
L-METHIONINE PRODUCING MICROORGANISM TO WHICH PROTEIN 
ENCODED BY FOREIGN metZ GENE IS INTRODUCED AND METHOD FOR

PRODUCING L-METHIONINE USING SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention

The present disclosure relates to an L-methionine-producing

microorganism, into which a protein encoded by a foreign metZ gene is introduced, 

and a method of producing L-methionine using the same. 

2. Description of the Related Art

L-Methionine, one of the essential amino acids in the body, is used as a

feed, a medical raw material such as a synthetic raw material for medical 

solutions, medical supplies, etc., and a food additive.  Methionine is an important 

amino acid involved in a methyl group transfer reaction in the body, and has a role 

in supplying sulfur. 

In chemical synthesis of methionine, a method of producing methionine in a 

mixture of L- and D-types through hydrolysis of 5-(β-methylmercaptoethyl)-

hydantoin is mainly used.  However, this chemical synthesis produces a mixed 

form of L- and D-types. 

Meanwhile, L-methionine may be also produced by way of a biological 

method.  More specifically, one method of producing L-methionine using 

microorganisms is to produce methionine by direct sulfhydrylation using O-

acylhomoserine (O-acetyl homoserine or O-succinyl homoserine) and hydrogen 

sulfide as substrates.  For example, an enzyme encoded by a metY gene in 

Corynebacterium is known to perform a direct sulfhydrylation function.  Another 

method of producing L-methionine by microorganisms is to produce methionine by 

transsulfuration using O-acylhomoserine (O-acetyl homoserine or O-succinyl 

homoserine) and cysteine as substrates.  For example, an enzyme encoded by a 
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metB gene in Corynebacterium is known to perform a transsulfuration function. 

However, there are disadvantages in that the enzyme encoded by metB produces 

many by-products, and the metY gene receives feedback inhibition, and therefore, 

it is difficult to apply these to industrial mass-production of L-methionine (Kromer 

JO et al., J Bacteriol 188(2):609–618, 2006; Yeom HJ et al., J Microbiol 

Biotechnol 14(2):373–378, 2004; etc.). 

The present inventors have made every effort to develop a protein that may 

replace the protein, and as a result, they found that a microorganism, into which a 

protein encoded by a metZ gene is introduced, produces L-methionine in a high 

yield, thereby completing the present disclosure. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an L-methionine-producing 

microorganism, into which a protein encoded by a foreign metZ gene is introduced. 

Another object of the present invention is to provide a method of producing 

L-methionine, the method including culturing the microorganism in a medium

containing thiosulfate.

Still another object of the present invention is to provide a composition for 

producing L-methionine, the composition including the microorganism and 

thiosulfate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an illustration of a pDCM2 plasmid. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present disclosure will be described in detail as follows.  Meanwhile, 

each description and embodiment disclosed in this disclosure may also be applied 

to other descriptions and embodiments.  That is, all combinations of various 
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elements disclosed in this disclosure fall within the scope of the present disclosure. 

Further, the scope of the present disclosure is not limited by the specific 

description described below. 

Further, those skilled in the art will recognize, or be able to ascertain using 

no more than routine experimentation, many equivalents to the specific 

embodiments of the disclosure described herein.  Further, these equivalents 

should be interpreted to fall within the present disclosure. 

One aspect of the present disclosure provides an L-methionine-producing 

microorganism, into which a protein encoded by a foreign metZ gene is introduced. 

Another aspect of the present disclosure provides a method of producing L-

methionine, the method including culturing the L-methionine-producing 

microorganism in a medium containing thiosulfate. 

As used herein, the term “metZ gene” is a gene encoding an enzyme 

involved in sulfhydration using acylhomoserine as a substrate. 

As used herein, the “acylhomoserine” refers to a compound in which an 

acyl group is bound to homoserine, and includes both succinylhomoserine and 

acetylhomoserine.  For example, the acylhomoserine may be O-

succinylhomoserine or O-acetylhomoserine, but is not limited thereto. 

As used herein, the enzyme encoded by the metZ gene may be 

succinylhomoserine sulfhydrylase, acetylhomoserine sulfhydrylase, or an enzyme 

involved in sulfhydration using O-succinylhomoserine as a substrate, but is not 

limited thereto. 

As used herein, the term “sulfhydration” may be used interchangeably with 

the term “sulfhydrylation”, and refers to a reaction that provides a sulfhydryl (–SH) 

group for a specific molecule.  With respect to the objects of the present 

disclosure, the term may refer to a reaction in the synthetic process of methionine, 

but is not limited thereto.  The enzyme involved in the “sulfhydration” may be also 

called “sulfhydrylase”, but is not limited thereto. 
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In traditional fermentation of methionine, the enzyme expressed by the 

metZ gene has been used in the following reactions in vitro: 

CH3SH + O-acetyl-L-homoserine => acetate + methionine 

CH3SH + O-succinyl-L-homoserine => succinate + methionine 

In other words, in a method of producing methionine, the method including 

a first step of preparing a methionine precursor using a microorganism; and a 

second step of performing an enzymatic reaction in vitro by adding methyl 

mercaptan and a methionine-converting enzyme to a fermentation solution 

including the methionine precursor, the enzyme expressed by the metZ gene was 

used as the methionine-converting enzyme in vitro (see US 2010-0184164 A1). 

Meanwhile, in the methionine fermentation in a microorganism of the genus 

Corynebacterium, two kinds of sulfhydration pathways (sulfhydrylation steps) are 

used (Hwang BJ et al., J Bacteriol 184(5):1277–1286, 2002).  One of them is to 

convert O-acetylhomoserine (acetyl homoserine: AH) into cystathionine using an 

enzyme encoded by a metB gene.  In this case, cysteine is used as a sulfur 

source.  In other words, a reaction that converts acylhomoserine and cysteine as 

reactants into cystathionine is called “transsulfuration”, and an enzyme involved in 

this reaction is called “transsulfurase”.  The other is to convert O-acetyl 

homoserine into homocysteine using an enzyme encoded by a metY gene.  In 

this case, an inorganic sulfur compound such as hydrogen sulfide, etc. is used as 

a sulfur source.  In such a reaction that converts acylhomoserine and hydrogen 

sulfide as reactants into homocysteine, cystathionine as an intermediate is not 

produced during a process of producing homocysteine which is a methionine 

precursor, unlike the above-described transsulfuration.  This reaction is referred 

to as direct sulfhydrylation. 
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In other words, the sulfhydration pathway may refer to a reaction pathway 

that converts acylhomoserine into another material by a reaction with a sulfur 

source, and may be largely divided into transsulfuration and direct sulfhydration. 

However, in Corynebacterium strains, both the two enzymes involved in the 

sulfhydration have disadvantages.  For example, the protein encoded by the 

metB gene produces a by-product homolanthionine by using acetylhomoserine 

and homocysteine, in addition to cystathionine (Kromer JO et al., J Bacteriol 

188(2):609–618, 2006).  Further, the metY gene is known to receive feedback 

inhibition by methionine (Yeom HJ et al., J Microbiol Biotechnol 14(2):373–378, 

2004). 

The present disclosure is characterized in that the foreign metZ gene is 

introduced into a Corynebacterium strain to biologically produce methionine only 

via a single-step reaction, and it is demonstrated that introduction of the metZ 

gene is usefully applied to methionine fermentation. 

In the methionine synthetic pathway, in which the protein encoded by the 

metZ gene of the present disclosure is involved, generation of by-products may be 

reduced.  The by-product may be homolanthionine.  The reduced generation of 

by-products may refer to reduced generation of by-products, as compared with 

the generation of by-products in a wild-type microorganism or in a synthetic 

pathway, in which a protein encoded by the metB gene is involved, but is not 

limited thereto. 

Therefore, the microorganism of the present disclosure, into which the 

foreign metZ gene is introduced, and the method of producing methionine, the 

method including culturing the microorganism, may exhibit reduced generation of 

by-products, as compared with a methionine-producing microorganism, into which 

the foreign metZ gene is not introduced, and a method of producing methionine 

using the microorganism.  The protein encoded by the metZ gene of the present 

disclosure may not receive feedback inhibition by methionine. 
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The protein encoded by the metZ gene of the present disclosure is O-

acylhomoserine sulfhydrylase which may utilize hydrogen sulfide as a sulfur 

source, and is also O-acylhomoserine transsulfurase which may utilize cysteine 

as a sulfur source.  More specifically, the protein may be O-acetylhomoserine 

sulfhydrylase, O-acetylhomoserine transsulfurase, O-succinylhomoserine 

sulfhydrylase, or O-succinylhomoserine transsulfurase.  Therefore, the protein 

encoded by the metZ gene of the present disclosure may be a protein having 

activity of O-acylhomoserine sulfhydrylase, and specifically, it may be a protein 

having one or more activities of O-acetylhomoserine sulfhydrylase, O-

acetylhomoserine transsulfurase, O-succinylhomoserine sulfhydrylase, and O-

succinylhomoserine transsulfurase. 

For example, the foreign metZ gene of the present disclosure may be a 

gene derived from those different from the L-methionine-producing microorganism, 

into which the gene is introduced, or may be different from a gene intrinsically 

present in the L-methionine-producing microorganism, into which the gene is 

introduced.  Specifically, the gene may be a gene named metZ derived from 

Chromobacterium violaceum, Hyphomonas neptunium, or Rhodobacter 

sphaeroides, but is not limited thereto.  With respect to the objects of the present 

disclosure, the gene may include any gene without limitation, as long as it is able 

to enhance the L-methionine producing ability.  A sequence of the metZ gene is 

available from the known database GenBank of NCBI, and as a method of 

obtaining the corresponding sequence, various methods known in the art are 

applicable. 

In the present disclosure, the protein encoded by the foreign metZ may 

include any one or more selected from the group consisting of polypeptide 

sequence of SEQ ID NOS: 60, 61, and 62; and amino acid sequences 

(polypeptide sequences) having 90% or more homology or identity thereto, but is 

not limited thereto.  For example, the protein may include a polypeptide 
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sequence having 91%, 92%, 93%, 94%, 95%, 96%, 97%, 97.5%, 97.7%, 97.8%, 

98%, 98.5%, 98.7%, 98.8%, 99%, 99.5%, 99.7%, 99.8%, or less than 100% 

homology or identity to any one polypeptide sequence of SEQ ID NOS: 60, 61, 

and 62.  For example, the protein may include any one polypeptide sequence of 

SEQ ID NOS: 66 to 71 and a sequence selected from polypeptide sequences 

having 90% or more homology or identity thereto, but is not limited thereto. 

The metZ gene of the present disclosure may include any one or more 

selected from the group consisting of polynucleotide sequences of SEQ ID 

NOS: 63, 64, and 65; and a polynucleotide sequence having 90% or more 

homology or identity thereto, but is not limited thereto.  For example, the gene 

may include any one or more polynucleotide sequences selected from SEQ ID 

NOS: 63, 64, and 65 and a polynucleotide sequence having 91%, 92%, 93%, 94%, 

95%, 96%, 97%, 97.5%, 97.7%, 97.8%, 98%, 98.5%, 98.7%, 98.8%, 99%, 99.5%, 

99.7%, 99.8%, or less than 100% homology or identity thereto. 

As used herein, the term “polynucleotide” refers to a DNA strand having a 

predetermined length or more, which is a long chain polymer of nucleotides 

formed by linking nucleotide monomers via covalent bonds. 

In the present disclosure, as long as the metZ gene includes a 

polynucleotide encoding a protein encoded by any one or more polynucleotide 

sequences selected from SEQ ID NOS: 63, 64, and 65, or a polynucleotide 

encoding a protein having the efficacy corresponding to the protein having any 

one or more amino acid sequences of SEQ ID NOS: 60, 61, and 62, it is apparent 

that any polynucleotide encoding an amino acid sequence, in which part of the 

sequence is deleted, modified, substituted, or added, may also fall within the 

scope of the present disclosure. 

For example, the metZ gene may be a gene encoding an amino acid 

sequence having substitution of a part, for example, 1 to 20 amino acids in any 

one amino acid sequences of SEQ ID NOS: 60, 61, and 62.  In another 

embodiment, the metZ gene may be a sequence encoding an amino acid 
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sequence having addition of 20, 19, 18, 17, 16, 15, 14, 13, 12, or 11 or fewer 

amino acid sequences before/after the amino acid sequence.  In still another 

embodiment, the metZ gene may be a sequence encoding an amino acid 

sequence including all the above-described substitution and addition, but is not 

limited thereto. 

Further, a probe which may be produced from a known nucleotide 

sequence, for example, a polynucleotide which hybridizes with a complementary 

sequence to all or a part of the polynucleotide sequence under stringent 

conditions may also be included without limitation. 

In other words, although it is described as “a polynucleotide including a 

nucleotide sequence of a specific sequence number”, “a polynucleotide consisting 

of a nucleotide sequence of a specific sequence number”, or “a polynucleotide 

having a nucleotide sequence of a specific sequence number” in the present 

disclosure, it is apparent that any polynucleotide encoding an amino acid 

sequence in which part of the sequence is deleted, modified, substituted, 

conservatively substituted, or added may be included in the scope of the present 

disclosure, as long as it has activity the same as or corresponding to that of the 

polypeptide encoded by the nucleotide sequence consisting of the polynucleotide 

of the sequence number.  For example, it may be a case where the N-terminus 

and/or C-terminus of the amino acid sequence is added with a sequence that 

does not alter the function of the protein, a naturally occurring mutation, a silent 

mutation thereof, or a conservative substitution. 

