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ABSTRACT OF THE DISCLOSURE

A method for fermentative production of S-
adenosylmethionine (SAM), 1ncludes culturing a bacterial
strain obtainable from a starting strain and having increased
SAM~-synthetase activity, compared to the starting strain, 1in
a culture medium, the bacterial strain secreting SAM 1into the

culture medium and the SAM being removed from the culture

medilum.
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METHOD FOR FERMENTATIVE
PREPARATION OF S—~ADENOSYLMETHIONIN;

(%]

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to a method for

fermentative preparation of S-adenosylmethionlne by using a
bacterial strain which overproduces S-adenosylmethioniline

synthetase.,

2. The Prior Art

S—-Adenosylmethlonine (SAM) 1s the most important

metabolic methyl group donor and 1s used 1n the

pharmaceutlicals sector 1n the treatment of depressions,
dliseases of the liver and arthritls. Methods of preparing SAM
which have been described comprise growing yeasts (Schlienk F.
and DePalma R.E., J. Biol. Chem. 1037-1050 (1957), Shiozakxi
S. =2t al., Agric. Bioi. Chem. 53, 3269-3274 (1989)) in the
presence of the precursor L-methionine and chromatographic

purlfication of the SAM produced, after extraction from the

tJ
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cell lysate (U.S. Patent No. 4,562,149). A disadvantage of
this method 1s especially the complicated purification of the
SAM produced, since the cells have to be disrupted first and
SAM has to be removed from all other cell components such as

amino acids, sugars, lipids, nucleotides, proteins, cofactors

and other high molecular and low molecular welght compcunds.

p—

For this reason, the development of a method for fermentative

production of SAM would have a distinct advantage over
current methods, 1f a selective secretion of the SAM produced

1nto the culture supernatant and thus simplification of the

purification method were possible. The culture supernatant
contains only a few substances, and secretion of SAM would

therefore already be a first purification step and markedly

facilitate further purification.

GBL,456,509 describes a method for extracellular
production of 3AM by veasts such as Candida tropicalis, for
example. A disadvantage of this method is caused by the fact
tnat the producer strains used are unusual fungi which do not
have GRAS (generai.y recognized as safe) status, but are
par-lal.y even Lo be classified as pathogenic organisms.

Moreover, zaid organisms are difficult to access by genetic

I
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methods and Lhelr metabolism 1o lTargely unknown. ‘Thoos, Lwo
substantial requirements for i1mprovement by metabolic
engineering are absent. In contrast, bacterilia are readily
accessible genetically, the metabolism of a plurality of
specles 1s well researched and there are many apathogenic

species which have GRAS status. A method in which bacteria

produce SAM would therefore be very deslirable. However,

extracellular production of SAM by bacteria is not known yet.

The synthesis of S-adenosylmethionine was studied
particularly lntensively 1in the bacterium Escherichia coli
(E. coli) (Greene, R.C., Biosynthesis of Methionine 1in:
Neidhardt I'.C., Escherichia coll and Salmonella typhimurium,
Cellular and Molecular Biology, Second Edition, ASM Press,

Washington DC (1996), pages 542-560 and references included

-

therein). SAM 1s synthesized 1in a single step from L-
methionine and ATP, following the complicated and highly
regulated synthesis of L-methionine. In the process, all

three phosphate groups of ATP are released to give inorganic

ohospnate and pyrophosphate. This reaction 1s catalvzed by

tne enzyme C-adencsvimethlionine synthetase (EC 2.5.1.6,

methionine adenosyl transferase, SAM svnthetase) which is
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encoded 1n E. col1l by the gene metK. This enzyme has been
characterized i1n detail both biochemically and genetilcally
and exhibits very strong feedback regulation, 1.e. the

activity of the enzyme 1s strongly i1nhibited in the presence

of an excess of SAM (Markham et al., J. Biol. Chem., 9082-

9092 (1980)). Said feedback regulation prevents an energy-

consuming unnecessary synthesis of SAM and cellular SAM
levels which are too high and possibly damagling to the cell,
put also stands 1in the way of fermentative overproduction of
SAM. SAM synthetases of other organisms (Saccharomyces
cerevisiae, Methanococcus janaschii, rats) have also been
studied and likewlse exhilbit an inhibitability by SAM, which
is, however, not as pronounced as 1n SAM synthetase of E.
coli (Park et al., Bioorgan. Med. Chem., 2179-2185 (1996), Lu
and Markham, J. Biol. Chem., 16624-16631 (2002),; Oden and

Clarke, Biochemistry, 2978-2986 (1983)).

In contrast to other organisms (e.g. veast), bacteria do
not have an SAM transport system, and bacteria are therefore
unaple to abscrb thlis substance frcem the medium, SAM
svnthetase therefore being an essential enzyme. E. coli SAM
syntnetase was overprcduced, resulting in an increased amount

5
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of enzyme 1in the cell (Markham et al., J. Biol. Chem.,
9082-9092 (1980)). However, 1t 1s not known whether
overproduction also increases the amount of SAM i1n the cell.
This should also not be expected, since accumulation of SAM
1in the cell 1s prevented by the abovementioned feedback
regulation of SAM synthetase. The requlation of SAM

synthetase activity thus limits 1ntracellular production of

SAM.

In contrast, overproduction of SAM synthetase from rat
liver markedly increased the 1ntracellular SAM level in E.
coli (Alvarcer ot al., Biochem. J., LL7-561 (1904) ,
EPO64771Z2A1). This 1s possible, because, unlike the
nomologous enzyme of E. coli, this SAM synthetase 1s not
subject to stringent [eedback regulation, and bacterial
regulation 1s thus circumvented. Here too, however, no

extracellular accumulation of SAM was observed.

SUMMARY OF THE INVENTION

A — e o e e e e T e S e

I 1s an opbject of the present invention to provide a
methcd for fermentative production of SAM by means of

y
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bacteria, which method markedly simplifies purification of

SAM.

The above object 1s achilieved according to the present

invention by a method which comprises culturing a bacterial

strailn which 1s obtainable from a starting strain having an
SAM synthetase and which has increased SAM synthetase
activity, compared to said starting strain, 1in a culture
medium, sald bacterial strain secreting SAM into said culture

medium and sald SAM being removed from said culture medium.

In view of the fact that SAM synthetése 1s, as describec
above, subject to stringent feedback regulation in bacteria,
especially 1n E. col1, 1t 1s surprising that an increase in
SAM production can be observed with an i1ncrease 1n activity.
In particular, overproduced SAM 1s wholly unexpectedly
secreted 1nto the culture supernatant. There exist, as
described above, no examples of bacteria releasing

—

fermentatively produced SAM into the culture supernatant. In

particular, there 15 no known transport system for SAM in
pacterlia, nelther can SAM be absorbed from the medium.

Passive cdiffusion to tne outside 1n the case of a large and

DALY R AR NG LRI AT I AU 1D A A $ad vt i il B a s { 250 ke b Mk Gl s ot e N Ll i e e e o a el e e EA% e KA o At Ak dois on A e ma e




CA 02457423 2004-03-03

also charged molecule such as SAM 1s extremely unlikely. The
extracellular concentration of SAM therefore comes as a

complete surprise to a person skilled in the art.

