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MICROBES AND METHODS FOR
SELECTIVE DETOXIFICATION OF
LIGNOCELLULOSIC BIOMASS

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0001] This invention was made with government support
under 25-CRHF-0-6055 awarded by the USDA/NIFA. The
government has certain rights in the invention.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing
which has been submitted in XML format and is hereby
incorporated by reference in its entirety. The XML copy,
created on May 8, 2024, is named USPTO-240523-
09824519-P230311US02-APP-SEQ_LIST and is 95,019
bytes in size.

FIELD OF THE INVENTION

[0003] The invention is directed to microbes and methods
for selectively detoxifying lignocellulosic biomass, such as
microbes and methods for removing furanic and phenolic
aldehydes from lignocellulosic hydrolysates.

BACKGROUND

[0004] The use of lignocellulosic biomass as a renewable
feedstock in biomanufacturing remains limited by several
issues. A primary concern is that the commonly used acid-
or alkali-based deconstruction strategies are efficient at
releasing sugars (e.g., glucose and xylose), but also generate
several co-products. These co-products include furanic and
phenolic aledehydes, which are generally toxic to commonly
used fermenting microorganisms. As a result, there contin-
ues to be a need for economical methods for removing these
unwanted compounds from lignocellulosic biomass hydro-
lysates.

SUMMARY OF THE INVENTION

[0005] One aspect of the invention is directed to recom-
binant microorganisms. In some versions, The recombinant
microorganisms comprise one or more modifications with
respect to a corresponding microorganism not comprising
the one or more modifications.

[0006] In some versions, the one or more modifications
comprise 1 or more, 2 or more, 3 or more, 4 or more, 5 or
more, 6 or more, 7 or more, 8 or more, 9 or more, 10 or more,
11 or more, 12 or more, 13 or more, 14 or more, or each of:
a functional deletion of a glucokinase gene present in the
corresponding microorganism; a functional deletion of a
quinoprotein glucose dehydrogenase gene present in the
corresponding microorganism; a functional deletion of a
carbohydrate transporter gene present in the corresponding
microorganism; a recombinant gene encoding HmfA of
Cupriavidus basilensis or a homolog thereof; a recombinant
gene encoding HmfB of Cupriavidus basilensis or a
homolog thereof; a recombinant gene encoding HmfC of
Cupriavidus basilensis or a homolog thereof; a recombinant
gene encoding HmfD of Cupriavidus basilensis or a
homolog thereof; a recombinant gene encoding HmfE of
Cupriavidus basilensis or a homolog thereof; a recombinant
gene encoding HmfT1 of Cupriavidus basilensis or a
homolog thereof; a recombinant gene encoding HmfF of
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Cupriavidus basilensis or a homolog thereof; a recombinant
gene encoding HmfG of Cupriavidus basilensis or a
homolog thereof; a recombinant gene encoding HmfH' of
Cupriavidus basilensis or a homolog thereof; a recombinant
gene encoding HmfH of Cupriavidus basilensis or a
homolog thereof; a recombinant gene encoding HmfS of
Cupriavidus basilensis or a homolog thereof; and a recom-
binant gene encoding HmfT2 of Cupriavidus basilensis or a
homolog thereof.

[0007] In some versions, the one or more modifications
comprise one or more, two or more, or each of: a functional
deletion of a glucokinase gene present in the corresponding
microorganism; a functional deletion of a quinoprotein
glucose dehydrogenase gene present in the corresponding
microorganism; and a functional deletion of a carbohydrate
transporter gene present in the corresponding microorgan-
ism.

[0008] In some versions, the one or more modifications
comprise one or both of: a functional deletion of a glucoki-
nase gene present in the corresponding microorganism; and
a functional deletion of a quinoprotein glucose dehydroge-
nase gene present in the corresponding microorganism.
[0009] In some versions, the glucokinase gene is glk of
Pseudomonas putida, glk of Escherichia coli, glk of Entero-
bacter hormaechei, or a homolog of any of the foregoing.
[0010] In some versions, the quinoprotein glucose dehy-
drogenase gene is gcd of Pseudomonas putida, ged of
Escherichia coli, gcd of Enterobacter hormaechei, or a
homolog of any of the foregoing.

[0011] Insome versions, the carbohydrate transporter gene
is oprB-II of Pseudomonas putida or a homolog thereof.
[0012] In some versions, the glucokinase gene encodes a
protein comprising an amino acid sequence with at least
80%, at least 85%, at least 90%, at least 95%, or at least 99%
sequence identity to a sequence selected from the group
consisting of SEQ ID NOS:2 and 8.

[0013] In some versions, the quinoprotein glucose dehy-
drogenase gene encodes a protein comprising an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to a sequence
selected from the group consisting of SEQ ID NOS:4 and
10.

[0014] In some versions, the carbohydrate transporter
gene encodes a protein comprising an amino acid sequence
with at least 80%, at least 85%, at least 90%, at least 95%,
or at least 99% sequence identity to a sequence selected from
the group consisting of SEQ ID NOS:6, 46, 48, and 50.

[0015] In some versions, the wherein the one or more
modifications comprise a functional deletion of a carbohy-
drate transporter gene present in the corresponding micro-
organism, wherein the carbohydrate transporter gene
encodes a protein comprising an amino acid sequence with
at least 80%, at least 85%, at least 90%, at least 95%, or at
least 99% sequence identity to SEQ ID NO:6.

[0016] In some versions, the recombinant microorganism
further comprises a functional deletion of one, two or three
additional carbohydrate transporter genes present in the
corresponding microorganism, wherein the additional car-
bohydrate transporter genes each encode a protein compris-
ing an amino acid sequence with at least 80%, at least 85%,
at least 90%, at least 95%, or at least 99% sequence identity
to a sequence selected from the group consisting of SEQ ID
NOS:46, 48, and 50.
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[0017] In some versions, the recombinant microorganism
further comprises a functional deletion of three additional
carbohydrate transporter genes present in the corresponding
microorganism, wherein the additional carbohydrate trans-
porter genes encode: a protein comprising an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to SEQ ID
NO:46; a protein comprising an amino acid sequence with at
least 80%, at least 85%, at least 90%, at least 95%, or at least
99% sequence identity to SEQ ID NO: 48; a protein com-
prising an amino acid sequence with at least 80%, at least
85%, at least 90%, at least 95%, or at least 99% sequence
identity to SEQ ID NO:50.

[0018] In some versions, the one or more modifications
comprise one or more, two or more three or more, four or
more, five or more, or each of: a recombinant gene encoding
HmfA of Cupriavidus basilensis or a homolog thereof; a
recombinant gene encoding Hm{B of Cupriavidus basilensis
or a homolog thereof; a recombinant gene encoding HmfC
of Cupriavidus basilensis or a homolog thereof; a recom-
binant gene encoding HmfD of Cupriavidus basilensis or a
homolog thereof; a recombinant gene encoding HmfE of
Cupriavidus basilensis or a homolog thereof; and a recom-
binant gene encoding HmfT1 of Cupriavidus basilensis or a
homolog thereof.

[0019] In some versions, the one or more modifications
comprise one or more, two or more three or more, four or
more, five or more, or each of: a recombinant gene encoding
HmfF of Cupriavidus basilensis or a homolog thereof; a
recombinant gene encoding Hm{G of Cupriavidus basilen-
sis or a homolog thereof; a recombinant gene encoding
HmfH' of Cupriavidus basilensis or a homolog thereof; a
recombinant gene encoding HmfH of Cupriavidus basilen-
sis or a homolog thereof; a recombinant gene encoding
HmfS of Cupriavidus basilensis or a homolog thereof; and
a recombinant gene encoding HmfT?2 of Cupriavidus basi-
lensis or a homolog thereof.

[0020] In some versions, the HmfA of Cupriavidus basi-
lensis or the homolog thereof comprises an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to SEQ ID
NO:13.

[0021] In some versions, the HmfB of Cupriavidus basi-
lensis or the homolog thereof comprises an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to SEQ ID
NO:15.

[0022] In some versions, the HmfC of Cupriavidus basi-
lensis or the homolog thereof comprises an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to SEQ ID
NO:17.

[0023] In some versions, the HmID of Cupriavidus basi-
lensis or the homolog thereof comprises an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to SEQ ID
NO:19.

[0024] In some versions, the HmfE of Cupriavidus basi-
lensis or the homolog thereof comprises an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to SEQ ID
NO:21.

[0025] In some versions, the HmfT1 of Cupriavidus basi-
lensis or the homolog thereof comprises an amino acid
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sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to SEQ ID
NO:23.

[0026] In some versions, the Hmf{F of Cupriavidus basi-
lensis or the homolog thereof comprises an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to SEQ ID
NO:26.

[0027] In some versions, the Hm{G of Cupriavidus basi-
lensis or the homolog thereof comprises an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to SEQ ID
NO:28.

[0028] In some versions, the Hm{H' of Cupriavidus basi-
lensis or the homolog thereof comprises an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to SEQ ID
NO:30.

[0029] In some versions, the Hm{H of Cupriavidus basi-
lensis or the homolog thereof comprises an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to SEQ ID
NO:32.

[0030] In some versions, the HmfS of Cupriavidus basi-
lensis or the homolog thereof comprises an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to SEQ ID
NO:34.

[0031] In some versions, the HmfT2 of Cupriavidus basi-
lensis or the homolog thereof comprises an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% sequence identity to SEQ ID
NO:36.

[0032] In some versions, the recombinant microorganism
is an aerobic microorganism.

[0033] In some versions, the recombinant microorganism
is a bacterium.
[0034] In some versions, the recombinant microorganism

is an aerobic bacterium.

[0035] In some versions, the recombinant microorganism
is from a genus selected from the group consisting of
Pseudomonas, Escherichia, and Enterobacter.

[0036] In some versions, the recombinant microorganism
is selected from the group consisting of Pseudomonas
putida, Escherichia coli, and Enterobacter hormaechei.
[0037] In some versions, the recombinant microorganism
is from a genus of Pseudomonas.

[0038] In some versions, the recombinant microorganism
is Pseudomonas putida.

[0039] In some versions, the recombinant microorganism
exhibits reduced consumption of a carbohydrate with respect
to the corresponding microorganism.

[0040] In some versions, the recombinant microorganism
exhibits increased consumption of a substituted furan with
respect to the corresponding microorganism.

[0041] In some versions, the recombinant microorganism
exhibits increased consumption of a substituted furan
selected from the group consisting of furfural and
hydroxymethylfurfural with respect to the corresponding
microorganism.

[0042] Another aspect of the invention is directed methods
of decreasing an amount of a substituted furan in a medium.
In some versions, the methods comprise contacting the
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medium with a recombinant microorganism of the invention
for a time sufficient to decrease the substituted furan in the
medium.

[0043] In some versions, the substituted furan is selected
from the group consisting of furfural and hydroxymethyl-
furfural.

[0044] In some versions, the medium comprises lignocel-
lulosic biomass.

[0045] In some versions, the medium comprises lignocel-
Iulosic biomass hydrolysate.

[0046] In some versions, the contacting is performed
under aerobic conditions.

[0047] The objects and advantages of the invention will
appear more fully from the following detailed description of
the preferred embodiment of the invention made in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1. Glucose import machinery of Pseudomo-
nas putida. Genes encoding OprB, Ged and Glk (in light
blue) are inactivated by homologous recombination.
[0049] FIG. 2. Schematic of homologous recombination-
based gene deletion in P. putida.

[0050] FIGS. 3A and 3B. The growth profiles of P. putida
knockout mutants on glucose relative to the wildtype. FIG.
3A. Optical densities. FIG. 3B. residual glucose concentra-
tions.

[0051] FIGS. 4A and 4B. Strategy for enhancing inhibitor
utilization in P. putida. FIG. 4A. Schematic of homologous
recombination-based gene insertion into P. putida, showing
the genetic map of furfural/HMF utilizing gene clusters of C.
basilensis and a schematic of Gibson assembly used for
joining DNA fragments. FIG. 4B. Agarose (1.2%) gel show-
ing DNA fragments (linearized plasmid, PCR amplified hmf
genes from genomic DNA of C. basilensis, and repairs arms
amplified from genomic DNA of P. putida).

[0052] FIGS. 5A-5D. Growth kinetics of cultures of P,
putida_control and P. putida_AT-FT supplemented with 10,
20, 30, and 40 mM furfural.

[0053] FIGS. 6A-6D. Furfural concentration profiles of
cultures of P. putida_control and P. putida_AT-FT supple-
mented with 10, 20, 30, and 40 mM furfural.

[0054] FIGS. 7A-7D. Growth kinetics of cultures of P.
putida_control and P. putida_AT-FT supplemented with 10,
20, 30, and 40 mM HMF.

[0055] FIGS. 8A-8D. HMF concentration profiles of cul-
tures of P. putida_control and P. putida_AT-FT supple-
mented with 10, 20, 30, and 40 mM HMF.

[0056] FIG.9. The growth profile of C. beijerinckii grown
in glucose (60 g/L.) and furfural (40 mM)-supplemented
medium in which P. putida_AT-FT and P. putida_control
were pre-grown.

DETAILED DESCRIPTION OF THE
INVENTION

[0057] One aspect of the invention is directed to recom-
binant microorganisms. The recombinant microorganisms of
the invention comprise one or more modifications with
respect to a corresponding microorganism not comprising
the one or more modifications. The one or more modifica-
tions may confer reduced consumption of a sugar such as
glucose with respect to the corresponding microorganism,
increased consumption of a substituted furan such as furfural
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and hydroxymethylfurfural with respect to the correspond-
ing microorganism, or any combination thereof.

[0058] “Corresponding microorganism” refers to a micro-
organism of the same species having the same or substan-
tially same genetic and proteomic composition as a recom-
binant microorganism of the invention, with the exception of
genetic and proteomic differences resulting from the modi-
fications described herein for the recombinant microorgan-
isms of the invention. In some versions, the corresponding
microorganism is the native version of the recombinant
microorganism of the invention, i.e., the unmodified micro-
organism as found in nature. The terms “microorganism”
and “microbe” are used interchangeably herein.

[0059] The recombinant and/or corresponding microor-
ganisms of the invention may comprise any type of micro-
organism. The recombinant and/or corresponding may be
prokaryotic or eukaryotic. Suitable prokaryotes include bac-
teria and archaea. Suitable types of bacteria include - and
y-proteobacteria, gram-positive bacteria, gram-negative bac-
teria, ungrouped bacteria, phototrophs, lithotrophs, and
organotrophs. Suitable eukaryotes include yeast and other
fungi. The recombinant and/or corresponding microorgan-
ism in some versions can be from an order selected from the
group consisting of Pseudomonadales, Enterobacterales, and
Sphingomonadales. The recombinant and/or corresponding
microorganism in some versions can be from a family
selected from the group consisting of Pseudomonadaceae,
Enterobacteriaceae, and Sphingomonadaceae. The recombi-
nant and/or corresponding microorganism in some versions
can be from a genus selected from the group consisting of
Pseudomonas, Escherichia, Enterobacter, Erythrobacter,
Altererythrobacter Sphingomonas, Sphingobium, Sphin-
gosinicella, Sphingopyxis, and Novosphingobium. An exem-
plary microorganism from the genus Pseudomonas is
Pseudomonas putida. An exemplary microorganism from
the genus Escherichia is Escherichia coli. An exemplary
microorganism from the genus Enterobacter is Enterobacter
hormaechei. Other examples of suitable microorganisms
include Gram-positive bacteria such as strains of Bacillus,
(e.g., B. brevis or B. subtilis), Lactobacillus, Lactococcus, or
Streptomyces, or Gram-negative bacteria, such as strains of
Salmonella, Vibrio, Corynebacterium, Ralstonia, Aeromo-
ras or cyanobacteria, or oleaginous bacteria, such as Rko-
dococcus opacus, or Acinetobactor baylyi. Examples of
suitable yeast cells include strains of Saccharomyces, such
as S. cerevisiae or Lipomyces starkeyi; Schizosaccharomy-
ces; Kluyveromyces; Pichia, such as P. pastoris or P. meth-
lanolica, or P, stipitis; Hansenula, such as H. Polymorpha;
Yarrowia; Candida; Cryptococcus; Basidiomycete, such as
Rhodosporidium. Examples of suitable microalgal species
Chlorophyta, such as chlorella; Bacillariophyceae, such as
chaetoceros. Examples of suitable filamentous fungal cells
include strains of Aspergillus, e.g., A. oryzae, A. niger, or A.
nidulans; Fusarium or Trichoderma.

[0060] In some versions of the invention, the recombinant
and/or corresponding microorganism is a microorganism
incapable or minimally capable of consuming a sugar
selected from the group consisting of glucose and xylose. In
some versions of the invention, the recombinant and/or
corresponding microorganism is a microorganism incapable
or minimally capable of consuming glucose. In some ver-
sions of the invention, the recombinant and/or correspond-
ing microorganism is a microorganism incapable or mini-
mally capable of consuming xylose.
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[0061] In some versions of the invention, the recombinant
and/or corresponding microorganism is an aerobe or a
facultative anaerobe. In some versions of the invention, the
recombinant and/or corresponding microorganism is an aer-
obe. Aerobes are microorganisms that are able to live and
reproduce only in the presence of free oxygen. Facultative
anaerobes are microorganisms that are able to live and grow
either with or without free oxygen.

[0062] The modifications of the invention may include a
functional deletion of one or more genes. “Functional dele-
tion” or its grammatical equivalents refers to any modifica-
tion to a microorganism that ablates, reduces, inhibits, or
otherwise disrupts production of a gene product, renders the
gene product non-functional, or otherwise reduces or ablates
the gene product’s activity. “Gene product” refers to a
protein or polypeptide encoded and produced by a particular
gene. In some versions of the invention, functionally delet-
ing a gene product or homolog thereof means that the gene
is mutated to an extent that corresponding gene product is
not produced at all.

[0063] One of ordinary skill in the art will appreciate that
there are many well-known ways to functionally delete a
gene product. For example, functional deletion can be
accomplished by introducing one or more genetic modifi-
cations. As used herein, “genetic modifications” refer to any
differences in the nucleic acid composition of a cell, whether
in the cell’s native chromosome or in endogenous or exog-
enous non-chromosomal plasmids harbored within the cell.
Examples of genetic modifications that may result in a
functionally deleted gene product include but are not limited
to mutations, partial or complete deletions, insertions, and/or
other variations to a coding sequence or a sequence con-
trolling the transcription or translation of a coding sequence;
placing a coding sequence under the control of a less active
promoter; and expressing ribozymes or antisense sequences
that target the mRNA of the gene of interest, etc. In some
versions, a gene or coding sequence can be replaced with a
selection marker or screenable marker. The genetic modifi-
cations that functionally delete a product of a particular gene
can be cis-acting modifications (direct modifications of the
particular gene itself) or trans-actin modifications (modifi-
cations other than to the particular gene itself that indirectly
affect the gene). Various methods for introducing the genetic
modifications described above are well known in the art and
include homologous recombination, among other mecha-
nisms. See, e.g., Green et al., Molecular Cloning: A labo-
ratory manual, 4” ed., Cold Spring Harbor Laboratory Press
(2012) and Sambrook et al., Molecular Cloning: A Labora-
tory Manual, 3" ed., Cold Spring Harbor Laboratory Press
(2001). Various other genetic modifications that functionally
delete a gene product are described in the examples below.
[0064] In certain versions of the invention, the function-
ally deleted gene product may have less than about 95%, less
than about 90%, less than about 85%, less than about 80%,
less than about 75%, less than about 70%, less than about
65%, less than about 60%, less than about 55%, less than
about 50%, less than about 45%, less than about 40%, less
than about 35%, less than about 30%, less than about 25%,
less than about 20%, less than about 15%, less than about
10%, less than about 5%, less than about 1%, or about 0%
of the activity of the non-functionally deleted gene product.
[0065] In certain versions of the invention, a microorgan-
ism with a functionally deleted gene product may have less
than about 95%, less than about 90%, less than about 85%,
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less than about 80%, less than about 75%, less than about
70%, less than about 65%, less than about 60%, less than
about 55%, less than about 50%, less than about 45%, less
than about 40%, less than about 35%, less than about 30%,
less than about 25%, less than about 20%, less than about
15%, less than about 10%, less than about 5%, less than
about 1%, or about 0% of the activity of the gene product
compared to a microorganism with the non-functionally
deleted gene product.

[0066] In certain versions of the invention, the function-
ally deleted gene product may be expressed at an amount
less than about 95%, less than about 90%, less than about
85%, less than about 80%, less than about 75%, less than
about 70%, less than about 65%, less than about 60%, less
than about 55%, less than about 50%, less than about 45%,
less than about 40%, less than about 35%, less than about
30%, less than about 25%, less than about 20%, less than
about 15%, less than about 10%, less than about 5%, less
than about 1%, or about 0% of the amount of the non-
functionally deleted gene product.

[0067] In certain versions of the invention, the function-
ally deleted gene product may result from a genetic modi-
fication in which at least 1, at least 2, at least 3, at least 4,
at least 5, at least 10, at least 20, at least 30, at least 40, at
least 50, or more nonsynonymous substitutions are present
in the gene or coding sequence of the gene product.

[0068] In certain versions of the invention, the function-
ally deleted gene product may result from a genetic modi-
fication in which at least 1, at least 2, at least 3, at least 4,
at least 5, at least 10, at least 20, at least 30, at least 40, at
least 50, or more bases are inserted in the gene or coding
sequence of the gene product.

[0069] In certain versions of the invention, the function-
ally deleted gene product may result from a genetic modi-
fication in which at least about 1%, at least about 5%, at least
about 10%, at least about 15%, at least about 20%, at least
about 25%, at least about 30%, at least about 35%, at least
about 40%, at least about 50%, at least about 55%, at least
about 60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 95%, or about 100% of the gene
product’s gene or coding sequence is deleted or mutated.

[0070] In certain versions of the invention, the function-
ally deleted gene product may result from a genetic modi-
fication in which at least about 1%, at least about 5%, at least
about 10%, at least about 15%, at least about 20%, at least
about 25%, at least about 30%, at least about 35%, at least
about 40%, at least about 50%, at least about 55%, at least
about 60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 95%, or about 100% of a promoter
driving expression of the gene product is deleted or mutated.

[0071] In certain versions of the invention, the function-
ally deleted gene product may result from a genetic modi-
fication in which at least about 1%, at least about 5%, at least
about 10%, at least about 15%, at least about 20%, at least
about 25%, at least about 30%, at least about 35%, at least
about 40%, at least about 50%, at least about 55%, at least
about 60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 95%, or about 100% of an
enhancer controlling transcription of the gene product’s
gene is deleted or mutated.
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[0072] In certain versions of the invention, the function-
ally deleted gene product may result from a genetic modi-
fication in which at least about 1%, at least about 5%, at least
about 10%, at least about 15%, at least about 20%, at least
about 25%, at least about 30%, at least about 35%, at least
about 40%, at least about 50%, at least about 55%, at least
about 60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 95%, or about 100% of a sequence
controlling translation of gene product’s mRNA is deleted or
mutated.

[0073] In certain versions of the invention, the decreased
activity or expression of the functionally deleted gene prod-
uct is determined with respect to the activity or expression
of the gene product in its unaltered state as found in nature.
In certain versions of the invention, the decreased activity or
expression of the functionally deleted gene product is deter-
mined with respect to the activity or expression of the gene
product in its form in a corresponding microorganism. In
certain versions, the genetic modifications giving rise to a
functionally deleted gene product are determined with
respect to the gene in its unaltered state as found in nature.
In certain versions, the genetic modifications giving rise to
a functionally deleted gene product are determined with
respect to the gene in its form in a corresponding microor-
ganism.

[0074] In some versions of the invention, a glucokinase
gene is functionally deleted. Glucokinases have activity
falling under Enzyme Commission (EC) EC 2.7.1.2. In some
versions, the glucokinase gene is glk of Pseudomonas
putida, glk of Escherichia coli, glk of Enterobacter hor-
maechei, or a homolog of any of the foregoing. In some
versions, the glucokinase gene encodes a protein comprising
an amino acid sequence with at least 80%, at least 85%, at
least 90%, at least 95%, at least 99%, or 100% sequence
identity to a sequence selected from the group consisting of
SEQ ID NOS:2 and 8.

[0075] In some versions of the invention, a quinoprotein
glucose dehydrogenase gene is functionally deleted. Quino-
protein glucose dehydrogenases have activity falling under
EC 1.2.5.2. In some versions, the quinoprotein glucose
dehydrogenase gene is gcd of Pseudomonas putida, gcd of
Escherichia coli, gcd of Enterobacter hormaechei, or a
homolog of any of the foregoing. In some versions, the
quinoprotein glucose dehydrogenase gene encodes a protein
comprising an amino acid sequence with at least 80%, at
least 85%, at least 90%, at least 95%, at least 99%, or 100%
sequence identity to a sequence selected from the group
consisting of SEQ ID NOS:4 and 10.

[0076] In some versions of the invention, a carbohydrate
transporter gene is functionally deleted. Carbohydrate trans-
porter genes are genes encoding a protein that facilities
transfer of a carbohydrate, such as glucose and/or xylose,
into the cell. In some versions, the carbohydrate transporter
gene is a glucose transporter gene. A glucose transporter
gene is a gene encoding a protein that facilitates transfer of
glucose into the cell. In some versions, the carbohydrate
transporter gene is a Xylose transporter gene. A xylose
transporter gene is a gene encoding a protein that facilitates
transfer of xylose into the cell. Examples of carbohydrate
transporter genes include ATP-dependent cassette (ABC)
transporter genes, sodium solute symporter genes, enzyme 11
integral membrane subunit genes of the bacterial PEP-
dependent phosphotransferase system (PTS), and porin
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genes, such as carbohydrate-selective porins. In some ver-
sions, the carbohydrate transporter gene is a carbohydrate-
selective porin gene. In some versions, the carbohydrate
transporter gene is a carbohydrate-selective porin gene that
facilitates transfer of glucose into the cell. In some versions,
the carbohydrate transporter gene is oprB-II of Pseudomo-
nas putida or a homolog thereof. In some versions, the
carbohydrate transporter gene encodes a protein comprising
an amino acid sequence with at least 80%, at least 85%, at
least 90%, at least 95%, at least 99%, or 100% sequence
identity to SEQ ID NO:6. In some versions, the carbohy-
drate transporter gene is oprB-1 of Pseudomonas putida or
a homolog thereof. In some versions, the carbohydrate
transporter gene encodes a protein comprising an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, at least 99%, or 100% sequence identity to SEQ
ID NO:46. In some versions, the carbohydrate transporter
gene is gtsB of Pseudomonas putida or a homolog thereof.
In some versions, the carbohydrate transporter gene encodes
a protein comprising an amino acid sequence with at least
80%, at least 85%, at least 90%, at least 95%, at least 99%,
or 100% sequence identity to SEQ ID NO:48. In some
versions, the carbohydrate transporter gene is KBDANE_
14125 or PP_RS13865 of Pseudomonas putida or a
homolog thereof. In some versions, the carbohydrate trans-
porter gene encodes a protein comprising an amino acid
sequence with at least 80%, at least 85%, at least 90%, at
least 95%, at least 99%, or 100% sequence identity to SEQ
ID NO:50.

[0077] Insome versions of the invention, the one or more
modifications comprise a genetic modification to include a
recombinant gene. In most cases, the recombinant gene is
configured to be expressed or overexpressed in the micro-
organism. If a cell endogenously comprises a particular
gene, the gene may be modified to exchange or optimize
promoters, exchange or optimize enhancers, or exchange or
optimize any other genetic element to result in increased
expression of the gene. Alternatively, one or more additional
copies of the gene or coding sequence thereof may be
introduced to the cell for enhanced expression of the gene
product. If a microorganism does not endogenously com-
prise a particular gene, the gene or coding sequence thereof
may be introduced to the microorganism for heterologous
expression of the gene product. The gene or coding sequence
may be incorporated into the genome of the microorganism
or may be contained on an extra-chromosomal plasmid. The
gene or coding sequence may be introduced to the micro-
organism individually or may be included on an operon.
Techniques for genetic manipulation are described in further
detail below.

[0078] In some versions of the invention, the one or more
modifications comprise a recombinant gene encoding HmfA
of Cupriavidus basilensis or a homolog thereof. The C.
basilensis HmfA is the large subunit of a 2-furoyl-CoA
dehydrogenase (EC 1.3.99.8). 2-Furoyl-CoA dehydroge-
nases catalyze the reaction: 2-Furoyl-CoA+Acceptor+
H,0<=>S8-(5-Hydroxy-2-furoyl)-CoA+Reduced acceptor.
The amino acid sequence of the C. basilensis HmfA is SEQ
ID NO:13, which is encoded by SEQ ID NO:12. Homologs
of the C. basilensis HnfA can include variants of the C.
basilensis HmfA comprising an amino acid sequence with at
least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity
to SEQ ID NO:13. Homologs of the C. basilensis HmfA can
also include any native homolog found in other organisms,
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as well as variants of such native homologs comprising an
amino acid sequence with at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity thereto. Exemplary native
homologs of the C. basilensis HmfA are described in
Donoso et al. 2021 (Donoso R A, Gonzalez-Toro F, Pérez-
Pantoja D. Widespread distribution of hmf genes in Proteo-
bacteria reveals key enzymes for 5-hydroxymethylfurfural
conversion. Comput Struct Biotechnol J. 2021 Apr. 16;
19:2160-2169).

