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USE OF BACTERIUM STRAINS FOR THE PREPARATION OF METALLIC
BIOCATALYSTS, IN PARTICULAR FOR THE PREPARATION OF
PALLADIUM BIOCATALYSTS

The present invention concerns the use of bacterium strains for the preparation of
metallic biocatalysts, in particular for the preparation of palladium biocatalysts.

Palladium is one of the most expensive metals; the highest consumer worldwide is
the automobile industry where this metal, together with other platinum group metals
(PGM), is used in automobile catalytic converters to reduce the toxicity of vehicle
exhaust gases. Palladium is also extensively used in the electronics industry and in
chemical manufacturing and processing (Platinum, 2003). Palladium is a highly
valuable metal with only limited world resources reported before the widespread
implementation of automotive catalyst (Hoffman, 1988). The existing methods of Pd
recovery from scrap, e.g. hydro- and pyrometallurgical routes, are either energy
demanding or harmful to the environment, or both. Therefore alternative, clean methods
of recovery are very important. It was shown by Lloyd et al., (1998), that palladium can
be effectively recovered from solution by resting cells of Desulfovibrio desulfuricans at
ambient temperature. As an alternative approach, Mertig, et al. (1998) and Wahl et al.
(2001) described abiotic reduction of Pd(IT) to Pd(0) onto a protein surface under Ha,
but, unlike the use of bacteria (Yong et al., 2003) this has not been applied to the
development of a flow-through metal recovery process.

Desulfovibrio sp. and other sulphate-reducing bacteria (SRB) are well-known as
metal reducers (Lovely & Philips, 1992; Tucker et al., 1998; Ganesh et al. 1999; Spear
et al., 1999; Lloyd et al., 1998, 1999, 1999a, 2001). Yong et al. (2002) showed that
Pd(II) can be reduced by D. desulfuricans over a wide pH range and this organism was
effectively used to recover Pd from chemical processing waste (Yong, et al., 2002a) and
leachates from spent automotive catalysts (Yong et al., 2003).

The biomineralised palladium (Bio-Pd) identified as Pd(0) by X-ray powder
diffraction analysis (Lloyd et al., 1998) was found to have catalytic properties not seen
in Pd(0) prepared by simple chemical reduction of Pd(II) salts under H,. For example,
Bio-Pd catalysed the reduction of Cr(VI) to Cr(II) (Mabbett ef al., 2001), the reductive
dehalogenation of chlorophenol and polychlorinated biphenyls (Baxter-Plant et al,,

2003) and effected the hydrogenation of methylene succinic acid at rates comparable to
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a commercial supported palladium catalyst. The properties of a supported metal catalyst
depend critically on both the size of the metal clusters (Henry, 1998) and the ability of
supporting material to prevent their coalescence (Henry, 1998). Bacteria have both
biomanufacturing and templating/supporting functions.

It has been reported that Escherichia coli, like D. desulfuricans, possesses
significant metal reducing capability (Lloyd et al., 1997, 1997a, 1999a). The physiology
and genetics of this organism are well investigated (Menon et al.,, 1991; Sauter et al.,
1992; Lloyd et al., 1997, 1999a) and, using these approaches, involvement of
hydrogenase activity in Tc(VII) reduction by E. coli was attributed to the hydrogenase
Il component of the formate hydrogenlyase (FHL) complex (Lloyd et al., 1997), a
rudimentary form of which has been proposed to exist in D. desulfuricans (Peck, 1993).

The aim of the present invention is to provide a new process for the preparation of
metallic biocatalysts, which implementation is easier and cheaper than industrial
processes.

The aim of the present invention is to provide a new process for the preparation of
metallic biocatalysts, which comprises the use of transformed bacterium strains, in
particular of transformed Desulfovibrio fructosovorans strains.

The aim of the present invention is to provide a metallic biocatalyst of smaller
particle size than the catalysts of the prior art, said metallic biocatalyst thus having a
higher catalytic activity.

The present invention relates to the use

— of a bacterium strain characterized in that its genome contains at least a
gene coding for a membrane-bound [NiFe] hydrogenase, or
— of membrane extracts containing said membrane-bound [NiFe]
hydrogenase of said bacterium strain,
for the preparation of metallic biocatalysts,

provided that in the case of the use of a bacterium strain the genome of which
contains one or several genes coding for a soluble periplasmic hydrogenase, then said
strain is transformed by inactivation, repression or deletion of at least one of said genes
coding for a soluble periplasmic hydrogenase, the corresponding soluble periplasmic
hydrogenase being then non produced or absent.

The expression “membrane-bound hydrogenase™ designates any enzyme, attached
directly or by an anchoring subunit to the membrane, which catalyses hydrogen

production or oxidation. Membrane-bound hydrogenases are closely related to the
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proton-pumping NADH:quinone oxidoreductase (complex I): the small subunit is
considerably smaller than that of other [NiFelhydrogenases and contains only the
cysteine ligands for the proximal [4Fe-4S] cluster (Classification and phylogeny of
hydrogenases, Vignais et al, 2001). The corresponding hydrogenase activity is
measured according to the method described in Fernandez et al. (1985).

The expression “soluble periplasmic hydrogenase” designates any enzyme
containing iron and nickel or only iron, which catalyses hydrogen production or
oxydation (Vignais et al., 2001). The corresponding hydrogenase activity is measured
according to the method described in Fernandez et al. (1985).

The expression “inactivation of said gene coding for a soluble periplasmic
hydrogenase” corresponds to an insertion of a DNA fragment into said gene or to a
mutation of the coding sequence of said gene resulting in the absence of expression or
to the expression of a truncated or aberrant protein.

The expression “repression of said gene coding for a soluble periplasmic
hydrogenase™ corresponds to the absence of production of the corresponding protein
due to growth conditions under which said gene is under the control of a regulatory
element that prevents synthesis of the corresponding messenger RNA or the production
of the translated protein.

The expression “deletion of said gene coding for a soluble periplasmic
hydrogenase” corresponds to the total or partial removal of the coding sequence of said
gene from its natural locus.

The present invention relates to the above-mentioned use of a bacterium strain, or
of membrane extracts thereof, the genome of which contains a gene, represented by
SEQ ID NO: 1, coding for a membrane-bound [NiFe] hydrogenase represented by the
sequence SEQ ID NO: 2, or contains a gene coding for a sequence having at least 30%
of identity with sequence SEQ ID NO: 2.

The present invention relates to the above-mentioned use of a bacterium strain, or
of membrane extracts thereof, chosen among Eubacteria or Archaeobacteria.

According to an advantageous embodiment, the use according to the present
invention is characterized in that the bacterium strain, or the membrane extracts thereof,
is chosen among;:

* the following Eubacteria:

— Desulfovibrio vulgaris, the genome of which contains a gene represented by

SEQ ID NO: 1 coding for a membrane-bound [NiFe] hydrogenase represented by SEQ
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ID NO: 2, and a gene represented by SEQ ID NO: 3 coding for a membrane-bound
[NiFe] hydrogenase represented by SEQ ID NO: 4,

— Desulfovibrio fructosovorans, the genome of which contains a gene
represented by SEQ ID NO: 5 coding for a membrane-bound [NiFe] hydrogenase
having 70% of identity with sequence SEQ ID NO: 2, said hydrogenase being
represented by SEQ ID NO: 6,

— Desulfovibrio gigas, the genome of which contains a gene represented by SEQ
ID NO: 7 coding for a membrane-bound [NiFe] hydrogenase having 74% of identity
with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 8,

— Thermoanaerobacter tengcongensis, the genome of which contains a gene
represented by SEQ ID NO: 9 coding for a membrane-bound [NiFe] hydrogenase
having 63% of identity with sequence SEQ ID NO: 2, said hydrogenase being
represented by SEQ ID NO: 10, and contains a gene represented by SEQ ID NO: 11
coding for a membrane-bound [NiFe] hydrogenase having 38% of identity with
sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 12,

— Rhodospirillum rubrum, the genome of which contains a gene represented by
SEQ ID NO: 13 coding for a membrane-bound [NiFe] hydrogenase having 41% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by
SEQ ID NO: 14,

— Escherichia coli, the genome of which contains a gene represented by
SEQ ID NO: 15 coding for a membrane-bound [NiFe] hydrogenase having 37% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by
SEQ ID NO: 16, and contains a gene represented by SEQ ID NO: 17 coding for a
membrane-bound [NiFe] hydrogenase having 35% of identity with sequence
SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 18,

— Erwinia carotovora, the genome of which contains a gene represented by SEQ
ID NO: 19 coding for a membrane-bound [NiFe] hydrogenase having 36% of identity
with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 20,

— Salmonella typhi, the genome of which contains a gene represented by SEQ ID
NO: 21 coding for a membrane-bound [NiFe] hydrogenase having 36% of identity with
sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 22,

— Salmonella typhimurium, the genome of which contains a gene represented by
SEQ ID NO: 23 coding for a membrane-bound [NiFe] hydrogenase having 36% of
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identity with sequence SEQ ID NO: 2, said hydrogenase being represented by
SEQ ID NO: 24,

— Shigella flexneri, the genome of which contains a gene represented by SEQ ID
NO: 25 coding for a membrane-bound [NiFe] hydrogenase having 35% of identity with
sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 26,

— Wolinella succinogenes, the genome of which contains a gene represented by
SEQ ID NO: 27 coding for a membrane-bound [NiFe] hydrogenase having 35% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by
SEQ ID NO: 28,
* the following Archaeobacteria:

— Methanosarcina mazei, the genome of which contains a gene represented by
SEQ ID NO: 29 coding for a membrane-bound [NiFe] hydrogenase having 54% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by
SEQ ID NO: 30,

— Methanosarcina barkeri, the genome of which contains a gene represented by
SEQ ID NO: 31 coding for a membrane-bound [NiFe] hydrogenase having 53% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by
SEQ ID NO: 32,

— Pyrococcus abyssi, the genome of which contains a gene represented by SEQ
ID NO: 33 coding for a membrane-bound [NiFe] hydrogenase having 40% of identity
with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 34,
and contains a gene represented by SEQ ID NO: 35 coding for a membrane-bound
[NiFe] hydrogenase having 38% of identity with sequence SEQ ID NO: 2, said
hydrogenase being represented by SEQ ID NO: 36,

— Pyrococcus horikoshii, the genome of which contains a gene represented by
SEQ ID NO: 37 coding for a membrane-bound [NiFe] hydrogenase having 39% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by
SEQ ID NO: 38,

— Pyrococcus furiosus, the genome of which containing a gene represented by
SEQ ID NO: 39 coding for a membrane-bound [NiFe] hydrogenase having 39% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by
SEQ ID NO: 40,

— Methanococcus jannaschii, the genome of which contains a gene represented

by SEQ ID NO: 41 coding for a membrane-bound [NiFe] hydrogenase having 36% of



10

15

20

25

30

WO 2006/087334 PCT/EP2006/050942

identity with sequence SEQ ID NO: 2, said hydrogenase being represented by
SEQ ID NO: 42,

— Methanococcus maripuladis, the genome of which contains a gene represented
by SEQ ID NO: 43 coding for a membrane-bound [NiFe] hydrogenase having 36% of
identity with sequence SEQ ID NO: 1, and represented by SEQ ID NO: 44,

— Methanopyrus kandleri, the genome of which contains a gene represented by
SEQ ID NO: 45 coding for a membrane-bound [NiFe] hydrogenase having 36% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by
SEQ ID NO: 46,

— Methanobacterium thermoautotrophicum, the genome of which contains a
gene represented by SEQ ID NO: 47 coding for a membrane-bound [NiFe] hydrogenase
having 37% of identity with sequence SEQ ID NO: 2, said hydrogenase being
represented by SEQ ID NO: 48,

— Methanobacterium thermoformicium, the genome of which contains a gene
represented by SEQ ID NO: 49 coding for a membrane-bound [NiFe] hydrogenase
having 37% of identity with sequence SEQ ID NO: 2, said hydrogenase being
represented by SEQ ID NO: 50, and contains a gene represented by SEQ ID NO: 51
coding for a membrane-bound [NiFe] hydrogenase having 33% of identity with
sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 52.

The present invention relates to the above-mentioned use of a bacterium strain
characterized in that its genome contains at least a gene coding for a membrane-bound
[NiFe] hydrogenase, but does not contain genes coding for a soluble periplasmic
hydrogenase.

According to an advantageous embodiment, the present invention relates to the
use of a bacterium strain whose genome contains at least a gene coding for a membrane-
bound [NiFe] hydrogenase, but does not contain genes coding for a soluble periplasmic
hydrogenase, said bacterium strain being in particular E. coli.

The present invention also relates to the above-mentioned use, of a bacterium
strain characterized in that its genome contains at least a gene coding for a membrane-
bound [NiFe] hydrogenase, and one or several genes coding for a soluble periplasmic
hydrogenase, said strain being transformed by inactivation or deletion of at least one of
said genes coding for a soluble periplasmic hydrogenase, the corresponding soluble

periplasmic hydrogenase being then inactivated or deleted.
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According to an advantageous embodiment, said gene is mutated by the use of a
chemical agent such as acridine orange or nitomycine or by the insertion of a mobile
element (transposons - insertion sequences) or by recombination, or by the use of
ionising radiations (UV radiations).

The present invention also relates to the above-mentioned use, of a bacterium
strain characterized in that its genome contains at least a gene coding for a membrane-
bound [NiFe] hydrogenase, and one or several genes coding for a soluble periplasmic
hydrogenase, said strain being cultivated in such conditions that at least one of said
genes coding for a soluble periplasmic hydrogenase is repressed, the corresponding
soluble periplasmic hydrogenase being then not produced.

According to an advantageous embodiment, repression of some hydrogenase
genes is observed under non-nitrogen fixing conditions, in aerobiosis or in the absence
of formate or molecular hydrogen in the growth medium.

The present invention also relates to the use such as defined above, of a
transformed bacterium strain chosen among Desulfovibrio vulgaris, Desulfovibrio
fructosovorans, Desulfovibrio gigas, or Desulfovibrio desulfuricans, the genome of
which being transformed by inactivation or deletion of at least one of said genes coding
for a soluble periplasmic hydrogenase.

The present invention also relates to the use such as defined above, of a bacterium
strain the genome of which being transformed by deletion of at least one of said genes
coding for a soluble periplasmic hydrogenase.

The present invention also relates to the use as defined above, of a Desulfovibrio
fructosovorans strain transformed in such way that the gene represented by SEQ ID
NO: 53 coding for the soluble periplasmic [NiFe] hydrogenase represented by SEQ ID
NO: 54, and/or the gene represented by SEQ ID NO: 55 coding for the soluble
periplasmic [Fe] hydrogenase represented by SEQ ID NO: 56, are deleted.

According to an advantageous embodiment, the present invention relates to the
use of a transformed Desulfovibrio fructosovorans strain wherein the gene represented
by SEQ ID NO: 53 is deleted.

According to an advantageous embodiment, the present invention relates to the
use of the transformed Desulfovibrio fructosovorans strain MR400, which was
deposited on the January 11 2005, at the Collection Nationale de Cultures de
Microorganismes (CNCM) of the Institut Pasteur under the number 1-3349.
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According to an advantageous embodiment, the present invention relates to the
use of a transformed Desulfovibrio fructosovorans strain wherein the genes represented
by SEQ ID NO: 53 and SEQ ID NO: 55 are both deleted.

According to an advantageous embodiment, the present invention relates to the
use of the transformed Desulfovibrio fructosovorans strain DF400, which was deposited
on the January 11™ 2005, at the Collection Nationale de Cultures de Microorganismes
(CNCM) of the Institut Pasteur under the number 1-3350.

The present invention also relates to the above-mentioned use, of a bacterium
strain, the genome of which being transformed by inactivation of at least one of said
genes coding for a soluble periplasmic hydrogenase.

According to an advantageous embodiment, the present invention relates to the
use of a bacterium strain, the genome of which being transformed by inactivation of at
least one of said genes coding for a soluble periplasmic hydrogenase, said inactivation
being obtained by mutation of at least one amino acid of said genes, and selection of the
corresponding mutated proteins encoded by said mutated genes exhibiting from 0.1% to
30% of the native soluble periplasmic hydrogenase activity.

The periplasmic hydrogenase activity is measured according to the method
described in Activity measurements (Fernandez et al., 1985). H, uptake activity was
measured with ImM methyl viologen as described in Fernandez et al. (1985). Briefly,
oxygen was removed under vacuum and the cuvette was flushed with Ar. Enzyme (10
ug for wt (wild-type) and E25D mutated form and 1 mg for E25Q, and E25V mutated
forms) was allowed to activate for 1h under H; in 20mM Tris/Hcl buffer at pH 8. The
activity was then measured in an H;-flushed UV-cuvette, containing 1 mL of the buffer,
in which residual oxygen was eliminated by adding 1 pL of a 100g.L” dithionite
solution. The reaction was started by the addition of 5 to 30 pL of activated enzyme and
the kinetics of the reduction of methyl viologen was measured at 604 nm in a UV 1601
spectrophotometer (Shimadzu) at 30°C.

According to an advantageous embodiment, the genome of Desulfovibrio
[fructosovorans strain is transformed by inactivation of the gene represented by SEQ ID
NO: 53 coding for the soluble periplasmic [NiFe] hydrogenase represented by SEQ ID
NO: 54, and/or of the gene represented by SEQ ID NO: 55 coding for the soluble
periplasmic [Fe] hydrogenase represented by SEQ ID NO: 56.
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According to an advantageous embodiment, the invention relates to the use of a
transformed Desulfovibrio fructosovorans strain wherein the gene represented by SEQ
ID NO: 53 is inactivated by:

— mutation of the nucleotide(s) GAA in position 264 of SEQ ID NO: 53 by
substitution of said nucleotide by GAC, leading to a mutated gene represented by SEQ
ID NO: 57 encoding a mutated soluble periplasmic [NiFe] hydrogenase represented by
SEQ ID NO: 58 and corresponding to the native sequence SEQ ID NO: 54 wherein the
glutamate in position 25 is substituted by an aspartate, said mutated soluble periplasmic
[NiFe] hydrogenase SEQ ID NO: 58 exhibiting from 30% to 60%, more particularly
45%, of the native soluble periplasmic hydrogenase SEQ ID NO: 54 activity,

— and/or mutation of the nucleotide(s) GAA in position 264 of SEQ ID NO: 53
by substitution of said nucleotide by CAG, leading to a mutated gene represented by
SEQ ID NO: 59 encoding a mutated soluble periplasmic [NiFe] hydrogenase
represented by SEQ ID NO: 60 and corresponding to the native sequence SEQ ID
NO: 54 wherein the glutamate in position 25 is substituted by a glutamine, said mutated
soluble periplasmic [NiFe] hydrogenase SEQ ID NO: 60 exhibiting from 0.05% to
0.2%, more particularly 0.1%, of the native soluble periplasmic hydrogenase SEQ ID
NO: 54 activity,

— and/or mutation of the nucleotide(s) GAA in position 264 of SEQ ID NO: 53
by substitution of said nucleotide by GTC, leading to a mutated gene represented by
SEQ ID NO: 61 encoding a mutated soluble periplasmic [NiFe] hydrogenase
represented by SEQ ID NO: 62 and corresponding to the native sequence SEQ ID NO:
54 wherein the glutamate in position 25 is substituted by a valine, said mutated soluble
periplasmic [NiFe] hydrogenase SEQ ID NO: 62 exhibiting from 8% to 15%, more
particularly 10%, of the native soluble periplasmic hydrogenase SEQ ID NO: 54
activity.

The present invention also relates to the above-mentioned use, of membrane
extracts containing at least one membrane-bound [NiFe] hydrogenase of bacterium
strains as defined above.

The present invention also relates to the use of membrane extracts such as
obtained according to the following method, which comprises the following steps:

— centrifugation of fully grown cells and washing of these cells, in order to obtain

a cell suspension,
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— breaking of said cell suspension to obtain a crude extract, which is centrifuged
at low speed to collect the bacterial debris, and then centrifuged for two hours at 50,000
rpm, in order to obtain a supernatant and a membrane pellet,

— discarding of said supernatant containing soluble proteins, and resuspension of
said membrane pellet.

Fully grown cells are harvested by centrifugation at 8000 rpm and washed twice
in Tris/HCI buffer pH = 8. The cell suspension is then broken using a French pressure
cell. The crude extract is first centrifuged at low speed (500 rpm for ten minutes) to
collect the bacterial debris, and then centrifuged for two hours at 50,000 rpm. The
supernatant containing soluble proteins is discarded, and the membrane pellet is
resuspended and tested for hydrogenase activity and palladisation experiments.

According to an advantageous embodiment, the present invention relates to the
use of membrane extracts of Desulfovibrio fructosovorans such as obtained according to
the method such as defined above.

The present invention also relates to the use as defined above, for the preparation
of metallic biocatalysts chosen among the following precious metals: palladium,
platinum, ruthenium, rhodium and iridium.

The present invention also relates to a process for the preparation of metallic
biocatalysts comprising the following steps:

— bringing together bacterium strains, or transformed bacterium strains, or
membrane extracts such as defined above, with a solution of a metal in oxidized form,
for a time period sufficient to allow the initial sorption of the metal in oxidized form in
said, bacterium strains, or transformed bacterium strains, or membrane extracts,

— bubbling of hydrogen gas through the solution such as obtained in the previous
step, in order to allow the formation of a metal precipitate corresponding to the metal in
reduced form, and recovering of said metal in reduced form.

The expression “for a time period sufficient to allow the initial sorption of the
metal in oxidized form™ corresponds to a duration of a few minutes to about one hour.

According to an advantageous embodiment, the process of the invention is used
for the preparation of metallic biocatalysts chosen among the following precious metals:

palladium, platinum, ruthenium, rhodium and iridium.
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The present invention also relates to a process for the preparation of palladium
biocatalyst comprising the following steps:

— bringing together the DF400 strain such as defined above with a solution of
palladium in oxidized form Pd(II), especially a solution of Na,PdCly, for a time period
sufficient to allow the initial sorption of Pd(II) in said strain,

— bubbling of hydrogen gas through the solution such as obtained in the previous
step, in order to allow the formation of a palladium precipitate corresponding to the

metal in reduced form Pd(0), and recovering of said palladium.

DESCRIPTION OF FIGURES

Figure 1A represents the deletion of the [NiFe] hydrogenase encoding genes and
construction of the MR400 strain and derivatives. synA,B,C corresponds to the [NiFe]
hydrogenase operon and npt to the fragment containing the Kn' gene.

Figure 1B represents the deletion of the [Fe] hydrogenase encoding genes and
construction of the DF400 strain and derivatives. hydA4,B corresponds to the [Fe]

hydrogenase operon and accl to a gentamicin resistance gene.

Figure 2 - Reduction of Pd(II) by D. fructosovorans, wild type (white circles ©0);
[Fe]-only hydrogenase negative mutant (white lozenges ¢); [NiFe] hydrogenase
negative mutant (black circles ®); double [Fe]-[NiFe] hydrogenase negative mutant
(black triangles A); control, no cells (black squares m); control, heat-killed cells (white
squares 0). The mass ratio Pd(II) dry biomass was 1:3; the test solution was 2 mM
NayPdCls, in 0.1 M HNOs; the electron donor 0.25 mM sodium formate. The final pH
of the mixture after adding electron donor and the sample was 2.3. The cells were
suspended in the mixture for 1 h prior to formate addition: the difference between the
dosed Pd (II) and that analysed at the time of formate addition was contributable to

biosorption by the biomass and remained constant in the heat-killed cells.

Figure 3 - TEM micrograph of initial stages of Pd(0) clusters growth within the
periplasm of D. fructosovorans wild type cell (a), [Fe]-only hydrogenase negative
mutant cell (b), [NiFe] hydrogenase negative mutant cell (¢) and double [Fe]-[NiFe]

hydrogenase negative mutant cell (d). The reaction stopped after 5 min of hydrogen
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supply into the cell suspensions preincubated with 2 mM Na,PdCly, pH 2.3. The
magnification is 120 000~

Figure 4 - TEM micrograph of palladised ‘periplasmically treated’ wild type (a)
and double mutant (b) D. fructosovorans cells. Pd(Il) was reduced from 2 mM
Na,PdCly, pH 2.3 with hydrogen. The magnification is 120 000™.

EXPERIMENTAL PART

The ability of sulphate-reducing bacteria (SRB) to reduce metallic ion species is a
well-investigated phenomenon, and the involvement of microbial enzymes in this
process has been established for many metals. Microbial enzyme-mediated reduction of
Cr(VI), Se(VI), As(V), Tc(VII) and other metals has been reported for several species
of bacteria during the last decade.

The growth of anaerobic sulphate-reducing Desulfovibrio species is based on the
reduction of sulphate as the terminal electron acceptor and these organisms can utilise
hydrogen as the sole source of electrons and energy (Brandis et al., 1981). Hydrogen
metabolism plays a central role in the energy-generating mechanisms of the SRB. The
key enzymes in hydrogen metabolism are hydrogenases which catalyse the reversible
redox reaction: H; «» 2H" + 2¢” (Fauque et al., 1988).

Three types of hydrogenase have been isolated from various Desulfovibrio species
and have been characterised in detail (Casalot et al., 2002; Fauque et al., 1988). The
presence of one periplasmic [NiFe] hydrogenase, which represents about 1 % of the
total periplasmic proteins, one periplasmic [Fe] hydrogenase and one cytoplasmic
heterotetrameric NADP-reducing hydrogenase (Malki et al., 1995) was previously
established in D. fructosovorans.

In order to elucidate the importance of these hydrogenases in the energy-
generating metabolism of D. fructosovorans, mutant strains were produced by marker
exchange mutagenesis of the genes encoding [NiFe] hydrogenase (Rousset et al., 1991)
and the NADP-reducing hydrogenase (Malki et al., 1997). It was demonstrated that the
single- and double- mutants were able to grow on organic substrates and on medium

containing hydrogen as the sole energy source (Malki et al., 1997). It was suggested that
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growth under these conditions was possible due to the presence of the periplasmic [Fe]-
only hydrogenase. Later a strain of D. fructosovorans lacking all three hydrogenases
was constructed using marker exchange mutagenesis (Casalot et al., 2002). The triple
hydrogenase negative mutant grew more slowly than the wild type although there were
no major differences in growth compared to the double mutant strain (Malki et al.,
1997). The growth of the triple mutant in medium with H; as the sole electron donor can
only be explained by the presence of an enzyme able to split hydrogen. This helped to
establish the presence of a fourth hydrogenase in D. fructosovorans.

A focus of the present invention is to investigate the hydrogenase-dependent
reduction of Pd(II) under acidic conditions using wild type D. fructosovorans and to
study the involvement of hydrogenase in Pd(II) reduction using specific periplasmic
hydrogenase-negative mutant strains ([Fe]-hydrogenase, [NiFe]-hydrogenase and
double [Fe]-[NiFe] negative mutant).

MATERIAL AND METHODS

Preparation of the mutant strains
1) Deletion of the [NiFe] hydrogenase encoding genes and construction of
the MR400 strain and derivatives (Figure 1A)

The 7-kb fragment that contains the [NiFe] hydrogenase operon (hyn4,B,C), was
digested with Mlul, blunt-end repaired and ligated with the Smal-digested 1.4-kb
fragment containing the Kn" gene (npt). The resulting construction was cloned into a
suicide vector and introduced into Desulfovibrio frustosovorans wild-type strain
(DSM3604). Recombinant strains were selected on culture medium containing

Kanamycin. One clone, named MR400, has been isolated and characterised.

2) Deletion of the [Fe] hydrogenase encoding genes and construction of
the DF400 strain and derivatives (Figure 1B)

The gentamicin resistance gene (accl) was obtained by PCR amplification
performed on using two oligonucleotides designed to introduce the BspEI and BsfEIL
restriction sites. The 5-kb fragment that contains the [Fe] hydrogenase operon (hydA4,B),
was digested with BspEI and BsfEIl and ligated with the BspEl/BsfEIl-digested 1.4-kb
fragment containing the Gm' gene (accl). The resulting construction was cloned into a

suicide vector and introduced into D. frustosovorans wild-type strain (DSM3604) and
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D. fructosovorans MR400 strain described above. Recombinant strains were selected on
culture medium containing Genatamicin. One clone, named SF, deriving from the wild-
type strain has been isolated and characterised. Another clone, named DF400, deriving

from the MR400 strain has been isolated and characterised.

Bacterial Strains and Growth Conditions

Mutants of D. fructosovorans were constructed using marker exchange
mutagenesis (Rousset et al., 1991). D. fructosovorans wild type and strains carrying a
deletion in the [NiFe] hydrogenase operon (Rousset et al., 1991) and [Fe] hydrogenase
operon and the double [Fe]-[NiFe] hydrogenase-negative mutant were grown
anaerobically at 37°C in SOS medium (Rousset et al., 1998). Cells were grown in 2 litre
septum-stoppered serum bottles.

Preparation of resting cells

The cells were harvested at 48 hours after inoculation (ODgy = 2.100) by
centrifugation in air (8000 rpm, Beckman G2-21M/E centrifuge, 20 min). The obtained
pellet was washed in 20 mM N-morpholinopropanesulfonic acid (MOPS)-NaOH buffer,
pH 7.0, three times. After the final wash the cells were centrifuged as before and the
pellets were resuspended in 50 ml of 20 mM MOPS-NaOH buffer, pH 7.0. Aliquots of
the suspension were used for assay of hydrogenase activity, Pd(II) reduction tests and

for preparation of “periplasmically treated cells” (see below).

Pd(II) assay
Pd(II) concentration in solutions was estimated spectrophotometrically by

measuring the concentration of the yellow coloured [PdCL]? complex ion at Asz. The
maximum height of the specific absorption peak of [PdCL]* at 420 nm is proportional
to the palladium concentration. This method was confirmed using an assay based on
SnCl,/HCl (Dasages, 1978) with the latter method in turn cross-checked using
polarographic analysis (Yong et al., 2002). The three methods gave identical results.

Pd(II) reduction
A solution of NayPdCl, (10 ml of 2 mM in 0.01 M HNO;, pH 2.2) was degassed
under oxygen free nitrogen (OFN) in butyl rubber septum-sealed vials. Resting cell

suspensions of each strain were added anaerobically to the Pd(II) solution in the ratio of
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3 parts dry weight of biomass (estimated by a pre-determined conversion from the
ODggo of the suspension) to 1 one part of Pd(II) by mass and left to biosorb Pd(II) at
30°C. After one hour, aliquots of the cell suspensions in the Pd(II) solution were
withdrawn and centrifuged (13000 rpm for 3 min, Heraeus Biofuge pico). The
supernatants were analysed to quantify Pd(II) remaining in solution after biosorption but
prior to reduction. Pd(II) bioreduction was initiated via addition of the electron donor
(20 mM sodium formate solution, pH 7.0). The final pH of the reaction mixture was 2.3.
The reaction was carried out anaerobically at 30°C with samples withdrawn at 20 min
intervals. The residual concentration of Pd in the supernatant was measured and plotted
as a function of time. All experiments were done in triplicate; the experimental error

was within 5% of the mean throughout.

Preparation of ‘periplasmically-treated’ (PT) cells

In order to prepare the wild type D. fructosovorans cells containing only
membrane-bound hydrogenase, the periplasmic proteins were extracted from the cells
using a modification of the procedure developed by Badzoing and Thauer as described
in Hatchikian et al. (1990). Cells of wild type D. fructosovorans and the double mutant,
used as a reference strain, were treated simultaneously. Approximately 1 g wet weight
of freshly harvested cells (by centrifugation: 8 000 rpm at 4°C, 25 min Beckman G2-
21M/E centrifuge) was resuspended in 100 ml of 50 mM Tris-HCI buffer, pH 9,
containing 50 mM EDTA and 170 mM NayCOs;. The ratio of wet cell mass to the
volume of the buffer was 10 times higher compared to the original method to ensure
maximum extraction of periplasmic proteins. The suspensions were stirred gently for 30
min at 35°C and then centrifuged at 25 000 g for 30 min. The cells were resuspended in
the same buffer and the treatment was repeated. The periplasmic proteins were retained
in the combined supernatants (Hatchikian et al., 1990). The periplasmically-treated cells
were resuspended in 20 mM MOPS buffer, pH 7.0, and used to reduce palladium (II) in
parallel with untreated controls. The supernatants were concentrated (from 200 ml to 5
ml) using Millipore ultrafiltration polyethersulfone 76 mm diameter membranes
(nominal molecular weight cut-off 30 000) under nitrogen pressure for estimation of
extracted periplasmic hydrogenase activity. The hydrogenase activity of suspensions of

‘periplasmically’ treated cells was also measured.
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Preparation of membrane extracts

Freshly thawed cells were passed twice in a French pressure cell at 1,000 Ib/in’
pressure in the presence of a few crystals of DNase. Cell debris were removed by
centrifugation at 4,000 x g for 30min, and the supernatant (crude extract) was then
centrifuged at 120,000 x g for 2 h. The membrane fraction that was collected in the

pellet was used to reduce palladium (II).

Assay of Hydrogenase Activity

The total hydrogenase activity (as Ha uptake) of D. fructosovorans resting cell
suspension was quantified by spectrophotometric measurement of the reduction of
methyl viologen at 30°C (Fernandez et al., 1985). One ml of 1 mM methyl viologen in
50 mM Tris-HCI1 buffer, pH 8.0, containing 1 mM EDTA (to render the cell outer
membrane permeable) was degassed in an air-tight quartz cuvette. The solution was
then saturated with H, and 1 pl of sodium dithionite saturated aqueous solution was
added to eliminate the traces of O,. The reaction was initiated by adding 2 pl of sample
and the reaction was followed at Agps. One unit of hydrogenase activity is the amount of
enzyme which catalyses the reduction of 2 uM methyl viologen per minute.
Alternatively, in the case where hydrogenase activity of the cell suspension was
estimated, enzyme activity was expressed in pM H, consumed per minute per 10° cells.
In order to establish whether the periplasmic [NiFe] hydrogenase from
D. fructosovorans retains its activity at low pH, a purified (following the procedure
reported previously (Rousset et al., 1998) periplasmic [NiFe] hydrogenase was used in
the following experiments. A solution of purified enzyme (initial protein concentration
26 mg/ml) was mixed with 20 mM glycine-HCI buffer, pH 2.2, in a 1:10 (v/v) ratio,
degassed, and left to stand. After one hour, the hydrogenase activity was measured with
1 mM methyl viologen as above in 50 mM Tris-NCl buffer, pH 8.0. Hydrogenase
activity was also measured in the 20 mM glycine-HCI buffer, pH 2.2. In this case,
reduction of the high-potential compound phenazine methosulfate was used instead of
low-potential methyl viologen, and reduction was monitored spectrophotometrically at
387 nm.

Electron microscopy and Energy dispersive X-ray (EDS) analysis
Samples of Pd-loaded bacteria were fixed in 2.5% (wt/vol) aqueous
glutaraldehyde and were resin-embedded following a standard dehydration procedure
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(Yong et al., 2002a). Microtome-cut sections 100-150 nm thick were placed on copper
grids and viewed with a JEOL 120CX2 transmission electron microscope fitted with a
Link ISI EDX system for Pd detection (Lloyd et al., 1999).

RESULTS

Stability of hydrogenase activity at acidic pH

Biorecovery of Pd(Il) from solution was shown previously to be optimal if an
initial biosorption step at pH 2-3 (30-60 min) preceded hydrogenase mediated metal
reduction (Yong et al., 2002). The conditions for biosorption were defined by de Vargas
et al. (2004), but the stability of the bacterial hydrogenase to exposure to acidic pH has
not been established previously.

Measurement of hydrogen consumption by purified periplasmic [NiFe]
hydrogenase from D. fructosovorans (pre-incubated in 20 mM glycine-HCI buffer, pH
2.2, for 1 hour) showed that the enzyme retained approximately 32 % of its initial
activity following exposure to acidic conditions, but no enzyme activity was detected
following 2 hours of pre-incubation in the acidic buffer. The enzyme activity in this
case was estimated via reduction of methyl viologen in Tris-HCI buffer, pH 8.0.

The purified hydrogenase was also active in the test with 25 uM phenazine
methosulfate in 20 mM glycine-HCl buffer pH 2.2, where the activity was
8.23 £ 0.21 mA3g7/min/mg protein.

Hydrogenase activity of periplasmic extracts and ‘periplasmically treated’
cells

The hydrogenase activity of the periplasmic protein extracted from the wild type
cells was 0.416 uM H;, consumed/min/mg protein whereas that of the extract from the
double mutant was zero, confirming the lack of contamination of the periplasmic extract
by the membrane-bound enzyme and confirming maintenance of cellular integrity. The
hydrogenase activity of wild type and double mutant cell suspensions after extraction of
periplasmic proteins (‘periplasmically treated cells’) was 0.00701 + 0.0015 and
0.00661 + 0.0018 respectively, which is comparable with the activity of untreated
double mutant cell suspension (00684 + 0.0004).
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Hydrogenase activity and Pd(II) reduction by parent and mutant strains
The total hydrogenase activity of resting cell suspensions of the wild type and

mutant strains was estimated (Table 1).

5 Table 1
The hydrogenase activity of D. fructosovorans resting cell suspensions used for Bio-Pd

reduction (H; uptake methyl viologen test).

[Ni-Fe] [Fe] — [Ni-Fe]
Strain Wild type [r}::] ;&’fg‘:ﬁj&?ﬁ hydrogenase hydrogenase
g negative mutant negative mutant
AH_'D, ]J,M H, 4
consumpt/min.10%cells | 0.202+0.014 | 0.169 +0.013 0.0273 £ 0.0026 | 0.00684 + 4.46.10
p .
+ SEM, (% of wild type (100%) (83.7%) (13.5%) (3.4%)
catalytic activity)

10  Hydrogenase activity Aup = pmol H; consumed/min/10° cells. ODggo= 1.00 corresponds to
10 cells/ml.

The enzyme activity was consistent with the amount of enzyme expressed
according to the genetic structure of the strains. The total hydrogenase activity of [Fe]-
15 and [NiFe]-hydrogenase negative mutants was, accordingly, 83.7 % and 13.5 % of the
hydrogenase activity of wild type cell suspension. The hydrogenase activity of the
double mutant suspension, attributable to cytoplasmic-bound hydrogenase, comprised
3.4 % of that of wild type strain and agreed with residual amount in ‘periplasmically
treated’ cells.
20 The bioreduction of Pd(II) by the parental strain of D. fructosovorans and its [Fe]-
only, [NiFe]- and double [Fe]-[NiFe]-hydrogenase negative was compared using
NayPdCl, at pH 2.3 (Figure 2). Reduction of Pd by sodium formate alone was used as a
control. Figure 2 shows that the wild type and all mutant strains initially reduced Pd(II)
at approximately the same rate but after approximately 40 minutes Pd(II) reduction by
25 the [NiFe]- and double mutant strains was slightly higher. Identical results were
obtained using cell suspension sparged with H,. Sodium formate was used in order to
quantify the amount of reducing agent in the reaction mixture, which was more difficult

to achieve using hydrogen.
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Examination of palladised cells

Palladised biomass was obtained by reducing palladium (II) using the wild type
and [Fe]-, [NiFe]- and [Fe]-[NiFe] double hydrogenase negative mutants under acidic
conditions (mimicking the pH of industrial waste solutions) from 2 mM Na,PdCl, at pH
2, with hydrogen as a reducing agent. In order to observe the initial stage of Pd(0)
cluster growth in the wild type and double mutant cells Pd(II) reduction was stopped
after 5 minutes via termination of hydrogen supply through the solution and substituting
with N,. Pd(0) was visible within the periplasmic space of the parent and [Fe]
hydrogenase mutant strains (Fig. 3a,b). EDX analyses of all preparations confirmed that
the black precipitate associated with the cells was Pd(0)(Lloyd et al., 1998). Pd(0)
clusters were distributed randomly through the whole width of the periplasm in the wild
type and [Fe]-hydrogenase negative mutant cells (Fig. 3a, 3b), whereas in the [NiFe]-
hydrogenase negative mutant (Fig. 3c) and double mutant cells (Fig. 3d) they were
localised on the cytoplasmic membrane.

In both the double mutant and the wild type *‘periplasmically-treated’” cells, from
which soluble periplasmic hydrogenases had been extracted, Pd(0) clusters were
associated with the inner cytoplasmic membrane (Fig. 4). These are similar to the Pd(0)
deposits observed on the inner cytoplasmic membrane of intact double mutant cells
(Fig. 3d).

DISCUSSION

Microbial Pd(II) reduction is not only of theoretical interest but also has a
potential application in palladium recovery from waste solutions. Industrial Pd(II)-
containing waste solutions are usually fairly acidic since in many cases they are
prepared using aqua regia (mixture of hydrochloric acid and nitric acid) for precious
metal leaching from solid wastes (Yong et al., 2002). This study showed that 30% of the
activity of purified [NiFe] hydrogenase from D. fructosovorans is retained after one
hour preincubation at pH 2.2; although whether the similar decreasing of activity under
the same conditions was attributable equally to other two hydrogenases was not tested
(Table 1 shows the relative activities of the three hydrogenases in untreated cells).

The fact that purified [Ni-Fe] hydrogenase was exposed to glycine-HCI buffer, pH

2.2, for one hour and remained active demonstrated in principle its resistance to acidic
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conditions; the enzymes could be more pH-stable in their cellular locations. The one
hour period was chosen because it was estimated to be the optimal time for pre-
incubation of the resting cells with Pd(II)-containing industrial waste solution (pH about
2) to achieve biosorption of the [PdCL;]* complex onto the protonated biomass prior to
bio-reduction (Yong et al., 2002). The working pH 2.2 is consistent the usual pH of
precious metal wastes. According to de Vargas et al. (2004), biosorption of Pd (II) onto
D. desulfuricans at pH 0.1-3.0 in HNO; background was achieved after 30 min, the time
taken to reach equilibrium. During the pre-incubation period, the hydrogenase retained
its structure, which was monitored visually as the brown colour of the enzyme solution
(the denaturated enzyme loses Fe atoms and becomes colourless) . After two hours
exposure, the enzyme demonstrated no hydrogenase activity, possibly due to
degradation. The residual activity (if to assume that hydrogenase was affected by low
pH within the resting cell) after one hour was sufficient to achieve good Pd(II) removal.

The purified [Ni-Fe] hydrogenase was also active at pH 2.2 when its activity was
measured using the high potential phenazine-methosulfate. In all cases prior to activity
measurements the enzyme was activated with hydrogen as in Hatchikian et al. (1990).
These results suggest that periplasmic hydrogenases in vivo within resting cells remain
active during pre-incubation of the biomass with low pH palladium-containing solutions
and can work effectively at pH 2.3.

Comparison of Pd(II) bioreduction by wild type D. fructosovorans and the [Fe]-
only, [NiFe]- and double [Fe]-[NiFe]-hydrogenase negative mutants after pre-
incubation at low pH showed that the initial rate of Pd(II) reduction was similar. After
approximately 1 hour in the presence of formate, Pd(II) reduction by [NiFe]- and double
mutants was slightly higher (Figure 2) than that by the wild type and [Fe]-only negative
mutant. No correlation was observed between the initial hydrogenase activity of the
strains and their Pd(IT) reducing activity. This to be expected since only nucleation and
initiation of the palladium crystals is dependent on hydrogenase activity whereas
subsequent crystal growth is due to auto-catalytic reduction of palladium (Yong et al.,
2002).

Electron microscopy of the initial stage of cellular palladisation revealed
peculiarities of palladium deposition onto the cell surface depending on the mutant
used. The most obvious difference was between wild type and [NiFe]-hydrogenase
negative mutant and double mutant. In the wild type cells, Pd(0) clusters were

distributed randomly throughout the periplasm (Fig. 3a) whereas in the double mutant
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cells, which lack soluble periplasmic hydrogenases and contain only a single
cytoplasmic membrane bound [NiFe]-hydrogenase (Casalot et al., 2002), Pd clusters
were clearly associated with the inner cytoplasmic membrane (Fig. 3d). A similar
pattern of Pd crystal distribution was observed in the [NiFe] hydrogenase negative
mutant (Fig. 3c¢), which retained only 13.5 % of its periplasmic hydrogenase activity
compared to the parental strain. Removal of the minor periplasmic [Fe]-only
hydrogenase appeared to have little effect on the localisation of Pd(0), probably
attributable to the predominance of the periplasmic [NiFe] hydrogenase, but quantitative
assays were not attempted since the retention of activity of each of the enzymes at pH
2.2 was not attempted.

The localisation of palladium crystals on the inner cytoplasmic membrane is
coincident with the localisation of this hydrogenase suggesting that the enzyme serves
as a nucleation site for palladium particle growth, probably by supplying the electrons
for the initial Pd(II) reduction.

In order to verify this suggestion, ‘periplasmically-treated’ cells of the wild type
and double mutant were used for palladisation. These cells were depleted of periplasmic
soluble proteins and left with only membrane-bound periplasmic hydrogenase. Analysis
of hydrogenase activity of the soluble proteins extract from the parental strain
demonstrated hydrogenase activity whereas the double mutant extract did not. This
indicated that the inner cytoplasmic membrane remained intact and prevented extraction
of cytoplasmic hydrogenase and membrane-bound hydrogenases.

Periplasmically-treated cells were palladised at pH 2.3 and the distribution of Pd
clusters was observed using TEM. In periplasmically-treated cells of both the wild type
and the double mutant Pd(0) clusters were associated with the inner cytoplasmic
membrane (Fig.4 ), similar to the pattern observed in intact double mutant cells
(Fig. 3d). This again suggests that the localisation of Pd(II) reduction is associated with
the localisation of membrane-bound hydrogenase in the double mutant cells and the
periplasmically treated wild type cells.

In conclusion, the data obtained show that in the parent strain Pd(0) nucleation
could occur at both membrane and periplasmic loci, whereas in the double mutant the

nucleation sites would be confined to the cytoplasmic membrane (Fig. 3a,d).
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CLAIMS

1. The use of a bacterium strain characterized in that its genome contains at
least a gene coding for a membrane-bound [NiFe] hydrogenase, or of membrane
extracts containing said membrane-bound [NiFe] hydrogenase of said bacterium strain,
for the preparation of metallic biocatalysts, provided that in the case of the use of a
bacterium strain the genome of which contains one or several genes coding for a soluble
periplasmic hydrogenase, then said strain is transformed by inactivation, repression or
deletion of at least one of said genes coding for a soluble periplasmic hydrogenase, the

corresponding soluble periplasmic hydrogenase being then non produced or absent.

2.  The use according to claim 1, of a bacterium strain, or of membrane extracts
thereof, the genome of which containing a gene, represented by SEQ ID NO: 1, coding
for a membrane-bound [NiFe] hydrogenase represented by the sequence SEQ ID NO: 2,
or containing a gene coding for a sequence having at least 30% of identity with
sequence SEQ ID NO: 2.

3. The use according to claim 1 or 2, of a bacterium strain, or of membrane

extracts thereof, chosen among Eubacteria or Archaeobacteria.

4. The use according to any of claims 1 to 3, of a bacterium strain, or of
membrane extracts thereof, chosen among:
* the following Eubacteria:

— Desulfovibrio vulgaris, the genome of which contains a gene represented by
SEQ ID NO: 1 coding for a membrane-bound [NiFe] hydrogenase represented by SEQ
ID NO: 2, and a gene represented by SEQ ID NO: 3 coding for a membrane-bound
[NiFe] hydrogenase represented by SEQ ID NO: 4,

— Desulfovibrio fructosovorans, the genome of which contains a gene
represented by SEQ ID NO: 5 coding for a membrane-bound [NiFe] hydrogenase
having 70% of identity with sequence SEQ ID NO: 2, said hydrogenase being
represented by SEQ ID NO: 6,
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— Desulfovibrio gigas, the genome of which contains a gene represented by SEQ
ID NO: 7 coding for a membrane-bound [NiFe] hydrogenase having 74% of identity
with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 8,

— Thermoanaerobacter tengcongensis, the genome of which contains a gene
represented by SEQ ID NO: 9 coding for a membrane-bound [NiFe] hydrogenase
having 63% of identity with sequence SEQ ID NO: 2, said hydrogenase being
represented by SEQ ID NO: 10, and contains a gene represented by SEQ ID NO: 11
coding for a membrane-bound [NiFe] hydrogenase having 38% of identity with
sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 12,

— Rhodospirillum rubrum, the genome of which contains a gene represented by
SEQ ID NO: 13 coding for a membrane-bound [NiFe] hydrogenase having 41% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID
NO: 14,

— Escherichia coli, the genome of which contains a gene represented by SEQ ID
NO: 15 coding for a membrane-bound [NiFe] hydrogenase having 37% of identity with
sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 16, and
contains a gene represented by SEQ ID NO: 17 coding for a membrane-bound [NiFe]
hydrogenase having 35% of identity with sequence SEQ ID NO: 2, said hydrogenase
being represented by SEQ ID NO: 18,

— Erwinia carotovora, the genome of which contains a gene represented by SEQ
ID NO: 19 coding for a membrane-bound [NiFe] hydrogenase having 36% of identity
with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 20,

— Salmonella typhi, the genome of which contains a gene represented by SEQ ID
NO: 21 coding for a membrane-bound [NiFe] hydrogenase having 36% of identity with
sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 22,

— Salmonella typhimurium, the genome of which contains a gene represented by
SEQ ID NO: 23 coding for a membrane-bound [NiFe] hydrogenase having 36% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID
NO: 24,

— Shigella flexneri, the genome of which contains a gene represented by SEQ ID
NO: 25 coding for a membrane-bound [NiFe] hydrogenase having 35% of identity with
sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 26,

— Wolinella succinogenes, the genome of which contains a gene represented by
SEQ ID NO: 27 coding for a membrane-bound [NiFe] hydrogenase having 35% of
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identity with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID
NO: 28,
* the following Archaeobacteria:

— Methanosarcina mazei, the genome of which contains a gene represented by
SEQ ID NO: 29 coding for a membrane-bound [NiFe] hydrogenase having 54% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID
NO: 30,

— Methanosarcina barkeri, the genome of which contains a gene represented by
SEQ ID NO: 31 coding for a membrane-bound [NiFe] hydrogenase having 53% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID
NO: 32,

— Pyrococcus abyssi, the genome of which contains a gene represented by SEQ
ID NO: 33 coding for a membrane-bound [NiFe] hydrogenase having 40% of identity
with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 34,
and contains a gene represented by SEQ ID NO: 35 coding for a membrane-bound
[NiFe] hydrogenase having 38% of identity with sequence SEQ ID NO: 2, said
hydrogenase being represented by SEQ ID NO: 36,

— Pyrococcus horikoshii, the genome of which contains a gene represented by
SEQ ID NO: 37 coding for a membrane-bound [NiFe] hydrogenase having 39% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID
NO: 38,

— Pyrococcus furiosus, the genome of which containing a gene represented by
SEQ ID NO: 39 coding for a membrane-bound [NiFe] hydrogenase having 39% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID
NO: 40,

— Methanococcus jannaschii, the genome of which contains a gene represented
by SEQ ID NO: 41 coding for a membrane-bound [NiFe] hydrogenase having 36% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID
NO: 42,

— Methanococcus maripuladis, the genome of which contains a gene represented
by SEQ ID NO: 43 coding for a membrane-bound [NiFe] hydrogenase having 36% of
identity with sequence SEQ ID NO: 1, and represented by SEQ ID
NO: 44,
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— Methanopyrus kandleri, the genome of which contains a gene represented by
SEQ ID NO: 45 coding for a membrane-bound [NiFe] hydrogenase having 36% of
identity with sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID
NO: 46,

— Methanobacterium thermoautotrophicum, the genome of which contains a
gene represented by SEQ ID NO: 47 coding for a membrane-bound [NiFe] hydrogenase
having 37% of identity with sequence SEQ ID NO: 2, said hydrogenase being
represented by SEQ ID NO: 48,

— Methanobacterium thermoformicium, the genome of which contains a gene
represented by SEQ ID NO: 49 coding for a membrane-bound [NiFe] hydrogenase
having 37% of identity with sequence SEQ ID NO: 2, said hydrogenase being
represented by SEQ ID NO: 50, and contains a gene represented by SEQ ID NO: 51
coding for a membrane-bound [NiFe] hydrogenase having 33% of identity with
sequence SEQ ID NO: 2, said hydrogenase being represented by SEQ ID NO: 52.

5. The use according to any of claims 1 to 4, of a bacterium strain
characterized in that its genome contains at least a gene coding for a membrane-bound
[NiFe] hydrogenase, but does not contain genes coding for a soluble periplasmic

hydrogenase.

6.  The use according to claim 5, of E. coli.

7. The use according to any of claims 1 to 4, of a bacterium strain
characterized in that its genome contains at least a gene coding for a membrane-bound
[NiFe] hydrogenase, and one or several genes coding for a soluble periplasmic
hydrogenase, said strain being transformed by inactivation or deletion of at least one of
said genes coding for a soluble periplasmic hydrogenase, the corresponding soluble

periplasmic hydrogenase being then inactivated or deleted.

8. The use according to any of claims 1 to 4, of a bacterium strain
characterized in that its genome contains at least a gene coding for a membrane-bound
[NiFe] hydrogenase, and one or several genes coding for a soluble periplasmic

hydrogenase, said strain being cultivated in such conditions that at least one of said
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genes coding for a soluble periplasmic hydrogenase is repressed, the corresponding

soluble periplasmic hydrogenase being then not produced.

9. The use according to claim 7, of a transformed bacterium strain chosen
among Desulfovibrio vulgaris, Desulfovibrio fructosovorans, Desulfovibrio gigas, or
Desulfovibrio desulfuricans, the genome of which being transformed by inactivation or

deletion of at least one of said genes coding for a soluble periplasmic hydrogenase.

10. The use according to any of claims 7 to 9, of a bacterium strain the genome
of which being transformed by deletion of at least one of said genes coding for a soluble

periplasmic hydrogenase.

11. The use according to any of claims 7 to 10, of a Desulfovibrio
fructosovorans strain transformed in such way that the gene represented by SEQ ID
NO: 53 coding for the soluble periplasmic [NiFe] hydrogenase represented by SEQ ID
NO: 54, and/or the gene represented by SEQ ID NO: 55 coding for the soluble
periplasmic [Fe] hydrogenase represented by SEQ ID NO: 56, are deleted.

12. The use according to any of claims 7 to 11, of a transformed Desulfovibrio

fructosovorans strain wherein the gene represented by SEQ ID NO: 53 is deleted.

13. The use according to claim 12, of the transformed Desulfovibrio
fructosovorans strain MR400, which was deposited on the January 11™, 2005 at the
Collection Nationale de Cultures de Microorganismes (CNCM) of the Institut Pasteur
under the number 1-3349.

14. The use according to any of claims 7 to 11, of a transformed Desulfovibrio
fructosovorans strain wherein the genes represented by SEQ ID NO: 53 and SEQ ID
NO: 55 are both deleted.

15. The use according to claim 14, of the transformed Desulfovibrio
fructosovorans strain DF400, which was deposited on the January 11, 2005 at the
Collection Nationale de Cultures de Microorganismes (CNCM) of the Institut Pasteur
under the number 1-3350.
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16. The use according to claims 7 to 9, of a bacterium strain the genome of
which being transformed by inactivation of at least one of said genes coding for a

soluble periplasmic hydrogenase.

17. The use according to claim 16, of a bacterium strain the genome of which
being transformed by inactivation of at least one of said genes coding for a soluble
periplasmic hydrogenase, said inactivation being obtained by mutation of at least one
amino acid of said genes, and selection of the corresponding mutated proteins encoded
by said mutated genes exhibiting from 0.1% to 30% of the native soluble periplasmic
hydrogenase activity.

18. The use according to claim 16 or 17, of a Desulfovibrio fructosovorans
strain the genome of which being transformed by inactivation of the gene represented
by SEQ ID NO: 53 coding for the soluble periplasmic [NiFe] hydrogenase represented
by SEQ ID NO: 54, and/or of the gene represented by SEQ ID NO: 55 coding for the
soluble periplasmic [Fe] hydrogenase represented by SEQ ID NO: 56.

19. The use according to any of claims 16 to 18, of a transformed Desulfovibrio
fructosovorans strain wherein the gene represented by SEQ ID NO: 53 is inactivated by:

— mutation of the nucleotide(s) GAA in position 264 of SEQ ID NO: 53 by
substitution of said nucleotide by GAC, leading to a mutated gene represented by SEQ
ID NO: 57 encoding a mutated soluble periplasmic [NiFe] hydrogenase represented by
SEQ ID NO: 58 and corresponding to the native sequence SEQ ID NO: 54 wherein the
glutamate in position 25 is substituted by an aspartate, said mutated soluble periplasmic
[NiFe] hydrogenase SEQ ID NO: 58 exhibiting from 30% to 60%, more particularly
45%, of the native soluble periplasmic hydrogenase SEQ ID NO: 54 activity,

— and/or mutation of the nucleotide(s) GAA in position 264 of SEQ ID NO: 53
by substitution of said nucleotide by CAG, leading to a mutated gene represented by
SEQ ID NO: 59 encoding a mutated soluble periplasmic [NiFe] hydrogenase
represented by SEQ ID NO: 60 and corresponding to the native sequence SEQ ID
NO: 54 wherein the glutamate in position 25 is substituted by a glutamine, said mutated
soluble periplasmic [NiFe] hydrogenase SEQ ID NO: 60 exhibiting from 0.05% to
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0.2%, more particularly 0.1%, of the native soluble periplasmic hydrogenase SEQ ID
NO: 54 activity,

— and/or mutation of the nucleotide(s) GAA in position 264 of SEQ ID NO: 53
by substitution of said nucleotide by GTC, leading to a mutated gene represented by
SEQ ID NO: 61 encoding a mutated soluble periplasmic [NiFe] hydrogenase
represented by SEQ ID NO: 62 and corresponding to the native sequence SEQ ID NO:
54 wherein the glutamate in position 25 is substituted by a valine, said mutated soluble
periplasmic [NiFe] hydrogenase SEQ ID NO: 62 exhibiting from 8% to 15%, more
particularly 10%, of the native soluble periplasmic hydrogenase SEQ ID NO: 54

activity.

20. The use according to any of claims 1 to 4, of membrane extracts containing
at least one membrane-bound [NiFe] hydrogenase of bacterium strains as defined in

claims 1 to 4.

