
EP 0 231 354 B1 Description TECHNICAL FIELD OF THE INVENTION 5     This
invention relates to DNA sequences, recombinant DNA molecules, organisms
containing such sequences and molecules, the expression of certain enzymes
by such organisms, and the production, by fermentation, of a Vitamin C
precursor using such organisms and enzymes. More specifically, this
invention relates to an expression vehicle and genetically modified
organisms, transformed by that vehicle, that express enzymes used to
convert glucose, or another carbon source, by fermentation to
2-keto-L-gluconic 10  acid (2-KLG), a chemical precursor to Vitamin C
(ascorbic acid). BACKGROUND ART There are several processes for producing
Vitamin C. One process involves a number of chemical 15  synthesis steps
and one fermentation step. Briefly, the steps are hydrogenation of glucose
to sorbitol, fermentation of sorbitol to sorbose using Acetobacter
suboxydans, sorbose acetonization, diacetone sorbose oxidation to 2-KLG,
esterification of 2-KLG, and conversion of the ester to ascorbic acid. This
process is complex and requires a relatively high capital investment for an
operating plant. Another process involves two fermentation steps. The
process starts with fermentation of glucose to 20  2,5-diketo-D-gluconate
(2,5-DKG) by Erwinia sp.; fermentation of 2,5-DKG to 2-KLG by
Corynebacterium sp.; esterification of 2-KLG; and conversion of the ester
to ascorbic acid. One study has shown that D- gluconate and
2-keto-D-gluconate (2-KDG) are produced sequentially from glucose by
Erwinia sp. before 2,5-DKG is produced in the first fermentation step. See
T. Sonoyama et al., "Production of 2-keto-L-gulonic acid from D-glucose by
Two-Stage Fermentation," App. and Envir. Microbiol., 43, 1064-69 (1982).
This two- 25  step fermentation process, although having a somewhat lower
capital cost than the Acetobacter process, is still complex and expensive
to operate. Still another process for converting glucose to 2-KLG is
referred to in European patent application 132,308. That application refers
to the conversion of glucose to 2-KLG in a single step fermentation
process. It first refers to Corynebacterium sp. ATCC 31090 as a source of a
DNA sequence coding for a 30  particular 2,5-DKG reductase (an enzyme that
is said to catalyze the fermentation of 2,5-DKG to 2-KLG). This DNA
sequence, with its own or a synthetic ribosome binding site, is then said
to be inserted "downstream" of an E.coli trp or tac promoter or the
pACYC184 CAT promoter in an expression vector. The vector is also said to
contain a gene coding for tetracycline resistance or other selectable
marker, and an origin of replication derived from plasmids CoIE1, 15A, or
RSF 1010. A host cell, Erwinia herbicola (ATCC 35  21998), is then said to
be transformed with the vector. On fermentation this transformed cell is
said to produce 2-KLG from glucose in one step. The conversion of glucose
to 2-KLG in that process, however, is not fully satisfactory because the
yield of 2-KLG is very low and the time of fermentation to obtain even that
low yield is too long. Accordingly, a single organism capable of converting
a carbon source, such as glucose, to 2-KLG at 40  acceptable rates and in a
single fermentation step is still a goal that has not been attained.
SUMMARY OF THE INVENTION The present invention solves the problem of
finding a single organism capable of converting glucose, or 45  other
carbon source, into 2-KLG quickly and in high yield. In one embodiment,
this invention provides an expression vehicle capable of transforming a
host so that it performs all of the fermentation steps required for
converting glucose, or other carbon source, to 2-KLG in a single
fermentation at acceptable conversion rates, without intermediate product
recovery or intermediate purification steps. The 2-KLG resulting from
practice of the present invention may then be esterified and converted to
ascorbic acid (Vitamin C), as in 50  the conventional processes described
above. In contrast to the process of the present invention, the known
commercial fermentation processes for converting glucose to 2-KLG require
two separate organisms, for example strains of Erwinia and Corynebac- 



terium, to transform glucose to 2-KLG. One advantage of the present
invention is that a single strain of a genetically modified organism 55
achieves significant yields of 2-KLG directly from glucose in a single
fermentation. Thus, the ability of the process of this invention to use a
single fermentation step results in a relatively simpler process than the
known commercial process so that less process equipment and less energy is
required to produce Vitamin C from glucose. 3    EP 0 231 354 B Another
object of the present invention is to provide a novel 2,5 DKG reductase and
a novel transformed organism superior to those referred to in European
patent application 132,308, and the processes and products of the present
invention are accordingly unexpectedly improved and patentable over the
processes and products of European patent application 132,308. 5     Still
other objects and aspects of the invention will be apparent from the
specification. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 depicts a partial
amino acid sequence from the N-terminus of the 2,5-DKG reductase of this 10
invention; Figure 2 depicts part of the amino acid sequence of a 14,000d
molecular weight cyanogen bromide fragment of the 2,5-DKG reductase of this
invention; Figures 3a-e depict the sequences of several nucleotide probes
used to locate by hybridization portions of the Corynebacterium genome
containing the 2,5-DKG reductase gene of this invention; and 15    Figure 4
depicts the DNA sequence of the 2,5-DKG reductase gene of this invention
and the corresponding amino acid sequence of the 2,5-DKG reductase of this
invention. Figure 5 depicts the construction of plasmid pPLred332 from
plasmids 210* and pcBR13. In Figure 5, the symbols have the following
meanings: [err] promoter; S-D, Shine-Dalgarno sequence; ori, origin of
replication; Lac, lac promoter; amp-r, ampicillin resistance gene. 20 BEST
MODE OF CARRYING OUT THE INVENTION In order that the present invention may
be more fully understood, the following detailed description is provided.
In this specification some of the following terms are employed: 25
Nucleotide - A monomeric unit of DNA or RNA consisting of a sugar moiety
(pentose), a phosphate, and a nitrogenous heterocyclic base. The base is
linked to the sugar moiety via the glycosidic carbon (1' carbon of the
pentose) and that combination of base and sugar is called a nucleoside. The
base characterizes the nucleotide. The four DNA bases are adenine ("A"),
guanine ("G"), cytosine ("C"), and thymine ("T"). The four RNA bases are A,
G, C, and uracil ("U"). For DNA, "P" indicates either of the 30 purines (A
or G), "Q" indicates either of the pyrimidines (C or T), and "N" indicates
any of the four bases (A, G, C, or T). For RNA, "P;" "Q," and "N" have the
same meanings except that "U" is substituted for "T." DNA Sequence - A
linear array of deoxy nucleotides connected one to the other by
phosphodiester bonds between the 3' and 5' carbons of adjacent pentoses. 35
Codon - A DNA sequence of three nucleotides (a triplet) that encodes,
through its mRNA, an amino acid, a translation start signal, or a
translation termination signal. For example, the nucleotide triplets TTA,
TTG, CTT, CTC, CTA, and CTG encode for the amino acid leucine ("Leu"); TAG,
TAA, and TGA are translation stop signals; and ATG is a translation start
signal that also codes for methionine. Reading Frame - The grouping of
codons during the translation of mRNA into amino acid sequences. 



40 During translation the proper reading frame must be maintained. For
example, the DNA sequence GCTGGTTGTAAG may be expressed in three. reading
frames or phases, each of which produces a different amino acid sequence:
45                       GCT GGT TGT AAG - Ala-Gly-Cys-Lys G CTG GTT GTA AG
- Leu-Val-Val GC TGG TTG TAA G - Trp-Leu-(STOP) 50     Polypeptide - A
linear array of amino acids connected one to another by peptide bonds
between the a- amino and carboxy groups of adjacent amino acids. When
"polypeptide" is used in this specification, it will be understood by those
skilled in the art to include the term "protein." Genome - The entire DNA
of a cell or a virus. It includes, inter alia, the DNA coding for the
polypeptides of the cell and operator, promoter, and ribosome binding and
interaction sequences, including 55 sequences such as the Shine-Dalgamo
sequences for each of those coding sequences. Gene - A DNA sequence that
encodes through its template or messenger RNA ("mRNA") a sequence of amino
acids characteristic of a specific polypeptide. Expression - The process
undergone by a gene to produce a polypeptide. It includes transcription of
4    EP 0 231 354 B1 the DNA sequence to a mRNA sequence and translation of
the mRNA sequence into a polypeptide. Plasmid - A non-chromosomal
double-stranded DNA sequence comprising an intact "replicon" such that the
plasmid is replicated in a host cell. When the plasmid is placed within a
unicellular organism, the characteristics of that organism may be changed
or transformed as a result of the DNA of the plasmid. For 5  example, a
plasmid carrying a gene for tetracycline resistance (TetR) transforms a
cell previously sensitive to tetracycline into one which is resistant to
it. A cell transformed by a plasmid is called a "transformant." Phage or
Bacteriophage - A bacterial virus. Many phages consist of DNA sequences
encapsulated in protein envelopes or coats ("capsids"). Cloning Vehicle - A
plasmid, phage DNA, or other DNA sequence that is able to replicate in a
host cell. 10 A cloning vehicle is characterized by one or a small number
of endonuclease recognition sites at which such DNA sequences may be cut in
a determinable fashion without attendant loss of an essential biological
function of the DNA, e.g., replication, production of coat proteins, or
loss of promoter or binding sites. A cloning vehicle usually contains a
marker suitable for use in the identification of transformed cells, e.g.,
tetracycline resistance or ampicillin resistance. A cloning vehicle is
often called a vector. 15     Cloning - The process of obtaining a
population of organisms or DNA sequences derived from one such organism or
sequence by asexual reproduction. Recombinant DNA Molecule or Hybrid DNA -
A molecule, comprising segments of DNA from different genomes joined
end-to-end outside of living cells, that may be maintained in living cells.
Expression Control Sequence - A sequence of nucleotides that controls and
regulates expression of 20 genes when operatively linked to those genes.
They include the lac system, the [err]-lactamase system, the trp system,
the tac system, the trc systems, the major operator and promoter regions of
phage [err], the control region of fd coat protein, the early and late
promoters of SV40, promoters derived from polyoma virus and adenovirus,
metallothionine promoters, the promoter for 3-phosphoglycerate kinase or
other glycolytic enzymes, the promoters of acid phosphatase, e.g., Pho5,
the promoters of the yeast a-mating 25 factors, and other sequences known
to control the expression of genes of prokaryotic or eukaryotic cells and
their viruses or combinations thereof. For mammalian cells the gene can be
linked to a eukaryotic promoter such as that for the SV40 early region
coupled to the gene encoding dihydrofolate reductase and 



selectively amplified in Chinese hamster ovary cells to produce a cell line
containing many copies of actively transcribed eukaryotic genes. 30    In
one embodiment this invention is directed to recombinant DNA molecules,
taken from Corynebac- terium sp. SHS 752001, characterized by a DNA
sequence that codes for the 2,5-DKG reductase of this invention. In another
embodiment, this invention is directed to a host, preferably Erwinia
citreus, transformed by such a recombinant DNA molecule. The recombinant
DNA molecules of this invention are characterized by a DNA sequence coding
for the 35 2,5-DKG reductase of this invention and an expression control
sequence that is operatively linked to that DNA sequence in the recombinant
DNA molecule. A wide variety of expression control sequences may be used in
the recombinant DNA molecules of this invention. These include the lac
system, the [err]-lactarnase system, the trp system, the tac system, the
trc systems, the major operator and promoter regions of phage [err], the
control region of fd coat protein, the early and late promoters of SV40,
promoters derived from 40 polyoma virus and adenovirus, metallothionine
promoters, the promoter for 3-phosphoglycerate kinase and other glycolytic
enzymes, the promoters of acid phosphatase, e.g., Pho5, the promoters of
the yeast a- mating factors, neomycin phosphotransferase promoter, and
other sequences known to control the expres- sion of genes of prokaryotic
or eukaryotic cells and their viruses or combinations thereof. For
mammalian cells, the gene can be linked to an eukaryotic promoter such as
that for the SV40 early region coupled to 45 the gene encoding
dihydrofolate reductase and selectively amplified in Chinese hamster ovary
cells to produce a cell line containing many copies of it. The preferred
expression control sequence of this invention is derived from the lac
sequence of pUC8. In addition, the recombinant DNA molecules of this
invention may comprise DNA sequences from a variety of plasmids and phages
that allow them to replicate in the chosen host. Preferably, they also
include 50 a selection marker, e.g., a DNA sequence coding for a drug
resistance. Such plasmid and phage sequences may be derived from, for
example, segments of chromosomal, non-chromosomal, and synthetic DNA
sequences, such as various known derivatives of SV40 and known bacterial
plasmids, e.g., plasmids from E.coli including col El, pCR1, pBR322, pMB9
and their derivatives, wider host range plasmids, e.g., RP4, phage DNAs,
e.g., the numerous derivative of phage [err], e.g., NM989, and other DNA
phages, e.g., M13 and 55  Filamenteous single-stranded DNA phages and
vectors derived from combinations of plasmids and phage DNAs, such as
plasmids which have been modified to employ phage DNA or other expression
control sequences or yeast plasmids such as the 2 [err]plasmid or
derivatives thereof. It should of course be understood that not all vectors
and expression control sequences will function in 5    EP 0 231 354 B1 the
same way to express the modified DNA sequences of this invention and to
produce the new 2,5-DKG reductase of the present invention. Neither will
all hosts function equally well with the same expression system. One
skilled in the art, however, may make a 'selection among these vectors,
expression control sequences, and hosts without undue experimentation and
without departing from the scope of this invention. 5  For example, in
selecting a vector, the host must be considered because the vector must
replicate in it. The vector's copy number, the ability to control that copy
number, and the expression of any other proteins encoded by the vector,
such as antibiotic markers, should also be considered. In selecting an
expression control sequence, a variety of factors should also be
considered. These include, for example, the relative strength of the
system, its controllability, and its compatibility with the 10 DNA sequence
encoding the 2,5-DKG reductase of the present invention, particularly as
regards potential secondary structures. 



