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ERYTHRITOL PRODUCING SAPROTROPH

[0001] The present invention pertains to a genetically
modified saprotroph for the biotechnological production of
erythritol and a method for the production of erythritol using
said genetically modified saprotroph.

[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.
[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
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
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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 still a need for a biotechno-
logical method for the production of erythritol with
increased yield. The present invention overcomes the dis-
advantages of the methods in the prior art by the subject-
matter of the independent claims, in particular by the geneti-
cally modified saprotroph according to the present invention
and the method for the production of erythritol according to
the present invention.

[0007] The present invention in particular pertains to a
genetically modified saprotroph comprising 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-dehydrogenase.

[0008] Inapreferred embodiment of the present invention,
the genetically modified saprotroph is a filamentous fungus.
Preferably, the saprotroph is a filamentous fungus selected
from the genera Hypocrea, Gibberella, Aspergillus and
Penicillium. Preferably, the saprotroph is a filamentous
fungus selected from Hypocrea jecorina (Trichoderma ree-
sei), Gibberella zeae, Aspergillus niger, Aspergillus nidu-
lans, Aspergillus oryzae and Penicillium chrysogenum.
[0009] 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.

[0010] In a further preferred embodiment of the present
invention, the at least one gene encoding at least one
membrane-bound alditol transporter is fpsl, in particular
codon-optimized fpsl. Preferably, the at least one gene
encoding at least one membrane-bound alditol transporter is
fpsl from Saccharomyces cerevisiae, in particular codon-
optimized fpsl from Saccharomyces cerevisiae.

[0011] In a further preferred embodiment, the at least one
gene encoding at least one membrane-bound alditol trans-
porter comprises the nucleotide sequence of SEQ ID No. 1,
in particular consists of the nucleotide sequence of SEQ ID
No. 1.

[0012] Inapreferred embodiment of the present invention,
the at least one gene encoding at least one membrane-bound
alditol transporter 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. 1. Preferably,
the at least one gene 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.

[0013] Preferably, the membrane-bound alditol transporter
comprises the amino acid sequence of SEQ ID No. 2, in
particular consists of the amino acid sequence of SEQ ID
No. 2.

[0014] Preferably, the membrane-bound alditol transporter
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
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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 con-
sists 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. 2.

[0015] In another preferred embodiment of the present
invention, the membrane-bound alditol transporter com-
prises 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, pref-
erably nine, preferably ten, amino acids are exchanged by
other naturally occurring amino acids. In a particularly
preferred embodiment, the membrane-bound alditol trans-
porter 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, 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.

[0016] In apreferred embodiment of the present invention,
the at least one gene encoding at least one erythrose
reductase is errl, in particular codon-optimized errl. Pref-
erably, the at least one gene encoding at least one erythrose
reductase is errl, in particular codon-optimized errl, from
Trichoderma veesei, Aspergillus niger or Fusarium
graminearum.

[0017] In a preferred embodiment, the at least one gene
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.

[0018] Preferably, the at least one gene 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
preferred embodiment of the present invention, the at least
one gene 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.

[0019] Preferably, the erythrose reductase comprises the
amino acid sequence of SEQ ID No. 4, in particular consists
of the amino acid sequence of SEQ ID No. 4.

[0020] In a preferred embodiment, the erythrose reductase
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 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.

[0021] Preferably, the erythrose reductase comprises an
amino acid sequence as defined in SEQ ID No. 4, in which
one, preferably two, preferably three, preferably five, pref-

Nov. 9, 2023

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 erythrose reductase 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.

[0022] Inapreferred embodiment of the present invention,
the at least one inactivated gene encoding mannitol 1-phos-
phate 5-dehydrogenase is mpdh.

[0023] 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. 12 before inactivation, in particular consisted of the
nucleotide sequence of SEQ ID No. 12 before inactivation.
[0024] 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. 12 before inactiva-
tion. 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. 12 before inactivation.

[0025] Preferably, the mannitol 1-phosphate 5-dehydroge-
nase encoded by the nucleotide sequence of SEQ ID No. 12
before inactivation comprises the amino acid sequence of
SEQ ID No. 13, in particular consists of the amino acid
sequence of SEQ ID No. 13.

[0026] In a preferred embodiment, the mannitol 1-phos-
phate 5-dehydrogenase encoded by the nucleotide sequence
of SEQ ID No. 12 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. 13. Particularly preferred, the mannitol 1-phosphate
5-dehydrogenase encoded by the nucleotide sequence of
SEQ ID No. 12 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. 13.

[0027] Preferably, the mannitol 1-phosphate 5-dehydroge-
nase encoded by the nucleotide sequence of SEQ ID No. 12
before inactivation comprises an amino acid sequence as
defined in SEQ ID No. 13, 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 mannitol 1-phosphate S5-dehydrogenase
encoded by the nucleotide sequence of SEQ ID No. 12
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before inactivation comprises an amino acid sequence as
defined in SEQ ID No. 13, 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.
[0028] 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.

[0029] 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.

[0030] 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.

[0031] 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.

[0032] 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 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 eryth-
rulose kinase (EYK1), a gene encoding erythritol dehydro-
genase (EYDI1), a gene encoding erythritol isomerase 1
(EYI1) and a gene encoding erythritol isomerase 2 (EY12).
[0033] Inapreferred embodiment of the present invention,
the at least one further inactivated gene is a gene encoding
phospho-2-dehydro-3-deoxyheptonate aldolase 1 (Dhaps-
1). Preferably, the at least one gene encoding phospho-2-
dehydro-3-deoxyheptonate aldolase 1 (Dhapsl) of the
genetically modified saprotroph comprised the nucleotide
sequence of SEQ ID No. 14 before inactivation, in particular
consisted of the nucleotide sequence of SEQ ID No. 14
before inactivation.

[0034] 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
No. 14 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
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at least 97%, preferably at least 98%, preferably at least
99%, sequence identity to SEQ ID No. 14 before inactiva-
tion.

[0035] Preferably, the phospho-2-dehydro-3-deoxyhepto-
nate aldolase 1 (Dhapsl) encoded by the nucleotide
sequence of SEQ ID No. 14 before inactivation comprises
the amino acid sequence of SEQ ID No. 15, in particular
consists of the amino acid sequence of SEQ ID No. 15.
[0036] In a preferred embodiment, the phospho-2-de-
hydro-3-deoxyheptonate aldolase 1 (Dhapsl) encoded by
the nucleotide sequence of SEQ ID No. 14 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. 15. Particularly preferred,
the phospho-2-dehydro-3-deoxyheptonate aldolase 1
(Dhaps1) encoded by the nucleotide sequence of SEQ ID
No. 14 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. 15.

[0037] Preferably, the phospho-2-dehydro-3-deoxyhepto-
nate aldolase 1 (Dhapsl) encoded by the nucleotide
sequence of SEQ ID No. 14 before inactivation comprises an
amino acid sequence as defined in SEQ ID No. 15, 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 mannitol 1-phosphate 5-dehy-
drogenase encoded by the nucleotide sequence of SEQ ID
No. 12 before inactivation comprises an amino acid
sequence as defined in SEQ ID No. 13, 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.
[0038] In another embodiment of the present invention,
the at least one further inactivated gene is a gene encoding
erythritol utilization factor (EUF). Preferably, the at least
one gene encoding erythritol utilization factor (Eufl) of the
genetically modified saprotroph comprised the nucleotide
sequence of SEQ ID No. 16 before inactivation, in particular
consisted of the nucleotide sequence of SEQ ID No. 16
before inactivation.

[0039] 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. 16 before inactivation.
Particularly preferred, the at least one gene encoding eryth-
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. 16 before inactiva-
tion.
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[0040] Preferably, the erythritol utilization factor (Eufl)
encoded by the nucleotide sequence of SEQ ID No. 16
before inactivation comprises the amino acid sequence of
SEQ ID No. 17, in particular consists of the amino acid
sequence of SEQ ID No. 17.

[0041] In a preferred embodiment, the erythritol utiliza-
tion factor (Eufl) encoded by the nucleotide sequence of
SEQ ID No. 16 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. 17. Particularly preferred, the erythritol utilization fac-
tor (Eufl) encoded by the nucleotide sequence of SEQ ID
No. 16 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. 17.

[0042] Preferably, the erythritol utilization factor (Eufl)
encoded by the nucleotide sequence of SEQ ID No. 16
before inactivation comprises an amino acid sequence as
defined in SEQ ID No. 17, 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. 16 before inactiva-
tion comprises an amino acid sequence as defined in SEQ ID
No. 17, 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.

[0043] In a particularly preferred embodiment of the pres-
ent invention, the at least one further inactivated gene is a
gene encoding erythrulose kinase (EYK1). Preferably, the at
least one gene encoding erythrulose kinase (Eykl) of the
genetically modified saprotroph comprised the nucleotide
sequence of SEQ ID No. 18 before inactivation, in particular
consisted of the nucleotide sequence of SEQ ID No. 18
before inactivation.

[0044] 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. 18 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 99%,
sequence identity to SEQ ID No. 18 before inactivation.

[0045] Preferably, the erythrulose kinase (Eykl) encoded
by the nucleotide sequence of SEQ ID No. 18 before
inactivation comprises the amino acid sequence of SEQ ID
No. 19, in particular consists of the amino acid sequence of
SEQ ID No. 19.
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[0046] In a preferred embodiment, the erythrulose kinase
(Eyk1) encoded by the nucleotide sequence of SEQ ID No.
18 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. 19. Particu-
larly preferred, the erythrulose kinase (Eyk1) encoded by the
nucleotide sequence of SEQ ID No. 18 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. 19.

[0047] Preferably, the erythrulose kinase (Eykl) encoded
by the nucleotide sequence of SEQ ID No. 18 before
inactivation comprises an amino acid sequence as defined in
SEQ ID No. 19, 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. 18 before inactivation comprises an amino acid
sequence as defined in SEQ ID No. 19, 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.
[0048] In apreferred embodiment of the present invention,
the at least one further inactivated gene is a gene encoding
erythritol dehydrogenase (EYD1). Preferably, the at least
one gene encoding erythritol dehydrogenase (Eydl) of the
genetically modified saprotroph comprised the nucleotide
sequence of SEQ ID No. 20 before inactivation, in particular
consisted of the nucleotide sequence of SEQ ID No. 20
before inactivation.

[0049] 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. 20 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. 20 before inactivation.

[0050] Preferably, the erythritol dehydrogenase (Eydl)
encoded by the nucleotide sequence of SEQ ID No. 20
before inactivation comprises the amino acid sequence of
SEQ ID No. 21, in particular consists of the amino acid
sequence of SEQ ID No. 21.

[0051] In a preferred embodiment, the erythritol dehydro-
genase (Eydl) encoded by the nucleotide sequence of SEQ
ID No. 20 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
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98%, preferably at least 99%, sequence identity to SEQ ID
No. 21. Particularly preferred, the erythritol dehydrogenase
(Eyd1) encoded by the nucleotide sequence of SEQ ID No.
20 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. 21.

[0052] Preferably, the erythritol dehydrogenase (Eydl)
encoded by the nucleotide sequence of SEQ ID No. 20
before inactivation comprises an amino acid sequence as
defined in SEQ ID No. 21, 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. 20 before inactiva-
tion comprises an amino acid sequence as defined in SEQ ID
No. 21, 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.

[0053] Inapreferred embodiment of the present invention,
the at least one further inactivated gene is a gene encoding
erythritol isomerase 1 (EYI1). Preferably, the at least one
gene encoding erythritol isomerase 1 (Eyil) of the geneti-
cally modified saprotroph comprised the nucleotide
sequence of SEQ ID No. 22 before inactivation, in particular
consisted of the nucleotide sequence of SEQ ID No. 22
before inactivation.

[0054] 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. 22 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. 22 before inactivation.
[0055] Preferably, the erythritol isomerase 1 (Eyil)
encoded by the nucleotide sequence of SEQ ID No. 22
before inactivation comprises the amino acid sequence of
SEQ ID No. 23, in particular consists of the amino acid
sequence of SEQ ID No. 23.

[0056] Inapreferred embodiment, the erythritol isomerase
1 (Eyil) encoded by the nucleotide sequence of SEQ ID No.
22 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. 23. Particu-
larly preferred, the erythritol isomerase 1 (Eyil) encoded by
the nucleotide sequence of SEQ ID No. 22 before inactiva-
tion consists of an amino acid sequence having at least 80%,
preferably at least 85%, preferably at least 90%, preferably
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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. 23.

[0057] Preferably, the erythritol isomerase 1 (Eyil)
encoded by the nucleotide sequence of SEQ ID No. 22
before inactivation comprises an amino acid sequence as
defined in SEQ ID No. 23, 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. 22 before inactivation
comprises an amino acid sequence as defined in SEQ ID No.
23, 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.

[0058] In another preferred embodiment of the present
invention, the at least one further inactivated gene is a gene
encoding erythritol isomerase 2 (EYI2). Preferably, the at
least one gene encoding erythritol isomerase 2 (Eyi2) of the
genetically modified saprotroph comprised the nucleotide
sequence of SEQ ID No. 24 before inactivation, in particular
consisted of the nucleotide sequence of SEQ ID No. 24
before inactivation.

[0059] 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. 24 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. 24 before
inactivation.

[0060] Preferably, the erythritol isomerase 2 (Eyi2)
encoded by the nucleotide sequence of SEQ ID No. 24
before inactivation comprises the amino acid sequence of
SEQ ID No. 25, in particular consists of the amino acid
sequence of SEQ ID No. 25.

[0061] Inapreferred embodiment, the erythritol isomerase
2 (Eyi2) encoded by the nucleotide sequence of SEQ ID No.
24 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. 25. Particu-
larly preferred, the erythritol isomerase 2 (Eyi2) encoded by
the nucleotide sequence of SEQ ID No. 24 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. 25.

[0062] Preferably, the erythritol isomerase 2 (Eyi2)
encoded by the nucleotide sequence of SEQ ID No. 24
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before inactivation comprises an amino acid sequence as
defined in SEQ ID No. 25, 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. 24 before inactivation
comprises an amino acid sequence as defined in SEQ ID No.
25, 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.

[0063] 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 (EY12) of
the genetically modified saprotroph is deleted.

[0064] 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.

[0065] 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.

[0066] In apreferred 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 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-
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scription activator-like effector nucleases (TALENs) or by
the clustered regularly interspaced short palindromic repeats
(CRISPR) system.

[0067] 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 codon-optimized tkll.
Preferably, the genetically modified saprotroph further com-
prises at least one gene encoding tkll from 7. reesei, in
particular codon-optimized tkl1 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.

[0068] 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.

[0069] 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.
[0070] 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 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.

[0071] 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

[0072] 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 at most two,
preferably at most one, amino acids are exchanged by other
naturally occurring amino acids. In a preferred embodiment
of the present invention, the genetically modified saprotroph
further comprises at least one gene encoding at least one
transaldolase.

[0073] Preferably, the at least one gene encoding at least
one transaldolase is tall, in particular codon-optimized tall.
Preferably, the genetically modified saprotroph further com-
prises at least one gene encoding tall from 7. reesei, in
particular codon-optimized tall from 7. reesei. In a preferred
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embodiment, the at least one gene encoding at least one
transaldolase comprises the nucleotide sequence of SEQ ID
No. 7, in particular consist of the nucleotide sequence of
SEQ ID No. 7.

[0074] 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.

[0075] 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.
[0076] 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.

[0077] 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.
[0078] 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 codon-optimized eufl. Preferably, the genetically
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 utilization factor
(EUF) comprises the nucleotide sequence of SEQ ID No. 16,
in particular consist of the nucleotide sequence of SEQ ID
No. 16.

[0079] In a preferred embodiment, the at least one gene
encoding at least one erythritol utilization factor 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. 16. Preferably, the at least one gene encoding
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at least one erythritol utilization factor consists 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. 16.

[0080] Preferably, the at least one erythritol utilization
factor (EUF) comprises the amino acid sequence of SEQ ID
No. 17, in particular consists of the amino acid sequence of
SEQ ID No. 17.

[0081] 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. 17. 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. 17.

[0082] 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. 17,
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. 17, 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.

[0083] 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) of the genetically
modified saprotroph is an exogenous polynucleotide
sequence.

[0084] 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
(EUF) of the genetically modified saprotroph is an endog-
enous polynucleotide sequence.

[0085] In a further preferred embodiment, the genetically
modified saprotroph according to the present invention
comprises at least one exogenous gene encoding at least one
membrane-bound alditol transporter. Preferably, genetically
modified saprotroph according to the present invention
comprises at least one endogenous gene encoding at least
one membrane-bound alditol transporter.

[0086] Preferably, the genetically modified saprotroph
according to the present invention comprises at least one
exogenous gene encoding at least one erythrose reductase. In
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another preferred embodiment, the genetically modified
saprotroph according to the present invention comprises at
least one endogenous gene encoding at least one erythrose
reductase.

[0087] Further preferred, the genetically modified sapro-
troph according to the present invention comprises at least
one exogenous gene encoding at least one transketolase. In
a preferred embodiment of the present invention, the geneti-
cally modified saprotroph according to the present invention
comprises at least one endogenous gene encoding at least
one transketolase.

[0088] Preferably, the genetically modified saprotroph
according to the present invention comprises at least one
exogenous gene encoding at least one transaldolase. Pref-
erably, the genetically modified saprotroph according to the
present invention comprises at least one endogenous gene
encoding at least one transaldolase.

[0089] Preferably, the genetically modified saprotroph
according to the present invention comprises at least one
exogenous gene encoding at least one erythritol utilization
factor (EUF). Preferably, the genetically modified sapro-
troph according to the present invention comprises at least
one endogenous gene encoding at least one erythritol utili-
zation factor (EUF).

[0090] 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.

[0091] 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.

[0092] 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, 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, is overexpressed. Preferably, the at
least one gene encoding at least one transketolase, in par-
ticular the at least one exogenous or endogenous gene
encoding at least one transketolase, is overexpressed. Fur-
ther 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, is
overexpressed. Preferably, the at least one gene encoding at
least one erythritol utilization factor (EUF), in particular the
at least one exogenous or endogenous gene encoding at least
one erythritol utilization factor (EUF), is overexpressed.
[0093] 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
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gene encoding at least one transaldolase and/or the at least
one gene encoding at least one erythritol utilization factor
(EUF) 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 embodiment, 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, bxl11, cbhl, cbh2,
xynl, xyn2. Preferably, the at least one gene 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 encoding at least one erythrose reductase 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 encoding at least one transketolase 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
encoding at least one transaldolase 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
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.
[0094] 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) is present on a plasmid. Preferably, each of 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 present on a sepa-
rate plasmid.
[0095] 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.
[0096] The present invention further pertains to a method
for the production of erythritol, comprising the steps:
[0097] a) providing at least one genetically modified
saprotroph according to the present invention,
[0098] D) culturing the at least one genetically modified
saprotroph provided in step a) in the presence of a
culture medium, so as to obtain erythritol in the culture

medium,
[0099] c¢) recovering erythritol from the culture

medium.
[0100] Inapreferred embodiment of the present invention,

the culture medium comprises lignocellulosic biomass, in
particular straw, and/or at least one residue of dairy product
production, in particular whey. Particularly preferred, the
culture medium comprises lignocellulosic biomass, in par-
ticular straw, preferably hydrolysed straw. According to this
particular embodiment, the genetically modified saprotroph
is able to grow on lignocellulosic biomass as carbon source,
in particular on lignocellulosic biomass as the sole carbon
source. In a further preferred embodiment of the present
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invention, the culture medium comprises at least one residue
of dairy product production. Particularly preferred, the cul-
ture medium comprises whey. In this way, the method
according to the present invention advantageously utilizes
inexpensive, abundant and renewable substrates as educts
for the production of erythritol.