[0079] In some versions of the invention, the one or more
modifications comprise a recombinant gene encoding Hm{B
of C. basilensis or a homolog thereof. The C. basilensis
HmfB is the FAD-binding subunit of a 2-furoyl-CoA dehy-
drogenase (EC 1.3.99.8). 2-Furoyl-CoA dehydrogenases
catalyze the reaction: 2-Furoyl-CoA+Acceptor+H,0<=>S-
(5-Hydroxy-2-furoyl)-CoA+Reduced acceptor. The amino
acid sequence of the C. basilensis HmiB is SEQ ID NO:15,
which is encoded by SEQ ID NO:14. Homologs of the C.
basilensis HnfB can include variants of the C. basilensis
Hm{B comprising an amino acid sequence with at least 80%,
85%, 90%, 95%, 99%, or 100% sequence identity to SEQ ID
NO:15. Homologs of the C. basilensis HmfB can also
include any native homolog found in other organisms, as
well as variants of such native homologs comprising an
amino acid sequence with at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity thereto. Exemplary native
homologs of the C. basilensis HmfB are described in
Donoso et al. 2021 (Donoso R A, Gonzalez-Toro F, Pérez-
Pantoja D. Widespread distribution of hmf genes in Proteo-
bacteria reveals key enzymes for 5-hydroxymethylfurfural
conversion. Comput Struct Biotechnol J. 2021 Apr. 16;
19:2160-2169).

[0080] In some versions of the invention, the one or more
modifications comprise a recombinant gene encoding HmfC
of C. basilensis or a homolog thereof. The C. basilensis
HmfC is the 2Fe-28 iron sulfur subunit of a 2-furoyl-CoA
dehydrogenase (EC 1.3.99.8). 2-Furoyl-CoA dehydroge-
nases catalyze the reaction: 2-Furoyl-CoA+Acceptor+
H,0<=>S-(5-Hydroxy-2-furoyl)-CoA+Reduced acceptor.
The amino acid sequence of the C. basilensis HmfC is SEQ
1D NO:17, which is encoded by SEQ ID NO:16. Homologs
of the C. basilensis HmfC can include variants of the C.
basilensis HmfC comprising an amino acid sequence with at
least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity
to SEQ ID NO:17. Homologs of the C. basilensis HmfC can
also include any native homolog found in other organisms,
as well as variants of such native homologs comprising an
amino acid sequence with at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity thereto. Exemplary native
homologs of the C. basilensis HmfC are described in
Donoso et al. 2021 (Donoso R A, Gonzalez-Toro F, Pérez-
Pantoja D. Widespread distribution of hmf genes in Proteo-
bacteria reveals key enzymes for 5-hydroxymethylfurfural
conversion. Comput Struct Biotechnol J. 2021 Apr. 16;
19:2160-2169). In some versions of the invention, the
recombinant microorganism comprises one or more genes
encoding each of HmfA, HmfB, or HmfC, or homologs
thereof.

[0081] In some versions of the invention, the one or more
modifications comprise a recombinant gene encoding HmfD
of C. basilensis or a homolog thereof. The C. basilensis
HmfD is a furoyl-CoA synthetase (EC 6.2.1.31). Furoyl-
CoA synthetases catalyze the reaction: ATP+2-Furoate+
CoA<=>AMP+Diphosphate+2-Furoyl-CoA. The amino
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acid sequence of the C. basilensis HmfD is SEQ ID NO:19,
which is encoded by SEQ ID NO:18. Homologs of the C.
basilensis HmfD can include variants of the C. basilensis
HmfD comprising an amino acid sequence with at least
80%, 85%, 90%, 95%, 99%, or 100% sequence identity to
SEQ ID NO:19. Homologs of the C. basilensis HmfD can
also include any native homolog found in other organisms,
as well as variants of such native homologs comprising an
amino acid sequence with at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity thereto. Exemplary native
homologs of the C. basilensis HmfD are described in
Donoso et al. 2021 (Donoso R A, Gonzalez-Toro F, Pérez-
Pantoja D. Widespread distribution of hmf genes in Proteo-
bacteria reveals key enzymes for 5-hydroxymethylfurfural
conversion. Comput Struct Biotechnol J. 2021 Apr. 16;
19:2160-2169).

[0082] In some versions of the invention, the one or more
modifications comprise a recombinant gene encoding HmfE
of C. basilensis or a homolog thereof. The C. basilensis
HmfE is a 2-oxoglutaroyl-CoA hydrolase. 2-Oxoglutaroyl-
CoA hydrolases catalyze the reaction: 2-Oxoglutaryl-CoA+
H20<=>2-Oxoglutarate+CoA. The amino acid sequence of
the C. basilensis HmfE is SEQ ID NO:21, which is encoded
by SEQ ID NO:20. Homologs of the C. basilensis HmfE can
include variants of the C. basilensis Hm{E comprising an
amino acid sequence with at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity to SEQ ID NO:21.
Homologs of the C. basilensis HmfE can also include any
native homolog found in other organisms, as well as variants
of'such native homologs comprising an amino acid sequence
with at least 80%, 85%, 90%, 95%, 99%, or 100% sequence
identity thereto. Exemplary native homologs of the C.
basilensis HmfE are described in Donoso et al. 2021
(Donoso R A, Gonzalez-Toro F, Pérez-Pantoja D. Wide-
spread distribution of hmf genes in Proteobacteria reveals
key enzymes for 5-hydroxymethylfurfural conversion. Com-
put Struct Biotechnol J. 2021 Apr. 16; 19:2160-2169).

[0083] In some versions of the invention, the one or more
modifications comprise a recombinant gene encoding
HmfT1 of C. basilensis or a homolog thereof. The C.
basilensis HmfT1 is a transporter protein in the Major
Facilitator Superfamily. The amino acid sequence of the C.
basilensis HmfT1 is SEQ ID NO:23, which is encoded by
SEQ ID NO:22. Homologs of the C. basilensis HmfT1 can
include variants of the C. basilensis HmfT1 comprising an
amino acid sequence with at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity to SEQ ID NO:23.
Homologs of the C. basilensis HmfT1 can also include any
native homolog found in other organisms, as well as variants
of'such native homologs comprising an amino acid sequence
with at least 80%, 85%, 90%, 95%, 99%, or 100% sequence
identity thereto. Exemplary native homologs of the C.
basilensis HmfT1 are described in Donoso et al. 2021
(Donoso R A, Gonzalez-Toro F, Pérez-Pantoja D. Wide-
spread distribution of hmf genes in Proteobacteria reveals
key enzymes for 5-hydroxymethylfurfural conversion. Com-
put Struct Biotechnol J. 2021 Apr. 16; 19:2160-2169).

[0084] In some versions of the invention, the one or more
modifications comprise a recombinant gene encoding HmfF
of C. basilensis or a homolog thereof. The C. basilensis
HmfF is a 2,5-furandicarboxylate decarboxylase, referred to
as 2,5-furandicarboxylate decarboxylase 1. 2,5-Furandicar-
boxylate decarboxylases catalyze the reaction: 2,5-Furandi-
carboxylate<=>2-Furoate+CO,. The amino acid sequence
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of the C. basilensis HmfF is SEQ ID NO:26, which is
encoded by SEQ ID NO:25. Homologs of the C. basilensis
HmfF can include variants of the C. basilensis HmfF com-
prising an amino acid sequence with at least 80%, 85%,
90%, 95%, 99%, or 100% sequence identity to SEQ ID
NO:26. Homologs of the C. basilensis HmtF can also
include any native homolog found in other organisms, as
well as variants of such native homologs comprising an
amino acid sequence with at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity thereto. Exemplary native
homologs of the C. basilensis HmfF are described in Donoso
etal. 2021 (Donoso R A, Gonzalez-Toro F, Pérez-Pantoja D.
Widespread distribution of hmf genes in Proteobacteria
reveals key enzymes for 5-hydroxymethylfurfural conver-
sion. Comput Struct Biotechnol J. 2021 Apr. 16; 19:2160-
2169).

[0085] In some versions of the invention, the one or more
modifications comprise a recombinant gene encoding HmfG
of C. basilensis or a homolog thereof. The C. basilensis
HmfG is a 2,5-furandicarboxylate decarboxylase, referred to
as 2,5-furandicarboxylate decarboxylase 2. 2,5-Furandicar-
boxylate decarboxylases catalyze the reaction: 2,5-Furandi-
carboxylate<=>2-Furoate+CO,. The amino acid sequence
of the C. basilensis HmfG is SEQ ID NO:28, which is
encoded by SEQ ID NO:27. Homologs of the C. basilensis
HmfG can include variants of the C. basilensis HmfG
comprising an amino acid sequence with at least 80%, 85%,
90%, 95%, 99%, or 100% sequence identity to SEQ ID
NO:28. Homologs of the C. basilensis HmfG can also
include any native homolog found in other organisms, as
well as variants of such native homologs comprising an
amino acid sequence with at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity thereto. Exemplary native
homologs of the C. basilensis HmfG are described in
Donoso et al. 2021 (Donoso R A, Gonzalez-Toro F, Pérez-
Pantoja D. Widespread distribution of hmf genes in Proteo-
bacteria reveals key enzymes for 5-hydroxymethylfurfural
conversion. Comput Struct Biotechnol J. 2021 Apr. 16;
19:2160-2169). HmfF and HmfG are two subunits of a
single enzyme. HmfF and HmfG are therefore preferably
expressed together in the same recombinant microorganism,
such that if the recombinant microorganism comprises a
recombinant gene encoding either one of Hm{F or HmfG of
C. basilensis or a homolog thereof, the recombinant micro-
organism also preferably comprises a recombinant gene
encoding the other one of HmfF or HmfG of C. basilensis
or a homolog thereof.

[0086] In some versions of the invention, the one or more
modifications comprise a recombinant gene encoding
HmfH' (TetC) of C. basilensis or a homolog thereof. The C.
basilensis HmfH' is a tripartite tricarboxylate transporter
substrate-binding protein. The amino acid sequence of the C.
basilensis HmfH' is SEQ ID NO:30, which is encoded by
SEQ ID NO:29. Homologs of the C. basilensis HmfH' can
include variants of the C. basilensis HmfH' comprising an
amino acid sequence with at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity to SEQ ID NO:30.
Homologs of the C. basilensis HmfH' can also include any
native homolog found in other organisms, as well as variants
of such native homologs comprising an amino acid sequence
with at least 80%, 85%, 90%, 95%, 99%, or 100% sequence
identity thereto. Exemplary native homologs of the C.
basilensis HmfH' are described in Donoso et al. 2021
(Donoso R A, Gonzalez-Toro F, Pérez-Pantoja D. Wide-
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spread distribution of hmf genes in Proteobacteria reveals
key enzymes for 5-hydroxymethylfurfural conversion. Com-
put Struct Biotechnol J. 2021 Apr. 16; 19:2160-2169).

[0087] In some versions of the invention, the one or more
modifications comprise a recombinant gene encoding HmfH
of C. basilensis or a homolog thereof. The C. basilensis
HmfH is a 5-(hydroxymethyl)furfural/furfural oxidase (EC
1.1.3.47, 1.1.3.-). 5-(Hydroxymethyl)furfural/furfural oxi-
dases catalyze the reactions: Furfural+H,O+Oxygen<=>2-
Furoate+Hydrogen peroxide; and 5-Hydroxymethyl-2-fur-
aldehyde+H,0+Oxygen<=>5-Hydroxymethyl-2-furoate+
Hydrogen peroxide. The amino acid sequence of the C.
basilensis HmfH is SEQ ID NO:32, which is encoded by
SEQ ID NO:31. Homologs of the C. basilensis HmfH can
include variants of the C. basilensis HmtH comprising an
amino acid sequence with at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity to SEQ ID NO:32.
Homologs of the C. basilensis HmfH can also include any
native homolog found in other organisms, as well as variants
of such native homologs comprising an amino acid sequence
with at least 80%, 85%, 90%, 95%, 99%, or 100% sequence
identity thereto. Exemplary native homologs of the C.
basilensis HmfH are described in Donoso et al. 2021
(Donoso R A, Gonzalez-Toro F, Pérez-Pantoja D. Wide-
spread distribution of hmf genes in Proteobacteria reveals
key enzymes for 5-hydroxymethylfurfural conversion. Com-
put Struct Biotechnol J. 2021 Apr. 16; 19:2160-2169).

[0088] In some versions of the invention, the one or more
modifications comprise a recombinant gene encoding HmfS
of C. basilensis or a homolog thereof. The C. basilensis
HmfS is a fatty acid hydroxylase. Fatty acid hydroxylases
add an oxygen atom to a hydrogen atom in a specific
position in a fatty acid chain. They also catalyze desaturation
of'sterol (a lipid), during sterol biosynthesis. The amino acid
sequence of the C. basilensis HmfS is SEQ ID NO:34, which
is encoded by SEQ ID NO:33. Homologs of the C. basilensis
HmfS can include variants of the C. basilensis HnfS com-
prising an amino acid sequence with at least 80%, 85%,
90%, 95%, 99%, or 100% sequence identity to SEQ ID
NO:34. Homologs of the C. basilensis HmtS can also
include any native homolog found in other organisms, as
well as variants of such native homologs comprising an
amino acid sequence with at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity thereto.

[0089] In some versions of the invention, the one or more
modifications comprise a recombinant gene encoding
HmfT2 of C. basilensis or a homolog thereof. The C.
basilensis HmfT2 is a transporter protein in the Major
Facilitator Superfamily and is related to BenE- or
LivKHMGF-like transporters. The amino acid sequence of
the C. basilensis HmfT2 is SEQ ID NO:36, which is
encoded by SEQ ID NO:35. Homologs of the C. basilensis
HmfT2 can include variants of the C. basilensis HmfT2
comprising an amino acid sequence with at least 80%, 85%,
90%, 95%, 99%, or 100% sequence identity to SEQ ID
NO:36. Homologs of the C. basilensis HmfT2 can also
include any native homolog found in other organisms, as
well as variants of such native homologs comprising an
amino acid sequence with at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity thereto. Exemplary native
homologs of the C. basilensis HmfI2 are described in
Donoso et al. 2021 (Donoso R A, Gonzalez-Toro F, Pérez-
Pantoja D. Widespread distribution of hmf genes in Proteo-
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bacteria reveals key enzymes for 5-hydroxymethylfurfural
conversion. Comput Struct Biotechnol J. 2021 Apr. 16;
19:2160-2169).

[0090] In some versions, the recombinant microorganism
exhibits reduced consumption of a carbohydrate, such as
glucose and/or xylose, with respect to the corresponding
microorganism.

[0091] In some versions, the recombinant microorganism
exhibits increased consumption of a substituted furan with
respect to the corresponding microorganism. Substituted
furans include compounds having at least one substituent on

a furan backbone:
[l \

O

[0092] Examples of substituents include a halogen atom,
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, hydroxy,
carboxy, alkyloxy, alkenyloxy, alkynyloxy, cycloalkyloxy,
cycloalkenyloxy, mercapto, alkylthio, alkenylthio, alkynyl-
thio, alkylsulfinyl, alkylsulfonyl, alkylsulfonyloxy, cycloal-
kylthio, cycloalkylsulfinyl, cycloalkylsulfonyl, cycloal-
kylsulfonyloxy, cycloalkenylthio, cycloalkenylsulfinyl,
cycloalkenylsulfonyl, cycloalkenylsulfonyloxy, amino, acyl,
alkyloxycarbonyl, alkenyloxycarbonyl, alkynyloxycarbo-
nyl, aryloxycarbonyl, carbamoyl, sulfamoyl, cyano, nitro,
aryl, aryloxy, arylthio, arylsulfinyl, arylsulfonyl, arylsulfo-
nyloxy, heteroaryl, heteroaryloxy, heteroarylthio, heteroar-
ylsulfinyl, heteroarylsulfonyl, heteroarylsulfonyloxy, and
non-aromatic heterocyclic. See U.S. Pat. No. 11,117,881,
which is incorporated herein by reference in its entirety, for
definitions of such substitutents. Specific examples of sub-
stituted furans include furfural, hydroxymethylfurfural (5-
(hydroxymethyl)furfural), furfural alcohol, furoic acid,
2-methyl furan, and furfurylamine, among others. In some
versions, the recombinant microorganism exhibits increased
consumption of a substituted furan selected from the group
consisting of furfural and hydroxymethylfurfural with
respect to the corresponding microorganism. In some ver-
sions, the recombinant microorganism exhibits increased
consumption of furfural with respect to the corresponding
microorganism. In some versions, the recombinant micro-
organism exhibits increased consumption of hydroxymeth-
ylfurfural with respect to the corresponding microorganism.
[0093] The microorganisms of the invention may be
genetically altered to functionally delete, express, or over-
express homologs of any of the specific genes or gene
products explicitly described herein. Proteins and/or protein
sequences are “homologous” when they are derived, natu-
rally or artificially, from a common ancestral protein or
protein sequence. Similarly, nucleic acids and/or nucleic
acid sequences are homologous when they are derived,
naturally or artificially, from a common ancestral nucleic
acid or nucleic acid sequence. Nucleic acid or gene product
(amino acid) sequences of any known gene, including the
genes or gene products described herein, can be determined
by searching any sequence databases known the art using the
gene name or accession number as a search term. Common
sequence databases include GenBank (ncbi.nlm.nih.gov/
genbank/), EXPASy (expasy.org), KEGG (genome.jp/kegg/),
among others. Homology is generally inferred from
sequence similarity between two or more nucleic acids or
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proteins (or sequences thereof). The precise percentage of
similarity between sequences that is useful in establishing
homology varies with the nucleic acid and protein at issue,
but as little as 25% sequence similarity (e.g., identity) over
50, 100, 150 or more residues (nucleotides or amino acids)
is routinely used to establish homology (e.g., over the full
length of the two sequences to be compared). Higher levels
of sequence similarity (e.g., identity), e.g., 30%, 35% 40%,
45% 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, or 99% or more, can also be used to establish homol-
ogy. Accordingly, homologs of the genes or gene products
described herein include genes or gene products having at
least about 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, or 99% identity to the
genes or gene products described herein. Methods for deter-
mining sequence similarity percentages (e.g., BLASTP and
BLASTN using default parameters) are described herein and
are generally available. The homologous proteins should
demonstrate comparable activities and, if an enzyme, par-
ticipate in the same or analogous pathways. “Orthologs”™ are
genes in different species that evolved from a common
ancestral gene by speciation. Normally, orthologs retain the
same or similar function in the course of evolution. As used
herein “orthologs™ are included in the term “homologs”.

[0094] For sequence comparison and homology determi-
nation, one sequence typically acts as a reference sequence
to which test sequences are compared. When using a
sequence comparison algorithm, test and reference
sequences are input into a computer, subsequence coordi-
nates are designated, if necessary, and sequence algorithm
program parameters are designated. The sequence compari-
son algorithm then calculates the percent sequence identity
for the test sequence(s) relative to the reference sequence
based on the designated program parameters. A typical
reference sequence of the invention is a nucleic acid or
amino acid sequence corresponding to acsA or other genes
or products described herein.

[0095] Optimal alignment of sequences for comparison
can be conducted, e.g., by the local homology algorithm of
Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, J.
Mol. Biol. 48:443 (1970), by the search for similarity
method of Pearson & Lipman, Proc. Nat’l. Acad. Sci. USA
85:2444 (1988), by computerized implementations of these
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the
Wisconsin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by visual
inspection (see Current Protocols in Molecular Biology, F.
M. Ausubel et al., eds., Current Protocols, a joint venture
between Greene Publishing Associates, Inc. and John Wiley
& Sons, Inc., (supplemented through 2008)).

[0096] One example of an algorithm that is suitable for
determining percent sequence identity and sequence simi-
larity for purposes of defining homologs is the BLAST
algorithm, which is described in Altschul et al., J. Mol. Biol.
215:403-410 (1990). Software for performing BLAST
analyses is publicly available through the National Center
for Biotechnology Information. This algorithm involves first
identifying high scoring sequence pairs (HSPs) by identify-
ing short words of length W in the query sequence, which
either match or satisfy some positive-valued threshold score
T when aligned with a word of the same length in a database
sequence. T is referred to as the neighborhood word score
threshold (Altschul et al., supra). These initial neighborhood
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word hits act as seeds for initiating searches to find longer
HSPs containing them. The word hits are then extended in
both directions along each sequence for as far as the cumu-
lative alignment score can be increased. Cumulative scores
are calculated using, for nucleotide sequences, the param-
eters M (reward score for a pair of matching residues;
always>0) and N (penalty score for mismatching residues;
always<0). For amino acid sequences, a scoring matrix is
used to calculate the cumulative score. Extension of the
word hits in each direction are halted when: the cumulative
alignment score falls off by the quantity X from its maxi-
mum achieved value; the cumulative score goes to zero or
below, due to the accumulation of one or more negative-
scoring residue alignments; or the end of either sequence is
reached. The BLAST algorithm parameters W, T, and X
determine the sensitivity and speed of the alignment. The
BLASTN program (for nucleotide sequences) uses as
defaults a wordlength (W) of 11, an expectation (E) of 10,
a cutoff of 100, M=5, N=-4, and a comparison of both
strands. For amino acid sequences, the BLASTP program
uses as defaults a wordlength (W) of 3, an expectation (E)
of 10, and the BLOSUMS62 scoring matrix (see Henikoff &
Henikoft (1989) Proc. Natl. Acad. Sci. USA 89:10915).

[0097] Inaddition to calculating percent sequence identity,
the BLAST algorithm also performs a statistical analysis of
the similarity between two sequences (see, e.g., Karlin &
Altschul, Proc. Natl. Acad. Sci. USA 90:5873-5787 (1993)).
One measure of similarity provided by the BLAST algo-
rithm is the smallest sum probability (P(N)), which provides
an indication of the probability by which a match between
two nucleotide or amino acid sequences would occur by
chance. For example, a nucleic acid is considered similar to
a reference sequence if the smallest sum probability in a
comparison of the test nucleic acid to the reference nucleic
acid is less than about 0.1, more preferably less than about
0.01, and most preferably less than about 0.001. The above-
described techniques are useful in identifying homologous
sequences for use in the methods described herein.

[0098] The terms “identical” or “percent identity”, in the
context of two or more nucleic acid or polypeptide
sequences, refer to two or more sequences or subsequences
that are the same or have a specified percentage of amino
acid residues or nucleotides that are the same, when com-
pared and aligned for maximum correspondence, as mea-
sured using one of the sequence comparison algorithms
described above (or other algorithms available to persons of
skill) or by visual inspection.

[0099] The phrase “substantially identical” in the context
of two nucleic acids or polypeptides refers to two or more
sequences or subsequences that have at least about 60%,
about 65%, about 70%, about 75%, about 80%, about 85%,
about 90, about 95%, about 98%, or about 99% or more
nucleotide or amino acid residue identity, when compared
and aligned for maximum correspondence, as measured
using a sequence comparison algorithm or by visual inspec-
tion. Such “substantially identical” sequences are typically
considered to be “homologous”, without reference to actual
ancestry. Preferably, the “substantial identity” exists over a
region of the sequences that is at least about 50 residues in
length, more preferably over a region of at least about 100
residues, and most preferably, the sequences are substan-
tially identical over at least about 150 residues, at least about
250 residues, or over the full length of the two sequences to
be compared.

Dec. 5, 2024

[0100] Terms used herein pertaining to genetic manipula-
tion are defined as follows.

[0101] Deletion: The removal of one or more nucleotides
from a nucleic acid molecule or one or more amino acids
from a protein, the regions on either side being joined
together.

[0102] Derived: When used with reference to a nucleic
acid or protein, “derived” means that the nucleic acid or
polypeptide is isolated from a described source or is at least
70%, 80%, 90%, 95%, 99%, or more identical to a nucleic
acid or polypeptide included in the described source.
[0103] Endogenous: An endogenous nucleic acid, gene,
gene element (e.g., promoter, enhancer, coding sequence),
polypeptide, sequence or any other element in a given cell
is one that is naturally occurring in the given cell.

[0104] Exogenous: An exogenous nucleic acid, gene, gene
element (e.g., promoter, enhancer, coding sequence), poly-
peptide, sequence or any other element in a given cell is one
that is not naturally occurring in the given cell. The term
“heterologous” is used herein interchangeably with “exog-
enous.”

[0105] Expression: The process by which a gene’s coded
information is converted into the structures and functions of
a cell, such as a protein, transfer RNA, or ribosomal RNA.
Expressed genes include those that are transcribed into
mRNA and then translated into protein and those that are
transcribed into RNA but not translated into protein (for
example, transfer and ribosomal RNAs).

[0106] Gene: “Gene” refers minimally to a coding
sequence and a promoter operationally linked to the coding
sequence. A gene may additionally include other elements,
such as enhancers and silencers.

[0107] Introduce: When used with reference to genetic
material, such as a nucleic acid, and a cell, “introduce” refers
to the delivery of the genetic material to the cell in a manner
such that the genetic material is capable of being expressed
within the cell. Introduction of genetic material includes
both transformation and transfection. Transformation
encompasses techniques by which a nucleic acid molecule
can be introduced into cells such as prokaryotic cells or
non-animal eukaryotic cells. Transfection encompasses
techniques by which a nucleic acid molecule can be intro-
duced into cells such as animal cells. These techniques
include but are not limited to introduction of a nucleic acid
via conjugation, electroporation, lipofection, infection, and
particle gun acceleration.

[0108] Isolated: An “isolated” biological component (such
as a nucleic acid molecule, polypeptide, or cell) has been
substantially separated or purified away from other biologi-
cal components in its original form, such as its native form
or the form in which it was originally produced.

[0109] Nucleic acid: Encompasses both RNA and DNA
molecules including, without limitation, cDNA, genomic
DNA, and mRNA. Nucleic acids also include synthetic
nucleic acid molecules, such as those that are chemically
synthesized or recombinantly produced. The nucleic acid
can be double-stranded or single-stranded. Where single-
stranded, the nucleic acid molecule can be the sense strand,
the antisense strand, or both. In addition, the nucleic acid can
be circular or linear.

[0110] Operably linked: A first nucleic acid sequence is
operably linked with a second nucleic acid sequence when
the first nucleic acid sequence is placed in a functional
relationship with the second nucleic acid sequence. For
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instance, a promoter is operably linked to a coding sequence
if the promoter affects the transcription or expression of the
coding sequence. An origin of replication is operably linked
to a coding sequence if the origin of replication controls the
replication or copy number of the nucleic acid in the cell.
Operably linked nucleic acids may or may not be contigu-
ous.

[0111] Operon: Configurations of separate genes that are
transcribed in tandem as a single messenger RNA are
denoted as operons. Thus, a set of in-frame genes in close
proximity under the transcriptional regulation of a single
promoter constitutes an operon. Operons may be syntheti-
cally generated using the methods described herein.

[0112] Overexpress: When a gene is caused to be tran-
scribed at an elevated rate compared to the endogenous or
basal transcription rate for that gene. In some examples,
overexpression additionally includes an elevated rate of
translation of the gene compared to the endogenous trans-
lation rate for that gene. Methods of testing for overexpres-
sion are well known in the art, for example transcribed RNA
levels can be assessed using rtPCR and protein levels can be
assessed using SDS page gel analysis.

[0113] Recombinant: A recombinant nucleic acid, gene,
gene element (e.g., promoter, enhancer, coding sequence), or
polypeptide is one that has a sequence that is not naturally
occurring. A recombinant cell or microorganism is one that
contains a recombinant nucleic acid, gene, gene element
(e.g., promoter, enhancer, coding sequence), or polypeptide.

[0114] Vector or expression vector: An entity comprising
a nucleic acid molecule that is capable of introducing the
nucleic acid, or being introduced with the nucleic acid, into
a cell for expression of the nucleic acid. A vector can include
nucleic acid sequences that permit it to replicate in the cell,
such as an origin of replication. A vector can also include
one or more selectable marker genes and other genetic
elements known in the art. Examples of suitable vectors are
found below.

[0115] Unless explained otherwise, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood to one of ordinary skill in the art to which
this disclosure belongs. Although methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of the present disclosure, suitable
methods and materials are described below.

[0116] Exogenous nucleic acids can be introduced stably
or transiently into a cell using techniques well known in the
art, including electroporation, calcium phosphate precipita-
tion, DEAE-dextran mediated transfection, liposome-medi-
ated transfection, conjugation, transduction, and the like. For
stable transformation, a nucleic acid can further include a
selectable marker. Suitable selectable markers include anti-
biotic resistance genes that confer, for example, resistance to
neomycin, tetracycline, chloramphenicol, or kanamycin,
genes that complement auxotrophic deficiencies, and the
like. (See below for more detail.)

[0117] Various embodiments of the invention use an
expression vector that includes a heterologous nucleic acid
encoding a protein. Suitable expression vectors include, but
are not limited to viral vectors, such as baculovirus vectors
or those based on vaccinia virus, polio virus, adenovirus,
adeno-associated virus, SV40, herpes simplex virus, and the
like; phage vectors, such as bacteriophage vectors; plasmids;
phagemids; cosmids; fosmids; bacterial artificial chromo-
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somes; Pl-based artificial chromosomes; yeast plasmids;
yeast artificial chromosomes; and any other vectors specific
for cells of interest.

