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FUSION POLYMERASE AND METHOD FOR
USING THE SAME

CROSS-REFERENCE

This application is a continuation-in-part of U.S. Ser. No.
14/837,820, filed on Aug. 27, 2015, which application
claims the benefit of U.S. provisional application Ser. No.
62/042,527, filed Aug. 27, 2014, 62/189,599, filed Jul. 7,
2015 and 62/193,168, filed on Jul. 16, 2015, which appli-
cations are incorporated by reference herein.

BACKGROUND

DNA polymerases are widely used in in vitro applica-
tions. In particular, use of thermostable polymerases has
revolutionized modern molecular biology. The processivity
of a DNA polymerase, i.e., the length of product generated
by the enzyme per binding event, is an important factor in
many in vitro reactions. For example, in a PCR reaction or
an in vitro sequence assembly reaction, the length of a
product is largely determined by the proofreading activity
and the processivity of the DNA polymerase used. Increas-
ing the processivity of a DNA polymerase can, in theory,
allow one to copy and/or amplify a template (particularly a
longer template) more efficiently altering the fidelity of the
polymerase. However, in practice, increasing the processiv-
ity of a DNA polymerase does not always have the desired
effect because the proofreading activity of the polymerase
may counteract any positive effects conferred by the
increase in processivity.

One way to increase the processivity of a DNA poly-
merase involves adding Sso7d, a non-specific DNA binding
protein, onto the polymerase (Wang et al, Nuc. Acids Res.
2004 32: 1197-1207). Because Sso7d binds DNA non-
specifically, it is thought that the addition of the domain
helps anchor the polymerase to its template, thereby stabi-
lizing the interaction between the polymerase and the tem-
plate.

SUMMARY

As will be described in greater detail below, the perfor-
mance of many DNA polymerases can be unexpectedly
increased by the addition of a sequence-specific DNA bind-
ing domain (e.g., the DNA binding domain of a transcription
factor) to the N- or C-terminus of the polymerase. This
increase in performance is believed to be unexpected
because where a sequence-specific DNA binding domain
preferentially binds to a specific sequence, it would not be
expected to help the DNA polymerase to remain bound to its
template. Indeed, an effect opposite to the desired one would
be expected to occur, namely that the sequence-specific
DNA binding domain would anchor the polymerase only to
target sequences and prevent it from moving.

This disclosure provides, among other things, a compo-
sition comprising a fusion protein comprising: (a) a DNA
polymerase; and (b) the DNA binding domain of a heter-
ologous sequence-specific DNA binding domain. In some
embodiments, the fusion protein may exhibit increased
processivity relative to the polymerase of (a) in the absence
of the DNA binding domain of (b). The sequence-specific
DNA binding domain is C-terminal or N-terminal of the
polymerase. In some embodiments, the DNA polymerase is
a type A polymerase whereas on other embodiments, the
DNA polymerase may be a type B polymerase. In some
embodiments, the sequence-specific DNA binding domain
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may a helix-loop-helix, ribbon-helix-helix, helix-turn-helix,
winged helix, or homeodomain structure. In some embodi-
ments, the sequence-specific DNA binding domain may be
from a transcriptional activator. In some embodiments, the
sequence-specific DNA binding domain may be at least 90%
identical to a DNA binding domain of a naturally occurring
transcription factor.

In some embodiments, the polymerase may have proof-
reading activity. In some embodiments, the polymerase may
at least 90% identical to a wild type polymerase, e.g., a
bacterial or archaebacterial polymerase such as a wild type
Pyrococcus or Thermococcus polymerase. In some embodi-
ments, the polymerase may thermostable. In some embodi-
ments, the sequence-specific DNA binding domain may be
thermostable.

Also provided herein, among other things, is a kit com-
prising: (a) a composition comprising a fusion protein, as
summarized above; and (b) a reaction buffer. In some
embodiments, the composition may comprise glycerol. In
some embodiments, the buffer may be in concentrated form.

Also described herein, among other things, is a method
comprising: combining a DNA template with nucleotides
and a composition comprising a fusion protein, as summa-
rized above, to produce a reaction mix; and copying the
DNA template. In some embodiments, the DNA template
may be a plurality of overlapping primers. In some embodi-
ments, the reaction mix may comprise a plurality of primers
and genomic DNA. The copying step may done using
isothermal conditions or thermocycling, for example.

This disclosure also provides, among other things, a
composition comprising: i. a 5' exonuclease; ii. a strand-
displacing polymerase; iii. a single strand (ss) DNA binding
protein; and, iv. a non-naturally occurring buffering agent,
wherein the composition does not comprise a crowding
agent and/or a non-strand-displacing polymerase. The com-
position can be employed to assemble polynucleotides into
a synthon. Embodiments of the composition optionally
contain a ligase depending on whether assembly is per-
formed for purposes of cloning in a bacterial cell that would
contain its own ligase or whether assembly is performed for
purposes which do not include a cloning step in bacteria.

Previously described assembly methods required a non-
strand displacing polymerases and evolved to additionally
require a crowding agent (see for example U.S. Pat. No.
8,968,999). Contrary to the prior teachings, present embodi-
ments demonstrate that a strand displacing polymerase has
advantages over a non-strand displacing polymerase when
used with a 5'-3' exonuclease. This combination has a
preference for including a ss binding protein over a crowd-
ing agent which is the reverse over prior art teachings which
assert that use of crowding agents are four fold more
effective than alternatives including the use of a single stand
binding protein. Present embodiments provide composi-
tions, methods and kits that provide increased efficiency of
assembly and cloning of functional genes and synthons from
oligonucleotides and polynucleotides including ds and/or ss
nucleic acid molecules in a single step method and/or in a
single reaction vessel. These embodiments do not rely on
crowding agents nor do they require non-strand displacing
polymerases for filling in gaps that are present after two
molecules anneal. For example, when a 5'-3' exonuclease
that acts upon ds DNA generates a 3' ss DNA overhang that
can anneal effectively with a 3' ss DNA overhang from
another molecule, the strand-displacing polymerase can
fill-in gaps left after the molecules anneal. A combination of
activities of the strand-displacing DNA polymerase and the
5'-3' exonuclease results in a duplex synthon containing a
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nick at or near the site of joining. This nick can be sealed in
vitro by a ligase or in vivo by an endogenous cellular ligase.
Additionally, the inclusion of a ss DNA binding protein in
the reaction mixture enables efficient assembly of relatively
low concentrations of nucleic acid fragments, thereby pro-
viding a cost saving without loss of efficiency or loss of
accuracy of joining.

In some embodiments of the compositions, the strand-
displacing polymerase is a Family B polymerase. A strand
displacing polymerase should preferably have strand-dis-
placing activity that is greater than that observed with
Phusion® polymerase (Thermo Fisher, Waltham, Mass.)
(which is generally described as non-strand displacing)
under the same reaction conditions (for example, using an
assay such as described in FIG. 1A-1E. In the present
compositions, methods and kits the strand displacing poly-
merase is utilized primarily for its strand displacing activity.
In some embodiments, the strand-displacing polymerase
may be non-naturally occurring, for example, the strand-
displacing polymerase may be a mutant. Examples of
mutants include polymerases having one or more amino acid
substitutions, non-naturally occurring polymerases may
alternatively or in addition be fusion proteins with a moiety
having an unrelated amino acid sequence where the fusion
polymerase is not encountered in nature. Preferably the
strand displacing polymerase is stable at 50° C. or above and
may thus be referred to as a thermostable strand displacing
polymerase. In some cases, the strand-displacing poly-
merase is a fusion polymerase having an unrelated or
heterologous DNA binding domain. In some embodiments,
the polymerase moiety may have an amino acid sequence
that is at least 90% or 95%, or 98% or 99% identical to SEQ
ID NO:102. In another embodiment, the polymerase may
have an amino acid sequence that is at least 90% or 95% or
98% or 99% or 100% identical to SEQ ID NO:1 preferably
at least 90%. In another embodiment, the polymerase may
have an amino acid sequence that is at least 90% or 95% or
98% or 99% or 100% identical to any of SEQ ID NO:33-55
preferably at least 90%. In some embodiments, the DNA
binding domain moiety may have an amino acid sequence
that is at least 90% or 95%, or 98% or 99% identical to SEQ
1D NO:2. In another embodiment, the polymerase may have
an amino acid sequence that is at least 90% or 95% or 98%
or 99% or 100% identical to any of SEQ ID NOs:1, 3, 56-96
or 102, preferably at least 90%. In other embodiments, any
of the polymerase domain moieties described herein may be
combined with any of the DNA binding domains described
herein provided that that the Polymerase moiety and the
DNA binding domain are heterologous. For example, in
other embodiments, the fusion protein may have an amino
acid sequence that has at least 90% or 95% or 99% or 100%
identity with SEQ ID NO:1 and SEQ ID NO:2, preferably at
least 90%. In other embodiments, the fusion protein may
have at least 90% or 95% or 98% or 99% or 100% sequence
identity to SEQ ID NO:3 preferably at least 90%. The
strand-displacing polymerase may or may not have a 3'-5'
exonuclease activity. Where strand displacing polymerases
have 3'-5' exonuclease activity, polynucleotide joining may
be optimized by balancing 3'-5' exonuclease activity, 5'-3'
polymerization activity and strand displacement activity
using the conditions that include those exemplified herein.
The efficacy and accuracy of the assembly can be confirmed
using the assay described herein (see for example, FIGS. 3A
and 3B). In some embodiments, the polymerase is not
Phusion, 9° N, Pfu or Vent, or a polymerase that has an
amino acid sequence that is at least 90% identical to Phusion
or wild type 9° N, Pfu or Vent. In some embodiments, the
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polymerase is thermostable, i.e., active at a temperature of at
least 40° C. or at least 50° C. degrees. In contrast to
strand-displacing polymerases, some polymerases such as
Taq DNA polymerase, degrade an encountered downstream
strand via a 5'—=3' exonuclease activity. This activity is
utilized for nick translation protocols. Hence Taq DNA
polymerase is not included in the definition of strand dis-
placing polymerases.

An assay to determine efficiency and accuracy of synthon
formation is described in the examples and shown in FIG.
3A-3B. The designed assembled fragments encode the lacl
and lacZ proteins, which yield a blue colony if DNA
fragments are assembled correctly. Thus, the number of
“blue” colonies from an overnight plate denotes both effi-
ciency and accuracy of assembly. In the absence of a blue
color, efficient assembly may occur but errors at the joining/
extension region prevents expression. When synthons are
assembled and then cloned into a host cell, efficiency and
accuracy of synthon formation translates into a confidence
that each clone will contain the accurately assembled syn-
thon. With this confidence, only one or a few duplicate
clones need to be sequenced to confirm the presence of a
synthon. This reduces the cost and inconvenience of
sequencing clones that might contain errors. In one embodi-
ment, at least 80% or alternatively at least 90% of clones will
contain accurately assembled synthons.

In some embodiments, methods utilizing the composi-
tions described herein are capable of yields that are sub-
stantially in excess of minimum requirements. For example,
as many as 5,000 or 10,000 colonies can be produced in a
single transformation event. If the purpose of assembly is to
create a single example of a synthon rather than a library of
synthons, then lower starting amounts of nucleic acid frag-
ments and reagents can be used even below the ranges
provided herein. Examples of concentration ranges suitable
for use in an assembly mixture include the following: 0.02
nM-100 nM for DNA fragment or for example 0.2 nM-10
nM DNA may be added to the reagent mixture in a reaction
vessel. In one embodiment, vector DNA is included at a ratio
of 1:1 with the DNA fragments although higher or lower
ratios can be used. A higher concentration of ss DNA may
be preferred when compared with the concentration selected
for ds DNA. The reagent mixture in the reaction vessel may
further include 0.0004 U/ul-0.064 U/ul of the 5'-3' exonu-
clease (for example 0.0004 U/ul-0.01 U/ul); 0.5 U/ul-32
U/l of an optional ligase (for example 1 U/ul-10 U/ul);
0.0025 U/ul-0.25 U/ul of the strand displacing polymerase
(for example 0.005 U/ul-0.1 U/ul); and 0.001 pg/ul-0.1 pg/ul
for the ss binding protein (for example 0.01 pg/pl-0.5 pg/ul)
(units correspond with those specified by the manufacturer
(New England Biolabs, Ipswich, Mass.)).

The amount of 5'-3' exonuclease can be further optimized
according to the length of overlap of nucleic acid fragments
and size of each fragment. For example, amounts of 5'-3'
exonuclease may be increased within the range for nucleic
acid fragments greater than 80 nucleotides in length. The
absolute concentration of the strand displacing polymerase
within the specified range is not critical.

A ss DNA binding protein for use in the composition may
be E. coli recA, T7 gene 2.5 product, RedB (from phage
lambda) or RecT (from Rac prophage), ET SSB (extreme
thermostable single-stranded DNA binding protein) or a ss
binding protein with 90% sequence identity to SEQ ID
NO:100 although many other ss DNA binding proteins are
known and could be used in the composition. The inclusion
of a ss binding protein improves the efficiency of assembly
particularly for nucleic acid fragments with longer overlap
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sequences (e.g. at least 20 nucleotides) than would be
otherwise occur in the absence of ss binding protein as
measured by colony number.

The optional ligase may be an NAD* dependent ligase
such as Taq ligase or an ATP dependent ligase such as T4
ligase. However, for PCR, it is convenient to use an NAD*
dependent ligase since ATP can inhibit Taq polymerase used
in subsequent amplification of the synthon. Examples of a
suitable ligase include a protein with at least 90% sequence
identity to SEQ ID NO:101.

The 5'-3' exonuclease used here may be an enzyme that
has a 5'-3' exonuclease activity as well as a ss endonuclease
activity (see, for example, Garforth, et al., PNAS, 96, 38-43
(1999)). Examples of a 5'-3' exonuclease with exonuclease
and ss endonuclease activity include T5 exonuclease, as well
as homologs and variants thereof. In one example, the 5'-3'
exonuclease has at least 90% amino acid sequence identity
SEQ ID NO:98. There is no requirement to denature the 5'-3'
exonuclease prior to joining the polynucleotides with the
strand displacing polymerase. Hence the use of a thermo-
stable 5'-3' exonuclease is described in the examples.

In some embodiments, the composition may further com-
prise dNTPs (i.e., a mixture of dGTP, dATP, dGTP and
dTTP) and, in some embodiments, where T5 5'-3' exonu-
clease is used, the composition may further comprise potas-
sium salt such as KCI (e.g., at a concentration in the range
of 7 mM-150 mM).

In general, a method for producing a synthon is provided.
In some embodiments, the method may include incubating
an embodiment of the composition described herein that
comprises a strand displacing polymerase as described
herein and a 5'-3'exonuclease and optionally a ligase (if the
reaction is in vitro or in vivo in a cell or organism that does
not contain a ligase) and may also contain a ss binding
protein, with a set of polynucleotides and/or oligonucle-
otides in which at least one or some of the members of the
set have a sequence that overlaps with one or some other
members of the set, under suitable reaction conditions. In
some embodiments, the polynucleotides or oligonucleotides
may be ds DNA, e.g., overlapping PCR products or over-
lapping restriction fragments. In other embodiments, the
polynucleotides may be ss DNA or RNA. In some embodi-
ments, the set of polynucleotides may comprise ss DNA or
RNA. In some embodiments, the set of polynucleotides may
comprise ds polynucleotides. In some embodiments, the set
of polynucleotides may comprise at least one ds polynucle-
otide and at least one ss polynucleotide. In some embodi-
ments, the set of polynucleotides may comprise a sub-
population of polynucleotides that have identical sequences
apart from a sub-sequence that varies between members of
the sub-population. In other embodiments, the set of poly-
nucleotides may comprise ss or ds polynucleotides or poly-
nucleotides that have overlapping regions at their ends for
purposes of joining but different internal sequences that
form the synthon. Thus, in one embodiment of the method
of the invention, the polynucleotides in the set of polynucle-
otides are ds; such as wherein the ds polynucleotides are
overlapping PCR products or overlapping restriction frag-
ments or assembled from ss polynucleotides In an alterna-
tive embodiment of the method of the invention, the synthon
is assembled from polynucleotides in the set of polynucle-
otides that are ss. In a further alternative embodiment of the
method of the invention, the synthon is assembled from a set
of polynucleotides that comprises a mixture of at least one
ds polynucleotide and at least one ss oligonucleotide. In
embodiments of the method of the invention, the synthon is
assembled from a set of polynucleotides that comprise a
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sub-population of polynucleotides that are identical to one
another except for a sub-sequence that varies between the
members of the sub-population.

Embodiments of the method may be used to produce a
variety of synthons, including coding sequences, vectors,
guide molecules for gene engineering and expression cas-
settes.

Prior to assembly, the initial ds polynucleotides may be in
the range of 100 bases-30 kb in length, although polynucle-
otides outside of this range may be used in certain cases. For
example, in some embodiments, individual fragment sizes
can be as much as 20 kb-30 kb or longer or as short as 30
bases-500 bases. Moreover, in some embodiments, frag-
ments of different sizes can be joined in the assembly
reaction. In one example, long polynucleotides (e.g., frag-
ments of 5 kb-20 kb in length) are joined to short poly-
nucleotides (e.g., fragments of 100 bases-500 bases in
length). Newly assembled synthons may be sequenced,
either directly using single molecule sequencing methods or
after cloning or amplification.

In one embodiment, the members of the set may contain
overlapping sequences having a length less than 2 kb for
example, in the range of 15-200 nucleotides for example,
20-100 nucleotides.

In one embodiment, a composition is provided where the
composition has a 5'-3' exonuclease; a strand-displacing
polymerase; and a buffer containing a potassium salt such as
KCl in a concentration range of 7 mM-150 mM, for
example, 20 mM-50 mM. A sodium salt (e.g., sodium
chloride) in the range of 10 mM-100 mM such as 20 mM
may also be used in addition to potassium salt. A ss binding
protein may be included in the composition. In some
embodiments, the composition does not contain a crowding
agent such as polyethylene glycol (PEG), Ficoll, or dextran.
In some embodiments, the composition does not contain a
non-strand displacing polymerase. In another embodiment,
polynucleotide and/or oligonucleotide fragments are
included in the composition for forming a synthon.

In another embodiment of the method, a set of oligonucle-
otides may be joined using a composition that comprises a
crowding agent such as polyethylene glycol (PEG), Ficoll,
or dextran in addition to or instead of the ss binding protein
and at least 7 mM potassium salt such as KCl together with
a strand displacing polymerase and a 5'-3' exonuclease in the
absence of a non-strand displacing polymerase. In one
embodiment the potassium salt is at a concentration of less
than 150 mM for example, 20 mM-50 mM.

Also provided is a kit for polynucleotide assembly, com-
prising: i. a 5'-3' exonuclease; ii. an optional ligase; iii a
strand-displacing polymerase; and iv. a ss DNA binding
protein. In certain embodiments, the kit may further com-
prise dNTPs and/or a buffering agent, for example. The
components of the kit may be in separate containers (e.g. one
or more different reaction tubes), or, the components of the
kit may be in a single container. The components may be
lyophilized or in solution or in part lyophilized and in part
in solution. The components may be immobilized in part or
in whole on a solid surface such as a bead or surface of a
reaction chamber or may be in solution. The components
may be added to target polynucleotides that may be in part
or in whole, immobilized or in solution. In some embodi-
ments, the kit may contain one or more mixtures of the
components of the kit. In some embodiments, the kit does
not contain a non-strand-displacing polymerase, or a crowd-
ing agent.

In one embodiment, a polymerase having at least 80%,
85%, 90% or 95% sequence identity with SEQ ID NO:1 is
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provided for the assembly mixture. In another embodiment,
a polymerase having a binding domain having at least 80%,
85%, 90%, or 95% sequence identity with SEQ ID NO:2 is
provided for the assembly mixture. In another embodiment,
a polymerase having at least 80%, 85%, 90% or 95%
sequence identity with SEQ ID NO:3 is provided for the
assembly mixture. These compositions may be used in
reaction conditions in which the polymerase is strand dis-
placing. The compositions may be used in reaction condi-
tions in which any 3' exonuclease activity associated with
the polymerase activity is active.

The assembly reaction may occur using ss or ds nucleic
acids. Any number of fragments e.g., 2,3,4,5,6,7,8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 or more fragments
can be assembled. Chemically synthesized ss polynucle-
otides can be assembled into ds overlapping fragments and
hybridized and ligated to the ends of linearized vectors to
form synthons suitable for cloning. Alternatively, duplex
fragments can be assembled into synthons and inserted into
vectors for cloning or PCR or isothermal amplification (see
for example, FIG. 2A-2C). ss nucleic acid fragments can
also be directly inserted into vectors (see for example, FIG.
7) by hybridizing the nucleic acid fragment to the 3' ss end
of a linearized ds vector. The ss nucleic acids may be
assembled through overlapping complementary ends at the
same time, before, or after the a ss nucleic acid fragment has
hybridized to the 3' ss end of the linearized vector.
Assembled fragments may be amplified by PCR or isother-
mal methods before insertion into vectors for cloning. The
nucleic acid fragments may contain randomized nucleotide
sequences or degenerate code enabling libraries to be
formed that contain representative variants at each nucleo-
tide position of the variable region. The random sequence
may be positioned between a defined sequence at each end.
In one embodiment, the random sequence positioned
between defined sequences may be for hybridizing to a
second nucleic acid fragment (such as a second ss genomic
polynucleotide) or to a linearized vector end. In one
example, the random sequence hybridizes to a target
genomic sequence for guiding a Cas9 protein to a target
nucleic acid for gene editing (see for example, FIG. 9A-9C).
Thus, in accordance with this aspect of the invention, the
method may be used to hybridize at least one member of a
set of polynucleotides to a second nucleic acid fragment
(such as a second ss genomic polynucleotide) or to a
linearized vector end. For example, the method may be for
hybridization of the at least one member of the set of
polynucleotides to a target genomic sequence in order to
guide a Cas endonuclease such as Cas9 to a target genomic
nucleic acid in a method of gene editing.

In some embodiments, a method is provided for assem-
bling a plurality of polynucleotides into a synthon, that
includes: combining the plurality of polynucleotides with a
composition comprising a 5'-3' exonuclease, a strand dis-
placing polymerase, optionally a ligase, a ss binding protein
and a buffer wherein each polynucleotide has a 3' ss terminal
polynucleotide sequence on one strand that can be hybrid-
ized to a complementary ss complementary sequence on a
second polynucleotide and can be joined to form a continu-
ous duplex polynucleotide optionally under isothermal con-
ditions in a single container. The synthon can further be
joined at its ends to the ends of a linearized plasmid for
amplification and/or cloning

In some embodiments, the entire assembly method may
be carried out as a “one-step” reaction (in a single tube,
which does not have to be opened during after the reaction
is started). In one example, the components are mixed
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together in a reaction vessel and incubated at a temperature
of between 40° C. to 60° C. for a period of time, e.g., 5
minutes to 12 hours, thereby producing the synthon.

In one aspect, the method includes a step of strand
displacement in the polynucleotides to be joined by a
polymerase having at least 90% amino acid sequence iden-
tity with SEQ ID NO:1 or SEQ ID NO:102 and/or SEQ ID
NO:2 or SEQ ID NO:3. In embodiments of the method, no
additional steps of 3'-5' exonuclease chew back are required.
Another aspect further comprises enhancing the efficiency of
the assembly reaction by including a potassium salt at a
minimum concentration of 7 mM in the reaction mixture
where the potassium salt is exemplified by KCL.

In one aspect, a method is provided, wherein the poly-
nucleotides contain a random sequence between defined
sequence ends. In another aspect, the method further com-
prises screening the random sequences for hybridizing activ-
ity with a genomic DNA and identifying the random
sequence with the hybridizing activity. In another aspect, the
method comprises performing gene editing by transcribing
the random sequences with hybridizing activity to form
RNA and using the RNA for gene editing in the presence of
a Cas endonuclease.

In one embodiment of the composition, kit, or method of
the invention, the strand-displacing polymerase used in the
composition, kit, or method of the invention may be non-
naturally occurring, such as a mutant or fusion protein. In the
composition, kit, or method of the invention, the non-natural
strand-displacing fusion polymerase may be characterized
by an amino acid composition of the polymerase moiety that
is at least 90% or 95% or 99% or 100% identical to any of
SEQ ID NOs: 33-55 or SEQ ID NO:1 or of the DNA binding
moiety that is at least 90% or 95% or 99% or 100% identical
to any of SEQ ID NOs: 56-98 or SEQ ID NO:2. In one
embodiment, the polymerase moiety may have an amino
acid sequence that has 90% or 95% or 98% or 99% amino
acid sequence identity with SEQ ID NO:102 fused to a
heterologous DNA binding moiety selected from a polypep-
tide that has at least 90% or 95% or 99% or 100% amino acid
sequence identity to any of SEQ ID NOs: 56-98.

In general in one aspect, a preparation is provided that
includes a composition having an amino acid sequence that
has at least 90% sequence identity to SEQ ID NO:3. The
preparation may further comprise a 5'-3' exonuclease, for
example a TS exonuclease. The preparation may further
comprise a ss DNA binding protein, for example, an ET
SSB, E. coli recA, T7 gene 2.5 product, phage lambda RedB
or Rac prophage RecT, more particularly a thermostable ss
binding protein such as ET SSB. The preparation may
further comprise a ligase. In one aspect, a preparation
including the composition may further comprise a ss binding
domain and a 5-3' exonuclease, wherein the preparation does
not comprise a crowding agent and/or a non-strand-displac-
ing polymerase. The preparation may further include a
potassium salt.

In one aspect, the preparation including the composition
may further comprise a plurality of polynucleotides in a set
wherein at least a polynucleotide in the set has a sequence
that overlaps with another polynucleotide in the set; and
wherein the polynucleotides are selected from: (i) ds poly-
nucleotides; (ii) ss oligonucleotides; (iii) at least one ds
polynucleotide and at least one ss oligonucleotide; and (iv)
a subpopulation of polynucleotides that are otherwise iden-
tical to one another except for a sequence that varies
between the members of the sub-population. In one aspect
the set of polynucleotides has at least 3 members or at least
4 members or at least 5 members.
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In general, a method for producing a synthon, that
includes: incubating a composition of claim 1 further com-
prising a 5'-3' exonuclease and, optionally, a ligase and a ss
DNA binding protein, with a plurality of polynucleotides
that form a set, wherein members of the set have sequences
that overlap under suitable reaction conditions; and joining
at least two the polynucleotides to produce a synthon. In one
aspect, the set of polynucleotides contains at least 3 mem-
bers or at least 4 members or at least 5 members. In one
aspect, the preparation further includes a ligase. In one
aspect, the preparation, further includes a ss DNA binding
protein. In one aspect, the polynucleotides are ds and the ds
polynucleotides are overlapping PCR products, overlapping
restriction fragments or assembled from ss oligonucleotides.
In one aspect, the polynucleotides are ss oligonucleotides. In
one aspect, the set of polynucleotides comprises at least one
ds polynucleotide and at least one ss oligonucleotide.

In general, a kit is provided that includes a preparation
according to claim 1 and a 5'-3' exonuclease such as for
example TS exonuclease. In one aspect, the kit may further
include a ss binding protein. In another aspect, the kit may
include a ligase. In another aspect, the kit may include a
buffering agent. In one aspect, the kit does not include a
crowding agent. In one aspect, the composition and the 5'-3'
exonuclease are in the same vessel. In another aspect, the
composition and the 5'-3' exonuclease are in difterent vessels
optionally in buffers suitable for combining into a single
vessel.

In general, a composition is provided for assembling a
synthon, that includes: a 5'-3' exonuclease, which in one
aspect has ss endonuclease activity, for example having 90%
sequence identity with SEQ ID NO:98; a strand-displacing
polymerase, including a Family B strand displacing poly-
merase that is preferably non-naturally occurring such as a
mutant or a fusion protein derived from a naturally occurring
polymerase that may additionally be thermostable; option-
ally a ss DNA binding protein, such as for example the ss
DNA binding protein is ET SSB, E. coli recA, T7 gene 2.5
product, phage lambda RedB or Rac prophage RecT; and a
non-naturally occurring buffering agent, wherein the com-
position does not comprise a crowding agent and/or a non
strand-displacing polymerase. In one aspect, the composi-
tion further includes a ligase and/or a ss binding domain. In
one aspect, the composition includes a set of at least two
polynucleotides (a plurality of polynucleotides). In one
aspect, the composition does not include a non-strand dis-
placing polymerase. In another aspect, the composition does
not include 9° N, Phusion, Vent or Pfu DNA polymerases.

In one aspect, the strand-displacing polymerase in the
composition is a fusion protein wherein the polymerase
moiety has an amino acid sequence that is at least 90%
identical to SEQ ID NO:1 or SEQ ID NO:102, or any of
SEQ ID NOs:33-55. For example, the fusion protein may
have an amino acid sequence that is at least 90% identical to
SEQ ID NO:1 or 102 and SEQ ID NO:2. For example, the
strand-displacing polymerase may have at least 90%
sequence identity to SEQ ID NO:3. In one aspect, the
composition may include a potassium salt having a concen-
tration of at least 7 mM. In one aspect, the composition may
include a set of polynucleotides in which at least one
polynucleotide in the set has a sequence that overlaps with
another polynucleotide in the set; and wherein the poly-
nucleotides are selected from: (i) ds polynucleotides; (ii) ss
oligonucleotides; (iii) at least one ds polynucleotide and at
least one ss oligonucleotide; and (iv) a subpopulation of
polynucleotides that are otherwise identical to one another
except for a sequence that varies between the members of
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the sub-population. In one aspect, at least one member of the
set of polynucleotides contains a random sequence posi-
tioned between a defined sequence at each end for hybrid-
izing to a second ss genomic polynucleotide where for
example, the random sequence is ss and is capable of
hybridizing to a target genomic sequence for guiding a Cas
protein to a target genomic nucleic acid for gene editing.

In general, a method for forming a synthon, is provided
that includes incubating any of the compositions described
above that contain a set of polynucleotides having sequences
that overlap under suitable reaction conditions; and joining
at least some of the polynucleotides to other polynucleotides
to produce a synthon. In one aspect of the method, all or a
portion of the polynucleotides in the set are ds. In another
aspect, the ds polynucleotides are overlapping PCR prod-
ucts; overlapping restriction fragments, or synthetic ds mol-
ecules assembled from complementary ss oligonucleotides
where these oligonucleotides may have been made in a
synthesizer. In one aspect, all or a portion of the polynucle-
otides in the set are ss oligonucleotides. In one aspect, the set
of polynucleotides comprises at least one ds polynucleotide
and at least one ss oligonucleotide. In one aspect, the set of
polynucleotides comprises a subpopulation of polynucle-
otides that are otherwise identical to one another except for
a sequence that varies between the members of the sub-
population. In one aspect, the overlapping sequences of the
polynucleotides are less than 2 kilobases in length. In one
aspect of the method, the strand-displacing polymerase
comprises an amino acid sequence that is at least 90%
identical to any of SEQ ID NOs:1, 2, 3, 33-96, or 102. In one
aspect of the method, at least one member of the set of
polynucleotides contains a random sequence between
defined sequence ends. Another aspect of the method
includes screening the random sequences for hybridizing
activity with a genomic DNA and identifying the random
sequence with the hybridizing activity. Another aspect of the
method includes performing gene editing by transcribing the
random sequences with hybridizing activity to form RNA
and using the RNA for gene editing in the presence of a Cas
protein.

In general, a kit for polynucleotide assembly is provided
that includes: a 5'-3' exonuclease; a strand-displacing poly-
merase; and optionally a ss DNA binding protein wherein
the kit optionally does not comprise a crowding agent and/or
a non-strand-displacing polymerase. In one aspect, the kit
includes a ligase. In another aspect, the kit includes dNTPs.
In another aspect, the kit includes a buffering agent. In
another aspect, the individual components of the kit may be
in the same or separate containers such as one or more
different storage or reaction containers.

In general, a composition is provided that includes a
polymerase fusion protein, wherein the polymerase fusion
protein includes an amino acid sequence that is at least 90%
identical to any of SEQ ID NOs:2, 56-96 and a heterologous
polymerase domain. In one aspect, the polymerase fusion
protein includes an amino acid sequence that is at least 90%
identical to any of SEQ ID NO:2; and a heterologous
polymerase domain.

In general, a composition is provided that includes a
polymerase fusion protein is provided wherein the poly-
merase fusion protein includes a polymerase domain that has
an amino acid sequence that is at least 90% identical to any
of SEQ ID NOs:1, 33-55, or 102; and a heterologous DNA
binding domain. In one aspect, the polymerase fusion pro-
tein, the polymerase domain that has an amino acid sequence
that is at least 90% identical to SEQ ID NO:1; and a
heterologous DNA binding domain. In one aspect, the
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polymerase fusion protein has a polymerase domain that has
an amino acid sequence that is at least 90% identical to SEQ
ID NO:102; and a heterologous DNA binding domain. In
one aspect, the polymerase fusion protein has an amino acid
sequence that is at least 90% identical to SEQ ID NO:3.

In one aspect, the compositions above further include a
5'-3' exonuclease such as TS exonuclease. In one aspect, the
composition further includes a single-strand DNA binding
protein for example a single-strand binding protein selected
from an ET SSB, E. coli recA, T7 gene 2.5 product, phage
lambda RedB or Rac prophage RecT. In one aspect, the
composition may include a ligase. In one aspect, the ligase
is thermostable. In one aspect, the composition does not
include a crowding agent and/or a non-strand-displacing
polymerase. In another aspect, the composition further
includes dNTPs. In another aspect, the composition further
includes a potassium salt having a concentration of at least
7 mM. One aspect of the composition includes a set of
polynucleotides wherein at least a polynucleotide in the set
has a sequence that overlaps with another polynucleotide in
the set; and wherein the polynucleotides are selected from:
(1) ds polynucleotides; (ii) ss oligonucleotides; (iii) at least
one ds polynucleotide and at least one ss oligonucleotide;
and (iv) a subpopulation of polynucleotides that are other-
wise identical to one another except for a sequence that
varies between the members of the sub-population.

In general, a method is provided for producing a synthon,
that includes incubating a set of polynucleotides where
individual polynucleotides contain sequences that overlap
with sequences in other polynucleotides, where the overlap-
ping sequences of different polynucleotides are capable of
cross-hybridizing under suitable reaction conditions, and
where for example the overlapping region is less than 2
kilobases, with a composition comprising a polymerase
characterized above, wherein the composition further
includes a 5'-3' exonuclease and, optionally, a ligase and a ss
DNA binding protein; and joining the polynucleotides to
produce a synthon.

In different aspects, the composition includes a ligase;
and/or a ss DNA binding protein. In another aspect, one or
more polynucleotides in the set are ds, where the ds poly-
nucleotides are PCR products, overlapping restriction frag-
ments or assembled from ss oligonucleotides and/or one or
more polynucleotides are ss oligonucleotides; and/or the set
of polynucleotides includes at least one ds polynucleotide
and at least one ss oligonucleotide.

In general, a kit for polynucleotide assembly is provided
that includes a polymerase fusion protein, as described
above and a 5'-3' exonuclease; and a ss DNA binding
protein. In one aspect, the kit may include any or all of a
ligase, dNTPs, and buffering agent where the components of
the kit may be in the same vessel or in different vessels.

BRIEF DESCRIPTION OF THE FIGURES

The skilled artisan will understand that the drawings,
described below, are for illustration purposes only. The
drawings are not intended to limit the scope of the present
teachings in any way.

FIG. 1A-1E shows how the assay described in Example 1
differentiates between a strand displacing and non-strand
displacing polymerase. This assay confirms that T4 DNA
polymerase is non-strand displacing and terminates synthe-
sis of a template DNA at 44 nucleotides in length at a
blocking oligonucleotide (2) (FIG. 1C) whereas Bst poly-
merase (FIG. 1D) and a non-natural polymerase (FIG. 1E)

10

15

20

25

30

35

40

45

50

55

60

65

12

are strand displacing and can continue DNA synthesis of a
FAM primer (1) by displacing the blocking oligonucleotide
(27 nucleotides in length).

FIG. 1A shows the sequence and position of the primer (1)
and a blocking oligonucleotide (2) on a DNA template used
in the assay for the enzymes below.

FIG. 1B shows fluorescence observed in samples obtained
after capillary electrophoresis where no enzyme was added
and the starting material formed a peak at a position corre-
sponding to 24 nucleotides of the FAM primer.

FIG. 1C shows the result of adding T4 DNA polymerase.
The primer was extended to a final length of 44 nucleotides
(24 nucleotides plus 20 nucleotides) but was terminated by
the blocking oligonucleotide.

FIG. 1D shows that Bst DNA polymerase (large fragment)
strand-displaces the blocking oligonucleotide and copies
template by extending the primer to a total length of 72
nucleotides (24+20+27+dA).

FIG. 1E shows a family B strand displacing DNA poly-
merase which is a proof reading polymerase that strand
displaces blocking oligonucleotides and copies template by
extending the primer by 71 nucleotides (24+20+27).

FIG. 2A-2C show the steps in a DNA assembly method.

FIG. 2A shows the incorporation of the amplicons of each
of 5 fragments into 5 plasmids with ampicillin resistance
markers. The 5 fragments were initially amplified with
primers that generated amplicons which had overlapping
regions as well as flanked by Notl restriction sites. The Notl
cleavage produces sticky ends. Notl restriction (3) permitted
release of each amplicon from the vectors. The restriction
enzyme cleaved fragments have an 80 base pair overlap
region (4) with the adjacent fragment. In FIG. 2C, the
overlap between the first fragment and an adjacent reagent
vector end and a last fragment and adjacent reagent vector
end is 15-25 nucleotides, for example, 20 nucleotides, for
convenience and cost reduction but this is not intended to be
limiting.

FIG. 2B shows Notl cleaved optionally sequenced frag-
ments (5) where the amplicon is retrieved from a vector and
the 5' ends of Frag. 1 are SEQ ID NO:103 and 104 and of
Frag. 2 top strand is SEQ ID NO:105. These fragments were
then treated with an enzyme mixture that included T5/5'-3'
exonuclease, DNA polymerase with 3'-5' exonuclease activ-
ity, a ss binding protein ET SSB (New England Biolabs,
Ipswich, Mass.) and DNA ligase in a single reaction vessel
(6)-(8). Although Notl is used here, other restriction endo-
nucleases may be used for cleavage depending on conve-
nience. Double digestion with two or more restriction endo-
nucleases may be used. For example, double digestion of
vector DNA with two restriction endonucleases has been
found to reduce background from uncut vector. The over-
lapping ss DNA sequences hybridized to adjacent fragments.
The T5 exonuclease chewed back a DNA strand from 5' to
3' on each fragment to expose a 3' ss region (6) which
allowed the fragments to anneal together in the presence of
ss binding protein (7). Removal of the 2 base flap was
achieved by means of the 3'-5' exonuclease activity associ-
ated with a strand displacing polymerase followed by exten-
sion by the strand displacing polymerase to fill the gap in the
assembled product (8). Any residual nick or 5' flap may be
repaired by a ligase and/or TS exonuclease.

FIG. 2C shows the 5 fragments (Frag. 1-Frag. 5) now
joined in sequence and inserted into a second plasmid
carrying chloramphenicol resistance gene (Cam) for trans-
formation into a bacterial host.

FIGS. 3A and 3B show chloramphenicol plates were used
to select colonies for growth on plates and those colonies
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that contained the lacIZ gene generated blue colonies in the
presence of IPTG and X-Gal. The assay provides a quanti-
tative assessment of clones in which genes are assembled
efficiently and in a functional form.

FIG. 3A shows chloramphenicol only.

FIG. 3B shows chloramphenicol+IPTG+Xgal.

FIG. 4 shows that the plasmids did in fact contain the
entire gene. Amplification by PCR of assembly product
shown in FIG. 2B was performed to confirm all fragments
were joined and ligated prior transformation. Lane 1 and 2
are duplicate PCR results. Lane M is 2-log DNA ladder from
New England Biolabs, Ipswich, Mass.

FIG. 5 shows the effect of KCI in the assembly mix as
determined by the number of colonies. The increase in
accuracy/efficiency of assembly using a strand displacing
polymerase in an assembly mix is demonstrated using an
increased concentration of KCl in the buffer. The histogram
on the left (T26) does not contain KC1 whereas the histo-
gram on the right (T26K) contains 25 mM KCl showing a
1.5 fold enhancement of efficiency. This improvement
occurs regardless of the assembly condition. A similar
relative enhancement of efficiency is expected if PEG or
other crowding agent were used in the absence of ss binding
protein.

FIG. 6 shows a comparison between the mixture
described in Example 2 (Strand displacing polymerase/ss
binding protein/5'-3' exonuclease/ligase)(Mix1) and the
commercial Gibson Assembly® Mix (GAMM) (non-strand
displacing polymerase and polyethylene glycol) (Synthetic
Genomics, La Jolla, Calif/New England Biolabs, Ipswich,
Mass.) following the protocol provided by the manufacturer.
Mix 1 results in significantly higher efficiencies of DNA
assembly and transformation.

FIG. 7 shows a general diagram of DNA assembly
between ss DNA oligonucleotides and ds DNA fragments. ss
target DNA oligonucleotide is inserted into a DNA vector.
The ss target DNA oligonucleotide has been synthesized so
as to have an overlapping region of 20-30 nucleotides on
each end with the 3' vector ends. However, the size of the
oligonucleotide may have an overlapping region of less than
20 nucleotides for example less than 15 nucleotides or less
than 10 nucleotides or alternatively more than 30 nucleo-
tides, for example, at least 40 or 50 or 60 nucleotides or
more. Beyond the overlapping regions, the oligonucleotide
preferably has 1 or more nucleotides that are not overlapping
positioned between the ends. The assembly master mix
which contains a 5'-3' exonuclease, strand displacing poly-
merase, ligase and ss binding protein is added to the mixture
of ss oligonucleotide and the vectors so as to permit the
S'end of the ds DNA vector to be chewed back so as to
produce ss overhangs (9). The 3' end of the ss DNA is then
able to anneal to a 5' end of the vector and the DNA
polymerase then replicates the ss template to fill the gap and
produce a blunt ended ds DNA. The nick is sealed by ligase
(10). Again, the exonuclease (here TS exonuclease) chews
back the 5' end this time on the blunt end of the target DNA
producing 3' ss regions so as to permit annealing of the
complementary sequences and completion of the ds integra-
tion of target DNA into the DNA vector (11). Fragments can
anneal with DNA polymerase filling the gap and ligase
sealing the nick. (12) to produce a synthon.

FIG. 8A-8C shows the workflow for bridging ds DNA by
a short ss oligonucleotide. (The protocol is described in FIG.
D.

FIG. 8A provides an example of a sequence of a short ss
oligonucleotide for integration into a ds DNA vector shown
here as a CRISPR Nuclease Vector with OFP Reporter.
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FIG. 8B shows the workflow starting with a ss oligo-
nucleotide and a ds CRISPR Nuclease Vector (9424 bp)
treated with 5'-3' exonuclease, strand displacing polymerase,
a ligase and a ss binding protein (13) to produce a complete
ds circular DNA. This DNA was transformed into competent
cells (14). After an overnight incubation, the colonies were
analyzed by a mini-prep and then the plasmids sequenced
@as).

FIG. 8C shows the insert and adjacent sequences (SEQ ID
NO:106) of U6 promoter sequence (vector) including the
designed ss oligonucleotide (7 1mer), and scaffold template-
specific sequence (vector). The ss oligonucleotide (71mer)
including an overlap region of 25 nucleotides at each end (21
nucleotides of the target DNA in bold)) was properly inte-
grated into the vector in host cells.

FIG. 9A-9C show that a similar workflow to that in FIG.
8B can be used for an ss oligonucleotide having degenerate
bases between the overlapping ends. Again the starting
sequence in FIG. 9A is shown above the workflow (FI1G. 9B)
and the Sanger-sequencing results from colonies from
assembly pool is shown below (FIG. 9C) with the solid line
referring to a pool of sgRNA targeting sequences. The
sgRNA targeting sequence contained 21 variable nucleotide
positions providing 4*'variants. The pool contained every
possible variant and each variant was amenable to cloning
reflecting the degeneracy of the sequence between the
overlapping ends and the vector. FIG. 9A shows the
sequence of a ss oligonucleotide containing degenerate
bases (SEQ ID NO:29). The sgRNA targeting sequence of
FIG. 9A was inserted between a U6 promoter sequence and
a scaffold template specific sequence of the vector (16),
transformed into host cells (17) and analyzed for synthons
by miniprep and sequencing (18) as described above and
herein. Sanger sequencing was performed on clones from
the assembly pool. An example of a sequence is provided in
FIG. 9C.

FIG. 10 presents the results of 187 colonies selected from
a plate after the assembly reaction products were trans-
formed into E. coli. Each colony was PCR amplified and
sequenced to confirm the insertion of the ss DNA and the
distribution of degenerate bases were analyzed. The results
shown here confirmed that indeed different colonies con-
tained different degenerate sequences. No bias was detected.
Analysis was carried out by first converting the sequences
into a fastq file and then using the fastx_quality_stats tool
from the fastx toolkit on github. The sequence logo was
created using weblogo from Berkeley.

FIGS. 11A and 11B show the amino acid sequences from
a variety of DNA binding domains from Pyrococcus furio-
sus, an Archaebacterium.

FIG. 12 shows a phylogenetic tree of the DNA binding
domains shown in FIGS. 11A and 11B.

FIGS. 13A and 13B show the amino acid sequences from
a variety of DNA binding domains from Thermotoga mar-
itima, a thermophilic bacterium.

FIG. 14 shows a phylogenetic tree of the DNA binding
domains shown in FIGS. 13A and 13B.

FIG. 15 shows a phylogenetic tree of various DNA
polymerases used herein. As shown, the polymerases are
derived from a variety of different bacterial and archaeal
species.

FIG. 16 shows the amino acid sequences of fusions of
DNA polymerase SP-17 (DNA polymerase family B) with
binding domains BD-07, 08 and 98.

FIG. 17 shows the amino acid sequences for fusions of
DNA polymerase SP-04 (DNA polymerase family A) with
binding domains BD-07, 02 and 98.
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FIGS. 18A and 18B shows the amino acid sequences of
fusions of DNA polymerase SP-61 (DNA polymerase family
B) with binding domains BD-07, 09, 23, 62, 93 and 109.

FIGS. 19A and 19B shows the amino acid sequences for
fusions of DNA polymerase SP-49 (DNA polymerase family
B) with binding domains BD-07, 09, 23, 62, 93 and 109.

FIG. 20 shows data showing that DNA polymerase SP-17
(family B) has enhanced PCR activity after it is fused to
various DNA binding domains. In this assay, enhanced PCR
activity is the ability of the fusions to amplify longer DNA
fragments. The data shown in lanes 1-8 on the left was
produced using the SP-17 polymerase without a DNA
binding domain. This polymerase was able to amplify longer
fragments when it was fused to the BD-07, BD-08 and
BD-98 DNA binding domains.

FIG. 21 shows data showing that DNA polymerase SP-04
(family A) has enhanced PCR activity after it is fused to
various DNA binding domains. In this assay, enhanced PCR
activity is the ability of the fusions to amplify longer DNA
fragments. The data shown in lanes 1-8 on the left was
produced using the SP-04 polymerase without a DNA
binding domain. This polymerase was able to amplify longer
fragments when it was fused to the BD-02, BD-07 and
BD-98 DNA binding domains.

FIG. 22 shows data showing that DNA polymerase SP-61
(family B) has enhanced PCR activity after fused to DNA
binding domains. In this assay, enhanced PCR activity is a
higher tolerance to different buffers. The data shown in lanes
1-3 on the left was produced using the SP-61 polymerase
without a DNA binding domain. This polymerase was able
to amplify fragments in a wide variety of buffers when it was
fused to the BD-07, BD-23, BD-09, BD-62, BD-93 and
BD-109 DNA binding domains.

FIG. 23 shows data showing that DNA polymerase SP-49
(family B) has enhanced PCR activity after fused to DNA
binding domains. In this assay, enhanced PCR activity is a
higher tolerance to different buffers. The data shown in lanes
1-3 on the left was produced using the SP-49 polymerase
without a DNA binding domain. This polymerase was able
to amplify fragments in a wide variety of buffers when it was
fused to the BD-07, BD-23, BD-09, BD-62, BD-93 and
BD-109 DNA binding domains.

DESCRIPTION OF TERMS

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Singleton, et al., DICTIONARY OF
MICROBIOLOGY AND MOLECULAR BIOLOGY, 2D
ED., John Wiley and Sons, New York (1994), and Hale &
Markham, THE HARPER COLLINS DICTIONARY OF
BIOLOGY, Harper Perennial, N.Y. (1991) provide one of
skill with the general meaning of many of the terms used
herein. Still, certain terms are defined below for the sake of
clarity and ease of reference.

As used herein, the term “synthon” as used in the field of
gene synthesis refers to a polynucleotide assembly. Poly-
nucleotide assembly may include assembling overlapping
fragments of a size that can be prepared on an oligonucle-
otide synthesizer which at the present time is generally
2000-3000 bases for each synthetic polynucleic acid. Alter-
natively, overlapping fragments may be obtained by PCR
from naturally occurring nucleic acid to which adaptors have
been attached to provide the overlapping sequences. For
assembly purposes there is no limitation on the size of each
fragment. Many fragments can be assembled end to end
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relying on overlapping sequences at the ends to enable
constructs of any desirable length to be made accurately and
efficiently. Preferably a synthon is a continuous longer
polynucleotide that does not contain gaps or nicks that are
formed from the assembly of shorter polynucleotides. The
length of synthons resulting from assembly of nucleic acid
fragments is not limited to any particular size however.

As used herein, the term “5'-3' exonuclease”, refers to an
exonuclease that degrades DNA from the 5' end, i.e., in the
5' to 3' direction. 5'-3' exonucleases of interest can remove
nucleotides from the 5' end of a strand of ds DNA at a blunt
end and, in certain embodiments, at a 3' and or 5' overhang.
T5 exonuclease, lambda exonuclease and T7 exonuclease
are examples of 5'-3' exonucleases. In certain embodiments,
T5 exonuclease is preferred. TS exonuclease additionally
has a ss endonuclease activity.

As used herein, the term “ligase”, refers to an enzyme that
can covalently join a 3' end of a DNA molecule to a 5' end
of another DNA molecule, particularly at a nick. Examples
of ligases include T7 ligase, T4 DNA ligase, E. coli DNA
ligase and Taq ligase, although many others are known and
may be used herein.

As used herein, the term “strand-displacing polymerase”,
refers to a polymerase that is able to displace one or more
nucleotides, such as at least 10 or 100 or more nucleotides
that are downstream from the enzyme. Strand displacing
polymerases can be differentiated from Phusion where the
art recognized definition of Phusion is a non-strand displac-
ing polymerase. In some embodiments, the strand displacing
polymerase is stable and active at a temperature of at least
50° C. or at least 55° C. (including the strand displacing
activity). Taq polymerase is a nick translating polymerase
and, as such, is not a strand displacing polymerase.

As used herein, the term “single strand (ss) DNA binding
protein”, refers to proteins that bind to ss DNA and prevent
premature annealing, protect the ss DNA from being
digested by nucleases, and polymerases and/or remove sec-
ondary structure from the DNA to allow other enzymes to
function effectively upon it. Inclusion of a ss binding protein
in the compositions described herein is preferable to opti-
mize the efficiency of synthon formation. Examples of ss
DNA binding proteins are T4 gene 32 protein, E. coli SSB,
T7 gp2.5 SSB, and phage phi29 SSB, and ET SSB although
many others, e.g., RedB of lambda phage, RecT of Rac
prophage and the sequences listed below, are known and
may be used herein. A thermostable ss DNA binding protein
that is stable at 50° C. may be used in some cases. Thus, in
one embodiment of the composition, kit, or method of the
invention, the ss DNA binding protein is T4 gene 32 protein,
E. coli SSB, T7 gp2.5 SSB, phage phi29 SSB, ET SSB,
RedB of lambda phage, or RecT of Rac prophage. In one
embodiment, the ss DNA binding protein is ET SSB. In one
embodiment of the composition, kit, or method of the
invention, the ss DNA binding protein is thermostable (i.e.
stable at 40° C.-60° C.).

As used herein, the term “buffering agent”, refers to an
agent that allows a solution to resist changes in pH when
acid or alkali is added to the solution. Examples of suitable
non-naturally occurring buffering agents that may be used in
the compositions, kits, and methods of the invention include,
for example, Tris, HEPES, TAPS, MOPS, tricine, or MES.

The term “non-naturally occurring” refers to a composi-
tion that does not exist in nature.

Any protein described herein may be non-naturally occur-
ring, where the term “non-naturally occurring” refers to a
protein that has an amino acid sequence and/or a post-
translational modification pattern that is different to the
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protein in its natural state. For example, a non-naturally
occurring protein may have one or more amino acid substi-
tutions, deletions or insertions at the N-terminus, the C-ter-
minus and/or between the N- and C-termini of the protein.
A “non-naturally occurring” protein may have an amino acid
sequence that is different to a naturally occurring amino acid
sequence (i.e., having less than 100% sequence identity to
the amino acid sequence of a naturally occurring protein) but
that that is at least 80%, at least 85%, at least 90%, at least
95%, at least 97%, at least 98% or at least 99% identical to
the naturally occurring amino acid sequence. In certain
cases, a non-naturally occurring protein may contain an
N-terminal methionine or may lack one or more post-
translational modifications (e.g., glycosylation, phosphory-
lation, etc.) if it is produced by a different (e.g., bacterial)
cell. A “mutant” protein may have one or more amino acid
substitutions relative to a wild-type protein and may include
a “fusion” protein. The term “fusion protein” refers to a
protein composed of a plurality of polypeptide components
that are unjoined in their native state. Fusion proteins may
be a combination of two, three or even four or more different
proteins. The term polypeptide includes fusion proteins,
including, but not limited to, a fusion of two or more
heterologous amino acid sequences, a fusion of a polypep-
tide with: a heterologous targeting sequence, a linker, an
immunologically tag, a detectable fusion partner, such as a
fluorescent protein, -galactosidase, luciferase, etc., and the
like. A fusion protein may have one or more heterologous
domains added to the N-terminus, C-terminus, and or the
middle portion of the protein. If two parts of a fusion protein
are “heterologous”, they are not part of the same protein in
its natural state.

In the context of a nucleic acid, the term “non-naturally
occurring” refers to a nucleic acid that contains: a) a
sequence of nucleotides that is different to a nucleic acid in
its natural state (i.e. having less than 100% sequence identity
to a naturally occurring nucleic acid sequence), b) one or
more non-naturally occurring nucleotide monomers (which
may result in a non-natural backbone or sugar that is not G,
A, T or C) and/or ¢) may contain one or more other
modifications (e.g., an added label or other moiety) to the
5'-end, the 3' end, and/or between the 5'- and 3'-ends of the
nucleic acid.

In the context of a preparation, the term “non-naturally
occurring” refers to: a) a combination of components that
are not combined by nature, e.g., because they are at
different locations, in different cells or different cell com-
partments; b) a combination of components that have rela-
tive concentrations that are not found in nature; ¢) a com-
bination that lacks something that is usually associated with
one of the components in nature; d) a combination that is in
a form that is not found in nature, e.g., dried, freeze dried,
crystalline, aqueous; and/or e) a combination that contains a
component that is not found in nature. For example, a
preparation may contain a “non-naturally occurring” buff-
ering agent (e.g., Tris, HEPES, TAPS, MOPS, tricine or
MES), a detergent, a dye, a reaction enhancer or inhibitor, an
oxidizing agent, a reducing agent, a solvent or a preservative
that is not found in nature.

It may be desirable to use a strand displacing polymerase
that has 3' exonuclease activity. While not wishing to be
limited by theory, the 3' exonuclease activity is desirable to
remove a flap sequence on the 3' end of a duplex where the
flap sequence may be the result of enzyme cleavage to
extract the target polynucleotide from the plasmid in which
it is placed. This is the case when Notl is used as described
in the examples. However, if a restriction endonuclease is
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used that creates a blunt end on the excised fragment,
3'exonuclease activity may not be required.

The 3' exonuclease activity can be routinely determined
by using a standard DNA template and primers where the
primers either have or do not have non-hybridized 3' nucleo-
tides. If the polymerase has 3' exonuclease activity, an
amplicon will be detected using either primer pair. If the
polymerase lacks the 3' exonuclease activity, no amplicon
will be detected using those primers having a non-hybrid-
ized 3' nucleotide.

As used herein, the term “potassium salt”, refers to a salt
of potassium including, but not limited to, KCI. The term
“sodium salt”, refers to a salt of sodium including, but not
limited to, NaCl.

As used herein, the term “polynucleotide” encompasses
oligonucleotides and refers to a nucleic acid of any length.
Polynucleotides may be DNA or RNA. Polynucleotides may
be ss or ds unless specified. Polynucleotides may be syn-
thetic, for example, synthesized in a DNA synthesizer, or
naturally occurring, for example, extracted from a natural
source, or derived from cloned or amplified material. Poly-
nucleotides referred to herein may contain modified bases.

As used herein, the term “set of polynucleotides”, refers
to a collection of at least 2 polynucleotides. In some embodi-
ments, a set of polynucleotides may comprise at least 5, at
least 10, at least 12 or at least 15 or more polynucleotides.

As used herein, the term “overlapping sequence”, refers to
a sequence that is complementary in two polynucleotides
and where the overlapping sequence is ss, on one polynucle-
otide it can be hybridized to another overlapping comple-
mentary ss region on another polynucleotide. By way of
example, the overlapping sequence may be complementary
in at least 5, 10, 15, or more polynucleotides in a set of
polynucleotides. An overlapping sequence may be at or
close to (e.g., within about 5, 10, 20 nucleotides of) the 3'
ends of two distinct molecules (e.g., the 3' ends of two ss
oligonucleotides, or the 3' end of the top strand of first ds
polynucleotide and the 3' end of the bottom strand of a
second ds molecule), where, if the non-overlapping
sequence is at the 3' ends then the non-overlapping sequence
may be removed using a 3'-5' exonuclease activity of a
polymerase. An overlapping sequence may vary in length
and, in some cases, may be at least 12 nucleotides in length
(e.g. at least 15, 20 or more nucleotides in length) and/or
may be up 100 nucleotides in length (e.g., up to 50, up to 30,
up to 20 or up to 15 nucleotides in length). Alternatively,
overlapping sequences in the set of polynucleotides may be
2 kb or less, or 1 kb or less or less than 900 bases, 800 bases,
700 bases, 600 bases, 500 bases, 400 bases, 300 bases, 200
bases or 100 bases. Preferably the overlapping sequence
length is in the range of 15 nucleotides-80 nucleotides for
example up to 20, up to 25, up to 30, up to 35, up to 40, up
to 45, up to 50, up to 55, up to 60, up to 65, up to 70, up to
75, or up to 80 nucleotides. The minimum length of the
overlap may be defined by a Tm that is preferably equal to
or greater than 48° C.

As used herein, the term “polynucleotide assembly”,
refers to a reaction in which two or more, four or more, six
or more, eight or more, ten or more, 12 or more 15 or more
polynucleotides, e.g., four or more polynucleotides are
joined to another to make a longer polynucleotide. The
product of a polynucleotide assembly reaction, i.e., the
“assembled polynucleotide” or “synthon” in many embodi-
ments should contain one copy of each of the overlapping
sequences.

As used herein, the term “incubating under suitable reac-
tion conditions”, refers to maintaining a reaction a suitable
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temperature and time to achieve the desired results, i.e.,
polynucleotide assembly. Reaction conditions suitable for
the enzymes and reagents used in the present method are
known (e.g. as described in the Examples herein) and, as
such, suitable reaction conditions for the present method can
be readily determined. These reactions conditions may
change depending on the enzymes used (e.g., depending on
their optimum temperatures, etc.).

As used herein, the term “isothermal” refers to tempera-
ture conditions that do not require active modulation of
temperature for assembly to occur. Insignificant variations in
the temperature of a water bath or heating block are within
the scope of the meaning of the term isothermal. By way of
example, the term “isothermal”, may refer to reaction con-
ditions that do not require a heat denaturation step after the
reaction has started. More specifically, isothermal methods
do not involve thermocycling, i.e., cycling between a dena-
turation temperature of above 90° C. and an annealing/
extension temperature. Isothermal conditions usually
involve incubation at a temperature that is below 90° C. for
a period of time (e.g., 5 minutes to 12 hours or more). In one
embodiment, isothermal amplification reactions were per-
formed at a temperature in the range of 30° C.-75° C., for
example, 40° C.-60° C.

As used herein, the term “joining”, refers to the produc-
tion of covalent linkage between two sequences.

As used herein, the term “composition” refers to a com-
bination of reagents that may contain other reagents, e.g.,
glycerol, salt, dNTPs, etc., in addition to those listed. A
composition may be in any form, e.g., aqueous or
lyophilized, and may be at any state (e.g., frozen or in liquid
form).

As used herein a “vector” is a suitable DNA into which a
fragment or a synthon may be integrated such that the
engineered vector can be replicated in a host cell. A linear-
ized vector may be created restriction endonuclease diges-
tion of a circular vector or by PCR. The concentration of
fragments and/or linearized vectors can be determined by
gel electrophoresis or other means.

Any one or more of the proteins (e.g., the ligase, SSBP,
5'-3' exonuclease or polymerase, etc.) used herein may be
temperature sensitive or thermostable where, as used herein,
the term “temperature sensitive” refers to an enzyme that
loses at least 95% of its activity after 10 minutes at a
temperature of 65° C., and the term “thermostable” refers to
an enzyme that retains at least 95% of its activity after 10
minutes at a temperature of 65° C.

The term “domain” refers to a structurally conserved part
of a larger protein, the sequence and tertiary structure of
which that can evolve, function, and exist independently of
the rest of the protein. A “domain” can be transferred to
another protein with the expectation that it will still function.

The term “sequence-specific DNA binding domain” refers
to a domain that, based on its predicted tertiary structure
and/or sequence identity to other proteins, is predicted to
bind double stranded DNA in a sequence-specific manner.
Sequence-specific DNA binding domains are commonly
found in transcription factors, e.g., transcriptional activators
or repressors. Sequence-specific DNA binding domains have
much higher affinity (e.g., at least 1000x more affinity) for
specific DNA sequences (which may be composed of a
sequence of 4, 5, 6, 7 or 8 or more continuous or discon-
tinuous nucleotides) and do not bind to all sequences with
the same affinity. The sequence-specific DNA binding
domain, when it is present in a longer protein, e.g., a
transcription factor, is sufficient to anchor the protein at a
particular nucleotide sequence in double stranded DNA,
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thereby allowing the longer protein to affect another process
that is local to the binding site, e.g., activate transcription,
inhibit transcription, effect recombination or transposition,
etc. A sequence-specific DNA binding domain may have an
amino acid sequence that is at least 80%, at least 90%, at
least 95%, or at least 98%, identical to a naturally occurring
sequence that based on its predicted tertiary structure and/or
sequence identity to other proteins, is predicted to bind
double stranded DNA in a sequence-specific manner.

The term “heterologous”, when used in the context of a
fusion protein that contains a first domain and a second
“heterologous™ second domain, refers to a combination of
elements that are not usually found together naturally. In the
context of a fusion protein, the two domains may be from
different distinct proteins, which proteins may be from the
same species (in which case the proteins may be expressed
in the same cell) or different species.

DETAILED DESCRIPTION OF EMBODIMENTS

Before various embodiments are described in greater
detail, it is to be understood that the teachings of this
disclosure are not limited to the particular embodiments
described, and as such can, of course, vary. It is also to be
understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is
not intended to be limiting, since the scope of the present
teachings will be limited only by the appended claims.

While the present teachings are described in conjunction
with various embodiments, it is not intended that the present
teachings be limited to such embodiments. On the contrary,
the present teachings encompass various alternatives, modi-
fications, and equivalents, as will be appreciated by those of
skill in the art.

Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated
or intervening value in that stated range is encompassed
within the present disclosure.

Although any methods and materials similar or equivalent
to those described herein can also be used in the practice or
testing of the present teachings, the some exemplary meth-
ods and materials are now described.

The citation of any publication is for its disclosure prior
to the filing date and should not be construed as an admis-
sion that the present claims are not entitled to antedate such
publication by virtue of prior invention. Further, the dates of
publication provided can be different from the actual pub-
lication dates which can need to be independently con-
firmed.

It must be noted that as used herein and in the appended
claims, the singular forms “a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise. It is
further noted that the claims can be drafted to exclude any
optional element. As such, this statement is intended to serve
as antecedent basis for use of such exclusive terminology as
“solely,” “only” and the like in connection with the recita-
tion of claim elements, or use of a “negative” limitation.

As will be apparent to those of skill in the art upon reading
this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and
features which can be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
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teachings. Any recited method can be carried out in the order
of events recited or in any other order which is logically
possible.

Fusion Proteins

In some embodiments, the fusion protein may be a fusion
between a DNA polymerase and a sequence-specific DNA
binding domain, where the sequence-specific DNA binding
domain may be N-terminal or C-terminal to the DNA
polymerase. In other words, the fusion protein has a poly-
merase domain and a heterologous sequence-specific DNA
binding domain. The fusion protein has a polymerase activ-
ity and, as would be apparent, such a fusion protein does not
exist in nature, i.e., is non-naturally occurring.

As noted above, the polymerase may be a family A
polymerase or a family B polymerase. Family A poly-
merases, which includes bacterial, archaeal and bacterio-
phage polymerases, share significant similarity to Escheri-
chia coli polymerase 1 and have an exonuclease activity,
which is usually provided by the N-terminal portion of the
protein. Family A polymerases are classed as being replica-
tive polymerases or repair polymerases. The repair poly-
merases “proofread” the new strands created and rectify any
mistakes in the base pairing. The replicative members of
family A include the T7 DNA polymerase as well as the
eukaryotic mitochondrial DNA polymerase y. The repair
polymerases include DNA pol I from E. coli, pol 1 from
Thermus aquaticus and pol 1 from Bacillus stearothermo-
philus. Family B polymerases have six regions of similarity
(numbered from I to VI). The most conserved region (1)
includes a conserved tetrapeptide with two aspartate resi-
dues. Its function is not yet known, but it has been suggested
that it may be involved in binding a magnesium ion. All
sequences in the B family contain a characteristic DTDS
motif, and possess many functional domains, including a
5'-3' elongation domain, a 3'-5' exonuclease domain, a DNA
binding domain, and binding domains for both ANTP’s and
pyrophosphate. If the polymerase is a family A polymerase,
then the DNA binding domain of a sequence-specific DNA
binding protein can be N-terminal or C-terminal to the
polymerase in the fusion protein. If the polymerase is a
family B polymerase, then the DNA binding domain of a
sequence-specific DNA binding protein can be N- or C-ter-
minal to the polymerase in the fusion protein. In certain
embodiments, the fusion protein may further comprise a
flexible linker between the polymerase domain and the DNA
binding domain. Several examples of fusion proteins that
work are shown in FIGS. 16, 17, 18A, 18B, 19A and 19B.
Further fusion proteins can be readily designed using these
examples.

In some embodiments, the DNA polymerase is an A
family DNA polymerase selected from the group consisting
of a Pol l-type DNA polymerase such as E. coli DNA
polymerase, the Klenow fragment of E. coli DNA poly-
merase, Bst DNA polymerase, Taq DNA polymerase, Plati-
num Taq DNA polymerase series, Omni Klen Taq DNA
polymerase series, Klen Taq DNA polymerase series, T7
DNA polymerase, and Tth DNA polymerase. In some
embodiments, the DNA polymerase is Bst DNA polymerase.
In other embodiments, the DNA polymerase is E. coli DNA
polymerase 1. In some embodiments, the DNA polymerase
is the Klenow fragment of £. coli DNA polymerase. In some
embodiments, the polymerase is Taq DNA polymerase. In
some embodiments, the polymerase is T7 DNA polymerase.

In other embodiments, the DNA polymerase is a B family
DNA polymerase selected from the group consisting of Bst
polymerase, Tli polymerase, Pfu polymerase, Pfu turbo
polymerase, Pyrobest polymerase, Pwo polymerase, KOD
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polymerase, Sac polymerase, Sso polymerase, Poc poly-
merase, Pab polymerase, Mth polymerase, Pho polymerase,
ES4 polymerase, VENT polymerase, DEEPVENT poly-
merase, Therminator polymerase, phage Phi29 polymerase,
and phage B103 polymerase. In some embodiments, the
polymerase is KOD polymerase. In some embodiments, the
polymerase is Therminator polymerase. In some embodi-
ments, the polymerase is phage Phi29 DNA polymerase. In
some embodiments the polymerase is phage B103 poly-
merase, including, for example, the variants disclosed in
U.S. Patent Publication No. 2011/0014612 which is incor-
porated by reference herein.

In some embodiments, the amino acid sequence of the
polymerase may be at least 90% identical to (e.g., at least
95% identical to, at least 98% identical to or at least 99%
identical to) the amino acid sequence of a naturally occur-
ring bacterial or archaebacterial polymerase such as a poly-
merase from Pyrococcus or Thermococcus. Exemplary
archaeal DNA polymerases include without limitation the
thermostable and/or thermophilic DNA polymerases such
as, for example, DNA polymerases isolated from Thermus
aquaticus (Taq) DNA polymerase, Thermus filiformis (Tfi)
DNA polymerase, Thermococcus zilligi (Tzi) DNA poly-
merase, Thermus thermophilus (Tth) DNA polymerase,
Thermus flavus (Tfl) DNA polymerase, Pyrococcus woesei
(Pwo) DNA polymerase, Pyrococcus furiosus (Pfu) DNA
polymerase as well as Turbo Pfu DNA polymerase, Ther-
mococcus litoralis (Tli) DNA polymerase or Vent DNA
polymerase, Pyrococcus sp. GB-D polymerase, “Deep Vent”
DNA polymerase (New England Biolabs), Thermotoga mar-
itima (Tma) DNA polymerase, Bacillus stearothermophilus
(Bst) DNA polymerase, Pyrococcus Kodakaraensis (KOD)
DNA polymerase, Pfx DNA polymerase, Thermococcus sp.
JDF-3 (JDF-3) DNA polymerase, Thermococcus gorgo-
narius (T'go) DNA polymerase, Thermococcus acidophilium
DNA polymerase; Sulfolobus acidocaldarius DNA poly-
merase; Thermococcus sp. 9° N-7 DNA polymerase; Ther-
mococcus sp. NAl; Pyrodictium occultum DNA poly-
merase; Methanococcus  voltae DNA  polymerase;
Methanococcus thermoautotrophicum DNA polymerase;
Methanococcus jannaschii DNA polymerase; Desulfurococ-
cus strain TOK DNA polymerase (D. Tok Pol); Pyrococcus
abyssi DNA polymerase; Pyrococcus horikoshii DNA poly-
merase; Pyrococcus islandicum DNA polymerase; Thermo-
coccus fumicolans DNA polymerase; Aeropyrum pernix
DNA polymerase; the heterodimeric DNA polymerase DP1/
DP2, etc.

As would be apparent, the polymerase may be a thermo-
stable polymerase, where the term “thermostable” refers to
a polymerase that has an optimal activity at a temperature
above 45° C., e.g., above 60° C. The polymerase may be
strand-displacing, not strand displacing and, in certain
embodiments it may or may not have a proofreading activity.
Fusions of strand-displacing polymerases are of particular
interest.

The sequence-specific DNA binding domain of the fusion
protein should be capable of autonomously binding its target
sequence as a discrete unit and may be obtained from any
type of sequence-specific DNA binding protein, e.g., a
transcription factor such as a transcriptional activator or
transcriptional repressor or the like. As would be apparent,
if the sequence-specific DNA binding domain is from a
transcription factor, then other domains of the transcription
factor (e.g., the transcriptional activation or repression
domain) may not be in the fusion protein. In particular
embodiments, the DNA binding domain may have a helix-
loop-helix structure, a ribbon-helix-helix structure, helix-
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turn-helix structure (e.g., from the lambda or repressor and
lacl), a winged helix structure or a homeodomain structure
or the like. As for the polymerase, the amino acid sequence
of the sequence-specific DNA binding domain may be at
least 90% identical to (e.g., at least 95% identical to, at least
98% identical to or at least 99% identical to) the amino acid
sequence of the DNA binding domain of a naturally occur-
ring bacterial or archaebacterial transcription factor, e.g.,
from Pyrocyoccus or Thermococcus or any of the other
species listed above or below. The sequence-specific DNA
binding domain used should not be the DNA binding domain
of a non-specific DNA binding protein, e.g., a topoi-
somerase, HMG protein, histone, gyrase, transposase or the
DNA binding domain of Sso7D or an ortholog thereof
(including Sac7d) or a variant thereof, as described in Choli
(Biochim. Biophys. Acta 1988 950: 193-203), McAfee
(Biochemistry 1995 34: 10063-10077) and Pavlov (Proc.
Natl Acad. Sci. 2002 99 13510-13515). These proteins have
no known sequence preference and are not transcription
factors. Likewise, the DNA binding domain does not form a
DNA sliding clamp structure, as described in thioredoxin
and UL42 (see Bedford Proc. Natl Acad. 1997 Sci. USA, 94:
479-484; Zuccola, Mol. Cell 2000 5: 267-278; and Shamoo
Cell 1999 99: 155-166).

