
US 20080176296A1 

(12) Patent Application Publication (10) Pub. No.: US 2008/0176296 A1 
(19) United States 

Zelder et al. (43) Pub. Date: Jul. 24, 2008 

(54) GENE CODING FOR GLUCOSE-6- (30) Foreign Application Priority Data 
PHOSPHATE-DEHYDROGENASE PROTEINS 

Nov. 13; 2001 (DE) ............................. .. 101 55 505.9 

(76) Inventors: Oskar Zelder; Speyer (DE); 
Markus Pompejus; Freinsheim Publication Classi?cation 
(DE); HartWig Schroder; Nussloch 
(DE); Burkhard Kroger, (51) 3/08 (2006 01) 
Limburgerhof (DE); Corinna C1 2 N 15”] (200601) 
Kmppmgge’ Mannheim (DE); C12N 15/00 (200601) 
Gregor Haberhauer; Limburgerhof CIZN 5/06 (200601) 
(DE) C12P 1/00 (2006.01) 

Correspondence Addressi (52) us. Cl. ................... .. 435/115; 536/232; 435/320.1; 
LAHIVE & COCKFIELD, LLP 435/325; 435/41 
ONE POST OFFICE SQUARE 
BOSTON MA 02109-2127 

’ (57) ABSTRACT 

(21) App1.No.: 12/055,939 

(22) Filed: Mar. 26, 2008 

Related US. Application Data 

(63) Continuation of application No. 11/787,137; ?led on 
Apr. 13; 2007; Which is a continuation of application 
No. 10/495,291, ?led on May 11; 2004; noW Pat. No. 
7,226,762; ?led as application No. PCT/EP02/12556 
on Nov. 11; 2002. 

The present invention relates to isolated nucleic acid mol 
ecules encoding mutants of glucose-6-phosphate dehydroge 
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lysine. The present invention also relates to methods of pro 
ducing and modulating the production of ?ne chemicals; e. g.; 
lysine; by culturing recombinant microorganisms containing 
these nucleic acid molecules under conditions such that the 
?ne chemical is produced. 
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GENE CODING FOR 
GLUCOSE-6-PHOSPHATE-DEHYDROGENASE 

PROTEINS 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/787,137, ?led Apr. 13, 2007, Which is a 
continuation of US. application Ser. No. 10/495,291, ?led 
May 11, 2004, Which is a 35 USC 371 National stage ?ling 
of International Application No. PCT/EP02/1255 6, ?led Nov. 
11, 2002, Which claims priority to German Application No. 
101 55 505.9, ?led Nov. 13, 2001. The entire contents of each 
of these applications are hereby incorporated by reference 
herein. 

SEQUENCE LISTING 

[0002] This application incorporates herein by reference 
the sequence listing ?led concurrently hereWith, i.e., the ?le 
“seqlist” (24 KB) created on Mar. 20, 2008. 

BACKGROUND OF THE INVENTION 

[0003] Particular products and byproducts of naturally 
occurring metabolic processes in cells are used in many 
branches of industry, including the food industry, the animal 
feed industry, the cosmetics industry and the pharmaceutical 
industry. These molecules Which are collectively referred to 
as “?ne chemicals” comprise organic acids, both proteino 
genic and nonproteinogenic amino acids, nucleotides and 
nucleosides, lipids and fatty acids, diols, carbohydrates, aro 
matic compounds, vitamins, cofactors and enZymes. They are 
best produced by means of cultivating, on a large scale, bac 
teria Which have been developed to produce and secrete large 
amounts of the molecule desired in each particular case. An 
organism Which is particularly suitable for this purpose is 
Corynebaclerium glulamicum, a Gram-positive nonpatho 
genic bacterium. Using strain selection, a number of mutant 
strains have been developed Which produce various desirable 
compounds. The selection of strains Which are improved With 
respect to the production of a particular molecule is, hoWever, 
a time-consuming and dif?cult process. 

BRIEF DESCRIPTION OF THE INVENTION 

[0004] The present invention provides novel nucleic acid 
molecules Which can be used for identifying or classifying 
Corynebaclerium glulamicum or related bacterial species. C. 
glulamicum is a Gram-positive, aerobic bacterium Which is 
Widely used in industry for the large-scale production of a 
number of ?ne chemicals and also for the degradation of 
hydrocarbons (for example in the case of crude oil spills) and 
for the oxidation of terpenoids. The nucleic acid molecules 
may therefore be used for identifying microorganisms Which 
can be used for producing ?ne chemicals, for example by 
fermentation processes. Although C. glulamicum itself is 
nonpathogenic, it is, hoWever, related to other Corynebacte 
rium species such as Corynebaclerium diphleriae (the diph 
theria pathogen), Which are major pathogens in humans. The 
ability to identify the presence of Corynebaclerium species 
may therefore also be of signi?cant clinical importance, for 
example in diagnostic applications. Moreover, said nucleic 
acid molecules may serve as reference points for mapping the 
C. glulamicum genome or genomes of related organisms. 
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[0005] These novel nucleic acid molecules encode proteins 
Which are referred to as glucose-6-phosphate-dehydrogenase 
proteins. 
[0006] Glucose-6-phosphate-dehydrogenase genes from 
Corynebacteria are described, for example, in EP 
1108790A2. HoWever, the genes described therein code for 
polypeptide sequences Which are shorter than those described 
herein according to the invention. The N terminus of the 
glucose-6-phosphate-dehydrogenase described in EP 
1 108790A2 is truncated by 30 amino acids compared With the 
polypeptide sequence claimed herein. 
[0007] MoritZ et al. (Eur. J. Biochemistry 267, 3442-3452, 
2000) describe the isolation of a glucose-6-phosphate-dehy 
drogenase from Corynebaclerium glulamicum. The N-termi 
nal protein sequencing described therein results in a polypep 
tide Which starts With a serine and differs from the protein of 
the invention. 

[0008] The invention relates to novel genes for glucose-6 
pho sphate-dehydrogenase, Which start With the amino acid at 
position 1 or 2, i.e. Val or Ser and Which encode at position 
243 a proteinogenic amino acid Which is not Ala (numbering 
based on SEQ ID NO: 2). 
[0009] Particular preference is given to novel genes for 
glucose-6-phosphate-dehydrogenase, Which start With the 
amino acid at position 1 and encode Thr at position 243 
(numbering based on SEQ ID NO: 2). 
[0010] The nucleic acid molecules of the invention can be 
used for genetic manipulation of an organism in order to make 
it a better and more ef?cient producer of one or more ?ne 
chemicals. The molecules of the invention can be modi?ed so 
as to improve the yield, production and/ or e?iciency of pro 
duction of one or more ?ne chemicals. 

[0011] Furthermore, the molecules of the invention may be 
involved in one or more intracellular signal transduction path 
Ways Which in?uence the yields and/or the rate of production 
of one or more ?ne chemicals from C. glulamicum. Proteins 
Which are required, for example, for importing one or more 
sugars from the extracellular medium (e.g. Hpr, enZyme I or 
a component of the enZyme II complex) are, if a suf?cient 
amount of sugar is present in the cell, frequently posttransla 
tionally modi?ed so that they are no longer able to import said 
sugar. Although the amount of sugar at Which the transport 
system is sWitched off is su?icient for maintaining normal 
cellular functions, it limits overproduction of the ?ne chemi 
cal of interest. It is therefore recommended to modify the 
proteins of the invention so that they no longer respond to 
such a negative regulation. As a result, it is possible to attain 
higher intracellular concentrations of one or more sugars and, 
by extension, a more ef?cient production or higher yields of 
one or more ?ne chemicals from organisms Which contain 
said mutant proteins. 
[0012] Appendix A de?nes hereinbeloW the nucleic acid 
sequences of the sequence listing together With the sequence 
modi?cations at the relevant position, described in Table 1. 

[0013] Appendix B de?nes hereinbeloW the polypeptide 
sequences of the sequence listing together With the sequence 
modi?cations at the relevant position, described in Table 1. 

[0014] In a further embodiment, the isolated nucleic acid 
molecule is at least 15 nucleotides in length and hybridiZes 
under stringent conditions to a nucleic acid molecule Which 
comprises a nucleotide sequence of AppendixA. The isolated 
nucleic acid molecule preferably corresponds to a naturally 
occurring nucleic acid molecule. The isolated nucleic acid 
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more preferably encodes a naturally occurring C. glulamicum 
G6PD protein or a biologically active section thereof. 
[0015] A further aspect of the invention relates to vectors, 
for example recombinant expression vectors, Which contain 
the nucleic acid molecules of the invention and to host cells 
into Which said vectors have been introduced. In one embodi 
ment, a G6PD protein is prepared by using a host cell Which 
is cultivated in a suitable medium. The G6PD protein may 
then be isolated from the medium or the host cell. 
[0016] A further aspect of the invention relates to a geneti 
cally modi?ed microorganism into Which a G6PD gene has 
been introduced or in Which a G6PD gene has been modi?ed. 
In one embodiment, the genome of said microorganism has 
been modi?ed by introducing at least one inventive nucleic 
acid molecule Which encodes the mutated G6PD sequence as 
transgene. In another embodiment, an endogenous G6PD 
gene in the genome of said microorganism has been modi?ed, 
for example, functionally disrupted, by homologous recom 
bination With a modi?ed G6PD gene. In a preferred embodi 
ment, the microorganism belongs to the genus Corynebacle 
rium or Brevibaclerium, With Corynebaclerium glulamicum 
being particularly preferred. In a preferred embodiment, the 
microorganism is also used for preparing a compound of 
interest, such as an amino acid, particularly preferably lysine. 
[0017] Another preferred embodiment are ho st cells having 
more than one of the nucleic acid molecules described in 
Appendix A. Such host cells can be prepared in various Ways 
knoWn to the skilled Worker. They may be transfected, for 
example, by vectors carrying several of the nucleic acid mol 
ecules of the invention. HoWever, it is also possible to use a 
vector for introducing in each case one nucleic acid molecule 
of the invention into the host cell and therefore to use a 
plurality of vectors either simultaneously or sequentially. 
Thus it is possible to construct host cells Which carry numer 
ous, up to several hundred, nucleic acid sequences of the 
invention. Such an accumulation can often produce superad 
ditive effects on the host cell With respect to ?ne-chemical 
productivity. 
[0018] A further aspect of the invention relates to an iso 
lated G6PD protein or a section thereof, for example a bio 
logically active section. In a preferred embodiment, the iso 
lated G6PD protein or its section may be involved in 
importing energy-rich carbon molecules (e.g. glucose, fruc 
tose or sucrose) into C. glulamicum and, moreover, in one or 
more intracellular signal transduction pathWays of C. 
glulamicum. In another preferred embodiment, the isolated 
G6PD protein or a section thereof is suf?ciently homologous 
to an amino acid sequence of Appendix B so that the protein 
or its section is still capable of taking part in importing 
energy-rich carbon molecules (e.g. glucose, fructose or 
sucrose) into C. glulamicum and/or in one or more intracel 
lular signal transduction pathWays of C. glulamicum. 
[0019] Moreover, the invention relates to an isolated glu 
cose-6-phosphate-dehydrogenase protein preparation. In pre 
ferred embodiments, the glucose-6-phosphate-dehydroge 
nase (G6PD) protein comprises an amino acid sequence of 
Appendix B. In a further preferred embodiment, the invention 
relates to an isolated full-length protein Which is essentially 
homologous to a complete amino acid sequence of Appendix 
B (Which is encoded by an open reading frame in Appendix 
A). 
[0020] A further aspect of the invention relates to a method 
for preparing a ?ne chemical. The method provides for the 
cultivation of a cell containing a vector Which causes expres 
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sion of a nucleic acid molecule of the invention so that a ?ne 
chemical is produced. In a preferred embodiment, this 
method moreover comprises the step of obtaining a cell con 
taining such a vector, said cell being transfected With a vector 
Which causes expression of a nucleic acid. In a further pre 
ferred embodiment, said method moreover comprises the step 
in Which the ?ne chemical is obtained from the culture. In a 
preferred embodiment, the cell belongs to the genus Coryne 
bacterium or Brevibaclerium. 

