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DESCRIPTION

Technical Field

[0001] The present invention relates to a microorganism of the genus Escherichia having enhanced L-
tryptophan productivity, and a method of producing L-tryptophan using the same.

Background Art

[0002] L-tryptophan, an essential amino acid, has been widely used as a feed additive, a raw material for
medical drugs such as infusion solutions, and a material for healthfoods, and has been produced by
chemical synthesis, enzymatic reaction, fermentation, etc.

[0003] Recently, production of L-tryptophan is mainly carried out by microbial fermentation. In the initial
stage of industrialization, analogue resistant strains obtained by chemical mutation have been mainly used.
However, as gene recombination technologies rapidly developed in the 1990s and regulatory mechanisms
were understood at the molecular level, the recombinant E. coli and Corynebacterium strains obtained by
genetic engineering techniques have been mainly used.

[0004] The production of tryptophan by microorganisms starts with DAHP(3-deoxy-D-arobino-
heptulosonate-7-phosphate) produced by the polymerization of PEP (PhospoEnolPyruvate) that is an
intermediate of glycolysis, with E4P (erythrose-4-phosphate) that is an intermediate of the pentose
phosphate pathway. Then, tryptophan is biosynthesized from chorismate through the common aromatic
biosynthetic pathway. Specifically, tryptophan is synthesized by anthranilate synthase (EC 4.1.3.27) encoded
by irpE gene, anthranilate synthase (EC 4.1.3.27) and anthranilate PRPP transferase (EC 2.4.1.28) encoded
by &rpD gene, indole-3-glycerol phosphate synthase (EC 4.1.1.48) and phosphoribosylanthranilate
isomerase (EC 5.3.1.24) encoded by frpC gene, and tryptophan synthase (EC 4.2.1.20) encoded by frpB
gene and #rpA gene. The gene cluster rpEDCBA that mediates the above reaction is placed in the
chromosome and have an operon structure containing a single regulatory region.

[0005] A tryptophan operon is actively transcribed so as to produce a sufficient amount of tryptophan
required by the cell. However, if tryptophan level in the cell is high, a repressor binds to tryptophan and then
the tryptophan operon is inactivated by the binding of the repressor to operon regulatory region, thereby the
transcription is inhibited.

[0006] In addition, operons for biosynthesis of amino acids such as threonine, phenylalanine, leucine,
tryptophan and histidine have another regulatory mechanism known as an attenuation(J Bacteriol. (1991)
173, 2328-2340) . As is known in the art with respect to the attenuation, under conditions deficient in amino
acids, the structure of the mRNA corresponding specific sequence region between the promoter and the first
gene of the operon on the chromosome, changes to a structure advantageous for the translation process to
promote the expression of biosynthetic genes, but under conditions rich in the amino acids, the short
transcribed mRNA forms a three-dimensional structure, named "hairpin structure, to inhibit the translation
process (J Biol Chem., (1988) 263:609-612).

[0007] In the initial stage of the development of L-tryptophan-producing strains, it was a major object to
increase the efficiency of production through the enhancement of enzyme activity either by releasing the
feedback inhibition of tryptophan biosynthesis pathway enzymes caused by the final product, tryptophan or
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by increasing the copy number of the tryptophan operon genes on the chromosome or in the form of vector
in order to enhance the expression of tryptophan biosynthetic enzymes (Appl. Environ. Microbiol., (1982)
43:289-297; Appl. Microbiol. Biotechnol., (1993) 40:301-305; Trends Biotechnol., (1996) 14:250-256).

[0008] Methods for imparting the ability to produce L-tryptophan to microorganisms include a method of
imparting resistance to tryptophan analogues or anthranilate as the intermediate product by chemical
mutation, or a method of modifying microorganisms by genetic engineering. Examples of the chemical
mutation method include those described in Korean Patent Registration No. 1987-0001813, Korean Patent
Registration No. 0949312 and the like, and examples of the modification method based on genetic
engineering include various approaches which use a strain obtained by enhancing the transketolase-
encoding tktA gene or the galactose permease-encoding galP gene in the aromatic amino acid biosynthesis
pathway to increase the supply of E4P (erythrose4-phosphate) or PEP (phosphoenolpyruvate) and reducing
the feedback inhibition of DAHP (3-deoxy-D-arabino-heptulosonate-7-phosphate) in order to enhance the
aromatic biosynthetic pathway (Trends Biotechnol.,(1996)14:250-256, Microbial Cell Factories (2009) 8:19),
or a strain obtained by additionally introducing tryptophan operon genes into the vector or chromosome
(Appl. Environ. Microbiol.,(1982) 43.289-297, Appl. Microbiol. Biotechnol., (1993) 40:301-305).

[0009] However, even though the tryptophan operon was introduced with releasing the feedback inhibition of
the biosynthetic enzymes, those approaches did not reached to an increase in the production yield of
tryptophan, due to the regulatory mechanisms such as the inhibition or attenuation of the operon genes at
transcription level.

[0010] US 4,371,614 discloses a bacterium which comprises a host of the genus Escherichia deficient in the
enzyme tryptophanase carrying a plasmid with genetic information to control L-tryptophan production is
useful for the fermentative production of L-tryptophan in high yields.

[0011] US 2009/239269 discloses a bacterium which belongs to the Enterobacteriaceae family and has an
ability to produce an L-amino acid such as L-lysine, L-threonine and L-tryptophan and is modified to
enhance glutamic acid decarboxylase activity. The bacterium is cultured in a medium to produce and
accumulate L-amino acids in the medium or cells of the bacterium and the L-amino acid is then collected
from the medium or the cells.

[0012] WO 2005/049808 discloses the production of L-threonine and L-isoleucine by culturing a bacterium
which belongs to the genus Escherichia.

[0013] EP 0165614 discloses a hybrid plasmid comprising a tryptophan promoter and beta-galactosidase
gene, e.g., pTREZI, that when contained in a host microorganism such as E. coli can produce beta-
galactosidase in large amounts.

[0014] WO 84/00380 discloses an expression vector suitable for the production of fusion proteins. The
vector includes a nucleotide sequence comprising in phase from the 5' end; a trp promoter-operator, a trpE
ribosome binding site, a structural gene comprising a trpE gene, or a 5' portion thereof and a gene coding
for a heterologous polypeptide wherein the nucleotide sequence does not include a trp attenuator. The
structural gene may further include a 3' portion of a trpE gene downstream of the gene coding for the
heterologous polypeptide.

Disclosure

Technical Problem
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[0015] The present inventors have developed a method of releasing the inhibition or attenuation of
tryptophan operon genes at transcription level in an L-tryptophan-producing strain, and a method capable of
enhancing tryptophan biosynthetic enzymes using the same. In addition, in order to solve the problem in that
the production yield of tryptophan-producing strains does not increase because of anthranilate accumulation
as the tryptophan operon is enhanced, the present inventors have constructed a tryptophan-producing strain
which has increased production yield and low level of anthranilate accumulation by expressing the gene
cluster other than the gene encoding anthranilate synthase (TrpE) among the tryptophan operon genes as a
form which is a desensitized regulatory mechanism such as the feedback inhibition or inhibition mechanism.

[0016] It is an object of the present invention to provide a microorganism of the genus Escherichia having
enhanced L-tryptophan productivity by modifying so as to desensitize the inhibition or attenuation of the
tryptophan operon and reduce the accumulation of anthranilate.

[0017] Another object of the present invention is to provide a method of producing L-tryptophan using the
microorganism of the genus Escherichia.

Technical Solution

[0018] In order to accomplish the above objects, an embodiment of the present invention provides a
recombinant microorganism of the genus Escherichia having an enhanced L-tryptophan productivity,
wherein the recombinant microorganism has a modification to an expression regulatory region of the
tryptophan operon, wherein the modification is a partial or full deletion of a leader peptide having a
nucleotide sequence represented by SEQ ID NO: 2 in an expression regulatory region having a nucleotide
sequence represented by SEQ ID NO: 1 of an endogenous tryptophan operon, wherein the recombinant
microorganism is also modified to have increased chromosomal or intracellular copy number of the
tryptophan operon genes trpD, trpC, trpB, and trpA, but not trpE, thereby enhancing the activity of the
tryptophan biosynthetic gene cluster except for the anthranilate synthase that is encoded by the trpE gene
as compared to the corresponding wild-type Escherichia microorganism.

[0019] Another embodiment of the present invention also provides a method for producing L-tryptophan,
comprising culturing the above-described recombinant microorganism of the genus Escherichia under
conditions suitable for the production of L-tryptophan.

Advantageous Effects

[0020] The recombinant microorganism produced according to the present invention eliminates the
excessive accumulation of anthranilate therein and can be advantageously used to produce L-tryptophan in
high yield.

Description of Drawings

[0021] FIG. 1 shows a schematic view representing the tryptophan operon genes , a regulatory region for
the genes in the E. coli chromosome, and the deletion form of the gene described in the present invention.

1. A) Tryptophan operon genes, and a regulatory region thereof in the E. coli chromosome(Ptrp);
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2. B) A Ptrp form;
3. C) A form that the frpL gene encoding leader peptide is deleted (DtrpL); and
4. D) A form that the frpL gene encoding the leader peptide and the attenuator are deleted (Dtrp_att).

[0022] FIG. 2 shows a pCL-GFP vector used to measure the intensity of an expression regulatory region of
the tryptophan operon.

[0023] FIG. 3 shows the vector pINT17E-Patt-trpDCBA for introducing the tryptophan biosynthetic genes
troDCBA into the chromosome to increase the copy number of the genes.

Mode for Invention

[0024] Hereinafter, the present invention will be described in detail.

[0025] An embodiment of the present invention provides a recombinant microorganism of the genus
Escherichia having enhanced L-tryptophan productivity, wherein the recombinant microorganism has a
modification to an expression regulatory region of the tryptophan operon, wherein the modification is a
partial or full deletion of a leader peptide having a nucleotide sequence represented by SEQ ID NO: 2 in an
expression regulatory region having a nucleotide sequence represented by SEQ ID NO: 1 of an endogenous
tryptophan operon, wherein the recombinant microorganism is also modified to have increased
chromosomal or intracellular copy number of the tryptophan operon genes trpD, trpC, trpB, and trpA, but not
trpE, thereby enhancing the activity of the tryptophan biosynthetic gene cluster except for the anthranilate
synthase that is encoded by the trpE gene as compared to the corresponding wild-type Escherichia
microorganism.

[0026] In a further embodiment the recombinant microorganism described herein has an additional
modification to the expression regulatory region of the tryptophan operon, wherein the modification is a
partial or full deletion of an endogenous attenuator having a nucleotide sequence represented by SEQ ID
NO: 3 in the expression regulatory region having a nucleotide sequence represented by SEQ ID NO: 1.

[0027] In certain embodiments of the recombinant microorganism described herein the trpD gene encodes a
polypeptide comprising the amino acid sequence represented by SEQ ID NO: 37, the trpC gene encodes a
polypeptide comprising the amino acid sequence represented by SEQ ID NO: 38, the trpB gene encodes a
polypeptide comprising the amino acid sequence represented by SEQ ID NO: 39, and the trpA gene
encodes a polypeptide comprising the amino acid sequence represented by SEQ ID NO: 40.

[0028] As used herein, the term "tryptophan operon" or "Trp operon" means the entire operon including all
the rpEDCBA genes. The tryptophan operon has a nucleotide sequence represented by SEQ ID NO: 9.

[0029] As used herein, the term "tryptophan biosynthetic gene cluster" means a gene cluster consisting of a
combination of two or more of frpD, irpC, frpB and frpA that are tryptophan operon genes. Specifically, the
tryptophan biosynthetic gene cluster may be a frpDCBA gene cluster having a nucleotide sequence
represented by SEQ ID NO: 10. Herein, the frpD gene encodes a protein having an amino acid sequence
represented by SEQ ID NO: 37; the frpC gene encodes a protein having an amino acid sequence
represented by SEQ ID NO: 38; the #rpB gene encodes a protein having an amino acid sequence
represented by SEQ ID NO: 39; and the #rpA gene encodes a protein having an amino acid sequence
represented by SEQ ID NO: 40.
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[0030] Enhancing the activity of the tryptophan biosynthetic gene cluster except for anthranilate synthase
that is encoded by the &rpE gene of the tryptophan operon is performed to solve the problem which the
production yield of tryptophan does not increase due to accumulation of anthranilate as the tryptophan
operon is enhanced.