The DNA sequence for the 2,5-DKG reductase of this invention may be used to
produce that reductase in a wide variety of hosts, e.g., bacteria such as
strains of E.coli, such as E.coli C600, E.coli ED8767, E.coli DH1, E.coli
LE392, E.coli HB101, E.coli X1776, E.coll X2282, E.coli MRCI, and strains
of Pseudomonas, 15 Bacillus and Streptomyces, yeasts and other fungi,
animal hosts, such as Chinese hamster ovary cells or mouse cells, other
animal (including human) hosts, plant cells in culture or other hosts.
After expression, the enzyme is then useful for transforming 2,5-DKG to
2-KLG. Hosts for the DNA sequence of the 2,5-DKG reductase of this
invention generally should be selected by consideration of their
compatibility with the chosen vector, the toxicity of the 2,5-DKG reductase
of the 20 present invention to the host, susceptibility of the desired
protein to proteolytic degradation by host cell enzymes, contamination or
binding of the 2,5-DKG reductase by host cell proteins difficult to remove
during purification, expression characteristics, the ability of the host to
produce and secrete the 2,5-DKG reductase, the ability of the host to fold
the reductase correctly, the fermentation requirements of the host, the
ease of purification of the 2,5-DKG reductase from the host, safety, and
cost. 25    In one embodiment, Erwinia citreus SHS 2003 is selected as a
host because it produces 2,5-DKG from glucose, and 2-KLG may be produced
directly from glucose by a transformed Erwinia citreus SHS 2003. Most
preferably hosts of the present invention are Erwinia citreus, SHS2003
(Ferm-P No. 5449; ATCC No. 31623) and a strain mutated from Erwinia citreus
SHS2003, Erwinia citreus ER1026, that is unable to use either 2,5-DKG or
2-KLG as a sole carbon source. 30     The following example shows some
embodiments of the invention but is not intended to limit the scope of the
invention. EXAMPLE 35 Identification Of A Polypeptide Sequence of the
2,5-DKG Reductase Of This Invention, and Preparation of Cloning Vectors
Corynebacterium sp. SHS752001 was described in T. Sonoyama et al.,
"Production of 2-keto-L-gulonic acid from D-glucose by two-stage
fermentation," App. and Envir. Microbiol., 43, 1064-69 (1982). Thus, the 40
disclosed strain of Corynebacterium, was selected as the donor of a DNA
sequence coding for a 2,5-DKG reductase. To aid in identifying the 2,5-DKG
reductase gene from that strain of Corynebacterium, a sample of an enzyme
was isolated and purified to 95% purity using the following procedure: A.
Cultivation of Corynebacterium SHS 752001 45 1. A freeze-dried culture of
Corynebacterium sp. SHS 752001 was rehydrated immediately after opening by
adding 0.4 ml of 0.9% NaCI (sterilized at [err] for 20 minutes) to the
contents of a vial containing the freeze-dried culture; 2. The culture was
transferred to a test tube containing 8 mis of a solution containing 0.5%
glucose, 50    0.5% yeast extract (Difco), 0.5% peptone (Difco), 0.1% [err]
0.02% [err] and 2.0% agar. The solution pH was 7.0, and the solution had
been sterilized at 120  C for 15 min. Forty hours after the addition of the
culture at [err] the culture was suspended with 0.4 ml of 0.9% [err] that
had been sterilized at [err]for 20 min.; 3. Five lots of 0.1 ml of the
suspension from step 2 were added to five agar slants containing the same
55   ingredients as the solution of step 2. The cultures were fermented for
the same amount of time and under the same conditions as step 2. The
cultures were suspended with 5 ml of 0.9% [err] (sterilized at [err] for 20
min.), and 2.5 ml of the suspension was transferred to a each of ten seed
flasks containing 500 ml of medium. 6    



EP 0 231 354 B1 4. A solution containing: 1% glucose, 0.5% yeast extract
(Difco), 0.5% peptone (Difco), 0.1% NaNO3, 0.1% KH2PO4, and 0.02% [err] and
having a pH of 7.0 was sterilized at 120 C for 15 minutes. Sixty ml of the
solution were added to a 500 ml flask containing the culture. After 16-18
hours of cultivation at [err] the culture content of 10 such 500 ml flasks
were transferred to a 30 liter (L) jar 5    fermentor; and 5. Twenty liters
of a solution at pH 7.2, containing 1.8% glucose, 2.7% corn steep liquor,
0.31% [err] 0.06% KH2PO4, 4.4 ppm [err] 0.72 ppm: [err], 0.2 ppm Vitamin
[err] 0.15 ppm Calcium panthothenate, and 0.005% antiform (Adekanol), was
added to the 30 liter jar fermentor containing the culture. The fermentor
was incubated at 28 C with agitation at 400 rpm and an air flow 10   rate
of 0.5 v.v.m.. The fermentation was stopped when glucose disappeared from
the culture (22h). The final pH was 7.5 and the final OD was 19.2. B.
Preparation of cell extract 15    About 750 gr of cells were harvested from
the 30 liter jar fermentor by centrifugation using a Sharples centrifuge
(10,000 G, 10 minutes). The cells were suspended in 0.1M tris-HCI buffer
(pH 7, 2.5 L), washed three times with the same buffer (2.5 L in each case)
using a centrifuge, and finally resuspended in 1.6 L of the buffer (OD
150). The cells (as 80 ml of cell suspension) were disrupted by sonication
(160 watts for 7 min.). Unbroken cells and debris were removed by
centrifugation (15,000 G for 30 min.), and the 20 supernatant (1 L) was
pooled. C. Fractionation by AmSo4 The protein material that precipitated
between 40% and 70% saturation was collected by centrifugation, 25 and
redissolved in 80 mls of 0.1 M tris-HCI buffer at pH 7. The solution was
dialyzed against 0.02 M tris- HCI buffer at pH 7 overnight. D. Ion-Exchange
Chromatography 30     The dialyzed solution (99 ml) was placed on a
DEAE-Sepharose CL-6B column (1.6 x 30 cm) previously equilibrated with 0.02
M tris-HCI buffer (pH7). The column was washed stepwise with 0.02 M
tris-HCI buffer containing zero and 0.2 M NaCI (pH 7). The enzyme was
eluted with the same buffer containing 0.3 M NaCI (pH 7). The active
fractions were pooled and the protein was concentrated by adding AmSO4 up
to 70% saturation. The precipitate was collected and dialyzed as in step C.
35 E. First Affinity Chromatography The dialyzed solution (37 ml) obtained
from step D was placed on an Amicon Matrix Red A column (1.6 x 19 cm)
previously equilibrated with 0.02 M tris-HCI buffer (pH 7). The column was
washed stepwise with 40 0.02M tris-HCI buffer (pH 7) containing 0.3 -0.5M
NaCI. The enzyme was eluted with the same buffer containing 0.7-1.OM NaCI.
The active fractions (9Oml) were pooled. F. Second Affinity Chromatography
45     0.02M tris-HCI buffer (pH 7, 225 ml) was added to the pooled
fraction from step E, and the resulting solution was placed on an Amicon
Matrix Red A column (1.9 x 12.3 cm) previously equilibrated with 0.02 M
tris-HCI buffer (pH 7). The column was washed with 0.02 M tris-HCI buffer
(pH 7) containing 0.2M NaCI. The enzyme was eluted with the same buffer
containing 0.5 mM NADPH. The active fractions (35 ml) were pooled and
concentrated by ultra-filtration (cut-off below M.W. of 10,000) to remove
NADPH. 50     To demonstrate that the 2,5- DKG reductase of this invention
was not denatured during the sonication process and to confirm that the
2,5-DKG reductase of this invention converts 2,5-DKG to 2-KLG, a mixture of
0.1 M tris-HCI (pH7) was prepared containing 7 mg NADPH, 2 mg 2,5-DKG and
50 [err] cell sonicate at a total protein concentration of 2.5 [err] The
total reaction volume was 200 [err] The products of the reaction were
analyzed by HPLC, and the presence of [err] was confirmed. 55
Antibodies to the 2,5-DKG reductase of this invention were prepared. The
antibodies were developed by 



injecting a rabbit intradermally at multiple sites with 100 [err] of the
2,5-DKG reductase of this invention in Freunds adjuvant and boosting with
50 [err] of the enzyme in Freunds incomplete solution twenty-one days
later. Serum was taken ten days after the boost injection and was shown to
be positive for anti-(2,5-DKG 7    EP 0 231 354 B1 reductase of this
invention) activity in an enzyme-linked immunoabsorbant ("ELISA") assay.
The purified enzyme was sequenced from the N-terminus using a high
sensitivity gas phase sequenator manufactured by Applied Biosystems. The
partial sequence obtained by this method is shown in Figure 1. A question
mark in the Figure indicates that a particular amino acid could not be
determined with absolute 5  certainty. The purified enzyme was also cleaved
using a standard cyanogen bromide clevage procedure. A portion of the amino
acid sequence of one 14,000d fragment produced by that method is shown in
Figure 2. In order to select from a library of clones a DNA sequence coding
for that 2,5-DKG reductase of this invention, a series of oligonucleotide
probes (shown in Figures 3a-e) was prepared, using the 10 phosphotriester
method. These probes were derived from the amino acid sequences of Figures
1 and 2. Because of the degeneracy of the genetic code, each probe was
actually a family of structurally related molecules. For example, the
14-mer DNA probe of Figure 3a (Probe I of Figure 1) had a redundancy of 96
with one C-T mis-match over the predicted sequence, the 14-mer DNA probe of
Figure 3b (Probe II of Figure 1) had a redundancy of 32 with one G-T
mis-match, the 17-mer DNA probes of Figures 3c and 3d 15 (Probe III of
Figure 1) each had a redundancy of 32 and differed from one another only in
the first two positions, and the 1 4-mer DNA probe of Figure 3e (Probe IV
of Figure 2) had a redundancy of 32. To construct libraries of
Corynebacterium DNA to permit screening by the probes of Figures 3(a-e) to
select the 2,5-DKG reductase gene of this invention, Corynebacterium sp.
SHS 752001 was lysed by treating a cell suspension of Corynebacterium sp.
SHS 752001 with lysozyme (1 mg/l) in 10 mM Tris-HCI 20 (pH 8); 1 mM EDTA
and 20% (w/v) sucrose followed by sodium dodecylsulfate (SDS) (5 mg/ml).
DNA from the lysed Corynebacterium sp. SHS 752001 cells was then fragmented
using the restriction endonuclease Sau3a in a buffer comprising 150 mM
NaCI, 6 mM Tris-HCI (pH 7.9), 6mM MgCl2, and 100 ag/ml bovine serum
albumin. The DNA fragments were then inserted into pUC8 vectors at a BamH1
site using the method of J. Viera and J. R. Messing, Gene, 19, 259 (1982),
and the recombinant plasmids were 25 transformed into Escherichia coli
JM83, [err] and W 311 [err] recA. The method for transformation of the
recombinant plasmids into E.coli JM83 is set forth in J. R. Messing, R.
Corea, P. H. Seeburg, Nucleic Acids Res., 9, 309 (1981). Similar methods
were used for other host strains. Colonies of the resulting library were
screened with the probes of Figures 3(a-e) using the procedure set forth in
Wallace, R. B., Johnson, M. J., Hirose, T., Miyake, T., Kawashima, E. H.
and Itakura, K., Nucleic 30 Acids Res., 9, 879-94 (1981). The probes were
hybridized at [err] and were also washed at [err] in a standard wash
comprising 6 x SSC, 5 x Denhardt's buffer, 0.1% SDS, and 50 [err] t-RNA. Of
seventeen colonies that were positive (hybridized) with the probe of Figure
3e, two were also positive with the probes of Figures 3c or 3d or both. The
two recombinant plasmids of those clones were designated pCBR10 and pCBR13.
The foreign DNA of each of the two recombinant plasmids was 3.0 kb long. 35
Properties of Expression Vectors and Transformants According To the
Invention In order to determine the properties of the recombinant plasmids,
including production rates of the 2,5- DKG reductase of this invention by
the transformed hosts, the two recombinant plasmids and pUC8, a 40 vector
not containing the DNA coding for the 2,5-DKG reductase of this invention,
were transformed into 



E.coli [err] recA and Erwinia punctata by the procedure set forth in Cohen,
S. N., Chang, A. C. Y., and Hsu, L., Proc. [err] Acad. [err] USA, 69, 2110
(1972). Vector pUC8, which is related to pBR322, has a strong lac promoter
located slightly upstream from a BamH1 site. Several procedures were
examined for releasing the 2,5-DKG reductase of this invention from the 45
transformed cells that produced it so that production rates could be
measured. Sonication was found to be best for E.coli and Erwinia. Extracts
of E.punctata and of E.coli carrying pCBR1O and pCBR13 were analyzed by
sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
(Laemmli, U. K. Nature, 227, 680-85 (1970)) and by Western blotting
(Thomas, P. S., Proc. Nati. Acad. Sci. USA, 77, 5201-05 (1980)) using
anti-(2,5- 50  DKG reductase of this invention) antibody, produced above,
to determine the amount of 2,5-DKG reductase of this invention produced by
the transformants. Extracts of E.coli [err] recA (pCBR13) treated with the
lac inducer isopropyl [err]-D-thiogalactopyranoside (IPTG) contained about
five times more enzyme than extracts from uninduced cells with the plasmid
carrying the gene. 55 Confirmation that the 2,5-DKG Reductase of this
Invention was not Altered During Recombination The 2,5-DKG reductase
produced by E.punctata and E.coli after transformation with pCBR10 and
pCBR13 was examined to see if it was the same enzyme isolated from
Coyrnebacterium sp. SHS 752001. 8    EP 0 231 354 B1 The molecular weight
of the protein, labelled by Western blotting of extracts of Erwinia
(pCBR13), of E.coli [err] recA (pCBR13), and of Corynebacterium, was the
same as the molecular weight of the purified 2,5-DKG reductase of this
invention (i.e., about 29,00d). Based on comparison of the blots for the
different cells, it was estimated that 1-2% of the total cell protein of
Erwinia (pCBR13) was the 2,5-DKG 5  reductase of this invention. We have
made further constructions using the [err] promoter, a strong promoter
which can be controlled by the [err] repressor protein. Expression of the
[err] promoter can be controlled by changing the temperature from [err] in
a strain which also carries the [err] temperature-sensitive repressor.
Increased yields of 2-KIG from recombinant strains were obtained using this
promoter system. 10     Figure 5 shows the physical map of the vector used
for making the plasmids expressing 2,5-DKG reductase under the control of
the XPL promoter. Plasmid pPLred332 was made by inserting the fragment
coding for 2,5-DKG reductase from plasmid pCBR13 into plasmid p210*. The
fragment inserted was generated by digestion of pCBR13 with restriction
endonucleases EcoRI and Hindill; the two fragments were separated by
electrophoresis through low melting agarose. The vector was also digested
with EcoRI 15 and HindIII (see Figure 5) so that the appropriate fragments
could be ligated. The resulting plasmid, pPLred332, was transformed into
strain W3110 [err] to form  strain EC1083. This strain carries a
chromosomal insertion of the lambda temperature-sensitive repressor gene
C1857. Plasmid pPLred332, which comprises the vector element derived from
210* and the insert from pCBR13 as shown in Figure 5, specifies 2,5-DKG
reductase which has the same molecular weight, in both E.coli and in
Erwinia citreus, as 20 that specified by pCBR13. Erwinia citreus ER1026 was
transformed with pPLred332 to form strain ER1116. In order to confirm the
amino acid and DNA sequence of the 2,5-DKG reductase of this invention, the
3 kb insert of pCBR13 was sequenced by the Maxam and Gilbert technique
(Proc. Natl. Acad. Sci. USA, 74, 560 (1977) and Maxam, A. M. and Gilbert,
W., Meth. Enzym., 65, 499-560 (1980)) and by Sanger 25  sequencing using
plasmid M13 (Sanger, F., Nicklen, S. and Coulsor,A. R., Proc. Nat'l Acad.
Sci. U.S.A., 74, 5463-67 (1977)). Examination of the sequence of the 3.0 kb
insert revealed a sequence that coded 