I. Fine Chemicals 

[0021] The term “?ne chemicals” is knoWn in the art and 
includes molecules Which are produced by an organism and 
are used in various branches of industry such as, for example, 
but not restricted to, the pharmaceutical industry, the agricul 
tural industry and the cosmetics industry. These compounds 
comprise organic acids such as tartaric acid, itaconic acid and 
diaminopimelic acid, both proteinogenic and nonproteino 
genic amino acids, purine and pyrimidine bases, nucleosides 
and nucleotides (as described, for example, in Kuninaka, A. 
(1996) Nucleotides and related compounds, pp. 561-612, in 
Biotechnology Vol. 6, Rehm et al., Editors VCH: Weinheim 
and the references therein), lipids, saturated and unsaturated 
fatty acids (eg arachidonic acid), diols (e.g. propanediol and 
butanediol), carbohydrates (e.g. hyaluronic acid and treha 
lose), aromatic compounds (eg aromatic amines, vanilline 
and indigo), vitamins and cofactors (as described in Ull 
mann’s Encyclopedia of Industrial Chemistry, Vol. A27, 
“V1tamins”, pp. 443-613 (1996) VCH: Weinheim and the 
references therein; and Ong, A. S., Niki, E. and Packer, L. 
(1995) “Nutrition, Lipids, Health and Disease” Proceedings 
of the UNESCO/ Confederation of Scienti?c and Technologi 
cal Associations in Malaysia and the Society for Free Radical 
ResearchiAsia, held Sep. 1-3, 1994 in Penang, Malaysia, 
AOCS Press (1995)), enZymes and all other chemicals 
described by Gutcho (1983) in Chemicals by Fermentation, 
Noyes Data Corporation, ISBN: 0818805086 and the refer 
ences indicated therein. The metabolism and the uses of par 
ticular ?ne chemicals are further illustrated beloW. 

A. Amino Acid Metabolism and Uses 

[0022] Amino acids comprise the fundamental structural 
units of all proteins and are thus essential for normal functions 
of the cell. The term “amino acid” is knoWn in the art. Pro 
teinogenic amino acids, of Which there are 20 types, serve as 
structural units for proteins, in Which they are linked together 
by peptide bonds, Whereas the nonproteinogenic amino acids 
(hundreds of Which are knoWn) usually do not occur in pro 
teins (see Ullmann’s Encyclopedia of Industrial Chemistry, 
Vol. A2, pp. 57-97 VCH: Weinheim (1985)). Amino acids can 
exist in the D or L con?guration, although L-amino acids are 
usually the only type found in naturally occurring proteins. 
Biosynthetic and degradation pathWays of each of the 20 
proteinogenic amino acids are Well characterized both in 
prokaryotic and eukaryotic cells (see, for example, Stryer, L. 
Biochemistry, 3rd edition, pp. 578-590 (1988)). The “essen 
tial” amino acids (histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine, threonine, tryptophan and 
valine), so called because, oWing to the complexity of their 
biosyntheses, they must be taken in With the diet, are con 
verted by simple biosynthetic pathWays into the other 11 
“nonessential” amino acids (alanine, arginine, asparagine, 
aspartate, cysteine, glutamate, glutamine, glycine, proline, 
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serine and tyrosine). Higher animals are able to synthesize 
some of these amino acids but the essential amino acids must 
be taken in With the food in order that normal protein synthe 
sis takes place. 
[0023] Apart from their function in protein biosynthesis, 
these amino acids are interesting chemicals as such, and it has 
been found that many have various applications in the human 
food, animal feed, chemicals, cosmetics, agricultural and 
pharmaceutical industries. Lysine is an important amino acid 
not only for human nutrition but also for monogastric live 
stock such as poultry and pigs. Glutamate is most frequently 
used as ?avor additive (monosodium glutamate, MSG) and 
elseWhere in the food industry, as are aspartate, phenylala 
nine, glycine and cysteine. Glycine, L-methionine and tryp 
tophan are all used in the pharmaceutical industry. 
Glutamine, valine, leucine, isoleucine, histidine, arginine, 
proline, serine and alanine are used in the pharmaceutical 
industry and the cosmetics industry. Threonine, tryptophan 
and D/L-methionine are Widely used animal feed additives 
(Leuchtenberger, W. (1996) Amino acidsitechnical produc 
tion and use, pp. 466-502 in Rehm et al., (editors) Biotech 
nology Vol. 6, Chapter 14a, VCH: Weinheim). It has been 
found that these amino acids are additionally suitable as pre 
cursors for synthesizing synthetic amino acids and proteins, 
such as N-acetylcysteine, S-carboxymethyl-L-cysteine, (S) 
5-hydroxytryptophan and other substances described in Ull 
mann’s Encyclopedia of Industrial Chemistry, Vol. A2, pp. 
57-97, VCH, Weinheim, 1985. 
[0024] The biosynthesis of these natural amino acids in 
organisms able to produce them, for example bacteria, has 
been Well characterized (for a revieW of bacterial amino acid 
biosynthesis and its regulation, see Umbarger, H. E. (1978) 
Ann. Rev. Biochem. 47: 533-606). Glutamate is synthesized 
by reductive amination of ot-ketoglutarate, an intermediate 
product in the citric acid cycle. Glutamine, proline and argi 
nine are each generated successively from glutamate. The 
biosynthesis of serine takes place in a three-step process and 
starts With 3-phosphoglycerate (an intermediate product of 
glycolysis), and affords this amino acid after oxidation, tran 
samination and hydrolysis steps. Cysteine and glycine are 
each produced from serine, speci?cally the former by con 
densation of homocysteine With serine, and the latter by trans 
fer of the side-chain [3-carbon atom to tetrahydrofolate in a 
reaction catalyzed by serine transhydroxymethylase. Pheny 
lalanine and tyrosine are synthesized from the precursors of 
the glycolysis and pento se phosphate pathWay, and erythrose 
4-phosphate and phosphoenolpyruvate in a 9-step biosyn 
thetic pathWay Which diverges only in the last tWo steps after 
the synthesis of prephenate. Tryptophan is likeWise produced 
from these tWo starting molecules but it is synthesized by an 
1 1-step pathWay. Tyrosine can also be prepared from pheny 
lalanine in a reaction catalyzed by phenylalanine hydroxy 
lase. Alanine, valine and leucine are each biosynthetic prod 
ucts derived from pyruvate, the ?nal product of glycolysis. 
Aspar‘tate is formed from oxalacetate, an intermediate prod 
uct of the citrate cycle. Asparagine, methionine, threonine 
and lysine are each produced by the conversion of aspartate. 
Isoleucine is formed from threonine. Histidine is formed from 
5-phosphoribosyl 1-pyrophosphate, an activated sugar, in a 
complex 9-step pathWay. 
[0025] Amounts of amino acids exceeding those required 
for protein biosynthesis by the cell cannot be stored and are 
instead broken doWn so that intermediate products are pro 
vided for the principal metabolic pathWays in the cell (for a 
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revieW, see Stryer, L., Biochemistry, 3rd edition, Chapter 21 
“Amino Acid Degradation and the Urea Cycle”; pp. 495-516 
(1988)). Although the cell is able to convert unWanted amino 
acids into the useful intermediate products of metabolism, 
production of amino acids is costly in terms of energy, the 
precursor molecules and the enzymes necessary for their 
synthesis. It is therefore not surprising that amino acid bio 
synthesis is regulated by feedback inhibition, Whereby the 
presence of a particular amino acid sloWs doWn or completely 
stops its oWn production (for a revieW of the feedback mecha 
nism in amino acid biosynthetic pathWays, see Stryer, L., 
Biochemistry, 3rd edition, Chapter 24, “Biosynthesis of 
Amino Acids and Heme”, pp. 575-600 (1988)). The output of 
a particular amino acid is therefore restricted by the amount of 
this amino acid in the cell. 

B. Vitamins, Cofactors and Nutraceutical Metabolism, and 
Uses 

[0026] Vitamins, cofactors and nutraceuticals comprise 
another group of molecules. Higher animals have lost the 
ability to synthesize them and therefore have to take them in, 
although they are easily synthesized by other organisms such 
as bacteria. These molecules are either bioactive molecules 
per se or precursors of bioactive substances Which serve as 
electron carriers or intermediate products in a number of 
metabolic pathWays. Besides their nutritional value, these 
compounds also have a signi?cant industrial value as colo 
rants, antioxidants and catalysts or other processing auxilia 
ries. (For a revieW of the structure, activity and industrial 
applications of these compounds, see, for example, Ull 
mann’s Encyclopedia of Industrial Chemistry, “Vitamins”, 
Vol. A27, pp. 443-613, VCH: Weinheim, 1996). The term 
“vitamin” is knoWn in the art and comprises nutrients Which 
are required for normal functional of an organism but cannot 
be synthesized by this organism itself. The group of vitamins 
may include cofactors and nutraceutical compounds. The 
term “cofactor” comprises nonproteinaceous compounds 
necessary for the appearance of a normal enzymic activity. 
These compounds may be organic or inorganic; the cofactor 
molecules of the invention are preferably organic. The term 
“nutraceutical” comprises food additives Which are health 
promoting in plants and animals, especially humans. 
Examples of such molecules are vitamins, antioxidants and 
likeWise certain lipids (e.g. polyunsaturated fatty acids). 
[0027] The biosynthesis of these molecules in organisms 
able to produce them, such as bacteria, has been comprehen 
sively characterized (Ullmann’s Encyclopedia of Industrial 
Chemistry, “Vitamins”, Vol. A27, pp. 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. and 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 ResearchiAsia, 
held on Sep. 1-3, 1994, in Penang, Malaysia, AOCS Press, 
Champaign, IL X, 374 S). 
[0028] Thiamine (vitamin B l) is formed by chemical cou 
pling of pyrimidine and thiazole units. Ribo?avin (vitamin 
B2) is synthesized from guanosine 5'-triphosphate (GTP) and 
ribose 5'-phosphate. Ribo?avin in turn is employed for the 
synthesis of ?avin mononucleotide (FMN) and ?avin adenine 
dinucleotide (FAD). The family of compounds together 
referred to as “vitamin B6” (for example pyridoxine, pyri 
doxamine, pyridoxal 5'-phosphate and the commercially used 
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pyridoxine hydrochloride), are all derivatives of the common 
structural unit 5-hydroxy-6-methylpyridine. Panthothenate 
(pantothenic acid, R-(+)-N-(2,4-dihydroxy-3,3-dimethyl-1 
oxobutyl)-[3-alanine) can be prepared either by chemical syn 
thesis or by fermentation. The last steps in pantothenate bio 
synthesis consist of ATP-driven condensation of [3-alanine 
and pantoic acid. The enzymes responsible for the biosyn 
thetic steps for the conversion into pantoic acid and into 
[3-alanine and for the condensation to pantothenic acid are 
knoWn. The metabolically active form of pantothenate is 
coenzyme A Whose biosynthesis takes place by 5 enzymatic 
steps. Pantothenate, pyridoxal 5'-phosphate, cysteine and 
ATP are the precursors of coenzyme A. These enzymes cata 
lyze not only the formation of pantothenate but also the pro 
duction of (R)-pantoic acid, (R)-pantolactone, (R)-panthenol 
(provitamin B5), pantetheine (and its derivatives) and coen 
zyme A. 
[0029] The biosynthesis of biotin from the precursor mol 
ecule pimeloyl-CoA in microorganisms has been investigated 
in detail, and several of the genes involved have been identi 
?ed. It has emerged that many of the corresponding proteins 
are involved in the Fe cluster synthesis and belong to the class 
of nifS proteins. Liponic acid is derived from octanoic acid 
and serves as coenzyme in energy metabolism Where it is a 
constituent of the pyruvate dehydrogenase complex and of 
the ot-ketoglutarate dehydrogenase complex. Folates are a 
group of substances all derived from folic acid Which in turn 
is derived from L-glutamic acid, p-aminobenzoic acid and 
6-methylpterin. The biosynthesis of folic acid and its deriva 
tives starting from the metabolic intermediate products of the 
biotransformation of guanosine 5'-triphosphate (GTP), 
L-glutamic acid and p-aminobenzoic acid has been investi 
gated in detail in certain microorganisms. 
[0030] Corrinoids (such as the cobalamines and, in particu 
lar, vitamin B12) and the porphyrins belong to a group of 
chemicals distinguished by a tetrapyrrole ring system. The 
biosynthesis of vitamin B 12 is so complex that it has not yet 
been completely characterized, but many of the enzymes and 
substrates involved are noW knoWn. Nicotinic acid (nicoti 
nate) and nicotinamide are pyridine derivatives Which are also 
referred to as “niacin”. Niacin is the precursor of the impor 
tant coenzymes NAD (nicotinamide adenine dinucleotide) 
and NADP (nicotinamide adenine dinucleotide phosphate) 
and their reduced forms. 
[0031] Production of these compounds on the industrial 
scale is mostly based on cell-free chemical syntheses, 
although some of these chemicals have likeWise been pro 
duced by large-scale cultivation of microorganisms, such as 
ribo?avin, vitamin B6, pantothenate and biotin. Only vitamin 
B 1 2 is, because of the complexity of its synthesis, produced 
only by fermentation. In vitro processes require a consider 
able expenditure of materials and time and frequently high 
costs. 

