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DESCRIPTION

Field of the invention

[0001] The present invention relates to a method for producing a compound of interest in a filamentous fungal cell, wherein the
nucleotide sequence encoding the compound of interest and/or control nucleotide sequences operatively associated thereto
have been modified to get improved expression of the nucleotide sequence encoding the compound of interest and/or improved
production of the compound of interest.

Background of the invention

[0002] The present invention relates to improved methods for producing a compound of interest. Numerous approaches have
been applied to date in generating strains for protein over-expression and/or production. This includes, but is not limited to,
making strains with multi-copies of the gene encoding the compound of interest and applying strong promoter sequences.

[0003] Each specific amino acid is encoded by a minimum of one codon and a maximum of six codons. Prior research has shown
that codon usage in genes encoding the cell's polypeptides is biased among species (Kanaya, S, Y. Yamada, Y. Kudo and T.
lkemura (1999) Studies of codon usage and tRNA genes at 18 unicellular organisms and quantification of Bacillus subtilis tRNAs:
gene expression level and species-specific diversity of codon usage based on multivariate analysis. Gene 238:143-155). Prior
publications disclose optimization of codon use in a given host cell to improve polypeptide production (as example see WO
97/11086). More specifically, WO 03/70957 describes optimized codon use in filamentous fungi for producing plant polypeptides.
EP1231272 describes codon optimization of bovine chymosin encoding nucleotide sequence for expression in a filamentous
fungal host cell. In all these cases of 'classic' codon optimization, a native codon has been substituted by the most frequent codon
from a reference set of genes, whereas the rate of codon translation for each amino acid is designed to be high (optimized).
However, this 'classic' codon optimization neglects the other codons for which tRNAs are still available.

[0004] Recently, in WO 03/85114 a harmonization of codon use was described which takes into effect the distribution of optimal
and non-optimal codons in genes, assuming that these effect protein folding. Using this method of harmonization of codon use for
a gene resdults in the substitution of good (bad) codons in the donor organism by good (bad) ones in the host organism. However,
this method of codon harmonization (WO 03/085114) neglects non-optimal codons since they are not replaced by more optimal
ones. Additionally, the method cannot be applied to homologous genes.

[0005] Another publication describes an additional way to improve polypeptide production in a host cell by using an improved
consensus translational initiator sequence (US 6,461,837 B1); the consensus sequence 5'-nyCnnhCACC(ATG)-3' is claimed.

[0006] There is still a need for improved methods for producing a polypeptide in a filamentous fungal cell.

Description of the Figures

[0007]

Figure 1 depicts a plasmid map of expression vector pGBFIN-30. Indicated are the glaA flanking regions relative to the glaA
promoter with the unique Sfil and EcoRI cloning sites in the glucoamylase promoter followed by the Hindlll and Nrul cloning sites.
The pGBFIN-30 vector is originating from pGBFIN-23 (which construction is described in W099/32617), with the Ascl - Xho! sites
replaced by a single Nrul restriction site. The E. coli DNA can be removed by digestion with restriction enzyme Noftl, prior to
transformation of the A. nigerstrains.

Figure 2 depicts a plasmid map of expression vector pGBFINPLA-1a. Figure 2 also provides a representative map for plasmid
pGBFIiNPLA-1b and pGBFINPLA-1c. Indicated are the glaA flanking regions relative to the glaA promoter and the A. oryzae
genomic plal gene encoding phospholipase A1. The E. coli DNA can be removed by digestion with restriction enzyme Notl, prior
to transformation of the A. niger strains..

Figure 3 depicts a plasmid map of expression vectors pGBFINPLA-1d through pGBFINPLA1h. Indicated are the glaA flanking
regions relative to the variant sequences of the glaA promoter and the A. oryzae genomic p/al gene encoding phospholipase A1.
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The E. coli DNA can be removed by digestion with restriction enzyme Nofl, prior to transformation of the A. niger strains.

Figure 4 depicts a plasmid map of expression vector pGBFINFUA-1. Figure 4 also provides a representative map for plasmid
pGBFINFUA-2 and pGBFINFUA-3. All clones originate from the pGBFIN-12 (described in WO99/32617) expression vector.
Indicated are the glaA flanking regions relative to the variant sequences of the amyA promoter and the A. niger amyA cDNA
sequence encoding alpha-amylase. The E. coli DNA can be removed by digestion with restriction enzyme Nofl, prior to
transformation of the A. niger strains.

Figure 5 depicts a schematic representation of integration through single homologous recombination. The expression vector
comprises the selectable amdS marker, and the glaA promoter connected to the p/a1l gene. These features are flanked by
homologous regions of the glaA locus (3' glaA and 3" glaA, respectively) to direct integration at the genomic g/aA locus.

Figure 6 depicts an alignment of the native p/a1 coding sequence, the native pla1l genomic sequence and a synthetic optimized
pla1 coding sequence. The introns in the genomic sequence are indicated in the p/a1l genomic sequence. The codons, which
have been changed in the modified p/a1 coding sequence, are indicated with boxes. The nucleotides, which have been modified,
are indicated in gray.

Figure 7 depicts phospholipase A1 activity in culture broth for A. niger strains expressing eight different constructs (pGBFINPLA-
1a-h). Depicted is the average phospholipase A1 activity in culture broth of A. niger strains expressing a native (pGBFINPLA-1a)
or modified p/al1 constructs (pGBFINPLA-1b-h), wherein the translation initiation sequence and/or the translation termination
sequence and/or the codon usage have been modified according the method of the invention. Phospholipase activities are
depicted in arbitrary units [AU] and are the average of at least five independently isolated and cultivated transformants, named as
indicated (Table 6), measured after the cultivation time as indicated.

Figure 8 depicts Phospholipase A1 activity in culture broth for A. niger strains expressing three different constructs. Depicted is
the phospholipase A1 activity in culture broth of three A. niger strains expressing a native (pGBFINPLA-1a) or modified p/a1
construct, wherein the translation initiation sequence and the translation termination sequence (pGBFINPLA-1b) and the
translation initiation sequence, the translation termination sequence and the codon usage (pGBFINPLA-1e) were modified
according a method of the invention. Phospholipase activities are depicted in arbitrary units [AU] for 2-copy pla1 transformants,
named as indicated (Table 6), and measured after the cultivation time indicated.

Figure 9 depicts Alpha-amylase activity in culture broth for A. niger strains expressing three different constructs. Depicted is the
alpha-amylase activity in culture broth of A. niger strains expressing a native (pGBFINFUA-1) or modified amyA construct, wherein
the translation initiation sequence and the translation termination sequence were modified (pGBFINFUA-2) and the translation
initiation sequence, the translation termination sequence and the codon usage were modified (pGBFINFUA-3) according a
method of the invention. Alpha-amylase activities are depicted in relative units [AU], with the average of the 7 one-copy strains of
the FUA1 group of 10 strains at day 4 set at 100%. The ten transformants per group indicated are independently isolated and
cultivated transformants, named as indicated in Table 9, and measured the the cultivation time as indicated.

Detailed description of the invention

[0008] A new approach to improve production of a compound of interest in a filamentous fungal cell is proposed based on
modification of the protein encoding or coding sequence and optionally the associated 'non-coding' or control sequences that
might have impact on translation efficiency and/or efficiency of production of the compound of interest.

[0009] The invention provides a method for producing a nucleotide sequence comprising the steps of:

¢ providing a synonymous nucleotide coding sequence with optimized codon frequency such that a native codon has been
exchanged with a synonymous codon, said synonymous codon encoding the same amino acid as the native codon and
having a higher frequency in codon usage as defined in Table 1 than the native codon, wherein the optimized codon
frequency is such that at least 10%, 15%, 20%, 25%, 50%, 75%, 80%, 85%, 90%, and most preferably at least 95% of the
native codons have been exchanged with a synonymous codon, the synonymous codon changing the codon frequency
such that the value of the absolute difference between the percentage for said synonymous codon in said frequency and
the listed optimal percentage becomes smaller after modification, applying the following list of optimal percentages: cysteine
by TGC (100%); phenylalanine by TTC (100%); histidine by CAC (100%); lysine by AAG (100%); asparagine by AAC
(100%); glutamine by CAG (100%); tyrosine by TAC (100%); alanine is encoded by GCT (38%), GCC (51%), or GCG
(11%); aspartate by GAC (64%); glutamate by GAG (74%); glycine by GGT (49%), GGC (35%), GGA (16%); isoleucine by
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ATT (27%), ATC (73%); leucine by TTG (13%), CTT (17%), CTC (38%), CTG (32%); proline by CCT (36%), CCC (64%);
arginine by CGT (49%), CGC (51%); serine by TCT (21%), TCC (44%), TCG (14%), AGC (21%); threonine by ACT (30%),
ACC (70%) and/or valine by GTT (27%), GTC (54%), GTG (19%), wherein the codon fitness of the synonymous nucleotide
coding sequence with optimized codon frequency has a fitness value that is at least 70%, 80%, 90%, 95%, preferably 96%,
97%, 98%, and most preferable >98%, where the codon fitness is the calculated by means of the following function:

1#]
fit,(2)=100- ﬁ S k) 2 ek 100
8| =

where g symbolizes a nucleotide coding sequences |g] its length, c(k) its k-th codon,
L (ek))
is a desired ratio of codon c(k) and
r (c(k))
an actual ratio in the nucleotide coding sequence g,
and optionally
e operably linking said synonymous nucleotide coding sequence to a control sequence such as:
o one translational termination sequence orientated in 5' towards 3' direction selected from the following list of
sequences: TAAG, TAGA and TAAA, preferably TAAA, and/or
¢ one translational initiator coding sequence orientated in 5' towards 3' direction selected from the following list of sequences:
GCTACCCCC; GCTACCTCC; GCTACCCTC; GCTACCTTC; GCTCCCCCC; GCTCCCTCC; GCTCCCCTC; GCTCCCTTC;
GCTGCCCCC; GCTGCCTCC; GCTGCCCTC; GCTGCCTTC; GCTTCCCCC; GCTTCCTCC; GCTTCCCTC; and
GCTTCCTTC, preferably GCT TCC TTC.

Table 1: Optimal filamentous fungal codon frequency for synonymous codons in %

T .C. A. .G.
T. Phe O Ser 21 TyrO Cys 0 T
T. Phe 100 Ser44 Tyr 100 Cys 100 .C
T. LeuO Ser0 Stop 100 Stop 0 LA
T. Leu13 Ser 14 Stop 0 Trp 100 .G
C. Leu17 Pro 36 His 0 Arg 49 T
C. Leu38 Pro 64 His 100 Arg 51 .C
C. LeuO Pro 0 GIn0 Arg 0 AN
C. Leu 32 Pro 0 GIn100 Arg 0 .G
A. lle 27 Thr 30 Asn0 Ser0 T
A. lle 73 Thr70 Asn 100 Ser 21 .C
A. lle O ThrO LysO Arg 0 LA
A. Met 100 ThrO Lys 100 Arg0 .G
G.. Val 27 Ala 38 Asp 36 Gly 49 T
G.. Val 54 Ala 51 Asp 64 Gly 35 .C
G.. Val0 Ala 0 Glu 26 Gly 16 A
G.. Val 19 Ala 11 Glu74 Glyo .G

Nucleotide sequences

[0010] It is herewith disclosed a nucleotide sequence comprising:

¢ a synonymous nucleotide coding sequence with optimized codon frequency such that a native codon has been exchanged
with a synonymous codon, said synonymous codon encoding the same amino acid as the native codon and having a higher
frequency in codon usage as defined in Table 1 than the native codon; and optionally said nucleotide sequence comprising
control sequences such as:

e one translational termination sequence orientated in 5' towards 3' direction selected from the following list of sequences:
TAAG, TAGA and TAAA, preferably TAAA, and/or
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¢ one translational initiator coding sequence orientated in 5' towards 3' direction selected from the following list of sequences:
GCTACCCCC; GCTACCTCC; GCTACCCTC; GCTACCTTC; GCTCCCCCC; GCTCCCTCC; GCTCCCCTC; GCTCCCTTC;
GCTGCCCCC; GCTGCCTCC; GCTGCCCTC; GCTGCCTTC; GCTTCCCCC; GCTTCCTCC; GCTTCCCTC; and
GCTTCCTTC, preferably GCT TCC TTC.

Table 1: Optimal filamentous fungal codon frequency for synonymous codons in %

T .C. A. .G.
T. Phe O Ser 21 TyrO Cys 0 T
T. Phe 100 Ser44 Tyr 100 Cys 100 .C
T. LeuO Ser0 Stop 100 Stop 0 LA
T. Leu13 Ser 14 Stop 0 Trp 100 .G
C. Leu17 Pro 36 His O Arg 49 T
C.. Leu38 Pro 64 His 100 Arg 51 .C
C. LeuO Pro 0 GIn0 Arg 0 AN
C. Leu 32 Pro 0 GIn100 Arg 0 .G
A. lle 27 Thr 30 AsnO Ser0 T
A. lle 73 Thr70 Asn 100 Ser 21 .C
A. lle O ThrO LysO Arg 0 LA
A. Met 100 ThrO Lys 100 Arg0 .G
G.. Val 27 Ala 38 Asp 36 Gly 49 T
G.. Val 54 Ala 51 Asp 64 Gly 35 .C
G.. Val Ala Glu Gly A

0 0 26 16
G.. Val 19 Ala 11 Glu74 Glyo .G

[0011] Preferably, said nucleotide sequence is a sequence wherein the optimized codon frequency of said synonymous
nucleotide coding sequence comprised in said nucleotide sequence is such that at least one native codon, preferably at least two
native codons, more preferably at least three native codons, more preferably at least four native codons, more preferably at least
five native codons, more preferably at least 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 50%, 75%, 80%, 85%, 90%, and most
preferably at least 95% of the native codons have been exchanged with a synonymous codon, said synonymous codon encoding
the same amino acid as the native codon and having a higher frequency in codon usage as defined in Table 1 than the native
codon.

[0012] Said nucleotide sequence is a sequence wherein the optimized codon frequency of said synonymous nucleotide coding
sequence comprised in said nucleotide sequence is such that at least one native codon, preferably at least two native codons,
more preferably at least three native codons, more preferably at least four native codons, more preferably at least five native
codons, more preferably at least 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 50%, 75%, 80%, 85%, 90%, and most preferably at
least 95% of the native codons have been exchanged with a synonymous codon, the synonymous codon changing the codon
frequency such that the value of the absolute difference between the percentage for said synonymous codon in said frequency
and the listed optimal percentage becomes smaller after modification, applying the following list of optimal percentages: cysteine
by TGC (100%); phenylalanine by TTC (100%); histidine by CAC (100%); lysine by AAG (100%); asparagine by AAC (100%);
glutamine by CAG (100%); tyrosine by TAC (100%); alanine is encoded by GCT (38%), GCC (51%), or GCG (11%); aspartate by
GAC (64%); glutamate by GAG (74%); glycine by GGT (49%), GGC (35%), GGA (16%); isoleucine by ATT (27%), ATC (73%);
leucine by TTG (13%), CTT (17%), CTC (38%), CTG (32%); proline by CCT (36%), CCC (64%); arginine by CGT (49%), CGC
(51%); serine by TCT (21%), TCC (44%), TCG (14%), AGC (21%); threonine by ACT (30%), ACC (70%) and/or valine by GTT
(27%), GTC (54%), GTG (19%).

[0013] Said nucleotide sequence is a sequence wherein the codon fithess of said synonymous nucleotide coding sequence with
optimized codon frequency comprised in said nucleotide sequence has a fithess value that is at least 70%, 80%, 90%, 95%,
preferably 96%, 97%, 98%, and most preferable >98%, where the codon fitness is the calculated by means of the following
function:
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1]
fit.(g) =1oo-i-2
‘gl k=l
where g symbolizes a nucleotide coding sequence, |g] its length, c(k) its k-th codon,
7 e(h))
is a desired ratio of codon c¢(k) and
rA(e(k))

an actual ratio in the nucleotide coding sequence g.

£ (k) = ek 100

[0014] In the context of the invention, both nucleotide coding sequence and control sequence are herein named native or wild
type when one refers to these sequences before the method of the invention has been applied to. Once having been modified by
the invention, they would be named modified or synonymous sequences. Consequently, synonymous sequences would generally
be recognized as recombinant sequences. Incidentally, a sequence occurring in nature may be identical to the synonymous
sequence.

[0015] In the context of the invention, a nucleotide coding sequence and a synonymous nucleotide coding sequence may directly
encode a compound of interest to be produced. The term compound of interest is defined later in the section "Production of a
compound of interest". An example of a compound of interest that is directly encoded by a (synonymous) nucleotide coding
sequence is a polypeptide, preferably, the polypeptide is an enzyme, more preferably an enzyme that is secreted outside the cell.
Alternatively, the compound encoded by the (synonymous) nucleotide coding sequence may not be the compound of interest per
se, but may intfer alia be involved in the production of the compound of interest. In this case, the compound encoded by the
(synonymous) nucleotide coding sequence can be, but is not limited to, an intracellular enzyme involved in the production of a
metabolite, a transporter, a transcription factor, a structural protein, a chaperone or the product of a housekeeping gene.

[0016] In the context of the invention the term "codon" generally refers to a nucleotide triplet, which codes for an amino acid. As
used herein "synonymous codon" refers to a codon which does not have the identical nucleotide sequence, but which encodes
the identical amino acid (AA). The term "codon frequency", "codon bias", or "codon usage" is defined as the frequency at which
the different corresponding codons are used in a coding sequence. Codon usage is based on the fact that several codons in a
coding sequence encode the same amino acid, but that the frequency of the different codons encoding said amino acid may vary

between various coding sequences.

[0017] A nucleotide coding sequence (encoding a polypeptide) that is homologous or heterologous to the host cell used for
production may originate for example from a virus, a prokaryote, a fungus, a filamentous fungus, other eukaryotes and higher
eukaryotes, like mammals, human and plants. This (native) nucleotide coding sequence is modified according to the optimal
codon frequency as described in Table 1 (and further disclosed in paragraph "Calculation of "optimized codon frequency" or
"optimized codon usage" using Table 1"), generating a synonymous nucleotide sequence. The native, coding sequence may be
selected from the group of:

¢ a wild-type nucleotide sequence coding for a predetermined amino acid sequence,

¢ a back-translation of a natural occurring amino acid sequence using random choice for the codons,

e a non-naturally occurring amino acid sequence, displaying homology to a known amino acid sequence, e.g. a shuffled
sequence,

¢ part of the sequences mentioned her above, e.g. to be used in fusion sequences.

[0018] The synonymous nucleotide coding sequence with optimized codon usage, is preferably expressed in an Asperqgillus,
Trichoderma, Fusarium, Chrysosporum or Penicillium host cell. More preferably the synonymous nucleotide coding sequence is
expressed in an Aspergillus niger, Aspergillus oryzae, Aspergillus sojae, Aspergillus terreus, Trichoderma reesei, Chrysosporum
lucknowense or Penicillium chrysogenum host cell. A most preferred Aspergillus niger host cell is CBS513.88 or derivatives
thereof. Preferably, the expression of the product encoded by the synonymous coding sequence present is enhanced as
compared to the production of the corresponding native coding sequence, said corresponding nucleic acid construct being
present in the same copy number in a corresponding filamentous fungal host cell. Preferably, the modification of the nucleotide
coding sequence, (resulting in a synonymous nucleotide coding sequence of the invention) results in an increase of at least 1%,
5%, 10%, 25%, 50%, 100%, 200%, 300%, 400% more preferably at least 500% of the yield of the compound of interest produced
by the filamentous fungal host cell of the invention comprising a given copy number of the synonymous nucleotide coding
sequence, as compared to the production of the native nucleotide coding sequences being present in the same copy number in a
corresponding filamentous fungal host cell.



DK/EP 2410048 T3

[0019] The increase in yield of the compound of interest to be produced may be determined by measuring the amount of
compound produced by the filamentous fungal host cell of the invention and comparing it to the compound of interest produced
by the corresponding filamentous fungal host cell. Determining the yield of compound of interest produced may be performed by
measuring inter alia the amount of mRNA transcribed from the (synonymous) nucleotide coding sequence, the amount of
polypeptide encoded by the mRNA, or the amount of compound (e.g. metabolite) in which' production the polypeptide encoded by
the synonymous nucleotide coding sequence is involved with. Examples of methods known to the skilled person to determine the
amount of mRNA include, but are not limited to Northern blot, Quantitative PCR, Real Time PCR, and micro-array analyses. The
amount of polypeptide can infer alia be determined using protein measurement assays known to the skilled person. When the
polypeptide is an enzyme, the amount of polypeptide can be measured using an activity assay specific for the concerned enzyme.
The skilled person will know which assay to select for a specific enzyme. A preferred assay to determine the yield of the
compound of interest to be produced is an activity assay specific for the concerned enzyme.

[0020] Considering the optimal codon usage as defined in Table 1 and codon bias between the genes of an organism, a native
coding nucleotide sequence encoding a homologous polypeptide may also be considered subject to codon optimization and
provide a higher yield for the homologous polypeptide than would the expression of the native nucleotide sequence in the same
host.

[0021] In the context of this invention, a nucleotide coding sequence or coding sequence is defined as a nucleotide sequence
encoding a polypeptide. The boundaries of the nucleotide coding sequence are generally determined by the ATG start codon
located at the beginning of the open reading frame at the 5' end of the mRNA and a stop codon located just downstream of the
open reading frame at the 3' end of the mRNA. A nucleotide coding sequence can include, but is not limited to, DNA, cDNA, RNA,
and recombinant nucleic acid (DNA, cDNA, RNA) sequences. If the coding sequence is intended for expression in a eukaryotic
cell, a polyadenylation signal and transcription termination sequence will usually be located 3' to the coding sequence. A
nucleotide coding sequence comprises a translational initiator coding sequence, and optionally a signal sequence.

[0022] In order to attain expression of the nucleotide coding sequence, the nucleotide coding sequence is preferably combined
with a control sequence. In the context of the invention, a control sequence is defined as a nucleotide sequence necessary or
advantageous for expression of the nucleotide sequence encoding a polypeptide. When present together, the control sequence
is operatively associated to the nucleotide coding sequence. The term "control sequence" includes all genetic elements
necessary or advantageous for expression of a nucleotide coding sequence. Each control sequence may be native or foreign to
the nucleotide coding sequence. Control sequences include, but are not limited to, a leader sequence, a polyadenylation
sequence, a propeptide sequence, a promoter, a translational initiator sequence, a translational initiator coding sequence, a
translational transcription terminator and a transcription terminator sequence. The control sequences may be provided with
linkers, e.g., for the purpose of introducing specific restriction sites facilitating ligation of the control sequences with the coding
region of the nucleotide sequence encoding a polypeptide.

[0023] The term "operatively associated" is defined herein as a configuration in which a control sequence is appropriately placed
at a position relative to a (synonymous) nucleotide coding sequence such that the control sequence directs the expression of the
(synonymous) nucleotide coding sequence.

[0024] In the context of this invention, the term "translational initiator coding sequence" is defined as the nine nucleotides
immediately downstream of the initiator or start codon of the open reading frame of a DNA coding sequence. The initiator or start
codon encodes for the AA methionine. The initiator codon is typically ATG, but may also be any functional start codon such as
GTG. The term "consensus translational initiator coding sequence" is defined herein as the nine nucleotides immediately
downstream of the initiator codon of the open reading frame of a DNA coding sequence and having the following DNA sequence:
5'-GCTnCCyyC-3' (i.e. SEQ ID NO. 20), using ambiguity codes for nucleotides y (C/T) and n (A/C/G/T). This leads to 16 variants
for the translational initiator coding sequence: GCTACCCCC; GCTACCTCC; GCTACCCTC; GCTACCTTC; GCTCCCCCC;
GCTCCCTCC; GCTCCCCTC; GCTCCCTTC; GCTGCCCCC; GCTGCCTCC; GCTGCCCTC; GCTGCCTTC; GCTTCCCCC;
GCTTCCTCC; GCTTCCCTC; GCTTCCTTC. Preferably, the translational initiator coding sequence has the nucleic acid
sequence: 5'- GCT TCC TTC -3' (i.e. SEQ ID NO. 21).

[0025] Using a consensus translational initiator coding sequence, the following AA are allowed at the AA positions mentioned:
alanine at +2, alanine, serine, proline, or threonine at +3, and phenylalanine, serine, leucine or proline at +4 position in the
polypeptide that is encoded. In the present invention, the consensus translational initiator coding sequence may be foreign to the
nucleic acid sequence encoding the polypeptide to be produced. Alternatively, the consensus translational initiator may be native
to the fungal host cell.

[0026] In the context of this invention, the term "translational termination sequence” is defined as the four nucleotides starting
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from the translational stop codon at the 3' end of the open reading frame or nucleotide coding sequence and oriented in 5'
towards 3' direction. Preferably, the translational termination sequence is selected from the following list of sequences: 5'-TAAG-
3', 5'- TAGA-3' and 5'-TAAA-3'. More preferably, the translational termination sequence is: 5'-TAAA-3'.

[0027] The term "optimized codon frequency" or "optimized codon usage" as used herein refers to a native nucleotide coding
sequence, which has been modified wholly or partly to give a synonymous nucleotide coding sequence according to the codon
usage as described in Table 1 (and further disclosed in paragraph "Calculation of "optimized codon frequency" or "optimized
codon usage" using Table 1"). Optimizing codon frequency can be used to improve any coding sequence for any given
polypeptide to be produced in any filamentous fungal species as host cell. Preferably, the filamentous fungal host cell is an
Aspergillus, Trichoderma, Fusarium, Chrysosporum or Penicillium host cell. More preferably the filamentous fungal host cell is an
Aspergillus niger, Aspergillus oryzae, Aspergillus sojae, Aspergillus terreus, Trichoderma reesei, Chrysosporum lucknowense or
Penicillium chrysogenum host cell. A most preferred Aspergillus niger host cell is CBS513.88 or derivatives thereof. A more
exhaustive list of the preferred host cells is given under the section "Host cells".

[0028] When the amino acid sequence of a polypeptide sequence has been determined, a nucleotide sequence encoding the
polypeptide with optimized codon frequency for expression in the host cell or synonymous nucleotide coding sequence can be
synthesized in which one or more of the native codons have been exchanged with a synonymous codon encoding the same
amino acid, said synonymous codon having a higher frequency in the codon usage as defined in Table 1 (and further disclosed in
paragraph "Method for producing a nucleotide sequence; calculation of the optimized codon frequency" using Table 1 ").

[0029] A nucleotide sequence encoding a polypeptide or synonymous coding sequence is considered to have an optimized
codon frequency when at least one native codon, at least two native codons, at least three native codons, at least four native
codons, at least five native codons or at least 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 50%, 75%, 80%, 85%, 90%, or
preferably at least 95% of the native codons have been exchanged with a synonymous codon, the synonymous codon encoding
the same amino acid as the native codon and having a higher frequency in the codon usage as defined in Table 1 than the native
codon.

[0030] A nucleotide sequence encoding a polypeptide or synonymous coding sequence is considered to have an optimized
codon frequency when at least one native codon, at least two native codons, at least three native codons, at least four native
codons, at least five native codons or at least 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 50%, 75%, 80%, 85%, 90%, or
preferably at least 95% of the native codons have been exchanged with a synonymous codon, the synonymous codon changing
the codon frequency such that the value of the absolute difference between the percentage for said codon in said frequency and
listed optimal percentage becomes smaller after modification, applying the following list of optimal percentages: cysteine by TGC
(100%); phenylalanine by TTC (100%); histidine by CAC (100%); lysine by AAG (100%); asparagine by AAC (100%); glutamine
by CAG (100%); tyrosine by TAC (100%); alanine is encoded by GCT (38%), GCC (51%), or GCG (11%); aspartate by GAC
(64%); glutamate by GAG (74%); glycine by GGT (49%), GGC (35%), GGA (16%); isoleucine by ATT (27%), ATC (73%); leucine
by TTG (13%), CTT (17%), CTC (38%), CTG (32%); proline by CCT (36%), CCC (64%); arginine by CGT (49%), CGC (51%);
serine by TCT (21%), TCC (44%), TCG (14%), AGC (21%); threonine by ACT (30%), ACC (70%) and/or valine by GTT (27%),
GTC (54%), GTG (19%).

[0031] Codon fitness is defined to be the difference of the actual codon ratios in the gene and the target codon ratios,
normalized for the number of occurrences of every codon. Let

R (el

be the desired ratio (or frequency) of codon ck and

1 (k)

as before the actual ratio in the gene g, then the single codon fitness is defined as:

1 2|
fit,()=100- =
P2

L () - 7 (k) 100

[0032] Thus, codon fitness {fite(g)} can reach values between 0 and 100% with the optimal sequence being close to 100%.
Consequently, a synonymous nucleotide coding sequence is considered to have an optimized codon frequency when the codon
fitness value of the synonymous coding sequence is at least 70%, 80%, 90%, 95%, preferably 96%, 97%, 98%, and most
preferable >98%.

[0033] The nucleotide sequence disclosed herewith may be a synthetic nucleotide sequence. As used herein, the term
"synthetic" gene, DNA construct, nucleic acid, polynucleotide, primer, or the like means a nucleotide sequence that is not found in
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nature; in other words, not merely a heterologous sequence to a particular organism, but one which is heterologous in the sense
that it has been designed and/or created in a laboratory, and has been altered in some way that it does not have an identical
nucleotide (or possibly AA) sequence to the one of its naturally occurring source, template or homologue. A synthetic nucleic acid
or AA sequence as used herein can refer to a theoretical sequence or a tangibly, physically created embodiment. It is intended
that synthetic sequences disclosed herewith are included in any form, e.g. paper or computer readable and physically created
nucleic acid sequences, proteins, peptides, fused peptides or multi-peptides.

[0034] Alternative, a naturally occurring nucleotide sequence may display the features disclosed herewith. The use of such
sequence is considered to be encompassed within the disclosure.