almost exactly for the first sixty amino acids determined for the enzyme
itself (as shown in Figure 1). The 3.0 kb insert also contained a sequence
that coded almost exactly for the amino acid sequence of Figure 2. The end
of the reductase gene in the 3.0 kb insert was indicated by a STOP codon.
In this way the 30 reductase gene was determined to be 831 nucleotides long
(omitting the STOP codon and including ATG, the START codon), and its
sequence is shown in Figure 4. The DNA sequence coding for the amino acid
sequence of the 2,5-DKG reductase of this invention may be compared to the
DNA sequence coding for, and the amino acid sequence of, the polypeptide of
European Patent Application 132,308. Figure 4 shows both the DNA sequence
and amino acid sequence for 35 the 2,5-DKG reductase of this invention.
Figure 4 of European Patent Application 132,308 shows the purported DNA
sequence and amino acid sequence of that polypeptide. A comparison of the
two figures clearly shows that the 2,5-DKG reductase of this invention and
its DNA sequence are markedly different from the amino acid sequence and
DNA sequence of European Patent Application 132,308. The Michaelis constant
(Km) of an enzyme measures the kinetics of that enzyme. The lower the value
40 of the constant, the higher the activity, or velocity, of the enzyme.
The Michaelis constant for the 2,5 DKG reported in European Application
132,308 is 15.5 mM, and the Michaelis constant for the 2,5-DKG reductase of
this invention (using 100 [err] NADPH as a cofactor) in 0.1 M Tris-HCI, pH
7.0 at 30  C is 2.0 mM. The following procedures illustrate fermentation of
glucose to 2-KLG, a Vitamin C precursor, using a genetically modified
organism of this invention. 45 Fermentation of Glucose to 2-KLG Using
Transformed Erwinia Erwinia citreus SHS 2003, on deposit with the American
Type Culture Collection, Maryland, U.S.A., ATCC No. 31623 and on deposit
with the Fermentation Research Institute, Yatabe, Japan, FERM-P No. 50
5449, normally expresses enzymes for converting glucose to 2,5-DKG. This
strain was transformed with pCBR13, which, as described above, contains a
gene that codes for the 2,5-DKG reductase of this invention, using the
procedure set forth in Cohen, S. N., Chang, A. C. Y., and Hsu, L., Proc.
Nat'l. Acad. Sci. USA, 69, 2110 (1972). The resulting strain, designated
ER817, thus should contain the genes for all the enzymes required for
converting glucose to 2-KLG in a single fermentation. 55     Strain ER817
was inoculated onto a plate of L-broth agar that contained ampicillin (40
[err] The strain had been taken from a stock culture kept in L-broth plus
15% glycerol at [err] After the plate had undergone 24 hours incubation at
[err], 10 ml of a seed medium (glycerol, 5 g/l; corn steep liquor, 27.5
g/l; KH2PO4, 1 g/l; pH 6.8) in a 250 ml conical flask was inoculated to an
absorbance at 650 mm of 0.05 (Asso 9    EP 0 231 354 B1 = 0.05) with strain
ER817 taken from the plate. The resulting seed culture was incubated for 24
hours at [err] with rotary shaking. Ten ml of a production medium (corn
steep liquor, 30 g/l; KH2PO4, 1 g/l; NaCI, 1 g/l; [err] 29 g/l; glucose, 10
g/l; pH 6.8) in a 250 ml conical flask was inoculated to [err] = 0.2 with
the seed culture and was incubated with 5  rotary shaking at [err] for 65
hours. The culture was then centrifuged and the supernatant was analyzed
for the presence of 2-KLG by high performance liquid chromatography (HPLC).
Fifty [err] samples of the supernatant were analyzed using a Biorad HPX-87H
column at 65 C (0.6 ml/min) in0.1 8N H2 SO4. A peak having a retention time
of 8.86 min indicates the presence of 2-KLG. The retention times of the
other compounds of interest are as follows: 2,5- 70 DKG, 8.46 min;
2-keto-D-gluconic acid (2-KDG), 9.20 min; gluconic acid, 10.0 min; and
fucose, 12.1 min. The various samples of supernatant showed a peak at 8.86
min, indicating the presence of 2-KLG at a 



concentration of 1 g/l. To confirm that the compound producing a peak at
8.86 min was 2-KLG, a quantity of known 2-KLG (as the sodium salt) was
added to a sample of supernatant. That increased only the peak at 8.86 min,
thereby providing the confirmation sought In contrast, when a sample of
culture was taken only 15  18 hours after inoculation (rather than after 65
hours), HPLC analysis of the supernatant contained 2,5-DKG in a
concentration of 7 g/l, but no detectable 2-KLG. To confirm further that
2-KLG (and not 2-KDG) was actually being produced in the 65-hour culture, a
quantity of known 2-KDG (as the calcium salt) was added to a sample of the
supernatant to a concentration of 1 g/l. HPLC analysis of that spiked
culture then showed the presence of a new peak at 9.16 min, but 20
essentially no change in the 2-KLG peak at 8.86 min. Another method of
demonstrating the production of 2-KLG by the culture was also used. By
converting any 2-KLG produced by the fermentation to ascorbic acid, a
reducing agent, the reducing capacity of a fermentation medium containing
2-KLG may be measured, and the amount of 2-KLG present in the solution
before its conversion to ascorbic acid may be calculated. To compensate for
the presence of reducing 25 agents other than ascorbic acid in a
fermentation mixture, a first sample of a fermentation mixture is treated
to convert 2-KLG to ascorbic acid and then the total reducing capacity of
the sample is determined. A second sample is prepared that, after
conversion of the 2-KLG, has had all ascorbic acid eliminated from the
medium. The reducing activities of the two samples are then compared, and
the difference in activity should indicate the amount of ascorbic acid
present in the samples, and hence the 2-KLG present in the 30 fermentation
medium. A sample of supernatant of a fermentation medium was treated to
convert any 2-KLG present into Vitamin C. 75 [err] of 8N HCI were added to
50 [err] of the supernatant and the mixture was incubated for 30 min at
[err] 120 [err] of 5N NaOH were added and the pH was adjusted to 3.75 using
1 N sodium acetate. Ascorbic acid and any other reducing agents in the
mixture would reduce the tetrazolium salt MTT [3- 35
(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide] in the presence
of the electron carrier PMS [5- methylphenazium methylsulphate] to a
formazan. Such treatment was carried out and it indicated the total of all
reducing agents (including Vitamin C) in the mixture. To facilitate
specific determination of Vitamin C, a sample of the fermentation mixture
before treatment with MTT and PMS was treated with ascorbic acid oxidase
and oxygen to destroy any Vitamin C present. 40 Subsequent treatment with
MTT and PMS then indicated the amount of reducing agents other than Vitamin
C present, and by difference the amount of Vitamin C (and thus of 2-KLG)
was determined. In this way the presence of Vitamin C in the mixture and
therefore, the presence of 2-KLG in the supernatant were proven. Using the
procedure for converting 2-KLG to Vitamin C with samples containing known
concentrations of 2-KLG allowed preparation of a standard curve. The curve
showed that the supernatant obtained from the 45 65-hour culture of strain
ER817 contained 1 g/l of 2-KLG, agreeing with results of the HPLC analyses.
2- KLG was not detected in the supernatant of a similarly produced and
treated culture of another strain of Erwinia citreus that lacks pCBR13
(strain SHS2003). Conversion of glucose to 2-KLG was carried out with the
following fermentation procedure using transformed strain ER817.
Inoculation was carried out as in Example 1 but incubation in the
production so  medium was for 30 hours instead of for 65 hours and 100 ml
of culture were used. The culture supernatant contained 1 g/l of 2-KLG but
less than 0.1 g/l of glucose, 2-KDG, 2,5-DKG, or gluconic acid. One way of
obtaining better yields of 2-KLG is to ensure that none of the
intermediates produced in the fermentation of glucose to 2-KLG are being
consumed in biological reactions that are unrelated to 2-KLG production.
Accordingly, a mutant of Erwinia citreus (SHS2003) that was unable to use
2,5-DKG or 2-KLG as 55 sole carbon source was isolated following
nitrosoguanidine mutagenesis in the procedure described by Miller,
Experiments in Molecular Genetics (Cold Spring Harbor, 1974), except that
the cells were incubated in the presence of nitrosoguanidine at [err].
After mutagenesis, the cells were incubated for 18h at [err] in M9 medium,
that contained glucose (0.2% w/v) or glycerol (0.4% w/v) as described in
Miller, Experiments in 



10    EP0231 354B1 Molecular Genetics (Cold Spring Harbor, 1974). Samples
of the culture were spread onto plates of M9 glucose or M9 glycerol medium
and were then replicated onto plates of M9 medium containing 2,5-DKG (0.5%
w/v) or 2-KLG (0.2% w/v). Mutants unable to grow on either of these media
were purified by restreaking and were tested for their ability to use a
variety of substrates as sole carbon sources. Several 5  mutants were
obtained that could not use any of 2,5-DKG, 2-KDG or 2-KLG as sole carbon
sources. One such mutant was transformed with plasmid pCBR13 to form strain
ER1037, which was then tested for its ability to convert glucose to 2-KLG.
A culture of Erwinia citreus ER1037 was deposited in the Deutsch Sammlung
von Mikroorganismen culture collection. The culture was deposited on July
22, 1985 and is identified as follows: DSM No. 3404. 10    A culture of
strain ER 1037 was grown for 18h in L-broth and 90 ml of this culture was
inoculated into 500 ml of a medium comprising (per liter): [err] 4g; [err]
1g NH4CI, 1g; [err] 0.01g; [err] 2.6g; casamino acids, 10g; yeast extract,
1.5g; corn steep liquor, 1Og; D-mannitol, 20g; and glucose, 10g. After 20h
growth at pH 6.0 in a 1 liter fermentor (aeration at 0.7 vessel volumes
[err] (v.v.m.); agitation at 800 r.p.m.), the concentration of 2-KLG in the
growth medium was 6.25 g/liter. 15     Using Erwinia citreus ER1026
transformed With the plasmid pPLred332, a further improvement in yield of
2-KLG can be achieved. The resulting strain, ER 1116, is grown as described
above. However, instead of terminating the fermentation described in the
example after 20 h, the fermentation was extended by the addition of a
further 10 g/L of glucose 12 h after inoculation. Two further additions of
10 g/L of glucose can also be made 36 h and 60 h after the start of the 20
fermentation. A final level of 2-KLG in the fermentation broth was 19.83
g/L representing a conversion from glucose of 49.4%. It will be apparent to
those skilled in the art that various modifications may be made in the
invention without departing from its scope or spirit, and our basic
construction can be altered to provide other embodiments which utilize the
processes and compositions of this invention. Therefore, it will be appre-
25 ciated that the scope of this invention is to be defined by the claims
appended hereto rather than the specific embodiments which have been
presented as examples. Claims Claims for the following Contracting States:
BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 30 1. An isolated DNA sequence
coding for a 2,5-DKG reductase, said DNA sequence selected from the group
consisting of: (a) a DNA sequence of the formula: 35 40 45 50 55    EP 0
231 354 B1 Molecular Genetics (Cold Spring Harbor, 1974). Samples of the
culture were spread onto plates of M9 



glucose or M9 glycerol medium and were then replicated onto plates of M9
medium containing 2,5-DKG (0.5% w/v) or 2-KLG (0.2% w/v). Mutants unable to
grow on either of these media were purified by restreaking and were tested
for their ability to use a variety of substrates as sole carbon sources.
Several 5  mutants were obtained that could not use any of 2,5-DKG, 2-KDG
or 2-KLG as sole carbon sources. One such mutant was transformed with
plasmid pCBR13 to form strain ER1037, which was then tested for its ability
to convert glucose to 2-KLG. A culture of Erwinia citreus ER1037 was
deposited in the Deutsch Sammiung von Mikroorganismen culture collection.
The culture was deposited on July 22, 1985 and is identified as follows:
DSM No. 3404. 10    A culture of strain ER 1037 was grown for 18h in
L-broth and 90 ml of this culture was inoculated into 500 ml of a medium
comprising (per liter): [err] 4g; [err] 1g; [err] 1g; [err] 0.O1g; [err]
2.6g; casamino acids, 10g; yeast extract, 1.5g; corn steep liquor, 10g;
D-mannitol, 20g; and glucose, 10g. After 20h growth at pH 6.0 in a 1 liter
fermentor (aeration at 0.7 vessel volumes [err] (v.v.m.); agitation at 800
r.p.m.), the concentration of 2-KLG in the growth medium was 6.25 g/liter.
15     Using Erwinia citreus ER1026 transformed with the plasmid pPLred332,
a further improvement in yield of 2-KLG can be achieved. The resulting
strain, ER 1 16, is grown as described above. However, instead of
terminating the fermentation described in the example after 20 h. the
fermentation was extended by the addition of a further 10 g/L of glucose 12
h after inoculation. Two further additions of 10 g/L of glucose can also be
made 36 h and 60 h after the start of the 20 fermentation. A final level of
2-KLG in the fermentation broth was 19.83 g/L representing a conversion
from glucose of 49.4%. It will be apparent to those skilled in the art that
various modifications may be made in the invention without departing from
its scope or spirit, and our basic construction can be altered to provide
other embodiments which utilize the processes and compositions of this
invention. Therefore, it will be appre- 25 ciated that the scope of this
invention is to be defined by the claims appended hereto rather than the
specific embodiments which have been presented as examples. Claims Claims
for the following Contracting States: BE, CH, DE, FR, GB, IT, LI, LU, NL,
SE 30 1. An isolated DNA sequence coding for a 2,5-DKG reductase, said DNA
sequence selected from the group consisting of: (a) a DNA sequence of the
formula: 35 40 45 50 55    EP 0 231 354 B1
CCGAACATCCCCACCATCAGCCTCAACGACGGACGCCCCTTCGCCGAG
CCTGGGCTCGGCACGTACAACCTGCGCGGCGACGAGGGGGTCGCGGCCATG
GTCGCCGCGATCGACTCGGGCTACCGCCTGCTCGACACGGCGGTGAACTAC
GAGAACGAGAGCGAGGTCGGCCGAGCGGTGCGCGCGAGCAGCGTCGATCGC
GACGAGCTCATCGTGGCGAGCAAGATCCCGGGCCGCCAGCACGGGCGCGCC
GAGGCGGTCGACAGCATCCGCGGATCGCTCGACCGGCTGGGGCTCGACGTG 10
ATCGACCTGCAGCTGATCCACTGGCCGAACCCCAGCGTGGGCCGGTGGCTC 