C. Purine, Pyrimidine, Nucleoside and Nucleotide Metabo 
lism and Uses 

[0032] Genes for purine and pyrimidine metabolism and 
their corresponding proteins are important aims for the 
therapy of oncoses and viral infections. The term “purine” or 
“pyrimidine” comprises nitrogen-containing bases Which 
form part of nucleic acids, coenzymes and nucleotides. The 
term “nucleotide” encompasses the fundamental structural 
units of nucleic acid molecules, Which comprise a nitrogen 
containing base, a pentose sugar (the sugar is ribose in the 
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case of RNA and the sugar is D-deoxyribose in the case of 
DNA) and phosphoric acid. The term “nucleoside” comprises 
molecules Which serve as precursors of nucleotides but have, 
in contrast to the nucleotides, no phosphoric acid unit. It is 
possible to inhibit RNA and DNA synthesis by inhibiting the 
biosynthesis of these molecules or their mobilization to form 
nucleic acid molecules; targeted inhibition of this activity in 
cancerous cells alloWs the ability of tumor cells to divide and 
replicate to be inhibited. 

[0033] There are also nucleotides Which do not form 
nucleic acid molecules but serve as energy stores (i.e. AMP) 
or as coenzymes (i.e. FAD and NAD). 

[0034] Several publications have described the use of these 
chemicals for these medical indications, the purine and/or 
pyrimidine metabolism being in?uenced (for example Chris 
topherson, R. I. and Lyons, S. D. (1990) “Potent inhibitors of 
de novo pyrimidine and purine biosynthesis as chemothera 
peutic agents”, Med. Res. RevieWs 10: 505-548). Investiga 
tions of enzymes involved in purine and pyrimidine metabo 
lism have concentrated on the development of novel 
medicaments Which can be used, for example, as immuno 
suppressants or antiproliferative agents (Smith, J. L. 
“Enzymes in Nucleotide Synthesis” Curr. Opin. Struct. Biol. 
5 (1 995) 752-757; Simmonds, H. A., Biochem. Soc. Transact. 
23 (1995) 877-902). HoWever, purine and pyrimidine bases, 
nucleosides and nucleotides also have other possible uses: as 
intermediate products in the biosynthesis of various ?ne 
chemicals (e.g. thiamine, S-adenosylmethionine, folates or 
ribo?avin), as energy carriers for the cell (for exampleATP or 
GTP) and for chemicals themselves, are ordinarily used as 
?avor enhancers (for example IMP or GMP) or for many 
medical applications (see, for example, Kuninaka, A., (1996) 
“Nucleotides and Related Compounds in Biotechnology” 
Vol. 6, Rehm et al., editors VCH: Weinheim, pp. 561-612). 
Enzymes involved in purine, pyrimidine, nucleoside or nucle 
otide metabolism are also increasingly serving as targets 
against Which chemicals are being developed for crop protec 
tion, including fungicides, herbicides and insecticides. 
[0035] 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 biosyn 
thesis” in Progress in Nucleic Acids Research and Molecular 
biology, Vol. 42, Academic Press, pp. 259-287; and Michal, 
G. (1999) “Nucleotides and Nucleosides”; Chapter 8 in: Bio 
chemical PathWays: AnAtlas of Biochemistry and Molecular 
Biology, Wiley, NeW York). Purine metabolism, the object of 
intensive research, is essential for normal functioning of the 
cell. Disordered purine metabolism in higher animals may 
cause severe illnesses, for example gout. Purine nucleotides 
are synthesized from ribose 5-phosphate by a number of steps 
via the intermediate compound inosine 5'-phosphate (IMP), 
leading to the production of guanosine 5'-monophosphate 
(GMP) or adenosine 5'-monophosphate (AMP), from Which 
the triphosphate forms used as nucleotides can easily be pre 
pared. These compounds are also used as energy stores, so 
that breakdown thereof provides energy for many different 
biochemical processes in the cell. Pyrimidine biosynthesis 
takes place via formation of uridine 5'-monophosphate 
(UMP) from ribose 5-phosphate. UMP in turn is converted 
into cytidine 5'-triphosphate (CTP). The deoxy forms of all 
nucleotides are prepared in a one-step reduction reaction 
from the diphosphate ribose form of the nucleotide to give the 



US 2008/0176296 A1 

diphosphate deoxyribose form of the nucleotide. After phos 
phorylation, these molecules can take part in DNA synthesis. 

D. Trehalose Metabolism and Uses 

[0036] Trehalose consists of tWo glucose molecules linked 
together by 0t,0t-1,1 linkage. It is ordinarily used in the food 
industry as sWeetener, as additive for dried or frozen foods 
and in beverages. However, it is also used in the pharmaceu 
tical industry or in the cosmetics industry and biotechnology 
industry (see, for example, Nishimoto et al., (1998) US. Pat. 
No. 5,759,610; Singer, M. A. and Lindquist, S. Trends Bio 
tech. 16 (1998) 460-467; Paiva, C. L. A. and Panek, A. D. 
Biotech Ann. Rev. 2 (1996) 293-314; and Shiosaka, M. J. 
Japan 172 (1997) 97-102). Trehalose is produced by enzymes 
of many microorganisms and is naturally released into the 
surrounding medium from Which it can be isolated by meth 
ods knoWn in the art. 

II. Elements and Methods of the Invention 

[0037] The present invention is based, at least partially, on 
the detection of neW molecules Which are referred to herein as 
G6PD nucleic-acid and G6PD-protein molecules and Which 
are involved in taking up energy-rich carbon molecules (e.g. 
glucose, sucrose and fructose) into C. glulamicum and may 
also be involved in one or more intracellular signal transduc 
tion pathWays in this microorganism. In one embodiment, the 
G6PD molecules import energy-rich carbon molecules into 
the cell in Which the energy generated by their degradation is 
used for driving energetically less favored biochemical reac 
tions. Their degradation products may be used as intermedi 
ates or precursors for a number of other metabolic pathWays. 
In another embodiment, the G6PD molecules may take part in 
one or more intracellular signal transduction pathWays, and 
the presence of a modi?ed form of a G6PD molecule (eg a 
phosphorylated G6PD protein) may take part in a signal trans 
duction cascade Which regulates one or more cellular pro 
cesses. In a preferred embodiment, the activity of the G6PD 
molecules of the invention affects the production of a ?ne 
chemical of interest by said organism. In a particularly pre 
ferred embodiment, the activity of the G6PD molecules of the 
invention is modulated so that the yield, production or e?i 
ciency of production of one or more ?ne chemicals from C. 
glulamicum is likeWise modulated. 
[0038] In another embodiment, the G6PD molecules of the 
invention are capable of modulating the production of a mol 
ecule of interest, such as a ?ne chemical, in a microorganism 
such as C. glulamicum. It is possible, With the aid of gene 
recombination techniques, to manipulate one or more G6PD 
proteins of the invention in such a Way that their function is 
modulated. For example, a protein involved in the G6PD 
mediated import of glucose may be modi?ed for it to have 
optimal activity, and the G6PD system for importing glucose 
is thus able to transport larger amounts of glucose to the cell. 
Glucose molecules are used not only as energy source for 
energetically unfavorable biochemical reactions such as the 
biosynthesis of ?ne chemicals, but also as precursors and 
intermediates in a number of biosynthetic pathWays of ?ne 
chemicals (for example, serine is synthesized from 3-phos 
phoglycerate). In any case, it is possible to increase the overall 
yield or the rate of production of any of these ?ne chemicals 
of interest, that is by increasing the energy available for said 
production to take place or by increasing the availability of 
the compounds required for said production to take place. 
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[0039] A suitable starting point for preparing the nucleic 
acid sequences of the invention is the genome of a Coryne 
bacterium glulamicum strain Which can be obtained from the 
American Type Culture Collection under the name ATCC 
13032. 
[0040] The nucleic acid sequences of the invention can be 
prepared from these nucleic acid sequences via the modi?ca 
tions denoted in Table 1, using conventional methods. 
[0041] The G6PD protein of the invention or a biologically 
active section or fragments thereof may be involved in trans 
porting energy-rich carbon-containing molecules such as glu 
cose into C. glulamicum or in an intracellular signal transduc 
tion in this microorganism, or they may have one or more of 
the activities listed in Table 1. 
[0042] The folloWing subsections describe various aspects 
of the invention in more detail: 

A. Isolated Nucleic Acid Molecules 

[0043] One aspect of the invention relates to isolated 
nucleic acid molecules Which encode G6PD polypeptides or 
biologically active sections thereof and to nucleic acid frag 
ments Which are su?icient for the use as hybridization probes 
or primers for identifying or amplifying G6PD-encoding 
nucleic acids (eg G6PD DNA). The term “nucleic acid mol 
ecule” is intended to comprise DNA molecules (e.g. cDNA or 
genomic DNA) and RNA molecules (e.g. mRNA) and also 
DNA or RNA analogs generated by means of nucleotide 
analogs. Moreover, this term comprises the untranslated 
sequence located at the 3' and 5' ends of the coding gene 
region: at least about 100 nucleotides of the sequence 
upstream of the 5' end of the coding region and at least about 
20 nucleotides of the sequence doWnstream of the 3' end of 
the coding gene region. The nucleic acid molecule may be 
single- stranded or double- stranded but is preferably a double 
stranded DNA. An “isolated” nucleic acid molecule is 
removed from other nucleic acid molecules Which are present 
in the natural source of the nucleic acid. An “isolated” nucleic 
acid preferably does not have any sequences Which ?ank the 
nucleic acid naturally in the genomic DNA of the organism 
from Which the nucleic acid originates (for example 
sequences located at the 5' or 3' end of the nucleic acid). In 
various embodiments, the isolated G6PD nucleic acid mol 
ecule may have, for example, less than about 5 kb, 4 kb, 3 kb, 
2 kb, 1 kb, 0.5 kb or 0.1 kb of the nucleotide sequences Which 
naturally ?ank the nucleic acid molecule in the genomic DNA 
of the cell from Which the nucleic acid originates (eg a C. 
glulamicum cell). In addition to this, an “isolated” nucleic 
acid molecule such as a cDNA molecule may be essentially 
free of another cellular material or culture medium, if pre 
pared by recombinant techniques, or free of chemical precur 
sors or other chemicals, if synthesized chemically. 
[0044] A nucleic acid molecule of the invention, for 
example a nucleic acid molecule having a nucleotide 
sequence ofAppendixA or a section thereof, may be prepared 
by means of molecular biological standard techniques and the 
sequence information provided here. For example, a C. 
glulamicum G6PD cDNA may be isolated from a C. 
glulamicum bank by using a complete sequence from Appen 
dix A or a section thereof as hybridization probe and by using 
standard hybridization techniques (as described, for example, 
in Sambrook, J., Fritsch, E. F. and Maniatis, T. Molecular 
Cloning: A Laboratory Manual. 2nd Ed., Cold Spring Harbor 
Laboratory, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y., 1989). Moreover, a nucleic acid mol 
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ecule comprising a complete sequence from AppendixA or a 
section thereof can be isolated via polymerase chain reaction, 
using the oligonucleotide primers produced on the basis of 
said sequence (for example, it is possible to isolate a nucleic 
acid molecule comprising a complete sequence from Appen 
dix A or a section thereof via polymerase chain reaction by 
using oligonucleotide primers Which have been produced on 
the basis of this same sequence of Appendix A). For example, 
mRNA can be isolated from normal endothelial cells (for 
example via the guanidinium thiocyanate extraction method 
of ChirgWin et al. (1979) Biochemistry 18: 5294-5299), and 
the cDNA can be prepared by means of 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 ampli?cation via poly 
merase chain reaction can be produced on the basis of any of 
the nucleotide sequences shoWn in Appendix A. A nucleic 
acid of the invention may be ampli?ed by means of cDNA or, 
alternatively, genomic DNA as template and of suitable oli 
gonucleotide primers according to PCR standard ampli?ca 
tion techniques. The nucleic acid ampli?ed in this Way may be 
cloned into a suitable vector and characterized by DNA 
sequence analysis. Oligonucleotides corresponding to a 
G6PD nucleotide sequence may be prepared by standard 
syntheses using, for example, an automatic DNA synthesizer. 
[0045] In a preferred embodiment, an isolated nucleic acid 
molecule of the invention comprises one of the nucleotide 
sequences listed in Appendix A. 