21. The use according to claim 20, of membrane extracts such as obtained
according to the following method, which comprises the following steps:

— centrifugation of fully grown cells and washing of these cells, in order to obtain
a cell suspension,

— breaking of said cell suspension to obtain a crude extract, which is centrifuged
at low speed to collect the bacterial debris, and then centrifuged for two hours at 50,000
rpm, in order to obtain a supernatant and a membrane pellet,

— discarding of said supernatant containing soluble proteins, and resuspension of

said membrane pellet.

22. The use according to claim 20 or 21, of membrane extracts of Desulfovibrio

fructosovorans such as obtained according to the method defined in claim 21.

23. The use according to any of claims 1 to 22, for the preparation of metallic
biocatalysts chosen among the following precious metals: palladium, platinum,

ruthenium, rhodium and iridium.
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24, A process for the preparation of metallic biocatalysts comprising the
following steps:

— bringing together bacterium strains, or transformed bacterium strains, or
membrane extracts such as defined in any of claims 1 to 22, with a solution of a metal in
oxidized form, for a time period sufficient to allow the initial sorption of the metal in
oxidized form in said, bacterium strains, or transformed bacterium strains, or membrane
extracts,

— bubbling of hydrogen gas through the solution such as obtained in the previous
step, in order to allow the formation of a metal precipitate corresponding to the metal in

reduced form, and recovering of said metal in reduced form.

25. A process according to claim 24, for the preparation of metallic biocatalysts
chosen among the following precious metals: palladium, platinum, ruthenium, rhodium

and iridium.

26. A process according to claim 24 or 25, for the preparation of palladium
biocatalyst comprising the following steps:

— bringing together the DF400 strain such as defined in claim 15 with a solution
of palladium in oxidized form Pd(II), especially a solution of Na,PdCl, for a time
period sufficient to allow the initial sorption of Pd(II) in said strain,

— bubbling of hydrogen gas through the solution such as obtained in the previous
step, in order to allow the formation of a palladium precipitate corresponding to the

metal in reduced form Pd(0), and recovering of said palladium.
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<120> USE OF BACTERIUM STRAINS FOR THE PREPARATION OF METALLIC
BIOCATALYSTS, IN PARTICULAR FOR THE PREPARATION OF
PALLADIUM BIOCATALYSTS

<130> IOB 04 CU CNR DESU
<160> 62
<170> PatentIn version 3.1

<210> 1

<211> 1077

<212> DNA

<213> Desulfovibrio vulgaris

<220>

<221> (DS

<222> (1)..077)
<223>

<400> 1
atg tec cgc acc atc att cct ttc ggl:jc ccg cag cat ccg gtt ctg ccg 48
hldet Ser Arg Thr gle Ile Pro Phe Gly igo GIn His Pro val a_gu Pro

gag ccc ctg cac ctg aag ctg gtc gtc gag gac gag acc gitg gtc gaa 96
Glu Pro Leu Elas Leu Lys Leu Vval }/?1 Glu Asp Glu Thr \3/3 val Glu .

gcc att ccg gcec ctc g?c tac gtc cac cgc g?c ctc gag acc ctc gcc 144
Ala Ile l;;o Ala Leu Gly Tyr Xg] His Arg Gly Leu ggu Thr Leu Ala

tcc atc cgc gac tac aac cag atg gtc tac gtg gtc gag cgc gtg tgce 192
Ser %(1)5: Arg Asp Tyr Asn g'!lsn Met val Tyr va \6/81 Glu Arg val Cys

g?c atc tgc tcg tgc atc cac gec atg tgc tac tgc cag tcg ctc gag 240
gsy Ile Cys Ser Cys ;'(I)e His Ala Met Cys ‘%r Cys GIn Ser Leu g;i)u

tgc atg atg aac gtc gaa gtgl; ccc cgt cgc gcc aag gtc ctg cgc acc 288
Cys Met Met Asn gg] Glu val Pro Arg /9\59 Ala Lys val Leu lg\gg Thr

atc tgg tcg gaa ctg cac cgt atc cac agc cac ctg ctg tgg ctc ggt 336
Ile Trp Ser il)g Ley His Arg Ile }]1_(1)3 Ser His Leu Leu Hg Leu Gly

ctc ttc gcc gac g?c ttc gglqc ttc gag agc ctg ttc atg cag ttc tgg 384
Leu Phe /ﬂg Asp Gly Phe Gly itzng Glu Ser Leu Phe ?g‘g Gln phe Trp

aaa gtg cgc gag cgc gtc atg gac atc aac gaa gcc aca gcg gyc aac 432
Lys \{g Arg Glu Arg val b{gg Asp Ile Asn Glu /1\13 Thr Ala Gly Asn
i}

cgc gtg gtc atc tcc acc aac atc gt gglqt ggt gtg cgc cgc gac ctg 480
Arg val val Ile Ser Thr Asn Ile val Gly Gly val Arg Arg Asp Leu
145 150 155 160

tcg cct gaa cac cag aag tgg att ctc gac gag atg aac cac ctc gaa 528
Ser Pro Glu His %2 Lys Trp Ile Leu i\;g Glu Met Asn His li%l Glu

Cgc gaa atcC cgt ggc ctg atg acc acc atc ctc gac gac tac acc gt 576
Arg Glu Ile Qgg Ala Leu Met Thr ']r-gg Ile Leu Asp Asp 11')9/3 Thr va

tgc aag Cgc acc aag ggft gt g?c gta ctc acc gca cag cag gcc atc 624
Cys Lys /irg Thr Lys Gly va gog val Leu Thr Ala %rsl Gin Ala Ile
9

cag ctt g?t gce gtc g?C ccc atg ctg cgc ggc age g?c gtg gcg cag 672
Glin lz_:eig Gly Ala val Gly 5515) Met Leu Arg Gly g% Gly val Ala Gln

gac gcc cgc cag ctg cag tac gcg gec ttc gac gaa ctc gac ttc gaa 720
Asp Ala Arg GIn Leu GIn Tyr Ala Ala Phe Asp Glu Leu Asp Phe Glu
225 230 235 240

ccc atc gcc gta ¢cc gac ggc gac tcg tgg gca cgc tgc aag gtg cgc 768
Page 1
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phe Leu Glu val Leu GIn Ser val Asp Leu val Arg Gln Ala Ile Ser
260 265 270

Lys Leu Pro Asp Thr Glu Leu Ser val Lys val Pro Gly Lys Pro Glu
275 280 285

Gly Glu val val Ala Arg val Glu GIn Pro Arg Gly Glu Leu Met Tyr
290 295 300

Tyr val Lys Gly Asn Gly Ser Lys His Leu Glu Arg val Arg Ile Arg
305 Y 310 315 320

Thr Pro Thr Phe Ala Asn Ile Pro Pro Leu lLeu Ala Ile Met Gly Gly
325 330 335

Leu Gln Leu Ala Asp val Pro val Ala val Leu Ser Ile Asp Pro Cys
340 345 350

Ile Ser Cys Thr Glu Arg
355

<210> 3

<211> 1101

<212> DNA

<213> Desulfovibrio vuigaris

<220>

<221> (DS

<222> (1)..(110L)
<223>

<400> 3
atg-agc act ccc gac agc acg acg cag aca tgg acg ctg ccc gta g?c 48
get ser Thr Pro ls\sp ser Thr Thr Gin '{gr Trp Thr Leu Pro \1/:;;\1 Gly

ccg ctg cat gt(_? gcc ctt gaa gag ccc atg tac ttc aag ctg gat gtc 96
Pro Leu His \2/3 Ala Leu Glu Glu ggo Met Tyr Phe Lys ls_gu Asp val

gac g?c gaa atc gtc cgc aac gtg gaa atc acc gcc g?a cat gtc cac 144
Asp Gly g]u Ile val Arg Asn X(a)\ Glu Ile Thr Ala gsy His val His
5

cgg g?c atg gag gcg ctg gcc atg cgc cgc aac ctg ttc cag aac atc 192
Arg Goy Met Glu Ala Leu A}a Met Arg Arg Asn égu Phe GlIn Asn Ile
5 5

gtg ctc acc gaa cgc gtg tgc tcg ctg tgc tcg aac agc cat cecc ttc 240
val Leu Thr Glu Arg VS Cys Ser Leu Cys ;er Asn Ser His Pro ghe
65 7 5 0

acc tac tgc atg gca gtc gag cac ctc gcg gglac atc gaa gtg ccc gcc 288
Thr Tyr Cys Met gga val Glu His Leu S;I)a Gly Ile Glu va ggo Ala

c€gc gcc gac cat ctg cgt gt%; gtg gcg gag gag ata aag cgc acg gcc 336
Arg Ala Asp l{a(s) Leu Arg val va i‘(])? Glu Glu Ile Lys 11\5.8 Thr Ala

tcg cac ctg ttc aac gtc gcc atc ctc geg cac atc atc g?c ttc aag 384
Ser His lﬁu Phe Asn val Ala {;8 Leu Ala His Ile ﬂg Gly phe Lys
5

tcg ctg ttc atg cat gtg atg gaa gtg cgt gag atc atg cag gac atc 432
Ser igg Phe Met His va l\lllg'g Glu val Arg Glu ﬂg Met GIn Asp Ile

aag gag acg gtg tac g?c aac cgc atg gac ctc gcc gcc aac tgc atc 480
Lys Glu Thr val Tyr Gly Asn Arg Met Asp Leu Ala Ala Asn Cys Ile
145 150 155 160

ggc g?c gtg aag tac gac gtg gac gcc gaa ctg ctg gcc atg ctg ctt 528
Gly Gly val Lys '{%g Asp Vval Asp Ala %;8 Leu Leu Ala Met :Ii% Leu

gce g?t ctc gac aag gtg gaa cgt aac gcc cgc gag ata tac cgc atc 576
Ala Gly Leu /igg Lys val Glu Arg igg Ala Arg Glu Ile ‘{)9/5 Arg Ile

tac gcc tcc gac ccc atg gtc aca g_?g €gc acc acc g?c atc g?c gta 624
Tyr Ala igg Asp Pro Met val ;35 Gly Arg Thr Thr 3035/ Gly val
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pDESVanglais-seql.txt

ctg €cc ccc gac gag gca cgc cgc ttc gglgc gtg'; gt g?c ccc gtg gcg 672
Leu 558 Pro Asp Glu Ala é{% Arg Phe Gly val val Gly Pro val Ala

cga gﬂ;t tce g?c ctt gcc gtc gac gtg cgc €gc gac gtg ccc tat gcc 720
Arg Gly Ser Gly Leu Ala val Asp Val Arg Arg Asp Val Pro Tyr Ala
225 230 235 240

gcc tac ccg caa ctc tcg ttc gat gtg atc acc gaa gag g?c tgc gac 768
Ala Tyr Pro Gin lizté Ser Phe Asp Va :2[51'»8 Thr Glu Glu Gly Cys Asp
255

gtg cgc gcc cgc gec ctc gta cgt ctg cgc gag gt? ttc gag tcc atc 816
val Arg Ala lzxgg Ala Leu Val Arg ligtsj Arg Glu val phe g;g ser Ile

tcc atc atc cgc cag tgc gtg gcg acc ctg ccc gaa g?g gcc atg acg 864
Ser Ile Eg Arg Gln Cys Va é}g Thr Leu Pro Glu (2;8)5, Ala Met Thr

gtc atc atg ccg gag ata ccc gcc g?g cag tcg gtg gca cgt agc gaa 912
val g'slag Met Pro Glu Ile ggg Ala Gly GIn Ser }’/80 Ala Arg Ser Glu

gce ccc cge g?c gag ctc atg tac tac ctg Cgc acc gac g?c acc gac 9260
Ala Pro Arg Gly Glu Leu Met Tyr Tyr Leu Arg Thr Asp Gly Thr Asp
305 310 315 320

atc ccc aaC €gg ctc aag tgg €gc gtc ccg tcc tac atg aac tgg gac 1008
Ile Pro Asn Arg 13_% Lys Trp Arg Val g;g ser Tyr Met Asn Tgp Asp
. 335

gce ctc g?c gtg atg atg cgc gac gcc aac gtc gec gac atc ccg ctc 1056
Ala Leu Gly \3/20 Met Met Arg Asp é:]t? Asn Val Ala Asp :;'518 Pro Leu

atc .gtg aac agc atc gac ccc tgc atc tcc tgc acg gag cgt tag 1101
ITe va ggg Ser Ile Asp Pro g%/(s) Ile Ser Cys Thr ggg Arg

<210> 4

<211> 366

<212> PRT )

<213> pesulfovibrio vulgaris

<400> 4
l\{et ser Thr Pro Asp Ser Thr Thr Gln '{Br Trp Thr Leu Pro \J{a’l Gly
5 5

Pro Leu His val Ala Leu Glu Glu Pro Met Tyr Phe Lys Leu Asp Val
20 25 30

Asp Gly Glu T1e val Arg Asn val Glu Ile Thr Ala Gly His val His
35 40 45

Arg g(])y Met Glu Ala Leu ??Sa Met Arg Arg Asn Iégu Phe GIn Asn Ile

val Leu Thr Glu Arg Val Cys Ser Leu Cys Ser Asn Ser His Pro Phe
65 70 75 80

Thr Tyr Cys Met Ala val Glu His Leu Ala Gly Ile Glu val Pro Ala
85 90 95

Arg Ala Asp His Leu Arg val val Ala Glu Glu Ile Lys Arg Thr Ala
100 105 110

Ser His Leu Phe Asn val Ala Ile Leu Ala His Ile Ile Gly Phe Lys
115 120 125

Ser Leu Phe Met His val Met Glu val Arg Glu Ile Met GIn Asp Ile
130 135 140

Lys Glu Thr val Tyr Gly Asn Arg Met Asp Leu Ala Ala Asn Cys TIle
145 150 155 160

Gly Gly val Lys Tyr Asp val Asp Ala Glu Leu Leu Ala Met Leu Leu
165 170 175

Ala Gly Leu Asp Lys Val Glu Arg Asn Ala Arg Glu Tle Tyr Arg Ile
180 185 190

Tyr Ala Ser Asp Pro Met val Thr Gly Arg Thr Thr Gly ITe Gly val
Y 105 P 200 9 205
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Leu
Arg
225
Ala
val

ser

val

Ala
305
Ile
Ala

Ile

Pro
210
Gly
Tyr
Arg

Ile

Ile
290

Pro
Pro
Leu

val

<210>
<211>

<212>
<213>

<220>

<221>

<222>
<223>

<400>

cgc
Arg
1

tcc

Ser

agce
Ser

atg
Met

9gc
ay
65

cag

Gln

atc
Ile

ctg
Leu

cgc
Arg

ttc
Phe
145

tac

gcc
Ala

cac
His

ctg
Leu

gaa
50

&ty

cag
Gln

tta
Leu

acc
Thr

Q?C
13

2ty

gcc

WO 2006/087334

Pro
Ser
Pro
Ala
375
Met
Arg
Asn
Gly

Asn
355

5

543
DNA
Desulfovibrio fructosovorans

CcDs
..

aag
Lys

ctg
Leu
ttc
35

gce
Ala

acg
Thr

ctg
Leu

aac
Asn

aag
Lys
115

tca
ser

gaa
Glu

cgc

Asp
Gly
GIn
Arg
260

Arg

Pro

Gly
Arg
val

340

Ser

Glu
Leu
Leu
245
Ala

Glin

Glu

Glu
Leu
325
Met

Ile

(543)

gtc
val

ctg
Leu
20

atg
Met

acc
Thr

cgc
Arg

gcg
Ala

gac
Asp
100

gag
Glu

ety

ctc
Leu

N

ctg
Ley
5

tog
Trp

cag
Gin

tgc
Cys

cgt
Arg

atc
Ile
85

tac
TYr

cag
Gln

tag
Trp

&y

Ala
Ala
230
ser
Leu

cys

Ile

Leu
310

Lys
Met

Asp

cgc
Arg

ctg
Leu

ttc
Phe

2ty

gac
70

tcc
Ser

acc
Thr

gcc
Ala

gcc
Ala

ttc
phe
150

tcg gee gtg

Arg
215
val
Phe
val

val

Pro
295

Met
Trp
Arg

Pro

acc
Thr

&ty

tag
Trp

aac
Asn
55

ctc
Leu

gaa
Glu

gt
va

tac
TYF

cag
135

gat
Asp

cgc

Arg
Asp
Asp
Arg
5
Ala
Tyr
Arg
Asp

Cys

atc
Ile

ctt
Leu

AT
40

cgc
Arg

tcc
Ser

aag
Lys

aaa
Lys
cag
120

gac
Asp

ccc
Pro

ttt

Phe
val
val
Ley
265

Thr

Gly

Tyr
val

Ala
345

ile

tog
Trp

ttc
Phe
25

att
Ile

gt
va

ccc
Pro

Ala

atc
Ile

g9

Gly
Arg
Ile
250
Arg

Leu

Gln

Leu
Pro
330

Asn

ser

ggc
sy

gcc
Ala

cge
Arg

gtc
val

gaa
Glu

ctc
Leu
920

cgc
Arg

aty

€99
Arg

gtc
val

gag

DESUanglais~seql.txt

val

Arg
235

Thr

Glu

Pro

Ser

Arg
315

Ser

val

Cys

a
s

gac
Asp

gag
Glu

gtt
val

cag
GIn
75

aag
Lys

acc
Thr

gcg
Ala

cag
GIn

gaa
155

acg

val Gly pro val Ala
220

Asp

Glu

val

Glu

val
300

Thr

TYyr

Ala

Thr

ctg
Leu

gcc
Ala

cgc
Arg

tce
Ser
60

tgc
cys

cag
Gln

gt
va

gct
Ala

acc
Thr
140

tac
Tyr

ctc

val
Glu
Phe
Gly
285
Ala
Asp
Met
Asp

Glu
365

cac
His

ttc
Phe

atc
Ile
45

gtc
val

cag
Gln

ctt
Leu

2ty

agc
cly

&ty

gac
Asp

cag
Page

Pro
Gly

Glu
270

Ala

Arg

Gly
Asn
Ile

350
Arg

cgc
Arg

ggc
Gly
30

atg
Met

aac
Asn

tag
Trp

tcg
ser

aag
LysS
110

ccc
Pro

tat
TYr

&ty

tcc
5

Tyr

Cys
255

ser
Met

ser

Thr
Trp
335

Pro

atg
Met
15

ttc
pPhe

gac
Asp

gtc
val

atc
Ile

agc
ser
95

&y

acg
Thr

gcg
Ala

gat
Asp

atc

Ala
240

ASp

Ile

Thr

Glu

Asp
320

Asp

Leu

cac
His

gag
Glu

atc
Ile

atc
Ile

gaa
Glu
80

acc
Thr

gt
Va

ctt
Leu

gee
Ala

tcc
Ser
160

gac

48

96

144

192

240

288

336

384

432

480

528
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pESUanglais~seql.txt
Tyr Ala Arg ser Ala val Arg Phe Arg Glu Thr Leu GIn Ser Ile Asp
165 170 175

ctc gtg cgc cag gcc 543
Leu vVal Arg %3 Ala

<210> 6

<211> 181

<212> PRT

<213> Desulfovibrio fructosovorans

<400> 6
grg Ala Lys val Igeu Arg Thr Ile Trp E(T)y Glu Leu His Arg i\ldeszt His

Ser His Leu lz_gu Trp Leu Gly Leu glsme Ala Asp Ala Phe g;l)y Phe Glu

Ser Leu glsme Met GIn Phe Trp 2\59 Ile Arg Glu Arg ﬂe Met Asp Ile

Met Glu Ala Thr Cys Gly Asn Arg val val val Ser val Asn val Ile
50 55 60

Gly Gly Thr Arg Arg Asp Leu Ser Pro Glu Gln Cys GIn Trp Ile Glu
65y y 70p 75 80

GIn GIn Leu Ala %:;e Sser Glu Lys Glu |§8u Lys Gln Leu Ser ggr Thr

ITle Leu Asn Asp Tyr Thr val Lys Lys Arg Thr val Gly Lys Gly val
100 105 1310

Leu Thr Lys Glu GIn Ala Tyr GIn Leu Gly Ala Ala Gly Pro Thr Leu
115 120 125

Arg Gly Ser Gly Trp Ala Gln Asp Ala Arg Gln Thr Gly Tyr Ala Ala
g 13% y e 135 9 140 y

Phe Gly Glu Leu Gly Phe Asp Pro Ile val Glu Tyr Asp Gly Asp Ser
145 150 155 160

Tyr Ala Arg Ser Ala val Arg Phe Arg Glu Thr Leu GIn Ser Ile Asp
165 170 175

Leu val Arg GIn Ala
180

<210> 7

<211> 1077

<212> DNA

<213> Desulfovibrio gigas

<220>

<221> CDS

<222> (1)..077)
<223>

<400> 7
atg gct cag act att ctg cct ttc g?c C€Cg cag cac ccc gtg ttg ccc 48
r:vllet Ala GIn Thr gTe Leu Pro Phe Gly l{go Gln His Pro Va igu Pro

gaa ccc atc cat ctg aag ctc acc gtg gag gat gaa atc gtc gtc gat 96
Giu Pro Ile %s Leu Lys Leu Thr \Zlg Glu Asp Glu Tle Vg1 val Asp
3

gcg ctg ccc gca ctc gge tac gtc cac cgc ggfc ctg gaa aaa ctc tgc 144
Ala Leu l;ro Ala Leu Gly Tyr Xg] His Arg Gly Leu g}u Lys Leu Cys
5

gat atc cgt gat tac aac cag atg gtg cag att gtg gaa cgc gtc tgc 192
Asp I(1)e Arg Asp Tyr Asn g;n Met val Gln Ile \ég Glu Arg Vval Cys
5

gﬁ;c atc tgc tcc aaa aiC cac gec atg tgc tac tge cag g?c atc gaa 240
g y Tle Cys ser Lys ;(1)51 His Ala Met Cys 17‘)51r cys GIn Gly Ile gz)u
5

gag atg atg ggc gtg caa gtg ccg gac cgc gcc aag gtc ctg cgc gtg 288

Glu Met Met Gly ‘é‘g” GIn val Pro Asp Sgg Ala Lys val Leu Sgg val
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gtc
val

ctc
Leu

aag
Lys

cgc
Arg
145

tce
ser

aag
Lys

aaa
Lys

gag
Glu

gat
Asp
225

ccc
Pro

tac
Tyr

cgg
Arg

ety

tac
Tyr
305

acc
Thr

ctg
Leu

atc
Ile

tgg
Trp

ttt
Phe

att
Ile
130

gtc
val

gce
Ala

cag
Gin

aag
Lys

ctt
Leu
210

gce
Ala

atc
Ile

gac
Asp

ctg
Leu

gaa
Glu
290

ctc
Leu

cCcC
Pro

gaa
Glu

agc
ser

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

<400> 8
get Ala GIn Thr :5[1e Leu Pro

WO 2006/087334

agc
Ser

gcc
Ala
115

cgt
Arg

atc
Ile

2
&

gtc
val

cge
Arg
195

&y

cgc
Arg

gcc
Ala

gag
Glu

ccc
Pro
275

gtc
val

aag
Lys

acg
Thr

ctg
Leu

tgc
Cys
355

8
358
PRT

gag
Glu
100

gac
Asp

gaa
Glu

gtt
val

cag
Gln

cgc
Arg
180

acc
Thr

gcc
Ala

cag
Gln

tat
Tyr

acc
Thr
260

gaa
Glu

gtc
val

&ty

ttc
Phe

gcc
Ala
340

acce
Thr

ctg
Leu

gce
Ala

aag
Lys

tcc
Ser

atc

165

gaa
Glu

gt
va

gt
va

ctt
Leu

cce
Pro
245

ctg
Leu

ggc
Gly

acc
Thr

aat
Asn

tce
Ser
325

gac
Asp

gaa
Glu

cac
His

tte
phe

gt
va

t
Val
150
cgc
Arg

ctg
Leu

ggc
Gly

&y

aag
LysS
230

aat
Asn

cag
Gln

gag
Glu

cgc
Arg

Q?C
Gly
310
aac

Asn

gt
va

cgc
Arg

cgc
Arg

ety

atg
Met
135

aac
Asn

tog
Trp

cgc
Arg

aag
Lys

cce
Pro
215

tac
TYyr

&y

tcc
Ser

ctg
Leu
gt
va
295
acc
Thr

atc
Ile

cct
Pro

taa

Desulfovibrio gigas

Glu pPro Ile 5!(1)5 Leu Lys Leu

Ala Leu ?I:rs‘o Ala Leu Gly Tyr

gt
va

ttc
phe
120
gac
Asp

gaa
Glu

atc
Ile

tcc
Ser

ggc
oty

acc
Thr

gct
Ala

gac
Asp

atc
Ile

agc
ser
280

gaa
Glu

aac
Asn

ccy
Pro

gt
Va

Phe

Thr

cac
His
105
gaa
Glu

atc
Ile

Val

gaa
Glu

acc
Thr
185

gt
Va

ctg
Leu

gcc
Ala

agc
Ser

gac
Asp
265

acc
Thr

cag
GIn

aac
Asn

ccg
Pro

gtt
val
345

Gly

tcc
Ser

gcg
Ala

aac
Asn

&y

gct
170

att
Ile

ctc
Leu

cgc
Arg

ttc
Phe

tgg
Trp
250

ctc
Leu

aag
Lys

cCcc
Pro

ctg
Leu

ctg
Leu
330

gt
va

pESUanglais-seql.txt

cac ctg ctc tgg
His Leu Leu

ctg
Leu

gaa
Glu

c
&y
155

aa
g"l u

ctg
Leu

acc
Thr

2y

gac
Asp
235

tcc
ser

gt
va

gt
va

cgc
Arg

gac
Asp
315

gt
va

ctg
Leu

ttc
phe

gcc
Ala
140

gta
val

ctc
Leu

gac
Asp

ey

agc
ser
220

cgc
Arg

cgc
Arg

cge
Arg

aag
Lys

ggc
G
300

cgc
Arg

gtc
Val

tcc
Ser

tac
Tyr
125

acc
Thr

€gg9
Arg

aag
Lys

gac
Asp

gcc
Ala
205

2y

atc
Ile

tgc
Cys

cag
GIn

Q?C
283

gag
Glu

tgc
Cys

atg
Met

atc
Ile

Pro GIn His Pro
10

val Glu Asp Glu Ile
25

val His Arg Gly Leu Glu
40 45

Trp
110

cag
Gin

acc
Thr

cgc
Arg

gt
va

tac
TYyr
190

cag
Gln

gtc
val

gac
Asp

gcc
Ala
gcc
270
aag
Lys

ctg
Leu

cgc
Arg

ctg
Leu

gac
Asp
350

val

val
30

Lys

Page 7

ctc
Leu

ttc
Phe

&y

gat
Asp

gt
va
175

acc
Thr

gcc
Ala

ttc
Phe

ttc
Phe

gt
Va

255
ctg
Leu

ccg
Pro

ctg
Leu

atc
Ile

cce
Pro
335

ccc
Pro

Leu
15
val

Leu

&ty

tag
Trp

aac
Asn

ctc
Leu
160

gaa
Glu

gt
Va

ctg
Leu
cag

Gln

cag
240

cgc
Arg

gce
Ala

gaa
Glu

tac
Tyr

cgc
Arg
320

&y

tgc
Cys

Pro
Asp

Cys

336
384
432
480
528
576

624

672
720
768
816
864
912
960
1008
1056

1077
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Asp
Gly
65

Glu
val
Leu
Lys
Arg
145
Ser
Lys
Lys
Glu
Asp
225
Pro
Tyr
Arg
Gly
Tyr
305
Thr

Leu

Ile

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

Ile
50

Ile
Met
Trp
Phe
Ile
130
val
Ala
Gln
Lys
Leu
210
Ala
Ile
Asp
Leu
Glu
290
Leu
Pro

Glu

ser

<220>

<221>

<222>
<223>

<400>
atg agt gag
%et ser Glu

WO 2006/087334

Arg
Cys
Met
Ser
Ala
115
Arg
Ile
Glu
val
Arg
195
Gly
Arg
Ala
Glu
Pro
275
val
Lys
Thr

Leu

cys
355

9

1083
DNA .
thermoanaerobacter tengcongensis

CDS
..

9

cct gag cct
Pro Glu Pro

gaa gcg tat
Glu Ala Tyr

35

gtg aaa aaa

Asp
ser
Gly
Glu
100
Asp
Gly
val
Gin
Ar

18

Thr
Ala
Gln
Tyr
Thr
260
Glu
val
Gly
Phe
Ala

340
Thr

TYyr
Lys
val
85

Leu
Ala
Lys
Ser
Ile
165
Glu
val
val
Leu
Pro
245
Leu
Gly
Thr
Asn
Ser
325

Asp

Glu

(1083)

aag
Lys

ata
Ile
20

cct
Pro

agg

Asn
ile
70

GIn
His
Phe
val
val
150
Arg
Leu
Gly
Gly
Lys
230
Asn
Gln
Glu
Arg
Gly
310
Asn

val

Arg

Gln
55

His
val
Arg
Gly
Met
135
Asn
Trp
Arg
Lys
Pro
215
Tyr
Gly
Ser
Leu
val
295
Thr

Ile

Pro

agc aca ata

Ser
5

cat
H1is

gct
Ala

gac

Thr

ctt
Leu

ttt
Phe

ttt

Ile

aaa
Lys

&y

aat

Met
Ala
Pro
val
Phe
120
Asp
Glu
Ile
Ser
Gly
200
Thr
Ala
Asp
Ile
ser
280
Glu
Asn

Pro

val

cct
Pro

ctg
Leu

tat
Tyr
40

cag

val
Met
Asp
His
105
Glu
Ile
val
Glu
Thr
185
val
Leu
Ala
sSer
Asp
265
Thr
Gln
Asn

Pro

val
345

ttt
Phe

ata
25

gtt
val

atg

Gln
Cys
90°
Ser
Ala
Asn
Gly
Ala
170
Ile
Leu
Arg
Phe
258
Leu
Lys
Pro
Leu
Leu

330
val

9?9
Gly
10

gta
val

cac
His

gtt

DESUanglais-seql.txt

Ile val Glu Arg val
60

Tyr Cys Gln
75

Ala
His
Leu
Glu
i
Glu
Leu
Thr
Gly
=
Ser
val
val
Arg
315

val

Leu

cca
Pro

gaa
Glu

aga
Arg

tat

Lys
Leu
Phe
Ala
140
val
Leu
Asp
Gly
Ser
220
Arg
Arg
Arg
Lys
Gly
300
Arg

val

ser

cag
Gln

gac
Asp

&y

gta

val
Leu
TYr
125
Thr
Arg
Lys
Asp
Ala
205
Gly
Ile
Cys
Gln
Gly
285
Glu
Cys

Met

Ile

cat
His

gaa
Glu

tta
Leu
45

gtt

Gcly
Leu
Trp
110
Gln
Thr
Arg
val
Tyr
190
Gln
val
Asp
Ala
Ala
270
Lys
Leu
Arg

Leu

AsSp
350

cct
Pro

aag
Lys
30

gaa
Glu

gac

page 8

Ile
Arg
95

Leu
Phe
Gly
Asp
val
175
Thr
Ala
Phe
Phe
val
255
Leu
Pro
Leu
Ile
Pro

335

Pro

gtt
val
15

gta
val

ctt
Leu

cac

Cys
Glu
80

val
Gly
Trp
Asn
Leu
160
Glu
val
Leu
Gln
Gln
240
Arg
Ala
Glu
Tyr
Ar

32

Gly

Cys

ttg
Leu

gta
val

ctt
Ley

ata

48

96

144

192

PCT/EP2006/050942



WO 2006/087334 PCT/EP2006/050942

DESUanglais-seql.txt
val lgsés Lys Arg Asp Phe /sagn Gln Met val Tyr \éfg val Asp His Ile

tgc ggc att tgc agt get ata cat g?a gag act tat tgc cag gca gt 240
(6:}515 Gly Ile Cys Ser A7\;I)a Ile His Gly Glu ;l;r Tyr Cys Gln Ala \8/3

Glu Lys Leu Ile Ile Asp Val Pro g?)u Arg Ala Lys Phe légu Arg

gtc atc tgg gct gaa att cac agg att cac agc cat ctt ttg tgg ttt 336
val Ile Trp ﬂ)g Glu Ile His Arg ﬂ)? His Ser His Leu ﬁb’ Trp Phe

g?c ctt tta gca gat gct ttt 9.?9 ttt gaa aac ctg ttt atg ctt tct 384
Gly Leu lﬁg Ala Asp Ala phe Ez’é Phe Glu Asn Leu ;gg Met Leu Ser

tgg aga ata agg gag aag gta atg gac ata ttg gag gct acg get ggc 432
Trp /igg Ile Arg Glu Lys \113; Met Asp Ile Leu ﬂg Ala Thr Ala Gly

gag aaa ttg att gg?g att gac gtt ccg gaa agg gca aag ttt ttg aga 288
Gly
85

aat aga gtt gtg att tct gtc aat att gta ggc g?t gtg aga aga gat 480
Asn Arg Val val Ile Ser val Asm Ile val Gly Gly val Arg Arg Asp
145 150 155 160

att gac agt gag cag gcc aaa tgg gtg ctt gcc cag ctt aaa gag gta 528
Ile Asp Ser Glu %g Ala Lys Trp Va 5__% Ala Gln Leu Lys g;g val

.gag gaa gqg cta aaa gag att gaa aag ata gta aga gat aac tac act 576
Glu Glu Gly igg Lys Glu Ile Glu Egg Ile val Arg Asp 933 Tyr Thr

ttg aaa aag aga act gta ggl;g ata g?a gtc ctt tca aaa gaa gag gct 624
Leu Lys li)glg Arg Thr val Gly %(])8 Gly val Leu Ser Iégg Glu Glu Ala

tat atg ctg gg';a gca gta g?g cct act ttg aga g?a agt ggl;a gtt cca 672
Tyr bélg‘g Leu Gly Ala val gl}sl Pro Thr Leu Arg gz% Ser Gly val Pro

ata gat act aga acc ttg g?a tat gct gct tac aaa tat tta gac ttt 720
Ile Asp Thr Arg Thr Leu Gly Tyr Ala Ala Tyr Lys Tyr Leu Asp Phe
225 230 235 240

gaa cca gtt gtt gaa aaa gat gg‘;g gat acc tat gca aga act ctc gtc 768
Glu Pro val val glg Lys Asp Gly Asp ‘525 Tyr Ala Arg Thr lz.‘salsx val

aga cta agg gag atg ttc cag tct att gac ctt gtg agg caa gct ata 816
Arg Leu Arg %3 Met Phe GIn Ser %;IS? Asp Leu val Arg (2;;3 Ala 1le

agc aag atg cca gaa g?t gaa ata aat gtc aaa gta aaa ccc aat ttg 864
Ser Lys hzdeg Pro Glu Gly Glu %8 Asn val Lys val lz_)és Pro Asn lLeu
7 5

cca gca g?a gag gtc ata gaa agg gct gag cag ccc aga g?a gaa gta 912
Pro /é\;g Gly Glu val Tle (ZS;ISI Arg Ala Glu Gln ggg Arg Gly Glu val

ttt tac tat atc aag tca aat g?a ggl;c aaa tac ttg gat aga ttg agg 960
ggg Tyr Tyr Ile Lys g% Asn Gly Gly Lys gg Leu Asp Arg Leu /é\g

ata agg act ccc act ttt gcg aat ctg gct gct ctt ctg cac atg cta 1008
Ile Arg Thr Pro 'ggg Phe Ala Asn Leu ggg Ala Leu Leu His hélg‘; Leu

ccg g?c tgt act ttg gca gac gtg cct gtt ctg gtt ctg acg att gac 1056
Pro Gly Cys ;25 Leu Ala Asp Va gzg val Leu val Leu 13‘h5 Ile Asp
5

cca tgt atc agc tgt acg gaa agg tag 1083
Pro Cys ﬂtsa Ser Cys Thr Glu /;Eg

<210> 10

<211> 360

<212> PRT .
<213> thermoanaerobacter tengcongensis

<400> 10
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Met
1
Pro
Glu
val
Cys
65
Glu
val
Gly
Trp
Asn
145
Ile
Glu
Leu
Tyr
Ile
225
Glu
Arg
Ser
Pro
Phe
305
Ile

Pro

Pro

Ser
Glu
Ala
Lys
50

Gly
Lys
ile
Leu
Ar

138
Arg
Asp
Glu
Lys
Met
210
Asp
Pro
Leu
Lys
Ala
290
Tyr
Arg

Gly

Cys

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

<220>
<221>
<222>
<223>

<400>

gag aat gaa ata aag gca caa caa gac aga aaa aaa tat gtt agg

Glu Asn Glu §1e Lys Ala GIn Gln égp Arg Lys Lys Tyr 3a1 Arg
15

Val
1

WO 2006/087334

Glu
Pro
Tyr
35

Lys
Ile
Leu
Trp
Leu
115
Ile
val
Ser
Gly
Lys
195
Leu
Thr
val
Arg
Met
275
Gly
Tyr
Thr
Cys

Ile
355

11

1731
DNA
thermoanaerobacter tengcongensis

11

Lys
Ile
20

Pro
Arg
Cys
Ile
Ala
100
Ala
Arg
val
Glu
Leu
180
Arg
Gly
Arg
val
Glu
260
Pro
Glu
Ile
Pro
Thr

340

Ser

Ser
5
His
Ala
Asp
ser
Gly
85
Glu
Asp
Glu
Ile
Gln
165
Lys
Thr
Ala
Thr
Glu
245
Met
Glu
val
Lys
Thr
325

Leu

Cys

CDS
1..@A731)

Thr
Leu
Phe
Phe
Ala
70

Ile
Ile
Ala
Lys
ser
150
Ala
Glu
val
val
Leu
230
Lys
Phe
Gly
Ile
ser
310
Phe

Ala

Thr

Ile
Lys
Gly
Asn
55

Ile
Asp
His
phe
val
135
val
Lys
Ile
Gly
Gly
215
Gly
ASp
Gln
Glu
Glu
295
Asn
Ala

Asp

Glu

Pro
Leu
Tyr
40

Gln
His
val
Arg
Gly
120
Met
Asn
Trp
Glu
Ile
200
Pro
Tyr
Gly
ser
Ile
280
Arg
Gly
Asn

val

Arg
360

pPhe
Ile
25

val
Met
Gly
Pro
Ile
105
Phe
Asp
Ile
val
Lys
185
Gly
Thr
Ala
Asp
ile
265
Asn
Ala
Gly

Leu

Pro
345

Gly
10

val
His
val
Glu
Glu
20

His
Glu
Ile
val
Leu
170
Ile
val
Leu
Ala
Thr
250
ASp
val
Glu
Lys
Ala

330
val

DESUanglais-seql.txt
pro GlIn His Pro val Leu
15

Glu Asp Glu Lys val
30

Arg
Tyr
Thr
75

Arg
ser
Asn
Leu
Gly
155
Ala
val
Leu
Arg
Tyr
235
TYr
Leu
Lys
Gln
Tyr
315

Ala

Leu

Gly
val
60

TYF
Ala
His
Leu
Glu
140
Gly
GIn
Arg
Ser
Gl

22%
Lys
Ala
val
val
Pro
300
Leu

Leu

val

Leu
45

val
Cys
Lys
Leu
Phe
125
Ala
val
Leu
Asp
Lys

205

Ser
Tyr
Arg
Arg
263
Arg
Asp

Leu

Leu

Glu Leu
Asp His
Gln Ala

Phe Leu
95

Leu Tr
110 P

Met Leu
Thr Ala
Arg Arg

Lys Glu
175

Asn Tyr
190

Glu Glu
Gly val
Leu Asp

Thr Leu
255

Gln Ala
270

Pro Asn
Gly Glu
Arg Leu
His Met

335

Thr Ile
350

val
Leu
Ile
val
80

Arg
Phe
Ser
Gly
Asp
160
val
Thr
Ala
Pro
Phe
240
val
Ile
Leu
val
Arg
320

Leu

Asp

gct ttg tac tca aag ttt ggt gcg agc atc ctt gaa gag aag tgg caa
Page 10

48

96
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Ala

aca
Thr

att
Ile

atc
Ile
65

gtt
val

aca
Thr

gcga
Ala

atg
Met

ttg
Leu
145
gat
Asp

ttt
Phe

ctt
Leu

&y

Q?C
Gly
225
ttt
Phe

gcg
Ala

€gg
Arg

agc
Ser

tcg
Ser
305

gcg
Ala

&y

cga
Arg

Leu

ccg
Pro
gta
50

&y

tta
Leu

gtt
val

cct
Pro

ctg
Leu
130
CcCC
Pro

tat
Tyr

atc
Ile

cac
His

gaa
210

ctt
Leu

tta
Leu

tat
TYF

gcc
Ala

cac
His
290

&y

gaa
Glu

&y

tta
Leu

WO 2006/087334

Tyr

gat
35

gaa
Glu

aac
Asn

tcc
ser

aag
Lys

cgt
Arg

115

&y

gat
Asp

cgt
Arg

gaa
Glu
att
195

tat
TYyr

gaa
Glu

gacg
Ala

gcc
Ala

cag
GIn
275

ctt
Leu

ttt
Phe

att
Ile

gta
val

att
Ile

sSer
20

caa
Gln

gag
Glu

gat
Asp

att
Ile

gct
100

gt
va

ttg
Leu

gac
Asp

cta
Leu

gta
val
180

act
Thr

atc
Ile

aaa
Lys

gag
Glu

atg
Met
260

tat
Tyr

ttg
Leu

atg
Met

ctt
Leu

cga
Arg
340

tct
Ser

Lys

gt
Va

gca
Ala

gag
Glu

gag
Glu
85

ttg
Leu

ccg
Pro

ga
&

tgg
Trp

AfQ
rg
165

aaa
Lys

tct
ser

gtt
val

ctt
Leu

cga
Arg
245

gca
Ala

att
Ile

aat
Asn

cat
His

aca
Thr
325

cgt
Arg

gag
Glu

phe

act
Thr

tat
TYyr

cgc
Arg
70

gca
Ala

gtt
val

gca
Ala

ccg
Pro

cca
Pro
150

cct
Pro

&y

gac
Asp

gat
Asp

gct
230
att
Ile

gta
val

cga
Arg

ata
Ile

ttc
Phe
310

&y

gat
Asp

att
Ile

Gly

ctg
Leu

tac
Tyr
55

agc
ser

gaa
Glu

cct
Pro

gct
Ala

t
val
135
gat
Asp

gag
Glu

gaa
Glu

gag
Glu
gcc
215

gaa
Glu

tgt
Cys

gaa
Glu

act
Thr

9‘119
3%

ttt
Phe

&y

att
Ile

cga
Arg

Ala

aca
40

&ty

ata
Ile

aaa
Lys

gct
Ala
gta
120

ety

aac
Asn

ccg
Pro

&y

cct
Pro
200

gac
Asp

agt
Ser

&ty

gca
Ala

att
Ile
280

tta
Leu

aga
Arg

cga
Arg

tta
Leu

tct
Ser

ser
25

gta
val

cag
Gln

aac
Asn

gac
Asp

gac

105

tog
Trp

ctt
Leu

ctt
Leu

gca
Ala

att
Ile
185

&y

tac
Tyr

cgc
Arg

att
Ile

gcc
Ala
265

cta
Leu

gcg
Ala

ata
Ile

aaa
Lys

aaa
Lys
345

gaa
Glu

Ile

aag
Lys

4
&ty

ccg
Pro
90

aaa
Lys

tac
TYyr

cca
Pro

tat
Tyr

g9cg
170

gta
val

cat
H1s

cgc
Arg

atg
Met

tgt
Cys
250

aac
Asn

tta
Leu

gct
Ala

aga
Arg

act
Thr
330

gag
Glu

ctt
Leu

DESUanglais-seql.txt
Leu Glu Glu %s Trp Gln

cta
Leu

41

cat
His
75

gat
Asp

cca
Pro

gaa
Glu

gat
Asp

cct
Pro
155
gaa
Glu

gaa
Glu

ttc
Phe

ctt
Leu

gac
235

&

aga
Arg

gag
Glu

cac
His
gaa
315
tat
Tyr

gag
Glu

aaa
Lys

aat
Asn

12
60

ttt
Phe

aaa
Lys

gag
Glu

cgg
Arg

gcg
Ala
140

ttg
Leu

gaa
Glu

gta
val

cga
Arg

ttc
phe
220

tat
Tyr

tat
Tyr

att
Ile

gta
val

tta
Leu
300

aag
LyS

&y

aag
LyS

gaa
Glu

ata
Ile
45

ctg
Leu

g9ca
Ala

aac
Asn

ttE
Phe

gag
Glu
125

aga
Arg

cga
Arg

gaa
Glu

cca
Pro

ctc
Leu
205

tat
Tyr

aac
Asn

gca
Ala

gaa
Glu

gag
Glu
285

gt
Va

gct
Ala

atg
Met

tt
\%a"l

ctt
Leu

ctc cca gaa

Leu

tca
Ser

gta
val

ctt
Leu

cct
Pro
110

gt
va

aga
Arg

aag
LyS

aat
Asn

ctg
Leu
190

tat
TYyr

gt
Va

cag
Gln

cac
His

gtc
val
270

agg
Arg

&y

atg
Met

aac
Asn

cag
Gin
350

atc
Ile

page 11

Pro

aat
Asn

tac
Tyr

2
95

tcg
ser

cgg
Arg

ctt
Leu

gat
Asp

tat
Tyr
175

&ty

gtc
val

cat
H1s

gtt
val

agc
Ser
255

cct
Pro

ata
Ile

ttt
Phe

cag
Gln

ctc
Leu
335

gce
Ala

gat
Asp

Glu

gtt
val

tat
TYyr
80

ctg
Leu

gta
val

gat
Asp

gt
va

atg
Met
160

gag
Glu

ccg
Pro

gac
Asp

cga
Arg

act
Thr
240

Val

ctg
Leu

cac
His

gat
Asp
atg
320
ata
Ile

ttg
Leu

atg
Met

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104
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WO 2006/087334 PCT/EP2006/050942

DESUanglais-seql.txt
355 360 365

ttg cta aat acc ccc aac ttt att tcg cga aca cag g?a gtt g?g cgt 1152
Leu lé% Asn Thr Pro Asn gl;g Ile Ser Arg Thr g;lsg Gly val Gly Arg

ctg gac cct aag gta gct cga aac ttt g?a tcg gtt g?c cce aat ctg 1200
Leu Asp Pro Lys Val Ala Arg Asn Phe Gly Ser val Gly Pro Asn Leu
385 390 395 400

aga ggt tct g?a tat g?a cga gat aca cga gcg gac cat ccc tat tgt 1248
Arg Gly Ser Gly 1‘();; Gly Arg Asp Thr 2{8 Ala Asp His Pro T){r cys
415

gcc tac aaa cat gta tct tgg aat gtt atc tcc aag gag ggfa tat gat 1296
Ala Tyr Lys Z%(Si val Ser Trp Asn ng Ile Ser Lys Glu 23%' Cys Asp

gtt ttg tct aga gta tta gta cga gcg gaa gag ctt ttt gag tct tta 1344
val Leu igg Arg val Leu val ng Ala Glu Glu Leu zhesz Glu Ser Leu
Y]

gat ata att gaa aga tgt ttg tct gat ttg cct cct g?t cct atc ctt 1392
Asp ﬂg Ile Glu Arg Cys I‘igg Ser Asp Leu Pro Zgg Gly Pro Ile Leu

cat gaa ggfg ttt acc tat aca cct tat act ttt gca ctt g?a tat acg 1440
His Glu Gly Phe Thr Tyr Thr Pro Tyr Thr Phe Ala Leu Gly Tyr Thr
465 470 475 480

gaa gct cct agg gqa gaa aat gtc cat tgg gtg atg aca gct aat caa 1488
Glu Ala Pro Arg 28)5, Glu Asn Vval His 158 val Met Thr Ala Asn Gln
495

cat cag gtg tac cgg tgg cga gta cgg gcc tct act tat aat aat tgg 1536
His Gln va '?0/5 Arg Trp Arg Val fs\(r)'gsg Ala ser Thr Tyr Ais Asn Trp
5

cca gtc ctt cgt tat atg ttt tac g?t aat act gtg gcc gat gca cct 1584
Pro val I§§u Arg Tyr Met Phe 'Sr)zlg Gly Asn Thr va ?;? Asp Ala Pro
5

ttg att gtg gca agt att gac cct tgt tac tct tgc gct gaa aga gtt 1632
Leu %138 val Ala ser Ile ggrs) Pro Cys Tyr Ser (5:2{3 Ala Glu Arg val

aca ttg gtc gat gt? cgt aaa aag agg gca aaa act gtc caa tat caa 1680
Thr Leu val Asp Val Arg Lys Lys Arg Ala Lys Thr val GlIn Tyr Gln
545 550 555 560

gaa ttg gaa caa tac tgt cgc gaa aga aaa tat tca cca ctg aaa aat 1728
Glu Leu Glu GIn ‘é‘gg Cys Arg Glu Arg Ig%'g Tyr Ser Pro Leu |§)7/§ Asn

tag 1731

<210> 12

<211> 576

<212> PRT

<213> thermoanaerobacter tengcongensis

<400> 12
\{a'l Glu Asn Glu §1e Lys Ala Gln Gin %(s)p Arg LYs Lys Tyr \{g] Arg

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

Thr Pro Asp GIn val Thr Leu Thr val Lys Leu Asn Ile Leu Pro Glu
35 40 45

Ile \5/81 Glu Glu Ala Tyr ?5” Gly GIn Gly Gly 'ggp Leu Ser Asn val

Ile Gly Asn Asp Glu Arg Ser Ile Asn Gly His Phe Ala val Tyr Tyr
65 70 75 80

val Leu Ser Ile Glu Ala Glu Lys Asp ggo Asp Lys Asn Leu 'grgp Leu

Thr val Lys Ala Leu val Pro Ala Asp Lys Pro Glu Phe Pro Ser val
100 105 110

Ala Pro Arg val Pro Ala Ala val Trp Tyr Glu Arg Glu val Arg Asp
Page 12



Met
Leu
145
Asp
Phe
Leu
Gly
Gly
225
Phe
Ala
Arg
Ser
ser
305
Ala
Gly
Arg
Leu
Leu
385
Arg

Ala

val

Asp
His
465
Glu
His
Pro
Leu
Thr

545
Glu

Leu
130
Pro
Tyr
Ite
His
Glu
210
Leu
Leu
Tyr
Ala
His
290
Gly
Glu
Gly
Leu
Ley
370
AsSp
Gly

Tyr

Leuy

Ile
450
Glu
Ala
Gln
val
Ile
530

Leu

Leu

WO 2006/087334

115
Gly

Asp
Arg
Glu
Ile
195
Tyr
Glu
Ala
Ala
Gln
275
Leu
Phe
Ile
val
Ile
355
Asn
Pro
Ser

Lys

ser
435

ITe
Gly
Pro
val
Leu
515
val

val

Glu

Leu
Asp
Leu
val
180
Thr
Ile
Lys
Glu
Met
260
Tyr
Leu
Met
Ley
Arg
340
Ser
Thr
Lys
Gly
His
420
Arg
Glu
Phe
Arg
Tyr
500
Arg
Ala

Asp

Gln

Glu
Trp
1o
Lys
sSer
val
Leu
243
Ala
Tle
Asn
His
2
Arg
Glu
Pro
val
%

val

val

Arg
Thr
o
Arg
Tyr
ser

val

TYr
565

Pro
Pro
150
Pro
Gly
Asp
Asp
Ala
230
Ile
val
Arg
Ile
phe
310
Gly
Asp
Ile
Asn
Ala
390
Gly

Ser

Leu

Cys
Tyr
470
Glu
Trp
Met
Ile
Arg

550
Cys

val
135
Asp
Glu
Glu
Glu
Ala
215
Glu
Cys
Glu
Thr
Gly
295
Phe
Gcly
Ile
Arg
Phe
375
Arg
Arg

Trp

val

Leu
455
Thr
Asn
Arg
phe
Asp
535

Lys

Arg

120
Gly

Asn
Pro
Gly
Pro
200
Asp
Ser
Gly
Ala
Ile
280
Leu
Arg
Arg
Leu
Ser
360
Ile
Asn

Asp

Asn

Ser
Pro
val
val
5%
Pro

Lys

Glu

Leu
Leu
Ala
Ile
185
Gly
TYyr
Arg
Ile
Ala
265
Leu
Ala
Ile
Lys
LysS
345
Glu
sSer
Phe
Thr
val
425
Ala
Asp
Tyr
His
Arg
505
Gly
Cys

Arg

Arg

Pro
Tyr
Ala
170
val
His
Arg
Met
Cys
250
Asn
Leu
Ala
Arg
Thr
330
Glu
Leu
Arg
Gly
Arg
410

Ile

Glu

Leu
Thr
456
Ala
Asn
Tyr

Ala

Lys
570

DESUanglais~seql.txt
125

Asp
Pro
155
Glu
Glu
Phe
Leu
ASp
235
Gly
Arg
Glu
His
Glu
315
Tyr
Glu
Lys
Thr
Ser
395
Ala

Ser

Glu

Pro
Phe
475
val
Ser
Thr
ser
Lys
555
Tyr

Ala
140
Ley
Glu
val

Arg

Phe
220

Tyr
TYr
Ile
val
Leu
300
Lys
Gly
Lys
Glu
Gln
380
val
Asp

Lys

Leu

Pro
4690
Ala
Met
Thr
val
Cys
540

Thr

Ser

Arg
Arg
Glu
Pro

Leu
205

Tyr
Asn
Ala
Glu
Glu
285
val
Ala
Met
val
Leu
365
Gly
Gly
His
Glu

Phe
445

Gly
Leu
Thr
Tyr
Ala
525
Ala

val

Pro

Arg Leu val

Lys
Asn
Leu
190
Tyr
val
Gin
His
val
270
Arg
Gly
Met
Asn
Gln
350
Ile
val
Pro
Pro
Gly
430
Glu
Pro
Gly
Ala
Asn
510
Asp
Glu

Gln

Leu

page 13

Asp
TYr
175
Gly
val
His
val
ser
255
Pro
Ile
Phe
Gln
Leu
335
Ala
Asp
Gly
Asn
Tyr
415

cys

Ser

Ile
Tyr
Asn
495
Asn
Ala
Arg

Tyr

Lys
575

Met
160
Glu
Pro
Asp
Arg
Thr
240
val
Leu
His
Asp
Met
320
Ile
Leu
Met
Arg
Leu
400
cys

Asp

Leu

Leu
Thr
480
Gln
Trp
Pro
val
Gln

560

Asn

PCT/EP2006/050942



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

<220>
<221>
<222>
<223>

<400>

atg
Met
1

gag
Glu

gtc
val

acc
Thr

tcg
Ser
65

agc
Ser

atc
Ile

atc
Ile

gaa
Glu

cge
Arg
145

gat
Asp

cca
Pro

atc
Ile

gt
va

tat
Tyr
225

ttc
Phe

gt
va

ctg
Leu

agc
ser

ccg
Pro

gat
Asp

aag
LyS
50

ctc
Leu

atc
Ile

gce
Ala

ctt
Leu
gcc
130
atg
Met

aag
LYyS

acg
Thr

gtt
val

gac
As
218

gac
Asp

Glu

cgc
Arg

cgc

WO 2006/087334

13
1086
DNA

Rhodospirillum rubrum

CDS
(1)..(1086)

13
acc
Thr

atg
Met

atc
Ile
35

cgc
Arg

tgc
Cys

acc
Thr

gac
Asp

gcc
115
cgc

Arg

gac
Asp

gac
Asp

ctg
Leu

gat
Asp
195

tat
Tyr

gt
va

atg
Met

tag
Trp

gac
Asp
275

tat
Tyr

tac
TYr
20

acc
Thr

aac.

