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METHOD FOR THE BIOTECHNOLOGICAL
PRODUCTION OF ERYTHRITOL

[0001] The present invention pertains to a method for the
biotechnological production of erythritol, in particular a
method for the biotechnological production of erythritol by
cultivating at least one saprotroph in a culture medium
comprising a nitrogen source and a high concentration of a
carbon source.

[0002] In the recent years people’s lifestyle and the grow-
ing consumption of food products with high sugar content
has resulted in a tremendous rise of blood glucose related
diseases and disorders, such as diabetes mellitus type 2
(DMT2). Nowadays, a low-glycaemic nutrition and the
avoidance of excessive peaks in blood glucose level is
considered to reduce the risk for developing certain chronic
diseases and to be beneficial for maintenance and improve-
ment of health and for the treatment and/or prevention of a
large number of blood glucose related diseases and disor-
ders.

[0003] Erythritol is a naturally occurring four-carbon
sugar alcohol gaining increasing importance in the food
industry due to its specific properties and its manifold fields
of'application. It can be found in several fruits, such as pears,
grapes and melons, mushrooms, alcoholic drinks (beer,
wine, sake) and fermented food products, such as soy sauce
and miso bean paste, but naturally also occurs in biofluids of
humans and animals such as eye lens tissue, serum, plasma,
fetal fluid and urine. Due to its small molecular weight,
erythritol is easily absorbed already in the upper intestine
and therefore causes less digestive distress than other sugar
alcohols used in the food industry. The majority of ingested
erythritol is not metabolized in the human body and is
excreted unmodified into the urine without changing blood
glucose and insulin levels (Regnat et al., Erythritol as
sweetener—wherefrom and whereto?, 2018, Applied Micro-
biology and Biotechnology, Vol. 102). Furthermore, eryth-
ritol is non-cariogenic, thermally stable, crystalizes well and
is less hygroscopic than sucrose. Due to the negative
enthalpy of dissolution, the consumption of erythritol causes
a cooling sensation in the oral cavity. A 10% (w/v) solution
of erythritol has 60-80% of the sweetness of sucrose at the
same concentration.

[0004] However, in contrast to other sugar alcohols, such
as sorbitol, xylitol, mannitol, lactitol, and maltitol, which are
well-established as sugar alternatives for many years, so far
erythritol cannot be chemically produced in a commercially
worthwhile way. The production of erythritol from dialde-
hyde starch using a nickel catalyst at high temperatures
results in unsatisfying low yields (Moon et al. Biotechno-
logical production of erythritol and its applications, 2010,
Appl. Microbiol. Biotechnol., Vol. 86).

[0005] In yeast and fungus species, erythritol is produced
via the so-called pentose phosphate pathway. It is synthe-
sized from D-erythrose-4-phosphate through dephosphory-
lation and subsequent reduction of erythrose. Based thereon,
the suitability of osmophilic yeast, such as Aureobasidium
sp., Trichosporonoides sp. and Candida magnoliae, for the
biotechnological production of erythritol has been investi-
gated in several studies (Ishizuka et al., Breeding of a mutant
of Aureobasidium sp. with high erythritol production, 1989,
J. Ferm. Bioeng., Vol. 68 (5); U.S. Pat. Nos. 4,939,091A;
5,962,287 A; Oh et al., Increased erythritol production in
fedbatch cultures of Torula sp. by controlling glucose con-
centration, 2001, JIM&B, Vol. 26; Koh et al., Scale-up of
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erythritol production by an osmophilic mutant of Candida
magnoliae, 2003, Biotechnol. Lett., Vol. 25; Ryu et al.,
Optimization of erythritol production by Candida magno-
liae in fed-batch culture, 2000, JIM&B, Vol. 25). More
recent studies examined the potential of filamentous fungi to
produce erythritol (Jovanovic et al., 2013). However, the
yields of erythritol obtained from the different strains was
unsatisfactory for industrial scale production.

[0006] Accordingly, there is a need for a biotechnological
method for the production of erythritol with increased yield.
The present invention overcomes the disadvantages of the
methods in the prior art by the subject-matter of the inde-
pendent claims, in particular by the method for the produc-
tion of erythritol according to the present invention.
[0007] The present invention in particular pertains to a
method for the production of erythritol, comprising the
steps:

[0008] a) cultivating at least one saprotroph in a culture
medium comprising a carbon source in a concentration
of at least 40 g/L and a nitrogen source, so as to obtain
erythritol in the culture medium,

[0009] Db) recovering erythritol from the culture
medium.
[0010] Inapreferred embodiment of the present invention,

the culture medium comprises the carbon source in a con-
centration of at least 50 g/, preferably at least 60 g/L,
preferably at least 70 g/L..

[0011] In a further preferred embodiment of the present
invention, the culture medium comprises the carbon source
in a concentration of at most 150 g/L, preferably at most 125
g/L, preferably at most 100 g/L, preferably at most 95 g/L,
preferably at most 90 g/L..

[0012] According to a preferred embodiment of the pres-
ent invention, the culture medium comprises the carbon
source in a concentration of 40 to 200 g/L, preferably 45 to
175 g/L, preferably 50 to 150 g/L, preferably 55 to 125 g/L,
preferably 60 to 100 g/L, preferably 65 to 95 g/L, preferably
70 t0 90 g/L.

[0013] Preferably, the culture medium comprises the car-
bon source in a concentration of 40 to 160 g/L, preferably 40
to 150 g/L, preferably 40 to 140 g/I, preferably 45 to 130
g/L, preferably 45 to 120 g/, preferably 45 to 110 g/L,
preferably 50 to 100 g/L, preferably 50 to 95 g/L, preferably
50 to 90 g/L, preferably 60 to 90 g/L, preferably 65 to 90
g/L, preferably 70 to 90 g/L.

[0014] In a further preferred embodiment of the present
invention, the culture medium comprises the nitrogen source
in a concentration of at least 50 mM, preferably at least 55
mM, preferably at least 60 mM, preferably at least 65 mM,
preferably at least 70 mM.

[0015] Preferably, the culture medium comprises the nitro-
gen source in a concentration of at most 150 mM, preferably
at most 140 mM, preferably at most 130 mM, preferably at
most 120 mM, preferably at most 110 mM, preferably at
most 100 mM.

[0016] Particularly preferred, the culture medium com-
prises the nitrogen source in a concentration of 50 to 140
mM, preferably 55 to 130 mM, preferably 60 to 120 mM,
preferably 65 to 110 mM, preferably 70 to 100 mM.
[0017] According to preferred embodiment of the present
invention, the culture medium is a synthetic medium. Pref-
erably, the culture medium is not a synthetic medium.
[0018] In a further preferred embodiment of the present
invention, the culture medium comprises a hydrolysate
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obtained by hydrothermal treatment of a cellulose-, hemi-
cellulose- and/or starch-comprising raw material.

[0019] Particularly preferred, the culture medium com-
prises a lignocellulose-comprising hydrolysate.

[0020] In a further preferred embodiment of the present
invention, the hydrolysate, preferably the hydrolysate
obtained by hydrothermal treatment of a cellulose-, hemi-
cellulose- and/or starch-comprising raw material, in particu-
lar the lignocellulose-comprising hydrolysate, is derived
from agro-industrial residues.

[0021] According to preferred embodiment of the present
invention, the culture medium comprises a hydrolysate of
straw, in particular a hydrolysate of wheat straw. In a further
preferred embodiment, the culture medium comprises a
hydrolysate of wheat bran. Preferably, the culture medium
comprises a hydrolysate of potato pulp.

[0022] Inapreferred embodiment of the present invention,
the carbon source is a monomeric or oligomeric C-5 and/or
C-6 sugar or a mixture thereof. Preferably, the carbon source
is a monomeric or oligomeric C-5 and/or C-6 sugar selected
from arabinose, xylose, glucose, galactose, mannose and
fructose. According to a further preferred embodiment, the
carbon source is a mixture of monomeric and oligomeric
C-5 and/or C-6 sugars, preferably a mixture of monomeric
and oligomeric C-5 and/or C-6 sugars selected from arab-
inose, xylose, glucose, galactose, mannose and fructose.
[0023] In a further preferred embodiment, the carbon
source is glucose or xylose. Particularly preferred, the
carbon source is glucose. Preferably, the carbon source is
xylose.

[0024] According to a preferred embodiment, the C-5
sugar content in the culture medium amounts to at least 5%,
preferably at least 10%, preferably at least 15%, preferably
at least 20%, preferably at least 25%, preferably at least
30%, preferably at least 40%, preferably at least 50%,
preferably at least 60%, preferably at least 70%, preferably
at least 80%, preferably at least 85%, preferably at least
90%, preferably at least 95% (based on total carbohydrates
in the culture medium).

[0025] Preferably, the C-6 sugar content in the culture
medium amounts to at least 10%, preferably at least 15%,
preferably at least 20%, preferably at least 25%, preferably
at least 30%, preferably at least 40%, preferably at least
50%, preferably at least 60%, preferably at least 70%,
preferably at least 80%, preferably at least 85%, preferably
at least 90%, preferably at least 95% (based on total carbo-
hydrates in the culture medium).

[0026] In apreferred embodiment of the present invention,
the glucose content in the culture medium amounts to at least
10%, preferably at least 15%, preferably at least 20%,
preferably at least 25%, preferably at least 30%, preferably
at least 40%, preferably at least 50%, preferably at least
60%, preferably at least 70%, preferably at least 80%,
preferably at least 85%, preferably at least 90%, preferably
at least 95% (based on total carbohydrates in the culture
medium).

[0027] In another preferred embodiment, the xylose con-
tent in the culture medium amounts to at least 10%, pref-
erably at least 15%, preferably at least 20%, preferably at
least 25%, preferably at least 30%, preferably at least 40%,
preferably at least 50%, preferably at least 60%, preferably
at least 70%, preferably at least 80%, preferably at least
85%, preferably at least 90%, preferably at least 95% (based
on total carbohydrates in the culture medium).
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[0028] Preferably, the content of monomeric C-5 and C-6
sugars in the culture medium amounts to at least 1%,
preferably at least 2%, preferably at least 3%, preferably 4%,
preferably at least 5%, preferably at least 6%, preferably at
least 7%, preferably at least 8%, preferably at least 9%,
preferably at least 10%, preferably at least 15%, preferably
at least 20%, preferably at least 30%, preferably at least
40%, preferably at least 50%, preferably at least 60%,
preferably at least 70%, preferably at least 80%, preferably
at least 85%, preferably at least 90%, preferably at least
95%, preferably at least 96%, preferably at least 97%,
preferably at least 98%, preferably at least 99% (based on
total carbohydrates in the culture medium).

[0029] According to a preferred embodiment of the pres-
ent invention, the content of oligomeric C-5 and C-6 sugars
in the culture medium amounts to at least 10%, preferably at
least 20%, preferably at least 30%, preferably at least 40%,
preferably at least 50%, preferably at least 60%, preferably
at least 70%, preferably at least 75%, preferably at least
80%, preferably at least 85%, preferably at least 90%,
preferably at least 95%, preferably at least 96%, preferably
at least 97%, preferably at least 98%, preferably at least 99%
(based on total carbohydrates in the culture medium).

[0030] According to a preferred embodiment of the pres-
ent invention, the nitrogen source is selected from ammo-
nium salts, nitrate salts, yeast extract and urea. Particularly
preferred, the nitrogen source is an ammonium salt or urea.
Preferably, the ammonium salt is selected from ammonium
sulfate, ammonium nitrate, ammonium citrate, ammonium
succinate, ammonium carbonate, ammonium oxalate, and
ammonium malate.

[0031] In a particularly preferred embodiment of the pres-
ent invention, the nitrogen source is urea.

[0032] Preferably, the culture medium comprises urea in a
concentration of at least 8 mM, preferably at least 10 mM,
preferably at least 15 mM, preferably at least 20 mM,
preferably at least 25 mM, preferably at least 30 mM,
preferably at least 35 mM, preferably at least 40 mM,
preferably at least 45 mM, preferably at least 50 mM,
preferably at least 55 mM, preferably at least 60 mM,
preferably at least 65 mM, preferably at least 70 mM,
preferably at least 80 mM.

[0033] According to a preferred embodiment of the pres-
ent invention, the culture medium comprises urea in a
concentration of at most 160 mM, preferably at most 150
mM, preferably at most 140 mM, preferably at most 130
mM, preferably at most 120 mM, preferably at most 110
mM, preferably at most 100 mM, preferably at most 90 mM.
[0034] In a preferred embodiment, the culture medium
comprises urea in a concentration of 8 to 160 mM, prefer-
ably 10 to 150 mM, preferably 20 to 140 mM, preferably 30
to 130 mM, preferably 40 to 120 mM, preferably 50 to 110
mM, preferably 60 to 100 mM, preferably 65 to 100 mM,
preferably 70 to 100 mM, most preferably 70 to 90 mM.
[0035] According to a further preferred embodiment of the
present invention the at least one saprotroph is a filamentous
fungus. Preferably, the filamentous fungus is selected from
the group consisting of the genera Hypocrea, Trichoderma,
Gibberella, Fusarium, Aspergillus and Penicillium.

[0036] In a preferred embodiment, the saprotroph is
selected from the group consisting of Hypocrea jecorina
(Trichoderma  reesei), Gibberella  zeae, Fusarium
graminearum, Aspergillus niger, Aspergillus nidulans,
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Aspergillus oryzae and Penicillium chrysogenum. Particu-
larly preferred, the saprotroph is Hypocrea jecorina (Tricho-
derma reesei).

[0037] According to a preferred embodiment of the pres-
ent invention, the at least one saprotroph is a naturally
occurring saprotroph, in particular is not a genetically modi-
fied saprotroph.

[0038] In another preferred embodiment of the present
invention, the at least one saprotroph is genetically modified.
[0039] In a particularly preferred embodiment of the pres-
ent invention, the genetically modified saprotroph is Hypo-
crea jecorina (Trichoderma reesei). Preferably, the geneti-
cally modified saprotroph is based on the Trichoderma
reesei strain QM6aAtmus53.

[0040] Preferably, the at least one genetically modified
saprotroph comprises at least one gene encoding at least one
membrane-bound alditol transporter, at least one gene
encoding at least one erythrose reductase and at least one
inactivated gene encoding mannitol 1-phosphate 5-dehydro-
genase.

[0041] In a further preferred embodiment of the present
invention, the at least one gene of the genetically modified
saprotroph encoding at least one membrane-bound alditol
transporter is fps, in particular codon-optimized fps1. Pref-
erably, the at least one gene of the genetically modified
saprotroph encoding at least one membrane-bound alditol
transporter is fps/from Saccharomyces cerevisiae, in par-
ticular is codon-optimized fps1 from Saccharomyces cere-
visiae.

[0042] In a further preferred embodiment, the at least one
gene of the genetically modified saprotroph encoding at least
one membrane-bound alditol transporter comprises the
nucleotide sequence of SEQ ID No. 1, in particular consists
of the nucleotide sequence of SEQ ID No. 1.

[0043] In apreferred embodiment of the present invention,
the at least one gene of the genetically modified saprotroph
encoding at least one membrane-bound alditol transporter
comprises a nucleotide sequence having at least 80%, pref-
erably at least 85%, preferably at least 90%, preferably at
least 95%, preferably at least 96%, preferably at least 97%,
preferably at least 98%, preferably at least 99%, sequence
identity to SEQ ID No. 1. Preferably, the at least one gene
of the genetically modified saprotroph encoding at least one
membrane-bound alditol transporter consists of a nucleotide
sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 1.

[0044] Preferably, the membrane-bound alditol transporter
of the genetically modified saprotroph comprises the amino
acid sequence of SEQ ID No. 2, in particular consists of the
amino acid sequence of SEQ ID No. 2.

[0045] Preferably, the membrane-bound alditol transporter
of the genetically modified saprotroph comprises an amino
acid sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 2. In a further preferred embodiment, the membrane-
bound alditol transporter of the genetically modified sapro-
troph consists of an amino acid sequence having at least
80%, preferably at least 85%, preferably at least 90%,
preferably at least 95%, preferably at least 96%, preferably
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at least 97%, preferably at least 98%, preferably at least
99%, sequence identity to SEQ ID No. 2.