[0035] The term "synthetic nucleotide construct" or "synthetic nucleic acid" can include nucleic acids derived or designed from
wholly artificial amino acid sequences or nucleic acid sequences with single or multiple nucleotide changes compared to the
naturally occurring sequence. These "synthetic DNA constructs" can be created by random or directed mutagenesis, DNA
shuffling methods, DNA reassembly methods, gene synthesis, or by any means known to one skilled in the art (see for example
Young and Dong, (2004), Nucleic Acids Research 32, (7) electronic access http://nar.oupjournals.org/cgi/reprint/32/7/e59 or
Gupta et al. (1968), Proc. Natl. Acad. Sci USA, 60: 1338-1344; Scarpulla et al. (1982), Anal. Biochem. 121: 356-365; Stemmer et
al. (1995), Gene 164: 49-53).

[0036] Alternatively, a synthetic nucleotide sequence may be designed from an amino acid sequence (see example 2). Using this
reverse engineering method there is no need for a naturally occurring nucleotide sequence, which may not be available. A back-
translation may first be performed using random choice for the codons. Subsequently, the resulting nucleotide sequence can be
optimized for codon usage.

[0037] A synonymous nucleotide coding sequence with optimized codon frequency disclosed herewith is preferably a reverse
engineered nucleotide coding sequence, wherein the optimized codon frequency is such that at least one codon, at least two
codons, at least three codons, at least four codons, at least five codons or at least 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%,
50%, 75%, 80%, 85%, 90%, or preferably at least 95% of the codons have a higher frequency in the codon usage as defined in
Table 1 than the codon usage that is predicted by the arithmetic average (i.e., 100% in case of 1 codon, 50% in case of two
codons, 33.3% in case of 3 codons, 25% in case of 4 codons, and 16.7% in case of 6 codons).

[0038] Said synonymous nucleotide coding sequence with optimized codon frequency disclosed herewith is more preferably a
reverse engineered nucleotide coding sequence wherein the codon fitness of the nucleotide coding sequence has a fitness value
that is at least 70%, 80%, 90%, 95%, preferably 96%, 97%, 98%, and most preferable >98%, where the codon fitness is the
calculated by means of the following function:

1]
Jit (g)=100 —é D[ ) - £ etk 100

k=1
where g symbolizes a nucleotide coding sequence, |g] its length, c(k) its k-th codon,
2 k)
is a desired ratio of codon c(k) and
r(e(k)

a calculated ratio in the nucleotide coding sequence g.

[0039] In addition to the control sequences that may be present in the nucleotide sequence disclosed herewith, the nucleotide
coding sequence may comprise a signal sequence, or signal peptide-coding region.

[0040] A signal sequence codes for an amino acid sequence linked to the amino terminus of the polypeptide, which can direct
the expressed polypeptide into the cell's secretory pathway. The 5'-end of the coding sequence of the nucleotide sequence may
inherently contain a signal peptide-coding region naturally linked in translation reading frame with the segment of the coding
region that encodes the secreted polypeptide of interest. In that case, the translational initiator coding sequence is part of the
signal sequence. Alternatively, the 5'-end of the coding sequence may contain a signal peptide-coding region, which is foreign to
that portion of the coding sequence that encodes the secreted protein. A foreign signal peptide-coding region may be required
where the coding sequence does not normally contain a signal peptide-coding region. Alternatively, a foreign signal peptide-
coding region may simply replace the natural signal peptide-coding region in order to obtain enhanced secretion of the protein (s)
relative to the natural signal peptide-coding region normally associated with the coding sequence. The signal peptide-coding
region may be obtained from a glucoamylase or an amylase gene from an Aspergillus species, a lipase or proteinase gene from a
Rhizomucor species, the gene for the alpha-factor from Saccharomyces cerevisiae, an amylase or a protease gene from a
Bacillus species, or the calf preprochymosin gene. However, any signal peptide-coding region capable of directing the expressed
protein into the secretory pathway of a host cell of choice may be used in the present invention. Preferred signal peptide coding
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regions for filamentous fungus host cells are the signal peptide coding region obtained from Aspergillus oryzae TAKA amylase
gene (EP 238 023), Aspergiflus niger neutral amylase gene, Aspergillus niger glucoamylase, the Rhizomucor miehei aspartic
proteinase gene, the Humicola lanuginosa cellulase gene, Humicola insolens cellulase, Humicola insolens cutinase, the Candida
antactica lipase B gene or the Rhizomucor miehei lipase gene and mutant, truncated, and hybrid signal sequence thereof.

[0041] The synonymous nucleotide coding sequence with optimized coding frequency disclosed herewith preferably comprises a
signal sequence. The signal sequence disclosed herewith is more preferably a signal sequence with an optimized codon
frequency where at least one native codon, or at least 1%, 5%, 10%, 25%, 50%, 75%, 80%, 85%, 90%, or preferably at least 95%
of the native codons have been exchanged with a synonymous codon, said synonymous codon encoding the same amino acid as
the native codon and having a higher frequency in codon usage than the native codon as defined in Table 1 and further
disclosed in paragraph "Calculation of "optimized codon frequency" or "optimized codon usage" using Table 1". The signal
sequence disclosed herewith more preferably comprises a translational initiator coding sequence having the following consensus
DNA sequence: 5'-GCTnCCyyC-3' (i.e. SEQ ID NO. 20) or even more preferably a translational initiator coding sequence with the
nucleic acid sequence: 5'- GCT TCC TTC -3' (i.e. SEQ ID NO. 21).

[0042] The nucleotide coding sequence may, before a modification of the invention is applied, contain one or more introns that
contain nucleotides that are not encoding amino acids in the protein sequence. One of the steps in optimizing the expression of
the coding sequence might be to use the synonymous coding sequence without introns. In example 2, the introns present in the
native nucleotide sequence were not replaced in the modified constructs.

[0043] Alternatively, in a nucleotide sequence comprising a synonymous nucleotide coding sequence disclosed herewith wherein
the unmodified nucleotide coding sequence originally comprised one or more introns, preferably at least one intron has been re-
introduced in the nucleotide coding sequence, preferably, but not necessarily, at the original position. In example 1, the introns
that are part of the A. oryzae pla1 DNA sequence were replaced in the codon-optimized (synonymous) DNA sequence, which was
used for expression.

Translational initiator sequences

[0044] The disclosure also relates to translational initiator sequences. A translational initiator sequence is the nucleic acid region
encoding a protein start and the biological activity of a translational initiator sequence is to initiate the ribosome-mediated
production of a polypeptide whose amino acid sequence is specified by the nucleotide sequence in an mRNA. In eukaryotes, the
translational initiator consensus sequence (6-12 nucleotides) before the ATG is often called Kozak consensus sequence due to
the initial work on this topic (Kozak, M. (1987): an analysis of 5'-noncoding sequences from 699 vertebrate messenger RNAs.
Nucl. Acid Res. 15(20): 8125-47). The original Kozak consensus sequence CCCGCCGCCrCC(ATG)G, including a +4 nucleotide
derived by Kozak is associated with the initiation of translation in higher eukaryotes. In the context of this invention, the term
"translational initiator sequence" is defined as the ten nucleotides immediately upstream of the initiator or start codon of the open
reading frame of a DNA sequence coding for a polypeptide. The initiator or start codon encodes for the AA methionine. The
initiator codon is typically ATG, but may also be any functional start codon such as GTG. It is well known in the art that uracil, U,
replaces the deoxynucleotide thymine, T, in RNA.

[0045] The biological activity of a transcriptional initiator sequence can be determined in a quantitative way by measuring the
amount of transcribed gene-product of the open reading frame immediately downstream of the transcriptional initiator sequence
and comparing this amount to the amount measured from the same open reading frame controlled by a reference transcriptional
initiator sequence. The amount of gene product may be determined by measuring either the amount of mRNA or the amount of
polypeptide encoded by the mRNA. Examples of methods known to the skilled person to determine the amount of mRNA include,
but are not limited to Northern blot, Quantitative PCR, Real Time PCR, and micro-array analyses. The amount of polypeptide
encoded by the open reading frame immediately downstream of the transcriptional initiator sequence can inter alia be determined
using protein measurement assays known to the skilled person. When the polypeptide encoded by the open reading frame
immediately downstream of the transcriptional initiator sequence is an enzyme, the amount of polypeptide can be measured using
an activity assay specific for the concerned enzyme. The skilled person will know which assay to select for a specific enzyme. A
preferred assay to determine the biological activity of the transcriptional initiator sequence is an activity assay specific for a
concerned enzyme.

[0046] A nucleotide sequence as described herewith, preferably comprises a translational initiator sequence, said translational
initiator sequence comprises the nucleic acid sequence as defined by the consensus translational initiator sequence: 5'-
mwChkyCAmv-3' (i.e. SEQ ID NO. 16), using ambiguity codes for nucleotides: m (A/C); r (A/G); w (A/T); s (C/G); y (C/T); k (GIT); v
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(A/C/G); h (A/ICIT); d (NGIT); b (C/GIT); n (AC/G/T). More preferably, the consensus translational initiator sequence is one
selected from the following list: 5'-mwChkyCAAA-3' (i.e. SEQ ID NO. 17); 5-mwChkyCACA-3' (i.e. SEQ ID NO. 18) or 5'-
mwChkyCAAG-3' (i.e. SEQ ID NO. 19). These more preferred sequences correspond to any one of the following sequences:
AACAGCCAAA; AACAGTCAAA; AACATCCAAA; AACATTCAAA; AACCGCCAAA; AACCGTCAAA; AACCTCCAAA; AACCTTCAAA,

AACTGCCAAA; AACTGTCAAA; AACTTCCAAA; AACTTTCAAA; ATCAGCCAAA; ATCAGTCAAA; ATCATCCAAA; ATCATTCAAA,
ATCCGCCAAA; ATCCGTCAAA; ATCCTCCAAA; ATCCTTCAAA; ATCTGCCAAA; ATCTGTCAAA; ATCTTCCAAA; ATCTTTCAAA,

CACAGCCAAA; CACAGTCAAA; CACATCCAAA; CACATTCAAA; CACCGCCAAA; CACCGTCAAA; CACCTCCAAA,
CACCTTCAAA; CACTGCCAAA; CACTGTCAAA; CACTTCCAAA; CACTTTCAAA; CTCAGCCAAA; CTCAGTCAAA;
CTCATCCAAA; CTCATTCAAA; CTCCGCCAAA; CTCCGTCAAA, CTCCTCCAAA; CTCCTTCAAA; CTCTGCCAAA;
CTCTGTCAAA; CTCTTCCAAA; CTCTTTCAAA; AACAGCCACA; AACAGTCACA;, AACATCCACA; AACATTCACA;
AACCGCCACA; AACCGTCACA; AACCTCCACA; AACCTTCACA; AACTGCCACA; AACTGTCACA; AACTTCCACA;
AACTTTCACA; ATCAGCCACA; ATCAGTCACA; ATCATCCACA; ATCATTCACA; ATCCGCCACA; ATCCGTCACA;
ATCCTCCACA; ATCCTTCACA; ATCTGCCACA; ATCTGTCACA; ATCTTCCACA; ATCTTTCACA;, CACAGCCACA;
CACAGTCACA; CACATCCACA; CACATTCACA; CACCGCCACA; CACCGTCACA;, CACCTCCACA; CACCTTCACA,
CACTGCCACA; CACTGTCACA; CACTTCCACA;, CACTTTCACA; CTCAGCCACA, CTCAGTCACA; CTCATCCACA,
CTCATTCACA; CTCCGCCACA; CTCCGTCACA; CTCCTCCACA; CTCCTTCACA, CTCTGCCACA; CTCTGTCACA,
CTCTTCCACA; CTCTTTCACA; AACAGCCAAG; AACAGTCAAG; AACATCCAAG; AACATTCAAG; AACCGCCAAG;
AACCGTCAAG; AACCTCCAAG; AACCTTCAAG; AACTGCCAAG; AACTGTCAAG; AACTTCCAAG; AACTTTCAAG;
ATCAGCCAAG; ATCAGTCAAG; ATCATCCAAG; ATCATTCAAG; ATCCGCCAAG; ATCCGTCAAG; ATCCTCCAAG;
ATCCTTCAAG; ATCTGCCAAG; ATCTGTCAAG; ATCTTCCAAG; ATCTTTCAAG, CACAGCCAAG; CACAGTCAAG;
CACATCCAAG; CACATTCAAG; CACCGCCAAG; CACCGTCAAG; CACCTCCAAG; CACCTTCAAG; CACTGCCAAG;
CACTGTCAAG; CACTTCCAAG; CACTTTCAAG; CTCAGCCAAG; CTCAGTCAAG; CTCATCCAAG; CTCATTCAAG;
CTCCGCCAAG; CTCCGTCAAG; CTCCTCCAAG; CTCCTTCAAG; CTCTGCCAAG; CTCTGTCAAG; CTCTTCCAAG or
CTCTTTCAAG.

[0047] According to a more preferred embodiment, the translational initiatior sequence is 5'-CACCGTCAAA-3' (i.e. SEQ ID NO.
22) or 5'-CGCAGTCAAG-3' (i.e. SEQ ID NO. 23).

[0048] The present disclosure further encompasses isolated translational initiator sequences, variants and subsequences
thereof still having the same biological activity as the isolated translational initiator sequence.

[0049] The consensus translational initiator sequence disclosed herewith is preferably comprised in a nucleotide sequence as
disclosed herewith. Alternatively, the consensus translational initiator sequence may be comprised in any nucleotide sequence
comprising a nucleotide coding sequence encoding a compound of interest. The nucleotide coding sequence may be any coding
sequence. Preferably, the nucleotide coding sequence is a synonymous coding sequence as defined previously.

[0050] Furthermore, and according to another aspect of the disclosure, there is provided a nucleic acid construct or expression
vector as defined in the section "Nucleic acid constructs”, said nucleic acid construct or expression vector comprising the
consensus translational initiator sequence disclosed herewith.

[0051] The consensus translational initiator sequence disclosed herewith can be used in any filamentous fungal cell for
expressing any nucleic acid sequence encoding any compound to be produced in said cell. Filamentous fungal cells are defined
in the section "Host cells".

[0052] In the present invention, the consensus translational initiator sequence is preferably foreign to the nucleic acid sequence
encoding the polypeptide to be produced, but the consensus translational initiator sequence may be native to the fungal host cell.

[0053] The skilled person will understand that the disclosure relates to several distinct embodiments, which can be used
separately or in combination:

e a synonymous nucleotide coding sequence by using optimal codon frequency and/or modification of control sequences
such as:

¢ a translational termination sequence orientated in 5' towards 3' direction selected from the list of sequences: TAAG, TAGA
and TAAA, preferably TAAA, and/or

e a translational initiator coding sequence orientated in 5' towards 3' direction selected from the list of sequences:
GCTACCCCC; GCTACCTCC; GCTACCCTC; GCTACCTTC; GCTCCCCCC; GCTCCCTCC; GCTCCCCTC; GCTCCCTTC;
GCTGCCCCC; GCTGCCTCC; GCTGCCCTC; GCTGCCTTC; GCTTCCCCC; GCTTCCTCC; GCTTCCCTC; and
GCTTCCTTC, preferably GCT TCC TTC, and/or

10
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¢ a franslational initiator sequence, said translational initiator sequence comprising the nucleic acid sequence as defined by
the consensus translational initiator sequence: 5-mwChkyCAmv-3', using ambiguity codes for nucleotides: m (A/C); r (A/G);
w (A/T); s (C/G); y (CIT); k (GIT); v (AIC/G); h (NWCIT); d (ANGIT); b (C/G/T); n (AIC/GIT), preferably the translational
initiator sequence is one selected from the following list: 5'-mwChkyCAAA-3', 5'-mwChkyCACA-3', and 5'-mwChkyCAAG-3',
more preferably, the translational initiator sequence is 5'-CACCGTCAAA-3' or 5'-CGCAGTCAAG-3".

[0054] The skilled person will understand that the disclosure relates to several distinct embodiments, which can be used
separately or in various distinct combinations, several of these combinations are disclosed below.

[0055] Preferably, the nucleotide sequence disclosed herewith comprises a synonymous coding sequence, which has an
optimized codon frequency as disclosed herein.

[0056] The nucleotide sequence as disclosed herewith more preferably comprises a synonymous coding sequence, which has
an optimized codon frequency as disclosed herein, said synonymous coding sequence being associated with a control sequence
comprising one translational termination sequence orientated in 5' towards 3' direction selected from the following list: 5'-TAAG-3',
5'-TAGA-3' and 5'-TAAA-3'. More preferably, the nucleotide sequence comprises a synonymous coding sequence, which has an
optimized codon frequency as disclosed herein, said synonymous coding sequence being associated with a control sequence
comprising the following translational termination sequence 5'-TAAA-3'.

[0057] The nucleotide sequence as disclosed herewith even more preferably comprises a synonymous coding sequence, which
has an optimized codon frequency as disclosed herein, said synonymous coding sequence being associated with a control
sequence comprising one translational initiator sequence selected from the following list: 5'-mwChkyCAAA-3', 5'-mwChkyCACA-3',
and 5-mwChkyCAAG-3' (the ambiguity codes of m, w have already been earlier disclosed). More preferably, the nucleotide
sequence comprises a synonymous coding sequence, which has an optimized codon frequency as disclosed herein, said
synonymous coding sequence being associated with a control sequence comprising one translational initiator sequence selected
from the following list: 5'-CACCGTCAAA-3' and 5'-CGCAGTCAAG-3'. Even more preferably, the nucleotide sequence comprises
a synonymous coding sequence, which has an optimized codon frequency according the invention as disclosed herein, said
synonymous coding sequence being associated with the following translational initiator sequence 5'-CGCAGTCAAG-3'. Most
preferably, the nucleotide sequence comprises a synonymous coding sequence, which has an optimized codon frequency
according the invention as disclosed herein, said synonymous coding sequence being associated with the following translational
initiator sequence 5'-CACCGTCAAA-3'.

[0058] The nucleotide sequence disclosed herewith even more preferably comprises a synonymous coding sequence, which has
an optimized codon frequency as disclosed herein; said synonymous coding sequence being associated with a control sequence
comprising one translational initiator sequence selected from the following list: 5'-mwChkyCAAA-3', 5'-mwChkyCACA-3', and 5'-
mwChkyCAAG-3' (the ambiguity codes of m, w have already been earlier disclosed) and/or one translational termination
sequence orientated in 5' towards 3' direction selected from the following list: 5'-TAAG-3', 5-TAGA-3' and 5'-TAAA-3'. More
preferably, the nucleotide sequence comprises a synonymous coding sequence, which has an optimized codon frequency as
disclosed herein; said synonymous coding sequence being associated with a control sequence comprising one translational
initiator sequence selected from the following list: 5'-mwChkyCAAA-3' and 5'-mwChkyCACA-3', and 5-mwChkyCAAG-3' (the
ambiguity codes of m, w have already been earlier disclosed) and/or the following translational termination sequence 5'-TAAA-3'.
Even more preferably, the nucleotide sequence comprises a synonymous coding sequence, which has an optimized codon
frequency as disclosed herein; said synonymous coding sequence being associated with a control sequence comprising one
translational initiator sequence selected from the following list: 5'-CACCGTCAAA-3' and 5-CGCAGTCAAG-3' and/or one
translational termination sequence orientated in 5' towards 3' direction selected from the following list: 5'-TAAG-3', 5'-TAGA-3'
and 5'-TAAA-3'. Yet even more preferably, the nucleotide sequence comprises a synonymous coding sequence, which has an
optimized codon frequency as disclosed herein; said synonymous coding sequence being

associated with a control sequence comprising one translational initiator sequence selected from the following list: 5'-
CACCGTCAAA-3' and 5-CGCAGTCAAG-3' and/or the following translational termination sequence 5'-TAAA-3'. Yet even more
preferably, the nucleotide sequence comprises a synonymous coding sequence, which has an optimized codon frequency as
disclosed herein; said synonymous coding sequence being associated with the following translational initiator sequence 5'-
CGCAGTCAAG-3' and/or the following translational termination sequence 5'-TAAA-3'. Most preferably, the nucleotide sequence
comprises a synonymous coding sequence, which has an optimized codon frequency as disclosed herein; said synonymous
coding sequence being associated with the following translational initiator sequence 5'-CACCGTCAAA-3' and/or the following
translational termination sequence 5'-TAAA-3'.

11
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[0059] The nucleotide sequence as disclosed herewith most preferably comprises a synonymous coding sequence, which has an
optimized codon frequency as disclosed herein and/or comprises the following translational initiator coding sequence 5'-
GCTTCCTTC-3'; said synonymous coding sequence being associated with a control sequence comprising one translational
initiator sequence selected from the following list: 5'-mwChkyCAAA-3', 5'-mwChkyCACA-3', and 5'-mwChkyCAAG-3' (the ambiguity
codes of m, w have already been earlier disclosed) and/or one translational termination sequence orientated in 5' towards 3'
direction selected from the following list: 5-TAAG-3', 5'-TAGA-3' and 5'-TAAA-3'. More preferably, the nucleotide sequence
comprises a synonymous coding sequence, which has an optimized codon frequency as disclosed herein and/or comprises the
following translational initiator coding sequence 5'-GCTTCCTTC-3'; said synonymous coding sequence being associated with a
control sequence comprising one translational initiator sequence selected from the following list: 5'-mwChkyCAAA-3' and 5'-
mwChkyCACA-3', and 5'-mwChkyCAAG-3' (the ambiguity codes of m, w have already been earlier disclosed) and/or the following
translational termination sequence 5'-TAAA-3'. Even more preferably, the nucleotide sequence comprises a synonymous coding
sequence, which has an optimized codon frequency as disclosed herein and/or comprises the following translational initiator
coding sequence 5'-GCTTCCTTC-3'; said synonymous coding sequence being associated with a control sequence comprising
one translational initiator sequence selected from the following list:

5'-CACCGTCAAA-3' and 5'-CGCAGTCAAG-3' and/or one translational termination sequence orientated in 5' towards 3' direction
selected from the following list: 5-TAAG-3', 5-TAGA-3' and 5'-TAAA-3'. Yet even more preferably, the nucleotide sequence
comprises a synonymous coding sequence, which has an optimized codon frequency as disclosed herein and/or comprises the
following translational initiator coding sequence 5-GCTTCCTTC-3'; said synonymous coding sequence being associated with a
control sequence comprising a translational initiator sequence selected from of the following list: 5'-CACCGTCAAA-3' and 5'-
CGCAGTCAAG-3' and/or the following translational termination sequence 5'-TAAA-3'.Yet even more preferably, the nucleotide
sequence comprises a synonymous coding sequence, which has an optimized codon frequency as disclosed herein and/or
comprises the following translational initiator coding sequence 5-GCTTCCTTC-3'; said synonymous coding sequence being
associated with the following translational initiator sequence 5'-CGCAGTCAAG-3' and/or the following translational termination
sequence 5'-TAAA-3'. Most preferably, the nucleotide sequence comprises a synonymous coding sequence, which has an
optimized codon frequency as disclosed herein and/or comprises the following translational initiator coding sequence 5'-
GCTTCCTTC-3'; said synonymous coding sequence being associated with the following translational initiator sequence 5'-
CACCGTCAAA-3' and/or the following translational termination sequence 5-TAAA-3'.

[0060] The nucleotide sequence as disclosed herewith alternatively and preferably comprises a coding sequence, said coding
sequence being associated with a control sequence comprising one translational initiator sequence selected from the following
list: 5-mwChkyCAAA-3', 5'-mwChkyCACA-3', and 5'-mwChkyCAAG-3' (the ambiguity codes of m, w have already been earlier
disclosed). More preferably, the nucleotide sequence comprises a coding sequence, said coding sequence being associated with
a control sequence comprising a translational initiator sequence selected from the following list: 5'-CACCGTCAAA-3' and 5'-
CGCAGTCAAG-3'. Even more preferably, the nucleotide sequence comprises a coding sequence, said coding sequence being
associated with a control sequence comprising the translational initiator sequence 5-CGCAGTCAAG-3'. Most preferably, the
nucleotide sequence comprises a coding sequence, said coding sequence being associated with a control sequence comprising
the translational initiator sequence 5'-CACCGTCAAA-3'.

[0061] The nucleotide sequence as disclosed herewith alternatively and more preferably comprises a coding sequence and/or
comprises the following translational initiator coding sequence 5-GCTTCCTTC-3', said coding sequence being associated with a
control sequence comprising one translational initiator sequence selected from the following list: 5'-mwChkyCAAA-3', 5'-
mwChkyCACA-3', and 5'-mwChkyCAAG-3' (the ambiguity codes of m, w have already been earlier disclosed). More preferably,
the nucleotide sequence comprises a coding sequence and/or comprises the following translational initiator coding sequence 5'-
GCTTCCTTC-3', said coding sequence being associated with a control sequence comprising one translational initiator sequence
selected from the following list: 5'-CACCGTCAAA-3' and 5'-CGCAGTCAAG-3'. Even more preferably, the nucleotide sequence
comprises a coding sequence and/or comprises the following translational initiator coding sequence 5-GCTTCCTTC-3', said
coding sequence being associated with a control sequence comprising the translational initiator sequence 5-CGCAGTCAAG-3'.
Most preferably, the nucleotide sequence comprises a coding sequence and/or comprises the following translational initiator
coding sequence 5'-GCTTCCTTC-3', said coding sequence being associated with a control sequence comprising the
translational initiator sequence 5'-CACCGTCAAA-3'".

[0062] The nucleotide sequence as disclosed herewith alternatively and more preferably comprises a coding sequence, said
coding sequence being associated with a control sequence comprising a translational initiator sequence selected from the
following list: 5'-mwChkyCAAA-3', 5'-mwChkyCACA-3', and 5-mwChkyCAAG-3' (the ambiguity codes of m, w have already been
earlier disclosed) and/or one translational termination sequence orientated in 5' towards 3' direction selected from the following
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list: 5'-TAAG-3', 5'-TAGA-3' and 5'-TAAA-3'. More preferably, the nucleotide sequence comprises a coding sequence, said coding
sequence being associated with a control sequence comprising a translational initiator sequence selected from the following list:
5'-mwChkyCAAA-3', 5'-mwChkyCACA-3', and 5'-mwChkyCAAG-3' (the ambiguity codes of m, w have already been earlier
disclosed) and/or the following translational termination sequence 5'-TAAA-3'. Even more preferably, the nucleotide sequence
comprises a coding sequence, said coding sequence being associated with a control sequence comprising a translational initiator
sequence selected from the following

list: 5'-CACCGTCAAA-3"' and 5-CGCAGTCAAG-3' and/or one translational termination sequence orientated in 5' towards 3'
direction selected from the following list: 5-TAAG-3', 5'-TAGA-3' and 5-TAAA-3'. Yet even more preferably, the nucleotide
sequence comprises a coding sequence, said coding sequence being associated with a control sequence comprising a
translational initiator sequence selected from the following list: 5'-CACCGTCAAA-3' and 5'-CGCAGTCAAG-3' and/or the following
translational termination sequence 5'-TAAA-3'. Yet even more preferably, the nucleotide sequence comprises a coding sequence,
said coding sequence being associated with a translational initiator sequence 5'-CGCAGTCAAG-3' and/or one translational
termination sequence orientated in 5' towards 3' direction selected from the following list: 5'-TAAG-3', 5'-TAGA-3' and 5'-TAAA-3'".
Yet even more preferably, the nucleotide sequence comprises a coding sequence, said coding sequence being associated with a
translational initiator sequence 5'-CGCAGTCAAG-3' and/or the following translational termination sequence 5'-TAAA-3'. Yet even
more preferably, the nucleotide sequence comprises a coding sequence, said coding sequence being associated with a
translational initiator sequence 5'- CACCGTCAAA -3' and/or one translational termination sequence orientated in 5' towards 3'
direction selected from the following list: 5'-TAAG-3', 5'-TAGA-3' and 5-TAAA-3'. Most preferably, the nucleotide sequence
comprises a coding sequence, said coding sequence being associated with a translational initiator sequence 5'- CACCGTCAAA -
3' and/or the following translational termination sequence 5'-TAAA-3".

[0063] The nucleotide sequence as disclosed herewith alternatively and most preferably comprises a coding sequence and/or
comprises the following translational initiator coding sequence 5-GCTTCCTTC-3', said coding sequence being associated with a
control sequence comprising one translational initiator sequence selected from the following list: 5-mwChkyCAAA-3', 5'-
mwChkyCACA-3', and 5-mwChkyCAAG-3' (the ambiguity codes of m, w have already been earlier disclosed) and/or one
translational termination sequence orientated in 5' towards 3' direction selected from the following list: 5'-TAAG-3', 5'-TAGA-3'
and 5'-TAAA-3'. More preferably, the nucleotide sequence comprises a coding sequence and/or comprises the following
translational initiator coding sequence 5-GCTTCCTTC-3', said coding sequence being associated with a control sequence
comprising one translational initiator sequence selected from the following list: 5'-mwChkyCAAA-3', 5'-mwChkyCACA-3', and 5'-
mwChkyCAAG-3' (the ambiguity codes of m, w have already been earlier disclosed) and/or the following translational termination
sequence 5'-TAAA-3'. Even more preferably, the nucleotide sequence comprises a coding sequence and/or comprises the
following translational initiator coding sequence 5'-GCTTCCTTC-3', said coding sequence being associated with a control
sequence comprising one translational initiator sequence selected from the following list: 5-CACCGTCAAA-3' and 5'-
CGCAGTCAAG-3' and/or one translational termination sequence orientated in 5' towards 3' direction selected from the following
list: 5'-TAAG-3', 5'-TAGA-3' and 5'-TAAA-3'. Yet even more preferably, the nucleotide sequence comprises a coding sequence
and/or comprises the following translational initiator coding sequence 5-GCTTCCTTC-3', said coding sequence being associated
with a control sequence comprising a translational initiator sequence selected from the following list: 5'-CACCGTCAAA-3' and 5'-
CGCAGTCAAG-3' and/or the following translational termination sequence 5'-TAAA-3'. Yet even more preferably, the nucleotide
sequence comprises a coding sequence and/or comprises the following translational initiator coding sequence 5'-GCTTCCTTC-
3', said coding sequence being associated with a translational initiator sequence 5-CGCAGTCAAG-3' and/or one translational
termination sequence orientated in 5' towards 3' direction selected from the following list: 5'-TAAG-3', 5'-TAGA-3' and 5'-TAAA-3".
Yet even more preferably, the nucleotide sequence comprises a coding sequence and/or comprises the following translational
initiator coding sequence 5-GCTTCCTTC-3', said coding sequence being associated with a translational initiator sequence 5'-
CGCAGTCAAG-3' and/or the following translational termination sequence 5'-TAAA-3'. Most preferably, the nucleotide sequence
comprises a coding sequence and/or comprises the following translational initiator coding sequence 5-GCTTCCTTC-3', said
coding sequence being associated with a translational initiator sequence 5'- CACCGTCAAA -3' and/or the following translational
termination sequence 5'-TAAA-3'.