The advantages of the method of the present invention

arise from increased SAM production and facilitated work-up

from the culture supernatant. This method also enables those
SAM synthetases to increase SAM production, which are

normally subject to stringent product inhibition which

prevents intracellular accumulation of SAM in that the SAM

produced 1s secreted into the culture supernatant and thus no

longer 1nhibits SAM synthetase.

In addition, 1t was surprisingly found that, in contrast

to the prior art, D,L-methionine may also be employed as

precursor in the method of the invention, instead of

L-methionine. The former is considerably less expensive and

v —

thus allows production costs to be drastically reduced.

The present invention thus also relates to a method

which comprises culturing a bacterial strain obtainable from

a starting strain having an SAM synthetase and which has
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increased SAM synlhoelaso activity, comparad Lo said starting
strain, in a culture medium, sald bacterial strain secreting

SAM into sailid culture medium and said SAM being removed from

sald culture medium which contains D,L-methionine.

Preference 1s given to using as SAM synthetase 1n the
method of the i1nvention a proteiln comprising the sequence

(SEQ ID NO: 1) or functional variants having a sequence

similarity to (SEQ ID NG: 1) of greater than 40%.

The sequence simliarity to (SEQ ID NO: 1) is preferably

greater than 0%, and particularly preferably greater than

30%.

All the homology values mentioned 1in the present

lnvention relate to results obtained using the BESTFIT

algorithm (GCG Wisconslin Package, Genetics Computer Group

(GCG) Madison, Wlisconsin). The invention also relates to the

abovementioned SAM synthetases.

Preference 1s given to using 1n the method of the

invention a gene for one of the abovementioned SAM
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synthetases, also referred to as metK gene hereinbelow. This

1s a gene having the segquence (SEQ ID NO: 2) or a functional

variant of said gene.

A functional variant means 1n accordance with the
present i1nvention a DNA sequence which 1s derived from the
sequence depicted 1n (SEQ ID NO: 2) by deletion, insertion or
substitution of nucleotides, retaining the enzymic activity

of the SAM synthetase encoded by said gene.

An 1ncreased activity means in accordance with the
present 1nvention preferably that SAM synthetase activity in
a bacterial strain used according to the invention has

increased at least by a factor of 2, preferably at least by a

tactor of 5, compared to the respective starting strain.

Bacterial strains which are used in the method of the
invention and which have increased SAM synthetase activity
compared to a starting strain may be generated from a
starting strain, usually a wild-type strain, using standard

molecular-biological techniques.

10
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SAM-synthetase genes were identified 1n a multiplicity
of starting straings. Bacterial strains used in the method of
the invention can thus preferably be prepared from starting
strains of prokaryotic organisms whilch are accessible to
recombinant methods, are culturable by fermentation and are
capable of secreting SAM into the culture medium. They are
preferably bacterial strains of the family
Fntorobactoriacoas, particularly preferably of bthe specios
Escherichia, very particularly strains of the speciles
Escherichia colli. Preference is given here 1in partlcular to

using an E. coli strain which contains no forelgn genes.

An increased SAM synthetase activity, compared to

starting strains, may 1n principle be achieved by various

approaches.

On the one hand, the gene for SAM synthetase may be
modified in such a way that the enzyme encoded thereby has a
higher activity than the starting enzyme. This may be
ctfected, for =sxample, bv unspecific or specific mutagenesis
of an SAM synthetase gene. Unspecific mutations may Dbe
croduced, tor example, using chemical agents (e.g. l-methyl-

1]
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3-nitro-l-nitrosogquanidine, ethyl methanesulfonic acid, and
the like) and/or physical methods and/or PCR reactions
carried out under particular conditions and/or DNA
amplification 1n mutator strains (e.g. XLI-Red, Stratagene,
Amsterdam, NL). Methods for 1ntroducing mutations at specific
positions within a DNA fragment are known. Another
possibility of generating SAM synthetases having 1ncreased
activity, compared to the starting enzyme, 1s to combine

varlous apovementioned methods.

Another possibllity of obtaining increased SAM
synthetase activity, compared to starting'strains, 1s to
overexpress the gene coding for thls enzyme. QOverexpression
means 1n accordance wlth the present invention preferably
that the SAM synthetase gene 1s increasingly expressed by at
least a tactor of 2, pretferably at least a factor of 5,
compared to the particular starting strain from which the SAM

synthetase gene has been obtalned.

A bacterial strain may have an increased copy number of

Cne metX gene 1n crder to achieve overexpression of salid metX
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gene 1n said strain, and/or expression of the metK gene may

be 1lncreased, preferably via suitable promoters.

The copy number of a metK gene in a cell of a starting strain

may be 1ncreased using methods known to the skilled worker.
Thus, for example, a metK gene may be cloned into a plasmid
vector having multiple copies per cell (e.g. pUC19, pBR322Z,
PACYC184 for Escherichia cell) and introduced i1nto the
strain. Alternatively, a metK gene may be integrated several
times into the chromosome of a cell. Integration methods
which may be utilized are the known systems employing

temperate pbacteriophages or integrative plasmids or else

integration via homologous recombination.

Preference 1s glven toc increasing the copy number by
cloning a metK gene into a plasmid vector under the control
cf a promoter. Partilicular preference 1s given to increasing
the copy number 1n Escherichia colli by cloning a metX gene
into a pBR322 derivative such as, for example, pJFll8ut

(derived from pJEF118EH, Fiirste et al. Gene, 119-131 (1986)).

A sulitable control region for expressing a plasmid-
encocded metkK gene 1s the natural promoter and operator region

~~n

5
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of sailid metK gene, but expression of a metK gene may 1n

partlcular also be increased by means of other promoters.

Corresponding promoter systems which make possible eilther

constitutive or controlled, inducible expression of the SAM
synthetase gene, such as, for example, the constitutive GAPDH
promoter of the gapA gene or the inducible lac, tac, trc,
lambda, ara or tet promocters 1n Escherichia coll, are known
to the skilled worker. Such constructs may be used in a

manner known per se elther on plasmids or chromosomally.

A particularly preferred embodiment of cloning a metK
gene makes use of a plasmid whilich already contains a promoter

for increased expression, such as, for example, the inducible

tac-promoter svystem of [Escherichia coli.

Furthermcre, Llncreased expression may be achieved by
Ctranslation start signals such as, for example, the ribosomal
binding site or start codon of the gene being present in an
optimlzed sequence on the particular construct or by
replacing codons which are rare according to “codon usage”
with more frequently occurring codons or by optimizing mRNA-
stabiliczing sequences.

14
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Bacterial strains used in the method of the invention
preferably contain a plasmid with a metK gene and the

mentioned modifications of the reqgulatory signals.

A metK gene 1s cloned into a plasmid vector, for

example, by specific amplification of a metK gene by means of

the polymerase chain reaction using specific primers which

cover the complete metK gene and subsequent ligation with

vector DNA fragments.