[0046] In another preferred embodiment of the present
invention, the membrane-bound alditol transporter of the
genetically modified saprotroph comprises an amino acid
sequence as defined in SEQ ID No. 2, in which one,
preferably two, preferably three, preferably five, preferably
six, preferably seven, preferably eight, preferably nine,
preferably ten, amino acids are exchanged by other naturally
occurring amino acids. In a particularly preferred embodi-
ment, the membrane-bound alditol transporter of the geneti-
cally modified saprotroph comprises an amino acid sequence
as defined in SEQ ID No. 2, in which at most ten, preferably
at most nine, preferably at most eight, preferably at most
seven, preferably at most six, preferably at most five,
preferably at most four, preferably at most three, preferably
at most two, preferably at most one, amino acids are
exchanged by other naturally occurring amino acids.

[0047] Inapreferred embodiment of the present invention,
the at least one gene of the genetically modified saprotroph
encoding at least one erythrose reductase is errl, in particu-
lar is codon-optimized errl. Preferably, the at least one gene
of the genetically modified saprotroph encoding at least one
erythrose reductase is errl, in particular is codon-optimized
errl, from Trichoderma reesei, Aspergillus niger or
Fusarium graminearum.

[0048] In a preferred embodiment, the at least one gene of
the genetically modified saprotroph encoding at least one
erythrose reductase comprises the nucleotide sequence of
SEQ ID No. 3, in particular consist of the nucleotide
sequence of SEQ ID No. 3.

[0049] Preferably, the at least one gene of the genetically
modified saprotroph encoding at least one -erythrose
reductase comprises a nucleotide sequence having at least
80%, preferably at least 85%, preferably at least 90%,
preferably at least 95%, preferably at least 96%, preferably
at least 97%, preferably at least 98%, preferably at least
99%, sequence identity to SEQ ID No. 3. In another pre-
ferred embodiment of the present invention, the at least one
gene of the genetically modified saprotroph encoding at least
one gene encoding at least one erythrose reductase consists
of a nucleotide sequence having at least 80%, preferably at
least 85%, preferably at least 90%, preferably at least 95%,
preferably at least 96%, preferably at least 97%, preferably
at least 98%, preferably at least 99%, sequence identity to
SEQ ID No. 3.

[0050] Preferably, the erythrose reductase of the geneti-
cally modified saprotroph comprises the amino acid
sequence of SEQ ID No. 4, in particular consists of the
amino acid sequence of SEQ ID No. 4.

[0051] In a preferred embodiment, the erythrose reductase
of the genetically modified saprotroph comprises an amino
acid sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 4. Particularly preferred, the erythrose reductase of the
genetically modified saprotroph consists of an amino acid
sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 4.



US 2025/0346930 Al

[0052] Preferably, the erythrose reductase of the geneti-
cally modified saprotroph comprises an amino acid sequence
as defined in SEQ ID No. 4, in which one, preferably two,
preferably three, preferably five, preferably six, preferably
seven, preferably eight, preferably nine, preferably ten,
amino acids are exchanged by other naturally occurring
amino acids. In a preferred embodiment of the present
invention, the erythrose reductase of the genetically modi-
fied saprotroph comprises an amino acid sequence as defined
in SEQ ID No. 4, in which at most ten, preferably at most
nine, preferably at most eight, preferably at most seven,
preferably at most six, preferably at most five, preferably at
most four, preferably at most three, preferably at most two,
preferably at most one, amino acids are exchanged by other
naturally occurring amino acids.

[0053] Inapreferred embodiment of the present invention,
the at least one inactivated gene encoding mannitol 1-phos-
phate 5-dehydrogenase of the genetically modified sapro-
troph is mpdh.

[0054] Preferably, the at least one gene encoding mannitol
1-phosphate 5-dehydrogenase of the genetically modified
saprotroph comprised the nucleotide sequence of SEQ ID
No. 9 before inactivation, in particular consisted of the
nucleotide sequence of SEQ ID No. 9 before inactivation.
[0055] Preferably, the at least one gene encoding mannitol
1-phosphate 5-dehydrogenase of the genetically modified
saprotroph comprised a nucleotide sequence having at least
80%, preferably at least 85%, preferably at least 90%,
preferably at least 95%, preferably at least 96%, preferably
at least 97%, preferably at least 98%, preferably at least
99%, sequence identity to SEQ ID No. 9 before inactivation.
In another preferred embodiment, the at least one gene
encoding mannitol 1-phosphate 5-dehydrogenase of the
genetically modified saprotroph consisted of a nucleotide
sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 9 before inactivation.

[0056] Preferably, the mannitol 1-phosphate 5-dehydroge-
nase encoded by the nucleotide sequence of SEQ ID No. 9
before inactivation comprises the amino acid sequence of
SEQ ID No. 10, in particular consists of the amino acid
sequence of SEQ ID No. 10.

[0057] In a preferred embodiment, the mannitol 1-phos-
phate 5-dehydrogenase encoded by the nucleotide sequence
of SEQ ID No. 9 before inactivation comprises an amino
acid sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 10. Particularly preferred, the mannitol 1-phosphate
5-dehydrogenase encoded by the nucleotide sequence of
SEQ ID No. 9 before inactivation consists of an amino acid
sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 10.

[0058] Preferably, the mannitol 1-phosphate 5-dehydroge-
nase encoded by the nucleotide sequence of SEQ ID No. 9
before inactivation comprises an amino acid sequence as
defined in SEQ ID No. 10, in which one, preferably two,
preferably three, preferably five, preferably six, preferably
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seven, preferably eight, preferably nine, preferably ten,
amino acids are exchanged by other naturally occurring
amino acids. In a preferred embodiment of the present
invention, the mannitol 1-phosphate S5-dehydrogenase
encoded by the nucleotide sequence of SEQ ID No. 9 before
inactivation comprises an amino acid sequence as defined in
SEQ ID No. 10, in which at most ten, preferably at most
nine, preferably at most eight, preferably at most seven,
preferably at most six, preferably at most five, preferably at
most four, preferably at most three, preferably at most two,
preferably at most one, amino acids are exchanged by other
naturally occurring amino acids.

[0059] In a further preferred embodiment of the present
invention, the at least one inactivated gene encoding man-
nitol 1-phosphate 5-dehydrogenase of the genetically modi-
fied saprotroph is deleted.

[0060] In apreferred embodiment of the present invention,
the at least one inactivated gene encoding mannitol 1-phos-
phate 5-dehydrogenase of the genetically modified sapro-
troph is non-functional.

[0061] In a particularly preferred embodiment, the at least
one inactivated gene encoding mannitol 1-phosphate 5-de-
hydrogenase of the genetically modified saprotroph is inac-
tivated by gene knock-out, in particular gene replacement.
Preferably, the at least one inactivated gene encoding man-
nitol 1-phosphate 5-dehydrogenase of the genetically modi-
fied saprotroph is inactivated by gene replacement using a
deletion cassette.

[0062] Inapreferred embodiment of the present invention,
the at least one gene encoding mannitol 1-phosphate 5-de-
hydrogenase of the genetically modified saprotroph is inac-
tivated, in particular made non-functional, by genome edit-
ing, in particular by meganucleases, zinc-finger nucleases
(ZFNs), transcription activator-like effector nucleases (TAL-
ENs) or by the clustered regularly interspaced short palin-
dromic repeats (CRISPR) system.

[0063] In a particularly preferred embodiment, the geneti-
cally modified saprotroph comprises at least one, preferably
at least two, preferably at least three, preferably at least four,
preferably at least five, further inactivated genes. Preferably,
the at least one further inactivated gene of the genetically
modified saprotroph is selected from the group consisting of
a gene encoding phospho-2-dehydro-3-deoxyheptonate
aldolase 1 (Dhaps-1), a gene encoding erythritol utilization
factor (EUF), a gene encoding erythrulose kinase (EYK1), a
gene encoding erythritol dehydrogenase (EYD1), a gene
encoding erythritol isomerase 1 (EYI1) and a gene encoding
erythritol isomerase 2 (EYI2).

[0064] In apreferred embodiment of the present invention,
the at least one further inactivated gene of the genetically
modified saprotroph is a gene encoding phospho-2-dehydro-
3-deoxyheptonate aldolase 1 (Dhaps-1). Preferably, the at
least one gene encoding phospho-2-dehydro-3-deoxyhepto-
nate aldolase 1 (Dhapsl) of the genetically modified sapro-
troph comprised the nucleotide sequence of SEQ ID No. 11
before inactivation, in particular consisted of the nucleotide
sequence of SEQ ID No. 11 before inactivation.

[0065] Preferably, the at least one gene encoding phospho-
2-dehydro-3-deoxyheptonate aldolase 1 (Dhapsl) of the
genetically modified saprotroph comprised a nucleotide
sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
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No. 11 before inactivation. In further preferred embodiment,
the at least one gene encoding phospho-2-dehydro-3-deoxy-
heptonate aldolase 1 (Dhapsl) of the genetically modified
saprotroph consisted of a nucleotide sequence having at least
80%, preferably at least 85%, preferably at least 90%,
preferably at least 95%, preferably at least 96%, preferably
at least 97%, preferably at least 98%, preferably at least
99%, sequence identity to SEQ ID No. 11 before inactiva-
tion.

[0066] Preferably, the phospho-2-dehydro-3-deoxyhepto-
nate aldolase 1 (Dhapsl) encoded by the nucleotide
sequence of SEQ ID No. 11 before inactivation comprises
the amino acid sequence of SEQ ID No. 12, in particular
consists of the amino acid sequence of SEQ ID No. 12.
[0067] In a preferred embodiment, the phospho-2-de-
hydro-3-deoxyheptonate aldolase 1 (Dhapsl) encoded by
the nucleotide sequence of SEQ ID No. 11 before inactiva-
tion comprises an amino acid sequence having at least 80%,
preferably at least 85%, preferably at least 90%, preferably
at least 95%, preferably at least 96%, preferably at least
97%, preferably at least 98%, preferably at least 99%,
sequence identity to SEQ ID No. 12. Particularly preferred,
the phospho-2-dehydro-3-deoxyheptonate aldolase 1
(Dhaps1) encoded by the nucleotide sequence of SEQ ID
No. 11 before inactivation consists of an amino acid
sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 12.

[0068] Preferably, the phospho-2-dehydro-3-deoxyhepto-
nate aldolase 1 (Dhapsl) encoded by the nucleotide
sequence of SEQ ID No. 11 before inactivation comprises an
amino acid sequence as defined in SEQ ID No. 12, in which
one, preferably two, preferably three, preferably five, pref-
erably six, preferably seven, preferably eight, preferably
nine, preferably ten, amino acids are exchanged by other
naturally occurring amino acids. In a preferred embodiment
of the present invention, the phospho-2-dehydro-3-deoxy-
heptonate aldolase 1 (Dhapsl) encoded by the nucleotide
sequence of SEQ ID No. 11 before inactivation comprises an
amino acid sequence as defined in SEQ ID No. 12, in which
at most ten, preferably at most nine, preferably at most eight,
preferably at most seven, preferably at most six, preferably
at most five, preferably at most four, preferably at most
three, preferably at most two, preferably at most one, amino
acids are exchanged by other naturally occurring amino
acids.

[0069] In another embodiment of the present invention,
the at least one further inactivated gene of the genetically
modified saprotroph is a gene encoding erythritol utilization
factor (EUF). Preferably, the at least one gene encoding
erythritol utilization factor (Eufl) of the genetically modi-
fied saprotroph comprised the nucleotide sequence of SEQ
ID No. 13 before inactivation, in particular consisted of the
nucleotide sequence of SEQ ID No. 13 before inactivation.
[0070] Preferably, the at least one gene encoding erythritol
utilization factor (Eufl) of the genetically modified sapro-
troph comprised a nucleotide sequence having at least 80%,
preferably at least 85%, preferably at least 90%, preferably
at least 95%, preferably at least 96%, preferably at least
97%, preferably at least 98%, preferably at least 99%,
sequence identity to SEQ ID No. 13 before inactivation.
Particularly preferred, the at least one gene encoding eryth-
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ritol utilization factor (Eufl) of the genetically modified
saprotroph consisted of a nucleotide sequence having at least
80%, preferably at least 85%, preferably at least 90%,
preferably at least 95%, preferably at least 96%, preferably
at least 97%, preferably at least 98%, preferably at least
99%, sequence identity to SEQ ID No. 13 before inactiva-
tion.

[0071] Preferably, the erythritol utilization factor (Eufl)
encoded by the nucleotide sequence of SEQ ID No. 13
before inactivation comprises the amino acid sequence of
SEQ ID No. 14, in particular consists of the amino acid
sequence of SEQ ID No. 14.

[0072] In a preferred embodiment, the erythritol utiliza-
tion factor (Eufl) encoded by the nucleotide sequence of
SEQ ID No. 13 before inactivation comprises an amino acid
sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 14. Particularly preferred, the erythritol utilization fac-
tor (Eufl) encoded by the nucleotide sequence of SEQ ID
No. 13 before inactivation consists of an amino acid
sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 14.

[0073] Preferably, the erythritol utilization factor (Eufl)
encoded by the nucleotide sequence of SEQ ID No. 13
before inactivation comprises an amino acid sequence as
defined in SEQ ID No. 14, in which one, preferably two,
preferably three, preferably five, preferably six, preferably
seven, preferably eight, preferably nine, preferably ten,
amino acids are exchanged by other naturally occurring
amino acids. In a preferred embodiment of the present
invention, the erythritol utilization factor (Eufl) encoded by
the nucleotide sequence of SEQ ID No. 13 before inactiva-
tion comprises an amino acid sequence as defined in SEQ ID
No. 14, in which at most ten, preferably at most nine,
preferably at most eight, preferably at most seven, prefer-
ably at most six, preferably at most five, preferably at most
four, preferably at most three, preferably at most two,
preferably at most one, amino acids are exchanged by other
naturally occurring amino acids.

[0074] In a particularly preferred embodiment of the pres-
ent invention, the at least one further inactivated gene of the
genetically modified saprotroph is a gene encoding eryth-
rulose kinase (EYK1). Preferably, the at least one gene
encoding erythrulose kinase (Eyk1) of the genetically modi-
fied saprotroph comprised the nucleotide sequence of SEQ
ID No. 15 before inactivation, in particular consisted of the
nucleotide sequence of SEQ ID No. 15 before inactivation.
[0075] According to another preferred embodiment of the
present invention, the at least one gene encoding erythrulose
kinase (Eyk1) of the genetically modified saprotroph com-
prised a nucleotide sequence having at least 80%, preferably
at least 85%, preferably at least 90%, preferably at least
95%, preferably at least 96%, preferably at least 97%,
preferably at least 98%, preferably at least 99%, sequence
identity to SEQ ID No. 15 before inactivation. Particularly
preferred, the at least one gene encoding erythrulose kinase
(Eyk1) of the genetically modified saprotroph consisted of a
nucleotide sequence having at least 80%, preferably at least
85%, preferably at least 90%, preferably at least 95%,
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preferably at least 96%, preferably at least 97%, preferably
at least 98%, preferably at least 99%, sequence identity to
SEQ ID No. 15 before inactivation.

[0076] Preferably, the erythrulose kinase (Eykl) encoded
by the nucleotide sequence of SEQ ID No. 15 before
inactivation comprises the amino acid sequence of SEQ ID
No. 16, in particular consists of the amino acid sequence of
SEQ ID No. 16.

[0077] In a preferred embodiment, the erythrulose kinase
(Eyk1) encoded by the nucleotide sequence of SEQ ID No.
15 before inactivation comprises an amino acid sequence
having at least 80%, preferably at least 85%, preferably at
least 90%, preferably at least 95%, preferably at least 96%,
preferably at least 97%, preferably at least 98%, preferably
at least 99%, sequence identity to SEQ ID No. 16. Particu-
larly preferred, the erythrulose kinase (Eyk1) encoded by the
nucleotide sequence of SEQ ID No. 15 before inactivation
consists of an amino acid sequence having at least 80%,
preferably at least 85%, preferably at least 90%, preferably
at least 95%, preferably at least 96%, preferably at least
97%, preferably at least 98%, preferably at least 99%,
sequence identity to SEQ ID No. 16.

