
US 20030049804A1 

(12) Patent Application Publication (10) Pub. N0.: US 2003/0049804 A1 
(19) United States 

Pompej us et al. (43) Pub. Date: Mar. 13, 2003 

(54) CORYNEBACTERIUM GLUTAMICUM 
GENES ENCODING METABOLIC PATHWAY 
PROTEINS 

(76) Inventors: Markus Pompejus, Freinsheim (DE); 
Burkhard Kroger, Limburgerhof (DE); 
Hartwig Schroder, Nussloch (DE); 
Oskar Zelder, Speyer (DE); Gregor 
Haberhauer, Limburgerhof (DE); 
Jun-Won Kim, Seoul (KR); 
Heung-Shick Lee, Seoul (KR); 
Byung-Joon HWang, Seoul (KR) 

Correspondence Address: 
LAHIVE & COCKFIELD 
28 STATE STREET 
BOSTON, MA 02109 (US) 

(21) Appl. No.: 09/746,660 

(22) Filed: Dec. 22, 2000 

Related US. Application Data 

(63) Continuation-in-part of application No. 09/606,740, 
?led on Jun. 23, 2000. Continuation-in-part of appli 
cation No. 09/603,124, ?led on Jun. 23, 2000. 

(60) Provisional application No. 60/141,031, ?led on Jun. 
25, 1999. Provisional application No. 60/142,101, 
?led on Jul. 2, 1999. Provisional application No. 
60/148,613, ?led on Aug. 12, 1999. Provisional appli 
cation No. 60/187,970, ?led on Mar. 9, 2000. 

(30) Foreign Application Priority Data 

Jul. 8, 1999 (DE) ...................................... .. 199314209 

Publication Classi?cation 

(51) Int. c1.7 ........................ .. C12P 13/08; c0711 21/04; 
C12N 9/00; C12P 21/02; C12N 1/21 

(52) US. Cl. ................... .. 435/115; 435/691; 435/2523; 
435/3201; 435/183; 536/232 

(57) ABSTRACT 
Isolated nucleic acid molecules, designated MP nucleic acid 
molecules, Which encode novel MP proteins from Coryne 
bacterium glutamicum are described. The invention also 
provides antisense nucleic acid molecules, recombinant 
expression vectors containing MP nucleic acid molecules, 
and host cells into Which the expression vectors have been 
introduced. The invention still further provides isolated MP 
proteins, mutated MP proteins, fusion proteins, antigenic 
peptides and methods for the improvement of production of 
a desired compound from C. glutamicum based on genetic 
engineering of MP genes in this organism. 
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CORYNEBACTERIUM GLUTAMICUM GENES 
ENCODING METABOLIC PATHWAY PROTEINS 

RELATED APPLICATIONS 

[0001] The present application is an continuation in part of 
US. patent application Ser. No. 09/606,740, ?led Jun. 23, 
2000. This application is also a continuation in part of US. 
patent application Ser. No. 09/603,124, ?led Jun. 23, 2000. 
The present application claims priority to prior ?led US. 
Provisional Patent Application Serial No. 60/141031, ?led 
Jun. 25, 1999, US. Provisional Patent Application Serial 
No. 60/142101, ?led Jul. 2, 1999, US. Provisional Patent 
Application Serial No. 60/148613, ?led Aug. 12, 1999, US. 
Provisional Patent Application Serial No. 60/187970, ?led 
Mar. 9, 2000, and also to German Patent Application No. 
199314209, ?led Jul. 8, 1999. The entire contents of all of 
the aforementioned applications are hereby expressly incor 
porated herein by this reference. 

BACKGROUND OF THE INVENTION 

[0002] Certain products and by-products of naturally-oc 
curring metabolic processes in cells have utility in a Wide 
array of industries, including the food, feed, cosmetics, and 
pharmaceutical industries. These molecules, collectively 
termed ‘?ne chemicals’, include organic acids, both protei 
nogenic and non-proteinogenic amino acids, nucleotides and 
nucleosides, lipids and fatty acids, diols, carbohydrates, 
aromatic compounds, vitamins and cofactors, and enZymes. 
Their production is most conveniently performed through 
large-scale culture of bacteria developed to produce and 
secrete large quantities of a particular desired molecule. One 
particularly useful organism for this purpose is Carynebac 
terium glutamicum, a gram positive, nonpathogenic bacte 
rium. Through strain selection, a number of mutant strains 
have been developed Which produce an array of desirable 
compounds. HoWever, selection of strains improved for the 
production of a particular molecule is a time-consuming and 
dif?cult process. 

SUMMARY OF THE INVENTION 

[0003] The invention provides novel bacterial nucleic acid 
molecules Which have a variety of uses. These uses include 
the identi?cation of microorganisms Which can be used to 
produce ?ne chemicals (e.g., amino acids, such as, for 
example, lysine and methionine), the modulation of ?ne 
chemical production in C. glutamicum or related bacteria, 
the typing or identi?cation of C. glutamicum or related 
bacteria, as reference points for mapping the C. glutamicum 
genome, and as markers for transformation. These novel 
nucleic acid molecules encode proteins, referred to herein as 
metabolic pathWay (MP) proteins. 

[0004] C. glutamicum is a gram positive, aerobic bacte 
rium Which is commonly used in industry for the large-scale 
production of a variety of ?ne chemicals, and also for the 
degradation of hydrocarbons (such as in petroleum spills) 
and for the oxidation of terpenoids. The MP nucleic acid 
molecules of the invention, therefore, can be used to identify 
microorganisms Which can be used to produce ?ne chemi 
cals, e.g., by fermentation processes. Modulation of the 
expression of the MP nucleic acids of the invention, or 
modi?cation of the sequence of the MP nucleic acid mol 
ecules of the invention, can be used to modulate the pro 
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duction of one or more ?ne chemicals from a microorganism 
(e.g., to improve the yield or production of one or more ?ne 
chemicals from a Corynebacterium or Brevibacterium spe 
cies). In a preferred embodiment, the MP genes of the 
invention are combined With one or more genes involved in 
the same or different metabolic pathWay to modulate the 
production of one or more ?ne chemicals from a microor 
ganism. 

[0005] The MP nucleic acids of the invention may also be 
used to identify an organism as being Corynebacterium 
glutamicum or a close relative thereof, or to identify the 
presence of C. glutamicum or a relative thereof in a mixed 
population of microorganisms. The invention provides the 
nucleic acid sequences of a number of C. glutamicum genes; 
by probing the extracted genomic DNA of a culture of a 
unique or mixed population of microorganisms under strin 
gent conditions With a probe spanning a region of a C. 
glutamicum gene Which is unique to this organism, one can 
ascertain Whether this organism is present. Although 
Corynebacterium glutamicum itself is nonpathogenic, it is 
related to species pathogenic in humans, such as Caryne 
bacterium diphtheriae (the causative agent of diphtheria); 
the detection of such organisms is of signi?cant clinical 
relevance. 

[0006] The MP nucleic acid molecules of the invention 
may also serve as reference points for mapping of the C. 
glutamicum genome, or of genomes of related organisms. 
Similarly, these molecules, or variants or portions thereof, 
may serve as markers for genetically engineered Coryne 
bacterium or Brevibacterium species. 

[0007] The MP proteins encoded by the novel nucleic acid 
molecules of the invention are capable of, for example, 
performing an enZymatic step involved in the metabolism of 
certain ?ne chemicals, including amino acids, e.g., lysine 
and methionine, vitamins, cofactors, nutraceuticals, nucle 
otides, nucleosides, and trehalose. Given the availability of 
cloning vectors for use in Corynebacterium glutamicum, 
such as those disclosed in Sinskey et al., US. Pat. No. 
4,649,119, and techniques for genetic manipulation of C. 
glutamicum and the related Brevibacterium species (e.g., 
lactafermentum) (Yoshihama et al, J. Bacterial. 162: 591 
597 (1985); Katsumata et al., J. Bacterial. 159: 306-311 
(1984); and Santamaria et al., J. Gen. Micrabial. 130: 
2237-2246 (1984)), the nucleic acid molecules of the inven 
tion may be utiliZed in the genetic engineering of this 
organism to make it a better or more ef?cient producer of 
one or more ?ne chemicals. 

[0008] This improved production or ef?ciency of produc 
tion of a ?ne chemical may be due to a direct effect of 
manipulation of a gene of the invention, or it may be due to 
an indirect effect of such manipulation. Speci?cally, alter 
ations in C. glutamicum metabolic pathWays for amino 
acids, e. g, lysine and methionine, vitamins, cofactors, nucle 
otides, and trehalose may have a direct impact on the overall 
production of one or more of these desired compounds from 
this organism. For example, optimiZing the activity of a 
lysine or a methionine biosynthetic pathWay protein or 
decreasing the activity of a lysine or methionine degradative 
pathWay protein may result in an increase in the yield or 
ef?ciency of production of lysine or methionine from such 
an engineered organism. Alterations in the proteins involved 
in these metabolic pathWays may also have an indirect 
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impact on the production or efficiency of production of a 
desired ?ne chemical. For example, a reaction Which is in 
competition for an intermediate necessary for the production 
of a desired molecule may be eliminated, or a pathWay 
necessary for the production of a particular intermediate for 
a desired compound may be optimiZed. Further, modulations 
in the biosynthesis or degradation of, for example, an amino 
acid, e.g., lysine or methionine, a vitamin, or a nucleotide 
may increase the overall ability of the microorganism to 
rapidly groW and divide, thus increasing the number and/or 
production capacities of the microorganism in culture and 
thereby increasing the possible yield of the desired ?ne 
chemical. 

[0009] The nucleic acid and protein molecules of the 
invention, alone or in combination With one or more nucleic 
acid and protein molecules of the same or different meta 
bolic pathWay, may be utiliZed to directly improve the 
production or efficiency of production of one or more 
desired ?ne chemicals from Corynebacterium glutamicum 
(e.g., methionine or lysine). Using recombinant genetic 
techniques Well knoWn in the art, one or more of the 
biosynthetic or degradative enZymes of the invention for 
amino acids, e.g., lysine and methionine, vitamins, cofac 
tors, nutraceuticals, nucleotides, nucleosides, or trehalose 
may be manipulated such that its function is modulated. For 
example, a biosynthetic enZyme may be improved in ef? 
ciency, or its allosteric control region destroyed such that 
feedback inhibition of production of the compound is pre 
vented. Similarly, a degradative enZyme may be deleted or 
modi?ed by substitution, deletion, or addition such that its 
degradative activity is lessened for the desired compound 
Without impairing the viability of the cell. In each case, the 
overall yield or rate of production of the desired ?ne 
chemical may be increased. 

[0010] It is also possible that such alterations in the protein 
and nucleotide molecules of the invention may improve the 
production of other ?ne chemicals besides the amino acids, 
e.g., lysine and methionine, vitamins, cofactors, nutraceuti 
cals, nucleotides, nucleosides, and trehalose through indirect 
mechanisms. Metabolism of any one compound is neces 
sarily intertWined With other biosynthetic and degradative 
pathWays Within the cell, and necessary cofactors, interme 
diates, or substrates in one pathWay are likely supplied or 
limited by another such pathWay. Therefore, by modulating 
the activity of one or more of the proteins of the invention, 
the production or ef?ciency of activity of another ?ne 
chemical biosynthetic or degradative pathWay may be 
impacted. For example, amino acids serve as the structural 
units of all proteins, yet may be present intracellularly in 
levels Which are limiting for protein synthesis; therefore, by 
increasing the efficiency of production or the yields of one 
or more amino acids Within the cell, proteins, such as 
biosynthetic or degradative proteins, may be more readily 
synthesiZed. Likewise, an alteration in a metabolic pathWay 
enZyme such that a particular side reaction becomes more or 
less favored may result in the over- or under-production of 
one or more compounds Which are utiliZed as intermediates 

or substrates for the production of a desired ?ne chemical. 

[0011] This invention provides novel nucleic acid mol 
ecules Which encode proteins, referred to herein as meta 
bolic pathWay (“MP”) proteins, Which are capable of, for 
example, performing an enZymatic step involved in the 
metabolism of molecules important for the normal function 
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ing of cells, such as amino acids, e.g., lysine and methionine, 
vitamins, cofactors, nucleotides and nucleosides, or treha 
lose. Nucleic acid molecules encoding an MP protein are 
referred to herein as MP nucleic acid molecules. In a 
preferred embodiment, an MP protein, alone or in combi 
nation With one or more proteins of the same or different 
metabolic pathWay, performs an enZymatic step related to 
the metabolism of one or more of the folloWing: amino 
acids, e. g., lysine and methionine, vitamins, cofactors, nutra 
ceuticals, nucleotides, nucleosides, and trehalose. Examples 
of such proteins include those encoded by the genes set forth 
in Table 1. 

[0012] Accordingly, one aspect of the invention pertains to 
isolated nucleic acid molecules (e.g., cDNAs, DNAs, or 
RNAs) comprising a nucleotide sequence encoding an MP 
protein or biologically active portions thereof, as Well as 
nucleic acid fragments suitable as primers or hybridiZation 
probes for the detection or ampli?cation of MP-encoding 
nucleic acid (e. g., DNA or mRNA). In particularly preferred 
embodiments, the isolated nucleic acid molecule comprises 
one of the nucleotide sequences set forth as the odd 
numbered SEQ ID NO in the Sequence Listing (e.g., SEQ 
ID NO: 1, SEQ ID NO:3, or SEQ ID N05), or the coding 
region or a complement thereof of one of these nucleotide 
sequences. In other particularly preferred embodiments, the 
isolated nucleic acid molecule of the invention comprises a 
nucleotide sequence Which hybridiZes to or is at least about 
50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, or 
60%, preferably at least about 61%, 62%, 63%, 64%, 65%, 
66%, 67%, 68%, 69%, or 70%%, more preferably at least 
about 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, or 
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, or 
90%, or 91%, 92%, 93%, 94%, and even more preferably at 
least about 95%, 96%, 97%, 98%, 99%, 99.7% or more 
homologous to a nucleotide sequence set forth as an odd 
numbered SEQ ID NO in the Sequence Listing (e.g., SEQ 
ID NO: 1, SEQ ID NO:3, or SEQ ID N05), or a portion 
thereof. In other preferred embodiments, the isolated nucleic 
acid molecule encodes one of the amino acid sequences set 
forth as an even-numbered SEQ ID NO in the Sequence 
Listing (e.g., SEQ ID NO:2, SEQ ID NO:4, or SEQ ID 
NO:6). The preferred MP proteins of the present invention 
also preferably possess at least one of the MP activities 
described herein. 

[0013] In another embodiment, the isolated nucleic acid 
molecule encodes a protein or portion thereof Wherein the 
protein or portion thereof includes an amino acid sequence 
Which is suf?ciently homologous to an amino acid sequence 
of the invention (e.g., a sequence having an even-numbered 
SEQ ID NO in the Sequence Listing, such as SEQ ID NO:2, 
SEQ ID NO:4, or SEQ ID NO:6), e.g., suf?ciently homolo 
gous to an amino acid sequence of the invention such that 
the protein or portion thereof maintains an MP activity. 
Preferably, the protein or portion thereof encoded by the 
nucleic acid molecule maintains the ability to perform an 
enZymatic reaction in a amino acid, e.g., lysine or methion 
ine, vitamin, cofactor, nutraceutical, nucleotide, nucleoside, 
or trehalose metabolic pathWay. In one embodiment, the 
protein encoded by the nucleic acid molecule is at least 
about 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 
59%, or 60%, preferably at least about 61%, 62%, 63%, 
64%, 65%, 66%, 67%, 68%, 69%, or 70%%, more prefer 
ably at least about 71%, 72%, 73%, 74%, 75%, 76%, 77%, 
78%, 79%, or 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 
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88%, 89%, or 90%, or 91%, 92%, 93%, 94%, and even more 
preferably at least about 95%, 96%, 97%, 98%, 99%, 99.7% 
or more homologous to an amino acid sequence of the 
invention (e.g., an entire amino acid sequence selected from 
those having an even-numbered SEQ ID NO in the 
Sequence Listing, such as SEQ ID NO:2, SEQ ID NO:4, or 
SEQ ID NO:6). In another preferred embodiment, the pro 
tein is a full length C. glutamicum protein Which is substan 
tially homologous to an entire amino acid sequence of the 
invention (encoded by an open reading frame shoWn in the 
corresponding odd-numbered SEQ ID NO in the Sequence 
Listing (e.g., SEQ ID NO:1, SEQ ID NO:3, or SEQ ID 
NO:5). 
[0014] In another preferred embodiment, the isolated 
nucleic acid molecule is derived from C. glutamicum and 
encodes a protein (e.g., an MP fusion protein) Which 
includes a biologically active domain Which is at least about 
50% or more homologous to one of the amino acid 
sequences of the invention (e.g., a sequence of one of the 
even-numbered SEQ ID NOs in the Sequence Listing, such 
as SEQ ID NO:2, SEQ ID NO:4, or SEQ ID NO:6) and is 
able to catalyZe a reaction in a metabolic pathWay for an 
amino acid, e.g., lysine or methionine, vitamin, cofactor, 
nutraceutical, nucleotide, nucleoside, or trehalose, or one or 
more of the activities set forth in Table 1, and Which also 
includes heterologous nucleic acid sequences encoding a 
heterologous polypeptide or regulatory regions. 