GACACCTGGCGCGGCATGATCGACGCGCGCGAGGCGGGCCTGGTCCGCTCG
ATCGGCGTCTCGAACTTCACCGAGCCGATGCTGAAGACCCTCATCGACGAG 15
ACCGGGGTCACACCCGCGGTCAACCAGGTCGAGCTCCACCCGTACTTCCCC
CAGGCGGCGCTGCGCGCGTTCCACGACGAGCACGGCATCCGCACCGAGAGC
TGGAGCCCGCTCGCCCGGCGCAGCGAGCTGCTCACCGAGCAGCTGCTGCAG 20
GAGCTGGCGGTCGTCTACGGAGTGACGCCGACGCAGGTGGTGCTGCGGTGG
CACGTGCAGCTCGGCAGCACCCCGATCCCCAAGTCCGCCGACCCCGATCGC
CAGCGCGAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGGTC
GATGCGATCTCGGGCCTCGAGCGCGGGCGGCTCTGGGACGGCGACCCCGAC 25
ACGCACGAAGAGATG; and (b) DNA sequences which, as a result of the degeneracy
of the genetic code, code for a polypeptide 30    specified by the
foregoing DNA sequence. 2. A recombinant DNA molecule comprising a DNA
sequence coding for a 2,5-DKG reductase, said DNA sequence selected from
the group consisting of: (a) a DNA sequence of the formula: 35
CCGAACATCCCCACCATCAGCCTCAACGACGGACGCCCCTTCGCCGAG
CCTGGGCTCGGCACGTACAACCTGCGCGGCGACGAGGGGGTCGCGGCCATG 40
GTCGCCGCGATCGACTCGGGCTACCGCCTGCTCGACACGGCGGTGAACTAC
GAGAACGAGAGCGAGGTCGGCCGAGCGGTGCGCGCGAGCAGCGTCGATCGC 45 50 55 12    EP 0 231
354 B1 GACGAGCTCATCGTGGCGAGCAAGATCCCGGGCCGCCAGCACGGGCGCGCC
GAGGCGGTCGACAGCATCCGCGGATCGCTCGACCGGCTGGGGCTCGACGTG 5
ATCGACCTGCAGCTGATCCACTGGCCGAACCCCAGCGTGGGCCGGTGGCTC
GACACCTGGCGCGGCATGATCGACGCGCGCGAGGCGGGCCTGGTCCGCTCG
ATCGGCGTCTCGAACTTCACCGAGCCGATGCTGAAGACCCTCATCGACGAG 10
ACCGGGGTCACACCCGCGGTCAACCAGGTCGAGCTCCACCCGTACTTCCCC
CAGGCGGCGCTGCGCGCGTTCCACGACGAGCACGGCATCCGCACCGAGAGC
TGGAGCCCGCTCGCCCGGCGCAGCGAGCTGCTCACCGAGCAGCTGCTGCAG 15
GAGCTGGCGGTCGTCTACGGAGTGACGCCGACGCAGGTGGTGCTGCGGTGG
CACGTGCAGCTCGGCAGCACCCCGATCCCCAAGTCCGCCGACCCCGATCGC
CAGCGCGAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGGTC
GATGCGATCTCGGGCCTCGAGCGCGGGCGGCTCTGGGACGGCGACCCCGAC ACGCACGAAGAGATG; and
(b) DNA sequences which, as a result of the degeneracy of the genetic code,
code for a polypeptide 25         specified by the foregoing DNA sequence.
3. The recombinant DNA molecule of claim 2, wherein said DNA sequence is
operatively linked to an expression control sequence in the molecule. 



30 4. The recombinant DNA molecule of claim 3, wherein said expression
control sequence is selected from the group consisting of the lac system;
the [err]-lactamase system; the trp system; the tac system; the trc system,
the major operator and promoter regions of phage [err]; and the control
region of fd coat protein, the early and late promoters of SV40, promoters
derived from polyoma virus and adenovirus, metallothionine promoters, the
promoter for 3-phosphoglycerate kinase or other glycolytic enzymes, the 35
promoters of acid phosphatase, the promoters of the yeast [err] factors;
promoters for mammalian cells such as the SV40 early and late promoters,
adenovirus late promoter, and other sequences that control the expression
of genes of prokaryotic or eukaryotic cells and their viruses and
combinations thereof. 40 5. A transformant comprising a host transformed
with at least one recombinant DNA molecule according to claim 3 or 4. 6.
The transformant of claim 5, wherein said host makes 2,5-diketo-D-gluconic
acid. 45  7.  The transformant of claim 6 wherein said host belongs to the
genus Erwinia. 8.   The transformant of claim 6, wherein the host is
Erwinia citreus. 9. A 2,5-DKG reductase selected from the group consisting
of: 50         (a) a 2,5-DKG reductase having the amino acid sequence: 55
13    EP 0 231 354 B1 ProAsnIleProThrIleSerLeuAsnAspGlyArgProPheAlaGluPro
GlyLeuGlyThrTyrAsnLeuArgGlyAspGluGlyValAlaAlaMetVal 5
AlaAlaIleAspSerGlyTyrArgLeuLeuAspThrAlaValAsnTyrGlu
AsnGluSerGluValGlyArgAlaValArgAlaSerSerValAspArgAsp
GluLeuIleValAlaSerLysIleProGlyArgGlnHisGlyArgAlaGlu 10
AlaValAspSerIleArgGlySerLeuAspArgLeuGlyLeuAspValIle
AspLeuGlnLeuIleHisTrpProAsnProSerValGlyArgTrpLeuAsp
ThrTrpArgGlyMetIleAspAlaArgGluAlaGlyLeuValArgSerIle
GlyValSerAsnPheThrGluProMetLeuLysThrLeuIleAspGluThr 15
GlyValThrProAlaValAsnGlnValGluLeulisProTyrPheProGln
AlaAlaLeuArgAlaPheHisAspGluHisGlyIleArgThrGluSerTrp
SerProLeuAlaArgArgSerGluLSuLeuThrGluGlnLeuLeuGlnGlu 20
LeuAlaValValTyrGlyValThrProThrGlnValValLeuArgTrpHis
ValGlnLeuGlySerThrProlleProLysSerAlaAspProAspArgGln
ArgGluAsnAlaAspValPheGlyPheAlaLeuThrAlaAspGlnValAsp 25
AlalleSerGlyLeuGluArgGlyArgLeuTrpAspGlyAspProAspThr 30
HisGluGluMet; and (b) a 2,5-DKG reductase having the amino acid sequence of
(a), and additionally including methionine at its amino end. - 35 10. A
2,5-DKG reductase produced by the host of claim 5. 11. A method for
producing a 2,5-DKG reductase comprising: the step of culturing a host
transformed by a 



recombinant DNA molecule according to claim 2 or 3. 40 12. The method of
claim 11, further comprising the step of isolating said 2,5-DKG reductase.
13. A process for producing 2-KLG from glucose comprising the step of
fermenting the transformant of claim 8 in a medium comprising glucose. 45
14. A process for producing vitamin C, comprising the steps of: (a)
fermenting the transformant of claim 6 in a medium comprising glucose to
produce 2-KLG; and (b) converting said 2-KLG to vitamin C. 50 15. The
transformant of claim 8, wherein said host is a mutant of Erwinia citreus
unable to use 2,5-DKG or 2-KLG as a sole carbon source. 16. The
transformant according to claim 8, wherein said host is Erwinia citreus SHS
2003 (ATCC 31623). 55 17. A process for producing 2-KLG from glucose
comprising the steps of: (a) isolating a mutant of Erwinia unable to use
2,5-DKG as the sole carbon source; (b) transforming said mutant with a
recombinant DNA molecule comprising a DNA sequence of claim 1 operatively
linked to a lambda P L promoter; and 14    EP 0 231 354 B1 (c) fermenting
said mutant in a medium comprising glucose. 18 The process of claim 17,
wherein the pH of said medium is maintained at about pH 6.0. 5 Claims for
the following Contracting State: AT 1. A process for producing a DNA
sequence coding for a 2,5-DKG reductase comprising the steps of: (a)
preparing a cloning vector characterized by a DNA sequence coding for a
2,5-DKG reductase, said sequence selected from the group consisting of: 10
(i) a DNA sequence of the formula:
CCGAACATCCCCACCATCAGCCTCAACGACGGACGCCCCTTCGCCGAG
CCTGGGCTCGGCACGTACAACCTGCGCGGCGACGAGGGGGTCGCGGCCATG 15
GTCGCCGCGATCGACTCGGGCTACCGCCTGCTCGACACGGCGGTGACTAC
GAGAACGAGAGCGAGGTCGCCCGAGCGGTGCGCGCGAGCAGCGTCGATCGC
GACGAGCTCTCCTGCCCACCAACATCCCCCCCCCCAGCAGGGGCC 20 20
ATCGACCTCCAGCTGATCCACTGGCCGAACCCCAGCGTGGGCCGGTGGCTC
GACACCTCGCGCGGCATGATCGACGCGCGCAGGCGGGCCTGGTCCGCTCG
ATCGGCGTCTCGAACTTCACCGAGCCGATGCTGAAGACCCTCATCGACGAG 25
ACCGGGGTCACACCCGCGTCAACCAGGTCGAGCTCCACCCGTACTTCCCC
CAGGCGGCGCTGCGCGCGTTCCACGACGAGCACGGCATCCGCACCGAGAGC
TGGAGCCCGCTCGCCCGGCGCAGCGAGCTGCTCACCGAGCAGCTGCTGCAG 30
GAGCTGGCGTCGTCTCGCAGTCAGCGCCGACGCAGGTGGTGCTGCGGTGG
CACGTGCAGCTCGGCAGCACCCCGATCCCCAAGTCCGCCGACCCCGATCGC
CAGCGCGAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGGTC 35
GATGCGATCTCGGCCTCGAGCGCGGGCGGCTCTGGGACGGCGACCCCGAC ACGCACGAAGAGATG; and 



40          (ii) DNA sequences which, as a result of the degeneracy of the
genetic code, code for a polypeptide specified by the foregoing DNA
sequence; (b) transforming a host with said cloning vector; (c) culturing
said host; (d) isolating said cloning vector; and 45        (e) excising
the DNA sequence coding for a 2,5-DKG reductase therefrom. 2. A process for
producing a recombinant DNA molecule characterized by a DNA sequence coding
for a 2,5-DKG reductase, said DNA sequence selected from the group
consisting of: (a) a DNA sequence of the formula: 50 55 15    EP 0 231 354
B1 C    L    M    S CCGAACATCCCCACCATCAGCCTCAACACACGACGCCCCTTCGCCGAG
CCTGGGCTCGGCACGTACAACCTGCGCGGCGACGAGGGGGTCGCGGCCATG 5
GTCGCCGCGATCGACTCGGGCTACCGCCTGCTCGACACGGCGGTGAACTAC
GAGAACGAGAGCGAGGTCGGCCGAGCGGTGCGCGCGAGCAGCGTCGATCGC
GACGAGCTCATCGTGGCGAGCAAGATCCCGGGCCGCCAGCACGGGCGCGCC 10
GAGGCGGTCGACAGCATCCGCGGATCGCTCGACCGGCTGCGGCTCGACGTG
ATCGACCTGCAGCTGATCCACTGGCCGAACCCCAGCGTGGGCCGGTGGCTC
GACACCTGGCGCGGCATGATCGACGCGCGCGAGGCGGGCCTGGTCCGCTCG
ATCGGCGTCTCGAACTTCACCGAGCCGATGCTGAAGACCCTCATCGACGAG 15
ACCGGGGTCACACCCGCGGTCAACCAGGTCGAGCTCCACCCGTACTTCCCC
CAGGCGGCGCTGCGCGTTCCACGACGAGCACGGCATCCGCACCGACAGC
TGGAGCCCGCTCGCCCGGCGCAGCGAGCTGCTCACCGAGCAGCTGCTGCAG 20
GAGCTGGCGGTCGTCTACGGAGTGACGCCGACGCAGGTGGTGCTGCGGTGG
CACGTGCAGCTCGGCAGCACCCCGATCCCCAAGTCCGCCGACCCCGATCGC
CAGCGCGAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGGTC 25
GATGCGATCTCGGGCCTCGAGCGCGGCCGGCTCTGGGACGGCGACCCCGAC ACGCACGAAGAGATG; and 30
(b) DNA sequences which, as a result of the degeneracy of the genetic code,
code for a polypeptide specified by the foregoing DNA sequence; comprising
the step of introducing said DNA sequence coding for a 2,5-DKG reductase
into a cloning vector. 35 3. A process for producing a recombinant DNA
molecule characterized by a DNA sequence coding for a 2,5-DKG reductase,
said DNA sequence selected from the group consisting of: (a) a DNA sequence
of the formula: 40       CCGAACATCCCCACCATCAGCCTCAACGACGGACGCCCTTCGCCGAG
CCTGGGCTCGGCACGTACAACCTGCCGGCGACGAGGGGGTCGCGGCCATG 45 50 55 