[0031] An L-tryptophan-producing microorganisms may be any prokaryotic or eukaryotic microorganism as
long as they have a L-tryptophan productivity. Examples of this microorganism may include microorganisms
belonging to the genus Escherichia, the genus Erwinia, the genus Serratia, the genus Providencia, the
genus Corynebacterium and the genus Brevibacterium. The microorganism of use in the invention is a
microorganism belonging to the genus Escherichia, and more specifically E. coli. Most specifically, the E. coli
strain of the present invention may be a strain which maintains 3-deoxy-D-arabino-heptulosonate 7-
phosphate synthase (aroG) which is released for feedback inhibition, or which has enhanced activities of
aromatic biosynthesis pathway enzymes such as 3-dehydroquinate synthetase(AroB), shikimate
dehydrogenase (AroE), shikimate kinase (AroL), 5-enolpyruvylshikimate-3-phosphate synthase (AroA) or
chorismate synthase (AroC), or enhanced activity of phosphoglycerate dehydrogenase (SerA) or
transketolase (TktA) to enhance the supply of the intermediates, serine and PRPP, of the tryptophan
biosynthesis pathway. Furthermore, the E. coli strain of the present invention may be a strain having
inactivated prephenate dehydratase and chorismate mutase (PheA) in the aromatic biosynthesis pathway or
inactivated prephenate dehydrogenase, chorismate mutase (tyrA), tryptophanase (tnaA) and tryptophan
transporter (tnaB, mtr).

[0032] More specifically, the recombinant microorganism of the present invention is recombinant E. coli
strain CA04-2004 (accession number: KCCM11246P).

[0033] As used herein, the term "expression regulatory region" of the endogenous tryptophan operon
means a region including a promoter, a leader peptide and an endogenous attenuator. In accordance with
the invention, the expression regulatory region has a nucleotide sequence represented by SEQ ID NO: 1.

[0034] As used herein, the term "leader peptide" means a low-molecular-weight peptide that is encoded by
the upstream leader sequence of the start codon of the gene. In accordance with the invention, the leader
peptide has a nucleotide sequence represented by SEQ ID NO: 2, and a polypeptide that is expressed by
the leader peptide may be an amino acid sequence represented by SEQ ID NO: 4. This leader peptide
functions to form the hairpin structure when the concentration of tryptophan is high, thereby promoting the
structure-formation of the endogenous attenuator to terminate the transcription of tryptophan biosynthetic
genes.

[0035] As used herein, the term "delete" means removing part or all of either a nucleotide sequence from
the start codon to the stop codon of the target gene, or the nucleotide sequence of a regulatory region
thereof, from the chromosome.

[0036] As used herein, the term "endogenous attenuator" means a region having a nucleotide sequence
represented by SEQ ID NO: 3, which excludes the promoter and the leader peptide in the expression
regulatory region that causes the attenuation mechanism.

[0037] Methods for enhancing the expression of genes include: 1) a method of increasing the chromosomal
or intracellular copy number of the genes; or 2) a method of replacing the chromosomal promoter of the
genes with a strong exogenous promoter or modifying the chromosomal promoter to a strong promoter.

[0038] Examples of the method of increasing the copy number include a method of introducing the gene into
a vector to enhance the expression of the gene. Examples of a vector that may be used in the present
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invention include plasmid vectors such as pBR, pUC, pBluescriptll, pGEM, pTZ, pCL and pET-type plasmids.
Vectors that may be used in the present invention are not particularly limited to, and any known expression
vectors may be used. Specifically, pACYC177, pACYC184, pCL, pECCG117, pUC19, pBR322 or pMW118
vectors may be used. Most preferably, pACYC177, pCL and pCC1BAC vectors may be used.

[0039] Meanwhile, examples of strong exogenous promoters include, but are not limited to, known
promoters such as trc, lac and tac promoters. In addition, modifying the chromosomal promoter to a strong
promoter can be performed by deleting part or all of the leader peptide and/or further deleting part or all of
the endogenous attenuator as described above, but is not limited thereto.

[0040] In a specific embodiment of the present invention, a recombinant L-tryptophan-producing
microorganism of the genus Escherichia was produced by deleting part or all of the leader peptide having a
nucleotide sequence represented by SEQ ID NO: 2 in the expression regulatory region having a nucleotide
sequence represented by SEQ ID NO: 1 on the endogenous tryptophan operon, and deleting part or all of
the endogenous attenuator having a nucleotide sequence represented by SEQ ID NO: 3 so as to increase
the ability to produce L-tryptophan. In addition, the recombinant L-tryptophan-producing microorganism was
produced by further enhancing the activities of the proteins having an amino acid sequence represented by
SEQ ID NOS: 37, 38, 39 and 40, which are encoded by the tryptophan biosynthetic gene cluster trpDCBA
excluding the trpE gene encoding anthranilate synthase by increasing the chromosomal or intracellular copy
number of the tryptophan operon genes trpD, trpC, trpB, and trpA, but not trpE. The produced recombinant
microorganism was deposited as the accession number KCCM11246P.

[0041] Another embodiment of the present invention also provides a method for producing L-tryptophan,
comprising culturing the recombinant L-tryptophan-producing microorganism of the genus Escherichia
having enhanced L-tryptophan productivity described herein.

[0042] In a specific aspect, the present invention provides a method comprising culturing a recombinant L-
tryptophan-producing microorganism of the genus Escherichia having enhanced L-tryptophan productivity,
which has been modified to delete part or all of the leader peptide having a nucleotide sequence
represented by SEQ ID NO: 2 in the expression regulatory region having a nucleotide sequence represented
by SEQ ID NO: 1 on an endogenous tryptophan operon and to delete part or all of the endogenous
attenuator having a nucleotide sequence represented by SEQ ID NO: 3 so as to increase the ability to
produce L-tryptophan, and further to enhance the activities of the proteins which is encoded by the
tryptophan operon by enhancing the expression of tryptophan biosynthetic gene cluster trpDCBA excluding
the trpE gene encoding anthranilate synthase by increasing the chromosomal or intracellular copy number of
the tryptophan operon genes trpD, trpC, trpB, and trpA, but not trpE.

[0043] The media and culture conditions that are used in culture of the microorganism of the present
invention may be any of those that are used in culture of microorganisms belonging to the genus
Escherichia, but these should suitably satisfy the requirements of the microorganism of the present
invention. Specifically, the microorganism of the present invention may be cultured in a conventional medium
containing suitable carbon sources, nitrogen sources, amino acids, vitamins and the like under aerobic
conditions while adjusting temperature, pH and the like.

[0044] Carbon sources that may be used in the present invention include carbohydrates such as glucose,
fructose, sucrose, maltose, mannitol, sorbitol; alcohols such as sugar alcohol, glycerol, pyruvic acid, lactic
acid and citric acid; and amino acids such as organic acid, glutamic acid, methionine and lysine. In addition,
natural organic nutrient sources such as starch hydrolysates, molasses, blackstrap molasses, rice bran,
cassava, bagasse and corn steep liquor may be used. Specifically, carbohydrates such as glucose and
sterile pretreated molasses (i.e., molasses converted to reduced sugars) may be used. In addition, suitable
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amounts of other carbon sources may be used without limitation.

[0045] Nitrogen sources that may be used in the present invention include inorganic nitrogen sources such
as ammonia, ammonium sulfate, ammonium chloride, ammonium acetate, ammonium carbonate, and
ammonium nitrate; amino acids such as glutamic acid, methionine and glutamine; and organic nitrogen
sources such as peptone, NZ-amine, meat extract, yeast extract, malt extract, corn steep liquor, casein
hydrolysate, fish meal or its digested product, defatted soybean cake or its digested product, etc. These
nitrogen sources may be used alone or in combination.

[0046] The medium may contain, as phosphorus sources, potassium phosphate monobasic, potassium
phosphate dibasic and corresponding sodium-containing salts. Inorganic compounds that may be used in
the present invention include sodium chloride, calcium chloride, iron chloride, magnesium sulfate, iron
sulfate, manganese sulfate and calcium carbonate. In addition, the medium may contain amino acids,
vitamins and suitable precursors. These sources or precursors may be added to the medium in a batch or
continuous manner.

[0047] Compounds such as ammonium hydroxide, potassium hydroxide, ammonia, phosphoric acid and
sulfuric acid may be added to the medium in a suitable manner during culture to adjust the pH of the culture
medium. In addition, during the culture, a antifoaming agent such as fatty acid polyglycol ester may be used
to suppress the formation of bubbles. Further, in order to maintain the culture medium in an aerobic state,
oxygen or oxygen-containing gas may be injected into the culture medium. In addition, in order to maintain
the culture medium in an anaerobic or non-aerobic state, no gas is injected, or nitrogen, hydrogen or carbon
dioxide gas may be injected into the culture medium.

[0048] The culture medium is typically maintained at a temperature ranging from 27 °C to 37 °C, and more
specifically from 30 °C to 35 °C. Culture of the microorganism may be continued until the desired level of the
useful substance will be obtained. Specifically, the culture period may be 10-100 hours.

[0049] The method of the present invention may further comprise purifying or recovering the L-amino acid
produced in the culture step. The purification or recovery process may be performed by purifying or
recovering the desired L-amino acid from the culture medium using a suitable method, for example, a batch,
continuous or fed-batch culture method.

[0050] Hereinafter, the present invention will be described in further detail with reference to examples. It is to
be understood, however, that these examples are for illustrative purposes and are not intended to limit the
scope of the present invention as defined in the claims.

Examples

Example 1: Construction of a fusion vector comprising GFP and an expression regulatory region
from which a leader peptide was removed, in order to release an expression requlation for

tryptophan biosynthesis

[0051] As shown in FIG. 1, in order to amplify an expression regulatory region comprising a deletion of the
troL gene encoding a leader peptide (L) (the expression regulatory region is hereinafter referred to as
"DtrpL", corresponding to FIG. 1C) in an expression regulatory region of the tryptophan operon which is
composed of a promoter (P), the leader peptide (L) and an attenuator (A), polymerase chain reaction
(hereinafter referred to as "PCR") was performed using the chromosomal DNA of an E. coli W3110 strain
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(purchased from the American Type Culture Collection (ATCC); GenBank accession number AC000091) as
a template.

[0052] Specifically, a 155bp fragment having a Kpnl restriction enzyme site in the 5' region was amplified by
PCR with Pfu polymerase using primers 1 and 2 under the following conditions: 30 cycles, each consisting of
denaturation at 94 °C for 1 min, annealing at 58 °C for 30 sec, and extension at 72 °C for 30 sec.
Meanwhile, a 105bp fragment having an EcoRV restriction enzyme site in the 3' region was amplified by
PCR using primers 3 and 4 under the above-described conditions. The obtained DNA fragments were

recovered using GeneAllR Expin™ GEL SV kit (Seoul, Korea), and then used as a template for crossover
PCR.

[0053] In order to make the DtrpL, crossover PCR was performed using the two DNA fragments as a
template and primers 1 and 4. Specifically, a 245bp fragment (SEQ ID NO: 5) was amplified by PCR under
the above-described conditions. The amplified fragment was treated with the restriction enzymes Kpnl and
EcoRV, and then ligated with pCL1920GFP (SEQ ID NO: 8) which was treated with the same restriction
enzymes, thereby constructing pCL-DtrpL GFP.

[0054] In order to amplify an expression regulatory region comprising a deletion of the genes encoding the
leader peptide (L) and the attenuator (A) (the expression regulatory region is hereinafter referred to as
"Dtrp_att") in the expression regulatory region of the tryptophan operon, a 148bp fragment (SEQ ID NO: 6)
having a Kpnl restriction enzyme site in the 5' region and an EcoRV restriction enzyme site in the 3' region
was amplified by PCR using the chromosomal DNA of the E. coli W3110 strain as a template and primers 1
and 5. The amplified fragment was treated with the restriction enzymes Kpnl and EcoRV, and then ligated
with pCL1920GFP which was treated with the same restriction enzymes, thereby constructing pCL-Dtrp_att-
GFP.

[0055] In addition, in order to make a vector having a wild-type expression regulatory region for use as a
control in subsequent experiments, a 290bp fragment having a Kpnl restriction enzyme site in the 5' region
and an EcoRV restriction enzyme site in the 3' region was amplified by PCR using the chromosomal DNA of
the E. coli W3110 strain as a template and primers 1 and 4. The amplified fragment was treated with the
restriction enzymes Kpnl and EcoRV, and then ligated with pCL1920GFP which was treated with the same
restriction enzymes, thereby constructing pCL-Ptrp-GFP.