The efficacy of a bacterial strain for the i1nventive
fermentative production of SAM may be enhanced by additional
measures. Instead of adding L-methioconine o¢or D,L-methionine,
the endogenous methionine syntheslis of the strain used in the
method of the 1invention may be strengthened. For this purpose

1t 1s possible to use, for example, strains 1n which the gene

metJ which codes for a repressor of the genes of methioconine
and SAM metabolism 1s no longer expressed (JP2000139471A4A) or

strains exhibiting improved methionine synthesis, due to

JPZ0C0IZ9471A, DE-A-10247437, DE-A-1024964Z) .
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Using a common transformation method (e.g.
electroporation, CaCl. method) the metK-contalining plasmids
are introduced into a starting strain and selected for

plasmid-carrying clones, for example by means of antibiotic

resistance.

The bacterial strain for inventive production of SAM 1s

.

preferably cultured in a minimal salt medium known from the

literature.

Carbon sources which may be used are 1n principle any
utilizable sugars, sugar alcohols, organic aclds or salts
thereof, starch hydrolyzates, molasses or other substances.
Preference 1s given to using glucose or glycerol. Combined

feeding of a plurality of different carbon sources 1s also

possible. Suitable nitrogen sources are urea, ammonia and 1ts

salts, nitrate salts and other nitrogen sources. Possible

nitrogen sources also i1nclude complex amino acld mixtures
such as yeast extract, peptone, malt extract, soybean

opeptone, casamilino acids, corn steep liguor and NZ amines.

1O
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Furthermore, particular components may be added to the

medium, such as vitamins, salts, yeast extract, amino acids

and trace elements, which improve cell growth.

Moreover, L-methionine may be added Lo Lhe medium as

specific precursor for SAM synthesis at a concentration of

petween 0.05 and 25 g/l. Preference is given to adding L-

methionine at a concentration of between 1 and 5 g/l.

In a particularly preferred method of the invention,

rather than L-methionine, D,L-methionine 1is added to the
medium at a concentration of between 0.05 and 25 g/l.
Preference 1s given Lo adding D,L-methionine at a

concentration of between 1 and 5 g/1.

The strain 1s preferably incubated under aerobic
culturing conditions over a period of 16-150 h and within the
range <t the optimal growth temperature for the particular

stralin.

|7
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Preference is given to an optimal temperature range ot

15-55°C. Particular preference 1s given to a temperature of

between 30 and 37°C.

The strain may be grown in a shaker flask or in a

fermentor, with no limitations regarding volume. Culturing
may be carried out 1n a batch process, in a fed-batch process

or 1n a continuocous method.

SAM may be obtained from the culture medium accordiling to
methods known to the skilled worker, such as centrifugation

of the medium to remove the cells and subseguent

chromatographic purification, complexing, filtration such as

cross flow filtration, for example, or precilpitation of the

product.

The SAM produced in the method ©f the 1nvention may be

detected and quantified by means of chromatography, for

example (e.g. HPLC).

SETATLED DESCRIPTION OF THE DRAWINGS

| 8
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BRIEE DESCRIPTION OF THE DRAWINGS

Other objects and features ¢f the present invention will
become apparent from the following detailed description
considered in connection with the accompanying drawings. It
should be understood, however, that the drawings are designed

for the purpose of 1llustration only and not as a definition

of the limits of the invention.

In the drawing, wherein similar reference characters

denote similar elements throughout the several views:

FIG. 1 shows the genetic construction of the plasmid

pKP481.

DETATLED DESCRIPTION OF PREFERRED EMBODIMENT

The tollowing examples serve to further i1llustrate the
invention. The bacterial strain Escherichia coll W3110/pKP481

used for carrying cut the examples was deposited with the

DoMZ  (Deutsche Sammlung fur Mikroorganismen und Zellkulturen

19
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CGmbH, D=3871T42 Braunaschweiaq) under number DSM 15426, according

to the Budapest Treaty.

All molecular-biological methods employed, such as
polymerase chain reaction, 1solation and purification of DNA,
DNA modification by restriction enzymes, Klenow fragment and
ligase, transformation etc., were carrilied out 1n the manner
which 1s known to a person skilled in the art or 1s described

in the literature or 1s recommended by the particular

manufacturers.

EXAMPLE 1

Construction of plasmid pKP481

A. metK gene ampiification

The E. coli metK gene was amplified by means of the
polymerase chain reaction (PCR) using Tag DNA polymerase
according to common practice known to a person skilled in the
art. The template used was the chromosomal DNA of E. col:
W31l1l0 wild-type strain (ATCC 27325). The primers used were

the oligonucleotides metKZ, having the segquence

(J)

'-CCTTAATTAATGTCTGTTGTGGTTGGTGT-3' (SEQ ID No: 3),

20
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and metK4, having the sequence
5'-GGAATTCTCTTTAGGAGGTATTAAATATG-3' (SEQ ID No: 4).

The approx. 1.2 kb DNA fragment obtained in the PCR was then
purified by means of a DNA adsorption column of the QIAprep
Spin Miniprep Kit (Qiagen, Hilden, Germany), according to the

manufacturer’s instructions.

B. Cloning of the metK gene into the pJFll8ut wvector

A cleavage site for EcoRI restriction endonuclease was

introduced via primer metK4 into the PCR fragment. The
purified PCR fragment was cleaved with EcoRI restriction
endonuclease under the conditions indicated by the
manufacturer, then phosphorvlated, fractionated via an
agarcse gel and subsequently i1solated from said agarose gel
by means of the QIAquick gel extraction kit (Qiagen)

according to the manufacturer’s instructions.

The pJF118ut vector 1s derived from the cloning and
expression vector pJF1ll8EH (Flirste et al. Gene, 119-131

(1986)) and contalins various genetic elements which allow

controlled expression of any gene. This vector has an origin

21
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of replication which 1s derived from the pBR-plasmid family.

Expressicn of the cloned gene 1s controlled by the tac

promoter, repressed by the laclg repressor and can be induced

by lactose or IPTG.

The metK gene was cloned by cleaving the pJdF118ut vector

with the EcoRI and Pstl restriction enzymes under the
conditions Lndicated by the manufacturer. The 3’ protruding
end of the Pstl cleavage site was digested by means of Klenow
enzyme 1n the manner known to a person skilled in the art.
The 5’ ends of the plasmid were then dephosphorylated by
beling treated with alkaline phosphatase ahd subsequently
purifled, like the PCR ftragment, by means of QIAgquick gel
extraction kit (Qiragen). The PCR fragment was ligated with
the cleaved and dephosphorylated vector according to the

manufacturer’s 1instructions using T4 DNA ligase. E. colil

cells orf the DHba strain were transformed with the ligation

—

mixture by means of electroporation in a manner known to a

person skilled in the art. The transformation mizxture was
applied to LB-ampicillin agar plates (10 g/l tryptone, 5 g/l
yeast extract, 5 g/l NaCl, 15 g/l agar, 20 mg/l tetracycline)
and lacubated at 37°C overnight.