As used herein, the term “conservative substitution” refers to substitution of 

an amino acid with another amino acid having similar structural and/or chemical 

properties.  Such amino acid substitution may generally occur based on similarity 

of polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or amphipathic 

nature of a residue. 
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As used herein, the term “homology” or “identity” refers to a degree of 

relatedness between two given nucleotide sequences, and may be expressed as 

a percentage. 

The terms “homology and identity” may be often used interchangeably with 

each other. 

The sequence homology or identity of conserved polynucleotides may be 

determined by standard alignment algorithms and may be used with a default gap 

penalty established by the program being used.  Substantially, homologous or 

identical sequences are generally expected to hybridize to all or at least about 

50%, 60%, 70%, 80%, or 90% of the entire length of the sequences under 

moderate or highly stringent conditions.  Polynucleotides that contain degenerate 

codons instead of general codons in hybridizing polynucleotides are also 

considered. 

Whether any two polynucleotide sequences have homology, similarity, or 

identity may be determined by a known computer algorithm such as the “FASTA” 

program as in Pearson et al. (1988) Proc. Natl. Acad. Sci. USA 85:2444 using 

default parameters.  Alternatively, it may be determined by the Needleman–

Wunsch algorithm (Needleman and Wunsch, 1970, J. Mol. Biol. 48:443–453), 

which is performed using the Needleman program of the EMBOSS package 

(EMBOSS: The European Molecular Biology Open Software Suite, Rice et al.., 

2000, Trends Genet. 16:276–277) (version 5.0.0 or later) (GCG program package 

(Devereux, J., et al., Nucleic Acids Research 12:387 (1984)), BLASTP, BLASTN, 

FASTA (Atschul, S. F., et al., J MOLEC BIOL 215:403 (1990); Guide to Huge 

Computers, Martin J. Bishop, ed., Academic Press, San Diego,1994, and 

CARILLO et al. (1988) SIAM J Applied Math 48:1073).  For example, the 

homology, similarity, or identity may be determined using BLAST or ClustalW of 

the National Center for Biotechnology Information. 

The homology, similarity, or identity of polynucleotides may be determined 

by comparing sequence information using, for example, the GAP computer 
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program, such as Needleman et al. (1970), J Mol Biol. 48:443, as disclosed in 

Smith and Waterman, Adv. Appl. Math (1981) 2:482.  Briefly, the GAP program 

defines the homology, similarity, or identity as a value obtained by dividing the 

number of similarly aligned symbols (i.e., nucleotides or amino acids) by the total 

number of the symbols in the shorter of the two sequences.  Default parameters 

for the GAP program may include (1) a binary comparison matrix (containing a 

value of 1 for identities and 0 for non-identities) and the weighted comparison 

matrix of Gribskov et al. (1986) Nucl. Acids Res. 14:6745, as disclosed in 

Schwartz and Dayhoff, eds., Atlas Of Protein Sequence And Structure, National 

Biomedical Research Foundation, pp. 353–358 (1979) (alternatively, a 

substitution matrix of EDNAFULL (EMBOSS version of NCBI NUC4.4); (2) a 

penalty of 3.0 for each gap and an additional 0.10 penalty for each symbol in each 

gap (or a gap opening penalty of 10 and a gap extension penalty of 0.5); and (3) 

no penalty for end gaps. 

Further, whether any two polynucleotide or polypeptide sequences have a 

homology, similarity, or identity with each other may be identified by comparing 

the sequences in a Southern hybridization experiment under stringent conditions 

as defined, and appropriate hybridization conditions defined are within the skill of 

the art, and may be determined by a method well known to those skilled in the art 

(e.g., J. Sambrook et al., Molecular Cloning, A Laboratory Manual, 2nd Edition, 

Cold Spring Harbor Laboratory press, Cold Spring Harbor, New York, 1989; F.M. 

Ausubel et al., Current Protocols in Molecular Biology, John Wiley & Sons, Inc., 

New York). 

Further, in the polynucleotide of the present disclosure, various 

modifications may be made in the coding region provided that they do not change 

the polypeptide sequence, due to codon degeneracy or in consideration of the 

codons preferred by an organism in which the polynucleotide is to be expressed. 

Further, a probe that may be prepared from a known gene sequence, for example, 

any polynucleotide sequence which may hybridize with a sequence 
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complementary to all or part of the nucleotide sequence under stringent conditions, 

and which may increase an L-methionine productivity, while not being a sequence 

naturally present in a microorganism into which the sequence is introduced, may 

be included without limitation.  The “stringent conditions” refer to conditions 

under which specific hybridization between polynucleotides is allowed.  Such 

conditions are specifically described in various literatures (e.g., J. Sambrook et al., 

Molecular Cloning, A Laboratory Manual, 2nd Edition, Cold Spring Harbor 

Laboratory press, Cold Spring Harbor, New York, 1989), and well known in the art. 

For example, the stringent conditions may include conditions under which genes 

having a high homology or identity of 40% or higher, specifically, 70% or higher, 

80% or higher, 85% or higher, 90% or higher, more specifically 95% or higher, 

more specifically 97% or higher, and particularly specifically 99% or higher are 

hybridized with each other, and genes having a homology or identity lower than 

the above homologies or identities are not hybridized with each other, or common 

washing conditions of Southern hybridization, that is, washing once, specifically 

twice or three times at a salt concentration and a temperature corresponding to 

60°C, 1×SSC, 0.1% SDS, specifically 60°C, 0.1×SSC, 0.1% SDS, and more 

specifically 68°C, 0.1×SSC, 0.1% SDS. 

Hybridization requires that two polynucleotides have complementary 

sequences, although mismatches between bases are possible depending on the 

stringency of the hybridization.  The term “complementary” is used to describe 

the relationship between nucleotide bases that may hybridize with each other. 

For example, with respect to DNA, adenosine is complementary to thymine, and 

cytosine is complementary to guanine.  Therefore, the polynucleotide of the 

present disclosure may include isolated polynucleotide fragments complementary 

to the entire sequence as well as polynucleotide sequences substantially similar 

thereto. 

Specifically, the polynucleotides having a homology or identity may be 

detected using the hybridization conditions including a hybridization step at a Tm 
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value of 55°C under the above-described conditions.  Further, the Tm value may 

be 60°C, 63°C, or 65°C, but is not limited thereto, and may be appropriately 

adjusted by those skilled in the art depending on the purpose thereof. 

Appropriate stringency for the hybridization of polynucleotides depends on 

the length and degree of complementarity of the polynucleotides, and the 

variables are well known in the art (see Sambrook et al., supra, 9.50–9.51, 11.7–

11.8). 

As used herein, the term “protein introduction” means that a microorganism 

exhibits the activity of a particular protein which was not originally possessed 

therein, or means that the microorganism exhibits enhanced activity, as compared 

with its intrinsic activity or the activity of the protein before modification.  For 

example, it may mean that a specific protein is introduced, a polynucleotide 

encoding the specific protein is introduced into the chromosome of a 

microorganism, or a vector containing the polynucleotide encoding the specific 

protein is introduced into the microorganism, thereby allowing its activity to be 

exhibited.  In the present disclosure, the protein introduction may be also 

expressed as enhancement of protein activity in a microorganism having no 

particular protein activity. 

The protein introduction may be performed by introducing a foreign 

polynucleotide encoding a protein exhibiting the activity identical/similar to that of 

the above protein, or by introducing a codon-optimized variant polynucleotide 

thereof into a host cell.  Any foreign polynucleotide sequence may be used 

without limitation in the origin or sequence thereof, as long as it shows the activity 

identical/similar to that of the above protein.  Further, the foreign polynucleotide 

may be introduced into the host cell, after optimizing its codons such that 

optimized transcription and translation may occur in the host cell.  The 

introduction may be carried out by a known transformation method which is 

appropriately selected by those skilled in the art, and the protein may be produced 
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by expression of the introduced polynucleotide in the host cell, and as a result, its 

activity may be increased. 

Enhancement of activity of the introduced protein may be performed by: 

1) increasing the intracellular copy number of a gene or polynucleotide

encoding the protein, 

2) replacing a gene expression regulatory region on the chromosome

encoding the protein with a sequence having a strong activity, 

3) modifying a nucleotide sequence of a start codon or 5′-UTR region of the

protein, 

4) modifying a polynucleotide sequence on the chromosome to increase

activity of the protein, or 

5) a combination of the methods, but is not limited thereto.

As used herein, the term “vector” refers to a DNA construct containing a 

target polynucleotide sequence, which is operably linked to a suitable regulatory 

sequence such that the target gene may be introduced into an appropriate host. 

The regulatory sequence includes a promoter capable of initiating transcription, 

any operator sequence for the control of the transcription, a sequence encoding 

an appropriate mRNA ribosome binding domain, and a sequence regulating the 

termination of transcription and translation.  After being transformed into a 

suitable host cell, the vector may be replicated or function irrespective of the host 

genome, and may be integrated into the host genome itself.  For example, a 

target polynucleotide in the chromosome may be replaced with a modified 

polynucleotide through a vector for chromosomal insertion.  The insertion of the 

polynucleotide into the chromosome may be performed by way of any method 

known in the art, for example, homologous recombination, but is not limited 

thereto. 

The vector of the present disclosure is not particularly limited, and any 

vector known in the art may be used.  Examples of commonly used vectors may 
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include natural or recombinant plasmids, cosmids, viruses, and bacteriophages. 

For example, as a phage vector or cosmid vector, pWE15, M13, MBL3, MBL4, 

IXII, ASHII, APII, t10, t11, Charon4A, Charon21A, etc. may be used, and as a 

plasmid vector, those based on pBR, pUC, pBluescriptII, pGEM, pTZ, pCL, pET, 

etc. may be used.  Specifically, pDZ, pDCM2, pACYC177, pACYC184, pCL, 

pECCG117, pUC19, pBR322, pMW118, pCC1BAC vectors, etc. may be used. 

As used herein, the term “transformation” refers to a process of introducing 

a vector including a polynucleotide encoding a target protein into a host cell, 

thereby enabling expression of the protein encoded by the polynucleotide in the 

host cell.  As long as the transformed polynucleotide may be expressed in the 

host cell, it does not matter whether it is inserted into the chromosome of a host 

cell and located therein or located outside the chromosome, and both cases may 

be included.  Additionally, the polynucleotide includes DNA and RNA which 

encode the target protein.  The polynucleotide may be introduced in any form as 

long as it may be introduced into a host cell and expressed therein.  For example, 

the polynucleotide may be introduced into a host cell in the form of an expression 

cassette, which is a gene construct including all elements necessary for self-

expression.  The expression cassette may generally include a promoter operably 

linked to the polynucleotide, a transcription terminator, a ribosome binding domain, 

and a translation terminator.  The expression cassette may be in the form of an 

expression vector capable of self-replication.  Additionally, the polynucleotide 

may be introduced as it is into a host cell and operably linked to a sequence 

necessary for its expression in the host cell, but is not limited thereto. 

Further, as used herein, the term “operably linked” refers to a functional 

linkage between the above gene sequence and a promoter sequence which 

initiates and mediates the transcription of the polynucleotide encoding the target 

protein of the present disclosure. 
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The method of transforming the vector of the present disclosure includes 

any method of introducing a nucleic acid into a cell, and may be performed by 

selecting a suitable standard technique as known in the art depending on the host 

cell.  For example, the method may include electroporation, calcium phosphate 

(CaPO4) precipitation, calcium chloride (CaCl2) precipitation, microinjection, a 

polyethylene glycol (PEG) technique, a DEAE–dextran technique, a cationic 

liposome technique, a lithium acetate–DMSO technique, etc., but is not limited 

thereto. 

The microorganism of the present disclosure may include a wild-type 

microorganism and a naturally or artificially genetically modified microorganism. 

Any microorganism, in which the foreign metZ gene is introduced or included, as 

explained in the present disclosure, may be included without limitation. 

The microorganism may be an L-methionine-producing microorganism 

including any one or more of the foreign metZ gene of the present disclosure; a 

protein encoded thereby; and a vector including the metZ gene. 

As used herein, the term “L-methionine-producing microorganism” includes 

all of wild-type microorganisms, or naturally or artificially genetically modified 

microorganisms, and it may be a microorganism in which a particular mechanism 

is weakened or enhanced due to insertion of a foreign gene, or enhancement or 

inactivation of the activity of an endogenous gene, and it may be a microorganism 

including a genetic modification for the production of the desired L-methionine. 

The L-methionine-producing microorganism may be a microorganism that 

includes a protein encoded by the foreign metZ gene of the present disclosure to 

have enhanced L-methionine producing ability, as compared with a parent strain 

or a non-modified microorganism. 

