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OBIFCT OF THE INVENTION

The present invention is directed 1o a method of reducing the amount of at least one
polypeptide in a host cell by expressing in the host cell a nucieotide sequence encoding for a
polypeptide wherein the nucleotide sequence uses codons that are rarely used according to the

codon usage of the host organism.

Furthermore, the present invention relates to nucleotide sequences encod ug for a polypeptide
with a codon usage that has been adjusted to ase codons that are only rarely used according to

the codon usage of the host orgardsm.

Fhe present invention further relates to the use of such sequences and methods for producing

fine chemicals such a5 amino acids, sugars, lipids, oils, carhohydrates, vitaming, cofactors ete.

BACKGROUND

tn a Iot of biotechnological processes 1t is necessary to modulate gene expression. Thus, for
some applications it is necessary o Increase the expression of a certain gene product and o
thereby increase the amount and/or aciivity of e.g. a protein in the host cell in which the gene

of interest is (over) expressed. Similarty, it may be desirable to rednee the amonuni of

B 8188/ DB
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expression of an endogenous gene in g host cell. Furthermore, it may be desireable to fine-

tune the expression level of endogenous or heterologous genea.

‘The fermentative production of so-called tine chemicals is today typically carried out in
microorganisms such as Corynebacterium ghitamicum (C. ghuamicum), Escherichia coli
(f2.00fi), Saccharomyces cerevisiae (S. cerevisiae), Schizzosaccharomyes pombe (S pombe),
Pickia pastoris (8. pastoris), Aspergilins niger, Bacillus subtilis, Ashbya ZOSSYpIi o

Gluconobacter oxydans.

Fine chemicals which include e.g. organic acids such s lactic acid, proteogenic or non-
protecgenic amine acids, purive and pyrimidine bases, carbohydrates, aromatic compounds,
vitarnins and cofactors, lipids, saturated and unsaturated fatty acids are typically used and

needed in the pharmaceutical, agriculture, cosmetic as well as food and feed industry.

As regards for example the amino acid methionine, currently worldwide annual production
amounts to abowt 560,000 tons. The current industrial production process is not by
fermentation but a multi-step chemical process, Methionine is the first Hmiting arino acid in
tivestock of poultry feed and due to this mainly applied as a feed supplement. Various
atternpts have been published in the prior art 1o produce methionine e.g. using

microorganisms such as £ cofi,

Other amino acids such as glutamate, lysine, threonine and threoning, are produced by e.g.
fermentation methods. For these purposes, certaln microorganisms such as £ glwiamicum
have been proven to be particularly suited. The production of amine acids by fermentation
has the particular advaniage that only L-amine acids are produced and that environmentally
problematic chemicals such as solvents as they are typically used in chemical synthesis are

avoided,
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Some of the attempts in the prior art to produce fine chemicals such as arming acids, lipids,
vitamins or carbohydrates in microorganisms such as £ cofi and glutamicum have tried 1o
achieve this goal by e.g. tncressing the expression of genes involved in the biosynthetic
pathways of the respective fine chemicals. I e.g a ceriain step in the biosynthetic pathway of
an amine actd such as methionine or lysine is known to he rate-limiting, over-expression of
the respective enzyme ray allow obtaining a microorganism tha vields more product of the
catalysed reaction and therefore will ultimately fead (o an enhanced production of the
respective amine acid. Similarly, If a cortain enzymatic step in the biosynthetic pathway of an
e.g. desired amine acid is known to be non-desirable as it channels a lot of metabolic energy
inie formation of undesired by-products it may be contemplated to down-regulate expression
of the respective enzymatic activity in order to favour only such metaholic reactions that

ultimately lead to the formation of the amino acid in guestion.

Attempts to increase production of ¢.g. methionine and lysine by up-and/or down regulating
the expression of genes being involved in the biosynthetic pathway of methionine or fvsine

production are ¢.g. described in WO 02/10209, WO 2006008097, or WO2005059093.

Typically, overexpression of a certain gene in a microorganism such as £ codi or O
ghaandcum or other host cells such as P pastoris, 4. niger or even mammalian cell culture
systems may be achieved by transforming the respective cell with a vector that COMPrises a
nuclestide seguence encoding for the desired protein and which further cormprises clements
that allow the vector o drive expression of the nucleotide sequence encoding, e.g. fora
certain enzyme. Using this approach foreign proteins, i.e. proteins that are encoded by
sequences that are not naturally found in the host cefl that is used for expression as well as
endogenous bost cell-specific proteins may be overexpressed. Other typical methods include
increasing of copy number of the respective genes in the chromosome, inserting sirong
promoters for regulating the transcription of the chromosomal copy of the respective genes

and enhancing translatiopal initiation by optimization of the ribosomal binding site (RBS).
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For down-regulating expression of certain factors within e.g. microorganisms, a multitnde of
technologies such as gene kuockout approaches, antisense technology, RNAG technology ete.
are available. Some of the technologies for down-regulation of genes lead to a complete loss-
of-function for the respective factors due to the absence of e.g. any enzyme being produced.
Fhis can be problematic where only a certain degree of reduction in protein amount is the
overall goal. In such cases, one may delete the wild type copy of the respective gene and
replace it with a mutant version that shows decreased activity or express it from a weak
promoter. Such approaches are however rather cumbersome and other means of reducing
partiaily expression of e.g. a protein without changing its aming acid sequence are hi ghly

desirable not only for producing fine chemicals in e.g. micororganisms, but also for other

PUTPOSEs.

i view of this situation, it is one object of the present invention to provide methods and
nucleotide sequences encoding for polypeptides which can be used 1o reduce expression of
polypeptides in host cells with a particular focus on industrially important microorganisms
such as . glutanicunm. 1t is a further object to provide such methods and sequences for

producing fine chemicals,

These and other objectives as they will become apparent from the ensuing deser ption of the
invention are solved by the present invention as described in the independent claims. The

dependent claims relate to preferred embodiments,
SUMMARY OF THE INVENTION
I one embodiment the invention relates to a method of reducing the amount of at least ane

polypeptide in o host cell. This method of reducing the amount of a polypeptide comprise

the step of expressing in the host cell a nucleotide sequence which encodes for said
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polypeptide instead of the endogencus nucleotide sequence which encodes for a polypeptide
of substantially the same amino acid sequence and/or function. This nucleotide sequence is
derived from the endogenous nuclectide sequence such thatl codons of the endogenons
sucleotide sequence are exchanged with less frequently used and preferably the least
frequently used codons according to the codon usage of the host organism. In a preforred
embodiment the reference codon usage will be determined on the basis of the group of
abundant proteins of the host cell. The nucleotide seguence which will thus have been
optimised for reduced expression of a polypeptide may also be designated as modified
nucleotide sequence while the endogenous sequence may be designated as starting or non-

modified nucleotide sequence.

in a preferred embodiment frequent, very frequent or extremely freguent codons are
exchanged for rare. preferably for very rare and most preferably for extremely rare codons.
The reference codon usage will be based on the codon usage of the hest organism and

preferably on the codon usage of abundant proteins of the host organism,

This method of reducing the amount of a polypeptide thus comprises the step of expressing in
the host cell a modified nuclectide sequence which encodes for sald polypeptide instead of the
endogenous nucleotide sequence which encodes for a polyvpeptide of substantizily the same
amino acid sequence and/or function. The modified nucleotide sequence is derived from the
{non~-modified) endogenous nuclentide sequence such that codons of the non-medified
nucleotide sequence are exchanged in the modified vucleotide sequence with less frequently
used and preferably the least frequently used codons. The reference codon usage will be
based in the codon usage of the host organism and preferably on the codon usage of abundant
proteins of the host organism. In a preferred embodiment frequent, very frequent or extremely
frequent codons are thus exchanged for rare, very rare or extremely rare codons. [n a
pariicularly preferred embodiment, one, some or all codons are replaced by the least

trequenily used codons,
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In one embodivoent at least one, at least two, at least three, at least four, at least five, at least
1X, al least seven, at least eight, at least nine, at least ten, preferably at least 1%, at least 2%,
at least 4%, al least 694, at loast 8%, at least 10%, more preferably at least 20%, at least 40%,
at feast 60%, at least 8%, even more preferably at least 90% or least 95% and most
preferably all of the codons of the non-modified nucleotide sequences may be replaced in the
madified nucleotide sequence by less frequently used codous for the respective amine acid.
In an even more preferred embodiment the afore-mentioned number of codons to be replaced
refers o frequent, very frequent or extremely frequent codons. In a particularty preferred
embodiment these codons are replaced by rare, preferably very rare and most preferably
exirernely rare codons. in another particularty preferred embodiment, the above numbers of
codons are replaced by the least frequently used codons respectively. In all these case is the
reference codon usage based o the codon usage of the host organisro and preferably on the

codon usage of abundant proteins of the host cell.

I a preferred embodiment one will use modified nucleotide sequence which uses only rare,
very rare, extremely rare or preferably the least frequently used codons for each replaced

amine acid as determined for the group of abundant proteins of the host cell,

The polypeptides that are to be expressed by this method of reducing the amount of a
polypeptide in a host cell are endogenous polypeptides with the provise that the medified
nucleotide sequence must not be identical with the starting nucleotide seguences of the

respective polypeptides of the hosi cell,

The host cells may be selected from microorganisms, insect cells, plant cells or mammalian

cell culture systems,
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Using this method, expression of the respective polypeptide may be reduced in the host cel}
by at least 5%, 10%, 20%, 30%, 40%, S0%, 6(%, 70%, 80%, 90% or 95%. The extent of
reduction of expression is determined in comparison to the level of expression of the
endogenous polypeptide that is expressed from the endogenous non-modified nucleotide

sequence under comparable conditions.

A preferred embodiment of this method of reducing the amount of a polypeptide in a host cell
velates to methods wherein the amount of a polypeptids being expressed in Corynebacterium

and particularly preferably in O glutamicun s reduce

such a method covaprises the step expressing in Corynebacterium and preferably in O
gluiamicum a modified nucleotide sequence encoding for a polypeptide instead of the
endogenous nucleotide sequence encoding for the respective polypeptide of substantially the
same amine acid sequence and/or function. In one embodiment at least one, at least two, at
icast three, at least four, at least five, at least six, at least seven, at least eight, at least nine, at
teast ten, preferably at least 194, at least 2%, at least 4%, at least 6%, at least 894, at least 10%,
more prefevably at least 20%, at least 40%, at least 60%, at least 8094, even more preferably at
least 90% or least 93% and most preferably all of the codons of the non-modified nucleotide
sequences may be replaced in the moditied nueleotide sequence by less frequently used
codons for the respective aming acid. In an even more preferred embodiment the afore-
mentioned number of codons to be replaced refers to frequent, very frequent or exiremely
frequent codons. In a particularly preferred embodiment these codons are replaced by rare,
preferably very rare and most preferably exiremely rare codons. fn another particularly
preferred embodiment, the above nambers of codons are replaced by the least frequently used
codons respectively. In all these cases will the reference codon usage based on the codon
usage of (T‘m‘ymbacierium and preferably C glhoramicum. Preferably the reference codon
usage will be based on the codon usage of abundant proteins of Corynebacterium and

preferably O plutamicum.
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For reducing expression of polypeptides in the genus of Corynebacterum and particularly in
the species of C. glutamicim based on altered codon usage, in another embodiment the non-
modified rucleotide sequence encoding for the polvpeptide may be modified such that at least
one, at least two, at least three, at least four, at least five, at least six, at least seven, at least
cight, at least nine, at loast ten, preferably at least 1%, at least 2%, at least 4%, at Jeast &%, a
least 8%, at least 109, more preferably at least 20%, at least 4%, at least 64%, at least 80%,
even more preferably at Jeast 0% or loast 95% and most preferably all of the codons of the
noi-medified nucleotide sequence are replaced in the resuiting modified nucieotide sequencs
by less frequently used codons for the respective amino acid according to Tabie 1 and
preferably according to Table 2. In an even more preferred embodiment the afore-mentioned
munber of codons o be replaced refers to frequent, very frequent and extremely frequent
codons. In another particularly preferred embodiment, the above numbers of codons are
replaced by one of the two least frequently used codons encoding for the re spective amino

acid(s) as set forth in Table T and preferably in Table 2

tn another embodiment of the invention which relates to a method of decreasing the amount

of polypepiide in Corynebacterium and particularly prefevably in O ghaamicum, said

modified nucleotide sequence uses the codons ACG for threonine, GAT for aspartic acid,
GAA for ghutamic acid, AGA and AGG for arginine and/or TTG for the start codon encoding

methionine,

In yet another embodiment of the invention which relates to a method of decreasing the
amount of polypeptide in Corynebacterium and particularly preferably in shulamicum, at
teast one codon of the modified nuclestide sequences may be selected from the codon usage

of Table 3 and preferably of Tablz 4
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Thus, another particularly preferred embodiment of the invention relates to methods of
decreasing the amount of a polypeptide in Corynebacterium and particularly preferred in O
wintomicur wherein at least one, at least two, at least three, at least four, at least five, at least
six, af least seven, at least eight, at least nine, at least ten, preferably at least 194, at least 2%,
at least 4946, at least 6%, at least 8%, al least 109, more preferably at least 209, at least 409,
at least 60%, at least 80%, even more prefervably af least 20% or least 95% and most
preferably all of the codons of the non-modified nucleotide scquence are replaced in the
resuiting modified nucleotide sequence by the codons for the respective amino acid according
to Table 3 and preferably according to Table 4. In an even more preferred embodiment the
afore-mentioned number of codons to be replaced refers to frequent, very freguent, exiremely

frequent ov the most frequent codons.

Another particularly preferred embodiment of the invention relate to methods of decreasing
the amount of a polypeptide in Corynebacterium and particularty preferred in O glutamicum
wheretn all codons of the non-modified nucleotide sequence are replaced in the resuiting
modified nucleotide sequence by the codons tor the respoctive aming acid according to Table

3 and preferably according to Table 4,

Ome aspect of the invention also relates to maodified nucicotide sequences as they may be used

in the above-described methods of reducing the amount of a polypeptide in a host organism,

Such medified vuclentide sequences are derived {rom the endogencus nucleotide sequences
encoding for a polypeptide of substantially the same aminoe acid seguence and/or function
with the codon usage of the meodified nucleotide sequence being adiusted such that codons of
the non-modified (wild-type) sequences are replaced by less frequently used codons, The
reference codon wsage will be based on the codon usage of the host organism and preferably

on the codon usage of abundant proteins of the host organism.
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{f course, the invention in a preferred embodiment relates to such modified nucleotide
sequences that have been derived for a specific polypeptide by replacing at least one, at least
two, af least three, at least four, at least five, at least six, al least seven, at least eight, at least
nine, at least ten, preferably at least 19, at least 2%, at least 4%, at least 6%, at least 8%, at
feast 10%, more preferably at least 20%, at least 40%, at least 60%, at ieast 80%, even more
preferably at least 90% or least ¥5% and most preferably all of the codons of the non-
modified nucleotide sequences are replaced in the modified nucleotide sequence by less
frequently used codons for the respective amino acid. In an even more preferred embodiment
the afore-mentioned number of codons to be replaced refers to frequent, very frequent,
exiremety frequent or the wost frequent codons. In another particularly preferred
embodiment, the above numbers of codons are replaced by the least frequently used codons,
in all cases will the reference codon usage be based on the codon usage of the host organism

and preferably on the codon usage of abumdant proteins of the host organism.

In one preferred embodiment the modified nucleotide sequences will use for each replaced
amino acid the least frequently used codon according o the codon usage of the host cell and

preferably according to the codon usage of the abundant proteins of the host cell.

In case of modified nucleotide sequences that are to be expressed 1 Corynebacterium and
particularly preferably in O ghtamicum Tor reducing the amount of the respective encoded
polypeptide, at least one, at least two, at least three, at least four, at least five, at least six, at
least seven, at least eight, at least nine, ai least ten, preferably at least 1%, at least 29, at least
4%, at least 6%, at least 8%, at least 109, more preferably at least 20%, at least 409, at least
50%, at least B0%, even more preferably at least 90% or least 95% and most preferably ali of
the codons of the non-modified nucleotide sequences may be replaced in the modified
nucleotide sequence by less frequently used codons for the respective amine acid. In an even
more preferred embodiment the afore-mentioned number of codons o be replaced refers to

frequent, very frequent, extremely frequent or the most frequent codons. In another
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particularly preferred embodiment, the above number of codous are replaced by the least
frequently used codons. in all these cases will the reference codon usage based on the codon
usage of the Corynebacterium and preferably C glwfamicum and preferably on the codon

usage of abundant proteins of Corynebacterinm and preferably C glitamicum.

In case of modified nucleotide sequences that are 10 be expressed in Corvucbacterium and
particalarly preferably in £ glutamicum for reducing the amount of the respective sncoded
polypeptide, at least one, at least two, at least three, at least four, at least five, at least six, at
lzast seven, at least cight, at least nine, at least ten, preferably at least 194, at least 2%, ai least
4%, at least 6%, at least 8%, at least 10%, more preferably at feast 20%, at least 40%, at least
60%, at least 80%, even more preferably at least 90% or least 95% and most preferably all of
the codons of the non-modified nucleotide sequence are replaced in the resulting modified
nuclestide sequence by less frequently used codons for the respective amino acid according to
Table 1 and preferably according to Table 2. In an even more preferred embodiment the
alore-mentioned number of codons to be replaced refers to frequent, very frequent, extremely
frequent or the most frequent codons, In another particularly preferred embodiment, the afore-
mentioned numbers of codons are replaced by one of the two least frequently usad codons

encoding for the respective aming acid(s) as set forth in Table 1 and preferably in Table 2.

In another embediment the modified nucleotide sequence which is used for reducing
expression of a pelypeptide in Corynebacterivm and particularly preferably in . gluwramicum

uses the codons ACG for threonine, GAT for aspartic acid, GAA for glutamic acid, AGA and

AGG for arginine and/or TTG for the start codon encoding methionine.

in yet another emabodiment of the invention the modified nuclentide sequence which is used

for reducing expression of a polypeptide in Corynebacteriumn and particularly preferably in C
& J 3 J

glutomicum may comprise at least one codon being selecied from Table 3 and preferably from

Table 4.
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Thus, another particularty preferred embodiment of the invention relates to modified
nucleotide sequences for reducing expression of 4 polypeptide in Coryvnebacterium and
particularly preferred in O ghaamicum wherein at least one, al least two, al least three, st
least four, at Jeast five, at least six, at least seven, at least eight, at least nine, al least ten,
preferably at least 1%, at least 2%, at least 4%, at least 6%, at least 8%, at least 10%, more
preferably at least 20%, at least 40%, at least 60%, at least B0%, even more preferably al least
0% or least 95% and most preferably all of the codons of the nor-modified nucleotide
sequence are replaced in the resulting modified nucleotide sequence by the codons for the
respective amino acid according to Table 3 and preferably according to Table 4. In an even
more preferred embodiment the afore-mentioned number of codons to be replaced refers o

frequent, very frequent, exiremely freguent and most frequent codons.