[0118] Useful vectors can include one or more selectable
marker genes to provide a phenotypic trait for selection of
transformed cells. The selectable marker gene encodes a
protein necessary for the survival or growth of transformed
cells grown in a selective culture medium. Cells not trans-
formed with the vector containing the selectable marker
gene will not survive in the culture medium. Typical selec-
tion genes encode proteins that (a) confer resistance to
antibiotics or other toxins, e.g., ampicillin, neomycin,
methotrexate, or tetracycline, (b) complement auxotrophic
deficiencies, or (c) supply critical nutrients not available
from complex media, e.g., the gene encoding D-alanine
racemase for Bacilli. In alternative embodiments, the select-
able marker gene is one that encodes dihydrofolate reductase
or confers neomycin resistance (for use in eukaryotic cell
culture), or one that confers tetracycline or ampicillin resis-
tance (for use in a prokaryotic cell, such as E. coli).
[0119] The coding sequence in the expression vector is
operably linked to an appropriate expression control
sequence (promoters, enhancers, and the like) to direct
synthesis of the encoded gene product. Such promoters can
be derived from microbial or viral sources, including CMV
and SV40. Depending on the cell/vector system utilized, any
of'a number of suitable transcription and translation control
elements, including constitutive and inducible promoters,
transcription enhancer elements, transcription terminators,
etc. can be used in the expression vector (see e.g., Bitter et
al. (1987) Methods in Enzymology, 153:516-544).

[0120] Suitable promoters for use in prokaryotic cells
include but are not limited to: promoters capable of recog-
nizing the T4, T3, Sp6, and T7 polymerases; the P, and P,
promoters of bacteriophage lambda; the trp, recA, heat
shock, and lacZ promoters of E. coli; the alpha-amylase and
the sigma-specific promoters of B. subtilis; the promoters of
the bacteriophages of Bacillus; Streptomyces promoters; the
int promoter of bacteriophage lambda; the bla promoter of
the beta-lactamase gene of pBR322; and the CAT promoter
of the chloramphenicol acetyl transferase gene. Prokaryotic
promoters are reviewed by Glick, J. Ind. Microbiol. 1:277
(1987); Watson et al, Molecular Biology of the Gene, 4th
Ed., Benjamin Cummins (1987); and Sambrook et al., In:
Molecular Cloning: A Laboratory Manual, 3™ ed., Cold
Spring Harbor Laboratory Press (2001).

[0121] Non-limiting examples of suitable promoters for
use within a eukaryotic cell are typically viral in origin and
include the promoter of the mouse metallothionein 1 gene
(Hamer et al. (1982) J. Mol. Appl. Gen. 1:273); the TK
promoter of Herpes virus (McKnight (1982) Cell 31:355);
the SV40 early promoter (Benoist et al. (1981) Nature
(London) 290:304); the Rous sarcoma virus promoter; the
cytomegalovirus promoter (Foecking et al. (1980) Gene
45:101); the yeast gal4 gene promoter (Johnston et al. (1982)
PNAS (USA) 79:6971; Silver et al. (1984) PNAS (USA)
81:5951); and the IgG promoter (Orlandi et al. (1989) PNAS
(USA) 86:3833).

[0122] Coding sequences can be operably linked to an
inducible promoter. Inducible promoters are those wherein
addition of an effector induces expression. Suitable effectors
include proteins, metabolites, chemicals, or culture condi-
tions capable of inducing expression. Suitable inducible
promoters include but are not limited to the lac promoter
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(regulated by IPTG or analogs thereof), the lacUVS pro-
moter (regulated by IPTG or analogs thereof), the tac
promoter (regulated by IPTG or analogs thereof), the trc
promoter (regulated by IPTG or analogs thereof), the ara-
BAD promoter (regulated by L-arabinose), the phoA pro-
moter (regulated by phosphate starvation), the recA pro-
moter (regulated by nalidixic acid), the proU promoter
(regulated by osmolarity changes), the cst-1 promoter (regu-
lated by glucose starvation), the tetA promoter (regulated by
tetracycline), the cadA promoter (regulated by pH), the nar
promoter (regulated by anaerobic conditions), the p, pro-
moter (regulated by thermal shift), the cspA promoter (regu-
lated by thermal shift), the T7 promoter (regulated by
thermal shift), the T7-lac promoter (regulated by IPTG), the
T3-lac promoter (regulated by IPTG), the T5-lac promoter
(regulated by IPTG), the T4 gene 32 promoter (regulated by
T4 infection), the nprM-lac promoter (regulated by IPTG),
the VHb promoter (regulated by oxygen), the metallothio-
nein promoter (regulated by heavy metals), the MMTV
promoter (regulated by steroids such as dexamethasone) and
variants thereof.

[0123] Alternatively, a coding sequence can be operably
linked to a repressible promoter. Repressible promoters are
those wherein addition of an effector represses expression.
Examples of repressible promoters include but are not
limited to the trp promoter (regulated by tryptophan); tetra-
cycline-repressible promoters, such as those employed in the
“TET-OFF”-brand system (Clontech, Mountain View, CA);
and variants thereof.

[0124] In some versions, the cell is genetically modified
with a heterologous nucleic acid encoding a gene product
that is operably linked to a constitutive promoter. Suitable
constitutive promoters are known in the art and include
constitutive adenovirus major late promoter, a constitutive
MPSV promoter, and a constitutive CMV promoter.
[0125] The relative strengths of the promoters described
herein are well-known in the art.

[0126] In some versions, the cell is genetically modified
with an exogenous nucleic acid encoding a single protein. In
other embodiments, a modified cell is one that is genetically
modified with exogenous nucleic acids encoding two or
more proteins. Where the cell is genetically modified to
express two or more proteins, those nucleic acids can each
be contained in a single or in separate expression vectors.
When the nucleic acids are contained in a single expression
vector, the nucleotide sequences may be operably linked to
a common control element (e.g., a promoter), that is, the
common control element controls expression of all of the
coding sequences in the single expression vector.

[0127] When the cell is genetically modified with heter-
ologous nucleic acids encoding two or more proteins, one of
the nucleic acids can be operably linked to an inducible
promoter, and one or more of the nucleic acids can be
operably linked to a constitutive promoter. Alternatively, all
can be operably linked to inducible promoters or all can be
operably linked to constitutive promoters.

[0128] Nucleic acids encoding enzymes desired to be
expressed in a cell may be codon-optimized for that par-
ticular type of cell. Codon optimization can be performed for
any nucleic acid by “OPTIMUMGENE”-brand gene design
system by GenScript (Piscataway, NI).

[0129] The introduction of a vector into a bacterial cell
may be performed by protoplast transformation (Chang and
Cohen (1979) Molecular General Genetics, 168:111-115),
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using competent cells (Young and Spizizen (1961) Journal
of Bacteriology, 81:823-829; Dubnau and Davidoff-Abelson
(1971) Journal of Molecular Biology, 56: 209-221), elec-
troporation (Shigekawa and Dower (1988) Biotechniques,
6:742-751), or conjugation (Koehler and Thorne (1987)
Journal of Bacteriology, 169:5771-5278). Commercially
available vectors for expressing heterologous proteins in
bacterial cells include but are not limited to pZERO,
pTrc99A, pUCI19, pUCI1S, pKK223-3, pEXI, pCAL, pET,
pSPUTK, pTrxFus, pFastBac, pThioHis, pTrcHis, pTrcHis2,
and pLEx, in addition to those described in the following
Examples.

[0130] Methods for transforming yeast cells with heter-
ologous DNA and producing heterologous polypeptides
therefrom are disclosed by Clontech Laboratories, Inc., Palo
Alto, Calif, USA (in the product protocol for the “YEAST-
MAKER”-brand yeast transformation system kit); Reeves et
al. (1992) FEMS Microbiology Letters 99:193-198; Maniva-
sakam and Schiestl (1993) Nucleic Acids Research 21(18):
4414-5; and Ganeva et al. (1994) FEMS Microbiology
Letters 121:159-64. Expression and transformation vectors
for transformation into many yeast strains are available. For
example, expression vectors have been developed for the
following yeasts: Candida albicans (Kurtz, et al. (1986)
Mol. Cell. Biol. 6:142); Candida maltosa (Kunze et al.
(1985) J. Basic Microbiol. 25:141); Hansenula polymorpha
(Gleeson et al. (1986) J. Gen. Microbiol. 132:3459) and
Roggenkamp et al. (1986) Mol. Gen. Genet. 202:302);
Kluyveromyces fragilis (Das et al. (1984) J. Bacteriol.
158:1165); Kluyveromyces lactis (De Louvencourt et al.
(1983) J. Bacteriol. 154:737) and Van den Berg et al. (1990)
Bio/Technology 8:135); Pichia quillerimondii (Kunze et al.
(1985) J. Basic Microbiol. 25:141); Pichia pastoris (Cregg
et al. (1985) Mol. Cell. Biol. 5:3376; U.S. Pat. Nos. 4,837,
148; and 4,929,555); Saccharomyces cerevisiae (Hinnen et
al. (1978) Proc. Natl. Acad. Sci. USA 75:1929 and Ito et al.
(1983) J. Bacteriol. 153:163); Schizosaccharomyces pombe
(Beach et al. (1981) Nature 300:706); and Yarrowia
lipolytica (Davidow et al. (1985) Curr. Genet. 10:380-471
and Gaillardin et al. (1985) Curr. Genet. 10:49).

[0131] Suitable procedures for transformation of Asper-
gillus cells are described in EP 238 023 and U.S. Pat. No.
5,679,543. Suitable methods for transforming Fusarium
species are described by Malardier et al., Genre, 1989,
78:147-56 and WO 96/00787. Yeast may be transformed
using the procedures described by Becker and Guarente, In
Abelson, J. N. and Simon, M. 1., editors, Guide to Yeast
Genetics and Molecular Biology, Methods in Enzymology,
Volume 194, pp 182-187, Academic Press, Inc., New York;
Tto et al. (1983) Journal of Bacteriology, 153: 163; and
Hinnen et al. (1978) PNAS USA, 75:1920.

[0132] Another aspect of the invention is directed to
methods of decreasing an amount of a substituted furan in a
medium. The methods can comprise contacting the medium
with a recombinant microorganism of the invention for a
time sufficient to decrease the furan in the medium. In some
versions, the furan is selected from the group consisting of
furfural and hydroxymethylfurfural, such that the methods
comprise contacting the medium with a recombinant micro-
organism of the invention for a time sufficient to decrease
furfural, hydroxymethylfurfural, or furfural and hydroxym-
ethylfurfural in the medium. In some versions, the medium
further comprises a carbohydrate, such as glucose and/or
xylose.
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[0133] In various versions of the invention, the medium is
contacted with a recombinant microorganism of the inven-
tion for a time sufficient to decrease the furan in the medium
to an amount by mass less than 95%, less than 90%, less than
85%, less than 80%, less than 75%, less than 70%, less than
65%, less than 60%, less than 55%, less than 50%, less than
45%, less than 40%, less than 35%, less than 30%, less than
25%, less than 20%, less than 15%, less than 10%, less than
5%, less than 3%, less than 1%, or 0% of an amount by mass
of the furan present in the medium prior to contacting.

[0134] In various versions of the invention, the medium is
contacted with a recombinant microorganism of the inven-
tion for a time sufficient to decrease furfural in the medium
to an amount by mass less than 95%, less than 90%, less than
85%, less than 80%, less than 75%, less than 70%, less than
65%, less than 60%, less than 55%, less than 50%, less than
45%, less than 40%, less than 35%, less than 30%, less than
25%, less than 20%, less than 15%, less than 10%, less than
5%, less than 3%, less than 1%, or 0% of an amount by mass
of the furfural present in the medium prior to contacting.

[0135] In various versions of the invention, the medium is
contacted with a recombinant microorganism of the inven-
tion for a time sufficient to decrease hydroxymethylfurfural
in the medium to an amount by mass less than 95%, less than
90%, less than 85%, less than 80%, less than 75%, less than
70%, less than 65%, less than 60%, less than 55%, less than
50%, less than 45%, less than 40%, less than 35%, less than
30%, less than 25%, less than 20%, less than 15%, less than
10%, less than 5%, less than 3%, less than 1%, or 0% of an
amount by mass of the hydroxymethylfurfural present in the
medium prior to contacting.

[0136] In various versions of the invention, glucose is
maintained over the entire course of the time in which the
medium is contacted with the recombinant microorganism in
an amount by mass of at least 5%, at least 10%, at least 15%,
at least 20%, at least 25%, at least 30%, at least 35%, at least
40%, at least 45%, at least 50%, at least 55%, at least 60%,
at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 99%, or 100% of an
amount by mass of the glucose present in the medium prior
to contacting.

[0137] In various versions of the invention, xylose is
maintained over the entire course of the time in which the
medium is contacted with the recombinant microorganism in
an amount by mass of at least 5%, at least 10%, at least 15%,
at least 20%, at least 25%, at least 30%, at least 35%, at least
40%, at least 45%, at least 50%, at least 55%, at least 60%,
at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 99%, or 100% of an
amount by mass of the xylose present in the medium prior
to contacting.

[0138] In various versions of the invention, the medium is
contacted with a recombinant microorganism of the inven-
tion for a time of at least 0.5 hours, at least 1 hour, at least
1.5 hours, at least 2 hours, or more. In various versions of the
invention, the medium is contacted with a recombinant
microorganism of the invention for a time up to 1 hour, up
to 1.5 hours, up to 2 hours, up to 2.5 hours, up to 3 hours,
up to 3.5 hours, up to 4 hours, up to 4.5 hours, up to 5 hours,
up to 5.5 hours, up to 6 hours, up to 6.5 hours, up to 7 hours,
up to 7.5 hours, up to 8 hours, up to 8.5 hours, up to 9 hours,
up to 9.5 hours, up to 10 hours, up to 15 hours, up to 20
hours, up to 25 hours, up to 30 hours, or more.
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[0139] Insome versions of the invention, the contacting is
performed under aerobic conditions. “Aerobic conditions”
refers to the presence of free oxygen (O,), such as in a gas
contacting the medium. In some versions, the gas comprises
at least 1 vol % free oxygen, at least 5 vol % free oxygen,
at least 10 vol % free oxygen, at least 15 vol % free oxygen,
or at least 20 vol % free oxygen. In some versions, the gas
comprises up to 25 vol % free oxygen, up to 30 vol % free
oxygen, up to 35 vol % free oxygen, up to 40 vol % free
oxygen, up to 45 vol % free oxygen, up to 50 vol % free
oxygen, up to 55 vol % free oxygen, up to 60 vol % free
oxygen, up to 65 vol % free oxygen, up to 70 vol % free
oxygen, up to 75 vol % free oxygen, up to 80 vol % free
oxygen, up to 85 vol % free oxygen, up to 90 vol % free
oxygen, up to 95 vol % free oxygen, up to 99 vol % free
oxygen, or about 100 vol % free oxygen.

[0140] In some versions, the medium comprises lignocel-
Iulosic biomass. The lignocellulosic biomass can be derived
from any source, such as corn cobs, corn stover, cotton seed
hairs, grasses, hardwood stems, leaves, newspaper, nut
shells, paper, softwood stems, sorghum, switchgrass, waste
papers from chemical pulps, wheat straw, wood, woody
residues, mixed biomass species such as those produced by
native prairie, and other sources.

[0141] The lignocellulosic biomass is preferably pro-
cessed lignocellulosic biomass. “Processed lignocellulosic
biomass” refers to lignocellulosic biomass that has been
chemically or physically processed. Various methods of
processing lignocellulosic biomass are known in the art. See
Pandey et al. 2010 (Pandey M P, Kim C S. Lignin Depo-
lymerization and Conversion: A Review of Thermochemical
Methods. Chemical & Engineering Technology, 2010, Vol.
34, Issue 1, pp. 3-145), Wang et al. 2013 (Wang H, Tucker
M, JiY. Recent Development in Chemical Depolymerization
of Lignin: A Review. Journal of Applied Chemistry, 2013,
Volume 2013, Article ID 838645), Kumar et al. 2017 (Ku-
mar AK and Sharma S. Recent Updates on Different Meth-
ods of Pretreatment of Lignocellulosic Feedstocks: A
Review. Bioresour. Bioprocess. (2017) 4:7), Kumar et al.
2009 (Kumar, P.; Barrett, D. M.; Delwiche, M. J.; Stroeve,
P., Methods for Pretreatment of lignocellulosic Biomass for
Efficient Hydrolysis and Biofuel Production. Industrial &
Engineering Chemistry Research 2009, 48, (8), 3713-3729),
Wang et al. 2013 (Wang H, Tucker M, Ji Y. Recent Devel-
opment in Chemical Depolymerization of Lignin: A Review.
(2013) Journal of Applied Chemistry. 2013:1-9), Karlen et
al. 2020 (Karlen S D, Fasahati P, Mazaheri M, Serate J,
Smith R A, Sirobhushanam S, Chen M, Tymkhin V I, Cass
C L, Liu S, Padmakshan D, Xie D, Zhang Y, McGee M A,
Russell ] D, Coon I J, Kaeppler H F, de Leon N, Maravelias
C T, Runge T M, Kaeppler S M, Sedbrook J C, Ralph J.
Assessing the viability of recovering hydroxycinnamic acids
from lignocellulosic biorefinery alkaline pretreatment waste
streams. ChemSusChem. 2020 Jan. 26), and Jonsson et al.
2013 (Jonsson LI, Alriksson B, Nilvebrant NO. Bioconver-
sion of lignocellulose: inhibitors and detoxification. Bio-
technol Biofuels. 2013 Jan. 28; 6(1):16). Examples of ligno-
cellulosic biomass processing include chipping, grinding,
milling, steam pretreatment, ammonia fiber expansion
(AFEX, also referred to as ammonia fiber explosion),
ammonia recycle percolation (ARP), CO, explosion, steam
explosion, ozonolysis, wet oxidation, acid hydrolysis,
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dilute-acid hydrolysis, alkaline hydrolysis, organosolv, ionic
liquids, gamma-valerolactone, and pulsed electrical field
treatment, among others.

[0142] In some versions, the medium comprises lignocel-
Iulosic biomass hydrolysate. Lignocellulosic biomass
hydrolysates are processed forms of lignocellulosic biomass
that have undergone hydrolytic processing, such as through
enzymatic hydrolysis, acid hydrolysis, dilute-acid hydroly-
sis, and alkaline hydrolysis, among others.

[0143] Some methods of the invention the contacting the
medium with a recombinant microorganism of the invention
generates a second medium and the methods further com-
prise, after contacting the medium with a recombinant
microorganism of the invention, fermenting the second
medium with a second microorganism. In some versions, the
second microorganism is not the recombinant microorgan-
ism of the invention. In some versions, the second micro-
organism is an anaerobe or a facultative anaerobe. In some
versions, the fermenting is performed under anaerobic con-
ditions. In some versions, the fermenting consumes glucose
and/or xylose in the second medium. In some versions, the
fermenting converts the glucose and/or xylose to ethanol or
other compounds.

[0144] The elements and method steps described herein
can be used in any combination whether explicitly described
or not.

[0145] All combinations of method steps as used herein
can be performed in any order, unless otherwise specified or
clearly implied to the contrary by the context in which the
referenced combination is made.

[0146] As used herein, the singular forms “a,” “an,” and
“the” include plural referents unless the content clearly
dictates otherwise.

[0147] Numerical ranges as used herein are intended to
include every number and subset of numbers contained
within that range, whether specifically disclosed or not.
Further, these numerical ranges should be construed as
providing support for a claim directed to any number or
subset of numbers in that range. For example, a disclosure
of from 1 to 10 should be construed as supporting a range of
from 2 to 8, from 3 to 7, from 5 to 6, from 1 to 9, from 3.6
to 4.6, from 3.5 to 9.9, and so forth.

[0148] All patents, patent publications, and peer-reviewed
publications (i.e., “references”) cited herein are expressly
incorporated by reference to the same extent as if each
individual reference were specifically and individually indi-
cated as being incorporated by reference. In case of conflict
between the present disclosure and the incorporated refer-
ences, the present disclosure controls.

[0149] It is understood that the invention is not confined to
the particular construction and arrangement of parts herein
illustrated and described, but embraces such modified forms
thereof as come within the scope of the claims.

EXAMPLES

An Engineered Strain of Pseudomonas putida for Dedicated
Selective Detoxification of Lignocellulosic Hydrolysates.

[0150] Despite their enormous potential as economical
and renewable feedstocks for the production of biofuels and
biochemicals, lignocellulosic biomasses (ILB) are still
severely plagued by a formidable technical issue. Specifi-
cally, deconstruction of LB by acid- or alkali-based pretreat-
ment to obtain fermentable sugars is a cost-effective
approach to release sugars from L.B. However, the release of
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fermentable sugars from LB by this approach is accompa-
nied by co-generation of furanic and phenolic aldehydes that
exert severe toxicity on fermenting microorganisms. Con-
sequently, economical decontamination of LB hydrolysates
(LBHs) is a critical prerequisite to bioconversion of LB to
value-added chemicals. Although bioabatement is recog-
nized as a potential practical and economical strategy to
overcome this challenge, the vast majority of efforts towards
this goal have focused on metabolic engineering of single
strains that can efficiently decontaminate LBH-borne inhibi-
tory aldehydes and simultaneously produce target chemi-
cals. Despite considerable progress, this approach has failed
thus far to generate strains capable of these tasks (i.e.,
simultaneous decontamination and target chemical produc-
tion).

[0151] Additionally, most fermentative processes that
convert sugars to value-added chemicals are anaerobic.
Under this condition, the furanic and phenolic aldehydes are
merely reduced to their less toxic alcohols. While this
minimizes the toxicity of LBHs, it does not eliminate it
entirely, as the resulting alcohols (following the reduction of
toxic aldehydes to alcohols) and residual aldehydes conspire
to retain toxicity on fermenting cells. Consequently, biopro-
duction of target chemicals is greatly diminished, thereby
derailing commercialization efforts.

[0152] The present examples provide the foundation for a
different, two-step strategy for the valorization of LBH. In a
first step, a dedicated strain is engineered to solely decon-
taminate LBH-borne inhibitors pre-fermentation. Instead of
reducing the inhibitory aldehydes to their corresponding
alcohols, the engineered strain described herein is intended
to catabolize and thereby completely remove the inhibitors
from the medium pre-fermentation (aerobically). In the
second step, the inhibitor-free LBH will be seamlessly
fermented to any target chemical with an appropriate micro-
organism.

[0153] A critical step towards engineering a dedicated
strain that selectively utilizes LBH-borne inhibitors as car-
bon sources—without sugar utilization—is to eliminate the
sugar utilization machinery of the organism. That way, the
resulting strain exclusively utilizes the inhibitors as carbon
sources, and in so doing, eliminate them from the LBH. To
this end, Pseudomonas putida DSM 6125 was selected as a
base microbe for engineering. This strain utilizes glucose but
is incapable of xylose utilization. Xylose is the second most
abundant sugar in LBHs. A triple mutant (oprB-1I7/ged™/
glk™) of P putida DSM 6125 has been engineered by
eliminating the glucose import permease gene (oprB-II),
glucose dehydrogenase gene (ged), and glucokinase gene
(glk) (FIGS. 1 and 2). Alternative strains include Escheri-
chia coli and Enterobacter hormaechei, from which the
glucose dehydrogenase gene (gcd) and glucokinase gene
(glk) can be deleted.

[0154] The growth profiles of wildtype P. putida DSM
6125, the triple deletion mutant (P. putida_oprB-I11"/ged™/
glk™), the single deletion mutant (P. putida_glk™) and the
double deletion mutant (P. putida_oprB-11"/gcd™) confirm
complete elimination of the glucose utilization machinery of
this organism in the triple deletion mutant (FIGS. 3A and
3B). Whereas the wildtype and P. putida_glk™ completely
consumed the glucose in a glucose medium (FIG. 3B), P
putida_oprB-11"/gcd™ consumed only 58% of the glucose in
the medium (FIG. 3B), and P. putida_oprB-11"/gcd/glk™ did
not grow in the glucose medium (FIG. 3A). Additionally,



US 2024/0401067 A1l

14

there was no change in glucose concentration in cultures of
P. putida_oprB-117/ged /glk™ (FIG. 3B).

[0155] Having eliminated glucose utilization in an organ-
ism that does not utilize xylose, our next task is to amplify
the capacity of P. putida_oprB-11"/gcd~/glk™ to utilize LBH-
borne inhibitors, particularly, furfural and 5-hydroxymethyl
furfural (HMF), the two most abundant and most toxic
inhibitors in L.BHs. This will ensure rapid catabolism of
inhibitors, hence, removal from LBHs pre-fermentation.
Although P. putida DSM 6125 utilizes furfural and HMF as
carbon sources, it does so slowly and at low concentrations
(1-2 g/L). However, LBHs contain as high as 6 g/L furfural
and 3 g/ HMF. Therefore, to expedite furfural and HMF
catabolism and, thus, rapid detoxification of LBHs, genetic
elements for rapid inhibitor transport and utilization are
currently being integrated into P. putida_oprB-11"/ged /glk™.
Genes encoding inhibitor transporters and catabolic
enzymes have been amplified from Cupriavidus basilensis
DSM 11853 (FIGS. 4A and 4B), which is capable of
excellent utilization of furfural and HMF (as well as phe-
nolic inhibitors).

[0156] The furfural metabolizing gene cluster (from C.
basilensis DSM 11853) containing the genes hmfABCDET1
(SEQ ID NO:11) and the cluster involved in the metabolism
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of HMF to 2-furoic acid containing the genes
hmfFGH'HST2 (SEQ ID NO:24) have been sequentially
amplified by PCR and assembled (using Gibson assembly)
for integration into P. putida_oprB-1l/ged™/glk™ (FIGS. 4A
and 4B). These operons include genes for major facilitator
superfamily transporters (MFS; hmfT1, hmfT2), which aid
the import of furans into the cell. Plasmids harboring desired
genes with their repair arms have been electroporated into P,
putida for the first round to integrate hm{FGH' into the
genome at the glk™ deletion site (in-frame to translation start
codon of glk) in P. putida_oprB-11"/gcd™/glk™ using the
homologous recombination. The resulting colonies are cur-
rently being screened for successful integration. After con-
firmation of successful integration of hmfFGH', additional
plasmid constructs with hmfHS and hmfT2 will be inte-
grated next to hmfFGH'. Similarly, genes for furfural
metabolism (hmfABCDET1) will be integrated at the ged™
site in P, putida. After complete insertion of genes of both
hmf clusters of C. basilensis into P. putida_oprB-11"/gcd™/
glk™, the growth of engineered strain will be evaluated on
furfural and HMF as sole carbon sources in mineral media
and then in LBHs.

