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Field of the invention

The present invention relates to increasing the production of aspartate or aspartate-
derived metabolites by boosting the activity of the glyoxylate shunt. This is accomplished
by increasing the activity of glyoxylate shunt specific enzymes and decreasing the activity
of reactions consuming glyoxylate and its precursors.

Prior art

Amino acids and their derivatives are important precursors in the pharmaceutical
industry and added to a wide variety of food and feed as supplements. Several amino acids,
such as glutamate, lysine and threonine are produced using their natural biosynthetic
pathways. In natural amino acid biosynthesis the amino acid aspartate serves as the
precursor for the production of other amino acids, such as lysine, threonine, isoleucine and
methionine. Aspartate is produced from oxaloacetate, which is a central metabolite of the
citric acid cycle. Oxaloacetate can be transformed into a molecule of citrate by accepting a
molecule of acetyl-CoA, a reaction that is part of the citrate cycle or it can leave the citrate
cycle via a transamination reaction that yields aspartate. In the citrate cycle oxaloacetate
fulfils a pure acceptor role and is regenerated during a round of the cycle. Keeping the
oxaloacetate pool at a constant level is thus a prerequisite for sufficient citrate cycle
activity, which in turn is important for the cellular energy balance. Therefore oxaloacetate
that is withdrawn from the cycle needs to be replenished. In E. coli this is accomplished by
several different reactions known as anaplerotic pathways. If E. coli grows on glucose in a
synthetic minimal medium, most of the oxaloacetate required is produced by carboxylation
of phosphoenol pyruvate (PEP), a reaction catalyzed by PEP carboxylase (Kay et al.,
PNAS 1999, 96, 823-28 and references therein). If the carbon source is acetate,
oxaloacetate is produced via the glyoxylate cycle (Tricarboxylic acid cycle and glyoxylate
bypass, reviewed in Neidhardt, F. C. (Ed. in Chief), R. Curtiss III, J. L. Ingraham, E. C. C.
Lin, K. B. Low, B. Magasanik, W. S. Reznikoff, M. Riley, M. Schaechter, and H. E.
Umbarger (eds). 1996. Escherichia coli and Salmonella: Cellular and Molecular Biology.
American Society for Microbiology). In this cycle isocitrate is cleaved into succinate and
glyoxylate, a reaction that is catalyzed by isocitrate lyase, encoded by the aceA gene.
Succinate directly enters the citric acid cycle and is converted into oxaloacetate.
Glyoxylate is converted into malate by incorporating a molecule of acetyl-CoA derived
from acetate (sce fig. 1), a reaction catalyzed by the enzyme, malate synthase, encoded by
aceB. Malate also enters the citrate cycle and is converted into oxaloacetate. Thus another
oxaloacetate molecule is generated and can leave the citric acid cycle to be transformed
into aspartate.
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The entry of carbon into the glyoxylate shunt is regulated on the transcriptional and
posttranscriptional level. Transcriptional regulation is exerted on the aceBAK operon by
the IclR repressor. AceBAK encode malate synthase, isocitrate lyase and isocitrate
kinase/phosphatase, respectively. The ic/R gene is negatively autoregulated and activated
by the FadR protein. The activity of isocitrate dehydrogenase, encoded by the icd gene, is
regulated posttranscriptionally. Isocitrate dehydrogenase and isocitrate lyase compete for
the common substrate isocitrate. Since the K, value for isocitrate is significantly higher for
the isocitrate lyase reaction, the entry into the glyoxylate pathway depends in part on the
regulation of the isocitrate dehydrogenase enzyme. Isocitrate dehydrogenase activity is
modulated by its phosphorylation or dephosphorylation catalyzed by AceK.
Phosphorylation reduces the activity of Icd and dephosphorylation reactivates the Icd
enzyme. If AceK acts as kinase or phosphatase depends on the presence of several
metabolites. Depletion of isocitrate and 3-phosphoglycerate stimulates kinase activity; the
presence of pyruvate and AMP inhibits the kinase function thus favoring the phosphatase
activity (see also Neidhard).

A strong production of aspartate is a prerequisite for the industrial production of
aspartate-derived amino acids. In E. coli this has been accomplished by increasing PEP
carboxylase activity by expressing feed-back desensitized PEP carboxylase enzymes
(Patent EP0723011B1 by Ajinomoto) or heterologous pyruvate carboxylases (patent
US6455284). In addition, the deletion of oxaloacetate or malate consuming enzymes, such
as pyruvate carboxykinase, encoded by the pck gene, or the malic enzymes encoded by
sfcA and maeB, is important for the production of aspartate derived metabolites. An
increase of glyoxylate shunt activity has been shown to be beneficial for the production of
succinate (Lin, H., Bennett, G. N. San, K-Y. 2005, Biotechnol and Bioeng 89, 148-156).
Here we demonstrate that an increase in the activity of the glyoxylate shunt specific
enzymes together with a decrease in the consumption of glyoxylate and its precursors can
boost the production of aspartate-derived metabolites.

Summary of the invention

The invention is based on the discovery that an increase in the activity of the
glyoxylate shunt can boost the production of aspartate and aspartate-derived metabolites.
Thus the invention relates to optimizing a method for the production of aspartate or
aspartate-derived metabolites by up-regulating the activity of the glyoxylate shunt and/or
decreasing isocitrate dehydrogenase activity. This can be accomplished by directly
overexpressing the activity of the enzymes isocitrate lyase and malate synthase, by
decreasing their repression through the attenuation, preferentially deletion of the gene ic/R,
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or through the deletion of fadR. A further increase in the production of aspartate or its
derivatives can be achieved by reducing the consumption of glyoxylate and its precursors.

Thus the invention concerns a method for the production of aspartate or its
derivatives by culture of a microorganism in an appropriate culture medium and recovery
of the aspartate derivative from the culture medium, wherein the microorganism is
transformed to enhance the activity of the glyoxylate shunt.