16    GTCGCCGCGATCGACTCGGGCTACCGCCTGCTCGAC&CGCGGTGAACTAC
GAGAACGAGAGCGAGGTCGGCCGAGCGTGCGCGCGAGCAGCGTCGATCGC 5
GACGAGCTCATCGTGGCGAGCAAGATCCCGGGCCGCCAGCACGGGCGCGCC
GAGGCGGTCGACAGCATCCGCGGATCGCTCGACCGGCTGGGGCTCGACGTG
ATCGACCTGCAGCTGATCCACTGGCCGAACCCCAGCGTGGGCCGGTGGCTC 10
GACACCTGGCGCGCATGATCGACGCGCGCGAGCGGCCTGGTCCGCTCG
ATCGGCGTCTCGAACTTCACCGAGCCGATGCTGMGACCCTCATCGACGAG
ACCGGGGTCACACCCGCGGTCAACCAGGTCGAGCTCCACCCGTACTTCCCC
CAGGCGGCGCTGCGCGCGTTCCACGACGAGCACGGCATCCGCACCGAGAGC 15
TGGAGCCCGCTCGCCCGGCGCAGCGAGCTGCTCACCGAGCAGCTGCTGCAG
GAGCTGGCGGTCGTCTACGGAGTGACGCCGACGCAGGTGGTGCTGCGGTGG
CACGTGCAGCTCGGCAGCACCCCGATCCCCAAGTCCGCCGACCCCGATCGC 20
CAGCGCGAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGGTC
GATGCGATCTCGGGCCTCGAGCGCGGGCGGCTCTGGGACGGCGACCCCGAC ACGCACGAAGAGATG; 25 and
(b) DNA sequences which, as a result of the degeneracy of the genetic code,
code for a polypeptide specified by the foregoing DNA sequence; comprising
the step of culturing a host transformed with said recombinant DNA molecule
under 30         conditions suitable for replication of said recombinant
DNA molecule. 4. The process according to claim 3, wherein said recombinant
DNA molecule is further characterized in that the DNA sequence encoding the
2,5-DKG reductase is operatively linked to an expression control sequence
in said recombinant DNA molecule such that the transformed host is capable
of expressing 35     the 2,5-DKG  reductase when cultured under conditions
suitable for expression of the 2,5-DKG reductase. 5. The process according
to claim 4, characterized in that said expression control sequence is
selected from the group consisting of sequences that control the expression
of genes of prokaryotic or 40      eukaryotic cells and their viruses and
combinations thereof. 6.  The process according to claim 5, wherein said
expression control sequence is selected from the group consisting of the
lac system; the [err] system; the trp system; the tac system; the trc
system, the major operator and promoter regions of phage [err]; and the
control region of fd coat protein, the early 45      and late promoters of
SV40, promoters derived from polyoma virus and adenovirus, metallothiomine
promoters, the promoter for 3-phosphoglycerate kinase or other glycolytic
enzymes, the promoters of acid phosphatase, the promoters of the yeast
[err]-mating factors; promoters for mammalian cells such as the SV40 early
and late promoters, adenovirus late promoter, and other sequences that
control the expression of genes of prokaryotic or eukaryotic cells and
their viruses and combinations thereof. 50 7. A transformant comprising a
host transformed with at least one recombinant DNA molecule produced
according to claim 4, 5 or 6. 8.   The transformant of claim 7, wherein
said host makes 2,5-diketo-D-gluconic acid. 55 9.  The transformant of
claim 8, wherein said host belongs to the genus Erwinia. 



10. The transformant of claim 8, wherein said unicellular host is Erwinia
citreus. 17    11. A method for producing a 2,5-DKG reductase selected from
the group consisting of: (a) a 2,5-DKG reductase having the amino acid
sequence: 5              ProAsnIleProThrIleSerLeuAsnAspGlyArProPheAlaGluPro
GlyLeuGlyhrhTyrAsnteuArgGlyA~pGluGlyValAla~laMetVaI AlaAlalleAsp~
rGlyTyrArgLouzeuAap~hrAlaO lAsnTyxrGlu
AsnGluSerGluValGlyArgAlaValArgAla~erServalApArcpgAmp
GluLeuIleValAlaSerLyszlaProGlyArgGGlnHisglyArgAlaGlu
AlaValAsPSerIleArgGlySerLuuAupArgLauGlyLOuABpvalIll
AspLeiGlnLeuIlleH&sTrpProAsnProSerValGlyArqTrpLouAyp 15
ThrTrpArgGlyMctIioAspAlaArgGluAlaGlyLeuValArqser.le
GlyValerAanPhelTrGluProMetLouLysThrLouzllAspGluThr
GlyValThrProAlaValAsaninValGluLeuuisProTyrPheProGln 20
AlaAlaLeukrqAlaPh*HisAspGluRissly~lzArgThrelu~SrTrp
SerProLcuAlaArqArg$*re~luLeULauThr~luGInLauLeuGlnGlu
LeuAlaValValTyrGlyValThrProThrGlnValValLeuArgTrpyi. 25            ValGl
nLeuGlySerThrProzllProLysserAlaAmpProAspArgGln
ArgGluAunAlaAspvalPheGlyPhMAlaLouxhrAlaAspGlnValAsp
AlallSezrGlyLeUGluArqGlyArgLeuTrpAspGlyAspProAupThr 30
HisGluGluMet; and (b) a 2,5-DKG reductase having the amino acid sequence of
(a), and additionally including methionine at its amino end; 35
comprising the step of culturing a host transformed by the recombinant DNA
molecule produced according to claim 4, 5, or 6 under conditions suitable
for expression of said 2,5-DKG reductase. 12, A 2,5-DKG reductase produced
by the host of claim 7. 40  13 The method of claim 11, further comprising
the step of isolating said 2,5-DKG reductase. 14. A process for producing
2-KLG from glucose comprising the step of fermenting the transformant of
claim 10 in a medium comprising glucose. 45 15. A process for producing
vitamin C, comprising the steps of: (a) fermenting the transformant of
claim 8 in a medium comprising glucose to produce 2-KLG; and (b) converting
said 2-KLG to vitamin C. 16. The transformant of claim 10, wherein said
host is a mutant of Erwinia citreus unable to use 2,5-DKG or 50      2-KLG
as a sole carbon source. 17. The transformant according to claim 10,
wherein said host is Erwinia citreus SHS 2003 (ATCC 31623). 18. A process
for producing 2-KLG from glucose comprising the steps of: 55        (a)
isolating a mutant of Erwinia unable to use 2,5-DKG as the sole carbon
source; (b) transforming said mutant with a recombinant DNA molecule
comprising a DNA sequence produced according to claim 1 operatively linked
to a lambda PL promoter; and (c) fermenting said mutant in a medium
comprising glucose. 18   



EP 0 231 354 B1 19. The process of claim 18, wherein the pH of said medium
is maintained at about pH 6.0. Revendlcatlons Revendlcatlons pour les Bats
contractants sulvants: BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 1. Une
sdquence d'ADN isolde qui code pour une 2,5-DKG r~ductase, cette sequence
d'ADN 6tant choisie dans le groupe consistent en a) une s~quence d'ADN
ayant la formule: 10 CCGAACATCCCACCATCAGCCTCAACGACGOACGCCCCTTCGCCGAG
CCTGGGCTCGGCAGTACAACCTGCGCGGCGACGAGGGGGTCGCGGCCATG
GTCGCCGCATCGACTCGGGCTACCGCCTGCTCGACACGGCGGTGAACTAC 15
GAGAACGAGAGCGAGGTCGGCCAGCGGTGCGCGCGAGCAGCGTCGATCGC
GACGAGCTCATCGTGGCGACAAGATCCCGGGCCGCCAGCACGGGCGCGCC
GAGGCGGTCGACAGCATCCGCGQATCGCTCGACCGGCTOGGGCTCACGTG 20
ATCGACCTGCAGCTGATCCACTGGCCGAACCCAGCGTGGGCCGGTGGCTC
GACACCTGGCGCGGCATGATCGACGCGCGGAGGCGGGCCTGGTCCOCTCG
ATCGGCGTCTCGAACTTCACCOAGCCATGCTGAMGACCCTCATCGACGAC
CAGGCGCGCTGCGCGCGTTCCACGACGAGCACGGCATCCGACCGAGTAGC 25
TGGAGCCCGCTCGCCCGGCGCAGCGAGCTGCTCACCCAGCAGCTGTGCAG
GAOCTGGOGGTCGTCTACGGAGTGACGCCACGCAGGTGGTGCTGCGGTGG j>
CACGTGCAGCTCGGCAGCACCCCGATCCCCAAGTCCGCCACCCCGATCGC 30
CAGCGCGAGAACGCCGATGTGTTCGSCTCGCCCTCACCCGCCACCAGGTC
GATGCGATCTCGGGCCTCGAGCGCGGGCGSCTCTGGACGGCACCCCGAC ACICACGAAGAGATG, 36 et b)
des s6quences d'ADN qui par suite de la degenerescence du code gen~tique,
codent pour un polypeptide specifie par la s6quence prdscdente d'ADN. 40 2.
Une mol~cule d'ADN recombinant contenant une s~quence d'ADN codant pour une
2,5-DKG r6ductase, cette sequence d'ADN est choisie dens le groupe
consistent en: a) une s6quence d'ADN de formule: 46
CCGAMCATCCCACCATCAGCCTCAACDGACGACGCCCTTCOCCGAG
CCTGGGCTCOGCACGTACAACCTGCOCGGCACGAGGGGTCGCGGCCATG
GTCGCCGCGATCGACTCGGGCTACCGCCTGCTCGACACGGCGGTGAACTAC
GAGMCGAGAGCAGGTCGGCCAGCGGTGCGCGCGAGCAGCOTCGATCGC 50
GACGAGCTCATCGTGGCGAGCAAGATCCCGGGCCGCCAGCACGGGCGCGCC
GAGGCGGTCGACAGCATCCGCGCATCGCTCGACCGGCTGGGCTCSACGTG 55 19    EP O 231 354 B1
I                       11111111111111111111111 I *
,2 *  ~~~~~~~~~~~~~~~~~~~~C   L   M   S 



ATCGACCTGCAOCTGATCCACTGGCCAACCCAGCGTGGGCCGGTGGCTC
GACACCTGOCGCGGCATGATCGACGCGCGCGAGGCGGGCCTGGTCCGCTCG 5
ATCGGCGTCTCCAACTTCACCAGCCGATGCTGAAGACCCTCATCGACGAG
ACCGGGTCACACCCGCGGTCAACCAGGTCGAGCTCCACCCGTACTTCCCC
CAGGCGOCGCTGCGCGCGTTCCACGACGAGCACGGATCCGACCGAGAGC 10
TGGAGCCCGCTCGCCCOGCGCAGCGAGCTGCTCACCAGCAGCTGCTGCAG
GAGCTGGCGGTCOTCTACGGAGTGACGCCCACGCAGGTGGTCCTGCGTGGG
CACGTGCAGCTCGGCAGCACCCGATCCCAAGTCCGCCGACCCGATCGC 16
CAGCGCGAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGGTC
GATGCGATCTCCGGCCTCGAGCGCGGGCGGCTCTHHDACGGCGACCCCGAC ACGCACGAAGAGATG 20
et b) des s~quences d'ADN qui par suite de la ddg~ndrescence du code
g6n6tique codent pour un polypotide sp6cifi4 par la sdquence prdc~dente
d'ADN. 3. La molecule d'ADN recombinant salon la revendication 2,
caracterisee en ce que cette sequence 25      d'ADN est reliee
fonctionnellement & une sequence de contr8le de I'expression dans la
moldcule. 4. La molecule d'ADN recombinant selon la revendication 3,
caract6ris6e en ce quo cette sequence de contr8le de l'expression est
choisie parmi le groupe form4 du systeme lac du systeme fl-lactomase, du
systame trp, du systbme tac, du systbme trc, de l'opdrateur principal
et-des regions du promoteur du 30      phage X ; et de la region de
contr8le de ia protline de couverture fd, les promoteurs pr6coces et
retard~s de SV40, des promoteurs drinvs du virus du polyoma et des
adenovirus, des promoteurs de metallothionine, du promoteur pour la
3-phosphoglycerate kinase ou d'autres enzymes glycolytiques, des promoteurs
de phosphatase acide, des promoteurs des factours d'accouplement en a de la
levure; des promoteurs pour cellules humaines comme les promoteurs precoces
et tartifs de SV40, du 35      promoteur tardif d'adenovirus et d'autres
sdquences qui contr8lent l'expression des ganes des cellules procaryotes ou
eucaryotes, ainsi quo leurs virus et les combinaisons de ceux-ci. 5.  Un
transformant comprenant un h8te transform4 par au moins une molecule d'ADN
recombinant solon les revendications 3 ou 4. 40 8.  Le transformant solon
la revendication 5, caract ris4 on co quo cot h8te produit l'acide
2,5-dicdto-D- gluconique. 7. Le transformant solon la revendication 6,
caract6ris4 en co quo cot h8te appartient au genre Erwinia. 45 & Le
transformant solon la revendication 6, caractdrisd en ce quo I'h8te est
Erwinia citreus. 9. Une 2,5-DKG reductase choisie dans le groupe consistant
on: a) une 2,5-DKG reductase ayant la sequence d'aminoacides: 50 56 20
EP 0 231 354B1                              III1 1N tll ill
ProAsnIleProThrIleSerLeuAsnAupGlyArgProPheAlaGluPro
GlyLeuGlyThrTyrAsnLeuArg~lyAspGluGlyValAlaAlaMetVal
AlaAlaileAspSerGlyTyrArgLeuLeuAspThrAlaValAmnTyrGlu .5
AsnGluSerGluValGlyArgAlaValArgAlagerSerValAspArgAep 