Asn

tcc
ser

&

gag
100
cat
His

gag
Glu

atc
Ile

&y

cgc
Arg
180

cgc
Arg

2y

cgc
Arg

gcc
Ala

caa
Gln
260

atg
Met

acc
Thr
5

ttc
Phe

gcc
Ala

atc
Ile

aac
Asn

atg
Met
85

acc
Thr

atc
Ile

atc
Ile

gcc
Ala

cgc
Arg
165

gac
Asp

acc
Thr

ctg
Leu

aag
Lys

ctg
Leu
245

gag
Glu

ccc
Pro

att
Ile

cgc
Arg

ggc
Gly

tat
TYr

agc
Ser
70

gt
vVa

aag
Lys

gtc
val

atg
Met

gcc
Ala
150

gat
Asp

gag
Glu

cgg
Arg

atg
Met

cag
Gln
230

&ty

gcc
Ala

gac
Asp

ccc
Pro

atc
Iile

cat
H1s

caa
Gln
55

cat
His

gt
va

cgc
Arg

&

caa
Gln
135

atg
Met

tat
Tyr

atc
Ile

&ty

&y
215

gcg
Ala

gag
Glu

ctg
Leu

&

gtc
va

gag
Glu

gtc
val
40

aat
Asit

ccy
Pro

ccg
Pro

gtc
val

ttt
Phe
120

gac
Asp

gcg
Ala

ttc
phe

atc
Ile
att
200
ccg
Pro

cCc
Pro

cac
His

acc
Thr

ccg
Pro
280

7y

gtc
val
25

cat
His

atc
Ile

caa
Gln

ccg
Pro

gcc
105
gat
Asp

acc
Thr

atc
Ile

atc
Ile

ccg
Pro
185

&y

gt
va

tat
Tyr

&ty

tcg
Ser
265

acg
Thr

ccy
Pro
10

gat
Asp

cgc
Arg

gt
va

act
Thr

cgc
Arg
90

tcg
ser

tcg
Ser

aag
Lys

&ty

ggt
oty

ctt
Leu

gtt
val

9cg
Ala

gcg
Ala

gat
Asp
250

atc
Ile

aag
Lys
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ctg
Leu

aty

ggc
Gly

ctg
Leu

tat
Tyr
75

gcc
Ala

cat

His

ctg
Leu

gaa
Glu

999
155

cag
Gln

tat
Tyr

ctg
Leu

cgc
Arg

gtt
235

gt
va

41

gcg
Ala

cat
His

gag
Glu

atc
Ile

acc
Thr
60

tgc
Cys

caa
Gln

atg
Met

ttc
Phe

gcg
Ala
140
gtc
val

ctc
Leu

cag
GlIn

agc
Ser

ggc
&y
220
tat
Tyr

tag
Trp

ctg
Leu

&ty

Val

aag
LysS

gaa
Glu
45

gag
Glu

atg
Met

tat
Tyr

ttc
Phe

atg
Met
125

gtc
val

aaa
Lys

gat
Asp

acc
Thr

gcg
Ala
205

tcg
Ser

gat
Asp

teg
Ser

atc
ITe

ccg
Pro
285

gcc
Ala

gt
va
30

tac
Tyr

cgce
Arg

gcc
Ala

cty
Leu

aac
Asn
110

cat
His

ttt
Phe

tac
TYr

aag
Lys

aac
Asn
190

gcc
Ala

&

cgt
Arg

cgc
AFg

cgc
Arg
270

gt
va
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ctt
Leu
15

gtc
val

ctg
Leu

gtc
val

ctg
Leu

Ao
95

gtc
val

gtc
val

&ty

gat
Asp

ctt
Leu
175

ccg
Pro

gat
Asp

cat
His

ctg
Leu

gcc
Ala
255

caa
Gin

€cg
Pro

gaa
Glu

agc
Ser

acg
Ala

tgc
Cys

gaa

80

gt
va

gce
Ala

atg
Met

aat
Asn

ctt
Leu
160

gaa
Glu

tcg
Ser

tgc
Cys

gcc
Ala

gac
sp
240

atg
Met

tgc
Cys

ccC
Pro

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864
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att
Ile

ttg
Leu
305

aaa
Lys

atg
Met

gat
Asp

cce
Pro
290

atc
Ile

tog
Trp

gcc
Ala

CcC
Pro

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

<400>
get ser Thr Tyr

WO 2006/087334

gct
Ala

tat
Tyr

cgc
Arg

&y

e
ys
355

14
361
PRT

ggc
Gly

tac
TYr

gtt
val

g9cg
340

atc
Ile

gag
Glu

ctg
Leu

ccc
Pro
325

cgag
Arg

tce
Ser

acg
Ala
aag
Lys
310

acc
Thr

att
Ile

tgt
cys

gtc
295
acc
Thr

tat
Tyr

tcc
ser

acg
Thr

gce
Ala

aac
Asn

atg
Met

gat
Asp

gaa
360

Rhodospirillum rubrum

14

Glu Pro Met

val
Thr
ser
65

Ser
Ile
Ile
Glu
Arg
145
Asp
Pro
Ile

val

Tyr
225

Phe

val

Leu

Tle

Asp
LysS
50

Leu
Ile
Ala
Leu
Ala
130
Met
Lys
Thr
val
Asp
210
Asp
Glu
Arg

Arg

Pro
290

Ile
35

Arg
cys
Thr
Asp
Ala
115
Arg
Asp
Asp
Leu
Asp
195
Tyr

val

Met
Trp
Asp

275
Ala

Tyr
20

Thr
Asn
Ser
Gly
Glu
100
His
Glu
Ile
Gly
Arg
180
Arg

Gly

Arg

Ala
Gln
260
Met

Gly

Thr
5
Phe
Ala
Ile
Asn
Met
85
Thr
Ile
Ile
Ala
Arg
165
Asp
Thr

Leu

Lys

Leu
245
Glu

Pro

Glu

Ile
Arg
Gly
TYyr
ser
70

val
Lys
val
Met
Ala
150
Asp
Glu
Arg

Met

Gln
230

Gly
Ala
Asp

Ala

Pro
Ile
His
Gln
55

His
val
Arg
Gly
Gln
135
Met
Tyr
Ile
Gly
Gly
215
Ala
Glu
Leu

Gly

val
295

val
Glu
val
40

Asn
Pro
Pro
val
Phe
120
Asp
Ala
Phe
Ile
Ile
200

Pro

Pro

His
Thr
Pro

280
Ala

aag
LyS

&y

aac
Asn

atc
Ile
345

cgc
Arg

Gly
val
25

His
Ile
Gln
Pro
Ala
105
Asp
Thr
Ile
Ile
Pro
185
Gly

val

Tyr

Gcly
ser
265
Thr

Lys

acc
Thr

acc
Thr

tgg
330

ccg
Pro

tga

Pro
10

Asp
Arg
val
Thr
Arg
90

Ser
Ser
Lys
Gly
Gly
170
Leu
val

Ala

Ala

ASp
250
ile
Lys

Thr
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gag
Glu

gac
Asp
315

gat
Asp

ctg
Leu

Leu
Gly
Gly
Leu
;gr
Ala
His
Leu
Glu
Gly

155
Gin

Tyr
Leu
Arg

val
235

val
Gly
Ala

Glu

gcg
Ala
300

cgg
Arg

gcg
Ala

atc
Ile

His
Glu
Ile
Thr
60

cys
Gln
Met
Phe
Ala
140
val
Leu
Gin
Ser
Gly
220
TYr
Trp
Leu

Gly

Ala
300

ccg
Pro

CCc
Pro

ctc
Leu

gtc
val

val
Lys
Glu
45

Glu
Met
Tyr
Phe
Met
125
val
Lys
Asp
Thr
Ala
205

Ser

Asp

Ser
Ile
Pro

285

Pro

cgc
Arg

gaa
Glu

aat
Asn

aac
Asn
350

Ala
val
30

TYF
Arg
Ala
Leu
Asn
110
His
Phe
Tyr
Lys
Asn
190
Ala

Gly

Arg

Arg
Arg
270
val

Arg
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&y

cgc
Arg

gt
va
335

agc
Ser

Leu
15

val
Leu
val
Leu
Arg
95

val
vail
Gly
Asp
Leu
175
Pro
Asp
His

Leu

Ala
255
Gln

Pro

Gly

gag
Glu

ctg
Leu
320

atg
Met

atc
Ile

Glu
Ser
Ala
Cys
Glu
80

val
Ala
Met
Asn
Leu
160
Glu
Ser
Cys

Ala

Asp
240

Met

Cys

Pro

Glu

912

960

1008

1056

1086
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DESUanglais~seql.txt
Leu ITe Tyr Tyr Leu Lys Thr Asn Gly Thr Asp Arg Pro Glu Arg Leu
305 310 315 320

Lys Trp Arg val Pro Thr Tyr Met Asn Trp Asp Ala Leu Asn val Met
325 330 335

Met Ala Gly Ala Arg Ile Ser Asp Ile Pro Leu Ile val Asn Ser Ile
340 345 350

Asp Pro Cys Ile Ser Cys Thr Glu Arg
355 360

<210> 15

<211> 1716

<212> DNA

<213> Escherichia coli

<220>

<221> CDS

<222> (1)..(1716)
<223>

<400> 15
gtg aac gtt aat tca tcg tca aat cgt g?c gaa gcg att ctc gec gec 48
\lla Asn Val Asn ger Ser Ser Asn Arg goy Glu Ala Ile Leu iﬂa Ala

5

ctg aaa acg cag ttc ccc ggI;c gcg gtg ctg gat gaa gag cga caa acg 96
Leu Lys Thr %n Phe Pro Gly Ala \2/? Leu Asp Glu Glu ggg Gin Thr

cct gaa cag gtc acc att acg gtg aaa atc aat ctg ctg cct gac gtt 144
Pro Glu g]n val Thr Ile Thr XS Lys Ile Asn Leu ld:gu Pro Asp val
5

gta cag tat ctt tat tat caa cat gat g?c tgg ctt ccg gtc ctg ttt 192
val ggn Tyr Leu Tyr Tyr g}n His Asp Gly Trp Egu Pro val Leu Phe

g?c aac gac gag cgg aca ctt aac gqt cat tac gcg gtt tat tat gcc 240
Gly Asn Asp Glu Arg }'lar' Leu Asn Gly His ‘%r Ala val Tyr Tyr 18\2)5\
65

ctt tca atg gaa g?g gcc gaa aaa tgc tgg att gtg gtg aag gcg ctg 288
Leu Ser Met Glu gsy Ala Glu Lys Cys g(l)*p Ile val val Lys g‘sla Leu

gtc gat gcc gac agt cgg gag ttt ccg tca gtc aca ccg cgc gtc cct 336
val Asp Ala QSB ser Arg Glu Phe ;6? ser val Thr Pro é{g val Pro

gce gcg gtc tgg gg';c gag cga gaa att cgt gat atg tac g?g ctg att 384
Ala Ala \]{21‘315 Trp Gly Glu Arg ﬂg Ile Arg Asp Met B/; Gly Leu Ile

ccg gtt g?c Cctg ccg gat cag cgt cgc ctg gtg ttg ccc gat gac tgg 432
Pro \:{gg Gly Leu Pro Asp %n Arg Arg Leu Va Iiig Pro Asp Asp Trp
5

ccg gaa gat atg cat ccg ctg cgc aaa gat gcg atg gat tat cga ctg 480
Pro Glu Asp Met His Pro Leu Arg Lys Asp Ala Met Asp Tyr Arg Leu
145 150 155 160

€gC cct gaa ccg acg act gat tcc gaa acg tat ccg ttt atc aat gag 528
Arg Pro Glu Pro Igg Thr Asp Ser Glu 196 Tyr Pro Phe Ile é§g Glu

g?c aac agc g?t gcg cgg gt? atc cct gtc g?c ccg ctg cat atc acc 576
Gly Asn ser :GLS)(S Ala Arg val Ile ;gts) val Gly Pro Leu l{;(s) Ile Thr

tcc gat gaa ccg g?t cac ttc cgc ttg ttt gtg gat g?c gag caa att 624
Ser Asp %1315: Pro Gly His Phe 958 Leu Phe val Asp (2;0)5, Glu Gln Ile

gtc gat gct gat tac cgt ctg ttt tat gtc cat cgc g?c atg gag aaa 672
val Asp Ala Asp Tyr Arg 12_% Phe Tyr Vval His AE% Gly Met Glu Lys
210 2

ctg gca gaa acg cgg atg g?c tac aac gaa gtg acc ttc tta tcg gac 720
Leu Ala Glu Thr Arg Met Gly Tyr Asn Glu Val Thr Phe Leu Ser Asp
225 230 235 240

€gc gtg tgt ggg att tgc ggt ttt gcc cac agt gtg gcc tat acc aac 768
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Arg

tcg
Ser

att
Ile

aac
Asn

caa
GIn
305

acc
Thr

cgc
Arg

gag
Glu

ccg
Pro

atc
Ile
385

ttt
Phe

att
Ile

gt
va

ttt
Phe

agc
ser
465

&y

cgc
Arg

tac
Tyr

agc
Ser

gt
Va
545

tac
Tyr

val

gt
val

cgc
Arg

ctt
Leu
290

ttt
Phe

G

gat
Asp

atg
Met

aat
Asn
370

gcc
Ala

gcc
Ala

cca
Pro

atg
Met

gct
Ala
450

tat
Tyr

gaa
Glu

tgg
Trp

atg
Met

ctt
Leu
530

cgc
Arg

&ty

WO 2006/087334

Cys Gly Ile
245

gaa
Glu

tcg
Ser
275

&

ttc
Phe

tcg
Ser

att
Ile

cgc
Arg
355

atg
Met

cgt
Arg

cgt
Arg

aaa
Lys

gtc
val
435

ctc
Leu

aaa
Lys

gac
Asp

cgc
Arg

ctg
Leu
515

gat
Asp

aag
Lys

att
Ile

<210> 16

aat
Asn
260

att
Ile

ctc
Leu

cgc
Arg

cgt
Arg

ctc
Leu
340

gcc
Ala

gaa
Glu

gat
Asp

gat
Asp

aca
Thr
420

cot
Arg

gac
Asp

cct
Pro

Val

e
ysS
500

cgc
Arg

ccc
Pro

cgc
Arg

gat
Asp

gca
Ala

ctg
Leu

tecc
Ser

gt
Va

aaa
Lys
325

aaa
Lys

gac
Asp

caa
GIn

tat
Tyr

ttg
Leu
405

ctyg
Leu

gtc
val

aac
Asn

cac
His

cac
His
485

cogt
Arg

&y

tgc
Cys

cag
Gln

cgt
Arg
565

cys

ctg
Leu

ctg
Leu

tgc
cys

€g9

310

acc
Thr

gag
Glu

gt
Va

cge
Arg

agc
ser
390

cgc
Arg

Tttt
Phe

aaa
LysS

atg
Met
gca
470

tog
Trp

gce
Ala

aat
Asn

tac
TYr

tca
Ser
550

aac
Asn

Gly

&

gaa
Glu

cat
His
295
gaa
Glu

tac
Tyr

caa
Gln

tcy
ser

act
375
cct

Pro

ttt
Phe

acc
Thr

gag
Glu

ccg
Pro
455

ttc
Phe

agc
Ser

gcc
Ala

acc
Thr

tce
Ser
535

aaa
Lys

cgt
Arg

phe

art
Ile
gtc
280
Tttt
phe

aag
Lys

&

cgt
Arg
gag
360
cag
Gln

gta
val

gat
Asp

ttc
Phe

acg
Thr
440

gat
Asp

gcg
Ala

atg
Met

acc
Thr
gtt
520
tgt
Cys

acc
Thr

tcg
Ser

Ala

gag
Glu
265

gaa
Glu

gtt
val

tcg
Ser

ctg
Leu

ctg
Leu
345

ctg
Leu

&y
2y

cac
His

acc
Thr
425

ttt
Phe

acc
Thr

ctc
Leu

ctc
Leu

tac
TYyr
505

tct
Ser

acc
Thr

at
va

ccg
Pro

His
250
gt
va

cgag
Arg

&y

atg
Met

aat
Asn
330

caa
Gin

gta
val

att
Ite

ccg
Pro

cce
Pro
410

ety

gat
Asp

cca
Pro

ety

Q?t
450

gce
Ala

gac
Asp

gac
Asp

ccg
Pro

ctg
Leu
570
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Ser val Ala Tyr Thr
5

ccg
Pro

cta
Leu

Tttt
Phe

aca
Thr
315

ctg
Leu

acg
Thr

gaa
Glu

&y

ctg
Leu
395

tac
Tyr

&y

tcg
Ser

ctg
Leu

ttt
Phe
475

gat
Asp

aac
Asn

gca
Ala

cot
Arg

tat
Tyr
555

aag
Lys

caa
GIn

cac
His

gat
ASp
300

atg
Met

att
Ile

ctg
Leu

atg
Met

att
Ile
380

atc
Ile

gcc
Ala

gat
Asp

ctg
Leu

ctg
Leu
460

gtt
val

aac
Asn

tag
Trp

ccg
Pro

gt
va
540

aaa
Lys

taa

cga
Arg

agt
ser
285

acc
Thr

g9cg g

Ala
&y

aaa
Lys

ctg
Leu
365

ctc
Leu

cgc
Arg

gac
Asp

gtt
val

gca
Ala
445

acc
Thr

gaa
Glu

caa
Gln

ccg
Pro

ctg
Leu
525

acg
Thr

gag
Glu

Page

gcg
Ala
270

cat
His

ety

aa
Glu

&

ctg
Leu
350

ctt
Leu

gac
Asp

&y

tac
TYFP

ttc
Phe
430

atg
Met

gaa
Glu

gacg
Ala

aaa
Lys

gt
va
510

att
Ile

ctg
Leu

atc
Ile

255
cat
His

ttg
Leu

ttt
Phe

ttg
Leu

gtt
val
335

gt
va

gcc
Ala

coa
Arg

agt
Ser

ggc
&y
415
tce
Ser

ctg
Leu

&y

cca
Pro

ttg
Leu
495

ttg
Leu

atc
Ile

gtt
val

gaa
Glu

Asn

acc
Thr

ctc
Leu

atg
Met

ctg
Leu
320

cgc
Arg

cgc
Arg

acg
Thr

caa
GIn

Q?t
400

aat
Asn

cge
Arg

gaa
Glu

ttt
Phe

cgc
Arg
480

ttc
Phe

cgt
Arg

&

gat
Asp

cgc
Arg
560

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1716
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<211>
<212>
<213>

<400>
Xa1 Asn Val

Leu
Pro
val
Gly
65

Leu
val
Ala
Pro
Pro
145
Arg
Gly
Ser
val
Leu
225
Arg

Ser

Ile

Asn
Gln
305
Thr
Arg
Glu
Pro
Tle
385

Phe

Ile

Lys
Glu
Gln
50

Asn
Ser
Asp
Ala
val
130
Glu
Pro
Asn
Asp
Asp
210
Ala
val

val

Arg

Leu
290
Phe
Gly
Asp
Met
Asn
370
Ala

Ala

Pro

WO 2006/087334

571
PRT

Escherichia coli

16

Thr
Gln
35

Tyr
Asp
Met
Ala
val
115
Gly
Asp
Glu
Ser
Glu
195
Ala
Glu
Cys

Glu

Ser
275

Gly
Phe
Ser
Ile
Arg
355
Met
Arg

Arg

Lys

Asn
GIn
20

val
Leu
Glu
Glu
Asp
100
Trp
Leu
Met
Pro
Gly
180
Pro
Asp
Thr
Gly
Asn
260
Ile
Leu
Arg
Arg
Leu
340
Ala
Glu
Asp

Asp

Thr
420

ger Ser Ser Asn

Phe pro Gly Ala

Thr
Tyr
Arg
Gly
85

sear
Gly
Pro
His
Thr
165
Ala
Gly
Tyr
Arg
Ile
245

Ala

Leu

ser
val
355
Lys
Asp
Gln
Tyr
Leu

405
Leu

Ile
Tyr
Thr
70

Ala
Arg
Glu
Asp
Pro
150
Thr
Arg
His
Arg
Met
230
Cys

Leu

Leu

Cys
Arg
310
Thr
Glu
val
Arg
Ser
390

Arg

Phe

Thr
GIn
55

Ley
Glu
Glu
Arg
Gln
135
Leu
Asp
val
Phe
Leu
215
Gly
Gly

Gly

Glu

His
295
Glu
TYyr
GIn
Ser
Thr
375
Pro

Phe

Thr

val
40

His
Asn
Lys
Phe
Glu
120
Arg
Arg
Ser
Ile
Ar

20

Phe
Tyr
Phe

Ile

val
280

Phe
Lys
Gly
Arg
Glu
360
Gln
val

Asp

Phe

Arg
val
25

Lys
Asp
Gly
Cys
Pro
105
Ile
Arg
LyS
Glu
Pro
185
Leu
Tyr
Asn
Ala
Glu
265
Gly
val
Ser
Leu
Leu
345
Leu
Gly
Gly
His

Thr
425

Gly
10

Leu
Ile
Gly
His
Trp
90

ser
Arg
Leu
Asp
Thr
170
val
Phe
val
Glu
His
250

val

Arg

Gly
Met
330
Gln
val
Ile
Pro
Pro

410
Gly
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Glu
Asp
Asn
Trp
TYyr
75

Ile
val
Asp
val
Ala
155
Tyr
Gly
val
His
val
235
ser

Pro

Leu

Phe
Thr
315
Leu
Thr
Glu

Gly

Ley
395

Tyr

Gly

Ala
Glu
Leu
Leu
60

Ala
val
Thr
Met
Leu
140
Met
Pro
Pro
Asp
Ar

22

Thr
val

Gin

His

Asp
300
Met
Ile
Leu
Met
Ile
380
Ile

Ala

Asp

Ile
Glu
Leu
45

Pro
val
val
Pro
Tyr
125
Pro
Asp
Phe
Leu
Gly
205
Gly
Phe
Ala

Arg

Ser
285

Thr
Ala
Gly
Lys
Leu
365
Leu
Arg

Asp

val

Leu
Arg
30

Pro
val
Tyr
Lys
Arg
110
Gly
Asp
TYr
ile
His
190
Glu
Met
Leu
Tyr
Ala
270
His
Gly
Glu
Gly
Leu
350
Leu
ASp
Gly

Tyr

phe
430
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Ala
15

Gln
Asp
Leu
Tyr
Ala
95

val
Leuy
Asp
Arg
Asn
175
Ile
Gln
Glu
Ser
Thr
255
His

Leu

Phe
Leu
val
335
val
Ala
Arg
ser
Gly

415

Ser

Ala
Thr
val
Phe
Ala
80

Leu
Pro
Ile
Trp
Leu
160
Glu
Thr
Ile
Lys
Asp
240
Asn

Thr

Leu

Met
Leu
320
Arg
Arg
Thr
GIn
Gly
400

Asn

Arg
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WO 2006/087334

val Met val

435
Phe Ala Leu
450

ser
465

Gly Glu Asp

Tyr Lys

Arg Trp Arg

Tyr Met Leu

515

Leu Asp
530

Arg Lys

Ser

val
545

Tyr Gly Ile

<210> 17

<211> 1710
<212> DNA
<213>

CDS
@..

<400> 17
gaa
Glu

ccg
Pro

act

ctg
Thr

Leu

gtc
val
35

ctc
Leu

tac
Tyr
50

tac
TYyr

gaa
Glu
65

gag
Glu

cgc
Arg

aaa
Lys

&y

ccg
Pro

aag
Lys

aac
Asn

aaa
Lys

&ty

ccg
Pro
130

tat
Tyr

tgg
Trp

gag
115

ttg
Leu

gat
Asp

ctt
Leu
145

ccg
Pro

ccg acc
Pro Thr

acc
Thr

aaa
Lys

aac
Asn

aag
Lys

Arg val Lys

Asp Asn Met

Ala
470

Trp

Pro His

His
485

Arg

val

Cys Ala

500
Arg

Gly Asn

Pro Cys Tyr

Ser
550

Asn

Arg GIn

Asp Arg

565

Escherichia coli

1710

tta
Leu

gaa
Glu

aaa
Lys
ggc
20

acc
Thr

gtc gt
val va

gta

aag
val

Lys
aag 9?9
Lys Gly

cag
GIn

aat
Asn

ctg gqt
Leu Gly
70
act

aal
Thr g

Lys
85

tat
TYr

tgc
cys

cct
Pro

9ag
100

cgt
Arg

gaa

gta
Glu

val

gaa

cot
Glu

Arg

cgt
Arg

aaa
Lys
150

ctg
Leu

cgt
Arg

gaa

gat
Glu

Asp

gct
165

gtc gt
val va

aac
Asn

Glu
Pro
455
Phe
ser
Ala
Thr
Ser
535

Lys

Arg

&

ctg
Leu

gt
va

ggc
&y
55

cat
His

tog
Trp

tce
Ser

cgt
Arg

ctg
Leu
135

gac
Asp

acc
Thr

ccg
Pro

Thr phe
440

Asp Thr

Ala Leu

Met Leu

Thr Tyr

505

val
520

Cys

Ser
Thr

Thr val

ser Pro

caa

cat
Gln

H1s

gac

cac
Asp

His
25

tat
TYr

aac
Asn
40

tgg
Trp

ctg
Leu

tac
Tyr

gcc
Ala

gta

acg
val

Thr

gtg acg
val Thr
105

atg
Met

gat
12¢
gtg ctg
val Leu

agc
Ser

atg
Met

tac
TYyr

ga
&

att 2?5

Ile

Asp
Pro
Gly

Gly
490

Ala
Asp
Asp
Pro

Leu
570

tat
Tyr
10

gcc
Ala

ctg
Leu

tcg
ser

gtt
val

gtt
val
90

ccg
Pro

tac
Tyr

ccg
Pro

gat
Asp

ttc
Phe
170

ccg
Pro

DESUanglais-seql.txt

Ser Leu Ala Met Leu Glu
445

Leu

Phe
475

Asp
Asn
Ala
Arg

TYr
555

Lys

ctc
Leu

tag
Trp

cCcg
Pro

gt
Va

tac
Tyr
75

cgc
Arg

cgc
Arg

ggt
Gly

gat
Asp
tat
TYrF
155
atc
Ile

ctg
Leu

Leu Thr
460

val Glu

Asn Glin

Trp Pro

Pro Leu

525
val Thr
540

Lys Glu

gcc

gcg
Ala

Ala

acc

cag
Thr

GIn

gaa gt
Glu
45

ttt
Phe

ctt
Leu
60

tac
Tyr

gt
va

gtc

gaa
val

Glu

gtt

ccg
val

Pro

att
Ile
125

tag

ttg
Leu
gac
140

cgt
Arg

cag
Glin

aac
Asn

gaa
Glu

cac gtc
His val

Glu Gly Phe

Ala Pro Arg

480

Leu Phe

495

Leu

Lys

val
510

Ile

Arg

ITe Gly

Leu val Asp

Ile Glu Arg

560

aat
Asn
15

ctg
Leu

gag
Glu

aaa
Lys
30

gat
Asp

cag
Gln

Tttt

gag
Phe

gt
val Glu
g?t aac gac
Gly Asn Asp

ctg
Leu

tcg
ser

atg
Met
80

gat gcc
Asp Ala
95

gcg gt
Ala va

gtt
val

gct

110

ccg gtt

ggt
Pro val

Gly

ccg gat
Pro Asp

gaa
Glu

cgt
Arg

ccg gca
Pro Ala
160

ctg
Leu

g?c gac
y As
175 P

tct
Ser

act

gac
Thr

Asp

Page 19

48

96

144

192

240

288

336

384

432

480

528

576
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aa
<g;'lu

gcce
Ala

gaa

225

tgc
Cys

gaa
Glu

gcc
Ala

ety

ttc
Phe
305

gcg
Ala

ctg
Leu

cot
Arg

atg
Met

cgc
Arg
385

cgc
Arg

atg
Met

gt
va

ctg
Leu

att
Ile
465

gat
Asp

cgce
Arg

ctg
Ley

ccg
Pro

gac
sp
210

acc
Thr

&y

aac
Asn

att
Ile

ctc
Leu
290

cgc
Arg

cgt
Arg

ctg
Leu

cgt
Arg
gaa
370

gac
Asp

gat
Asp

gaa
Glu

cgt
Arg

gat
Asp
450

ccg
Pro

atc
Ile

tgc
Cys

cgc
Arg

WO 2006/087334

Q?C
104

tac
Tyr

cgce
Arg

atc
Ile

gcg
Ala

ctg
Leu
275

gce
Ala

gt
va

aaa
Lys

aaa
Lys

gaa
Glu
355

cag
Gin

ttc
Phe

acc
Thr

gtc
val

att
Ile
435

aac
Asn

cac
His

cac
His

cgt
Arg

g C
y
515

180
cac
His

cgc
Arg

atg
Met

tgc
Cys
atg
260
ctg
Leu

tgt
cys

cgt
Arg

acc
Thr

gat
Asp
340

gt
Va

cgc
Arg

agt
ser

cgce
Arg

cac
His
420
aac
Asn

ctg
Leu

cot
Arg

tgg
Trp
gcc
500

aac
Asn

ttc
Phe

ctg
Leu

&

ggt
cty

&y

gag
Glu

cac
His

gaa
Glu

tac
Tyr
325

gac
Asp

cag
GIn

act
Thr

aac
Asn

gcc
405
agc

Ser

gaa
Glu

ccg
Pro

ttt
phe

agc
ser
485

cg
21 a

acc
Thr

cgt
Arg

ttc
Phe

tat
TYr
230
ttt
Phe

att
Ile

gta
val

ttt
Phe
acc
310

&y

atg
Met

gag
Glu

gtc
val
gtc
390
gat
Asp

gag
Glu

gtc
val

ggc
Gly
gcg
470
atg
Met

acc
Thr

gtt
val

ctg
Leu

tat
TYr
215

aac
Asn

gct
Ala

cag
Gln

gaa
Glu

acc
Thr
295
tce
ser

ctg
Leu

atc
Ile

ctg
Leu

ggc
375

ggc
G?y
cac
His

cag
GIn

tat
TYr

&y
455

ctg
Leu

acc
Thr

tac
Tyr

tct
Ser

ttc
Phe
200

gtc
val

gaa
Glu

cac
His

gt
va

cgt
AFg
280

&ty

atg
Met

aac
Asn

cag
Gln

gt
Va
360

att
Ile

ccg
Pro

ccg
Pro

&y

acc
Thr
440

ccg
Pro

ggc
Gly

ggc
Gly

gcg
Ala

?\at
S
528

185

gtc
val

cat
His

gt
va

age
Ser

cca
Pro
265

ctg
Leu

ttt
Phe

aaa
Lys

ctg
Leu

acc
Thr
345

gat
Asp

&y

atg
Met

ttt
Phe

tgc
cys
425

g9¢cg
Ala

ctg
Leu

ttt
Phe

gac
Asp

aac
Asn
505

gcg
Ala

gat
Asp

cgc
Arg

acc
Thr

acc
250
gaa

Glu

cac
His

gac
Asp

atg
Met

atc
Ile
330

cgt
Arg

gt
va

cgt
Arg

gtc
val
gtt
410
gac
Asp

ctg
Leu

atg
Met

gce
Ala

aac
Asn
490

tgg
Trp

ccg
Pro

DESUanglais-seql.txt
190

&ty
&y

ttc
Phe
235

gcc
Ala

cgt
Arg

tcg
ser

tcc
Ser

gca
Ala
315

&y

caa
Gln

ctg
Leu

ctg
Leu

cgt
Arg
395

&

gtt
val

aac
Asn

gt
va

gaa
Glu
475

cag
Gln

ccg
Pro

ctg
Leu

gaa
Glu

atg
Met
220

ctc
Leu

tac
Tyr

g9cg
Ala

cat
His

ggc
ey

gag
Glu

3ty

ctg
Leu

ctg
Leu

gac
AS
380

gcc
Ala

tat
Tyr

att
Ile

atg
Met

gaa
Glu
460

gcg
Ala

aag
Lys

acc
Thr

att
Ile

aac
Asn
205

gaa
Glu

tct
Ser

acc
Thr

cag
Gln

ctg
Leu
285

ttt
Phe

atc
Ile

att
Ile

gcg
Ala

agt
Ser
365

ccg
Pro

agc
Ser

2ty

tcg
Ser

atc
Ile
445

&N

ccg
Pro

ctg
Leu

ctg
Leu

atc
Ile
525

att
Ile

aaa
Lys

gac
Asp

acg
Thr

atg
Met
270

ctc
Leu

atg
Met

ctt
Leu

cgt
Arg

caa
Glin
350

acg
Thr

gaa
Glu

ggt
Gly

ctg
Leu

cgt
Arg
430

gac
Asp

ttt
phe

cgc
Arg

tac
TYr

cgc
Arg
510

&

Page 20

atc
Ile

ctg
Leu

cot
Arg

teg
ser
255

atc
Ile

aac
Asn

cag
Glin

acc
Thr

cac
Arg
335

cag
Gln

ccg
Pro

atc
Ile

cac
His

ctg
Leu
415

ctg
Leu

tac
Tyr

acc
Thr

&y

cgc
Arg
495

tac
TYyr

agt
ser

gac
Asp

ca
;g\'l a

gt
va
240

gt
Va

cgc
Arg

ctc
Leu

ttc
Phe

ggt
oy

gat
Asp

atg
Met

aac
Asn

gct
Ala

gcc
Ala
400

cca
Pro

aaa
Lys

&y

tac
Tyr

gat
Asp
480

tgg
Trp

atg
Met

ctg
Leu

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584
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gac
Asp

aag
Lys
545

att
Ile

cCct
Pro
530

aaa
Lys

ga
SH

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

<400>

Met
1
Ala
Leu
Leu
Glu
65
Glu
Asn
Trp
Leu
Leu
145
Pro
LyS
Glu
Ala
Glu
225
Cys
Glu
Ala
Gly
Phe
305
Ala

Leu

Arg

ser
Phe
Thr
EXF
Arg
Lys
Lys
Gly

Pro
130

Tyr
Thr
Lys
Pro
21
Thr
Gly
Asn
Ile
%
Arg
Arg

Leu

Arg

WO 2006/087334

tgc tac tcc

Cys

aag
Lys

TYyr

Ser

tot
Cys

agc aaa gt

Ser

Lys

cgt aaa aac

Arg

18
569
PRT

Lys

Asn
565

va
550

tcg
ser

Escherichia coli

18
Glu

Pro

val
35

Tyr
Lys
Gly
Pro
Glu
115
Asp
Pro
Thr
Asn
Gly
195
Tyr
Arg
Ile
Ala
Leu
275
Ala
val
Lys

Lys

Gly

Glu gys Leu

Gl

20y
Thr
Lys
Leu
Thr
Glu
100
Arg
Glu
Leu
ASp
Asn
180
His
Arg
Met
cys
Met
260
Leu
cys
Arg
Thr
Asp

340
val

val
val
Gln
Asn
Tyr
Glu
Arg
Arg
Ala
165
val
Phe
Leu
Gly
Gly
Glu
His
Glu
B

Asp

GIn

val
Lys
Gly
Gly
70

Cys
Pro
val
Arg
Lys
150
Glu
val
Arg
Phe
Tyr
230
Phe
Ile
val
Phe
Thr
310
Gly

Met

Glu

acc
Thr
535

gt
Va

ccg
Pro

Gly
Leu
val
Gly
55

His
Trp
ser
Arg
Leu
135
Asp
Thr
Pro
Leu
Tyr
215
Asn
Ala
Gln
Glu
Thr
295
Ser
Leu

Ile

Leu

gac
Asp

ccg
Pro

ctg
Leu

GIn
Asp
Asn
40

Trp
Tyr
val
val
AS

128
val
Ser
Tyr
Ile
Phe
200
val
Glu
His
val
Ar

28

Gly
Met
Asn

Gln

val

cgc
Arg

tac
Tyr

aaa
Lys

His
His
25

Tyr
Leu
Ala
Thr
Thr
105
Met
Leu
Met
Glu
Gly
185
val
His
val
ser
Pro
265
Leu
Phe
Lys
Leu
Thr

345
Asp

atg
Met

aaa
Lys

taa

Tyr
10

Ala
Leu
Ser
val
val
90

Pro
Tyr
Pro
Asp
Phe
170
Pro
Asp
Arg
Thr
Thr
250
Glu
His
Asp
Met
Ile
330

Arg

val

DESUanglais-seql.txt
gtg gtc gat gt
val val Asp va

acc
Thr

gaa
Glu
555

Leu
Trp
Pro
val
TYyr
75

Arg
Arg
Gly
Asp
TYr
155
Ile
Leu
Gly
Gly
Phe
235
Ala
Arg
Ser
Ser
Ala
315
Gly

Gln

Leu

540

cgt
Arg

ctc gag cgt tac agc
Leu Glu Arg Tyr Ser

Ala Ala
Gln Thr

Glu val
45

Leu Phe
60

Tyr val
val Glu
val Pro
Leu Ile

125

Asp Trp
140

Arg Gln
Asn Glu
His val
Glu Asn

205
Met Glu

220

Ley Ser

Tyr Thr

Ala GlIn

His Leu
285

Gly Phe

300
Glu Ile
Gly Ile

Leu Ala

Leu Ser

Leu
Lys
30

val
Gly
Leu
val
Ala
110
Pro
Pro
Arg
Leu
Thr
190
Ile
Lys
Asp
Thr
Met
270
Leu
Met
Leu
Arg
Gln

350
Thr

Page 21

Asn
15

Asp
Glu
Asn
Ser
Asp
95

Ala
val
Asp
Pro
Gl

it
Ser
Ile
Leu
Arg
Ser
255
Ile
Asn
Gln
Thr
Arg
335

Gln

Pro

560

Glu
Gln
Phe
Asp
Met
80

Ala
val
Gly
Glu
Ala
160
Asp
Asp
Asp
Ala
val
240
val
Arg
Leu
Phe
Gly
320
Asp

Met

Asn

1632

1680

1710

PCT/EP2006/050942



WO 2006/087334 PCT/EP2006/050942

DESUanglais-seql.txt
355 360 365

Met Glu GIn Arg Thr val Gly Ile Gly Arg Leu Asp Pro Glu Ile Ala
370 375 380

Arg Asp Phe Ser Asn Val Gly Pro Met val Arg Ala Ser Gly His Ala
385 390 395 400

Arg Asp Thr Arg Ala Asp His Pro Phe val Gly Tyr Gly Leu Leu Pro
405 410 415

Met Glu val His Ser Glu Gla Gly Cys Asp val Ile Ser Arg Leu Lys
420 425 430

val Arg Ile Asn Glu val Tyr Thr Ala Leu Asn Met Ile Asp Tyr Gly
435 440 445

Leu Asp Asn Leu Pro Gly Gly Pro Leu Met val Glu Gly pPhe Thr Tyr
450 455 460

Ile Pro His Arg Phe Ala Leu Gly Phe Ala Glu Ala Pro Arg Gly Asp
465 470 475 480

Asp Ile His Trp Ser Met Thr Gly Asp Asn GIn Lys Leu Tyr Arg Trp
485 490 495

Arg Cys Arg Ala Ala Thr Tyr Ala Asn Trp Pro Thr Leu Arg Tyr Met
500 505 510

Leu Arg Gly Asn Thr val Ser Asp Ala Pro Leu Ile Ile Gly Ser Leu
515 520 525

Asp Pro Cys Tyr Ser Cys Thr Asp Arg Met Thr val val Asp val Arg
530 535 540

Lys Lys Lys Ser Lys val val Pro Tyr Lys Glu Leu Glu Arg Tyr Ser
545 550 555 560

Ile Glu Arg Lys ?E's‘ Ser Pro Leu Lys

<210> 19

<211> 1737

<212> DNA

<213> Erwinia carotovora

<220>

<221> CDs

<222> (1)..(Q737)
<223>

<400> 19
gtg act tac gat aat cac gtc agg gcc att cag agc gac caa aaa ctg 48
\{a Thr Tyr Asp /;sn His val Arg Ala ﬂ)e Gln Ser Asp Gln 5)515 Leu

g?g g?g aac tac ctg gca caa att cgc caa aaa ttc ccg gcg geg gta 96
Gly Gly Asn '%r' Leu Ala Gln Ile /2\;'9 GIn Lys Phe Pro g\;l)a Ala val

Ctc gat gag gag tgg caa act cac gat caa ctg act att acg ata aaa 144
Leu Asp ggu Glu Trp GIn Thr 265 Asp GIn Leu Thr :i'sle Thr Ile Lys

acc gag tcg ctg cca gac gtc gta gag ttt att tat tac ccg tta g?c 192
Thr g;l)u Ser Leu Pro Asp \5/3511 val Glu phe Ile ‘%r Tyr Pro Leu Gly

g?c tgg ctg ccyg gtg ctg ttt ggl;c aac gac gaa cga aca tta aac g?t
gsy Trp Leu Pro Va ;Su Phe Gly Asn Asp %u Arg Thr Leu Asn goy

240

aat tac gcg gtc tat tat gcg ctc tcc atg gaa cag g?c gag aag tgc 288
Asn Tyr Ala val ‘8r)5/r Tyr Ala Leu Ser ggt Glu Gln Gly Glu lé)sls cys

tgg atc gtg gtt aag gcg tat gtg gat ccc ctg acg ctg gaa ttc ccc 336
Trp Ile Va \1{82) Lys Ala Tyr Va /j}s)g Pro Leu Thr Leu (1;18 Phe Pro
1

tce gtc acc ccg cga gtt ccc gcc gce gtc tgg g?g gag cgc gaa att 384
Ser Vval —:[RE Pro Arg val Pro ﬂg Ala val Trp Gly g;g Arg Glu Ile

cga gac atg tac ggc ctg ata ccc gtc ggg cta ccg gat gag €gc cgt 432
Page 22



Arg

ctg
Leu
145
gac
Asp

acc
Thr

gtc
val

ttt
rhe
gte
225
gaa
Glu

cac
His

gt
va

cgc
Arg

gg¢
Gly
305
atg
Met

aat
Asn

aaa
Lys

gtc
val

atc
Ile
385

ccg
Pro

gat
Asp

&ty

gaa
Glu

ccc
Pro

Asp
130

gt
Va

acc
Thr

tat
Tyr

&y

gtt
210
cac
His

gt
va

agc
Ser

cca
Pro

ctg
Leu
290

ttc
Phe

gcg
Ala

ttg
Leu

&Ny

gat
As
378

&ty

atg
Met

tac
Tyr

tgc
cys

tct
ser
450

ctg
Leu

WO 2006/087334

Met

ctg
Leu

atg
Met

cag
Gln

ccg
Pro
195

gac
Asp

cgce
Arg

acc
Thr

gt
Va

ccg
Pro
275

cac
His

gat
Asp

ctg
Leu

atc
TIle

atc
Ile
355

atg
Met

ctg
Leu

att
Ile

gcc
Ala

gat
Asp
435

ttg
Leu

tta
Leu

Tyr

ccg
Pro

gac
Asp

ttt
Phe
180

ctg
Leu

&y

ety

ttc
Phe

gct
260
cgc
Arg

agc
Ser

act
Thr

gcg
Ala

ggc
340

aaa
Lys

ctg
Leu

ctg
Leu

cgc
Arg

ggc
420

gt
va

tcc
Ser

acc
Thr

Gly

gat
Asp

tat
Tyr
165

aaa
Lys

cac
H1s

gaa
Glu

atg
Met

ctg
Leu
245
tat
TYr

gct
Ala

cac
His

999
Gly
gag
325

&y

ctg
Leu

ctc
Leu

gat
Asp

Q?C
Gly
405
tac

Tyr

ttc
Phe

atg
Met

gaa
Glu

Leu

gac
Asp
150

cgg
Arg

aat
Asn

att
Ile

cgt
Arg
gaa
230
tct
ser

acc
Thr

cac
His

ctg
Leu

ttt
Phe
310

ttg
Leu

atc
Ile

gtc
val

aac
Asn

cgt
Ar
39
agt
ser

agc
ser

tcc
Ser

gt
Va

&y

Ile
135

tog
Trp

cta
Leu

gaa
Glu

acc
Thr

att
Ile
215

aaa
Lys

gat
Asp

tce
Ser

gct
Ala

ctc
Leu
295

atg
Met

cta
Leu

cgc
Arg

cag
GIn

aca
Thr
375

aag
Lys

&y

gca
Ala

cgc
Arg

gag
Glu
455

ttt
Phe

Pro

ccc
Pro

cgc
Arg

ey

tca
Ser
200
gtc
val

ctg
Leu

€gg
Arg

tcg
Ser
atc
280
aat
Asn

cag
GIn

act
Thr

cgc
Arg

gaa
360

ccc
Pro

atc
ITe

tit
Phe

ctg
Leu

gta
val
440

ttc
Phe

acc
Thr

val

gac
Asp

cca
Pro

ey
185

gat
Asp

gat
Asp

gcg
Ala

gta
val

gt
va
265

cgc
Arg

atc
Ile

tte
Phe

&y

gac
Asp
345

atg
Met

aat
Asn

gc9
Ala

gcc
Ala

ccg
Pro
425

atg
Met

&

tac
Tyr

Gly

gat
Asp

gag
170

agc
Ser

gaa
Glu

gcg
Ala

gaa
Glu

tot
Cys
250

a
aH

agt
Ser

ety

tte
Phe

g9cg
330

atc
Ile

c€gg
Arg

atg
Met

cgt
Arg

cgc
Arg
410

aaa
Lys

gta
val

ctg
Leu

Cga
Arg

DEsuanglais-seql.txt
Leu Pro Asp Glu Arg Arg

ctc
Leu
155

cca
Pro

gag
Glu

ccg
Pro

gac
Asp

acc
Thr
235

&y

aac
Asn

ata
Tle

ttg
Leu

cga
Arg
315

agg
Arg

cty
Leu

gcc
Ala

gag
Glu

gac
Asp
395

gat
Asp

acg
Thr

cgg
Arg

gat
Asp

ccg
Pro

140
tac
Tyr

acg
Thr

gca
Ala

&y

tac
Tyr
220

cgc
Arg

atc
Ile

gca
Ala

ttg
Leu

tcc
Ser
300
gtc
val

aaa
Lys

aaa
Lys

gaa
Glu
caa
380
tac
Tyr

atg
Met

ctg
Leu

gt
va

cac
His
460

tat
Tyr

ccg
Pro

acc
Thr

€gg
Arg

cac
His
205
cgce
Arg

atg
Met

tgt
Cys

ctg
Leu

ctg
Leu
285
agc
Ser

aga
Arg

acc
Thr

gaa
Glu

gt

365
cgt
Arg

agc
Ser

cgt

Arg

ttc
Phe
caa
445
ctg
Leu

aag
Lys

ctg
Leu

caa
Gln

atc
Ile
190
ttc
Phe

cta
Leu

&ty
&y

Q?C
278

gaa
Glu

cac
His

gag
Glu

tac
Tyr
cag
350

acc
Thr

acc
Thr

ccg
Pro

ttc
phe
aca
430

gag
Glu

ccg
Pro

ttc
Phe
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cgt
Arg

att
Ile
175

gtc
val

cgc
Arg

tte
Phe

tat
Tyr

ttc
Phe
255

atc
Ile

gt
Va

ttt
Phe

aaa
Lys

Q?a
335

cgt
Arg

caa
GIn

cag
Gln

gtt
val

gac
Asp
415

ctg
Leu

acg
Thr

gaa
Glu

gca
Ala

aaa
Lys
160

gaa
Glu

ccc
Pro

ctg
Leu

tat
TYyr

aac
Asn
240

gcg
Ala

tac
Tyr

gag
Glu

att
Ile

tcc
Ser
320
ctc
Leu

cag
Gln

ctg
Leu

2ty

Q?C
a0b

cat
His

gac
Asp

ctg
Leu

&

ctg
Leu

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440
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DESUanglais-seql.txt
465 470 475 480

g?c tat acc gaa gcc ccg cgc g?a gaa gac gtg cac tgg agc atg cta 1488
Gly Tyr Thr Glu %g Pro Arg Gly Glu 238 val His Trp Ser XSE Leu

gg{c gac aac cag aaa ctg ttc cgc tgg cgc tgc cgc gcg gea act tac 1536
Gly Asp Asn %g Lys Leu Phe Arg Egg Arg Cys Arg Ala é}g Thr Tyr

gcc aac tgg ccg gta ctg cgc tat atg ctg cgc g?t aac acc atc tcc 1584
Ala Asn T{p Pro val Leu Arg T)Z/(r)' Met Leu Arg Gly ?grsl Thr Ile Ser
515 5

gat gcg ccg ctt att atc g?t agt ctc gat ccc tgc tat tca tgc acc 1632
Asp AS\;S Pro Leu Ile Ile §3y Ser Leu Asp Pro (S:XS Tyr Ser Cys Thr
5

gac cgc gtt acg ctg gtg gac att aaa aaa cgc aaa tcc act acg gt 1680
Asp Arg Val Thr Leu Val Asp Ile Lys Lys Arg Lys Ser Thr Thr va
545 550 555 560

cct tac aaa gag atc gag cgt tac agc att gag cgt aag aat tcg ccg 1728
Pro Tyr Lys Glu %‘(Isg Glu Arg Tyr Ser E(e) Glu Arg Lys Asn g;g Pro

ctg aaa tga 1737
Leu Lys

<210> 20

<211> 578

<212> PRT

<213> Erwinia carotovora

<400> 20
\{a1 Thr Tyr Asp /;sn His val Arg Ala {;l)e Gln Ser Asp Gln :li)gs Leu

Gly Gly Asn :’%r Leu Ala GIn Ile égg GIn Lys Phe Pro /;;l)a Ala val

Leu Asp ggu Glu Trp Gln Thr 2"65 Asp GIn Leu Thr i-flie Thr Ile Lys

Thr Glu Ser Leu Pro Asp val val Glu Phe Ile Tyr Tyr Pro Leu Gly
50 . 55 60

Gly Trp Leu Pro val Leu Phe Gly Asn Asp Glu Arg Thr Leu Asn Gly
65 70 75 80

Asn Tyr Ala val Tyr Tyr Ala Leu Ser Met Glu Gln Gly Glu Lys Cys
85 90 95

Trp Ile val val Lys Ala Tyr val Asp Pro Leu Thr Leu Glu Phe Pro
100 105 110

ser val Thr Pro Arg val Pro Ala Ala val Trp Gly Glu Arg Glu Ile
115 120 125

Arg Asp Met Tyr Gly Leu Ile Pro Val Gly Leu Pro Asp Glu Arg Arg
130 135 140

Leu Val Leu Pro Asp Asp Trp Pro Asp Asp Leu Tyr Pro Leu Arg Lys
145 150 155 160

Asp Thr Met Asp Tyr Arg Leu Arg Pro Glu Pro Thr Thr Gln Ile Glu
165 170 175

Thr Tyr GIn Phe Lys Asn Glu Gly Gly Ser Glu Ala Arg ile val Pro
180 185 190

val Gly Pro Leu His Ile Thr Ser Asp Glu Pro Gly His Phe Arg Leu
195 200 205

Phe val Asp Gly Glu Arg Ile val Asp Ala Asp Tyr Arg Leu Phe Tyr
210 215 220

val His Arg Gly Met Glu Lys Leu Ala Glu Thr Arg Met Gly Tyr Asn
225 230 235 240

Glu val Thr Phe Leu Ser Asp Arg Val Cys Gly Ile Cys Gly Phe Ala
245 250 255

His ser val Ala Tyr Thr Ser Ser val Glu Asn Ala Leu Gly Ile Tyr
Page 24



val

Arg
Gly
305
Met
Asn
Lys
val
Ile
385
Pro
Asp
Gly
Glu
Pro
465
Gly
Gly
Ala
Asp
Asp
545

Pro

Leu

Pro

Leu
290
Phe
Ala
Leu
Gly
Asp
370
Gly
Met
Tyr
Cys
ser
450
Leu
Tyr
Asp
Asn
Ala
530
Arg

TYr

Lys

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

<220>

<221>
<222>

<223>
<400>

atg
Met
1

gca

Ala

ctg
Ley

ttt
phe

ttt
phe

act
Thr

WO 2006/087334

Pro
275

His
Asp
Leu
Ile
Ile
355
Met
Leu
Ile
Ala
Asp
435
Leu
Leu
Thr
Asn
Trp
515
Pro

val

Lys

21

1710
DNA .
Ssalmonella typhi

21

260
Arg
Ser
Thr
Ala
Gly
340
Lys
Leu
Leu
Arg
Gly
420
val
ser
Thr
Glu
Gln
500
Pro
Leu

Thr

Glu

Ala

His
Gly
Glu
325
Gly
Leu
Leu
Asp
Gly
405
Tyr
Phe
Met
Glu
Ala
485
Lys
val
Ile

Leu

Iile
565

CDs
..1710)

His

Leu
pPhe
310
Leu
Ile
val
Asn
Arg
390
ser
ser
Ser
val
Gly
470
Pro
Leu
Leu
Ile
val

550
Glu

gaa gaa aaa tta
Glu Glu gys Leu

ccg
Pro

&y
20

gtc
val

gt
Va

Ala

Leu
295
Met
Leu
Arg
Gln
Thr
375
Lys
Gly
Ala
Arg
Glu
455
Phe
Arg
Phe
Arg
Gly
535

Asp

Arg

&y

atg
Met

att acg gta aaa gt?
g;e Thr val Lys va

Ile
280

Asn
Gln
Thr
Arg
Glu
360
Pro
Ile
Phe
Leu
val
440
Phe
Thr
Gly
Arg
TYyr
520
Ser

Ile

TYyr

caa
Gln

gac
Asp

aac
Asn
40

265
Arg
Ile
Phe
Gly
Asp
345
Met
Asn
Ala
Ala
Pro
425
Met
Gly
TYr
Glu
Trp
505
Met
Leu

Lys

Ser

caa
Gln

gaa
Glu
25

tat
TYyr

Ser

Gly
Phe
Ala
330
ile
Arg
Met
Arg
Arg
410
Lys
val
Leu
Arg
Asp
490
Arg
Leu
Asp

Lys

Ile
570

tac
Tyr
10

gcc
Ala

ctg
Leu

DESUanglais-seql.txt
270

Ile

Leu
Arg
315
Arg
Leu
Ala
Glu
Asp
395
Asp
Thr
Arg
Asp
Pro
475
val
Cys
Arg
Pro
Arg

555
Glu

ctt
Leu

tgg
Trp

ccg
Pro

Leu

ser
300
val
Lys
Lys
Glu
Gln
380
Tyr
Met
Leu
val
His
460
Tyr
His
Arg
Gly
Cys
540

Lys

Arg

gcg
Ala

cag
Gin

gaa
Glu

Leu Glu val Glu
285

Ser
Arg
Thr
Glu
val
365
Arg
Ser
Arg
Phe
GIn
445
Leu
Lys
Trp
Ala
Asn
525
Tyr

Ser

Lys

gcg
Ala

acc
Thr

gt
va
45

His
Glu
Tyr
Gln
350
Thr
Thr
Pro
phe
Thr
430
Glu
Pro
Phe
ser
Ala
510
Thr
Ser

Thr

Asn

ctg
Leu

aaa
Lys
30

gt
va

Page 25

phe
Lys
S3¥
Arg
Gln
Gln
val
i
Leu
Thr
Glu
Ala
Met
495
Thr
Ile
cys

Thr

ser
575

cac
His
15

gat
Asp

gag

Ile
ser
320
Leu
Gln
Leu
Gly
Gly
400
His
Asp
Leu
Gly
Leu
480
Leu
Tyr
Ser
Thr
val

560
Pro

cag
Gln

cag
Gln

Tttt
Phe

48

96

144
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ctt
Leu

gaa
Glu
65

gag
Glu

aat
Asn

tgg
Trp

ctg
Leu

ctc
Leu
145
ccg
Pro

aag
Lys

gaa
Glu

cc
g‘l a
gaa
225
tgt
Cys

gaa
Glu

gcc
Ala

fy

ttc
Phe
305

gcg
Ala

ctg
Leu

cgt
Arg

atg
Met

WO 2006/087334

tac tac cag cag

Tyr
50

cgc
Arg

cag
Gin

aag
Lys

&

ccg
Pro
130

tat
Tyr

acc
Thr

aaa
Lys

ccg
Pro

gac
Asp
210

acc
Thr

gga
Gly

aac
Asn

att
Ile

ctc
Leu
290

cgc
Arg

cgc
Arg

ctc
Leu

cgt
Arg

gaa
Glu
370

Tyr

cag
Glin

ggc
Gly

ctg
Leu
gag
115
gac
Asp

ccg
Pro

acc
Thr

aat
Asn

ggc
oty

tac
TYFR

cge
Arg

atc
Ile

gcg
Ala

ctg
Lel
275

gce
Ala

gt
Va

aaa
Lys

aaa
Lys
gac
355

cag
Gln

Gln

ttg
Leu

acc
Thr

gaa
100
cgc

Arg

gag
Glu

ctg
Leu

gat
Asp

aac
Asn
180

cac
H1s

cgc
Arg

atg
Met

tgc
cys

atg
Met
260
ctg
Leu

tgc
Cys

cgt
Arg

act
Thr

gag
340

Val

cgt
Arg

Gin

tgc
Cys

aag
Lys
85

ttc
Phe

gaa
Glu

cgc
Arg

cgt
Arg
9cg
165

gt
Va

ttc
Phe

ctg
Leu

&y

QS‘J'C
243

ggce
Gly

gaa
Glu

cac
His

gaa
Glu

tac
TYr
325

gac
Asp

cag
Gln

acc
Thr

&

Q?C
Gly
70

tgc
Cys

cca
Pro

gta
val

cgt
Arg

aaa
Lys
150

gaa
Glu

vl

cgt
Arg

ttc
phe

tat
TYr
230
ttc
phe

att
Ile

gt
Va

ttt
Phe

acc
310

&y

atg
Met

gag
Glu

gt
va

999
Gly
55

cac

His

tag
Trp

tcc
Ser

cgc
Arg

ctg
Leu
135

gac
Asp

acc
Thr

ccg
Pro

ctg
Leu

tac
TYP
215

aac
Asn

gcg
Ala

cag
Gln

gag
Glu
acc
295
tee
ser

ctg
Leu

atc
Ile

ctyg
Leu

&y
375

tgg
Trp

tat
Tyr

att
Ile

gtt
val

gac
sp
120

gt
va

agc
ser

tac
Tyr

att
Ile

ttc
Phe
200

gtc
val

gaa
Glu

cac
His

gt
va

cgt
Arg
280

&y

atg
Met

aac
Asn

cag
Gln

gt
Va
360

atc
Ile

ctg
Leu

gcc
Ala

acc
Thr

acg
Thr
105

atg
Met

ctg
Leu

atg
Met

gag
Glu

2
185

gtc
val

cac
His

gtc
val

agc
ser

ccg
Pro
265

ctg
Leu

ttt
Phe

aag
Lys

ctg
Leu

acc
Thr
345

gac
Asp

&ty

tcg
ser

gtt
val

gtc
val
20

ccg
Pro

tac
TYyr

ccg
Pro

gat
Asp

ttc
Phe
170

ceg
Pro

gat
Asp

cgt
Arg

acc
Thr

act
Thr
250

gag
Glu

cac
His

gac
Asp

atg
Met

atc
Ile
330

cgt
Arg

atg
Met

cgt
Arg

DESUanglais-seql.txt

gt
va

tat
TYFR
75

cgt
Arg

cgc
Arg

&y

gac
Asp

tat
Tyr
155

att
1le

ctg
Leu

&y

&

ttc
Phe
235

gcce
Ala

cot
Arg

tcg
Ser

tcc
Ser

gcg
Ala
315

Ny

caa
Gln

ctg
Leu

ctg
Leu

ctg
Leu
60

tac
Tyr

gtt
val

gt
va

tta
Leu

gac
As|
140

cot
Arg

aac
Asn

cat
His

gaa
Gly

atg
Met
220

ctg
Leu

tac
Tyr

acg
Ala

cac
His

Q?C
300

gaa
Glu

&y

ctg
Ley

ctg
Leu

gac
Asp
380

ttc
Phe

gt
va

gaa
Glu

ccg
Pro

atc
Ile
125

tgg
Trp

cag
Gln

gag
Glu

gtc
val

aac
Asn
205

gaa
Glu

tcg
Ser

acc
Thr

cag
Gln

ctg
Leu
285

ttt
Phe

ata
Ile

att
Ile

g9cg
Ala

agc
Ser
365

ccg
Pro

&y

ctg
Leu

gt
va

gct
Ala
110
ccg
Pro

ccg
Pro

cge
Arg

ctg
Leu

act
Thr
190

att
Ile

aaa
Lys

gat
Asp

act
Thr
atg
270
ctg

Leu

atg
Met

ctg
Leu

cgce
Arg
cag
350
acg
Thr

gaa
Glu

Page 26

aat
Asn

tcg
Ser

gat
Asp
95

gce
Ala

gtc
val

gat
Asp

ccg
Pro

ggt
ety

tcc
Ser

atc
Ile

ctg
Leu

cgc
Arg

tcc
ser
255

atc
Ile

aac
Asn

cag
Gln

acc
Thr

cgc
Arg
335

cag
Gln

ccg
Pro

att
Ile

gac
Asp

atg
Met
80

gce
Ala

Val

&

gaa
Glu

gcg
Ala
160

gac
Asp

gat
Asp

gat
Asp

gcg
Ala

gt
va
240

gt
va

cgc
Arg

cta
Leu

ttc
Phe

2
320

gat
Asp

atg
Met

aat
Asn

gcc
Ala

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152
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DESUanglais-seql.txt
cgc gac ttc agt aat gtc g?c ccg atg gtg cgc gcc agce ggl;t cac gcc 1200
Arg Asp Phe ser Asn val Gly Pro Met Val Arg Ala Ser Gly His Ala
385 390 395 400

€gC gac acc cgc gec gac cac ccg ttt gtc gg.;c tac g?t ctg ctg ccg 1248
Arg Asp Thr Arg Q{T)a Asp His Pro Phe Xi(-l) Gly Tyr Gly Leu !‘:gg Pro
5

atg gaa gta cat agc gag cag g?c tgc gac gtg att tct cgt ctg aaa 1296
Met Glu val H;(s) ser Glu Gln Gly C)2/§ Asp val Ile Ser Agg Leu Lys
4 4 4

gtc cgt atc aac gaa gtc tac acc tcg ctg aat atg atc gat ttc g?t 1344
val Arg ﬂg Asn Glu val Tyr 1‘26 Ser Leu Asn Met H? Asp Phe Gly

ctg gat aat cta ccg gg';c g?c ccg ctg atg gtg gaa ggI;c ttt acc tat 1392
Leu ﬁgg Asn Leu Pro Gly 25}5 Pro Leu Met Va %g Gly phe Thr Tyr

att ccg cac cgt ttt gcg ctc g?c ttc gct gaa gcg ccg cgt g?t gac 1440
Ile Pro His Arg Phe Ala Leu Gly Phe Ala Glu Ala Pro Arg Gly Asp
465 470 475 480

gat atc cac tgg agc atg acc g_?c gac aac cag aag ctt tac cgc tgg 1488
Asp Ile His Trp igg Met Thr Gly Asp 233 GIn Lys Leu Tyr Qgg Trp

Cgc tgc cgt gcg gca acc tac gec aac tgg ccg acc ctg cgt tat atg 1536
Arg Cys Arg A;l)g Ala Thr Tyr Ala Agg Trp Pro Thr Leu g\ig Tyr Met
5 5

ctg cgt ggl;c aac acc gtc tcc gac gcg ccg ctg atc atc g?t agc ctc 1584
Leu Arg gl)sr Asn Thr val Ser égg Ala Pro Leu Ile ﬂ(se Gly ser Leu

gat cct tgc tac tcc tgt acc gac cgg atg acc gtg gtc gat gta cgt 1632
Asp 258 Cys Tyr Ser Cys ‘gl;g Asp Arg Met Thr \5120 val Asp val Arg

aag aag aag agc aaa gtc gtg ccg tac aaa gaa ctt gag cgc tac agc 1680
Lys Lys Lys Ser Lys Val val Pro Tyr Lys Glu Leu Glu Arg Tyr Ser
545 550 555 560

att gag cgt aaa aac tcg ccg ctg aaa taa ) 1710
Ile Glu Arg Lys .ggtsw Ser Pro Leu Lys

<210> 22

<211> 569

<212> PRT

<213> salmonella typhi

<400> 22 .
I\ilet phe Glu Glu ls.ys Leu Gly GIn Gln Igr Leu Ala Ala Leu g'sls Gln

Ala phe Pro Gly val val Met Asp Glu Ala Trp GIn Thr Lys Asp GlIn
20 25 30

Leu Thr I1e Thr val Lys val Asn Tyr Leu Pro Glu val val Glu Phe
35 40 45

Leu Tyr Tyr GIn Gin Gly Gly Trp Leu Ser val Leu Phe Gly Asn Asp
5(>)' Y y 55 60

Glu Arg GIn Leu Cys Gly His Tyr Ala val Tyr Tyr val Leu Ser Met
65 70 75 80

Glu Gln Gly Thr Ié%'s Cys Trp Ile Thr ga'l Arg val Glu val ﬁgxgp Ala

Asn Lys Leu Glu Phe Pro Ser val Thr Pro Arg val Pro Ala Ala val
100 105 110
Trp Gly Glu Arg Glu val Arg Asp Met Tyr Gly Leu Ile Pro val Gly
115 120 125

Leu Pro Asp Glu Arg Arg Leu Val Leu Pro Asp Asp Trp Pro Asp Glu
130 135 140 P P

Leu Tyr Pro Leu Arg Lys Asp Ser Met Asp Tyr Arg GIn Arg Pro Ala
145 Y 150 P 155 9 9 160
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Pro
Lys
Glu
Ala
Glu
225
cys
Glu
Ala
Gly
Phe
305
Ala
Leu
Arg
Met
Arg
385

Arg

Met

val
Leu
Ile
465
Asp
Arg
Leu
Asp
Lys

545
Ile

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

Thr
Lys
Pro
Asp
210
Thr
Gly
Asn
Ile
Ley
290
Arg
Arg
Leu
Arg
Glu
370
Asp

Asp
Glu
Arg
As

450
Pro
Ile
Cys
Arg
Pro
530
Lys

Glu

<220>

WO 2006/087334

Thr
Asn
Gly
195
Tyr
Arg
Ile
Ala
Leu
275
Ala
val
Lys
Lys
Asp
355
Gln
Phe

Thr

val

Ile
435
Asn
His
His
Arg
Gly
515
Cys

Lys

Arg

23

1710
DNA
Salmonella typhimurium

Asp
Asn
180
His
Arg
Met
Ccys
Met
260
Leu
Cys
Arg
Thr
Glu
340
val
Arg
Ser

Arg

His
420

Asn
Leu
Arg
Trp
Ala
500
Asn
Tyr
ser

Lys

Ala
165
val
Phe
Leu
Gly
Gly
245
Gly
Glu
His
Glu
TYyr
325
ASp
Gln
Thr
Asn
Ala
405
Ser
Glu
Pro
Phe
ser
485
Ala
Thr
ser

Lys

Asn
565

Glu
val
Arg
Phe
Tyr
230
Phe
Ile
val
Phe
Thr
310
Gly
Met
Glu
val
val
390

Asp

Glu

val
Gly
Ala
470
Met
Thr
val
cys
val

550

Ser

Thr
Pro
Leu
Tyr
215
Asn
Ala
Gln
Glu
Thr
295
Ser
Leu
Ile
Leu
Gly
375
Gly
His

Gln

TYyr
Gly
455
Leu
Thr
Tyr
ser
Thr
535

val

Pro

Tyr
Ile
Phe
200
val
Glu
His
val
Arg
280
Gly
Met
Asn
Gln
val
360
Ile
Pro

Pro

Gly

Thr
440
Pro
Gly
Gly
Ala
As

528
Asp

Pro

Leu

Glu
Gly
185
val
His
val
ser
Pro
265
Leu
Phe
LYyS
Leu
Thr
345
Asp
Gly
Met

Phe

Cys

Ser
Leu
Phe
ASp
Asn
505
Ala
Arg

TYyr

Lys

Phe
170
Pro
Asp
Arg
Thr
Thr
250
Glu
His
Asp
Met
Ile
330
Arg
Met
Arg
val
val
410
Asp
Leu
Met
Ala
Asn
490
Trp
Pro

Met

Lys

DESUanglais-~seql.txt
Ile Asn Glu Ley g;g Asp

Leu His val

Gly
Gly
Phe
235
Ala
Arg
Ser
Ser
Ala
315
Gly
Gln
Leu
Leu
Arg

395
Gly

Va1.