The invention further relates to microorganisms, preferentially enterobacteriaceae,
coryneform bacteria or yeast, into which the aforementioned modifications were
integrated. Finally the invention describes a method for the fermentative production and
purification of aspartate and its derivatives using microorganisms with the described
properties, comprising

a) Fermentation of the microorganism producing the desired metabolite

b) Concentration of the desired product in the cells of the bacteria or in the
medium and

c) Isolation of the desired metabolite/ constituents of the fermentation broth

and/or the biomass optionally remaining in portions or in the total amount (0-100%) in the
end product.

Detailed description of the invention

According to the present invention, “aspartate derived metabolites” or “aspartate
derivatives” means any compounds or products synthesized/produced by a microorganism
using aspartate as substrate or co-substrate upstream in the biosynthesis pathway. Preferred
“aspartate derived metabolites” or “aspartate derivatives” are selected among the amino
acids lysine, threonine, isoleucine and methionine, preferably methionine.

Aspartate-derived metabolites, especially the amino acids lysine, threonine and
methionine are produced in industrial scale and mainly used in the nutrition of animals and
in pharmaceutical applications. Difficult to synthesize chemically as pure L-stereoisomers,
some of these amino acids are produced more economically by fermentation. This requires
strong production of aspartate and thus a strong efflux of the acceptor molecule
oxaloacetate from the citric acid cycle. To counteract the efflux of this acceptor C4
dicarboxylic acid, the oxaloacetate pool needs to be replenished via anaplerotic reactions.

The object of this invention is thus an innovative way to increase the production of
oxaloacetate that in tum can leave the citric acid cycle and be transaminated to aspartate.
This is accomplished by (i) increasing the activity of the glyoxylate pathway specific
enzymes AceA and AceB, (ii) decreasing the activity of isocitrate dehydrogenase that
competes with the first enzyme of the glyoxylate shunt, isocitrate lyase, for the substrate
isocitrate and (iii) by reducing glyoxylate consuming reactions.
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The glyoxylate shunt is an anaplerotic pathway that diverges from the citric acid
cycle. In the glyoxylate shunt the common substrate isocitrate is converted into glyoxylate
and succinate, a reaction catalyzed by isocitrate lyase encoded by the aceA gene. In the
second reaction of the glyoxylate cycle glyoxylate is transformed into malate using acetyl-
CoA, a reaction catalyzed by malate synthase, encoded by the aceB gene. Entry into the
glyoxylate shunt is regulated on the transcriptional level by the transcription factor IcIR
that represses the aceBAK operon and by regulating the enzymatic activity of isocitrate
dehydrogenase, encoded by the icd gene, via phosphorylation. The corresponding kinase/
phosphatase is encoded by the aceK gene.

Object of the invention is the increased expression, especially overexpression of the
glyoxylate pathway specific enzymes, isocitrate lyase and malate synthase. For this
purpose the corresponding genes aceA and aceB may be encoded chromosomally or
extrachromosomally. Chromosomally there may be one or several copies on the genome
that can be introduced by methods of recombination known to the expert in the field.
Extrachromosomally genes may be carried by different types of plasmids that differ with
respect to their origin of replication and thus their copy number in the cell. They may be
present as 1-5 copies, ca 20 or up to 500 copies corresponding to low copy number
plasmids with tight replication (pSC101, RK2), low copy number plasmids (pACYC,
pRSF1010) or high copy number plasmids (pSK bluescript II).

The genes aceA and aceB may be expressed using promoters with different
strength that need or need not to be induced by inducer molecules. Examples are the
promoters Ptrc, Ptac, Plac, the lambda promoter cI or other promoters known to the expert
in the field.

Expression of the two genes may be boosted or reduced by elements stabilizing or
destabilizing the corresponding messenger RNA (Carrier and Keasling (1998) Biotechnol.
Prog. 15, 58-64) or the protein (e.g. GST tags, Amersham Biosciences)

The present invention also relates to microorganisms that contain one or several
alleles encoding isocitrate dehydrogenase and/or malate synthase according to the
invention.

Such strains are characterized by the fact that they possess a carbon metabolism
that permits the increased synthesis of oxaloacetate.

In another embodiment of the invention an increase in isocitrate lyase and malate
synthase activity is achieved by attenuating the expression of the gene ic/R encoding a
repressor of the aceBAK operon. Attenuation is defined as the reduced expression obtained
by decreasing the force of the proper promoter or introducing artificial promoters upstream
of icIR, or possibly as the complete elimination of the ic/R gene.
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In another object of the invention the activity of isocitrate lyase and malate
synthase are increased by attenuating, or preferentially eliminating the activation of ic/R
transcription through FadR. This may be accomplished by attenuating, preferentially
eliminating the expression of FadR or by deleting the binding sites of FadR in the ic/R
promoter.

In another embodiment of the invention the activity of isocitrate dehydrogenase that
competes with isocitrate lyase for substrate is attenuated. This can be accomplished by
introducing artificial promoters that drive the expression of the icd gene or possibly by
introducing mutations into the Icd enzyme that reduce its activity. Since the activity of Icd
is reduced by phosphorylation it may also be controlled by introducing mutant aceK genes
that have increased kinase activity or reduced phosphatase activity compared to the
wildtype AceK enzyme.

In another preferred embodiment of the invention the production of oxaloacetate
and thus aspartate and its derived metabolites is further increased by attenuating the
expression of genes involved in the consumption of glyoxylate, such as the gene gcl,
encoding glyoxylate carboligase or eda encoding 2-keto 3-deoxygluconate 6-phosphate
aldolase (Vlahos & Dekker (1986) JBC 261, pp. 11049-11055).

A further increase of the production of aspartate and aspartate-derived metabolites
is obtained by increasing the expression, preferentially by overexpressing other genes that
are involved in the production of aspartate or its precursor oxaloacetate. These are the
genes by preference ppc, encoding phosphoenol pyruvate (PEP) carboxylase and /or
pyruvate carboxylase (pyc). In a preferential application of the invention the PEP
carboxylase may not be feed-back inhibited by aspartate. The expressed pyruvate
carboxylase enzyme may be insensible to feed-back inhibition by aspartate and not require
activation by acetyl-phosphate.