[0101] Inapreferred embodiment of the present invention,
the culture medium comprises ammonium as a nitrogen
source. In a further preferred embodiment of the present
invention, the culture medium comprises nitrate as a nitro-
gen source.

[0102] In a further preferred embodiment of the present
invention, the culture medium comprises glycerol.

[0103] Inapreferred embodiment of the present invention,
the at least one genetically modified saprotroph provided in
step a) is cultured in step b) 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.
[0104] Preferably, the pH of the culture medium in step b)
is within the range of 3 to 8, preferably 3 to 7, preferably 3.5
to 6.5, preferably 3.5 to 6, preferably 4 to 5.5, preferably 4
to 5.

[0105] In a particularly preferred embodiment of the pres-
ent invention, step b) is conducted until a concentration of
erythritol in the culture medium of at least 1 g/L, preferably
at least 1.5 g/, preferably at least 2 g/I, preferably at least
2.5 g/L, preferably at least 3 g/L, is reached.

[0106] In apreferred embodiment of the present invention,
in step b) at least one substrate that causes osmotic stress is
added to the culture medium. Preferably, the at least one
substrate that causes osmotic stress is added to the culture
medium after 10 hours of cultivation, preferably 12 hours of
cultivation, preferably 14 hours of cultivation, preferably 16
hours of cultivation.

[0107] In a further preferred embodiment of the present
invention, the substrate that causes osmotic stress is selected
from glycerol and sodium chloride or a combination thereof.
Preferably, the substrate that causes osmotic stress is glyc-
erol. Preferably, the substrate that causes osmotic stress is
sodium chloride.

[0108] In apreferred embodiment of the present invention,
in step c¢) erythritol is recovered by crystallisation. Particu-
larly preferred, the recovery of erythritol from the culture
medium in step ¢) comprises the steps:

[0109] i) removal of biomass, preferably removal of
biomass by filtration,

[0110] ii) decolorisation of the culture medium, prefer-
ably decolorisation of the culture medium with active
carbon,

[0111] iii) desalting the culture medium, preferably
desalting and decolorizing the culture medium with at
least one ion exchange resin, and

[0112] iv) concentrating and crystallising the erythritol.

[0113] The present invention also pertains to the use of a
genetically modified saprotroph according to the present
invention for the production of erythritol.

[0114] 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.
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[0115] 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.
[0116] The term “membrane-bound alditol transporter” as
used in the context of the present invention designates a
membrane protein suitable to reversibly transport alditols
across the outer membrane, in particular to transport intra-
cellularly produced alditols to the culture medium. Accord-
ing to the present invention, a “membrane-bound alditol
transporter” is suitable to transport intracellularly produced
erythritol across the membrane to the culture medium.
[0117] 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.

[0118] 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.

[0119] 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.

[0120] 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.

[0121] 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.

[0122] 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.

[0123] In the context of the present invention, the term “a”
is meant to include the meaning of “one” or “one or more”.
[0124] In the context of the present invention, the term
“comprising” preferably has the meaning of “containing” or
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“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”.

[0125] 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).

[0126] Further preferred embodiments of the invention are
subject of the subclaims.

[0127] The invention is further described by way of the
following example and the accompanying figures.

[0128] FIG. 1 shows a comparison dry biomass of a 7.
reesei wild-type strain (WT), of a 7. reesei strain (strain 1)
overexpressing the alditol transporter gene fpsl and com-
prising an inactivated gene encoding mannitol 1-phosphate
5-dehydrogenase (mpdh) and of a 7. reesei strain (strain 2)
overexpressing the alditol transporter gene fps1 and the gene
errl encoding erythrose reductase as well as comprising an
inactivated gene encoding mannitol 1-phosphate 5-dehydro-
genase (mpdh) after 40 hours of cultivation.

[0129] FIG. 2 shows the concentration of glucose in the
culture medium after 18, 28, 30, 32, 34, 36, 38 and 40 hours
of cultivation of the wild-type strain (WT) and strains 1 and
2.

[0130] FIG. 3 shows the concentration of glycerol in the
culture medium after 18, 28, 30, 32, 34, 36, 38 and 40 hours
of cultivation of the wild-type strain (WT) and strains 1 and
2.

[0131] FIG. 4 shows the concentration of erythritol in the
culture medium after 18, 28, 30, 32, 34, 36, 38 and 40 hours
of cultivation of the wild-type strain (WT) and strains 1 and
2.

[0132] FIG. 5 shows a plasmid map of pKR_ReAsl1{psl
(see also SEQ ID No. 9).

[0133] FIG. 6 shows a plasmid map of pKR_Rpyrderrl
(see also SEQ ID No 0.10).

[0134] FIG. 7 shows a deletion cassette for deletion of
mpdh (see also SEQ ID No. 11).
EXAMPLE
[0135] 1.1 Comparison of 7. reesei Strains
[0136] For the characterization of the phenotype the fol-

lowing strains were used:

[0137] the wild type strain QMo6aAtmus53, short-
termed “WT”,

[0138] QM6aAtmusS3 fps1(Reasl1)Ampdh(hygR),
short-termed “strain 17, and

[0139] OQMo6aAtmus53  fpsl(Reasll)OFEerr1(Repyrd)

Ampdh(hygR), short-termed “strain 2”. This strain has
been deposited on May 25, 2020 in the Restricted CBS
collection of the Westerdijk Fungal Biodiversity Insti-
tute, Utrecht, The Netherlands by the depositor Tech-
nische Universitit Wien (Gumpendorfer Strafe la,
1060 Vienna, Austria) under the stipulations of the
Budapest Treaty on the International Recognition of the
Deposit of Microorganisms for the Purpose of Patent
Procedure. The corresponding viability certificate has
been emitted and the strain has been given accession
number CBS 146708.
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[0140] 1.2 Materials and Methods
[0141] 1.2.1 Generation of 7. reesei Strains
[0142] The parental 7. reesei strain used in the experi-

ments is auxotroph for uridine (lack of functional pyr4),
arginine (lack of functional asll), histidine (lack of func-
tional 80820 HisG) and is further resistant to hygromycin
(hygR). The first transformation with the plasmid pKR_
Reasllfpsl (see FIG. 5) to restore the asll locus not only
introduces the fps1 gene into the genome, but also makes the
strain hygromycin sensible again. The errl gene encoding
erythrose reductase was introduced using the plasmid pKR _
Repyrderrl (see FIG. 6). The deletion of mpdh was done by
transformation of a deletion cassette (see FIG. 7) to regain
hygromycin resistance by homologous recombination. All
transformations are performed as protoplast transforma-
tions. Typically, 30 to 50 pg of digested plasmid DNA (in 15
ul sterile double-distilled water) were used for transforma-
tion of 107 protoplasts (in 200 ul). For selection for resis-
tance against hygromycin B, 100 pl to 2 ml of the transfor-
mation reaction mixture was added to 10 ml melted, 50° C.
warm malt extract (MEX) agar containing 1.2 M sorbitol.
This mixture was poured into sterile petri dishes and incu-
bated at 30° C. for 5 h after solidification. Subsequently, 10
ml melted, 50° C. MEX agar containing 1.2 M sorbitol and
a double concentration of hygromycin B was poured on top
of the protoplast-containing layer. Plates were incubated at
30° C. for 2 to 5 days until colonies were visible. For
selection for prototrophy, 100 ul to 2 ml of the transforma-
tion reaction mixture was added to 20 ml melted, 50° C.
warm minimal medium agar containing 1.2 M sorbitol and,
in the case of asll back transformation, additionally 0.25
mM L-arginine. This mixture was poured into sterile petri
dishes and after solidification was incubated at 30° C. for 3
to 7 days until colonies were visible.

[0143] 1.2.2 Cultivation of 7. reesei and Induction of
Erythritol Synthesis

[0144] In the experiment ammonium was used as nitrogen
source and glucose as carbon source under osmotic stress.
The total duration of cultivation was 40 hours. After 10
hours of cultivation for biomass production, sodium chloride
was added to the medium in order to initiate osmotic stress.
Culture broth samples have been taken at the time of this
addition and next after 28 hours of total cultivation time and
then every two hours until end of the cultivation. Samples
were centrifuged to separate the mycelium from the super-
natant.

[0145] Cultivation was performed with the wild-type
strain (WT), QMo6a_fm (strain 1) and QM6a_fem (strain 2)
in 100 ml shake flasks containing 25 ml cultivation medium
((NH,),S0, 2.80 g/1, KH,PO, 4.00 g/1, MgSO,x7H,0 1.0
g/1, NaCl 0.5 g/1, peptone from Casein 0.1 g/1, Tween®80 0.5
g/l), supplemented with 1.5 ml/l trace element solution
(FeSO,x7H,0 090 mM, MnSOxH,O 050 mM,
ZnSO,x7H,0 0.24 mM, CaCl,x7H, 0.68 mM). For inocu-
lation 10° conidiospores per liter were used. To all flasks 0.3
ml of 0.2 M histidine and 0.25 ml of 0.2 M uridine was
added. After 10 hours 0.5 ml of 5 M NaCl was added. The
agitation rate was 180 rpm, the temperature was 30° C.
[0146] After the cultivation the whole cultivation broth
was filtered through miracloth, the mycelia were pressed dry
with Whatman filter paper and dried at 80° C. overnight.
[0147] Glucose, glycerol, mannitol and erythritol concen-
trations were quantified by high-performance liquid chro-
matography (HPLC) (Shimadzu Prominence Series
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equipped with a RID-20A refractive-index detector). Culture
supernatants were filtered through 0.20 um membranes and
measured by HPLC using a Rezex RCM-Monosaccharide
column (300 mmx7.8 mm; Phenomenex, Torrance, CA,
USA). The mobile phase was 30% acetonitrile (HPLC
grade). For sample analysis, the column was eluted at 60° C.
with 30% acetonitrile (HPLC grade) at a flow rate of 0.6
ml/min.

[0148] 1.3 Results

[0149] The biomass production at the end of the cultiva-
tion is nearly the same for all strains. WT produces slightly
more biomass (FIG. 1). The glucose consumption is faster in
strain 2 compared to WT and strain 1, which is deduced from
concentration measurements in the respective supernatants
(FIG. 2).
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[0150] The glycerol concentration in the supernatant of
strain 1 is always higher than in the WT due to the deletion
of mannitol 1-phosphate 5-dehydrogenase (FIG. 3) since
this deletion results in elimination of the production of
mannitol and the strains produce more of the osmolyte
glycerol. Whereas strain 1 shows a constant increase in
glycerol production, strain 2 bearing the overexpressed errl
gene shows a fluctuating accumulation of glycerol over time
(FIG. 3). Erythritol is only detectable in the supernatants of
strains bearing the transporter FPS1 of Saccharomyces cere-
visiae (FIG. 4). Investigations on the consumption of eryth-
ritol demonstrated that all strains, including WT, can grow
on erythritol as sole carbon source (data not shown). The
presence of erythritol in the supernatant seems to coincide
with the secretion of glycerol and it is higher for strain 2
(FIG. 3 and FIG. 4).

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 25

<210> SEQ ID NO 1

<211> LENGTH: 2010

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 1

atgagcaatc cccaaaaggc actgaacgac ttectcaget ccgagagegt ccacacccac 60
gactcctcac gtaagcagtc caacaagcaa tecteggacyg agggccgtag ctcegagccag 120
cceteccace atcactecgg aggaactaat aacaataaca acaataacaa caacaacaac 180
aacagcaaca acaacaacaa cggtaacgat ggcggcaacyg acgacgacta tgactacgag 240
atgcaggact accgtccctce cccacagtet gectaggecta cteccaccta cgtgecccaa 300
tacagtgtcg agtcgggcac cgcattcecece attcaagagyg tcattcccte ggcctacatt 360
aacacccaag acatcaacca caaggacaac ggcccccctt ccgecatcegte aaaccgeget 420
ttcegeccee geggcecagac gaccgtcage gcecaacgtcece tgaacataga ggacttctac 480
aagaatgcgg acgatgcaca cacaattcca gagtcgcate tgagecggeg tegctcccga 540
tcacgggcca cgtcaaatgc aggccactece gcecaacaccyg gcegecaccaa tggtegtact 600
acgggcgcecce agaccaacat ggagagcaac gagtccccca ggaacgtgcece gataatggte 660
aagcctaaga ccctctacca gaacccgcag acccccacag ttcetecccte aacttaccac 720
ccgattaaca agtggagcetc cgttaagaat acctatttaa aagagttcct cgccgagttt 780
atgggtacga tggtcatgat catcttcgge agegecgteyg tatgecaggt caacgtcgcece 840
ggcaagatce agcaggacaa cttcaacgta gecctcgaca acctcaatgt cacgggctcet 900
tcegecgaga caatcgacge catgaagage ctgactagece tagtctccte tgtcegecggt 960
ggcacctteg atgacgttge cctegggtgg geecgetgeeg tggtaatggg ctacttttgt 1020
gcaggtggct cggcaatctce tggagcccac ctgaacccat caatcaccct cgctaaccte 1080
gtttatcgag gectttecccecet gaagaaggtc ccatattact tcgcaggcca gcectgattggt 1140
gctttcacgg gagccctcat tetgttcatt tggtacaaga gggtccttca ggaggcatac 1200
tcggactggt ggatgaacga atccgtcget ggcatgtttt gtgtecttece aaagccctac 1260
ctgagctectg ggcggcagtt ttttagcgag ttectetgeg gecgeccatget ccaggccggg 1320
acattcgeccce tgacggatcce ctacacgtgce ttgagctcag atgtatttcce cctgatgatg 1380
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-continued

ttcattctca ttttcatcat taacgcttcg atggcatatc agacaggtac tgcgatgaac 1440
ctggcacggg atctgggccc ccgcectegee ctctacgcag tgggcttcga ccacaagatg 1500
ctctgggtcee accaccacca cttettttgg gtgecgatgg tagggccgtt tattggtgece 1560
ctgatggggg gcctecgteta cgacgtectgt atctaccaag gccacgaatce accggttaac 1620
tggtctetece cecgtgtacaa ggaaatgatt atgcgcgcat ggtttaggeg ccccggatgg 1680
aagaagcgga accgagctag gaggacttct gacctctecg acttctctta caataatgac 1740
gacgacgagyg aattcggcga acgcatggceg cttcagaaga cgaagacgaa gtctagcatt 1800
tcecgacaacyg agaacgaggce cggcgagaag aaggttcagt tcaagtcegt tcagegaggg 1860
aagcggacct tcggcggcat cccgacaatt cttgaggagg aggatagcat cgagactgcece 1920
agccteggeg ccacgacaac ggattctatt ggtcectctetg acactagcte tgaggacagce 1980
cactacggca acgcgaagaa agtcacctga 2010
<210> SEQ ID NO 2

<211> LENGTH: 669

<212> TYPE: PRT

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 2

Met Ser Asn Pro Gln Lys Ala Leu Asn Asp Phe Leu Ser Ser Glu Ser
1 5 10 15

Val His Thr His Asp Ser Ser Arg Lys Gln Ser Asn Lys Gln Ser Ser
20 25 30

Asp Glu Gly Arg Ser Ser Ser Gln Pro Ser His His His Ser Gly Gly
35 40 45

Thr Asn Asn Asn Asn Asn Asn Asn Asn Asn Asn Asn Asn Ser Asn Asn
50 55 60

Asn Asn Asn Gly Asn Asp Gly Gly Asn Asp Asp Asp Tyr Asp Tyr Glu
65 70 75 80

Met Gln Asp Tyr Arg Pro Ser Pro Gln Ser Ala Arg Pro Thr Pro Thr
85 90 95

Tyr Val Pro Gln Tyr Ser Val Glu Ser Gly Thr Ala Phe Pro Ile Gln
100 105 110

Glu Val Ile Pro Ser Ala Tyr Ile Asn Thr Gln Asp Ile Asn His Lys
115 120 125

Asp Asn Gly Pro Pro Ser Ala Ser Ser Asn Arg Ala Phe Arg Pro Arg
130 135 140

Gly Gln Thr Thr Val Ser Ala Asn Val Leu Asn Ile Glu Asp Phe Tyr
145 150 155 160

Lys Asn Ala Asp Asp Ala His Thr Ile Pro Glu Ser His Leu Ser Arg
165 170 175

Arg Arg Ser Arg Ser Arg Ala Thr Ser Asn Ala Gly His Ser Ala Asn
180 185 190

Thr Gly Ala Thr Asn Gly Arg Thr Thr Gly Ala Gln Thr Asn Met Glu
195 200 205

Ser Asn Glu Ser Pro Arg Asn Val Pro Ile Met Val Lys Pro Lys Thr
210 215 220

Leu Tyr Gln Asn Pro Gln Thr Pro Thr Val Leu Pro Ser Thr Tyr His
225 230 235 240
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-continued