[0064] The nucleotide sequence as disclosed herewith alternatively and preferably comprises a coding sequence, said coding
sequence being associated with a control sequence comprising one translational termination sequence orientated in 5' towards 3'
direction selected from the following list: 5'-TAAG-3', 5'-TAGA-3' and 5'-TAAA-3'. More preferably, the nucleotide sequence
comprises a coding sequence, said coding sequence being associated with the following translational termination sequence 5'-
TAAA-3'.

[0065] The nucleotide sequence as disclosed herewith alternatively and preferably comprises a coding sequence and/or
comprises the following translational initiator coding sequence 5-GCTTCCTTC-3', said coding sequence being associated with a
control sequence comprising one translational termination sequence orientated in 5' towards 3' direction selected from the
following list: 5'-TAAG-3', 5'-TAGA-3' and 5'-TAAA-3'. More preferably, the nucleotide sequence comprises a coding sequence

13



DK/EP 2410048 T3

and/or comprises the following translational initiator coding sequence 5'-GCTTCCTTC-3', said coding sequence being associated
with the following translational termination sequence 5-TAAA-3".

[0066] In addition to the control sequences defined herewith, other control sequences may be used. Such other control
sequence may be an appropriate promoter sequence, a nucleotide sequence, which is recognized by a host cell for expression of
the nucleic acid sequence. The promoter sequence contains transcriptional control sequences, which mediate the expression of
the polypeptide. The promoter may be any nucleic acid sequence, which shows transcriptional activity in the cell including mutant,
truncated, and hybrid promoters, and may be obtained from genes encoding extracellular or intracellular polypeptides either
homologous or heterologous to the cell.

[0067] The control sequence may also be a suitable transcription terminator sequence, a sequence recognized by a cell to
terminate transcription. The terminator sequence is operably linked to the 3' terminus of the nucleic acid sequence encoding the
polypeptide. Any terminator, which is functional in the cell, may be used in the present invention.

[0068] Preferred terminators for filamentous fungal cells are obtained from the genes encoding A. oryzae TAKA amylase, A.
niger glucoamylase (glaA), A. nidulans anthranilate synthase, A. nigeralpha-glucosidase, trpC gene and Fusarium oxysporum
trypsin-like protease.

[0069] The control sequence may also be a suitable leader sequence, a non-translated region of a mRNA which is important for
translation by the cell. The leader sequence is operably linked to the 5' terminus of the nucleic acid sequence encoding the
polypeptide. Any leader sequence, which is functional in the cell, may be used in the present invention.

[0070] Preferred leaders for filamentous fungal cells are obtained from the genes encoding A. oryzae TAKA amylase and A.
nidulans triose phosphate isomerase and A. niger glaA.

[0071] Other control sequences may be isolated from the Penicillium IPNS gene, or pcbC gene, the beta tubulin gene. All the
control sequences cited in WO 01/21779 are herewith incorporated by reference.

[0072] The control sequence may also be a polyadenylation sequence, a sequence which is operably linked to the 3' terminus of
the nucleic acid sequence and which, when transcribed, is recognized by the cell as a signal to add polyadenosine residues to
transcribed mRNA. Any polyadenylation sequence, which is functional in the cell, may be used in the present invention.

[0073] Preferred polyadenylation sequences for filamentous fungal cells are obtained from the genes encoding A. oryzae TAKA
amylase, A. niger glucoamylase, A. nidulans anthranilate synthase, Fusarium oxyporum trypsin-like protease and A. niger alpha-
glucosidase.

[0074] The nucleotide sequence disclosed herewith may be comprised in a nucleic acid construct or expression vector.

Nucleic acid constructs

[0075] It is herewith disclosed a nucleic acid construct or expression vector comprising at least one the nucleotide sequences
defined in the former sections:

® a synonymous nucleotide coding sequence by using optimal codon frequency and optionally modification of control
sequences such as:

e one translational termination sequence orientated in 5' towards 3' direction selected from the following list of sequences:
TAAG, TAGA and TAAA, preferably TAAA, and/or

¢ one translational initiator coding sequence orientated in 5' towards 3' direction selected from the following list of sequences:
GCTACCCCC; GCTACCTCC; GCTACCCTC; GCTACCTTC; GCTCCCCCC; GCTCCCTCC; GCTCCCCTC; GCTCCCTTC;
GCTGCCCCC; GCTGCCTCC; GCTGCCCTC; GCTGCCTTC; GCTTCCCCC; GCTTCCTCC; GCTTCCCTC; and
GCTTCCTTC, preferably GCT TCC TTC, and/or

e a translational initiator sequence, said translational initiator sequence comprising the nucleic acid sequence as defined by
the consensus translational initiator sequence: 5'-mwChkyCAmv-3', using ambiguity codes for nucleotides: m (A/C); r (A/G);
w (A/T); s (C/G); y (CIT); k (GIT); v (A/CIG); h (A/ICIT); d (AGIT); b (C/G/T); n (A/ICIGIT), preferably the translational
initiator sequence is one selected from the following list: 5'-mwChkyCAAA-3', 5-mwChkyCACA-3', and 5'-mwChkyCAAG-3'.
These preferred sequences correspond to any one of the following sequences: AACAGCCAAA; AACAGTCAAA,
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AACATCCAAA,

AACTGTCAAA;
ATCCGCCAAA;
ATCTTTCAAA;

CACCTCCAAA;
CTCAGTCAAA;
CTCTGCCAAA,
AACATTCACA,

AACTTCCACA;
ATCCGTCACA,
CACAGCCACA,
CACCTTCACA;
CTCATCCACA,

CTCTGTCACA;
AACCGCCAAG;
AACTTTCAAG;

ATCCTCCAAG;
CACAGTCAAG,;
CACTGCCAAG;
CTCATTCAAG,;

AACATTCAAA;
AACTTCCAAA,
ATCCGTCAAA;
CACAGCCAAA;
CACCTTCAAA;
CTCATCCAAA;
CTCTGTCAAA;
AACCGCCACA,;
AACTTTCACA,
ATCCTCCACA;
CACAGTCACA,
CACTGCCACA,;
CTCATTCACA,
CTCTTCCACA,;
AACCGTCAAG;
ATCAGCCAAG;
ATCCTTCAAG;
CACATCCAAG;
CACTGTCAAG;
CTCCGCCAAG,;

AACCGCCAAA;
AACTTTCAAA,
ATCCTCCAAA;
CACAGTCAAA;
CACTGCCAAA,;
CTCATTCAAA;

CTCTTCCAAA;

AACCGTCACA;

ATCAGCCACA;
ATCCTTCACA;
CACATCCACA,;
CACTGTCACA,

CTCCGCCACA,;
CTCTTTCACA,;
AACCTCCAAG;

ATCAGTCAAG;

ATCTGCCAAG;
CACATTCAAG;
CACTTCCAAG;

AACCGTCAAA,
ATCAGCCAAA;
ATCCTTCAAA;
CACATCCAAA;
CACTGTCAAA;
CTCCGCCAAA;
CTCTTTCAAA;
AACCTCCACA;
ATCAGTCACA;
ATCTGCCACA,
CACATTCACA;
CACTTCCACA;
CTCCGTCACA;
AACAGCCAAG;
AACCTTCAAG;
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AACCTCCAAA; AACCTTCAAA; AACTGCCAAA;
ATCAGTCAAA; ATCATCCAAA; ATCATTCAAA;
ATCTGCCAAA; ATCTGTCAAA; ATCTTCCAAA,
CACATTCAAA; CACCGCCAAA; CACCGTCAAA;
CACTTCCAAA; CACTTTCAAA; CTCAGCCAAA,
CTCCGTCAAA; CTCCTCCAAA; CTCCTTCAAA;
AACAGCCACA; AACAGTCACA; AACATCCACA;
AACCTTCACA; AACTGCCACA; AACTGTCACA;
ATCATCCACA; ATCATTCACA; ATCCGCCACA;
ATCTGTCACA; ATCTTCCACA, ATCTTTCACA,
CACCGCCACA; CACCGTCACA; CACCTCCACA;
CACTTTCACA; CTCAGCCACA; CTCAGTCACA,
CTCCTCCACA; CTCCTTCACA; CTCTGCCACA;
AACAGTCAAG; AACATCCAAG; AACATTCAAG;
AACTGCCAAG; AACTGTCAAG; AACTTCCAAG;

ATCATCCAAG; ATCATTCAAG; ATCCGCCAAG; ATCCGTCAAG;
ATCTGTCAAG; ATCTTCCAAG; ATCTTTCAAG; CACAGCCAAG;

CACCGCCAAG;
CACTTTCAAG;

CACCGTCAAG; CACCTCCAAG,; CACCTTCAAG;
CTCAGCCAAG; CTCAGTCAAG; CTCATCCAAG;

CTCCGTCAAG; CTCCTCCAAG; CTCCTTCAAG; CTCTGCCAAG; CTCTGTCAAG;
CTCTTCCAAG or CTCTTTCAAG. More preferably, the translational initiator sequence is 5'-CACCGTCAAA-3' or 5'-
CGCAGTCAAG-3'".

[0076] According to another preferred embodiment, the nucleic acid construct or expression vector comprises a translational
initiator sequence, said translational initiator sequence comprising the nucleic acid sequence as defined by the consensus
translational initiator sequence: 5'-mwChkyCAmv-3', using ambiguity codes for nucleotides: m (A/C); r (A/G); w (A/T); s (C/G); y
(CIT); k (GIT); v (AICIG); h (AICIT); d (A/GIT); b (C/GIT); n (A/IC/GIT), preferably the translational initiator sequence is selected
amongst the group consisting of: 5-mwChkyCAAA-3', 5'-mwChkyCACA-3', and 5'-mwChkyCAAG-3'. These preferred sequences
correspond to any one of the following sequences: AACAGCCAAA; AACAGTCAAA; AACATCCAAA; AACATTCAAA;
AACCGCCAAA; AACCGTCAAA; AACCTCCAAA; AACCTTCAAA; AACTGCCAAA; AACTGTCAAA; AACTTCCAAA; AACTTTCAAA,;
ATCAGCCAAA; ATCAGTCAAA; ATCATCCAAA; ATCATTCAAA; ATCCGCCAAA; ATCCGTCAAA; ATCCTCCAAA; ATCCTTCAAA;
ATCTGCCAAA; ATCTGTCAAA; ATCTTCCAAA; ATCTTTCAAA; CACAGCCAAA; CACAGTCAAA; CACATCCAAA; CACATTCAAA;

CACCGCCAAA; CACCGTCAAA; CACCTCCAAA; CACCTTCAAA; CACTGCCAAA; CACTGTCAAA; CACTTCCAAA;
CACTTTCAAA; CTCAGCCAAA; CTCAGTCAAA; CTCATCCAAA; CTCATTCAAA; CTCCGCCAAA; CTCCGTCAAA;
CTCCTCCAAA; CTCCTTCAAA; CTCTGCCAAA; CTCTGTCAAA, CTCTTCCAAA; CTCTTTCAAA;  AACAGCCACA,
AACAGTCACA; AACATCCACA; AACATTCACA; AACCGCCACA; AACCGTCACA; AACCTCCACA; AACCTTCACA;

AACTGCCACA; AACTGTCACA; AACTTCCACA; AACTTTCACA; ATCAGCCACA; ATCAGTCACA; ATCATCCACA; ATCATTCACA,

ATCCGCCACA; ATCCGTCACA; ATCCTCCACA; ATCCTTCACA; ATCTGCCACA; ATCTGTCACA; ATCTTCCACA,
ATCTTTCACA; CACAGCCACA; CACAGTCACA; CACATCCACA, CACATTCACA;, CACCGCCACA; CACCGTCACA,
CACCTCCACA; CACCTTCACA; CACTGCCACA; CACTGTCACA; CACTTCCACA; CACTTTCACA; CTCAGCCACA;
CTCAGTCACA; CTCATCCACA; CTCATTCACA; CTCCGCCACA, CTCCGTCACA; CTCCTCCACA; CTCCTTCACA;
CTCTGCCACA, CTCTGTCACA, CTCTTCCACA; CTCTTTCACA; AACAGCCAAG; AACAGTCAAG; AACATCCAAG;
AACATTCAAG; AACCGCCAAG; AACCGTCAAG; AACCTCCAAG; AACCTTCAAG; AACTGCCAAG; AACTGTCAAG;
AACTTCCAAG; AACTTTCAAG; ATCAGCCAAG; ATCAGTCAAG; ATCATCCAAG; ATCATTCAAG;, ATCCGCCAAG;
ATCCGTCAAG; ATCCTCCAAG; ATCCTTCAAG; ATCTGCCAAG; ATCTGTCAAG; ATCTTCCAAG; ATCTTTCAAG;
CACAGCCAAG; CACAGTCAAG; CACATCCAAG; CACATTCAAG; CACCGCCAAG; CACCGTCAAG; CACCTCCAAG;
CACCTTCAAG; CACTGCCAAG; CACTGTCAAG; CACTTCCAAG; CACTTTCAAG; CTCAGCCAAG; CTCAGTCAAG;
CTCATCCAAG; CTCATTCAAG; CTCCGCCAAG; CTCCGTCAAG; CTCCTCCAAG; CTCCTTCAAG; CTCTGCCAAG;

CTCTGTCAAG; CTCTTCCAAG or CTCTTTCAAG. More preferably, the translational initiator sequence is 5'-CACCGTCAAA-3' or
5'-CGCAGTCAAG-3'".

[0077] "Nucleic acid construct " is defined herein as a nucleic acid molecule, either single-or double-stranded, which is isolated
from a naturally occurring gene or which has been modified to contain segments of nucleic acid which are combined and
juxtaposed in a manner which would not otherwise exist in nature. The term nucleic acid construct is synonymous with the term
expression cassette or expression vector when the nucleic acid construct contains all the control sequences required for
expression of a coding sequence.
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[0078] Manipulation of the nucleotide sequence encoding a polypeptide prior to its insertion into a nucleic acid construct or
expression vector may be desirable or necessary depending on the nucleic acid construct or expression vector. The techniques
for modifying nucleic acid sequences utilizing cloning methods are well known in the art.

[0079] The present disclosure also relates to recombinant expression vectors comprising the nucleotide sequences disclosed
herewith, a promoter, and transcriptional and translational stop signals. The various nucleic acid and control sequences
described above may be joined together to produce a recombinant expression vector which may include one or more convenient
restriction sites to allow for insertion or substitution of the nucleic acid sequence encoding the polypeptide at such sites.

[0080] Alternatively, the nucleotide sequence encoding the polypeptide may be expressed by inserting the nucleotide sequence
or nucleic acid construct comprising the sequence into an appropriate vector for expression. In creating the expression vector, the
coding sequence is located in the vector in such a fashion that the coding sequence is operatively associated with the
appropriate control sequences for expression, and optional secretion.

[0081] The recombinant expression vector may be any vector (e.g., a plasmid or virus), which can be conveniently subjected to
recombinant DNA procedures and can confer expression of the nucleic acid sequence encoding the polypeptide. The choice of
the

vector will typically depend on the compatibility of the vector with the filamentous fungal cell into which the vector is to be
introduced. The vectors may be linear or closed circular plasmids. The vector may be an autonomously replicating vector, i.e., a
vector, which exists as an extrachromosomal entity, the replication of which is independent of chromosomal replication, e.g., a
plasmid, an extrachromosomal element, a minichromosome, or an artificial chromosome. An autonomously maintained cloning
vector may comprise the AMA1-sequence (see e.g. Aleksenko and Clutterbuck (1997), Fungal Genet. Biol. 21: 373-397).

[0082] Alternatively, the vector may be one which, when introduced into the fungal cell, is integrated into the genome and
replicated together with the chromosome (s) into which it has been integrated. The integrative cloning vector may integrate at
random or at a predetermined target locus in the chromosomes of the fungal host cell. In a preferred embodiment of the
invention, the integrative cloning vector comprises a DNA fragment, which is homologous to a DNA sequence in a predetermined
target locus in the genome of the fungal host cell for targeting the integration of the cloning vector to this predetermined locus. In
order to promote targeted integration, the cloning vector is preferably linearized prior to transformation of the host cell.
Linearization is preferably performed such that at least one but preferably either end of the cloning vector is flanked by
sequences homologous to the target locus. The length of the homologous sequences flanking the target locus is preferably at
least 30bp, preferably at least 50 bp, preferably at least 0.1 kb, even preferably at least 0.2kb, more preferably at least 0.5 kb,
even more preferably at least 1 kb, most preferably at least 2 kb. Preferably, the DNA sequence in the cloning vector, which is
homologous to the target locus is derived from a highly expressed locus meaning that it is derived from a gene, which is capable
of high expression level in the filamentous fungal host cell. A gene capable of high expression level, i.e. a highly expressed gene,
is herein defined as a gene whose mRNA can make up at least 0.5% (w/w) of the total cellular mRNA, e.g. under induced
conditions, or alternatively, a gene whose gene product can make up at least 1% (w/w) of the total cellular protein, or, in case of a
secreted gene product, can be secreted to a level of at least 0.1 g/l (as described in EP 357 127 B1). A number of preferred
highly expressed fungal genes are given by way of example: the amylase, glucoamylase, alcohol dehydrogenase, xylanase,
glyceraldehyde-phosphate dehydrogenase or cellobiohydrolase (cbh) genes from Aspergilli or Trichoderma Most preferred highly
expressed genes for these purposes are a glucoamylase gene, preferably an A. niger glucoamylase gene, an A. oryzae TAKA-
amylase gene, an A. nidulans gpdA gene, a Trichoderma reesei cbh gene, preferably cbh1. More than one copy of a nucleic acid
sequence encoding a polypeptide may be inserted into the host cell to increase production of the gene product. This can be
done, preferably by integrating into its genome copies of the DNA sequence, more preferably by targeting the integration of the
DNA sequence at one of the highly expressed locus defined in the former paragraph. Alternatively, this can be done by including
an amplifiable selectable marker gene with the nucleic acid sequence where cells containing amplified copies of the selectable
marker gene, and thereby additional copies of the nucleic acid sequence, can be selected for by cultivating the cells in the
presence of the appropriate selectable agent. To increase even more the number of copies of the DNA sequence to be over
expressed the technique of gene conversion as described in WO98/46772 may be used.

[0083] The vector system may be a single vector or plasmid or two or more vectors or plasmids, which together contain the total
DNA to be introduced into the genome of the filamentous fungal cell, or a transposon.

[0084] The vectors preferably contain one or more selectable markers, which permit easy selection of transformed cells. A
selectable marker is a gene the product of which provides for biocide or viral resistance, resistance to heavy metals, prototrophy
to auxotrophs, and the like. A selectable marker for use in a filamentous fungal cell may be selected from the group including, but
not limited to, amdS (acetamidase), argB (ornithine carbamoyltransferase), bar (phosphinothricinacetyltransferase), bleA
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(phleomycin  binding), hygB (hygromycinphosphotransferase), niaD (nitrate reductase), pyrG (orotidine-5'-phosphate
decarboxylase), sC (sulfate adenyltransferase), and trpC (anthranilate synthase), as well as equivalents from other species.
Preferred for use in an Aspergillus and Penicillium cell are the amdS (EP 635574 B1, WO 97/06261) and pyrG genes of A.
nidulans or A. oryzae and the bar gene of Streptomyces hygroscopicus. More preferably an amdS gene is used, even more
preferably an amdS gene from A. nidulans or A. niger. A most preferred selection marker gene is the A. nidulans amdS coding
sequence fused to the A. nidulans gpdA promoter (see EP 635574 B1). AmdS genes from other filamentous fungi may also be
used (WO 97/06261).

[0085] The procedures used to ligate the elements described above to construct the recombinant expression vectors of the
present invention are well known to one skilled in the art (see, e.g., Sambrook et al., 1989, supra).

Host cells

[0086] The disclosure also relates to a filamentous fungal host cell. The filamentous fungal host cell disclosed herewith may be
any filamentous fungal host cell host cell known to the skilled person.

[0087] "Filamentous fungi" include all filamentous forms of the subdivision Eumycota and Oomycota (as defined by Hawksworth
et al., 1995, supra). The filamentous fungi are characterized by a mycelia wall composed of chitin, cellulose, glucan, chitosan,
mannan, and other complex polysaccharides. Vegetative growth is by hyphal elongation and carbon catabolism is obligatory
aerobic. Filamentous fungal strains include, but are not limited to, strains of Acremonium, Aspergillus, Aureobasidium,
Cryptococcus, Chrysosporum Filibasidium, Fusarium, Humicola, Magnaporthe, Mucor, Myceliophthora, Neocallimastix,
Neurospora, Paecilomyces, Penicillium, Piromyces, Schizophyllum, Talaromyces, Thermoascus, Thielavia, Tolypocladium, and
Trichoderma.

[0088] Strains of Aspergillus and teleomorphs thereof are readily accessible to the public in a number of culture collections, such
as the American Type Culture Collection (ATCC), Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM),
Centraalbureau Voor Schimmelcultures (CBS), and Agricultural Research Service Patent Culture Collection, Northern Regional
Research Center (NRRL) Aspergiflus niger CBS 513.88, Aspergillus oryzae ATCC 20423, IFO 4177, ATCC 1011, ATCC 9576,
ATCC14488-14491, ATCC 11601, ATCC12892, P chrysogenum CBS 455.95, Penicillium citrinum ATCC 38065, Penicillium
chrysogenum P2, Acremonium chrysogenum ATCC 36225 or ATCC 48272, Trichoderma reesei ATCC 26921 or ATCC 56765 or
ATCC 26921, Aspergillus sojae ATCC11906, Chrysosporium lucknowense ATCC44006 and derivatives thereof.

[0089] Preferably, the filamentous fungal host cell comprises at least one copy of the nucleic acid construct disclosed herewith.

[0090] The coding and/or control sequences present in the nucleic acid construct disclosed herewith are preferably native to the
filamentous fungal host cell before modification of the coding and/or control sequences disclosed herein above.

[0091] The coding and/or control sequences present in the nucleic acid construct disclosed herewith are preferably
heterologous to the filamentous fungal host cell before modification of the coding and/or control sequences disclosed herein
above.

[0092] The filamentous fungal host cell as disclosed herewith, comprising a given copy number of the nucleic acid construct
disclosed herein above is more preferably a filamentous fungal cell, wherein the expression of the product encoded by said
nucleic acid construct is enhanced as compared to the production of the same product encoded by the corresponding nucleic
acid construct comprising the corresponding native nucleotide sequences, said corresponding nucleic acid construct being
present in the same copy number in the corresponding filamentous fungal host cell. Preferably, the modification of the nucleotide
sequences present in the nucleic acid construct or expression vector disclosed herein above results in an increase by at least
1%, 5%, 10%, 25%, 50%, 100%, 200%, 300%, 400% more preferably at least 500% of the yield of the compound of interest
produced by the filamentous fungal host cell comprising a given copy number of the nucleic acid construct disclosed herein
above, as compared to the production of the corresponding nucleic acid construct comprising the corresponding native
nucleotide sequences, said corresponding nucleic acid construct being present in the same copy number in the corresponding
filamentous fungal host cell.

[0093] The increase in yield of the compound of interest to be produced may be determined by measuring the amount of

compound produced by the filamentous fungal host cell disclosed herewith and comparing it to the compound of interest
produced by the corresponding filamentous fungal host cell. Determining the yield of compound of interest produced may be
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performed by measuring inter alia the amount of mRNA transcribed from the (synonymous) nucleotide coding sequence, the
amount of polypeptide encoded by the mRNA, or the amount of compound (e.g. metabolite) in which' production the polypeptide
encoded by the synonymous nucleotide coding sequence is involved with. Examples of methods known to the skilled person to
determine the amount of mMRNA include, but are not limited to Northern blot, Quantitative PCR, Real Time PCR, and micro-array
analyses. The amount of polypeptide can inter alia be determined using protein measurement assays known to the skilled person.
When the polypeptide is an enzyme, the amount of polypeptide can be measured using an activity assay specific for the
concerned enzyme. The skilled person will know which assay to select for a specific enzyme. A preferred assay to determine the
yield of the compound of interest to be produced is an activity assay specific for the concerned enzyme.

[0094] The host cell disclosed herewith is more preferably a cell belonging to a species selected from the group consisting of an
Aspergillus, Penicillium, Fusarium, Chrysosporum or Trichoderma species, most preferably a species selected from the group
consisting  of Asperqgillus niger, Aspergillus oryzae, Aspergillus sojae, Aspergillus terreus, Chrysosporum lucknowense,
Trichoderma reesei or Penicillium chrysogenum. A most preferred Aspergillus niger host cell is CBS513.88 or derivatives thereof.

[0095] The host cell may be a wild type filamentous fungus host cell or a variant, a mutant or a genetically modified filamentous
fungus host cell. The host cell is preferably a protease deficient or protease minus strain. This may be the protease deficient
strain Aspergillus oryzae JalL 125 having the alkaline protease gene named "alp" deleted (described in WO 97/35956 or EP 429
490), or the tripeptidyl-aminopeptidases (TPAP) deficient strain of A. niger, disclosed in WO 96/14404. Further, also host cell with
reduced production of the transcriptional activator (prtT) as described in WO 01/68864 is contemplated according to the
disclosure. Another specifically contemplated host strain is the Aspergillus oryzae BECh2, where the three TAKA amylase genes
present in the parent strain IF04177 has been inactivated. In addition, two proteases, the alkaline protease and neutral
metalloprotease 11 have been destroyed by gene disruption. The ability to form the metabolites cyclopiazonic acid and kojic acid
has been destroyed by mutation. BECh2 is described in WO 00/39322 and is derived from JalL228 (described in WO 98/12300),
which again was a mutant of IF04177 disclosed in US 5,766, 912 as A1560.

[0096] Optionally, the filamentous fungal host cell comprises an elevated unfolded protein response (UPR) compared to the wild
type cell to enhance production abilities of a polypeptide of interest. UPR may be increased by techniques described in
US2004/0186070A1 and/or US2001/0034045A1 and/or WO01/72783A2 and/or WO2005/123763. More specifically, the protein
level of HAC1 and/or IRE1 and/or PTC2 has been modulated, and/or the SEC61 protein has been engineered in order to obtain a
host cell having an elevated UPR.

[0097] Alternatively, or in combination with an elevated UPR, the host cell is genetically modified to obtain a phenotype displaying
lower protease expression and/or protease secretion compared to the wild-type cell in order to enhance production abilities of a
polypeptide of interest. Such phenotype may be obtained by deletion and/or modification

and/or inactivation of a transcriptional regulator of expression of proteases. Such a transcriptional regulator is e.g. prtT. Lowering
expression of proteases by modulation of prtT may be performed by techniques described in US2004/0191864A1.

[0098] Alternatively, or in combination with an elevated UPR and/or a phenotype displaying lower protease expression and/or
protease secretion, the host cell displays an oxalate deficient phenotype in order to enhance the yield of production of a
polypeptide of interest. An oxalate deficient phenotype may be obtained by techniques described in WO2004/070022A2.

[0099] Alternatively, or in combination with an elevated UPR and/or a phenotype displaying lower protease expression and/or
protease secretion and/or oxalate deficiency, the host cell displays a combination of phenotypic differences compared to the wild
cell to enhance the yield of production of the polypeptide of interest. These differences may include, but are not limited to,
lowered expression of glucoamylase and/or neutral alpha-amylase A and/or neutral alpha-amylase B, alpha-1, 6transglucosidase,
protease, and oxalic acid hydrolase. Said phenotypic differences displayed by the host cell may be obtained by genetic
modification according to the techniques described in US2004/0191864A1.

[0100] Alternatively, or in combination with phenotypes described here above, the efficiency of targeted integration of a nucleic
acid construct into the genome of the host cell by homologous recombination, i.e. integration in a predetermined target locus, is
preferably increased by augmented homologous recombination abilities of the host cell. Such phenotype of the cell preferably
involves a deficient hdfA or hdfB gene as described in WO2005/095624. WO2005/095624 discloses a preferred method to obtain
a filamentous fungal cell comprising increased efficiency of targeted integration.

[0101] The introduction of an expression vector or a nucleic acid construct into a filamentous fungal cell may involve a process
consisting of protoplast formation, transformation of the protoplasts, and regeneration of the cell wall in a manner known per se.
Suitable procedures for transformation of Aspergillus cells are described in EP 238 023 and Yelton et al., 1984, Proceedings of
the National Academy of Sciences USA 81:1470-1474 . A suitable method of transforming Fusarium species is described by
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Malardier et al., 1989, Gene 78:147156 or in WO 96/00787. The expression vector or nucleic acid construct that can be used
were already described under the corresponding sections.

Producing a compound of interest

[0102] The present invention may be used to produce a compound of interest. The compound of interest is preferably a
polypeptide. Alternatively, the compound of interest may be a metabolite. In this case, a nucleotide sequence encoding an
enzyme involved in the synthesis of the metabolite is modified according to the invention. The term "metabolite” encompasses
both primary and secondary metabolites; the metabolite may be any metabolite. A preferred metabolite is citric acid. Another
preferred metabolite is a carotenoid. The metabolite may be encoded by one or more genes, such as in a biosynthetic or
metabolic pathway. Primary metabolites are products of primary or general metabolism of a cell, which are concerned with energy
metabolism, growth, and structure. Secondary metabolites are products of secondary metabolism (see, for example, R. B.
Herbert, The Biosynthesis of Secondary Metabolites, Chapman and Hall, New York, 1981). The primary metabolite may be, but is
not limited to, an amino acid, fatty acid, nucleoside, nucleotide, sugar, triglyceride, or vitamin. The secondary metabolite may be,
but is not limited to, an alkaloid, coumarin, flavonoid, polyketide, quinine, steroid, peptide, or terpene. The secondary metabolite
may be an antibiotic, antifeedant, attractant, bacteriocide, fungicide, hormone, insecticide, or rodenticide. Preferred antibiotics are
cephalosporins and beta-lactams.