[0078] Preferably, the erythrulose kinase (Eykl) encoded
by the nucleotide sequence of SEQ ID No. 15 before
inactivation comprises an amino acid sequence as defined in
SEQ ID No. 16, in which one, preferably two, preferably
three, preferably five, preferably six, preferably seven, pref-
erably eight, preferably nine, preferably ten, amino acids are
exchanged by other naturally occurring amino acids. In a
preferred embodiment of the present invention, the erythru-
lose kinase (Eykl) encoded by the nucleotide sequence of
SEQ ID No. 15 before inactivation comprises an amino acid
sequence as defined in SEQ ID No. 16, in which at most ten,
preferably at most nine, preferably at most eight, preferably
at most seven, preferably at most six, preferably at most five,
preferably at most four, preferably at most three, preferably
at most two, preferably at most one, amino acids are
exchanged by other naturally occurring amino acids.

[0079] Inapreferred embodiment of the present invention,
the at least one further inactivated gene of the genetically
modified saprotroph is a gene encoding erythritol dehydro-
genase (EYD1). Preferably, the at least one gene encoding
erythritol dehydrogenase (Eydl) of the genetically modified
saprotroph comprised the nucleotide sequence of SEQ ID
No. 17 before inactivation, in particular consisted of the
nucleotide sequence of SEQ ID No. 17 before inactivation.

[0080] Preferably, the at least one gene encoding erythritol
dehydrogenase (Eydl) of the genetically modified sapro-
troph comprised a nucleotide sequence having at least 80%,
preferably at least 85%, preferably at least 90%, preferably
at least 95%, preferably at least 96%, preferably at least
97%, preferably at least 98%, preferably at least 99%,
sequence identity to SEQ ID No. 17 before inactivation. In
another preferred embodiment of the present invention, the
at least one gene encoding erythritol dehydrogenase (Eydl)
of'the genetically modified saprotroph consisted of a nucleo-
tide sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 17 before inactivation.

[0081] Preferably, the erythritol dehydrogenase (Eydl)
encoded by the nucleotide sequence of SEQ ID No. 17

Nov. 13,2025

before inactivation comprises the amino acid sequence of
SEQ ID No. 18, in particular consists of the amino acid
sequence of SEQ ID No. 18.

[0082] In a preferred embodiment, the erythritol dehydro-
genase (Eydl) encoded by the nucleotide sequence of SEQ
ID No. 17 before inactivation comprises an amino acid
sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 18. Particularly preferred, the erythritol dehydrogenase
(Eyd1) encoded by the nucleotide sequence of SEQ ID No.
17 before inactivation consists of an amino acid sequence
having at least 80%, preferably at least 85%, preferably at
least 90%, preferably at least 95%, preferably at least 96%,
preferably at least 97%, preferably at least 98%, preferably
at least 99%, sequence identity to SEQ ID No. 18.

[0083] Preferably, the erythritol dehydrogenase (Eydl)
encoded by the nucleotide sequence of SEQ ID No. 17
before inactivation comprises an amino acid sequence as
defined in SEQ ID No. 18, in which one, preferably two,
preferably three, preferably five, preferably six, preferably
seven, preferably eight, preferably nine, preferably ten,
amino acids are exchanged by other naturally occurring
amino acids. In a preferred embodiment of the present
invention, the erythritol dehydrogenase (Eydl) encoded by
the nucleotide sequence of SEQ ID No. 17 before inactiva-
tion comprises an amino acid sequence as defined in SEQ ID
No. 18, in which at most ten, preferably at most nine,
preferably at most eight, preferably at most seven, prefer-
ably at most six, preferably at most five, preferably at most
four, preferably at most three, preferably at most two,
preferably at most one, amino acids are exchanged by other
naturally occurring amino acids.

[0084] In apreferred embodiment of the present invention,
the at least one further inactivated gene of the genetically
modified saprotroph is a gene encoding erythritol isomerase
1 (EYI1). Preferably, the at least one gene encoding eryth-
ritol isomerase 1 (Eyil) of the genetically modified sapro-
troph comprised the nucleotide sequence of SEQ ID No. 19
before inactivation, in particular consisted of the nucleotide
sequence of SEQ ID No. 19 before inactivation.

[0085] Particularly preferred, the at least one gene encod-
ing erythritol isomerase 1 (Eyil) of the genetically modified
saprotroph comprised a nucleotide sequence having at least
80%, preferably at least 85%, preferably at least 90%,
preferably at least 95%, preferably at least 96%, preferably
at least 97%, preferably at least 98%, preferably at least
99%, sequence identity to SEQ ID No. 19 before inactiva-
tion. In a further preferred embodiment of the present
invention, the at least one gene encoding erythritol
isomerase 1 (Eyil) of the genetically modified saprotroph
consisted of a nucleotide sequence having at least 80%,
preferably at least 85%, preferably at least 90%, preferably
at least 95%, preferably at least 96%, preferably at least
97%, preferably at least 98%, preferably at least 99%,
sequence identity to SEQ ID No. 19 before inactivation.
[0086] Preferably, the erythritol isomerase 1 (Eyil)
encoded by the nucleotide sequence of SEQ ID No. 19
before inactivation comprises the amino acid sequence of
SEQ ID No. 20, in particular consists of the amino acid
sequence of SEQ ID No. 20.

[0087] Inapreferred embodiment, the erythritol isomerase
1 (Eyil) encoded by the nucleotide sequence of SEQ ID No.
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19 before inactivation comprises an amino acid sequence
having at least 80%, preferably at least 85%, preferably at
least 90%, preferably at least 95%, preferably at least 96%,
preferably at least 97%, preferably at least 98%, preferably
at least 99%, sequence identity to SEQ ID No. 20. Particu-
larly preferred, the erythritol isomerase 1 (Eyil) encoded by
the nucleotide sequence of SEQ ID No. 19 before inactiva-
tion consists of an amino acid sequence having at least 80%,
preferably at least 85%, preferably at least 90%, preferably
at least 95%, preferably at least 96%, preferably at least
97%, preferably at least 98%, preferably at least 99%,
sequence identity to SEQ ID No. 20.

[0088] Preferably, the erythritol isomerase 1 (Eyil)
encoded by the nucleotide sequence of SEQ ID No. 19
before inactivation comprises an amino acid sequence as
defined in SEQ ID No. 20, in which one, preferably two,
preferably three, preferably five, preferably six, preferably
seven, preferably eight, preferably nine, preferably ten,
amino acids are exchanged by other naturally occurring
amino acids. In a preferred embodiment of the present
invention, the erythritol isomerase 1 (Eyil) encoded by the
nucleotide sequence of SEQ ID No. 19 before inactivation
comprises an amino acid sequence as defined in SEQ ID No.
20, in which at most ten, preferably at most nine, preferably
at most eight, preferably at most seven, preferably at most
six, preferably at most five, preferably at most four, prefer-
ably at most three, preferably at most two, preferably at most
one, amino acids are exchanged by other naturally occurring
amino acids.

[0089] In another preferred embodiment of the present
invention, the at least one further inactivated gene of the
genetically modified saprotroph is a gene encoding erythritol
isomerase 2 (EY12). Preferably, the at least one gene encod-
ing erythritol isomerase 2 (Eyi2) of the genetically modified
saprotroph comprised the nucleotide sequence of SEQ ID
No. 21 before inactivation, in particular consisted of the
nucleotide sequence of SEQ ID No. 21 before inactivation.
[0090] Preferably, the at least one gene encoding erythritol
isomerase 2 (Eyi2) of the genetically modified saprotroph
comprised a nucleotide sequence having at least 80%, pref-
erably at least 85%, preferably at least 90%, preferably at
least 95%, preferably at least 96%, preferably at least 97%,
preferably at least 98%, preferably at least 99%, sequence
identity to SEQ ID No. 21 before inactivation. In a preferred
embodiment of the present invention, the at least one gene
encoding erythritol isomerase 2 (Eyi2) of the genetically
modified saprotroph consisted of a nucleotide sequence
having at least 80%, preferably at least 85%, preferably at
least 90%, preferably at least 95%, preferably at least 96%,
preferably at least 97%, preferably at least 98%, preferably
at least 99%, sequence identity to SEQ ID No. 21 before
inactivation.

[0091] Preferably, the erythritol isomerase 2 (Eyi2)
encoded by the nucleotide sequence of SEQ ID No. 21
before inactivation comprises the amino acid sequence of
SEQ ID No. 22, in particular consists of the amino acid
sequence of SEQ ID No. 22.

[0092] Inapreferred embodiment, the erythritol isomerase
2 (Eyi2) encoded by the nucleotide sequence of SEQ ID No.
21 before inactivation comprises an amino acid sequence
having at least 80%, preferably at least 85%, preferably at
least 90%, preferably at least 95%, preferably at least 96%,
preferably at least 97%, preferably at least 98%, preferably
at least 99%, sequence identity to SEQ ID No. 22. Particu-
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larly preferred, the erythritol isomerase 2 (Eyi2) encoded by
the nucleotide sequence of SEQ ID No. 21 before inactiva-
tion consists of an amino acid sequence having at least 80%,
preferably at least 85%, preferably at least 90%, preferably
at least 95%, preferably at least 96%, preferably at least
97%, preferably at least 98%, preferably at least 99%,
sequence identity to SEQ ID No. 22.

[0093] Preferably, the erythritol isomerase 2 (Eyi2)
encoded by the nucleotide sequence of SEQ ID No. 21
before inactivation comprises an amino acid sequence as
defined in SEQ ID No. 22, in which one, preferably two,
preferably three, preferably five, preferably six, preferably
seven, preferably eight, preferably nine, preferably ten,
amino acids are exchanged by other naturally occurring
amino acids. In a preferred embodiment of the present
invention, the erythritol isomerase 2 (Eyi2) encoded by the
nucleotide sequence of SEQ ID No. 21 before inactivation
comprises an amino acid sequence as defined in SEQ ID No.
22, in which at most ten, preferably at most nine, preferably
at most eight, preferably at most seven, preferably at most
six, preferably at most five, preferably at most four, prefer-
ably at most three, preferably at most two, preferably at most
one, amino acids are exchanged by other naturally occurring
amino acids.

[0094] In a further preferred embodiment of the present
invention, the at least one further inactivated gene selected
from the group consisting of a gene encoding phospho-2-
dehydro-3-deoxyheptonate aldolase 1 (Dhaps-1), a gene
encoding erythritol utilization factor (EUF), a gene encoding
erythrulose kinase (EYK1), a gene encoding erythritol dehy-
drogenase (EYD1), a gene encoding erythritol isomerase
(EYI1) and a gene encoding erythritol isomerase (EYI2) of
the genetically modified saprotroph is deleted.

[0095] Preferably, the at least one further inactivated gene
selected from the group consisting of a gene encoding
phospho-2-dehydro-3-deoxyheptonate aldolase 1 (Dhaps-
1), a gene encoding erythritol utilization factor (EUF), a
gene encoding erythrulose kinase (EYK1), a gene encoding
erythritol dehydrogenase (EYD1), a gene encoding erythri-
tol isomerase (EYIl) and a gene encoding erythritol
isomerase (EY12) of the genetically modified saprotroph is
non-functional.

[0096] In a particularly preferred embodiment, the at least
one further inactivated gene selected from the group con-
sisting of a gene encoding phospho-2-dehydro-3-deoxyhep-
tonate aldolase 1 (Dhaps-1), a gene encoding erythritol
utilization factor (EUF), a gene encoding erythrulose kinase
(EYK1), a gene encoding erythritol dehydrogenase (EYD1),
a gene encoding erythritol isomerase (EYIl) and a gene
encoding erythritol isomerase (EYI2) of the genetically
modified saprotroph is inactivated by gene knock-out, in
particular gene replacement. Preferably, the at least one
further inactivated gene selected from the group consisting
of a gene encoding phospho-2-dehydro-3-deoxyheptonate
aldolase 1 (Dhaps-1), a gene encoding erythritol utilization
factor (EUF), a gene encoding erythrulose kinase (EYK1), a
gene encoding erythritol dehydrogenase (EYD1), a gene
encoding erythritol isomerase (EYI1) and a gene encoding
erythritol isomerase (EYI2) of the genetically modified
saprotroph is inactivated by gene replacement using a dele-
tion cassette.

[0097] Inapreferred embodiment of the present invention,
the at least one further inactivated gene selected from the
group consisting of a gene encoding phospho-2-dehydro-3-
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deoxyheptonate aldolase 1 (Dhaps-1), a gene encoding
erythritol utilization factor (EUF), a gene encoding eryth-
rulose kinase (EYK1), a gene encoding erythritol dehydro-
genase (EYD1), a gene encoding erythritol isomerase
(EYI1) and a gene encoding erythritol isomerase (EY12) of
the genetically modified saprotroph is inactivated, in par-
ticular made non-functional, by genome editing, in particu-
lar by meganucleases, zinc-finger nucleases (ZFNs), tran-
scription activator-like effector nucleases (TALENSs) or by
the clustered regularly interspaced short palindromic repeats
(CRISPR) system.

[0098] In a further preferred embodiment of the present
invention, the genetically modified saprotroph further com-
prises at least one gene encoding at least one transketolase.
Preferably, the at least one gene encoding at least one
transketolase is tkll, in particular is codon-optimized tkl1.
Preferably, the genetically modified saprotroph further com-
prises at least one gene encoding tkll from 7. reesei, in
particular codon-optimized ikll from 7. reesei. In a preferred
embodiment, the at least one gene encoding at least one
transketolase comprises the nucleotide sequence of SEQ ID
No. 5, in particular consists of the nucleotide sequence of
SEQ ID No. 5.

[0099] In a further preferred embodiment of the present
invention, the at least one gene encoding at least one
transketolase comprises a nucleotide sequence having at
least 80%, preferably at least 85%, preferably at least 90%,
preferably at least 95%, preferably at least 96%, preferably
at least 97%, preferably at least 98%, preferably at least
99%, sequence identity to SEQ ID No. 5. Preferably, the at
least one gene encoding at least one transketolase consists of
a nucleotide sequence having at least 80%, preferably at
least 85%, preferably at least 90%, preferably at least 95%,
preferably at least 96%, preferably at least 97%, preferably
at least 98%, preferably at least 99%, sequence identity to
SEQ ID No. 5.

[0100] Preferably, the at least one transketolase comprises
the amino acid sequence of SEQ ID No. 6, in particular
consists of the amino acid sequence of SEQ ID No. 6.

[0101] In another preferred embodiment of the present
invention, the at least one transketolase comprises an amino
acid sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 6. Particularly preferred, the at least one transketolase
consists of an amino acid sequence having at least 80%,
preferably at least 85%, preferably at least 90%, preferably
at least 95%, preferably at least 96%, preferably at least
97%, preferably at least 98%, preferably at least 99%,
sequence identity to SEQ ID No. 6.

[0102] In a further preferred embodiment of the present
invention, the at least one transketolase comprises an amino
acid sequence as defined in SEQ ID No. 6, in which one,
preferably two, preferably three, preferably five, preferably
six, preferably seven, preferably eight, preferably nine,
preferably ten, amino acids are exchanged by other naturally
occurring amino acids. In a particularly preferred embodi-
ment, the at least one transketolase comprises an amino acid
sequence as defined in SEQ ID No. 6, in which at most ten,
preferably at most nine, preferably at most eight, preferably
at most seven, preferably at most six, preferably at most five,
preferably at most four, preferably at most three, preferably
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at most two, preferably at most one, amino acids are
exchanged by other naturally occurring amino acids.

[0103] Inapreferred embodiment of the present invention,
the genetically modified saprotroph further comprises at
least one gene encoding at least one transaldolase. Prefer-
ably, the at least one gene encoding at least one transaldolase
is tall, in particular is codon-optimized tall. Preferably, the
genetically modified saprotroph further comprises at least
one gene encoding tall from 7. reesei, in particular codon-
optimized tall from 7. reesei. In a preferred embodiment, the
at least one gene encoding at least one transaldolase com-
prises the nucleotide sequence of SEQ ID No. 7, in particular
consist of the nucleotide sequence of SEQ ID No. 7.

[0104] In another preferred embodiment, the at least one
gene encoding at least one transaldolase comprises a nucleo-
tide sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 7. Preferably, the at least one gene encoding at least one
transaldolase consists of a nucleotide sequence having at
least 80%, preferably at least 85%, preferably at least 90%,
preferably at least 95%, preferably at least 96%, preferably
at least 97%, preferably at least 98%, preferably at least
99%, sequence identity to SEQ ID No. 7.