To reduce futile cycling between C4 and C3 metabolites the activity of the enzyme
phosphoenolpyruvate carboxykinase, encoded by the pck gene, may be attenuated,
preferentially deleted. Additional mutations that reduce the activity of acetate kinase and
phosphotransacetylase encoded by the pfa-ackA operon may allow the strain to regain
vitality. Attenuating the activity of the malic enzyme encoded by sfcA may also reduce
futile cycling.

Expressing higher levels of aspC encoding aspartate aminotransferase may also
increase aspartate production.

To further increase the production of aspartate the following genes encoding
enzymes involved in the transformation of aspartate may be attenuated:

aspA encoding aspartase
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purC encoding SAICAR synthase

purA encoding adenylosuccinate synthase

pyrB, pyrL encoding aspartate carbamoyl transferase
asnA encoding aspartate ammonia ligase

asnB encoding asparagine synthetase B

argG encoding argininosuccinate synthase

panB encoding aspartate decarboxylase

nadB aspartate oxidase

araT encoding aromatic-amino-acid: 2-oxoglutarate aminotransferase

Another embodiment of the invention describes the fermentative production of
aspartate or one of its derived metabolites, in particular methionine, based on a strain
incorporating the mutations described above. In this method the production strain is
fermented under industrial conditions that are known to the expert in the field. After the
fermentation the desired aspartate derived metabolite can be present inside the cells or in
the fermentation broth. The invention comprises also a method for the isolation of the
desired metabolite that is known to the expert in the field. In a specific embodiment
constituents or biomass from 0 to 100 percent of the fermentation broth may be retained
during the preparation of the desired product.

A microorganism that is optimized for the production of aspartate-derived
metabolites that harbors the modifications described above is also object of the invention.
This microorganism is preferentially yeast, a Corynebacterium or Enterobacterium. Here
we have described and exemplified the application for an Escherichia coli strain. This,
however, does not exclude similar applications in other microorganisms.

Brief description of the figures

Figure 1 shows the Citrate and Glyoxylate cycle. Shown are the major reactions of
the two metabolic pathways including metabolites and genes encoding the relevant enzyme
activities.

Examples:

1 Construction of strains with increased activity in the glyoxylate cycle

MG1655 metA*11 AmetJ AfadR (pME101-thrA*1)

To delete the fadR gene the homologous recombination strategy described by
Datsenko & Wanner (2000) was used. This strategy allows the insertion of a
chloramphenicol or a kanamycin resistance cassette, while deleting the gene completely or
in part. For this purpose the following oligonucleotides were used:

DfadRF (SEQ ID NO 1)
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ggcgcaaagcccggegggtticgcggaagagtacattattgaaagtatctggaataaccgceticecteccecgggactattTGT
AGGCTGGAGCTGCTTCG

with

- aregion (lower case) homologous to the sequence (1234172-1234251) of the gene
fadR (reference sequence on the website http://genolist.pasteur. fi/Colibry/),

- a region (upper case) for the amplification of the chloramphenicol resistance
cassette (reference sequence in Datsenko, K.A. & Wanner, B.L., 2000, PNAS, 97: 6640-
6645),

DfadRR (SEQ ID NO 2))

cccctgaatggcetaaatcacccggeagatttitetgeatceggtgecaaatctegecactetcatgeccatagegacgC
ATATGAATATCCTCCTTAG

with

- aregion (lower case) homologous to the sequence (1234874-1234795) of the gene
fadR (reference sequence on the website http://genolist.pasteur. fr/Colibri/),

- a region (upper case) for the amplification of the chloramphenicol resistance
cassette,

The oligonucleotides DfadRF and DfadRR were used to amplify the
chloramphenicol resistance cassette from the plasmid pKD3. The PCR product obtained
was then introduced by electroporation into the strain MG1655 (pKD46), in which the Red
recombinase enzyme expressed permitted the homologous recombination.
Chloramphenicol resistant transformants were selected and the insertion of the resistance
cassette verified by a PCR analysis with the oligonucleotides fadRF and fadRR defined
below. The strain retained was designated MG1655 AfadR::Cm

fadRF (SEQ ID NO 3) : ccggggagcagcgggtagcatticagggee (homologous to the
sequence from 12323741 to 1233770).

fadRR (SEQ ID NO 4) : cgccggttccgactggetggaaacgetge (homologous to the
sequence from 1235176 to 1235348).

To boost methionine biosynthesis the mefJ gene encoding the methionine repressor
was deleted and feedback resistant mutants of metA (metA*11) were introduced into the
Amet] mutant. These constructions have been described in patent application PCT
IB2004/001901. The strain retained was designated MG 1655 metA*11 Amet].

To transfer the deletion AfadR::Cm into the strain MG1655 metd*11 Amet], the
method of phage P1 transduction was used. The protocol followed was implemented in 2
steps with the preparation of the phage lysate of the strain MG1655 AfadR::Cm and the
subsequent transduction into strain MG1655 met4d*11 Amet).

Preparation of phage lysate P1:
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- Inoculation with 100 pl of an overnight culture of the strain MG1655
AfadR::Cm of 10 ml of LB + Km 50 pg/ml + glucose 0.2% + CaCl, 5 mM.

- Incubation for 30 min at 37°C with shaking.

- Addition of 100 pl of phage lysate P1 prepared on the strain MG1655
(about 1.10° phage/ml)

- Shaking at 37°C for 3 hours until all the cells were lysed.

- Addition of 200 pl chloroform and vortexing.

- Centrifugation for 10 min at 4500 g to eliminate cell debris.

- Transfer of supernatant to a sterile tube and addition of 200 pl chloroform.

- Storage of lysate at 4°C.

Transduction

- Centrifuging for 10 min at 1500 g of 5 ml of an overnight culture of the
strain MG1655 metd*11 Amet] in LB medium.