TABLE 1

Genes for Deleting in Pseudomonas putida DSM 6125,

Gene/ SEQ ID NOS
enzyme name Gene symbol  E.C. number Function (NT, PRT)
Glucokinase glk [EC: 2.7.1.2]  Carbohydrate 1,2
metabolism
Quinoprotein ged [EC: 1.1.5.2]  Carbohydrate 3,4
glucose metabolism
dehydrogenase
Carbohydrate- oprB-1I n/a Transporter 5,6
selective porin
TABLE 2
Genes for Deleting in Escherichia coli
and Enterobacter hormaechei.
Gene/enzyme  Gene SEQ ID NOS*
name symbol E.C. number Function (NT, PRT)
Glucokinase glk [EC: 2.7.1.2] Carbohydrate 7,8
metabolism
Quinoprotein  ged [EC: 1.1.5.2] Carbohydrate 9, 10
glucose metabolism
dehydrogenase
*SEQ ID NOS are provided for Enterobacter hormaechei
TABLE 3
Genes for Insertion (e.g., in Pseudomonas putida DSM
6125, Escherichia coli, or Enterobacter hormaechei)
SEQ ID NOS
Gene/enzyme name Gene symbol E.C. number Function (NT, PRT)

HMF-ABCDET operon (furfural utilizing genes) (SEQ ID NO: 11)

Molybdopterin-

dependent
oxidoreductase

hmfA [EC: 1.3.99.8] Aerobic-type

carbon

12,13

monoxide
dehydrogenase
homologue
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TABLE 3-continued
Genes for Insertion (e.g., in Pseudomonas putida DSM
6125, Escherichia _coli, or Enterobacter hormaechei)
SEQ ID NOS

Gene/enzyme name Gene symbol E.C. number Function (NT, PRT)
FAD binding hmfB [EC: 1.3.99.8] Carbon- 14, 15
domain-containing monoxide
protein dehydrogenase
(2Fe—28)-binding  hmfC n/a Aerobic-type 16, 17
protein carbon

monoxide

dehydrogenase

2Fe—28 iron-

sulfur subunit
AMP-binding hmfD [EC: 6.2.1.31] Furoyl-CoA 18, 19
protein syntethase
Enoyl-CoA hmfE na 2-oxoglutaroyl- 20, 21
hydratase/isomerase CoA hydrolase
family protein
MEFS transporter hmfT1 n/a Transport 22,23

HME-FGH'HST' operon (5-HMF utilizing genes) (SEQ ID NO: 24)

UbiD family hmfF [EC: 4.1.1.98] 2,5-furan- 25,26
decarboxylase dicarboxylic

acid

decarboxylase 1
UbiX family flavin  hmfG [EC: 2.5.1.129] 2,5-furan- 27, 28
prenyltransferase dicarboxylic

acid

decarboxylase 2
Tripartite hmfH' (tctC) n/a transport 29, 30
tricarboxylate
transporter
substrate-binding
protein
GMC family hmfH [EC: 1.1.3.47] HMF/furfural 31, 32
oxidoreductase oxidoreductase
Sterol desaturase hmfS na fatty acid 33,34
family protein hydroxylase
MEFS transporter hmfT2 na transport 35, 36

Methodology of Gene Deletion and Integration

[0157] For in-frame deletion of target genes (Glucokinase
(glk), glucose dehydrogenase (gcd), and carbohydrate-se-
lective porin (oprB-HI)), upstream and downstream of the
target genes (repair arms of approx. 550 bp) were amplified
separately (as fragment A & B) using two sets of primers
(named as AF, AR & BF, BR; see sequences below) and
gDNA of P. putida by standard PCR method (98° C. for 3
min, 35 cycles of (50-55° C. for 30 sec, 72° C. for 1 min)
and final extension of 72° C. for 5 min and 4° C. hold). Both
sets of primers were designed to have appropriate restriction
sites in the external primers (Xhol on AF and HindIII on
BR), and overlapping bases in the internal primers (AR and
BF) so that amplified fragments (A and B) could be fused
together using overlapping PCR (98° C. for 3 min, 15 cycles
of (50° C. for 5 min, 72° C. for 1 min), and final extension
of 72° C. for 5 min and 4° C. hold). A fused amplicon (AB)
was subsequently cloned by restriction digestion and liga-
tion into a modified pACRISPR® plasmid digested similarly
with restriction enzymes (Xhol and HindIIl) to create a
recombinant plasmid (pACRISPR’-AB) carrying SacB and
gentamicin (GenR) cassettes for selection on sucrose and
gentamicin respectively. The ligated product was trans-
formed into DH5a cells and selected on gentamicin plates
(50 pg/ml). Gentamicin-resistant colonies were then
screened for fragment-AB by colony PCR using an end set
of primers (AF and BR). Positive clones were processed for

plasmid isolation and further confirmed by sequencing. To
delete target genes, pACRISPR*-AB was transferred by
electroporation into electrocompetent cells of P. putida
DSM 6125 and transformed colonies were selected on a
gentamicin antibiotic plate (25 pg/mL). Only a few colonies
were found growing on the gentamicin selection plate indi-
cating successful integration of the plasmid into the chro-
mosome (single cross-over event). These gentamicin-resis-
tant colonies were transferred onto a new antibiotic plate and
three single colonies were grown overnight (O/N) separately
in 5 mL low salt (5% NaCl) liquid Luria Broth (LB), and 50
uL of this O/N culture was diluted 10~ times and was spread
on 6% sucrose selection plate for 24-48 hours at 30° C.
(double-cross over event). A few colonies found growing on
sucrose plates were replica plated on both gentamicin and
plain LB plates. Colonies found growing only on plain LB
plates were tested for deletion of the desired gene by PCR.
Both internal and external sets of primers were used to
screen out false positive mutants (due to possible mutations
on SacB and GenR cassettes), and colonies showing suc-
cessful deletion of the gene (only shortened PCR amplicons
compared to control) were tested for desired phenotypes
(such as defect for growth on glucose in minimal media).

[0158] For the integration of furan-metabolizing genes
(hmf operon) at glk and gcd/oprB-II sites, the triple gene
knockout mutant (oprB-II-ged /glk™) of Pseudomonas
putida DSM 6125 (a parent strain of KT2440) defective in
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utilizing glucose as a carbon source was selected as a host
for chromosomal integration of furfural and HMF metabo-
lizing genes (see Table 3) from other bacteria. The furfural
metabolizing cluster containing the hmfABCDE genes and
the cluster involved in the metabolism of HMF to 2-furoic
acid containing hmfFGH genes were sequentially PCR
amplified using the genomic DNA of Cupriavidus basilensis
using the Q5 DNA polymerase. Other genes such as major
facilitator superfamily transporter (MFS; hmfT1, hmfT2)
present in these two hmf operons were also PCR amplified
as these genes could be potentially involved in the transport
of furans. The complete operons were amplified in multiple
fragments of ~3-3.5 kb size (hmfA, hmfBCD, hmfET1,
hmfFGH', hmfHS, and hmfT2) using sets of primers with
overlapping sequences at their 5' and 3' ends for ease of
cloning with repair arms (0.5 kb DNA amplified from up-
and down-stream of deleted genes of P. putida).

[0159] Gibson assembly method was used to ligate the
PCR products (hmf fragments and corresponding repair
arms) into a plasmid (pACRISPR) linearized by restriction
enzymes (Xbal+HindII) as per the instruction manual for
NEBuilder HiFi DNA assembly cloning kit (NEB, USA).
The ligated product was transformed into E. co/i DH5a. and
transformants were selected on gentamycin (50 pg/ml). The
single colonies obtained from overnight growth were
streaked on new antibiotic plates. Clones were confirmed by
colony PCR, plasmids were isolated from three positive
colonies, and sent for sequencing (Eurofins genomic, USA).
Plasmids harboring desired genes with their repair arms
were electroporated for the first round of integration of
hmfFGT at the glk™ deletion site (in-frame to the translation
start codon of glk) in P. putida using the homologous
recombination process used previously for the deletion of
genes. After confirmation of the successful integration of
hmfFGH' genes, a second plasmid construct with hmfHS
was being integrated next to hmfFGH', as well as an
additional construct with hmfT2. Similarly, genes for fur-
fural metabolism were integrated at the ged/oprB-1I site in P
putida.

[0160] The triple deletion mutant (oprB-I1I"/ged/glk™) of
P putida DSM 6125, hereafter referred to as P. putida_
control, and the triple deletion mutant with the integrated
furfural and 5-hydroxymethylfurfural (HMF) catabolic
operons identified in Table 3 above, hereafter referred to as
P putida_AT-FT, were assessed for furfural and HMF
catabolism in medium containing 10-40 mM furfural or
HMEF and 20 mM glucose. In all experiments, furfural/HMF
and glucose concentrations were measured during and after
cultivation of both strains of P. putida.

[0161] The results show that P. putida_control, in which
the glucose import and catabolic machinery was disrupted,
is capable of furfural and HMF catabolism. Notably, P,
putida_AT-FT, in which the glucose import and catabolic
machinery was disrupted in addition to incorporation of the
furfural and HMF catabolic operons into the chromosome,
exhibited a significantly higher rate of growth and inhibitor
utilization at all the inhibitor concentrations tested. With P.
putida_AT-FT, the growth rate was 5.5-, 2.6-, 1.8-, and
6.7-fold greater than the rates observed with P. putida_
control in cultures supplemented with 10, 20, 30, and 40 mM
furfural, respectively (FIGS. 5A-5D). Concomitantly, the
rates of furfural reduction by P. putida_AT-FT were 46-, 20-,
2.5-, and 330-fold faster than those observed for P. putida_
control (FIGS. 6A-6D).
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[0162] When HMF (10, 20, 30, and 40 mM) was supple-
mented to cultures of both strains of P. putida, both strains
exhibited the capacity to reduce this inhibitor. However,
with increasing HMF concentration, the ability of P. putida_
AT-FT to better catabolize HMF became apparent (FIGS.
7A-7D and 8A-8D). With 10 and 20 mM HMF, the growth
rates of P. putida_AT-FT were marginally greater than those
of P. putida_control (FIGS. 7A and 7B). When HMF con-
centrations were increased to 30 and 40 mM, the growth
rates of P. putida_AT-FT were 1.8- and 8.0-fold greater than
those of P. putida_control (FIGS. 7C and 7D). In fact, at 40
mM HMF, the growth of P. putida_control was inhibited
(FIG. 7D). Similar to the growth profiles observed with
HMF, at 10, 20, and 30 mM HMTF, both strains exhibited
comparable rates of HMF utilization (FIGS. 8A-8C). How-
ever, with 40 mM HMF, HMF concentration reduced 1,915-
fold faster in cultures of P. putida_AT-FT relative to those of
P. putida_control (FIG. 8D). In both cases (with furfural or
HMF), the glucose concentration remained intact (i.e.,
unused).

[0163] To ascertain the potential utility of using P. putida_
AT-FT for selective removal of inhibitors in lignocellulosic
hydrolysate (LBH), to facilitate subsequent fermentation of
LBH-borne sugars to target products/chemicals, P. putida_
AT-FT and P. putida_control were grown in a medium
containing 40 mM furfural and 60 g/L glucose for 12 hours.
Because furfural is the most abundant inhibitor in LBH, it
was selected for this preliminary assessment. Afterwards,
the resulting medium was sterilized by standard procedures
and then fermented with the butanol-producing Clostridium
beijerinckii. The growth profile of C. beijerinckii in media in
which P putida_AT-FT and P. putida_control were pre-
grown underscore more enhanced furfural utilization, hence,
removal from the P. putida_AT-FT-pre-grown medium rela-
tive to the P. putida_control-pre-grown medium. Specifi-
cally, C. beijerinckii exhibited a 2-fold faster growth rate in
the medium in which P. putida_AT-FT was pre-grown when
compared to that in which P. putida_control was pre-grown
(FIG. 9). However, considerable sugar losses were observed
for both sets of cultures. To ensure absolute selective inhibi-
tor removal without sugar utilization at high glucose con-
centration-such as 60 g/L used in this study, which mimics
LBH-we have identified three additional genes that we will
knock out individually and in combination in P. putida_AT-
FT to ensure complete shutdown of glucose import and
utilization. These are oprB-1 of Pseudomonas putida (SEQ
ID NO:45 (coding sequence), SEQ ID NO:46 (protein
sequence)), gtsB of Pseudomonas putida (SEQ ID NO:47
(coding sequence), SEQ ID NO:48 (protein sequence)), and
KBDANE_14125 or PP_RS13865 of Pseudomonas putida
(SEQ ID NO:49 (coding sequence), SEQ ID NO:50 (protein
sequence)).

Primers used for deletion of Glk and OprB-II/
GCD genes:
Glk AF'-XhoI:
(SEQ ID NO: 37)
5' -CCGCTCGAGGTGTTCCAGGACCAGCAGTC-3"

Glk AR':
(SEQ ID NO: 38)
5' -ACGCCTGCTGCCAACCAGCAGGTGCTTCAT- 3"
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-continued

Glk BF':

(SEQ ID NO: 39)
5' -TGCTGGTTGGCAGCAGGCGTTGGATCACTGA-3 '
Glk BR'-HindIII:

(SEQ ID NO: 40)
5' -CCCAAGCTTCAGTCGT CGAAGGCCAGCA-3"
OprB-II-AF-XhoI:

(SEQ ID NO: 41)
5 ' -CCCAAGCTTGTAGACGTGCAGCACGCTG-3"
OprB-II-AR:

(SEQ ID NO: 42)
5' -CTCGGCTAAAGGCAGT TGGAACATGAGATAGC-3!
GCD-BF:

(SEQ ID NO: 43)
5' -CAACTGCCTTTAGCCGAGTAAGCGACACC-3 "
GCD-BR-HindIII:

(SEQ ID NO: 44)

5' -CCGCTCGAGGCAGTGCCGAGGTGTCGAAG-3'

EXEMPLARY EMBODIMENTS

[0164] 1. A recombinant microorganism comprising one
or more modifications with respect to a corresponding
microorganism not comprising the one or more modi-
fications, wherein the one or more modifications com-
prise 1 or more, 2 or more, 3 or more, 4 or more, 5 or
more, 6 or more, 7 or more, 8 or more, 9 or more, 10
or more, 11 or more, 12 or more, 13 or more, 14 or
more, or each of:

[0165] a functional deletion of a glucokinase gene
present in the corresponding microorganism;

[0166] a functional deletion of a quinoprotein glu-
cose dehydrogenase gene present in the correspond-
ing microorganism;

[0167] a functional deletion of a carbohydrate trans-
porter gene present in the corresponding microor-
ganism;

[0168] a recombinant gene encoding HmfA of
Cupriavidus basilensis or a homolog thereof;
[0169] a recombinant gene encoding HmiB
Cupriavidus basilensis or a homolog thereof;
[0170] a recombinant gene encoding HmfC
Cupriavidus basilensis or a homolog thereof;
[0171] a recombinant gene encoding HmfD
Cupriavidus basilensis or a homolog thereof;
[0172] a recombinant gene encoding HmfE
Cupriavidus basilensis or a homolog thereof;
[0173] a recombinant gene encoding HmfT1
Cupriavidus basilensis or a homolog thereof;
[0174] a recombinant gene encoding HmfF
Cupriavidus basilensis or a homolog thereof;
[0175] a recombinant gene encoding HmfG
Cupriavidus basilensis or a homolog thereof;
[0176] a recombinant gene encoding HmfH'
Cupriavidus basilensis or a homolog thereof;
[0177] a recombinant gene encoding HmfH
Cupriavidus basilensis or a homolog thereof;
[0178] a recombinant gene encoding HmifS of
Cupriavidus basilensis or a homolog thereof; and
[0179] a recombinant gene encoding HmfT2 of

Cupriavidus basilensis or a homolog thereof.

of

of

of
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[0180] 2. The recombinant microorganism of exem-
plary embodiment 1, wherein the one or more modifi-
cations comprise one or more, two or more, or each of:
[0181] a functional deletion of a glucokinase gene

present in the corresponding microorganism;

[0182] a functional deletion of a quinoprotein glu-
cose dehydrogenase gene present in the correspond-
ing microorganism; and

[0183] a functional deletion of a carbohydrate trans-
porter gene present in the corresponding microor-
ganism.

[0184] 3. The recombinant microorganism of any prior
exemplary embodiment, wherein the one or more
modifications comprise one or both of:

[0185] a functional deletion of a glucokinase gene
present in the corresponding microorganism; and
[0186] a functional deletion of a quinoprotein glu-
cose dehydrogenase gene present in the correspond-

ing microorganism.

[0187] 4. The recombinant microorganism of any prior
exemplary embodiment, wherein:

[0188] the glucokinase gene is glk of Pseudomonas
putida, glk of Escherichia coli, glk of Enterobacter
hormaechei, or a homolog of any of the foregoing;

[0189] the quinoprotein glucose dehydrogenase gene
is ged of Pseudomonas putida, ged of Escherichia
coli, ged of Enterobacter hormaechei, or a homolog
of any of the foregoing; and/or

[0190] the carbohydrate transporter gene is oprB-II
of Pseudomonas putida or a homolog thereof.

[0191] 5. The recombinant microorganism of any prior
exemplary embodiment, wherein:

[0192] the glucokinase gene encodes a protein com-
prising an amino acid sequence with at least 80%
sequence identity to a sequence selected from the
group consisting of SEQ ID NOS:2 and 8;

[0193] the quinoprotein glucose dehydrogenase gene
encodes a protein comprising an amino acid
sequence with at least 80% sequence identity to a
sequence selected from the group consisting of SEQ
ID NOS:4 and 10; and

[0194] the carbohydrate transporter gene encodes a
protein comprising an amino acid sequence with at
least 80% sequence identity to a sequence selected
from the group consisting of SEQ ID NOS:6, 46, 48,
and 50.

[0195] 6. The recombinant microorganism of any prior
exemplary embodiment, wherein:

[0196] the glucokinase gene encodes a protein com-
prising an amino acid sequence with at least 95%
sequence identity to a sequence selected from the
group consisting of SEQ ID NOS:2 and 8;

[0197] the quinoprotein glucose dehydrogenase gene
encodes a protein comprising an amino acid
sequence with at least 95% sequence identity to a
sequence selected from the group consisting of SEQ
ID NOS:4 and 10; and

[0198] the carbohydrate transporter gene encodes a
protein comprising an amino acid sequence with at
least 95% sequence identity to a sequence selected
from the group consisting of SEQ ID NOS:6, 46, 48,
and 50.

[0199] 7. The recombinant microorganism of any prior
exemplary embodiment, wherein the wherein the one
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or more modifications comprise a functional deletion of

a carbohydrate transporter gene present in the corre-

sponding microorganism, wherein the carbohydrate

transporter gene encodes a protein comprising an

amino acid sequence with at least 80% or at least 95%

sequence identity to SEQ ID NO:6.

[0200] 8. The recombinant microorganism of exem-
plary embodiment 7, further comprising a functional
deletion of one, two or three additional carbohydrate
transporter genes present in the corresponding micro-
organism, wherein the additional carbohydrate trans-
porter genes each encode a protein comprising an
amino acid sequence with at least 80% or at least 95%
sequence identity to a sequence selected from the group
consisting of SEQ ID NOS:46, 48, and 50.

[0201] 9. The recombinant microorganism of exem-
plary embodiment 7, further comprising a functional
deletion of three additional carbohydrate transporter
genes present in the corresponding microorganism,
wherein the additional carbohydrate transporter genes
encode:

[0202] a protein comprising an amino acid sequence
with at least 80% or at least 95% sequence identity
to SEQ ID NO:46;

[0203] a protein comprising an amino acid sequence
with at least 80% or at least 95% sequence identity
to SEQ ID NO: 48;

[0204] a protein comprising an amino acid sequence
with at least 80% or at least 95% sequence identity to
SEQ ID NO:50.

[0205] 10. The recombinant microorganism of any prior
exemplary embodiment, wherein the one or more
modifications comprise one or more, two or more three
or more, four or more, five or more, or each of:
[0206] a recombinant gene encoding HmfA of

Cupriavidus basilensis or a homolog thereof;

[0207] a recombinant gene encoding HmfB of
Cupriavidus basilensis or a homolog thereof;

[0208] a recombinant gene encoding HmfC of
Cupriavidus basilensis or a homolog thereof;

[0209] a recombinant gene encoding HmfD of
Cupriavidus basilensis or a homolog thereof;

[0210] a recombinant gene encoding HmfE of
Cupriavidus basilensis or a homolog thereof; and

[0211] a recombinant gene encoding HmfT1 of
Cupriavidus basilensis or a homolog thereof.

[0212] 11. The recombinant microorganism of any prior
exemplary embodiment, wherein the one or more
modifications comprise one or more, two or more three
or more, four or more, five or more, or each of:
[0213] a recombinant gene encoding HmfF of

Cupriavidus basilensis or a homolog thereof;

[0214] a recombinant gene encoding HmfG of
Cupriavidus basilensis or a homolog thereof;

[0215] a recombinant gene encoding HmfH' of
Cupriavidus basilensis or a homolog thereof;

[0216] a recombinant gene encoding HmfH of
Cupriavidus basilensis or a homolog thereof;

[0217] a recombinant gene encoding HmfS of
Cupriavidus basilensis or a homolog thereof; and

[0218] a recombinant gene encoding HmfT2 of
Cupriavidus basilensis or a homolog thereof.
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[0219] 12. The recombinant microorganism of any prior
exemplary embodiment, wherein:

[0220] the HmfA of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 80% sequence identity to SEQ ID
NO:13;

[0221] the HmfB of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 80% sequence identity to SEQ ID
NO:15;

[0222] the HmfC of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 80% sequence identity to SEQ ID
NO:17;

[0223] the HmfD of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 80% sequence identity to SEQ ID
NO:19;

[0224] the HmfE of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 80% sequence identity to SEQ ID
NO:21;

[0225] the HmfT1 of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 80% sequence identity to SEQ ID
NO:23;

[0226] the HmfF of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 80% sequence identity to SEQ ID
NO:26;

[0227] the HmfG of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 80% sequence identity to SEQ ID
NO:28;

[0228] the HmfH' of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 80% sequence identity to SEQ ID
NO:30;

[0229] the HmfH of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 80% sequence identity to SEQ ID
NO:32;

[0230] the HmfS of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 80% sequence identity to SEQ ID
NO:34; and

[0231] the HmfT2 of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 80% sequence identity to SEQ ID
NO:36.

[0232] 13. The recombinant microorganism of any prior
exemplary embodiment, wherein:

[0233] the HmfA of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 95% sequence identity to SEQ ID
NO:13;

[0234] the HmfB of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 95% sequence identity to SEQ ID
NO:15;

[0235] the HmfC of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 95% sequence identity to SEQ ID
NO:17;
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[0236] the HmfD of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 95% sequence identity to SEQ ID
NO:19;

[0237] the HmfE of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 95% sequence identity to SEQ ID
NO:21;

[0238] the HmfT1 of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 95% sequence identity to SEQ ID
NO:23;

[0239] the HmfF of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 95% sequence identity to SEQ ID
NO:26;

[0240] the HmfG of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 95% sequence identity to SEQ ID
NO:28;

[0241] the HmfH' of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 95% sequence identity to SEQ ID
NO:30;

[0242] the HmfH of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 95% sequence identity to SEQ ID
NO:32;

[0243] the HmfS of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 95% sequence identity to SEQ ID
NO:34; and

[0244] the HmfT2 of Cupriavidus basilensis or the
homolog thereof comprises an amino acid sequence
with at least 95% sequence identity to SEQ ID
NO:36.

[0245] 14. The recombinant microorganism of any prior
exemplary embodiment, wherein the recombinant
microorganism is an aerobic microorganism.

[0246] 15. The recombinant microorganism of any prior
exemplary embodiment, wherein the recombinant
microorganism is a bacterium.

[0247] 16. The recombinant microorganism of any prior
exemplary embodiment, wherein the recombinant
microorganism is an aerobic bacterium.

[0248] 17. The recombinant microorganism of any prior
exemplary embodiment, wherein the recombinant
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microorganism is from a genus selected from the group
consisting of Pseudomonas, Escherichia, and Entero-
bacter.

[0249] 18. The recombinant microorganism of any prior
exemplary embodiment, wherein the recombinant
microorganism is selected from the group consisting of
Pseudomonas putida, Escherichia coli, and Entero-
bacter hormaechei.

[0250] 19. The recombinant microorganism of any prior
exemplary embodiment, wherein the recombinant
microorganism is from a genus of Pseudomonas.

[0251] 20. The recombinant microorganism of any prior
exemplary embodiment, wherein the recombinant
microorganism is Pseudomonas putida.

[0252] 21. The recombinant microorganism of any prior
exemplary embodiment, wherein the recombinant
microorganism exhibits reduced consumption of a car-
bohydrate with respect to the corresponding microor-
ganism.

[0253] 22. The recombinant microorganism of any prior
exemplary embodiment, wherein the recombinant
microorganism exhibits increased consumption of a
substituted furan with respect to the corresponding
microorganism.

[0254] 23. The recombinant microorganism of any prior
exemplary embodiment, wherein the recombinant
microorganism exhibits increased consumption of a
substituted furan selected from the group consisting of
furfural and hydroxymethylfurfural with respect to the
corresponding microorganism.

[0255] 24. A method of decreasing an amount of a
substituted furan in a medium, the method comprising
contacting the medium with the recombinant microor-
ganism of any one of exemplary embodiments 1-23 for
a time sufficient to decrease the substituted furan in the
medium.

[0256] 25. The method of exemplary embodiment 24,
wherein the substituted furan is selected from the group
consisting of furfural and hydroxymethylfurfural.

[0257] 26. The method of any one of exemplary
embodiments 24-25, wherein the medium comprises
lignocellulosic biomass.

[0258] 27. The method of any one of exemplary
embodiments 24-26, wherein the medium comprises
lignocellulosic biomass hydrolysate.

[0259] 28. The method of any one of exemplary
embodiments 24-27, wherein the contacting is per-
formed under aerobic conditions.

SEQUENCE LISTING

Sequence total quantity: 50

SEQ ID NO: 1 moltype = DNA length = 960
FEATURE Location/Qualifiers
source 1..960

mol_type = genomic DNA

organism = Pseudomonas putida
SEQUENCE: 1
atgaagcacce tgctggttgg tgatattgge ggcaccaatg ccegttttge gttgtggegt 60
gacaaccagc tgcatgaagt aaatgttttce gccaccgtgg actacaccaa cccggagcag 120
gccatcgagg cctacctgga aagccaaggt atcgeccgeg gtggectgge ggeggtgtge 180
ctggeggtgg ccggcecceggt cgatggegat gaattteget tcaccaacaa ccactggege 240
ctgagtcgea cggcattttg caagaccttyg caggtegage ggctgttget gatcaatgat 300
ttcaccgcaa tggcactggg catgacgegt ctgegegaag gegagttceceg cgaggtgtge 360
ceceggecagg ccgaccecte gaggecggea ctggtgatceg ggccaggtac tggectgggt 420
gtgggctege tgetgegect gggcgaacag ctetggaagg cectgecggg tgaaggceggyg 480
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catgttgacc tgcecggtagg caatgctcge gaagcggcaa tccaccagca gatccacagt 540
cagatcggte atgtcagege cgaggccgtyg ctcagtgggg gtggectggt geggetgtac 600
caggcgatcet gtgegetgga cggcgacacg cccaggcaca agaccecgge gcatatcacce 660
gatgcegege tgggcegggga gecacgggceg ctggeggtgg tegageagtt ctgtegttte 720
cttgggegag tggegggtaa taatgtgetg acgectgggeg cgcgaggegg ggtctatatt 780
gtgggceggtyg tgatteegeg ctttgecgag ctgttectge gtagegggtt tgecegegagt 840
tttgccgaca aggggtgtat gagtggctat ttcaccgggg tgceggtgtg getggtgacg 900
geggagtttt ccgggttgga gggagcaggg gtagegttge agcaggegtt ggatcactga 960

SEQ ID NO: 2 moltype = AA 1length = 319
FEATURE Location/Qualifiers
source 1..319

mol type = protein

organism = Pseudomonas putida
SEQUENCE: 2
MKHLLVGDIG GTNARFALWR DNQLHEVNVF ATVDYTNPEQ AIEAYLESQG IARGGLAAVC 60
LAVAGPVDGD EFRFTNNHWR LSRTAFCKTL QVERLLLIND FTAMALGMTR LREGEFREVC 120
PGOADPSRPA LVIGPGTGLG VGSLLRLGEQ LWKALPGEGG HVDLPVGNAR EAATHQQIHS 180
QIGHVSAEAV LSGGGLVRLY QAICALDGDT PRHKTPAHIT DAALGGEPRA LAVVEQFCRF 240
LGRVAGNNVL TLGARGGVYI VGGVIPRFAE LFLRSGFAAS FADKGCMSGY FTGVPVWLVT 300