As used herein, the term “strain before modification” or “microorganism 

before modification” may refer to, not excluding a strain including a mutation 
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which may naturally occur in the microorganism, a wild-type strain or a native-type 

strain itself, or a strain before changing its trait, which is changed due to genetic 

variation caused by natural or artificial factors.  The “strain before modification” or 

“microorganism before modification” may be used interchangeably with “non-

modified strain”, “non-modified type strain”, “non-modified microorganism”, “non-

modified type microorganism” or “reference microorganism”.  Alternatively, it may 

be a microorganism, in which expression levels of the genes involved in the L-

methionine biosynthetic pathway are not regulated, or a microorganism, into 

which the metZ gene, intrinsically not existing, is not introduced. 

The L-methionine-producing microorganism of the present disclosure may 

be a microorganism having enhanced L-methionine producing ability by 

enhancing the activity of a part of proteins in the L-methionine biosynthetic 

pathway or by weakening the activity of a part of proteins in the L-methionine 

decomposing pathway. 

Specifically, examples of the proteins or genes, of which expression may 

be regulated for enhancing the L-methionine biosynthetic pathway or for 

attenuating/inactivating the L-methionine decomposing pathway, are as follows: 

Proteins, representative genes encoding the proteins, and representative EC 

numbers are described in order.  Proteins start with a capital letter and genes are 

italicized.  For example, the L-amino acid biosynthetic pathway may be 

enhanced or the L-amino acid decomposing pathway may be attenuated by 

enhancing activity of a part of one or more proteins or systems selected from 

thiosulfate sulfurtransferase such as Rdl2p, GlpE, PspE, YgaP, ThiI, YbbB, SseA, 

YnjE, YceA, YibN, NCgl0671, NCgl1369, NCgl2616, NCgl0053, NCgl0054, 

NCGl2678, NCgl2890, etc.; sulfite reductase, cysI; thiosulfate/sulfate transport 

system, cysPUWA (EC 3.6.3.25); 3′-phosphoadenosine 5′-phosphosulfate 

reductase, cysH (EC 1.8.4.8); sulfite reductase, cysJI (EC 1.8.1.2); cysteine 

synthase A, cysK (EC 2.5.1.47); cysteine synthase B, cysM (EC 2.5.1.47); serine 

acetyltransferase, cysE (EC 2.3.1.30); a glycine cleavage system, gcvTHP-lpd 

16



(EC 2.1.2.10, EC 1.4.4.2, EC 1.8.1.4); lipoyl synthase, lipA (EC 2.8.1.8); lipoyl 

protein ligase, lipB (EC 2.3.1.181); phosphoglycerate dehydrogenase, serA 

(EC 1.1.1.95); 3-phosphoserine phosphatase, serB (EC 3.1.3.3); 3-

phosphoserine/phosphohydroxythreonine aminotransferase, serC (EC 2.6.1.52); 

serine hydroxymethyltransferase, glyA (EC 2.1.2.1); aspartokinase I (EC 2.7.2.4); 

homoserine dehydrogenase I, thrA (EC 1.1.1.3); aspartate kinase, lysC 

(EC 2.7.2.4); homoserine dehydrogenase, hom (EC 1.1.1.3); homoserine O-

acetyltransferase, metX (EC 2.3.1.31); homoserine O-succinyltransferase, metA 

(EC 2.3.1.46); cystathionine gamma-synthase, metB (EC 2.5.1.48); β-C-S-lyase, 

aecD (EC 4.4.1.8, beta-lyase); cystathionine beta-lyase, metC (EC 4.4.1.8); B12-

independent homocysteine S-methyltransferase, metE (EC 2.1.1.14); methionine 

synthase, metH (EC 2.1.1.13); methylenetetrahydrofolate reductase, metF 

(EC 1.5.1.20); L-methionine exporter BrnFE; valine exporter YgaZH (B2682, 

B2683), ygaZH(b2682. b2683); exporter YjeH,b4141; pyridine nucleotide 

transhydrogenase PntAB, pntAB (EC 1.6.1.2); and phosphoenolpyruvate 

carboxylase, Pyc (EC 4.1.1.31), or by overexpressing polynucleotides encoding 

the same.  Alternatively, activity of one or more proteins selected from the group 

consisting of glucose 6-phosphate isomerase, pgi (EC 5.3.1.9); homoserine 

kinase, thrB (EC 2.7.1.39); S-adenosyl methionine synthase, metK (EC 2.5.1.6); 

dihydrodipicolinate synthase, dapA (EC 4.2.1.52); phosphoenolpyruvate 

carboxykinase, pck (EC 4.1.1.49); formyltetrahydrofolate hydrolase, purU 

(EC 3.5.1.10); pyruvate kinase I, pykF (EC 2.7.1.40); pyruvate kinase II, pykA 

(EC 2.7.1.40); cystathionine γ-lyase, cg3086 (EC 4.4.1.1); cystathionine β-

synthase, cg2344 (EC 4.2.1.22); regulatory protein Cg3031, cg3031; methionine 

and cysteine biosynthesis repressor protein McbR, mcbR; L-methionine (Met) 

transcriptional repressor protein, metJ; L-methionine transporter MetQNI, metQ, 

metN, metI; N-acyltransferase, yncA; sRNA fnrS; and L-methionine transporter, 
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metP may be inactivated or attenuated, or expression of genes encoding the 

proteins may be suppressed or eliminated. 

In one specific embodiment, the L-methionine-producing microorganism of 

the present disclosure may include, in addition to the introduction of metZ, one or 

more genetic modifications selected from the group consisting of attenuation or 

inactivation of activity of cystathionine gamma synthase; attenuation or 

inactivation of activity of O-acetylhomoserine sulfhydrylase; attenuation or 

inactivation of activity of methionine–cysteine biosynthesis repressor protein; 

enhancement of activity of methionine synthase; and enhancement of activity of 

sulfite reductase.  Alternatively, the genetic modification may include one or more 

modifications selected from the group consisting of deletion/expression inhibition 

of the metB gene; deletion of the metY gene; deletion/expression inhibition of the 

mcbR gene; and expression enhancement of metH and cysI gene.  For example, 

the metB gene, the metY gene, the mcbR gene, the metH gene, and the cysI 

gene may include a polynucleotide sequence at least 70%, 75%, 80%, 85%, 86%, 

87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% 

homology or identity to a polynucleotide sequence of SEQ ID NO: 25, SEQ ID 

NO: 26, SEQ ID NO: 1, SEQ ID NO: 39, and SEQ ID NO: 40, respectively, but are 

not limited thereto.  The above description regarding homology or identity is also 

applied to the metB, metY, mcbR, metH, and cysI genes. 

However, the genes are merely one example, and are not limited thereto, 

and the microorganism may be a microorganism, in which activity of various 

known proteins of the L-methionine biosynthetic pathways is enhanced or activity 

of proteins of the L-methionine decomposing pathways is inactivated or 

attenuated. 

As used herein, the term “enhancement” of activity of a polypeptide or 

protein means that that activity of a polypeptide or protein is increased, as 

compared with its intrinsic activity.  The enhancement may be used 

interchangeably with the term “up-regulation”, “overexpression”, “increase”, etc. 
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Herein, the increase may include all of exhibiting activity not originally possessed 

or exhibiting improved activity, as compared with intrinsic activity or activity before 

modification.  The term “intrinsic activity” means the activity of a particular 

polypeptide or protein originally possessed by a parent strain before 

transformation or a non-modified microorganism, when a trait is changed due to 

genetic modification caused by a natural or artificial factor.  This may be used 

interchangeably with the term “activity before modification”.  “The activity of a 

polypeptide or protein is enhanced or increased, as compared with the intrinsic 

activity” means that the activity is improved, as compared with the activity of a 

particular polypeptide or protein originally possessed by a parent strain before 

transformation or a non-modified microorganism.  The “increase of activity” may 

be achieved by introducing a foreign polypeptide or protein or by enhancing 

activity of the intrinsic polypeptide or protein, specifically, by enhancing activity of 

the intrinsic polypeptide or protein.  Whether or not the activity of the polypeptide 

or protein is enhanced may be identified by the degree of activity of the 

corresponding polypeptide or protein, the expression level thereof, or the increase 

in the amount of a product from the corresponding protein. 

Various methods well known in the art may be applied to the enhancement 

of the activity of the polypeptide or protein, and the method is not limited, as long 

as it is able to enhance the activity of the desired polypeptide or protein, as 

compared with that of the microorganism before modification.  The method may 

be, but is not limited to, a method of using genetic engineering and/or protein 

engineering well known to those skilled in the art, which is a routine method of 

molecular biology (Sitnicka et al. “Functional Analysis of Genes”. Advances in Cell 

Biology. 2010, Vol. 2. 1–16; Sambrook et al. Molecular Cloning 2012; etc.). 

The method of enhancing the activity of the polypeptide or protein using 

genetic engineering may be performed by, for example, 

1) a method of increasing the intracellular copy number of a gene or

polynucleotide encoding the polypeptide or protein; 
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2) a method of replacing a gene expression regulatory region on the

chromosome encoding the polypeptide or protein with a sequence having a strong 

activity, 

3) a method of modifying a nucleotide sequence of a start codon or 5′-UTR

region of the polypeptide or protein, 

4) a method of modifying a polynucleotide sequence on the chromosome to

increase the activity of the polypeptide or protein, 

5) a method of introducing a foreign polynucleotide exhibiting the activity of

the polypeptide or protein, or introducing a variant polynucleotide by codon-

optimization of the polynucleotide, or 

6) a combination of the methods, but is not limited thereto.

The method of enhancing the activity of the polypeptide or protein using

protein engineering may be performed by, for example, a method of analyzing a 

tertiary structure of the polypeptide or protein, choosing an exposed site thereof, 

and then changing or chemically modifying the site, but is not limited thereto. 

1) The method of increasing the intracellular copy number of a gene or

polynucleotide encoding the polypeptide or protein may be performed by any 

method known in the art, for example, by introducing, into a host cell, a vector 

which is operably linked with the gene or polynucleotide encoding the 

corresponding polypeptide or protein and is able to replicate and function 

regardless of the host cell.  Alternatively, it may be performed by introducing, into 

a host cell, a vector which is operably linked with the gene and is able to insert the 

gene or polynucleotide into the chromosome of the host cell, but is not limited 

thereto.  The vector is the same as described above. 

2) The method of replacing a gene expression regulatory region (or

expression regulatory sequence) on the chromosome encoding the polypeptide or 

protein with a sequence having a strong activity may be performed by any method 

known in the art, for example, by inducing a mutation on the sequence by deletion, 

insertion, non-conservative or conservative substitution of the nucleotide 
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sequence, or a combination thereof to further enhance the activity of the 

expression regulatory region, or by replacing the sequence with a nucleotide 

sequence having a stronger activity.  The expression regulatory region may 

include, but is not particularly limited to, a promoter, an operator sequence, a 

sequence encoding a ribosome-binding site, a sequence regulating termination of 

transcription and translation, etc.  The method may specifically link a strong 

heterologous promoter instead of the original promoter, but is not limited thereto. 

Examples of the known strong promoter may include cj1 to cj7 promoters 

(US Patent No. 7662943 B2), a lac promoter, a trp promoter, a trc promoter, a tac 

promoter, a lambda phage PR promoter, a PL promoter, a tet promoter, a gapA 

promoter, an SPL7 promoter, an SPL13(sm3) promoter (U.S. Patent 

No. 10584338 B2), an O2 promoter (U.S. Patent No. 10273491 B2), a tkt 

promoter, an yccA promoter, etc., but are not limited thereto. 

3) The method of modifying a nucleotide sequence of a start codon or 5′-

UTR region of the polypeptide or protein may be performed by any method known 

in the art, for example, by replacing the intrinsic start codon of the polypeptide or 

protein with another start codon having a higher expression rate of the 

polypeptide or protein than the intrinsic start codon, but is not limited thereto. 

4) The method of modifying a polynucleotide sequence on the

chromosome to increase the activity of the polypeptide or protein may be 

performed by any method known in the art, for example, by inducing a mutation 

on the expression regulatory sequence by deletion, insertion, non-conservative or 

conservative substitution of the nucleotide sequence, or a combination thereof to 

further enhance the activity of the polynucleotide sequence, or by replacing the 

sequence with a polynucleotide sequence which is improved to have a stronger 

activity.  The replacing may be specifically inserting the gene into the 

chromosome by homologous recombination, but is not limited thereto. 
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A vector which may be used herein may further include a selection marker 

to identity the insertion into the chromosome.  The selection marker is the same 

as described above. 

5) The method of introducing a foreign polynucleotide exhibiting the activity

of the polypeptide or protein may be performed by any method known in the art, 

for example, by introducing, into a host cell, a foreign polynucleotide encoding a 

polypeptide or protein which exhibits activity identical/similar to that of the 

polypeptide or protein, or a codon-optimized variant polynucleotide thereof.  Any 

foreign polynucleotide may be used without limitation in its origin or sequence, as 

long as it exhibits activity identical/similar to that of the polypeptide or protein. 