[0015] In another embodiment, the isolated nucleic acid 
molecule is at least 15 nucleotides in length and hybridiZes 
under stringent conditions to a nucleic acid molecule com 
prising a nucleotide sequence of the invention (e.g., a 
sequence of an odd-numbered SEQ ID NO in the Sequence 
Listing, such as SEQ ID NO: 1, SEQ ID NO:3, or SEQ ID 
NO:5). Preferably, the isolated nucleic acid molecule cor 
responds to a naturally-occurring nucleic acid molecule. 
More preferably, the isolated nucleic acid encodes a natu 
rally-occurring C. glutamicum MP protein, or a biologically 
active portion thereof. 

[0016] Another aspect of the invention pertains to vectors, 
e.g., recombinant expression vectors, containing the nucleic 
acid molecules of the invention, alone or in combination 
With one or more nucleic acid molecules involved in the 
same or different pathWay, and host cells into Which such 
vectors have been introduced. In one embodiment, such a 
host cell is used to produce an MP protein by culturing the 
host cell in a suitable medium. The MP protein can be then 
isolated from the medium or the host cell. 

[0017] Yet another aspect of the invention pertains to a 
genetically altered microorganism in Which one or more MP 
genes, alone or in combination With one or more genes 
involved in the same or different metabolic pathWay, have 
been introduced or altered. In one embodiment, the genome 
of the microorganism has been altered by introduction of a 
nucleic acid molecule of the invention encoding one or more 
Wild-type or mutated MP sequences as transgenes alone or 
in combination With one or more nucleic acid molecules 
involved in the same or different metabolic pathWay. In 
another embodiment, one or more endogenous MP genes 
Within the genome of the microorganism have been altered, 
e.g., functionally disrupted, by homologous recombination 
With one or more altered MP genes. In another embodiment, 
one or more endogenous or introduced MP genes, alone or 
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in combination With one or more genes of the same or 
different metabolic pathWay in a microorganism have been 
altered by one or more point mutations, deletions, or inver 
sions, but still encode functional MP proteins. In still another 
embodiment, one or more of the regulatory regions (e.g., a 
promoter, repressor, or inducer) of one or more MP genes in 
a microorganism, alone or in combination With one or more 

MP genes or in combination With one or more genes of the 
same or different metabolic pathWay, has been altered (e.g., 
by deletion, truncation, inversion, or point mutation) such 
that the expression of one or more MP genes is modulated. 
In a preferred embodiment, the microorganism belongs to 
the genus Corynebacterium or Brevibacterium, With 
Corynebacterium glutamicum being particularly preferred. 
In a preferred embodiment, the microorganism is also uti 
liZed for the production of a desired compound, such as an 
amino acid, With lysine and methionine being particularly 
preferred. In a particularly preferred embodiment, the MP 
gene is the metZ gene (SEQ ID NO:1), metC gene (SEQ ID 
NO:3), or the RXA00657 gene (SEQ ID NO:5), alone or in 
combination With one or more MP genes of the invention or 
in combination With one or more genes involved in methion 
ine and/or lysine metabolism. 

[0018] In another aspect, the invention provides a method 
of identifying the presence or activity of Cornyebacterium 
diphtheriae in a subject. This method includes detection of 
one or more of the nucleic acid or amino acid sequences of 
the invention (e.g., the sequences set forth in Table 1 and in 
the Sequence Listing as SEQ ID NOs 1 through 122) in a 
subject, thereby detecting the presence or activity of Coryne 
bacterium diphtheriae in the subject. 

[0019] Still another aspect of the invention pertains to an 
isolated MP protein or portion, e.g., biologically active 
portion, thereof. In a preferred embodiment, the isolated MP 
protein or portion thereof, alone or in combination With one 
or more MP proteins of the invention or in combination With 
one or more proteins of the same or different metabolic 

pathWay, can catalyZe an enZymatic reaction involved in one 
or more pathWays for the metabolism of an amino acid, e.g., 
lysine or methionine, a vitamin, a cofactor, a nutraceutical, 
a nucleotide, a nucleoside, or trehalose. In another preferred 
embodiment, the isolated MP protein or portion thereof, is 
sufficiently homologous to an amino acid sequence of the 
invention (e.g., a sequence of an even-numbered SEQ ID 
NO: in the Sequence Listing, such as SEQ ID NO:2, SEQ ID 
NO:4, or SEQ ID NO:6) such that the protein or portion 
thereof maintains the ability to catalyZe an enZymatic reac 
tion involved in one or more pathWays for the metabolism of 

an amino acid, a vitamin, a cofactor, a nutraceutical, a 
nucleotide, a nucleoside, or trehalose. 

[0020] The invention also provides an isolated preparation 
of an MP protein. In preferred embodiments, the MP protein 
comprises an amino acid sequence of the invention (e.g., a 
sequence of an even-numbered SEQ ID NO: of the 
Sequence Listing such as SEQ ID NO:2, SEQ ID NO:4, or 
SEQ ID NO:6). In another preferred embodiment, the inven 
tion pertains to an isolated full length protein Which is 
substantially homologous to an entire amino acid sequence 
of the invention (e.g., a sequence of an even-numbered SEQ 
ID NO of the Sequence Listing such as SEQ ID NO:2, SEQ 
ID NO:4, or SEQ ID NO:6) (encoded by an open reading 
frame set forth in a corresponding odd-numbered SEQ ID 
NO: of the Sequence Listing such as SEQ ID NO:1, SEQ ID 
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NO:3, or SEQ ID NO:5). In yet another embodiment, the 
protein is at least about 50%, 51%, 52%, 53%, 54%, 55%, 
56%, 57%, 58%, 59%, or 60%, preferably at least about 
61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, or 
70%%, more preferably at least about 71%, 72%, 73%, 74%, 
75%, 76%, 77%, 78%, 79%, or 80%, 81%, 82%, 83%, 84%, 
85%, 86%, 87%, 88%, 89%, or 90%, or 91%, 92%, 93%, 
94%, and even more preferably at least about 95%, 96%, 
97%, 98%, 99%, 99.7% or more homologous to an entire 
amino acid sequence of the invention (e.g., a sequence of an 
even-numbered SEQ ID NO: of the Sequence Listing such 
as SEQ ID NO:2, SEQ ID NO:4, or SEQ ID NO:6). In other 
embodiments, the isolated MP protein comprises an amino 
acid sequence Which is at least about 50% or more homolo 
gous to one of the amino acid sequences of the invention 
(e.g., a sequence of an even-numbered SEQ ID NO: of the 
Sequence Listing such as SEQ ID NO:2, SEQ ID NO:4, or 
SEQ ID NO:6) and is able to catalyZe an enZymatic reaction 
in an amino acid, vitamin, cofactor, nutraceutical, nucle 
otide, nucleoside, or trehalose metabolic pathWay either 
alone or in combination one or more MP proteins of the 
invention or any protein of the same or different metabolic 
pathWay, or has one or more of the activities set forth in 
Table 1. 

[0021] Alternatively, the isolated MP protein can comprise 
an amino acid sequence Which is encoded by a nucleotide 
sequence Which hybridiZes, e.g., hybridiZes under stringent 
conditions, or is at least about 50%, 51%, 52%, 53%, 54%, 
55%, 56%, 57%, 58%, 59%, or 60%, preferably at least 
about 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, or 
70%%, more preferably at least about 71%, 72%, 73%, 74%, 
75%, 76%, 77%, 78%, 79%, or 80%, 81%, 82%, 83%, 84%, 
85%, 86%, 87%, 88%, 89%, or 90%, or 91%, 92%, 93%, 
94%, and even more preferably at least about 95%, 96%, 
97%, 98%, 99%, 99.7% or more homologous to a nucleotide 
sequence of one of the even-numbered SEQ ID NOs set 
forth in the Sequence Listing. It is also preferred that the 
preferred forms of MP proteins also have one or more of the 
MP bioactivities described herein. 

[0022] The MP polypeptide, or a biologically active por 
tion thereof, can be operatively linked to a non-MP polypep 
tide to form a fusion protein. In preferred embodiments, this 
fusion protein has an activity Which differs from that of the 
MP protein alone. In other preferred embodiments, this 
fusion protein, When introduced into a C. glutamicum path 
Way for the metabolism of an amino acid, vitamin, cofactor, 
nutraceutical, results in increased yields and/or efficiency of 
production of a desired ?ne chemical from C. glutamicum. 
In particularly preferred embodiments, integration of this 
fusion protein into an amino acid, vitamin, cofactor, nutra 
ceutical, nucleotide, nucleoside, or trehalose metabolic path 
Way of a host cell modulates production of a desired 
compound from the cell. 

[0023] In another aspect, the invention provides methods 
for screening molecules Which modulate the activity of an 
MP protein, either by interacting With the protein itself or a 
substrate or binding partner of the MP protein, or by 
modulating the transcription or translation of an MP nucleic 
acid molecule of the invention. 

[0024] Another aspect of the invention pertains to a 
method for producing a ?ne chemical. This method involves 
the culturing of a cell containing one or more vectors 
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directing the expression of one or more MP nucleic acid 
molecules of the either alone or in combination one or more 

MP nucleic acid molecules of the invention or any nucleic 
acid molecule of the same or different metabolic pathWay, 
such that a ?ne chemical is produced. In a preferred embodi 
ment, this method further includes the step of obtaining a 
cell containing such a vector, in Which a cell is transfected 
With a vector directing the expression of an MP nucleic acid. 
In another preferred embodiment, this method further 
includes the step of recovering the ?ne chemical from the 
culture. In a particularly preferred embodiment, the cell is 
from the genus Corynebacterium or Brevibacterium, or is 
selected from those strains set forth in Table 3. In another 
preferred embodiment, the MP genes is the metZ gene (SEQ 
ID NO: 1), metC gene (SEQ ID NO:3), or the gene desig 
nated as RXA00657 (SEQ ID NO:5) (see Table 1), alone or 
in combination With one or more MP nucleic acid molecules 

of the invention or With one or more genes involved in 

methionine and/or lysine metabolism. In yet another pre 
ferred embodiment, the ?ne chemical is an amino acid, e.g., 
L-lysine and L-methionine. 

[0025] Another aspect of the invention pertains to methods 
for modulating production of a molecule from a microor 
ganism. Such methods include contacting the cell With an 
agent Which modulates MP protein activity or MP nucleic 
acid expression such that a cell associated activity is altered 
relative to this same activity in the absence of the agent. In 
a preferred embodiment, the cell is modulated for one or 
more C. glutamicum amino acid, vitamin, cofactor, nutra 
ceutical, nucleotide, nucleoside, or trehalose metabolic path 
Ways, such that the yields or rate of production of a desired 
?ne chemical by this microorganism is improved. The agent 
Which modulates MP protein activity can be an agent Which 
stimulates MP protein activity or MP nucleic acid expres 
sion. Examples of agents Which stimulate MP protein activ 
ity or MP nucleic acid expression include small molecules, 
active MP proteins, and nucleic acids encoding MP proteins 
that have been introduced into the cell. Examples of agents 
Which inhibit MP activity or expression include small mol 
ecules and antisense MP nucleic acid molecules. 

[0026] Another aspect of the invention pertains to methods 
for modulating yields of a desired compound from a cell, 
involving the introduction of a Wild-type or mutant MP gene 
into a cell, either alone or in combination one or more MP 
nucleic acid molecules of the invention or any nucleic acid 
molecule of the same or different metabolic pathWay, either 
maintained on a separate plasmid or integrated into the 
genome of the host cell. If integrated into the genome, such 
integration can be random, or it can take place by homolo 
gous recombination such that the native gene is replaced by 
the introduced copy, causing the production of the desired 
compound from the cell to be modulated. In a preferred 
embodiment, said yields are increased. In another preferred 
embodiment, said chemical is a ?ne chemical. In a particu 
larly preferred embodiment, said ?ne chemical is an amino 
acid. In especially preferred embodiments, said amino acid 
are L-lysine and L-methionine. In another preferred embodi 
ment, said gene is the metZ gene (SEQ ID NO: 1), metC gene 
(SEQ ID NO:3), or the RXA00657 gene (SEQ ID NO:5), 
alone or in combination With one or more MP nucleic acid 
molecules of the invention or With one or more genes 

involved in methionine and/or lysine metabolism. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] The present invention provides MP nucleic acid 
and protein molecules Which are involved in the metabolism 
of certain ?ne chemicals in Corynebacterium glutamicum, 
including amino acids, e.g., lysine and methionine, vitamins, 
cofactors, nutraceuticals, nucleotides, nucleosides, and tre 
halose. The molecules of the invention may be utiliZed in the 
modulation of production of ?ne chemicals from microor 
ganisms, such as C. glutamicum, either directly (e.g., Where 
modulation of the activity of a lysine or methionine biosyn 
thesis protein has a direct impact on the production or 
ef?ciency of production of lysine or methionine from that 
organism), or may have an indirect impact Which nonethe 
less results in an increase of yield or efficiency of production 
of the desired compound (e.g., Where modulation of the 
activity of a nucleotide biosynthesis protein has an impact 
on the production of an organic acid or a fatty acid from the 
bacterium, perhaps due to improved groWth or an increased 
supply of necessary cofactors, energy compounds, or pre 
cursor molecules). The MP molecules may be utiliZed alone 
or in combination With other MP molecules of the invention, 
or in combination With other molecules involved in the same 
or a different metabolic pathWay (e.g., lysine or methione 
metabolism). In a preferred embodiment, the MP molecules 
are the metZ (SEQ ID NO: 1), metC (SEQ ID NO:3), or 
RXA00657 (SEQ ID NO:5) nucleic acid molecules and the 
proteins encoded by these nucleic acid molecules (SEQ ID 
NO:2, SEQ ID NO.:4 and SEQ ID NO.:6, respectively). 
Aspects of the invention are further eXplicated below. 

[0028] 
[0029] The term ‘?ne chemical’ is art-recogniZed and 
includes molecules produced by an organism Which have 
applications in various industries, such as, but not limited to, 
the pharmaceutical, agriculture, and cosmetics industries. 
Such compounds include organic acids, such as tartaric acid, 
itaconic acid, and diaminopimelic acid, both proteinogenic 
and non-proteinogenic amino acids, purine and pyrimidine 
bases, nucleosides, and nucleotides (as described eg in 
Kuninaka, A. (1996) Nucleotides and related compounds, p. 
561-612, in Biotechnology vol. 6, Rehm et al., eds. VCH: 
Weinheim, and references contained therein), lipids, both 
saturated and unsaturated fatty acids (e.g., arachidonic acid), 
diols (e.g., propane diol, and butane diol), carbohydrates 
(e.g., hyaluronic acid and trehalose), aromatic compounds 
(e.g., aromatic amines, vanillin, and indigo), vitamins and 
cofactors (as described in Ullmann’s Encyclopedia of Indus 
trial Chemistry, vol. A27, “Vitamins”, p. 443-613 (1996) 
VCH: Weinheim and references therein; and Ong, A. S., 
Niki, E. & Packer, L. (1995) “Nutrition, Lipids, Health, and 
Disease” Proceedings of the UNESCO/Confederation of 
Scienti?c and Technological Associations in Malaysia, and 
the Society for Free Radical Research—Asia, held Sep. 1-3, 
1994 at Penang, Malaysia, AOCS Press, (1995)), enZymes, 
polyketides (Cane et al. (1998) Science 282: 63-68), and all 
other chemicals described in Gutcho (1983) Chemicals by 
Fermentation, Noyes Data Corporation, ISBN: 0818805086 
and references therein. The metabolism and uses of certain 
of these ?ne chemicals are further eXplicated beloW. 