Asn
val
Glu
475
Gln
Pro

Leu

Thr

Glu
Met
220
Leuy
Tyr
Ala
His
Gly
300
Glu
Gly
Leu
Leu
Asp
380
Ala
Tyr

Ile

Met
Glu
460
Ala
Lys
Thr
Ile
val

540
Leu

Asn
205
Glu
Ser
Thr
Gln
Leu
285
Phe
Ile
Ile
Ala
Ser
365
Pro
Ser

Gly

Ser

Ile
445
Gly
Pro
Leu
Leu
Ile
525

val

Glu

Thr
190
Ile
Lys
Asp
Thr
Met
270
Leu
Met
Leu
Arg
Gin
350
Thr
Glu
Gly

Leu

Ar
43

Asp
Phe
Arg
Tyr
510
Gly

Asp

Arg

Page 28

ser
Ile
Leu
Arg
ser
255
Ile
Asn
GlIn
Thr
Arg
335
GIn
Pro
Ile
His
Leu
415
Leu
Phe
Thr
Gly
Arg
495
Tyr
Ser

val

Tyr

ASp
Asp
Ala
val
240
val
Arg
Leu
Phe
Gly
320
Asp
Met
Asn
Ala
Ala
400

Pro

Lys

Gly
Tyr
i
Trp
Met
Leu

Arg

Ser
560
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<221>
<222>
<223>

<400>

atg
Met
1

acg
Ala

ctg
Leu

ctt
Leu

gaa
Glu
65

aat
Asn

tag
Trp

ctg
Leu

ctc
Leu
145
ccg
Pro

aag
Lys

gcc
Ala
gaa
225
tgt
Cys

gaa
Glu

gcc
Ala

&y

ttc
Phe
305

tct
Ser

ttt
Phe

act
Thr

tac
Tyr
50

cge
Arg

cag
Gcin

aag
Lys

&y

ccg
Pro
130
tat
TYr

acc
Thr

aaa
Lys

ccg
Pro
gac
210

acc
Thr

&

aac
Asn

att
Ile

ctc
Leu
290

cgc
Arg

WO 2006/087334

CDS
..

23
gaa
Glu

ccg
Prro

att
Ile
35

tac
TYr

cag
Gln

ggc
Gly

ctg
Leu

gag
Glu
115

gac
Asp

ccg
Pro

acc
Thr

aat
Asn

Q?C
Gly
195
tac

TYr

cge
Arg

atc
Ile

gcg
Ala

ctg
Leu
275

gcc
Ala

Val

(1710)

gaa
Glu

QSIJC
20"

acg
Thr

cag
Gln

ttg
Leu

acg
Thr

gaa
Glu
100

cgc
Arg

gag
Glu

ctg
Leu

gat
Asp

aac
Asn
180

cac
H1s

cgc
Arg

atg
Met

tgc
Cys

atg
Met
260

ctg
Leu

tgc
Cys

cgt
Arg

aaa
Lys
5

gtc
val

Val

cag
Gln

tgc
Cys

aag
LyS
85

ttc
Phe

gaa
Glu

cgc
Arg

cgt
Arg

gcg
165

gt
va

ttc
Phe

ctg
Leu

&y
ety
245
&

gaa
Glu

cac
His

gaa
Glu

tta
Leu

gt
Va

aaa
Lys

&

ggc
70

tgc
Cys

cca
Pro

gta
val

cgt
Arg

aaa
Lys
130

gaa
Glu
gt
Va

cgt
Arg

ttc
Phe

_1I:_at
250

Ttc
Phe

att
Ile

gt
Va

ttt
Phe

acc
Thr
310

&y

ctg
Leu

gta
val

&
55

cac
His

tgg
Trp

tcc
Ser

cgc
Arg

ctg
Leu
135

gac
Asp

acc
Thr

ccg
Pro

ctg
Leu

tac
Tyr
215

aac
Asn

gcg
Ala

cag
GlIn

gag

acc
Thr
295

tce
ser

caa
Gln

gac
ASp

aac
Asn
40

tgg
Trp

tat
TYr

att
Ile

gtt
val

gac
sp
120

gt
va

agt
ser

tac
TYyr

att
Ile

ttc
phe
200

gtc
val

gaa
Glu

cac
His

gt
Va

cgt
Arg
280

gt

atg
Met

caa
Gln

gaa
Glu
25

tat
Tyr

ctg
Leu

gcc
Ala

acc
Thr

acg
105
atg
Met

ctg
Leu

atg
Met

gag
Glu

&y
185

gtc
val

cac
His

gtc
val

agc
ser

ccg
Pro
265

ctg
Leu

ttt
Phe

aaa
Lys

tac

Tyr
10

gce
Ala

ctg
Leu

tca
Ser

gtt
val

gtt
val
90

ccg
Pro

tac
Tyr

ccg
Pro

gat
Asp

ttc
Phe
170

ccg
Pro

gat
Asp

cgt
Arg

acc
Thr

act
Thr
250

gag
Glu

cac
His

gac
Asp

atg
Met

DESUanglais-seql.txt

crt
Leu

tag
Trp

ccg
Pro

gt
va
tat
75

cgc
Arg

cgc
Arg

&

gac
Asp

tat
Tyr
1)5/5

att
Ile

ctg
Leu

&y

ggt
Gly

ttc
Phe
235

gcc
Ala

cgt
Arg

tcg
ser

tcc
Ser

gca
Ala
315

9cg
Ala

cag
GIn

gaa
Glu

ctg
Leu
60

tac
Tyr

gtt
val

gt
va

tta
Leu
gac
140
cgt
Arg

aac
Asn

cat
His

gaa
Glu
atg
220
ctg
Leu

tac
Tyr

9cg
Ala

cac
His

Q?C
300

gag
Glu

gacg
Ala

acc
Thr

vas
45

ttc
Phe

gt
Va

gaa
Glu

ccg
Pro

atc
Ile
125

tag
Trp

cag
Gin

gag
Glu

gtc
val

aac
Asn
205

gaa
Glu

tcg
Ser

acc
Thr

cag
Gln

ctg
Leu
285

ttt
phe

atc
Ile

ctg
Leu

aaa
Lys
30

gt
va

&

ctg
Leu

gt
Va
act
110
ccg
Pro

ccg
Pro

cgc
Arg

ctg
Leu

acc
Thr
190
att
Ile

aaa
Lys

gat
Asp

act
Thr
atg
270
ctg
Leu

atg
Met

ctt
Leu

page 29

cac
His
15

gat
Asp

gag
Glu

aat
Asn

tcg
Ser

gat
Asp
95

gcc
Ala

gte
val

gat
Asp

ccy
Pro

&y
175

tce
ser

atc
Ile

ctg
Leu

cgc
Arg

tcc
ser
255

atc
Ile

aac
Asn

cag
Gln

acc
Thr

cag
Gin

cag
Gln

Tttt
Phe

gac
Asp

atg
Met
80

gcc
Ala

gt
Va

&

gaa
Glu
gcg
160
gac
Asp

gat
Asp

gac
Asp

gcg
Ala

gt
Va
240
gt
Va

cgc
Arg

cta
Leu

ttc
Phe

gac
320

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960
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gcg
Ala

ctg
Leu

cgt
Arg

atg
Met

cgt
Arg
385

cgc
Arg

atg
Met

gtc
val

ctg
Leu

att
Ile
465

gat
Asp

cgc
Arg

ctg
Leu

gac
Asp

aag
Lys
545

att
Ile

cgc
Arg

ctc
Leu

cgt
Arg
gaa
370
gac
Asp

gac
Asp

gaa
Glu

cgt
Arg

gat
Asp
450

ccg
Pro

atc
Ile

tgc
Cys

cgc
Arg

ccg
Pro
530

aag
Lys

gag
Glu

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

<400> 24
get ser Glu Glu Eys Leu Gly GIn

WO 2006/087334

aaa
Lys

aaa
Lys

gac
Asp
355

cag
Gln

ttc
Phe

acc
Thr

gt
Va

atc
Ile
435

aat
Asn

cac
His

cac
H1s

cgt
Arg

ggc
515
tgc
Cys

aag
Lys

cgt
Arg

24
569
PRT

act
Thr

gag
340

gt
va

cgt
Arg

agt
Ser

cgc
Arg

cac
His
420

aac
Asn

ctg
Leu

cgt
Arg

tag
Trp
gacg
500

aac
Asn

tac
Tyr

age
Ser

aaa
Lys

tac
Tyr
325

gac
Asp

cag
GIn

acc
Thr

aat
Asn

gce
Ala
405

agc
ser

gaa
Glu

ccg
Pro

Tttt
Phe

agc
ser
485

g9cg
Ala

acc
Thr

tcc
ser

aaa
Lys

aac
Asn
565

&ty

atg
Met

gag
Glu

gt
va

gtc
val
390
gac
Asp

gag
Glu

gtt
val

&ty

9cg
470
atg
Met

acc
Thr

gtc
val

tgt
Cys

gtc
550

tcg
Ser

ctg
Leu

atc
Ile

ctg
Leu

Q?t
378

&y

cac
H1s

cag
Gin

tac
Tyr

agc
24

ctc
Leu

acc
Thr

tac
Tyr

tcc
ser

acc
Thr
535

gt
va

ccg
Pro

aac
Asn

cag
Gln

gt
va
360

atc
Ile

ccg
Pro

ccg
Pro

&y

acc
Thr
440

ccg
Pro

&y
oty

gcc
Ala

gac
Asp
520

gac
Asp

ccg
Pro

ctg
Leu

salmonella typhimurium

Ala Phe Pro ggy val val Leu Asp

Leu Thr Ile Thr val Lys val Asn
35 40

Leu Tyr Tyr GIn GIn Gly Gly Trp
50 55

ctg
Leu

acc
Thr
345

gac
Asp

ely

atg
Met

ttt
Phe

tgc
Cys
425
tcg
ser

ctg
Leu

ttc
Phe

gac
Asp

aac
Asn
505

gcg
Ala

cgg
Arg

tac
Tyr

aaa
Lys

Gln
Glu
25

Tyr

Leu

atc
Ile
330
cgt
Arg

atg
Met

cgt
Arg

gt
va

gt
va
410

gat
Asp

ctg
Leu

atg
Met

gct
Ala

aac
Asn
490

tag
Trp

ccg
Pro

atg
Met

aaa
Lys

taa

Tyr
10

Ala
Leu

ser

DESUanglais-seql.txt

&y

caa
Gln

ctg
Leu

ctg
Leu

cgc
Arg
395

2y

gt
va

aat
Asn

gt
va

gaa
Glu
475

cag
Gin

ccg
Pro

ctg
Leu

acc

Thr v

gaa
Glu
555

Leu

Trp

Pro

val

ggg att
G?y Ile

ctg gcg
Leu Ala

ctg agc
Leu Ser
365

gac ccg
Asp Pro
380

gcc agc
Ala ser

tat g?c
TYyr Gly

att tct
Ile ser

atg atc
Met Ile
445

gaa ggc
Glu G?y
460

g9cg ccg
Ala Pro

aag ctg
Lys Leu

acg ctg
Thr Leu

att atc
ITe Ile
525
gtg gtc
a? val
540

ctt gag
Leu Glu

Ala Ala

Gln Thr

Glu val
45

Leu Phe
60

cgc cgc gat

Arg

cag
Gln
350

acg
Thr

gaa
Glu

&y

ctg
Leu

cgt
Arg
430

gat
Asp

ttt
Phe

cgt
Arg

tac
13'4

cgc
Arg
510

&y

gat
Asp

cgc
Arg

Leu
Lys
30

val

Gly

Page 30

Arg
335

cag
Gln

ccg
Pro

att
Ile

cac
His

ctg
Leu
415
ctg
Leu

ttc
Phe

acc
Thr

&y

cgc
Arg
495
tat
TYyr

agc
ser

gt
va

tac
TYyr

His
15

Asp
Glu

Asn

Asp

atg
Met

aat
Asn

gcc
Ala

gcc
Ala
400

ccg
Pro

aaa
Lys

&y

tat
Tyr

gac
Asp
480

tgg
Trp

atg
Met

ctc
Leu

cgt
Arg

agc
Ser
560

GIn
Gln
Phe

Asp

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1710
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DESUanglais-seql.txt
Glu Arg GIn Leu Cys Gly His Tyr Ala val Tyr Tyr Val Leu Ser Met
65 70 75 80

Glu GIn Gly Thr léys Cys Trp Ile Thr \g/g‘l Arg val Glu val Sgp Ala
5

Asn Lys Leu Glu Phe pro Ser val Thr Pro Arg Val Pro Ala Ala val
100 105 110

Trp Gly Glu Arg Glu val Arg Asp Met Tyr Gly Leu Ile Pro val Gl
Y 115 9 9 128 Y 125 y

Leu Pro Asp Glu Arg Arg Leu val Leu Pro Asp Asp Trp Pro Asp Glu
130 135 140

Let Tyr Pro Leu Arg Lys Asp Ser Met Asp Tyr Arg Gln Arg Pro Ala
145 9 150 1%5 160

Pro Thr Thr Asp Ala Glu Thr Tyr Glu Phe Ile Asn Glu Leu Gly Asp
165 170 175

Lys Lys Asn Asn val val Pro ITe Gly Pro Leu His val Thr Ser Asp
180 185 190

Glu Pro Gly His Phe Arg Leu Phe val Asp Gly Glu Asn Ile Ile Asp
195 200 205

Ala Asp Tyr Arg Leu Phe Tyr val His Arg Gly Met Glu Lys Leu Ala
218 215 220

Glu Thr Arg Met Gly Tyr Asn Glu val Thr Phe Leu Ser Asp Arg val
225 230 235 240

Cys Gly Ile Cys Gly phe Ala His Ser Thr Ala Tyr Thr Thr Ser val
Y y 4 2435/ 250 Y 255

Glu Asn Ala Met Gly Ile Gln val Pro Glu Arg Ala GIn Met Ile Arg
260 265 270

Ala Ile Leu Leu Glu val Glu Arg Leu H'ié Ser His Leu Leu Asn Leu
275 280 285

Gly Leu Ala Cys His Phe Thr Gly Phe Asp Ser Gly Phe Met Gln Phe
290 295 300

Phe Arg val Arg Glu Thr Ser Met Lys Met Ala Glu Ile Leu Thr Gly
305 310 315 320

Ala Arg Lys Thr Tyr Gly Leu Asn Leu Ile Gly Gly Ile Arg Arg
325 330 335

Leu Leu Lys Glu Asp Met Ile Gln Thr Arg GIn Leu Ala GIn Gln Met
340 © 345 350

Asp

Arg Arg Asp val Gln Glu Leu val Asp Met Leu Leu Ser Thr Pro Asn
355 360 365

Met Glu GIn Arg Thr val Gly Ile Gly Arg Leu Asp Pro Glu Ile Ala
370 375 380

Arg Asp Phe Ser Asn Val Gly Pro Met val Arg Ala Ser Gly His Ala
385 390 395 400

Arg Asp Thr Arg Ala Asp His Pro Phe val Gly Tyr Gly Leu Leu Pro
405 P 410 Y 415

Met Glu val His Ser Glu Gln Gly Cys Asp val Ile Ser Arg Leu Lys
420 425 430

val Arg Ile Asn Glu val Tyr Thr Ser Leu Asn Met Ile Asp Phe Gly
435 440 445

Leu Asp Asn Leu Pro Gly Gly Pro Leu Met val Glu Gly phe Thr Tyr
450 455 460

Ile Pro His Arg phe Ala Leu Gly Phe Ala Glu Ala Pro Arg Gly Asp
465 470 475 480

Asp Ile His Trp Ser Met Thr Gly Asp Asn Gin Lys Leu Tyr Arg Trp
P 485 490 y 495

Arg Cys Arg Ala Ala Thr Tyr Ala Asn Trp Pro Thr Leu Arg Tyr Met
500 505 510

Leu Arg Gly Asn Thr Val Ser Asp Ala Pro Leu ITe Ile Gly Ser Leu
515 520 525
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Asp Pro Cys Tyr Ser Cys Thr Asp Arg Met Thr val val Asp val Arg
530 535 540

Lys Lys Lys Ser Lys val val Pro Tyr Lys Glu Leu Glu Arg Tyr Ser
545 550 555 560

Ile Glu Arg Lys /S\gg Sser Pro Leu Lys

<210> 25

<211> 1710

<212> DNA

<213> shigelia flexneri

<220>

<221> CDs

<222> (1)..(1710)
<223>

<400> 25
atg tct gaa gaa aaa tta g?t caa cat tat ctc gcc gcg ctg aat gag 48
%et ser Glu Glu Is_ys Leu Gly GIn His ‘{%r Leu Ala Ala Leu ﬁn Glu

gca ttt cta g?c gtc gtg ctg gac cac gec tgg cag acc aaa gat cag 926
Ala pPhe Leu goy val val Leu Asp g‘sls Ala Trp Gln Thr |§%)/s Asp GIn

ctg act gtc acc gta aag gtg aac tat ctg ccg gaa gtg gtg gag ttt 144
Leu Thr \3Ia1 Thr val Lys va A(s)n Tyr Leu Pro Glu val val Glu pPhe
5 4 45

ctc tac tac aag cag g?t g?c tgg ctg tcg gtg ctg ttt g?t aac gac 192
Leu %r Tyr Lys GIn Gly gsy Trp Leu Ser va légu Phe Gly Asn Asp

gaa cgc aaa ctg aat g?t cat tac gcc gtt tat tac gtg ctg tcg atg 240
g}u Arg Lys Leu Asn goy His Tyr Ala val ;)S/r Tyr Val Leu Ser I\él(e)t

gag aag g%c acc aag tgt tgg gta acg gtt cgc gtc gaa gtt gac gcc 288
Glu Lys Gly Thr lé%ls Cys Trp val Thr gg.] Arg val Glu val ggp Ala

aac aaa ccg gag tat c¢cg tcc gtg acg ccg €gc gtt ccg gcg geg gt 336
Asn Lys Pro %g Tyr Pro Ser va ']l-'(l‘)lg Pro Arg val Pro ﬂg Ala va

tgg g?c gag cgc gaa gtg cgc gat atg tac ggt ttg att ccg gtt g?t 384
Trp Gly ﬂg Arg Glu val Arg /1\38 Met Tyr Gly Leu i'zlg pro val Gly

ctg ccyg gat gaa cgt cgt ctg gtg ctg ccg gat gac tgg ccg gat gaa 432
Leu 258 Asp Glu Arg Arg Iigzlsx val Leu Pro Asp 3«28 Trp Pro Asp Glu

ctt tat ccg ctg cgt aaa gac agc atg gat tat cgt cag cgt ccg gca 480
Leu Tyr Pro Leu Arg Lys Asp Ser Met Asp Tyr Arg Gln Arg Pro Ala
145 150 155 160

ccg act acc gat gCt gaa acc tac gag ttc atc aac gaa ctg g?c gac 528
Pro Thr Thr Asp ng Glu Thr Tyr Glu 5'7]8 Ile Asn Glu Leu %y Asp
5

aag aaa aac aac gtc gtg ccg att ggt ccg ctg cac gtc act tct gac 576
Lys Lys Asn /igg val val Pro Ile gsg Pro Leu His val Thr Ser Asp
190

gaa ccg g?t cac ttc cgt ctg ttc gtc gat ggc gaa aac att atc gac 624
Glu Pro ggg His Phe Arg Leu 588 val Asp Gly Glu é\(s)rsm Ile Ile Asp

gce gac ‘tac cgt ctg ttc tac gitc cat cgc g?t atg gaa aaa ctg gcg 672
Ala /2\38 Tyr Arg Leu Phe ‘{{E val His Arg Gly nél% Glu Lys Leu Ala

gaa acc cgc atg ggt tat aac gaa gtg acc ttc ctc tct gac cgt gt 720
Glu Thr Arg Met Gly Tyr Asn Glu val Thr Phe Leu Ser Asp Arg Va
225 230 235 240

tgc gg,;g atc tgc ggc ttt gcc cac agc acc gec tac acc acg tcg gt 768
Gly

Cys Ile Cys Gly Phe Ala His ser Thr Ala Tyr Thr Thr Ser va
245 250 255
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gaa
Gly

gcc
Ala

&y

ttc
Phe
305

gcg
Ala

ctg
Leu

cgt
Arg

atg
Met

cgc
Arg
385

cgc
Arg

atg
Met

gt
va

ctg
Leu

att
Ile
465
gat
Asp

cgc
Arg

ctg
Leu

gac
Asp
aag
Lys
545

att
Ile

aac
Asn

att
Ile

ctc
Ley
290

cgc
Arg

cgt
Arg

ctg
L.eu

cgt
Arg

gaa
370
gat
Asp

gat
Asp

gaa
Glu

cga
Arg

gat
Asp
450

ccg
Pro

atc
Ile

tgc
Cys

cgt
Arg

cct
Pro
530

aag
Lys

gag
Glu

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

WO 2006/087334

gcg
Ala

ctg
Leu
275

gcc
Ala

gt
Va

aaa
Lys

aaa
Lys

gaa
Glu
355

caa
GIn

ttc
Phe

act
Thr

gtc
val

atc
Ile
435

aac
Asn

cac
His

cac
His

cgt
Arg

ggc
Gly
515

tgc
Cys

aag
Lys

cgt
Arg

26
569
PRT

atg

ggt

att

Met Gly Ile

260

ctg
Leu

tgt
Ccys

cot
Arg

acc
Thr

gat
Asp
340

gt
va

cge
Arg

agt
Ser

cgc
Arg

cac
His
420

aac
Asn

ctg
Leu

cgt
Arg

tgg
Trp

gce
Ala
500

aat
AsSn

tac
Tyr

agc
Ser

aaa
Lys

shigella

gag
Glu

cac
H1s

gaa
Glu

tac
Tyr
325

gac
Asp

cag
Gin

acc
Thr

aac
Asn

gec
405

agc
ser

gag
Glu

ccg
Pro

ttc
Phe

agce
ser
485

gcg
Ala

acc
Thr

tce
Ser

aaa
Lys

aac
Asn
565

flexneri

gt
Va

ttt
Phe

acc
Thr
310

&y

atg
Met

gag
Glu

gtc
val

gtt
val
390

gat
Asp

gag
Glu

gtc
val

&y

gcg
Ala
470

atg
Met

acc
Thr

gtt
val

tgt
Cys

gt
va
550

tcg
Ser

ca
Gin

gaa
Glu

acc
Thr
295

tcc
Ser

ctyg
Leu

atc
Ile

ctg
Leu

ggc
Gly
375

ggc
&ty
cac
His

cag
Gln

tat
Tyr

&
455

ctg
Leu

acc
Thr

tac
Tyr

tce
Ser

acc
Thr
535

gt
va

ccg
Pro

g gt

va

cgc
Arg
280

&y

atg
Met

aac
Asn

cag
Gin
gt
va

360
att
Ile

ccg
Pro

ccg
Pro

&y

acc
Thr
440

ccg
Pro

&y
2y

gcg
Ala

tat
TYyr
520

gac
Asp

ccg
Pro

ctg
Leu

cca
Pro
265

ctg
Leu

tte
Phe

aaa
Lys

ctg
Leu

acc
Thr
345

gat
Asp

&y

atg
Met

ttt
Phe

tge
Cys
425

acg
Ala

ctg
Leu

ttt
Phe

gac
Asp

aac
Asn
505

gt
va

cgc
Arg

tac
Tyr

aaa
Lys

gaa
Glu

cac
His

gac
Asp

atg
Met
atc
330

cgc
Arg

Val

cot
Arg

gtt
val
gtc
410
gac
Asp

ctg
Leu

atg
Met

gcc
Ala

aac
Asn
490

tgg
Trp

ccg
Pro

atg
Met

aaa
Lys

taa

DESUanglais-seql.txt
gcg cag atg atc cgc
Ala Gln Met Ile Arg

cge
Arg

ccg
Pro

tcc
Ser

gca
Ala
315

3ty

cag
GIn

ctg
Leu

ctg
Leu

cgc
Arg
395

&y

gtt
val

aat
Asn

Val

gaa
Glu
475

cag
Gin

ccg
Pro

ctg
Leu

acc
Thr

gaa
Glu
555

cat
His

Q?C
300

gag
Glu

41

ctg
Leu

ctg
Leu

gac
Asp
380
gcc
Ala

tat
Tyr

att
Ile

atg
Met

gaa
460
gcg
Ala

aag
Lys

acc
Thr

att
Ile
gta
540

ctc
Leu

ctg
Leu
285

ttt
Phe

atc
Ile

att
Ile

gcg
Ala

agt
ser
365

ccg
Pro

agc
Ser

2ty

tcc
Ser

atc
Ile
445

&y

ccg
Pro

ctg
Leu

ctg
Leu

atc
Ile
525

gtc
val

gag
Glu

270

ctc
Leu

atg
Met

ctt
Leu

cgt
Arg

caa
Gln
350

acg
Thr

gaa
Glu

&y

ctg
Leu

cgt
Ar
43

gac
Asp

ttt
phe

cgc
Arg

tac
Tyr

cgc
Arg
510

&y

gat
Asp

cgt
Arg
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aac
Asn

cag
GIn

acc
Thr

cgc
Arg
335

caa
Gln

ccg
Pro

atc
Ile

ctc
Leu

ctg
Leu
415

cty
Leu

tac
Tyr

acc
Thr

&y

cgcC
Arg
495

tac
Tyr

agc
ser

gt
va

tac
Tyr

ctc
Ley

ttc
Phe

&y
320

gat
Asp

atg
Met

aac
Asn

gce
Ala

gce
Ala
400

cca
Pro

aaa
Lys

&y

tac
Tyr

gac
Asp
480

tgg
Trp

atg
Met

ctg
Leu

cgt
Arg

agc
ser
560

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1710
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DESUanglais-seql.txt

<400> 26
nldet Ser Glu Glu Igys Leu Gly GIn His I)ér Leu Ala Ala Leu égn Glu

Ala pPhe Leu Gly val val Leu Asp His Ala Trp GIn Thr Lys Asp Gln
20 25 30

Leu Thr val Thr val Lys val Asn Tyr Leu Pro Glu val val Glu Phe
35 40 45

Leu 'S[gr Tyr Lys Gln Gly g;y Trp Leu Ser val ggu Phe Gly Asn Asp

Glu Arg Lys Leu Asn Gly His Tyr Ala val Tyr Tyr Val Leu Ser Met
65 70 75 80

Glu Lys Gly Thr ié)sls Cys Trp val Thr \9/(3).] Arg val Glu val Sgp Ala

Asn Lys Pro Glu Tyr Pro Ser val Thr Pro Arg val Pro Ala Ala val
100 105 110
Trp Gly Glu Arg Glu val Arg Asp Met Tyr Gly Leu Ile Pro val Gl
pely 115 g 128 Y 125 y

Leu Pro Asp Glu Arg Arg Leu val Leu Pro Asp Asp Trp Pro Asp Glu
130 135 140

Leu Tyr Pro Leu Arg Lys Asp Ser Met Asp Tyr Arg Gin Arg Pro Ala
145 150 155 160

Pro Thr Thr Asp Ala Glu Thr Tyr Glu Phe Ile Asn Glu Leu Gly Asp
165 170 175

Lys Lys Asn Asn val val Pro Ile Gly Pro Leu His val Thr Ser Asp
180 185 190

Glu Pro Gly His Phe Arg Leu Phe val Asp Gly Glu Asn Ile ITe Asp
195 200 205

Ala As r Arg Leu Phe Tyr val His Arg Gly Met Glu Lys Leu Ala
218 R4 9 ' 2{5 s 220

Glu Thr Arg Met Gly Tyr Asn Glu val Thr Phe Leu Ser Asp Arg val
225 230 235 240

Cys Gly Ile Cys Gly Phe Ala His Ser Thr Ala Tyr Thr Thr Ser val
245 250 255

Glu Asn Ala Met Gly Ile GIn val Pro Glu Arg Ala GIn Met Ile Arg
260 265 270

Ala TIle Leu Leu Glu val Glu Arg Leu His Pro His Leu Leu Asn Leu
275 280 285

Gly Leu Ala Cys His Phe Thr Gly Phe Asp Ser Gly Phe Met GIn Phe
290 295 300

phe Arg val Arg Glu Thr Ser Met Lys Met Ala Glu Ile Leu Thr Gly
305 310 315 320

Ala Arg Lys Thr Tyr Gly Leu Asn Leu Ile Gly Gly Ile Arg Arg
hind 325 330 335

Leu Leu Lys Asp Asp Met Ile Gln Thr Arg GIn Leu Ala Gln GIn Met
340 345 350

Arg Arg Glu val Gin Glu Leu val Asp val Leu Leu Ser Thr Pro Asn
355 360 365

Met Glu GIn Arg Thr val Gly Ile Gly Arg Leu Asp Pro Glu Ile Ala
370 375 380

Arg Asp Phe Ser Asn val Gly Pro Met val Arg Ala Ser Gly Leu Ala
385 390 395 400

Arg Asp Thr Arg Ala Asp His Pro Phe val Gly Tyr Gly Leu Leu Pro
9 P 9 405 410 y y 415

Asp

Met Glu val His Ser Glu Gln Gly Cys Asp val Ile Ser Arg Leu Lys
420 425 430

val Arg Ile Asn Glu val Tyr Thr Ala Leu Asn Met Ile Asp Tyr Gly
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435 440 445

Leu Asp Asn Leu Pro Gly Gly Pro Leu Met val Glu Gly phe Thr Tyr
450 455 460

Ile Pro His Arg Phe Ala Leu Gly Phe Ala Glu Ala Pro Arg Gly Asp
465 470 475 480

Asp Tle His Trp Ser Met Thr Gly Asp Asn GIn Lys Leu Tyr Arg Trp
. 485 490 435

Arg Cys Arg Ala Ala Thr Tyr Ala Asn Trp Pro Thr Leu Arg Tyr Met
500 505 510

Leu Arg Gly Asn Thr val Ser Tyr val Pro Leu ITe Ile Gly Ser Leu
515 520 525

Asp Pro Cys Tyr Ser Cys Thr Asp Arg Met Thr val val Asp val Arg
P 530 535 p A9 540 P

Lys Lys Lys Ser Lys val val Pro Tyr Lys Glu Leu Glu Arg Tyr Ser
545 550 555 560

I1le Glu Arg Lys an Ser Pro Leu Lys
5

<210> 27

<211> 1740

<212> DNA

<213> wolinella succinogenes

<220>

<221> CDS

<222> (1)..(1740)
<223>

<400> 27
atg aaa tgt gat agc ttg att gag gcg cta agc caa agg gtg aaa gtc 48
get Lys Cys Asp §er Leu Ile Glu Ala igu Ser GIn Arg va igs val

tta gag gtc acc cga caa tac gaa gac caa gtg aca gcg ctc gtg gag 96
Leu Glu val 1216r Arg GIn Tyr Glu ggp GIn val Thr Ala |§8u val Glu

ctc aat gat ctc cct gag gca gtc tcc ttt tta tac tat gga aaa ggfc 144
Leu Asn ésp Leu Pro Glu Ala Xg] Ser Phe Leu Tyr Igr Gly Lys Gly
5

g?a tac ctc tcc acg atg gtg gcc aat gat gag €gc gag atc aat aaa 192
Gly T%)'r' Leu Ser Thr Met \Slg Ala Asn Asp Glu égg Glu Ile Asn Lys
5

cac tac gcc ctc tac tac geg ctc tcc atg gag g?g g?t aag atg ttt 240
ggs Tyr Ala Leu Tyr ‘%r Ala Leu Ser Met %u Gly Gly Lys met gge

gad g?g gat gag ctt gcc caa gag gag aag tgc ttc atc acg att aaa 288
Glu Gly Asp Glu bgu Ala GIn Glu Glu 555 Cys Phe Ile Thr g;e Lys

gca ctc att cct gcc gat aat ccg acc tac ccc tct gtc acc cct ttg 336
Ala Leu Tle ;58 Ala Asp Asn Pro '{gg Tyr Pro Ser Vval ‘{25 Pro Leu

gta cca gcg tgt gtc tgg tat gag aga gag gcg tat gat atg ttt gga 384
val Pro /ﬂ? Cys val Trp Tyr ‘1;;8 Arg Glu Ala Tyr ﬁgp Met Phe Gly
5

ttg gtg gcg gag g?a ttg cct gat aag cgg cgt cta gcc ctc agt gat 432
Leu \]{go Ala Glu Gly Leu igg AsSp LyS Arg Arg &23 Ala Leu Ser Asp

gat tgg cct aat gat ctt ttc ccg ctt cgc aaa gat gcg atg gat tac 480
Asp Trp Pro Asn Asp Leu Phe Pro Leu Arg Lys Asp Ala Met Asp Tyr
145 150 155 160

cgc tat cgt cct gat atg aga gag cac tat atg gag cca gag ttt gaa 528
Arg Tyr Arg Pro /]3:(552 Met Arg Glu His I% Met Glu Pro Glu ;;lg Glu

ttc ttg cgc cct gag g?c tcg gga atc atc gat gtc ccc ttg g?g cct 576
phe Leu Arg Pro Glu Gly Ser Gly Ile Ile Asp Val Pro Leu Gly Pro

Page 35



ctc
Leu

&y

&y
225

tat
TYr

gcc
Ala

cgg
Arg

agc
Ser

aac
Asn
305

gcc
Ala

&y

aaa
Lys

gt
Va

ttg
Leu
385

cgc
Arg

ttt
Phe

gtc
val

tct
ser

atc
Ile
465

gtt
val

gcc
Ala

tgg
Trp

cat
His

gat
Sp
210

atg
Met

cta
Leu

tgc
Cys

gct
Ala

cac
His
290

gcc
Ala

gag
Glu

ety

att
Iile

atg
Met
370

gat
Asp

4t

ttt
Phe

ttt
Phe

atc
Ile
450

gac
Asp

gaa
Glu

caa
Gln

cca
Pro

WO 2006/087334

atc
Ile
195

acg
Thr

gag
Glu

gca
Ala

atc
Ile

cag
275
ctc

Leu

ttc
Phe

ctg
Leu

ctc
Leu

ctt
Leu
355

gac
Asp

aag
Lys

tgc
Cys

aat
Asn

gct
435
att
Ile

ccc
Pro

gcg
Ala

aag
Lys

agc
Ser
515

180
act
Thr

atc
Ile

aag
Lys

gag
Glu
gaa
260
gc

A1Egl

ctc
Leu

atg
Met

tc
33]

aga
Arg
340
cag
Gln

gat
Asp

cag
Gln

2y

cag
420
cgc
Arg

cgc
Arg

acc
Thr

cca
Pro
gte
500

ttg
Leu

gca
Ala

att
Ile

ctc
Leu

Arg
245

gcg
Ala

att
Ile

aat
Asn

cat
His

acg
325
cgc
Arg

atc
Ile

aag
Lys

gt
Va

atc
Ile
405

att
Ile

gag

cag
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ttc
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485
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gat
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gat
Asp
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230
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gcg
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cge
Arg
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gac
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atc
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gcg
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atg
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tgt
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cat
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ttc
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gaa
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gag
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gaa
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atc
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Q?C
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ttc
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gga
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atg
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gag
Glu
cag
375
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cga
Arg

ttt
Phe

gt
va

Tttt
Phe
455

gtt
val

gat
Asp

tgg
Trp

cag
Gln

ccg
Pro
200

gat
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aat
Asn

gga
Gly

aag
Lys
gtc
280

Cta
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cga
Arg

cga
Arg

acg
Thr

acc
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att
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gac
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gac
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gag
Glu
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A4

gag
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cag
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Arg

ttc
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&

tat
TYr
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ile

9¢cg
265

tgt
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gcg
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atc
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aag
LyS
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caa
Gln

age
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ttc
Phe

act
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gt
va
425

tat
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ctg
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cct
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gtc
val

tot
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His

cga
Arg

atg
Met
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ctg
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cgt
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acc
Thr
330
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atg
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cat
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490

cga
Arg
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ttc
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ctc
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aac
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235
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aat
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gag
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gag
Glu
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315
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gag
Glu

gaa
Glu

tog
Trp

cct
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395

tat
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acc
Thr

gag
Glu

cct
Pro

aat
Asn
475

tag
Trp

gcc
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aac
Asn

agg
Arg

ttt
Phe
220

tac
Tyr

tac
TYF

ctc
Leu

att
Ile

gt
va
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tac
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&y

atc
Ile

gag
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aaa
LyS
380

gt
va

gac
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gcc
Ala

ctt
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cag
Gln
460

ttt
Phe

atc
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gcc
Ala

aca
Thr

ctc
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205

tac
Tyr

gat
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gcg
Ala

cag
Gln

gag
Glu
285

acg
Thr

tcc
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aat
Asn

aaa
Lys

gt
Va
365

&ty
ety

cac
His

cag
Gln

daa
Lys
445

act
Thr

gct
Ala

atg
Met
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Thr

att
Ife
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ttt
Phe

cag
Gln

cag
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cac
His

att
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agg
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&ty
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gtc
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gag
Glu
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cccC
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ccc
Pro

Qflla
a3

agc
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ccg
Pro

ttg
Leu

caa
Gln

tat
TYyr
510

gcc
Ala
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aac
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672
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1296
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gt
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ttg
Leu

gat
Asp
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ctt atc
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530

acg
Thr

gat

Ile

gt
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ttg
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Cta
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<211>
<212>
<213>

<400>

Met
1
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Gly
His
65
Glu
Ala
val
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Asp
145
Arg
phe
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Gly

Gly
225

Tyr
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Arg
ser
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Leu
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130
Trp
Tyr
Leu
His
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35
Met
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His
290
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aaa
Lys

28
579
PRT

gtc tgc agt ctt gat
val Cys Ser Leu
535

gtg gat gt
val Asp va

550

aga
Arg

gaa gat ttc tcc
Glu Asp Phe Ser
565

tga

Asp

agt
Ser

aaa
Lys

wolinella succinogenes

28

Cys Asp ger Leu

val
Asp
35

Leu
Ala
Asp
Ile
Ala
115
Ala
Pro
Arg
Arg
Ile
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Thr

Glu

Ala
Ile
Gln
275

Leu

Phe

Thr
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Pro
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Asn
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230
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Arg
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Ala
Asp
25

Ser
Asn
Ser
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Thr
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Arg
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His
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185
Gly
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265
Cys
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ctc
Leu
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10

Gln
Phe
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TYr
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Arg
Arg
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Ile
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Cys
250
Ile
Leu

Cys

Arg
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TYyr

age
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Lys
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Leu
Glu
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75

Cys
Pro
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Arg
Lys
155
Met
Asp
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315
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Ala Glu

WO 2006/087334

Leu val Thr Gly Gly Arg
325

Gly Gly Leu Arg Arg Asp Met Thr

340

Lys Ile Leu Gin Ile Ile Glu Thr

val Met

355 360
Asp Asp Lys Arg Gln Ile

370 375

Leu Asp
385

Lys Gin val Ala Arg Asp
390

Arg Gly Cys Gly Ile Lys Arg Asp

405

Phe Phe Asn Gln Ile Glu Phe Glu

val phe

Ser Ile
450

Ile As
465 P

val Glu
Ala Gln
Trp Pro

Ala Leu
530

val Thr
545

Leu Asp

Asp Leu

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

<220>
<221>
<222>
<223>

<400>
atg aca
get Thr

ccg gta
Pro val

ctt cct
Leu Pro

aca aag
Thr Lys
50

ata tgc
Ile Cys
65

tta ttc
Leu phe

420

Ala Arg Glu Met val Ar
435 44

Ile Arg Gln Cys Phe Glu
455

Pro Thr Phe His val GlIn
470

Ala Pro Arg Gly Asp Asn
485

Lys val Tyr Arg Trp Arg
500

Ser Leu Arg Phe GIn Phe
515 520

Ile val Cys Ser Leu Asp
535

val val Asp val Arg Ser
550

Leu Glu Asp Phe Ser Lys
565

Lys

29

1077

DNA - . .
Methanosarcina mazeii

cDs
(1)..077)

29
act gta ata cct ttt g?t
Thr val g]e pPro Phe Gly

gcg ttg aaa ctt gag ctt
Ala Egu Lys Leu Glu Leu

tca ata g?c tat gtg cac
Ser Ile Gly Tyr val His
35 40

gac tat gtt caa aca aca
Asp Tyr val GIn ;gr Thr

agt gcc ctc cat g?t ata

Ser Ala Leu His Gly Ile
70

gat tta gaa ccc CCt gaa

Asp Leu Gly Pro Pro Glu

Lys
Gly
345
GIn
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Thr
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425
TYyr
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Pro
val
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505
Arg

Pro

Lys

Thr

cct
Pro

gac
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25
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cag
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gct
Ala
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DESUanglais-seql.txt
Thr Ig%)ls Asp Tyr val Gln 'gl;r Thr Tyr Ile Cys ggu Arg Ile Cys Gly

Ile Cys Ser Ala Leu His Gly Ile Thr Tyr Thr Arg Ala val Glu Lys
65 70 75 80

Leu Phe Asp Leu g}u Pro Pro Glu Arg S;I)a Gln Tyr Ile Arg \glgﬂ Ile

val Gly Glu Leu Asn Arg Leu His Ser His Leu Leu Trp Leu Gly Leu
100 105 110

Phe Ala Asp Gly Phe Gly Phe Glu Ser Leu Phe Tyr Glu Cys Trp Lys
11‘; y 120 125 Py

Tyr Arg Glu Gly val GIn Asp Ala Ala Glu Arg Ile Cys Gly Asn Arg
130 135 140

val Ile His Ser Ile Ser Lys val Gly Gly val Thr Arg Asp Leu Thr
145 150 155 160

Lys Glu His Thr Asp Met Leu Leu Lys Leu Cys Asp Thr Leu Glu Asp
165 170 175

Gin val Lys Asn Ile Glu Lys val Phe val Asn Asn Tyr Thr val Lys
180 185 190

Lys Arg Thr Lys Gly Leu Gly val Met Ser Lys Gln Val Ala Tyr Glu
Y g 195 Y y y 200 y 205 y

Leu Gly Thr Ala Gly Pro Thr Leu Arg Gly Ser Asp Asn Ala Ile Asp
210 215 220

val Arg Asp Ile Asp Asp Trp Ala Ile Tyr Lys Asp Leu Gly Phe Lys
225 s P 230 2%5 2%0

Thr Ala val Glu Lys Asp Gly Asp Cys Tyr Ser Arg Thr Lys val Arg
245 250 255

Ile Asn Glu val Leu Asn Ser Ile Glu Ile Ile Arg Asn Ala Ile Ser
260 265 270

Arg Leu Pro Asn Gly Asp Ile Ser val Pro val Lys Gly phe Pro Thr
275 280 285

Gly Glu Ala Ile Met Arg Thr Glu Gla Pro Arg Gly Glu val val Tyr
290 295 300

Tyr val Lys Gly Asn Gly Thr Lys Asn Leu Glu Arg Leu Lys Ile Arg
305 310 315 320

Thr Pro Thr Phe Ala Asn Ile Pro Ser Leu Leu val Met Leu Pro Gly
325 330 335

val Lys Leu Ala Asp val Pro Ile Ile val Leu Thr Ile Asp Pro Cys
340 345 350

Ile Ser Cys Thr Glu Arg
355

<210> 31

<211> 1077

<212> DNA

<213> Methanosarcina barkeri

<220>

<221> CDS

<222> ()..077
<223>

<400> 31
atg aca act gta ata cct ttt g?t cct caa cac ccc gtt tta ccc gaa 48
l\{et Thr Thr val Pe Pro pPhe Gly Pro %n His Pro val Leu zgo Glu

cca gta tcg tta aaa ctt gaa att gac gac aat gtt gtt gtt g?a gta 96
Pro val Ser lz_gu Lys Leu Glu Ile ggp Asp Asn val val \éa'l Gly val
0

ctt ccc tca ttg g?c tat gtt cac aga g?g ctt gag aca ttt ata aac 144
Leu Pro ggr Leu Gly Tyr Val 265 Arg Gly Leu Glu Ilgr phe Ile Asn

aca aag gac ttt aat caa aca act tat gtt tgt gag aga ata tgc g?a 192
Thr Lys Asp Phe Asn GIn Thr Thr Tyr val Cys Glu Arg Ile Cys Gly
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ata
Ile
65

ttg
Leu

gtt
val

ttt
Phe

tac
TYyr

gtc
val
145

aag
LyS

gaa
Glu

caa
Gln

gtt
val

gt

225
acg
Thr

att
Ile

aag
Lys

&y

$ac
yr
305

acg
Thr

gtc
val

gtt
val

50

WO 2006/087334

tgc agc gct

Cys

ttt
Phe

&

gcc
Ala
aga
Ar

13

ata
Ile

gaa
Glu

att
Ile

aga
Arg

9?3
218

cgg
Arg

gct
Ala

act
Thr

atg
Met

gaa
290

Val

cct
Pro

aaa
Lys

agc
ser

<210>
<211>
<212>

<213>

ser

gac
Asp

gaa
Glu

gat
115

gaa
Glu

cat
His

cat
His

aaa
Lys

ctt
Leu
195

acc
Thr

gaa
Glu

gtt
val

gag
Glu

cct
Pro
275

gca
Ala

aaa
Lys

acc
Thr

Ctc
Leu

tgc
Cys
355

32
358
PRT

Ala

act
Thr

ctt
Ley
100

ggt
Gly

gaa
Glu

tca
ser

att
Ile

aat
Asn
180

gt
va

gct
Ala

aca
Thr

gaa
Glu

cta
Leu
260

gag
Glu

att
Ile

&y

ttt
Phe

gct
Ala
340

ctc
Leu

gaa
Glu
85

aat
Asn

ttt
Phe

gta
val

ata
Ile

gat
sp
165

att
Ile

aty

&y

cca
Pro

aag
Lys
245

tta
Leu

&y

atg
Met

aat
Asn

gca
Ala
325

gac
Asp

cat
His
70

atc
Ile

aga
Arg

ety

ctg
Leu

tce
ser
150

atg
Met

gaa
Glu

tta
Leu

cct
Pro

gat
Asp
230

gat
Asp

aat
Asn

gag
Glu

aga
Arg

Q?C
518

aac
Asn

gta
val

55
&

cct
Pro

ctt
Leu

ttt
Phe

gat
Asp
135

aaa
Lys

ctt
Leu

aaa
Lys

gct
Ala

aca
Thr
215

tag
Trp

gga
Gly

tct
Ser

att
Ile

aca
Thr
295

acc
Thr

ata
Ile

cct
Pro

act gaa aga taa

Thr

Glu

Arg

ata
Ile

Glu

cac
His

gaa
120
gta
val

gtt
val

ttg
Leu

gtt
val

aca
Thr
200

ctt
Leu

gat
Asp

gat
Asp

ctt
Leu

gaa
Glu
280

9ag
Glu

aaa
Lys

cct
Pro

ata
Ile

Methanosarcina barkeri

act
Thr

aga
Arg

agt
ser
105

agc
Ser

gcg
Ala

4t

aaa
Lys

ttc
Phe
185

ttg
Leu

aga
Arg

atc
Tle

tat
Cys

act
Thr
265
gta
val

cag
Gln

aaa
Lys

tca
Ser

gtt
345

tat
Tyr

gca
Ala
90

cac
His

ctt
Leu

gaa
Glu

&y

atg
Met
170

gta
val

tca
Ser

it

tat
Tyr

tac
Tyr
250

att
Ile

cgt
Arg

CcCcC
Pro

ctg
Leu

ctg
Leu
330

gta
val

DESUggg1ais-seq1.txt

aca
Thr
75

caa
Gln

ctc
Leu

ttt
Phe

aga
Arg

gtt
val
155

tgt
Cys

aac
Asn

aag
Lys

agt
ser

aag
Lys
235
gcc
Ala

ata
Ile

gta
val

aga
Arg
gaa
315
tta
Leu

ctt
Leu

€gg
Arg

tat
Tyr

ctc
Leu

tac
TYr

att
Ile
140

act
Thr

gat
Asp

aat
Asn

caa
Gin

Q?Q
Gly
220
gat
Asp

aga
Arg

aga
Arg

aag
Lys

Q?t
Gly
300
aga
Arg

ctt
Leu

act
Thr

aca gta gaa aaa
Thr val Glu

ata
Ile

tgg
Trp

gaa
Glu
125
tgc
Cys

aga
Arg

tca
Ser

tac
Tyr
gtt
205
aac
Asn

ctc
Leu

act
Thr

aat
Asn

Q?C
285

gaa
Glu

ctt
Leu

atg
Met

ata
Ile

aga
Arg

ctt
Leu
110

tgc
Cys

&

gat
Asp

cty
Leuy

acg
190
gca
Ala

gct
Ala

&y

aaa
Lys
gca
270
ttc
phe

gtc
val

aaa
Lys

tta
Leu

gat
350
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gta
val
95

ety

tgg
Trp

aac
Asn

ctg
Leu

gaa
Glu
175

gtt
val

tac
Tyr

att
Ile

ttt
Phe

gta
val
255

atc
Ile

cct
Pro

ata
TIle

gta
val

ccg
Pro
335

cCcC
Pro

Lys
80

ata
Ile

ctg
Leu

aag
Lys

aga
Arg

act
Thr
160

act
Thr

aag
Lys

gaa
Glu

gac
Asp

aag
Lys
240
aga
Arg

tcce
Ser

acg
Thr

tac
Tyr

agg
320

2ty

tgc
Cys

240

288

336
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480

528
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624

672

720

768
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1008

1056
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<400> 32
I\ilet Thr Thr val

Pro val ser Leu

Leu
Thr
Ile
65

Leu
val
pPhe
Tyr
val
145
Lys
Glu
Gln
val
val
225
Thr
Ile
Lys
Gly
Tyr
305

Thr

val

val

Pro
Lys
50

Cys
Phe
Gly
Ala
Arg
130
Ile
Glu
Ile
Arg
Gly
210
Arg
Ala
Thr
Met
Glu
290
val

Pro

Lys

ser

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

<220>
<221>
<222>
<223>

<400>

atg agc aag gtt gag tat tgg gtt aaa gtt cct ttt

%et ser Lys val Glu Tyr Trp Vval Lys ¥31 Pro phe
5

Ser
35

Asp
Ser
Asp
Glu
AsSp
115
Glu
His
His
Lys
Leu
195
Thr
Glu
val
Glu
Pro
275
Ala
Lys

Thr

Leu

Cys
355

33
1281
DNA

Pyrococcus abyssi

20

Leu
Phe
Ala
Thr
Leu
100
Gly
Glu
Ser
Ile
ASn
180
val
Ala
Thr
Glu
Leu
260
Glu
Ile
Gly