Primer 1:
5' TTAGGTACCGGCGCACTCCCGTTCTGGATA 3' (SEQ ID NO: 11);

Primer 2:
5' ACTGCCCGTTGTCGATACCCTTTTTACGT 3' (SEQ ID NO: 12);

Primer 3:
5' TCGACAACGGGCAGTGTATTCACCATG 3' (SEQ ID NO: 13);

Primer 4:
5' AATGATATCTGTTATTCTCTAATTTTGTT 3' (SEQ ID NO: 14);

Primer 5:
5' AATGATATCACCCTTTTTACGTGAACTTG 3' (SEQ ID NO: 15).

Example 2: Measurement of expression level of GFP
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[0056] Each of the pCL-DtrpL_GFP, pCL-Dtrp_att-GFP and pCL-Ptrp_GFP vectors prepared in Example 1
was transformed into wild-type E. coli W3110 and the tryptophan-producing strain E. coli KCCM10812P, and
then the intensities of GFP in the strains were measured.

[0057] The parent strain E. coli KCCM10812P (Korean Patent Registration No. 10-0792095) used in this
Example is a strain derived from an E. coli variant having L-phenylalanine productivity (KFCC 10066, Korean
Patent Publication No. 1985-0001232). Specifically, KCCM10812P is a recombinant E. coli strain having L-
tryptophan productivity, wherein the strain has been modified to recover tryptophan auxotrophy, to inactivate
the pheA, trpR, mir and inaAB genes, and to mutate the aroG and irpE genes .

[0058] Specifically, each of the strains was inoculated into 25 ml of M9 medium (containing 0.5% glucose + 2
g/L yeast extract and further containing 0.1g/L tyrosine and 0.1g/L phenylalanine in the case of
KCCM10812) in a 250 ml flask at a volume ratio of 1/100 (v/v) and cultured at 37 °C until a predetermined
OD was reached. The cultured strains were recovered by centrifugation and washed once with 1xTE, and
GFP therein was measured using Synergy HT Multi-Mode Microplate Reader (Biotek, USA).

[0059] The results of the measurement are shown in Table 1 below. OD1 and OD3 in Table 1 indicate the
OD values measured at 600 nm using UV mini-1240 spectrophotometer (Shimadzu) after diluting each of
the culture products to a suitable concentration.

[0060] As shown in FIG. 1, in the case of the wild-type W3110 strain, with respect to that of Ptrp as 1, the
relative intensity of Dtrp_att (comprising a deletion of the leader peptide and the attenuator) was about 7 fold
at an OD value of 1 (OD1) and 10 fold at an OD value of 3 (OD3), and the relative intensity of DtrpL
comprising a deletion of only the leader peptide was about 1.5-2 fold higher than that of the wild-type
regulatory region (Ptrp). In comparison with this, in the case of the L-tryptophan-producing strain KCCM
10812P, with respect to that of Ptrp taken as 1, the relative intensity of Dtrp_att (comprising a deletion of the
leader peptide and the attenuator) was about 19 fold at an OD value of 1 (OD1) and 27 fold at an OD value
of 3 (OD3), and the relative intensity of DtrpL comprising a deletion of only the leader peptide was about 4
fold higher than that of the wild-type regulatory region (Ptrp). Such results indicate that the deletion of the
leader peptide or the attenuator leads to an increase in expression, even though this increase in expression
in the wild-type strain is weaker than in the L-tryptophan producing strain.

Table 1
Strain Promoter GFP measurement (fold)
OD1 OD3

Dtrp_att 6.540.7 9.6+1.1

W3110 DtrpL 1.510.2 2.440.3
Ptrp 1 1

Dtrp_att 18.9+1.3 2742.0

KCCM10812P DtrpL 3.8£0.5 3.9+0.8
Ptrp 1 1

Example 3: Construction of vectors having tryptophan operon (trpEDCBA) whose expression
requlatory region was replaced

[0061] Based on the results of Example 2, in order to construct an E. coli strain whose tryptophan operon
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genes were enhanced using a vector, a 6564bp fragment (SEQ ID NO: 9) was amplified using the
chromosomal DNA of the parent strain E. coli KCCM10812P as a template and primers 6 and 7 under the
above-described PCR conditions.

[0062] The amplified DNA fragment was recovered using GeneAllR Expin™ GEL SV kit (Seoul, Korea), and
then treated with the restriction enzymes EcoRV and Hindlll. For cloning with the prepared DNA fragment,
each of the pCL-Dtrp_att-GFP, pCL-DtrpL_GFP and pCL-Ptrp_GFP vector was treated with EcoRV and
Hindlll to remove the GFP region, thereby obtaining 4291bp fragments. Each of the prepared vectors was
ligated with the insert, and then introduced into E. coli DH5a by transformation, thereby constructing pCL-
Dtrp att-trpEDCBA, pCL-DtrpL_trpEDCBA and pCL-Ptrp_trpEDCBA vectors.

Primer 6:
5' CCCGATATCATGCAAACACAAAAACCGAC 3' (SEQ ID NO: 16);

Primer 7:
5' GGGAAGCTTAAAGGATCCGTGGGATTAACTGCGCGTCGCCGCTTT 3' (SEQ ID NO: 17) .

Example 4: Construction of vectors whose expression requlatory region was replaced and which
had tryptophan biosynthetic gene cluster (trpDCBA) excluding trpE

[0063] In order to construct vectors by replacing the GFP region of the pCL-Dtrp_att-GFP, pCL-DtrpL_GFP
and pCL-Ptrp_GFP vectors prepared in Example 1 with trpDCBA, each of the pCL Dtrp_att-GFP, pCL-
DtrpL_GFP and pCL-Ptrp GFP vectors was treated with EcoRV and Hindlll to remove the GFP region,
thereby obtaining 4291bp fragments.

[0064] Then, in order to construct E. coli strains whose the trpDCBA genes of the tryptophan operon were
enhanced using a vector, a 5002-bp fragment (SEQ ID NO: 10) was amplified by PCR using the
chromosomal DNA of the parent strain E. coli KCCM10812P as a template and primers 7 and 8.

[0065] The amplified DNA fragment was recovered using GeneAllR Expin™ GEL SV kit (Seoul, Korea), and
then treated with the restriction enzymes EcoRV and Hindlll. The prepared vector and insert were ligated
with each other, and then introduced into E. coli DH5a by transformation, thereby constructing pCL-Dtrp att-
trpDCBA, pCL-DtrpL_trpDCBA and pCL-Ptrp_trpDCBA vectors.

Primer 8:

5' AAAGATATCATGGCTGACATTCTGCTGCT 3' (SEQ ID NO: 18).

Example 5: Construction of vectors having low copy number of tryptophan operon genes having
various expression requlatory regions

[0066] A typical vector that is expressed with low copy number in E. coli is pCC1BAC (Epicentre, USA). In
order to express the tryptophan operon genes with low copy number using this vector, the pCL-Dtrp_att-
trpEDCBA, pCL-DtrpL_trpEDCBA, pCL-Ptrp_trpEDCBA, pCL-Dtrp_att-trpDCBA, pCL-DtrpL_trpDCBA and
pCL-Ptrp_trpDCBA prepared in Examples 3 and 4 were digested with the restriction enzyme Hindlll.

[0067] The resulting DNA fragments were electrophoresed on agarose, and then cut according to their size

and recovered using GeneAlIR Expin ™ GEL SV kit (Seoul, Korea) . Next, each of the fragments was ligated
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with the pCC1BAC vector (digested at the Hindlll site), and then introduced into E. coli DH5a by
transformation.

[0068] Each of the transformed strains was smeared on LB Cm solid medium (LB + chloramphenicol agar
plate), and strains having Cm resistance were selected, thereby constructing pBAC-Ditrp_att-trpEDCBA,
pBAC-DtrpL_trpEDCBA, pBAC-Ptrp_trpEDCBA, pBAC-Dtrp_att-trpDCBA, pBAC-DtrpL_trpDCBA and pBAC-
Ptrp_trpDCBA vectors.

Example 6: Construction of E. coli strain in which pheA gene was inactivated

[0069] In order to construct a strain close to a tryptophan-producing strain from the wild type E. coli W3110
strain, the pheA gene (NCBI gene ID: 12934467) encoding chorismate mutase/prephenate dehydratase
(CM-PDT) was inactivated by deletion through homologous recombination. CM-PDT is an enzyme in the first
step of producing phenylalanine from chorismate, and deletion of the pheA gene was used to inhibit the
phenylalanine biosynthesis pathway. For this deletion, the one-step inactivation method (developed by
Datsenko KA et al.), mutagenesis technique using lambda red recombinase, was used (One-step
inactivation of chromosomal genes in Escherichia coli K-12 using PCR products, Datsenko KA, Wanner BL .,
Proc Natl Acad Sci U S A. 2000 Jun 6;97(12):6640-5). As a marker for confirming insertion into the genes,
the chloramphenicol-resistant gene of pUCprmfmloxC was used (Korean Patent Laid-Open Publication No.
2009-0075549).

[0070] An about 1200bp gene fragment was amplified by PCR using the vector pUCprmfmloxP as a
template and primers 9 and 10, which have a portion of the pheA gene and a portion of the nucleotide
sequence of the chloramphenicol-resistant gene of the pUCprmfmloxP vector.

Primer 9:
5'-GGCCTCCCAAATCGGGGGGCCTTTTTTATTGATAACAAAAAGGCAACACTAGGTGACACTATAGAACGCG
- 3'(SEQ ID NO: 19);

Primer 10:
5'-AACAGCCCAATACCTTCATTGAACGGGTGATTTCCCCTAACTCTTTCAATTAGTGGATCTGATGGGTACC
-3' (SEQ ID NO: 20).

[0071] The DNA fragment obtained by PCR amplification was electrophoresed on 0.8% agarose gel, and
then eluted and used as a template in secondary PCR. Secondary PCR was performed so that the 5' and 3'
regions of the primary DNA fragment had 20 pairs of complementary nucleotide bases. In addition, an about
1300bp gene fragment was amplified by PCR using the eluted primary PCR product as a template and
primers 11 and 12, which include the 5' and 3' regions of the pheA gene. The resulting DNA fragment was
electrophoresed on 0.8% agarose gel, and then eluted and used in recombination.

Primer 11:

5.
GAATGGGAGGCGTTTCGTCGTGTGAAACAGAATGCGAAGACGAACAATAAGGCCTCCCAAATCGGGGGGC
-3' (SEQ ID NO: 21);

Primer 12:
5-GGCACCTTTTCATCAGGTTGGATCAACAGGCACTACGTTCTCACTTGGGTAACAGCCCAATACCTTCATT
-3' (SEQ ID NO: 22).
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[0072] According to the method developed by Datsenko KA et al., the W3110 E. coli strain transformed with
the pKD46 vector was made as competent status, and then transformed with the 1300bp gene fragment
obtained by PCR. The strain having resistance to chloramphenicol was selected on LB medium. PCR was
performed using primers 13 and 14, and the PCR amplification product had a size of about 2500 bp,
indicating that the pheA gene was deleted in the strain.

Primer 13:
5'- TTGAGTGTATCGCCAACGCG -3' (SEQ ID NO: 23);

Primer 14:
5'- AAAGCCGCGTGTTATTGCGT -3' (SEQ ID NO: 24).

[0073] The pKD46 vector was removed from the primary recombinant strain having chloramphenicol
resistance, and then a pJW168 vector was introduced into the strain, and the chloramphenicol marker gene
was removed from the strain (Gene, (2000) 247,255-264). The resulting strain was an about 500bp
amplification product obtained by PCR using primers 13 and 14, indicating that the target gene deletion was
achieved. The constructed strain was named "E. coli W3110 trpA1".

Example 7: Construction of E. coli strain from which thaAB gene was inactivated

[0074] From the E. coli W3110 trpA1 strain constructed in Example 6, the thaAB operon(NCBI gene ID:
12933600, 12933602) consisting of the fnaA gene encoding tryptophanase and the ftnaB gene encoding
tryptophan importer was deleted by homologous recombination. Due to this deletion, the degradation
pathway of tryptophan after its production can be blocked, and the influx of tryptophan which is secreted to
the medium into the cells can be prevented, thereby imparting the properties of tryptophan-producing
strains. For this deletion, an about 1200bp gene fragment was amplified by PCR in the same manner as
described in Example 6 using the vector pUCprmfmloxP as a template together with primers 15 and 16,
which have a portion of the thaAB gene and a portion of the nucleotide sequence of the chloramphenicol-
resistant gene of the pUCprmfmloxP vector. In addition, the DNA fragment obtained by PCR amplification
was further amplified by PCR in the same manner as described in Example 6 using primers 17 and 18,
thereby obtaining a 1300bp gene fragment.