Further, the foreign polynucleotide may be introduced into the host cell after being 

codon-optimized so that the optimized transcription and translation thereof occur 

in the host cell.  The introduction may be performed by a known transformation 

method which is appropriately selected by those skilled in the art, and the 

polynucleotide introduced into the host cell is expressed to produce the 

polypeptide or protein, and as a result, its activity may be increased. 

Lastly, 6) a combination of the methods may be performed by applying any 

one or more methods of 1) to 5). 

Such enhancement of the activity of the polypeptide or protein may be an 

increase in the activity or concentration of the corresponding polypeptide or 

protein, based on the activity or concentration of the polypeptide or protein 

expressed in the wild-type strain or the microorganism strain before modification, 

or an increase in the amount of a product produced from the corresponding 

polypeptide or protein, but is not limited thereto. 

As used herein, the term “inactivation” or “attenuation” of a polypeptide or 

protein is a concept including all of the cases where activity is reduced or activity 

is absent, as compared with the intrinsic activity.  The inactivation or attenuation 

may be used interchangeably with the term “down-regulation”, “decrease”, 
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“reduction”, etc.  The inactivation or attenuation may also include the case where 

the activity of the protein itself is reduced or removed due to mutation in a gene 

encoding the protein, etc., as compared with activity of the protein originally 

possessed by the microorganism, the case where the overall level of intracellular 

protein activity is lower than that of the native strain, due to expression inhibition 

or translation inhibition of the gene encoding the protein, the case where 

expression of the gene does not occur at all, and the case where the protein 

exhibits no activity, even though expressed.  The term “intrinsic activity” means 

the activity of a particular polypeptide or protein originally possessed by a parent 

strain before transformation or a non-modified microorganism, when a trait is 

changed due to genetic modification caused by a natural or artificial factor.  This 

may be used interchangeably with the term “activity before modification”.  “The 

activity of a polypeptide or protein is decreased, as compared with the intrinsic 

activity” means that the activity is decreased, as compared with the activity of a 

particular polypeptide or protein originally possessed by a parent strain before 

transformation or a non-modified microorganism. 

The inactivation or attenuation of the activity of the protein may be 

achieved by, but is not limited to, various methods well known in the art 

(Nakashima N et al., “Bacterial cellular engineering by genome editing and gene 

silencing”. Int J Mol Sci. 2014;15(2):2773–2793; Sambrook et al. Molecular 

Cloning 2012; etc.). 

Examples of the method may include 

1) a method of deleting all or a part of the gene encoding the protein;

2) a method of modifying the expression regulatory region (or expression

regulatory sequence) such that the expression of the gene encoding the protein is 

decreased; 

3) a method of modifying the gene sequence encoding the protein such

that the protein activity is removed or weakened; 
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4) a method of introducing an antisense oligonucleotide (e.g., antisense

RNA) that binds complementarily to a transcript of the gene encoding the protein; 

5) a method of adding a complementary sequence to the Shine–Dalgarno

sequence upstream of the Shine–Dalgarno sequence of the gene encoding the 

protein to form a secondary structure, thereby inhibiting the ribosomal binding; 

and 

6) a reverse transcription engineering (RTE) method of adding a promoter

at the 3′ terminus of an open reading frame (ORF) of the polynucleotide 

sequence of the gene encoding the protein so as to be reversely transcribed, and 

the method may be achieved by a combination thereof, but is not particularly 

limited thereto. 

Specifically, the method of deleting a part or all of the gene encoding the 

protein may be executed by replacing the polynucleotide encoding the 

endogenous desired protein within the chromosome with a polynucleotide having 

a partially deleted nucleotide sequence or a marker gene, via a vector for 

chromosomal insertion into the microorganism.  The method of deleting a part or 

all of the polynucleotide may be exemplified by a method of deleting the 

polynucleotide by homologous recombination, but is not limited thereto. 

Further, the method of deleting a part or all of the gene may be performed 

by inducing a mutation using light such as UV or a chemical and then selecting, 

from the obtained mutant, a strain in which the target gene is deleted.  The 

method of deleting the gene includes a method by a DNA recombination 

technology.  The DNA recombination technology may be performed by, for 

example, injecting a nucleotide sequence or vector including a nucleotide 

sequence having homology to the target gene into the microorganism to induce 

homologous recombination.  In addition, the nucleotide sequence or vector to be 

injected may include a dominant selection marker, but is not limited thereto. 

In addition, the method of modifying the expression regulatory sequence 

may be achieved by applying various methods well known in the art.  Examples 
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of the method may be performed by inducing a mutation on the expression 

regulatory region (or expression regulatory sequence) by deletion, insertion, non-

conservative or conservative substitution of the polynucleotide sequence, or a 

combination thereof to further attenuate the activity of the expression regulatory 

region (or expression regulatory sequence), or by replacing the sequence with a 

polynucleotide sequence having a weaker activity.  The expression regulatory 

region may include a promoter, an operator sequence, a sequence encoding a 

ribosome-binding site, a sequence regulating termination of transcription and 

translation, etc., but is not limited thereto. 

In addition, the method of modifying the gene sequence may be performed 

by inducing a mutation on the sequence by deletion, insertion, non-conservative 

or conservative substitution of the gene sequence, or a combination thereof to 

further attenuate the activity of the polypeptide, or by replacing the sequence with 

a gene sequence which is improved to have a weaker activity or with a gene 

sequence which is improved to have no activity, but is not limited thereto. 

For example, expression of the gene may be suppressed or attenuated by 

introducing a mutation into the gene sequence to form a stop codon. 

However, the above-described method is merely an example, and methods 

of enhancing or inactivating the protein activity and gene manipulation methods 

are known in the art, and therefore, the L-methionine-producing microorganism 

may be prepared by applying various known methods.  

The microorganism of the present disclosure may be a microorganism of 

the genus Corynebacterium. 

In the present disclosure, the “microorganism of the genus 

Corynebacterium” may include all microorganisms of the genus Corynebacterium, 

specifically Corynebacterium glutamicum, Corynebacterium crudilactis, 

Corynebacterium deserti, Corynebacterium efficiens, Corynebacterium callunae, 

Corynebacterium stationis, Corynebacterium singulare, Corynebacterium 
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halotolerans, Corynebacterium striatum, Corynebacterium ammoniagenes, 

Corynebacterium pollutisoli, Corynebacterium imitans, Corynebacterium 

testudinoris, or Corynebacterium flavescens, and more specifically 

Corynebacterium glutamicum. 

The medium and other culture conditions used for culturing the 

microorganism of the present disclosure may be any medium commonly used for 

culturing microorganisms of the genus Corynebacterium without any particular 

limitation.  Specifically, the microorganism of the present disclosure may be 

cultured under aerobic or anaerobic conditions in a common medium containing 

an appropriate carbon source, nitrogen source, phosphorus source, inorganic 

compound, amino acid, and/or vitamin, etc., while adjusting temperature, pH, etc. 

In the present disclosure, the carbon source may include carbohydrates, 

such as glucose, fructose, sucrose, maltose, etc.; carbohydrates, such as glucose, 

fructose, sucrose, maltose, etc.; sugar alcohols such as mannitol, sorbitol, etc.; 

organic acids such as pyruvic acid, lactic acid, citric acid, etc.; amino acids such 

as glutamic acid, methionine, lysine, etc.  Additionally, natural organic nutrients, 

such as starch hydrolysate, molasses, blackstrap molasses, rice bran, cassava, 

sugar cane molasses, corn steep liquor, etc., may be used, and specifically, 

carbohydrates such as glucose, sterilized pretreated molasses (i.e., molasses 

converted to reducing sugar) may be used.  In addition, an appropriate amount of 

various other carbon sources may be used without limitation.  These carbon 

sources may be used alone or in a combination of two or more kinds thereof, but 

are not limited thereto. 

The nitrogen source may include inorganic nitrogen sources, such as 

ammonia, ammonium sulfate, ammonium chloride, ammonium acetate, 

ammonium phosphate, ammonium carbonate, ammonium nitrate, etc.; amino 

acids, such as glutamic acid, methionine, glutamine, etc.; and organic nitrogen 

sources, such as peptone, NZ-amine, meat extract, yeast extract, malt extract, 
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corn steep liquor, casein hydrolysate, fish or decomposition products thereof, 

defatted soybean cake or decomposition products thereof, etc.  These nitrogen 

sources may be used alone or in a combination of two or more kinds thereof, but 

are not limited thereto. 

The phosphorus source may include monopotassium phosphate, 

dipotassium phosphate, or corresponding sodium-containing salts, etc.  The 

inorganic compound may include sodium chloride, calcium chloride, iron chloride, 

magnesium sulfate, iron sulfate, manganese sulfate, calcium carbonate, etc. 

The sulfur source may include alkanesulfonate, such as methanesulfonate 

and ethanesulfonate, organic and inorganic sulfur-containing compounds such as 

sulfate, sulfite, hydrogen sulfide such as H2S, sulfide, sulfide derivatives, a 

mixture of an organic and inorganic sulfur-containing compound and thiosulfate, 

such as thioglycolate, thiocyanate and/or thiourea, or the sulfur source may not 

include substances other than thiosulfate, but is not limited thereto. 

The method of producing L-methionine of the present disclosure may 

include culturing the microorganism in a medium containing thiosulfate. 

Specifically, the microorganism of the present disclosure may be a microorganism 

including foreign metZ and utilizing thiosulfate as a sulfur source.  The thiosulfate 

may be used as a sulfur source of the microorganism, but is not limited thereto. 

As the inorganic compound, sodium chloride, calcium chloride, iron 

chloride, calcium carbonate, etc. may be used.  In addition, the medium may 

include vitamins and/or appropriate precursors, etc.  The medium or precursor 

may be added to a culture medium in a batch or continuous manner, but is not 

limited thereto. 

In the present disclosure, the pH of a culture medium may be adjusted 

during the culture of the microorganism by adding a compound such as 

ammonium hydroxide, potassium hydroxide, ammonia, phosphoric acid, sulfuric 

acid, etc. to the culture medium in an appropriate manner.  Further, during the 

culture, an antifoaming agent such as a fatty acid polyglycol ester may be added 
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to prevent foam generation.  In addition, oxygen or oxygen-containing gas may 

be injected into the culture medium in order to maintain an aerobic state of the 

culture medium; or no gas may be injected or nitrogen, hydrogen, or carbon 

dioxide gas may be injected into the culture medium in order to maintain an 

anaerobic or microaerobic state, but is not limited thereto. 

The temperature of the culture medium may be 25°C to 40°C, and more 

specifically, 28°C to 37°C, but is not limited thereto.  The culture may be 

continued until the useful materials are obtained in desired amounts, and 

specifically for 1 hour to 100 hours, but is not limited thereto. 

The method of producing methionine of the present disclosure may include 

recovering L-methionine from the microorganism or medium. 

The target sulfur-containing amino acids or sulfur-containing amino acid 

derivatives may be recovered from the medium using a suitable method known in 

the art according to the method of culturing the microorganism of the present 

disclosure, for example, a batch, continuous, or fed-batch culture method.  For 

example, methods such as centrifugation, filtration, treatment with a protein 

crystallization precipitant (salting-out method), extraction, sonication, ultrafiltration, 

dialysis, various kinds of chromatography such as molecular sieve 

chromatography (gel filtration), adsorption chromatography, ion-exchange 

chromatography, affinity chromatography, etc., and HPLC may be used alone or 

in combination, but the methods are not limited thereto. 

The method may include an additional purification process.  In the 

purification process, an appropriate purification method known in the art may be 

used. 

Still another aspect of the present disclosure provides a composition for 

producing L-methionine, the composition including the microorganism and 

thiosulfate. 
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The composition of the present disclosure may further include any suitable 

excipients commonly used in compositions for producing L-methionine, and these 

excipients may include, for example, preservatives, wetting agents, dispersing 

agents, suspending agents, buffering agents, stabilizing agents, isotonic agents, 

etc., but is not limited thereto. 

Still another aspect of the present disclosure provides a method of 

preparing the L-methionine-producing microorganism, the method including the 

step of introducing, into the microorganism, the protein encoded by the foreign 

metZ gene. 

Still another aspect of the present disclosure provides use of the 

microorganism, into which the protein encoded by the foreign metZ gene is 

introduced, in the production of L-methionine. 

The microorganism, the foreign metZ gene and the protein encoded 

thereby, and the introduction of the protein are the same as described above. 

Hereinafter, the present disclosure will be described in more detail with 

reference to exemplary embodiments.  However, these exemplary embodiments 

are for illustrative purposes only, and the scope of the present disclosure is not 

intended to be limited by these exemplary embodiments. 

Reference Example 1: Preparation of plasmid 

A plasmid (pDCM2, FIG. 1, SEQ ID NO: 81) was designed for gene 

insertion and replacement in the Corynebacterium chromosome, and the plasmid 

was synthesized using the gene-synthesis service of Bionics Co.  The plasmid 

was designed to include a restriction enzyme that is easy to use for cloning, with 

reference to a paper regarding the generally known sacB system (Gene, 145 

(1994) 69–73).  The pDCM2 plasmid thus synthesized has the following 

characteristics: 
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1) self-replication is possible in E. coli, but self-replication is impossible in

Corynebacterium, because it has a replication origin that works only in E. coli; 

2) the pDCM2 plasmid has a kanamycin resistance gene as a selection

marker; 

3) the pDCM2 plasmid has a Levan sucrose gene (sacB) as a secondary

positive-selection marker; and 

4) the pDCM2 plasmid does not leave any gene information derived

therefrom in the finally prepared strain. 