Phe

Ala
340

Thr

Ile
5
Lys
Gly
Asn
Leu
Glu
85
Asn
Phe
val
Ile
Asp
165
Ile
Gly
Gly
Pro
Lys
245
Leu
Gly
Met
Asn
Ala

325
AsSp

Glu

CDS
L..@a281)

33

Pro
Leu
TYF
Glin
His
70

Ile
Arg
Gly
Leu
Ser
150
Met
Glu
Leu
Pro
236
Asp
Asn
Glu
Arg
sl

Asn

val

Arg

Phe
Glu
val
Thr
55

Gly
Pro
Leu
Phe
Asp
135
Lys
Leu
Lys
Ala
Thr
215
Trp
Gly
ser
Ile
Thr
295
Thr

Ile

Pro

Gly
Ile
His
40

Thr
Ile
Glu
His
Glu
120
val
val
Leu
val
Thr
200
Leu
Asp
Asp
Leu
Glu
280
Glu
Lys

Pro

Ile

Pro
Asp
25

Arg
Tyr
Thr
Arg
Ser
105
Ser
Ala
Gly
Lys
Phe
185
Leu
Arg
Ile
Ccys
Thr
265
val
GIn
Lys

Ser

val
345

Gln
10

Asp
Gly
val
Tyr
Ala
90

His
Leu
Glu
Gly
Met
170
val
Ser
Gly
TYyr
TYr
250
Ile
Arg
Pro
Leu
Leu

330
val

DESUanglais-seql.txt

His Pro val Leu Pro Glu
15

Asn val
Leu Glu

Cys Glu
60

Thr Arg
75

cin Tyr
Leu Leu
Phe Tyr

Arg Ile
140

val Thr
155

Cys Asp
Asn Asn
Lys GlIn

ser Gly
220

Lys As
235 P

Ala Arg
Ite Arg
val Lys
Arg Gly

300

Glu Ar
315 9

Leu Leu

Leu Thr

val
Thr
45

Arg
Thr
Ile
Trp
Glu
125
Cys
Arg
Ser
Tyr
val
205
Asn
Leu
Thr
Asn
Gly
285
Glu
Leu

Met

Ile

val
30

phe
Ile
val
Arg
Leu
110
cys
Gly
Asp
Leu
Thr
190
Ala
Ala
Gly
Lys
Ala
270
Phe
val
Lys

Leu

Asp
350

Gly
Ile
Cys
Glu
val
95

Gly
Trp
Asn
Leu
Glu
175
val
Tyr
Ile
Phe
val
255
Ile
Pro
Ile
val
Pro

335

Pro

val
Asn
Gly
s
Ile
Leu
Lys
Arg
Thr
160
Thr
Lys
Glu
Asp
740
Arg
Ser
Thr
Tyr
359

Gly

Cys

g?a cca att cat
Gly pro I'Ie His
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cca
Pro

agg
Arg

cag
Gin

gag
Glu
65

agg
Arg

tac
TYyr

ctg
Leu

cac
H1s

ata
Ile
145

agg
Arg

aag
Lys

gac
Asp

aaa
Lys
ggt
225

gac
Asp

gct
Ala

tgg
Trp

&

aaa
Lys
305
gga
Gly

gtt
val

2y

ata
Ile

tag
50

agg
Arg

gce
Ala

att
Ile

aac
Asn

cta
Leu
130

acc
Thr

agg
Arg

tac
TYr

tcg
ser

cta
Leu
210

gtc
val

ctc
Leu

aga
Arg

cag
Gin

aag
Lys
290

ctg
Leu

gag

agg
Arg

WO 2006/087334

ttg
Leu

gtt
val
35

ata
Ile

att
Ile

gtt
val

agg
Arg

ctt
Leu
115

acg
Thr

&y

gac
Asp

tac
Tyr

acg
Thr
195

gcc
Ala

agg
Arg

&y

ggc
Gly

agt
ser
275

ata
Ile

tta
Leu

ctg
Leu

tgg
Trp

gag
Glu
20

aac
Asn

agcqg
Ala

tot
cys

gag
Glu
gt

100

Ay

tgg
Trp

aac
Asn

ata
Ile

ago
18

att
Ile

ata
Ile

gat
Asp

att
Ile

gat
Asp
260

ctc
Leu

aag
Lys

&N

gtt
val

aag
Lys
340

gaa
Glu

gtt
val

ttc
Phe

4

gag
Glu
85

ata
Ile

gtt
val

ttg
Leu

agg
Arg

gag
Glu
165

gag
Gly

gag
Glu

gag
Glu

gat
Asp

aaa
Lys
245

gtc
val

gag
Glu

aca
Thr

gat
Asp

cac
His
325

atg
Met

cct
Pro

gat
Asp

agg
Arg
atc
70

atg
Met

ata
Ile

cta
Leu

gce
Ala
gta
150

gaa
Glu

ata
Ile

gct
Ala

atg
Met
gca
230
cca
Pro

tac
TYIN

tta
Leu

ttc
Phe
ggt
310
tac
TYr

agg

gag
Glu

gtt
val

Ato
55

tgt
Cys

gca
Ala

&
i

ATg
135

aac
Asn

aaa
Lys

atg
Met

aga
Arg

ey
215

agy
Arg

atc
Ile

gat
Asp

ata
Ile

ccc
Pro
295

gaa
Glu

gt
va

gaa
Glu

aag
Lys

aag
Lys
40

aac
Asn

tcc
Ser

&

gaa
Glu

cat
His
120
gag
Glu

tac
TYr

cac
His

cccC
Pro

ctt
Leu
200

gca
Ala

tgg
Trp

atg
Met

agg
Arg

g9ag
280

aag
Lys

&y

aag
Lys

cca
Pro

ttc
Phe
25

ctg
Leu

tac
TYyr

ttt
Phe

ata
Ile

ctc
Leu
105
gac
Asp

aag
Lys

agc
Ser

aga
Arg

caa
Gln
185
agg
Arg

gtt
val

agt
ser

cca
Pro
gcc
265
cat
H1s

gat
Asp

ata
Ile

4

acg
345

att
Ile

&y

gtt
val

tect
Ser

gag
Glu
90

gag
Glu

att
Ile

gtt
val

atg
Met

agg
Ar
17

ata
Ile

aac
Asn

&ty

gag
Glu
gaa
250
gcc
Ala

gct
Ala

aac
Asn

&y
bys
330

ttt
Phe

DESUanglais-seql.txt

cta
Leu

tac
Tyr

cag
Gln

cat
His
75

gtt
val

agg
Arg

&y

atg
Met

atg
Met
155

tta
Leu

gag
Glu

tgc
Cys

ccg
Pro

Lys
ys
235

gac
Asp

gtt
val

cta
Leu

gtt
val

aga
Arg
315

aaa
Lys

ccg
Pro

aca
Thr

aac
Asn

tta
Leu
60

aac
Asn

cCct
Pro

att
Ile

tac
TYyr

g'ac
Asp
140

acg
Thr

ctg
Leu

gat
Asp

gcg
Ala

ac
Thr
220

cta
Leu

gtc
val

agg
Arg

gat
Asp

cta
Leu
300

tac
Tyr

ey

aac
Asn

ctg
Ley

ctc
Leu
45

atg
Met

cat
His

gag
Glu

cac
His

gat
Asp
125
gtc
val

atc
Ile

ctc
Leu

gta
val

ata
Ile
205

2ty

gga
Gly

aca
Thr

ata
Ile
cag
285
gtc
val

gag
Glu

agg
Arg

ctc
Leu

gat
Asp
30

agg
Arg

tac
TYF

acg
Thr

aga
Arg

tce
Ser
110

act
Thr

ctc
Leu

&y

gat
Asp

ttc
phe
190

art
Ile

agg
Arg

gtt
val

&ty

i
270

ata
Ile

gca
Ala

gct
Ala

gat
Asp

ttc
phe
350
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&y
&y

gtt
val

tac
TYr

gcc
Ala
95

cac
His

gtt
val

gag
Glu

ety

atg
Met
175

cta
Leu

CCC
Pro

ggt
ety
tac
Tyr
gag
255

gag
Glu

ccc
Pro

aag
Lys

ccCa
Pro

Q?a
333

gca

gag
Glu

atc
Ile

9¢cg
Ala

att
val
80

gag
Glu

cta
Leu

tta
Leu

gcg
Ala

gtt

160

ata
Ile

cac
His

aag
Lys

tct
Ser

cca
Pro
240

aaa
Lys

ata
Ile

aag
Lys

ctc
Leu

agg
Arg
320

cca
Pro

ata
Ile

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056
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pESUanglais-seql.txt

gcg aag g?c ctt gaa g?a aat cag tta gcg gac gtt gtt gtt gct ata 1104
Ala Lys §5)5, Leu Glu Gly Asn §]53 Leu Ala Asp Val \3/215 val Ala 1le

gca tca ata gat cca tgc tta agc tgt aca gac agg gtg gcc gta att 1152
Ala §% Ile Asp Pro Cys 5% Sser Cys Thr Asp /3\58 val Ala val Ile

acc ggi]a gat aag aag gtt atc tta aca gag aaa gac Cctt ctg aag ctt 1200
Thr Gly Asp Lys Lys Val Ile Leu Thr Glu Lys Asp Leu Leu Lys Leu
385 390 395 400

tca att caa aaa act agg gag ata aat cct gag ata agg g?a gat cca 1248
ser Ile Gln Lys TBg Arg Glu Ile Asn Z:I;g Glu Ile Arg Gly ﬁg Pro
4

acc cca gca g?a gtt g?a tgt gtg agg g?g tga 1281
Thr Pro Ala 22)(; val Gly Cys va 252 Gly

<210> 34

<211> 426

<212> PRT .
<213> Pyrococcus abyssi

<400> 34
get Ser Lys val g;'lu Tyr Trp val Lys \:{81 Pro Phe Gly Pro ﬂe His

Pro Gly Leu Glu Glu Pro Glu Lys Phe Ile Leu Thr Leu Asp Gly Glu
20 25 30

Arg Ile \3/21 Asn val Asp val %S Leu Gly Tyr Asn lrsau Arg Gly Ile

Gln Trp Ile Ala Phe Arg Arg Asn Tyr Val Gln Leu Met Tyr val Ala
50 55 60

Glu Arg Ile Cys Gly Ile Cys Ser Phe Ser His Asn His Thr Tyr val
65 70 75 80

Arg Ala val Glu g}u Met Ala Gly Ile g})u val Pro Glu Arg g}a Glu

Tyr I1e Arg val Ile Ile Gly Glu Leu Glu Arg Ile His Ser His Leu
100 105 110

Leu Asn Leu Gly val Leu Gly His Asp Ile Gly Tyr Asp Thr val Leu
115 120 125

His Leu Thr Trp Leu Ala Arg Glu Lys val Met Asp val Leu Glu Ala
130 135 140

Tle Thr Gly Asn Arg val Asn Tyr Ser Met Met Thr Ile Gly Gly val
145 150 155 160

Arg Arg Asp Ile Glu Glu Lys His Arg Arg Leu Leu Leu Asp Met Ile
165 17 175

Arg Glu Ile Met Pro GIn Ile Glu Asp val Phe Leu His
18 185 190

Asp Ser Thr Ile Glu Ala Arg Leu Arg Asn Cys Ala Ile Ile Pro Lys
195 200 205

Lys Leu Ala Ile Glu Met Gly Ala val Gly pPro Thr Gly Arg Gly Ser
210 215 220

Gly val Arg Asp Asp Ala Arg Trp Ser Glu Lys Leu Gly val Tyr Pro
225 230 2)?:5 y Y 240

Asp Leu Gly Ile Lys Pro Ile Met Pro Glu Asp val Thr Gly Glu Lys
245 250 255

Ala Arg Gly Asp val Tyr Asp Arg Ala Ala val Arg Ile Gly Glu Ile
260 265 270

Trp GIn Ser Leu Glu Leu Ile Glu His Ala Leu Asp Gln Ile Pro Lys
275 280 285

Gly Lys Ile Lys Thr Phe Pro Lys Asp Asn Val Leu val Ala Lys Leu
290 295 300

Lys Tyr Tyr
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1 &l 1 1 le &l DESUangl a_*li s-s_leq1 Ext
Lys Leu Leu Gly As Glu Gly 1le Gly Arg Tyr Glu Ala Pro Arg
305 y Asp 31% Y Y 315 320

Gly Glu Leu val His Tyr val Lys Gly Lys Lys Gly Arg Asp Gly Pro
325 330 335

val Arg Trp Lys Met Arg Glu Pro Thr Phe Pro Asn Leu Phe Ala Ile
340 345 350

Ala Lys Gly Leu Glu Gly Asn Gln Leu Ala Asp val val val Ala Ile
355 360 365

Ala Ser Ile Asp Pro Cys Leu Ser Cys Thr Asp Arg val Ala val Ile
370 375 380

Thr Gly Asp Lys Lys val Ile Leu Thr Glu Lys Asp Leu Leu Lys Leu
385 390 395 400

ser Ile GIn Lys Thr Arg Glu Ile Asn Pro Glu Ile Arg Gly Asp Pro
405 410 415

Thr Pro Ala Gly val Gly Cys val Arg Gly
420 425

<210> 35

<211> 1767

<212> DNA

<213> Pyrococcus abyssi

<220>

<221> CDS

<222> (1)..(1767)
<223>

<400> 35
atg gag tgt aaa gcg tgt gaa aag g?g aag tgt agg aac gct aac ctt 48
l\lflet Glu Cys Lys /;'Ia Cys Glu Lys Gly 11_55 Cys Arg Asn Ala ﬁn Leu

gag gaa gtg ctc tcc gag agg gag g?a ttg cta gaa ttt tac gag gaa 96
Glu Glu va 58u ser Glu Arg Glu gsy Leu Leu Glu Phe "%r Glu Glu

ttc aag gag cac atc cac gag tgc aag agg atg agt tat g?c cag tac 144
phe Lys g;u His Ile His Glu %s Lys Arg Met Ser Z)S/r Gly Gln Tyr

atg ttc gta atc gac aag gaa gtc ctc ccc aag gcc gtt cta tgg tgg 192
Met Pge val Ile Asp Lys g;u val Leu Pro Lys gg)a val Leu Trp Trp
5

cac aac cat cct aag ttc aag gaa acc cac Ctc tcc aca gct gic g_?a 240
g;s Asn His Pro Lys l;ge Lys Glu Thr His l_;tseu ser Thr Ala val goy

acg gat gag acc ccg tta aat g?g aaa ttt gct tac atg ccc ttc ctc 288
Thr Asp Glu Thr ggo Leu Asn Gly Lys glo'ne Ala Tyr Met Pro gl;e Leu

agc gtt cag gtt gag cca ttt aac atg gat agg aat tac tgg gta ttc 336
ser val GIn \1/83 Glu Pro Phe Asn b{gg Asp Arg Asn Tyr Hg val phe

ctg aag gct tac ttg gat cca gag aac ccc gag ttt cca tcc gtc gcc 384
Leu LyS /1\1? Tyr Leu Asp Pro ﬂg Asn Pro Glu Phe ggg Ser val Ala

gct gaa cta cct gcg gcc ctt tgg ata gag agg gaa gtt caa gat ctc 432
Ala %g Leu Pro Ala Ala 5_3151 Trp Ile Glu Arg g;llg val GIn Asp Leu

ctg ggIJa ttt aaa gca ata aac cat cca gac ccc agg agg cta gtc ctc 480
Leu Gly Phe Lys Ala Ile Asn His Pro Asp Pro Arg Arg Leu val Leu
145 150 155 160

ccc gag gac tgg ccc gat g?a gtt tat cca ctt agg aag tgc atg gac 528
Pro Glu Asp Trp zgg Asp Gly val Tyr ;;8 Leu Arg Lys Cys l\f%: Asp

tac aga tac tcc cca atg gcc gag cca aag ata gag ctc aag aag cca 576

Tyr Arg Tyr Ser Pro Met Ala Glu Pro Lys Ile Glu Leu LyS Lys Pro
Y g 180 185 190
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gag
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gac
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225
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ata
Ile

att
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gtt
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&ty

gac
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Ile

acc
Thr
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gaa
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gaa
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gtt
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au
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Trp

aac
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agg
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Ile
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Glu
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Ar
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Glu

&y
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tac
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ctg
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ata
Ile

cgt
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agg
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ctc
Leu
355

gag
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ata
Ile

gaa
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gac
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ctg
Leu
435

gtt
val

cag
Gln

aga
Arg

ety

cgc
Arg
515

aca
Thr

gcc
Ala

tat
Tyr

aga
Arg

atc
260

ttg
Leu

ctc
Leu

ct
g‘la

atc
Ile

aag
Lys
340

gac
Asp

gaa
Glu

aag
LyS

ttc
phe

gca
Ala
420

gac
Asp

ctc
Leu

gtt
val

ttg
Leu

gag
Glu
500

tgg
Trp

cct gag atg

tcc
Ser

cac
His

cgc
Arg

tta
Leu
245

tgc
Cys

gcg
Ala

ctc
Leu

gca
Ala

agg
325

cag
Gln

tac
Tyr

gtt
val

agg
Arg

tcg
Ser
405

agg
Arg

tgg
Trp

gtt
val

ata
Ile

cca
Pro
485

gtc
val

aag
Lys

ctc

acg
Thr

ttc
Phe

g?t
230

acc
Thr

&y

gat
Asp

gag
Glu

cac
His
310

gaa

g Glu

tac
Tyr

agg
Arg

aag
Lys

gcc
Ala
390

gtt
val

ctg
Leu

aag
Lys

agg
Arg

gac
Asp
470

gag
Glu

gtc
val

gtt
val

aag

gtc
val

aag
Lys
215

ttc
phe

tat
TYIr

tat
Tyr

gta
val

ctg
Leu
295

ctt
Leu

cCC
Pro

ety

aag
Lys

aga
Arg
375

gaa
Glu

ctt
Leu

gat
Asp

gtt
val

atg
Met
455

caa
Gin

tac
TYyr

cac
His

agg
Arg

gga

cca
Pro
200
ctc
Leu

tac
Tyr

aat
Asn

cag
GIn
gaa
280

gag
Glu

gta
val

gtc
val

atg
Met
gaa
360

ttc
Phe

&y

&ty

caa
Gln

cca
Pro
440
gac
Asp

atg
Met

gag

tac
Tyr
gcc
520
tat

atg
Met

ttc
Phe

tec
Ser

caa
Gln

cac
His
265

ata
Ile

agg
Arg

&

atg
Met

aac
Asn
345
gag
Glu

ctt
Leu

gtt
val

cct
Pro

gcc
425
gtt
val

gag

ccg
Pro

gaa
Glu

gta
val
505

cca
Pro

cac

&y

gta
val

cat
H1s

gtc
val
250
tcc
Ser

cct
Pro

ata
Ile

tac
Tyr
tgg
330
ata
Ile

atc
Ile

gaa
Glu

Gty

aca
Thr
410
acc
Thr

tac
Tyr

ctg
Leu

2ty

gcc
490

atg
Met

aca
Thr

gtt

DESUanglais~seql.txt
ccg ctt cac atg
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aag
Lys

agg
Arg
235

ctc
Leu

gtt
val

gat
Asp

cac
His

gat
Asp
315

ctc
Leu

gtt
val

cta
Leu

gta
val

att
Ile
395
gct
Ala

aag
LyS

aag
LyS

ttc
pPhe

&y
475

cta
Leu

acg
Thr

tac
Tyr

gcg

Leu

Q?C
226

ety

ttc
Phe

tct
ser

agg
Arg

aac
Asn
300

ac
The

atg
Met

&y

agg
Arg

gtt
val
380
ctt
Leu

aga
Arg

act
Thr

gaa
Glu

gag
Glu
460

gac
Asp

&ty
&ty

aac
Asn

gac

His
205

gag
Gly

ata
ITe

ctc
Leu

tat
Tyr

gce
Ala
285

cac
His

&

9ag
Glu

ggc
Gly

gt
va
365

ctc
Leu

ccc
Pro

gct
Ala

gca
Ala

Q?C
Gly
445
agt

Ser

gta
val

ttc
Phe

gag
Glu

aac
Asn
525

gct

Met

gaa
Glu

gag
Glu

gcg
Ala

9¢cg

270

aga
Arg

ctc
Leu

ttc
Phe

cge
Arg

gtt
val
350

gta
val

aac
Asn

tat
TYyr

agc
Ser

acg
Thr
430

gac
Asp

ata
Ile

atg
Met

act
Thr

aag
Lys
510

ctc
Leu

ccg
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ata
Ile

aag
Lys

gaa
Glu
255

atg
Met

tac
Tyr

ctc
Leu

atg
Met

ttg
Leu
335

agg
Arg

agg
Arg

acg
Thr

aaa
Lys

Q?t
Gly
415
gce

Ala

gtt
val

tgg
Trp

Val

gag
Glu
495

aac
Asn

cCccC
Pro

ctg

ata
Ile

gtt
val

ata
Iie
240

agg
Arg

gcc
Ala

ata
Ile

tgg
Trp

cat
His
320

acc
Thr

agg
Arg

gag
Glu

aac
Asn

gta
val
400

agg
Arg

tac
TYyr

cta
Leu

ata
Ile

ccg
Pro
480

gcc
Ala

aag
Lys

gca
Ala

ata

624

672

720

768

816

864

912

960

1008

1056

1104
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1200

1248
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1344

1392

1440

1488

1536

1584

1632
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DESUanglais-seql.txt
val Pro Glu Met Leu Lys Gly Tyr His val Ala Asp Ala Pro Leu Ile
530 535 540

atc gCt agc ata gat cca tgt tat tcc tgc acc gag agg gtt cag ata 1680
ﬂesz Ala ser ITe Asp Fs’gg Cys Tyr Ser Cys 'ggg Glu Arg val Gln %%8

gtg gac gtg aga agt gga aag gta aag gtt cta acg gaa tcg gag ttc 1728
val Asp val Arg ?gg Gly Lys val Lys Vz7\(1) Leu Thr Glu Ser §17u Phe
5 5

aacC gag ctc tca ata aag aga agc aag gag atg gtt tga 1767
Asn Glu Leu ggg Ile Lys Arg Ser lggg Glu Met val

<210> 36

<211> 588

<212> PRT

<213> Pyrococcus abyssi

<400> 36
l\lllet Glu Cys Lys éﬂa Cys Glu Lys Gly |i)65 Cys Arg Asn Ala ﬁn Leu

Glu Glu val Leu Ser Glu Arg Glu Gly Leu Leu Glu Phe Tyr Glu Glu
20 25 30

Phe Lys g}ju His Ile His Glu %s Lys Arg Met Ser I)S/r Gly Gln Tyr

Met l;(l;e val Ile Asp Lys g}u val Leu Pro Lys /é%a val Leu Trp Trp

His Asn His Pro Lys Phe Lys Glu Thr His Leu Ser Thr Ala val Gly
65 70 75 80

Thr Asp Glu Thr ggo Leu Asn Gly Lys gPlae Ala Tyr Met Pro 9Pl;e Leu

Ser val GIn val Glu Pro Phe Asn Met Asp Arg Asn Tyr Trp val Phe
100 105 110

Leu Lys Ala Tyr Leu Asp Pro Glu Asn Pro Glu Phe Pro Ser val Ala
115 120 125

Ala Glu Leu Pro Ala Ala Leu Trp Ile Glu Arg Glu val GIn Asp Leu
130 135 140

Leu Gly Phe Lys Ala Ile Asn His Pro Asp Pro Arg Arg Leu val Leu
145 150 155 160

Pro Glu Asp Trp Pro Asp Gly val Tyr Pro Leu Arg Lys Cys Met Asp
165 170 175

Tyr Ar r Ser Pro Met Ala Glu Pro Lys Ile Glu Leu Lys Lys Pro
9Ty 180 185 190

Pro Glu Gly Thr ser Thr val Pro Met Gly Pro Leu His Met Gly Ile
195 200 205

Glu Glu Pro Ala His Phe Lys Leu Phe val Lys Gly Glu Glu Ile val
210 215 220

Asp val Asp Tyr Arg Gly Phe Tyr Ser His Arg Gly Ile Glu Lys Ile
225 P 230 235 240

Gly Glu Gly Arg Leu Thr Tyr Asn GIn val Leu Phe Leu Ala Glu Arg
245 250 255

Ile Cys Gly Ile Cys Gly Tyr GIn His Ser val Ser Tyr Ala Met Ala
Y y 260 Y 265 y 270

Ile Glu Arg Leu Ala Asp val Glu Ile Pro Asp Arg Ala Arg Tyr Ile
275 280 285

Arg Thr Leu Leu Leu Glu Leu Glu Arg Ile His Asn His Leu Leu Trp
290 295 300

val Gly Ile Ala Ala His Leu val Gly Tyr Asp Thr Gly Phe Met His
305 y 310 i 31? Y 320

Ala Trp Arg Ile Arg Glu Pro Val Met Trp Leu Met Glu Arg Leu Thr
325 330 335
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Gly Asn Arg Lys GIn Tyr Gly Met Asn Ile val Gly Gly val Arg Arg
340 345 350

Asp Ile Leu Asp Tyr Arg Lys Glu Glu Ile Leu Arg Vval val Arg Glu
355 360 365

Ile Arg Glu Glu val Lys Arg Phe Leu Glu val val Leu Asn Thr Asn
37 375 380

Thr phe Ile Lys Arg Ala Glu Gly val Gly Ile Leu Pro Tyr Lys val
385 Y 9 390 Y y 395 y 400

Ala Lys Glu pPhe Ser val rLeu Gly pPro Thr Ala Arg Ala Ser Gly Arg
405 410 415

Lys Ile Asp Ala Arg Leu Asp Gln Ala Thr Lys Thr Ala Thr Ala Tyr
Y P 420 g P 425 430 T

Asn Glu Leu Asp Trp Lys val Pro val Tyr Lys Glu Gly Asp val Leu
435 440 445

Ala Arg val Leu val Arg Met Asp Glu Leu Phe Glu Ser Ile Trp Ile
450 455 460

val Glu GIn val Ile Asp Gln Met Pro Gly Gly Asp val Met val Pro
465 470 475 480

val Gly Arg Leu Pro Glu Tyr Glu Glu Ala Leu Gly Phe Thr Glu Ala
485 490 495

His Arg Gly Glu val val His Tyr val Met Thr Gly Glu Lys Asn Lys
500 505 510

val Tyr Arg Trp Lys Val Arg Ala Pro Thr Tyr Asn Asn Leu Pro Ala
515 g 520 525

val Pro Glu Met Leu Lys Gly Tyr His val Ala Asp Ala Pro Leu Ile
530 535 540

ITe Ala Ser ITe Asp Pro Cys Tyr Ser Cys Thr Glu Arg val Gln Ile
545 550 555 560

val Asp val Arg Ser Gly Lys val Lys val Leu Thr Glu Ser Glu Phe
565 570 575

Asn Glu Leu Ser Ile Lys Arg Ser Lys Glu Met val
580 585

<210> 37

<211> 1283

<212> DNA

<213> Pyrococcus horikoshii

<220>

<221> CDS

<222> (1)..(1281)
<223>

<400> 37
atg agt aag aag gta gaa tat tgg gtt aag ata cct ttc gg';c cca atc 48
l\lllet Ser Lys Lys \Sla'l Glu Tyr Trp val %s Ile Pro Phe Gly :F{go Ile

cat cct ggg tta gaa gag cct gaa aag ttc atc ctc acg cta gat g?a 96
His Pro G?y IZ_Su Glu Glu Pro Glu 55}3’5 Phe Ile Leu Thr |§(e)u Asp Gly

gag agg ata gta aac gta gat att aag ctg g?g tat aac ctt agg g?a 144
Glu Arg :3[1e val Asn val Asp X(])e Lys Leu Gly Tyr ﬁtsin Leu Arg Gly
5

att caa tgg ata gct ttt agg agg aac tac gtt cag ctt atg tat ctc 192
Ile ng Trp Ile Ala Phe égg Arg Asn Tyr Val ggn Leu Met Tyr Leu
5

gcg gaa agg ata tgc gga ata tgt agc ttc tcc cac aat cat aca tat 240
Ala Glu Arg Ile Cys goy Ile Cys Ser Phe ;er His Asn His Thr 'z%r
65 5

gtt aga gca gtt gaa gag atg gct gga ata gaa gtt ccc gaa agg gcc 288
val Arg Ala val Glu Glu Met Ala G?y Ile Glu val Pro Glu Arg Ala
85 90 95
gaa tac ata aga gcg ata att ggg gaa ctt gag aga ata cac tecc cat 336
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ctc
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ctc
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gce
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tta
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Cta
Leu

ata
Ile

tta
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aag
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att
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ccC
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Arg
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ctc
Leu
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&ty

gat
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act
Thr

gct
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aag
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&ty

9?9
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agc
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ata
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ctt
Leu

ctc
Leu

tgg
340

&y

ata
Ile

2ty

cag
GIn

gcg
420
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&
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Trp
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ata
Ile
165
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ata
Ile

ata
Ile

gat
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gat
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ctt
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aag
Lys
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ata
Ile
325

aag
LyS

ttg
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gat
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aag
Lys

aaa
Lys
405

2y

Ile

gtc
val

ctt
Leu

agg
150

gag
Glu

gaa
Glu

gaa
Glu

gaa
Glu

gat
Asp
230

aaa
Lys

gtc
val

gag
Glu

gca
Ala

gat
Asp
310

cat
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atg
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gaa
Glu
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aag
LyS
390

act
Thr

gta
val

ile

gta
val
gca
135
gta
val

gaa
Glu

ata
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gca
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atg
Met
215
gca
Ala

cca
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tat
TYr

ctg
Leu

ttt
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&ty

tat
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agg
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tgc
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att
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&ty
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Q?t
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agg
Arg

aac
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aag
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atg
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AP
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&y
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gta
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gat
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att
280
cct
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gaa
Glu

gta
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gaa
Glu

aat
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360

cta
Leu

atc
Ile

gaa
Glu

tgc
Cys

Glu
105

cac
His

gag
Glu

tac
TYr

cac
His

ccc
Pro
185

ctt
Leu

gcg
Ala

tgg
Trp

atg
Met

aga
Arg
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gag
Glu
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4ty
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cca
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345
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Gln

agc
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cta
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ata
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att
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425

Leu
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Asp

aag
Lys

agt
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aag
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170

cag
Gln
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Arg
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val
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Pro
250
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Thr

cat
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gat
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ata
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9?9
330

act
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cta
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tgt
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acc
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aat
Asn
410

agg
Arg
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240

gag
Glu

gaa
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Pro
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Glu
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Ala
145
val
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225
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Arg
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385
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Thr
Arg
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Leu

Ile
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Arg
Gln
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Lys
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Glu
Arg
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355
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Leu
20
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Ile
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Thr
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Ser
Ile
Leu
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340
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Arg
Ile
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245
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Lys
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Glu
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Arg
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Glu
Glu
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310
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Arg
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Arg
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Arg
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Arg

gct
Ala

atc
Ile

aat
Asn

cta
Ley
130

agt
ser

agg
Arg

tac
Tyr

tca
Ser

ctt
Leu
210

att
Ile

ctg
Leu

aga
Arg

atg
Met

WO 2006/087334

39
1284
DNA

Pyrococcus furiosus

CDS

..

39
aag
Lys

tta
Leu

gta
val
35

ata
Ile

atg
Met

gtt
val

aga
Arg

ctc
Leu
115

aca
Thr

gga
Gly

gat
Asp

tac
Tyr

aca
195

gca
Ala

aaa
LyS

&y

&y

agt
Ser
275

(1284)

gtc
val

gaa
Glu
20

aac
Asn

&ty

tgt
Cys

gaa
Glu

gtt
val
100

&y

tgg
Trp

aac
Asn

ata
Ile

aga
AP
18
att
Ile

ata
Ile

gag
Glu

ata
Ile

gat
Asp
260

tta
Leu

gaa
Glu

gag
Glu

gtt
Val

atg
Met

&ty

gag
Glu
85

ata
Ile

gta
val

ttg
Leu

aga
Arg

Q?a
163

gag
Glu

gag
Glu

gag
Glu

gat
Asp

aaa
Lys
245

gtt
val

gat
Asp

tat
TYr

cca
Pro

gat
Asp

aga
Arg

att
Ile
70

atg
Met

gt
va

gt
va

gct
Ala
gtt
150

gag
Glu

gtt
val

gca
Ala

atg
Met

tct
Ser
230

cca
Pro

tat
Tyr

ttg
Leu

tog
Trp

gaa
Glu

gta
val

aga
Arg
55

tgc
Cys

gce
Ala

4y

&ty

aga
Arg
135

aac
Asn

aaa
Lys

ctc
Leu

aga
Arg

ggt
&y
215
aga
Arg

gta
val

gac
Asp

ctg
Leu

gtt
val

aag
Lys

aag
Lys
40

aac
Asn

tcc
Ser

2ty

gag
Glu

cac
His
120

gaa
Glu

tac
Tyr

caa
Gln

cca
Pro

tta
Leu
200

gce
Ala

tog
Trp

acg
Thr

aga
Arg

gaa
280

aaa
Lys

ttc
Phe
25

ctt
Leu

tac
Tyr

ttt
Phe

ata
Ile

ctc
Leu
165

gac
Asp

aga
Arg

tcc
ser

aaa
Lys

caa
GlIn
185

agg
Arg

gtt
val

agt
Ser

cCC
Pro

atg
Met
265

cat
H1s

atc
Ile
10

atc
Ite

&ty

gtc
val

tcce
Ser

gag
Glu
90

gag
Glu

att
Ile

gta
val

atg
Met

cga
Arg
170
ata
Ile

gat
Asp

&y

gag
Glu
gaa
250
gcce
Ala

gca
Ala

DEsSUanglais-seql.txt

ccc
Pro

ata
Ile

tat
Tyr

cag
Gln

cat
His
75

gtt
val

aga
Arg

&y

atg
Met
gta
155

cta
Leu

gaa
Glu

gtt
val

cca
Pro

caa
Gln
235

gac
Asp

gta
val

ctc
Leu

ttt
Phe

acc
Thr

aac
Asn

atc
Ile
60

aac
Asn

cCa
Pro

att
Ile

tat
Tyr

gat
Asp
140

acc
Thr

att
Ile

gac
Asp

gca
Ala

acg
Thr
220

cta
Leu

gtt
val

aga
Arg

gat
Asp

&y

cta
Leu

ctc
Leu
45

atg
Met

cac
His

gag
Glu

€ac
His

gac
Sp
125
gtc
val

att
Ile

ttg
Leu

gtt
val
gtt
205

gcg
Ala

&ty

act
Thr

att
Ile

cag
Gln
285

ccc
Pro

gat
Asp
30

aga
Arg

tat
Tyr

aca
Thr

aga
Arg

tcc
ser
110
aca
Thr

cta
Leu

&y

gat
Asp

ttt
Phe
190
gtt
val

aga
Arg

gtt
val

&ty

9?9
370

atg
Met

Page 51

att
Ile
15

ey
&

ctg
Leu

tac
Tyr

gca
Ala
95

cac
His

gtc
val

gaa
Glu

3t

atg
Met
175
ctc
Leu

cca
Pro

ey

tat
Tyr
gaa
255
gag
Glu

ccg
Pro

cat
His

gag
Glu

gt
vVa

gca
Ala

gta
val
80

gaa
Glu

ctc
Leu

ctc
Leu

gct
Ala
gtc
160

ata
Ile

cat
H1s

aaa
Lys

agt
ser

ccc
Pro
240

aag
Lys

Cta
Leu

gaa
Glu

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864
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DESUanglais-seql.txt

gglqa aag ata aaa aca ttc ccc aaa gac aat atc tta gtc gct aag ctg 912
Gly Iz.)gl(s) Ile Lys Thr Phe Pgo Lys Asp Asn Ile lggg val Ala Lys Leu
295

aag ctc ctt gqa gat g?a gaa g?a ata g?a agg tac gaa gct cct aga 960
%g Leu Leu Gly Asp glg)/ Glu Gly Tle Gly g\:{gs; Tyr Glu Ala Pro /3\58

g?a gag cta gtc cac tac gtg aga g?a caa aag g?a aga gat gt];g cct 1008
Gly Glu Ley Vval l;'g Tyr val Arg Gly g;(r)} Lys Gly Arg Asp §3)51 Pro

gta agg tgg aaa cca aga gag cca acc ttc ccg aat cta ttc aca atc 1056
val Arg Trp I?;y(si Pro Arg Glu Pro ;2; Phe Pro Asn Leu ggg Thr Ile
4

gca aag gct cta gaa g?a aat gag ctt gcg gac tta gttt gtt gcc ata 1104
Ala Lys gga Leu Glu Gly Asn gég Leu Ala Asp Leu \3/2} val Ala Ile
5

gct tca ata gat cca tgt cta agc tgt aca gac aga gta gcc ata gta 1152
Ala g% Ile Asp Pro Cys I§L7a|51 ser Cys Thr Asp égg val Ala Ile val

aaa gaa g_?a aag aag gta gtt cta act gaa aag gat cta tta aag ctt 1200
Lys Glu Gly Lys Lys val val Leu Thr Glu Lys Asp Leu Leu Lys Leu
385 390 395 400

tct att gaa aag aca aag gag atc aac cca aac gta aag g?a gat cct 1248
Ser Ile Glu Lys Tlo'lr Lys Glu Ile Asn 4P:rl'g Asn val Lys Gly ﬁig Pro
405

aca cct act g?a att ggI;a tgt tct agg ggfg gtg tga 1284
Thr pPro Thr 4GZ6, Ile Gly Cys Ser 2“2“(5; Gly va

<210> 40

<211> 427

<212> PRT

<213> Pyrococcus furiosus

<400> 40
l\fet Lys Lys Vval g'lu Tyr Trp val Lys i'(l)e Pro Phe Gly Pro ﬂe His

Pro Gly Leu Glu Glu Pro Glu Lys Phe Ile Ile Thr Leu Asp Gly Glu
20 25 30

Arg ITe val Asn val Asp val Lys Leu Gly Tyr Asn Leu Arg Gly val
35 40 45

Glin 'ggp Ile Gly Met Arg lsxgg Asn Tyr val GIn g;l}e Met Tyr Leu Ala

Glu Arg Met Cys Gly Ile Cys Ser Phe Ser His Asn His Thr Tyr val
65 70 75 80

Arg Ala val Glu Glu Met Ala Gly Ile Glu val Pro Glu Arg Ala Glu
85 90 95

Tyr Ile Arg val Ile val Gly Glu Leu Glu Arg Ile His Ser His Leu
100 105 110

Leu Asn Leu Gly val val Gly His Asp Ile Gly Tyr Asp Thr val Leu
115 120 125

His Leu Thr Trp Leu Ala Arg Glu Arg val Met Asp val Leu Glu Ala
130 135 140

val Ser Gly Asn Arg val Asn Tyr Ser Met val Thr Ile Gly Gly val
145 150 155 160

Arg Arg Asp Ile Gly Glu Lys GIn Lys Arg Leu Ile Leu Asp Met Ile
9 Arg Ase 165 170 P 175

Lys Tyr Tyr Arg Glu val Leu Pro Gln Ile Glu Asp val Phe Leu His
180 185 190

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

Lys Leu Ala Ile Glu Met Gly Ala val Gly Pro Thr Ala Arg Gly Ser
210 215 220
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Asp
Ala
Trp
Gly
5%
Gly
val
Ala
Ala
Lys

385

Ser

Thr

Ile
Leu
Arg
Met
LyS
290
Leu
Glu
Arg
Lys
ser
370

Glu

Ile

Pro

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

<220>
<221>
<222>
<223>

<400>

atg
Met
1

ttg
Leu

gtt
val

att
Ile

gtt
val
65

att
Ile

agg
Arg

tca
sSer

ctt
Leu

agt
Ser

aaa
Lys

gat
Asp

atyg
Met
50

tgt
cys

gag
Glu

gta
val

gca
Ala

tty
Leu

WO 2006/087334

Lys

Glu

Asp

Gly Ile Lys

245

Gly Asp val

Ser
275
Ile
Leu
Leu
Trp
Ala
355
Tle

Gly

Glu

Thr

41
1143
DNA
Methanococcus jannaschii

CDsS
@..

41

gaa
Glu

gag
Glu

gct
Ala
35

gaa
Glu

&y

cat
His

gtt
val

gt
Va
115

aat
Asn

260

Leu
Lys
Gly
val
LysS
340
Leu
Asp

Lys

Lys

Gly
420

Asp
Thr
Asp
His
325
Pro
Glu
Pro
Lys

Thr
405

Ile

(1143)

aat
Asn

ccg
Pro
20

gaa
Glu

&y

atc
Ile

ata
Ile

act
Thr
100

tat
Tyr

gtt
val

atg
Met
5

tta
Leu

att
Ile

aaa
Lys

tgt
Cys

tca
ser
85

tgt
cys

aat
Asn

agg
Arg

ser
230

Pro
Tyr
Leu
phe
sl
Tyr
Arg
Gly
cys
val

390
Lys

Gly

gca
Ala

agg
Arg

gaa
Glu

cat
His

tcc
Ser
70

aag
Lys

gaa
Glu

tta
Leu

gaa
Glu

Arg
val
Asp
Leu
Pro
295
Glu
val
Glu
Asn
Leu
375

val

Glu

Cys

aca
Thr

att
Ile

atg
Met

tgc
cys
55

tat
TYyr

ata
Ile

tta
Leu

tct
Ser

ata
Ile

Trp
Thr
Arg
Glu
280
Lys
Gly
Arg
Pro
Glu
360
Ser

Leu

Ile

Ser

att
Ile

aaa
Lys

ggt
&y
40

cat
His

gt
Va

gag
Glu

gag
Glu

att
Ile
120

att
Ile

ser
Pro

Met
265

His
Asp
Ile
Gly

Thr
345

Leu
Cys
Thr

Asn

cct
Pro

ctt
Leu
25

tat
TYT1

aaa
Lys

cat
His

att
Ile

aga
Arg
105

gaa
Glu

atg
Met

Glu
Glu
250
Ala
Ala
Asn
Gly
Gln
330
Phe
Ala
Thr

Glu

Pro
410

Gly

ata
Ile
10

gtt
val

gtt
val

&ty

acg
Thr

cca
Pro
90

ata
Ile

cat
H1s

gat
Asp

DESUanglais-seql.txt
Gln Leu Gly val Tyr Pro

235
Asp

val
Leu
Ile
318
Lys
Pro
Asp
Asp
Lys

395

Asn

val

&y

tta
Leu

cat
H1s

att
Ile

atg
Met
75

gac
Asp

cac
His

gaa
Glu

tta
Leu

val
Arg
Asp
55
Tyr
Gcly
Asn
Leu
380

Asp

val

cca
Pro

gat
Asp

aga
Arg

cac
His
60

acg
Thr

aag
Lys

agc
Ser

aca
Thr

atg
Met

Thr
Ile
GlIn
285
val
Glu
Arg
Leu
val
365
val

Leu

Lys

att
Ile

&5
&y
45

tta
Leu

ttt
Phe

gca
Ala

cat
His

ctt
Leu
125

gag
Glu

Gly

Gly
270

Met
Ala
Ala
Asp

phe
350

val
Ala
Leu

Gly

cat
His

gag
Glu
30

ata
Ile

gca
Ala

gct
Ala

aaa
Lys

tta
Leu
110

gct
Ala

atg
Met
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Glu
255

Glu
Pro
Lys
Pro

Gly
335

Thr
Ala
Ile

Lys

cca
Pro
15

aaa
Lys

gaa
Glu

gaa
Glu

gaa
Glu

tat
Tyr
95

att
Ile

atg
Met

att
Ile

240
Lys

Leu
Glu
Leu
320
Pro
Ile
Ile
val
Leu

400

Pro

gta
val

cct
Pro

aaa
Lys

aga
Arg
tgc
80

ctt
Leu

gct
Ala

tgg
Trp

act
Thr

48

926

144

192

240

288

336

384

432
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&y
145

gac
Asp

ttt
Phe

tta
Leu

gtt
val

cca
Pro
225

ttt
Phe

gtt
val

tta
Leu

att
Ile

gta
val
305

atg
Met

cta
Leu

atc
Ile

gat
Asp

<210>

130

aat
Asn

ata
Ile

gaa
Gly

ata
Ile

atg
Met
210

gaa
Glu

aag
Lys

agg
Arg

gag
Glu

aaa
Lys
290

act
Thr

att
Ile

aag
Lys

gac
Asp

&y
370

<211>
<212>

<213>
<400>

WO 2006/087334

agg
Arg

aat
Asn

gat
Asp

gct
Ala
195

agg
Arg

agt
ser

cca
Pro

cat
His

cat
His
275

&

tat
Tyr

aga
Arg

act
Thr

cct
Pro
355

aag
Lys

42

380
PRT . ..
Methanococcus jannaschii

42

gtt
val

aga
Arg

gaa
180
tta
Leu

acg
Thr

gat
Asp

gt
va
gaa
260

tat
Tyr

&

agg
Arg

act
Thr

tgt
Cys
340

tgc
Cys

gag
Glu

aat
Asn

gag
165

cta

Leu

aga
Arg

agg
Arg

tag
Trp

tgg
245

gag
Glu

gaa
Glu

aaa
Lys

atg
Met

cct
Pro
325

cca
Pro

gtt
val

att
Ile

atg
Met
150

atg
Met

aaa
Lys

agt
Ser

gct
Ala

agg
Arg
230

agg
Arg

att
Ile

gag
Glu

&y

gaa
310
aca
Thr

act
Thr

tca
Ser

cca
Pro

135

ggt
Gly

atg
Met

aat
Asn

aaa
Lys
gtt
215

tta
Leu

gag
Glu

att
Ile

tgt
cys

gag
295
ata

Ile

gtt
val

gta
val

tgc
Cys

att
Ile
375

¥et Ser Glu Asn l‘élet Ala Thr

Leu Lys Glu ;50 Leu Arg Ile

val Asp g}a Glu Ile Glu Met

Ile Met Glu Gly Lys His Cys
50 yry 55

val Cys Gly Ile Cys Ser Tyr
65 Y Y Y 70

tat
Tyr

gat
Asp

att
Ile

gaa
200

&t

aga
Arg

gaa
Glu

gag
Glu

tct
ser
280

tag
Trp

act
Thr

atg
Met

gct
Ala

aca
Thr
360

agt
ser

Ile
Lys
Gly
40

His

val

aat
Asn

gag
Glu

att
Ile
185

att
Ile

cca
Pro

cat
His

&ty

agc
Ser
265

&y

agg
Arg

gat
Asp

aac
Asn

gat
345

gag
Glu

att
Ile

Pro
Leu
25

TYr

Lys

His

gta
val

ata
Ile
170

gag
Glu

&

att
Ile

tca
ser

gat
250

gtt
val

gat
Asp

aat
Asn

&ty

ttg
Leu
330

gct
Ala

aga
Arg

aaa
Lys

Ile
10

val
val

Gly

Thr

DESUanglais-seql.txt
140

att
Ile
155

tat
Tyr

gtt
val

att
Ile

tgt
cys

aca
Thr
235

aac
Asn

aga
Arg

ata
Ile

gaa
Glu

9?9
Gly
315
gag
Glu

gta
val

tgc
Cys

ttt
Phe

Gly
Leu
His
Ile

Met
75

&y

aaa
Lys

ttt
Phe

ttg
Leu

aga
Arg
220
tat
Tyr

ttt
Phe

tta
Leu

agg
Arg

gct
306

ata
Ile

gcg
Ala

tct
Ser

ata
Ile

agg
380

Pro
Asp
Arg
His
60

Thr

&ty

aaa
Lys

gaa
Glu

cca
Pro
205

&y

caa
Gin

gca
Ala

att
Ile

gtt
285

cca
Pro

ata
Ile

tat
Tyr

oct
Ala

gtt
365
tga

Ile
Gly
Gl

45y

Leu

Phe

gtt
val

ctc
Leu

aca
Thr
180
tat
Tyr

tct
Ser

gag
Glu

agg
Arg

aga
Arg
270
aag
Lys

aga
Arg

aag
Lys

aaa
Lys

tat
TYr
330

gca
Ala

His
Glu
30

Ile

Ala

Ala

Page 54

aga
Arg

gat
Asp
175

2y

cat
His

it

ttg
Leu

atg
Met
255

gag
Glu

gca
Ala

3

agy
Arg

tat
TYr
335

aca
Thr

gta
val

Pro
15

Lys
Glu

Glu

Glu

aga
Ar
16
atc
Ile

cct
Pro

gaa
Glu

ttg
Leu

Eaa
ys
240

atg
Met

gct
Ala

gag

gag
Glu

ata
Ile
320

atg
Met

agt
Ser

aag
Lys

val
Pro
Lys
Arg

Cys
80

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1143
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DESUanglais-seql.txt
Ile Glu His Ile ggr Lys ITe Glu ITe ggo Asp Lys Ala Lys ;‘gr Leu

Arg val val Thr Cys Glu Leu Glu Arg Ile His Ser His Leu Ile Ala
100 105 110

ser Ala val Tyr Asn Leu Ser Ile Glu His Glu Thr Leu Ala Met Trp
115 120 125

Leu Leu Asn val Arg Glu Ile Ile Met Asp Leu Met Glu Met Ile Thr
130 135 140

Gly Asn Arg val Asn Met Gly Tyr Asn val Ile Gly Gly val Arg Arg
145 150 155 160

Asp Ile Asn Arg Glu Met Met Asp Glu Ile Tyr Lys Lys Leu Asp Ile
g 165 P 170 17?