Primer 15:
5-TTAGCCAAATTTAGGTAACACGTTAAAGACGTTGCCGAACCAGCACAAAAAGGTGACACTATAGAACGCG
- 3' (SEQ ID NO: 25);

Primer 16:
5'-ATGAAGGATTATGTAATGGAAAACTTTAAACATCTCCCTGAACCGTTCCGTAGTGGATCTGATGGGTACC
-3' (SEQ ID NO: 26);

Primer 17:

5.
TGATTTCCTGAGAGGCAAGAAGCCAGCGAATGGCTGGCTTCTTGAAGGATTTAGCCAAATTTAGGTAACA
-3' (SEQ ID NO: 27);

Primer 18:
5-AATCGGTATAGCAGATGTAATATTCACAGGGATCACTGTAATTAAAATAAATGAAGGATTATGTAATGGA -3'
(SEQ ID NO: 28).
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[0075] In order to delete the fnaAB genes, the E. coli strain W3110 trpA1 that the vector pKD46 was
introduced was made competent was constructed in the same manner described in Example 6, and then the
1300bp gene fragment obtained by PCR was transformed into the E. coli strain. The strain having resistance
to chloramphenicol was selected on LB medium. PCR was performed using primers 19 and 20, and the PCR
amplification product had a size of about 5400 bp, indicating that the inaAB genes were deleted in the strain.

Primer 19:
5'- CGGGATAAAGTAAAACCAGG -3' (SEQ ID NO: 29);

Primer 20:
5'- CGGCGAAGGTAAGTTGATGA -3' (SEQ ID NO: 30).

[0076] The pKD46 vector was removed from the primary recombinant strain having chloramphenicol
resistance in the same manner described in Exampl 6, and then the chloramphenicol marker gene was
removed from the strain. The resulting strain was an about 550bp amplification product obtained by PCR
using primers 19 and 20, indicating that the desired gene deletion was achieved. The constructed strain was
named "E. coli W3110 trpA2".

Example 8: Identification of L-tryptophan productivity of strains having tryptophan operon having
various expression patterns

[0077] The E. coli strains transformed with the vectors prepared according to the methods described in
Examples 3, 4 and 5. The effects of the E. Coli variant were evaluated using W3110 trpA2 prepared in
Examples 6 and 7 as a parent strain, and its carbon source was glucose.

[0078] In order to evaluate the titer, each strain was inoculated by a platinum loop and cultured overnight on
LB solid medium. Then, one platinum loop of each strain was inoculated into 25 mL of glucosecontaining
medium, the composition of the medium is shown in Table 2 below. After inoculation, each strain was
incubated at 37 °C and 200 rpm for 48 hours. The results are shown in Table 3 below. All the results were
recorded as the average of three flask results.

Table 2

Composition Concentration (per liter)
Glucose 249
KH2PO4 19
(NH4)2S04 129
NaCl 19
Na,HPO,4 - H,O 5¢
MgSO, - H,O 19
MnSQOy4 - H,O 15 mg
CuSOy4 - H,O 3mg
ZnS0Oy4 - HO 30 mg
Sodium citrate 19




DK/EP 2803720 T3

Composition Concentration (per liter)
Yeast extract 19
Phenylalanine 0.15¢g
pH 6.8
Table 3
Parent Vector L-tryptopha n Anthranilat e
strain (g/L) ** (mg/L)**
W3110 trp {pCL1920 pCC1BAC 0.1 13
A2 pCL-Ptrp._trpEDCB | pBAC- 04 56
A Ptrp_trpEDCBA
pBAC- 0.4 53
DtrpL_trpEDCBA
pBAC-Dtrp att- 0.5 61
trpEDCBA
pCL-DtrpL_trpEDC {pBAC- 04 68
BA Ptrp_trpEDCBA
pBAC- 0.5 73
DtrpL_trpEDCBA
pBAC-Dtrp att- 04 74
trpEDCBA
pCL-Dtrp_att- pBAC-Ptrp trpEDCBA 0.6 89
trpEDCBA PBAC- 05 95
DtrpL_trpEDCBA
pBAC-Dtrp att- 0.7 98
trpEDCBA
pCL-Ptrp-trpEDCBA {pBAC- 0.5 34
Ptrp_trpEDCBA
pBAC- 0.6 35
DtrpL_trpEDCBA
pBAC-Dtrp att- 0.6 40
trpEDCBA
pCL-DtrpL- pBAC-Ptrp_trpDCBA 0.5 45
trpEDCBA PBAC- 05 42
DtrpL_trpDCBA
pBAC-Dtrp att- 0.6 38
trpDCBA
pCL-Dtrp_att- pBAC-Ptrp_trpDCBA 0.7 36
trpEDCBA PBAC- 08 28
DtrpL_trpDCBA
pBAC-Dtrp att- 1.0 29
trpDCBA

[0079] As can be seen from the results in Table 3 above, in the case in which the parent strain E. coli W3110
trpA2 was transformed with a combination of various vectors, if only the tryptophan operon was continuously
enhanced, no positive effect on the production yield of tryptophan appeared while anthranilate accumulated.
On the contrary, the strain modified to enhance the Trp operon and trpDCBA showed a positive effect on the
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production yield of tryptophan together with a decrease in the accumulation of anthranilate, compared to the
strain in which only tryptophan operon was enhanced. Thus, it was confirmed that a decrease in the
accumulation of anthranilate is an effective way to increase the production yield of L-tryptophan in
tryptophan-producing strains.

Example 9: Identification of L-tryptophan productivity of strains having tryptophan operon having
various expression patterns

[0080] The vectors constructed according to the methods described in Examples 3, 4 and 5 were introduced
into the L-tryptophan-producing parent strain E. coli KCCM10812P according to the combination shown in
Table 5 below.The titers of the strains were evaluated using glucose as a carbon source. As a result, it
appeared that not only the enhancement of trpDCBA, but also the enhancement of the tryptophan operon, is
important, similar to the results of Example 8. Thus, the effects on the tryptophan-producing strains were
evaluated.

[0081] In order to evaluate the titer, each strain was inoculated by a platinum loop and cultured overnight on
LB solid medium. Then, one platinum loop of each strain was inoculated into 25 mL of glucosecontaining
medium, the composition of the medium is shown in Table 4 below. After inoculation, each strain was
incubated at 37 °C and 200 rpm for 48 hours. The results are shown in Table 5 below. All the results were
recorded as the average of three flask results.

Table 4
Composition Concentration (per liter)
Glucose 60 g
KoHPO, 19
(NH4)2SO4 10g
NaCl 19
MgSQO4 -H,O 19
Sodium citrate 5g
Yeast extract 249
Calcium carbonate 4049
Sodium citrate 5g
Phenylalanine 0.15¢
Tyrosine 01g
pH 6.8
Table 5
Vector oD Glucose L-tryptophan { Anthranilate
pCL PBAC consumption (g/L)* (g/L) ** (mg/L) **
pCL1920 pCC1BAC 13.5 53.0 7.0 1005
pCL- pBAC- 14.0 52.1 7.2 1053
Ptrp_trpEDCBA | Ptrp_trpEDCBA
pBAC- 14.2 51.0 7.5 1157
DtrpL_trpEDCBA
pBAC-Dtrp_att- § 13.8 52.6 71 1263
trpEDCBA
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Vector oD Glucose L-tryptophan §{ Anthranilate
pCL PBAC consumption (g/L)* (g/L) ** (mg/L) **
pCL- pBAC- 13.9 50.0 7.5 1170
DtrpL_trpEDCBA { Ptrp_trpEDCBA
pBAC- 13.7 516 7.3 1290
DtrpL_trpEDCBA
pBAC-Dtrp_att- }{ 13.6 49.8 7.8 1485
trpEDCBA
pCL-Ptrp att- pBAC- 13.8 49.8 7.5 1358
trpEDCBA Ptrp_trpEDCBA
pBAC- 13.1 476 7.6 1501
DtrpL_trpEDCBA
pBAC-Dtrp_att- § 12.7 453 7.5 1853
trpEDCBA
pCL- pBAC- 14.2 521 7.5 950
Ptrp_trpEDCBA {Ptrp_trpDCBA
pBAC- 14.6 51.3 7.2 813
DtrpL_trpDCBA
pBAC-Dtrp_att- §| 14.3 52.7 7.1 687
trpoDCBA
pCL- pBAC- 13.9 50.6 7.5 953
DtrpL_trpEDCBA { Ptrp_trpDCBA
pBAC- 13.7 51.7 7.6 852
DtrpL_trpDCBA
pBAC-Dtrp_att- § 13.6 51.3 7.7 715
trpoDCBA
pCL-Dtrp att- pBAC- 13.2 516 8.0 1085
trpEDCBA Ptrp_trpDCBA
pBAC- 13.9 50.9 8.6 867
DtrpL_trpDCBA
pBAC-Dtrp_att- § 13.5 51.2 9.5 783
trpoDCBA
* measured at 33 hours
** measured at 48 hours

[0082] As can be seen from the results in Table 5 above, in the case in which the parent strain E.coli
KCCM10812P was transformed with a combination of various vectors, if only the tryptophan operon was
continuously enhanced, no positive effect on the production yield of tryptophan appeared while anthranilate
accumulated. On the contrary, it appears that the strain modified by enhancing the operon using the pCL
vector and enhancing trpDCBA using the pBAC vector showed a positive effect on the production yield of
tryptophan together with a decrease in the accumulation of anthranilate, compared to the strain in which only
tryptophan operon was enhanced. Thus, it was confirmed that a decrease in the accumulation of
anthranilate is an effective way to increase the production yield of L-tryptophan in tryptophan-producing
strains.

Example 10: Construction of strain wherein the copy number of the tryptophan biosynthetic gene
cluster trpDCBA in the chromosome was increased and the accumulation of anthranilate decreased
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[0083] Based on the results of Example 9, in order to increase the copy number of the tryptophan
biosynthetic gene cluster trpDCBA in the chromosome, a vector was constructed.

[0084] Specifically, pCL-Dtrp att-trpDCBA described in Example 5 was cleaved with the restriction enzymes
EcoRI! and BamHI| to obtain Dtrp_att-trpDCBA, and then ligated with pINT17E treated with the same
restriction enzymes, thereby obtaining pINT17E-Patt-trpDCBA. In order to introduce pINT17E-Patt-trpDCBA
into the tryptophan-producing parent strain E. coli KCCM10812P to increase the copy number of the
tryptophan biosynthetic gene cluster trpDCBA, pKD46 that is used in the one-step inactivation method
(developed by Datsenko KA et al.), a mutagenesis technique using lambda red recombinase, according to
Example 6. As a marker for confirming insertion into the genes, the chloramphenicol-resistant gene of
pUCprmfmloxC was used. Specifically, the parent strain, inwhich pKD46 was introduced, transformed with
pINT17E-Patt-trpDCBA, and then cultured at 37 °C for 1-2 days to obtain colonies. To confirm whether
pINT17E-Patt-trpDCBA was correctly inserted into the chromosome of the obtained colonies, about 2000-bp
fragment was amplified by PCR using primers 21 and 22.

Primer 21:
5' TATTTGCTGTCACGAGCAGG 3' (SEQ ID NO: 31);

Primer 22:
5' AGTTCCGGCATACAACCGGCTT 3' (SEQ ID NO: 32).

[0085] pKD46 was removed from the primary recombinant strain having chloramphenicol resistance, and
then pJW168 plasmid was introduced to remove the chloramphenicol marker gene from the strain (Gene,
(2000) 247, 255-264). An about 5000-bp amplification product obtained by PCR using primers 23 and 24,
and an about 6500-bp amplification product obtained by PCR using primers 25 and 26, it demonstrated that
trpDCBA is continuously place following the tryptophan operon which endogenously place on the
chromosome. This strain was named "KCCM10812P/ trpDCBA".

Primer 23:
5' TAATACGACTCACTATAGGG 3' (SEQ ID NO: 33);

Primer 24:
5' CTGTTGGGCGGAAAAATGAC 3' (SEQ ID NO: 34);

Primer 25:
5' TGATCGCCAGGGTGCCGACG 3' (SEQ ID NO: 35);

Primer 26:
5' CCCTATAGTGAGTCGTATTA 3' (SEQ ID NO: 36).

[0086] In order to additionally insert one copy into the above-prepared strain in which the copy number of
trpDCBA was increased, pKD46 was introduced into the above-prepared KCCM10812P/trpDCBA strain.
Then the pINT17E-Patt-trpDCBA vector was introduced into KCCM10812P/trpDCBA/pKD46, thereby
constructing a strain having two copies of trpDCBA inserted into the chromosome. This constructed strain
was named "KCCM10812P/2trpDCBA". This strain was deposited with the Korean Culture Center of
Microorganisms (361-221, Hongje 1-dong, Seodaemun-gu, Seoul, Korea), an international depository
authority, on December 29, 2011 under the accession number KCCM11246P.
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Example 11: Examination of effect of L-tryptophan-producing strain having increased activities of
proteins that are encoded by the tryptophan biosynthetic gene cluster trpDCBA

[0087] According to the method described in Example 10, the titer of KCCM10812P/trpDCBA was evaluated
using glucose as a carbon source. The KCCM10812P/trpDCBA was obtained by further introducing trpDCBA
into the tryptophan-producing strain E. coli KCCM10812P to enhance the activities of some enzymes of
tryptophan biosynthesis pathway.