AEFSGLEGAG VALQOALDH 319
SEQ ID NO: 3 moltype = DNA length = 2412

FEATURE Location/Qualifiers

source 1..2412

mol type = genomic DNA
organism = Pseudomonas putida

SEQUENCE: 3

atgagcactg aaggtgcgaa ccaaggaagc cgctggetac cgegectgat tggegegetg 60
ctgttgetga tgggcctgge cctgctggece ggcggtatca agetgageca gcetgggegga 120
tcgetgtact acctgatcge cggtattgge tttgcecttt cgggegtect getgetggee 180
caacgccaga tcgccctggyg cctgtatgge ctggtgetge tgggcagcac cgtgtgggece 240
ctgttecgaag taggcctgga ctggtggcaa ctggtgecac ggectggetat ctggttegee 300
atcggegtgg tgttgetget gecgtgggca cgtcegeccge tgatcggecce agccagcaaa 360
gccaacactyg cactgetegg cgtggcagtyg gtegettegg gegettgege getggecage 420
cagttcacce atcccggtga agtgttcegge gaactgggece gegacagcag cgaaatggece 480
agcgecgece cggccatgece cgacggcgaa tggcaggect acggecgtac cgagcatgge 540
gaccgctact cgccegetgeg ccagatcace ccgcagaacg cctaccgtet ggaagaagee 600
tggcgecattce gcaccggtga tctgccaacce gaaaacgacc cggtggaget gaccaaccag 660
aacaccccge tgaaggtcaa cggcatgett tacgcectgca cegegcacag tcegectgetg 720
gegetggace cggacactgg cgcagaaatce tggegctacg acccgcaggt caagagcccg 780
accggcacct tcaagggcett tgcccacatg acctgecgtg gegtctcegta ctatgacgaa 840
aaccgctacg tcagccgega cggcagceccg gcgccgaaaa ttaccgatge aggccaggece 900
gtggcccaag cctgeccgeg tcgectctat ctgectacceg cggatgeccg cctgatcgee 960
atcaacgccg acaacggcaa ggtctgcgaa ggcttegceca accagggegt gatcgaccte 1020
accaccggca ttggcccatt caccgecgge ggctattact ccacctcegece tgctgegatt 1080
accegtgace tggtgatcat cggtggccac gtcaccgaca acgagtcgac caatgagccg 1140
tceggggtga tcecgegecta cgacgtgcac gacggecacce tggtgtggaa ctgggacagt 1200
aacaacccgg acgacaccaa gccattgget gccggcaaaa tgtacagcecyg caactcggece 1260
aacatgtggt cgatcgccag cgtcgacgaa gaccttggca tgatctacct geccgetggge 1320
aaccagaccce cggaccagtyg gggcgccgac cgcaccccgg gegecgagaa gtacagegee 1380
ggcgtggteg ceccttgacct ggccaccggce aaggcacgct ggaactatca gttcacccac 1440
cacgacctgt gggacatgga cgtcggcagce cagccgaccce tggtacacct gaaaaccgac 1500
gatggtgtga aaccggcgat catcgtaccg accaagcaag gcagectgta cgtgctcgac 1560
cgecgegacg gtacgccaat cgtgccgatce cgcgagatcce ccaccccaca aggegcagtg 1620
gaaggcgacc acacctcgcece cacccaggece cgctecgacce tcaacctget cggeccagag 1680
ctgaccgaac aggccatgtg gggcgccacg cctttegacce agatgetgtg cecgcatccag 1740
ttcegecgaac tgcgctacga aggccagtac accccgcecat ccgaacaagg ttegttggte 1800
tacccecggca acgteggtgt attcaactgg ggcagegtgt cggtcgacce ggtgcgccag 1860
ctgctgttca cttecgcccaa ctacatggeg ttcecgtgtcga agatggtccce gegtgagcag 1920
gttgccgaag gcagcaagcg cgaaagcgag accagceggceg tgcagecgaa caccggcegca 1980
ccgtatgcag tgatcatgca cccgttcatg tcgecgcecteg gtgtaccgtg ccaggcacce 2040
gcctgggget acgtcecgceege catcgacctg ttcaccaaca aggtggtgtg gaaacacaag 2100
aacggcacca cccgcgacag caccccgcta ccgateggece tgecggttgg cgtgecgage 2160
atgggtggct cgatcgtcac cgecggtgge gtceggettece tcageggcac gctcgaccag 2220
tacctgcgeg cctatgacgt gaacaacggce aaggagttgt ggaaagcacyg cctgccageg 2280
ggtggccagg ctacgccgat gagctacacce ggcaaggacg gcaagcagta cgtgctggtg 2340
actgccggeg gccatggetce getgggcacce aagatgggeg attacatcat tgcttacaaa 2400

ttagccgagt aa 2412
SEQ ID NO: 4 moltype = AA 1length = 803

FEATURE Location/Qualifiers

source 1..803

mol _type = protein
organism = Pseudomonas putida
SEQUENCE: 4
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MSTEGANQGS RWLPRLIGAL LLLMGLALLA GGIKLSQLGG SLYYLIAGIG FALSGVLLLA 60
QRQIALGLYG LVLLGSTVWA LFEVGLDWWQ LVPRLAIWFA IGVVLLLPWA RRPLIGPASK 120
ANTALLGVAV VASGACALAS QFTHPGEVFG ELGRDSSEMA SAAPAMPDGE WQAYGRTEHG 180
DRYSPLRQIT PQONAYRLEEA WRIRTGDLPT ENDPVELTNQ NTPLKVNGML YACTAHSRLL 240
ALDPDTGAEI WRYDPQVKSP TGTFKGFAHM TCRGVSYYDE NRYVSRDGSP APKITDAGQA 300
VAQACPRRLY LPTADARLIA INADNGKVCE GFANQGVIDL TTGIGPFTAG GYYSTSPAAI 360
TRDLVIIGGH VTDNESTNEP SGVIRAYDVH DGHLVWNWDS NNPDDTKPLA AGKMYSRNSA 420
NMWSIASVDE DLGMIYLPLG NQTPDQWGAD RTPGAEKYSA GVVALDLATG KARWNYQFTH 480
HDLWDMDVGS QPTLVHLKTD DGVKPAIIVP TKQGSLYVLD RRDGTPIVPI REIPTPQGAV 540
EGDHTSPTQA RSDLNLLGPE LTEQAMWGAT PFDQMLCRIQ FRELRYEGQY TPPSEQGSLV 600
YPGNVGVFNW GSVSVDPVRQ LLFTSPNYMA FVSKMVPREQ VAEGSKRESE TSGVQPNTGA 660
PYAVIMHPFM SPLGVPCQAP AWGYVAAIDL FTNKVVWKHK NGTTRDSTPL PIGLPVGVPS 720
MGGSIVTAGG VGFLSGTLDQ YLRAYDVNNG KELWKARLPA GGQATPMSYT GKDGKQYVLV 780
TAGGHGSLGT KMGDYIIAYK LAE 803
SEQ ID NO: 5 moltype = DNA 1length = 1335
FEATURE Location/Qualifiers
source 1..1335

mol type = genomic DNA

organism = Pseudomonas putida
SEQUENCE: 5
atgttccaac tgcctaaaac ctgctacatc ggcctggecce tcagtgectt ggcaacccce 60
geeggegeca gcgaaatgtt cgccagegac tccecttgga tgctceggega ctggggtgga 120
acccgecageg aactgctgga aaagggctac gacttcacce ttggctacac cggegagatg 180
ggcagcaace tgcacggegg ctacgaccac gaccgcacceg cgcgctacag cgaccagtte 240
acctteggca gecacctgga cctggagaag atcctegget ggcacgacac cgaattccag 300
ctgaccgtca ccgagcgeca cggcgacaac atcagcaacg accgcatcaa cgacccgegt 360
gteggegget tcacctecge ccaggaagte tggggecgeg gcgaaacctg gegactgacyg 420
cagatgtgga tcaagcagaa gtacttcgac ggtgcgetgg atgtgaaatt cggecgettt 480
ggtgaaggcg aggacttcaa cagcttccect tgcgacttcece agaacctgge tttectgegge 540
tcgcaggtgg gcaactgggt gggtggcatce tggtacaact ggecagtcag ccagtgggcece 600
ctgcgegtge gcectacaacct tacccccgag ctgtacgece aggtceggegt cttecgagcag 660
aacccttcca acctcgaatce cggcaatggt ttcaagetca geggcagegyg cacccagggt 720
gecggtaatge cgttecgaact ggtatggace ccacgtatcce aaggcttgaa aggggaatat 780
cgtgecgget actactacag taatgccaag gcacaagatg ttctcaagga cagcaacggt 840
cagceggecg cectcagegyg cgecgectac cgcageagtt cgagcaagea cggettgtgg 900
attggcgece agcagcaggt cacctegetg gegtcegacce agtegegegyg cttgagegtg 960
ttecgecaacg ccacggtgca tgacaaaaag accaatgcca tcgacaacta tgtgcaggca 1020
ggactggtat tcaaagggcc tttcgatgcc cgcgccaagg acgacatcgg tttegceccctg 1080
geeegegtge acgtcaacce tgcctatcge aagaacgccce gectggtcaa ccaggccgee 1140
ggectcectatg actacgacaa cccgggette ctgecagtge aggacaccga gtacagcegee 1200
gagctgtatt acggcattca cttggccgac tggctcacgg tacgccccaa cctgcagtac 1260
atccgecace cgggeggggt gtcgcaggtce gatggegecce tgatcggegyg cctgaagate 1320
cagagcagtt tctaa 1335
SEQ ID NO: 6 moltype = AA length = 444
FEATURE Location/Qualifiers
source 1..444

mol type = protein

organism = Pseudomonas putida
SEQUENCE: 6
MFQLPKTCYI GLALSALATP AGASEMFASD SPWMLGDWGG TRSELLEKGY DFTLGYTGEM 60
GSNLHGGYDH DRTARYSDQF TFGSHLDLEK ILGWHDTEFQ LTVTERHGDN ISNDRINDPR 120
VGGFTSAQEV WGRGETWRLT QMWIKQKYFD GALDVKFGRF GEGEDFNSFP CDFQNLAFCG 180
SQVGNWVGGI WYNWPVSQWA LRVRYNLTPE LYAQVGVFEQ NPSNLESGNG FKLSGSGTQG 240
AVMPFELVWT PRIQGLKGEY RAGYYYSNAK AQDVLKDSNG QPAALSGAAY RSSSSKHGLW 300
IGAQQQVTSL ASDQSRGLSV FANATVHDKK TNAIDNYVQA GLVFKGPFDA RAKDDIGFAL 360
ARVHVNPAYR KNARLVNQAA GLYDYDNPGF LPVQDTEYSA ELYYGIHLAD WLTVRPNLQY 420
IRHPGGVSQV DGALIGGLKI QSSF 444
SEQ ID NO: 7 moltype = DNA Ilength = 966
FEATURE Location/Qualifiers
source 1..966

mol _type = genomic DNA

organism = Enterobacter hormaechei
SEQUENCE: 7
atgacaaagt atgctttggt aggtgatgta ggcggcacca acgcgcgect tgcecctgtge 60
gatgtgaaca gcggtgaaat ttctcaggeg aaaacctatt cagggctgga ttacccaage 120
ctggaagegg tggttcegegt ctatctggaa gagcataaag tgagcegttga agacggttgt 180
atcgecatceg cctgtcecgat caccggcgac tgggtggcga tgaccaacca cacgtgggece 240
ttctcaattg ccgaaatgcg gaaaaacctc ggcttcetege accttgaaat tattaacgac 300
ttcactgcgg tttccatgge tatcccaatg cttaaaccag agcatctgat tcagttcecgge 360
ggtacggcee cggttgaagg taaaccgatt gccgtttacg gecgcgggcac cggectgggyg 420
gtggcgcace tggttcacgt cgacaaacgce tgggtcagec tgccgggega gggeggtcat 480
gtggattttg cgccgaacag cgaagaagag ggcattattc tagaggagct acgcgccgag 540
attggeccacg tgtcggecga gegggtgett tetggtecgg gectggtgaa cctgtatcegg 600
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gecgattgtaa aatcagacgg tcgtctgceg gaaaatctge aaccgaaaga tgtgaccgaa 660
cgegegetgg ccgacagetyg tattgactge cgeegtgett tgtegetgtt ctgegtcate 720
atggggegcet tcggceggcaa cctggegetg aaccteggea ccetttggegyg ggtctatatt 780
gegggeggga tegtgecgeg cttectegat ttetttaceg ccteceggett cegtggegge 840
ttcgaagaca aaggccgcett cagaagctat gtccaggaca ttectgttta cctgattgte 900
cacgataacc caggcttact gggctccgge gegcatctge gtcaggtact cggtcagatt 960
ctctga 966
SEQ ID NO: 8 moltype = AA 1length = 321
FEATURE Location/Qualifiers
gource 1..321

mol_type = protein

organism = Enterobacter hormaechei
SEQUENCE :
MTKYALVGDV GGTNARLALC DVNSGEISQA KTYSGLDYPS LEAVVRVYLE EHKVSVEDGC 60
JAIACPITGD WVAMTNHTWA FSIAEMRKNL GFSHLEIIND FTAVSMAIPM LKPEHLIQFG 120
GTAPVEGKPI AVYGAGTGLG VAHLVHVDKR WVSLPGEGGH VDFAPNSEEE GIILEELRAE 180
IGHVSAERVL SGPGLVNLYR AIVKSDGRLP ENLQPKDVTE RALADSCIDC RRALSLFCVI 240
MGRFGGNLAL NLGTFGGVYI AGGIVPRFLD FFTASGFRGG FEDKGRFRSY VQDIPVYLIV 300
HDNPGLLGSG AHLRQVLGQI L 321
SEQ ID NO: 9 moltype = DNA 1length = 2391
FEATURE Location/Qualifiers
source 1..2391

mol type = genomic DNA

organism = Enterobacter hormaechei
SEQUENCE :
atggctgaaa caaaaactaa acagccgcegt ctactggtga cattaacagce cgegtttgee 60
gecattctgeg cgctgtattt gttaateggt ggegtatgge tggtcgegat tggeggctee 120
tggtactacc cgattgcggyg tctggttatg gttggegtaa cegtectget tttacgcaga 180
aaacaatctg ctctgtgget gtacgcageg ttactgetcg caaccatgat ctggggegte 240
tgggaagtcg ggttcgactt ctgggcegttg acgccgegca gegacattet ggtettette 300
ggtatctgge tgatcctgcce gtttgtetgg cgtegtetga tegtcecctte cagtggegee 360
gtggccagte tggtegttge ccttctgatt agtggcggea tcctgacctg ggecggtttt 420
aacgacccge aggagatcaa cggtacgetg aacgcggaat ccacgecgge tgcggetatt 480
tegecaggtgg cggacggtga ctggectget tatggtegta accaggaagyg tcaacgctac 540
tceccegetga agcagatcaa cgcggacaac gtgaaaaacc tgaaggaagce ctgggtatte 600
cgtaccggeg acctgaagat gccaaacgat ccgggtgage tgaccaacga agtgaccccg 660
attaaagtgg gcaacatgct ctacctgtgt acggcgcacc agegtctgtt cgegetcgac 720
geggctaceg gtaaagagaa atggcacttt gatccacagce tgaactccaa cccgtcegtte 780
cagcacatta cctgccgegyg cgtcectcettac cacgaagcege gegecgataa tgccagecccg 840
gaagtcattg ccgactgtcc tcgccgcatt atgctgccag tgaacgatgg cegectgttt 900
gccattaacg ctgagaccgg caagctgtge gaaaccttceg ccaataaagg cattctgaat 960
cttcagacca acatgccgga caccacgccg ggcectgtatg agecgaccte cccgecaatce 1020
atcaccgata aaaccatcgt gattgccggt tcggtaacgg ataacttctc tacccgtgaa 1080
acctcececggeg ttatcegtgg tttcecgacgtg aacaccggta aactgetgtg ggecttecgac 1140
ccgggegcega aagatcctaa cgcgatccca tcggatgaac acacctttac ctttaactca 1200
ccgaactecct gggcaccgge agcgtatgac gcgaagctgg acctggtcta cctgeccgatg 1260
ggcgtgacca cgccggatat ctggggeggt aaccgtacge cggagcagga acgttacgee 1320
agctccatcg tggcgctgaa cgcaacaacc ggtaaactgg catggagcta ccagaccgtt 1380
caccacgatc tgtgggatat ggatatgccg tcccagccga cgctggcgga cattaccgtt 1440
aacggtaaaa ccgtaccggt gatttacgcce ccggcgaaaa ccggtaacat cttcecgtgett 1500
gatcgtagca acggtaagct ggttgttect gegceccecggaaa aaccggttcece gcagggtgceg 1560
gccaaaggcg actacgtcac caaaacgcag ccgttcetetg acctgagett ccecgtccgaag 1620
aaagatctca gcggtgcaga catgtggggt gccaccatgt ttgaccaget ggtatgeccge 1680
gtgatgttcc accagctgcg ctacgaaggg attttcacce cgccgtcaga gcagggtacg 1740
ctggtcttee cgggtaacct ggggatgttce gaatggggtg ggatctccegt tgaccctaac 1800
cgtcaggtcg ccatcgctaa cccaatggeg ctgccgtteg ttteccgect gatcectegt 1860
ggtccgggta acccaatgga gcagccgaaa gatgcgaaag gcagceggtac cgaagcceggt 1920
atccagccac agtatggegt tcecttatggt gtgaccctga atccgttcect gtctecegttt 1980
ggtctgcegt gtaaacagcecc tgcctggggt tacatctcecceg gtctggatcect gaagaccaac 2040
aagatcgtct ggaagaaacg tattggtacg ccacaggaca gcatgccgtt cccgatgect 2100
gttccagtge cgttcaatat gggtatgcca atgctgggtg gtccaatctce taccgceccggt 2160
aacgtgctgt tcatcgegge aaccgcagat aactacctgc gcgcgtacaa catgaccaac 2220
ggtgagaaac tgtggcaagg ccgtctgcca gccggtggac aggcaacgec gatgacctat 2280
gaagtgaatg gcaagcagta cgttgtcatc tectgegggtg gtcacggtte gtttggcacg 2340
aagatgggcg actatattgt cgcgtatgca ctgcctgacg acgctaagta a 2391
SEQ ID NO: 10 moltype = AA 1length = 796
FEATURE Location/Qualifiers
source 1..796

mol type = protein

organism = Enterobacter hormaechei
SEQUENCE: 10
MAETKTKQPR LLVTLTAAFA AFCALYLLIG GVWLVAIGGS WYYPIAGLVM VGVTVLLLRR 60
KQSALWLYAA LLLATMIWGV WEVGFDFWAL TPRSDILVFF GIWLILPFVW RRLIVPSSGA 120
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VASLVVALLI SGGILTWAGF NDPQEINGTL NAESTPAAAI SQVADGDWPA YGRNQEGQRY 180
SPLKQINADN VKNLKEAWVF RTGDLKMPND PGELTNEVTP IKVGNMLYLC TAHQRLFALD 240
AATGKEKWHF DPQLNSNPSF QHITCRGVSY HEARADNASP EVIADCPRRI MLPVNDGRLF 300
AINAETGKLC ETFANKGILN LQTNMPDTTP GLYEPTSPPI ITDKTIVIAG SVTDNFSTRE 360
TSGVIRGFDV NTGKLLWAFD PGAKDPNAIP SDEHTFTFNS PNSWAPAAYD AKLDLVYLPM 420
GVTTPDIWGG NRTPEQERYA SSIVALNATT GKLAWSYQTV HHDLWDMDMP SQPTLADITV 480
NGKTVPVIYA PAKTGNIFVL DRSNGKLVVP APEKPVPQGA AKGDYVTKTQ PFSDLSFRPK 540
KDLSGADMWG ATMFDQLVCR VMFHQLRYEG IFTPPSEQGT LVFPGNLGMF EWGGISVDPN 600
ROQVAIANPMA LPFVSRLIPR GPGNPMEQPK DAKGSGTEAG IQPQYGVPYG VTLNPFLSPF 660
GLPCKQPAWG YISGLDLKTN KIVWKKRIGT PQDSMPFPMP VPVPFNMGMP MLGGPISTAG 720
NVLFIAATAD NYLRAYNMTN GEKLWQGRLP AGGQATPMTY EVNGKQYVVI SAGGHGSFGT 780

KMGDYIVAYA LPDDAK 796
SEQ ID NO: 11 moltype = DNA length = 8282

FEATURE Location/Qualifiers

source 1..8282

mol type = genomic DNA
organism = Cupriavidus basilensis

SEQUENCE: 11

atggagcggce tcgaggacgce cgcgatccte accggecgtg gecgctatgg cgacgacctg 60
ggcgtgaage cgggcaccct gcacgceggece atcgtgegtt ccccgeatge acatgccgaa 120
cteggeacca tcgatgccac cgecgegett gecgegecgg gegtgcatge cgtgetgacce 180
ggcgecgace tggecagectg gtegegteee ttegtggteg ccgtgaagtce gecaatggag 240
caatgggege tggccatgga cegegtgege tatgtgggeg agecggtgge cgtggtaatg 300
geegaaagee gtgecctgge cgaagacgeg ctcgacctgg tgcgggtgaa ttaccgegtyg 360
ttgcegeegg tggtatcgat cgaggcetgeg ctggecgacg atgegcccat cctgcatcce 420
ggegtaggeg ccaatgtggt gagcgaccge cacttccget acggcgagec tgaagccgece 480
tttgececgeeg cgccgcacceyg ggtcacgetg accgcgeact atccgcegcaa cacctgcacg 540
ccgatcgaat geggegtggt gattgccgag ttectgecceg gtgacgaagyg ctacgacgte 600
acctccaatt tcatggggece gttctegetg catgeggtga tggcgatgge gctcaaggtg 660
ccggecaace ggctgcgeca caaggcccceg cgcgatteceg geggcagett tggegtcaag 720
caggeggtgt ttccttacge ggtgctgatg tgcctggegt cecgcaagge cggegegecg 780
gtcaagtggg tggaggaccg cctcgaacat ctcagcgegg ccacctecge caccgcegegyg 840
ctgteccacge tggaagccgce ggtggagtca gacggecgca tcaaagceget ggectatgac 900
cagatcgaag actgceggegyg ctatctgege gegecggage cegecacctt ctaccgecatg 960
cacggctgee tgactggcgce ctacgacatc cccaacctge tggtgecgcaa ccgegtggtg 1020
atgaccaaca agacgcccac cggcctggtg cggggetttg geggcccgca ggtgtatttt 1080
gcgetggage ggctggtgca tegcatcgeg acacaactcg ggctcgatcece actcgatgtg 1140
tatcgececgca actttgtege cgccgatgece tttcecctate gegecgegge gggcgegttg 1200
ctggactceg gcaactacca gctggegetg gegegegege tggaagaagyg cggctactac 1260
gagctgacgt gccgecgega agtcgcacge gcecgagggece ggctctacgg catcggettt 1320
gccgecateg tecgageccgte ggtatcgaac atgggctata tcaccaccgce catgcccgece 1380
gaggcgcegea agaaagceggg gccgaagaac ggcgecatcg ccagcgecac ggtcagegte 1440
gacctgcteg geggegtggt ggtcaccatt gectcegacge cggceccgggcea gggccatatg 1500
acagtgtgcg cgcaggtggt ggccgatgtg cteggecgtga atccggccga cgtggtegta 1560
aacgtcgagt tcgatacgca caaggatgca tggtcggteg ccgcecggcaa ctactccage 1620
cgtttegeeg gegecegtgge cggcaccgtg cacctggecg cegagegggt gegegacaag 1680
ctggcgegca tcecgtggegece gcagttegge tgcacgceceg ccgaggtggt gttcgaagac 1740
ggeegeattyg cccgcaaagg cgcgcccgaa tcecggectge ccttcacgeg tgtggccage 1800
aatgcgcecge actggtcacce gcagcagttg ccagcgggag aggagcecggyg cctgegegag 1860
acggtgttct ggtcgcegece caacctggaa gegccggatg agaacgaccyg catcaacacce 1920
tcggecegect acggctttge cttegatatg tgcggegtgg agatcgaccg cgccacgggg 1980
cgegtgegea tcgaccgeta cgtgaccgeg cacgacgecg geacgctget caacccggeg 2040
ctggecgatg gcecagatceg cggegectte geccaaggge tgggcgegge gctgatggag 2100
gagttcceget atggecgcecga cggcagcette cagtecggca cgctggecga ctacctgatg 2160
ccgaccacct gcgaggtgcece ggaccceggtg atcgtgeacc tggaaacgec cageccctte 2220
acgcegeteg gegecaaggyg cctgggegag ggcaacaaca tgagcacgece gecectgecate 2280
gecaacgegg tggecgacge geteggegag caggacatte gectgecget gacccceggee 2340
aaggtgatgg ccatggtggg cttcgacgat ccgccgceccegt cgcgeccccga gectgctcgaa 2400
gegatgegeg aggcecgeogt geccgeggece cgcaagggca gcgcaaaggce gctcaccgeg 2460
cgeggetegg tggatctgga tgccacgccce gaagccatct tcecgecgtget gatggacceg 2520
caggcectgg ccaaggtagt gccaggctge cacgegetgg agegcaccge cgagaaccac 2580
taccgecgecg atgtgacggt gggggttgge atgatcaagg cccgcttcecga ggcggagatce 2640
gcactgtcegg acctegatcce ccecgegecgg ctgeggetgg caggcegcagg catgtccteg 2700
ctgggecagtg cgcgeggege cgggctggtg gagcetggtee cgecatggcag cggcacgege 2760
ctgagttacg actacgaggce cgaggtatcce ggcaaggtcecg ctgceegtggg cggceccgcatg 2820
ctggagggcg ccgccaaggt ggtgctgecge cagttgtttg aatcgcetcegg ccgccaggece 2880
geeggcaage cggtacggece gcaaggetgg cttgeccgac tgctggeccg cttgggagta 2940
cgccgatgaa accgtetget ttcgattacce tgcgecgceccga gaccacgcag cacgcegctceg 3000
aggcgetgge cegtggegge gagggcegcege gegtgetgge cggeggcecag tcegetgatgg 3060
cggtgctcaa tatgcgectg gcgcagecge aactgectgat cgatatcteg cgcaccgteg 3120
agctggacac ggtgcgggtyg gaagacgcge acctggtggt gggtgccgeyg gccacgcagg 3180
gcagcgtcga atggcgcege tegctggeceg acgaggtgec getgcetggece atggecttte 3240
cgcatatcte gcatttceccag atccggaatce gecggcaccgt gtgceggcteg gtcgeccatg 3300
ccgacccgag cgcggaattyg ccectggtge tgaccgeget gggcggcgag gtggtgetge 3360
gttcagceceg cecgeecgeege gtgctgectyg cggcecagett ctteccaggge atgttgatga 3420
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cggcegegega gcccgacgag ctggtggagg ccgtgegett tecgetgegyg cgcccegggg 3480
cgegetacgg ctttgecgaa ttcetcececgege gecacggcega ttttgegetg gtggectgeg 3540
cggecaccegt gaccgatgac gecatcgege tggeggttgg cggegtggeyg gacaggecgg 3600
tgctggaaac ctggccgege ctgcagggca aggacctgga gcaggccatce aacgatttca 3660
gttggaaact gggcgcegcag gacgacgccece atatcagcege gcagtaccge cggcacctgg 3720
tgcggcaact gagcatgegt gtgatcgagg aggcaaaatg agcaagacca acaagggcge 3780
cgttteegge aagcccgecg aggtaatgca gcegccaggag caacgccgcea tcaccctgac 3840
gctgaacgge cgcgagegca geggccattyg cgagecgege gagctgetgt cggacttect 3900
gegecacgag ctceggegeca ccggcacccea tgtgggttge gagcacggeg tcetgeggege 3960
atgcacggta cgcgttgacg gegttgecge gegcetegtge ctgatgetgg cggtgcagge 4020
cgagecaccgg gccatcgata ccgtcgaagg getggegecg gecgagggac tgggegacct 4080
gcaagaagcce ttcegecgece accacgceget gcagtgcegge ttctgcaccg caggaatcct 4140
gatgtcegtge gceggactace tggagegegt gecggaaccee agcgaggege aggtgegega 4200
catgctgtce ggccacctgt geccgectgtac gggctacacc cccattgtgg ccgcecegtget 4260
cgacgtagce gcgatcegtg cacgggcteg tcatgetget gecggegtag atacccagga 4320
ggcctgcaat gecttgatcta ggccgcacct tectgcaaag cgtggagcgce agcccgcaca 4380
cgecccgecat tgtcgacgge gacctgatge tcacctatge gcaatggtac gagcgcatcce 4440
ggtgegtgge gtceggectyg cgcgagateg gectegegece gggcgatege ctgectggecg 4500
tgttgcaaaa ccgctgggaa atggccacgce tgcactgggce ctgccagttc geccggcatcg 4560
tgatggtgce gctgaactgg cgcgccaagce cggaggagct cgattactgt gtgcaggatg 4620
ccggegtcaa ggegetggtyg ttecgagecgg tcagegecga tgeggtgetyg ggcagecceg 4680
cggcgcagge cgtgeectge attgegetgg actgegegge tggeggceteg atgtectteg 4740
cttecgetget ggacagcegte gegectgcatg gcgacccggt ggcacaageg agcgatgtcet 4800
cgetgatget ctacaccteg ggcaccaccg gcaageccaa gggegtgeceg cgcecgecace 4860
agcacgagceg cgccgeggeyg ctggegcacg tggcgcagaa cctgtatcege catggtgage 4920
gcacccttgg cgtgatgceg ctctaccaca ccatgggegt gcegcectegetg ctggcaatgg 4980
cgectggtgga tggcctgtte gtcectgegtge ggcgctggaa cgccgggcag gcegctecgagg 5040
agatcaacac ccaccgaatc agctgcctgt acctggtgcc gacgctgtac cacgacctge 5100
tggccgatce ggggttegat gectgcatceg tgcgcagcegt gagcaagctce ggctttgecg 5160
gcgectcegat gaacgacggce ctgctgcgec gecttgeget ggecttegag ccggagetgt 5220
tcgtgaacca ctacggctca tccgaggtgt acaccttcag cgtggaccag cgcgccacce 5280
gcaagccegg cagegecggg cgcgcecggea tcaatacgeg cctgegegtg gtgegectgg 5340
atgcecegete acccgacgat ctggeggcta ccggcgagga aggccagatc atcgecgacce 5400
tgcgeggega cgaggectte gagggctact ggaaccgcga cgacgccaac gccaaatcge 5460
tgcgecgatgg ctggtacttt accggcgaca ccggctactt cgatgeccgag ggcgatctet 5520
tegtecagegg ccgggtggac gacatgatca tcageggegg cgagaacatce tcceceggteg 5580
atatcgaatc ggtgctgtecg ctgcatccgg cggtcgatga ggtggeggtg gecggegtge 5640
cggateccgeg ctggggccag aaggtggtgg ctttegtcaa gecgegegge aacatcgacg 5700
cgcaagccct ggatacctac tgccgcecggcet ctgacctggt caatttcaag cgccecgegeg 5760
actacgtctt cgtggaggag attcccaagt cgccggtcecgg caagatcctg cgccgcaagt 5820
tgtcegeegg cgaatacgeg ctggecccege attccatgag ccccgaccct aataccaacce 5880
ccaaccccaa ccaggctgeg gacgeccgcege ctgtcgatac catcaaggag taagacatga 5940
cccaggcaac cgagatgatce catcccgacce agcagegget ccagcaactce gacggettct 6000
ccgtggagat cgatgecggg cgcgagegtg cggatatcat cctgcaccgt ccaccctaca 6060
acgtgatcge catggcggceg cgcgaccagt tgcgtgececgt cattgaageg ctggatgecg 6120
acgatcgegt gcgecgtgatce gtgctgegtt cgcaaggcga gecatttttee ageggeggeg 6180
atatcaaggg cttcctggag gcatcgeceg agcatgtctce gcaactggece tggaatgtgg 6240
cggegecgge gegctgcage aagecggtga ttgccgecaa cegeggcetac tgetttggeg 6300
tgggcttecga gctgtegetyg gegtgcgact tccgcatcge caccgagacce acgcagtacg 6360
cgetgecgga acagaagcetce ggccagatce ccggeteggg cggecteggeyg cgcectgcaga 6420
agatggtggg catcggccge accaaggaca tcgtgatgeg ctegegecge atctecgggca 6480
agcaggecta tgagtgggge atcgecgtgg aatgegtgge agacgccgag ctggaggcecg 6540
ccaccgatge gectggtcegac gagetgcgeg gettcetegee getggcgcag cgcaccgceca 6600
agaagctgct caacgacacc gaggacgcgce cgctgtegat tgccatcgag ctggaaggge 6660
attgctatag ccgecctgege agcetcecggacg atttececgcega aggcecgtggaa gectteccacg 6720
gcaagcgcaa gccggegtte cgcggcaget gatggaaatce gcgggegege cggcaaggcece 6780
gctegeatee cggatgaact gaccggataa cgatgeccege tgccacgggg caagcatcge 6840
ggggggageg cttgectgge ggcaaggcac cgceccgegeg ccaccegetyg cegtcatgat 6900
ccaagcagag atccaaatca aaggagacaa caatggaagc cgtagcaaag aagagtgcag 6960
cgacgatcag cgaggcgetyg ccageggcga gcaatcgeca ggtgtttggt geegtggegg 7020
cgtcegtgcat gggatgggcg ctggacctgt tcgacctgtt catcctgcetg ttegtggege 7080
ccgtgatcgg caggctgttt ttcececcgtegg agcacgccat gectgtegetg geggeggtgt 7140
atgcgtegtt tgccgtgacg ctgctgatge ggccgectcegg ctcecggcgatce ttecggetcectt 7200
atgccgaccg ccatggecge aagggggcga tggtagttge cgtcactgge gttggettgt 7260
ccacggcegge gtteggecta ctgccgacgg tgggtcaggt ggggctgcett gegceccagect 7320
tgtttatcct gectgeggetyg gtgcagggca tettegtggg tggegtggtg gecatccacce 7380
acactatcgg taccgaatcg gtgcccccgt cctggegegg cgccegtttec gggetggteg 7440
gtggeggtgg cgcgggtate ggggcgctge tggcettecat tacctacatg gcgatgaccg 7500
cgetgtttee gggggaageg ttcgacgect ggggttggeg ctgcatgtte ttcteceggeca 7560
tcatcagctce ggtgctegge ctgttcatcect tcaactcget ggaggagtct ccgctgtgga 7620
agcagttgca ggcggccaag gggcacgccg cgccggttga gaacccgetyg cgegtgatcet 7680
tctecgegeca gtaccgtgge gtectetteg tcaacatcect gectcaccgtg ggcggtggca 7740
gcgectacta cctgacctec ggctatctge cgaccttect caaggtggtg gtgaaggcat 7800
cggccggcga ggctgecgece atcectgatgg ccagcagtcet gggtgtgatce gtggegtcga 7860
tcettgeecgg ccacctecagt acgatgatcecg gecgcaageg agcecttcectg ttgateggeg 7920
cgctgaacgt ggtgctgetyg cecgetgetet accagtggat gecggeggceg ccggacacca 7980
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ccacgectegg cctgtatgee gtggtgetgt ccatgetggg ctgcagegge ttcecgeccccecga 8040
tcectecatttt cctgaacgaa cggttcecccca ccagcatceg tgccacgggg accggectgt 8100
catggaatat cggctttgecce gtcggtggca tgatgeccgac ctttgetteg ctgtgegeca 8160
gcacccctge cgaactgecce atggtgectgg gcatcttect ggeggttgte accatcatct 8220
acctggtggg tgcgttcatce gttceccggaga cggcagggcg ccttggcgac aatggagcegt 8280