Phe Glu Asp Glu Leu Lys Asn Ile Ile Glu val Phe Glu Thr Gly Pro
180 185 190

Leu Ile Ala Leu Arg Ser Lys Glu ITe Gly Ile Leu Pro Tyr His Glu
195 200 205

val Met Arg Thr Arg Ala val Gly Pro Ile Cys Arg Gly Ser Gly Leu
210 9 9 215 Y Y 228 Y Y

Pro Glu Ser Asp Trp Arg Leuy Arg His Ser Thr Tyr Gln Glu Leu Lys
225 230 235 240

Phe Lys Pro val Trp Arg Glu Glu Gly Asp Asn Phe Ala Arg Met Met
245 250 255

val Arg His Glu Glu Ile Ile Glu Ser val Arg Leu Ile Arg Glu Ala
260 265 27

Leu Glu His Tyr Glu Glu Cys Ser Gly Asp Ile Arg val Lys Ala Glu
275 280 285

Ile Lys Gly Gly Lys Gly Glu Trp Arg Asn Glu Ala Pro Arg Gly Glu
290 295 300

val Thr Tyr Arg Met Glu Ile Thr Asp Gly Gly Ile Ile Lys Arg Ile
305 R4 g 310 ey 315 y g 320

Met Ile Arg Thr Pro Thr val Met Asn Leu Glu Ala Tyr Lys Tyr Met
325 330 335

Leu Lys Thr Cys Pro Thr val Ala Asp Ala val Ser Ala Tyr Thr Ser
340 345 350

ITe Asp Pro Cys val Ser Cys Thr Glu Arg Cys Ile val Ala val Lys
355 360 365

Asp Gly Lys Glu Ile Pro Ile Ser Ile Lys Phe Ar
370 375 38

<210> 43

<211> 1128

<212> DNA .
<213> Methanococcus maripaludis

<220>

<221> CDS

<222> (1)..(128)
<223>

<400> 43
atg tac gaa g?a gaa att gca atc g?g cca gtg cac tct aca atg ctt 48
?et Tyr Glu Gly g]u ITe Ala Ile Gly igo val His Ser Thr ¥§t Leu

gaa cct cac agg ctg aga tta ttt att gaa gat gag ata gta aaa gat 96
Glu Pro His %g Leu Arg Leu Phe g'sle Glu Asp Glu Ile \;31 Lys Asp

gca gaa ctt aca att g?t gta aat cac agg ggc gtt gaa cga tta atg 144
Ala Glu !ggu Thr Tle Gly val Asn His Arg Gly val Glu Arg Leu Met
40 45

gaa

gg‘;c ctt cct gtt gaa aaa gca tgt att tta tgc gaa aaa atc tgc 192
Glu (;: y

0 Leu Pro val Glu ls_%/s Ala Cys Ile Leu (6:%)/5 Glu Lys Ile Cys

gga atc tgt tca cac att cac ctt tgg agt gcg gca agg ctt git gaa 240
Page 55



Gly
65

atc
Ile

atc
Ile

cac
His

atg
Met

agg
145
aat

Asn

tac
TYr

atg
Met

gct
Ala

aaa
Lys
225

gac
Asp

gct
Ala

ca
gi a

aat

ile

gag
Gly

gt
va

gct
Ala

tta
Leu
130
gtt
val

att
Ile

gaa
Glu

att
Ile

gct
210

tce
Ser

ttt
Phe

gtt
val

ctt
Leu

tat

Asn Ty

caa
Gln
305

gta
val

atg
Met

att
Ile

tta
Leu

r
290

agg
Arg

agg
Arg

gaa
Glu

gca
Ala

aaa
Lys
370

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

<400>

WO 2006/087334

Cys

tgc
Cys

gaa
Glu

ttt
Phe
115

aga
Arg

cac
H1s

tct
Ser

gaa
Glu

att
Ile
195

aaa
Lys

gac
Asp

gac
Asp

agg
Arg

gat
sp
275

gaa
Glu

gga
Gly

cag
GlIn

gac
Asp

agce
Ser
355

gaa
Glu

44

375
PRT

Ser

aac
Asn

gaa
100

gag
Glu

gaa
Glu

tac
Tyr

gaa
Glu

&y
180

tca
Ser

ttc
Phe

atg
Met

gaa
Glu

ttt
Phe
260

gct
Ala

tta
Leu

gag
Glu

gca
Ala

att
Ile
340

tgt
Cys

ccc
Pro

His

atc
Ile
85

tta
Leu

ata
Ile

cca
Pro

tca
Ser

act
Thr
165

ctg
Leu

aga
Arg

cac
Hls

aga
Arg

ata
Ile
245

tac
Tyr

tta
Leu

cac
H1s

cag
Gln

aaa
Lys
325

gta
val

gat
Asp

ttt
Phe

Ile
70

gaa
Glu

gag
Glu

ttg
Leu

ata
Ile

tgc
Cys
150

caa
GIn

aat
Asn

gta
val

gca
Ala

aag
LysS
230

tta
Leu

gag
Glu

aaa
Lys

gaa
Glu

tac
Tyr
310

atc
Ile

aaa
Lys

cCcg
Pro

aaa
Lys

His

att
Ile

cga
Arg

2y

atg
135
cca
Pro

atc
Ile

aaa
Lys

aaa
LyS
gta
215

tag
Trp

Tttt
Phe

tgc
cys

gat
Asp

ttt
Phe
295

tat
Tyr

agg
Arg

&

tgt
Cys

aaa
Lys
375

Leu

cca
Pro

ctt
Leu

cat
His
120
cag
Gln

atc
Ile

ccg
Pro

Tttt
Phe

gat
Asp
200

&y
&y

gac
Asp

ctt
Leu
acc
280
aag
Lys

tca
Ser

act
Thr

tac
TYyr

ttt
phe
360

taa

Trp

gaa
Glu

cat
His
105

gaa
Glu

gta
val

att
Ile

cat
H1s

ctt
Leu
185

tt
\g/a1

cct
Pro

tag
Trp

agc
ser

gaa
Glu
265

tct
ser

ccg
Pro

tac
TYr

cct
Pro

cat
His
345

aca
Thr

Methanococcus maripaludis
44

ser

cgt
Ar
90g

tct
Ser

aca
Thr

ttt
Phe

ggc
Gly
ata
170

gaa
Glu

&y

act
Thr

gtt
val

Q?a
250

agt
Ser

gac
Asp

ata
Ile

gga
Gly

act
Thr
330

gta
val

tgt
Cys

DESUanglais-seql.txt

Ala
75

gca
Ala

cat
H1s

atg
Met

ttt
Phe

gga
cly

ttg
Leu

aga
Arg

gta
val

gca
Ala

cca
Pro
235

gat
Asp

gtt
val

aaa
Lys

aac
Asn

ttg
Leu
315

gca
Ala

agt
ser

act
Thr

Ala

aac
Asn

aca
Thr

tca
ser

gaa
Glu
140

att
Ile

gat
Asp

atg
Met

atg
Met

agg
Ar
22

gaa
Glu

gtt
val

aaa
Lys

agg
Arg

tgc
Cys
300

gat
Asp

aca
Thr

gac
Asp

gat
Asp

Arg

cac
His

tta
Leu

atg
Met
125

ata
Ile

cgg
Arg

aaa
Lys

tta
Leu

gat
Sp
205

ggt
Gly

tat
Tyr

ttt
Phe

att
Ile

ata
Ile
285
tac
Tyr

gat
Asp

aat
Asn

gca
Ala

agg
365

Leu

ata
Ile

ctt
Leu
110

aga
Arg

tct
ser

cca
Pro

att
Ile

aat
Asn
190

aga
Arg

agc
Ser

gac
Asp

gca
Ala

ata
Iile
270
tac
Tyr

acc
Thr

gaa
Glu

ctt
Leu
gaa
350

tta
Leu

Page 56

val

aga
Ar
959

ttt
Phe

tgt
Cys

2ty

aga
Arg

tca
Ser
175

gac
Asp

aaa
Lys

aac
Asn

cca
Pro

AP
255
aga
Arg

aat
Asn

gaa
Glu

&y

ggt
cly
335
tta
Leu

atg
Met

Glu
80

att
Ile

2y

ttt
Phe

agc
Ser

cJs
yS
160

aaa
Lys

ccg
Pro

acc
Thr

gt
Va

tac
Tyr
240

ctt
Leu

cag
Gln

cca
Pro

gct
Ala

ctt
Leu
320

gca
Ala

ata
Ile

att
val

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1128
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Met
1
Glu
Ala
Glu
Gly
65
Ile
Ile
His
Met
Arg
145
Asn
Tyr
Met
Ala
LysS
255
Asp
Ala

Ala

Asn

Gln
305
val
Met

Ile

Leu

TYr
Pro
Glu
Gly
50

Ile
Gly
val
Ala
Leu
130
val
Ile
Glu
Ile
Ala
210
Ser
Phe
val

Leu

TYyr

Arg
Arg
Glu
Ala

LyS
370

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

<220>
<221>
<222>
<223>

<400>
gtg aag Cgc agg agg

WO 2006/087334

Glu
His
Leu
35

Leu
cys
cys
Glu
Phe
115
Arg
His
ser
Glu
Ile
195
Lys
Asp
Asp
Arg
Asp
275
Glu
Gly
GIn
Asp
Ser

355
Glu

45
1230
DNA
Methanopyrus

45

Gly
Arg
20

Thr
Pro
Ser
Asn
Glu
100
Glu
Glu
Tyr
Glu
Gly
180
Ser
Phe
Met
Glu
Phe
260

Ala

Leu

Glu
Ala
Ile
340
Cys

Pro

Glu
5
Leu
Ile
val
His
Ile
85
Leu
Ile
Pro
ser
Thr
165
Leu
Arg
His
Arg
Ile
245
Tyr

Leu

His

Gln
Lys
325
val

Asp

Phe

Cps
(1)..QA230)

Ile
Arg
Gly
Glu
Ile
70

Glu
Glu
Leu
Ile
5%
Gln
Asn
val
Ala
2%
Leu
Glu
Lys

Glu

Tyr
310
Ile
Lys

Pro

Lys

kandieri

Ala
Leu
val
LyS
55

His
Ile
Arg
Gly
Met
135
Pro
Ile
LYyS
Lys
val
215
Trp
phe
Cys
Asp

phe
295

Tyr
Arg
Gly
cys

Lys
375

Ile
Phe
Asn
40

Ala
Leu
Pro
Leu
His
120
Gln
Ile
Pro
Phe
Asp
200
Gly
Gly
Asp
Leu
Thr
280
Lys
Ser
Thr
Tyr

Phe
360

Gly
Ile
25

His
cys
Trp
Glu
His
105
Glu
val
Ile
His
Leu
185
val
Pro
Trp
ser
Glu
265

ser

Pro

Tyr
Pro

His
345

Thr'

Pro
10

Glu
Arg
Ile
Ser
Arg
90

ser
Thr
Phe
Gly
Ile
170
Glu
Gly
Thr
val
Gcly
250
ser

ASp

Ile

Gly
Thr
330
val

Cys

DESUanglais-seql.txt
val His Ser Thr ?et Leu
5

Asp Glu
Gly val
Leu Cys
60
Ala Ala
75
Ala Asn
His Thr
Met ser
Phe Glu

140
gy e
Leu Asp
Arg Met
val Met
Ala Arg

220
Pro Glu

235
Asp val
val Lys

Lys Arg

Asn Cys
300

Leu Asp
315
Ala Thr

Ser Asp

Thr Asp

Ile
Glu
45

Glu
Arg
His
Leu
Met
125
Ile
Arg
Lys
Leu
Asp
205
Gly
Tyr
Phe
Ile
Ile
285
Tyr
Asp
Asn

Ala

Arg
365

val
30

Arg
Lys
Leu
Ile
Leu
110
Arg
Ser
Pro
Ile
Asn
190
Arg
Ser
Asp
Ala
Ile
270

TYyr

Thr

Glu
Leu
Glu

350

Leu

Lys
Leu
Ile
val
5
Phe
Cys
Gly
Arg
Ser
175
Asp
Lys
Asn
Pro
258
Arg

Asn

Glu

Gly
Gly
335
Leu

Met

Asp
Met
Cys
g
Ile
Gly
Phe
Ser
&%
Lys
Pro
Thr
val
%
Leu
Gln

Pro

Ala

Leu
320
Ala
Ile

val

cgt gag atc caa tcc aac gtc caa gtc gtg gac
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val
1

gtc
val

cct
Pro

cga
Arg

cgt
Arg
65

ttc
phe

tgc
Cys

cot
Arg

tcc
Ser

act
Thr
145

atc
Ile

&

gaa
Glu

gcc
Ala

atc
Ile
225

agg
Arg

tat
TYr

ctc
Leu

ctc
Leu

gag
Glu
305

cga
Arg

Lys

gag
Glu

aat
Asn

9?3
50’

&y

ctc
Leu

tte
Phe

4

cac
H1s
130
atg
Met

gaa
Glu

&y

acc
Thr

bye
ys
210

act
Thr

gct
Ala

ccg
Pro

gcc
Ala

atc
Ile
290

ctg
Leu

2ty

WO 2006/087334

Arg

acg
Thr

cat
His
35

gaa
Glu

atc
Ile

gct
Ala

atc
Ile

Tty
Leu
115

ctc
Leu

ttc
Phe

gag
Glu

gtt
val

ctg
Leu
195

aac
Asn

aag
Lys

tcc
Ser

gag
Glu

A9
275

gag
Glu

gag
Glu

gaa
Glu

aag cgc gtt

Arg
gsit
Gly
20

ccg

Pro

gag
Glu

gag

gaa
Glu

gga
i

ttc
Phe

atc
Ile

gt
va

ata
Ile

cga
Arg
180

gac
Asp

gat
Asp

gac
Asp

&

ctg
Leu
260

atc
Ile

cgg
Arg

gt
Va

ctc
Leu

Arg
5

gag
Glu

atc
Ile

gtt
val

aag
Lys

cga
Arg
85

&y

ctc
Leu

gcc
Ala

tag
Trp

acc
Thr
165

atg
Met

gca
Ala

cCc
Pro

cat
His

gtc
val
245

&y

ttg
Leu

atc
Ile

aac
Asn

gt
va
325

Arg

atc
Ile

ctc
Leu

gt
vVa

atc
70
gtc

val

gtc
val

cgc
Arg

aac
Asn

aac
Asn
150

&

gac
Asp

atc
Ile

ttc
Phe

atc
Ile
230

cccC
Pro

ttc
Phe

gtc
val

gtc
val

gcg
Ala
310

tac
TYr

acg atc cgc

Glu

gag
Glu

aaa
Lys

gac
Asp
55

atg
Met

tgc
Cys

g9ag
Glu

gtc
val

gcc
135
atg
Met

aac
Asn

gtc
val

cgt
Arg

atc
Ile
215

agg
Arg

gag
Glu

aag
Lys

cga
Arg

gat
Asp
295

gga
Gly

gat
Asp

aca

Iie

ccg
Pro

gag
Glu
40

tgc
cys

gag
Glu

ety

aaa
Lys

ctc
Leu
120

gcc
Ala

aac
Asn

g9
Arg

acc
Thr

gac
Asp
200

aag
Lys

aag
LyS

tct
Ser

ccc
Pro

tac
Tyr
280

gag
Glu

cac
H1s

atg
Met

cct

Gln

ata
Ile
25

ccc
Pro

aag
Lys

ety

atc
Ile

ctc
Leu
105

gt
va

tac
Tyr

act
Thr

atc
Ile
gag
185
gac
Asp

ctc
Leu

tac
Tyr

gac
Asp

gtt
265

gac
Asp

ttg
Leu

gtc
val

gaa
Glu

tce

Ser
10

tca
Ser

ctc
Leu

gt
va

atg
Met

tgc

gcc
Ala

caa
GlIn

ttc
Phe

cat
Arg

ctg
Leu
170

gac
Asp

gt
va

cga
Arg

cga
Arg

atg
Met
250

tac
Tyr

a
s

cCcc
Pro

gat
Asp

cta
Leu
330

gtc

pDESUanglais-seql.txt

Asn

cac
His

cgg
Arg

gag
Glu

cce
Pro
75

tce
Ser

gaa
Glu

gag
Glu

tac
Tyr

gag
155
acg

Thr

caa
Glin

ata
ile

tco
Ser

gtc
val
235

cgt
Arg

agg
Arg

tgt
Cys

gaa
Glu

aac
Asn
315

gct
Ala

ccg

va

cgt
Arg

atc
Ile

atg
Met
60

tag
Trp

cac
His

&y

cta
Leu

tcg
ser
140

cgc
Arg

&

ctg
Leu

acg
Thr

cgt
Arg
220
gtt
val

ctc
Leu

aag
Lys

ttg
Leu

999
&y
300
cgc
Arg

cct
Pro

aat

Gln

gtc
val

aag
Lys
45

&ty

cag
Gin

acg
Ala

gat
Asp

gat
Asp
125

ata
Ile

gtc
val

tgg
Trp

aac
Asn

tac
Tyr
205

&y
&ty

caa
Glin

gag
Glu

cag
285

agg
Arg

gtc
val

&ty

atc

val

ccc
Pro
30

ctg
Leu

tac
Tyr

aag
Lys

cac
His

ccc
Pro
110

agg
Arg

gag
Glu

ctg
Leu

aac
Asn

aac
Asn
190
cga
Arg

gtc
val

ccg
Pro

gag
Glu

999
cly
270
tcc
Ser

cat
His

gag
Glu

&y

cga

Page 58

val
15
gt
va

gc
Al g

tgc
Cys

gcc
Ala

aac
Asn
95

gct
Ala

att
Ile

cat
His

gac
Asp

gtc
val
175
gtc
val

cga
Arg

ety

cag
GIn

ccc
Pro
255
gac
Asp

ata
Ile

cga
Arg

gcc
Ala

gtc
335
gtc

Asp
&y

gtc
val

cac
H1s

gce
Ala
80

atg
Met

ccg
Pro

caa
Gln

gag
Glu

e
yS
160
gtc
val

ctc
Leu

atc
Ile

gt
Va

gct
240
gtt
val

aac
Asn

gag
Glu

cgg
Arg

cca
Pro
320

gt
va

ctg

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056
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Lys

gag
Glu

tat
Tyr

atc
Ile
385

gt
va

<210>
<211>

Arg

gcg
Ala

gcg
Ala
370

gat
Asp

atc
Ile

<212>

<213>
<400>

WO 2006/087334

val

ata
Ile
355

agc
Ser

gaa
Glu

cgc
Arg

46

409
PRT
Methanopyrus

46

val Lys Arg
1

val
Pro
Arg
Arg
65

Phe
Cys
Arg
Ser
Thr
145
Ile
Gly
Glu
Ala
Ile
225
Arg
Tyr
Leu

Leu

Glu
305

Glu
Asn
Gly
50

Gly
Leu
phe
Gly
His
130
Met
Glu
Gly
Thr
Lys
210
Thr
Ala
Pro
Ala
Ile

290

Leu

Thr
His
35

Glu
Ile
Ala
Ile
Leu
115
Leu
Phe
Glu
val
Leu
195
Asn
Lys
Ser
Glu
Arg
275

Glu

Glu

Thr
340

gcg
Ala

ttg
Leu

<gg
Arg

gct
Ala

Arg
Gly
20

Pro
Glu
Glu
Glu
G1

105
Phe
Ile
val
Ile
Ar

18

Asp
Asp
Asp
Gly
Leu
260
Ile

Arg

val

Ile

cCct
Pro

gac
Asp

gag
Glu

tgc
Cys
405

Arg
5
Glu
Ile
val
Lys
Arg
85
Gly
Leu
Ala
Trp
Thr
165
Met
Ala
Pro
His
val
245
Gly
Leu

Ile

Asn

Arg
&y

ccg
Pro

ggt

390

tcc
Ser

kandleri

Arg
Ile
Leu
val
Ile
70

val
val
Arg
Asn
Asn
150
Gly
Asp
Ile
Phe
Ile
230
Pro
Phe
val

val

Ala
310

Thr

tct
Ser

tgc
cys
375

aag
Lys

agg
Arg

Glu
Glu
LyS
Asp
55

Met
Cys
Glu
val
Ala
135
Met
Asn
val
Arg
Ile
215
Arg
Glu
Lys
Arg
Asp

295
Gly

Pro

cct
Pro
360

gtc
val

gtt
val

act
Thr

Ile
Pro
Glu
40

Cys
Glu
Gly
Lys
Leu
120
Ala
Asn
Arg
Thr
Asp
200
Lys
Lys
Ser
Pro
Tyr
280
Glu

His

Ser
345

agc

ser

Ala

ctc
Leu

tcc
Ser

Glin
Ile
25

Pro
Lys
Gly
Ile
Leu
105
val
TYyr
Thr
Ile
Glu
185
Asp
Leu
Tyr
Asp
val
265
Asp

Leu

val

val

atc
ile

tgC
cys

tta
Leu

tga

Ser
10

Ser
Leu
val
Met
Cys
90

Ala
Gln
Phe
Arg
Leu
170
Asp
val
Arg
Arg
Met
250
Tyr
Glu

Pro

Asp

DESUanglais-seql.txt
Pro Asn Ile grg val Leu
50

gca
Ala

aat
Asn

gaa
395

Asn
His
Arg
Glu
Pro
75

ser
Glu
Glu
Tyr
Glu
155
Thr
Gin
Ile
Ser
val
235
Arg
Arg
Cys

Glu

Asn
315

gac
Asp

g9ag
380

&y

val
Arg
Ile
Met
60

Trp
His
Gly
Leu
Ser
140
Arg
Gly
Leu
Thr
Arg
220
val
Leu
LyS
Leu
Gly
300

Arg

gcc
Ala
365

agg
Arg

aag
Lys

Gln
val
Lys
45

Gly
Gln
Ala
Asp
Asp
125
ITe
val
Trp
Asn
Tyr
205
Gly
Gly
Gln
Glu
Gln
285

Arg

val

Page

gta
val

ttc
Phe

gcg
Ala

val
Pro
30

Leu
Tyr
Lys
His
Pro
110
Arg
Glu
Leu
Asn
Asn
190
Arg
val
Pro
Glu
Gly
270
Ser
His
Glu

59

gcec aca
Ala Thr

gtg gt
val va

€99 gag
Arg Glu
400

val Asp
15

val Gly
Ala val
Cys His

Ala Ala
80

Asn Met
95

Ala Pro
Ile G1n
His Glu
Asp Cys

160

val val
175

val Leu
Arg Ile
Gly val
Gln Ala

240
Pro vail

255
Asp Asn
Ile Glu

Arg Arg

Ala Pro
320

1104

1152

1200

1230
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WO 2006/087334 PCT/EP2006/050942

DESUanglais-seql.txt

Arg Gly Glu Leu val Tyr Asp Met Glu Leu Ala Pro Gly Gly val val
325 330 335

Lys Arg val Thr Ile Arg Thr Pro Ser val Pro Asn Ile Arg val Leu
340 345 350

Glu Ala Ile Ala Pro Gly Ser Pro Ser Ile Ala Asp Ala val Ala Thr
355 360 365

Tyr Ala Ser Leu Asp Pro Cys val Ala Cys Asn Glu Arg Phe val val
370 y 375 380

Ile Asp Glu Arg Glu Gly Lys val Leu Leu Glu Gly Lys Ala Arg Glu
385 P 9 39% Y 395 Y 9 400

val Ile Arg Ala Cys Ser Arg Thr Ser

<210> 47

<211> 1113

<212> DNA

<213> Methanobacterium thermoautotrophicum

<220>

<221> CDS

<222> (1)..(1113)
<223>

<400> 47 ’
atg ata ctg cca ctt gqa ccc atg cac ccg g?a tac aag gag ccc ata 48
hldet Ile Leu Pro Leu Gly Pro Met His Pro Gly Tyr Lys Glu Pro Ile

agg ctc aag gtg aag acc cgg g?t gaa aag gtt ctc aaa gcc gaa ata 96
Arg Leu Lys val Lys Thr Arg Gly ggu Lys val Leu Lys g;l)a Glu Ile
20

gaa tac gga tac gtt cac agg g?a ata gag agg gtt atg agg aac aag 144
Glu Tyr g y Tyr val His Arg goy Ile Glu Arg val %g:t Arg Asn Lys
5

acc tgg cag aag gcc atc tac ctc tct gaa cgc gtc tgc ggrg ata tgt 192
Thr T(r)p Gln Lys Ala Ile T)S/r- Leu Ser Glu Arg \ég] Cys Gly Ile Cys
5 5

tca tac ata cac aca cag acC ttt gca gag gcc ttt gag gcc ata tca 240
fsser' Tyr Ile His Thr %n Thr Phe Ala Glu /7\;3 pPhe Glu Ala Ile g(e)r'
5

gag gtc gag gca ccC ccc agg gca cag ttc ctc cgt gca tta aca aac 288
Glu val Glu Ala ggo Pro Arg Ala Gin 9Pge Leu Arg Ala Leu 'SI)'I;r Asn

gag ctt gac agg ata cag agt cac ctc atc gca aat tca acc tac ttc 336
Glu Leu Asp A(r)'g Ile GIn Ser His 11.8151 Ile Ala Asn Ser ‘{:Iz(r)' Tyr Phe
100

aag gcc ctg gac cat gag acc atg ttc atg tac atg ctg gcc ctc agg 384
Lys Ala li:eltsj Asp His Glu Thr B{gg phe Met Tyr Met liezzg Ala Leu Arg

gag cct gta atg gac gcc atc gag ctc ctg aca g?t aac cgg gtc aac 432
Glu zgo Val Met Asp Ala ﬂg Glu Leu Leu Thr 54)(; Asn Arg val Asn
0

atg ggrc tgg aac gtg gt ggft g?c gtg agg atg gac gcc tca gag agce 480
Met Gly Trp Asn val val Gly Gly val Arg Met Asp Ala Ser Glu Ser
145 150 155 160

cac ctg tca atg ata agg gag atc ata gtt gac ctt gaa aga gag ttc 528
His Leu Ser Met ﬂg Arg Glu Ile Ile \1/?(1) Asp Leu Glu Arg %tsl Phe

gac cgt tac gtt gag atg ttc gag cac gglJc Cca ctc ata g?c ctc agg 576
Asp Arg Tyr \J{g’(l) Glu Met phe Glu ggg Gly Pro Leu Ile (15.9)6 Leu Arg

tca agg gag gtc ggt tac atg agc cag gag gag gca gag aag gcc agg 624
Ser Arg ghsx val G?y Tyr Met 385 Gln Glu Glu Ala %g Lys Ala Arg
9

gcc gtt gga cct ata ggg agg gecc tcg ggt ata agg tat gac ttc agg 672
Ala val G?y pro Ile G?y Arg Ala Ser G?y Ile Arg Tyr Asp Phe Arg

Page 60



gag
225

agg
Arg

atc
Ile

&ty

tog
Trp

aac
Asn
305

aac
Asn

gca
Ala

gca
Ala

ctc
Leu

210
gac
Asp

gat
Asp

agg
Arg

&

aga
Arg
290

&y

att
Ile

gac
Asp

gag
Glu

ctc
Leu
370

<210>
<211>
<212>

<213>

<400>
Tet Ile Leu

WO 2006/087334

cac
His

gat
Asp

gtc
val

cce
Pro
275

aac
Asn

aac
Asn

gac
Asp

gce
Ala

agg
355

taa

48

370
PRT .
Methanobacterium

48

Arg Leu Lys

Glu
Thr
4
Glu
Glu
Lys
Glu
Met

145

His

Tyr
Trp
50

Tyr
val
Leu
Ala
Pro
130

Gly

Leu

Gly
35

GIn
Ile
Glu
Asp
Leu
115
val

Trp

ser

Asp Arg Tyr

CcccC
Pro

2y

tca
Ser
260

gtc
val

gag
Glu

ctc
Leu

gcc
Ala

gtt
340

gtc
val

Pro
val
20

TYr
Lys
His
Ala
Arg
100
Asp
Met
Asn

Met

val
180

acc
Thr

gac
Asp
245

att
Ile

agg
Arg

gcc
Ala

ata
ile

tgc
cys
325

gca
Ala

atg
Met

Ley
5
Lys
val
Ala
Thr
Pro
85
Ile
His
ASp
val
Ile

165
Glu

tac
Tyr
230
aac
Asn

gac
Asp

acg
Thr

ccC
Pro

aag
Lys
310

gca
Ala

aca
Thr

gtt
val

Gly
Thr
His
Ile
Gln
70

Pro
GIn
Glu
Ala
val
150

Arg

Met

215

agg
Arg

ttt
Phe

ctc
Leu

aag
LyS

Arg
295

aac
Asn

aag
LysS

tat
TYyr

gtt
val

gac
Asp

gca
Ala

ata
Ile

gtt
280

3ty

ata
Ile

tac
Tyr

gca
Ala

gat
Asp
360

cac
His

cgg
Arg

aag
Lys
265

gac
Asp

gag
Glu

tcc
Ser

atg
Met

agc
ser
345

gaa
Glu

ctg
Leu
gtc
250

cag
Gln

gt
Va

gt
va

ata
Ile

ctg
Leu
330

gct
Ala

gag
Glu

DESUanglais-seql.txt
220

gac
Asp
235

atg
Met

gtc
val

éag
Lys

gcc
Ala

agg
Arg
315

agg
Arg

gat
Asp

agt
Ser

thermoautotrophicum

Pro Met His

Arg
Arg
TYyr
55

Thr
Arg
ser
Thr
Ile
135
Gly

Glu

Phe

Gly
Gl

40y
Leu
Phe
Ala
His
Met
120
Glu
Gly

Ile

Glu

Glu
25

ile
Ser
Ala
Gln
Leu
105
Phe
Leu
val

Ile

His
185

Pro
10

Lys
Glu
Glu
Glu
phe
90

Ile
Met
Leu
Arg
val

170
Gly

Gly
val
Arg
Arg
Ala
75

Leu
Ala
Tyr
Thr
Met
155

Asp

Pro

ttc
Phe

aac
Asn

ata
Ile

agca
Ala

tac
TYr
300

acc
Thr

gac
Asp

cca
Pro

&ty

TYr
Leu
val
val
60

Phe
Arg
Asn
Met
Gly
140
ASp

Leu

Leu

agg
Arg

cgt
Arg

gat
Asp

g?t
288

atg
Met

ccg
Pro

gt
Va

tgc
Cys

gag
Glu
365

Lys
Lys
Met
45

Cys
Glu
Ala
Ser
Leu
125
Asn
Ala

Glu

Ile

acc
Thr

ttc
Phe

gac
As
276

tac
Tyr

att
Ile

agc
ser

gca
Ala

ata
Ile
350

agg
Arg

Glu
Ala
30

Arg
Gly
Ala
Leu
Thr
110
Ala
Arg
Ser

Arg

Gly
190

Page 61

atc
Ile

gat
Asp
255

atg
Met

ggt
G?y
gaa
Glu

ata
Ile

aca
335

gca
Ala

gag
Glu

Pro
15

Glu
Asn
Ile
Ile
Thr
95

Tyr
Leu
val
Glu
Glu

175

Ley

Top
240

gag
Glu

cca
Pro

gag
Glu

acc
Thr

atg
320
gtt
val

tgc
Cys

ata
Ile

Ile
Ile
Lys
Cys
Ser
80

Asn
Phe
Arg
Asn
Ser
160

Phe

Arg

720

768

816

864

912

960

1008

1056

1104

1113

PCT/EP2006/050942



ser
Ala
Glu
225
Arg
Ile
Gly
Trp
Asn
305
Asn
Ala

Ala

Leu

<210>
<211>

Arg
val
210
Asp
Asp
Arg
Gly
Arg
290
Gly
1le
Asp

Glu

Leu
370

<212>

<213>

<220>

<221>

<222>
<223>

<400>

WO 2006/087334

Glu
195
Gly
His
Asp
val
Pro
275
Asn
Asn
Asp

Ala

Arg
355

49

1113
DNA .
Methanobacterium

cDs
@..

49

atg ata ctg

Met
1

agg
Arg

gag
Glu

acc
Thr

tca
ser
65

gag
Glu

gaa
Glu

aag
LysS

gag
Glu

atg
Met

Ile

ctc
Leu

tat
Tyr

Top
50

tat
Tyr

gt
va

ctt
Leu

gce
Ala

cct
Pro
130

&ty

Leu

aag
Lys

9?3
35"

cag
GIn

ata
Ile

gag
Glu

gac
Asp

ctt
Leu
115

gtc
val

tog
Trp

val
Pro
Pro
Gly
ser
260
val
Glu
Leu
Ala
val

340
val

Gly
Ile
Thr
i
Ile
Arg
Ala
Ile

Ala

Met

(1113)

cca
Pro

gtt
val
20

tac
Tyr

aag
Lys

cac
His

gcc
Ala

R
100

gac
Asp

atg
Met

aac
Asn

ctt
Leu
5

aag
Lys

gtt
val

gcc
Ala

aca
Thr

cca
Pro
85

ata
Ile

cat
His

gat
Asp

gtt
val

Tyr
Gly
Tyr
230
Asn
Asp
Thr
Pro
Lys
310
Ala

Thr

val

gga
Gly

aca
Thr

cac
His

ata
Ile

cag
GIn
70

ccg
Pro

cag
Gln

gag
Glu

gcc
Ala

gt
Va

Met
Arg
215
Arg
Phe
Leu
Lys
Arg
295
Asn
Lys

Tyr

val

ser
200
Ala
Asp
Ala
ile
val
280
Gly
Ile

Tyr

Ala

360

GlIn
ser
His
Arg
365
Asp
Glu
Ser
Met
Ser

345
Glu

Glu
Gly
Leu
val
250
Gln
val
val
Ile
Leu
330

Ala

Glu

thermoformicium

cCC
Pro

agg
Arg

agg
Arg

tac
TYyr
55

acc
Thr

agg
Arg

agt
ser

aca
Thr

atc
Ile
135

&y

atg
Met

&
glea
g
ctc
Leu

ttt
Phe

gcc
Ala

cac
His

atg
Met
120

gag
Glu

&

cac
His

gag
Glu
25

ata
Ile

tct
Ser

gca
Ala

cag
GIn

ctc
Ley
105

ttc
Phe

tta
Leu

gt
va

cce
Pro
10

aag
Lys

gag
Glu

gag
Glu

gag
Glu

ttc
Phe
90

att
Ile

atg
Met

ctc
Leu

agg
Arg

DESUanglais-seql.txt
Glu Lys Ala Arg

Glu

Ile

Asp
235

Met
val
Lys
Ala
318
Arg

Asp

Ser

ggc
Gly

gtt
val

agg
Arg

g9
Arg

gca
Ala
75

ctc
Leu

gca
Ala

tac
Tyr

aca
Thr

atg
Met

Ala

Arg
220

phe
Asn
Ile
Ala
Tyr
300
Thr
Asp

Pro

Gly

tac
TYyr

ctc
Leu

gt
Va

gtc
val
60

ttt
Phe

cgt
Arg

aat
Asn

atg
Met

&y
140

gac
Asp

205
Tyr

Arg
Arg
ASp

Gl
283

Met
Pro
val
cys

Glu
365

aag
Lys

aag
Lys

atg
Met
45

tgc
Cys

gag
Glu

gca
Ala

tca
Ser

ctg
Leu
125

aac
Asn

gce
Ala

Asp
Thr
Phe
276
Tyr
Ile
Ser
Ala
Ile

350
Arg

gag
Glu

gcc
Ala
30

agg
Arg

&y

gcce
Ala

ctg
Leu

acc
Thr
110

gcc
Ala

cgt
Arg

tca
Ser

page 62

Phe
Ile

Asp
255

Met
Gly
Glu
Ile

Thr
335

Ala

Glu

cce
Pro
15

gag
Glu

aac
Asn

ata
Ile

ata
Ile
acc
a5

tac
TYyr

ctg
Leu

gtc
val

gag
Glu

Arg
Trp
240
Glu
Pro
Glu
Thr
Met
320
val

Cys

Ile

ata
Ile

ata
Ile

aag
Lys

tgc
Cys

tct
sSer
80

aac
Asn

ttc
Phe

agg
Arg

aac
Asn

gat
Asp

48

96

144

192

240

288

336

384

432

480

PCT/EP2006/050942



WO 2006/087334 PCT/EP2006/050942

DESUanglais-seql.txt
145 150 155 160

cac ctc tca agg ata agg gag atc ata gtg gac ctt gaa agg gaa ttc 528
His Leu Ser Arg {'ég Arg Glu Ile Ile X?O Asp Leu Glu Arg %g Phe

gac cgt tac gtt gaa atg ttc gag cac gg';g cca ctc ata g?a ctc agg 576
Asp Arg Tyr \1/3(1) Glu Met Phe Glu ggg Gly Pro Leu Ile 5936 Leu Arg

tca agg gac gt g?t tac atg agc cgt gag gag gca gag aag gcc cgg 624
Ser Arg Qsp val Gly Tyr Met ggg Arg Glu Glu Ala %g Lys Ala Arg
5

gca gt g?a ccc atc g?a agg gcc tceg g?t ata cgg tat gac ttc agg 672
Ala \zlio Gly pro Ile Gly 5\{(5; Ala ser Gly Ile ;2\58 Tyr Asp Phe Arg

gag gat cac ccc acc tac cgg gat cac ctg gat ttc agg acg atc tgg 720
Glu Asp His Pro Thr Tyr Arg Asp His Leu Asp Phe Arg Thr Ile Trp
225 230 235 240

agg gat gag ggl;g gac aac ttt gca agg gtc atg aac cgc ttc gat gag 768
Arg Asp Glu Gly 92'3 Asn Phe Ala Arg }21?3 Met Asn Arg Phe ggp Glu
5

ata agg gtc tca att gac ctc ata aag cag gtg ata gac agt atc ccc 816
Ile Arg val ggg Ile Asp Leu Ile %g Gin val Ile Asp g% Ile Pro

tcc g?c cct gtg agg agg aag gtg gat gtg aag gca g?c tac g?g gag 864
Ser Gly g;(s) val Arg Arg Lys \215810 Asp val Lys Ala gs%/ Tyr Gly Glu

tgg aga aac gag gca ccc cgcC gg';c gag gtg gcc tac atg att gag acc 912
Trp % Asn Glu Ala Pro égg Gly Glu val Ala %5 Met Ile Glu Thr

aac g?a aac ctc ata aag aac atc tcc ata agg acc c¢c agc atc atg 960
Asn Gly Asn Leu Ile Lys Asn Ile Ser Ile Arg Thr Pro Ser Ile Met
305 310 315 320

aac atc gat gcc tgt gca aag tac atg ctg cgt gac gtt gca acc gtt 1008
Asn Ile Asp Ala (3:%3 Ala Lys Tyr Met Ijgg Arg Asp Val Ala ggg val

gca gat gcc gtt gca acc tat gcc agt gca gac cca tgc ata gca tgt 1056
Ala Asp Ala \3{23) Ala Thr Tyr Ala gig Ala Asp Pro Cys :?5158 Ala Cys

gca gag agg gtc gtg gtc ctg gac gag aat gag g?a aag -‘agg gag ata 1104
Ala Glu /3\;{5; val val val Leu égg Glu Asn Glu Gly I?:)G/g Arg Glu Ile

ctc ctt taa 1113
Leu Leu
370

<210> 50

<211> 370

<212> PRT . L.
<213> Methanobacterium thermoformicium

<400> 50 .
Met Ile Leu Pro Leu Gly Pro Met His Pro Gly Tyr Lys Glu Pro Ile
1 5 10 15

Arg Leu Lys val Lys Thr Arg Gly Glu Lys val teu Lys Ala Glu Ile
20 25 30

Glu Tyr gg_y Tyr val His Arg %y Ile Glu Arg val %gzt Arg Asn Lys

Thr T(I;p Gln Lys Ala Ile 'ggr Leu Ser Glu Arg E/g] Cys Gly Ile Cys
5

Ser Tyr Ile His Thr Gln Thr phe Ala Glu Ala phe Glu Ala Ile Ser
65 70 75 80

Glu val Glu Ala Pro Pro Arg Ala Gln Phe Leu Arg Ala Leu Thr Asn
85 90 95

Glu Leu Asp Arg Ile Gln Ser His Leu Ile Ala Asn Ser Thr Tyr Phe
100 105 110

page 63
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Lys Ala Leu Asp His Glu

Glu Pro
130

115

val Met Asp Ala

Met Gly Trp Asn val val

145

His Leu
Asp Arg
Ser Arg
Ala val

210

Glu Asp
225

Arg Asp
Ile Arg
Ser Gly

Trp Arg
290

Asn Gly
305

Asn Ile
Ala Asp
Ala Glu

Leu Leu
370

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

<220>
<221>
<222>
<223>

<400>
atg gat
yet Asp

gtg cac
val His

gat gaa
Asp Glu

ggt att
G?y Ile
50

ctg aca
Leu Thr
65

tca atc
Ser Ile

150

Ser Arg Ile Arg
165

Tyr val Glu Met
180

Asp val Gly Tyr
195

Gly Pro Ile Gly

His Pro Thr Tyr
230

Glu Gly Asp Asn
y 245

val Ser Ile Asp
260

Pro val Arg Arg
275

Asn Glu Ala Pro

Asn Leu Ile Lys
310

Asp Ala Cys Ala
325

Ala val Ala Thr
340

Arg val val val
355

51

1131,

DNA .
Methanobacterium

CDS
1..Qa131

51
9?9 aaa agg gag
Gly Lys érg Glu

tcg gca gcc ata
Ser gga Ala Ile

ata gtc aga gac
g;e val Arg Asp

gaa agg ata atg
Glu Arg Ile Met

gag aag gta tgc
Glu Lys val 955

ctg gtg gct gaa
Leg ga g}a Glu

Thr
Ile
135
Gly
Glu
Phe
Met
Arg
215
Arg
Phe
Leu
Lys
Arg
295
Asn
Lys

Tyr

Leu

Met
120
Glu
Gly
Ile
Glu
ser
200
Ala
Asp
Ala
Ile
val
280
Gly
Ile
TYr

Ala

ASp

Phe
Leu
val
Ile
His
185
Arg
sSer
His
Arg
26
Asp
Glu
Ser
Met
Ser

345
Glu

Met
Leu
Arg
val
170
Gly
Glu
Gly
Leu
val
250
Gln
val
val
Ile
Leu
330

Ala

Asn

thermoformicium

ata
Ile

gaa
Glu

gcc
Ala

gag
Glu
55

&y

aag
Lys

att
Ile

cCc
Pro

gag
Glu
40

&y

atc
Ile

&y

gag
Glu

tac
Tyr
25

ata
Tle

ctc
Leu

tgt
cys

ctt
Leu

aca
Thr
10

cgt
Arg

acc
Thr

cCcC
Pro

tca
Ser

Q?C
50"

pESUanglais-seql.txt
Tyr Met Leu Ala Leu Arg

Thr
Met
155
Asp
Pro
Glu
Ile
ASp
235
Met
val
LyS
Ala
Arg
315
Arg

Asp

Glu

gaa
Glu

gt
va

gtc
val

gt
Va

ggt
b

Val

Gly
140

Asp

Leu
Leu
Ala
220
Phe
Asn
Ile
Ala
300
Thr
Asp

Pro

Gly

ata
Ile

agg
Arg

2ty

gag
Glu
60

gtc
val

ag
g1u

125

Asn
Ala
Glu
Ile
5
TYyr
Arg
Arg
Asp
Met
Pro
val

cys

Lys

aca
Thr

ctg
Leu

gtc
val
45

aag
Lys

cac
His

ata
Ile

Arg val Asn

Ser
Arg
2
Lys
Asp
Thr

Phe

Ser
270

Tyr
Ile
Ser
Ala

Ile
350

Arg

atg
Met

ttc
Phe
30

aac
Asn

gcc
Ala

ctc
Leu

Ccc
Pro

Page 64

Glu
Glu
175
Leu
Ala
phe
Ile
Asp
255
Ile
Gly
Glu
Ile
Thr
335

Ala

Glu

Q?t
g

gtt
val

cac
His

aac
Asn

tgg
Trp

gaa
Glu
95

Asp
160
phe
Arg
Arg
Arg
Trp
240
Glu
Pro
Glu
Thr
Met
320
val

Cys

Ile

acc
Thr

gag
Glu

agg
Arg

agc
Ser

aat
Asn
80

agg

48

96

144

192

240

288
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gca
Ala

cac
His

ttc
Phe

Atg
145

&y

agt
Ser

agg
Arg

cccC
Pro

ctc
Leu
225

tat
Tyr

agg
Arg

ata
Ile

agg
Arg

gcc
Ala
305

gt
Va

atg
Met

ata
Ile

ata
Ile

tcc
Ser

ctt
Leu

tce
ser
130

ctc
Leu

ata
Ile

gag
Glu

ttc
Phe

ata
Ile
210

agg
Arg

gac
Asp

gca
Ala

ata
Ile

aac
Asn
290

cca
Pro

agg
Arg

cag
Gln

gt
va

ata
Ile
370

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

<400>
hlllet Asp Gly Lys érg Glu

WO 2006/087334

tac
Tyr

ctc
Leu
115

atg
Met

ata
Ile

aga
Arg

gga
Gly

acc
Thr
195

agc
Ser

gca
Ala

cca
Pro

aac
Asn

aga
Arg
275

tag
Trp

agg
Arg

&y

tat
Tyr

cag
Glin
355

gac
Asp

52
376
PRT

52

ata
TIle
100
tat
Tyr

agg
Arg

&y

ccg
Pro
atg
180
tce
ser

agg
Arg

act
Thr

ttt
phe

ctc
Leu
260
cag
Gln

gag
Glu

2y

tca
Ser
gcc
340
tagc
Cys

ctc
Leu

agg
Arg

ctg
Leu

cta
Leu

&y

agg
165
gac
Asp

gat
Asp

aag
Lys

&y

gaa
245

ctc
Leu

gcc
Ala

atg
Met

aga
Arg

ata
Ile
325

tgc
Cys

gat
Asp

aat
Asn

ata
Ile

gcc
Ala

ttc
Phe

aac
Asn
150

gca

g Ala

ttc
Phe

cca
Pro

gat
Asp
gtt
230
Tttt
Phe

atg
Met

ctg
Leu

cag
Gln

ctc
Leu
310

ata
Ile

ata
Ile

cCC
Pro

gct
Ala

Methanobacterium

val His Ser /2\(1)3 Ala Ile

ata
Ile

cat
H1s

tac
TYr
135

agg
Arg

gac
Asp

ata
Ile

atg
Met
gcc
215
gaa
Glu

gat
Asp

agg
Arg

agg
Arg

gat
Asp
295
tac
TYr

agg
Arg

aty

tgc
cys

gaa
375

gtt
val

gga
ety
120
ata
Ile

gta
val

ctt
Leu

gag
Glu
gt
Va
200
ctc
Leu

ttt
Phe

gtc
val

gtc
val
gac
280

aca
Thr

cac
His

aca
Thr

cac
His

ttc
Phe
360

agg
Arg

a1y
105

aat
Asn

agg
Arg

cag
Gin

gat
Asp

gag
Glu
185

atg
Met

aga
Arg

gac
Asp

ata
Ile

ctc
Leu
265

ctc
Leu

ety

tcc
Ser

ccc
Pro

cac
His
345

aca
Thr

tga

gaa
Glu

gag
Glu

gag
Glu

tac
TYr

gag
Glu
170

aag
LysS

tcc
Ser

tta
Leu

tta
Leu

acc
Thr
250

gag
Glu

ccg
Pro

ata
Ile

tat
Tyr

tca
ser
330

atc
Ile

tgc
Cys

thermoformicium

DESUanglais-seql.txt

ctt
Leu

gtc
val

aca
Thr

&y
155

atg
Met

gtt
val

cgt
Arg

cat
H1s

Atg
235

cag
Gln

ata
Ile

gat
Asp

at
Va

gca
Ala
315

atg
Met

acc
Thr

aca
Thr

gaa aga atc cac agc

Glu

ctt
Leu

gtc
val
140

gta
val

aag
Lys

gag
Glu

ata
Ile

gta
val
220

act
Thr

gat
AsSp

ttt
phe

&y

aag
LYS
300

ata
Ile

tca
Ser

gat
Asp

gac
Asp

Arg

ggc
ety

atg
Met

ccc
Pro

acc
Thr

gcc
Ala

aca
Thr
205

aca
Thr

gaa
Glu

aff

gaa
Glu

Avg
285

agc
ser

gag
Glu

aac
Asn

gca
Ala

agg
Arg
365

Ile
110

cat
His

gag
Glu

atc
Ile

cag
GIn

ttt
Phe
190

ety
&y

atg
Met

4t

tcc
Ser
270

gtt
val

tac
Tyr

gat
Asp

att
Ile

cag
Gin
350

gca
Ala

H1s

gaa
Glu

ctt
Leu

att
Ile

Arg
9
175

gca
Ala

gtc
val

cca
Pro

cca
Pro

gat
Asp
255

ata
Ile

ott
val

gtt
val

ety

Q?t
538

ctc
Leu

att
Ile

ser

aca
Thr

ttg
Leu

Q?t
160

ata
Ile

gag
Glu

tgc
Cys

aca
Thr

e
yS
240

gtc
val

aat
Asn

gac
Asp

gag
Glu

agg
Arg
320

gce
Ala

&y

gaa
Glu

Ile Ile Glu Thr Glu Ile Thr Met Gly Thr
10 15

Glu Pro Tyr Arg val Arg Leu Phe val Glu
25 30

Page 65

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1131
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DESUanglais-seql.txt
Asp Glu ]3:;e val Arg Asp Ala %u Ile Thr val Gly Xg”l Asn His Arg

Gly Ile Glu Arg Ile Met Glu Gly Leu Pro val Glu Lys Ala Asn Ser
50 55 60

Leu Thr Glu Lys val Cys Gly Ile Cys Ser Gly val His Leu Trp Asn
65 70 75 80

Ser Ile Leu val Ala Glu Lys Gly Leu Gly val Glu Ile Pro Glu Arg
85 920 95

Ala Ser Tyr Ile Arg ITe Ile val Gly Glu Leu Glu Arg Ile His Ser
100 105 110

His Leu Leu Tyr Leu Ala His Gly Asn Glu val Leu Gly His Glu Thr
115 120 125

Phe Ser Met Arg Leu Phe Tyr Ile Arg Glu Thr val Met Glu Leu Leu
130 135 140

Arg Leu Ile Gly Gly Asn Arg Val GIn Tyr Gly val Pro Ile Ile GI
1tfi.£5J y y 150 g 155 16%)/

Gly Ile Arg Pro Arg Ala Asp Leu Asp Glu Met Lys Thr Gln Arg Ile
Y 165 170 17%;J

Ser Glu Gly Met Asp Phe Ile Glu Glu Lys val Glu Ala’'Phe Ala Glu
180 185 190

Arg phe Thr Ser Asp Pro Met Val Met Ser Arg Ile Thr Gly val Cys
195 200 205

Pro Ile Ser Arg Lys Asp Ala Leu Arg Leu His val Thr Gly pro Thr
210 215 220

Leu Arg Ala Thr Gly val Glu Phe Asp Leu Arg Thr Glu Met Pro Cys
225 230 235 240

Tyr Asp Pro Phe Glu Phe Asp val Ile Thr Gln Asp Gly Gly Asp val
Y 245 250 y ey 25‘57

Arg Ala Asn Leu Leu Met Arg val Leu Glu Ile pPhe Glu Ser Ile Asn
260 265 270

Ile Tle Arg GIn Ala Leu Arg Asp Leu Pro Asp Gly Arg val val Asp
275 280 285

Arg Asn Trp Glu Met Gln Asp Thr Gly ITe val Lys Ser Tyr val Glu
290 295 300

Ala Pro Arg Gly Arg Leu Tyr His Ser Tyr Ala Ile Glu Asp Gly Ar
305 310 315 32

val Arg Gly Ser Ile Ile Arg Thr Pro Ser Met Ser Asn Ile Gly Ala
325 330 335

Met GIn Tyr Ala Cys Ile Gly His His Ile Thr Asp Ala GIn Leu Gly
340 345 350

Ile val GIn Cys Asp Pro Cys Phe Thr Cys Thr Asp Arg Ala Ile Glu
355 360 365

Ile Ile Asp Leu Asn Ala Glu Arg
370 375

<210> 53

<211> 3550

<212> DNA

<213> Desulfovibrio fructosovorans

<220>

<221> CDsS

<222> (192)..(1133)
<223>

<220>

<221> CDS

<222> (1208)..(2899)
<223>

<220>
<221> CDS
<222> (2970)..(3467)
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DESUanglais-seql.txt
<223>

<400> 53

caaactcgtg attaactgca aaagggaaat cgaacccgge gacgcaggaa cgcacgcgtc 60
cgtcacatag aggcggcgge ggcecggttcg cctgcgacgg ccgcgtgccg aacgggtcaa 120
cggatgctac gtggcctggg gatcatggga cgccccggac catgcctctc gtaaaacaaa 180

ggaggacgtt t atg aac ttt tcc gtg ggt ctt ggc agg gat gat gcg gaa 230
Met Asn Phe Ser Vval Gly Leu Gly Arg Asp Asp Ala Glu
1 5 10
aaa cgg ctt gtg caa aac g?c gtc tcc cgc cgc gaa ttc atg aaa ttt 278
Lys Arg Leu Val GIn Asn Gly val Ser Arg Arg Glu Phe Met Lys Phe
15 20 25
tgc gcc acc gtg gec gcg gec atg ggl;c atg g_?c €cc gcg ttc gcg cec 326
Cys Ala Thr val Ala Ala Ala Met Gly Met Gly Pro Ala phe Ala Pro
30 35 40 45
aag gtc gcc gaa gca ttg acg gcc aaa cac cgt ccg tcg gtg gtc tgg 374
Lys val Ala Glu Ala Leu Thr Ala Lys His Arg Pro Ser val val Trp
50 55 60
ctg cac aac gcc gag tgc acc g?c tgc acc gaa gcg gcg atc cgg acg 422
Leu His Asn Ala Glu Cys Thr Gly Cys Thr Glu Ala Ala Ile Arg Thr
65 70 75
atc aaa cct tat ata gac gcg ctc att ctc gac acc akc tcc ctg gat 470
I1e Lys Pro Tyr Ile Asp Ala Leu ITe Leu Asp Thr Ile Ser Leu Asp
80 85 90
tac cag gag acc atc atg gcc gcg gcc ggc gag acg tcc gag gcg gec 518
Tyr Gln Glu Thr Ile Met Ala Ala Ala G?y Glu Thr Ser Glu Ala Ala
95 100 105
ctg cac cag gec ctc gaa g?c aag gac g?c tac tac ctc gtg gtc gag 566
Leu His Gla Ala Leu Glu Gly Lys Asp Gly Tyr Tyr Leu Val val Glu
110 115 120 125
g?c g?c ctg ccc acc atc gac g?c gg';c cag tgg g?c atg gtt gcc g?c 614
Gly Gly Leu Pro Thr ITe Asp Gly Gly Gla Trp Gly Met val Ala Gly
130 135 140
cat ccc atg atc gag acc acc aag aag gcc gcg gcc aag gcc aag g?c 662
His Pro Met Ile Glu Thr Thr Lys Lys Ala Ala Ala Lys Ala Lys Gly
145 150 155
atc atc tgc atc ggfc acc tgc tcc gec tac gﬁ;c g?c gtc cag aag gcc 710
Ile 1le Cys Ile Gly Thr Cys Ser Ala Tyr Gly Gly val Gln Lys Ala
160 165 170
aaa ¢ccc aat ¢cc agc cag gcc aag g?c gtg tcc gaa gcc ctc g?c gtc 758
Lys Pro Asn Pro Ser Gln Ala Lys Gly val Ser Glu Ala Leu Gly Val
175 180 185
aag acc atc aac atc ccc ggc tgc ccg ccc aac ccc atc aac ttc gt 806
Lys Thr Ile Asn Ile Pro Gly Cys Pro Pro Asn Pro Ile Asn Phe va
190 195 200 205
g?c gcc gtg gtc cat gtc ctg acc aag g?c atc ccg gat ctc gac gag 854
Gly Ala val val His val Leu Thr Lys Gly Ile Pro Asp Leu Asp Glu
210 215 1220
aac ggc cgt ccg aag ctc ttc tac g?c gag ctg gt cac gac aac tgt 902
Asn Gly Arg Pro Lys Leu Phe Tyr Gly Glu Leu val His Asp Asn Cys
225 230 235
€cg cgc ctg c¢cc cac ttc gag gcc tcc gaa ttc gcg ccc tcc tic gat 950
Pro Arg Leu Pro His Phe Glu Ala Ser Glu Phe Ala Pro Ser Phe Asp
240 245 250
tcc gaa gag gcc aag aaa gg';c ttc tgc ctc tac gaa ctc g?c tgc aag 998
Ser Glu Glu Ala Lys Lys Gly Phe Cys Leu Tyr Glu Leu Gly Cys Lys
255 260 265
g?c ccc gtt acc tac aac aac tgc ccc aag gtg ctg tic aac cag gtc 1046
Gly Pro val Thr Tyr Asn Asn Cys Pro Lys Val Leu Phe Asn GIn val
270 275 280 285
aac tgg ccc gtc cag gcc g?c €ac ccc tge ctc g?c tgc agc gag ccg 1094
Asn Trp Pro Val Gln Ala Gly His Pro Cys Leu Gly Cys Ser Glu Pro
290 295 300
gac ttc tgg gac acc atg acg ccg ttc tac gag cag g?c taacccccte 1143
Asp phe Trp Asp Thr Met Thr Pro Phe Tyr Glu Gln Gly
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ctitgtagcg gccagtacce ggacaccttc aacagcaccg aacgtctcgt gacggaggaa

gcat atg gct gag agc aaa ccC acg cca caa tcC acc ttc acc ggc cecc
Met Ala Glu Ser Lys g;g Thr Pro Gln Ser Tg

atc
Ile
330

gtc
val

ctc
Leu

gcc
Ala

gcc
Ala

ccg
Pro
410

ctc
Leu

tc
3a1

ctg
Leu

ctc
Leu

ctc
Leu
490

tac
Tyr

gcc
Ala

ey

tac
Tyr

aag
Lys
5¥0

gcc
Ala

aac
Asn

aaa
Lys

gac
Asp

WO 2006/087334

315

gt
va

gag
Glu

ttc
phe

cag
Gln

ctg
Leu
395
gce
Ala

cat
His

gac
Asp

gca
Ala

aag
Lys
475

ety

ctg
Leu

ctg
Leu

aag
Lys
cag
555
gaa
Glu

gt
va

tac
TYr

cac
His

ctc
Leu

gtc
val

gt
Va

cgc
Arg

cac
His
380
gcce
Ala

aac
Asn

gac
Asp

gt
Va

gcce
Ala
460

gcc
Ala

atc
Ite

ccg
Pro

cac
His

aac
Asn
540

&y

gtc
val

gcc
Ala

cty
Leu

ctg
Leu
620

&y

305

gac
Asp

gaa
Glu

Q?C
568

tte
Phe

tcc
Ser

gcc
Ala

cac
H1s

acc
Thr
445

tce
ser

gtc
val

tte
phe

cCcC
Pro

atg
Met
525

ccC
Pro

ctg
Leu

tgc
cys

&y

gcc
Ala
605

gcc
Ala

aag
Lys

ccc
Pro

aac
Asn
350

ctg
Leu

acc
Thr

agc
ser

cgc
Arg

ctc
Leu
430

gcc
Ala

atc
Ile

cag
Gln

acc
Thr

gag
Glu
510

cag
Gin

cac
His

acc
Thr

cag
Gln

ttc
phe
590

ttc
Phe

acc
Thr

Val

att
1le
335

Ay

gaa
Glu

cag
Gln

cgc
Arg

atg
Met
415

gtc
val

gcc
Ala

gce
Ala

gac
Asp

aac
Asn
495

gtc
val

gtc
val

acc
Thr

aag
LysS

ttc
Phe
575

tac
Tyr

2y

tcg
Ser

gat
Asp

acc
Thr

aag
Lys

atc
Ile

cge
Arg

e
yS
400

atg
Met

cac
His

ctc
Leu

ccg
Pro

aag
Lys
480

gcc
Ala

aac
Asn

aag
Lys

cag
Glin

gac
Asp
560

gtc
val

aag
Lys

gag
Glu

cag
Glin

aac
Asn

€gg9
Arg

gtc
val

atc
Ile

gcc
Ala
385

gtc
val

cgc
Arg

ttc
Phe

aag
Lys

gct
Ala
465

ctg
Leu

tac
Tyr

ctc
Leu

gcg
Ala

ttc
phe
545

ccg
Pro

aac
Asn

gac
Asp

ttc
Phe

ttt
phe
625

gt
Va

310

atc
Ile

aag
LyS

ctc
Leu
370

tgc
cys

gat
Asp

aac
Asn

tat
Tyr

gce
Ala
450

cgg
Arg

aaa
Lys

ttc
Phe

atc
Ile

gec
530
acc

Thr

ctg
Leu

gag
Glu

tog
Trp

gce
Ala
610

ccg
Pro

gac
Asp

gaa
Glu

gac
Asp
355

aaa
LYysS

&ty

gac
Asp

ctg
Leu

cac
His
435

gat
Asp

CcCC
Pro

gcc
Ala

ctc
Leu

gcc
Ala
515

agc
Ser

gtc
val

gcc
Ala

tgc
Cys

Q?C
S04

acc
Thr

tcc
ser

ctc
Leu

DESUanglais-seql.txt

2y
340

gcc
Ala

&ty

gt
va

gcc
Ala

gtc
val
420
ctg
Leu

ccc
Pro

&y

ttc
Phe

g9¢
Sob

acc
Thr

gcc
Ala

gt
va

aac
Asn

tac
Tyr
580

2ty

gac
Asp

&y

ety

325

cac
His

tgg
Trp

cgc
Arg

tgc
cys

gtc
val
405

atg
Met

cac
His

aac
Asn

aac
Asn

gtc
val
485

&ty

gcc
Ala

atg
Met

&ty

tac
Tyr
565

atc
Ile

atc
1le

gac
Asp

gtc
val

gce
Ala

ttg
Leu

agc
Ser

gat
Asp

ac
Thr
390

aag
LyS

gce
Ala

gcc
Ala

aag
Lys

tcg
Ser
470

gag
Glu

cac
His

cac
Hl1s

gcc
Ala

Q?C
Gly
550
ctg

Leu

cct
Pro

ety

agc
Ser

atc
Ile
630

atc
Ile

r phe Thr Gly Pro

cgg a%:c atg

Arg

tcc
ser

ccc
Pro
375

tac
TYr

gtc
val

tcc
ser

ctc
Leu

gce
Ala
455

gcc
Ala

tcc
ser

aaa
Lys

tac
Tyr

atc
Ile
535

tgc
cys

gcc
Ala

gac
Asp

&y

tcc
ser
615

acc
Thr

tac
TYr
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Ile

tecg
Ser
360

cge
Arg

gtc
vail

agc
Ser

cag
Gln

gac
ASp
440

gcc
Ala

aag
Lys

&ty

gcc
Ala

ctg
Leu
520

ctc
Leu

tcc
Ser

ctg
Leu

ctg
Leu

acc
Thr
600

cCc
Pro

&y

gaa
Glu

Met
345

cag
Gln

gac
Asp

cac
His

atc
Ile
tat
TYr
425
tgg
Trp

aaa
Lys

gcc
Ala

cag
Gln

tac
TYr
505

gaa
Glu

&y

aac
Asn

agc
ser

ctg
Leu
585

agc
Ser

gag
Glu

cgc
Arg

gac
Asp

1203
1252

1300

1348

1396

1444

1492

1540

1588

1636

1684

1732

1780

1828

1876

1924

1972

2020

2068

2116

2164

2212
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645

635 640
gtc aag tac tcc tgg tac gcc ccc g?c ggc gac g?c aag cac ccc tac 2260
val Lys Tyr Ser Trp Tyr Ala Pro Gly Gly Asp Gly Lys His Pro Tyr
650 655 660 665
gac g?c gtc acc gat ccc aag tac acc aag ctc gac gac aag gac cac 2308
Asp Gly val Thr Asp Pro Lys Tyr Thr Lys Leu Asp Asp Lys Asp His
670 675 680
tac tcc tgg atg aag gcc ccc cgc tac aag g?c aag gcc atg gaa gtc 2356
Tyr Ser Trp Met Lys Ala Pro Arg Tyr Lys Gly Lys Ala Met Glu val
685 690 695
g?t ccc ctg gecc cge acc ttc atc gcc tac gec aag g?g cag ccc gac 2404
Gly Pro Leu Ala Arg Thr Phe Ile Ala Tyr Ala Lys Gly GIn Pro Asp
700 705 710
ttc aaa aag gtc gtg gac atg gtc ctc g?c aaa ctc tcc gtc ccg gce 2452
phe Lys Lys val val Asp Met Val Leu Gly Lys Leu Ser val Pro Ala
715 720 725
acg gcc ctg cat tcg acc ctc g?a €gCc acc gcc gecc cge ggl;c atc gag 2500
Thr Ala Leu His Ser Thr Leu Gly Arg Thr Ala Ala Arg Gly Ile Giu
730 735 740 745
acc gcc atc gtc tgc gcc aac atg gag aag tgg atc aag gaa atg gcc 2548
Thr Ala Ile val Cys Ala Asn Met Glu Lys Trp Ile Lys Glu Met Ala
750 758 760
gac agc g_cl;c gcc aag gac aac acc ctg tgc gcc aag tgg gag atg ccc 2596
Asp Ser Gly Ala Lys Asp Asn Thr Leu Cys Ala Lys Trp Glu Met Pro
765 770 775
gag gag tcc aag ggl;c gtc g?c ctg gcc gat gct ccc cgce g?c gcc ctg 2644
Glu Glu Ser Lys Gly val Gly Leu Ala Asp Ala Pro Arg Gly Ala Leu
780 785 790
tcc cac tgg atc cgc atc aag gg‘;c aag aag atc gac aac ttc cag ctg 2692
Ser His Trp Ile Arg Ile Lys Gly Lys Lys TIle Asp Asn Phe Gln Leu