cluLouZleValAlaSerLyaxleProGlyArgGlnHisOlyArgAlaGlu
AiaValAmpSerIliArgGlyserLeuAspArgLeuGlyLeulspVallle 70
AspLeuGinLeuIleflsTrpProAsnProSerValGlyArgTrpLeuAsp
ThrTrpArgGlyMetileAspAlaArgGluAlaGlyLeuvalArgSerIle
GlyValSerAsnBhOThrGluProMetL.uLySThrLUIileAspGluthr ,5
GlyValThrProAlaValAsnoinVal~luLeuHisProTyrPheProGIn
AlaAlaLeuArgAlaPheHisAspGluHieGlylleArgThrGluSerTrp K>
BerProLeuAlaArgArgserGluLeuLeuThrOluG;nLeuLeuGlnGlou >
eLeuAlaValValTyrGlyValThrProThrGlnVaalValLeuArgTrpHis 20
VaiGinLeuGlySerThrProlieProLyeserAla~spProAspArgGln
ArgGluAsnAlaAspvalPheGlyPheAlaLeuThrAlaAspGlnValAsp
AlalleSerGlyLeuGluArgalyArgLeuTrpAspGlyAspProAspThr 25
HisGluGluMet et b) une 2,5-DKG reductase ayant la sdquence d'aminoacides de
a) et on outre comprenant de la so        methionine & son extrdmit6
aminde. 10. La 2,5-DKG reductase produite par l'h8te solon la revendication
5. 11. M6thode pour produire une 2,5-DKG reductase qui comprend les etapes
de mise en culture d'un h8te S5     transform4 par une molacule d'ADN
recombinant solon la revendication 2 ou 3. 12. M6thode solon la
revendication 11, comprenant en outre I'etape d'isolement de ladite 2,5-DKG
r~ductase. 40  13. Procedd pour la production de 2-KLG a partir de glucose
qui comprend l'6tape de fermentation du transformant montr6 a la
revendication 8 dans un milieu contenant du glucose. 14. Procedd pour la
production de vitamine C, qui comprend les dtapes de: a) mise on
fermentation du transformant solon la revendication 6 dans un milieu
contenant du 45        glucose pour produire 2-KLG et, b) conversion dudit
2-KLG on vitamine C. 15. Le transformant solon la revendication 8,
caract6ris6 en ce quo cot h8to est un mutant d'Erwinia citreus incapable
d'utiliser 2,5-DKG ou 2-KLG comme unique source de carbone. 50 16.
Transformant solon la revendication 8, caract~risd en ce quo cot h8te est
Erwinia citreus SHS 2003 (ATCC 31623). 17. Proc6d6 de production de 2-KLG a
partir de glucose qui comprend les etapes de: s5        a) isolement d'un
mutant d'Erwinia incapable d'utiliser 2.5-DKG comme unique source de
carbone, b) transformation de ce mutant avec une molecule d'ADN recombinant
contenant une sdquence d'ADN salon la revendication 1 relide
fonctionnellement au promoteur lambda P et, c) fermentation de ce mutant
dans un milieu contenant du glucose. 21    EP 0 231 354 Bi
I iiiiiui   Mliii 11111 II l * C   L   M   S  18. Proc~dd selon la
revendication 17, caractdris4 en ce que le pH de ce milieu est maintenu &
environ pH 6.0. Revendications pour l'Etat contractant sulvant: AT 



8 1. Proc~dd pour produire une s~quence d'ADN qui code pour une 2,5-DKG
r~ductase, comprenant les dtapes consistant A: a) preparer un vecteur de
clonage caractdris4 par une s6quence d'ADN qui code pour une 2,5-DKG
r6ductase, cetto s6quence d'ADN dtant choisie dans le groupe consistant en:
10           (i) une s~quence d'ADN ayant la formule:
CCGAACATCCCACCATCAGCCTC MCGACGOACGCCCCTTCGCCGAG
CCTGGGCTCGGCAGTACAACCTGCGCGGCGACGAGGGGGTCGCGGCCATG
GTCGCCGCATCGACTCGGGCTACCGCCTSCTCGACACGGCGGTGAACTAC
GAGAACGAGAGCQAGGTCGGCCAOCGGTGCOCGCGAGCAGCGTCGATCGC <2
GACGAGCTCATCGTGGCGACAAGATCCCGGGCCGCCAOCACGOOGCGCGCC 20
GAGGCGOTCGACAOCATCCGCGGATCGCTCGACCBGCTGGQCTCACGTG
ATCQACCTOCAGCTGATCCACTGGCCGAACCCAGCGTGGGCCGGTGOCTC
GACACCTGGCGCGGCATOATCGACGCOCGGAGGCGGGCCTGGTCCGCTCG 25
ATCc4C0TCTCGAACTTCACCGAGCCATGCTGAAGACCCTCATCGACGAC
CAGOCQCGCTGCGCQCGTTCCACGACGAGCACGGCATCCGACCGAGTAGC
TGGAGCCCGCTCGCCCGGCGCAGCGAGCTGCTCACCCAGCAGCTGTOCAG J0
XGAGCTGGCGGTCGTCTACGGAGTGACGCCACGCAGGTSGTGCTGCGGTGG
CACOGTCAGCTCGGCAGCACCCCOATCCCCAAGGTCCGCCACCCCGATCGC
CAGCGCGAGAACOCCGATGTOTTCGGCTCGCCCTCACCCGCCACCAGGTC
GATGCGATCTCGGOCCTCGAGCOCGGGCGGCTCTGGGACSGCACCCCGAC q3
ACOCACGAAGAGATG, et (ii) des sdquences d'ADN qui, par suite de la
degen6rescence du code gdn6tique, codent pour un 40           polypeptide
specifie par la sequence prdcddente d'ADN, b) transformer un h8te avec ce
vecteur de clonage, c) cultiver cot h8te, d) isoler ce vecteur de clonage
et, e) obtenir a partir de celui-ci la edquence d'ADN qui code pour une
2,5-DKG reductase. 45 2. Proced6 pour produire une moldcule d'ADN
recombinant, caract~ris4 par une sdquence d'ADN codant pour une 2,5-DKG
reductase, cette sequence d'ADN etant choisie dans le groupe consistant en:
a) une sequence d'ADN de formule: 50 55 22    EP 0 231 364 B1 * C    L    M
S * CCGAACATCCCACCATCAGCCTCAACDGACGACGCCCTTCGCCGAG CCTGGGCTC
GCACGTACMACCTGCGCGOCACGAGGGGTCGCGGCCATG
OTCGCCGCGATCGACTCGGGCTACCGCCTGCTCOACACGGCGGTGAACTAC
GAGAACGAGAGCAGGTCGGCCAGCGGTGCGCGCGAGCAGCGTCGATCGC
GACGAGCTCATCGTGOCGAGCAAGATCCCGGGCCGCCAGCACGGCGCGCC
GAGOCGGTCGACAGCATCCGCGCATCGCTCGACCGGCTGGGCTCOACGTG 



10       ATCGACCTGCAGCTGATCCACTGGCCMACCCAGCGTGGGCCGGTGGCTC
GACACCTGGCGCGGCATA!TCGACGCGCGCGAGGCGGGCCTGGTCCGCTCG
ATCGGCGTCTCCAACSTCACCAGCCGATGCTGMAGACCCTCATCGACGAG 15
ACCGGGOCACACCCGCGOTCAACCAGGTCGAGCTCCACCC0TACTTCCCC
CAGGCGGCGCTGCGCGCGTTCCACGACGAGCACOGATCCGACCGAGAGC K>
rTGGAGCCCQCTCGCCCGGCGCAGCGAGCTGCTCACCAGCAGCTGCTOCAG K>
GAGCTGCGGTCGTCTACGGAGTGACGCCCACGCAGGTQGTCCTQCGGTGG 20
CACGTGCAGCTCGGCAGCACCCGATCCCAAGTCCGCCGACCCGATCGC
CAGCGCOAGAACGCCGATOGTTCGOC'TTCGCCCTCACCGCCGACCAGOTC
GATGCGATCTCGGGCCTCGAGCGCOGGCGGCTCTHHHACGGCGACCCCGAC 25      ACGCACGAAGAGATG
; et K>        b) des sequences d'ADN qui, par suite de la dcgenerescence
du code genetique, codent pour un 30    polypeptide specifie par la
sequence pr~c~dente d'ADN, proc~d6 comportant N6tape par laquelle on
introduit la sdquence d'ADN codant pour une 2,5-DKG r6ductase dans un
vecteur de clonage. 3 Procede pour produire une mol~cule d'ADN recombinant,
caractdris6 par une s~quence d'ADN codant pour une 2,5-DKG r6ductase, cette
sequence d'ADN 6tant choisie dans le groupe consistant en: 35    a) une
sequence d'ADN de formule: CCGAACATCCCACCATCAGCCTCAACDGACOACGCCCTTCGCCGAG
CCTGGGCTCGGCACGTAChACCTGCGC3GCACGAGGGGTCGCGGCCATO 40
GTCGCCGCGATCGACTCQGGCGACCGCCTGCTCGACACGGCGOTGAACTAC 45 50 55 23    * C   L
M   S OAGMACGAGAGCAGGTCGGCCAOCGOTGCGCGCGAGCAGCGTCGATCOC
GACGAGCTCATCGTaGCGAOCAAGATCCCGGOCCGCCAGCACGGGCGCGCC 5
GAGGCBGTCGACAGCATCCGCGCATCGCTCGACCGGCTGGGCT'CGACGOG
ATCGACCTGCAGCTGATCCACCGGCCAACCCAGCGTGGGCCGOTCGCTC
GACACCTGGCGCGQCATGAM'CGACGCGCGCGAOGCGGGCCTGGTCCGCTCG 10
ATCOGCOTCTCCMCTTCACCAGCCGATGCT5GMGACCCTCATCGACGAG
ACCGOGTCACACCCGCGGTCAACCAGOTCGAGCTCCACCCGTACTTCCCC
CAGGCGOCGCTGCGCGCGTTCCACGACGAGCACGGATCCGACCGAGAGC
TGGAGCCCGCTCGCCCGGCOCAGCOAGCTGCTCACCAGCAGCTGCTGCAG 15
GAOCTGGCGGTCGTCI'ACGGAQTGACGCCCACGCAGGTGGTCCTGCGOTGG
CACGTGCAGCTCQGCAOCACCCGATCCCAAGTCCGCCGACCCGATCGC
CAGCGCOAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGOTC 20
GATJCGATCTCGOGCCTCGAOCQCGGGCGGCTCTHHHACGGCGACCCCGAC ACGCACOAAGAGATG et 25
b) des s6quences d'ADN qui, par suite de la degenerescence du code
gdnetique codent, pour un polypeptide speciffe par la sequence d'ADN
prec6dente, procedd comprenant l'Ntape par laquelle on 



cultive un h8te transform4 avec la mol6cule d'ADN recombinant dans des
conditions permettant la duplication de la moldcule d'ADN recombinant. so
4.  Proc~d6 selon la revendication 3, dans lequel la molecule d'ADN
recombinant est en outre caractbrisee en ce que la s6quence d'ADN codant la
2,5-DKG reductase est reliee fonctionnellement & une sequence de contr8le
de l'expression dans la mol~cule d'ADN recombinant telle que I'hote
transforme est capable d'exprimer la 2,5-DKG r6ductase lorsqu'il est
cultive dans des conditions permattant l'expression de la 2,5 DKG
reductase. 35 5.  Proced6 selon la revendication 4, caracteris6 en ce que
la sequence de contr8le de l'expression est choisie dans le groupe form6
par des sequences qui contr8lent l'expression de gbnes de cellules
procaryotes ou eucaryotes et leurs virus et les combinaisons de ceux-ci. 40
6.  Proced6 selon la revendication 5, dans loquel la sequence de contr8le
de I'expression est choisie dans le groupe forme du systeme lac ; du
systeme fi-lactamase ; du systeme trp ; du systeme tac ; du systame trc, de
l'operateur prinicipal et des regions du promoteur du phage ) ; et de la
r~gion de contr8le dela proteine de couverture fd, les promoteurs precoces
et retard6s de SV40, les promoteurs d6riv6s du virus du polyoma et des
adenovirus, des promoteurs de methallothiomine, du promoteur 46      pour
la 3-phosphoglyco6rate kinase ou d'autres enzymes glycolytiques, des
promoteurs de la phospha- tase acide, des promoteurs des facteurs
d'accouplement en a de la levure ; des promoteurs pour cellules de
mammiferes comme les promoteurs precoces et tardifs de SV40, du promoteur
tardif d'adenovirus et d'autres sequences qui contr8lent l'expression des
genes des cellules procaryotes ou eucaryotes ainsi qua leurs virus at les
combinaisons de ceux-ci. 50 7. Un transformant comprenant un h8te
transforme par au moins une molecule d'ADN recombinant obtenue selon les
revendications 4, 5 ou 6. 8.  Le transformant de la revendication 7 dans
lequel 1'h8te produit I'acide 2,5-diceto-D-glyconique. 55 9. Le
transformant de la revendication 8, dans lequel 1'h8te appartient au genre
Erwinia. 10. Le transformant de la revendication 8, dans lequal 1'h8te
unicellulaire est Erwinia citreus. 24    EP 0 231 354B1
I   i    ,         1l(iED 1111 11. Proc~dd pour produire une 2,5-DKG
r6ductase choisie dans le groupe consistant en: a) une 2,5-DKG r~ductase
ayant la s6quence d'amino-acides: xProAsnI
leProThrrleSerLeuhsnAspolyArgProPheAlaGluPro 5
GlyLeuGlyThrTyrAsnLeuArgOlyAspGluGlyValAlaAlaMetVa 1 10
AlaAlaIleAspSerGlyTyrArgLeuLeuAspThrAlaValAsnTyrGlu
AsnGluSerGluValGlyArgAlaval.ArgAlaSerserValAspArgAsp
GluLeUIleValAlagerLysrleProGlyArgGlnHi.GlyArgAlaGlu 15
AlaValAspSerI1eArgGlySeroeuAspArgLeuGlyLeuAspVaIle AspLeuGlnLeulleRf
sTrpProAsnProgerValGlyArgTrpLeuAsp
ThrTrpArgGlyMetIleAspAlaArgGluAlaGlyLeuValArggerrIle 20
GlyValSerAsnPheThrGluProMetLeuLysThrLeuJleAspOluthr
GlyValThrProAlaValAsnaGnVa1G1uLeugilProTyrPheProGln AlaAlar-euArgAlaPheHl
sAspGluHisaly leArgThralugerTrp 