- Suspension of the cell pellet in 2.5 ml of 10 mM MgSQO4, 5 mM CaCl,

- Control tubes: 100 pl cells

100 pl phages P1 of strain MG1655 (AfadR::Cm)

- Test tube: 100 pl of cells + 100 pl of phages P1 of the strain MG1655
(AfadR::.Cm)

- Incubation for 30 min at 30°C without shaking.

- Addition of 100 pl of 1 M sodium citrate in each tube and vortexing.

- Addition of 1 ml of LB

- Incubation for 1 hour at 37°C with shaking

- Spreading on dishes LB + Km 50 pg/ml after centrifuging of tubes for 3 min
at 7000 rpm.

- Incubation at 37°C overnight.

Verification of the strain

Chloramphenicol resistant transformants were then selected and the deletion of the
gene (AfadR::Cm) was verified by PCR analysis with the oligonucleotides fadRF and
fadRR. The strain retained was designated MG1655 metA*11 Amet] AfadR::Cm.

The chloramphenicol resistance cassette can then be eliminated. The plasmid
pCP20 carrying FLP recombinase acting at the FRT sites of the chloramphenicol resistance
cassette was introduced into the recombinant strain by electroporation. Afier a series of
cultures at 42°C, the loss of the chloramphenicol resistance cassette was verified by PCR
analysis with the same oligonucleotides as used previously (fadRF and fadRR). The strain
retained is designated MG 1655 metdA*11 Amet] AfadR.
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To further boost the production of homoserine the aspartokinase/homoserine a
thrA* allele with reduced feed-back resistance to threonine is expressed from the plasmid
pCL1920 (Lerner & Inouye, 1990, NAR 18, 15 p 4631) using the promoter Ptrc. For the
construction of plasmid pME101-thrA*1 thrA was PCR amplified from genomic DNA
using the following oligonucleotides:

BspH1thrA (SEQ ID NO 5): ttaTCATGAgagtgttgaagttcggcggtacatcagtgge

SmalthrA (SEQ ID NO 6): ttaCCCGGGcecegecgecccgageacatcaaacccgacge

The PCR amplified fragment is cut with the restriction enzymes BspHI and Smal
and cloned into the Ncol / Smal sites of the vector pTRC99A (Stratagene). For the
expression from a low copy vector the plasmid pME101 is constructed as follows. The
plasmid pCL1920 is PCR amplified using the oligonucleotides PME101F and PME101R
and the BstZ171-Xmnl fragment from the vector pTRC99A harboring the /acl gene and the
Ptrc promoter is inserted into the amplified vector. The resulting vector and the vector
harboring the thrA gene are restricted by Apal and Smal and the thrA containing fragment
is cloned into the vector pME101. To relieve ThrA from feed-back inhibition the mutation
F318S is introduced by site-directed mutagenesis (Stratagene) using the oligonucleotides
ThrAF F318S for and ThrAR F318S, resulting in the vector pME101-thrA*1.

PME101F (SEQ ID NO 7): Ccgacagtaagacgggtaagcctg

PME101R (SEQ ID NO 8): Agcttagtaaagccctcgetag

ThrAF F318S (Smal) (SEQ ID NO 9):

Ccaatctgaataacatggcaatgtecagcegtttctggeecggg

ThrAR F318S (Smal) (SEQ ID NO 10):

Cccgggccagaaacgetggacattgecatgttattcagattgg

The plasmid pME101-tArA*1was then introduced into the strain MG1655 met4 *11
Amet] AfadR::Cm, yielding MG1655 metA*11 Amet] AfadR (pME101-thrA*1).

MG1655 metA*11 Ametd AicIR (pME101-thrA*1).

The icIR gene deletion was introduced in the MG1655 metd*11 Amet] strain using
the strategy described by Datsenko and Wanner (see above) with the following
oligonucleotides:

DiclF (SEQ ID NO 11):

Cgcacccattcccgecgaaacgeggecagaaaaccegecgttgeccaccgeaccagegactggacaggttcagtctitaacge
gTGTAGGCTGGAGCTGCTTCG

with

- aregion (lower case) homologous to the sequence (4221202-4221120) of the gene
icIR (reference sequence on the website http://genolist.pasteur. fi/Colibri/),
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- a region (upper case) for the amplification of the kanamycin resistance cassette
(reference sequence in Datsenko, K.A. & Wanner, B.L., 2000, PNAS, 97: 6640-6645),

DicIR (SEQ ID NO 12):

gegceattccaccgtacgecagegteacttcettcgecgctttaatcaccatcgegecaaacteggtcacgeggtcateg
gCATATGAATATCCTCCTTAG

with

- aregion (lower case) homologous to the sequence (4220386-4220465) of the gene
icIR (reference sequence on the website http://genolist.pasteur. ft/Colibri/)),

- a region (upper case) for the amplification of the kanamycin resistance cassette,

The oligonucleotides DiclF and DiclR were used to amplify the kanamycin
resistance cassette from the plasmid pKD4. The PCR product obtained was then introduced
by electroporation into the strain MG1655 metA*11 Amef] (pKD46). Kanamycin resistant
transformants were selected and the insertion of the resistance cassette verified by PCR
using the oligonucleotides iclF and iclR defined below. The strain retained is designated
MG1655 metA*11 Amet) AicIR::Km

IclF (SEQ ID NO 13) : cctttgaggtcgcatggccagtcgge (homologous to the sequence
from 4221558 to 4221533).

iclR (SEQ ID NO 14) : gctitttaatagaggcgtcgecagetecttgee (homologous to the
sequence from 4219917 to 4219949).

The pME101-thrA*1 plasmid was then introduced in the strain MG1655 metA*11
Amet] AicIR::Km.

The kanamycin resistance cassette was eliminated using the strategy described
above. The loss of the kanamycin resistance cassette was verified by a PCR analysis with
the same oligonucleotides as those used previously (iclF and icIR).

The strain retained is designated MG1655 metA*11 AmetJ AiclR.

MG1655 metA*11 Ametd AfadR AicIR (pME101-thrA*1)

The deletion AfadR::Cm was transferred into the strain MG1655 metA*11 Amet]
AiclR::Km by P1 phage transduction as previously described using the phage lysate of the
strain MG1655 AfadR::Cm.