Another particularly preferred embodiment of the invention relates to modified nucleotide
sequences for reducing expression of a polypeptide in Corynebacterium and particularly
preferably in O glwfomicum wherein all codons of the non-modified nucleotide sequence are
replaced in the resulting modified nuclectide sequence by the codons for the respective amino

acid according to Table 3 and preferably according 1o Table 4,

In the sttnation where they are used for reducing expression of polypeptides in host cells and
preferably in C. gluramicum these modified nuclectide sequences will preferably be selected
frorn the group comprising nuclesiide sequences enceding genes of binsynthetic pathways of
fine chomicals such as amino acids, sugars, carbohydrates, ipids, oils, vitamins, cofactors ele.
il down-regulation of such genes 18 known to favour production of the fine chemical(s), They
may particularly be selected from the group comprising the sequences coding for genes of
biosynthetic pathways being involved in the synthesis of amino acids such as glycine, lysine,

cysteine, iryptophane or methioning.
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A particularly preferred embodiment of the invention relates to a method of decreasin g the
expresston of isocitrate dehydrogenase in a microorganism by adapting the codon usage as
described herein. The microorganism can be a Corynebacterium, with glutamicum being
preferred. These methods may be used improve synthesis of amine acids and particularly of

methionine and/or fysine,

A host cell which comprises s modified nucleotide sequence that will lead to a reduced
expression of a polypeptide in the host cell as described above also forms part of the
invention. Such a host cell, which may be C gluramicum will preferably comprise a modified

nuelootide sequence that will lead to a reduced expression of isocitrate dehydrogenase

The present invention also relates to the use of the aforementioned modified nucieotide
sequences and/or host cells for producing fine chemicals such as amino acids, sugars, {ipids,
oils, vitamins, cofactors, carbohydrates ete. They may be particularly used for production of

amino acids such as glycine, lysine, threonine, cysteine or methionine.

FIGURES

Figure 1 shows the wild type sequence of isocitrate dehydrogenase (SEQ 11 No. £}

Figure 2 &) shows the codon usage amended isocitrate dehydroganase {ied) carrying an ATG-
GTG mutation (SEQ ID No. 23 The mutation is shadowed in grey. Figure 2 b} shows the
vector insert that was used to replace the sndogenous gene (SEQ 1D No. 3). The mutation is

shadowed in grey. The restriction sites are underlined.

Figure 3 a) shows the codon usage amended isociirate dehvdrosenase {icd) CAZ (SEQ ID No.
R - oo " ..

4}, The mutation is shadowed in grey. Figure 3 b) shows the vector insert that was used 1o
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replace the endogencus gene (SEQ 1D No. 5}, The mutation is shadowed in grey. The

restriction sttes are underlined.

DETAILED DESCRIPTION OF THE INVENTION

As has been set oul in the introductory part, it can be desirable in some case to overgxpress
e.g. foreign genes in a certain host cell as this approach allows to confer novel and unique
characteristios i a host cell if e.g. a gene encoding for a certain enzymatic activily is

introduced which naturally is not found in the host cell.

However, overexpression of foreign genes having no counterpart in the host all by using e.g.
expression vectors such as plasmids has enconntered probiems. The same has been observed
for overexpression of genes which have a counterpart in the host organism as regards their
function but which use a nuclestide sequence that ts typically not found within the host
organism. The failure of host cells such as £ coli or €. glufamicum to express certain foreign

{heterplogous) sequences may be due 1o alterad codon usage (see e.g. WO 2004/042059).

The genetic code is degenerate which means that a certain amine acid may be encoded by a
nmumnber of different base triplets, Codon usage refers to the observation that a certain
organism will typically not use every possible codon for a certain amino acid with the same
frequency. fosicad an organism will typically show certain preferences, Le. a bias for specific
codons meaning that these codons are found more frequently in the transcribed genes of an

organism.

Heowever, codon usage manipulation bas been used in the past for increasing expression of
foreign genes. For reducing expression of genes, most commuoniy a part or the complete

coding region has been removed from the genome {30 called “knock out™ approach)
= o fad 3 E



WO 2008/049781 PCT/EP2007/061151

~15-

Similarly, mutants with reduced activity or the modulation of transcriptional activity ¢.g. by

weak promoters have been applied in this context,

The present invention relies partly on the surprising finding that, if codons of a nucleotide
sequence encoding for an endogenous polypeptide are exchanged against codons which are
less frequently found and used in the host cell, one will observe a reduced expression level for

this polypeptide due to the amended codon usage.

The use of codons which are less frequently used in the host organisto for reducing expression
of a polypeptide has numerous advaniages. As the modified nucieotide sequence can be
integrated into the native genomivc locus, the genomic integrity of the organism will be largely
preserved, Moreover depending on the number of codons that are exchanged and the
frequency of the codons that are introduced # way be possible to fine tune the reduction of the

specific factor,

The present invention relies further on the surprising finding that determination of the codon
usage of an organism may give different results depending on whether the codon usage is

determined for abundant proteins of the host celi or for the host organism as a whole,

Typically, codon usage tables in the prior art for organisns such as £ coli ete. bave been
based on an analysis of the complete genome. The inventors of the present invention have
found for the case of O ghutamicum that codon asage analysis of abundant proteins will give
quite different results compared to codon usage frequencies as determined for the complete
organism of O glutamicwm. Withowt being wanted to be bound 1o a theory, it is assumed that
the specific codon usage frequency of abundant proteins in an organism such as £
ghetamicum reflects cortain requirements as to the codon composition of a highly expressed

nuclectide sequence.
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The specilic codon usage distribution of highly expressed genes may o.g. reflect preferences
for codons that are recognised by tRMNAs that are also frequently and abundantly available in
the host organisms” cells. Similarly such codons may reflect transcript RNA structures that

for their spatial arrangement can be more efficiently ranslated.

Identifying codon usage frequencies not on the basis of the whole organism, but for abundant
proteins only thus opens the intriguing possibility of defining codons that will likely have a
tendency to drive strong expression of a polypeptide. If such frequent codons are specifically
selected and replaced by a less frequently used codon as described above, this should
additionally help to reduce expression of the respective polypeptide. Moreover, if a codon is
used only very ravely in abundant proteins, this may indicate that such a codon is not
translated efficiently in the host organism. This presumed inabifity can be used for a further
preforred embodiment of the present invention in whick codons are purposively chosen for
the modified nucleotide sequence that are only rarely used in abundant proteins of the host

cell.

It seems reasonable o assume that the finding that highly expressed proteing in a host cell
have a different codon usage compared o the sifuation where codon usage for all genes of an
organism is deterrained will not be Hmited to O glivamicum but also be observed for other

organisms such as £ ¢ofi, yeast cells, plant cells, insect cells or mammalian cell culiure cells.

Thus, the invention is concerned with reducing expression of polypeptides in 2 host cell by
using modified nucleotide sequences instead of the endogenous sequences wherein codons of
the endogenous sequences are exchanged for less frequently used codons of the host
organism. This reference codon usage will preferably be determined. In a preforred
cmbodiment codons are exchanged for the least frequently used codons of the host organism,

tn g further preferred embodiment, one will particularly replace those codons of the
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endogenous sequences which use codons that are known to be found frequently in the

abundant proteine of the host organism,

The term “host cell” or “organism” for the purposes of the present invention refers to any
organism that 13 commonly used for expression of nucleotide sequences for production of e.g.
polypeptides or fine chemicals. In particular the term “host cell” or “organism” relates to

prokaryotes, lower cokaryotes, plants, insect cells or mammalian cell culture systems.

The organisms of the present invention thus comprise yeasts such as 8. pombe or 8. cerevisiae

and Pichia pastoris.

Plants are also considered by the present invention as host organisms. Such planis may be
monocols or dicots such as monocotyledonous or dicotyledonous crop plants, food plants or
forage plants, Examples for monoootyledonous plants are plants belonging to the genera of
avena {oats), triticum (wheat), secale (rye), hordeum (barley), oryza (vice), panicum,

pennisetum, setaria, sorghum {millel), zea (maize) and the ke

Dicotyledonous crop plants cornprise inter alias cotton, leguminoses like pulse and in
particular alfalfa, soybean, rapeseed, tomailo, sugar beet, potato, ormamental plants as well as
trees. Further erop plants can comprise frulls (in particular apples, pears, cherries, grapes,
citrus, pineapple and bananas), oil palms, tea bushes, cacao trees and coffes trees, tobaceo,
sisal as well as, copeerning medicinal plants, ranwollia and digitalis. Particularly preferred are
the grains wheat, rye, cats, barley, rice, maize and millet, sugar beet, rapeseed, soy, tomato,

potato and tobacco. Further crop planis can be taken from US 6,137,030

Mammabian cell culture systems may be selected from the group comprising e.g. NIH T3

cells, CHO cells, COS cells, 293 cells, Jurkat cells and Hela cells.
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ATCCZI650, ATCCI9223, ATCCIE6Y, ATCC21157, ATCC21158, ATCOD 159,
ATCCZI355, ATCC3I808, ATCC21674, ATCC21562, ATCC21563, ATCLZ1564,
ATCCITE65, ATCC21566, ATCC21567, ATCC21568, ATCC21569, ATCC2IS70,
ATCCZISTY, ATCC2E572, ATCUZIS73, ATCC21579, ATCC 9049, ATCO 19050,
ATCCIS0SE, ATCCTO082, ATCCI9053, ATCCIN0S4, ATCCI9085, ATCCI9058,
ATCCIR057, ATCCIR0SE, ATCCIV059, ATCCIIN60, ATCCI9185, ATOC13286,
ATCCZI51S, ATCUZIS527, ATCC21544, ATCC21492, NRRL B&183, NRRL WRIRZ,
BIZNRELBIZ416, NRRLB12417, NRRLB12418 and NRRLB11476,

‘the abbreviation KFCC stands for Korean Federation of Culture Collection, ATCC stands for
American-Type Straln Culture Collection and the abbreviation DSM stands for Deutache
sammlung von Mikroorganisimen. The abbreviation NRRL stands for ARS cultures

collection Northern Regional Research Laboratory, Peores, 1L, USA.

Particelarly preferred are microorganisms of Corynebacterium glutamicum that are already
capable of producing fine chemicals such as L-lysine, L-methionine and/or L-threonine.
Therefore the strain Corynebacterium glutamicurs ATCOC13032 and derivatives of this strain

are particularly preferred.

The term “reducing the amount of at least one polypeptide in a host cell” refers 1o the
situation that if one replaces an endogenous nuclestide sequence coding for a polypeptide
with a modified nucleotide sequence in sccordance with the invention that encodes for a
polypeptide of substantiaily the same amino acid sequence and/or function, a reduced amount
of the encoded polypeptide will be expressed within host cella. This, of course, assumes that
the comparison is made for comparable host cell types, comparable genetic hackground

situations etc.
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The term “nucleotide sequence” for the purposes of the present invention relaes to any
nucleic acid molecule that encodes for polypeptides such as peptides, proteins ete. These
nucleic acid molecules may be made of DNA, RNA or analogues thereof. However, nucleic

acid molecules being made of DNA are preforred.

The terms "non-moditied nucleotide sequence” or “starting nucleotide sequence” for the
purposes of the present Invention will typically relate 1o an endogenous nuclectide sequence
encoding {or a polypeptide the expression of which is intended to be reduced. These non-
modified or sfarting nuclectide sequences have not been amended with respect to their codon

usage, 1.6, no codons have been replaced by less frequently used codons.

The terms “non-modified nucleotide sequence” and “starting nucleotide sequence” do not
necessarily have to be equivalent to an endogenous nucleotide sequence. One may for
example envisage the situation that an endogenous gene encoding for factor X has been
deleted and replaced by a mutated version of factor X carrying a point mutation which feads
to a reduced activity of this factor. However, aside from the point mutation the coding
sequence of factor X may not have been amended. Starting from such a nucleotide sequence
one can still further reduce expression of the mautated factor X by replacing codons of the
coding sequence with less frequently used codons. Therefors, the starting nucleotide sequence
will not be identical to an endogenons sequence. Nevertheless, the starting nucleotide
sequence is characterized in that it has not been amended on the basis of codon usage

information to lead to a reduced expression,

Thus, the terms “non-modified” or “starting nuclectide sequence” relate to a nucleotide
sequence encoding for an endogenous protein or mutated versions the codon usage of which
has not been amended for reducing expression of the encoded polypeptide by replacing
codons with less frequently codons as determined for the respective host organism and

preferably for the group of sbundant proteins thereof,
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The term “modified nucleotide sequence” for the purposes of the present invention relates to a
sequence that has been modified with the infention to reduce expression of the encoded
respective polypeptide in a host cell by adjusting the sequence of the originally different non-
modified/starting nucleotide sequence. Thus, codons of the non-modified/starting sequence
are replaced by less frequently used codons. The reference codon usage is based on the codon

usage of the host organism.

The person skilled in the art is clearly aware that modification of the starting nucleotide

sequence deseribes the process of optimization with respect to codon usage.

If, for example, the coding sequence of an endogencus enzyme is adjusted in order reduce
expression of this factor, the changes introduced can be easily identified by comparing the
modified sequence and the starting sequence which in such a case is the wild type sequence.

Moreover, both sequences will encode in this case for the same amino acid sequence.

If, however, the coding sequence of e.g. an endogenous wilid type enzyme is adjusted a3
described and if the resulting sequence is simultancously or subsequently further amended by
e.g. deleting amino aclds, inserting additional amine acids or introducing point mutations in
order to convey e.g. new properties o the enzyme (such as reduced feed back inhibition), the
resulting modified nucleotide sequence and modified nucleotide sequence may not encode for
wdentical amino acid sequences. In such a siivation, no starting sequence in the sense that the
starting sequence and the modified sequence encode for the same amino acid sequence may
be present simply because the mutation which has been introduced had not been described
before. Moreover, the function of the encoded may or may not be affected by the introduced
mutations. I for example a point mutation is inserted in a feed back reguiated enzyime, the
enzyme may siill catalyze the respective reaction, bat it may be resistant to feed back

inhibition. If ¢.g, amino acids are introduced at the N- or C-terminus, this may have no impact
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at all on the function. A skilled person will realize that despite the differences between the
modified and non-modified nucleotide sequences the inventive method has been used because
the starting sequence without the introduced mutation will be known in the form of wild type
sequence and the differences of the modified and the starting sequence for those codons
which do not code for the introduced mutation will clearly indicate that codon usage
optimisation as described above has been carried out. Thus, codon usage optimisation will be
clear from a comparison of the starting and the meodified sequence for those codons which

cade for the amino acids at the same or equivalent positions,

This is meant when it ts stated in the coniext of the present invention that the modified and
starting ruclentide sequences encode for proteins of substantially identical amino acid
sequence and/or function. The modified and starting nucleotide sequence will typically be at
least 60%, 65%. preferably at least 70%, 75%, 80%, 85% and more preferably at least 909,
95 or at least 98% identical as regards the amino acid sequence.

It has been set out above that in a preferred embodiment, one will not only replace codons
with less frequently used codons according (o the codon usage of the host organism, but also
select the codons to be replaced according to certaln criteria. The replacement of codons
which are frequently used in the host organism may have an additional positive effect because
the increased usage frequency indicates the selection of such codons by an organism if
expression is to be increased. The replacement of such frequent codons by less frequently
used codons and preferably by the least frequenily codons for reducing expression thus not
onty establishes “brakes” in the seguence but also removes elerents which usaally drive
expression. The replacement of codons that are frequently used in abundant or ublquitons

proteins is particularly preferred.

The term “abundant proteins” for the purposes of the present invention relates to the group of

highly expressed proteins within a host cell or organism,
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The person skilled in the art is familiar with identifving the group of abundant proteins in a
bost cell or organism. This may be achieved e.g. by 2D gel electrophoresis, In 2B gel
elecirophoresis, a protein mixture such as a crude cellular extract is separated ou protein gels
by e.g. size and isoelectric point. Subsequently these gels are stained and the intensity of the

various spots is an indication of the overall amount of protein present in the cell.

Using standard software packages one will seiect a group of proteins whose signal intensities
are above a certain threshold background level and will define this group of protein as
abundant proteins. Typical software packages used for this purpose include ¢.g. Melanie3

{Geneva Broinformatics SA).

The person skilled in the art is well aware that different host cells such as microorganisms,
plant cells, insect cells ete. will differ with respect to the number and and of abundant
profeins in a cell. Pven within the same organism, different strains may show a somewhat
heterogenecus expression profile on the protein level, One will theretore typically analyse

different strains and consider such proteins that are found for all strains to be abundant.

A good selection parameter for defining a group of gbundant profeins for the purposes of the
present invention s to consider only the 10 to 300 and preferably 10 10 30 most abundant
proteins as delected in the above described 2D gel electrophoresis procedure. Preferably

will only consider cytosolic proteins for the group of abundant proleins, only.

Thus, in a preferred embodiment the term “abundant proteing” vefers to the group of the
approxirnately 13, 14 or 15 abundant proteins in whole celf eytosolic extracts of host

organisms as identified by 21 gel electrophoresis.
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Unee one has identified the abundant proteins, one may use software tools such as the © Cuap”
function of the EMBOSS toolbox version 2.2.0 that can be downloaded at

HITE/EMBOSE sourceforge net/download/. Other software packages that may be used are

available at www entelechon.com (e.g. Leto LO),

As has been explained above, the principle of the invention is to reduce protein expression in
a bost by replacing codons of the sequence o be expressed with leas frequently nsed codons
as being apparent from the codon usage of the host organism and preferably of the abundant
proteins of the host organism. In a preferred embodiment of the invention one preferentially
replaces codons which are froquently found in proteins of the host organism. A particularly
preferred embodiment of the invention relates to the replacernent of codons as they are

frequently found in abundant proteins of the host organism,

i yet another preferred embodiment, codons are replaced by rave codons or by the least
froquently codons. Combinations of the aforementioned embodiments also form part of the

invention.

Unless otherwise indicated the term “frequent codons” refers to the relative frequency by
which a certain codon of all possible codons encoding a specific amino acid is used by the

proteins of the host cell and preferably by the abundant proteins of the host cell,

A codon will be considered to be "frequent” if 11 is used at a relative frequency of more than
0%, dtis "very frequent” if It is used at relative frequency y of more than 0% and a relative
frequency of more than 80% is indicative of an “extremely frequent” codon. Again the
relative frequencies are based on the codon usage of proteins of the host cell unless otherwise

indicated,
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Unless otherwise indicated the term “rare codons” refers to the relative frequency by which a
certain codon of all possible codons encoding a specific amino acid is used by the proteing of

the host cell.

A codon will be constdered {6 be “rare” i it is used less than 20% for the specific amino acid.
A Uvery rare” codon will be used at a frequency of lees than 10% and an "extremely rare”

codon will be used at a freguency of leas than 5%.

As the amino acids methionine and tryptophane are encoded by one codon only, the
respective codon frequency is abways 100%. However the amino acid threonine is encoded by
four codons, namely ACU, ACC, ACA and ACG. For the whole organism of O glutamicum
these codons are used at a relative frequency ot 20,4 %, 52.9% , 12.5 % and 14.3% {(sce tabie
E, experiment 1} In view of the above explanations the codons ACC ts thus a frequent codon

and the codons ACA and ACG are rare codons.