BerProLeuAlaArgArgSerGluLeuLeuThrGluG1nLeuLeuGlnGlu 25
LeuAlaValValTyrGlyValThrProThrOlnValValLsuArgrrpHis
ValGlnLeuGlySer'hrProlleProLy'serAlaAspProAspArgGln
ArgGluAsnAlaAepValPheGlyPheAlaLeuThrAlahopGlnValAsp 30
AlaIleSerGlyLeuGluArgGlyArgLeu rrpAspGlyAspProA7pThr HiSGluGluMet et 35
b) une 2,5-DKG reductase ayant la sdquence d'amino-acides de a) et
comprenant en outre de la methionine a son extremite amin6e; procede
comportant l'etape par laquelle on cultive un h8te transform4 par la
molecule d'ADN recombinant produite selon les revendications 4, 5 et 6 dans
des conditions convenant pour l'expression de cette 2,5-DKG reductase. 40
12. Une 2,5-DKG r~ductase produite par l'h8te de la revendication 7. 13 Le
proc~d6 de la revendication 11, comprenant en outre l'6tape consistant A
isoler la 2,5-DKG r~ductase. 45 14. Un procede pour produire du 2-KGL a
partir de glucose comprenant l'6tape consistant a faire fermenter le
transformant de la revendication 8 dans un milieu comprenant du glucose.
15. Un procMd6 pour la production de vitamine C comprenant les etapes de:
wo        a) mise en fermentation du transformant de la revendication 8
dans un milieu contenant du glucose pour produire le 2-KLG ; et b)
conversion du 2-KLG en vitamine C. 16. Le transformant de la revendication
10, dans lequel l'h8te est un mutani d'Erwinia citreus incapable 55
d'utiliser le 2,5-DKG ou le 2-KLG comme unique source de carbone. 17. Le
transformant de la revendication 10, dans loquel l'h8te est Erwinia citreus
SHS 2003 (ATCC 31623). 25    1111 1111 l#zz ll Hllu II 11 * C   L   M   S
18 Un proced6 de production de 2-KLG a partir de glucose comprenant les
6tapes de: a) isolation d'un mutant d'Erwinia incapable d'utiliser le
2,5-DKG comme unique source de carbone; b) transformation de ce mutant avec
une moldcule d'ADN recombinant comprenant une sequence d'ADN obtenue selon
la revendication I reliee fonctionnellement a un promoteur lambda PL ; et 5
C) mise en fermentation de ce mutant dans un milieu contenant du glucose.
19. Le proc6d6 de la revendication. 18, dans lequel le pH du milieu est
maintenu & environ pH 8,0. PatentansprUche 10 Patentansprlche flr folgende
Vertragsstaaten: BE, CH, DE, FR, GB, IT, Li, LU, NL, SE 1. Isolierte
DNA-Sequenz, die eine 2,5-DKG-Reduktase codiert, wobei die DNA-Sequenz aus
der Gruppe ausgewAhlt wird, die besteht aus: (a) DNA-Sequenz der Formel: 15
CCGAACATCCCCACCATCAGCCTCAACGACGGACGCCCCTTCGCCGAG AJ
CCTGGGCTCGGCACGTACAACCTGCGCGGCGACGAGGGGGTCGCGGCCATG
-.TCGCCGCGATCGACTCGGGCTACCGCCTGCTCGACACGGCGGTGAACTAC 



20 GAGAACGAGAGCGAGGTCGGCCGAGCGGTGCGCGCGAGCAGCGTCGATCGC
GACGAGCTCATCGTGGCGAGCAAGATCCCGGGCCGCCAGCACGGGCGCGCC
GAGGCGGTCGACAGCATCCGCGGATCGCTCGACCGGCTGGGGCTCGACGTG 25
ATCGACCTGCAGCTGATCCACTGGCCGAACCCCAGCGTGGGCCGGTGGCTC
GACACCTGGCGCGGCATGATCGACGCGCGCGAGGCGGGCCTGGTCCGCTCG
ATCGGCGTCTCGAACTTCACCGAGCCGATGCTGAAGACCCTCATCGACGAG 30
ACCGGGGTCACACCCGCGGTCAACCAGGTCGAGCTCCACCCGTACTTCCCC
CAGGCGGCGCTGCGCGCGTTCCACGACGAGCACGGCATCCGCACCGAGAGC
TGGAGCCCGCTCGCCCGGCGCAGCGAGCTGCTCACCGAGCAGCTGCTGCAG 35
GAGCTGGCGGTCGTCTACGGAGTGACGCCGACGCAGGTGGTGCTGCGGTGG
CACGTGCAGCTCGGCAGCACCCCGATCCCCAAGTCCGCCGACCCCGATCGC
CAGCGCGAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGGTC
GATGCGATCTCGGGCCTCGAGCGCGGGCGGCTCTGGGACGGCGACCCCGAC 40 ACGCACGAAGAGATG; und
(b) DNA-Sequenzen, die als Folge des degenerierten genetischen Codes ein
durch die vorstehende 45         DNA-Sequenz spezifiziertes Polypeptid
codieren. 2. Rekombinantes DNA-Molekil, umfassend eine eine
2,5-DKG-Reduktase codierende DNA-Sequenz, wobei die DNA-Sequenz aus der
Gruppe ausgewAhlt wird, die besteht aus: (a) DNA-Sequenz der Formel: 50 55
26    -   w   L   R   S CCGAACATCCCCACCATCAGCCTCAACGACGGACGCCCCTTCGCCGAG
CCTGGGCTCGGCACGTACAACCTGCGCGGCGACGAGGGGGTCGCGGCCATG
GTCGCCGCGATCGACTCGGGCTACCGCCTGCTCGACACGGCGGTGAACTAC
GAGAACGAGAGCGAGGTCGGCCGAGCGGTGCGCGCGAGCAGCGTCGATCGC
GACGAGCTCATCGTGGCGAGCAAGATCCCGGGCCGCCAGCACGGGCGCGCC
GAGGCGGTCGACAGCATCCGCGGATCGCTCGACCGGCTGGGGCTCGACGTG 10
ATCGACCTGCAGCTGATCCACTGGCCGAACCCCAGCGTGGGCCGGTGGCTC
GACACCTGGCGCGGCATGATCGACGCGCGCGAGGCGGGCCTGGTCCGCTCG
ATCGGCGTCTCGAACTTCACCGAGCCGATGCTGAAGACCCTCATCGACGAG
ACCGGGGTCACACCCGCGGTCAACCAGGTCGAGCTCCACCCGTACTTCCCC
CAGGCGGCGCTGCGCGCGTTCCACGACGAGCACGGCATCCGCACCGAGAGC
TGGAGCCCGCTCGCCCGGCGCAGCGAGCTGCTCACCGAGCAGCTGCTGCAG 20
GAGCTGGCGGTCGTCTACGGAGTGACGCCGACGCAGGTGGTGCTGCGGTGG
CACGTGCAGCTCGGCAGCACCCCGATCCCCLAGTCCGCCGACCCCGATCGC
CAGCGCGAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGGTC
GATGCGATCTCGGGCCTCGAGCGCGGGCGGCTCTGGGACGGCGACCCCGAC 25 ACGCACGAAGAGATG; 



und (b) DNA-Sequenzen, die als Folge des degenerierten genetischen Codes
ein durch die vorstehende 30         DNA-Sequenz bezeichnetes Polypeptid
codieren. 3.  Rekombinantes DNA-MolekUI nach Anspruch 2, wobel die
DNA-Sequenz mit elner Expressionskontroll- sequenz im MolekUl funktionell
verbunden ist. 35  4.  Rekombinantes DNA-MolekOI nach Anspruch 3, wobei die
Expressionskontrollsequenz ausgewAhIt wird aus der Gruppe, umfassend das
lac-System; das R-Lactamase-System, das trp-System; das tac- System; das
trc-System, die Haupt-Operator- und -Promotorbereiche des k-Phage-n und den
Kontroll- bereich des fd-H1llproteins, die frlhen und spiten Promotoren von
SV40, Promotoren, die von Polyomavirus und Adenovirus abgeleitet sind,
Metallothionin-Promotoren, den Promotor fUr 3- 40
Phosphoglycerat-Kinase oder andere glykolytische Enzyme, die Promotoren der
sauren Phosphatase, die Promotoren der Hefe-a-Paarungsfaktoren; Promotoren
fOr Saugerzellen, wie z.B. die frlhen und spaten Promotoren von SV40, den
sp~ten Adenovirus-Promotor, und andere Sequenzen, die die Expression von
Genen von prokaryotischen oder eukaryotischen Zellen und deren Viren und
Kombina- tionen davon kontrollieren. 45 5.  Transformante, umfassend einen
mit mindestens einem rekombinanten DNA-MolekUI nach Anspruch 3 oder 4
transformierten Wirt. 6. Transformante nach Anspruch 5, wobei der Wirt
2,5-Diketo-D-gluconsaure herstellt. 50 7. Transformante nach Anspruch 6.
wobel der Wirt zur Gattung Erwinia gehort. &   Transformante nach Anspruch
6, wobeil der Wirt Erwinia citreus ist. 65  9.  2,5-DKG-Reduktase,
ausgewghIt aus der Gruppe, die umfalnt (a) 2,5-DKG-Reduktase, die die
Aminosauresequenz aufweist: 27    EP 0231 364 B1
I     c *11 11111il III ProAsnIleProThrIleSerLeuAsnAspGlyArgProPheAlaGluPro
GlyLeuGlyThrTyrAsnLeuArgGlyAspGluGlyValAlaAlaMetVal
AlaAlaIleAspSerGlyTyrArgLeuLeuAspThrAlaValAsnTyrGlu
AsnGluSerGluVaGlyArgAlaValArgAlaSerSerValAspArgAsp
GluLeuIleValAlaSerLysIleProGlyArgGlnHisGlyArgAlaGlu
AlaValAspSerIleArgGlySerLeuAspArgLeuGlyLeuAspValIle 10
AspLeuGlnLeuIleHisTrpProAsnProSerValGlyArgTrpLeuAsp
ThrTrpArgGlyMetIleAspAlaArgGluAlaGlyLeuValArgSerIle
GlyValSerAsnPheThrGluProMetLeuLysThrLeulleAspGluThr 15
GlyValThrProAlaValAsnGlnValGluLeuRisProTyrPheProGln
AlaAlaLeuArgAlaPhesHisAspGluHis~lyIleArgThrGluSerTrp
SerProLeuAlaArgArgSerGluLeuLeuThrGluGlnLeuLeuGlnGlu 20
LeuAlaValValTyrGlyValThrProThrGlnValValLeuArgTrpHis
ValGlnLeuGlySerThrProIleProLysSerAlaAspProAspArgGln
ArgGluAsnAlaAspValPheGlyPheAlaLeuThrAlaAspGlnValAsp 25
AlalleSerGlyLeuGluArgGlyArgLeuTrpASpGlyAsPProAspThr HisGluGluMet; 30 



und (b) 2,5-DKG-Reduktase, die die Aminosguresequenz von (a) aufweist und
au~erdem Methionin am Aminoende umrfat. 35  10. 2,5-DKG-Reduktase, die
durch den Wirt nach Anspruch 5 erzeugt wird. 11. Verfahren zur Herstellung
einer 2,5-DKG-Reduktase, das die ZUchtung eines durch ein rekombinantes
DNA-MolekIl nach Anspruch 2 oder 3 transformierten Wirtes umfafit. 40  12.
Verfahren nach Anspruch 11, das femer den Schritt zur Isolierung der
2,5-DKG-Reduktase umfalt. 13. Verfahren zur Erzeugung von 2-KLG aus
Glucose, das den Schritt der Fermentation der Transformante nach Anspruch 8
in einem Medium, das Glucose enth~lt, umrfat. 4s 14. Verfahren zur
Herstellung von Vitamin C. das die folgenden Schritte umrfat: (a)
Fermentation der Transformante von Anspruch 6 in einem Medium, das Glucose
enthglt, zur Herstellung von 2-KLG; und (b) Umwandlung von 2-KLG zu Vitamin
C. 60 15. Transformante nach Anspruch 8, wobei der Wirt eine Mutante von
Erwinia citreus ist, die nicht in der Lage ist, 2.5-DKG oder 2-KLG als
einzige Kohlenstoffquelle zu verwerten. 16. Transformante nach Anspruch 8,
wobel der Wirt Erwinia citreus SHS 2003 (ATCC 31623) ist. 58 17. Verfahren
zur Herstellung von 2-KLG aus Glucose, das die folgenden Schritte umfaBt:
(a) Isolierung einer Mutante von Erwinia, die nicht in der Lage ist,
2,5-DKG als einzige Kohlenstoff- quelle zu verwerten; (b) Transformation
der Mutante mit einem rekombinanten DNA-Molek~l, das eine DNA-Sequenz 28
EP 0231 354 BI                                 1         c4.1116111 1111
nach Anspruch 1 umfaBt, die mit einem X-PL-Promotor funktionell verbunden
ist; und (c) Fermentation der Mutante in einem Medium, das Glucose enthalt.
1& Verfahren nach Anspruch 17, wobel der pH-Wert des Mediums bel etwa 6,0
gehalten wird. 5 Patentansprtiche fUr folgenden Vertragsstaat: AT 1.
Verfahren zur Herstellung einer flr eine 2,5-DKG-Reduktase codierenden
DNA-Sequenz, das die folgenden Schritte umfaBt: o0         (a) Herstellung
eines Clonierungsvektors, der durch elne fUr eine 2,5-DKG-Reduktase
codierende DNA-Sequenz gekennzeichnet ist, wobel die DNA-Sequenz aus der
Gruppe ausgew~hlt ist, die besteht aus: (i) elner DNA-Sequenz der Formel:
75 CCGAACATCCCCACCATCAGCCTCAACGACGGACGCCCCTTCGCCGAG
CCTGGGCTCGGCACGTACAACCTGCGCGGCGACGAGGGGGTCGCGGCCATG
.TCGCCGCGATCGACTCGGGCTACCGCCTGCTCGACACGGCGGTGAACTAC 20
GAGAACGAGAGCGAGGTCGGCCGAGCGGTGCGCGCGAGCAGCGTCGATCGC
GACGAGCTCATCGTGGCGAGCAAGATCCCGGGCCGCCAGCACGGGCGCGCC
GAGGCGGTCGACAGCATCCGCGGATCGCTCGACCGGCTGGGGCTCGACGTG 25
ATCGACCTGCAGCTGATCCACTGGCCGAACCCCAGCGTGGGCCGGTGGCTC
GACACCTGGCGCGGCATGATCGACGCGCGCGAGGCGGGCCTGGTCCGCTCG
ATCGGCGTCTCGAACTTCACCGAGCCGATGCTGAAGACCCTCATCGACGAG 