[0105] Preferably, the at least one transaldolase comprises
the amino acid sequence of SEQ ID No. 8, in particular
consists of the amino acid sequence of SEQ ID No. 8.

[0106] Particularly preferred, the at least one transaldolase
comprises an amino acid sequence having at least 80%,
preferably at least 85%, preferably at least 90%, preferably
at least 95%, preferably at least 96%, preferably at least
97%, preferably at least 98%, preferably at least 99%,
sequence identity to SEQ ID No. 8. Preferably, the at least
one transaldolase consists of an amino acid sequence having
at least 80%, preferably at least 85%, preferably at least
90%, preferably at least 95%, preferably at least 96%,
preferably at least 97%, preferably at least 98%, preferably
at least 99%, sequence identity to SEQ ID No. 8.

[0107] In another preferred embodiment of the present
invention, the at least one transaldolase comprises an amino
acid sequence as defined in SEQ ID No. 8, in which one,
preferably two, preferably three, preferably five, preferably
six, preferably seven, preferably eight, preferably nine,
preferably ten, amino acids are exchanged by other naturally
occurring amino acids. In a particularly preferred embodi-
ment, the at least one transaldolase comprises an amino acid
sequence as defined in SEQ ID No. 8, in which at most ten,
preferably at most nine, preferably at most eight, preferably
at most seven, preferably at most six, preferably at most five,
preferably at most four, preferably at most three, preferably
at most two, preferably at most one, amino acids are
exchanged by other naturally occurring amino acids.

[0108] In a further preferred embodiment of the present
invention, the genetically modified saprotroph further com-
prises at least one gene encoding at least one erythritol
utilization factor (EUF). Preferably, the at least one gene
encoding at least one erythritol utilization factor, is eufl, in
particular is codon-optimized eufl. Preferably, the geneti-
cally modified saprotroph further comprises at least one
gene encoding eufl from 7. reesei, in particular codon-
optimized eufl from 7. reesei. In a preferred embodiment,
the at least one gene encoding at least one erythritol utili-
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zation factor (EUF) comprises the nucleotide sequence of
SEQ ID No. 13, in particular consist of the nucleotide
sequence of SEQ ID No. 13.

[0109] In a preferred embodiment, the at least one gene
encoding at least one erythritol utilization factor of the
genetically modified saprotroph comprises a nucleotide
sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 13. Preferably, the at least one gene encoding at least
one erythritol utilization factor consists of a nucleotide
sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 13.

[0110] Preferably, the at least one erythritol utilization
factor (EUF) comprises the amino acid sequence of SEQ ID
No. 14, in particular consists of the amino acid sequence of
SEQ ID No. 14.

[0111] In a further preferred embodiment, the at least one
erythritol utilization factor comprises an amino acid
sequence having at least 80%, preferably at least 85%,
preferably at least 90%, preferably at least 95%, preferably
at least 96%, preferably at least 97%, preferably at least
98%, preferably at least 99%, sequence identity to SEQ ID
No. 14. Preferably, the at least one erythritol utilization
factor consists of an amino acid sequence having at least
80%, preferably at least 85%, preferably at least 90%,
preferably at least 95%, preferably at least 96%, preferably
at least 97%, preferably at least 98%, preferably at least
99%, sequence identity to SEQ ID No. 14.

[0112] In a further preferred embodiment of the present
invention, the at least one erythritol utilization factor com-
prises an amino acid sequence as defined in SEQ ID No. 14,
in which one, preferably two, preferably three, preferably
five, preferably six, preferably seven, preferably eight, pref-
erably nine, preferably ten, amino acids are exchanged by
other naturally occurring amino acids. In a particularly
preferred embodiment, the at least one erythritol utilization
factor comprises an amino acid sequence as defined in SEQ
ID No. 14, in which at most ten, preferably at most nine,
preferably at most eight, preferably at most seven, prefer-
ably at most six, preferably at most five, preferably at most
four, preferably at most three, preferably at most two,
preferably at most one, amino acids are exchanged by other
naturally occurring amino acids.

[0113] In a preferred embodiment of the present invention,
the at least one gene encoding at least one membrane-bound
alditol transporter, the at least one gene encoding at least one
erythrose reductase, the at least one gene encoding at least
one transketolase, the at least one gene encoding at least one
transaldolase and/or the at least one gene encoding at least
one erythritol utilization factor (EUF) of the genetically
modified saprotroph is an exogenous polynucleotide
sequence.

[0114] Preferably, the at least one gene encoding at least
one membrane-bound alditol transporter, the at least one
gene encoding at least one erythrose reductase, the at least
one gene encoding at least one transketolase, the at least one
gene encoding at least one transaldolase and/or the at least
one gene encoding at least one erythritol utilization factor
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(EUF) of the genetically modified saprotroph is an endog-
enous polynucleotide sequence.

[0115] In a further preferred embodiment, the genetically
modified saprotroph comprises at least one exogenous gene
encoding at least one membrane-bound alditol transporter.
Preferably, genetically modified saprotroph comprises at
least one endogenous gene encoding at least one membrane-
bound alditol transporter.

[0116] Preferably, the genetically modified saprotroph
comprises at least one exogenous gene encoding at least one
erythrose reductase. In another preferred embodiment, the
genetically modified saprotroph comprises at least one
endogenous gene encoding at least one erythrose reductase.
[0117] Further preferred, the genetically modified sapro-
troph comprises at least one exogenous gene encoding at
least one transketolase. In a preferred embodiment of the
present invention, the genetically modified saprotroph com-
prises at least one endogenous gene encoding at least one
transketolase.

[0118] Preferably, the genetically modified saprotroph
comprises at least one exogenous gene encoding at least one
transaldolase. Preferably, the genetically modified sapro-
troph comprises at least one endogenous gene encoding at
least one transaldolase.

[0119] Preferably, the genetically modified saprotroph
comprises at least one exogenous gene encoding at least one
erythritol utilization factor (EUF). Preferably, the geneti-
cally modified saprotroph comprises at least one endogenous
gene encoding at least one erythritol utilization factor
(EUF).

[0120] Inapreferred embodiment of the present invention,
the at least one gene encoding at least one membrane-bound
alditol transporter, the at least one gene encoding at least one
erythrose reductase, the at least one gene encoding at least
one transketolase, the at least one gene encoding at least one
transaldolase and/or the at least one gene encoding at least
one erythritol utilization factor (EUF) is stably or transiently
introduced into the genome of the genetically modified
saprotroph.

[0121] In a particularly preferred embodiment of the pres-
ent invention, the at least one gene encoding at least one
membrane-bound alditol transporter, the at least one gene
encoding at least one erythrose reductase, the at least one
gene encoding at least one transketolase, the at least one
gene encoding at least one transaldolase and/or the at least
one gene encoding at least one erythritol utilization factor
(EUF), is overexpressed.

[0122] Preferably, the at least one gene encoding at least
one membrane-bound alditol transporter, in particular the at
least one exogenous or endogenous gene encoding at least
one membrane-bound alditol transporter, of the genetically
modified saprotroph is overexpressed. In a further preferred
embodiment, the at least one gene encoding at least one
erythrose reductase, in particular the at least one exogenous
or endogenous gene encoding at least one erythrose
reductase, of the genetically modified saprotroph is overex-
pressed. Preferably, the at least one gene encoding at least
one transketolase, in particular the at least one exogenous or
endogenous gene encoding at least one transketolase, of the
genetically modified saprotroph is overexpressed. Further
preferred, the at least one gene encoding at least one
transaldolase, in particular the at least one exogenous or
endogenous gene encoding at least one transaldolase, of the
genetically modified saprotroph is overexpressed. Prefer-
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ably, the at least one gene encoding at least one erythritol
utilization factor (EUF), in particular the at least one exog-
enous or endogenous gene encoding at least one erythritol
utilization factor (EUF), of the genetically modified sapro-
troph is overexpressed.

[0123] In a further preferred embodiment of the present
invention, the at least one gene encoding at least one
membrane-bound alditol transporter, the at least one gene
encoding at least one erythrose reductase, the at least one
gene encoding at least one transketolase, the at least one
gene encoding at least one transaldolase and/or the at least
one gene encoding at least one erythritol utilization factor
(EUF) of the genetically modified saprotroph is under the
control of a constitutive or inducible promoter. In a preferred
embodiment, the constitutive or inducible promoter is a
naturally occurring promoter. In a further preferred embodi-
ment, the constitutive or inducible promoter is a synthetic
promoter. Preferably, the constitutive promoter is selected
from pki, tef, gpd. The inducible promoter is preferably
selected from bgal, bxl1, cbhl, cbh2, xynl, xyn2. Preferably,
the at least one gene of the genetically modified saprotroph
encoding at least one membrane-bound alditol transporter is
under the control of a promoter selected from pki, tef, gpd,
preferably under control of a pki promoter. Preferably, the at
least one gene of the genetically modified saprotroph encod-
ing at least one erythrose reductase is under the control of a
promoter selected from pki, tef, gpd, preferably under con-
trol of a tef promoter. Preferably, the at least one gene of the
genetically modified saprotroph encoding at least one tran-
sketolase is under the control of a promoter selected from
pki, tef, gpd, preferably under control of a tef promoter.
Preferably, the at least one gene of the genetically modified
saprotroph encoding at least one transaldolase is under the
control of a promoter selected from pki, tef, gpd, preferably
under control of a tef promoter. Preferably, the at least one
gene of the genetically modified saprotroph encoding at least
one erythritol utilization factor (EUF) is under the control of
a promoter selected from pki, tef, gpd, preferably under
control of a tef promoter.

[0124] In a further preferred embodiment of the present
invention, the at least one gene of the genetically modified
saprotroph encoding at least one membrane-bound alditol
transporter, the at least one gene of the genetically modified
saprotroph encoding at least one erythrose reductase, the at
least one gene of the genetically modified saprotroph encod-
ing at least one transketolase, the at least one gene of the
genetically modified saprotroph encoding at least one
transaldolase and/or the at least one gene of the genetically
modified saprotroph encoding at least one erythritol utiliza-
tion factor (EUF) is present on a plasmid. Preferably, each
of the at least one gene of the genetically modified sapro-
troph encoding at least one membrane-bound alditol trans-
porter, the at least one gene of the genetically modified
saprotroph encoding at least one erythrose reductase, the at
least one gene of the genetically modified saprotroph encod-
ing at least one transketolase, the at least one gene of the
genetically modified saprotroph encoding at least one
transaldolase and/or the at least one gene of the genetically
modified saprotroph encoding at least one erythritol utiliza-
tion factor (EUF) is present on a separate plasmid.

[0125] In a particularly preferred embodiment of the pres-
ent invention, the genetically modified saprotroph is the
Trichoderma reesei strain deposited at the Westerdijk Fungal
Biodiversity Institute under CBS number 146708.
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[0126] According to a preferred embodiment of the pres-
ent invention, the at least one saprotroph is cultivated in step
a) in a volume of at least 5 L, preferably at least 10 L,
preferably, at least 25 L, preferably at least 50 L, preferably
at least 100 L, preferably at least 250 L, preferably at least
500 L, preferably at least 1.000 L, preferably at least 2.500
L, preferably at least 7.500 L, preferably at least 10.000 L,
preferably at least 25.000 L, preferably at least 50.000 L,
preferably at least 75.000 L, preferably at least 100.000 L.

[0127] In a further preferred embodiment of the present
invention, the at least one saprotroph is cultivated in step a)
in the culture medium until the culture medium contains
erythritol in a concentration of at least 250 mg/L, preferably
at least 300 mg/L., preferably at least 350 mg/L., preferably
at least 400 mg/L., preferably at least 450 mg/L., preferably
at least 500 mg/L., preferably at least 600 mg/I., preferably
at least 700 mg/L., preferably at least 800 mg/L., preferably
at least 900 mg/L, preferably at least 1 g/, preferably at
least 2 g/L, preferably at least 3 g/L, preferably at least 4 g/L,
preferably at least 5 g/, preferably at least 6 g/L, preferably
at least 7 g/L, preferably at least 8 g/L, preferably at least 9
g/L, preferably at least 10 g/L, preferably at least 15 g/L,
preferably at least 20 g/L, preferably at least 25 g/L, pref-
erably at least 30 g/L, preferably at least 35 g/I, preferably
at least 40 g/L..

[0128] Particularly preferred, the at least one saprotroph is
cultivated in the culture medium until the culture medium
contains erythritol in the concentration of 250 mg/L. to 40
g/L, preferably 500 mg/L to 40 g/L, preferably 750 mg/L to
40 g/L, preferably 1 g/L. to 40 g/L.

[0129] In a further preferred embodiment, the at least one
saprotroph is cultivated in the culture medium until the
culture medium contains erythritol in the concentration of 5
g/L to 40 g/L, preferably 10 g/L to 40 g/L, preferably 15 g/L.
to 40 g/L, preferably 20 g/L to 40 g/L, preferably 25 g/L to
40 g/L, preferably 30 g/L to 40 g//L..

[0130] According to a preferred embodiment of the pres-
ent invention, the yield of erythritol is at least 3 mg/g,
preferably at least 4 mg/g, preferably at least 5 mg/g,
preferably at least 6 mg/g, preferably at least 7 mg/g,
preferably at least 8 mg/g, preferably at least 9 mg/g,
preferably at least 10 mg/g, preferably at least 11 mg/g,
preferably at least 12 mg/g, preferably at least 13 mg/g,
preferably at least 14 mg/g, preferably at least 15 mg/g,
preferably at least 17.5 mg/g, preferably at least 20 mg/g,
preferably at least 25 mg/g, preferably at least 30 mg/g,
preferably at least 40 mg/g, preferably at least 50 mg/g,
preferably at least 75 mg/g, preferably at least 100 mg/g
(each based on mg erythritol/g carbon source consumed, in
particular mg erythritol/g glucose consumed).

[0131] Ina preferred embodiment, the yield of erythritol is
3 to 100 mg/g, preferably 4 to 100 mg/g, preferably 5 to 100
mg/g, preferably 6 to 100 mg/g, preferably 7 to 75 mg/g,
preferably 8 to 75 mg/g, preferably 9 to 75 mg/g, preferably
10 to 75 mg/g, preferably 15 to 50 mg/g (each based on mg
erythritol/g carbon source consumed, in particular mg eryth-
ritol/g glucose consumed).

[0132] In a particularly preferred embodiment of the pres-
ent invention, the at least one saprotroph is cultivated in step
a) in the culture medium at a pH in the range of 2 to 7,
preferably 2.5 to 6.5, preferably 2.5 to 6, preferably 3 to 5.5.
Particularly preferred the at least one saprotroph is culti-
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vated in the culture medium at a pH of at most 7, preferably
at most 6.5, preferably at most 6, preferably at most 5.5,
preferably at most 5.

[0133] According to a preferred embodiment of the pres-
ent invention, the at least one saprotroph is cultivated in step
a) in the culture medium at a temperature of 25 to 35° C.,
preferably 26 to 34° C., preferably 27 to 33° C., preferably
28 to 32° C., preferably 29 to 31° C., preferably 30° C.

[0134] Ina preferred embodiment of the present invention,
the at least one saprotroph is cultivated in step a) in the
culture medium at a temperature of at least 15° C., prefer-
ably at least 20° C., preferably at least 25° C., preferably at
least 26° C., preferably at least 27° C., preferably at least 28°
C

[0135] In a further preferred embodiment, the at least one
saprotroph is cultivated in step a) in the culture medium at
a temperature of at most 35° C., preferably at most 34° C.,
preferably at most 33° C., preferably at most 32° C,
preferably at most 31° C.

[0136] Preferably, the at least one saprotroph is cultivated
in the culture medium in step a) for at least 24 hours,
preferably at least 36 hours, preferably at least 48 hours,
preferably at least 60 hours, preferably at least 72 hours,
preferably at least 84 hours, preferably at least 96 hours,
preferably at least 108 hours, preferably at least 120 hours,
preferably at least 132 hours, preferably at least 144 hours,
preferably at least 156 hours, preferably at least 168 hours.