[0046] In a further preferred embodiment, an isolated 
nucleic acid molecule of the invention comprises a nucleic 
acid molecule complementary to any of the nucleotide 
sequences shoWn in Appendix A or a section thereof, said 
nucleic acid molecule being suf?ciently complementary to 
any of the nucleotide sequences shoWn inAppendixA for it to 
hybridize With any of the sequences indicated inAppendix A, 
resulting in a stable duplex. 
[0047] In one embodiment, the nucleic acid molecule of the 
invention encodes a protein or a section thereof comprising an 
amino acid sequence Which is suf?ciently homologous to an 
amino acid sequence of Appendix B for the protein or a 
section thereof to be still capable of taking part in transporting 
energy-rich carbon molecules (such as glucose) into C. 
glulamicum and also in one or more intracellular signal tran 
suction pathWays. The term “su?iciently homologous”, as 
used herein, relates to proteins or sections thereof Whose 
amino acid sequences have a minimum number of identical or 
equivalent amino acid residues (for example an amino acid 
residue having a side chain similar to that of an amino acid 
residue in any of the sequences of Appendix B) compared to 
an amino acid sequence of Appendix B so that the protein or 
a section thereof is capable of transporting energy-rich carbon 
molecules such as glucose into C. glulamicum and, moreover, 
taking part in the intracellular signal transduction in this 
microorganism. As described herein, protein components of 
these metabolic pathWays transport energy-rich carbon-con 
taining molecules such as glucose into C. glulamicum and 
may also be involved in intracellular signal transduction in 
this microorganism. Examples of these activities are likewise 
described herein. Thus the “function of a G6PD protein” 
relates to the complete functioning and/ or to the regulation of 
one or more sugar transport pathWays based on phospho 
enolpyruvate. Table 1 lists examples of G6PD protein activi 
ties. 
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[0048] Sections of proteins encoded by the G6PD nucleic 
acid molecules of the invention are preferably biologically 
active sections of any of the G6PD proteins. The term “bio 
logically active section of a G6PD protein”, as used herein, is 
intended to comprise a section, for example a domain or a 
motif, of a G6PD protein, Which can transport energy-rich 
carbon-containing molecules such as glucose into C. 
glulamicum or can be involved in intracellular signal trans 
duction in this microorganism, or has an activity indicated in 
Table 1. In order to determine Whether a G6PD protein or a 
biologically active section thereof can be involved in trans 
porting energy-rich carbon-containing molecules such as glu 
cose into C. glulamicum or in intracellular signal transduction 
in this microorganism, an enzyme activity assay may be car 
ried out. These assay methods, as described in detail in 
example 8 of the examples, are familiar to the skilled Worker. 

[0049] In addition to naturally occurring variants of the 
G6PD sequence, Which may exist in the population, the 
skilled Worker is likeWise aWare of the fact that it is possible 
to introduce changes into a nucleotide sequence of Appendix 
A by mutation, leading to a change in the amino acid 
sequence of the encoded G6PD protein Without impairing the 
functionality of said G6PD protein. For example, it is possible 
to produce in a sequence of Appendix A nucleotide substitu 
tions Which lead to amino acid substitutions at “nonessential” 
amino acid residues. A “nonessential” amino acid residue in 
a Wild-type sequence of any of the G6PD proteins (Appendix 
B) can be modi?ed Without modifying the activity of said 
G6PD protein, Whereas an “essential” amino acid residue is 
required for G6PD-protein activity. HoWever, other amino 
acid residues (e.g. nonconserved or merely semiconserved 
amino acid residues in the domain With G6PD activity) may 
not be essential for said activity and thus can probably be 
modi?ed Without modifying said G6PD activity. 
[0050] An isolated nucleic acid molecule encoding a G6PD 
protein Which is homologous to a protein sequence of Appen 
dix B may be generated by introducing one or more nucle 
otide substitutions, additions or deletions into a nucleotide 
sequence of Appendix A so that one or more amino acid 
substitutions, additions or deletions are introduced into the 
encoded protein. The mutations may be introduced into any 
of the sequences of Appendix A by standard techniques such 
as site-directed mutagenesis and PCR-mediated mutagenesis. 
Preference is given to introducing conservative amino acid 
substitutions at one or more of the predicted nonessential 
amino acid residues. A “conservative amino acid substitu 
tion” replaces the amino acid residue by an amino acid resi 
due With a similar side chain. Families of amino acid residues 
With similar side chains have been de?ned in the art. These 
families comprise 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. gly 
cine, asparagine, glutamine, serine, threonine, tyrosine, cys 
teine), nonpolar side chains (e.g. alanine, valine, leucine, 
isoleucine, proline, phenylalanine, methionine, tryptophan), 
beta-branched side chains (e. g. threonine, valine, isoleucine) 
and aromatic side chains (e.g. tyrosine, phenylalanine, tryp 
tophan, histidine). A predicted nonessential amino acid resi 
due in a G6PD protein is thus preferably replaced by another 
amino acid residue of the same side-chain family. In a further 
embodiment, the mutations may alternatively be introduced 
randomly over the entire or over part of the G6PD-encoding 
sequence, for example by saturation mutagenesis, and the 
resulting mutants may be tested for the G6PD activity 



US 2008/0176296 A1 

described herein in order to identify mutants maintaining 
G6PD activity. After mutagenesis of any of the sequences of 
Appendix A, the encoded protein may be expressed recom 
binantly, and the activity of said protein may be determined, 
for example, using the assays described herein (see example 
8 of the examples). 

B. Recombinant Expression Vectors and Host Cells 

[0051] A further aspect of the invention relates to vectors, 
preferably expression vectors, containing a nucleic acid 
Which encodes a G6PD protein (or a section thereof). The 
term “vector” as used herein, relates to a nucleic acid mol 
ecule capable of transporting another nucleic acid to Which it 
is bound. One type of vector is a “plasmid” Which term means 
a circular double-stranded DNA loop into Which additional 
DNA segments canbe ligated. Another type of vector is a viral 
vector, and here additional DNA segments can be ligated into 
the viral genome. Certain vectors are capable of replicating 
autonomously in a host cell into Which they have been intro 
duced (for example bacterial vectors With bacterial origin of 
replication and episomal mammalian vectors). Other vectors 
(e.g. nonepisomal mammalian vectors) are integrated into the 
genome of a host cell When introduced into said host cell and 
thereby replicated together With the host genome. Moreover, 
particular vectors are capable of controlling the expression of 
genes to Which they are functionally linked. These vectors are 
referred to as “expression vectors”. Normally, expression 
vectors used in DNA recombination techniques are in the 
form of plasmids. In the present description, “plasmid” and 
“vector” may be used interchangeably, since the plasmid is 
the most commonly used type of vector. The present inven 
tion is intended to comprise said other types of expression 
vectors such as viral vectors (for example replication-de? 
cient retroviruses, adenoviruses and adenovirus-related 
viruses), Which exert similar functions. 
[0052] The recombinant expression vector of the invention 
comprises a nucleic acid of the invention in a form Which is 
suitable for expressing said nucleic acid in a host cell, mean 
ing that the recombinant expression vectors comprise one or 
more regulatory sequences Which are selected on the basis of 
the host cells to be used for expression and Which are func 
tionally linked to the nucleic acid sequence to be expressed. In 
a recombinant expression vector, the term “functionally 
linked” means that the nucleotide sequence of interest is 
bound to the regulatory sequence(s) such that expression of 
said nucleotide sequence is possible (for example in an in 
vitro transcription/translation system or in a host cell, if the 
vector has been introduced into said host cell). The term 
“regulatory sequence” is intended to comprise promoters, 
enhancers and other expression control elements (eg poly 
adenylation signals). These regulatory sequences are 
described, for example, in Goeddel: Gene Expression Tech 
nology: Methods in EnZymology 185, Academic Press, San 
Diego, Calif. (1990). Regulatory sequences comprise those 
Which control constitutive expression of a nucleotide 
sequence in many types of host cells and those Which control 
direct expression of the nucleotide sequence only in particu 
lar host cells. The skilled Worker understands that designing 
an expression vector may depend on factors such as the 
choice of host cell to be transformed, the extent of expression 
of the protein of interest, etc. The expression vectors of the 
invention may be introduced into the host cells so as to pre 
pare proteins or peptides, including fusion proteins or fusion 
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peptides, Which are encoded by the nucleic acids as described 
herein (e.g. G6PD proteins, mutant forms of G6PD proteins, 
fusion proteins, etc.). 
[0053] The recombinant expression vectors of the inven 
tion may be designed for expressing G6PD proteins in 
prokaryotic or eukaryotic cells. For example, G6PD genes 
may be expressed in bacterial cells such as C. glulamicum, 
insect cells (using baculovirus expression vectors), yeast cells 
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) “Heterolo 
gous gene expression in ?lamentous fungi” in: More Gene 
Manipulations in Fungi, J. W. Bennet & L. L. Lasure, Editors, 
pp. 396-428: Academic Press: San Diego; and van den Hon 
del, 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., Editors, pp. 
1-28, Cambridge University Press: Cambridge), algal cells 
and multicellular plant cells (see Schmidt, R. and WillmitZer, 
L. (1988) “High ef?ciency Agrobaclerium Zumefaciens-me 
diated transformation of Arabidopsis Zhaliana leaf and coty 
ledon explants” Plant Cell Rep.: 583-586) or mammalian 
cells. Suitable host cells are further discussed in Goeddel, 
Gene Expression Technology: Methods in EnZymology 185, 
Academic Press, San Diego, Calif. (1990). As an alternative, 
the recombinant expression vector may be transcribed and 
translated in vitro, for example by using T7 promoter regula 
tory sequences and T7 polymerase. 
[0054] Proteins are expressed in prokaryotes mainly by 
using vectors containing constitutive or inducible promoters 
Which control expression of fusion or nonfusion proteins. 
Fusion vectors control a number of amino acids to a protein 
encoded therein, usually at the amino terminus of the recom 
binant protein. These fusion vectors usually have three tasks: 
1) enhancing the expression of recombinant protein; 2) 
increasing the solubility of the recombinant protein; and 3) 
supporting the puri?cation of the recombinant protein by 
acting as a ligand in al?nity puri?cation. Often a proteolytic 
cleavage site is introduced into fusion expression vectors at 
the junction of fusion unit and recombinant protein so that the 
recombinant protein can be separated from the fusion unit 
after purifying the fusion protein. These enZymes and their 
corresponding recognition sequences comprise factor Xa, 
thrombin and enterokinase. 