ag 8282
SEQ ID NO: 12 moltype = DNA 1length = 2949

FEATURE Location/Qualifiers

source 1..2949

mol type = genomic DNA
organism = Cupriavidus basilensis

SEQUENCE: 12

atggagcgge tcgaggacge cgcgatccte accggecgtg gecgetatgg cgacgacctg 60
ggegtgaage cgggcaccct gecacgeggece atcgtgegtt ccccegeatge acatgccgaa 120
cteggeacca tcgatgcecac cgecgegett gecgegecgg gegtgcatge cgtgetgace 180
ggegecgace tggcagectg gtegegteee ttegtggteg ccgtgaagtce geccaatggag 240
caatgggcge tggccatgga ccgegtgege tatgtgggeg agecggtgge cgtggtaatg 300
gcegaaagee gtgecctgge cgaagacgeg ctcgacctgg tgcgggtgaa ttaccgegtg 360
ttgcegeegg tggtatcgat cgaggctgeg ctggccgacg atgcgcccat cctgecatcce 420
ggcgtaggeg ccaatgtggt gagcgaccge cacttccget acggcgagec tgaagccgece 480
tttgecegeeg cgccgcaccyg ggtcacgctg accgcegeact atccgcegcaa cacctgcacg 540
ccgatecgaat gecggegtggt gattgccgag ttectgeccyg gtgacgaagyg ctacgacgtce 600
acctccaatt tcatggggece gttectegetg catgeggtga tggegatgge gcetcaaggtg 660
ceggecaace ggctgcegeca caaggecceg cgcgatteeg geggcagett tggegtcaag 720
caggeggtgt ttecttacge ggtgectgatg tgcctggegt cecgcaagge cggegegecg 780
gtcaagtggg tggaggaccg cctcgaacat ctcagcgegg ccacctecge caccgcegegyg 840
ctgtecacge tggaagccge ggtggagtca gacggecgca tcaaagcget ggcectatgac 900
cagatcgaag actgcggegyg ctatctgege gegecggage ccgecacctt ctaccgcatg 960
cacggctgcee tgactggcgce ctacgacatc cccaacctgce tggtgcgcaa ccgegtggtg 1020
atgaccaaca agacgcccac cggcectggtg cggggcectttg geggeccgca ggtgtatttt 1080
gcgetggage ggctggtgca tcgcatcecgeg acacaactceg ggctcegatcece actcgatgtg 1140
tatcgecgeca actttgtege cgecgatgece tttecctate gegecgegge gggegegttg 1200
ctggactceg gcaactacca getggcegetg gcgcegegege tggaagaagyg cggctactac 1260
gagctgacgt gecgecgega agtcegcacge gecgagggece ggctctacgg catceggettt 1320
gccgecateg tecgagecgte ggtatcgaac atgggctata tcaccaccgce catgcecccgece 1380
gaggcgcegea agaaagceggg gecgaagaac ggcgecatceg ccagcegecac ggtcagegte 1440
gacctgcteg gecggegtggt ggtcaccatt gectcecgacge cggceccgggca gggccatatg 1500
acagtgtgcg cgcaggtggt ggccgatgtg ctcecggegtga atccggceccga cgtggtegta 1560
aacgtcgagt tcgatacgca caaggatgca tggtcggtcg ccgccggcaa ctactccage 1620
cgtttegeeg gegeegtgge cggcaccgtg cacctggecg ccgagegggt gcegegacaag 1680
ctggcgegca tcecgtggegece gcagttegge tgcacgceccecg ccgaggtggt gttcgaagac 1740
ggcegeattg cccgcaaagg cgcgcccgaa tcecggectge ccttcacgeg tgtggccage 1800
aatgecgecge actggtcacce gecagcagttg ccagcgggag aggagcecggyg cctgegegag 1860
acggtgttct ggtcgcegece caacctggaa gcgccggatg agaacgaccyg catcaacacc 1920
tcggecgect acggetttge cttegatatg tgcggegtgg agatcgaccg cgccacgggg 1980
cgegtgegea tcgaccgeta cgtgaccgeg cacgacgecg geacgcetget caacccggeg 2040
ctggecgatg gecagatceg cggegectte geccaaggge tgggegegge gcetgatggag 2100
gagttccget atggcgccga cggcagctte cagtccggca cgctggccga ctacctgatg 2160
ccgaccacct gcgaggtgece ggaccceggtg atcgtgcacce tggaaacgece cagcccctte 2220
acgcegeteg gegccaaggyg cctgggcgag ggcaacaaca tgagcacgece gccctgcate 2280
gccaacgegg tggecgacge getcggegag caggacattce gectgecget gaccccggee 2340
aaggtgatgg ccatggtggg cttcgacgat ccgccgceccegt cgcgecccga gctgctcgaa 2400
gecgatgegeg aggecgecgt geccgeggece cgcaagggca gcgcaaaggce gctcaccgeg 2460
cgeggetegg tggatctgga tgccacgece gaagcecatcect tegeegtget gatggacceg 2520
caggecectgg ccaaggtagt gccaggctge cacgegetgg agegcaccgce cgagaaccac 2580
taccgegeceg atgtgacggt gggggttgge atgatcaagg cccgcttcecga ggcggagatce 2640
geactgtegg acctegatce ceecgegecgyg ctgeggetgg caggcegeagg catgtcecteg 2700
ctgggecagtg cgcgeggege cgggetggtg gagetggtee cgecatggeag cggcacgege 2760
ctgagttacg actacgaggc cgaggtatcc ggcaaggtcg ctgccgtggg cggccgcatg 2820
ctggagggcg ccgccaaggt ggtgctgecge cagttgtttg aatcgectcegg ccgccaggece 2880
geeggcaage cggtacggcece gcaaggetgg cttgeccgac tgctggeccg cttgggagta 2940

cgccgatga 2949
SEQ ID NO: 13 moltype = AA 1length = 982

FEATURE Location/Qualifiers

source 1..982

mol type = protein

organism = Cupriavidus basilensis
SEQUENCE: 13
MERLEDAAIL TGRGRYGDDL GVKPGTLHAA IVRSPHAHAE LGTIDATAAL AAPGVHAVLT 60
GADLAAWSRP FVVAVKSPME QWALAMDRVR YVGEPVAVVM AESRALAEDA LDLVRVNYRV 120
LPPVVSIEAA LADDAPILHP GVGANVVSDR HFRYGEPEAA FAAAPHRVTL TAHYPRNTCT 180
PIECGVVIAE FLPGDEGYDV TSNFMGPFSL HAVMAMALKV PANRLRHKAP RDSGGSFGVK 240
QAVFPYAVLM CLASRKAGAP VKWVEDRLEH LSAATSATAR LSTLEAAVES DGRIKALAYD 300
QIEDCGGYLR APEPATFYRM HGCLTGAYDI PNLLVRNRVV MTNKTPTGLV RGFGGPQVYF 360
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ALERLVHRIA TQLGLDPLDV YRRNFVAADA FPYRAAAGAL LDSGNYQLAL ARALEEGGYY 420
ELTCRREVAR AEGRLYGIGF AAIVEPSVSN MGYITTAMPA EARKKAGPKN GAIASATVSV 480
DLLGGVVVTI ASTPAGQGHM TVCAQVVADV LGVNPADVVV NVEFDTHKDA WSVAAGNYSS 540
RFAGAVAGTV HLAAERVRDK LARIVAPQFG CTPAEVVFED GRIARKGAPE SGLPFTRVAS 600
NAPHWSPQQL PAGEEPGLRE TVFWSPPNLE APDENDRINT SAAYGFAFDM CGVEIDRATG 660
RVRIDRYVTA HDAGTLLNPA LADGQIRGAF AQGLGAALME EFRYGADGSF QSGTLADYLM 720
PTTCEVPDPV IVHLETPSPF TPLGAKGLGE GNNMSTPPCI ANAVADALGE QDIRLPLTPA 780
KVMAMVGFDD PPPSRPELLE AMREAAVPAA RKGSAKALTA RGSVDLDATP EAIFAVLMDP 840
QALAKVVPGC HALERTAENH YRADVTVGVG MIKARFEAEI ALSDLDPPRR LRLAGAGMSS 900
LGSARGAGLV ELVPHGSGTR LSYDYEAEVS GKVAAVGGRM LEGAAKVVLR QLFESLGRQA 960
AGKPVRPQGW LARLLARLGV RR 982
SEQ ID NO: 14 moltype = DNA 1length = 816
FEATURE Location/Qualifiers
source 1..816

mol type = genomic DNA

organism = Cupriavidus basilensis
SEQUENCE: 14
atgaaaccgt ctgctttecga ttacctgege gecgagacca cgcagcacge gctcgaggeg 60
ctggecegtg gecggcgaggyg cgegegegtg ctggeeggeg gecagtceget gatggeggtg 120
ctcaatatgce gectggegea gecgcaactg ctgatcgata tcetcgegcac cgtcgagetg 180
gacacggtgce gggtggaaga cgcgcacctg gtggtgggtg ccgceggecac gcagggcage 240
gtecgaatgge gccgeteget ggccgacgag gtgecgetge tggccatgge ctttecgecat 300
atctegeatt tccagatcceg gaatcgegge accgtgtgeg geteggtege ccatgecgac 360
ccgagegegg aattgcecect ggtgetgace gegetgggeg gegaggtggt getgegttca 420
geeegecegee gecgegtget gectgeggee agettcettee agggcatgtt gatgacggeg 480
cgegagecceg acgagcetggt ggaggccegtg cgctttecge tgeggcegece cggggegege 540
tacggetttg ccgaattcte cgegegecac ggcgattttg cgetggtgge ctgegeggee 600
accgtgaccg atgacgccat cgegetggeg gttggeggeg tggeggacag gcecggtgetg 660
gaaacctgge cgcgectgca gggcaaggac ctggagcagg ccatcaacga tttcagttgg 720
aaactgggcg cgcaggacga cgcccatatc agcgcegecagt accgccggea cctggtgegg 780
caactgagca tgcgtgtgat cgaggaggca aaatga 816
SEQ ID NO: 15 moltype = AA length = 271
FEATURE Location/Qualifiers
source 1..271

mol type = protein

organism = Cupriavidus basilensis
SEQUENCE: 15
MKPSAFDYLR AETTQHALEA LARGGEGARV LAGGQSLMAV LNMRLAQPQL LIDISRTVEL 60
DTVRVEDAHL VVGAAATQGS VEWRRSLADE VPLLAMAFPH ISHFQIRNRG TVCGSVAHAD 120
PSAELPLVLT ALGGEVVLRS ARRRRVLPAA SFFQGMLMTA REPDELVEAV RFPLRRPGAR 180
YGFAEFSARH GDFALVACAA TVTDDAIALA VGGVADRPVL ETWPRLQGKD LEQAINDFSW 240
KLGAQDDAHI SAQYRRHLVR QLSMRVIEEA K 271
SEQ ID NO: 16 moltype = DNA length = 579
FEATURE Location/Qualifiers
source 1..579

mol type = genomic DNA

organism = Cupriavidus basilensis
SEQUENCE: 16
atgagcaaga ccaacaaggyg cgccgtttcece ggcaageccg ccgaggtaat gcagegeccag 60
gagcaacgce gcatcaccct gacgctgaac ggccgcgage gcagcggeca ttgecgagecg 120
cgegagetge tgtcggactt cctgegecac gagcteggeg ccaccggcac ccatgtgggt 180
tgcgagcacg gcgtetgegyg cgcatgcacg gtacgegttg acggegttge cgegegetceg 240
tgcctgatge tggcggtgca ggccgagcac cgggcecatcg ataccgtega agggetggeg 300
ceggecgagg gactgggega cctgcaagaa gecttecgee gecaccacge getgecagtge 360
ggcttetgea ccegecaggaat cctgatgteg tgcgeggact acctggageg cgtgccggaa 420
cccagegagg cgcaggtgeg cgacatgetg tcceggecacce tgtgccgetyg tacgggctac 480
acccecattg tggccgeegt getcgacgta gecgcegatcee gtgcacggge tcegtcatget 540
gctgecggeg tagataccca ggaggcctge aatgcettga 579
SEQ ID NO: 17 moltype = AA 1length = 192
FEATURE Location/Qualifiers
source 1..192

mol _type = protein

organism = Cupriavidus basilensis
SEQUENCE: 17
MSKTNKGAVS GKPAEVMQRQ EQRRITLTLN GRERSGHCEP RELLSDFLRH ELGATGTHVG 60
CEHGVCGACT VRVDGVAARS CLMLAVQAEH RAIDTVEGLA PAEGLGDLQE AFRRHHALQC 120
GFCTAGILMS CADYLERVPE PSEAQVRDML SGHLCRCTGY TPIVAAVLDV AAIRARARHA 180
AAGVDTQEAC NA 192
SEQ ID NO: 18 moltype = DNA 1length = 1605
FEATURE Location/Qualifiers
source 1..1605
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-continued

SEQUENCE :

atgcttgate
attgtcgacg
gegteeggec
aaccgetggg
ccgetgaact
aaggcgetgg
gcegtgeect
ctggacageg
ctctacacct
cgegecgegy
ggcgtgatge
gatggccetgt
acccaccgaa
cecggggtteg
atgaacgacg
cactacggcet
ggcagcgecg
tcaccecgacyg
gacgaggect
ggctggtact
ggcegggtgy
tcggtgetgt
cgectggggee
ctggatacct
ttcgtggagg
ggcgaatacyg
aaccaggctg

18
taggccgcac
gegacctgat
tgcgcgagat
aaatggccac
ggcgegccaa
tgttcgagee
gecattgeget
tcgegetgea
cgggcaccac
cgctggegea
cgctcetacca
tcegtetgegt
tcagctgect
atgcctgeat
gectgetgeyg
catccgaggt
ggegegecgg
atctggegge
tcgagggeta
ttaccggega
acgacatgat
cgctgeatee
agaaggtggt
actgcegegyg
agattcccaa
cgctggecee
cggacgeage

SEQ ID NO:
FEATURE
source

19

SEQUENCE :

MLDLGRTFLQ
NRWEMATLHW
AVPCIALDCA
RAAALAHVAQ
THRISCLYLV
HYGSSEVYTF
DEAFEGYWNR
SVLSLHPAVD
FVEEIPKSPV

19
SVERSPHTPA
ACQFAGIVMV
AGGSMSFASL
NLYRHGERTL
PTLYHDLLAD
SVDQRATRKP
DDANAKSLRD
EVAVAGVPDP
GKILRRKLSA

SEQ ID NO:
FEATURE
source

20

20
caaccgagat
agatcgatge
tcegecatgge
gegtgegegt
agggcttect
cggegegetyg
tcgagetgte
cggaacagaa
tgggecatcgg
cctatgagtyg
atgcgetggt
tgctcaacga
atagcegect

gcaagcegge

SEQUENCE :

atgacccagyg
tteteegtygy
tacaacgtga
gcegacgate
ggcgatatca
gtggeggege
ggcgtgggcet
tacgcgetge
cagaagatgyg
ggcaagcagg
gcegecaceg
gccaagaage
gggeattget
cacggcaagce

SEQ ID NO:
FEATURE
source

21

SEQUENCE: 21
MTQATEMIHP DQQRLOQLDG
ADDRVRVIVL RSQGEHFSSG

mol type =
organism =

genomic DNA
Cupriavidus basilensis

cttecectgeaa
gctcacctat
cggectegeg
gctgcactgyg
gecggaggag
ggtcagcgec
ggactgegeg
tggcgacceg
cggcaagecce
cgtggegeag
caccatggge
geggegetgg
gtacctggtyg
cgtgegeage
ccgecttgeg
gtacaccttc
catcaatacg
taccggegag
ctggaaccge
caccggetac
catcagegge
ggcggtcegat
ggctttegte
ctctgacetyg
gtegeeggte
gcattccatg
gectgtegat

agcgtggage gcagecegea
gegecaatggt acgagcgcat
cegggegate gectgetgge
gectgecagt tcegecggeat
ctcgattact gtgtgcagga
gatgcggtge tgggcagcecc
getggegget cgatgtectt
gtggcacaag cgagcgatgt
aagggcgtge cgegecgeca
aacctgtate gecatggtga
gtgegetege tgctggcaat
aacgceggge aggegetega
ccgacgetgt accacgacct
gtgagcaagce tcggctttge
ctggectteg agecggaget
agcgtggace agcgegecac
cgectgegeg tggtgegect
gaaggccaga tcatcgccga
gacgacgcca acgccaaatc
ttcgatgeeyg agggegatct
ggcgagaaca tctecceggt
gaggtggcgg tggcecggegt
aagccgegeyg gcaacatcga
gtcaatttca agcgcccgeg
ggcaagatce tgcgccgcaa
agccccgace ctaataccaa
accatcaagg agtaa

cacgeeegec
ceggtgegtyg
cgtgttgcaa
cgtgatggtyg
tgccggegte
cgeggegeag
cgecttegetyg
ctecgetgatg
ccagcacgag
gegeacccett
ggcgetggtg
ggagatcaac
getggecgat
cggegecteg
gttcgtgaac
ccgcaagecec
ggatgcccge
cctgegegge
getgegegat
cttegteage
cgatatcgaa
gecggatceeg
cgcegcaagec
cgactacgte
gttgtcegee
ccccaaccec

moltype = AA 1length = 534
Location/Qualifiers

1..534
mol_type =
organism =

protein
Cupriavidus basilensis

IVDGDLMLTY
PLNWRAKPEE
LDSVALHGDP
GVMPLYHTMG
PGFDACIVRS
GSAGRAGINT
GWYFTGDTGY
RWGQKVVAFV
GEYALAPHSM

AQWYERIRCV
LDYCVQDAGV
VAQASDVSLM
VRSLLAMALV
VSKLGFAGAS
RLRVVRLDAR
FDAEGDLFVS
KPRGNIDAQA
SPDPNTNPNP

ASGLREIGLA
KALVFEPVSA
LYTSGTTGKP
DGLFVCVRRW
MNDGLLRRLA
SPDDLAATGE
GRVDDMIISG
LDTYCRGSDL
NQAADAAPVD

PGDRLLAVLQ
DAVLGSPAAQ
KGVPRRHQHE
NAGQALEEIN
LAFEPELFVN
EGQIIADLRG
GENISPVDIE
VNFKRPRDYV
TIKE

moltype = DNA length =
Location/Qualifiers
1..816
mol_type =
organism =

816

genomic DNA
Cupriavidus basilensis

gatccatcce
c¢gggegegag
ggcgegegac
gatcgtgety
ggaggcatcg
cagcaageceg
getggegtge
gcteggecag
ccgcaccaag
gggcatcgec
cgacgagetg
caccgaggac
gegecageteg
gttccegegge

gaccagcage
cgtgceggata
cagttgegtyg
cgttegcaag
cccgageatyg
gtgattgcceg
gacttccgea
atcccegget
gacatcgtga
gtggaatgeg
cgeggettet
gegecgetgt
gacgatttce
agctga

ggctccagca
tcatcctgea
ccgtcattga
gegageattt
tctegcaact
ccaaccgegyg
tcgeccaccga
cgggcggcete
tgcgetegeyg
tggcagacgce
cgcegetgge
cgattgccat
gcgaaggegt

actcgacgge
cecgtecacee
agcgetggat
ttccagegge
ggcetggaat
ctactgettt
gaccacgcag
ggcgegectg
ccgeateteg
cgagctggag
gcagcgcace
cgagctggaa
ggaagcctte

moltype = AA 1length = 271
Location/Qualifiers

1..271
mol_type =
organism =

protein
Cupriavidus basilensis

FSVEIDAGRE RADIILHRPP YNVIAMAARD QLRAVIEALD
GDIKGFLEAS PEHVSQLAWN VAAPARCSKP VIAANRGYCF

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1605

60

120
180
240
300
360
420
480
534

60

120
180
240
300
360
420
480
540
600
660
720
780
816

60
120
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GVGFELSLAC DFRIATETTQ
GKQAYEWGIA VECVADAELE
GHCYSRLRSS DDFREGVEAF

SEQ ID NO:
FEATURE
source

22

22
tagcaaagaa
tgtttggtge
tectgetgtt
tgtcgetgge
cggcgatett
tcactggegt
ggctgettge
gegtggtgge
cecgttteegyg
cctacatgge
gcatgttett
aggagtctce
accegetgey
tcaccgtgygy
aggtggtggt
gtgtgatcgt
cettectgtt
cggeggegec
gcageggett
ccacggggac
ttgetteget
cggttgtcac
ttggcgacaa

SEQUENCE :
atggaagcceg
aatcgecagg
gacctgttea
cacgccatge
ccgetegget
gtagttgceg
ggtcaggtgg
ttcgtgggtyg
tggegeggeyg
gcttccatta
ggttggeget
aactcgetgg
ceggttgaga
aacatcctge
accttectea
agcagtctgg
cgcaagegag
cagtggatge
atgctgggcet
agcatcegtg
atgccgacct
atcttectgg
geagggegec
SEQ ID NO: 23
FEATURE
source

SEQUENCE :

MEAVAKKSAA
HAMLSLAAVY
GQVGLLAPAL
ASITYMAMTA
PVENPLRVIF
SSLGVIVASI
MLGCSGFAPI
IFLAVVTIIY

23
TISEALPAAS
ASFAVTLLMR
FILLRLVQGI
LFPGEAFDAW
SRQYRGVLFV
LAGHLSTMIG
LIFLNERFPT
LVGAFIVPET

SEQ ID NO:
FEATURE
source

24

SEQUENCE :

atgtccagge
gggecgetga
atcgacgage
gagcgcegegyg
atgtcgegee
cgegtgegea
gcatgccage
acccacageg
cecgegeaceg
atggccatce
ggcgaggege
caggccatca
ccgetggaag
gtgatcgagg
cccaagtact
cgtecategee
gegatteccge
gatgtgcatc
aagcgegagg
aagcaggtgg
gcegtegega

24
aacccgecga
cectgegeay
cggtggeact
cgttettecyg
gegegtggat
gegecgecge
aggtcatcca
agcatgacaa
gegtgcagaa
tgatgetgee
tgccgattge
cgcctatega
tgatcaagtyg
geeggettet
acagcagcge
cgatctatca
gegaggcegac
tgtcggtggg
gcgaagcgaa
tegtggtgga
ccecgetteca

YALPEQKLGQ IPGSGGSARL QKMVGIGRTK DIVMRSRRIS
AATDALVDEL RGFSPLAQRT AKKLLNDTED APLSIAIELE
HGKRKPAFRG S

moltype = DNA Ilength =
Location/Qualifiers
1..1350
mol_type =
organism =

1350

genomic DNA
Cupriavidus basilensis

acgatcageg
tcgtgcatgyg
gtgatcggca
gegtegtttyg
gecgacegece
acggeggege
tttatcctge
actatcggta
ggcggtggeg
ctgtttecegyg
atcagctegg
cagttgcagg
tcgegecagt
gectactace
gecggegagg
cttgceggee
ctgaacgtygg
acgcteggee
ctcattttcc
tggaatatcg
accecetgeeg

ctggtgggtyg

aggcgcetgec
gatgggeget
ggetgttttt
cegtgacget
atggccgcaa
teggectact
tgcggetggt
ccgaateggt
cgggtatcgg
gggaagcgtt
tgcteggect
c¢ggccaaggg
accgtggegt
tgaccteegy
ctgccgecat
acctcagtac
tgctgetgee
tgtatgeegt
tgaacgaacyg
gctttgeegt
aactgcccat
cgttcategt

gagtgcagceg
cgtggeggey
cgtggegece
ggcggtgtat
cggcetettat
tggcttgtee
gccagecttyg
atccacccac
getggteggt
gatgaccgeg
ctceggeate
getgtggaag
cgtgatette
cggtggeage
gaaggcatcg
ggcegtcgatce
gatcggegeg
ggacaccacc
cgececgate
cggectgtea
gtgcgccage
catcatctac
tggagcgtag

agcggegagce
ggacctgtte
ccegteggay
getgatgegg
gggggcegatg
gccgacggtg
gcagggcatc
gecceegtece
ggcgetgetyg
cgacgectgg
gttcatctte
gcacgecegeg
cctettegte
ctatctgeey
cctgatggec
gatgatcgge
getgetetac
ggtgctgtee
gttccccace
cggtggcatg
ggtgetggge
tceggagacy

moltype = AA 1length = 449
Location/Qualifiers

1..449
mol_type =
organism =

protein
Cupriavidus basilensis

NRQVFGAVAA
PLGSAIFGSY
FVGGVVASTH
GWRCMFFSGI
NILLTVGGGS
RKRAFLLIGA
SIRATGTGLS
AGRLGDNGA

SCMGWALDLF
ADRHGRKGAM
TIGTESVPPS
ISSVLGLFIF
AYYLTSGYLP
LNVVLLPLLY
WNIGFAVGGM

DLFILLFVAP
VVAVTGVGLS
WRGAVSGLVG
NSLEESPLWK
TFLKVVVKAS
QWMPAAPDTT
MPTFASLCAS

VIGRLFFPSE
TAAFGLLPTV
GGGAGIGALL
QLQAAKGHAA
AGEAAATLMA
TLGLYAVVLS
TPAELPMVLG

moltype = DNA Ilength =
Location/Qualifiers
1..7206
mol type =
organism =

7206

genomic DNA
Cupriavidus basilensis

aaagacgaac
ctggetgege
agagcacacc
ccggectgge
cgecgaggeg
gcagcecttyg
cctggacaag
cggeecectat
cgtatcgate
geggcatcete
cattgtcatc
ccatgacgag
ccgcaccage
geceggegag
cgagecgege
caccategtg
cttgetggeg
cggegtatge
gaacgtcatt
taccgatgte
ggcagaccag

agcgegtege
caccteggea
ctegecageeyg
ggccacgecyg
atgggegtge
ceggtgageg
gtggacctge
atcactgcag
caccgcatce
gatgcgttet
ggtgtcgatce
ttggagatcyg
gatgtgcgtg
cgcgagatgg
gaggtcatcc
ccggeggaga
catctgcage
cggtaccact
ctegeggegt
gacgtccacyg
gacctggtgg

aagccgegec
acacggaccyg
tegeccaageyg
ttceggtegt
ccgaggecgg
aggtggecca
gcaagctgtt
gcctggecat
aggtgcatge
accgtgegge
cgctcaccat
ccggggeatt
tgcecggecaa
aagggcectt
aggtcgacge
tggagcacct
gcagccatce
tgtacgtaaa
ttggcgcgca
acccggecga
tgatcgecegy

attgcccgaa
getggetgea
getegatgge
gagcgggtte
cttgctegag
gggegaggece
gcccateceyg
cgcgegeaac
cgcggatege
ggaggaatgt
getggetteg
geacggtgeg
tgccgagatce
tggcgaattt
cgtcacgcac
gectgetcggg
cggggtgcag
gctcegacaag
ctacgacatc
ggtggaatgg
ggcgcaggge