[0137] In a further preferred embodiment of the present
invention, the at least one saprotroph is cultivated in the
culture medium in step a) for at most 240 hours, preferably
at most 216 hours, preferably at most 192 hours, preferably
at most 180 hours, preferably at most 168 hours, preferably
at most 156 hours, preferably at most 144 hours, preferably
at most 132 hours, preferably at most 120 hours, preferably
at most 108 hours, preferably at most 96 hours, preferably at
most 84 hours, preferably at most 72 hours.

[0138] According to a preferred embodiment of the pres-
ent invention, the cultivation of the at least one saprotroph
in step a) is conducted without the addition of osmotically
effective agents during cultivation, in particular without the
addition of at least one salt during cultivation. Particularly
preferred, the cultivation of the at least one saprotroph in
step a) is conducted without the addition of sodium chloride
(NaCl) during cultivation.

[0139] In a preferred embodiment of the present invention,
the cultivation of the at least one saprotroph in step a) is
conducted in batch-mode. Preferably, the cultivation of the
at least one saprotroph in step a) is conducted in fed-batch
mode. In another preferred embodiment, cultivation of the at
least one saprotroph in step a) is conducted in continuous
mode.

[0140] In a further preferred embodiment of the present
invention the erythritol is recovered in step c) by crystalli-
sation.

[0141] In a particularly preferred embodiment of the pres-
ent invention, the recovery of erythritol in step b) comprises
the steps:

[0142] 1) removal of biomass, preferably removal of
biomass by centrifugation and membrane filtration,
[0143] 1ii) decolorisation of the culture medium, prefer-
ably decolorisation of the culture medium with active

carbon,
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[0144] iii) desalting the culture medium, preferably
desalting and decolorizing the culture medium by elec-
trodialysis,

[0145] iv) preparative chromatography, preferably
reverse phase chromatography using ion exclusion and
size exclusion mechanisms, and

[0146] v) concentrating and crystalizing the erythritol.

[0147] According to a preferred embodiment of the pres-
ent invention, a heat denaturing step is conducted prior to,
during or after step i). Preferably, a heat denaturing step is
conducted prior to step i). In a further preferred embodi-
ment, a heat denaturing step is conducted during step i).
Preferably, a heat denaturing step is conducted after step 1).
[0148] Particularly preferred, the heat denaturing step
includes heating the culture medium to a temperature of at
least 45° C., preferably at least 50° C., preferably at least 55°
C., preferably at least 60° C., preferably at least 65° C.,
preferably at least 70° C., preferably 75° C., preferably at
least 80° C., preferably at least 85° C., preferably at least 90°
C., preferably at least 95° C.

[0149] In apreferred embodiment of the present invention,
the culture medium is subjected to heat denaturation for at
least 10 seconds, preferably at least 20 seconds, preferably
at least 30 seconds, preferably at least 40 seconds, preferably
at least 50 seconds, preferably at least 1 min, preferably at
least 2 min, preferably at least 3 min, preferably at least 4
min, preferably at least 5 min, preferably at least 6 min,
preferably at least 7 min, preferably at least 8 min, prefer-
ably at least 9 min, preferably at least 10 min.

[0150] The heat denaturing step primarily serves to heat-
inactivate proteins and enzymes in the culture medium
before conducting further recovery steps.

[0151] In a particularly preferred embodiment of the pres-
ent invention, the erythritol recovered in step b), in particu-
lar the erythritol obtained in step v), has a purity of at least
90%, preferably at least 92%, preferably at least 94%,
preferably at least 96%, preferably at least 97%, preferably
at least 97.5%, preferably at least 98%, preferably at least
98.5%, preferably at least 99%, preferably at least 99.5%.

[0152] The term “genetically modified” and its grammati-
cal equivalents as used herein refer to one or more altera-
tions of a nucleic acid, e.g. the nucleic acid within the
genome of an organism, in particular within the genome of
a saprotroph. A “genetically modified” saprotroph can refer
to a saprotroph with an added, deleted and/or altered, in
particular inactivated, gene.

[0153] In the context of the present invention, the term
“erythrose reductase” pertains to any enzyme that catalyses
reversibly the reduction of an aldose to an alditol, wherein
the enzyme has predominant specific activity for the reduc-
tion of erythrose to erythritol. Thus, an “erythrose
reductase” according to the present invention exhibits a high
specificity and affinity for the substrate erythrose. Particu-
larly, the “erythrose reductase” has a higher specificity for
erythrose than for any other substrate, such as glycerol.

[0154] The term “membrane-bound alditol transporter” as
used herein designates a membrane protein suitable to
reversibly transport alditols across the outer membrane, in
particular to transport intracellularly produced alditols to the
culture medium. According to the present invention, a
“membrane-bound alditol transporter” is suitable to trans-
port intracellularly produced erythritol across the membrane
to the culture medium.
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[0155] In the context of the present invention, the term
“transketolase” refers to an enzyme of the pentose phosphate
pathway catalysing the thiamine-dependent reversible trans-
fer of a C-2 unit from a ketose donor to an acceptor
aldopentose. In particular, the “transketolase” catalyses the
transfer of a C-2 unit from xylulose-5-phosphate to ribose-
5-phosphate forming seduheptulose-7-phosphate and glyc-
eraldehyde-3-phosphate.

[0156] The term “transaldolase” designates an enzyme of
the non-oxidative branch of the pentose phosphate pathway
catalysing the reversible transfer of a C-3 unit from a ketose
donor to an acceptor aldose. In particular, the “transketo-
lase” catalyses the transfer of a C-3 unit from sedoheptulose-
7-phosphate to glyceraldehyde-3-phosphate forming eryth-
rose-4-phosphate and fructose-6-phosphate.

[0157] In the context of the present invention, an “inacti-
vated” gene is a gene which can temporarily or permanently
not be transcribed or can be transcribed but the transcript is
not accessible for gene translation. According to the present
invention, the inactivation of a gene includes but is not
limited to inactivation by partial or complete gene deletion,
partial or complete gene replacement, gene repression, gene
insertion, and gene mutation. “Inactivation” in the context of
the present invention further includes any post-transcrip-
tional gene regulation, in particular by RNAi or siRNA,
resulting in inhibition of translation of the transcript into the
gene product.

[0158] In the context of the present invention, a “non-
functional” gene is a gene that is present in the genome of
an organism or a plasmid in an organism which gene is either
not transcribed or is transcribed but the transcript is not
translated to the gene product.

[0159] In the context of the present invention, a “deleted”
gene is a gene that has previously been present in the
genome of an organism or a plasmid in an organism but has
been completely removed from the genome of the organism
or the plasmid in the organism.

[0160] In the context of the present invention, the verb “to
overexpress” refers to the artificial expression of a gene in
increased quantity. This includes the inducible overexpres-
sion of a gene which can be regulated using an inducible
promoter and the constant overexpression of a gene using a
constitutive promoter.

[0161] The term “oligomeric sugars™ or “oligomeric C-5
and C-6 sugars” is used herein for di-, oligo-, and polysac-
charides which are composed of at least two monomers,
preferably composed of at least two monomers selected
from C-5 and C-6 sugars.

[0162] In the context of the present invention, the term “a”
is meant to include the meaning of “one” or “one or more”.
[0163] In the context of the present invention, the term
“comprising” preferably has the meaning of “containing” or
“including”, meaning including the specifically identified
elements without excluding the presence of further ele-
ments. However, in a preferred embodiment, the term “com-
prising” is also understood to have the meaning of “con-
sisting essentially of” and in a further preferred embodiment
the meaning of “consisting of”.

[0164] The terms “and/or” is used herein to express the
disclosure of any combination of individual elements con-
nected within a listing. Solely for illustrative purposes, the
expression “A, B, and/or C” can mean A individually, B
individually, C individually, (A and B), (B and C), (A and C),
and (A, B and C).
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[0165] Further preferred embodiments of the invention are
subject of the subclaims.

[0166] The invention is further described by way of the
following example and accompanying figures.

[0167] FIG. 1 shows the influence of the carbon source
concentration in the culture medium on erythritol production
by Trichoderma reesei after 168 hours incubation in a
culture medium comprising either 50 g/L., 70 g/L. or 90 g/L.
glucose as carbon source and 80 mM urea as nitrogen
source.

[0168] FIG. 2 shows the influence of the nitrogen source
concentration in the culture medium on erythritol production
by Trichoderma reesei after 168 hours incubation in a
culture medium comprising 70 g/L. glucose as carbon source
and either 20 mM, 60 mM or 80 mM urea as nitrogen source.
[0169] FIG. 3 illustrates the influence of the initial carbon
source concentration on erythritol production by the geneti-
cally modified strain QM6aAtmus53 fpsl (Reasll) errl
(Repyrd) Ampdh (“Mod. strain”) and by the corresponding
parental strain QM6aAtmus53 (“PS”) after 24, 48, 72, 96
and 120 hours of incubation in a culture medium comprising
either 10 g/L, 50 g/LL or 100 g/L. glucose as carbon source
and 20 mM ammonium sulfate as nitrogen source.

[0170] FIG. 4 shows the effect of different nitrogen
sources in a concentration of 20 mM or 80 mM on the
erythritol production of Trichoderma reesei
(QM6aAtmus53) after 96 hours of cultivation in a culture
medium comprising 50 g/LL glucose as carbon source.
[0171] FIG. 5 shows the influence of the nitrogen source
on biomass generation (dry weight) of Trichoderma reesei
(QM6aAtmus53) after 96 hours of cultivation in a culture
medium comprising 50 g/IL glucose as carbon source and 20
mM or 80 mM of the respective nitrogen source.

[0172] FIG. 6 illustrates the influence of the urea concen-
tration on the erythritol production of Trichoderma reesei
(QM6aAtmus53) after 168 hours cultivation in a culture
medium comprising 70 g/L. glucose and 60 mM, 70 mM, 80
mM, 90 mM, 100 mM, 110 mM or 120 mM urea or in a
culture medium comprising 50 g/IL glucose and 80 mM urea
(right bar).

EXAMPLE
1. Biotechnological Production of Erythritol

1.1 Influence of the Carbon Source Concentration on
Erythritol Production

[0173] Trichoderma reesei was cultivated in 250 mL flasks
each comprising 100 mL culture medium containing either
50 g/L, 70 g/L. or 90 g/L. glucose as carbon source and 80
mM urea as nitrogen source.

[0174] After 168 hours of cultivation, the erythritol con-
centration was measured in the culture medium of the
samples. The average concentration of erythritol in the
samples was 0.733 g/L. (50 g/L. glucose), 0.978 g/L. (70 g/L.
glucose), and 0.952 g/IL (90 g/LL glucose) (see FIG. 1).

1.2 Influence of the Nitrogen Source Concentration on
Erythritol Production

[0175] In a similar experiment, Trichoderma reesei was
cultivated in 250 mL flasks each comprising 100 mL culture
medium containing 70 g/I. glucose as carbon source and
either 20 mM, 60 mM or 80 mM urea as nitrogen source.
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[0176] After 168 hours of cultivation, the erythritol con-
centration in the culture medium of the samples was mea-
sured. The average concentration of erythritol in the samples
was 0.051 g/I. (20 mM urea), 0.55 g/I. (60 mM urea), and
0.978 g/L. (80 mM urea) (see FIG. 2).

1.3 Influence of the Initial Glucose Concentration on
Erythritol Production by a Genetically Modified Strain and
the Corresponding Parental Strain

[0177] Trichoderma reesei strains QMo6aAtmusS3 fpsl
(Reasll) errl (Repyrd) Ampdh (“Mod. strain”) and the
corresponding parental strain QM6aAtmus53 (“PS”) were
cultivated in 250 mL flasks each comprising 100 mL culture
medium containing either 10 g/, 50 g/LL or 100 g/L glucose
as carbon source and 20 mM ammonium sulfate as nitrogen
source.

[0178] After 24, 48, 72, 96, and 120 hours of cultivation,
the erythritol concentration was measured in the culture
medium of the samples (see table 1 and FIG. 3). No
erythritol could be detected in culture medium containing
only 10 g/LL glucose.

TABLE 1

Erythritol concentration

Erythritol concentration [g/L]

Parental Parental Parental
Mod. strain Mod. strain Mod. strain
Incubation strain (PS) strain (PS) strain (PS)
time 10 g/l 10 gL 50g/L. 50 g/ 100 g/ 100 g/L
24 h 0 0 0 0 0 0
48 h 0 0 0.0045 0.0025 0.0075 0.002
72 h 0 0 0.014 0.011 0.016 0.01
96 h 0 0 0.0255 0.0.023 0.018 0.012
120 h 0 0 0.0305 0.026 0.0225 0.016

1.4 Influence of Different Nitrogen Sources on the Erythritol
Production by Trichoderma reesei

[0179] To investigate the effect of different nitrogen
sources on the erythritol production of Trichoderma reesei,
the strain QM6aAtmus53 was cultivated in 250 ml flasks
comprising 100 mL of a culture medium with 50 g/L glucose
as carbon source and 20 mM or 80 mM of either ammonium
sulfate, sodium nitrate, or urea as nitrogen source.

[0180] After 96 hours of cultivation, the erythritol con-
centration was measured in the culture medium of the
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samples. The average concentration of erythritol in the
samples was 0.018 g/I. (50 g/LL glucose, 20 mM NH_*),
0.028 ¢/L (50 g/LL glucose, 80 mM NH,*), 0.03 g/L (50 g/L
glucose, 20 mM urea), 0.301 g/LL (50 g/L glucose, 80 mM
urea). No erythritol could be detected in the culture medium
after 96 hours in case 20 or 80 mM NO;~ was used as
nitrogen source (see FIG. 4).

1.5 Influence of Different Nitrogen Sources on the Growth
of Trichoderma reesei

[0181] Trichoderma reesei (QM6aAtmus53) was culti-
vated in 250 ml flasks each comprising 100 ml culture
medium containing 50 g/IL glucose as carbon source and 20
mM or 80 mM of either ammonium sulfate, sodium nitrate,
or urea as nitrogen source.

[0182] After 96 hours of cultivation, the dry weight of
Trichoderma reesei was measured in the different samples.
The average weight was 0.384 g (50 g/L. glucose, 20 mM
NH,™), 0.417 g/L (50 g/L glucose, 80 mM NH,*), 0.107 g
(50 g/L. glucose, 20 mM NO;7), 0.117 g (50 g/L glucose, 80
mM NO;7), 0.557 g (50 g/LL glucose, 20 mM urea), and
1.007 g (50 g/L. glucose, 80 mM urea) (see FIG. 5).

1.6 Effect of the Urea Concentration in the Culture Medium
on the Yield of Erythritol

[0183] The influence of the urea concentration in the
culture medium on the yield of erythritol in reference to the
amount of glucose consumed by Trichoderma reesei
(QM6aAtmus53) during cultivation was investigated. For
this purpose, Trichoderma reesei was cultivated in 250 mL
flasks comprising 100 mL of a culture medium with 70 g/L.
glucose as carbon source and either 60 mM, 70 mM, 80 mM,
90 mM, 100 mM, 110 mM or 120 mM urea as nitrogen
source. The yield of erythritol was also measured for the
cultivation of Trichoderma reesei in the presence of 100 mL
culture medium comprising 50 g/L. glucose as carbon source
and 80 mM urea as nitrogen source.

[0184] After 168 hours of cultivation, the erythritol con-
centration in the culture medium and the decrease in glucose
concentration were measured in the different samples. The
average yield of erythritol (in mg erythritol/g glucose con-
sumed) was 3.03 mg/g (70 g/LL glucose, 60 mM urea), 18.59
mg/g (70 g/LL glucose, 70 mM urea), 15.2 mg/g (70 g/L
glucose, 80 mM urea), 14.3 mg/g (70 g/L. glucose, 90 mM
urea), 9.92 mg/g (70 gL glucose, 100 mM urea), 8.47 mg/g
(50 g/LL glucose, 110 mM urea), 5.23 mg/g (70 g/L. glucose,
120 mM urea) and 15.43 mg/g (50 g/L glucose, 80 mM urea)
(see FIG. 6).