[0055] Common fusion expression vectors comprise pGEX 
(Pharmacia Biotech Inc; Smith, D. B. and Johnson, K. S. 
(1988) Gene 67: 31-40), pMAL (NeW England Biolabs, Bev 
erly, Mass.) und pRlT 5 (Pharmacia, PiscataWay, N.J.), in 
Which glutathione S-transferase (GST), maltose E-binding 
protein and protein A, respectively, are fused to the recombi 
nant target protein. In one embodiment, the coding sequence 
of the G6PD protein is cloned into a pGEX expression vector 
such that a vector is generated, Which encodes a fusion protein 
comprising, from N terminus to C terminus, GST-thrombin 
cleavage site-protein X. The fusion protein may be puri?ed 
via af?nity chromatography by means of a glutathione-agar 
ose resin. The recombinant G6PD protein Which is not fused 
to GST may be obtained by cleaving the fusion protein With 
thrombin. 
[0056] Examples of suitable inducible nonfusion E. coli 
expression vectors include pTrc (Amann et al., (1988) Gene 
69: 301-315) and pET 11d (Studier et al. Gene Expression 
Technology: Methods in EnZymology 185, Academic Press, 
San Diego, Calif. (1990) 60-89). The target gene expression 
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from the pTrc vector is based on transcription from a hybrid 
trp-lac fusion promoter by host RNA polymerase. The target 
gene expression from the pET11d vector is based on tran 
scription from a T7-gn10-lac fusion promoter, Which is medi 
ated by a coexpressed viral RNA polymerase (T7 gn1). This 
viral polymerase is provided in the BL 21 (DE3) or HMS174 
(DE3) host strain by a resident 7t prophage Which harbors a T7 
gn1 gene under the transcriptional control of the lacUV 5 
promoter. 
[0057] One strategy for maximizing expression of the 
recombinant protein is to express said protein in a host bac 
terium Whose ability to proteolytically cleave said recombi 
nant protein is disrupted (Gottesman, S. Gene Expression 
Technology: Methods in EnZymology 185, Academic Press, 
San Diego, Calif. (1990) 119-128). Another strategy is to 
modify the nucleic acid sequence of the nucleic acid to be 
inserted into an expression vector such that the individual 
codons for each amino acid are those Which are preferably 
used in a bacterium selected for expression, such as C. 
glulamicum (Wada et al. (1992) Nucleic Acids Res. 20: 2111 
21 18). This modi?cation of the nucleic acid sequences of the 
invention is carried out by standard techniques of DNA syn 
thesis. 
[0058] In a further embodiment, the G6PD-protein expres 
sion vector is a yeast expression vector. Examples of vectors 
for expression in the yeast S. cerevisiae include pYepSecl 
(Baldari et al., (1987) Embo J. 6: 229-234), pMFa (Kurjan 
and HerskoWitZ (1982) Cell 30: 933-943), pJRY88 (Schultz 
et al. (1987) Gene 54: 113-123) and pYES2 (Invitrogen Cor 
poration, San Diego, Calif.). Vectors and methods for con 
structing vectors Which are suitable for use in other fungi such 
as ?lamentous fungi include those Which are described in 
detail in: van den Hondel, C. A. M. J. J. & Punt, P. J. (1991) 
“Gene transfer systems and vector development for ?lamen 
tous fungi, in: Applied Molecular Genetics of fungi, J. F. 
Peberdy et al., Editors, pp. 1-28, Cambridge University Press: 
Cambridge. 
[0059] As another alternative, it is possible to express the 
G6PD proteins of the invention in insect cells using baculovi 
rus expression vectors. Baculovirus vectors available for 
expression of proteins in cultured insect cells (e.g. Sf9 cells) 
include the pAc series (Smith et al., (1983) Mol. Cell Biol. 3: 
2156-2165) and the pVL series (LuckloW and Summers 
(1989) Virology 170: 31-39). 
[0060] In a further embodiment, the G6PD proteins of the 
invention may be expressed in unicellular plant cells (such as 
algae) or in cells of the higher plants (e.g. spermatophytes 
such as crops). Examples of expression vectors of plants 
include those Which are described in detail in: Bekker, 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 A grobaclerium vectors for plant trans 
formation”, Nucl. Acids Res. 12: 8711-8721. 
[0061] A further embodiment, a nucleic acid of the inven 
tion is expressed in mammalian cells using a mammalian 
expression vector. Examples of mammalian expression vec 
tors include pCDM8 (Seed, B. (1987) Nature 329:840) and 
pMT2PC (Kaufman et al. (1987) EMBO J. 6: 187-195). 
When used in mammalian cells, the control functions of the 
expression vector are often provided by viral regulatory ele 
ments. Commonly used promoters are derived, for example, 
from polyoma, adenovirus2, cytomegalovirus and simian 
virus 40. Other suitable expression systems for prokaryotic 
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and eukaryotic cells can be found in chapters 16 and 17 of 
Sambrook, J ., Fritsch, E. F. and Maniatis, T., Molecular clon 
ing: A Laboratory Manual, 2nd Edition, Cold Spring Harbor 
Laboratory, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y., 1989. 
[0062] In a further embodiment, the recombinant mamma 
lian expression vector may preferably cause expression of the 
nucleic acid in a particular cell type (for example, tissue 
speci?c regulatory elements are used for expressing 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; Pink 
ert et al. (1987) Genes Dev. 1: 268-277), lymphoid-speci?c 
promoters (Calame und Eaton (1988) Adv. Immunol. 43: 
235-275), in particular promoters of T-cell receptors (Winoto 
and Baltimore (1989) EMBO J. 8: 729-733) and immunoglo 
bulins (Banerji et al. (1983) Cell 33: 729-740; Queen and 
Baltimore (1983) Cell 33: 741-748), neuron-speci?c promot 
ers (e.g. neuro?lament promoter; Byrne and Ruddle (1989) 
PNAS 86: 5473-5477), pancreas-speci?c promoters (Edlund 
et al., (1985) Science 230: 912-916) and mamma-speci?c 
promoters (e.g. milk serum promoter; US. Pat. No. 4,873, 
316 and European Patent Application document No. 264 
166). Development-regulated promoters for example the 
murine hox promoters (Kessel and Gruss (1990) Science 249: 
374-379) and the ot-fetoprotein promoter (Campes and Tilgh 
man (1989) Genes Dev. 3: 537-546), are likeWise included. 
[0063] Moreover, the invention provides a recombinant 
expression vector comprising an inventive DNA molecule 
Which has been cloned into the expression vector in antisense 
direction. This means that the DNA molecule is functionally 
linked to a regulator sequence such that an RNA molecule 
Which is antisense to G6PD mRNA can be expressed (via 
transcription of the DNA molecule). It is possible to select 
regulatory sequences Which are functionally bound to a 
nucleic acid cloned in antisense direction and Which control 
continuous expression of the antisense RNA molecule in a 
multiplicity of cell types; for example, it is possible to select 
viral promoters and/or enhancers or regulatory sequences 
Which control the constitutive tissue-speci?c or cell type 
speci?c expression of antisense RNA. The antisense expres 
sion vector may be in the form of a recombinant plasmid, 
phagemid or attenuated virus and produces antisense nucleic 
acids under the control of a highly effective regulatory region 
Whose activity is determined by the cell type into Which the 
vector is introduced. The regulation of gene expression by 
means of antisense genes is discussed in Weintraub, H. et al., 
Antisense-RNA as a molecular tool for genetic analysis, 
RevieWsiTrends in Genetics, Vol. 1(1) 1986. 
[0064] A further aspect of the invention relates to the host 
cells into Which a recombinant expression vector of the inven 
tion has been introduced. The terms “host cell” and “recom 
binant host cell” are used interchangeably herein. Naturally, 
these terms relate not only to a particular target cell but also to 
the progeny or potential progeny of this cell. Since particular 
modi?cations may appear in successive generations, due to 
mutation or environmental factors, this progeny is not neces 
sarily identical to the parental cell but is still included Within 
the scope of the term as used herein. 

[0065] A host cell may be a prokaryotic or eukaryotic cell. 
For example, a G6PD protein may be expressed in bacterial 
cells such as C. glulamicum, insect cells, yeast cells or mam 
malian cells (such as Chinese hamster ovary (CHO) cells or 
COS cells). Other suitable host cells are familiar to the skilled 
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Worker. Microorganisms Which are related to Corynebacle 
rium glulamicum and can be used in a suitable manner as host 
cells for the nucleic acid and protein molecules of the inven 
tion are listed in Table 3. 

[0066] Conventional transformation or transfection meth 
ods can be used to introduce vector DNA into prokaryotic or 
eukaryotic cells. The terms “transformation” and “transfec 
tion”, as used herein, are intended to comprise a multiplicity 
of methods knoWn in the art for introducing foreign nucleic 
acid (eg DNA) into a host cell, including calcium phosphate 
or calcium chloride coprecipitation, DEAE dextran-mediated 
transfection, lipofection or electroporation. Suitable methods 
for transformation or transfection of host cells canbe found in 
Sambrook et al. (Molecular Cloning: A Laboratory Manual. 
2nd Edition, Cold Spring Harbor Laboratory, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989) 
and other laboratory manuals. 
[0067] In the case of stable transfection of mammalian 
cells, it is knoWn that, depending on the expression vector 
used and transfection technique used, only a small proportion 
of the cells integrate the foreign DNA into their genome. 
These integrants are usually identi?ed and selected by intro 
ducing a gene Which encodes a selectable marker (e.g. resis 
tant to antibiotics) together With the gene of interest into the 
host cells. Preferred selectable markers include those Which 
impart resistance to drugs such as G418, hygromycin and 
methotrexate. A nucleic acid Which encodes a selectable 
marker may be introduced into a host cell on the same vector 
that encodes a G6PD protein or may be introduced in a sepa 
rate vector. Cells Which have been stably transfected With the 
introduced nucleic acid may be identi?ed by drug selection 
(for example, cells Which have integrated the selectable 
marker survive, Whereas the other cells die). 
[0068] A homologous recombined microorganism is gen 
erated by preparing a vector Which contains at least one 
G6PD-gene section into Which a deletion, addition or substi 
tution has been introduced in order to modify, for example 
functionally disrupt, the G6PD gene. Said G6PD gene is 
preferably a Corynebaclerium glulamicum G6PD gene, but it 
is also possible to use a homolog from a related bacterium or 
even from a mammalian, yeast or insect source. In a preferred 
embodiment, the vector is designed such that homologous 
recombination functionally disrupts the endogenous G6PD 
gene (i.e., the gene no longer encodes a functional protein; 
likeWise referred to as “knockout” vector). As an alternative, 
the vector may be designed such that homologous recombi 
nation mutates or otherWise modi?es the endogenous G6PD 
gene Which, hoWever, still encodes the functional protein (for 
example, the regulatory region located upstream may be 
modi?ed such that thereby expression of the endogenous 
G6PD protein is modi?ed.). The modi?ed G6PD-gene frac 
tion in the homologous recombination vector is ?anked at its 
5' and 3' ends by additional nucleic acids of the G6PD gene, 
Which makes possible a homologous recombination betWeen 
the exogenous G6PD gene carried by the vector and an 
endogenous G6PD gene in a microorganism. The length of 
the additional ?anking G6PD nucleic acid is su?icient for a 
successful homologous recombination With the endogenous 
gene. Usually, the vector contains several kilobases of ?ank 
ing DNA (both at the 5' and the 3' ends) (see, for example, 
Thomas, K. R. and Capecchi, M. R. (1987) Cell 51: 503, for 
a description of homologous recombination vectors). The 
vector is introduced into a microorganism (eg by electropo 
ration) and cells in Which the introduced G6PD gene has 
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homologously recombined With the endogenous G6PD gene 
are selected using methods knoWn in the art. 
[0069] In another embodiment, it is possible to produce 
recombinant microorganisms Which contain selected systems 
Which make possible a regulated expression of the introduced 
gene. The insertion of a G6PD gene under the control of the 
lac operon in a vector enables, for example, G6PD-gene 
expression only in the presence of IPTG. These regulatory 
systems are knoWn in the art. 
[0070] A host cell of the invention, such as a prokaryotic or 
eukaryotic host cell in culture, may be used for producing (i.e. 
expressing) a G6PD protein. Moreover, the invention pro 
vides methods for producing G6PD proteins by using the host 
cells of the invention. In one embodiment, the method com 
prises the cultivation of the host cell of the invention (into 
Which a recombinant expression vector encoding a G6PD 
protein has been introduced or in Whose genome a gene 
encoding a Wild-type or modi?ed G6PD protein has been 
introduced) in a suitable medium until the G6PD protein has 
been produced. In a further embodiment, the method com 
prises isolating the G6PD proteins from the medium or the 
host cell. 