[0030] A. Amino Acid Metabolism and Uses 

I. Fine Chemicals 

[0031] Amino acids comprise the basic structural units of 
all proteins, and as such are essential for normal cellular 
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functioning in all organisms. The term “amino acid” is 
art-recogniZed. The proteinogenic amino acids, of Which 
there are 20 species, serve as structural units for proteins, in 
Which they are linked by peptide bonds, While the nonpro 
teinogenic amino acids (hundreds of Which are knoWn) are 
not normally found in proteins (see Ulmann’s Encyclopedia 
of Industrial Chemistry, vol. A2, p. 57-97 VCH: Weinheim 
(1985)). Amino acids may be in the D- or L- optical 
con?guration, though L-amino acids are generally the only 
type found in naturally-occurring proteins. Biosynthetic and 
degradative pathWays of each of the 20 proteinogenic amino 
acids have been Well characteriZed in both prokaryotic and 
eukaryotic cells (see, for eXample, Stryer, L. Biochemistry, 
3rd edition, pages 578-590 (1988)). The ‘essential’ amino 
acids (histidine, isoleucine, leucine, lysine, methionine, phe 
nylalanine, threonine, tryptophan, and valine), so named 
because they are generally a nutritional requirement due to 
the compleXity of their biosyntheses, are readily converted 
by simple biosynthetic pathWays to the remaining 11 ‘non 
essential’ amino acids (alanine, arginine, asparagine, aspar 
tate, cysteine, glutamate, glutamine, glycine, proline, serine, 
and tyrosine). Higher animals do retain the ability to syn 
thesiZe some of these amino acids, but the essential amino 
acids must be supplied from the diet in order for normal 
protein synthesis to occur. 

[0032] Aside from their function in protein biosynthesis, 
these amino acids are interesting chemicals in their oWn 
right, and many have been found to have various applica 
tions in the food, feed, chemical, cosmetics, agriculture, and 
pharmaceutical industries. Lysine is an important amino acid 
in the nutrition not only of humans, but also of monogastric 
animals such as poultry and sWine. Glutamate is most 
commonly used as a ?avor additive (mono-sodium 
glutamate, MSG) and is Widely used throughout the food 
industry, as are aspartate, phenylalanine, glycine, and cys 
teine. Glycine, L-methionine and tryptophan are all utiliZed 
in the pharmaceutical industry. Glutamine, valine, leucine, 
isoleucine, histidine, arginine, proline, serine and alanine are 
of use in both the pharmaceutical and cosmetics industries. 
Threonine, tryptophan, and D/L-methionine are common 
feed additives. (Leuchtenberger, W. (1996) Amino aids— 
technical production and use, p. 466-502 in Rehm et al. 
(eds.) Biotechnology vol. 6, chapter 14a, VCH: Weinheim). 
Additionally, these amino acids have been found to be useful 
as precursors for the synthesis of synthetic amino acids and 
proteins, such as N-acetylcysteine, S-carboXymethyl-L-cys 
teine, (S)-5-hydroXytryptophan, and others described in 
Ulmann’s Encyclopedia of Industrial Chemistry, vol. A2, p. 
57-97, VCH: Weinheim, 1985. 
[0033] The biosynthesis of these natural amino acids in 
organisms cabable of producing them, such as bacteria, has 
been Well characteriZed (for revieW of bacterial amino acid 
biosynthesis and regulation thereof, see Umbarger, H. E. 
(1978) Ann. Rev. Biochem. 47: 533-606). Glutamate is 
synthesiZed by the reductive amination of ot-ketoglutarate, 
an intermediate in the citric acid cycle. Glutamine, proline, 
and arginine are each subsequently produced from 
glutamate. The biosynthesis of serine is a three-step process 
beginning With 3-phosphoglycerate (an intermediate in gly 
colysis), and resulting in this amino acid after oxidation, 
transamination, and hydrolysis steps. Both cysteine and 
glycine are produced from serine; the former by the con 
densation of homocysteine With serine, and the latter by the 
transferal of the side-chain [3-carbon atom to tetrahydro 
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folate, in a reaction catalyzed by serine transhydroxymethy 
lase. Phenylalanine and tyrosine are synthesized from the 
glycolytic and pentose phosphate pathWay precursors eryth 
rose 4-phosphate and phosphoenolpyruvate in a 9-step bio 
synthetic pathWay that differ only at the ?nal tWo steps after 
synthesis of prephenate. Tryptophan is also produced from 
these tWo initial molecules, but its synthesis is an 11-step 
pathWay. Tyrosine may also be synthesiZed from phenyla 
lanine, in a reaction catalyZed by phenylalanine hydroxy 
lase. Alanine, valine, and leucine are all biosynthetic prod 
ucts of pyruvate, the ?nal product of glycolysis. Aspartate is 
formed from oxaloacetate, an intermediate of the citric acid 
cycle. Asparagine, methionine, threonine, and lysine are 
each produced by the conversion of aspartate. Isoleucine is 
formed from threonine. 

[0034] The biosynthetic pathWays leading to methionine 
have been studied in diverse organisms. The ?rst step, 
acylation of homoserine, is common to all of the organisms, 
even though the source of the transferred acyl groups is 
different. Escherichia coli and the related species use suc 
cinyl-CoA (Michaeli, S. and Ron, E. Z. (1981) Mol. Gen. 
Genet. 182, 349-354), While Saccharomyces cerevisiae 
(Langin, T., et al. (1986) Gene 49, 283-293), Brevibacterium 
?avum (Miyajima, R. and Shiio, I. (1973) J. Biochem. 73, 
1061-1068; OZaki, H. and Shiio, I. (1982) J. Biochem. 91, 
1163-1171), C. glutamicum (Park, S.-D., et al. (1998) Mol. 
Cells 8, 286-294), and Leptospira meyeri (BelfaiZa, J. et al. 
(1998) 180, 250-255; Bourhy, P., et al. (1997) J. Bacteriol. 
179, 4396-4398) use acetyl-CoA as the acyl donor. Forma 
tion of homocysteine from acylhomoserine can occur in tWo 
different Ways. E. coli uses the transsulfuration pathWay 
Which is catalyZed by cystathionine y-synthase (the product 
of metB) and cystathionine [3-lyase (the product of metC). S. 
cerevisiae (Cherest, H. and Surdin-Kerj an, Y. (1992) Genet 
ics 130, 51-58), B. ?avum (OZaki, H. and Shiio, I. (1982) J. 
Biochem. 91, 1163-1171), Pseudomonas aeruginosa 
(Foglino, M., et al. (1995) Microbiology 141, 431-439), and 
L. meyeri (BelfaiZa, J., et al. (1998) J. Bacteriol. 180, 
250-255) utiliZe the direct sulfhydrylation pathWay Which is 
catalyZed by acylhomoserine sulfhydrylase. Unlike closely 
related B. ?avum Which uses only the direct sulfhydrylation 
pathWay, enZyme activities of the transsulfuration pathWay 
have been detected in the extracts of the C. glutamicum cells 
and the pathWay has been proposed to be the route for 
methionine biosynthesis in the organism (HWang, B-J., et al. 
(1999) Mol. Cells 9, 300-308; Kase, H. and Nakayama, K. 
(1974) Agr Biol. Chem. 38, 2021-2030; Park, S.-D., et al. 
1998) Mol. Cells 8, 286-294). 

[0035] Although some genes involved in methionine bio 
synthesis in C. glutamicum have been isolated, information 
on the biosynthesis of methionine in C. glutamicum is still 
very limited. No genes other than metA and metB have been 
isolated from the organism. To understand the biosynthetic 
pathWays leading to methionine in C. glutamicum, We have 
isolated and characteriZed the metC gene (SEQ ID NO:3) 
and the metZ (also called metY) gene (SEQ ID NO: 1) of C. 
glutamicum (see Table 1). 

[0036] Amino acids in excess of the protein synthesis 
needs of the cell cannot be stored, and are instead degraded 
to provide intermediates for the major metabolic pathWays 
of the cell (for revieW see Stryer, L. Biochemistry 3rd ed. Ch. 
21 “Amino Acid Degradation and the Urea Cycle” p. 495 
516 (1988)). Although the cell is able to convert unWanted 
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amino acids into useful metabolic intermediates, amino acid 
production is costly in terms of energy, precursor molecules, 
and the enZymes necessary to synthesiZe them. Thus it is not 
surprising that amino acid biosynthesis is regulated by 
feedback inhibition, in Which the presence of a particular 
amino acid serves to sloW or entirely stop its oWn production 
(for overvieW of feedback mechanisms in amino acid bio 
synthetic pathWays, see Stryer, L. Biochemistry, 3rd ed. Ch. 
24: “Biosynthesis of Amino Acids and Heme” p. 575-600 
(1988)). Thus, the output of any particular amino acid is 
limited by the amount of that amino acid present in the cell. 

[0037] B. Vitamin, Cofactor, and Nutraceutical Metabo 
lism and Uses 

[0038] Vitamins, cofactors, and nutraceuticals comprise 
another group of molecules Which the higher animals have 
lost the ability to synthesiZe and so must ingest, although 
they are readily synthesiZed by other organisms, such as 
bacteria. These molecules are either bioactive substances 
themselves, or are precursors of biologically active sub 
stances Which may serve as electron carriers or intermedi 
ates in a variety of metabolic pathWays. Aside from their 
nutritive value, these compounds also have signi?cant 
industrial value as coloring agents, antioxidants, and cata 
lysts or other processing aids. (For an overvieW of the 
structure, activity, and industrial applications of these com 
pounds, see, for example, Ullman’s Encyclopedia of Indus 
trial Chemistry, “Vitamins” vol. A27, p. 443-613, VCH: 
Weinheim, 1996.) The term “vitamin” is art-recogniZed, and 
includes nutrients Which are required by an organism for 
normal functioning, but Which that organism cannot synthe 
siZe by itself. The group of vitamins may encompass cofac 
tors and nutraceutical compounds. The language “cofactor” 
includes nonproteinaceous compounds required for a normal 
enZymatic activity to occur. Such compounds may be 
organic or inorganic; the cofactor molecules of the invention 
are preferably organic. The term “nutraceutical” includes 
dietary supplements having health bene?ts in plants and 
animals, particularly humans. Examples of such molecules 
are vitamins, antioxidants, and also certain lipids (e.g., 
polyunsaturated fatty acids). 

[0039] The biosynthesis of these molecules in organisms 
capable of producing them, such as bacteria, has been 
largely characteriZed (Ullman’s Encyclopedia of Industrial 
Chemistry, “Vitamins” vol. A27, p. 443-613, VCH: Wein 
heim, 1996; Michal, G. (1999) Biochemical PathWays: An 
Atlas of Biochemistry and Molecular Biology, John Wiley & 
Sons; Ong, A. S., Niki, E. & Packer, L. (1995) “Nutrition, 
Lipids, Health, and Disease” Proceedings of the UNESCO/ 
Confederation of Scienti?c and Technological Associations 
in Malaysia, and the Society for Free Radical Research— 
Asia, held Sep. 1-3, 1994 at Penang, Malaysia, AOCS Press: 
Champaign, Ill. X, 374 S). 

[0040] Thiamin (vitamin B1) is produced by the chemical 
coupling of pyrimidine and thiaZole moieties. Ribo?avin 
(vitamin B2) is synthesiZed from guanosine-5‘-triphosphate 
(GTP) and ribose-5‘-phosphate. Ribo?avin, in turn, is uti 
liZed for the synthesis of ?avin mononucleotide (FMN) and 
?avin adenine dinucleotide The family of com 
pounds collectively termed ‘vitamin B6’ (e.g., pyridoxine, 
pyridoxamine, pyridoxa-5‘-phosphate, and the commercially 
used pyridoxin hydrochloride) are all derivatives of the 
common structural unit, 5-hydroxy-6-methylpyridine. Pan 
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tothenate (pantothenic acid, (R)-(+)-N-(2,4-dihydroXy-3,3 
dimethyl-1-oXobutyl)-[3-alanine) can be produced either by 
chemical synthesis or by fermentation. The ?nal steps in 
pantothenate biosynthesis consist of the ATP-driven conden 
sation of [3-alanine and pantoic acid. The enZymes respon 
sible for the biosynthesis steps for the conversion to pantoic 
acid, to [3-alanine and for the condensation to panthotenic 
acid are knoWn. The metabolically active form of pantoth 
enate is CoenZyme A, for Which the biosynthesis proceeds in 
5 enZymatic steps. Pantothenate, pyridoXal-5‘-phosphate, 
cysteine and ATP are the precursors of CoenZyme A. These 
enZymes not only catalyZe the formation of panthothante, 
but also the production of (R)-pantoic acid, (R)-pantolacton, 
(R)-panthenol (provitamin B5), pantetheine (and its deriva 
tives) and coenZyme A. 

[0041] Biotin biosynthesis from the precursor molecule 
pimeloyl-CoA in microorganisms has been studied in detail 
and several of the genes involved have been identi?ed. 
Many of the corresponding proteins have been found to also 
be involved in Fe-cluster synthesis and are members of the 
nifS class of proteins. Lipoic acid is derived from octanoic 
acid, and serves as a coenZyme in energy metabolism, Where 
it becomes part of the pyruvate dehydrogenase complex and 
the ot-ketoglutarate dehydrogenase compleX. The folates are 
a group of substances Which are all derivatives of folic acid, 
Which is turn is derived from L-glutamic acid, p-amino 
benZoic acid and 6-methylpterin. The biosynthesis of folic 
acid and its derivatives, starting from the metabolism inter 
mediates guanosine-5‘-triphosphate (GTP), L-glutamic acid 
and p-amino-benZoic acid has been studied in detail in 
certain microorganisms. 

[0042] Corrinoids (such as the cobalamines and particu 
larly vitamin B12) and porphyrines belong to a group of 
chemicals characteriZed by a tetrapyrole ring system. The 
biosynthesis of vitamin B12 is suf?ciently complex that it has 
not yet been completely characteriZed, but many of the 
enZymes and substrates involved are noW knoWn. Nicotinic 
acid (nicotinate), and nicotinamide are pyridine derivatives 
Which are also termed ‘niacin’. Niacin is the precursor of the 
important coenZymes NAD (nicotinamide adenine dinucle 
otide) and NADP (nicotinamide adenine dinucleotide phos 
phate) and their reduced forms. 

[0043] The large-scale production of these compounds has 
largely relied on cell-free chemical syntheses, though some 
of these chemicals have also been produced by large-scale 
culture of microorganisms, such as ribo?avin, Vitamin B6, 
pantothenate, and biotin. Only Vitamin B12 is produced 
solely by fermentation, due to the compleXity of its synthe 
sis. In vitro methodologies require signi?cant inputs of 
materials and time, often at great cost. 

[0044] C. Purine, Pyrimidine, Nucleoside and Nucleotide 
Metabolism and Uses 

[0045] Purine and pyrimidine metabolism genes and their 
corresponding proteins are important targets for the therapy 
of tumor diseases and viral infections. The language 
“purine” or “pyrimidine” includes the nitrogenous bases 
Which are constituents of nucleic acids, co-enZymes, and 
nucleotides. The term “nucleotide” includes the basic struc 
tural units of nucleic acid molecules, Which are comprised of 
a nitrogenous base, a pentose sugar (in the case of RNA, the 
sugar is ribose; in the case of DNA, the sugar is D-deoX 
yribose), and phosphoric acid. The language “nucleoside” 
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includes molecules Which serve as precursors to nucleotides, 
but Which are lacking the phosphoric acid moiety that 
nucleotides possess. By inhibiting the biosynthesis of these 
molecules, or their mobiliZation to form nucleic acid mol 
ecules, it is possible to inhibit RNA and DNA synthesis; by 
inhibiting this activity in a fashion targeted to cancerous 
cells, the ability of tumor cells to divide and replicate may 
be inhibited. Additionally, there are nucleotides Which do 
not form nucleic acid molecules, but rather serve as energy 
stores (i.e., AMP) or as coenZymes (i.e., FAD and NAD). 

[0046] Several publications have described the use of 
these chemicals for these medical indications, by in?uencing 
purine and/or pyrimidine metabolism (e.g. Christopherson, 
R. I. and Lyons, S. D. (1990) “Potent inhibitors of de novo 
pyrimidine and purine biosynthesis as chemotherapeutic 
agents.”Mea'. Res. Reviews 10: 505-548). Studies of 
enZymes involved in purine and pyrimidine metabolism 
have been focused on the development of neW drugs Which 
can be used, for eXample, as immunosuppressants or anti 
proliferants (Smith, J. L., (1995) “Enzymes in nucleotide 
synthesis.”Curr. Opin. Struct. Biol. 5: 752-757; (1995) Bio 
chem Soc. Transact. 23: 877-902). HoWever, purine and 
pyrimidine bases, nucleosides and nucleotides have other 
utilities: as intermediates in the biosynthesis of several ?ne 
chemicals (e.g., thiamine, S-adenosyl-methionine, folates, 
or ribo?avin), as energy carriers for the cell (e.g., ATP or 
GTP), and for chemicals themselves, commonly used as 
?avor enhancers (e.g., IMP or GMP) or for several medicinal 
applications (see, for eXample, Kuninaka, A. (1996) Nucle 
otides and Related Compounds in Biotechnology vol. 6, 
Rehm et al., eds. VCH: Weinheim, p. 561-612). Also, 
enZymes involved in purine, pyrimidine, nucleoside, or 
nucleotide metabolism are increasingly serving as targets 
against Which chemicals for crop protection, including fun 
gicides, herbicides and insecticides, are developed. 