Pro Ile Asn Lys Trp Ser Ser Val Lys Asn Thr Tyr Leu Lys Glu Phe
245 250 255

Leu Ala Glu Phe Met Gly Thr Met Val Met Ile Ile Phe Gly Ser Ala
260 265 270

Val Val Cys Gln Val Asn Val Ala Gly Lys Ile Gln Gln Asp Asn Phe
275 280 285

Asn Val Ala Leu Asp Asn Leu Asn Val Thr Gly Ser Ser Ala Glu Thr
290 295 300

Ile Asp Ala Met Lys Ser Leu Thr Ser Leu Val Ser Ser Val Ala Gly
305 310 315 320

Gly Thr Phe Asp Asp Val Ala Leu Gly Trp Ala Ala Ala Val Val Met
325 330 335

Gly Tyr Phe Cys Ala Gly Gly Ser Ala Ile Ser Gly Ala His Leu Asn
340 345 350

Pro Ser Ile Thr Leu Ala Asn Leu Val Tyr Arg Gly Phe Pro Leu Lys
355 360 365

Lys Val Pro Tyr Tyr Phe Ala Gly Gln Leu Ile Gly Ala Phe Thr Gly
370 375 380

Ala Leu Ile Leu Phe Ile Trp Tyr Lys Arg Val Leu Gln Glu Ala Tyr
385 390 395 400

Ser Asp Trp Trp Met Asn Glu Ser Val Ala Gly Met Phe Cys Val Phe
405 410 415

Pro Lys Pro Tyr Leu Ser Ser Gly Arg Gln Phe Phe Ser Glu Phe Leu
420 425 430

Cys Gly Ala Met Leu Gln Ala Gly Thr Phe Ala Leu Thr Asp Pro Tyr
435 440 445

Thr Cys Leu Ser Ser Asp Val Phe Pro Leu Met Met Phe Ile Leu Ile
450 455 460

Phe Ile Ile Asn Ala Ser Met Ala Tyr Gln Thr Gly Thr Ala Met Asn
465 470 475 480

Leu Ala Arg Asp Leu Gly Pro Arg Leu Ala Leu Tyr Ala Val Gly Phe
485 490 495

Asp His Lys Met Leu Trp Val His His His His Phe Phe Trp Val Pro
500 505 510

Met Val Gly Pro Phe Ile Gly Ala Leu Met Gly Gly Leu Val Tyr Asp
515 520 525

Val Cys Ile Tyr Gln Gly His Glu Ser Pro Val Asn Trp Ser Leu Pro
530 535 540

Val Tyr Lys Glu Met Ile Met Arg Ala Trp Phe Arg Arg Pro Gly Trp
545 550 555 560

Lys Lys Arg Asn Arg Ala Arg Arg Thr Ser Asp Leu Ser Asp Phe Ser
565 570 575

Tyr Asn Asn Asp Asp Asp Glu Glu Phe Gly Glu Arg Met Ala Leu Gln
580 585 590

Lys Thr Lys Thr Lys Ser Ser Ile Ser Asp Asn Glu Asn Glu Ala Gly
595 600 605

Glu Lys Lys Val Gln Phe Lys Ser Val Gln Arg Gly Lys Arg Thr Phe
610 615 620

Gly Gly Ile Pro Thr Ile Leu Glu Glu Glu Asp Ser Ile Glu Thr Ala
625 630 635 640

Ser Leu Gly Ala Thr Thr Thr Asp Ser Ile Gly Leu Ser Asp Thr Ser
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-continued

645 650 655

Ser Glu Asp Ser His Tyr Gly Asn Ala Lys Lys Val Thr
660 665

<210> SEQ ID NO 3

<211> LENGTH: 996

<212> TYPE: DNA

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 3

atgtcttceeg gaaggaccgt caccctcaac accggctaca agatccccca gatcggctac 60
ggcacctgge aggecgctee cggegaggtce ggcegetggtg tetttgagge cctcaaggtt 120
ggctaccgee acctcgacct ggccaaggtce tacggcaacce agaaggaggt tggtgaggge 180
atcaagaagg ctcttgctga ggtccecegge ctgaagcegeg aggatatttt catcacctcee 240
aagctgtgga acaactccca caagcccgag gacgtcgage ccegetctega cgacaccctg 300
geegagettyg gectecgacta ccttgaccte tacctecatce actggecegt tgectttget 360
cceggegeceg acctettece caagtcecgag gacggcteceg aggtgcaget caaccagaat 420
gtgtccattyg tccagacctyg gaaggccatg accgagetge ccaagtccaa ggtccgetec 480
gteggtgtet ccaactttac catagagcac ctcgacgccg tcatcgaggce caccggegte 540
gteccegeeyg tcaaccagat cgagegecac ccccgectee ccaaccagec tctgatcgac 600
tactgcgcca agaagggcat catcatcacc gectactceeg cctttggcaa caacacaaag 660
ggectgecee tgctegtcag ctcecgacgag gtcaaggecg tegccgacaa cctgtccaag 720
aagcagggca agaccgtcac tcccgeccag gtcatccteg cetggtcecca gattggtgge 780
cacaccgtca ttcccaagtce cgtcaccaag gegegcattyg cggagaactt ccaggaggtt 840
gagctggatyg acgaggccat tgctgegetg aacaagttgg gcgagaagec tcageggtte 900
aacattcctt acacctacaa gcctaggtgg aacattaacce tgttcaacac cgaggaggag 960
aaggccgctg cccacactge tgtcatcaag ctgtaa 996

<210> SEQ ID NO 4

<211> LENGTH: 331

<212> TYPE: PRT

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 4

Met Ser Ser Gly Arg Thr Val Thr Leu Asn Thr Gly Tyr Lys Ile Pro
1 5 10 15

Gln Ile Gly Tyr Gly Thr Trp Gln Ala Ala Pro Gly Glu Val Gly Ala
20 25 30

Gly Val Phe Glu Ala Leu Lys Val Gly Tyr Arg His Leu Asp Leu Ala
35 40 45

Lys Val Tyr Gly Asn Gln Lys Glu Val Gly Glu Gly Ile Lys Lys Ala
50 55 60

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

Lys Leu Trp Asn Asn Ser His Lys Pro Glu Asp Val Glu Pro Ala Leu
85 90 95

Asp Asp Thr Leu Ala Glu Leu Gly Leu Asp Tyr Leu Asp Leu Tyr Leu
100 105 110
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-continued

Ile His Trp Pro Val Ala Phe Ala Pro Gly Ala Asp Leu Phe Pro Lys
115 120 125

Ser Glu Asp Gly Ser Glu Val Gln Leu Asn Gln Asn Val Ser Ile Val
130 135 140

Gln Thr Trp Lys Ala Met Thr Glu Leu Pro Lys Ser Lys Val Arg Ser
145 150 155 160

Val Gly Val Ser Asn Phe Thr Ile Glu His Leu Asp Ala Val Ile Glu
165 170 175

Ala Thr Gly Val Val Pro Ala Val Asn Gln Ile Glu Arg His Pro Arg
180 185 190

Leu Pro Asn Gln Pro Leu Ile Asp Tyr Cys Ala Lys Lys Gly Ile Ile
195 200 205

Ile Thr Ala Tyr Ser Ala Phe Gly Asn Asn Thr Lys Gly Leu Pro Leu
210 215 220

Leu Val Ser Ser Asp Glu Val Lys Ala Val Ala Asp Asn Leu Ser Lys
225 230 235 240

Lys Gln Gly Lys Thr Val Thr Pro Ala Gln Val Ile Leu Ala Trp Ser
245 250 255

Gln Ile Gly Gly His Thr Val Ile Pro Lys Ser Val Thr Lys Ala Arg
260 265 270

Ile Ala Glu Asn Phe Gln Glu Val Glu Leu Asp Asp Glu Ala Ile Ala
275 280 285

Ala Leu Asn Lys Leu Gly Glu Lys Pro Gln Arg Phe Asn Ile Pro Tyr
290 295 300

Thr Tyr Lys Pro Arg Trp Asn Ile Asn Leu Phe Asn Thr Glu Glu Glu
305 310 315 320

Lys Ala Ala Ala His Thr Ala Val Ile Lys Leu
325 330

<210> SEQ ID NO 5

<211> LENGTH: 2055

<212> TYPE: DNA

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 5

atgggctaca cagaggttga ccagaaggcce atcaacacca tecgectget cgeggtcegat 60
gecaccttca agagcaactce gggccacceg ggtgccccca tgggcatgge tceegttgec 120
cacgtecttt gggacaagtt catgaggtte aaccccaaga accccaagtyg gcetgaaccegt 180
gaccgattceg ttetetecaa cggecacgge tgcatgetee agtatgetet gettcacctg 240
ttcggetacyg acctgaccat cgatgaccte aaggecttec gaaccgtega cagcaagact 300
cctggtcace ccgaggecca cgatactece ggtgtegagg tcaccacegg ccccctgggt 360
cagggtatct ccaatgeegt cggtetggee atggeccagg cccacacege cgecacctte 420
aacaagcccg gcttcacccet gtgtgacaac tacacctact getteetegg cgatggetge 480
ttgatggagg gtgtctctge cgaggecteg tcectggeeg gecaccteca geteggcaac 540
ctcatctgea tctacgatga caaccacate tccattgacg gegacaccaa ctgtgectte 600
accgaggacyg tggccaageg ctacgaggece tacggetgge acgtcgaggt cgtcgagaac 660
ggcgaccacg acctegagge catggaggece gccatcaaga agtgccagga ggtcaaggac 720

aagccctcaa tcatcaaget gegeaccace attggetteg getcteteca ggagggcace 780
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cacggagtcc acggctctce cctcaaggcc gacgacatca agcagctcaa gcagaagttt 840
ggcttcaacc ccgacgagag cttegtegte cccaaggagg tctccgacct ctacgeccge 900
cactcagcceg agggcgccge cgccgaggag gagtggaaca agctgttcege caagtacgcece 960

gagaagtacc ccgecgagge tgctgaccte cagcegecgec tcaagggcega getgeccgag 1020
ggctgggaga agaacctgcece cgtctactceg cccagegatg ctgccattge cagcecgaaag 1080
ctgtccgaga cggtcecctcac caagatccac gacgtcecctge ccgagctcca gggtggttcece 1140
gccgatctga ctggttccaa cctgaccecge tggaaggacg ctgttgactt ccagccccecce 1200
geccaccggee teggtgacta ctceecggacga tacatceget acggtgtecg cgagcacgge 1260
atgggcgeca tcatgaacgg cctggecgece tacggcacca tcatccccta cggeggtace 1320
ttectcaact tegtectecta cgeccgeecggt gcegtecegece tgtcececgectet gteccegegte 1380
cgecgtcecatcect gggtcgccac ccacgactce attggectgg gecgaggacgg tcectactcac 1440
cagcctateg agactctgge tcactteccge gcectgecca actgcatggt gtggegeccce 1500
geegacggea acgagaccag cgctgectac tacattgcce tgacctccaa gcacaccccce 1560
agcatcattg ccctgtcteg ccagaacctg ccccageteg agggctceccgt catcgagaag 1620
gccatcaagg gaggatacgt cctgcaggag gtcgagggtyg cccagatcac cctggtcectece 1680
accggttecg aggtttcecat cgccgtggat gccgccaagt acctecctgga gaagcacaac 1740
gtcaaggcecce gegtegtcecte catgccecctge ttcgaggttt tegatgctca gcccaaggag 1800
tacagactct ccgtectgec cgacggcatce ccctcectetgt ccattgaggt gatgagcacce 1860
atgggctggg agcgatacac tcacgagcag tttggtctca accgattcgg tgcctcetggce 1920
gcctacaagg atgtctacaa gaagttcgag ttcacccceg agggcatcac caagcgcegcet 1980
cttctcacca ttgacttetg gaaggacgtce cccaacgtcecce gectctcecccat caaccgtgece 2040
ttccagcage tcatce 2055
<210> SEQ ID NO 6

<211> LENGTH: 685

<212> TYPE: PRT

<213> ORGANISM: Trichoderma reesei

<400> SEQUENCE: 6

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

Leu Ala Val Asp Ala Thr Phe Lys Ser Asn Ser Gly His Pro Gly Ala
20 25 30

Pro Met Gly Met Ala Pro Val Ala His Val Leu Trp Asp Lys Phe Met
35 40 45

Arg Phe Asn Pro Lys Asn Pro Lys Trp Leu Asn Arg Asp Arg Phe Val
50 55 60

Leu Ser Asn Gly His Gly Cys Met Leu Gln Tyr Ala Leu Leu His Leu
65 70 75 80

Phe Gly Tyr Asp Leu Thr Ile Asp Asp Leu Lys Ala Phe Arg Thr Val
85 90 95

Asp Ser Lys Thr Pro Gly His Pro Glu Ala His Asp Thr Pro Gly Val
100 105 110

Glu Val Thr Thr Gly Pro Leu Gly Gln Gly Ile Ser Asn Ala Val Gly
115 120 125
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Leu Ala Met Ala Gln Ala His Thr Ala Ala Thr Phe Asn Lys Pro Gly
130 135 140

Phe Thr Leu Cys Asp Asn Tyr Thr Tyr Cys Phe Leu Gly Asp Gly Cys
145 150 155 160

Leu Met Glu Gly Val Ser Ala Glu Ala Ser Ser Leu Ala Gly His Leu
165 170 175

Gln Leu Gly Asn Leu Ile Cys Ile Tyr Asp Asp Asn His Ile Ser Ile
180 185 190

Asp Gly Asp Thr Asn Cys Ala Phe Thr Glu Asp Val Ala Lys Arg Tyr
195 200 205

Glu Ala Tyr Gly Trp His Val Glu Val Val Glu Asn Gly Asp His Asp
210 215 220

Leu Glu Ala Met Glu Ala Ala Ile Lys Lys Cys Gln Glu Val Lys Asp
225 230 235 240

Lys Pro Ser Ile Ile Lys Leu Arg Thr Thr Ile Gly Phe Gly Ser Leu
245 250 255

Gln Glu Gly Thr His Gly Val His Gly Ser Pro Leu Lys Ala Asp Asp
260 265 270

Ile Lys Gln Leu Lys Gln Lys Phe Gly Phe Asn Pro Asp Glu Ser Phe
275 280 285

Val Val Pro Lys Glu Val Ser Asp Leu Tyr Ala Arg His Ser Ala Glu
290 295 300

Gly Ala Ala Ala Glu Glu Glu Trp Asn Lys Leu Phe Ala Lys Tyr Ala
305 310 315 320

Glu Lys Tyr Pro Ala Glu Ala Ala Asp Leu Gln Arg Arg Leu Lys Gly
325 330 335

Glu Leu Pro Glu Gly Trp Glu Lys Asn Leu Pro Val Tyr Ser Pro Ser
340 345 350

Asp Ala Ala Ile Ala Ser Arg Lys Leu Ser Glu Thr Val Leu Thr Lys
355 360 365

Ile His Asp Val Leu Pro Glu Leu Gln Gly Gly Ser Ala Asp Leu Thr
370 375 380

Gly Ser Asn Leu Thr Arg Trp Lys Asp Ala Val Asp Phe Gln Pro Pro
385 390 395 400

Ala Thr Gly Leu Gly Asp Tyr Ser Gly Arg Tyr Ile Arg Tyr Gly Val
405 410 415

Arg Glu His Gly Met Gly Ala Ile Met Asn Gly Leu Ala Ala Tyr Gly
420 425 430

Thr Ile Ile Pro Tyr Gly Gly Thr Phe Leu Asn Phe Val Ser Tyr Ala
435 440 445

Ala Gly Ala Val Arg Leu Ser Ala Leu Ser Arg Val Arg Val Ile Trp
450 455 460

Val Ala Thr His Asp Ser Ile Gly Leu Gly Glu Asp Gly Pro Thr His
465 470 475 480

Gln Pro Ile Glu Thr Leu Ala His Phe Arg Ala Leu Pro Asn Cys Met
485 490 495

Val Trp Arg Pro Ala Asp Gly Asn Glu Thr Ser Ala Ala Tyr Tyr Ile
500 505 510

Ala Leu Thr Ser Lys His Thr Pro Ser Ile Ile Ala Leu Ser Arg Gln
515 520 525

Asn Leu Pro Gln Leu Glu Gly Ser Val Ile Glu Lys Ala Ile Lys Gly
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530 535 540

Gly Tyr Val Leu Gln Glu Val Glu Gly Ala Gln Ile Thr Leu Val Ser
545 550 555 560

Thr Gly Ser Glu Val Ser Ile Ala Val Asp Ala Ala Lys Tyr Leu Leu
565 570 575

Glu Lys His Asn Val Lys Ala Arg Val Val Ser Met Pro Cys Phe Glu
580 585 590

Val Phe Asp Ala Gln Pro Lys Glu Tyr Arg Leu Ser Val Leu Pro Asp
595 600 605

Gly Ile Pro Ser Leu Ser Ile Glu Val Met Ser Thr Met Gly Trp Glu
610 615 620

Arg Tyr Thr His Glu Gln Phe Gly Leu Asn Arg Phe Gly Ala Ser Gly
625 630 635 640

Ala Tyr Lys Asp Val Tyr Lys Lys Phe Glu Phe Thr Pro Glu Gly Ile
645 650 655

Thr Lys Arg Ala Leu Leu Thr Ile Asp Phe Trp Lys Asp Val Pro Asn
660 665 670

Val Arg Ser Pro Ile Asn Arg Ala Phe Gln Gln Leu Ile
675 680 685

<210> SEQ ID NO 7

<211> LENGTH: 975

<212> TYPE: DNA

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 7

atgagctcct ctcttgacca gcectcaaggece actggcaceyg ttgtegtete tgacactggt 60
gactttgcetyg ccatcgccaa gtacaagccce caggatgcca ccaccaaccce ctceectcate 120
ctggecgect ccaagaagcce cgagtacgcec aagctgatag acgtcgccat cgactacgece 180
aagcagaagg gcggcgacat tgagcagcag gtcgacgatyg ccectegacceyg cctgetggte 240
gagttcggeca aggagattct caagattgtt cccggcaagg tctccaccga ggtcgacgec 300
cggttetect ttgacaccaa ggcctctgte gacaaggcce tccacattat cgagetctac 360
aaggagcteg gcatccccaa ggagcgegte cteatcaaga tegectccac ctgggaggge 420
atcaaggceg ccgagatcct gcagcgegac cacggcatca actgcaacct gacgcetcatg 480
ttctecctge cccaggecat cggcgecgece gaggcecggeg ccttectcat cteccectte 540
gttggcegea tectegactyg gttcaaggceg agcaccaaga aggactactce caaggaggag 600
gaccceggtyg tegectcegt caagagcatc ttcaactact acaagaagtt tggctacaag 660
accattgtca tgggtgectce gttccgecaac acgggcgaga ttaccgaget cgcetggetge 720
gactacctga ccatttctee caacctgectce gaggagetce tcaactccac cgageccgte 780
cccaagaage tcgacgecge cgccgetgece teecttaaca ttgagaagaa gtcgtacate 840
aacgacgagt ccctgttccg cttcgactte aacgaggacce agatggcegt cgagaagcetg 900
cgcegagggcea tcagcaagtt tgccgecgac gecgtcaccee tcaaggacat tctgaggcag 960
aagctgtectg cttaa 975

<210> SEQ ID NO 8

<211> LENGTH: 324

<212> TYPE: PRT

<213> ORGANISM: Trichoderma reeseil
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<400> SEQUENCE: 8