Chloramphenicol and at the same time kanamycin resistant transformants were
selected and the deletions Aic/lR:Km and AfadR::Cm verified by PCR with the
oligonucleotides fadRF, fadRR and iclF, icIR. The strain retained was designated MG1655
metA*11 Amet] AfadR::Cm AicIR::Km.

The plasmid pME101-thrA*1 was then introduced in the strain MG1655 metA*11
Amet] AfadR::Cm AicIR::Km.
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The kanamycin and chloramphenicol resistance cassettes were eliminated and their
loss verified by PCR analysis with the same oligonucleotides as those used previously
(fadF, fadR and iclF, icIR). The strain retained was designated MG1655 metA*11 Amet]
AfadR AiclIR. Subsequently the plasmid pME101-thrA*1 was introduced giving the strain
MG1655 metA*11 Amet] AfadR AiclR (pME101-thrA*1).

MG1655 metA*11 Ametd AicIR Agcl (pME101-thrA*1)

The MG1655 Agcl::Km was constructed using the method of Datsenko and Wanner
as described with the following oligonucleotides :

DgclF (SEQ ID NO 15):

ggcaaaaatgagagccgttgacgcggceaatgtatgtgctggagaaagaaggtatcactaccgecticggtgttccgggage T
GTAGGCTGGAGCTGCTTCG

with

- a region (lower case) homologous to the sequence (533142-533222) of the region
of the gene gcl (reference sequence on the website http://genolist pasteur. fit/Colibri/),

- a region (upper case) for the amplification of the kanamycin resistance cassette
(reference sequence in Datsenko, K.A. & Wanner, B.L., 2000, PNAS, 97: 6640-6645),

DgipR (SEQ ID NO 16)

gcgttacgttitaacggtacggatccatccagegtaaaccggcttcegtggtggtitggggtttataticacacccaacccCATA
TGAATATCCTCCTTAG

with

- a region (lower case) homologous to the sequence (535720-535640) of the region
of the gene gcl (reference sequence on the website hitip://genolist.pasteur. fi/Colibri/),

- aregion (upper case) for the amplification of the kanamycin resistance cassette,

The oligonucleotides DgclF and DgipR were used to amplify the kanamycin
resistance cassette from the plasmid pKD4. The PCR product obtained is then introduced
by electroporation into the strain MG1655 (pKD46). Kanamycin resistant transformants
were selected and the insertion of the resistance cassette was verified by PCR with the
oligonucleotides gclF and gipR defined below. The strain retained was designated
MG1655 Agel::Km.

gclF (SEQ ID NO 17) : ggatatgcccaccttgetgaagg (homologous to the sequence from

532795 to 532817).
gipR (SEQ ID NO 18) : cgcttagtttcaatcggggaaatgg (homologous to the sequence from

536114 to 536090).
The deletion of Agcl::Km was transduced into strain MG1655 metA*11 Amet]
AiclR using a phage P1 lysate of the strain MG1655 Agcl::Km
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Kanamycin resistant transformants were selected and the deletion of the gene
(Agcl::Km) was verified by PCR with the oligonucleotides gclF and gipR (defined above).
The strain retained was designated MG1655 metA*11 Amet) AiclR Agcl::Km.

The plasmid pME101-thrA*1 was then introduced in the strain MG1655 metA*11
Amet] AiclR Agcl::Km.

The kanamycin resistance cassette was eliminated as described and its loss verified
by PCR with the oligonucleotides gclF and gipR (see above). The strain retained was
designated MG 1655 metA*11 Amet] AicIR Agcl.

MG1655 metA*11 Ametd AicIR Aedd-eda (pME101-thrA*1)

The MG1655 Aedd-eda::Km was constructed using the method of Datsenko &
Wanner as described with the following oligonucleotides :

DeddF (SEQ ID NO 19)
CgcgcgagactcgctetgettatctcgeccggatagaacaagecgaaaacticgaccgticategticgcagtiggeatgeggT

GTAGGCTGGAGCTGCTTCG

with

- a region (lower case) homologous to the sequence (1932582-1932499) of the
region of the genes edd-eda (reference sequence on the  website
http//genolist. pasteur. fi/Colibri),

- a region (upper case) for the amplification of the kanamycin resistance cassette
(reference sequence in Datsenko, K.A. & Wanner, B.L., 2000, PNAS, 97: 6640-6645),

DedaR (SEQ ID NO 20)

gcttagegcecttctacagcticacgegecagcttagtaatgeggtegtaatcgeccgcticcagegeatctgeccggaaccCAT
ATGAATATCCTCCTTAG

with

- a region (lower case) homologous to the sequence (1930144-1930223) of the
region of the genes edd-eda (reference sequence on the  website
http://genolist.pasteur. fi/Colibri/),

- a region (upper case) for the amplification of the kanamycin resistance cassette,

The oligonucleotides DeddF and DedaR were used to amplify the kanamycin
resistance cassette from the plasmid pKD4. The PCR product obtained was then introduced
by electroporation into the strain MG1655 metA*11 (pKD46). Kanamycin resistant
transformants were then selected and the insertion of the resistance cassette was verified by
PCR analysis with the oligonucleotides eddF and edaR defined below. The strain retained
was designated MG1655 metA*11 Aedd-eda::Km.

eddF (SEQ ID NO 21) : Gggtagactccattactgaggegtgggeg (homologous to the

sequence from 1932996 to 1932968).
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edaR (SEQ ID NO 22) : ccacatgataccgggatggtgacg (homologous to the sequence from
1929754 101929777).

The deletion Aedd-eda::Km was transduced into strain MG1655 metA*11 Amed]
AiclR using a P1 phage lysate of the strain MG1655 Aedd-eda::Km. Kanamycin resistant
transformants were selected and the deletion of the gene (Aedd-eda::Km) was verified by
PCR analysis with the oligonucleotides eddF and edaR. The strain retained was designated
MG1655 metA*11 Amet] AicIR Aedd-eda::Km.