In certain embodiments, the sequence-specific DNA bind-
ing domain of the fusion protein has a winged helix motif,
which has a compact o/f structure that consists of two wings
(W1 and W2), three o helices (H1, H2 and H3) and three {
strands (S1, S2 and S3), arranged in order H1-S1-H2-H3-
S2-W1-83-W2. This domain is approximately 90-120 amino
acids in length. The N-terminal half of the motif is believed
to be helical, whereas the C-terminal half is believed to be
composed of two of the three strands forming the twisted
antiparallel B sheet and the two large loops or wings, W1 and
W2. Wing W1 connects strands S2 and S3, and wing W2
extends from strand S3 to the C terminus of the DBD. HFH
proteins are members of the helix-turn-helix (HTH) super-
family, but differ from canonical HTH proteins in the length
of the ‘turn’ connecting helices H2 and H3. The DNA-
recognition helix makes sequence-specific DNA contacts
with the major groove of DNA, while the wings make
different DNA contacts, often with the minor groove or the
backbone of DNA. Several winged-helix proteins display an
exposed patch of hydrophobic residues thought to mediate
protein-protein interactions. Many proteins contain a winged
helix DNA-binding domain, including transcriptional
repressors (e.g., the biotin repressor, LLexA repressor and the
arginine repressor), transcription factors (e.g., the hepato-
cyte nuclear factor-3 protein, heat-shock transcription factor,
and the general transcription factors TFIIE and TFIIF) and
endonucleases (e.g., Fokl and TnsA). Winged helix proteins
are reviewed in Gajivala (Current Opinion in Structural
Biology 2000 10: 110-116).

In some embodiments, the polymerase activity of the
fusion protein has an improvement in one or more biochemi-
cal characteristics relative to the polymerase portion of the
fusion protein on its own, i.e., in the absence of the DNA
binding domain. The improved biochemical characteristic
may be an increase in processivity, an increase in thermal
stability, an increase in salt tolerance, an increase in toler-
ance to impurities or an increase in speed, an increase to
amplify GC rich template, an increase in PCR DNA product
specificity (e.g., an increase of at least 10%, an increase of
at least 20%, an increase of at least 50%, an increase of at
least 100% or an increase of at least 200%), without effect-
ing the fidelity of the polymerase. In particular embodi-
ments, the polymerase activity of the fusion protein has an
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improvement in PCR efficiency relative to the polymerase
portion of the fusion protein on its own, i.e., in the absence
of the DNA binding domain. Polymerase efficiency may be
measured by measuring the amount of amplicon produced
under a given set of thermocycling conditions, where the
product may be at least 1 kb, at least 2 kb, at least 3 kb, at
least 5 kb, at least 10 kb or at least 15 kb in length. In certain
cases, the fusion protein may allow products to be amplified
using a shorter extension time (e.g., a 10% shorter, a 20%
shorter, a 50% shorter or an 80% shorter extension time),
relative to the polymerase portion of the fusion protein on its
own, i.e., in the absence of the sequence-specific DNA
binding domain.

Methods

Also provided herein are a variety of methods that gen-
erally comprise combining a DNA template with nucleotides
and a composition comprising a fusion protein, as described
above, to produce a reaction mix, and incubating the reac-
tion mix in order to copy the DNA template. As would be
apparent, the reaction mix may contain, in some embodi-
ments, one or more primers (e.g., a single primer, a random
primer, a single or several pairs of PCR primers, or a set of
overlapping oligonucleotides as described elsewhere
herein). In some cases, the DNA template itself may be a
plurality of overlapping primers. In other embodiments, the
reaction mix may comprise a plurality of primers and
genomic DNA (e.g., mammalian genomic DNA).

Depending on the desired result, the copying step may be
done using isothermal conditions, (e.g., by incubating the
reaction at one or more temperatures that are above 50° C.,
such as a temperature in the range of 60° C. to 75° C. In
other embodiments, the copying may be done using ther-
mocycling conditions, e.g., 8 to 50 cycles of an annealing
temperature, an extension temperature, and a denaturation
temperature. In some cases, the annealing temperature and
the extension temperature may be the same. In some cases,
the reaction mix may comprise a plurality of overlapping
primers as well as other reagents (as described elsewhere
herein), and the copying step may result in the assembly of
a synthon. Synthon assembly is usually done using thermo-
cycling conditions. In some cases, the copying may be done
by PCR, in which case, the reaction mix may contain one or
more pairs of PCR primers. Depending on the desired
application, the length of the amplicon or synthon produced
by this method may vary greatly and, in some cases, may be
50 bp to 40 kb in length, e.g., 50 bp to 10 kb. In certain
embodiments, the template may be genomic DNA.

Further compositions and methods are described below.

The sequences that overlap in the set of polynucleotides
may be of any suitable length such as 2 kb or less, or 1 kb
or less or less than 900 bases, 800 bases, 700 bases, 600
bases, 500 bases, 400 bases, 300 bases, 200 bases or 100
bases. The overlapping region may be as few as 8 nucleo-
tides. Preferably the overlapping sequence length is in the
range of 15 nucleotides-80 nucleotides for example up to 20,
up to 25, up to 30, up to 35, up to 40, up to 45, up to 50, up
to 55, up to 60, up to 65, up to 70, up to 75, or up to 80
nucleotides. For example, the minimum length of the over-
lap may be defined by a Tm that is preferably equal to or
greater than 48° C.

Synthetic oligonucleotides and polynucleotides may con-
tain errors created during their synthesis prior to their use in
synthon assembly. To correct these errors prior to assembly,
it is desirable to perform a mismatch repair step. To this end,
various methods have been described to achieve mismatch
repair of the synthetic nucleic acids prior to assembly. A
population of synthetic nucleic acids may have random



US 9,963,687 B2

25

errors so that denaturation and renaturation of the prepara-
tion may reveal mismatches. Proteins that have been isolated
from nature such as mutHLS, cel-1 nuclease, T7 endo 1,
uvrD, T4 EndoVIl, E. coli EndoV, (see U.S. Pat. No.
7,851,192 and U.S. Pat. No. 8,048,664) that can bind
selectively to DNA duplexes containing mismatches; cleave
nucleic acids at the mismatched bases and optionally replace
with correct bases based on the nucleotide sequences of the
templates.

Despite teaching in the art that a non-strand displacing
polymerase must be utilized with a ss binding protein,
5'-3'-exonuclease and ligase to assemble fragments of DNA,
it has been surprisingly shown herein that a strand displacing
polymerase may be used under conditions where strand
displacement occurs and that this is efficient at surprising
low concentrations of starting polynucleotide fragments to
effectively generate a single nucleic acid from a plurality of
fragments.

Examples of strand displacing polymerases that may be
used in embodiments of an assembly mixture, composition,
kit, or method of the invention include members of family
B polymerases, such as (but not limited to) any of those
identified in Table 1 (SEQ ID NOs:33-55). In addition,
fusions of such polymerases may be used, for example
fusions between a plurality of polymerases and/or ss binding
domains (such as shown in Table 2) (SEQ ID NOs: 56-97).
In embodiments any of the polymerase moieties in Table 1
or proteins having at least 80%, 85%, 90%, 95% 98%, 99%
or 100% amino acid sequence identity to any of these protein
moieties in Table 1 may be fused at the N-terminal end or the
C-terminal end to any of the DNA binding domains
described in Table 2 or a protein moiety have at least 80%,
85%, 90%, 95% 98%, 99% or 100% amino acid sequence
identity to any of the DNA binding moieties in Table 2 to
form a strand displacing fusion polymerase for use herein.
The DNA binding domain may optionally be fused to the
N-terminal end or the C-terminal end of the polymerase.

Variants of other polymerases or novel isolates that are
revealed to be strand displacing as determined by the assay
provided herein (see for example, FIG. 1A-1E and Example
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1) may also be used. Sequences of the polymerases found
from these sources are readily accessible through Gen Bank.
Because of the high degree of conservation of strand dis-
placing sequences, any variant having 80%, 85%, 90%, or
95% amino acid sequence identity with such wild type
polymerases might be expected to have strand displacing
properties that can be quickly and easily verified in the assay
provided in Example 1 in a preselected buffer without undue
experimentation.

In one embodiment, the reaction mixture, composition,
kit, or method of the invention comprises or uses a strand
displacing polymerase having at least 80%, 85%, 90%, 95%,
98%, 99% or 100% sequence identity with SEQ ID NO:1 or
SEQ ID NO:102 (e.g. 100% sequence identity with SEQ 1D
NO:1 or SEQ ID NO:102). In another embodiment, the
reaction mixture, composition, kit, or method of the inven-
tion comprises or uses a polymerase having a binding
domain having at least 80%, 85%, 90%, 95%, 98%, 99% or
100% sequence identity with SEQ ID NO:2 (e.g. 100%
sequence identity with SEQ ID NO:2). In another embodi-
ment, the reaction mixture, composition, kit, or method of
the invention comprises or uses a polymerase having at least
80%, 85%, 90%, 95%, 98%, 99% or 100% sequence identity
with SEQ ID NO:1, or SEQ ID NO:102 and SEQ ID NO:2,
or SEQ ID NO:3 or any of SEQ ID NOs:33-97 (e.g. 100%
sequence identity with SEQ ID NO:1 or SEQ ID NO: 102,
and SEQ ID NO:2 or SEQ ID NO:3 or any of SEQ ID
NOs:33-97). These compositions may be used in reaction
conditions in which the polymerase is strand displacing. The
compositions may be used in reaction conditions in which
any 3'-5' exonuclease activity associated with the poly-
merase activity is active. This may be helpful when a
restriction enzyme is used in the reaction such as Notl. In
this case, the 3'-5' exonuclease may remove a flap sequence
on the 3' end of the duplex. However, if a restriction
endonuclease is used that creates a blunt end on the excised
fragment, 3'-5' exonuclease activity may not be required.
The assembly reaction may be performed under isothermal
conditions. In one embodiment the isothermal conditions are
50° C.

TABLE 1

Table of polymerases

Methanocaldococcus vulcanius M7 SP-13  gil502573182  SEQ ID NO: 33
Archaeoglobus fulgidus DSM 4304 SP-16  gil499180464  SEQ ID NO: 34
Archaeoglobus profundus DSM 5631 SP-17  gil502704426  SEQ ID NO: 35
Caldicellulosiruptor hydrothermalis 108 ~ SP-19  gil503168530  SEQ ID NO: 36
Desulfurococcus mucosus DSM 2162 SP-27  gil503328138  SEQ ID NO: 37
Pyrolobus fumarii SP-29  gil503791850  SEQ ID NO: 38
Pyrobaculum oguniense CH SP-30  gil379003208  SEQ ID NO: 39
Staphylothermus marinus F1 SP-33  gil500164563  SEQ ID NO: 40
Pyrococcus yayaosii CH1 SP-42  gil503672202 SEQ ID NO: 41
Thermococcus sp. AM4-del SP-43  gil503888003  SEQ ID NO: 42
Thermococcus hydrothermalis SP-44  gil17375628 SEQ ID NO: 43
Thermococcus thioreducens SP-45  gill17958105  SEQ ID NO: 44
Thermococcus waiotapuensis SP-46  gil378813034 SEQ ID NO: 45
Thermococcus sibiricus MM 739 SP-47  gil506329477  SEQ ID NO: 46
Pyrococcus glycovorans SP-48  gil7288074 SEQ ID NO: 47
Pyrococcus sp. NA2 SP-49  gil503513858  SEQ ID NO: 48
Ferroglobus placidus DSM 10642 SP-61  gil502730992  SEQ ID NO: 49
Palaeococcus ferrophilus DSM 13482 SP-5 gil851288004  SEQ ID NO: 50
Thermococcus gammatolerans EI3 SP-50  gil506339349  SEQ ID NO: 51
Thermococcus celericrescens SP-51  gil332308985  SEQ ID NO: 52
Vulcanisaeta distributa DSM 14429 SP-60  gil503101260  SEQ ID NO: 53
Methanopyrus kandleri AV19 SP-7 81120094475 SEQ ID NO: 54
Thermoproteus neutrophilus V24Sta SP-9 gil171185774  SEQ ID NO: 55
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DNA binding proteins

DNA-binding protein Tfx BD-51 gil499321160  SEQ ID NO: 56
AbrB/MazE/MraZ-like BD-52  gil499321199  SEQ ID NO: 57
“Winged helix” DNA-binding domain BD-54 gil499322061 SEQ ID NO: 58
Ribbon-helix-helix protein, copG family BD-62 gil499321149  SEQ ID NO: 59
lambda repressor-like DNA-binding domains BD-63  gil499322443  SEQ ID NO: 60
Resolvase-like BD-67 gil499322676 SEQ ID NO: 61
“Winged helix” DNA-binding domain BD-71 gil499322676 SEQ ID NO: 62
“Winged helix” DNA-binding domain BD-74  gil499322255 SEQ ID NO: 63
“Winged helix” DNA-binding domain BD-75 gil499322388 SEQ ID NO: 64
“Winged helix” DNA-binding domain BD-81 gil499322131 SEQ ID NO: 65
“Winged helix” DNA-binding domain BD-82 gil499321342  SEQ ID NO: 66
“Winged helix” DNA-binding domain BD-85 gil499321130  SEQ ID NO: 67
“Winged helix” DNA-binding domain BD-86  gil499322705 SEQ ID NO: 68
“Winged helix” DNA-binding domain BD-88  gil499320855 SEQ ID NO: 69
“Winged helix” DNA-binding domain BD-89  gil499322250  SEQ ID NO: 70
“Winged helix” DNA-binding domain BD-91 gil499321633 SEQ ID NO: 71
“Winged helix” DNA-binding domain BD-92  gil490170077  SEQ ID NO: 72
“Winged helix” DNA-binding domain BD-93  gil499321272  SEQ ID NO: 73
“Winged helix” DNA-binding domain BD-94 gil499320919  SEQ ID NO: 74
“Winged helix” DNA-binding domain BD-97 gil499320853  SEQ ID NO: 75
“Winged helix” DNA-binding domain BD-98  gil499321734 SEQ ID NO: 76
“Winged helix” DNA-binding domain BD-100 gil499322439  SEQ ID NO: 77
“Winged helix” DNA-binding domain BD-102 gil499322707 SEQ ID NO: 78
“Winged helix” DNA-binding domain BD-109 gil499321112  SEQ ID NO: 79
HCP-like BD-02 gil351675391  SEQ ID NO: 80
Helix-turn-helix domain, rpiR family BD-03  gil500479591  SEQ ID NO: 81
Helix-turn-helix domain, rpiR family BD-04  gil15643984 SEQ ID NO: 82
Bacterial regulatory proteins, lacl family BD-07  gill5643711 SEQ ID NO: 83
Bacterial regulatory proteins, lacl family BD-08  gill15643974 SEQ ID NO: 84
Bacterial regulatory proteins, lacl family BD-09  gil15643956 SEQ ID NO: 85
Bacterial regulatory proteins, lacl family BD-11  gil500480095  SEQ ID NO: 86
lambda repressor-like DNA-binding domains BD-12  gil15643421 SEQ ID NO: 87
“Winged helix” DNA-binding domain BD-14  gil15644350 SEQ ID NO: 88
“Winged helix” DNA-binding domain BD-16  gil24159093 SEQ ID NO: 89
“Winged helix” DNA-binding domain BD-18  gil15643139 SEQ ID NO: 90
“Winged helix” DNA-binding domain BD-23  gil15642807 SEQ ID NO: 91
“Winged helix” DNA-binding domain BD-24  gill15643159 SEQ ID NO: 92
“Winged helix” DNA-binding domain BD-30  gil15643333 SEQ ID NO: 93
“Winged helix” DNA-binding domain BD-32  gill15643055 SEQ ID NO: 94
“Winged helix” DNA-binding domain BD-37  gill15643827 SEQ ID NO: 95
“Winged helix” DNA-binding domain BD-43  gil15643699 SEQ ID NO: 96
Homeodomain-like BD-45 gil15643788 SEQ ID NO: 97

In an embodiment of the invention, the reaction mixture,
composition, kit or method may include or use a 5'-3'
exonuclease such as T5/5'-3'-exonuclease that is temperature
sensitive and can be inactivated by raising the temperature
above 50° C. In one embodiment, the 5'-3' exonuclease has
exonuclease activity and ss endonuclease activity. In some
embodiments, a reaction mixture may further include a
ligase for example, an NAD* requiring ligase and/or a
thermostable ligase, for example Taq ligase. In preferred
embodiments, the reaction mixture may include a ss binding
protein. The ss binding protein may be thermostable for
example, ET SSB. The assembly reaction may be performed
under isothermal conditions.

In certain embodiments, the use of a ligase is optional. For
example, where an assembled fragment is introduced
directly into a vector for transformation of a host cell, a
ligase is not required as the host cell such as E. coli may be
capable of repairing nicks in vivo. However, if the
assembled fragment is amplified for purposes of confirming
correct assembly prior to transformation, it is desirable to
use a ligase to close nicks and enable a polymerase to
amplify the entire target DNA.

Cloning of individual fragments may use chemically
synthesized polynucleotide fragments with sequences
obtained from any database or publication where the poly-
nucleotide fragments have overlapping sequences. These
can be cloned in a plasmid by inserting the polynucleotide
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into a site in the plasmid adjacent to restriction enzyme sites
suitable for excision of the inserted polynucleotide.

Any plasmid may be used. The present examples utilize
the commercially available pACYC184 that contains the
chloramphenicol gene as a selectable marker. Any selectable
marker may be used in place of chloramphenicol resistance
gene. Similarly a specific recognition site for any cleavage
enzyme capable of specifically cleaving at the ends of the
oligonucleotide to generate either staggered ends or blunt
ends may be selected where the specific cleavage site does
not occur in the fragments of interest in addition to the
engineered position adjacent to the ends of the fragment of
interest. In the present examples, the recognition site for the
eight base cutter Notl (CGCCGGCQG) that produces stag-
gered ends has been introduced adjacent to the polynucle-
otide of interest by means of DNA synthesis. However, this
site may be present in a plasmid of choice or added to the
synthetic oligonucleotide of interest by a primer for ampli-
fication. Examples of specific cleavage enzymes include
restriction endonucleases and homing endonucleases.

Once the oligonucleotide or DNA fragment of interest has
been chemically synthesized cloned or amplified from an
existing DNA and cloned into a vector with a selectable
marker, it is excised preferably by enzyme cleavage. The
fragments or oligonucleotides that have been synthesized or
amplified so as to incorporate overlapping sequence with an
adjacent fragment or oligonucleotide to which it is intended
to be joined are then assembled in an assembly reaction.
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Under the hybridization conditions selected, the 5'-3'
exonuclease in the reaction mixture (for example, at a
concentration in the range of 0.004-0.016 U/ul) chews back
any ss region at the 5' end of the fragment or oligonucleotide
and continues to chew back through the region of overlap-
ping sequences and may continue further continues for a
limited distance (for example, at least 100 bases) to provide
a 3' ss region (see for example, FIGS. 2A-2C and 7). At the
same time, the strand-displacing polymerase as defined by
the assay in FIG. 1A-1E and Example 1 (for example, at a
concentration in the range ot 0.005 U/ul-0.5 U/pul) repairs the
gap remaining between the hybridized ds region and any
residual ss region. Since the polymerase is strand-displacing,
it may displace additional downstream sequences to form an
ss flap. However, TS exonuclease ss endonuclease activity
will remove this flap and any associated nick may be
repaired by a ligase (for example, at a concentration in the
range of 0.001 U/ul-20 U/ul).

Once fragments are assembled into a larger piece of DNA
which are cloned in colonies of host cells under selective
pressure, the DNA from these colonies can be rescued from
the vectors and again assembled with other fragments and
transformed into host cells thus expanding the size of the
DNA many times. The host cell may be a competent
bacterial cell or may be a yeast cell or other eukaryotic cell.

The assembly process as described herein has been found
to be very efficient. For example, 0.02 nM-100 nM of
oligonucleotide (ss) or DNA fragment (ds) may be utilized
to assemble a larger fragment where the concentration of ss
oligonucleotides used in a reaction can be up to approxi-
mately 50 times more than the amount of ds DNA fragments
used in a similar assembly reaction. Similarly, equal molar-
ity of plasmid containing a single fragment and a selectable
marker and a similar amount of the vector containing the
assembled fragments with a different selectable marker may
be used. These amounts are intended as guides but can be
reduced whether the efficiency of the assembly is enhanced.
For example, addition of the potassium salt, KCl can
increase efficiency of productive assembly by 1.5 fold as
determined by the number of colonies using the assembly of
lac1Z as an indicator (see for example FIG. 5).

The assembly process for ss target oligonucleotides
between two ds DNA molecules or into a linearized vector
is also very efficient. An example is provided herein which
is not intended to be limiting that uses specific/random
sequences to identify guide RNAs for CRISPR-Cas gene
editing protocols that can be introduced into cells to deter-
mine an altered phenotype. At the outset, it may not be
known what sequence might be suitable for achieving this
goal. The generation of a library containing degenerate
sequences makes this type of analysis possible. CRISPR/
Cas9-based gene editing is quickly growing in popularity in
the field of genome editing. Due to the size of most
commonly used Cas9-containing plasmids, construction of a
sgRNA or sgRNA library into a Cas9/sgRNA expression
vector can be cumbersome. This approach solves this prob-
lem, using ss DNA oligonucleotides.

In a separate embodiment, any DNA binding domain from
Table 2 may be fused to a Bst polymerase, Bst large
fragment or mutant thereof (see for example, U.S. Pat. No.
8,993,298 and US 2015/0152396 including all the Bst
variants described and claimed therein).

Kits

Also provided by the present disclosure are kits for
practicing the subject method as described above. In certain
embodiments, a subject kit may contain: i. a 5'-3' exonu-
clease, ii. an optional a ligase, iii. a strand-displacing poly-
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merase; and iv. a ss DNA binding protein. The components
of the kit may be combined in one container, or each
component may be in its own container. For example, the
components of the kit may be combined in a single reaction
tube or in one or more different reaction tubes. Further
details of the components of this kit are described above.
The kit may also contain other reagents described above and
below that may be employed in the method, e.g., a mismatch
repair enzyme such as mutHLS, cel-1 nuclease, T7 endo 1,
uvrD, T4 EndoVII, E. coli EndoV, a buffer, ANTPs, plasmids
into which to insert the synthon and/or competent cells to
receive the plasmids, controls etc., depending on how the
method is going to be implemented. In some embodiments,
the kit does not contain a non-strand displacing polymerase
and/or a crowding agent.

In certain embodiments, the kit may comprise a compo-
sition comprising a fusion protein, as described above, and
a reaction buffer. The fusion protein itself may be in a
storage buffer that contains a stabilizing agent, e.g., glycerol.
The reaction buffer may be formulated to provide optimal
conditions for the polymerase activity of the fusion protein,
or a concentrated form thereof (e.g., at a 5x or 10x concen-
trate). In certain embodiments, the buffer may contain a
buffering agent (e.g., Tris or the like), salt (e.g., NaCl, or the
like), the salt of a divalent cation (MgCl or the like) and
other necessary components.

In addition to above-mentioned components, the subject
kit further includes instructions for using the components of
the kit to practice the subject method. The instructions for
practicing the subject method are generally recorded on a
suitable recording medium. For example, the instructions
may be printed on a substrate, such as paper or plastic, etc.
As such, the instructions may be present in the kits as a
package insert, in the labeling of the container of the kit or
components thereof (i.e., associated with the packaging or
subpackaging) etc. In other embodiments, the instructions
are present as an electronic storage data file present on a
suitable computer readable storage medium, e.g. CD-ROM,
diskette, etc. In yet other embodiments, the actual instruc-
tions are not present in the kit, but means for obtaining the
instructions from a remote source, e.g. via the internet, are
provided. An example of this embodiment is a kit that
includes a web address where the instructions can be viewed
and/or from which the instructions can be downloaded. As
with the instructions, this means for obtaining the instruc-
tions is recorded on a suitable substrate.

Compositions, kits and methods for assembling fragments
and forming synthons as described herein result in a product
that is a ds fully sealed DNA that can serve as a template for
PCR, RCA or a variety of other molecular biology applica-
tions including direct transformation or transfection of a
competent bacterial or eukaryotic host cell.

In order to further illustrate the present invention, the
following specific examples are given with the understand-
ing that they are being offered to illustrate the present
invention and should not be construed in any way as limiting
its scope.

All references cited herein including U.S. Ser. No.
14/837,820, filed on Aug. 27, 2015, US Provisional Serial
Nos.: 62/042,527, filed Aug. 27, 2014, 62/189,599, filed Jul.
7, 2015 plus 62/193,168, filed on Jul. 16, 2015, are incor-
porated by reference.

EXAMPLES

Example 1: Assay to Establish Strand Displacement
Properties of a Polymerase

The data shown in FIGS. 3A, 3B, 4, 5, 6, 8C, 9C and 10),
was produced using the polymerase of SEQ ID NO: 3.
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An assay was developed to differentiate between strand-
displacing and non-strand displacing polymerases-A 10 pl
reaction containing 10 nM FAM-primer/Template/blocking
oligonucleotide, 1x THERMOPOL® buffer (New England
Biolabs, Ipswich, Mass.) (FIG. 1A) and 0.1 mM dNTP was
prepared. FIG. 1B is the control which is the FAM labeled
primer absent any polymerase. When a strand displacing
DNA polymerase was added to the reaction, and incubated
at 50° C. for 30 minutes with 1 pl of sample diluted 10 fold
and analyzed by capillary electrophoresis, the FAM primer
was extended through the blocking oligonucleotide which
was displaced. The results are shown in FIG. 1D-1E. The
position of the peak in FIG. 2D for Bst polymerase, an
established strand displacing polymerase corresponds to the
peak observed for a non-natural polymerase, SPB49F. The
small size shift results from a blunt end generated by
SPB49F resulting from 3'-5' exonuclease activity which is
absent in Bst polymerase such that the product of Bst
polymerase replication has a 3'dA. FIG. 1C shows the
product of a non-strand displacing polymerase-T4DNA
polymerase where synthesis is terminated at the blocking
primer.

Example 2: Synthesis of a Large DNA Molecule
from 6 Fragments Using a Strand Displacing
Polymerase and Confirmation that Assembly was
Efficient Using Strand Displacing Polymerases

Plasmid A, B, C, D and E were constructed separately
from PCR products (fragments (Frags) 1, 2, 3, 4, 5 that
together cover the region of Lacl- and LacZ gene) using
NEB® PCR Cloning Kit (New England Biolabs, Ipswich,
Mass.).

In this experiment, the 5 different fragments integrated
into separate plasmids were used in the following concen-
trations-50 ng of each PCR (source of “fragments) and 25 ng
of pMiniT™ vector (NEB # E1202) was the ampicillin
containing plasmid. The 5 fragments for assembly were first
amplified using PCR. Primers used in the preparation of
Lacl-lacZ DNA fragments assembly system as follows:

5PLacIZ-pACYC184VF1 ttggtctggtgtcaaaaatgaATCGTCA

CGGCGATTTATG (SEQ ID NO: 4)

5PLacIZ-pACYC184VRL gggtcattttcggecgaggacTGCATCAA
CGCATATAGCG (SEQ ID NO: 5)

Not-IZ F1 GCGGCCGCgtectegecgaaaatgacce
agag (SEQ ID NO: 6)

Not-IZ R1 GCGGCCGCtggtgtcgatggtagaacga
agcg (SEQ ID NO: 7)

Not-IZ F2 GCGGCCGCececcactgacgegttgegega
gaag (SEQ ID NO: 8)

Not-IZ R2 GCGGCCGCggctgegcaactgttgggaa
gggce (SEQ ID NO: 9)

Not-IZ F3 GCGGCCGCtgcagcacatecccecttteyg
ccag (SEQ ID NO: 10)

Not-IZ R3 GCGGCCGCatgatgetecgtgacggttaa
cgece (SEQ ID NO: 11)

Not-IZ F4 GCGGCCGCaggtgcggattgaaaatggt
ctge (SEQ ID NO: 12)

Not-IZ R4 GCGGCCGCtecaccgettgecageggett

acca (SEQ ID NO: 13)
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-continued
Not-IZ F5 GCGGCCGCgaatacctgttececgtecatayg
cgat (SEQ ID NO: 14)
Not-IZ R5 GCGGCCGCtecatttttgacaccagacca

actgg (SEQ ID NO: 15)

The amplified fragments were cloned and sequenced to
confirm that no errors during amplification had been intro-
duced.

Sequence of PCR amplified fragment 1

(SEQ ID NO: 16):
GCGGCCGCgtectegecgaaaatgacccagagegetgecggecacety
tcctacgagttgcatgataaagaagacagtcataagtgceggegacga
tagtcatgcceegegeccaccggaaggagetgactgggttgaagget
ctcaagggcateggtecgagatcceggtgectaatgagtgagetaact
tacattaattgegttgegetcactgeccgetttecagtegggaaace
tgtcgtgecagetgcattaatgaateggecaacgegeggggagagge
ggtttgcegtattgggegecagggtggtttttettttcaccagtgaga
cgggcaacagcetgattgeccttecacegectggecctgagagagttge
agcaagcggtcecacgcetggtttgecccagecaggcgaaaatcectgttt
gatggtggttaacggcgggatataaccaacgcgcageccggactegy
taatatcccactaccgagatatccgcaccaacgegecageccggacte
ggtaatggcgcgcattgcegeccagegecatcectgategttggcaacca
gcatcgcagtgggaacgatgecctcattcageatttgeatggtttgt
tgaaaaccggacatggcactccagtegecttecegttecgetategy
ctgaatttgattgcgagtgagatatttatgccagecagecagacgea
gacgcgcecgagacagaacttaatgggeccgctaacagegegatttge
tggtgacccaatgcgaccagatgcetecacgeccagtegegtacegte
ttcatgggagaaaataatactgttgatgggtgtctggtcagagacat
caagaaataacgccggaacattagtgcaggcagcettcecacagcaatyg
gcatcctggtcatccageggatagttaatgatcageccactgacgeyg
ttgcgegagaagattgtgcaccgecgetttacaggettegacgeege
ttegttetaccatcgacaccaGCGGCCGC

Sequence of PCR amplified fragment 2

(SEQ ID NO: 17):
GCGGCCGCeccactgacgcgttgecgegagaagattgtgcacegeege
tttacaggcttegacgecgettegttcectaccategacaccaccacge
tggcacccagttgatcggegegagatttaategecgegacaatttge
gacggcgegtgcagggecagactggaggtggcaacgecaatcageaa
cgactgtttgeccgecagttgttgtgccacgeggttgggaatgtaat
tcagectccegecategecgettecactttttecegegttttegecagaa
acgtggcetggectggttecaccacgegggaaacggtcetgataagagac
accggcatactectgcgacatcgtataacgttactggtttcacattea
ccaccctgaattgactetettecgggegetatcatgecatacegega

aaggttttgegecattegatggtgtecgggatetegacgetetecct
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-continued
tatgcgactectgcattaggaagcageccagtagtaggttgaggeeyg
ttgagcaccgecgecgcaaggaatggtgecatgcaaggagatggegee
caacagtccceeggecacggggectgecaccatacccacgecgaaac
aagcgctcatgageccgaagtggegageccgatcettececateggty
atgtcggcegatataggcegecagcaaccgeacctgtggegeecggtgat
geeggecacgatgegtecggegtagaggatcgagatctegateeege
gaaattaatacgactcactataggggaattgtgagcggataacaatt
ccectetagaaataattttgtttaactttaagaaggagatatacata
tgaccatgattacggattcactggccgtegttttacaacgtegtgac
tgggaaaaccctggegttacccaacttaategecttgcageacatcee
ccetttegecagetggegtaatagegaagaggeccgeaccgategee
cttcccaacagttgegcagecGCGGCCGC

Sequence of PCR fragment 3 (SEQ ID NO: 18):
GCGGCCGCtgcagcacatcceecectttegecagetggegtaatagega

agaggcccgcaccgatcegecctteccaacagttgegcagectgaatyg
gcgaatggegetttgectggtttecggecaccagaageggtgecggaa
agctggetggagtgegatettectgaggecgatactgtegtegtece
ctcaaactggcagatgcacggttacgatgegeccatctacaccaacy
tgacctatcccattacggtcaatecgeegtttgtteccacggagaat
ccgacgggttgttactegetcacatttaatgttgatgaaagetgget
acaggaaggccagacgcgaattatttttgatggegttaacteggegt
ttcatectgtggtgcaacgggcegetgggteggttacggecaggacagt
cgtttgccegtetgaatttgacctgagegeatttttacgegecggaga
aaaccgectegeggtgatggtgetgegetggagtgacggcagttate
tggaagatcaggatatgtggcggatgageggcattttecgtgacgte
tegttgetgecataaaccgactacacaaatcagcegatttcecatgttge
cactcgcetttaatgatgatttcagecgegetgtactggaggetgaag
ttcagatgtgeggcgagttgegtgactacctacgggtaacagtttet
ttatggcagggtgaaacgcaggtcegcecageggcacegegectttegy
cggtgaaattatcgatgagegtggtggttatgecgategegtecacac
tacgtctgaacgtcgaaaaccecgaaactgtggagegcecgaaatceceeyg
aatctctategtgeggtggttgaactgcacaccgecgacggeacget
gattgaagcagaagcectgcgatgteggtttecgegaggtgeggatty
aaaatggtctgetgcetgetgaacggcaagecgttgetgattegagge
gttaaccgtcacgagcatcatGCGGCCGC

Sequence of PCR fragment 4 (SEQ ID NO: 19):
GCGGCCGCaggtgecggattgaaaatggtetgetgetgetgaacggcea

agcegttgetgattegaggegttaacegtcacgageatcatectetyg
catggtcaggtcatggatgagcagacgatggtgecaggatatectget
gatgaagcagaacaactttaacgccgtgegetgttegeattatecga

accatcecgetgtggtacacgetgtgegacegetacggectgtatgtyg
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-continued
gtggatgaagccaatattgaaacccacggcatggtgccaatgaatcg

tctgaccgatgatccgegetggetaccggegatgagcegaacgegtaa
cgcgaatggtgcagegegatcegtaatcaccegagtgtgatcatetgg
tcgetggggaatgaatcaggecacggegectaatcacgacgegetgta
tcgetggatcaaatctgtegatecttecegeceggtgcagtatgaag
gcggeggagecgacaccacggecaccgatattatttgececgatgtac
gegegegtggatgaagaccagecectteceggetgtgecgaaatggte
catcaaaaaatggctttegctacctggagagacgegeccgetgatee
tttgcgaatacgcccacgegatgggtaacagtettggeggttteget
aaatactggcaggcgtttegtcagtatcceegtttacagggeggett
cgtetgggactgggtggatcagtegetgattaaatatgatgaaaacy
gcaaccegtggteggettacggeggtgattttggegatacgecgaac
gatcgccagttetgtatgaacggtetggtetttgecgacegcacgee
gcatccagegctgacggaagcaaaacaccagcagcagtttttecagt
tcegtttatecgggcaaaccatcgaagtgaccagegaatacetgtte
cgtcatagegataacgagetcectgcactggatggtggegetggatgg
taagccgctggcaageggtgaGCGGCCGC

Sequence of PCR fragment 5 (SEQ ID NO: 20):
GCGGCCGCgaatacctgttcegtcatagegataacgagctectygeac

tggatggtggcgetggatggtaagecgetggecaageggtgaagtgece
tctggatgtegetecacaaggtaaacagttgattgaactgectgaac
taccgcagccggagagegecgggcaactetggetcacagtacgegta
gtgcaaccgaacgcgaccgcatggtcagaagecgggcacat cagege
ctggcagcagtggegtetggeggaaaacctecagtgtgacgeteecceg
cegegteccacgecateccgeatetgaccaccagegaaatggatttt
tgcatcgagetgggtaataagegttggecaatttaacegecagtecagg
ctttectttcacagatgtggattggegataaaaaacaactgetgacge
cgctgegegatcagttecaceegtgeacegetggataacgacattgge
gtaagtgaagcgaccegcattgaccctaacgectgggtegaacgety
gaaggcggcgggccattaccaggecgaagcagegttgttgeagtgea
cggcagatacacttgetgatgeggtgetgattacgacegetcacgeg
tggcagcatcaggggaaaaccttatttatcagecggaaaacctaceg
gattgatggtagtggtcaaatggcgattaccgttgatgttgaagtygg
cgagcgatacaccgeatecggegeggattggectgaactgecagetg
gcgeaggtagcagagegggtaaactggeteggattagggecgecaaga
aaactatcccgaccgecttactgecgectgttttgacegetgggate
tgccattgtcagacatgtatacceegtacgtettecegagegaaaac
ggtctgegetgegggacgegegaattgaattatggeccacaccagty
gegeggegacttecagttcaacatcagecgetacagtcaacagcaac
tgatggaaaccagccatcgecatctgetgeacgeggaagaaggeaca

tggctgaatatcegacggtttecatatggggattggtggegacgacte
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-continued
ctggagcccegtcagtatcggeggaattecagetgagegecggteget

accattaccagttggtctggtgtcaaaaatgaGCGGCCGC

The 5 fragments each had an overlapping region of 80 bp
with an adjacent fragment in order of the final assembly by
design (between fragment 1 and 2, 2 and 3, 3 and 4, 4 and
5). Fragment 1 and 5 also shared 20 bp overlap with the ends
of vector. Any available vector may be used such as for
example pACYCI184 (New England Biolabs, Ipswich,
Mass.). pACYC184 vector was prepared by the method of
inverse PCR, which permitted assembly of fragments 1-5 in
the presence of the assembly mix described above after
treatment with Notl-HF® (New England Biolabs, Ipswich,
Mass.) and heat-inactivation (see FIG. 2A-2C).

During assembly, the nucleotides extending from the
shaded region were degraded by TS5 exonuclease while
nucleotides in grey were removed by the polymerase. After
the fragments are assembled and transformed into E. coli,
productive assembly determined by blue/white selection
were recorded on a plate with IPTG and X-Gal.

T5 exonuclease, Taq ligase, a strand displacing DNA
polymerase, and a ss binding domain (ET SSB) were com-
bined in a reaction mixture in a buffer to form Mix 1. These
enzymes were all obtained from New England Biolabs,
Ipswich, Mass. Five of 150 ng of NotI-HF-digested plasmids
(plasmid A, B, C, D and E) were mixed with 105 ng of
vector and either with Mix 1 or GAMM in a total volume of
20 pl. The reactions were incubated at 50° C. for 60 minutes.
2 ul of the assembled products were used to transform into
NEB 5-alpha (New England Biolabs, Ipswich, Mass.) com-
petent cells. Cells were then spread on plates containing
chloramphenicol. Positive assembly can be identified as a
blue colony on a plate with chloramphenicol+IPTG+X-Gal
and incubated at 37° C. overnight.

PCR of assembly product to confirm all fragments are
joined and ligated prior transformation involved the follow-
ing steps: 1 ul of assembled products were used in a PCR to
ensured 5 fragments and vector are ligated together. Pairs of
PCR primers that anneal on the vector were used to amplify
the whole assembled LaclZ gene (5.3 kb). Lane 1 and 2 are
duplicate PCR results. Lane M is 2-log DNA ladder from
New England Biolabs, Ipswich, Mass. (see FIG. 4).

Sequencing results were obtained from 8 colonies that
were picked and the plasmid DNA purified for the purpose
of Sanger sequencing. 6 primers were used to sequence the
4.8 kb. The junction sequence between fragments as well as
extension regions from the overlap region showed less than
2% sequence errors.

Primers used for sequencing the assembled DNA:

Seq Not-IZ-MO

(SEQ ID NO: 21)
aaaaccaccctggcgeccaatacy
Seq Not-IZ-M1

(SEQ ID NO: 22)
cceggactceggtaatggegegeat
Seq Not-IZ-M2

(SEQ ID NO: 23)
ggaagcagcccagtagtaggttga
Seq Not-IZ-M3

(SEQ ID NO: 24)

ggtgctgcgctggagtgacggcag
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-continued

Seq Not-IzZ-M4

(SEQ ID NO: 25)

cggeccaccgatattatttgeccga

Seq Not-IZ-M5

(SEQ ID NO: 26)

gattagggccgcaagaaaactate

Example 3: Assembly of Single Strand
Oligonucleotides into a Linearized Vector or Two
Distinct Ds DNAs

An oligonucleotide corresponding to sgRNA for targeting
a gene from H. sapiens was designed as follows:
1. A PAM sequence was scanned for the desired target
sequence. For example NGG in

(SEQ ID NO:
5'GCGAAGAACCTCTTCCCAAGANGG3 !

27)

2. A 71-base, ss DNA oligonucleotide, containing a 21
nucleotide target sequence flanked by a partial U6 pro-
moter sequence and scaffold RNA sequence was
designed.

See for example FIG. 8 A-8C in which the ss oligonucle-
otide is defined as

(SEQ ID NO:
5'ATCTTGTGGAAAGGACGAAACACCGGCGAAGAACCTCTTCCC
AAGAGTTTTAGAGCTAGAAATAGCAAGTT3!

28)

or FIG. 9A-9C where the ss oligonucleotide is designed to
create a random library:

(SEQ ID NO:
5'ATCTTGTGGAAAGGACGAAACACCGN, |GTTTTAGAGCTAGAA
ATAGCAAGTT3'

29)

3. The ss DNA oligonucleotide was prepared in 1x NEBuffer
2 (New England Biolabs, Ipswich, Mass.) to a final
concentration of 0.2 pM.

4. A 10 pl reaction mix containing 5 pl of ss DNA oligo-
nucleotide (0.2 uM), 30 ng of restriction enzyme-linear-
ized vector and ddH,O was formed.

5. A suitable vector for use in the above method is a ds vector
from Life Technology (GeneArt® CRISPR Nuclease Vec-
tor with OFP Reporter Kit Catalog number: A21174).
Other vectors are provided by Addgene plasmid #42230,
pX330-U6-Chimeric_BB-CBh-hSpCas9.  Alternatively,
any plasmid containing an sgRNA scaffold under the
control of a U6 promoter can be used.

6. 10 pl of a master mix containing an ss binding protein, a
ligase, an exonuclease and a polymerase was added to the
reaction mix, and the assembly reaction was incubated for
1 hour at 50° C.

7. NEB 10-beta Competent E. coli were transformed with 2
ul of the assembled product and the manufacturer’s pro-
tocol followed (New England Biolabs).

8. 100 pl of transformed cells were spread on a plate with
ampicillin antibiotic, and incubate overnight at 37° C.
9. 10 colonies were picked to grow, and the plasmid DNA

was purified for sequencing.

Unlike traditional cloning methods, in which two oligo-
nucleotides must be synthesized and re-annealed, this
example offers a simple way to design an oligonucleotide
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and assemble it with the desired vector and represents a
substantial improvement over traditional methods, specifi-
cally in time savings, ease-of-use and cost.

Example 4: Production and Screening of Fusion
Proteins

The sequences of several hundred DNA binding domains,
most of which are expected to be sequence-specific based on
their predicted structure (e.g., whether they have an HLH,
LTH or WH structure, etc.) or similarity to known DNA
binding proteins that are known to specifically bind DNA
were identified by screening public and other databases
using word searches and by sequence comparisons. Most, if
not all, of the identified DNA binding domains were already
annotated as being DNA binding domains and, on further
analysis, could be identified as transcription factors. Further
sequences were selected based on their annotation. Approxi-
mately a hundred DNA binding domains were selected for
further analysis. The amino acid sequences of representative
DNA binding domains from Pyrococcus furiosus and Ther-
motoga maritima are shown in FIGS. 11A, 11B, 13A and
13B, respectively. FIGS. 12 and 14 show that the selected
DNA binding domains are diverse both in terms of sequence
but also in their structure.

In addition, several DNA polymerases from a diverse
range of bacterial and archaeal species were identified by
performing sequence comparisons on public and other data-
bases. Most, if not all, of the identified polymerases were
already annotated as being a polymerase. A phylogenetic
tree of a representative number of polymerases is shown in
FIG. 15. As shown, the polymerases are from family A as
well as family B.

Approximately 300 fusion proteins were made and tested
for an enhanced performance in a variety of PCR conditions.
The selected polymerases were from family A and family B,
and the DNA binding domains were diverse in sequence.
The amino acid sequences of 18 exemplary polymerases are
shown in FIGS. 16, 17, 18A, 18B, 19A and 19B. These
sequences can be used to guide the construction of other
fusion proteins.

The fusion proteins were compared to the polymerase
portion of the fusion protein in a battery of PCR-related tests
that included, but were not limited to, assays to determine
the length of the fragments that can be amplified using a
short extension cycle (e.g., 5 seconds to 30 seconds), the
ability of the polymerase to tolerate different buffers (e.g.,
NEB Thermopol buffer, Phusion HF buffer, OneTag Stan-
dard Reaction buffer), as well as the ability to amplify DNA
template with higher GC content (>60% GC), ability to
generated DNA template with better purity, ability to
increase polymerase strand displacement activity. In gen-
eral, these tests involved setting up a PCR reaction with
genomic DNA as a template (e.g., human or bacterial
genomic DNA, plasmid DNA), and then subjecting the
reaction to the following thermocycling conditions: an initial
denaturation step of 95° C., followed by 25-35 cycles of 15
seconds at 95° C., 20 seconds at 55° C. and 10 seconds-1
minute at 72° C.

Some polymerase fusions were inactive in the PCR assay.
In these cases, many of the polymerases on their own (i.e.,
without the DNA binding domain) were also inactive. How-
ever, a significant portion of the polymerase fusions retained
activity, some having increased activity and some having
reduced activity, relative to the polymerase on its own (i.e.,
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without the DNA binding domain). Collectively, more than
30% of the fusion proteins that either contained DNA
polymerase SP-04 or the SP-17 DNA binding domain exhib-
ited an enhanced performance relative to the polymerase
domain of the fusion protein on its own, in at least one of the
conditions tested. The data shown in FIGS. 20-23 shows
data from the 18 fusion proteins shown in FIGS. 16, 17,
18A, 18B, 19A and 19B.

FIG. 20 show that BD-07 (a lambda repressor-like DNA
binding domain from 7. maritima), BD-08 (a lambda repres-
sor-like DNA binding domain from 7. maritima), and BD-98
(a winged helix domain from P. furiosus) enhance the ability
of the SP-17 polymerase (an Archael family B polymerase
from Archaeoglobus profundus) to amplify longer frag-
ments.

FIG. 21 show that BD-02 (an HCP-like Crol-Cl-type
HTL-type DNA binding domain from 7. maritima), BD-07
(a lambda repressor-like DNA binding domain from 7.
maritima), and BD-98 (a winged helix domain from P.
furiosus) enhance the ability of the SP-04 polymerase to
amplify longer fragments.

FIG. 22 show that BD-07 (a lambda repressor-like DNA
binding domain from 7. maritima), BD-23 (a winged helix
domain from 7. maritima), BD-09 (a lambda repressor-like
DNA binding domain from 7. maritima), BD-62 (a ribbon-
helix helix DNA-binding domain from P. furiosus) and
BD-93 (a winged helix DNA-binding domain from P, furio-
sus) and BD-109 (another winged helix DNA-binding
domain from P. furiosus) enhance the ability of the SP-61
polymerase (an Archael family B polymerase from Archaeo-
globus profundus) to tolerate different buffers.

FIG. 23 show that BD-07 (a lambda repressor-like DNA
binding domain from 7. maritima), BD-23 (a winged helix
domain from 7. maritima), BD-09 (a lambda repressor-like
DNA binding domain from 7. maritima), BD-62 (a ribbon-
helix helix DNA-binding domain from P. furiosus) and
BD-93 (a winged helix DNA-binding domain from P, furio-
sus) and BD-109 (another winged helix DNA-binding
domain from P. furiosus) enhance the ability of the SP-04
polymerase to tolerate different buffers.

The data shown in FIGS. 20-23 is representative only.

SEQ ID NO: 1
MILDADYITEDGKPIIRLFKKENGRFKVEYDRNFRPYIYALLKDDS

AIDDVRKITSERHGKVVRVIDVEKVKKKFLGRPIEVWKLYFEHPQD
VPAMRDKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELTFL
AVDIETLYHEGEEFGKGPIIMISYADEEGAKVITWKKIDLPYVEVV
ANEREMIKRLIKVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKL
PLGRDNSEPKMQORLGDSLAVEIKGRIHFDLFPVIRRTINLPTYTLE
AVYEAIFGKQKEKVYPHEIAEAWETGKGLERVAKYSMEDAKVTYEL
GKEFFPMEAQLARLVGQPLWDVSRSSTGNLVEWYLLRKAYERNELA
PNKPDEREYERRLRESYEGGYVKEPERGLWEGIVSLDFRSLYPSII
ITHNVSPDTLNKEGCGEYDEAPEVGHRFCKDFPGFIPSLLGSLLEE
ROKIKKRMKESKDPVERKLLDYRQRAIKILANSFYGYYGYAKARWY
CKECAESVTAWGRQYIELVRRELEERGFKVLYIDTDGLYATIPGEK
NWEEIKRRALEFVNYINSKLPGILELEYEGFYTRGFFVTKKKYALI

DEEGKIVTRGLEIVRRDWSEIAKETQAKVLEAILKHGNVEEAVKIV
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KEVTEKLSNYEIPVEKLVIYEQI TRPLNEYKAIGPHVAVAKRLAAK
GIKIKPGMVIGYVVLRGDGPISKRAIAIEEFDGKKHKYDAEYYIEN
QVLPAVERILKAFGYKREDLRWQKTKQVGLGAWLKVKKS

SEQ ID NO:
IINPQARLTPLELEILEIIKQKKSITITEIKEILSERRKSEYPLSL

VSEYISRLERKGYVKKIAKGRKKFVEALI

SEQ ID NO:
MILDADYITEDGKPIIRLFKKENGRFKVEYDRNFRPYIYALLKDDS

AIDDVRKITSERHGKVVRVIDVEKVKKKFLGRPIEVWKLYFEHPQD
VPAMRDKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELTFL
AVDIETLYHEGEEFGKGPIIMISYADEEGAKVITWKKIDLPYVEVV
ANEREMIKRLIKVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKL
PLGRDNSEPKMQRLGDSLAVEIKGRIHFDLFPVIRRTINLPTYTLE
AVYEAIFGKQKEKVYPHEIAEAWETGKGLERVAKYSMEDAKVTYEL
GKEFFPMEAQLARLVGQPLWDVSRSSTGNLVEWYLLRKAYERNELA
PNKPDEREYERRLRESYEGGYVKEPERGLWEGIVSLDFRSLYPSII
ITHNVSPDTLNKEGCGEYDEAPEVGHRFCKDFPGFIPSLLGSLLEE
ROKIKKRMKESKDPVERKLLDYRQRAIKILANSFYGYYGYAKARWY
CKECAESVTAWGRQYIELVRRELEERGFKVLYIDTDGLYATIPGEK
NWEEIKRRALEFVNYINSKLPGILELEYEGFYTRGFFVTKKKYALI
DEEGKIVTRGLEIVRRDWSEIAKETQAKVLEAILKHGNVEEAVKIV
KEVTEKLSNYEIPVEKLVIYEQITRPLNEYKAIGPHVAVAKRLAAK
GIKIKPGMVIGYVVLRGDGPISKRAIAIEEFDGKKHKYDAEYYIEN
QVLPAVERILKAFGYKREDLRWQKTKQVGLGAWLKVKKSGTGGGGI
INPQARLTPLELEILEIIKQKKSITITEIKEILSERRKSEYPLSLV
SEYISRLERKGYVKKIAKGRKKFVEALI

SEQ ID NO:
MKEKAPKIDALIDCTYKTEDNRAVIYLYLLENILKDREFSPYFYVE

MLKDRIEKEDIDKIKEFLLKEDLLKFVENLEVVNKTILKKEKEIVK
IIATHPQRVPKLRKIKECDIVKEIYEHDIPFAKRYLIDSDIVPMTY
WDFENRKQVSIEIPKLKTVSFDMEVYNRDTEPDPEKDPILMASFWD
DNGGKVITYKHFDHSNIEVVNSEKDLIKKIVEMLRQYDVIFTYNGD
NFDFPYLKARAKIYGIDIKLGRDGEELKIKRGGMEFRSYIPGRVHI
DLYPISRRLLKLTKYTLEDVVYNLFGIEKLKIPHTKIVDYWANNDK
ILIEYSLQDAKYTHKIGKYFFPLEVMFSRIVNQTPFEITRMSSGQM
VEYLLMKNAFKENMIVPNKPDEKEYRKRLLTSYEGGYVKEPEKGMF
EDIISMDFRCHPRGTKVIVKNNGLTDIENVKVGDYVLGIDGWQKVK
RVWKYPYNGFLVNVNGLKSTPNHKIPVIKKENGKDRVIDVSSIYLL
NLKGCKILKIKNFESIGMFGKIFKKDTKIKKVKGLLEKIAYIDPRE
GLVIKVKNEKEDIFKTVIPILKELNILYKQVDEKTIIIDSIDGLLK
YIVTIGFNDKNEEKIKEIIKEKSFLEFKELEDIKISIEEYEGYVYD

LTLEGRPYYFANGILTHNSLYPSIIIAYNISPETLDCECCKDISEK
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ILGHWFCKKREGLIPKTLRGLIERR INIKNKMKKMESEKE INEEYN
LLDYEQRSLKILANSVYGYLAFPRARFYSRECAEVITYLGRKYILE
TIEEAEKFGFKVIYADSVVKDAKVI IKEDGKIKEIKIEDLFKKVDY
TIGDKEYCILNNVETLTIEDTKLVWRKVPYIMRHRTNKKI YRVKVK
DRYVDITEDHS I IGVKNNKLVELKPTEIKDDETKLI ILNKDLKSYN
FASVEEINCIKYSDYVYDIEVENTHRFFANGI LVHNTDGFYAVWKE
KISKDDLIKKALEFVKYINSKLPGTMELEFEGYFKRGIFITKKRYA
LIDENGRVIVKGLEFVRRDWSNLARITQRRVLEALLLEGD INKAKK
AIQDVIKDLREKKIKKEDLIIYTQLTKNPNEYKTTAPHVEIAKKMM
REGKKIKIGDVIGYIIVKGSKSISERAKLPEEVS IEEIDVNYYIDN
QILPPVLRIMEAVGVSKNELKKEGTQLTLDRFLK

SEQ ID NO:
MERVEGWLIDADYETIGGKAVVRLWCKDDQGIFVAYDYNFDPYFYV

IGVDEDILKNAATSTRREVIKLKSFEKAQLKTLGREVEGYIVYAHH
POQHVPKLRDYLSQFGDVREADIPFAYRYLIDKDLACMDGIAIEGEK
QGGVIRSYKIEKVERIPRMEFPELKMLVFDCEMLSSFGMPEPEKDP
IIVISVKTNDDDEIILTGDERKIISDFVKLIKSYDPDIIVGYNQDA
FDWPYLRKRAERWNIPLDVGRDGSNVVFRGGRPKITGRLNVDLYDI
AMRISDIKIKKLENVAEFLGTKIEIADIEAKDIYRYWSRGEKEKVL
NYARQDAINTYLIAKELLPMHYELSKMIRLPVDDVTRMGRGKQVDW
LLLSEAKKIGEIAPNPPEHAESYEGAFVLEPERGLHENVACLDFAS
MYPSIMIAFNISPDTYGCRDDCYEAPEVGHKFRKSPDGFFKRILRM
LIEKRRELKVELKNLSPESSEYKLLDIKQQTLKVLTNSFYGYMGWN
LARWYCHPCAEATTAWGRHFIRTSAKIAESMGFKVLYGDTDSIFVT
KAGMTKEDVDRLIDKLHEELPIQIEVDEYYSAIFFVEKKRYAGLTE
DGRLVVKGLEVRRGDWCELAKKVQREVIEVILKEKNPEKALSLVKD
VILRIKEGKVSLEEVVIYKGLTKKPSKYESMQAHVKAALKAREMGI
IYPVSSKIGYVIVKGSGNIGDRAYPIDLIEDFDGENLRIKTKSGIE
IKKLDKDYYIDNQIIPSVLRILERFGYTEASLKGSSQMSLDSFFS

SEQ ID NO:
MIKAWLLDVDYVTENDRAVIRLWCKDDKGVFVAYDRNFLPYFYVIG

CKAEDVMKVKVRTNEGIITPLKVEEIEAKSLGKPIKALKVYTRHPQ
HVPKLREEIKKFAEVREADIPFAYRYLIDKDLACMDGIEIEPIAVK
EGVLRAYEVRSVRRVEKKGFPDLKILAFDCEMLAQFMPDPEKDPII
ATAVKCGDFEEVLHGDERDILRRFVSIIKEQDPDIIVGYNQDNEFDW
PYVKKRAEKFGIRLDIGRDRSEISFRGGRPKIAGRLNVDLYDIALK
IPDVKIKTLKKVAEFLGAKVEEEDI EGRDIYKCWMRGEKEKVFKHV
LNDVLTTYRLALELLPMHYELSRMIRLPLDDVARLGRGKQVDYFLL
SEAKKINEIAPNPPEIEESYEGAFVLEPARGLHENVACLDFASMYP
SIMINFNISPDTLVKGECEDCYVAPEVGHKFRKSPDGFFKRILKML

IEKRREMKROQMKELDPDSEDYKLLDIKQQTLKVLTNSFYGYTGWNL
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ARWYCRECAEATTAWGRYFIKRAVKIAESMGFEVLYGDTDSLFIKK

NKLNLKDLEKECLKLIDVISKELPIQLEIDEFYKAIFFVEKKRYAG
LTDDDRIVVKGLEVRRGDWCELAKRVQREVIEI ILRERNPDKALKF
VKNVIEEIKEGKFKLEDYVIYKGLTKKPDKYESKQAHVKAALRAME
MGIYYPIGTKVGFVIVKGGGSISDRAYPIELIEEFDGENLKIRTPS
GIMVKKIDKDYYIDHQIIPAVMRILERFGYTEASLKTTIQKTLFDF
T

SEQ ID NO:
MKLVIFDGNSILYRAFFALPELTTSSNIPTNAIYGFINVILKYLEQ

EKPDYIAVAFDKRGREARKSEYQEYKANRKPMPDNLQVQIPYVREI
LYALNIPIVEFEGYEADDVIGSLVNKFKNTGLDIVIITGDRDTLQL
LDKNVVVKIVSTKFDRTMEDLYTIENIKEKYGVWANQVPDYKALVG
DQSDNIPGVKGIGEKSAQKLLEEYSSLEEIYQNLDKIKGSIREKLE
AGKDMAFLSKRLATIVCDLPLNVNLEDLRTKEWNKERLYEILVQLE
FKSIIKRLGLSENIQFEFVQORTDIPDVEQRELESISRIRSKEIPL
MFVQDEKCFYLYDQESNTVFVTRDRHLVEEILKSDTVKIVYDLKNI
FHQLNLEDTDNIKNCEDVMIASYVLDSTRSSYELETLFVSYLNTDI
EAVKKDKKMVSVVLLKRLWDDLLRLIDLNSCQFLYENIERPLIPVL
YEMEKTGFKVDRDALLQYTKEIENKILKLETQIYQIAGEWFNINSP
KQLSYILFEKLKLPVIKKTKTGYSTDAEVLEEFDKHEIVPLILDYR
MYTKILTTYCQGLLQAINPSSGRVHTTFIQTGTATGRLASSDPNLQ
NIPVKYDEGKLIRKVFVPEEGHVLIDADYSQIELRILAHISEDERL
INAFKNNIDIHSQTAAEVFGVDIADVTPEMRSQAKAVNFGIVYGIS
DYGLARDIKISRKEAAEFINKYFERYPKVKEYLDNIVRFARENGYV
LTLFNRKRYVKDIKSANRNARSYAERIAMNSPIQGSAADIMKLAMI
KVYQKLKENNLKSKIILQVHDELLIEAPYEEKDIVKRIVKREMENA
VALKVPLVVEVKEGLNWYETK

SEQ ID NO:
MEKRVYLVDITYGLVGNSPEIRMFGVDENGEKVVILDRGFRPYFYV

IPEEGFEDQVARVIGKMONVIKADVTERRLFGKPIKVVKVTVTVPD
KVRELRDRVKSIQHVKEVLEADIRFYIRYMIDNDIRPGWLMFSNLK
PVDNKIGGVSNVYLTETPPTSLDLGIMPRLNYMALDIEVYNPRGTP
DPKRDPIIIIALANSNGDVKLLTLDNYKHEREMLNDMMSVIKEWDP
DVLFGYNSNKFDMPYLVNRADALNVKLQLSKYGTPPEQSVYGHWSI
IGRAHIDLYNFIEDMTDVKRKSLDYVAEYFGVMKRSERVNIPGHRI
YQYWDDEGKRSQLIKYARDDVLS TLGLGKILLPYAMQLASVSGLPL
DQVGPASVGSRVEMMIMHEAYKMGELAPNRVERPYETYKGAIVLEP
KPGIHYNIAVLDFSSMYPNIMLKYNISPDTLVLDSSEGDYYTAPEV
GYRFRKSPRGLYASLLQKLIEARREARDEMRNYPEGSFEWVLLNER
QRALKIMANAMYGYCGWLGARWYIREVAESVTAWGRYLLKTAMSMA
KERGLTVIYGDTDSLFVTYDKDKVADIISRINEMGFEVKIDKVYSK

LIFTESKKRYIGLTADGEVDIVGFEAVRGDWSELARNVQERVAELV
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LRESVDEAVKYVKSVIDDLRNYRFTIDDVIIWKTLDKDINEYKAIQ
PHVVAARRLMEKGYVVNKGDTVGFVIVKDSGDKLTQRAYPYVFIND
VKEIDVDYYVEKQVIPAALRILEVFGVNEAALLGKTGKSILDYFH

SEQ ID NO:
MTEVVFTVLDSSYEVVGKEPQVIIWGIAENGERVVLIDRSFRPYFY

ALLAPGADPKQVAQRIRALSRPKSPIIGVEDDKRKYFGRPRRVLRI
RTVLPEAVREYRELVKNVDGVEDVLEADIRFAMRYLIDHDLFPFTW
YRVEAEPLENKMGFRVDKVYLVKSRPEPLYGEALAPTKLPDLRILA
FDIEVYSKQGSPRPERDPVIVIAVKTDDGDEVLFIAEGKDDRKPIR
EFVEYVKRYDPDIIVGYNNNHFDWPYLLRRARILGIKLDVTRRVGA
EPTTSVHGHVSVPGRLNVDLYDYAEEMPEIKIKSLEEVAEYLGVMK
KSERVIINWWEIPDYWDDPKKRPLLLQYARDDVRATYGLAEKILPF
ATIQLSYVTGLPLDQVGAMSVGFRLEWYLIRAAFKMKELVPNRVERP
EETYRGAIVLEPLRGVHENIAVLDFSSMYPNIMIKYNVGPDTLVRP
GEECGECGCWEAPEVKHRFRRCPPGFFKTVLERLLELRKRVRAEMK
KYPPDSPEYRLLDERQKALKVLANASYGYMGWSGARWYCRECAEAV
TAWGRHLIRTAINIARKLGLKVIYGDTDSLFVTYDPEKVEKFIKII
EEELGFEIKLEKVYKRVFFTEAKKRYAGLLEDGRIDIVGFEAVRGD
WCELAKEVQTKVVEIVLKTSDVNKAVEYVRKIVKELEEGKVPIEKL
VIWKTLSKRLEEYTTEAPHVVAAKRMLSAGYRVSPGDKIGYVIVKG
GGRISQRAWPYFMVKDPSQIDVTYYVDHQIIPAALRILGYFGITEK
KLKASATGQKTLFDFLAKKSK

SEQ ID NO:
MEIRVWPLDVTYIVVGGVPEVRVFGIAEGGERVVLADRSFRPYFYV

DCAGCDPHAVKTHLGRTAPVEGVELVERRFLGRPRQFLKVVAKIPE
DVRRLREAASTIPGVRGVYEADIRFYMRYVIDMGVVPCSWNVAEVE
VADEKLGSLPVYRVVKWGGAVEGFPPPLRVLAFDIEVYNERGTPDP
ARDPIVMIAVQSSDGRLEVFEASGRDDRGVLRSFVEYVRSFDPDVV
VGYNSNNFDWPYLAERAKAVGVPLRVDRLGGAPQQSVYGHWSVLGR
ANVDLYNIVDEFPEIKLKTLDRVAEYFGVMRRDERVLIPGHKIYEY
WRDPSKRPLLRQYVIDDVRSTYGLAERLLPFLIQLSSVSGLPLDQV
AAASVGNRVEWMLLRYAYGLGEVAPNREEREYEPYKGAIVLEPKPG
LYSDVLVLDFSSMYPNVMMRYNLSPDTYLEPGEPDPPEGVYVAPEV
GHRFRKEPPGFIPQVLRRLVALRRAVREEMKKYQPDTPEYRVLDER
QKALKIMANAMYGY TGWVGARWYKKEVAESVTAFARAILKDVIDYA
RRLGIVVIYGDTDSLFVKKGGDLEKLARYVDEKYGIEIKVDKDYEK
VLFTEAKKRYAGLLRDGRIDIVGFEVVRGDWSELAKEVQLKVIELI
LKARDLSEARQRVIKYVKDVIERLKSGKFDLDDLIIWKTLDKDLGE
YKAYPPHVRAALILKKKGYKVGRGTTIGYVVVKGGEKVSERSLPYI
LVDDLAKIDVDYYIEKQVIPAALRIAEVIGVKEGDLRAGRSEKSLL

DFFE
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SEQ ID NO:
MSEKINLEFYFLDNSYEVIGNEPHI I IWGITRDGRRVLLRDRRFRP

YFYAILKDKVNIEDLARKIRTYSDPKSPIIGVEPVEKKYFGRKVSA
LKIITMIPEYVRKYREKIKSLPEVLEVVEADIRFSIRYIIDHDLRP
CGWHVAEVVEVPKKPIYRVDAEYEIIGDIKPLEQTLQPDLRIIAFD
IEVYNKSGTPRPQTDPIIIIGIMNNNGDIKQFLANKYDDKISVEEF
VNYVKTFDPDIIVGYNTDGFDWPYLIERSKYIGVKLDVTRRVGATP
RTSTYGHISVPGRLNTDLYHFAEEIPEVKVKSLENVAEYLGVMKKS
ERVIIEYIDIPKYWDDEKLRPKLLQYNIDDVKSTYGLAEKFLPFAM
QLSNITGLPLDQVGAASVGFRLEWYLMREAFRYGELVPNRVERAAE
SYRGAVVLKPVKGVHENIAVLDFSSMYPNIMIKYNVGPDTIVRNEK
CNPDKHNIAPEVGHCFRKEPPGFFKRVLETLLRLRKQIKSEMKKYP
PTSYEYRLLDERQKAVKVLANATYGYMGWIHARWYCRECAEAVTAW
GRQTIKSAIELARKLGLKVIYGDTDSLFVTYDKDKVEKLIELIQTK
LGFEIKIDKIYKRVFFTEAKKRYAGLLEDGRIDIVGFEAVRGDWAE
IAKEVQEKVTEILLKENSIDKAIEYVRQVIADLKAGKIPLDKLIIW
KTLSKRIEEYSVDAPHVVAAKKLIKAGIKVSTNDKIGYVILKGGGK
ISSRAEPYIFVKDPKLIDTEYYVDHQIVPAALRILNYFGVTETQLK
RAAASAGQKSLFDFFGGKK

SEQ ID NO:
MILDADYITENGKPVVRIFKKENGEFKVEYDRSFRPYIYALLRDDS

ATEDIKKITAERHGKVVRVVEAEKVRKKFLGRPIEVWKLYFEHPQD
VPAIREKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELKLL
AFDIETLYHEGDEFGSGPIIMISYADEKGAKVITWKGVDLPYVEVV
SSEREMIKRFLRVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKL
PIGRDGSEPKMQRMGDGFAVEVKGRIHFDIYPVIRRTINLPTYTLE
AVYEAVFGRPKEKVYPNEIARAWENCKGLERVAKYSMEDAKVTYEL
GREFFPMEAQLARLVGQPVWDVSRSSTGNLVEWFLLRKAYERNELA
PNRPDEREYERRLRESYEGGYVKEPEKGLWEGIIYLDFRSLYPSII
ITHNISPDTLNKEGCNSYDVAPKVGHRFCKDFPGFIPSLLGQLLDE
ROKIKRKMKATIDPIERKLLDYRQRAIKILANSYYGYYGYAKARWY
CKECAESVTAWGREYIELVSRELEKRGFKVLYIDTDGLYATIPGSR
EWDKIKERALEFVKYINARLPGLLELEYEGFYKRGFFVTKKKYALI
DEEGKIITRGLEIVRRDWSEIAKETQARVLEAILKEGNLEKAVKIV
KEVTEKLSKYEVPPEKLVIYEQI TRDLKDYKAVGPHVAVAKRLAAR
GIKVRPGMVIGYLVLRGDGPISRRAIPAEEFDPSRHKYDAEYYIEN
QVLPAVLRILEAFGYRKEDLRYQKTRQAGLDAWLKRKASL

SEQ ID NO:
MILDTDYITENGKPVIRVFKKENGEFKIEYDRTFEPYFYALLKDDS

ATEDVKKVTAKRHGTVVRVKRAEKVQRKFLGRPIEVWKLYFTHPQD
VPAIRDKIRAHPAVIDIYEYDIPFAKRYLIDKGLIPMEGDEELTML

AFDIETLYHEGEEFGTGPILMISYADGSEARVITWKKIDLPYVDVV
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STEKEMIKRFLRIVKEKDPDVLI TYNGDNFDFAYLKKRCEKLGIKF

TLGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPVIRRTINLPTYTLE
AVYEAVFGKPKEKVYAEEIAQAWESGEGLERVARYSMEDAKVTYEL
GREFFPMEAQLSRLIGQSLWDVSRSSTGNLVEWFLLRKAYERNELA
PNKPDEKELARRRGGYAGGYVKEPERGLWDNIVYLDFRSLYPSIII
THNVSPDTLNREGCKEYDVAPEVGHKFCKDFPGFIPSLLGDLLEER
QKIKRKMKATVDPLEKKLLDYRQRAIKILANSYYGYYGYAKARWYC
RECAESVTAWGREYIETTIREIEEKFGFKVLYADTDGFFATIPGAD
AETVKKKAKEFLKYINAKLPGLLELEYEGFYVRGFFVTKKKYAVID
EEGKITTRGLEIVRRDWSEIAKETQARVLEAILKHGDVEEAVRIVK
EVTEKLSKYEVPPEKLVIHEQITRDLRDYKATGPHVAVAKRLAARG
VKIRPGTVISYIVLKGSGRIGDRAIPFDEFDPTKHRYDAEYYIENQ
VLPAVERILKAFGYRKEDLRYQKTKQVGLGAWLKVKK

SEQ ID NO:
MILDTDYITEDGKPVIRIFKKENGEFKIEYDREFEPYIYALLKDDS

AITEEVKKITAGRHGRVVKVKRAEKVKKKFLGRPIEVWKLYFTHPQD
VPAIRDEIRRHSAVVDIYEYDIPFAKRYLIDKGLIPMEGDEELKMM
SFDIETLYHEGEEFGTGPILMISYADEGEARVITWKKIDLPYVEVV
STEKEMIKRFLKVVKEKDPDVLITYNGDNFDFAYLKKRCEKIGIKF
TLRRDGSEPKIQRMGDRFAVEVKGRIHFDLYPVIRRTINLPTYTLE
AVYEAVFGTPKEKVYPEEI TTAWETGEGLERVARYSMEDAKVTYEL
GREFFPMEAQLSRLIGQSLWDVSRSSTGNLVEWFLLRKAYERNEIA
PNKPDERELARRRGGYAGGYVKEPERGLWDNIVYLDFMSLYPSIII
THNVSPDTFNREGCKEYDTAPQVGHKFCKDVQGFIPSLLGALLDER
QKIKKRMKASIDPLEKKLLDYRQKAIKILANSYYGYYGYARARWYC
KECAESVTAWGRDYIETTIHEIEERFGFKVLYADTDGFFATIPGAD
AETVKKKAKEFLKYINAKLPGLLELEYEGFYVRGFFVTKKKYAVID
EEGKITTRGLEIVRRDWSEIAKETQARVLEAILRHGDVEEAVRIVK
DVTEKLSKYEVPPEKLVIHEQITRELKDYKATGPHVAIAKRLAARG
IKIRPGTVISYIVLKGSGRIGDRAIPFDEFDPTKHRYDAEYYIENQ
VLPAVERILKAFGYKKEELRYQKTRQVGLGAWLKLKGKK

SEQ ID NO:
MILDADYITEDGKPVVRIFKKENGEFKIEYDREFEPYIYALLRDDS

ATEEIKKITADRHGKVVKVKRAEKVQKKFLGRPIEVWKLYFTHPQD
VPAIRDEIRKHPAVVDIYEYDIPFAKRYLIDKGLIPMEGDEELKML
AFDIETLYHEGEEFGTGPILMISYADEDGARVITWKKIDLPYVDVV
STEKEMIKRFLKVVKEKDPDVLITYNGDNFDFAYLKKRCEKLGIKF
TLGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPLIRRTINLPTYTLE
AVYEAVFGKPKEKVYAEEIALAWESGEGLERVARYSMEDAKVTFEL
GREFFPMEAQLSRLIGQSLWDVSRSSTGNLVEWFLLRKAYERNELA
PNKPNERELARRRGGYAGGYVKEPERGLWDNIVYLDFRSLYPSIII