The amino acid alanine s enceded by four codons, namely GCU, GCC, GCA and GCG. For
the whole organism of O glutamicum these codons are used at a relative frequency of 23.7 %,
25.4% , 283 % and 21.6% (see table 1, experiment 1), However, in the group of abundant
proteins, these codons are used at relative frequencies of 40.8%, 9.9%;, 35.9% and 7.4% {see
table 2, experiment 1} Thus GCU for the group of abundant proteins turns out to be a frequent
codon. On the other side GUG is particularly avoided 1n abundant proteins {(see table 2,
experiment 1}, Thus, one may consider to specifically replace the codon GCU n the starting
sequence with GUG 1n the modified sequence if reduction of cxpression in O glutamicum is

the goal.

In some cmbodimenis i may be sufficient and wreferred 1o replace codons with less
frequently used codons. In a preferred embodiment the modified nuclectide seguence may use

for cach of the most frequently used codon the least frequently used codon.
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The terms “express”, “expressing,” “expressed” and “expression” refer to expression of a
gene product (e.g., a biosynthetic enzyme of a gene of 2 pathway) in a host organism. The
expression can be done by genetic alteration of the microorganism that is used as a starti g

organism. In some embodiments, a microorganism can be genetically altered {e.g.,
genetically engineerad) 1o express a gene product st an increased level relative to that
produced by the starting microorganism or in a comparable mi croorganism which has not
been altered. Genetic alteration includes, but is not Hmited 1o, altering or modifying
reguiaiory sequences or sites associated with expression of a particular gene {e.g. by adding
strong promoters, inducible prometers or muliiple promoters or hy removing reguiatory
sequences such that expression is constitutive), modifving the chromosomal location of a
particaiar gene, altering nucleic acid sequences adiacent {o a particular gene such as g
ribosome binding site or transcription lerminator, increasing the copy number of 4 pariicuiar
gene, modifying proteins (e.g., regnlatory proteins, suppreasors, enhancers, transcriptional
activators and the like) involved in transcription of a particular gene and/or translation of a
partieular gene product, or any other conventional means of deregulating expression of a
particular gene using routing in the art (including but not limited to use of antisense nucleis

acid molecules, for example, to block expression of repressor proteina),

The method of reducing the amount of a polypeptide in accordance with the invention
comprises the step of expressing a modified nucleotide sequence which encodes for 2
polypeptide in the host cell instead of a starting vucleotide sequence which encodes fora
polypeptide of substantially the same amino acid sequence and/or function. The modified
nuclectide sequence is derived from the starting nucieotide sequence such that codons of the
non-modified nucleotide sequence are exchanged in the modified nucleotide sequence with
less frequently used and preferably the least frequently nsed codons. In a prefered
embodiment frequent and preferably very or extremely frequent codons are thus exchanged

for rare and preferably for very rare and exiremely rare codons. In s further preferred
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embodiment the most frequently used codons are replaced by the least frequently used
codons. In ali these case is the reference codon usage based in the codon usage of the host

organism and preferably on the codon usage of sbundant proteins of the host organism.

In a preferred embodiment one will use a modified nucleotide sequence whick uses only rare
and preferably very rare and extremely rare codons for cach replaced amino acid as
determined for the proteins of the host cell. In a further preferred embodiment of this latier
aspect of the invention the modified nucleotide sequence uses for each amino acid the least

frequently used codon.

fn all these cases, the start codon may be a preferred “hot spot” for tniroducing less frequently
o »

used codous, ramely GTG instead of ATG and even more preferably TTG.

The polypeptides that are to be expressed by this method of reducing the armount of a
polypeptide in a host cell ean be endogenous polypeptides with the proviso that the modified
nucleotide sequence must not be identical with son-modified nucleotide wild type sequences

of the respective endogenous polypeptides of the host cell

The host cells may be selected from microorganisms, insect cells, plant cells or mammalian

cell culture systems, One may use the saroe host cell types as specified above.

Using these methods and the afore-mentioned organisms, expression of the respective
polypeptide may be reduced in the host cell by at least 5%, 10%, 20%, 309%, 40%, 50%, 60%,
0%, 809, 90% or 95%. The extent of reduction of expression is determined in comparison

o the level of expression of the starting nucleotide sequence under comparable conditions.

it 13 understood that it is not always desirable 1o reduce expression as much as possible. In

cerfain cases a repression of e.g. 25% may be sufficient and desirable. The present invention
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offers the possibility 1o fine tune repression by e.g. not replacing all codons by the least
froquently used codons, but by e.g. introducing only two or three rare codons at selected

positions,

The present invention also relates to modified nucleotide sequences that can be used to reduce

expression of a polypeptide in a host cell.

Sach medified nucleotide sequences are derived from the s starting nucleotide sequences
encoding for a polypeptide of substantially the same amino acid sequence and/or function
with the codon usage of the modified nucleotide sequence being adiusted such that codons of
the now-modified (wild-type) sequences are replaced by less frequenily used codons. The
reference codon usage will be based on the coden usage of the host organism and preferably

ot the codon usage of abundant proteins of the host organism.

Of course, the invention in a preferved embodiment relates o such modified nuclentide
sequences that have been derived for a specific polypeptide by replacing at feast one, at least
two, at least three, at least four, at least five, at least six, at least seven, at least eight, at least
nine, at feast ten, preferably at least 1%, at least 29, af least 4%, at least 6%, at least 8% Yo, Al
least 0%, more preferably at least 20%, at least 40%, at least 650%, at least 8G%, even more
proferably at least %0% or least 93% and most preferably all of the codons of the nop-
modified nuclestide sequences are replaced in the modified nuclestide sequence by less
frequently used codona for the respective aming acid. In an even more preferred embodiment
the afore-mentioned number of codons to be replaced refers to frequent, very freguent,
extremely frequent or the most frequent codons which are replaced by rare, very rare or
extremely rare conditions. In another particularty preferred embodiment, the above numbers
of codons are replaced by the least frequently used codons. In all cases wiil the reference
codon usage be based on the codon usage of the host organism and preferably on the codon

usage of abundant proteins of the host organism,
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in one preferred ersbodiment the modified nocleotide sequences will use for each replaced

x

amino acid the least frequently used codon as determined for the proteins of the host cell,

The present tnvention also relates to vectors s:sm';pri;ﬂing such madified nucleotide sequences,

(J

replace the endogenous sequences with the modified nuclectide sequences.

The present invention slso relates to host cells comprising the aforementioned modified

nucleotide sequences and/or the aforementioned vectors,

Farticutarly preferred microorganisms for perfornming the above method of reduciy ng

b

expression are selected from the genus of Corynebacterium with a particular focus on

Corynebacterivom ghaamicum, the genus of Bscherichia with a particular focus on Escherichi

&

coli, the genns of Bacillus, particularly Sacilfus subsilis, the genus of Srrepromyces and the

A preferred embodiment of the invention relates to the use of host cells which are seloeted

.

from Coryneform bacteria sueh as bacteria of the genns Corynebacterium. Particularly

et

-

preferred are the species Corynebacierivm glutamicum, Corynebacierium ao efoghiamicum,
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Corynebacterivm effiziens. Other preferred embodiments of the invention relate to the use of
oy 4

Brevibacieria and particularly the species Brevibacterium favim, Brevibacteriym
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factofermentum and Srevibacterium divarecatum.
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Particudarly preferred are host cells selected from the group comprising Corvnsbacierium
glutarmicum ATCCI3032. O acerogluramicun ATCCI5806, O aceloacidophilum
ATCCI3RT0, Corynebacierivm thermoaminogenes FERMBP-1529, Corvachacterivm
melassecola ATCC1T965, Corynebacterium ¢ffiziens DSM 44547, Corynebacrerium effiziens
DSM 44349, Brevibacterium flavum ATCCY4067, Brovibacterium lactoformenium
ATCCI3REY, Brevibacterium divarecatum ATCC 14020, Corvaebacterium ghuramicum
KPCCI06S and Corynebacterium glutamicinn ATCC21608 as well as straius that are

derived thereot by e.g. classical mutagenesis and selection or by directed mutagenesis,

Moreover the invention concerns the nse of the aforementioned methods, modified nucleatide
seguences, vectors and/or host cells to produce fine chemicals. In a preferred embodiment to
this aspect of the invention one will ise modified nucleotide sequences which are selected
from the group comprising nuclentide sequences encoding genes of bicsynthetic pathways of

fine chemicals for which repression is known to enhance production of the fine chernicals.

The term “fine chemical” is well known to the person skilled in the art and comprises
compeunds which can be used in different parts of the pharmaceutical industry, agricultural
industry as well as in the cosmetices, food and feed industry. Fine chemicals can be the final
products or infermediates which are needed for further synthesis steps. Fine chraicals also

jnclude monomers for polymer synthesis.

Fine chemicals are defined as all molecules which contain at least two carbon atoms and
additionally at least one heteroaton which is not a carbon or hydrogen atom. Preferably fine
chenicals relate to molecules that comprise at least two carbon atoms and additionally at least
one functional group, such as hydroxy-, amino-, thiol-, carbonyl-, carboxy-, methoxy-, ether-,

ester-, amido-, phosphoester-, thivether- or thicester-group.
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Fine chernicals thus preferably comprise organic acids such as lactic acid, succinic acid,
tartaric acid, itaconic acid ete. Fine chemicals further comprise amine aeids, puring snd
pyriroidine bases, nucleotides, lipids, saturated and vnsatorated fatty acids such as arachidonic
acid, alcohols, .. diols such as propandiol and butandiol, carbohydrates such as hyaluronic

acid and trehalose, aromatic compounds such as vanillin, vitaming and cofaciors ete.

A particularly preferred group of fine chemicals for the purposes of the present invention arg
hiosynthetic products being selected from the group comprising organic acids, proteins,
amino acids, lipids ete. Other particularly preferred fine chemicals are selected from the
group of sulphur containing compounds such as thioning, cysteine, homocysteine,

eystathionine, glutathione, biotine, thiamine and/or lipoie acid..

The group of most proferred fine chemical products include amine acids among which

giyeine, lysine, methioning, oysteine and threonine are varticularty preferred.

A& preferred method in accordance with the present invention reiates (o a method of reducing
the amount of at least one polypeptide in Corynebacteria and preferably in C ghaamicum
wherein the above principles are used. Thus one will express a modified nucieotide sequence
instead of the starting nueleotide sequence both of which encode for substantially the same
amine acid sequence and/or function wherein at least one codon of the starting micleotide
sequence is replaced in the modified nucleotide sequence by a fess frequently used codog.
The reference codon usage is determined for Corynebacteria and preferably for C
ghuramicun. Preferably the reference codon usage is determined for the abundant proteins

Corynebacteria and preferably for O glufamicum,

QFf course, the definitions as provided above for the meaning of the terms “modified
32 &<

nucleotide sequences”, “non-modified nucleotide sequences”, “rare codons”, “frequent

codons” eie. spply equally for these preforred embodiments of the invention,
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A particularly preferred embodiment of the invention relates to a method of decreasing the
expression of isocitrate dehydrogenase in a microorganisin by adapting the codon usage as
deseribed herein. The microorganism can be a Corynebacterium, with C glutamicion being
preferred. These methods may be used improve synthesis of amine acids and particularty of

methionine and/or lysine.

The invention also relates to a host cell, which way be C g¢luramicum, comprising a modified
o & O

nucieotide sequence that will lead to a reduced expresaion of isoeitrate dehydrogenase

As mentioned above, it can be preferred to replace codons which are frequently found in the
group of abundant proteins. The abundant proteins of e.g. . glwramicim can be determined
a3 described above by 2D protein gel electrophoresis. To this purpose, O ghatamicion strains
may be cultivated under standard conditions. Then, cell extracts may be prepared using
common lysis protocols, Afler lysis, the cell extracts are centrifuged and approximately 25-50
ug are analyzed by standard 2D-PAGE. An example of the approach can be found below in
example 1 as well as in the material and methods part of Hansmeier et al, (Froreomics 2005,

6, 233-250)

Following this approach abundant proteins in O glurgmicum can be identified by either
selecting the most abundant 10 to 300 cytosolic proteins or by identifyving 10 10 30 cytosolic
proteins that are observed to be present n elevated armounts in various strains. These results
are assumed o be representative also for the group of abundant proteins in other

Corynebacterium species.

For the purposes of the present invention, the term “abundant proteins of O glutamicim” can
relate to the group comprising the following protein factors {accession number of nuclestide

sequence shown in brackets):



WO 2008/049781 PCT/EP2007/061151

J]
Lol

Elongation Factor Tu (Genbank accession no: X77034)
Glycerip-aldehyde-3-phosphate-dehydrogonase (Genbank accession no: BX9271 52, %,
ut. 289401288397y

Fructose bisphosphate aldolase (Genbavk accession no: BX927156, &, nt. 134992-
133558

Elongation Factor Ts {Genbank accession no: BX927154, +, it 1493214075}
Hypothetical protein {Genbank accession no: BX9Y27155, 4, nt. 213489-214325 }
Enolase (Genbank accession no: BXO27150, nt. 338561-339838)
Peptidyl-prolyl-Cis-trans isomerase (Genbank accession no: BX927148, wt. 34330-
349021

Superoxide dismutase (Genbank accession no: ABUS5218)

Phosphoglycerate dehydrogenase (Genbank accession no: BX927151, nt, 306039-
307631

55U Rib protein 819 (Genbank accession noy BX927152, +, nt. 26874-28134 3

Triose phosphate-isomerase {Genbank accession no: BX927152, +. nt. 286884~
286105}

isopropylmalat-synthase (Genbank accession no: X70959 3
Butane-2,3-dioldehydrogenase {Genbank accession no; BX927156, nt. 20798-21874 }

Fumarate-hydratase (Genbank accession not BXY271S1, 4, nt, 188031 73943

Um the basis of these aforementioned fourteen proteins, a codon usage table can be created

using the aforementionsd “CUSP” function of the EMBOSS toolbox

The above described group of fourteen proteins may particularly be used for determining or
for defining the group of abundant proteins in O ghtamicum i the glutamicum strain
ATCC 13032 and/or derivatives (obtained e.g. by classical mutagenesis and selection or

genetic engineering) are used in the 2D-gel electrophoresis analysis.
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sing the CUSP function of the EMBOSS toolbox version one can thus ereate a Codon Usage
Table that reflects codon usage of abundant proteins of Corynebacterium in general and

weferably of O gluramicum.
7 &

Surprisingly the codon usage of these abundant proteins differs significantly from the codon
usage as determined for the whele genome of O glurmmicion as becomes clear from a
comparison of tables 1 and 2 (see Experiment | below). Codon usage of the whole genome of
¢ plwtgmicum can e.g. be determined from strains that are completely sequenced such as
strain ATCC13032 and Codon Usage Tables may e.g. generated by the CUSE fanction of the

aforementioned PMBOSS tootbox or are available at e.g. HITE: /www kazusa orjp. Highly

comparable results are obtained if one uses the most abundant eytosolic proteins as mentioned

in Table 4 of Hansmeler et al. {vide supra),

A preferred embodiment of the aspect of the invention that relates to methods of reducing the
amount of polypeptides in a host cell derived from the genus Corynebacterium and preferably
from the species Corvnebacterivm ghuamicum comprises the step of expressing in
Corynebacterium and preferably in € glwramicum a modified nucleotide sequence encoding
for at least one polypeptide insiead of an endogenous non-moditied nucleotide sequence
encoding for a polypeptide of substantially the ssme amino acid sequence and/or fanction
wherein said modified nucleotide sequence is dertved from the starting nucleotide seguence
such that one, some or preferably all of the codons of the starting nucleotide sequences are
replaced in the modified nucicotide sequence by less frequently used codons for the
respective aming acid. In an even more preferred embodiment the codons o be replaced are
frequent, very frequent or extremely frequent codons. In a particularly preferred embodiment
these codons are replaced by rare, very rare or extromely rare codons. In another particularly
preferred embodiment, the above numbers of codons are replaced by the least frequently used

codons, respectively. In all these cases will the reference codon usage be based on the codon
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usage of Corynebacterium and preferably on O glufamiciom. Preforably, the reference codon
usage is determined for the abundant proteins of Corynebacteria and preferably ol

glufamicum.

For reducing expression of polypeptides in the genus of Corynebacterum and particularly in
the species of . glavamicim by optinnised codon usage, in another embodiment the non-
modified nucleotide sequence encoding for the polypeptide may be modified such that at least
one, al least two, at least three, at feast four, at least five, al least six, at least seven, at least
eight, at least nine, at least ton, prefevably at least 1%, at least 2%, at least 4%, at least 6%, at
loast 8%, at least 10%, more preferably at least 20%, at least 40%, at least 60%, at least 80%,
even morve preferably at least 90% or least 95% and most preferably all of the codons of the
non-modified nucleotide sequence are replaced in the resulting modified nucleotide sequence
by less frequently used codons for the respective amino acid according to Table 1 and

preferably according to Table 2,

I vet another embodiment of the invention wherein the method iz used to reduce the amount
of polypeptides in the genus Corynebacterium and preferably in O ghuamicion the codons of
the modified mucleotide sequence are selected from one of the two least frequently used
codous encoding for the respective amine acid{(s) as set forth in Table T and preferably in

Table 2,

In yet another embodiment of the invention which relates to a method of decreasing the
amount of polypeptides in Corynebacierium and particularly preferably in O glutamicum, at
ieast one, some or all codons of the ruodified nucieotide sequences may be selected from the

codon usage of Table 3.
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in another embodiment of the invention, the method may rely on modified nucleatide
sequences which use the codons ACG for threonine, GAT for aspartic acid, GAA for glutamic

acid, AGA and AGG for arginine and/or TTG for the start codon.

Another particularly preforred embodiment of the invention relaies to methods of decreasing
the amount of & polypeptide in Corynebacterium and particnlarly preferred in ¢ glutamicum
wherein at least one, at Jeast bwo, at least three, at feast four, at least five, at least six, at Jeast
seven, at least eight, at least nine, af least ten, preferably at least 1%, at feast 2%, at least 494,
at least 6%, at least 8%, at least 10%, more preferably at least 20%, at least 40%, at least 50%,
at least B0%, even more preferably at least 90% or least 95% and most preferably all of the
codons of the non-modified nocleotide sequence are replaced in the resulting modified
nucleotide sequence by the codons for the respective amine acid according to Table 3 and
preterably according to Table 4. In an even more preferred embodiment the afore-mentioned
mamber of codons to be replaced refers to frequent, very freguent, extremaly frequent or the

most frequent codons.