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

Ser Asp Thr Gly Asp Phe Ala Ala Ile Ala Lys Tyr Lys Pro Gln Asp
20 25 30

Ala Thr Thr Asn Pro Ser Leu Ile Leu Ala Ala Ser Lys Lys Pro Glu
35 40 45

Tyr Ala Lys Leu Ile Asp Val Ala Ile Asp Tyr Ala Lys Gln Lys Gly
50 55 60

Gly Asp Ile Glu Gln Gln Val Asp Asp Ala Leu Asp Arg Leu Leu Val
65 70 75 80

Glu Phe Gly Lys Glu Ile Leu Lys Ile Val Pro Gly Lys Val Ser Thr
85 90 95

Glu Val Asp Ala Arg Phe Ser Phe Asp Thr Lys Ala Ser Val Asp Lys
100 105 110

Ala Leu His Ile Ile Glu Leu Tyr Lys Glu Leu Gly Ile Pro Lys Glu
115 120 125

Arg Val Leu Ile Lys Ile Ala Ser Thr Trp Glu Gly Ile Lys Ala Ala
130 135 140

Glu Ile Leu Gln Arg Asp His Gly Ile Asn Cys Asn Leu Thr Leu Met
145 150 155 160

Phe Ser Leu Pro Gln Ala Ile Gly Ala Ala Glu Ala Gly Ala Phe Leu
165 170 175

Ile Ser Pro Phe Val Gly Arg Ile Leu Asp Trp Phe Lys Ala Ser Thr
180 185 190

Lys Lys Asp Tyr Ser Lys Glu Glu Asp Pro Gly Val Ala Ser Val Lys
195 200 205

Ser Ile Phe Asn Tyr Tyr Lys Lys Phe Gly Tyr Lys Thr Ile Val Met
210 215 220

Gly Ala Ser Phe Arg Asn Thr Gly Glu Ile Thr Glu Leu Ala Gly Cys
225 230 235 240

Asp Tyr Leu Thr Ile Ser Pro Asn Leu Leu Glu Glu Leu Leu Asn Ser
245 250 255

Thr Glu Pro Val Pro Lys Lys Leu Asp Ala Ala Ala Ala Ala Ser Leu
260 265 270

Asn Ile Glu Lys Lys Ser Tyr Ile Asn Asp Glu Ser Leu Phe Arg Phe
275 280 285

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

Ser Lys Phe Ala Ala Asp Ala Val Thr Leu Lys Asp Ile Leu Arg Gln
305 310 315 320

Lys Leu Ser Ala

<210> SEQ ID NO 9

<211> LENGTH: 9538

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: pKR_ReAsllfpsl

<400> SEQUENCE: 9

ctaaattgta agcgttaata ttttgttaaa attcgegtta aatttttgtt aaatcagcetce 60
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attttttaac caataggccg aaatcggcaa aatcccttat aaatcaaaag aatagaccga 120
gatagggttyg agtggccgct acagggcget cccattcgece attcaggetg cgcaactgtt 180
gggaagggcg ttteggtgeg ggcctctteg ctattacgecce agectggcgaa agggggatgt 240
gctgcaagge gattaagttyg ggtaacgcca gggttttcce agtcacgacg ttgtaaaacg 300
acggccagtg agcgcgacgt aatacgactc actataggge gaattgagtg aaggccgtca 360

aggcctagge gegecagegg cogcegaaata gaagacgaag acgagaggag gagagggtge 420

gagagggtgce gaaactgcge ccttcagete gectaattceg cccattacat tcagegeaca 480
cttggtggta catacatacc tacatacgta ccegtagttg tgcgaagega gtcegagcecag 540
cggtceggatyg tgccaatatg taccttgtag gtactcatga tagtcagcag gaagccgagg 600
gatgatagca cgcacagcca gtctggtgtt tgtgetetgg attcageccce tagattcact 660
gaccaaaaga agcaagagaa gggaaaggga aaaggaagcc ctaaaaaaga gcagggttgt 720
cctteggecac caccccgaaa gcaacageag tgatggacgg gactacgaca ctgtagtaca 780
tacgccaacce caaagattcc gagttgcaat cattgccaca aaattgeteg actgtggegg 840
gagaggggaa agtctccgeg agggcatcte tgatgagtee cgtgecacge cgggtttett 900
gecttgaate accacaaaat gtctcagege ggctcatcca tggecgectt tttgggegtt 960

tcgtattact cttgggtttg actgtattat cggtcaagag ccaaaggcca ctcggctttt 1020
ccgcecttge ctectetteca tttecceccagg cgctgatagt atgatagttt ceccctceattg 1080
cagctttgga cgtcaatgcc aataactgta ttgtattgac aaatcatttg tccaaagacg 1140
accgacacct ctgatatcac atacgagtag tagtacatac aatcccccce aaactccgcece 1200
tttttggege gtgtgtgeceg cgtagctcecgt gcacaatgtce gggccgccge cgccagceggce 1260
cacttgctta gcaggaacct agtcagccgt ccttgtgtga ttaatataac ggtgagacta 1320
gcggecggte ccttatccag ctgtccacgt tggcctgcec tcagttageg ctcaactcat 1380
geectcactyg gegaggcgag ggcaaggatg gaggggcage atcgectgag ttggagcaaa 1440
gcgeecgcecat gggagcagceg aaccaacgga gggatgccecgt getttgtegt ggetgctgtg 1500
gccaatcegg geccttggtt ggctcacaga gegttgctgt gagaccatga gctattattg 1560
ctaggtacag tatagagaga ggagagagag agagagagtyg tgagagggaa aaggtgaggt 1620
tgaagtgagg tagtaagtga aaaaaaaaaa aaaatcaaca ctgacggctg ccgtctgcca 1680
ccetecteca ceccagceccace tgcacactca gcgegcagca tcacctaate ttggetcegece 1740
ttccgcaget caggttgttt ttttttttte tctetecteg tcgaageccge ccttgttece 1800
ttatttattt ccctctcecta ccecttgtetge ctttggteca tectgcccecctt tgtcectgcatce 1860
tcttttgcac gecatcgectt atcgtegtcet cttttttcecac tcacgggage ttgacgaaga 1920
cctgactegt gagcectcacce tgctgattte tctccceccee teccgaccgg cttgactttt 1980
gtttcteete cagtacctta tcgcgaagece ggaagaaccece tcecttaacctce tagaatgage 2040
aatccccaaa aggcactgaa cgacttecte agetccgaga gegtccacac ccacgactcee 2100
tcacgtaagce agtccaacaa gcaatccteg gacgagggece gtagctcgag ccagecctece 2160
caccatcact ccggaggaac taataacaat aacaacaata acaacaacaa caacaacagc 2220
aacaacaaca acaacggtaa cgatggcggce aacgacgacyg actatgacta cgagatgcag 2280

gactaccgte cctecccaca gtetgctagg cctactceccca cctacgtgece ccaatacagt 2340
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gtcgagtcegg gcaccgcatt ccccattcaa gaggtcatte cctecggecta cattaacacce 2400
caagacatca accacaagga caacggcccece ccttecegeat cgtcaaaccyg cgctttecge 2460
ccecgeggee agacgaccgt cagcgcecaac gtectgaaca tagaggactt ctacaagaat 2520
gecggacgatyg cacacacaat tccagagtcg catctgagece ggegtegetce cegatcacgg 2580
gccacgtcaa atgcaggcca ctccgecaac accggegceca ccaatggteg tactacggge 2640
geecagacca acatggagag caacgagtcce cccaggaacg tgccgataat ggtcaagect 2700
aagaccctcect accagaaccce gcagaccccce acagttcectece cctcaactta ccacccgatt 2760
aacaagtgga gctccgttaa gaatacctat ttaaaagagt tcctcgceccga gtttatgggt 2820
acgatggtca tgatcatctt cggcagcgcce gtecgtatgece aggtcaacgt cgccggcaag 2880
atccagcagg acaacttcaa cgtagccctce gacaacctca atgtcacggg ctettcecgece 2940
gagacaatcg acgccatgaa gagcctgact agcctagtet cctectgtege cggtggcacce 3000
ttcgatgacg ttgcecctegg gtgggccgcet gcegtggtaa tgggctactt ttgtgcaggt 3060
ggctecggcaa tcectectggage ccacctgaac ccatcaatca ccctcegctaa cctegtttat 3120
cgaggctttce cecctgaagaa ggtcccatat tacttcgcag geccagctgat tggtgcttte 3180
acgggagccce tcattctgtt catttggtac aagagggtcce ttcaggaggce atactcggac 3240
tggtggatga acgaatccgt cgctggcatg ttttgtgtet tecccaaagcce ctacctgagce 3300
tctgggegge agttttttag cgagttecte tgcggcgceca tgctccaggce cgggacatte 3360
gccetgacgg atccctacac gtgcecttgage tcagatgtat ttcccctgat gatgttcatt 3420
ctcattttca tcattaacgc ttcgatggca tatcagacag gtactgcgat gaacctggca 3480
cgggatctgg geccceccgect cgccctectac gcagtggget tcgaccacaa gatgetcetgg 3540
gtccaccacc accacttctt ttgggtgccg atggtagggce cgtttattgg tgccctgatg 3600
gggggccteg tctacgacgt ctgtatctac caaggccacg aatcaccggt taactggtcet 3660
ctccecegtgt acaaggaaat gattatgcge gcatggttta ggcgccccgg atggaagaag 3720
cggaaccgag ctaggaggac ttctgacctce tccgacttet cttacaataa tgacgacgac 3780
gaggaattcg gcgaacgcat ggcgcttcag aagacgaaga cgaagtctag catttccgac 3840
aacgagaacg aggccggcga gaagaaggtt cagttcaagt cegttcageg agggaagcgg 3900
accttecggeg gecatcccgac aattcttgag gaggaggata gcatcgagac tgccagcectce 3960
ggcgccacga caacggattce tattggtcectce tcectgacacta gctctgagga cagccactac 4020
ggcaacgcga agaaagtcac ctgaatgcat ggctttcgtg accgggcttc aaacaatgat 4080
gtgcgatggt gtggttccecg gttggcggag tectttgtcta ctttggttgt ctgtcecgcagyg 4140
tcggtagacce gcaaatgagc aactgatgga ttgttgccag cgatactata attcacatgg 4200
atggtctttg cgatcagtag ctagtgagag agagagaaca tctatccaca atgtcgagtg 4260
tctattagac atactccgag aataaagtca actgtgtcectg tgatctaaag atcgattcgg 4320
cagtcgagta gcgtataaca actccgagta ccagcaaaag cacgtcegtga caggagcagg 4380
ctttgccaac tgcgcaacct tgcttgaatg aggatacacg gggtgcaaca tggctgtact 4440
gatccatcge aaccaaaatt tctgtttata gatcaagctg gtagattcca attactccac 4500
ctecttgeget tectcecatgac atgtaagtge acgtaggaaa ccatacccaa attgcectaca 4560

gctgeggage atgagcctat ggcgatcagt ctggtcatgt taaccagect gtgcectctgac 4620
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gttaatgcag aatagaaagc cgcggttgca atgcaaatga tgatgccttt gcagaaatgg 4680
cttgcteget gactgatacc agtaacacct ttgcecttggcce gtctagecget gttgattgta 4740
ttcatcacaa cctcegtctece ctectttggg ttgagctett tggatggctt tcecaaacgtt 4800
aatagcgcgt ttttcectccac aaagtattcg tatggacgeg cttttggctg tattgcegtga 4860
gctaccagca gcccaattgg cgaagtcttg agccgcactce gcatagaata attgattgeg 4920
catttgatgc gatttttgag cggctgtttc aggcgacatt tcgcccgcce ttatttgetce 4980
cattatatca tcgacggcat gtccaatagc ccggtgatag tcttgtcgaa tatggctgtce 5040
gtgaataacc catcggcagc agatgataat gattccgcag cacgctagcg agctctecegg 5100
agcccaaaat agaagcaccc gaattcaggg cctttttetce cacaccaatc accaaattca 5160
ctgatttcaa ggttgttagc cgcctcecttat cactaggtag actagcacct aattttaccg 5220
atatgtgtag tccatacatg tatgagatat acatcatgat ctcgaagtaa aacccggtac 5280
gaagaggtat aaaagccgcg gaacaacaac ttgcagatgce catcacgcaa gacgcagaca 5340
cggctectett ctcecgegggca tcaccagagce ccaatcacct ggtcectcagg tggccacttg 5400
agcgecgtcea gaatggecge acagcagcag cagcatcacce acagatcttg gcctcaacte 5460
ttgatatttc ggcgagaata caattactag tctagtctat ggaaattgga tgttgtgecgg 5520
ctctttggag actggtagta cataagccac gaacatgata ttggcgggga aggtttagcet 5580
ggaaattgga acaagtcaga gaagtcgccg cgtattaget tggtgttagt agacacagca 5640
agtcaagagt gggagttaga tttctgaatt gagtgacgca gatggatgta gtattcatta 5700
ttgaagacag agcctttcecca tcaacgtgca gagccatgaa atgcaatgac cttaaggagg 5760
ggcatctecte cgcttteccat ctgactgaga tactaacccg attccatctce cattttectag 5820
cacacacata cctggagtca tacctcaacc ggccttcagt agctaaacag ctatgtagceg 5880
catccgeget aagccgctta ggcgataacg ttggccggtg tcggccatac aattcttgece 5940
tatgactctg tctcgactaa ctgattgacce aacgtcaatt ccttatcaaa gttttcgacc 6000
ttgataactc tcgatcttaa tcectcgagett tttatttect caacatcatt cacagtaacg 6060
actcaagccce ttggacttgg ccagcaattg acacaaccac gcgccatctg cteccattggce 6120
ctcatcgatc ccatcgactt cgtcagecctce gacaacgcat ccaacgcaat cacaaatact 6180
tcaacatggce tgagaaaaag gcggacgcecce cggcagcecegyg catgetcetgyg ggtggcaggt 6240
tcacaggttg cagcctcgca aatctagcectg cggattcagt atactgacct ctecgcgatgce 6300
gcaggtgcaa ttgatcctct catgcacaag tacaatgcct ccatcgggta cgacaaggcce 6360
ctgtacaagg aagatatcct tggatccatt gcctttgega gggccaattce aaaggctggce 6420
atcatcagcg aagacgaatt ccaggcgatc gagegtggcet tgctccaagt gatggaagaa 6480
tggaagcagg gcactttcge catcatgccg aatgacgaag atgtgagagg gcacactcga 6540
ttctaatctc aaacttcttt cgaggctgac acaatggacc agattcatac ggcaaacgaa 6600
cgtegectgyg gagaggtcat cggcaaggac atcgcegggaa agcettcacac aggtcgcage 6660
cgcaacgagc aagttgtctg tgatatgcge atgtggettce gecgatcggat ccgcgaaatce 6720
gacagccaac tcgttgettt cctcaaggtc attatcacac gtgccgaatc tgaaatgtaa 6780
gcccageegt accttteccag ctaaatgccce cccccecccee ceccccecte tettactgac 6840

ggacaaccte agcgactaca tcatgecccgg atacacccat ctecagegeg ctecagecagt 6900
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tcggtggtet caatggctca tgtcctatge cgetgcgttce aagcaggatce tcecgageggtt 6960
gcgtcaagte ttcgagaggg tcaacctcag tccacttgge tgtggcgect tggccggcaa 7020
tccattegga atcgaccgag actcaatagce tgcggagcett ggcttcageg gaatcacctt 7080
gaactccatg aatacttcgg ccgaccgcga tttcectegte gatttectgt cctggaactce 7140
catcttcacc aaccacgtca gcaggtgggc tgaggacctc atcatctact cgacctctga 7200
gttcagtttec gtecegtectgg ccgacgecta ttccacggge agectctcectca tgcccaacaa 7260
attcaacccg gactegttgg agettcecttceg cggcaagtca gggcgtgctt teggccaaat 7320
ggctggtttyg atgatggtga gtcctcatat caaacatctc agccagtttg acttggettt 7380
tgagggtgac cgcggccgec gttccggtaa ttaactggece tcatgggcect tcacttcact 7440
gccegettte cagtcgggaa acctgtegtg ccagctgcat taacatggtc atagetgttt 7500
ccttgegtat tgggcgctet cegcettecte gctcactgac tegcetgeget cggtegtteg 7560
ggtaaagcct ggggtgccta atgagcaaaa ggccagcaaa aggccaggaa ccgtaaaaag 7620
gcecgegttge tggegttttt ccataggectce cgccceccctyg acgagcatca caaaaatcga 7680
cgctcaagtc agaggtggcg aaacccgaca ggactataaa gataccaggce gtttcccect 7740
ggaagctecece tegtgecgcete teectgttecg accctgceccge ttaccggata cctgtecgece 7800
tttcteectt cgggaagegt ggcgcetttcet catagctcac getgtaggta tetcagttceg 7860
gtgtaggtcg ttecgctccaa gctgggetgt gtgcacgaac cccccegttca gcccgaccge 7920
tgcgecttat ccggtaacta tegtcttgag tccaacccegg taagacacga cttatcgeca 7980
ctggcagcag ccactggtaa caggattagc agagcgaggt atgtaggcgg tgctacagag 8040
ttcttgaagt ggtggcctaa ctacggctac actagaagaa cagtatttgg tatctgcget 8100
ctgctgaagce cagttacctt cggaaaaaga gttggtagct cttgatccgg caaacaaacc 8160
accgctggta geggtggttt ttttgtttge aagcagcaga ttacgcgcag aaaaaaagga 8220
tctcaagaag atcctttgat cttttctacg gggtctgacg ctcagtggaa cgaaaactca 8280
cgttaaggga ttttggtcat gagattatca aaaaggatct tcacctagat ccttttaaat 8340
taaaaatgaa gttttaaatc aatctaaagt atatatgagt aaacttggtc tgacagttat 8400
tatttaccca ccactttggt aatttcgcct ttcacgtaat gcacaaattc ttccagectga 8460
tcegecacgge tggccagacg atcttcettcee tggeccagat acgcectgacg cgcttcecaga 8520
atcaccggct gatactgege cggcagacgt tccatggcecce aatccgceccge cacatcttte 8580
ggcgcaattt tgccggtcac cgcgctatac caaatacggc tcagggtcag caccacgttg 8640
cgttcatcac ccgcccaate cggcgggctg ttecacaggg tcagggttte gttcageget 8700
tcaaacaggt cctgttcegg caccggatca aacagttett cecgctgccgg accaaccagce 8760
gccacgctat gttcacgcge tttggtcage agaatggcca gatcgatatc aatggtcgece 8820
ggttcaaaaa tgccggccag aatatcgtta cgctgccatt cgccaaactg cagctcacgt 8880
ttcgeccggat aacgccacgg aataatgtca tcatgcacca cgatggtcac ttccaccgca 8940
cgcagaattt cgctttcacc cgggctecgceg ctggttteca gcagatcgtt aatcagcgca 9000
cgacgggtgg tttcatccag acgcacggtc acggtcacca gcagatcaat atcgctatgce 9060
ggtttcaggc cgccatccac cgcegctgcca tacagatgca cggccagcag ggteggttece 9120

agatgacgtt caatcacgcc caccacttca gacagctggg tgctcacttce cgcaatcacc 9180
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gcttcacgca taatgttcag tttggttttc ggacggctge cctgctgggt cacatcgttg 9240
ctgctccaca gcatcaggca acggcccacce gcataacgeg cctgetgttt getegcacge 9300
ggcatgctet gcacgccaaa aaagcaatca tagcacgcca taaacaccgce caccgcacca 9360
ttaccgecge tacgttcggt cagggtacgg ctccaattac ggctacgcat actcttectt 9420
tttcaatatt attgaagcat ttatcagggt tattgtctca tgagcggata catatttgaa 9480
tgtatttaga aaaataaaca aataggggtt ccgcgcacat ttccccgaaa agtgccac 9538
<210> SEQ ID NO 10