The plasmid pME101-thrA*1 was then introduced in the strain MG1655 metA*11
Amet) AiclR Aedd-eda::Km.

The kanamycin resistance cassette was eliminated as described and its loss was
verified by PCR analysis with the oligonucleotides eddF and edaR, described above. The
strain retained was designated MG1655 metA*11 AmetJ AicIR Aedd-eda.

MG1655 metA*11 Ametd AicIR Aedd-eda Agcl (pME101-thrA*1)

The MG1655 Aedd-eda::Cm was constructed in the strain MG1655 metA*11 as
described for the kanamycin resistant mutant, only that in this case the vector pKD3
carrying a chloramphenicol resistance was used.

The deletion Aedd-eda::Cm, was then transduced into strain MG1655 metA*11
Amet] AiclR Agcl::Km by P1 phage transduction using a phage lysate of the strain
MG1655 Aedd-eda::Cm.

Chloramphenicol and at the same time kanamycin resistant transformants were
selected and the deletions of the genes Aedd-eda::Cm and Agcl::Km were verified by PCR
with the oligonucleotides eddF, edaR and gclF, gipR (defined above). The strain retained
was designated MG1655 metA*11 Amet] AiclR Agcl::Km Aedd-eda::Cm.

The plasmid pME101-thrA*1 was then introduced in the strain MG1655 metA*11
Amet] AiclR Agcl:: Km Aedd-eda::Cm.

The kanamycin and chloramphenicol resistance cassettes were eliminated as
described and their loss was verified by PCR with the oligonucleotides eddF, edaR and
gclF, gipR described above. The strain retained was designated MG1655 metA*11 Amet]
AiclR Agcl Aedd-eda.

2. Fermentation of strains with increased production of aspartate-derived
metabolites

Strains with modifications that increase the production of aspartate derived
metabolites were analyzed in Erlenmeyer flask cultures. Two subsequent seed cultures
served to inoculate the cultures from which extracellular metabolites were quantified and
the total aspartate yield was calculated. Table 1 gives details about the exact cultivation
conditions. Luria Bertani (LB) medium (Molecular cloning (2001) Sambrook J. & Russel
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D. W. (eds) volume 3) supplemented with 2.5 g/l glucose and modified M9 medium
(Anderson, 1946, Proc. Natl. Acad. Sci. USA 32:120-128) that was supplemented with 5
g/1 MOPS, 16 g/] glucose and 10 mg/1 vitamin B12 were used. Antibiotics (Spectinomycin,
Kanamycin, Chloramphenicol) were added if necessary at a concentration of 50 mg/1.

Culture MEDIUM INOCULATION CULTIVATION
CONDITIONS
1* SEED 5mlLB From glycerol stock | CT =8h; T =37°C
Agitation = 200rpm
2" SEED 25 ml modified M9 | 2,5 ml of 1* Seed CT=8h; T=37°C

Agitation = 200rpm

FINAL CULTURE | 50 ml modified M9 | Volume of 2™ Seed | CT = 16h
required to obtain an | T=37°C
0D600 of 0,4 Agitation = 200rpm

Tablel: Cultivation conditions of Erlenmeyer flask cultures used for the
determination of aspartate derived metabolites. Abbreviations: CT cultivation time; T
temperature.

Extracellular metabolites were analyzed in the final culture. Amino acids were
quantified by HPLC after OPA/Fmoc derivatization and other relevant metabolites were
analyzed using GC-MS after silylation. Glucose concentrations were determined by HPLC
analysis using refractive index detection. For the calculation of the aspartate metabolite
yield the evaporation during the culture was taken into account.

Genotype Asp (mmol/g | yield: Asp (mol)/
DW) glucose (mol) %
MG1655 metA*11 Amet) (pME101-thrA*1) 0.86 1.87
MG1655 metA*11 AmetJ AiclR (pME101-thrA*1) 1.00 223
MG1655 metA*11 Amet) AicR Aedd-eda (pME101- 1.09 245
thrA*1)
MG1655 metA*11 Amet) AfadR (pME101-thrA*1) 1.27 2.80
MG1655 metA*11 Amet) AiclR AfadR (pME101-thrA*1) 1.02 236

Table 2. Sum of major aspartate-derived metabolites (Asp: O-succinylhomoserine,
homoserine, threonine, lysine, methionine, isoleucine) produced in batch culture and yield
of aspartate derived metabolites with respect to consumed glucose.
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As can be seen from table 2 the amount of aspartate-derived metabolites is
significantly increased upon deletion of ic/R and/or fadR thus demonstrating that the
deletion of the glyoxylate shunt regulation is crucial for the production of aspartate-derived
metabolites. Similarly the yield of aspartate derived metabolites with respect to the
consumed glucose is significantly increased. Deletion of edd-eda further increases the
production of aspartate derived metabolites in the ic/R deletion mutant.

3. Determination of glyoxylate shunt specific enzyme activities

The activities of isocitrate lyase (AceA) and malate synthase (AceB) were
determined in vitro. E. coli strains were cultured in minimal medium with 5 g/l glucose and
harvested at mid log phase. Cells were resuspended in cold potassium phosphate buffer
and sonicated on ice (Branson sonifier, 70W). After centrifugation, proteins contained in
the supernatants were quantified (Bradford, 1976).

For the determination of isocitrate lyase activity (AceA) five pl extract were
assayed in 50 mM imidazole, 100 mM KCl, 1 mM EDTA, 5 mM MgSO4, 20 mM
phenylhydrazine, 5 mM isocitrate for 30 minutes at 25°C. Isocitrate lyase activity was
determined according to the rate of glyoxylate phenylhydrazine complex formed that
absorbs at 324 nm.

Malate synthase activity was determined by assaying 10 pl extract in 50 mM
potassium phosphate buffer (pH 6.5), 5 mM MgCh, 0.1 mM Acetyl-CoA, 2 mM
glyoxylate. Malate synthase activity was determined according to the reduction in
absorbance at 232 nm that is caused by the consumption of acetyl-CoA used for the
production of malate.