Another particularly preferred embodiment of the invention relate to methods of decreasing
the amount of a polypeptide in Corynebacterium and particularly preferred in C gluramicum
wherein all codons of the non-modified nuclectide sequence are replaced in the resulting
modified nuclectide sequence by the codons for the respective amino acid according to Table

3 and preferably according to Table 4,

These methods way particularly used for reducing expression in host cells selecied from the
Corynebacteria mentioned above. The start codon may be a preferred “hot spot” for
introducing less frequently used codons, namely GTG jnstead of ATG and even more

preferably TTG.
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The host organism may be selected also from the group comprising Corpnebacteriym
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ghutamicum, Lovyngiacierium dcefogivianicum, , Loy 1’2?("?”: ferii QCeieaCidophliuni,

YA Y O A T Frvemfopitime pimiovoonres o ama £y b
theraooming s, Corynebacierivm melasrecoia and Corynebacteriym

Also preferred are the above-mentioned O glutamicum sirain and particularly preferred is the
strain Corynebacterium ghita 3 ATCCI3032 and all ite derivatives. The sirains ATCC
3286, ATCC 13287, ATCC 21086, ATCC 21127, ATCC 21128, ATCC 21129, ATCC
212 ATCC 21474, ATCC 21475, ATCC 21488, ATCC

21492, ATCC 21513, ATCC 21514, ATCC 21518, ATCC 21816, ATCC 21817, ATCC

furwri

¥4
i3

V3, ATCC 21299, ATCC Y

E

v

%\u
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21518, ATCC 21528, ATCC 21543, ATCC 21844, ATCC 21648, ATCC 21650, ATCC
FITO2ATCC 21783, ATCC 21788, ATCC 21799, ATCC 21800, ATCC 21801, ATCC

FOO239, ATCC 215829, ATCC 21327, ATCC 51269 and ATCC 21526 which are known to

o

produce lysine can also preferably be used. The other aforementioned strains can also be used.

The extent of reduction of protein expression may be the same as mentioned above,

used in the above-deseribed methods of'y duw\u the amount of a polypeptide in

AT IV T Forahiv i 07 S A
Corynehacterium and preferably iu O ghuamicum,

In case of modified nucleotide sequences that are to be expressed in Corynebacterium and
partientarty preferably in O glutamicws for reducing the amount of the respective encoded
polypeptide, at least one, at least two, at least three, at least four, at least five, at least aix, at

-3
i

least seven, at least eight, at least nine, at least fen, preferably at least sast 2%, at least

4% at least 6%, at least 8%, at least 10%, more preferably at least 20%, at least 40%, at least
60%, at least 80%, even more preferably at least 90% or least 95% and most preferably all of

the codons of the non-madified nucleotide sequences may be replaced i the modified
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mcleotide sequence by less frequently used codons for the respective amino seid. In an even
more preferred embodiment the afore-mentioned number of codons 1o be replaced refers to
freqguens, very frequent, exiremely frequent or the most frequent codons which are replaced by
rare, very rare or exiremely rave codons. In another particularly preferred embodiment, the
above nuraber of codons replaced by the least frequently used codons. In all these cases will
the reference codon usage be hased on the codon usage of Corynebactertum and preterably on
(. slutamicun. Preferably, the reference codon usage is based on the codon usage of

abundant proteins of Corynebaclerium and preferably of O glutamicum,

In case of modified nucleotide sequences that are o be expressed in Corynebacterium and
particularly preferably in O ghetomicum for reducing the amount of the respective encoded
polypeptide, at least one, at least two, at least three, at least four, at least five, at least six, at
least seven, at least eight, at least nine, at least ten, preferably at least 194, at least 2%, at least
4% at least 6%, al least 894, at least 10%, more preferably at least 20%, at least 40%, at least
60%, at least 80%, even more preferably at least 90% or least 93% and most preferably ali of
the codons of the non-modified nucleotide sequence are replaced iu the resuliing modified
nusleotide sequence by less frequently used codons four the respective amino acid according to
Table | and preferably according to Table 2. In an even more preferred embodiment the
afore-mentioned number of codons o be replaced refers to frequent, very frequent, extremely
frequent or the most frequent codong. In another particularly preferred embodiment, the alore-
mentioned numbers of codons are replaced by the least frequently used codons of Table 1 and

preferably of Table 2.

For other preferred embodiments as far a3 nucleotide sequences for reducing expression in
Corynebacterinm and particularly preferably in O glidamicum is concerned, at least oue, at
ieast two, at least three, at least four, at least five, at least six, at least seven, at least eight, at
least nine, at least ten, preforably at least 175, at least 2%, at least 4%, at least 6%, at least 8%,

at least 10%, more preferably at least 20%, at least 40%, at least 60%, at least 80%, even more
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preferably at least 90% or least 95% and most preferably all of the codons of the non-
modified nucleotide sequence are replaced i the resulting modified nucleotide sequence by
one of the twe least frequently used codons for the respective aming acid according to Table |
and preforably according to Table 2. In an even more preferred embodiment the afore~
mentioned number of codons to be replaced refers to frequent, very frequent, exiremely
frequent or the most frequent codons. The estimation of whether a codon is frequent, very
freguent or extremely frequent will preferably be based on the codons usage of sbundant

proteins of Corynebacterium and preferably of O gluramicum as depicted in Table 2,

In another embodiment of the invention, the modified nuclestide sequences uses the codons
ACG for threonine, GAT for aspartic acid, GAA for glutamic acid, AGA and AGG for

arginine and/or TTG for the start codon,

fn yet another embodiment of the tnvention the modified nucleotide sequence which is used
for reducing expression of a polypeptide in Corynebacterivm and particularly preferably in O
glutamicum may comprise at least one, some ot 8l codons being selecied from Table 3 and

preferably from Table 4,

Thus, another particularly preferred embodiment of the invention relates (o modified
nuciestide sequences for reducing expression of a polypeptide in Corvnebacterium and
particularly preferred in O ghaamicin wherein at least one, at least two, af least three, at
least four, at least five, at loast six, at least seven, at least eight, at least mne, at jeast ten,
preferably at least 1%, at least 2%, at least 49, at least 6%, at feast 8%, at least 10%, more
preferably at feast 20%, at least 40%, at least 60%, at least 80%, even more preferably at least
S90% or least 95% and most preferably all of the codons of the non-medified nucleotide
sequence are replaced in the resuliing modified nuclectide sequence by the codons for the

respective amino acid according to Table 3 and preferably according to Table 4. In aneven
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more preferred embodiment the afore-mentioned number of codons (o be replaced refers to

frequent, very frequent, extremely frequent and most frequent codons.

Another particularly preferred embodiment of the invention relates to modified nucleotide
sequences for reducing expression of a polypeptide in Corynebacteriom and particularty
preferably in O glwdamicum whereln all codows of the non-modified nucleotide sequence are
replaced in the resulting modified nucleotide sequence by the codons for the respective amino

acid according to Table 3 and preferably according to Table 4.

fo all these case the start codon may be a preferred “hot spot” for replacing less frequently
used codons, namely TG insiead of ATG and even more preferably TTG. This aspect
sarticularly relates to decreasing the amount andfor activity of isoctivate dehydrogenase e.g. to

improve methionine synthesis,

The present invention also relates to vectors comprising the aforementioned modified
nucleotide sequences which can be used o lower protein expression in Corynebacterium and

preferably m O gluwtamicum.

A vegtor that comprises the aforementioned nucleotide sequences is used to drive expression
of a medified nuclectide sequence in the host cell, preferably in Corynebacterium and
particularly preferably in O glwramicum for increasing the amount of a polypeptide in these
host cells, Buch vectors may e.g. be plasmid vectors which are autonomously replicable in
coryneform bacteria. Exemples are pf1 (Menkel et al. (1980, dpplied and Environmenial
Microbislogy 64: 549-554), pEKEXT (Etlomanns et al. (1991}, Gene 102: 93-68), pHS2-1
{Somnen et al. (1991}, Gene 107: 69-74 ) Theae vectors are based on the crypiic plasmids
pHMISTS, pBLT oder pGATL. Other vectors are pCLIKAMCS (WOZO05059093), or veciors
based on pUG4 (US-A 4.489,160) or pNGZ (Serwnld-Davis et al. (19003, £FMY
Microbiology Letiers 66, 119-124) or pAGT {US-A 5,138,891 Examples for other suitable
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vectors can be found in the Handbook of Corvasbacterium {edited by Egpeling and Bott,
ISBN (-8493-1821-1, 20053

When optimizing the codon usage, other influencing factors, like the resulting mRNA

structure, should also be considered.

The present invention also relates 1o host eells comprising the aforementioned vectors and
modified nucleotide sequences which can be used to lower protein expression in

Corynebacterium and preferably in O ghidamicum,

A persan skifled in the art is familiar with how to replace e.g. a gene or endogenous
nucleotide sequence that encode for a cortain polypeptide with a moditied nucleotide
sequence. This may e.g. be achicved by infroduction of a suilable construct {plasmid without
origin of replication, Hnear DNA fragment without origin of replication) by electroporation,
chemical transformation, conjugation or other suitable ransformation methods. This is
followed by e.g. homologous recombination using selectable markers which ensure that only
such cells are identified that carry the modified nucleotide sequence instead of the
endogenous naturally necurring sequence. Other wethods include gene disruption of the
endogenous chromosomal lotus and expression of the modified sequences from e.g. plasmiuds.
Yet other methods inclnde e.g. transposition. Further information as to vectors and host cells

that may be used will be given betow,

The ahove described methods of reducing the amount of a polypeptide in a host cell and
particniarly for reducing the amount of a polypeptide in the genus Corynebacterium and even
mors preferably in € ghuamicum may be performed with the modified nuclestide sequence
heing selected from the group comprising nucleotide sequences encoding genes of
biosynthetic pathways of fine chemicals if repression of expression of these genes is known to

enhance fiue chemical production. This is especially useful when the polypeptide s
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responsible for the synthesis of unwanted by-producis/side products. Lowering the amount of
a polypeptide such as an enzyme that forms part of a bosynthetic pathway of the
aforementioned fine chemicals may allow increasing synthesis of the fine chemicals by e.g.
shutting off production of by-products and by channelling metabolic flux into & preferred

direction.

Stmilarly the aforementioned modified vuclectide sequences, vectors and host cells can be

used for producing fine chemicals in Corynebacterium and preferably in O glutamicum,

A vector that can be used to replace an endogenous sequence with the modified sequence may
also form a part of the invention. One may of course also use a vecior that is suitable for
expression of such nucleotide sequences in the respective host ceil. This may e.g. be done if
the modified sequence is expressed from a vector and the endogenous sequence has been

silenced before by e.g. gene disruption,

Strains of Corynebacterium glutamicum that are already capabie of producing fine chemicals
such as L-lysine, L-methionine and/or L-threonine are preferred in this context. Such a strain
15 e.g. Corynebacterivm ghitamicun ATCCI3032 and derivatives thereof, The strains ATCL
3286, ATCC 13287, ATCC 21086, ATCU 2H127, ATCC 21128, ATCC 21129, ATCC
P52, ATCC 21299, ATCC 21300, ATCC 21474, ATCC 21475, ATCC 21488, ATCC
20482 ATCC2I513, ATCC 21514, ATCC 21515, ATCC 21518, ATCC 21517, ATCC
23518, ATCC 21528, ATCC 21543, ATCC 21544, ATCC 21648, ATCC 21650, ATCC
21792, ATCC 21793, ATCC 21798, ATCC 21799, ATCC 21800, ATCC 21801, ATCC
FOOZ39, ATCC 213529, ATCC 21527, ATCC 31269 and ATCC 21526 which are known to

fa—ry

i3

produce lysine can also preferably be used. The other aforementionad strains can also be used.

These modified nucleotide sequences may again be preferably selected from the group

comprising nucleotide sequences encoding genes of biosynthetic pathways of fine chemicals.
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The definitions and preferences as 1o the meaning and desirability of fine chemicals given
above equally apply. Thus, the group of most preferred fine chemical products inchades
amino acids among which glycine, lysine, methionine, cysteine and threonine are particularly

preferred.

In a preferred embodiment of the methods of reducing the amount of a polypeptide in the
genus Corynebacterium and particularly in C glwamicum, the modified nuclectide sequences
may thus be selected from the group comprising sequences encoding threonine-dehydratase,
homoserine-O-acetyltvansterase, O-acetythomoserine-sulfhydrylase, phosphoencipyruvate-
carboxykinase {pepCK), pyruvate-oxidase {pox B}, homoserine-kinase, homoserine-
dehydrogenase, threonine-exporter, threomne-efflug, asparaginase, aspartate-decarboxylase
and threonine-synthase, citrate synthase, aconitase, isocitrate-dehydrogenase, alpha-
ketoghitarate dehydrogenase, succinyl-CoA-~synthase, succinate-dehydrogenase, fumarase,
malate-guinone oxidoreductase, malate dehydrogenase, pyruvate kinase, malic enzyme, alr
{alanine racemase), aird3 (ABC transporter), copAl (catabolite control profein a), cepAl
{catabolite coutrol protein), chrA (two component response regulator), chrS {histidine kinase),
ciiB {transcriptional regulator), ciiE {eitratlyase B}, oftE (citrat Iyase E}, clpC (protease), capl,
ctaF (4. subunit of cytochrom aa? oxidase), detA (C4-dicarboxylat transport protein), detQ
sodit {Cd-dicarboxylat transport protein), dead {DNA/RNA helicase), def {pepiide
deformylase), dep33 (mult drug resistance protein B), depld (effhx protein, {da (fructose
bisphosphate Idolase), gorA (ghutathion reductase), gpi/pgl (glucose-6-P-isomerase}, hisC2
(histidino! phosphate aminotransterase), hom (homoserin dehydrogenase), lipA (Iipoate
synthase), LipB (ipoprotein-ligase By, Irp (lencine resonse regulator), luxR (transeniptional
regulator), TuxS {sensory transduction protein kinase), lysR1 {(transcriptional regulator), 1ysR2
{rranseriptional regulator, ysR3 (transcriptional regulator), mdhA (malate dehydrogenase),
menE (O-succinyibenzaic acid CoA Hgase), mikE17 (ranseription factor), mgo {malate-
guinon oxodoreductase), mirA mirB(sensor protein cpxA, regulatory component of sensory),

nadA {quinolinate syuthase A), nadC (niocotinate nucleotide pyrophosphase), ofsA
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{trehalose-6-P-synthase), otsh, tre¥, trel {trehalose phosphatase, malionligosyl-trehalose
synthase maltooligesyl-trehalose trehalohydrolase}, pepC (aminopeptidase 1), , pfKA pfk® (0
und 6-phosphotructokinase), poxB (pyruvate oxidase},, pstC2 (membrane bound phosphate
transport protein}, rplK (PS1-protein), suc sucel {succinyi CoA synthetasey, sugA (sugar
fransport protein), ik (thymidyiaie Xinase), owaZ, metK met?Z, glvA
{serivhydroxymethyltransterase), sdhC sdhA sdhB (succinat DH), smitB (transeriptionat
regulator), egll (transcripuonal regulator), hspR (ranscriptional regulatory, cgi2
(transcuiptional regulator), cebR (transcriptional regulator), cgil {transcriptional regulator),
gatR (rapscriptional regulator), gleR (ranscriptional regulator), tomR (transcriptional
regulator), smiB2 (ranscriptinnal regulator}), dixR (ranseriptional regulator), degd
{transcriptional regulator), galR {(transcriptional regulator), ipAZ (rauscriptional regulator),
mall {iranseriptional regulator), cgld (franseriptional regulator), arsR (ranseriptional
regulator), merR (franscriptional regulator), hreA {transeriptional regulator), glpRZ
{transcriptional regulator), fexA (transcriptional regalator), copAQ (ranscriptional regulator),

degA? {rranscriptional regulator) in the case of lysineg,

In a Auther preferved embodiment of the methods of reducing the amount of a polypeptide in
the genus Corynebacierium and particularly in O gharamicum, the modified nucleotide
sequences may thos be selected from the group comprising sequences encoding homoserine-
kinase, threonine-dehydratase, threonineg-synthase, weso-diaminopimelat D-dehydrogenase,
phosphoenclpyruvate-carboxykinase, pyruvai-oxidase, dibydrodipicolinate-syuthase,
dibvdrodipicolinate-reductase, and diaminopicolinate-decarboxyiase in the case of
methiomne. Isocitrate dehydrogenase may be preferred particulalry when production of

methionine 18 concernad,

In a preforred embodiment of the methods of reducing the amount of a polypeptide in the
genus Corynebacterium and particularly in O glwtamicum, the moditied nucleotide sequences

may thus be selected from the group comprising sequences encoding threonine-dehydratase,
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homoserine O-acetyliransferase, serine-hydroxymethyliransferase, Gracetvihomoserine-
sulthvdrylase, meso-diaminopimelate D-dehydrogenase, phosphocnolpyruvate-
carboxykinase, pyrovate-oxidase, dibydrodipicolinate-synthetase, dihydrodipicolinate-
reductase, asparaginase, aspartate-decarboxviase, tysin-exporter, acetolactate-synthase, ketol-
aid-reductoisomerase, branched chain aminotransferase, coenzym Bi2-dependent methionine-
synthase, cocnzym BlZ-independent methione-synthase, dihydroxy acid dehydratase and

diaminopicolinate-decarboxyiase in the case of threonine.

In general, the person skilled in the art is familiar with designing constructs such as vectors
for driving expression of g polypeptide in microorganisms such as B, coli and € glwtamicum,
The person skilled in the art is also well scquainted with culture conditions of microorganisms
such as O ghdamicum and E. coli as well as with procedures for harvesting and punitying fine
chemicals such as amino acids and particularly lysine, methionine and threonine from the
aforementioned microorganisms. Some of these aspects will be set out in further detail

balow.

The person skitled in the art is also well familiar with techniques that allow to change the
original non~-modified nuclestide sequence into a modified nucleotide sequence encoding for
polypeptides of identical amine acid but with different codon usage. This may e.g. be
achieved by polymerase chain reaction based mutagenesis techniques, by commonly known
cloning procedures, by chemical syuthesis ete. Some of these procedures are set out in the

examples.

In the following, it will be described and set out in detall how genetic manpulations in
microorgansims such as £ cofi and particularly Corveebacteriym glutamicum can be

performed,
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Veciars and Host Cells

One aspect of the invention pertains to vectors, preferably SAPFESSION Veotors, containing a
medified nucleotide sequences as mentioned above. As used herein, the term "vector” refers
to a nucleic acid moleenie capable of wansporting another nucleic acid to which it has been

linked.

One type of vector is a "plasmid”, which refers to a circular double stranded DNA toop into
wirich additional DNA segmenis can be ligated. Another type of vector is a viral vector,

wherein additional DNA segments can be ligated inio the viral gensme.

Certain vectors are capable of autoniomous replication in & host cell into which they are
introduced {e.g., bacterial vectors having a bacterial origin of replication and episomal
mammalian vectors). Other vectors (e, g, non-episomal mammakian vegiors) are infegrated
o the genome of a bost cell upon introduction into the host cell, and thereby are rephicated
along with the host genome. Moreover, certain vectors are capable of divecting the expression

of genes to which they are operatively Hnked.

Such vectors are referred 1o herein as "expression vectors”,

In general, expression vectors of wiility in recombinant DNA technigues are ofien in the form
of plasmids. In the present specification, "plasmid” and "vector” can be used interchangeably
as the plasmid is the most commonly used form of vector, However, the invention is intended
to include such other forms of expression vectors, such as viral vectors {e. g., replication
defective retroviruses, adenoviruses and adeno-associsted viruses}), which serve equivalent

functions.



