
deoxycholate, 



preferably at a concentration of 0.5% w/v, or below.
Inclusion of such surfactants can in some cases
increase the expression of the nucleic acids and/or
the activity of the gene products. Addition of some
anionic surfactants to a non-emulsified reaction
mixture completely abolishes translation. During
emulsification, however, the surfactant is transferred
from the aqueous phase into the interface and activity
is restored. Addition of an anionic surfactant to the
mixtures to be emulsified ensures that reactions
proceed only after compartmentalisation. Creation of
an emulsion generally requires the application of
mechanical energy to force the phases together. There
are a variety of ways of doing this which utilise a
variety of mechanical devices, including stirrers
(such as magnetic stir-bars, propeller and turbine
stirrers, paddle devices and whisks), homogenisers
(including rotor-stator homogenisers, high-pressure
valve homogenisers and jet homogenisers), colloid
mills, ultrasound and 'membrane emulsification'
devices (Becher, 1957; Dickinson, 1994).24 Aqueous
microcapsules formed in water-in-oil emulsions are
generally stable with little if any exchange of
nucleic acids or gene products between microcapsules.
Additionally, we have demonstrated that several
biochemical reactions proceed in emulsion
microcapsules. Moreover, complicated biochemical
processes, notably gene transcription and translation
are also active in emulsion microcapsules. The
technology exists to create emulsions with volumes all
the way up to industrial scales of thousands of litres
(Becher, 1957; Sherman, 1968; Lissant, 1974; Lissant,
1984). The preferred microcapsule size will vary
depending upon the precise requirements of any
individual selection process that is to be performed
according to the present invention. In all cases,
there will be an optimal balance between gene library
size, the required enrichment and the required
concentration of components in the individual
microcapsules to achieve efficient expression and
reactivity of the gene products. Details of one
example of an emulsion used when performing the method
of the present invention are given in Example .
Expression within microcapsules The processes of
expression must occur within each individual
microcapsule provided 



by the present invention. Both in vitro transcription
and coupled transcription-translation become less
efficient at sub-nanomolar DNA concentrations. Because
of the requirement for only a limited number of DNA
molecules to be present in each microcapsule, this
therefore sets a practical upper limit on the possible
microcapsule size. Preferably, the mean volume of the
microcapsules is less that 5.2 x 10"16m3,
(corresponding to a spherical microcapsule of diameter
less than Om , more preferably less than 6.5 x 10"17m3
( m), more preferably about 4.2 x 10"18m3 (2mm) and
ideally about 9 x 10"18m3 (2.6mm). The effective DNA
or RNA concentration in the microcapsules may be
artificially increased by various methods that will be
well-known to those versed in the art. These include,
for example, the addition of volume excluding
chemicals such as polyethylene25 glycols (PEG) and a
variety of gene amplification techniques, including
transcription using RNA polymerases including those
from bacteria such as E. coli (Roberts, 1969; Blattner
and Dahlberg, 1972; Roberts et al, 1975; Rosenberg et
al. , 1975) , eukaryotes e. g. (Weil et al. , 1979;
Manley et al, 1983) and bacteriophage such as T7, T3
and SP6 (Melton et al., 1984); the polymerase chain
reaction (PCR) (Saiki et al, 1988); Qb replicase
amplification (Miele et al., 1983; Cahill et al.,
1991; Chetverin and Spirin, 1995; Katanaev et al,
1995); the ligase chain reaction (LCR) (Landegren et
al, 1988; Barany, 1991); and self-sustained sequence
replication system (Fahy et al, 1991) and strand
displacement amplification (Walker et al, 1992). Even
gene amplification techniques requiring thermal
cycling such as PCR and LCR could be used if the
emulsions and the in vitro transcription or coupled
transcription-translation systems are thermostable
(for example, the coupled transcription-translation
systems could be made from a thermostable organism
such as Thennus aquaticus). Increasing the effective
local nucleic acid concentration enables larger
microcapsules to be used effectively. This allows a
preferred practical upper limit to the microcapsule
volume of about 5.2 x 10 16m3 (corresponding to a
sphere of diameter lOum). The microcapsule size must
be sufficiently large to accommodate all of the
required components of the biochemical reactions that
are needed to occur within the 



microcapsule. For example, in vitro, both
transcription reactions and coupled
transcription-translation reactions require a total
nucleoside triphosphate concentration of about 2mM.
For example, in order to transcribe a gene to a single
short RNA molecule of 500 bases in length, this would
require a minimum of 500 molecules of nucleoside
triphosphate per microcapsule (8.33 x 10"22 moles). In
order to constitute a 2mM solution, this number of
molecules must be contained within a microcapsule of
volume 4.17 x 10"19 litres (4.17 x 22 m3 which if
spherical would have a diameter of 93nm. Furthermore,
particularly in the case of reactions involving
translation, it is to be noted that the ribosomes
necessary for the translation to occur are themselves
approximately26 20nm in diameter. Hence, the preferred
lower limit for microcapsules is a diameter of
approximately lOOnm. Therefore, the microcapsule
volume is preferably of the order of between 5.2 x 22
m3 and 5.2 x 10"16m3 corresponding to a sphere of
diameter between O.lum and lOum, more preferably of
between about 5.2 x 10~19m3 and 6.5 x 10 17 m3 (lum
and 5um). Sphere diameters of about 2.6um are most
advantageous. It is no coincidence that the preferred
dimensions of the compartments (droplets of 2.6um mean
diameter) closely resemble those of bacteria, for
example, Escherichia are 1.1-1.5 x 2.0-6.0 urn rods
and Azotobacter are 1.5-2.0 u diameter ovoid cells. In
its simplest form, Darwinian evolution is based on a
'one genotype one phenotype' mechanism. The
concentration of a single compartmentalised gene, or
genome, drops from 0.4 nM in a compartment of 2 um
diameter, to 25 p in a compartment of 5 um diameter.
The prokaryotic transcription/translation machinery
has evolved to operate in compartments of ~l-2 um
diameter, where single genes are at approximately
nanomolar concentrations. A single gene, in a
compartment of 2.6 um diameter is at a concentration
of 0.2 nM. This gene concentration is high enough for
efficient translation. Compartmentalisation in such a
volume also ensures that even if only a single
molecule of the gene product is formed it is present
at about 0.2 nM, which is important if the gene
product is to have a modifying activity of the nucleic
acid itself. The volume of the microcapsule should
thus be selected 



bearing in mind not only the requirements for
transcription and translation of the nucleic
acid/nucleic acid, but also the modifying activity
required of the gene product in the method of the
invention. The size of emulsion microcapsules may be
varied simply by tailoring the emulsion conditions
used to form the emulsion according to requirements of
the selection system. The larger the microcapsule
size, the larger is the volume that will be required
to encapsulate a given nucleic acid/nucleic acid
library, since the ultimately limiting factor will be
the size of the microcapsule and thus the number of
microcapsules possible per unit volume.27 The size of
the microcapsules is selected not only having regard
to the requirements of the transcription/translation
system, but also those of the selection system
employed for the nucleic acid/nucleic acid construct.
Thus, the components of the selection system, such as
a chemical modification system, may require reaction
volumes and/or reagent concentrations which are not
optimal for transcription/translation. As set forth
herein, such requirements may be accommodated by a
secondary re-encapsulation step; moreover, they may be
accommodated by selecting the microcapsule size in
order to maximise transcription/translation and
selection as a whole. Empirical determination of
optimal microcapsule volume and reagent concentration,
for example as set forth herein, is preferred. A
"nucleic acid/nucleic acid" in accordance with the
present invention is as described above. Preferably, a
nucleic acid is a molecule or construct selected from
the group consisting of a DNA molecule, an RNA
molecule, a partially or wholly artificial nucleic
acid molecule consisting of exclusively synthetic or a
mixture of naturally-occurring and synthetic bases,
any one of the foregoing linked to a polypeptide, and
any one of the foregoing linked to any other molecular
group or construct. Advantageously, the other
molecular group or construct may be selected from the
group consisting of nucleic acids, polymeric
substances, particularly beads, for example
polystyrene beads, magnetic substances such as
magnetic beads, labels, such as fluorophores or
isotopic labels, chemical reagents, binding agents
such as macrocycles and the like. 



The nucleic acid portion of the nucleic acid may
comprise suitable regulatory sequences, such as those
required for efficient expression of the gene product,
for example promoters, enhancers, translational
initiation sequences, polyadenylation sequences,
splice sites and the like. Product selection Details
of a preferred method of performing the method of the
invention are given in Example 1. However, those
skilled in the art will appreciate that the examples
given are28 non-limiting and methods for product
selection are discussed in more general terms below. A
ligand or substrate can be connected to the nucleic
acid by a variety of means that will be apparent to
those skilled in the art (see, for example, Hermanson,
1996). Any tag will suffice that allows for the
subsequent selection of the nucleic acid. Sorting can
be by any method which allows the preferential
separation, amplification or survival of the tagged
nucleic acid. Examples include selection by binding
(including techniques based on magnetic separation,
for example using Dynabeads(tm)), and by resistance to
degradation (for example by nucleases, including
restriction endonucleases). One way in which the
nucleic acid molecule may be linked to a ligand or
substrate is through biotinylation. This can be done
by PCR amplification with a 5'-biotinylation primer
such that the biotin and nucleic acid are covalently
linked. The ligand or substrate to be selected can be
attached to the modified nucleic acid by a variety of
means that will be apparent to those of skill in the
art. A biotinylated nucleic acid may be coupled to a
polystyrene microbead (0.035 to 0.2um in diameter)
that is coated with avidin or streptavidin, that will
therefore bind the nucleic acid with very high
affinity. This bead can be derivatised with substrate
or ligand by any suitable method such as by adding
biotinylated substrate or by covalent coupling.
Alternatively, a biotinylated nucleic acid may be
coupled to avidin or streptavidin complexed to a large
protein molecule such as thyroglobulin (669 Kd) or
ferritin (440 Kd). This complex can be derivatised
with substrate or ligand, for example by covalent
coupling to the alpha-amino group of lysines or
through a non-covalent interaction such 



as biotin-avidin. The substrate may be present in a
form unlinked to the nucleic acid but containing an
inactive "tag" that requires a further step to
activate it such as photoactivation (e.g. of a "caged"
biotin analogue, (Sundberg et ah, 1995; Pirrung and
Huang, 1996)). The catalyst to be selected then
converts the substrate to product. The "tag" could
then be activated and the "tagged" substrate and/or
product bound by a tag-binding molecule (e.g. avidin
or streptavidin) complexed with the nucleic acid.
The29 ratio of substrate to product attached to the
nucleic acid via the "tag" will therefore reflect the
ratio of the substrate and product in solution. When
all reactions are stopped and the microcapsules are
combined, the nucleic acids encoding active enzymes
can be enriched using an antibody or other molecule
which binds, or reacts specifically with the "tag".
Although both substrates and product have the
molecular tag, only the nucleic acids encoding active
gene product will co-purify. The terms "isolating",
"sorting" and "selecting", as well as variations
thereof, are used herein. Isolation, according to the
present invention, refers to the process of separating
an entity from a heterogeneous population, for example
a mixture, such that it is free of at least one
substance with which it was associated before the
isolation process. In a preferred embodiment,
isolation refers to purification of an entity
essentially to homogeneity. Sorting of an entity
refers to the process of preferentially isolating
desired entities over undesired entities. In as far as
this relates to isolation of the desired entities, the
terms "isolating" and "sorting" are equivalent. The
method of the present invention permits the sorting of
desired nucleic acids from pools (libraries or
repertoires) of nucleic acids which contain the
desired nucleic acid. Selecting is used to refer to
the process (including the sorting process) of
isolating an entity according to a particular property
thereof. Initial selection of a nucleic acid/nucleic
acid from a nucleic acid library (for example a mutant
taq library) using the present invention will in most
cases require the screening of a large number of
variant nucleic acids. Libraries of nucleic acids can
be created in a variety of different ways, including
the following. Pools of naturally occurring nucleic
acids can be cloned from genomic DNA or cDNA 



(Sambrook et al., 1989); for example, mutant Taq
libraries or other DNA polymerase libraries, made by
PCR amplification repertoires of taq or other DNA
polymerase genes have proved very effective sources of
DNA polymerase fragments. Further details are given in
the examples.30 Libraries of genes can also be made by
encoding all (see for example Smith, 1985; Parmley and
Smith, 1988) or part of genes (see for example Lowman
et ah, 1991) or pools of genes (see for example Nissim
et ah, 1994) by a randomised or doped synthetic
oligonucleotide. Libraries can also be made by
introducing mutations into a nucleic acid or pool of
nucleic acids 'randomly' by a variety of techniques in
vivo, including; using 'mutator strains', of bacteria
such as E. coli mutD5 (Liao et ah, 1986; Yamagishi et
ah, 1990; Low et ah, 1996). Random mutations can also
be introduced both in vivo and in vitro by chemical
mutagens, and ionising or UV irradiation (see
Friedberg et ah, 1995), or incorporation of mutagenic
base analogues (Freese, 1959; Zaccolo et ah, 1996).
'Random' mutations can also be introduced into genes
in vitro during polymerisation for example by using
error-prone polymerases (Leung et ah, 1989). In a
preferred embodiment of the method of the invention,
the repertoire of nucleic fragments used is a mutant
Taq repertoire which has been mutated using error
prone PCR. Details are given in Examples 1. According
to the method of the invention, the term 'random' may
be in terms of random positions with random repertoire
of amino acids at those positions or it may be
selected (predetermined) positions with random
repertoire of amino acids at those selected positions.
Further diversification can be introduced by using
homologous recombination either in v/vo (see
Kowalczykowski et ah, 1994 or in vitro (Stemmer,
1994a; Stemmer, 1994b)). Microcapsules/sorting In
addition to the nucleic acids described above, the
microcapsules according to the invention will comprise
further components required for the sorting process to
take place. Other components of the system will for
example comprise those necessary for transcription
and/or translation of the nucleic acid. These are
selected for the requirements of a specific system
from the following; a suitable buffer, an in vitro 



transcription/replication system and/or an in vitro
translation system containing all the necessary
ingredients, enzymes and cofactors, RNA polymerase,
nucleotides, nucleic acids (natural or synthetic),
transfer RNAs ribosomes and amino acids, and the31
substrates of the reaction of interest in order to
allow selection of the modified gene product. A
suitable buffer will be one in which all of the
desired components of the biological system are active
and will therefore depend upon the requirements of
each specific reaction system. Buffers suitable for
biological and/or chemical reactions are known in the
art and recipes provided in various laboratory texts,
such as Sambrook et al, 1989. The in vitro translation
system will usually comprise a cell extract, typically
from bacteria (Zubay, 1973; Zubay, 1980; Lesley et al,
1991; Lesley, 1995), rabbit reticulocytes (Pelham and
Jackson, 1976), or wheat germ (Anderson et al, 1983).
Many suitable systems are commercially available (for
example from Promega) including some which will allow
coupled transcription/translation (all the bacterial
systems and the reticulocyte and wheat germ TNT
extract systems from Promega). The mixture of amino
acids used may include synthetic amino acids if
desired, to increase the possible number or variety of
proteins produced in the library. This can be
accomplished by charging tRNAs with artificial amino
acids and using these tRNAs for the in vitro
translation of the proteins to be selected (Ellman et
al, 1991; Benner, 1994; Mendel et al, 1995). After
each round of selection the enrichment of the pool of
nucleic acids for those encoding the molecules of
interest can be assayed by non-compartmentalised in
vitro transcription/replication or coupled
transcription-translation reactions. The selected pool
is cloned into a suitable plasmid vector and RNA or
recombinant protein is produced from the individual
clones for further purification and assay.
Microcapsule identification Microcapsules may be
identified by virtue of a change induced by the
desired gene product which either occurs or manifests
itself at the surface of the microcapsule or is
detectable from the outside as described in section
iii (Microcapsule Sorting). This 



change, when identified, is used to trigger the
modification of the gene within the32 compartment. In
a preferred aspect of the invention, microcapsule
identification relies on a change in the optical
properties of the microcapsule resulting from a
reaction leading to luminescence, phosphorescence or
fluorescence within the microcapsule. Modification of
the gene within the microcapsules would be triggered
by identification of luminescence, phosphorescence or
fluorescence. For example, identification of
luminescence, phosphorescence or fluorescence can
trigger bombardment of the compartment with photons
(or other particles or waves) which leads to
modification of the nucleic acid. A similar procedure
has been described previously for the rapid sorting of
cells (Keij et al., 1994). Modification of the nucleic
acid may result, for example, from coupling a
molecular "tag", caged by a photolabile protecting
group to the nucleic acids: bombardment with photons
of an appropriate wavelength leads to the removal of
the cage. Afterwards, all microcapsules are combined
and the nucleic acids pooled together in one
environment. Nucleic acids encoding gene products
exhibiting the desired activity can be selected by
affinity purification using a molecule that
specifically binds to, or reacts specifically with,
the "tag". Multi step procedure It will be also be
appreciated that according to the present invention,
it is not necessary for all the processes of
transcription/replication and/or translation, and
selection to proceed in one single step, with .all
reactions taking place in one microcapsule. The
selection procedure may comprise two or more steps.
First, transcription/replication and/or translation of
each nucleic acid of a nucleic acid library may take
place in a first microcapsule. Each gene product is
then linked to the nucleic acid which encoded it
(which resides in the same microcapsule). The
microcapsules are then broken, and the nucleic acids
attached to their respective gene products optionally
purified. Alternatively, nucleic acids can be attached
to their respective gene products using methods which
do not rely on encapsulation. For example phage
display (Smith, G.P.,1985), polysome display
(Mattheakkis et al, 1994), RNA-peptide fusion (Roberts
and Szostak, 1997) or lac repressor peptide fusion
(Cull, et al, 1992).33 



In the second step of the procedure, each purified
nucleic acid attached to its gene product is put into
a second microcapsule containing components of the
reaction to be selected. This reaction is then
initiated. After completion of the reactions, the
microcapsules are again broken and the modified
nucleic acids are selected. In the case of complicated
multistep reactions in which many individual
components and reaction steps are involved, one or
more intervening steps may be performed between the
initial step of creation and linking of gene product
to nucleic acid, and the final step of generating the
selectable change in the nucleic acid. Amplification h
all the above configurations, genetic material
comprised in the nucleic acids may be amplified and
the process repeated in iterative steps. Amplification
may be by the polymerase chain reaction (Saiki et al.,
1988) or by using one of a variety of other gene
amplification techniques including; Qb replicase
amplification (Cahill, Foster and Mahan, 1991;
Chetverin and Spirin, 1995; Katanaev, Kuraasov and
Spirin, 1995); the ligase chain reaction (LCR)
(Landegren et al., 1988; Barany, 1991); the
self-sustained sequence replication system (Fahy, Kwoh
and Gingeras, 1991) and strand displacement
amplification (Walker et al, 1992). (B) DNA
polymerases according to the invention. (i) General
High fidelity DNA polymerases such as Pol A(like Taq
polymerase) and PoI-B family polymerases which lack a
3'-5' exonuclease proofreading capability show a
strict blockage to the extension of distorted or
mismatched 3' primer termini to avoid propagation of
misincorporations. While the degree of blockage varies
considerably depending on the nature of the mismatch,
some transversion (purine -purine / pyrimidine
pyrimidine) mismatches are extended up to 10^-fold
less efficiently than34 matched termini (Huang 92).
Likewise, many unnatural base analogues, while
incorporated efficiently, act as strong terminators
(Kool, Loakes). The present inventors have modified
the principles described in Ghadessy, F. G et a (2001)
Proc. Nat. Acad. Sci, USA, 93, 4552-4557
(compartmentalised self replication) and 



Ghadessy 2003, and outlined above. Both these
documents are herein incorporated by reference. The
present inventors have used these modified techniques
to develop a method by which the substrates
specificity of high fidelity DNA polymerases may be
expanded in a generic way. The inventors have
exemplified the technique by expanding the substrate
specificity of the high-fidelity pol-A family
polymerases. In particular, the present inventors
created two repertoires of randomly mutated Taq genes,
as described in Ghadessy, F. G et al (2001) referred
to above. Three cycles of mismatch extension CSR was
performed using flanking primers bearing the
mismatches A*G and C*C at their 3' ends. Selected
clones were ranked using a PCR extension assay
described herein. Selected mutants exhibited the
ability to extend the G*A and C*C tranversion
mismatches used in the CSR selection, but also
exhibited a generic ability to extend mispaired 3'
termini. These results are surprising, especially
since Taq polymerase is unable to extend such
mismatches (Kwok et al, (1990); Huang (1992). Thus,
using this approach, the inventors have generated DNA
polymerases which exhibit a relaxed substrate
specificity/expanded substrate range. According to the
present invention, the term 'expanded substrate range'
(of an engineered DNA polymerase) means that substrate
range of an engineered DNA polymerase according to the
present invention is broader than that of the one or
more DNA polymerases, or fragments thereof from which
it is derived. The term 'a broader substrate range'
refers to the ability of an engineered polymerase
according to the present invention to extend one or
more 3' mismatches, for example A* , G* , G*G, T*T,
C*C, which the one or more polymerase/s from which it
is derived cannot extend. That35 is, essentially, a
DNA polymerase which exhibits a relaxed substrate
range as herein defined has the ability not only to
extend the 3' mismatches used in its generation, (IE
those of the flanking primers), but also exhibits a
generic ability to extend 3' mismatches (for example
A*G, A*A, G*G). The two best mutants Ml (G84A, D144G,
K314R, E520G, F598L, A608V, E742G) and M4 (D58G, R74P,
A109T, L245R, R343G, G370D, E520G, N583S, E694K,
A743P) 



were chosen for further investigation. Ml and M4 not
only had greatly increased ability to extend the G and
O transversion mismatches used in the CSR selection,
but appeared to have acquired a more generic ability
to extend 3' mispaired termini, including other
strongly disfavoured transversion mismatches (such as
A G, A , G G) (Fig. IB), which wtTaq polymerase was
unable to extend, as previously reported (Kwok et a
1990, Huang 92). (ii) Ml and M4 mutants according to
the invention. Nucleic acid sequences encoding Ml and
M4 pol A DNA polymerase mutants are depicted SEQ No 1
and SEQ No 2 respectively and are shown in Fig 1 and
fig 2 respectively. Despite very similar properties,
Ml and M4 (and indeed other selected clones) have few
mutations in common, suggesting there are multiple
molecular solutions to the mismatch extension
phenotype. One exception was E520G, a mutation that is
shared by all but one of the four best clones of the
final selection. Curiously, E520 is located at the
very tip of the thumb domain at a distance of 2 from
the 3' OH of the mismatched primer terminus and its
involvement in mismatch recognition or extension is
unclear. However, E520G is clearly important for
mismatch extension as backmutation reduces mismatch
extension in both Ml andM4 to near wt levels (Fig. 2).
The only other feature clearly shared by both Ml and
M4 are mutations targeting residues, which may be
involved in flipping dut the +1 template base. Residue
E74236 mutated in Ml (E742G) forms a direct contact
with the flipped out +1 base on the template strand
(Li et al), while in M4 the adjacent residue A743 is
mutated to proline (A743P), which may disrupt
interactions by distorting local backbone
conformation. Back mutation of E742G in Ml reduced
mismatch extension, but only by ca. 20% indicating
that it does not contribute decisively to mismatch
extension. Surprisingly, mutations in the N-terminal
'-3' exonuclease domain (53exoD) also appear to be
contributing to mismatch extension as suggested by the
2-4 fold increased mismatch extension ability of
chimeras of the 53exoD of Ml, M4 and polD of wtTaq
(Fig. 4). How they promote mismatch extension is
unclear but given the apparent 



distance of the 53exoD from the active site (Utz 99,
Eom 96) is unlikely to involve direct effects on
extension catalysis. Increased affinity for
primer-template duplex could also increase mismatch
extension (Huang 92) but dissociation constants of
wtTaq, Ml and M4 for matched and mismatched
primer-template duplex were indistinguishable as
judged by an equilibrium binding assay (Huang 92) (not
shown). The relationship of Ml andM4 with other
naturally occurring DNA polymerases Extension of
mismatched 3' primer termini is a feature of naturally
occurring polymerases. Viral reverse transcriptases
(RT) like HIV-I RT or AMV RT and polymerases capable
of translesion synthesis (TLS) such as the polY-family
polymerases pol (Vaisman 2001JBC) or pol K (Washington
2002 PNAS) or the unusual polB-family polymerase polz
(Johnson Nature), all extend 3' mismatches with
elevated efficiency compared to high-fidelity
polymerases. Thus, the selected polymerases share
significant functional similarities with preexisting
polymerases but represent, to our knowledge, the only
known polA-family polymerases that are proficient in
mismatch extension (ME) and translesion synthesis
(TLS). In contrast to TLS polymerases, which are
distributive and depend on cellular processivity
factors such as PCNA (Prakash refs for eta/kappa and
iota), Ml and M4 combine ME and TLS with high
processivity and in the case of Ml are capable of
efficient amplification of DNA fragments of up to
26kb.37 In the case of viral RTs, ME may play a
crucial role in allowing error-prone yet processive
replication of a multi-kb viral genome. For TLS
polymerases, proficient mismatch extension is also a
necessary prerequisite for their biological function
as unpaired and distorted primer termini necessarily
occur opposite lesions in the DNA template strand. The
ability of TLS polymerases to traverse replication
blocking lesions in DNA is thought to arise from a
relaxed geometric selection in the active site
(Goodman 02). The ability of Ml and M4 to process both
bulky mispairs and a distorting CPD (cys-syn
thymidine-thymidine dimer) dimer makes it plausible
that, in analogy to TLS polymerases, they also have
acquired a more open active site. Indeed, modelling
showed that a CPD dimer can not be accommodated in the
wtTaq polymerase active site without mayor steric
clashes (TrincaoOl). 



Ml (and to a lesser degree M4) also display a much
increased ability to incorporate extend and replicate
different types of unnatural nucleotide substrates
that deviate to varying degrees from the canonical
nucleobase structure. Of these the S substitution is
the most conservative. However, the sulfur anion is
significantly larger than oxygen anion and coordinates
cations poorly, which may be among the reasons why the
wt enzyme will not tolerate full aS substitution.
Fluorescently-labelled nucleotides like aS nucleotides
retain base-pairing potential but include a bulky and
hydrophobic substituent that must be accomodated by
the polymerase active site. Steric clashes in the
active site are allievated by the presence of a long,
flexible linker. Indeed, we find biotin-16-dUTP amuch
better substrate for Ml than biotin-11-dUTP, while
wtTaq cannot utilize either. The hydrophobic analogue
5NI represents the most drastic departure from
standard nucleotide chemistry we investigated.
Comparable in size to a purine base, 5NI competely
lacks any hydrogen bonding potential but like the
natural bases, favours the anti-position with respect
to the ribose sugar as judged by NMR (J. Gallego, D.L.
and P.H., unpublished results). Therefore, a 5NI A or
5NI G basepair would closely resemble a purine-purine
transversion mismatch and may cause similar
distortions to the canonical DNA duplex geometry.
Elegant experiments using isosteric non-hydrogen
bonding base analogues have shown that Watson-Crick
hydrogen bonding per se is not required for efficient
insertion or replication (reviewed by Kool 02).
However, while many nonhydrogen- bonding hydrophobic
base analogues are efficiently incorporated, they38
subsequently lead to termination, both at the 3' end
and as a template base (Kool , Romesberg). Structural
and biochemical studies have previously identified
regions of the polymerase structure that are important
for mismatch discrimination such as motif A (involved
in binding the incoming dNTP), the O-helix (motif B)
and residues involved in minor groove hydrogen bonding
(24, 25). Inspection of the sequence of Ml and M4
reveals a conspicuous absence of mutations in these
regions. Rather mutations in Ml and M4 implicate
regions of the polymerase not previously associated
with substrate recognition such as the tip of the
thumb subdomain (E520), 



the +1 template base-flipping function (E742, A743) in
the finger subdomain and the 5-3' exonuclease domain
(53exoD). The 53exoD is too distant from the active
site to have direct effects on mismatch extension. It
is, however, thought to be crucial for polymerase
processivity and may thus influence mismatch extension
(24). Indeed, the Stoffel fragment of Taq polymerase
(26), which lacks the 53exoD, displays both reduced
processivity and more stringent mismatch
discrimination (27). Mutations in the 53exoD of Ml and
M4 may therefore contribute to mismatch extension by
enhancing polymerase processivity. Together with the
ability to bypass abasic sites (generated in large DNA
fragments during thermocycling) this may also
contribute to the proficiency of Ml at long PCR (Fig.
5). E520 is located at the very tip of the thumb
domain at the end of the H2 helix at a distance of 20A
from the 3' OH of the mismatched primer terminal base
(Pl) (2). Mechanistic aspects of the involvement of
the E520G mutation in mismatch recognition or
extension are therefore not obvious either. It is
worth noting though that adjacent regions, especially
the preceding loop connecting helices Hl and H2 and
parts of helix I, make extensive contacts with the
template-primer duplex between P3-P7 (2). It has
previously been observed that mismatch incorporation
affects extension kinetics up to the P4 position (24).
E520G may modify the structure of these regions to
ease passage of mismatches and increase elongation
efficiency post incorporation. Base flipping, i.e.
rotation of the designated base out of the DNA helix
axis is a common mechanism among DNA modifying enzymes
(e.g. glycosylases) but its precise role for
polymerase function is less clear. It39 has been
speculated that flipping out of the +1 template base
may contribute to polymerase fidelity by preventing
out-of-register base-pairing (25) of the 3' nucleotide
to cognate upstream template bases. Interference with
this mechanism therefore might promote apparent
mismatch extension but would produce -1 base
deletions. However, neither primer extensions nor
sequencing of PCR products generated with or M4 using
primers with 3' G A and O C mismatches revealed any
template slippage but on the contrary, confirmed
in-register extension of the mismatches (not shown).
The utility of reduced base-flipping in the context of
the TLS capability of Ml and M4 is easier to 



understand, especially on the CPD dimer, as the two
covalently linked thymine template bases would be
refractory to flipping out. Indeed, TLS polymerases,
which are naturally able to bypass CPD dimers, appear
to lack a base-flipping function (28). Extension and
incorporation kinetics of polymerases according to the
invention. Examination of the extension and
incorporation kinetics of the mutant polymerases
suggests that they have a significantly increased
propensity to not only extend but also incorporate
transversion mispairs and consequently should have a
significantly increased mutation rate compared to the
wt enzyme. More relaxed geometric selection in the
active site might also be expected to come at the
price of significantly reduced fidelity as indeed is
the case for TLS polymerases (23). However,
measurement of the overall mutation rate using the
MutS assay (not shown) and sequencing of PCR products
generated by Ml indicated only a modest (< 2-fold)
increase in the mutation rate (Table 1) mostly due to
an increased propensity for transversions. As
discussed previously (10), CSR should select for
optimal self-mutation rates within the error threshold
(31). A change in the mutation spectrum towards a more
even distribution of transition and transversion
mutations may be an effective solution to accelerate
adaptation, while maintaining a healthy distance from
the error threshold. This may also make Ml a useful
tool for protein engineering as the bias of Taq (and
other DNA polymerases) for transition mutations limits
the regions of sequence space that can be accessed
effectively using PCR mutagenesis Table 1: Mutation
spectrum of wtTaq andMl in PCR40 Transitions
Transversions Deletions AT->GC GC->AT AT->TA AT->CG
GC->TA GC->CG WtTaq* 25 9 8 2 3 Ml* 25 16 15 4 5 10 1
*Mutations derived from sequencing of 40 clones
(800bp) each. In summary DNA polymerases according to
the present invention, in particular Ml and M4
respectively as depicted in SEQ No 1 and SEQ No 2
possess the following properties: 