Example 1: Preparation of recombinant vector for deletion of mcbR 

gene 

In this example, to prepare a methionine-producing strain, a wild-type 

ATCC13032 strain was used to prepare a vector for inactivating mcbR encoding a 

methionine–cysteine biosynthesis repressor protein previously disclosed (J. 

Biotechnol. 103:51–65, 2003). 

In detail, to delete the mcbR gene on the chromosome of Corynebacterium 

ATCC13032, a recombinant plasmid vector was prepared by way of the following 

method.  Based on nucleotide sequences reported in GenBank of the U.S. 

National Institutes of Health (NIH), the mcbR gene and its surrounding sequence 

(SEQ ID NO: 1) of Corynebacterium glutamicum were obtained. 

For the purpose of obtaining the deleted mcbR gene, PCR was carried out 

with the chromosomal DNA of Corynebacterium glutamicum ATCC13032 as a 

template using primers of SEQ ID NO: 2 and SEQ ID NO: 3, and SEQ ID NO: 4 

and SEQ ID NO: 5 (Table 1). 

[Table 1] 

SEQ ID NO Sequence (5′–3′) 

2 TCGAGCTCGGTACCCCTGCCTGGTTTGTCTTGTA 
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3 CGGAAAATGAAGAAAGTTCGGCCACGTCCTTTCGG 

4 AGGACGTGGCCGAACTTTCTTCATTTTCCGAAGGG 

5 CTCTAGAGGATCCCCGTTTCGATGCCCACTGAGCA 

PCR was carried out under following conditions: denaturation at 95°C for 5 

minutes, a total of 30 cycles consisting of denaturation at 95°C for 30 seconds, 

annealing at 53°C for 30 seconds, and polymerization at 72°C for 30 seconds, 

followed by polymerization at 72°C for 7 minutes.  As a result, DNA fragments of 

700 bp were obtained, respectively. 

A pDCM2 vector not replicable in Corynebacterium glutamicum, and the 

amplified mcbR gene fragments were treated with a restriction enzyme, smaI, for 

chromosomal introduction.  After an isothermal assembly cloning reaction, a 

product was then transformed to E. coli DH5α, followed by smearing the same on 

an LB solid medium containing kanamycin (25 mg/L).  Colonies transformed with 

the vector, in which deleted fragments of the target genes were inserted, were 

selected through PCR, and a plasmid was obtained using a plasmid extraction 

method, which was then named pDCM2-ΔmcbR. 

Example 2: Preparation and Culture of mcbR gene-deleted strain 

ATCC13032 strain was transformed by homologous recombination on the 

chromosome with the pDC-ΔmcbR vector prepared in Example 1 by 

electroporation (van der Rest et al., Appl Microbiol Biotechnol 52:541–545, 1999). 

Thereafter, secondary recombination was carried out on a solid medium 

containing sucrose.  The transformed Corynebacterium glutamicum strain, in 

which the secondary recombination had been completed, was subjected to PCR 

using SEQ ID NOS: 6 and 7 (Table 2) to identify a strain in which the mcbR gene 

was deleted.  This recombinant strain was named Corynebacterium glutamicum 

CM02-0618. 
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This CM02-0618 was deposited at the Korean Culture Center of 

Microorganisms, an international depositary, on January 4, 2019, under the 

provisions of the Budapest Treaty and assigned Accession No. KCCM12425P. 

[Table 2] 

SEQ ID NO Sequence (5′–3′) 

6 AATCTGGATTTCCGCCAGGT 

7 CTTCCTAACTCCTGAGGAAG 

In order to analyze the L-methionine producing ability of the prepared 

CM02-0618, the strain was cultured together with its parent strain, 

Corynebacterium glutamicum ATCC13032 strain, in the following manner. 

Corynebacterium glutamicum ATCC13032 and Corynebacterium 

glutamicum CM02-0618 of the present disclosure were inoculated into a 250 mL 

corner-baffled flask containing 25 mL of a medium below, respectively, and then 

cultured with shaking at 30°C at 200 rpm for 20 hours.  Thereafter, 1 mL of the 

seed culture medium was inoculated into a 250 mL corner-baffled flask containing 

24 mL of a production medium, and then cultured with shaking at 30°C at 200 rpm 

for 48 hours.  The compositions of the seed medium and production medium are 

as follows.  In the production medium, (NH4)2S2O3, which is a kind of thiosulfate, 

was used as a sulfur source. 

<Seed medium (pH 7.0)> 

glucose 20 g, peptone 10 g, yeast extract 5 g, urea 1.5 g, KH2PO4 4 g, 

K2HPO4 8 g, MgSO4ꞏ7H2O 0.5 g, biotin 100 μg, thiamine HCl 1000 μg, calcium 

pantothenate 2000 μg, nicotinamide 2000 μg (based on 1 L of distilled water) 

<Production medium (pH 8.0)> 
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glucose 50 g, (NH4)2S2O3 12 g, yeast extract 5 g, KH2PO4 1 g, 

MgSO4ꞏ7H2O 1.2 g, biotin 100 μg, thiamine HCl 1000 μg, calcium pantothenate 

2000 μg, nicotinamide 3000 μg, CaCO3 30 g, cyanocobalamin (Vitamin B12) 1 μg 

(based on 1 L of distilled water) 

After culturing by the above culture method, the concentration of L-

methionine in the culture medium was analyzed and shown in Table 3 below. 

[Table 3] 

Verification of L-methionine producing ability of wild-type and mcbR-

deleted strains 

Strain L-Methionine (g/L)

Corynebacterium glutamicum ATCC13032 (wild-type) 0.00 

CM02-0618 0.04 

As a result, in the strain, in which mcbR alone was removed, L-methionine 

production was observed. 

Example 3-1: Preparation of vectors for introduction of three foreign 

metZ genes 

An attempt was made to compensate for the shortcomings of the existing 

methionine biosynthesis method while enhancing methionine production by 

introducing foreign metZ into Corynebacterium strain.  In detail, vectors for 

introducing metZ derived from Chromobacterium violaceum, Hyphomonas 

neptunium, Rhodobacter sphaeroides were prepared. 

In detail, recombinant plasmid vectors were prepared by way of the 

following methods in order to additionally insert each of three kinds of foreign 

metZ genes into the chromosome of Corynebacterium ATCC13032. 
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First, in order to insert metZ, a vector for removing Ncgl1021 (Transposase) 

was prepared.  Based on nucleotide sequences reported in GenBank of the U.S. 

National Institutes of Health (NIH), Ncgl1021 and its surrounding sequence (SEQ 

ID NO: 8) of Corynebacterium glutamicum were obtained.  For the purpose of 

obtaining the deleted Ncgl1021 gene, PCR was carried out with the chromosomal 

DNA of Corynebacterium glutamicum ATCC13032 as a template using primers of 

SEQ ID NO: 9 and SEQ ID NO: 10, and SEQ ID NO: 11 and SEQ ID NO: 12 

(Table 4). 

[Table 4] 

SEQ ID NO Sequence (5′–3′) 

9 ACCCGGGGATCCTCTAGAATGTTTGTGATGCGCAG 

10 GTCAGAGAGTACTTACGCTGATCGGGAGGGAAAGC 

11 ATCAGCGTAAGTACTCTCTGACTAGCGTCACCCTC 

12 CTGCAGGTCGACTCTAGAAAAGGGATTGGAGTGTT 

PCR was carried out under following conditions: denaturation at 95°C for 5 

minutes, a total of 30 cycles consisting of denaturation at 95°C for 30 seconds, 

annealing at 53°C for 30 seconds, and polymerization at 72°C for 30 seconds, 

followed by polymerization at 72°C for 7 minutes.  As a result, DNA fragments 

were obtained, respectively.  A pDCM2 vector not replicable in Corynebacterium 

glutamicum, and the amplified Ncgl1021 gene fragments were treated with a 

restriction enzyme, smaI, for chromosomal introduction.  After an isothermal 

assembly cloning reaction, a product was then transformed to E. coli DH5α, 

followed by smearing the same on an LB solid medium containing kanamycin 

(25 mg/L).  Colonies transformed with the vector, in which deleted fragments of 

the target genes were inserted, were selected through PCR, and a plasmid was 

obtained using a plasmid extraction method, which was then named pDCM2-

ΔNcgl1021. 
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For the purpose of obtaining the metZ genes (derived from 

Chromobacterium violaceum, Hyphomonas neptunium, and Rhodobacter 

sphaeroides), PCR was carried out with each chromosomal DNA of 

Chromobacterium violaceum, Hyphomonas neptunium, and Rhodobacter 

sphaeroides as a template using primers of SEQ ID NOS: 13 and 14, SEQ ID 

NOS: 15 and 16, and SEQ ID NOS: 17 and 18.  To express the three kinds of 

metZ genes, respectively, a Pspl1 promoter was used, and Pspl1 was subjected 

to PCR using the previously disclosed spl1-GFP (KR 10-1783170 B1) vector DNA 

as a template and primers of SEQ ID NOS: 19 and 20, SEQ ID NOS: 19 and 21, 

SEQ ID NOS: 19 and 22 (Table 5).  PCR was carried out under following 

conditions: denaturation at 95°C for 5 minutes, a total of 30 cycles consisting of 

denaturation at 95°C for 30 seconds, annealing at 53°C for 30 seconds, and 

polymerization at 72°C for 30 seconds, followed by polymerization at 72°C for 7 

minutes. 

[Table 5] 

SEQ ID NO Sequence (5′–3′) 

13 ATCAAAACAGATATCATGGCATCCGACGCGCCGCA 

14 CGCTAGTCAGAGAGTTTAGTCAAGGCCCCGCAACA 

15 ATCAAAACAGATATCATGGCGGATGCACCCGGCGG 

16 CGCTAGTCAGAGAGTTCACAAGCTGTTAAGCGAAG 

17 ATCAAAACAGATATCATGACGAAGGACTGGAAGAC 

18 CGCTAGTCAGAGAGTTCAGATCACCGCGAGCGCCT 

19 CCGATCAGCGTAAGTGGCGCTTCATGTCAACAATC 

20 CGCGTCGGATGCCATGATATCTGTTTTGATCTCCT 

21 GGGTGCATCCGCCATGATATCTGTTTTGATCTCCT 

22 CCAGTCCTTCGTCATGATATCTGTTTTGATCTCCT 

As a result, the three kinds of foreign metZ gene fragments (SEQ ID 

NOS: 63 to 65) and respective spl1 promoter fragments for expressing the three 
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kinds of metZ genes were obtained, respectively.  A pDCM2-ΔNcgl1021 vector 

not replicable in Corynebacterium glutamicum was treated with a restriction 

enzyme, scaI.  After an isothermal assembly cloning reaction of the amplified 

spl1 promoter fragments with the metZ fragments according to each strain, each 

product was then transformed to E. coli DH5α, followed by smearing the same on 

an LB solid medium containing kanamycin (25 mg/L).  Colonies transformed with 

the vector, in which the target gene was inserted, were selected through PCR, 

and a total of three kinds of plasmids were obtained using a plasmid extraction 

method, which were then named pDCM2-ΔNcgl1021-PsplCvimetZ 

(Chromobacterium violaceum metZ), pDCM2-ΔNcgl1021-PsplHnemetZ 

(Hyphomonas neptunium metZ), and pDCM2-ΔNcgl1021-PsplRspmetZ 

(Rhodobacter sphaeroides metZ), respectively. 

Example 3-2: Preparation of vector for introduction of metZ gene 

Vectors for sequences of six metZ genes derived from Rhodobacter 

sphaeroides, previously known, were additionally prepared.  In the same manner 

as in Example 3-1 (see US 2013-0273614 A1 and US 2018-0355389 A1), vectors, 

into which metZ genes each encoding the amino acid sequences of SEQ ID 

NOS: 66 to 71 were prepared, respectively.  The metZ genes were named 

RspmetZ_long, RspmetZ_3, RspmetZ_65, RspmetZ_104, RspmetZ_196, and 

RspmetZ_3_65_104, respectively, and primers used for introducing each gene 

are as follows. 

[Table 6] 

Primer Sequence (5′–3′) 

RspmetZ SEQ ID NO: 72 ATCAAAACAGATATCATGGGTATCGCGTTTCGTGA 

RspmetZ_3 SEQ ID NO: 73 CCTTCACGAAACGCGtTACCCATGATATCTG 
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RspmetZ_3 SEQ ID NO: 74 CAGATATCATGGGTAaCGCGTTTCGTGAAGG 

RspmetZ_65 SEQ ID NO: 75 TAGCGGGCATAGATGtATTCGTCGGCGCCGG 

RspmetZ_65 SEQ ID NO: 76 CCGGCGCCGACGAATaCATCTATGCCCGCTA 

RspmetZ_104 SEQ ID NO: 77 ACGATCGAGGTGAGCgCGCCGTGGATCGCGG 

RspmetZ_104 SEQ ID NO: 78 CCGCGATCCACGGCGcGCTCACCTCGATCGT 

RspmetZ_196 SEQ ID NO: 79 CGGGCGTCGCGAAGAtATTGTCCACGATGAC 

RspmetZ_196 SEQ ID NO: 80 GTCATCGTGGACAATaTCTTCGCGACGCCCG 

First, for the purpose of obtaining the RspmetZ_long, PCR was carried out 

with the chromosomal DNA of Rhodobacter sphaeroides using primers of SEQ ID 

NOS: 19 and 22, and SEQ ID NOS: 72 and 18. 