[0103] Alternatively, the compound of interest may also be the product of a selectable marker gene. A selectable marker gene is
a gene the product of which provides for biocide or viral resistance, resistance to heavy metals, prototrophy to auxotrophs, and
the like. In this case, a nucleotide sequence encoding a selectable marker gene product is modified according to the invention.
Selectable markers include, but are not limited to, amdS (acetamidase), argB (ornithinecarbamoyltransferase), bar
(phosphinothricinacetyltransferase), hygB (hygromycin phosphotransferase), niaD (nitratereductase), pyrG (orotidine-5'-
phosphate decarboxylase), sC (sulfate adenyltransferase), trpC (anthranilate synthase), ble (phleomycin resistance protein), as
well as equivalents thereof.

[0104] When the compound of interest is a polypeptide, the polypeptide may be any polypeptide whether native or heterologous
(or not native) to the cell. As soon as the DNA sequence encoding the polypeptide and the control DNA sequences operatively
associated thereto are known, these native or not native DNA sequences are modified according to the invention (see section
DNA sequence), cloned into an appropriate DNA construct or expression vector and transformed into a chosen host. The nucleic
acid sequence encoding a heterologous polypeptide may be obtained from any prokaryotic, eukaryotic, plant, or other source.
For purposes of the present invention, the term "obtained from" as used herein in connection with a given source shall mean that
the polypeptide is produced by the source or by a cell in which a gene from the source has been inserted.

[0105] The term "heterologous polypeptide" is defined herein as a polypeptide, which is not produced by a wild-type cell (not
native). The term "polypeptide" is not meant herein to refer to a specific length of the encoded produce and therefore
encompasses peptides, oligopeptides and proteins. The polypeptide may also be a recombinant polypeptide, which is a
polypeptide native to a cell, which is encoded by an optimized nucleic acid sequence for example and, which additionally may
comprise one or more control sequences, foreign to the nucleic acid sequence, which is involved in the production of the
polypeptide. The polypeptide may be a wild-type polypeptide or a variant thereof. The polypeptide may also be a hybrid
polypeptide, which contains a combination of partial or complete polypeptide sequences obtained from at least two different
polypeptides where one or more of the polypeptides may be heterologous to the cell. Polypeptides further include naturally
occurring allelic and engineered variations of the above-mentioned polypeptides.

[0106] Preferably, the polypeptide is secreted outside the filamentous fungal host cell. In a preferred embodiment, the
polypeptide is an antibody or portions thereof, an antigen, a clotting factor, an enzyme, a hormone or a hormone variant, a
receptor or portions thereof, a regulatory protein, a structural protein, a reporter, or a transport protein, intracellular protein,
protein involved in secretion process, protein involved in folding process, chaperone, peptide amino acid transporter,
glycosylation factor, transcription factor. In a preferred embodiment, the polypeptide is secreted into the extracellular
environment.

[0107] In a more preferred embodiment, the enzyme is an oxidoreductase, transferase, hydrolase, lyase, isomerase, ligase,
catalase, cellulase, chitinase, cutinase, deoxyribonuclease, dextranase, esterase.

[0108] In an even more preferred embodiment, the polypeptide is a carbohydrase, e.g., cellulases such as endoglucanases, -
glucanases, cellobiohydrolases or R-glucosidases, hemicellulases or pectinolytic enzymes such as xylanases, xylosidases,
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mannanases, galactanases, galactosidases, pectin methyl esterases, pectin lyases, pectate lyases, endo polygalacturonases,
exopolygalacturonases rhamnogalacturonases, arabanases, arabinofuranosidases, arabinoxylan hydrolases, galacturonases,
lyases, or amylolytic enzymes; hydrolase, isomerase, or ligase, phosphatases such as phytases, esterases such as lipases,
proteolytic enzymes, oxidoreductases such as oxidases, transferases, or isomerases. More preferably, the desired gene encodes
a phytase. In an even more preferred embodiment, the polypeptide is an aminopeptidase, amylase, carbohydrase,
carboxypeptidase, endo-protease, metallo-protease, serine-protease catalase, chitinase, cutinase, cyclodextrin
glycosyltransferase, deoxyribonuclease, esterase, alpha-galactosidase, beta-galactosidase, glucoamylase, alpha-glucosidase,
beta-glucosidase, haloperoxidase, proteolytic enzyme, invertase, laccase, lipase, mannosidase, mutanase, oxidase, pectinolytic
enzyme, peroxidase, phospholipase, polyphenoloxidase, ribonuclease, transglutaminase, or glucose oxidase, hexose oxidase,
monooxygenase.

[0109] In another even more preferred embodiment, the polypeptide is human insulin or an analog thereof, human growth
hormone, erythropoietin, tissue plasminogen activator (tPA) or insulinotropin.

[0110] The polypeptide may also be an intracellular protein or enzyme such as for example a chaperone, protease or
transcription factor. An example of this is described in Appl. Microbiol. Biotechnol. 1998 Oct; 50(4):447-54 ("Analysis of the role of
the gene bipA, encoding the major endoplasmic reticulum chaperone protein in the secretion of homologous and heterologous
proteins in black Aspergill. Punt PJ, van Gemeren IA, Drint-Kuijvenhoven J, Hessing JG, van Muijlwijk-Harteveld GM,
Beijersbergen A, Verrips CT, van den Hondel CA). This can be used for example to improve the efficiency of a host cell as protein
producer if this polypeptide, such as a chaperone, protease or transcription factor, was known to be a limiting factor in protein
production.

[0111] Alternatively, the intracellular polypeptide is an enzyme involved in the production of a given secondary metabolite such
as a carotenoid or an antibiotica.

[0112] The present invention may also be used for the recombinant production of polypeptides, which are native to the cell. The
native polypeptide may be recombinantly produced if one modifies the coding and/or control nucleotide sequences as defined in
the corresponding earlier sections. For example, the coding sequence is modified by using the optimized codons frequency as
defined earlier to code any amino acid to improve the expression level of the native or naturally occurring nucletide sequence.
Optionally, the synonymous coding sequence obtained may be placed under the control of a different promoter to enhance
expression of the polypeptide, to expedite export of a native polypeptide of interest outside the cell by use of a signal sequence of
the invention, and to increase the copy number of a gene encoding the polypeptide normally produced by the cell. The present
invention also encompasses, within the scope of the term "heterologous polypeptide”, such recombinant production of
polypeptides native to the cell, to the extent that such expression involves the use of genetic elements not native to the cell, or
use of native elements which have been manipulated to function in a manner that do not normally occur in the filamentous fungal
cell. The techniques used to isolate or clone a nucleic acid sequence encoding a heterologous polypeptide are known in the art
and include isolation from genomic DNA, preparation from cDNA, or a combination thereof.

[0113] In the methods of the present invention, heterologous polypeptides may also include a fused or hybrid polypeptide in
which another polypeptide is fused at the N-terminus or the C-terminus of the polypeptide or fragment thereof. A fused
polypeptide is produced by fusing a nucleic acid sequence (or a portion thereof) encoding one polypeptide to a nucleic acid
sequence (or a portion thereof) encoding another polypeptide.

[0114] Techniques for producing fusion polypeptides are known in the art, and include, ligating the coding sequences encoding
the polypeptides so that they are in frame and expression of the fused polypeptide is under control of the same promoter (s) and
terminator. The hybrid polypeptides may comprise a combination of partial or complete polypeptide sequences obtained from at
least two different polypeptides wherein one or more may be heterologous to the mutant fungal cell. An isolated nucleic acid
sequence encoding a heterologous polypeptide of interest may be manipulated in a variety of ways to provide for expression of
the polypeptide. Expression will be understood to include any step involved in the production of the polypeptide including, but not
limited to, transcription, posttranscriptional modification, translation, post-translational modification, and secretion. Manipulation of
the nucleic acid sequence encoding a polypeptide prior to its insertion into a vector may be desirable or necessary depending on
the expression vector. The techniques for modifying nucleic acid sequences utilizing cloning methods are well known in the art.

[0115] The compound of interest described in the section here above may be produced in a filamentous fungal host cells
disclosed herewith.

[0116] Thus, according to another aspect, the disclosure relates to methods of producing a compound of interest in a
filamentous fungal host cell disclosed herein above, comprising:
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1. (a) cultivating the filamentous fungal host cell as defined in the former section in a nutrient medium suitable for production
of the compound of interest; and
2. (b) recovering the compound of interest from the nutrient medium of the filamentous fungal host cell.

[0117] The filamentous fungal host cells are cultivated in a nutrient medium suitable for production of the compound of interest
using methods known in the art. For example, the cells may be cultivated by shake flask cultivation, small-scale or large-scale
fermentation (including continuous, batch, fed-batch, or solid state fermentations) in laboratory or industrial fermentors performed
in a suitable medium and under conditions allowing the compound of interest to be expressed and/or isolated. The cultivation
takes place in a suitable nutrient medium comprising carbon and nitrogen sources and inorganic salts, using procedures known in
the art (see, e.g., Bennett, J. W. and LaSure, L., eds., More Gene Manipulations in Fungi, Academic Press, CA, 1991). Suitable
media are available from commercial suppliers or may be prepared using published compositions (e.g., in catalogues of the
American Type Culture Collection). If the compound of interest is secreted into the nutrient medium, the polypeptide can be
recovered directly from the medium. If the compound of interest is not secreted, it is recovered from cell lysates.

[0118] The resulting compound of interest may be isolated by methods known in the art. For example, the polypeptide may be
isolated from the nutrient medium by conventional procedures including, but not limited to, centrifugation, filtration, extraction,
spray drying, evaporation, or precipitation. The isolated compound of interest may then be further purified by a variety of
procedures known in the art including, but not limited to, chromatography (e.g., ion exchange, affinity, hydrophobic,
chromatofocusing, and size exclusion), electrophoretic procedures (e.g., preparative isoelectric focusing, differential solubility
(e.g., ammonium sulfate precipitation), or extraction (see, e.g., Protein Purification, J.-C. Janson and Lars Ryden, editors, VCH
Publishers, New York, 1989).

[0119] The compound of interest may be detected using methods known in the art that are specific for the polypeptide. These
detection methods may include use of specific antibodies, formation of an enzyme product, disappearance of an enzyme
substrate, or SDS PAGE. For example, an enzyme assay may be used to determine the activity if the compound of interest is an
enzyme. Procedures for determining enzyme activity are known in the art for many enzymes.

[0120] In the method described herein above, the yield of the compound of interest produced by the filamentous fungal host
disclosed herewith comprising a given copy number of the nucleic acid construct as disclosed above is preferably increased by at
least 1%, 5%, 10%, 25%, 50%, 100%, 200%, 300%, 400% more preferably at least 500%, as compared to the production of the
corresponding nucleic acid construct comprising the corresponding native nucleotide sequences, said corresponding nucleic acid
construct being present in the same copy number in the corresponding filamentous fungal host cell. Preferably, the filamentous
fungal host cell is an Aspergillus, Trichoderma, Fusarium, Chrysosporum or Penicillium host cell. More preferably the filamentous
fungal host cell is an Aspergillus niger, Aspergillus oryzae, Aspergillus sojae, Aspergillus terreus, Chrysosporum lucknowense,
Trichoderma reesei or Penicillium chrysogenum host cell. Amost preferred Aspergillus niger host cell is CBS513.88 or derivatives
thereof.

[0121] In another preferred embodiment, the yield of the compound of interest produced by the filamentous fungal host as
disclosed herewith comprising a given copy number of the nucleic acid construct disclosed herein above, is preferably 0.1 g per
liter, 0.2 g, 0.3 g, 0.4 g, more preferably 0.5 g and even most preferably more than 0.5 g per liter of the compound of interest.
The production of the compound of interest can be determined by a specific assay. Preferably, the filamentous fungal host cell is
an Aspergillus, Trichoderma, Fusarium, Chrysosporum or Penicillium host cell. More preferably the filamentous fungal host cell is
an Aspergillus niger, Aspergillus oryzae, Aspergillus sojae, Aspergillus terreus, Chrysosporum lucknowense, Trichoderma reesei
or Penicillium chrysogenum host cell..A most preferred Aspergillus niger host cell is CBS513.88 or derivatives thereof.

[0122] When the polypeptide is an enzyme involved in the production of a given metabolite such as (beta-lactam) antibiotics or
carotenoids, the filamentous fungal host cell disclosed herewith is alternatively and preferably used for the production of a given
metabolite.

[0123] According to a further aspect of the disclosure, there is provided the use of any one of the nucleotide sequences defined
in the corresponding section in a method for producing a compound of interest, the use of a nucleic acid construct or expression
vector defined in the corresponding section in a method for producing a compound of interest and the use of any one of the
filamentous fungal host cells as defined in the corresponding section in a method for producing a compound of interest.

Method for producing a nucleotide sequence; calculation of the optimized codon frequency.
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[0124] The invention provides a method for producing the nucleotide sequence as disclosed in the appended claims, comprising
the steps of:

e providing a synonymous nucleotide coding sequence with optimized codon frequency as defined herein before, and
optionally
¢ operably linking said synonymous nucleotide coding sequence to the control sequences as defined herein before.

[0125] The invention therefore provides:

1. A method for producing a nucleotide sequence comprising the steps of:

- providing a synonymous nucleotide coding sequence with optimized codon frequency such that a native codon has been
exchanged with a synonymous codon, said synonymous codon encoding the same amino acid as the native codon and having a
higher frequency in codon usage as defined in Table 1 than the native codon, wherein the optimized codon frequency is such that
at least 10%, 15%, 20%, 25%, 50%, 75%, 80%, 85%, 90%, and most preferably at least 95% of the native codons have been
exchanged with a synonymous codon, the synonymous codon changing the codon frequency such that the value of the absolute
difference between the percentage for said synonymous codon in said frequency and the listed optimal percentage becomes
smaller after modification, applying the following list of optimal percentages: cysteine by TGC (100%); phenylalanine by TTC
(100%); histidine by CAC (100%); lysine by AAG (100%); asparagine by AAC (100%); glutamine by CAG (100%); tyrosine by TAC
(100%); alanine is encoded by GCT (38%), GCC (51%), or GCG (11%); aspartate by GAC (64%); glutamate by GAG (74%);
glycine by GGT (49%), GGC (35%), GGA (16%); isoleucine by ATT (27%), ATC (73%); leucine by TTG (13%), CTT (17%), CTC
(38%), CTG (32%); proline by CCT (36%), CCC (64%); arginine by CGT (49%), CGC (51%); serine by TCT (21%), TCC (44%),
TCG (14%), AGC (21%); threonine by ACT (30%), ACC (70%) and/or valine by GTT (27%), GTC (54%), GTG (19%), wherein the
codon fitness of the synonymous nucleotide coding sequence with optimized codon frequency has a fitness value that is at least
70%, 80%, 90%, 95%, preferably 96%, 97%, 98%, and most preferable >98%, where the codon fithess is the calculated by means
of the following function:

fit,(9) = 100—ﬁ S (k) - k) 100
8| k=l

where g symbolizes a nucleotide coding sequence, |g]| its length, c(k) its k-th codon,
% (e k)

is a desired ratio of codon c(k) and

5 (c(k))

an actual ratio in the nucleotide coding sequence g,

and optionally
- operably linking said synonymous nucleotide coding sequence to a control sequence such as:

e one translational termination sequence orientated in 5' towards 3' direction selected from the following list of sequences:
TAAG, TAGA and TAAA, preferably TAAA, and/or

- one translational initiator coding sequence orientated in 5' towards 3' direction selected from the following list of sequences:
GCTACCCCC; GCTACCTCC; GCTACCCTC; GCTACCTTC; GCTCCCCCC; GCTCCCTCC; GCTCCCCTC; GCTCCCTTC;
GCTGCCCCC; GCTGCCTCC; GCTGCCCTC; GCTGCCTTC; GCTTCCCCC; GCTTCCTCC; GCTTCCCTC; and GCTTCCTTC,

preferably GCT TCC TTC.
Table 1: Optimal filamentous fungal codon frequency for synonymous codons in %
.T. .C. Al .G.

T. Phe O Ser 21 Tyr0 CysO T
T. Phe 100 Ser44 Tyr 100 Cys 100 .C
T. LeuO Ser0 Stop 100 Stop 0 LA
T. Leu13 Ser 14 Stop 0 Trp 100 .G
C.. Leu17 Pro 36 His 0 Arg 49 T
C.. Leu38 Pro 64 His 100 Arg 51 .C
C.. LeuO Pro0 GIn0 Arg 0 LA
C.. Leu32 Pro0 GIn100 Arg 0 .G
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.T. .C. A. .G.
A. lle 27 Thr 30 AsnO Ser0 T
A. lle 73 Thr 70 Asn 100 Ser 21 .C
A. lle O ThrO Lys O Arg O LA
A. Met 100 ThrO Lys 100 Arg 0 .G
G.. Val 27 Ala 38 Asp 36 Gly 49 T
G.. Val 54 Ala 51 Asp 64 Gly 35 .C
G.. Val 0 Ala0 Glu 26 Gly 16 WA
G.. Val 19 Ala 11 Glu74 Gly0 .G

2. The method according to claim 1, wherein said synonymous nucleotide coding sequence is reverse engineered from an amino
acid sequence.

3. The method according to claims 1 or 2, wherein the synonymous nucleotide coding sequence comprises a signal sequence.

4. The method according to any one of claims 1 to 3, comprising further providing at least one intron and said synonymous
nucleotide coding sequence.

5. The method according to any one of claims 1 to 4 comprising further providing a translational initiator sequence, said
translational initiator sequence comprising the nucleic acid sequence as defined by the consensus translational initiator
sequence: 5'-mwChkyCAmv-3' (i.e. SEQ ID NO: 16), using ambiguity codes for nucleotides: m (A/C); r (AG); w (A/T); s (C/G); y
(CIT); k (GIT); v (AICIG); h (NVCIT); d (AGIT); b (C/GIT); n (A/C/GIT), preferably the consensus translational initiator sequence is
one selected from the following list: 5'-mwChkyCAAA-3' (i.e. SEQ ID NO: 17), 5'-mwChkyCACA-3' (i.e. SEQ ID NO: 18), and 5'-
mwChkyCAAG-3' (i.e. SEQ ID NO: 19).

6. The method according to claim 7 wherein the translational initiator sequence is 5'-CACCGTCAAA-3' (i.e. SEQ ID NO: 22) or 5'-
CGCAGTCAAG-3' (i.e. SEQ ID NO: 23).

7. The method according to any one of claims 1 to 8 wherein the nucleotide sequence is comprised in a nucleic acid construct or
expression vector.

[0126] To provide a synonymous nucleotide coding sequence with optimized coding frequency, the optimized coding frequency
can be calculated by the method provided by the invention. This method is outlined below.

[0127] For the amino acids, hereafter called as group 1 amino acids (AA), there is only one possibility. Group 1 consists of
methionine that is always encoded by ATG and tryptophane that is always encoded by TGG.

[0128] The amino acids, hereafter called as group 2 AA, are subject to optimization according to the extreme frequency of 0% or
100%, the strategy is clear. All codons for a group 2 AA are specifically changed into the codons listed below. More specifically:

e cysteine is always encoded by TGC;
¢ phenylalanine by TTC;

¢ histidine by CAC;

e lysine by AAG,

¢ asparagine by AAC;

¢ glutamine by CAG;

¢ tyrosine by TAC.

[0129] All other AA, hereafter called group 3 AA, can be encoded by several codons as indicated in Table 1; each codon being
present in a preferred codon frequency:

e alanine is encoded by GCT, GCC, GCA, or GCG;
e aspartate by GAT, GAC;

¢ glutamate by GAA, GAG,;

e glycine by GGT, GGC, GGA, GGG;

e isoleucine by ATT, ATC, ATA,

e leucine by TTA, TTG, CTT, CTC, CTA, CTG;

¢ proline by CCT, CCC, CCA, CCG;

e arginine by CGT, CGC, CGA, CGG, AGA, AGG;
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e serine by TCT, TCC, TCA, TCG, AGT, AGC;
¢ threonine by ACT, ACC, ACA, ACG;
e valine by GTT, GTC, GTA, GTG.

[0130] The following rules apply for calculation of the optimized codon frequency for group 3 AA in a given coding sequence:

For the group 3 AA and their different corresponding codons, the calculation of the optimal occurrence of each possible codon
within a given coding sequence is preferably performed according to the following methodology:

1. i. sum for each of the respective group 3 AA, the total number of residues encoded in the given sequence,

2. ii. for each AA and codon encoding that AA, multiply the total number for that AA by the optimal codon distribution in Table
1, resulting in a raw codon distribution, which generally may contain decimal numbers,

3. iii. round off the values of the raw codon distribution (ii), by removing the digits, resulting in a rounded off codon
distribution,

4. iv. sum for each of the AA, the total number of AA represented in the rounded off codon distribution (iii),

5. v. calculate the total missing number of residues for each of the respective AA in the rounded off codon distribution, by
subtracting the total number of residues encoded in the given sequence (i) with the total number of AA represented in the
rounded off codon distribution (iv)

6. vi. calculate for each codon, the decimal difference between the raw codon distribution (ii) and the rounded off codon
distribution (iii) by subtraction

7. vii. multiply for each codon, the decimal difference (vi) and the optimal codon distribution in table 1, giving a weight value
for each codon,

8. viii. for each of the respective AA, select for the amount of missing residues (v), the respective amount of codons that have
the highest weight value (vii),

9. ix. the calculation of the final optimal codon distribution within a given sequence encoding a polypeptide is calculated by
summing the rounded off codon distribution (iii) and the selected amount of missing residues (viii) for each codon.

[0131] Subsequently, for codons of which the total number in a given sequence is higher than in the calculated final optimal
codon distribution, a selection is made for substitution into a different corresponding codon as calculated. Also for codons that
should be increased in frequency, a selection is made from the other different corresponding codon candidates that should be
decreased in frequency (see example 1). In another preferred method, one might consider using a computer algorithm for
selection and calculation of codon replacements in a given nucleotide sequence. In another preferred embodiment, the selection
and calculation of codon replacements may be done according to the calculated codon frequency and criteria for secondary
structures and other features like inclusion of certain RNA-tags or restriction sites, and avoiding certain nucleotide sequences.
"Secondary structure" refers to regions of a nucleic acid sequence that, when single stranded, have a tendency to form double-
stranded hairpin structures or loops. Such structures may impede transcription and translation. In WO 01/55342 possible ways
are provided how to evaluate nucleic acids for their likeliness to form secondary structures. Several software programs can
predict secondary structures. In a preferred embodiment the secondary structure is determined by the nearest-neighbor method.
A description of this method is described by Freier et al (Proc Natl Acad Sci USA 1986, 83, 9373-9377 ), and uses the energy
parameters which refer to RNA:RNA secondary structure. The application of this method can be done in the Clone Manager 7
program (Sci. Ed. Central: Scientific & Educational software, version 7.02).

[0132] According to another preferred method, one applies the optimized codon frequency according to Table 1 to a specific part
of the coding sequence only. In a more preferred method, the substitution of codons in a given nucleotide sequence is performed
after doing a random selection of candidates for replacement, and a random selection of new corresponding codon candidates,
according to the final optimal codon distribution.

[0133] According to another preferred method, one applies the calculated optimal codon distribution based on an amino acid
sequence only. The amino acid sequence is back-translated into a nucleotide sequence by an appropriate choice of codons
according to the calculated optimal codon distribution into a modified coding sequence with optimized codon frequency (example
2). After design of the modified coding sequence, it might be checked for secondary structure features, AT-rich stretches and
unwanted restriction sites. In case one observes such aspects, a person skilled in the art knows how to interchange or replace
specific codons of the modified coding sequence to circumvent the specific issue without changing the encoded polypeptide. In a
preferred method, this can be done by a computer algorithm taking into account specific criteria for secondary structure, avoiding
AT-rich regions, avoiding GC-rich regions, introduction of restriction sites, etc. In another embodiment, the back-translation is
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done by a random choice of position for each codon that needs to be placed in the nucleotide sequence.

[0134] To provide the nucleotide sequence with the desired modifications, general molecular biological methods can be applied.
These techniques for modifying nucleotide sequences utilizing cloning methods are well known in the art. Such methods include
e.g.: random or directed mutagenesis, DNA shuffling methods, DNA reassembly methods, gene synthesis, and other means
known to one skilled in the art (see for example Young and Dong, (2004), Nucleic Acids Research 32, (7) electronic access
http://nar.oupjournals.org/cgi/reprint/32/7/e59 or Gupta et al. (1968), Proc. Natl. Acad. Sci USA, 60: 1338-1344; Scarpulla et al.
(1982), Anal. Biochem. 121: 356-365; Stemmer et al. (1995), Gene 164: 49-53).

[0135] According to yet another preferred aspect of the disclosure, there is provided a method for producing the nucleotide
sequence described herein before by providing a nucleotide sequence with a translational initiator sequence described herein
before.

[0136] The techniques for modifying nucleic acid sequences utilizing cloning methods are well known in the art.

[0137] According to a yet another preferred embodiment, there is provided a method for producing a nucleotide sequence
comprising a synonymous nucleotide coding sequence displaying the combined features of the first and second aspect of the
invention by:

¢ providing the synonymous nucleotide coding sequence with optimized codon frequency as defined herein above using the
method described above,

e providing the nucleotide sequence with a translational initiator sequence described herein above using the method
described above, and optionally

e operably linking said synonymous nucleotide coding sequence to the control sequences as defined herein above.

[0138] The present invention is further described by the following examples, which should not be construed as limiting the scope
of the invention.

Examples

Experimental information

Strains

[0139]

WT 1: This A. niger strain is used as a wild-type strain. This strain is deposited at the CBS Institute under the deposit number
CBS 513.88.

WT 2: This A. niger strain is a WT 1 strain comprising a deletion of the gene encoding glucoamylase (glaA). WT 2 was
constructed by using the "MARKER-GENE FREE" approach as described in EP 0 635 574 B1. In this patent it is extensively
described how to delete glaA specific DNA sequences in the genome of CBS 513.88. The procedure resulted in a MARKER-
GENE FREE Ag/aA recombinant A. niger CBS 513.88 strain, possessing finally no foreign DNA sequences at all.

WT 3: This A. niger strain is a WT 2 strain comprising a mutation which results in an oxalate deficient A. niger strain. WT 3 was
constructed by using the method as described in EP1590444. In this patent application, it is extensively described how to screen
for an oxalate deficient A. niger strain. Strain WT3 was constructed according to the methods of examples 1 and 2 of EP1590444,
strain WT 3 is mutant strain 22 of EP1590444 (designated FINALin EP1590444).

A. niger shake flask fermentations

25



DK/EP 2410048 T3

[0140] A. niger strains were pre-cultured in 20 ml pre-culture medium as described in the Examples: "A. niger shake flask
fermentations" section of W099/32617. After overnight growth, 10 ml of this culture was transferred to fermentation medium 1
(FM1) for alpha-amylase fermentations and fermentation medium 2 (FM2) for phospholipase A1 fermentations. Fermentation is
performed in 500 ml flasks with baffle with 100 ml fermentation broth at 34°C and 170 rpm for the number of days indicated,
generally as described in WO99/32617.

[0141] This FM1 medium contains per liter: 70 g glucose, 25 g Caseinhydrolysate, 12.5 g Yeast extract, 1 g KH2PO4, 2 g
K2804, 0.5 g MgS04.7H20, 0.03 g ZnCI2, 0.02 g CaClI2, 0.01 g MnS04.4H20, 0.3 g FeS04.7H20, 10 ml Pen-Strep (Invitrogen,
cat. nr. 10378-016), adjusted to pH 5.6 with 4 NH2SO4.

[0142] The FM2 medium contains per liter: 82.5 g Glucose.1H20, 25 g Maldex 15 (Boom Meppel, Netherlands), 2 g Citric acid,
4.5 g NaH2P0O4.1H20, 9 g KH2PO4, 15 g (NH4)2804, 0.02 g ZnCI2, 0.1 g MnS0O4.1H20, 0.015 g CuS04.5H20, 0.015 g
CoCI2.6H20, 1 g MgS04.7H20, 0.1 g CaCl2.2H20, 0.3 g FeS04.7H20, 30 g MES (2-[N-Morpholino]ethanesulfonic acid), pH=6.

PLA1 phospholipase activity

[0143] To determine phospholipase PLA1 activity (pla1) in A. niger culture broth spectrophotometrically, an artificial substrate is
used: 1,2-dithiodioctanoyl phophatidylcholine (diC8, substrate). pla1 hydrolyses the sulphide bond at the A1 position, dissociating
thio-octanoic acid. Thio-octanoic acid reacts with 4,4 dithiopyridine (color reagent, 4-DTDP), forming 4-thiopyridone. 4-
Thiopyridone is in tautomeric equilibrium with 4-mercaptopyridine, which absorbs radiation having a wavelength of 334 nm. The
extinction change at that wavelength is measured. One unit is the amount of enzyme that liberates of 1 nmol thio-octanoic acid
from 1,2-dithiodioctanoyl phosphatidylcholine per minute at 37°C and pH 4.0.

[0144] The substrate solution is prepared by dissolving 1 g diC8 crystals per 66 ml ethanol and add 264 ml acetate buffer. The
acetate buffer comprises 0.1 M Acetate buffer pH 3.85 containing 0.2% Triton-X100. The color reagent is a 11 mM 4 4-
dithiodipyridine solution. It was prepared by weighting 5,0 mg 4 ,4-dithiodipyridine in a 2 ml Eppendorf sample cup and dissolving
in 1.00 ml ethanol. 1.00 ml of milli-Q water was added.

Fungal alpha-amylase activity

[0145] To determine the alpha-amylase activity in A. niger culture broth, the Megazyme cereal alpha-amylase kit is used
(Megazyme, CERALPHA alpha amylase assay kit, catalogus. ref. K-CERA, year 2000-2001), according protocol of the supplier.
The measured activity is based on hydrolysis of non-reducing-endblocked p-nitrophenyl maltoheptaoside in the presence of
excess glucoamylase and a-glucosidase. The amount of formed p-nitrophenol is a measure for alpha-amylase activity present in
a sample.