(1) DNA Translesion synthesis (2) A generic ability to
incorporate unnatural base analogues into DNA. (3) Ml
has the ability to efficiently amplify DNA targets up
to 26kb. Uses of DNA polymerases according to the
invention. Directed evolution towards extension of
distorting transversion mismatches like G A or by CSR
yields novel, "unfussy" polymerases with an ability to
perform not only efficient mismatch extension and TLS
but also accept a range of unnatural nucleotide
substrates. The present inventors have shown that the
evolution of TLS from a highfidelity, polA-family, pol
B family or other polymerases requires but few
mutations, suggesting that TLS and relaxed substrate
recognition are functionally connected and may
represent a default state of polymerase function
rather than a specialization. The unusual properties
of the DNA polymerases according to the present
invention, in particular Ml and M4 may have immediate
uses for example for the improved incorporation of
dye-modified nucleotides in sequencing and array
labelling and/or the amplification of ultra-long DNA
targets. They may prove useful in the amplification of
damaged DNA templates in forensics or paelobiology,
may permit an expansion of the chemical repertoire of
aptamers or deoxi-ribozymes (Benner, Barbas, ribozyme
review)41 and may aid efforts to expand the genetic
alphabet (Benner, Schultz). The altered mutation
spectrum of Ml may make a useful tool in random
mutagenesis experiments as the strong bias of Taq and
other polymerases towards (A->G, T->C) transitions
limits the combinatorial diversity accessible through
PCR mutagenesis. Furthermore, the ability of Ml &M4 to
extend 3' ends in which the last base is mismatched
with the template strand and the ability of HlO (see
example 6) to extend 3' ends in which the last two
bases are mismatched with the template strand may
extend the scope of DNA shuffling methods (Stemmer) by
allowing to recombine more distantly related
sequences. h addition, DNA polymerases according to
the invention, in particular pol A polymerases, for
example Ml and M4 pol A polymerases as herein
described may serve as a useful framework for
mutagenesis and evolution towards polymerases capable
of utilizing an ever wider array of modified
nucleotide substrates. The inventors anticipate 



that directed evolution may ultimately permit
modification of polymerase chemistry itself, allowing
the creation of ampliflable DNA-like polymers of
defined sequence thus extending molecular evolution to
material science. The invention will now be described
by the following examples which are in no way limiting
of the invention claimed herein. Example 1 General
Methods List of primers: : 5'-CAG GAA ACA GCT ATGACA
AAA ATC TAG ATA ACG AGG GA-3'; A G mismatch 2: 5'-GTA
AAA CGA CGG CCA GTA CCA CCG AAC TGC GGG TGA CGC CAA
GCC-3 ; C C mismatch : '-AAA AATCTA GAT AAC GAG GGC
AA-3' 4: 5'-ACC ACC GAA CTG CGG GTG ACG CCA AGC G-3' :
5 '-GAA CTG CGG GTG ACG CCA AGC GCA ' ; mismatch42 6:
5'-CC GAA CTG CGG GTG ACG CCA AGC GG 3'; mismatch 7:
'-GAA CTG CGG GTG ACG CCA AGC GCG-3 ' ; mismatch : 5
'-AAA AAT CTA GAT AAC GAG GGC AA-3' 9: '-CCG ACT GGC
CAA GAT TAG AGA GTA TGG-3' 10: 5'-GAT TTC CAC GGA TAA
GAC TCC GCA TCC-S' : 5 '-GGC AGA CGA TGA TGC AGA TAA
CCA GAG C-3' 12: 5'-GCC GAT AGA TAG CCA CGG ACT TCG
TAG-3' 1 : 5 '-GGA GTA GAT GCT TGC TTT TCT GAG CC-3'
14: 5 '-GAG TTC GTG CTT ACC GCA GAA TGC AG-3' 15:
5'-ACC GAA CTG CGG GTG ACG CCA AGC ' 16: 5'-ACC GAA
CTG CGG GTG ACG CCA AGC C 3' 17: 5'-ACC GAA CTG CGG
GTG ACG CCA AGC A 3' 18: 5'-AAA CAG CGC TTG GCG TCA
CCC GCA GTT CGG T-3' 19: 5'-AAA CAG GGC TTG GCG TCA
CCC GCA GTT CGG T-3' 



20: 5'-AAA CAG AGC TTG GCG TCA CCC GCA GTT CGG T-S' 2
: '-AAA CAC CGC TTG GCG TCA CCC GCA GTT CGG T-3' 22:
5'-AGC TAC CAT GCC TGC ACG AAT TCG GCA TCC GTC GCG ACC
ACG GTC GCA GCG-3' (undamaged) 23: 5'-AGC TAC CAT GCC
TGC ACG ACA XCG GCA TCC GTC GCG ACC ACG GTC GCA
GCG-3'; X= abasic site 24: 5'-AGC TAC CAT GCC TGC ACG
AAX XCG GCA TCC GTC GCG ACC ACG GTC GCA GCG-3, XX= CPD
dimer 25: 5'-CGT GGT CGC GAC GGA TGC CG-3 26: 5'-TAA
TAC GAC TCA CTA TAG GGA GA-3' 27: 5'-ACT GXT CTC CCT
ATA GTG AGT CGT ATT A-3'; X=5NI Materials and Methods
DNA manipulation and protein expression. Expression of
Taq clones for screening and CSR selection was as
described (10). For kinetic measurements and gel
extension assays, polymerases were purified as
described (32) using a Biorex70 ion exchange resin
(BioRad). All PCR and primer extensions were performed
in x Taq buffer (5OmM KCl/lOmM Tris HCl (pH 9.0) /
0.1% Triton X-100 / 1.5mM MgCt), with43 dNTPs (0.25mM
(Amersham Pharmacia Biotech, NJ)) and appropriate
primers unless specified otherwise. Primer sequences
are provided in Supplementary information. Primer
extension reactions were terminated by addition of 95%
formamide/ 10 mM EDTA and analysed on 20 %
polyacrylamide / 7M Urea gels. CSR selection. Activity
preselected libraries Ll* and L2* (10) were combined
and 3 rounds of CSR selection carried out as described
(10) except using primers 1: (A G mismatch) and 2: (C
C mismatch) and 15 cycles of (94C 1 min, 55C 1 min,
72C 8 min). Round 2 clones were recombined by
staggered extension process (StEP) PCR shuffling (33)
as described . For round 3, CSR cycles were reduced to
10 and annealing times to 30 sec. PCR. A PCR assay was
used to screen and rank clones. Briefly, clones were
normalized for activity in PCR with matched primers 3,
4 and activity with 



mismatched primers 1 and 2 ( mM each) determined at
mimmal cycle number (15-25 cycles). Extension
capability for different mismatches was determined by
the same assay using mismatch primers 2 (C C
mismatch), 5 (A A mismatch), 6 (G G mismatch), 7 (G A
mismatch) with matched primer 3 or primer 1 (A G
mismatch) with matched primer 4. Incorporation of
unnatural substrates in 50 cycle PCR was carried out
using standard conditions and 50mM S dNTPs (Promega)
or 50mM FITC-12-dATP (Perkin-Elmer), Rhodamine-5-dUTP
(Perkin-Elmer) or Biotin-16- dUTP (Roche) with
equivalent amounts of the other 3 dNTPs (all 50mM).
Long PCR was carried out using a two-step cycling
protocol as described (22) 94C for 2 minutes, followed
by 20 cycles of (94 C 15 sec, 68 C 30 min) using 5ng
of phage l DNA (New England Biolabs) template and
either primers 9, 10, with primer 12 or primer 13 with
primers 10, 14. Single nucleotide
incorporation/extension kinetics. Kinetic parameters
were determined using a gel-based assay essentially as
described (16). Primers 15, 16, 17 (3' base = G, C, A
respectively) were P-labeled and annealed to one of
template strands 18, 19, 20 (template base = C, G, A
respectively) or 21 (template base C44 different
context). Duplex substrates were used at 5OnM final
concentration in 1 X Taq buffer with various
concentrations of enzyme and dNTP. Reactions were
carried out at 6OC for times whereby <20% of
primer-template was utilized at the highest
concentration of dNTP. Template affinity assays. An
equilibrium binding assay (12) was used to determine
relative affinity of polymerases for the mismatched
primer-templates used in the kinetics assays.
Polymerases were preincubated at 60 C in lxTaq buffer
with 5OnM 32P-labeled matched primer-template and 5OnM
unlabeled mismatched competitor primer-templates.
Reactions were initiated by simultaneous addition of
dCTP (200mM ) and trap DNA (Xbal /I-restricted sheared
salmon sperm DNA, 4.5 mg/ml). Prior experiments
demonstrated trap-effectiveness over the time period
used (15 seconds). Translesion Replication Assay.
Template primers 22 (undamaged) or 23 (containing a
synthetic abasic site) were synthesized by Lofstrand
Laboratories (Gaithersburg, 



MD). Template primer. 24 (containing a single cis-syn
thymine dimer), was nthesized as described (34).
Primer 25 sy was 32P-labeled and annealed to one of
the three templates 22, 23, 24 (at a primer template
ratio of molar 1:1.5) and extended in 4OmM Tris Cl at
pH 8.0, 5mM MgCt, 100mM of each dNTP, 1OmM DTT, 250
mg/ml BSA, 2.5% glycerol, 10 M primer-template DNA and
0.1 Unit of polymerase at 6OC for various times. 5NI
replication assay. Primer 26 was 32P-labeled and
annealed to template primer 27 (containing a single
5-nitroindole) in lxTaq buffer, 0.1 or 0.5U of the
polymerase was added and reactions incubated at 6O C
for mins, after which 40mM of each dNTP were added and
incubation at 6OC continued for various times.
Fidelity assays. Mutation rates were determined using
the mutS ELISA assay (Genecheck, Ft. Collins, CO) or
by performing 2x50 cycles of PCR on three different
templates and sequencing the cloned products.45
Example 2 Kinetic analysis. Extension and
incorporation kinetics of Ml and M4 for a selection of
mismatches were measured using a gel-based
steady-state kinetic assay (Goodman) (Tables 1 & 2).
Ml and M4 respectively extend a O C mispair 390 and
75-fold more efficiently than wtTaq. Examination of
the other most disfavored mismatches (G*A, A*G, A A, G
G) reveals generic, although less pronounced,
increases of extension efficiencies, as suggested by
the PCR assay (Fig. 4, fig 5). The gain in extension
efficiency derives predominantly from increased
relative Vmax values for the mutant polymerases, while
Km for nucleotide substrates remains largely
unchanged. For most DNA polymerases the relative
efficiency of extending a given mispair (fOext)is
similar to the relative efficiency of forming it
(fine) (Goodman 1993, Goodman 1990, Washington
2001).Indeed, Ml and M4 respectively incorporate dCTP
opposite template base C 206- and 29-fold more
efficiently than wtTaq (Table 2). Table 2:
Steady-state kinetic parameters for extension kinetics
by wtTaq and mutant polymerases. '-Terminal Polymerase
max K / /ext Ratio 



Base pair C/oMin ) (mM) Of/e ct C G WtTaq 1477.0 0.016
92312.5 - - Ml 308.0 0.02 15400 - - M4 817.0 0.012
68083 - - C C WtTaq 0.2 39.9 0.00546 5.9 0 1.0 Ml 9.2
25.8 0.356 2.3 x 10 390.0 M4 11.1 36.6 0.303 4.5 x 10
75.3 G A WtTaq 1.6 32.8 0.05 5.4 1.0 Ml 2.4 22.0 0.111
7.2 x 10 13.3 M4 7.5 29.0 0.26 3.8 XlO 7.0 A G WtTaq
28.0 45.2 0.02 2.1 x 10 1.046 Ml 44.6 280.2 0.02 1.3 x
10 6.2 M4 50.0 259.0 0.1 1.5 x 10 7.0 A A WtTaq 1.7
27.3 0.062 6.7 x 10 7 1.0 Ml 1.5 40.9 0.037 2.4 3.6 M4
8.5 32.9 0.259 3.8 x 10 5.7 G G WtTaq 20.4 174.0 0.117
1.3 x 10" 1.0 Ml 29.6 67.0 0.44 2.9 x 10 22.5 M4 70.6
107.0 0.66 9.7 x 10" 7.6 * Template base : 3' primer
base; Incorporated base is dCTP enzyme efficiency = V
/ K ext,/(mismatched 'terminus) //(matched terminus)
ext (mutant polymerase) /f (wtTaq) Table 2:
Steady-state kinetic parameters for incorporation
kinetics by wtTaq and mutant polymerases. Base pair *
Polymerase / Jfm . t Ratio of ( /oMin ) (mM) J f .  G:
dCTP WtTaq 1477 0.016 92312.5 - - 



Ml 308 0.02 15400 - - M4 817 0.012 68083 - - G: dGTP
WtTaq 57.47 365.27 0.157 1.7 X l O6 1 Ml 215.98 377.1
0.573 3.72x 10"5 21.88 M4 656.46 82.34 7.97 1.17 x O4
68.82 G:dATP WtTaq 1973.68 258.53 7.63 8.27 x 10 5 1
Ml 681.82 257.2 2.65 1.72 x l O'4 2.08 M4 1935.48
157.77 12.27 1.8O O4 2.18 G:dTTP WtTaq 25.08 1.64
15.29 1.65 x l O' 4 1 Ml 10.19 1.65 6.18 4.01 x 10 4
2.43 M4 63.20 5.10 12.39 1.82 O4 1.147 C: dGTP WtTaq
2356.02 0.0366 64285.69 - Ml 111.66 0.0387 2884.55 -
M4 335.42 0.01 33542 - C: dCTP WtTaq 3.3 1330.89
0.0025 3.86 x 10 8 1 Ml 6.08 264.14 0.023 7.97 x 10 6
206.74 M4 52.63 1390.63 0.0378 1.13 x 10 6 29.22 *
Template base: incoming nucleotide enzyme efficiency =
/ K inc,/(incorrect dNTP) //(correct dNTP) (mutant
polymerase) / (wtTaq) Example 3 Translesion synthesis.
Transversion mispairs represent distorting deviations
from the cognate duplex structure. We therefore
investigated if Ml and M4 were capable of processing
other deviations of the DNA structure such as lesions
in the template strand. Using a gel-extension assay we
investigated their ability to traverse an abasic site
and a cis-syn thymine pyrmidine dimer (CPD) template
strand lesion. In control assays using an undamaged
template, wtTaq, Ml and M4 efficiently and rapidly
extended primers to the end of the template (Fig. 5).
On the template containing an abasic site, wtTaq 



efficiently inserts a base opposite the lesion but,
further extension is largely abolished. In contrast,
both Ml and M4 are able to extend past the lesion and
to the end of the template. The size of the final
product is similar to that observed on the undamaged
template indicating that bypass occurred without
deletions. Perhaps the most striking example of the
proficiency of Ml and M4 to bypass template lesions is
observed on the CPD-containing template (Fig. 5).
Under the assay conditions, wtTaq utilizes a fraction
of the available template and is only able to insert a
base opposite the 'T of the dimer after prolonged
reaction conditions. In contrast, both Ml and M4 are
able to readily extend all of the primer to the 'T of
the dimer. In addition, there is also considerable
extension of these primers to the 'T of the CPD. As
with the abasic template, a significant fraction of
these primers are subsequently fully extended to the
end of the48 template in an error-free manner without
deletions. We estimate that trans-lesion synthesis
(TLS) by Ml and M4 may only be 2-5 fold less efficient
than that observed with a naturally occurring TLS
polymerase, Dpo4 from S. solfataricus (Boudsocq et a
(2001), Nucleic Acid Res, 29, 46072001) on the same
template. Example 4 Unnatural substrates. We reasoned
that relaxed geometric selection might also aid the
incorporation of unnatural base analogues, some of
which inhibit or arrest polymerase activity due to
poor geometric fit or lack of interaction with either
polymerase or template strand. A first, conservative
example are phosphothioate nucleotide triphosphates
(aS dNTPs), in which one of the oxygen atoms in the
phosphate group is replaced by sulfur. As part of a
dNTP mixture, aS dNTPs are generally well accepted as
substrates by DNA polymerases but when we replaced all
four dNTPs with their aS counterparts in PCR wtTaq
failed to generate any amplification products, while
Ml (and to lesser extent M4) were able to generate PCR
products of up to 2kbp, indicating that they could
utilize aS dNTPs with much increased efficiency
compared to the wt enzyme (Fig. 6). As expected, the
resulting aS DNA was completely resistant to cleavage
by DNA endonucleases (not shown). Nucleotides bearing
bulky adducts such as fluorescent dyes are widely used
in applications such as dye terminator sequencing or
array labelling. 



Although generally well tolerated they are
incorporated considerably less efficiently than the
natural dNTP substrates and can cause permature
termination in homopolymeric runs, presumably because
of steric crowding due to the bulky dye molecules, h
PCR the effect is potentiated because both template
and product strands are labelled. When we replaced
dUTP with Biotin-16-dUTP or dATP with FITC-12-dATP in
PCR, wtTaq was unable to generate any amplification
products, while Ml was able to generate 2.7 kb
amplification products fully labelled with
Biotin-16-dUTP or a 0.4kb fully labelled with FITC-12-
dATP (Fig. 6). Recently, there has been significant
interest in hydrophobic, nonhydrogen bonding
base-analogues and the applications they may enable.
One of these is the candiate "universal base"
5-nitroindole (5Nl) (Loakes & Brown 96), which, like
other hydrophobic, strongly stacking base analogues ,
is readily accepted as a substrate, but49 once
incorporated, acts as a strong terminator both at the
3' end and as a template base. In contrast, M4 and in
particular Ml efficiently bypass template strand 5NI
(Fig. 6) and to a lesser degree, extend 5NI at the 3'
end (not shown). Example 5 Long PCR. Amplification
product size with wtTaq is generally limited to
fragments a few kb long but can be extended to much
longer targets by inclusion of a proofreading
polymerase (Barnes 92). We found that the selected
polymerases, in particular Ml was able to efficiently
amplify of targets up to 26kb (Fig. 7), using standard
PCR conditions in the absence of auxiliary polymerases
or other processivity factors. Under the same
conditions wtTaq enzyme failed to amplify targets
>9kb. The molecular basis for the product size
limitation in the wt enzyme is thought to be premature
termination due to an inability to extend mismatches
following nucleotide misincorporation. These are
thought to be removed by the proofreading polymerase
allowing extension to resume. Our results that a
generic mismatch extension ability to results in a
similarly extended amplification range supports this
concept. Example 6: Libraries of polymerase chimeras
Libraries of chimeric polymerase gene variants were
constructed using a gene shuffling technique called
Staggered extension protocol (StEP, (Zhao, Giver et
al. 



1998)). This technique allows two or more genes of
interest from different species to be randomly
recombined to produce chimeras, the sequence of which
contains parts of the original input parent genes. .
Thermus aquaticus (Taq) wild type and T8 (a previously
selected fold more thermostable Taq variant (Ghadessy,
Ong et al. 2001)), Thermus thermophilus (Tth) and
Thermus flavus (TfI) polymerases had previously been
amplified from genomic DNA and cloned into pASK75
(Skerra 1994) and tested for activity. These genes
were then shuffled using the staggered extension
protocol (StEP) as described (Zhao, Giver50 et al.
1998) with (CAG GAA ACA GCT ATG ACA AAA ATC TAG ATA
ACG AGG GCA A and GTA AAA CGA CG G CCA GTA CCA CCG AAC
TGC GGG TGA CGC CAA GCG), recloned into pASK75 and
transformed into E. coli TGl. The library size was
scored by dilution assays and determining the ratio of
clones containing insert using PCR screening and was
approximately 108. A diagnostic restriction digest of
20 clones produced 20 unique restriction patterns,
indicating that the library was diverse. Subsequent
sequencing of selected chimeras showed an average of 4
to 6 crossovers per gene. Example 7: Selection of two
mismatch extension polymerase. CSR emulsification and
selection was performed on the StEP Taq, Tth and Tfl
library essentially as described (Ghadessy, Ong et al.
2001). Mismatch primers with two mismatches at their
3' end (5'-GTA AAA CGA CGG CCA GTT TAT TAA CCA CCG AAC
TGC-3', 5'-CAG GAA ACA GCT ATG ACT CGA CAA AAA TCT AGA
TAA CGA CC-3') were in the emulsion as the source of
selective pressure. The aqueous phase was ether
extracted, PCR purified (Qiagen, Chatsworth, CA) with
an additional 35% GnHCl, digested with Dpnl to remove
methylated plasmid DNA, treated with ExoSAP (USB) to
remove residual primers, reamplified with outnested
primers and recloned and transformed into E. coli as
above. The resultant clones were screened and ranked
by PCR assay. Briefly, 2 m of induced cells were added
to 20 ml of PCR mix with the relevant mismatch
primers. Clones that produced a band were then
subjected to further analysis and the most 



active clones were sequenced. In particular, clone HlO
has significant activity on the primers with two
mismatches. HlO is a chimera of T. aquaticus wild type
(residues 4 to 20 and 221 to 640), T8 (residues 1 to 3
and 641 to 834) and T. thermophilics (residues 21 to
220). HlO has five detectable crossover sites and 13
point mutations, of which 4 are silent (F74 "I,
F280-"L, P300-"S, T387-A, A441^V, A519 V Q536-R, R679
>G, F699^L).51 Example 8: Selecting for a 4 mismatch
extension polymerase. CSR emulsification and selection
was performed on the StEP Taq, Tth and Tfl library
essentially as described (Ghadessy, Ong et al. 2001).
The library had previously been cloned into pASK75
(see example 6). The aqueous phase was ether extracted
and replication products were purified using a PCR
purification kit (Qiagen, Chatsworth, CA) including a
wash with an 35% GnHCl. 7 m of purified replication
products (from 48) were digested with Dpnl (20 Units)
to remove plasmid DNA and treated with 2 ml ExoSAP
(USB) to remove residual primers for h at 37 C and
reamplif ed with outnested primers (GTAAAACGACGGCCAGT
and AGGAAACAGCTATGAC, 94 C 2 minutes, and then
30cycles of 94 C 30 seconds, 50 C for 30 seconds and
72 C for 5 minutes with a final 65 C for 10 minutes).
Reamplification products were digested with Xbal and
Sail, recloned into pASK75 and transformed into E.
coli as above. In parallel an alternative selection
approach was used: the induced library was emulsified
as above with the additional presence of biotinylated
dUTP and incubated at 94 C 5 minutes, 50 C 1 minute
and 72 C 1 minute. The aqueous phase was ether
extracted, the DNA in the aqueous phase was
precipitated by addition of 1/10 volume of 3M NaAc, 1
ml glycogen and 2.5 volumes of 100% ethanol. This was
then incubated for 1 hour at -20 C, spun for at
13000rpm for 30 minutes in a benchtop microcentrifuge,
washed with 70% ethanol and resuspended in 50 ml
buffer EB (Qiagen). 20ul of Dynabeads (DynaL Biotech)
were washed twice and resuspended in 20ml of bead
buffer (1OmM Tris pH 7.5, ImM EDTA, 0.2M NaCl) The
washed beads were then mixed with the selection in a
total volume of 0.5 ml bead buffer and then 



incubated overnight under constant agitation at room
temperature to capture biotinylated products. Beads
were washed twice in bead buffer, twice in buffer EB
and finally resuspended in 50 ml bead buffer. The
resuspended beads were reamplified with outnested
primers (sequences and programme as above) and
recloned and transformed into E. coli as above.52 Two
sets of mismatch primers with four mismatches at their
3' end (underlined) (5'- CAG GAA ACA GCT ATG ACA AAA
GTG AAA TGA ATA GTT CGA CTTTT-3' and 5'-GTA AAA CGA
CGG CCA GTC TTC ACA GGT CAA GCT TAT TAA GGTG-3' as the
first set and 5'-CAG GAA ACA GCT ATG ACC ATT GAT AGA
GTT ATT TTA CCA CAGGG-3' and 5'-GTA AAA CGA CGG CCA
GTC TTC ACA GGT CAA GCT TAT TAA GGTG-3' as the second
set) were used in the emulsion as two separate sources
source of selective pressure. The resultant clones
from both CSR and CST were screened and ranked by PCR
assay. Briefly, 2 m of induced cells were added to 20
m of PCR mix with the relevant 4 mismatch primers.
Clones that produced a band were then subjected to
further analysis and their activity on single, double
and quadruple mismatch primers (single mismatch
primers: 5-CAG GAA ACA GCT ATG ACA AAA ATC TAG ATA ACG
AGG GA- 3 and 5'-GTA AAA CGA CGG CCA GTA CCA CCG AAC
TGC GGG TGA CGC CAA GCC 3'; double mismatch primers:
CAG GAA ACA GCT ATG ACT CGA CAA AAA TCT AGA TAA CGA CC
and GTA AAA CGA CGG CCA GTT TAT TAA CCA CCG AAC TGC;
four mismatch primers above.) was investigated.
Polymerases that could extend all of these mismatches
were found, though many polymerases could do only one
of the mismatches and none could do all. The plasmid
DNA of the ten best clones was then purified and
shuffled as described above (StEP, (Zhao, Giver et al.
1998)). This was then purified, cut and cloned and the
resultant library was subjected to another round of
CSR as described (Ghadessy, Ong et al. 2001). The same
two sets of mismatch primers with four mismatches at
their 3' end were used in the emulsion as two separate
sources source of selective pressure. This was then
dealt with as above and the resultant clones were
screened and ranked 



by PCR assay (as above). Once again, polymerases that
could extend all of these mismatches were found (see
Table), though many polymerases could do only one of
the mismatches and none could do all. There was a
notable increase in clones displaying mismatch
activity over the first round.53 The best clones from
the second round were combined with the best clones
from the first round on a 96 well plate and were
subjected to further screening. The following table is
a summary of the results. Al is Tth polymerase; A2
TfI; A3 Taq; A4 Ml; A5 M4; A6 HlO (see previous
example. 1A7 to 1D12 are first round clones (where 1
indicates that these are first round clones), 2El to
2H12 are second round clones (where 2 indicates that
these are second round clones) The best first and
second round clones were shuffled as described above
and subjected to another round of CSR. The same two
sets of mismatch primers with four mismatches at their
3' end were used in the emulsion as two separate
sources of selective pressure. This was then dealt
with as above and the resultant clones were screened
and ranked by PCR assay (as above). Once again,
polymerases that could extend all of these mismatches
were found . In particular, clones 3B5. 3B8, 3C12 and
3Dl (where 3 indicates that these are third round
clones) were able to extend primers containing four
mismatches. See figure 954 Some promising clones were
sequenced. AU of the polymerases displayed a similar
composition: the first part of the protein, roughly
corresponding to the 5-3 exonuclease domain of the
polymerase, was derived from Tth, whilst the remaining
part of the protein was derived from Taq. Four point
mutations (L33-P, E78 , D145-"G and E822 >K)
re-occurred in the majority of sequenced mutants and
one (BlO) had acquired an extra 16 amino acids at its
C terminus through a frame shift at position 2499. Tfl
was highly underrepresented, although some of its
sequence was present. Example 9: Hairpin ELISA to
measure polymerase activity. The below protocol is a
sensitive method to measure polymerase activity both
for the incorporation of unnatural nucleotide
substrates (added to the reaction mixture) or the 



extension or replication of unnatural nucleotide
substrates (incorporated as part of the hairpin
oligo). The assay comprises a hairpin oligonucleotide
which constitutes both primer and template in one. h
contains as part of the hairpin a biotinylated dU
residue, which allows capture of the hairpin
oligonucleotide on streptavidin-coated surfaces. The
oligonucleotide folds up into a hairpin with a 5'
overhang, which serves as the template strand for the
polymerase (typical sequence: 5'- AGC TAC CAT GCC TGC
ACG CAG TCG GCA TCC GTC GCG ACC ACG TT5 TTC GTG GTC
GCG ACG GAT GCC G-3', bases involved in hairpin
formation are underlined, 3' base is in bold, 5=
dU-biotin) . Extension reactions are carried out in
the presence of small amounts of a labelled nucleotide
typically DIG-16-dUTP. Product is captured ( for
example on a streptavidin coated ELISA plate ) and
incorporation of labelled nucleotide into the product
strand55 is measured (using for example an anti-DIG
antibody) and taken as a measure of polymerase
activity. Method: Extension reactions are carried out
in x Taq buffer including 1-10OnM of hairpin primer
and lOOmM dNTP mixture (comprising 0.3-30% dUTP-DIG),
typically incubated at 94 for l-5min, followed by
incubation at 5O for l-5min, followed by incubation at
72 C for l-5min. (1-1Om ) Reaction products are added
to Streptavidin coated ELISA plates (Streptawell,
Roche) in 200ml PBS, 0.2% Tween20 (PBST) and incubated
at room temperature for lOmin to Ih. ELISA plates are
washed 3x in PBST and 200ml of anti-DIG-POD Fab2
fragment (Roche) diluted 1/2000 in PBST is added and
the plate is incubated at room temperature for lOmin
to Ih. The plate is washed 3- 4x in PBST and developed
with an appropriate POD substrate. Example 10:
Hairpin-ELISAs to test nucleotide analogue
incorporation by mismatch extension clones Clones
previously selected for their ability to extend from a
4 basepair mismatch were assayed for their ability to
incorporate a variety of nucleotide analogues. 