[0047] The metabolism of these compounds in bacteria 
has been characteriZed (for revieWs see, for eXample, Zalkin, 
H. and DiXon, J. E. (1992) “de novo purine nucleotide 
biosynthesis”, in: Progress in Nucleic Acid Research and 
Molecular Biology, vol. 42, Academic Press:, p. 259-287; 
and Michal, G. (1999) “Nucleotides and Nucleosides”, 
Chapter 8 in: Biochemical PathWays: An Atlas of Biochem 
istry and Molecular Biology, Wiley: NeW York). Purine 
metabolism has been the subject of intensive research, and 
is essential to the normal functioning of the cell. Impaired 
purine metabolism in higher animals can cause severe 
disease, such as gout. Purine nucleotides are synthesiZed 
from ribose-5-phosphate, in a series of steps through the 
intermediate compound inosine-5‘-phosphate (IMP), result 
ing in the production of guanosine-5‘-monophosphate 
(GMP) or adenosine-5‘-monophosphate (AMP), from Which 
the triphosphate forms utiliZed as nucleotides are readily 
formed. These compounds are also utiliZed as energy stores, 
so their degradation provides energy for many different 
biochemical processes in the cell. Pyrimidine biosynthesis 
proceeds by the formation of uridine-5‘-monophosphate 
(UMP) from ribose-5-phosphate. UMP, in turn, is converted 
to cytidine-5‘-triphosphate (CTP). The deoXy-forms of all of 
these nucleotides are produced in a one step reduction 
reaction from the diphosphate ribose form of the nucleotide 
to the diphosphate deoXyribose form of the nucleotide. Upon 
phosphorylation, these molecules are able to participate in 
DNA synthesis. 
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[0048] D. Trehalose Metabolism and Uses 

[0049] Trehalose consists of tWo glucose molecules, 
bound in ot,ot-1,1 linkage. It is commonly used in the food 
industry as a sWeetener, an additive for dried or frozen foods, 
and in beverages. HoWever, it also has applications in the 
pharmaceutical, cosmetics and biotechnology industries 
(see, for example, Nishimoto et al., (1998) US. Pat. No. 
5,759,610; Singer, M. A. and Lindquist, S. (1998) Trends 
Biotech. 16: 460-467; Paiva, C. L. A. and Panek, A. D. 
(1996) Biotech. Ann. Rev. 2: 293-314; and Shiosaka, M. 
(1997) J. Japan 172: 97-102). Trehalose is produced by 
enZymes from many microorganisms and is naturally 
released into the surrounding medium, from Which it can be 
collected using methods knoWn in the art. 

[0050] II. Elements and Methods of the Invention 

[0051] The present invention is based, at least in part, on 
the discovery of novel molecules, referred to herein as MP 
nucleic acid and protein molecules (see Table 1), Which play 
a role in or function in one or more cellular metabolic 

pathWays. In one embodiment, the MP molecules catalyZe 
an enZymatic reaction involving one or more amino acid, 

e.g., lysine or methionine, vitamin, cofactor, nutraceutical, 
nucleotide, nucleoside, or trehalose metabolic pathWays. In 
a preferred embodiment, the activity of one or more MP 
molecules of the present invention, alone or in combination 
With molecules involved in the same or different metabolic 
pathWay (e.g., methionine or lysine metabolism), in one or 
more C. glutamicum metabolic pathWays for amino acids, 
vitamins, cofactors, nutraceuticals, nucleotides, nucleosides 
or trehalose has an impact on the production of a desired ?ne 
chemical by this organism. In a particularly preferred 
embodiment, the MP molecules of the invention are modu 
lated in activity, such that the C. glutamicum metabolic 
pathWays in Which the MP proteins of the invention are 
involved are modulated in ef?ciency or output, Which either 
directly or indirectly modulates the production or ef?ciency 
of production of a desired ?ne chemical by C. glutamicum. 
In a preferred embodiment, the ?ne chemical is an amino 
acid, e.g., lysine or methionine. In another preferred embodi 
ment, the MP molecules are metZ, metY, and/or RXA00657 
(see Table 1). 

[0052] The language, “MP protein” or “MP polypeptide” 
includes proteins Which play a role in, e.g., catalyZe an 
enZymatic reaction, in one or more amino acid, vitamin, 
cofactor, nutraceutical, nucleotide, nucleoside or trehalose 
metabolic pathWays. Examples of MP proteins include those 
encoded by the MP genes set forth in Table 1 and by the 
odd-numbered SEQ ID NOs. The terms “MP gene” or “MP 
nucleic acid sequence” include nucleic acid sequences 
encoding an MP protein, Which consist of a coding region 
and also corresponding untranslated 5‘ and 3‘ sequence 
regions. Examples of MP genes include those set forth in 
Table 1. The terms “production” or “productivity” are art 
recogniZed and include the concentration of the fermentation 
product (for example, the desired ?ne chemical) formed 
Within a given time and a given fermentation volume (e.g., 
kg product per hour per liter). The term “ef?ciency of 
production” includes the time required for a particular level 
of production to be achieved (for example, hoW long it takes 
for the cell to attain a particular rate of output of a ?ne 
chemical). The term “yield” or “product/carbon yield” is 
art-recogniZed and includes the ef?ciency of the conversion 
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of the carbon source into the product (i.e., ?ne chemical). 
This is generally Written as, for example, kg product per kg 
carbon source. By increasing the yield or production of the 
compound, the quantity of recovered molecules, or of useful 
recovered molecules of that compound in a given amount of 
culture over a given amount of time is increased. The terms 
“biosynthesis” or a “biosynthetic pathWay” are art-recog 
niZed and include the synthesis of a compound, preferably 
an organic compound, by a cell from intermediate com 
pounds in What may be a multistep and highly regulated 
process. The terms “degradation” or a “degradation path 
Way” are art-recogniZed and include the breakdoWn of a 
compound, preferably an organic compound, by a cell to 
degradation products (generally speaking, smaller or less 
complex molecules) in What may be a multistep and highly 
regulated process. The language “metabolism” is art-recog 
niZed and includes the totality of the biochemical reactions 
that take place in an organism. The metabolism of a par 
ticular compound, then, (e.g., the metabolism of an amino 
acid such as glycine) comprises the overall biosynthetic, 
modi?cation, and degradation pathWays in the cell related to 
this compound. 

[0053] The MP molecules of the present invention may be 
combined With one or more MP molecules of the invention 
or one or more molecules of the same or different metabolic 

pathWay to increase the yield of a desired ?ne chemical. In 
a preferred embodiment, the ?ne chemical is an amino acid, 
e.g., lysine or methionine. Alternatively, or in addition, a 
byproduct Which is not desired may be reduced by combi 
nation or disruption of MP molecules or other metabolic 
molecules (e.g., molecules involved in lysine or methionine 
metabolism). MP molecules combined With other molecules 
of the same or a different metabolic pathWay may be altered 
in their nucleotide sequence and in the corresponding amino 
acid sequence to alter their activity under physiological 
conditions, Which leads to an increase in productivity and/or 
yield of a desired ?ne chemical. In a further embodiment, an 
MP molecule in its original or in its above-described altered 
form may be combined With other molecules of the same or 
a different metabolic pathWay Which are altered in their 
nucleotide sequence in such a Way that their activity is 
altered under physiological conditions Which leads to an 
increase in productivity and/or yield of a desired ?ne chemi 
cal, e.g., an amino acid such as methionine or lysine. 

[0054] In another embodiment, the MP molecules of the 
invention, alone or in combination With one or more mol 
ecules of the same or different metabolic pathWay, are 
capable of modulating the production of a desired molecule, 
such as a ?ne chemical, in a microorganism such as C. 
glutamicum. Using recombinant genetic techniques, one or 
more of the biosynthetic or degradative enZymes of the 
invention for amino acids, e.g., lysine or methionine, vita 
mins, cofactors, nutraceuticals, nucleotides, nucleosides, or 
trehalose may be manipulated such that its function is 
modulated. For example, a biosynthetic enZyme may be 
improved in efficiency, or its allosteric control region 
destroyed such that feedback inhibition of production of the 
compound is prevented. Similarly, a degradative enZyme 
may be deleted or modi?ed by substitution, deletion, or 
addition such that its degradative activity is lessened for the 
desired compound Without impairing the viability of the cell. 
In each case, the overall yield or rate of production of one 
of these desired ?ne chemicals may be increased. 
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[0055] It is also possible that such alterations in the protein 
and nucleotide molecules of the invention may improve the 
production of other ?ne chemicals besides the amino acids, 
vitamins, cofactors, nutraceuticals, nucleotides, nucleosides, 
and trehalose. Metabolism of any one compound is neces 
sarily intertWined With other biosynthetic and degradative 
pathWays Within the cell, and necessary cofactors, interme 
diates, or substrates in one pathWay are likely supplied or 
limited by another such pathWay. Therefore, by modulating 
the activity of one or more of the proteins of the invention, 
the production or ef?ciency of activity of another ?ne 
chemical biosynthetic or degradative pathWay may be 
impacted. For eXample, amino acids serve as the structural 
units of all proteins, yet may be present intracellularly in 
levels Which are limiting for protein synthesis; therefore, by 
increasing the efficiency of production or the yields of one 
or more amino acids Within the cell, proteins, such as 
biosynthetic or degradative proteins, may be more readily 
synthesiZed. Likewise, an alteration in a metabolic pathWay 
enZyme such that a particular side reaction becomes more or 
less favored may result in the over- or under-production of 
one or more compounds Which are utiliZed as intermediates 
or substrates for the production of a desired ?ne chemical. 

[0056] The isolated nucleic acid sequences of the inven 
tion are contained Within the genome of a Corynebacterium 
glutamicum strain available through the American Type 
Culture Collection, given designation ATCC 13032. The 
nucleotide sequence of the isolated C. glutamicum MP 
DNAs and the predicted amino acid sequences of the C. 
glutamicum MP proteins are shoWn in the Sequence Listing 
as odd-numbered SEQ ID NOs and even-numbered SEQ ID 
NOs, respectively. Computational analyses Were performed 
Which classi?ed and/or identi?ed these nucleotide sequences 
as sequences Which encode metabolic pathWay proteins, e.g, 
proteins involved in the methionine or lysine metabolic 
pathWays. 

[0057] The present invention also pertains to proteins 
Which have an amino acid sequence Which is substantially 
homologous to an amino acid sequence of the invention 
(e.g., the sequence of an even-numbered SEQ ID NO of the 
Sequence Listing). As used herein, a protein Which has an 
amino acid sequence Which is substantially homologous to 
a selected amino acid sequence is least about 50% homolo 
gous to the selected amino acid sequence, e.g., the entire 
selected amino acid sequence. Aprotein Which has an amino 
acid sequence Which is substantially homologous to a 
selected amino acid sequence can also be least about 50%, 
51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, or 60%, 
preferably at least about 61%, 62%, 63%, 64%, 65%, 66%, 
67%, 68%, 69%, or 70%%, more preferably at least about 
71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, or 80%, 
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, or 90%, 
or 91%, 92%, 93%, 94%, and even more preferably at least 
about 95%, 96%, 97%, 98%, 99%, 99.7% or more homolo 
gous to the selected amino acid sequence. 

[0058] An MP protein of the invention, or a biologically 
active portion or fragment thereof, alone or in combination 
With one or more proteins of the same or different metabolic 
pathWay, can catalyZe an enZymatic reaction in one or more 

amino acid, vitamin, cofactor, nutraceutical, nucleotide, 
nucleoside, or trehalose metabolic pathWays, or have one or 
more of the activities set forth in Table 1 (e.g., metabolism 
of methionine or lysine biosynthesis). 
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[0059] Various aspects of the invention are described in 
further detail in the folloWing subsections: 

[0060] A. Isolated Nucleic Acid Molecules 

[0061] One aspect of the invention pertains to isolated 
nucleic acid molecules that encode MP polypeptides or 
biologically active portions thereof, as Well as nucleic acid 
fragments suf?cient for use as hybridiZation probes or 
primers for the identi?cation or ampli?cation of MP-encod 
ing nucleic acid (e.g., MP DNA). As used herein, the term 
“nucleic acid molecule” is intended to include DNA mol 
ecules (e.g., cDNA or genomic DNA) and RNA molecules 
(e.g., mRNA) and analogs of the DNA or RNA generated 
using nucleotide analogs. This term also encompasses 
untranslated sequence located at both the 3‘ and 5‘ ends of 
the coding region of the gene: at least about 100 nucleotides 
of sequence upstream from the 5‘ end of the coding region 
and at least about 20 nucleotides of sequence doWnstream 
from the 3‘ end of the coding region of the gene. The nucleic 
acid molecule can be single-stranded or double-stranded, but 
preferably is double-stranded DNA. An “isolated” nucleic 
acid molecule is one Which is separated from other nucleic 
acid molecules Which are present in the natural source of the 
nucleic acid. Preferably, an “isolated” nucleic acid is free of 
sequences Which naturally ?ank the nucleic acid (i.e., 
sequences located at the 5‘ and 3‘ ends of the nucleic acid) 
in the genomic DNA of the organism from Which the nucleic 
acid is derived. For eXample, in various embodiments, the 
isolated MP nucleic acid molecule can contain less than 
about 5 kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb or 0.1 kb of 
nucleotide sequences Which naturally ?ank the nucleic acid 
molecule in genomic DNAof the cell from Which the nucleic 
acid is derived (e.g, a C. glutamicum cell). Moreover, an 
“isolated” nucleic acid molecule, such as a DNA molecule, 
can be substantially free of other cellular material, or culture 
medium When produced by recombinant techniques, or 
chemical precursors or other chemicals When chemically 
synthesiZed. 

[0062] A nucleic acid molecule of the present invention, 
e.g., a nucleic acid molecule having a nucleotide sequence 
of an odd-numbered SEQ ID NO of the Sequence Listing, or 
a portion thereof, can be isolated using standard molecular 
biology techniques and the sequence information provided 
herein. For eXample, a C. glutamicum MP DNA can be 
isolated from a C. glutamicum library using all or portion of 
one of the odd-numbered SEQ ID NO sequences of the 
Sequence Listing as a hybridiZation probe and standard 
hybridiZation techniques (e.g., as described in Sambrook, J ., 
Fritsh, E. E, and Maniatis, T. Molecular Cloning. .' A Labo 
ratory Manual. 2nd, ea'., Cold Spring Harbor Laboratory, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
NY, 1989). Moreover, a nucleic acid molecule encompass 
ing all or a portion of one of the nucleic acid sequences of 
the invention (e.g., an odd-numbered SEQ ID NO:) can be 
isolated by the polymerase chain reaction using oligonucle 
otide primers designed based upon this sequence (e.g., a 
nucleic acid molecule encompassing all or a portion of one 
of the nucleic acid sequences of the invention (e.g., an 
odd-numbered SEQ ID NO of the Sequence Listing) can be 
isolated by the polymerase chain reaction using oligonucle 
otide primers designed based upon this same sequence). For 
eXample, mRNA can be isolated from normal endothelial 
cells (e.g., by the guanidinium-thiocyanate extraction pro 
cedure of ChirgWin et al. (1979) Biochemistry 18: 5294 
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5299) and DNA can be prepared using reverse transcriptase 
(e.g., Moloney MLV reverse transcriptase, available from 
Gibco/BRL, Bethesda, Md.; or AMV reverse transcriptase, 
available from Seikagaku America, Inc., St. Petersburg, 
Fla.). Synthetic oligonucleotide primers for polymerase 
chain reaction ampli?cation can be designed based upon one 
of the nucleotide sequences shoWn in the Sequence Listing. 
Anucleic acid of the invention can be ampli?ed using cDNA 
or, alternatively, genomic DNA, as a template and appro 
priate oligonucleotide primers according to standard PCR 
ampli?cation techniques. The nucleic acid so ampli?ed can 
be cloned into an appropriate vector and characteriZed by 
DNA sequence analysis. Furthermore, oligonucleotides cor 
responding to an MP nucleotide sequence can be prepared 
by standard synthetic techniques, e.g., using an automated 
DNA synthesiZer. 

[0063] In a preferred embodiment, an isolated nucleic acid 
molecule of the invention comprises one of the nucleotide 
sequences shoWn in the Sequence Listing. The nucleic acid 
sequences of the invention, as set forth in the Sequence 
Listing, correspond to the Corynebacterium glutamicum MP 
DNAs of the invention. This DNA comprises sequences 
encoding MP proteins (i.e., the “coding region”, indicated in 
each odd-numbered SEQ ID NO: sequence in the Sequence 
Listing), as Well as 5‘ untranslated sequences and 3‘ untrans 
lated sequences, also indicated in each odd-numbered SEQ 
ID NO: in the Sequence Listing. Alternatively, the nucleic 
acid molecule can comprise only the coding region of any of 
the nucleic acid sequences of the Sequence Listing. 