30                ACCGGGGTCACACCCGCGGTCAACCAGGTCGAGCTCCACCCGTACTTCCCC
CAGGCGGCGCTGCGCGCGTTCCACGACGAGCACGGCATCCGCACCGAGAGC
TGGAGCCCGCTCGCCCGGCGCAGCGAGCTGCTCACCGAGCAGCTGCTGCAG 35
GAGCTGGCGGTCGTCTACGGAGTGACGCCGACGCAGGTGGTGCTGCGGTGG K>
CACGTGCAGCTCGGCAGCACCCCGATCCCCAAGTCCGCCGACCCCGATCGC
CAGCGCGAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGGTC 40
GATGCGATCTCGGGCCTCGAGCGCGGGCGGCTCTGGGACGGCGACCCCGA& ACGCACGAAGAGATG; und 45
(ii) DNA-Sequenzen, die als Folge des degenerierten genetischen Codes ein
durch die vorstehen- de DNA-Sequenz spezifiziertes Polypeptid codieren; (b)
Transformation eines Wirts mit dem Clonierungsvektor; (c) ZUchtung des
Wirts; (d) Isolierung des Clonierungsvektors; und 50         (e)
Ausschneiden der DNA-Sequenz, die flr eine 2,5-DKG-Reduktase codiert. 2.
Verfahren zur Herstellung eines rekombinanten DNA-MolekOls, das durch eine
far eine 2,5-DKG- Reduktase codierende DNA-Sequenz gekennzeichnet ist,
wobei die DNA-Sequenz aus der Gruppe ausgewAhlt ist, die besteht aus: 55
(a) einer DNA-Sequenz der Formel: 29
CCGAACATCCCCACCATCAGCCTCAACGACGGACGCCCCTTCGCCGAG
CCTGGGCTCGGCACGTACAACCTGCGCGGCGACGAGGGGGTCGCGGCCATG 6
GTCGCCGCGATCGACTCGGGCTACCGCCTGCTCGACACGGCGGTGAACTAC
GAGAACGAGAGCGAGGTCGGCCGAGCGGTGCGCGCGAGCAGCGTCGATCGC
GACGAGCTCATCGTGGCGAGCAAGATCCCGGGCCGCCAGCACGGGCGCGCC
GAGGCGGTCGACAGCATCCGCGGATCGCTCGACCGGCTGGGGCTCGACGTG 10
ATCGACCTGCAGCTGATCCACTGGCCGAACCCCAGCGTGGGCCGGTGGCTC
GACACCTGGCGCGGCATGATCGACGCGCGCGAGGCGGGCCTGGTCCGCTCG
ATCGGCGTCTCGAACTTCACCGAGCCGATGCTGAAGACCCTCATCGACGAG t5
ACCGGGGTCACACCCGCGGTCAACCAGGTCGAGCTCCACCCGTACTTCCCC
CAGGCGGCGCTGCGCGCGTTCCACGACGAGCACGGCATCCGCACCGAGAGC LNIv'
TGGAGCCCGCTCGCCCGGCGCAGCGAGCTGCTCACCGAGCAGCTGCTGCAG 20
GAGCTGGCGGTCGTCTACGGAGTGACGCCGACGCAGGTGGTGCTGCGGTGG 25
CACGTGCAGCTCGGCAGCACCCCGATCCCCAAGTCCGCCGACCCCGATCGC
CAGCGCGAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGGTC
GATGCGATCTCGGGCCTCGAGCGCGGGCGGCTCTGGGACGGCGACCCCGAC ACGCACGAAGAGATG; 30 und
(b) DNA-Sequenzen, die als. Folge des degenerierten genetischen Codes ein
durch die vorstehende DNA-Sequenz spezifiziertes Polypeptid codieren; 35
umfassend den Schritt des EinfUhrens der fOr eine 2,5-DKG-Reduktase
codierenden Sequenz in einen Clonierungsvektor. 



3. Verfahren zur Herstellung eines rekombinanten DNA-Molekals, das durch
eine fUr eine 2,5-DKG- Reduktase codierende DNA-Sequenz gakennzeichnet ist,
wobel die DNA-Sequenz aus der Gruppe 40  ausgew~hlt ist, die besteht aus:
(a) einer DNA-Sequenz der Formel: 45 50 55 30    * C   L   M   S
CCGAACATCCCCACCATCAGCCTCAACGACGGACGCCCCTTCGCCGAG
CCTGGGCTCGGCACGTACAACCTGCGCGGCGACGAGGGGGTCGCGGCCATG 5
GTCGCCGCGATCGACTCGGGCTACCGCCTGCTCGACACGGCGGTGAACTAC
GAGAACGAGAGCGAGGTCGGCCGAGCGGTGCGCGCGAGCAGCGTCGATCGC
GACGAGCTCATCGTGGCGAGCAAGATCCCGGGCCGCCAGCACGGGCGCGCC 10
GAGGCGGTCGACAGCATCCGCGGATCGCTCGACCGGCTGGGGCTCGACGTG
ATCGACCTGCAGCTGATCCACTGGCCGAMCCCCAGCGTGGGCCGGTGGCTC
GACACCTGGCGCGGCATGATCGACGCGCGCGAGGCGGGCCTGGTCCGCTCG
ATCGGCGTCTCGAACTTCACCGAGCCGATGCTGAAGACCCTCATCGACGAG
ACCGGGGTCACACCCGCGGTCAACCAGGTCGAGCTCCACCCGTACTTCCCC
CAGGCGGCGCTGCGCGCGTTCCACGACGAGCACGGCATCCGCACCGAGAGC
TGGAGCCCGCTCGCCCGGCGCAGCGAGCTGCTCACCGAGCAGCTGCTGCAG
GAGCTGGCGGTCGTCTACGGAGTGACGCCGACGCAGGTGGTGCTGCGGTGG
CACGTGCAGCTCGGCAGCACCCCGATCCCCAAGTCCGCCGACCCCGATCGC 25
CAGCGCGAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGGTC
GATGCGATCTCGGGCCTCGAGCGCGGGCGGCTCTGGGACGGCGACCCCGAC ACGCACGAAGAGATG; 30 und
(b) DNA-Sequenzen, die als Folge des degenerierten genetischen Codes ein
durch die vorstehende DNA-Sequenz spezifiziertes Polypeptid codieren; 35
umfassend den Schritt der ZUchtung elnes mit dem rekombinanten DNA-MolekOI
transformierten Wirts unter Bedingungen, die fOr die Replikation der
rekombinanten DNA geeignet sind. 4.  Verfahren nach Anspruch 3, wobel das
rekombinante DNA-MolekUl weiter dadurch gekennzeichnet ist, dalB die die
2,5-DKG-Reduktase codierende DNA-Sequenz funktionell so mit einer
Expressionskontroll- 40      sequenz in dem rekombinanten DNA-Molektl
verbunden ist, daB der transformierte Wirt in der Lage ist, die
2,5-DKG-Reduktase zu exprimieren, wenn dieser unter Bedingungen gezUchtet
wird, die fOr die Expression der 2,5-DKG-Reduktase geeignet sind. 5.
Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB die
Expressionskontrollsequenz aus der 45      Gruppe ausgewlhIt ist. die
besteht aus Sequenzen, die die Expression von Genen aus prokaryotischen
oder eukaryotischen Zellen, ihren Viren und Kombinationen davon
kontrollieren. 6.  Verfahren nach Anspruch 5, wobel die
Expressionskontrollsequenz ausgewhIt ist aus der Gruppe, bestehend aus dem
lac-System, dem ,-Lactamase-System, dem trp-System, dem tac-System, dem so
trc-System, den Haupt-Operator- und -Promotorbereichen des X-Phagen, und
dem Kontrollbereich des 



fd-HOllproteins, den frOhen und spiten Promotoren von SV40, Promotoren, die
von Polyomavirus und Adenovirus abgeleitet sind, Metallothionin-Promotoren,
dem  Promotor fOr 3-Phosphoglycerat-Kinase oder anderen glykolytischen
Enzymen, den Promotoren der sauren Phosphatase, den Promotoren der
Hefe-a-Paarungsfaktoren; Promotoren far Saugerzellen, wie die frOhen und
sp~ten Promotoren von 55      SV40, dem spdten Adenovirus-Promotor, und
anderen Sequenzen, die die Expression von Genen von prokaryotischen oder
eukaryotischen Zellen und deren Viren und Kombinationen davon
kontrollieren. 7.  Transformante, umfassend einen Wirt, der mit mindestens
einem nach einem der Ansprache 4, 5 oder 31    EP 0 231 364 B1 I
1111111111111111111111111 6 hergestellten rekombinanten DNA-MolekUl
transformiert ist.                      c   L   M   S 8.  Transformante
nach Anspruch 7, wobei der Wirt 2,5-Diketo-D-gluconsaure herstelit. 5  9.
Transformante nach Anspruch 8, wobel der Wirt zur Gattung Erwinia geh6rt.
10. Transformante nach Anspruch 8, wobei der einzellige Wirt Erwinia
citreus ist. 11. Verfahren zur Herstellung einer 2,5-DKG-Reduktase,
ausgewdhIt aus der Gruppe bestehend aus: tO        (a) einer
2,5-DKG-Reduktase mit der Aminosauresequenz:
ProAsnIleProThrIleSerLeuAsnAspGlyArgProPheAlaGluPro 15
G&lyLeuGlyThrTyrAsnLeuArgrlyAsprluC~lyValAlaAla.MetVa1
AlaAlaIleAspSerGlyTyrArgLeuLeuAspThrAlaValAsnTyrGlu
AsnGluSerGluValGlyArgAlaValArgAlaSerSerValAspArgAsp
GluLeuIleValAlaSerLysIleProGlYArgGln~isr-lyArgAlaGlu 20
AlaValAspSerIleArgGlySerLeuAspArgLeuGlyLeuAspvalIle 25
AspLeuGlnLeulleHisTrpProAsnProSerValGlyArgTrpLeuAsp
ThrTrpArgGlyMetIleAspAlaArgGluAlaGlyLeuValArgserIle
GlyValSerAsnPheThrGluProMetLeuLysThrLeulleAspGluThr 30
GlyValThrProAlaValAsnGlnValGluLeufisProTyrPheProGln
AlaAlaLeuArgAlaPheHisAspGluHisGlyileArgThrGluSerTrp
SerProLeuAlaArgArgSerGluLeuLeuThrGluGlnLeuLeuGlnGlu
LeuAlaValValTyrGlyValThrProThrGlnValValLeuArgTrpHis 95 K>
ValGlnLeuGlySerThrProIleProLysSerAlaAspProAspArgGln
ArgGluAsnAlaAspValPheGlyPheAlaLeuThrAlaAspGlnValAsp
AlaIleSerGlyLeuGluArgGlyArgLeuTrpAspGlyAspProAspThr 40
HisGluGluMet; und (b) einer 2,5-DKG-Reduktase, die die Aminosauresequenz
von (a) aufweist und aulerdem Methionin 45        am Aminoterminus umfatt;
umfassend den Schritt der Z0chtung eines Wirts, der mit dem nach einem der
AnsprUche 4, 5 oder 6 hergesteliten rekombinanten DNA-MolekOl transformiert
ist, unter far die Expression der 2,5-DKG- Reduktase geeigneten
Bedingungen. 50  12. 2,5-DKG-Reduktase, hergestelit von dem Wirt nach
Anspruch 7. 13. Verfahren nach Anspruch 11, auBerdem umfassend den Schritt
der Isolierung der 2,5-DKG-Reduktase. 14. Verfahren zur Herstellung von
2-KLG aus Glucose, umfassend den Schritt der Fermentation der 



55      Transformante nach Anspruch 10 in einem Medium, das Glucose
enthlIt. 15. Verfahren zur Herstellung von Vitamin C, das die folgenden
Schritte umfalt: (a) Fermentation der Transformante nach Anspruch 8 in
einem Medium, das Glucose enthalt, zur 32    EP 0 231 354 B1
11111 lilA IlIj II liii * C   L   R   S i Herstellung von 2-KLG; und (b)
Umwandlung von 2-KLG zu Vitamin C. 16. Transformante nach Anspruch 10,
wobei der Wirt elne Mutante von Erwinia citreus ist, die nicht in der 5
Lage ist, 2,5-DKG oder 2-KLG als einzige Kohlenstoffquelle zu verwerten.
17. Transformante nach Anspruch 10, wobel der Wirt Erwinia citreus SHS 2003
(ATCC 31623) st. 18. Verfahren zur Herstellung von 2-KLG aus Glucose, das
die folgenden Schritte umfalt: ?O       (a) Isolierung einer Mutante von
Erwinia, die nicht in der Lage lst, 2,5-DKG als einzige Kohlenstoff- quelle
zu verwerten; (b) Transformation der Mutante mit einem rekombinanten
DNA-MolekUl, das eine DNA-Sequenz enthalt, die nach Anspruch 1 hergestellt
ist und die funktionell mit elnem Lambda-P,-Promotor verbunden ist; und i5
(C) Fermentation der Mutante in einem Medium, das Glucose enthfilt. 19.
Verfahren nach Anspruch 18, wobei der pH-Wert des Mediums be! etwa pH 6,0
gehalten wird. 20 25 30 35 40 45 50 55 33    