WO 2008/049781 PCT/EP2007/061151

~47 -

The recombinant expression vectors of the invention may comprise a modified nucleic acid as
mentioned above in a form suitable for expression of the respective nucleic actd in a host cell,
which means that the recombinant expression vectors include one or more regulatory
sequences, selocted on the basis of the host cells to be used for expression, which is

operatively linked to the nuclele acid sequence to be expressed.

Within a recombinant expression vector, "operably linked" is intended to mean that the
nuclegtide sequence of fnterest is linked to the regulatory sequence (5) in a manner which
allows for expression of the nucleotide sequence {e.g., in an in vitro transeription/translation
syster o in a host cell when the vector is introduced into the host cellt. The term "regulatory
sequence” is intended to include promoters, repressor binding sites, activator binding sites,
enhancers and other expression control elements {e.g., terminators, polvadenylation signals,
or other elements of mRNA secondary structure). Such regulatory sequences are described,
for example, in Goeddel; Gene Expression Technology: Methods in Enzymology 185,
Acadenic Press, San Diego, CA (1990). Repulatory sequences include those which direct
constitutive expression of a nucleotide sequence in many types of host cell and those which
direct expression of the nucleotide sequence only in certain host cells. Preferred regulatory
sequences are, for example, promoters such as cos-, tac-, trp-, tet-, trp-, tet-, Ipp~, fae-, Iop-
lac-, lacig-, T7-, T3, T3-, gal-, tre-, ara-, SPé-, arny, SPFOZ, e-Pp-~ ore PL, 8OD, EF Ty, EFTs,
GroEL, MetZ (last 5 from O gluwramicum), which are used preferably in hacteria. Additional
regulatory sequences are, for example, provooters from yeasts and fungi, such as ADC, MFa,
AL, P60, CYCL GAPDIH, TEF, tp28, ADH, promoters from plants such as CaMV/358s,
S8U, OCS, b4, usp, STLST, B33, nos or ubiquitin-or phaseolin-promoters. It is also possibie
to use artificial promoters. It will be appreciated by one of ordinary skill in the art that the
design of the expression vector can depend on such factors as the choice of the host celf {0 be
transformed, the level of expression of protein desired, ete. The expression vectors of the
invention can be infroduced into host celis to thereby produce proteins or peptides, inchuding

fusion proteins or peptides, encoded by the above-rentioned modified nuclestide se BENCes.
e
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The recombinant expression vectors of the invention can be designed for ecxpression of the
modified nucleotide sequences as mentioned above in prokaryotic or eukaryotic celis, For
example, the modified nucleotide seguences as mentionad above can be expressed in bacterial
cells such as O glufmicum and K. coli, msect cells {using baculovirus expression vectons),
veast and other fungal cells (see Romanos, M. AL etal, (1992), Veass §: 423-488; van den
Hondel, €. AL ML L et ali 19911 in: More Gene Manipulations in Fungi,J. W Bennet & L. L.
Lasure, eds.,p. 396-428: Academic Press: San Phego; and van den Hondel, CCA M L 1 &
Punt, P, L{1991) in: Applied Molecular Genetics of Fungi, Peberdy, J. Flet sl eds, p. 1-28,
Cambridge Untversity Press: Cambridge), algae and muliicetiular plant cells (see Schmidt, R,
and Witlmitzer, L. (1988} Planr Cell Rep.: 583-586). Suitable host cells are discussed further
in Goeddel, Gene Expression Technology © Methods in Enzymology 185, Academic Press,
San Diege, CA {1990). Alternatively, the recombinant expression vecior can be transcribed
and translated in vitro, for example using 17 promoter regulatory sequences and 17

polymerase.

Fxpression of proteins in prokaryotes is most often carried out with vectors containing
constitutive or inducible promoters directing the expression of either fusion or nop-tusion

proteins,

Fusion vectors add a number of aming acids to a protein encoded therein, usually o the amino
terminus of the recombinant profein but also to the C-erminus or fused within suitable
regions in the proteins. Such fusion vectors typically serve four purposes: 1) 1o increase
expression of recombinant profein; 2} to inerease the solubtlity of the recombinant protein;
and 3} to aid in the purification of the recombinant protfein by acting as a ligand in affinity
purification 4} to provide a “tag” for later detection of the protein. Oflen, in fusion expression
vectors, & protesiviic cleavage sife is introduced at the junction of the fusion motety and the

recombinant protein o enable separation of the recombinant protein from the fusion moiety
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subsequent to purification of the fusion protein. Such enzymes, and their cognate recognition

sequences, nclude Factor Xa, thrombin and enterokinase,

Typical fusion expression vectors include pGEX (Pharmacia Biotech Ing; Swith, DL B, and
Johnson, E. S. {1988) Gene 67: 31-40), pMAL (New England Biclabs, Beverly, MA} and
pRITS (Pharmacia, Piscataway, M) which fuse glutathione S-transferase (G8T), maltose ¥

binding proein, or protein A, respectively,

Examnples of suitable inducibie non-fusion & cofi expresston vectors include pTre {(Amann et
af., {1988) Gene 69: 301-315), pLG338, pACYCT84, pBRI22 pUCHE, plIC9, pk 30,
piepd, pHSL, pHS2, pPLe236, pMBL24, pLG200, pURZ90,pIN-TIE E3-BL, egll, pBAC, and
pET lid {Studier etal., Gene Expression Technology : Methods in Unzymology 185, Academic
Press, San Diego, California (1990} 60-89; and Pouwels et al., eds. (1985) Cloning Vectors.
Eleevier: New York IBSN ( 444 90401 8). Target gene expression from the pire vector relies
on host BNA polymerase transcription from a hybrid trp-lae {usion promoter, Targel gene
expression from the pBET Hd vector relies on transcription from a 17 gnlO-lac fusion promoter
mediated by a coexpressed viral RNA polymerase (T7gnl). This vieal polymerase is supplied
by host strains BL2E (IDE3Y or HMS174 (DE3) from a resident X prophiage harboring 2 TVgnl
genre nnder the transcriptional control of the lacUV § promoter. For transformation of other
varieties of bacteria, appropriate vectors may be selected. For example, the plasmids plfloi,
pii364, plI702 and pli361 are known to be useful in transforming Streptomyees, while
plasmidspUBH 0, pC194 or pBD214 are suited for transformation of Bacillus species. Several
plasmids of use in the transfer of genetic information into Corynebacterium nclude

pHM 1519, pBLL, pSAT7 or pAl66T (Ponwels et al,, eds. (1985) Cloning Vectors. Blsevien
New York IBSN § 444 904018).

Examples of suitable . ghutamicum and F coli shuttie vectors are e.g. pClik3aMCS

(WOZ005059093) or can be found tn Etkmanns et al {Gene. {1991} 102, 93-8),
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Examples for suliable voctors to manipulate Corynebacteria can be found in the Handbook of
Corynebacterium {edited by Eggeling and Bott, [SBN 0-8493-1871-1, 2003}, One can find a
Hst of & coli — O glutamicum shutile vectors (fable 23.1), a Ut of K cofi - O gluramicum
shuttle expression vectors (table 23.2), a list of vectors which can be used for the integration
of DNA into the C glutepmicwm chromosome (table 23,3}, a list of expression vectors for
integration imto the O ghaamicum chromosome (able 23.4.) as well as a list of vectors for

a5 1
site-specific integration into the O glutamicim chromosome (table 23.6)

in another embodiment, the protein expression vector is a yveast expression vector, Examples
of vectors for expression in veast 8. cerevisiae include p'epSec] (Baldari, et al., (1987}

Embao J 60 2202343, 21, pAG-1, Yeps, Yepl3, pEMBLY 23, pMFa (Kurjan and Herskowitz,
{1982) Cell 30: 933.943), pIRYEE (Schultz et al., (1987} Geae 540 113-123), and pYESZ
{Invitrogen Corporation, San Dego, CA} Vectors and methods for the construction of vectors
appropriate for use in other fungi, such as the flamentous fungt, include those detatled in van
den Hondel, C. A MU E L & Punt, P E {1991} 1y Apphied Molecular Genetics of Fungt, 1. T
Peberdy, et al,, eds.,, p. 1-28, Cambridge University Press; Cambridge, and Pouwels et al., eds.

{(1985) Cloning Vectors, Elsevier: New York (IBSN § 444 904018).

For the purposes of the present invention, an operative link s understood 1o be the seqguential
arrangement of promoter, coding sequence, terminator and, optionaily, further regulatory
elements in such & way that each of the vegulatory elements can fulfill its function, according

to ity determination, when expressing the coding sequence.

In another embodiment, the modified nucleotide sequences as mentioned above may be
expressed in unicellnlar plant cells (such as algae) or in plant cells from higher plants (e, g,
the spermatophytes, such as crop plants). Examples of plant expression vectors include those

detatled i Becker, 3., Kemper, ., Schell, . and Masterson, R, {1992} Plant Mol Biol 20:
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1195-1197; and Bevan, M. W. (1984} Nuc! dcid Res. 12: 8711-8721, and include pL.GV23,
pGHlact, pBINIG, pAKZ004, and pDHST (Pouwels e al., eds, (1985) Cloning Vectors.
Elsevier: New York IBSN 0 444 904031 8).

For other suitable expression systems for both prokaryotic and eukaryotic cells see chapters
16 and 17 of Sambrook, 1. et al. Moiccular Cloning: A Laboratory Manual, 3vd ed., Cold

vy
]

Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY

tissne-specific regulaiory elements are used to express the nucleic acid). Tissue-speeific

7

regulatory elements are known in the art.

Another aspect of the invention pertains (0 organisms of host celis into which a recombinant
expression vector of the invention has been introduced. The terms "host cetl” and
“recombinant host cell™ are used interchangeably herein. It is understood that such terms refer
not only to the particular subject cell but also to the progeny or potential progeny of such a
cell. Because certain modifications may occcur in succeeding generations due to either
mitation or envirenmental influences, suchk progeny ruay not, i {act, be identical o the

parent cell, but are still included within the scope of the term as used herein,

Vector DNA can be intreduced into prokarvotic or eukaryotic cells via conventional
transformation or ransfection techniques. As ueed herein, the terms "transformation” and
“transfection”, "conjugation” and "trausduction” are intended {0 refer to a variety of art-
recognized technigues for introducing foreign nueleic acid {e. g, Huear DNA or RNA {e. g, 2
Hnearized vector or 2 gene construct alone without a vector) or nucleic acid in the form of a

vactor (¢.g., a plasmid, phage, phasmid, phagemid, ransposon or other DNA) Into a host cell,
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including caleiwm phosphate or calchun chloride co-preciptiation, DEAR-dextran-mediated
travsfection, lipofection, natural competence, conjugation chemical-mediated transfer, or
electroporation. Suitable methods for transforming or transfecting host cells can be found in
Sambrook, ef al. (Molecular Cloning 1 A Laboratory Manual. 3rd ed., Cold Spring Harbor
Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 2003}, and other

taboratory manuals,

In order to identily and select these integrants, a gene that encodes a selectable marker (e.g.,
resistance o antibiotics) is generally Introduced into the host cells along with the gene of
interest. Preferred selectable markers include those which confer resistance to drugs, such as
3418, hygromyein , kanamycine, tratracycleine, ampicillin and methotrexate. Nucleie acid
encoding a selectable marker can be introduced into a host cell on the same vector as that
encading the above-mentionad modified mucleotide sequences or can be ntroduced ona
separate vector. Cells atably ransfected with the introduced nucleic acid can be identified by
drug selection {e. g., cells that have incorporated the seleciable marker gene will survive,

while the other cells die).

When plasmids without an origin of replication and two different marker genes are used {e.g.
plik int sacB}, it {s also posaible to generate marker-free straing which have part of the insert
inserted into the genome. This is achieved by two consecutive events of homologous
recombination (see also Becker ot al., APPLIED AND ENVIROMNMENTAL
MICROBIOLOGY, 71 (12}, p. 858785961 The segnence of plasmid pCHK int sach can be

found in WO003059093; SEQ 1D 24; the plasmid s called pCIS in this document).

I another embodiment, recombinant microorganisms can be produced which coniain selected
systerns which allow for regnlated expression of the introduced gene. For example, inclusion

of one of the above-ruentioned optimized nuclestide sequences on a vector placing 1 under
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control of the lac operon penmits expression of the gene only in the presence of IPTG. Such

regulatory systems are well known in the art.

in one embodiment, the method comprises culturing the organisms of invention {(into which a
recornbinant expression vecior or into which genome bas been introduced a gene comprising
the modified nucleotide sequences as mentioned above) in a suitable medium for fine
chemical production. In another embediment, the method further comprises isolating the fine
chemical from the medium or the host cell.

Growth of Escherichia coli and Corynebacterivm ghdamicum-Medio and Culture Conditions
The person skilled wn the art is familiar with the cultivation of common microorganisms such
as Coglutamicum and ¥ coli. Thus, a general teaching will be given below as {o the
cultivation of O glutamicum. Corresponding information may be retrieved from standard

textbooks for eultivation of B ooli.

£, coli strains are routinely grown in MB aud LB broth, respectively (Follettie et al. (1993} 7
Bacteriol 175, 4096-4103) Minimal media for E. coli {s M¥% and modified MCGC
{Yoshibama et al. (1985} J Bacteriol. 162,591-507), respectively, Glucose may be added ata
final concentration of 1%, Antibiotics may be added in the {ollowing amounts (micrograms
per nuitlilifre): arapieitlin, 50; kanamycin, 25, nalidixic acid, 25, Amino acids, vitamins, and
other supplements may be added in the following amonnts: methionine, 9.3 mM; arginine, 9.3
mb; histidine, 9.3 mM; thiamine, .05 mM. £ coli cells are routinely grown at 37 C,

respectively.

Genetically modified Corynebacieria are typically cultured in synthetic or natural growth
media. A number of different growth media for Corvnebacreria are both well-known and

readily available (Lieh et al, (1989) dppl Microbiol, Bistechnol., 32 205-210; von der Osten
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et al. (1998} Biotechnology Leffers, 11 11-16; Patent DE 4,120,867, Liebl{1992) "The Genus
Corynebacterium, i The Procaryotes, Volume 1L Balows, AL et al,, eds. Springer-Verlag).
instructions can also be found in the Handbook of Corynebacterium {edited by Eggeling and
Bott, ISBN 0-8493-1821-1, 2005).
These media consist of one or more carbon sources, nilrogen sources, inorganic salts,
vitamins and trace elements, Preferved carbon sources are sugars, such as mono-, di~, or
polysaccharides. For example, ghucose, fructose, mannose, galactose, ribose, sorbose, ribose,
tactose, maltose, sucrose, glycerol, raffinose, starch or cellulose serve as very good carbon

SOUrCes,

it is also possible to supply sugar to the media via complex compounds such 35 molasses or
other by-products from sugar refinement. It can also be advantageous to supply mixtures of
ditferent carbon sources. Other possible earbon sources are aleohols andd organic acids, such
as methanol, ethanol, acetic acid or lactic acld. Nitrogen sources are usually organic or
mnorganic nitrogen compounds, or materials which contaln these compounds. Exemplary
nitrogen sowrees include ammonia gas or ammonia salts, such as NHGC I or (NH 5,80,
NH4(H, nitrates, urea, amino acids or complex nitrogen sources Hke corn steep Rquor, soy

bean flour, soy bean protein, yegst exiract, meat exiract and others.

The overproduction of methionine is possible using different sulfur sources, Sulfates,
thiosulfates, sulfites and also more reduced sulfur sources tike H:8 and suifides and
derivatives can be used. Also organic sulfur sources like methyl mercaptan, thiogiveolates,
thiocyanates, and thiourea, sulfir containing amine acids Hike cysteine and other snlfur
contaiming compounds can be used to achieve efficient methionine production. Formate may

alao be possible as a supplement as are other Cl sources such as methano! or formaldehyde.
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Inorganic salt compounds which may be included in the media include the chioride-,
phosphorous-or sulfate-saits of calcium, magnesium, sodium, cobalt, molybdenum,
potassiun, manganese, zing, copper and iron. Chelating compounds can be added o the
mediam to keep the wetal lons in solution. Particularly usefud chelating compounds include
dibydroxyphenols, ke catechol oy protocatechuate, or organic acids, such as citric acid. H is
typical for the media to also contain other growth factors, such ag vitamins or growth
prooters, examples of which include biotin, riboflavin, thiamine, folic acid, nicotinic acid,
pantothenate and pyridoxine, Growth factors and salfs frequently originate from complex
media comaponents such as yeast extract, molasses, corn sieep Hguor and others. The exact
composition of the media compounds depends strongly on the immediate experiment and is
individually decided for each specific case. Information about media optimization is available
in the textbook "Appliad Micrebiol. Physiology, A Practical Approach (Bds. P, M. Rhodes,
PE stanbory, IRL Press (1997) pp. 53-73, ISEBN § 19 963577 ). It is also possible to sclect
growth media from commercial suppliers, like standard 1 (Merck) or BHI (grain heart

infusion, BIFCO) or others,

Al medium components should be stertlized, either by heat (20 minutes at 1.5 bar and121 <)
or by sterile filtration. The components can either be sterilized together oy, if necessary,

separately.

Al media components may be present at the beginning of growth, or they can optionally be
added continuonsly or batch wise. Culture conditions are defined separately for each

experiment,

The temperature should be in a range between 15°C and 45°C. The temperature can be kept
constant or can be altered during the experiment. The pH of the medivum may be in the range
of 510 8.5, preferably around 7.0, and can be mainiained by the addition of buffers o the

media. An exemplary buffer for this purpose is a potassium phosphate buffer, Synthetic
Diary ] ;
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buffers such as MOPS, HEPES, ACES and others can alterpatively or simultanecusly be used.
It is also possible to maintain a constant culture pH through the addition of NaOH or NH,OH
during growth. If complex medium components such as yeast extract are utitized, the
necessity for additional buffers may be reduced, due to the fact that many complex
compounds have high buffer capacities. If a fermentor is utilized tor cuituring the

microorganisms, the pH can alse be controlled using gasecus ammonia,

The incubation time is usnally in a range from several howrs to several days. This time is
selected in order to permit the maximal amount of product {0 accurnulate in the broth, The
disclosed growth experiments can be carried out in g variety of vessels, such as microtiter
plates, glass tubes, glass lasks or glass or metal fermentors of different sives, For sereening a
farge number of clones, the microorganisms should be cultured in microtiter plates, glass
tubes or shake flasks, either with or without baifles, Preferably 100wl shake flasks are used,
fitled with10% (by volume) of the reguired growth medium. The Hasks should be shaken ona
rotary shaker (ampliinde 25 mm) using a speed-range of 100-300 rpm, Hvaporation losses can
he diminished by the mainienance of a humid atmosphere: alternatively, a mathematical

correction for evaperation losses should be performed.