Clones were grown at 30 C overnight in 200ml 2XTY +
ampicillin (lOOmg/ml). A 150ml (2xTY + ampicillin lOOm
g/ml) overday culture was started from the overnight
and grown for 3 hours at 37C. After 3 hours protein
expression was induced by the addition of 50ml of 2XTY
+ anhydrous tetracycline (8ng/ml) to the culture which
was then allowed to grow for a further 3h at 37C. The
cells were pelleted at 2254xg for 5 minutes and the
growth medium removed by aspiration after which the
cell pellet was resuspended in lOOm lxTaq buffer (1OmM
Tris-HCl, pH 9.0, 1.5mM MgCl , 5OmM KCl, 0.1% Triton
X-100, 0.01% (w/v) stabiliser; HT Biotechnology Ltd).
Resuspended cells were lysed by incubation at 85 C for
10 minutes and the cell debris was pelleted at 2254xg
for 5 minutes.56 ELISA protocol: Extension reaction.
Reactions were performed in a final volume of 12.5ml
comprising: x Taq buffer (1OmM TWs-HCl,pH 9.0, 1.5mM
MgCl , 5OmM KCl, 0.1% Triton X- 100, 0.01% (w/v)
stabiliser; HT Biotechnology Ltd). 50 pmoles of
primer. 25 mM of each dNTP (minus the nucleotide
analogue) of which 10% (2.5mM) of the dTTP is
digoxigenin-11-dUTP and 90% (22.5mM) is dTTP. 25 mM
the nucleotide analogue. 2.5 m ofcell lysate. The
reaction conditions were: 95 C 5 minutes; 50 C 5
minutes; 72 C 5 minutes. Detection reaction: 5 m of
the extension reaction was added to 200ml of PBS-Tween
(Ix PBS; 0.2% Tween 20) in StreptaWell high bind
plates (Roche) and allowed to bind for 30 minutes at
room temperature.The plate was washed 3X in PBS-Tween
after which was added 200ml PBS-Tween +
anti-digioxigenin-POD Fab fragments (antibody diluted
1/2000; Roche). The antibody was allowed to bind for
30 minutes at room temperature. The plate was washed
3X in PBS-Tween and 200ml of the substrate added (per
ml 



lOOm of M NaAc pH 6.0, Om of DAB, m OfH , the reaction
was allowed to develop after which it was stopped by
adding 1OOm of M H2S 4. Experiment I. ELISA with
Fluorescein 12-dATP: The ability of clones selected
for 4-mismatch extension to incorporate Fluorescein
12- dATP (Perkin Elmer) was assayed using the primer
FITC4. The lysates used were concentrated 4-fold.57
Experiment II. ELISA with Biotin 11-dATP: The ability
of clones selected for 4-mismatch extension to
incorporate Biotin 1-dATP (Perkin Elmer) was assayed
using the primer FITClO. The lysates used were
concentrated 4-fold. Experiment III. ELISA with CvDve
5-dCTP: The ability of clones selected for 4-mismatch
extension to incorporate Cy5-dCTP (Amersham
Biosciences) was assayed using the primer ELISAC4P.
The lysates used were concentrated 4-fold. Experiment
IV. ELISA with CvDve 3-dUTP: The ability of clones
selected for 4-mismatch extension to incorporate CyDye
3-dUTP (Amersham Biosciences) was assayed using the
primer ELISAT3P. The lysates used were concentrated
4-fold. The DIG labelled dUTP in the extension
reaction was replaced with Fluorescein 12-dATP and the
incorporation of Fluorescein 12-dATP was detected by
anti-Fluorescein-POD Fab fragments (Roche). Experiment
V. Abasic site ELISA ... The ability of clones
selected for 4-mismatch extension to bypass abasic
sites was assayed using the primer PscreenlAbas (AGC
TAC CAT GCC TGC ACG CAG 1CG GCA TCC GTC GCG ACC ACG
TT5 TTC GTG GTC GCG ACG GAT GCC , 1= abasic site 5= d
biotin). The lysates used were concentrated 4-fold.
Clones selected for 4-mismatch extension were assayed
for activity with different substrates using an ELISA
assay. Al= Tth Wild-type 



A2= Tfl Wild-type A3= Taq Wild-type A4= Taq mutant58
A5= Taq mutant M4 A6= Taq mutant HlO Rows A-D Clones
isolated after 1 round of 4-mismatch selection Rows
E-H Clones isolated after 2 rounds of 4-mismatch
selection The results are shown in Figure 8.
Experiment V. Abasic site and 5-hydroxyhydantoin
bypass Polymerases 3A10 and 3Dl were investigated
further for their ability to bypass abasic sites and
5-hydroxy hydantoins, which are both known to exist in
damaged DNA such as found in ancient samples , using
the ELISA based activity screen as described above.
Both polymerases were more proficient at lesion bypass
than wild type Taq by up to two orders of magnitude.
The hydantion phosphoramidite was synthesised by
standard procedures starting from the hydantoin free
base. Glycosylation of the silylated hydantoin base in
the presence of tin(rV) chloride with the ditoluoyl
(alpha) chlorosugar gave rise to two Nglycosylated
products which were separated and characterised by
2D-NMR experiments. The tolyl groups were removed with
ammonia to yield the free nucleoside which was
dimethoxytritylated and phosphytylated in the usual
manner. The hairpin primer to assay hydantoin bypass
was: 5'-AGC TAC CAT GCC TGC ACG CAG XCG GCA TCC GTC
GCG ACC ACG TTY TTC GTG GTC GCG ACG GAT GCC G-3\
X=hydantoin, Y=Biotin-dU. The sequences of the clones
referred to in Examples are shown below: For the
avoidance of any doubt, the first sequence provided in
each section is the nucleic acid sequence. The second
sequence provided is the corresponding amino acid
sequence of the clone. 2F3:
ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTT 



CTTCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGTGGTCTA
CGGCTTCGCCAAGAGCCTCCTC
AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAG
GCCCCCTCATTCCGCCACAAGG
CCTACGAGGCCTACAGGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGC
AGCTCGCCCTCATCAAGGAGCT
GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGQCGGACGA
CGTTCTCGCCACCGTGGCCAAG59
AAGGCGGAAAAGGAGGGGTACGAGGTGGGCATCCTCACCGCCGACCGCGGCCTC
TACCAACTCGTCTCTGACCGC
GTCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAG
AAGTACGGCCTCAGGCCGGAGC
AGTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGG
TCAAGGGCATCGGGGAGAAGA
CCGCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACC
TGGACCGGGTAAAGCCAGAAA
ACGTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGC
TCTCCCGGGTGCGCACCGACCT
CCCCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGCCCGACCGGGAGGGGCTTAG
GGCCTTTCTGGAGAGGCTTGA
GTTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGA
GGAGGCCCCCTGGCCCCCGCCG
GAAGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGAT
CTTCTGGCCCTGGCCGCCGCCAG
GGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGAGACCTGAA
GGAGGCGCGGGGGCTTCTCGC
CAAAGACCTGAGCGTTCTGGCCCTGAGGGAAGGCCTTGGCCTCCCGCCCGGCGA
CGACCCCATGCTCCTCGCCTAC
CTCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGG
GAGTGGACGGAGGAGGCGGGG
GAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAG
GGGGAGGAGAGGCTCCTTTGGC
TTTACCGGGAGGTGGAGAGGCCCCTTTCCGTTGTCCTGGCCCACATGGAGGCCA
CAGGGGTGCGCCTGGACGTGGC
CTATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGC
CGAGGTCTTCCGCCTGGCCGGC
CACCCCTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAG
CTAGGGCTTCCCGCCATCGGCA
AGACGGAGAAGACCGGCAAGCGCTCCACCGGCGCCGCCGTCCTGGAGGCCCTCC
ACGAGGCCCACCCCATCGTGG
AGAAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGACC
CCTTGCCGGACCTCATCCACCC
CAGGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAG
GCTAAGTAGCTCCGATCCCAAC
CTCCAGAACATCCCCGTCCGCACCCAGCTTGGGCAGAGGATCCGCCGGGCCTTC
ATCGCCGAGGAGGGGTGGCTAT
TGGTGGTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCG
GCGACGAGAACCTGATCCGGGT
CTTCCAGGAGGGGCGGGACATCCACACGGAAACCGCCAGCTGGATGTTCGGCGT
CCCCCAGGAGGCCGTGGACCC
CCTGATGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTTCTCTACGGCATGTC
GGCCTACCGCCTCTCCCAGGAG
CTAGCCATCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGC
TTCCCCAAGGTGCGGGCCTGGAT
TGGGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCTTCGG
CCGCCGCCGCTACGTGCCAGA
CCTAGAGGCCCGGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGCATGGCCTTCAA
CACGCCCGTCCAGGGCACCGC 



CGCCGACCTCATGAAGCTAGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAAT
GGGGGCCAGGATGCTCCTTCAG
GTCCACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCC
CGGCTGGCCAAGGAGGTCATG TGA
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQWYGFAKSLLKALK
EDGYKAVFWFDAKAPSFRHKAY
EAYRAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATVAKKAEKE
GYEVGILTADRGLYQLVSDRVAVLH
PEGHLITPEWLWEKYGLRPBQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEW
GSLENLLKNLDRVKPENVREKIKA
HLEDLRLSLELSRVRTDLPLEVDLAQGREPDREGLRAFLERLEFGSLLHEFGLL
ESPKALEEAPWPPPEGAFVGFVLSRKE
PMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPP
GDDPMLLAYLLDPSNTTPEGVARR
YGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVERPLSWLAHMEATG
VRLDVAYLRALSLEVAEEIARLE
AEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTGAAVLEALHEA
HPIVEKILQYRELTKLKSTYIDPLPDLI
HPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTQLGQRIRRAFIAEEGWLLW
LDYSQIELRVLAHLSGDENLIRVFQE
GRDIHTETASWMFGVPQEAVDPLMRRAAKTINFGVLYGMSAYRLSQELAIPYEE
AQAFIERYFQSFPKVRAWIGKTLEE
GRRRGYVETLFGRRRYVPDLEARVKSVREAAERMAFNTPVQGTAADLMKLAMVK
LFPRLEEMGARMLLQVHDELVLE
APKERAEAVARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAKE* IAlO:
ATGCGTGGTATGCCTCCTCTTTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGAC
GGCCACCTGGCCTACCGCACCTT
CTTCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGCGGTCTA
CGGCTTCGCCAAGAGCCTCCTC
AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAG
GCCCCCTCCCTCCGCCACGAGG
CCTACGAGGCCTACAAGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGC
AGCTCGCCCTCATCAAGGAGCT
GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGGACGA
CGTTCTCGCCACCCTGGCCAAG
AAGGCGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGACCTC
TACCAACTCGTCTCCGACCGC
GTCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAG
AAGTACGGCCTCAGGCCGGAGC
AGTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGG
TCAAGGGCATCGGGGAGAGGA
CCGCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACC
TGGACCGGGTAAAGCCAGAAA
ACGTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGC
TCTCCCGGGTGCGCACCGACCT
CCCCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGCCCGACCGGGAGAGGCTTAG
GGCCTTTCTGGAGAGGCTTGA
GTTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGA
GGAGGCCCCCTGGCCCCCGCCG
GAAGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGAT
CTTCTGGCCCTGGCCGCCGCCAG
GGGTGGTCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGGGACTTGAA
GGAGGCGCGGGGGCTTCTCGCC 



AAAGACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGCCTCCCGCCCGGCGAC
GACCCCATGCTCCTCGCCTACC
TCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGG
AGTGGACGGAGGAGGCGGGGG
AGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAAGCTTGAGG
GGGAGGAGAGGCTCCTTTGGCT
TTACCGGGAGGTGGATAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCAC
AGGGGTGCGCCTGGACGTGGCC
TATCTCAGGGCCTCGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGCC
GAGGTCTTCCGCCTGGCCGGCC
ACCCCTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGC
TAGGGCTTCCCGCCATCGGCAA
GACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCG
CGAGGCCCACCCCATCGTGGA
GAAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGACCC
CTTGCCGGACCTCATCCACCCC
AGGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACAGGCAGG
CTAAGTAGCTCCGATCCCAACC
TCCAGAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCGGGCCTTCA
TCGCCGAGGAGGGGTGGCTATT
GGTGGCCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGG
CGACGAGAACCTGATCCGGGTC
TTCCAGGAGGGGCGGGACATCCACACGGAGACCGCCAGTTGGATGTTCGGCGTC
CCCCGGGAGGCCGTGGACCCCC60
TGATGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTCCTCTACGGCATGTCGG
CCCGCCGCCTCTCCCAGGAGCT
AGCCATCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTT
CCCCAAGGTGCGGGCCTGGATT
GAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCTTCGGC
CGCCGCCGCTACGTGCCAGAC
CTAGAGGCCCGGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGCATGGCCTTCAAC
ATGCCCGTCCAGGGCACCGCC
GCCGACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAATG
GGGGCCAGGATGCTCCTTCAGG
TCCACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCCC
GGCTGGCCAAGGAGGTCATGG
AGGGGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGG
ACTGGCTCTCCGCCAAGGAGT GA
MRGMPPLFEPKGRVLLVDGHLAYRTFFALKGPTTSRGEPVQAVYGFAKSLLKAL
KEDGYKAVFWFDAKAPSLRHEAY
EAYKAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAEKE
GYEVRILTADRDLYQLVSDRVAVLH
PEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGERTALKLLKEW
GSLENLLKNLDRVKPENVREKIKA
HLEDLRLSLELSRVRTDLPLEVDLAQGREPDRERLRAFLERLEFGSLLHEFGLL
ESPKALEEAPWPPPEGAFVGFVLSRKE
PMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPP
GDDPMLLAYLLDPSNTTPEGVARR
YGGEWTEEAGERAALSERLFANLWGKLEGEERLLWLYREVDRPLSAVLAHMEAT
GVRLDVAYLRASSLEVAEEIARLE
AEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTSAAVLEALGRE
AHP VEKILQYRELTKLKSTYIDPLPDLI
HPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLV
ALDYSQIELRVLAHLSGDENLIRVFQE
GRDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSARRLSQELAIPYEE
AQAFIERYFQSFPKVRAWIEKTLEEG 



RRRGYVETLFGRRRYVPDLEARVKSVREAAERMAFNMPVQGTAADLMKLAMVKL
FPRLEEMGARMLLQVHDELVLE
APKERAEAVARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAKE* 1A9:
ATGCGTGGTATGCATCCTCTTTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGAC
GGCCACCACCTGGCCTACCGCAC
CTTCCACGCCCTGAAGGGGCTCACCACCAGCCGGGGGGAGCCGGTGCGGGCGGT
CCACGGCTTCGCCAAGAGCCTC
CTCAAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCC
AAGGCCCCCTCCTTCCGCCACG
AGGCCTACGAGGCCTACAAGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCC
GGCAGCTCGCCCTCATCAAGG
AGCTGGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGG
ACGACGTTCTCGCCACCCTGGC
CAAGAAGGCGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGA
CCTCTACCAACTCGTCTCCGA
CCGCGTCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTG
GGAGAAGTACGGCCTCAGGCCG
GAGCAGTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCC
GGGGTCAAGGGCATCGGGGAG
AAGACCGCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAG
AACCTGGACCGGCTGAAGCCC
GCCATCCGGGAGAAGATCCTGGCCCACATGGACGATCTGAAGCTCTCCTGGGAC
CTGGCCAAGGTGCGCACCGACC
TGCCCCTAGAGGTGGACTTCGCCAAAAGGCGGGAGCCCGACCGGGAGAGGCTTA
GGGCCTTTCTGGAGAGGCTTG
AGCTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGACCCTGG
AGGAGGCCTCCTGGCCCCCGCC
GGAAGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGA
TCTTCTGGCCCTGGCCGCCGCCA
GGGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGAGACCTGA
AGGAGGCGCGGGGGCTTCTCG
CCAAAGACCTGAGCGTTCTGGCCCTGAGGGAAGGCCTTGGCCTCCCGCCCGGCG
ACGACCCCATGCTCCTCGCCTA
CCTCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGG
GGAGTGGACGGAGGAGGCGGG
GGAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGA
GGGGGAGGAGAGGCTCCTTTGG
CTTTACCGGGAGGTGGAGAGGCCCCTTTCCGTTGTCCTGGCCCACATGGAGGCC
ACAGGGGTGCGCCTGGACGTGG
CCTATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGG
CCGAGGTCTTCCGCCTGGCCGG
CCACCCCTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGA
GCTAGGGCTTCCCGCCATCGGC
AAGACGGAGAAGACCGGCAAGCGCTCCACCGGCGCCGCCGTCCTGGAGGCCCTC
CGCGAGGCCCACCCCATCGTG
GAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGAC
CCCTTGCCGGACCTCATCCACC
CCAGGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCA
GGCTAAGTAGCTCCGATCCCAA
CCTCCAGAACATCCCCGTCCGCACCCAGCTTGGGCAGAGGATCCGCCGGGCCTT
CATCGCCGAGGAGGGGTGGCTA
TTGGTGGTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCC
GGCGACGAGAACCTGATCCGGG
TCTTCCAGGAGGGGCGGGACATCCACACGGAAACCGCCAGCTGGATGTTCGGCG
TCCCCCAGGAGGCCGTGGACCC 



CCTGATGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTTCTCTACGGCATGTC
GGCCTACCGCCTCTCCCAGGAG
CTAGCCATCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGC
TTCCCCAAGGTGCGGGCCTGGAT
TGGGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCTTCGG
CCGCCGCCGCTACGTGCCAGA
CCTAGAGGCCCGGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGCATGGCCTTCAA
CACGCCCGTCCAGGGCACCGC
CGCCGACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAAT
GGGGGCCAGGATGCTCCTTCAG
GTCCACGACGAGCTAGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCC
CGGCTGGCCAAGGAGGTCATG
GAGGGGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAG
GACTGGCTCTCCGCCAAGGAG TGA
MRGMHPLFEPKGRVLLVDGHHLAYRTFHALKGLTTSRGEPVRAVHGFAKSLLKA
LKEDGYKAVFWFDAKAPSFRHE
AYEAYKAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAE
KEGYEVRILTADRDLYQLVSDRVAV
LHPEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLK
EWGSLENLLKNLDRLKPAIREKILA
HMDDLKLSWDLAKVRTDLPLEVDFAKRREPDRERLRAFLERLELGSLLHEFGLL
ESPKTLEEASWPPPEGAFVGFVLSRK
EPMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLP
PGDDPMLLAYLLDPSNTTPEGVAR
RYGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVERPLSWLAHMEAT
GVRLDVAYLRALSLEVAEEIARL
EAEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTGAAVLEALRE
AHPIVEKILQYRELTKLKSTYIDPLPD
LIHPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTQLGQRIRRAFIAEEGWL
LWLDYSQIELRVLAHLSGDENLIRVFQ
EGRDIHTETASWMFGVPQEAVDPLMRRAAKTINFGVLYGMSAYRLSQELAIPYE
EAQAFIERYFQSFPKVRAWIGKTLEE
GRRRGYVETLFGRRRYVPDLEARVICSVREAAERMAFNTPVQGTAADLMKLAMV
KLFPRLEEMGARMLLQVHDELVLE
APKERAEAVARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAKE*61 2F12:
ATGCGTGGTATGCTTCCTCTTTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGAC
GGCCACCACCTGGCCTACCGCAC
CTTCTTCGCCCTGAAGGGCCTCACCACGAGCCGGGGCGAACCGGTGCAGGCGGT
CTACGGCTTCGCCAAGAGCCTC
CTCAAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCC
AAGGCCCCCTCCCTCCGCCACG
AGGCCTACGAGOCCTACAAGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCC
GGCAGCTCGCCCTCATCAAGG
AGCTGGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGG
ACGACGTTCTCGCCACCCTGGC
CAAGAAGGCGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGA
CCTCTACCAACTCGTCTCCGA
CCGCGTCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTG
GGAGAAGTACGGCCTCAGGCCG
GAGCAGTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCC
GGGGTCAAGGGCATCGGGGAG
AAGACCGCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAG
AACCTGGACCGGCTGAAGCCC 



GCCATCCGGGAGAAGATCCTGGCCCACATGGACGATCTGAAGCTCTCCTGGGAC
CTGGCCAAGGTGCGCACCGACC
TGCCCCTGGAGGTGGACTTCGCCAAAAGGCGGGAGCCCGACCGGGAGAGGCTTA
GGGCCTTTCTGGAGAGGCTTG
AGCTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGG
AGGAGGCCTCCTGGCCCCCGCC
GGAAGGGGCCTTCGTGGGCTTTGTGCTTACCCGCAAGGAGCCCATGTGGGCCGA
TCTTCTGGCCCTGGCCGCCGCC
AGGGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGGGACCTG
AAGGAGGCGCGGGGGCTTCTC
GCCAAAGACCTGAGCGTTCTGGCCCTGAGGGAAGGCCTTGGCCTCCCGCCCGGC
GACGACCCCATGCTCCTCGCCT
ACCTCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCG
GGGAGTGGACGGAGGAGGCGG
GGGAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTG
AGGGGGAGGAGAGGCTCCTTTG
GCTTTACCGGGAGGTGGAGAGACCCCTTTCCGCTGTCCTGGCCCACATGGAGGC
CACGGGGGTGCGCCTGGACGTG
GCCTATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAG
GCCGAGGTCTTCCGCCTGGCCG
GCCACCCCTTCAACCTCAACTCCCGAGACCAGCTGGAAAGGGTCCTCTTTGACG
AGCTAGGGCTTCCCGCCATCGG
CAAGACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCT
CCGCGAGGCCCACCCCATCGT
GGAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGA
CCCCTTGCCGGACCTCATCCAC
CCCAGGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGC
AGGCTAAGTAGCTCCGATCCCA
ACCTCCAGAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCGGGCCT
TCATCGCCGAGGAGGGGTGGCT
ATTGGTGGCCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTC
CGGCGACGAGAACCTGATCCGG
GTCTTCCAGGAGGGGCGGGACATCCACACGGAGACCGCCAGCTGGATGTTCGGC
GTCCCCCGGGAGGCCGTGGAC
CCCCTGATGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTCCTCTACGGCATG
TCGGCCCACCGCCTCTCCCAGG
AGCTAGCCATCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGA
GCTTCCCCAAGGTGCGGGCCTG
GATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCTT
CGGCCGCCGCCGCTACGTGCC
AGACCTAGAGGCCCGGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGCATGGCCTT
CAACATGCCCGTCCAGGGCAC
CGCCGCCGACCTTATGAAGCTCGCCATGGTGAAGCTCTTCCCCCGCCTCCGGGA
GATGGGGGCCCGCATGCTCCTCC
AGGTCCACGACGAGCTCCTCCTGGAGGCCCCCCAAGCGCGGGCCGAGGAGGTGG
CGGCTTTGGCCAAGGAGGCCA
TGGAGAAGGCCTATCCCCTCGCCGTACCCCTGGAGGTGAAGGTGGGGATCGGGG
AGGACTGGCTCTCCGCCAAGG AGTGA
MRGMLPLFEPKGRVLLVDGHHLAYRTFFALKGLTTSRGEPVQAVYGFAKSLLKA
LKEDGYKAVFVVFDAKAPSLRHEA
YEAYKAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAEK
EGYEVRILTADRDLYQLVSDRVAVL
HPEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKE
WGSLENLLKNLDRLKPAIREKILAH
MDDLKLSWDLAKVRTDLPLEVDFAKRREPDRERLRAFLERLELGSLLHEFGLLE
SPKALEEASWPPPEGAFVGFVLTRKE 



PMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPP
GDDPMLLAYLLDPSNTTPEGVARR
YGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVERPLSAVLAHMEAT
GVRLDVAYLRALSLEVAEEIARLE
AEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTSAAVLEALREA
HPIVEKILQYRELTKLKSTYIDPLPDLI
HPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLV
ALDYSQIELRVLAHLSGDENLIRVFQE
GRDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEE
AQAFIERYFQSFPKVRAWIEKTLEEG
RRRGYVETLFGRRRYVPDLEARVKSVREAAERMAFNMPVQGTAADLMKLAMVKL
FPRLREMGARMLLQVHDELLLE
APQARAEEVAALAKEAMEKAYPLAVPLEVKVGIGEDWLSAKE* 1C2:
ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTT
CTTCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGTGGTCTA
CGGCTTCGCCAAGAGCCTCCTC
AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAG
GCCCCCTCATTCCGCCACAAGG
CCTACGAGGCCTACAGGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGC
AGCTCGCCCTCATCAAGGAGCT
GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGGACGA
CGTTCTCGCCACCCTGGCCAAG
AAGGCGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGGCCTA
TACCAACTCGTCTATGACCGC
GTCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAG
AAGTACGGCCTCAGGCCGGAGC
AGTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGG
TCAAGGGCATCGGGGAGAAGA
CCGCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACC
TGGACCGGGTAAAGCCAGAAA
ACGTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGC
TCTCCCGGGTGCGCACCGACCT
CCCCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGCCCGACCGGGAGGGGCTTAG
GGCCTTTCTGGAGAGGCTTGA
GTTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGA
GGAGGCCCCCTGGCCCCCGCCG
GAAGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGAT
CTTCTGGCCCTGGCCGCCGCCAG
GGGTGGTCGAGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGGGACCTGAA
GGAGGCGCGGGGGCTTCTCGCC62
AAAGACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGCCTCCCGCCCGGCGAC
GACCCCATGCTCCTCGCCTACC
TCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGG
AGTGGACGGAGGAGGCGGGGG
AGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGG
GGGAGGAGAGGCTCCTTTGGCT
TTACCGGGAGGTGGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCAC
GGGGGTGCGCCTGGACGTGGCC
TATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGCC
GAGGTCTTCCGCCTGGCCGGCC
ACCCCTTCAACCTCAACTCCCGGGACCAGCTGGAAATGGTGCTCTTTGACGAGC
TTAGGCTTCCCGCCTTGGGGAAG
ACGCAAAAGACGGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCGC
GAGGCCCACCCCATCGTGGAG 



AAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGACCCC
TTGTCGGACCTCATCCACCCCA
GGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGC
TAAGTAGCTCCGATCCCAACCT
CCAGAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCGGGCCTTCAT
CCCGAGsGAGGGGTGGCTACTG
GTGGTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGC
GACGAAAACCTGATCAGGGTCT
TCCAGGAGGGGCGGGACATCCACACGGAGACCGCCAGCTGGATGTTCGGCGTCC
CCCGGGAGGCCGTGGACCCCC
TGATGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTCCTCTACGGCATGTCGG
CCCACCGCCTCTCCCAGGAGCT
AGCCATCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTT
CCCCAAGGTGCGGGCCTGGATT
GAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCTTCGGC
CGCCGCCGCTACGTGCCAGAC
CTAGAGGCCCGGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGCATGGCCTTCAAC
ATGCCCGTCCAGGGCACCGCC
GCCGACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAATG
GGGGCCAGGATGCTCCTTCAGG
TCCACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCCC
GGCTGGCCAAGGAGGTCATGG
AGGGGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGG
ACTGGCTCTCCGCCAAGGAGT GA
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQWYGFAKSLLKALK
EDGYKAVFWFDAKAPSFRHKAY
EAYRAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAEKE
GYEVRILTADRGLYQLVYDRVAVLH
PEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEW
GSLENLLKNLDRVKPENVREKIKA
HLEDLRLSLELSRVRTDLPLEVDLAQGREPDREGLRAFLERLEFGSLLHEFGLL
ESPKALEEAPWPPPEGAFVGFVLSRKE
PMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPP
GDDPMLLAYLLDPSNTTPEGVARR
YGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVERPLSAVLAHMEAT
GVRLDVAYLRALSLEVAEEIARLE
AEVFRLAGHPFNLNSRDQLEMVLFDELRLPALGKTQKTGKRSTSAAVLEALREA
HPIVEKILQYRELTKLKSTYIDPLSDL
IHPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLL
WLDYSQIELRVLAHLSGDENLIRVFQE
GRDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEE
AQAFIERYFQSFPKVRAWIEKTLEEG
RRRGYVETLFGRRRYVPDLEARVKSVREAAERMAFNMPVQGTAADLMKLAMVKL
FPRLEEMGARMLLQVHDELVLE
APKERAEAVARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAKE* 2G6:
ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTT
CTTCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGTGGTCTA
CGGCTTCGCCAAGAGCCTCCTC
AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAG
GCCCCCTCATTCCGCCACAAGG
CCTACGAGGCCTACAGGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGC
AGCTCGCCCTCATCAAGGAGCT 



GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGGACGA
CGTTCTCGCCACCTTCGCCAAG
AAGGCGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGGCCTC
TACCAACTCGTCTCTGACCGCG
TCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGA
AGTACGGCCTCAGGCCGGAGCA
GTGGGTGGACTTCCGCGCCCTCGTGGGGAACCCCTCCGACAACCTCCCCGGGGT
CAAGGGCATCGGGGAGAAGACC
GCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTG
GACCGGGTAAAGCCAGAAAAC
GTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGCTC
TCCCGGGTGCGCACCGACCTCC
CCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGQCCGACCGGGAGGGGCTTAGGG
CCTTTCTGGAGAGGCTTGAGTT
TGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGAGGA
GGCCCCCTGGCCCCCGCCGGAA
GGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTT
CTGGCCCTGGCCGCCGCCAGGGG
TGGTCGAGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGGGACCTGAAGGA
GGCGCGGGGGCTTCTCGCCAAA
GACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGAC
CCCATGCTCCTCGCCTACCTCCT
GGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGAGTG
GACGGAGGAGGCGGGGGAGCG
GGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGGGGGA
GGAGAGGCTCCTTTGGCTTTAC
CGGGAGGTGGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACGGGG
GTGCGCCTGGACGTGGCCTATC
TCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGCCGAGG
TCTTCCGCCTGGCCGGCCACCC
CTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGG
GCTTCCCGCCATCGGCAAGACG
GAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCGCGAG
GCCCACCCCATCGTGGAGAAG
ATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGACCCCTTG
CCGGACCTCATCCACCCCAGGA
CGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAA
GTAGCTCCGATCCCAACCTCCA
GAACATCCCCGTCCGCACCCCGCTCGGGCAGAGGATCCGCCGGGCCTTCATCGC
CGAGGAGGGGTGGCTATTGGTG
GTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGAC
GAGAACCTGATCCGGGTCTTCC
AGGAGGGGCGGGACATCCACACGGAAACCGCCAGCTGGATGTTCGGCGTCCCCC
GGGAGGCCGTGGACCCCCTAA
TGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTCCTCTACGGCATGTCGGCCC
GCCGCCTCTCCCAGGAGCTAGC
CATCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTTCCC
CAAGGTGCGGGCCTGGATTGAG
AAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCTTCGGCCGC
CGCCGCTACGTGCCAGACCTA
GAGGCCCGGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGCATGGCCTTCAACATG
CCCGTCCAGGGCACCGCCGCC
GACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAATGGGG
GCCAGGATGCTCCTTCAGGTCC
ACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCCCGGC
TGGCCAAGGAGGTCATGGAGG
GGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGGACT
GGCTTTCCGCCAAGGGTTAG63 