[0064] For the purposes of this application, it Will be 
understood that some of the MP nucleic acid and amino acid 
sequences set forth in the Sequence Listing have an identi 
fying RXA, RXN, RXS, or RXC number having the desig 
nation “RXA”, “RXN”, “RXS”, or “RXC” folloWed by 5 
digits (i.e., RXA, RXN, RXS, or RXC). Each of the nucleic 
acid sequences comprises up to three parts: a 5‘ upstream 
region, a coding region, and a doWnstream region. Each of 
these three regions is identi?ed by the same RXA, RXN, 
RXS, or RXC designation to eliminate confusion. The 
recitation “one of the odd-numbered sequences of the 
Sequence Listing”, then, refers to any of the nucleic acid 
sequences in the Sequence Listing, Which may also be 
distinguished by their differing RXA, RXN, RXS, or RXC 
designations. The coding region of each of these sequences 
is translated into a corresponding amino acid sequence, 
Which is also set forth in the Sequence Listing, as an 
even-numbered SEQ ID NO: immediately folloWing the 
corresponding nucleic acid sequence. For eXample, the 
coding region for RXA00115 is set forth in SEQ ID NO:69, 
While the amino acid sequence Which it encodes is set forth 
as SEQ ID NO:70. The sequences of the nucleic acid 
molecules of the invention are identi?ed by the same RXA, 
RXN, RXS, or RXC designations as the amino acid mol 
ecules Which they encode, such that they can be readily 
correlated. For eXample, the amino acid sequences desig 
nated RXA00115, RXN00403, and RXS03158 are transla 
tions of the coding regions of the nucleotide sequences of 
nucleic acid molecules RXA00115, RXN00403, and 
RXS03158, respectively. The correspondence betWeen the 
RXA, RXN, RXS, and RXC nucleotide and amino acid 
sequences of the invention and their assigned SEQ ID NOs 
is set forth in Table 1. 
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[0065] Several of the genes of the invention- are “F-des 
ignated genes”. An F-designated gene includes those genes 
set forth in Table 1 Which have an ‘F’ in front of the RXA, 
RXN, RXS, or RXC designation. For eXample, SEQ ID 
NO:77, designated, as indicated on Table 1, as “F 
RXA00254”, is an F-designated gene. 

[0066] Also listed on Table 1 are the metZ (or metY) and 
metC genes (designated as SEQ ID NO: 1 and SEQ ID 
NO:3, respectively. The corresponding amino acid sequence 
encoded by the metZ and metC genes are designated as SEQ 
ID NO:2 and SEQ ID NO:5, respectively. 

[0067] In one embodiment, the nucleic acid molecules of 
the present invention are not intended to include those 
compiled in Table 2. 

[0068] In another preferred embodiment, an isolated 
nucleic acid molecule of the invention comprises a nucleic 
acid molecule Which is a complement of one of the nucle 
otide sequences of the invention (e.g., a sequence of an 
odd-numbered SEQ ID NO: of the Sequence Listing), or a 
portion thereof. A nucleic acid molecule Which is comple 
mentary to one of the nucleotide sequences of the invention 
is one Which is suf?ciently complementary to one of the 
nucleotide sequences shoWn in the Sequence Listing (e.g., 
the sequence of an odd-numbered SEQ ID NO:) such that it 
can hybridiZe to one of the nucleotide sequences of the 
invention, thereby forming a stable duplex. 

[0069] In still another preferred embodiment, an isolated 
nucleic acid molecule of the invention comprises a nucle 
otide sequence Which is at least about 50%, 51%, 52%, 53%, 
54%, 55%, 56%, 57%, 58%, 59%, or 60%, preferably at 
least about 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 
69%, or 70%%, more preferably at least about 71%, 72%, 
73%, 74%, 75%, 76%, 77%, 78%, 79%, or 80%, 81%, 82%, 
83%, 84%, 85%, 86% 87%, 88%, 89%, or 90%, or 91%, 
92%, 93%, 94%, and even more preferably at least about 
95%, 96%, 97%, 98%, 99%, 99.7% or more homologous to 
a nucleotide sequence of the invention (e.g., a sequence of 
an odd-numbered SEQ ID NO: of the Sequence Listing), or 
a portion thereof. Ranges and identity values intermediate to 
the above-recited ranges, (e.g., 70-90% identical or 80-95% 
identical) are also intended to be encompassed by the 
present invention. For eXample, ranges of identity values 
using a combination of any of the above values recited as 
upper and/or loWer limits are intended to be included. In an 
additional preferred embodiment, an isolated nucleic acid 
molecule of the invention comprises a nucleotide sequence 
Which hybridiZes, e.g., hybridiZes under stringent condi 
tions, to one of the nucleotide sequences of the invention, or 
a portion thereof. 

[0070] Moreover, the nucleic acid molecule of the inven 
tion can comprise only a portion of the coding region of the 
sequence of one of the odd-numbered SEQ ID NOs of the 
Sequence Listing, for eXample a fragment Which can be used 
as a probe or primer or a fragment encoding a biologically 
active portion of an MP protein. The nucleotide sequences 
determined from the cloning of the MP genes from C. 
glutamicum alloWs for the generation of probes and primers 
designed for use in identifying and/or cloning MP homo 
logues in other cell types and organisms, as Well as MP 
homologues from other Corynebacteria or related species. 
The probe/primer typically comprises substantially puri?ed 
oligonucleotide. The oligonucleotide typically comprises a 
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region of nucleotide sequence that hybridiZes under strin 
gent conditions to at least about 12, preferably about 25, 
more preferably about 40, 50 or 75 consecutive nucleotides 
of a sense strand of one of the nucleotide sequences of the 
invention (e.g., a sequence of one of the odd-numbered SEQ 
ID NOs of the Sequence Listing), an anti-sense sequence of 
one of these sequences, or naturally occurring mutants 
thereof. Primers based on a nucleotide sequence of the 
invention can be used in PCR reactions to clone MP homo 
logues. Probes based on the MP nucleotide sequences can be 
used to detect transcripts or genomic sequences encoding the 
same or homologous proteins. In preferred embodiments, 
the probe further comprises a label group attached thereto, 
eg the label group can be a radioisotope, a ?uorescent 
compound, an enZyme, or an enZyme cofactor. Such probes 
can be used as a part of a diagnostic test kit for identifying 
cells Which misexpress an MP protein, such as by measuring 
a level of an MP-encoding nucleic acid in a sample of cells 
from a subject e.g., detecting MP mRNA levels or deter 
mining Whether a genomic MP gene has been mutated or 
deleted. 

[0071] In one embodiment, the nucleic acid molecule of 
the invention encodes a protein or portion thereof Which 
includes an amino acid sequence Which is sufficiently 
homologous to an amino acid sequence of the invention 
(e.g., a sequence of an even-numbered SEQ ID NO of the 
Sequence Listing) such that the protein or portion thereof 
maintains the ability to catalyZe an enZymatic reaction in an 
amino acid, vitamin, cofactor, nutraceutical, nucleotide, 
nucleoside, or trehalose metabolic pathWay. As used herein, 
the language “suf?ciently homologous” refers to proteins or 
portions thereof Which have amino acid sequences Which 
include a minimum number of identical or equivalent (e.g., 
an amino acid residue Which has a similar side chain as an 
amino acid residue in a sequence of one of the even 
numbered SEQ ID NOs of the Sequence Listing) amino acid 
residues to an amino acid sequence of the invention such that 
the protein or portion thereof is able to catalyZe an enZy 
matic reaction in a C. glutamicum amino acid, vitamin, 
cofactor, nutraceutical, nucleotide, nucleoside or trehalose 
metabolic pathWay. Protein members of such metabolic 
pathWays, as described herein, function to catalyZe the 
biosynthesis or degradation of one or more of: amino acids, 
vitamins, cofactors, nutraceuticals, nucleotides, nucleosides, 
or trehalose. Examples of such activities are also described 
herein. Thus, “the function of an MP protein” contributes to 
the overall functioning of one or more such metabolic 
pathWay and contributes, either directly or indirectly, to the 
yield, production, and/or efficiency of production of one or 
more ?ne chemicals. Examples of MP protein activities are 
set forth in Table 1. 

[0072] In another embodiment, the protein is at least about 
50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, or 
60%, preferably at least about 61%, 62%, 63%, 64%, 65%, 
66%, 67%, 68%, 69%, or 70%%, more preferably at least 
about 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, or 
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, or 
90%, or 91%, 92%, 93%, 94%, and even more preferably at 
least about 95%, 96%, 97%, 98%, 99%, 99.7% or more 
homologous to an entire amino acid sequence of the inven 
tion (e.g., a sequence of an even-numbered SEQ ID NO: of 
the Sequence Listing). 
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[0073] Portions of proteins encoded by the MP nucleic 
acid molecules of the invention are preferably biologically 
active portions of one of the MP proteins. As used herein, the 
term “biologically active portion of an MP protein” is 
intended to include a portion, e.g., a domain/motif, of an MP 
protein that catalyZes an enZymatic reaction in one or more 
C. glutamicum amino acid, vitamin, cofactor, nutraceutical, 
nucleotide, nucleoside, or trehalose metabolic pathWays, or 
has an activity as set forth in Table 1. To determine Whether 
an MP protein or a biologically active portion thereof can 
catalyZe an enZymatic reaction in an amino acid, vitamin, 
cofactor, nutraceutical, nucleotide, nucleoside, or trehalose 
metabolic pathWay, an assay of enZymatic activity may be 
performed. Such assay methods are Well knoWn to those of 
ordinary skill in the art, as detailed in Example 8 of the 
Exempli?cation. 
[0074] Additional nucleic acid fragments encoding bio 
logically active portions of an MP protein can be prepared 
by isolating a portion of one of the amino acid sequences of 
the invention (e.g., a sequence of an even-numbered SEQ ID 
NO: of the Sequence Listing), expressing the encoded 
portion of the MP protein or peptide (e.g., by recombinant 
expression in vitro) and assessing the activity of the encoded 
portion of the MP protein or peptide. 

[0075] The invention further encompasses nucleic acid 
molecules that differ from one of the nucleotide sequences 
of the invention (e.g., a sequence of an odd-numbered SEQ 
ID NO: of the Sequence Listing) (and portions thereof) due 
to degeneracy of the genetic code and thus encode the same 
MP protein as that encoded by the nucleotide sequences of 
the invention. In another embodiment, an isolated nucleic 
acid molecule of the invention has a nucleotide sequence 
encoding a protein having an amino acid sequence shoWn in 
the Sequence Listing (e.g., an even-numbered SEQ ID NO:). 
In a still further embodiment, the nucleic acid molecule of 
the invention encodes a full length C. glutamicum protein 
Which is substantially homologous to an amino acid 
sequence of the invention (encoded by an open reading 
frame shoWn in an odd-numbered SEQ ID NO: of the 
Sequence Listing). 
[0076] It Will be understood by one of ordinary skill in the 
art that in one embodiment the sequences of the invention 
are not meant to include the sequences of the prior art, such 
as those Genbank sequences set forth in Table 2, Which Was 
available prior to the present invention. In one embodiment, 
the invention includes nucleotide and amino acid sequences 
having a percent identity to a nucleotide or amino acid 
sequence of the invention Which is greater than that of a 
sequence of the prior art (e.g., a Genbank sequence (or the 
protein encoded by such a sequence) set forth in Table 2). 
For example, the invention includes a nucleotide sequence 
Which is greater than and/or at least 45% identical to the 
nucleotide sequence designated RXA00657 SEQ ID NO:5 
One of ordinary skill in the art Would be able to calculate the 
loWer threshold of percent identity for any given sequence of 
the invention by examining the GAP-calculated percent 
identity scores set forth in Table 4 for each of the three top 
hits for the given sequence, and by subtracting the highest 
GAP-calculated percent identity from 100 percent. One of 
ordinary skill in the art Will also appreciate that nucleic acid 
and amino acid sequences having percent identities greater 
than the loWer threshold so calculated (e.g., at least about 
50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, or 
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60preferably at least about 61%, 62%, 63%, 64%, 65%, 
66%, 67%, 68%, 69%, or 70%, more preferably at least 
about 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, or 
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, or 
90%, or 91%, 92%, 93%, 94%, and even more preferably at 
least about 95%, 96%, 97%, 98%, 99%, 99.7% or more 
identical) are also encompassed by the invention. 

[0077] In addition to the C. glutamicum MP nucleotide 
sequences set forth in the Sequence Listing as odd-num 
bered SEQ ID NOs, it Will be appreciated by one of ordinary 
skill in the art that DNA sequence polymorphisms that lead 
to changes in the amino acid sequences of MP proteins may 
eXist Within a population (e.g., the C. glutamicum popula 
tion). Such genetic polymorphism in the MP gene may eXist 
among individuals Within a population due to natural varia 
tion. As used herein, the terms “gene” and “recombinant 
gene” refer to nucleic acid molecules comprising an open 
reading frame encoding an MP protein, preferably a C. 
glutamicum MP protein. Such natural variations can typi 
cally result in 1-5% variance in the nucleotide sequence of 
the MP gene. Any and all such nucleotide variations and 
resulting amino acid polymorphisms in MP that are the 
result of natural variation and that do not alter the functional 
activity of MP proteins are intended to be Within the scope 
of the invention. 

[0078] Nucleic acid molecules corresponding to natural 
variants and non-C. glutamicum homologues of the C. 
glutamicum MP DNA of the invention can be isolated based 
on their homology to the C. glutamicum MP nucleic acid 
disclosed herein using the C. glutamicum DNA, or a portion 
thereof, as a hybridiZation probe according to standard 
hybridiZation techniques under stringent hybridiZation con 
ditions. Accordingly, in another embodiment, an isolated 
nucleic acid molecule of the invention is at least 15 nucle 
otides in length and hybridiZes under stringent conditions to 
the nucleic acid molecule comprising a nucleotide sequence 
of an odd-numbered SEQ ID NO: of the Sequence Listing. 
In other embodiments, the nucleic acid is at least 30, 50, 100, 
250 or more nucleotides in length. As used herein, the term 
“hybridiZes under stringent conditions” is intended to 
describe conditions for hybridiZation and Washing under 
Which nucleotide sequences at least 60% homologous to 
each other typically remain hybridiZed to each other. Pref 
erably, the conditions are such that sequences at least about 
65%, more preferably at least about 70%, and even more 
preferably at least about 75% or more homologous to each 
other typically remain hybridiZed to each other. Such strin 
gent conditions are knoWn to one of ordinary skill in the art 
and can be found in Current Protocols in Molecular Biology, 
John Wiley & Sons, NY. (1989), 631-636. A preferred, 
non-limiting eXample of stringent hybridiZation conditions 
are hybridiZation in 6><sodium chloride/sodium citrate (SSC) 
at about 45° C., folloWed by one or more Washes in 
0.2><SSC, 0.1% SDS at 50-65° C. Preferably, an isolated 
nucleic acid molecule of the invention that hybridiZes under 
stringent conditions to a nucleotide sequence of the inven 
tion corresponds to a naturally-occurring nucleic acid mol 
ecule. As used herein, a “naturally-occurring” nucleic acid 
molecule refers to an RNA or DNA molecule having a 
nucleotide sequence that occurs in nature (e.g., encodes a 
natural protein). In one embodiment, the nucleic acid 
encodes a natural C. glutamicum MP protein. 
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[0079] In addition to naturally-occurring variants of the 
MP sequence that may eXist in the population, one of 
ordinary skill in the art Will further appreciate that changes 
can be introduced by mutation into a nucleotide sequence of 
the invention, thereby leading to changes in the amino acid 
sequence of the encoded MP protein, Without altering the 
functional ability of the MP protein. For eXample, nucleotide 
substitutions leading to amino acid substitutions at “non 
essential” amino acid residues can be made in a nucleotide 
sequence of the invention. A “non-essential” amino acid 
residue is a residue that can be altered from the Wild-type 
sequence of one of the MP proteins (e.g., an even-numbered 
SEQ ID NO: of the Sequence Listing) Without altering the 
activity of said MP protein, Whereas an “essential” amino 
acid residue is required for MP protein activity. Other amino 
acid residues, hoWever, (e.g., those that are not conserved or 
only semi-conserved in the domain having MP activity) may 
not be essential for activity and thus are likely to be 
amenable to alteration Without altering MP activity. 