If genetically modified clones are tested, an wisnodified control clone or a conirol clone
containing the basic plasmid without any insert should also be tested, The medium is
inocutated to an ODE00 of 0.5-1.5 using cells grown on agar plates, such as CM plates (1071
glucose, 2,5g/1 NaCl, 2¢/1 urea, 10g/1 polypeptone, Sg/l yeast extract, 5g/1 meat extract,
22p/1 MNaCl, 2¢/1 wrea, 10g/1 polypeptone, Sg/l veast extract, 5g/ meat extract, 22g/1 agar,
pH 6.8 with 2M MNaOH) that had been incubated al30

. Inoculation of the media is accomplished by either introduction of a saline suspension of C.

glutamicum cells from CM plates or addition of a hiquid preculture of this bacterium.
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Cuantification of amine acids and methionine imermediotes

The analysis is done by HPLC {Agilent 1100, Agilent, Waldbronn, Germany} with a guard
cartridge and a Synergi 4pm column (MAX-RP 80 A, 150 * 4.6 mun) (Phenomencey,
Aschatfesburg, Germany). Prior to injection the analytes are derivatized using o-
phthaidialdehyde (OPA) and mercaptoethano! as reducing agent 2-MCE). Additionally
sutthydryl groups are blocked with jodoacetic acid. Separation is carried out at a flow rate of
| ml/min using 40 mM NaHPO, (eluent A, pH=7.8, adjusied with NaOH) as polar and a
methano! water mixture {100/ 1) as non-polar phase {(eluent B). The following gradient is
applied: Start 0% B; 39 min 39 % B; 70 min 64 % B; 160 % B for 3.5 min; 2 min 0 % B for
equilibration. Derivatization at room temperature IS automated as described below, Initially
0.5 pl of 0.5% 2-MOCE in bicine (0.5M, pH 8.5 are mixed with 0.5 ul cell extract.
Subsequently 1.5 pl of 50 mg/ml todoacetic acid in bicine (0.5M, pH 8.5) are added, {ollowed
by addition of 2.5 l bicine buffer (0.5M, pH 8.3). Devivatization is done by adding 0.5 ul of
fOmg/ml OP A veagent dissolved in 1/45/54 viviv of 2-MCE/MeOH/bicine (8.5M, pH 8.5},
Finally the mixture is difufed with 32 ul HaO Between cach of the above pipeiting sieps thers
15 a waiting time of | min. A total volume of 37.5 ul s then injected onic the column. Note,
that the analytical resulis can be significantly tmproved, if the auto sampler needle is
periodically cleaned during {e.g. within waiting time) and after sample preparation. Detection
is performed by a Huorescence detector (340 nm exettation, emission 450 wm, Agilent,
Waldbromn, Germany). For quantification e-amino butyric acid (ABA) is used as internal

standard

Definition of recombinarion protocol

bn the tollowing it will be described how a strain of O glwiamicum with increased efficiency

of methionine production can be constructed implementing the findines of the above
g b et



WO 2008/049781 PCT/EP2007/061151

s

L5y

[e)
H

predictions. Before the construction of the sirain is desceribed, a definition of a recombination

event/protocol is given that will be used in the following.

“Campbell in,” as used herein, refers (o a transformant of an original host celf in which an
entire ciroular double stranded DMNA molecule (for example a plasruid being based on pCLIK
int sach has integrated into a chromosome by a single homologous recombination event {a
cross-in event), and that effectively results in the insertion of a lincarized version of said
circular DNA molecule into a first BDNA sequence of the chromosome that s homelogous o a
first DMA sequence of the said civeular DNA molecule, “Campbelied in” refers io the
Hinearized DNA sequence that has been infegrated into the chromosome of a “Campbell in”
transtormant. A “Carnpbell in” contains a duplication of the {irst homologous DNA
sequence, cach copy of which includes and surrounds a copy of the homologous
recombination crossover point. The name comes from Professor Alan Campbell, who fivst

proposed this kind of recombination,

“Campbell out,” as used herein, refers to g cell descending from a “Campbell in”
transformant, in which a second homologous recombination event (a cross out event) has
ceeurred between a sccond DNA sequence that is contained on the linearized inserted DNA of
the “Campbelied in” DNA, and a second DNA sequence of clvomosomal origin, which is
homologous 1o the second DINA sequence of said linearized insert, the second recombination
event resulting in the deletion (ettisoning) of a portion of the integrated DNA sequence, but,
imporiantly, also resulting in a portion {this can be as litle as a single base) of the inteprated
Campbelled in DNA remaining in the chromosome, such that compared (o the original host
cell, the “Campbell out” cell contains one or more intentional changes in the chromosome {for
example, a single base substitution, multiple base substitutions, insertion of a heterclogous
gene or DNA sequence, insertion of an additional copy or copies of a homologous gene or a
maodified homologous gene, or insertion of 2 DNA sequence comprising more than one of

=5

these aforementioned examples listed above).



WO 2008/049781 PCT/EP2007/061151

~ 50 .

A “Campbell out” cell or strain is usually, bui not necessarily. obtained by a counter-selection
against a gene that is contained in a portion {(the portion that is desired to be jetlisoned} of the
“Campbelled in” DNA sequence, for example the Sacifluz subiifis sacB gene, which is lethal
when expressed in a cell that is grown in the presence of about 5% to 10% sucrose. Either
with or without a counter-selection, a desired “Campbeit out” ccll can be oblained or
idemtified by screening for the desired cell, using any screenable phenotype, such as, but not
limited to, colony morphology, colony color, presence of absence of antibictic resistance,
presence or absence of a given DNA sequence by polymerase chain reaction, presence or
absence of an auxotrophy, presence or absence of an euryme, colony nuclete acid
hybridization, antibody screening, ere. The term “Campbell in” and “Campbell out” can also

be used as verbs in various tenses to refer to the method or process described sbove,

It is understood that the homologous recombination events that leads to a “Campbell 1™ or
“Campbell out” can occur over a range of DNA bases within the homologous DNA sequence,
and sivee the homologous sequences will be identical to cach other for at Jeast part of this
range, i s not usually possible 0 apectfy exactly where the crossover event occurred. In
gther words, it is not possible to specify precisely which sequence was onginally from the
inserted DMA, and which was originally from the chromosomal DNA. Moreover, the {irst
homologous DMA sequence and the second homologous DNA sequence are usually separated
by a region of partisl non-homology, and it is this region of non-homology that remaus

deposiied in a chromosome of the “Campbell out” cell.

For practicality, in C. glutamicum, typicsl first and second homologous DNA sequence are at
teast about 200 base pairs in length, and can be up to several thousand base pairs in length,
however, the procedure can be made to work with shorter or longer sequences. For example,
g length for the first and second homologous sequences can range from about 500 to 2000

bases, and the ohiaining of & “Campbell ow” from a “Campbell in” 1¢ faciiitated by arranging
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the {irst and second homologous sequences to be approximately the same length, preforably
with a difference of less than 200 base pairs and most preferably with the shorter of the two
being at least 70% of the length of the Junger in base pairs, The “Campbell In and -Cut-
method” is deseribed tn WO2007012078

The fuwvention will now be illustrated by means of various examples. These examples are

however 1o no way meant to [imit the invention in any way.

EXAMPLES

In the following it will be shown how the codon usage of abundant proteins in O plutamicum
was dentified. Furthermore, examples are presented which show that usage of medified
nuclestide sequences which have bean optimized with regard to either the codon usage of
abundant proteins or the organism of O glufamicum can be used to either increass or reduce
the amount of a protein in O gluramicum. This is shown for foreign genes as well as

endogenous genes,

7 T e Y S A P { i 3
§ fdentification of abundani profeins in O glutamicum

Cellular extracts were prepared from the O glufamicum strain ATCC 13032 and of some
derivatives. Por this purpose, 250 mg of cell grown under standard conditions were pelleted
and suspended in 750 pl lysis buffer (20 mM TRIS, 5 mM EDTA, pH 7.5} containing g
protease ithibitor mix {Complete, Roche). Cell disroption was carried out at 4 °C in a mixer
mill (Retsch, MM 2000) using 0.25 — 0.5 mwm glass beads. Cell debris was removed by
centrifugation at 22.000 rpm for 1 hour at 4 °C. Protein concentrations were determined by
the Popov { Popov et a. {1975) desa. Biol Med Germ, 34, 1441-1446) . Cell extracts were

used immediately or frozen in aliguots at -89 °C.
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For 2D polyacrylamide gel electrophoresis of profeins 30 ug of crude protein exiract was
resuspended 450 pi of rehydration buffer (8M urea, 2M thicurea, 1% CHAPS, 20 mM DTT,
1% Ampholines 3.5 — 10} and a fow grains of bromophens! blue, For isoelestric focussing
precast 24 cm-IPG strips with a linear pH gradient of 4.5 10 5.5 wore used in a Multiphor {1
isoelectric focussing unit { Amersham Blosciences). Proteins were focused using a gradient
programime up to 3300 V resulting 65.000 Vh in total, Focused 1PG gels were equilibrated
twice for 15 minutes in a buffer containing 1.5 M Tris-HCl {pH 8.8}, 6M ursa, 30 % {vol/vol
glycerol, 2 % (wi/vol) sodivm dodecy! sulfate, and 1 % {wi/vol} YT, For the second
equilibration step DDT was replaced by 5 % (wifval) indoacetarnide, and a few grains of
bromophenol blue were added. The sccond dimension was run in sodiom dedecy! aulfate-12.5
% polyacrylamide gels in an Ettan Dalt apparatus (Amersham Biosciences) as recommended
by the manulacturer, and gels were subsequently siiver stained {Blum et al, {1987,

Electrophoresis, &, 93-99Y in a home made staining astomat,
5 9 y =

Protein spots were excised from preparative Coomassie-stained pals {300 ug total protein load
: . }
cach} and digested with modified trypsin {Roche, Mannhsim) as described by Hermann et al,
Electrophoresis (20014, 22, 1712-1723), Mass spectrometrical wdentifications were
iz iy Y
performed on an LCQ advantage (Thermo Electron) afier nano-HPLC separation of the
peptides (LC Packings, RP18 column, length 15 om, i.d, 75 um)}, using the MASCOT

seftware (David et al. (1999} Hlectrophoresis, 20,3551 -3567),

Based on the 21 gel electrophoresis results of different gels 14 proteins were identified as
being sbundant in O gltamicum as these proteins could be observed at elevated amounts i
all gels. These proteins are: Blongation Factor Tu (Genbank accession no: XK7T0343,
giycering-aldehyde-3-phosphate-debydrogenase {Genbank aceession no: RNG271 52, %, nt.

289401-288397), fructose bisphosphate aldolase (Genbank accession ao: BXB2T156, &, nt,

foy

34892-133958), Elongation Factor Ts { Genbank accession no’ BXO927154, +, nt. 14902
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14075), hypothetical protein (Genbank accession no: BX927155, +, nt. 213489-214325)
enolase (Genbank accession no: BX927150, nt. 338561-339838) peptidyl-prolyl cis-trans
isomerase (Genbank accession no: BX927148, nt. 34330-34902), superoxide dismutase
(Genbank accession no: AB055218) phospho-glycerate dehydrogenase (Genbank accession
no: BX927151, nt. 306039-307631) SSU Rib protein S1P(Genbank accession no: BX927152,
1, nt. 26874-28334 ) triosephosphate-isomerase (Genbank accession no: BX927152, +, nt.
286884-286105) isopropyl malate synthase ( Genbank accession no: X70959) butan-2,3-
dioldehydrogenase (Genbank accession no: BX927156, nt. 20798-21574 ) and fumarate
hydratase (Genbank accession no: BX927151, +, nt. 18803-17394) .

The coding sequences of these genes were then fed into the “Cusp” function of the EMBOSS
tool box using standard parameters In an independent approach the genomic sequence of the
complete C. glutamicum strain ATCC 13032 was used to generate a codon usage table for the

organism as a whole.

The codon usage frequencies as determined for the aforementioned 14 abundant proteins were
used to calculate codon usage frequencies for abundant proteins in C. glutamicum. The codon
relative codon usage frequencies of abundant proteins in C. glutamicum are found in table 2,

while the relative codon usage frequencies of the organism as a whole are found in table 1.

Table 1 - Relative codon usage frequencies of Corynebacterium glutamicum ATCC
13032.

UoyU 37.1 UCu 17.3 UAU 33.8 UGU 36.5
UucC 62.9 UCC 33.6 UAC 66.2 UGC 63.5
UUA 5.3 UCA 13.0 UAA 53.1 UGA 16.7
UuG 20.3 Uucé 11.9 UAG 30.2 UGG 100
CUU 17,2 CCu 23,3 CAU 32.1 CGU 24.5
CucC 22.5 CCC 20.2 CAC 67.9 CGC 44.7
CUA 6.1 CCA 34.9 CAA 38.5 CGA 11.8
CUG 28.6 CCG 21.6 CAG 61.5 CGG 8.8

SUBSTITUTE SHEET (RULE 26)
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AUU 37.7 ACU 20.4 AAU 33.4 AGU 7.8
AUC 59.2 ACC 52.9 ARC 66.4 AGC 16.4
AUA 3.1 ACA 12.5 AAA 39.9 AGA 4.1
AUG 100 ACG 14.2 AAG 60.1 AGG 6.1
GUU 26.0 GCU 23.7 GAU 55.6 GGU 30.3
GUC 27.7 GCC 25.4 GAC 44.4 GGC 42.4
Gua 10.1 GCA 29.3 GAA 56.3 GGA 18.9
GUG 36.2 GCG 21.6 GAG 43.7 GGG 8.4
ATG* 72.5

GTG* 20.5

TTG* 7.0

*designates start codons; relative Frequencies are in percentage.

Table 2 - Relative codon usage frequencies of 14 abundant proteins in Corynebacterium

glutamicum ATCC 13032.

UuU 10.6 Ucu 20.2 UAU 3.6 UGU 25.0
Uuc 89.4 UCC 65.4 UAC 96.4 UGC 75.0
UUA 0.8 UCA 3.3 UAA 92.9. UGA 0.0
UuG 7.5 ucG 2.2 UAG 7.1 UGG 100
CUU 20.8 CCU 37.6 CAU 5.8 CGU 39.6
CUC 25.4 cCcC 4.4 CAC 94.2 CGC 57.6
CUA 2.6 CCA 51.4 CAA 7.7 CGA 2.2
CUG 42.9 CCG 6.6 CAG 92.3 CGG 0.6
AUU 17.1 ACU 18.9 AAU 9.7 AGU 0.8
AUC B82.6 ACC 78.9 AAC 90.3 AGC 8.1
AUA 0.3 ACA 1.4 AAA 7.1 AGA 0.0
AUG 100 ACG 0.8 AAG 92.9 AGG 0.0
GUU 47.9 GCU 46.8 GAU 34.9 GGU 32.3
GUC 34.0 GCC 9.9 GAC 65.1 GGC 59.0
GUA 6.5 GCA 35.9 GAA 32.5 GGA 8.2
GUG 11.6 GCG 7.4 GAG 67.5 GGG 0.5
ATG* 78.6

GTG* 21.4

TTG* 0.0

* indicates start codons; relative Frequencies are in percentage.
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Table 1 was then used to determine the codons that are least frequently for each amino acid in

C. glutamicum. This information is displayed in table 3 below.

Table 3 — The least frequently used codons in Corynebacterium glutamicum ATCC
13032.

o
(o]
kel

TTG (if start codon)

Ha oy R3] Ho|wn|obig|R]nla|<n|lx

Table 2 was then used to determine the codons that are least frequently for each amino acid in

abundant proteins of C. glutamicum. This information is displayed in table 4 below.

Table 4 — The least frequently used codons in abundant proteins of Corynebacterium

glutamicum ATCC 13032, .

uuu

AGU

UAU

UGU

UGA

AUG

S| w[O]|<nlm

UGG
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Table 5 shows the frequencies of codons which are not calculated on the basis of codons

encoding a specific amino acid, but on the basis of all codons for all amino acids. The values

in brackets indicate the absolute number of the respective codon. The relative frequencies of

table 1 were calculated on the basis of these absolute numbers. The values refer to the genome

of C. glutamicum.

Table 5 - Codon usage of Corynebacterium glutamicum ATCC 13032.

UuUU 13.
yuc 22.
UUA 5.
uuG 19.

CUU 16.
cuc 21.
CUA 5.
cuG 27.

AUU 21.
AUC 34.
AUA 1.
AUG 22.

GUU 20.
GUC 22.
GUA 8.
GUG 28.

L
8(
1
6(

7(
8(
9(
7

74
1(
8(
1(

8(
2(
1
9(

25821)
43837)

9795)
37762)

32074)
41988)
11320}
53261)

41804)
65557)

3483)
42484)

40069)
42696)
15628)
55708)

ucu
ucc
uca
ucG

CcCu
CcCccC
CCA
CcCG

ACU
ACC
ACA
ACG

GCU
GCC
GCA
GCG

11
21
8

11.

9.
16.
10.

12

25.
27.
31.
23.

.0( 21227)
.4( 41118)
.3( 15898)
7.

6( 14639)

3( 21668)
7( 18716)
9( 32429)
4( 20070)

.6( 24184)
32.
7.
8.

5( 62592)
7( 14747)
8( 16879)

4( 48864)
2( 52264)
3( 60329)
2( 44613)

UAU
UAC
UAA
UAG

CAU

CAC
CAA

AAA

7.5( 14384)
14.
1.
1.

6.
14.
13.
20.

i0.
21.
13.
20.

33.
26.
35.
LT(

27

7(
74
0¢(

8(
3¢
0¢(
7

9(
8(
9(
9(

0¢(
4(
7¢

Frequencies are indicated after the codons in /1000.

28214)
3272)
1859)

12991)
27445)
24975)
39864)

21056)
42037)
26703)
40213)

63429)
50716)
68737)
53381)

uGuU
UGC
UGA
UGG

CGU
CGC
CGA
CGG

AGU
AGC
AGA
AGG

GGU
GGC

GGG

o O BN

24.
34.
15,
L7

.44

.2
.5¢
1

.74
.9¢
.6¢
.9¢(

.9
L4
.3
-3¢

3¢
0(
2¢

4605)
8015)
1032)
27072)

26310)
47939)
12698)

9466)

9515)
20019)
4445)
6398)

46678)
65427)
29219)
12923)
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Table 6 shows the frequencies of codons which were not calculated on the basis of codons

encoding a specific amino acid, but on the basis of all codons for all amino acids. The values

in brackets indicate the absolute number of the respective codon. The relative frequencies of

table 2 were calculated on the basis of these absolute numbers. The values refer to the group

of abundant proteins in C. glutamicum.

Table 6 - Codon usage of 14 abundant proteins in Corynebacterium glutamicum ATCC

13032.

uuu 3.6( 18) UCU 10.9¢ 55) UAU
Uuc 30.0¢( 152) U©UCC 35.2( 178) UAC
UUA 0.6( 3) uvca 1.8(¢( 9) UAA
UuG 5.7¢ 29) UuUcG 1.2¢( 6) UAG
CUU 16.0( 81l) CCU 13.4¢( 68) CAU
CcucC 19.6( 99) ccc 1l.6( 8) CAC
CUA 2.0¢( 10) cca 18.4¢( 93) CAA
CUG 33.0¢ 167) CCG 2.4( 12) CAG
AUU 9.9( 50) ACU 10.5( 53) AAU
AUC 47.8( 242) ACC 43.7( 221) AAC
AUA 0.2(¢ 1) aca 0.8(¢( 4) AAA
AUG 17.2( 87) ACG 0.4¢( 2) AAG
GUU 43.5( 220) GCU 54.9¢( 278) GAU
GUC 30.8¢( 156) GCC 11.7( 59) GAC
GUA 5.9( 30) GCA 42.1( 213) GAA
GUG 10.5¢( 53) GCG 8.7( 44) GAG

Frequencies are indicated after the codons in /1000.

o]
21.
2.