Above: nucleic acid sequence of the clone
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQWYGFAKSLLKALK
EDGYKAVFWFDAKAPSFRHKAY
EAYRAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATFAKKAEKE
GYEVRILTADRGLYQLVSDRVAVLH
PEGHLITPEWLWEKYGLRPEQWVDFRALVGNPSDNLPGVKGIGEKTALKLLKEW
GSLENLLKNLDRVKPENVREKIKA
HLEDLRLSLELSRVRTDLPLEVDLAQGREPDREGLRAFLERLEFGSLLHEFGLL
ESPKALEEAPWPPPEGAFVGFVLSRKE
PMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPP
GDDPMLLAYLLDPSNTTPEGVARR
YGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVERPLSAVLAHMEAT
GVRLDVAYLRALSLEVAEEIARLE
AEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTSAAVLEALREA
HPIVEKILQYRELTKLKSTYIDPLPDLI
HPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLW
LDYSQIELRVLAHLSGDENLIRVFQE
GRDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSARRLSQELAIPYEE
AQAFIERYFQSFPKVRAWIEKTLEEG
RRRGYVETLFGRRRYVPDLEARVKSVREAAERMAFNMPVQGTAADLMKLAMVKL
FPRLEEMGARMLLQVHDELVLE
APKERAEAVARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAKG* Above is
the amino acid sequence of the clone 1A8:
ATGGTGATGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTT
CTTCGCCCTGAAGGGCCTCACCACGAGCCGGGGCGAACCGGTGCAGGCGGTCTA
CGGCTTCGCCAAGAGCCTCCTC
AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAG
GCCTCCTCCTTCCGCCACGAGG
CCTACGAGGCCTACAAGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGC
AGCTCGCCCTCATCAAGGAGCT
GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGTGGACGA
CGTCCTGGCCAGCCTGGCCAAG
AAGGTGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGACCTC
TACCAACTCGTCTCCGACCGCG
TCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGA
AGTACGGCCTCAGGCCGGAGCA
GTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGT
CAAGGGCATCGGGGAGAAGACC
GCCCTCAAGCTCCTCAAGGAGTGGGGAGGCCTGGAAAACCTCCTCAAGAACCTG
GACCGGGTAAAGCCAGAAAAC
GTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGCTC
TCCCGGGTGCGCACCGACCTCC
CCCTGGAGGTGGACCTCGCCCAGGGGCGGGAACCCGACCGGGAGAGGCTTAGGG
CCTTTCTGGAGAGGCTTGAGTT
TGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGAGGA
GGCCCCCTGGCCCCCGCCGGAA
GGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTT
CTGGCCCTGGCCGCCGCCAGGGG
TGGTCGGGTCCACCGGACCCCCGAGCCTTATAAAGCCCTCAGGGACTTGAAGGA
GGCGCGGGGGCTTCTCGCCAAA
GACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGAC
CCCATGCTCCTCGCCTACCTCCT 



GGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGAGTG
GACGGAGGAGGCGGGGGAGCG
GGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGGGGGA
GGAGAGGCTCCTTTGGCTTTAC
CGGGAGGTGGATAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACAGGG
GTGCGCCTGGACGTGGCCTACC
TCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGCCGAGG
TCTTCCGCCTGGCCGGCCACCC
CTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGG
GCTTCCCGCCATCGGCAAGACG
GAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCGCGAG
GCCCACCCCATCGTGGAGAAG
ATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGACCCCTTG
CCGGACCTCATCCACCCCAGGA
CGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAA
GTAGCTCCGATCCCAACCTCCA
GAACATCCCCGTCCGCACCCCGCTCGGGCAGAGGATCCGCCGGGCCTTCATCGC
CGAGGAGGGGTGGCTATTGGTG
GTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGAC
GAGAACCTGATCCGGGTCTTCC
AGGAGGGGCGGGACATCCACACGGAAACCGCCAGCTGGATGTTCGGCGTCCCCC
GGGAGGCCGTGGACCCCCTAA
TGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTTCTCTACGGCATGTCGGCCC
ACCGCCTCTCCCAGGAGCTAGC
CATCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTTCCC
CAAGGTGCGGGCCTGGATTGAG
AAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCTTCGGCCGC
CGTCGCTACGTGCCAGACCTA
GAGGCCCGGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGCATGGCCTTCAACATG
CCCGTCCAGGGCACCGCCGCC
GACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAAGAAACGGGG
GCCAGGATGCTCCTTCAGGTCC
ACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCCCGGC
TGGCCAAGGAGGCCATGGAGG
GGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGGACT
GGCTCTCCGCCAAGGAGTGA
MVMLPLFEPKGRVLLVDGHHLAYRTFFALKGLTTSRGEPVQAVYGFAKSLLKAL
KEDGYKAVFWFDAKASSFRHEAY
EAYKAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEVDDVLASLAKKVEKE
GYEVRILTADRDLYQLVSDRVAVLH
PEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEW
GGLENLLKNLDRVKPENVREKIKA
HLEDLRLSLELSRVRTDLPLEVDLAQGREPDRERLRAFLERLEFGSLLHEFGLL
ESPKALEEAPWPPPEGAFVGFVLSRKE
PMWADLLALAAARGGRVHRTPEPYKALRDLKEARGLLAKDLSVLALREGLGLPP
GDDPMLLAYLLDPSNTTPEGVARR
YGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVDRPLSAVLAHMEAT
GVRLDVAYLRALSLEVAEEIARLE
AEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTSAAVLEALREA
HPIVEKILQYRELTKLKSTYIDPLPDLI
HPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLW
LDYSQIELRVLAHLSGDENLIRVFQE
GRDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEE
AQAFIERYFQSFPKVRAWIEKTLEEG
RRRGYVETLFGRRRYVPDLEARVKSVREAAERMAFNMPVQGTAADLMKLAMVKL
FPRLEETGARMLLQVHDELVLEA
PKERAEAVARLAKEAMEGVYPLAVPLEVEVGIGEDWLSAKE* 



2Hl:64
ATGGTGATGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTT
CTTCGCCCTGAAGGGCCTCACCACGAGCCGGGGCGAACCGGTGCAGGCGGTCTA
CGGCTTCGCCAAGAGCCTCCTC
AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAG
GCCTCCTCCTTCCGCCACGAGG
CCTACGAGGCCTACAAGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGC
AGCTCGCCCTCATCAAGGAGCT
GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGTGGACGA
CGTCCTGGCCAGCCTGGCCAAG
AAGGTGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGGCCTC
TACCAACTCGTCTCTGACCGCG
TCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGA
AGTACGGCCTCAGGCCGGAGCA
GTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGT
CAAGGGCATCGGGGAGAAGACC
GCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTG
GACCGGGTAAAGCCAGAAAAC
GTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGCTC
TCCCGGGTGCGCACCGACCTCC
CCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGCCCGACCGGGAGAGGCTTAGGG
CCTTTCTGGAGAGGCTTGAGTT
TGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGAGGA
GGCCCCCTGGCCCCCGCCGGAA
GGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTT
CTGGCCCTGGCCGCCGCCAGGGG
TGGTCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGGGACTTGAAGGA
GGCGCGGGGGCTTCTCGCCAAA
GACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGAC
CCCATGCTCCTCGCCTACCTCCT
GGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGAGTG
GACGGAGGAGGCGGGGGAGCG
GGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGGGGGA
GGAGAGGCTCCTTTGGCTTTAC
CGGGAGGTGGATAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACAGGG
GTGCGCCTGGACGTGGCCTATC
TCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGCCGAGG
TCTTCCGCCTGGCCGGCCACCC
CTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGG
GCTTCCCGCCATCGGCAAGACG
GAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCATCCTGGAGGCCCTCCGCGAG
GCCCACCCCATCGTGGAGAAG
ATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGACCCCTTG
CCGGACCTCATCCACCCCAGGA
CGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAA
GTAGCTCCGATCCCAACCTCCA
GAACATCCCCGTCCGCACCCCGCTCGGGCAGAGGATCCGCCGGGCCTTCATCGC
CGAGGAGGGGTGGCTATTGGTG
GTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGAC
GAGAACCTGACCCGGGTCTTCC
AGGAGGGGCGGGACATCCACACGGAAACCGCCAGCTGGATGTTCGGCGTCCCCC
GGGAGGCCGTGGACCCCCTGA
TGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTTCTCTACGGCATGTCGGCCC
ACCGCCTCTCCCAGGAGCTGGC
CATCCCTTACGAGGAGGCCCAGGCCTTCATAGAGCGCTACTTCCAAAGCTTCCC
CAAGGTGCGGGCCTGGATAGAA 



AAGACCCTGGAGGAGGGGAGGAAGCGGGGCTACGTGGAAACCCTCTTCGGAAGA
AGGCGCTACGTGCCCGACCTC
AACGCCCGGGTGAAGAGTGTCAGGGAGGCCGCGGAGCGCATGGCCTTCAACATG
CCCGTCCAGGGCACCGCCGCC
GACCTTATGAAGCTCGCCATGGTGAAGCTCTTCCCCCGCCTCCGGGAGATGGGG
GCCCGCATGCTCCTCCAGGTCC
ACGACGAGCTCCTCCTGGAGGCCCCCCAAGCGCGGGCCGAGGAGGTGGCGGCTT
TGGCCAAGGAGGCCATGGAGA
AGGCCTATCCCCTCGCCGTACCCCTGGAGGTGAAGGTGGGGATCGGGGAGGACT
GGCTCTCCGCCCAAGGAGTGAG
TCGACCTGCAGGCAGCGCTTGGCGTCACCCGCAGTTCGGTGGTTAA
MVMLPLFEPKGRVLLVDGHHLAYRTFFALKGLTTSRGEPVQAVYGFAKSLLKAL
KEDGYKAVFWFDAKASSFRHEAY
EAYKAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEVDDVLASLAKKVEKE
GYEVRILTADRGLYQLVSDRVAVLH
PEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEW
GSLENLLKNLDRVKPENVREKIKA
HLEDLRLSLELSRVRTDLPLEVDLAQGREPDRERLRAFLERLEFGSLLHEFGLL
ESPKALEEAPWPPPEGAFVGFVLSRKE
PMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPP
GDDPMLLAYLLDPSNTTPEGVARR
YGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVDRPLSAVLAHMEAT
GVRLDVAYLRALSLEVAEEIARLE
AEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTSAAILEALREA
HPIVEKILQYRELTKLKSTYIDPLPDLI
HPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLW
LDYSQIELRVLAHLSGDENLTRVFQE
GRDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEE
AQAFIERYFQSFPKVRAWIEKTLEEG
RKRGYVETLFGRRRYVPDLNARVKSVREAAERMAFNMPVQGTAADLMKLAMVKL
FPRLREMGARMLLQVHDELLLE
APQARAEEVAALAKEAMEKAYPLAVPLEVKVGIGEDWLSAQGVSRPAGSAWRHP
QFGG* 2Fl 1:
ATGCGTGGTATGCTTCCTCTTTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGAC
GGCCACCACCTGGCCTACCGCAC
CTTCTTCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGCGGT
CTACGGCTTCGCCAAGAGCCTC
CTCAAGGCCCTGAAGGAGGACGGGTACAAGGCCGCCTTCGTGGTCTTTGACGCC
AAGGCCCCCTCCTTCCGCCACG
AGGCCTACGAGGCCTACAAGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCC
GGCAGCTCGCCCTCATCAAGG
AGCTGGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCTGGCTACGAGGCGG
ACGACGTCCTCGCCACCCTGGC
CAAGAAGGCGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGA
CCTCTACCAACTCGTCTCCGA
CCGCGTCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTG
GGAGAAGTACGGCCTCAGGCCG
GAGCAGTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCC
GGGGTCAAGGGCATCGGGGAG
AAGACCGCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAG
AACCTGGACCGGGTAAAGCCA
GAAAACGTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTG
GAGCTCTCCCGGGTGCGCACCG
ACCTCCCCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGCTCGACCGGGAGAGGC
TTAGGGCCTTTCTGGAGAGGCT 



TGAGTTTGGCGGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCT
GGAGGAGGCCCCCTGGCCCCCG
CCGGAAGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCC
GATCTTCTGGCCCTGGCCGCCGC
CAGGGGTGGTCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGGGACTT
GAAGGAGGCGCGGGGGCTTCTC
GCCAAAGACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGCCTCCCGCCCGGC
GACGACCCCATGCTCCTCGCCT
ACCTCCTGGACCCTTCCAACACCGCCCCCGAGGGGGTGGCCCGGCGCTACGGCG
GGGAGTGGACGGAGGAGGCGG
GGGAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTG
AGGGGGAGGAGAGGCTCCTTTG
GCTTTACCGGGAGGTGGATAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGC
CACAGGGGTACGGCTGGACGTG
GCCTGCCTGCAGGCCCTTTCCCTGGAGCTTGCGGAGGAGATCCGCCGCCTCGAG
GAGGAGGTCTTCCGCTTGGCGG
GCCACCCCTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACG
AGCTAGGGCTTCCCGCCATCGG65
CAAGACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCATCCTGGAGGCCCT
CCGCGAGGCCCACCCCATCGT
GGAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGA
CCCCTTGCCGGACCTCATCCAC
CCCAGGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGC
AGGCTAAGTAGCTCCGATCCCA
ACCTCCAGAACATCCCCGTCCGCACCCCGCTCGGGCAGAGGATCCGCCGGGCCT
TCGTCGCCGAGGAGGGGTGGCT
ATTGGTGGTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTC
CGGCGACGAGAACCTGACCCGG
GTCTTCCTGGAGGGGCGGGACATCCACACGGAAACCGCCAGCTGGATGTTCGGC
GTCCCCCGGGAGGCCGTGGACC
CCCTGATGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTTCTCTACGGCATGT
CGGCCCACCGCCTCTCCCAGGA
GCTGGCCATCCCTTACGAGGAGGCCCAGGCCTTCATAGAGCGCTACTTCCAAAG
CTTCCCCAAGGTGCGGGCCTGG
ATAGAAAAGACCCTGGAGGAGGGGAGGAAGCGGGGCTACGTGGAAACCCTCTTC
GGAAGAAGGCGCTACGTGCCC
GACCTCAACGCCCGGGTGAAGAGTGTCAGGGAGGCCGCGGAGCGCATGGCCTTC
AACATGCCCGTCCAGGGCACC
GCCGCCGACCTTATGAAGCTCGCCATGGTGAAGCTCTTCCCCCGCCTCCGGGAG
ATGGGGGCCCGCATGCTCCTCC
AGGTCCACGACGAGCTCCTCCTGGAGGCCCCCCAAGCGCGGGCCGAGGAGGTGG
CGGCTTTGGCCAAGGAGGCCA
TGGAGAAGGCCTATCCCCTCGCCGTACCCCTGGAGGTGAAGGTGGGGATCGGGG
AGGACTGGCTCTCCGCCAAGG AGTGA
MRGMLPLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQAVYGFAKSLLKA
LKEDGYKAAFWFDAKAPSFRHEA
YEAYKAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAEK
EGYEVRILTADRDLYQLVSDRVAVL
HPEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKE
WGSLENLLKNLDRVKPENVREKIK
AHLEDLRLSLELSRVRTDLPLEVDLAQGRELDRERLRAFLERLEFGGLLHEFGL
LESPKALEEAPWPPPEGAFVGFVLSRK
EPMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLP
PGDDPMLLAYLLDPSNTAPEGVA
RRYGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVDRPLSAVLAHME
ATGVRLDVACLQALSLELAEEIRR 



LEEEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTSAAILEALR
EAHPIVEKILQYRELTKLKSTYIDPLPD
LIHPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFVAEEGWL
LWLDYSQIELRVLAHLSGDENLTRVF
LEGRDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPY
EEAQAFIERYFQSFPKVRAWIEKTLE
EGRKRGYVETLFGRRRYVPDLNARVKSVREAAERMAFNMPVQGTAADLMKLAMV
KLFPRLREMGARMLLQVHDELL
LEAPQARAEEVAALAKEAMEKAYPLAVPLEVKVGIGEDWLSAKE* 2H4:
ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTT
CTTCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGTGGTCTA
CGGCTTCGCCAAGAGCCTCCTC
AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAG
GCCCCCTCATTCCGCCACAAGG
CCTACGAGGCCTACAGGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGC
AGCTCGCCCTCATCAAGGAGCT
GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGGACGA
CGTTCTCGCCACCCTGGCCAAG
AAGGCGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGGCCTC
TACCAACTCGTCTCTGACCGCG
TCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGA
AGTACGGCCTCAGGCCGGAGCA
GTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGT
CAAGGGCATCGGGGAGAAGACC
GCCCTCAAGCTCCTCAAOGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTG
GACCGGGTAAAGCCAGAAAAC
GTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGCTC
TCCCGGGTGCGCACCGACCTCC
CCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGCCCGACCGGGAGGGGCTTAGGG
CCTTTCTGGAGAGGCTTGAGTT
TGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGAGGA
GGCCCCCTGGCCCCCGCCGGAA
GGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTT
CTGGCCCTGGCCGCCGCCAGGGG
TGGTCGAGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGGGACCTGAAGGA
GGCGCGGGGGCTTCTCGCCAAA
GACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGAC
CCCATGCTCCTCGCCTACCTCCT
GGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGAGTG
GACGGAGGAGGCGGGGGAGCG
GGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGGGGGA
GGAGAGGCTCCTTTGGCTTTAC
CGGGAGGTGGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACGGGG
GTGCGCCTGGACGTGGCCTATC
TCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGCCGAGG
TCTTCCGCCTGGCCGGCCACCC
CTTCAACCTCAACTCCCGGGACCAGCTGGAAATGGTGCTCTTTGACGAGCTTAG
GCTTCCCGCCTTGGGGAAGACG
CAAAAGACGGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCGCGAG
GCCCACCCCATCGTGGAGAAG
ATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGACCCCTTG
TCGGACCTCATCCACCCCAGGA
CGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAA
GTAGCTCCGATCCCAACCTCCA 



GAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCGGGCCTTCATCGC
CGAGGAGGGGTGGCTACTGGTG
GTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGAC
GAAAACCTGATCAGGGTCTTCC
AGGAGGGGCGGGACATCCACACGGAGACCGCCAGCTGGATGTTCGGCGTCCCCC
GGGAGGCCGTGGACCCCCTGA
TGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTCCTCTACGGCATGTCGGCCC
ACCGCCTCTCCCAGGAGCTAGC
CATCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTTCCC
CAAGGTGCGGGCCTGGATTGAG
AAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCTTCGGCCGC
CGCCGCTACGTGCCAGACCTA
GAGGCCCGGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGCATGGCCTTCAACATG
CCCGTCCAGGGCACCGCCGCC
GACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAACGGGG
GCCAGGATGCTCCTTCAGGTCC
ACGACGAGCTGGTCCTTGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCCCGGC
TGGCCAAGGAGGTCATGGAGG
GGGTGTATCCCCTGGCCGTGTCCCTGGAGGTGGAGGTGGGGATAGGGGAGGACT
GGCTCTCCGCCAAGGAGTGA
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQWYGFAKSLLKALK
EDGYKAVFWFDAKAPSFRHKAY
EAYRAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAEKE
GYEVRILTADRGLYQLVSDRVAVLH
PEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEW
GSLENLLKNLDRVKPENVREKIKA
HLEDLRLSLELSRVRTDLPLEVDLAQGREPDREGLRAFLERLEFGSLLHEFGLL
ESPKALEEAPWPPPEGAFVGFVLSRKE66
PMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPP
GDDPMLLAYLLDPSNTTPEGVARR
YGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVERPLSAVLAHMEAT
GVRLDVAYLRALSLEVAEEIARLE
AEVFRLAGHPFNLNSRDQLEMVLFDELRLPALGKTQKTGKRSTSAAVLEALREA
HPIVEKILQYRELTKLKSTYIDPLSDL
IHPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLL
WLDYSQIELRVLAHLSGDENLIRVFQE
GRDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEE
AQAFIERYFQSFPKVRAWIEKTLEEG
RRRGYVETLFGRRRYVPDLEARVKSVREAAERMAFNMPVQGTAADLMKLAMVKL
FPRLEETGARMLLQVHDELVLEA
PKERAEAVARLAKEVMEGVYPLAVSLEVEVGIGEDWLSAKE* 2H9:
ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTT
CTTCGCCCTGAAGGGCCCCACCGCGAGCCGGGGCGAACCGGTGCAGGTGGTCTA
CGGCTTCGCCAAGAGCCTCCTC
AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAG
GCCCCCTCATTCCGCCACAAGG
CCTACGAGGCCTACAGGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGC
AGCTCGCCCTCATCAAGGAGCT
GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGGACGA
CGTTCTCGCCCCCCTGGCCAAG
AAGGCGGAAAAGGAGGGGTTCGAGGTGCGCATCCTCCCCGCCGTCCGCGGCCTC
TGCCCTCTCGTCTCTGACCGCG
TCGCCGTCCTCCTCCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGA
AGTACGGCCTCAGGCCGGAGCA 



GTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGT
CAAGGGCATCGGGAAGAAGACC
GCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTG
GACCGGGTAAAGCCAGAAAAC
GTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGCTC
TCCCGGGTGCGCACCGACCTCC
CCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGCCCGACCGGGAGGGGCTTAGGG
CCTTTCTGGAGAGGCTTGAGTT
TGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGAGGA
GGCCCCCTGGCCCCCGCCGGAA
GGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTT
CTGGCCCTGGCCGCCGCCAGGGG
TGGTCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGGGACTTGAAGGA
GGCGCGGGGGCTTCTCGCCAAA
GACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGAC
CCCATGCTCCTCGCCTACCTCCT
GGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGAGTG
GACGGAGGAGGCGGGGGAGCG
GGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGGGGGA
GGAGAGGCTCCTGTGGCTTTAC
CGGGAGGTGGATAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACAGGG
GTACGGCTGGACGTGGCCTGCC
TGCAGGCCCTTTCCCTGGAGCTTGCGGAGGAGATCCGCCGCCTCGAGGAGGAGG
TCTTCCGCTTGGCGGGCCACCC
CTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGG
GCTTCCCGCCATCGGCAAGACG
GAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCATCCTGGAGGCCCTCCGCGAG
GCCCACCCCATCGTGGAGAAG
ATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGACCCCTTG
CCGGACCTCATCCACCCCAGGA
CGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAA
GTAGCTCCGATCCCAACCTCCA
GAACATCCCCGTCCGCACCCCGCTCGGGCAGAGGATCCGCCGGGCCTTCATCGC
CGAGGAGGGGTGGCTATTGGTG
GTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGAC
GAGAACCTGACCCGGGTCTTCC
AGGAGGGGCGGGACATCCACACGGAAACCGCCAGCTGGATGTTCGGCGTCCCCC
GGGAGGCCGTGGACCCCCTGA
TGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTTCTCTACGGCATGTCGGCCC
ACCGCCTCTCCCAGGAGCTGGC
CATCCCTTACGAGGAGGCCCAGGCCTTCATAGAGCGCTACTTCCAAAGCTTCCC
CAAGGTGCGGGCCTGGATAGAA
AAGACCCTGGAGGAGGGGAGGAAGCGGGGCTACGTGGAAACCCTCTTCGGAAGA
AGGCGCTACGTGCCCGACCTC
GACCTTATGAAGCTCGCCATGGTGAAGCTCTTCCCCCGCCTCCGGGAGATGGGG
GCCCGCATGCTCCTCCAGGTCC
ACGACGAGCTCCTCCTGGAGGCCCCCCAAGCGCGGGCCGAGGAGGTGGCGGCTT
TGGCCAAGGAGGCCATGGAGA
AGGCCTATCCCCTCGCCGTACCCCTGGAGGTGAAGGTGGGGATCGGGGAGGACT
GGCTCTCCGCCAAGGAGTGA
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGPTASRGEPVQVVYGFAKSLLKAL
KEDGYKAVFWFDAKAPSFRHKA
YEAYRAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLAPLAKKAEK
EGFEVRILPAVRGLCPLVSDRVAVLL
PEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGKKTALKLLKEW
GSLENLLKNLDRVKPENVREKIKA
HLEDLRLSLELSRVRTDLPLEVDLAQGREPDREGLRAFLERLEFGSLLHEFGLL
ESPKALEEAPWPPPEGAFVGFVLSRKE 



PMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPP
GDDPMLLAYLLDPSNTTPEGVARR
YGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVDRPLSAVLAHMEAT
GVRLDVACLQALSLELAEEIRRLE
EEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTSAAILEALREA
HPIVEKILQYRELTKLKSTYIDPLPDLIH
PRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLWL
DYSQIELRVLAHLSGDENLTRVFQEG
RDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEEA
QAFIERYFQSFPKVRAWIEKTLEEGR
KRGYVETLFGRRRYVPDLNARVKSVREAAERMAFNMPVQGTAADLMKLAMVKLF
PRLREMGARMLLQVHDELLLEA
PQARAEEVAALAKEAMEKAYPLAVPLEVKVGIGEDWLSAKE* 1B12:
ATGGCGATGCTTCCCCTCTTTGAGCCCAAAGGCCGGGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTT
CTTCGCCCTGAAGGGCCTCATCACGAGCCGGGGCGAACCGGTGCAGGCGGTCTA
CGSGTTTCCCAAGAGCCTCCTC
AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAG
GCCCCCTCCTTCCGCCACGAGG
CCTACGAGGCCTACAAGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGC
AGCTCGCCCTCATCAAGGAGCT
GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCAAGGCTACGAGGCGGACGA
CGTCCTCGCCACCCTGGCCAAG
AAGGCGGAAAAAGAAGGGTACGAGGTGCGCATCCTCACCGCCGACCGGGACCTC
TACCAGCTCGTCTCCGACCGC
GTCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAG
AAGTACGGCCTCAGGCCGGAGC
AGTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGG
TCAAGGGCATCGGGGAGAAGA
CCGCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAATCTCCTCAAGAACC
TGGATCGGGTAAAGCCGGAAA67
ACGTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGC
TCTCCCGGGTGCGTACCGACCT
CCCCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGCCCGACCGGGAAGGGCTTAG
GGCCTTCCTGGAGAGGCTGGA
GTTCGGCAGCCTCCTCCATGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGA
GGAGGCCCCCTGGCCCCCGCCG
GAAGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGAT
CTTCTGGCCCTGGCCGCCGCCAG
GGGTGGTCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGGGACTTGAA
GGAGGCGCGGGGGCTTCTCGCC
AAAGACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGCCTCCCGCCCGGCGAC
GACCCCATGCTCCTCGCCTACC
TCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGG
AGTGGACGGAGGAGGCGGGGG
AGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGG
GGGAGGAGAGGCTCCTTTGGCT
TTACCGGGAGGTGGATAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCAC
AGGGGTGCGCCTGGACGTGGCC
TATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGCC
GAGGTCTTCCGCCTGGCCGGCC
ACCCCTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGT
TAGGGCTTCCCGCCATCGGCAA
GACGGAGAGGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCG
CGAGGCCCACCCCATCGTGGA 



GAAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGACCC
CTTGCCGGACCTCATCCACCCC
AGGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGG
CTAAGTAGCTCCGATCCCAACC
TCCAGAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCGGGCCTTCA
TCGCCGAGGAGGGGTGGCTATT
GGTGGCCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGG
CGACGAGAACCTGATCCGGGTC
TTCCAGGAGGGGCGGGACATCCACACGGAGACCGCCAGCTGGATGTTCGGTGTC
CCCCCGGAGGCCGTGGACCCCC
TGATGCGCCGGGCGGCCAAGACGGTGAACTTCGGCGTCCTCTACGGCATGTCCG
CCCATAGGCTCTCCCAGGAGCT
TTCCATCCCCTACGAGGAGGCGGTGGCCTTTATAGAGCGCTACTTCCAAAGCTT
CCCCAAGGTGCGGGCCTGGATA
GAAAAGACCCTGGAGGAGGGGAGGAAGCGGGGCTACGTGGAAACCCTCTTCGGA
AGAAGGCGCTACGTGCCCGAC
CTCAACGCCCGGGTGAAGAGCGTCAGGGAGGCCGCGGAGCGCATGGCCTTCAAC
ATGCCCGTCCAGGGCACCGCC
GCCGACCTCATGAAGCTCGCCATGGTGAAGCTCTTCCCCCGCCTCCGGGAGATG
GGGGCCCGCATGCTCCTCCAGG
TCCACGACGAGCTCCTCCTGGAGGCCCCCCAAGCGCGGGCCGAGGAGGTGGCGG
CTTTGGCCAAGGAGGCCATGG
AGAAGGCCTATCCCCTCGCCGTACCCCTGGAGGTGGAGGTGGGGATCGGGGAGG
ACTGGCTCTCCGCCAAGGAGT GA
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGLITSRGEPVQAVYGFAKSLLKAL
KEDGYKAVFVVFDAKAPSFRHEAY
EAYKAGRAPTPEDFPRQLALIKELVDLLGFTRLEVQGYEADDVLATLAKKAEKE
GYEVRILTADRDLYQLVSDRVAVLH
PEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEW
GSLENLLKNLDRVKPENVREKIKA
HLEDLRLSLELSRVRTDLPLEVDLAQGREPDREGLRAFLERLEFGSLLHEFGLL
ESPKALEEAPWPPPEGAFVGFVLSRKE
PMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPP
GDDPMLLAYLLDPSNTTPEGVARR
YGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVDRPLSAVLAHMEAT
GVRLDVAYLRALSLEVAEEIARLE
AEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTERTGKRSTSAAVLEALREA
HPIVEKILQYRELTKLKSTYIDPLPDLI
HPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLV
ALDYSQIELRVLAHLSGDENLIRVFQE
GRDIHTETASWMFGVPPEAVDPLMRRAAKTVNFGVLYGMSAHRLSQELSIPYEE
AVAFIERYFQSFPKVRAWIEKTLEEG
RKRGYVETLFGRRRYVPDLNARVKSVREAAERMAFNMPVQGTAADLMKLAMVKL
FPRLREMGARMLLQVHDELLLE
APQARAEEVAALAKEAMEKAYPLAVPLEVEVGIGEDWLSAKE* 2H2:
ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTT
CTTCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGTGGTCTA
CGGCTTCGCCAAGAGCCTCCTC
AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAG
GCCCCCTCATTCCGCCACAAGG
CCTACGAGGCCTACAGGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGC
AGCTCGCCCTCATCAAGGAGCT 



GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGGACGA
CGTTCTCGCCACCCTGGCCAAG
AAGGCGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGGCCTC
TACCAACTCGTCTCTGACCGCG
TCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGA
AGTACGGCCTCAGGCCGGAGCA
GTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGT
CAAGGGCATCGGGGAGAAGACC
GCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTG
GACCGGGTAAAGCCAGAAAAC
GTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGCTC
TCCCGGGTGCGCACCGACCTCC
CCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGCCCGACCGGGAGAGGCTTAGGG
CCTTTCTGGAGAGGCTTGAGTT
TGGCGGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGAGGA
GGCCCCCTGGCCCCCGCCGGAA
GGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTT
CTGGCCCTGGCCGCCGCCAGGGG
TGGTCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGGGACTTGAAGGA
GGCGCGGGGGCTTCTCGCCAAA
GACCTGAGCGTTCTGGCCCTGAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGAC
CCCATGCTCCTCGCCTACCTCCT
GGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGAGTG
GACGGAGGAGGCGGGGGAGCG
GGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGGGGGA
GGAGAGGCTCCTTTGGCTTTAC
CGGGAGGTGGAGAGGCCCCTTTCCGTTGTCCTGGCCCACATGGAGGCCACAGGG
GTGCGCCTGGACGTGGCCTATC
TCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGCCGAGG
TCTTCCGCCTGGCCGGCCACCC
CTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGG
GCTTCCCGCCATCGGCAAGACG
GAGAAGACCGGCAAGCGCTCCACCGGCGCCGCCGTCCTGGAGGCCCTCCGCGAG
GCCCACCCCACCGTGGAGAAG
ATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGACCCCTTG
CCGGACCTCATCCACCCCAGGA
CGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAA
GTAGCTCCGACCCCAACCTCCA
GAACATCCCCGTCCGCACCCCGCTCGGGCAGAGGATCCGCCGGGCCTTCATCGC
CGAGGAGGGGTGGCTATTGGTG
GTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGAC
GAGAACCTGATCCGGGTCTTCC
AGGAGGGGCGGGACATCCACACGGAAACCGCCAGCTGGATGTTCGGCGTCCCCC
GGGAGGCCGTGGACCCCCTAA
TGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTTCTCTACGGCATGTCGGCCC
ACCGCCTCTCCCAGGAGCTAGC68
CATCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACATTCAGAGCTTCCC
CAAGGTGCGGGCCTGGATTGAG
AAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCTTCGGCCGC
CGTCGCTACGTGCCAGACCTA
GAGGCCCGGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGCATGGCCTTCAACATG
CCCGTCCAGGGCACCGCCGCC
GACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAAGAAACGGGG
GCCAGGATGCTCCTTCAGGTCC
ACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCCCGGC
TGGCCAAGGAGGCCATGGAGG
GGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGGACT
GGCTCTCCGCCAAGGAGTGA 



MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQVVYGFAKSLLKAL
KEDGYKAVFWFDAKAPSFRHKAY
EAYRAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAEKE
GYEVRILTADRGLYQLVSDRVAVLH
PEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEW
GSLENLLKNLDRVKPENVREKIKA
HLEDLRLSLELSRVRTDLPLEVDLAQGREPDRERLRAFLERLEFGGLLHEFGLL
ESPKALEEAPWPPPEGAFVGFVLSRKE
PMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPP
GDDPMLLAYLLDPSNTTPEGVARR
YGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVERPLSWLAHMEATG
VRLDVAYLRALSLEVAEEIARLE
AEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTGAAVLEALREA
HPTVEKILQYRELTKLKSTYIDPLPDL
IHPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLL
WLDYSQIELRVLAHLSGDENLIRVFQE
GRDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEE
AQAFIERYIQSFPKVRAWIEKTLEEG
RRRGYVETLFGRRRYVPDLEARVKSVREAAERMAFNMPVQGTAADLMKLAMVKL
FPRLEETGARMLLQVHDELVLEA
PKERAEAVARLAKEAMEGVYPLAVPLEVEVGIGEDWLSAKE* 1C8:
ATGCGTGGTATGCTTCCTCTTTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGAC
GGCCACCACCTGGCCTACCGCAC
CTTCTTCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGCGGT
CTACGGCTTCGCCAAGAGCCTC
CTCAAGGCCCTGAAGGAGGACGGGTACAAGGCCGCCTTCGTGGTCTTTGACGCC
AAGGCCCCCTCCTTCCGCCACG
AGGCCTACGAGGCCTACAAGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCC
GGCAGCTCGCCCTCATCAAGG
AGCTGGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCTGGCTACGAGGCGG
ACGACGTCCTCGCCACCCTGGC
CAAGAAGGCGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGA
CCTCTACCAACTCGTCTCCGA
CCGCGTCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTG
GGAGAAGTACGGCCTCAGGCCG
GAGCAGTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCC
GGGGTCAAGGGCATCGGGGAG
AAGACCGCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAG
AACCTGGACCGGGTAAAGCCA
GAAAACGTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTG
GAGCTCTCCCGGGTGCGCACCG
ACCTCCCCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGCCCGACCGGGAGAGGC
TTAGGGCCTTTCTGGAGAGGCT
TGAGTTTGGCGGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCT
GGAGGAGGCCCCCTGGCCCCCG
CCGGAAGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCC
GATCTTCTGGCCCTGGCCGCCGC
GCCAAAGACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGCCTCCCGCCCGGC
GACGACCCCATGCTCCTCGCCT
ACCTCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCG
GGGAGTGGACGGAGGAGGCGG
GGGAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTG
AGGGGGAGGAGAGGCTCCTTTG
GCTTTACCGGGAGGTGGATAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGC
CACAGGGGTACGGCTGGACGTG 



GCCTGCCTGCAGGCCCTTTCCCTGGAGCTTGCGGAGGAGATCCGCCGCCTCGAG
GAGGAGGTCTTCCGCTTGGCGG
GCCACCCCTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACG
AGCTAGGGCTTCCCGCCATCGG
CAAGACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCATCCTGGAGGCCCT
CCGCGAGGCCCACCCCATCGT
GGAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGA
CCCCTTGCCGGACCTCATCCAC
CCCAGGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGC
AGGCTAAGTAGCTCCGATCCCA
ACCTCCAGAACATCCCCGTCCGCACCCCGCTCGGGCAGAGGATCCGCCGGGCCT
TCATCGCCGAGGAGGGGTGGCT
ATTGGTGGTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTC
CGGCGACGAGAACCTGACCCGG
GTCTTCCAGGAGGGGCGGGACATCCACACGGAAACCGCCAGCTGGATGTTCGGC
GTCCCCCGGGAGGCCGTGGAC
CCCCTGATGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTTCTCTACGGCATG
TCGGCCCACCGCCTCTCCCAGG
AGCTGGCCATCCCTTACGAGGAGGCCCAGGCCTTCATAGAGCGCTACTTCCAAA
GCTTCCCCAAGGTGCGGGCCTG
GATAGAAAAGACCCTGGAGGAGGGGAGGAAGCGGGGCTACGTGGAAACCCTCTT
CGGAAGAAGGCGCTACGTGCC
CGACCTCAACGCCCGGGTGAAGAGTGTCAGGGAGGCCGCGGAGCGCATGGCCTT
CAACATGCCCGTCCAGGGCAC
CGCCGCCGACCTTATGAAGCTCGCCATGGTGAAGCTCTTCCCCCGCCTCCGGGA
GATGGGGGCCCGCATGCTCCTCC
AGGTCCACGACGAGCTCCTCCTGGAGGCCCCCCAAGCGCGGGCCGAGGAGGTGG
CGGCTTTGGCCAAGGAGGCCA
TGGAGAAGGCCTATCCCCTCGCCGTACCCCTGGAGGTGAAGGTGGGGATCGGGG
AGGACTGGCTCTCCGCCAAGG AGTGA
MRGMLPLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQAVYGFAKSLLKA
LKEDGYKAAFVVFDAKAPSFRHEA
YEAYKAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAEK
EGYEVRILTADRDLYQLVSDRVAVL
HPEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKE
WGSLENLLKNLDRVKPENVREKIK
AHLEDLRLSLELSRVRTDLPLEVDLAQGREPDRERLRAFLERLEFGGLLHEFGL
LESPKALEEAPWPPPEGAFVGFVLSRK
EPMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLP
PGDDPMLLAYLLDPSNTTPEGVAR
RYGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVDRPLSAVLAHMEA
TGVRLDVACLQALSLELAEEIRRL
EEEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTSAAILEALRE
AHPIVEKILQYRELTKLKSTYIDPLPDLI
HPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLW
LDYSQIELRVLAHLSGDENLTRVFQE
GRDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEE
AQAFIERYFQSFPKVRAWIEKTLEEG
RKRGYVETLFGRRRYVPDLNARVKSVREAAERMAFNMPVQGTAADLMKLAMVKL
FPRLREMGARMLLQVHDELLLE
APQARAEEVAALAKEAMEKAYPLAVPLEVKVGIGEDWLSAKE*69 2Hl OX:
ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGGCCGTGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTT 



CTTCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGTGGTCTA
CGGCTTCGCCAAGAGCCTCCTC
AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAG
GCCCCCCCATTCCGCCACAAGG
CCTACGAGGCCTACAGGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGC
AGCTCGCCCTCATCAAGGAGCT
GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGGACGA
CGTTCTCGCCACCCTGGCCAAG
AAGGCGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGGCCTC
TACCAACTCGTCTCTGACCGCG
TCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGA
AGTACGGCCTCAGGCCGGAGCA
GTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGT
CAAGGGCATCGGGGAGAAGACC
GCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTG
GACCGGGTAAAGCCAGAAAAC
GTCCGGGAGAAGATCAAGGCCCACCTGGAAGATCTCAGGCTCTCCTTGGAGCTC
TCCCGGGTGCGCACCGACCTCC
CCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGCCCGACCGGGAGGGGCTTAGGG
CCTTTCTGGAGAGGCTTGAGTT
TGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGAGGA
GGCCCCCTGGCCCCCGCCGGAA
GGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATCTT
CTGGCCCTGGCCGCCGCCAGGGG
TGGTCGAGTCCACCGGGCCCCCGAGCCTTATAAAGCCCTCAGGGACCTGAAGGA
GGCGCGGGGGCTTCTCGCCAAA
GACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGCCTCCCGCCCGGCGACGAC
CCCATGCTCCTCGCCTACCTCCT
GGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGAGTG
GACGGAGGAGGCGGGGGAGCG
GGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGGGGGA
GGAGAGGCTCCTTTGGCTTTAC
CGGGAGGTGGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGGCCACGGGG
GTGCGCCTGGACGTGGCCTATC
TCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGCCGAGG
TCTTCCGCCTGGCCGGCCACCC
CTTCAACCTCAACTCCCGGGACCAGCTGGAAATGGTGCTCTTTGACGAGCTTAG
GCTTCCCGCCTTGGGGAAGACG
CAAAAGACGGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCGCGAG
GCCCACCCCATCGTGGAGAAG
ATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGACCCCTTG
TCGGACCTCATCCACCCCAGGA
CGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGGCTAA
GTAGCTCCGATCCCAACCTCCA
GAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCGGGCCTTCATCGC
CGAGGAGGGGTGGCTACTGGTG
GTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACCTCTCCGGCGAC
GAAAACCTGATCAGGGTCTTCC
AGGAGGGGCGGGACATCCACACGGAGACCGCCAGCTGGATGTTCGGCGTCCCCC
GGGAGGCCGTGGACCCCCTGA
TGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTCCTCTACGGCATGTCGGCCC
ACCGCCTCTCCCAGGAGCTAGC
CATCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTTCCC
CAAGGTGCGGGCCTGGATTGAG
AAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCTTCGGCCGC
CGCCGCTACGTGCCAGACCTA
GAGGCCCGGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGCATGGCCTTCAACATG
CCCGTCCAGGGCACCGCCGCC 



GACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAATGGGG
GCCAGGATGCTCCTTCAGGTCC
ACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCCCGGC
TGGCCAAGGAGGTCATGGAGG
GGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGGAGGACT
GGCTCTCCGCCAAGGAGTGA
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQWYGFAKSLLKALK
EDGYKAVFWFDAKAPPFRHKAY
EAYRAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAEKE
GYEVRILTADRGLYQLVSDRVAVLH
PEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEW
GSLENLLKNLDRVKPENVREKIKA
HLEDLRLSLELSRVRTDLPLEVDLAQGREPDREGLRAFLERLEFGSLLHEFGLL
ESPKALEEAPWPPPEGAFVGFVLSRKE
PMWADLLALAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPP
GDDPMLLAYLLDPSNTTPEGVARR
YGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVERPLSAVLAHMEAT
GVRLDVAYLRALSLEVAEEIARLE
AEVFRLAGHPFNLNSRDQLEMVLFDELRLPALGKTQKTGKRSTSAAVLEALREA
HPIVEKILQYRELTKLKSTYIDPLSDL
IHPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLL
WLDYSQIELRVLAHLSGDENLIRVFQE
GRDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEE
AQAFIERYFQSFPKVRAWIEKTLEEG
RRRGYVETLFGRRRYVPDLEARVKSVREAAERMAFNMPVQGTAADLMKLAMVKL
FPRLEEMGARMLLQVHDELVLE
APKERAEAVARLAKEVMEGVYPLAVPLEVEVGIGEDWLSAKE* 3A10
ATGGCGATGCTTCCCCTCTTTGAGCCCAAAGGCCGGGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTT
CTTCGCCCTGAAGGGCCTCACCACGAGCCGGGGCGAACCGGTGCAGGTGGTCTA
CGGCTTCGCCAAGAGCCTCCTC
AAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAG
GCCCCCTCATTCCGCCACAAGG
CCTACGAGGCCTACAGGGCGGGGAGGGCCCCGACCCCCCAGGACTTCCCCCGGC
AGCTCGCCCTCATCAAGGAGCT
GGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGGACGA
CGTTCTCGCCACCCTGGCCAAG
AAGGCGGAAAAGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGGCCTC
TACCAACTCGTCTCCGACCGC
GTCGCCGTCCTCCACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAG
AAGTACGGCCTCAGGCCGGAGC
AGTGGGTGGACTTCCGCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGG
TCAAGGGCATCGGGGAGAAGA
CCGCCCTCAAGCTCCTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACC
TGGACCGGGTAAAGCCAGAAA
ACGTCCGGGAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGC
TCTCCCGGGTGCGCACCGACCT
CCCCCTGGAGGTGGACCTCGCCCAGGGGCGGGAGCCCGACCGGGAGGGGCTTAG
GGCCTTTCTGGAGAGGCTTGA
GTTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGA
GGAGGCCCCCTGGCCCCCGCCG
GAAGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGAT
CTTCTGGCCCTGGCCGCCGCCAG
GGGTGGTCGAGTCCACCAGGCCCCCGAGCCTTATAAAGCCCTCAGGGACCTGAA
GGAGGCGCGGGGGCTTCTCGCC 



AAAGACCTGAGCGTTCTGGCCCTAAGGGAAGGCCTTGGCCTCCCGCCCGGCGAC
GACCCCATGCTCCTCGCCTACC
TCCTGGACCCTTCCAACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGG
AGTGGACGGAGGAGGCGGGGG
AGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAGG
GGGAGGAGAGGCTCCTTTGGCT
TTACCGGGAGGTGGAGAGGCCCCTTTCCGCTGTCCTGGCCCACATGGAGACCAC
GGGGGTGCGCCTGGACGTGGCC
TATCTCAGGGCCTTGTCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGCC
GAGGTCTTCCGCCTGGCCGGCC
GCCCCTTCAACCTCAACTCCCGAGACCAGCTGGAAAGGGTCCTCTTTGACGAGC
TAGGGCTTCCCGCCATCGGCAA
GACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCG
CGAGGCCCACCCCATCGTGGA70
GAAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATTGACCC
CTTGCCGGACCTCATCCACCCC
AGGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCCACGGGCAGG
CTAAGTAGCTCCGATCCCAACC
TCCAGAACATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCGGGCCTTCA
TCGCCGAGGAGGGGTGGCTATT
GGTGGTCCTGGACTATAGCCAGATGGAGCTCAGGGTGCTGGCCCACCTCTCCGG
CGACGAGAACCTGATCAGGGTC
TTCCAGGAGGGGAAGGACATCCACACCCAGACCGCAAGCTGGATGTTCGGTGTC
CCCCCGGAGGCCGTGGACCCCC
TGATGCGCCGGGCGGCCAAGACGGTGAACTTCGGCGTCCTCTACGGCATGTCCG
CCCATAGGCTCTCCCAGGAGCT
TTCCATCCCCTACGAGGAGGCGGTGGCCTTCATAGAGCGCTACTTCCAAAGCTT
CCCCAAGGTGCGGGCCTGGATT
GAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCTTCGGC
CGCCGCCGCTACGTGCCCGAC
CTCAACGCCCGGATGAAGAGCGTCAGGGGGGCCGCGGAGCGCATGGCCTTCAAC
ATGCCCGTCCAGGGCACCGCC
GCCGACCTCATGAAGCTCGCCATGGTGAAGCTCTTCCCCCGCCTCCGGGAGATG
GGGGCCCGCATGCTCCTCCAGG
TCCACGACGAGCTCCTCCTGGAGGCCCCCCAAGCGCGGGCCGAGGAGGTGGCGG
CTTTGGCCAAGGAGGCCATGG
AGAAGGCCTATCCCCTCGCCGTACCCCTGGAGGTGGAGGTGGGGATCGGGGAGG
ACTGGCTCTCCGCCAAGGAGT GA
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGLTTSRGEPVQWYGFAKSLLKALK
EDGYKAVFWFDAKAPSFR KAY
EAYRAGRAPTPQDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAEKE
GYEVRILTADRGLYQLVSDRVAVLH
PEGHLITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEW
GSLENLLKNLDRVKPENVREKIKA
HLEDLRLSLELSRVRTDLPLEVDLAQGREPDREGLRAFLERLEFGSLLHEFGLL
ESPKALEEAPWPPPEGAFVGFVLSRKE
PMWADLLALAAARGGRVHQAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPP
GDDPMLLAYLLDPSNTTPEGVAR
RYGGEWTEEAGERAALSERLFANLWGRLEGEERLLWLYREVERPLSAVLAHMET
TGVRLDVAYLRALSLEVAEEIARL
EAEVFRLAGRPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTSAAVLEALRE
AHPIVEKILQYRELTKLKSTYIDPLPDL
IHPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLL
WLDYSQMELRVLAHLSGDENLIRVFQ
EGKDIHTQTASWMFGVPPEAVDPLMRRAAKTVNFGVLYGMSAHRLSQELSIPYE
EAVAFIERYFQSFPKVRAWIEKTLE 



EGRRRGYVETLFGRRRYVPDLNARMKSVRGAAERMAFNMPVQGTAADLMKLAMV
KLFPRLREMGARMLLQVHDELL
LEAPQARAEEVAALAKEAMEKAYPLAVPLEVEVGIGEDWLSAKE* 3B5
ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGGCCGTGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTCCT
TCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGTGGTCTACG
GCTTCGCCAAGAGCCTCCTCAAGG
CCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAGGCCC
CCCCATTCCGCCACAAGGCCTACG
TCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGGACGACGTTCTCG
CCACCCTGGCCAAGAAGGCGGAAA
AGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGGCCTCTACCAACTCG
TCTCTGACCGCGTCGCCGTCCTCCA
CCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCAG
GCCGGAGCAGTGGGTGGACTTCCG
CGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGTCAAGGGCATCGGGGA
GAAGACCGCCCTCAAGCTCCTCAA
GGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTGGACCGGGTAAAGCCAGA
AAACGTCCGGGAGAAGATCAAGG
CCCACCTGGAAGACCTCAGGCTCTCCTTGGAGCTCTCCCGGGTGCGCACCGACC
TCCCCCTGGAGGTGGACCTCGCCCA
GGGGCGGGAGCCCGACCGGGAAAGGCTTAGGGCCTTTCTGGAGAGGCTTGAGTT
TGGCAGCCTCCTCCATGAGTTCGG
CCTTCTGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCGCCGGAAGG
GGCCTTCGTGGGCTTTGTGCTTTCC
CGCAAGGCGCCCATGTGGGCCGATCTTCTGGCCCTGGCCGCCGCCAGGGGTGGT
CGGGTCTACCGGGCCCCCGAGCCT
TATAAAGCCCTCAGGGACTTGAAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTG
AGCGTTCTGGCCCTAAGGGAAGGC
CTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCTCCTGGACCCT
TCCAACACCACCCCCGAGGGGGTGG
GGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTACCGGGAGGTGGATA
GGCCCCTTTCCGCTGTCCTGGCCC
ACATGGAGGCCACAGGGGTACGGCTGGACGTGGCCTGCCTGCAGGCCCTTTCCC
TGGAGCTTGCGGAGGAGATCCGCC
GCCTCGAGGAGGAGGTCTTCCGCTTGGCGGGCCACACCTTCAACCTCAACTCCC
GGGACCAGCTGGAAAGGGTCCTCTT
TGACGAGCTAGGGCTTCCCGCCATCGGCAAGACGGAGAAGACCGGCAAGCGCTC
CACCAGCGCCGCCATCCTGGAGGC
CCTCCGCGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCAC
CAAGCTGAAGAGCACCTACATTGA
CCCCTTGCCGGACCTCATCCACCCCAGGACGGGCCGCCTCCACACCCGCTTCAA
CCAGACGGCCACGGCCACGGGCAG
GCTAAGTAGCTCCGATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTTGG
GCAGAGGATCCGCCGGGCCTTCATC
GCCGAGGAGGGGTGGCTACTGGTGGTCCTGGACTATAGCCAGATAGAGCTCAGG
GTGCTGGCTCACCTCTCCGGCGAC
GAAAACCTGATCAGGGTCTTCCAGGAGGGGCGGGACATCCACACGGAGACCGCC
AGCTGGATGTTCGGCGTCCCCCGG
GAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTC
CTCTACGGCATGTCGGCCCACCGC
CTCTCCCAGGAGCTAGCCATCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGC
TACTTTCAGAGCTTCCCCAAGGTGC
GGGCCTGGATTGAGAAGGCCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGA
CCCTCTTCGGAAGAAGGCGCTAC 



GTGCCCGACCTCAACGCCCGGGTGAAGAGTGTCAGGGAGGCCGCGGAGCGCATG
GCCTTCAACATGCCCGTCCAGGGC
ACCGCCGCCGACCTTATGAAGCTCGCCATGGTGAAGCTCTTCCCCCGCCTCCGG
GAGATGGGGGCCCGCATGCTCCTCC
AGGTCCACGACGAGCTCCTCCTGGAGGCCCCCCAAGCGCGGGCCGAGGAGGTGG
CGGCTTTGGCCAAGGAGGCCATG
GAGAAGGCCTATCCCCTCGCCGTACCCCTGGAGGTGAAGGTGGGGATCGGGGAG
GACTGGCTCTCCGCCAAGGAGTGA
MAMLPLFEPKGRVLLVDGHHLAYRTSFALKGPTTSRGEPVQWYGFAKSLLKALK
EDGYKAVFWFDAKAPPFRHKAYEA
YRAGRAPTPEDFPRQLALVKELVDLLGFTRLEVPGYEADDVLATLAKKAEKEGY
EVRILTADRGLYQLVSDRVAVLHPEGH
LITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEWGSLE
NLLKNLDRVKPENVREKIKAHLEDLRL
SLELSRVRTDLPLEVDLAQGREPDRERLRAFLERLEFGSLLHEFGLLESPKALE
EAPWPPPEGAFVGFVLSRKAPMWADLLAL
AAARGGRVYRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLAY
LLDPSNTTPEGVARRYGGEWTEEAGE
RAALSERLFANLWGRLEGEERLLWLYREVDRPLSAVLAHMEATGVRLDVACLQA
LSLELAEEIRRLEEEVFRLAGHTFNLN
SRDQLERVLFDELGLPAIGKTEKTGKRSTSAAILEALREAHPIVEKILQYRELT
KLKSTYIDPLPDLIHPRTGRLHTRFNQTATA
TGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLWLDYSQIELRVLAHLSGD
ENLIRVFQEGRDIHTETASWMFGVPREA
VDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVRAWI
EKALEEGRRRGYVETLFGRRRYVPDLNA
RVKSVREAAERMAFNMPVQGTAADLMKLAMVKLFPRLREMGARMLLQVHDELLL
EAPQARAEEVAALAKEAMEKAYPL AVPLEVKVGIGEDWLSAKE*71 3B6
ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCGCCTTCT
TCGCCCTGAAGGGCCTCACCACGAGCCGGGGCGAACCGGTGCAGGCGGTCTACG
GCTTCGCCAAGAGCCTCCTCAAGG
CCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAGGCCC
CCTCCTTCCGCCACGAGGCCTACG
AGGCCTACAAGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGCAGCTCG
CCCTCATCAAGGAGCTGGTGGACC
TCCTGGGGTTTACCCGCCTCGAGGTCCAAGGCTACGAGGCGGACGACGTCCTCG
CCACCCTGGCCAAGAAGGCGGAAA
AAGAAGGGTACGAGGTGCGCATCCTCACCGCCGACCGGGACCTCTACCAGCTCG
TCTCCGACCGCGTCGCCGTCCTCC
ACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCA
GGCCGGAGCAGTGGGTGGACTTCC
GCGCCCTCGTGGGGGACCCCTCCAACAACCTCCCCGGGGTCAAGGGCATCGGGG
AGAAGACCGCCCTCAAGCTCCTCA
AGGGGCGGGAGCTCGACCGGGAGAGGCTTAGGGCCTTTCTGGAGAGGCTTGAGT
TTGGCGGCCTCCTCCACGAGTTCG
GCCTTCTGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCGCCGGAAG
GGGCCTTCGTGGGCTTTGTGCTTTC
CCGCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCTGGCCGCCGCCAGGGGTGG
TCGGGTCCACCGGGCCCCCGAGCC
CCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCTCCTGGACCC
TTCCAACACCGCCCCCGAGGGGGTG
GCCCGGCGCTACGGCGGGGAGTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTT
TCCGAGAGGCTCTTCGCCAACCT 



GTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTACCGGGAGGTGGA
TAGGCCCCTTTCCGCTGTCCTGGC
CCACATGGAGGCCACAGGGGTACGGCTGGACGTGGCCTATCTCAGGGCCTTGTC
CCTGGAGGTGGCCGAGGAGATCGC
TTTGACGAGCTAGGGCTTCCCGCCATCGGCAAGACGGAGAAGACCGGCAAGCGC
TCCACCAGCGCCGCCGTCCTGGAG
GCCCTCCGCGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTC
ACCAAGCTGAAGAGCACCTACATT
GACCCCTTGCCGAACCTCATCCATCCCAGGACGGGCCGCCTCCACACCCGCTTC
AACCAGACGGCCACGGCCACGGGC
AGGCTAAGTAGCTCCGATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTC
GGGCAGAGGATCCGCCGGGCCTTC
ATCGCCGAGGAGGGGTGGCTATTGGTGGTCCTGGACTATAGCCAGATAGAGCTC
AGGGTGCTGGCCCACCTCTCCGGC
GACGAGAACCTGATCCGGGTCTTCCAGGAGGGGCGGGACATCCACACGGAAACC
GCCAGCTGGATGTTCGGCGTCCCC
CGGGAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAGACCATCAACTTCGGG
GTTCTCTACGGCATGTCGGCCCAC
CGCCTCTCCCAGGAGCTAGCCATCCCTTACGAGGAGGCCCAGGCCTTCATTGAG
CGCTACTTTCAGAGCTTCCCCAAGG
TACGTGCCCGACCTCAACGCCCGGGTGAAGGGCGTCAGGGAGGCCGCGGAGCGC
ATGGCCTTCAACATGCCCGTCCAG
GGCACCGCCGCCGACCTCATGAAGCTCGCCATGGTGAAGCTCTTCCCCCGCCTC
CGGGAGATGGGGGCCCGCATGCTC
ATGGAGAAGGCCTATCCCCTCGCCGTACCCCTGGAGGTGAAGGTGGGGATCGGG
GAGGACTGGCTCTCCGCCAAGGAG TGA
MAMLPLFEPKGRVLLVDGHHLAYRAFFALICGLTTSRGEPVQAVYGFAKSLLKA
LKEDGYKAVFWFDAKAPSFRHEAYEA
YKAGRAPTPEDFPRQLALIKELVDLLGFTRLEVQGYEADDVLATLAKKAEKEGY
EVRILTADRDLYQLVSDRVAVLHPEGH
LITPEWLWEKYGLRPEQWVDFRALVGDPSNNLPGVKGIGEKTALKLLKEWGSLE
NLLKNLDRVKPENVREKIKAHLEDLRL
SLELSRVRTDLPLEVDLAQGRELDRERLRAFLERLEFGGLLHEFGLLESPKALE
EAPWPPPEGAFVGFVLSRKEPMWADLLA
LAAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLA
YLLDPSNTAPEGVARRYGGEWTEEAG
ERAALSERLFANLWGRLEGEERLLWLYREVDRPLSAVLAHMEATGVRLDVAYLR
ALSLEVAEEIARLEAEVFRLAGHPFNL
NSRDQLERVLFDELGLPAIGKTEKTGKRSTSAAVLEALREAHPIVEKILQYREL
TKLKSTYIDPLPNLIHPRTGRLHTRFNQTA
TATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLVVLDYSQIELRVLAHL
SGDENLIRVFQEGRDIHTETASWMFGVPRE
AVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVRAW
IEKTLEEGRKRGYVETLFGRRRYVPDLN
ARVKGVREAAERMAFNMPVQGTAADLMKLAMVKLFPRLREMGARMLLQVHDELL
LEAPQARAGEVAALAKEAMEKAY PLAVPLEVKVGIGEDWLSAKE* 3B8
ATGGCGATGCTTCCCCTCTTTGAGCCCAAAGGCCGGGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTTCT
TCGCCCTGAAGGGCCTCACCACGAGCCGGGGCGAACCGGTGCAGGTGGTCTACG
GCTTCGCCAAGAGCCTCCTCAAGG
CCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAGGCCC
CCTCCCTCCGCCACGAGGCCTACG 



AGGCCTACAAGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCTCCGGCAGCTCG
CCCTCATCAAGGAGCTGGTGGACC
TCCTGGGGTTTACCCGCCTCGAGGTCCAAGGCTACGAGGCGGACGACGTCCTCG
CCACCCTGGCCAAGAAGGCGGAAA
AAGAAGGGTACGAGGTGCGCATCCTCACCGCCGACCGGGACCTCTACCAGCTCG
TCTCCGACCGCGTCGCCGTCCTCC
ACCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCA
GGCCGGAGCAGTGGGTGGACTTCC
GCGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGTCAAGGGCATCGGGG
AGAAGACCGCCCTCAAGCTCCTCA
AGGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTGGACCGGCTGAAGCCCG
CCATCCGGGAGAAGATCCTGGCC
CACATGGACGATCTGAAGCTCTCCTGGGACCTGGCCAAGGTGCGCACCGACCTG
CCCCTAGAGGTGGACTTCGCCAAA
AGGCGGGAGCCCGACCGGGAGAGGCTTAGGGCCTTTCTGGAGAGGCTTGAGCTT
GGCAGCCTCCTCCACGAGTTCGGC
CTTCTGGAAAGCCCCAAGACCCTGGAGGAGGCCTCCTGGCCCCCGCCGGAAGGG
GCCTTCGTGGGCTTTGTGCTTTCCC
GCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCTGGCCGCCGCCAGGQGGQGCC
GGGTCCACCGGGCCCCCGAGCCTT
TTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCTCCTGGACCCTT
CCAACACCACCCCCGAGGGGGTGGC
CCGGCGCTACGGCGGGGAGTGGACGAAGGAGGCGGGGGAGCGGGCCGCCCTTTC
CQAGAGGCTCTTCGCCAACCTGT
GGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTACCGGGAGGTGGATA
GGCCCCTTTCCGCTGTCCTGGCCC
ACATGGAGGCCACAGGGGTGCGCTTGGACGTGGCCTATCTCAGGGCCTTTCCCT
GGAGGTGGCCGAGGAGATCGCCC
GCCTCGAGGCCGAGGTCTTCCGCCTGGCCGGCCATCCCTTCAACCTCAACTCCC
GGGACCAGCTGGAAAGGGTCCTCTT
TGACGAGCTAGGGCTTCCCGCCATCGGCAAGACGGAGAAGACCGGCAAGCGCTC
CACCAGCGCCGCCGTCCTGGAGGC
CCTCCQCGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCAC
CAAGCTGAAGAGCACCTACATTGA
CCCCTTGCCGGACCTCATCCACCCCAGGACGGGCCGCCTCCACACCCGCTTCAA
CCAGACGGCCACGGCCACGGGCAG
GCTAAGTAGCTCCGATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTCGG
GCAGAGGATCCQCCGGGCCTTCGTC72
GCCGAGGAGGGGTGGCTATTGGTGGTCCTGGACTATAGCCAGATAGAGCTCAGG
GTGCTGGCCCACCTCTCCGGCGAC
GAGAACCTGACCCGGGTCTTCCTGGAGGGGCGGGACATCCACACGGAAACCGCC
AGCTGGATGTTCGGCGTCCCCCGG
GAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTT
CTCTACGGCATGTCGGCCCACCGC
CTCTCCCAGGAGCTGGCCATCCCTTACGAGGAGGCCCAGGCCTTCATAGAGCGC
TACTTCCAAAGCTTCCCCAAGGTGC
GGGCCTGGATAGAAAAGACCCTGGAGGAGGGGAGGAAGCGGGGCTACGTGGAAA
CCCTCTTCGGAAGAAGGCGCTAC
GTGCCCGACCTCAACGCCCGGGTGAAGAGTGTCAGGGAGGCCGCGGAGCGCATG
GCCTTCAACATGCCCGTCCAGGGC
AGGTCCACGACGAGCTCCTCCTGGAGGCCCCCCAAGCGCGGGCCGAGGAGGTGG
CGGCTTTGGCCAAGGAGGCCATG
GAGAAGGCCTATCCCCTCGCCGTACCCCTGGAGGTGAAGGAGGGGATCGGGGAG
GACTGGCTCTCCGCCAAGGAGTG A MAMLPLFEPKGRVLLVDGHHLA
YRTFFALKGLTTSRGEPVQWyGFAKSLLKALKEDGYKAVFWFDAKAPSLRHEA
YEA 



YKAGRAPTPEDFLRQLALIKELVDLLGFTRLEVQGYEADDVLATLAICKAEKEG
YEVRILTADRDLYQLVSDRVAVLHPEGH
LITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEWGSLE
NLLKNLDRLKPAIREKILAHMDDLKLS SRDQLERVLFDELGLP
AIGKTEKTGKRSTSAAVLEALREAHPIVEKILQ
YRELTKLKSTYIDPLPDLIHPRTGRLHTRFNQTAT
ATGRLSSSDPNLQNIPVRTPLGQRIRRAFVAEEGWLLWLDYSQIELRVLAHLSG
DENLTRVFLEGRDIHTETASWMFGVPRE
AVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVRAW
IEKTLEEGRKRGYVETLFGRRRYVPDLN
ARVKSVREAAERMAFNMPVQGTAADLMKLAMVKLFPRLREMGARMLLQVHDELL
LEAPQARAEEVAALAKEAMEKAYP LAVPLEVKEGIGEDWLSAKE* 3B10
ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTTCT
TCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGTGGTCTACG
GCTTCGCCAAGAGCCTCCTCAAGG
CCCTGAAAGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAGGCCC
CCTCATTCCGCCACAAGGCCTACG
TCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGGACGACGTTCTCG
CCACCCTGGCCAAGAAGGCGGAAA
CCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCAG
GCCGGAGCAGTGGGTGGACTTCCG
CGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGTCAAGGGCATCGGGGA
GAAGACCGCCCTCAAGCTCCTCAA
GGGGCGGGAGCCCGACCGGGAGAGGCTTAGGGCCTTTCTGGAGAGGCTTGAGTT
TGGCGGCCTCCTCCACGAGTTCGG
CCTTCTGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCGCCGGAAGG
GGCCTTCGTGGGCTTTGTGCTTTCC
CGCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCTGGCCGCCGCCAGGGGTGGT
CGGGTCCACCGGGCCCCTGAGCCT
CTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCTCCTGGACCCT
TCCAACACCACCCCCGAGGGGGTGG
CCCGGCGCTACGGCGGGGAGTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTTT
CCGAGAGGCTCTTCGCCAACCTGT
GGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTACCGGGAGGTGGAGA
GACCCCTTTCCGCTGTCCTGGCCC
ACATGGAGGCCACGGGGGTGCGCCTGGACGTGGCCTATCTCAGGGCCTTGTCCC
TGGAGGTGGCCGAGGAGATCGCCC
CCTCCGCGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCAC
CAAGCTGAAGAGCACCTACATTGA
CCCCTTGCCGGACCACATCCACCCCAGGACGGGCCGCCTCCACACCCGCTTCAA
CCAGACGGCCACGGCCACGGGCAG
GCCGAGGAGGGGTGGCTATTGGTGGTCCTGGACTATAGCCAGATAGAGCTCAGG
GTGCTGGCCCACCTCTCCGGCGAC
GAGAACCTGACCCGGGTCTTCCAGGAGGGGCGGGACATCCACACGGAAACCGCC
AGCTGGATGTTCGGCGTCCCCCGG
GAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTT
CTCTACGGCATGTCGGCCCACCGC
CTCTCCCAGGAGCTGGCCATCCCTTACGAGGAGGCCCAGGCCTTCATAGAGCGC
TACTTCCAAAGCTTCCCCAAGGTGC
GGGCCTGGATAGAAAAGACCCTGGAGGAGGGGAGGAAGCGGGGCTACGTGGAAA
CCCTCTTCGGAAGAAGGCGCTAC
GTGCCCGACCTCAACGCCCGGGTGAAGAGTGTCAGGGAGGCCGCGGAGCGCATG
GCCTTCAACATGCCCGTCCAGGGC 



AGGTCCACGACGAGCTCCTCCTGGAGGCCCCCCAAGCGCGGGCCGAGGAGGTGG
CGGCTTTGGCCAAGGAGGCCATG
AGTCGACCTGCAGGCAGCGCTTGGCGTCACCCGCAGTTCGGTGGTTAA
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQWYGFAKSLLKALK
EDGYKAVFWFDAKAPSFRHKAYEA
YRAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAEKEGY
EVRILTADRGLYQLVSDRVAVLHPEGHL
ITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEWGSLEN
LLKNLDRVKPENVREKIKAHLEDLRLS
LELSRVRTDLPLEVDLAQGREPDRERLRAFLERLEFGGLLHEFGLLESPKALEE
APWPPPEGAFVGFVLSRKEPMWADLLAL
AAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLAY
LLDPSNTTPEGVARRYGGEWTEEAGE
RAALSERLFANLWGRLEGEERLLWLYREVERPLSAVLAHMEATGVRLDVAYLRA
LSLEVAEEIARLEAEVFRLAGHPFNLN
SRDQLERVLFDELGLPAIGKTEKTGKRSTSAAVLEALREAHPIVEKILQYRELT
KLKSTYIDPLPDHIHPRTGRLHTRFNQTAT
ATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLVVLDYSQIELRVLAHLS
GDENLTRVFQEGRDIHTETASWMFGVPRE
AVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVRAW
IEKTLEEGRKRGYVETLFGRRRYVPDLN
ARVKSVREAAERMAFNMPVQGTAADLMKLAMVKLYPRLREMGARMLLQVHDELL
LEAPQARAEEVAALAKEAMEKAYP
LAVPLEVKVGIGEDWLSAQGVSRPAGSAWRHPQFGG* 3C1273
ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTTCT
TCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGTGGTCTACG
GCTTCGCCAAGAGCCTCCTCAAGG
CCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAGGCCC
CCTCATTCCGCCACAAGGCCTACG
AGGCCTACAGGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGCAGCTCG
CCCTCATCAAGGAGCTGGTGGACC
TCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGGACGACGTTCTCG
CCACCCTGGCCAAGAAGGCGGAAA
AGGAGGGGTACGAGGTGCGCATCCTCACCGCCGACCGCGGCCTCTACCAACTCG
TCTCTGACCGCGTCGCCGTCCTCCA
CCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCAG
GCCGGAGCAGTGGGTAGACTTCCG
CGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGTCAAGGGCATCGGGGA
GAAGACCGCCCTCAAGCTCCTCAA
GGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTGGACCGGGTAAAGCCAGA
AAACGTCCGGGAGAAGATCAAGG
GGGGCGGGAGCCCGACCGGGAGGGGCTTAGGGCCTTTCTGGAGAGGCTTGAGTT
TGGCAGCCTCCTCCACGAGTTCGG
CCTTCTGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCGCCGGAAGG
GGCCTTCGTGGGCTTTGTGCTTTCA
CGCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCTGGCCGCCGCCAGGGGTGGT
CGGGTCCACCGGGCCCCCGAGCCT
CTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCTCCTGGACCCT
TCCAACACCGCCCCCGAGGGGGTGG
CCCGGCGCTACGGCGGGGAGTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTTT
CCGAGAGGCTCTTCGCCAACCTGT
GGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTACCGGGAGGTGGATA
GGCCCCTTTCCGCTGTCCTGGCCC 



ACATGGAGGCCACAGGGGTACGGCTGGACGTGGCCTGCCTGCAGGCCCTTTCCC
TGGAGCTTGCGGAGGAGATCCGCC
TGACGAGCTAGGGCTTCCCGCCATCGGCAAGACGGAGAAGACCGGCAAGCGCTC
CACCAGCGCCGCCATCCTGGAGGC
CCTCCGCGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCAC
CAAGCTGAAGAGCACCTACATTGA
CCCCTTGCCGGACCTCATCCACCCCAGGACGGGCCGCCTCCACACCCGCTTCAA
CCAGACGGCCACGGCCACGGGCAG
GCCGAGGAGGGGTGGCTATTGGTGGTCCTGGACTATAGCCAGATAGAGCTCAGG
GTGCTGGCCCACCTCTCCGGCGAC
GAGAACCTGACCCGGGTCTTCCTGGAGGGGCGGGACATCCACACGGAAACCGCC
AGCTGGATGTTCGGCGTCCCCCGG
GAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTT
CTCTACGGCATGTCGGCCCACCGC
GTGCCCGACCTCAACGCCCGGGTGAAGAGTGTCAGGGAGGCCGCGGAGCGCATG
GCCTTCAACATGCCCGTCCAGGGC
AGGTCCACGACGAGCTCCTCCTGGAGGCCCCCCAAGCGCGGGCCGAGGAAGTGG
CGGCTTTGGCCAAGGAGGCCATG
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQWYGFAKSLLKALK
EDGYKAVFWFDAKAPSFRHKAYEA
YRAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAEKEGY
EVRILTADRGLYQLVSDRVAVLHPEGHL
ITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEWGSLEN
LLKNLDRVKPENVREKIKAHLEDLRLS
LELSRVRTDLPLEVDLAQGREPDREGLRAFLERLEFGSLLHEFGLLESPKALEE
APWPPPEGAFVGFVLSRKEPMWADLLAL
AAARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLAY
LLDPSNTAPEGVARRYGGEWTEEAGE
RAALSERLFANLWGRLEGEERLLWLYREVDRPLSAVLAHMEATGVRLDVACLQA
LSLELAEEIRRLEEEVFRLAGHPFNLN
SRDQLERVLFDELGLPAIGKTEKTGKRSTSAAILEALREAHPIVEKILQYRELT
KLKSTYIDPLPDLIHPRTGRLHTRFNQTATA
TGRLSSSGPNLQNIPVRTPLGQRIRRAFVAEEGWLLWLDYSQIELRVLAHLSGD
ENLTRVFLEGRDIHTETASWMFGVPREA
VDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVRAWI
EKTLEEGRKRGYVETLFGRRRYVPDLNA
RVKSVREAAERMAFNMPVQGTAADLMKLAMVKLFPRLREMGARMLLQVHDELLL
EAPQARAEEVAALAKEAMEKAYPL AVPLEVKVGIGEDWLSAKE* 3Dl
ATGGCGATGCTTCCCCTCTTTGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGC
CACCACCTGGCCTACCGCACCTTCT
TCGCCCTGAAGGGCCCCACCACGAGCCGGGGCGAACCGGTGCAGGTGGTCTACG
GCTTCGCCAAGAGCCTCCTCAAGG
CCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTGGTCTTTGACGCCAAGGCCC
CCTCATTCCGCCACAAGGCCTACG
AGGCCTACAGGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGCAGCTCG
CCCTCATCAAGGAGCTGGTGGACC
TCCTGGGGTTTACCCGCCTCGAGGTCCCCGGCTACGAGGCGGACGACGTTCTCG
CCACCCTGGCCAAGAAGGCGGAAA
CCCCGAGGGCCACCTCATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCAG
GCCGGAGCAGTGGGTGGACTTCCG
CGCCCTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGTCAAGGGCATCGGGGA
GAAGACCGCCCTCAAGCTCCTCAA
GGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTGGACCGGGTAAAGCCAGA
AAACGTCCGGGAGAAGATCAAGG 



CCCACCTGGAAGACCTCAGGCTCTCCTTGGAGCTCTCCCGGGTGCGCACCGACC
TCCCCCTGGAGGTGGACCTCGCCCA
GAGGCGGGAGCCCGACCGGGAGGGGCTTAGGGCCTTTCTGGAGAGGCTTGAGTT
TGGCAGCCTCTTCCACGAGTTCGG
CCTTCTGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCCGCCGGAAGG
GGCCTTCGTGGGCTTTGTGCTTTCC
CGCAAGGAGCCCATGTGGGCCGATCTTCTGGCCCTGGCCGCCGCCAGGGGTGGT
CGAGTCCACCGGGCCCCCGAGCCT
CTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCTCCTGGACCCT
TCCAACACCACCCCCGAGGGGGTGG
CCCGGCGCTACGGCGGGGAGTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTTT
CCGAGAGGCTCTTCGCCAACCTGT
GGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTACCGGGAGGTGGAGA
GGCCCCTTTCCGCTGTCCTGGCCC
ACATGGAGGCCACGGGGGTGCGCCTGGACGTGGCCTATCTCAGGGCCTTGTCCC
TGGAGGTGGCCGAGGAGATCGCCC
GCCTCGAGGCCGAGGTCTTCCGCCTGGCCGGCCACCCCTTCAACCTCAACTCCC
GGGACCAGCTGGAAATGGTGCTCTT
TGACGAGCTTAGGCTTCCCGCCTTGGGGAAGACGCAAAAGACGGGCAAGCGCTC
CACCAGCGCCGCCGTCCTGGAGGC
CCTCCGCGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCAC
CAAGCTGAAGAGCACCTACATTGA
CCCCTTGTCGGACCTCATCCACCCCAGGACGGGCCGCCTCCACACCCGCTTCAA
CCAGACGGCCACGGCCACGGGCAG
GCTAAGTAGCTCCGATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTTGG
GCAGAGGATCCGCCGGGCCTTCATC
GCCGAGGAGGGGTGGCTACTGGTGGTCCTGGACTATAGCCAGATAGAGCTCAGG
GTGCTGGCCCACCTCTCCGGCGAC
GAAAACCTGATCAGGGTCTTCCAGGAGGGGCGGGACATCCACACGGAGACCGCC
AGCTGGATGTTCGGCGTCCCCCGG74
GAGGCCGTGGACCCCCTGATGCGCCGGGCGGCCAAGACCATCAACTTCGGGGTC
CTCTACGGCATGTCGGCCCACCGC
CTCTCCCAGGAGCTAGCCATCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGC
TACTTTCAGAGCTTCCCCAAGGTGC
GGGCCTGGATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGA
CCCTCTTCGGCCGCCGCCGCTAC
GTGCCAGACCTAGAGGCCCGGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGCATG
GCCTTCAACATGCCCGTCCAGGG
CACCGCCGCCGACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGG
AGAAACGGGGGCCAGGATGCTCCT
TCAGGTCCACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGT
GGCCCGGCTGGCCAAGGAGGCCA
TGGAGGGGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATAGGGG
AGGACTGGCTCTCCGCCAAGGGTT AG
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGPTTSRGEPVQWYGFAKSLLKALK
EDGYKAVFWFDAKAPSFRHKAYEA
YRAGRAPTPEDFPRQLALIKELVDLLGFTRLEVPGYEADDVLATLAKKAEKEGY
EVRILTADRGLYQLVSDRVAVLHPEGHL
ITPEWLWEKYGLRPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEWGSLEN
LLKNLDRVKPENVREKIKAHLEDLRLS
LELSRVRTDLPLEVDLAQRREPDREGLRAFLERLEFGSLFHEFGLLESPKALEE
APWPPPEGAFVGFVLSRKEPMWADLLALA
AARGGRVHRAPEPYKALRDLKEARGLLAKDLSVLALREGLGLPPGDDPMLLAYL
LDPSNTTPEGVARRYGGEWTEEAGER
AALSERLFANLWGRLEGEERLLWLYREVERPLSAVLAHMEATGVRLDVAYLRAL
SLEVAEEIARLEAEVFRLAGHPFNLNS 



RDQLEMVLFDELRLPALGKTQKTGKRSTSAAVLEALREAHPIVEKILQYRELTK
LKSTYIDPLSDLIHPRTGRLHTRFNQTAT
ATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEEGWLLWLDYSQIELRVLAHLSG
DENLIRVFQEGRDIHTETASWMFGVPRE
AVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEEAQAFIERYFQSFPKVRAW
IEKTLEEGRRRGYVETLFGRRRYVPDLE
ARVKSVREAAERMAFNMPVQGTAADLMKLAMVKLFPRLGETGARMLLQVHDELV
LEAPKERAEAVARLAKEAMEGVYP LAVPLEVEVGIGEDWLSAKG* Example
11: Abasic site bypass by mismatch extension clone in
PCR A list of polymerases selected to extend four
mismatches were assayed for their ability to extend
abasic sites in PCR (Figure 10). C12 and Dl, which can
also extend four mismatched primers in PCR, as well as
AlO, B6 and B8, which cannot, all produced an
amplification product. Example 12: Abasic site bypass
by mismatch extension clone in PCR A list of
polymerases selected to extend four mismatches were
assayed for their ability to extend abasic sites in
PCR (Figure 10). C12 and Dl, which can also extend
four mismatched primers in PCR, as well as AlO, B6 and
B8, which cannot, all produced an amplification
product. Example 13: Translesion synthesis activity by
mismatch extension clone as determined by primer
extension assays.75 Seven polymerases were assayed for
their ability to bypass abasic sites in a primer
extension assay (Figure 11). Primer extension assays
were essentially as described in (Ghadessy et al.,
2004). Briefly, undamaged oligonucleotides and a 51mer
containing a synthetic abasic site were synthesized by
Lofstrand Laboratories (Gaithersburg, MD) using
standard techniques and were gel purified prior to
use. A 20mer primer (LES_20P) with the sequence was
5'-labeled with [ P]ATP (5000 Ci/mmole; 1 Ci=37 GBq)
(Pharmacia ) using T4 polynucleotide kinase
(Invitrogen, Carlsbad CA). Radiolabeled
primer-template DNAs were prepared by annealing the
5'[ P] labeled 20mer primer to one of the two
following 51mer templates (at a primer template ratio
of molar 1:1.5). 1) undamaged DNA (UNDT51T); 5'-AGC
TAC CAT GCC TGC ACG AAT TCG GCA TCC GTC GCG ACC ACG
GTC GCA GCG-3'; 2) 



an oligo (LABA51T) containing a synthetic abasic site
(indicated as an X in bold font); 5'-AGC TAC CAT GCC
TGC ACG ACA XCG GCA TCC GTC GCG ACC ACG GTC GCA
GCG-3'. Standard replication reactions of 10 m
contained 4OmM Tris"HCl at pH 8.0, 5mM MgCl , lOOmM of
each ultrapure dNTP (Amersham Pharmacia Biotech, NJ),
1OmM DTT, 250 mg/ml BSA, 2.5% glycerol, 10 nM 5'[32P]
primer-template DNA and 0.1 Unit of polymerase. After
incubation at 6OC for various times reactions were
terminated by the addition of 10 ml of 95% formamide/
10 M EDTA and the samples heated to 100 C for 5 min.
Reaction mixtures (5 ml) were subjected to 20 %
polyacrylamide/7 M Urea gel electrophoresis and
replication products visualized by Phosphorlmager
analysis.76 Polymerases AlO was the most active and
was chosen for further analysis (Figure 2 JRF
nomenclature) on abasic sites and cyclobutane
thymine-thymine dimers (CPD). AlO was clearly better
at both abasic site and CPD extension and bypass than
both wild type and M . Example 14: Error rate
investigation of mismatch extension clones as
determined by MutS ELISA. Relaxed specificity might be
expected to be achieved at the cost of lower fidelity.
We used a MutS ELISa to investigate this possibility.
MutS is an E. coli derived mismatch binding protein
that binds single base pair mismatches or small (1-4
base) additions or deletions. It can be used to
monitor PCR fidelity in an ELISA based assay (Debbie
et al., 1997). Immobilised Mismatch Binding protein
plates (Genecheck, Ft Collins, USA) were used for
fidelity measurements as per manufacturer's
instructions, essentially as described in (Debbie et
al., 1997). The mutation rate of Dl was compared that
ofwtTaq and Ml Ml was already known to have a modestly
increased mutation rate (approximately 2 fold)
(Ghadessy et al., 2004). The data presented here
suggests that Dl has a 2 fold increased error rate
compared to Ml and a four fold increased error rate
compared to v Taq. This corresponds approximately to a
1 in 2500 error ratio and is sufficiently low to not
be 



problematic for many applications.77 Example 15;
Investigation of mismatch extension clones for the
amplification of damaged DNA such as is fonnd in
ancient samples. DNA recovered from ancient samples is
invariably damaged, limiting the information it can
yield. Polymerases that can bypass damage (such as
abasic site or hydantoins) might therefore be useful
in increasing the information that can be recovered
from ancient samples of DNA. Experiment 1 A mismatch
extending polymerase can amplify previously
unamplifiable cave hyena DNA Several samples of cave
hyena (Crocuta spelaea) were extracted and analysed.
Of those, seven samples (see Figure 12 for the list)
failed to ever produce an amplification product. These
samples were chosen to test the efficacy of the
expanded substrate spectrum polymerases. Ml has a
slightly reduced kcat/Km, 14% of Taq wild type, and is
hence slightly less efficient in PCR. Therefore, Ml
was blended with a commercial preparation of Taq
(SuperTaq (HT biotechnology Ltd)) in a ratio of 1 unit
to 10 and compared to Taq in the absence of Ml. It was
hoped that if Ml could bypass the blocking lesions,
then the wild type Taq would amplify the resulting
translesion synthesis product. On two78 separate
occasions, the Ml/SuperTaq mix was able to produce an
amplification product whereas SuperTaq alone did not
(see figure 12 for one example) The DNA was cloned and
sequence and found to differ in two positions (A71 "G,
77A "G) from the expected sequence. This could either
be a miscoding lesion resulting from a deamination of
C or a population variant sequence not seen previously
in aDNA. Indeed, both mutations exist in modern
spotted hyena (Crocuta crocut , arguing for the second
interpretation. Of the 10 sequences obtained from the
same successful PCR, two each had a further unique
single mutation, an A to G in different places. These
are most likely errors incurred during amplification.
Such errors are frequently seen in aDNA PCR and are
one reason why multiple sequences need to be 



obtained from the same PCR product. Contamination
problems prevented an exhaustive analysis of the
benefits of Ml polymerase. However, this result
strongly suggested that a suitable altered polymerase
could be usefully applied to aDNA. Experiment 2: A
blend of mismatch extending polymerase needs less
ancient DNA for a successful PCR. Polymerases that
displayed interesting properties: B5, B8, C12 and Dl,
which can extend mismatches as well as AlO, B6 and BlO
which are proficient at abasic site bypass were
purified. In order to keep the number of experiments
manageable, they were blended in equal volumes with
Ml, SuperTaq and heparin purified wild-type79 Taq.
This mix of polymerases was used in almost all
subsequent experiments and is referred to as the
blend. To ensure that no polymerase would negatively
affect the PCR through its mutant activity, each one
was individually blended with SuperTaq and used to
perform an aDNA PCR with an ancient sample known to
contain amplifiable DNA. All PCRs were successful
(data not shown), indicating that it was unlikely that
any of the mutant enzymes would be a liability in the
blend. The activity of the blend was checked against
the activity of SuperTaq by a PCR activity dilution
series. By this measure, the blend was less active
than SuperTaq, by a factor of two. The conditions that
are usually used in aDNA PCR did not transfer readily
to the blend or to SuperTaq as they had been optimised
for AmpliTaqGold (Applied Biosystems), a chemically
modified version of Taq that allows a hot start and
slow enzyme release through heat activation. Manual
hot starts are not advisable in aDNA analysis because
opening the PCR tube outside the clean room prior to
thermocycling carries a high risk of contamination.
Furthermore, alternative hot start techniques could
not be utilised either: antibodies used to inactivate
wtTaq at low temperatures might not bind to the
chimerical proteins selected from the Molecular
Breeding library and hot start buffers proved
ineffective (data not shown). A new two step nested
PCR strategy was used. In 



the first step, the aDNA is amplified over 28 cycles
with either SuperTaq or the blend. In the second step,
the first PCR is diluted 20 fold in a secondary clean
room and80 amplified with SuperTaq using in-nested
primers. This is the approach subsequently used to
compare SuperTaq and the blend Briefly, 2 m of ancient
sample were added to a 20 m PCR in SuperTaq buffer (HT
Biotech) with 1 mM of the appropriate primers (see
Figure 13), 2mM of each deoxyribonucleoside
triphosphate (dNTP) as well as 0. ml of SuperTaq or an
equal volume of mutant polymerases and amplified for
28 cycles. This PCR was set up in a clean room
following precautions appropriate for aDNA.. The first
step PCR was then diluted 1 in 20 in a secondary clean
room and thermocycled for a further 32 cycles with the
same buffer and dNTPs conditions, using in-nested
primers and SuperTaq. No template controls were used
to test for contamination. A two fold dilution series
of aDNA with equal volumes of SuperTaq and the blend
(and therefore approximately equal activities, with
the blend slightly less active) was performed and
repeated this four times This experiment showed that
the blend was more likely to produce a band at a lower
concentration of aDNA than SuperTaq. This therefore
represented the second experiment that indicated that
the mismatch extension polymerases were more
proficient at amplifying aDNA than wild-type Taq.
Experiment 3: The mismatch extension polymerases
perform consistently better in ancient DNA PCR.81
Sample heterogeneity and the inherent stochasticity of
aDNA analysis make the interpretation of a single
positive or negative PCR problematic. To address this,
multiple PCRs of a same sample and count the number of
successful PCR amplifications at a limiting sample
dilution were performed. Comparison of SuperTaq with
the blend would allowed a statistical analysis. As the
amount of aDNA required for this type of approach is
large, samples previously shown to be of high quality
were chosen and tested at limiting dilutions to
increase the amount of material available for
analysis. A short target sequence was chosen to allow
maximal dilutions. 