Example 1. Construction of an Aspergillus expression construct for the plal gene encoding A. oryzae phospholipase
A1 and the amyA gene encoding A. niger alpha-amylase

[0146] The DNA sequence of the pla1l gene encoding the phospholipase A1 protein was disclosed in JP 1998155493-A1 and
also can be retrieved from EMBL Nucleotide Sequence Database (http://www.ebi.ac.uk/emb)/index html) under accession number
E16314. The genomic sequence of the native A. oryzae plal gene is shown as SEQ ID NO: 1. The corresponding coding
sequence of pla1 is shown as SEQ ID NO: 2. The translated sequence of SEQ ID NO: 2 is assigned as the SEQ ID NO: 3,
representing the A. oryzae phospholipase A1.

The DNA sequence of the amyA gene encoding the alpha-amylase protein was disclosed in Curr Genet. 1990 Mar;17(3):203-212
(Cloning, characterization, and expression of two alpha-amylase genes from Aspergillus niger var. awamori by Korman DR,
Bayliss FT, Barnett CC, Carmona CL, Kodama KH, Royer TJ, Thompson SA, Ward M, Wilson LJ, Berka RM) and also can be
retrieved from EMBL Nucleotide Sequence Database (http://www.ebi.ac.uk/embl/index html) under accession number AB109452.
The genomic sequence of the native A. niger amyA gene is shown as SEQ ID NO. 28. The corresponding coding or cDNA
sequence of amyA is shown as SEQ ID NO. 29. The translated sequence of SEQ ID NO. 29 is assigned as the SEQ ID NO. 30,
representing the A. niger alpha-amylase protein. For expression analysis in Aspergillus species of pla1 constructs, a fusion of the
genomic plal gene and the A niger glucoamylase promoter was made at the translation start site accompanied by the
introduction of cloning sites. To do so, a PCR was performed for amplification of the genomic plal gene using the
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oligonucleotides identified as SEQ ID NO 4 and SEQ ID NO 5 and the pla1 gene construct cloned in pGBFIN11, described in WO
04/070022, as template, generating a 1.1 kb fragment identified as fragment A. Additionally, a SnaBI cloning site was introduced.
A second PCR was performed using the oligonucleotides identified as SEQ ID NO 6 and SEQ ID NO 7 and the pGBFIN-23 vector
(described in W099/32617) as template, generating a 0.4 kb glaA promoter fragment identified as fragment B. Both resulting
fragments, A and B, were fused by sequence overlap extension (SOE-PCR, as described in Gene. 1989 Apr 15;77(1):51-9. Ho
SN, Hunt HD, Horton RM, Pullen JK, Pease LR "Site-directed mutagenesis by overlap extension using the polymerase chain
reaction") using PCR, oligonucleotides identified as SEQ ID NO 5 and SEQ ID NO 6 and fragments A and B described above;
generating a 1.4 kb fragment C. This fragment C, comprising the genomic pla1 gene and part of the glaA promoter was digested
with Sfil and SnaBl and introduced in a Sfil and Nrul digested pGBFIN-30 vector (Figure 1), generating pGBFINPLA-1a (Fig. 2).
The sequence of the introduced and digested PCR fragment C was confirmed by sequence analysis and its sequence is given in
SEQ ID NO 8.

For expression analysis in Aspergillus species of A. niger amyA constructs, a fragment containing the genomic amyA promoter
and the amyA cDNA sequence was amplified and fused using PCR in a similar strategy as described above. Appropriate
restriction sites were introduced at both ends to allow cloning in an expression vector. At the 5'-end an Xhol site was introduced
and at the 3'-end a Padl site. This fragment comprising the alpha-amylase promoter and cDNA sequence was digested with Xhol
and Pad and introduced in an Xhol and Pacl digested pGBFIN-12 vector (construction and layout described in W0O99/32617),
generating pGBFINFUA-1 (Fig. 4). The sequence of the introduced PCR fragment was confirmed by sequence analysis and its
sequence is presented in SEQ ID NO. 31.

Example 2: Use of a method of the invention for construction of improved DNA sequences for improving production
of the phospholipase A1 enzyme of Aspergillus oryzae in A. niger.

2.1. Improvement of the codon frequency or codon usage for the A. oryzae phospholipase Al coding sequence for
expression in A. niger

[0147] The method of the invention was below applied to the improvement of codon use of the PLA1 gene of A. oryzae. This
method can be applied the same way for the improvement of codon use of any nucleotide sequence. The nucleotide coding
sequence of pla1 is shown as SEQ ID NO:2.

[0148] The codon use of the native A. oryzae gene encoding PLA1 and the synthetic optimized variant are given in Table 2
below. For the native and optimized synthetic pla1 gene, the exact numbers for each codon are given as well as the distribution
per amino acid. Additionally, the third column provides the proposed optimal distribution, which is the target for optimization.

[0149] For the group 1 amino acids, there is only one possibility. Group 1 consists of methionine that is always encoded by ATG
and tryptophane that is always encoded by TGG.

[0150] The group 2 amino acids are subject to optimization according to the extreme frequency of 0% or 100%, the strategy is
clear. All codons for a group 2 AA are specifically changed into the optimal variant of the two possible codons. More specifically
for cysteine, a codon, TGT is replaced by TGC; for phenylalanine, TTT by TTC,; for histidine, CAT by CAC; for lysine, AAA by
AAG, for asparagine, AAT by AAC; for glutamine, CAA by CAG; for tyrosine, TAT by TAC.

[0151] The group 3 amino acids can be encoded by several codons as indicated in Table 1; each codon being present in a
preferred codon frequency: for alanine GCT, GCC, GCA, GCG,; for aspartate, GAT, GAC; for glutamate, GAA, GAG,; for glycine,
GGT, GGC, GGA, GGG; for isoleucine, ATT, ATC, ATA,; for leucine, TTA, TTG, CTT, CTC, CTA, CTG; for proline, CCT, CCC,
CCA, CCG,; for arginine, CGT, CGC, CGA, CGG, AGA, AGG; for serine, TCT, TCC, TCA, TCG, AGT, AGC; for threonine, ACT,
ACC, ACA, ACG; for valine, GTT, GTC, GTA, GTG, are optimized according the following methodology:

For the group 3 amino acids (AA) and their encoding codons, the calculation of the optimal occurrence of each possible codon
within a given coding sequence is performed according to the following methodology:

1. i. sum for each of the respective group 3 AA, the total number of residues encoded in the given sequence, see column A1
(Table 3),

2. ii. for each AA and codon encoding that AA, multiply the total number for that AA by the optimal codon distribution in Table
1, resulting in a raw codon distribution, which generally may contain decimal numbers, see column A2 (Table 4),

3. iii. round off the values of the raw codon distribution (ii), by removing the digits, resulting in a rounded off codon
distribution, see column A3 (Table 4),
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4. iv. sum for each of the AA, the total number of AA represented in the rounded off codon distribution (iii), see column A4
(Table 3),

5. v. calculate the total missing number of residues for each of the respective AA in the rounded off codon distribution, by
subtracting the total number of residues encoded in the given sequence (i) with the total number of AA represented in the
rounded off codon distribution (iv), see column A5 (Table 3),

6. vi. calculate for each codon, the decimal difference between the raw codon distribution (ii) and the rounded off codon
distribution (iii) by subtraction, see column A6 (Table 4),

7. vii. multiply for each codon, the decimal difference (vi) and the optimal codon distribution in table 1, giving a weight value
for each codon, see column A7 (Table 4),

8. viii. for each of the respective AA, select for the amount of missing residues (v), the respective amount of codons that have
the highest weight value (vii), see column A8 (Table 4),

9. ix. the calculation of the final optimal codon distribution within a given sequence encoding a polypeptide is calculated by
summing the rounded off codon distribution (iii) and the selected amount of missing residues (viii) for each codon, see
column A9 (Table 4).

Table 2 Codon optimization for PLA1.

AA Codon Optimal codon PLATw.t § PLATwt [% §PLA1optimized #{ PLA1 optimized [%

distribution [%)] [# codons]i codons/AA] codons] codons / AA]

A jAla_GCT 38 10 28.6 14 40.0
Ala_GCC 51 12 343 18 514
Ala_GCA 0 9 257 0 0.0
Ala_GCG 11 4 114 3 8.6

C iCys TGT 0 4 66.7 0 0.0
Cys TGC 100 2 33.3 6 100.0

D {Asp GAT 36 14 73.7 7 36.8
Asp_GAC 64 5 26.3 12 63.2

E {Glu GAA 26 7 46.7 4 26.7
Glu GAG 74 8 53.3 11 73.3

F §{Phe TTT 0 5 55.6 0 0.0
Phe TTC 100 4 44 .4 9 100.0

G {Gly GGT 49 6 261 12 52.2
Gly_ GGC 35 7 304 8 348
Gly_GGA 16 5 21.7 3 13.0
Gly GGG 0 5 21.7 0 0.0

H {His CAT 0 4 50.0 0 0.0
His CAC 100 4 50.0 8 100.0

I {lle ATT 27 3 333 2 222
lle_ATC 73 6 66.7 7 77.8
lle_ATA 0 0 0.0 0 0.0

K {Lys AAA 0 2 33.3 0 0.0
Lys AAG 100 4 66.7 6 100.0

L jLeu TTA 0 1 29 0 0.0
Leu TTG 13 9 26.5 4 11.8
Leu CTT 17 2 59 6 17.6
Leu CTC 38 8 23.5 13 38.2
Leu CTA 0 2 59 0 0.0
Leu CTG 32 12 35.3 11 324

M {Met ATG 100 1 100.0 1 100.0

N jAsn AAT 0 5 27.8 0 0.0
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AA Codon Optimal codon PLATw.t j PLATwt [% {PLA1optimized #{ PLA1 optimized [%
distribution [%] [# codons]i codons /AA] codons] codons / AA]
Asn_AAC 100 13 72.2 18 100.0
P {Pro CCT 36 3 375 3 37.5
Pro_CCC 64 2 250 5 62.5
Pro CCA 0 2 25.0 0 0.0
Pro CCG 0 1 125 0 0.0
Q {GIn_CAA 0 3 60.0 0 0.0
GIn_CAG 100 2 40.0 5 100.0
R {Arg CGT 49 0 0.0 4 50.0
Arg CGC 51 2 25.0 4 50.0
Arg CGA 0 2 25.0 0 0.0
Arg_CGG 3 375 0 0.0
Arg_AGA 1 125 0 0.0
Arg_AGG 0 0 0.0 0 0.0
S {Ser TCT 21 5 15.2 7 21.2
Ser_TCC 44 7 21.2 15 455
Ser TCA 0 5 15.2 0 0.0
Ser TCG 14 2 6.1 4 121
Ser AGT 0 4 121 0 0.0
Ser AGC 21 10 30.3 7 21.2
T {Thr ACT 30 7 29.2 7 29.2
Thr_ACC 70 8 333 17 70.8
Thr_ ACA 2 8.3 0 0.0
Thr ACG 7 29.2 0 0.0
V ivVal GTT 27 5 33.3 4 26.7
Val GTC 54 4 26.7 8 53.3
Val GTA 0 1 6.7 0 0.0
Val_GTG 19 5 333 3 20.0
W {Trp_TGG 100 4 100.0 4 100.0
Y {Tyr TAT 0 6 40.0 0 0.0
Tyr_ TAC 100 9 60.0 15 100.0
Table 3
AA() i A1 Ad A5
Ala 1 35 33 2
Asp 2 19 18 1
Glu 3 15 14 1
Gly 4 23 22 1
lle 5 9 8 1
Leu 6 34 31 3
Pro 7 1
Arg 8 1
Ser 9 33 30 3
Thr 10 24 23 1
Val 11 15 14 1
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Table 4
Codon A2 A3 A6 A7 A8 A9
Ala_GCT 13.3 13 0.3 0.114 1 14
Ala_GCC 17.85 17 0.85 0434 1 18
Ala_GCA 0 0 0 0.000 0 0
Ala_GCG 3.85 3 0.85 0.094 0 3
Asp GAT 6.84 6 0.84 0.302 1 7
Asp GAC 12.16 12 0.16 0.102 0 12
Glu_GAA 3.9 3 0.9 0.234 1 4
Glu_GAG 11.1 11 0.1 0.074 0 11
Gly GGT 11.27 11 0.27 0.132 1 12
Gly GGC 8.05 8 0.05 0.018 0 8
Gly GGA 3.68 3 0.68 0.109 0 3
Gly GGG 0 0 0 0.000 0 0
lle ATT 243 2 0.43 0.116 0 2
lle ATC 6.57 6 0.57 0.416 1 7
lle ATA 0 0 0 0.000 0 0
Leu TTA 0 0 0 0.000 0 0
Leu TTG 442 4 0.42 0.055 0 4
Leu CTT 5.78 5 0.78 0.133 1 6
Leu CTC 12.92 12 0.92 0.350 1 13
Leu CTA 0 0 0 0.000 0 0
Leu CTG 10.88 10 0.88 0.282 1 11
Pro CCT 2.88 2 0.88 0.317 1 3
Pro CCC 5.12 5 0.12 0.077 0 5
Pro CCA 0 0 0 0.000 0 0
Pro CCG 0 0 0 0.000 0 0
Arg CGT 3.92 3 0.92 0.451 1 4
Arg CGC 4.08 4 0.08 0.041 0 4
Arg_CGA 0 0 0 0.000 0 0
Arg_CGG 0 0 0 0.000 0 0
Arg_AGA 0 0 0 0.000 0 0
Arg AGG 0 0 0 0.000 0 0
Ser TCT 6.93 6 0.93 0.195 1 7
Ser TCC 14.52 14 0.52 0.229 1 15
Ser TCA 0 0 0 0.000 0 0
Ser_ TCG 462 4 0.62 0.087 0 4
Ser AGT 0 0 0 0.000 0 0
Ser AGC 6.93 6 0.93 0.195 1 7
Thr ACT 7.2 7 0.2 0.060 0 7
Thr_ ACC 16.8 16 0.8 0.560 1 17
Thr_ACA 0 0 0 0.000 0 0
Thr_ ACG 0 0 0 0.000 0 0
Val GTT 4.05 4 0.05 0.014 0 4
Val GTC 8.1 8 0.1 0.054 0 8
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Codon A2 A3 A6 A7 A8 A9
Val_GTA 0 0 0 0.000 0
Val_GTG 2.85 2 0.85 0.162

[0152] Subsequently, for codons of which the total number in the p/a1 coding sequence was higher than the calculated final
codon distribution, a random selection was made for substitution into a different corresponding codon as calculated. Also for
codons that should be increased in the plal coding sequence, a random selection was made from the other different
corresponding codon candidates that should be decreased in frequency.

[0153] This resulted in a modified coding sequence (or synonymous coding sequence or optimized synthetic sequence) as
depicted in Table 2. The optimized synthetic p/a1 sequence, resulting from the process described above, is shown in Figure 6.
Here an alignment of the modified coding sequence of the invention with the native and genomic p/a1 sequence can be found. In
this modified coding sequence, the three introns of the native sequence were placed at their original position (as indicated in SEQ
ID NO 1), resulting in the optimized synthetic sequence as shown in the SEQ ID NO 11. Secondary structures in the modified
coding sequence were checked using the Clone Manager 7 program (Sci. Ed. Central: Scientific & Educational software, version
7.02) for possible occurrence of harmful secondary structures.

2.2: Choice of a modified translational termination sequence

[0154] The native plalgene encoding A. oryzae phospholipase A1 contains a 'TAG' stop codon followed by TACGTA of the
introduced SnaBl restriction site. In a number of synthetic constructs, the 5-TAGT-3' translational termination sequence is
replaced by TAAA followed by the same TACGTA of the SnaBl restriction site. This replacement has been done in the sequences
of SEQ ID NO. 11, SEQ ID NO. 12, SEQ ID NO. 13, SEQ ID NO. 14, SEQ ID NO. 35. As a result of this, the expression constructs
pGBFINPLA-1d, pGBFINPLA-1e, pGBFINPLA-1f, pGBFINPLA-1g and pGBFINPLA-1h have a modified translational termination
sequence according to the invention.

2.3: Choice of a modified translational initiation sequences

[0155] The strong glaA promotor is applied for over-expression of enzymes in A. niger using the pGBFIN expression constructs.
The translational initiation sequence including ATG start codon of PglaA is 5'-CACCTCAGCA ATG-3'. The translational initiation
sequence of PglaA has been modified into 5-CACCGTCAAA-3' or 5'-CGCAGTCAAG-3'. This results in a glucoamylase promoter
sequence downstream of the EcoRl site as can be identified in SEQ ID NO 25 and 26, respectively. This replacement was
performed in the sequences of SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 12, SEQ ID NO. 13 and SEQ ID NO. 14. As a result of
this, the expression constructs pGBFINPLA-1b, pGBFINPLA-1c, pGBFINPLA-1e, pGBFINPLA-1f and pGBFINPLA-1g have a
modified translational initiation sequence according to the invention. The translational initiator sequence as described in US
6,461,837 B1 has been tested in the sequence of SEQ ID NO. 35, resulting in the expression constructs pGBFINPLA-1h.

2.4: Choice of modified translational initiation coding sequence

[0156] Modification of the translational initiation coding sequence can be combined with the codon optimization and/or
improvement of the translational initiation coding sequence. Substitution of the second codon in the coding sequence is clear
because only one codon is optimal, i.e., the codon is replaced by GCT coding alanine. The third codon has 4 options: TCC; CCC;
ACC; GCC, encoding serine, proline, threonine, and arginine, respectively. TCC was selected. The fourth codon can either be
TTC for phenylalanine, TTC for serine, CTC for leucine, or CCC for proline. TTC was selected. This leads to 5'-
ATGGCTTCCTTC-3' as modified translational initiation coding sequence including start codon. This results in a glucoamylase
promoter sequence downstream of the EcoRlI site and with translational initiation coding sequence as can be identified in SEQ ID
NO 27. This modified sequence is used in SEQ ID NO. 14. As a result of this, the expression construct pGBFINPLA-1g has a
modified translational initiation coding sequence according to the invention.

2.5: Combination of at least one of the modifications made in 2.1 to 2.4
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[0157] Expression of the nucleotide sequence coding for the polypeptide to be produced may be improved by optimizing the
codon usage, and/or the consensus translational initiator coding sequence and/or control DNA sequences comprising a
consensus translational initiator sequence and/or optimal translational termination sequence. A series of 8 constructs (Table 5)
was analysed to test a number of embodiments of the invention.

Table 5: Several improved expression constructs using at least one of the modified sequences. Translational initiator sequence
variant 1: CACCGTCAAA,; variant 2. CGCAGTCAAG.

SEQID NO Translational initiation Translational initiation coding jCodon usage Translation terminatior
sequence sequence sequence

8 w.t. w.t. w.t. w.t.

9 variant 1 w.t. w.t. w.t.

10 variant 2 w.t. w.t w.t.

11 w.t. w.t. modified w.t.

12 variant 1 w.t. modified Modified (TAA ATA)
13 variant 2 w.t. modified Modified (TAA ATA)
14 variant 1 Optimized modified Modified (TAA ATA)

(ATGGCTTCCTTC)
35 US 6,461,837 B1 w.t. modified Modified (TAA ATA)

Example 3: Use of a method of the invention for construction of improved DNA sequences for improving production
of the alpha-amylase enzyme in A. niger.

3.1. Improvement of the codon frequency or codon usage for the alpha-amylase coding sequence amyA for
expression in A. niger

[0158] The method of the invention is below applied to the improvement of codon use of the amyA gene of A. niger. This method
can be applied the same way for the improvement of codon use of any nucleotide sequence. The nucleotide coding sequence of
the native amyA is shown as SEQ ID NO. 29.

x. The codon use of the native amyA gene of A. niger and the synthetic optimized variant are given in Table 6 below. For the
native and optimized synthetic amyA gene, the exact numbers for each codon are given as well as the distribution per amino acid.
Additionally, the third column provides the proposed optimal distribution, which is the target for optimization.

Table 6 Codon optimization for amyA.

AA {Codon Optimal codon amyA w.t. jamyA w.t. [% amyA optimized [# jamyA optimized [%

distribution [%] [# codons]icodons / AA] codons] codons / AA]

A {Ala_GCT 38 5 11.9 16 38.1
Ala_GCC 51 15 357 21 50.0
Ala_GCA 0 12 286 0 0.0
Ala_GCG 11 10 2338 5 11.9

C {Cys TGT 0 7 7738 0 0.0
Cys_TGC 100 2 222 9 100.0

D jAsp_GAT 36 20 476 15 357
Asp_GAC 64 22 524 27 64.3

E iGlu GAA 26 5 417 3 250
Glu_GAG 74 7 58.3 9 75.0

F {Phe TTT 0 3 200 0 0.0
Phe _TTC 100 12 80.0 15 100.0
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Codon Optimal codon amyA w.t. jamyA w.t. [% amyA optimized [# jamyA optimized [%
distribution [%)] [# codons]icodons / AA] codons] codons / AA]

Gly GGT 49 10 23.3 21 48.8
Gly GGC 35 18 419 15 34.9
Gly_GGA 16 10 23.3 7 16.3
Gly GGG 0 5 116 0 0.0
His CAT 0 3 429 0 0.0
His CAC 100 4 571 7 100.0
lle ATT 27 7 250 7 25.0
lle ATC 73 19 67.9 21 75.0
lle ATA 0 2 71 0 0.0
Lys AAA 0 7 350 0 0.0
Lys AAG 100 13 65.0 20 100.0
Leu TTA 0 1 27 0 0.0
Leu TTG 13 10 27.0 5 135
Leu CTT 17 4 108 6 16.2
Leu CTC 38 13 351 14 37.8
Leu CTA 0 3 8.1 0 0.0
Leu CTG 32 6 16.2 12 324
Met ATG 100 10 100.0 10 100.0
Asn_AAT 0 3 115 0 0.0
Asn_AAC 100 23 885 26 100.0
Pro_CCT 36 6 27.3 8 36.4
Pro CCC 64 8 364 14 63.6
Pro CCA 0 3 136 0 0.0
Pro CCG 0 5 22.7 0 0.0
Gln_CAA 0 5 250 0 0.0
Gln_CAG 100 15 75.0 20 100.0
Arg_CGT 49 1 10.0 5 50.0
Arg_CGC 51 2 20.0 5 50.0
Arg_CGA 2 20.0 0 0.0
Arg_CGG 2 20.0 0 0.0
Arg_AGA 0 0.0 0 0.0
Arg_AGG 0 3 8.1 0 0.0
Ser TCT 21 4 108 8 216
Ser_TCC 44 9 243 16 43.2
Ser_TCA 0 4 10.8 0 0.0
Ser TCG 14 10 27.0 5 13.5
Ser AGT 0 4 108 0 0.0
Ser_ AGC 21 6 16.2 8 21.6
Thr ACT 30 9 225 12 30.0
Thr ACC 70 13 325 28 70.0
Thr ACA 0 10 250 0 0.0
Thr ACG 0 8 20.0 0 0.0
Val_GTT 27 5 16.1 8 258
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AA {Codon Optimal codon amyA w.t. jamyA w.t. [% amyA optimized [# jamyA optimized [%
distribution [%)] [# codons]icodons / AA] codons] codons / AA]

Val_GTC 54 12 38.7 17 54.8
Val GTA 0 4 129 0 0.0
Val_GTG 19 10 323 6 194
W {Trp_TGG 100 12 100.0 12 100.0
Y {Tyr TAT 0 11 314 0 0.0
Tyr_TAC 100 24 68.6 35 100.0

[0159] Subsequently, a completely new nucleotide coding sequence is created by random distribution of the proposed number of
synonymous codons (Table 6) for each amino acid in the original amyA peptide.

[0160] The native amyA gene contains a 'TGA' stop codon. In all amyA constructs made, the 5'-TGA-3' translational termination
sequence was replaced by 5'-TAAA-3' followed by the 5'-TTAATTAA-3' of the Pacl restriction site.

This resulted in a modified coding sequence (or synonymous coding sequence or optimized synthetic sequence) as depicted in
Table 6. The optimized synthetic amyA sequence, resulting from the process described above, is indicated in SEQ ID NO 32.
Secondary structures in the modified coding sequence was checked using the Clone Manager 7 program (Sci. Ed. Central:
Scientific & Educational software, version 7.02) for possible occurrence of harmful secondary structures.

3.2: Choice of a modified translational initiation sequences

[0161] In this example, the strong amyA promotor is applied for over-expression of the alpha amylase enzyme in A. niger using
pGBFIN-based expression constructs. The translational initiation sequence including ATG start codon of PamyA is 5'-
GGCATTTATG ATG-3' or 5'-GAAGGCATTT ATG-3', dependent on which ATG is selected as start codon. The translational
initiation sequence of PamyA has been modified into 5-CACCGTCAAA ATG-3'. This replacement has been done in the
sequences of SEQ ID NO. 33 and SEQ ID NO. 34. As a result of this, the expression constructs pGBFINFUA-2 and pGBFINFUA-3,
have a modified translational initiation sequence according to the invention.

3.3: Combination of at least one of the modifications made in 3.1 and 3.2

[0162] Expression of the sequence coding for the polypeptide to be produced may be improved by optimizng the codon usage
and/or control DNA sequences comprising a consensus translational initiator sequence and/or optimal translational termination
sequence. A series of 3 constructs (Table 7) was constructed to test a number of embodiments of the invention.

Table 7: Overview of improved expression constructs using at least one of the modified sequences.

SEQID NO Translational initiation sequence Codon usage Translation termination sequence
31 w.t. w.t. Modified (TAA ATTAA)
33 variant 1 (CACCGTCAAA) w.t. Modified (TAA ATTAA)
34 variant 1 (CACCGTCAAA) modified Modified (TAA ATTAA)

Example 4. Construction of modified expression vectors and tasting them in A. niger

4.1. Construction of modified plal expression vectors expressing A. oryzae phospholipase Al according example 2.1
-25

[0163] The DNA sequence of the cloned EcoRI - SnaBl fragment of pGBFINPLA-1a is shown as SEQ ID NO 8. The DNA
sequences of EcoRI fragments comprising variants for the translational initiation sequence of the glucoamylase promoter are
shown as SEQ ID NO 9 and SEQ ID NO 10. These modified gene fragments were completely synthesized and the sequence was
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confirmed by sequence analysis.

[0164] For cloning these modified sequence variants in an expression vector, all synthetic gene fragments were digested with
EcoRlI and introduced in the large fragment of an EcoRI digested pGBFINPLA-1a vector (Figure 2), generating variant expression
vectors of pGBFINPLA-1a. After checking for the proper orientation of the EcoRI fragment, the variant expression constructs were
named pGBFINPLA1b and pGBFINPLA-1c as described below in Table 8. Figure 3 is also providing a representative map for
plasmid pGBFINPLA-1b and pGBFINPLA-1c.

[0165] The DNA sequence of 5 other synthetic sequence variants comprising part of the glucoamylase promoter, the pla1 signal
sequence, the mature peptide of phospholipase A1 and the translational termination sequence around the stop codon are shown
as SEQ ID NO 11 until SEQ ID NO 14 and SEQ ID NO 35. These 5 modified gene fragments were completely synthesized by
design and synthesis of overlapping polynucleotides and subsequent assembly of the double-stranded sequence from a number
of overlapping polynucleotides. The sequence was confirmed by sequence analysis.

[0166] For cloning these modified sequence variants in an expression vector, all synthetic gene fragments were digested with
EcoRI and SnaBl and introduced in the large fragment of an EcoRI and Nrul digested pGBFINPLA-1a vector (Figure 2),
generating variant expression vectors pGBFINPLA-1d until pGBFINPLA-1h as described below in Table 8. A representative map
for the plasmids pGBFINPLA-1d until pGBFINPLA-1h is provided in figure 3.

Table 8: Modified expression constructs for pla1 expression in A. niger

Plasmid name SEQID NO Translation start region Codon Translation stop
PGBFINPLA-1a 8 CACCTCAGCAATGTITAGTCTC w.t TAG TAC
PGBFINPLA-1b 9 CACCGTCAAAATG TITAGT CTC w.t TAG TAC
PGBFINPLA-1c 10 CGCAGTCAAG ATGTITAGTCTC w.t TAGTAC
PGBFINPLA-1d 11 CACCTCAGCAATGTTC TCTCTC modified Modified (TAA ATA)
PGBFINPLA-1e 12 CACCGTCAAAATGTTIC TCTCTC modified Modified (TAA ATA)
PGBFINPLA-1f 13 CGCAGTCAAGATGTTC TCTCTC modified Modified (TAA ATA)
PGBFINPLA-1g 14 CACCGTCAAAATGGCTTCCTIC modified Modified (TAA ATA)
pGBFINPLA-1h 35 CTCCTTCACC ATGTIC TCTCTC modified Modified (TAA ATA)

[0167] The translated sequences of the pla1 coding sequences of plasmid pGBFINPLA-1a until pGBFINPLA-1f and pGBFINPLA-
1h are according the amino acid sequence as identified in SEQ ID NO: 3, representing the wild-type A. oryzae phospholipase A1.
The translated sequence of the plal coding sequence of plasmid pGBFINPLA-1g is according the amino acid sequence as
identified in SEQ ID NO: 15, representing an A. oryzae phospholipase A1 with a modified signal sequence.

4.2. Construction of modified amyA expression vectors expressing A. niger alpha-amylase according example 3.1 -

[0168] The DNA sequence of the Xhol - Pacl fragment of pGBFINFUA-1 (Figure 4) is shown as SEQ ID NO 31 and comprises the
wild-type amyA promoter and wild-type amyA cDNA sequence with a modified translation stop sequence (TAAA). The DNA
sequence comprising a variant for the translational initiation sequence of the alpha-amylase promoter is shown as SEQ ID NO 33.
The DNA sequence comprising a variant of the translational initiation sequence of the alpha-amylase promoter combined with a
codon optimized coding sequence for alpha-amylase encoding amyA gene is shown as SEQ ID NO 34. These modified gene
fragments were completely synthesized in vitro and the sequence was confirmed by sequence analysis.

[0169] For cloning these modified sequence variants in an expression vector, all synthetic gene fragments were digested with
Xhol and Pacl and introduced in the large fragment of an Xhol and Pacl digested pGBFINFUA-1 vector (Figure 4), generating
variant expression vectors. After checking the integration of the correct fragment, the variant expression constructs were named
pGBFINFUA-2 and pGBFINFUA-3 as described below in Table 9.