180
240
271

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1350

60

120
180
240
300
360
420
449

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
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teggtgecteg acccctecac gaccgtcgece gccaaccteg ceggcatcga caatcccgag 1320
cegeacctge aaggcatctyg cgecaagatg gggctggacg cgacccegecce ggtcaagtac 1380
gcggegcatg tgttcacceg cgtgcggatt cccggcgagt caaccatcga tttgcaggeg 1440
ctggtgtecgg tcgacccatc gcactgggaa tcgtatcteg gcgaaggage ttgatgccat 1500
ggtcagccag agacgcatca ttgtcggtat atccggcgec agecggcegcegg ccatcggegt 1560
caatctccte aaggcgatgce gcaacctgga cggcgtcgag tcgcacctca tegtgtegge 1620
gteceggcatg ctcaccgega cccaggaact cggcatcaag cgcagcgaac tcgaggcact 1680
tgccgacgta gtgcataacg tgcgcgatat tggcgcagcg gtggccagceg gctctttegt 1740
gaccgaggge atggtggtcg cgccgtgete gatgaagaca ctagegtcegg tggceccaacgg 1800
gttttccgac aacctgctga ccecgegecge ggacgtggtg ctcaaggage ggcggegect 1860
ggtgctggtyg gcgegegaaa ccccgcetgaa cctegegcac ctgcgcaaca tgetgcacge 1920
caccgagatg ggcgcgatcg tgatgccgec cgtgcccgece ttctactcecge atccgaccag 1980
catcgaggat gtggtcaatc acaccgtggg ccgcatcctg gacctgttece agatcgagca 2040
cgacacgctg gtcagceget ggtcegggect cgctcacgac tttgccgget gacggecgge 2100
getgeggace ggggegetga tccceggecgyg actttgaatg ctgaacaggce aggagacaga 2160
catgaaaact tggctcgccce atgcecgggcet cgctttgcetg ttgctcacgg ggcttgccca 2220
tgcgcaaggce tatcccacca agccgatceg catcgtggtg ccgtacccege ccggeggett 2280
caacgacacg ctggcccgea tegteggcag caggctcacce gecagectggyg gccageccegt 2340
ggtggtggac aacaagcccg gegcgggcac catcatcgge acctegtteg tggccaagge 2400
cgegeccgat ggctacacge tgcetggtggt gcagttcccce ttcecggtgceca atccctgget 2460
ctataagtcg ctgccgtacg acaccctcaa ggacttcacg ccggtcatcece tggcaggcga 2520
gtcgecgatg acccttgtgg tgaccaacgg atcgecgata cgctecegtgg acgatcttgt 2580
caaatccgece aagggcacgce ccggcaagat caactacggce tegtcgggea geggetegte 2640
caaccacctt gccatggegt tgttcgageg cagtgecgge atcacgceteg cccaggttee 2700
ctacaagggce agcacgccca tgctgaccga tetggecgge gggcaggteg aagtggectt 2760
cgacgcegttg ccccatgtgt tgectttegt gaggtccgge aaggtacgceg cacttgcegt 2820
cgecgacegg ageccgetttyg cgtegettge cacggtgece accatggecyg agageggect 2880
geeeggcetac gacgegtceat cctggcacgg cattgtegeg ccggecggca cgeccccgga 2940
gattgtgcaa aagctgaacg cgcagatcaa cgacgcgctg cgcacggegg atgtgcgcaa 3000
gctecttecac gagcagggceg tgcgteccga cggcggcage cctgecgact tctectgegtt 3060
tatcggcaag gaaatggcga agtggaagca ggtggtacat gacgcggcca tccccttgeca 3120
atgacgaagc aacgacgcct attgacaagg ggaggccgca tggatacgec gagggagegt 3180
ttcgactacg tgattgttgg cggcgggtee gecggttgeg tactggccaa tecgectgteg 3240
caggacccgg ccatccgegt cgegetgatce gaggggggca tcgatacgec gcecggacget 3300
gtgceggegg agatcctega cagctatceg atgeccttgt tctacggtga ccggtatatce 3360
tggccatcege tgcaagecceg cgecgtggca gggggcaggt ccaaggtcta cgagcagggg 3420
cgegteatgg geggeggete cagcatcaac gtgcaggecg caaaccgegyg gctgecgege 3480
gactacgatg agtgggccgce gttgggcgeg tccggetggt cgtggcagga tgtgctgecg 3540
tacttcecgee geccttgageg cgatgtggat tacggcaaca gecccgctgca cggcagccac 3600
ggaccggtge cgatccgeeg catcctgeeg caggettgge cgccgttcetg cacggagttt 3660
gcgecaagcega tgggecgcag cggectgtece gagetggecg accagaacgce ggagttcegge 3720
gatggctggt ttccggcege cttcectecgaac ctggatgaca aacgggttte gaccgccatce 3780
gcctatcteg acgcggatac gegecggegyg gtcaatctge ggatctatge cgagacaacg 3840
gtgcgcaage tegtegtate cggceccgggaa gegegtgggg tgatcegecat ccgggecgat 3900
gggtcgegge tggcegectgga cgccggggag gtcatcgtgt cecgegggege cttgcagtcecg 3960
ceegecatee tgatgegege ggggatcgge gacgetggeg cgetgcagge ccteggecate 4020
gaggtcgtag ccgaccggece cggegttgge cgcaatctee aggatcatcce ggegetgacg 4080
ttectgecagt tcectegegece ccagtaccge atgccgetet cgecgecggeg cgccagcatg 4140
acggcggcge gcttcectcecate ggaggtgcca ggcggcgagg cgtcggacat gtacctgtee 4200
agttccacgce gggcgggctg gcatgcactce ggtaatcgge tcggcctcett cttecectgtgg 4260
tgcaatcgge cattctegeg cgggcaggtt cgcecttgcegg gagcccagcec ggatatgeccg 4320
ccegtggtgg agctcaacct getcgacgac gagcegggatce tgeggcegcat ggtggecgge 4380
gtacgcaagt tggtgcagat cgtgggtgcg tcggecttge atcagcatcce gggtgatttce 4440
ttceceegeta cgttttegee gegegtcaag gegcetgagee gegtgagecg cggcaatgeg 4500
ttgctcacag agttgctggg ggcagtgett gatgtectcegg ggccgetgeg cagaagectg 4560
atcgecgeget ttgtcacggg cggggcaaac ctggccagec tgctggcgga tgagtccgeg 4620
ctggagggct tcegtgcegtca gagegtette ggggtetgge atgccagegg cacttgeccgg 4680
atgggegege atgcggacceg gagegeggtg acggatgegg cgggcecgegt tcacgatgtt 4740
ggcaggctge gegtegtaga cgectcetetyg atgecgegge tgccgacgge caataccaac 4800
atccccacca tcatgctege ggaaaagatt gccgacacca tgcaggccga gcgecgegca 4860
gteecggecgg catcgagcega agttgcccat ccecgggttgaa gaccgcageg caaatccacyg 4920
ctgaagaacg aagctgcacyg atggcgcgece accggeggct ggaacgagga gataacgatg 4980
aaatacgatg acgaaatccg cgcgcgcectcet taccgettcecc gecgacgaata tgtcgeccgece 5040
acccctgegt ggtatcecgegg cgaattgcat ctggecttca cgctgetgtt caccggeggg 5100
gtgattgecct ggtgcgcgat gaaactgcaa gcaccgacgce tggcgcagtg gctcgcegatce 5160
gtgccaatcet tettgctegg gaactgggece gagtgggecg cgcaccgceta tatattgecat 5220
cgaccgacgce gcttgttcag cgcgatctat aaacggcatt gcgeggtgca tcatcgette 5280
tttacacatc tgacgcttga gtacaaaggc cagaagcact ggcgcgectt gttgtttcececg 5340
ccetttgege cggtagectt tgtgectggeg geccgtaccegt tegegetggt gatcggettg 5400
gggttctcga agaacgcggg ctatatcgeg ctgatgacga tggcggcgta ctacctgatg 5460
tacgagggce tgcatacgct gtcgcacatc acggaaagcec cactgctgga ccggatgcecg 5520
ttecgtgggga ccgtgeggeg cctgcacgte acgcatcacg atcctgaget gatggccacg 5580
cagaacttca acctgacctt cccgatctge gacacgctgt tcggcacgcg cagcgatgtg 5640
ccacacgagg tgcgaagccce gatgcaaggg caggggtage cagggccgece gcacccggat 5700
cagceggegg cgcctgacac cctgecggatce tcectceggeca cgatcgcegac cagegcaacg 5760
gectgeegggg cggcaaggca ccgcccgege gacaaccctg ccgtcatgat ccaagcagag 5820
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attcaaatca aatcaaagga gacaacaatg gaagccgtag caaaaaagcyg tacagagacg 5880
atcggcgagg cgctgccage ggcgagcaat cgccaggtgt ttggtgeccecgt gacggegtceg 5940
tgcatgggat gggcgctgga cctgttcgac ctgttcatcce tgctgttegt ggegeccegtg 6000
atcggcagge tgtttttcecece gtcecggagcac gcgatgcetgt cgctggcegge ggtgtacgeg 6060
tcgtttgeeg tgacgctget gatgcggcca ctceggetegg cgatcttegg ctcecttatgee 6120
gaccgccacg gccgcaaggg ggcgatggtg gttgcecgtca ctggegttgg cttgtccacg 6180
gcggegtteg gectgctgee gacggtgagt caggtgggge tgcttgecgece agecttgttt 6240
atcctgetge ggctggtgca gggcatctte gtgggtggeg tggtggcatc cacccacacc 6300
atcggtaccg aatcggtgece cecegtectgg cgcggggecg ttteecggget ggtcggtgge 6360
ggtggcgegg gtatcgggge actgectgget tecattacct acatggcgat gaccgegetg 6420
tttceggggg aagegttega cgectggggt tggcegetgca tgttettcete cggcatcate 6480
agctcggtge tcggectgtt catcttcaac tcgectggagg agtctcecget gtggaagcag 6540
ttgcaggcgg ccaaggggca cgccgegeceg gttgagaacce cgctgegegt gatcttcectee 6600
cgccagtace gtggegtect cttcegtcaac atcctgctca cecgtgggcecgg tggcagegee 6660
tactacctga cctccggcta tcectgccgacce ttcectcaaga tcgtggtaaa ggcaccggeg 6720
ggggccteeg cggccatect gatggccage agegttggeg ttatcecgtgge ttcgatactt 6780
gccggtcace tcagcacgcet gattggtcecge aagcgagcect tcectgcetgat cggcgecttg 6840
aacgtggtgce tgctgcegtt gatctaccaa cggatgtccg cggtaccgga tgtcaccaca 6900
cttggectgt atgccgtgge gectggcgatg ctgggcagca ccggcttcege cccgatccte 6960
attttcctga acgaacggtt tcccaccage atccgtgcca cggggaccgg cctgtcatgg 7020
aatatcggct ttgccatecgg cggcatgatg ccgacctttg cgtegetgtg cgccagcace 7080
ccegecgace tgccaaaagt getggggatce ttegtegegg tggtcactge catttacctg 7140
geeggtgegyg cgategttece tgagaccgece ggceegecttg gggaggtcag ccageccgag 7200

cggtag 7206
SEQ ID NO: 25 moltype = DNA length = 1494

FEATURE Location/Qualifiers

source 1..1494

mol type = genomic DNA
organism = Cupriavidus basilensis

SEQUENCE: 25

atgtccaggce aacccgccga aaagacgaac agcgcegtcege aagecgegece attgeccgaa 60
gggecgetga cectgegecag ctggetgege caccteggea acacggaccg getggctgea 120
atcgacgagce cggtggcact agagcacacc ctcgcagecg tcegccaageyg gctcecgatgge 180
gagegegegg cgttettecg ceggectgge ggecacgeceg tteeggtegt gagegggtte 240
atgtecgegee gegegtggat cgecgaggeg atgggegtge cegaggecgyg cttgetcegag 300
cgegtgegea gegecgecge gcageecttg ceggtgageg aggtggcecca gggcegaggee 360
gcatgccage aggtcatcca cctggacaag gtggacctge gcaagetgtt geccatcceg 420
acccacagcg agcatgacaa cggcccctat atcactgcag gectggcecat cgcgegcaac 480
ccgegeacceg gegtgcagaa cgtatcgatce caccgecatcce aggtgcatge cgcggatcge 540
atggccatcce tgatgctgece geggcatcte gatgegttet accgtgegge ggaggaatgt 600
ggcgaggcege tgccgattge cattgtcate ggtgtcgatce cgctcaccat getggctteg 660
caggccatca cgcctatcga ccatgacgag ttggagatcg cecggggcatt gcacggtgeg 720
ccgetggaag tgatcaagtyg ccgecaccage gatgtgegtg tgecggcecaa tgccgagatce 780
gtgatcgagg gccggettcet gecccggegag cgcgagatgg aagggecctt tggcgaattt 840
cccaagtact acagcagege cgagecgcege gaggtcatcee aggtcegacge cgtcacgcac 900
cgtcatcegee cgatctatca caccatcegtg ccggeggaga tggagcacct getgeteggg 960
gegattceege gegaggegac cttgetggeg catctgcage gcagecatcce cggggtgcag 1020
gatgtgcatc tgtcggtggg cggcgtatge cggtaccact tgtacgtaaa gctcgacaag 1080
aagcgcgagg gcgaagcgaa gaacgtcatt ctegeggegt ttggegegea ctacgacatce 1140
aagcaggtgg tcgtggtgga taccgatgtc gacgtccacg acccggccga ggtggaatgg 1200
geegtegega cccgetteca ggcagaccag gacctggtgg tgatcgecgg ggegcaggge 1260
teggtgeteg acccctecac gaccgtcegece gecaaccteg ceggcatcga caatcccgag 1320
ccgecacctge aaggcatctyg cgccaagatg gggctggacg cgacccgecce ggtcaagtac 1380
gcggegcatg tgttcacceg cgtgcggatt cccggcegagt caaccatcga tttgcaggeg 1440

ctggtgtcgg tcgacccatc gcactgggaa tcgtatcteg gcgaaggagce ttga 1494
SEQ ID NO: 26 moltype = AA 1length = 497

FEATURE Location/Qualifiers

source 1..497

mol type = protein

org;nism = Cupriavidus basilensis
SEQUENCE: 26
MSRQPAEKTN SASQAAPLPE GPLTLRSWLR HLGNTDRLAA IDEPVALEHT LAAVAKRLDG 60
ERAAFFRRPG GHAVPVVSGF MSRRAWIAEA MGVPEAGLLE RVRSAAAQPL PVSEVAQGEA 120
ACQQVIHLDK VDLRKLLPIP THSEHDNGPY ITAGLAIARN PRTGVQNVSI HRIQVHAADR 180
MAILMLPRHL DAFYRAAEEC GEALPIAIVI GVDPLTMLAS QAITPIDHDE LEIAGALHGA 240
PLEVIKCRTS DVRVPANAEI VIEGRLLPGE REMEGPFGEF PKYYSSAEPR EVIQVDAVTH 300
RHRPIYHTIV PAEMEHLLLG AIPREATLLA HLQRSHPGVQ DVHLSVGGVC RYHLYVKLDK 360
KREGEAKNVI LAAFGAHYDI KQVVVVDTDV DVHDPAEVEW AVATRFQADQ DLVVIAGAQG 420
SVLDPSTTVA ANLAGIDNPE PHLQGICAKM GLDATRPVKY AAHVFTRVRI PGESTIDLQA 480

LVSVDPSHWE SYLGEGA 497
SEQ ID NO: 27 moltype = DNA Ilength = 594
FEATURE Location/Qualifiers

source 1..594
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SEQUENCE: 27

atggtcagee agagacgceat
gtcaatctce tcaaggcgat
gegtceeggea tgctcacege
cttgcecgacyg tagtgcataa
gtgaccgagg gcatggtggt
gggttttceg acaacctget
ctggtgetgg tggegegega
gccaccgaga tgggcgegat
agcatcgagg atgtggtcaa
cacgacacge tggtecageeg

SEQ ID NO:
FEATURE
source

28

SEQUENCE: 28
MVSQRRIIVG ISGASGAAIG
LADVVHNVRD IGAAVASGSF
LVLVARETPL NLAHLRNMLH
HDTLVSRWSG LAHDFAG
SEQ ID NO: 29
FEATURE
source

SEQUENCE :
atgaaaactt
gcgcaagget
aacgacacgce
gtggtggaca
gegeccgatyg
tataagtcge
tcgecgatga
aaatccgeca
aaccaccttg
tacaagggca
gacgcgttge
gccgaccgga
cceggetacyg
attgtgcaaa
ctettecacy
atcggcaagg
tga

29
ggctegecca
atcccaccaa
tggccegeat
acaagccegyg
gctacacget
tgccgtacga
ceecttgtggt
agggcacgec
ccatggegtt
gcacgcccat
cccatgtgtt
geegetttge
acgcgtceate
agctgaacge
agcagggegt
aaatggcgaa

SEQ ID NO:
FEATURE
source

30

SEQUENCE :

MKTWLAHAGL
VVDNKPGAGT
SPMTLVVTNG
YKGSTPMLTD
PGYDASSWHG
IGKEMAKWKQ

30
ALLLLTGLAH
IIGTSFVAKA
SPIRSVDDLV
LAGGQVEVAF
IVAPAGTPPE
VVHDAAIPLQ

SEQ ID NO:
FEATURE
source

31

31
cgagggageg
atcgeetgte
cgceggacge
accggtatat
acgagcaggg
ggetgecgeg
atgtgetgece
acggcagceca

SEQUENCE :

atggatacge
gtactggcca
atcgatacge
ttctacggtyg
tccaaggtcet
gcaaaccgceg
tegtggcagg
agcecegetge

mol type =
organism =

genomic DNA
Cupriavidus basilensis

cattgteggt
gegcaacctyg
gacccaggaa
cgtgegegat
cgegecgtge
gacccgegec
aacccegetg
cgtgatgeeg
tcacaccgtyg
ctggtcggge

atatccggeg
gacggegteg
ctcggeatca
attggcgcag
tcgatgaaga
geggacgtgg
aacctegege
ccegtgecey
ggcegeatee
ctegetcacy

ggccategge
catcgtgteg
actcgaggca
cggetettte
ggtggccaac
geggeggege
catgctgeac
gcatccgace
ccagatcgag
ctga

ccageggege
agtcgcacct
agcgcagcga
cggtggecag
cactagcgtce
tgctcaagga
acctgcgcaa
ccttectacte
tggacctgtt
actttgcegy
moltype = AA 1length = 197
Location/Qualifiers

1..197
mol_type =
organism =

protein
Cupriavidus basilensis

VNLLKAMRNL DGVESHLIVS ASGMLTATQE LGIKRSELEA
VTEGMVVAPC SMKTLASVAN GFSDNLLTRA ADVVLKERRR
ATEMGAIVMP PVPAFYSHPT SIEDVVNHTV GRILDLFQIE

moltype = DNA length = 963
Location/Qualifiers

1..963
mol_type =
organism =

genomic DNA
Cupriavidus basilensis

getttgetgt
atcgtggtge
aggctcaceg
atcatcggea
cagttcecect
gacttcacge
tcgecgatac
aactacggcet
agtgccggea
ctggecggeyg
aggtccggea
acggtgcceca
attgtcgege
gacgcgetge
ggeggeagec
gtggtacatg

gettgeccat
cggeggette
ccagecegtyg
ggccaaggece
tcecetggete
ggcaggcgag
cgatcttgte
cggetegtec
ccaggtteec
agtggectte
acttgecegte
gagcggectg
gcceccggag
tgtgcgcaag
ctetgegttt
ccecttgeaa

tgctcacggy
cgtaccegec
cagectgggy
cctegttegt
tceggtgccaa
cggtcatect
gcteegtgga
cgtegggeag
tcacgectege
ggcaggtcga
aggtacgcge
ccatggccga
cggccggeac
gecacggcegga
ctgccgactt
acgcggecat

tgccgggete
gccgateege
cgteggeage
cgegggeace
getggtggtyg
caccctcaag
gaccaacgga
cggcaagate
gttcgagege
gctgaccgat
gectttegty
gtcgettgec
ctggcacgge
gcagatcaac
gegtececgac
gtggaagcag

moltype = AA 1length = 320
Location/Qualifiers

1..320

mol type =
organism =

protein
Cupriavidus basilensis

AQGYPTKPIR IVVPYPPGGF NDTLARIVGS RLTAAWGQPV
APDGYTLLVV QFPFGANPWL YKSLPYDTLK DFTPVILAGE
KSAKGTPGKI NYGSSGSGSS NHLAMALFER SAGITLAQVP
DALPHVLPFV RSGKVRALAV ADRSRFASLA TVPTMAESGL
IVQKLNAQIN DALRTADVRK LFHEQGVRPD GGSPADFSAF

moltype = DNA Ilength =
Location/Qualifiers
1..1740
mol_type =
organism =

1740

genomic DNA
Cupriavidus basilensis

tttcgactac
gcaggacccyg
tgtgccggeg
ctggecateg
gcgegteatg
cgactacgat
gtacttcege
cggaccggtyg

gtgattgttyg
gecateegeg
gagatccteg
ctgcaagece
ggeggegget
gagtgggecg
cgecttgage
ccgateegee

cgeeggttge
cgaggggggc
gatgcccttyg
agggggcagyg
cgtgcaggec
gtceggetgg
ttacggcaac
gcaggcettgg

gcggegggte
tcgegetgat
acagctatec
gcgecgtgge
ccagcatcaa
cgttgggege
gcgatgtgga
gecatcctgece

60

120
180
240
300
360
420
480
540
594

60

120
180
197

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
963

60

120
180
240
300
320

60

120
180
240
300
360
420
480
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32

-continued

ccgeegttet gcacggagtt tgcgcaageg atgggecgca geggectgte cgagetggee 540
gaccagaacg cggagttcegg cgatggetgg tttecggeceg ccttetegaa cctggatgac 600
aaacgggttt cgaccgccat cgectatcte gacgeggata cgegecggeg ggtcaatctg 660
cggatctatg ccgagacaac ggtgcgcaag ctegtegtat ceggecggga agegegtggg 720
gtgatcgeca tccgggecga tgggtegegyg ctggegetgg acgcecgggga ggtcatcegtg 780
tcegegggeg ccttgcagte geccgecate ctgatgegeg cggggatcegyg cgacgetgge 840
gegetgcagg cccteggcat cgaggtegta gecgaccgge ccggegttgg cegcaatcte 900
caggatcatc cggcgctgac gttctgccag ttectegege ceccagtaccyg catgecgete 960
tegegecgge gegccageat gacggeggeg cgcttetcat cggaggtgece aggeggcegag 1020
gcgteggaca tgtacctgte cagttceccacg cgggcegggcet ggcatgcact cggtaatcecgg 1080
cteggectcet tettectgtyg gtgcaategg ccattetege gegggcaggt tegecttgeg 1140
ggagcccage cggatatgcce geccegtggtg gagetcaacce tgctcgacga cgagegggat 1200
ctgcggegcea tggtggccgg cgtacgcaag ttggtgcaga tegtgggtge gteggecttg 1260
catcagcatc cgggtgattt cttccceget acgttttcege cgcecgegtcaa ggcgcectgage 1320
cgegtgagece gcggcaatge gttgctcaca gagttgcectgg gggcagtget tgatgtcteg 1380
gggecgetge gcagaagect gatcgegege tttgtcacgg geggggcaaa cctggccage 1440
ctgctggegg atgagtcecge gctggaggge ttcecgtgegte agagegtcett cggggtctgg 1500
catgccageg gcacttgeceg gatgggegeg catgcggace ggagcegceggt gacggatgeg 1560
gcgggccgeg ttcacgatgt tggcaggctg cgcgtegtag acgcectcectet gatgccgegg 1620
ctgcecgacgg ccaataccaa catccccacce atcatgetcg cggaaaagat tgccgacacce 1680
atgcaggcceg agcgccgege agtceccggecg gcatcgageg aagttgccca tccgggttga 1740
SEQ ID NO: 32 moltype = AA length = 579
FEATURE Location/Qualifiers
source 1..579

mol type = protein

organism = Cupriavidus basilensis
SEQUENCE: 32
MDTPRERFDY VIVGGGSAGC VLANRLSQDP AIRVALIEGG IDTPPDAVPA EILDSYPMPL 60
FYGDRYIWPS LQARAVAGGR SKVYEQGRVM GGGSSINVQA ANRGLPRDYD EWAALGASGW 120
SWODVLPYFR RLERDVDYGN SPLHGSHGPV PIRRILPQAW PPFCTEFAQA MGRSGLSELA 180
DONAEFGDGW FPAAFSNLDD KRVSTAIAYL DADTRRRVNL RIYAETTVRK LVVSGREARG 240
VIAIRADGSR LALDAGEVIV SAGALQSPAI LMRAGIGDAG ALQALGIEVV ADRPGVGRNL 300
QDHPALTFCQ FLAPQYRMPL SRRRASMTAA RFSSEVPGGE ASDMYLSSST RAGWHALGNR 360
LGLFFLWCNR PFSRGQVRLA GAQPDMPPVV ELNLLDDERD LRRMVAGVRK LVQIVGASAL 420
HQHPGDFFPA TFSPRVKALS RVSRGNALLT ELLGAVLDVS GPLRRSLIAR FVTGGANLAS 480
LLADESALEG FVRQSVFGVW HASGTCRMGA HADRSAVTDA AGRVHDVGRL RVVDASLMPR 540
LPTANTNIPT IMLAEKIADT MQAERRAVRP ASSEVAHPG 579
SEQ ID NO: 33 moltype = DNA Ilength = 702
FEATURE Location/Qualifiers
source 1..702

mol type = genomic DNA

organism = Cupriavidus basilensis
SEQUENCE: 33
atgaaatacg atgacgaaat ccgecgegege tcttaccget tecgcegacga atatgtcegee 60
gecaccectyg cgtggtatceg cggcgaattg catctggect tcacgetget gttcaccgge 120
ggggtgattg cctggtgcege gatgaaactyg caagcaccga cgctggegca gtggectcegeg 180
atcgtgccaa tcttettget cgggaactgg gecgagtggg cegegcaccyg ctatatattg 240
catcgaccga cgcgcettgtt cagecgcgatce tataaacgge attgcgeggt gcatcatcge 300
ttctttacac atctgacgcet tgagtacaaa ggccagaagce actggcgege cttgttgttt 360
cegeectttg cgccggtage ctttgtgetg geggcegtac cgttegeget ggtgategge 420
ttggggttct cgaagaacgc gggctatatc gecgctgatga cgatggegge gtactacctg 480
atgtacgagg gcctgcatac gectgtcgcac atcacggaaa geccactget ggaccggatg 540
cegttegtgg ggaccgtgeyg gegectgcac gtcacgeatce acgatcctga gcetgatggee 600
acgcagaact tcaacctgac cttcccgatc tgcgacacgce tgttcggcac gcgcagcgat 660
gtgccacacyg aggtgcgaag cccgatgcaa gggcaggggt ag 702
SEQ ID NO: 34 moltype = AA 1length = 233
FEATURE Location/Qualifiers
source 1..233

mol type = protein

organism = Cupriavidus basilensis
SEQUENCE: 34
MKYDDEIRAR SYRFRDEYVA ATPAWYRGEL HLAFTLLFTG GVIAWCAMKL QAPTLAQWLA 60
IVPIFLLGNW AEWAAHRYIL HRPTRLFSAI YKRHCAVHHR FFTHLTLEYK GQKHWRALLF 120
PPFAPVAFVL AAVPFALVIG LGFSKNAGYI ALMTMAAYYL MYEGLHTLSH ITESPLLDRM 180
PFVGTVRRLH VTHHDPELMA TQNFNLTFPI CDTLFGTRSD VPHEVRSPMQ GQG 233
SEQ ID NO: 35 moltype = DNA 1length = 1359
FEATURE Location/Qualifiers
source 1..1359

mol type = genomic DNA

organism = Cupriavidus basilensis
SEQUENCE: 35
atggaagccg tagcaaaaaa gcgtacagag acgatcggeg aggcgctgece agcggcgage 60
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33