[0088] To evaluate the titer, the strain was inoculated by a platinum loop and cultured overnight on LB solid
medium. Then, one platinum loop of the strain culture was inoculated into 25 ml of a flask titer medium, the
composition of the medium is shown in Table 4 above. After inoculation, the strain was cultured at 37 °C and
200 rpm for 48 hours. The results are shown in Table 6 below. All the results were recorded as the average
of three flask results.

Table 6

Strain OD {Glucose consumption L-tryptophan Anthranilate

(g/L)* (g/L)** (mg/L)

KCCM10812P 14.0 {54.0 7.2 1020
KCCM10812P/ 14.5 {54.5 7.9 630
trpDCBA
KCCM10812P/2 13.3 {55.2 8.2 320
trpDCBA
* measured at 33 hours
** measured at 48 hours

[0089] As can be seen in Table 6 above, when one copy of the tryptophan biosynthetic gene cluster
trpDCBA was inserted into the chromosome, the concentration of anthranilate decreased by 39% compared
to that in the parent strain. howver two copies were inserted into the chromosome, the concentration of
anthranilate decreased by 69% compared to that in the parent strain.

[0090] In addition, the concentrations of L-tryptophan in the two strains increased by 10% and 13%,
respectively. As shown in Table 6 above, when the copy number of trpDCBA was increased, the
consumption rate of glucose slightly decreased in some cases, but the enhancement of the tryptophan
biosynthetic gene cluster has positive effects on an increase in the concentration of L-tryptophan and a
decrease in the concentration of anthranilate.

Accession Number

[0091]

Depository authority: Korean Culture Center of Microorganisms(international)
Accession Number: KCCM11246P

Deposition date: December 29, 2011

<110> CJ Cheiljedang Corporation
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<120> A MICROORGANISM OF ESCHERICHIA COLI GENUS HAVING ENHANCED L-TRYPTOPHAN
PRODUCING ACTIVITY AND METHOD FOR PRODUCING L-TRYPTOPHAN USING THE SAME

<130> PA13-0105

<150> 10-2012-0002906
<151>2012-01-10

<160> 40
<170> Kopatentin 2.0

<210>1

<211> 273

<212> DNA

<213> Escherichia coli

<400> 1

ggcgcactce cgttctggat aatgtttttt gecgeccgacat
ttetgaaatyg agectgttgac aattaatcat cgaactagtt
taaaaagggt atcgacaatg aaagcaattt tcgtactgaa

gaaacgggca gtgtattcac catgcgtaaa gcaatcagat

gggcetttttt ttgaacaaaa ttagagaata aca

<210> 2

<211> 45

<212> DNA

<213> Escherichia coli

<400> 2

cataacggtt
aactagtacg
aggttggtgg

acccagceccg

atgaaagcaa ttttcgtact gaaaggttgg tggcgcactt cctga 45

<210> 3

<211> 91

<212> DNA

<213> Escherichia coli

<400> 3

ctggcaaata
caagttcacg
cgcacttcct

cctaatgagc

aacgggcagt gtattcacca tgogtaaage aatcagatac ccageccgoce taatgagegg

gotttttttt gaacaaaatt agagaataac a

<210> 4

<211> 14

<212> PRT

<213> Escherichia coli

<400> 4

Met Lys Ala Ile Phe Val Leu Lys Gly Trp Trp Arg Thr Ser

1 5

<210>5

<211> 245

<212> DNA

<213> Artificial Sequence

10

60
120
180
240

273

60

91



<220>
<223> sequence of DtrpL

<400> 5

ttaggtaccg gegeactceoe gttetggata atgttttttg cgeecgacatce

tggcaaatat tctgaaatga gotgttgaca attaatcatc gaactagtta

aagttcacgt aaaaagggta tcgacaacgg goagtgtatt caccatgegt

gatacccage ccgcectaatg agegggettt tttttgaaca aaattagaga

tecatt

<210>6

<211> 148

<212> DNA

<213> Artificial Sequence

<220>
<223> sequence of Dirp_att

<400> 6

ataacggttc
actagtacge
aaagcaatca

ataacagata

ttaggtaccg gegcacteoce gttetggata atgttttttyg cgcecgacatce ataacggttc

tggcaaatat tctgaaatga gctgttgaca attaatcatc gaactagtta actagtacgce

aagttcacgt aaaaagggtg atatcatt

<210>7

<211> 290

<212> DNA

<213> Artificial Sequence

<220>
<223> sequence of Ptrp

<400> 7

ttaggtaccg gcgcactccc gttctggata
tggcaaatat tctgaatgag ctgttgacaa
agttcacgta aaaagggtat cgacaatgaa
cacttcectga aacgggcagt gtattcacca
taatgagagg getttttttt gaacaaaatt
<210> 8

<211> 290

<212> DNA
<213> Artificial Sequence

<220>
<223> sequence of pCL1920GFP

<400> 8

ttaggtaccg gcegcactcecc gttctggata
tggcaaatat tctgaatgag ctgttgacaa
agttcacgta aaaagggtat cgacaatgaa
cacttcetga aacgggeagt gtattcacca

taatgagegg gectttttttt gaacaaaatt

atgttttttg
ttaatcatcg
agcaatttte
tgcgtaaagce

agagaataac

atgttttttyg
ttaatcatcg
agcaatttte
tgcgtaaage

agagaataac

cgccgacatc
aactagttaa
gtactgaaag
aatcagatac

agatatcatt

cgccgacate
aactagttaa
gtactgaaag
aatcagatac

agatatcatt

ataacggttc
ctagtacgea
gttggtggeg

ccagcccgec

ataacggttc
ctagtacgca
gttggtggeg

ccagecccges
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60
120
180
240

245

60

120

60
120
180
240

250

60
120
180
240

290



<210>9
<211> 6564
<212> DNA

<213> Escherichia coli

<400> 9

cocgatatca
cgegacaatt
ctggaateceg
gegetgogea
gaagccctec
ccaaactgcc
ttatgctcee
aaggaagaac
tttgaagatt
gctgaaacge
tttgctacga
caactgaccg
tgtaatcaga
gctggagaaa
ctggeggecet
gataatgatt
agccgocaga
ggttcactgg
gagctgtetyg
adccecggea

cacctegtet

cgegectgta
attgccegagg
gegeatggeg
gccaccgtge
gaaacccgta
gagactttct
tggcagatca
cgcaaacctt
gcceceggtgt
agctgeccat
atgtcggtca
aggcgatgtt
gcagtaacat
tacgtcacga
cccagggege
ccaacacgct

AAAMCCACOA

tgcaaacaca
ccaccgeget
cagatatcga
ttacagettt
tggcactact
gtgtgetgeg
tttcggtttt
gagaagecat
taccgcaact
tgatggtgat
atgaagaaga
aagcogegec
gcgatgaaga
ttttcecaggt
attacgtget
tcaccctatt
ttgagatcta
acagagatct
aacatctgat
gcagetacgt

ctegegtagt

tgaatatggg
cggaaggteg
atctcgacac
aagegggtge
acaaagcccg
gatggctgac
gttgecgcage
aattgaacgce
gccgagcgaa
tattggecatt
ggcgggcgaa
tgccggatta
tecggeecggt
tgeggatege
tegectgetg
gcaaccgatt

actattttoa

aaaaccgact
ttttcaccag
cagcaaagat
aggtgacact
ggataacgcc
ctteccceect
tgacgettte
gttcttegge
gtcagcggaa
tgaccatcag
aaaacaacgt
geegetgoeca
gttcggtgge
ggtgccatct
gaaaaagagt
tggegegteg
ccegattgeo
cgacageegt
gctggttgat
cgecgatete

cggcgaactg

gacgttaage
tegeegegge
ctgeattgtg
tggtgtagtc
cgctgtactg
attctgetge
aatgggcata
dtggecgacca
gccggttgta
tgcecteggac
attcteccacyg
acaaacccge
ttaaccatca
gtttgtggat
gaacaaacgc
ctggaaaaac

creaatootoo

ctegaactge
ttgtgtgggg
gatttaaaaa
gtcacaatce
ctgcctgegg
gtcagtccac
cgtttattge
ggcctgttet
aataactgcc
aaaaaaagca
ctcactgecte
gtggtttocg
gtagtgegtt
cgccgtttet
aatecccagee
ccggaaagcet
ggaacacgcc
attgaactgg
ctogecegta
accaaagttg

cgtcacgatce

ggtgcgecga
agctacggeg
atceocgetegg
cttgattetg
cgegetattg
tcgataatat
acgtggtgat
tgagcaatcc
tgccggaact
atcaggcgat
gtaaagcctce
tgecggtgge
acgeocccattt
tocagttcca
tggectggge
tgtatcagge

atocooaant

taacctgega
ategtcecegge
gcctgetget
aggeacttte
gtgtggaaag
tgctggatga
agaatctgtt
cttatgacct
ctgatttetg
ccegtatteca
gecctgaacga
tgecegeatat
tgttgcaaaa
ctctgeectg
cgtacatgtt
cgctcaagta
cacgcggteg
aaatgcgtac
atgatctgge
accgttattce

ttgacgecet

aggcgcttat
aacgctgetg
ggtagacagt
cggcaacgyge
tgaacaatca
agacgcccgo
gaatgtaccg
tgtggcggga
tttttatcte
ggccagectyg
actacgtcag
gogttgtgaa
agcgattege
cccgtcacceg
ttttatgeag
tgatgccacc
tcgegeegat
cgatcataaa
acgcatttge
ctatgtgatg

gcacgcttat

aagtacgcge tatgecagtta

gegeggtagg ttatttcace

cgctggtgga aaacggtatc

ttcegeragte ggaagccgac

ccaccgegea tcatgeacag

cgactetttt acgtacaacc

ttaccgecaac catattccgg

ggtgectgatg ctttcteoctg

cctcacccege ttgegtggea

tgtcgaaget tacggggget

cagcattgaa catgacggtc

gcgttatcac tegetggttg

taatggeatg
tcecggaatcece
gcagcagaaa
gcagacgett

[ EFTs lafalals EE]

gtgatggcag
attctcacca
ctagagccag
agccaacaag

caactooaoes
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660
720
780
840
900
960
1020
1080
1140
1200

1260

1320
1380
1440
1500
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1620
1680
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1920
1980
2040
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2220