This has the additional advantage that at a
sufficiently high dilution, the undamaged DNA will
have been diluted out, leaving only damaged template.
In such conditions, the difference between a
polymerase that can bypass blocking lesions and one
that cannot should become clearly apparent. A total of
nine experiments at limiting amounts of aDNA, where
the PCR would only be stochastically successful
(Figures 14 and 15 ) were performed. In eight out of
nine experiments, the blend resulted in more
successful PCRs than SuperTaq. The probability of this
occurring by chance is 1.76%, as determined by
binomial distribution analysis. It is commonly
accepted that chance can be dismissed as an
explanation when an event is expected to occur at 5%
probability or less. We can therefore state that this
effect is not due to chance and that the blend is
repeatedly performing better than SuperTaq in the
conditions of the experiment. This82 proves beyond
reasonable doubt that the mismatch extension
polymerases are a more sensitive tool for the recovery
of ancient DNA sequences. Example 16: Selection of a
polymerases capable of replicating the unnatural base
analogue 5-nitroindol (5NI) We selected for extension
and bypass of 5NI directly from the polymerase chimera
library described in example 8 using an analogous
strategy to the mismatch selection using flanking
primers (5'-CAG GAA ACA GCT ATG ACA AAA ATC TAG ATA
ACG AGG GCA 5NI-3', 5'-GTA AAA CGA CGG CCA GTA CCA CCG
AAC TGC GGG TGA CGC CAA GC5NI-3') comprising 5NI (or a
derivative) at their 3' ends. After round 3 , we used
flanking primers (5'-CAG GAA ACA GCT ATG ACA AAA ATC
TAG ATA 5NICG AGG GCA 5NI-3', 5'-GTA AAA CGA CGG CCA
GTA CCA C5NIG AAC TGC GGG TGA CGC CAA GC5NI-3')
comprising internal 5NI (or a derivative) as well as
3' terminal 5NI (or a derivative) to increase
selection pressure for 5NI replication. Five rounds of
selection yielded a number of clones with greatly
increased ability to replicate 5NI. Among the best
clones were round 4 clone 4 and round 5 clone 5D4: 



4D11: 5'-
ATGGCGATGCTTCCCCTCTTTGAGCCCAAAGGCCGGGTCCTCCTGGTGGACGGC
CACCACCTGGCCTAC
CGCACCTTCTTCGCCCTGAAGGGCCTCACCACGAGCCGGGGCGAACCGGTGCAG
GCGGTTTACGGCTTC
GCCAAGAGCCTCCTCAAGGCCCTGAAGGAGGACGGGTACAAGGCCGTCTTCGTG
GTCTTTGACGCCAAG
GCCCCCTCCTTCCGCCACGAGGCCTACGAGGCCTACAAGGCGGGGAGGGCCCCG
ACCCCCGAGGACTTC
CCCCGGCAGCTCGCCCTCATCAAGGAGCTGGTGGACCTCCTGGGGTTTACCCGC
CTCGAGGTCCAAGGC
TACGAGGCGGACGACGTCCTCGCCACCCTGGCCAAGAAGGCGGAAAAAGAAGGG
TACGAGGTGCGCATC
CTCACCGCCGACCGGGACCTCTACCAGCTCGTCTCCGACCGCGTCGCCGTCCTC
CACCCCGAGGGCCAC
CTCATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCAGGCCGGAGCAGTGG
GTGGACTTCCGCGCC
CTCGTGGGGGACCCCTCCGACAACCTCCCCGGGATCAAGGGCATCGGGGAGAAG
ACCGCCCTCAAGCTC
CTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTGGACCGGGTAAAG
CCAGAAAATGTCCGG
GAGAAGATCAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGCTCTCCCGG
GTGCGCACCGACCTC
CCCCTGGAGGTGGACTTCGCCAAAAGGCGGGAGCCCGACCGGGAGAGGCTTAGG
GCCTTTCTGGAGAGG
CTTGAGTTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCC
CTGGAGGAGGCCCCC
TGGCCCCCGCCGGAAGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCC
ATGTGGGCCGATCTT
CTGGCCCTGGCCGCCGCCAAGGGTGGCCGGGTCCACCGGGCCCCCGAGCCTTAT
AAAGCCCTCAGGGAC
TTGAAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTGAGCGTTCTGGCCCTAAGG
GAAGGCCTTGGCCTC
CCGCCCGGCGACGACCCCATGCTCCTCGCCTACCTCCTGGACCCTTCCAACACC
ACCCCCGAGGGGGTG83
GCCCGGCGCTACGGCGGGGAGTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTT
TCCGAGAGGCTCTTC
GCCAACCTGTGGGGGAGGCTTGAGGGGGAGGAGAGGCTCCTTTGGCTTTACCGG
GAGGTGGAGAGGCCC
CTTTCCGCTGTCCTGGCCCACATGGAGGCCACGGGGGTGCGCCTGGACGTGGCC
TATCTCAGGGCCTTG
TCCCTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGCCGAGGTCTTCCGCCTG
GCCGGCCACCCCTTC
AACCTCAACTCCCGAGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTT
CCCGCCATCGGCAAG
ACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCGC
GAGGCCCACCCCATC
GTGGAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACCTACATT
GACCCCTTGCCGGAC
CTCATCCACCCCAGGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACG
GCCACGGGCAGGCTA
AGTAGCTCCGATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTCGGGCAG
AGGATCCGCCGGGCC
TTCATCGCCGAGGGGGGGTGGCTATTGGTGGTCCTGGACTATAGCCAGATGGAG
CTCAGGGTGCTGGCC
CACCTCTCCGGCGACGAGAACCTGATCCGGGTCTTCCAGGAGGGGCGGGACATC
CACACGGAAACCGCC 



AGCTGGATGTTCGGCGTCCCCCGGGAGGCCGTGGACCCCCTGATGCGCCGGGCG
GCCAAGACCATCCA
TTCGGGGTTCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAGCTAGCCATC
CCTTACGAGGAGGCC
CAGGCCTTCATTGAGCGCTACTTTCAGAGCTTCCCCAAGGTGCGGGCCTGGATT
GAGAAGACCCTGGAG
GAGGGCAGGAGGCGGGGGTACGTGGAGACCCTCTTCGGCCGCCGCCGCTACGTG
CCAGACCTAGAGGCC
CGGGTGAAGAGCGTGCGGGAGGCGGCCGAGCGCATGGCCTTCAACATGCCCGTC
CAGGGCACCGCCGCC
GACCTCATGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAACGGGG
GCCAGGATGCTCCTT
CAGGTCCACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTG
GCCCGGCTGGCCAAG
GAGGTCATGGAGGGGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGG
ATAGGGGAGGACTGG CTCTCCGCCAAGGAGTGA-' 4D11 amino acid
sequence:
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGLTTSRGEPVQAVYGFAKSLLKAL
KEDGYKAVFVVFDAK
APSFRHEAYEAYKAGRAPTPEDFPRQLALIIOALVDLLGFTRLEVQGYEADDVL
ATLAKKAEKEGYEVRI
LTADRDLYQLVSDRVAVLHPEGHLITPEWLWEKYGLRPEQWVDFRALVGDPGSD
K LPGIKGIGEKTALKL LKEWGSLX
NLLKNLDRVKPENVREKIKAHLEDLRLSLELSRVRTDLPLEVDFAKRREPDRER
LRXARFL
LEFGSLLHEFGLLESPKALEEAPWPPPEGAFVGFVLSRKEPMWADLLALAAAKG
GRVHRAPEPYKALRD
LKEARGLLAKDLSVLALREGLGLPPGDDPMLLAYLLDPSNTTPEGVARRYGGEW
TEEAGERAALSERLF
ANLWGRLEGEERLLWLYREVERPLSAVLAHMEATGVRLDVAYLRALSLEVAEEI
ARLEAEVFRLAGHPF NLNSRDQLERVLFDELGLPAIGKTEKTGKRSTSAAVXL
ALREAHPIVEKILQYRELTKLKSTYIDPLPD
LIHPRTGRLHTRFNQTATATGRLSSSDPNLQNIPVRTPLGQRIRRAFIAEGGWL
LWLDYSQMELRVLA
HLSGDENLIRVFQEGRDIHTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMS
AHRLSQELAIPYEEA
QAFIERYFQSFPKVRAWIEKTLEEGRRRGYVETLFGRRRYVPDLEARVKSVREA
AERMAFNMPVQGTAA DLMKLAMVKLFPRLE TXGARMLLQVHDELVL
APKXERAEAVARLAKEVM GVYPLAXVPLEVEVGIGEDW LSAKE* 5D4 :
'-
ATGGCGATGCTTCCCCTCTTTGAGCCCAAAGGCCGGGTCCTCCTGGTGGACGGC
CACCACCTGGCCTAC
CGCACCTTCTTCGCCCTGAAGGGCCTCACCACGAGTCGGGGCGAACCGGTGCAG
GCGGTCTACGGCTTC
GCCAAGAGCCTCCTCAAGGCCCTGAAGGAGGACGGGTACAAGGCCATCTTCGTG
GTCTTTGACGCCAAG
GCCCCCTCCTTCCGCCACGAGGCCCACGAGGCCTACAAGGCGGGGAGGGCCCCG
AGCCCCGAGGACTTC
CCCCGGCAGCTCGCCCTCATCAAGGAGCTGGTGGACCTCCTGGGGTTTACCCGC
CTCGAGGTCCAAGGC 



TACGAGGCGGACGACGTCCTCGCCACCCTGGCCAAGAAGGCGGAAAAAGAAGGG
TACGAGGTGCGCATC
CTCACCGCCGACCGGGACCTCTACCAGCTCGTCTCCGACCGCGTCGCCGTCCTC
CACCCCGAGGGCCAC
CTCATCACCCCGGAGTGGCTTTGGGAGAAGTACGGCCTCAGGCCGGAGCAGTGG
GTGGACTTCCGCGCC
CTCGTGGGGGACCCCTCCGACAACCTCCCCGGGGTCAAGGGCATCGGGGAGAAG
ACCGCCCTCAAGCTC
CTCAAGGAGTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTGGACCGGCTGAAG
CCCGCCATCCGGGAG
AAGATCCTGGCCCACATGGACGATCTGAAGCTCTCCTGGGACCTGGCCAAGGTG
CGCACCGACCTGCCC
CTGGAGGTGGACTTCGCCAAAAGGCGGGAGTCCGATCGGGAGAGGCTTAGGGCC
TTTCTGGAGAGGCTT
GAGTTTGGCAGCCTCCTCCACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTG
GAGGAGGCCCCCTGG
CCCCCGCCGGTAGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATG
TGGGCCGATCTTCTG
GCCCTGGCCGCCGCCAGGGGTGGTCGGGTCCACCGGGCCCCCGAGCCTTATAAA
GCCCTCAGAGACCTG
AAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTGAGCGTTCTGGCCCTGAGGGAA
GGCCTTGGCCTCCCG
CCCGGCGACGACCCCATGCTCCTCGCCTACCTCCTGGACCCTTCCAACACCACC
CCCGAGGTGGTGGCC84
CGGCGCTACGGCGGGGAGTGGACGGAGGAGGCGGGGGAGCGGGCCGCCCTTTCC
GAGAGGCTCTTCGCC
AACCTGTGGGGGAGGCTTGAGGGGGAGGGGAGGCTCCTTTGGCTTTACCGGGGG
GTGGAGAGGCCCCTT
TCCGCTGTCCTGGCCCACATGGAGGCCACAGGGGTGCGCCTGGACGTGGCCTAT
CTCAGGGCCTTGTCC
CTGGAGGTGGCCGAGGAGATCGCCCGCCTCGAGGCCGAGGTCTTCCGCCTGGCC
GGCCACCCCTTCAAC
CTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCC
GCCATCGGCAAGACG
GAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGAGGCCCTCCGCGAG
GCCCACCCCATCGTG
GAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCTGAAGAGCACTTACATTGAC
CCCTTGCCGGACCTC
ATCCACCCCAGGACGGGCCGCCTCCACACCCGCTTCAACCAGACGGCCACGGCC
ACGGGCAGGCTAAGT
AGCTCCGATCCCAACCTCCAGAACATCCCCGTCCGCACCCCGCTCGGGCAGAGG
ATCCGCCGGGCCTTC
ATCGCCGAGGGGGGGTGGCTATTGGTGGTCCTGGACTATAGCCAGATGGAGCTC
AGGGTGCTGGCCCAC
CTCTCCGGCGACGAGAACCTGATCCGGGTCTTCCAGGAGGGGCGGGACATCCAC
ACGGAAACCGCCAGC
TGGATGTTCGGCGTCCCCCGGGAGGCCGTGGACCCCCTGATGCGCCGGGCGGCC
AAGACCATCAACTTC
GGGGTTCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAGCTAGCCATCCCT
TACGAGGAGGCCCAG
GCCTTCATTGAGCGCTACTTCCAAAGCTTCCCCAAGGTGCGGGCCTGGATAGAA
AAGACCCTGGAGGAG
GGGAGGAAGCGGGGCTACGTGGAAACCCTCTTCGGAAGAAGGCGCTACGTGCCC
GACCTCAACGCCCGG
GTGAAGAGCGTCAGGGAGGCCGCGGAGCGCATGGCCTTCAACATGCCCGTCCAG
GGCACCGCCGCCGAC
CTCACGAAGCTGGCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAACGGGGGCC
AGGATGCTCCTTCAG 



GTCCACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCC
CGGCTGGCCAAGGAG
GTCATGGAGGGGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGTGGGGATA
GGGGAGGACTGGCTT TCCGCCAAGGGTTAG - ' 5D4 amino acid
sequence:
MAMLPLFEPKGRVLLVDGHHLAYRTFFALKGLTTSRGEPVQAVYGFAKSLLKAL
KEDG
YKAIFWFDAKAPSFRHEAHEAYKAGRAPSPEDFPRQLALIKELVDLLGFTRLEV
QGY
EADDVLATLAKKAEKEGYEVRILTADRDLYQLVSDRVAVLHPEGHLITPEWLWE
KYGL
RPEQWVDFRALVGDPSDNLPGVKGIGEKTALKLLKEWGSLENLLKNLDRLKPAI
REKI
LAHMDDLKLSWDLAKVRTDLPLEVDFAKRRESDRERLRAFLERLEFGSLLHEFG
LLES
PKALEEAPWPPPVGAFVGFVLSRKEPMWADLLALAAARGGRVHRAPEPYKALRD
LKEA
RGLLAKDLSVLALREGLGLPPGDDPMLLAYLLDPSNTTPEWARRYGGEWTEEAG
ERA
ALSERLFANLWGRLEGEGRLLWLYRGVERPLSAVLAHMEATGVRLDVAYLRALS
LEVA
EEIARLEAEVFRLAGHPFNLNSRDQLERVLFDELGLPAIGKTEKTGKRSTSAAV
LEAL
REAHPIVEKILQYRELTKLKSTYIDPLPDLIHPRTGRLHTRFNQTATATGRLSS
SDPN
LQNIPVRTPLGQRIRRAFIAEGGWLLWLDYSQMELRVLAHLSGDENLIRVFQEG
RDI
HTETASWMFGVPREAVDPLMRRAAKTINFGVLYGMSAHRLSQELAIPYEEAQAF
IERY
FQSFPKVRAWIEKTLEEGRKRGYVETLFGRRRYVPDLNARVKSVREAAERMAFN
MPVQ
GTAADLTKLAMVKLFPRLEETGARMLLQVHDELVLEAPKERAEAVARLAKEVME
GVYP LAVPLEVEVGIGEDWLSAKG* Example 17: Expanded
spectrum of polymerases selected for replication of
5NI Round 5 polymerases selected for replication of
5NI were tested for activity with a range of
substrates using the hairpin ELISA assay described in
example 8. tUTP and ceATP were kind gifts from the
laboratory of P. Herdewijin, Rega Institute,
Katholieke Universiteit Leuven, Belgium. Results are
shown in Figure 14 1. ELISA with tUTP:85 The ability
of round 5 clones selected for 5NI replication
extension to sequentially incorporate 2 or 3 of the
TNA UTP derivative (3', 2')-beta-L-threonyl -UTP was
assayed using the hairpin primers (ELISAT2r: 5'-TAG
CTC GGT AA CGC CGG CTT CCG TCG CGA CCA CGT TX TTC GTG
GTC GCG ACG GAA GCC G-3' , 



ELISAT3p: 5'-TAG CTC GGT AAA CGC CGG CTT CCG TCG CGA
CCA CGT TX TTC GTG GTC GCG ACG GAA GCC G-3'
(X=dU-biotin (Glen research)). The lysates used were
concentrated 4-fold. ELISA protocol was a described
except that The DIG labelled dUTP in the extension
reaction was replaced with Fluorescein 12- dATP
(Perkin-Elmer) (at 3% of dATP) and the incorporation
of Fluorescein 12-dATP was detected by
anti-Fluorescein-POD Fab fragments (Roche). 2. ELISA
with ceATP; The ability of round 5 clones selected for
5NI replication extension to sequentially incorporate
the cyclohexenyl ATP derivative ceATP was assayed
using the hairpin primers (ELISA2p: 5'-TAG CTC GGA
TTTT CGC CGG CTT CCG TCG CGA CCA CGT TX TTC GTG GTC
GCG ACG GAA GCC G-3' , (X=dU-biotin (Glen research)).
The lysates used were concentrated 4-fold. 3. ELISA
with CvDve 5-dCTP and CvDye 3-dCTP: The ability of
round 5 clones selected for 5NI replication extension
to sequentially incorporate the fluorescent
dye-labelled nucleotides Cy5-dCTP and Cy3-dCTP
(Amersham Biosciences) was assayed using the hairpin
primers (ELISA2p: 5'- TAG CTA CCA GGG CTC CGG CTT CCG
TCG CGA CCA CGT TXT TCG TGG TCG CGA CGG AAG CCG -3' ,
(X=dU-biotin (Glen research)). The lysates used were
concentrated 4-fold. 4. Basic site bypass ELISA The
ability of round 5 clones selected for 5NI replication
extension to bypass an abasic site was assayed using
the hairpin primer (PScreenlabas: 5'-AGC TAC CAT GCC
TGC ACG CAG YCG GCA TCC GTC GCG ACC ACG TTX TTC GTG
GTC GCG86 ACG GAT GCC G -3' , (X=dU-biotin, Y=abasic
site (Glen research)). The lysates used were
concentrated 4-fold. Example 18: Primer extension
reaction with polymerases 4Dl 1 and 5D4 : Extension
opposite 5-nitroindole. Primer 5'-
TAATACGACTCACTATAGGGAGA Template 3'-
ATTATGCTGAGTGATATCCCTCT5 ATCGAT 



Primer extension reactions were carried out as
follows: 50pmol of P-labelled primer and lOOpmol of
template in a volume of 44ml were annealed in X Taq
buffer. 4 or 5D4 polymerase as cell lysate (6ml) was
added and reactions were incubated at 50 C for 15
minutes followed by addition of one dNTP ( m in total
volume of 50ml, final dNTP concentration 40mM). 8ml
samples were taken at various time points and added to
8ml stop solution (7M urea, 10OmM EDTA containing
xylene cyanol F). At the end of the time course the
remaining 3 dNTPs were added (final concentration each
dNTP 40mM) and reactions incubated at 50 C for a
further 30 minutes. Reaction samples were
electrophoretically separated using 20% polyacrylamide
gels at 25W for 4 hours. The resultant gels were dried
and scanned using a phosphorimager (Molecular
Dynamics). Data was processed using the program
ImageQuant (Molecular Dynamics). Results are shown in
Figures 35, 36:87 Similar reactions using Taq, Tth and
TfI wild-type polymerases under identical conditions
leads to almost undetectable extension reactions (data
not shown). 2. Incorporation and extension of
5-nitroindole-5'-triphosphate (5NITP). 5NITP Primer
5'- TAATACGACTCACTATAGGGAGA Template 3'-
ATTATGCTGAGTGATATCCCTCTXGTCA X = A T G Primer
extension reactions were carried out as follows:
50pmol of P-labelled primer and lOOpmol of template in
a volume of 44ml were annealed in X Taq buffer. 4 or
5D4 polymerase as cell lysate ( l) was added and
reactions were incubated at 50 for 15 minutes followed
by addition of d5NITP ( in total volume of 50ml final
dNTP concentration 40mM). 8ml samples were taken at
various time points and added to l stop solution (7M
urea, 10OmM EDTA containing xylene cyanol F). At the
end of the time course the 4 native dNTPs were added
(final concentration each dNTP 40mM) and reactions
incubated at 5O C for a further 30 minutes. Reaction
samples were electrophoretically separated using 20%
polyacrylamide gels at 25W for 4 hours. The resultant
gels were dried and scanned 



using a phosphorimager (Molecular Dynamics). Data was
processed using the program ImageQuant (Molecular
Dynamics). Results are shown in Figures 17, 18) : The
NI-NI self-pair is also formed exceptionally well,
though further extension is reduced (data not shown).
Similar reactions using Taq, Tth and TfI wild-type
polymerases under identical conditions leads to almost
undetectable extension reactions (data not
shown).Example 19: Array manufacture and hybridization
using Ml. Targets were prepared by PCR amplification
of 2.5kb Tag gene using primers 29, 28 or 2kb of the
HIV pol gene using primers 30, 31. Salmon sperm DNA
(Invitrogen) was prepared at 100ng/ul in 50% DMSO.
FITC and Cy5 probes were prepared by PCR amplification
of 0.4kb fragment of Taq using primers 8, 28 with
either 100% (FITCIOO M ) or 10% of dATP (FTTCIOMI,
FITC10 ) replaced by FITC-12-dATP or 10% of dCTP
replaced by Cy5-dCTP (Cy5 ). Cy5 and Cy3 random 20mers
(MWG) were used at 25OnM. Targets were purified using
PCR purification kit (Qiagen) and prepared in 50% DMSO
and spotted onto GAPSII aminosilane-coated glass
slides (Corning) using a MicroGrid (BioRobotics).
Array hybridizations were performed according to
standard protocols : Printed slides were baked for 2hr
at 80 C, incubated with agitation for 30min at 42C in
5x SSC/0.1% BSA Fraction V (Roche)/0.1% SDS, boiled
for 2min in ultrapure water, washed 2Ox in ultrapure
water at room temperature (RT), rinsed in propan-2-ol
and dried in a clean airstream. 50ng of FITC- and
Cy5-labelled probes were prepared in 20ml of
hybridization buffer (ImM Tris-HCl pH7.4, 5OmM
tetrasodium pyrophosphate, x Denhardts solution, 40%
deionised formamide, 0.1% SDS, lOOm g/ml sheared
salmon sperm DNA). Each sample was heated to 95C for
5min, centrifuged for 2min, applied to the surface of
an array and covered with a 22x22 mm HybriSlip
(Sigma). Hybridizations were performed at 48 C for
16hr in a hybridization chamber (Corning). Arrays were
washed once with 2xSSC/0.1% SDS at 65C for 5min once
with 0.2xSSC at RT for 5min and twice with 0.05xSSC at
RT for 5min. Slides were dried in a clean airstream,
scanned89 with an ArrayWoRx autoloader (Applied
Precision Instruments) and the array images analysed
using SoftWoRx tracker (Molecularware). 



Complete substitution of natural nucleotides with
their unnatural counterparts altered the properties of
the resulting amplification products. For example,
fully alphaS substituted DNA was completely resistant
to nuclease digestion (not shown). The 0.4kb fragment,
in which all adenines (dA) on both strands had been
replaced with FITC-12-dAMP (FTTC100 ), displayed
extremely bright fluorescence. The frequency of
fluorophore incorporation per 1000 nucleotides (FOI)
is commonly used to specify the fluorescence intensity
of a probe. FOIs of microarray probes commonly range
from 10-50, while FITC100 has an FOI of 295. To
investigate if such a high level of fluorophore
substitution would affect hybridisation
characteristics we performed a series of microarray
experiments. We compared the fluorescent signal
generated by FITCl 00 with equivalent probes generated
using either wtTaq or Ml and replacing only 10% of
dAMP with FITC-12-dAMP (FITC10Taq FITC10 (FOI=30)). In
competitive co-hybridisation with a standard
Cy5-labelled probe (Cy5 ), FITCIOO M hybridised
specifically only with its cognate Taq polymerase
target sequence and not with any non-cognate control
DNA. Hybridisation of FITCIOO MI generated an up to
20-fold higher specific signal than equimolar amounts
of the FITClO probes (Fig. 20) without showing
increased background binding (Figs. 19, 21 ).90
Example 20 : Mutation rates & spectra of selected
polymerases Ml and M4. Mutation rates were determined
using the mutS ELISA assay26 (Genecheck, Ft. Collins,
CO) according to manufacturers instructions.
Alternatively, amplification products derived from
2x50 cycles of PCR of 2 targets with different GC
content (HIV pal (38% GC), Taq (68% GC)) were cloned,
40 clones (800bp each) were sequenced and mutations
(wtTaq (51),Ml (75)) analyzed. Promiscuous mismatch
extension might be expected to come at the price of
reduced fidelity, as misincorporation no longer leads
to termination. Measurement of the overall mutation
rate using both the MutS assay (Fig 22A) and direct
sequencing of amplification products, however,
indicated an only modestly (1.6 fold) increased
mutation rate in Ml (or M4). However, Ml displays a
significantly altered mutation 



spectrum compared to wtTaq, with a clearly increased
propensity for transversions, in particular G/C->C/G
transversions (Fig 22B). Example 21: Processivity
Naturally occurring translesion polymerases are mostly
poorly processive. We therefore investigated, if
processivity of Ml and M4 was similarly reduced but
found that, even at the lowest enzyme concentrations,
primer extension and termination probabilities by Ml
andM4 closely matched those of wtTaq (Fig.23),
indicating that both Ml andM4 exhibit processivity
equal (or higher) than wtTaq. This is also reflected
in the striking proficiency ofMl in long-range PCR
(see example 6).91 Processivity was measured using a
primer extension assay the presence and absence of
trap DNA. Termination probabilities were calculated
according to the method of Kokoska et al.
Oligonucleotide primer 32 (5'-GCG GTG TAG AGA CGA GTG
CGG AG-3') was P-labelled and annealed to the template
33 (5'-CTC TCA CAA GCA GCC AGG CAA GCT CCG CAC TCG TCT
CTA CAC CGC TCC GC-3') (at a primer/template ratio of
molar 1/1.5). wtTaq (0.0025nM; 0.025nM; 0.25nM),
Mi(0.05nM; 0.5nM; 5nM), and M4 (0.05nM; 0.5nM; 5nM)
were preincubated with the primer-template DNA
substrates (1OnM) in 1OmM Tris-HCl at pH 9.0, 5mM MgCl
, 5OmM KCl, 0. % Triton X 100 at 25 C for 15min.
Reactions were initiated by addition of lOOmM dNTPs
with or without trap DNA (1000-fold excess of
unlabeled primer-templates). Reactions were performed
at 6OC for 2min. Preincubation of polymerases with the
trap DNA substrate and labelled primer-template before
the addition of dNTPs completely abolished primer
extension (not shown) demonstrating trap
effectiveness. Thus, in the presence of trap DNA, all
DNA synthesis resulted from a single DNA binding
event. Gel band intensities were calculated using a
Phosphoimager and ImageQuant (both Molecular Dynamics)
software. Percentage of polymerase molecules, which
extended primers to the end of the template was
calculated using the formula: In x 100% /
(11+12+...+In), where In is the intensity of the band
at position 22 or 23; II, 12.. . is the intensity of
the band at position 1, 2... Termination probabilities
(t) were calculated 



according to the method of Kokoska et al\ whereby t at
a particular template position was calculated as the
intensity of the band at this position divided by the
sum of the intensity of this band and the band
intensities of all longer products.92 AU publications
mentioned in the above specification are herein
incorporated by reference. Various modifications and
variations of the described methods and system of the
present invention will be apparent to those skilled in
the art without departing from the scope and spirit of
the present invention. Although the present invention
has been described in connection with specific
preferred embodiments, it should be understood that
the invention as claimed should not be unduly limited
to such specific embodiments. Indeed, various
modifications of the described modes for carrying out
the invention which are obvious to those skilled in
biochemistry, molecular biology and biotechnology or
related fields are intended to be within the scope of
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Acids Res 18, 7279-7286.95 CLAIMS 1. A method for the
generation of an engineered DNA polymerase with an
expanded substrate range which comprises the step of
preparing and expressing nucleic acid encoding an
engineered DNA polymerase wherein the method comprises
the use of template nucleic acid and primers which
bear one or more distorting ' termini. 2. A method for
the generation of a engineered DNA polymerase with an
expanded substrate range which comprises the steps of:
(a) preparing nucleic acid encoding a engineered DNA
polymerase, wherein the polymerase is generated using
a repertoire of nucleic acid molecules encoding one or
more DNA polymerases and primers which bear distorting
3 termini. (b) compartmentalising the nucleic acid of
step (a) into microcapsules; (c) expressing the
nucleic acid to produce their respective DNA
polymerase within the microcapsules; (d) sorting the
nucleic acid encoding the engineered DNA polymerase
which exhibits an expanded substrate range; and (e)
expressing the engineered DNA polymerase which
exhibits an expanded substrate range. 3. A method
according to claim 1 or claim 2 wherein the distorting
3' terminus of the primers is effected by any one or
more of the following techniques: the presence of 



one nucleotide mismatch bases at the 'end of the one
or more primers (primer mismatch disortion); the
presence of two nucleotide mismatch bases at the 'end
of the one or more flanking primers (primer mismatch
disortion); the presence of three nucleotide mismatch
bases at the 'end of the one or more flanking primers
(primer mismatch disortion); the presence of four
nucleotide mismatch bases at the 'end of the one or
more flanking primers (primer mismatch disortion) and
the presence of one or more unnatural bases at the 3'
end of one or more flanking primers or combinations
thereof.96 4. A method according to claim 3 wherein
the distorting 3' terminus of the primers is effected
by the presence of one or more unnatural bases at the
3' end of one or more flanking primers; wherein the at
least one unnatural base is 5nitroindole triphosphate
(5NITP). 5. A method according to claim 4 wherein the
flanking primers bear one or more nucleotide
mismatches at their 3' end. 6 A method according t any
preceding claim wherein the engineered DNA polymerase
is a pol A DNA polymerase. 7. A method according to
claim 6 wherein the pol A polymerase is generated from
one or more repertoires of randomly mutated Taq genes.
8. A method according to claim 6 wherein the pol A
polymerase is generated from repertoires generated by
recombining related pol A genes. 9 A method according
to claim 7 wherein the pol A polymerase is generated
from repertoires generated by recombining one or more
polA genes selected from the group consisting of the
following: Thermus aquaticus (Taq), Thermus
thermophilus (Tth) and Thermus flavus (TfI). 10 A
method according to any of claims, to 9 wherein the
pol A polymerase is generated from repertoires of Taq
genes and wherein the pol A DNA polymerase is
generated using 3' mismatch flanking primers selected
from the group consisting of the following: 5'-CAG GAA
ACA GCT ATG ACA AAA ATC TAG ATA ACG AGG GA-3';
mismatch);5'GTA AAA CGA CGG CCA GTA CCA CCG AAC TGC 