C. Uses and Methods of the Invention 

[0071] The nucleic acid molecules, proteins, protein 
homologs, fusion proteins, primers, vectors and host cells 
described herein may be used in one or more of the folloWing 
methods: identi?cation of C. glulamicum and related organ 
isms, mapping of genomes of organisms related to C. 
glulamicum, identi?cation and localiZation of C. glulamicum 
sequences of interest, evolutionary studies, determination of 
G6PD-protein regions required for function, modulation of 
the activity of G6PD protein; modulation of the activity of a 
G6PD pathWay; and modulation of the cellular production of 
a compound of interest, such as a ?ne chemical. The G6PD 
nucleic acid molecules of the invention have a multiplicity of 
uses. First, they may be used for identifying an organism as 
Corynebaclerium glulamicum or close relatives thereof. They 
may also be used for identifying C. glulamicum or a relative 
thereof in a mixed population of microorganisms. The inven 
tion provides the nucleic acid sequences of a number of C. 
glulamicum genes. Probing the extracted genomic DNA of a 
culture of a uniform or mixed population of microorganisms 
under stringent conditions With a probe Which comprises a 
region of a C. glulamicum gene Which is unique for this 
organism makes it possible to determine Whether said organ 
ism is present. Although Corynebaclerium glulamicum itself 
is nonpathogenic, it is related to pathogenic species such as 
Corynebaclerium diphlheriae. The detection of such an 
organism is of substantial clinical importance. 
[0072] The nucleic acid and protein molecules of the inven 
tion may serve as markers for speci?c regions of the genome. 
This is useful not only for mapping the genome but also for 
functional studies of C. glulamicum proteins. The genomic 
region to Which a particular C. glulamicum DNA-binding 
protein binds may be identi?ed, for example, by cleaving the 
C. glulami cum genome and incubating the fragments With the 
DNA-binding protein. Those fragments Which bind the pro 
tein may additionally be probed With the nucleic acid mol 
ecules of the invention, preferably by using ready detectable 
labels; binding of such a nucleic acid molecule to the genomic 
fragment makes it possible to locate the fragment on the map 
of the C. glulamicum genome, and, When carrying out the 
process several times using different enZymes, facilitates 
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rapid determination of the nucleic acid sequence to Which the 
protein binds. Moreover, the nucleic acid molecules of the 
invention may be suf?ciently homologous to the sequences of 
related species for these nucleic acid molecules to serve as 
markers for constructing a genomic map in related bacteria 
such as Brevibaclerium laclofermenlum. 
[0073] The G6PD nucleic acid molecules of the invention 
are likeWise suitable for evolutionary studies and protein 
structure studies. The system for taking up sugars, in Which 
the molecules of the invention are involved, is utiliZed by 
many bacteria; comparison of the sequences of the nucleic 
acid molecules of the invention With those encoding similar 
enZymes of other organisms makes it possible to determine 
the degree of evolutionary relationship of said organisms. 
Correspondingly, such a comparison makes it possible to 
determine Which sequence regions are conserved and Which 
are not, and this canbe helpful in determining those regions of 
the protein, Which are essential for enZyme function. This 
type of determination is valuable for protein engineering 
studies and may give an indication as to Which protein can 
tolerate mutagenesis Without losing its function. 
[0074] Manipulation of the G6PD nucleic acid molecules 
of the invention may cause the production of G6PD proteins 
With functional differences to Wild-type G6PD proteins. 
These proteins may be improved With respect to their e?i 
ciency or activity, may be present in the cell in larger amounts 
than normal or may be Weakened With respect to their e?i 
ciency or activity. 
[0075] The G6PD molecules of the invention may be modi 
?ed in such a Way that the yield, production and/ or e?iciency 
of production of one or more ?ne chemicals is improved. It is 
possible, by modifying a G6PD protein involved in taking up 
glucose for it to have optimal activity, to increase the extent of 
glucose uptake or the rate at Which glucose is transported into 
the cell. The degradation of glucose and other sugars inside 
the cell provides the energy Which may be used for driving 
energetically unfavorable biochemical reactions such as 
those involved in the biosynthesis of ?ne chemicals. Said 
degradation likeWise provides intermediates and precursors 
for the biosynthesis of particular ?ne chemicals such as 
amino acids, vitamins and cofactors. It is therefore possible, 
by increasing the amount of intracellular energy-rich carbon 
molecules via modi?cation of the G6PD molecules of the 
invention, to increase the energy available for carrying out 
metabolic pathWays Which are required for producing one or 
more ?ne chemicals and also the intracellular pools of 
metabolites required for said production. Conversely, it is 
possible, by loWering the import of a sugar Whose degradation 
products include a compound Which is used only in metabolic 
pathWays competing for enZymes, cofactors or intermediates 
With metabolic pathWays for producing a ?ne chemical of 
interest, to doWnregulate said metabolic pathWay and thus 
perhaps increase production by the biosynthetic pathWay of 
interest. 

[0076] The G6PD molecules of the invention may be 
involved in one or more intracellular signal transduction path 
Ways Which in?uence the yields and/or rate of production of 
one or more ?ne chemicals from C. glulamicum. For 
example, proteins required for importing one or more sugars 
from the extracellular medium (e.g. HPr, enZyme I or a com 
ponent of an enzyme 11 complex) are, in the presence of a 
suf?cient amount of said sugar in the cell, frequently post 
translationally modi?ed so that they are no longer capable of 
importing said sugar. An example of this takes place in E. coli 
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in Which high intracellular fructose 1,6-bisphosphate levels 
cause phosphorylation of HPr at serine 46, after Which said 
molecule can no longer take part in transporting a sugar. 
Although this intracellular sugar level at Which the transport 
system is sWitched off may be suf?cient in order to maintain 
normal cellular function, it limits overproduction of the ?ne 
chemical of interest. It is therefore desirable to modify the 
G6PD proteins of the invention such that they are no longer 
susceptible to such a negative regulation. As a result, higher 
intracellular concentrations of one or more sugars and, by 
extension, a more e?icient production or higher yields of one 
or more ?ne chemicals from organisms containing these 
mutant G6PD proteins are attained. 
[0077] This abovementioned list of strategies for the 
mutagenesis of G6PD proteins, Which ought to increase the 
yields of a compound of interest, is not intended to be limit 
ing; variations of these mutagenesis strategies are quite obvi 
ous to the skilled Worker. These mechanisms make it possible 
to use the nucleic acid and protein molecules of the invention 
in order to generate C. glulamicum or related bacterial strains 
expressing mutated G6PD nucleic acids and protein mol 
ecules so as to improve the yield, production and/or ef?ciency 
of production of a compound of interest. The compound of 
interest may be a C. glulamicum product Which comprises the 
end products of the bio synthetic pathWays and intermediates 
of naturally occurring metabolic pathWays and also mol 
ecules Which do not naturally occur in the C. glulamicum 
metabolism but are produced by a C. glulamicum strain of the 
invention. 
[0078] The folloWing examples Which are not to be under 
stood as being limiting further illustrate the present invention. 
The contents of all references, patent applications, patents 
and published patent applications cited in this patent applica 
tion are hereby incorporated by Way of reference. 

EXAMPLES 

Example 1 

Preparation of Total Genomic DNA from Coryne 
baclerium glulamicum ATCC13032 

[0079] A Corynebaclerium glulamicum (ATCC 13032) 
culture Was cultivated With vigorous shaking in BHI medium 
(Difco) at 30_C overnight. The cells Were harvested by cen 
trifugation, the supernatant Was discarded and the cells Were 
resuspended in 5 ml of buffer I (5% of the original culture 
volumeiall volumes stated have been calculated for a cul 
ture volume of 100 ml). Composition of buffer 1: 140.34 g/l 
sucrose, 2.46 g/l MgSO4.7H2O, 10 ml/l KHZPO4 solution 
(100 g/l, adjusted to pH 6.7 With KOH), 50 ml/l M12 concen 
trate (10 g/l (NH4)2SO4, 1 g/l NaCl, 2 g/l MgSO4.7H2O, 0.2 
g/l CaCl2, 0.5 g/l yeast extract (Difco), 10 ml/l trace element 
mixture (200 mg/l FeSO4.H2O, 10 mg/l ZnSO4.7H2O, 3 mg/l 
MnCl2.4H2O, 30 mg/l H3BO3, 20 mg/l CoCl2.6H2O, 1 mg/l 
NiCl2.6H2O, 3 mg/l Na2MoO4.2H2O), 500 mg/l complexing 
agents (EDTA or citric acid), 100 ml/l vitamin mixture (0.2 
ml/l biotin, 0.2 mg/l folic acid, 20 mg/l p-aminobenZoic acid, 
20 mg/l ribo?avin, 40 mg/l Ca panthothenate, 140 mg/l nico 
tinic acid, 40 mg/l pyridoxal hydrochloride, 200 mg/l myo 
inositol). LysoZyme Was added to the suspension at a ?nal 
concentration of 2.5 mg/ml. After incubation at 37_C for 
approx. 4 h, the cell Wall Was degraded and the protoplasts 
obtained Were harvested by centrifugation. The pellet Was 
Washed once With 5 ml of buffer 1 and once With 5 ml of TE 
buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8). The pellet Was 
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resuspended in 4 ml of TE buffer and 0.5 ml of SDS solution 
(10%) and 0.5 ml of NaCl solution (5 M) Were added. After 
addition of proteinase K at a ?nal concentration of 200 (Kg/ml, 
the suspension Was incubated at 37_C for approx. 18 h. The 
DNA Was puri?ed via extraction With phenol, phenol/chloro 
form/isoamyl alcohol and chloroform/isoamyl alcohol by 
means of standard methods. The DNA Was then precipitated 
by addition of 1/50 volume of 3 M sodium acetate and 2 
volumes of ethanol, subsequent incubation at —20_C for 30 
min and centrifugation at 12 000 rpm in a high-speed centri 
fuge using an SS34 rotor (Sorvall) for 30 min. The DNA Was 
dissolved in 1 ml of TE buffer containing 20 (X/g/ml RNaseA 
and dialyZed against 1000 ml of TE buffer at 4_C for at least 
3 h. The buffer Was exchanged 3 times during this period. 0.4 
ml of 2 M LiCl and 0.8 ml of ethanol Were added to 0.4 ml 
aliquots of the dialyZed DNA solution. After incubation at 
—20_C for 30 min, the DNA Was collected by centrifugation 
(13 000 rpm, Biofuge Fresco, Heraeus, Hanau, Germany). 
The DNA pellet Was dissolved in TE buffer. It Was possible to 
use DNA prepared by this method for all purposes, including 
Southern blotting and constructing genomic libraries. 

Example 2 

Construction of Genomic Corynebaclerium 
glulamicum (ATCC13032) Banks in Escherichia coli 

[0080] Starting from DNA prepared as described in 
Example 1, cosmid and plasmid banks Were prepared accord 
ing to knoWn and Well-established methods (see, for example, 
Sambrook, J. et al. (1989) “Molecular Cloning: A Laboratory 
Manual”. Cold Spring Harbor Laboratory Press or Ausubel, 
F. M. et al. (1994) “Current Protocols in Molecular Biology”, 
John Wiley & Sons). 
[0081] It Was possible to use any plasmid or cosmid. Par 
ticular preference Was given to using the plasmids pBR322 
(Sutcliffe, J. G. (1979) Proc. Natl Acad. Sci. USA, 75: 3737 
3741); pACYC177 (Change & Cohen (1978) J. Bacteriol. 
134: 1141 -1 1 56); pBS series plasmids (pBSSK+, pBSSK 
and others; Stratagene, LaJolla, USA) or cosmids such as 
SuperCos1 (Stratagene, LaJolla, USA) or Lorist6 (Gibson, T. 
J. Rosenthal, A., and Waterson, R. H. (1987) Gene 53: 283 
286. 

Example 3 

DNA Sequencing and Functional Computer Analysis 

[0082] Genomic banks, as described in Example 2, Were 
used for DNA sequencing according to standard methods, in 
particular the chain termination method using ABI377 
sequencers (see, for example, Fleischman, R. D. et al. (1995) 
“Whole-genome Random Sequencing and Assembly of Hae 
mophilus ln?uenZae Rd., Science 269; 496-512). Sequencing 
primers having the folloWing nucleotide sequences Were 
used: 5'-GGAAACAGTATGACCATG-3' oder 
5'-GTAAAACGACGGCCAGT-3'. 

Example 4 

In Vivo Mutagenesis 

[0083] In vivo mutagenesis of Corynebaclerium 
glulamicum may be carried out by passing a plasmid (or other 
vector) DNA through E. coli or other microorganisms (e.g. 
Bacillus spp. or yeasts such as Saccharomyces cerevisiae) 
Which cannot maintain the integrity of their genetic informa 
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tion. Common mutator strains contain mutations in the genes 
for the DNA repair system (e. g., mutHLS, mutD, mutT, etc., 
for comparison see Rupp, W. D. (1996) DNA repair mecha 
nisms in Escherichia coli and Salmonella, pp. 2277-2294, 
ASM: Washington). These strains are knoWn to the skilled 
Worker. The use of these strains is illustrated, for example, in 
Greener, A. and Callahan, M. (1994) Strategies 7; 32-34. 