SEQUENCE LISTING

Sequence total quantity: 22

SEQ ID NO: 1 moltype = DNA length = 2010
FEATURE Location/Qualifiers
source 1..2010

mol type = genomic DNA

organism = Saccharomyces cerevisiae
SEQUENCE: 1
atgagcaatc cccaaaaggc actgaacgac ttectcaget ccgagagegt ccacacccac 60
gactcctcac gtaagcagtce caacaagcaa tcctceggacg agggccgtag ctecgagecag 120
cecteccace atcactceccgg aggaactaat aacaataaca acaataacaa caacaacaac 180
aacagcaaca acaacaacaa cggtaacgat ggcggcaacyg acgacgacta tgactacgag 240
atgcaggact accgtccctce cccacagtcet getaggecta cteccaccta cgtgecccaa 300
tacagtgteg agtcgggcac cgcattceccee attcaagagg tcattcccte ggectacatt 360
aacacccaag acatcaacca caaggacaac ggcccccctt cegecatcegte aaaccgeget 420
tteegeccee geggecagac gaccgtcage gecaacgtece tgaacataga ggacttctac 480
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aagaatgcgg acgatgcaca cacaattcca gagtcgcate tgagccggeyg tcegetcccga 540
tcacgggcca cgtcaaatgce aggccactcce gecaacaccyg gcegecaccaa tggtegtact 600
acgggcgece agaccaacat ggagagcaac gagtcccceca ggaacgtgece gataatggte 660
aagcctaaga ccctctacca gaacccgeag acccccacag ttcetecccte aacttaccac 720
ccgattaaca agtggagctc cgttaagaat acctatttaa aagagttcect cgccgagttt 780
atgggtacga tggtcatgat catcttegge agegecegteg tatgccaggt caacgtcegece 840
ggcaagatcce agcaggacaa cttcaacgta gccctegaca acctcaatgt cacgggcetet 900
tcegecgaga caatcgacge catgaagagce ctgactagece tagtctccte tgtegeceggt 960
ggcacctteg atgacgttge cctegggtgg gecgetgceg tggtaatggg ctacttttgt 1020
gcaggtggct cggcaatcte tggagcccac ctgaacccat caatcaccct cgctaaccte 1080
gtttatcgag gctttccect gaagaaggtc ccatattact tcgcaggcca gctgattggt 1140
gctttcacgg gagccctcat tctgttcatt tggtacaaga gggtccttca ggaggcatac 1200
tcggactggt ggatgaacga atccgtcecgcet ggcatgtttt gtgtcecttcece aaagccctac 1260
ctgagctectg ggcggcagtt ttttagcgag ttecctcectgeg gecgecatget ccaggecggg 1320
acattcgccce tgacggatcce ctacacgtgce ttgagctcag atgtatttce cctgatgatg 1380
ttcattctca ttttcatcat taacgcttcg atggcatatc agacaggtac tgcgatgaac 1440
ctggcacggg atctgggccc ccgcectegece ctctacgcag tgggcttcecga ccacaagatg 1500
ctetgggtcee accaccacca cttcecttttgg gtgecgatgg tagggeccgtt tattggtgece 1560
ctgatggggg gcctecgtecta cgacgtcectgt atctaccaag gccacgaatc accggttaac 1620
tggtctectee cecgtgtacaa ggaaatgatt atgcgcgcat ggtttaggcg ccccggatgg 1680
aagaagcgga accgagctag gaggacttct gacctcteccg acttcectctta caataatgac 1740
gacgacgagyg aattcggcga acgcatggceg cttcagaaga cgaagacgaa gtctagcatt 1800
tcecgacaacyg agaacgaggce cggcgagaag aaggttcagt tcaagtcegt tcagegaggg 1860
aagcggacct tcggcggcat cccgacaatt cttgaggagg aggatagcat cgagactgece 1920
agccteggeg ccacgacaac ggattctatt ggtcectctetg acactagcte tgaggacage 1980
cactacggca acgcgaagaa agtcacctga 2010
SEQ ID NO: 2 moltype = AA length = 669
FEATURE Location/Qualifiers
source 1..669

mol type = protein

organism = Saccharomyces cerevisiae
SEQUENCE: 2
MSNPQKALND FLSSESVHTH DSSRKQSNKQ SSDEGRSSSQ PSHHHSGGTN NNNNNNNNNN 60
NSNNNNNGND GGNDDDYDYE MQDYRPSPQS ARPTPTYVPQ YSVESGTAFP IQEVIPSAYI 120
NTQDINHKDN GPPSASSNRA FRPRGQTTVS ANVLNIEDFY KNADDAHTIP ESHLSRRRSR 180
SRATSNAGHS ANTGATNGRT TGAQTNMESN ESPRNVPIMV KPKTLYQNPQ TPTVLPSTYH 240
PINKWSSVKN TYLKEFLAEF MGTMVMIIFG SAVVCQVNVA GKIQQDNFNV ALDNLNVTGS 300
SAETIDAMKS LTSLVSSVAG GTFDDVALGW AAAVVMGYFC AGGSAISGAH LNPSITLANL 360
VYRGFPLKKV PYYFAGQLIG AFTGALILFI WYKRVLQEAY SDWWMNESVA GMFCVFPKPY 420
LSSGRQFFSE FLCGAMLQAG TFALTDPYTC LSSDVFPLMM FILIFIINAS MAYQTGTAMN 480
LARDLGPRLA LYAVGFDHKM LWVHHHHFFW VPMVGPFIGA LMGGLVYDVC IYQGHESPVN 540
WSLPVYKEMI MRAWFRRPGW KKRNRARRTS DLSDFSYNND DDEEFGERMA LQKTKTKSSI 600
SDNENEAGEK KVQFKSVQRG KRTFGGIPTI LEEEDSIETA SLGATTTDSI GLSDTSSEDS 660
HYGNAKKVT 669
SEQ ID NO: 3 moltype = DNA length = 996
FEATURE Location/Qualifiers
source 1..996

mol type = genomic DNA

organism = Trichoderma reesei
SEQUENCE: 3
atgtcttceeg gaaggaccgt caccctcaac accggctaca agatccccca gatcggctac 60
ggcacctgge aggcecgctee cggegaggtce ggcegetggtg tetttgagge cctcaaggtt 120
ggctaccgee acctcgacct ggccaaggtce tacggcaacce agaaggaggt tggtgaggge 180
atcaagaagg ctcttgctga ggtccecegge ctgaagegeg aggatatttt catcacctcee 240
aagctgtgga acaactccca caagcccgag gacgtcegage ccegetctega cgacaccctg 300
geegagettyg gectegacta ccttgaccte taccteatce actggecegt tgectttget 360
ceceggegeceg acctettece caagtccgag gacggcteeg aggtgcaget caaccagaat 420
gtgtccattyg tccagacctyg gaaggccatg accgagetge ccaagtccaa ggtccgetcece 480
gteggtgtet ccaactttac catagagcac ctcgacgccg tcatcgagge caccggegte 540
gteccegeeyg tcaaccagat cgagegecac ccccgectee ccaaccagec tctgatcgac 600
tactgcgcca agaagggcat catcatcacc gectacteeg cctttggcaa caacacaaag 660
ggectgecee tgctegtcag ctcecgacgag gtcaaggecg tegccgacaa cctgtccaag 720
aagcagggca agaccgtcac tcccgeccag gtcatccteg ccetggtcecca gattggtgge 780
cacaccgtca ttcccaagtce cgtcaccaag gegegcattyg cggagaactt ccaggaggtt 840
gagctggatyg acgaggccat tgctgegetg aacaagttgg gegagaagec tcageggtte 900
aacattcctt acacctacaa gcctaggtgg aacattaacce tgttcaacac cgaggaggag 960
aaggccgctg cccacactge tgtcatcaag ctgtaa 996
SEQ ID NO: 4 moltype = AA length = 331
FEATURE Location/Qualifiers
source 1..331

mol type = protein

organism = Trichoderma reesei

SEQUENCE: 4
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MSSGRTVTLN TGYKIPQIGY GTWQAAPGEV GAGVFEALKV GYRHLDLAKV YGNQKEVGEG 60

IKKALAEVPG LKREDIFITS KLWNNSHKPE DVEPALDDTL AELGLDYLDL YLIHWPVAFA 120
PGADLFPKSE DGSEVQLNON VSIVQTWKAM TELPKSKVRS VGVSNFTIEH LDAVIEATGV 180
VPAVNQIERH PRLPNQPLID YCAKKGIIIT AYSAFGNNTK GLPLLVSSDE VKAVADNLSK 240
KQGKTVTPAQ VILAWSQIGG HTVIPKSVTK ARIAENFQEV ELDDEAIAAL NKLGEKPQRF 300

NIPYTYKPRW NINLFNTEEE KAAAHTAVIK L 331
SEQ ID NO: 5 moltype = DNA length = 2055

FEATURE Location/Qualifiers

source 1..2055

mol type = genomic DNA
organism = Trichoderma reesei

SEQUENCE: 5

atgggctaca cagaggttga ccagaaggcce atcaacacca tccgectget cgceggtcegat 60
gecacctteca agagcaactce gggecaccceg ggtgcceccca tgggcatgge tcecegttgee 120
cacgtecttt gggacaagtt catgaggttc aaccccaaga accccaagtyg gctgaaccgt 180
gaccgatteg ttctcectcecaa cggecacgge tgcatgetcee agtatgetet gettcacctg 240
tteggetacyg acctgaccat cgatgaccte aaggecttece gaaccgtcega cagcaagact 300
cctggtcace ccgaggecca cgatactcce ggtgtcegagyg tcaccaccgyg cccectgggt 360
cagggtatct ccaatgccgt cggtctggec atggcccagyg cccacaccge cgccacctte 420
aacaagcceg gcttcaccct gtgtgacaac tacacctact gettectegyg cgatggetge 480
ttgatggagg gtgtctctge cgaggecteg tecctggecyg gecaccteca gceteggcaac 540
ctcatctgca tctacgatga caaccacatc tcecattgacyg gcgacaccaa ctgtgectte 600
accgaggacg tggccaagceg ctacgaggec tacggcetgge acgtcgaggt cgtcgagaac 660
ggcgaccacyg acctcgagge catggaggcece gecatcaaga agtgccagga ggtcaaggac 720
aagccctcaa tcatcaagct gegcaccacce attggetteg getctcteca ggagggcace 780
cacggagtce acggctctcce cctcaaggec gacgacatca agcagctcaa gcagaagttt 840
ggcttcaace ccgacgagag cttegtegte cccaaggagg tcetccgacct ctacgccege 900
cactcagceg agggegecge cgccgaggag gagtggaaca agetgttege caagtacgce 960
gagaagtacc ccgecgagge tgctgaccte cagcegecgece tcaagggega getgcccgag 1020
ggctgggaga agaacctgcece cgtctacteg cccagegatg ctgccattge cagccgaaag 1080
ctgtccgaga cggtecctcac caagatccac gacgtcctge ccgagcectceca gggtggttee 1140
gccgatctga ctggttceccaa cctgacccge tggaaggacg ctgttgactt ccageccccce 1200
gecaccggee teggtgacta ctccggacga tacatceget acggtgtecg cgagcacgge 1260
atgggcgeca tcatgaacgg cctggecgece tacggcacca tcatccccta cggeggtace 1320
ttectcaact tegtectecta cgccgecggt gceccgtcecgee tgtecgetet gteccegegte 1380
cgegtecatcect gggtcgccac ccacgactcece attggcctgg gcgaggacgg tcctactcac 1440
cagcctatceg agactctgge tcactteccge gcecctgecca actgcatggt gtggegeccece 1500
geegacggea acgagaccag cgctgectac tacattgcce tgacctcecaa gcacacccee 1560
agcatcattg ccctgtcteg ccagaacctg ccccagetceg agggctcecegt catcgagaag 1620
gccatcaagg gaggatacgt cctgcaggag gtcgagggtyg cccagatcac cctggtctee 1680
accggtteeg aggtttccat cgccgtggat gccgccaagt acctecctgga gaagcacaac 1740
gtcaaggcecc gcgtegtcte catgccecctge ttcgaggttt tcegatgctca gcccaaggag 1800
tacagactct ccgtectgec cgacggcatc ccctcectetgt ccattgaggt gatgagcacce 1860
atgggctggg agcgatacac tcacgagcag tttggtctca accgattcegg tgcctetgge 1920
gcctacaagg atgtctacaa gaagttcgag ttcacccceg agggcatcac caagcgceget 1980
cttctcacca ttgacttctg gaaggacgtc cccaacgtce gctcecteccat caaccgtgece 2040

ttccagcage tcatce 2055
SEQ ID NO: 6 moltype = AA length = 685

FEATURE Location/Qualifiers

source 1..685

mol type = protein

organism = Trichoderma reesei
SEQUENCE: 6
MGYTEVDQKA INTIRLLAVD ATFKSNSGHP GAPMGMAPVA HVLWDKFMRF NPKNPKWLNR 60
DRFVLSNGHG CMLQYALLHL FGYDLTIDDL KAFRTVDSKT PGHPEAHDTP GVEVTTGPLG 120
QGISNAVGLA MAQAHTAATF NKPGFTLCDN YTYCFLGDGC LMEGVSAEAS SLAGHLQLGN 180
LICIYDDNHI SIDGDTNCAF TEDVAKRYEA YGWHVEVVEN GDHDLEAMEA AIKKCQEVKD 240
KPSIIKLRTT IGFGSLQEGT HGVHGSPLKA DDIKQLKQKF GFNPDESFVV PKEVSDLYAR 300
HSAEGAAAEE EWNKLFAKYA EKYPAEAADL QRRLKGELPE GWEKNLPVYS PSDAAIASRK 360
LSETVLTKIH DVLPELQGGS ADLTGSNLTR WKDAVDFQPP ATGLGDYSGR YIRYGVREHG 420
MGAIMNGLAA YGTIIPYGGT FLNFVSYAAG AVRLSALSRV RVIWVATHDS IGLGEDGPTH 480
QPIETLAHFR ALPNCMVWRP ADGNETSAAY YIALTSKHTP SIIALSRONL PQLEGSVIEK 540
ATKGGYVLQE VEGAQITLVS TGSEVSIAVD AAKYLLEKHN VKARVVSMPC FEVFDAQPKE 600
YRLSVLPDGI PSLSIEVMST MGWERYTHEQ FGLNRFGASG AYKDVYKKFE FTPEGITKRA 660