2280



cggegetggt
ccgogctact
teggtactgg
ccgeggectyg
gttegtecga
gccaggeget
tcegeccacge
ggccattgat
tggtgctgece
acagcggcgyg
acggcgaaat
aggagcaact
aaggtaaagg

gectgeatgg

gtggttecge
ttttagecgaa
cgctggecag
agggtgegeyg
tcecgtgatga
ttteggtget
gacaaatoge
atctggegeg
accaatatcg
tcagtaatga
acaaccgoga
aactggggca
gcgagttaag
atttgcacgc
gtgggcaaga
ttgcgacatc
cgttgeagta
aggtgttatc
cgetgogtga
ccotgeocege
gaagcgggca
tggcgggagg
ttgattttaa
cggttttaca
ctattttggt
gctggaagaa
cctgetgaaa
cgggacgaac

aactaaccag

gagcatgaaa
ggaaaacgca
cggtgacgge
tgggetgaaa
tectgetggeg
ggatgagtta
gatgccggtt
taacccggeg
gattgeoecgaa
gatggatgaa
taaaagctat
ggcaggegga
cgacgccgec

ccatgaagat

ttacgacaga
aatcgtegea
ttttcagaat
cacggegttt
tttegatecca
gactgatgag
coogoagoog
ctattaccag
ccagcttgece
agaggaacag
tetgegtgat
caacgtgacyg
cecactteget
cgecgtgege
tgctaaagea
accgegttge
tgttggegtg
gctggeggea
agcetotgoca
cegegagttt
acgttttgac
cttaggcgca
ttectgetgta
gacgctgege
gagtttggeg
gettttgtea
aactatgeccoyg
accacgctgt

gtgetgggge

[T
attcgeggtyg
gcgececgttee
agcaacagta
gtggcgaaac
gegttoggta
ggtgtatgtt
cgccagcaac
catccgecge
accttgegeg
gtttcattac
cagctcaceg
acaccggaag
catgaagcag

ctgraagecca

gtcaccgeac
gacaaggcga
gaggttcage
attetggagt
gcacgcattg
aaatattttc
attttatgta
geegatgaet
gecgtegete
gagcgegoca
ttgtcgattg
gtaatcageg
aacggttttc
cgggtgttge
gcttatgacy
gtcaacgttg
ttecegeaate
gtgcaactgc
gecacatgttg
cagcacgttg
tggtcactat
gataactgcg
gagtcgcaac
geatattaag
gcatgtacgt
gtgegcaaaa
ggcgtcocaac
atctcaagcg

aggcgttget

B g—g g
agcacccgaa
cgcgeccgga
tcaatatttc
acggcaacog
ttaatcttga
tectetttge
tgaaaacccg
tggcgttaat
tgctggaggta
acgcgccgac
cagaagactt
aaaaccgtga
cegtegetge

atgcgcaaac

tggeggcacy
tttgggtaga
cgagcacgeg
goaagaaagc
cecgeecattta
aggggagett
aagacttcat
gettattaat
acagtctgga
ttgcattggg
atctcaaceyg
aatccggcat
tgattggttc
tgggtgagaa
cgggegegat
aacaggcgca
acgatattge
atggtaatga
ceatetggaa
ataaatatgt
taaatggtca
tggaagcggce
cgggcatcaa
gaaaggaaca
gccacaaatc
agatcctgaa
cgegetgace
tgaagatttg

ggcgaagegy

agggtaaatg
agcccgcaaa
acatttttat
gtegeegtea
taaacattac
taatttcete
tatogaccct
goctttcagta
gatgggggtyg
agcaaaggtc
taccegegag
caatacttac
ggcgttgatg
taaagtatgt
ttacggtggy
ggaagtgatg
cgatgtggtg
agaacagctg
agcattaagce
tttagacaac
atecgettgge
acaaaccggce
agacgcacgt
atgacaacat
ctgatgcctg
tttcaggcte
aaatgccaga
ctgcacggeg

atgggtaaaa

R I e & a2
cgagatcgee ggggcagcaa
ttatctgttt gctgatatcg
taccgecagt gegtttgteg
tagegtectecc agtaaatctg
tatgaacgece gataaatcge
gccgaagtat cacaccggat
caccctgttc aatgtgctgg
tggtgtttat agteccggaac
tcaacgegeg geggtggtge
aatcgttgec gaactgcatg
tggcctgaca ccctaccace
cattttaaca cgtttgttac
gaacgtegee atgttaatge

cgttettgag gtactgegea

atgcaaacceg
cagcagcaac
gatgegetac
aaaggogtga
gcttcoggcaa
cccatcgtcea
taccagatct
ctggatgacg
ctgaccgaag
gttggcatca
cttgegeoega
gctcaggtge
gcccatgacg
ggcctgacgc
ttgatttttg
gctgoggeac
gacaaagcta
tatatcgata
gtoggtgaaa
ggccagggtyg
aacgttctge
tgcgeocggac
cttttggeet
tacttaaceca
ctctgecgcca
agttcaacga
acattacage
gcgegcataa

ccgaaatcat

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860
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cgecgaaace ggtgccggte agecatggegt ggegteggece cttgecageg cecetgetegg

cctgaaatge cgtatttata tgggtgccaa agacgttgaa cgccagtcge ctaacgtttt

tegtatgege ttaatgggtyg cggaaghtgat ceceggtgcat ageggttecg cgacgetgaa

agatgcctgt
gctgggcacc
gattggcgaa
tategectgt
aaccaacgtc
cggogeaceg
gcaaaccgaa
gtctgtegge
taccgatgat
ggcgetggaa
taaagagcag
tcacgatatt
cagttgaagg
attgagcagt
ttaggtatcc
cgegeetttg
cagaaacacc
ggcattgatg
gatgtgccag
cctatcttea
ggtegtgatt
gegttacece
cagggatttg
ggcegegattt
aaaatgctgg
teocccacggat
<210>10

<211> 5002
<212> DNA

aacgaggcgce
gcagctggcc
gaaaccaaag
gttggeggeyg
ggcctgattg
ctaaaacatg
gacgggcaga
ccacaacacg
gaagcccttg
tccteccacyg
ctactggtgg
ttgaaagcac
agcgcaaaga
cattgaaaat
ccttctecga
cggcaggtgt
cgaccattcc
agttttatgce
ttgaagagtc
tetgeoeecgee
acacctattt
tcaatcatct
gtatttecge
ctggttegge
cggcactgaa

actttaaget

<213> Escherichia coli

<400> 10

aaagatatca

gcagatcagt

caaaccttaa
cecggtogtge
ctgcccatta
gtoggtcagy
gegatgtttg

agtaacattc

tggctgacat

tgcgecagcaa

ttgaacgecot
cgagcgaagc
ttggcatttg
cgggcgaaat
ccggattaac

cggeeggttt

tgcgegactg
cgcatcctta
cgcagattcet
gttcgaatge
gtgtggagcce
gtegegtggg
ttgaagaatc
cgtatcttaa
aagccttcaa
ccectggeacca
ttaaccttte
gaggggaaat
aggcegecattc
tatcgatacg
cccactggeg
gactccggea
cattggcotg
ccagtgcgaa
cgegecette
aaatgcegat
gctgtoacga
ggttgcgaag
ceaggateag
cattgttaaa
agtttttgta

tecece

gtccggtagt
tccgaccatt
ggaaagagaa
catcggcatg
aggtggteac
tatctattte
ttactccatc
cagcactgga
aacgctgtge
tgcgttgaaa
cggtegegge
ctgatggaac
gtteettteg
ctaattgaag
gatggecccga
caatgttttg
ttgatgtatg
aaagtcggeg
cgcoaggoeg
gacgacctge
gcaggegtga
ctgaaagagt
gtaaaagcag
atcatcgage

caaccgatga

tacgaaaccg
gtgcgtgagt
ggtegectge
tttgctgatt
ggtatcgaaa
ggtatgaaag
tcecgeceggac
cgcgetgatt
ctgcacgaag
atgatgeogeg
gataaagaca
gctacgaatc
tecacgetegg
ccggtgetga
cgattcaaaa
aaatgetgge
ccaatctggt
tcgatteggt
cgttgegtea
tgegecagat
ccggegeaga
acaacgctge
cgattgatge
aacatattaa

aageggcgac

cgcactatat
ttcagcggat
cggatgcegt
tcatcaatga
ctggcgagca
cgecgatgat
tggatttcce
acgtgtctat
ggatcatcce
aaaacccgga
tettcacegt
tctgtttgec
tgatceggge
cgcgctggag
cgccactctg
actgattege
gtttaacaaa
getggttgec
taatgteogea
agcctettac
aaaccgcgec
acctceattg
aggagctgceg
tgagccagag

gcogcagttaa

tectgetgete gataatatcg actcttttac gtacaacctg

tgggcataac gtggtgattt accgcaacca tattccggeg

ggcgaccatg
cggttgtatg
ccteoggacat
tcteccacggt
aaacccagetg

aaccatcaac

agcaatccgg
ccggaactee
caggcgattyg
aaagcctcca
ceggtggege

gcccatttta

tgctgatget ttecteoctgge

tcaccegett gegtggcoaag

tcgaagctta cgggggetat

gcattgaaca tgacggtcag

gttatcacte getggttgge

atggcatggt gatggcagta

DK/EP 2803720 T3

4920
4380

5040

5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540

6564

60

120

180
240
300
360
420

480



cgtcacgatg
cagggegeto
aacacgctge
agccaccagce
gcgetggtga
gegatactgg
ggtactggeg
gecggectgtyg
tegteecgate
caggcegetgg
cgccacgcga
ccattgatta
gtgctgeccga
agcggcggga
ggcgaaatta
gagcaactgg
ggtaaaggcy
ctgcatggcc
ggttcogett
ttagcgaaaa
ctggccagtt
ggtgcgagea
cgtgatgatt
teggtgetga

caaatcgecec

ctggegeget
caatatecgec
agtaatgaag
aaccgegate
ctggggcaca
gagttaagcc
ttgeacgoog
gggcaagatg
gcgacatcac
ttgcagtatg
gtgttatege
ctgegtgaag
ctgccegcee
agcgggeoaac
gcggggggct
gattttaatt
gttttecaga

attttggtga

cggatcgegt
gactgetgga
aaccgattct
tgttttcage
gcatgaaaat
aaaacgecagc
gtgacggcag
ggctgaaagt
tgctggecgge
atgagttagg
tgcecggttceg
acccggogea
ttgccgaaac
tggatgaagt
aaagctatca
caggcggaac
acgcogococa
atgaagatct
acgacagagt
togtegeaga
ttcagaatga
cggcgtttat
tcgatcecage
ctgatgagaa

cgeagecgat

attaccaggce
agcttgcege
aggaacagga
tgegtgattt
acgtgacggt
acttcgctaa
cegtgogoog
ctaaagcagce
cgcegttgegt
ttggcgtgtt
tggeggeagt
ctetgecage
gcgagtttca
gttttgactg
taggcgcaga
ctgetgtaga
cgectgogege

gtttggcgge

ttgtggatte
acaaacgcetg
ggaaaaactg
ggtggtgegt
tcgeggtgag
geegttaecy
caacagtatce
ggcgaaacac
gtteggtatt
tgtatgttte
ccagcaactg
tecogeegetyg
cttgcgegtg
ttcattacac
gctcaccgca
accggaagaa
tgaagcagcce
gcaagccaat
caccgcacty
caaggcgatt
ggttcageceg
tetggagtge
acgcattgece
atattttcag

tttatgtaaa

cgatgcctge
cgtegeteac
gegegecatt
gtegattgat
aatcagcgaa
cggttttctg
ggtgttgetg
ttatgacgeg
caacgttgaa
ccgcaatcac
gcaactgeat
acatgttgce
gcacgttgat
gtcactatta
taactgegtg
gtegecaaceg
atattaagga

atgtacgtge

cagttccatc
gectgggege
tatcaggcege
ggcgagcetga
cacccgaacyg
cgeecaggatt
aatattteta
ggcaaccgta
aatcttgata
ctetttgege
aaaacccgca
gegttaattyg
ctggggtatc
gcgecgacaa
gaagactttg
aaccgtgaca
gtegetgega
gogcaaaccg
dgcggcacgag
tgggtagaag
agcacgcgac
aagaaagcgt
gccatttata
gggagcttta

gacttcatta

ttattaatge
agtctggaga
gcattgggag
ctcaaccgta
teceggeatca
attggttcgg
ggtgagaata
ggcegegattt
caggcegcagyg
gatattgccg
ggtaatgaag
atctggaaag
aaatatgttt
aatggtcaat
gaagcggcac
ggcatcaaag
aaggaacaat

cacaaatcct

tttecagtact
tgggggtgcet
caaaggtcgt
cecgogaget
atacttacgce
cgttgatgge
aagtatgtgg
acggtgggtt
aagtgatgge
atgtggtgga
aacagctgta
cattaagegt
tagacaacgg
cgcttggcaa
aaaccggctg
acgcacgtct
gacaacatta

gatgcctget

cggaatccat tctecaccacce
agcagaaact agagooagec
agacgcttag ccaacaagaa
agccggaaca actggcggeg
agatcgccgy ggcagcaace
atctgtttge tgatatcgte
cegecagtge gtttgtegee
gcgtctecag taaatctggt
tgaacgeccga taaatcgege
cgaagtatca caccggattce
ccctgttcaa tgtgctgggg
gtgtttatag tccggaactg
aacgcgcgge ggtggtgeac
tegttgecga actgeatgac
gocctgacacc ctaccaccag
ttttaacacg tttgttacaa
acgtcgecat gttaatgoge
ttcttgaggt actgcgcagt
ggtaaatgat gcaaaccgtt
coccgcaaaca gcagcaaccg
atttttatga tgcgctacag
cgecgtcaaa aggegtgate
aacattacgc ttcggcaatt
atttectece categteage

tcgacecetta ccagatctat

ggatgacgac
gaccgaagtc
tggcatcaac
tgegecgaaa
tecaggtgege
ccatgacgat
cctgacgegt
gatttttgtt
tgeggcaccyg
caaagctaag
tatcgatacg
cggtgaaacce
ccagggtgga
cgttetgetg
cgccggactt
tttggecteg
cttaaccect

ctgcgeccage

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2320
2880
2940
3000

3060
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tggaagaagc
tgeotgaaaaa
ggacgaacac
ctaaccaggt
cogaaacogg
tgaaatgoeg
gtatgcgett
atgccotgtaa
tgggcacege
ttggcgaaga
tcgectgtgt
ccaacgtegg
gegeaccget

aaaccgaaga

ctgteggeec
ccgatgatga
cgctggaatc
aagagcagcet
acgatatttt
gttgaaggag
tgagcagtca
aggtatcceco
cgecectttgeg
gaaacacccg
cattgatgag
tgtgecagtt
tatctteate
tegtggttac
gttaccccte
gggatttggt
cgaegatttcet
aatgctggceg
ccacggatcc