<211> LENGTH: 11413

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: pKR_Rpyréderrl

<400> SEQUENCE: 10

ctaaattgta agcgttaata ttttgttaaa attcgcgtta aatttttgtt aaatcagcte 60
attttttaac caataggccg aaatcggcaa aatcccttat aaatcaaaag aatagaccga 120
gatagggttyg agtggccgcet acagggcgcet cccattegec attcaggetg cgcaactgtt 180
gggaagggceyg tttecggtgeg ggcectetteg ctattacgece agetggegaa agggggatgt 240
gctgcaagge gattaagttg ggtaacgcca gggttttcce agtcacgacg ttgtaaaacy 300
acggccagtyg agcgegacgt aatacgactce actataggge gaattgagtyg aaggcecgtca 360
aggcctagge gcgcecagegg ccgccagatce tcgagatagt atctcattca gtaaaatact 420
cgtacgagtt tgagggggcyg cgaggctaag ctgcaagegyg gcegeggcaac actacctgta 480
tgtattaata aagcagcaga gagagagaga gccctggact gecggcaatce ctgagaaggg 540
gggatcgace ggaccatctg cacgcagcag ggctgetget gecaacatgg agagactaaa 600
gatgggattyg gtggtacata gcaagacgct tggatgettg ttgacgggcet gctccaataa 660
gcaagctcac aagcagtgct ttgggggtcece gecacggacgg tcgagagggce tceggacgget 720
gatattgcag acctggacga gtcagttgtg caggtaggca ctegtatgtg tgtctttgtg 780
cttgatcaac cttgagtaag tattattagg gtgatggctt aggtaggtag gttaggtagg 840
tagtttaggt acagggaggt gaggagggga gacgtccage tgccatatge gccacttgca 900
gectcaacte tgcaaaagcece agccccgatce acggcatgte gtacatactg taaggtagta 960
cctagtagta gaacgaatgc taaaggtgca gagcaactaa cttgagcaaa accccccecte 1020

cceccatcga gattgattge cctctacgcet gaaaatagtce tcgccagceg gegacgctta 1080

gcegtggege taccgcgaca tggegcettgt tagcctgcgg tcecaggttga tgcgaagcat 1140

gtcgcaggge gggtctegtg cgtgecgaca gecagcagag agacagaaga gagcgagaga 1200

gecgagagage gagagagaga gagagagaga aagacgccte gggggtttgg ctggtggett 1260

cgatgcttgt ccgtgtcaag ggttcacgaa agacgggacg gctgagttgg tgactggegg 1320

cggtggcatc gaggctggag tccaggcaca tgcatggcegce aaggcatgtce aggccatgtce 1380

gtgtcatgcc ccggcacage tgaagggaat actactattg agagctgttc tccaaggcegt 1440

caagcatgtg agcaaaaact cgagttgtct agactcgact cgacttgcgg ctgcagtaca 1500

acaatacagt actactcgta cacgtatgta cagcaaggag caggtggatc agcaaagttg 1560

catgataatg gactggaccg gcaacgctca aagttcgect tgcagctceg gcatgaaggg 1620
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cagaccecccg ccattattag cgatgactag ccgtggagge cactttgget ttagtgattt 1680
aaaccccgag attcatgete gatgctctac aggtatgtat gtactagctce agctcagect 1740
tagtaggtag gtattgaagt ctggtggtgc gaggaggacc tgcaggtggg agttttgggg 1800
gaaaaagatyg atgctcacca actaaaataa atagtcaggc cacacacaca acctactgag 1860
cagaaccacc acaaccagtg aagagctact ccggaattcet cgactccgga gagttgggca 1920
aaatcaggceg cggaccagceg ccaaggtgtg ggtggattgg gtegtaagaa aaagaggcat 1980
ccctacatge agcaaccgge tggagacgag ccagcccgag cactggcage ctcagaccag 2040
aggcatctcg accacggcett caagtatcag actgggagct gtgccgagtt tgctggctac 2100
ttacctagtc aaaaaggtcg ccgctgactg tctgtgtcat attaacgagce caggtctcaa 2160
ccttetgteg aatgaaatgg aaagcggcga atgactcttce ggggttggcece agaaacaacg 2220
acgaccactg agggatcggg acgatgtaca tctactgcga tatgccgggce tcgaatgtga 2280
ctgcacacac cacacacaca cacacacacg gacacatctyg agcagtacta tcaaagcggt 2340
gggagtgcat ctgcactggg cacccttact gtaggtagga aggataccta aggtagaggg 2400
ctcgetgetg caagttgata tgacggccac caatcggaag ggtgtcgtat ctcacatcac 2460
cagcgtcagg acacgcttca caaaattccce acaagttcecca gttgaaatga cccgtaggag 2520
agcgcectega gggacagaat gtacagtact atactaccta ccttagatgce catcacccect 2580
tcgcaggcca tggaatttet ggcaagtcge acccttcage catgecctgte cgccatcatce 2640
ataccagatc gtgtcgtgge gggcacttgg gaaggacgag ctccaaccgce cgccgctgat 2700
tggcctgate cgccacagcece actggegete geggcgagga aaaaaaaaaa tcttgegggt 2760
gtgcagcagc attgagtgga aagcgggagc cgctgcacga cgctgattcg tcecgggetge 2820
ctegttaggg ctagaccagce aggcgggcgce cgcttatttt geccctecte aggetttttt 2880
tcacaagcce cgttttgetg ccccgegegt ggcagaaaaa aaaaatacag cacgagccac 2940
tggcacttgce acccctcecac cectecgecg accacctttt aaatctcecte cteccaccat 3000
ctgctttcga aattttctet cttectgetcet tcegtcectegeca tacccggtte aagcatccga 3060
tctgcgaatt tgtatgtgcet gectcteccct ctgaccttet ggtctggtga taccatccte 3120
cctcagtttg gatcatcgec ttattcttcet tcectcettet gecatctgcett cetgetegtt 3180
tgaggaacat cgccagctga ctctgcttge ctegcagega tctagtcaag aacaacacag 3240
ctctcacgct acatcacact taagtctaga atgtcttecg gaaggaccgt caccctcaac 3300
accggctaca agatccccca gatcggetac ggcacctgge aggecgctece cggegaggte 3360
ggcgetggtyg tetttgagge cctcaaggtt ggctaccgec acctcgacct ggccaaggtce 3420
tacggcaacc agaaggaggt tggtgagggc atcaagaagg ctcttgctga ggtccccggce 3480
ctgaagcgcg aggatatttt catcacctcce aagetgtgga acaactccca caagceccgag 3540
gacgtcgage ccgctcectcecga cgacaccctg gecgagcttyg gectcecgacta ccttgaccte 3600
tacctcatcce actggccegt tgectttgcet ccecggcecgecg acctcecttceece caagtcecgag 3660
gacggcteeg aggtgcagct caaccagaat gtgtccattg tccagacctg gaaggccatg 3720
accgagctgce ccaagtccaa ggtccgectcee gteggtgtet ccaactttac catagagcac 3780
ctegacgeceg tcatcgagge caccggegte gtecccegeceyg tcaaccagat cgagegecac 3840

ccecegectee ccaaccagec tcetgategac tactgegeca agaagggeat catcatcacce 3900
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gcctacteeg ccectttggcaa caacacaaag ggcctgccece tgctcegtcag ctecgacgag 3960
gtcaaggceyg tcegecgacaa cctgtccaag aagcagggca agaccgtcac teccgcccag 4020
gtcatccteg cctggteccca gattggtgge cacaccgtca ttcecccaagtce cgtcaccaag 4080
gcgegcattyg cggagaactt ccaggaggtt gagctggatg acgaggccat tgctgcgetg 4140
aacaagttgg gcgagaagcc tcagcggttc aacattcecctt acacctacaa gectaggtgg 4200
aacattaacc tgttcaacac cgaggaggag aaggccgctg cccacactgce tgtcatcaag 4260
ctgtaaacta gtgaattctg gatcctttcg tgaccgggct tcaaacaatg atgtgcgatg 4320
gtgtggttece cggttggcgg agtcectttgte tactttggtt gtectgtegca ggteggtaga 4380
ccgcaaatga gcaactgatg gattgttgce agcgatacta taattcacat ggatggtcett 4440
tgcgatcagt agctagtgag agagagagaa catctatcca caatgtcgag tgtctattag 4500
acatactccg agaataaagt caactgtgtc tgtgatctaa agatcgattc ggcagtcgag 4560
tagcgtataa caactccgag taccagcaaa agcacgtegt gacaggagca ggctttgeca 4620
actgcgcaac cttgcttgaa tgaggataca cggggtgcaa catggctgta ctgatccatce 4680
gcaaccaaaa tttctgttta tagatcaagc tggtagattc caattactcc acctcttgeg 4740
cttctecatg acatgtaagt gcacgtagga aaccataccc aaattgccta cagctgcgga 4800
gcatgagect atggcgatca gtctggtcat gttaaccage ctgtgctcectg acgttaatge 4860
agaatagaaa gccgcggttg caatgcaaat gatgatgect ttgcagaaat ggcttgctceg 4920
ctgactgata ccagtaacac ctttgcttgg ccgtctageg ctgttgattg tattcatcac 4980
aacctcegtet cectectttg ggttgagcecte tttggatgge tttccaaacg ttaatagegce 5040
tagtagtaga aatggagggt aaactgaaca tcagtcaaaa gacgtcgaga cgcagatact 5100
actagatacc tatcccagcg acggaaaatg gacaaggtgt cgecgccgece aagctctcag 5160
atgcgctatc gtgcatgatg cctctcatca acaaacggcg ccagtgacgg gctagecgtg 5220
ggattgactc gagctcgect cttetttgtg cttttetecet gtecgacatce cggcettgege 5280
ttggacctcg ccgggacgtyg caaacgaaca catcactttc aaagagagtg tttgatgcectce 5340
acgctcggat gctccagecce cecccttgett gcecttgtecat cattgagget cgaaggggca 5400
gttgctceee attccectcetg ctecaacagg aactgtaacc gaaaaaaaag ccatcctect 5460
tcttectett cectcetteege ctectectet tectectect actaatacct actectecte 5520
tcetcatega ctagactgac ccccceggtt gggeccecceteg tecccecgtcectee aacagagcac 5580
caccagacaa agacccctge ccgcgegaat ccagacccecee ccagcaatte cgggectegt 5640
tgatcctect ctactgtagt tgtacataca tacctaccga ctgcattgca ttggtacagce 5700
tgcaggcact tccaggcacg gccaccaaat tgcagcggcce cttgecttget tgettggtte 5760
gagaactagg atctgtgtct tttgccttge cttgtecttgt ctgggttecct gctegtetge 5820
ggcaatcgga acgcecgcecag tgcggtgcca agcaaaccag ccaaggtagg tacctaccac 5880
taggcttett ttctegttgt ctcactectcet cttttectet ttgtectcte ttatccccat 5940
cttttectete tetcectcectget ccectttectaa ccactteect acctttcetet ttttectttt 6000
cttgtcatct ccatcttgge tgacgaaaaa ggtctgactg ggtaggtatt atctggcaga 6060
cttgtgtgta tcattcaccc tatttctgct tcatagtaca tgtactgtac ctgaacggct 6120

caaccgctat ttacgactct tatttttttg tggegttggt cacgtttgcce agetgttgte 6180
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cgtcttteta gggctecteca aacttgacct gaccgagcetce cctttetgga ceccggtgggce 6240
ttcacttcca getgectgage gacctgagce gaacatcctce agtcecttgte cagcecgcaatt 6300
cattttettt ccttttettt ttttttattc ctttetttac ttttattcte tcectttttcete 6360
ctecttectet tettettett tetectecte ctecatatee tcactcectegt ctecectecatt 6420
actaccctet cggctcecctca ggtccaccaa cccteccegeca cccaaaccte tgccgcetgaa 6480
acccattecgg tggtcgcegt tttttttttt ttttttttet cacccccaaa gtcgcaatat 6540
cgggtatcge cgccggcatt gaatcgectt cteecgctage atcgactact getgetcetge 6600
tctegttgee agcecgetgete cctagaattt tgaccagggg acgagcccga cattaaagca 6660
actccctege ctcgagacga ctcecggatcge acgaaattcet cccaatcgece gacagttect 6720
actcctette ctceceecgcacg getgtegege tteccaacgte attcgcacag cagaattgtg 6780
ccatctetet ctttttttte ccccectcecta aaccgccaca acggcaccct aagggttaaa 6840
ctatccaacce agccgcagcec tcagectcete tcagectcat cagecatgge accacacccg 6900
acgctcaagg ccaccttege ggccaggage gagacggcga cgcacccget gacggettac 6960
ctgttcaagc tcatggacct caaggcgtcce aacctgtgcce tgagcgccga cgtgcecgaca 7020
gcgegcegage tgctgtacct ggccgacaag attggecccgt cgattgtegt gctcaagacy 7080
cactacgaca tggtctcggg ctgggactte cacccggaga cgggcacggyg agcccagcetg 7140
gcgtegetgg cgcgcaagca cggcttecte atcttecgagg accgcaagtt tggcgacatt 7200
ggccacaceyg tcgagetgca gtacacggge gggtcggege geatcatcga ctgggcgeac 7260
attgtcaacg tcaacatggt gcccggcaag gcgteggtgg ccectegetgge ccagggcgcece 7320
aagcgetgge tcgagegeta cccctgegag gtcaagacgt cegtcacegt cggcacgece 7380
accatggact cgtttgacga cgacgccgac tcecagggacyg ccgagcccge cggegecgte 7440
aacggcatgg gctccattgg cgtcecctggac aagcccatct actcgaaccg gteccggcgac 7500
ggccgcaagyg gcagcatcgt ctccatcacce accgtcacce agcagtacga gtcecgtctec 7560
tegecceggt taacaaaggce catcgecgag ggcgacgagt cgcetettece gggcatcgag 7620
gaggcgecege tgagecgegg cctectgate ctegeccaaa tgtccageca gggcaacttce 7680
atgaacaagg agtacacgca ggcctgegte gaggecgece gggagcacaa ggactttgte 7740
atgggcttca tctcecgcagga gacgctcaac accgagcececg acgatgcectt tatccacatg 7800
acgcecegget gccagetgece ccccgaagac gaggaccage agaccaacgyg atcggteggt 7860
ggagacggcece agggccagca gtacaacacg ccgcacaagce tgattggecat cgecggcage 7920
gacattgcca ttgtgggccg gggcatccte aaggcectcag accccgtaga ggaggcagag 7980
cggtaccgat cagcagegtg gaaagcctac accgagagge tgctgcgata ggggagggaa 8040
gggaagaaag aagtaaagaa aggcatttag caagaagggg gaaaagggag ggaggacaaa 8100
cggagctgag aaagagctct tgtccaaagce ccggcatcat agaatgcagce tgtatttagg 8160
cgacctettt ttccatcttg tcegatttttg ttatgacgta ccagttggga tgatggatga 8220
ttgtacccca gectgcgattyg atgtgtatct ttgcatgcaa caacacgcga tggcggaggce 8280
gaactgcaca ttggaaggtt catatatggt cctgacatat ctggtggatc tggaagcatg 8340
gaattgtatt tttgatttgg catttgcttt tgcgcgtgga gggaacatat caccctceggyg 8400

catttttcat ttggtaggat ggtttggatg cagttgtcga cgatatcagce ttccatatat 8460
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acggaattgt tcaattgagt attacctgat ggctatttgt gtcgatcctt tgtgacattg 8520
acatgtgatg gcgcctgtac ctctaaatgt atgcagcegta acatcttcag agcacggcgg 8580
catgttctce cctctacaat attcagataa gcagtacttg tgctgtgaga aacccattga 8640
tcgectggtgg caaccaaggce gatatgtcte caggagagga aattgcacga tcattgatcg 8700
tttgtgctac tcgtttcgtyg tccaagcgaa cagagtatta atatatacca ttatatcata 8760
tgcatcgtgg agtcgttact atgcageccta acctaaggta cctacaaatc ggcatccecgg 8820
agttaacgcg gaggctctca tcegccgggceg tctceccaccaa ttcgacatat caatgctaat 8880
cgggcgcaaa ggctccaacg cggatgctgg tcgcattgag gttceccgcatt cecttttecte 8940
cttcecgacce tetttcecttac atctcactcet cacatccegt ttgccggcece getcecccace 9000
gagacacgaa acggacggca acaatcaacc gtccceccgg aacagcgacce tgacctcccce 9060
tcecceccata tacgattacg agctgaacga gacgagagag agagagagag agaagaagaa 9120
gacagagaag aggcatggcce gacattgagg tggcagtcaa cgtacgggec gagcggggec 9180
cgactaagaa gcggagacgg atcgtcatct cgtgcaccga gtgccatcga aggaagcaaa 9240
aggtcaggct tctttcctac caagaaacaa agtgaagctt attaattaac tggcctcatg 9300
ggccttcact tcactgecccg cttteccagte gggaaacctg tcegtgccagce tgcattaaca 9360
tggtcatagce tgtttccttg cgtattggge gctcectceceget tectecgctceca ctgacteget 9420
gegeteggte gttegggtaa agectggggt gectaatgag caaaaggcca gcaaaaggec 9480
aggaaccgta aaaaggccgce gttgctggceg tttttcecata ggctcecgceece cectgacgag 9540
catcacaaaa atcgacgctc aagtcagagg tggcgaaacc cgacaggact ataaagatac 9600
caggcgtttce cccctggaag cteccctegtg cgetcectectg ttceccgaccet gecgettace 9660
ggatacctgt ccgectttcet cceettecggga agegtggcege tttcectcatag ctcacgetgt 9720
aggtatctca gttcggtgta ggtcgttcge tccaagetgg getgtgtgca cgaaccccecce 9780
gttcagceceg accgctgcege cttatceggt aactatcgte ttgagtccaa cccggtaaga 9840
cacgacttat cgccactggc agcagccact ggtaacagga ttagcagagc gaggtatgta 9900
ggcggtgcta cagagttctt gaagtggtgg cctaactacg gctacactag aagaacagta 9960
tttggtatct gecgctctget gaagccagtt accttcggaa aaagagttgg tagctcettga 10020
tceggcaaac aaaccaccgce tggtageggt ggtttttttg tttgcaagca gcagattacg 10080
cgcagaaaaa aaggatctca agaagatcct ttgatctttt ctacggggtc tgacgctcag 10140
tggaacgaaa actcacgtta agggattttg gtcatgagat tatcaaaaag gatcttcacc 10200
tagatccttt taaattaaaa atgaagtttt aaatcaatct aaagtatata tgagtaaact 10260
tggtctgaca gttattattt acccaccact ttggtaattt cgcctttcac gtaatgcaca 10320
aattcttcca gectgatcege acggcetggece agacgatctt cttectggec cagatacgece 10380
tgacgcgcett ccagaatcac cggctgatac tgcgccggca gacgttccat ggcccaatcce 10440
gccgecacat ctttceggcege aattttgceg gtcaccgcge tataccaaat acggctcagg 10500
gtcagcacca cgttgcgtte atcacccgec caatccggeg ggctgttcecca cagggtcagg 10560
gtttegtteca gegettcaaa caggtcecctgt tccggcacceg gatcaaacag ttetteccecget 10620
gccggaccaa ccagcegcecac gctatgttca cgcgetttgg tcagcagaat ggccagatcg 10680

atatcaatgg tcgccggttc aaaaatgccg gccagaatat cgttacgctg ccattegecca 10740
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aactgcagct cacgtttecge cggataacgc cacggaataa tgtcatcatg caccacgatg 10800
gtcacttcca ccgcacgcag aatttcecgett tcaccecggge tcegegcectggt ttecagcaga 10860
tcgttaatca gcgcacgacg ggtggtttca tccagacgca cggtcacggt caccagcaga 10920
tcaatatcge tatgcggttt caggccgcca tccaccgege tgccatacag atgcacggece 10980
agcagggtcg gttccagatg acgttcaatc acgcccacca cttcagacag ctgggtgcte 11040
acttccgcaa tcaccgctte acgcataatg ttcagtttgg tttteggacg getgecectge 11100
tgggtcacat cgttgctgcect ccacagcatc aggcaacggce ccaccgcata acgcgectge 11160
tgtttgctcg cacgcggcat gcectctgcacg ccaaaaaagce aatcatagca cgccataaac 11220
accgccaccg caccattacc gecgctacgt tcecggtcaggg tacggctceca attacggcta 11280
cgcatactct tcectttttca atattattga agcatttatc agggttattg tctcatgage 11340
ggatacatat ttgaatgtat ttagaaaaat aaacaaatag gggttccgcg cacatttccce 11400
cgaaaagtgc cac 11413
<210> SEQ ID NO 11