LLTIDFWKDV PNVRSPINRA FQQLI 685
SEQ ID NO: 7 moltype = DNA length = 975

FEATURE Location/Qualifiers

source 1..975

mol type = genomic DNA

organism = Trichoderma reesei
SEQUENCE: 7
atgagctect ctettgacca getcaaggee actggcaceg ttgtegtete tgacactggt 60
gactttgetyg ccatcgccaa gtacaagccce caggatgcca ccaccaaccce cteectcate 120
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ctggecgect ccaagaagcce cgagtacgcec aagctgatag acgtcgecat cgactacgcee 180
aagcagaagg gcggcgacat tgagcagcag gtcgacgatg ccectegaccyg cctgetggte 240
gagttcggea aggagattct caagattgtt cccggcaagg tctccaccga ggtcgacgee 300
cggttetect ttgacaccaa ggcctctgte gacaaggcecce tccacattat cgagetctac 360
aaggagcteg gcatccccaa ggagcgegte ctcatcaaga tegectccac ctgggaggge 420
atcaaggceg ccgagatcct gcagcgegac cacggcatca actgcaacct gacgctcatg 480
ttctecctge cccaggecat cggcgecgee gaggcceggeyg ccttectceat ctceeccectte 540
gttggcegea tectegactyg gttcaaggceg agcaccaaga aggactactc caaggaggag 600
gaccceggty tegectcecegt caagagcatc ttcaactact acaagaagtt tggctacaag 660
accattgtca tgggtgcctce gttccgecaac acgggcgaga ttaccgaget cgetggetge 720
gactacctga ccatttctee caacctgctce gaggagetce tcaactccac cgagecccgte 780
cccaagaage tcgacgecge cgccgetgece teecttaaca ttgagaagaa gtcgtacatce 840
aacgacgagt ccctgttccg cttcgactte aacgaggacce agatggcegt cgagaagcetg 900
cgegagggcea tcagcaagtt tgccgecgac gecgtcaccee tcaaggacat tctgaggcag 960
aagctgtectg cttaa 975
SEQ ID NO: 8 moltype = AA length = 324
FEATURE Location/Qualifiers
source 1..324

mol type = protein

organism = Trichoderma reesei
SEQUENCE: 8
MSSSLDQLKA TGTVVVSDTG DFAAIAKYKP QDATTNPSLI LAASKKPEYA KLIDVAIDYA 60
KQKGGDIEQQ VDDALDRLLV EFGKEILKIV PGKVSTEVDA RFSFDTKASV DKALHIIELY 120
KELGIPKERV LIKIASTWEG IKAAEILQRD HGINCNLTLM FSLPQAIGAA EAGAFLISPF 180
VGRILDWFKA STKKDYSKEE DPGVASVKSI FNYYKKFGYK TIVMGASFRN TGEITELAGC 240
DYLTISPNLL EELLNSTEPV PKKLDAAAAA SLNIEKKSYI NDESLFRFDF NEDQMAVEKL 300
REGISKFAAD AVTLKDILRQ KLSA 324
SEQ ID NO: 9 moltype = DNA length = 1615
FEATURE Location/Qualifiers
source 1..1lel5

mol type = genomic DNA

organism = Trichoderma reesei
SEQUENCE: 9
ctacaaccac cacatcgcca actcttectt ctgcaactee aactccttca cttetcecttet 60
ctgttectact cttctecace tacttcacct accgcaatca tggccaacgce aactggcaag 120
aaggcagtce actttggege cggcaacatc ggecgtgget tegttgettyg cttectccac 180
aactcggget atgaggtegt ttttgecgac gtcaacggag acctgattga taccatcaac 240
tctaccccct cctacaaagt catcgaggtce ggetccgagyg gcacctcaga aaacgtcatce 300
accaactacc gggccatcaa ctctcggact cacgaggaag acctegttga ggagatccge 360
actgccgacg tcgtcacctg ctecegtegge cecaacatee tcaagttcat cgctecegte 420
atcgcaaagg gcatcgaccg ccgctecgac gacgagacge ccectgcacgt cattgectge 480
gagaacgcca ttggcgccac cgacacgctg gecagctaca tcaaggatgce caagaacacg 540
gatcctgece gtectegagac gcaccacctg cgtgcecget acgccaactc ggetattgac 600
cggategtge cggegcagga ccccaatgec ggecttgacyg tgaagctgga gaagttettt 660
gagtgggttyg tcgacaagac cccctttgag gacattggca tcccgeccat tgagggcate 720
cagtgggteg acaacctgga geccttcatce gagcgcaage tgtacacggt caacactgge 780
cacgctacgg ctgcctacca cggctactac cgcagaaage gcaccgtcta cgatgctcte 840
caggacaagg agatcatggc tgaggtccgt ggegecctga ccgagaccaa gaacctgcete 900
gttgccaage acggcatcga cgaggaggcc cagctegect acatgaacaa gattatcaag 960
cgcatcggca acccccattt ggaggatgct gtcgagegtg tcggccgcege teccecctgagg 1020
aagctgtege gcaaggagceg cttcategge ceegecgecyg aggccgcecga gaacgacatg 1080
ccegtcaagt acctectecga cgccatcgag atgacgttcece gectteccagga cgtcgagggt 1140
gacgacgagt ccaaggagct ctctaccatc atgtccgaga acacccccga ggacgttgte 1200
gccaaggtet gcggcatcaa gccgacggag aagatctacce ctecgectggt cgaggttgte 1260
aagcgtgtge aggctgacag ccaggaggag taacttgcga tggctcettet ggcgttctag 1320
ctecggcatca ctcacggege tgagtggtga ccggcecctact gcatctgget ttgggettet 1380
tttgatcttt tacttctact ttttctectte tacaacttgt gttaagaatg cacgaatgaa 1440
cggcaaggcg ctgggttceg ggttaataga gcatcgtcecte ttttgtttte tatttttttt 1500
gtactctgcet agggcattce ttgacgggaa caaaaggtgc tcgggatatc ttcatgggaa 1560
gcttcagtet atagatggac tgagcaggca gcataacggg tcaagatacc acatc 1615
SEQ ID NO: 10 moltype = AA length = 397
FEATURE Location/Qualifiers
source 1..397

mol type = protein

organism = Trichoderma reesei
SEQUENCE: 10
MANATGKKAV HFGAGNIGRG FVACFLHNSG YEVVFADVNG DLIDTINSTP SYKVIEVGSE 60
GTSENVITNY RAINSRTHEE DLVEEIRTAD VVTCSVGPNI LKFIAPVIAK GIDRRSDDET 120
PLHVIACENA IGATDTLASY IKDAKNTDPA RLETHHLRAR YANSAIDRIV PAQDPNAGLD 180
VKLEKFFEWV VDKTPFEDIG IPPIEGIQWV DNLEPFIERK LYTVNTGHAT AAYHGYYRRK 240
RTVYDALQDK EIMAEVRGAL TETKNLLVAK HGIDEEAQLA YMNKIIKRIG NPHLEDAVER 300
VGRAPLRKLS RKERFIGPAA EAAENDMPVK YLLDAIEMTF RFQDVEGDDE SKELSTIMSE 360
NTPEDVVAKV CGIKPTEKIY PRLVEVVKRV QADSQEE 397
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SEQ ID NO: 11 moltype = DNA length = 1418
FEATURE Location/Qualifiers
source 1..1418

mol type = genomic DNA
organism = Trichoderma reesei

SEQUENCE: 11

cagacaacta caaacaagat ggttggegtt gacgcagaga ttatcgccga tgataccaga
atcctgggte aggatccttt gatcccceeg getctgetea tetecgagat ccccatgact
cccaatgece tccagaccgt cgtcaaggge cggagagacg ctgeccagat catcatggge
cagaacgaca ggctattagt cgtegteggt ccctgetceca tecacgacce cgaagecgece
cacgagtacg ccgcccgect caagcagete tccgagaage tegecgacga cctetgeate
gtgatgcgeg cctacctgga gaagectege acgaccgteg getggaaggyg cctgatcaac
gatccegata tcgactegte cttecagate aacaagggece tgegegtcete cegeeggetce
ttcgtegace tgacctecaa cggcatgece attgecaceg agatgetega caccatctece
cceccagttee tegecgactyg catcteegte ggegecattg gegegegaac gaccgagtece
cagctgecace gtgagetege tteeggectyg tecttecceg tgggettcaa gaacggaace
gacggcagcee ttggegtcege cattgatgece attggegetg cegeggecaa gcaccactte
atgggtgtga cgaagcaggg cctggetgece attaccegea ccaagggcaa cgagcacgge
ttcegtgatce tgagaggcgg aagcaaggge cccaactttg acaaggagag cgtccaggeg
gccaagaaga tgctgacgga caagggccag aagctggeca ttatgattga ctgttcetcac
ggcaactcte agaagaacca caacaaccag cccaaggttg ccaaggccat tgecgaccag
ctgcegegagyg gcgagegage cattgtegge gtcatgateg agtccaacat caacgaggge
aaccaaaagg tcectgetga gggtceggee ggtctcaage geggegttag catcacggat
gecatgcatca actgggagga cacagtcacyg gtcctcgagg accttgecge tgecgtecge
acccgacgeg aggtcaacte gggtgctect agegecagagg ccaaggtgag cactcetggag
gaggactaga cgtagtttta ccggaagggyg cgtatgtgtg tacgatgaga gagaggaacg
aaaagcatga gggtcggttt gttgattttg aacattacga tgegtgagtt tatgegegeg
aatcctgget tecteectgg ccagegtaaa taagaaaagt tttagggaga gcattcgaca
cggatatcga gaaattggeg caccaaagga acatgtatga aggcatatat tgttggetgt
ccactttgte acagacggeg cacacgaacce agtttcag

SEQ ID NO: 12 moltype = AA length = 376
FEATURE Location/Qualifiers
source 1..376

mol type = protein

organism = Trichoderma reesei
SEQUENCE: 12
MVGVDAEIIA DDTRILGQDP LIPPALLISE IPMTPNALQT VVKGRRDAAQ IIMGQNDRLL
VVVGPCSIHD PEAAHEYAAR LKQLSEKLAD DLCIVMRAYL EKPRTTVGWK GLINDPDIDS
SFQINKGLRV SRRLFVDLTS NGMPIATEML DTISPQFLAD CISVGAIGAR TTESQLHREL
ASGLSFPVGF KNGTDGSLGV AIDAIGAAAA KHHFMGVTKQ GLAAITRTKG NEHGFVILRG
GSKGPNFDKE SVQAAKKMLT DKGQKLAIMI DCSHGNSQKN HNNQPKVAKA IADQLREGER
AIVGVMIESN INEGNQKVPA EGPAGLKRGV SITDACINWE DTVTVLEDLA AAVRTRREVN
SGAPSAEAKV STLEED

SEQ ID NO: 13 moltype = DNA length = 3267
FEATURE Location/Qualifiers
source 1..3267

mol type = genomic DNA
organism = Trichoderma reesei

SEQUENCE: 13

atgacaacgce tgctcaacaa cccgecggat tegggtecee cgeegegeca gattegette
gtacataacc agggccagec gecgtccaag cgacgcagga tcaatgcage gtatgttett
ctggggette tectegecttyg cttegtetgt cttgecgegt cacecttggt ggcaaatgge
tgtcctagac agataagtge aagatggege gagcatcaac accatgeggt taccagtgaa
gctataagta tgtagagcta acctegtett gegegcagat gettgacctyg tegaagacga
aagacgagat gcgceggega acgaccgett tgcaccacat gecactaagaa cgggcaccaa
tgccteggtt atcccgagga caggagagat ggcgaggcag cggcaaggac gggcgacgag
gaaacgacgc caagggagga tgtcaaccaa ggcgaggacg acgtcgectce tagaaaaccc
getgettegyg ggettgegaa cegtcecgacy tectetgggg gecagcaatcet geaagetacyg
catgctgetyg cctetgetge ctetgettea cggecgecge ggegcaatat caagcagact
atcgaagtcg gegecgatge caacceggge gacgcagage cgcaacagte tcccegtacta
catcaccacce accagagcca ccaccagaat caccatecte atcatcaage tcatctctca
gtcacgtceg atgacttgec cagttegece accctcegee gatcggecce cageegtege
atcccctatt tcegetactt tggetcecacg gecatcgtece ceggcettcaa gcaaatggtg
gtctetgtte gegaccgteg cegttegacyg gcaggctcac attccggege ctetetteat
tcgacgecca geggggegat ggccagtgge teggecattg acagegacat tgtccegegaa
gacattccct cctacgacce caacaactcce gccccegtte atcccttaat cattcageta
gtcaatacgt tttttgttca cgtcgggtge aattacccct ttctcaaaca agacaagttt
ctgcaacatyg taaaggagaa acgggtcgag ccgatacttg tegatgeegt ctgegecate
geggegeget tceteggacca tcacatcctyg acgggeggca acgacaagat gecccggaca
gagagaggce aggtctttge gcaacgggee aggcaggcca cegtegacac ttteecttge
ccttetgtgyg gtgeggteca ggettgectyg ctgatggeat acgagggett cggggeggece
caggatagcg cgctgtggat gtatctggge ttggecatte geatggeggt tgatcteggt
ctccaaaagt gegtgggegt tcaatatcaa ggcgaaaagg acccettggta caccceggeat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1418

60

120
180
240
300
360
376

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
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cgaagtcggg ccaacgacga tgatcaggac ageccagagg cgcacaaggce ggatgccgte 1500
gacgccecta geccggagga acagaaggag gtagagcagg agcgcatata taccttcetgg 1560
tcegtetteca tectggaceg gectcatctee tcetggcactg gacggecggt cacgatccge 1620
gacggcgact acgagctcge ctttcecccgaa tccagegteg acctcecgctac cggatggecg 1680
aacccatttc ctgttctect ccagatcatc cacctctacg gtcaagtgtg cgatgtgetg 1740
aacaatctce acgacgccca agaccttacce caggacaagt gggatcaget atccgagatg 1800
gagcatcgac tcacgagaat gtacaagcac tgggacccgce ggcttcagtt caacgtcaac 1860
aactttaaga cgtacctcgg catgggccag ggcaccaact ttatcctcect ccacttttgg 1920
ttccacgege tettcatcat attgcatcaa ccgactcectte ttaccccctt ttgcgaactg 1980
cggagegage tccagetget cteggacage cgtgagcetga gcatgagcag cgcaaagacce 2040
atctgcgaca ttttgtcectt tgccgacttg atagatccga cgagttttat tggcaaccca 2100
ttcacgaatc agcccattta tatcgceggca tgcgcattte tcatggaatc gagcgccaac 2160
aatgcatctg agggctcgtce cagggagggc tcgectceccca ctcaagcgag tcgcteccagg 2220
caacagacga agcactttaa caagcagtct cggcattcge ttctecgegte ggccgccaac 2280
cagaattacc agcgatgcta caactccctg cagcagatce aggcgtactg gggcggagta 2340
ggctatatcc tcaccgcgct ggaccagaag tcaaagggca agtgggactg cgagacgtat 2400
accgtggagg agtatgagag caccaagctg ccccectecte ggecgtcecgat tggtgagcag 2460
ctgtcgeggt tcgagaagca gtcgtegece aagattgeccg gctcaccgat tgcttggagt 2520
ctgtceggca cggccaattce gecccaactcece agecctgacac tcatgtatca ggctctcaac 2580
gecagegeayg geggecacac tggattcecct ccgectgtge agtcecegtgge gagggctgee 2640
aatggttcge cggggagcat cgcgctggac cecattcgac acacgatgcec ggaagtggga 2700
atgtttacgt cggcggttcc gcagccaaac atgtctgcca ttcgaaactc teccteggegg 2760
ccatatgctg ccaattctat gaatgccgceg ggggcgaact cgcggaatca gaatatcatg 2820
ggcttcgaag acattccgga agagtcgccg gatgcaaagg gtctgatgtc caattactca 2880
acctctggece agccectacga tggatataat gcatccccga ccagcggcaa ttcgggcatg 2940
ggcaattcta cagccgtgac gagtgccccece agtggaaaca cgacgtcgaa tgcgaatacce 3000
cacaacaata acaacaacaa cagcaccacc accaccagca gcagcaacag caacagcatg 3060
tatttcgege aaaacatggc atcatatcaa gcctggggge cgatgacggg caacatggac 3120
gecatcacgt tcgacagceca ggacattgac attgaggcege tggggcetgca gcagcecggac 3180
ctgatgagcg ggtggctcga gtatcttcecee agtgatgtge tggggetgtt tgacgagcat 3240

ggcgagtcegg ggcagggcgg ccattga 3267
SEQ ID NO: 14 moltype = AA length = 983

FEATURE Location/Qualifiers

source 1..983

mol type = protein

organism = Trichoderma reesei
SEQUENCE: 14
MTTLLNNPPD SGPPPRQIRF VHNQGQPPSK RRRINAACLT CRRRKTRCAG ERPLCTTCTK 60
NGHQCLGYPE DRRDGEAAAR TGDEETTPRE DVNQGEDDVA SRKPAASGLA NRPTSSGGSN 120
LQATHAAASA ASASRPPRRN IKQTIENHHP HHQAHLSVTS DDLPSSPTLR RSAPSRRIPY 180
FRYFGSTAIV PGFKQMVVSV RDRRRSTAGS HSGASLHSTP SGAMASGSAI DSDIVREDIP 240
SYDPNNSAPV HPLIIQLVNT FFVHVGCNYP FLKQDKFLQH VKEKRVEPIL VDAVCAIAAR 300
FSDHHILTGG NDKMPRTERG QVFAQRARQA TVDTFPCPSV GAVQACLLMA YEGFGAAQDS 360
ALWMYLGLAI RMAVDLGLQK CVGVQYQGEK DPWYTRHRSR ANDDDQDSPE AHKADAVDAP 420
SPEEQKEVEQ ERIYTFWSVF ILDRLISSGT GRPVTIRDGD YELAFPESSV DLATGWPNPF 480
PVLLQIIHLY GQVCDVLNNL HDAQDLTQDK WDQLSEMEHR LTRMYKHWDP RLQFNVNNFK 540
TYLGMGQGTN FILLHFWFHA LFIILHQPTL LTPFCELRSE LQLLSDSREL SMSSAKTICD 600
ILSFADLIDP TSFIGNPFTN QPIYIAACAF LMESSANNAS EGSSREGSPP TQASRSRQQT 660
KHEFNKQSRHS LLASAANQNY QRCYNSLQQI QAYWGGVGYI LTALDQKSKG KWDCETYTVE 720
EYESTKLPPP RPSIGEQLSR FEKQSSPKIA GSPIAWSLSG TANSPNSSLT LMYQALNASA 780
GGHTGFPPPV QSVARAANGS PGSIALDPIR HTMPEVGMFT SAVPQPNMSA IRNSPRRPYA 840
ANSMNAAGAN SRNONIMGFE DIPEESPDAK GLMSNYSTSG QPYDGYNASP TSGNSGMGNS 900
TAVTSAPSGN TTNSMYFAQN MASYQAWGPM TGNMDAITFD SQDIDIEALG LQQPDLMSGW 960