79
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After plasmid 1solation by means of a QIAprep Spin

Miniprep Kit (Qiagen, Hilden, Germany), the desired

transformants were 1dentified by restriction analysilis and

theil1r correct sequences confirmed by sequence analysis.

In the plasmid obtalned 1n this way, pKP481l (See FIG.

1), the metK gene 1s under the control of the tac promoter.

2. Preparation of an S-adenosylmethionine producer

EXAMPL]

L*J

The pKP481 plasmid described 1n Example 1 was
transformed 1nto the E. coli strain W3110 (ATCC 27325) by

means of the CaCl. method and, after selection on LB agar

plates containing 20 mg/l tetracycline reisolated from one of

the transformants, cleaved with restriction endonucleases and

checked. This strain 1s referred to as W31l1l0/pKP481 and 1is

sultable for SAM production.

L*]
)

EAAMPL

Foarmentative nroduction of S—-adenosvlmethionine

r -
» I"j

Production of SAM
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The strain W3110/pKP481 was used for fermentative
production ¢f SAM. The W3110 wild-type strain (ATCC 27325),

wlthout plasmid and cultured under the same conditions, was

used for comparison.

The following medium was used for cultivation: for 1 1
of medium: CaCl. x 2HO 0.0147 g, MgSO, x 7H,0 0.3 g, Na.MoO, x
2H-O0 0.15 mg, H-BO, 2.5 mg, CoCl- x 6H.O 0.7 mg, CuSO, x 5H-O

0.25 mg, MnCl. x 4HO 1.6 mg, ZnSO, x 7/H.O 0.3 mg, KH.PO, 3.0

g, KHPO, 12.0 g, (NH,)-SO, 5 g, NaCl 0.6 g, FeSO, x 7H.0O

0.002 g, Na, citrate x 2H,O0 1 g, glucose 15 g, tryptone 1 g,
veast extract 0.5 g. For cultivation of W3110/pKP481,
20 pg/ml tetracycline were added to the medium. Where
indicated (see table), the medium additionally contained a

supplement ¢f 0.5 g/l L-methionine or 1 g/l D,L-methionine.

First, 10 ml of medium in a 100-ml Erlenmever flask were
incculated with the appropriate strain and incubated on a
shaker at 27°C and 160 rpm for 16 h to give the preculture
for the producer cultivation. The cells prepared in this way

were used to finally 1ncculate 50 ml of the same medium 1n a

24
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300-ml Erlenmeyer flask to obtain an 0OD,,, (absorption at 600
nm) of 0.1. The produccer cultures were 1ncubated al 377°C and
160 rpm on a shaker for 48 h. Expression of the SAM-

synthetase gene was 1nduced by adding 0.1 mM 1sopropyl-[R-

thiogalactoside (IPTG) at an 0OD.,, of 0.6. Samples were taken
after 24 h and 48 h, and the cells were removed from the

culture medium by centrifugation.

B. Quantification of the SAM produced

The SAM present 1n the culture supernatant was

=

quantified by means of HPLC using a Develosil RP-Aguecus C 30

column, 5 mm, 250 * 4.6 mm (commercially availlable from

Phenomenex, Aschatfenburg, Germany). 10 mL c¢f culture

N

supernatant were appllied and fractionated by means o:

—

1socratic elution with an eluent of 2 ml of 85% strength

1

H.PC, per 1 1 of H-O at room temperature and a flow rate of

o

0.5 ml/min and gquantified by means of a diode array detector

at a wavelength of 260 nm. Table 1 shows the SAM contents

obtalned 1n the particular culture supernatant.

l_-..l

Taple
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Strain SﬂAdenosyimethionine [mg/1]
Cultivation Cultivation with Cultivation with
without 0.5 g/1 1 g/l
methionine L-methionine D,L-methionine
24 h 48 h 24 h 48 h 24 h 48 h
W3110 0 9§ 0 0 0 0
W3110/pK |3 12 o1 71 34 31
P48 1

EXAMPLE 4

Construction of plasmid pMSRLSSK

A. RLSS gene amplification

The rat liver SAM synthetase (RLS5S) gene (Mato et al.,

N ad
p—

Pharmaceol. Ther., 265-280 (1997)) was ampli:

"led by means o:

the polymerase chain reaction (PCR) using Tag DNA polymerase

according to common practice known to a person skilled i1n the

art. The template used was rat (Rattus norvegicus) cDNA. The

primers used were the oligonucleotides RLS551, having the

seguence
5" -CTAGCAGGAGGAATTCACCATGGGACCTGTGGATGGC -2
and RLZSZ, having the sequence

5 ~GGGTACCCCGCTAAAACACAAGCTTCTTGGGGACCTCCCA-

26

(SEQ ID No: 5),

37 (SEQ ID No: 6).
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The approx. 1.2 kb DNA fragment obtained in the PCR was then

purified by means of a DNA adsorption column of the QIAprep

Spin Miniprep Kit (Qiagen, Hilden, Germany), according to the

manufacturer’s instructions, and then phosphorylated.

B. Cloning of the RLSS gene into vector

The basic plasmid used for constructing the plasmid of
the invention was the pACYCl84-derived plasmid pACYC1l84-LH
which has been deposited under number DSM 10172 with the
Deutsche Sammlung fuir Mikroorganismen und Zellkulturen 1in
Braunschwelg, Germany. The sequence of the GAPDH promoter was

inserted into this plasmid: the GAPDH promoter was amplified

by polymerase chaln reaction according to the rules known tO

a person skilled 1n the art, using the oligonucleotides

GAPDHfw, having the seqgquence

5’ -GTCGACGCGTGAGGCGAGTCAGTCGCGTAATGC-2" (SEQ ID No: 7), and
GAPDHrevII, having the sequence

5" ~-GACCTTAATTAAGATCTCATATATTCCACCAGCTATTTGTTAG-3" (SEQ ID No:

3), as primers and chrcocmosomal DNA of E. coli W3110 strain

,—%

)
MO

(ATCC 27325) as substrate. The product was

electrophcocretically lsolated, purifled by means of QIAquick

—

=7
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gel extraction kit (Qiagen) and treated with the Mlul and

Pacl restriction enzvmes according to the manufacturer’s
Y g

-

instructions. It was then inserted with the aid of T4 ligase

into the pACYC184-LH vector which had been treated with the

same enzymes, resulting i1n plasmid pKPZ228.

A synthetic multiple cloning site was i1ntroduced 1into
the pKP2238 plasmid by the following procedure: pKPZ223 was

cleaved with the enzyme BglII, the ends were fililled 1n using

Klenow enzyme according to the manufacturer’s 1nstructions

and dephosphorylated by alkaline phosphatase. A synthesized

double~-stranded DNA fragment with the followlng sequence was

then inserted into the vector prepared i1n thilis way:

57 ~-GAAGATCTAGGAGGCCTAGCATATGTGAATTCCCGGGITGCAGCTG-3"  (SEQ ID
No: 9). The plasmid produced, pKP504, contalns a multilple

cloning site downstream of the GAPDH promoter.