[0080] Accordingly, another aspect of the invention per 
tains to nucleic acid molecules encoding MP proteins that 
contain changes in amino acid residues that are not essential 
for MP activity. Such MP proteins differ in amino acid 
sequence from a sequence of an even-numbered SEQ ID 
NO: of the Sequence Listing yet retain at least one of the MP 
activities described herein. In one embodiment, the isolated 
nucleic acid molecule comprises a nucleotide sequence 
encoding a protein, Wherein the protein comprises an amino 
acid sequence at least about 50% homologous to an amino 
acid sequence of the invention and is capable of catalyZing 
an enZymatic reaction in an amino acid, vitamin, cofactor, 
nutraceutical, nucleotide, nucleoside, or trehalose metabolic 
pathWay, or has one or more activities set forth in Table 1. 
Preferably, the protein encoded by the nucleic acid molecule 
is at least about 50%, 51%, 52%, 53%, 54%, 55%, 56%, 
57%, 58%, 59%, or 60%, preferably at least about 61%, 
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, or 70%%, 
more preferably at least about 71%, 72%, 73%, 74%, 75%, 
76%, 77%, 78%, 79%, or 80%, 81%, 82%, 83%, 84%, 85%, 
86%, 87%, 88%, 89%, or 90%, or 91%, 92%, 93%, 94%, 
and even more preferably at least about 95%, 96%, 97%, 
98%, 99%, 99.7% homologous to one of the amino acid 
sequences of the invention. 

[0081] To determine the percent homology of tWo amino 
acid sequences (e.g., one of the amino acid sequences of the 
invention and a mutant form thereof) or of tWo nucleic acids, 
the sequences are aligned for optimal comparison purposes 
(e.g., gaps can be introduced in the sequence of one protein 
or nucleic acid for optimal alignment With the other protein 
or nucleic acid). The amino acid residues or nucleotides at 
corresponding amino acid positions or nucleotide positions 
are then compared. When a position in one sequence (e.g., 
one of the amino acid sequences of the invention) is occu 
pied by the same amino acid residue or nucleotide as the 
corresponding position in the other sequence (e.g., a mutant 
form of the amino acid sequence), then the molecules are 
homologous at that position (i. e., as used herein amino acid 
or nucleic acid “homology” is equivalent to amino acid or 
nucleic acid “identity”). The percent homology betWeen the 
tWo sequences is a function of the number of identical 
positions shared by the sequences (i.e., % homology=# of 
identical positions/total # of positions><100). 
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[0082] An isolated nucleic acid molecule encoding an MP 
protein homologous to a protein sequence of the invention 
(e.g., a sequence of an even-numbered SEQ ID NO: of the 
Sequence Listing) can be created by introducing one or more 
nucleotide substitutions, additions or deletions into a nucle 
otide sequence of the invention such that one or more amino 
acid substitutions, additions or deletions are introduced into 
the encoded protein. Mutations can be introduced into one of 
the nucleotide sequences of the invention by standard tech 
niques, such as site-directed mutagenesis and PCR-mediated 
mutagenesis. Preferably, conservative amino acid substitu 
tions are made at one or more predicted non-essential amino 
acid residues. A “conservative amino acid substitution” is 
one in Which the amino acid residue is replaced With an 
amino acid residue having a similar side chain. Families of 
amino acid residues having similar side chains have been 
de?ned in the art. These families include amino acids With 
basic side chains (e.g., lysine, arginine, histidine), acidic 
side chains (e.g., aspartic acid, glutamic acid), uncharged 
polar side chains (e.g., glycine, asparagine, glutamine, 
serine, threonine, tyrosine, cysteine), nonpolar side chains 
(e.g, alanine, valine, leucine, isoleucine, proline, phenylala 
nine, methionine, tryptophan), beta-branched side chains 
(e.g., threonine, valine, isoleucine) and aromatic side chains 
(e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a 
predicted nonessential amino acid residue in an MP protein 
is preferably replaced With another amino acid residue from 
the same side chain family. Alternatively, in another embodi 
ment, mutations can be introduced randomly along all or 
part of an MP coding sequence, such as by saturation 
mutagenesis, and the resultant mutants can be screened for 
an MP activity described herein to identify mutants that 
retain MP activity. FolloWing mutagenesis of the nucleotide 
sequence of one of the odd-numbered SEQ ID NOs of the 
Sequence Listing, the encoded protein can be expressed 
recombinantly and the activity of the protein can be deter 
mined using, for example, assays described herein (see 
Example 8 of the Exempli?cation). 
[0083] In addition to the nucleic acid molecules encoding 
MP proteins described above, another aspect of the inven 
tion pertains to isolated nucleic acid molecules Which are 
antisense thereto. An “antisense” nucleic acid comprises a 
nucleotide sequence Which is complementary to a “sense” 
nucleic acid encoding a protein, e.g., complementary to the 
coding strand of a double-stranded DNA molecule or 
complementary to an mRNA sequence. Accordingly, an 
antisense nucleic acid can hydrogen bond to a sense nucleic 
acid. The antisense nucleic acid can be complementary to an 
entire MP coding strand, or to only a portion thereof. In one 
embodiment, an antisense nucleic acid molecule is antisense 
to a “coding region” of the coding strand of a nucleotide 
sequence encoding an MP protein. The term “coding region” 
refers to the region of the nucleotide sequence comprising 
codons Which are translated into amino acid residues (e.g., 
the entire coding region of SEQ ID NO.:1 (metZ) comprises 
nucleotides 363 to 1673). In another embodiment, the anti 
sense nucleic acid molecule is antisense to a “noncoding 
region” of the coding strand of a nucleotide sequence 
encoding MP. The term “noncoding region” refers to 5‘ and 
3‘ sequences Which ?ank the coding region that are not 
translated into amino acids (i.e., also referred to as 5‘ and 3‘ 
untranslated regions). 
[0084] Given the coding strand sequences encoding MP 
disclosed herein (e.g., the sequences set forth as odd 
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numbered SEQ ID NOs in the Sequence Listing), antisense 
nucleic acids of the invention can be designed according to 
the rules of Watson and Crick base pairing. The antisense 
nucleic acid molecule can be complementary to the entire 
coding region of MP mRNA, but more preferably is an 
oligonucleotide Which is antisense to only a portion of the 
coding or noncoding region of MP mRNA. For example, the 
antisense oligonucleotide can be complementary to the 
region surrounding the translation start site of MP mRNA. 
An antisense oligonucleotide can be, for example, about 5, 
10, 15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in length. An 
antisense nucleic acid of the invention can be constructed 
using chemical synthesis and enZymatic ligation reactions 
using procedures knoWn in the art. For example, an anti 
sense nucleic acid (e. g., an antisense oligonucleotide) can be 
chemically synthesiZed using naturally occurring nucle 
otides or variously modi?ed nucleotides designed to 
increase the biological stability of the molecules or to 
increase the physical stability of the duplex formed betWeen 
the antisense and sense nucleic acids, e.g., phosphorothioate 
derivatives and acridine substituted nucleotides can be used. 
Examples of modi?ed nucleotides Which can be used to 
generate the antisense nucleic acid include S-?uorouracil, 
S-bromouracil, S-chlorouracil, S-iodouracil, hypoxanthine, 
xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) 
uracil, 5-carboxymethylaminomethyl-2-thiouridine, S-car 
boxymethylaminomethyluracil, dihydrouracil, beta-D-ga 
lactosylquenosine, inosine, N6-isopentenyladenine, l-meth 
ylguanine, l-methylinosine, 2,2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 
S-methylcytosine, N6-adenine, 7-methylguanine, S-methy 
laminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, 
beta-D-mannosylqueosine, 5‘-methoxycarboxymethyluracil, 
S-methoxyuracil, 2-methylthio-N6-isopentenyladenine, 
uracil-S-oxyacetic acid (v), Wybutoxosine, pseudouracil, 
queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiou 
racil, 4-thiouracil, S-methyluracil, uracil-S-oxyacetic acid 
methylester, uracil-S-oxyacetic acid (v), 5-methyl-2-thiou 
racil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)W, and 
2,6-diaminopurine. Alternatively, the antisense nucleic acid 
can be produced biologically using an expression vector into 
Which a nucleic acid has been subcloned in an antisense 
orientation (i.e., RNA transcribed from the inserted nucleic 
acid Will be of an antisense orientation to a target nucleic 
acid of interest, described further in the folloWing subsec 
tion). 
[0085] The antisense nucleic acid molecules of the inven 
tion are typically administered to a cell or generated in situ 
such that they hybridiZe With or bind to cellular mRNA 
and/or genomic DNA encoding an MP protein to thereby 
inhibit expression of the protein, e.g., by inhibiting tran 
scription and/or translation. The hybridiZation can be by 
conventional nucleotide complementarity to form a stable 
duplex, or, for example, in the case of an antisense nucleic 
acid molecule Which binds to DNA duplexes, through spe 
ci?c interactions in the major groove of the double helix. 
The antisense molecule can be modi?ed such that it spe 
ci?cally binds to a receptor or an antigen expressed on a 
selected cell surface, e.g., by linking the antisense nucleic 
acid molecule to a peptide or an antibody Which binds to a 
cell surface receptor or antigen. The antisense nucleic acid 
molecule can also be delivered to cells using the vectors 
described herein. To achieve sufficient intracellular concen 
trations of the antisense molecules, vector constructs in 
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Which the antisense nucleic acid molecule is placed under 
the control of a strong prokaryotic, viral, or eukaryotic 
promoter are preferred. 

[0086] In yet another embodiment, the antisense nucleic 
acid molecule of the invention is an ot-anomeric nucleic acid 
molecule. An ot-anomeric nucleic acid molecule forms spe 
ci?c double-stranded hybrids With complementary RNA in 
Which, contrary to the usual [3-units, the strands run parallel 
to each other (Gaultier et al. (1987) Nucleic Acids. Res. 
15:6625-6641). The antisense nucleic acid molecule can 
also comprise a 2‘-o-methylribonucleotide (Inoue et al. 
(1987) Nucleic Acids Res. 15:6131-6148) or a chimeric 
RNA-DNA analogue (Inoue et al. (1987) FEBS Lett. 
215:327-330). 
[0087] In still another embodiment, an antisense nucleic 
acid of the invention is a riboZyme. RiboZymes are catalytic 
RNA molecules With ribonuclease activity Which are 
capable of cleaving a single-stranded nucleic acid, such as 
an mRNA, to Which they have a complementary region. 
Thus, riboZymes (e. g., hammerhead riboZymes (described in 
Haselhoff and Gerlach (1988) Nature 334:585-591)) can be 
used to catalytically cleave MP mRNA transcripts to thereby 
inhibit translation of MP mRNA. A riboZyme having speci 
?city for an MP-encoding nucleic acid can be designed 
based upon the nucleotide sequence of an MP DNA dis 
closed herein (i.e., SEQ ID NO:1 (metZ). For eXample, a 
derivative of a Tetrahymena L-19 IVS RNA can be con 
structed in Which the nucleotide sequence of the active site 
is complementary to the nucleotide sequence to be cleaved 
in an MP-encoding mRNA. See, e.g., Cech et al. US. Pat. 
No. 4,987,071 and Cech et al. US. Pat. No. 5,116,742. 
Alternatively, MP mRNA can be used to select a catalytic 
RNA having a speci?c ribonuclease activity from a pool of 
RNA molecules. See, e.g., Bartel, D. and SZostak, J. W. 
(1993) Science 261:1411-1418. 

[0088] Alternatively, MP gene eXpression can be inhibited 
by targeting nucleotide sequences complementary to the 
regulatory region of an MP nucleotide sequence (e. g., an MP 
promoter and/or enhancers) to form triple helical structures 
that prevent transcription of an MP gene in target cells. See 
generally, Helene, C. (1991) Anticancer Drug Des. 
6(6):569-84; Helene, C. et al. (1992) Ann. N.YAcaa'. Sci. 
660:27-36; and Maher, L. J. (1992) Bioassays 14(12):807 
15. 

[0089] Another aspect of the invention pertains to com 
binations of genes involved in methionine and/or lysine 
metabolism and the use of to combinations of genes 
involved in methionine and/or lysine metabolism in the 
methods of the invention. Preferred combinations are the 
combination of metZ With metC, metB (encoding Cys 
tathionine-Synthase), metA (encoding homoserine-O 
acetyltransferase), metE (encoding Methionine Synthase), 
metH (encoding Methionine Synthase), hom (encoding 
homoserine dehydrogenase), asd (encoding aspartatesemi 
aldehyd dehydrogenase), lysC/ask (encoding aspartokinase) 
and rXa00657 (herein designated as SEQ ID NO.:5), dapA, 
(gene encoding DIHYDRODIPICOLINATE SYNTHASE), 
dapB (gene encoding DIHYDRODIPICOLINAT E REDUC 
TASE), dapC (gene encoding 2,3,4,5-tetrahydropyridine-2 
carboXylate N-succinyltransferase), dapD/argD (gene 
encoding acetylornithine transaminase), dapE (gene encod 
ing succinyldiaminopimelate desuccinylase), dapF (gene 
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encoding diaminopimelate epimerase), lysA (gene encoding 
diaminopimelate decarboXylase), ddh (gene encoding 
diaminopimelate dehydrogenase), lysE (gene encoding for 
the lysine eXporter ), lysG (gene encoding for the exporter 
regulator), hsk (gene encoding homoserine kinase) as Well 
as genes involved in anaplerotic reaction such as ppc (gene 
encoding phosphoenolpyruvate carboXylase), ppcK (gene 
encoding phosphoenolpyruvate carboXykinase), pycA (gene 
encoding pyruvate carboXylase), accD, accA, accB, accC 
(genes encoding for subunits of acetyl-CoA-carboXylase), as 
Well as genes of the pentose-phosphate pathWay, gpdh genes 
encoding glucose-6-phophate-dehydrogenase, opcA, pgdh 
(gene encoding 6-phosphogluconate-dehydrogenase), ta 
(gene encoding transaldolase), tk (gene encoding gene 
encoding transketolase), pgl (gene encoding 6-PHOSPHO 
GLUCONO-LACTONASE), rlpe (gene encoding RIBU 
LOSE-PHOSPHATE 3-EPIMERASE) rpe (gene encoding 
RIBOSE S-PHOSPHATE EPIMERASE) or combinations of 
the above-mentioned genes of the pentose-phosphate-path 
Ways, or other MP genes of the invention. 

[0090] The genes may be altered in their nucleotide 
sequence and in the corresponding amino acid sequence 
resulting in derivatives in such a Way that their activity is 
altered under physiological conditions Which leads to an 
increase in productivity and/or yield of a desired ?ne chemi 
cal, e.g., an amino acid such as methionine or lysine. One 
class of such alterations or derivatives is Well knoWn for the 
nucleotide sequence of the ask gene encoding aspartokinase. 
These alterations lead to removal of feed back inhibition by 
the amino acids lysine and threonine and subsequently to 
lysine overproduction. In a preferred embodiment the metZ 
gene or altered forms of the metZ gene are used in a 
Corynebacterium strain in combination With ask, hom, metA 
and metH or derivatives of these genes. In another preferred 
embodiment metZ or altered forms of the metZ gene are 
used in a Corynebacterium strain in combination With ask, 
hom, metA and metE or derivatives of these genes. In a more 
preferred embodiment, the gene combinations MetZ or 
altered forms of the metZ gene are combined With ask, hom, 
meta and metH or derivatives of these genes, or metZ is 
combined With ask, hom, metA and metE or derivatives of 
these genes in a Corynebacterium strain and sulfur sources 
such as sulfates, thiosulfates, sul?tes and also more reduced 
sulfur sources such as HZS and sul?des and derivatives are 
used in the groWth medium. Also, sulfur sources such as 
methyl mercaptan, methanesulfonic acid, thioglycolates, 
thiocyanates, thiourea, sulfur containing amino acids such as 
cysteine and other sulfur containing compounds can be used. 
Another aspect of the invention pertains to the use of the 
above mentioned gene combinations in a Corynebacterium 
strain Which is, before or after introduction of the genes, 
mutageniZed by radiation or by mutagenic chemicals Well 
knoWn to one of ordinary skill in the art and selected for 
resistance against high concentrations of the ?ne chemical of 
interest, e.g. lysine or methionine or analogues of the desired 
?ne chemical such as the methionine analogues ethionine, 
methyl methionine, or others. In another embodiment, the 
gene combinations mentioned above can be expressed in a 
Corynebacterium strain having particular gene disruptions. 
Preferred are gene disruptions that encode proteins that 
favor carbon ?uX to undesired metabolites. Where methion 
ine is the desired ?ne chemical the formation of lysine may 
be unfavorable. In such a case the combination of the above 
mentioned genes should proceed in a Corynebacterium 
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strain bearing a gene disruption of the lysA gene (encoding 
diaminopimelate decarboxylase) or the ddh gene (encoding 
the meso-diaminopimelate dehydrogenase catalysing the 
conversion of tetrahydropicolinate to meso-diaominopime 
late). In a preferred embodiment, a favorable combination of 
the above-mentioned genes are all altered in such a Way that 
their gene products are not feed back inhibited by end 
products or metabolites of the biosynthetic pathWay leading 
to the desired ?ne chemical. In the case that the desired ?ne 
chemical is methionine, the gene combinations may be 
expressed in a strain previously treated With mutagenic 
agents or radiation and selected for the above-mentioned 
resistance. Additionally, the strain should be groWn in a 
groWth medium containing one or more of the above men 
tioned sulfur sources. 