-continued

aatcgecagg tgtttggtge
gacctgttca tectgetgtt
cacgcgatge tgtegetgge
ccactegget cggegatett
gtggttgceg tcactggegt
agtcaggtgg ggetgettge
ttcgtgggtg gegtggtgge
tggegegggg cegtttecgg
gcttccatta cctacatgge
ggttggcget gcatgttett
aactcgetgg aggagtctece
ccggttgaga accegetgeg
aacatcctge tcacegtggg
accttecteca agategtggt
agcagegttyg gegttategt
cgcaagcgag ccttectget
caacggatgt ccgeggtace
atgctgggea gcaceggett
agcatcegtyg ccacggggac
atgccgacct ttgegteget
atcttegteg cggtggtcac
geeggecgee ttggggaggt

SEQ ID NO: 36
FEATURE
source

SEQUENCE: 36

MEAVAKKRTE TIGEALPAAS
HAMLSLAAVY ASFAVTLLMR
SQVGLLAPAL FILLRLVQGI
ASITYMAMTA LFPGEAFDAW
PVENPLRVIF SRQYRGVLFV
SSVGVIVASI LAGHLSTLIG
MLGSTGFAPI LIFLNERFPT
IFVAVVTAIY LAGAAIVPET

SEQ ID NO: 37
FEATURE
source

SEQUENCE: 37
cegetegagyg tgttecagga

SEQ ID NO: 38
FEATURE
source

SEQUENCE: 38
acgcctgetyg ccaaccagca

SEQ ID NO: 39
FEATURE
source

SEQUENCE: 39
tgctggttgg cagcaggegt

SEQ ID NO: 40
FEATURE
source

SEQUENCE: 40
cccaagette agtegtegaa
SEQ ID NO: 41

FEATURE
source

SEQUENCE: 41

cgtgacggeg
cgtggegece
ggcggtgtac
cggetettat
tggcttgtee
gccagecttyg
atccacccac
getggteggt
gatgaccgeg
ctceggeate
getgtggaag
cgtgatcette
cggtggeage
aaaggcaccg
ggcttcgata
gatcggegec
ggatgtcacc
cgececgate
cggectgtea
gtgcgccage
tgccatttac
cagccagecce

moltype =

tcgtgcatgg gatgggeget ggacctgtte
gtgatecggca ggctgttttt ccegteggag
gegtegtttyg cegtgacget getgatgegg
gecgacegee acggccgcaa gggggegatg
acggcggegt teggectget gecgacggtyg
tttatcctge tgeggetggt gcagggcatce
accatcggta ccgaateggt gecccegtece
ggeggtggeg cgggtatcgg ggcactgcetg
ctgtttcegg gggaagegtt cgacgectgg
atcagctegg tgcteggect gttcatctte
cagttgcagg cggccaaggg gcacgccgceg
tccegecagt accgtggegt ccetettegte
gectactace tgaccteegyg ctatetgecg
gegggggect ccgeggecat cctgatggee
cttgceggte acctecageac getgattggt
ttgaacgtgg tgetgetgee gttgatctac
acacttggee tgtatgeegt ggegetggeg
ctcattttee tgaacgaacg gtttcccacce
tggaatatcg gectttgecat cggeggcatg
accccegeeg acctgecaaa agtgetgggg
ctggceggtyg cggegategt tectgagacce
gagcggtag

AA length = 452

Location/Qualifiers

1..452
mol_type
organism

NRQVFGAVTA
PLGSAIFGSY
FVGGVVASTH
GWRCMFFSGI
NILLTVGGGS
RKRAFLLIGA
SIRATGTGLS
AGRLGEVSQP

moltype =

protein
Cupriavidus basilensis

SCMGWALDLF DLFILLFVAP VIGRLFFPSE
ADRHGRKGAM VVAVTGVGLS TAAFGLLPTV
TIGTESVPPS WRGAVSGLVG GGGAGIGALL
ISSVLGLFIF NSLEESPLWK QLQAAKGHAA
AYYLTSGYLP TFLKIVVKAP AGASAAILMA
LNVVLLPLIY QRMSAVPDVT TLGLYAVALA
WNIGFAIGGM MPTFASLCAS TPADLPKVLG
ER

DNA length = 29

Location/Qualifiers

1..29
mol_ type
organism

ccagcagte

moltype =

other DNA
synthetic construct

DNA length = 30

Location/Qualifiers

1..30
mol_type
organism

ggtgcttcat

moltype =

other DNA
synthetic construct

DNA length = 31

Location/Qualifiers

1..31
mol_type
organism

other DNA
synthetic construct

tggatcactg a

moltype =

DNA length = 28

Location/Qualifiers

1..28
mol_type
organism

ggccagca

moltype =

other DNA
synthetic construct

DNA length = 28

Location/Qualifiers

1..28
mol_type
organism

other DNA
synthetic construct

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1359

60

120
180
240
300
360
420
452

29

30

31

28
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-continued

Dec. 5, 2024

cccaagettyg tagacgtgea

SEQ ID NO: 42
FEATURE
source

SEQUENCE: 42
ctcggetaaa ggcagttgga

SEQ ID NO: 43
FEATURE
source

SEQUENCE: 43
caactgectt tagecegagta

SEQ ID NO: 44
FEATURE
source

SEQUENCE: 44
ccgetegagg cagtgeegag

SEQ ID NO: 45
FEATURE
source

SEQUENCE: 45

atggaacagc gcaaacgcat
agcageggta cacaggcetge
tggggcggea cceggaccga
ggtgaggtgg ctggcaacct
gaccagtteg cccteggege
gagttcaagc tggcaatcac
gaccegegeg ccegggeagtt
cgectgacee agatgtggat
ggeccgttttg gcgagggega
ttctgegget cgecaggtggg
cagtgggcege tgcgggtgaa
ttcgagcaga acccttecaa
accaaggggyg cgatcttgece
ggcgagtace gectgggtta
gtcaacggca acccgcagyge
ggatggtggg tggtggcgca
ctcagectgt tegecaactt
cagcaggtgg ggetggtcta
ttcggegtgg cgegtattcea
gcacagagcg gcatcaacga
tacaacgcag agctctacta
ctgcagtaca tcaagagccce
ttgaagattc agtcgtcatt

SEQ ID NO: 46
FEATURE
source

SEQUENCE: 46
MEQRKRIKTL GSLALLALVG
GEVAGNLHGG YNDDKTARYS
DPRAGQFSSV QEVWGRGQTW
FCGSQVGNWYV GGIWYNWPVS
TKGAILPVEA VWSPKVNGLP
GWWVVAQQQV TAHGGDVNRG
FGVARIHVND DVKKRAELLN
LQYIKSPGGV DEVDNALVAG

SEQ ID NO: 47
FEATURE
source

gcacgcetg
moltype =
1..32

mol_type
organism

DNA length = 32
Location/Qualifiers

other DNA
synthetic

acatgagata gc

moltype =

1..29
mol_type
organism

agcgacacc
moltype =

1..29
mol_type
organism

gtgtcgaag
moltype =

1..1344
mol_type
organism

caagacactg
cgaggetttt
getgetggac
gcatggegge
gcatctggac
cgagcgaage
cagcteggtyg
caagcagaag
ggacttcaac
caactgggtg
gtacaacatc
cctggaaace
ggtggaagceg
ctactacage
gctgacaggt
gcagcaggtce
caccgtgeac
caaaggcgcet
tgtgaatgac
ttacgacaac
cggcettecac
tggeggggty
ctga

moltype =

construct

DNA length = 29
Location/Qualifiers

other DNA
synthetic

construct

DNA length = 29
Location/Qualifiers

other DNA
synthetic

construct

DNA length = 1344
Location/Qualifiers

genomic DNA
Pseudomonas putida

ggatcgttgg
tccagegaat
aagggctatg
tacaacgacg
ttgcagaaga
ggtegcaace
caggaggtgt
tacttcgacg
agctteectt
ggcggcatet
acgccggagt
ggcaacggcet
gtgtggtege
acggccaagyg
gaagccttea
actgcccatg
gacaaggcca
ttcgacgeee
gacgtgaaga
cctggttteg
gttaccaact
gacgaggtgg

AA length

Location/Qualifiers

1..447
mol_type
organism

SSGTQAAEAF
DQFALGAHLD
RLTQOMWIKQK
QWALRVKYNT
GEYRLGYYYS
LSLFANFTVH
AQSGINDYDN
LKIQSSF

moltype =
1..909

mol_type
organism

protein

cecttgettyge
ccaaatggat
acttcaccct
acaagacggce
tactgggcetyg
tgtccaacga
ggggccgtgg
gcgegetgga
gcgactteca
ggtacaactg
tcttegtaca
tcaagctcag
ccaaggtcaa
ctgacgatgt
agtcgcacte
geggegacgt
ccaacgtggt
ggcccaagga
agcgegecga
tgccgetgea
ggctgaccegt
ataacgcget

Pseudomonas putida

SSESKWMTGD
LQKILGWHDA
YFDGALDVKF
TPEFFVQVGA
TAKADDVYDD
DKATNVVDNY
PGFVPLQRTE

WGGTRTELLD
EFKLAITERS
GRFGEGEDFN
FEQNPSNLET
VNGNPQALTG
QQVGLVYKGA
YNAELYYGFH

DNA length = 909
Location/Qualifiers

genomic DNA
Pseudomonas putida

acttgtaggce
gaccggcegac
cgattatgtyg
acgctacagce
gecatgatgee
ccgcatcage
ccagacctgyg
cgtgaaattt
gaacctggece
gceggtcage
ggtcggggece
cggcagtggt
tggectgeeg
gtacgacgac
cagcaagcac
caaccgggge
cgacaactac
tgacatcgge
actgctcaac
gegtaccgaa
gaggcccaac
ggtcgetgge

KGYDFTLDYV
GRNLSNDRIS
SFPCDFQNLA
GNGFKLSGSG
EAFKSHSSKH
FDARPKDDIG
VTNWLTVRPN

28

32

29

29

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1344

60

120
180
240
300
360
420
447
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SEQUENCE: 47

atgacaacga ccaccgecca actgegggece tcaccectgg acgegettea gegetggetg 60
cccaagetgg tgctggcace cagecatgtte atcegtectgg tgggetteta cggetacate 120
ctetggacct tegtgcetgte cttcaccace tcgaccttte tgeccaccta caagtgggeg 180
ggecttgege aatacgeccg tcectgttegac aacgaccget ggtgggtgge gagcaagaac 240
ctgcttetgt teggeggect gttcatcgece atcagectgg ccatcggtgt gttgetggeg 300
gtgctgetgg accagegcat ccgtcgegag ggcttcattce gcaccattta cctgtaccce 360
atggcactgt cgatgatcgt caccggcacg gectggaagt ggctgctcaa cccgggcatg 420
ggectggaca agcetgetgeg cgactgggge tgggagggcet ttegectgga ctggectgatce 480
gatcccgace gggtggtgta ttgcctggtyg atcgeggcecg tgtggcagge ttegggette 540
atcatggcca tgttecttge cggettgegt ggcegtcecgacce cgtcegatcat cecgegetgeg 600
cagatggatg gcgccagect gecgegcatce tactggaccg tggtgctgece cagectgege 660
ceggtgttet tcagegeget gatgatccte tegcacattg ccatcaagag cttegacctg 720
gtggcggcaa tgacggecgg cggccegggt tactectceeg acttgecgge catgttcatg 780
tactcgttca ccttcagecyg cggecagatg ggcatggget cggecagege catcctgatg 840
cteggggcaa tectggegat cctegtgect tacctgtact cggagetgeyg gagcaaacge 900

catgcatag 909
SEQ ID NO: 48 moltype = AA 1length = 302

FEATURE Location/Qualifiers

source 1..302

mol_type = protein

organism = Pseudomonas putida
SEQUENCE: 48
MTTTTAQLRA SPLDALQRWL PKLVLAPSMF IVLVGFYGYI LWTFVLSFTT STFLPTYKWA 60
GLAQYARLFD NDRWWVASKN LLLFGGLFIA ISLAIGVLLA VLLDQRIRRE GFIRTIYLYP 120
MALSMIVTGT AWKWLLNPGM GLDKLLRDWG WEGFRLDWLI DPDRVVYCLV IAAVWQASGF 180
IMAMFLAGLR GVDPSIIRAA QMDGASLPRI YWTVVLPSLR PVFFSALMIL SHIAIKSFDL 240
VAAMTAGGPG YSSDLPAMFM YSFTFSRGQM GMGSASAILM LGAILAILVP YLYSELRSKR 300

HA 302
SEQ ID NO: 49 moltype = DNA length = 1188

FEATURE Location/Qualifiers

source 1..1188

mol type = genomic DNA
organism = Pseudomonas putida

SEQUENCE: 49

atgcacaaca acaataagca cctgccgect cgtttteteg cagccgccat cgccagettt 60
tctgegettg gectgagecag cgtegccgaa gecgagatca tgectgtacga caaggaccag 120
acgacgtttt ccaccgatgg ctatatcaac gecttctacg tcaacagcga ggtcgaccgt 180
gagggcgage agtttgaccg ccgccagteg cgggtgaaga tgggcettcett geccaactac 240
ctaggcttca acatgggcaa gcaggtggat gacctgaaac tceggcgegeyg tgcectegtte 300
tgggtaacca tcaacgacag tgaaaccaac ggcaccgaca ccgccatcga cgtgegecag 360
ttctatggca cggtggecaa ccccgagtgg ggcgaggtge tgatceggcaa ggactteggg 420
ctgttegece gatccaacat cctgctcgac gaactgetgg ceggttatgg ccaggtcage 480
gacacccetgg ggctggtgga cggceggeggyg gtgtegtteg gcaacattgg cageggttac 540
ccataccegt tccctaccte acagatcacce taccgtacge cegtgatgga gggectacgg 600
gttgcggtgg gcatcatgga cccggtggac accaacgaca gcagcccgac cggaaaggcece 660
taccaggaaa acccacgcac cgagagcgag atcacctacc agttcgacct cggtggegeg 720
cagatctaca gttgggtcaa cggcagttac cagacctcgg acaatactga ctccacggta 780
gaaacgatca cttccaaggg ggtgggttac ggggtgcagg caaagatggg cggectggteg 840
ctgaccggcet cggggtteca ggccaaaggce atcaacccgt tcettcaccaa caatgccgge 900
gaaccggttt tgcgcaatgt cgacagtgat ggctacctge tgcagggctc gtacaagtte 960
ggcaagaacce gcgtggeget gtectatgge aagaccaagg acgatggcaa cggtgeggtt 1020
ggcageggeg cggactacga gaccceggggt gtggegetgt tccatgacat caacgacaac 1080
ctgaaactgg tggccgagta caaccagttt tccatcgacg ggcatgacac cagtgcgcag 1140

aacgaagaca ccgatacctt tgcggtgggce gcggtgttga cctggtaa 1188
SEQ ID NO: 50 moltype = AA 1length = 395

FEATURE Location/Qualifiers

source 1..395

mol_type = protein

organism = Pseudomonas putida
SEQUENCE: 50
MHNNNKHLPP RFLAAAIASF SALGLSSVAE AEIMLYDKDQ TTFSTDGYIN AFYVNSEVDR 60
EGEQFDRRQS RVKMGFLPNY LGFNMGKQVD DLKLGARASF WVTINDSETN GTDTAIDVRQ 120
FYGTVANPEW GEVLIGKDFG LFARSNILLD ELLAGYGQVS DTLGLVDGGG VSFGNIGSGY 180
PYPFPTSQIT YRTPVMEGLR VAVGIMDPVD TNDSSPTGKA YQENPRTESE ITYQFDLGGA 240
QIYSWVNGSY QTSDNTDSTV ETITSKGVGY GVQAKMGGWS LTGSGFQAKG INPFFTNNAG 300
EPVLRNVDSD GYLLQGSYKF GKNRVALSYG KTKDDGNGAV GSGADYETRG VALFHDINDN 360
LKLVAEYNQF SIDGHDTSAQ NEDTDTFAVG AVLTW 395
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What is claimed is:

1. A recombinant microorganism comprising one or more
modifications with respect to a corresponding microorgan-
ism not comprising the one or more modifications, wherein
the one or more modifications comprise 1 or more, 2 or
more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or more,
8 or more, 9 or more, 10 or more, 11 or more, 12 or more,
13 or more, 14 or more, or each of:

a functional deletion of a glucokinase gene present in the

corresponding microorganism;

a functional deletion of a quinoprotein glucose dehydro-
genase gene present in the corresponding microorgan-
ism;

a functional deletion of a carbohydrate transporter gene
present in the corresponding microorganism;

a recombinant gene encoding HmfA of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding Hm{B of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfC of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfD of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfE of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfT1 of Cupriavidus
basilensis or a homolog thereof;

a recombinant gene encoding HmfF of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfG of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfH' of Cupriavidus
basilensis or a homolog thereof;

a recombinant gene encoding HmfH of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfS of Cupriavidus basi-
lensis or a homolog thereof; and

a recombinant gene encoding HmfT2 of Cupriavidus
basilensis or a homolog thereof.

2. The recombinant microorganism of claim 1, wherein

the one or more modifications comprise each of:

a functional deletion of a glucokinase gene present in the
corresponding microorganism; and

a functional deletion of a quinoprotein glucose dehydro-
genase gene present in the corresponding microorgan-
ism; and

a functional deletion of a carbohydrate transporter gene
present in the corresponding microorganism.

3. The recombinant microorganism of claim 2, wherein:

the glucokinase gene is glk of Pseudomonas putida, glk of
Escherichia coli, glk of Enterobacter hormaechei, or a
homolog of any of the foregoing;

the quinoprotein glucose dehydrogenase gene is ged of
Pseudomonas putida, gcd of Escherichia coli, ged of
Enterobacter hormaechei, or a homolog of any of the
foregoing; and

the carbohydrate transporter gene is oprB-II of
Pseudomonas putida or a homolog thereof.

4. The recombinant microorganism of claim 2, wherein:

the glucokinase gene encodes a protein comprising an
amino acid sequence with at least 95% sequence iden-
tity to a sequence selected from the group consisting of
SEQ ID NOS:2 and 8;
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the quinoprotein glucose dehydrogenase gene encodes a
protein comprising an amino acid sequence with at
least 95% sequence identity to a sequence selected
from the group consisting of SEQ ID NOS:4 and 10;
and

the carbohydrate transporter gene encodes a protein com-
prising an amino acid sequence with at least 95%
sequence identity to a sequence selected from the group
consisting of SEQ ID NOS:6, 46, 48, and 50.

5. The recombinant microorganism of claim 4, wherein
the carbohydrate transporter gene encodes a protein com-
prising an amino acid sequence with at least 95% sequence
identity to SEQ ID NO:6.

6. The recombinant microorganism of claim 5, further
comprising a functional deletion of one, two or three addi-
tional carbohydrate transporter genes present in the corre-
sponding microorganism, wherein the additional carbohy-
drate transporter genes each encode a protein comprising an
amino acid sequence with at least 95% sequence identity to
a sequence selected from the group consisting of SEQ ID
NOS:46, 48, and 50.

7. The recombinant microorganism of claim 5, further
comprising a functional deletion of three additional carbo-
hydrate transporter genes present in the corresponding
microorganism, wherein the additional carbohydrate trans-
porter genes encode:

a protein comprising an amino acid sequence with at least

95% sequence identity to SEQ ID NO:46;

a protein comprising an amino acid sequence with at least

95% sequence identity to SEQ ID NO: 48; and
a protein comprising an amino acid sequence with at least
95% sequence identity to SEQ ID NO:50.

8. The recombinant microorganism of claim 1, wherein
the one or more modifications comprise one or more of:

a recombinant gene encoding HmfA of Cupriavidus basi-

lensis or a homolog thereof;

a recombinant gene encoding HmfB of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfC of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmD of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfE of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfT1 of Cupriavidus
basilensis or a homolog thereof;

a recombinant gene encoding HmfF of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfG of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfH' of Cupriavidus
basilensis or a homolog thereof;

a recombinant gene encoding Hm{H of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfS of Cupriavidus basi-
lensis or a homolog thereof; and

a recombinant gene encoding HmfT2 of Cupriavidus
basilensis or a homolog thereof.

9. The recombinant microorganism of claim 1, wherein

the one or more modifications comprise each of:

a recombinant gene encoding HmfA of Cupriavidus basi-
lensis or a homolog thereof;

a recombinant gene encoding HmfB of Cupriavidus basi-
lensis or a homolog thereof;
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a recombinant gene encoding Hmf{C of Cupriavidus basi-
lensis or a homolog thereof;
a recombinant gene encoding HmfD of Cupriavidus basi-
lensis or a homolog thereof;
a recombinant gene encoding HmfE of Cupriavidus basi-
lensis or a homolog thereof;
a recombinant gene encoding HmfT1 of Cupriavidus
basilensis or a homolog thereof;
a recombinant gene encoding HmfF of Cupriavidus basi-
lensis or a homolog thereof;
a recombinant gene encoding HmfG of Cupriavidus basi-
lensis or a homolog thereof;
a recombinant gene encoding HmfH' of Cupriavidus
basilensis or a homolog thereof;
a recombinant gene encoding HmfH of Cupriavidus basi-
lensis or a homolog thereof;
a recombinant gene encoding HmfS of Cupriavidus basi-
lensis or a homolog thereof; and
a recombinant gene encoding HmfT2 of Cupriavidus
basilensis or a homolog thereof.
10. The recombinant microorganism of claim 9, wherein:
the HmfA of Cupriavidus basilensis or the homolog
thereof comprises an amino acid sequence with at least
95% sequence identity to SEQ ID NO:13;
the HmfB of Cupriavidus basilensis or the homolog
thereof comprises an amino acid sequence with at least
95% sequence identity to SEQ ID NO:15;
the HmfC of Cupriavidus basilensis or the homolog
thereof comprises an amino acid sequence with at least
95% sequence identity to SEQ ID NO:17;
the HmfD of Cupriavidus basilensis or the homolog
thereof comprises an amino acid sequence with at least
95% sequence identity to SEQ ID NO:19;
the HmfE of Cupriavidus basilensis or the homolog
thereof comprises an amino acid sequence with at least
95% sequence identity to SEQ ID NO:21;
the HmfT1 of Cupriavidus basilensis or the homolog
thereof comprises an amino acid sequence with at least
95% sequence identity to SEQ ID NO:23;
the HmfF of Cupriavidus basilensis or the homolog
thereof comprises an amino acid sequence with at least
95% sequence identity to SEQ ID NO:26;
the HmfG of Cupriavidus basilensis or the homolog
thereof comprises an amino acid sequence with at least
95% sequence identity to SEQ ID NO:28;
the HmfH' of Cupriavidus basilensis or the homolog
thereof comprises an amino acid sequence with at least
95% sequence identity to SEQ ID NO:30;
the HmfH of Cupriavidus basilensis or the homolog
thereof comprises an amino acid sequence with at least
95% sequence identity to SEQ ID NO:32;
the HmfS of Cupriavidus basilensis or the homolog
thereof comprises an amino acid sequence with at least
95% sequence identity to SEQ ID NO:34; and
the HmfT2 of Cupriavidus basilensis or the homolog
thereof comprises an amino acid sequence with at least
95% sequence identity to SEQ ID NO:36.
11. The recombinant microorganism of claim 1, wherein
the recombinant microorganism is an aerobic bacterium.
12. The recombinant microorganism of claim 1, wherein
the recombinant microorganism is from a genus selected
from the group consisting of Pseudomonas, Escherichia,
and Enterobacter.
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13. The recombinant microorganism of claim 1, wherein:
the one or more modifications comprise:

a functional deletion of a glucokinase gene present in
the corresponding microorganism, wherein the glu-
cokinase gene encodes a protein comprising an
amino acid sequence with at least 95% sequence
identity to SEQ ID NO:2;

a functional deletion of a quinoprotein glucose dehy-
drogenase gene present in the corresponding micro-
organism, wherein the quinoprotein glucose dehy-
drogenase gene encodes a protein comprising an
amino acid sequence with at least 95% sequence
identity to SEQ ID NO:4;

a functional deletion of a carbohydrate transporter gene
present in the corresponding microorganism,
wherein the carbohydrate transporter gene encodes a
protein comprising an amino acid sequence with at
least 95% sequence identity to SEQ ID NO:6;

a recombinant gene encoding HmfA of Cupriavidus
basilensis or a homolog thereof, wherein the HmfA
of Cupriavidus basilensis or the homolog thereof
comprises an amino acid sequence with at least 95%
sequence identity to SEQ ID NO:13;

a recombinant gene encoding HmfB of Cupriavidus
basilensis or a homolog thereof, wherein the HmfB
of Cupriavidus basilensis or the homolog thereof
comprises an amino acid sequence with at least 95%
sequence identity to SEQ ID NO:15;

a recombinant gene encoding HmfC of Cupriavidus
basilensis or a homolog thereof, wherein the HmfC
of Cupriavidus basilensis or the homolog thereof
comprises an amino acid sequence with at least 95%
sequence identity to SEQ ID NO:17;

a recombinant gene encoding HmfD of Cupriavidus
basilensis or a homolog thereof, wherein the Hm{D
of Cupriavidus basilensis or the homolog thereof
comprises an amino acid sequence with at least 95%
sequence identity to SEQ ID NO:19;

a recombinant gene encoding HmfE of Cupriavidus
basilensis or a homolog thereof, wherein the HmfE
of Cupriavidus basilensis or the homolog thereof
comprises an amino acid sequence with at least 95%
sequence identity to SEQ ID NO:21;

a recombinant gene encoding HmfT1 of Cupriavidus
basilensis or a homolog thereof, wherein the Hm{T1
of Cupriavidus basilensis or the homolog thereof
comprises an amino acid sequence with at least 95%
sequence identity to SEQ ID NO:23;

a recombinant gene encoding HmfF of Cupriavidus
basilensis or a homolog thereof, wherein the HmfF
of Cupriavidus basilensis or the homolog thereof
comprises an amino acid sequence with at least 95%
sequence identity to SEQ ID NO:26;

a recombinant gene encoding HmfG of Cupriavidus
basilensis or a homolog thereof, wherein the HmfG
of Cupriavidus basilensis or the homolog thereof
comprises an amino acid sequence with at least 95%
sequence identity to SEQ ID NO:28;

a recombinant gene encoding HmfH' of Cupriavidus
basilensis or a homolog thereof, wherein the Hm{H'
of Cupriavidus basilensis or the homolog thereof
comprises an amino acid sequence with at least 95%
sequence identity to SEQ ID NO:30;

a recombinant gene encoding HmfH of Cupriavidus
basilensis or a homolog thereof, wherein the HmfH
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of Cupriavidus basilensis or the homolog thereof
comprises an amino acid sequence with at least 95%
sequence identity to SEQ ID NO:32;

a recombinant gene encoding HmfS of Cupriavidus
basilensis or a homolog thereof, wherein the HmfS
of Cupriavidus basilensis or the homolog thereof
comprises an amino acid sequence with at least 95%
sequence identity to SEQ ID NO:34; and

a recombinant gene encoding Hmf{T2 of Cupriavidus
basilensis or a homolog thereof, wherein the Hmf12
of Cupriavidus basilensis or the homolog thereof
comprises an amino acid sequence with at least 95%
sequence identity to SEQ ID NO:36;

the recombinant microorganism
Pseudomonas putida;

is  recombinant

the corresponding microorganism is native Pseudomonas
putida;

the recombinant microorganism exhibits reduced con-
sumption of a carbohydrate with respect to the corre-
sponding microorganism; and

the recombinant microorganism exhibits increased con-
sumption of a substituted furan with respect to the
corresponding microorganism.
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14. The recombinant microorganism of claim 13, further
comprising a functional deletion of three additional carbo-
hydrate transporter genes present in the corresponding
microorganism, wherein the additional carbohydrate trans-
porter genes encode:

a protein comprising an amino acid sequence with at least

95% sequence identity to SEQ ID NO:46;
a protein comprising an amino acid sequence with at least
95% sequence identity to SEQ ID NO: 48;
a protein comprising an amino acid sequence with at least
95% sequence identity to SEQ ID NO:50.

15. A method of decreasing an amount of a substituted
furan in a medium, the method comprising contacting the
medium with the recombinant microorganism of claim 1 for
a time sufficient to decrease the substituted furan in the
medium.

16. The method of claim 15, wherein the substituted furan
is selected from the group consisting of furfural and
hydroxymethylfurfural.

17. The method of claim 15, wherein the medium com-
prises lignocellulosic biomass hydrolysate.

18. The method of claim 15, wherein the contacting is
performed under aerobic conditions.
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