795 800 805

gtt gtc ccc tcg acc tgg aac ctc ggft CCC Cgo g?c gcc cag g?c gac 2740
val val pro Ser Thr Trp Asn Leu Gly Pro Arg Gly Ala Gln Gly Asp
810 815 820 825

aag agc ccg gtg gaa gag gcc ctt atc gg';c acg ccc atc gcc gat ccc 2788
Lys Ser Pro Va ggg Glu Ala Leu Ile 33!);/ Thr Pro Ile Ala ,gtslg Pro

aaa €gc ccg gtc gaa atc ctg Cgc acg gtc cac gcc ttc gac ccc tge 2836
Lys Arg Pro \242]5 Glu Ile Leu Arg -SHS‘(I; val His Ala Phe gsg Pro Cys
5

atc gce tgc gglac gtg cac gtc atc gag ccc gag acc aac gag atc ctc 2884
Ile Ala %3 Gly val His val 5}5% Glu Pro Glu Thr g% Glu Ile Leu .

aag ttc aag gtt tgc taagagcggc aacgccgctt atacgaagga cccggcettcg 2939
Lys gl;g Lys val Cys

gccggattct tcgtttctca aggaggtcge atg tcc gat acc ccg cge aaa atc 2993
Met ggg Asp Thr Pro Arg légg Ile

ctc atc ctc ggl;c gtc gg';c aac atc ctc tac acc gac gag ggic gtc g?c 3041
Leu Ile Leu Gly val Gly Asn Ile Leu Tyr Thr Asp Glu Gly val Gly
890 895 900
gtg cgg gcc gtg gag cgc ctt cic gaa acc cac gat ttt tcc gac aac 3089
val Arg Ala Val Glu Arg Leu Leu Glu Thr His Asp Phe Ser Asp Asn
905 910 915
gtc acc ctc atg gac ggl;c g?c aac ctg g?c atg aag ctc atg gcc ccg 3137
val Thr Leu Met Asp Gly Gly Asn Leu Gly Met Lys Leu Met Ala Pro
920 925 930
ctc atg gaa tgc gac tac tgc atc gtg ctc gac gcc gt? ctc g?c g?c 3185
Leu Met Glu Cys Asp Tyr Cys Ile val Leu Asp Ala val Leu Gly Gly
935 940 945 950
gac gcc ccc g_cfc acc atc tac cgt ¢tc acc g?c gag gac ctg cgc aaa 3233
Asp Ala Pro Gly -Sl)—l;; Ile Tyr Arg Leu gg(r)‘ Gly Glu Asp Leu ggg Lys
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tcc
Ser

ctg
Leu

&ty

ccc
Pro

gcc
Ala

agt
ser

WO 2006/087334

DESUanglais-seql.txt

ctg gcc ttc aag gac tcc atg cac cag tcc gac ctc gtc gac acg
Leu Ala ghg Lys Asp Ser Met g;g Gln Ser Asp Leu \912(1) Asp Thr
7

atc tat tgc gaa Ctg gcc gga cac €gc ccg gac acc gt? gtc atc
Ile ‘é’%g Cys Glu Leu Ala 89% His Arg Pro Asp ggg val val 1le

atg gag ccc ctc gat ttt cag aac atg agc atCc gaa ctc tcg
Met Glu Pro Leu Asp Phe Gln Asn Met Ser Ile Glu Leu Ser
1000 1005 1010

gcc atc gcc gaa cgc gtt ccg gcec atg atc gac atc gecc ctg
Ala 1Ile Ala Glu Arg val Pro Ala Met Ile Asp_Ile Ala Leu
1015 1020 1025

gaa CtC gcc gcc gec ggc gge gtc gec acg c€cC  aaa gga caa
Glu Leu Ala Ala Ala G?y G?y val Ala Thr Pro Lys G?y Gln
1030 1035 1040

taggaagaaa ggaggtgcga gaggggaaac cctttaaaaa gggttctccc

ctctecgeace tctecccctte ctaaatttta taa

<210> 54

<211> 1044

<212> PRT

<213> Dpesulfovibrio fructosovorans

<400> 54

Met
1
val
val
Glu
Ala
65
Tyr
Thr
Ala
Pro
Ile
145
Ile
Pro
Asn
val
Pro
225

Pro

Ala

Asn Phe Ser \;a] Gly Leu Gly Arg ,i(s)p Asp Ala Glu Lys /I\gg Leu

GIn Asn Gly val Ser Arg Arg Glu Phe Met Lys Phe Cys Ala Thr
20 25 30

Ala Ala Ala Met Gly Met Gly Pro Ala Phe Ala Pro Lys val Ala
35 40 45

Ala Leu Thr Ala Lys His Arg Pro Ser val val Trp Leu His Asn
50 55 60

Glu cys Thr Gly Cys Thr Glu Ala Ala Ile Arg Thr Ile Lys Pro
70 75 80

Ile Asp Ala Leu Ile Leu Asp Thr Ile Ser Leu Asp Tyr Gln Glu
85 90 95

Ile Met Ala Ala Ala Gly Glu Thr Ser Glu Ala Ala Leu His Gln
100 105 110

Leu Glu Gly Lys Asp Gly Tyr Tyr Leu val val Glu Gly Gly Leu
115 120 125

Thr I1e Asp Gly Gly Gln Trp Gly Met val Ala Gly His Pro Met
130 135 140

Glu Thr Thr Lys Lys Ala Ala Ala Lys Ala Lys Gly Ile Ile Cys
150 155 160

Gly Thr Cys Ser Ala Tyr Gly Gly val GIn Lys Ala Lys Pro Asn
y 165 Y 170 Y y 175

ser Gln Ala Lys Gly val Ser Glu Ala Leu Gly val Thr Ile

Lys
180 185 190

Ile Pro Gly Cys Pro Pro Asn Pro Ile Asn Phe val Gly Ala val
195 200 205

His val Leu Thr Lys Gly Ile Pro Asp Leu Asp Glu Asn Gly Ar
210 215 P 220 y Arg

Lys Leu Phe Tyr Gly Glu Leu val His Asp Asn Cys Pro Arg Leu
230 235 240

His Phe Glu Ala Ser Glu Phe Ala Pro Ser Phe Asp Ser Glu Glu
245 250 255

Lys Lys Gly Phe Cys Leu Tyr Glu Leu Gly Cys Lys Gly Pro val
260 265 270
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3329

3374

3419

3464

3517

3550

PCT/EP2006/050942



Thr
val
305
Thr
Arg
val
Ile
o
val
Arg
phe
Lys
Ala

465

Leu

Leu
Ala
Phe
545
Pro
Asn
Asp
Phe
Phe
625
val
Pro
Tyr

Arg

Ile
705
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Tyr Asn Asn

275

Gln Ala Gly

290
Thr

Pro

Ile
Lys
Leu
370
Cys
Asp
Asn
Tyr
Ala
450
Arg
Lys
Phe
Ile
Ala
530
Thr
Leu
Glu
Trp
Ala
610

Pro

Asp

Gly
Thr
Tyr
690
Ala

Met

Gln

Glu
Asp
355
Lys
Gly
Asp
Leu
His
435
Asp
Pro
Ala
Ley
Ala
515
ser
val
Ala
Cys
Gly
595
Thr

Ser

Leu

Gly
Lys
675
Lys

Tyr

Thr

ser

Gly
340
Ala
Gly
val
Ala
val
420
Leu
Pro
Gly
Phe
Gly
500
Thr

Ala

val

Cys
His
Pro

Thr
325

His
Trp
Arg
cys
val
405
Met
His
Asn
Asn
val
485
Gly
Ala

Met

Gly

Asn Ty

Tyr
580
Gly
Asp

Gly

Gly

Asp
660
Leu

Gly

Ala

r
565
Ile

Ile
Asp
val

Ala
645

Gly
Asp
Lys

Lys

Pro
Pro
Phe
310
Phe
Leu
Ser
Asp
Thr
390
Lys
Ala
Ala
Lys
ser
470
Glu
His
His
Ala
Gly
550
Leu
Pro
Gly
Ser
Ile
630
Ile
Lys
Asp

Ala

Gly
710

Lys
cys
295
Tyr

Thr

Arg
Ser

Pro
375

TYr
val
Ser
Leu
Ala
455
Ala
Ser
Lys
Tyr
Ile
535
Cys
Ala
Asp
Gly
ser
615

Thr

Tyr

His
Lys
Met

695
Gln

val
280
Leu

Glu

Gly

Ile
Ser
360
Arg
val
Ser
Gln
Asp
440
Ala
Lys
Gly
Ala
Leu
520
Leu
Ser
Leu
Leu
Thr
600
Pro

Gly

Glu

Pro
Asp
680
Glu

Pro

Leu
Gly
Gln

Pro

Met
345
Gln
Asp
His
Ile
TYr
425
Trp
Lys
Ala
Gin
Tyr
505
Glu
Gly
Asn
Ser
Leu
585
Ser
Glu

Arg

Asp

Tyr
665
His

val

Asp

phe
Cys
Gly

Ile
330

val
Leu
Ala
Ala
Pro
410
Leu
val
Leu
Leu
Leu
490
Tyr
Ala
Gly
Tyr
Lys
570
Ala
Asn
Lys

Asp

val
650

Asp
Tyr
Gly

Phe
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Asn Trp Pro

Asn
Ser
Met
315
val
Glu
Phe
Gln
Leu
395
Ala
His
Asp
Ala
Lys
475
Gly
Leu
Leu
Lys
Gln
555
Glu
val
Tyr
His
Leu
635
Lys
Gly
Ser

Pro

Lys

Gin
Glu
300
Ala

val

val
Arg
His
380
Ala
Asn
Asp
val
Ala
460
Ala
Ile
Pro
His
Asn
540
Gly
val
Ala
Leu
Leu
620
Gly

Tyr

val
Trp
Leu

700
Lys

val
285
Pro

Glu

Asp

Glu
Gly
365
Phe
Ser
Ala
His
Thr
445
ser
val
Phe
Pro
Met
525
Pro
Leu
Cys
Gly
Ala
605
Ala

Lys

Ser

Thr
Met
685
Ala

val

Page

Asp

Ser

Pro

Asn
350
Leu
Thr
Ser
Arg
Leu
430
Ala
Ile
GlIn
Thr
Glu
510
Gln
His
Thr
Gln
phe
590
Phe
Thr

val

Trp

Asp
670
Lys
Arg

val

71

Phe
Lys

ile
335

Gly
Glu
GIn
Arg
Met
415
val
Ala
Ala
Asp
Asn
495
val
val
Thr
Lys
Phe
575
Tyr
Gly
Ser

Asp

Tyr
655

Pro
Ala
Thr

Asp

Trp
Pro
320
Thr
Lys
Tle
Arg
Cys
400
Met
His
Leu
Pro
LyS
480
Ala
Asn
Lys
Gln
Asp
560
val
Lys
Glu
Gln
Asn
640
Ala
Lys
Pro

Phe

Met
720
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val Leu Gly Lys Leu Ser val Pro Ala Thr Ala Leu His Ser Thr Leu
725 730 735

Gly Arg Thr Ala Ala Arg Gly Ile Glu Thr Ala Ile val Cys Ala Asn
740 745 750

Met Glu Lys Trp Ile Lys Glu Met Ala Asp Ser Gly Ala Lys Asp Asn
755 760 765

Thr Leu Cys Ala Lys Trp Glu Met Pro Glu Glu Ser Lys Gly val G1
770 Y y P 775 780 y y

Leu Ala Asp Ala Pro Arg Gly Ala Leu Ser His Trp Ile Arg Ile Lys
785 790 795 800

Gly Lys Lys Ile Asp Asn Phe GIn Leu val val Pro Ser Thr Trp Asn
805 810 815

Leu Gly Pro Arg Gly Ala Gln Gly Asp Lys Ser Pro Val Glu Glu Ala
820 825 830

Leu Ile Gly Thr Pro Ile Ala Asp Pro Lys Arg Pro val Gilu Ile Leu
835 840 845

Arg Thr val His Ala Phe Asp Pro Cys Ile Ala Cys Gly val His val
850 855 860

Ile Glu Pro Glu Thr Asn Glu Ile Leu Lys Phe Lys val Cys Met Ser
865 870 875 880

Asp Thr Pro Arg Lys Ile Leu Ile Leu Gly val Gly Asn Ile Leu Tyr
885 890 895

Thr Asp Glu Gly val Gly val Arg Ala val Glu Arg Leu Leu Glu Thr
900 905 910

His Asp Phe Ser Asp Asn val Thr Leu Met Asp Gly Gly Asn Leu Gly
915 920 925

Met Lys Leu Met Ala Pro Leu Met Glu Cys Asp Tyr
930 935 940

Asp Ala val Leu Gly Gly Asp Ala Pro Gly Thr Ile Tyr Arg Leu Thr
94[15’ Y 95)6 Y 955 v 9 960

Gly Glu Asp Leu Arg Lys Ser Leu Ala Phe Lys Asp Ser Met His GIn
965 970 975

Cys Ile val Leu

Ser Asp Leu val Asp Thr Leu Ile ;g; Cys Glu Leu Ala g]g His Arg

980 9
Pro Asp Thr val val Ile Gly Met Glu Pro Leu Asp Phe Gln Asn Met
995 1000 1005 :
Ser ITe Glu Leu Ser Pro Ala Ile Ala Glu Arg val Pro Ala Met
1010 1015 1020

Ile Asp TIle Ala Leu Ala Glu Leu Ala Ala Ala Gly Gly val Ala
1025 1030 1035

Thr Pro Lys Gly GIn Ser
1040

<210> 55

<211> 2909

<212> DNA

<213> Desulfovibrio fructosovorans

<220>

<221> CDbS

<222> (457)..(1719)
<223>

<220>

<221> CDS

<222> (1825)..(2193)
<223>

<400> 55

gacccctctt caaaactttc caaggggcat ggtgaggatc ttttcccctc ggegtggect 60
tcaaggacaa cgaatccttt tatagcgcgt cgccagtcgc gaacacatge ccccttecegg 120
cgggaaaaac ctitcccaaa accgtgttcg cccctaacgc gtccccctte atccctegeg 180
cttcccctce acgtgaaaaa atgcgeggge aacccccact ttgccgcaag ggggetiget 240
ccatacggaa atttaaagta ttacgttttc gtgitacgaa attttatttc atactattta 300
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DESUanglais-seql.txt
aaacgaacta ttttcgtatg aatatacacg agaacttttt
ccagggggct ccacaaaccg gtcgaaacgc accgegeecc

cgcaagggta acccatctaa ccgttggagg ttgcgt atg
Met

gca
Ala

gac
Asp

gat
Asp

Q?C
55"

cag
GIn

ttc
Phe

atc
Ile

&y

Lys
ys
135

gtc
val

aag
Lys

cag
Gln

tcg
Ser

&y
215
atc

Ile

gac
Asp

ctg
Leu

gat
Asp

atc
Ile
295

tac

aag
Lys

cag
Gln

acc
Thr
40

gag
Glu

tgc
cys

gtc
val

gcc
Ala

atg
Met
120

cag
Gln

acc
Thr

ctc
Leu

aag
Lys

tgc
Cys
200
gcc
Ala

atg
Met

gcc
Ala

gcc
Ala

Q?C
280

ttc
Phe

cag

atc
Ile

gce
Ala
25

tgc
Cys

ccC
Pro

ctc
Leu

ccg
Pro
atg
105
ccg
Pro

ctt
Leu

atc
Ile

gac
Asp

tac
Tyr
185

aag
LyS

aag
Lys

ccc
Pro

ggc
Gly

tac
Tyr
265

aag
Lys

&y

gcc

ttc
Phe
10

tat
Tyr

atg
Met

cac
H1s

acc
Thr

gag
Glu
90

ccg
Pro

ctc
Leu

ety

tag
Trp

aag
LYS
170
gce
Ala

tcg
Ser

gag
Glu

tgc
Cys

Q?C
Gly
250
atg
Met

cgc
Arg

gtt
val

ctg

tac
Tyr

atc
Iile

&y

aag
Lys

cac
His
75

gtc
val

gce
Ala

&y

ttc
Phe
gaa
155
ccc

Pro

gag
Glu

ccc
Pro

ctc
Leu
acg
235
ttc
Phe

atg
Met

gac
Asp

tcc
ser

acc

gaa
Glu

gtc
val

tac
Tyr

gt
va
60

tgc
Cys

gaa
Glu

ccg
Pro

gac
Asp

gac
Asp
140

gag
Glu

ctg
Leu

acc
Thr

atc
Ile

Q?C
220

gcc
Ala

cgc
Arg

aaa
Lys

gcg
Ala

foc
Sob

aag

cag
GIn

cag
GIn

tgc
Cys
45

gtc
val

ccg
Pro

gcc
Ala

gce
Ala
gtc
125

aac
Asn

&ty

ccc
Pro

ttc
Phe

ggc
&y
205
tac
TYr

aaa
Lys

gac
Asp

aag
Lys

gtc
val
285

&ty

aaa

acc
Thr

gtc
val
30

ccc
Pro

gat
Asp

gtt
val

aag
Lys

gt
va
110

acc
Thr

gtc
val

tcc
ser

cag
GIn

tac
Tyr
130
atg
Met

gag
Glu

aaa
Lys

atc
Iile

gcc
270
atg
Met

gtc
val

ccg

gt
va
15

gac
Asp

acc
Thr

ccg
Pro

gcg
Ala

ctc
Leu
95

cgc
Arg

acg
Thr

tgg
Trp

gag
Gly

ttc
Phe
175

ccC
Pro

atg
Met

ccc
Pro

ttc
Phe

gac
Asp
255

&y
&y
atg

Met

ccc

ccg
Pro

gag
Glu

gcg
Ala

gcc
Ala

gcc
80

aag
Lys

tac
TYyr

cga
Arg

gac
Asp

ctt
Leu
160
acc
Thr

gag
Glu

&y

aag
Lys

gaa
240

gcc
Ala

atc
Ile

gaa
Glu

gaa
Glu

cag

cct
Pro

acc
Thr

gcc
Ala

gce
Ala
65

atc
Ile

gac
Asp

gcc
Ala

gca
Ala

aac
Asn
145
ctg
Leu

tcc
Ser

ctg
Leu

ccc
Pro

cag
Gln
225

a5

acc
Thr

gac
Asp

tcc
Ser

gcg
305

agc

ccgetegect cccgecaget
cgctcccgtg aaaaaccgec

agc cgc at

Ser

ccg
Pro

aaa
Lys

atc
Ile
50

tgc
cys

tac
Tyr

aag
LyS

ctg
Leu

tat
Tyr
130

gag
Glu

gce
Ala

tgc
Cys

ctg
Leu

ctg
Leu
210

atc
Ile

atg
Met

atc
Ile

ctg
Leu

ac
The
290

gce
Ala

tgg

Arg
&N

tgc
cys
35

acc
Thr

atc
Ile

gag
Glu

aac
Asn

2ty
115
ctc

Leu

ttc
Phe

cgc
Arg

tgt
Cys

ccg
Pro
195

gcc
Ala

tac
Tyr

cgg
Arg

aac
Asn

ccy
Pro
275

&ty

ctg
Leu

gac

C
Ile

ac
The
20

atc
Ile

&ty

aac
Asn

acc
Thr

gtc
val
100

gat
Asp

acg
Thr

acg
Thr

atc
Ile

ccc
Pro
180

cac
H1s

aag
Lys

acc
Thr

ccg
Pro

acc
Thr
260

aag
Lys

&
cgc

Arg

ttc

Page 73

gag
Glu
5

aac
Asn

ety

gaa
Glu

tgc
cys

Val
85

aag
Lys

cccC
Pro

&y

gcc
Ala

acc
Thr
165

ggc
Gly

ttc
phe

acc
Thr

gt
Va
gag
245
cgc

Arg

atc
Ile

gcg
Ala

ttt
phe

aag

atg
Met

ctg
Leu

tgc
cys

tcc
Ser

&y
70

tcc
Ser

tgc
cys

ttc
Phe

ctc
Leu

gac
Asp
150
aaa
Lys

tag
Trp

tcc
ser

tac
Tyr

tcc
Ser
230
atg
Met

gag
Glu

gce
Ala

acc
Thr

gcc
310

gcc

360
420

474

522

570

618

666

714

762

810

858

906

954

1002

1050

1098

1146

1194

1242

1290

1338

1386

1434
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Tyr

gt
va

acc
Thr

gtc
val

ttc
Phe
375

atg
Met

gcg
Ala

Gln

cgc
Arg

gac
Asp

tgc
cys
360

atg
Met

ccg
Pro

tcg
ser

WO 2006/087334

Ala
&y

gtc
val
345

gac
Asp

gce
Ala

acc
Thr

ctc
Leu

Leu

cta
Leu
330

aaa
Lys

gag
Glu

tgc
Cys

gt
va

aaa
Lys
4{0

Thr
315

aac
Asn

gt
va

gt
va

cca
Pro

ctc
Leu
395

aag
Lys

Lys

¢ty

gcc
Ala

aag
Lys

ggc
&y
380
gaa

Glu

cgt
Arg

Lys

atc
Ile

gt
va

gcc
Ala
365

&ty

tcc
Ser

ctg
Leu

Pro

aag
Lys

tca
ser
350

&y

tgc
cys

atg
Met

gce
Ala

Pro

gaa
Glu
335

acc
Thr

aaa
Lys

gtc
val

aac
Asn

ctc
Leu
415

Gin
320

gce
Ala

&

tcg
Ser

atg
Met

cgg
Arg
400

tac
TYyr

DESUanglais-seql.txt
Ser Trp Asp Phe %gg Ala

acc
Thr

&ty

cce

atc
Ile

aag
Lys

tac

Pro Ty

ety
385

acc
Thr

gac
AsSp

r
370
&y

acc
Thr

gcg
Ala

aac
Asn

aac
Asn
355

cac
H1s

&y

acg
Thr

caa
Gln

atc
Tle
340

ttc
Phe

ttc
Phe

cag
GIn

aag
Lys

aag
Lys
420

ety

gce
Ala

atc
Ile

ccc
Pro

ttc
Phe
405

acg
Ala

ety

aag
Lys

ga
&

atc
Ile
390

tac
Tyr

taacacataa aaatacgttg gtatctttgc agaaataacg

aaacccgcac aageggtttc gcggaaacgc gecccaggag

gcc
Ala

&ty

aaa
Lys

gcg
Ala

atc
Ile
490

a
s

gca
Ala

gaa
Glu

acc
Thr

gcc
Ala

cag
Gln

gac
Asp
475

acg
Thr

cat
His

ctg
Leu

aag
Lys

acc
Thr

ctg
Leu

ctc
Leu
460

gce
Ala

ctc
Leu

ctg
Leu

aag
Lys

ccg
Pro
540

gcggcaaggg
cttggcggce
tgcgegettt
tgtaatgggc
tcgtcgtcac
cgcatcccte
catgaaggat
gtgceccgege
atttgttatg
cggcectggee
ctttttcagc
gacctgtacc

<210>
<211>
<212>

<213>

<400> 56
Met Ser Arg Ile Glu Met Ala Lys Ile Phe Tyr

56
544
PRT
pesulfovibrio fructosovorans

cgg
Arg

atc
Ile
445

aaa
Lys

aaa
Lys

tac
Tyr

ctc
Leu

gcc
Ala
525

tat
Tyr

cgc
Arg
430

&y

gag
Glu

ttc
phe

aag
Lys

cac
His
510

aag
Lys

cca
Pro

aag acc gcc

acccaggegt

gatct atg t
Met $

tgc gtg ctg

gtgccectcg

Ccg ata ctt
er Ile Leu
425

ge¢ ttt atg
Gly

ctg
Leu

cat
His

aag
Lys

aaa
LyS
495

acc
Thr

ey

ttc

Phe

cgc
Arg

atg
Met

gtc
val
480

ttc
Phe

aaa
Lys

ctg
Leu

cag

Met

ctg
Leu

atg
Met
465

cag
Arg

ctg
Leu

tag
Trp

tac
Tyr

Lys

acc
Thr
450

gac
Asp

gcc
Ala

cat
His

gt
va

cca
Pro
530

Thr
435

agce
Ser

cgc
Arg

tcc
Ser

gag
Glu

gac
AsSp
515

aca
Thr

Ala

aag
Lys

gta
val

cag
GIn

ccc
Pro
500

cgc
Arg

ccg
Pro

cys

gce
Ala

aac
Asn

gac
Asp
485

ctg
Leu

tcc
Ser

€gg
Arg

Va

gtt
val

gcc
Ala
470

aac
Asn

tce
ser

aag
Lys

gcc
Ala

Leu

gcc
Ala
455

gtc
val

gcec
Ala

cac
His

gat
Asp

aag
LyS
535

acc ggc
Thr G%y

440

gcc
Ala

tat
TYyr

cag
GIn

gag
Glu

ctg
Leu
520

gaa
Glu

gcc
Ala

&y

gtc
val

tce
ser
505

gcg
Ala

ttc
Phe

taaccccgge ctteegttcc ggacgaaccc

Phe GlIn

ttttgectga ccctagggtt
gtgcgacgat cgcgcgacge
tctccggege tttacttggg
gcgaaaatgg ttggaatatg
gttccggeca aaaacgcatt
cctgatgccg gcegtetece
gccctectgt ggaaacgege
cagagtgtcg tcccatggaa
aaacgtttta ccgtgctgge
atggccgecga cagacgtgcg
ggccacaact tcaccggctg
gccgeeggea caaaac

gcgtcectct
ccgcttgegt
ccgttttctt
aacgatacag
gcceceggecg
gcagccggea
gtttcgccaa
agtgctcatc
cctgectggeg
gatcacacgc
gaaagacgcg

gcaacacctc
cttctctege
gagtattcct
acgggaaaac
gacgcgtaac
aaccgactga
€gcgccaggg
aacccgeaac
gecgettctog
gattcccgtg
gcctggatet

Glu Gln Thr
Page 74

tccegtecaa
catgcggegt
ccecagecac
acctgtcgct
agccgtcata
aataagggcc
gtcgttcgec
acgaggaagg
c€ggggacggc
tgtacagcgt
ccaacgcgcec

val Pro

1482

1530

1578

1626

1674

1719

1779
1836

1884

1932

1980

2028

2076

2124

2172
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DESUanglais-seql.txt
15
Pro Pro Gly '?r(l;r‘ Asn Leu Asp Gln lzxga Tyr Ile val Gln \581 Asp Glu

Thr Lys (3:)515 Ile Gly Cys Asp “I;Iar Cys Met Gly Tyr 235/5 Pro Thr Ala

Ala Ile Thr Gly Glu Ser Gly Glu Pro His Lys val val Asp Pro Ala
50 55 60

Ala Cys Ile Asn Cys Gly GlIn Cys Leu Thr His Cys Pro val Ala Ala
65 70 75 80

Ile Tyr Glu Thr val Ser Phe val Pro Glu val Glu Ala Lys Leu Lys
85 90 95

Asp Lys Asn Val Lys Cys Ile Ala Met Pro Ala Pro Ala val Ar r
100 105 110 o

Ala Leu Gly Asp Pro Phe Gly Met Pro Leu Gly Asp val Thr Thr Ar
11)5, P y 120 Y 125 s

Ala Tyr Leu Thr Gly Leu Lys Gln Leu Gly Phe Asp Asn Val Trp Asp
. 130 135 140

Asn Glu Phe Thr Ala Asp val Thr Ile Trp Glu Glu Gly Ser Glu Leu
145 150 155 160

Leu Ala Arg Ile Thr Lys Lys Leu Asp Lys Pro Leu Pro Gln Phe Thr
165 170 175

Ser Cys Cys Pro Gly Trp GIn Lys Tyr Ala Glu Thr Phe Tyr Pro Glu
180 185 190

Leu Leu Pro His Phe Ser Ser Cys Lys Ser Pro Ile Gly Met Met Gly
195 200 205

Pro Leu Ala Lys Thr Tyr Gly Ala Lys Glu Leu Gly Tyr Glu Pro Lys
210 215 220

Gln Ile Tyr Thr val Ser Ile Met Pro Cys Thr Ala Lys Lys Phe Glu
225 230 235 240

Gly Met Arg Pro Glu Met Asp Ala Gly Gly Phe Arg Asp Ile Asp Ala
245 250 255

Thr I1e Asn Thr Arg Glu Leu Ala Tyr Met Met Lys Lys Ala Gly Ile
260 265 270

Asp Leu Pro Lys Ile Ala Asp Gly Lys Arg Asp Ala val Met Gly Glu
275 280 285

Ser Thr Gly Gly Ala Thr Ile Phe Gly val Ser Gly Gly val Met Glu
290 295 300

Ala Ala Leu Arg Phe Ala Tyr Gln Ala Leu Thr Lys Lys Pro Pro Gln
305 310 315 320

ser Trp Asp Phe Lys Ala val Arg Gly Leu Asn Gly Ile Lys Glu Ala
325 330 335

Thr 11e Asn I1e Gly Gly Thr Asp val Lys val Ala val Ser Thr Gly
340 345 350

Gly Lys Asn Phe Ala Lys val Cys Asp Glu val Lys Ala Gly Lys Ser
355 360 365

Pro Tyr His Phe Ile Glu phe Met Ala Cys Pro Gly Gly Cys val Met
370 375 380

Gly Gly Gly GIn Pro Ile Met Pro Thr val Leu Glu Ser Met Asn Arg
385 390 395 400

Thr Thr Thr Lys Phe Tyr Ala Ser Leu Lys Lys Arg Leu Ala Leu Tyr
405 410 415

Asp Ala Gln Lys Ala Met Ser Ile Leu Ala Thr Thr Arg Arg Gly Phe
420 425 430

Met Lys Thr Ala Cys val Leu Thr Gly Gly Ala Leu Ile Gly Leu Arg
435 440 445

Leu Thr Ser Lys Ala val Ala Ala Ala Lys GIn Leu Lys Glu His Met
450 455 460
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Met Asp Arg val Asn Ala val Tyr Gly Ala Asp Ala Lys pPhe Lys
465 470 y 475 Y Y

WO 2006/087334

Arg Ala Ser Gln ng Asn Ala G1n val

Leu His Glu Pro Leu Ser His Glu Ser
500 505

DESUanglais-seql.txt

Ile Thr
490

Glu His

Leu Tyr

Leu Leu

val
480
Lys Lys Phe
495

His Thr

Lys
510 Y

Trp val Asp Arg Ser Lys Asp Leu Ala Ala Leu Lys Ala Lys Gly Leu
515 520 525

Tyr Pro Thr Pro Ar

530

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

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

caaactcgtg attaactgca aaagggaaat C€gaacccggec gacgcaggaa cgeacgcgtc
cgtcacatag aggcggcgge ggccggttcg cctgcgacgg ccgcegtgecg aacgggtcaa
cggatgctac gtggcctggg gatcatggga cgecccggac catgcctcic gtaaaacaaa

57
3550
DNA

g Ala Lys Glu Phe
535

pDesulfovibrio fructosovorans

cbs
(192)..{1133)

CcDs
(1208)..(2899)

CDs
(2970)..(3467)

57

ggaggacgtt t atg aac ttt tcc gt
Met Asn Phe Ser ga

aaa
Lys

tgc

aag
Lys

ctg
Leu

atc
Ile

tac
Tyr

ctg
Leu
110

2ty

cat
His

atc
Ile

€gg
15

gcc
Ala

gtc
val

cac
His

aaa
Lys

cag
Glin
95

cac
His

ggc
Gly

cCC
Pro

atc

ctt
Leu

acc
Thr

gcc
Ala

aac
Asn

cct
Pro
80

gag
Glu

cag
Gln

ctg
Leu

atg
Met

tgc
Cys
160

gt
va

gt
va

gaa
Glu

gcc
Ala
65

tat
TYyr

acc
Thr

gce
Ala

cce
Pro

atc
Ile
145

atc
Ile

aac
Asn

caa
Gln

gcc

gcg
Ala

Ala
35

ttg
Leu

gca
Ala
50

tgc
Cys

gag
Glu

ata

gac
Ile

Asp

atc

atg
Ile

Met

ctc
Leu

gaa
Glu
115

atc
Ile

acc
Thr
130

gag
Glu

acc
Thr

c acc
Gly Thr

Q?C
G

20y
gce

Ala

acg
Thr

acc
Thr

acg
Ala

gcc
Ala
100

&y

gac
Asp

acc
Thr

tgc
Cys

gtc
val

atg
Met

gce
Ala

¢ty

ctc
Leu
85

acg
Ala

aag
Lys

ety

aag
Lys

tcc
Ser
165

&y

tcc
Ser

&y

aaa
LyS

tgc
Cys
70

att
Ile

gce
Ala

gac
Asp

ey

aag
Lys
150

gce
Ala

Glu Lys

cgc cgc
Arg Arg

atg g?c
Met Gly
40
cac
His
55

cgt
Arg

acc

gaa
Thr

Glu

ctc
Leu

&ty

gac
Asp

gag
Glu

g?c tac
Gly Tyr
120
cag
Gln
135

gce
Ala

tgg
Trp

gcg
Ala

tac g?;

Tyr

Pro Tyr
540

gac ttc
Asp Phe
25

ccc
Pro

gcg
Ala

ccg
Pro

tcg
Ser

g¢cg

gc
Ala E

Ala

atc
Ile
20

tcc
Ser

acc
The

acg
Thr
105

tac
TYyr

&ty

gcc
Ala

&ty

ctc
Leu

atg
Met

aag
Lys

gtc
Val
170

Pro Phe Gln

ctt ggc agg gat gat gcg gaa
Leu Gly Arg égp Asp Ala Glu

atg aaa ttt
Met Lys Phe

ttc
Phe

cce
Pro
45

tag
Trp

gcg
Ala

gtc
val
60

cag
Arg

gt
va

atc
Ile
75

acg
Thr

tcc
Ser

ctg
Leu

gat
Asp

gag

gcg
Glu

gcc
Ala

Ala

gte

gag
val

125
3t

ggc
Gly

vt

gtt gcc
val
140

gcc
Ala
155

cag
Gln

aag
Lys

aag
Lys

gcce
Ala
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60
120
180

230

278

326

374

422

470

518

566

614

662

710
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aaa
Lys

aag
Lys
190

&y

aac
Asn

ccg
Pro

tce
Ser

Q?C
270

aac
Asn

gac
Asp

ctttgtagcg gccagtacce ggacaccttc aacagcaccg aacgtctcgt gacggaggaa

cce
Pro
175

acc
Thr

gcc
Ala

&ty

cgc
Arg

gaa
Glu
255

cCcC
Pro

tgg
Trp

ttc
Phe

WO 2006/087334

aat
Asn

atc
Ile

gt
Va

cgt
Arg

ctg
Leu
240

gag
Glu

gtt
val

cccC
Pro

tag
Trp

ccc
Pro

aac
Asn

gtc
val

ccg
Pro
225

[ofals)
Pro

gcc
Ala

acc
Thr

gtc
val

gac
Asp
305

agc
Ser

atc
Ile

cat
His
210

aag
Lys

cac
H1s

aag
Lys

tac
TYyr

cag
Gln
290

acc
Thr

cag
Gln

ccc
Pro
195

gtc
val

ctc
Leu

ttc
Phe

aaa
Lys

aac
Asn
275

gce
Ala

atg
Met

gce
Ala
180

&y

ctg
Leu

ttc
Phe

gag
Glu

agc
oy

aac
Asn

&y

acg
Thr

aag
Lys

tgc
Cys

acc
The

tac
Tyr

gce
Ala
245

tte
Phe

tgc
Cys

cac
His

CCg
Pro

2ty

ccg
Pro

aag
Lys

Q?C
530

tcc
sSer

tgc
Cys

cCcc
Pro

cccC
Pro

ttc
phe
310

gt
va

ccc
Pro

9?‘:
218

gag
Glu

gaa
Glu

ctc
Leu

aag
Lys

tgc
Cys
295

tac
TYr

DESUanglais-seql.txt

tcc
Ser

aac
Asn
200

atc
Ile

ctg
Leu

ttc
Phe

tac
Tyr

gt
va
280

ctc
Leu

gag
Glu

gaa
Glu
185

ccC
Pro

ccg
Pro

gtc
val

gcg
Ala

gaa
Glu
265

ctg
Leu

&y

ca
an

gce
Ala

atc
Ile

gat
Asp

cac
His

cce
Pro
250

ctc
Leu

ttc
phe

tgc
Cys

&ty

ctc
Leu

aac
Asn

ctc
Leu

gac
Asp
235

tcc
Ser

ey

aac
Asn

agc
ser

ety

ttc
Phe

gac
ASp
220

aac
Asn

ttc
Phe

tgc
Cys

cag
Gln

gag
Glu
300

gtc
val

gt
va
205

gag
Glu

tgt
Cys

gat
Asp

aag
Lys

gtc
val
285

ccg
Pro

taaccccctc

gcat atg gct gag agc aaa ccc acg cca caa tccC acc ttc acc gg';
Ala Glu Ser Lys g;g Thr Pro Gin Ser 'srgg Phe Thr G

atc
Tle
330

gtc
val

ctc
Leu

gcc
Ala

gce
Ala

ccg
Pro
410

ctc
Leu

gtc
val

ctg
Leu

ctc
Leu

ctc
Leu
490

Met
315

at
va

gag
Glu

ttc
Phe

cag
Gln

ctg
Leu
395

gcc
Ala

cat
His

gac
Asp

gca
Ala

aag
Lys
475

&ty

gtc
val

gt
Va

cgc
Arg

cac
His
380

gcc
Ala

aac
Asn

gac
Asp

gt
Va

gcc
Ala
460

gcc
Ala

atc
Ile

gac
Asp

aa
g'l u

2y
365

tte
Phe

tce
Ser

gcc
Ala

cac
His

acc
Thr
445

tee
Ser

gtc
val

tic
Phe

cCccC
Pro

aac
Asn
350

ctg
Leu

acc
Thr

agc
ser

cgc
Arg

ctc
Leu
430

gcc
Ala

atc
Ile

cag
Gin

acc
Thr

att
Ile
335

&y

gaa
Glu

cag
Gln

cgce
Arg

atg
Met
415

gtc
val

gcc
Ala

gcc
Ala

gac
Asp

aac
Asn
495

acc
Thr

aag
Lys

atc
Ile

cgc
Arg

tgc
cys
400

atg
Met

cac
His

ctc
Leu

ccg
Pro

aag
Lys
430

gce
Ala

cgg
Arg

gtc
val

atc
Ile

gcc
Ala
385

gtc
val

cgc
Arg

ttc
Phe

aag
Lys

gct
Ala
465

ctg
Leu

tac
Tyr

atc
Ile

aag
Lys

ctc
Leu
370

tgc
Cys

gat
Asp

aac
Asn

tat
TYr

gcc
Ala
450

cgg
Arg

aaa
Lys

ttc
Phe

gaa
Glu

gac
Asp
355

aaa
Lys

&ty

gac
Asp

ctg
Leu

cac
His
435

gat
Asp

ccc
Pro

gcc
Ala

ctc
Leu

ggt
Sk

gcc
Ala

ey

gt
va

gcc
Ala

gtc
val
420
ctg
Leu

ccc
Pro

&y

ttc
Phe

Q?C
Sob

cac
His

tgg
Trp

cgc
Arg

tgc
cys

gtc
val
405

atg
Met

cac
His

aac
Asn

aac
Asn

gtc
val
485

ety

ttg
Leu

agc
Ser

gat
Asp

acg
Thr
390

aag
LyS

gce
Ala

gcc
Ala

aag
Lys

tcg
Ser
470

gag
Glu

cac
His

cgg
Arg

tcc
ser

cce
Pro
375

tac
Tyr

gtc
val

tcc
ser

ctc
Leu

gcc
Ala
455

gcc
Ala

tcc
Ser

aaa
Lys
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atc
Ile

tcg
Ser
360

cgc
Arg

gtc
val

agc
Ser

cag
Gln

gac
Asp
440

gce
Ala

aag
Lys

ety

gcc
Ala

C cce
y Pro

atg
Met
345

cag
Gln

gac
Asp

cac
His

atc
Ile
tat
Tyr
425
tgg
Trp

aaa
Lys

gec
Ala

cag
Gln

tac
Tyr
505

758

806

854

902

950

998

1046

1094

1143

1203
1252

1300

1348

1396

1444

1492

1540

1588

1636

1684

1732

1780
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tac
Tyr

cC
g]a

s

tac
Tyr

Lye
ys
570
gcc
Ala

aac
Asn

aaa
Lys

gac
Asp
gtc
650
gac
Asp

tac
TYr

&

ttc
Phe

acg
Thr
730

acc
Thr

gac
Asp

gag

tcc
Ser

gtt
val
810

aag
Lys

ctg
Leu

ctg
Leu

aag
Lys

cag
Gln
555

gaa
Glu

gt
va

tac
TYFR

cac
His

ctc
Leu
635

aag
Lys

&y

tcc
Ser

cccC
Pro

aaa
Lys
715

gcc
Ala

gcc
Ala

agc
Ser

gag
Glu

cac
His
795

gtc
val

agc
Ser

WO 2006/087334

ccg
Pro

cac
His

aac
Asn
540

&y

gtc
val

gcc
Ala

ctg
Leu

ctg
Leu
620

ggc
Gly

tac
Tyr

gtc
val

tgg
Trp

ctg
Leu
700

aag
Lys

ctg
Leu

atc
Ile

ggc
Gly

tcc
Ser
780

tag
Trp

ccc
Pro

ccg
Pro

CcCC
Pro
atg
525
ccc
Pro

ctg
Ley

tgc
Cys

&y

gcc
Ala
605

gcc
Ala

aag
Lys

tce
Ser

acc
Thr

atg
Met
685
gcc
Ala

tc
ga]

cat
His

gtc
val
gce
765
aag
LyS

atc
Ile

tcy
Ser

gt
va

9ag
Glu
510

cag
Gln

cac
His

acc
Thr

cag
Gin

ttc
Phe
590

ttc
Phe

acc
Thr

gt
Va

tgg
Trp

gat
Asp
670

aag
Lys

cgc
Arg

Val

tcg
ser

tgc
Cys
750

aag
Lys

2ty

cgce
Arg

acc
Thr

gaa
Glu
830

gtc
val

gtc
val

acc
Thr

aag
Lys

ttc
Phe
575

tac
Tyr

&

tcg
Ser

gat
Asp

tac
Tyr
655

ccc
Pro

gcc
Ala

acc
Thr

gac
Asp

acc
Thr
735

gcc
Ala

gac
Asp

gtc
val

atc
Ile

Top
815

gag
Glu

aac
Asn

aag
Lys

cag
Gln

gac
Asp
560

gtc
val

aag
Lys

gag
Glu

ca
&

aac
Asn
640

gcc
Ala

aag
Lys

cccC
Pro

ttc
Phe

atg
Met
720

ctc
Leu

aac
Asn

aac
Asn

&y

aag
LYS
8G0

aac
Asn

gce
Ala

ctc
Leu

gcg
Ala

ttc
Phe
545

ccg
Pro

aac
Asn

gac
Asp

ttc
Phe

ttt
Phe
625

gt
va

ccc
Pro

tac
Tyr

cgc
Arg

atc
Ile
705

gtc
val

3ty

atg
Met

acc
Thr

ctg
Leu
785

&ty

ctc
Leu

ctt
Leu

atc
Ile
gcc
530
acc
Thr

ctg
Leu

gag
Glu

tog
Trp
gcc
610
ccg
Pro

gac
Asp

&ty

acc
Thr

tac
TYyr
690

gcc
Ala

ctc
Leu

cgc
Arg

gag
Glu

ctg
Leu
770

gcc
Ala

aag
Lys

&

atc
Ile

gce
515
agc
ser

gtc
val

gcc
Ala

tgc
Cys

ggc
595

acc

Thr

tcc
Ser

ctc
Leu

&y

aag
Lys
675

aag
Lys

tac
Tyr

&y

acc
Thr

aag
Lys
755

tgc
cys

gat
Asp

aag
Lys

ccc
Pro

QSIJC
538

DESUanglais-seql.txt

acc
Thr

gcc
Ala

gt
va

aac
Asn
tac
Tyr
580

&y

gac
Asp

&y
&y

gac
Asp
660

ctc
Leu

2y

gcc
Ala

aaa
Lys

gcc
Ala
740

tgg
Trp

gcc
Ala

gct
Ala

atc
Ile

Arg
820

acg
Thr

gcc
Ala

atg
Met

ety

tac
TYyr
565

atc
Ile

atc
Ile

gac
Asp

gtc
val

gcc
Ala
645

ety

gac
Asp

aag
Lys

aag
Lys

ctc
Leu
725

gcc
Ala

atc
Ile

aag
LySs

cCcC
Pro

gac
Asp
805

&ty

ccc
Pro

cac
H1s

gcc
Ala

Q?C
550

ctg
Leu

cct
Pro

ety

agc
Ser

atc
Ile
630

atc
Ile

aag
Lys

gac
Asp

gcc
Ala

&y
710

tcc
Ser

cgc
Arg

aag
LysS

tog
Trp

cgc
Arg
790

aac
Asn

gcc
Ala

atc
Ile

tac
Tyr

atc
Ile
535

tgc
Cys

gcc
Ala

gac
Asp

&ty

tce
ser
615

acc
Thr

tac
Tyr

cac
His

aag
Lys

atg
Met
695

cag
Gln

TC
ga'l

&y

gaa
Glu

gag
Glu
775

oty

ttc
phe

cag
Gln

gcc
Ala
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ctg
Leu
520

ctc
Leu

tcce
Ser

ctg
Leu

ctg
Leu

acc
Thr
600

cCc
Pro

&

gaa
Glu

cCcC
Pro

gac
As

688
gaa
Glu

cCC
Pro

ccg
Pro

atc
Ile
atg
760
atg
Met

gcc
Ala

cag
Gin

&y

gat
Asp
840

gaa
Glu

&y

aac
Asn

agc
Ser

ctg
Let
585

agc
Ser

gag
Glu

cgc
Arg

gac
Asp

tac
Tyr
685

cac
His

gtc
val

gac
Asp

gcc
Ala

gag
Glu
745

gce
Ala

ccc
Pro

ctg
Leu

ctg
Leu

gac
Asp
825

ccC
Pro

1828

1876

1924

1972

2020

2068

2116

2164

2212

2260

2308

2356

2404

2452

2500

2548

2596

2644

2692

2740

2788
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aaa
Lys

atc
Ile

aag
Lys

gccgggttct tcgtttctca aggaggtcge atg tcc gat acc €cg cgc aaa atc
Met gga Asp Thr Pro Arg léysls Ile
5

ctc
Leu

gt
Va

gtc
val

ctc
Leu
935

gac
Asp

tcc
ser

ctg
Leu

&ty

ccC
Pro

gcc
Ala

agt
Ser

WO 2006/087334

DESUanglais-seql.txt

cgc ccg gtc gaa atc ctg cgec acg gtc cac gec ttc gac cce
Arg Pro \8/a"l Glu Ile Leu Arg 'é’hg val His Ala Phe /8\215) Pro
45 5

gce tge g?c gt? cac gtc atc gag ccc gag acC aac gag atc
Ala ?6/(5) Gly val His val gée Glu Pro Glu Thr g;g Glu Tle
5

ttc aag gtt tgc taagagcggc aacgccgcett atacgaagga cccgge
gl;g. Lys Val Cys

atc ctc g?c gtc g?c aac atc ctc tac acc gac gag g?c gtc
Ile Leu (8;9% val Gly Asn Ile ggg Tyr Thr Asp Glu gog val

cgg gcc gtg gag cgc ctt ctc gaa acc cac gat ttt tcc gac
Arg Ala Val Glu Arg Leu Leu Glu Thr His Asp Phe Ser Asp
905 910 915

acc ctc atg gac gg';c gg?c aac ctg g?c atg aag ctc atg gcc
;'215 Leu Met Asp Gly Sz?;' Asn Leu Gly Met l§)3/3 Leu Met Ala

atg gaa tgc gac tac tgc atc gtg ctc gac gcc gtg ctc g?c
Met Glu Cys Asp 'gry(n; Cys Ile val Leu /gng Ala val Leu Gly
4

gce ccc g?c acc atc tac.cgt ctc acc g?c gag gac ctg cgc
Ala Pro Gly glgg ITe Tyr Arg Leu ggg Gly Glu Asp Leu Sg

ctg gcc ttc aag gac tcc atg cac cag tcc gac ctc gtc gac
Leu Ala Phe Lys Asp Ser Met His Gln Ser Asp Leu Val Asp
970 975 980

atc tat tgc gaa ctg gcc gﬁ;a cac cgc ccg gac acc gtq gtc
Ile 19%/1" Cys Glu Leu Ala ggg His Arg Pro Asp ‘grgg val val
5

atg gag ccc ctc gat ttt cag aac atg agc atc gaa ctc
Met Glu Pro Leu Asp Phe Gln Asn Met Ser Ile Glu Leu
1000 1005 1010

gcc  atc gcc gaa cgc gtt ccg ggc atg atc gac atc gcc
Ala Ile Ala Glu Arg val Pro-Ala Met Ile Asp Ile Ala
1015 1020 1025

gaa Ctc gcc gcc gec gge  ggc gtc gec acg ccc  aaa ggl;a
y

g
Glu Leu Ala Ala Ala G?y Gly val Ala Thr Pro Lys G
1030 1035 1040

taggaagaaa ggaggtgcga gaggggaaac cctttaaaaa gggttcteccc

ctctecgegee tctceectte ctaaatttta taa

<210> 58

<211> 1044

<212> PRT

<213> Dpesulfovibrio fructosovorans

<400> 58

Met
1

val
val
Glu

Ala
65

Tyr

Asn Phe Ser \5/a1 Gly Leu Gly Arg ;i(s)p Asp Ala Glu Lys égg

GIn Asn Gly val Ser Arg Arg Asp Phe Met Lys Phe Cys Ala Thr -
20 25 30

Ala Ala Ala Met Gly Met Gly Pro Ala Phe Ala Pro Lys val
35 40 45

Ala Leu Thr Ala Lys His Arg Pro Ser val val Trp Leu His

50 55 60

Glu Cys Thr Gly %s Thr Glu Ala Ala %e Arg Thr Ile Lys

1le Asp Ala Leu Ile Leu Asp Thr Ile Ser Leu Asp Tyr Gln
Page 79

tgc
Cys

ctc
Leu

tteg

&Ny

aac
Asn

ceg
Pro

Q?C
Gly
950
aaa
Lys

acg
Thr

atc
Ile

tcg
ser

ctg
Leu

caa
GIn

Leu

Ala
Asn
Pro
80

Glu

2836

2884

2939

2993

3041

3089

3137

3185

3233

3281

3329

3374

3419

3464

3517

3550
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Thr
Ala
Pro
Ile
145
Ile
Pro
Asn
val
Pro
225
Pro
Ala
Thr
val
Asp
305
Thr
Arg
val
Ile
Ala
385
val
Arg
Phe
Lys
Ala
465
Leu
TYyr

Leu

Ala

Ile
Ley
Thr
130
Glu
Gly
ser
Ile
His
210
Lys
His
Lys
Tyr
Gin
290
Thr
Pro
Ile
Lys
Leu
370
Ccys
ASp
Asn
Tyr
Ala
450
Arg
Lys
Phe

Ile

Ala
530

WO 2006/087334

Met
Glu
115
Ile
Thr
Thr
Glin
Pro
195
val
Leu
Phe
Lys
Asn
275
Ala
Met
GIn
Glu
Asp
355
Lys
Gly
Asp
Leu
His
435
Asp
Pro
Ala
Leu
Ala

515

Ser

Ala
100
Gly
Asp
Thr
cys
Ala
180
Gly
Leu
Phe
Glu
Gly
260
Asn
Gly
Thr
Ser
Gl

340
Ala
Gly
val
Ala
val
420
Leu
Pro
Gly
Phe
Gly
500

Thr

Ala

85
Ala

Lys
Gly
Lys
ser
165
Lys
Cys
Thr
Tyr
Ala
245
Phe
Cys
His
Pro
Thr
325
His
Trp
Arg
Cys
val
405
Met
His
Asn
Asn
val
485
Gly

Ala

Met

Ala
Asp
Gly
Lys
150
Ala
Gly
Pro
Lys
Gly
230
Ser
Cys
Pro
Pro
Phe
310
Phe
Leu
Ser
Asp
Thr
390
Lys
Ala
Ala
Lys
Ser
470
Glu
His
His

Ala

Gly
Gly
Gln
135
Ala
Tyr
val
Pro
Gly
215
Glu
Glu
Leu
LyS
Cys
295
TYF
Thr
Arg

Ser

Pro
375
Tyr
val
ser
Leu
Ala
455
Ala
ser
Lys

Tyr

Ile
535

Glu
TYr
120
Trp
Ala
Gly
ser
Asn
200
Ile
Leu
Phe
Tyr
val
280
Leu
Glu
Gly
Ile
ser
360
Arg
val
Ser
Gin
Asp
440
Ala
LysS
Gly

Ala

Leu
520

Thr
105
Tyr
Gly
Ala
Gly
Glu
185
Pro
Pro
val
Ala
Glu
265
Leu
Gly
Gln
Pro
Met
345
Gln
Asp
His
Ile
Tyr
425
Trp
Lys
Ala
Gln
TYr

505
Glu

90

Ser
Leu
Met
Lys
val
170
Ala
Ile
Asp
His
Pro
250
Leu
Phe
Cys
Gly
Ile
330
val
Leu
Ala
Ala
Pro
410
Leu
val
Leu
Leu
Leu
490

Tyr

Ala

Leu Gly Gly

DESUanglai s-seq]s5 ’;xt

Glu
val
val
Ala
155
Gln
Leu
Asn
Leu
Asp
235
Ser
Gly
Asn
Ser
Met
315
val
Glu
Phe
Glin
Leu
395
Ala
His
Asp
Ala
Lys
475
Gly
Leu

Leu

Lys

Ala
val
Ala
140
Lys
Lys
Gly
Phe
ASp
220
Asn
phe
cys
Gin
Glu
300
Ala
val
val
Arg
His
380
Ala
Asn
Asp
val
Ala
460
Ala
Ile
Pro
His

Asn
540

Ala Leu His GIn
110

Glu
125
Gly
Gly
Ala
val
val
205
Glu
Cys
Asp
Lys
val
285
Pro
Glu
Asp
Glu
Gly
365
Phe
Ser
Ala
His
Thr
445
Ser
val
phe
Pro
Met

525

Pro

Gly
His
Ile
Lys
Lys
190
Gly
Asn
Pro
ser
Gly
270
Asn
Asp
Ser
Pro
Asn
350
Leu
Thr
ser
Arg
Leu
430
Ala
Ile
Gln
Thr
Glu
510

Gin

His

pPage 80

Gly
Pro
Ile
Pro
175
Thr
Ala
Gly
Arg
Glu
255
Pro
Trp
Phe
Lys
ITe
335
Gly
Glu
Gln
Arg
Met
415
val
Ala
Ala
ASp
Asn
495
val

val

Thr

Leu
Met
Cys
160
Asn
Ile
val
Arg
Leu
240
Glu
val
Pro
Trp
Pro
320
Thr
Lys
Ile
Arg
Cys
400
Met
His
Leu
Pro
Lys
480
Ala
Asn

Lys

Gln

PCT/EP2006/050942



WO 2006/087334 PCT/EP2006/050942

DESUanglais-seql.txt
phe Thr val val Gly Gly Cys Ser Asn Tyr Gln Gly Leu Thr Lys Asp
545 550 555 560

Pro Leu Ala Asn Tyr Leu Ala Leu Ser Lys Glu val Cys GlIn Phe val
565 570 575

Asn Glu Cys Tyr Ile Pro Asp Leu Leu Ala val Ala Gly Phe Tyr Lys

580 585 590 y

Asp Trp Gly Gly Ile Gly Gly Thr Ser Asn Tyr Leu Ala phe Gly Glu
595 600 605

Phe Ala Thr Asp Asp Ser Ser Pro Glu Lys His Leu Ala Thr Ser Gln
610 615 620

phe Pro Ser Gly val Ile Thr Gly Arg Asp Leu Gly Lys val Asp Asn
625 630 y 635 P 640

val Asp Leu Gly Ala ITe Tyr Glu Asp val Lys Tyr Ser Trp Tyr
645 650 655

Pro Gly Gly Asp Gly Lys His Pro Tyr Asp Gly val Thr Asp Pro Lys
y ey 668 g 625/5 ey 678 Y

Ala

Tyr Thr Leu Asp Asp Lys Asp His Tyr Ser Trp Met Lys Ala Pro

Lys
675 680 685

Arg Tyr Lys Gly Lys Ala Met Glu val Gly Pro Leu Ala Arg Thr Phe
690 695 700

Tle Ala Tyr Ala Lys Gly Gln Pro Asp Phe Lys Lys val val Asp Met
705 710 715 720

val Leu Gly Lys Leu Ser val Pro Ala Thr Ala Leu His Ser Thr Leu
725 730 735

Gly Arg Thr Ala Ala Arg Gly Ile Glu Thr Ala Ile val Cys Ala Asn
740 745 750

Met Glu Lys Trp Ile Lys Glu Met Ala Asp Ser Gly Ala Lys Asp Asn
755 760 765

Thr Leu Cys Ala Lys Trp Glu Met Pro Glu Glu Ser Lys Gly val Gly
770 775 780

Leu Ala Asp Ala Pro Arg Gly Ala Leu Ser His Trp Ile Arg Ile Lys
785 790 795 800

Gly Lys Lys Ile Asp Asn Phe GIn Leu val val Pro Ser Thr Trp Asn
805 810 815

Leu Gly Pro Arg Gly Ala Gln Gly Asp Lys Ser Pro Val Glu Glu Ala
82 825 830

Leu Ile Gly Thr Pro Ile Ala Asp Pro Lys Arg Pro Val Glu Ile Leu
835 840 845

Arg Thr val His Ala Phe Asp Pro Cys Ile Ala Cys Gly val His val
850 855 860

ITe GTu Pro Glu Thr Asn Glu Ile Leu Lys Phe Lys val Cys Met Ser
865 870 875 880

Asp Thr Pro Arg Lys Ile Leu Ile Leu Gly val Gly Asn Ile Leu Tyr
885 890 895
Thr Asp Glu Gly val Gly val Arg Ala val Glu Arg Leu Leu Glu Thr
900 905 910

His Asp Phe Ser Asp Asn vVal Thr Leu Met Asp Gly Gly Asn Leu Gly
P 915 920 92?3’