<210> 11
<211> 30

<212> DNA

ttttgtcagt
ctatgeocggg
cacgctgtat
gctggggcag
tgeceggteoag
tatttatatg
aatgggtgcg
cgaggegotg
agetggoecog
aaccaaagcg
tggcggcggt
cetgattggt
aaaacatggt

cgggcagatt

acaacacgeg
agcccttgaa
cteocccacgec
actggtggtt
gaaagcacga
cgcaaagaag
ttgaaaatta
ttctoegace
gcaggtgtga
accattccca
ttttatgece
gaagagtceg
tgceocgecaa
acctatttge
aatcatctgg
atttecgeeoce
ggtteggececa

gcactgaaag

gcgcaaaaag
cgtccaaceg
ctcaagegtyg
gegttgectgg
catggcgtgg
ggtgccaaag
gaagtgatcc
cgegactggt
catecettate
cagattctgg
tcgaatgcca
gtggagceag
cgegtgggta

gaagaatctt

aaccttteeg

agtgcgaaaa

cggatcaggt

tttaagette cc

<213> Artificial Sequence

<220>

<223> primer 1

<400> 11

tatcttaaca
gccttcaaaa

ctggecceatg

ggggaaatct
gcgcattegt
tcgatacget
cactggogga
ctocggeaca

ttggectgtt

cgeccttecg
atgccgatga
tgtcacgage

ttgecgaagcet

ttgttaaaat

tttttgtaca

atcectgaatt
cgetgaccaa
aagatttget
cgaagcggat
cgteggocet
acgttgaacy
cggtgcatag
ceggtagtta
cgaccattgt
aaagagaagg
tcggcatgtt
gtggtcacgy
tetatttegy

actcecatctc

ttaggtaccg gecgcactccece gttctggata 30

cgctgtgeot
cgttgaaaat
gtegeggega
gatggaacge
tecetttegte
aattgaagcc
tggeccecgacyg
atgttttgaa
gatgtatgce
agtcggegtce
ccaggeccgeg
cgacctgetg
aggegtgace
gaaagagtac
aaaagcagcg
catcgagecaa

accgatgaaa

tcaggctcag
atgccagaac
gcacggcegge
gggtaaaace
tgocagogeo
ccagtecgect
cggtteegeg
cgaaaccgcyg
gegtgagttt
togectgecy
tgctgatttce
tatcgaaact
tatgaaageg

cgccggactg

ttcaacgacc
attacageceg
gcgcataaaa
gazatcatcyg
ctgoteggeo
aacgttttte
acgctgaaag
cactatatge
cagecggatga
gatgcegtta
atcaatgaaa
ggcgagcacyg
ccgatgatge

gatttcecegt

gecactggadg cgctgattac gtgtctatta
gcacgaaggyg atcatcccgg
gatgcgecgaa aacccggata
taaagacatc ttcaccgttce
tacgaatete tgtttgocea
acgcteggtg atcegggeat
ggtgctgacyg cgctggagtt
attcaaaacg ccactctgeg
atgectggecac tgattcgeca
aatctggtgt ttaacaaagg
gattcggtge tggttgecga
ttgcgtecata atgtegeacce
cgccagatag cctettacgg
ggcgcagaaa accgegecge
aacgctgeac ctccattgea
attgatgcag gagetgcggg
catattaatg agccagagaa

gcggcgacge gcagttaatce

DK/EP 2803720 T3

3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840

3900

3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980

5002



<210> 12

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 2

<400> 12
actgcccegtt gtcgataccc tttttacgt 29

<210> 13

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 3

<400> 13
tcgacaacgg gcagtgtatt caccatg 27

<210> 14

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 4

<400> 14
aatgatatct gttattctct aattttgtt 29

<210> 15

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 5

<400> 15
aatgatatca ccctttttac gtgaacttg 29

<210> 16

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 6

<400> 16
cccgatatca tgcaaacaca aaaaccgac 29

DK/EP 2803720 T3



<210> 17

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 7

<400> 17
gggaagctta aaggatccgt gggattaact gcgegtegece gcettt 45

<210> 18

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 8

<400> 18
aaagatatca tggctgacat tctgctget 29

<210> 19

<211>70

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 9

<400> 19

ggcctcccaa atcggggggc cttttttatt gataacaaaa aggcaacact aggtgacact 60

atagaacgceg 70

<210> 20

<211>70

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 10

<400> 20

aacagcccaa taccttcatt gaacgggtga tttccectaa ctetttcaat tagtggatct 60

gatgggtacc 70

<210> 21

<211>70

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 11

DK/EP 2803720 T3



<400> 21
gaatgggagg cgtttegtcg tgtgaaacag aatgcgaaga cgaacaataa ggcctcccaa

atcggggggc

<210> 22

<211>70

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 12

<400> 22
ggcacctttt catcaggttg gatcaacagg cactacgttc tcacttgggt aacagcccaa

taccttcatt

<210> 23

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 13

<400> 23
ttgagtgtat cgccaacgeg 20

<210> 24

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 14

<400> 24
aaagccgcegt gttattgegt 20

<210> 25

<211>70

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 15

<400> 25

ttagccaaat ttaggtaaca cgttaaagac gttgccgaac cagcacaaaa aggtgacact
atagaacgceg

<210> 26

<211>70

<212> DNA
<213> Artificial Sequence

<220>

DK/EP 2803720 T3
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<223> primer 16

<400> 26
atgaaggatt atgtaatgga aaactttaaa catctccctg aaccgttecg tagtggatcet 60

gatgggtacc 70

<210> 27

<211>70

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 17

<400> 27
tgatttccty agaggcaaga agccagcgaa tggctggett cttgaaggat ttagecaaat 60

ttaggtaaca 70

<210> 28

<211>70

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 18

<400> 28
aatcggtata gcagatgtaa tattcacagg gatcactgta attaaaataa atgaaggatt 60

atgtaatgga 70

<210> 29

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 19

<400> 29
cgggataaag taaaaccagg 20

<210> 30

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 20

<400> 30
cggcgaaggt aagttgatga 20

<210> 31
<211> 20
<212> DNA



<213> Artificial Sequence

<220>
<223> primer 21

<400> 31
tatttgctgt cacgagcagg 20

<210> 32

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 22

<400> 32

agttccggcea tacaaccggc tt 22

<210> 33

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 23

<400> 33
taatacgact cactataggg 20

<210> 34

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 24

<400> 34
ctgttgggcg gaaaaatgac 20

<210> 35

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> primer 25

<400> 35
tgatcgccag ggtgcecgacg 20

<210> 36
<211> 20
<212> DNA

DK/EP 2803720 T3



<213> Artificial Sequence

<220>
<223> primer 26

<400> 36
ccctatagtg agtcgtatta 20

<210> 37
<211> 531
<212> PRT
<213> Escherichia coli

<400> 37
Met Ala Asp

1

Leu

Asn

Asn

Gly

65

Ile

Tyr

Glu

val

Thr

145

Ala

Thr

Lys

Gln

val

225

Ser

Thr

Phe

Ile

Ala

305

Leu

Ala

His

Pro

50

Cys

Gly

val

His

Ala

130

Ile

Asp

Gln

Leu

Ala
210

val

Met

Ala

Ala

Ser

290

Lys

Leu

Asp

Ile

35

val

Met

Ile

Gly

Asp

115

Arg

Asn

Arg

Gly

Glu

185

Gln

Arg

Lys

Leu

Asp

275

Thr

His

Ala

Ile

Gln

Pro

Leu

Pro

Cys

Gln

100

Gly

Tyr

Ala

Val

Ala

180

Pro

Thr

Gly

Ile

Leu

260

Ile

Ala

Gly

Ala

Leu

Leu

Ala

Met

Glu

Leu

85

Ala

Gln

His

His

Cys

165

Arg

Ala

Leu

Glu

Arg

245

Glu

Val

Ser

Asn

Phe
325

Leu

Arg

Gln

Leu

Leu

70

Gly

Gly

Ala

Ser

Phe

150

Gly

Leu

Asn

Ser

Leu
230
Gly
Asn
Gly
Ala
arg
310

Gly

Leu

Ser

Thr

Ser

55

Leu

His

Glu

Met

Leu

135

Asn

Phe

Leu

Thr

Gln
215

Lys

Glu

Ala

Thr

Phe

295

Ser

Ile

Asp

Asn

Leu

40

Pro

Thr

Gln

Ile

Phe

120

val

Gly

Gln

Glu

Leu

200

Gln

Pro

His

Ala

Gly

280

val

val

Asn

Asn

Gly

25

Ile

Gly

Arg

Ala

Leu

105

Ala

Gly

Met

Phe

Gln

185

Gln

Glu

Glu

Pro

Pro

265

Gly

Ala

Ser

Leu

Ile

10

His

Glu

Pro

Leu

Ile

90

His

Gly

Ser

val

His

170

Thr

Pro

Ser

Gln

Asn

250

Phe

Asp

Ala

Ser

Asp
330

Asp

Asn

Arg

Gly

Arg

75

Val

Gly

Leu

Asn

Met

155

Pro

Leu

Ile

His

Leu

235

Glu

Pro

Gly

Ala

Lys

315

Met

Ser

Val

Leu

val

60

Gly

Glu

Lys

Thr

Ile

140

Ala

Glu

Ala

Leu

Gln
220

Ala

Ile

Arg

Ser

Cys

300

Ser

Asn

Phe

Val

Ala

45

Pro

Lys

Ala

Ala

Asn

125

Pro

val

Ser

Trp

Glu

205

Leu

Ala

Ala

Pro

Asn

285

Gly

Gly

Ala

Thr

Ile

Thr

Ser

Leu

Tyr

Ser

110

Pro

Ala

Arg

Ile

Ala

190

Lys

Phe

Ala

Gly

Asp

270

Ser

Leu

Ser

Asp

Tyr

15

Tyr

Met

Glu

Pro

Gly

95

Ser

Leu

Gly

His

Leu

175

Gln

Leu

Ser

Leu

Ala

255

Tyr

Ile

Lys

Ser

Lys
335

Asn

Arg

Ser

Ala

Ile

80

Gly

Ile

Pro

Leu

Asp

160

Thr

Gln

Tyr

Ala

val

240

Ala

Leu

Asn

val

Asp

320

Ser
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Arg Gln Ala
Tyr His Thr
355