Example 5 

DNA transfer BetWeen Escherichia coli and Coryne 
baclerium glulamicum 

[0084] A plurality of Corynebaclerium andBrevibacZerium 
species contain endogenous plasmids (such as, for example, 
pHM1519or pBL1) Which replicate autonomously (for a 
revieW see, for example, Martin, J. F. et al. (1987) Biotech 
nology 5: 137-146). Shuttle vectors for Escherichia coli and 
Corynebaclerium glulamicum can be constructed readily by 
means of standard vectors for E. coli (Sambrook, J. et al., 
(1989), “Molecular Cloning: A Laboratory Manual”, Cold 
Spring Harbor Laboratory Press or Ausubel, F. M. et al. 
(1994) “Current Protocols in Molecular Biology”, John 
Wiley & Sons), to Which an origin of replication for and a 
suitable marker from Corynebaclerium glulamicum is added. 
Such origins of replication are preferably taken from endog 
enous plasmids Which have been isolated from Corynebacle 
rium and Brevibaclerium species. Particularly useful trans 
formation markers for these species are genes for kanamycin 
resistance (such as those derived from the Tn5 or the Tn903 
transposon) or for chloramphenicol resistance (Winnacker, E. 
L. (1987) “From Genes to Clonesilntroduction to Gene 
Technology, VCH, Weinheim). There are numerous examples 
in the literature for preparing a large multiplicity of shuttle 
vectors Which are replicated in E. coli and C. glulamicum and 
Which can be used for various purposes, including the over 
expression of genes (see, for example, Yoshihama, M. et al. 
(1985) J. Bacteriol. 162: 591-597, Martin, J. F. et al., (1987) 
Biotechnology, 5: 137-146 and Eikmanns, B. J. et al. (1992) 
Gene 102: 93-98). 
[0085] Standard methods make it possible to clone a gene 
of interest into one of the above-described shuttle vectors and 
to introduce such hybrid vectors into Corynebaclerium 
glulamicum strains. C. glulamicum can be transformed via 
protoplast transformation (Kastsumata, R. et al., (1984) J. 
Bacteriol. 159, 306-311), electroporation (Liebl, E. et al., 
(1989) FEMS Microbiol. Letters, 53: 399-303) and, in cases 
in Which speci?c vectors are used, also via conjugation (as 
described, for example, in Schafer, A., et al. (1990) J. Bacte 
riol. 172: 1663-1666). LikeWise, it is possible to transfer the 
shuttle vectors for C. glulamicum to E. coli by preparing 
plasmid DNA from C. glulamicum (by means of standard 
methods knoWn in the art) and transforming it into E. coli. 
This transformation step can be carried out using standard 
methods but advantageously an Mcr-de?cient E. coli strain 
such as NM522 (Gough & Murray (1983) J. Mol. Biol. 166: 
1-19) is used. 

Example 6 

Determination of the Expression of the Mutated Pro 
tein 

[0086] The observations of the activity of a mutated protein 
in a transformed host cell are based on the fact that the 
mutated protein is expressed in a similar manner and in simi 
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lar quantity to the Wild-type protein. A suitable method for 
determining the amount of transcription of the mutated gene 
(an indication of the amount of mRNA available for transla 
tion of the gene product) is to carry out a Northern blot (see, 
for example, Ausubel et al., (1988) Current Protocols in 
Molecular Biology, Wiley: NeWYork), With a primer Which is 
designed such that it binds to the gene of interest being pro 
vided With a detectable (usually radioactive or chemilumines 
cent) label such thatiWhen the total RNA of a culture of the 
organism is extracted, fractionated on a gel, transferred to a 
stable matrix and incubated With this probeibinding and 
binding quantity of the probe indicate the presence and also 
the amount of mRNA for said gene. This information is an 
indicator of the extent to Which the mutant gene has been 
transcribed. Total cell RNA can be isolated from Corynebac 
Zerium glulamicum by various methods knoWn in the art, as 
described in Bormann, E. R. et al., (1992) Mol. Microbiol. 6: 
3 17-326. 
[0087] The presence or the relative amount of protein trans 
lated from said mRNA can be determined by using standard 
techniques such as Western blot (see, for example, Ausubel et 
al. (1988) “Current Protocols in Molecular Biology”, Wiley, 
NeW York). In this method, total cell proteins are extracted, 
separated by gel electrophoresis, transferred to a matrix such 
as nitrocellulose and incubated With a probe, for example an 
antibody, Which binds speci?cally to the protein of interest. 
This probe is usually provided With a chemiluminescent or 
calorimetric label Which can be readily detected. The pres 
ence and the observed amount of label indicate the presence 
and the amount of the desired mutant protein in the cell. 

Example 7 

GroWth of Genetically Modi?ed Corynebaclerium 
glulamicumiMedia and Cultivation Conditions 

[0088] Genetically modi?ed corynebacteria are cultivated 
in synthetic or natural groWth media. A number of different 
groWth media for corynebacteria are knoWn and readily avail 
able (Lieb et al. (1989) Appl. Microbiol. Biotechnol. 32: 
205-210; von der Osten et al. (1998) Biotechnology Letters 
11: 11-16; Patent DE 4 120 867; Liebl (1992) “The Genus 
Corynebaclerium”, in: The Procaryotes, Vol. II, BaloWs, A., 
et al., editors Springer-Verlag). These media are composed of 
one or more carbon sources, nitrogen sources, inorganic salts, 
vitamins and trace elements. Preferred carbon sources are 
sugars such as mono-, di- or polysaccharides. Examples of 
very good carbon sources are glucose, fructose, mannose, 
galactose, ribose, sorbose, ribulose, lactose, maltose, sucrose, 
ra?inose, starch and cellulose. Sugars may also be added to 
the media via complex compounds such as molasses or other 
byproducts from sugar re?ning. It may also be advantageous 
to add mixtures of various carbon sources. Other possible 
carbon sources are alcohols and organic acids, such as metha 
nol, ethanol, acetic acid or lactic acid. Nitrogen sources are 
usually organic or inorganic nitrogen compounds or materials 
containing these compounds. Examples of nitrogen sources 
include ammonia gas and ammonium salts such as NH4Cl or 
(NH4)2SO4, NH4OH, nitrates, urea, amino acids and complex 
nitrogen sources such as cornsteep liquor, soya meal, soya 
protein, yeast extracts, meat extracts and others. 
[0089] Inorganic salt compounds Which may be present in 
the media include the chloride, phosphorus or sulfate salts of 
calcium, magnesium, sodium, cobalt, molybdenum, potas 
sium, manganese, Zinc, copper and iron. Chelating agents 
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may be added to the medium in order to keep the metal ions in 
solution. Particularly suitable chelating agents include dihy 
droxyphenols such as catechol or protocatechuate and 
organic acids such as citric acid. The media usually also 
contain other groWth factors such as vitamins or groWth pro 
moters, examples of Which include biotin, ribo?avin, thia 
mine, folic acid, nicotinic acid, panthothenate and pyridox 
ine. GroWth factors and salts are frequently derived from 
complex media components such as yeast extract, molasses, 
cornsteep liquor and the like. The exact composition of the 
media heavily depends on the particular experiment and is 
decided upon individually for each case. Information on the 
optimization of media can be found in the textbook “Applied 
Microbiol. Physiology, A Practical Approach” (editors P. M. 
Rhodes, P. F. Stanbury, IRL Press (1997) pp. 53-73, ISBN 0 
19 963577 3). GroWth media can also be obtained from com 
mercial suppliers, for example Standard 1 (Merck) or BHI 
(brain heart infusion, DIFCO) and the like. 
[0090] All media components are steriliZed, either by heat 
(20 min at 1.5 bar and 121_C) or by sterile ?ltration. The 
components may be steriliZed either together or, if required, 
separately. All media components may be present at the start 
of the cultivation or added continuously or batchWise, as 
desired. 

[0091] The cultivation conditions are de?ned separately for 
each experiment. The temperature should be betWeen 15_C 
and 45_C and may be kept constant or may be altered during 
the experiment. The pH of the medium should be in the range 
from 5 to 8.5, preferably around 7.0 and may be maintained 
by adding buffers to the media. An example of a buffer for this 
purpose is a potassium phosphate buffer. Synthetic buffers 
such as MOPS, HEPES; ACES, etc. may be used alternatively 
or simultaneously. Addition of NaOH or NH4OH can also 
keep the pH constant during cultivation. If complex media 
components such as yeast extract are used, the demand for 
additional buffers decreases, since many complex com 
pounds have a high buffer capacity. In the case of using a 
fermenter for cultivating microorganisms, the pH may also be 
regulated using gaseous ammonia. 
[0092] The incubation period is usually in a range from 
several hours to several days. This time is selected such that 
the maximum amount of product accumulates in the broth. 
The groWth experiments disclosed may be carried out in a 
multiplicity of containers such as microtiter plates, glass 
tubes, glass ?asks or glass or metal fermenters of different 
siZes. For the screening of a large number of clones, the 
microorganisms should be groWn in microtiter plates, glass 
tubes or shaker ?asks either With or Without baf?es. Prefer 
ence is given to using 100 ml shaker ?asks Which are ?lled 
With 10% (based on volume) of the required groWth medium. 
The ?asks should be shaken on an orbital shaker (amplitude 
25 mm) at a speed in the range of 100-300 rpm. Losses due to 
evaporation can be reduced by maintaining a humid atmo 
sphere; alternatively, the losses due to evaporation should be 
corrected mathematically. 
[0093] If genetically modi?ed clones are investigated, an 
unmodi?ed control clone or a control clone containing the 
basic plasmid Without insert should also be assayed. The 
medium is inoculated to an OD600 of 0.5-1 .5, With cells being 
used Which have been groWn on agarplates such as CM plates 
(10 g/l glucose, 2.5 g/l NaCl, 2 g/l urea, 10 g/l polypeptone, 5 
g/l yeast extract, 5 g/l meat extract, 22 g/l agar pH 6.8 With 2 
M NaOH) Which have been incubated at 30_C. The media are 
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inoculated either by introducing a saline solution of C. 
glulamicum cells from CM plates or by adding a liquid pre 
culture of said bacterium. 

Example 8 

In Vitro Analysis of the Function of Mutated Proteins 

[0094] The determination of the activities and kinetic 
parameters of enzymes is Well knoWn in the art. Experiments 
for determining the activity of a particular modi?ed enzyme 
must be adapted to the speci?c activity of the Wild-type 
enzyme, and this is Within the capabilities of the skilled 
Worker. OvervieWs regarding enzymes in general and also 
speci?c details concerning the structure, kinetics, principles, 
methods, applications and examples of the determination of 
many enzyme activities can be found, for example, in the 
folloWing references: Dixon, M., and Webb, E. C: (1979) 
Enzymes, Longmans, London; Fersht (1985) Enzyme Struc 
ture and Mechanism, Freeman, NeW York; Walsh (1979) 
Enzymatic Reaction Mechanisms. Freeman, San Francisco; 
Price, N. C., Stevens, L. (1982) Fundamentals of Enzymol 
ogy. Oxford Univ. Press: Oxford; Boyer, P. D: editors (1983) 
The Enzymes, 3rd edition, Academic Press, NeW York; Bis 
sWanger, H. (1994) Enzymkinetik, 2nd edition VCH, Wein 
heim (ISBN 3527300325); Bergmeyer, H. U., Bergmeyer, J ., 
Gra[3l, M. editors (1983-1986) Methods of Enzymatic Analy 
sis, 3rd edition, Vol. I-XII, Verlag Chemie: Weinheim; and 
Ullmann’s Encyclopedia of Industrial Chemistry (1987) Vol. 
A9, “Enzymes”, VCH, Weinheim, pp. 352-363. 
[0095] The activity of proteins binding to DNA can be 
measured by many Well-established methods such as DNA 
bandshift assays (Which are also referred to as gel retardation 
assays). The action of these proteins on the expression of 
other molecules can be measured using reporter gene assays 
(as described in Kolmar, H. et al., (1995) EMBO J. 14: 3895 
3904 and in references therein). Reporter gene assay systems 
are Well knoWn and established for applications in prokary 
otic and eukaryotic cells, With enzymes such as beta-galac 
tosidase, green ?uorescent protein and several other enzymes 
being used. 
[0096] The activity of membrane transport proteins can be 
determined according to the techniques described in Gennis, 
R. B. (1989) “Pores, Channels and Transporters”, in 
Biomembranes, Molecular Structure and Function, Springer: 
Heidelberg, pp. 85-137; 199-234; and 270-322. 