Met Lys Leu Met Ala Pro Leu Met Glu Cys Asp Tyr Cys Ile val Leu
930 935 940

Asp Ala val Leu Gly Gly Asp Ala Pro Gly Thr Ile Tyr Arg Leu Thr
945 950 955 960

Gly Glu Asp Leu Arg Lys Ser Leu Ala Phe Lys Asp Ser Met His Gin
P 965 970 P 975

Ser Asp Leu val Asp Thr Leu Ile Tyr Cys Glu Leu Ala Gly His Arg
980 985 990
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Pro

Ser

Ile

Thr

Asp Thr val val Ile Gly Met Glu Pro Leu Asp Phe GIn Asn Met
995 1000 1005

WO 2006/087334

DESUanglais-seql.txt

ITe Glu Leu Ser Pro Ala Ile Ala Glu Arg val
1010 1015 1020

Asp 1Ile Ala Leu Ala Glu Leu Ala Ala Ala Gly Gly val Ala
1025 1030 1035

Pro Lys Gly Gln Ser
1040 y y

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

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

caaactcgtg attaactgca aaagggaaat cgaacccggec gacgcaggaa cgcacgcgtc
cgtcacatag aggcggegae ggccggttcg cctgcgacgg ccgcgtgccg aacgggtcaa
cggatgctac gtggcctggg gatcatggga cgccccggac catgcctctc gtaaaacaaa
ggaggacgtt t atg aac ttt tcc gtq g?t
?et Asn Phe Ser val Gly

aaa
Lys

tgc

aag
Lys

ctg
Leu

atc
Ile

tac
Tyr

ctg
Leu
110

&y

cat
His

atc
Ile

aaa
Lys

<€gg

15
gcc
Ala

gtc
val

cac
His

aaa
Lys

cag
Gln
a5

cac
His

&y

cccC
Pro

atc
Ile

CcCC
Pro

59
3550
DNA

pesulfovibrio fructosovorans

CDS
(192)..(1133)

CDs
(1208)..(2899)

cDs
(2970) .. (3467)

59

Ctt
Leu

acc
Thr

gcc
Ala

aac
Asn

cct
Pro
80

gag
Glu

cag
Gln

ctg
Leu

atg
Met

i
ys
160

aat
Asn

gt
va

gt
va

gaa
Glu

gcce
Ala
65

tat
TYyr

acc
Thr

gcc
Ala

cce
Pro

atc
Ile
145

atc
ile

cce
Pro

caa
Glin

gcc
Ala

gca
Ala
50

gag
Glu

ata
Ile

atc
Ile

ctc
Leu

acc
130

gag
Glu

&ty

agc
ser

aac
Asn

gcg
Ala
35

ttg
Leu

tgc
Cys

gac
Asp

atg
Met
gaa
115
atc
Ile

acc
Thr

acc
Thr

cag
Gln

ggc
&ty
20

gce

Ala

acg
Thr

acc
Thr

gcg
Ala

gcc
100

&ty

gac
Asp

acc
Thr

tgc
Cys

gcc
Ala

5
gtc
val

atg
Met

gcc
Ala

&ty

ctc
Leu
85

gcg
Ala

aag
Lys

ggc
Gly

aag
Lys

tcc
Ser
165

aag
Lys

tcc
Ser

ety

aaa
Lys

tgc
cys
70

att
1Ile

gcce
Ala

gac
Asp

&ty

aag
LyS
150

gcc
Ala

ety

ctt ggc agg gat gat gcg gaa
Leu Gly Arg gsp Asp Ala Glu

cac
Arg

atg
Met

cac
His
55

acc
Thr

ctc
Leu

ggc
Gly

&ty

cag
135
gcc
Ala

tac
Tyr

gt
Va

cgc
Arg

Q?C
¥

cgt
Arg

gaa
Glu

gac
Asp

gag
Glu

tac
r
1%

tgg
Trp

gcg
Ala

&y

tcc
Ser

cag
Gin
25

cCcC
Pro

ccg
Pro

g9cg
Ala

acc
Thr

acg
Thr
105

tac
Tyr

&y

gcc
Ala

&y

gaa
Glu

ttc
Phe

acg
Ala

tcg
Ser

gcg
Ala

atc
Ile
90

tcc
Ser

ctc
Leu

atg
Met

aag
LYyS

gtc
val
170

gcc
Ala

Pro Ala Met

atg
Met

ttc
Phe

gt
va

atc
Ile
75

tcc
ser

gag
Glu

gt
va

gtt
val

gcce
Ala
155

cag
Gln

ctc
Leu
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aaa
Lys

gcg
Ala

gtc
val

60

cag
Arg

ctg
Leu

gcg
Ala

gtc
val

acc
140
aag
Lys

aag
Lys

&y

Tttt
Phe

ccc
Pro
45

tog
Trp

acg
Thr

gat
Asp

gcc
Ala

gag
125

&y
&ty

gcc
Ala

gtc
val

60
120
180

230

278

326

374

422

470

518

566

614

662

710

758
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aag
Lys
190

&8y

aac
Asn

cCcg
Pro

tce
Ser

&)
270
aac

Asn

gac
Asp

ctttgtagcg gecagtacce ggacaccttc aacagcaccg aacgtctcgt gacggaggaa

175
acc
Thr

gcc
Ala V.

ety

cgc
Arg

gaa
Glu
255

ccc
Pro

tog
Trp

ttc
Phe

WO 2006/087334

atc
Ile

gt
Va

cgt
Arg

ctg
Leu
240

gag
Glu

gtt
val

CccC
Pro

tag
Trp

aac
Asn

gtc
val

ccg
Pro
225

ccc
Pro

gcc
Ala

acc
Thr

gtc
val

gac
Asp

305

atc
Ile

cat
His
210

aag
Lys

cac
Hls

aag
Lys

tac
TYr

cag
Gln
290

acc
Thr

ccc
Pro
195

gtc
val

ctc
Leu

ttc
Phe

aaa
Lys

aac
Asn
275

gcc
Ala

atg
Met

180
&y

ctg
Leu

ttc
Phe

gag
Glu

gg¢
560

aac
Asn

9?;

ac
The

tgc
Cys

acc
Thr

tac
TYr

gcc
Ala
245

ttc
Phe

tgc
Cys

cac
His

ccg
Pro

ccg
Pro

aag
LyS

&y

Gly
230
tcc

Ser

tgc
cys

ccc
Pro

cccC
Pro

ttc
Phe

310

cCcc
Pro

Qqc
218

gag
Glu

gaa
Glu

ctc
Leu

aag
Lys

tgc
Cys
295

tac
TYyr

DESUanglais-seql.txt

aac
Asn
200

atc
Ile

ctg
Leu

ttc
Phe

tac
Tyr
gt

280

ctc
Leu

gag
Glu

185
cce
Pro

ccg
Pro

gtc
val

Ci
552

gaa
Glu
265

ctg
Leu

&y

cag g
Gln

atc
Ile

gat
Asp

cac
His

ccc
Pro
250

ctc
Leu

ttc
Phe

tgc
Cys

&ty

aac
Asn

ctc
Leu

gac
AsSp
235

tcc
ser

&y

aac
Asn

agc
ser

ttc
Phe

gac
Asp
220

aac
Asn

ttc
Phe

tgc
cys

cag
Gln

gag
Glu
300

gcat atg gct gag agc aaa €cC acg cca caa tcc acc ttc acc g?
et Ala Glu Ser Lys 558 Thr Pro Gln Ser ;gg Phe Thr G

atc
330

gtc
val

cte
Leu

gcc
Ala

gcc
Ala

ccg
Pro
410

ctc
Leu

gtc
val

ctg
Leu

ctc
Leu

ctc
Leu
490

315

gt
Va

gag
Glu

ttc
pPhe

ca
&in

ctg
Leu
395

gcc
Ala

cat
His

gac
Asp

gca
Ala

aag
Lys
475

&y

gtc
val

gt
Va

cgc
Arg

cac
His
380

gcc
Ala

aac
Asn

gac
Asp

gt
va

gcce
Ala

‘460

gce
Ala

atc
Ile

gac
Asp

gaa
Glu

2y
365

ttc
phe

tcc
ser

gce
Ala

cac
His

acc
Thr
445

tcc
ser

gtc
val

ttc
Phe

ccc
Pro

aac
Asn
350

ctg
Leu

acc
Thr

agc
ser

cgc
Arg

ctc
Leu
430

gcc
Ala

atc
Ile

cag
Gln

acc
Thr

att
Ile
335

&

gaa
Glu

cag
Gln

cgc
Arg

atg
Met
415

gtc
val

gce
Ala

acc
Ala

gac
Asp

aac
Asn
495

ace
Thr

aag
Lys

atc
Ile

cgce
Arg

tgc
cys
400

atg
Met

cac
H1s

ctc
Leu

ccg
Pro

aag
LYS
480

gcc
Ala

cgg
Arg

gtc
val

atc
Ile

gcc
Ala
385

gtc
val

cgc
Arg

ttc
Phe

aag
Lys

gct
Ala
465

ctg
Leu

tac
Tyr

atc
Ile

aag
LyS

ctc
Leu
370

tgc
cys

gat
Asp

aac
Asn

tat
Tyr

gcc
Ala
450

€gg
Arg

aaa
Lys

ttc
Phe

gaa
Glu

gac
Asp
355

&
380

gcc
Ala

aaa ggc

Lys

&y Va

gac
Asp

ctg
Leu

cac
H1s
435

gat
Asp

cCc

Pro G

gce
Ala

ctc
Leu

&y

gt

gce
Ala

gtc
val
420

ctg
Leu

cccC
Pro

ggc
y

ttc
Phe

2y

500

t cac

His

tog
Trp

cgc
Arg

tgc
Cys

gtc
val
405

atg
Met

cac
H1s

aac
Asn

aac
Asn

gtc
val
485

2y

ttg
Leu

agc
Ser

gat
Asp

acg
Thr
350

aag
Lys

gcc
Ala

gcc
Ala

aag
Lys

tcg
Ser
470

gag
Glu

cac
His

cgg
Arg

tcc
Ser

cce
Pro
375
tac
Tyr

gtc
val

tcc
ser

ctc
Leu
gcc
455

gcc
A'Ia

tcc
Ser

aaa
Lys
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atc
Ile

tcg
Ser
360

cgc
Arg

gtc
val

agc
Ser

cag
Gln

gac
Asp
420

gcc
Ala

aag
Lys

&y

gcc
Ala

gt
va
205

gag
Glu

tgt
Cys

gat
Asp

aag
Lys

gtc
val
285

ccg
Pro

C¢ taaccccctc

Cc ccc
y Pro

atg
Met
345

cag
Gln

gac
Asp

cac
His

atc
Ile

tat
Tyr
425

tgg
Trp

aaa
Lys

gcc
Ala

cag
Gin

tac
TYyr
505

806

854

902

950

998

1046

1094

1143

1203
1252

1300

1348

1396

1444

1492

1540

1588

1636

1684

1732

1780
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tac
TYyr

gcc
Ala

&y

tac
TYyr

aag
LyS
570
gce
Ala

aac
Asn

aaa
Lys

gac
Asp
gtc
650
gac
Asp

tac
Tyr

&

ttc
Phe
acg
730
acc
Thr

gac
Asp

gag
Glu

tcce
sSer
gtt
810

aag
Lys

ctg
Leu

ctg
Leu

aag
Lys

cag

555

gaa
Glu

gt
Va

tac
Tyr

cac
His

ctc
Leu
635

aag
Lys

Ty

tcc
Ser

cccC
Pro

aaa
Lys
715

cC
gTa

ccC
21 a

agc
ser

gag
Glu

cac
His
795

gtc
val

agc
Ser

WO 2006/087334

ccg
Pro

cac
His

aac
Asn
540

&y

gtc
val

gcc
Ala

ctg
Leu

cty
Leu
620

ety

tac
Tyr

gtc
val

tag
Trp

ctg
Ley
700

aag
Lys

ctg
Leu

atc
Ile

&ty

tee
ser
780

tgg
Trp

ccc
Pro

ccg
Pro

CCC
Pro

atg
Met
525
cccC
Pro

ctg
Leu

tgc
cys

ety

gcc
605
gcc
Ala
aag
LyS

tcc
Ser

acc
Thr

atg
Met
685

gcc
Ala

gtc
val

cat
H1s

gtc
val
gce
765
aag
Lys

atc
Ile

tcg
Ser

gt
Va

gag
510
cag
Gln

cac
His

acc
Thr

cag
GlIn

ttc
Phe
590

ttc
Phe

acce
Thr

gt
va

tg9

gte
val

gtc
val

acc
Thr

aag
Lys

tte
Phe
575

tac
Tyr

&y

tcg
Ser

gat
Asp

tac

Trp Ty

gat
Asp
670

aag
Lys

cgc
Arg

gt
va

tcg
Ser

tgc
cys
750

aag
Lys

&Ny

cgc
Arg

acc
Thr

gaa
Glu
830

r
655

cccC
Pro

gcc
Ala

acc
Thr

gac
Asp

acc
Thr
735

gcc
Ala

gac
Asp

gtc
val

atc
Ile

tog
815

gag
Glu

aac
Asn

aag
LysS

cag
Gln

gac
Asp
560

gtc
val

aag
Lys

gag
Glu

cag
GIn

aac
Asn
640

gcc
Ala

aag
LYS

ccc
Pro

ttc
Phe

atg
Met
720

ctc
Leu

aac
Asn

aac
Asn

&ty

aag
Lys
800

aac
Asn

gce
Ala

ctc
Leu

gcg
Ala

ttc
phe
545
ccg
Pro

aac
Asn

gac
Asp

ttc
phe

ttt
625

gt
va

cCcC
Pro

tac
TYr

cge
Arg

atc
Ile
705

gtc
val

&y

atg
Met

acc
Thr

ctg
Leu
785

&ty

ctc
Leu

ctt
Leu

atc
Ile
gcc
530
acc
Thr

ctg
Leu

gag
Glu

tgg
Trp
gcc
610
ccg
Pro

gac
Asp

&y

acc
Thr

tac
Tyr
690

gce
Ala

ctc
Leu

cgc
Arg

ag
<gs1u

ctg
Leu
770

gcc
Ala

aag
Lys

&

atc
Ile

gce
515
age
ser

gtc
val

gce
Ala

tgc
Cys
ggce
595
acc
Thr

tce
Ser

ctc
Leu

ety

aag
LyS
675

aag
Lys

tac
Tyr

&y

acc
Thr

aag
Lys
755

tgc
Ccys

gat
Asp

aag
Lys

cccC
Pro

ety
835
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acc
Thr

gce
Ala

gt
Va

aac
Asn

tac
TYFP
580

ety

gac
ASp

4
&y

gac
Asp
660

ctc
Leu

&y

gcc
Ala

aaa
Lys

gcc
Ala
740

tgg
Trp

gcc
Ala

gct
Ala

atc
Ile

€gg
82

acg
Thr

gcc
Ala

atg
Met

&y

tac
TYyr
565
atc
Ile

atc
Ile

gac
Asp

gtc
val

gcc
Ala
645

&y

gac
Asp

aag
LysS

aag
Lys

ctc
Leu
725

gcc
Ala

atc
Ile

aag
Lys

ccc
Pro

gac
ASp
805

2ty

ccc
Pro

cac tac ctg

H1s

gcc
Ala

QEfC
550

ctg
Leu

cct
Pro

&y

agc
Ser

atc
Ile
630

atc
Ile

aag
Lys

gac
Asp

gcc
Ala

Q?Q
718

tcc
Ser

cgc
Arg

aag
Lys

tgg
Trp

cgc
Arg
790

aac
Asn

gcc
Ala

atc
Ile

Tyr

atc
Ile
535

tgc
Cys

gcc
Ala

gac
Asp

aty

tcc
Ser
615

acc
Thr

tac
TYr

cac
His

aag
Lys

atg
Met
695

cag
Gln

gtc
val

ety

gaa
Glu

gag
Glu
775

&y

ttc
Phe

cag
Gln

gcc
Ala
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Leu
520

ctc
Leu

tcc
Ser

ctg
Leu

ctg
Leu

ace
Thr
600

cccC
Pro

&ty

gaa
Glu

cccC
Pro

gac
680
gaa

Glu

cCcC
Pro

ccg
Pro

atc
Ile

atg
Met
760

atg
Met

gcc
Ala

cag
Gln

&ty

gat
Asp
840

gaa
Glu

&ty

aac
Asn

agc
Ser

ctg
Leu
585

agc
ser

gag
Glu

cgc
Arg

gac
Asp

tac
Tyr
665
cac

His

gtc
val

gac
Asp

gcc
Ala

gag
Glu
745

gcc
Ala

ccc
Pro

ctg
Leu

ctg
Ley

gac
Asp
825

cccC
Pro

1828

1876

1924

1972

2020

2068

2116

2164

2212

2260

2308

2356

2404

2452

2500

2548

2596

2644

2692

2740

2788
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aaa cgc
Lys Arg

atc gcc
I1e Ala

aag ttc
Lys Phe
875

gccggottct tegtttctca aggaggtcge atg tcc gat acc ccg cgc aaa atc
Met ggg Asp Thr Pro Arg ;gg Ile

ctc atc
Leu 1ile

€gg

Val A

gtc
val

acc
Thr
920

ctc
Leu
935

atg
Met

gac
Asp

gcc
Ala

tcc
ser

ctg
Leu

atc

ctg
Ile

Leu

&Y et

Met

WO 2006/087334

ccg
Pro

tgc
cys
860

aag
Lys

ctc
Leu

gcc

905

Cctc
Leu

gaa
Glu

ccc
Pro

gcc
Ala

tat
Tyr
985

gag
Glu

1000

ccc
Pro

gcc
Ala

agt
Ser

gcc
Ala
101

gaa
Glu
103

atc
Ile
5

ctc
Leu
0

Va

gtc
val
845

&ty

gtt
val

val

Cys

c gtc
&y Vai
890
gtg gag
Glu

atg
Met

gac
Asp

tgc
cys

&y

ttc
phe
970

gac
Asp

acc
Thr
955

aag
Lys

tgc
cys

gaa
Glu

ccc ctc gat
Pro Leu Asp

850

DESUanglais-seql.txt

gaa atc ctg cgc acg gtc cac gec tic gac ccc tge
Glu Ile Leu Arg Thr val His Ala Phe ggg Pro Cys

cac gtc atc gag ccc gag acc aac gag atc ctc
His val Ile Glu Pro Glu Thr Asn Glu Ile Leu
5

&y

cgc
Arg

&y

tac
TYyr
940

atc
Ile

gac
Asp

ctg
Leu

gcc gaa cgce
Ala Glu Arg

gcc gcc gec
Ala Ala Ala

aac
Asn

ctt
Leu

&ty
925

tgc
cys

tac
Tyr

tcc
Ser

gcc
Ala

ttt
Phe

atc
Ile

ctc
Leu
910

aac
Asn

atc
Ile

cot
Arg

atg
Met

gga
ety

1005

gtt
val
1020

&ty

ctc
Leu
895

gaa
Glu

ctg
Leu

gt
va

ctc
Leu

cac
His
975

cac
H1s

tac
Tyr

acc
Thr

&y

ctc
Leu

acc
Thr
960

cag
Gln

cge
Arg

cag aac atg
GIn Asn Met

acc
Thr

cac
His

atg
Met

gac
Asp
945

&y

tcc
Ser

ccg
Pro

agc
Ser

gac
Asp

gat
Asp

aag
Lys
930

gcc
Ala

gag
Glu

gac
AsSp

gac
Asp

870

gag
Glu

ttt
Phe
915

ctc
Leu

vat

gac
Asp

ctc
Leu

acc
Thr
995

atc
Ile

1010

ccg gcc atg
Pro Ala Met

ggc gtc gce
G?y val Ala

Thr

atc
Iile

gac
Asp

1025

acg

(ool
Pro

tgc taagagcgge aacgccgcett atacgaagga cccggcttcg

c gtc
g?y val
900

tcc
Ser

&y

gac
Asp

aac
Asn

atg
Met

gcc

ccy
Ala

Pro

ctc

Leu &y &ly

950

aaa
Lys

ctg
Leu

cgc
Arg
965

gtc
val
980

gt
va

gac
Asp

acg
Thr

atc

gtc
Ile

val

gaa ctc

tcg
Glu Leu

ser

1035

1040

atc gcc
Ile Ala

aaa g?a
Lys Gly

taggaagaaa ggaggtgcga gaggggaaac cctttaaaaa gggttctccc

ctctegegee tctcecctte ctaaatttta taa

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

<400>

60
l\]fet Asn Phe Ser \éa’l Gly Leu Gly Arg
val Gin Asn Gly val Ser Arg Arg Gln
20 25
val Ala Ala Ala Met Gly Met Gly Pro
35 40
Glu Ala Leu Thr Ala Lys His Arg Pro
50 55
Ala Glu Cys Thr Gly Cys Thr Glu Ala
65 70

Tyr Ile Asp Ala Leu Ile Leu Asp Thr

60
1044
PRT

pesulfovibrio fructosovorans

Asp
10

Phe
Ala
ser

Ala

Ile

Asp Ala Glu

Met Lys Phe

Phe Ala Pro

45

val val Trp
60

Ile

Arg Thr
75 9

Ser Leu Asp

Page

Lys Arg

15

Cys
30

Lys val

Leu His

Ile Lys

Tyr Gin

85

Ala

ctg
Leu

caa
Gln

Leu
Thr
Ala
Asn
Pro

80
Glu

2836

2884

2939

2993

3041

3089

3137

3185

3233

3281

3329

3374

3419

3464

3517

3550
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85 90 95

Thr Ile Met Ala Ala Ala Gly Glu Thr Ser Glu Ala Ala Leu His Gin
100 105 110

Ala Leu Glu Gly Lys Asp Gly Tyr Tyr Leu val val Glu Gly Gly Leu
115 120 125

Pro Thr Ile Asp Gly Gly Gln Trp Gly Met val Ala Gly His Pro Met
130 135 P 140

Ile Glu Thr Thr Lys Lys Ala Ala Ala Lys Ala Lys Gly Ile Ile Cys
145 150 155 160

Ile Gly Thr Cys Ser Ala Tyr Gly Gly val Gln Lys Ala Lys Pro Asn
165 170 175

Pro Ser GIn Ala Lys Gly val Ser Glu Ala Leu Gly val Lys Thr Ile
180 185 190

Asn Ile Pro Gly Cys Pro Pro Asn Pro Ile Asn Phe val Gly Ala val
195 200 205

val His val Leu Thr Lys Gly Ile Pro Asp Leu Asp Glu Asn Gly Ar
210 215 220 g

Pro Lys Leu Phe Tyr Gly Glu Leu val His Asp Asn Cys Pro Arg Leu
225 230 235 240

Pro His Phe Glu Ala Ser Glu Phe Ala Pro Ser Phe Asp Ser Glu Glu
245 250 255

Ala Lys Lys Gly Phe Cys Leu Tyr Glu Leu Gly Cys Lys Gly Pro val
260 265 270

Thr Tyr Asn Asn Cys Pro Lys val Leu Phe Asn Gin val Asn Trp Pro
275 280 285

val Gln Ala Gly His Pro Cys Leu Gly Cys Ser Glu Pro Asp Phe Tr
290 y 255 300 P P

Asp Thr Met Thr Pro Phe Tyr Glu GIn Gly Met Ala Glu Ser Lys Pro
305 310 315 320

Thr Pro GIn Ser Thr Phe Thr Gly Pro Ile val val Asp Pro Ile Thr
325 330 335

Arg Ile Glu Gly His Leu Arg Ile Met val Glu val Glu Asn Gly Lys
340 345 350

val Lys Asp Ala Trp Ser Ser Ser GIn Leu Phe Arg Gly Leu Glu Ile
355 360 365

Ile Leu Lys Gly Arg Asp Pro Arg Asp Ala Gln His Phe Thr Gln Arg
370 Y 375 9 380

Ala Cys Gly val Cys Thr Tyr val His Ala Leu Ala Ser Ser Arg Cys
385 Y y 390 395 g 4%0

val Asp Asp Ala val Lys val Ser Ile Pro Ala Asn Ala Arg Met Met
405 410 415

Arg Asn Leu val Met Ala Ser Gln T¥r Leu His Asp His Leu val His
420 425 430

Phe Tyr His Leu His Ala Leu Asp Trp val Asp val Thr Ala Ala Leu
435 440 445

Lys Ala Asp Pro Asn Lys Ala Ala Lys Leu Ala Ala Ser Ile Ala Pro
450 455 460

Ala Arg Pro Gly Asn Ser Ala Lys Ala Leu Lys Ala val GIn Asp Lys
465 g y 470 475 P 4)8,0

Leu Lys Ala phe val Glu Ser Gly Gin Leu Gly Ile Phe Thr Asn Ala
485 490 495

Tyr Phe Leu Gly Gly His Lys Ala Tyr Tyr Leu Pro Pro Glu val Asn
500 505 510

Leu ITe Ala Thr Ala His Tyr Leu Glu Ala Leu His Met GIn val Lys
515 520 525

Ala Ala Ser Ala Met Ala Ile Leu Gly Gly Lys Asn Pro His Thr GIn
530 535 540
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Phe Thr val val Gly Gly Cys Ser Asn Tyr GIn Gly Leu Thr Lys Asp
545 550 555 560

Pro Leu Ala Asn Tyr Leu Ala Leu Ser Lys Glu val Cys GIn Phe val
565 570 575

Asn Glu Cys Tyr Ile Pro Asp Leu Leu Ala val Ala Gly Phe Tyr Lys
Y 5)8/0 585 590 A

Asp Trp Gly Gly Ile Gly Gly Thr Ser Asn Tyr Leu Ala Phe Gly Glu
59}5, Y 600 605 Y

Phe Ala Thr Asp Asp Ser Ser Pro Glu Lys His Leu Ala Thr Ser GlIn
610 615 620

Phe Pro Ser Gly val Ile Thr Gly Arg Asp Leu Gly Lys val Asp Asn
625 630 Y 9 P 635 640

val Asp Leu Gly Ala Ile Tyr Glu Asp val Lys Tyr Ser Trp Tyr Ala
645 650 655

Pro Gly Gly Asp Gly Lys His Pro Tyr Asp Gly val Thr Asp Pro Lys
660 665 670

r Thr Lys Leu Asp Asp Lys Asp His Tyr Ser Trp Met Lys Ala Pro
B4 675 680 685 Y

Arg Tyr Lys Gly Lys Ala Met Glu val Gly Pro Leu Ala Arg Thr Phe
9 6)9/0 Y i 695 700 9

Ile Ala Tyr Ala Lys Gly GIn Pro Asp Phe Lys Lys val val Asp Met
705 . 710 715 720

val Leu Gly Lys Leu Ser val Pro Ala Thr Ala Leu His Ser Thr Leu
725 730 735

Gly Arg Thr Ala Ala Arg Gly Ile Glu Thr Ala Ile val Cys Ala Asn
740 745 750
Met Glu Lys Trp Ile Lys Glu Met Ala Asp Ser Gly Ala Lys Asp Asn
735,5 Y 760 765 Y P

Thr Leu Cys Ala Lys Trp Glu Met Pro Glu Glu Ser Lys Gly val Gl
770 Y 775 780 Y Y

Leu Ala Asp Ala Pro Arg Gly Ala Leu Ser His Trp Ile Arg Ile Lys
785 79 795 800

Gly Lys Lys Ile Asp Asn Phe GlIn Leu val val Pro Ser Thr Trp Asn
805 810 . 815

Leu Gly Pro Arg Gly Ala Gln Gly Asp Lys Ser Pro Val Glu Glu Ala
820 825 830

Leu Ile Gly Thr Pro Ile Ala Asp Pro Lys Arg Pro val Glu Ile Leu
835 840 845

Arg Thr val His Ala Phe Asp Pro Cys Ile Ala Cys Gly val His val
850 855 860

ITle GTu Pro Glu Thr Asn Glu Ile Leu Lys Phe Lys val Cys Met Ser
865 870 875 880

Asp Thr Pro Arg Lys Ile Leu Ile Leu Gly val Gly Asn Ile Leu Tyr
: 885 890 895

. Thr Asp Glu Gly val Gly val Arg Ala val Glu Arg Leu Leu Glu Thr
900 905 910

His Asp Phe Ser Asp Asn Val Thr Leu Met Asp Gly Gly Asn Leu Gly
915 920 925

Met Lys Leu Met Ala Pro Leu Met Glu Cys Asp Tyr Cys Ile val Leu
9230 935 940

Asp Ala val Leu Gly Gly Asp Ala Pro Gly Thr Ile Tyr Arg Leu Thr
94? y 950 y 955 y 9 960

Gly Glu Asp Leu Arg Lys Ser Leu Ala Phe Lys Asp Ser Met His Gln
965 970 975

Ser Asp Leu val Asp Thr Leu ITe Tyr Cys Glu Leu Ala Gly His Arg
980 985 990

Pro Asp Thr val val Ile Gly Met Glu Pro Leu Asp Phe Gln Asn Met
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995

1000

DESUanglais-seql.txt
1005

Ser Tle Glu Leu Ser Pro Ala Ile Ala Glu Arg val Pro Ala Met
1010 1015 1020

Ile Asp 1Te Ala Leu Ala Glu Leu Ala Ala Ala Gly Gly val Ala
1025 1030 1035

Thr Pro Lys Gly GIn Ser
1040

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

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

61

3550
DNA
Desulfovibrio fructosovorans

61
caaactcgtg attaactgca aaagggaaat cgaacccggc gacgcaggaa cgcacgegte
cgtcacatag aggcggegge ggccggttcg cctgcgacgg ccgcgtgccg aacgggtcaa
cggatgctac gtggcctggg gatcatggga cgccccggac catgcctctc gtaaaacaaa

CDS
(192)..(1133)
CDhs
(1208)..(28%9

CDS
(2970)..(3467)

ggaggacgtt t atg aac ttt tcc gt
%et Asn phe Ser ga

aaa
Lys
tgc
30

aag
LyS

ctg
Leu

atc
Ile

tac
TYyr

ctg
Leu
110

&y

cat
H1s

atc
Ile

aaa
Lys

aag

Ao
15

gcc
Ala

gtc
val

cac
His

aaa
Lys

cag
Gln
95

cac
His

&y

cCcc
Pro

atc
Ile

ccc
Pro
175

acc

ctt
Leu

acc
Thr

gcc
Ala

aac
Asn

cct
Pro
80

gag
Glu

cag
GIn

ctg
Leu

atg
Met

tgc
Cys
160

aat
Asn

atc

gt
va

gt
va

gaa
Glu

gcc
Ala
65

tat
Tyr

acc
Thr

gcc
Ala

cCccC
Pro

atc
Ile
145

atc
Ile

ccC
Pro

aac

caa aac
Gln Asn

gcc gcg
Ala Ala
35
gca ttg
Ala Leu
50
gag tgc
Glu Cys

ata gac
Ile Asp

atc atg
Ile Met

ctc gaa
Leu Glu
115

acc atc
Thr Ile
130

gag acc
Glu Thr

ggc acc
G?y Thr

agc cag
ser Gln

atc ccc

ggc
ety

gce
Ala

acg
Thr

acc
Thr

9cg
Ala

gcc
Ala
100

ety

gac
Asp

acc
Thr

tgc
cys

gce
Ala
180

ggc

gtc
val

atg
Met

gce
Ala

aty

ctc
Leu
85

gcg
Ala

aag
Lys

&y

aag
Lys

tec
Ser
165

aag
Lys

tgc

&

tcc
Ser

&ty

aaa
Lys

tgc
Cys
70

att
1le

gcc
Ala

gac
Asp

&ty

aag
Lys
150

gcc
Ala

Ay

ccg

ctt

cgc
Arg

atg
Met

cac
His
55

acc
Thr

ctc
Leu

&y

&ty

ca
Gin
135
gcce
Ala

tac
TYr

gt
va

cCC

g?c agg gat gat gcg gaa
Leu Gly Arg Qgp Asp Ala Glu

cgc
Arg

Q?C
&

cgt
Arg

gaa
Glu

gac
Asp

gag
Glu

#ac
yr
120

g tgg

Trp

gcg
Ala

2Ny

tcc
Ser

aac

gtc
val
25

CcCcC
Pro

ccg
Pro

gcg
Ala

acc
Thr

ac
Thg
105

tac
Tyr

ety

gcc
Ala

&ty

gaa
Glu
185

cCcC

ttc
Phe

gcg
Ala

tcg
Ser

gcg
Ala

atc
ITe
90

tcc
Ser

ctc
Leu

atg
Met

aag
Lys

gtc
val
170

gcc
Ala

atc

atg
Met

ttc
Phe

gt
vVa

atc
Ile
75

tcc
Ser

gag
Glu

gt
Va

gtt
val

gcc
Ala
155

cag
GIn

ctc
Leu

aac

pPage 88

aaa
Lys

gc
A]g

gtc
val
60

cgg
Arg

ctg
Leu

gcg
Ala

gtc
val

gcc
Ala
140
aag
Lys

aag
Lys

&y

ttc

ttt
phe

ccc
Pro
45

tgg
Trp

acg
Thr

gat
Asp

gcc
Ala

gag
125

&y
&ty

gcc
Ala

gtc
val

gtg

60
120
180

230

278

326

374

422

470

518

566

614

662

710

758

806
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Lys
1%
ggc
ety

aac
Asn

ccg
Pro

tcc
Ser

g?c
Gly
270
aac

Asn

gac
Asp

Thr

gcc
Ala

&ty

cgc
Arg

gaa
Glu
255

cCcC
Pro

tgo
Trp

ttc
Phe

WO 2006/087334

Ile

gt
Va

cgt
Arg

ctg
Leu
240

ag
g1u

gtt
val

ccc
Pro

tag
Trp

Asn

gtc
val

ccg
Pro
225

ccc
Pro

gcc
Ala

acc
Thr

gtc
val

gac
Asp
305

ITe

cat
His
210

aag
Lys

cac
His

aag
Lys

tac
TYr

cag
Gln
290

acc
Thr

Pro
195

gtc
val

ctc
Leu

ttc
phe

aaa
Lys

aac
Asn
275

gcc
Ala

atg
Met

Gly

ctg
Leu

ttc
Phe

gag
Glu

Q?C
260

aac
Asn

&y

acg
Thr

cys

acc
Thr

tac
Tyr

gcc
Ala
245

ttc
phe

tgc
cys

cac
His

ccg
Pro

Pro

aag
Lys

ggc
230
tcc

Ser

tgc
Cys

cCC
Pro

ccc
Pro

ttc
Phe
310

Pro

&y
215

gag
Glu

gaa
Glu

ctc
Leu

aag
LyS

tgc
cys
295

tac
Ty

DESUanglais-seql.txt
Asn Pro Ile Asn phe

200

atc
ile

ctg
Leu

ttc
Phe

tac
Tyr

gt
va
280

ctc
Leu

gag
Glu

ctttgtagcg gccagtacce ggacaccttc aacagcaccg

ccg
Pro

gtc
val

gcg
Ala

gaa
Glu
265

ctg
Leu

ety

cag
Gln

aacgtctcgt gacggaggaa

gat
Asp

cac
H1s

cce
Pro
250

ctc
Leu

ttc
Phe

tgc
Cys

&y

ctc
Leu

ﬁac
sp
235

tce
Ser

&y

aac
Asn

agc
ser

gac
Asp
220

aac
Asn

ttc
Phe

tgc
Cys

cag
Gln

gag
Glu
300

val
205

gag
Glu

tgt
Cys

gat
Asp

aag
Lys

gtc
val
285

ccg
Pro

taaccccctc

gcat atg gct gag agc aaa CCC acg cca caa tcc acc ttc acc g?
G

atc.
Ile
330

gtc
val

ctc
Leu

gcc
Ala

gcc
Ala

ccg
Pro
410

ctc
Leu

gtc
val

ctg
Leu

ctc
Leu

ctc
Ley
490

tac
Tyr

315

gt
va

gag
Glu

ttc
phe

cag
Gln

ctg
Leu
395

gcc
Ala

cat
His

gac
Asp

gca
Ala

aag
Lys
475

&y

ctog
Leu

gtc
val

gt
va

cgc
Arg

cac
His
380

gce
Ala

aac
Asn

gac
Asp

Gat

gcc
460
gcc
Ala

atc
Ile

ccg
Pro

gac
AsSp

gaa
Glu

agc
ey

ttc
Phe

tcc
Ser

gcce
Ala

cac
His

acc
Thr
445

tcc
Ser

gtc
val

ttc
Phe

cCcC
Pro

cCC
Pro

aac
Asn
350

ctg
Leu

acc
Thr

agc
Ser

cgc
Arg

ctc
Leu
430
gcc
Ala

atc
Ile

cag
GIn

acc
Thr

g9ag
510

att
Ile
335

&

gaa
Glu

cag
GlIn

cgce
Arg

atg
Met
415

gtc
val

gcc
Ala

gcc
Ala

gac
Asp

aac
Asn
495

gtc
val

acc
Thr

aag
Lys

atc
ile

cgc
Arg

tgc
Cys
400

atg
Met

cac
His

ctc
Leu

ccg
Pro

aag
LyS
480

gcc
Ala

aac
Asn

cgg
Arg

gtc
val

atc
Ile

gcc
385
gtc
val

cgc
Arg

ttc
Phe

aag
Lys

gct
Ala
465

ctg
Ley

tac
TYyr

ctc
Leu

atc
Ile

aag
Lys

ctc
Leu
370

tgc
Cys

gat
Asp

aac
Asn

tat
Tyr
gcc
450

<€gg
Arg

aaa
Lys

ttc
Phe

atc
Ile

gaa
Glu

gac
Asp
355

aaa
Lys

ety

gac
Asp

ctg
Leu

cac
His
435

gat
Asp

ccc
Pro

gce
Ala

ctc
Leu

gce
Ala
515

ggt
Gly
340

gce
Ala

2y

gt
va

gcc
Ala
gtc
420
ctg
Leu

CcCcC
Pro

aty

ttc
Phe

ggc

500

acc
Thr

cac
His

tag
Trp

cge
Arg

tgc
Cys

gtc
val
405

atg
Met

cac
His

aac
Asn

aac
Asn

gtc
val
485

ety

cc
g]a

ttg
Leu

agc
Ser

gat
Asp

ac
Thr
390

aag
Lys

gcc
Ala

gce
Ala

aag
Lys

tcg
ser
470

gag
Glu

cac
His

cac
His

€gg
Arg

tcc
Ser

ccc
Pro
375

tac
TYr

gtc
val

tcc
Ser

ctc
Leu
gcc
455
gcc
Ala

tcc
Ser

aaa
Lys

tac
Tyr

Page 89

Met Ala Glu Ser Lys Pro Thr Pro Gln Ser Thr Phe Thr
320 325

atc
Ile

tcg
Ser
360

cgc
Arg

gtc
val

agc
Ser

cag
GIn

gac
Asp
440

gcc
Ala

aag
LYyS

2ty

gcc
Ala

cty
Leu
520

c ccc
y Pro

atg
Met
345

cag
Gln

gac
Asp

cac
His

atc
Ile

tat
Tyr
425

tgg
Trp

aaa
Lys

gcc
Ala

cag
Gln
tac
TYr
505

gaa
Glu

854

902

950

998

1046

1094

1143

1203
1252

1300

1348

1396

1444

1492

1540

1588

1636

1684

1732

1780

1828
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gcce
Ala

&y

tac
Tyr

aag
Lys
570
gcc
Ala

aac
Asn

aaa
Lys

gac
Asp
gtc
650
gac
Asp

tac
Tyr

&

ttc
phe
acg
730
acc
Thr

gac
Asp

gag
Glu

tce
Ser
gtt
810
aag
Lys

aaa
Lys

ctg
Leu

aag
Lys

ca
555
gaa

Glu

gt
Va

tac
Tyr

cac
His

ctc
Leu
635

aag
Lys

&y

tcc
ser

ccc
Pro

aaa
Lys
715

gce
Ala

gcc
Ala

agc
ser

gag
Glu

cac
His
795

gte
val

agc
Ser

cgc
Arg

WO 2006/087334

cac
His

aac
Asn
540

a &ly

gtc
val

gcc
Ala

ctg
Leu

ctg
Leu
620

ggc
Gly

tac
TYIr

gtc
val

tgg
Trp

ctg
Leu
700

aag
LysS

ctg
Leu

atc
Ile

&y

tcc
Ser
780

tgg
Trp

ccc
Pro

ccg
Pro

ccg
Pro

atg
525
cce
Pro

ctg
Leu

tgc
cys

&ty

gce
Ala
605

gcc

Ala

aag
Lys

tcc
Ser

acc
Thr

atg
Met
685

gcc
Ala

gtc
val

cat
His

tC
3a1

gcc
Ala
765
aag
Lys

atc
Ile

tcg
ser

gt
va

gtc
845

cag
Gln

cac
His

acc
Thr

cag
Gln
ttc
590

ttc
Phe

acc
Thr

gt
va

tag
Trp

gat
Asp
670
aag
Lys

cge
Arg

gt
Va

tcg
ser

tgc
Ccys
750

aag
Lys

&y

cgce
Arg

acc
Thr
gaa
830

gaa
Glu

gtc
val

acc
Thr

aag
Lys

ttc
Phe
575

tac
TYr

ggc
Gly

tcg
Ser

gat
Asp

tac
Tyr
655

ccc
Pro

gcc
Ala

acc
Thr

gac
Asp

acc
Thr
735

gcc
Ala

gac
Asp

gtc
val

atc
Ile

tag
815

gag
Glu

atc
Ile

aag
Lys

cag
GIn

gac
Asp
560

gtc
val

aag
Lys

gag
Glu

cag
Gln

aac
Asn
640

gce
Ala

aag
Lys

cCcC
Pro

ttc
Phe

atg
Met
720

ctc
Leu

aac
Asn

aac
Asn

&y

aag
LYyS
800

aac
Asn

gce
Ala

ctg
Leu

gcg
Ala

ttc
Phe
545

ccg
Pro

aac
Asn

gac
Asp

ttc
Phe

ttt
Phe
625

gt
va

[ofalo)
Pro

tac
TYrF

cgc
Arg

atc
Ile
705

gtc
val

&

atg
Met

acc
Thr

ctg
Leu
785

ggc
Gly

ctc
Leu

ctt
Leu

cge
Arg

gce
530
acc
Thr

ctg
Leu

tgg
Trp
gcc
610

ccg
Pro

gac
Asp

aty

acc
Thr

tac
Tyr
690
gce
Ala

ctc
Leu

cgce
ATrg

gag
Glu

ctg
Leu
770
gcc
Ala

aag
Lys

&y

atc
Ile

acg

850

agc
ser

gtc
val

gcc
Ala

tgc
Cys
ggc
595

acc
Thr

tcc
Ser

ctc
Leu

&y

aag
Lys
675

aag
Lys

tac
Tyr

ety

acc
Thr

aag
Lys
755

tgc
Cys

gat
Asp

aag
Lys

cccC
Pro

Q?C
538

gtc
val

DESUanglais-seql.txt

gcce
Ala

gt
va

aac
Asn
tac
TYyr
580

2ty

gac
Asp

&ty

&ty

gac
Asp
660

ctc
Leu

&y

gcc
Ala

aaa
Lys

gce
Ala
740

tgg
Trp

gce
Ala

gct
Ala

atc
Ile

<gg
Ar
82

acg
Thr

cac
H1s

atg
Met

&y

tac
Tyr
565

atc
Ile

atc
Ile

gac
ASp

gtc
val

gcc
Ala
645

2y

gac
Asp

aag
Lys

aag
Lys

ctc
Leu
725

gce
Ala

atc
Ile

aag
Lys

cCccC
Pro

gac
Asp
805

&ty

ccc
Pro

gcc
Ala

gcc
Ala

ggc
&y
550
ctg
Leu

cct
Pro

2ty

agc
ser

atc
Ile
630

atc
Ile

aag
Lys

gac
Asp

gce
Ala

9?9
718

tce
Ser

cgc
Arg

aag
Lys

tgg
Trp

cgc
Arg
790

aac
Asn

gcc
Ala

atc
Ile

ttc
Phe

atc ctc ggc

Ile
535

tgc
Cys

gcc
Ala

gac
Asp

ety

tcc
ser
615

acc
Thr

tac
Tyr

cac
His

aag
Lys

atg
Met
695

cag
Gln

gtc
val

&y

gaa
Glu

gag
Glu
775

2ty

ttc
Phe

cag
Gln

gcc
Ala

gac
Asp
855

Page 90

Leu

tcc
Ser

ctg
Leu

ctg
Leu

acc
Thr
600

ccc
Pro

&ty

gaa
Glu

ccc

Gly

aac
Asn

agc
ser

ctg
Leu
585

agc
Ser

gag
Glu

cgc
Arg

gac
Asp

tac

Pro Ty

gac
Asp
680
gaa
Glu

cccC
Pro

ccg
Pro

atc
Ile
atg
760
atg
Met

gcc
Ala

cag
Gln

&y

gat
Asp
840

ccc
Pro

r
665
cac
His

gtc
val

gac
Asp

gcc
Ala

gag
745

gce
Ala

Ccc
Pro

ctg
Leu

ctg
Leu

gac
Asp
825

ccc
Pro

tgc
Cys

1876

1924

1972

2020

2068

2116

2164

2212

2260

2308

2356

2404

2452

2500

2548

2596

2644

2692

2740

2788

2836

PCT/EP2006/050942



WO 2006/087334

atc gcc tgc
Ile Ala Cys
860

&y

Val

DESUanglais-seql.txt

cac gtc¢ atc gag ccc gag acc aac gag atc ctc
His val Iég Glu Pro Glu Thr g;g Glu TIle Leu

aag ttc aag gtt tgc taagagcggc aacgccgctt atacgaagga cccggettcg
Lys g?g Lys val Cys

gccgggttct tcgtttctca aggaggtcge atg tcc gat acc €cg cgc aaa atc
Met ggg Asp Thr Pro Arg ggs Ile
5

ctc
Leu

gt
va

gte
val

ctc
Leu
935

gac
Asp

tce
Ser

ctg
Leu

&ty

cccC
Pro

gcc
Ala

agt
ser

atc
Ile

€ag
Arg

acc
Thr
920

atg
Met

gcc
Ala

ctg
Leu

atc
Ile

atg
Met

ctcC
Leu

gcc
Ala
905

ctc
Leu

gaa
Glu

ccC
Pro

gcc
Ala

tat
Tyr
985

gag ccc ctc gat
Glu Pro Leu Asp

1000

gcc
Ala
1015

gaa
Glu

1030

atc gec gaa cgc
Ile Ala Glu Arg

Q?C
Gly
890
gt
va

atg
Met

tgc
Cys

2y

tte
Phe
970

tgc
Cys

gtc
val

gag
Glu

gac
Asp

gac
Asp

acc
Thr
955

aag
Lys

gaa
Glu

&ty

cgc
Arg

&y

tac
TYr
940

atc
Ile

gac
Asp

ctg
Leu

aac
Asn

ctt
Leu

Q?C
Gly
925
tgc
Cys

tac
Tyr

tcc
Ser

gcc
Ala

atc
Ile

ctc
Ley
910

aac
Asn

atc
Ile

cgt
Arg

atg
Met

an
590

1020

ctc gec gce gec

Leu Ala Ala Ala g?
10

ctc
Leu
895

gaa
Glu

ctg
Leu

gt
va

ctc
Leu

cac
His
975

cac
His

tac
Tyr

acc
Thr

&ty

ctc
Leu

acc
Thr
960

cag
Glin

cge
Arg

ttt cag aac atg
Phe GIn Asn Met
1005

gtt ccg gcc atg
val Pro Ala Met

C ggc gtc gcc
gs Gly val Ala

acc
Thr

cac
His

atg
Met

gac
Asp
945

2y

tcc
Ser

ccg
Pro

agc
ser

atc
Ile

acg
Thr

gac
Asp

gat
Asp

aag
Lys
930

gcc
Ala

gag
Glu

gac
Asp

gac
Asp

gag
Glu

ttt
Phe
915

ctc
Leu

gt
va

gac
Asp

Ctc
Leu

acc
Thr
995

010

0

g?c
508

tcc
Ser

atg
Met

ctc
Leu

ctg
Leu

gtc
val
980

gt
va

gtc
val

gac
Asp

gcc
Ala

&ty

cgc
Arg
965

gac
Asp

gtc
val

atc gaa ctc
i]e Glu Leu

€cC aaa gga
Pro Lys Gly Gln
104

taggaagaaa ggaggtgcga gaggggaaac cctttaaaaa gggttctcce

ctctcgegee tctcceette ctaaatttta taa

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

<400>
get Asn Phe Ser gaT Gly

62

1044
PRT
Desulfovibrio fructosovorans

62

val GIn Asn ggy val ser

val Ala gga Ala Met Gly

Glu é&a Leu Thr Ala Lys

Ala Glu cys Thr Gly Cys
&5 y Y7

Tyr Ile Asp Ala ggu Ile

Thr Ile Met Ala Ala Ala
100

Leu Gly Arg

Arg
Met
His
55

Thr

Leu

Gly

Arg
Gly
40

Arg
Glu
Asp

Glu

val
25

Pro
Pro
Ala
Thr

Thr
105

i
Phe
Ala
Ser
Ala
Ile

96

Ser

Asp Ala Glu

Met
Phe
val
Tle
75

Ser

Glu

Lys

Ala

val Trp
60

Arg

Leu Asp

Ala Ala

Phe

Pro
45

Thr

Lys
St
Lys
Leu
Ile
Tyr

Leu
110

Page 91

15°
Ala
val
His
Lys
Gln

95

His

&ty

aac
Asn

cCcg
Pro

gac
G?y
950
aaa

Lys

acg
Thr

atc
Ile

tcg
Ser

gac atc gcc ctg
Asp TIle Ala Leu
1025

caa

Leu
Thr
Ala
Asn
Pro
80

Glu

Gin

2884

2939

2993

3041

3089

3137

3185

3233

3281

3329

3374

3419

3464

3517

3550
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Ala
Pro
Ile
145
Ile
Pro
Asn
val
Pro
225
Pro
Ala
Thr
val
Asp
305
Thr
Arg
val
Ile
Ala
385
val
Arg
Phe
Lys
Ala
465
Leu
TYyr
Leu
Ala
rhe

545

Pro

Leu
Thr
130
Glu
Gly
Ser
Ile
His
210
Lys
His
Lys
Tyr
Gin
290
Thr
Pro
Ile
Lys
Leu
370
Cys
Asp
Asn
Tyr
Ala
450
Arg
Lys
phe
Ile
Ala
530

Thr

Leu
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Glu
115
Ile
Thr
Thr
GIn
Pro
195
val
Leu
Phe
Lys
Asn
275
Ala
Met
GIn
Glu
Asp

355
Lys

Gly

Asp
Leu
His
435
Asp
Pro
Ala
Leu
Ala
515
Ser

val

Ala

Gly
Asp
Thr
Cys
Ala
180
Gly
Leu
phe
Glu
Gly
260
Asn
Gly
Thr
ser
Gly
340
Ala
Gly
val
Ala
val
420
Leu
Pro
Gly
Phe
Gly
500
Thr
Ala

val

Asn

Lys
Gly
Lys
Ser
165
Lys
Cys
Thr
Tyr
Ala
245
Phe
Cys
His
Pro
Thr
325
His
Trp
Arg
Cys
val
405
Met
His
ASn
Asn
val
485
Gly
Ala
Met

Gly

Tyr

Asp
Gly
Lys
150
Ala
Gly
Pro
Lys
Gly
230
Ser
Cys
Pro
Pro
Phe
310
Phe
Leu
Ser
Asp
Thr
390
Lys
Ala
Ala
Lys
Ser
470
Glu
His
His
Ala
Gly

550
Leu

Gly
Gln
135
Ala

TYr
val
Pro
Gly
215
Glu
Glu
Leu
Lys
Cys
295
Tyr
Thr
Arg
ser
Pro
375
Tyr
val
ser
Leu
Ala
455
Ala
Ser
Lys
Tyr
Ile
535

Cys

Ala

Tyr
120
Trp
Ala
Gly
Ser
Asn
200
Ile
Leu
Phe
Tyr
val
280
Leu
Glu
Gly
Ile
Ser
360
Arg
val
Ser
Gln
Asp
440
Ala
Lys
Gly
Ala
Leu
520
Leu

Ser

Leu

Tyr
Gly
Ala
Gly
Glu
185
Pro
Pro
val
Ala
Glu
265
Leu
Gcly
Gln
Pro
Met
345
Gln
Asp
His
Ile
TYyr
425
Trp
Lys
Ala
GIn
TYyr
505
Glu
Gly

Asn

Ser

Leu
Met
Lys
val
170
Ala
Ile
Asp
His
Pro
250
Leu
Phe
cys
Gly
Ile
330
val
Leu
Ala
Ala
Pro
410
Leu
val
Leu
Leu
Leu
490
Tyr
Ala
Gly

TYr

Lys
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val
val
Ala
155
Gln
Leu
Asn
Leu
Asp
235
Ser
Gly
Asn
ser
Met
315
val
Glu
Phe
GIn
Leu
395
Ala
His
Asp
Ala
Lys
475
Gly
Leu
Leu
Lys
Gln

555
Glu

val
Ala
140
Lys
LyS
Gly
phe
ASp
220
Asn
phe
Ccys
GIn
Glu
300
Ala
val
val
Arg
His
380
Ala
Asn
ASp
val
Ala
460
Ala
Ile
Pro
His
Asn
540

Gly

val

Glu
125
Gly
Gly
Ala
val
val
205
Glu
Cys
Asp
Lys
val
285
Pro
Glu
Asp
Glu
Gly
365
Phe
Ser
Ala
His
Thr
445
Ser
val
Phe
Pro
Met
525
Pro

Leu

cys

Gly Gly Leu

His
Ile
Lys
Lys
190
Gly
Asn
Pro
Ser
Gly
270
Asn
Asp
Ser
Pro
Asn
350
Leu
Thr
ser
Arg
Leu
430
Ala
Ile
GIn
Thr
Glu
510
Gln
His
Thr

Gin
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Pro
Ile
Pro
175
Thr
Ala
Gly
Arg
Glu
255
Pro
Trp
Phe
Lys
Ile
335
Gly
Glu
Gln
Arg
Met
415
val
Ala
Ala
Asp
Asn
495
val
val
Thr

Lys

Phe

Met
%
Asn
Ile
val
Arg
5%
Glu
val
Pro
Trp
Pro
320
Thr
Lys
Ile
Arg
o
Met
His
Leu
Pro
%
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Asn
Lys
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val
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DESUanglais-seql.txt
565 570 575

Asn Glu Cys Ile Pro Asp Leu Leu Ala val Ala Gly Phe Tyr Lys

TYyr
580 585 590

Asp Trp Gly Gly Ile Gly Gly Thr Ser Asn Tyr Leu Ala Phe Gly Glu
595 600 605

Phe Ala Thr Asp Asp Ser Ser Pro Glu Lys His Leu Ala Thr Ser Gln
610 615 620

Phe Pro Ser Gly val Ile Thr Gly Arg Asp Leu Gly Lys val Asp Asn

625 630 635 P 640

val Asp Leu Gly Ala Ile Tyr Glu Asp val Lys Tyr Ser Trp Tyr Ala
Y 645 B4 650 655

Pro Gly Gly Asp Gly Lys His Pro Tyr Asp Gly val Thr Asp Pro Lys
y ey 660 yu 623]5 P 670 y

Tyr Thr Lys Leu Asp Asp Lys Asp His Tyr Ser Trp Met Lys Ala Pro
675 680 685

Arg Tyr Lys Gly Lys Ala Met Glu val Gly Pro Leu Ala Arg Thr Phe
g 639{0 Y 695 Y 700

ITe Ala Tyr Ala Lys Gly Gln Pro Asp Phe Lys Lys Vval val Asp Met
705 710 715 720

val Leu Gly Lys Leu Ser val Pro Ala Thr Ala Leu His Ser Thr Leu
725 730 735

Gly Arg Thr Ala Ala Arg Gly Ile Glu Thr Ala Ile val Cys Ala Asn
740 745 750

Met Glu Lys Trp Ile Lys Glu Met Ala Asp Ser Gly Ala Lys Asp Asn
755 760 765

Thr Leu Cys Ala Lys Trp Glu Met Pro Glu Glu Ser Lys Gly val Gly
770 775 780

Leu Ala Asp Ala Pro Arg Gly Ala Leu Ser His Trp Ile Arg Ile Lys
785 790 795 800

Gly Lys Lys Ile Asp Asn Phe GIn Leu val val Pro Ser Thr Trp Asn
805 810 815

Leu Gly Pro Arg Gly Ala GIn Gly Asp Lys Ser Pro Vval Glu Glu Ala
820 825 830

Leu Ile Gly Thr Pro Ile Ala Asp Pro Lys Arg Pro val Glu Ile Leu
835 840 845

Arg Thr val His Ala Phe Asp Pro Cys Ile Ala Cys Gly val His val
850 855 860

I1le Gly Pro Glu Thr Asn Glu Ile Leu Lys Phe Lys val Cys Met Ser
865 870 875 880

Asp Thr Pro Arg Lys Ile Leu Ile Leu Gly val Gly Asn Ile Leu Tyr
885 890 895

Thr Asp Glu Gly val Gly val Arg Ala val Glu Arg Leu Leu Glu Thr
900 905 910

His Asp Phe Ser Asp Asn val Thr Leu Met Asp Gly Gly Asn Leu Gly
915 920 925

Met Lys Leu Met Ala Pro Leu Met Glu Cys As r Cys Ile val Leu
930 935 Y P ;}110 Y

Asp Ala val Leu Gly Gly Asp Ala Pro Gly Thr Ile Tyr Arg Leu Thr

945 950 955 Y 960

Gly Glu Asp Leu Arg Lys Ser Leu Ala Phe Lys Asp Ser Met His Gln
965 970 975

Ser Asp Leu val Asp Thr Leu Ile Tyr Cys Glu Leu Ala Gly His Arg
980 985 990

Pro Asp Thr val val Ile Gly Met Glu Pro Leu Asp Phe Gln Asn Met
995 1000 1005

Ser Ile Glu Leu Ser Pro Ala TIle Ala Glu Arg val Pro Ala Met
Page 93
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DESUanglais-seql.txt
10610 1015 1020
Ile Asp TIle Ala Leu Ala Glu Leu Ala Ala Ala Gly Gly val Ala
1025 1030 1035

Thr Pro Lys Gly Gln Ser
1040
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