THNVSPDTLNREGCKEYDRAPQVGHKFCKDVPGFIPSLLGSLLDER
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QKIKRKMKATIDPIEKKLLDYRQRATIKILANSYYGYYGYARARWYC
RECAESVTAWGREY IEMATRELEEKFGFKVLYADTDGLHATIPGAD
AETVKKKAMEFLKY INPKLPGLLELEYEGFYARGFFVTKKKYAVID
EEGKITTRGLEIVRRDWSEIAKETQARVLEAILRHGDVEEAVRIVK
EVTEKLSKYEVPPEKLVIHEQI TRELKDYRATGPHVATAKRLAKRG
IKIRPGTVISYIVLKGSGRIGDRAIPFDEFDPTKHKYDAEYYIENQ
VLPAVERVLKAFGYRKDDLR YQK TROVGLGAWLKVKKR

SEQ ID NO:
MILDADYITEDGKPVIRVFKKEKGEFKINYDRDFEPYIYALLKDDS

ATEDIKKITAERHGTTVRVTRAERVKKKFLGRPVEVWKLYFTHPQD
VPAIRDKIREHPAVVDIYEYDIPFAKRYLIDKGLIPMEGNEELRML
AFDIETLYHEGEEFGEGPILMISYADEEGARVITWKNIDLPYVESV
STEKEMIKRFLKVIQEKDPDVLITYNGDNFDFAYLKKRSETLGVKF
ILGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPVIRRTINLPTYTLE
TVYEAIFGQPKEKVYAEEIAQAWESGEGLERVARYSMEDAKATYEL
GKEFFPMEAQLSRLVGQSLWDVSRSSTGNLVEWFLLRKAYERNELA
PNKPDERELARRAESYAGGYVKEPEKGLWENIVYLDYKSLYPSIII
THNVSPDTLNREGCREYDVAPQVGHRFCKDFPGFIPSLLGDLLEER
QKVKKKMKATVDPIERKLLDYRQRAIKILANSYYGYYGYANARWYC
RECAESVTAWGRQYIETTMREIEEKFGFKVLYADTDGFFATIPGAD
AETVKKKTKEFLNYINPRLPGLLELEYEGFYRRGFFVTKKKYAVID
EEDKITTRGLEIVRRDWSEIAKETQARVLEAILKHGDVEEAVRIVK
EVTEKLSRYEVPPEKLVIYEQITRNLRDYRATGPHVAVAKRLAARG
IKIRPGTVISYIVLKGPGRVGDRAIPFDEFDPAKHRYDAEYYIENQ
VLPAVERILRAFGYRKEDLRYQKTKQAGLGAWLKPKT

SEQ ID NO:
MILGADYITKDGKPIVRIFKKENGEFKIELDPHFQPYIYALLSEDS

AIDEIKQIKGERHGKTVRIVDAVKVEKKFLKKPVKVWKLILEHPQD
VPAIRNKIREHPAVQDIYEYDIPFAKRYLIDNGLIPMEGDEELKML
AFDIETFYHEGDEFGKGEIIMISYADEEGARVITWKNIDLPYVDVV
SNEREMIKRFIQIIKEKDPDVIITYNGDNFDLPYLIKRAEKLGLRL
ILSRDNENPVPKIQRMGNSFAVEIKGRIHFDLFPVVKRAVNLPTYT
LEAVYETVLGKHKSKLGAEEIAAIWETEEGLKKLAQYSMEDAKATY
ELGREFFPMEVELAKLIGQSVWDVSRSSTGNLVEWYMLRVAYERNE
LAPNRPSDEEYKRRLRTTYLGGYVKEPERGLWENIIYLDFRSLYPS
IIVTHNVSPDTLERKGCONYDVAPIVGYKFCKDFSGFIPSILEDLI
ETRQKIKKEMKSTIDPIKKKMLDYRQRAVKLLANSYYGYMGYPKAR
WYSKECAESVTAWGRHYIEMTIREIEEKFGFKVLYADTDGFYATIP
GADPETIKKKAKEFLNYINSKLPGLLELEYEGFYLRGFFVTKKRYA
VIDEEEKITTRGLEVVRRDWSEIAKETQARVLEAILREGSVEKAVE

IVKEVVEAITKYKVPLEKLITHEQI TRELRDYKAVGPHVAIAKRLA
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AKGIKIKPGTIISYIVLRGSGKISDRVVLLTEYDPRKHKYDPDYYI

ENQVLPAVLRILEAFGYRKEDLKYQSSKQTGLESWLKK

SEQ ID NO:
MILDADYITEDGKPIIRIFKKENGEFKVEYDRNFRPYIYALLKDDS

QIDEVKKITAERHGKIVRIVDVEKVKKKFLGRPIEVWKLYFEHPQD
VPAIRDKIREHPAVVDIFEYDIPFAKRYLIDKGLIPMEGDEELKLL
AFDIETLYHEGEEFAKGPIIMISYADEEGAKVITWKKVDLPYVEVV
SSEREMIKRFLKVIREKDPDVIITYNGDSFDLPYLVKRAEKLGIKL
PLGRDGSEPKMQRLGDMTAVEIKGRIHFDLYHVIRRTINLPTYTLE
AVYEAIFGKPKEKVYAHEIAEAWETGKGLERVAKYSMEDAKVTYEL
GREFFPMEAQLSRLVGQPLWDVSRSSTGNLVEWYLLRKAYERNELA
PNKPDEREYERRLRESYAGGYVKEPEKGLWEGLVSLDFRSLYPSII
ITHNVSPDTLNREGCMEYDVAPEVKHKFCKDFPGFIPSLLKRLLDE
ROQEIKRRMKASKDPIEKKMLDYRQRAIKILANSYYGYYGYAKARWY
CKECAESVTAWGREYIEFVRKELEEKFGFKVLYIDTDGLYATIPGA
KPEEIKRKALEFVEYINAKLPGLLELEYEGFYVRGFFVTKKKYALI
DEEGKIITRGLEIVRRDWSEIAKETQAKVLEAILKHGNVEEAVKIV
KEVTEKLSKYEIPPEKLVIYEQI TRPLHEYKAIGPHVAVAKRLAAR
GVKVRPGMVIGYIVLRGDGPISKRAILAEEFDPRKHKYDAEYYIEN
QVLPAVLRILEAFGYRKEDLRWQKTKQTGLTAWLNVKKK

SEQ ID NO:
MILDADYITEDGKPIIRLFKKENGRFKVEYDRNFRPYIYALLKDDS

AIDDVRKITSERHGKVVRVIDVEKVKKKFLGRPIEVWKLYFEHPQD
VPAMRDKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELTFL
AVDIETLYHEGEEFGKGPIIMISYADEEGAKVITWKKIDLPYVEVV
ANEREMIKRLIKVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKL
PLGRDNSEPKMQORLGDSLAVEIKGRIHFDLFPVIRRTINLPTYTLE
AVYEAIFGKQKEKVYPHEIAEAWETGKGLERVAKYSMEDAKVTYEL
GKEFFPMEAQLARLVGQPLWDVSRSSTGNLVEWYLLRKAYERNELA
PNKPDEREYERRLRESYEGGYVKEPERGLWEGIVSLDFRSLYPSII
ITHNVSPDTLNKEGCGEYDEAPEVGHRFCKDFPGFIPSLLGSLLEE
ROKIKKRMKESKDPVERKLLDYRQRAIKILANSFYGYYGYAKARWY
CKECAESVTAWGRQYIELVRRELEERGFKVLYIDTDGLYATIPGEK
NWEEIKRRALEFVNYINSKLPGILELEYEGFYTRGFFVTKKKYALI
DEEGKIVTRGLEIVRRDWSEIAKETQAKVLEAILKHGNVEEAVKIV
KEVTEKLSNYEIPVEKLVIYEQITRPLNEYKAIGPHVAVAKRLAAK
GIKIKPGMVIGYVVLRGDGPISKRAIAIEEFDGKKHKYDAEYYIEN
QVLPAVERILKAFGYKREDLRWQKTKQVGLGAWLKVKKS

SEQ ID NO:
MEGWLLDADYITAEDGRAVVRLWCKDFDGNTFVVYDRNFQPYFYAF

KNGLSKEDIEKIVVKSREGVIKPFKVEEVRRKVFGKEVEVFKIYAY

HPQHVPKLREELKKITEVREADIPFAYRYLIDKDLACMDGIRVEGK
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VREERGLKVIDAEHVERFEI PLPEPKVLAFDCEMLTELGMPDPEKD

KIIIIGVKCGDFEEIITGNEREILLRFVEIIKEQDPDVIVGYNQDN
FDWPYIRKRAEKLSVKLNIGRDGSEISFRGGRPKIAGRLNVDLYDI
AMKLDVKVKTLENVAEFLGRKVELADIEAKDIYKRWTSGDKESVLK
YSKQDVLNTYFIAEELLPMHYELSRMIRIPTDDVARIGRGKQVDWE
LLSEAYKIGEIAPNPAEVEESYEGAFVLEPSRGLHKNVVCLDFASM
YPSIMIAYNISPDTYVFGKCDDCYVAPEVGHKFRKHPDGFFKRILK
MLIEKRREIKNQMKSLDRNSREYLLLNIKQQTLKILTNSFYGYTGW
SGARWYCRQCAEATTAWGRHLIKSAVEIAKKLGFEVLYGDTDSIFV
KKGNLSLEKIRGEVEKLIEEISEKFPVQIEVDEYYKTIFFVEKKRY
AGLTEDGILVVKGLEVRRGDWCELAKEVQKKVIEIILKEENPEKAA
EYVRKVINDIKSGKVKLEDVVIYKGLTKRPDKYESKQAHVKAALRA
MELGIVYNVGSKVGFVVVEGAGNVGDRAYPIDLIEEFDGENLVIRT
RSGSIVKKLDKDYYINHQIIPSVLRILERFGYNEASLKGATQKTLD
AFW

SEQ ID NO:
MILDADYITENGKPVVRIFKKENGEFKVEYDRNFEPYIYALLKDDS

ATEEIKKITAERHGTVVRITKAEKVERKFLGRPVEVWKLYFTHPQD
VPAIRDKIRSHPAVVDIYEYDIPFAKRYLIDKGLVPMEGDEELKML
AFDIETLYHEGEEFAEGPILMISYADESEARVITWKKVDLPYVDAV
STEKDMIKAFLRVVKEKDPDVLITYNGDNFDFAYLKKRCEKLGVKF
ILGRDGSEPKIQRMGDRFAVDVKGRIHFDLYPVIRRTINLPTYTLE
AVYEAIFGRPKEKVYAEEIAQAWETNEGLERVARYSMEDAKVTYEL
GKEFFPMEAQLSRLIGQPLWDVSRSSTGNLVEWFLLRKAYERNELA
PNKPSGREYDERRGGYAGGYVKEPEKGLWENIVYLDYKSLYPSIII
THNVSPDTLNREGCKEYDVAPQVGHRFCKDFPGFIPSLLGDLLEER
QKIKRKMKATIDPIERRLLDYRQRAIKILANSYYGYYGYARARWYC
KECAESVTAWGREYIEMSIREIEEKYGFKVLYADTDGFHATIPGED
AETIKKKAMEFLKYINSKLPGALELEYEGFYRRGFFVTKKKYAVID
EEGKITTRGLEIVRRDWSEIAKETQARVLEALLKDGNVEEAVSIVK
EVTEKLSKYEVPPEKLVIHEQITRELKDYKATGPHVAIAKRLAARG
VKIRPGTVISYIVLKGSGRIGDRAIPFDEFDPAKHRYDAEYYIENQ
VLPAVERILKAFGYRKEDLRYQKTRQVGLGAWLKPKGKK

SEQ ID NO:
MILDTDYITENGKPVIRVFKKENGEFKIEYDRTFEPYFYALLKDDS

ATEDVKKVTAKRHGAVVKVKRAEKVQRKFLGRPIEVWKLYFTHPQD
VPAIRDKIRAHPAVVDIYEYDIPFAKRYLIDKGLIPMEGDEELRML
AFDIETLYHEGEEFGTGPILMISYADENEARVITWKKIDLPYVDVV
STEKEMIKRFLRVVKEKDPDVLITYNGDNFDFAYLKKRCEKLGIKF
TLGRDGSEPKIQRMGDRFAVEVKGRIHFDLYPVIRRTINLPTYTLE

AVYEAVFGKPKEKVYAEEITEAWESGEGLERVARYSMEDAKVTYEL
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GREFFPMEAQLSRLIGQSLWDVSRS STGNLVEWFLLRKAYERNELA
PNKPDERELARRRESYAGGYVKEPERGLWDNIVYLDFRSLYPSIII
THNVSPDTLNREGCKEYDVAPEVGHKFCKDFPGFIPSLLGDLLEER
QKIKRKMKATIDPLEKKLLDYRQRATIKILANSFYGYYGYAKARWYC
KECAESVTAWGREYIETTIREIEEKFGFKVLYADTDGFFATIPGAD
AETVKKKAKEFLKY INAKLPGLLELEYEGFYVRGFFVTKKKYAVID
EEGKITTRGLEIVRRDWSEIAKETQARVLEAI LKHGDVEEAVRIVK
EVTEKLSKYEVPPEKLVIHEQI TRDLRDYKATGPHVAVAKRLAAKG
VKIRPGTVISYIVLKGSGRIGDRAIPADEFDPTKHRYDAEYYIENQ
VLPAVERILKAFGYRKEDLRYQKTKQVGLGAWLKVKGKK

SEQ ID NO:
MILDTDYITEDGKPVIRIFKKDNGEFKIEYDRNFEPYIYALLRDDS

ATEDVKKITAERHGRVVKVKRAEKVKKKFLGRPVEVWKLYFTRPQD
VPAIRDRIRAHPAVVDIYEYDIPFAKRYLIDKGIIPMEGDEELKML
AFDIETLYHEGEEFAEGPILMISYADENEARVITWKKIDLPFVDVV
STEKEMIKRFLKVIKEKDPDVLITYNGDNFDFAYLKKRCEKFGIKF
TLGRDGSDPKIQRMGDRFAVEVKGRIHFDLYPVILRTVNLPTYTLE
AVYEAIFGTPKEKVYPEEI TTAWETGEGLERVARYSMEDAKVTFEL
GREFFPMEAQLSRLVGQSFWDVSRSSTGNLVEWFLLRKAYERNELA
PNKPDERELVRRRNSYTGGYVKEPERGLWDNIVYLDFRSLYPSIII
THNVSPDTLNREGCKEYDEAPQVGHKFCKDFPGFIPSLLGNLLDER
QKIKKRMKATIDPLEKKLLDYRQRAIKILANSYYGYYAYARARWYC
KECAESVTAWGREYIEMSIREIEEKYGFKVLYADTDGFHATIPGAD
AETVKKKAMEFLKY INAKLPGALELEYEGFYKRGFFVTKKKYAVID
EEGKITTRGLEIVRRDWSEIAKETQARVLEALLKDGNVEEAVSIVK
EVTEKLGKYEVPPEKLVIHEQITRELKDYKATGPHVAIAKRLAARG
VKIRPGTVISYIVLKGSGRIGDRAIPFDEFDPTKHRYDAEYYIENQ
VLPAVERILKAFGYRAEDLRYQKTRQVGLGVWLQPKGKK

SEQ ID NO:
MELAFWLLDITYGVIGNTPELRLFGITDDGKRVLVLDRSFRPYFYV

IPSGDVNAVFNNVKRKLEGKVLNVEVIKRKMFGNEVDAIRVTATIP
EKVRELRELAAEVPGVEDVLEADIRFSQRYLLDMGVKPSNWIVVDQ
CEEVKGNYQVDLVCLAKSRPRMIEEHKLPSFRVLAFDIEVYNPRGM
PNPDRDPVIIISTMTKEDGVKMFVVDDNKNDAKIIREFLDYFRKYD
PDIVVGYNNNGFDWPYLVNRSSRVGVRLALSRMGNPPEPSVYGHWS
IIGRANVDLYNFIEEISEIKVKSLDRAAEFFGIMKRSERVLIPGHR
ITHEYWDDKNKRDLLLKYARDDVVSTYGLAEKLLPFAIQLSSISGLP
LDQVGAASVGARVEWMIFYEAVKRGELAPNREERPYETYKGAVVLE
PRPGLHENIAVIDFSSMYPSIMMKYNVSPDTLVLGDCGDCYVAPEV

NYKFRRSPEGLYPGLLRILVESRRRVRDLMKKYPENSPEWVLLNER
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QRALKVMANAMYGY CGWLGARWYRREVAEAVTAWGRNLLRTVIEKA
RSLGLPIIYGDTDSLFVRNISDKVDALINYVNNELGFEVKVDKVYR
RVLFTEAKKRYVGLTVEGEVDIVGFEAVRGDWAETIAKDVQENVAET
VLTTGDVGKAISYVKSVIDKVKAYQFDIDDVIIWKTLDKSLNEYKV
LTPHVAAAKQLVEAGYKVGKGDMIGYVVVKGGGAKLAYKVKPYILI
KDIREVDVDYYVEKQIVPAAMRILEVLGVKESQLMEGKAGKS ILDY
FS

SEQ ID NO: 54
MLRTVWVDYARKGEPDVILVGRREDGNPAALVVKGFRPYFYAEVED

GFDPSEVERLSGVVEVEEVLLEHPYGGDRVELLRIVATYPKVVPKL
REQVKKLDGVKEVYEADIPFVRRAAVDLNLPPASEVDVSDLDTGSW
SGLPAYFADVEDARELDHRPYPIEDLVVASFDLEVLAEPGTTIKGA
SGPIIAISFAYSTPDGERRNYVITWKGEDESFEVDGVETEVIVCRS
EAAALRRFFDEFRRVDPDVVFTYNGDEFDLPYLQHRAGKLGIDVSP
LARPAGKRGI ILKHGGGRYASDIFGRAHVDLYHTARKNLKLERFTL
EEAVKDVLGVEKEEMELADINEAWKRGNLDELMRYSAEDAHYTLEL
GLELAQVELELSYLTRLPLPDATRFSFGQLAEWRAIYKARQEDILV
PNKPTRDEYKRRRRKAYKGAIVFEPEIGLHENVVCVDFASLYPNVM
VAHNISPDTFDCDCCPRVTVEEVDDPTDATVAPDVGHKFCKRRKGF
FPRLVEGLIERRRELKRRLRKLDTESHPHEAKILDVRQQAYKVLAN
SYYGYMGWANARWFCRECAESVTAWGRYYISEVRRIAEEKYGLKVV
YGDTDSLFVKLPDADLEETIERVKEFLKEVNGRLPVELELEDAYKR
ILFVTKKKYAGY TEDGKIVTKGLEVVRRDWAPIARETQRRVLKRIL
ADNDPEAALKEIHEVLERLKSGDVDIDELAVTSQLTKKPSEYVQKG
PHVRAALRLARHLGVEPEPGTIVRYVIVRGPGSVSDKAYPVELVRE
EGKEPDVDYYIEHQILPAVERIMRAIGYSRGQIVGETASQKTLDQF
FG

SEQ ID NO: 55
MELKIWPLDVTYAVVGGYPEVRVFGLTEGGGRVVLVDRSFKPYFYV

DCPTCEVGVVKSSLSRVAPVDEVSAAERRFLGRPRRFLMVVARVPE
DVRRLREAAAQIPGVAGVYEADIRFYMRYMIDVGLLPCSWNRAEVE
GGGKVGGLPQYTVVQWLGPAGGFPPPLRVLAFDIEVYNERGTPDPA
RDPVVMIAVKTDDGREEVFEAEGRDDRGVLRSFVEFVKSYDPDVVV
GYNSNGFDWPYLAGRARAIGVPLRVDRLGGLPQQSVYGHWSIVGRA
NVDLYGIVEEFPEIKLKTLDRVAEYFGVMRREERVLIPGHKIYEYW
RDPGKRPLLRQYVLDDVRSTLGLADKLLPFLIQLSSVSGLPLDQVA
AASVGNRVEWMLLRYAYRLGEVAPNREEREYEPYKGAIVLEPKPGM
YEDVLVLDFSSMYPNIMMKYNLSPDTYLEPGEPDPPEGVNAAPEVG
HRFRRSPLGFVPQVLKSLVELRKAVREEAKRYPPDSPEFRILDERQ
RALKVMANAMYGYLGWVGARWYKREVAESVTAFARAILKDVIEQAR

RLGIVVVYGDTDSLFVKKHVNVDKLIQYVEEKYGIEIKVDKDYAKV
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LFTEAKKRYAGLLRDGRIDIVGFEVVRGDWSELAKEVQLKVVEIIL
NSRDVAEARRRVTQYVREI IERLREYKFNVDDLI INKTLDKELGEY
KAYPPHVHAALILKRHGYKVGKGNMVGYVVVKGGGKISEKALPYIL
LDDVKKIDVEYYIERQIIPAALRIAEVIGVKEADLKTGKSERSLLD
FF

SEQ ID NO: 56
MKTFLTEQQIKVLMLRAKGYKQSEIAKILGTSRANVSILEKRAMEK

IEKARNTLLLWEQINSKVIVEIKAGEDIFSIPEKFFKKADKVGVKV
PYSTAEIITFLVEHAPVEDRLAKRDFVLFLDSKNKLRIGDCLVIEE
IKED

SEQ ID NO: 57
MPITKVTRNYQITIPAEIRKALGIKEGELLEVRLENGKIIIERLKK

ERKTLKLGKKLTLEEIEKAIEEGMKQCMQ

SEQ ID NO: 58
TKIEILRLLKEREMYAYEIWSLLGKPLKYQAVHQHIKELLELGLVE

QAYRKGKRVYYKITEKGLRILONFEDLENI

SEQ ID NO: 59
MNTGAQGVSEMSRMKI ISVQLPQSLIHGLDALVKRGIYPNRSEAIR

VAIRELLKKELYKEEIQEEIPEYVVK

SEQ ID NO: 60
VIIPRPIDPRDIRRIRKELGITQEELARKAGVTQAYIAKLEAGKVD

PRLSTFNKILRALIECQKAKI

SEQ ID NO: 61
NNCECMVVKEKLYTVKQASEILGVHPKTIQKWDREGKIKTVRTPGG

RRRIPESEIKRLLGISEEK

SEQ ID NO: 62
MLKDSAPKRKILEELRKGETVSGDYLASKLGVSRVAIWKHIRELKE

LGYGITADKKGYKLVYEPKKPYPWE

SEQ ID NO: 63
MIDERDKIILEILEKDARTPFTEIAKKLGISETAVRKRVKALEEKG

IIEGYTIKINPKKLGYSLVTITGVDTKPEKLFEVAEKLKE

SEQ ID NO: 64
MEIDDLDRKILSLLIEDSRLSYREIAKKLNVAVGTIYNRIKKLEDM

GVIQGFTVKLNYEKLGYELTAIIGIKAQGKK

SEQ ID NO: 65
EMLWMYILKLLKDRPMYAYEIRNELKKRFGFEPATVSSYVVLYRLE

EGGYVSSEWHESEAGRPSRKYYRLTEKGEKLLEKGIETIEDVLNML
Ks

SEQ ID NO: 66
MKVSKATASKVLRSLENKGIVERERRGKTYLVRLTNKGLELLEEIS

KAGKELDEKIFAEMSVDERIVL

SEQ ID NO: 67
SEDYMLONRRKVLAKVLELLNYNPKALNISELARMFGVSRDTIYND

IQQIIKNVEV
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SEQ ID NO: 68
SKEISRFLKVISNPIRYGILKMLNDRWMCVCLISEALEIDQTLVSH

HIRILKELDLLEERKEGKLRFYRTNKEKLREYLEKVLEDFNHGTSK
GS

SEQ ID NO: 69
MCRKDVMIISDPKQIKALSDPTRVKILELLRYHPMTVSEISRVIGK

DKSTIYRHIKALEEAGLVEEVEKIGNETVYGR

SEQ ID NO: 70
MEPVEFKLNQKGIKSILPTMEAEIMEYMWEIKEATAGEVYEYMKTK

YPEIRRSTVSILMNRLCERGLLKRRMEKGKGGIRYVYSITTTREEF
ERKVVEKIIESLMMNFREATFAYLSKINKK

SEQ ID NO: 71
MKKSNLDLLILLAKAGGIEKEILTTSRELSKMLNVSPQTIVRWLED

LEKDGLIKKSESRKGTLVTITEEGVKFLEKLHEELSDALYR

SEQ ID NO: 72
MEIPPEISHALSEIGFTKYEILTYWTLLVYGPSTAKEISTKSGIPY

NRVYDTISSLKLRGFVTEIEGTPKVYAAYSPRIAFFRFKKELEDIM
KKLEIELNNVKK

SEQ ID NO: 73
IINPQARLTPLELEILEIIKQKKSITITEIKEILSERRKSEYPLSL

VSEYISRLERKGYVKKIAKGRKKFVEALI

SEQ ID NO: 74
GIDVVIPEIKHDPIARDIVKILFDLRRANVSQIARELKGRRGKASR

NTVRKKLKELEKLGVVKEVPGERGSVYTLSREVVKKWLDLIGIPIN
LL

SEQ ID NO: 75
MTKRVKVITDPEVIKVMLEDTRRKILQLLRNREMTISQLSEILGKM

PQTIYHHIEKLKEAGLVEVKR

SEQ ID NO: 76
MEEIKEIMKSHTLGNPVRLGIMIYLFPRRRAPFSHIQKALDLTPGN

LDSHIKVLEKHGFVRTYKVIADRPRTMVEITDYGMEETRKFLSHLK
TVIDAIHF

SEQ ID NO: 77
MGEELNRLLDVLGNETRRRILFLLTKRPYFVSELSRELGVGQKAVL

EHLRILEEAGLIESRVEKIPRGRPRKYYMIKKGLRLEILLTPTLFG
SEMYEAK

SEQ ID NO: 78
MRRMDKVDLQLIKILSQNSRLTYRELAEMLGTTRQRVARKVDKLKK

LGIIRKFTIIPNLEK

SEQ ID NO: 79
GRKVRTQONEILNLLNEKEKAVLRAILEHGGEIKQEDLPELVGYSR

PTISKVIQELENKGLIKREKSGKTFVVKIERKIKLD

SEQ ID NO: 80
KSLORFLRRNTTSIKHLSEITGVARNRLSDILNGKTQKIRGETLRK

IAKAFEKSNILSF
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SEQ ID NO: 81
DVIQRIKEKYDEFTNAEKKIADTILSDPKGIIESSISDLSEKAGVK

SEASVVKFYKKLGLNSFQOQFKVLLAQSISRAPLEIVYEDVSSEDDT
KTITEKIFKATVRAI

SEQ ID NO: 82
KIRDKILNVYTQFSPAERKVADYVLERPDDVIHYSITEFAKIVGVS

ETTIHRMIKKLDFEGYQAFKIALARELSGLEETIERRDFIDEEIDI
LRRLKDTLD

SEQ ID NO: 83
KRRPTINDVAKLAGVSISTVSRYLKDPSQVSEKLGERIREAIKKLG

YKPNKIAQGLRTGD

SEQ ID NO: 84
MASIKDVAKLAGVSIATVSRVINGYNNVSEETRKKVIDAIRKLNYH

PVYAVKGAVLKR

SEQ ID NO: 85
MKKKYVTIRDIAEKAGVSINTVSRALNNKPDISEETRRKILKIAQE

LGYVKNATASSLRSK

SEQ ID NO: 86
MPTIEDVAKLAGVSIATVSRVINGSGYVSEKTRYKVWKAIEELGYK

PEISAKLLASKG

SEQ ID NO: 87
MRIGEKLRKLRLSRGLTQEELAERTDLSRSFISQLESDKTSPSIDT

LERILEALGTDLKHF

SEQ ID NO: 88
MHMKTVRQERLKSIVRILERSKEPVSGAQLAEELSVSRQVIVQDIA

YLRSLGYNIVATPRGYVLAGG

SEQ ID NO: 89
MNTLKKAFEILDFIVKNPGDVSVSEIAEKFNMSVSNAYKYMVVLEE

KGFVLRKKDKRYVPGYKLIEYGSFVLRRF

SEQ ID NO: 90
MKISKKRRQELIRKIIHEKKISNQFQIVEELKKYGIKAVQPTVARD

LKEIGAVKIMDESGNYVYKLLDETPVIDPWKELKR

SEQ ID NO: 91
MHKKLNPKSMKRENKKMVLRYLIESGPHSRVEIARKTGLAQSAIWR

IIEELVNEGLVEEKGTATGRRRKAVTYGPTRSFITS

SEQ ID NO: 92
MPSPLLRRENKIKILRYILKNGKTTRNQLASNLNLAHSTLSYIIDE

LLDEGFLVFEEIKKKRGRPYQILSVNPEKFTAI

SEQ ID NO: 93
MKEERLKEILDIVDRNGFISMKDLQEQLGVSMITVRRDVAELVKRN

LVKKVHGGIRKVNYFEKETDFMKRLSINREAKE

SEQ ID NO: 94
MFTMRSEYALRLMIVMAKEYGNYLSMTEILEKAKQSVPREFAEKIL

YTLKKAGLVKTRRGKSGGYMLSRPPKEIKVSEIVFLLDRKSKVFFD

MPGCPDELDCVIRALWKRVENEIEKILSGVTLEDLVREQEEKMKQ
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SEQ ID NO: 95
MRDTKGHLKFLVLHIISQQPSHGYYIMKKISQIIGAEPPSPGALYP

ILSSLRKQKYIETYNEGKRKVYRLTDKGRKYLEEHKEEIKKALDFA
ERF

SEQ ID NO: 96
MRHRGGRGFRGWWLASTILLLVAEKPSHGYELAERLAEFGIEIPGI

GHMGNIYRVLADLEESGFLSTEWDTTVSPPRKIYRITPQGKLYLRE
ILRSLEDMKRRIETLEERIKRVLQEE

SEQ ID NO: 97
MLSKRDAILKAAVEVFGKKGYDRATTDEIAEKAGVAKGLIFHYFKN

KEELYYQAYMSVTEKLQKEFENFL

SEQ ID NO: 98
MSKSWGKFIEEEEAEMASRRNLMIVDGTNLGFRFKHNNSKKPFASS

YVSTIQSLAKSYSARTTIVLGDKGKSVFRLEHLPEYKGNRDEKYAQ

RTEEEKALDEQFFEYLKDAFELCKTTFPTFTIRGVEADDMAAYIVK

LIGHLYDHVWLISTDGDWDTLLTDKVSRFSFTTRREYHLRDMYEHH

NVDDVEQFISLKAIMGDLGDNIRGVEGIGAKRGYNIIREFGNVLDI

IDQLPLPGKQKYIQNLNASEELLFRNLILVDLPTYCVDAIAAVGQD

VLDKFTKDILEIAEQ

SEQ ID NO: 100
MEEKVGNLKPNMESVNVTVRVLEASEARQIQTKNGVRTISEAIVGD

ETGRVKLTLWGKHAGS IKEGQVVKIENAWTTAFKGQVQLNAGSKTK

IAEASEDGFPESSQIPENTPTAPQOMRGGGRGFRGGGRRYGRRGGR

RQENEEGEEE

SEQ ID NO: 101
MTLEEARKRVNELRDLIRYHNYRYYVLADPISDAEYDRLLRELKEL

EERFPELKSPDSPTLQVGARPLEATFRPVRHPTRMY SLDNAFNLDE

LKAFEERIERALGRKGPFAYTVEHKVDGLSVNLYYEEGVLVYGATR

GDGEVGEEVTQNLLTIPTIPRRLKGVPERLEVRGEMPIEAFLRLNE

ELEERGERIFKNPRNAAAGSLRQKDPRITAKRGLRATFYALGLGLE

EVEREGVATQFALLHWLKEKGFPVEHGYARAVGAEGVEAVYQDWLK
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-continued

KRRALPFEADGVVVKLDELALWRELGY TARAPRFAIAYKFPAEEKE
TRLLDVVFQVGRTGRVTPVGILEPVFLEGSEVSRVTLHNESYIEEL
DIRIGDWVLVHKAGGVIPEVLRVLKERRTGEERPIRWPETCPECGH
RLLKEGKVHRCPNPLCPAKRFEAIRHFASRKAMDIQGLGEKLIERL
LEKGLVKDVADLYRLRKEDLVGLERMGEKSAQNLLRQIEESKKRGL
ERLLYALGLPGVGEVLARNLAARFGNMDRLLEASLEELLEVEEVGE
LTARAILETLKDPAFRDLVRRLKEAGVEMEAKEKGGEALKGLTFVI
TGELSRPREEVKALLRR

SEQ ID NO: 102
MILDADYITEDGKPIIRIFKKENGEFKVEYDRNFRPYIYALLKDDS

AIDDVKKITAERHGKVVRVVDVEKVKKKFLGRPIEVWKLYFEHPQD
VPAIRDKIREHPAVIDIFEYDIPFAKRYLIDKGLIPMEGNEELKLL
AFDIETLYHEGEEFGKGPIIMISYADEEGAKVITWKKVDLPYVEVV
SSEREMIKRFLKVIREKDPDVIITYNGDNFDFPYLLKRAEKLGMKL
PLGRDGSEPKMQRLGDSLAVEIKGRIHFDLYPVIRRTINLPTYTLE
AVYEAIFGKPKEKVYPHEIAEAWETGKGLERVAKYSMEDAKVTYEL
GREFFPMEAQLARLVGQPLWDVSRSSTGNLVEWYLLRKAYERNELA
PNKPDEREYERRLRESYEGGYVKEPEKGLWEGIVSLDFRSLYPSII
ITHNVSPDTLNKEGCGEYDVAPEVGHRFCKDFPGFIPSLLGSLLDE
ROKIKRRMKASKDPIERKLLDYRQRAIKILANSYYGYYGYAKARWY
CKECAESVTAWGREYIELVRRELEERGFKVLYIDTDGLYATIPGEK
NWEEIKRRALEFVNYINAKLPGLLELEYEGFYTRGFFVTKKKYALI
DEEGKIITRGLEIVRRDWSEIAKETQAKVLEAILKHGNVEEAVKIV
KEVTEKLSKYEIPPEKLVIYEQI TRPLNEYKAIGPHVAVAKRLAAR
GIKVRPGMVIGYVVLRGDGPISKRAIAAEEFDPKKHKYDAEYYIEN
QVLPAVLRILEAFGYRKEDLRWQKTKQVGLGAWLKVKKSLGAKVTD
SVSRKTSYLVVGENPGSKLEKARALGVPTLTEEELYRLLEARTGKK

AEELV

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 130

<210> SEQ ID NO 1

<211> LENGTH: 775

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 1

Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly Lys Pro Ile Ile

1 5 10

15

Arg Leu Phe Lys Lys Glu Asn Gly Arg Phe Lys Val Glu Tyr Asp Arg

20 25

30

Asn Phe Arg Pro Tyr Ile Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile
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56

Asp

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Met

Tyr

Lys

Leu

305

Glu

Pro
Tyr
385

Ile

Asp

Phe

Asp

50

Ile

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Leu

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Glu

Val

Asn

Glu

Ile
450

35

Val

Asp

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Ile

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Ser

Val

Ala
435

Pro

Arg

Val

Lys

Ile

100

Phe

Asn

Glu

Asp

Tyr

180

Lys

Asp

Met

Leu

Leu

260

Glu

Pro

Val

Lys

Pro

340

Tyr

Pro

Gly

Leu

Ser
420

Pro

Ser

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Phe

Ala

His

Ala

Glu

325

Leu

Leu

Asp

Tyr

Asp

405

Pro

Glu

Leu

Ile

Lys

70

Tyr

Glu

Lys

Glu

Glu

150

Glu

Glu

Ile

Phe

Leu

230

Asp

Pro

Val

Glu

Lys

310

Phe

Trp

Leu

Glu

Val

390

Phe

Asp

Val

Leu

Thr

55

Val

Phe

His

Arg

Leu

135

Glu

Gly

Val

Arg

Asp

215

Pro

Ser

Val

Tyr

Ile

295

Tyr

Phe

Asp

Arg

Arg

375

Lys

Arg

Thr

Gly

Gly
455

40

Ser

Lys

Glu

Pro

Tyr

120

Thr

Phe

Ala

Val

Glu

200

Phe

Leu

Leu

Ile

Glu

280

Ala

Ser

Pro

Val

Lys

360

Glu

Glu

Ser

Leu

His
440

Ser

Glu

Lys

His

Ala

105

Leu

Phe

Gly

Lys

Ala

185

Lys

Pro

Gly

Ala

Arg

265

Ala

Glu

Met

Met

Ser

345

Ala

Tyr

Pro

Leu

Asn
425

Arg

Leu

Arg

Lys

Pro

90

Val

Ile

Leu

Lys

Val

170

Asn

Asp

Tyr

Arg

Val

250

Arg

Ile

Ala

Glu

Glu

330

Arg

Tyr

Glu

Glu

Tyr

410

Lys

Phe

Leu

His

Phe

75

Gln

Ile

Asp

Ala

Gly

155

Ile

Glu

Pro

Leu

Asp

235

Glu

Thr

Phe

Trp

Asp

315

Ala

Ser

Glu

Arg

Arg

395

Pro

Glu

Cys

Glu

Gly

60

Leu

Asp

Asp

Lys

Val

140

Pro

Thr

Arg

Asp

Leu

220

Asn

Ile

Ile

Gly

Glu

300

Ala

Gln

Ser

Arg

Arg

380

Gly

Ser

Gly

Lys

Glu
460

45

Lys

Gly

Val

Ile

Gly

125

Asp

Ile

Trp

Glu

Val

205

Lys

Ser

Lys

Asn

Lys

285

Thr

Lys

Leu

Thr

Asn

365

Leu

Leu

Ile

Cys

Asp

445

Arg

Val

Arg

Pro

Phe

110

Leu

Ile

Ile

Lys

Met

190

Ile

Arg

Glu

Gly

Leu

270

Gln

Gly

Val

Ala

Gly

350

Glu

Arg

Trp

Ile

Gly
430

Phe

Gln

Val

Pro

Ala

95

Glu

Ile

Glu

Met

Lys

175

Ile

Ile

Ala

Pro

Arg

255

Pro

Lys

Lys

Thr

Arg

335

Asn

Leu

Glu

Glu

Ile

415

Glu

Pro

Lys

Arg

Ile

80

Met

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Ser

Gly

400

Thr

Tyr

Gly

Ile
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Lys Lys Arg Met Lys Glu Ser Lys Asp Pro Val Glu Arg Lys Leu Leu
465 470 475 480

Asp Tyr Arg Gln Arg Ala Ile Lys Ile Leu Ala Asn Ser Phe Tyr Gly
485 490 495

Tyr Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu
500 505 510

Ser Val Thr Ala Trp Gly Arg Gln Tyr Ile Glu Leu Val Arg Arg Glu
515 520 525

Leu Glu Glu Arg Gly Phe Lys Val Leu Tyr Ile Asp Thr Asp Gly Leu
530 535 540

Tyr Ala Thr Ile Pro Gly Glu Lys Asn Trp Glu Glu Ile Lys Arg Arg
545 550 555 560

Ala Leu Glu Phe Val Asn Tyr Ile Asn Ser Lys Leu Pro Gly Ile Leu
565 570 575

Glu Leu Glu Tyr Glu Gly Phe Tyr Thr Arg Gly Phe Phe Val Thr Lys
580 585 590

Lys Lys Tyr Ala Leu Ile Asp Glu Glu Gly Lys Ile Val Thr Arg Gly
595 600 605

Leu Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gln
610 615 620

Ala Lys Val Leu Glu Ala Ile Leu Lys His Gly Asn Val Glu Glu Ala
625 630 635 640

Val Lys Ile Val Lys Glu Val Thr Glu Lys Leu Ser Asn Tyr Glu Ile
645 650 655

Pro Val Glu Lys Leu Val Ile Tyr Glu Gln Ile Thr Arg Pro Leu Asn
660 665 670

Glu Tyr Lys Ala Ile Gly Pro His Val Ala Val Ala Lys Arg Leu Ala
675 680 685

Ala Lys Gly Ile Lys Ile Lys Pro Gly Met Val Ile Gly Tyr Val Val
690 695 700

Leu Arg Gly Asp Gly Pro Ile Ser Lys Arg Ala Ile Ala Ile Glu Glu
705 710 715 720

Phe Asp Gly Lys Lys His Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn
725 730 735

Gln Val Leu Pro Ala Val Glu Arg Ile Leu Lys Ala Phe Gly Tyr Lys
740 745 750

Arg Glu Asp Leu Arg Trp Gln Lys Thr Lys Gln Val Gly Leu Gly Ala
755 760 765

Trp Leu Lys Val Lys Lys Ser
770 775

<210> SEQ ID NO 2

<211> LENGTH: 75

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 2

Ile Ile Asn Pro Gln Ala Arg Leu Thr Pro Leu Glu Leu Glu Ile Leu
1 5 10 15

Glu Ile Ile Lys Gln Lys Lys Ser Ile Thr Ile Thr Glu Ile Lys Glu
20 25 30

Ile Leu Ser Glu Arg Arg Lys Ser Glu Tyr Pro Leu Ser Leu Val Ser
35 40 45

Glu Tyr Ile Ser Arg Leu Glu Arg Lys Gly Tyr Val Lys Lys Ile Ala
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-continued

50 55 60

Lys Gly Arg Lys Lys Phe Val Glu Ala Leu Ile
65 70 75

<210> SEQ ID NO 3

<211> LENGTH: 856

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 3

Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly Lys Pro Ile Ile
1 5 10 15

Arg Leu Phe Lys Lys Glu Asn Gly Arg Phe Lys Val Glu Tyr Asp Arg
20 25 30

Asn Phe Arg Pro Tyr Ile Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile
35 40 45

Asp Asp Val Arg Lys Ile Thr Ser Glu Arg His Gly Lys Val Val Arg
Val Ile Asp Val Glu Lys Val Lys Lys Lys Phe Leu Gly Arg Pro Ile
65 70 75 80

Glu Val Trp Lys Leu Tyr Phe Glu His Pro Gln Asp Val Pro Ala Met
85 90 95

Arg Asp Lys Ile Arg Glu His Pro Ala Val Ile Asp Ile Phe Glu Tyr
100 105 110

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile Pro
115 120 125

Met Glu Gly Asn Glu Glu Leu Thr Phe Leu Ala Val Asp Ile Glu Thr
130 135 140

Leu Tyr His Glu Gly Glu Glu Phe Gly Lys Gly Pro Ile Ile Met Ile
145 150 155 160

Ser Tyr Ala Asp Glu Glu Gly Ala Lys Val Ile Thr Trp Lys Lys Ile
165 170 175

Asp Leu Pro Tyr Val Glu Val Val Ala Asn Glu Arg Glu Met Ile Lys
180 185 190

Arg Leu Ile Lys Val Ile Arg Glu Lys Asp Pro Asp Val Ile Ile Thr
195 200 205

Tyr Asn Gly Asp Asn Phe Asp Phe Pro Tyr Leu Leu Lys Arg Ala Glu
210 215 220

Lys Leu Gly Met Lys Leu Pro Leu Gly Arg Asp Asn Ser Glu Pro Lys
225 230 235 240

Met Gln Arg Leu Gly Asp Ser Leu Ala Val Glu Ile Lys Gly Arg Ile
245 250 255

His Phe Asp Leu Phe Pro Val Ile Arg Arg Thr Ile Asn Leu Pro Thr
260 265 270

Tyr Thr Leu Glu Ala Val Tyr Glu Ala Ile Phe Gly Lys Gln Lys Glu
275 280 285

Lys Val Tyr Pro His Glu Ile Ala Glu Ala Trp Glu Thr Gly Lys Gly
290 295 300

Leu Glu Arg Val Ala Lys Tyr Ser Met Glu Asp Ala Lys Val Thr Tyr
305 310 315 320

Glu Leu Gly Lys Glu Phe Phe Pro Met Glu Ala Gln Leu Ala Arg Leu
325 330 335

Val Gly Gln Pro Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu
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62

Pro
Tyr
385

Ile

Asp

Phe

Lys

465

Asp

Tyr

Ser

Leu

Tyr

545

Ala

Glu

Lys

Leu

Ala

625

Pro

Glu

Ala

Leu

705

Phe

Gln

Arg

Glu

Asn

370

Glu

Val

Asn

Glu

Ile

450

Lys

Tyr

Tyr

Val

Glu

530

Ala

Leu

Leu

Lys

Glu

610

Lys

Lys

Val

Tyr

Lys

690

Arg

Asp

Val

Glu

Trp

355

Lys

Gly

Ser

Val

Ala

435

Pro

Arg

Arg

Gly

Thr

515

Glu

Thr

Glu

Glu

Tyr

595

Ile

Val

Ile

Glu

Lys

675

Gly

Gly

Gly

Leu

Asp
755

340

Tyr

Pro

Gly

Leu

Ser

420

Pro

Ser

Met

Gln

Tyr

500

Ala

Arg

Ile

Phe

Tyr

580

Ala

Val

Leu

Val

Lys

660

Ala

Ile

Asp

Lys

Pro
740

Leu

Leu

Asp

Tyr

Asp

405

Pro

Glu

Leu

Lys

Arg

485

Ala

Trp

Gly

Pro

Val

565

Glu

Leu

Arg

Glu

Lys

645

Leu

Ile

Lys

Gly

Lys

725

Ala

Arg

Leu

Glu

Val

390

Phe

Asp

Val

Leu

Glu

470

Ala

Lys

Gly

Phe

Gly

550

Asn

Gly

Ile

Arg

Ala

630

Glu

Val

Gly

Ile

Pro
710
His

Val

Trp

Arg

Arg

375

Lys

Arg

Thr

Gly

Gly

455

Ser

Ile

Ala

Arg

Lys

535

Glu

Tyr

Phe

Asp

Asp

615

Ile

Val

Ile

Pro

Lys

695

Ile

Lys

Glu

Gln

Lys

360

Glu

Glu

Ser

Leu

His

440

Ser

Lys

Lys

Arg

Gln

520

Val

Lys

Ile

Tyr

Glu

600

Trp

Leu

Thr

Tyr

His

680

Pro

Ser

Tyr

Arg

Lys
760

345

Ala

Tyr

Pro

Leu

Asn

425

Arg

Leu

Asp

Ile

Trp

505

Tyr

Leu

Asn

Asn

Thr

585

Glu

Ser

Lys

Glu

Glu

665

Val

Gly

Lys

Asp

Ile
745

Thr

Tyr

Glu

Glu

Tyr

410

Lys

Phe

Leu

Pro

Leu

490

Tyr

Ile

Tyr

Trp

Ser

570

Arg

Gly

Glu

His

Lys

650

Gln

Ala

Met

Arg

Ala
730

Leu

Lys

Glu

Arg

Arg

395

Pro

Glu

Cys

Glu

Val

475

Ala

Cys

Glu

Ile

Glu

555

Lys

Gly

Lys

Ile

Gly

635

Leu

Ile

Val

Val

Ala
715
Glu

Lys

Gln

Arg

Arg

380

Gly

Ser

Gly

Lys

Glu

460

Glu

Asn

Lys

Leu

Asp

540

Glu

Leu

Phe

Ile

Ala

620

Asn

Ser

Thr

Ala

Ile

700

Ile

Tyr

Ala

Val

Asn

365

Leu

Leu

Ile

Cys

Asp

445

Arg

Arg

Ser

Glu

Val

525

Thr

Ile

Pro

Phe

Val

605

Lys

Val

Asn

Arg

Lys

685

Gly

Ala

Tyr

Phe

Gly
765

350

Glu

Arg

Trp

Ile

Gly

430

Phe

Gln

Lys

Phe

Cys

510

Arg

Asp

Lys

Gly

Val

590

Thr

Glu

Glu

Tyr

Pro

670

Arg

Tyr

Ile

Ile

Gly
750

Leu

Leu

Glu

Glu

Ile

415

Glu

Pro

Lys

Leu

Tyr

495

Ala

Arg

Gly

Arg

Ile

575

Thr

Arg

Thr

Glu

Glu

655

Leu

Leu

Val

Glu

Glu
735

Tyr

Gly

Ala

Ser

Gly

400

Thr

Tyr

Gly

Ile

Leu

480

Gly

Glu

Glu

Leu

Arg

560

Leu

Lys

Gly

Gln

Ala

640

Ile

Asn

Ala

Val

Glu
720
Asn

Lys

Ala
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Trp Leu Lys Val Lys Lys Ser Gly Thr Gly Gly Gly Gly Ile Ile Asn
770 775 780

Pro Gln Ala Arg Leu Thr Pro Leu Glu Leu Glu Ile Leu Glu Ile Ile
785 790 795 800

Lys Gln Lys Lys Ser Ile Thr Ile Thr Glu Ile Lys Glu Ile Leu Ser
805 810 815

Glu Arg Arg Lys Ser Glu Tyr Pro Leu Ser Leu Val Ser Glu Tyr Ile
820 825 830

Ser Arg Leu Glu Arg Lys Gly Tyr Val Lys Lys Ile Ala Lys Gly Arg
835 840 845

Lys Lys Phe Val Glu Ala Leu Ile
850 855

<210> SEQ ID NO 4

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 4

ttggtctggt gtcaaaaatg aatcgtcacyg gegatttatg

<210> SEQ ID NO 5

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 5

gggtcatttt cggcgaggac tgcatcaacg catatageg

<210> SEQ ID NO 6

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 6

geggecegegt cctegecgaa aatgacccag ag

<210> SEQ ID NO 7

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 7

geggeegety gtgtegatgg tagaacgaag cg

<210> SEQ ID NO 8

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 8

geggecegece cactgacgeg ttgegegaga ag

40

39

32

32

32
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66

<210> SEQ ID NO 9

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 9

geggeegegyg ctgcgcaact gttgggaagyg ge

<210> SEQ ID NO 10

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 10

geggeegetyg cagcacatce cectttegee ag

<210> SEQ ID NO 11

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 11

geggecgeat gatgetegtg acggttaacyg cc

<210> SEQ ID NO 12

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 12

geggecgeag gtgcggattg aaaatggtet ge

<210> SEQ ID NO 13

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 13

geggeegete accgettgee ageggettac ca

<210> SEQ ID NO 14

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 14

geggecgega atacctgtte cgtcatageg at

<210> SEQ ID NO 15

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

32

32

32

32

32

32
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<400> SEQUENCE: 15
geggecgete atttttgaca ccagaccaac tgg 33
<210> SEQ ID NO 16
<211> LENGTH: 1016
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 16
geggecgegt cctegecgaa aatgacccag agcegetgecg geacctgtec tacgagttge 60
atgataaaga agacagtcat aagtgcggeg acgatagtca tgccccgege ccaccggaag 120
gagctgactyg ggttgaagge tctcaagggce atcggtegag atccceggtge ctaatgagtg 180
agctaactta cattaattgc gttgcgetca ctgcccegett tecagtceggyg aaacctgteg 240
tgccagetge attaatgaat cggccaacge geggggagag geggtttgeg tattgggege 300
cagggtggtt tttcttttca ccagtgagac gggcaacage tgattgcect tcaccgectg 360
geectgagayg agttgcagca agcggtccac getggtttge cecagcaggce gaaaatcctg 420
tttgatggtyg gttaacggcyg ggatataacc aacgcgcage ccggactegyg taatatccca 480
ctaccgagat atccgcacca acgcgcagece cggactceggt aatggcegege attgegecca 540
gegecatetyg atcgttggea accagcatceg cagtgggaac gatgccectca ttcagcattt 600
gecatggtttyg ttgaaaaccyg gacatggcac tccagtegec tteccegttece getatcgget 660
gaatttgatt gcgagtgaga tatttatgcc agccagecag acgcagacgce gccgagacag 720
aacttaatgg gcccgctaac agcgcgattt getggtgace caatgcgacce agatgctcca 780
cgeccagteg cgtaccgtcet tcatgggaga aaataatact gttgatgggt gtctggtcag 840
agacatcaag aaataacgcc ggaacattag tgcaggcage ttccacagca atggcatcct 900
ggtcatccag cggatagtta atgatcagcc cactgacgceg ttgcgcgaga agattgtgea 960
ccgccgettt acaggctteg acgccgette gttctaccat cgacaccage ggccgce 1016
<210> SEQ ID NO 17
<211> LENGTH: 1016
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 17
geggecgeee cactgacgeg ttgegegaga agattgtgca cegecgettt acaggcetteg 60
acgcegette gttctaccat cgacaccacce acgetggcac ccagttgate ggcgegagat 120
ttaatcgceg cgacaatttg cgacggegeg tgcagggcca gactggaggt ggcaacgcca 180
atcagcaacg actgtttgcc cgccagttgt tgtgccacge ggttgggaat gtaattcage 240
tcegecateg cegettecac tttttececge gttttegeag aaacgtgget ggectggtte 300
accacgcggg aaacggtcetg ataagagaca ccggcatact ctgcgacatc gtataacgtt 360
actggtttca cattcaccac cctgaattga ctetetteeg ggegetatca tgccataccyg 420
cgaaaggttt tgcgecattc gatggtgtce gggatctega cgcetetcect tatgegacte 480
ctgcattagg aagcagccca gtagtaggtt gaggccegttyg agcaccgecyg ccgcaaggaa 540
tggtgcatge aaggagatgg cgcccaacag tcecccceggece acggggcectyg ccaccatace 600
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-continued

70

cacgccgaaa caagcgctca tgageccgaa gtggegagece cgatcttece

gtcggegata taggegecag caaccgcacce tgtggegeeg gtgatgecgg

tceggegtag aggatcgaga tctegatcee gegaaattaa tacgactcac

ttgtgagcegg ataacaatte ccctctagaa ataattttgt ttaactttaa

tacatatgac catgattacg gattcactgg cegtegtttt acaacgtegt

accctggegt tacccaactt aatcgecttg cagcacatce cectttegece

atagcgaaga ggcccgcace gatcgecctt cccaacagtt gegcagecge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 18

LENGTH: 1016

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE: 18

geggecgetyg cagcacatcee cectttegee agetggegta atagegaaga

gatcgecctt cccaacagtt gegcagectyg aatggcgaat ggegetttge

gcaccagaag cggtgccgga aagcetggetyg gagtgcegate ttectgagge

gtegtecect caaactggca gatgcacggt tacgatgege ccatctacac

tatcccatta cggtcaatce geegtttgtt cccacggaga atccgacggg

ctcacattta atgttgatga aagctggcta caggaaggec agacgcgaat

ggcgttaact cggegtttca tetgtggtge aacgggeget gggteggtta

agtcegtttge cgtctgaatt tgacctgage geatttttac gegecggaga

geggtgatgg tgctgcegetyg gagtgacgge agttatcetgg aagatcagga

atgagcggca tttteegtga cgtcetegttg ctgcataaac cgactacaca

ttccatgttg ccactegett taatgatgat ttcagecgeg ctgtactgga

cagatgtgeg gcgagttgeg tgactaccta cgggtaacag tttetttatg

acgcaggtcg ccageggeac cgegecttte ggeggtgaaa ttatcgatga

tatgccgate gegtcacact acgtctgaac gtcgaaaacce cgaaactgtg

atcccgaate tctategtge ggtggttgaa ctgcacaccg ccgacggeac

gcagaagcct gcgatgtegg tttecgegag gtgceggattyg aaaatggtet

aacggcaagce cgttgetgat tcgaggegtt aaccgtcacg agcatcatge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 19

LENGTH: 1016

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE: 19

geggecgeag gtgcggattg aaaatggtcet getgetgetg aacggcaage

tcgaggegtt aaccgtcacg agcatcatce tctgecatggt caggtcatgg

gatggtgcag gatatcctge tgatgaagca gaacaacttt aacgecgtge

ttatccgaac catcegetgt ggtacacget gtgegacege tacggectgt

tgaagccaat attgaaacce acggcatggt gccaatgaat cgtctgacceg

ctggctaceg gcgatgageg aacgcgtaac gegaatggtg cagegegatce

catcggtgat

ccacgatgeg

tataggggaa

gaaggagata

gactgggaaa

agctggegta

ggccgce

ggceccgeace

ctggttteeg

cgatactgte

caacgtgacc

ttgttactcg

tatttttgat

cggccaggac

aaaccgecte

tatgtggegg

aatcagcgat

ggctgaagtt

gcagggtgaa

gegtggtggt

gagegecgaa

getgattgaa

getgetgetyg

ggccgce

cgttgetgat

atgagcagac

getgttegea

atgtggtgga

atgatccgeg

gtaatcacce

660

720

780

840

900

960

1016

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1016

60

120

180

240

300

360
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72

-continued
gagtgtgatc atctggtcge tggggaatga atcaggccac ggcgctaatc acgacgcget 420
gtatcgetgyg atcaaatctg tcgatcctte cecgcceggtyg cagtatgaag geggceggage 480
cgacaccacg gccaccgata ttatttgece gatgtacgeg cgegtggatyg aagaccagcce 540
ctteeecgget gtgecgaaat ggtccatcaa aaaatggett tegectacctyg gagagacgceg 600
ccegetgate ctttgegaat acgcccacge gatgggtaac agtcecttggeg gtttegetaa 660
atactggcag gcgtttegtce agtatcecceg tttacaggge ggcettegtet gggactgggt 720
ggatcagtcg ctgattaaat atgatgaaaa cggcaacccg tggtceggett acggeggtga 780
ttttggcgat acgccgaacg atcgccagtt ctgtatgaac ggtctggtet ttgecgaccyg 840
cacgccgeat ccagegetga cggaagcaaa acaccagcag cagtttttece agtteegttt 900
atccgggcaa accatcgaag tgaccagcga atacctgtte cgtcatageg ataacgagcet 960
cctgcactgg atggtggcge tggatggtaa gccgctggca agcecggtgage ggccgce 1016
<210> SEQ ID NO 20
<211> LENGTH: 1168
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 20
geggecgega atacctgtte cgtcatageg ataacgaget cctgcactgg atggtggege 60
tggatggtaa gccgetggca agcggtgaag tgectcetgga tgtegctceca caaggtaaac 120
agttgattga actgcctgaa ctaccgecage cggagagege cgggcaactce tggctcacag 180
tacgcgtagt gcaaccgaac gcgaccgcat ggtcagaage cgggcacatc agcgectgge 240
agcagtggeg tctggeggaa aacctcagtg tgacgctecee cgecgegtece cacgecatce 300
cgcatectgac caccagcgaa atggattttt gecatcgaget gggtaataag cgttggcaat 360
ttaaccgcca gtcaggettt ctttcacaga tgtggattgg cgataaaaaa caactgctga 420
cgecgetgeg cgatcagttce acccegtgecac cgetggataa cgacattgge gtaagtgaag 480
cgaccegeat tgaccctaac gectgggteg aacgctggaa ggceggceggge cattaccagg 540
ccgaagcage gttgttgcag tgcacggcag atacacttge tgatgceggtyg ctgattacga 600
cegetecacge gtggcagcat caggggaaaa ccttatttat cagccggaaa acctaccgga 660
ttgatggtag tggtcaaatg gcgattaccg ttgatgttga agtggcgage gatacaccge 720
atccggegeg gattggectg aactgcecage tggegcaggt agcagagegyg gtaaactgge 780
tcggattagg gccgcaagaa aactatccceg accgecttac tgecgectgt tttgaccget 840
gggatctgee attgtcagac atgtataccce cgtacgtcett ceccgagcgaa aacggtctge 900
gectgegggac gegegaattg aattatggcece cacaccagtg gegceggegac ttcecagttca 960
acatcagcceg ctacagtcaa cagcaactga tggaaaccag ccatcgccat ctgctgcacyg 1020
cggaagaagg cacatggctg aatatcgacg gtttccatat ggggattggt ggcgacgact 1080
cctggagecce gtcagtateg geggaattce agectgagege cggtcgctac cattaccagt 1140
tggtctggtyg tcaaaaatga gcggcecgce 1168

<210> SEQ ID NO 21
<211> LENGTH: 24

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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74

<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 21

aaaaccaccce tggcgeccaa tacg

<210> SEQ ID NO 22

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 22

cceggacteg gtaatggege geat

<210> SEQ ID NO 23

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 23

ggaagcagce cagtagtagg ttga

<210> SEQ ID NO 24

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 24

ggtgctgcgc tggagtgacg gcag

<210> SEQ ID NO 25

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 25

cggccaccga tattatttge ccga

<210> SEQ ID NO 26

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 26

gattagggce gcaagaaaac tatc

<210> SEQ ID NO 27

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (22)..(22)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 27

24

24

24

24

24

24
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76

gcgaagaace tcttcccaag angg

<210> SEQ ID NO 28

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 28
atcttgtgga aaggacgaaa caccggcgaa gaacctette ccaagagttt tagagctaga

aatagcaagt t

<210> SEQ ID NO 29

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(46)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 29
atcttgtgga aaggacgaaa caccghnnnn nnnnnnnnnn nnnnnngttt tagagctaga

aatagcaagt t

<210> SEQ ID NO 30

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 30

cgccagggtt tteccagtea cgac

<210> SEQ ID NO 31

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 31

gccaagcettyg catgectgeca ggtcgac

<210> SEQ ID NO 32

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 32

gtcgacctge aggcatgcaa gettggcact ggecgtegtt ttacaacgtce gtgactggga
aaaccctgge g

<210> SEQ ID NO 33

<211> LENGTH: 1184

<212> TYPE: PRT
<213> ORGANISM: Methanocaldococcus vulcanius

24

60

71

60

71

24

27

60

71
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<400> SEQUENCE:

Met

1

Lys

Ile

Lys

Leu

65

Lys

Ile

Lys

145

Met

Ile

Tyr

Asp

Phe

225

Ala

Leu

Arg

Thr

Lys

305

Asp

Lys

Pro
385

Tyr

Lys

Thr

Leu

Asp

Lys

Thr

Pro

Lys

Asp

130

Gln

Glu

Leu

Lys

Leu

210

Thr

Lys

Lys

Val

Lys

290

Leu

Lys

Ile

Asn

Glu
370

Asn

Glu

Glu

Glu

Lys

35

Arg

Glu

Ile

Gln

Glu

115

Ser

Val

Val

Met

His

195

Ile

Tyr

Ile

Ile

His

275

Tyr

Lys

Ile

Gly

Gln
355
Tyr

Lys

Gly

Lys

Asp

20

Asp

Ile

Asp

Leu

Arg

100

Ile

Asp

Ser

Tyr

Ala

180

Phe

Lys

Asn

Tyr

Lys

260

Ile

Thr

Ile

Leu

Lys

340

Thr

Leu

Pro

Gly

Ala

Asn

Arg

Glu

Leu

Lys

85

Val

Tyr

Ile

Ile

Asn

165

Ser

Asp

Lys

Gly

Gly

245

Arg

Asp

Leu

Pro

Ile

325

Tyr

Pro

Leu

Asp

Tyr
405

Pro

Arg

Glu

Lys

Leu

70

Lys

Pro

Glu

Val

Glu

150

Arg

Phe

His

Ile

Asp

230

Ile

Gly

Leu

Glu

His

310

Glu

Phe

Phe

Met

Glu
390

Val

Lys

Ala

Phe

Glu

55

Lys

Glu

Lys

His

Pro

135

Ile

Asp

Trp

Ser

Val

215

Asn

Asp

Gly

Tyr

Asp

295

Thr

Tyr

Phe

Glu

Lys
375

Lys

Lys

Ile

Val

Ser

40

Asp

Phe

Lys

Leu

Asp

120

Met

Pro

Thr

Asp

Asn

200

Glu

Phe

Ile

Met

Pro

280

Val

Lys

Ser

Pro

Ile

360

Asn

Glu

Glu

Asp

Ile

25

Pro

Ile

Val

Glu

Arg

105

Ile

Thr

Lys

Glu

Asp

185

Ile

Met

Asp

Lys

Glu

265

Ile

Val

Ile

Leu

Leu

345

Thr

Ala

Tyr

Pro

Ala

10

Tyr

Tyr

Asp

Glu

Ile

90

Lys

Pro

Tyr

Leu

Pro

170

Asn

Glu

Leu

Phe

Leu

250

Phe

Ser

Tyr

Val

Gln

330

Glu

Arg

Phe

Arg

Glu
410

Leu

Leu

Phe

Lys

Asn

75

Val

Ile

Phe

Trp

Lys

155

Asp

Gly

Val

Arg

Pro

235

Gly

Arg

Arg

Asn

Asp

315

Asp

Val

Met

Lys

Lys

395

Lys

Ile

Tyr

Tyr

Ile

Leu

Lys

Lys

Ala

Asp

140

Thr

Pro

Gly

Val

Gln

220

Tyr

Arg

Ser

Arg

Leu

300

Tyr

Ala

Met

Ser

Glu
380

Arg

Gly

Asp

Leu

Val

45

Lys

Glu

Ile

Glu

Lys

125

Phe

Val

Glu

Lys

Asn

205

Tyr

Leu

Asp

Tyr

Leu

285

Phe

Trp

Lys

Phe

Ser

365

Asn

Leu

Met

Cys

Leu

30

Glu

Glu

Val

Ile

Cys

110

Arg

Glu

Ser

Lys

Val

190

Ser

Asp

Lys

Gly

Ile

270

Leu

Gly

Ala

Tyr

Ser

350

Gly

Met

Leu

Phe

Thr

15

Glu

Met

Phe

Val

Ala

95

Asp

Tyr

Asn

Phe

Asp

175

Ile

Glu

Val

Ala

Glu

255

Pro

Lys

Ile

Asn

Thr

335

Arg

Gln

Ile

Thr

Glu
415

Tyr

Asn

Leu

Leu

Asn

80

Thr

Ile

Leu

Arg

Asp

160

Pro

Thr

Lys

Ile

Arg

240

Glu

Gly

Leu

Glu

Asn

320

His

Ile

Met

Val

Ser
400

Asp
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80

Ile

Tyr
Tyr
465

Pro

Ile

Phe

Ile

545

Glu

Asn

Ile

Asn

Phe

625

Tyr

Gly

Asn

Glu

Pro

705

Lys

Leu

Tyr

Ala

Glu
785

Ile

Ile

Lys

Val

450

Pro

Asn

Ile

Leu

Lys

530

Ala

Lys

Ile

Asp

Glu

610

Lys

Val

Ile

Ile

Lys

690

Lys

Met

Leu

Gly

Glu
770
Glu

Lys

Lys

Ser

Asn

435

Leu

Tyr

His

Asp

Lys

515

Lys

Tyr

Glu

Leu

Gly

595

Glu

Glu

Tyr

Leu

Ser

675

Ile

Thr

Lys

Asp

Tyr

755

Val

Ala

Asp

Ile

Met

420

Asn

Gly

Asn

Lys

Val

500

Ile

Asp

Ile

Asp

Tyr

580

Leu

Lys

Leu

Asp

Thr

660

Pro

Leu

Leu

Lys

Tyr

740

Leu

Ile

Glu

Ala

Glu
820

Asp

Gly

Ile

Gly

Ile

485

Ser

Lys

Thr

Asp

Ile

565

Lys

Leu

Ile

Glu

Leu

645

His

Glu

Gly

Arg

Met

725

Glu

Ala

Thr

Lys

Lys

805

Asp

Phe

Leu

Asp

Phe

470

Pro

Ser

Asn

Lys

Pro

550

Phe

Gln

Lys

Lys

Asp

630

Thr

Asn

Thr

His

Gly

710

Glu

Gln

Phe

Tyr

Phe

790

Val

Leu

Arg

Thr

Gly

455

Leu

Val

Ile

Phe

Ile

535

Arg

Lys

Val

Tyr

Glu

615

Ile

Leu

Ser

Leu

Trp

695

Leu

Ser

Arg

Pro

Leu
775
Gly

Ile

Phe

Cys

Asp

440

Trp

Val

Ile

Tyr

Glu

520

Lys

Glu

Thr

Asp

Ile

600

Ile

Lys

Glu

Leu

Asp

680

Phe

Ile

Glu

Ser

Arg

760

Gly

Phe

Ile

Lys

His

425

Ile

Gln

Asn

Lys

Leu

505

Ser

Lys

Gly

Val

Glu

585

Val

Ile

Ile

Gly

Tyr

665

Cys

Cys

Glu

Lys

Leu

745

Ala

Arg

Lys

Lys

Lys
825

Pro

Glu

Lys

Val

Lys

490

Leu

Ile

Val

Leu

Ile

570

Lys

Thr

Lys

Ser

Arg

650

Pro

Glu

Lys

Arg

Glu

730

Lys

Arg

Lys

Val

Glu
810

Val

Arg

Asn

Val

Asn

475

Glu

Asn

Gly

Lys

Val

555

Pro

Thr

Ile

Glu

Ile

635

Pro

Ser

Cys

Lys

Arg

715

Ile

Ile

Phe

Tyr

Ile

795

Asp

Asp

Gly

Val

Lys

460

Gly

Asn

Leu

Met

Gly

540

Ile

Ile

Ile

Gly

Lys

620

Glu

Tyr

Ile

Cys

Arg

700

Ile

Asn

Leu

Tyr

Ile
780
Tyr

Gly

Tyr

Thr

Lys

445

Arg

Leu

Gly

Lys

Phe

525

Leu

Lys

Leu

Ile

Phe

605

Ser

Glu

Tyr

Ile

Lys

685

Glu

Asn

Glu

Ala

Ser

765

Leu

Ala

Lys

Thr

Lys

430

Val

Val

Lys

Lys

Gly

510

Gly

Leu

Val

Lys

Ile

590

Asn

Phe

Tyr

Phe

Ile

670

Asp

Gly

Ile

Glu

Asn

750

Arg

Glu

Asp

Ile

Ile
830

Val

Gly

Trp

Ser

Asp

495

Cys

Lys

Glu

Lys

Glu

575

Asp

Asp

Leu

Glu

Ala

655

Ala

Ile

Leu

Lys

Tyr

735

Ser

Glu

Thr

Ser

Lys

815

Gly

Ile

Asp

Lys

Thr

480

Arg

Lys

Ile

Lys

Asn

560

Leu

Ser

Lys

Glu

Gly

640

Asn

Tyr

Ser

Ile

Asn

720

Asn

Val

Cys

Ile

Val
800

Glu

Asp
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Lys Glu Tyr Cys Ile Leu Asn Asn Val Glu Thr Leu Thr Ile Glu Asp
835 840 845

Thr Lys Leu Val Trp Arg Lys Val Pro Tyr Ile Met Arg His Arg Thr
850 855 860

Asn Lys Lys Ile Tyr Arg Val Lys Val Lys Asp Arg Tyr Val Asp Ile
865 870 875 880

Thr Glu Asp His Ser Ile Ile Gly Val Lys Asn Asn Lys Leu Val Glu
885 890 895

Leu Lys Pro Thr Glu Ile Lys Asp Asp Glu Thr Lys Leu Ile Ile Leu
900 905 910

Asn Lys Asp Leu Lys Ser Tyr Asn Phe Ala Ser Val Glu Glu Ile Asn
915 920 925

Cys Ile Lys Tyr Ser Asp Tyr Val Tyr Asp Ile Glu Val Glu Asn Thr
930 935 940

His Arg Phe Phe Ala Asn Gly Ile Leu Val His Asn Thr Asp Gly Phe
945 950 955 960

Tyr Ala Val Trp Lys Glu Lys Ile Ser Lys Asp Asp Leu Ile Lys Lys
965 970 975

Ala Leu Glu Phe Val Lys Tyr Ile Asn Ser Lys Leu Pro Gly Thr Met
980 985 990

Glu Leu Glu Phe Glu Gly Tyr Phe Lys Arg Gly Ile Phe 1Ile Thr Lys
995 1000 1005

Lys Arg Tyr Ala Leu Ile Asp Glu Asn Gly Arg Val 1Ile Val Lys
1010 1015 1020

Gly Leu Glu Phe Val Arg Arg Asp Trp Ser Asn Leu Ala Arg Ile
1025 1030 1035

Thr Gln Arg Arg Val Leu Glu Ala Leu Leu Leu Glu Gly Asp Ile
1040 1045 1050

Asn Lys Ala Lys Lys Ala Ile Gln Asp Val Ile Lys Asp Leu Arg
1055 1060 1065

Glu Lys Lys Ile Lys Lys Glu Asp Leu Ile Ile Tyr Thr Gln Leu
1070 1075 1080

Thr Lys Asn Pro Asn Glu Tyr Lys Thr Thr Ala Pro His Val Glu
1085 1090 1095

Ile Ala Lys Lys Met Met Arg Glu Gly Lys Lys Ile Lys Ile Gly
1100 1105 1110

Asp Val 1Ile Gly Tyr Ile Ile Val Lys Gly Ser Lys Ser Ile Ser
1115 1120 1125

Glu Arg Ala Lys Leu Pro Glu Glu Val Ser Ile Glu Glu Ile Asp
1130 1135 1140

Val Asn Tyr Tyr Ile Asp Asn Gln Ile Leu Pro Pro Val Leu Arg
1145 1150 1155

Ile Met Glu Ala Val Gly Val Ser Lys Asn Glu Leu Lys Lys Glu
1160 1165 1170

Gly Thr Gln Leu Thr Leu Asp Arg Phe Leu Lys
1175 1180

<210> SEQ ID NO 34

<211> LENGTH: 781

<212> TYPE: PRT

<213> ORGANISM: Archaeoglobus fulgidus

<400> SEQUENCE: 34

Met Glu Arg Val Glu Gly Trp Leu Ile Asp Ala Asp Tyr Glu Thr Ile
1 5 10 15
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-continued
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Gly