[0091] In another embodiment of the invention, a gene 
Was identi?ed from the genome of Corynebacterium 
glutamicum as a gene coding for a hypothetical transcrip 
tional regulatory protein. This gene is described as 
RXA00657. The nucleotide sequence of RXA00657 corre 
sponds to SEQ ID NO:5. The amino acid sequence of 
RXA00657 corresponds to SEQ ID NO:6. It Was found that 
When the RXA00657 gene, as Well as upstream and doWn 
stream regulatory regions described in the examples, Was 
cloned into a vector capable of replicating in Corynebacte 
rium glutamicum and transformed and expressed in a lysine 
producing strain such as ATCC13286, that this strain pro 
duced more lysine compared to the strain transformed With 
the same plasmid lacking the aforementioned nucleotide 
fragment RXA00657. In addition to the observation that the 
lysine titer Was increased in the mentioned strain, the 
selectivity determined by the molar amount of lysine pro 
duced compared to the molar amount of sucrose consumed 
Was increased (see Example 14). Overexpression of 
RXA00657 in combination With the overexpression of other 
genes either directly involved in the lysine speci?c pathWay 
such as lysC, dapA, dapB, dapC, dapD, dapF, ddh, lysE, 
lysG, and lysR results in an increase in the production of 
lysine compared to RXA00657 alone. 

[0092] B. Recombinant Expression Vectors and Host Cells 

[0093] Another aspect of the invention pertains to vectors, 
preferably expression vectors, containing a nucleic acid 
encoding an MP protein (or a portion thereof) or combina 
tions of genes Wherein at least one gene encodes for an MP 
protein. As used herein, the term “vector” refers to a nucleic 
acid molecule capable of transporting another nucleic acid to 
Which it has been linked. One type of vector is a “plasmid”, 
Which refers to a circular double stranded DNA loop into 
Which additional DNA segments can be ligated. Another 
type of vector is a viral vector, Wherein additional DNA 
segments can be ligated into the viral genome. Certain 
vectors are capable of autonomous replication in a host cell 
into Which they are introduced (e.g., bacterial vectors having 
a bacterial origin of replication and episomal mammalian 
vectors). Other vectors (e.g., non-episomal mammalian vec 
tors) are integrated into the genome of a host cell upon 
introduction into the host cell, and thereby are replicated 
along With the host genome. Moreover, certain vectors are 
capable of directing the expression of genes to Which they 
are operatively linked. Such vectors are referred to herein as 
“expression vectors”. In general, expression vectors of util 
ity in recombinant DNA techniques are often in the form of 
plasmids. In the present speci?cation, “plasmid” and “vec 
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tor” can be used interchangeably as the plasmid is the most 
commonly used form of vector. HoWever, the invention is 
intended to include such other forms of expression vectors, 
such as viral vectors (e. g., replication defective retroviruses, 
adenoviruses and adeno-associated viruses), Which serve 
equivalent functions. 
[0094] The recombinant expression vectors of the inven 
tion comprise a nucleic acid of the invention in a form 
suitable for expression of the nucleic acid in a host cell, 
Which means that the recombinant expression vectors 
include one or more regulatory sequences, selected on the 
basis of the host cells to be used for expression, Which is 
operatively linked to the nucleic acid sequence to be 
expressed. Within a recombinant expression vector, “oper 
ably linked” is intended to mean that the nucleotide 
sequence of interest is linked to the regulatory sequence(s) 
in a manner Which alloWs for expression of the nucleotide 
sequence (e.g., in an in vitro transcription/translation system 
or in a host cell When the vector is introduced into the host 
cell). The term “regulatory sequence” is intended to include 
promoters, repressor binding sites, activator binding sites, 
enhancers and other expression control elements (e.g., ter 
minators, polyadenylation signals, or other elements of 
mRNA secondary structure). Such regulatory sequences are 
described, for example, in Goeddel; Gene Expression Tech 
nology: Methods in Enzymology 185, Academic Press, San 
Diego, Calif. (1990). Regulatory sequences include those 
Which direct constitutive expression of a nucleotide 
sequence in many types of host cell and those Which direct 
expression of the nucleotide sequence only in certain host 
cells. Preferred regulatory sequences are, for example, pro 
moters such as cos-, tac-, trp-, tet-, trp-tet-, lpp-, lac-, 
lpp-lac-, lacIq-, T7-, T5-, T3-, gal-, trc-, ara-, SP6-, arny, 
SPO2, >\,-PR- or )tPL, Which are used preferably in bacteria. 
Additional regulatory sequences are, for example, promoters 
from yeasts and fungi, such as ADC1, MFot, AC, P-60, 
CYC1, GAPDH, TEF, rp28, ADH, promoters from plants 
such as CaMV/35S, SSU, OCS, lib4, usp, STLS1, B33, nos 
or ubiquitin- or phaseolin-promoters. It is also possible to 
use arti?cial promoters. It Will be appreciated by one of 
ordinary skill in the art that the design of the expression 
vector can depend on such factors as the choice of the host 
cell to be transformed, the level of expression of protein 
desired, etc. The expression vectors of the invention can be 
introduced into host cells to thereby produce proteins or 
peptides, including fusion proteins or peptides, encoded by 
nucleic acids as described herein (e.g., MP proteins, mutant 
forms of MP proteins, fusion proteins, etc.). 
[0095] The recombinant expression vectors of the inven 
tion can be designed for expression of MP proteins in 
prokaryotic or eukaryotic cells. For example, MP genes can 
be expressed in bacterial cells such as C. glutamicum, insect 
cells (using baculovirus expression vectors), yeast and other 
fungal cells (see Romanos, M. A. et al. (1992) “Foreign gene 
expression in yeast: a revieW”, Yeast 8: 423-488; van den 
Hondel, C.A.M.J.J. et al. (1991) “Heterologous gene expres 
sion in ?lamentous fungi” in: More Gene Manipulations in 
Fungi, J. W. Bennet & L. L. Lasure, eds., p. 396-428: 
Academic Press: San Diego; and van den Hondel, 
C.A.M.J.J. & Punt, P. J. (1991) “Gene transfer systems and 
vector development for ?lamentous fungi, in: Applied 
Molecular Genetics of Fungi, Peberdy, J. F. et al., eds., p. 
1-28, Cambridge University Press: Cambridge), algae and 
multicellular plant cells (see Schmidt, R. and WillmitZer, L. 
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(1988) High efficiency Agrobacterium tumefaciens—medi 
ated transformation of Arabidopsis thaliana leaf and coty 
ledon explants”Plant Cell Rep: 583-586), or mammalian 
cells. Suitable host cells are discussed further in Goeddel, 
Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, Calif. (1990). Alternatively, the 
recombinant expression vector can be transcribed and trans 
lated in vitro, for example using T7 promoter regulatory 
sequences and T7 polymerase. 

[0096] Expression of proteins in prokaryotes is most often 
carried out With vectors containing constitutive or inducible 
promoters directing the expression of either fusion or non 
fusion proteins. Fusion vectors add a number of amino acids 
to a protein encoded therein, usually to the amino terminus 
of the recombinant protein but also to the C-terminus or 
fused Within suitable regions in the proteins. Such fusion 
vectors typically serve three purposes: 1) to increase expres 
sion of recombinant protein; 2) to increase the solubility of 
the recombinant protein; and 3) to aid in the puri?cation of 
the recombinant protein by acting as a ligand in affinity 
puri?cation. Often, in fusion expression vectors, a pro 
teolytic cleavage site is introduced at the junction of the 
fusion moiety and the recombinant protein to enable sepa 
ration of the recombinant protein from the fusion moiety 
subsequent to puri?cation of the fusion protein. Such 
enZymes, and their cognate recognition sequences, include 
Factor Xa, thrombin and enterokinase. 

[0097] Typical fusion expression vectors include pGEX 
(Pharmacia Biotech Inc; Smith, D. B. and Johnson, K. S. 
(1988) Gene 67:31-40), pMAL (NeW England Biolabs, 
Beverly, Mass.) and pRIT5 (Pharmacia, Piscataway, NJ 
Which fuse glutathione S-transferase (GST), maltose E bind 
ing protein, or protein A, respectively, to the target recom 
binant protein. In one embodiment, the coding sequence of 
the MP protein is cloned into a pGEX expression vector to 
create a vector encoding a fusion protein comprising, from 
the N-terminus to the C-terminus, GST-thrombin cleavage 
site-X protein. The fusion protein can be puri?ed by affinity 
chromatography using glutathione-agarose resin. Recombi 
nant MP protein unfused to GST can be recovered by 
cleavage of the fusion protein With thrombin. 

[0098] Examples of suitable inducible non-fusion E. coli 
expression vectors include pTrc (Amann et al., (1988) Gene 
69:301-315) pLG338, pACYC184, pBR322, pUC18, 
pUC19, pKC30, pRep4, pHS1, pHS2, pPLc236, pMBL24, 
pLG200, pUR290, pIN-III113-B1, )tgt11, pBdCl, and pET 
11d (Studier et al., Gene Expression Technology: Methods in 
Enzymology 185, Academic Press, San Diego, Calif. (1990) 
60-89; and PouWels et al., eds. (1985) Cloning Vectors. 
Elsevier: NeW York IBSN 0 444 904018). Target gene 
expression from the pTrc vector relies on host RNA poly 
merase transcription from a hybrid trp-lac fusion promoter. 
Target gene expression from the pET 11d vector relies on 
transcription from a T7 gn10-lac fusion promoter mediated 
by a coexpressed viral RNApolymerase (T7 gn1). This viral 
polymerase is supplied by host strains BL21(DE3) or 
HMS174(DE3) from a resident )» prophage harboring a T7 
gn1 gene under the transcriptional control of the lacUV 5 
promoter. For transformation of other varieties of bacteria, 
appropriate vectors may be selected. For example, the 
plasmids pIJ 101, pIJ364, pIJ702 and pIJ361 are knoWn to be 
useful in transforming Streptomyces, While plasmids 
pUB110, pC194, or pBD214 are suited for transformation of 
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Bacillus species. Several plasmids of use in the transfer of 
genetic information into Corynebacterium include 
pHM1519, pBL1, pSA77, or pAJ667 (PouWels et al., eds. 
(1985) Cloning Vectors. Elsevier: NeW York IBSN 0 444 
904018). 
[0099] One strategy to maximiZe recombinant protein 
expression is to express the protein in a host bacteria With an 
impaired capacity to proteolytically cleave the recombinant 
protein (Gottesman, S., Gene Expression Technology: Meth 
ods in Enzymology 185, Academic Press, San Diego, Calif. 
(1990)119-128). Another strategy is to alter the nucleic acid 
sequence of the nucleic acid to be inserted into an expression 
vector so that the individual codons for each amino acid are 
those preferentially utiliZed in the bacterium chosen for 
expression, such as C. glutamicum (Wada et al. (1992) 
NucleicAcia's Res. 20:2111-2118). Such alteration of nucleic 
acid sequences of the invention can be carried out by 
standard DNA synthesis techniques. 

[0100] In another embodiment, the MP protein expression 
vector is a yeast expression vector. Examples of vectors for 
expression in yeast S. cerevisiae include pYepSec1 (Baldari, 
et al., (1987) Embo J. 6:229-234),, 2n, pAG-1, Yep6, Yep13, 
pEMBLYe23, pMFa (Kurjan and HerskoWitZ, (1982) Cell 
30:933-943), pJRY88 (SchultZ et al., (1987) Gene 54:113 
123), and pYES2 (Invitrogen Corporation, San Diego, 
Calif.). Vectors and methods for the construction of vectors 
appropriate for use in other fungi, such as the ?lamentous 
fungi, include those detailed in: van den Hondel, C.A.M.J.J. 
& Punt, P. J. (1991) “Gene transfer systems and vector 
development for ?lamentous fungi, in: Applied Molecular 
Genetics of Fungi, J. F. Peberdy, et al., eds., p. 1-28, 
Cambridge University Press: Cambridge, and PouWels et al, 
eds. (1985) Cloning Vectors. Elsevier: NeW York (IBSN 0 
444 904018). 
[0101] Alternatively, the MP proteins of the invention can 
be expressed in insect cells using baculovirus expression 
vectors. Baculovirus vectors available for expression of 
proteins in cultured insect cells (e.g., Sf 9 cells) include the 
pAc series (Smith et al. (1983) Mol. Cell Biol. 3:2156-2165) 
and the pVL series (LuckloW and Summers (1989) Wrology 
170:31-39). 
[0102] In another embodiment, the MP proteins of the 
invention may be expressed in unicellular plant cells (such 
as algae) or in plant cells from higher plants (e.g., the 
spermatophytes, such as crop plants). Examples of plant 
expression vectors include those detailed in: Becker, D., 
Kemper, E., Schell, J. and Masterson, R. (1992) “New plant 
binary vectors With selectable markers located proximal to 
the left border”,Plant Mol. Biol. 20: 1195-1197; and Bevan, 
M. W. (1984) “Binary Agrobacterium vectors for plant 
transformation”, Nuc. Acid. Res. 12: 8711-8721, and include 
pLGV23, pGHlac+, pBIN19, pAK2004, and pDH51 (Pou 
Wels et al., eds. (1985) Cloning Vectors. Elsevier: NeW York 
IBSN 0 444 904018). 

[0103] In yet another embodiment, a nucleic acid of the 
invention is expressed in mammalian cells using a mamma 
lian expression vector. Examples of mammalian expression 
vectors include pCDM8 (Seed, B. (1987) Nature 3291840) 
and pMT2PC (Kaufman et al. (1987) EMBO J. 6:187-195). 
When used in mammalian cells, the expression vector’s 
control functions are often provided by viral regulatory 
elements. For example, commonly used promoters are 
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derived from polyoma, Adenovirus 2, cytomegalovirus and 
Simian Virus 40. For other suitable expression systems for 
both prokaryotic and eukaryotic cells see chapters 16 and 17 
of Sambrook, J ., Fritsh, E. F., and Maniatis, T. Molecular 
Cloning: A Laboratory Manual. 2“, ed., Cold Spring Har 
bor Laboratory, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY, 1989. 

[0104] In another embodiment, the recombinant mamma 
lian expression vector is capable of directing expression of 
the nucleic acid preferentially in a particular cell type (e.g., 
tissue-speci?c regulatory elements are used to express the 
nucleic acid). Tissue-speci?c regulatory elements are knoWn 
in the art. Non-limiting examples of suitable tissue-speci?c 
promoters include the albumin promoter (liver-speci?c; 
Pinkert et al. (1987) Genes Dev. 1:268-277), lymphoid 
speci?c promoters (Calame and Eaton (1988)Adv. Immunol. 
43:235-275), in particular promoters of T cell receptors 
(Winoto and Baltimore (1989) EMBO J. 8729-733) and 
immunoglobulins (Banerji et al. (1983) Cell 33:729-740; 
Queen and Baltimore (1983) Cell 33:741-748), neuron 
speci?c promoters (e.g., the neuro?lament promoter; Byrne 
and Ruddle (1989) PNAS 86:5473-5477), pancreas-speci?c 
promoters (Edlund et al. (1985) Science 230:912-916), and 
mammary gland-speci?c promoters (e.g., milk Whey pro 
moter; US. Pat. No. 4,873,316 and European Application 
Publication No. 264,166). Developmentally-regulated pro 
moters are also encompassed, for example the murine hox 
promoters (Kessel and Gruss (1990) Science 249:374-379) 
and the ot-fetoprotein promoter (Campes and Tilghman 
(1989) Genes Dev. 3:537-546). 

[0105] The invention further provides a recombinant 
expression vector comprising a DNA molecule of the inven 
tion cloned into the expression vector in an antisense ori 
entation. That is, the DNA molecule is operatively linked to 
a regulatory sequence in a manner Which alloWs for expres 
sion (by transcription of the DNA molecule) of an RNA 
molecule Which is antisense to MP mRNA. Regulatory 
sequences operatively linked to a nucleic acid cloned in the 
antisense orientation can be chosen Which direct the con 
tinuous expression of the antisense RNA molecule in a 
variety of cell types, for instance viral promoters and/or 
enhancers, or regulatory sequences can be chosen Which 
direct constitutive, tissue speci?c or cell type speci?c 
expression of antisense RNA. The antisense expression 
vector can be in the form of a recombinant plasmid, 
phagemid or attenuated virus in Which antisense nucleic 
acids are produced under the control of a high ef?ciency 
regulatory region, the activity of Which can be determined 
by the cell type into Which the vector is introduced. For a 
discussion of the regulation of gene expression using anti 
sense genes see Weintraub, H. et al., Antisense RNA as a 
molecular tool for genetic analysis, Reviews—Trena's in 
Genetics, Vol. 1(1) 1986. 