As a result, the gene fragment and spl1 promoter fragment were obtained. 

A pDCM2-ΔNcgl1021 vector not replicable in Corynebacterium glutamicum 

was treated with a restriction enzyme, scaI.  After an isothermal assembly 

cloning reaction of the amplified spl1 promoter fragments with the metZ fragments 

according to each strain, each product was then transformed to E. coli DH5α, 

followed by smearing the same on an LB solid medium containing kanamycin 

(25 mg/L).  Colonies transformed with the vector, in which the target gene was 

inserted, were selected through PCR, and a plasmid was obtained using a 

plasmid extraction method, which was then named pDCM2-ΔNcgl1021-

PsplRspmetZ_long. 

For the purpose of obtaining the RspmetZ_3, RspmetZ_65, RspmetZ_104, 

RspmetZ_196, and RspmetZ_3_65_104, PCR was carried out with the pDCM2-

ΔNcgl1021-PsplRspmetZ_long vector as a template using SEQ ID NOS: 72 and 

73, 74 and 18 (RspmetZ_3), SEQ ID NOS: 72 and 75, 76 and 18 (RspmetZ_65), 

SEQ ID NOS: 72 and 77, 78 and 18 (RspmetZ_104), SEQ ID NOS: 71 and 79, 80 

and 18 (RspmetZ_196), SEQ ID NOS: 72 and 73, 74 and 75, 76 and 77, 77 and 

18 (RspmetZ_3_65_104).  PCR was carried out under following conditions: 
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denaturation at 95°C for 5 minutes, a total of 30 cycles consisting of denaturation 

at 95°C for 30 seconds, annealing at 53°C for 30 seconds, and polymerization at 

72°C for 30 seconds, followed by polymerization at 72°C for 7 minutes. 

As a result, a total of ten fragments were obtained. 

[Table 7] 

Fragment 1 SEQ ID NOS: 72, 73 

Fragment 2 SEQ ID NOS: 74, 18 

Fragment 3 SEQ ID NOS: 72, 75 

Fragment 4 SEQ ID NOS: 76, 18 

Fragment 5 SEQ ID NOS: 72, 77 

Fragment 6 SEQ ID NOS: 78, 18 

Fragment 7 SEQ ID NOS: 72, 79 

Fragment 8 SEQ ID NOS: 80, 18 

Fragment 9 SEQ ID NOS: 74, 75 

Fragment 10 SEQ ID NOS: 76, 77 

A pDCM2-ΔNcgl1021 vector not replicable in Corynebacterium glutamicum 

was treated with a restriction enzyme, scaI.  After an isothermal assembly 

cloning reaction of RspmetZ_3 and fragment 1, fragment 2, RspmetZ_65 and 

fragment 3, fragment 4, RspmetZ_104 and fragment 5, fragment 6, RspmetZ_196 

and fragment 7, fragment 8, RspmetZ_3_65_104 and fragment 1, fragment 11, 

fragment 12, fragment 6, each product was then transformed to E. coli DH5α, 

followed by smearing the same on an LB solid medium containing kanamycin 

(25 mg/L).  Colonies transformed with the vector, in which the target gene was 

inserted, were selected through PCR, and a total of six kinds of plasmids were 

obtained using a plasmid extraction method, which was then named pDCM2-

ΔNcgl1021-PsplRspmetZ_long, pDCM2-ΔNcgl1021-PsplRspmetZ_3, pDCM2-

ΔNcgl1021-PsplRspmetZ_65, pDCM2-ΔNcgl1021-PsplRspmetZ_104, pDCM2-
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ΔNcgl1021-PsplRspmetZ_196, pDCM2-ΔNcgl1021-PsplRspmetZ_3_65_104, 

respectively. 

Example 4: Preparation and Culture of foreign metZ-introduced strain 

The nine kinds of foreign metZ genes were introduced into the CM02-0618 

strain which is a methionine-producing strain prepared in Example 2, respectively. 

In detail, the CM02-0618 strain which is a methionine-producing strain 

prepared in Example 2 was transformed by homologous recombination on the 

chromosome with the pDCM2-ΔNcgl1021, pDCM2-ΔNcgl1021-PsplCvimetZ 

pDCM2-ΔNcgl1021-PsplHnemetZ, pDCM2-ΔNcgl1021-PsplRspmetZ, pDCM2-

ΔNcgl1021-PsplRspmetZ_long, pDCM2-ΔNcgl1021-PsplRspmetZ_3, pDCM2-

ΔNcgl1021-PsplRspmetZ_65, pDCM2-ΔNcgl1021-PsplRspmetZ_104, pDCM2-

ΔNcgl1021-PsplRspmetZ_196, and pDCM2-ΔNcgl1021-PsplRspmetZ_3_65_104 

vectors prepared in Example 3 by electroporation, respectively (van der Rest et al., 

Appl Microbiol Biotechnol 52:541–545, 1999). 

Thereafter, secondary recombination was carried out on a solid medium 

containing sucrose.  The transformed Corynebacterium glutamicum strain, in 

which the secondary recombination had been completed, was subjected to PCR 

using SEQ ID NOS: 23 and 24 to identify a strain in which the Ncgl1021 gene was 

deleted and a strain in which Ncgl1021 was deleted and the metZ gene was 

inserted.  The recombinant strains, each prepared by introducing one of the nine 

kinds of vectors into CM02-0618, were named CM02-0618/ΔNcgl021 and CM02-

0757, CM02-0758, CM02-0759-1, CM02-0759-2, CM02-0759-3, CM02-0759-4, 

CM02-0759-5, and CM02-0759, respectively. 
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In order to analyze the L-methionine producing ability of the prepared 

strains, each strain was cultured together with their parent strain CM02-0618 in 

the following manner. 

Each of the strains was inoculated into a 250 mL corner-baffled flask 

containing 25 mL of a medium below, and then cultured with shaking at 30°C at 

200 rpm for 20 hours.  Thereafter, 1 mL of the seed culture medium was 

inoculated into a 250 mL corner-baffled flask containing 24 mL of a production 

medium, and then cultured with shaking at 30°C at 200 rpm for 48 hours.  The 

compositions of the seed medium and production medium are as follows.  

<Seed medium (pH 7.0)> 

glucose 20 g, peptone 10 g, yeast extract 5 g, urea 1.5 g, KH2PO4 4 g, 

K2HPO4 8 g, MgSO4ꞏ7H2O 0.5 g, biotin 100 μg, thiamine HCl 1000 μg, calcium 

pantothenate 2000 μg, nicotinamide 2000 μg (based on 1 L of distilled water) 

<Production medium (pH 8.0)> 

glucose 50 g, (NH4)2S2O3 12 g, Yeast extract 5 g, KH2PO4 1 g, 

MgSO4ꞏ7H2O 1.2 g, biotin 100 μg, thiamine HCl 1000 μg, calcium pantothenate 

2000 μg, nicotinamide 3000 μg, CaCO3 30 g, cobalamin (Vitamin B12) 1 μg 

(based on 1 L of distilled water). 

Further, in order to compare with the sulfur source used in the existing 

methionine-converting enzyme, the sulfur source used in the production medium 

was replaced from thiosulfate (S2O3) to methyl mercaptan (CH3SH), and the 

strains were cultured in the same manner.  After completing each culture, the L-

methionine concentration in each culture medium was analyzed and shown in 

Table 8. 
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[Table 8] 

Verification of L-methionine producing ability of metZ expression-enhanced 

strains 

Strain 
L-Methionine (g/L)

(sulfur source: S2O3)

L-Methionine (g/L)

(sulfur source: CH3SH) 

CM02-0618 0.04 0.01 

CM02-0618ΔNcgl021 0.04 0.01 

CM02-0757 (CvimetZ) 0.13 0.02 

CM02-0758 (HnemetZ) 0.12 0.01 

CM02-0759-1 (RspmetZ) 0.13 0.02 

CM02-0759-2 (RspmetZ_long) 0.13 0.02 

CM02-0759-3 (RspmetZ_3) 0.13 0.02 

CM02-0759-4 (RspmetZ_65) 0.13 0.02 

CM02-0759-5 (RspmetZ_104) 0.13 0.02 

CM02-0759-6 (RspmetZ_196) 0.13 0.02 

CM02-0759 (RspmetZ_3_65_104) 0.14 0.02 

As a result, when the nine kinds of metZ genes were introduced, 

respectively, L-methionine productivity was increased by 266% or more, as 

compared with that of the control strain, indicating that the foreign metZ of the 

present disclosure greatly increases L-methionine productivity through 

sulfhydrylation, and in particular, the efficiency is high, as compared with use of 

methyl mercaptan as a sulfur source in the existing method.  This may interpret 

that unlike Corynebacterium glutamicum metB and metY, the foreign metZ of the 

present disclosure did not receive feedback inhibition, and thus the methionine 

yield increased. 

The CM02-0757, CM02-0758, and CM02-0759 strains were deposited at 

the Korean Culture Center of Microorganisms, an international depositary, on 

May 2, 2019, under the provisions of the Budapest Treaty and assigned 

Accession Nos. KCCM12506P, KCCM12507P, KCCM12508P, respectively. 
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Example 5: Preparation of recombinant vector for deletion of metB 

and metY genes 

To examine function (activity) of the protein encoded by metZ of the 

present disclosure and to compare the activity with metY and metB activity, metB 

and metY possessed by C.gl were deleted, respectively.  In detail, to delete metB 

and metY genes, respectively, recombinant plasmid vectors were prepared by 

way of the following method.  Based on nucleotide sequences reported in 

GenBank of the U.S. National Institutes of Health (NIH), the metB and metY 

genes and their surrounding sequences (SEQ ID NOS: 25 and 26) of 

Corynebacterium glutamicum were obtained. 

For the purpose of obtaining the deleted metB and metY genes, 

respectively, PCR was carried out with the chromosomal DNA of 

Corynebacterium glutamicum ATCC13032 as a template using primers of SEQ ID 

NOS: 27 and 28 and SEQ ID NOS: 29 and 30 (metB) and primers of SEQ ID 

NOS: 31 and 32 and SEQ ID NOS: 33 and 34 (metY) (Table 9). 

[Table 9] 

SEQ ID NO Sequence (5′–3′) 

27 GAATTCGAGCTCGGTACCCGGGCCAGTAAGGTGTTACCCATGC 

28 CTGCTTGCCGCCAAATAGTTTAGTACTGGTAGATCAACTCCTGTAATCAGAATT

CTA 

29 TAGAATTCTGATTACAGGAGTTGATCTACCAGTACTAAACTATTTGGCGGCAAG

CAG 

30 TCGACTCTAGAGGATCCCCGGGCGATCTCAATTCCCATGCCTC 

31 TCGAGCTCGGTACCCCTGCAATAGCTGCAAAGTGG 

32 TGAGTCTATTTAAAGCGGGTAATTTTCTTGACTTT 

33 CAAGAAAATTACCCGCTTTAAATAGACTCACCCCA 

34 CTCTAGAGGATCCCCGCCTTAATTTGGGCGGATTG 

PCR was carried out under following conditions: denaturation at 95°C for 5 

minutes, a total of 30 cycles consisting of denaturation at 95°C for 30 seconds, 
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annealing at 53°C for 30 seconds, and polymerization at 72°C for 30 seconds, 

followed by polymerization at 72°C for 7 minutes.  As a result, DNA fragments of 

700 bp were obtained, respectively. 

A pDCM2 vector not replicable in Corynebacterium glutamicum, and the 

amplified metB and metY gene fragments were treated with a restriction enzyme, 

smaI, for chromosomal introduction, respectively.  After ligation using a DNA 

ligase, a product was then transformed to E. coli DH5α, followed by smearing the 

same on an LB solid medium containing kanamycin (25 mg/L).  Colonies 

transformed with each vector, in which deleted fragments of the target genes were 

inserted, were selected through PCR, and each plasmid was obtained using a 

plasmid extraction method, and the obtained plasmids were then named pDCM2-

ΔmetB and pDCM2-ΔmetY, respectively. 

Example 6: Preparation and Culture of metB or metY gene-deleted 

strain from three kinds of metZ-enhanced strains 

CM02-0618, CM02-0757, CM02-0758, and CM02-0759 strains were 

transformed by homologous recombination on the chromosome with the pDCM2-

ΔmetB and pDCM2-ΔmetY vectors prepared above by electroporation, 

respectively (van der Rest et al., Appl Microbiol Biotechnol 52:541–545, 1999). 