Phe

Arg

Pro

Asp

Met

Ser

145

Glu

Met

Asn

Ser

Gly

225

Glu

Leu

Glu

Glu

305

Lys

Pro

Leu

Pro
385

Arg

Pro

Gly

Val

Asp

50

Ile

Glu

Lys

Ile

Asp

130

Tyr

Leu

Pro

Asp

Asp

210

Tyr

Arg

Phe

Tyr

Asn

290

Ala

Leu

Glu

Val

Leu
370
Glu

Gly

Ser

Lys

Ala

35

Glu

Lys

Val

Leu

Pro

115

Gly

Lys

Lys

Glu

Asp

195

Phe

Asn

Trp

Arg

Asp

275

Val

Lys

Asn

Leu

Asp

355

Leu

His

Leu

Ile

Ala

Tyr

Asp

Leu

Glu

Arg

100

Phe

Ile

Ile

Met

Pro

180

Asp

Val

Gln

Asn

Gly

260

Ile

Ala

Asp

Tyr

Leu

340

Asp

Ser

Ala

His

Met
420

Val

Asp

Ile

Lys

Gly

Asp

Ala

Ala

Glu

Leu

165

Glu

Glu

Lys

Asp

Ile

245

Gly

Ala

Glu

Ile

Ala

325

Pro

Val

Glu

Glu

Glu

405

Ile

Val

Tyr

Leu

Ser

70

Tyr

Tyr

Tyr

Ile

Lys

150

Val

Lys

Ile

Leu

Ala

230

Pro

Arg

Met

Phe

Tyr

310

Arg

Met

Thr

Ala

Ser

390

Asn

Ala

Arg

Asn

Lys

55

Phe

Ile

Leu

Arg

Glu

135

Val

Phe

Asp

Ile

Ile

215

Phe

Leu

Pro

Arg

Leu

295

Arg

Gln

His

Arg

Lys

375

Tyr

Val

Phe

Leu

Phe

40

Asn

Glu

Val

Ser

Tyr

120

Gly

Glu

Asp

Pro

Leu

200

Lys

Asp

Asp

Lys

Ile

280

Gly

Tyr

Asp

Tyr

Met

360

Lys

Glu

Ala

Asn

Trp

Asp

Ala

Lys

Tyr

Gln

105

Leu

Glu

Arg

Cys

Ile

185

Thr

Ser

Trp

Val

Ile

265

Ser

Thr

Trp

Ala

Glu

345

Gly

Ile

Gly

Cys

Ile
425

Cys

Pro

Ala

Ala

Ala

Phe

Ile

Lys

Ile

Glu

170

Ile

Gly

Tyr

Pro

Gly

250

Thr

Asp

Lys

Ser

Ile

330

Leu

Arg

Gly

Ala

Leu
410

Ser

Lys

Tyr

Thr

Gln

75

His

Gly

Asp

Gln

Pro

155

Met

Val

Asp

Asp

Tyr

235

Arg

Gly

Ile

Ile

Arg

315

Asn

Ser

Gly

Glu

Phe
395

Asp

Pro

Asp

Phe

Ser

60

Leu

His

Asp

Lys

Gly

140

Arg

Leu

Ile

Glu

Pro

220

Leu

Asp

Arg

Lys

Glu

300

Gly

Thr

Lys

Lys

Ile
380
Val

Phe

Asp

Asp

Tyr

45

Thr

Lys

Pro

Val

Asp

125

Gly

Met

Ser

Ser

Arg

205

Asp

Arg

Gly

Leu

Ile

285

Ile

Glu

Tyr

Met

Gln

365

Ala

Leu

Ala

Thr

Gln

30

Val

Arg

Thr

Gln

Arg

110

Leu

Val

Glu

Ser

Val

190

Lys

Ile

Lys

Ser

Asn

270

Lys

Ala

Lys

Leu

Ile

350

Val

Pro

Glu

Ser

Tyr
430

Gly

Ile

Arg

Leu

His

Glu

Ala

Ile

Phe

Phe

175

Lys

Ile

Ile

Arg

Asn

255

Val

Lys

Asp

Glu

Ile

335

Arg

Asp

Asn

Pro

Met
415

Gly

Ile

Gly

Glu

Gly

80

Val

Ala

Cys

Arg

Pro

160

Gly

Thr

Ile

Val

Ala

240

Val

Asp

Leu

Ile

Lys

320

Ala

Leu

Trp

Pro

Glu
400

Tyr

Cys
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Arg Asp Asp Cys Tyr Glu Ala Pro Glu Val
435 440

Ser Pro Asp Gly Phe Phe Lys Arg Ile Leu
450 455

Arg Arg Glu Leu Lys Val Glu Leu Lys Asn
465 470

Glu Tyr Lys Leu Leu Asp Ile Lys Gln Gln
485 490

Asn Ser Phe Tyr Gly Tyr Met Gly Trp Asn
500 505

His Pro Cys Ala Glu Ala Thr Thr Ala Trp
515 520

Thr Ser Ala Lys Ile Ala Glu Ser Met Gly
530 535

Asp Thr Asp Ser Ile Phe Val Thr Lys Ala
545 550

Val Asp Arg Leu Ile Asp Lys Leu His Glu
565 570

Glu Val Asp Glu Tyr Tyr Ser Ala Ile Phe
580 585

Tyr Ala Gly Leu Thr Glu Asp Gly Arg Leu
595 600

Val Arg Arg Gly Asp Trp Cys Glu Leu Ala
610 615

Val Ile Glu Val Ile Leu Lys Glu Lys Asn
625 630

Leu Val Lys Asp Val Ile Leu Arg Ile Lys
645 650

Glu Glu Val Val Ile Tyr Lys Gly Leu Thr
660 665

Glu Ser Met Gln Ala His Val Lys Ala Ala
675 680

Gly Ile Ile Tyr Pro Val Ser Ser Lys Ile
690 695

Gly Ser Gly Asn Ile Gly Asp Arg Ala Tyr
705 710

Asp Phe Asp Gly Glu Asn Leu Arg Ile Lys
725 730

Ile Lys Lys Leu Asp Lys Asp Tyr Tyr Ile
740 745

Ser Val Leu Arg Ile Leu Glu Arg Phe Gly
755 760

Lys Gly Ser Ser Gln Met Ser Leu Asp Ser
770 775

<210> SEQ ID NO 35

<211> LENGTH: 783

<212> TYPE: PRT

<213> ORGANISM: Archaeoglobus profundus

<400> SEQUENCE: 35

Met Ile Lys Ala Trp Leu Leu Asp Val Asp
1 5 10

Arg Ala Val Ile Arg Leu Trp Cys Lys Asp
20 25

Gly His
Arg Met
460

Leu Ser
475

Thr Leu

Leu Ala

Gly Arg

Phe Lys
540

Gly Met
555

Glu Leu

Phe Val

Val Val

Lys Lys

620

Pro Glu
635

Glu Gly

Lys Lys

Leu Lys

Gly Tyr

700

Pro Ile
715

Thr Lys
Asp Asn

Tyr Thr

Phe Phe
780

Lys

445

Leu

Pro

Lys

Arg

His

525

Val

Thr

Pro

Glu

Lys

605

Val

Lys

Lys

Pro

Ala

685

Val

Asp

Ser

Gln

Glu

765

Ser

Phe

Ile

Glu

Val

Trp

510

Phe

Leu

Lys

Ile

Lys

590

Gly

Gln

Ala

Val

Ser

670

Arg

Ile

Leu

Gly

Ile

750

Ala

Arg

Glu

Ser

Leu

495

Tyr

Ile

Tyr

Glu

Gln

575

Lys

Leu

Arg

Leu

Ser

655

Lys

Glu

Val

Ile

Ile

735

Ile

Ser

Lys

Lys

Ser

480

Thr

Cys

Arg

Gly

Asp

560

Ile

Arg

Glu

Glu

Ser

640

Leu

Tyr

Met

Lys

Glu

720

Glu

Pro

Leu

Tyr Val Thr Glu Asn Asp

15

Asp Lys Gly Val Phe Val

30
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-continued

88

Ala

Ala

Thr

65

Ile

Leu

Pro

Gly

Tyr

145

Leu

Asp

Phe

Gln

225

Gly

Gly

Ile

Ala

Asp

305

Leu

Asp

Ser

Glu
385

Met

Glu

Tyr

Glu

50

Pro

Lys

Arg

Phe

Ile

130

Glu

Lys

Pro

Glu

Ser

210

Asp

Ile

Gly

Ala

Glu

290

Ile

Val

Pro

Val

Glu

370

Glu

Glu

Ile

Asp

Asp

Asp

Leu

Ala

Glu

Ala

115

Glu

Val

Ile

Glu

Glu

195

Ile

Asn

Arg

Arg

Leu

275

Phe

Tyr

Leu

Met

Ala

355

Ala

Ser

Asn

Asn

Cys
435

Arg

Val

Lys

Leu

Glu

100

Tyr

Ile

Arg

Leu

Lys

180

Val

Ile

Phe

Leu

Pro

260

Lys

Leu

Lys

Asn

His

340

Arg

Lys

Tyr

Val

Phe
420

Tyr

Asn

Met

Val

Lys

85

Ile

Arg

Glu

Ser

Ala

165

Asp

Leu

Lys

Asp

Asp

245

Lys

Ile

Gly

Cys

Asp

325

Tyr

Leu

Lys

Glu

Ala
405

Asn

Val

Phe

Lys

Glu

70

Val

Lys

Tyr

Pro

Val

150

Phe

Pro

His

Glu

Trp

230

Ile

Ile

Pro

Ala

Trp

310

Val

Glu

Gly

Ile

Gly
390
Cys

Ile

Ala

Leu

Val

55

Glu

Tyr

Lys

Leu

Ile

135

Arg

Asp

Ile

Gly

Gln

215

Pro

Gly

Ala

Asp

Lys

295

Met

Leu

Leu

Arg

Asn

375

Ala

Leu

Ser

Pro

Pro

40

Lys

Ile

Thr

Phe

Ile

120

Ala

Arg

Cys

Ile

Asp

200

Asp

Tyr

Arg

Gly

Val

280

Val

Arg

Thr

Ser

Gly

360

Glu

Phe

Asp

Pro

Glu
440

Tyr

Val

Glu

Arg

Ala

105

Asp

Val

Val

Glu

Ala

185

Glu

Pro

Val

Asp

Arg

265

Lys

Glu

Gly

Thr

Arg

345

Lys

Ile

Val

Phe

Asp
425

Val

Phe

Arg

Ala

His

90

Glu

Lys

Lys

Glu

Met

170

Ile

Arg

Asp

Lys

Arg

250

Leu

Ile

Glu

Glu

Tyr

330

Met

Gln

Ala

Leu

Ala
410

Thr

Gly

Tyr

Thr

Lys

75

Pro

Val

Asp

Glu

Lys

155

Leu

Ala

Asp

Ile

Lys

235

Ser

Asn

Lys

Glu

Lys

315

Arg

Ile

Val

Pro

Glu

395

Ser

Leu

His

Val

Asn

60

Ser

Gln

Arg

Leu

Gly

140

Lys

Ala

Val

Ile

Ile

220

Arg

Glu

Val

Thr

Asp

300

Glu

Leu

Arg

Asp

Asn

380

Pro

Met

Val

Lys

Ile

45

Glu

Leu

His

Glu

Ala

125

Val

Gly

Gln

Lys

Leu

205

Val

Ala

Ile

Asp

Leu

285

Ile

Lys

Ala

Leu

Tyr

365

Pro

Ala

Tyr

Lys

Phe
445

Gly

Gly

Gly

Val

Ala

110

Cys

Leu

Phe

Phe

Cys

190

Arg

Gly

Glu

Ser

Leu

270

Lys

Glu

Val

Leu

Pro

350

Phe

Pro

Arg

Pro

Gly

430

Arg

Cys

Ile

Lys

Pro

95

Asp

Met

Arg

Pro

Met

175

Gly

Arg

Tyr

Lys

Phe

255

Tyr

Lys

Gly

Phe

Glu

335

Leu

Leu

Glu

Gly

Ser

415

Glu

Lys

Lys

Ile

Pro

80

Lys

Ile

Asp

Ala

Asp

160

Pro

Asp

Phe

Asn

Phe

240

Arg

Asp

Val

Arg

Lys

320

Leu

Asp

Leu

Ile

Leu

400

Ile

Cys

Ser
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-continued

90

Pro

Arg

465

Tyr

Ser

Glu

Ala

Thr

545

Glu

Ile

Lys

Gly

Gln

625

Ala

Phe

Asp

Met

Ile

705

Leu

Gly

Ile

Ala

<210>
<211>
<212>
<213>

<400>

Asp

450

Glu

Lys

Phe

Cys

Val

530

Asp

Lys

Gln

Lys

Leu

610

Arg

Leu

Lys

Lys

Glu

690

Val

Ile

Ile

Ile

Ser
770

Gly

Met

Leu

Tyr

Ala

515

Lys

Ser

Glu

Leu

Arg

595

Glu

Glu

Lys

Leu

Tyr

675

Met

Lys

Glu

Met

Pro

755

Leu

Phe

Lys

Leu

Gly

500

Glu

Ile

Leu

Cys

Glu

580

Tyr

Val

Val

Phe

Glu

660

Glu

Gly

Gly

Glu

Val

740

Ala

Lys

PRT

SEQUENCE :

Phe

Arg

Asp

485

Tyr

Ala

Ala

Phe

Leu

565

Ile

Ala

Arg

Ile

Val

645

Asp

Ser

Ile

Gly

Phe

725

Lys

Val

Thr

SEQ ID NO 36
LENGTH:
TYPE :
ORGANISM: Caldicellulosiruptor hydrothermalis

849

36

Lys

Gln

470

Ile

Thr

Thr

Glu

Ile

550

Lys

Asp

Gly

Arg

Glu

630

Lys

Tyr

Lys

Tyr

Gly

710

Asp

Lys

Met

Thr

Arg

455

Met

Lys

Gly

Thr

Ser

535

Lys

Leu

Glu

Leu

Gly

615

Ile

Asn

Val

Gln

Tyr

695

Ser

Gly

Ile

Arg

Ile
775

Ile

Lys

Gln

Trp

Ala

520

Met

Lys

Ile

Phe

Thr

600

Asp

Ile

Val

Ile

Ala

680

Pro

Ile

Glu

Asp

Ile

760

Gln

Leu

Glu

Gln

Asn

505

Trp

Gly

Asn

Asp

Tyr

585

Asp

Trp

Leu

Ile

Tyr

665

His

Ile

Ser

Asn

Lys

745

Leu

Lys

Lys

Leu

Thr

490

Leu

Gly

Phe

Lys

Val

570

Lys

Asp

Cys

Arg

Glu

650

Lys

Val

Gly

Asp

Leu

730

Asp

Glu

Thr

Met

Asp

475

Leu

Ala

Arg

Glu

Leu

555

Ile

Ala

Asp

Glu

Glu

635

Glu

Gly

Lys

Thr

Arg

715

Lys

Tyr

Arg

Leu

Leu

460

Pro

Lys

Arg

Tyr

Val

540

Asn

Ser

Ile

Arg

Leu

620

Arg

Ile

Leu

Ala

Lys

700

Ala

Ile

Tyr

Phe

Phe
780

Ile

Asp

Val

Trp

Phe

525

Leu

Leu

Lys

Phe

Ile

605

Ala

Asn

Lys

Thr

Ala

685

Val

Tyr

Arg

Ile

Gly

765

Asp

Met Lys Leu Val Ile Phe Asp Gly Asn Ser Ile Leu Tyr

1

5

10

Phe Ala Leu Pro Glu Leu Thr Thr Ser Ser Asn Ile Pro

20

25

Ile Tyr Gly Phe Ile Asn Val Ile Leu Lys Tyr Leu Glu

35

40

45

Glu Lys Arg
Ser Glu Asp
480

Leu Thr Asn
495

Tyr Cys Arg
510

Ile Lys Arg

Tyr Gly Asp

Lys Asp Leu

560

Glu Leu Pro
575

Phe Val Glu
590

Val Val Lys

Lys Arg Val

Pro Asp Lys

640

Glu Gly Lys
655

Lys Lys Pro
670

Leu Arg Ala

Gly Phe Val

Pro Ile Glu
720

Thr Pro Ser
735

Asp His Gln
750

Tyr Thr Glu

Phe Thr

Arg Ala Phe
15

Thr Asn Ala
30

Gln Glu Lys
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-continued

92

Pro

Lys

65

Asn

Asn

Gly

Ile

145

Thr

Pro

Ser
Ile
225

Arg

Asp

Asn

Glu

305

Pro

Glu

Ile

Phe

Asp

385

Glu

Trp

Tyr

Asp

Ser

Leu

Ile

Ser

Thr

130

Lys

Ile

Asp

Lys

Ser

210

Arg

Leu

Leu

Gln

Ile

290

Gln

Leu

Ser

Leu

His

370

Val

Leu

Lys

Asp

Glu
450

Tyr

Glu

Gln

Pro

Leu

115

Gly

Ile

Glu

Tyr

Gly

195

Leu

Glu

Ala

Arg

Leu

275

Gln

Arg

Met

Asn

Lys

355

Gln

Met

Glu

Lys

Asp

435

Asn

Ile

Tyr

Val

Ile

100

Val

Asp

Val

Asn

Lys

180

Ile

Glu

Lys

Thr

Thr

260

Glu

Phe

Glu

Phe

Thr

340

Ser

Leu

Ile

Thr

Asp
420

Leu

Ile

Ala

Gln

Gln

85

Val

Asn

Arg

Ser

Ile

165

Ala

Gly

Glu

Leu

Ile

245

Lys

Phe

Glu

Leu

Val

325

Val

Asp

Asn

Ala

Leu
405
Lys

Leu

Glu

Val

Glu

70

Ile

Glu

Lys

Asp

Thr

150

Lys

Leu

Glu

Ile

Glu

230

Val

Glu

Lys

Phe

Glu

310

Gln

Phe

Thr

Leu

Ser

390

Phe

Lys

Arg

Arg

Ala

55

Tyr

Pro

Phe

Phe

Thr

135

Lys

Glu

Val

Lys

Tyr

215

Ala

Cys

Trp

Ser

Val

295

Ser

Asp

Val

Val

Glu

375

Tyr

Val

Met

Leu

Pro
455

Phe

Lys

Tyr

Glu

Lys

120

Leu

Phe

Lys

Gly

Ser

200

Gln

Gly

Asp

Asn

Ile

280

Gln

Ile

Glu

Thr

Lys

360

Asp

Val

Ser

Val

Ile

440

Leu

Asp

Ala

Val

Gly

105

Asn

Gln

Asp

Tyr

Asp

185

Ala

Asn

Lys

Leu

Lys

265

Ile

Gln

Ser

Lys

Arg

345

Ile

Thr

Leu

Tyr

Ser

425

Asp

Ile

Lys

Asn

Arg

90

Tyr

Thr

Leu

Arg

Gly

170

Gln

Gln

Leu

Asp

Pro

250

Glu

Lys

Arg

Arg

Cys

330

Asp

Val

Asp

Asp

Leu
410
Val

Leu

Pro

Arg

Arg

75

Glu

Glu

Gly

Leu

Thr

155

Val

Ser

Lys

Asp

Met

235

Leu

Arg

Arg

Thr

Ile

315

Phe

Arg

Tyr

Asn

Ser

395

Asn

Val

Asn

Val

Gly

60

Lys

Ile

Ala

Leu

Asp

140

Met

Trp

Asp

Leu

Lys

220

Ala

Asn

Leu

Leu

Asp

300

Arg

Tyr

His

Asp

Ile

380

Thr

Thr

Leu

Ser

Leu
460

Arg

Pro

Leu

Asp

Asp

125

Lys

Glu

Ala

Asn

Leu

205

Ile

Phe

Val

Tyr

Gly

285

Ile

Ser

Leu

Leu

Leu

365

Lys

Arg

Asp

Leu

Cys
445

Tyr

Glu

Met

Tyr

Asp

110

Ile

Asn

Asp

Asn

Ile

190

Glu

Lys

Leu

Asn

Glu

270

Leu

Pro

Lys

Tyr

Val

350

Lys

Asn

Ser

Ile

Lys
430

Gln

Glu

Ala

Pro

Ala

95

Val

Val

Val

Leu

Gln

175

Pro

Glu

Gly

Ser

Leu

255

Ile

Ser

Asp

Glu

Asp

335

Glu

Asn

Cys

Ser

Glu
415
Arg

Phe

Met

Arg

Asp

80

Leu

Ile

Ile

Val

Tyr

160

Val

Gly

Tyr

Ser

Lys

240

Glu

Leu

Glu

Val

Ile

320

Gln

Glu

Ile

Glu

Tyr

400

Ala

Leu

Leu

Glu
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-continued

94

Lys

465

Glu

Ala

Leu

Tyr

545

Tyr

Ser

Leu

Ala

625

Asp

Gln

Glu

Ile

Ala

705

Glu

Leu

Asn

Ile

Tyr
785

Lys

Thr

Ile

Gly

Phe

Ser

530

Pro

Cys

Thr

Asp

Ile

610

Asp

Glu

Thr

Met

Ser

690

Ala

Tyr

Thr

Arg

Gln

770

Gln

His

Lys

Pro

Gly

Glu

Glu

Glu

515

Thr

Leu

Gln

Thr

Pro

595

Arg

Tyr

Arg

Ala

Arg

675

Asp

Glu

Leu

Leu

Asn

755

Gly

Lys

Asp

Arg

Leu
835

Phe

Asn

Trp

500

Lys

Asp

Ile

Gly

Phe

580

Asn

Lys

Ser

Leu

Ala

660

Ser

Tyr

Phe

Asp

Phe

740

Ala

Ser

Leu

Glu

Ile
820

Val

Lys

Lys

485

Phe

Leu

Ala

Leu

Leu

565

Ile

Leu

Val

Gln

Ile

645

Glu

Gln

Gly

Ile

Asn

725

Asn

Arg

Ala

Lys

Leu

805

Val

Val

<210> SEQ ID NO 37

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Desulfurococcus mucosus

PRT

781

Val

470

Ile

Asn

Lys

Glu

Asp

550

Leu

Gln

Gln

Phe

Ile

630

Asn

Val

Ala

Leu

Asn

710

Ile

Arg

Ser

Ala

Glu

790

Leu

Lys

Glu

Asp

Leu

Ile

Leu

Val

535

Tyr

Gln

Thr

Asn

Val

615

Glu

Ala

Phe

Lys

Ala

695

Lys

Val

Lys

Tyr

Asp

775

Asn

Ile

Arg

Val

Arg

Lys

Asn

Pro

520

Leu

Arg

Ala

Gly

Ile

600

Pro

Leu

Phe

Gly

Ala

680

Arg

Tyr

Arg

Arg

Ala

760

Ile

Asn

Glu

Glu

Lys
840

Asp

Leu

Ser

505

Val

Glu

Met

Ile

Thr

585

Pro

Glu

Arg

Lys

Val

665

Val

Asp

Phe

Phe

Tyr

745

Glu

Met

Leu

Ala

Met
825

Glu

Ala

Glu

490

Pro

Ile

Glu

Tyr

Asn

570

Ala

Val

Glu

Ile

Asn

650

Asp

Asn

Ile

Glu

Ala

730

Val

Arg

Lys

Lys

Pro

810

Glu

Gly

Leu

475

Thr

Lys

Lys

Phe

Thr

555

Pro

Thr

Lys

Gly

Leu

635

Asn

Ile

Phe

Lys

Arg

715

Arg

Lys

Ile

Leu

Ser

795

Tyr

Asn

Leu

Leu

Gln

Gln

Lys

Asp

540

Lys

Ser

Gly

Tyr

His

620

Ala

Ile

Ala

Gly

Ile

700

Tyr

Glu

Asp

Ala

Ala

780

Lys

Glu

Ala

Asn

Gln

Ile

Leu

Thr

525

Lys

Ile

Ser

Arg

Asp

605

Val

His

Asp

Asp

Ile

685

Ser

Pro

Asn

Ile

Met

765

Met

Ile

Glu

Val

Trp
845

Tyr

Tyr

Ser

510

Lys

His

Leu

Gly

Leu

590

Glu

Leu

Ile

Ile

Val

670

Val

Arg

Lys

Gly

Lys

750

Asn

Ile

Ile

Lys

Ala
830

Tyr

Thr

Gln

495

Tyr

Thr

Glu

Thr

Arg

575

Ala

Gly

Ile

Ser

His

655

Thr

Tyr

Lys

Val

Tyr

735

Ser

Ser

Lys

Leu

Asp

815

Leu

Glu

Lys

480

Ile

Ile

Gly

Ile

Thr

560

Val

Ser

Lys

Asp

Glu

640

Ser

Pro

Gly

Glu

Lys

720

Val

Ala

Pro

Val

Gln

800

Ile

Lys

Thr
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-continued

96

<400> SEQUENCE:

Met Glu Lys Arg

1

Asn

Glu

Asn

65

Ile

Leu

Ala

Pro

Gly

145

Asp

Ile

Asp

Ile

225

Phe

Leu

Glu

Tyr

305

Arg

Lys

Leu

Asp

Met

385

Arg

Ser

Val

Glu

50

Val

Lys

Arg

Asp

Gly

130

Gly

Leu

Tyr

Ile

Asn

210

Lys

Asp

Gln

Trp

Asp

290

Phe

Ile

Tyr

Leu

Gln
370

His

Pro

Pro

Ile

35

Gly

Ile

Val

Asp

Ile

115

Trp

Val

Gly

Asn

Ala

195

Tyr

Glu

Met

Leu

Ser

275

Met

Gly

Tyr

Ala

Pro
355
Val

Glu

Tyr

Glu

20

Leu

Phe

Lys

Val

Arg

100

Arg

Leu

Ser

Ile

Pro

180

Leu

Lys

Trp

Pro

Ser

260

Ile

Thr

Val

Gln

Arg

340

Tyr

Gly

Ala

Glu

Val

Ile

Asp

Glu

Ala

Lys

85

Val

Phe

Met

Asn

Met

165

Arg

Ala

His

Asp

Tyr

245

Lys

Ile

Asp

Met

Tyr

325

Asp

Ala

Pro

Tyr

Thr

Tyr

Arg

Arg

Asp

Asp

70

Val

Lys

Tyr

Phe

Val

150

Pro

Gly

Asn

Glu

Pro

230

Leu

Tyr

Gly

Val

Lys

310

Trp

Asp

Met

Ala

Lys
390

Tyr

Leu

Met

Gly

Gln

55

Val

Thr

Ser

Ile

Ser

135

Tyr

Arg

Thr

Ser

Arg

215

Asp

Val

Gly

Arg

Lys

295

Arg

Asp

Val

Gln

Ser
375

Met

Lys

Val

Phe

Phe

40

Val

Thr

Val

Ile

Arg

120

Asn

Leu

Leu

Pro

Asn

200

Glu

Val

Asn

Thr

Ala

280

Arg

Ser

Asp

Leu

Leu
360
Val

Gly

Gly

Asp

Gly

25

Arg

Ala

Glu

Thr

Gln

105

Tyr

Leu

Thr

Asn

Asp

185

Gly

Met

Leu

Arg

Pro

265

His

Lys

Glu

Glu

Ser

345

Ala

Gly

Glu

Ala

Ile

10

Val

Pro

Arg

Arg

Val

90

His

Met

Lys

Glu

Tyr

170

Pro

Asp

Leu

Phe

Ala

250

Pro

Ile

Ser

Arg

Gly

330

Thr

Ser

Ser

Leu

Ile

Thr

Asp

Tyr

Val

Arg

75

Pro

Val

Ile

Pro

Thr

155

Met

Lys

Val

Asn

Gly

235

Asp

Glu

Asp

Leu

Val

315

Lys

Leu

Val

Arg

Ala
395

Val

Tyr

Glu

Phe

Ile

Leu

Asp

Lys

Asp

Val

140

Pro

Ala

Arg

Lys

Asp

220

Tyr

Ala

Gln

Leu

Asp

300

Asn

Arg

Gly

Ser

Val
380

Pro

Leu

Gly

Asn

Tyr

45

Gly

Phe

Lys

Glu

Asn

125

Asp

Pro

Leu

Asp

Leu

205

Met

Asn

Leu

Ser

Tyr

285

Tyr

Ile

Ser

Leu

Gly
365
Glu

Asn

Glu

Leu

Gly

30

Val

Lys

Gly

Val

Val

110

Asp

Asn

Thr

Asp

Pro

190

Leu

Met

Ser

Asn

Val

270

Asn

Val

Pro

Gln

Gly

350

Leu

Met

Arg

Pro

Val

15

Glu

Ile

Met

Lys

Arg

95

Leu

Ile

Lys

Ser

Ile

175

Ile

Thr

Ser

Asn

Val

255

Tyr

Phe

Ala

Gly

Leu

335

Lys

Pro

Met

Val

Lys

Gly

Lys

Pro

Gln

Pro

80

Glu

Glu

Arg

Ile

Leu

160

Glu

Ile

Leu

Val

Lys

240

Lys

Gly

Ile

Glu

His

320

Ile

Ile

Leu

Ile

Glu
400

Pro
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-continued

98

Gly

Ser

Arg

465

Glu

Ser

Met

Tyr

Leu

545

Tyr

Ala

Asp

Ile

625

Ala

Lys

Ile

705

Gly

Ala

Leu

<210>
<211>
<212>
<213>

<400>

Ile

Ile

Ser

450

Lys

Ala

Phe

Ala

Ile

530

Lys

Gly

Asp

Lys

Gly

610

Arg

Glu

Ser

Ile

Gln

690

Val

Asp

Lys

Ala

Gly
770

His

Met

435

Glu

Ser

Arg

Glu

Asn

515

Arg

Thr

Asp

Ile

Val

595

Leu

Gly

Leu

Val

Ile

675

Pro

Asn

Lys

Glu

Leu
755

Lys

Tyr

420

Leu

Gly

Pro

Arg

Trp

500

Ala

Glu

Ala

Thr

Ile

580

Tyr

Thr

Asp

Val

Ile

660

Trp

His

Lys

Leu

Ile

740

Arg

Thr

PRT

SEQUENCE :

405

Asn

Lys

Asp

Arg

Glu

485

Val

Met

Val

Met

Asp

565

Ser

Ser

Ala

Trp

Leu

645

Asp

Lys

Val

Gly

Thr

725

Asp

Ile

Gly

SEQ ID NO 38
LENGTH:
TYPE :
ORGANISM: Pyrolobus fumarii

803

38

Ile

Tyr

Tyr

Gly

470

Ala

Leu

Tyr

Ala

Ser

550

Ser

Arg

Lys

Asp

Ser

630

Arg

Asp

Thr

Val

Asp

710

Gln

Val

Leu

Lys

Ala

Asn

Tyr

455

Leu

Arg

Leu

Gly

Glu

535

Met

Leu

Ile

Leu

Gly

615

Glu

Glu

Leu

Leu

Ala

695

Thr

Arg

Asp

Glu

Ser
775

Val

Ile

440

Thr

Tyr

Asp

Asn

Tyr

520

Ser

Ala

Phe

Asn

Ile

600

Glu

Leu

Ser

Arg

Asp

680

Ala

Val

Ala

Tyr

Val
760

Ile

Leu

425

Ser

Ala

Ala

Glu

Glu

505

Cys

Val

Lys

Val

Glu

585

Phe

Val

Ala

Val

Asn

665

Lys

Arg

Gly

Tyr

Tyr

745

Phe

Leu

410

Asp

Pro

Pro

Ser

Met

490

Arg

Gly

Thr

Glu

Thr

570

Met

Thr

Asp

Arg

Asp

650

Tyr

Asp

Arg

Phe

Pro

730

Val

Gly

Asp

Phe

Asp

Glu

Leu

475

Arg

Gln

Trp

Ala

Arg

555

Tyr

Gly

Glu

Ile

Asn

635

Glu

Arg

Ile

Leu

Val

715

Tyr

Glu

Val

Tyr

Ser

Thr

Val

460

Leu

Asn

Arg

Leu

Trp

540

Gly

Asp

Phe

Ser

Val

620

Val

Ala

Phe

Asn

Met

700

Ile

Val

Lys

Asn

Phe
780

Ser

Leu

445

Gly

Gln

Tyr

Ala

Gly

525

Gly

Leu

Lys

Glu

Lys

605

Gly

Gln

Val

Thr

Glu

685

Glu

Val

Phe

Gln

Glu
765

His

Met

430

Val

Tyr

Lys

Pro

Leu

510

Ala

Arg

Thr

Asp

Val

590

Lys

Phe

Glu

Lys

Ile

670

Tyr

Lys

Lys

Ile

Val

750

Ala

415

Tyr

Leu

Arg

Leu

Glu

495

Lys

Arg

Tyr

Val

Lys

575

Lys

Arg

Glu

Arg

Tyr

655

Asp

Lys

Gly

Asp

Asn

735

Ile

Ala

Pro

Asp

Phe

Ile

480

Gly

Ile

Trp

Leu

Ile

560

Val

Ile

Tyr

Ala

Val

640

Val

Asp

Ala

Tyr

Ser

720

Asp

Pro

Leu
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-continued

100

Met

Gly

Arg

Leu

Leu

65

Lys

Pro

Ile

Pro

145

Lys

Leu

Gln

Lys

Asp

225

Pro

Leu

Arg

Pro

Glu

305

Met

Tyr

Asp

Ala

Ala
385

Phe

Thr

Thr

Lys

Val

Ala

50

Ser

Tyr

Glu

Glu

Asp

130

Leu

Ser

Pro

Gly

Thr

210

Arg

Asp

Leu

Val

Gly

290

Ile

Lys

Trp

Asp

Ile
370
Met

Lys

Tyr

Glu

Glu

Val

35

Pro

Arg

Phe

Ala

Asp

115

His

Glu

Arg

Asp

Ser

195

Asp

Lys

Ile

Arg

Gly

275

Arg

Lys

Lys

Asp

Val

355

Gln

Ser

Met

Arg

Val

Pro

20

Leu

Gly

Pro

Gly

Val

100

Val

Asp

Asn

Pro

Leu

180

Pro

Asp

Pro

Ile

Arg

260

Ala

Leu

Ile

Ser

Asp

340

Arg

Leu

Val

Lys

Gly

Val

Gln

Ile

Ala

Lys

Arg

85

Arg

Leu

Leu

Lys

Glu

165

Arg

Arg

Gly

Ile

Val

245

Ala

Glu

Asn

Lys

Glu

325

Pro

Ala

Ser

Gly

Glu
405

Ala

Phe

Val

Asp

Asp

Ser

Pro

Glu

Glu

Phe

Met

150

Pro

Ile

Pro

Asp

Arg

230

Gly

Arg

Pro

Val

Ser

310

Arg

Lys

Thr

Tyr

Phe
390

Leu

Ile

Thr

Ile

Arg

Pro

55

Pro

Arg

Tyr

Ala

Pro

135

Gly

Leu

Leu

Glu

Glu

215

Glu

Tyr

Ile

Thr

Asp

295

Leu

Val

Lys

Tyr

Val
375
Arg

Val

Val

Val

Ile

Ser

40

Lys

Ile

Arg

Arg

Asp

120

Phe

Phe

Tyr

Ala

Arg

200

Val

Phe

Asn

Leu

Thr

280

Leu

Glu

Ile

Arg

Gly

360

Thr

Leu

Pro

Leu

Leu

Trp

25

Phe

Gln

Ile

Val

Glu

105

Ile

Thr

Arg

Gly

Phe

185

Asp

Leu

Val

Asn

Gly

265

Ser

Tyr

Glu

Ile

Pro

345

Leu

Gly

Glu

Asn

Glu

Asp

Gly

Arg

Val

Gly

Leu

90

Leu

Arg

Trp

Val

Glu

170

Asp

Pro

Phe

Glu

Asn

250

Ile

Val

Asp

Val

Asn

330

Leu

Ala

Leu

Trp

Arg

410

Pro

Ser

Ile

Pro

Ala

Val

75

Arg

Val

Phe

Tyr

Asp

155

Ala

Ile

Val

Ile

Tyr

235

His

Lys

His

Tyr

Ala

315

Trp

Leu

Glu

Pro

Tyr
395

Val

Leu

Ser

Ala

Tyr

Gln

60

Glu

Ile

Lys

Ala

Arg

140

Lys

Leu

Glu

Ile

Ala

220

Val

Phe

Leu

Gly

Ala

300

Glu

Trp

Leu

Lys

Leu
380
Leu

Glu

Arg

Tyr

Glu

Phe

45

Arg

Asp

Arg

Asn

Met

125

Val

Val

Ala

Val

Val

205

Glu

Lys

Asp

Asp

His

285

Glu

Tyr

Glu

Gln

Ile

365

Asp

Ile

Arg

Gly

Glu

Asn

30

Tyr

Ile

Asp

Thr

Val

110

Arg

Glu

Tyr

Pro

Tyr

190

Ile

Gly

Arg

Trp

Val

270

Val

Glu

Leu

Ile

Tyr

350

Leu

Gln

Arg

Pro

Val

Val

15

Gly

Ala

Arg

Lys

Val

95

Asp

Tyr

Ala

Leu

Thr

175

Ser

Ala

Lys

Tyr

Pro

255

Thr

Ser

Met

Gly

Pro

335

Ala

Pro

Val

Ala

Glu
415

His

Val

Glu

Leu

Ala

Arg

Leu

Gly

Leu

Glu

Val

160

Lys

Lys

Val

Asp

Asp

240

Tyr

Arg

Val

Pro

Val

320

Asp

Arg

Phe

Gly

Ala
400

Glu

Glu
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101

-continued

102

Asn

Lys

Gly

465

Arg

Leu

Pro

Ala

Cys

545

Arg

Gly

Lys

Glu

Ala
625

Lys

Thr

705

Tyr

Gly

Pro

Ala

Lys
785

Lys

Ile

Tyr

450

Glu

Cys

Arg

Glu

Asn

530

Arg

Thr

Asp

Phe

Lys

610

Gly

Arg

Glu

Arg

Leu

690

Glu

Arg

Gly

Ser

Ala
770

Ala

Ser

Ala

435

Asn

Cys

Pro

Lys

Tyr

515

Ala

Glu

Ala

Thr

Ile

595

Val

Leu

Gly

Ile

Lys

675

Val

Ala

Val

Arg

Gln

755

Leu

Ser

Lys

420

Val

Val

Gly

Pro

Arg

500

Arg

Ser

Cys

Ile

Asp

580

Lys

Tyr

Leu

Asp

Val

660

Ile

Ile

Pro

Ser

Ile

740

Ile

Arg

Ala

Leu

Gly

Cys

Gly

485

Val

Leu

Tyr

Ala

Asn

565

Ser

Ile

Lys

Glu

Trp

645

Leu

Val

Trp

His

Pro

725

Ser

Asp

Ile

Thr

<210> SEQ ID NO 39

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Pyrobaculum oguniense

PRT

786

Asp

Pro

Trp

470

Phe

Arg

Leu

Gly

Glu

550

Ile

Leu

Ile

Arg

Asp

630

Cys

Lys

Lys

Lys

Val

710

Gly

Gln

Val

Leu

Gly
790

425 430

Phe Ser Ser Met Tyr Pro Asn Ile Met
440 445

Asp Thr Leu Val Arg Pro Gly Glu Glu
455 460

Glu Ala Pro Glu Val Lys His Arg Phe
475

Phe Lys Thr Val Leu Glu Arg Leu Leu
490 495

Ala Glu Met Lys Lys Tyr Pro Pro Asp
505 510

Asp Glu Arg Gln Lys Ala Leu Lys Val
520 525

Tyr Met Gly Trp Ser Gly Ala Arg Trp
535 540

Ala Val Thr Ala Trp Gly Arg His Leu
555

Ala Arg Lys Leu Gly Leu Lys Val Ile
570 575

Phe Val Thr Tyr Asp Pro Glu Lys Val
585 590

Glu Glu Glu Leu Gly Phe Glu Ile Lys
600 605

Val Phe Phe Thr Glu Ala Lys Lys Arg
615 620

Gly Arg Ile Asp Ile Val Gly Phe Glu
635

Glu Leu Ala Lys Glu Val Gln Thr Lys
650 655

Thr Ser Asp Val Asn Lys Ala Val Glu
665 670

Glu Leu Glu Glu Gly Lys Val Pro Ile
680 685

Thr Leu Ser Lys Arg Leu Glu Glu Tyr
695 700

Val Ala Ala Lys Arg Met Leu Ser Ala
715

Asp Lys Ile Gly Tyr Val Ile Val Lys
730 735

Arg Ala Trp Pro Tyr Phe Met Val Lys
745 750

Thr Tyr Tyr Val Asp His Gln Ile Ile
760 765

Gly Tyr Phe Gly Ile Thr Glu Lys Lys
775 780

Gln Lys Thr Leu Phe Asp Phe Leu Ala
795

Ile

Cys

Arg

480

Glu

Ser

Leu

Tyr

Ile

560

Tyr

Glu

Leu

Tyr

Ala

640

Val

Tyr

Glu

Thr

Gly

720

Gly

Asp

Pro

Leu

Lys
800
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103

-continued

104

<400> SEQUENCE:

Met
1

Ala

Pro

65

Arg

Leu

Ala

Pro

Gly

145

Gly

Asn

Ala

Arg

Phe

225

Pro

Asp

Pro

305

Glu

Ile

Phe

Ala

Ala

385

Glu

Glu

Val

Val

Gly

Val

Gln

Arg

Asp

Cys

130

Ser

Phe

Glu

Val

Asp

210

Asp

Tyr

Arg

Leu

Glu

290

Met

Tyr

Asp

Leu

Ala
370

Tyr

Pro

Ile

Pro

Leu

35

Cys

Glu

Phe

Glu

Ile

115

Ser

Leu

Pro

Arg

Gln

195

Asp

Pro

Leu

Leu

Gly

275

Ile

Arg

Trp

Asp

Ile
355
Ala

Gly

Tyr

Arg

Glu

20

Ala

Asp

Gly

Leu

Ala

100

Arg

Trp

Pro

Pro

Gly

180

Ser

Arg

Asp

Ala

Gly

260

Arg

Lys

Arg

Arg

Val

340

Gln

Ser

Leu

Lys

Val

Val

Asp

Pro

Val

Lys

85

Ala

Phe

Asn

Val

Pro

165

Thr

Ser

Gly

Val

Glu

245

Gly

Ala

Leu

Asp

Asp

325

Arg

Leu

Val

Gly

Gly
405

Trp

Arg

Arg

His

Glu

70

Val

Ser

Tyr

Val

Tyr

150

Leu

Pro

Asp

Val

Val

230

Arg

Ala

Asn

Lys

Glu

310

Pro

Ser

Ser

Gly

Glu
390

Ala

Pro Leu Asp Val Thr Tyr Ile Val Val
10 15

Val Phe Gly Ile Ala Glu Gly Gly Glu
25 30

Ser Phe Arg Pro Tyr Phe Tyr Val Asp
40 45

Ala Val Lys Thr His Leu Gly Arg Thr
55 60

Leu Val Glu Arg Arg Phe Leu Gly Arg
75

Val Ala Lys Ile Pro Glu Asp Val Arg
90 95

Thr Ile Pro Gly Val Arg Gly Val Tyr
105 110

Met Arg Tyr Val Ile Asp Met Gly Val
120 125

Ala Glu Val Glu Val Ala Asp Glu Lys
135 140

Arg Val Val Lys Trp Gly Gly Ala Val
155

Arg Val Leu Ala Phe Asp Ile Glu Val
170 175

Asp Pro Ala Arg Asp Pro Ile Val Met
185 190

Gly Arg Leu Glu Val Phe Glu Ala Ser
200 205

Leu Arg Ser Phe Val Glu Tyr Val Arg
215 220

Val Gly Tyr Asn Ser Asn Asn Phe Asp
235

Ala Lys Ala Val Gly Val Pro Leu Arg
250 255

Pro Gln Gln Ser Val Tyr Gly His Trp
265 270

Val Asp Leu Tyr Asn Ile Val Asp Glu
280 285

Thr Leu Asp Arg Val Ala Glu Tyr Phe
295 300

Arg Val Leu Ile Pro Gly His Lys Ile
315

Ser Lys Arg Pro Leu Leu Arg Gln Tyr
330 335

Thr Tyr Gly Leu Ala Glu Arg Leu Leu
345 350

Ser Val Ser Gly Leu Pro Leu Asp Gln
360 365

Asn Arg Val Glu Trp Met Leu Leu Arg
375 380

Val Ala Pro Asn Arg Glu Glu Arg Glu
395

Ile Val Leu Glu Pro Lys Pro Gly Leu
410 415

Gly

Arg

Cys

Ala

Pro

80

Arg

Glu

Val

Leu

Glu

160

Tyr

Ile

Gly

Ser

Trp

240

Val

Ser

Phe

Gly

Tyr

320

Val

Pro

Val

Tyr

Tyr

400

Tyr
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105

-continued

106

Ser

Met

Asp

Arg

465

Ala

Thr

Met

Tyr

Leu

545

Tyr

Lys

Asp

Ala

625

Ile

Phe

Gly

Lys

705

Leu

Gln

Glu

Phe
785

Asp

Arg

Pro

450

Lys

Leu

Pro

Ala

Lys

530

Lys

Gly

Leu

Lys

Gly

610

Arg

Glu

Ile

Asp

Glu

690

Lys

Val

Val

Val

Gly
770

Glu

Val

Tyr

435

Pro

Glu

Arg

Glu

Asn

515

Lys

Asp

Asp

Ala

Asp

595

Leu

Gly

Leu

Lys

Leu

675

Tyr

Lys

Lys

Asp

Ile
755

Asp

Leu

420

Asn

Glu

Pro

Arg

Tyr

500

Ala

Glu

Val

Thr

Arg

580

Tyr

Leu

Asp

Ile

Tyr

660

Asp

Lys

Gly

Gly

Asp

740

Pro

Leu

Val

Leu

Gly

Pro

Ala

485

Arg

Met

Val

Ile

Asp

565

Tyr

Glu

Arg

Trp

Leu

645

Val

Asp

Ala

Tyr

Gly

725

Leu

Ala

Arg

<210> SEQ ID NO 40

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Staphylothermus marinus

PRT

801

Leu

Ser

Val

Gly

470

Val

Val

Tyr

Ala

Asp

550

Ser

Val

Lys

Asp

Ser

630

Lys

Lys

Leu

Tyr

Lys

710

Glu

Ala

Ala

Ala

Asp Phe Ser Ser Met Tyr Pro Asn Val
425 430

Pro Asp Thr Tyr Leu Glu Pro Gly Glu
440 445

Tyr Val Ala Pro Glu Val Gly His Arg
455 460

Phe Ile Pro Gln Val Leu Arg Arg Leu
475

Arg Glu Glu Met Lys Lys Tyr Gln Pro
490 495

Leu Asp Glu Arg Gln Lys Ala Leu Lys
505 510

Gly Tyr Thr Gly Trp Val Gly Ala Arg
520 525

Glu Ser Val Thr Ala Phe Ala Arg Ala
535 540

Tyr Ala Arg Arg Leu Gly Ile Val Val
555

Leu Phe Val Lys Lys Gly Gly Asp Leu
570 575

Asp Glu Lys Tyr Gly Ile Glu Ile Lys
585 590

Val Leu Phe Thr Glu Ala Lys Lys Arg
600 605

Gly Arg Ile Asp Ile Val Gly Phe Glu
615 620

Glu Leu Ala Lys Glu Val Gln Leu Lys
635

Ala Arg Asp Leu Ser Glu Ala Arg Gln
650 655

Asp Val Ile Glu Arg Leu Lys Ser Gly
665 670

Ile Ile Trp Lys Thr Leu Asp Lys Asp
680 685

Pro Pro His Val Arg Ala Ala Leu Ile
695 700

Val Gly Arg Gly Thr Thr Ile Gly Tyr
715

Lys Val Ser Glu Arg Ser Leu Pro Tyr
730 735

Lys Ile Asp Val Asp Tyr Tyr Ile Glu
745 750

Leu Arg Ile Ala Glu Val Ile Gly Val
760 765

Gly Arg Ser Glu Lys Ser Leu Leu Asp
775 780

Met

Pro

Phe

Val

480

Asp

Ile

Trp

Ile

Ile

560

Glu

Val

Tyr

Val

Val

640

Arg

Lys

Leu

Leu

Val

720

Ile

Lys

Lys

Phe
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107

-continued

108

<400> SEQUENCE:

Met

1

Glu

Asp

Tyr

Ile

65

Thr

Leu

Arg

Glu

145

Tyr

Asp

Thr

Asn

Ile

225

Ile

Glu

Gly

Arg

Lys

305

Lys

Asp

Gln

Ser
385

Tyr

Ser

Val

Gly

Ala

Arg

Glu

Met

Pro

Tyr

130

Val

Glu

Leu

Pro

Asn

210

Ser

Ile

Arg

Ala

Leu

290

Val

Ser

Asp

Lys

Leu
370

Val

Gly

Glu

Ile

Arg

35

Ile

Thr

Lys

Ile

Glu

115

Ile

Val

Ile

Arg

Arg

195

Gly

Val

Val

Ser

Thr

275

Asn

Lys

Glu

Glu

Ser
355
Ser

Gly

Glu

Lys

Gly

20

Arg

Leu

Tyr

Lys

Pro

100

Val

Ile

Glu

Ile

Ile

180

Pro

Asp

Glu

Gly

Lys

260

Pro

Thr

Ser

Arg

Lys

340

Thr

Asn

Phe

Leu

Ile

Asn

Val

Lys

Ser

Tyr

85

Glu

Leu

Asp

Val

Gly

165

Ile

Gln

Ile

Glu

Tyr

245

Tyr

Arg

Asp

Leu

Val

325

Leu

Tyr

Ile

Arg

Val
405

Asn

Glu

Leu

Asp

Asp

70

Phe

Tyr

Glu

His

Pro

150

Asp

Ala

Thr

Lys

Phe

230

Asn

Ile

Thr

Leu

Glu

310

Ile

Arg

Gly

Thr

Leu
390

Pro

Leu Glu Phe Tyr Phe Leu Asp Asn Ser
10 15

Pro His Ile Ile Ile Trp Gly Ile Thr
25 30

Leu Arg Asp Arg Arg Phe Arg Pro Tyr
40 45

Lys Val Asn Ile Glu Asp Leu Ala Arg
55 60

Pro Lys Ser Pro Ile Ile Gly Val Glu
75

Gly Arg Lys Val Ser Ala Leu Lys Ile
90 95

Val Arg Lys Tyr Arg Glu Lys Ile Lys
105 110

Val Val Glu Ala Asp Ile Arg Phe Ser
120 125

Asp Leu Arg Pro Cys Gly Trp His Val
135 140

Lys Lys Pro Ile Tyr Arg Val Asp Ala
155

Ile Lys Pro Leu Glu Gln Thr Leu Gln
170 175

Phe Asp Ile Glu Val Tyr Asn Lys Ser
185 190

Asp Pro Ile Ile Ile Ile Gly Ile Met
200 205

Gln Phe Leu Ala Asn Lys Tyr Asp Asp
215 220

Val Asn Tyr Val Lys Thr Phe Asp Pro
235

Thr Asp Gly Phe Asp Trp Pro Tyr Leu
250 255

Gly Val Lys Leu Asp Val Thr Arg Arg
265 270

Ser Thr Tyr Gly His Ile Ser Val Pro
280 285

Tyr His Phe Ala Glu Glu Ile Pro Glu
295 300

Asn Val Ala Glu Tyr Leu Gly Val Met
315

Ile Glu Tyr Ile Asp Ile Pro Lys Tyr
330 335

Pro Lys Leu Leu Gln Tyr Asn Ile Asp
345 350

Leu Ala Glu Lys Phe Leu Pro Phe Ala
360 365

Gly Leu Pro Leu Asp Gln Val Gly Ala
375 380

Glu Trp Tyr Leu Met Arg Glu Ala Phe
395

Asn Arg Val Glu Arg Ala Ala Glu Ser
410 415

Tyr

Arg

Phe

Lys

Pro

80

Ile

Ser

Ile

Ala

Glu

160

Pro

Gly

Asn

Lys

Asp

240

Ile

Val

Gly

Val

Lys

320

Trp

Asp

Met

Ala

Arg
400

Tyr
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109

-continued

110

Arg

Ala

Asn

Lys

465

Pro

Gln

Arg

Thr

Cys

545

Ile

Asp

Glu

Tyr

Leu

625

Asp

Leu

Ile

Pro

705

Ser

Ile

Ile

Arg

Ala

785

Lys

Gly

Val

Val

450

His

Gly

Ile

Leu

Tyr

530

Ala

Glu

Ser

Leu

Lys

610

Glu

Trp

Leu

Ile

Trp

690

His

Thr

Ser

Asp

Ile
770

Ala

Ala

Leu

435

Gly

Asn

Phe

Lys

Leu

515

Gly

Glu

Leu

Leu

Ile

595

Arg

Asp

Ala

Lys

Ala

675

Lys

Val

Asn

Ser

Thr
755

Leu

Ser

Val

420

Asp

Pro

Ile

Phe

Ser

500

Asp

Tyr

Ala

Ala

Phe

580

Gln

Val

Gly

Glu

Glu

660

Asp

Thr

Val

Asp

Arg

740

Glu

Asn

Ala

Val

Phe

Asp

Ala

Lys

485

Glu

Glu

Met

Val

Arg

565

Val

Thr

Phe

Arg

Ile

645

Asn

Leu

Leu

Ala

Lys

725

Ala

Tyr

Tyr

Gly

<210> SEQ ID NO 41

<211> LENGTH:

<212> TYPE:

PRT

776

Leu

Ser

Thr

Pro

470

Arg

Met

Arg

Gly

Thr

550

Lys

Thr

Lys

Phe

Ile

630

Ala

Ser

Lys

Ser

Ala

710

Ile

Glu

Tyr

Phe

Gln
790

Lys Pro Val Lys Gly Val His Glu Asn
425 430

Ser Met Tyr Pro Asn Ile Met Ile Lys
440 445

Ile Val Arg Asn Glu Lys Cys Asn Pro
455 460

Glu Val Gly His Cys Phe Arg Lys Glu
475

Val Leu Glu Thr Leu Leu Arg Leu Arg
490 495

Lys Lys Tyr Pro Pro Thr Ser Tyr Glu
505 510

Gln Lys Ala Val Lys Val Leu Ala Asn
520 525

Trp Ile His Ala Arg Trp Tyr Cys Arg
535 540

Ala Trp Gly Arg Gln Thr Ile Lys Ser
555

Leu Gly Leu Lys Val Ile Tyr Gly Asp
570 575

Tyr Asp Lys Asp Lys Val Glu Lys Leu
585 590

Leu Gly Phe Glu Ile Lys Ile Asp Lys
600 605

Thr Glu Ala Lys Lys Arg Tyr Ala Gly
615 620

Asp Ile Val Gly Phe Glu Ala Val Arg
635

Lys Glu Val Gln Glu Lys Val Thr Glu
650 655

Ile Asp Lys Ala Ile Glu Tyr Val Arg
665 670

Ala Gly Lys Ile Pro Leu Asp Lys Leu
680 685

Lys Arg Ile Glu Glu Tyr Ser Val Asp
695 700

Lys Lys Leu Ile Lys Ala Gly Ile Lys
715

Gly Tyr Val Ile Leu Lys Gly Gly Gly
730 735

Pro Tyr Ile Phe Val Lys Asp Pro Lys
745 750

Val Asp His Gln Ile Val Pro Ala Ala
760 765

Gly Val Thr Glu Thr Gln Leu Lys Arg
775 780

Lys Ser Leu Phe Asp Phe Phe Gly Gly
795

Ile

Tyr

Asp

Pro

480

Lys

Tyr

Ala

Glu

Ala

560

Thr

Ile

Ile

Leu

Gly

640

Ile

Gln

Ile

Ala

Val

720

Lys

Leu

Leu

Ala

Lys
800
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-continued

112

<213> ORGANISM:

<400> SEQUENCE:

Met

1

Arg

Ser

Glu

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Met

Tyr

Lys

Leu

305

Glu

Pro

Tyr
385

Ile

Ile

Phe

Asp

Val

Val

Glu

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Glu

Leu

Phe

Arg

35

Ile

Glu

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp
355

Arg

Gly

Asp

Lys

20

Pro

Lys

Ala

Lys

Ile

100

Phe

Asn

Glu

Asp

Tyr

180

Arg

Asp

Met

Met

Ile

260

Glu

Pro

Val

Arg

Pro
340
Phe

Pro

Gly

Pyrococcus yayaosii

41

Ala Asp Tyr Ile Thr

Lys Glu Asn Gly Glu
25

Tyr Ile Tyr Ala Leu
40

Lys Ile Thr Ala Glu
55

Glu Lys Val Arg Lys
70

Leu Tyr Phe Glu His
85

Arg Glu His Pro Ala
105

Ala Lys Arg Tyr Leu
120

Glu Glu Leu Lys Leu
135

Gly Asp Glu Phe Gly
150

Glu Lys Gly Ala Lys
165

Val Glu Val Val Ser
185

Val Ile Arg Glu Lys
200

Asn Phe Asp Phe Pro
215

Lys Leu Pro Ile Gly
230

Gly Asp Gly Phe Ala
245

Tyr Pro Val Ile Arg
265

Ala Val Tyr Glu Ala
280

Asn Glu Ile Ala Arg
295

Ala Lys Tyr Ser Met
310

Glu Phe Phe Pro Met
325

Val Trp Asp Val Ser
345

Leu Leu Arg Lys Ala
360

Asp Glu Arg Glu Tyr
375

Tyr Val Lys Glu Pro
390

Glu

10

Phe

Leu

Arg

Lys

Pro

90

Val

Ile

Leu

Ser

Val

170

Ser

Asp

Tyr

Arg

Val

250

Arg

Val

Ala

Glu

Glu

330

Arg

Tyr

Glu

Glu

Asn

Lys

Arg

His

Phe

75

Gln

Ile

Asp

Ala

Gly

155

Ile

Glu

Pro

Leu

Asp

235

Glu

Thr

Phe

Trp

Asp

315

Ala

Ser

Glu

Arg

Lys
395

Gly

Val

Asp

Gly

Leu

Asp

Asp

Lys

Phe

140

Pro

Thr

Arg

Asp

Leu

220

Gly

Val

Ile

Gly

Glu

300

Ala

Gln

Ser

Arg

Arg

380

Gly

Lys

Glu

Asp

45

Lys

Gly

Val

Ile

Gly

125

Asp

Ile

Trp

Glu

Val

205

Lys

Ser

Lys

Asn

Arg

285

Asn

Lys

Leu

Thr

Asn
365

Leu

Leu

Pro

Tyr

30

Ser

Val

Arg

Pro

Phe

110

Leu

Ile

Ile

Lys

Met

190

Ile

Arg

Glu

Gly

Leu

270

Pro

Cys

Val

Ala

Gly

350

Glu

Arg

Trp

Val

15

Asp

Ala

Val

Pro

Ala

95

Glu

Ile

Glu

Met

Gly

175

Ile

Ile

Ala

Pro

Arg

255

Pro

Lys

Lys

Thr

Arg

335

Asn

Leu

Glu

Glu

Val

Arg

Ile

Arg

Ile

80

Ile

Tyr

Pro

Thr

Ile

160

Val

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Ser

Gly
400
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-continued

114

Ile

Asp

Phe

Lys

465

Asp

Tyr

Ser

Leu

Tyr

545

Ala

Glu

Lys

Leu

Ala

625

Pro

Asp

Ala

Leu

705

Phe

Gln

Lys

Trp

<210>
<211>
<212>
<213>

<400>

Ile

Asn

Val

Ile

450

Arg

Tyr

Tyr

Val

Glu

530

Ala

Leu

Leu

Lys

Glu

610

Arg

Lys

Pro

Tyr

Arg

690

Arg

Asp

Val

Glu

Leu
770

Tyr

Ile

Ala

435

Pro

Lys

Arg

Gly

Thr

515

Lys

Thr

Glu

Glu

Tyr

595

Ile

Val

Ile

Glu

Lys

675

Gly

Gly

Pro

Leu

Asp
755

Lys

Leu

Ser

420

Pro

Ser

Met

Gln

Tyr

500

Ala

Arg

Ile

Phe

Tyr

580

Ala

Val

Leu

Val

Lys

660

Ala

Ile

Asp

Ser

Pro

740

Leu

Arg

PRT

SEQUENCE :

Asp

405

Pro

Lys

Leu

Lys

Arg

485

Ala

Trp

Gly

Pro

Val

565

Glu

Leu

Arg

Glu

Lys

645

Leu

Val

Lys

Gly

Arg

725

Ala

Arg

Lys

SEQ ID NO 42
LENGTH:
TYPE :
ORGANISM: Thermococcus sp

773

42

Phe

Asp

Val

Leu

Ala

470

Ala

Lys

Gly

Phe

Gly

550

Lys

Gly

Ile

Arg

Ala

630

Glu

Val

Gly

Val

Pro

710

His

Val

Tyr

Ala

Arg

Thr

Gly

Gly

455

Thr

Ile

Ala

Arg

Lys

535

Ser

Tyr

Phe

Asp

Asp

615

Ile

Val

Ile

Pro

Arg

695

Ile

Lys

Leu

Gln

Ser
775

Ser

Leu

His

440

Gln

Ile

Lys

Arg

Glu

520

Val

Arg

Ile

Tyr

Glu

600

Trp

Leu

Thr

Tyr

His

680

Pro

Ser

Tyr

Arg

Lys

760

Leu

Leu

Asn

425

Arg

Leu

Asp

Ile

Trp

505

Tyr

Leu

Glu

Asn

Lys

585

Glu

Ser

Lys

Glu

Glu

665

Val

Gly

Arg

Asp

Ile

745

Thr

LAM4 -

Tyr

410

Lys

Phe

Leu

Pro

Leu

490

Tyr

Ile

Tyr

Trp

Ala

570

Arg

Gly

Glu

Glu

Lys

650

Gln

Ala

Met

Arg

Ala

730

Leu

Arg

del

Pro

Glu

Cys

Asp

Ile

475

Ala

Cys

Glu

Ile

Asp

555

Arg

Gly

Lys

Ile

Gly

635

Leu

Ile

Val

Val

Ala

715

Glu

Glu

Gln

Ser

Gly

Lys

Glu

460

Glu

Asn

Lys

Leu

Asp

540

Lys

Leu

Phe

Ile

Ala

620

Asn

Ser

Thr

Ala

Ile

700

Ile

Tyr

Ala

Ala

Ile

Cys

Asp

445

Arg

Arg

Ser

Glu

Val

525

Thr

Ile

Pro

Phe

Ile

605

Lys

Leu

Lys

Arg

Lys

685

Gly

Pro

Tyr

Phe

Gly
765

Ile

Asn

430

Phe

Gln

Lys

Tyr

Cys

510

Ser

Asp

Lys

Gly

Val

590

Thr

Glu

Glu

Tyr

Asp

670

Arg

Tyr

Ala

Ile

Gly

750

Leu

Ile

415

Ser

Pro

Lys

Leu

Tyr

495

Ala

Arg

Gly

Glu

Leu

575

Thr

Arg

Thr

Lys

Glu

655

Leu

Leu

Leu

Glu

Glu

735

Tyr

Asp

Thr

Tyr

Gly

Ile

Leu

480

Gly

Glu

Glu

Leu

Arg

560

Leu

Lys

Gly

Gln

Ala

640

Val

Lys

Ala

Val

Glu

720

Asn

Arg

Ala
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115

-continued

116

Met

Arg

Thr

Glu

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Ile

Tyr

Lys

Leu

305

Glu

Ile

Pro

Ala
385

Ile

Val

Phe

Asp

50

Lys

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn
370

Gly

Tyr

Leu

Phe

Glu

35

Val

Arg

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp
355
Lys

Gly

Leu

Asp

Lys

20

Pro

Lys

Ala

Lys

Ile

100

Phe

Asp

Glu

Asp

Tyr

180

Arg

Asp

Ile

Met

Leu

260

Glu

Ala

Val

Arg

Ser

340

Phe

Pro

Tyr

Asp

Thr

Lys

Tyr

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Gly

165

Val

Ile

Asn

Lys

Gly

245

Tyr

Ala

Glu

Ala

Glu

325

Leu

Leu

Asp

Val

Phe
405

Asp

Glu

Phe

Val

Lys

70

Tyr

Ala

Lys

Glu

Glu

150

Ser

Asp

Val

Phe

Phe

230

Asp

Pro

Val

Glu

Arg

310

Phe

Trp

Leu

Glu

Lys
390

Arg

Tyr Ile Thr Glu Asn Gly Lys Pro Val
10 15

Asn Gly Glu Phe Lys Ile Glu Tyr Asp
25 30

Tyr Ala Leu Leu Lys Asp Asp Ser Ala
40 45

Thr Ala Lys Arg His Gly Thr Val Val
55 60

Val Gln Arg Lys Phe Leu Gly Arg Pro
75

Phe Thr His Pro Gln Asp Val Pro Ala
90 95

His Pro Ala Val Ile Asp Ile Tyr Glu
105 110

Arg Tyr Leu Ile Asp Lys Gly Leu Ile
120 125

Leu Thr Met Leu Ala Phe Asp Ile Glu
135 140

Glu Phe Gly Thr Gly Pro Ile Leu Met
155

Glu Ala Arg Val Ile Thr Trp Lys Lys
170 175

Val Val Ser Thr Glu Lys Glu Met Ile
185 190

Lys Glu Lys Asp Pro Asp Val Leu Ile
200 205

Asp Phe Ala Tyr Leu Lys Lys Arg Cys
215 220

Thr Leu Gly Arg Asp Gly Ser Glu Pro
235

Arg Phe Ala Val Glu Val Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Val Phe Gly Lys Pro Lys
280 285

Ile Ala Gln Ala Trp Glu Ser Gly Glu
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ser Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Lys Glu Leu Ala Arg Arg Arg Gly Gly
375 380

Glu Pro Glu Arg Gly Leu Trp Asp Asn
395

Ser Leu Tyr Pro Ser Ile Ile Ile Thr
410 415

Ile

Arg

Ile

Arg

Ile

Ile

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Tyr

Ile

400

His
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-continued

118

Asn

Ile
Arg
465

Tyr

Tyr

Glu

Phe

545

Lys

Leu

Lys

Glu

Arg

625

Arg

Pro

Tyr

Arg

Lys

705

Asp

Glu

Leu

<210>
<211>
<212>
<213>

<400>

Val

Ala

Pro

450

Lys

Arg

Gly

Thr

Glu

530

Ala

Glu

Glu

Tyr

Ile

610

Val

Ile

Glu

Lys

Gly

690

Gly

Pro

Leu

Asp

Lys
770

Ser

Pro

435

Ser

Met

Gln

Tyr

Ala

515

Lys

Thr

Phe

Tyr

Ala

595

Val

Leu

Val

Lys

Ala

675

Val

Ser

Thr

Pro

Leu

755

Val

Pro

420

Glu

Leu

Lys

Arg

Ala

500

Trp

Phe

Ile

Leu

Glu

580

Val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala

740

Arg

Lys

PRT

SEQUENCE :

Asp

Val

Leu

Ala

Ala

485

Lys

Gly

Gly

Pro

Lys

565

Gly

Ile

Arg

Ala

Glu

645

Val

Gly

Ile

Arg

His

725

Val

Tyr

Lys

SEQ ID NO 43
LENGTH:
TYPE :
ORGANISM: Thermococcus hydrothermalis

775

43

Thr

Gly

Gly

Thr

470

Ile

Ala

Arg

Phe

Gly

550

Tyr

Phe

Asp

Asp

Ile

630

Val

Ile

Pro

Arg

Ile

710

Arg

Glu

Gln

Leu

His

Asp

455

Val

Lys

Arg

Glu

Lys

535

Ala

Ile

Tyr

Glu

Trp

615

Leu

Thr

His

His

Pro

695

Gly

Tyr

Arg

Lys

Asn

Lys

440

Leu

Asp

Ile

Trp

Tyr

520

Val

Asp

Asn

Val

Glu

600

Ser

Lys

Glu

Glu

Val

680

Gly

Asp

Asp

Ile

Thr
760

Arg

425

Phe

Leu

Pro

Leu

Tyr

505

Ile

Leu

Ala

Ala

Arg

585

Gly

Glu

His

Lys

Gln

665

Ala

Thr

Arg

Ala

Leu

745

Lys

Glu

Cys

Glu

Leu

Ala

490

Cys

Glu

Tyr

Glu

Lys

570

Gly

Lys

Ile

Gly

Leu

650

Ile

Val

Val

Ala

Glu

730

Lys

Gln

Gly

Lys

Glu

Glu

475

Asn

Arg

Thr

Ala

Thr

555

Leu

Phe

Ile

Ala

Asp

635

Ser

Thr

Ala

Ile

Ile

715

Tyr

Ala

Val

Cys

Asp

Arg

460

Lys

Ser

Glu

Thr

Asp

540

Val

Pro

Phe

Thr

Lys

620

Val

Lys

Arg

Lys

Ser

700

Pro

Tyr

Phe

Gly

Lys

Phe

445

Gln

Lys

Tyr

Cys

Ile

525

Thr

Lys

Gly

Val

Thr

605

Glu

Glu

Tyr

Asp

Arg

685

Tyr

Phe

Ile

Gly

Leu
765

Glu

430

Pro

Lys

Leu

Tyr

Ala

510

Arg

Asp

Lys

Leu

Thr

590

Arg

Thr

Glu

Glu

Leu

670

Leu

Ile

Asp

Glu

Tyr

750

Gly

Tyr

Gly

Ile

Leu

Gly

495

Glu

Glu

Gly

Lys

Leu

575

Lys

Gly

Gln

Ala

Val

655

Arg

Ala

Val

Glu

Asn

735

Arg

Ala

Asp

Phe

Lys

Asp

480

Tyr

Ser

Ile

Phe

Ala

560

Glu

Lys

Leu

Ala

Val

640

Pro

Asp

Ala

Leu

Phe

720

Gln

Lys

Trp

Met Ile Leu Asp Thr Asp Tyr Ile Thr Glu Asp Gly Lys Pro Val Ile

1

5

10

15



US 9,963,687 B2

119

-continued

120

Arg

Glu

Glu

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Ile

Tyr

Lys

Leu

305

Glu

Ile

Pro

Ala
385

Asn

Ile

Phe

Glu

50

Lys

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Ile

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn
370
Gly

Tyr

Val

Phe

Glu

35

Val

Arg

Trp

Glu

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Lys

20

Pro

Lys

Ala

Lys

Ile

100

Phe

Asp

Glu

Asp

Tyr

180

Lys

Asp

Ile

Met

Leu

260

Glu

Pro

Val

Arg

Ser

340

Phe

Pro

Tyr

Asp

Pro
420

Lys

Tyr

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Tyr

Ala

Glu

Ala

Glu

325

Leu

Leu

Asp

Val

Phe

405

Asp

Glu

Ile

Ile

Lys

70

Tyr

Arg

Lys

Glu

Glu

150

Gly

Glu

Val

Phe

Phe

230

Asp

Pro

Val

Glu

Arg

310

Phe

Trp

Leu

Glu

Lys
390

Met

Thr

Asn Gly Glu Phe Lys Ile Glu Tyr Asp
25 30

Tyr Ala Leu Leu Lys Asp Asp Ser Ala
40 45

Thr Ala Gly Arg His Gly Arg Val Val
55 60

Val Lys Lys Lys Phe Leu Gly Arg Pro
75

Phe Thr His Pro Gln Asp Val Pro Ala
90 95

His Ser Ala Val Val Asp Ile Tyr Glu
105 110

Arg Tyr Leu Ile Asp Lys Gly Leu Ile
120 125

Leu Lys Met Met Ser Phe Asp Ile Glu
135 140

Glu Phe Gly Thr Gly Pro Ile Leu Met
155

Glu Ala Arg Val Ile Thr Trp Lys Lys
170 175

Val Val Ser Thr Glu Lys Glu Met Ile
185 190

Lys Glu Lys Asp Pro Asp Val Leu Ile
200 205

Asp Phe Ala Tyr Leu Lys Lys Arg Cys
215 220

Thr Leu Arg Arg Asp Gly Ser Glu Pro
235

Arg Phe Ala Val Glu Val Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Val Phe Gly Thr Pro Lys
280 285

Ile Thr Thr Ala Trp Glu Thr Gly Glu
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ser Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Ile
360 365

Arg Glu Leu Ala Arg Arg Arg Gly Gly
375 380

Glu Pro Glu Arg Gly Leu Trp Asp Asn
395

Ser Leu Tyr Pro Ser Ile Ile Ile Thr
410 415

Phe Asn Arg Glu Gly Cys Lys Glu Tyr
425 430

Arg

Ile

Lys

Ile

80

Ile

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Tyr

Ile

400

His

Asp
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-continued

122

Thr

Ile

Lys

465

Tyr

Tyr

Glu

Phe

545

Lys

Leu

Lys

Glu

Arg

625

Arg

Pro

Tyr

Arg

Lys

705

Asp

Glu

Leu

Ala

Pro

450

Arg

Arg

Gly

Thr

Glu

530

Ala

Glu

Glu

Tyr

Ile

610

Val

Ile

Glu

Lys

Gly

690

Gly

Pro

Leu

Glu

Lys
770

Pro

435

Ser

Met

Gln

Tyr

Ala

515

Arg

Thr

Phe

Tyr

Ala

595

Val

Leu

Val

Lys

Ala

675

Ile

Ser

Thr

Pro

Leu

755

Leu

Gln

Leu

Lys

Lys

Ala

500

Trp

Phe

Ile

Leu

Glu

580

Val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala

740

Arg

Lys

Val

Leu

Ala

Ala

485

Arg

Gly

Gly

Pro

Lys

565

Gly

Ile

Arg

Ala

Asp

645

Val

Gly

Ile

Arg

His

725

Val

Tyr

Gly

<210> SEQ ID NO 44

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Thermococcus thioreducens

PRT

<400> SEQUENCE:

774

44

Gly

Gly

Ser

470

Ile

Ala

Arg

Phe

Gly

550

Tyr

Phe

Asp

Asp

Ile

630

Val

Ile

Pro

Arg

Ile

710

Arg

Glu

Gln

Lys

His

Ala

455

Ile

Lys

Arg

Asp

Lys

535

Ala

Ile

Tyr

Glu

Trp

615

Leu

Thr

His

His

Pro

695

Gly

Tyr

Arg

Lys

Lys
775

Lys

440

Leu

Asp

Ile

Trp

Tyr

520

Val

Asp

Asn

Val

Glu

600

Ser

Arg

Glu

Glu

Val

680

Gly

Asp

Asp

Ile

Thr
760

Phe

Leu

Pro

Leu

Tyr

505

Ile

Leu

Ala

Ala

Arg

585

Gly

Glu

His

Lys

Gln

665

Ala

Thr

Arg

Ala

Leu

745

Arg

Cys

Asp

Leu

Ala

490

Cys

Glu

Tyr

Glu

Lys

570

Gly

Lys

Ile

Gly

Leu

650

Ile

Ile

Val

Ala

Glu

730

Lys

Gln

Lys

Glu

Glu

475

Asn

Lys

Thr

Ala

Thr

555

Leu

Phe

Ile

Ala

Asp

635

Ser

Thr

Ala

Ile

Ile

715

Tyr

Ala

Val

Asp

Arg

460

Lys

Ser

Glu

Thr

Asp

540

Val

Pro

Phe

Thr

Lys

620

Val

Lys

Arg

Lys

Ser

700

Pro

Tyr

Phe

Gly

Val Gln
445

Gln Lys

Lys Leu

Tyr Tyr

Cys Ala

510

Ile His
525

Thr Asp

Lys Lys

Gly Leu

Val Thr
590

Thr Arg
605

Glu Thr

Glu Glu

Tyr Glu

Glu Leu
670

Arg Leu
685

Tyr Ile

Phe Asp

Ile Glu

Gly Tyr

750

Leu Gly
765

Gly

Ile

Leu

Gly

495

Glu

Glu

Gly

Lys

Leu

575

Lys

Gly

Gln

Ala

Val

655

Lys

Ala

Val

Glu

Asn

735

Lys

Ala

Phe

Lys

Asp

480

Tyr

Ser

Ile

Phe

Ala

560

Glu

Lys

Leu

Ala

Val

640

Pro

Asp

Ala

Leu

Phe

720

Gln

Lys

Trp

Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly Lys Pro Val Val

1

5

10

15

Arg Ile Phe Lys Lys Glu Asn Gly Glu Phe Lys Ile Glu Tyr Asp Arg

20

25

30
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123

-continued

124

Glu

Glu

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Ile

Tyr

Lys

Leu

305

Glu

Ile

Pro

Ala

385

Asn

Arg

Phe

Glu

50

Lys

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Gly

Tyr

Val

Ala

Glu

35

Ile

Arg

Trp

Glu

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Pro
435

Pro

Lys

Ala

Lys

Ile

100

Phe

Asp

Glu

Asp

Tyr

180

Lys

Asp

Ile

Met

Leu

260

Glu

Ala

Val

Arg

Ser

340

Phe

Pro

Tyr

Asp

Pro

420

Gln

Tyr

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Tyr

Ala

Glu

Ala

Glu

325

Leu

Leu

Asn

Val

Phe
405

Asp

Val

Ile

Ile

Lys

70

Tyr

Lys

Lys

Glu

Glu

150

Asp

Asp

Val

Phe

Phe

230

Asp

Pro

Val

Glu

Arg

310

Phe

Trp

Leu

Glu

Lys

390

Arg

Thr

Gly

Tyr Ala Leu Leu Arg Asp Asp Ser Ala
40 45

Thr Ala Asp Arg His Gly Lys Val Val
55 60

Val Gln Lys Lys Phe Leu Gly Arg Pro
75

Phe Thr His Pro Gln Asp Val Pro Ala
90 95

His Pro Ala Val Val Asp Ile Tyr Glu
105 110

Arg Tyr Leu Ile Asp Lys Gly Leu Ile
120 125

Leu Lys Met Leu Ala Phe Asp Ile Glu
135 140

Glu Phe Gly Thr Gly Pro Ile Leu Met
155

Gly Ala Arg Val Ile Thr Trp Lys Lys
170 175

Val Val Ser Thr Glu Lys Glu Met Ile
185 190

Lys Glu Lys Asp Pro Asp Val Leu Ile
200 205

Asp Phe Ala Tyr Leu Lys Lys Arg Cys
215 220

Thr Leu Gly Arg Asp Gly Ser Glu Pro
235

Arg Phe Ala Val Glu Val Lys Gly Arg
250 255

Leu Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Val Phe Gly Lys Pro Lys
280 285

Ile Ala Leu Ala Trp Glu Ser Gly Glu
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ser Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Leu Ala Arg Arg Arg Gly Gly
375 380

Glu Pro Glu Arg Gly Leu Trp Asp Asn
395

Ser Leu Tyr Pro Ser Ile Ile Ile Thr
410 415

Leu Asn Arg Glu Gly Cys Lys Glu Tyr
425 430

His Lys Phe Cys Lys Asp Val Pro Gly
440 445

Ile

Lys

Ile

80

Ile

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Phe

320

Leu

Leu

Ala

Tyr

Ile
400
His

Asp

Phe
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-continued

126

Ile
Arg
465

Tyr

Tyr

Glu

His

545

Met

Leu

Lys

Glu

Arg

625

Arg

Pro

Tyr

Arg

Lys

705

Asp

Asp

Leu

Pro

450

Lys

Arg

Gly

Thr

Glu

530

Ala

Glu

Glu

Tyr

Ile

610

Val

Ile

Glu

Arg

Gly

690

Gly

Pro

Leu

Asp

Lys
770

Ser

Met

Gln

Tyr

Ala

515

Lys

Thr

Phe

Tyr

Ala

595

Val

Leu

Val

Lys

Ala

675

Ile

Ser

Thr

Pro

Leu

755

Val

Leu

Lys

Arg

Ala

500

Trp

Phe

Ile

Leu

Glu

580

Val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala

740

Arg

Lys

Leu

Ala

Ala

485

Arg

Gly

Gly

Pro

Lys

565

Gly

Ile

Arg

Ala

Glu

645

Val

Gly

Ile

Arg

His

725

Val

Tyr

Lys

<210> SEQ ID NO 45

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Thermococcus walotapuensis

PRT

<400> SEQUENCE:

773

45

Gly

Thr

470

Ile

Ala

Arg

Phe

Gly

550

Tyr

Phe

Asp

Asp

Ile

630

Val

Ile

Pro

Arg

Ile

710

Lys

Glu

Gln

Arg

Ser

455

Ile

Lys

Arg

Glu

Lys

535

Ala

Ile

Tyr

Glu

Trp

615

Leu

Thr

His

His

Pro

695

Gly

Tyr

Arg

Lys

Leu

Asp

Ile

Trp

Tyr

520

Val

Asp

Asn

Ala

Glu

600

Ser

Arg

Glu

Glu

Val

680

Gly

Asp

Asp

Val

Thr
760

Leu

Pro

Leu

Tyr

505

Ile

Leu

Ala

Pro

Arg

585

Gly

Glu

His

Lys

Gln

665

Ala

Thr

Arg

Ala

Leu

745

Arg

Asp

Ile

Ala

490

Cys

Glu

Tyr

Glu

Lys

570

Gly

Lys

Ile

Gly

Leu

650

Ile

Ile

Val

Ala

Glu

730

Lys

Gln

Glu

Glu

475

Asn

Arg

Met

Ala

Thr

555

Leu

Phe

Ile

Ala

Asp

635

Ser

Thr

Ala

Ile

Ile

715

Tyr

Ala

Val

Arg

460

Lys

Ser

Glu

Ala

Asp

540

Val

Pro

Phe

Thr

Lys

620

Val

Lys

Arg

Lys

Ser

700

Pro

Tyr

Phe

Gly

Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly

1

5

10

Arg Val Phe Lys Lys Glu Lys Gly Glu Phe Lys Ile

20

25

Asp Phe Glu Pro Tyr Ile Tyr Ala Leu Leu Lys Asp

35

40

Gln

Lys

Tyr

Cys

Ile

525

Thr

Lys

Gly

Val

Thr

605

Glu

Glu

Tyr

Glu

Arg

685

Tyr

Phe

Ile

Gly

Leu
765

Lys

Asn

Asp
45

Lys

Leu

Tyr

Ala

510

Arg

Asp

Lys

Leu

Thr

590

Arg

Thr

Glu

Glu

Leu

670

Leu

Ile

Asp

Glu

Tyr

750

Gly

Pro

Tyr
30

Ser

Ile Lys

Leu Asp
480

Gly Tyr
495

Glu Ser

Glu Leu

Gly Leu

Lys Ala
560

Leu Glu
575

Lys Lys

Gly Leu

Gln Ala

Ala Val
640

Val Pro
655

Lys Asp

Ala Lys

Val Leu

Glu Phe

720

Asn Gln
735

Arg Lys

Ala Trp

Val Ile
15

Asp Arg

Ala Ile
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127

-continued

128

Glu

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Thr

225

Ile

Tyr

Lys

Leu

305

Glu

Pro

Ala
385

Asn

Ile

Asp

Thr

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Gly

Tyr

Val

Ala

Pro
450

Ile

Arg

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Pro
435

Ser

Lys

Ala

Lys

Ile

100

Phe

Asn

Glu

Asp

Tyr

180

Lys

Asp

Val

Met

Leu

260

Glu

Ala

Val

Lys

Ser

340

Phe

Pro

Tyr

Asp

Pro
420

Gln

Leu

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Tyr

Thr

Glu

Ala

Glu

325

Leu

Leu

Asp

Val

Tyr
405
Asp

Val

Leu

Ile

Arg

70

Tyr

Glu

Lys

Glu

Glu

150

Glu

Glu

Ile

Phe

Phe

230

Asp

Pro

Val

Glu

Arg

310

Phe

Trp

Leu

Glu

Lys

390

Lys

Thr

Gly

Gly

Thr Ala Glu Arg His Gly Thr Thr Val
55 60

Val Lys Lys Lys Phe Leu Gly Arg Pro
75

Phe Thr His Pro Gln Asp Val Pro Ala
90 95

His Pro Ala Val Val Asp Ile Tyr Glu
105 110

Arg Tyr Leu Ile Asp Lys Gly Leu Ile
120 125

Leu Arg Met Leu Ala Phe Asp Ile Glu
135 140

Glu Phe Gly Glu Gly Pro Ile Leu Met
155

Gly Ala Arg Val Ile Thr Trp Lys Asn
170 175

Ser Val Ser Thr Glu Lys Glu Met Ile
185 190

Gln Glu Lys Asp Pro Asp Val Leu Ile
200 205

Asp Phe Ala Tyr Leu Lys Lys Arg Ser
215 220

Ile Leu Gly Arg Asp Gly Ser Glu Pro
235

Arg Phe Ala Val Glu Val Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Ile Phe Gly Gln Pro Lys
280 285

Ile Ala Gln Ala Trp Glu Ser Gly Glu
295 300

Tyr Ser Met Glu Asp Ala Lys Ala Thr
315

Phe Pro Met Glu Ala Gln Leu Ser Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Leu Ala Arg Arg Ala Glu Ser
375 380

Glu Pro Glu Lys Gly Leu Trp Glu Asn
395

Ser Leu Tyr Pro Ser Ile Ile Ile Thr
410 415

Leu Asn Arg Glu Gly Cys Arg Glu Tyr
425 430

His Arg Phe Cys Lys Asp Phe Pro Gly
440 445

Asp Leu Leu Glu Glu Arg Gln Lys Val
455 460

Arg

Val

80

Ile

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Tyr

Ile

400

His

Asp

Phe

Lys
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-continued

130

Lys
465
Tyr

Tyr

Glu

Phe

545

Lys

Leu

Lys

Glu

Arg

625

Arg

Pro

Tyr

Arg

Lys

705

Asp

Glu

Leu

Lys

Arg

Gly

Thr

Glu

530

Ala

Glu

Glu

Tyr

Ile

610

Val

Ile

Glu

Arg

Gly

690

Gly

Pro

Leu

Asp

Lys
770

Met

Gln

Tyr

Ala

515

Lys

Thr

Phe

Tyr

Ala

595

Val

Leu

Val

Lys

Ala

675

Ile

Pro

Ala

Pro

Leu

755

Pro

Lys

Arg

Ala

500

Trp

Phe

Ile

Leu

Glu

580

Val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala

740

Arg

Lys

Ala

Ala

485

Asn

Gly

Gly

Pro

Asn

565

Gly

Ile

Arg

Ala

Glu

645

Val

Gly

Ile

Arg

His

725

Val

Tyr

Thr

<210> SEQ ID NO 46

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Thermococcus sibiricus

PRT

<400> SEQUENCE:

Met

1

Arg

His

Asp

Ile

Ile

Phe

Glu
50

Leu

Phe

Gln

35

Ile

Gly
Lys
20

Pro

Lys

774

46

Ala

5

Lys

Tyr

Gln

Thr

470

Ile

Ala

Arg

Phe

Gly

550

Tyr

Phe

Asp

Asp

Ile

630

Val

Ile

Pro

Arg

Val

710

Arg

Glu

Gln

Asp

Glu

Ile

Ile

Val

Lys

Arg

Gln

Lys

535

Ala

Ile

Tyr

Glu

Trp

615

Leu

Thr

Tyr

His

Pro

695

Gly

Tyr

Arg

Lys

Tyr

Asn

Tyr

Lys
55

Asp

Ile

Trp

Tyr

520

Val

Asp

Asn

Arg

Glu

600

Ser

Lys

Glu

Glu

Val

680

Gly

Asp

Asp

Ile

Thr
760

Ile

Gly

Ala

40

Gly

Pro

Leu

Tyr

505

Ile

Leu

Ala

Pro

Arg

585

Asp

Glu

His

Lys

Gln

665

Ala

Thr

Arg

Ala

Leu

745

Lys

Thr

Glu

25

Leu

Glu

Ile

Ala

490

Cys

Glu

Tyr

Glu

Arg

570

Gly

Lys

Ile

Gly

Leu

650

Ile

Val

Val

Ala

Glu

730

Arg

Gln

Lys
10
Phe

Leu

Arg

Glu

475

Asn

Arg

Thr

Ala

Thr

555

Leu

Phe

Ile

Ala

Asp

635

Ser

Thr

Ala

Ile

Ile

715

Tyr

Ala

Ala

Asp

Lys

Ser

His

Arg

Ser

Glu

Thr

Asp

540

Val

Pro

Phe

Thr

Lys

620

Val

Arg

Arg

Lys

Ser

700

Pro

Tyr

Phe

Gly

Gly

Ile

Glu

Gly
60

Lys

Tyr

Cys

Met

525

Thr

Lys

Gly

Val

Thr

605

Glu

Glu

Tyr

Asn

Arg

685

Tyr

Phe

Ile

Gly

Leu
765

Lys

Glu

Asp

45

Lys

Leu

Tyr

Ala

510

Arg

Asp

Lys

Leu

Thr

590

Arg

Thr

Glu

Glu

Leu

670

Leu

Ile

Asp

Glu

Tyr

750

Gly

Pro
Leu
30

Ser

Thr

Leu

Gly

495

Glu

Glu

Gly

Lys

Leu

575

Lys

Gly

Gln

Ala

Val

655

Arg

Ala

Val

Glu

Asn

735

Arg

Ala

Ile
15
Asp

Ala

Val

Asp

480

Tyr

Ser

Ile

Phe

Thr

560

Glu

Lys

Leu

Ala

Val

640

Pro

Asp

Ala

Leu

Phe

720

Gln

Lys

Trp

Val

Pro

Ile

Arg
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131

-continued

132

Ile

Lys

Arg

Asp

Met

Phe

145

Ser

Asp

Arg

Tyr

Lys

225

Pro

Arg

Pro

Lys

Glu

305

Thr

Lys

Asn

Leu

Thr

385

Glu

Asn

Ser

Lys
465

Val

Val

Asn

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Lys

Ile

Thr

Ser

290

Gly

Tyr

Leu

Leu

Ala

370

Thr

Asn

Thr

Tyr

Gly

450

Ile

Asp

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Ile

195

Gly

Gly

Ile

His

Tyr

275

Lys

Leu

Glu

Ile

Val

355

Pro

Tyr

Ile

His

Asp

435

Phe

Lys

Ala

Lys

Ile

100

Phe

Asp

Glu

Asp

Tyr

180

Gln

Asp

Leu

Gln

Phe

260

Thr

Leu

Lys

Leu

Gly

340

Glu

Asn

Leu

Ile

Asn
420
Val

Ile

Lys

Val

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Ile

Asn

Arg

Arg

245

Asp

Leu

Gly

Lys

Gly

325

Gln

Trp

Arg

Gly

Tyr

405

Val

Ala

Pro

Glu

Lys

70

Ile

Glu

Lys

Glu

Asp

150

Glu

Asp

Ile

Phe

Leu

230

Met

Leu

Glu

Ala

Leu

310

Arg

Ser

Tyr

Pro

Gly

390

Leu

Ser

Pro

Ser

Met
470

Val Glu Lys Lys Phe Leu Lys Lys Pro
75

Leu Glu His Pro Gln Asp Val Pro Ala
90 95

His Pro Ala Val Gln Asp Ile Tyr Glu
105 110

Arg Tyr Leu Ile Asp Asn Gly Leu Ile
120 125

Leu Lys Met Leu Ala Phe Asp Ile Glu
135 140

Glu Phe Gly Lys Gly Glu Ile Ile Met
155

Gly Ala Arg Val Ile Thr Trp Lys Asn
170 175

Val Val Ser Asn Glu Arg Glu Met Ile
185 190

Lys Glu Lys Asp Pro Asp Val Ile Ile
200 205

Asp Leu Pro Tyr Leu Ile Lys Arg Ala
215 220

Ile Leu Ser Arg Asp Asn Glu Asn Pro
235

Gly Asn Ser Phe Ala Val Glu Ile Lys
250 255

Phe Pro Val Val Lys Arg Ala Val Asn
265 270

Ala Val Tyr Glu Thr Val Leu Gly Lys
280 285

Glu Glu Ile Ala Ala Ile Trp Glu Thr
295 300

Ala Gln Tyr Ser Met Glu Asp Ala Lys
315

Glu Phe Phe Pro Met Glu Val Glu Leu
330 335

Val Trp Asp Val Ser Arg Ser Ser Thr
345 350

Met Leu Arg Val Ala Tyr Glu Arg Asn
360 365

Ser Asp Glu Glu Tyr Lys Arg Arg Leu
375 380

Tyr Val Lys Glu Pro Glu Arg Gly Leu
395

Asp Phe Arg Ser Leu Tyr Pro Ser Ile
410 415

Pro Asp Thr Leu Glu Arg Lys Gly Cys
425 430

Ile Val Gly Tyr Lys Phe Cys Lys Asp
440 445

Ile Leu Glu Asp Leu Ile Glu Thr Arg
455 460

Lys Ser Thr Ile Asp Pro Ile Lys Lys
475

Val

Ile

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Val

240

Gly

Leu

His

Glu

Ala

320

Ala

Gly

Glu

Arg

Trp

400

Ile

Gln

Phe

Gln

Lys
480
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-continued

134

Met

Tyr

Ala

Arg

Asp

545

Lys

Leu

Thr

Arg

Thr

625

Lys

Lys

Leu

Leu

Ile

705

Thr

Glu

Tyr

Glu

<210>
<211>
<212>
<213>

<400>

Met

1

Arg

Asn

Asp

Ile
65

Leu

Gly

Glu

Glu

530

Gly

Lys

Leu

Lys

Gly

610

Gln

Ala

Val

Arg

Ala

690

Val

Glu

Asn

Arg

Ser
770

Ile

Ile

Phe

Glu

50

Val

Asp

Tyr

Ser

515

Ile

Phe

Ala

Glu

Lys

595

Leu

Ala

Val

Pro

Asp

675

Ala

Leu

Tyr

Gln

Lys

755

Trp

Leu

Phe

Arg

35

Val

Asp

Tyr

Met

500

Val

Glu

Tyr

Lys

Leu

580

Arg

Glu

Arg

Glu

Leu

660

Tyr

Lys

Arg

Asp

Val

740

Glu

Leu

PRT

SEQUENCE :

Asp

Lys

20

Pro

Lys

Val

Arg

485

Gly

Thr

Glu

Ala

Glu

565

Glu

Tyr

Val

Val

Ile

645

Glu

Lys

Gly

Gly

Pro

725

Leu

Asp

Lys

SEQ ID NO 47
LENGTH:
TYPE :
ORGANISM: Pyrococcus glycovorans

775

47

Ala

5

Lys

Tyr

Lys

Glu

Gln

Tyr

Ala

Lys

Thr

550

Phe

Tyr

Ala

Val

Leu

630

Val

Lys

Ala

Ile

Ser

710

Arg

Pro

Leu

Lys

Asp

Glu

Ile

Ile

Lys
70

Arg

Pro

Trp

Phe

535

Ile

Leu

Glu

Val

Arg

615

Glu

Lys

Leu

Val

Lys

695

Gly

Lys

Ala

Lys

Tyr

Asn

Tyr

Thr

55

Val

Ala

Lys

Gly

520

Gly

Pro

Asn

Gly

Ile

600

Arg

Ala

Glu

Ile

Gly

680

Ile

Lys

His

Val

Tyr
760

Ile

Gly

Ala

40

Ala

Lys

Val

Ala

505

Arg

Phe

Gly

Tyr

Phe

585

Asp

Asp

Ile

Val

Ile

665

Pro

Lys

Ile

Lys

Leu

745

Gln

Thr

Glu

25

Leu

Glu

Lys

Lys

490

Arg

His

Lys

Ala

Ile

570

Tyr

Glu

Trp

Leu

Val

650

His

His

Pro

Ser

Tyr

730

Arg

Ser

Glu

10

Phe

Leu

Arg

Lys

Leu

Trp

Tyr

Val

Asp

555

Asn

Leu

Glu

Ser

Arg

635

Glu

Glu

Val

Gly

Asp

715

Asp

Ile

Ser

Asp

Lys

Lys

His

Phe
75

Leu

Tyr

Ile

Leu

540

Pro

Ser

Arg

Glu

Glu

620

Glu

Ala

Gln

Ala

Thr

700

Arg

Pro

Leu

Lys

Gly

Val

Asp

Gly

60

Leu

Ala

Ser

Glu

525

Tyr

Glu

Lys

Gly

Lys

605

Ile

Gly

Ile

Ile

Ile

685

Ile

Val

Asp

Glu

Gln
765

Lys

Glu

Asp

45

Lys

Gly

Asn

Lys

510

Met

Ala

Thr

Leu

Phe

590

Ile

Ala

Ser

Thr

Thr

670

Ala

Ile

Val

Tyr

Ala

750

Thr

Pro

Tyr

30

Ser

Ile

Arg

Ser

495

Glu

Thr

Asp

Ile

Pro

575

Phe

Thr

Lys

Val

Lys

655

Arg

Lys

Ser

Leu

Tyr

735

Phe

Gly

Ile

15

Asp

Gln

Val

Pro

Tyr

Cys

Ile

Thr

Lys

560

Gly

Val

Thr

Glu

Glu

640

Tyr

Glu

Arg

Tyr

Leu

720

Ile

Gly

Leu

Ile

Arg

Ile

Arg

Ile
80
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135

-continued

136

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Met

Tyr

Lys

Leu

305

Glu

Pro
Tyr
385

Leu

Asp

Phe

Lys

465

Asp

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Ala

Val

Asn

Val

Ile
450

Arg

Tyr

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Ser

Val

Ala
435
Pro

Arg

Arg

Lys

Ile

100

Phe

Asp

Glu

Asp

Tyr

180

Lys

Asp

Ile

Leu

Leu

260

Glu

Ala

Val

Arg

Pro

340

Tyr

Pro

Gly

Leu

Ser

420

Pro

Ser

Met

Gln

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Ser

Lys

Gly

245

Tyr

Ala

His

Ala

Glu

325

Leu

Leu

Asp

Tyr

Asp

405

Pro

Glu

Leu

Lys

Arg
485

Tyr

Glu

Lys

Glu

Glu

150

Glu

Glu

Ile

Phe

Leu

230

Asp

His

Val

Glu

Lys

310

Phe

Trp

Leu

Glu

Val

390

Phe

Asp

Val

Leu

Ala
470

Ala

Phe Glu His Pro Gln Asp Val Pro Ala
90 95

His Pro Ala Val Val Asp Ile Phe Glu
105 110

Arg Tyr Leu Ile Asp Lys Gly Leu Ile
120 125

Leu Lys Leu Leu Ala Phe Asp Ile Glu
135 140

Glu Phe Ala Lys Gly Pro Ile Ile Met
155

Gly Ala Lys Val Ile Thr Trp Lys Lys
170 175

Val Val Ser Ser Glu Arg Glu Met Ile
185 190

Arg Glu Lys Asp Pro Asp Val Ile Ile
200 205

Asp Leu Pro Tyr Leu Val Lys Arg Ala
215 220

Pro Leu Gly Arg Asp Gly Ser Glu Pro
235

Met Thr Ala Val Glu Ile Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Ile Phe Gly Lys Pro Lys
280 285

Ile Ala Glu Ala Trp Glu Thr Gly Lys
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ser Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Tyr Glu Arg Arg Leu Arg Glu
375 380

Lys Glu Pro Glu Lys Gly Leu Trp Glu
395

Arg Ser Leu Tyr Pro Ser Ile Ile Ile
410 415

Thr Leu Asn Arg Glu Gly Cys Met Glu
425 430

Lys His Lys Phe Cys Lys Asp Phe Pro
440 445

Lys Arg Leu Leu Asp Glu Arg Gln Glu
455 460

Ser Lys Asp Pro Ile Glu Lys Lys Met
475

Ile Lys Ile Leu Ala Asn Ser Tyr Tyr
490 495

Ile

Tyr

Pro

Thr

Ile

160

Val

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Ser

Gly

400

Thr

Tyr

Gly

Ile

Leu
480

Gly



137

US 9,963,687 B2

-continued

138

Tyr

Ser

Leu

Leu

545

Ala

Glu

Lys

Leu

Ala

625

Pro

Glu

Ala

Leu

705

Phe

Gln

Lys

Trp

Tyr

Val

Glu

530

Tyr

Leu

Leu

Lys

Glu

610

Lys

Lys

Pro

Tyr

Arg

690

Arg

Asp

Val

Glu

Leu
770

Gly

Thr

515

Glu

Ala

Glu

Glu

Tyr

595

Ile

Val

Ile

Glu

Lys

675

Gly

Gly

Pro

Leu

Asp

755

Asn

Tyr

500

Ala

Lys

Thr

Phe

Tyr

580

Ala

Val

Leu

Val

Lys

660

Ala

Val

Asp

Arg

Pro

740

Leu

Val

Ala

Trp

Phe

Ile

Val

565

Glu

Leu

Arg

Glu

Lys

645

Leu

Ile

Lys

Gly

Lys

725

Ala

Arg

Lys

<210> SEQ ID NO 48

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Pyrococcus sp. NA2

PRT

<400> SEQUENCE:

Met

1

Arg

Asn

Asp

65

Glu

Ile

Leu

Phe

Asp

50

Ile

Val

775

48

Leu Asp Ala

Phe

Arg

35

Val

Asp

Trp

Lys

20

Pro

Arg

Val

Lys

5

Lys

Tyr

Lys

Glu

Leu
85

Lys

Gly

Gly

Pro

550

Glu

Gly

Ile

Arg

Ala

630

Glu

Val

Gly

Val

Pro

710

His

Val

Trp

Lys

Asp

Glu

Ile

Ile

Lys

70

Tyr

Ala

Arg

Phe

535

Gly

Tyr

Phe

Asp

Asp

615

Ile

Val

Ile

Pro

Arg

695

Ile

Lys

Leu

Gln

Lys
775

Tyr

Asn

Tyr

Thr

55

Val

Phe

Arg

Glu

520

Lys

Ala

Ile

Tyr

Glu

600

Trp

Leu

Thr

Tyr

His

680

Pro

Ser

Tyr

Arg

Lys
760

Ile

Gly

Ala

40

Ser

Lys

Glu

Trp

505

Tyr

Val

Lys

Asn

Val

585

Glu

Ser

Lys

Glu

Glu

665

Val

Gly

Lys

Asp

Ile

745

Thr

Thr

Arg

25

Leu

Glu

Lys

His

Tyr

Ile

Leu

Pro

Ala

570

Arg

Gly

Glu

His

Lys

650

Gln

Ala

Met

Arg

Ala

730

Leu

Lys

Glu

10

Phe

Leu

Arg

Lys

Pro
90

Cys

Glu

Tyr

Glu

555

Lys

Gly

Lys

Ile

Gly

635

Leu

Ile

Val

Val

Ala

715

Glu

Glu

Gln

Asp

Lys

Lys

His

Phe

75

Gln

Lys

Phe

Ile

540

Glu

Leu

Phe

Ile

Ala

620

Asn

Ser

Thr

Ala

Ile

700

Ile

Tyr

Ala

Thr

Gly

Val

Asp

Gly

60

Leu

Asp

Glu

Val

525

Asp

Ile

Pro

Phe

Ile

605

Lys

Val

Lys

Arg

Lys

685

Gly

Leu

Tyr

Phe

Gly
765

Lys

Glu

Asp

45

Lys

Gly

Val

Cys

510

Arg

Thr

Lys

Gly

Val

590

Thr

Glu

Glu

Tyr

Pro

670

Arg

Tyr

Ala

Ile

Gly

750

Leu

Pro

Tyr

30

Ser

Val

Arg

Pro

Ala

Lys

Asp

Arg

Leu

575

Thr

Arg

Thr

Glu

Glu

655

Leu

Leu

Ile

Glu

Glu

735

Tyr

Thr

Ile

15

Asp

Ala

Val

Pro

Ala
95

Glu

Glu

Gly

Lys

560

Leu

Lys

Gly

Gln

Ala

640

Ile

His

Ala

Val

Glu

720

Asn

Arg

Ala

Ile

Arg

Ile

Arg

Ile

80

Met
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139

-continued

140

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Met

Tyr

Lys

Leu

305

Glu

Pro
Tyr
385

Ile

Asp

Phe

Lys

465

Asp

Tyr

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Leu

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Glu

Val

Asn

Glu

Ile
450
Lys

Tyr

Tyr

Lys

Pro

115

Gly

His

Ala

Pro

Ile

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Ser

Val

Ala

435

Pro

Arg

Arg

Gly

Ile

100

Phe

Asn

Glu

Asp

Tyr

180

Lys

Asp

Met

Leu

Leu

260

Glu

Pro

Val

Lys

Pro

340

Tyr

Pro

Gly

Leu

Ser

420

Pro

Ser

Met

Gln

Tyr
500

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Phe

Ala

His

Ala

Glu

325

Leu

Leu

Asp

Tyr

Asp

405

Pro

Glu

Leu

Lys

Arg

485

Ala

Glu

Lys

Glu

Glu

150

Glu

Glu

Ile

Phe

Leu

230

Asp

Pro

Val

Glu

Lys

310

Phe

Trp

Leu

Glu

Val

390

Phe

Asp

Val

Leu

Glu
470

Ala

Lys

His Pro Ala Val Ile Asp Ile Phe Glu
105 110

Arg Tyr Leu Ile Asp Lys Gly Leu Ile
120 125

Leu Thr Phe Leu Ala Val Asp Ile Glu
135 140

Glu Phe Gly Lys Gly Pro Ile Ile Met
155

Gly Ala Lys Val Ile Thr Trp Lys Lys
170 175

Val Val Ala Asn Glu Arg Glu Met Ile
185 190

Arg Glu Lys Asp Pro Asp Val Ile Ile
200 205

Asp Phe Pro Tyr Leu Leu Lys Arg Ala
215 220

Pro Leu Gly Arg Asp Asn Ser Glu Pro
235

Ser Leu Ala Val Glu Ile Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Ile Phe Gly Lys Gln Lys
280 285

Ile Ala Glu Ala Trp Glu Thr Gly Lys
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ala Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Tyr Glu Arg Arg Leu Arg Glu
375 380

Lys Glu Pro Glu Arg Gly Leu Trp Glu
395

Arg Ser Leu Tyr Pro Ser Ile Ile Ile
410 415

Thr Leu Asn Lys Glu Gly Cys Gly Glu
425 430

Gly His Arg Phe Cys Lys Asp Phe Pro
440 445

Gly Ser Leu Leu Glu Glu Arg Gln Lys
455 460

Ser Lys Asp Pro Val Glu Arg Lys Leu
475

Ile Lys Ile Leu Ala Asn Ser Phe Tyr
490 495

Ala Arg Trp Tyr Cys Lys Glu Cys Ala
505 510

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Ser

Gly

400

Thr

Tyr

Gly

Ile

Leu
480

Gly

Glu
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-continued

142

Ser Val Thr Ala Trp Gly Arg
515

Leu Glu Glu Arg Gly Phe Lys
530 535

Tyr Ala Thr Ile Pro Gly Glu
545 550

Ala Leu Glu Phe Val Asn Tyr
565

Glu Leu Glu Tyr Glu Gly Phe
580

Lys Lys Tyr Ala Leu Ile Asp
595

Leu Glu Ile Val Arg Arg Asp
610 615

Ala Lys Val Leu Glu Ala Ile
625 630

Val Lys Ile Val Lys Glu Val
645

Pro Val Glu Lys Leu Val Ile
660

Glu Tyr Lys Ala Ile Gly Pro
675

Ala Lys Gly Ile Lys Ile Lys
690 695

Leu Arg Gly Asp Gly Pro Ile
705 710

Phe Asp Gly Lys Lys His Lys
725

Gln Val Leu Pro Ala Val Glu
740

Arg Glu Asp Leu Arg Trp Gln
755

Trp Leu Lys Val Lys Lys Ser
770 775

<210> SEQ ID NO 49

<211> LENGTH: 785

<212> TYPE: PRT

<213> ORGANISM: Ferroglobus

<400> SEQUENCE: 49

Met Glu Gly Trp Leu Leu Asp
1 5

Arg Ala Val Val Arg Leu Trp
20

Val Val Tyr Asp Arg Asn Phe
35

Gly Leu Ser Lys Glu Asp Ile
50 55

Gly Val Ile Lys Pro Phe Lys
65 70

Gly Lys Glu Val Glu Val Phe
85

Val Pro Lys Leu Arg Glu Glu
100

Gln Tyr Ile
520

Val Leu Tyr

Lys Asn Trp

Ile Asn Ser
570

Tyr Thr Arg
585

Glu Glu Gly
600

Trp Ser Glu

Leu Lys His

Thr Glu Lys
650

Tyr Glu Gln
665

His Val Ala
680

Pro Gly Met

Ser Lys Arg

Tyr Asp Ala
730

Arg Ile Leu
745

Lys Thr Lys
760

placidus

Ala Asp Tyr
10

Cys Lys Asp
25

Gln Pro Tyr
40

Glu Lys Ile

Val Glu Glu

Lys Ile Tyr
90

Leu Lys Lys
105

Glu

Ile

Glu

555

Lys

Gly

Lys

Ile

Gly

635

Leu

Ile

Val

Val

Ala

715

Glu

Lys

Gln

Ile

Phe

Phe

Val

Val

75

Ala

Ile

Leu

Asp

540

Glu

Leu

Phe

Ile

Ala

620

Asn

Ser

Thr

Ala

Ile

700

Ile

Tyr

Ala

Val

Thr

Asp

Tyr

Val

60

Arg

Tyr

Thr

Val

525

Thr

Ile

Pro

Phe

Val

605

Lys

Val

Asn

Arg

Lys

685

Gly

Ala

Tyr

Phe

Gly
765

Ala

Gly

Ala

45

Lys

Arg

His

Glu

Arg

Asp

Lys

Gly

Val

590

Thr

Glu

Glu

Tyr

Pro

670

Arg

Tyr

Ile

Ile

Gly

750

Leu

Glu

Asn

30

Phe

Ser

Lys

Pro

Val
110

Arg

Gly

Arg

Ile

575

Thr

Arg

Thr

Glu

Glu

655

Leu

Leu

Val

Glu

Glu

735

Tyr

Gly

Asp

Thr

Lys

Arg

Val

Gln

95

Arg

Glu

Leu

Arg

560

Leu

Lys

Gly

Gln

Ala

640

Ile

Asn

Ala

Val

Glu

720

Asn

Lys

Ala

Gly

Phe

Asn

Glu

Phe

80

His

Glu
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143

-continued

144

Ala

Cys

Leu

145

Pro

Gly

Cys

Leu

Gly

225

Glu

Ser

Leu

Asn

Ala

305

Leu

Glu

Thr

Leu

Glu

385

Gly

Ser

Lys

Lys

Lys

465

Arg

Thr

Cys

Asp

Met

130

Lys

Glu

Met

Gly

Arg

210

Tyr

Lys

Phe

Tyr

Val

290

Lys

Lys

Leu

Asp

Leu

370

Val

Leu

Ile

Cys

His

450

Arg

Glu

Asn

Arg

Ile

115

Asp

Val

Pro

Pro

Asp

195

Phe

Asn

Leu

Arg

Asp

275

Ala

Asp

Tyr

Leu

Asp

355

Ser

Glu

His

Met

Asp

435

Pro

Arg

Tyr

Ser

Gln
515

Pro

Gly

Ile

Lys

Asp

180

Phe

Val

Gln

Ser

Gly

260

Ile

Glu

Ile

Ser

Pro

340

Val

Glu

Glu

Lys

Ile

420

Asp

Asp

Glu

Leu

Phe
500

Cys

Phe

Ile

Asp

Val

165

Pro

Glu

Glu

Asp

Val

245

Gly

Ala

Phe

Tyr

Lys

325

Met

Ala

Ala

Ser

Asn

405

Ala

Cys

Gly

Ile

Leu
485

Tyr

Ala

Ala

Arg

Ala

150

Leu

Glu

Glu

Ile

Asn

230

Lys

Arg

Met

Leu

Lys

310

Gln

His

Arg

Tyr

Tyr

390

Val

Tyr

Tyr

Phe

Lys
470
Leu

Gly

Glu

Tyr Arg Tyr Leu Ile Asp Lys Asp Leu
120 125

Val Glu Gly Lys Val Arg Glu Glu Arg
135 140

Glu His Val Glu Arg Phe Glu Ile Pro
155

Ala Phe Asp Cys Glu Met Leu Thr Glu
170 175

Lys Asp Lys Ile Ile Ile Ile Gly Val
185 190

Ile Ile Thr Gly Asn Glu Arg Glu Ile
200 205

Ile Lys Glu Gln Asp Pro Asp Val Ile
215 220

Phe Asp Trp Pro Tyr Ile Arg Lys Arg
235

Leu Asn Ile Gly Arg Asp Gly Ser Glu
250 255

Pro Lys Ile Ala Gly Arg Leu Asn Val
265 270

Lys Leu Asp Val Lys Val Lys Thr Leu
280 285

Gly Arg Lys Val Glu Leu Ala Asp Ile
295 300

Arg Trp Thr Ser Gly Asp Lys Glu Ser
315

Asp Val Leu Asn Thr Tyr Phe Ile Ala
330 335

Tyr Glu Leu Ser Arg Met Ile Arg Ile
345 350

Ile Gly Arg Gly Lys Gln Val Asp Trp
360 365

Lys Ile Gly Glu Ile Ala Pro Asn Pro
375 380

Glu Gly Ala Phe Val Leu Glu Pro Ser
395

Val Cys Leu Asp Phe Ala Ser Met Tyr
410 415

Asn Ile Ser Pro Asp Thr Tyr Val Phe
425 430

Val Ala Pro Glu Val Gly His Lys Phe
440 445

Phe Lys Arg Ile Leu Lys Met Leu Ile
455 460

Asn Gln Met Lys Ser Leu Asp Arg Asn
475

Asn Ile Lys Gln Gln Thr Leu Lys Ile
490 495

Tyr Thr Gly Trp Ser Gly Ala Arg Trp
505 510

Ala Thr Thr Ala Trp Gly Arg His Leu
520 525

Ala

Gly

Leu

160

Leu

Lys

Leu

Val

Ala

240

Ile

Asp

Glu

Glu

Val

320

Glu

Pro

Phe

Ala

Arg

400

Pro

Gly

Arg

Glu

Ser
480
Leu

Tyr

Ile
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-continued

146

Lys
Gly
545

Lys

Phe

Glu

625

Glu

Gly

Arg

Arg

Phe

705

Ile

Arg

Asn

Trp
785

Ser

530

Asp

Ile

Pro

Glu

Lys

610

Val

Lys

Lys

Pro

Ala

690

Val

Asp

Ser

Gln

Glu
770

Ala

Thr

Arg

Val

Lys

595

Gly

Gln

Ala

Val

Asp

675

Met

Val

Leu

Gly

Ile

755

Ala

Val

Asp

Gly

Gln

580

Lys

Leu

Lys

Ala

Lys

660

Lys

Glu

Val

Ile

Ser

740

Ile

Ser

Glu Ile
Ser Ile
550

Glu Val
565

Ile Glu

Arg Tyr

Glu Val

Lys Val

630

Glu Tyr
645

Leu Glu

Tyr Glu

Leu Gly

Glu Gly

710
Glu Glu
725
Ile Val

Pro Ser

Leu Lys

<210> SEQ ID NO 50

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Arg

Asn

Glu

Ile

65

Glu

Arg

Ile

Ile

Phe

Glu

50

Thr

Val

Asp

Leu

Phe

Glu

35

Ile

Lys

Trp

Lys

Asp

Lys

20

Pro

Lys

Ala

Lys

Ile
100

775

Palaeococcus ferrophilus

50

Ala Asp

Lys Glu

Tyr Ile

Lys Ile

Glu Lys

70

Leu Tyr
85

Arg Ser

Ala

535

Phe

Glu

Val

Ala

Arg

615

Ile

Val

Asp

Ser

Ile

695

Ala

Phe

Lys

Val

Gly
775

Tyr

Asn

Tyr

Thr

55

Val

Phe

His

Lys

Val

Lys

Asp

Gly

600

Arg

Glu

Arg

Val

Lys

680

Val

Gly

Asp

Lys

Leu

760

Ala

Ile

Gly

Ala

40

Ala

Glu

Thr

Pro

Lys

Lys

Leu

Glu

585

Leu

Gly

Ile

Lys

Val

665

Gln

Tyr

Asn

Gly

Leu

745

Arg

Thr

Thr

Glu

25

Leu

Glu

Arg

His

Ala
105

Leu

Lys

Ile

570

Tyr

Thr

Asp

Ile

Val

650

Ile

Ala

Asn

Val

Glu

730

Asp

Ile

Gln

Glu

10

Phe

Leu

Arg

Lys

Pro

90

Val

Gly

Gly

555

Glu

Tyr

Glu

Trp

Leu

635

Ile

Tyr

His

Val

Gly

715

Asn

Lys

Leu

Lys

Asn

Lys

Lys

His

Phe

75

Gln

Val

Phe

540

Asn

Glu

Lys

Asp

Cys

620

Lys

Asn

Lys

Val

Gly

700

Asp

Leu

Asp

Glu

Thr
780

Gly

Val

Asp

Gly

60

Leu

Asp

Asp

Glu Val Leu

Leu

Ile

Thr

Gly

605

Glu

Glu

Asp

Gly

Lys

685

Ser

Arg

Val

Tyr

Arg

765

Leu

Lys

Glu

Asp

45

Thr

Gly

Val

Ile

Ser

Ser

Ile

590

Ile

Leu

Glu

Ile

Leu

670

Ala

Lys

Ala

Ile

Tyr

750

Phe

Asp

Pro

Tyr

30

Ser

Val

Arg

Pro

Tyr
110

Leu

Glu

575

Phe

Leu

Ala

Asn

Lys

655

Thr

Ala

Val

Tyr

Arg

735

Ile

Gly

Ala

Val

Asp

Ala

Val

Pro

Ala

95

Glu

Tyr

Glu

560

Lys

Phe

Val

Lys

Pro

640

Ser

Lys

Leu

Gly

Pro

720

Thr

Asn

Tyr

Phe

Val

Arg

Ile

Arg

Val

80

Ile

Tyr
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147

-continued

148

Asp

Met

Leu

145

Ser

Asp

Ala

Tyr

Lys

225

Ile

Tyr

Lys

Leu

305

Glu

Ile

Pro

Ala
385

Asn

Ile

Arg

465

Tyr

Tyr

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Gly

Tyr

Val

Ala

Pro

450

Lys

Arg

Gly

Thr

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Pro

435

Ser

Met

Gln

Tyr

Ala
515

Phe

Asp

Glu

Asp

Tyr

180

Arg

Asp

Val

Met

Leu

260

Glu

Ala

Val

Lys

Pro

340

Phe

Pro

Tyr

Asp

Pro

420

Gln

Leu

Lys

Arg

Ala

500

Trp

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Tyr

Ala

Glu

Ala

Glu

325

Leu

Leu

Ser

Val

Tyr

405

Asp

Val

Leu

Ala

Ala
485

Arg

Gly

Lys

Glu

Glu

150

Ser

Asp

Val

Phe

Phe

230

Asp

Pro

Val

Glu

Arg

310

Phe

Trp

Leu

Gly

Lys

390

Lys

Thr

Gly

Gly

Thr
470
Ile

Ala

Arg

Arg Tyr Leu Ile Asp Lys Gly Leu Val
120 125

Leu Lys Met Leu Ala Phe Asp Ile Glu
135 140

Glu Phe Ala Glu Gly Pro Ile Leu Met
155

Glu Ala Arg Val Ile Thr Trp Lys Lys
170 175

Ala Val Ser Thr Glu Lys Asp Met Ile
185 190

Lys Glu Lys Asp Pro Asp Val Leu Ile
200 205

Asp Phe Ala Tyr Leu Lys Lys Arg Cys
215 220

Ile Leu Gly Arg Asp Gly Ser Glu Pro
235

Arg Phe Ala Val Asp Val Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Ile Phe Gly Arg Pro Lys
280 285

Ile Ala Gln Ala Trp Glu Thr Asn Glu
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ser Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Tyr Asp Glu Arg Arg Gly Gly
375 380

Glu Pro Glu Lys Gly Leu Trp Glu Asn
395

Ser Leu Tyr Pro Ser Ile Ile Ile Thr
410 415

Leu Asn Arg Glu Gly Cys Lys Glu Tyr
425 430

His Arg Phe Cys Lys Asp Phe Pro Gly
440 445

Asp Leu Leu Glu Glu Arg Gln Lys Ile
455 460

Ile Asp Pro Ile Glu Arg Arg Leu Leu
475

Lys Ile Leu Ala Asn Ser Tyr Tyr Gly
490 495

Arg Trp Tyr Cys Lys Glu Cys Ala Glu
505 510

Glu Tyr Ile Glu Met Ser Ile Arg Glu
520 525

Pro

Thr

Ile

160

Val

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Tyr

Ile

400

His

Asp

Phe

Lys

Asp

480

Tyr

Ser

Ile
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-continued

150

Glu

His

545

Met

Leu

Lys

Glu

Arg

625

Ser

Pro

Tyr

Arg

Lys

705

Asp

Glu

Leu

Glu

530

Ala

Glu

Glu

Tyr

Ile

610

Val

Ile

Glu

Lys

Gly

690

Gly

Pro

Leu

Asp

Lys
770

Lys

Thr

Phe

Tyr

Ala

595

Val

Leu

Val

Lys

Ala

675

Val

Ser

Ala

Pro

Leu

755

Pro

Tyr

Ile

Leu

Glu

580

Val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala

740

Arg

Lys

Gly Phe

Pro Gly
550

Lys Tyr
565

Gly Phe

Ile Asp

Arg Asp

Ala Leu

630

Glu Val
645

Val Ile

Gly Pro

Ile Arg

Arg Ile

710
His Arg
725
Val Glu

Tyr Gln

Gly Lys

<210> SEQ ID NO 51

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Thermococcus gammatolerans

PRT

<400> SEQUENCE:

Met
1
Arg

Thr

Glu

65

Glu

Arg

Asp

Ile

Val

Phe

Asp

50

Lys

Val

Asp

Ile

Leu

Phe

Glu

35

Val

Arg

Trp

Lys

Pro
115

Asp

Lys

20

Pro

Lys

Ala

Lys

Ile

100

Phe

775

51

Thr Asp

Lys Glu

Tyr Phe

Lys Val

Glu Lys

70

Leu Tyr
85

Arg Ala

Ala Lys

Lys

535

Glu

Ile

Tyr

Glu

Trp

615

Leu

Thr

His

His

Pro

695

Gly

Tyr

Arg

Lys

Lys
775

Tyr

Asn

Tyr

Thr

55

Val

Phe

His

Arg

Val

Asp

Asn

Arg

Glu

600

Ser

Lys

Glu

Glu

Val

680

Gly

Asp

Asp

Ile

Thr
760

Ile

Gly

Ala

40

Ala

Gln

Thr

Pro

Tyr
120

Leu

Ala

Ser

Arg

585

Gly

Glu

Asp

Lys

Gln

665

Ala

Thr

Arg

Ala

Leu

745

Arg

Thr

Glu

25

Leu

Lys

Arg

His

Ala

105

Leu

Tyr

Glu

Lys

570

Gly

Lys

Ile

Gly

Leu

650

Ile

Ile

Val

Ala

Glu

730

Lys

Gln

Glu

10

Phe

Leu

Arg

Lys

Pro

90

Val

Ile

Ala

Thr

555

Leu

Phe

Ile

Ala

Asn

635

Ser

Thr

Ala

Ile

Ile

715

Tyr

Ala

Val

Asn

Lys

Lys

His

Phe

75

Gln

Val

Asp

Asp

540

Ile

Pro

Phe

Thr

Lys

620

Val

Lys

Arg

Lys

Ser

700

Pro

Tyr

Phe

Gly

Gly

Ile

Asp

Gly

60

Leu

Asp

Asp

Lys

Thr

Lys

Gly

Val

Thr

605

Glu

Glu

Tyr

Glu

Arg

685

Tyr

Phe

Ile

Gly

Leu
765

Lys

Glu

Asp

45

Ala

Gly

Val

Ile

Gly
125

Asp

Lys

Ala

Thr

590

Arg

Thr

Glu

Glu

Leu

670

Leu

Ile

Asp

Glu

Tyr

750

Gly

Pro

Tyr

30

Ser

Val

Arg

Pro

Tyr
110

Leu

Gly

Lys

Leu

575

Lys

Gly

Gln

Ala

Val

655

Lys

Ala

Val

Glu

Asn

735

Arg

Ala

Val

15

Asp

Ala

Val

Pro

Ala

95

Glu

Ile

Phe

Ala

560

Glu

Lys

Leu

Ala

Val

640

Pro

Asp

Ala

Leu

Phe

720

Gln

Lys

Trp

Ile

Arg

Ile

Lys

Ile

80

Ile

Tyr

Pro
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151

-continued

152

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Ile

Tyr

Lys

Leu

305

Glu

Ile

Pro

Ala
385

Asn

Ile
Arg
465

Tyr

Tyr

Glu

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Gly

Tyr

Val

Ala

Pro

450

Lys

Arg

Gly

Thr

Glu
530

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Pro

435

Ser

Met

Gln

Tyr

Ala

515

Lys

Asp

Glu

Asp

Tyr

180

Arg

Asp

Ile

Met

Leu

260

Glu

Ala

Val

Arg

Ser

340

Phe

Pro

Tyr

Asp

Pro

420

Glu

Leu

Lys

Arg

Ala
500

Trp

Phe

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Tyr

Ala

Glu

Ala

Glu

325

Leu

Leu

Asp

Val

Phe

405

Asp

Val

Leu

Ala

Ala
485
Lys

Gly

Gly

Glu

Glu

150

Asn

Asp

Val

Phe

Phe

230

Asp

Pro

Val

Glu

Arg

310

Phe

Trp

Leu

Glu

Lys

390

Arg

Thr

Gly

Gly

Thr

470

Ile

Ala

Arg

Phe

Leu Arg Met Leu Ala Phe Asp Ile Glu
135 140

Glu Phe Gly Thr Gly Pro Ile Leu Met
155

Glu Ala Arg Val Ile Thr Trp Lys Lys
170 175

Val Val Ser Thr Glu Lys Glu Met Ile
185 190

Lys Glu Lys Asp Pro Asp Val Leu Ile
200 205

Asp Phe Ala Tyr Leu Lys Lys Arg Cys
215 220

Thr Leu Gly Arg Asp Gly Ser Glu Pro
235

Arg Phe Ala Val Glu Val Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Val Phe Gly Lys Pro Lys
280 285

Ile Thr Glu Ala Trp Glu Ser Gly Glu
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ser Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Leu Ala Arg Arg Arg Glu Ser
375 380

Glu Pro Glu Arg Gly Leu Trp Asp Asn
395

Ser Leu Tyr Pro Ser Ile Ile Ile Thr
410 415

Leu Asn Arg Glu Gly Cys Lys Glu Tyr
425 430

His Lys Phe Cys Lys Asp Phe Pro Gly
440 445

Asp Leu Leu Glu Glu Arg Gln Lys Ile
455 460

Ile Asp Pro Leu Glu Lys Lys Leu Leu
475

Lys Ile Leu Ala Asn Ser Phe Tyr Gly
490 495

Arg Trp Tyr Cys Lys Glu Cys Ala Glu
505 510

Glu Tyr Ile Glu Thr Thr Ile Arg Glu
520 525

Lys Val Leu Tyr Ala Asp Thr Asp Gly
535 540

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Tyr

Ile

400

His

Asp

Phe

Lys

Asp

480

Tyr

Ser

Ile

Phe
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-continued

154

Phe

545

Lys

Leu

Lys

Glu

Arg

625

Arg

Pro

Tyr

Lys

Lys

705

Asp

Glu

Leu

Ala

Glu

Glu

Tyr

Ile

610

Val

Ile

Glu

Lys

Gly

690

Gly

Pro

Leu

Asp

Lys
770

Thr

Phe

Tyr

Ala

595

Val

Leu

Val

Lys

Ala

675

Val

Ser

Thr

Pro

Leu

755

Val

Ile

Leu

Glu

580

Val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala

740

Arg

Lys

Pro Gly
550

Lys Tyr
565

Gly Phe

Ile Asp

Arg Asp

Ala Ile

630

Glu Val
645

Val Ile

Gly Pro

Ile Arg

Arg Ile

710
His Arg
725
Val Glu

Tyr Gln

Gly Lys

<210> SEQ ID NO 52

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Arg

Asn

Glu

65

Glu

Arg

Asp

Met

Ile

Ile

Phe

Asp

50

Lys

Val

Asp

Ile

Glu
130

Leu

Phe

Glu

35

Val

Arg

Trp

Arg

Pro
115

Gly

Asp

Lys

20

Pro

Lys

Ala

Lys

Ile
100

Phe

Asp

775

Ala

Ile

Tyr

Glu

Trp

615

Leu

Thr

His

His

Pro

695

Gly

Tyr

Arg

Lys

Lys
775

Asp

Asn

Val

Glu

600

Ser

Lys

Glu

Glu

Val

680

Gly

Asp

Asp

Ile

Thr
760

Ala

Ala

Arg

585

Gly

Glu

His

Lys

Gln

665

Ala

Thr

Arg

Ala

Leu

745

Lys

Glu

Lys

570

Gly

Lys

Ile

Gly

Leu

650

Ile

Val

Val

Ala

Glu

730

Lys

Gln

Thr

555

Leu

Phe

Ile

Ala

Asp

635

Ser

Thr

Ala

Ile

Ile

715

Tyr

Ala

Val

Thermococcus celericrescens

52

Thr Asp

Lys Asp

Tyr Ile

Lys Ile

Glu Lys
70

Leu Tyr
85
Arg Ala

Ala Lys

Glu Glu

Tyr

Asn

Tyr

Thr

55

Val

Phe

His

Arg

Leu
135

Ile

Gly

Ala

Ala

Lys

Thr

Pro

Tyr
120

Lys

Thr

Glu

25

Leu

Glu

Lys

Arg

Ala
105

Leu

Met

Glu

10

Phe

Leu

Arg

Lys

Pro

90

Val

Ile

Leu

Asp

Lys

Arg

His

Phe

75

Gln

Val

Asp

Ala

Val

Pro

Phe

Thr

Lys

620

Val

Lys

Arg

Lys

Ser

700

Pro

Tyr

Phe

Gly

Gly

Ile

Asp

Gly

60

Leu

Asp

Asp

Lys

Phe
140

Lys

Gly

Val

Thr

605

Glu

Glu

Tyr

Asp

Arg

685

Tyr

Ala

Ile

Gly

Leu
765

Lys

Glu

Asp

Arg

Gly

Val

Ile

Gly

125

Asp

Lys

Leu

Thr

590

Arg

Thr

Glu

Glu

Leu

670

Leu

Ile

Asp

Glu

Tyr

750

Gly

Pro

Tyr

30

Ser

Val

Arg

Pro

Tyr
110

Ile

Ile

Lys

Leu

575

Lys

Gly

Gln

Ala

Val

655

Arg

Ala

Val

Glu

Asn

735

Arg

Ala

Val

15

Asp

Ala

Val

Pro

Ala

95

Glu

Ile

Glu

Ala

560

Glu

Lys

Leu

Ala

Val

640

Pro

Asp

Ala

Leu

Phe

720

Gln

Lys

Trp

Ile

Arg

Ile

Lys

Val

80

Ile

Tyr

Pro

Thr
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155

-continued

156

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Ile

Tyr

Lys

Leu

305

Glu

Pro

Thr

385

Asn

Glu

Ile

Lys

465

Tyr

Tyr

Glu

His
545

Tyr

Tyr

Leu

Phe

Asn

210

Phe

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Gly

Tyr

Val

Ala

Pro

450

Arg

Arg

Ala

Thr

Glu
530

Ala

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Leu

Ser

Pro

435

Ser

Met

Gln

Tyr

Ala

515

Lys

Thr

Glu

Asp

Phe

180

Lys

Asp

Ile

Met

Leu

260

Glu

Pro

Val

Arg

Ser

340

Phe

Pro

Tyr

Asp

Pro

420

Gln

Leu

Lys

Arg

Ala

500

Trp

Tyr

Ile

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Tyr

Ala

Glu

Ala

Glu

325

Phe

Leu

Asp

Val

Phe

405

Asp

Val

Leu

Ala

Ala

485

Arg

Gly

Gly

Pro

Glu

150

Asn

Asp

Ile

Phe

Phe

230

Asp

Pro

Val

Glu

Arg

310

Phe

Trp

Leu

Glu

Lys

390

Arg

Thr

Gly

Gly

Thr

470

Ile

Ala

Arg

Phe

Gly
550

Glu Phe Ala Glu Gly Pro Ile Leu Met
155

Glu Ala Arg Val Ile Thr Trp Lys Lys
170 175

Val Val Ser Thr Glu Lys Glu Met Ile
185 190

Lys Glu Lys Asp Pro Asp Val Leu Ile
200 205

Asp Phe Ala Tyr Leu Lys Lys Arg Cys
215 220

Thr Leu Gly Arg Asp Gly Ser Asp Pro
235

Arg Phe Ala Val Glu Val Lys Gly Arg
250 255

Val Ile Leu Arg Thr Val Asn Leu Pro
265 270

Tyr Glu Ala Ile Phe Gly Thr Pro Lys
280 285

Ile Thr Thr Ala Trp Glu Thr Gly Glu
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ser Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Leu Val Arg Arg Arg Asn Ser
375 380

Glu Pro Glu Arg Gly Leu Trp Asp Asn
395

Ser Leu Tyr Pro Ser Ile Ile Ile Thr
410 415

Leu Asn Arg Glu Gly Cys Lys Glu Tyr
425 430

His Lys Phe Cys Lys Asp Phe Pro Gly
440 445

Asn Leu Leu Asp Glu Arg Gln Lys Ile
455 460

Ile Asp Pro Leu Glu Lys Lys Leu Leu
475

Lys Ile Leu Ala Asn Ser Tyr Tyr Gly
490 495

Arg Trp Tyr Cys Lys Glu Cys Ala Glu
505 510

Glu Tyr Ile Glu Met Ser Ile Arg Glu
520 525

Lys Val Leu Tyr Ala Asp Thr Asp Gly
535 540

Ala Asp Ala Glu Thr Val Lys Lys Lys
555

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Phe

320

Leu

Leu

Ala

Tyr

Ile

400

His

Asp

Phe

Lys

Asp

480

Tyr

Ser

Ile

Phe

Ala
560
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-continued

158

Met

Leu

Lys

Glu

Arg

625

Ser

Pro

Tyr

Arg

Lys

705

Asp

Glu

Leu

Glu

Glu

Tyr

Ile

610

Val

Ile

Glu

Lys

Gly

690

Gly

Pro

Leu

Asp

Gln
770

Phe

Tyr

Ala

595

Val

Leu

Val

Lys

Ala

675

Val

Ser

Thr

Pro

Leu

755

Pro

Leu

Glu

580

Val

Arg

Glu

Lys

Leu

660

Thr

Lys

Gly

Lys

Ala

740

Arg

Lys

Lys

565

Gly

Ile

Arg

Ala

Glu

645

Val

Gly

Ile

Arg

His

725

Val

Tyr

Gly

<210> SEQ ID NO 53

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Vulcanisaeta distributa

PRT

<400> SEQUENCE:

Met
1

Ser

Gly

65

Glu

Glu

Glu

Lys

Asn
145

Glu

Thr

Leu

Gly

Lys

Val

Leu

Ala

Pro

130

Tyr

Leu

Pro

Val

35

Asp

Val

Asp

Arg

Asp

115

Ser

Gln

Ala

Glu

20

Leu

Val

Leu

Ala

Glu

100

Ile

Asn

Val

784

53

Phe

Leu

Asp

Asn

Asn

Ile

85

Leu

Arg

Trp

Asp

Tyr

Phe

Asp

Asp

Leu

630

Val

Ile

Pro

Arg

Ile

710

Arg

Glu

Gln

Lys

Trp

Arg

Arg

Ala

Val

70

Arg

Ala

Phe

Ile

Leu
150

Ile

Tyr

Glu

Trp

615

Leu

Thr

His

His

Pro

695

Gly

Tyr

Arg

Lys

Lys
775

Leu

Leu

Ser

Val

55

Glu

Val

Ala

Ser

Val
135

Val

Asn

Lys

Glu

600

Ser

Lys

Glu

Glu

Val

680

Gly

Asp

Asp

Ile

Thr
760

Leu

Phe

Phe

40

Phe

Val

Thr

Glu

Gln
120

Val

Cys

Ala

Arg

585

Gly

Glu

Asp

Lys

Gln

665

Ala

Thr

Arg

Ala

Leu

745

Arg

Asp

Gly

25

Arg

Asn

Ile

Ala

Val
105
Arg

Asp

Leu

Lys

570

Gly

Lys

Ile

Gly

Leu

650

Ile

Ile

Val

Ala

Glu

730

Lys

Gln

Ile

10

Ile

Pro

Asn

Lys

Thr

90

Pro

Tyr

Gln

Ala

Leu

Phe

Ile

Ala

Asn

635

Gly

Thr

Ala

Ile

Ile

715

Tyr

Ala

Val

Thr

Thr

Tyr

Val

Arg

75

Ile

Gly

Leu

Cys

Lys
155

Pro

Phe

Thr

Lys

620

Val

Lys

Arg

Lys

Ser

700

Pro

Tyr

Phe

Gly

Tyr

Asp

Phe

Lys

60

Lys

Pro

Val

Leu

Glu

140

Ser

Gly

Val

Thr

605

Glu

Glu

Tyr

Glu

Arg

685

Tyr

Phe

Ile

Gly

Leu
765

Gly

Asp

Tyr

45

Arg

Met

Glu

Glu

Asp
125

Glu

Arg

Ala

Thr

590

Arg

Thr

Glu

Glu

Leu

670

Leu

Ile

Asp

Glu

Tyr

750

Gly

Val

Gly

30

Val

Lys

Phe

Lys

Asp

110

Met

Val

Pro

Leu

575

Lys

Gly

Gln

Ala

Val

655

Lys

Ala

Val

Glu

Asn

735

Arg

Val

Ile

15

Lys

Ile

Leu

Gly

Val

95

Val

Gly

Lys

Arg

Glu

Lys

Leu

Ala

Val

640

Pro

Asp

Ala

Leu

Phe

720

Gln

Ala

Trp

Gly

Arg

Pro

Glu

Asn

80

Arg

Leu

Val

Gly

Met
160
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159

-continued

160

Ile

Glu

Ile

Tyr

225

Gly

Arg

Gly

Ile

Glu

305

Leu

Lys

Leu

Ile

385

Glu

Pro

Pro

Gly

Arg

465

Glu

Ser

Met

Tyr

Leu

545

Tyr

Glu

Val

Ile

Asp

210

Phe

Phe

Leu

His

Glu

290

Phe

Arg

Lys

Leu

Asp

370

Phe

Arg

Gly

Ser

Asp

450

Arg

Ser

Pro

Ala

Arg
530

Arg

Gly

Glu

Tyr

Ile

195

Asp

Arg

Asp

Ala

Trp

275

Glu

Phe

Ile

Tyr

Leu

355

Gln

Tyr

Pro

Leu

Ile

435

Cys

Ser

Arg

Glu

Asn

515

Arg

Thr

Asp

His

Asn

180

Ser

Asn

Lys

Trp

Leu

260

Ser

Ile

Gly

His

Ala

340

Pro

Val

Glu

Tyr

His

420

Met

Gly

Pro

Arg

Trp

500

Ala

Glu

Val

Thr

Lys

165

Pro

Thr

Lys

Tyr

Pro

245

Ser

Ile

Ser

Ile

Glu

325

Arg

Phe

Gly

Ala

Glu

405

Glu

Met

Asp

Glu

Arg

485

Val

Met

Val

Ile

Asp
565

Leu

Arg

Met

Asn

Asp

230

Tyr

Arg

Ile

Glu

Met

310

Tyr

Asp

Ala

Ala

Val

390

Thr

Asn

Lys

Cys

Gly

470

Val

Leu

Tyr

Ala

Glu

550

Ser

Pro Ser Phe Arg Val Leu Ala Phe Asp
170 175

Gly Met Pro Asn Pro Asp Arg Asp Pro
185 190

Thr Lys Glu Asp Gly Val Lys Met Phe
200 205

Asp Ala Lys Ile Ile Arg Glu Phe Leu
215 220

Pro Asp Ile Val Val Gly Tyr Asn Asn
235

Leu Val Asn Arg Ser Ser Arg Val Gly
250 255

Met Gly Asn Pro Pro Glu Pro Ser Val
265 270

Gly Arg Ala Asn Val Asp Leu Tyr Asn
280 285

Ile Lys Val Lys Ser Leu Asp Arg Ala
295 300

Lys Arg Ser Glu Arg Val Leu Ile Pro
315

Trp Asp Asp Lys Asn Lys Arg Asp Leu
330 335

Asp Val Val Ser Thr Tyr Gly Leu Ala
345 350

Ile Gln Leu Ser Ser Ile Ser Gly Leu
360 365

Ala Ser Val Gly Ala Arg Val Glu Trp
375 380

Lys Arg Gly Glu Leu Ala Pro Asn Arg
395

Tyr Lys Gly Ala Val Val Leu Glu Pro
410 415

Ile Ala Val Ile Asp Phe Ser Ser Met
425 430

Tyr Asn Val Ser Pro Asp Thr Leu Val
440 445

Tyr Val Ala Pro Glu Val Asn Tyr Lys
455 460

Leu Tyr Pro Gly Leu Leu Arg Ile Leu
475

Arg Asp Leu Met Lys Lys Tyr Pro Glu
490 495

Leu Asn Glu Arg Gln Arg Ala Leu Lys
505 510

Gly Tyr Cys Gly Trp Leu Gly Ala Arg
520 525

Glu Ala Val Thr Ala Trp Gly Arg Asn
535 540

Lys Ala Arg Ser Leu Gly Leu Pro Ile
555

Leu Phe Val Arg Asn Ile Ser Asp Lys
570 575

Ile

Val

Val

Asp

Asn

240

Val

Tyr

Phe

Ala

Gly

320

Leu

Glu

Pro

Met

Glu

400

Arg

Tyr

Leu

Phe

Val

480

Asn

Val

Trp

Leu

Ile

560

Val
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-continued

162

Asp

Tyr

Ala

625

Tyr

Asp

Lys

Gly

705

Gly

Lys

Gln

Ala

Asp

Val

610

Val

Ala

Val

Asp

Val

690

Tyr

Gly

Asp

Pro

Leu
770

Leu

Lys

595

Gly

Arg

Glu

Lys

Val

675

Leu

Lys

Gly

Ile

Ala

755

Met

Ile

580

Val

Leu

Gly

Ile

Ser

660

Ile

Thr

Val

Ala

Arg

740

Ala

Glu

Asn

Tyr

Thr

Asp

Val

645

Val

Ile

Pro

Gly

Lys

725

Glu

Met

Gly

<210> SEQ ID NO 54

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Ile

Lys

Asp

Phe
145

Ile

Leu

Ile

Lys

Pro

50

Leu

Val

Lys

Arg

Val

130

Ala

Glu

Arg

Leu

Gly

35

Ser

Leu

Ala

Leu

Arg
115
Ser

Asp

Asp

Thr

Val

20

Phe

Glu

Glu

Thr

Asp

100

Ala

Asp

Val

Leu

830

Tyr

Arg

Val

Trp

630

Leu

Ile

Trp

His

Lys

710

Leu

Val

Arg

Lys

Val

Arg

Glu

615

Ala

Thr

Asp

Lys

Val

695

Gly

Ala

Asp

Ile

Ala
775

Asn

Val

600

Gly

Glu

Thr

Lys

Thr

680

Ala

Asp

Tyr

Val

Leu

760

Gly

Asn

585

Leu

Glu

Ile

Gly

Val

665

Leu

Ala

Met

Lys

Asp

745

Glu

Lys

Glu

Phe

Val

Ala

Asp

650

Lys

Asp

Ala

Ile

Val

730

Tyr

Val

Ser

Methanopyrus kandleri

54

Val

Gly

Arg

Val

His

Tyr

85

Gly

Ala

Leu

Glu

Val
165

Trp

Arg

Pro

Glu

Pro

70

Pro

Val

Val

Asp

Asp

150

Val

Val

Arg

Tyr

Arg

55

Tyr

Lys

Lys

Asp

Thr

135

Ala

Ala

Asp

Glu

Phe

40

Leu

Gly

Val

Glu

Leu
120
Gly

Arg

Ser

Tyr

Asp

25

Tyr

Ser

Gly

Val

Val

105

Asn

Ser

Glu

Phe

Ala

Gly

Ala

Gly

Asp

Pro

90

Tyr

Leu

Trp

Leu

Asp
170

Leu

Thr

Asp

Lys

635

Val

Ala

Lys

Lys

Gly

715

Lys

Tyr

Leu

Ile

Arg

Asn

Glu

Val

Arg

Lys

Glu

Pro

Ser

Asp
155

Leu

Gly

Glu

Ile

620

Asp

Gly

Tyr

Ser

Gln

700

Tyr

Pro

Val

Gly

Leu
780

Lys

Pro

Val

Val

60

Val

Leu

Ala

Pro

Gly
140

His

Glu

Phe

Ala

605

Val

Val

Lys

Gln

Leu

685

Leu

Val

Tyr

Glu

Val

765

Asp

Gly

Ala

Glu

45

Glu

Glu

Arg

Asp

Ala

125

Leu

Arg

Val

Glu

590

Lys

Gly

Gln

Ala

Phe

670

Asn

Val

Val

Ile

Lys

750

Lys

Tyr

Glu

Ala

30

Asp

Val

Leu

Glu

Ile

110

Ser

Pro

Pro

Leu

Val

Lys

Phe

Glu

Ile

655

Asp

Glu

Glu

Val

Leu

735

Gln

Glu

Phe

Pro

15

Leu

Gly

Glu

Leu

Gln

95

Pro

Glu

Ala

Tyr

Ala
175

Lys

Arg

Glu

Asn

640

Ser

Ile

Tyr

Ala

Lys

720

Ile

Ile

Ser

Ser

Asp

Val

Phe

Glu

Arg

Val

Phe

Val

Tyr

Pro

160

Glu
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163

-continued

164

Pro

Phe

Trp

225

Glu

Glu

Asp

Lys

305

Thr

Met

Glu

Gly

Leu

385

Trp

Lys

Gly

Cys

Ile

465

Glu

Gly

Asp

Gln

545

Ala

Trp

Gly

Ala

Lys

210

Ile

Phe

Phe

Val

His

290

Asp

Leu

Glu

Leu

Leu

370

Pro

Arg

Pro

Ala

Val

450

Ser

Glu

Lys

Leu

Thr
530
Ala

Asn

Gly

Thr

Tyr

195

Gly

Val

Arg

Asp

Ser

275

Gly

Leu

Glu

Leu

Met

355

Glu

Leu

Ala

Thr

Ile

435

Asp

Pro

Val

Phe

Ile

515

Glu

Tyr

Ala

Arg

Thr

180

Ser

Glu

Cys

Arg

Leu

260

Pro

Gly

Tyr

Glu

Ala

340

Arg

Leu

Pro

Ile

Arg

420

Val

Phe

Asp

Asp

Cys

500

Glu

Ser

Lys

Arg

Tyr
580

Ile

Thr

Asp

Arg

Val

245

Pro

Leu

Gly

His

Ala

325

Asp

Tyr

Ala

Asp

Tyr

405

Asp

Phe

Ala

Thr

Asp

485

Lys

Arg

His

Val

Trp
565

Tyr

Lys

Pro

Glu

Ser

230

Asp

Tyr

Ala

Arg

Thr

310

Val

Ile

Ser

Gln

Ala

390

Lys

Glu

Glu

Ser

Phe

470

Pro

Arg

Arg

Pro

Leu
550

Phe

Ile

Gly Ala Ser Gly Pro Ile Ile Ala Ile
185 190

Asp Gly Glu Arg Arg Asn Tyr Val Ile
200 205

Ser Phe Glu Val Asp Gly Val Glu Thr
215 220

Glu Ala Ala Ala Leu Arg Arg Phe Phe
235

Pro Asp Val Val Phe Thr Tyr Asn Gly
250 255

Leu Gln His Arg Ala Gly Lys Leu Gly
265 270

Arg Pro Ala Gly Lys Arg Gly Ile Ile
280 285

Tyr Ala Ser Asp Ile Phe Gly Arg Ala
295 300

Ala Arg Lys Asn Leu Lys Leu Glu Arg
315

Lys Asp Val Leu Gly Val Glu Lys Glu
330 335

Asn Glu Ala Trp Lys Arg Gly Asn Leu
345 350

Ala Glu Asp Ala His Tyr Thr Leu Glu
360 365

Val Glu Leu Glu Leu Ser Tyr Leu Thr
375 380

Thr Arg Phe Ser Phe Gly Gln Leu Ala
395

Ala Arg Gln Glu Asp Ile Leu Val Pro
410 415

Tyr Lys Arg Arg Arg Arg Lys Ala Tyr
425 430

Pro Glu Ile Gly Leu His Glu Asn Val
440 445

Leu Tyr Pro Asn Val Met Val Ala His
455 460

Asp Cys Asp Cys Cys Pro Arg Val Thr
475

Thr Asp Ala Thr Val Ala Pro Asp Val
490 495

Arg Lys Gly Phe Phe Pro Arg Leu Val
505 510

Arg Glu Leu Lys Arg Arg Leu Arg Lys
520 525

His Glu Ala Lys Ile Leu Asp Val Arg
535 540

Ala Asn Ser Tyr Tyr Gly Tyr Met Gly
555

Cys Arg Glu Cys Ala Glu Ser Val Thr
570 575

Ser Glu Val Arg Arg Ile Ala Glu Glu
585 590

Ser

Thr

Glu

Asp

240

Asp

Ile

Leu

His

Phe

320

Glu

Asp

Leu

Arg

Glu

400

Asn

Lys

Val

Asn

Val

480

Gly

Glu

Leu

Gln

Trp

560

Ala

Lys
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-continued

166

Tyr

Leu

Leu

625

Ala

Thr

Asp

Ile

Pro

Pro

Ser

Lys

785

Gly

Gly

Pro

610

Lys

Tyr

Glu

Trp

Leu

690

Leu

Thr

His

Glu

Val

770

Glu

Glu

Glu

Leu

595

Asp

Glu

Lys

Asp

Ala

675

Ala

Glu

Ser

Val

Pro

755

Ser

Pro

Arg

Thr

Lys

Ala

Val

Arg

Gly

660

Pro

Asp

Arg

Gln

Arg

740

Gly

Asp

Asp

Ile

Ala
820

Val

Asp

Asn

Ile

645

Lys

Ile

Asn

Leu

Leu

725

Ala

Thr

Lys

Val

Met

805

Ser

<210> SEQ ID NO 55

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Pro

Pro

65

Arg

Leu

Ala

Pro

Glu

Tyr

Val

Thr

50

Val

Arg

Arg

Asp

Cys
130

Leu

Pro

Leu

35

Cys

Asp

Phe

Glu

Ile

115

Ser

Lys

Glu

20

Val

Glu

Glu

Leu

Ala
100

Arg

Trp

784

Val

Leu

Gly

630

Leu

Ile

Ala

Asp

Lys

710

Thr

Ala

Ile

Ala

Asp

790

Arg

Gln

Tyr

Glu

615

Arg

Phe

Val

Arg

Pro

695

Ser

Lys

Leu

Val

Tyr

775

Tyr

Ala

Lys

Gly

600

Glu

Leu

Val

Thr

Glu

680

Glu

Gly

Lys

Arg

Arg

760

Pro

Tyr

Ile

Thr

Asp

Thr

Pro

Thr

Lys

665

Thr

Ala

Asp

Pro

Leu

745

Tyr

Val

Ile

Gly

Leu
825

Thr

Ile

Val

Lys

650

Gly

Gln

Ala

Val

Ser

730

Ala

Val

Glu

Glu

Tyr

810

Asp

Asp

Glu

Glu

635

Lys

Leu

Arg

Leu

Asp

715

Glu

Arg

Ile

Leu

His

795

Ser

Gln

Thermoproteus neutrophilus

55

Ile

Val

Asp

Val

Val

Met

85

Ala

Phe

Asn

Trp

Arg

Arg

Gly

Ser

70

Val

Ala

Tyr

Arg

Pro

Val

Ser

Val

55

Ala

Val

Gln

Met

Ala
135

Leu

Phe

Phe

40

Val

Ala

Ala

Ile

Arg
120

Glu

Asp

Gly

25

Lys

Lys

Glu

Arg

Pro
105

Tyr

Val

Val

10

Leu

Pro

Ser

Arg

Val
90
Gly

Met

Glu

Thr

Thr

Tyr

Ser

Arg

75

Pro

Val

Ile

Gly

Ser

Arg

620

Leu

Lys

Glu

Arg

Lys

700

Ile

Tyr

His

Val

Val

780

Gln

Arg

Phe

Tyr

Glu

Phe

Leu

60

Phe

Glu

Ala

Asp

Gly
140

Leu

605

Val

Glu

Tyr

Val

Val

685

Glu

Asp

Val

Leu

Arg

765

Arg

Ile

Gly

Phe

Ala

Gly

Tyr

45

Ser

Leu

Asp

Gly

Val
125

Gly

Phe

Lys

Leu

Ala

Val

670

Leu

Ile

Glu

Gln

Gly

750

Gly

Glu

Leu

Gln

Gly
830

Val

Gly

30

Val

Arg

Gly

Val

Val
110

Gly

Lys

Val

Glu

Glu

Gly

655

Arg

Lys

His

Leu

Lys

735

Val

Pro

Glu

Pro

Ile
815

Val

15

Gly

Asp

Val

Arg

Arg

95

Tyr

Leu

Val

Lys

Phe

Asp

640

Tyr

Arg

Arg

Glu

Ala

720

Gly

Glu

Gly

Gly

Ala

800

Val

Gly

Arg

Cys

Ala

Pro

80

Arg

Glu

Leu

Gly
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167

-continued

168

Gly
145
Phe

Glu

Asp
Asp
225

Tyr

Arg

Glu

Met

305

Tyr

Asp

Leu

Ala

Tyr

385

Pro

Asp

Lys

Pro

Arg

465

Leu

Pro

Ala

Lys

Lys
545

Leu

Pro

Arg

Lys

Asp

210

Pro

Leu

Leu

Gly

Ile

290

Arg

Trp

Asp

Ile

Ala

370

Arg

Tyr

Val

Tyr

Pro

450

Ser

Arg

Glu

Asn

Arg
530

Asp

Pro

Pro

Gly

Thr

195

Arg

Asp

Ala

Gly

Arg

275

Lys

Arg

Arg

Val

Gln

355

Ser

Leu

Lys

Leu

Asn

435

Glu

Pro

Lys

Phe

Ala
515

Glu

Val

Gln

Pro

Thr

180

Asp

Gly

Val

Gly

Gly

260

Ala

Leu

Glu

Asp

Arg

340

Leu

Val

Gly

Gly

Val

420

Leu

Gly

Leu

Ala

Arg

500

Met

Val

Ile

Tyr

Leu

165

Pro

Asp

Val

Val

Arg

245

Leu

Asn

Lys

Glu

Pro

325

Ser

Ser

Gly

Glu

Ala

405

Leu

Ser

Val

Gly

Val

485

Ile

Tyr

Ala

Glu

Thr

150

Arg

Asp

Gly

Leu

Val

230

Ala

Pro

Val

Thr

Arg

310

Gly

Thr

Ser

Asn

Val

390

Ile

Asp

Pro

Asn

Phe

470

Arg

Leu

Gly

Glu

Gln
550

Val Val Gln Trp Leu Gly Pro Ala Gly
155

Val Leu Ala Phe Asp Ile Glu Val Tyr
170 175

Pro Ala Arg Asp Pro Val Val Met Ile
185 190

Arg Glu Glu Val Phe Glu Ala Glu Gly
200 205

Arg Ser Phe Val Glu Phe Val Lys Ser
215 220

Gly Tyr Asn Ser Asn Gly Phe Asp Trp
235

Arg Ala Ile Gly Val Pro Leu Arg Val
250 255

Gln Gln Ser Val Tyr Gly His Trp Ser
265 270

Asp Leu Tyr Gly Ile Val Glu Glu Phe
280 285

Leu Asp Arg Val Ala Glu Tyr Phe Gly
295 300

Val Leu Ile Pro Gly His Lys Ile Tyr
315

Lys Arg Pro Leu Leu Arg Gln Tyr Val
330 335

Leu Gly Leu Ala Asp Lys Leu Leu Pro
345 350

Val Ser Gly Leu Pro Leu Asp Gln Val
360 365

Arg Val Glu Trp Met Leu Leu Arg Tyr
375 380

Ala Pro Asn Arg Glu Glu Arg Glu Tyr
395

Val Leu Glu Pro Lys Pro Gly Met Tyr
410 415

Phe Ser Ser Met Tyr Pro Asn Ile Met
425 430

Asp Thr Tyr Leu Glu Pro Gly Glu Pro
440 445

Ala Ala Pro Glu Val Gly His Arg Phe
455 460

Val Pro Gln Val Leu Lys Ser Leu Val
475

Glu Glu Ala Lys Arg Tyr Pro Pro Asp
490 495

Asp Glu Arg Gln Arg Ala Leu Lys Val
505 510

Tyr Leu Gly Trp Val Gly Ala Arg Trp
520 525

Ser Val Thr Ala Phe Ala Arg Ala Ile
535 540

Ala Arg Arg Leu Gly Ile Val Val Val
555

Gly

160

Asn

Ala

Arg

Tyr

Pro

240

Asp

Ile

Pro

Val

Glu

320

Leu

Phe

Ala

Ala

Glu

400

Glu

Met

Asp

Arg

Glu

480

Ser

Met

Tyr

Leu

Tyr
560
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-continued

170

Gly

Leu

Lys

Gly

Arg

625

Glu

Thr

Asn

Glu

Arg

705

Leu

Ile

Ala

Asp

Ile

Asp

Leu

610

Gly

Ile

Gln

Val

Tyr

690

His

Lys

Asp

Ile

Asp
770

Thr

Gln

Tyr

595

Leu

Asp

Ile

Tyr

Asp

675

Lys

Gly

Gly

Asp

Pro

755

Leu

Asp

Tyr

580

Ala

Arg

Trp

Leu

Val

660

Asp

Ala

Tyr

Gly

Val

740

Ala

Lys

Ser

565

Val

Lys

Asp

Ser

Asn

645

Arg

Leu

Tyr

Lys

Gly

725

Lys

Ala

Thr

<210> SEQ ID NO 56

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Pyrococcus furiosus

PRT

<400> SEQUENCE:

Met

1

Ala

Arg

Lys

Ile

65

Phe

Ala

Leu

Arg

Lys

Lys

Ala

Ala

Val

Phe

Glu

Ala

Ile
130

Thr

Gly

Asn

35

Arg

Glu

Lys

Ile

Lys
115

Gly

Phe

Tyr

20

Val

Asn

Ile

Lys

Ile
100

Arg

Asp

<210> SEQ ID NO

142

56

Leu

Lys

Ser

Thr

Lys

Ala

85

Thr

Asp

Cys

57

Leu

Glu

Val

Gly

Glu

630

Ser

Glu

Ile

Pro

Val

710

Lys

Lys

Leu

Gly

Thr

Gln

Ile

Leu

Ala

70

Asp

Phe

Phe

Leu

Phe

Glu

Leu

Arg

615

Leu

Arg

Ile

Ile

Pro

695

Gly

Ile

Ile

Arg

Lys
775

Glu

Ser

Leu

Leu

55

Gly

Lys

Leu

Val

Val
135

Val

Lys

Phe

600

Ile

Ala

Asp

Ile

Trp

680

His

Lys

Ser

Asp

Ile

760

Ser

Gln

Glu

Glu

40

Leu

Glu

Val

Val

Leu
120

Ile

Lys

Tyr

585

Thr

Asp

Lys

Val

Glu

665

Lys

Val

Gly

Glu

Val

745

Ala

Glu

Gln

Ile

25

Lys

Trp

Asp

Gly

Glu
105

Phe

Glu

Lys

570

Gly

Glu

Ile

Glu

Ala

650

Arg

Thr

His

Asn

Lys

730

Glu

Glu

Arg

Ile

10

Ala

Arg

Glu

Ile

Val
90
His

Leu

Glu

His

Ile

Ala

Val

Val

635

Glu

Leu

Leu

Ala

Met

715

Ala

Tyr

Val

Ser

Lys

Lys

Ala

Gln

Phe

75

Lys

Ala

Asp

Ile

Val

Glu

Lys

Gly

620

Gln

Ala

Arg

Asp

Ala

700

Val

Leu

Tyr

Ile

Leu
780

Val

Ile

Met

Ile

Ser

Val

Pro

Ser

Lys
140

Asn

Ile

Lys

605

Phe

Leu

Arg

Glu

Lys

685

Leu

Gly

Pro

Ile

Gly

765

Leu

Leu

Leu

Glu

45

Asn

Ile

Pro

Val

Lys
125

Glu

Val

Lys

590

Arg

Glu

Lys

Arg

Tyr

670

Glu

Ile

Tyr

Tyr

Glu

750

Val

Asp

Met

Gly

30

Lys

Ser

Pro

Tyr

Glu

110

Asn

Asp

Asp

575

Val

Tyr

Val

Val

Arg

655

Lys

Leu

Leu

Val

Ile

735

Arg

Lys

Phe

Leu

15

Thr

Ile

Lys

Glu

Ser
95

Asp

Lys

Lys

Asp

Ala

Val

Val

640

Val

Phe

Gly

Lys

Val

720

Leu

Gln

Glu

Phe

Arg

Ser

Glu

Val

Lys

80

Thr

Arg

Leu
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171 172

-continued

<211> LENGTH: 75
<212> TYPE: PRT
<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 57

Met Pro Ile Thr Lys Val Thr Arg Asn Tyr Gln Ile Thr Ile Pro Ala
1 5 10 15

Glu Ile Arg Lys Ala Leu Gly Ile Lys Glu Gly Glu Leu Leu Glu Val
20 25 30

Arg Leu Glu Asn Gly Lys Ile Ile Ile Glu Arg Leu Lys Lys Glu Arg
35 40 45

Lys Thr Leu Lys Leu Gly Lys Lys Leu Thr Leu Glu Glu Ile Glu Lys
50 55 60

Ala Ile Glu Glu Gly Met Lys Gln Cys Met Gln
65 70 75

<210> SEQ ID NO 58

<211> LENGTH: 76

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 58

Thr Lys Ile Glu Ile Leu Arg Leu Leu Lys Glu Arg Glu Met Tyr Ala
1 5 10 15

Tyr Glu Ile Trp Ser Leu Leu Gly Lys Pro Leu Lys Tyr Gln Ala Val
20 25 30

His Gln His Ile Lys Glu Leu Leu Glu Leu Gly Leu Val Glu Gln Ala

Tyr Arg Lys Gly Lys Arg Val Tyr Tyr Lys Ile Thr Glu Lys Gly Leu
50 55 60

Arg Ile Leu Gln Asn Phe Glu Asp Leu Glu Asn Ile

65 70 75

<210> SEQ ID NO 59

<211> LENGTH: 72

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 59

Met Asn Thr Gly Ala Gln Gly Val Ser Glu Met Ser Arg Met Lys Ile
1 5 10 15

Ile Ser Val Gln Leu Pro Gln Ser Leu Ile His Gly Leu Asp Ala Leu
20 25 30

Val Lys Arg Gly Ile Tyr Pro Asn Arg Ser Glu Ala Ile Arg Val Ala
Ile Arg Glu Leu Leu Lys Lys Glu Leu Tyr Lys Glu Glu Ile Gln Glu
50 55 60

Glu Ile Pro Glu Tyr Val Val Lys
65 70

<210> SEQ ID NO 60

<211> LENGTH: 67

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 60

Val Ile Ile Pro Arg Pro Ile Asp Pro Arg Asp Ile Arg Arg Ile Arg
1 5 10 15

Lys Glu Leu Gly Ile Thr Gln Glu Glu Leu Ala Arg Lys Ala Gly Val
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-continued

174

20

25

30

Thr Gln Ala Tyr Ile Ala Lys Leu Glu Ala Gly Lys Val Asp Pro Arg

35

40

45

Leu Ser Thr Phe Asn Lys Ile Leu Arg Ala Leu Ile Glu Cys Gln Lys

50

Ala Lys Ile

65

<210> SEQ ID NO 61

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 61
Asn Asn Cys Glu Cys Met
1 5
Gln Ala Ser Glu Ile Leu
20
Asp Arg Glu Gly Lys Ile
35
Arg Ile Pro Glu Ser Glu
50
Lys
65
<210> SEQ ID NO 62
<211> LENGTH: 71
<212> TYPE: PRT
<213>
<400> SEQUENCE: 62
Met Leu Lys Asp Ser Ala
1 5
Lys Gly Glu Thr Val Ser
20
Ser Arg Val Ala Ile Trp
35
Tyr Gly Ile Ile Ala Asp
50
Lys Lys Pro Tyr Pro Trp
65 70
<210> SEQ ID NO 63
<211> LENGTH: 86
<212> TYPE: PRT
<213>
<400> SEQUENCE: 63
Met Ile Asp Glu Arg Asp
1 5
Ala Arg Thr Pro Phe Thr
20
Thr Ala Val Arg Lys Arg
35
Glu Gly Tyr Thr Ile Lys
50
Val Thr Ile Thr Gly Val
65 70

PRT

65

55

Val

Gly

Lys

Ile
55

Pro

Gly

Lys

Lys

55

Glu

Lys

Glu

Val

Ile

55

Asp

Val

Val

Thr

40

Lys

Lys

Asp

His

Lys

Ile

Ile

Lys

40

Asn

Thr

Lys
His
25

Val

Arg

ORGANISM: Pyrococcus furiosus

Arg
Tyr
25

Ile

Gly

ORGANISM: Pyrococcus furiosus

Ile

Ala

25

Ala

Pro

Lys

Glu
10
Pro

Arg

Leu

Lys
10
Leu

Arg

Tyr

Leu

10

Lys

Leu

Lys

Pro

Lys

Lys

Thr

Leu

Ile

Ala

Glu

Lys

Glu

Lys

Glu

Lys

Glu
75

60

Leu

Thr

Pro

Gly
60

Leu

Ser

Leu

Leu
60

Ile

Leu

Glu

Leu

60

Lys

Tyr

Ile

Gly

45

Ile

Glu

Lys

Lys

45

Val

Leu

Gly

Lys

45

Gly

Leu

Thr
Gln
30

Gly

Ser

Glu
Leu
30

Glu

Tyr

Glu

Ile

30

Gly

Tyr

Phe

Val
15
Lys

Arg

Glu

Leu
15
Gly

Leu

Glu

Lys

15

Ser

Ile

Ser

Glu

Lys

Trp

Arg

Glu

Arg

Val

Gly

Pro

Asp

Glu

Ile

Leu

Val
80
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176

-continued
Ala Glu Lys Leu Lys Glu
85
<210> SEQ ID NO 64
<211> LENGTH: 77
<212> TYPE: PRT
<213> ORGANISM: Pyrococcus furiosus
<400> SEQUENCE: 64
Met Glu Ile Asp Asp Leu Asp Arg Lys Ile Leu Ser Leu Leu Ile Glu
1 5 10 15
Asp Ser Arg Leu Ser Tyr Arg Glu Ile Ala Lys Lys Leu Asn Val Ala
20 25 30
Val Gly Thr Ile Tyr Asn Arg Ile Lys Lys Leu Glu Asp Met Gly Val
35 40 45
Ile Gln Gly Phe Thr Val Lys Leu Asn Tyr Glu Lys Leu Gly Tyr Glu
50 55 60
Leu Thr Ala Ile Ile Gly Ile Lys Ala Gln Gly Lys Lys
65 70 75
<210> SEQ ID NO 65
<211> LENGTH: 94
<212> TYPE: PRT
<213> ORGANISM: Pyrococcus furiosus
<400> SEQUENCE: 65
Glu Met Leu Trp Met Tyr Ile Leu Lys Leu Leu Lys Asp Arg Pro Met
1 5 10 15
Tyr Ala Tyr Glu Ile Arg Asn Glu Leu Lys Lys Arg Phe Gly Phe Glu
20 25 30
Pro Ala Thr Val Ser Ser Tyr Val Val Leu Tyr Arg Leu Glu Glu Gly
35 40 45
Gly Tyr Val Ser Ser Glu Trp His Glu Ser Glu Ala Gly Arg Pro Ser
50 55 60
Arg Lys Tyr Tyr Arg Leu Thr Glu Lys Gly Glu Lys Leu Leu Glu Lys
65 70 75 80
Gly Ile Glu Thr Ile Glu Asp Val Leu Asn Met Leu Lys Ser
85 90
<210> SEQ ID NO 66
<211> LENGTH: 68
<212> TYPE: PRT
<213> ORGANISM: Pyrococcus furiosus
<400> SEQUENCE: 66
Met Lys Val Ser Lys Ala Thr Ala Ser Lys Val Leu Arg Ser Leu Glu
1 5 10 15
Asn Lys Gly Ile Val Glu Arg Glu Arg Arg Gly Lys Thr Tyr Leu Val
20 25 30
Arg Leu Thr Asn Lys Gly Leu Glu Leu Leu Glu Glu Ile Ser Lys Ala
35 40 45
Gly Lys Glu Leu Asp Glu Lys Ile Phe Ala Glu Met Ser Val Asp Glu
50 55 60
Arg Ile Val Leu
65

<210> SEQ ID NO 67

<211> LENGTH:

56
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-continued

<212> TYPE: PRT
<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 67

Ser Glu Asp Tyr Met Leu Gln Asn Arg
1 5

Leu Glu Leu Leu Asn Tyr Asn Pro Lys
20 25

Ala Arg Met Phe Gly Val Ser Arg Asp
35 40

Gln Ile Ile Lys Asn Val Glu Val
50 55

<210> SEQ ID NO 68

<211> LENGTH: 94

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 68

Ser Lys Glu Ile Ser Arg Phe Leu Lys
1 5

Tyr Gly Ile Leu Lys Met Leu Asn Asp
20 25

Ile Ser Glu Ala Leu Glu Ile Asp Gln
35 40

Arg Ile Leu Lys Glu Leu Asp Leu Leu

Leu Arg Phe Tyr Arg Thr Asn Lys Glu
65 70

Lys Val Leu Glu Asp Phe Asn His Gly
85

<210> SEQ ID NO 69

<211> LENGTH: 78

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 69

Met Cys Arg Lys Asp Val Met Ile Ile
1 5

Ala Leu Ser Asp Pro Thr Arg Val Lys
20 25

His Pro Met Thr Val Ser Glu Ile Ser
35 40

Ser Thr Ile Tyr Arg His Ile Lys Ala
50 55

Glu Glu Val Glu Lys Ile Gly Asn Glu
65 70

<210> SEQ ID NO 70

<211> LENGTH: 122

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 70

Met Glu Pro Val Glu Phe Lys Leu Asn
1 5

Leu Pro Thr Met Glu Ala Glu Ile Met
20 25

Arg Lys Val Leu Ala Lys Val
10 15

Ala Leu Asn Ile Ser Glu Leu
30

Thr Ile Tyr Asn Asp Ile Gln
45

Val Ile Ser Asn Pro Ile Arg
10 15

Arg Trp Met Cys Val Cys Leu
30

Thr Leu Val Ser His His Ile
45

Glu Glu Arg Lys Glu Gly Lys
60

Lys Leu Arg Glu Tyr Leu Glu
75 80

Thr Ser Lys Gly Ser
90

Ser Asp Pro Lys Gln Ile Lys
10 15

Ile Leu Glu Leu Leu Arg Tyr
30

Arg Val Ile Gly Lys Asp Lys
45

Leu Glu Glu Ala Gly Leu Val
60

Thr Val Tyr Gly Arg
75

Gln Lys Gly Ile Lys Ser Ile
10 15

Glu Tyr Met Trp Glu Ile Lys
30



179

US 9,963,687 B2

-continued

180

Glu

Glu

Arg

65

Tyr

Phe

Ala

Ile

50

Gly

Val

Glu

Ala

Thr

35

Arg

Leu

Tyr

Lys

Tyr
115

Ala

Arg

Leu

Ser

Ile

100

Leu

Gly Glu

Ser Thr

Lys Arg
70

Ile Thr
85

Ile Glu

Ser Lys

<210> SEQ ID NO 71

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Pyrococcus furiosus

PRT

<400> SEQUENCE:

Met
1

Gly

Leu

Lys

Thr

65

Leu

Lys

Ile

Asn

Asp

Ile

Ser

Lys

Glu

Val

35

Gly

Thr

Asp

Ser

Lys

20

Ser

Leu

Glu

Ala

87

71

Asn Leu
5

Glu Ile

Pro Gln

Ile Lys

Glu Gly

70

Leu Tyr
85

<210> SEQ ID NO 72

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Thr

Ser

Ile
65

Phe

Ile

Glu

Lys

Thr

Tyr

50

Glu

Phe

Glu

Ile

Tyr

Ala

Asp

Gly

Arg

Leu

Pro

Glu

20

Lys

Thr

Thr

Phe

Asn
100

104

Val

Val

55

Arg

Thr

Ser

Ile

Asp

Leu

Thr

Lys

55

Val

Arg

Tyr

40

Ser

Met

Thr

Leu

Asn
120

Leu

Thr

Ile

40

Ser

Lys

Thermococcaceae

72

Pro Glu

Ile Leu

Glu Ile

Ile Ser

Pro Lys
70

Lys Lys
85

Asn Val

<210> SEQ ID NO 73

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Pyrococcus furiosus

PRT

75

Ile

Thr

Ser

Ser

55

Val

Glu

Lys

Ser

Tyr

Thr

40

Leu

Tyr

Leu

Lys

Glu

Ile

Glu

Arg

Met

105

Lys

Leu

Thr

25

Val

Glu

Phe

His

Trp

25

Lys

Lys

Ala

Glu

Tyr

Leu

Lys

Glu

90

Met

Lys

Ile

10

Ser

Arg

Ser

Leu

Ala

10

Thr

Ser

Leu

Ala

Asp
90

Met

Met

Gly

75

Glu

Asn

Leu

Arg

Trp

Arg

Glu
75

Leu

Leu

Gly

Arg

Tyr

75

Ile

Lys

Asn

60

Lys

Phe

Phe

Leu

Glu

Leu

Lys

60

Lys

Ser

Leu

Ile

Gly

60

Ser

Met

Thr

45

Arg

Gly

Glu

Arg

Ala

Leu

Glu

45

Gly

Leu

Glu

Val

Pro

45

Phe

Pro

Lys

Lys

Leu

Gly

Arg

Glu
110

Lys

Ser

30

Asp

Thr

His

Ile

Tyr

30

Tyr

Val

Arg

Lys

Tyr

Cys

Ile

Lys

95

Ala

Ala

15

Lys

Leu

Leu

Glu

Gly

15

Gly

Asn

Thr

Ile

Leu
95

Pro

Glu

Arg

80

Val

Thr

Gly

Met

Glu

Val

Glu
80

Phe

Pro

Arg

Glu

Ala
80

Glu
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-continued

<400> SEQUENCE: 73

Ile Ile Asn Pro Gln Ala Arg Leu Thr Pro Leu Glu Leu Glu Ile Leu
1 5 10 15

Glu Ile Ile Lys Gln Lys Lys Ser Ile Thr Ile Thr Glu Ile Lys Glu
20 25 30

Ile Leu Ser Glu Arg Arg Lys Ser Glu Tyr Pro Leu Ser Leu Val Ser
35 40 45

Glu Tyr Ile Ser Arg Leu Glu Arg Lys Gly Tyr Val Lys Lys Ile Ala
50 55 60

Lys Gly Arg Lys Lys Phe Val Glu Ala Leu Ile
65 70 75

<210> SEQ ID NO 74

<211> LENGTH: 94

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 74

Gly Ile Asp Val Val Ile Pro Glu Ile Lys His Asp Pro Ile Ala Arg
1 5 10 15

Asp Ile Val Lys Ile Leu Phe Asp Leu Arg Arg Ala Asn Val Ser Gln
20 25 30

Ile Ala Arg Glu Leu Lys Gly Arg Arg Gly Lys Ala Ser Arg Asn Thr
35 40 45

Val Arg Lys Lys Leu Lys Glu Leu Glu Lys Leu Gly Val Val Lys Glu
Val Pro Gly Glu Arg Gly Ser Val Tyr Thr Leu Ser Arg Glu Val Val
65 70 75 80
Lys Lys Trp Leu Asp Leu Ile Gly Ile Pro Ile Asn Leu Leu

85 90

<210> SEQ ID NO 75

<211> LENGTH: 67

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 75

Met Thr Lys Arg Val Lys Val Ile Thr Asp Pro Glu Val Ile Lys Val
1 5 10 15

Met Leu Glu Asp Thr Arg Arg Lys Ile Leu Gln Leu Leu Arg Asn Arg
20 25 30

Glu Met Thr Ile Ser Gln Leu Ser Glu Ile Leu Gly Lys Met Pro Gln
35 40 45

Thr Ile Tyr His His Ile Glu Lys Leu Lys Glu Ala Gly Leu Val Glu
50 55 60

Val Lys Arg
65

<210> SEQ ID NO 76

<211> LENGTH: 100

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 76

Met Glu Glu Ile Lys Glu Ile Met Lys Ser His Thr Leu Gly Asn Pro
1 5 10 15

Val Arg Leu Gly Ile Met Ile Tyr Leu Phe Pro Arg Arg Arg Ala Pro
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-continued

184

20 25

Phe Ser His Ile Gln Lys Ala Leu Asp
35 40

Ser His Ile Lys Val Leu Glu Lys His
50 55

Val Ile Ala Asp Arg Pro Arg Thr Met
65 70

Met Glu Glu Thr Arg Lys Phe Leu Ser

Ala Ile His Phe
100

<210> SEQ ID NO 77

<211> LENGTH: 99

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 77

Met Gly Glu Glu Leu Asn Arg Leu Leu
1 5

Arg Arg Arg Ile Leu Phe Leu Leu Thr
20 25

Glu Leu Ser Arg Glu Leu Gly Val Gly
35 40

Leu Arg Ile Leu Glu Glu Ala Gly Leu
Ile Pro Arg Gly Arg Pro Arg Lys Tyr
65 70

Arg Leu Glu Ile Leu Leu Thr Pro Thr
85

Glu Ala Lys

<210> SEQ ID NO 78

<211> LENGTH: 61

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 78

Met Arg Arg Met Asp Lys Val Asp Leu
1 5

Gln Asn Ser Arg Leu Thr Tyr Arg Glu
20 25

Thr Arg Gln Arg Val Ala Arg Lys Val
35 40

Ile Ile Arg Lys Phe Thr Ile Ile Pro
50 55

<210> SEQ ID NO 79

<211> LENGTH: 82

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 79

Gly Arg Lys Val Arg Thr Gln Gln Asn
1 5

Glu Lys Glu Lys Ala Val Leu Arg Ala
20 25

Leu Thr Pro Gly
45

Gly Phe Val Arg
60

Val Glu Ile Thr
75

His Leu Lys Thr

Asp Val Leu Gly
10

Lys Arg Pro Tyr
Gln Lys Ala Val
45
Ile Glu Ser Arg
Tyr Met Ile Lys
75

Leu Phe Gly Ser
90

Gln Leu Ile Lys
10

Leu Ala Glu Met
Asp Lys Leu Lys
45

Asn Leu Glu Lys
60

Glu Ile Leu Asn
10

Ile Leu Glu His

30

Asn Leu Asp

Thr Tyr Lys

Asp Tyr Gly

80

Val Ile Asp

Asn Glu Thr
15

Phe Val Ser
30

Leu Glu His

Val Glu Lys

Lys Gly Leu

80

Glu Met Tyr
95

Ile Leu Ser
15

Leu Gly Thr
30

Lys Leu Gly

Leu Leu Asn
15

Gly Gly Glu
30
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-continued

186

Ile

Ile

Glu

65

Leu

Lys Gln Glu Asp Leu Pro Glu Leu Val

35

40

Ser Lys Val Ile Gln Glu Leu Glu Asn

50

55

Lys Ser Gly Lys Thr Phe Val Val Lys

Asp

70

<210> SEQ ID NO 80

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Lys

Ser

Ser

Gly

Ala
50

Leu

Glu

Lys

35

Phe

Gln

Ile

20

Thr

Glu

59

Thermotoga maritima

80

Arg Phe
5

Thr Gly

Gln Lys

Lys Ser

<210> SEQ ID NO 81

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Asp Val Ile Gln

1

Glu

Glu

Ala

Gln

65

Ile

Glu

Lys

Ser

Ser

50

Phe

Val

Lys

Lys

Ser

35

Val

Lys

Tyr

Ile

Ile

20

Ile

Val

Val

Glu

Phe
100

107

Leu

Val

Ile

Asn
55

Thermotoga

81

Arg Ile

Ala Asp

Ser Asp

Lys Phe

Leu Leu

70

Asp Val
85

Lys Ala

<210> SEQ ID NO 82

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Lys
1

Glu

Thr

Ile

Arg

Tyr

Ile
50

Arg

Lys

Ser

35

His

Asp

Val

20

Ile

Arg

101

Lys

Thr

Leu

Tyr

55

Ala

Ser

Thr

Arg

Ala

Arg

40

Ile

Glu

Ile

Ser

40

Lys

Gln

Ser

Val

Arg
Arg
25

Gly

Leu

Lys

Leu

25

Glu

Lys

Ser

Glu

Arg
105

Thermotoga maritima

82
Lys Ile
5
Ala Asp

Thr Glu

Met Ile

Leu

Tyr

Phe

Lys
55

Asn

Val

Ala

40

Lys

Val

Leu

25

Lys

Leu

Asn
10
Asn

Glu

Ser

Tyr

10

Ser

Lys

Leu

Ile

Asp

90

Ala

Tyr

10

Glu

Ile

Asp

Gly Tyr Ser Arg Pro Thr

45

Lys Gly Leu Ile Lys Arg

60

Ile Glu Arg Lys Ile Lys

75

Thr

Arg

Thr

Phe

Asp

Asp

Ala

Gly

Ser

75

Asp

Ile

Thr

Arg

Val

Phe

Thr

Leu

Leu

Glu

Pro

Gly

Leu

60

Arg

Thr

Gln

Pro

Gly

Glu
60

Ser

Ser

Arg
45

Phe

Lys

Val

45

Asn

Ala

Lys

Phe

Asp

Val

45

Gly

80

Ile Lys His

15

Asp Ile Leu

30

Lys Ile Ala

Thr

Gly

30

Lys

Ser

Pro

Thr

Ser
Asp
30

Ser

Tyr

Asn

15

Ile

Ser

Phe

Leu

Ile
95

Pro

15

Val

Glu

Gln

Ala

Ile

Glu

Gln

Glu

80

Thr

Ala

Ile

Thr

Ala
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-continued

188

Phe Lys Ile Ala Leu Ala Arg Glu Leu Ser Gly Leu Glu Glu Thr Ile
65 70 75 80

Glu Arg Arg Asp Phe Ile Asp Glu Glu Ile Asp Ile Leu Arg Arg Leu
85 90 95

Lys Asp Thr Leu Asp
100

<210> SEQ ID NO 83

<211> LENGTH: 60

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 83

Lys Arg Arg Pro Thr Ile Asn Asp Val Ala Lys Leu Ala Gly Val Ser
1 5 10 15

Ile Ser Thr Val Ser Arg Tyr Leu Lys Asp Pro Ser Gln Val Ser Glu
20 25 30

Lys Leu Gly Glu Arg Ile Arg Glu Ala Ile Lys Lys Leu Gly Tyr Lys
35 40 45

Pro Asn Lys Ile Ala Gln Gly Leu Arg Thr Gly Asp
50 55 60

<210> SEQ ID NO 84

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 84

Met Ala Ser Ile Lys Asp Val Ala Lys Leu Ala Gly Val Ser Ile Ala
1 5 10 15

Thr Val Ser Arg Val Ile Asn Gly Tyr Asn Asn Val Ser Glu Glu Thr
20 25 30

Arg Lys Lys Val Ile Asp Ala Ile Arg Lys Leu Asn Tyr His Pro Val
35 40 45

Tyr Ala Val Lys Gly Ala Val Leu Lys Arg
50 55

<210> SEQ ID NO 85

<211> LENGTH: 61

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 85

Met Lys Lys Lys Tyr Val Thr Ile Arg Asp Ile Ala Glu Lys Ala Gly
1 5 10 15

Val Ser Ile Asn Thr Val Ser Arg Ala Leu Asn Asn Lys Pro Asp Ile
20 25 30

Ser Glu Glu Thr Arg Arg Lys Ile Leu Lys Ile Ala Gln Glu Leu Gly
35 40 45

Tyr Val Lys Asn Ala Thr Ala Ser Ser Leu Arg Ser Lys

50 55 60

<210> SEQ ID NO 86

<211> LENGTH: 58

<212> TYPE: PRT

<213> ORGANISM: Thermotoga

<400> SEQUENCE: 86

Met Pro Thr Ile Glu Asp Val Ala Lys Leu Ala Gly Val Ser Ile Ala
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-continued

1 5

Thr Val Ser Arg Val Ile Asn Gly Ser
20 25

Arg Tyr Lys Val Trp Lys Ala Ile Glu
35 40

Ile Ser Ala Lys Leu Leu Ala Ser Lys
50 55

<210> SEQ ID NO 87

<211> LENGTH: 61

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 87

Met Arg Ile Gly Glu Lys Leu Arg Lys
1 5

Thr Gln Glu Glu Leu Ala Glu Arg Thr
20 25

Ser Gln Leu Glu Ser Asp Lys Thr Ser
35 40

Arg Ile Leu Glu Ala Leu Gly Thr Asp
50 55

<210> SEQ ID NO 88

<211> LENGTH: 67

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 88

Met His Met Lys Thr Val Arg Gln Glu
1 5

Ile Leu Glu Arg Ser Lys Glu Pro Val
20 25

Glu Leu Ser Val Ser Arg Gln Val Ile
35 40

Arg Ser Leu Gly Tyr Asn Ile Val Ala
50 55

Ala Gly Gly
65

<210> SEQ ID NO 89

<211> LENGTH: 75

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 89

Met Asn Thr Leu Lys Lys Ala Phe Glu
1 5

Asn Pro Gly Asp Val Ser Val Ser Glu
20 25

Ser Val Ser Asn Ala Tyr Lys Tyr Met
35 40

Phe Val Leu Arg Lys Lys Asp Lys Arg
50 55

Ile Glu Tyr Gly Ser Phe Val Leu Arg
65 70

<210> SEQ ID NO 90

10 15

Gly Tyr Val Ser Glu Lys Thr
30

Glu Leu Gly Tyr Lys Pro Glu
45

Gly

Leu Arg Leu Ser Arg Gly Leu
10 15

Asp Leu Ser Arg Ser Phe Ile
30

Pro Ser Ile Asp Thr Leu Glu
45

Leu Lys His Phe
60

Arg Leu Lys Ser Ile Val Arg
10 15

Ser Gly Ala Gln Leu Ala Glu
30

Val Gln Asp Ile Ala Tyr Leu
45

Thr Pro Arg Gly Tyr Val Leu

Ile Leu Asp Phe Ile Val Lys
10 15

Ile Ala Glu Lys Phe Asn Met
30

Val Val Leu Glu Glu Lys Gly
45

Tyr Val Pro Gly Tyr Lys Leu
60

Arg Phe
75
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-continued

<211> LENGTH: 81
<212> TYPE: PRT
<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 90

Met Lys Ile Ser Lys Lys Arg Arg Gln Glu Leu Ile Arg Lys Ile Ile
1 5 10 15

His Glu Lys Lys Ile Ser Asn Gln Phe Gln Ile Val Glu Glu Leu Lys
20 25 30

Lys Tyr Gly Ile Lys Ala Val Gln Pro Thr Val Ala Arg Asp Leu Lys
Glu Ile Gly Ala Val Lys Ile Met Asp Glu Ser Gly Asn Tyr Val Tyr
50 55 60

Lys Leu Leu Asp Glu Thr Pro Val Ile Asp Pro Trp Lys Glu Leu Lys
65 70 75 80

Arg

<210> SEQ ID NO 91

<211> LENGTH: 82

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 91

Met His Lys Lys Leu Asn Pro Lys Ser Met Lys Arg Glu Asn Lys Lys
1 5 10 15

Met Val Leu Arg Tyr Leu Ile Glu Ser Gly Pro His Ser Arg Val Glu
20 25 30

Ile Ala Arg Lys Thr Gly Leu Ala Gln Ser Ala Ile Trp Arg Ile Ile
35 40 45

Glu Glu Leu Val Asn Glu Gly Leu Val Glu Glu Lys Gly Thr Ala Thr
50 55 60

Gly Arg Arg Arg Lys Ala Val Thr Tyr Gly Pro Thr Arg Ser Phe Ile
65 70 75 80

Thr Ser

<210> SEQ ID NO 92

<211> LENGTH: 79

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 92

Met Pro Ser Pro Leu Leu Arg Arg Glu Asn Lys Ile Lys Ile Leu Arg
1 5 10 15

Tyr Ile Leu Lys Asn Gly Lys Thr Thr Arg Asn Gln Leu Ala Ser Asn
20 25 30

Leu Asn Leu Ala His Ser Thr Leu Ser Tyr Ile Ile Asp Glu Leu Leu
35 40 45

Asp Glu Gly Phe Leu Val Phe Glu Glu Ile Lys Lys Lys Arg Gly Arg
50 55 60

Pro Tyr Gln Ile Leu Ser Val Asn Pro Glu Lys Phe Thr Ala Ile
65 70 75

<210> SEQ ID NO 93

<211> LENGTH: 79

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 93
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194

Met

Gly

Ile

Lys

Thr
65

Lys

Phe

Thr

Lys

50

Asp

Glu

Ile

Val

35

Val

Phe

Glu

Ser

20

Arg

His

Met

Arg

Met

Arg

Gly

Lys

<210> SEQ ID NO 94

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Ala

Ala

Leu

Tyr

65

Phe

Pro

Asn

Arg

Phe

Lys

Lys

Lys

50

Met

Leu

Asp

Glu

Glu
130

Thr

Glu

Gln

35

Lys

Leu

Leu

Glu

Ile

115

Gln

Met

Tyr

20

Ser

Ala

Ser

Asp

Leu

100

Glu

Glu

137

Leu

Lys

Asp

Gly

Arg

Lys

Asp

Val

Ile

55

Leu

Glu

Leu

Ala

40

Arg

Ser

Ile

Gln

25

Glu

Lys

Ile

Thermotoga maritima

94

Arg

Gly

Val

Gly

Arg

Arg

85

Asp

Lys

Glu

<210> SEQ ID NO 95

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Ser

Ile

Ser

Arg
65

Arg

Gln

Ile

Ser
50

Lys

Lys

Asp

Gln

Gly

35

Leu

Val

Glu

Thr

Pro
20

Ala

Arg

Tyr

Glu

95

Ser

Asn

Pro

Leu

Pro

70

Lys

Cys

Ile

Lys

Glu

Tyr

Arg

Val

55

Pro

Ser

Val

Leu

Met
135

Tyr

Leu

Glu

40

Lys

Lys

Lys

Ile

Ser

120

Lys

Ala

Ser

25

Phe

Thr

Glu

Val

Arg

105

Gly

Gln

Leu

10

Glu

Leu

Val

Asn

Leu

10

Met

Ala

Arg

Ile

Phe

90

Ala

Val

Thermotoga naphthophila

95

Lys

Ser

Glu

Lys

Arg

Ile
85

<210> SEQ ID NO 96

<211> LENGTH:

118

Gly

His

Pro

Gln

Leu
70

Lys

His

Gly

Pro

Lys

55

Thr

Lys

Leu

Tyr

Ser

40

Tyr

Asp

Ala

Lys

Tyr

25

Pro

Ile

Lys

Leu

Phe

10

Ile

Gly

Glu

Gly

Asp
90

Asp

Gln

Val

Asn

Arg

Arg

Thr

Glu

Arg

Lys

75

Phe

Leu

Thr

Leu

Met

Ala

Thr

Arg
75

Phe

Ile

Leu

Lys

Tyr

60

Glu

Leu

Glu

Lys

Gly

60

Val

Asp

Trp

Leu

Val

Lys

Leu

Tyr

60

Lys

Ala

Val Asp Arg

Gly
Arg
45

Phe

Ala

Met

Ile

Ile

45

Lys

Ser

Met

Lys

Glu
125

Leu

Lys

Tyr

45

Asn

Tyr

Glu

Val
30
Asn

Glu

Lys

Ile

Leu

30

Leu

Ser

Glu

Pro

Arg

110

Asp

His

Ile

30

Pro

Glu

Leu

Arg

15

Ser

Leu

Lys

Glu

Val

Glu

Tyr

Gly

Ile

Gly

95

Val

Leu

Ile

Ser

Ile

Gly

Glu

Phe
95

Asn

Met

Val

Glu

Met

Lys

Thr

Gly

Val

Cys

Glu

Val

Ile

Gln

Leu

Lys

Glu
80
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-continued
<212> TYPE: PRT
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 96
Met Arg His Arg Gly Gly Arg Gly Phe Arg Gly Trp Trp Leu Ala Ser
1 5 10 15
Thr Ile Leu Leu Leu Val Ala Glu Lys Pro Ser His Gly Tyr Glu Leu
20 25 30
Ala Glu Arg Leu Ala Glu Phe Gly Ile Glu Ile Pro Gly Ile Gly His
35 40 45
Met Gly Asn Ile Tyr Arg Val Leu Ala Asp Leu Glu Glu Ser Gly Phe
50 55 60
Leu Ser Thr Glu Trp Asp Thr Thr Val Ser Pro Pro Arg Lys Ile Tyr
65 70 75 80
Arg Ile Thr Pro Gln Gly Lys Leu Tyr Leu Arg Glu Ile Leu Arg Ser
85 90 95
Leu Glu Asp Met Lys Arg Arg Ile Glu Thr Leu Glu Glu Arg Ile Lys
100 105 110
Arg Val Leu Gln Glu Glu
115
<210> SEQ ID NO 97
<211> LENGTH: 70
<212> TYPE: PRT
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 97
Met Leu Ser Lys Arg Asp Ala Ile Leu Lys Ala Ala Val Glu Val Phe
1 5 10 15
Gly Lys Lys Gly Tyr Asp Arg Ala Thr Thr Asp Glu Ile Ala Glu Lys
20 25 30
Ala Gly Val Ala Lys Gly Leu Ile Phe His Tyr Phe Lys Asn Lys Glu
35 40 45
Glu Leu Tyr Tyr Gln Ala Tyr Met Ser Val Thr Glu Lys Leu Gln Lys
50 55 60
Glu Phe Glu Asn Phe Leu
65 70
<210> SEQ ID NO 98
<211> LENGTH: 291
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic construct
<400> SEQUENCE: 98
Met Ser Lys Ser Trp Gly Lys Phe Ile Glu Glu Glu Glu Ala Glu Met
1 5 10 15
Ala Ser Arg Arg Asn Leu Met Ile Val Asp Gly Thr Asn Leu Gly Phe
20 25 30
Arg Phe Lys His Asn Asn Ser Lys Lys Pro Phe Ala Ser Ser Tyr Val
35 40 45
Ser Thr Ile Gln Ser Leu Ala Lys Ser Tyr Ser Ala Arg Thr Thr Ile
50 55 60
Val Leu Gly Asp Lys Gly Lys Ser Val Phe Arg Leu Glu His Leu Pro
65 70 75 80
Glu Tyr Lys Gly Asn Arg Asp Glu Lys Tyr Ala Gln Arg Thr Glu Glu
85 90 95
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-continued

Glu Lys Ala Leu Asp Glu Gln Phe Phe Glu Tyr Leu Lys Asp Ala Phe
100 105 110

Glu Leu Cys Lys Thr Thr Phe Pro Thr Phe Thr Ile Arg Gly Val Glu
115 120 125

Ala Asp Asp Met Ala Ala Tyr Ile Val Lys Leu Ile Gly His Leu Tyr
130 135 140

Asp His Val Trp Leu Ile Ser Thr Asp Gly Asp Trp Asp Thr Leu Leu
145 150 155 160

Thr Asp Lys Val Ser Arg Phe Ser Phe Thr Thr Arg Arg Glu Tyr His
165 170 175

Leu Arg Asp Met Tyr Glu His His Asn Val Asp Asp Val Glu Gln Phe
180 185 190

Ile Ser Leu Lys Ala Ile Met Gly Asp Leu Gly Asp Asn Ile Arg Gly
195 200 205

Val Glu Gly Ile Gly Ala Lys Arg Gly Tyr Asn Ile Ile Arg Glu Phe
210 215 220

Gly Asn Val Leu Asp Ile Ile Asp Gln Leu Pro Leu Pro Gly Lys Gln
225 230 235 240

Lys Tyr Ile Gln Asn Leu Asn Ala Ser Glu Glu Leu Leu Phe Arg Asn
245 250 255

Leu Ile Leu Val Asp Leu Pro Thr Tyr Cys Val Asp Ala Ile Ala Ala
260 265 270

Val Gly Gln Asp Val Leu Asp Lys Phe Thr Lys Asp Ile Leu Glu Ile
275 280 285

Ala Glu Gln
290

<210> SEQ ID NO 99

<211> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (17)..(37)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 99

tttctagete taaaacnnnn nnnnnnnnnn nnnnnnncegg tgtttegtce ttt 53

<210> SEQ ID NO 100

<211> LENGTH: 148

<212> TYPE: PRT

<213> ORGANISM: Sulfolobus solfataricus

<400> SEQUENCE: 100

Met Glu Glu Lys Val Gly Asn Leu Lys Pro Asn Met Glu Ser Val Asn
1 5 10 15

Val Thr Val Arg Val Leu Glu Ala Ser Glu Ala Arg Gln Ile Gln Thr
20 25 30

Lys Asn Gly Val Arg Thr Ile Ser Glu Ala Ile Val Gly Asp Glu Thr
35 40 45

Gly Arg Val Lys Leu Thr Leu Trp Gly Lys His Ala Gly Ser Ile Lys
50 55 60

Glu Gly Gln Val Val Lys Ile Glu Asn Ala Trp Thr Thr Ala Phe Lys
65 70 75 80
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-continued

200

Gly

Ser

Thr

Gly

Gly
145

Gln

Glu

Ala

Arg

130

Glu

Val

Asp

Pro

115

Arg

Glu

Gln

Gly

100

Gln

Tyr

Glu

Leu Asn
85
Phe Pro

Gln Met

Gly Arg

<210> SEQ ID NO 101

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Ile

Asp

Arg

Ala

65

Met

Glu

Thr

Glu

Glu

145

Leu

Glu

Ile

Asp

Leu
225
Phe

Gly

Asp

Thr

Arg

Ala

Phe

50

Arg

Tyr

Glu

Val

Gly

130

Glu

Lys

Ala

Phe

Pro

210

Gly

Ala

Tyr

Trp

Val
290

Leu

Tyr

Glu

35

Pro

Pro

Ser

Arg

Glu

115

Val

Val

Gly

Phe

Lys

195

Arg

Leu

Leu

Ala

Leu
275

Lys

Glu

His

20

Tyr

Glu

Leu

Leu

Ile

100

His

Leu

Thr

Val

Leu

180

Asn

Ile

Gly

Leu

Arg
260

Lys

Leu

673

Thermus
101

Glu Ala
5

Asn Tyr

Asp Arg

Leu Lys

Glu Ala
70

Asp Asn
85

Glu Arg

Lys Val

Val Tyr

Gln Asn

150

Pro Glu
165

Arg Leu

Pro Arg

Thr Ala

Leu Glu
230

His Trp
245
Ala Val

Lys Arg

Asp Glu

Ala Gly Ser Lys
90

Glu Ser Ser Gln
105

Arg Gly Gly Gly
120

Arg Gly Gly Arg
135

thermophilus

Arg Lys Arg Val
Arg Tyr Tyr Val
25

Leu Leu Arg Glu
40

Ser Pro Asp Ser
55

Thr Phe Arg Pro
Ala Phe Asn Leu
90

Ala Leu Gly Arg
105

Asp Gly Leu Ser
120

Gly Ala Thr Arg
135

Leu Leu Thr Ile
Arg Leu Glu Val
170

Asn Glu Glu Leu
185

Asn Ala Ala Ala
200

Lys Arg Gly Leu
215

Glu Val Glu Arg
Leu Lys Glu Lys
250

Gly Ala Glu Gly
265

Arg Ala Leu Pro
280

Leu Ala Leu Trp
295

Thr

Ile

Arg

Arg

Asn

Leu

Leu

Pro

Val

75

Asp

Lys

Val

Gly

Pro

155

Arg

Glu

Gly

Arg

Glu

235

Gly

Val

Phe

Arg

Lys

Pro

Gly

Gln
140

Glu

Ala

Lys

Thr

60

Arg

Glu

Gly

Asn

Asp

140

Thr

Gly

Glu

Ser

Ala

220

Gly

Phe

Glu

Glu

Glu
300

Ile

Glu

Phe

125

Glu

Leu

Asp

Glu

45

Leu

His

Leu

Pro

Leu

125

Gly

Ile

Glu

Arg

Leu

205

Thr

Val

Pro

Ala

Ala
285

Leu

Ala
Asn
110

Arg

Asn

Arg

Pro

30

Leu

Gln

Pro

Lys

Phe

110

Tyr

Glu

Pro

Met

Gly

190

Arg

Phe

Ala

Val

Val
270

Asp

Gly

Glu
95
Thr

Gly

Glu

Asp

Ile

Glu

Val

Thr

Ala

95

Ala

Tyr

Val

Arg

Pro

175

Glu

Gln

Tyr

Thr

Glu
255
Tyr

Gly

Tyr

Ala

Pro

Gly

Glu

Leu

Ser

Glu

Gly

Arg

Phe

Tyr

Glu

Gly

Arg

160

Ile

Arg

Lys

Ala

Gln

240

His

Gln

Val

Thr
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201

-continued

202

Ala

305

Lys

Arg

Glu

Asp

Ile

385

Arg

Leu

Lys

Ile

Leu

465

Gln

Leu

Arg

Leu

545

Thr

Ala

Gly

Ser
625

Leu

Leu

<210>
<211>
<212>
<213>
<220>
<223>

Arg

Glu

Val

Val

Ile

370

Pro

Pro

Lys

Arg

Gln

450

Val

Gly

Ile

Gly

Phe

530

Glu

Leu

Gly

Leu

Lys

610

Arg

Glu

Tyr

Ala

Thr

Thr

Ser

355

Arg

Glu

Ile

Glu

Phe

435

Gly

Lys

Leu

Glu

Leu

515

Gly

Val

Lys

Val

Thr

595

Ala

Lys

Lys

Arg

Pro

Arg

Pro

340

Arg

Ile

Val

Arg

Gly

420

Glu

Leu

Asp

Glu

Glu

500

Pro

Asn

Glu

Asp

Glu

580

Phe

Leu

Thr

Ala

Leu
660

PRT

Arg

Leu

325

Val

Val

Gly

Leu

Trp

405

Lys

Ala

Gly

Val

Arg

485

Ser

Gly

Met

Glu

Pro

565

Met

Val

Leu

Ser

Arg

645

Leu

SEQ ID NO 102
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

775

Phe

310

Leu

Gly

Thr

Asp

Arg

390

Pro

Val

Ile

Glu

Ala

470

Met

Lys

Val

Asp

Val

550

Ala

Glu

Ile

Arg

Tyr

630

Ala

Glu

Ala Ile Ala Tyr Lys Phe Pro Ala Glu
315

Asp Val Val Phe Gln Val Gly Arg Thr
330 335

Ile Leu Glu Pro Val Phe Leu Glu Gly
345 350

Leu His Asn Glu Ser Tyr Ile Glu Glu
360 365

Trp Val Leu Val His Lys Ala Gly Gly
375 380

Val Leu Lys Glu Arg Arg Thr Gly Glu
395

Glu Thr Cys Pro Glu Cys Gly His Arg
410 415

His Arg Cys Pro Asn Pro Leu Cys Pro
425 430

Arg His Phe Ala Ser Arg Lys Ala Met
440 445

Lys Leu Ile Glu Arg Leu Leu Glu Lys
455 460

Asp Leu Tyr Arg Leu Arg Lys Glu Asp
475

Gly Glu Lys Ser Ala Gln Asn Leu Leu
490 495

Lys Arg Gly Leu Glu Arg Leu Leu Tyr
505 510

Gly Glu Val Leu Ala Arg Asn Leu Ala
520 525

Arg Leu Leu Glu Ala Ser Leu Glu Glu
535 540

Gly Glu Leu Thr Ala Arg Ala Ile Leu
555

Phe Arg Asp Leu Val Arg Arg Leu Lys
570 575

Ala Lys Glu Lys Gly Gly Glu Ala Leu
585 590

Thr Gly Glu Leu Ser Arg Pro Arg Glu
600 605

Arg Leu Gly Ala Lys Val Thr Asp Ser
615 620

Leu Val Val Gly Glu Asn Pro Gly Ser
635

Leu Gly Val Pro Thr Leu Thr Glu Glu
650 655

Ala Arg Thr Gly Lys Lys Ala Glu Glu
665 670

Synthetic construct

Glu

320

Gly

Ser

Leu

Val

Glu

400

Leu

Ala

Asp

Gly

Leu

480

Arg

Ala

Ala

Leu

Glu

560

Glu

Lys

Glu

Val

Lys

640

Glu

Leu
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203

-continued

204

<400> SEQUENCE:

Met

1

Arg

Asn

Asp

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Met

Tyr

Lys

Leu

305

Glu

Pro

Tyr
385

Ile

Ile

Ile

Phe

Asp

Val

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Phe

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn
370

Glu

Val

Leu

Phe

Arg

35

Val

Asp

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Leu

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp
355
Lys

Gly

Ser

Asp

Lys

20

Pro

Lys

Val

Lys

Ile

100

Phe

Asn

Glu

Asp

Tyr

180

Lys

Asp

Met

Leu

Leu

260

Glu

Pro

Val

Arg

Pro

340

Tyr

Pro

Gly

Leu

102

Ala

Lys

Tyr

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Tyr

Ala

His

Ala

Glu

325

Leu

Leu

Asp

Tyr

Asp

Asp

Glu

Ile

Ile

Lys

70

Tyr

Glu

Lys

Glu

Glu

150

Glu

Glu

Ile

Phe

Leu

230

Asp

Pro

Val

Glu

Lys

310

Phe

Trp

Leu

Glu

Val
390

Phe

Tyr Ile Thr Glu Asp Gly Lys Pro Ile
10 15

Asn Gly Glu Phe Lys Val Glu Tyr Asp
25 30

Tyr Ala Leu Leu Lys Asp Asp Ser Ala
40 45

Thr Ala Glu Arg His Gly Lys Val Val
55 60

Val Lys Lys Lys Phe Leu Gly Arg Pro
75

Phe Glu His Pro Gln Asp Val Pro Ala
90 95

His Pro Ala Val Ile Asp Ile Phe Glu
105 110

Arg Tyr Leu Ile Asp Lys Gly Leu Ile
120 125

Leu Lys Leu Leu Ala Phe Asp Ile Glu
135 140

Glu Phe Gly Lys Gly Pro Ile Ile Met
155

Gly Ala Lys Val Ile Thr Trp Lys Lys
170 175

Val Val Ser Ser Glu Arg Glu Met Ile
185 190

Arg Glu Lys Asp Pro Asp Val Ile Ile
200 205

Asp Phe Pro Tyr Leu Leu Lys Arg Ala
215 220

Pro Leu Gly Arg Asp Gly Ser Glu Pro
235

Ser Leu Ala Val Glu Ile Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Ile Phe Gly Lys Pro Lys
280 285

Ile Ala Glu Ala Trp Glu Thr Gly Lys
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ala Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Tyr Glu Arg Arg Leu Arg Glu
375 380

Lys Glu Pro Glu Lys Gly Leu Trp Glu
395

Arg Ser Leu Tyr Pro Ser Ile Ile Ile

Ile

Arg

Ile

Arg

Ile

80

Ile

Tyr

Pro

Thr

Ile

160

Val

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Ser

Gly
400

Thr
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205 206

-continued

405 410 415

His Asn Val Ser Pro Asp Thr Leu Asn Lys Glu Gly Cys Gly Glu Tyr
420 425 430

Asp Val Ala Pro Glu Val Gly His Arg Phe Cys Lys Asp Phe Pro Gly
435 440 445

Phe Ile Pro Ser Leu Leu Gly Ser Leu Leu Asp Glu Arg Gln Lys Ile
450 455 460

Lys Arg Arg Met Lys Ala Ser Lys Asp Pro Ile Glu Arg Lys Leu Leu
465 470 475 480

Asp Tyr Arg Gln Arg Ala Ile Lys Ile Leu Ala Asn Ser Tyr Tyr Gly
485 490 495

Tyr Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu
500 505 510

Ser Val Thr Ala Trp Gly Arg Glu Tyr Ile Glu Leu Val Arg Arg Glu
515 520 525

Leu Glu Glu Arg Gly Phe Lys Val Leu Tyr Ile Asp Thr Asp Gly Leu
530 535 540

Tyr Ala Thr Ile Pro Gly Glu Lys Asn Trp Glu Glu Ile Lys Arg Arg
545 550 555 560

Ala Leu Glu Phe Val Asn Tyr Ile Asn Ala Lys Leu Pro Gly Leu Leu
565 570 575

Glu Leu Glu Tyr Glu Gly Phe Tyr Thr Arg Gly Phe Phe Val Thr Lys
580 585 590

Lys Lys Tyr Ala Leu Ile Asp Glu Glu Gly Lys Ile Ile Thr Arg Gly
595 600 605

Leu Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gln
610 615 620

Ala Lys Val Leu Glu Ala Ile Leu Lys His Gly Asn Val Glu Glu Ala
625 630 635 640

Val Lys Ile Val Lys Glu Val Thr Glu Lys Leu Ser Lys Tyr Glu Ile
645 650 655

Pro Pro Glu Lys Leu Val Ile Tyr Glu Gln Ile Thr Arg Pro Leu Asn
660 665 670

Glu Tyr Lys Ala Ile Gly Pro His Val Ala Val Ala Lys Arg Leu Ala
675 680 685

Ala Arg Gly Ile Lys Val Arg Pro Gly Met Val Ile Gly Tyr Val Val
690 695 700

Leu Arg Gly Asp Gly Pro Ile Ser Lys Arg Ala Ile Ala Ala Glu Glu
705 710 715 720

Phe Asp Pro Lys Lys His Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn
725 730 735

Gln Val Leu Pro Ala Val Leu Arg Ile Leu Glu Ala Phe Gly Tyr Arg
740 745 750

Lys Glu Asp Leu Arg Trp Gln Lys Thr Lys Gln Val Gly Leu Gly Ala
755 760 765

Trp Leu Lys Val Lys Lys Ser
770 775

<210> SEQ ID NO 103

<211> LENGTH: 10

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct



207

US 9,963,687 B2

-continued

208

<400> SEQUENCE: 103

ggccgcaace

<210> SEQ ID NO 104

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 104

ggccgegaat at

<210> SEQ ID NO 105

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 105

ggccgeatte at

<210> SEQ ID NO 106

<211> LENGTH: 148

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 106

cgtaacttga aagtatttcg atttecttgge tttatatatce ttgtggaaag gacgaaacac

cggcgaagaa cctcettecca agagttttag agetagaaat agcaagttaa aataaggcta

gtcegttate aacttgaaaa agtggcac

<210> SEQ ID NO 107

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (27)..(47)

<223> OTHER INFORMATION: n is a, ¢,

<400> SEQUENCE: 107

g, or t

taacttgcta tttctagete taaaacnnnn nnnnnnnnnn nnnnnnncegg tgtttcegtcece

tttccacaag ata

<210> SEQ ID NO 108

<211> LENGTH: 104

<212> TYPE: PRT

<213> ORGANISM: Pyrococcus furiosus

<400> SEQUENCE: 108

Met Gly Arg Asp Lys Lys Asn Thr Ala
1 5

Ile Gly Gly Asp Glu Ala Val Glu Val
20 25

Gly Glu Ala Thr Asp Glu Glu Leu Ala
35 40

Leu Leu Asp Ile Ala Arg Asp
10 15

Val Lys Ala Leu Glu Lys Lys
30

Glu Leu Thr Gly Val Arg Val
45

10

12

12

60

120

148

60

73
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-continued

210

Asn Thr Val Arg Lys Ile Leu Tyr Ala
50 55

Thr Phe Arg Arg Val Arg Asp Asp Glu
65 70

Trp Arg Ile Asp Thr Lys Arg Leu Pro
85

Leu Gln Glu Leu Glu Lys Leu Lys
100

<210> SEQ ID NO 109

<211> LENGTH: 66

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 109

Met Arg Gly Thr Val Lys Trp Phe Asp
1 5

Ile Thr Met Glu Asn Gly Glu Asp Ile
20 25

Gln Met Asp Gly Phe Lys Thr Leu Arg
35 40

Glu Val Gln Lys Gly Thr Lys Gly Pro
50 55

Val Arg
65

<210> SEQ ID NO 110

<211> LENGTH: 97

<212> TYPE: PRT

<213> ORGANISM: Thermotoga maritima

<400> SEQUENCE: 110

Met Arg Arg Leu Asn Arg Lys Asn Asn
1 5

Asp Arg Gln Arg Lys Val Leu Tyr Cys
20 25

Asn Lys Lys Pro Val Ser Ser Gln Arg
35 40

Glu Phe Ser Ser Ala Thr Ile Arg Asn
50 55

Leu Gly Tyr Ile Tyr Gln Pro His Thr
65 70

Asp Lys Gly Leu Arg Phe Tyr Tyr Glu

Glu

<210> SEQ ID NO 111

<211> LENGTH: 68

<212> TYPE: PRT

<213> ORGANISM: Thermotoga Maritima

<400> SEQUENCE: 111

Met Pro Lys Ser Val Arg Ala Glu Asn
1 5

Ile Met Lys Ser Pro Val Ser Arg Val
20 25

Leu Thr Lys Thr Thr Val Gly Glu Ile
35 40

Leu

Thr

Glu
90

Ser
10
Phe

Glu

Gln

Glu

10

Ile

Val

Asp

Ser

Glu
90

Tyr Asp Ala Lys Leu Ala

Gly
75

Val

Lys

Val

Asn

Ala

Ala

Val

Leu

Met

Ala

75

Met

60

Trp Tyr Tyr

Ile Arg Thr

Lys Gly Tyr

His Trp Ser

Glu Thr Val

45

Val Asn Val
60

Leu Lys Lys
Arg Glu Tyr
30

Glu Val Ser
45

Lys Lys Leu
60

Gly Arg Ile

Leu Lys Ile

Ile Ser Arg Ile Leu

10

Glu Leu Ala Glu Glu

30

Ala Lys Ile Phe Leu

45

Tyr Tyr
80

Arg Lys
95

Gly Phe
15

Ala Ile

Glu Phe

Arg Pro

Leu Asn
15

Ile Glu

Asn Ile

Glu Tyr

Pro Thr

80

Ser Lys
95

Lys Arg
15

Leu Gly

Glu Lys
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-continued

212

Gly Ile Val Val Glu Glu Lys Asp Ser Pro Lys Gly Val Gly Arg Pro

50

Thr Lys Ser Leu

65

<210> SEQ ID NO 112

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Ile

1

Met

Gln

Lys

65

Ser

Lys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Met
1
Arg
Ala
Ala
Thr
65

Ile

Leu

Pro

Gly

Tyr

145

Leu

Thr

Lys

Asn

Leu

50

Thr

Arg

Lys

Ile

Ala

Tyr

Glu

50

Pro

Lys

Arg

Phe

Ile
130

Glu

Lys

Ala

Arg

Phe

35

Arg

Thr

Glu

Leu

Lys

Val

Asp

35

Asp

Leu

Ala

Glu

Ala

115

Glu

Val

Ile

Leu

Leu

20

Lys

Leu

Ala

Tyr

Lys

100

PRT

SEQUENCE :