[0106] Another aspect of the invention pertains to host 
cells into Which a recombinant expression vector of the 
invention has been introduced. The terms “host cell” and 
“recombinant host cell” are used interchangeably herein. It 
is understood that such terms refer not only to the particular 
subject cell but to the progeny or potential progeny of such 
a cell. Because certain modi?cations may occur in succeed 
ing generations due to either mutation or environmental 
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in?uences, such progeny may not, in fact, be identical to the 
parent cell, but are still included Within the scope of the term 
as used herein. 

[0107] A host cell can be any prokaryotic or eukaryotic 
cell. For example, an MP protein can be expressed in 
bacterial cells such as C. glutamicum, insect cells, yeast or 
mammalian cells (such as Chinese hamster ovary cells 
(CHO) or COS cells). Other suitable host cells are knoWn to 
those of ordinary skill in the art. Microorganisms related to 
Corynebacterium glutamicum Which may be conveniently 
used as host cells for the nucleic acid and protein molecules 
of the invention are set forth in Table 3. 

[0108] Vector DNA can be introduced into prokaryotic or 
eukaryotic cells via conventional transformation or trans 
fection techniques. As used herein, the terms “transforma 
tion” and “transfection”, “conjugation” and “transduction” 
are intended to refer to a variety of art-recogniZed tech 
niques for introducing foreign nucleic acid (e.g., linear DNA 
or RNA (e.g., a lineariZed vector or a gene construct alone 

Without a vector) or nucleic acid in the form of a vector (e. g., 
a plasmid, phage, phasmid, phagemid, transposon or other 
DNA) into a host cell, including calcium phosphate or 
calcium chloride co-precipitation, DEAE-dextran-mediated 
transfection, lipofection, natural competence, chemical-me 
diated transfer, or electroporation. Suitable methods for 
transforming or transfecting host cells can be found in 
Sambrook, et al. (Molecular C loning:A Laboratory Manual. 
2nd, ed., Cold Spring Harbor Laboratory, Cold Spring Har 
bor Laboratory Press, Cold Spring Harbor, NY, 1989), and 
other laboratory manuals. 

[0109] For stable transfection of mammalian cells, it is 
knoWn that, depending upon the expression vector and 
transfection technique used, only a small fraction of cells 
may integrate the foreign DNA into their genome. In order 
to identify and select these integrants, a gene that encodes a 
selectable marker (e.g., resistance to antibiotics) is generally 
introduced into the host cells along With the gene of interest. 
Preferred selectable markers include those Which confer 
resistance to drugs, such as G418, hygromycin and meth 
otrexate. Nucleic acid encoding a selectable marker can be 
introduced into a host cell on the same vector as that 
encoding an MP protein or can be introduced on a separate 
vector. Cells stably transfected With the introduced nucleic 
acid can be identi?ed by drug selection (e.g., cells that have 
incorporated the selectable marker gene Will survive, While 
the other cells die). 

[0110] To create a homologous recombinant microorgan 
ism, a vector is prepared Which contains at least a portion of 
an MP gene into Which a deletion, addition or substitution 
has been introduced to thereby alter, e.g., functionally dis 
rupt, the MP gene. Preferably, this MP gene is a Coryne 
bacterium glutamicum MP gene, but it can be a homologue 
from a related bacterium or even from a mammalian, yeast, 
or insect source. In a preferred embodiment, the vector is 
designed such that, upon homologous recombination, the 
endogenous MP gene is functionally disrupted (ie., no longer 
encodes a functional protein; also referred to as a “knock 
out” vector). Alternatively, the vector can be designed such 
that, upon homologous recombination, the endogenous MP 
gene is mutated or otherWise altered but still encodes 
functional protein (e.g., the upstream regulatory region can 
be altered to thereby alter the expression of the endogenous 
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MP protein). In the homologous recombination vector, the 
altered portion of the MP gene is ?anked at its 5‘ and 3‘ ends 
by additional nucleic acid of the MP gene to alloW for 
homologous recombination to occur betWeen the exogenous 
MP gene carried by the vector and an endogenous MP gene 
in a microorganism. The additional ?anking MP nucleic acid 
is of sufficient length for successful homologous recombi 
nation With the endogenous gene. Typically, several kilo 
bases of ?anking DNA (both at the 5‘ and 3‘ ends) are 
included in the vector (see e.g., Thomas, K. R., and Capec 
chi, M. R. (1987) Cell 51: 503 for a description of homolo 
gous recombination vectors). The vector is introduced into a 
microorganism (e.g., by electroporation) and cells in Which 
the introduced MP gene has homologously recombined With 
the endogenous MP gene are selected, using art-knoWn 
techniques. 

[0111] In another embodiment, recombinant microorgan 
isms can be produced Which contain selected systems Which 
alloW for regulated eXpression of the introduced gene. For 
eXample, inclusion of an MP gene on a vector placing it 
under control of the lac operon permits eXpression of the MP 
gene only in the presence of IPTG. Such regulatory systems 
are Well knoWn in the art. 

[0112] In another embodiment, an endogenous MP gene in 
a host cell is disrupted (e.g., by homologous recombination 
or other genetic means knoWn in the art) such that expres 
sion of its protein product does not occur. In another 
embodiment, an endogenous or introduced MP gene in a 
host cell has been altered by one or more point mutations, 
deletions, or inversions, but still encodes a functional MP 
protein. In still another embodiment, one or more of the 
regulatory regions (e. g., a promoter, repressor, or inducer) of 
an MP gene in a microorganism has been altered (e.g., by 
deletion, truncation, inversion, or point mutation) such that 
the eXpression of the MP gene is modulated. One of ordinary 
skill in the art Will appreciate that host cells containing more 
than one of the described MP gene and protein modi?cations 
may be readily produced using the methods of the invention, 
and are meant to be included in the present invention. 

[0113] A host cell of the invention, such as a prokaryotic 
or eukaryotic host cell in culture, can be used to produce (i. 
e., eXpress) an MP protein. Accordingly, the invention 
further provides methods for producing MP proteins using 
the host cells of the invention. In one embodiment, the 
method comprises culturing the host cell of invention (into 
Which a recombinant eXpression vector encoding an MP 
protein has been introduced, or into Which genome has been 
introduced a gene encoding a Wild-type or altered MP 
protein) in a suitable medium until MP protein is produced. 
In another embodiment, the method further comprises iso 
lating MP proteins from the medium or the host cell. 

[0114] C. Isolated MP Proteins 

[0115] Another aspect of the invention pertains to isolated 
MP proteins, and biologically active portions thereof. An 
“isolated” or “puri?ed” protein or biologically active portion 
thereof is substantially free of cellular material When pro 
duced by recombinant DNA techniques, or chemical pre 
cursors or other chemicals When chemically synthesiZed. 
The language “substantially free of cellular material” 
includes preparations of MP protein in Which the protein is 
separated from cellular components of the cells in Which it 
is naturally or recombinantly produced. In one embodiment, 
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the language “substantially free of cellular material” 
includes preparations of MP protein having less than about 
30% (by dry Weight) of non-MP protein (also referred to 
herein as a “contaminating protein”), more preferably less 
than about 20% of non-MP protein, still more preferably less 
than about 10% of non-MP protein, and most preferably less 
than about 5% non-MP protein. When the MP protein or 
biologically active portion thereof is recombinantly pro 
duced, it is also preferably substantially free of culture 
medium, i.e., culture medium represents less than about 
20%, more preferably less than about 10%, and most pref 
erably less than about 5% of the volume of the protein 
preparation. The language “substantially free of chemical 
precursors or other chemicals” includes preparations of MP 
protein in Which the protein is separated from chemical 
precursors or other chemicals Which are involved in the 
synthesis of the protein. In one embodiment, the language 
“substantially free of chemical precursors or other chemi 
cals” includes preparations of MP protein having less than 
about 30% (by dry Weight) of chemical precursors or 
non-MP chemicals, more preferably less than about 20% 
chemical precursors or non-MP chemicals, still more pref 
erably less than about 10% chemical precursors or non-MP 
chemicals, and most preferably less than about 5% chemical 
precursors or non-MP chemicals. In preferred embodiments, 
isolated proteins or biologically active portions thereof lack 
contaminating proteins from the same organism from Which 
the MP protein is derived. Typically, such proteins are 
produced by recombinant expression of, for eXample, a C. 
glutamicum MP protein in a microorganism such as C. 
glutamicum. 

[0116] An isolated MP protein or a portion thereof of the 
invention can catalyZe an enZymatic reaction in an amino 

acid, vitamin, cofactor, nutraceutical, nucleotide, nucleo 
side, or trehalose metabolic pathWay, or has one or more of 
the activities set forth in Table 1. In preferred embodiments, 
the protein or portion thereof comprises an amino acid 
sequence Which is sufficiently homologous to an amino acid 
sequence of the invention (e.g., a sequence of an even 
numbered SEQ ID NO: of the Sequence Listing) such that 
the protein or portion thereof maintains the ability to cata 
lyZe an enZymatic reaction in an amino acid, vitamin, 
cofactor, nutraceutical, nucleotide, nucleoside, or trehalose 
metabolic pathWay. The portion of the protein is preferably 
a biologically active portion as described herein. In another 
preferred embodiment, an MP protein of the invention has an 
amino acid sequence set forth as an even-numbered SEQ ID 
NO: of the Sequence Listing. In yet another preferred 
embodiment, the MP protein has an amino acid sequence 
Which is encoded by a nucleotide sequence Which hybrid 
iZes, e.g., hybridiZes under stringent conditions, to a nucle 
otide sequence of the invention (e.g., a sequence of an 
odd-numbered SEQ ID NO: of the Sequence Listing). In still 
another preferred embodiment, the MP protein has an amino 
acid sequence Which is encoded by a nucleotide sequence 
that is at least about 50%, 51%, 52%, 53%, 54%, 55%, 56%, 
57%, 58%, 59%, or 60%, preferably at least about 61%, 
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, or 70%, more 
preferably at least about 71%, 72%, 73%, 74%, 75%, 76%, 
77%, 78%, 79%, or 80%, 81%, 82%, 83%, 84%, 85%, 86%, 
87%, 88%, 89%, or 90%, or 91%, 92%, 93%, 94%, and even 
more preferably at least about 95%, 96%, 97%, 98%, 99%, 
99.7% or more homologous to one of the nucleic acid 
sequences of the invention, or a portion thereof. Ranges and 
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identity values intermediate to the above-recited values, 
(e.g., 70-90% identical or 80-95% identical) are also 
intended to be encompassed by the present invention. For 
example, ranges of identity values using a combination of 
any of the above values recited as upper and/or loWer limits 
are intended to be included. The preferred MP proteins of the 
present invention also preferably possess at least one of the 
MP activities described herein. For example, a preferred MP 
protein of the present invention includes an amino acid 
sequence encoded by a nucleotide sequence Which hybrid 
iZes, e.g., hybridiZes under stringent conditions, to a nucle 
otide sequence of the invention, and Which can catalyZe an 
enZymatic reaction in an amino acid, vitamin, cofactor, 
nutraceutical, nucleotide, nucleoside, or trehalose metabolic 
pathWay, or Which has one or more of the activities set forth 
in Table 1. 

[0117] In other embodiments, the MP protein is substan 
tially homologous to an amino acid sequence of the inven 
tion (e.g., a sequence of an even-numbered SEQ ID NO: of 
the Sequence Listing) and retains the functional activity of 
the protein of one of the amino acid sequences of the 
invention yet differs in amino acid sequence due to natural 
variation or mutagenesis, as described in detail in subsection 
I above. Accordingly, in another embodiment, the MP pro 
tein is a protein Which comprises an amino acid sequence 
Which is at least about 50%, 51%, 52%, 53%, 54%, 55%, 
56%, 57%, 58%, 59%, or 60%, preferably at least about 
61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, or 70%, 
more preferably at least about 71%, 72%, 73%, 74%, 75%, 
76%, 77%, 78%, 79%, or 80%, 81%, 82%, 83%, 84%, 85%, 
86%, 87%, 88%, 89%, or 90%, or 91%, 92%, 93%, 94%, 
and even more preferably at least about 95%, 96%, 97%, 
98%, 99%, 99.7% or more homologous to an entire amino 
acid sequence of the invention and Which has at least one of 
the MP activities described herein. Ranges and identity 
values intermediate to the above-recited values, (e.g., 
70-90% identical or 80-95% identical) are also intended to 
be encompassed by the present invention. For example, 
ranges of identity values using a combination of any of the 
above values recited as upper and/or loWer limits are 
intended to be included. In another embodiment, the inven 
tion pertains to a full length C. glutamicum protein Which is 
substantially homologous to an entire amino acid sequence 
of the invention. 

[0118] Biologically active portions of an MP protein 
include peptides comprising amino acid sequences derived 
from the amino acid sequence of an MP protein, e.g., an 
amino acid sequence of an even-numbered SEQ ID NO: of 
the Sequence Listing or the amino acid sequence of a protein 
homologous to an MP protein, Which include feWer amino 
acids than a full length MP protein or the full length protein 
Which is homologous to an MP protein, and exhibit at least 
one activity of an MP protein. Typically, biologically active 
portions (peptides, e.g., peptides Which are, for example, 5, 
10, 15, 20, 30, 35, 36, 37, 38, 39, 40, 50, 100 or more amino 
acids in length) comprise a domain or motif With at least one 
activity of an MP protein. Moreover, other biologically 
active portions, in Which other regions of the protein are 
deleted, can be prepared by recombinant techniques and 
evaluated for one or more of the activities described herein. 
Preferably, the biologically active portions of an MP protein 
include one or more selected domains/motifs or portions 
thereof having biological activity. 
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[0119] MP proteins are preferably produced by recombi 
nant DNA techniques. For example, a nucleic acid molecule 
encoding the protein is cloned into an expression vector (as 
described above), the expression vector is introduced into a 
host cell (as described above) and the MP protein is 
expressed in the host cell. The MP protein can then be 
isolated from the cells by an appropriate puri?cation scheme 
using standard protein puri?cation techniques. Alternative to 
recombinant expression, an MP protein, polypeptide, or 
peptide can be synthesiZed chemically using standard pep 
tide synthesis techniques. Moreover, native MP protein can 
be isolated from cells (e.g., endothelial cells), for example 
using an anti-MP antibody, Which can be produced by 
standard techniques utiliZing an MP protein or fragment 
thereof of this invention. 

[0120] The invention also provides MP chimeric or fusion 
proteins. As used herein, an MP “chimeric protein” or 
“fusion protein” comprises an MP polypeptide operatively 
linked to a non-MP polypeptide. An “MP polypeptide” refers 
to a polypeptide having an amino acid sequence correspond 
ing to MP, Whereas a “non-MP polypeptide” refers to a 
polypeptide having an amino acid sequence corresponding 
to a protein Which is not substantially homologous to the MP 
protein, e.g., a protein Which is different from the MP protein 
and Which is derived from the same or a different organism. 
Within the fusion protein, the term “operatively linked” is 
intended to indicate that the MP polypeptide and the non-MP 
polypeptide are fused in-frame to each other. The non-MP 
polypeptide can be fused to the N-terminus or C-terminus of 
the MP polypeptide. For example, in one embodiment the 
fusion protein is a GST-MP fusion protein in Which the MP 
sequences are fused to the C-terminus of the GST sequences. 
Such fusion proteins can facilitate the puri?cation of recom 
binant MP proteins. In another embodiment, the fusion 
protein is an MP protein containing a heterologous signal 
sequence at its N-terminus. In certain host cells (e.g., 
mammalian host cells), expression and/or secretion of an 
MP protein can be increased through use of a heterologous 
signal sequence. 

[0121] Preferably, an MP chimeric or fusion protein of the 
invention is produced by standard recombinant DNA tech 
niques. For example, DNA fragments coding for the differ 
ent polypeptide sequences are ligated together in-frame in 
accordance With conventional techniques, for example by 
employing blunt-ended or stagger-ended termini for liga 
tion, restriction enZyme digestion to provide for appropriate 
termini, ?lling-in of cohesive ends as appropriate, alkaline 
phosphatase treatment to avoid undesirable joining, and 
enZymatic ligation. In another embodiment, the fusion gene 
can be synthesiZed by conventional techniques including 
automated DNA synthesiZers. Alternatively, PCR ampli? 
cation of gene fragments can be carried out using anchor 
primers Which give rise to complementary overhangs 
betWeen tWo consecutive gene fragments Which can subse 
quently be annealed and reampli?ed to generate a chimeric 
gene sequence (see, for example, Current Protocols in 
Molecular Biology, eds. Ausubel et al. John Wiley & Sons: 
1992). Moreover, many expression vectors are commer 
cially available that already encode a fusion moiety (e.g., a 
GST polypeptide). An MP-encoding nucleic acid can be 
cloned into such an expression vector such that the fusion 
moiety is linked in-frame to the MP protein. 






































































































































































































































































































































































