Thereafter, secondary recombination was carried out on a solid medium 

containing sucrose.  The transformed Corynebacterium glutamicum strains, in 

which the secondary recombination had been completed, were examined for 

deletion of the metB and metY genes using SEQ ID NOS: 35 and 36 (metB) and 

SEQ ID NOS: 37 and 38 (metY) (Table 10), respectively. 

[Table 10] 

SEQ ID NO Sequence (5′–3′) 
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35 TTCCTGGTCTGACGACAGTG 

36 GATGTCTTCAGCTTCACCCTG 

37 CCGAGGATAATCCACAAGGT 

38 CGAAGCGTTCGTCGATTTCT 

These recombinant strains were named Corynebacterium glutamicum 

CM02-0618/ΔmetB CM02-0757/ΔmetB, CM02-0758/ΔmetB, CM02-0759/ΔmetB, 

CM02-0618/ΔmetY, CM02-0757/ΔmetY, CM02-0758/ΔmetY, CM02-0759/ΔmetY, 

respectively. 

To analyze L-methionine producing ability of the prepared CM02-0618/

ΔmetB, CM02-0757/ΔmetB, CM02-0758/ΔmetB, CM02-0759/ΔmetB, CM02-0618/

ΔmetY, CM02-0757/ΔmetY, CM02-0758/ΔmetY, and CM02-0759/ΔmetY strains, 

they were cultured by way of the following method, respectively. 

CM02-0618, CM02-0757, CM02-0758, and CM02-0759 as parent strains 

and CM02-0618/ΔmetB, CM02-0757/ ΔmetB, CM02-0758/ΔmetB, CM02-0759/

ΔmetB, CM02-0618/ΔmetY, CM02-0757/ΔmetY, CM02-0758/ΔmetY, and CM02-

0759/ΔmetY prepared above were inoculated into a 250 mL corner-baffled flask 

containing 25 mL of a medium below, respectively, and then cultured with shaking 

at 30°C at 200 rpm for 20 hours.  Thereafter, 1 mL of each seed culture medium 

was inoculated into a 250 mL corner-baffled flask containing 24 mL of a 

production medium, and then cultured with shaking at 30°C at 200 rpm for 48 

hours.  The compositions of the seed medium and production medium are as 

follows. 

<Seed medium (pH 7.0)> 

glucose 20 g, peptone 10 g, yeast extract 5 g, urea 1.5 g, KH2PO4 4 g, 

K2HPO4 8 g, MgSO4ꞏ7H2O 0.5 g, biotin 100 μg, thiamine HCl 1000 μg, calcium 

pantothenate 2000 μg, nicotinamide 2000 μg (based on 1 L of distilled water) 
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<Production medium (pH 8.0)> 

glucose 50 g, (NH4)2S2O3 12 g, yeast extract 5 g, KH2PO4 1 g, 

MgSO4ꞏ7H2O 1.2 g, biotin 100 μg, thiamine HCl 1000 μg, calcium pantothenate 

2000 μg, nicotinamide 3000 μg, CaCO3 30 g, cobalamin (Vitamin B12) 1 μg 

(based on 1 L of distilled water). 

The concentrations of L-methionine and a by-product homolanthionine in 

each culture medium cultured by the above culturing method were analyzed and 

shown in Table 11. 

[Table 11] 

Verification of L-methionine or homolanthionine producing ability of metY or 

metB-deleted strains 

Strain L-Methionine (g/L) Homolanthionine (g/L)

CM02-0618 0.04 0.82 

CM02-0618/ΔmetB 0.03 0 

CM02-0618/ΔmetY 0.02 0.81 

CM02-0757 0.13 0.17 

CM02-0758 0.12 0.17 

CM02-0759 0.13 0.18 

CM02-0757/ΔmetB 0.13 0 

CM02-0758/ΔmetB 0.12 0 

CM02-0759/ΔmetB 0.13 0 

CM02-0757/ΔmetY 0.08 0.19 

CM02-0758/ΔmetY 0.07 0.18 

CM02-0759/ΔmetY 0.08 0.19 

From the results, it was confirmed that the foreign metZ performs the same 

function as metB, i.e., produces methionine through transsulfuration using 

cysteine as a sulfur source.  In other words, even though metB or metY is 
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deleted, methionine production may be maintained in a high yield by using metZ, 

and therefore, the gene may be replaced with foreign metZ to compensate for the 

shortcomings of metB and/or metY in Corynebacterium. 

Further, in the strain, in which metB was present and foreign metZ was 

introduced, methionine production was enhanced and homolanthionine production 

was only about 20% compared to the control (CM02-0618), indicating that 

production of the by-product homolanthionine is reduced when metZ is enhanced. 

Homolanthionine is a substance synthesized by consuming O-acetylhomoserine, 

and thus the production of homolanthionine reduces methionine production.  The 

foreign metZ, which inhibits the by-product production, compensates for the 

shortcomings of metB to inhibit the by-product production and to enhance the 

methionine synthesis. 

The above results revealed for the first time that metZ of the present 

disclosure may mediate transsulfuration by using cysteine, and metZ of the 

present disclosure may be used not only to increase the methionine production 

but also to compensate for the shortcomings of metB of the genus 

Corynebacterium strain. 

Example 7: Preparation of recombinant vector for simultaneous 

enhancement of metH and cysI 

In the present Example, to prepare a methionine-producing strain in which 

mcbR is not deleted, a vector for enhancing metH encoding methionine synthase 

(Ncgl1450) and cysI encoding sulfite reductase (Ncgl2718) at the same time was 

prepared. 

In detail, to additionally insert the metH and cysI genes into the 

chromosome of Corynebacterium ATCC13032, a recombinant plasmid vector was 

prepared by way of the following method.  Based on nucleotide sequences 

reported in GenBank of the U.S. National Institutes of Health (NIH), the metH 

gene and its surrounding sequence (SEQ ID NO: 39) and the cysI gene and its 
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surrounding sequence (SEQ ID NO: 40) of Corynebacterium glutamicum were 

obtained. 

For the purpose of obtaining the metH and cysI gene, PCR was carried out 

with the chromosomal DNA of Corynebacterium glutamicum ATCC13032 as a 

template using primers of SEQ ID NO: 41 and SEQ ID NO: 42, and SEQ ID 

NO: 43 and SEQ ID NO: 44.  A Pcj7 promoter was used for enhancing 

expression of the metH gene, and a Pspl1 promoter was used for enhancing 

expression of the cysI gene.  To obtain each promoter, PCR was carried out for 

Pcj7 with the chromosomal DNA of Corynebacterium ammoniagenes ATCC6872 

as a template using SEQ ID NOS: 45 and 46, and for Pspl1 with the previously 

disclosed spl1-GFP (KR 10-1783170 B1) vector DNA as a template using SEQ ID 

NOS: 47 and 48.  Sequences of the used primers are shown in Table 12 below. 

[Table 12] 

SEQ ID NO Sequence (5′–3′) 

41 CAACGAAAGGAAACAATGTCTACTTCAGTTACTTC 

42 TAGTCAGAGAGTGATTTAGACGTTAAAGTACTTTG 

43 ATCAAAACAGATATCATGACAACAACCACCGGAAG 

44 CGCTAGTCAGAGAGTTCACACCAAATCTTCCTCAG 

45 CCGATCAGCGTAAGTAGAAACATCCCAGCGCTACT 

46 AACTGAAGTAGACATTGTTTCCTTTCGTTGGGTAC 

47 TACTTTAACGTCTAAGGTACCGGCGCTTCATGTCA 

48 GGTGGTTGTTGTCATGATATCTGTTTTGATCTCCT 

PCR was carried out under following conditions: denaturation at 95°C for 5 

minutes, a total of 30 cycles consisting of denaturation at 95°C for 30 seconds, 

annealing at 53°C for 30 seconds, and polymerization at 72°C for 4 minutes, 

followed by polymerization at 72°C for 7 minutes.  As a result, metH and cysI, 

Pcj7 promoter and Pspl1 promoter DNA fragments were obtained, respectively. 
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A pDCM2-ΔNcgl1021 vector not replicable in Corynebacterium glutamicum 

was treated with a restriction enzyme, scaI, and the four amplified DNA fragments 

were treated with scaI for chromosomal introduction.  After IST reaction, a 

product was then transformed to E. coli DH5α, followed by smearing the same on 

an LB solid medium containing kanamycin (25 mg/L).  Colonies transformed with 

the vector, in which deleted fragments of the target genes were inserted, were 

selected through PCR, and a plasmid was obtained using a plasmid extraction 

method, which was then named pDCM2-ΔNcgl1021-Pcj7metH-Pspl1cysI. 

Example 8: Preparation of strain for simultaneous enhancement of 

metH and cysI and Production of L-methionine using the same 

ATCC13032 strain was transformed by homologous recombination on the 

chromosome with the pDCM2-ΔNcgl1021 and pDCM2-ΔNcgl1021-Pcj7metH-

Pspl1cysI vectors prepared above by electroporation (van der Rest et al., Appl 

Microbiol Biotechnol 52:541–545, 1999), respectively.  Thereafter, secondary 

recombination was carried out on a solid medium containing sucrose.  The 

transformed Corynebacterium glutamicum strains, in which the secondary 

recombination had been completed, were examined for deletion of the Ncgl1021 

gene and insertion of the Pcj7-metH-Pspl1cysI gene using SEQ ID NOS: 23 and 

24, respectively.  The recombinant strains were named 13032/ΔNcgl1021 and 

CM02-0753, respectively.  

To analyze L-methionine producing ability of the prepared 13032/

ΔNcgl1021 and CM02-0753 strains, they were cultured together with a parent 

Corynebacterium glutamicum ATCC13032 strain by way of the following method, 

respectively. 

Corynebacterium glutamicum ATCC13032 and the 13032/ΔNcgl1021 and 

CM02-0753 strains prepared above were inoculated into a 250 mL corner-baffled 
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flask containing 25 mL of a medium below, respectively, and then cultured with 

shaking at 30°C at 200 rpm for 20 hours.  Thereafter, 1 mL of each seed culture 

medium was inoculated into a 250 mL corner-baffled flask containing 24 mL of a 

production medium, and then cultured with shaking at 30°C at 200 rpm for 48 

hours.  The compositions of the seed medium and production medium are as 

follows. 

<Seed medium (pH 7.0)> 

glucose 20 g, peptone 10 g, yeast extract 5 g, urea 1.5 g, KH2PO4 4 g, 

K2HPO4 8 g, MgSO4ꞏ7H2O 0.5 g, biotin 100 μg, thiamine HCl 1000 μg, calcium 

pantothenate 2000 μg, nicotinamide 2000 μg (based on 1 L of distilled water) 

<Production medium (pH 8.0)> 

glucose 50 g, (NH4)2S2O3 12 g, yeast extract 5 g, KH2PO4 1 g, 

MgSO4ꞏ7H2O 1.2 g, biotin 100 μg, thiamine HCl 1000 μg, calcium pantothenate 

2000 μg, nicotinamide 3000 μg, CaCO3 30 g, cobalamin (Vitamin B12) 1 μg 

(based on 1 L of distilled water). 

The concentrations of L-methionine in each culture medium cultured by the 

above culturing method were analyzed and shown in Table 13. 

[Table 13] 

Verification of L-methionine producing ability of strain having mcbR 

Strain L-Methionine (g/L)

Corynebacterium glutamicum ATCC13032 (wild-type) 0 

13032/ΔNcgl1021 0 

CM02-0753 0.03 
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As a result, it was confirmed that the L-methionine production ability of the 

metH and cysI-overexpressing strain, in which mcbR was still present, was 

improved by 0.03 g/L, as compared to the control strain. 

Example 9-1: Preparation of vector for enhancement of metZ genes at 

other sites than Ncgl1021 site 

To insert the three kinds of foreign metZ genes into other sites than the 

existing site on the chromosome of Corynebacterium ATCC13032, recombinant 

plasmid vectors were prepared by way of the following method. 

First, to insert metZ, a vector for deleting Ncgl2748 (Transposase) was 

prepared.  Based on nucleotide sequences reported in GenBank of the U.S. 

National Institutes of Health (NIH), Ncgl2748 and its surrounding sequence (SEQ 

ID NO: 49) of Corynebacterium glutamicum were obtained.  For the purpose of 

obtaining the deleted Ncgl2748 gene, PCR was carried out with the chromosomal 

DNA of Corynebacterium glutamicum ATCC13032 as a template using primers of 

SEQ ID NO: 50 and SEQ ID NO: 51, and SEQ ID NO: 52 and SEQ ID NO: 53 

(Table 14).  PCR was carried out under following conditions: denaturation at 

95°C for 5 minutes, a total of 30 cycles consisting of denaturation at 95°C for 30 

seconds, annealing at 53°C for 30 seconds, and polymerization at 72°C for 30 

seconds, followed by polymerization at 72°C for 7 minutes.  As a result, DNA 

fragments were obtained, respectively. 