Ala

Ile

20

Arg

Val

Lys

Leu

Glu

100

Tyr

Ile

Arg

Leu

109

55

Thermotoga maritima

112

Asn

5

Ala

Ile

Cys

Ala

Lys

85

Glu

SEQ ID NO 113
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

849

113

Trp

5

Arg

Asn

Met

Val

Lys

85

Ile

Arg

Glu

Ser

Ala
165

Tyr

Glu

Leu

Glu

Tyr

70

Arg

Glu

Leu

Leu

Phe

Lys

Glu

70

Val

Lys

Tyr

Pro

Val
150

Phe

Leu

Met

Thr

Ala

55

Gln

Phe

Pro

Lys

Val

Gly

40

Arg

Val

Phe

Tyr

Glu

Gly

25

Met

Lys

Gly

Gly

Thr
105

His

10

Met

Thr

Leu

Tyr

Val

90

Arg

Phe

Ser

Pro

Leu

Glu

75

Ser

Ile

60

Asn

Val

Leu

Met

60

Ser

Pro

Leu

Synthetic construct

Leu

Trp

Leu

Val

55

Glu

Tyr

Lys

Leu

Ile
135

Arg

Asp

Asp

Cys

Pro

40

Lys

Ile

Thr

Phe

Ile

120

Ala

Arg

Cys

Val

Lys

25

Tyr

Val

Glu

Arg

Ala

105

Asp

Val

Val

Glu

Asp

Asp

Phe

Arg

Ala

His

90

Glu

Lys

Lys

Glu

Met
170

Tyr

Asp

Tyr

Thr

Lys

75

Pro

Val

Asp

Glu

Lys

155

Leu

Val

Lys

Val

Asn

60

Ser

Gln

Arg

Leu

Gly
140

Lys

Ala

Glu

Ser

Gln

45

Ala

Leu

Ser

Tyr

Thr

Gly

Ile

45

Glu

Leu

His

Glu

Ala
125
Val

Gly

Gln

Ser

Thr

30

Tyr

Gly

Ser

Gln

Glu

Val

30

Gly

Gly

Gly

Val

Ala

110

Cys

Leu

Phe

Phe

Val

15

Phe

Gln

Ser

Gln

Asp
95

Asn

15

Phe

Cys

Ile

Lys

Pro

95

Asp

Met

Arg

Pro

Met
175

Asn

Tyr

Lys

Asp

Phe

80

Ala

Asp

Val

Lys

Ile

Pro

80

Lys

Ile

Asp

Ala

Asp
160

Pro
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-continued

214

Asp

Phe

Gln

225

Gly

Gly

Ile

Ala

Asp

305

Leu

Asp

Ser

Glu

385

Met

Glu

Pro

Arg

465

Tyr

Ser

Glu

Ala

Thr
545
Glu

Ile

Lys

Pro

Glu

Ser

210

Asp

Ile

Gly

Ala

Glu

290

Ile

Val

Pro

Val

Glu

370

Glu

Glu

Ile

Asp

Asp

450

Glu

Lys

Phe

Cys

Val

530

Asp

Lys

Gln

Lys

Glu

Glu

195

Ile

Asn

Arg

Arg

Leu

275

Phe

Tyr

Leu

Met

Ala

355

Ala

Ser

Asn

Asn

Cys

435

Gly

Met

Leu

Tyr

Ala

515

Lys

Ser

Glu

Leu

Arg

Lys

180

Val

Ile

Phe

Leu

Pro

260

Lys

Leu

Lys

Asn

His

340

Arg

Lys

Tyr

Val

Phe

420

Tyr

Phe

Lys

Leu

Gly

500

Glu

Ile

Leu

Cys

Glu
580

Tyr

Asp

Leu

Lys

Asp

Asp

245

Lys

Ile

Gly

Cys

Asp

325

Tyr

Leu

Lys

Glu

Ala

405

Asn

Val

Phe

Arg

Asp

485

Tyr

Ala

Ala

Phe

Leu
565

Ile

Ala

Pro

His

Glu

Trp

230

Ile

Ile

Pro

Ala

Trp

310

Val

Glu

Gly

Ile

Gly

390

Cys

Ile

Ala

Lys

Gln

470

Ile

Thr

Thr

Glu

Ile
550
Lys

Asp

Gly

Ile

Gly

Gln

215

Pro

Gly

Ala

Asp

Lys

295

Met

Leu

Leu

Arg

Asn

375

Ala

Leu

Ser

Pro

Arg

455

Met

Lys

Gly

Thr

Ser

535

Lys

Leu

Glu

Leu

Ile

Asp

200

Asp

Tyr

Arg

Gly

Val

280

Val

Arg

Thr

Ser

Gly

360

Glu

Phe

Asp

Pro

Glu

440

Ile

Lys

Gln

Trp

Ala

520

Met

Lys

Ile

Phe

Thr

Ala

185

Glu

Pro

Val

Asp

Arg

265

Lys

Glu

Gly

Thr

Arg

345

Lys

Ile

Val

Phe

Asp

425

Val

Leu

Glu

Gln

Asn

505

Trp

Gly

Asn

Asp

Tyr

585

Asp

Ile

Arg

Asp

Lys

Arg

250

Leu

Ile

Glu

Glu

Tyr

330

Met

Gln

Ala

Leu

Ala

410

Thr

Gly

Lys

Leu

Thr

490

Leu

Gly

Phe

Lys

Val
570

Lys

Asp

Ala

Asp

Ile

Lys

235

Ser

Asn

Lys

Glu

Lys

315

Arg

Ile

Val

Pro

Glu

395

Ser

Leu

His

Met

Asp

475

Leu

Ala

Arg

Glu

Leu

555

Ile

Ala

Asp

Val

Ile

Ile

220

Arg

Glu

Val

Thr

Asp

300

Glu

Leu

Arg

Asp

Asn

380

Pro

Met

Val

Lys

Leu

460

Pro

Lys

Arg

Tyr

Val

540

Asn

Ser

Ile

Arg

Lys

Leu

205

Val

Ala

Ile

Asp

Leu

285

Ile

Lys

Ala

Leu

Tyr

365

Pro

Ala

Tyr

Lys

Phe

445

Ile

Asp

Val

Trp

Phe

525

Leu

Leu

Lys

Phe

Ile

Cys

190

Arg

Gly

Glu

Ser

Leu

270

Lys

Glu

Val

Leu

Pro

350

Phe

Pro

Arg

Pro

Gly

430

Arg

Glu

Ser

Leu

Tyr

510

Ile

Tyr

Lys

Glu

Phe
590

Val

Gly

Arg

Tyr

Lys

Phe

255

Tyr

Lys

Gly

Phe

Glu

335

Leu

Leu

Glu

Gly

Ser

415

Glu

Lys

Lys

Glu

Thr

495

Cys

Lys

Gly

Asp

Leu
575

Val

Val

Asp

Phe

Asn

Phe

240

Arg

Asp

Val

Arg

Lys

320

Leu

Asp

Leu

Ile

Leu

400

Ile

Cys

Ser

Arg

Asp

480

Asn

Arg

Arg

Asp

Leu

560

Pro

Glu

Lys
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215

-continued

216

Gly

Gln

625

Ala

Phe

Asp

Met

Ile

705

Leu

Gly

Ile

Ala

Thr

785

Leu

Ser

Lys

Asp

595 600

Leu Glu Val Arg Arg Gly Asp Trp Cys Glu Leu
610 615 620

Arg Glu Val Ile Glu Ile Ile Leu Arg Glu Arg
630 635

Leu Lys Phe Val Lys Asn Val Ile Glu Glu Ile
645 650

Lys Leu Glu Asp Tyr Val Ile Tyr Lys Gly Leu
660 665

Lys Tyr Glu Ser Lys Gln Ala His Val Lys Ala
675 680

Glu Met Gly Ile Tyr Tyr Pro Ile Gly Thr Lys
690 695 700

Val Lys Gly Gly Gly Ser Ile Ser Asp Arg Ala
710 715

Ile Glu Glu Phe Asp Gly Glu Asn Leu Lys Ile
725 730

Ile Met Val Lys Lys Ile Asp Lys Asp Tyr Tyr
740 745

Ile Pro Ala Val Met Arg Ile Leu Glu Arg Phe
755 760

Ser Leu Lys Thr Thr Ile Gln Lys Thr Leu Phe
770 775 780

Gly Gly Gly Gly Lys Arg Arg Pro Thr Ile Asn
790 795

Ala Gly Val Ser Ile Ser Thr Val Ser Arg Tyr
805 810

Gln Val Ser Glu Lys Leu Gly Glu Arg Ile Arg
820 825

Leu Gly Tyr Lys Pro Asn Lys Ile Ala Gln Gly
835 840

<210> SEQ ID NO 114

<211> LENGTH: 846

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 114

Met
1

Arg

Ala

Ala

Thr
65

Ile

Ile Lys Ala Trp Leu Leu Asp Val Asp Tyr Val
5 10

Ala Val Ile Arg Leu Trp Cys Lys Asp Asp Lys
20 25

Tyr Asp Arg Asn Phe Leu Pro Tyr Phe Tyr Val
35 40

Glu Asp Val Met Lys Val Lys Val Arg Thr Asn
50 55 60

Pro Leu Lys Val Glu Glu Ile Glu Ala Lys Ser
70 75

Lys Ala Leu Lys Val Tyr Thr Arg His Pro Gln
85 90

Arg Glu Glu Ile Lys Lys Phe Ala Glu Val Arg
100 105

605

Ala

Asn

Lys

Thr

Ala

685

Val

Tyr

Arg

Ile

Gly

765

Asp

Asp

Leu

Glu

Leu
845

Thr

Gly

Ile

45

Glu

Leu

His

Glu

Lys

Pro

Glu

Lys

670

Leu

Gly

Pro

Thr

Asp

750

Tyr

Phe

Val

Lys

Ala

830

Arg

Glu

Val

30

Gly

Gly

Gly

Val

Ala
110

Arg

Asp

Gly

655

Lys

Arg

Phe

Ile

Pro

735

His

Thr

Thr

Ala

Asp

815

Ile

Thr

Asn

15

Phe

Cys

Ile

Lys

Pro

95

Asp

Val

Lys

640

Lys

Pro

Ala

Val

Glu

720

Ser

Gln

Glu

Gly

Lys

800

Pro

Lys

Gly

Asp

Val

Lys

Ile

Pro

80

Lys

Ile
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217

-continued

218

Pro

Gly

Tyr

145

Leu

Asp

Phe

Gln

225

Gly

Gly

Ile

Ala

Asp

305

Leu

Asp

Ser

Glu

385

Met

Glu

Pro

Arg

465

Tyr

Ser

Glu

Phe

Ile

130

Glu

Lys

Pro

Glu

Ser

210

Asp

Ile

Gly

Ala

Glu

290

Ile

Val

Pro

Val

Glu

370

Glu

Glu

Ile

Asp

Asp

450

Glu

Lys

Phe

Cys

Ala

115

Glu

Val

Ile

Glu

Glu

195

Ile

Asn

Arg

Arg

Leu

275

Phe

Tyr

Leu

Met

Ala

355

Ala

Ser

Asn

Asn

Cys

435

Gly

Met

Leu

Tyr

Ala
515

Tyr

Ile

Arg

Leu

Lys

180

Val

Ile

Phe

Leu

Pro

260

Lys

Leu

Lys

Asn

His

340

Arg

Lys

Tyr

Val

Phe

420

Tyr

Phe

Lys

Leu

Gly
500

Glu

Arg

Glu

Ser

Ala

165

Asp

Leu

Lys

Asp

Asp

245

Lys

Ile

Gly

Cys

Asp

325

Tyr

Leu

Lys

Glu

Ala

405

Asn

Val

Phe

Arg

Asp

485

Tyr

Ala

Tyr

Pro

Val

150

Phe

Pro

His

Glu

Trp

230

Ile

Ile

Pro

Ala

Trp

310

Val

Glu

Gly

Ile

Gly

390

Cys

Ile

Ala

Lys

Gln
470
Ile

Thr

Thr

Leu Ile Asp Lys Asp Leu Ala Cys Met
120 125

Ile Ala Val Lys Glu Gly Val Leu Arg
135 140

Arg Arg Val Glu Lys Lys Gly Phe Pro
155

Asp Cys Glu Met Leu Ala Gln Phe Met
170 175

Ile Ile Ala Ile Ala Val Lys Cys Gly
185 190

Gly Asp Glu Arg Asp Ile Leu Arg Arg
200 205

Gln Asp Pro Asp Ile Ile Val Gly Tyr
215 220

Pro Tyr Val Lys Lys Arg Ala Glu Lys
235

Gly Arg Asp Arg Ser Glu Ile Ser Phe
250 255

Ala Gly Arg Leu Asn Val Asp Leu Tyr
265 270

Asp Val Lys Ile Lys Thr Leu Lys Lys
280 285

Lys Val Glu Glu Glu Asp Ile Glu Gly
295 300

Met Arg Gly Glu Lys Glu Lys Val Phe
315

Leu Thr Thr Tyr Arg Leu Ala Leu Glu
330 335

Leu Ser Arg Met Ile Arg Leu Pro Leu
345 350

Arg Gly Lys Gln Val Asp Tyr Phe Leu
360 365

Asn Glu Ile Ala Pro Asn Pro Pro Glu
375 380

Ala Phe Val Leu Glu Pro Ala Arg Gly
395

Leu Asp Phe Ala Ser Met Tyr Pro Ser
410 415

Ser Pro Asp Thr Leu Val Lys Gly Glu
425 430

Pro Glu Val Gly His Lys Phe Arg Lys
440 445

Arg Ile Leu Lys Met Leu Ile Glu Lys
455 460

Met Lys Glu Leu Asp Pro Asp Ser Glu
475

Lys Gln Gln Thr Leu Lys Val Leu Thr
490 495

Gly Trp Asn Leu Ala Arg Trp Tyr Cys
505 510

Thr Ala Trp Gly Arg Tyr Phe Ile Lys
520 525

Asp

Ala

Asp

160

Pro

Asp

Phe

Asn

Phe

240

Arg

Asp

Val

Arg

Lys

320

Leu

Asp

Leu

Ile

Leu

400

Ile

Cys

Ser

Arg

Asp

480

Asn

Arg

Arg
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-continued

220

Ala

Thr

545

Glu

Ile

Lys

Gly

Gln

625

Ala

Phe

Asp

Met

Ile

705

Leu

Gly

Ile

Ala

Thr

785

Ser

Tyr

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Val

530

Asp

Lys

Gln

Lys

Leu

610

Arg

Leu

Lys

Lys

Glu

690

Val

Ile

Ile

Ile

Ser

770

Gly

Ser

Glu

His

Lys

Ser

Glu

Leu

Arg

595

Glu

Glu

Lys

Leu

Tyr

675

Met

Lys

Glu

Met

Pro

755

Leu

Gly

Ile

Glu

Pro
835

Ile

Leu

Cys

Glu

580

Tyr

Val

Val

Phe

Glu

660

Glu

Gly

Gly

Glu

Val

740

Ala

Lys

Gly

Ala

Thr

820

Val

PRT

SEQUENCE :

Ala

Phe

Leu

565

Ile

Ala

Arg

Ile

Val

645

Asp

Ser

Ile

Gly

Phe

725

Lys

Val

Thr

Gly

Thr

805

Arg

Tyr

SEQ ID NO 115
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

888

115

Glu

Ile

550

Lys

Asp

Gly

Arg

Glu

630

Lys

Tyr

Lys

Tyr

Gly

710

Asp

Lys

Met

Thr

Ala

790

Val

Lys

Ala

Ser

535

Lys

Leu

Glu

Leu

Gly

615

Ile

Asn

Val

Gln

Tyr

695

Ser

Gly

Ile

Arg

Ile

775

Ser

Ser

Lys

Val

Met

Lys

Ile

Phe

Thr

600

Asp

Ile

Val

Ile

Ala

680

Pro

Ile

Glu

Asp

Ile

760

Gln

Ile

Arg

Val

Lys
840

Gly

Asn

Asp

Tyr

585

Asp

Trp

Leu

Ile

Tyr

665

His

Ile

Ser

Asn

Lys

745

Leu

Lys

Lys

Val

Ile

825

Gly

Phe

Lys

Val

570

Lys

Asp

Cys

Arg

Glu

650

Lys

Val

Gly

Asp

Leu

730

Asp

Glu

Thr

Asp

Ile

810

Asp

Ala

Glu

Leu

555

Ile

Ala

Asp

Glu

Glu

635

Glu

Gly

Lys

Thr

Arg

715

Lys

Tyr

Arg

Leu

Val

795

Asn

Ala

Val

Val Leu Tyr Gly

540

Asn

Ser

Ile

Arg

Leu

620

Arg

Ile

Leu

Ala

Lys

700

Ala

Ile

Tyr

Phe

Phe

780

Ala

Gly

Ile

Leu

Synthetic construct

Met Ile Lys Ala Trp Leu Leu Asp Val Asp Tyr Val

1

5

10

Arg Ala Val Ile Arg Leu Trp Cys Lys Asp Asp Lys

20

25

Ala Tyr Asp Arg Asn Phe Leu Pro Tyr Phe Tyr Val

35

40

Leu

Lys

Phe

Ile

605

Ala

Asn

Lys

Thr

Ala

685

Val

Tyr

Arg

Ile

Gly

765

Asp

Lys

Tyr

Arg

Lys
845

Thr

Gly

Ile
45

Lys Asp
Glu Leu
575

Phe Val
590

Val Val

Lys Arg

Pro Asp

Glu Gly
655

Lys Lys
670

Leu Arg

Gly Phe

Pro Ile

Thr Pro
735

Asp His
750

Tyr Thr

Phe Thr

Leu Ala

Asn Asn
815

Lys Leu
830

Arg

Glu Asn
15

Val Phe
30

Gly Cys

Asp

Leu

560

Pro

Glu

Lys

Val

Lys

640

Lys

Pro

Ala

Val

Glu

720

Ser

Gln

Glu

Gly

Gly

800

Val

Asn

Asp

Val

Lys
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-continued

222

Ala

Thr

65

Ile

Leu

Pro

Gly

Tyr

145

Leu

Asp

Phe

Gln

225

Gly

Gly

Ile

Ala

Asp

305

Leu

Asp

Ser

Glu

385

Met

Glu

Pro

Arg

Glu

50

Pro

Lys

Arg

Phe

Ile

130

Glu

Lys

Pro

Glu

Ser

210

Asp

Ile

Gly

Ala

Glu

290

Ile

Val

Pro

Val

Glu

370

Glu

Glu

Ile

Asp

Asp

450

Glu

Asp

Leu

Ala

Glu

Ala

115

Glu

Val

Ile

Glu

Glu

195

Ile

Asn

Arg

Arg

Leu

275

Phe

Tyr

Leu

Met

Ala

355

Ala

Ser

Asn

Asn

Cys
435

Gly

Met

Val

Lys

Leu

Glu

100

Tyr

Ile

Arg

Leu

Lys

180

Val

Ile

Phe

Leu

Pro

260

Lys

Leu

Lys

Asn

His

340

Arg

Lys

Tyr

Val

Phe

420

Tyr

Phe

Lys

Met

Val

Lys

85

Ile

Arg

Glu

Ser

Ala

165

Asp

Leu

Lys

Asp

Asp

245

Lys

Ile

Gly

Cys

Asp

325

Tyr

Leu

Lys

Glu

Ala

405

Asn

Val

Phe

Arg

Lys

Glu

70

Val

Lys

Tyr

Pro

Val

150

Phe

Pro

His

Glu

Trp

230

Ile

Ile

Pro

Ala

Trp

310

Val

Glu

Gly

Ile

Gly

390

Cys

Ile

Ala

Lys

Gln

Val

55

Glu

Tyr

Lys

Leu

Ile

135

Arg

Asp

Ile

Gly

Gln

215

Pro

Gly

Ala

Asp

Lys

295

Met

Leu

Leu

Arg

Asn

375

Ala

Leu

Ser

Pro

Arg
455

Met

Lys

Ile

Thr

Phe

Ile

120

Ala

Arg

Cys

Ile

Asp

200

Asp

Tyr

Arg

Gly

Val

280

Val

Arg

Thr

Ser

Gly

360

Glu

Phe

Asp

Pro

Glu
440

Ile

Lys

Val

Glu

Arg

Ala

105

Asp

Val

Val

Glu

Ala

185

Glu

Pro

Val

Asp

Arg

265

Lys

Glu

Gly

Thr

Arg

345

Lys

Ile

Val

Phe

Asp
425
Val

Leu

Glu

Arg

Ala

His

90

Glu

Lys

Lys

Glu

Met

170

Ile

Arg

Asp

Lys

Arg

250

Leu

Ile

Glu

Glu

Tyr

330

Met

Gln

Ala

Leu

Ala

410

Thr

Gly

Lys

Leu

Thr

Lys

75

Pro

Val

Asp

Glu

Lys

155

Leu

Ala

Asp

Ile

Lys

235

Ser

Asn

Lys

Glu

Lys

315

Arg

Ile

Val

Pro

Glu

395

Ser

Leu

His

Met

Asp

Asn Glu Gly Ile

60

Ser

Gln

Arg

Leu

Gly

140

Lys

Ala

Val

Ile

Ile

220

Arg

Glu

Val

Thr

Asp

300

Glu

Leu

Arg

Asp

Asn

380

Pro

Met

Val

Lys

Leu
460

Pro

Leu

His

Glu

Ala

125

Val

Gly

Gln

Lys

Leu

205

Val

Ala

Ile

Asp

Leu

285

Ile

Lys

Ala

Leu

Tyr

365

Pro

Ala

Tyr

Lys

Phe
445

Ile

Asp

Gly

Val

Ala

110

Cys

Leu

Phe

Phe

Cys

190

Arg

Gly

Glu

Ser

Leu

270

Lys

Glu

Val

Leu

Pro

350

Phe

Pro

Arg

Pro

Gly
430
Arg

Glu

Ser

Lys

Pro

95

Asp

Met

Arg

Pro

Met

175

Gly

Arg

Tyr

Lys

Phe

255

Tyr

Lys

Gly

Phe

Glu

335

Leu

Leu

Glu

Gly

Ser

415

Glu

Lys

Lys

Glu

Ile

Pro

80

Lys

Ile

Asp

Ala

Asp

160

Pro

Asp

Phe

Asn

Phe

240

Arg

Asp

Val

Arg

Lys

320

Leu

Asp

Leu

Ile

Leu

400

Ile

Cys

Ser

Arg

Asp
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-continued

224

465

Tyr

Ser

Glu

Ala

Thr

545

Glu

Ile

Lys

Gly

Gln

625

Ala

Phe

Asp

Met

Ile

705

Leu

Gly

Ile

Ala

Thr

785

Leu

Arg

Gly

Arg

Thr
865

Thr

Lys

Phe

Cys

Val

530

Asp

Lys

Gln

Lys

Leu

610

Arg

Leu

Lys

Lys

Glu

690

Val

Ile

Ile

Ile

Ser

770

Gly

Gly

Arg

Asn

Thr
850

Asp

Val

Leu

Tyr

Ala

515

Lys

Ser

Glu

Leu

Arg

595

Glu

Glu

Lys

Leu

Tyr

675

Met

Lys

Glu

Met

Pro

755

Leu

Gly

Asn

Ala

Leu
835
Tyr

Tyr

Ile

Leu

Gly

500

Glu

Ile

Leu

Cys

Glu

580

Tyr

Val

Val

Phe

Glu

660

Glu

Gly

Gly

Glu

Val

740

Ala

Lys

Gly

Pro

Pro

820

Asp

Lys

Gly

Asp

Asp

485

Tyr

Ala

Ala

Phe

Leu

565

Ile

Ala

Arg

Ile

Val

645

Asp

Ser

Ile

Gly

Phe

725

Lys

Val

Thr

Gly

Val

805

Phe

Ser

Val

Met

Ala
885

470

Ile

Thr

Thr

Glu

Ile

550

Lys

Asp

Gly

Arg

Glu

630

Lys

Tyr

Lys

Tyr

Gly

710

Asp

Lys

Met

Thr

Glu

790

Arg

Ser

His

Ile

Glu
870

Ile

Lys

Gly

Thr

Ser

535

Lys

Leu

Glu

Leu

Gly

615

Ile

Asn

Val

Gln

Tyr

695

Ser

Gly

Ile

Arg

Ile

775

Glu

Leu

His

Ile

Ala
855

Glu

His

Gln

Trp

Ala

520

Met

Lys

Ile

Phe

Thr

600

Asp

Ile

Val

Ile

Ala

680

Pro

Ile

Glu

Asp

Ile

760

Gln

Ile

Gly

Ile

Lys
840
Asp

Thr

Phe

Gln

Asn

505

Trp

Gly

Asn

Asp

Tyr

585

Asp

Trp

Leu

Ile

Tyr

665

His

Ile

Ser

Asn

Lys

745

Leu

Lys

Lys

Ile

Gln
825
Val

Arg

Arg

Thr

490

Leu

Gly

Phe

Lys

Val

570

Lys

Asp

Cys

Arg

Glu

650

Lys

Val

Gly

Asp

Leu

730

Asp

Glu

Thr

Glu

Met

810

Lys

Leu

Pro

Lys

475

Leu

Ala

Arg

Glu

Leu

555

Ile

Ala

Asp

Glu

Glu

635

Glu

Gly

Lys

Thr

Arg

715

Lys

Tyr

Arg

Leu

Ile

795

Ile

Ala

Glu

Arg

Phe
875

Lys

Arg

Tyr

Val

540

Asn

Ser

Ile

Arg

Leu

620

Arg

Ile

Leu

Ala

Lys

700

Ala

Ile

Tyr

Phe

Phe

780

Met

Tyr

Leu

Lys

Thr
860

Leu

Val

Trp

Phe

525

Leu

Leu

Lys

Phe

Ile

605

Ala

Asn

Lys

Thr

Ala

685

Val

Tyr

Arg

Ile

Gly

765

Asp

Lys

Leu

Asp

His

845

Met

Ser

Leu

Tyr

510

Ile

Tyr

Lys

Glu

Phe

590

Val

Lys

Pro

Glu

Lys

670

Leu

Gly

Pro

Thr

Asp

750

Tyr

Phe

Ser

Phe

Leu
830
Gly

Val

His

Thr

495

Cys

Lys

Gly

Asp

Leu

575

Val

Val

Arg

Asp

Gly

655

Lys

Arg

Phe

Ile

Pro

735

His

Thr

Thr

His

Pro

815

Thr

Phe

Glu

Leu

480

Asn

Arg

Arg

Asp

Leu

560

Pro

Glu

Lys

Val

Lys

640

Lys

Pro

Ala

Val

Glu

720

Ser

Gln

Glu

Gly

Thr

800

Arg

Pro

Val

Ile

Lys
880
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-continued

226

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met
1
Tyr

Asn

Ala

65

Pro

Leu

Ala

Asp

Asn

145

Glu

Gln

Ile

Glu

Pro

225

Leu

Asn

Pro

Leu

305

Ala

Leu

Ala

Tyr

Ala

Ile

50

Ala

Lys

Val

Asp

Glu

130

Glu

Leu

Gln

Pro

Lys

210

Gln

Ser

Trp

Leu

Tyr

290

Glu

Ile

Gly

His

Arg

Ala

Thr

35

Ile

Thr

Thr

Glu

Asp

115

Ile

Lys

Tyr

Ile

Gly

195

Tyr

Lys

Lys

Glu

Leu

275

Glu

Phe

Asp

Ile

His
355

Leu

Leu

20

Tyr

Val

Phe

Pro

Ala

100

Ile

Phe

Ile

Asp

Pro

180

Val

Lys

Val

Lys

Glu

260

Lys

Glu

Glu

Leu

Ser
340

Arg

SEQ ID NO 116
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

959

116

Phe

5

Asp

Gly

Gly

Arg

Asp

85

Leu

Ile

Ile

Lys

Ala

165

Asp

Thr

Asp

Arg

Leu

245

Leu

Glu

Ser

Lys

Glu
325

Val

Asn

Leu

Arg

Val

Lys

His

Leu

Gly

Ala

Val

Val

150

Gln

Leu

Gly

Leu

Lys

230

Ala

Arg

Leu

Glu

Leu
310
Thr

Ser

Ala

Synthetic construct

Phe

Ser

Ala

Asp

55

Lys

Leu

Met

Thr

Thr

135

Trp

Lys

Leu

Ile

Glu

215

Ala

Ile

Tyr

Glu

Pro

295

Ile

Ser

Phe

Gln

Asp

Leu

Arg

40

Tyr

Leu

Ile

Lys

Leu

120

Gly

Arg

Val

Ala

Gly

200

Asp

Leu

Leu

Gln

Phe

280

Val

Glu

Ser

Lys

Asn
360

Gly

Ser

25

Met

Val

Leu

Gln

Val

105

Ala

Asp

Ile

Lys

Leu

185

Glu

Ile

Leu

Glu

Gly

265

Ala

Gly

Lys

Leu

Pro
345

Leu

Thr

10

Thr

Leu

Ala

Glu

Gln

90

Leu

Val

Lys

Val

Glu

170

Thr

Lys

Leu

Arg

Thr

250

Tyr

Ser

Tyr

Leu

Asp
330

Lys

Asp

Ala

Ser

Val

Val

Thr

75

Leu

Glu

Lys

Asp

Lys

155

Lys

Gly

Thr

Asn

Asp

235

Asn

Asp

Ile

Arg

Arg

315

Pro

Glu

Glu

Leu

Thr

Arg

Ala

60

Tyr

Pro

Val

Gly

Met

140

Gly

Tyr

Asp

Ala

His

220

Arg

Val

Arg

Met

Ile

300

Glu

Phe

Ala

Lys

Ala

Gly

Phe

45

Phe

Lys

Tyr

Glu

Leu

125

Leu

Ile

Gly

Glu

Val

205

Val

Glu

Pro

Glu

Lys

285

Val

Ser

Asp

Tyr

Glu
365

Tyr

Ile

30

Ile

Asp

Ala

Ile

Gly

110

Pro

Gln

Ser

Val

Ile

190

Gln

Arg

Asn

Ile

Lys

270

Glu

Lys

Pro

Cys

Tyr

350

Val

Arg

Pro

Lys

Lys

Gln

Lys

95

Tyr

Leu

Leu

Asp

Glu

175

Asp

Leu

Glu

Ala

Glu

255

Leu

Leu

Asp

Ser

Asp
335

Ile

Leu

Ala

Thr

Asp

Lys

Arg

Lys

Glu

Phe

Val

Leu

160

Pro

Asn

Leu

Leu

Ile

240

Ile

Leu

Gln

Leu

Phe

320

Ile

Pro

Lys
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227

-continued

228

Lys

Asn

385

Asn

Tyr

Phe

Ser

465

Leu

Met

Leu

Asn

545

Gly

Arg

Leu

Asp

Ser

625

Pro

Arg

Asp

Glu

Thr

705

Met

Thr

Glu

Tyr

Leu

370

Leu

Pro

Glu

Lys

Gly

450

Cys

Lys

Pro

Asp

Glu

530

Ile

Ile

Ile

Ile

Ala

610

Phe

Asn

Lys

Tyr

Asn

690

Ala

Arg

Pro

Lys

Ile
770

Lys

Lys

Pro

Lys

Met

435

Phe

Glu

Leu

Leu

Thr

515

Glu

Asn

Lys

Glu

Leu

595

Leu

Asn

Leu

Ala

Ser

675

Leu

Ser

Arg

Tyr

Met

755

Gln

Glu

Phe

His

Lys

420

Thr

Ser

Asp

His

Val

500

Glu

Leu

Ser

Pro

Val

580

Glu

Pro

Gln

Gln

Ile

660

Gln

Leu

Arg

Ala

Gly
740

Ile

Arg

Ile

Asp

Phe

405

Phe

Ser

Phe

Ala

Glu

485

Ser

Phe

Ala

Pro

Arg

565

Leu

Tyr

Lys

Thr

Asn

645

Val

Ile

Lys

Ile

Gly
725
Leu

Val

Val

Leu

Tyr

390

Asp

Asn

Tyr

Ala

Asp

470

Ala

Val

Leu

Glu

Lys

550

Gly

Glu

Arg

Met

Gly

630

Leu

Pro

Glu

Ala

Phe

710

Lys

Ser

Asn

Val

Glu Asp Pro Gly Ala Lys Ile Val Gly
375 380

Lys Val Leu Met Val Lys Gly Val Glu
395

Thr Met Ile Ala Ala Tyr Leu Leu Glu
410 415

Leu Asp Asp Leu Ala Leu Lys Phe Leu
425 430

Gln Glu Leu Met Ser Phe Ser Ser Pro
440 445

Asp Val Pro Val Glu Lys Ala Ala Asn
455 460

Ile Thr Tyr Arg Leu Tyr Lys Ile Leu
475

Asp Leu Glu Asn Val Phe Tyr Lys Ile
490 495

Leu Ala Arg Met Glu Leu Asn Gly Val
505 510

Lys Lys Leu Ser Glu Glu Tyr Gly Lys
520 525

Glu Ile Tyr Arg Ile Ala Gly Glu Pro
535 540

Gln Val Ser Arg Ile Leu Phe Glu Lys
555

Lys Thr Thr Lys Thr Gly Asp Tyr Ser
570 575

Glu Leu Ala Gly Glu His Glu Ile Ile
585 590

Lys Ile Gln Lys Leu Lys Ser Thr Tyr
600 605

Val Asn Pro Lys Thr Gly Arg Ile His
615 620

Thr Ala Thr Gly Arg Leu Ser Ser Ser
635

Pro Thr Lys Ser Glu Glu Gly Lys Glu
650 655

Gln Asp Pro Asn Trp Trp Ile Val Ser
665 670

Leu Arg Ile Leu Ala His Leu Ser Gly
680 685

Phe Glu Glu Gly Ile Asp Val His Thr
695 700

Asn Val Lys Pro Glu Glu Val Thr Glu
715

Met Val Asn Phe Ser Ile Ile Tyr Gly
730 735

Val Arg Leu Gly Val Pro Val Lys Glu
745 750

Tyr Phe Val Leu Tyr Pro Lys Val Arg
760 765

Ser Glu Ala Lys Glu Lys Gly Tyr Val
775 780

Gln

Pro

400

Pro

Gly

Leu

Tyr

Ser

480

Glu

Tyr

Lys

Phe

Leu

560

Thr

Pro

Ile

Ala

Asp

640

Ile

Ala

Asp

Leu

Glu

720

Val

Ala

Asp

Arg
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-continued

230

Thr
785
Arg

Gln

Arg

Pro

Gly

Gly

Gly
945

<210>
<211>
<212>
<213>
<220>
<223>

Leu

Asn

Gly

Glu

Asp

850

Glu

Leu

Gly

Val

Ser

930

Tyr

Phe

Thr

Thr

Leu

835

Glu

Leu

Glu

Gly

Ser

915

Glu

Lys

Gly

Gln

Ala

820

Lys

Leu

Val

Val

Lys

900

Ile

Lys

Pro

PRT

<400> SEQUENCE:

Met

1

Arg

Ala

Ala

Thr

65

Ile

Leu

Pro

Gly

Tyr

145

Leu

Asp

Ile

Ala

Tyr

Glu

50

Pro

Lys

Arg

Phe

Ile

130

Glu

Lys

Pro

Lys

Val

Asp

35

Asp

Leu

Ala

Glu

Ala

115

Glu

Val

Ile

Glu

Ala

Ile

Arg

Val

Lys

Leu

Glu

100

Tyr

Ile

Arg

Leu

Lys
180

Arg

Ala

805

Ala

Glu

Val

Lys

Asp

885

Arg

Ser

Leu

Asn

SEQ ID NO 117
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

848

117

Trp

5

Arg

Asn

Met

Val

Lys

85

Ile

Arg

Glu

Ser

Ala
165

Asp

Lys

790

Glu

Asp

Arg

Phe

Asp

870

Val

Arg

Thr

Gly

Lys
950

Leu

Leu

Phe

Lys

Glu

70

Val

Lys

Tyr

Pro

Val
150

Phe

Pro

Arg

Gly

Ile

Lys

Glu

855

Arg

Thr

Pro

Val

Glu

935

Ile

Asp

Glu

Ile

Met

840

Val

Met

Ile

Thr

Ser

920

Arg

Ala

Ile

Arg

Lys

825

Arg

Pro

Thr

Gly

Ile

905

Arg

Ile

Gln

Pro

Ile

810

Leu

Ser

Asp

Asn

Lys

890

Asn

Tyr

Arg

Gly

Gln

795

Ala

Ala

Lys

Glu

Val

875

Thr

Asp

Leu

Glu

Leu
955

Leu

Ile

Met

Met

Glu

860

Val

Trp

Val

Lys

Ala

940

Arg

Synthetic construct

Leu

Trp

Leu

Val

55

Glu

Tyr

Lys

Leu

Ile

135

Arg

Asp

Ile

Asp

Cys

Pro

40

Lys

Ile

Thr

Phe

Ile

120

Ala

Arg

Cys

Ile

Val

Lys

25

Tyr

Val

Glu

Arg

Ala

105

Asp

Val

Val

Glu

Ala
185

Asp

10

Asp

Phe

Arg

Ala

His

Glu

Lys

Lys

Glu

Met
170

Ile

Tyr

Asp

Tyr

Thr

Lys

75

Pro

Val

Asp

Glu

Lys
155

Leu

Ala

Val

Lys

Val

Asn

60

Ser

Gln

Arg

Leu

Gly
140
Lys

Ala

Val

Met

Asn

Ile

Ile

845

Lys

Lys

Ser

Ala

Asp

925

Ile

Thr

Thr

Gly

Ile

45

Glu

Leu

His

Glu

Ala

125

Val

Gly

Gln

Lys

Ala

Thr

Glu

830

Ile

Asp

Leu

Gly

Lys

910

Pro

Lys

Gly

Glu

Val

Gly

Gly

Gly

Val

Ala

110

Cys

Leu

Phe

Phe

Cys
190

Arg

Pro

815

Ile

Gln

Ala

Ser

Thr

895

Leu

Ser

Lys

Asp

Asn

15

Phe

Cys

Ile

Lys

Pro

95

Asp

Met

Arg

Pro

Met
175

Gly

Asp

800

Ile

Asp

Val

Leu

Val

880

Gly

Ala

Gln

Leu

Asp

Val

Lys

Ile

Pro

80

Lys

Ile

Asp

Ala

Asp
160

Pro

Asp
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-continued

232

Phe

Gln

225

Gly

Gly

Ile

Ala

Asp

305

Leu

Asp

Ser

Glu

385

Met

Glu

Pro

Arg

465

Tyr

Ser

Glu

Ala

Thr

545

Glu

Ile

Lys

Gly

Glu

Ser

210

Asp

Ile

Gly

Ala

Glu

290

Ile

Val

Pro

Val

Glu

370

Glu

Glu

Ile

Asp

Asp

450

Glu

Lys

Phe

Cys

Val

530

Asp

Lys

Gln

Lys

Leu

Glu

195

Ile

Asn

Arg

Arg

Leu

275

Phe

Tyr

Leu

Met

Ala

355

Ala

Ser

Asn

Asn

Cys

435

Gly

Met

Leu

Tyr

Ala

515

Lys

Ser

Glu

Leu

Arg
595

Glu

Val

Ile

Phe

Leu

Pro

260

Lys

Leu

Lys

Asn

His

340

Arg

Lys

Tyr

Val

Phe

420

Tyr

Phe

Lys

Leu

Gly

500

Glu

Ile

Leu

Cys

Glu
580

Tyr

Val

Leu

Lys

Asp

Asp

245

Lys

Ile

Gly

Cys

Asp

325

Tyr

Leu

Lys

Glu

Ala

405

Asn

Val

Phe

Arg

Asp

485

Tyr

Ala

Ala

Phe

Leu
565
Ile

Ala

Arg

His

Glu

Trp

230

Ile

Ile

Pro

Ala

Trp

310

Val

Glu

Gly

Ile

Gly

390

Cys

Ile

Ala

Lys

Gln

470

Ile

Thr

Thr

Glu

Ile

550

Lys

Asp

Gly

Arg

Gly

Gln

215

Pro

Gly

Ala

Asp

Lys

295

Met

Leu

Leu

Arg

Asn

375

Ala

Leu

Ser

Pro

Arg

455

Met

Lys

Gly

Thr

Ser

535

Lys

Leu

Glu

Leu

Gly

Asp

200

Asp

Tyr

Arg

Gly

Val

280

Val

Arg

Thr

Ser

Gly

360

Glu

Phe

Asp

Pro

Glu

440

Ile

Lys

Gln

Trp

Ala

520

Met

Lys

Ile

Phe

Thr

600

Asp

Glu

Pro

Val

Asp

Arg

265

Lys

Glu

Gly

Thr

Arg

345

Lys

Ile

Val

Phe

Asp

425

Val

Leu

Glu

Gln

Asn

505

Trp

Gly

Asn

Asp

Tyr

585

Asp

Trp

Arg

Asp

Lys

Arg

250

Leu

Ile

Glu

Glu

Tyr

330

Met

Gln

Ala

Leu

Ala

410

Thr

Gly

Lys

Leu

Thr

490

Leu

Gly

Phe

Lys

Val
570
Lys

Asp

Cys

Asp

Ile

Lys

235

Ser

Asn

Lys

Glu

Lys

315

Arg

Ile

Val

Pro

Glu

395

Ser

Leu

His

Met

Asp

475

Leu

Ala

Arg

Glu

Leu

555

Ile

Ala

Asp

Glu

Ile

Ile

220

Arg

Glu

Val

Thr

Asp

300

Glu

Leu

Arg

Asp

Asn

380

Pro

Met

Val

Lys

Leu

460

Pro

Lys

Arg

Tyr

Val

540

Asn

Ser

Ile

Arg

Leu

Leu

205

Val

Ala

Ile

Asp

Leu

285

Ile

Lys

Ala

Leu

Tyr

365

Pro

Ala

Tyr

Lys

Phe

445

Ile

Asp

Val

Trp

Phe

525

Leu

Leu

Lys

Phe

Ile
605

Ala

Arg

Gly

Glu

Ser

Leu

270

Lys

Glu

Val

Leu

Pro

350

Phe

Pro

Arg

Pro

Gly

430

Arg

Glu

Ser

Leu

Tyr

510

Ile

Tyr

Lys

Glu

Phe
590

Val

Lys

Arg

Tyr

Lys

Phe

255

Tyr

Lys

Gly

Phe

Glu

335

Leu

Leu

Glu

Gly

Ser

415

Glu

Lys

Lys

Glu

Thr

495

Cys

Lys

Gly

Asp

Leu
575
Val

Val

Arg

Phe

Asn

Phe

240

Arg

Asp

Val

Arg

Lys

320

Leu

Asp

Leu

Ile

Leu

400

Ile

Cys

Ser

Arg

Asp

480

Asn

Arg

Arg

Asp

Leu

560

Pro

Glu

Lys

Val
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233

-continued

234

Gln

625

Ala

Phe

Asp

Met

Ile

705

Leu

Gly

Ile

Ala

Thr

785

Thr

Leu

Leu

<210>
<211>
<212>
<213>
<220>
<223>

610

Arg

Leu

Lys

Lys

Glu

690

Val

Ile

Ile

Ile

Ser

770

Gly

Ser

Ser

Arg

Glu

Lys

Leu

Tyr

675

Met

Lys

Glu

Met

Pro

755

Leu

Gly

Ile

Asp

Lys
835

Val

Phe

Glu

660

Glu

Gly

Gly

Glu

Val

740

Ala

Lys

Gly

Lys

Ile

820

Ile

PRT

<400> SEQUENCE:

Met
1

Ala

65

Pro

Leu

Ala

Asp

Ala

Tyr

Ala

Ile

50

Ala

Lys

Val

Asp

Glu

Arg

Ala

Thr

35

Ile

Thr

Thr

Glu

Asp
115

Ile

Leu

Leu

20

Tyr

Val

Phe

Pro

Ala

100

Ile

Phe

Ile

Val

645

Asp

Ser

Ile

Gly

Phe

725

Lys

Val

Thr

Gly

His

805

Leu

Ala

SEQ ID NO 118
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Synthetic construct

998

118

Phe

5

Asp

Gly

Gly

Arg

Asp

85

Leu

Ile

Ile

Glu

630

Lys

Tyr

Lys

Tyr

Gly

710

Asp

Lys

Met

Thr

Lys

790

Leu

Asn

Lys

Leu

Arg

Val

Lys

His

70

Leu

Gly

Ala

Val

615 620

Ile Ile Leu Arg Glu Arg Asn Pro Asp
635

Asn Val Ile Glu Glu Ile Lys Glu Gly
650 655

Val Ile Tyr Lys Gly Leu Thr Lys Lys
665 670

Gln Ala His Val Lys Ala Ala Leu Arg
680 685

Tyr Pro Ile Gly Thr Lys Val Gly Phe
695 700

Ser Ile Ser Asp Arg Ala Tyr Pro Ile
715

Gly Glu 2Asn Leu Lys Ile Arg Thr Pro
730 735

Ile Asp Lys Asp Tyr Tyr Ile Asp His
745 750

Arg Ile Leu Glu Arg Phe Gly Tyr Thr
760 765

Ile Gln Lys Thr Leu Phe Asp Phe Thr
775 780

Ser Leu Gln Arg Phe Leu Arg Arg Asn
795

Ser Glu Ile Thr Gly Val Ala Arg Asn
810 815

Gly Lys Thr Gln Lys Ile Arg Gly Glu
825 830

Ala Phe Glu Lys Ser Asn Ile Leu Ser
840 845

Phe Asp Gly Thr Ala Leu Ala Tyr Arg
10 15

Ser Leu Ser Thr Ser Thr Gly Ile Pro
25 30

Ala Arg Met Leu Val Arg Phe Ile Lys
40 45

Asp Tyr Val Ala Val Ala Phe Asp Lys
55 60

Lys Leu Leu Glu Thr Tyr Lys Ala Gln
75

Leu Ile Gln Gln Leu Pro Tyr Ile Lys
90 95

Met Lys Val Leu Glu Val Glu Gly Tyr
105 110

Thr Leu Ala Val Lys Gly Leu Pro Leu
120 125

Thr Gly Asp Lys Asp Met Leu Gln Leu

Lys

640

Lys

Pro

Ala

Val

Glu

720

Ser

Gln

Glu

Gly

Thr

800

Arg

Thr

Phe

Ala

Thr

Asp

Lys

Arg

80

Lys

Glu

Phe

Val
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235

-continued

236

Asn

145

Glu

Gln

Ile

Glu

Pro

225

Leu

Asn

Pro

Leu

305

Ala

Leu

Lys

Asn

385

Asn

Tyr

Phe

Ser

465

Leu

Met

Leu

Asn
545

130

Glu

Leu

Gln

Pro

Lys

210

Gln

Ser

Trp

Leu

Tyr

290

Glu

Ile

Gly

His

Leu

370

Leu

Pro

Glu

Lys

Gly

450

Cys

Lys

Pro

Asp

Glu
530

Ile

Lys

Tyr

Ile

Gly

195

Tyr

Lys

Lys

Glu

Leu

275

Glu

Phe

Asp

Ile

His

355

Lys

Lys

Pro

Lys

Met

435

Phe

Glu

Leu

Leu

Thr
515

Glu

Asn

Ile

Asp

Pro

180

Val

Lys

Val

Lys

Glu

260

Lys

Glu

Glu

Leu

Ser

340

Arg

Glu

Phe

His

Lys

420

Thr

Ser

Asp

His

Val

500

Glu

Leu

Ser

Lys

Ala

165

Asp

Thr

Asp

Arg

Leu

245

Leu

Glu

Ser

Lys

Glu

325

Val

Asn

Ile

Asp

Phe

405

Phe

Ser

Phe

Ala

Glu

485

Ser

Phe

Ala

Pro

Val

150

Gln

Leu

Gly

Leu

Lys

230

Ala

Arg

Leu

Glu

Leu

310

Thr

Ser

Ala

Leu

Tyr

390

Asp

Asn

Tyr

Ala

Asp

470

Ala

Val

Leu

Glu

Lys
550

135 140

Trp Arg Ile Val Lys Gly Ile Ser Asp
155

Lys Val Lys Glu Lys Tyr Gly Val Glu
170 175

Leu Ala Leu Thr Gly Asp Glu Ile Asp
185 190

Ile Gly Glu Lys Thr Ala Val Gln Leu
200 205

Glu Asp Ile Leu Asn His Val Arg Glu
215 220

Ala Leu Leu Arg Asp Arg Glu Asn Ala
235

Ile Leu Glu Thr Asn Val Pro Ile Glu
250 255

Tyr Gln Gly Tyr Asp Arg Glu Lys Leu
265 270

Glu Phe Ala Ser Ile Met Lys Glu Leu
280 285

Pro Val Gly Tyr Arg Ile Val Lys Asp
295 300

Ile Glu Lys Leu Arg Glu Ser Pro Ser
315

Ser Ser Leu Asp Pro Phe Asp Cys Asp
330 335

Phe Lys Pro Lys Glu Ala Tyr Tyr Ile
345 350

Gln Asn Leu Asp Glu Lys Glu Val Leu
360 365

Glu Asp Pro Gly Ala Lys Ile Val Gly
375 380

Lys Val Leu Met Val Lys Gly Val Glu
395

Thr Met Ile Ala Ala Tyr Leu Leu Glu
410 415

Leu Asp Asp Leu Ala Leu Lys Phe Leu
425 430

Gln Glu Leu Met Ser Phe Ser Ser Pro
440 445

Asp Val Pro Val Glu Lys Ala Ala Asn
455 460

Ile Thr Tyr Arg Leu Tyr Lys Ile Leu
475

Asp Leu Glu Asn Val Phe Tyr Lys Ile
490 495

Leu Ala Arg Met Glu Leu Asn Gly Val
505 510

Lys Lys Leu Ser Glu Glu Tyr Gly Lys
520 525

Glu Ile Tyr Arg Ile Ala Gly Glu Pro
535 540

Gln Val Ser Arg Ile Leu Phe Glu Lys
555

Leu

160

Pro

Asn

Leu

Leu

Ile

240

Ile

Leu

Gln

Leu

Phe

320

Ile

Pro

Lys

Gln

Pro

400

Pro

Gly

Leu

Tyr

Ser

480

Glu

Tyr

Lys

Phe

Leu
560
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237

-continued

238

Gly

Arg

Leu

Asp

Ser

625

Pro

Arg

Asp

Glu

Thr

705

Met

Thr

Glu

Tyr

Thr

785

Arg

Gln

Arg

Pro

Gly

Asn

Ala

Leu

945

Tyr

Ile

Ile

Ile

Ala

610

Phe

Asn

Lys

Tyr

Asn

690

Ala

Arg

Pro

Lys

Ile

770

Leu

Asn

Gly

Glu

Asp

850

Glu

Leu

Gly

Pro

Pro
930

Asp

Lys

Lys

Glu

Leu

595

Leu

Asn

Leu

Ala

Ser

675

Leu

Ser

Arg

Tyr

Met

755

Gln

Phe

Thr

Thr

Leu

835

Glu

Leu

Glu

Gly

Val
915
Phe

Ser

Val

Pro

Val

580

Glu

Pro

Gln

Gln

Ile

660

Gln

Leu

Arg

Ala

Gly

740

Ile

Arg

Gly

Gln

Ala

820

Lys

Leu

Val

Val

Glu

900

Arg

Ser

His

Ile

Arg

565

Leu

Tyr

Lys

Thr

Asn

645

Val

Ile

Lys

Ile

Gly

725

Leu

Val

Val

Arg

Ala

805

Ala

Glu

Val

Lys

Asp

885

Glu

Leu

His

Ile

Ala
965

Gly

Glu

Arg

Met

Gly

630

Leu

Pro

Glu

Ala

Phe

710

Lys

Ser

Asn

Val

Lys

790

Glu

Asp

Arg

Phe

Asp

870

Val

Ile

Gly

Ile

Lys

950

Asp

Lys Thr Thr Lys Thr Gly Asp Tyr Ser
570 575

Glu Leu Ala Gly Glu His Glu Ile Ile
585 590

Lys Ile Gln Lys Leu Lys Ser Thr Tyr
600 605

Val Asn Pro Lys Thr Gly Arg Ile His
615 620

Thr Ala Thr Gly Arg Leu Ser Ser Ser
635

Pro Thr Lys Ser Glu Glu Gly Lys Glu
650 655

Gln Asp Pro Asn Trp Trp Ile Val Ser
665 670

Leu Arg Ile Leu Ala His Leu Ser Gly
680 685

Phe Glu Glu Gly Ile Asp Val His Thr
695 700

Asn Val Lys Pro Glu Glu Val Thr Glu
715

Met Val Asn Phe Ser Ile Ile Tyr Gly
730 735

Val Arg Leu Gly Val Pro Val Lys Glu
745 750

Tyr Phe Val Leu Tyr Pro Lys Val Arg
760 765

Ser Glu Ala Lys Glu Lys Gly Tyr Val
775 780

Arg Asp Ile Pro Gln Leu Met Ala Arg
795

Gly Glu Arg Ile Ala Ile Asn Thr Pro
810 815

Ile Ile Lys Leu Ala Met Ile Glu Ile
825 830

Lys Met Arg Ser Lys Met Ile Ile Gln
840 845

Glu Val Pro Asp Glu Glu Lys Asp Ala
855 860

Arg Met Thr Asn Val Val Lys Leu Ser
875

Thr Ile Gly Lys Thr Trp Ser Gly Thr
890 895

Lys Glu Ile Met Lys Ser His Thr Leu
905 910

Ile Met Ile Tyr Leu Phe Pro Arg Arg
920 925

Gln Lys Ala Leu Asp Leu Thr Pro Gly
935 940

Val Leu Glu Lys His Gly Phe Val Arg
955

Arg Pro Arg Thr Met Val Glu Ile Thr
970 975

Thr

Pro

Ile

Ala

Asp

640

Ile

Ala

Asp

Leu

Glu

720

Val

Ala

Asp

Arg

Asp

800

Ile

Asp

Val

Leu

Val

880

Gly

Gly

Arg

Asn

Thr
960

Asp
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239 240

-continued

Tyr Gly Met Glu Glu Thr Arg Lys Phe Leu Ser His Leu Lys Thr Val
980 985 990

Ile Asp Ala Ile His Phe
995

<210> SEQ ID NO 119

<211> LENGTH: 851

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 119

Met Glu Gly Trp Leu Leu Asp Ala Asp Tyr Ile Thr Ala Glu Asp Gly
1 5 10 15

Arg Ala Val Val Arg Leu Trp Cys Lys Asp Phe Asp Gly Asn Thr Phe
20 25 30

Val Val Tyr Asp Arg Asn Phe Gln Pro Tyr Phe Tyr Ala Phe Lys Asn
35 40 45

Gly Leu Ser Lys Glu Asp Ile Glu Lys Ile Val Val Lys Ser Arg Glu
50 55 60

Gly Val Ile Lys Pro Phe Lys Val Glu Glu Val Arg Arg Lys Val Phe
65 70 75 80

Gly Lys Glu Val Glu Val Phe Lys Ile Tyr Ala Tyr His Pro Gln His
85 90 95

Val Pro Lys Leu Arg Glu Glu Leu Lys Lys Ile Thr Glu Val Arg Glu
100 105 110

Ala Asp Ile Pro Phe Ala Tyr Arg Tyr Leu Ile Asp Lys Asp Leu Ala
115 120 125

Cys Met Asp Gly Ile Arg Val Glu Gly Lys Val Arg Glu Glu Arg Gly
130 135 140

Leu Lys Val Ile Asp Ala Glu His Val Glu Arg Phe Glu Ile Pro Leu
145 150 155 160

Pro Glu Pro Lys Val Leu Ala Phe Asp Cys Glu Met Leu Thr Glu Leu
165 170 175

Gly Met Pro Asp Pro Glu Lys Asp Lys Ile Ile Ile Ile Gly Val Lys
180 185 190

Cys Gly Asp Phe Glu Glu Ile Ile Thr Gly Asn Glu Arg Glu Ile Leu
195 200 205

Leu Arg Phe Val Glu Ile Ile Lys Glu Gln Asp Pro Asp Val Ile Val
210 215 220

Gly Tyr Asn Gln Asp Asn Phe Asp Trp Pro Tyr Ile Arg Lys Arg Ala
225 230 235 240

Glu Lys Leu Ser Val Lys Leu Asn Ile Gly Arg Asp Gly Ser Glu Ile
245 250 255

Ser Phe Arg Gly Gly Arg Pro Lys Ile Ala Gly Arg Leu Asn Val Asp
260 265 270

Leu Tyr Asp Ile Ala Met Lys Leu Asp Val Lys Val Lys Thr Leu Glu
275 280 285

Asn Val Ala Glu Phe Leu Gly Arg Lys Val Glu Leu Ala Asp Ile Glu
290 295 300

Ala Lys Asp Ile Tyr Lys Arg Trp Thr Ser Gly Asp Lys Glu Ser Val
305 310 315 320

Leu Lys Tyr Ser Lys Gln Asp Val Leu Asn Thr Tyr Phe Ile Ala Glu
325 330 335
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-continued

242

Glu

Thr

Leu

Glu

385

Gly

Ser

Lys

Lys

Lys

465

Arg

Thr

Cys

Lys

Gly

545

Lys

Phe

Glu

625

Glu

Gly

Arg

Arg

Phe

705

Ile

Arg

Leu

Asp

Leu

370

Val

Leu

Ile

Cys

His

450

Arg

Glu

Asn

Arg

Ser

530

Asp

Ile

Pro

Glu

Lys

610

Val

Lys

Lys

Pro

Ala

690

Val

Asp

Ser

Gln

Leu

Asp

355

Ser

Glu

His

Met

Asp

435

Pro

Arg

Tyr

Ser

Gln

515

Ala

Thr

Arg

Val

Lys

595

Gly

Gln

Ala

Val

Asp

675

Met

Val

Leu

Gly

Ile

Pro

340

Val

Glu

Glu

Lys

Ile

420

Asp

Asp

Glu

Leu

Phe

500

Cys

Val

Asp

Gly

Gln

580

Lys

Leu

Lys

Ala

Lys

660

Lys

Glu

Val

Ile

Ser
740

Ile

Met

Ala

Ala

Ser

Asn

405

Ala

Cys

Gly

Ile

Leu

485

Tyr

Ala

Glu

Ser

Glu

565

Ile

Arg

Glu

Lys

Glu

645

Leu

Tyr

Leu

Glu

Glu
725

Ile

Pro

His

Arg

Tyr

Tyr

390

Val

Tyr

Tyr

Phe

Lys

470

Leu

Gly

Glu

Ile

Ile

550

Val

Glu

Tyr

Val

Val

630

Tyr

Glu

Glu

Gly

Gly

710

Glu

Val

Ser

Tyr

Ile

Lys

375

Glu

Val

Asn

Val

Phe

455

Asn

Asn

Tyr

Ala

Ala

535

Phe

Glu

Val

Ala

Arg

615

Ile

Val

Asp

Ser

Ile

695

Ala

Phe

Lys

Val

Glu

Gly

360

Ile

Gly

Cys

Ile

Ala

440

Lys

Gln

Ile

Thr

Thr

520

Lys

Val

Lys

Asp

Gly

600

Arg

Glu

Arg

Val

Lys

680

Val

Gly

Asp

Lys

Leu

Leu

345

Arg

Gly

Ala

Leu

Ser

425

Pro

Arg

Met

Lys

Gly

505

Thr

Lys

Lys

Leu

Glu

585

Leu

Gly

Ile

Lys

Val

665

Gln

Tyr

Asn

Gly

Leu

745

Arg

Ser

Gly

Glu

Phe

Asp

410

Pro

Glu

Ile

Lys

Gln

490

Trp

Ala

Leu

Lys

Ile

570

Tyr

Thr

Asp

Ile

Val

650

Ile

Ala

Asn

Val

Glu
730

Asp

Ile

Arg

Lys

Ile

Val

395

Phe

Asp

Val

Leu

Ser

475

Gln

Ser

Trp

Gly

Gly

555

Glu

Tyr

Glu

Trp

Leu

635

Ile

Tyr

His

Val

Gly
715
Asn

Lys

Leu

Met

Gln

Ala

380

Leu

Ala

Thr

Gly

Lys

460

Leu

Thr

Gly

Gly

Phe

540

Asn

Glu

Lys

Asp

Cys

620

Lys

Asn

Lys

Val

Gly

700

Asp

Leu

Asp

Glu

Ile

Val

365

Pro

Glu

Ser

Tyr

His

445

Met

Asp

Leu

Ala

Arg

525

Glu

Leu

Ile

Thr

Gly

605

Glu

Glu

Asp

Gly

Lys

685

Ser

Arg

Val

Tyr

Arg

Arg

350

Asp

Asn

Pro

Met

Val

430

Lys

Leu

Arg

Lys

Arg

510

His

Val

Ser

Ser

Ile

590

Ile

Leu

Glu

Ile

Leu

670

Ala

Lys

Ala

Ile

Tyr
750

Phe

Ile

Trp

Pro

Ser

Tyr

415

Phe

Phe

Ile

Asn

Ile

495

Trp

Leu

Leu

Leu

Glu

575

Phe

Leu

Ala

Asn

Lys

655

Thr

Ala

Val

Tyr

Arg

735

Ile

Gly

Pro

Phe

Ala

Arg

400

Pro

Gly

Arg

Glu

Ser

480

Leu

Tyr

Ile

Tyr

Glu

560

Lys

Phe

Val

Lys

Pro

640

Ser

Lys

Leu

Gly

Pro
720
Thr

Asn

Tyr
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243

-continued

244

755 760

Asn Glu Ala Ser Leu Lys Gly Ala Thr Gln Lys Thr
770 775 780

Trp Gly Thr Gly Gly Gly Gly Lys Arg Arg Pro Thr

785

790 795

Ala Lys Leu Ala Gly Val Ser Ile Ser Thr Val Ser

805 810

Asp Pro Ser Gln Val Ser Glu Lys Leu Gly Glu Arg

820 825

Ile Lys Lys Leu Gly Tyr Lys Pro Asn Lys Ile Ala

835 840

Thr Gly Asp
850

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 120

LENGTH: 851

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic construct

SEQUENCE: 120

Met Glu Gly Trp Leu Leu Asp Ala Asp Tyr Ile Thr

1

5 10

Arg Ala Val Val Arg Leu Trp Cys Lys Asp Phe Asp

20 25

Val Val Tyr Asp Arg Asn Phe Gln Pro Tyr Phe Tyr

35 40

Gly Leu Ser Lys Glu Asp Ile Glu Lys Ile Val Val

50

55 60

Gly Val Ile Lys Pro Phe Lys Val Glu Glu Val Arg

65

70 75

Gly Lys Glu Val Glu Val Phe Lys Ile Tyr Ala Tyr

85 90

Val Pro Lys Leu Arg Glu Glu Leu Lys Lys Ile Thr

100 105

Ala Asp Ile Pro Phe Ala Tyr Arg Tyr Leu Ile Asp

115 120

Cys Met Asp Gly Ile Arg Val Glu Gly Lys Val Arg
130 135 140

Leu Lys Val Ile Asp Ala Glu His Val Glu Arg Phe

145

150 155

Pro Glu Pro Lys Val Leu Ala Phe Asp Cys Glu Met

165 170

Gly Met Pro Asp Pro Glu Lys Asp Lys Ile Ile Ile

180 185

Cys Gly Asp Phe Glu Glu Ile Ile Thr Gly Asn Glu

195 200

Leu Arg Phe Val Glu Ile Ile Lys Glu Gln Asp Pro
210 215 220

Gly Tyr Asn Gln Asp Asn Phe Asp Trp Pro Tyr Ile

225

230 235

Glu Lys Leu Ser Val Lys Leu Asn Ile Gly Arg Asp

245 250

Ser Phe Arg Gly Gly Arg Pro Lys Ile Ala Gly Arg

765

Leu

Ile

Arg

Ile

Gln
845

Ala

Gly

Ala

45

Lys

Arg

His

Glu

Lys

125

Glu

Glu

Leu

Ile

Arg

205

Asp

Arg

Gly

Leu

Asp

Asn

Tyr

Arg

830

Gly

Glu

Asn

30

Phe

Ser

Lys

Pro

Val

110

Asp

Glu

Ile

Thr

Gly

190

Glu

Val

Lys

Ser

Asn

Ala

Asp

Leu

815

Glu

Leu

Asp

15

Thr

Lys

Arg

Val

Gln

95

Arg

Leu

Arg

Pro

Glu

175

Val

Ile

Ile

Arg

Glu
255

Val

Phe

Val

800

Lys

Ala

Arg

Gly

Phe

Asn

Glu

Phe

80

His

Glu

Ala

Gly

Leu

160

Leu

Lys

Leu

Val

Ala
240

Ile

Asp
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245

-continued

246

Leu

Asn

Ala

305

Leu

Glu

Thr

Leu

Glu

385

Gly

Ser

Lys

Lys

Lys

465

Arg

Thr

Cys

Lys

Gly

545

Lys

Phe

Glu
625
Glu

Gly

Arg

Tyr

Val

290

Lys

Lys

Leu

Asp

Leu

370

Val

Leu

Ile

Cys

His

450

Arg

Glu

Asn

Arg

Ser

530

Asp

Ile

Pro

Glu

Lys

610

Val

Lys

Lys

Pro

Asp

275

Ala

Asp

Tyr

Leu

Asp

355

Ser

Glu

His

Met

Asp

435

Pro

Arg

Tyr

Ser

Gln

515

Ala

Thr

Arg

Val

Lys

595

Gly

Gln

Ala

Val

Asp
675

260

Ile

Glu

Ile

Ser

Pro

340

Val

Glu

Glu

Lys

Ile

420

Asp

Asp

Glu

Leu

Phe

500

Cys

Val

Asp

Gly

Gln

580

Lys

Leu

Lys

Ala

Lys
660

Lys

Ala

Phe

Tyr

Lys

325

Met

Ala

Ala

Ser

Asn

405

Ala

Cys

Gly

Ile

Leu

485

Tyr

Ala

Glu

Ser

Glu

565

Ile

Arg

Glu

Lys

Glu
645

Leu

Tyr

Met

Leu

Lys

310

Gln

His

Arg

Tyr

Tyr

390

Val

Tyr

Tyr

Phe

Lys

470

Leu

Gly

Glu

Ile

Ile

550

Val

Glu

Tyr

Val

Val
630
Tyr

Glu

Glu

265 270

Lys Leu Asp Val Lys Val Lys Thr Leu
280 285

Gly Arg Lys Val Glu Leu Ala Asp Ile
295 300

Arg Trp Thr Ser Gly Asp Lys Glu Ser
315

Asp Val Leu Asn Thr Tyr Phe Ile Ala
330 335

Tyr Glu Leu Ser Arg Met Ile Arg Ile
345 350

Ile Gly Arg Gly Lys Gln Val Asp Trp
360 365

Lys Ile Gly Glu Ile Ala Pro Asn Pro
375 380

Glu Gly Ala Phe Val Leu Glu Pro Ser
395

Val Cys Leu Asp Phe Ala Ser Met Tyr
410 415

Asn Ile Ser Pro Asp Thr Tyr Val Phe
425 430

Val Ala Pro Glu Val Gly His Lys Phe
440 445

Phe Lys Arg Ile Leu Lys Met Leu Ile
455 460

Asn Gln Met Lys Ser Leu Asp Arg Asn
475

Asn Ile Lys Gln Gln Thr Leu Lys Ile
490 495

Tyr Thr Gly Trp Ser Gly Ala Arg Trp
505 510

Ala Thr Thr Ala Trp Gly Arg His Leu
520 525

Ala Lys Lys Leu Gly Phe Glu Val Leu
535 540

Phe Val Lys Lys Gly Asn Leu Ser Leu
555

Glu Lys Leu Ile Glu Glu Ile Ser Glu
570 575

Val Asp Glu Tyr Tyr Lys Thr Ile Phe
585 590

Ala Gly Leu Thr Glu Asp Gly Ile Leu
600 605

Arg Arg Gly Asp Trp Cys Glu Leu Ala
615 620

Ile Glu Ile Ile Leu Lys Glu Glu Asn
635

Val Arg Lys Val Ile Asn Asp Ile Lys
650 655

Asp Val Val Ile Tyr Lys Gly Leu Thr
665 670

Ser Lys Gln Ala His Val Lys Ala Ala
680 685

Glu

Glu

Val

320

Glu

Pro

Phe

Ala

Arg

400

Pro

Gly

Arg

Glu

Ser

480

Leu

Tyr

Ile

Tyr

Glu

560

Lys

Phe

Val

Lys

Pro
640
Ser

Lys

Leu
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247

-continued

248

Arg
Phe
705

Ile

Arg

Asn

Trp

785

Ile

Asn

Ile

Arg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ala

690

Val

Asp

Ser

Gln

Glu

770

Gly

Ala

Asn

Ala

Ser
850

Met

Val

Leu

Gly

Ile

755

Ala

Thr

Glu

Lys

Gln

835

Lys

Met Glu Gly

1

Gly
Gly
65

Gly

Ala

Cys

Leu

145

Pro

Gly

Ala

Val

Leu

50

Val

Lys

Pro

Asp

Met

130

Lys

Glu

Met

Val

Tyr

35

Ser

Ile

Glu

Lys

Ile

115

Asp

Val

Pro

Pro

Glu

Val

Ile

Ser

740

Ile

Ser

Gly

Lys

Pro

820

Glu

PRT

SEQUENCE :

Trp

Val

Asp

Lys

Lys

Val

Leu

100

Pro

Gly

Ile

Lys

Asp
180

Leu

Glu

Glu

725

Ile

Pro

Leu

Gly

Ala

805

Asp

Leu

SEQ ID NO 121
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Synthetic construct

872

121

Leu

5

Arg

Arg

Glu

Pro

Glu

85

Arg

Phe

Ile

Asp

Val
165

Pro

Gly

Gly

710

Glu

Val

Ser

Lys

Gly

790

Gly

Ile

Gly

Leu

Leu

Asn

Asp

Phe

70

Val

Glu

Ala

Arg

Ala

150

Leu

Glu

Ile Val Tyr Asn Val Gly Ser Lys Val Gly
695 700

Ala Gly Asn Val Gly Asp Arg Ala Tyr Pro
715 720

Phe Asp Gly Glu Asn Leu Val Ile Arg Thr
730 735

Lys Lys Leu Asp Lys Asp Tyr Tyr Ile Asn
745 750

Val Leu Arg Ile Leu Glu Arg Phe Gly Tyr
760 765

Gly Ala Thr Gln Lys Thr Leu Asp Ala Phe
775 780

Gly Lys Lys Lys Tyr Val Thr Ile Arg Asp
795 800

Val Ser Ile Asn Thr Val Ser Arg Ala Leu
810 815

Ser Glu Glu Thr Arg Arg Lys Ile Leu Lys
825 830

Tyr Val Lys Asn Ala Thr Ala Ser Ser Leu
840 845

Asp Ala Asp Tyr Ile Thr Ala Glu Asp Gly
10 15

Trp Cys Lys Asp Phe Asp Gly Asn Thr Phe
25 30

Phe Gln Pro Tyr Phe Tyr Ala Phe Lys Asn
40 45

Ile Glu Lys Ile Val Val Lys Ser Arg Glu
55 60

Lys Val Glu Glu Val Arg Arg Lys Val Phe
75 80

Phe Lys Ile Tyr Ala Tyr His Pro Gln His
90 95

Glu Leu Lys Lys Ile Thr Glu Val Arg Glu
105 110

Tyr Arg Tyr Leu Ile Asp Lys Asp Leu Ala
120 125

Val Glu Gly Lys Val Arg Glu Glu Arg Gly
135 140

Glu His Val Glu Arg Phe Glu Ile Pro Leu
155 160

Ala Phe Asp Cys Glu Met Leu Thr Glu Leu
170 175

Lys Asp Lys Ile Ile Ile Ile Gly Val Lys
185 190
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249

-continued

250

Cys

Leu

Gly

225

Glu

Ser

Leu

Asn

Ala

305

Leu

Glu

Thr

Leu

Glu

385

Gly

Ser

Lys

Lys

Lys

465

Arg

Thr

Cys

Lys

Gly

545

Lys

Phe

Gly

Arg

210

Tyr

Lys

Phe

Tyr

Val

290

Lys

Lys

Leu

Asp

Leu

370

Val

Leu

Ile

Cys

His

450

Arg

Glu

Asn

Arg

Ser

530

Asp

Ile

Pro

Glu

Asp

195

Phe

Asn

Leu

Arg

Asp

275

Ala

Asp

Tyr

Leu

Asp

355

Ser

Glu

His

Met

Asp

435

Pro

Arg

Tyr

Ser

Gln

515

Ala

Thr

Arg

Val

Lys
595

Phe

Val

Gln

Ser

Gly

260

Ile

Glu

Ile

Ser

Pro

340

Val

Glu

Glu

Lys

Ile

420

Asp

Asp

Glu

Leu

Phe

500

Cys

Val

Asp

Gly

Gln
580

Lys

Glu

Glu

Asp

Val

245

Gly

Ala

Phe

Tyr

Lys

325

Met

Ala

Ala

Ser

Asn

405

Ala

Cys

Gly

Ile

Leu

485

Tyr

Ala

Glu

Ser

Glu
565

Ile

Arg

Glu

Ile

Asn

230

Lys

Arg

Met

Leu

Lys

310

Gln

His

Arg

Tyr

Tyr

390

Val

Tyr

Tyr

Phe

Lys

470

Leu

Gly

Glu

Ile

Ile
550
Val

Glu

Tyr

Ile Ile Thr Gly Asn Glu Arg Glu Ile
200 205

Ile Lys Glu Gln Asp Pro Asp Val Ile
215 220

Phe Asp Trp Pro Tyr Ile Arg Lys Arg
235

Leu Asn Ile Gly Arg Asp Gly Ser Glu
250 255

Pro Lys Ile Ala Gly Arg Leu Asn Val
265 270

Lys Leu Asp Val Lys Val Lys Thr Leu
280 285

Gly Arg Lys Val Glu Leu Ala Asp Ile
295 300

Arg Trp Thr Ser Gly Asp Lys Glu Ser
315

Asp Val Leu Asn Thr Tyr Phe Ile Ala
330 335

Tyr Glu Leu Ser Arg Met Ile Arg Ile
345 350

Ile Gly Arg Gly Lys Gln Val Asp Trp
360 365

Lys Ile Gly Glu Ile Ala Pro Asn Pro
375 380

Glu Gly Ala Phe Val Leu Glu Pro Ser
395

Val Cys Leu Asp Phe Ala Ser Met Tyr
410 415

Asn Ile Ser Pro Asp Thr Tyr Val Phe
425 430

Val Ala Pro Glu Val Gly His Lys Phe
440 445

Phe Lys Arg Ile Leu Lys Met Leu Ile
455 460

Asn Gln Met Lys Ser Leu Asp Arg Asn
475

Asn Ile Lys Gln Gln Thr Leu Lys Ile
490 495

Tyr Thr Gly Trp Ser Gly Ala Arg Trp
505 510

Ala Thr Thr Ala Trp Gly Arg His Leu
520 525

Ala Lys Lys Leu Gly Phe Glu Val Leu
535 540

Phe Val Lys Lys Gly Asn Leu Ser Leu
555

Glu Lys Leu Ile Glu Glu Ile Ser Glu
570 575

Val Asp Glu Tyr Tyr Lys Thr Ile Phe
585 590

Ala Gly Leu Thr Glu Asp Gly Ile Leu
600 605

Leu

Val

Ala

240

Ile

Asp

Glu

Glu

Val

320

Glu

Pro

Phe

Ala

Arg

400

Pro

Gly

Arg

Glu

Ser

480

Leu

Tyr

Ile

Tyr

Glu
560
Lys

Phe

Val
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-continued

252

Glu

625

Glu

Gly

Arg

Arg

Phe

705

Ile

Arg

Asn

Trp

785

Lys

Pro

Ala

Glu

Pro
865

<210>
<211>
<212>
<213>
<220>
<223>

Lys

610

Val

Lys

Lys

Pro

Ala

690

Val

Asp

Ser

Gln

Glu

770

Gly

Arg

His

Ile

Lys

850

Thr

Gly

Gln

Ala

Val

Asp

675

Met

Val

Leu

Gly

Ile

755

Ala

Thr

Glu

Ser

Trp

835

Gly

Arg

Leu

Lys

Ala

Lys

660

Lys

Glu

Val

Ile

Ser

740

Ile

Ser

Gly

Asn

Arg

820

Arg

Thr

Ser

PRT

<400> SEQUENCE:

Met
1

Arg

Gly

Gly
65

Gly

Glu

Ala

Val

Leu

50

Val

Lys

Gly

Val

Tyr

35

Ser

Ile

Glu

Trp

Val

20

Asp

Lys

Lys

Val

Glu

Lys

Glu

645

Leu

Tyr

Leu

Glu

Glu

725

Ile

Pro

Leu

Gly

Lys

805

Val

Ile

Ala

Phe

SEQ ID NO 122
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

862

122

Leu

5

Arg

Arg

Glu

Pro

Glu
85

Val

Val

630

Tyr

Glu

Glu

Gly

Gly

710

Glu

Val

Ser

Lys

Gly

790

Lys

Glu

Ile

Thr

Ile
870

Leu

Leu

Asn

Asp

Phe

70

Val

Arg

615

Ile

Val

Asp

Ser

Ile

695

Ala

Phe

Lys

Val

Gly

775

Gly

Met

Ile

Glu

Gly

855

Thr

Arg

Glu

Arg

Val

Lys

680

Val

Gly

Asp

Lys

Leu

760

Ala

His

Val

Ala

Glu

840

Arg

Ser

Gly

Ile

Lys

Val

665

Gln

Tyr

Asn

Gly

Leu

745

Arg

Thr

Lys

Leu

Arg

825

Leu

Arg

Asp

Ile

Val

650

Ile

Ala

Asn

Val

Glu

730

Asp

Ile

Gln

Lys

Arg

810

Lys

Val

Arg

Trp

Leu

635

Ile

Tyr

His

Val

Gly

715

Asn

Lys

Leu

Lys

Leu

795

Tyr

Thr

Asn

Lys

Cys

620

Lys

Asn

Lys

Val

Gly

700

Asp

Leu

Asp

Glu

Thr

780

Asn

Leu

Gly

Glu

Ala
860

Synthetic construct

Asp

Trp

Phe

Ile

55

Lys

Phe

Ala

Cys

Gln

40

Glu

Val

Lys

Asp

Lys

25

Pro

Lys

Glu

Ile

Tyr

10

Asp

Tyr

Ile

Glu

Tyr
90

Ile

Phe

Phe

Val

Val

75

Ala

Thr

Asp

Tyr

Val

60

Arg

Tyr

Glu

Glu

Asp

Gly

Lys

685

Ser

Arg

Val

Tyr

Arg

765

Leu

Pro

Ile

Leu

Gly

845

Val

Ala

Gly

Ala

45

Lys

Arg

His

Leu

Glu

Ile

Leu

670

Ala

Lys

Ala

Ile

Tyr

750

Phe

Asp

Lys

Glu

Ala

830

Leu

Thr

Glu

Asn

30

Phe

Ser

Lys

Pro

Ala

Asn

Lys

655

Thr

Ala

Val

Tyr

Arg

735

Ile

Gly

Ala

Ser

Ser

815

Gln

Val

Tyr

Asp
15

Thr

Lys

Arg

Val

Gln
95

Lys

Pro

640

Ser

Lys

Leu

Gly

Pro

720

Thr

Asn

Tyr

Phe

Met

800

Gly

Ser

Glu

Gly

Gly

Phe

Asn

Glu

Phe

80

His
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-continued

254

Ala

Cys

Leu

145

Pro

Gly

Cys

Leu

Gly

225

Glu

Ser

Leu

Asn

Ala

305

Leu

Glu

Thr

Leu

Glu

385

Gly

Ser

Lys

Lys

Lys

465

Arg

Thr

Cys

Pro

Asp

Met

130

Lys

Glu

Met

Gly

Arg

210

Tyr

Lys

Phe

Tyr

Val

290

Lys

Lys

Leu

Asp

Leu

370

Val

Leu

Ile

Cys

His

450

Arg

Glu

Asn

Arg

Lys

Ile

115

Asp

Val

Pro

Pro

Asp

195

Phe

Asn

Leu

Arg

Asp

275

Ala

Asp

Tyr

Leu

Asp

355

Ser

Glu

His

Met

Asp

435

Pro

Arg

Tyr

Ser

Gln

Leu

100

Pro

Gly

Ile

Lys

Asp

180

Phe

Val

Gln

Ser

Gly

260

Ile

Glu

Ile

Ser

Pro

340

Val

Glu

Glu

Lys

Ile

420

Asp

Asp

Glu

Leu

Phe
500

Cys

Arg

Phe

Ile

Asp

Val

165

Pro

Glu

Glu

Asp

Val

245

Gly

Ala

Phe

Tyr

Lys

325

Met

Ala

Ala

Ser

Asn

405

Ala

Cys

Gly

Ile

Leu
485

Tyr

Ala

Glu

Ala

Arg

Ala

150

Leu

Glu

Glu

Ile

Asn

230

Lys

Arg

Met

Leu

Lys

310

Gln

His

Arg

Tyr

Tyr

390

Val

Tyr

Tyr

Phe

Lys
470
Leu

Gly

Glu

Glu

Tyr

Val

135

Glu

Ala

Lys

Ile

Ile

215

Phe

Leu

Pro

Lys

Gly

295

Arg

Asp

Tyr

Ile

Lys

375

Glu

Val

Asn

Val

Phe

455

Asn

Asn

Tyr

Ala

Leu

Arg

120

Glu

His

Phe

Asp

Ile

200

Lys

Asp

Asn

Lys

Leu

280

Arg

Trp

Val

Glu

Gly

360

Ile

Gly

Cys

Ile

Ala

440

Lys

Gln

Ile

Thr

Thr

Lys

105

Tyr

Gly

Val

Asp

Lys

185

Thr

Glu

Trp

Ile

Ile

265

Asp

Lys

Thr

Leu

Leu

345

Arg

Gly

Ala

Leu

Ser

425

Pro

Arg

Met

Lys

Gly

505

Thr

Lys

Leu

Lys

Glu

Cys

170

Ile

Gly

Gln

Pro

Gly

250

Ala

Val

Val

Ser

Asn

330

Ser

Gly

Glu

Phe

Asp

410

Pro

Glu

Ile

Lys

Gln
490

Trp

Ala

Ile

Ile

Val

Arg

155

Glu

Ile

Asn

Asp

Tyr

235

Arg

Gly

Lys

Glu

Gly

315

Thr

Arg

Lys

Ile

Val

395

Phe

Asp

Val

Leu

Ser
475
Gln

Ser

Trp

Thr

Asp

Arg

140

Phe

Met

Ile

Glu

Pro

220

Ile

Asp

Arg

Val

Leu

300

Asp

Tyr

Met

Gln

Ala

380

Leu

Ala

Thr

Gly

Lys

460

Leu

Thr

Gly

Gly

Glu

Lys

125

Glu

Glu

Leu

Ile

Arg

205

Asp

Arg

Gly

Leu

Lys

285

Ala

Lys

Phe

Ile

Val

365

Pro

Glu

Ser

Tyr

His

445

Met

Asp

Leu

Ala

Arg

Val

110

Asp

Glu

Ile

Thr

Gly

190

Glu

Val

Lys

Ser

Asn

270

Thr

Asp

Glu

Ile

Arg

350

Asp

Asn

Pro

Met

Val

430

Lys

Leu

Arg

Lys

Arg

510

His

Arg

Leu

Arg

Pro

Glu

175

Val

Ile

Ile

Arg

Glu

255

Val

Leu

Ile

Ser

Ala

335

Ile

Trp

Pro

Ser

Tyr

415

Phe

Phe

Ile

Asn

Ile
495

Trp

Leu

Glu

Ala

Gly

Leu

160

Leu

Lys

Leu

Val

Ala

240

Ile

Asp

Glu

Glu

Val

320

Glu

Pro

Phe

Ala

Arg

400

Pro

Gly

Arg

Glu

Ser
480
Leu

Tyr

Ile
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255 256

-continued

515 520 525

Lys Ser Ala Val Glu Ile Ala Lys Lys Leu Gly Phe Glu Val Leu Tyr
530 535 540

Gly Asp Thr Asp Ser Ile Phe Val Lys Lys Gly Asn Leu Ser Leu Glu
545 550 555 560

Lys Ile Arg Gly Glu Val Glu Lys Leu Ile Glu Glu Ile Ser Glu Lys
565 570 575

Phe Pro Val Gln Ile Glu Val Asp Glu Tyr Tyr Lys Thr Ile Phe Phe
580 585 590

Val Glu Lys Lys Arg Tyr Ala Gly Leu Thr Glu Asp Gly Ile Leu Val
595 600 605

Val Lys Gly Leu Glu Val Arg Arg Gly Asp Trp Cys Glu Leu Ala Lys
610 615 620

Glu Val Gln Lys Lys Val Ile Glu Ile Ile Leu Lys Glu Glu Asn Pro
625 630 635 640

Glu Lys Ala Ala Glu Tyr Val Arg Lys Val Ile Asn Asp Ile Lys Ser
645 650 655

Gly Lys Val Lys Leu Glu Asp Val Val Ile Tyr Lys Gly Leu Thr Lys
660 665 670

Arg Pro Asp Lys Tyr Glu Ser Lys Gln Ala His Val Lys Ala Ala Leu
675 680 685

Arg Ala Met Glu Leu Gly Ile Val Tyr Asn Val Gly Ser Lys Val Gly
690 695 700

Phe Val Val Val Glu Gly Ala Gly Asn Val Gly Asp Arg Ala Tyr Pro
705 710 715 720

Ile Asp Leu Ile Glu Glu Phe Asp Gly Glu Asn Leu Val Ile Arg Thr
725 730 735

Arg Ser Gly Ser Ile Val Lys Lys Leu Asp Lys Asp Tyr Tyr Ile Asn
740 745 750

His Gln Ile Ile Pro Ser Val Leu Arg Ile Leu Glu Arg Phe Gly Tyr
755 760 765

Asn Glu Ala Ser Leu Lys Gly Ala Thr Gln Lys Thr Leu Asp Ala Phe
770 775 780

Trp Gly Thr Gly Gly Gly Gly Asn Thr Gly Ala Gln Gly Val Ser Glu
785 790 795 800

Met Ser Arg Met Lys Ile Ile Ser Val Gln Leu Pro Gln Ser Leu Ile
805 810 815

His Gly Leu Asp Ala Leu Val Lys Arg Gly Ile Tyr Pro Asn Arg Ser
820 825 830

Glu Ala Ile Arg Val Ala Ile Arg Glu Leu Leu Lys Lys Glu Leu Tyr
835 840 845

Lys Glu Glu Ile Gln Glu Glu Ile Pro Glu Tyr Val Val Lys
850 855 860

<210> SEQ ID NO 123

<211> LENGTH: 866

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 123

Met Glu Gly Trp Leu Leu Asp Ala Asp Tyr Ile Thr Ala Glu Asp Gly
1 5 10 15

Arg Ala Val Val Arg Leu Trp Cys Lys Asp Phe Asp Gly Asn Thr Phe
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257

-continued

258

Gly
Gly
65

Gly

Ala

Cys

Leu

145

Pro

Gly

Cys

Leu

Gly

225

Glu

Ser

Leu

Asn

Ala

305

Leu

Glu

Thr

Leu

Glu
385
Gly

Ser

Lys

Val

Leu

50

Val

Lys

Pro

Asp

Met

130

Lys

Glu

Met

Gly

Arg

210

Tyr

Lys

Phe

Tyr

Val

290

Lys

Lys

Leu

Asp

Leu

370

Val

Leu

Ile

Cys

Tyr

35

Ser

Ile

Glu

Lys

Ile

115

Asp

Val

Pro

Pro

Asp

195

Phe

Asn

Leu

Arg

Asp

275

Ala

Asp

Tyr

Leu

Asp

355

Ser

Glu

His

Met

Asp
435

20

Asp

Lys

Lys

Val

Leu

100

Pro

Gly

Ile

Lys

Asp

180

Phe

Val

Gln

Ser

Gly

260

Ile

Glu

Ile

Ser

Pro

340

Val

Glu

Glu

Lys

Ile
420

Asp

Arg

Glu

Pro

Glu

85

Arg

Phe

Ile

Asp

Val

165

Pro

Glu

Glu

Asp

Val

245

Gly

Ala

Phe

Tyr

Lys

325

Met

Ala

Ala

Ser

Asn
405

Ala

Cys

Asn

Asp

Phe

70

Val

Glu

Ala

Arg

Ala

150

Leu

Glu

Glu

Ile

Asn

230

Lys

Arg

Met

Leu

Lys

310

Gln

His

Arg

Tyr

Tyr

390

Val

Tyr

Tyr

25 30

Phe Gln Pro Tyr Phe Tyr Ala Phe Lys
40 45

Ile Glu Lys Ile Val Val Lys Ser Arg
55 60

Lys Val Glu Glu Val Arg Arg Lys Val
75

Phe Lys Ile Tyr Ala Tyr His Pro Gln
90 95

Glu Leu Lys Lys Ile Thr Glu Val Arg
105 110

Tyr Arg Tyr Leu Ile Asp Lys Asp Leu
120 125

Val Glu Gly Lys Val Arg Glu Glu Arg
135 140

Glu His Val Glu Arg Phe Glu Ile Pro
155

Ala Phe Asp Cys Glu Met Leu Thr Glu
170 175

Lys Asp Lys Ile Ile Ile Ile Gly Val
185 190

Ile Ile Thr Gly Asn Glu Arg Glu Ile
200 205

Ile Lys Glu Gln Asp Pro Asp Val Ile
215 220

Phe Asp Trp Pro Tyr Ile Arg Lys Arg
235

Leu Asn Ile Gly Arg Asp Gly Ser Glu
250 255

Pro Lys Ile Ala Gly Arg Leu Asn Val
265 270

Lys Leu Asp Val Lys Val Lys Thr Leu
280 285

Gly Arg Lys Val Glu Leu Ala Asp Ile
295 300

Arg Trp Thr Ser Gly Asp Lys Glu Ser
315

Asp Val Leu Asn Thr Tyr Phe Ile Ala
330 335

Tyr Glu Leu Ser Arg Met Ile Arg Ile
345 350

Ile Gly Arg Gly Lys Gln Val Asp Trp
360 365

Lys Ile Gly Glu Ile Ala Pro Asn Pro
375 380

Glu Gly Ala Phe Val Leu Glu Pro Ser
395

Val Cys Leu Asp Phe Ala Ser Met Tyr
410 415

Asn Ile Ser Pro Asp Thr Tyr Val Phe
425 430

Val Ala Pro Glu Val Gly His Lys Phe
440 445

Asn

Glu

Phe

80

His

Glu

Ala

Gly

Leu

160

Leu

Lys

Leu

Val

Ala

240

Ile

Asp

Glu

Glu

Val

320

Glu

Pro

Phe

Ala

Arg
400
Pro

Gly

Arg
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259

-continued

260

Lys

Lys

465

Arg

Thr

Cys

Lys

Gly

545

Lys

Phe

Glu

625

Glu

Gly

Arg

Arg

Phe

705

Ile

Arg

Asn

Trp

785

Pro

Thr

Tyr

Gly

His

450

Arg

Glu

Asn

Arg

Ser

530

Asp

Ile

Pro

Glu

Lys

610

Val

Lys

Lys

Pro

Ala

690

Val

Asp

Ser

Gln

Glu

770

Gly

Leu

Ile

Pro

Tyr
850

Pro

Arg

Tyr

Ser

Gln

515

Ala

Thr

Arg

Val

Lys

595

Gly

Gln

Ala

Val

Asp

675

Met

Val

Leu

Gly

Ile

755

Ala

Thr

Glu

Thr

Leu

835

Val

Asp

Glu

Leu

Phe

500

Cys

Val

Asp

Gly

Gln

580

Lys

Leu

Lys

Ala

Lys

660

Lys

Glu

Val

Ile

Ser

740

Ile

Ser

Gly

Leu

Glu
820

Ser

Lys

Gly

Ile

Leu

485

Tyr

Ala

Glu

Ser

Glu

565

Ile

Arg

Glu

Lys

Glu

645

Leu

Tyr

Leu

Glu

Glu

725

Ile

Pro

Leu

Gly

Glu
805
Ile

Leu

Lys

Phe

Lys

470

Leu

Gly

Glu

Ile

Ile

550

Val

Glu

Tyr

Val

Val

630

Tyr

Glu

Glu

Gly

Gly

710

Glu

Val

Ser

Lys

Gly

790

Ile

Lys

Val

Ile

Phe Lys Arg Ile Leu Lys Met Leu Ile
455 460

Asn Gln Met Lys Ser Leu Asp Arg Asn
475

Asn Ile Lys Gln Gln Thr Leu Lys Ile
490 495

Tyr Thr Gly Trp Ser Gly Ala Arg Trp
505 510

Ala Thr Thr Ala Trp Gly Arg His Leu
520 525

Ala Lys Lys Leu Gly Phe Glu Val Leu
535 540

Phe Val Lys Lys Gly Asn Leu Ser Leu
555

Glu Lys Leu Ile Glu Glu Ile Ser Glu
570 575

Val Asp Glu Tyr Tyr Lys Thr Ile Phe
585 590

Ala Gly Leu Thr Glu Asp Gly Ile Leu
600 605

Arg Arg Gly Asp Trp Cys Glu Leu Ala
615 620

Ile Glu Ile Ile Leu Lys Glu Glu Asn
635

Val Arg Lys Val Ile Asn Asp Ile Lys
650 655

Asp Val Val Ile Tyr Lys Gly Leu Thr
665 670

Ser Lys Gln Ala His Val Lys Ala Ala
680 685

Ile Val Tyr Asn Val Gly Ser Lys Val
695 700

Ala Gly Asn Val Gly Asp Arg Ala Tyr
715

Phe Asp Gly Glu Asn Leu Val Ile Arg
730 735

Lys Lys Leu Asp Lys Asp Tyr Tyr Ile
745 750

Val Leu Arg Ile Leu Glu Arg Phe Gly
760 765

Gly Ala Thr Gln Lys Thr Leu Asp Ala
775 780

Gly Ile Ile Asn Pro Gln Ala Arg Leu
795

Leu Glu Ile Ile Lys Gln Lys Lys Ser
810 815

Glu Ile Leu Ser Glu Arg Arg Lys Ser
825 830

Ser Glu Tyr Ile Ser Arg Leu Glu Arg
840 845

Ala Lys Gly Arg Lys Lys Phe Val Glu
855 860

Glu

Ser

480

Leu

Tyr

Ile

Tyr

Glu

560

Lys

Phe

Val

Lys

Pro

640

Ser

Lys

Leu

Gly

Pro

720

Thr

Asn

Tyr

Phe

Thr

800

Ile

Glu

Lys

Ala
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261 262

-continued

Leu Ile
865

<210> SEQ ID NO 124

<211> LENGTH: 873

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 124

Met Glu Gly Trp Leu Leu Asp Ala Asp Tyr Ile Thr Ala Glu Asp Gly
1 5 10 15

Arg Ala Val Val Arg Leu Trp Cys Lys Asp Phe Asp Gly Asn Thr Phe
20 25 30

Val Val Tyr Asp Arg Asn Phe Gln Pro Tyr Phe Tyr Ala Phe Lys Asn
35 40 45

Gly Leu Ser Lys Glu Asp Ile Glu Lys Ile Val Val Lys Ser Arg Glu
50 55 60

Gly Val Ile Lys Pro Phe Lys Val Glu Glu Val Arg Arg Lys Val Phe
65 70 75 80

Gly Lys Glu Val Glu Val Phe Lys Ile Tyr Ala Tyr His Pro Gln His
85 90 95

Val Pro Lys Leu Arg Glu Glu Leu Lys Lys Ile Thr Glu Val Arg Glu
100 105 110

Ala Asp Ile Pro Phe Ala Tyr Arg Tyr Leu Ile Asp Lys Asp Leu Ala
115 120 125

Cys Met Asp Gly Ile Arg Val Glu Gly Lys Val Arg Glu Glu Arg Gly
130 135 140

Leu Lys Val Ile Asp Ala Glu His Val Glu Arg Phe Glu Ile Pro Leu
145 150 155 160

Pro Glu Pro Lys Val Leu Ala Phe Asp Cys Glu Met Leu Thr Glu Leu
165 170 175

Gly Met Pro Asp Pro Glu Lys Asp Lys Ile Ile Ile Ile Gly Val Lys
180 185 190

Cys Gly Asp Phe Glu Glu Ile Ile Thr Gly Asn Glu Arg Glu Ile Leu
195 200 205

Leu Arg Phe Val Glu Ile Ile Lys Glu Gln Asp Pro Asp Val Ile Val
210 215 220

Gly Tyr Asn Gln Asp Asn Phe Asp Trp Pro Tyr Ile Arg Lys Arg Ala
225 230 235 240

Glu Lys Leu Ser Val Lys Leu Asn Ile Gly Arg Asp Gly Ser Glu Ile
245 250 255

Ser Phe Arg Gly Gly Arg Pro Lys Ile Ala Gly Arg Leu Asn Val Asp
260 265 270

Leu Tyr Asp Ile Ala Met Lys Leu Asp Val Lys Val Lys Thr Leu Glu
275 280 285

Asn Val Ala Glu Phe Leu Gly Arg Lys Val Glu Leu Ala Asp Ile Glu
290 295 300

Ala Lys Asp Ile Tyr Lys Arg Trp Thr Ser Gly Asp Lys Glu Ser Val
305 310 315 320

Leu Lys Tyr Ser Lys Gln Asp Val Leu Asn Thr Tyr Phe Ile Ala Glu
325 330 335

Glu Leu Leu Pro Met His Tyr Glu Leu Ser Arg Met Ile Arg Ile Pro
340 345 350
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-continued

264

Thr

Leu

Glu

385

Gly

Ser

Lys

Lys

Lys

465

Arg

Thr

Cys

Lys

Gly

545

Lys

Phe

Glu

625

Glu

Gly

Arg

Arg

Phe

705

Ile

Arg

Asn

Asp

Leu

370

Val

Leu

Ile

Cys

His

450

Arg

Glu

Asn

Arg

Ser

530

Asp

Ile

Pro

Glu

Lys

610

Val

Lys

Lys

Pro

Ala

690

Val

Asp

Ser

Gln

Glu

Asp

355

Ser

Glu

His

Met

Asp

435

Pro

Arg

Tyr

Ser

Gln

515

Ala

Thr

Arg

Val

Lys

595

Gly

Gln

Ala

Val

Asp

675

Met

Val

Leu

Gly

Ile
755

Ala

Val

Glu

Glu

Lys

Ile

420

Asp

Asp

Glu

Leu

Phe

500

Cys

Val

Asp

Gly

Gln

580

Lys

Leu

Lys

Ala

Lys

660

Lys

Glu

Val

Ile

Ser
740

Ile

Ser

Ala

Ala

Ser

Asn

405

Ala

Cys

Gly

Ile

Leu

485

Tyr

Ala

Glu

Ser

Glu

565

Ile

Arg

Glu

Lys

Glu

645

Leu

Tyr

Leu

Glu

Glu
725
Ile

Pro

Leu

Arg

Tyr

Tyr

390

Val

Tyr

Tyr

Phe

Lys

470

Leu

Gly

Glu

Ile

Ile

550

Val

Glu

Tyr

Val

Val

630

Tyr

Glu

Glu

Gly

Gly

710

Glu

Val

Ser

Lys

Ile

Lys

375

Glu

Val

Asn

Val

Phe

455

Asn

Asn

Tyr

Ala

Ala

535

Phe

Glu

Val

Ala

Arg

615

Ile

Val

Asp

Ser

Ile

695

Ala

Phe

Lys

Val

Gly

Gly

360

Ile

Gly

Cys

Ile

Ala

440

Lys

Gln

Ile

Thr

Thr

520

Lys

Val

Lys

Asp

Gly

600

Arg

Glu

Arg

Val

Lys

680

Val

Gly

Asp

Lys

Leu
760

Ala

Arg

Gly

Ala

Leu

Ser

425

Pro

Arg

Met

Lys

Gly

505

Thr

Lys

Lys

Leu

Glu

585

Leu

Gly

Ile

Lys

Val

665

Gln

Tyr

Asn

Gly

Leu
745

Arg

Thr

Gly

Glu

Phe

Asp

410

Pro

Glu

Ile

Lys

Gln

490

Trp

Ala

Leu

Lys

Ile

570

Tyr

Thr

Asp

Ile

Val

650

Ile

Ala

Asn

Val

Glu
730
Asp

Ile

Gln

Lys

Ile

Val

395

Phe

Asp

Val

Leu

Ser

475

Gln

Ser

Trp

Gly

Gly

555

Glu

Tyr

Glu

Trp

Leu

635

Ile

Tyr

His

Val

Gly

715

Asn

Lys

Leu

Lys

Gln

Ala

380

Leu

Ala

Thr

Gly

Lys

460

Leu

Thr

Gly

Gly

Phe

540

Asn

Glu

Lys

Asp

Cys

620

Lys

Asn

Lys

Val

Gly

700

Asp

Leu

Asp

Glu

Thr

Val

365

Pro

Glu

Ser

Tyr

His

445

Met

Asp

Leu

Ala

Arg

525

Glu

Leu

Ile

Thr

Gly

605

Glu

Glu

Asp

Gly

Lys

685

Ser

Arg

Val

Tyr

Arg

765

Leu

Asp

Asn

Pro

Met

Val

430

Lys

Leu

Arg

Lys

Arg

510

His

Val

Ser

Ser

Ile

590

Ile

Leu

Glu

Ile

Leu

670

Ala

Lys

Ala

Ile

Tyr
750

Phe

Asp

Trp

Pro

Ser

Tyr

415

Phe

Phe

Ile

Asn

Ile

495

Trp

Leu

Leu

Leu

Glu

575

Phe

Leu

Ala

Asn

Lys

655

Thr

Ala

Val

Tyr

Arg

735

Ile

Gly

Ala

Phe

Ala

Arg

400

Pro

Gly

Arg

Glu

Ser

480

Leu

Tyr

Ile

Tyr

Glu

560

Lys

Phe

Val

Lys

Pro

640

Ser

Lys

Leu

Gly

Pro

720

Thr

Asn

Tyr

Phe
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-continued

266

Trp
785
Glu

Ile

Asn

Lys
865

<210>
<211>
<212>
<213>
<220>
<223>

<400>

770

Gly

Ile

Leu

Gly

Lys

850

Ile

Thr

Leu

Glu

Tyr

835

Gly

Glu

Gly

Asn

His

820

Ser

Leu

Arg

PRT

SEQUENCE :

Gly

Leu

805

Gly

Arg

Ile

Lys

SEQ ID NO 125
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

841

125

Met Ile Leu Asp Ala

1

Arg

Asn

Asp

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Met

Leu

Phe

Asp

50

Ile

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Leu

Asn

210

Leu

Gln

Phe

Phe

Arg

Val

Asp

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Ile

195

Gly

Gly

Arg

Asp

Lys

20

Pro

Arg

Val

Lys

Ile

100

Phe

Asn

Glu

Asp

Tyr

180

Lys

Asp

Met

Leu

Leu

5

Lys

Tyr

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Phe

Gly

790

Leu

Gly

Pro

Lys

Ile
870

Asp

Glu

Ile

Ile

Lys

70

Tyr

Glu

Lys

Glu

Glu

150

Glu

Glu

Ile

Phe

Leu
230

Asp

Pro

775

Gly

Asn

Glu

Thr

Arg

855

Lys

Gly

Glu

Ile

Ile

840

Glu

Leu

Arg

Lys

Lys

825

Ser

Lys

Asp

Lys

Glu

810

Gln

Lys

Ser

780

Val Arg

795

Lys Ala

Glu Asp

Val Ile

Gly Lys
860

Synthetic construct

Tyr

Asn

Tyr

Thr

55

Val

Phe

His

Arg

Leu

135

Glu

Gly

Val

Arg

Asp

215

Pro

Ser

Val

Ile

Gly

Ala

Ser

Lys

Glu

Pro

Tyr

120

Thr

Phe

Ala

Val

Glu

200

Phe

Leu

Leu

Ile

Thr

Arg

Leu

Glu

Lys

His

Ala

105

Leu

Phe

Gly

Lys

Ala

185

Lys

Pro

Gly

Ala

Arg

Glu

10

Phe

Leu

Arg

Lys

Pro

90

Val

Ile

Leu

Lys

Val

170

Asn

Asp

Tyr

Arg

Val
250

Arg

Asp Gly

Lys Val

Lys Asp

His Gly
60

Phe Leu
75

Gln Asp

Ile Asp

Asp Lys

Ala Val
140

Gly Pro
155

Ile Thr

Glu Arg

Pro Asp

Leu Leu

220

Asp Asn
235

Glu Ile

Thr Ile

Thr

Val

Leu

Gln

845

Thr

Lys

Glu

Asp

Lys

Gly

Val

Ile

Gly

125

Asp

Ile

Trp

Glu

Val

205

Lys

Ser

Lys

Asn

Gln

Leu

Pro

830

Glu

Phe

Pro

Tyr

30

Ser

Val

Arg

Pro

Phe

110

Leu

Ile

Ile

Lys

Met

190

Ile

Arg

Glu

Gly

Leu

Gln

Arg

815

Glu

Leu

Val

Ile

15

Asp

Ala

Val

Pro

Ala

95

Glu

Ile

Glu

Met

Lys

175

Ile

Ile

Ala

Pro

Arg
255

Pro

Asn

800

Ala

Leu

Glu

Val

Ile

Arg

Ile

Arg

Ile

80

Met

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys
240

Ile

Thr
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267

-continued

268

Tyr

Lys

Leu

305

Glu

Pro
Tyr
385

Ile

Asp

Phe

Lys

465

Asp

Tyr

Ser

Leu

Tyr

545

Ala

Glu

Lys

Leu

Ala
625

Pro

Glu

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Glu

Val

Asn

Glu

Ile

450

Lys

Tyr

Tyr

Val

Glu

530

Ala

Leu

Leu

Lys

Glu

610

Lys

Lys

Val

Tyr

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Ser

Val

Ala

435

Pro

Arg

Arg

Gly

Thr

515

Glu

Thr

Glu

Glu

Tyr

595

Ile

Val

Ile

Glu

Lys
675

260

Glu

Pro

Val

Lys

Pro

340

Tyr

Pro

Gly

Leu

Ser

420

Pro

Ser

Met

Gln

Tyr

500

Ala

Arg

Ile

Phe

Tyr

580

Ala

Val

Leu

Val

Lys
660

Ala

Ala

His

Ala

Glu

325

Leu

Leu

Asp

Tyr

Asp

405

Pro

Glu

Leu

Lys

Arg

485

Ala

Trp

Gly

Pro

Val

565

Glu

Leu

Arg

Glu

Lys
645

Leu

Ile

Val

Glu

Lys

310

Phe

Trp

Leu

Glu

Val

390

Phe

Asp

Val

Leu

Glu

470

Ala

Lys

Gly

Phe

Gly

550

Asn

Gly

Ile

Arg

Ala
630
Glu

Val

Gly

265 270

Tyr Glu Ala Ile Phe Gly Lys Gln Lys
280 285

Ile Ala Glu Ala Trp Glu Thr Gly Lys
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ala Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Tyr Glu Arg Arg Leu Arg Glu
375 380

Lys Glu Pro Glu Arg Gly Leu Trp Glu
395

Arg Ser Leu Tyr Pro Ser Ile Ile Ile
410 415

Thr Leu Asn Lys Glu Gly Cys Gly Glu
425 430

Gly His Arg Phe Cys Lys Asp Phe Pro
440 445

Gly Ser Leu Leu Glu Glu Arg Gln Lys
455 460

Ser Lys Asp Pro Val Glu Arg Lys Leu
475

Ile Lys Ile Leu Ala Asn Ser Phe Tyr
490 495

Ala Arg Trp Tyr Cys Lys Glu Cys Ala
505 510

Arg Gln Tyr Ile Glu Leu Val Arg Arg
520 525

Lys Val Leu Tyr Ile Asp Thr Asp Gly
535 540

Glu Lys Asn Trp Glu Glu Ile Lys Arg
555

Tyr Ile Asn Ser Lys Leu Pro Gly Ile
570 575

Phe Tyr Thr Arg Gly Phe Phe Val Thr
585 590

Asp Glu Glu Gly Lys Ile Val Thr Arg
600 605

Asp Trp Ser Glu Ile Ala Lys Glu Thr
615 620

Ile Leu Lys His Gly Asn Val Glu Glu
635

Val Thr Glu Lys Leu Ser Asn Tyr Glu
650 655

Ile Tyr Glu Gln Ile Thr Arg Pro Leu
665 670

Pro His Val Ala Val Ala Lys Arg Leu
680 685

Glu

Gly

Tyr

320

Leu

Leu

Ala

Ser

Gly

400

Thr

Tyr

Gly

Ile

Leu

480

Gly

Glu

Glu

Leu

Arg

560

Leu

Lys

Gly

Gln

Ala
640
Ile

Asn

Ala
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269 270

-continued

Ala Lys Gly Ile Lys Ile Lys Pro Gly Met Val Ile Gly Tyr Val Val
690 695 700

Leu Arg Gly Asp Gly Pro Ile Ser Lys Arg Ala Ile Ala Ile Glu Glu
705 710 715 720

Phe Asp Gly Lys Lys His Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn
725 730 735

Gln Val Leu Pro Ala Val Glu Arg Ile Leu Lys Ala Phe Gly Tyr Lys
740 745 750

Arg Glu Asp Leu Arg Trp Gln Lys Thr Lys Gln Val Gly Leu Gly Ala
755 760 765

Trp Leu Lys Val Lys Lys Ser Gly Thr Gly Gly Gly Gly Lys Arg Arg
770 775 780

Pro Thr Ile Asn Asp Val Ala Lys Leu Ala Gly Val Ser Ile Ser Thr
785 790 795 800

Val Ser Arg Tyr Leu Lys Asp Pro Ser Gln Val Ser Glu Lys Leu Gly
805 810 815

Glu Arg Ile Arg Glu Ala Ile Lys Lys Leu Gly Tyr Lys Pro Asn Lys
820 825 830

Ile Ala Gln Gly Leu Arg Thr Gly Asp
835 840

<210> SEQ ID NO 126

<211> LENGTH: 841

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 126

Met Ile Leu Asp Ala Asp Tyr Ile Thr Glu Asp Gly Lys Pro Ile Ile
1 5 10 15

Arg Leu Phe Lys Lys Glu Asn Gly Arg Phe Lys Val Glu Tyr Asp Arg
20 25 30

Asn Phe Arg Pro Tyr Ile Tyr Ala Leu Leu Lys Asp Asp Ser Ala Ile
Asp Asp Val Arg Lys Ile Thr Ser Glu Arg His Gly Lys Val Val Arg
50 55 60

Val Ile Asp Val Glu Lys Val Lys Lys Lys Phe Leu Gly Arg Pro Ile
65 70 75 80

Glu Val Trp Lys Leu Tyr Phe Glu His Pro Gln Asp Val Pro Ala Met
85 90 95

Arg Asp Lys Ile Arg Glu His Pro Ala Val Ile Asp Ile Phe Glu Tyr
100 105 110

Asp Ile Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Gly Leu Ile Pro
115 120 125

Met Glu Gly Asn Glu Glu Leu Thr Phe Leu Ala Val Asp Ile Glu Thr
130 135 140

Leu Tyr His Glu Gly Glu Glu Phe Gly Lys Gly Pro Ile Ile Met Ile
145 150 155 160

Ser Tyr Ala Asp Glu Glu Gly Ala Lys Val Ile Thr Trp Lys Lys Ile
165 170 175

Asp Leu Pro Tyr Val Glu Val Val Ala Asn Glu Arg Glu Met Ile Lys
180 185 190

Arg Leu Ile Lys Val Ile Arg Glu Lys Asp Pro Asp Val Ile Ile Thr
195 200 205
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271

-continued

272

Tyr
Lys
225

Met

Tyr

Lys

Leu

305

Glu

Pro
Tyr
385

Ile

Asp

Phe

Lys

465

Asp

Tyr

Ser

Leu

Tyr

545

Ala

Glu

Lys

Leu

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Glu

Val

Asn

Glu

Ile

450

Lys

Tyr

Tyr

Val

Glu

530

Ala

Leu

Leu

Lys

Glu
610

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Ser

Val

Ala

435

Pro

Arg

Arg

Gly

Thr

515

Glu

Thr

Glu

Glu

Tyr

595

Ile

Asp

Met

Leu

Leu

260

Glu

Pro

Val

Lys

Pro

340

Tyr

Pro

Gly

Leu

Ser

420

Pro

Ser

Met

Gln

Tyr

500

Ala

Arg

Ile

Phe

Tyr
580

Ala

Val

Asn

Lys

Gly

245

Phe

Ala

His

Ala

Glu

325

Leu

Leu

Asp

Tyr

Asp

405

Pro

Glu

Leu

Lys

Arg

485

Ala

Trp

Gly

Pro

Val
565
Glu

Leu

Arg

Phe

Leu

230

Asp

Pro

Val

Glu

Lys

310

Phe

Trp

Leu

Glu

Val

390

Phe

Asp

Val

Leu

Glu

470

Ala

Lys

Gly

Phe

Gly

550

Asn

Gly

Ile

Arg

Asp Phe Pro Tyr Leu Leu Lys Arg Ala
215 220

Pro Leu Gly Arg Asp Asn Ser Glu Pro
235

Ser Leu Ala Val Glu Ile Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Ile Phe Gly Lys Gln Lys
280 285

Ile Ala Glu Ala Trp Glu Thr Gly Lys
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ala Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Tyr Glu Arg Arg Leu Arg Glu
375 380

Lys Glu Pro Glu Arg Gly Leu Trp Glu
395

Arg Ser Leu Tyr Pro Ser Ile Ile Ile
410 415

Thr Leu Asn Lys Glu Gly Cys Gly Glu
425 430

Gly His Arg Phe Cys Lys Asp Phe Pro
440 445

Gly Ser Leu Leu Glu Glu Arg Gln Lys
455 460

Ser Lys Asp Pro Val Glu Arg Lys Leu
475

Ile Lys Ile Leu Ala Asn Ser Phe Tyr
490 495

Ala Arg Trp Tyr Cys Lys Glu Cys Ala
505 510

Arg Gln Tyr Ile Glu Leu Val Arg Arg
520 525

Lys Val Leu Tyr Ile Asp Thr Asp Gly
535 540

Glu Lys Asn Trp Glu Glu Ile Lys Arg
555

Tyr Ile Asn Ser Lys Leu Pro Gly Ile
570 575

Phe Tyr Thr Arg Gly Phe Phe Val Thr
585 590

Asp Glu Glu Gly Lys Ile Val Thr Arg
600 605

Asp Trp Ser Glu Ile Ala Lys Glu Thr
615 620

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Ser

Gly

400

Thr

Tyr

Gly

Ile

Leu

480

Gly

Glu

Glu

Leu

Arg

560

Leu

Lys

Gly

Gln
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-continued

274

Ala

625

Pro

Glu

Ala

Leu

705

Phe

Gln

Arg

Trp

Tyr

785

Thr

Arg

Ala

<210>
<211>
<212>
<213>
<220>
<223>

Lys

Lys

Val

Tyr

Lys

690

Arg

Asp

Val

Glu

Leu

770

Val

Val

Arg

Thr

Val

Ile

Glu

Lys

675

Gly

Gly

Gly

Leu

Asp

755

Lys

Thr

Ser

Lys

Ala
835

Leu

Val

Lys

660

Ala

Ile

Asp

Lys

Pro

740

Leu

Val

Ile

Arg

Ile

820

Ser

PRT

<400> SEQUENCE:

Met

1

Arg

Asn

Asp

65

Glu

Arg

Asp

Met

Ile

Leu

Phe

Asp

50

Ile

Val

Asp

Ile

Glu
130

Leu

Phe

Arg

Val

Asp

Trp

Lys

Pro

115

Gly

Asp

Lys

20

Pro

Arg

Val

Lys

Ile
100

Phe

Asn

Glu

Lys

645

Leu

Ile

Lys

Gly

Lys

725

Ala

Arg

Lys

Arg

Ala

805

Leu

Ser

SEQ ID NO 127
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

862

127

Ala

5

Lys

Tyr

Lys

Glu

Leu

85

Arg

Ala

Glu

Ala

630

Glu

Val

Gly

Ile

Pro

710

His

Val

Trp

Lys

Asp

790

Leu

Lys

Leu

Asp

Glu

Ile

Ile

Lys

70

Tyr

Glu

Lys

Glu

Ile

Val

Ile

Pro

Lys

695

Ile

Lys

Glu

Gln

Ser

775

Ile

Asn

Ile

Arg

Tyr

Asn

Tyr

Thr

55

Val

Phe

His

Arg

Leu
135

Leu

Thr

Tyr

His

680

Pro

Ser

Tyr

Arg

Lys

760

Gly

Ala

Asn

Ala

Ser
840

Ile

Gly

Ala

Ser

Lys

Glu

Pro

Tyr

120

Thr

Lys

Glu

Glu

665

Val

Gly

Lys

Asp

Ile

745

Thr

Thr

Glu

Lys

Gln

825

Lys

Thr

Arg

25

Leu

Glu

Lys

His

Ala

105

Leu

Phe

His

Lys

650

Gln

Ala

Met

Arg

Ala

730

Leu

Lys

Gly

Lys

Pro

810

Glu

Glu

10

Phe

Leu

Arg

Lys

Pro

90

Val

Ile

Leu

Gly

635

Leu

Ile

Val

Val

Ala

715

Glu

Lys

Gln

Gly

Ala

795

Asp

Leu

Asp

Lys

Lys

His

Phe

75

Gln

Ile

Asp

Ala

Asn Val Glu

Ser

Thr

Ala

Ile

700

Ile

Tyr

Ala

Val

Gly

780

Gly

Ile

Gly

Synthetic construct

Gly

Val

Asp

Gly

60

Leu

Asp

Asp

Lys

Val
140

Asn

Arg

Lys

685

Gly

Ala

Tyr

Phe

Gly

765

Gly

Val

Ser

Tyr

Lys

Glu

Asp

Lys

Gly

Val

Ile

Gly
125

Asp

Tyr

Pro

670

Arg

Tyr

Ile

Ile

Gly

750

Leu

Lys

Ser

Glu

Val
830

Pro

Tyr

30

Ser

Val

Arg

Pro

Phe

110

Leu

Ile

Glu

Glu

655

Leu

Leu

Val

Glu

Glu

735

Tyr

Gly

Lys

Ile

Glu

815

Lys

Ile

15

Asp

Ala

Val

Pro

Ala
95
Glu

Ile

Glu

Ala

640

Ile

Asn

Ala

Val

Glu

720

Asn

Lys

Ala

Lys

Asn

800

Thr

Asn

Ile

Arg

Ile

Arg

Ile

80

Met

Tyr

Pro

Thr
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276

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Met

Tyr

Lys

Leu

305

Glu

Pro
Tyr
385

Ile

Asp

Phe

Lys

465

Asp

Tyr

Ser

Leu

Tyr

545

Ala

Tyr

Tyr

Leu

Leu

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Glu

Val

Asn

Glu

Ile

450

Lys

Tyr

Tyr

Val

Glu
530

Ala

Leu

His

Ala

Pro

Ile

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Ser

Val

Ala

435

Pro

Arg

Arg

Gly

Thr
515
Glu

Thr

Glu

Glu

Asp

Tyr

180

Lys

Asp

Met

Leu

Leu

260

Glu

Pro

Val

Lys

Pro

340

Tyr

Pro

Gly

Leu

Ser

420

Pro

Ser

Met

Gln

Tyr

500

Ala

Arg

Ile

Phe

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Phe

Ala

His

Ala

Glu

325

Leu

Leu

Asp

Tyr

Asp

405

Pro

Glu

Leu

Lys

Arg

485

Ala

Trp

Gly

Pro

Val

Glu

150

Glu

Glu

Ile

Phe

Leu

230

Asp

Pro

Val

Glu

Lys

310

Phe

Trp

Leu

Glu

Val

390

Phe

Asp

Val

Leu

Glu

470

Ala

Lys

Gly

Phe

Gly
550

Asn

Glu

Gly

Val

Arg

Asp

215

Pro

Ser

Val

Tyr

Ile

295

Tyr

Phe

Asp

Arg

Arg

375

Lys

Arg

Thr

Gly

Gly

455

Ser

Ile

Ala

Arg

Lys

535

Glu

Tyr

Phe

Ala

Val

Glu

200

Phe

Leu

Leu

Ile

Glu

280

Ala

Ser

Pro

Val

Lys

360

Glu

Glu

Ser

Leu

His

440

Ser

Lys

Lys

Arg

Gln

520

Val

Lys

Ile

Gly

Lys

Ala

185

Lys

Pro

Gly

Ala

Arg

265

Ala

Glu

Met

Met

Ser

345

Ala

Tyr

Pro

Leu

Asn

425

Arg

Leu

Asp

Ile

Trp

505

Tyr

Leu

Asn

Asn

Lys

Val

170

Asn

Asp

Tyr

Arg

Val

250

Arg

Ile

Ala

Glu

Glu

330

Arg

Tyr

Glu

Glu

Tyr

410

Lys

Phe

Leu

Pro

Leu

490

Tyr

Ile

Tyr

Trp

Ser

Gly

155

Ile

Glu

Pro

Leu

Asp

235

Glu

Thr

Phe

Trp

Asp

315

Ala

Ser

Glu

Arg

Arg

395

Pro

Glu

Cys

Glu

Val

475

Ala

Cys

Glu

Ile

Glu
555

Lys

Pro

Thr

Arg

Asp

Leu

220

Asn

Ile

Ile

Gly

Glu

300

Ala

Gln

Ser

Arg

Arg

380

Gly

Ser

Gly

Lys

Glu

460

Glu

Asn

Lys

Leu

Asp
540

Glu

Leu

Ile

Trp

Glu

Val

205

Lys

Ser

Lys

Asn

Lys

285

Thr

Lys

Leu

Thr

Asn

365

Leu

Leu

Ile

Cys

Asp

445

Arg

Arg

Ser

Glu

Val

525

Thr

Ile

Pro

Ile

Lys

Met

190

Ile

Arg

Glu

Gly

Leu

270

Gln

Gly

Val

Ala

Gly

350

Glu

Arg

Trp

Ile

Gly

430

Phe

Gln

Lys

Phe

Cys

510

Arg

Asp

Lys

Gly

Met

Lys

175

Ile

Ile

Ala

Pro

Arg

255

Pro

Lys

Lys

Thr

Arg

335

Asn

Leu

Glu

Glu

Ile

415

Glu

Pro

Lys

Leu

Tyr

495

Ala

Arg

Gly

Arg

Ile

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Ser

Gly

400

Thr

Tyr

Gly

Ile

Leu

480

Gly

Glu

Glu

Leu

Arg
560

Leu
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277

-continued

278

Glu

Lys

Leu

Ala

625

Pro

Glu

Ala

Leu

705

Phe

Gln

Arg

Trp

Leu

785

Tyr

Thr

Asn

Lys

<210>
<211>
<212>
<213>
<220>
<223>

Leu

Lys

Glu

610

Lys

Lys

Val

Tyr

Lys

690

Arg

Asp

Val

Glu

Leu

770

Asn

Leu

Gly

Glu

Ala
850

Glu

Tyr

595

Ile

Val

Ile

Glu

Lys

675

Gly

Gly

Gly

Leu

Asp

755

Lys

Pro

Ile

Leu

Gly

835

Val

Tyr

580

Ala

Val

Leu

Val

Lys

660

Ala

Ile

Asp

Lys

Pro

740

Leu

Val

Lys

Glu

Ala

820

Leu

Thr

PRT

<400> SEQUENCE:

Met

1

Arg

Asn

Asp

Val

Ile

Leu

Phe

Asp

50

Ile

565

Glu

Leu

Arg

Glu

Lys

645

Leu

Ile

Lys

Gly

Lys

725

Ala

Arg

Lys

Ser

Ser

805

Gln

Val

Tyr

SEQ ID NO 128
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Synthetic construct

852

128

Leu Asp Ala

Phe

Arg

35

Val

Asp

Lys

20

Pro

Arg

Val

5

Lys

Tyr

Lys

Glu

Gly

Ile

Arg

Ala

630

Glu

Val

Gly

Ile

Pro

710

His

Val

Trp

Lys

Met

790

Gly

Ser

Glu

Gly

Asp

Glu

Ile

Ile

Lys

570 575

Phe Tyr Thr Arg Gly Phe Phe Val Thr
585 590

Asp Glu Glu Gly Lys Ile Val Thr Arg
600 605

Asp Trp Ser Glu Ile Ala Lys Glu Thr
615 620

Ile Leu Lys His Gly Asn Val Glu Glu
635

Val Thr Glu Lys Leu Ser Asn Tyr Glu
650 655

Ile Tyr Glu Gln Ile Thr Arg Pro Leu
665 670

Pro His Val Ala Val Ala Lys Arg Leu
680 685

Lys Pro Gly Met Val Ile Gly Tyr Val
695 700

Ile Ser Lys Arg Ala Ile Ala Ile Glu
715

Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu
730 735

Glu Arg Ile Leu Lys Ala Phe Gly Tyr
745 750

Gln Lys Thr Lys Gln Val Gly Leu Gly
760 765

Ser Gly Thr Gly Gly Gly Gly His Lys
775 780

Lys Arg Glu Asn Lys Lys Met Val Leu
795

Pro His Ser Arg Val Glu Ile Ala Arg
810 815

Ala Ile Trp Arg Ile Ile Glu Glu Leu
825 830

Glu Lys Gly Thr Ala Thr Gly Arg Arg
840 845

Pro Thr Arg Ser Phe Ile Thr Ser
855 860

Tyr Ile Thr Glu Asp Gly Lys Pro Ile
10 15

Asn Gly Arg Phe Lys Val Glu Tyr Asp
25 30

Tyr Ala Leu Leu Lys Asp Asp Ser Ala
40 45

Thr Ser Glu Arg His Gly Lys Val Val
55 60

Val Lys Lys Lys Phe Leu Gly Arg Pro

Lys

Gly

Gln

Ala

640

Ile

Asn

Ala

Val

Glu

720

Asn

Lys

Ala

Lys

Arg

800

Lys

Val

Arg

Ile

Arg

Ile

Arg

Ile
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279

-continued

280

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Met

Tyr

Lys

Leu

305

Glu

Pro
Tyr
385

Ile

Asp

Phe

Lys

465

Asp

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Leu

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn

370

Glu

Val

Asn

Glu

Ile
450

Lys

Tyr

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Ile

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp

355

Lys

Gly

Ser

Val

Ala
435
Pro

Arg

Arg

Lys

Ile

100

Phe

Asn

Glu

Asp

Tyr

180

Lys

Asp

Met

Leu

Leu

260

Glu

Pro

Val

Lys

Pro

340

Tyr

Pro

Gly

Leu

Ser

420

Pro

Ser

Met

Gln

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Phe

Ala

His

Ala

Glu

325

Leu

Leu

Asp

Tyr

Asp

405

Pro

Glu

Leu

Lys

Arg
485

70

Tyr

Glu

Lys

Glu

Glu

150

Glu

Glu

Ile

Phe

Leu

230

Asp

Pro

Val

Glu

Lys

310

Phe

Trp

Leu

Glu

Val

390

Phe

Asp

Val

Leu

Glu
470

Ala

75

Phe Glu His Pro Gln Asp Val Pro Ala
90 95

His Pro Ala Val Ile Asp Ile Phe Glu
105 110

Arg Tyr Leu Ile Asp Lys Gly Leu Ile
120 125

Leu Thr Phe Leu Ala Val Asp Ile Glu
135 140

Glu Phe Gly Lys Gly Pro Ile Ile Met
155

Gly Ala Lys Val Ile Thr Trp Lys Lys
170 175

Val Val Ala Asn Glu Arg Glu Met Ile
185 190

Arg Glu Lys Asp Pro Asp Val Ile Ile
200 205

Asp Phe Pro Tyr Leu Leu Lys Arg Ala
215 220

Pro Leu Gly Arg Asp Asn Ser Glu Pro
235

Ser Leu Ala Val Glu Ile Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Ile Phe Gly Lys Gln Lys
280 285

Ile Ala Glu Ala Trp Glu Thr Gly Lys
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ala Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Tyr Glu Arg Arg Leu Arg Glu
375 380

Lys Glu Pro Glu Arg Gly Leu Trp Glu
395

Arg Ser Leu Tyr Pro Ser Ile Ile Ile
410 415

Thr Leu Asn Lys Glu Gly Cys Gly Glu
425 430

Gly His Arg Phe Cys Lys Asp Phe Pro
440 445

Gly Ser Leu Leu Glu Glu Arg Gln Lys
455 460

Ser Lys Asp Pro Val Glu Arg Lys Leu
475

Ile Lys Ile Leu Ala Asn Ser Phe Tyr
490 495

80

Met

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Ser

Gly

400

Thr

Tyr

Gly

Ile

Leu
480

Gly
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281 282

-continued

Tyr Tyr Gly Tyr Ala Lys Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu
500 505 510

Ser Val Thr Ala Trp Gly Arg Gln Tyr Ile Glu Leu Val Arg Arg Glu
515 520 525

Leu Glu Glu Arg Gly Phe Lys Val Leu Tyr Ile Asp Thr Asp Gly Leu
530 535 540

Tyr Ala Thr Ile Pro Gly Glu Lys Asn Trp Glu Glu Ile Lys Arg Arg
545 550 555 560

Ala Leu Glu Phe Val Asn Tyr Ile Asn Ser Lys Leu Pro Gly Ile Leu
565 570 575

Glu Leu Glu Tyr Glu Gly Phe Tyr Thr Arg Gly Phe Phe Val Thr Lys
580 585 590

Lys Lys Tyr Ala Leu Ile Asp Glu Glu Gly Lys Ile Val Thr Arg Gly
595 600 605

Leu Glu Ile Val Arg Arg Asp Trp Ser Glu Ile Ala Lys Glu Thr Gln
610 615 620

Ala Lys Val Leu Glu Ala Ile Leu Lys His Gly Asn Val Glu Glu Ala
625 630 635 640

Val Lys Ile Val Lys Glu Val Thr Glu Lys Leu Ser Asn Tyr Glu Ile
645 650 655

Pro Val Glu Lys Leu Val Ile Tyr Glu Gln Ile Thr Arg Pro Leu Asn
660 665 670

Glu Tyr Lys Ala Ile Gly Pro His Val Ala Val Ala Lys Arg Leu Ala
675 680 685

Ala Lys Gly Ile Lys Ile Lys Pro Gly Met Val Ile Gly Tyr Val Val
690 695 700

Leu Arg Gly Asp Gly Pro Ile Ser Lys Arg Ala Ile Ala Ile Glu Glu
705 710 715 720

Phe Asp Gly Lys Lys His Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu Asn
725 730 735

Gln Val Leu Pro Ala Val Glu Arg Ile Leu Lys Ala Phe Gly Tyr Lys
740 745 750

Arg Glu Asp Leu Arg Trp Gln Lys Thr Lys Gln Val Gly Leu Gly Ala
755 760 765

Trp Leu Lys Val Lys Lys Ser Gly Thr Gly Gly Gly Gly Asn Thr Gly
770 775 780

Ala Gln Gly Val Ser Glu Met Ser Arg Met Lys Ile Ile Ser Val Gln
785 790 795 800

Leu Pro Gln Ser Leu Ile His Gly Leu Asp Ala Leu Val Lys Arg Gly
805 810 815

Ile Tyr Pro Asn Arg Ser Glu Ala Ile Arg Val Ala Ile Arg Glu Leu
820 825 830

Leu Lys Lys Glu Leu Tyr Lys Glu Glu Ile Gln Glu Glu Ile Pro Glu
835 840 845

Tyr Val Val Lys
850

<210> SEQ ID NO 129

<211> LENGTH: 856

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic construct

<400> SEQUENCE: 129
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283

-continued

284

Met

Arg

Asn

Asp

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Met

Tyr

Lys

Leu

305

Glu

Pro

Tyr
385

Ile

Ile

Leu

Phe

Asp

50

Ile

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Leu

Asn

210

Leu

Gln

Phe

Thr

Val

290

Glu

Leu

Gly

Glu

Asn
370

Glu

Val

Leu

Phe

Arg

35

Val

Asp

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Ile

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Trp
355
Lys

Gly

Ser

Asp

Lys

20

Pro

Arg

Val

Lys

Ile

100

Phe

Asn

Glu

Asp

Tyr

180

Lys

Asp

Met

Leu

Leu

260

Glu

Pro

Val

Lys

Pro

340

Tyr

Pro

Gly

Leu

Ala

Lys

Tyr

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Phe

Ala

His

Ala

Glu

325

Leu

Leu

Asp

Tyr

Asp
405

Asp

Glu

Ile

Ile

Lys

70

Tyr

Glu

Lys

Glu

Glu

150

Glu

Glu

Ile

Phe

Leu

230

Asp

Pro

Val

Glu

Lys

310

Phe

Trp

Leu

Glu

Val
390

Phe

Tyr Ile Thr Glu Asp Gly Lys Pro Ile
10 15

Asn Gly Arg Phe Lys Val Glu Tyr Asp
25 30

Tyr Ala Leu Leu Lys Asp Asp Ser Ala
40 45

Thr Ser Glu Arg His Gly Lys Val Val
55 60

Val Lys Lys Lys Phe Leu Gly Arg Pro
75

Phe Glu His Pro Gln Asp Val Pro Ala
90 95

His Pro Ala Val Ile Asp Ile Phe Glu
105 110

Arg Tyr Leu Ile Asp Lys Gly Leu Ile
120 125

Leu Thr Phe Leu Ala Val Asp Ile Glu
135 140

Glu Phe Gly Lys Gly Pro Ile Ile Met
155

Gly Ala Lys Val Ile Thr Trp Lys Lys
170 175

Val Val Ala Asn Glu Arg Glu Met Ile
185 190

Arg Glu Lys Asp Pro Asp Val Ile Ile
200 205

Asp Phe Pro Tyr Leu Leu Lys Arg Ala
215 220

Pro Leu Gly Arg Asp Asn Ser Glu Pro
235

Ser Leu Ala Val Glu Ile Lys Gly Arg
250 255

Val Ile Arg Arg Thr Ile Asn Leu Pro
265 270

Tyr Glu Ala Ile Phe Gly Lys Gln Lys
280 285

Ile Ala Glu Ala Trp Glu Thr Gly Lys
295 300

Tyr Ser Met Glu Asp Ala Lys Val Thr
315

Phe Pro Met Glu Ala Gln Leu Ala Arg
330 335

Asp Val Ser Arg Ser Ser Thr Gly Asn
345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Tyr Glu Arg Arg Leu Arg Glu
375 380

Lys Glu Pro Glu Arg Gly Leu Trp Glu
395

Arg Ser Leu Tyr Pro Ser Ile Ile Ile
410 415

Ile

Arg

Ile

Arg

Ile

Met

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu

Ala

Ser

Gly

400

Thr
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-continued

286

Asp

Phe

Lys

465

Asp

Tyr

Ser

Leu

Tyr

545

Ala

Glu

Lys

Leu

Ala

625

Pro

Glu

Ala

Leu

705

Phe

Gln

Arg

Trp

Pro

785

Lys

Glu

Ser

Asn

Glu

Ile

450

Lys

Tyr

Tyr

Val

Glu

530

Ala

Leu

Leu

Lys

Glu

610

Lys

Lys

Val

Tyr

Lys

690

Arg

Asp

Val

Glu

Leu

770

Gln

Gln

Arg

Arg

Val

Ala

435

Pro

Arg

Arg

Gly

Thr

515

Glu

Thr

Glu

Glu

Tyr

595

Ile

Val

Ile

Glu

Lys

675

Gly

Gly

Gly

Leu

Asp

755

Lys

Ala

Lys

Arg

Leu

Ser

420

Pro

Ser

Met

Gln

Tyr

500

Ala

Arg

Ile

Phe

Tyr

580

Ala

Val

Leu

Val

Lys

660

Ala

Ile

Asp

Lys

Pro

740

Leu

Val

Arg

Lys

Lys

820

Glu

Pro

Glu

Leu

Lys

Arg

485

Ala

Trp

Gly

Pro

Val

565

Glu

Leu

Arg

Glu

Lys

645

Leu

Ile

Lys

Gly

Lys

725

Ala

Arg

Lys

Leu

Ser
805

Ser

Arg

Asp

Val

Leu

Glu

470

Ala

Lys

Gly

Phe

Gly

550

Asn

Gly

Ile

Arg

Ala

630

Glu

Val

Gly

Ile

Pro

710

His

Val

Trp

Lys

Thr
790
Ile

Glu

Lys

Thr

Gly

Gly

455

Ser

Ile

Ala

Arg

Lys

535

Glu

Tyr

Phe

Asp

Asp

615

Ile

Val

Ile

Pro

Lys

695

Ile

Lys

Glu

Gln

Ser

775

Pro

Thr

Tyr

Gly

Leu

His

440

Ser

Lys

Lys

Arg

Gln

520

Val

Lys

Ile

Tyr

Glu

600

Trp

Leu

Thr

Tyr

His

680

Pro

Ser

Tyr

Arg

Lys

760

Gly

Leu

Ile

Pro

Tyr

Asn

425

Arg

Leu

Asp

Ile

Trp

505

Tyr

Leu

Asn

Asn

Thr

585

Glu

Ser

Lys

Glu

Glu

665

Val

Gly

Lys

Asp

Ile

745

Thr

Thr

Glu

Thr

Leu
825

Val

Lys

Phe

Leu

Pro

Leu

490

Tyr

Ile

Tyr

Trp

Ser

570

Arg

Gly

Glu

His

Lys

650

Gln

Ala

Met

Arg

Ala

730

Leu

Lys

Gly

Leu

Glu
810

Ser

Lys

Glu

Cys

Glu

Val

475

Ala

Cys

Glu

Ile

Glu

555

Lys

Gly

Lys

Ile

Gly

635

Leu

Ile

Val

Val

Ala

715

Glu

Lys

Gln

Gly

Glu
795
Ile

Leu

Lys

Gly

Lys

Glu

460

Glu

Asn

Lys

Leu

Asp

540

Glu

Leu

Phe

Ile

Ala

620

Asn

Ser

Thr

Ala

Ile

700

Ile

Tyr

Ala

Val

Gly

780

Ile

Lys

Val

Ile

Cys

Asp

445

Arg

Arg

Ser

Glu

Val

525

Thr

Ile

Pro

Phe

Val

605

Lys

Val

Asn

Arg

Lys

685

Gly

Ala

Tyr

Phe

Gly

765

Gly

Leu

Glu

Ser

Ala

Gly

430

Phe

Gln

Lys

Phe

Cys

510

Arg

Asp

Lys

Gly

Val

590

Thr

Glu

Glu

Tyr

Pro

670

Arg

Tyr

Ile

Ile

Gly

750

Leu

Ile

Glu

Ile

Glu
830

Lys

Glu

Pro

Lys

Leu

Tyr

495

Ala

Arg

Gly

Arg

Ile

575

Thr

Arg

Thr

Glu

Glu

655

Leu

Leu

Val

Glu

Glu

735

Tyr

Gly

Ile

Ile

Leu
815

Tyr

Gly

Tyr

Gly

Ile

Leu

480

Gly

Glu

Glu

Leu

Arg

560

Leu

Lys

Gly

Gln

Ala

640

Ile

Asn

Ala

Val

Glu

720

Asn

Lys

Ala

Asn

Ile
800
Ser

Ile

Arg
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-continued

288

835

840

Lys Lys Phe Val Glu Ala Leu Ile

<210>
<211>
<212>
<213>
<220>
<223>

850

PRT

<400> SEQUENCE:

Met

1

Arg

Asn

Asp

65

Glu

Arg

Asp

Met

Leu

145

Ser

Asp

Arg

Tyr

Lys

225

Met

Tyr

Lys

Leu

305

Glu

Ile

Leu

Phe

Asp

Ile

Val

Asp

Ile

Glu

130

Tyr

Tyr

Leu

Leu

Asn

210

Leu

Gln

Phe

Thr

Val
290
Glu

Leu

Gly

Leu

Phe

Arg

35

Val

Asp

Trp

Lys

Pro

115

Gly

His

Ala

Pro

Ile

195

Gly

Gly

Arg

Asp

Leu

275

Tyr

Arg

Gly

Gln

Asp

Lys

20

Pro

Arg

Val

Lys

Ile

100

Phe

Asn

Glu

Asp

Tyr

180

Lys

Asp

Met

Leu

Leu

260

Glu

Pro

Val

Lys

Pro

SEQ ID NO 130
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

863

130

Ala

5

Lys

Tyr

Lys

Glu

Leu

85

Arg

Ala

Glu

Gly

Glu

165

Val

Val

Asn

Lys

Gly

245

Phe

Ala

His

Ala

Glu
325

Leu

Asp

Glu

Ile

Ile

Lys

70

Tyr

Glu

Lys

Glu

Glu

150

Glu

Glu

Ile

Phe

Leu

230

Asp

Pro

Val

Glu

Lys
310

Phe

Trp

855

Synthetic construct

Tyr

Asn

Tyr

Thr

55

Val

Phe

His

Arg

Leu

135

Glu

Gly

Val

Arg

Asp

215

Pro

Ser

Val

Tyr

Ile
295
Tyr

Phe

Asp

Ile

Gly

Ala

40

Ser

Lys

Glu

Pro

Tyr

120

Thr

Phe

Ala

Val

Glu

200

Phe

Leu

Leu

Ile

Glu

280

Ala

Ser

Pro

Val

Thr

Arg

25

Leu

Glu

Lys

His

Ala

105

Leu

Phe

Gly

Lys

Ala

185

Lys

Pro

Gly

Ala

Arg

265

Ala

Glu

Met

Met

Ser

Glu

10

Phe

Leu

Arg

Lys

Pro

90

Val

Ile

Leu

Lys

Val

170

Asn

Asp

Tyr

Arg

Val

250

Arg

Ile

Ala

Glu

Glu
330

Arg

Asp

Lys

Lys

His

Phe

75

Gln

Ile

Asp

Ala

Gly

155

Ile

Glu

Pro

Leu

Asp

235

Glu

Thr

Phe

Trp

Asp

315

Ala

Ser

Gly

Val

Asp

Gly

Leu

Asp

Asp

Lys

Val

140

Pro

Thr

Arg

Asp

Leu

220

Asn

Ile

Ile

Gly

Glu
300
Ala

Gln

Ser

845

Lys

Glu

Asp

45

Lys

Gly

Val

Ile

Gly

125

Asp

Ile

Trp

Glu

Val

205

Lys

Ser

Lys

Asn

Lys

285

Thr

Lys

Leu

Thr

Pro

Tyr

30

Ser

Val

Arg

Pro

Phe

110

Leu

Ile

Ile

Lys

Met

190

Ile

Arg

Glu

Gly

Leu

270

Gln

Gly

Val

Ala

Gly

Ile

15

Asp

Ala

Val

Pro

Ala

95

Glu

Ile

Glu

Met

Lys

175

Ile

Ile

Ala

Pro

Arg

255

Pro

Lys

Lys

Thr

Arg
335

Asn

Ile

Arg

Ile

Arg

Ile

80

Met

Tyr

Pro

Thr

Ile

160

Ile

Lys

Thr

Glu

Lys

240

Ile

Thr

Glu

Gly

Tyr

320

Leu

Leu
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-continued

290

Pro
Tyr
385

Ile

Asp

Phe

Lys

465

Asp

Tyr

Ser

Leu

Tyr

545

Ala

Glu

Lys

Leu

Ala

625

Pro

Glu

Ala

Leu

705

Phe

Gln

Arg

Glu

Asn

370

Glu

Val

Asn

Glu

Ile

450

Lys

Tyr

Tyr

Val

Glu

530

Ala

Leu

Leu

Lys

Glu

610

Lys

Lys

Val

Tyr

Lys

690

Arg

Asp

Val

Glu

Trp

355

Lys

Gly

Ser

Val

Ala

435

Pro

Arg

Arg

Gly

Thr

515

Glu

Thr

Glu

Glu

Tyr

595

Ile

Val

Ile

Glu

Lys

675

Gly

Gly

Gly

Leu

Asp
755

340

Tyr

Pro

Gly

Leu

Ser

420

Pro

Ser

Met

Gln

Tyr

500

Ala

Arg

Ile

Phe

Tyr

580

Ala

Val

Leu

Val

Lys

660

Ala

Ile

Asp

Lys

Pro
740

Leu

Leu

Asp

Tyr

Asp

405

Pro

Glu

Leu

Lys

Arg

485

Ala

Trp

Gly

Pro

Val

565

Glu

Leu

Arg

Glu

Lys

645

Leu

Ile

Lys

Gly

Lys

725

Ala

Arg

Leu

Glu

Val

390

Phe

Asp

Val

Leu

Glu

470

Ala

Lys

Gly

Phe

Gly

550

Asn

Gly

Ile

Arg

Ala

630

Glu

Val

Gly

Ile

Pro
710
His

Val

Trp

345 350

Arg Lys Ala Tyr Glu Arg Asn Glu Leu
360 365

Arg Glu Tyr Glu Arg Arg Leu Arg Glu
375 380

Lys Glu Pro Glu Arg Gly Leu Trp Glu
395

Arg Ser Leu Tyr Pro Ser Ile Ile Ile
410 415

Thr Leu Asn Lys Glu Gly Cys Gly Glu
425 430

Gly His Arg Phe Cys Lys Asp Phe Pro
440 445

Gly Ser Leu Leu Glu Glu Arg Gln Lys
455 460

Ser Lys Asp Pro Val Glu Arg Lys Leu
475

Ile Lys Ile Leu Ala Asn Ser Phe Tyr
490 495

Ala Arg Trp Tyr Cys Lys Glu Cys Ala
505 510

Arg Gln Tyr Ile Glu Leu Val Arg Arg
520 525

Lys Val Leu Tyr Ile Asp Thr Asp Gly
535 540

Glu Lys Asn Trp Glu Glu Ile Lys Arg
555

Tyr Ile Asn Ser Lys Leu Pro Gly Ile
570 575

Phe Tyr Thr Arg Gly Phe Phe Val Thr
585 590

Asp Glu Glu Gly Lys Ile Val Thr Arg
600 605

Asp Trp Ser Glu Ile Ala Lys Glu Thr
615 620

Ile Leu Lys His Gly Asn Val Glu Glu
635

Val Thr Glu Lys Leu Ser Asn Tyr Glu
650 655

Ile Tyr Glu Gln Ile Thr Arg Pro Leu
665 670

Pro His Val Ala Val Ala Lys Arg Leu
680 685

Lys Pro Gly Met Val Ile Gly Tyr Val
695 700

Ile Ser Lys Arg Ala Ile Ala Ile Glu
715

Lys Tyr Asp Ala Glu Tyr Tyr Ile Glu
730 735

Glu Arg Ile Leu Lys Ala Phe Gly Tyr
745 750

Gln Lys Thr Lys Gln Val Gly Leu Gly
760 765

Ala

Ser

Gly

400

Thr

Tyr

Gly

Ile

Leu

480

Gly

Glu

Glu

Leu

Arg

560

Leu

Lys

Gly

Gln

Ala

640

Ile

Asn

Ala

Val

Glu
720
Asn

Lys

Ala
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-continued

Leu Val Thr

770

Trp Lys Lys Lys Ser

775

Gly Gly Gly

780
Val Ile
785

Thr Gln Gln Asn Glu

790

Leu Leu Asn

795

Arg Leu Asn

Glu His Glu

810

Lys Ala Val Leu Arg Ala Ile Leu

805

Gly Gly

Glu Pro Glu Leu Val Ser Pro Thr

820

Asp Leu Gly Tyr

825

Arg

Ile Gln Ile

835

Glu Leu Glu Asn Lys Leu

840

Gly Lys Arg

845
Ile

Glu Ile

860

Gly Lys Thr Phe Val

850

Val Lys
855

Arg Lys Lys

Gly Gly Gly Arg

Glu

Ile

Ile

830

Glu

Leu

Lys

Glu
800

Lys

Lys Gln

815

Ser Lys

Ser

Lys

Asp

What is claimed is:

1. A composition comprising a fusion protein comprising:

(a) a DNA polymerase; and

(b) a sequence-specific DNA binding domain.

2. The composition of claim 1, wherein the fusion protein
exhibits increased processivity relative to the polymerase of
(a) in the absence of the DNA binding domain of (b).

3. The composition of claim 1, wherein the sequence-
specific DNA binding domain is N-terminal of the poly-
merase.

4. The composition of claim 1, wherein the sequence-
specific DNA binding domain is C-terminal of the poly-
merase.

5. The composition of claim 1, wherein the DNA poly-
merase is a type A polymerase.

6. The composition of claim 1, wherein the DNA poly-
merase is a type B polymerase.

7. The composition of claim 1, wherein the sequence-
specific DNA binding domain has a helix-loop-helix, rib-
bon-helix-helix, helix-turn-helix, winged helix, or home-
odomain structure.

8. The composition of claim 1, wherein the sequence-
specific DNA binding domain is from a transcriptional
activator.

9. The composition of claim 1, wherein the polymerase
has proofreading activity.

10. The composition of claim 1, wherein the wild type
polymerase is bacterial or archaebacterial.

11. The composition of claim 1, wherein the amino acid
sequence of the sequence-specific DNA binding domain is at
least 90% identical to a DNA binding domain of any of SEQ
ID NOS 56-97.
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12. The composition of claim 1, wherein the amino acid
sequence of the polymerase is at least 90% identical to the
amino acid sequence of any of SEQ ID NOS. 33-55.

13. The composition of claim 12, wherein the amino acid
sequence of the polymerase is at least 90% identical to either
the amino acid sequence of a Pyrococcal polymerase of any
of SEQ ID NOS. 41, 47, or 48 or the amino acid sequence
of a Thermococcal polymerase of any of SEQ ID NOS.
42-46, 51 or 52.

14. The composition of claim 1, wherein the polymerase
is thermostable.

15. The composition of claim 1, wherein the sequence-
specific DNA binding domain is thermostable.

16. A kit comprising:

(a) the composition of claim 1; and

(b) a reaction buffer.

17. The kit of claim 16, wherein the composition further
comprises glycerol.

18. The kit of claim 16, wherein the buffer is in concen-
trated form.

19. A method comprising:

combining a DNA template, nucleotides, and the compo-

sition of claim 1 to produce a reaction mix; and
copying the DNA template.

20. The method of claim 19, wherein the DNA template
is a plurality of overlapping primers.

21. The method of claim 19, wherein the DNA template
is genomic DNA.

22. The method of claim 19, wherein the copying step is
done using isothermal conditions.

23. The method of claim 19, wherein the copying step is
done by thermocycling.
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