<211> LENGTH: 4768

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: mpdh deletion cassette

<400> SEQUENCE: 11

aaagacatga accaggctgg agacgagata gtcaggcacce agatggegag atgggacgag 60
gaagaaccat ggacgaggcg aagaatgagg caaagttgga atgacggact gcagtgagtg 120
gatggagttc aaagtacctg ggtacctaca tactgegtge atgggccacyg ataccggcaa 180
ggaccagcga cacggcaggt acgaagcacyg aaccagcaag cacgaaccag catcgteegt 240
aaatgcaggt gegttectge cttetagacg geggtaccag ataagagacg ctgcaccgca 300
cataacggaa ggtcactcga cccgetttea aggtggetet tgegecacgg cctgetggaa 360
gecacgecce atgattggec agcagagagg ctcatgccac tggacagcetyg tactggtacce 420
tgctgettet cacctecatge cctgatgegt tgttggactg atgggatggt ctcaccegta 480
cgacgtagca cgaggectgg accactctgg cattgacacg gecactcaatg caacaatgge 540
atccgatgge cgctgtatgt tgtatcatgt agagcatcga gtacttccac tcegtacctgt 600
acctgegete tcgaatgggg accccccctyg tggatctgge ggtacaaget gcatgtacte 660
cctggacteg gtecacacce ceectgetgt gacgatggte gatcagette aaagtcccte 720
catcttette gectgttgga cecgattgag gegecategt categggace ccctacctga 780
cctetggect gtaatactgt cctggetgta tgtectgeta ccacctggag cagecttteg 840
gtggctcteg tgcettctegt ggactetgte aaactcatce tcgaattatt ataaagetgg 900
ccggactece getectecta cttgactett agttectete catcatcaac cagetttcac 960

cacacaaaaa ctcccatttce tetttetcectt tcetettecte ctacaaccac cacatcgeca 1020

actcttectt ctgcaactcc aactccttca cttetcttet ctgttctact cttetecace 1080

tacttcacct accgcaatcg agagctacct tacatcaata tggccagcac ctctteggeg 1140

atacatactc gccaccccag ccggggcgat tgtgtgtact aggtaggctce gtactatacc 1200

agcaggagag gtgctgcttg gcaatcgtgce tcagctgtta ggttgtactt gtatggtact 1260
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tgtaaggtgg tcatgcagtt gctaaggtac ctagggaggg attcaacgag ccctgcttcece 1320
aatgtccatc tggataggat ggcggctggce ggggccgaag ctgggaactc gccaacagtce 1380
atatgtaata gctcaagttg atgataccgt tttgccagga ttaggatgcg agaagcagca 1440
tgaatgtcgce tcatccgatg ccgcatcacce gttgtgtcag aaacgaccaa gctaagcaac 1500
taaggtacct taccgtccac tatctcaggt aaccaggtac taccagctac cctacctgcece 1560
gtgcctacct getttagtat taatctttcecce acctcececctec tcaatcttet tttecctect 1620
ctecctetttt ttttttcette ctectettcet tcteccataac cattcecctaac aacatcgaca 1680
ttctctecta atcaccagec tcegcaaatce tcaggttagt attactacta ctacaatcat 1740
caccacgatg ctccgccecga cgatgeggcet tcetgttegece tgccecctcect ctcactegtg 1800
ccettgacga gectaccceege cagactcectcee tgcegtcacca atttttttece ctatttacce 1860
cteccteecte tetceectete gtttettect aacaaacaac caccaccaaa atctcectttgg 1920
aagctcacga ctcacgcaag ctcaattcgce agatacaaat ctagaatgaa aaagcctgaa 1980
ctcaccgcga cgtctgtcecga gaagtttctg atcgaaaagt tcgacagcgt ctceccgacctg 2040
atgcagctct cggagggcga agaatctcgt gctttcaget tcgatgtagg agggcgtgga 2100
tatgtcctge gggtaaatag ctgcgccgat ggtttctaca aagatcgtta tgtttatcgg 2160
cactttgcat cggccgcgcet cccgattccg gaagtgettg acattgggga attcagcgag 2220
agcctgacct attgcatcte ccgeccgtgca cagggtgtca cgttgcaaga cctgectgaa 2280
accgaactgce ccgctgttet gcageccggte gcggaggceca tggatgcgat cgctgcggcece 2340
gatcttagec agacgagcgg gtteggecca ttcggaccgce aaggaatcgg tcaatacact 2400
acatggcgtg atttcatatg cgcgattgct gatccccatg tgtatcactg gcaaactgtg 2460
atggacgaca ccgtcagtge gtccgtegeg caggctceteg atgagctgat getttgggece 2520
gaggactgcc ccgaagtccg gcacctegtg cacgcggatt tceggctccaa caatgtectg 2580
acggacaatg gccgcataac agcggtcatt gactggagceg aggcgatgtt cggggattcce 2640
caatacgagg tcgccaacat cttcttetgg aggccgtggt tggcttgtat ggagcagcag 2700
acgcgctact tcgagcggag gcatccggag cttgcaggat cgccgegget ccgggcegtat 2760
atgctccegca ttggtcttga ccaactctat cagagcttgg ttgacggcaa tttcgatgat 2820
gecagettggyg cgcagggteg atgcgacgca atcgtecgat ceggagecgg gactgtceggyg 2880
cgtacacaaa tcgcccgcag aagcgcggcece gtcetggaccg atggctgtgt agaagtactce 2940
geecgatagtyg gaaaccgacg ccccagcact cgtccgaggg caaaggaata atgcatgtge 3000
tgtgttecte agaatgggcc ccagaagggc gtcgagcatt gtctatgaat gcaaacaaaa 3060
atagtaaata aatagtaatt ctggccatga cgaatagagc caatctgctc cacttgacta 3120
tcettgtgac tgtatcgtat gtcgaaccct tgactgccca ttcaaacaat tgtaaaggaa 3180
tatgagctac aagttatgtc tcacgtttgce gtgcgagcecce gtttgtacgt tattttgaga 3240
aagcgttgece atcacatgcet cacagtcact tggcttacga tcatgtttge gatctttegg 3300
taagaataca cagagtaacg attatacatc catcgctttc tatgattagg tactcagaca 3360
acacatggga aacaagataa ccatcgcatg caaggtcgat tccaatcatg atctggactg 3420
gggtattcca tctaagccat agtacccttg cgatggctet tetggegttce tagcectcggca 3480

tcactcacgg cgctgagtgg tgaccggcct actgcatctg getttggget tettttgatce 3540
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ttttacttct actttttecte ttctacaact tgtgttaaga atgcacgaat gaacggcaag 3600
gcgetgggtt ccgggttaat agagcatcgt ctcettttgtt ttetattttt tttgtactcet 3660
gctagggcat tceccttgacgg gaacaaaagg tgctcgggat atcttcatgg gaagcttcag 3720
tctatagatg gactgagcag gcagcataac gggtcaagat accacatcaa taaaagcaga 3780
cttgatcatg accttccttt tcatccatca ttgcaatgtc ctcgtagatg tagctctagt 3840
agcaggcaat ctaaatgtga ggtcaccatg atctcaagct gaagtttcca cagccagtag 3900
tagacttctt aacgatgcaa atgcagccac cccgtccaat acggctcggt aggaacattt 3960
cctccaatce gtcaaccaac ccatctcacg ttceggeteg gcagctaatt aatcagccca 4020
ggccatgaca ggcgacacat tggatggaag ttccgtcaca cacatccgcet aaagcatgcece 4080
ataccctttg ctagcacacc acccacaccce aaccagtcat geccgttcecegt cccaccacce 4140
cctcttaate ttgggtacgt atatggatgg atggatggac agacggctgg aaggacggat 4200
ggatggatgc atccctgaga attacccaat taggaagggc acgatgtgtg gccggctgat 4260
tggtcectga gecatttcatt cctagtgcce ttetttttece ttettettet attttcetcaa 4320
ggggcagcect tacgctaggt attccaatac gtaacatgtt gtctcgaggt atgtcactge 4380
agagcaggtc aaagcaagac aaggctgagt ctacaggcac ctgcctccat tcectegtetcet 4440
ccgcatagta gtagtactac ctatttaacc aaatcccgga ctacgccgac catggacaac 4500
atgatgtgag acacatctgg acagaagtgg gcaatgccat ttacagcctce atgcatgcecca 4560
cttcagcagce ttgagccctt getgcagcat tatcacagca cctactggga cagtacatag 4620
gtagtaggta ggaagtatgc aggtagcact acatggacat gccccctegt ggeccccctat 4680
ttectgecgege atttcacgca cgacaattce tcacacgagt tggggaacgg aaagattact 4740
gacaggccecct tgttttatge cgactcgg 4768
<210> SEQ ID NO 12

<211> LENGTH: 1615

<212> TYPE: DNA

<213> ORGANISM: Trichoderma reesei

<400> SEQUENCE: 12

ctacaaccac cacatcgeca actcttectt ctgcaactec aactccttca cttetettet 60
ctgttetact cttectecace tacttcacct accgcaatca tggecaacge aactggcaag 120
aaggcagtce actttggege cggcaacate ggecgtgget tegttgettg cttectccac 180
aactcggget atgaggtegt ttttgecgac gtcaacggag acctgattga taccatcaac 240
tctacccect cctacaaagt catcgaggte ggetecgagg gcacctcaga aaacgtcatce 300
accaactacc gggccatcaa ctcteggact cacgaggaag acctegttga ggagatccege 360
actgccgacyg tcgtcacctg cteegtegge cccaacatec tcaagttecat cgetccegte 420
atcgcaaagg gcatcgacceg ccgctecgac gacgagacge cectgecacgt cattgectge 480
gagaacgcca ttggegecac cgacacgctyg gccagctaca tcaaggatge caagaacacyg 540
gatcctgece gtcetegagac gcaccacctyg cgtgccceget acgccaactce ggetattgac 600
cggategtge cggcgcagga ccccaatgece ggecttgacg tgaagetgga gaagttettt 660
gagtgggttyg tcgacaagac cccctttgag gacattggea tcccgeccat tgagggeatc 720

cagtgggtcg acaacctgga geccttecate gagegcaage tgtacacggt caacactgge 780
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cacgctacgg ctgcctacca cggctactac cgcagaaagce gcaccgtcta cgatgctcte 840
caggacaagg agatcatggc tgaggtccgt ggcgccctga ccgagaccaa gaacctgetce 900
gttgccaage acggcatcga cgaggaggcc cagctcgect acatgaacaa gattatcaag 960

cgcatcggca acccccattt ggaggatgct gtcgagegtg teggccgcege teccctgagg 1020
aagctgtcege gcaaggagceg cttcategge ceegecgecyg aggccgcecga gaacgacatg 1080
ccegtcaagt acctectega cgccatcgag atgacgttece gettccagga cgtcgagggt 1140
gacgacgagt ccaaggagct ctctaccatc atgtccgaga acacccccga ggacgttgte 1200
gccaaggtet gcggcatcaa gccgacggag aagatctacc ctegectggt cgaggttgte 1260
aagcgtgtge aggctgacag ccaggaggag taacttgcga tggctcecttet ggcgttcectag 1320
ctcggcatca ctcacggege tgagtggtga ccggcctact gecatctgget ttgggcettcet 1380
tttgatcttt tacttctact ttttctectte tacaacttgt gttaagaatg cacgaatgaa 1440
cggcaaggcg ctgggtteceg ggttaataga gcatcgtete ttttgtttte tatttttttt 1500
gtactctgcet agggcattce ttgacgggaa caaaaggtgc tcgggatatc ttcatgggaa 1560
gcttcagtet atagatggac tgagcaggca gcataacggg tcaagatacc acatc 1615
<210> SEQ ID NO 13

<211> LENGTH: 397

<212> TYPE: PRT

<213> ORGANISM: Trichoderma reesei

<400> SEQUENCE: 13

Met Ala Asn Ala Thr Gly Lys Lys Ala Val His Phe Gly Ala Gly Asn
1 5 10 15

Ile Gly Arg Gly Phe Val Ala Cys Phe Leu His Asn Ser Gly Tyr Glu
20 25 30

Val Val Phe Ala Asp Val Asn Gly Asp Leu Ile Asp Thr Ile Asn Ser
35 40 45

Thr Pro Ser Tyr Lys Val Ile Glu Val Gly Ser Glu Gly Thr Ser Glu
50 55 60

Asn Val Ile Thr Asn Tyr Arg Ala Ile Asn Ser Arg Thr His Glu Glu
65 70 75 80

Asp Leu Val Glu Glu Ile Arg Thr Ala Asp Val Val Thr Cys Ser Val
85 90 95

Gly Pro Asn Ile Leu Lys Phe Ile Ala Pro Val Ile Ala Lys Gly Ile
100 105 110

Asp Arg Arg Ser Asp Asp Glu Thr Pro Leu His Val Ile Ala Cys Glu
115 120 125

Asn Ala Ile Gly Ala Thr Asp Thr Leu Ala Ser Tyr Ile Lys Asp Ala
130 135 140

Lys Asn Thr Asp Pro Ala Arg Leu Glu Thr His His Leu Arg Ala Arg
145 150 155 160

Tyr Ala Asn Ser Ala Ile Asp Arg Ile Val Pro Ala Gln Asp Pro Asn
165 170 175

Ala Gly Leu Asp Val Lys Leu Glu Lys Phe Phe Glu Trp Val Val Asp
180 185 190

Lys Thr Pro Phe Glu Asp Ile Gly Ile Pro Pro Ile Glu Gly Ile Gln
195 200 205
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Trp Val Asp Asn Leu Glu Pro Phe Ile Glu Arg Lys Leu Tyr Thr Val
210 215 220

Asn Thr Gly His Ala Thr Ala Ala Tyr His Gly Tyr Tyr Arg Arg Lys
225 230 235 240

Arg Thr Val Tyr Asp Ala Leu Gln Asp Lys Glu Ile Met Ala Glu Val
245 250 255

Arg Gly Ala Leu Thr Glu Thr Lys Asn Leu Leu Val Ala Lys His Gly
260 265 270

Ile Asp Glu Glu Ala Gln Leu Ala Tyr Met Asn Lys Ile Ile Lys Arg
275 280 285

Ile Gly Asn Pro His Leu Glu Asp Ala Val Glu Arg Val Gly Arg Ala
290 295 300

Pro Leu Arg Lys Leu Ser Arg Lys Glu Arg Phe Ile Gly Pro Ala Ala
305 310 315 320

Glu Ala Ala Glu Asn Asp Met Pro Val Lys Tyr Leu Leu Asp Ala Ile
325 330 335

Glu Met Thr Phe Arg Phe Gln Asp Val Glu Gly Asp Asp Glu Ser Lys
340 345 350

Glu Leu Ser Thr Ile Met Ser Glu Asn Thr Pro Glu Asp Val Val Ala
355 360 365

Lys Val Cys Gly Ile Lys Pro Thr Glu Lys Ile Tyr Pro Arg Leu Val
370 375 380

Glu Val Val Lys Arg Val Gln Ala Asp Ser Gln Glu Glu
385 390 395

<210> SEQ ID NO 14

<211> LENGTH: 1418

<212> TYPE: DNA

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 14

cagacaacta caaacaagat ggttggegtt gacgcagaga ttatcgccga tgataccaga 60
atcctgggte aggatccttt gatcccceeg getctgetea tetecgagat ccccatgact 120
cccaatgece tccagaccgt cgtcaaggge cggagagacg ctgeccagat catcatggge 180
cagaacgaca ggctattagt cgtegteggt ccctgetceca tecacgacce cgaagecgece 240
cacgagtacg ccgcccgect caagcagete tccgagaage tegecgacga cctetgeate 300
gtgatgcgeg cctacctgga gaagectege acgaccgteg getggaaggyg cctgatcaac 360
gatccegata tcgactegte cttecagate aacaagggece tgegegtcete cegeeggetce 420
ttcgtegace tgacctecaa cggcatgece attgecaceg agatgetega caccatctece 480
cceccagttee tegecgactyg catcteegte ggegecattg gegegegaac gaccgagtece 540
cagctgecace gtgagetege tteeggectyg tecttecceg tgggettcaa gaacggaace 600
gacggcagcee ttggegtcege cattgatgece attggegetg cegeggecaa gcaccactte 660
atgggtgtga cgaagcaggg cctggetgece attaccegea ccaagggcaa cgagcacgge 720
ttcegtgatce tgagaggcgg aagcaaggge cccaactttg acaaggagag cgtccaggeg 780
gccaagaaga tgctgacgga caagggccag aagctggeca ttatgattga ctgttcetcac 840
ggcaactcte agaagaacca caacaaccag cccaaggttg ccaaggccat tgecgaccag 900

ctgcegegagyg gcgagegage cattgtegge gtcatgateg agtccaacat caacgaggge 960
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aaccaaaagg tccctgctga gggtccggce ggtcectcaage gecggcgttag catcacggat 1020
gcatgcatca actgggagga cacagtcacg gtcctcgagg accttgccgce tgccgtecge 1080
acccgacgeg aggtcaactc gggtgctect agegcagagyg ccaaggtgag cactctggag 1140
gaggactaga cgtagtttta ccggaagggg cgtatgtgtg tacgatgaga gagaggaacyg 1200
aaaagcatga gggtcggttt gttgattttg aacattacga tgcgtgagtt tatgcgcgceg 1260
aatcctgget tecteccctgg ccagcecgtaaa taagaaaagt tttagggaga gcattcgaca 1320
cggatatcga gaaattggcg caccaaagga acatgtatga aggcatatat tgttggctgt 1380
ccactttgtc acagacggcg cacacgaacc agtttcag 1418
<210> SEQ ID NO 15