GGG TGA CGC CAA GCC-3' C*C mismatch.97 . A method
according to any of claims 3 to 9 wherein the pol A
polymerase is generated from repertoires of Taq genes
or from repertoires of chimeras of Taq , Tth and TfI
genes wherein the pol A DNA polymerase is generated
using flanking primers with four mismatches at their
3' end (underlined) selected from the group consisting
of the following5:'-CAG GAA ACA GCT ATG ACA AAA GTG
AAA TGA ATA GTT CGA CTTTT-3'; 5'-GTA AAA CGA CGG CCA
GTC TTC ACA GGT CAA GCT TAT TAA GGTG-3' ; 5'-CAG GAA
ACA GCT ATG ACC ATT GAT AGA GTT ATT TTA CCA C AGGG
-3'; 5'-GTA AAA CGA CGG CCA GTC TTC ACA GGT CAA GCT
TAT TAA GGTG - ' 12. A method according to any of
claims 3 to 9 wherein the pol A polymerase is
generated from repertoires of Taq genes or from
repertoires of chimeras of Taq , Tth and TfI genes
wherein the pol A DNA polymerase is generated using
flanking primers with containing unnatural base
analogues at their 3' end (X), with X for example
being 5-nitroindole or derivatives selected from the
group consisting of the following: 5'- CAG GAA ACA GCT
ATG ACA AAA ATC TAG ATA ACG AGG GCA X-3', 5'- GTA AAA
CGA CGG CCA GTA CCA CCG AAC TGC GGG TGA CGC CAA
GCX-3') ot primers with containing unnatural base
analogues at their 3' ends and internally (X), with X
for example being 5-nitroindole or derivatives,
selected from the group consisting of the following:
(5'-CAG GAA ACA GCT ATG ACA AAA ATC TAG ATA XCG AGG
GCA X-3', 5'-GTA AAA CGA CGG CCA GTA CCA CXG AAC TGC
GGG TGA CGC CAA GCX-3') . 13. A method for the
generation of an engineered DNA polymerase with an
expanded substrate range according to any of claims 1
to 12 which comprises the step of preparing and
expressing nucleic acid encoding a blend of engineered
polymerases. 14.An engineered DNA polymerase which
exhibits an expanded substrate range. 15 An engineered
DNA polymerase which exhibits an expanded substrate
range obtainable using the method of any preceding
claim.98 16. A engineered DNA polymerase which
exhibits an expanded substrate range which 



is obtained using the method of claim 12. 17. An
engineered DNA polymerase according to claim or claim
which is an engineered pol A polymerase. 18. A pol A
DNA polymerase with an expanded substrate range, or
the nucleic acid encoding it, wherein the DNA
polymerase is designated Ml or M4 as shown in fig 1
and 2 respectively and depicted as SEQ No 1 and SEQ No
2 respectively. 19. A pol A DNA polymerase with an
expanded substrate range, wherein the polymerase
exhibits at least 95% identity to one or more of the
amino acid sequences designated Ml and M4 as shown in
fig 1 and fig 2 respectively and depicted SEQ No 1 and
SEQ No 2 respectively and which comprises any one or
more of the following mutations: E520G, D144G, L254P,
E520G, E524G, N583S, 1.1- D144G, L254P, E520G, E524G,
N583S, Vl 131, A129V, L245R, E315K, G364D, G403R,
E432D, P481A, I614M, R704W, D144G, G370D, E742G, K56E,
I63T, K127R, M317I, Q680R, R343G, G370D, E520G, G12A,
A109T, D251E, P387L, A608V, R617K, D655E, T710N,
E742G, A109T, D144G, V155I, P298L, G370D, I614M,
E694K, R795G, E39K, R343G, G370D, E520G, T539A, M747V,
K767R, G84A, D144G, K314R, E520G, F598L, A608V, E742G,
D58G, R74P, A 09T L245R, R343G, G370D, E520G, N583S,
E694K, A743P. 20. A pol A DNA polymerase with an
expanded substrate range, in particular which is
capable of mismatch extension, wherein the DNA
polymerase comprises, preferably consists of the amino
acid sequence of any one or more of the clones
designated herein a 3B5, 3B8, 3C12 and 3Dl. 21. A pol
A DNA polymerase with an expanded substrate range, in
particular which is capable of abasic site bypass,
wherein the DNA polymerase comprises, preferably
consists of the amino acid sequence of any one or more
of the clones designated herein a 3A10, 3B6 and
3Bll.99 22. A pol A DNA polymerase with an expanded
substrate range, in particular which is capable of DNA
replication involving the incorporation of unatural
base analogues into the newly replicated DNA, wherein
the pol A DNA polymerase comprises, 



preferably consists of the amino acid sequence of any
one or more of the clones designated herein as 4Dl 1
and 5D4. 23. A pol A DNA polymerase with an expanded
substrate range, wherein the polymerase exhibits at
least 95% identity to one or more of the amino acid
sequences designated 3B5, 3B8, 3C12, 3Dl, 3A10, 3B6,
3Bl 1, 4Dl 1 and 5D4. which comprises any one or more
of the mutations (with respect to either of the three
parent genes Taq, Tth, TfI) or gene segments found in
clones 3B5, 3B8, 3C12, 3Dl, 3A10, 3B6, 3Bl 1, 4 and
5D4. 24. A nucleic acid construct encoding an
engineered polymerase according to any of claims to
23. 25. A nucleic acid construct encoding an
engineered pol A DNA polymerase which exhibits an
expanded substrate range, wherein said pol A DNA
polymerase is depicted in fig 1 and fig 2 respectively
as SEQ No 1 or SEQ No 2 and is designated Ml and M4
respectively. 26. A vector comprising a nucleic acid
construct according to claim 24 or claim 25.. 27. The
use of an engineered DNA polymerase according to any
of claims to 23 in any one or more of the following
applications selected from the group consisting of the
following: PCR amplification, sequencing of damaged
DNA templates, the incorporation of unatural base
analogues into DNA and the creation of novel
polymerase activities. 28. The use of a blend of
engineered polymerases according to claim 27.100 29.
The use according to claim 27 or claim 28 wherein the
engineered polymerase is derived from at least Taq
polymerase. 30. The use according to claim 27 or claim
28 wherein the engineered pol A polymerase is Ml or M4
as depicted in fig 1 and fig 2 and designated SEQ No 1
and SEQ No 2 respectively. 31. The use according to
claim 27 or claim 28of Ml DNA polymerase as depicted
in fig 1 and designated SEQ No 1. 32. The use
according to claim 27 or claim 28 of any one or more
pol A polymerases in the list consisting of the
following: 3B5, 3B8, 3C12, 3Dl 3A10, 3B6, 3Bl 1 4Dl 1 



and 5D4.1 / 29 Figure showsMl nucleic acid sequence
ATGCTCCCTCTTTTTGAGCCCAAAGGCCGCGTCCTCCTGGTGGACGGCCACCAC
CTGGCCT
ACCGCACCTTCCACGCCCTGAAGGGCCTCACCACCAGCCGGGGGGAGCCGGTGC
AGGCGG
TCTACGGCTTCGCCAAGAGCCTCCTCAAGGCCCTCAAGGAGGACGGGGACGCGG
TGATCG
TGGTCTTTGACGCCAAGGCCCCCTCCTTCCGCCACGAGGCCTACGGGGGGTACA
AGGCGG
CCCGGGCCCCCACGCCGGAGGACTTTCCCCGGCAACTCGCCCTCATCAAGGAGC
TGGTGG
ATCTCCTGGGGCTGGCGCGCCTCGAGGTCCCGGGCTACGAGGCGGACGACGTCC
TGGCCA
GCCTGGCCAAGAAGGCGGAAAAGGAGGGCTACGAGGTCCGCATCCTCACCGCCG
ACAAA
GGCCTTTACCAGCTCCTTTCCGACCGCATCCACGTCCTCCACCCCGAGGGGTAC
CTCATCA
CCCCGGCCTGGCTTTGGGAAAAGTACGGCCTGAGGCCCGACCAGTGGGCCGACT
ACCGGG
CCCTGACCGGGGACGAGTCCGACAACCTTCCCGGGGTCAAGGGCATCGGGGAGA
AGACG
GCGAGGAAGCTTCTGGAGGAGTGGGGGAGCCTGGAAGCCCTCCTCAAGAACCTG
GACCG
GCTGAAGCCCGCCATCCGGGAGAAGATCCTGGCCCACATGGACGATCTGAAGCT
CTCCTG
GGATCTGGCCAAGGTGCGCACCGACCTGCCCCTGGAGGTGGACTTCGCCAAAAG
GCGGGA
GCCCGACCGGGAGAGGCTTAGGGCCTTTCTGGAGAGGCTTGAGTTTGGCAGCCT
CCTCCA
CGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCCC
GCCGGA
AGGGGCCTTCGTGGGCTTTGTCCTTTCCCGCAGGGAGCCCATGTGGGCCGATCT
TCTGGCC
CTGGCCGCCGCCAGGGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTATAAAGCC
CTCAGG
GACCTGAAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTGAGCGTTCTGGCCCTG
AGGGAA
GGCCTTGGCCTCCCGCCCGGCGACGACCCCATGCTCCTCGCCTACCTCCTGGAC
CCTTCCA
ACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGAGTGGACGGAGGAGG
CGGGG
GAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGAG
GGGGAG
GAGAGGCTCCTTTGGCTTTACCGGGAGGTGGAGAGGCCCCTTTCCGCTGTCCTG
GCCCACA
TGGAGGCCACGGGGGTGCGCCTGGACGTGGCCTATCTCAGGGCCTTGTCCCTGG
AGGTGG
CCGAGGAGATCGCCCGCCTCGAGGCCGAGGTCTTCCGCCTGGCCGGCCACCCCT
TCAACC
TCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCCG
CCATCG
GCAAGACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGGGGCCC
TCCGC
GAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCTG
AAGAGC 



ACCTACATTGACCCCTTACCGGACCTCATCCACCCCAGGACGGGCCGCCTCCAC
ACCCGCT
TCAACCAGACGGCCACGGCCACGGGCAGGCTAAGTAGCTCCGATCCCAACCTCC
AGAACA
TCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCGGGCCTTCATCGCCGAGG
AGGGGT
GGCTATTGGTGGTCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCACC
TCTCCG
GCGACGAGAACCTGATCCGGGTCTTCCAGGAGGGGCGGGACATCCACACGGAGA
CCGCC
AGCTGGATGTTCGGCGTCCCCCGGGAGGCCGTGGACCCCCTGATGCGCCGGGCG
GCCAAG
ACCATCAACTTCGGGGTCCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAG
CTAGCCA
TCCCTTACGAGGAGGCCCAGGCCTTCATTGAGCGCTACTTTCAGAGCTTCCCCA
AGGTGCG
GGCCTGGATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGAC
CCTCT
TCGGCCGCCGCCGCTACGTGCCAGACCTAGAGGCCCGGGTGAAGAGCGTGCGGG
GGGCG
GCCGAGCGCATGGCCTTCAACATGCCCGTCCAGGGCACCGCCGCCGACCTCATG
AAGCTG
GCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAATGGGGGCCAGGATGCTCCTT
CAGGTC
CACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCCCGG
CTGGC
CAAGGAGGTCATGGAGGGGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGT
GGGGAT AGGGGAGGACTGGCTCTCCGCCAAGGAGTGA FIG. 1aSEO
amino acid sequence:
MRGMLPLFEPKGRVLLVDGHHLAYRTFHALKGLTTSRGEPVQAVYGFAKSLLKA
LKEDGDAVIVVFDAKAPSFRH
EAYGGYKAARAPTPEDFPRQLALIKELVDLLGLARLEVPGYEADDVLASLAKKA
EKEGYEVRILTADKGLYQLLS
DRIHVLHPEGYLITPAWLWEKYGLRPDQWADYRALTGDESDNLPGVKGIGEKTA
RKLLEEWGSLEALLKNLDRLK
PAIREKILAHMDDLKLSWDLAKVRTDLPLEVDFAKRREPDRERLRAFLERLEFG
SLLHEFGLLESPKALEEAPWP
LAYLLDPSNTTPEGVARRYGGEWTEEAGERAALSERLFANLWGRLEGEERLLWL
YREVERPLSAVLAHMEATGVR D
LDVAYLRALSLEVAEEIARLEAEVFRLAGHPFNLNSRDQLERVLFDELGLPAIG
KTEKTGKRSTSAAVLGALREA
HPIVEKILQYRELTKLKSTYIDPLPDLIHPRTGRLHTRFNQTATATGRLSSSDP
NLQNIPVRTPLGQRIRRAFIA
EEGWLLVVLDYSQIELRVLAHLSGDENLIRVFQEGRDIHTETASWMFGVPREAV
DPLMRRAAKTINFGVLYGMSA
HRLSQELAIPYEEAQAFIERYFQSFPKVRAWIEKTLEEGRRRGYVETLFGRRRY
VPDLEARVKSVRGAAERMAFN
MPVQGTAADLMKLAMVKLFPRLEEMGARMLLQVHDELVLEAPKERAEAVARLAK
EVMEGVYPLAVPLEVEVGIGE DWLSAKE FIG. 1b3 / 29 



Figure 2a shows M4 nucleic acid sequence
ATGCTCCCTCTTTATGAGCCCAAGGGCCGCGTCCTCCTGGTGGACGGCCACCAC
CTGGCCT
ACCGCACCTTCCACGCCCTGAAGGGCCTCACCACCAGCCGGGGGGAGCCGGTGC
AGGCGG
TCTACGGCTTCGCCAAGAGCCTCCTCAAGGCCCTCAAGGAGGGCGGGGACGCGG
TGATCG
TGGTCTTTGACGCCAAGGCCCCCTCCTTCCCCCATGAGGCCTACGGGGGGTACA
AGGCGG
GCCGGGCCCCCACGCCGGAGGACTTTCCCCGACAACTCGCCCTCATCAAGGAGC
TGGTGG
ACCTCCTGGGGCTGACGCGCCTCGAGGTCCCGGGCTACGAGGCGGACGACGTCC
TGGCCA
GCCTGGCCAAGAAGGCGGAAAAGGAGGGCTACGAGGTCCGCATCCTCACCGCCG
ACAAA
GACCTTTACCAGCTCCTTTCCGACCGCATCCACGTCCTCCACCCCGAGGGGTAC
CTCATCA
CCCCGGCCTGGCTTTGGGAAAAGTACGGCCTGAGGCCCGACCAGTGGGCCGACT
ACCGGG
CCCTGACCGGGGACGAGTCCGACAACCTTCCCGGGGTCAAGGGCATCGGGGAGA
AGACG
GCGAGGAAGCTTCTGGAGGAGTGGGGGAGCCTGGAAGCCCTCCTCAAGAACCTG
GACCG
GCTGAAGCCCGCCATCCGGGAGAAGATCCTGGCCCACATGGACGATCTGAAGCT
CTCCTG
GGACCGGGCCAAGGTGCGCACCGACCTGCCCCTGGAGGTGGACTTCGCCAAAAG
GCGGG
AGCCCGACCGGGAGAGGCTTAGGGCCTTTCTGGAGAGGCTTGAGTTTGGCAGCC
TCCTCC
ACGAGTTCGGCCTTCTGGAAAGCCCCAAGGCCCTGGAGGAGGCCCCCTGGCCCC
CGCCGG
AAGGGGCCTTCGTGGGCTTTGTGCTTTCCCGCAAGGAGCCCATGTGGGCCGATC
TTCTAGC
CCTGGCCGCCGCCAGGGGGGGCCGGGTCCACCGGGCCCCCGAGCCTTATAAAGC
CCTCGG
GGACCTGAAGGAGGCGCGGGGGCTTCTCGCCAAAGACCTGAGCGTTCTGGCCCT
GAGGGA
AGGCCTTGGCCTCCCGCCCGACGACGACCCCATGCTCCTCGCCTACCTCCTGGA
CCCTTCC
AACACCACCCCCGAGGGGGTGGCCCGGCGCTACGGCGGGGAGTGGACGGAGGAG
GCAGG
GGAGCGGGCCGCCCTTTCCGAGAGGCTCTTCGCCAACCTGTGGGGGAGGCTTGA
GGGGGA
GGAAAGGCTCCTTTGGCTTTACCGGGAGGTGGAGAGGCCCCTTTCCGCTGTCCT
GGCCCAC
ATGGAGGCCACGGGGGTGCGCCTGGACGTGGCCTATCTCAGGGCCTTGTCCCTG
GAGGTG
GCCGAGGAGATCGCCCGCCTCGAGGCCGAGGTCTTCCGCCTGGCCGGCCACCCC
TTCAAC
CTCAACTCCCGGGACCAGCTGGAAAGGGTCCTCTTTGACGAGCTAGGGCTTCCC
GCCATC
GGCAAGACGGAGAAGACCGGCAAGCGCTCCACCAGCGCCGCCGTCCTGGGGGCC
CTCCG
CGAGGCCCACCCCATCGTGGAGAAGATCCTGCAGTACCGGGAGCTCACCAAGCT
GAAGAG
CACCTACATTGACCCCTTGCCGGACCTCATCCACCCCAGGACGGGCCGCCTCCA
CACCCGC 



TTCAACCAGACGGCCACGGCCACGGGCAGGCTAAGTAGCTCCGATCCCAACCTC
CAGAGC
ATCCCCGTCCGCACCCCGCTTGGGCAGAGGATCCGCCGGGCCTTCATCGCCGAG
GAGGGG
TGGCTATTGGTGGCCCTGGACTATAGCCAGATAGAGCTCAGGGTGCTGGCCCAC
CTCTCCG
GCGACGAGAACCTGATCCGGGTCTTCCAGGAGGGGCGGGACATCCACACGGAGA
CCGCC
AGCTGGATGTTCGGCGTCCCCCGGGAGGCCGTGGACCCCCTGATGCGCCGGGCG
GCCAAG
ACCATCAACTTCGGGGTCCTCTACGGCATGTCGGCCCACCGCCTCTCCCAGGAG
CTAGCCA
TCCCTTACGAGGAGGCCCAGGCCTTCATTAAGCGCTACTTTCAGAGCTTCCCCA
AGGTGCG
GGCCTGGATTGAGAAGACCCTGGAGGAGGGCAGGAGGCGGGGGTACGTGGAGAC
CCTCT
TCGGCCGCCGCCGCTACGTGCCAGACCTAGAGGCCCGGGTGAAGAGCGTGCGGG
AGCCG
GCCGAGCGCATGGCCTTCAACATGCCCGTCCAGGGTACCGCCGCCGACCTCATG
AAGCTG
GCTATGGTGAAGCTCTTCCCCAGGCTGGAGGAAATGGGGGCCAGGATGCTCCTT
CAGGTC
CACGACGAGCTGGTCCTCGAGGCCCCAAAAGAGAGGGCGGAGGCCGTGGCCCGG
CTGGC
CAAGGAGGTCATGGAGGGGGTGTATCCCCTGGCCGTGCCCCTGGAGGTGGAGGT
GGGGAT AGGGGAGGACTGGCTCTCCGCCAAGGAGTGA FIG. 2aSEO2 M4
amino acid sequence:
MRGMLPLYEPKGRVLLVDGHHLAYRTFHALKGLTTSRGEPVQAVYGFAKSLLKA
LKEGGDAVIVVFDAKAPSFPH
EAYGGYKAGRAPTPEDFPRQLALIKELVDLLGLTRLEVPGYEADDVLASLAKKA
EKEGYEVRILTADKDLYQLLS
DRIHVLHPEGYLITPAWLWEKYGLRPDQWADYRALTGDESDNLPGVKGIGEKTA
RKLLEEWGSLEALLKNLDRLK
PAIREKILAHMDDLKLSWDRAKVRTDLPLEVDFAKRREPDRERLRAFLERLEFG
SLLHEFGLLESPKALEEAPWP CD
LDVAYLRALSLEVAEEIARLEAEVFRLAGHPFNLNSRDQLERVLFDELGLPAIG
KTEKTGKRSTSAAVLGALREA
HPIVEKILQYRELTKLKSTYIDPLPDLIHPRTGRLHTRFNQTATATGRLSSSDP
NLQSIPVRTPLGQRIRRAFIA
EEGWLLVALDYSQIELRVLAHLSGDENLIRVFQEGRDIHTETASWMFGVPREAV
DPLMRRAAKTINFGVLYGMSA
HRLSQELAIPYEEAQAFIKRYFQSFPKVRAWIEKTLEEGRRRGYVETLFGRRRY
VPDLEARVKSVREPAERMAFN
MPVQGTAADLMKLAMVKLFPRLEEMGARMLLQVHDELVLEAPKERAEAVARLAK
EVMEGVYPLAVPLEVEVGIGE DWLSAKE FIG. 2b5 / 29 O 



CD LL6/29 GCG CGC CGC CGA GCG CCA CCG WtTaq IW
Mismatch extension properties of selected polymerases.
FIG. 4a7 / 29 O 14- C 12 o V) 1O JC 8 G742E e 6 c 4 -
M1exo M4exo G520E < G520E 2- J wtTaq M1 M4 Mismatch
extension properties of selected polymerases. FIG. 4bA
mm .SB OO CD ,0 30"T 2 5', 0 30" T 2' 5' , 0 5 10' 20'
30', , 0 30"T 2 5', , 0 30" T 2' 5' , 0 5 10' 30', , 0
30"T 2' , 0 30"Y 2 5' , ,0 5' 10' 20'30| ' 



^ndamaged Abasic CPD Undamaged Abasic CPD Undamaged
Abasic CPD . wtTaq 1 M4 Lesion bypass activity FIG.9 /
29 M1 wt M1 wt M1 wt lH Polymerase activity on
unnatural substrates ( S dNTP). FIG. 6a M1 M 4kb
0.5kb! L FITC-1 2-dATP Biotin-16-dUTP Polymerase
activity on unnatural substrates. FIG. 6b10 / 29 Wt 1
A C T G G   5Nl pr 0 10' 20' 30' 40' 0 10' 20' 30' 40"
Polymerase activity on unnatural substrates (5Nl) FIG.
6c lH 8.8 12.8 18.7 23.1 25.1 kb wt M1 wt M1 wt M1 wt
M1 wt M1 Long range PCR. FIG. 7Experiment I . 



ELISA with Fluorescein 12-dATP on clones selected for
4-mismatch extension using the primer FITC4 (5 -
TAGCTACCATTTTCGCCGGCTTCCGTCGCGACCACGTTP TTCGTGGTCGCGA
CGGAAGCCG-3 , Pi=Biolin) d 10 1 1 1 2 High Limit = 1
600 Low Limit = 0 000 0.315 0.489 0.846 1.558 0.652
1.378 0.360 0.216 0.566 0.290 0.259 0.042 0.513 0.038
0.061 0.461 0.449 0.640 0.523 0.444 0.412 0.222 0.404
0.476 0.467 1.125 0.588 0.818 0.31 1 0.718 0.292 1.169
0.736 0.551 0.222 0.260 0.627 0.574 0.340 0.422 0.593
0.581 0.399 0.556 0.347 0.280 0.472 0.157 1.056 0.357
0.316 0.927 1.021 0.843 0.636 1.018 1.057 0.632 0.933
0.638 0.046 0.499 0.906 0.489 0.774 0.408 0.444 0.867
0.576 0.366 1.344 1.070 0.404 0.286 0.455 0.335 1.140
0.972 0.467 1.448 0.366 0.408 0.988 0.410 1.512 1.291
0.063 1.034 0.663 0.419 0.346 1.117 1.204 0.936 1.239
0.750 FIG. 8a12 / 29 Experiment II. ELISA with
Bio-11-dATP on clones selected for 4-mismatch
extension and displayed activity with Fluorescein
12-dATP in the ELISA assaying the primer FITC102 (5 -
TAGCTACCATTTTTTTTTTCGCCGGCTTCCGTCGCGACCACGTTPITTCGTGGT
CGCGACGGAA GCCG -3', P1=Biotin) 1 0 1 1 1 2 High Limit
= 1 200 Low Limit= 0 000 0.044 0.048 0.200 0.660 0.464
0.459 0.053 0.042 0.325 0.067 0.035 0.027 0.275 0.097
0.014 0.107 0.161 0.059 0.092 0.138 0.070 0.044 0.050
0.160 



0.204 0.373 0.177 0.219 0.142 0.080 0.033 0.821 0.147
0.310 0.050 0.032 0.288 0.094 0.038 0.050 0.381 0.076
0.057 0.264 0.052 0.044 0.056 0.031 0.540 0.061 0.054
0.928 1.106 0.151 0.152 0.441 0.342 0.381 0.345 0.802
0.038 0.069 0.639 0.089 0.184 0.045 0.055 0.401 0.154
0.072 0.715 0.647 0.062 0.043 0.135 0.057 0.904 0.546
0.182 0.844 0.054 0.064 0.250 0.188 1.332 0.758 0.036
0.535 0.212 0.057 0.049 0.214 1.070 0.494 0.570 0.839
FIG. 8b13 / 29 Experiment III. ELISA with CyDye 5-dCTP
on clones selected for 4-mismatch extension using the
primer ELISAC4P (5 -
TAGCTACCAGGGGCTCCGGCTTCCGTCGCGACCACGTTP
TTCGTGGTCGCGACGGAAGCC G-3', P1=Biotin) 1 0 1 1 1 2 B
0.000 r a U C 0.040 0.080 D 0.120 E 0.160 0 200 F High
Limit= 0.200 Low Limit= 0.000 0.053 0.062 0.054 0.058
0.048 0.083 0.063 0.043 0.081 0.066 0.065 0.058 0.079
0.057 0.055 0.084 0.058 0.078 0.060 0.061 0.061 0.058
0.054 0.075 0.1 13 0.136 0.134 0.129 0.120 0.122 0.1
11 0.176 0.109 0.1 19 0.1 12 0.1 15 0.081 0.075 0.068
0.068 0.083 0.076 0.065 0.072 0.060 0.061 0.065 0.065
0.1 19 0.079 0.074 0.092 0.142 0.106 0.091 0.103 0.084
0.092 0.077 0.101 



0.086 0.079 0.1 12 0.092 0.1 13 0.079 0.075 0.089
0.081 0.086 0.133 0.131 0.076 0.085 0.077 0.084 0.105
0.1 15 0.088 0.126 0.068 0.074 0.090 0.101 0.422 0.209
0.143 0.175 0.197 0.142 0.144 0.155 0.182 0.168 0.156
0.156 FIG. 8c14 / 29 Experiment IV. ELISA with CyDye
3-dUTP on clones selected for 4-mismatch extension
using the ELISA primer ELISAT3P (51-
TAGCTCGGTAAACGCCGGCTTCCGTCGCGACCACGTTPSTTCGTGGTCGCGACG
GAAGCCG -3', P1=Biotin) 1 0 1 1 1 2 B EU 0.000 CZl C
0.330 0.660 D   CZl 0.990 1.320 ;  fc, 1.650 G H [
High Limit= 1.650 Low Limit= 0.000 0.104 0.141 0.226
0.316 0.244 0.878 0.352 0.107 0.310 0.147 0.090 0.022
0.578 0.014 0.029 0.255 0.297 0.629 0.541 0.347 0.346
0.191 0.206 0.522 0.261 0.516 0.399 0.643 0.188 0.339
0.285 1.051 0.546 0.501 0.174 0.183 



0.651 0.277 0.372 0.540 0.444 0.485 0.31 1 0.569 0.236
0.173 0.222 0.077 0.716 0.143 0.215 0.574 0.782 0.492
0.509 0.910 0.617 0.615 0.515 0.719 0.019 0.380 0.331
0.336 0.582 0.187 0.253 0.768 0.391 0.285 0.829 0.789
0.291 0.174 0.388 0.363 0.735 0.827 0.435 1.072 0.230
0.332 0.545 0.394 1.673 0.724 0.031 0.795 0.454 0.400
0.297 0.649 1.139 0.755 0.407 0.509 FIG. 8d15 / 29
Experiment V. ELISA on clones selected for 4-mismatch
extension using a hairpin ELISA primer containing a n
abasic site (Primer: PscreeniAbas; 1= abasic site,5= U
biotin; sequence:
AGCTACCATGCCTGCACGCAGICGGCATCCGTCGCGACCACGTTTTCGTGGTCG
CGAC GGATGCCG) 1 0 1 2 High Limit = 1.200 Low Limit=
0.000 0.075 0.092 0.137 0.882 0.453 0.441 0.185 0.058
0.931 0.108 0.040 0.023 0.445 0.01 1 0.035 0.096 0.095
0.086 0.059 0.093 0.089 0.071 0.037 0.1 13 0.314 0.512
0.091 0.1 13 0.086 0.092 0.083 0.746 0.122 0.304 0.065
0.093 0.144 0.098 0.063 0.071 0.129 0.093 0.107 0.095
0.019 0.089 0.1 10 0.079 1.170 0.220 0.073 0.563 0.343
0.099 0.280 0.099 0.596 0.442 0.135 0.883 0.025 0.077
0.913 0.094 0.150 0.062 0.229 0.092 0.087 0.071 0.814
0.912 0.099 0.075 0.102 0.021 0.742 0.666 0.990 0.659
0.063 0.095 0.070 0.105 0.913 0.957 0.038 1.382 0.575
0.101 0.105 0.125 0.761 1.099 0.285 0.808 FIG. 8e16 /
29 M Taq B5 B8 Dl M C12 Four Mismatch Extension in
PCR. FIG. 91 / 29 M Taq A9 Tth A10 TfI A M1 A12 A5 A 



M B Abasic site bypass in PCR. FIG. 1018 / 29 P Q | '
j or - PQ i CO CQ II d HI tit O 1 > LL S: i if -pel. T
a Ml AlO S-I&* I-K i-:"-" .00 - 80 - i iifg 60 - 21 07
3 56 I 39 S3 40 - 



0 - : Taq A10 ;.: I CPD primsf extension. J3p q tb
nsian. t. isypas . CD a t 0.3 C.7 2* .6 1.7 ro CD X :
- - O  - r 3- 03 3 - S - MFIG. 1 1 CONT D20 / 29 Taq
Ml PCR amplification of a mix of extracts of cave
hyenas (Croatia spelea) that had not previously
produced an amplification product. FIG. 1221/ 29 A B
ACCCCATGCATATAGGCATGTACATATTATGCTTGATCTTACATGAGGACTTAC
A
TCTCAAAAGTTTATTTCAAGTGTATAGTCTGTAAGCATGTATTTCACTTAGTCC
A GGAGCTTAATCACCAGGCCTCGAGAAACCAGCAACCCTTGCGAGT FIG.
1322 / 29 



Sample Dilution S perTaq Mutant blend Improvement
Experiment Positive Negative Positive Negative PCR PCR
PCR PCR 1 GS3-7 500 24 12 28 8 16% 2 GS3-7 2000 2 22 5
19 150% 3 GS3-7 1000 2 1 27 24 24 14% 4 366 5 2 2 4 0
100% 5 366 10 12 12 16 8 33% 6 GS3-7 1000 12 36 14 34
16% 7 GS3-7 1000 10 14 7 17 -30% 8 GS3-7 1000 12 36 13
35 8% 9 GS3-7 1000 12 36 13 35 8% Total 107 197 124
180 15% PCRS in the presence of limiting amounts of
cave bear aDNA FIG. 1423 / 29 +dATP +dTTP +dCTP +dGTP
"jilt  ' ., .  .i-;          TiS>:fb itfS : " ", 20 30
h 1 20 30  Ch FIG. 15 +dATP +dTTP +dCTP +dGTP ,, . ..
;^\*; V  i 10 20 3 Ch 20 30 Ch 10 20 30 Ch 1 20 3 C24
/ 29 dA dT X dC X = dG 



1 i ll P i  '  } "   """'   '  ">"'    J - . .,,U  . ,
*30 3 C 3 C FIG. 17 . -' X = dA X = dT X dC X dG 1 20
3 Ch 10 2 30 Ch 10 2 30 Ch 1 20 30 C FIG. 1825 / 29
Microarray hybridisations of FITC-labeled probes Taq
RT salmon sperm DNA Target (printed on slide) probe
(ng/m ) 100 50 $ i i 25 b - equimolar Cy3, 12.5    #
Cy5 randomers 6.25 0 100 50  25  FITC100 vs 12.5 * #
Cy5 6.25 0 100 



50 25  # FITC 0 vs 12 5 6.25 0 100 50 25 FITC10Taq s
12.5 6.25 0 100  50  25 unlabeled vs 12.5 6.25 0 FIG.
1926 / 29 CC 35,000 V) o 1 DC 100 Printed Taq sequence
(ng/m ) Microarray analysis of FITC-labeied probes.
FIG. 2027 / 29 Microarray signals from FITC-labelled
probes. A 



Taq sequence 40000 co 30000 unlabelled probe Sf 20000
FITC10 taq c A FITC10 10000 FITC100M1 10000 20000
30000 40000 50000 60000 Spot mean Cy5 signal B salmon
sperm DNA sequences RT sequence 2000 CUUU " c c 10000
- J 'Eo  8000 - H LL 6000 - COD 4000 - Q 2000 - C 0 -
400 600 800 1000 200 300 400 500 Spot mean Cy5 signal
Spot mean Cy5 signal D Comparison of background for
FITC probes 25 - 



L>O a unlabelled 20 - FITC10taq 15 D FITC10M1 EL
FITC100M1 o 10 5 - FIG. 21 n28 / 29 Fidelity A wtTag
M1 M4 0.4 0.3 0.2 0.1 20 10 20 10 20 10 20 10 20 10 20
10 g 0.4kb 2.5kb 0.4kb 2.5kb 0.4kb 2.5kb template B 60
50 o D wtTaq 40 O   1 J 30 O 20 10 0 GC->AT AT->GC
TA->AT TA->GC CG->AT CG->GC 



FIG. 222 9 / 2 9 Processivity A - 23 -22  - 22   4
",.,."" - wtTaq M1 4 B - 23 -22 - 22 - 7 g 4 3 2 wtTaq
M1 4 