Table 9: Modified expression constructs for alpha-amylase expression in A. niger

Plasmid name SEQID NO Translation start region Codon Translation stop
pGBFINFUA-1 31 Wild type (GAAGGCATTT ATG) w.t Modified (TAA ATA)
pGBFINFUA-2 33 Modified (CACCGTCAAA ATG) w.t Modified (TAA ATA)
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Plasmid name SEQID NO Translation start region Codon Translation stop
pGBFINFUA-3 34 Modified (CACCGTCAAA ATG) Modified Modified (TAA ATA)

[0170] The translated sequences of the amyA coding sequences of plasmid pGBFINFUA-1 to pGBFINFUA-3 are according to the
amino acid sequence as depicted in SEQ ID NO: 30, representing the wild-type A. niger alpha-amylase.

4.3. Expression in A niger of wild-type and modified expression constructs of A. oryzae phospholipase A1 using the
PGBFINPLA- vectors and of A. niger alpha-amylase using the pGBFINFUA- vectors

[0171] The pGBFINPLA- and pGBFINFUA- expression constructs, prepared in the former paragraph, were introduced in A. niger
by transformation as described below and according to the strategy depicted in figure 5.

[0172] In order to introduce the eight pGBFINPLA- vectors (Table 8) in WT 2 and the three pGBFINFUA- vectors (Table 9) in WT
3, a transformation and subsequent selection of transformants was carried out as described in WO98/46772 and W099/32617. In
brief, linear DNA of the pGBFIN constructs was isolated and used to transform A. niger. Transformants were selected on
acetamide media and colony purified according standard procedures. Colonies were diagnosed for integration at the glaA locus
and for copy number using PCR. Five to ten independent transformants of each pGBFIN construct with similar estimated copy
numbers (low copy: 1-2) were selected and named using the number of the transforming plasmid, as for example PLA-1a-1, PLA-
1b-2 and FUA-1-1, FUA-3-1, respectively.

[0173] The selected PLA- and FUA- strains and A. niger WT 2 and WT 3 were used to perform shake flask experiments in 100 ml
of the medium as described above for each of the protein products at 34°C and 170 rpm in an incubator shaker using a 500 ml
baffled shake flask. After 2, 3, 4, 5 and/or 6 days of fermentation, samples were taken.

In a first step, the pla1 and amyA over-expression was measured by Northern blot analysis of the transformants of A. niger WT 2
and WT 3 and WT2 and WT 3 themselves. The collected mycelium was used for isolation of RNA (as described in W099/32617)
and Northern blot analysis following the standard procedures of Northern blot analysis (Sambrook et al., 1989). For all
transformants of the wild-type pla1 gene, but not for WT2 itself, a strong and comparable hybridization signal was detected for the
pla1 mRNA level (data not shown). This indicates that the transcriptional control of the pla1 gene by the glucoamylase promoter in
all transformed strains of pGBFINPLA-1a until pGBFINPLA-1c was intact and unchanged compared to the wild-type glaA
promoter. Additionally, pla1 over-expression of the plal modified constructs was measured by Northern blot analysis of the
concerning PLA transformants of A. niger WT 2 and WT2 itself. For all transformants of the modified synthetic pla1 genes, but not
for WT2 itself, a strong and comparable hybridization signal was detected (data not shown). This indicates that the transcriptional
control of the optimized pla1l genes by the glucoamylase promoter in all transformed strains of pGBFINPLA-1d until pGBFINPLA-
1h was intact and that the synthetic pla1 genes were expressed.

[0174] In a similar way, the amyA over-expression of the native and modified constructs was measured by Northern blot analysis
of the concerning FUA transformants of A. niger WT 3 and WT3 itself, using a (universal) probe located in the 3'-untranslated
region of the glucoamylase terminator used in all three expression contructs. For all transformants of amyA constructs, a strong
and comparable hybridization signal was detected (data not shown). This indicates that the transcriptional control of the optimized
amyA genes by the alpha-amylase promoter in all transformed strains of pGBFINFUA-1 to pGBFINFUA-3 was intact and that the
synthetic amyA genes were expressed.

[0175] The production of phospholipase A1 polypeptide was measured in all A. niger PLA transformants. As can be seen in
Figure 7, a positive effect of the use of a modified translation initiation site (variant 1 and variant 2) on phospholipase production
can be observed using the glucoamylase promoter. Similarly, a positive effect of modification of codon usage and the translation
stop sequence on phospholipase production was observed. A summary of the results is shown in Table 10 below. This indicates
clearly how a single modification or a combination of modifications of the invention, for example a modified translation initiation
sequence, such as variant 1, 2 or the variant described in US6,461,837 B1, and/or a modified codon usage and/or a modified
translation stop sequence can be used to improve the yield of production of the phospholipase A1 in A. niger.

Table 10. Relative average phospholipase activities compared to wild-type construct for modified p/a1 control and coding
sequences (as concluded from Figure 7).
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. SEQ {Translational Translational Optimized {Translational Average Average
Plasmid e o . L ) )
D initiator initiator coding codon termination production {production
name . .
NO {sequence sequence frequency {sequence Fig7 Fig 8
':SBF'NPLA‘ 8  ICACCTCAGCA}wit wit wit 100% 100%
':t?BF'NPLA‘ 9  ICACCGTCAAA jwit wit wit 170% 130%
':(?BF'NPLA' 10 |CGCAGTCAAGiwt wt wit 130%
':(?BF'NPLA' 11 |CACCTCAGCAITICTCTCTC  imodified TAAATA 170%
':SBF'NPLA‘ 12 {CACCGTCAAAITICTCTCTC  imodified {TAAATA 230% 240%
':fGBF'NPLA' 13 |{CGCAGTCAAGITICTCTCTC  {modified |TAAATA 260%
':SBF'NPLA‘ 14 {CACCGTCAAAIGCTTCCTTC  imodified ITAAATA 230%
';’SBF'NPLA' 35 313 6461837 {11cTeTCTC  Imodified | TAAATA 230%

[0176] As can be learned from Figure 8, also in a multi-copy (2) situation the improvement clearly can be found. This indicated
clearly how a single modification or a combination of modifications of the invention, for example a modified translation initiation
sequence and/or a modified codon usage and/or a modified translation stop sequence can be used for improved production of
the phospholipase A1 in A. niger.

[0177] The production of alpha-amylase was measured in all three different A. nigerFUA transformants. As can be learned from
Figure 9, a positive effect of the use of a modified translation initiation site (variant 1) on alpha-amylase production can be
observed, using the alpha-amylase promoter. Additionally, a positive and synergistic effect of combination of a modified
translation initiation site (variant 1) with a modified codon usage and a modified translation stop sequence on improved alpha-
amylase production was observed. These results indicate clearly the universal effect of the modification since both phospholipase
production and alpha-amylase production can be improved using a method of the invention. Additionally, multiple promoters could
be improved using a modified translation initiation site of the invention. Clearly, these examples show how a single or a
combination of modifications of the invention, for example a modified translation initiation sequence, a modified codon usage
and/or a modified translation stop sequence can be used for improved production of the alpha-amylase in A. niger or any other
protein of interest in a filamentous fungus.

SEQUENCE LISTING

[0178]
<110> DSM IP Assets B.V.

<120> METHOD FOR PRODUCING A COMPOUND OF INTEREST IN A FILAMENTOUS FUNGAL
CELL

<130> 24402W0O
<160> 35
<170> Patentln version 3.1

<210>1

<211> 1056

<212> DNA

<213> Aspergillus oryzae
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<220>

<221> exon
<222> (1)\205(79)
<223>

<220>

<221> Intron

<222> (80)\205(142)
<223>

<220>

<221>exon

<222> (143)\205(308)
<223>

<220>

<221> Intron

<222> (309)\205(362)
<223>

<220>

<221> exon

<222> (363)\205(699)
<223>

<220>

<221> Intron

<222> (700)\205(750)
<223>

<220>

<221> exon

<222> (751)\205(1056)
<223>

<400> 1
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atg ttt agt ctc geg cga ttg

1

Met Phe Ser Leu Ala Arg Leu
5

get cag get gee ceg get tea
Ala Gln Ala Ala Pro Ala Ser

tee ctt cte
Ser Leu Leu

tac tgt gat
Tyr Cys Asp

gtt ggc aac
Val Gly Asn
65
gaa ttec aac
Glu Phe Asn
80

get gat gag
Ala Asp Glu
95

gac ttg gee
Asp Leu Ala

age gat ctg
Ser Asp Leu

tgg agt gaa

Trp Ser Glu
145

tcg gat cat

Ser Asp His

160

get geg ctg

Ala Ala Leu

175

agt gtt gag

Ser Val Glu

gea aca tat

Ala Thr Tyr
210

cac act aat

His Thr Asn

225

cac cac tte

His His Phe

240

gtg acc acc

Val Thr Thr

ggt aat gat
Gly Asn Asp

ttt att tat

290

<210>2
<211> 888
<212> DNA

<213> Aspergillus oryzae

<400>2

atgtttagte
ceggettecac
cagtacageg
tgectetgttyg
aacgaatcgt
cteectagtee
tttggteteg
aaggcatgga
cattccgatt
gcagcgactyg
cgacttggaa
cgegttacge
cacttcagee
gtgactgagy

ggg acc gtt gca ggt cta ttt tta ctg 48
Gly Thr Val Ala Gly Leu Phe Leu Leu
10 15
ctg cge aga g gtatgtttat tttcotecaca 99
Leu Arg Arg
20 25
acttgtaaca cagcattege ttgagecaga ctgacggatt tag at  gte age tet 153
Asp Val Ser Ser
30
aat aac ctg gat cte ttt geca cag tac age gec gee gea 201
Asn Asn Leu Asp Leu Phe Ala Gln Tyr Ser Ala Ala Ala
35 40 45
gag aac ctg aac tect acg ggg acc aag ttg aca tgc tet 249
Glu Asn Leu Asn Ser Thr Gly Thr Lys Leu Thr Cys Ser
50 55 60
tgt cct ttg gta gaa gecg gee tet acc caa tca ttg gat 297
Cys Pro Leu val Glu Ala Ala Ser Thr Gln Ser Leu Asp
70 75
gaa gtaagtcacc gcaaatatac aattctagtt cataagcaac 348
Glu
tactgacaac tcaga teg tea tee tac gge aac coc gee ggg tac cte gee 399
Ser Ser Ser Tyr Gly Asn Pro Ala Gly Tyr Leu Ala
85 90
act aac aag ctc cta gte ctg tee tte cgg ggt age get 447
Thr Asn Lys Leu Leu Val Leu Ser Phe Arg Gly Ser Ala
100 105 110
aat tgg gte gee aac c¢tg aat ttt ggt cte gag gat gee 495
Asn Trp Val Ala Asn Leu Asn Phe Gly Leu Glu Asp Ala
115 120 125
tgt tet ggg tge gaa gtg cac age gge tte tgg aag gea 543
Cys Ser Gly Cys Glu Val His Ser Gly Phe Trp Lys Ala
130 135 140
atec gec gac acc atec act tcec aaa gtg gaa tca get ttg 591
Ile Ala Asp Thr Ile Thr Ser Lys Val Glu Ser Ala Leu
150 155
tcc gat tat tcc ttg gte ttg acc gga cat agt tac gge 639
Ser Asp Tyr Ser Leu Val Leu Thr Gly His Ser Tyr Gly
165 170
gea goe cte gea geg act get ctg egg aac tec gge cat 687
Ala Ala Leu Ala Ala Thr Ala Leu Arg Asn Ser Gly His
180 185 190
ctg gtaagttatc ctcattttgt aagtgacggt gcgccaaatc 739
Leu
tgaccaaata g tac aac tac ggt caa cct cga ctt gga aac gag gea ttg 789
Tyr Asn Tyr Gly Gln Pro Arg Leu Gly Asn Glu Ala Leu
195 200 205
atec acg gac caa aac aag ggt gge aac tat cge gtt acg 837
Ile Thr Asp Gln Asn Lys Gly Gly Asn Tyr Arg Val Thr
215 220
gat att gtg cct aaa ctg cca cee acqg ctg ctc ggg tat 885
Asp Ile Val Pro Lys Leu Pro Pro Thr Leu Leu Gly Tyr
230 235
age cca gag tac tat atec age age gec gac gag gca acg 933
Ser Pro Glu Tyr Tyr Ile Ser Ser Ala Asp Glu Ala Thr
245 250 255
act gat gtg act gag gtt acg gga atc gat gect acg ggec 981
Thr Asp Val Thr Glu Val Thr Gly Ile Asp Ala Thr Gly
260 265 270
gga acc gac gga act agc atc gat gect cat cgg tgg tac 1029
Gly Thr Asp Gly Thr Ser Ile Asp Ala His Arg Trp Tyr
275 280 285
att age gaa tgt tca tag 1056
Phe Ile Tyr Ile Ser Glu Cys Ser
295
tcgegegatt ggggaccgtt geaggtctat ttttactgge tcaggetgee
tgcgecagaga tgtcagcectet tecccttetca ataacctgga tetcetttgea
cecgecgeata ctgtgatgag aacctgaact ctacggggac caagttgaca
gcaactgtce tttggtagaa gecggectcta cccaatcatt ggatgaatte
catcctacgg caaccccgec gggtaccteg cecgetgatga gactaacaag
tgtecttecg gggtageget gacttggeca attgggtege caacctgaat
aggatgccag cgatctgtgt tetgggtgeg aagtgeacag cggettetgg
gtgaaatcgc cgacaccatc acttccaaag tggaatcage tttgtcggat
attccttggt cttgaccgga catagttacg gegetgeget ggeageecte
ctetgeggaa cteeggecat agtgttgage tgtacaacta cggtcaaccet
acgaggcatt ggcaacatat atcacggacc aaaacaaggg tggcaactat
acactaatga tattgtgeet aaactgeccac ccacgetget cgggtatcac
cagagtacta tatcagcagc gccgacgagg caacggtgac caccactgat
ttacgggaat cgatgctacyg ggeggtaatg atggaaccga cggaactage
atcggtggta ctttatttat attagcgaat gttcatag

atcgatgctc

<210>3
<211> 2095
<212> PRT

39

60
120
180
240
300
360
420
480
540
600
660
720
780
840
888
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<213> Aspergillus oryzae

<400> 3
Met Phe
1

Ala Gln

Leu Asn
Asp Glu
50
Asn Cys
65
Asn Glu
Glu Thr
Ala Asn
Leu Cys
130
Glu Ile
His Ser
Leu Ala
Glu Leu
Thr Tyr
210
Thr Asn
225
His Phe
Thr Thr
Asn Asp

Ile Tyr
290

<210> 4

Ser
Ala
Asn
35

Asn
Pro
Ser
Asn
Trp
115
Ser
Ala
Asp
Ala
Tyr
195
Ile
Asp

Ser

Thr

Gly
275
Ile

<211>42
<212> DNA
<213> Artificial Sequence

<220>

<223> Oligonucleotide designed as PCR primer to generate a DNA fragment in

Leu
Ala
20

Leu
Leu
Leu
Ser
Lys
100
val
Gly
Asp
Tyr
Leu
180
Asn
Thr
Ile

Pro

Asp
260
Thr

Ser

Ala
Pro
Asp
Asn
val
Ser
85

Leu
Ala
Cys
Thr
Ser
165
Ala
Tyr
Asp
Val

Glu
245

Val
Asp

Glu

Arg
Ala
Leu
Ser
Glu
Tyr
Leu
Asn
Glu
Ile
150
Leu
Ala
Gly
Gln
Pro

230
Tyr

Thr
Gly

Cys

Leu
Ser
Phe
Thr
Ala
Gly
Val
Leu
val
135
Thr
Val
Thr
Gln
Asn
215
Lys

Tyr

Glu
Thr

Ser
295

the polymerase chain reaction

<400> 4

Gly
Leu
Ala
40

Gly
Ala
Asn
Leu
Asn
120
Ser
Leu
Ala
Pro
200
Lys
Leu

Ile

val

Ser
280

Thr
Arg
Gln
Thr
Ser
Pro
Ser
105
Phe
Ser
Lys
Thr
Leu
185
Arg
Gly
Pro

Ser

Thr
265
Ile

Val
10

Arg
Tyr
Lys
Thr
Ala
Phe
Gly
Gly
Val
Gly
170
Arg
Leu
Gly
Pro

Ser
250

Gly

Asp

Ala
Asp
Ser
Leu
Gln
Gly
Arg
Leu
Phe
Glu
155
His
Asn
Gly
Asn
Thr

235
Ala

Ile

Ala

agcatcatta cacctcagca atgtttagtc tcgegegatt gg

<210>5

<211> 24
<212> DNA
<213> Artificial Sequence

<220>

<223> Oligonucleotide designed as PCR primer to generate a DNA fragment in

the polymerase chain reaction

<400> 5

ggattgattg tacgtactat gaac

<210>6

<211> 23
<212> DNA
<213> Artificial Sequence

<220>

<223> Oligonucleotide designed as PCR primer to generate a DNA fragment in

the polymerase chain reaction

24

Gly
val
Ala
Thr
60

Ser
Tyr
Gly
Glu
Trp
140
Ser
Ser
Ser
Asn
Tyr
220

Leu

Asp

Asp

His

Leu
Ser
Ala
45

Cys
Leu
Leu
Ser
Asp
125
Lys
Ala
Tyr
Gly
Glu
205
Arg
Leu

Glu

Ala

Arg
285

42

Phe
Ser

30
Ala

Asp
Ala
Ala
110
Ala
Ala
Leu
Gly
His
190
Ala
Val
Gly

Ala

Thr
270
Trp

Leu
15

Ser
Tyr
Val
Glu
Ala
95

Asp
Ser
Trp
Ser
Ala
175
Ser
Leu
Thr
Tyr

Thr
255

Gly

Tyr

40

Leu
Leu
Cys
Gly
Phe
Asp
Leu
Asp
Ser
Asp
160
Ala
Val
Ala
His
His

240
val

Gly

Phe
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<400> 6

gcatcccagg ccagtgaggce cag

<210>7
<211> 44
<212> DNA

<213> Artificial Sequence

<220>

23

<223> Oligonucleotide designed as PCR primer to generate a DNA fragment in
the polymerase chain reaction

<400>7

ccaatcgegce gagactaaac attgctgagg tgtaatgatg ctgg

<210>8
<211> 1263
<212> DNA

<213> Artificial Sequence

<220>

44

<223> Recombinant fusion construct, generated by PCR, of a promoter
fragment and a gene fragment

<220>
<221> Promoter
<222> (1)\205(204)

<220>
<221> Gene
<222> (205)\205(1263)

<400>8

gaattcaage tagatgctaa
tecttecaget tececctegtg
ttecgtgagyg ggctgaagtg
ceccageate attacaccte
ctatttttac tggctcagge
acaacttgta acacagcatt
cttotcaata acctggatct
ctgaactcta cggggaccaa
gcctectacce aatcattgga
ttcataagea actactgaca
gecgetgatg agactaacaa
aattgggteg ccaacctgaa
gaagtgcaca gcggcttctg
gtggaatcag ctttgtcegga
ggegetgege tggcageect
ctggtaagtt atcctecattt
tacggtcaac ctcgacttgg
ggtggcaact atcgegttac
ctegggtatc accacttcag
accaccactg atgtgactga
gacggaacta gcatcgatge
tac

<210>9
<211> 507
<212> DNA

gcgatattge
cagatgaggt
cttectoect
agcaatgttt
tgcecegget
cgcttgagee
ctttgcacag
gttgacatge
tgaattcaac
actcagatcg
getectagte
ttttggtete
gaaggcatgg
tcattcegat
cgcagcgact
tgtaagtgac
aaacgaggca
gcacactaat
cccagagtac
ggttacggga
tecatcggtgg

<213> Artificial Sequence

<220>

atggcaatat
ttggctataa
tttagacgeca
agtctegege
tcactgegea
agactgacgg
tacagegecg
tetgttggea
gagtaagtca
tcatectacg
ctgtecttee
gaggatgeca
agtgaaatcg
tattcettgg
gctctgegga
ggtgecgccaa
ttggcaacat
gatattgtge
tatatcagca
atcgatgcta
tactttattt

gtgttgatge
attgaagtgg
actgagagcc
gattggggac
gaggtatgtt
atttagatgt
cegeatactg
actgtcecttt
ccgcaaatat
gcaaccecge
ggggtagege
gegatetgtyg
ccgacaccat
tettgaccgg
actceggeca
atctgaccaa
atatcacgga
ctaaactgece
gegecgacga
cgggeggtaa
atattagcga

atgtgecttct
ttggtegggg
tgagctteat
cgttgcaggt
tattttctee
cagctcttee
tgatgagaac
ggtagaageg
acaattctag
cgggtaccte
tgacttggee
ttetgggtge
cacttccaaa
acatagttac
tagtgttgag
atagtacaac
ccaaaacaag
acccacgctyg
ggcaacggtg
tgatggaacc
atgttecatag

<223> Recombinant fusion construct, generated by PCR, of a promoter
fragment and a gene fragment

<220>
<221> Promoter
<222> (1)\205(204)

<220>

41

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960

1020
1080
1140
1200
1260
1263
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<221> Gene
<222> (205)\205(507)

<400> 9

gaattcaagc
tectteaget
tteccgtgagg
ccecageate
ctatttttac
acaacttgta
cttetcaata
ctgaactcta
gcctetaccee

<210> 10
<211> 507
<212> DNA

tagatgctaa
tececectegtg
ggctgaagtg
attacaccgt
tggctcagge
acacagcatt
acctggatct
cggggaccaa
aatcattgga

gcgatattge
cagatgaggt
cttectecct
caaaatgttt
tgccecegget
cgcttgagee
ctttgcacag
gttgacatge
tgaattc

<213> Artificial Sequence

<220>

atggcaatat
ttggctataa
tttagacgeca
agtctegege
tcactgcgeca
agactgacgg
tacagegeeg
tetgttggea

gtgttgatge
attgaagtgg
actgagagce
gattggggac
gaggtatgtt
atttagatgt
cegeatactg
actgteettt

atgtgcttect
ttggtcgggg
tgagecttcat
cgttgeaggt
tattttctce
cagctcttec
tgatgagaac
ggtagaageg

<223> Recombinant fusion construct, generated by PCR, of a promoter
fragment and a gene fragment

<220>

<221> Promoter
<222> (1)\205(204)

<220>

<221> Gene
<222> (205)\205(507)

<400> 10

gaattcaagce
tccttcaget
ttecegtgagg
ccccagecatc
ctatttttac
acaacttgta
cttctcaata
ctgaactcta
gcctetacee

<210> 11
<211> 1265
<212> DNA

tagatgctaa
teecectegtg
ggctgaagtg
attacgcagt
tggctcagge
acacagcatt
acctggatet
cggggaccaa
aatcattgga

gcgatattge
cagatgaggt
cttectecet
caagatgttt
tgeccecgget
cgettgagee
ctttgeacag
gttgacatgc
tgaattc

<213> Artificial Sequence

<220>

atggcaatat
ttggctataa
tttagacgeca
agtctcgege
tcactgegeca
agactgacgyg
tacagegeeg
tcotgttggea

gtgttgatge
attgaagtgg
actgagagce
gattggggac
gaggtatgtt
atttagatgt
cegeatactg
actgtccttt

atgtgettet
ttggtcgggg
tgagcettcecat
cgttgcaggt
tattttetee
cagctettee
tgatgagaac
ggtagaageg

<223> Recombinant fusion construct, generated by PCR, of a promoter
fragment and a gene fragment

<220>

<221> Promoter
<222> (1)\205(205)

<220>

<221> Gene
<222> (206)\205(1265)

<400> 11

42

60
120
180
240
300
360
420
480
507

60
120
180
240
300
360
420
480
507
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ggaattcaag
ttecttcage
gtteegtgag
tcocccageat
tcteottectt
cacaacttgt
cctteteaac
cctgaactct
ggcctetace
gttcataage
cgeegetgac
caactgggte
cgaagtccac
ggtggaatcc
cggegetgeyg
gectggtaagt

ctacggtcag
gggtggcaac
gcteggttac
gaccaccact
cgacggaact
aatac

<210> 12
<211> 1265
<212> DNA

ctagatgecta
tteccectegt
gggctgaagt
cattacacct
ctecgectcagg
aacacageat
aacctggace
accggtacca
cagtecttgg
aactactgac
gagactaaca
gccaacctga
teeggettet
getttgtegg
ctggeegece
tatectcatt

cctegecttg
tacegegtta
caccacttca
gacgtgactg
agcatecgacg

agcgatattg
gcagatgagg
gettectece
cagcaatgtt
ctgecceccege
tegettgage
tecttegetea
agttgacctg
atgagttcaa
aactcagate
agetectegt
actteggtet
ggaaggettg
atcacteocga
tegeegegac
ttgtaagtga

gecaacgagge
cccacactaa
geccegagta
aggttaccgg
ctcacegttg

<213> Artificial Sequence

<220>

catggcaata
tttggctata
ttttagacge
ctetetegee
ttececctgege
cagactgacg
gtacagegee
ctctgttgge
cgagtaagte
gtectectac
cectgtectte
cgaggacgec
gtctgagatc
ttacteccte
tgctetgegt
cggtgcgeeca

cctegecace
cgacategte
ctacatcage
aatecgatget
gtacttcatt

tgtgttgatg
aattgaagtg
aactgagage
cgeettggta
cgtggtatgt
gatttagacg
gceegettact
aactgccctc
accgcaaata
ggcaaccceg
cgtggtageg
agcgatcetgt
gccgacacca
gtcttgaceg
aacteeggee
aatctgacca

tacatcaceg
cctaagetge
agecgecgacyg
accggeggta
tacatttceg

catgtgectte
gttggtcggg
ctgagettea
cegtegetgyg
ttattttcte
tcteetette
gcgatgagaa
ttgtcgagge
tacaattcta
ceggttacet
ctgaccttge
getetggttyg
tcacttccaa
gtecactegta
acteggttga
aatagtacaa

accagaacaa
cceccacect
aggccacegt
acgatggaac
aatgctecta

<223> Recombinant fusion construct, generated by PCR, of a promoter
fragment and a gene fragment

<220>

<221> Promoter
<222> (1)\205(205)

<220>

<221> Gene
<222> (206)\205(1265)

<400> 12

ggaattcaag
ttectteage
gttcecgtgag
tccecageat
tetettectt
cacaacttgt
ccttetecaac
cctgaactet
ggcctctace
gttcataage
cgeegetgac
caactgggtec
cgaagtccac
ggtggaatce
cggcgctgeg
gctggtaagt
ctacggtecag
gggtggcaac
gcteggttac
gaccaccact

cgacggaact
aatac
<210> 13
<211> 1265
<212> DNA

ctagatgcta
ttececctegt
gggctgaagt
cattacaccg
ctegeteagg
aacacagcat
aacctggacce
accggtacca
cagtccttgg
aactactgac
gagactaaca
gecaacectga
teeggettet
getttgteag
ctggecegece
tatecctcatt
cctegecttg
taccgegtta
caccactteca
gacgtgactg
agcatcgacg

agcgatattg
geagatgagyg
gctteoctece
tcaaaatgtt
ctgecceege
tegettgage
tcttegetea
agttgacctyg
atgagttcaa
aactcagatc
agctectegt
acttcggtcet
ggaaggettg
atcactccga
tecgecgegac
ttgtaagtga
gcaacgagge
cccacactaa
gcceegagta
aggttacegy
ctcacegttg

<213> Artificial Sequence

<220>

catggcaata
tttggetata
ttttagacge
ctetetegee
ttecectgege
cagactgacg
gtacagegee
ctetgttgge
cgagtaagtc
gtcectectac
cctgtectte
cgaggacgec
gtetgagate
ttacteccte
tgctetgegt
cggtgegeca
cctegecace
cgacatcgte
ctacatcage
aatcgatget
gtacttcatt

tgtgttgatg
aattgaagtg
aactgagagc
cgecttggta
cgtggtatgt
gatttagacg
geegettact
aactgeecte
accgcaaata
ggcaaccccg
cgtggtageg
agcgatectgt
geegacacea
gtcttgaceg
aacteccggee
aatctgacca
tacatcaceg
cctaagetge
agcgccgacg
accggeggta
tacattteccg

catgtgette
gttggteggy
ctgagecttca
cecgtegetgg
ttattttete
tetectette
gcgatgagaa
ttgtegagge
tacaattcta
ccggttacct
ctgaccttge
gctetggttg
tcacttecaa
gtecactegta
acteggttga
aatagtacaa
accagaacaa
ccececacect
aggccacegt
acgatggaac
aatgctcocta

<223> Recombinant fusion construct, generated by PCR, of a promoter
fragment and a gene fragment

<220>

<221> Promoter
<222> (1)\205(205)
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<220>
<221> Gene
<222> (206)\205(1265)

<400> 13

ggaattcaag ctagatgcta agegatattg catggcaata tgtgttgatg catgtgette 60
tteectteage tteccctegt geagatgagg tttggetata aattgaagtg gttggteggg 120
gttecgtgag gggetgaagt gettectece ttttagacge aactgagage ctgagettea 180
tccccageat cattacgcag tcaagatgtt ctctctegec cgecttggta ccogtcegetgg 240
tetettectt ctegetecagg ctgeccccge tteccetgege cgtggtatgt ttattttete 300
cacaacttgt aacacagcat tegcttgage cagactgacg gatttagacg tcectectctte 360

ccttetcaac aacctggace tcttegetca gtacagegee gecgettact gegatgagaa 420
cctgaactet accggtacca agttgacctg ctetgttgge aactgeccte ttgtegagge 480
ggcctctace cagtecttgg atgagttcaa cgagtaagtc accgcaaata tacaattcta 540
gttcataagec aactactgac aactcagatc gtcctecctac ggcaacccecg ccggttacct 600
cgeegetgac gagactaaca agetectegt cctgtectte cgtggtageg ctgaccttge 660
caactgggtc gecaacctga acttceggtct cgaggacgee agegatctgt getctggttg 720
cgaagtccac teceggettet ggaaggettg gtcectgagate gecgacacca tcacttecaa 780

ggtggaatce getttgtegg atcacteccga ttacteccte gtcottgaceg gtcactegta 840
cggegetgeg ctggeegece tegecgegac tgetcotgegt aacteeggece acteggttga 900
gctggtaagt tatcctecatt ttgtaagtga cggtgecgeca aatctgacca aatagtacaa 960
ctacggtcag cctegecttg gecaacgagge cctegecacce tacatcaceg accagaacaa 1020
gggtggcaac tacegegtta cccacactaa cgacatcegte cctaagetge cceccacect 1080
geteggttac caccacttca gecccegagta ctacatcage agegecgacg aggcecacaegt 1140
gaccaccact gacgtgactg aggttacegg aategatget accggeggta acgatggaac 1200
cgacggaact agcatcgacg ctcaccgttg gtacttecatt tacatttceg aatgcteocta 1260
aatac 1265
<210> 14