[Table 14] 

SEQ ID NO Sequence (5′–3′) 

50 GTACCCGGGGATCCTCTAGACCTGGGTAACTTCCTGTCCA 

51 CAGGTTAGCAGTACTTCTCAAGTTTCTCGGCGGTG 

52 AACTTGAGAAGTACTGCTAACCTGCAGAAACCTTG 

53 GCCTGCAGGTCGACTCTAGACTCCGCAGAAATCGTGGGGC 
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A pDCM2 vector not replicable in Corynebacterium glutamicum and the 

amplified Ncgl2748 gene fragments were treated with a restriction enzyme, smaI, 

for chromosomal introduction.  After IST reaction, a product was then 

transformed to E. coli DH5α, followed by smearing the same on an LB solid 

medium containing kanamycin (25 mg/L).  Colonies transformed with the vector, 

in which deleted fragments of the target genes were inserted, were selected 

through PCR, and a plasmid was obtained using a plasmid extraction method, 

which was then named pDCM2-ΔNcgl2748. 

For the purpose of obtaining the three kinds of metZ genes 

(Chromobacterium violaceum, Hyphomonas neptunium, Rhodobacter 

sphaeroides), PCR was carried out with the prepared pDCM2-ΔNcgl1021-

PsplCvimetZ (Chromobacterium violaceum metZ), pDCM2-ΔNcgl1021-

PsplHnemetZ (Hyphomonas neptunium metZ), and pDCM2-ΔNcgl1021-

PsplRspmetZ (Rhodobacter sphaeroides metZ) vectors as a template using SEQ 

ID NOS: 54 and 55, 54 and 56, and 54 and 57 (Table 15).  PCR was carried out 

under following conditions: denaturation at 95°C for 5 minutes, a total of 30 cycles 

consisting of denaturation at 95°C for 30 seconds, annealing at 53°C for 30 

seconds, and polymerization at 72°C for 60 seconds, followed by polymerization 

at 72°C for 7 minutes.  As a result, three kinds of DNA fragments were obtained. 

[Table 15] 

SEQ ID NO Sequence (5′–3′) 

54 CGCCGAGAAACTTGAGAAGTGGCGCTTCATGTCAA 

55 CTGCAGGTTAGCAGTTTAGTCAAGGCCCCGCAACA 

56 CTGCAGGTTAGCAGTTCACAAGCTGTTAAGCGAAG 

57 CTGCAGGTTAGCAGTTCAGATCACCGCGAGCGCCT 
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A pDCM2-ΔNcgl2748 vector not replicable in Corynebacterium glutamicum 

was treated with a restriction enzyme, scaI.  After IST reaction with the amplified 

fragments according to each strain, a product was then transformed to E. coli 

DH5α, followed by smearing the same on an LB solid medium containing 

kanamycin (25 mg/L).  Colonies transformed with the vector, in which the target 

gene was inserted, were selected through PCR, and a total of three plasmids 

were obtained using a plasmid extraction method, which were then named 

pDCM2-ΔNcgl2748-PsplCvimetZ (Chromobacterium violaceum metZ), pDCM2-

ΔNcgl2748-PsplHnemetZ (Hyphomonas neptunium metZ), pDCM2-ΔNcgl2748-

PsplRspmetZ (Rhodobacter sphaeroides metZ), respectively. 

Example 9-2: Preparation of vector for enhancement of metZ genes at 

other sites than Ncgl1021 site 

Additionally, to examine whether methionine production is also increased in 

a strain into which metZ gene having 99% or more sequence homology is 

introduced, vectors for the five metZ genes of Example 3-2 were additionally 

prepared. 

Vectors, each introduced with one of the six metZ genes, were prepared in 

the same manner as in Example 9-1. 

A total of six vectors were prepared as follows: named pDCM2-ΔNcgl2748-

PsplRspmetZ_long, ΔNcgl2748-PsplRspmetZ_3, pDCM2-ΔNcgl2748-

PsplRspmetZ_65, pDCM2-ΔNcgl2748-PsplRspmetZ_104, pDCM2-ΔNcgl2748-

PsplRspmetZ_196, and pDCM2-ΔNcgl2748-PsplRspmetZ_3_65_104, 

respectively.  To prepare these vectors, ΔNcgl1021-PsplRspmetZ_long pDCM2-
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ΔNcgl1021-PsplRspmetZ_3, pDCM2-ΔNcgl1021-PsplRspmetZ_65, pDCM2-

ΔNcgl1021-PsplRspmetZ_104, pDCM2-ΔNcgl1021-PsplRspmetZ_196, and 

pDCM2-ΔNcgl1021-PsplRspmetZ_3_65_104 prepared in Example 4 were used 

as a DNA template, respectively, and primers of SEQ ID NOS: 54 and 57 were 

commonly used.  Other procedures were the same as in Example 9-1. 

Example 10: Development of foreign metZ-enhanced strain based on 

L-methionine-producing strain having mcbR and Production of L-

methionine using the same

CM02-0753 strain was transformed by homologous recombination on the 

chromosome with the pDCM2-ΔNcgl2748, pDCM2-ΔNcgl2748-PsplCvimetZ, 

pDCM2-ΔNcgl2748-PsplHnemetZ, pDCM2-ΔNcgl2748-PsplRspmetZ, pDCM2-

ΔNcgl2748-PsplRspmetZ_long, pDCM2-ΔNcgl2748-PsplRspmetZ_3, pDCM2-

ΔNcgl2748-PsplRspmetZ_65, pDCM2-ΔNcgl2748-PsplRspmetZ_104, pDCM2-

ΔNcgl2748-PsplRspmetZ_196, and pDCM2-ΔNcgl2748-PsplRspmetZ_3_65_104 

vectors prepared above by electroporation, respectively (van der Rest et al., Appl 

Microbiol Biotechnol 52:541–545, 1999).  Thereafter, secondary recombination 

was carried out on a solid medium containing sucrose.  The transformed 

Corynebacterium glutamicum strains, in which the secondary recombination had 

been completed, were examined for insertion of each foreign metZ gene at the 

Ncgl2748 site using SEQ ID NOS: 58 and 59 (Table 16), respectively. 

[Table 16] 

SEQ ID NO Sequence (5′–3′) 

58 TTCTCCGTGCCGAGAAAATC 
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59 GTAGATGATCTCGCCATTTG 

These recombinant strains were named Corynebacterium glutamicum 

13032/ΔNcgl2748, CM02-0765, CM02-0766, CM02-0767-1, CM02-0767-2, 

CM02-0767-3, CM02-0767-4, CM02-0767-5, CM02-0767-6, CM02-0767, 

respectively. 

To analyze L-methionine producing ability of the prepared strains, they 

were cultured together with the parent strain Corynebacterium glutamicum CM02-

0753 by way of the following method, respectively. 

Each strain was inoculated into a 250 mL corner-baffled flask containing 

25 mL of a medium below, respectively, and then cultured with shaking at 30°C at 

200 rpm for 20 hours.  Thereafter, 1 mL of each seed culture medium was 

inoculated into a 250 mL corner-baffled flask containing 24 mL of a production 

medium, and then cultured with shaking at 30°C at 200 rpm for 48 hours.  The 

compositions of the seed medium and production medium are as follows. 

<Seed medium (pH 7.0)> 

glucose 20 g, peptone 10 g, yeast extract 5 g, urea 1.5 g, KH2PO4 4 g, 

K2HPO4 8 g, MgSO4ꞏ7H2O 0.5 g, biotin 100 μg, thiamine HCl 1000 μg, calcium 

pantothenate 2000 μg, nicotinamide 2000 μg (based on 1 L of distilled water) 

<Production medium (pH 8.0)> 

glucose 50 g, (NH4)2S2O3 12 g, yeast extract 5 g, KH2PO4 1 g, 

MgSO4ꞏ7H2O 1.2 g, biotin 100 μg, thiamine HCl 1000 μg, calcium pantothenate 

2000 μg, nicotinamide 3000 μg, CaCO3 30 g, cobalamin (Vitamin B12) 1 μg 

(based on 1 L of distilled water). 
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The concentrations of L-methionine in each culture medium cultured by the 

above culturing method were analyzed and shown in Table 17. 

[Table 17] 

Verification of L-methionine producing ability by overexpression of foreign 

metZ in strain having mcbR 

Strain L-Methionine (g/L)

CM02-0753 0.03 

CM02-0753/ΔNcgl2748 0.03 

CM02-0765 (CvimetZ) 0.10 

CM02-0766 (HnemetZ) 0.09 

CM02-0767-1(RspmetZ) 0.10 

CM02-0767-2 (RspmetZ_long) 0.10 

CM02-0767-3 (RspmetZ_3) 0.10 

CM02-0767-4 (RspmetZ_65) 0.10 

CM02-0767-5 (RspmetZ_104) 0.10 

CM02-0767-6 (RspmetZ_196) 0.10 

CM02-0767 (RspmetZ_3_65_104) 0.11 

As a result, it was confirmed that when the foreign metZ genes were 

introduced into the methionine-producing strain having mcbR, respectively, the 

methionine yield was also increased. 

CM02-0765, CM02-0766, and CM02-0767 were deposited at the Korean 

Culture Center of Microorganisms, an international depositary, on May 2, 2019, 

under the provisions of the Budapest Treaty and assigned Accession 

Nos. KCCM12509P, KCCM12510P, and KCCM12511P, respectively. 

Based on the above description, it will be understood by those skilled in the 

art that the present disclosure may be implemented in a different specific form 

without changing the technical spirit or essential characteristics thereof.  In this 

regard, it should be understood that the above embodiment is not limitative, but 

55



illustrative in all aspects.  The scope of the disclosure is defined by the appended 

claims rather than by the description preceding them, and therefore all changes 

and modifications that fall within metes and bounds of the claims, or equivalents 

of such metes and bounds, are therefore intended to be embraced by the claims. 

Effect of the invention 

A microorganism, into which activity of a protein encoded by metZ of the 

present disclosure is introduced, exhibits a high yield, because it produces fewer 

by-products, as compared with metY, and the microorganism does not receive 

feedback inhibition, unlike metB receiving feedback inhibition by methionine, and 

thus produces L-methionine in a high yield, thereby being usefully applied to 

industrial production of L-methionine. 
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WHAT IS CLAIMED IS: 

1. A method of producing L-methionine, the method comprising culturing

a microorganism, into which a protein encoded by a foreign metZ gene is 

introduced, in a medium containing thiosulfate. 

2. The method of producing L-methionine of claim 1, wherein the protein

has O-acylhomoserine transsulfurase activity. 

3. The method of producing L-methionine of claim 1, wherein the protein

is derived from Chromobacterium violaceum, Hyphomonas neptunium, or 

Rhodobacter sphaeroides. 

4. The method of producing L-methionine of claim 1, wherein the protein

includes any one or more selected from the group consisting of polypeptide 

sequences of SEQ ID NOS: 60, 61, and 62; and polypeptide sequences having 90% 

or more homology or identity thereto. 

5. The method of producing L-methionine of claim 1, wherein the

microorganism includes one or more genetic modifications selected from the 

group consisting of attenuation or inactivation of activity of cystathionine gamma 

synthase; attenuation or inactivation of activity of O-acetylhomoserine 

sulfhydrylase; attenuation or inactivation of activity of methionine–cysteine 

biosynthesis repressor protein; enhancement of activity of methionine synthase; 

and enhancement of activity of sulfite reductase. 

6. The method of producing L-methionine of claim 1, wherein the

microorganism is a microorganism of the genus Corynebacterium. 
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7. The method of producing L-methionine of claim 6, wherein the

microorganism is Corynebacterium glutamicum. 

8. The method of producing L-methionine of claim 1, comprising

recovering L-methionine from the microorganism or medium. 

9. The method of producing L-methionine of claim 1, wherein

homolanthionine production is reduced. 

10. An L-methionine-producing microorganism, into which a protein

encoded by a foreign metZ gene is introduced. 

11. The L-methionine-producing microorganism of claim 10, wherein the

protein has O-acylhomoserine transsulfurase activity. 

12. The L-methionine-producing microorganism of claim 10, wherein the

protein is derived from Chromobacterium violaceum, Hyphomonas neptunium, or 

Rhodobacter sphaeroides. 

13. The L-methionine-producing microorganism of claim 10, wherein the

protein includes any one or more selected from the group consisting of 

polypeptide sequence of SEQ ID NOS: 60, 61, and 62 and polypeptide sequences 

having 90% or more homology or identity thereto. 

14. The L-methionine-producing microorganism of claim 10, wherein the

microorganism includes one or more genetic modifications selected from the 

group consisting of attenuation or inactivation of activity of cystathionine gamma 

synthase; attenuation or inactivation of activity of O-acetylhomoserine 

sulfhydrylase; attenuation or inactivation of activity of methionine–cysteine 
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biosynthesis repressor protein; enhancement of activity of methionine synthase; 

and enhancement of activity of sulfite reductase. 

15. The L-methionine-producing microorganism of claim 10, wherein the

microorganism is a microorganism of the genus Corynebacterium. 

16. The L-methionine-producing microorganism of claim 10, wherein the

microorganism is Corynebacterium glutamicum. 

17. The L-methionine-producing microorganism of claim 10, wherein

homolanthionine production is reduced. 

18. A composition for producing L-methionine, the composition

comprising the microorganism of any one of claims 10 to 17 and thiosulfate. 

19. Use of a microorganism, into which a protein encoded by a foreign

metZ gene is introduced, in the production of L-methionine. 
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