<211> LENGTH: 376

<212> TYPE: PRT

<213> ORGANISM: Trichoderma reesei

<400> SEQUENCE: 15

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

Gly Gln Asp Pro Leu Ile Pro Pro Ala Leu Leu Ile Ser Glu Ile Pro
20 25 30

Met Thr Pro Asn Ala Leu Gln Thr Val Val Lys Gly Arg Arg Asp Ala
35 40 45

Ala Gln Ile Ile Met Gly Gln Asn Asp Arg Leu Leu Val Val Val Gly
50 55 60

Pro Cys Ser Ile His Asp Pro Glu Ala Ala His Glu Tyr Ala Ala Arg
65 70 75 80

Leu Lys Gln Leu Ser Glu Lys Leu Ala Asp Asp Leu Cys Ile Val Met
85 90 95

Arg Ala Tyr Leu Glu Lys Pro Arg Thr Thr Val Gly Trp Lys Gly Leu
100 105 110

Ile Asn Asp Pro Asp Ile Asp Ser Ser Phe Gln Ile Asn Lys Gly Leu
115 120 125

Arg Val Ser Arg Arg Leu Phe Val Asp Leu Thr Ser Asn Gly Met Pro
130 135 140

Ile Ala Thr Glu Met Leu Asp Thr Ile Ser Pro Gln Phe Leu Ala Asp
145 150 155 160

Cys Ile Ser Val Gly Ala Ile Gly Ala Arg Thr Thr Glu Ser Gln Leu
165 170 175

His Arg Glu Leu Ala Ser Gly Leu Ser Phe Pro Val Gly Phe Lys Asn
180 185 190

Gly Thr Asp Gly Ser Leu Gly Val Ala Ile Asp Ala Ile Gly Ala Ala
195 200 205

Ala Ala Lys His His Phe Met Gly Val Thr Lys Gln Gly Leu Ala Ala
210 215 220

Ile Thr Arg Thr Lys Gly Asn Glu His Gly Phe Val Ile Leu Arg Gly
225 230 235 240

Gly Ser Lys Gly Pro Asn Phe Asp Lys Glu Ser Val Gln Ala Ala Lys
245 250 255

Lys Met Leu Thr Asp Lys Gly Gln Lys Leu Ala Ile Met Ile Asp Cys
260 265 270

Ser His Gly Asn Ser Gln Lys Asn His Asn Asn Gln Pro Lys Val Ala
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275 280 285

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

Val Met Ile Glu Ser Asn Ile Asn Glu Gly Asn Gln Lys Val Pro Ala
305 310 315 320

Glu Gly Pro Ala Gly Leu Lys Arg Gly Val Ser Ile Thr Asp Ala Cys
325 330 335

Ile Asn Trp Glu Asp Thr Val Thr Val Leu Glu Asp Leu Ala Ala Ala
340 345 350

Val Arg Thr Arg Arg Glu Val Asn Ser Gly Ala Pro Ser Ala Glu Ala
355 360 365

Lys Val Ser Thr Leu Glu Glu Asp
370 375

<210> SEQ ID NO 16

<211> LENGTH: 3267

<212> TYPE: DNA

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 16

atgacaacgce tgctcaacaa cccgecggat tegggtecee cgeegegeca gattegette 60
gtacataacc agggccagec gecgtccaag cgacgcagga tcaatgcage gtatgttett 120
ctggggette tectegecttyg cttegtetgt cttgecgegt cacecttggt ggcaaatgge 180
tgtcctagac agataagtge aagatggege gagcatcaac accatgeggt taccagtgaa 240
gctataagta tgtagagcta acctegtett gegegcagat gettgacctyg tegaagacga 300
aagacgagat gcgceggega acgaccgett tgcaccacat gecactaagaa cgggcaccaa 360

tgccteggtt atcccgagga caggagagat ggcgaggcag cggcaaggac gggcgacgag 420

gaaacgacgc caagggagga tgtcaaccaa ggcgaggacg acgtcgectce tagaaaaccc 480
getgettegyg ggettgegaa cegtcecgacy tectetgggg gecagcaatcet geaagetacyg 540
catgctgetyg cctetgetge ctetgettea cggecgecge ggegcaatat caagcagact 600
atcgaagtcg gegecgatge caacceggge gacgcagage cgcaacagte tcccegtacta 660
catcaccacce accagagcca ccaccagaat caccatecte atcatcaage tcatctctca 720
gtcacgtceg atgacttgec cagttegece accctcegee gatcggecce cageegtege 780
atcccctatt tcegetactt tggetcecacg gecatcgtece ceggcettcaa gcaaatggtg 840
gtctetgtte gegaccgteg cegttegacyg gcaggctcac attccggege ctetetteat 900
tcgacgecca geggggegat ggccagtgge teggecattg acagegacat tgtccegegaa 960

gacattceccect cctacgacce caacaactcc geccccegtte atcceccttaat cattcagceta 1020

gtcaatacgt tttttgttca cgtcgggtgce aattaccccet ttcectcaaaca agacaagttt 1080

ctgcaacatg taaaggagaa acgggtcgag ccgatacttg tcgatgccgt ctgecgccatce 1140

geggegeget tceteggacca tcacatcctyg acgggeggca acgacaagat gecccggaca 1200

gagagaggcc aggtctttge gcaacgggcec aggcaggcca ccgtcgacac tttececttge 1260

ccttetgtgg gtgcggteca ggcttgectg ctgatggcat acgagggctt cggggcggcece 1320

caggatagcg cgctgtggat gtatctggge ttggccattc gcatggcggt tgatcteggt 1380

ctccaaaagt gcgtgggegt tcaatatcaa ggcgaaaagg acccttggta cacccggcat 1440
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cgaagtcggg ccaacgacga tgatcaggac ageccagagg cgcacaaggce ggatgecgte 1500
gacgccecta geccggagga acagaaggag gtagagcagg agcgcatata taccttetgg 1560
tcegtetteca tectggacceyg gcetcatctee tcectggcactg gacggcecggt cacgatccegce 1620
gacggcgact acgagctcge ctttcecccgaa tccagegteg acctcegctac cggatggecyg 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 ttatcctcet ccacttttgg 1920
ttccacgege tcettcatcat attgcatcaa ccgactcectte ttaccccctt ttgcgaactg 1980
cggagegage tccagetget cteggacage cgtgagetga gcatgagcag cgcaaagace 2040
atctgcgaca ttttgtcectt tgccgacttg atagatccga cgagttttat tggcaaccca 2100
ttcacgaatc agcccattta tatcgcggca tgcgcatttce tcatggaatc gagcgccaac 2160
aatgcatctg agggctcgte cagggagggc tcgectcecca ctcaagcgag tegctcecagg 2220
caacagacga agcactttaa caagcagtct cggcattcecge ttctecgegte ggccgccaac 2280
cagaattacc agcgatgcta caactcecctg cagcagatcce aggcgtactg gggcggagta 2340
ggctatatcc tcaccgecgct ggaccagaag tcaaagggca agtgggactg cgagacgtat 2400
accgtggagg agtatgagag caccaagctg cccectecte ggceccecgtcgat tggtgagcag 2460
ctgtcgeggt tcgagaagca gtegtcegcecce aagattgecg gcectcaccgat tgcttggagt 2520
ctgtcecggca cggccaatte geccaactce agectgacac tcatgtatca ggctctcaac 2580
geecagegeayg gceggecacac tggattcect cegectgtge agtceegtgge gagggcetgece 2640
aatggttcge cggggagcat cgcgctggac cecattcgac acacgatgec ggaagtggga 2700
atgtttacgt cggcggttcc gcagccaaac atgtctgcca ttcgaaactce tectcecggegg 2760
ccatatgctg ccaattctat gaatgccgcg ggggcgaact cgcggaatca gaatatcatg 2820
ggcttcgaag acattccgga agagtcgccg gatgcaaagg gtctgatgtce caattactca 2880
acctctggece agccctacga tggatataat gcatcccecga ccagcggcaa ttcgggcatg 2940
ggcaattcta cagccgtgac gagtgccccece agtggaaaca cgacgtcgaa tgcgaatacce 3000
cacaacaata acaacaacaa cagcaccacc accaccagca gcagcaacag caacagcatg 3060
tatttcgege aaaacatggc atcatatcaa gcctgggggce cgatgacggg caacatggac 3120
geecatcacgt tcgacagcca ggacattgac attgaggege tggggcetgca gcagecggac 3180
ctgatgagcg ggtggctcega gtatcttcce agtgatgtge tggggctgtt tgacgagcat 3240
ggcgagtcegg ggcagggcgg ccattga 3267
<210> SEQ ID NO 17

<211> LENGTH: 983

<212> TYPE: PRT

<213> ORGANISM: Trichoderma reesei

<400> SEQUENCE: 17

Met Thr Thr Leu Leu Asn Asn Pro Pro Asp Ser Gly Pro Pro Pro Arg
1 5 10 15

Gln Ile Arg Phe Val His Asn Gln Gly Gln Pro Pro Ser Lys Arg Arg
20 25 30
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Arg Ile Asn Ala Ala Cys Leu Thr Cys Arg Arg Arg Lys Thr Arg Cys
35 40 45

Ala Gly Glu Arg Pro Leu Cys Thr Thr Cys Thr Lys Asn Gly His Gln
50 55 60

Cys Leu Gly Tyr Pro Glu Asp Arg Arg Asp Gly Glu Ala Ala Ala Arg
65 70 75 80

Thr Gly Asp Glu Glu Thr Thr Pro Arg Glu Asp Val Asn Gln Gly Glu
85 90 95

Asp Asp Val Ala Ser Arg Lys Pro Ala Ala Ser Gly Leu Ala Asn Arg
100 105 110

Pro Thr Ser Ser Gly Gly Ser Asn Leu Gln Ala Thr His Ala Ala Ala
115 120 125

Ser Ala Ala Ser Ala Ser Arg Pro Pro Arg Arg Asn Ile Lys Gln Thr
130 135 140

Ile Glu Asn His His Pro His His Gln Ala His Leu Ser Val Thr Ser
145 150 155 160

Asp Asp Leu Pro Ser Ser Pro Thr Leu Arg Arg Ser Ala Pro Ser Arg
165 170 175

Arg Ile Pro Tyr Phe Arg Tyr Phe Gly Ser Thr Ala Ile Val Pro Gly
180 185 190

Phe Lys Gln Met Val Val Ser Val Arg Asp Arg Arg Arg Ser Thr Ala
195 200 205

Gly Ser His Ser Gly Ala Ser Leu His Ser Thr Pro Ser Gly Ala Met
210 215 220

Ala Ser Gly Ser Ala Ile Asp Ser Asp Ile Val Arg Glu Asp Ile Pro
225 230 235 240

Ser Tyr Asp Pro Asn Asn Ser Ala Pro Val His Pro Leu Ile Ile Gln
245 250 255

Leu Val Asn Thr Phe Phe Val His Val Gly Cys Asn Tyr Pro Phe Leu
260 265 270

Lys Gln Asp Lys Phe Leu Gln His Val Lys Glu Lys Arg Val Glu Pro
275 280 285

Ile Leu Val Asp Ala Val Cys Ala Ile Ala Ala Arg Phe Ser Asp His
290 295 300

His Ile Leu Thr Gly Gly Asn Asp Lys Met Pro Arg Thr Glu Arg Gly
305 310 315 320

Gln Val Phe Ala Gln Arg Ala Arg Gln Ala Thr Val Asp Thr Phe Pro
325 330 335

Cys Pro Ser Val Gly Ala Val Gln Ala Cys Leu Leu Met Ala Tyr Glu
340 345 350

Gly Phe Gly Ala Ala Gln Asp Ser Ala Leu Trp Met Tyr Leu Gly Leu
355 360 365

Ala Ile Arg Met Ala Val Asp Leu Gly Leu Gln Lys Cys Val Gly Val
370 375 380

Gln Tyr Gln Gly Glu Lys Asp Pro Trp Tyr Thr Arg His Arg Ser Arg
385 390 395 400

Ala Asn Asp Asp Asp Gln Asp Ser Pro Glu Ala His Lys Ala Asp Ala
405 410 415

Val Asp Ala Pro Ser Pro Glu Glu Gln Lys Glu Val Glu Gln Glu Arg
420 425 430

Ile Tyr Thr Phe Trp Ser Val Phe Ile Leu Asp Arg Leu Ile Ser Ser
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435 440 445

Gly Thr Gly Arg Pro Val Thr Ile Arg Asp Gly Asp Tyr Glu Leu Ala
450 455 460

Phe Pro Glu Ser Ser Val Asp Leu Ala Thr Gly Trp Pro Asn Pro Phe
465 470 475 480

Pro Val Leu Leu Gln Ile Ile His Leu Tyr Gly Gln Val Cys Asp Val
485 490 495

Leu Asn Asn Leu His Asp Ala Gln Asp Leu Thr Gln Asp Lys Trp Asp
500 505 510

Gln Leu Ser Glu Met Glu His Arg Leu Thr Arg Met Tyr Lys His Trp
515 520 525

Asp Pro Arg Leu Gln Phe Asn Val Asn Asn Phe Lys Thr Tyr Leu Gly
530 535 540

Met Gly Gln Gly Thr Asn Phe Ile Leu Leu His Phe Trp Phe His Ala
545 550 555 560

Leu Phe Ile Ile Leu His Gln Pro Thr Leu Leu Thr Pro Phe Cys Glu
565 570 575

Leu Arg Ser Glu Leu Gln Leu Leu Ser Asp Ser Arg Glu Leu Ser Met
580 585 590

Ser Ser Ala Lys Thr Ile Cys Asp Ile Leu Ser Phe Ala Asp Leu Ile
595 600 605

Asp Pro Thr Ser Phe Ile Gly Asn Pro Phe Thr Asn Gln Pro Ile Tyr
610 615 620

Ile Ala Ala Cys Ala Phe Leu Met Glu Ser Ser Ala Asn Asn Ala Ser
625 630 635 640

Glu Gly Ser Ser Arg Glu Gly Ser Pro Pro Thr Gln Ala Ser Arg Ser
645 650 655

Arg Gln Gln Thr Lys His Phe Asn Lys Gln Ser Arg His Ser Leu Leu
660 665 670

Ala Ser Ala Ala Asn Gln Asn Tyr Gln Arg Cys Tyr Asn Ser Leu Gln
675 680 685

Gln Ile Gln Ala Tyr Trp Gly Gly Val Gly Tyr Ile Leu Thr Ala Leu
690 695 700

Asp Gln Lys Ser Lys Gly Lys Trp Asp Cys Glu Thr Tyr Thr Val Glu
705 710 715 720

Glu Tyr Glu Ser Thr Lys Leu Pro Pro Pro Arg Pro Ser Ile Gly Glu
725 730 735

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

Pro Ile Ala Trp Ser Leu Ser Gly Thr Ala Asn Ser Pro Asn Ser Ser
755 760 765

Leu Thr Leu Met Tyr Gln Ala Leu Asn Ala Ser Ala Gly Gly His Thr
770 775 780

Gly Phe Pro Pro Pro Val Gln Ser Val Ala Arg Ala Ala Asn Gly Ser
785 790 795 800

Pro Gly Ser Ile Ala Leu Asp Pro Ile Arg His Thr Met Pro Glu Val
805 810 815

Gly Met Phe Thr Ser Ala Val Pro Gln Pro Asn Met Ser Ala Ile Arg
820 825 830

Asn Ser Pro Arg Arg Pro Tyr Ala Ala Asn Ser Met Asn Ala Ala Gly
835 840 845
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Ala Asn Ser Arg Asn Gln Asn Ile Met Gly Phe Glu Asp Ile Pro Glu
850 855 860

Glu Ser Pro Asp Ala Lys Gly Leu Met Ser Asn Tyr Ser Thr Ser Gly
865 870 875 880

Gln Pro Tyr Asp Gly Tyr Asn Ala Ser Pro Thr Ser Gly Asn Ser Gly
885 890 895

Met Gly Asn Ser Thr Ala Val Thr Ser Ala Pro Ser Gly Asn Thr Thr
900 905 910

Asn Ser Met Tyr Phe Ala Gln Asn Met Ala Ser Tyr Gln Ala Trp Gly
915 920 925

Pro Met Thr Gly Asn Met Asp Ala Ile Thr Phe Asp Ser Gln Asp Ile
930 935 940

Asp Ile Glu Ala Leu Gly Leu Gln Gln Pro Asp Leu Met Ser Gly Trp
945 950 955 960

Leu Glu Tyr Leu Pro Ser Asp Val Leu Gly Leu Phe Asp Glu His Gly
965 970 975

Glu Ser Gly Gln Gly Gly His
980

<210> SEQ ID NO 18

<211> LENGTH: 1773

<212> TYPE: DNA

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 18

atgtcaacca gacacatttt tacgtcatgt gacggccteg tcaacaagge catccgagge 60
atcattacct acaaccctte tctcagecta gacgaaagea accgggtegt ctatgacacce 120
acatacgaca agtccaaagt cgtcatcata ageggaggeg getccggaca tgagectgeg 180
tggacaggct atgtcggtca aaacatgete gecagettegg ttcaaggaga catctttgece 240
agccccagca caaagcaaat ccttgeagea gtggacgetg ttcegagtga caagggcacce 300
attctggtca tcacaaacta cactggtgac tgtctgecact ttgggetgge caacgagaaa 360
gccaatgceca aaggccacaa ctgccggacce atcatctgeg gegacgatgt ctetgtegge 420
aagaacggga gcatggttgg tcgcagaggt ttggetggac agatgggtgt cctcaaagte 480
atgggcggag ctgctggtge tggaggeteg ctggacgaag tttacaatct tggtgtcegca 540
ttctegecage agattgtgte tattgeggea accttggatce attgecatgt tccaggacgt 600
getgaacatg gcatgcttca agaaggcegtt gttgaactcg geaccggecce tcataacgaa 660
cceggataca agaaactate cectgegeca tetgegtetg atctegtete ccagattcta 720
caatactgtc tgaatgaaaa ggatccggaa agaggctacg ttcacttege ccctagtgat 780
gaagtcatac tacttctcag caactacggc ggcatatcge acctggagat gggegetcetg 840
gttgacgaaa ttctcgagca gettgcaaga gactggaaga ttgagecggt gagggtatge 900
gecggettea tcgagacgte actcaatget ccagectttt ctgteteegt catcaatgtg 960

actgctgececg caaagaattg cagttactct gtcgaagaga tcaagtcctt ctttgatgece 1020

aggacgacga cgttttggga gtccatgact gggtegeaga cacggeggag gacgagacag 1080

cagcagattg ttcagcccee ggaggaagag gtcaaggcag ttgatgagtc aaaagatctg 1140

actattgatc ccacgctctt agagaagatg ttgaggaacg cttgtgaagc gctcgtcaag 1200
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gctgagccag atctcaccaa gtgggatacce gtcatgggtg atggagattg cggagagacyg 1260
ctcaggactg gagccacatc tttgctcacg gcccttgatt cgggattgge gaaatctggg 1320
tcagttgtga gagtactatt ggaactcgaa gacatcgtgg agagcaagat gggcggtact 1380
ctgggcggca tattgggcat cttttttgte tceettgegtg cagctgtcga gaagaatatt 1440
ggactggccec aaagcceggt cttgctetgg ggaacagcte ttgcaacagce tctggagagt 1500
ctcaggaggt atacgcctgce caaggtcgga gatcgtactg tcatggacac actcatcccg 1560
tttgctaccg tcatgtgtga gtcgggettt gataacggcg tcaaggcggce acaggatgga 1620
gecggatgcega ccaagacgat gaagccgaga ctgggaagag caacgtatgt tggegtgteg 1680
agtgagaaca aggagttgcc tcecctgatcce ggtgcttggg gggccatggt ggccattegce 1740
ggtttgcgac aaggtctggt tgaagcgatc tag 1773
<210> SEQ ID NO 19