LEYLPSDVLG LFDEHGESGQ GGH 983
SEQ ID NO: 15 moltype = DNA length = 1773

FEATURE Location/Qualifiers

source 1..1773

mol type = genomic DNA

orggnism = Trichoderma reesei
SEQUENCE: 15
atgtcaacca gacacatttt tacgtcatgt gacggccteg tcaacaagge catccgagge 60
atcattacct acaaccctte tctcagecta gacgaaagea accgggtegt ctatgacace 120
acatacgaca agtccaaagt cgtcatcata ageggaggeg getccggaca tgagectgeg 180
tggacaggct atgtcggtca aaacatgete gecagettegg ttcaaggaga catctttgec 240
agccccagca caaagcaaat ccttgeagea gtggacgetg ttccgagtga caagggcacce 300
attctggtca tcacaaacta cactggtgac tgtctgcact ttgggetgge caacgagaaa 360
gccaatgeca aaggccacaa ctgccggacce atcatctgeg gegacgatgt ctetgtegge 420
aagaacggga gcatggttgg tcgcagaggt ttggetggac agatgggtgt cctcaaagtce 480
atgggcggag ctgctggtge tggaggeteg ctggacgaag tttacaatct tggtgtcegeca 540
ttctegecage agattgtgte tattgeggea accttggatce attgccatgt tccaggacgt 600
getgaacatg gcatgcttca agaaggcegtt gttgaacteg geaccggecce tcataacgaa 660
cceggataca agaaactate cectgegeca tetgegtetg atctegtete ccagattcta 720
caatactgtce tgaatgaaaa ggatccggaa agaggctacg ttcacttege ccctagtgat 780
gaagtcatac tacttctcag caactacgge ggcatatcge acctggagat gggegetctg 840
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gttgacgaaa ttctcgagca gcttgcaaga gactggaaga ttgagccggt gagggtatge 900
geeggettea tcgagacgte actcaatget ccagectttt ctgtcteegt catcaatgtg 960
actgctgececg caaagaattg cagttactct gtcgaagaga tcaagtcctt ctttgatgece 1020
aggacgacga cgttttggga gtccatgact gggtcgcaga cacggcggayg gacgagacag 1080
cagcagattg ttcagcccecc ggaggaagag gtcaaggcag ttgatgagtc aaaagatctg 1140
actattgatc ccacgctctt agagaagatg ttgaggaacg cttgtgaagc gctcgtcaag 1200
gctgagccag atctcaccaa gtgggatacc gtcatgggtg atggagattg cggagagacg 1260
ctcaggactg gagccacatc tttgctcacg gcccttgatt cgggattgge gaaatctggg 1320
tcagttgtga gagtactatt ggaactcgaa gacatcgtgg agagcaagat gggcggtact 1380
ctgggcggca tattgggcat cttttttgte tcecttgegtg cagcetgtcga gaagaatatt 1440
ggactggccec aaagcceggt cttgctetgg ggaacagcte ttgcaacagce tctggagagt 1500
ctcaggaggt atacgcctgce caaggtcgga gatcgtactg tcatggacac actcatcceg 1560
tttgctaccg tcatgtgtga gtcgggcttt gataacggcg tcaaggcggce acaggatgga 1620
gecggatgcega ccaagacgat gaagccgaga ctgggaagag caacgtatgt tggegtgteg 1680
agtgagaaca aggagttgcc tcecctgatcce ggtgcttggg gggccatggt ggccattcge 1740

ggtttgcgac aaggtctggt tgaagcgatc tag 1773
SEQ ID NO: 16 moltype = AA length = 590

FEATURE Location/Qualifiers

source 1..590

mol type = protein

organism = Trichoderma reesei
SEQUENCE: 16
MSTRHIFTSC DGLVNKAIRG IITYNPSLSL DESNRVVYDT TYDKSKVVII SGGGSGHEPA 60
WTGYVGONML AASVQGDIFA SPSTKQILAA VDAVPSDKGT ILVITNYTGD CLHFGLANEK 120
ANAKGHNCRT IICGDDVSVG KNGSMVGRRG LAGOMGVLKV MGGAAGAGGS LDEVYNLGVA 180
FSQQIVSIAA TLDHCHVPGR AEHGMLQEGV VELGTGPHNE PGYKKLSPAP SASDLVSQIL 240
QYCLNEKDPE RGYVHFAPSD EVILLLSNYG GISHLEMGAL VDEILEQLAR DWKIEPVRVC 300
AGFIETSLNA PAFSVSVINV TAAAKNCSYS VEEIKSFFDA RTTTFWESMT GSQTRRRTRQ 360
QQIVQPPEEE VKAVDESKDL TIDPTLLEKM LRNACEALVK AEPDLTKWDT VMGDGDCGET 420
LRTGATSLLT ALDSGLAKSG SVVRVLLELE DIVESKMGGT LGGILGIFFV SLRAAVEKNI 480
GLAQSPVLLW GTALATALES LRRYTPAKVG DRTVMDTLIP FATVMCESGF DNGVKAAQDG 540

ADATKTMKPR LGRATYVGVS SENKELPPDP GAWGAMVAIR GLRQGLVEAI 590
SEQ ID NO: 17 moltype = DNA length = 1326

FEATURE Location/Qualifiers

source 1..1326

mol type = genomic DNA
organism = Trichoderma reesei

SEQUENCE: 17

ttaggtgagg gtgtaaccgc catcaacgcg aatatcggca ccggtcacat agcggetgge 60
atcagacagc aggaaagcca ctgggcccat gagatcctga ggcagaccca tcttgecctg 120
aggaatgagg gacacccatt tcttcttcag gtcaggettt tcatccagga tttteteggt 180
cctagttaag gatttgagtt agccggecga ggtcacgget accgttcaag aacagagaag 240
agtgggttca actcacaaag ccgtcagcat gtatccegge gagatacagt tgactcggat 300
geecagcatge geccactcaa cggcgagcga agccgegaga tggceggactg cggecttgga 360
ggcgttatag ggectagtee agttcaacce gttagetgte ttatgetcectg ctcatccatg 420
tctecttttt ttetttettt cttttttceceg tcecgtggaagg gactcacget tgaggctggg 480
ggacgttgac aatggcccce gacatgetge ctatcatgac catgctacca gggctcttee 540
tctecatgag gtgacgagca accgatgtag cgaagagata tgtgccgteg acgttgacge 600
cccagagett gcgaactcta tcaatggggt agttggtgge ctegaagtte tcggtgaage 660
cagcecgaggt gaccaggttg tcaatcttge catgttgetyg gatgatcteg gcegatacacg 720
cctcaacgga atcggcatct gagacgtegg cgtaatgege cgtcactttyg ggaacgctag 780
accgggtgte agcegtetge ctgcaaagec gtgttacgtyg cagagcggag cggcagctca 840
ctcaccgttt tgcgttgggg ttctcecttga gaaaggcate cacgagcagt ttcegtectget 900
tcteggecte ctectetgte getgegtecag ctgtetggee tggggtacga gcegacccegga 960
actggcacgce ggaatctcac tgttcatgtce gacgagggece aggteggege cagagaagac 1020
cattceccectgg ccaatcacca gtcccagece tcttgcgecg ccggtgacga caccgacgtt 1080
tccategagg gagaagecgg caagcegtagg cttgacatac tggecgcecegyg tgccagagac 1140
gggctecgetyg cteggaagct catgctcecgg aggatacteg aactcgacct cggegtceggt 1200
tcgagagtgg ctgccgggcet tatcctgceceg cggcggegge acactatgga acttectege 1260
agcggecage ggcaggegte tggcgggege ggaggcaaag gtteggcgag ccgcaagcecg 1320

cagcat 1326
SEQ ID NO: 18 moltype = AA length = 334

FEATURE Location/Qualifiers

source 1..334

mol type = protein

organism = Trichoderma reesei
SEQUENCE: 18
MLRLAARRTF ASAPARRLPL AAARKFHSVP PPRQDKPGSH SRTDAEVEFE YPPEHELPSS 60
EPVSGTGGQY VKPTLAGFSL DGNVGVVTGG ARGLGLVIGQ GMVFSGADLA LVDMNSEIPR 120
ASSGSLTADT RSSVPKVTAH YADVSDADSV EACIAEIIQQ HGKIDNLVTS AGFTENFEAT 180
NYPIDRVRKL WGVNVDGTYL FATSVARHLM ERKSPGSMVM IGSMSGAIVN VPQPQAPYNA 240
SKAAVRHLAA SLAVEWAHAG IRVNCISPGY MLTALTEKIL DEKPDLKKKW VSLIPQGKMG 300
LPQDLMGPVA FLLSDASRYV TGADIRVDGG YTLT 334
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SEQ ID NO: 19 moltype = DNA length = 640
FEATURE Location/Qualifiers
source 1..640

mol type = genomic DNA

organism = Trichoderma reesei
SEQUENCE: 19
tcatgecctca agatgcccaa tctcettecac cttettegea ctegecacteyg atggatcaaa 60
ctcataccee agccactcag tagccaacct cctegcaact tcecagcccaa caaccctcete 120
cceccatacac aacacctgceg cattattget ctttacactyg cgctcaacge taaagctate 180
atgtgccgta accgctegta tgcccttgac cttgttggea gaaatggega cgcectagacce 240
tgtgeccgcag atgagcagag cgcggtecge tttgcccteg gegacgagge gggeggegge 300
ggcggegege tggggatagg gtgtettgte ggagggeteg teggatcecta cgtcgatgac 360
ttggtctacg cgggcgtege tttcaaagte ttttttgatg gtgtttttgt agctgacgcce 420
ggegtectyge ggaagcegtga gtgagetegt gtcagtgact geccgttetg atgacctaga 480
ttatgcaatc ttgacgatga agagaccgat agtcatgaag acttatgaag ttgacacttg 540
atctegttgt gatatgagat gtgctggttce tggcagccga aacagaagca cttacatcge 600
agcccatgge gattctccat ttecggtgcca tcgtatatgt 640
SEQ ID NO: 20 moltype = AA length = 156
FEATURE Location/Qualifiers
source 1..156

mol type = protein

organism = Trichoderma reesei
SEQUENCE: 20
TYTMAPKWRI AMGCDDAGVS YKNTIKKDFE SDARVDQVID VGSDEPSDKT PYPQRAAAAA 60
RLVAEGKADR ALLICGTGLG VAISANKVKG IRAVTAHDSF SVERSVKSNN AQVLCMGERV 120
VGLEVARRLA TEWLGYEFDP SSASAKKVEE IGHLEA 156
SEQ ID NO: 21 moltype = DNA length = 726
FEATURE Location/Qualifiers
source 1..726

mol type = genomic DNA

organism = Trichoderma reesei
SEQUENCE: 21
tcacgettca gctacttect gtatcgtett gacaaactge tcecggatcegt gtccgaaccg 60
ccccaggaac aatccgtceca gtccegetett caacttceteg tagagccceeyg gceccggcact 120
ccececatac aaaacccteg tegtcceege cetectceeca acggactceca accctcectgat 180
cccagcaaca acatcgagga tgtgcttete tecagcaggt tgactggcac caatcgeccca 240
tacaggctca tacgccaaaa tgacctctge cteggeggge acagcattca tgacagcatce 300
aacctgcacce cgacactcct caaccgegat atgcacgteg ccttgagtet tttcetccaat 360
gcacacaagce ggtatcatge cattgcgact tacageggca gecttatteg caaccatggt 420
gtegtecteg ccaaagatge tcctgegetce tgcatgtceeg acttccacga gettgacgee 480
tgegetgege aacacggagg ggctgactte gecggtgaat gegecttggt ctteccagtg 540
gcagtcttga gegecggtee aaatggcaac ggagctggac ttaagetggg cgattgtggt 600
ggtcagggayg acgaagtcgg ggatgatgaa gatgtcaatg tgggagagga gctctatcgg 660
gacgtctgee agettggata agaagetgtt tgtgaagtcet cttgtttget ggagagaaaa 720
gtacat 726
SEQ ID NO: 22 moltype = AA length = 241
FEATURE Location/Qualifiers
source 1..241

mol type = protein

organism = Trichoderma reesei
SEQUENCE: 22
MYFSLQQTRD FTNSFLSKLA DVPIELLSHI DIFIIPDFVS LTTTIAQLKS SSVAIWTGAQ 60
DCHWEDQGAF TGEVSPSVLR SAGVKLVEVG HAERRSIFGE DDTMVANKAA AVSRNGMIPL 120
VCIGEKTQGD VHIAVEECRV QVDAVMNAVP AEAEVILAYE PVWAIGASQP AGEKHILDVV 180
AGIRGLESVG RRAGTTRVLY GGSAGPGLYE KLKSGLDGLF LGRFGHDPEQ FVKTIQEVAE 240
A 241

1. A method for the production of erythritol, comprising

the steps:

a) cultivating at least one saprotroph in a culture medium
comprising a carbon source in a concentration of at
least 40 g/l and a nitrogen source, so as to obtain
erythritol in the culture medium,

b) recovering erythritol from the culture medium.

2. The method according to claim 1, wherein the culture
medium comprises the carbon source in a concentration of
40 to 200 g/L, preferably 70 to 90 g/L..

3. The method according to claim 1 or 2, wherein the
culture medium comprises the nitrogen source in a concen-
tration of at least 50 mM, preferably at least 60 mM,
preferably at least 70 mM.

4. The method according to any one of the preceding
claims, wherein the culture medium comprises a lignocel-
Iulose comprising hydrolysate.

5. The method according to any one of the preceding
claims, wherein the carbon source is glucose or xylose.

6. The method according to any one of claims 1 to 4,
wherein the carbon source comprises a hydrolysate obtained
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by hydrothermal treatment of a cellulose-, hemi-cellulose-
and/or starch-comprising raw material.

7. The method according to any one of the preceding
claims, wherein the nitrogen source is urea.

8. The method according to any one of the preceding
claims, wherein the at least one saprotroph is a filamentous
fungus from the genus Hypocrea, Trichoderma, Gibberella,
Fusarium, Aspergillus or Penicillium.

9. The method according to any one of the preceding
claim 1, wherein the saprotroph is selected from the group
consisting of Hypocrea jecorina (Irichoderma reesei), Gib-
berella zeae, Fusarvium graminearum, Aspergillus niger,
Aspergillus nidulans, Aspergillus oryzae and Penicillium
chrysogenum.

10. The method according to any one of the preceding
claims, wherein the saprotroph is Hypocrea jecorina
(Trichoderma reesei)

11. The method according to any one of the preceding
claims, wherein in step a) the at least one saprotroph is
cultivated in the culture medium until the culture medium
contains erythritol in a concentration of at least 250 mg/L,
preferably at least 500 mg/L., preferably at least 1 g/L.
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12. The method according to any one of the preceding
claims, wherein in step a) the at least one saprotroph is
cultivated in the culture medium at a pH in the range of 2 to
7, preferably 3 to 5.5.

13. The method according to any one of the preceding
claims, wherein the erythritol is recovered in step b) by
crystallisation.

14. The method according to any one of the preceding
claims, wherein the recovery of erythritol in step b) com-
prises the steps:

i) removal of biomass, preferably removal of biomass by

centrifugation and membrane filtration,

ii) decolorisation of the culture medium, preferably decol-

orisation of the culture medium with active carbon,

iii) desalting the culture medium, preferably desalting and

decolorizing the culture medium by electrodialysis,

iv) preparative chromatography, preferably reverse phase

chromatography using ion exclusion and size exclusion
mechanisms, and

v) concentrating and crystallising the erythritol.

15. The method according to claim 14, wherein a heat
denaturing step is conducted prior to, during or after step 1i).

#* #* #* #* #*
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