0

1.
19.

2

30.

4

36.
3.
46.

21

40.
27.

57

.8¢(
1(
6 (
.2(

2(
4(
.6 (
6(

.0(
8(
6¢(
4(

.9 ¢(
9(
9¢(
.9¢(

4)
107)
13)
1)

6)
98)
13)

155)

20)
186)
18)
235)

111)
207)
141)
293)

uGuU

UGC
UGA
UGG

cGu
CGC
CGA
CGG

AGU
AGC
AGA
AGG

GGC
GGA
GGG

@O WH

17.
25.
.0(
L2

© OO

.2(
.6
.0(
.3

4(
3¢

L4
-3¢
.0¢(
.0¢(

L1
.2
1
.4

6)
18)

0)
42)

88)
128)
5)
1)

2)
22)
0)
0)

142)
259)
36)
2)

Surprisingly there are many significant differences in the codon usage between tables

generated by using all proteins (whole genome, table 1) compared to the situation where only

the above-specified abundant genes are considered (table 2). Some of the examples are shown

in table 7 below.
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Table 7 — Relative frequency of codons used

Amino acid Codon | Whole genome | Abundant proteins

caa _ 3B5% ‘ 7.

Al i o 1 o]
3
Y]
1y
=]
SN
[#3]
[segRen]

3 Reduction of expression of an endogenous profein
It has been set ot above that codon usage modification may be used to decrease BrOten
exprossion. This will be illastrated in the following for the proteins isocitrate dehydrogenase

{ied) and diaminopimelate synthase {dapA)

37 Reducing ¢ xpression of isocitrate cdelivds GEENGRE {1047

Cloning
To reduce the activity of the Isocivate dehydrogenase (Genbank Accession code X7 FLARDY,

two different changes in codon usage were made. In all cases the codons of the coding
sequence were changed withont changing the amino acid sequence of the encoded profein,
The manipulations were all made on the enly chromosomal copy of the ied gene of

Corynebacterium ghaamicwm. The subseguent measurerment of {00 activi ity directly allows a
readout of the effect, ag one can assume that it reflects the expression level given that the

enzyme tself is not changed. The modifications are shown in table &,
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Table 8 - Overview codon exchanges in ICD

nAme Description affected amino acid
7 ‘ - positions
I VICDATG - GTG Change of the start codon from | 1 (Mel)
‘ ATG o GTG )
dOHICHCAR Change of a glycine and an 32 {Gly), 33 (lle)
‘ iseleucing codon from GGC
AT GGG ATA 1

The sequence of ICD ATG-GTG is depicted in figure 2 a). The sequence of ICD CA is
depicted in figure 3 a). To introduce these mutations into the chromosomal copy of the ied
coding region, 2 different plasimids were constructed which allow the marker-free

manipulation by 2 consecutive homologous recombination events,

To this end the sequences of FCD ATG-GTG and ICD CA2 were cloned inlo the vector pCHk

int sacB (Becker et al (2008, Applied and Environmenial Microbiology, 71 (12}, p.B587-

8396} being a plasniid containing the following clements:

s Kanamycin-resistance gene

# SacB-gene which can be used as a positive selection marker as cells which carry this gene
canno! grow on suerose containing medianm.

+  Origin of replication for E. coli

¢ Multiple Cloning Site {MUS)

This plasmid sliows the integration of sequences at the genomic locus of C ghutamicum,
Construciion of the plasmids

All inserts were amplified by PCR using genomic DNA of ATCC 12032 as a template, The

madification of the coding region was achisved by fusion PCR using the following

oligonuclestides: The table shows the primers used as well as the template DNA
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Table 9 - (Qverview of primers for cloning idh construets

_____ PR A G PCRB Fusion PCR
ICDATG - O 441 Old 443 ] Old 441 Primer |
GTG (Oid 444 Old 442 Oid 4472 Primer 2
- Genom, DNA of | Genom. DNA of | PCR A+ Templaic
ATCC 13032 ATCC 13432 )
ICDCAZ id 441 CHd 447 (id 4414 Primer 1
(id 448 Old 442 Old 442 Primer 2
C Genom. DNA of | Genom, DNA of | POR A+B Templale
ATCCI3032  ATCCL032 o b

Cld 441 GAGTACCTCGAGCGAAGACCTCGCAGATTCOG (SEQ D Me. )

Gid 442 CATGAGACGOGTOGAATOTGCAGACCATTCOGE (BEQ D MO 7)

Gid 443 SAGACTCGTGGOTAAGATOATCTG (SEQ 1D No. 8§}

Ol 444 CAGATGATCTTAGLCACGAGTOTC (SEQ 1D No. &

O 447 CTACCOUGGEGGATAGAGG (SEG 1D No. 103

QOld 448 COTOTATCCCCGUGETAG (BEQID No. 11)

i ali cases the product of the fusion PCR was purified, digested with Xhol and Miul, purified
again and Hgated into pClik int sacB which had been linearized with the same resiriction

enzymes, The integrity of the insert was confirmed by sequencing.

The coding sequence of the eptimised sequence ICD ATG — QT s shown in Figure 2
(SEQ 1D 2) The coding sequence of the optimised sequence FCD CAZ2 is shown in Figure 3
{(SEQ 1D 4.

Construciion of strains with modified ICD expression levels

The plasmids were then used to replace the native coding region of these genes by the coding

regions with the modified coding usage. The sirain used was ATCC 13032 lysC thr,

Twao consecuiive recombination events one in each of the up- and the downstream region

respectively are necessary 1o change the complete coding sequence. The method of replacing
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the endogencus genes with the optimized genes is in principle described in the publication by

Becker et al. (vide supra). The most important steps are:

- Introduction of the plasmids in the strain by electroporation. The slep is ez,
deseribed in DE 10046870 which {s incorporated by reference as far as introduction
of plasmids into strains is disclosed therein.

- Selection of clones that have successfully integrated the plasmid after g first
homelogous recombination event inio the genome. This selection is achieved by
growth on kanamycine-containing agar plates. In addition to that selection atep,
saccessiul recombination can be checked via colony PCR.

Primers used to confirm the presence of the plasmid in the genome were:

BRE776 (AACGGCAGGTATATGTGATG) (SEQ 1D No. 12) and OLD 450
(CGAGTAGGTCGCGAGUAL) (SEQ 1D No. 13). The positive clones give a band
of ca. 600 bp}

- By incubating a positive clone in a kanamycine-free medium a second
recombination event is allowed for.

- Clones in which the vector backbone has been successfully removed by way of a
second recombination event are identified by growth on sucrose -containing
medinm, Only those clones will survive that have lost the vector backbone
comprising the Sach gene.

~ Then, clones in which the two recombination events have led to successful
replacement of the native idh-coding region were identified by sequencing of a
PCR-preduct spanming the relevant region. The PCR- product was generaied using
genomic DNA of individual clones as a template and primers OLD 441 and QLD
442, The PCR-prodact was purified and sequenced with Old 471
(AATCCAACCCACGTTCAGGC) (SEQ 1D No. 14)
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Une may use dilterent O glutamicum sirains for replacing the endogenous copy of D,
However, it is preferred to use a C. ghetamicum lysine production sirain such as for example

ATCCI3032 1ysC™ or other derivatives of ATCC13032 or ATCCL3286

ATCCI3032 iysC&” may be produced starting from ATCCI3032. In order f0 generate such a
tysine producing strain, an allelic exchange of the lysC wild type genc was performed in €
glufamicum ATCCI3032. To this end a nucleotide exchange was introduced into the lysC
gene such that the resuliing protein carries an isolencine af position 311 instead of threonine.
The detailed construction of this strain is described in patent application WO2005859093.

The accession no. of the ysC gene is P26512.

To analyze the effect of the codon usage amended IDH ATG-GTG and (DH CA2, the

optimized strains are compared to lysine productivity of the parent strain,

Defermination of 10D activity

One to two clones of each mutant straln were tested for 1CD activity. Cells were grown in
Hquid culture over night at 30 °C, barvested in exponential growth phase by centr fugation.
The cells were washed twice with 50 mM Tris-HCL pH 7.0, 200 mg cells were resuspendad
ir 800 i lysis buffer (50 M Tris-HCL, pH 7.0, 10 mM MgC1L2, } mM DTT, 10 % Glyceroh)
and disrupted by bead beating (Ribolyser, 2x 30s, ntensity 6). The cell debris was pelieted by
cenirifugation (table top centrifuge, 30 miw, 13 K} The resulting supernatant is an extract of

sotuble proteins which was used as the following enzyme assay.

ICDy activity was monitored by increase of absorption at 340 num due to the reduction of

NADP in a total volume of 1 mi under the following conditions:
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3 mM Triethanolamine-chloride, pi 7.4, §.4 oM NADE, § mM DE-isociirate, 2 mM

Mk, cell lysate corresponding to .1-0.2 mg protein

ICD activities were calculated using the molar extinetion coefficient of 6. 22/mM*em for

NADPH.

Results

The measured ICT activities were as follows:

Table 18 - ICD activity

Swtain - Clone "sp.mm é&tixfity' ofcell
- extract
Ak umol/mi*min*mg
........ protein
ATCCTgsC o 006
ATCCHysCty 1 .26
CDATC>OTG O e
IO CAZ 1 3,10
wpeaz oo 2 (0,10

Effect on lysine produciivity

To analyze the elfect of the modified expression of ICDY on lysine productivity, the optimized

siraing are compared to lysine productivity of the parent strains,

To this end one the strains were grown on CMeplates {10% sucrose, 10 g/l glucose, 2,5
Nall, 2 g/l urea, 10 g/l Bacto Pepton, 10 g/l yeast extract, 22 g/l agar) for 2 davs at 34°C.

subsequently cells were scraped from the plates and re-suspended in saline. For the main
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culture 10 mid of medium 1 and 0.5 g autoclave CaCoyin g 100 mi Erlenmever flask were
incubated together with the cell suspension up to an Ol of 1.5, The ceils were then grown
for 72 hours on a shaker of the type Infors AJ118 (nfors, Bottmingen, Switzerland) at 220

rpm. Medium 1 had the same concentration as mentionad in experiment 3.3;

Subsequently, the concentration of lysine that is segregated mto the medium was determined.
This was dome using HPLC on an Agilent 1100 Series LO system HPLC, A precolumn
derivatisation with ortho-phihalaldehyde allowed o quantify the formed amino acid. The

separation of the amino acid wmixture can be done on a Hypersil AA-colnmn {Agilent).

The determuined lysine concentration values shown are average data from 2 independent

cultivations. The deviations from the average was always below 4%

Nirain Clone | Relative lysine amount | Relative OD
(9] [76]
ATCC IysC fhr Cooog T 100,68
ATCC fysC for o pou | o1z
ICD ATG — GTG ) 02,34 82,77
€DCAY bl lpnas ' 99,80
" o OA8S L 96,23

It can be gasily seen that straine with lowered ICD activity have higher bysine productivities,
Ag all carbon source is used afler 72 b, one can also divecily see that the carbon vield {amount

of forrued product per sugar consumed) is higher in these strains.

The amount of ther amino acids in the medium after another cultivation was also analyzed,

interestingly, the amount of glyeine is also influenced by ICD EXprEssion,
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The table shows the amount of glycine obtained afier 48 h of cultivation, Each clone was

cultivated in thres independent flasks.

Tabie 12 - Glyeine productivity

Glyeine
{prool/t

CATOC ys( by

0 ATG - GTG

{1 can be seen that strains with lower [CD activity accurnulate higher amounts of glyoine,

in a further experiment isocitrate dehydrogenase carrying the above mentioned ATO-GTG

mutation in the start codon was cloned into pClik as described above leading to pUlikK int sacB

OO ATG-GTG) (SEQ 1D No. 15). Subsequently, strain M2620 was constructed by

carapbeliing in and camopbeliing out the plasmid pChK int sacB ICDH (ATG-GTOY (SEQ D

No. 15) into genome of the strain OM469. The strain OM469 has been described in

WO2007012078.
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The sirain was grown as described in WO2007020295, After 48h incubation at 30°C the
samples were analvzed for sugar consumption. it was found that the straing had used up all
added sugar, meaning that all straings had used the same amount of carbon source, Synthesized

methionine was determined by HPLC as desceribed above and in WOZUTH20295.

Table 13 ~ Methionine productisn

Strain Methionine (m M}g
TOM 469 %

From the data in table 13 it can be seen that the strain M2620 with an altered start codon of

1 T

the ICIDHH gene and therefore aliered WCUH activity has higher methionine gvodudwh Since

»

bor yield {amount

,.
-u

all carbon source is used up after 48h, one can also directly see, that the car

ugar consumed) for the prodoced methionine is higher 1n this sirain.

b

of formed product per su

3.2 Reduced protein expression of dapd in C. ghuamicum

in the following, it is described how to decrease the arvount of dapA by adapting the codon

usage as mentioned ahove,

The enzyme dihydropicolinate synthase (dapA) is important for lysine blogsynthesis. The wild
type sequence of O glwtamicum dapA is given as SEQ ID No. 16, The codon usage of the
coding sequence of dapA was determined using the Cusp function of the EMBOSE software

package.

Then, the bases corresponding to positions 12 {T 1o G), 27 {Cto A}, 30 {A 10 G}, 45 (Cto )

and 54 {A to §) were altered using established mutagenesis methods (Quikchange kit,

s
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Stratagene La Jolla USA) resulting in altered oodons which still coded for the same amine

acids (SEQ D No. 173,

The mutated gene sequence was cloned into a vector for chromosomal integration as

mentioned in WOZHN70207298.

Briefly, The strain M2059 was construcied by campbellin g in and out the plasmid pK19
PSSO ask (SEQ ID Mo, 18) into the strain OM9S9 to overexpress the aspartokinase gene The
strain M2121 was constructed by campbelling in and out the plasmid pCLIK Int Psod
{ucose-6-PDH (SEQ 1D No. 19) inte the strain M2059 to over express ghicose--phosphate
dehydrogenase gene (awl gene). The sirain M2199 was constructed by campbelling in and out
the plasmid pKi% sacB Glu-6-P-DH (SEQ ID No. 20 replacement into the straln M2121 to
express a glucose-6-phosphate dehydrogenase mutant gene {zwf gene). The strain M2271 was
constructed by carmpbelling in and out the plasmid pK 19 PGro PyeA (5EQ ID No. 21 inte
the strain M2199 to express a mutated pyeA gene. The strain M2376 was consiructed by
campbeliing in and out the plasmid pCLIK int sacB dapA codon low {SEQ I No. 22) into

the strain M2271 to express the mutated dapA.

The resuiting strain was named M2376 and grown as deseribed in 2007020295, Amin oacids

were determined after 48h incubation and are described as mM concentration {see table 14},

Table {4 - lysine and homeoserine production

- homoserine
Stain My
M2271 78
WM2376 (= M2271 +

dapA mutated) ) g3
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It was found that sirains expressing the mutated dapA gene showed an increased
accurnuiation of homosering when compared 1o the isogenic strain showing that the activity of

dapA was decreased over the unmutated version of dapA
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1. Method of reducing the amount at least one polypepiide in a host eell,

comprising the step of expressing in said host coll a modified nucleotide sequence mstead of g
non-modified nucleotide sequence encoding for a polypeptide of substantially the same amino
acid sequence and/or function whereln said modified nucleotide sequence is derived from the
non-modified nuclectide sequence such that at feast one codon of the non-rodified
nucleotide sequence is replaced in the modified nuciestide sequence by a less frequently used

codon according to the codon usage of the host cell.

2. Method according to claim 1,

wherein said modified nuclectide sequence is derived from the non-modified nucleniide
sequence such that at least one codon of the nop-modified nucleotide seguence is replaced in
the modified nucleotide sequence by a less frequently used codon according to the codon

usage of abundant proteins of the host ceil.

3. Method aceording to claim | or 2,
wherein the start codon is replaced by a start codon which is less requently used in the host

organism.

4. Method according to any of claims 1, 2 or 3,
wherein the modified nucleotide sequence uses for each replaced amine acid the least

frequently used codon.

5. Method according to any of claims | 1o 4,
Jherein the host cell is selected from microorganisms, insect cells, plant cells or mammalian

cell culture systems.
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8. Method aceording to any of claims 1 1o 53,
comprising the step of expressing in Corynebacterium and preferably in Corynebacierium

ghawamicum a modified nucleotide sequence fnstead of a non-modified nuclentide sequence
which encodes for a polypeptide of substantially the same amino acid sequence and/or
function wherein said modified nucleotide sequence is derived from the non-modified
nucieotide sequence such that at least one codon of the non-modified nucleotide sequence is
replaced in the modified nuclectide sequence by a less freguently used codon according to the

codon usage of Coryuebacterium and preferably of C gluramicum.

7. Method according to claim 6,
wherein at feast one eodon of the non-modified nucleotide sequence is replaced in the
modified nuclectide sequence by one of the two least frequently used codons as set forth in

table 1.

5. Method according 1o claim 7,
wherein all codons of sald modified nucleotide sequence for each amino acid are selecied

from the codon usage of table 3,

9, Method according to any of claimsa 1 i0 5§,

comprising the step of expressing in Corynebacterium and preferably in Corvnebacterium
ghutamicion a modified nucleotide sequence instead of & non-modified nucleotide sequence
which encodes for a polypeptide of substantially the same amino acid sequence and/or
function wherein said modified nucleotide sequence is derived from the non-modified
nucientide sequence such that at least one codon of the non-modified nucleotide sequence is
replaced in the modified nuclectide sequence by a less frequently used codon according to the

codon usage of abundant proteins of Corynebacterium and preferabiy of O glutamicum.
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i, Method according to claim 9,
wherein at least one codon of the non-modified nucleotide sequence is replaced in the
modified nucleotide sequence by one of the two least frequenily used codons as set forth in

table 2.

Pl Method according to olaim 9 or 14,
wherein said modified nucleotide sequence uses the codons ACG for threonine, GAT for
aspartic acid, GAA for glntamic acid, AGA and AGG for argimne and/or TTG {or the stat

COaon,

12, Method according to any of claims %10 11,
wherein all codons of said modified nuclentide sequence for each amino acid are selected

from the codon usage of table 4,

13, Method according to any one of claims 6 to 12,

wherein the € glutanicwm strain ATCC 13032 or derivatives thereol 1s used.

14, Method according o any of claims 1o 13,

wherein the method is used to decrease expression of said polypeptide in the host cell by at
least 3%, 10U, 2096, 30%, 40%, S0%, 60%, 70%, 80%, 90% or 93%, with the extent of
reduction of expression being determined n comparison to the level of expression of the
polypeptide that is expressed from the non~modified nucleotide sequence under comparable

conditions.