PKP504 was cleaved with Pvull, dephosphorylated and

ligated according to the manufacturer’s instructions and using
T4 DNA ligase with the phosphorylated PCR product which

contains the gene for rat liver GAM synthetase (gene sequence,

SEQ ID No: 10, proteln sequence, see 3SEQ ID No: 11). £E.

{7
(D
(D
(/)

28
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colil cells of the DHba strain were transformed with the

ligation mixture by means of electroporation in a manner known
to the skilled worker. The transformation mixture was applied
to LB-ampicillin agar plates (10 g/l tryptone, 5 g/l yeast
extract, 5 g/l NaCl, 15 g/l agar, 20 mg/l tetracycline) and

incubated at 37°C overnight.

After plasmid 1solation by means of a QIAprep Spin

Miniprep Kit (Qiagen, Hilden, Germany), the desired
transformants were i1identified by restriction analysis and

their correct sequences confirmed by sequence analysis.

In the plasmid obtained in this way, pPMSRLSSk, the RLSS

gene (coding for rat liver SAM synthetase) 1s under the
control of the constitutive GAPDH promoter of the Escherichia

colil gapA gene.

SAAMPLE

Preparation of a second S-adenosvlmethionine producer

The pMIRLODK plasmid described in Example 4 was

7

transtormed by means ot the CaCl method into the £. coli

29
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W3110 strain (ATCC 27325) and, after selection on LB agar
plates containing 20 mg/l tetracycline, relsolated from one

of the transformants, cleaved with restriction endonucleases

and checked. This strain is referred to as W3110/pMSRLSSk and

P o sulbable for SAM production. The strain was depost bod
according to the Budapest Treaty with the DSMZ (Deutsche
Sammlung fur Mikroorganismen und Zellkulturen GmbH, D-3814Z2
BRraunschweilq, Goermany) under number DSM 16123.

EXAMPLE ©

{4

Fermentative production of S-adenosylmethionine

A. Production of SAM

The strain W3110/pMSRLSSk was used for fermentatilve
production of SAM. The W311l0 wild-type strain (ATCC 27325),

without plasmid and cultured under the same conditions, was

used for comparison.

The following medium was used for cuitivation: for 1 1
of medium: CaCl x 2H.O 0.0147 g, MgSO, x 7H.0 0.3 g, Na-MoO, X
"HC 0.15 mg, HRO. 2.5 mg, CoCl. x 6H.O 0.7 mg, CuSO, x 5H.O

50
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0.25 mg, MnCl, x 4H,O 1.6 mg, ZnS0O, x 7H,0 0.3 mg, KH,PO, 3.0
g, K,HPO, 12.0 g, (NH,),SO, 5 g, NaCl 0.6 g, FeSO, x 7H,0O

0.002 g, Na, citrate x 2H,O0 1 g, glucose 15 g, tryptone 1 g,

veast extract 0.5 g. For cultivation of W3110/pMSRLSSk
20 ung/ml tetracycline were added to the medium. Where

indicated (see table 2), the medium additionally contained a

supplement of 0.5 g/1 L-methionine or 1 g/l D,L-methionine.

First, 10 ml of medium i1n a 100-ml Erlenmeyer flask were

inoculated with the appropriate strain and incubated on a

shaker at 37°C and 160 rpm for 16 h to give the preculture

for the producer cultivation. The cells prepared in this way

il

were used to finally 1noculate 50 ml of the same medium 1n a

300-ml Erlenmever flask to obtain an 0D, (absorption at

500 nm) of 0.1. The producer cultures were i1ncubated at 372C

and 160 rpm on a shaker for 48 h. Samples were taken atfter 24

h and 48 h, and the cells were removed from the culture

medium by centrifugation.

B. Quantification of the SAM produced

31
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The SAM present 1n the culture supernatant was

quantified by means of HPLC using a Develosil RP-Aqueous C 30

column, 5 pm, 250 * 4.6 mm (commercilally available from

Phenomenex Aschaffenburg, Germany). 10 ul of culture

supernatant were applied and fractionated by means of

pr—

lsocratic elution with an eluent of 3 ml of 85% strength

H.-PO, per 1 1 of HO at room temperature and a flow rate of

0.5 ml/min and gquantified by means of a diode array detector

at a wavelength of 260 nm. Table 2 shows the SAM contents

obtalned 1n the particular culture supernatant.

L R S T L1 2 vy SV PRI [PSTY T FT o1 LH 3 FECOCNRT PRy N )

TABLE 2
Strain |S-Adenosylmethionine [mg/l]
Cultivation Cultivation with |[Cultivation with
without 0.5 g/1 1 g/1
methionine .L—methionine D,L—methionine
24 h 48 h 24 h 48 h 24 h 48 h
W3110 5 0 0 0 0 0
W>110/pM |9 46 78 3 2 03 68
SRLSSk

o d VTIOR3 (ORI S i1 A0 1 1D b s I LA 03 W e ST T G T T T D A ST i s Al 32 5 1 T NS 2% B A A el Rt & o I — T, "

Accordingly, while a few embodiments of the present

invention have been shown and described, 1t 1s to be

understcod that many changes and medifilications may be made
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thereunto without departing from the spirit and scope of the

1nvention as defined 1n the appended claims.

(o 4
(PP
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(1) APPLICANT:
(A) NAME: Consortium filir elektrochemische Industrie GmbH
(B) STREET: Frundsbergstrasse 12, D-80634
(C) CITY: Munchen
(D) COUNTRY: Germany

(i) TITLE OF INVENTION: METHOD FOR FERMENTATIVE PREPARATION OF
S—ADENOSYLMETHIONINE

(111) NUMBER OF SEQUENCES: 11

(1v) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: McFadden, Fincham

(B) STREET: 0606 - 225 Metcalfe Street
(C) CITY: Ottawa

(D) PROVINCE: ON

(E) COUNTRY: Canada

(F') POSTAL CODE: K2P 1P9%

(v) COMPUTER READABLE FORM:

(A) MEDIUM TYPE: Floppy Disk

(B) COMPUTER: IBM PC Compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS

(D} SOFTWARE: PatentIn Ver. 2.0

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE: March 2, 2004
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: German No. 103 09 856.9
(B) FILING DATE: March o6, 2003

(viii) ATTORNEY/AGENT INFORMATION:

(A) NAME: McFadden Fincham
(B) REGISTRATION NUMBER: 3083
(C}) REFERENCE NUMRER: 1546-389

(viii) TELECOMMUNICATION INFORMATION:

(A) TELEPHONE: (613) 234-1907
(B) TELEFAX: (613) 234-5233
(C) E-MAIL: mipattmlmagma. ca

(2) INFORMATION FOR SEQ ID NO: 1:

(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 384 amino acids
(B) TYPE: PRT

)
(C) STRANDEDNESS: unknown
(D} TOPOLOGY: unknown
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ORIGINAL SOURCE:
(A) ORGANISM: Escherichia