<211> LENGTH: 590

<212> TYPE: PRT

<213> ORGANISM: Trichoderma reesei

<400> SEQUENCE: 19

Met Ser Thr Arg His Ile Phe Thr Ser Cys Asp Gly Leu Val Asn Lys
1 5 10 15

Ala Ile Arg Gly Ile Ile Thr Tyr Asn Pro Ser Leu Ser Leu Asp Glu
20 25 30

Ser Asn Arg Val Val Tyr Asp Thr Thr Tyr Asp Lys Ser Lys Val Val
35 40 45

Ile Ile Ser Gly Gly Gly Ser Gly His Glu Pro Ala Trp Thr Gly Tyr
50 55 60

Val Gly Gln Asn Met Leu Ala Ala Ser Val Gln Gly Asp Ile Phe Ala
65 70 75 80

Ser Pro Ser Thr Lys Gln Ile Leu Ala Ala Val Asp Ala Val Pro Ser
85 90 95

Asp Lys Gly Thr Ile Leu Val Ile Thr Asn Tyr Thr Gly Asp Cys Leu
100 105 110

His Phe Gly Leu Ala Asn Glu Lys Ala Asn Ala Lys Gly His Asn Cys
115 120 125

Arg Thr Ile Ile Cys Gly Asp Asp Val Ser Val Gly Lys Asn Gly Ser
130 135 140

Met Val Gly Arg Arg Gly Leu Ala Gly Gln Met Gly Val Leu Lys Val
145 150 155 160

Met Gly Gly Ala Ala Gly Ala Gly Gly Ser Leu Asp Glu Val Tyr Asn
165 170 175

Leu Gly Val Ala Phe Ser Gln Gln Ile Val Ser Ile Ala Ala Thr Leu
180 185 190

Asp His Cys His Val Pro Gly Arg Ala Glu His Gly Met Leu Gln Glu
195 200 205

Gly Val Val Glu Leu Gly Thr Gly Pro His Asn Glu Pro Gly Tyr Lys
210 215 220

Lys Leu Ser Pro Ala Pro Ser Ala Ser Asp Leu Val Ser Gln Ile Leu
225 230 235 240

Gln Tyr Cys Leu Asn Glu Lys Asp Pro Glu Arg Gly Tyr Val His Phe
245 250 255
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Ala Pro Ser Asp Glu Val Ile Leu Leu Leu Ser Asn Tyr Gly Gly Ile
260 265 270

Ser His Leu Glu Met Gly Ala Leu Val Asp Glu Ile Leu Glu Gln Leu
275 280 285

Ala Arg Asp Trp Lys Ile Glu Pro Val Arg Val Cys Ala Gly Phe Ile
290 295 300

Glu Thr Ser Leu Asn Ala Pro Ala Phe Ser Val Ser Val Ile Asn Val
305 310 315 320

Thr Ala Ala Ala Lys Asn Cys Ser Tyr Ser Val Glu Glu Ile Lys Ser
325 330 335

Phe Phe Asp Ala Arg Thr Thr Thr Phe Trp Glu Ser Met Thr Gly Ser
340 345 350

Gln Thr Arg Arg Arg Thr Arg Gln Gln Gln Ile Val Gln Pro Pro Glu
355 360 365

Glu Glu Val Lys Ala Val Asp Glu Ser Lys Asp Leu Thr Ile Asp Pro
370 375 380

Thr Leu Leu Glu Lys Met Leu Arg Asn Ala Cys Glu Ala Leu Val Lys
385 390 395 400

Ala Glu Pro Asp Leu Thr Lys Trp Asp Thr Val Met Gly Asp Gly Asp
405 410 415

Cys Gly Glu Thr Leu Arg Thr Gly Ala Thr Ser Leu Leu Thr Ala Leu
420 425 430

Asp Ser Gly Leu Ala Lys Ser Gly Ser Val Val Arg Val Leu Leu Glu
435 440 445

Leu Glu Asp Ile Val Glu Ser Lys Met Gly Gly Thr Leu Gly Gly Ile
450 455 460

Leu Gly Ile Phe Phe Val Ser Leu Arg Ala Ala Val Glu Lys Asn Ile
465 470 475 480

Gly Leu Ala Gln Ser Pro Val Leu Leu Trp Gly Thr Ala Leu Ala Thr
485 490 495

Ala Leu Glu Ser Leu Arg Arg Tyr Thr Pro Ala Lys Val Gly Asp Arg
500 505 510

Thr Val Met Asp Thr Leu Ile Pro Phe Ala Thr Val Met Cys Glu Ser
515 520 525

Gly Phe Asp Asn Gly Val Lys Ala Ala Gln Asp Gly Ala Asp Ala Thr
530 535 540

Lys Thr Met Lys Pro Arg Leu Gly Arg Ala Thr Tyr Val Gly Val Ser
545 550 555 560

Ser Glu Asn Lys Glu Leu Pro Pro Asp Pro Gly Ala Trp Gly Ala Met
565 570 575

Val Ala Ile Arg Gly Leu Arg Gln Gly Leu Val Glu Ala Ile
580 585 590

<210> SEQ ID NO 20

<211> LENGTH: 1326

<212> TYPE: DNA

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 20

ttaggtgagg gtgtaaccge catcaacgcyg aatatcggea ceggtcacat ageggetgge 60

atcagacagc aggaaagcca ctgggceccat gagatcctga ggcagaccca tcettgecctg 120

aggaatgagg gacacccatt tcttettecag gtcaggettt tcatccagga tttteteggt 180
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cctagttaag gatttgagtt agccggecga ggtcacgget accgttcaag aacagagaag 240
agtgggttca actcacaaag ccgtcagcat gtatcccgge gagatacagt tgactcggat 300
gecagcatge gceccactcaa cggcgagcga agccgegaga tggceggactg cggecttgga 360
ggcgttatag ggectagtcee agttcaacce gttagetgte ttatgetcectg ctcatccatg 420
tctecttttt ttetttettt cttttttececg tcecgtggaagg gactcacget tgaggcetggg 480
ggacgttgac aatggcccce gacatgetge ctatcatgac catgctacca gggetcttec 540
tctecatgag gtgacgagca accgatgtag cgaagagata tgtgccgteg acgttgacge 600
cccagagett gcgaactcta tcaatggggt agttggtgge ctegaagtte tceggtgaage 660
cagcecgaggt gaccaggttg tcaatcttge catgttgetyg gatgatcteg gcegatacacg 720
cctcaacgga atcggcatct gagacgtegg cgtaatgege cgtcactttyg ggaacgctag 780
accgggtgte agcegtetge ctgcaaagece gtgttacgtyg cagagcggag cggcagcetca 840
ctcaccgttt tgcgttgggg ttctcecttga gaaaggcate cacgagcagt ttcegtetget 900
tcteggecte ctectetgte getgegtecag ctgtetggece tggggtacga gcegacccgga 960

actggcacgce ggaatctcac tgttcatgtce gacgagggece aggteggege cagagaagac 1020
cattcccetgg ccaatcacca gtcccagcece tcettgcecgecg cecggtgacga caccgacgtt 1080
tccatcegagg gagaagccgg caagcgtagg cttgacatac tggecgcecegyg tgccagagac 1140
gggctcecgetyg cteggaagct catgctcecgg aggatacteg aactcgacct cggegteggt 1200
tcgagagtgg ctgccgggcet tatcctgceccg cggcggegge acactatgga acttcectegce 1260
agcggecage ggcaggegte tggcgggege ggaggcaaag gtteggcegag ccgcaagcecg 1320
cagcat 1326
<210> SEQ ID NO 21

<211> LENGTH: 334

<212> TYPE: PRT

<213> ORGANISM: Trichoderma reesei

<400> SEQUENCE: 21

Met Leu Arg Leu Ala Ala Arg Arg Thr Phe Ala Ser Ala Pro Ala Arg
1 5 10 15

Arg Leu Pro Leu Ala Ala Ala Arg Lys Phe His Ser Val Pro Pro Pro
20 25 30

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

Gly Thr Gly Gly Gln Tyr Val Lys Pro Thr Leu Ala Gly Phe Ser Leu
65 70 75 80

Asp Gly Asn Val Gly Val Val Thr Gly Gly Ala Arg Gly Leu Gly Leu
85 90 95

Val Ile Gly Gln Gly Met Val Phe Ser Gly Ala Asp Leu Ala Leu Val
100 105 110

Asp Met Asn Ser Glu Ile Pro Arg Ala Ser Ser Gly Ser Leu Thr Ala
115 120 125

Asp Thr Arg Ser Ser Val Pro Lys Val Thr Ala His Tyr Ala Asp Val
130 135 140
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Ser Asp Ala Asp Ser Val Glu Ala Cys Ile Ala Glu Ile Ile Gln Gln
145 150 155 160

His Gly Lys Ile Asp Asn Leu Val Thr Ser Ala Gly Phe Thr Glu Asn
165 170 175

Phe Glu Ala Thr Asn Tyr Pro Ile Asp Arg Val Arg Lys Leu Trp Gly
180 185 190

Val Asn Val Asp Gly Thr Tyr Leu Phe Ala Thr Ser Val Ala Arg His
195 200 205

Leu Met Glu Arg Lys Ser Pro Gly Ser Met Val Met Ile Gly Ser Met
210 215 220

Ser Gly Ala Ile Val Asn Val Pro Gln Pro Gln Ala Pro Tyr Asn Ala
225 230 235 240

Ser Lys Ala Ala Val Arg His Leu Ala Ala Ser Leu Ala Val Glu Trp
245 250 255

Ala His Ala Gly Ile Arg Val Asn Cys Ile Ser Pro Gly Tyr Met Leu
260 265 270

Thr Ala Leu Thr Glu Lys Ile Leu Asp Glu Lys Pro Asp Leu Lys Lys
275 280 285

Lys Trp Val Ser Leu Ile Pro Gln Gly Lys Met Gly Leu Pro Gln Asp
290 295 300

Leu Met Gly Pro Val Ala Phe Leu Leu Ser Asp Ala Ser Arg Tyr Val
305 310 315 320

Thr Gly Ala Asp Ile Arg Val Asp Gly Gly Tyr Thr Leu Thr
325 330

<210> SEQ ID NO 22

<211> LENGTH: 640

<212> TYPE: DNA

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 22

tcatgcctca agatgeccaa tctettecac cttettegea ctegecacteg atggatcaaa 60
ctcataccce agccactcag tagccaacct cctegcaact tecageccaa caaccctcete 120
ccccatacac aacacctgeg cattattget ctttacactg cgctcaacge taaagctate 180
atgtgccgta accgctegta tgeccttgac cttgttggea gaaatggega cgectagace 240

tgtgcegecag atgagcagag cgcggteege tttgeccteg gegacgagge gggeggegge 300

ggeggegege tggggatagg gtgtettgte ggagggceteg teggatccta cgtegatgac 360

ttggtctacg cgggcgtege tttcaaagte ttttttgatg gtgtttttgt agctgacgcece 420
ggegtectyge ggaagegtga gtgagetegt gtcagtgact geccgttetg atgacctaga 480
ttatgcaatc ttgacgatga agagaccgat agtcatgaag acttatgaag ttgacacttg 540
atctegttgt gatatgagat gtgctggttce tggcagccga aacagaagca cttacatcge 600
agcccatgge gattctccat ttecggtgcca tcgtatatgt 640

<210> SEQ ID NO 23

<211> LENGTH: 156

<212> TYPE: PRT

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 23

Thr Tyr Thr Met Ala Pro Lys Trp Arg Ile Ala Met Gly Cys Asp Asp
1 5 10 15
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Ala Gly Val Ser Tyr Lys Asn Thr Ile Lys Lys Asp Phe Glu Ser Asp
20 25 30

Ala Arg Val Asp Gln Val Ile Asp Val Gly Ser Asp Glu Pro Ser Asp
35 40 45

Lys Thr Pro Tyr Pro Gln Arg Ala Ala Ala Ala Ala Arg Leu Val Ala
50 55 60

Glu Gly Lys Ala Asp Arg Ala Leu Leu Ile Cys Gly Thr Gly Leu Gly
65 70 75 80

Val Ala Ile Ser Ala Asn Lys Val Lys Gly Ile Arg Ala Val Thr Ala
85 90 95

His Asp Ser Phe Ser Val Glu Arg Ser Val Lys Ser Asn Asn Ala Gln
100 105 110

Val Leu Cys Met Gly Glu Arg Val Val Gly Leu Glu Val Ala Arg Arg
115 120 125

Leu Ala Thr Glu Trp Leu Gly Tyr Glu Phe Asp Pro Ser Ser Ala Ser
130 135 140

Ala Lys Lys Val Glu Glu Ile Gly His Leu Glu Ala
145 150 155

<210> SEQ ID NO 24

<211> LENGTH: 726

<212> TYPE: DNA

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 24

tcacgcttca gectacttect gtategtett gacaaactge tecggategt gtcecgaacceg 60
ccccaggaac aatcegteca gteegetett caactteteg tagageceeg geccggeact 120
ccccccatac aaaacccteg tegteccege cctectecca acggacteca accctetgat 180
cccagcaaca acatcgagga tgtgettete tccagcaggt tgactggecac caatcgecca 240
tacaggctca tacgccaaaa tgacctetge cteggeggge acagcattca tgacagcatce 300
aacctgcacce cgacactect caaccgegat atgcacgteg cettgagtet tttetccaat 360
gcacacaagce ggtatcatge cattgcgact tacagcggca gecttatteg caaccatggt 420
gtegtecteg ccaaagatge tectgegete tgcatgteeg acttecacga gettgacgec 480
tgcgetgege aacacggagg ggctgactte geeggtgaat gegecttggt ctteccagtg 540
gecagtcttga gegceggtee aaatggcaac ggagctggac ttaagetggyg cgattgtggt 600

ggtcagggag acgaagtcgg ggatgatgaa gatgtcaatg tgggagagga gctctatcgg 660
gacgtctgee agettggata agaagetgtt tgtgaagtet cttgtttget ggagagaaaa 720

gtacat 726

<210> SEQ ID NO 25

<211> LENGTH: 241

<212> TYPE: PRT

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 25

Met Tyr Phe Ser Leu Gln Gln Thr Arg Asp Phe Thr Asn Ser Phe Leu
1 5 10 15

Ser Lys Leu Ala Asp Val Pro Ile Glu Leu Leu Ser His Ile Asp Ile
20 25 30
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Phe Ile Ile

35

Phe Val Ser Leu Thr Thr

40

Pro Asp

45
Val

Ala Ile

55

Thr Ala Gln

60

Ser Ser Ser

50

Lys Trp Gly Asp

Glu
65

Gln Ala Phe

70

Thr Glu Val Ser Pro Ser

75

Asp Gly Gly

Ser Ala Gly Val Lys Leu Val Glu Val His Ala Glu

85

Gly

Ile Phe Glu

100

Thr Val

105

Gly Asp Asp Met Ala Asn Lys Ala

Met Ile Val Ile Glu

125

Leu
120

Asn Pro

115

Ser Arg Gly Cys Gly

Val Ile Ala Val

135

Glu Glu Val

140

Gly Asp His Gln

130

Cys Arg

Val
145

Met Ala Val Ala Glu Ala Glu Val

155

Pro Ile Leu

150

Asn

Val Ala Ile

165

Ala Gln Pro Ala Glu

170

Pro Trp Gly Ser Gly

Val Val

180
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1. A genetically modified saprotroph comprising 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 man-
nitol 1-phosphate 5-dehydrogenase.

2. The genetically modified saprotroph according to claim
1, wherein the saprotroph is a filamentous fungus selected
from the genera Hypocrea, Gibberella, Aspergillus and
Penicillium.

3. The genetically modified saprotroph according to claim
1, wherein the saprotroph is Hypocrea jecorina (Iricho-
derma reesei).

4. The genetically modified saprotroph according to claim
1, wherein the at least one gene encoding at least one
membrane-bound alditol transporter is fpsl.

5. The genetically modified saprotroph according to claim
1, wherein the at least one gene encoding at least one
erythrose reductase is errl.

6. The genetically modified saprotroph according to claim
1, wherein the at least one inactivated gene encoding man-
nitol 1-phosphate 5-dehydrogenase is mpdh.

7. The genetically modified saprotroph according to claim
1, wherein the saprotroph further comprises at least one gene
encoding at least one transketolase, in particular tkl1.

8. The genetically modified saprotroph according to claim
1, wherein the saprotroph further comprises at least one gene
encoding at least one transaldolase, in particular tall.

9. The genetically modified saprotroph according to claim
1, wherein the saprotroph further comprises at least one
inactivated gene encoding phospho-2-dehydro-3-deoxyhep-
tonate aldolase 1 (Dhaps-1).

10. The genetically modified saprotroph according to
claim 1, wherein 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 and/or the at least
one gene encoding at least one transaldolase is overex-
pressed.

11. A method for the production of erythritol, comprising
the steps:

a) providing at least one genetically modified saprotroph

according to claim 1,

b) culturing the at least one genetically modified sapro-
troph provided in step a) in the presence a culture
medium, so as to obtain erythritol in the culture
medium,

¢) recovering erythritol from the culture medium.

12. The method according to claim 11, wherein the culture
medium comprises lignocellulosic biomass, in particular
straw, and/or at least one residue of dairy product produc-
tion, in particular whey.

13. The method according to claim 11, wherein the culture
medium comprises nitrate as a nitrogen source.

14. The method according to claim 11, wherein the culture
medium comprises glycerol.
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15. The method according to claim 11, wherein step b) is
conducted until a concentration of erythritol in the culture
medium of at least 1 g/L, preferably at least 1.5 g/L,
preferably at least 2 g/I., preferably at least 2.5 g/I, pref-
erably at least 3 g/L, is reached.

16. The method according to claim 11, wherein in step b)
at least one substrate that causes osmotic stress is added to
the culture medium after 14 hours of cultivation.

17. The method according to claim 16, wherein the
substrate that causes osmotic stress is glycerol and/or
sodium chloride.

18. Use of a genetically modified saprotroph according to
claim 11 for the production of erythritol.
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