15, A recombinant modified nucleotide seguence encoding for a polypeptide which allows
for reduced expression of said polypeptide in a host cell wherein the modified nucleotide
sequence is derived from a non~modified nucleotide sequence which encodes for a

polvpeptide of substantially the same amino acid sequence and/or function wherein said
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modified nucleotide sequence is derived from the endogenous nucieotide sequence such that
at least one eodon of the non-modified nucleotide sequence is replaced in the modified

nuclectide sequence by a less frequently used codon gecording 1o the codon usage of the host

16, Arecombinant modified nucleotide sequence according to claim 15,

wherein said modified nucleotide seguence is derived from the non-modified nuclectide
seguence such that at least one codon of the non-modified nucleotide sequence is replaced in
the moditied nucleotide sequence by g less frequently used codon according o the codon

usage of abundant proteins of the host cell,

7. A recombinant modified nucleotide sequence according to claim 15 or 18,
wherein the start codon is replaced by a start codon which s less frequently used in the host

organism.

P8 A recombinant modified nucleotide sequence according to claim 15, {6 or 17,
wherein the modified nucleotide sequence uses for each replaced amino acid the least

trequently used codon,

19, Arecombinant modified nucleotide sequence according to any of claims 15 to 18,
wherein at least one codon of the non-modified nuclectide sequence is replaced in the
moditied nucleotide sequence by a less frequently used codon with codon frequency being

determined for Corynebacterium and preferably of O glutamicum.

28, Arecombinant modified nucleotide sequence sccording to claim 19,
wherein at least one codon of the non-modified nucleotide sequence is replaced in the

modified nucleotide sequence by one of the two least frequently used codons of table 1,
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21 A recorubinant modified nucleotide sequence according to claim 20,
wherein all codons of satd modified nucleotide sequence for each amine acid are selected

from fable 3,

22. A recombinant modified nuclectide sequence according to any of claims 15 to 18,
wherein at least one codon of the nos-modified nucleotide sequence is replaced in the
modified nucleotide sequence by g less frequently used codon with codon frequency being

determined for the abundant proteins of Corynebacterium and preferably of glutamicum.

23, A recombinant modified mucleotide sequence according to claim 22,
wherein at least one codon of the non-modified nucleotide sequence is replaced in the

modified nucleotide sequence by one of the two least frequently used codons of table 2.

24, A recombinant modified nucleotide sequence aceording 1o claim 22 or 23,
wherein the modified nucleotide sequence uses the codons ACG for threonine, GAT for
aspartic acid, GAA for glutamic acid, AGA and AGG for arginine and/or TTG for the siart

codon.

25, A recombinant modified nucleotide sequence according 1o any of claims 22 o 24,

wherein all codons of the modified nucleotide sequence for cach aming acid are selected from

table 4.

26, A recombinant modified nuclestide sequence according to any of claims 15 to 25,
wheretn said non-modified nucleotide sequence is sefected from the group COMprising
nucleotide sequences encoding genes of blosynthetic pathways of fine chernicals such as
arning geids, aleohols, monomers for polymer synthests, sugars, lipids, oils, fatty acids or

vitaming with fine chemicals of the group comprising lyvsine, cysteine, methionine and
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threonine being preferred.

7. Avvector comprising a modified nucleotide sequence according to any of claims 15 1o

28, A host cell comprising a modified nuclestide sequence according to any of claims 18

to 26 or a vector according to claim 27,

29, Use of a nucleotide soquence according {0 any of claims 13 to 26 and/or a vecior
according to claim 27 and/or a host cell according to claim 28 for producing fine chemicals
such as aming acids, sugars, lipids, oils, fatty acids or vitamins with fine chemicals of the

group comprising lysine, cysteine, methiouine and threonine being preferved.
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Figure 1

Wild type gene sequence of isocitrate dehydrogenase (SEQ ID No. 1):

atggctaagatcatctggacccgcaccgacgaagcaccgectgectegegacctactegetgaageeggtegtegaggea
tttgctgctacecgegggecattgaggtegagacececgggacatttecactegetggacgecatectegeccagttececagag
cgcctcaccgaagatcagaaggtaggcaacgcactcgcagaactcggegagecttgetaagactectgaagcaaacate
attaagcttccaaacatctccgettcectgttecacagetcaaggetgetattaaggaactgecaggaccagggectacgac
atcccagaactgectgataacgccaccaccgacgaggaaaaagacatecctegcacgectacaacgetgttaagggttee
gctgtgaacccagtgctgcgtgaaggcaactctgacegecegegecaccaategetgtcaagaactttgttaagaagtte
ccacaccgcatgggcgagtggtctgecagatteccaagaccaacgttgcaaccatggatgcaaacgactteecgecacaac
gagaagtccatcatcectegacgetgetgatgaagttcagatcaagecacategecagetgacggcaccgagaccatcete
aaggacagcctcaagcttcttgaaggcgaagttctagacggaaccgttetgtecegecaaaggecactggacgeattectt
ctegagcaggtegectegegcaaaggcagaaggtatecctettetecocgecacacctgaaggecaccatgatgaaggtetee
gacccaatcatcttecggeccacgttgtgegegettacttegecagacgttttegecacagtacggtgagecagetgetegea
gctggectcaacggegaaaacggectegetgcaatectetecggettggagtcecectggacaacggegaagaaatcaag
gctgcattcgagaagggecttggaagacggeccagacctggeccatggttaactececgetegeggeatcaccaacctgeat
gtccettecgatgtecategtggacgettecatgecagecaatgattegtacctecggecacatgtggaacaaagacgac
caggagcaggacaccctggcaatcatcccagactectectacgetggegtetaccagaccgttatcgaagactgecge
aagaacggcgcattcgatccaaccaccatgggtaccgtcectaacgttggtectgatggectcagaaggctgaagagtac
ggctcccatgacaagaccttecgecatcgaagcagacggtgtggttcaggttgtttecteccaacggegacgttceteate
gagcacgacgttgaggcaaatgacatctggegtgcatgeccaggtcaaggatgeeccaatecaggattgggtaaagett
gctgtcaccegetecegteteteecggaatgectgecagtgttetggttggateccagagegegecacacgacegecaacctyg
gctteccetegttgagaagtacectggetgaccacgacaccgagggectggacatccagatecctecteccectgttgaggea
acccagctctccatcgaccgcateccgecgtggegaggacaccatctetgtcaccggtaacgttetgegtgactacaac
accgacctctteccaatcctggagetgggcacctetgecaaagatgetgtetgtegttectttgatggetggeggegga
ctgttcgagaccggtgectggtggatetgectectaagecacgteccagcaggttcaggaagaaaaccacctgegttgggat
tcecteggtgagtteoctegecactggetgagtecttecgecacgagetcaacaacaacggcaacaccaaggecggegtt
ctggetgacgetctggacaaggcaactgagaagctgetgaacgaagagaagtccccatecegecaaggttggegagate
gacaaccgtggctcccacttectggetgaccaagttctgggectgacgagetecgetgetcagaccgaggacgcagatcetg
gctgctaccttegecaccagtegecagaagcactgaacacaggegetgcagacatcgatgetgcactgetegecagttcag
ggtggagcaactgaccttggtggctactactceccctaacgaggagaagctcaccaacatcatgegcccagtegecacag
ttcaacgagatcgttgacgcactgaagaagtaa

SUBSTITUTE SHEET (RULE 26)
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Figure 2

a) Sequence of isocitrate dehydrogenase ATG-GTG (SEQ ID No. 2):

gtggctaagatcatetggaccegecaccgacgaagcaccgetgetegegacctactegetgaageeggtegtegaggea
tttgctgctaccgegggecattgaggtegagaccegggacatttcactegetggacgeatectegeccagtteccagag
cgcctcaccgaagatcagaaggtaggcaacgcactcgcagaactcggcgagcttgctaagactcctgaagcaaacatc
attaagcttecaaacatctecgettetgttcecacagetcaaggetgetattaaggaactgcaggaccagggctacgac
atcccagaactgcctgataacgccaccaccgacgaggaaaaagacatcctcgcacgctacaacgctgttaagggttcc
gctgtgaacccagtgctgegtgaaggcaactctgaccgecgegeaccaategetgtcaagaactttgttaagaagtte
ccacaccgcatgggcgagtggtetgcagattccaagaccaacgttgcaaccatggatgcaaacgactteecgecacaac
gagaagtccatecatectegacgetgetgatgaagttcagatcaagecacategecagetgacggecacegagaccatecte
aaggacagcctcaagcttcttgaaggegaagttctagacggaacegttetgteegecaaaggcactggacgecattectt
ctecgagecaggtcgetegegeaaaggcagaaggtatectettectecgcacacctgaaggecaccatgatgaaggtetee
gacccaatcatctteggecacgttgtgegegettacttegecagacgttttegecacagtacggtgagecagetgetegea
getggcectcaacggegaaaacggectegetgecaatectectecggettggagtecetggacaacggegaagaaatcaag
gctgcattecgagaagggettggaagacggcecccagacctggecatggttaactecgetegeggcatcaccaacctgeat
gteccctteecgatgtecategtggacgettecatgecagecaatgattegtacctecggecacatgtggaacaaagacgac
caggagcaggacaccctggcaatcatceccagactectectacgetggegtetaccagacegttatcgaagactgecge
aagaacggcgcattcgatccaaccaccatgggtaccgtecectaacgttggtetgatggetcagaaggetgaagagtac
ggctcccatgacaagaccttcegecatcgaagcagacggtgtggttcaggttgtttcctccaacggegacgttcteate
gagcacgacgttgaggcaaatgacatctggcgtgeatgecaggtecaaggatgececaatecaggattgggtaaagett
gctgtcaccegetcececgtetctecggaatgectgeagtgttetggttggatecagagegegecacacgacegeaacctg
gctteectegttgagaagtacctggetgaccacgacaccgagggectyggacatccagatectetecectgttgaggea
acccagetetecategacegeatecegeegtggegaggacaccatetetgtcaccggtaacgttetgegtgactacaac
accgacctcttecccaatcctggagetgggeacctetgeaaagatgetgtetgtegttectttgatggetggeggegga
ctgttegagaceggtgetggtggatectgetectaagcacgtccagecaggttcaggaagaaaaccacctgegttgggat
tcecteggtgagttectegecactggetgagtecttecgecacgagetcaacaacaacggcaacaccaaggeecggegtt
ctggctgacgectctggacaaggcaactgagaagetgetgaacgaagagaagtcecccatececgcaaggttggegagate
gacaaccgtggctcecacttetggetgaccaagttetgggetgacgagetegetgeteagacegaggacgeagatcetg

'gctgctaccttcgcaccagtcgcagaagcactgaacacaggcgctgcagacatcgatgctgcactgctcgcagttcag
ggtggagcaactgaccttggtggetactactecectaacgaggagaagctcaccaacatcatgegeccagtegeacag
ttcaacgagatcgttgacgcactgaagaagtaa

b) Sequence of insert used for pClik int sac ICD ATG_GTG (SEQ ID No. 3):

ctcgagegaagacctegecagattecgatattccaggaacegecatgatcgaaatccectcagatgacgatgecacttge
catcgagggaccttectecategatgtgaaatggetgeceecgecaacggecgecaagecacggtgaattgttgatggaaac
cctggecectccaccatgaagaaacagaagctgcagecaccteegaaggegaacttgtgtgggagactectgtgttete
cgccactggcgaacagatcacagaatccaacccacgttcaggcgactactactggattgetggegaaagtggtgtegt
gaccagcattcgtegatcectctagtgaaagagaaaggectcegaccgtteccaagtggeatteatggggtattggaaaca
cggcgtttccatgcggggetgaaactgecaccataggegeccagcaattagtagaacactgtattectaggtagetgaac
aaaagagcccatcaaccaaggagactcgtggcetaagatcatctggacccgcacegacgaagcaccgetgetegegace
tactcgetgaagecggtegtegaggeatttgetgetacegegggecattgaggtecgagacececgggacatttcacteget
ggacgcatcctogoccagtteccagagegecteaccgaagatcagaaggtaggcaacgcactegecagaacteggegag
cttgctaagactcctgaagcaaacatcattaagettccaaacateteegettetgttecacagetcaaggetgetatt
aaggaactgcaggaccagggctacgacatcccagaactgcctgataacgeccaccaccgacgaggaaaaagacatecte
gcacgctacaacgctgttaagggttecgectgtgaacccagtgetgegtgaaggcaactctgacecgecgegeaccaate
gctgtcaagaactttgttaagaagttcccacaccgcatgggcgagtggtctgcagattccacgcgt

SUBSTITUTE SHEET (RULE 26)
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Sequence of isocitrate dehydrogenase CA2 (SEQ ID No. 4):

atggctaagatcatctggacccgcaccgacgaagcaccgctgctcgcgacctactcgctgaagccggtcgtcgaggca
tttgctgctaccgcggggatagaggtcgagacccgggacatttcactcgctggacgcatcctcgcccagttcccagag
cgcctcaccgaagatcagaaggtaggcaacgcactcgcagaactcggcgagcttgctaagactcctgaagcaaacatc
attaagcttccaaacatctccgcttctgttccacagctcaaggctgctattaaggaactgcaggaccagggctacgac
atcccagaactgcctgataacgccaccaccgacgaggaaaaagacatcctcgcacgctacaacgctgttaagggttcc
gctgtgaacccagtgctgcgtgaaggcaactctgaccgccgcgcaccaatcgctgtcaagaactttgttaagaagttc
ccacaccgcatgggcgagtggtctgcagattccaagaccaacgttgcaaccatggatgcaaacgacttccgccacaac
gagaagtccatcatcctcgacgctgctgatgaagttcagatcaagcacatcgcagctgacggcaccgagaccatcctc
aaggacagcctcaagcttcttgaaggcgaagttctagacggaaccgttctgtccgcaaaggcactggacgcattcctt
ctcgagcaggtcgctcgcgcaaaggcagaaggtatcctcttctccgcacacctgaaggccaccatgatgaaggtctcc
gacccaatcatcttcggccacgttgtgcgcgcttacttcgcagacgttttcgcacagtacggtgagcagctgctcgca
gctggcctcaacggcgaaaacggcctcgctgcaatcctctccggcttggagtccctggacaacggcgaagaaatcaag
gctgcattcgagaagggcttggaagacggcccagacctggccatggttaactccgctcgcggcatcaccaacctgcat
gtcccttccgatgtcatcgtggacgcttccatgccagcaatgattcgtacctccggccacatgtggaacaaagacgac
caggagcaggacaccctggcaatcatcccagactcctcctacgctggcgtctaccagaccgttatcgaagactgccgc
aagaacggcgcattcgatccaaccaccatgggtaccgtccctaacgttggtctgatggctcagaaggctgaagagtac
ggctcccatgacaagaccttccgcatcgaagcagacggtgtggttcaggttgtttcctccaacggcgacgttctcatc
gagcacgacgttgaggcaaatgacatctggcgtgcatgccaggtcaaggatgccccaatccaggattgggtaaagctt
gctgtcacccgctcccgtctctccggaatgcctgcagtgttctggttggatccagagcgcgcacacgaccgcaacctg
gcttccctcgttgagaagtacctggctgaccacgacaccgagggcctggacatccagatcctctcccctgttgaggca
acccagctctccatcgaccgcatccgccgtggcgaggacaccatctctgtcaccggtaacgttctgcgtgactacaac
accgacctcttcccaatcctggagctgggcacctctgcaaagatgctgtctgtcgttcctttgatggctggcggcgga
ctgttcgagaccggtgctggtggatctgctcctaagcacgtccagcaggttcaggaagaaaaccacctgcgttgggat
tccctcggtgagttcctcgcactggctgagtccttccgccacgagctcaacaacaacggcaacaccaaggccggcgtt
ctggctgacgctctggacaaggcaactgagaagctgctgaacgaagagaagtccccatcccgcaaggttggcgagatc
gacaaccgtggctcccacttctggctgaccaagttctgggctgacgagctcgctgctcagaccgaggacgcagatctg
gctgctaccttcgcaccagtcgcagaagcactgaacacaggcgctgcagacatcgatgctgcactgctcgcagttcag
ggtggagcaactgaccttggtggctactactcccctaacgaggagaagctcaccaacatcatgcgcccagtcgcacag
ttcaacgagatcgttgacgcactgaagaagtaa

b) Sequence of insert used for pClik int sac ICD CA2 (SEQ ID No. 5):

ctcgagcgaagacctcgcagattccgatattccaggaaccgccatgatcgaaatcccctcagatgacgatgcacttgc
catcgagggaccttcctccatcgatgtgaaatggctgccccgcaacggccgcaagcacggtgaattgttgatggaaac
cctggccctccaccatgaagaaacagaagctgcagccacctccgaaggcgaacttgtgtgggagactcctgtgttctc
cgccactggcgaacagatcacagaatccaacccacgttcaggcgactactactggattgctggcgaaagtggtgtcgt
gaccagcattcgtcgatctctagtgaaagagaaaggcctcgaccgttcccaagtggcattcatggggtattggaaaca
cggcgtttccatgcggggctgaaactgccaccataggcgccagcaattagtagaacactgtattctaggtagctgaac
aaaagagcccatcaaccaaggagactcatggctaagatcatctggacccgcaccgacgaagcaccgctgctcgcgacc
tactcgctgaagccggtcgtcgaggcatttgctgctaccgcggggatagaggtcgagacccgggacatttcactcgct
ggacgcatcctcgcccagttcccagagcgcctcaccgaagatcagaaggtaggcaacgcactcgcagaactcggcgag
cttgctaagactcctgaagcaaacatcattaagcttccaaacatctccgcttctgttccacagctcaaggctgctatt
aaggaactgcaggaccagggctacgacatcccagaactgcctgataacgccaccaccgacgaggaaaaagacatcctc
gcacgctacaacgctgttaagggttccgctgtgaacccagtgctgcgtgaaggcaactctgaccgccgcgcaccaatc
gctgtcaagaactttgttaagaagttcccacaccgcatgggcgagtggtctgcagattccacgcgt
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FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

Continuation of Box II.2

Claims Nos.: 15-29 (partially)

Present claims 15-29 relate to nucleotide sequences that are defined
only in that they are modified versions of other nucleotide sequences,
in which codon usage has been altered. This definition gives rise to a
huge number of possible nucleotide sequences that are not characterized
by any structural features whatsoever.

This non-compliance with the substantive provisions is to such an
extent, that the search was performed taking into consideration the
non-compliance in determining the extent of the search of the claim (PCT
Guidelines 9.19 and 9.20).

The search of claims 15-29 was consequently restricted to the only
nucleotide sequences that have been identified in the application as
being recombinant modified nucleotide sequences, wherein the codon usage
ha§ been modified, namely the sequences SEQ ID NO 2, 4 and 17 (p.69 and
76).

The applicant’s attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.2),
should the problems which led to the Article 17(2)PCT declaration be
overcome.
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BoxNo.H Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. l:l Claims Nos.: .
because they relate to subject matter not required to be searched by this Authority, namely:

2. [X] ciaims Nos. 15-29 (partially)

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. ]:] Claims Nos.:
because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers allsearchabie
claims.

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search reportcovers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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