As can be seen from table 3 the deletion of ic/R increases significantly the activity
of AceA and AceB. This can explain the increased production of aspartate-derived
metabolites shown in table 2 above. In contrast in the DfadR mutant the activity of these
two enzymes is not increased indicating that another independent unidentified mechanism
must be operative that increases the production of aspartate-derived metabolite.

Genotype AccA AceB

MG1655 metA*11 Amet) (pPME101-thrA*1) 618 242

MG1655 metA*11 Amet) AiclR (pME101-thrA*1) 1342 733

MG1655 metA*11 Amet) AfadR (pME101-thrA*1) 580 257

MG1655 metA*11 Amet) AicR AfadR (pME101- 1304 675
thrA*1)
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Table 3. Isocitrate lyase activity (AceA) and malate synthase activity (AceB) in
mUI/mg protein in strains in which the regulatory genes fadR and ic/R were deleted.
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Claims

1) A method for the production of aspartate or its derivatives by culture
of a microorganism in an appropriate culture medium and recovery of the aspartate
derivative from the culture medium, wherein the microorganism is transformed to
enhance the activity of the glyoxylate shunt.

2) A method as claimed in claim 1 in which the expression of at least
one gene selected among the following involved in glyoxylate production is
increased :

® aceA encoding isocitrate lyase
¢ aceB encoding malate synthase

3) A method as claimed in claims 1 or 2 in which the expression of one
of the following genes is attenuated:

¢ jclR encoding the repressor of the glyoxylate shunt

¢ fadR an activator of ic/R

® jcd encoding isocitrate dehydrogenase

¢ gcl encoding glyoxylate carboligase

® eda encoding 2-keto 3-deoxy gluconate 6-phosphate aldolase.

4) A method as claimed in one of claims 1 to 3 in which the expression
of additional genes involved in the production of aspartate or its derived
metabolites is increased.

5) A method as claimed in one of claims 1 to 4 in which the expression
of genes decreasing the production of aspartate or its derived metabolites is
attenuated.

6) A method for the fermentative preparation of aspartate or a derived
metabolite, in particular methionine its precursors or derivatives as claimed in one
of claims 1 to 5 comprising

a) Fermentation of the microorganism producing the desired metabolite

b) Concentration of the desired product in the cells of the bacteria or in
the medium and

c) Isolation of the desired metabolite/ constituents of the fermentation
broth and/or the biomass optionally remaining in portions or in the total amount (0-
100%) in the end product.

7 A microorganism used for the fermentative production of aspartate
or its derived metabolites, in particular methionine, in which the biosynthesis of
aspartate or its derivatives is optimized as described in claims 1 to 6.
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eolf-seql.txt
SEQUENCE LISTING

<110> Metabolic Explorer
Figge, Rainer
Bestel-Corre, Gwenaelle
Raynaud, Celine
Soucaille, Philippe
<120> Method for the production of aspartate and its derivatives
<130> 350153/D23764
<150> PCT/IB2005/003071
<1l51> 2005-08-11
<160> 22

<170> PatentIn versioﬁ 3.3

<210> 1
<211> 99
<212> DNA

<213> Artificial

<220> .
<223> Synthetic oligonucleotide

<400> 1
ggcgcaaagc ccggcgggtt tcgcggaaga gtacattatt gaaagtatct ggaataaccg
60 , :

cttcecctece gggactattt gtaggctgga gctgetteg

99
<210> 2
<211> 98
<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 2
cccctgaatg gctaaatcac ccggcagatt tttcectgeatc cggtgccaaa tetcgcecact
60

ctcatgccca tagcgacgca tatgaatatc ctccttag
o8 '

Page 1
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eolf-seqgl.txt

<210> 3
<211> 30
<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 3

ccggggagca gcgggtagea tttcagggcec
30

<210> 4

<211l> 29

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 4

cgccggttee gactggcetgg aaacgctge
29

<210> 5

<211> 40

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 5

ttatcatgag agtgttgaag ttcggcggta catcagtggce
40

<210> 6

<211l> 39

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 6

ttacccggge cgcegeccceg agcacatcaa acccgacgce
39

Page 2
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eolf-seqgl.txt

<210> 7
<211> 24
<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 7

ccgacagtaa gacgggtaag cctg
24

<210> 8

<211l> 22

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 8

agcttagtaa agccctceget ag
22

<210> 9

<211l> 43

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 9

ccaatctgaa taacatggca atgtccagcg tttctggccecce ggg
43

<210> 10

<211l> 43

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 10

cccgggecag aaacgctgga cattgccatg ttattcagat tgg
43 )

Page 3
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eolf-geqgl.txt

<210> 11
<211s 101
<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 11
cgcacceatt cccgcgaaac gcggcagaaa acccgccgtt geccaccgcac cagcgactgg
60

acaggttcag tctttaacgce gtgtaggctg gagectgcecttce g
101

<210> 12

<211> 100

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 12 :
gcgcattcca ccgtacgcca\gcgtcacttc cttcgceget ttaatcacca tcgcecgccaaa
60 ’

ctcggtcacg cggtcatcgg catatgaata tcctecttag

100
<210> 13
<211> 26
<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 13

cctttgaggt cgcatggeca gtcgge
26 .