Example 9 

Analysis of the In?uence of Mutated Protein on the 
Production of the Product of Interest 

[0097] The effect of the genetic modi?cation in C. 
glulamicum on the production of a compound of interest 
(such as an amino acid) can be determined by groWing the 
modi?ed microorganisms under suitable conditions (such as 
those described above) and testing the medium and/or the 
cellular components for increased production of the product 
of interest (i.e. an amino acid). Such analytical techniques are 
Well knoWn to the skilled Worker and include spectroscopy, 
thin-layer chromatography, various types of coloring meth 
ods, enzymic and microbiological methods and analytical 
chromatography such as high performance liquid chromatog 
raphy (see, for example, Ullman, Encyclopedia of Industrial 
Chemistry, Vol. A2, pp. 89-90 and pp. 443-613, VCH: Wein 
heim (1985); Fallon, A., et al., (1987) “Applications ofHPLC 
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in Biochemistry” in: Laboratory Techniques in Biochemistry 
and Molecular Biology, Vol. 17; Rehm et al. (1993) Biotech 
nology, Vol. 3, Chapter III: “Product recovery and puri?ca 
tion”, pp. 469-714,VCH: Weinheim; Belter, RA. et al. (1988) 
Bioseparations: doWnstream processing for Biotechnology, 
John Wiley and Sons; Kennedy, J. F. and Cabral, J. M. S. 
(1992) Recovery processes for biological Materials, John 
Wiley and Sons; ShaeiWitz, J. A. and Henry, J. D. (1988) 
Biochemical Separations, in Ullmann’s Encyclopedia of 
Industrial Chemistry, Vol. B3; Chapter 11, pp. 1-27, VCH: 
Weinheim; and DechoW, F. J. (1989) Separation and puri? 
cation techniques in biotechnology, Noyes Publications). 
[0098] In addition to measuring the end product of the 
fermentation, it is likeWise possible to analyze other compo 
nents of the metabolic pathWays, Which are used for produc 
ing the compound of interest, such as intermediates and 
byproducts, in order to determine the overall productivity of 
the organism, the yield and/ or the ef?ciency of production of 
the compound. The analytical methods include measuring the 
amounts of nutrients in the medium (for example sugars, 
hydrocarbons, nitrogen sources, phosphate and other ions), 
measuring biomass composition and groWth, analyzing the 
production of common metabolites from biosynthetic path 
Ways and measuring gases generated during fermentation. 
Standard methods for these measurements are described in 
Applied Microbial Physiology; A Practical Approach, P. M. 
Rhodes and P. F. Stanbury, editors IRL Press, pp. 103-129; 
131-163 and 165-192 (ISBN: 0199635773) and the refer 
ences therein. 

Example 10 

Puri?cation of the Product of Interest from a C. 
glulamicum Culture 

[0099] The product of interest may be obtained from C. 
glulamicum cells or from the supernatant of the above-de 
scribed culture by various methods knoWn in the art. If the 
product of interest is not secreted by the cells, the cells may be 
harvested from the culture by sloW centrifugation, and the 
cells may be lysed by standard techniques such as mechanical 
force or sonication. The cell debris is removed by centrifuga 
tion and the supernatant fraction Which contains the soluble 
proteins is obtained for further puri?cation of the compound 
of interest. If the product is secreted by the C. glulamicum 
cells, the cells are removed from the culture by sloW centrifu 
gation and the supernatant fraction is retained for further 
puri?cation. 
[0100] The supernatant fraction from both puri?cation 
methods is subjected to chromatography using a suitable 
resin, and either the molecule of interest is retained on the 
chromatography resin While many contaminants in the 
sample are not, or the contaminants remain on the resin While 
the sample does not. If necessary, these chromatography steps 
can be repeated using the same or different chromatography 
resins. The skilled Worker is familiar With the selection of 
suitable chromatography resins and the most effective appli 
cation for a particular molecule to be puri?ed. The puri?ed 
product may be concentrated by ?ltration or ultra?ltration 
and stored at a temperature at Which product stability is high 
est. 

[0101] In the art, many puri?cation methods are knoWn 
Which are not limited to the above puri?cation method and 
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Which are described, for example, in Bailey, J. E. & Ollis, D. 
F. Biochemical Engineering Fundamentals, McGraW-Hill: 
NeW York (1986). 
[0102] The identity and purity of the isolated compounds 
can be determined by standard techniques of the art. These 
techniques comprise high performance liquid chromatogra 
phy (HPLC), spectroscopic methods, coloring methods, thin 
layer chromatography, NIRS, enZyme assays or microbio 
logical assays. These analytical methods are compiled in: 
Patek et al. (1994) Appl. Environ. Microbiol. 60: 133-140; 
Malakhova et al. (1996) Biotekhnologiya 11: 27-32; and 
Schmidt et al. (1998) Bioprocess Engineer. 19: 67-70. 
Ulmann’s Encyclopedia of Industrial Chemistry (1996) Vol. 
A27, VCH: Weinheim, pp. 89-90, pp. 521-540, pp. 540-547, 
pp. 559-566, 575-581 and pp. 581-587; Michal, G (1999) 
Biochemical Pathways: An Atlas of Biochemistry and 
Molecular Biology, John Wiley and Sons; Fallon, A. et al. 
(1987) Applications of HPLC in Biochemistry in: Laboratory 
Techniques in Biochemistry and Molecular Biology, Vol. 17. 

Equivalents 
[0103] The skilled Worker knoWs, or can identify by using 
simply routine methods, a large number of equivalents of the 
speci?c embodiments of the invention. These equivalents are 
intended to be included in the patent claims beloW. 
[0104] The information in Table 1 is to be understood as 
folloWs: 
[0105] In column 1, “DNA ID”, the relevant number refers 
in each case to the SEQ ID N0 of the enclosed sequence 
listing. Consequently, “5” in column “DNA ID” is a reference 
to SEQ ID NO:5. 
[0106] In column 2, “AA ID”, the relevant number refers in 
each case to the SEQ ID N0 of the enclosed sequence listing. 
Consequently, “6” in column “AA ID” is a reference to SEQ 
ID NO:6. 
[0107] In column 3, “Identi?cation”, an unambiguous 
internal name for each sequence is listed. 
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[0108] In column 4, “AA pos”, the relevant number refers in 
each case to the amino acid position of the polypeptide 
sequence “AA ID” in the same roW. Consequently, “26” in 
column “AApos” is amino acid position 26 of the polypeptide 
sequence indicated accordingly. Position counting starts at 
the N terminus With +1. 
[0109] In column 5, “AA Wild type”, the relevant letter 
refers in each case to the amino acid, displayed in the one 
letter code, at the position in the corresponding Wild-type 
strain, Which is indicated in column 4. 
[0110] In column 6, “AA mutant”, the relevant letter refers 
in each case to the amino acid, displayed in the one-letter 
code, at the position in the corresponding mutant strain, 
Which is indicated in column 4. 
[0111] In column 7, “Function”, the physiological function 
of the corresponding polypeptide sequence is listed. 
[0112] One-letter code of the proteinogenic amino acids: 
[0113] AAlanine 
[0114] C Cysteine 
[0115] D Aspartic acid 
[0116] E Glutamic acid 
[0117] F Phenylalanine 
[0118] G Glycine 
[0119] H Histidine 
[0120] I Isoleucine 
[0121] K Lysine 
[0122] L Leucine 
[0123] M Methionine 
[0124] N Asparagine 
[0125] P Proline 
[0126] Q Glutamine 
[0127] R Arginine 
[0128] S Serine 
[0129] T Threonine 
[0130] V Valine 
[0131] W Tryptophan 
[0132] Y Tyrosine 

TABLE 1 

Gene codinq for qlucose-6-‘phos'phate-deh droqenase proteins 

DNAAA 

ID: ID: Identification: pos : 

AA AA AA 

wild type mutant Function: 

1 2 RXAO2737 243 A T Glucose-6-phosphate 
dehydrogenase 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS : 2 

<2ll> LENGTH: 1672 

<2l2> TYPE: DNA 

<2l3> ORGANISM: Corynebacterium glutamicum 
<220> FEATURE: 

<22l> NAME/KEY: 5 UTR 
<222> LOCATION: 

<220> FEATURE: 

<22l> NAME/KEY: cos 
<222> LOCATION: (101) . . (1645) 

<220> FEATURE: 
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—cont inued 

Pro Gln Asp Lys Arg Leu Pro Arg Ile Ala Gly Pro Ser Gly Met Val 
20 25 3O 

Ile Phe Gly Val Thr Gly Asp Leu Ala Arg Lys Lys Leu Leu Pro Ala 
35 4O 45 

Ile Tyr Asp Leu Ala Asn Arg Gly Leu Leu Pro Pro Gly Phe Ser Leu 
50 55 60 

Val Gly Tyr Gly Arg Arg Glu Trp Ser Lys Glu Asp Phe Glu Lys Tyr 
65 7O 75 80 

Val Arg Asp Ala Ala Ser Ala Gly Ala Arg Thr Glu Phe Arg Glu Asn 
85 9O 95 

Val Trp Glu Arg Leu Ala Glu Gly Met Glu Phe Val Arg Gly Asn Phe 
100 105 110 

Asp Asp Asp Ala Ala Phe Asp Asn Leu Ala Ala Thr Leu Lys Arg Ile 
115 120 125 

Asp Lys Thr Arg Gly Thr Ala Gly Asn Trp Ala Tyr Tyr Leu Ser Ile 
130 135 140 

Pro Pro Asp Ser Phe Thr Ala Val Cys His Gln Leu Glu Arg Ser Gly 
145 150 155 160 

Met Ala Glu Ser Thr Glu Glu Ala Trp Arg Arg Val Ile Ile Glu Lys 
165 1'70 175 

Pro Phe Gly His Asn Leu Glu Ser Ala His Glu Leu Asn Gln Leu Val 
180 185 190 

Asn Ala Val Phe Pro Glu Ser Ser Val Phe Arg Ile Asp His Tyr Leu 
195 200 205 

Gly Lys Glu Thr Val Gln Asn Ile Leu Ala Leu Arg Phe Ala Asn Gln 
210 215 220 

Leu Phe Glu Pro Leu Trp Asn Ser Asn Tyr Val Asp His Val Gln Ile 
225 230 235 240 

Thr Met Ala Glu Asp Ile Gly Leu Gly Gly Arg Ala Gly Tyr Tyr Asp 
245 250 255 

Gly Ile Gly Ala Ala Arg Asp Val Ile Gln Asn His Leu Ile Gln Leu 
260 265 270 

Leu Ala Leu Val Ala Met Glu Glu Pro Ile Ser Phe Val Pro Ala Gln 
275 280 285 

Leu Gln Ala Glu Lys Ile Lys Val Leu Ser Ala Thr Lys Pro Cys Tyr 
290 295 300 

Pro Leu Asp Lys Thr Ser Ala Arg Gly Gln Tyr Ala Ala Gly Trp Gln 
305 310 315 320 

Gly Ser Glu Leu Val Lys Gly Leu Arg Glu Glu Asp Gly Phe Asn Pro 
325 330 335 

Glu Ser Thr Thr Glu Thr Phe Ala Ala Cys Thr Leu Glu Ile Thr Ser 
340 345 350 

Arg Arg Trp Ala Gly Val Pro Phe Tyr Leu Arg Thr Gly Lys Arg Leu 
355 360 365 

Gly Arg Arg Val Thr Glu Ile Ala Val Val Phe Lys Asp Ala Pro His 
370 375 380 

Gln Pro Phe Asp Gly Asp Met Thr Val Ser Leu Gly Gln Asn Ala Ile 
385 390 395 400 

Val Ile Arg Val Gln Pro Asp Glu Gly Val Leu Ile Arg Phe Gly Ser 
405 410 415 

Lys Val Pro Gly Ser Ala Met Glu Val Arg Asp Val Asn Met Asp Phe 
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—continued 

420 425 430 

Ser Tyr Ser Glu Ser Phe Thr Glu Glu Ser Pro Glu Ala Tyr Glu Arg 
435 440 445 

Leu Ile Leu Asp Ala Leu Leu Asp Glu Ser Ser Leu Phe Pro Thr Asn 
450 455 460 

Glu Glu Val Glu Leu Ser Trp Lys Ile Leu Asp Pro Ile Leu Glu Ala 
465 4'70 475 480 

Trp Asp Ala Asp Gly Glu Pro Glu Asp Tyr Pro Ala Gly Thr Trp Gly 
485 490 495 

Pro Lys Ser Ala Asp Glu Met Leu Ser Arg Asn Gly His Thr Trp Arg 
500 505 510 

Arg Pro 

We claim: 4. A host cell, Which is transfected With at least one Vector 

1. An isolated nucleic acid molecule, coding for a polypep 
tide having the amino acid sequence referred to in each case 
in Table 1/ column 2, Wherein the nucleic acid molecule in the 
amino acid position indicated in table l/column 4 encodes a 
proteinogenic amino acid different from the particular amino 
acid indicated in Table l/column 5 in the same roW. 

2. An isolated nucleic acid molecule as claimed in claim 1, 
Wherein the nucleic acid molecule in the amino acid position 
indicated in Table l/column 4 encodes the amino acid indi 
cated in Table l/column 6 in the same roW. 

3. A Vector, Which comprises at least one nucleic acid 
sequence as claimed in claim 1. 

as claimed in claim 3. 
5. A host cell as claimed in claim 4, Wherein expression of 

said nucleic acid molecule modulates the production of a ?ne 
chemical from said cell. 

6. A method for preparing a ?ne chemical, Which com 
prises culturing a cell Which has been transfected With at least 
one Vector as claimed in claim 3 so that the ?ne chemical is 
produced. 

7. A method as claimed in claim 6, Wherein the ?ne chemi 
cal is an amino acid. 

8. A method as claimed in claim 7, Wherein said amino acid 
is lysine. 