Thr Arg Thr
370

Pro Pro Leu
385

Ile Ala Glu
His Ser Gly
Ala Glu Leu

435

Asp Phe Gly
450

Pro Glu Glu
465

Asp Ala Ala
Arg Leu His
Glu Val Leu

515

Ala Arg Gly
530
<210> 38
<211> 452
<212> PRT

Leu

340

Gly

Leu

Ala

Thr

Gly

420

His

Leu

Asn

His

Gly

500

Arg

Asp

Phe

Phe

Leu

Leu

405

Met

Asp

Thr

Arg

Glu

485

His

Ser

Glu

Arg

Asn

Ile

390

Arg

Asp

Gly

Pro

Asp

470

Ala

Glu

Gly

<213> Escherichia coli

<400> 38

Met Gln Thr
1

Glu Ala Arg

Gln Pro Ser

35

Ala Phe Ile
50

Arg Asp Asp
65

Ala Ser Ala
Phe Asn Phe
Cys Lys Asp

115

Tyr Gln Ala
130

Gln Tyr Arg
145

Leu Thr Glu

Gly Ala Lys

Val

Lys

20

Thr

Leu

Phe

Ile

Leu

100

Phe

Asp

Gln

val

val
180

Leu

Gln

Glu

Asp

Ser

85

Pro

Ile

Ala

Leu

Ser

165

val

Ala

Gln

His

Cys

Pro

70

val

Ile

Ile

Cys

Ala

150

Asn

Gly

Leu

His

val

375

Gly

Val

Glu

Glu

Tyxr

455

Ile

Ala

Asp

Ser

Lys

Gln

Phe

Lys

55

Ala

Leu

Val

Asp

Leu

135

Ala

Glu

Ile

Gly

Ala

360

Leu

val

Leu

Val

Ile

440

His

Leu

Val

Leu

Ala
520

Ile

Pro

Tyr

40

Lys

Arg

Thr

Ser

Pro

120

Leu

Val

Glu

Asn

val

345

Met

Gly

Tyr

Gly

Ser

425

Lys

Gln

Thr

Ala

Gln

505

Tyr

Val

Leu

25

Asp

Ala

Ile

Asp

Gln

105

Tyr

Met

Ala

Glu

Asn
185

Cys

Pro

Pro

Ser

Tyr

410

Leu

Ser

Glu

Arg

Ala

490

Ala

Asp

Ala

10

Ala

Ala

Ser

Ala

Glu

20

Ile

Gln

Leu

His

Gln

170

Arg

Phe

Val

Leu

Pro

395

Gln

His

Tyr

Gln

Leu

475

Asn

Asn

Arg

Asp

Ser

Leu

Pro

Ala

75

Lys

Ala

Ile

Ser

Ser

155

Glu

Asp

Leu

Arg

Ile

380

Glu

Arg

Ala

Gln

Leu

460

Leu

Val

Ala

Val

Lys

Phe

Gln

Ser

60

Ile

Tyr

Pro

Tyr

Val

140

Leu

Arg

Leu

Phe

Gln

365

Asn

Leu

Ala

Pro

Leu

445

Ala

Gln

Ala

Gln

Thr
525

Ala

Gln

Gly

45

Lys

Tyr

Phe

Gln

Leu

125

Leu

Glu

Ala

Arg

Ala

350

Gln

Pro

Val

Ala

Thr

430

Thr

Gly

Gly

Met

Thr

510

Ala

Ile

Asn

Ala

Gly

Lys

Gln

Pro

110

Ala

Asp

Met

Ile

Asp
190

Pro

Leu

Ala

Leu

Val

415

Ile

Ala

Gly

Lys

Leu

495

val

Leu

Trp

15

Glu

Arg

Val

His

Gly

95

Ile

Arg

Asp

Gly

Ala

175

Leu

Lys

Lys

His

Pro

400

Val

Val

Glu

Thr

Gly

480

Met

Leu

Ala

Val

Vval

Thr

Ile

Tyr

80

Ser

Leu

Tyr

Asp

Val

160

Leu

Ser
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Ile Asp Leu
195

Val Thr Vval
210

Glu Leu Ser
225

Ala His Asp
Asn Lys Val
Asp Ala Gly

275

Arg Cys Val
290

Leu Gln Tyr

Asp Lys Ala
Glu Glu Gln
Val Ala Ile

355

Glu Phe Gln
370

Ser Gly Gln
385

Asn Val Leu
Ala Gln Thr
Gln Pro Gly

435

Leu Arg Ala
450
<210> 39
<211> 397
<212> PRT

Asn

Ile

His

Asp

Cys

260

Ala

Asn

Val

Lys

Leu

340

Trp

His

Arg

Leu

Gly

420

Ile

Tyr

Arg

Ser

Phe

Leu

245

Gly

Ile

Val

Gly

Val
325
Tyr
Lys
val
Phe
Ala
405

Cys

Lys

Thr

Glu

Ala

230

His

Leu

Tyr

Glu

Vval

310

Leu

Ile

Ala

Asp

Asp

390

Gly

Ala

Asp

<213> Escherichia coli

<400> 39

Met Thr Thr
1

Val Pro Gln

Val Ser Ala

35

Leu Lys Asn
50

Ile Thr Ala
65

Leu His Gly

Leu Ala Lys

Leu

Ile

20

Gln

Tyr

Gly

Gly

Arg
100

Leu

Leu

Lys

Ala

Thr

Ala

85

Met

Asn

Met

Asp

Gly

Asn

70

His

Gly

Arg

Ser

215

Asn

Ala

Thr

Gly

Gln

295

Phe

Ser

Asp

Leu

Lys

375

Trp

Gly

Gly

Ala

Pro

Pro

Pro

Arg

55

Thr

Lys

Lys

Glu
200
Gly
Gly
Ala
Arg
Gly
280

Ala

Arg

Leu

Thr

Ser

360

Tyr

Ser

Leu

Leu

Arg
440

Tyr

Ala

Glu

40

Pro

Thr

Thr

Thr

Leu

Ile

Phe

Val

Gly

265

Leu

Gln

Asn

Ala

Leu

345

val

val

Leu

Gly

Asp

425

Leu

Phe

Leu

25

Phe

Thr

Leu

Asn

Glu
105

Ala

Asn

Leu

Arg

250

Gln

Ile

Glu

His

Ala

330

Arg

Gly

Leu

Leu

Ala

410

Phe

Leu

Gly

10

Arg

Gln

Ala

Tyr

Gln

90

Ile

Pro

Thr

Ile

235

Arg

Asp

Phe

Val

Asp

315

Val

Glu

Glu

Asp

Asn

395

Asp

Asn

Ala

Glu

Gln

Ala

Leu

Leu

75

val

Ile

Lys

Tyr

220

Gly

Val

Ala

val

Met

300

Ile

Gln

Ala

Thr

Asn

380

Gly

Asn

Ser

Ser

Phe

Leu

Gln

Thr

Lys

Leu

Ala

Leu
205
Ala
Ser
Leu
Lys
Ala
285

Ala

Ala

Leu

Leu

Leu

365

Gly

Gln

Cys

Ala

Val
445

Gly

Glu

Phe

45

Lys

Arg

Gly

Glu

Gly

Gln

Ala

Leu

Ala

270

Thr

Ala

Asp

His

Pro

350

Pro

Gln

Ser

Val

Val

430

Phe

Gly

Glu

30

Asn

Cys

Glu

Gln

Thr
110

His

Val

Leu

Gly

255

Ala

Ser

Ala

val

Gly
335
Ala
Ala
Gly
Leu
Glu
415

Glu

Gln

Met

15

Ala

Asp

Gln

Asp

Ala

95

Gly

Asn

Arg

Met

240

Glu

Tyr

Pro

Pro

val

320

Asn

His

Arg

Gly

Gly

400

Ala

Ser

Thr

Tyr

Phe

Leu

Asn

Leu

80

Leu

Ala
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Gly Gln His Gly val
115

Lys Cys Arg Ile Tyr
130

Asn Val Phe Arg Met
145

Ser Gly Ser Ala Thr
165

Trp Ser Gly Ser Tyr
180

Gly Pro His Pro Tyr
185

Gly Glu Glu Thr Lys
210

Asp Ala Val Ile Ala
225

Phe Ala Asp Phe Ile
245

Pro Gly Gly His Gly
260

His Gly Arg Val Gly
275

Thr Glu Asp Gly Gln
230

Asp Phe Pro Ser Val
305

Arg Ala Asp Tyr Val
325

Lys Thr Leu Cys Leu
340

His Ala Leu Ala His
355

Glu Gln Leu Leu Val
370

Phe Thr Val His Asp
385

<210> 40

<211> 268

<212> PRT

Ala

Met

Arg

150

Leu

Glu

Pro

Ala

Cys

230

Asn

Ile

Ile

Ile

Gly

310

Ser

His

Ala

Val

Ile
3390

<213> Escherichia coli

<400> 40
Met Glu Arg Tyr Glu
1 5

Gly Ala Phe val Pro
20

Ser Leu Lys Ile Ile
35

Glu Leu Gly Ile Pro
50

Gln Asn Ala Thr Leu
65

Cys Phe Glu Met Leu

Ile Gly Leu Leu Met
100

Ser

Phe

Asp

Phe
Arg
70

Ala

Tyr

Ser

Gly
135

Leu

Lys

Thr

Thr

Gln

215

val

Glu

Glu

Tyr

Glu

295

Pro

Ile

Glu

Leu

Asn

375

Leu

Leu

val

Thr

Ser
55
Ala

Leu

Ala

Ala
120

Ala

Met

Asp

Ala

Ile

200

Ile

Gly

Thr

Thr

Phe

280

Glu

Gln

Thr

Gly

Lys

360

Leu

Lys

Phe

Thr

Leu
40

Asp

Phe

Ile

Asn

Leu

Lys

Gly

Ala

His

185

Val

Leu

Gly

Asn

Gly

265

Gly

Ser

His

Asp

Ile

345

Met

Ser

Ala

Ala
Leu
25

Ile

Pro

Ala

Arg

Leu
105

Ala

Asp

Ala

Cys

170

Tyr

Arg

Glu

Gly

Val

250

Glu

Met

Tyr

Ala

Asp

330

Ile

Met

Gly

Arg

Gln
10
Gly

Glu

Leu

Ala

Gln

Val

Ser

val

Glu

155

Asn

Met

Glu

Arg

Ser

235

Gly

His

Lys

Ser

Tyr

315

Glu

Pro

Arg

Arg

Gly
395

Leu

Asp

Ala

Ala
Gly
75

Lys

Phe

Ala

Glu
140

Val

Glu

Leu

Phe

Glu

220

Asn

Leu

Gly

Ala

Ile

300

Leu

Ala

Ala

Glu

Gly

380

Glu

Lys

Pro

Gly

Asp
60
val

His

Asn

Leu
125

Arg

Ile

Ala

Gly

Gln

205

Gly

Ala

Ile

Ala

Pro

285

Ser

Asn

Leu

Leu

Asn

365

Asp

Ile

Glu

Gly

Ala
45

Gly

Thr

Pro

Lys

Leu

Gln

Pro

Leu

Thr

190

Arg
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Patentkrav

1.

Rekombinant mikroorganisme af slegten Fscherichia, som har forbedret L-
tryptofanproduktivitet, hvor den rekombinante mikroorganisme har en modifikation
af et ekspressionsregulerende omrade af tryptofanoperonet, hvor modifikationen er
en delvis eller fuld sletning af et lederpeptid, der har en nukleotidsekvens, der er
reprasenteret af SEQ ID NO: 2 i et ekspressionsregulerende omrade, der har en
nukleotidsekvens, der er representeret af SEQ ID NO: 1 fra et endogent
tryptofanoperon, hvor den rekombinante mikroorganisme ogsd modificeres til at
have  oget  kromosomalt eller intracellulert  kopieringsantal  for
tryptofanoperongenerne trpD, trpC, trpB og trpA, men ikke trpE, hvilket derved
forsterker aktiviteten af den biosyntetiske genklynge for tryptofan med undtagelse
af den anthranilatsyntase, der kodes af trpE-genet, 1 forhold til den tilsvarende

Escherichia-mikroorganisme af vild type.

Den rekombinante mikroorganisme af slegten Escherichia ifelge krav 1, hvor den
rekombinante mikroorganisme har en yderligere modifikation af det
ekspressionsregulerende omrade af tryptofanoperonet, hvor modifikationen er en
delvis eller fuld sletning af en endogen attenuator, der har en nukleotidsekvens, der
er repraesenteret af SEQ ID NO: 3 1 det ekspressionsregulerende omrade, der har en

nukleotidsekvens, der er repraesenteret af SEQ ID NO: 1.

Den rekombinante mikroorganisme ifelge krav 1, hvor trpD-genet koder et
polypeptid, der omfatter den aminosyresekvens, der er repreesenteret af SEQ ID NO:
37, trpC-genet koder et polypeptid, der omfatter den aminosyresekvens, der er
repraesenteret af SEQ ID NO: 38, trpB-genet koder et polypeptid, der omfatter den
aminosyresekvens, der er representeret af SEQ ID NO: 39, og trpA-genet koder et
polypeptid, der omfatter den aminosyresekvens, der er repreesenteret af SEQ ID NO:
40.

Den rekombinante mikroorganisme ifelge krav 1, hvor den rekombinante

mikroorganisme er en F. coli-stamme.
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Fremgangsmade til fremstilling af L-tryptofan, som omfatter dyrkning af den
rekombinante mikroorganisme, som krevet i krav 1, under betingelser, der er egnede

til fremstillingen af L-tryptofan.

Fremgangsmaden ifelge krav 5, hvor den rekombinante mikroorganisme har en
yderligere modifikation af det ekspressionsregulerende omrade af tryptofanoperonet,
hvor modifikationen er en delvis eller fuld sletning af en endogen attenuator, der har
en nukleotidsekvens, der er repraesenteret af SEQ ID NO: 3 1 det
ekspressionsregulerende omrade, der har en nukleotidsekvens, der er reprasenteret

af SEQ ID NO: 1.

Fremgangsmaden ifglge krav 5, hvor den rekombinante mikroorganisme er en F.

coli-stamme.
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DRAWINGS

Fig. 1

tryptophan operon

)
! }
trpE trpD  trpC trpB  trpA

P promoter |[:leader peptide A: attenuator



DK/EP 2803720 T3

Fig. 2
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Fig. 3
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