<210> 14

<211> 33

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

Page 4
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eolf-seqgl.txt

<400> 14

gctttttaat agaggcgtcg ccagctcctt gec
33

<210> 15

<211l> 101

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 15
ggcaaaaatg agagccgttg acgcggcaat gtatgtgctg gagaaagaag gtatcactac
- 60

cgcctteggt gttccgggag ctgtaggctg gagctgette g

101 ,
<210> 16
<211l> 101
<212> DNA

'<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 16
gegttacgtt ttaacggtac ggatccatcc agcgtaaacc ggcttccecgtg gtggtttggg
60

gtttatatte acacccaacc ccatatgaat atcctcctta g

101
<210> 17
<211> 23
<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 17
ggatatgcce accttgctga agg
23

<210> 18
Page 5
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<211l> 25
<212> DNA
<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 18

cgcttagttt caatcgggga aatgg
25

<210> 19

<211> 102

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 19
cgcgcgagac tegctctget tatctecgece ggatagaaca agcgaaaact tcgaccgttce
60

atcgttegeca gttggcatge ggtgtagget ggagctgett cg
102

<210> 20

<211> 100

<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

<400> 20
gcttagcgec ttctacagcet tcacgcgcca gettagtaat geggtegtaa tecgecegett
60

ccagcgcatce tgccggaacce catatgaata tcctecttag

100
<210> 21
<211l> 29
<212> DNA

<213> Artificial

<220>
<223> Synthetic oligonucleotide

Page 6
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<400> 21

gggtagactc cattactgag gcecgtgggeg
29

<210> 22

<211l> 24

<212> DNA

<213> Artificial

<220>
<223> synthetic oligonucleotide

<400> 22

ccacatgata ccgggatggt gacg
24

Page 7
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Box Il 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. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. |Z| Claims Nos.: 1 (completely), 2-7 (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. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box lli 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:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

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

3. l:’ As only some of the required additional search fees were timely paid by the applicant, this Intermational Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search faes 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.:

2 (completely), 3-7 (partially)

Remark on Protest D The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 {continuation of first sheet (2)) (January 2004)
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 2 (completely), 3-7 (partially)

a method for the production of aspartate or its derivatives
lysine, threonine, isoleucine, methionine,
0-succinylhomoserine, or homoserine by culture of a
microorganism in a culture medium and recovery of the
derivative from the culture medium, wherein the
microorganism is transformed to enhance the activity of the
glyoxylate shunt, wherein the expression of at least one
gene selected among the following involved in glyoxylate
production is increased: aceA, aceB and wherein the
expression of the iclR gene is attenuated, a microorganism
in which the biosynthesis of aspartate or its derivatives
lysine, threonine, isoleucine, methionine,
0-succinylhomoserine, or homoserine is increased, wherein
the expression of at Teast one gene selected among the
following involved in glyoxylate production is increased:
aceA, aceB and wherein the expression of the icIR gene is
attenuated.

2. claims: 3-7 (partially)

idem as subject 2 but limited to a method wherein the
expression of at Teast one gene selected among the following
involved in glyoxylate production is increased: aceA, aceB
and wherein the expression of the fadR gene is attenuated.

3. claims: 3-7 (partially)

idem as subject 2 but limited to a method wherein the
expression of at least one gene selected among the following
involved in glyoxylate production is increased: aceA, aceB
and wherein the expression of the icd gene is attenuated.

4. claims: 3-7 (partially)

idem as subject 2 but limited to a method wherein the
expression of at least one gene selected among the following
involved in glyoxylate production is increased: aceA, aceB
and wherein the expression of the gcl gene is attenuated.

5. claims: 3-7 (partially)

idem as subject 2 but Timited to a method wherein the
expression of at least one gene selected among the following
involved in glyoxylate production is increased: aceA, aceB
and wherein the expression of the eda gene is attenuated.
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6. claims: 3-7 (partially)

a method for the production of aspartate or its derivatives
lysine, threonine, isoleucine, methionine,
0-succinylhomoserine, or homoserine by culture of a
microorganism in a culture medium and recovery of the
derivative from the culture medium, wherein the
microorganism is transformed to enhance the activity of the
glyoxylate shunt, wherein the expression of the iclR gene is
attenuated, a microorganism in which the biosynthesis of
aspartate or its derivatives lysine, threonine, isoleucine,
methionine, 0-succinylhomoserine, or homoserine is
increased, wherein the expression of the iclR gene is
attenuated.

7. claims: 3-7 (partially)

idem as subject 7 but Timited to a method wherein the
expression of the fadR gene is attenuated.

8. claims: 3-7 (partially)

idem as subject 7 but Timited to a method wherein the
expression of the icd gene is attenuated.

9. claims: 3-7(partially)

idem as subject 7 but limited to a method wherein the
expression of the gcl gene is attenuated.

10. claims: 3-7 (partially)

idem as subject 7 but Timited to a method wherein the
expression of the eda gene is attenuated.
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Continuation of Box I11.2

Claims Nos.: 1 (completely), 2-7 (partially)

The following statement refers to the subject-matter of invention 1.

Present claim 1 and dependent or related claims 2-7 relate to a method
for the production of aspartate involving a microorganism which has a
given desired property or effect, namely "wherein the microorganism is
transformed to enhance the activity of the glyoxylate shunt". However,
the description does not provide support and disclosure in the sense of
Articles 6, 5 PCT for any such method having the said property or effect
and there is no common general knowledge of this kind available to the
person skilled in the art. 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 claims (PCT Guidelines 9.19 and 9.21).

Moreover, claim 1 and dependent or related claims 2-7 refer to a method
for the production of "aspartate or its derivatives" and "aspartate or
its derived metabolites" and therewith relate to an extremely large
number of possible products. Support and disclosure in the sense of
Articles 6, 5 PCT is to be found however for only a very small
proportion of the products claimed, namely for the amino acids lysine,
threonine, isoleucine, methionine, 0-succinylhomoserine, or homoserine
(see description page 3, lines 21-23; page 14, table 2). The
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 claims
(PCT Guidelines 9.19 and 9.23). 4

As a consequence, no search has been carried out for the subject-matter
of claim 1 and the search for claims 2-7 has been restricted, according
to the subject-matter of claims 2, 3, to the specifically disclosed
method for the production of aspartate, lysine, threonine, isoleucine,
methionine, O-succinylhomoserine, or homoserine by culture of a
microorganism in a culture medium and recovery of the derivative from
the culture medium, wherein the microorganism is transformed to enhance
the activity of the glyoxylate shunt, wherein the expression of at least
one gene selected among the following involved in glyoxylate production
is increased: aceA, aceB and wherein the expression of the iclIR gene is

attenuated.

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
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

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, 8.5),
should the problems which Ted to the Article 17(2) declaration be

overcome.
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