<211> 1265

<212> DNA

<213> Artificial Sequence

<220>
<223> Recombinant fusion construct, generated by PCR, of a promoter
fragment and a gene fragment

<220>
<221> Promoter
<222> (1)\205(205)

<220>
<221> Gene
<222> (206)\205(1265)

<400> 14

ggaattcaag ctagatgcta agegatattg catggeaata tgtgttgatg catgtgette 60
ttecttcage ttececctegt goagatgagg tttggetata aattgaagtg gttggteggg 120
gttcegtgag gggetgaagt gettectece ttttagacge aactgagage ctgagettea 180
tececcageat cattacaceg tcaaaatgge ttecttegee cgecttggta cegtegetgg 240

tcotcottectt ctegetcagg ctgeccccege ttecectgege cgtggtatgt ttattttcte 300
cacaacttgt aacacagcat tcgcttgage cagactgacg gatttagacg tctcctctte 360
cetteteaac aacetggace tettegetea gtacagegee gecgettact gegatgagaa 420
cctgaactct accggtacca agttgacctg ctetgttgge aactgeccte ttgtegagge 480
ggcctctace cagtcecttgg atgagttcaa cgagtaagtc accgcaaata tacaattcta 540
gttcataage aactactgac aactcagatc gtectectac ggeaacccecg ccoggttacct 600

cgeegetgac gagactaaca agctectegt cetgtectte cgtggtageg ctgaccttge 660
caactgggte gecaacctga actteggtet cgaggacgece agegatctgt getetggttg 720
cgaagtcecac teeggettet ggaaggettg gtetgagate gecgacacca tcacttecaa 780
ggtggaatce getttgtegg atcactecga ttacteecte gtettgaceg gteactegta 840
cggegetgeg ctggeegece tegecgegac tgetetgegt aactcoeggece acteggttga 900
getggtaagt tatcctcatt ttgtaagtga cggtgegeca aatctgacca aatagtacaa 960
ctacggtcag cctegecttg gecaacgagge cetegecace tacatcaceg accagaacaa 1020
gggtggeaac taccgegtta cccacactaa cgacategte cctaagetge ceccccacect 1080
gctceggttac caccacttca gocccgagta ctacatcage agecgecgacg aggccaccgt 1140

gaccaccact gacgtgactg aggttaccgg aatcgatget accggeggta acgatggaac 1200
cgacggaact agcategacg ctecaccgttg gtactteatt tacatttecg aatgetecta 1260
aatac 1265

<210> 15

<211> 295

<212> PRT

<213> Artificial Sequence

<220>
<223> Phospholipase A1 from Aspergillus oryzae with modified signal sequence

44



<400> 15
Met Ala Ser Phe Ala Arg Leu Gly Thr Val Ala Gly Leu Phe Leu
1 5 10 15
Ala Gln Ala Ala Pro Ala Ser Leu Arg Arg Asp Val Ser Ser Ser
20 25 30
Leu Asn Asn Leu Asp Leu Phe Ala Gln Tyr Ser Ala Ala Ala Tyr
35 40 45
Asp Glu Asn Leu Asn Ser Thr Gly Thr Lys Leu Thr Cys Ser Val
50 55 60
Asn Cys Pro Leu Val Glu Ala Ala Ser Thr Gln Ser Leu Asp Glu
65 70 75
Asn Glu Ser Ser Ser Tyr Gly Asn Pro Ala Gly Tyr Leu Ala Ala
85 20 95
Glu Thr Asn Lys Leu Leu Val Leu Ser Phe Arg Gly Ser Ala Asp
100 105 110
Ala Asn Trp Val Ala Asn Leu Asn Phe Gly Leu Glu Asp Ala Ser
115 120 125
Leu Cys Ser Gly Cys Glu Val His Ser Gly Phe Trp Lys Ala Trp
130 135 140
Glu Ile Ala Asp Thr Ile Thr Ser Lys Val Glu Ser Ala Leu Ser
145 150 155
His Ser Asp Tyr Ser Leu Val Leu Thr Gly His Ser Tyr Gly Ala
165 170 175
Leu Ala Ala Leu Ala Ala Thr Ala Leu Arg Asn Ser Gly His Ser
180 185 190
Glu Leu Tyr Asn Tyr Gly Gln Pro Arg Leu Gly Asn Glu Ala Leu
195 200 205
Thr Tyr Ile Thr Asp Gln Asn Lys Gly Gly Asn Tyr Arg Val Thr
210 215 220
Thr Asn Asp Ile Val Pro Lys Leu Pro Pro Thr Leu Leu Gly Tyr
225 230 235
His Phe Ser Pro Glu Tyr Tyr Ile Ser Ser Ala Asp Glu Ala Thr
245 250 255
Thr Thr Thr Asp Val Thr Glu Val Thr Gly Ile Asp Ala Thr Gly
260 265 270
Asn Asp Gly Thr Asp Gly Thr Ser Ile Asp Ala His Arg Trp Tyr
275 280 285
Ile Tyr Ile Ser Glu Cys Ser
290 295

<210> 16

<211>10

<212> DNA

<213> Artificial Sequence

<220>
<223> Consensus translational initiator sequence

<400> 16
mwchkycamyv 10

<210> 17

<211>10

<212> DNA

<213> Artificial Sequence

<220>
<223> Consensus translational initiator sequence

<400> 17
mwchkycaaa 10

<210> 18

<211>10

<212> DNA

<213> Artificial Sequence

<220>
<223> Consensus translational initiator sequence

<400> 18
mwchkycaca 10

<210>19
<211>10
<212> DNA
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<213> Artificial Sequence

<220>
<223> Consensus translational initiator sequence

<400> 19
mwchkycaag 10

<210> 20

<211>9

<212> DNA

<213> Artificial Sequence

<220>
<223> Consensus translational initiator coding sequence

<220>

<221> misc_feature
<222> (3)\205(5)
<223> n = (alc/glt)

<400> 20
gctneeyyc 9

<210> 21

<211>9

<212> DNA

<213> Artificial Sequence

<220>
<223> Translational initiator coding sequence

<400> 21
gcttecttc 9

<210> 22

<211>10

<212> DNA

<213> Artificial Sequence

<220>
<223> Translational initiator sequence

<400> 22
caccgtcaaa 10

<210> 23

<211>10

<212> DNA

<213> Artificial Sequence

<220>
<223> Translational initiator sequence

<400> 23
cgcagtcaag 10

<210> 24

<211> 22

<212> DNA

<213> Artificial Sequence

<220>

46
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<223> Translational initiator region sequence

<400> 24
caccgtcaaa atggcttcct tc 22

<210> 25

<211> 207

<212> DNA

<213> Artificial sequence

<220>

<223> Fragment of promoter with modified translational initiator sequence

<220>

<221> misc_feature

<222> (195)\205(204)

<223> Translational initiator sequence

<400> 25

gaattcaagc tagatgctaa gcgatattgc atggcaatat gtgttgatge atgtgecttet
tacttcaget tecectegtg cagatgaggt ttggetataa attgaagtgg ttggtegggg
ttcegtgagg ggectgaagtg cttecteccet tttagacgeca actgagagec tgagetteat
ccccageate attacacecgt caaaatg

<210> 26

<211> 207

<212> DNA

<213> Artificial sequence

<220>

<223> Fragment of promoter with modified translational initiator sequence

<220>

<221> misc_feature

<222> (195)\205(204)

<223> Translational initiator sequence

<400> 26

gaattcaage tagatgctaa gcgatattge atggeaatat gtgttgatge atgtgettet
tacttecaget tecectegtqg cagatgaggt ttggetataa attgaagtgg ttggtegggg
ttcocgtgagyg ggctgaagtg cttectccet tttagacgeca actgagagece tgagettcat
ccccagcatc attacgcagt caagatg

<210> 27
<211> 216

<212> DNA
<213> Artificial sequence

<220>
<223> Fragment of promoter with modified translational initiator region
sequence

<220>

<221> misc_feature

<222> (195)\205(216)

<223> Translational initiator region sequence

<400> 27

gaattcaagc tagatgctaa gcgatattge atggcaatat gtgttgatge atgtgettcet
tecttecaget tecectegtg cagatgaggt ttggetataa attgaagtgg ttggtcegggg
ttecegtgagg ggctgaagtg cttectecct tttagacgeca actgagagece tgagetteat
ccccageate attacaccgt caaaatgget tcectte

<210>28

<211> 3965

<212> DNA

<213> Aspergillus niger
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<400> 28

gtttgacgeg tttgcagtgt
tacactattt ctataacctt
tgttacggtt accttecata
caaagagtat tggggggagt
gegetecate taaatgttet
atcgatagaa ctactcattt
aatttttata tggcgggtgg
gttagggetg atatttacgt
cggagtcaac ageatccaag
agcgaaggac cacctctagg
agcccaagaa aaaggtegge
caaccaacac cctccagagt
ccacaaatca cagtcgtcce
atcgettgga ttecccegeece
gtatcacaac atataaatac
atcacatcaa gctctccctt
gegtggtggt ctctatttct
cectgeggact ggegatcegea
gatgggtcga cgactgegac
ttcagaaaga ggaatgtaaa
catcatcgac aaggtaaatt
aataaaataa aaagaactct
ggcttcacag ccatctggat
ggagatgect accatggeta
cctgtecatet tttacatcaa

aactacggca ctgcagatga
tatcttatgg tcgatgtggt
cggatatggt tcatttcagt
gctcagtega ttacagtgtg
gtttcattca aaactatgaa
ctgtctectt gectgatcte
gggtgggatc attggtateg
ggctgatega tgatacttac
gtccagaagg acttctggec
gtgetegacg gtgatecgge
aactatccca tgtatggtte
aaacggctaa aaccagttac
tggacgacct ctacaacatg
tgggcacatt cgtcgagaac
tttteegtte ccaattteca
catagcecte gecaagaacg
ctacgeegge caagaacage
ctggctcteg ggetacccga
aatccggaac tatgccatta
ctctaagcat acectaatgg
caatacagaa ctggcccatce
atgggtcgeca gatcgtgact
tctecttgag tggtgegggt
cgaccgtgac ggttggtteg
gggtattgta tccgactgag
tggagagtat atgatggtac
tgtacataac caaggttgtg
atataataca gaagtaccat
cctataatag actagegtge
gatgacagca gtaacgacte
cacgtgacce tgtgecettgt
cactteccag gtaccatcca
agtaatattg ttgactgegt
gtttagtttg ccccggatet
taatcacget attcagaaag
cgtcaagete cagcagtget
tcacggecagg acacccegaca
cggcgagata acgaccgcta
atcccaacag tggatttegg
acaagatacg ttacataaag
cgcettecageg gagagtgteg
ttaag

<210> 29

<211> 1497

<212> DNA

<213> Aspergillus niger

<220>
<221> CDS
<222> (1)...(1497)

<400> 29

agaagcttcce
actgttcaat
tgtagactag
gacagcagta
ggctgtggtg
ttatatagaa
tgggcaactc
aaaaatcgtce
cccaagtect
catcggacge
cegteggect
gactagggge
cggtattgte
ctggeegtag
tagecaaggga
ctectgaacaa
gtacggcctt
atccatttat
ttgtaatact
ctgacttgat
gecectttat
agtcctaace
cacccecaegtt
ctggcagecag
tatgaactaa

cttgaaggeg
tgctaaccat
actgacaatg
tttaaaccgt
gatcagactce
gataccacca
aactactcca
gaaatcagtt
cgggtacaac
ctacacttgt
ctecaaccat
tatccactee
atcaacaccg
cacgacaacc
cacagaaccce
tegeageatt
actacgeegg
ccgacagcega
gcaaagatac
cctatcttca
tacaaagacg
atcttgtcca
tacacagceg
gatggaaatg
aagttggcag
tgctatteaa
tctgtataat
acagtacege
ttggcattag
caactgtage
ggtagetect
aaagacaagc
ttgtgatgeg
tetgtgeega
gettecaaga
ggggectcgg
ctgcaacgte
gcttgtatca
aggagggagg
cagtactact
aaagattcag

agctaccgta
acagtacgat
cgeacttgge
atgactccaa
tacaggggca
gtcagaatte
gcttgegegg
aagggatgca
tcacggagaa
accatccaat
tttetgeaac
ggaaatttat
ctgcagaatg
agcttaaagt
tgceccatgett
taaacccecac
caggtcgegg
ttecttcteca
geggatcagg
atagaaatac
caaaaaaaaa
atcacatagt
acagcccagc
gatatgtaag
cttgatggtt

ctetettegg
atggttegtg
agtaatatca
tcagttcceca
aggttgagga
aggatgtggt
gtaagatatt
gacggectee
aaagccgoag
cectaccaga
gagecttott
tcaacgeett
tcaaatccga
cacggttege
cacctaacaa
catcatecte
cggaaacgac
gctgtacaag
aggattegtyg
gagtatctga
acacaacgat
acaagggtge
gccageaatt
tgcctgttece
gtagcaagat
tetggeattyg
atatacatgt
gttatgaaaa
ggttcgaaaa
ccacatettg
taactttgte
atecegteget
ggtgatgtce
cggttgetca
attaggeegg
ctatgatatg
taccacattt
accaaatcca
ggggaagata
tgtttcaaac
taaaacatcg

gattactgat
caaaatttce
attagggtte
ctgtaaatcg
taaaattacg
atggtgtttt
gcaactecget
agaccaaagt
accccagegt
tagaagcagce
gctgatcacg
cgggattaat
caatttaaac
atgtececttg
ggaggatage
agaaggcatt
cacctgettt
cggategatt
tgtgttgtta
tgtggtggaa
agaaggaaaa
tggactatat
tgecccagac
tegatttett
ttagatacte

ccctteatga
gtectttgea
gggctatgat
agactactte
ttgectggeta
caagaatgaa
teteccteat
gtatecgacac
gcgtgtactg
acgtcatgga
gcaagtcteca
caagtcaace
ctgteccagac
ttecgtaagte
gagcaaagtt
aacgacggaa
cecgegaace
ttaattgcct
acctacaagg
cacaagagac
cgecatgege
ttcgggtgat
gacggaggtc
tatggcaggt
ctgtagtage
gacagtgagt
aagatacatg
cacattaate
acaatcgaag
agttceggeaa
atcattegaa
tcactctgag
tetgegateg
ccgaatttte
tagtteggeg
gttagaatge
gagegttatt
actgaaatta
tacgatgaac
tgtgtacaca
ccaggggtga

acaaactcaa
ggaatattaa
gaaatacgat
gcttetagge
cactacccga
gatcatttta
taccgattac
actaaaacce
ccacatcacyg
aaagcgaaac
ggcagegate
ttccactcaa
tettetgega
tcgatgegat
aaccgacaac
tatgatggtec
ggctgcaacg
tgcaaggacg
cctactaget
catggcaggyg
gcagaagaaa
cecagggaatyg
caccgeatat
taaatatcta
tctgaacgaa

gagggggatg
actgactteg
ggagcegggta
caccegttet
ggagataaca
tggtacgact
tectacaactt
agtaaaacac
tatcggcgag
cggegtactg
tetectaacyg
tceggeagea
tcaacactec
ttcecctttta
acaccaacga
tcecccateat
gcgaageaac
cegcgaacge
taagcacaac
taatcactgg
aagggcacag
tegtatacce
attggctgea
gggctaccta
tegtgaaggg
ttgagtttga
agctteggtg
cggatecttt
agtataaggg
ctactgttgg
gaattttegt
atcagatgag
gccegeaaget
ttagctagtyg
cgtttggtgt
teggggtggg
ggcagacttg
ttgctttgee
ggaagactgg
ccagggctet
tggaaagggg
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1560
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tte
Phe

act
Thr

ate
Ile
€5

tgg
Trp

gat

gag
Glu

tat
Tyr
145
agt
Ser

gat
Asp

ttg
Leu

gac
Asp

ate
Ile
225

Lys

gce
Ala

Pro

atg
Met

gac
Asp
305
tte
Phe

tte
Phe

cag
Gln

cte
Leu

geg
Ala
385

Thr

cge
Arg

ggt
Gly

aca
Thr

gtt
Val
465
agg
Arg

age
Ser

gte
val

get
Ala

ctt
Leu

tgt
Cys

50
ate
Ile

ate
Ile

geec
Ala

tac
Tyr

agg
Arg
130
gat
Asp

tee
Ser

cag
Gln

cct
Pro

tgg

210
gac
Asp

gee
Ala

tac
Tyr

att
Ile

gac
Asp
290
tea
Ser

gct
Ala

ate
Ile

cac
His

teg
Ser
370
aac
Asn

tac

Tyr

aag
Lys

get
Ala

gece
Ala
450
ggt
Gly

gta
Val

teg
Ser

geg
Ala

ttg
Leu

cte
Leu

gac
Asp

ace
Thr

tac
Tyr

gge
cly
115

999
Gly

gga
Gly

caa
Gln

act
Thr

gat
Asp
195
gtg
val

aca
Thr

gea
Ala

act
Thr

tac
Tyr
275
gac
Asp

aca
Thr

tet
Ser

ate
Ile

tac
Tyr
355
gge
Gly

geca
Ala

aag

Lys

ggc
Gly

teg
Ser
435
gge
Gly

teg
Ser

ttg
Leu

tga

<210> 30

tgg
Trp

get
Ala

20

acg
Thr

act
Thr

aag
Lys

Pro

cat
His
100
act
Thr

atg
Met

geg
Ala

gac
Asp

cag
Gln
180
cte
Leu

gga
Gly

gta
vVal

tac
Tyr

cte
Leu
340
gce
Ala

tac
Tyr

ate
Ile

aac

Asn

aca
Thr

ttg
Leu

gtt
val
85

ggc
Gly

gca
Ala

tat
Tyr

ggt
Gly

tac
Tyr
165
gtt
Val

gat
Asp

tca
Ser

aaa
Lys

gtg
Val
245
cecc
Pro

ceca
Pro

tac
Tyr

ctg
Leu

acc
Thr
325
aac
Asn

gge
Gly

ccg
Pro

cgg
Arg

tgg

tgg
Trp

geca
Ala

gat
Asp

gcg
Ala

Trp

gac
Asp
70

aca
Thr

tac
Tyr

gat
Asp

ctt
Leu

age
Ser
150
tte
Phe

gag
Glu

acc
Thr

ttg
Leu

cac
His
230
tac
Tyr

tac
Tyr

cte
Leu

aac
Asn

gge
Gly
310
aac
Asn

gac
Asp

gga
Gly

acc
Thr

Asn
330
cce

405

420

ggt
Gly

cag
Gln

gat
Asp

tat
Tyr

gat
Asp

gat
Asp

caa
Gln

gga
Gly

ccg
Pro

tet
Ser

acg
Thr

cga
Arg

gat
Asp

Pro

999
Gly

teg
Ser

ttg
Leu

aat
Asn

55
tat
Tyr

gcoe
Ala

tgg
Trp

gac
Asp

atg
Met
135
teca
Ser

cac
His

gat
Asp

acc
Thr

gta
val
215
gte
val

tgt
Cys

cag
Gln

cte
Leu

atg
Met
295
aca
Thr

gac
Asp

gga
Gly

aac
Asn

gac
Asp
375
tat
Tyr

ate

cta
Leu

cet
Pro

ttt
Phe

cag
Gln

Ile

teg
Ser

tat
Tyr

acg
Thr

ttt
Phe

gcg
Ala

gca
Ala

ctg
Leu

gac
Asp

tac
Tyr

10

25

40

ate
Ile

cag
Gln

cag
Gln

ttg
Leu
120
gte
val

gte
val

ceg
Pro

tge
Cys

aag
Lys
200
tcg
Ser

cag
Gln

ate
Ile

aac
Asn

aac
Asn
280
ate
Ile

tte
Phe

ata
Ile

ate
Ile

gac
Asp
360
agc
Ser

gee
Ala

tac

aaa
Lys

Tyr

cag
Gln

ace
Thr

cag
Gln

ctg
Leu

cag
Gln
105
aag
Lys

gat
Asp

gat
Asp

tte
Phe

tgg
Trp
185
gat
Asp

aac
Asn

aag
Lys

gge
Gly

gtc
val
265
gee
Ala

aac
Asn

gte
val

gce
Ala

cee
Pro
345
cce
Pro

gag
Glu

att
Ile

aaa

agg
Arg

tac
Tyr

gga
Gly

Pro
90

gat
Asp

gcg
Ala

gty
Val

tac
Tyr

tgt
Cys
170
cta
Leu

gtg
Val

tac
Tyr

gac
Asp

gag
Glu
250
atg
Met

tte
Phe

ace
Thr

gag
Glu

cte
Leu
330
atce
Ile

gcg
Ala

ctg
Leu

age
Ser

gac

tgg
Trp

acg
Thr

tgt
Cys

gge
Gly

cga
Arg

gat
Asp

ggt
Gly

60

atg gge

Met
75

Gly

cag acc

Gln

ata
Ile

cte
Leu

gtt
Val

agt
Ser
155
tte
Phe

gga
Gly

gtc
val

tee
Ser

tte
Phe
235
gtg
Val

gac
Asp

aag
Lys

gtc
Val

aac
Asn
315
gce
Ala

ate
Ile

aac
Asn

tac
Tyr

aaa
Lys
395
gac

Lys Asp

410

ate
Ile

425

440

455

470

485

act
Thr

gtg
Val

gag
Glu

gag
Glu

cct
Pro

aag
Lys

cte
Leu

gte
Val

gtt
Val

ttg
Leu

gtg
Val

tee
Ser

att
Ile

cct
Pro

gca
Ala

490

Thr

tac
Tyr

tect
Ser

get
Ala
140
gtg
val

att
Ile

gat
Asp

aag
Lys

att
Ile
220
tgg
Trp

cte
Leu

ggc
Gly

teca
Ser

aaa
Lys
300
cac
Hig

aag
Lys

tac
Tyr

cge
Arg

aag
Lys
380
gat
Asp

aca

Asp

act
Thr

ttg
Leu

gge
Gly

atg
Met
475
ggt
Gly

ctt
Leu

teg
Ser

999
Gly

gga
Gly

tte
Phe

ace
Thr

tect
Ser

teg
Ser
125
aac

ttt
Phe

caa
Gln

aac
Asn

aat
Asn
205
gac
Asp

cec
Pro

gac
Asp

gta
val

acc
Thr
285
tee
Ser

gac
Asp

aac
Asn

gee
Ala

gaa
Glu
365
tta
Leu

aca
Thr

acg

Thr

ate
Ile

agt
Ser

tge
Cys
460
gca
Ala

age
Ser

cag
Gln

caa
Gln

teg
Ser
45

aca
Thr

aca
Thr

gca
Ala

ctg
Leu
110
gce
Ala

cat
His

aaa
Lys

aac
Asn

act
Thr
190
gaa
Glu

gge
Gly

999
Gly

ggt
Gly

ctg
Leu
270
tee
Ser

gac
Asp

aac
Asn

gte
Val

gge
Gly
350
gca
Ala

att
Ile

gga
Gly

ate

Thr

ttg
Leu

ggt
Gly
445
acg
Thr

ggt
Gly

aaqg
Lys

gte
val

tece
Ser
30

acg
Thr

tgg
Trp

gee
Ala

tat
Tyr
95

aac
Asn

ctt
Leu

atg
Met

ceg
Pro

tat
Tyr
175
gtc
val

tgg
Trp

ctc
Leu

tac
Tyr

gat
Asp
255
aac
Asn

gg¢
Gly

tgt
Cys

cca
Pro

gca
Ala
335
caa
Gln

acc
Thr

gcc
Ala

tte
Phe

gec

Ile

tece
Ser
430
geg
Ala

acc
Thr

g99
Gly

atc
Ile

geg
Ala

att
Ile

act
Thr

cag
Gln

ate
Ile

gga
Gly

gaa
Glu

cat
His

gge
Gly

tte
Phe
160
gaa
Glu

tce
Ser

tac
Tyr

cgt
Arg

aac
Asn
240
ceg
Pro

tat
Tyr

age
Ser

cca
Pro

egyg
Arg
320
gca
Ala

gaa
Glu

tgg
Trp

tec
Ser

gtg
val
400
atg

Ala
415
aac
Asn

ggt
Gly

gtg
Val
Leu
tgt

Cys
495

gca
Ala

Tyr

geg
Ala

gge
Gly

Met

aag
Lys

tac
Tyr

acyg
Thr

cct
Pro
480
agt
Ser

49

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

48

96

144

192

1296

1344

1392

1440

1488

1497
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<211> 498
<212> PRT
<213> Aspergillus niger

<400> 30
Met Val Ala Trp Trp Ser Leu Phe Leu Tyr Gly Leu Gln Val Ala Ala
1 5 10 15
Pro Ala Leu Ala Ala Thr Pro Ala Asp Trp Arg Ser Gln Ser Ile Tyr
20 25 30
Phe Leu Leu Thr Asp Arg Phe Ala Arg Thr Asp Gly Ser Thr Thr Ala
35 40 45
Thr Cys Asn Thr Ala Asp Gln Lys Tyr Cys Gly Gly Thr Trp Gln Gly
50 55 60
Ile Ile Asp Lys Leu Asp Tyr Ile Gln Gly Met Gly Phe Thr Ala Ile
65 70 75 80
Trp Ile Thr Pro Val Thr Ala Gln Leu Pro Gln Thr Thr Ala Tyr Gly
85 90 95
Asp Ala Tyr His Gly Tyr Trp Gln Gln Asp Ile Tyr Ser Leu Asn Glu
100 105 110
Asn Tyr Gly Thr Ala Asp Asp Leu Lys Ala Leu Ser Ser Ala Leu His
115 120 125
Glu Arg Gly Met Tyr Leu Met Val Asp Val Val Ala Asn His Met Gly
130 135 140
Tyr Asp Gly Ala Gly Ser Ser Val Asp Tyr Ser Val Phe Lys Pro Phe
145 150 155 160
Ser Ser Gln Asp Tyr Phe His Pro Phe Cys Phe Ile Gln Asn Tyr Glu
165 170 175
Asp Gln Thr Gln Val Glu Asp Cys Trp Leu Gly Asp Asn Thr Val Ser
180 185 190
Leu Pro Asp Leu Asp Thr Thr Lys Asp Val Val Lys Asn Glu Trp Tyr
195 200 205
Asp Trp Val Gly Ser Leu Val Ser Asn Tyr Ser Ile Asp Gly Leu Arg
210 215 220
Ile Asp Thr Val Lys His Val Gln Lys Asp Phe Trp Pro Gly Tyr Asn
225 230 235 240
Lys Ala Ala Gly Val Tyr Cys Ile Gly Glu Val Leu Asp Gly Asp Pro
245 250 255
Ala Tyr Thr Cys Pro Tyr Gln Asn Val Met Asp Gly Val Leu Asn Tyr
260 265 270
Pro Ile Tyr Tyr Pro Leu Leu Asn Ala Phe Lys Ser Thr Ser Gly Ser
275 280 285
Met Asp Asp Leu Tyr Asn Met Ile Asn Thr Val Lys Ser Asp Cys Pro
290 295 300

Asp Ser Thr Leu Leu Gly Thr Phe Val Glu Asn His Asp Asn Pro Arg

305 310 315 320

Phe Ala Ser Tyr Thr Asn Asp Ile Ala Leu Ala Lys Asn Val Ala Ala
325 330 335

Phe Ile Ile Leu Asn Asp Gly Ile Pro Ile Ile Tyr Ala Gly Gln Glu

340 345 350
Gln His Tyr Ala Gly Gly Asn Asp Pro Ala Asn Arg Glu Ala Thr Trp
355 360 365
Leu Ser Gly Tyr Pro Thr Asp Ser Glu Leu Tyr Lys Leu Ile Ala Ser
370 375 380

Ala Asn Ala Ile Arg Asn Tyr Ala Ile Ser Lys Asp Thr Gly Phe Val

385 390 395 400

Thr Tyr Lys Asn Trp Pro Ile Tyr Lys Asp Asp Thr Thr Ile Ala Met
405 410 415

Arg Lys Gly Thr Asp Gly Ser Gln Ile Val Thr Ile Leu Ser Asn Lys

Gly Ala Ser Gly Asp Ser Tyr Thr Leu Ser Leu Ser Gly Ala Gly Tyr

435 440 445
Thr Ala Gly Gln Gln Leu Thr Glu Val Ile Gly Cys Thr Thr Val Thr
450 455 460
Val Gly Ser Asp Gly Asn Val Pro Val Pro Met Ala Gly Gly Leu Pro
465 470 475 480
Arg Val Leu Tyr Pro Thr Glu Lys Leu Ala Gly Ser Lys Ile Cys Ser
485 490 495
Ser Ser

<210> 31

<211> 3494

<212> DNA

<213> Aspergillus niger

<400> 31

50



ctegagggac
tgttcageat
cetetettat
ataaaaagtt
tctataggtt
cgttegttta
atttttegac
gctacageca
cactcaatag
ggctectgga
tcaagtacat
ccaggggtgg
gecategteat
agecctagtgt
tccgtgaggg
aactaagaca
aggatcgaac
ggcacatgect
tactgataca
aatttcegga
agggttcgaa
taaategget
aattacgcac
gtgttttgat
actcgcttac
ccaaagtact
ccagegtcca
aagcagcaaa
gatcacggge
gattaattte
tttaaactcet
tecettgteg

ggatagcaac
aggcatttat
ctttggetge
gatttgcaag
gtggtggaac
cagceatetg
cctaccatgg
atgacttgaa
tggttgctaa
aaccgtteag
agactcaggt
ccaccaagga
actccattga
ggtacaacaa
acacttgtce
tecteaacge
ccgtcaaate
acccacggtt
tecatcctcaa
gaaacgaccc
tgtacaagtt
gattegtgac
agggcacaga
cgtataccct
ttggetgeac
ggctacctag
cgtaaattaa

<210> 32
<211> 1498
<212> DNA

aacgeategt
cgatcetggge
ctgtattecyg
tgagettett
tccaatcaat
cagatactet
gcataacatt
agtectgtte
tataatgaat
agaaacccag
gttcaggtga
gggcatacga
cgtagtaagyg
tgggatcate
aagaggtgca
ggtacagtat
cgtggetcag
ttgtcatgtt
aactcaatac
atattaatgt
atacgatcaa
tetaggegeg
tacccgaate
cattttaaat
cgattacgtt
aaaaccccegg
catcacgage
gcgaaacagc
agcgatccaa
cacteaacca
tectgegaatce
atgcgatgta

cgacaacatc
ggtegegtgg
aacgectgeg
gacggatggg
atggcaggge
gatcaccece
ctactggcag
ggcgetetet
ccatatggge
ttcccaagac
tgaggattgce
tgtggtcaag
cggecteegt
agcegeagge
ctaccagaac
ctteaagtea
cgactgtceca
cgettottac
cgacggaate
cgcgaaccge
aattgectece
ctacaagaac
tgggtcgeag
ctecttgagt
gacegtgacg
ggtattgtat
ttaa

ttgatacact
gtctegttet
tgaaagagga
gccaatatga
attagtgceg
gactgtagta
ttecageatee
agtgtccttt
acaaggcttt
atgattggge
tgggcaaaat
tggagtttgt
actaaacgte
atatgttage
gctaacaaaa
tgtagcecta
tacaaacaaa
tgacgegttt
actattteta
tacggttace
agagtattgg
ctecatctaa
gatagaacta
ttttatatgg
agggctgata
agtcaacage
gaaggaccac
ccaagaaaaa
ccaacaccct
caaatcacayg
gettggatte
tcacaacata

acatcaagct
tggtectetat
gactggegat
tcgacgactg
atcatcgaca
gttacageee
caggatatat
teggecctte
tatgatggag
tacttecace
tggctaggag
aatgaatggt
atcgacacag
gtgtactgta
gtcatggacg
accteeggea
gactcaacac
accaacgaca
cccateatet
gaagcaacct
gcgaacgcaa
tggcccatct
atcgtgacta
ggtgegggtt
gttggttegg
ccgactgaga

<213> Artificial sequence

<220>

<223> Nucleotide coding sequence of alpha amylase of Aspergillus niger

with optimized coding frequency

<220>

<221> Gene
<222> (1)\205(1494)

<223> Nucleotide coding sequence of alpha amylase of Aspergillus niger

with optimized coding frequency

<220>

<221> misc_feature
<222> (1495)\205(1498)
<223> Translational terminator sequence

<400> 32

teeegecaat
gtaagcatte
gggecactgt
aacagattte
tcaaaacgtt
tcatetgate
tgtgttatet
gacacagtte
cctctatgtt
tgggattgat
acggatggeg
atccacggat
atceccteaa
ctacaccata
ccagtaaaat
ccegtettgg
aggaatgtta
gcagtgtaga
taaccttact
ttecatatgt
ggggggtgac
atgttctgge
ctecattttta
cgggtggtgyg
tttacgtaaa
atccaagece
ctctaggeat
ggtcggeceg
ccagagtgac
tegteceegy
ccagececty
taaatactag

cteccettete
ttetgtacgg
cgeaatecat
cgacttgtaa
agttggacta
agctgececea
actctctgaa
atgagagggyg
cgggtagete
cgttetgttt
ataacactgt
acgactgggt
taaaacacgt
teggegaggt
gcgtactgaa
gecatggacga
tcetgggecac
tagccctage
acgeeggeca
ggcteteggg
tceggaacta
acaaagacga
tcttgtccaa
acacageegg
atggaaatgt
agttggcagyg

atggacgttg
tectagttac
cctetatata
cecacattaa
tgttcagate
teacacgttyg
tegeecagtyg
ggttgttcag
gcoctegtagt
gcaagggagt
tacgatctct
caggtggctg
ggcagtagat
tgggtgtecee
gatcaggtte
ttaacctggt
acagtttgeg
agcttccage
gttcaataca
agactagege
agcagtaatg
tgtggtgtac
tatagaagtc
gecaacteget
aatcgtcaag
aagtcecttea
cggacgcace
teggectttt
taggggcgga
tattgtecty
gecgtagage
caagggatge

tgaacaataa
cetteaggte
ttattteett
tactgeggat
tatccaggga
gaccaccgeca
cgaaaactac
gatgtatctt
agtcgattac
cattcaaaac
cteccttgect
gggatcattg
ccagaaggac
getegacggt
ctatcccatt
cctetacaac
attcgtcgag
caagaacgtc
agaacagcac
ctacccgace
tgcecattage
cacaacgatc
caagggtgct
ccagcaattg
gectgttect
tagcaagatc

tecagaagee
tgatgacttt
gtttatggat
gagetgttte
agattgtceca
gttgtgacgt
tgaactgggt
agttacctte
cctttcetteg
ataaggttca
accgaagtca
aagctgagag
gecactgaga
agcaagagtg
atggacaatg
aaggtcaaaa
ggagatgcaa
tacecgtagat
gtacgatcaa
acttggcatt
actccaactg
aggggcataa
agaattcatg
tgegegggea
ggatgcaaga
cggagaaace
atccaattag
ctgcaacget
aatttatcgg
cagaatgcaa
ttaaagtatg
catgcttgga

accccacaga
geggeaccetg
ctecacggate
cagaaatact
atgggettea
tatggagatg
ggcactgcag
atggtcgatg
agtgtgttta
tatgaagate
gatctcgata
gtatcgaact
ttetggeceg
gateceggect
tactatccac
atgatcaaca
aaccacgaca
gceagecattca
tacgecggeg
gacagcgage
aaagatacag
gcecatgegea
tecgggtgatt
acggaggtca
atggcaggtg
tgtagtagct

51

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920

1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3494
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atggtcgect ggtggtccct gttectctac ggacttcagg tggetgeccee
gegacccceg cegattggeg tagecagteg atttacttet tgettactga
cgcaccgacg gttccaccac cgecacctge aacactgegg accagaagta
acttggecagg gtatcatcga caagetggat tacatccagg gtatgggatt
tggattactc ctgttaccge tcagctcccc cagaccaccg cctacggega
ggttactgge agcaggacat ctactctectg aacgaaaact acggtaccge
aaggcecttgt ctteoccgecect ccacgagegt ggeatgtace tgatggtega
aaccacatgg gttacgacgg tgecgggecage tctgtegatt acteggtttt
tectecccagg attacttcca ccccttetge tteatccaga actacgagga
gtegaggact getggetggg agacaacact gtttegette cegatcetega
gacgtegtta agaacgagtg gtacgattgg gtgggtaget tggtctecaa
gacggectee gecatcgacac cgtcaagcac gtccagaagg atttctggee
aaggcecgeeg gtgtgtactg categgegaa gttetggacyg gtgaccctge
cectaccaga acgtcatgga tggtgtectg aactacceca tctactacee

cgctctegee
cegetteget
ctgeggegge
caccgetate
tgectaccac
tgacgatcte
cgtegtgget
caagecttte
ccagacccag
cactaccaag
ctacagcatt
tggatacaac
ttacacctge
ccettetcaace

getttecaagt ctaccteegg ctecatggac gacctctaca acatgattaa

agcgattgee ctgactegac cectgttggge accttegtgg agaaccacga
ttegectect acactaacga catcgecctt gegaagaacg tegetgectt
aacgacggta ttcctatcat ctacgetggt caggagecage actacgecgg
ceegetaace gogaagecac ctggetgtee ggttacceca cegactctga
ctgategeta gegecaacge gattegtaac tacgecatet cecaaggacac
acctacaaga actggectat ctacaaggat gacaccacta tegetatgeg
gacggttcte agatcgttac cattttgtcc aacaagggag ccageggtga
ctctetcetgt ceggegetgg ctacactgec ggtcagcage ttaccgaggt
accactgtea cegtgggtte ggacggeaac gttecegtee ccatggetgg
cgegtectgt accccaccga gaagctegec ggttctaaga teotgetecag

<210>33

<211> 3494

<212> DNA

<213> Artificial sequence

<220>

cactgttaag

taaccccegt
catcatecte
cggaaacgat
getctacaag
tggcttegte
taagggtace
ttectacace
catcggatge
tggecteect
ctoctaaa

<223> Nucleotide sequence with the Aspergillus niger alpha amylase
Promoter with modified translational initiator sequence and the alpha amylase nucleotide coding sequence with modified

translational terminator sequence

<220>

<221> Promoter

<222> (1)\205(1988)

<223> Alpha amylase promoter of Aspergillus niger

<220>

<221> misc_feature

<222> (1979)\205(1988)

<223> Translational initiator sequence

<220>
<221> Gene
<222> (19890\205(3494)

<223> Nucleotide coding sequence of Aspergillus niger alpha amylase

<400> 33

ctcgagggac aacgcatecgt ttgatacact teccgecaat atggacgttg
tgttecageat cgatctggge gtetegttet gtaageatte tectagttac
cateteottat ctgtattceg tgaaagagga gggecactgt cotcotatata
ataaaaagtt tgagcecttctt gecaatatga aacagattte cecacattaa
tctataggtt teccaatcaat attagtgeceg tcaaaacgtt tgttcagate
cgttegttta cagatactet gactgtagta tcatctgate tcacacgttg
atttttcgac gcataacatt ttcagcatcc tgtgttatect tegeccagtg
gctacagecca agtectgtte agtgteccttt gacacagttce ggttgttcag
cactcaatag tataatgaat acaaggcttt cctctatgtt gectcgtagt
ggctectgga agaaacccag atgattggge tgggattgat geaagggagt
tcaagtacat gttcaggtga tgggcaaaat acggatggeg tacgatctct
ccaggggtgg gggcatacga tggagtttgt atccacggat caggtggetg
gcatecgtcat cgtagtaagg actaaacgtc atcccctcaa ggcagtagat
agcctagtgt tgggatcatc atatgttage ctacaccata tgggtgtcce
tcegtgaggg aagaggtgca gctaacaaaa ccagtaaaat gatcaggttce
aactaagaca ggtacagtat tgtagcecta ccegtcttgg ttaacctggt
aggatcgaac cgtggetcag tacaaacaaa aggaatgtta acagtttgeg
ggcacatget ttgtcatgtt tgacgegttt geagtgtaga agetteecage
tactgataca aactcaatac actatttcta taaccttact gttcaataca
aatttecgga atattaatgt tacggttace ttecatatgt agactagege
agggttcegaa atacgatcaa agagtattgg ggggggtgac agcagtaatg
taaatcgget tctaggegeg cteccatctaa atgttotgge tgtggtgtac
aattacgcac tacccgaatc gatagaacta ctcattttta tatagaagte
gtgttttgat cattttaaat ttttatatgg cgggtggtgg geaacteget
actcgettac cgattacgtt agggcectgata tttacgtaaa aatcgtcaag
ccaaagtact aaaaccccgg agtcaacage atccaageccce aagtcecttcea

tccagaagece
tgatgacttt
gtttatggat
gagetgttte
agattgtcca
gttgtgacgt
tgaactgggt
agttacctte
cctttetteg
ataaggttca
accgaagtca
aagctgagag
gccactgaga
agcaagagtg
atggacaatg
aaggtcaaaa
ggagatgcaa
tacegtagat
gtacgatcaa
acttggcatt
actccaactg
aggggcataa
agaattcatg
tgegegggea
ggatgcaaga
cggagaaace
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ccagegteca catcacgage gaaggaccac ctetaggeat cggacgcace atccaattag
aagcagcaaa gcgaaacagce ccaagaaaaa ggteggecceg teggectttt ctgeaacget
gatcacggge agegatccaa ccaacaccct ccagagtgac taggggegga aatttatcegg
gattaatttc cactcaacca caaatcacag tegtecccgg tattgtectg cagaatgeaa
tttaaactct tetgegaate gettggatte cecegeccetg gecgtagage ttaaagtatg
tececttgteg atgegatgta tcacaacata taaatactag caagggatge catgettgga
ggatagcaac cgacaacatc acatcaaget cteccttete tgaacaataa accccacaca
cegtcaaaat ggtegegtgg tggtcetetat ttetgtacgg cettcaggte geggeacctg
ctttggetge aacgectgeg gactggegat cgeoaatccat ttatttectt ctcacggatce
gatttgecaag gacggatggg tcgacgactg cgacttgtaa tactgeggat cagaaatact
gtggtggaac atggcaggge atcatcegaca agttggacta tatccaggga atgggettea
cagccatctg gatcaccecce gttacagecece ageotgecceca gaccacecgea tatggagatg
cctaccatgg ctactggcag caggatatat actctctgaa cgaaaactac ggcactgecag
atgacttgaa ggcgctetet teggecctte atgagagggg gatgtatctt atggtcegatg
tggttgetaa ccatatggge tatgatggag cgggtagete agtecgattac agtgtgttta
aaccgttcag ttcoccaagac tacttecace egttetgttt cattcaaaac tatgaagate
agactcaggt tgaggattge tggetaggag ataacactgt ctecttgect gatctegata
ccaccaagga tgtggtcaag aatgaatggt acgactgggt gggatcattg gtatcgaact
actccattga cggectccgt atcgacacag taaaacacgt ccagaaggac ttetggeceg
ggtacaacaa agccgcaggce gtgtactgta tcggegaggt getcgacggt gatcecggect
acacttgtcce ctaccagaac gtcatggacg gegtactgaa ctatcccatt tactatecac
tectecaacge ctteaagteca acctecggea geatggacga cetetacaac atgatcaaca
cegtcaaate cgactgtcca gactcaacac tecctgggecac attcgtegag aaccacgaca
acccacggtt cgettettac accaacgaca tagecctege caagaacgtc geagcattca
tcatcctcaa cgacggaate cccatcatct acgecggeca agaacagcac tacgecggeg
gaaacgacce cgcgaaccge gaagcecaacct ggetcectceggg ctacccgace gacagegage
tgtacaagtt aattgcctece gecgaacgcaa tccggaacta tgccattage aaagatacag
gattegtgac ctacaagaac tggceccatet acaaagacga cacaacgate gecatgegea
agggcacaga tgggtegecag ategtgacta tettgtecaa caagggtget tegggtgatt
cgtataccet ctcecttgagt ggtgegggtt acacagccgg ccagcaattg acggaggtca
ttggetgeac gaccegtgacg gttggttegg atggaaatgt gectgttect atggeagatg
ggctacctag ggtattgtat ccgactgaga agttggcagg tagcaagatc tgtagtaget
cgtaaattaa ttaa

<210> 34

<211> 3494

<212> DNA

<213> Artificial sequence

<220>
<223> Nucleotide sequence with the Aspergillus niger alpha amylase
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promoter with optimized codon frequency and modified translational initiator sequence and the alpha amylase nucleotide coding

sequence with modified translational terminator sequence

<220>

<221> Promoter

<222> (1)\205(1988)

<223> Alpha amylase promoter of Aspergillus niger

<220>

<221> misc_feature

<222> (1979)\205(1988)

<223> Translational initiator sequence

<220>

<221> Gene

<222> (1989)\205(3494)

<223> Nucleotide coding sequence with optimized coding frequency of
Aspergillus niger alpha amylase

<400> 34
ctegagggac aacgecatcegt ttgatacact tceecgecaat atggacgttg tecagaagee
tgttcagcat cgatctggge gtctegttct gtaageatte tcctagttac tgatgacttt
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cetetettat
ataaaaagtt
tetataggtt
cgttegttta
atttttegac
gctacageca
cactcaatag
ggctectgga
tcaagtacat
ccaggggtgg
gcategtcat
agcctagtgt
tecgtgaggg
aactaagaca
aggatcgaac
ggcacatget
tactgataca
aatttecgga
agggttcgaa
taaatcgget
aattacgeac
gtgttttgat
actcgettac
ccaaagtact
ccagegteca
aagcagcaaa
gatcacggge
gattaattte
tttaaactct
tcecettgteg
ggatagcaac
cagtcaaaat
ctetegeege
gcttegeteg
geggeggeac
cegetatetg
cctaccacgg
acgatctcaa
tegtggctaa
ageetttete
agacccaggt
ctaccaagga
acagcattga
gatacaacaa
acacctgece
ttectecaacge
ctgttaagag
accecegttt
tcatectcaa
gaaacgatcc
tctacaaget
gattegteoac
agggtaccga
cctacaccet
teggatgeac
gecteccteg
cctaaattaa

<210> 35
<211> 1265
<212> DNA

ctgtattecyg
tgagcttett
tccaatcaat
cagatactet
gcataacatt
agtectgtte
tataatgaat
agaaacccag
gttcaggtga
gggcatacga
cgtagtaagg
tgggatcatc
aagaggtgea
ggtacagtat
cgtggetcag
ttgtcatgtt
aactcaatac
atattaatgt
atacgatcaa
tctaggegeg
taccegaate
cattttaaat
cgattacgtt
aaaaccccgg
catcacgage
gcgaaacage
agcgatccaa
cactcaacca
tctgegaatce
atgecgatgta
cgacaacatc
ggtegectgg
gacececgec
caccgacggt
ttggcagggt
gattacteet
ttactggcag
ggecttgtet
ccacatgggt
cteccaggat
cgaggactgc
cgtegttaag
cggecteege
ggccgeeggt
ctaccagaac
tttecaagtct
cgattgecect
cgectectac
cgacggtatt
cgctaaccge
gatcgetage
ctacaagaac
cggtteteag
ctectctgtece
cactgtcacc
cgtectgtac
ttaa

tgaaagagga
gccaatatga
attagtgeeg
gactgtagta
ttecageatee
agtgtccttt
acaaggcttt
atgattggge
tgggcaaaat
tggagtttgt
actaaacgtc
atatgttage
gctaacaaaa
tgtagcccta
tacaaacaaa
tgacgegttt
actatttcecta
tacggttace
agagtattgg
cteccatctaa
gatagaacta
ttttatatgg
agggctgata
agtcaacage
gaaggaccac
ccaagaaaaa
ccaacaccct
caaatcacag
gcttggatta
tcacaacata
acatcaagct
tggtecetgt
gattggegta
tccaccaccg
atcatcgaca
gttaccgete
caggacatct
teegeectee
tacgacggtg
tacttecace
tggctgggag
aacgagtggt
atcgacaccg
gtgtactgca
gtecatggatg
acctcecgget
gactegacce
actaacgaca
cctatcatet
gaagccacct
gccaacgega
tggectatet
ategttacca
ggcgetgget
gtgggttcgg
cecaccgaga

<213> Artificial Sequence

<220>

gggecactgt
aacagatttc
tcaaaacgtt
tecatctgate
tgtgttatet
gacacagttc
cctetatgtt
tgggattgat
acggatggcg
atccacggat
atccectcaa
ctacaccata
ccagtaaaat
ccagtottgy
aggaatgtta
geagtgtaga
taaccttact
ttecatatgt
ggggggtgac
atgttectgge
cteattttta
cgggtggtgg
tttacgtaaa
atccaagecae
ctetaggeat
ggteggeecy
ccagagtgac
tegteccegy
ccogecectyg
taaatactag
cteocettete
tecetetacgg
gccagtegat
ccacctgeaa
agctggatta
agetecceca
actctctgaa
acgagegtgyg
cgggecagcte
ccttetgett
acaacactgt
acgattgggt
tcaagcacgt
tecggcgaagt
gtgtcctgaa
ccatggacga
tgttgggeac
tegeccttge
acgctggtea
ggctgtcegg
ttegtaacta
acaaggatga
ttttgtccaa
acactgcegyg
acggcaacgt
agetegeegy

cctetatata
cccacattaa
tgttcagate
tcacacgttg
tegeecagtyg
ggttgttcag
gectegtagt
geaagggagt
tacgatctcet
caggtggctg
ggcagtagat
tgggtgtece
gatcaggtte
ttaacctggt
acagtttgeg
agcttccage
gttcaataca
agactagege
agcagtaatg
tgtggtgtac
tatagaagte
gcaactcget
aatcgtcaag
aagtccttea
cggacgecace
teggectttt
taggggcgga
tattgtectyg
gecgtagage
caagggatge
tgaacaataa
acttecaggtg
ttacttettg
cactgcggac
catccagggt
gaccacegee
cgaaaactac
catgtacctg
tgtcgattac
cateccagaac
ttegettece
gggtagcttg
ccagaaggat
tctggacggt
ctaccccate
cctetacaac
cttegtggag
gaagaacgte
ggagcageac
ttaccececace
cgcecatectee
caccactate
caagggagcce
tcagcagett
tecegtecee
ttctaagate

gtttatggat
gagctgttte
agattgtcca
gttgtgacgt
tgaactgggt
agttacctte
cctttetteg
ataaggttca
accgaagtca
aagctgagag
gccactgaga
agcaagagtg
atggacaatg
aaggtcaaaa
ggagatgcaa
taccgtagat
gtacgatcaa
acttggeatt
actccaactg
aggggcataa
agaattcatg
tgegegggea
ggatgcaaga
cggagaaace
atccaattag
ctgcaacget
aatttatcgg
cagaatgcaa
ttaaagtatg
catgecttgga
accccacaca
getgeceeeg
cttactgace
cagaagtact
atgggattca
tacggegatg
ggtaccgetg
atggtcegacg
teggttttca
tacgaggace
gatctcgaca
gtctecaact
ttectggectyg
gaccctgett
tactaccece
atgattaaca
aaccacgata
getgecttca
tacgecggeg
gactctgage
aaggacactg
gctatgegta
ageggtgatt
accgaggtca
atggctggtg
tgetecaget

<223> Recombinant fusion construct, generated by PCR, of a promoter
fragment and a gene fragment

<220>

<221> Promoter
<222> (1)\205(205)

<220>

<221> Gene
<222> (206)\205(1265)

<400> 35
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ggaattcaag
ttectteage
gttcegtgag
tcocccageat
tetettectt
cacaacttgt
cctteteaac
cctgaactet
ggcctetace
gttcataage
cgeegetgac
caactgggte
cgaagtccac
ggtggaatcc
cggegetgeg
gctggtaagt
ctacggtcag
gggtggcaac
gceteggttac
gaccaccact
cgacggaact
aatac

REFERENCES CITED IN THE DESCRIPTION

ctagatgceta
tteccectegt
gggctgaagt
cattactcct
ctegetecagg
aacacagcat
aacctggacc
accggtacca
cagtecttgg
aactactgac
gagactaaca
gccaacctga
teeggettet
gctttgtegg
ctggeegece
tatecctecatt
cctegecttg
tacecgegtta
caccacttea
gacgtgactg
agcatcgacg

agegatattyg
gcagatgagg
gcttecteee
tcaccatgtt
ctgeecacge
tegettgage
tcttcogetca
agttgacctg
atgagttcaa
aactcagatc
agctectegt
actteggtet
ggaaggettyg
atcactccga
tcgeegagac
ttgtaagtga
geaacgagge
cccacactaa
geccegagta
aggttaccgg
ctcacegttg

catggcaata
tttggctata
ttttagacge
ctetetegee
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cagactgacg
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cgtggtatgt
gatttagacg
gccgettact
aactgcecte
accgcaaata
ggcaaccccg
cgtggtageg
agcgatetgt
gecgacacca
gtecttgaceg
aactceggec
aatctgacca
tacatcacceg
cctaagetge
agegecgacyg
accggeggta
tacattteeg

catgtgette
gttggtceggg
ctgagcttca
cegtegetgg
ttattttcte
tetectette
gcgatgagaa
ttgtcgagge
tacaattcta
ccggttacct
ctgaccttge
gctetggttg
tcacttecaa
gtcactegta
actcggttga
aatagtacaa
accagaacaa
cceecacect
aggecacegt
acgatggaac
aatgctecta
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Patentkrav

1. Fremgangsmade til fremstilling af en nukleotidsekvens,
der omfatter trinene:

- tilvejebringelse af en synonym nukleotidkodende sekvens med
optimeret kodonfrekvens, saledes at en nativ kodon er blevet
udskiftet med en synonym kodon, hvilken synonyme kodon koder
for den samme aminosyre som den native kodon og har en hgjere
frekvens 1 kodonanvendelse som defineret 1 tabel 1 end den
native kodon, hvor den optimerede kodonfrekvens er saledes, at
mindst 10 %, 15 %, 20 %, 25 %, 50 %, 75 %, 80 %, 85 %, 90 % og

<

mest fortrinsvis mindst 95 % af de native kodoner er Dblevet

X

udskiftet med en synonym kodon, idet den synonyme kodon &ndrer
kodonfrekvensen, sdledes at vaerdien af den absolutte forskel
mellem procenten for den synonyme kodon 1 frekvensen og den
listede optimale procent bliver mindre efter modificering ved
anvendelse af fglgende liste over optimale procenter: cystein
ved TGC (100 %); phenylalanin ved TTC (100 %); histidin wved
CAC (100 %); lysin ved AAG (100 %); asparagin ved AAC (100 %);
glutamin wved CAG (100 %); tyrosin ved TAC (100 %); alanin
kodes wved GCT (38 %), GCC (51 %) eller GCG (11 %); aspartat
ved GAC (64 %); glutamat ved GAG (74 %); glycin ved GGT
), GGC (35 %), GGA (16 %); isoleucin ved ATT (27 %), ATC

73 %); leucin ved TTG (13 %), CTT (17 %), CTC (38 %), CTG
); prolin ved CCT (36 %), CCC (64 %); arginin ved CGT

), CGC (51 %); serin ved TCT (21 %), TCC (44 %), TCG

14 %), AGC (21 %); threonin wved ACT (30 %), ACC (70 %)

og/eller wvalin ved GTT (27 %), GTIC (54 %), GIG (19 %), hvor

kodon-egnetheden af den synonyme nukleotidkodende sekvens med

o\©

optimeret kodonfrekvens har en egnetshedsvardi, der er mindst
70 %, 80 %, 90 %, 95 %, fortrinsvis 96 %, 97 %, 98 % og mest
fortrinsvis >98 %, where kodon-egnetheden beregnes wved hijalp

af fglgende funktion:

g
fit,(¢)=100- Q Sl ) - 2 (eh)

k=1

-100

hvor g symboliserer en nukleotidkodende sekvens, |g| dens
targ et \
lengde, c¢(k) dens k’ende kodon, fe (c(k), er en gnsket andel af

8
kodon c (k) og rf (e(k) en faktisk andel 1 den nukleotidkodende



10

synonyme kodoner i
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sekvens g,

og eventuelt

- operabel kobling af den synonyme nukleotidkodende sekvens
til en kontrolsekvens, sasom:

- én translationstermineringssekvens orienteret i 5' mod 3'-
retningen, der er udvalgt fra fglgende liste af sekvenser:
TAAG, TAGA og TAAA, fortrinsvis TAAA, og/eller

- én translationsinitiatorkodende sekvens orienteret i 5' mod
3'-retningen, der er udvalgt fra fglgende liste af sekvenser:
GCTACCCCC; GCTACCTCC; GCTACCCTC; GCTACCTTC; GCTCCCCCC;
GCTCCCTCC; GCTCCCCTC; GCTCCCTTC; GCTGCCCCC; GCTGCCTCC;
GCTGCCCTC; GCTGCCTTC; GCTTCCCCC; GCTTCCTICC; GCTTCCCTC; og
GCTTCCTTC, fortrinsvis GCT TCC TTC.

Tabel 1: Optimal kodonfrekvens for filamentgs svamp af

.. 100 44 100 1100 ..C

‘Leu éPro §His gArg

C 38 64 1100 51 C
Leu Pro Gln Arg

C 0 0 0 0 A
Leu Pro Gln Arg

C 32 0 100 0 G
Ile gThr Asn §Ser

A 27 130 0 0 T

jA.. %Ile éThr {Asn §Ser g..C
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A 0 0 0 0 A
Met éThr Lys Arg

A 100 0 100 0 G
Val EAla Asp Gly

G 217 138 36 49 T

: %Val gAla {Asp gGly

G.. 154 51 64 35 ..C

: %Val éAla §Glu éGly

G.. 0 0 26 16 LA

1 %Val gAla §Glu gGly

G.. 19 11 74 0 ..G

2. Fremgangsmade ifelge krav 1, hvor den synonyme

nukleotidkodende sekvens er omvendt konstrueret fra en

aminosyresekvens.

3. Fremgangsmade ifglge krav 1 eller 2, hvor den synonyme

nukleotidkodende sekvens omfatter en signalsekvens.

4. Fremgangsmade ifglge et hvilket som helst af kravene 1
til 3, der omfatter vyderligere tilvejebringelse af ét intron

og den synonyme nukleotidkodende sekvens.

5. Fremgangsmade if@lge et hvilket som helst af kravene 1
til 4, der omfatter vyderligere tilvejebringelse af en
translationsinitiatorsekvens, hvilken
translationsinitiatorsekvens omfatter nukleinsyresekvensen som
defineret ved konsensus-translationsinitiatorsekvensen: 5'-
mwChkyCAmv-3' (SEQ ID NO: 16) ved anvendelse af flertydige
koder for nukleotider: m (A/C); r (A/G); w (A/T); s (C/G); vy
(C/T); k (G/T); v (A/C/G); h (A/C/T); d (A/G/T); b (C/G/T); n
(A/C/G/T), og konsensus-translationsinitiatorsekvensen

fortrinsvis er én, der er udvalgt fra fglgende liste: 5'-
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mwChkyCAAA-3' (SEQ ID NO: 17), 5'-mwChkyCACA-3' (SEQ ID NO:
18) og 5'-mwChkyCAAG-3' (SEQ ID NO: 19).

6. Fremgangsmade ifelge krav 5, hvor
translationsinitiatorsekvensen er 5'-CACCGTCAAA-3' (SEQ ID NO:
22) eller 5'-CGCAGTCAAG-3'" (SEQ ID NO: 23).

7. Fremgangsmade 1ifglge et hvilket som helst af kravene 1
til 6, hvor nukleotidsekvensen er indbefattet i en

nukleinsyrekonstruktion eller ekspressionsvektor.
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