(v1i)
coli

(Xx1) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

Met
1

AsSp

Glu

Ala

Lys

Gln

Gly Met

Tle
65
Ser

Leu
Asn
Leu

145

Leu

Ile
225
Gly

Arg

Ala

Val
305

50
Glu

Asp

Glu
130

Val

Arg

Tle

Ile

Pro

210

Asn

Leu

His

Sery

Gly

290

Ala

Lys

Ile

Asp
33

Val

Glu

Met

Gln

Gln
115

Thr

Gln

Pro

Val

Asp

195

Ile

Pro

Thr
Gly
Ala
275

Leu

Glu

His

Ala
20

Pro

Leu

Ile

Gly

Ser
100

Gly

Asp

Arg

Gly
180

Gln

Leu

Thr

Gly
Gly
260
Ala

Ala

Pro

Val

Thr

Phe

85

Pro

Ala

Val

Gln

Ala

165

Ile

245

Asp

Thr

YA AN L AT A 2 R TR e 1 P i A A NN Y T e T B AR A e la t s bt 4

Phe

Gln

Ala

Gly

Arg
70
Asp

AsSp

Gly

Leu

Ala
150

Asp

Ser

Ala

Arg
230

Ala

Ala

Arg

Ser
310

Thr

Ile

Gly
55

Asn

Ala

Ile

Asp

Met
1335

Glu

Ser

Ala

Leu

Glu
215

Phe

Ile

Phe

Ala

Cys

295

Ile

Ser

Ser

Val
40

Glu

Thr

Asn

Asn

Gln
120

Pro

Val

Gln

Val

Gln

200

Trp

Val

Ile

Ser

Arg

280

Glu

Met

Glu

Asp
25

Ala

Ile

Val

Ser
Gln
105

Gly

Ala

Val
Val
185

Glu

Leu

Ile

Val

Gly

265

Tle

Val

Ser
10

Ala

Leu

Pro

Thr
170

Leu

Ala

Thr

Gly

Asp

250

Val

Gln

Glu

d * 4 | Lombbuws sl ibds Mt un 4 db S od Wit hn SERLE Pl Al s b o s omabd Al b e am s . 255 & . 28 o - . B . -~ P

Val

Val

Glu

Thr

Glu
75
Ala

Val

Met

Ile

Asn
155

Phe

Ser

Val

Ser

Gly
235
Thr

Asp

Ala

Val

Thr
315

Ser

Leu

Thr

sSer
60

Ile

Val

Asp

Phe

Thr

140

Gly

Gln

Thr

Met

Ala
220

Pro

Pro

Ser
300

Phe

Glu

Tyr
45

Ala

Gly

Leu

Gln
Glu
205

Thr

Met

Gly

Ser

Asn
285

Gly

Gly
Ala
30

Val

Trp

Ser

Ala
110

Ala

Leu

Asp

His

190

Glu

Gly

Gly
Lys
270
Ile

Ala

Thr

His
15

Ile

Val

Val

Ala
95

Asp

Ala

His

Pro

Asp

175

Ser

Ile

Phe

Asp

Met
255

Val

Val

Ile

Glu

Pro

Leu

Thr

Asp

His
80
Tle

Pro

Thr

Arg

Trp

160

Gly

Glu

Tle

Phe

Cys
240
Ala

Asp

Ala

Gly

Lys
320



Val

Arg

Glu

Pro

Pro

Glu

Lys
370

Ser

Thr
355

Thr

Glu Gln Leu

325

Gly Leu Ile

340

Ala Ala Tyr

Asp Lys Ala

Thr

Gln

Gly

Gln
375

Leu

Met

Hls
360

Leu

Leu

Leu

345

Phe

Leu

Val
330

AsSp

Gly

Arqg

CA 02457423 2004-03-03

Arg Glu

Leu Leu

Arg Glu

Asp Ala

380

Phe

His

His

365

Ala

Phe Asp Leu
335

Pro Ile Tyr
350

Phe Pro Trp

Gly Leu Lys

(2) INFORMATION FOR SEQ ID NO: 2:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 1155 nuclelic acid
(B) TYPE: DNA

(C) STRANDEDNESS: unknown

(D) TOPOLOGY: unknown

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Escherichia col1l
(1x) FEATURE:
(A) NAME/KEY: gene
(B) LOCATION: (1)..(1152)
(D) OTHER INFORMATION: metK
(x) PUBLICATION INFORMATION:
(A) Author: Blattner, F.R.
(B) Title: The complete genome sequence of Escherichia coli K-12.
(C) Journel: Science
(D) Volume: 277
(E) Pages: 1453-1474
(FF) Issue: 1997

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

atggcaaaac
gaccaaattt
gcttgcgaaa

gcctgggtag

tccgacatgg

Bt e SO T N N R S 2 et e el 0 L K T A M £l il S A T e K S b5 b i e b 'L AT LRG0 Gt S it bl Yiade - o o des Aleda Al . A . bt

acctttttac
ctgatgccgt
cctacgtaaa
acatcgaaga

gctttgacgc

gtccgagtcc
tttagacgcqg
aaccggcatg
gatcacccgt

taactcctgt

gtctctgaag

atcctcgaac

gttttagttg

aacaccgttc

gcggttctga

ggcatcctga
aggatccgaa
gcggcgaaat
gcgaaattgg

gcgctatcgg

caaaattgct
agcacgcgtt
caccaccagc

ctatgtgcat

caaacagtct

60

120

180

240

300



cctgacatca
ggtctgatgt
tatgcacacc
ctgcgccecgg
atcgatgctg
gaagcggtaa
accaaattct
ggtctgactg
ggtgcattct
tatgtcgcga
tacgcaatcg
gtgccttctg
ctgattcaga
tttggtcgtyg

gccggtctga

accagggcgt
ttggctacgc
gtctggtaca
acgcgaaaag
tcgtgctttce
tggaagagat
tcatcaaccc
gtcgtaaaat
ctggtaaaga
aaaacatcgt
gcgtggctga
aacaactgac
tgctggatct
aacatttccc

agtaa

CA 02457423 2004-03-03

tgaccgtgcc
aactaatgaa
gcgtcaggct
ccaggtgact
cactcagcac
catcaagcca
gaccggtcgt
tatcgttgat
tccatcaaaa
tgctgctggce
accgacctcc
cctgctggta
gctgcacccg

gtgggaaaaa

gatccgctgg
accgacgtgc
gaagtgcgta
tttcagtatg
tctgaagaga
attctgcccg
ttcgttatcg
acctacggcg
gtggaccgtt
ctggccgatc
atcatggtaqg
cgtgagttct
atctacaaag

accgacaaag

aacagggcgc
tgatgccagc
aaaacggcac
acgacggcaa
tcgaccagaa
ctgaatggct
gtggcccaat
gcatggcgcg
ccgcagccta
gttgtgaaat
aaactttcgg
tcgacctgcg
aaaccgcagc

cgcagctgct

gggtgaccag

acctatcacc
tctgcecgtgg
aatcgttggt
atcgctgcaa
gacttctgcc
gggtgactgc
tcacggtggc
cgcagcacgt
tcaggtttcc
tactgagaaa
cccatacggt
atacggtcac

gcgcgatgcet

360

420

480

540

600

660

120

780

840

S00

960

1020

1080

1140

1155

(2) INFORMATION FOR SEQ ID NO: 3:

(1) SEQUENCE CHARACTERISTICS:

(A} LENGTH: 29 nucleic acid
(B) TYPE: DNA

(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Artificial Sequence
(1x}) FEATURE:
(D) OTHER INFORMATION: Description of Artificial Sequence:
Oligonucleotide metKZ2
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

ccttaattaa tgtctgttgt ggttggtgt 29
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(2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 nucleic acid
(B) TYPE: DNA

(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Artificial Sequence

(1x) FEATURE:

(D) OTHER INFORMATION: Description of Artificial Sequence:

Oligonucleotide metK4

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:

ggaattctct ttaggaggta ttaaatatg

(2) INFORMATION FOR SEQ ID NO: b5:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 nucleic acid
(B) TYPE: DNA

(C} STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Artificial Sequence

(1x) FEATURE:

4 :

29

(D) OTHER INFORMATION: Description of Artificial Sequence:

Oligonucleotide RLSS1

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

ctagcaggag gaattcacca tgggacctgt ggatggc

(2) INFORMATION FOR SEQ ID NO: 6:

(1) SEQUENCE CHARACTERISTICS:
(AY LENGTH: 40 nucleic acid
(B) TYPE: DNA

(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Artificial Sequence

5:

37
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(ix) FEATURE:

(D) OTHER INFORMATION: Description of Artificial Sequence:
Oligonucleotide RLSSZ

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

gggtaccccg ctaaaacaca agcttcttgg ggacctccca 40

(2) INFORMATION FOR SEQ ID NO: 7:
(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 33 nucleic acid
(B} TYPE: DNA

(C} STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Artificial Sequence

(1x) FEATURE:
(D) OTHER INFORMATION: Description of Artificial Sequence:
Cligonucleotide GAPDHfw

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

gtcgacgcecgt gaggcgagtc agtcgcgtaa tgc 33

(2) INFORMATION FOR SEQ ID NO: 8:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 43 nucleic acid
(B) TYPE: DNA

(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Artificial Sequence

(1x) FEATURE:

(D) OTHER INFORMATION: Description of Artificial Sequence:
Oligonucleotide GAPDHrevII

[ b &, b T T T 7 7 T TR T T T T T T I T . T T T T o R T E TR o T T L L L T T LY. TN 5 TR ey p— [W W P Ty w— 2 o [V Sy v— prr——— o Py . -y = aamas aanm o
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(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

gaccttaatt aagatctcat atattccacc agctatttgt tag 43

(2) INFORMATION FOR SEQ ID NO: 9:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 46 nucleic acid
(B) TYPE: DNA
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Artificial Sequence

(1x) FEATURE:

(D) OTHER INFORMATION: Description of Artificial Sequence:
Multiple Cloning Site

(x1) SEQUENCE DESCRIPTION: SEQ 1D NO: 9:

gaagatctag gaggcctagc atatgtgaat tcccgggctg cagctg 40

(2) INFORMATION FOR SEQ ID NO: 10:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1185 nucleic acid
(B) TYPE: DNA
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

(vi}) ORIGINAL SOURCE:
(A) ORGANISM: Rattus norvegicus

(1x) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: (1)..(1185)

(D) OTHER INFORMATION: RLSS-Gen




(x1)

atg
Met
1

gcc
Ala

atc
Tle

gac
Asp

gtg
Val
65

cgdg
Arg

aag
Lys

cag
Gln

gac
Asp

gag
Glu
145

aac
Asnh

aga
Arg

ggt
Gly

cac
His

cag
Gln
225

atc

SEQUENCE DESCRIPTION:

gga cct gtg

Gly

ttc
Phe

tgt
Cys

CCC

Pro
50

ctc
Leu

gtg
Val

ggc

tcc
Ser

gtt
Val
130

aca
Thr

acc
Thr

cct
Pro

gct
Ala

adC

Asn
210

gtg
Val

tac

Pro

atg
Met

gac
Asp
35

aat
Asn

ctg
Leu

gtg
Val

ttc
Phe

cca
Pro

115

ggt

Val

ttc
Phe
20

cag

Gln

gcc
Ala

tgt
Cys

aga
Arg

gac
Asp
100

gac
Asp

gca

Gly Ala

gag
Glu

cdd
Arqg

gat
Asp

gtc
Val
195

gaa
Glu

atc
Tle

cacC

Lgaiviad o leaSd v phe 3 5 it b e = bl dedd 10 1 P bt S ISl 30830 4 A e anid 1 TR RS s wrond caal 344 2o =2 1 Sadlr Awtrr cosidhid] bt ey kb o Bdoss Srv s add

gaqg
Glu

atg
Met

tct
Ser
180

atc
Tle

gac
Asp

aaa
Lys

ctg

gat
Asp
5

aca
Thr

att
Ile

aag
Lys

gga
Gly

gac
Asp
85

ttc
Phe

att
Ile

gga
Gly

tgc
Cys

gca
Ala
165

aag
Lys

cct
Pro

ata
ITle

gct
Ala

cag

ggc
Gly

tct
Ser

agt
Ser

gtg
Val

gag
Glu
70

acc
Thr

aag
Lys

gcc
Ala

gat
Asp

atg
Met
150

gat
Asp

act
Thr

gtt
Val

aca
Thr

gtg
Val
230

CCa

ttg
Leu

gaa
Glu

gat
Asp

gcc
Ala
55

atc
Ile

att
ITle

acc
Thr

caa
Gln

cag
Gln
135

ccqg
Pro

ctg
Leu

cag
Gln

cgc
Arqg

ctg
Leu
215

gtg
Val
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SEQ

tgt
Cys

tcg
Ser

gca
Ala
40

tgt
Cys

acc
Thr

aag
Lys

tgc
Cys

tgt
Cys
120

ggt
Gly

ctc
Leu

adg
Arqg

gta
Val

gtc
Val
200

gag
Glu

cca
Pro

999

ID NO:

gac
AsSp

gta
Val
23

gtg
Val

gag
Glu

tca
Ser

cac
His

aat

Asn
105

gtc
Val

ctg
Leu

accgc
Thr

cgc
Arg

aca
Thr
185
cac
His

gccC
Ala

gcc
Ala

¢99

cat
His
10

gga
Gly

ctg
Leu

aca
Thr

atg
Met

att
Ile
S0

gtg
Val

cat
His

atg
Met

att
ITle

tct
Ser

170
gtt
Val

acc
Thr

atg
Met

aaqg
Lys

ttt

10:

tct
Ser

gaa
Glu

gat
Asp

gtg
Val

gcc
Ala
75

ggc
Gly

ctc
Leu

cta
Leu

ttc
Phe

gtt
Val
155

ggt
Gly

cag
Gln

atc
ITle

cga
Arg

tac
Tyr
235

cta
Leu

999
Gly

gcc
Ala

tgc
Cys
60

atg
Met

tac
Tyr

gtg
Val

gac
Asp

ggc
Gly

140

ctt
Leu

gtc
Val

tac
Tyr

gtc
Val

gag
Glu
220

ctg
Leu

atc

agt
Ser

cat
His

cat
His
45

aag
Lys

att
Ile

gat
Asp

gct
Ala

aga
Arqg
125

tat

Tyr

gct
Ala

ctt
Leu

gtg
Val

atc
Ile
205

gcc
Ala

gat
Asp

gg4

gaa
Glu

cCa

Pro
30

ctc
Leu

aca
Thr

gac
Asp

gac
Asp

ctg
Leu
110

aat
Asn

gcc
Ala

cac
His

cCCC
Pro

cag
Gln
190

tct
Ser

ctg
Leu

gaa
Glu

ggt

gag
Glu
15

gat
Asp

aaqg
Lys

ggg
Gly

tac
Tyr

tct

Ser
95

gag
Glu

gagd
Glu

act
Thr

ddd

tgg
Trp

175

gat
Asp

gtg
Val

aag
Lys

gac
Asp

CcCCC

gga
Gly

aaqg
Lys

caa
Gln

atg
Met

cag
Gln
80

gcc
Ala

caa
Gln

gag
Glu

gac
Asp

ctc
Leu
160

ctg
Leu

aat
Asn

caa
Gln

gag
Glu

acc
Thr
240

caqg

48

96

144

192

240

288

336

384

432

430

528

2776

©24

672

120

768



Ile

ggg
Gly

ggc
Gly

aaqg
Lys

ctg
Leu
305

gcc
Ala

act
Thr

ttt
Phe

ccc
Pro

ttt
Phe
385

Tyr

gat
Asp

tgg
Trp

gtg
Val
290

gtg
Val

att
Ile

tcc
Ser

gac
Asp

atc

Ile
370

cCce
Pro

His

gca
Ala

ggt
Gly

273

gac
Asp

aag
Lys

ggt
Gly

aaqg
Lys

ctce

Leu
355

tac
Tyr

tgg
Trp

Leu

ggt
Gly

260
gcc
Ala

cgc
Arg

gct
Ala

gtg
Val

aag
Lys
340

cgd
Arg

cag
Gln

gag
Glu

Gln
245

gtc
Val

cat
His

Ltca
Ser

gg9dg
Gly

gca
Ala
325

acce
Thr

cCcqg
Pro

aag
Lys

gtc
Val

Pro

aca
Thr

ggt
Gly

gca
Ala

ctc
Leu
310

gaa
Glu

gag
Glu

ggt
Gly

act
Thr

CCC

Pro
380

Ser Gly Arg

ggc
Gly

ggt
Gly

gct
Ala
295

tgc
Cys

cct
Pro

cga
Arg

gtt
Val

gca
Ala
375

aag
Lys

cgc
AXg

ggt
Gly

280

tat
Tyr

“gg
Arg

ctqg
Leu

gad
Glu

att
Tle
360

tgc
Cys

aaqg
Lys

aaqg
Lys
265
gccC
Ala

gcc
Ala

aga
Arg

tce
Ser

cta
Leu

345

gtc
Val

tat
Tyr

ctt
Leu

Phe Val Ile Gly Gly

250

att
Tle

ttc
Phe

gcc
Ala

gtc
Val

att

Ile
330

cta
Leu

agyg
Arg

ggt
Gly

gtg
Val
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att gtg gac aca
Val Asp Thr

Tle

tct
Ser

cgc
Arg

ctt

Leu
315

tecce
Ser

gag
Glu

gac
Asp

cat
His

ttt
Phe
395

gga aag gac

Gly

tgg
Trp

300

gtt
Val

att
Ile

gtt
Val

ttg
Leu

ttc gga
Phe Gly

380

Lys
285

gtg
Val

cag
Gln

tLc
Phe

gtg
Val

gat
Asp
365

270

Asp

gcc
Ala

gtg
Val

acce
Thr

adC

Asn
350

ctg
Leu

aga
Arg

Pro
255

tac
Tyr

tac

Tyr

aag
Lys

tcc
Ser

tac
Tyrx
335

aaqg

Gln

gga
Gly

acc
Thr

tct
Ser

tat
Tyr
320

gga
Gly

aac

Lys Asn

aag
Lys

agc
Ser

aag
Lys

Jgad
Glu

816

864

812

960

1008

1056

1104

1152

1185

(2) INFORMATION FOR SEQ ID NO: 11:

SEQUENCE CHARACTERISTICS:

(A) LENGTH: 395 amino acid

(B) TYPE: PRT

(C) STRANDEDNESS: unknown
)

(D) TOPOLOGY: unknown

(1)

ORIGINAL SOURCE:
(A) ORGANISM: Rattus norvegicus

(vi)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11

Glu
15

Ser Glu Gly

Cys Asp His Ser Leu
10

Met Gly Pro Val Asp Gly Leu

1 S

Pro Asp Lys

30

Ser Glu Ser Val Gly Glu Gly His

23

Phe Thr

20

Ala Phe Met

His Leu Gln

45

Ala Val Leu Asp Ala
40

Ile Ser Asp

Cys Asp Gln
35

Ile

Asp Pro Asn Ala Lys Val Ala Cys Glu Thr Val Cys Lys Thr Gly Met



Val
65

Arg

Gln
AsSD
Glu

145

Asn

Arg

Gly

His

Gln
225

Ile

Gly

Gly

Leu

305

Ala

Thr

Phe

Pro

Phe
385

50

Leu

Val

Leu

Val

Gly Phe

Ser

Val

130

Thr

Thr

Pro

Ala

Asn
210

Val

Asp

Trp

Val
290

Val

Tle

Ser

Asp

Ile

370

Pro

Pro
115

Gly

Glu

Asp

Val
195

Glu

Ile

His

Ala

Gly

275

Asp

Leu
355

Trp

Cys

Gly

Arg Asp

Asp

100

Asp

Ala

Glu

Met

Sex

180

Tle

ASp

Lys

Leu

Gly
260

Ala

Arg

Ala

Val

Lys

340

Gln

Glu

85

Phe

Ile

Gly

Ala
165

Pro

Ile

Ala

Gln
245

Val

His

Seyxy

Gly

Ala
325

Thr

Pro

Val

Glu
70

Thr

Ala

Asp

Met

150

Asp

Thr

Val

Thr

Val
230

Pro

Thy

Gly

Ala

Leu

310

Glu

Glu

Gly

Thr

Pro
350

55

Ile

Ile

Thr

Gln

Gln

135

Pro

Leu

Gln

Arg

Leu
215

Val

Ser

Gly

Gly

Ala
295

Val

Ala
375
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Thr

Cys
120
Gly
Leu
Arqg
Val
Val

200

Glu

Pro

Gly

Arg

Gly

280

Arg

Leu

Glu

Ile
360

Ser

His

Asn

105

Val

Leu

Thr

Arqg

Thr

185

His

Ala

Ala

Lys
263

Ala

Ala

Ser
Leu
345

Val

Leu

Met
Ile

90
Val
Hls
Met
1le
Ser
170

Val

Thr

Met

Phe
250

Tle

Phe

Ala

Val

Ile

330

Leu

Gly

Val

Ala

75
Gly
Leu
Leu
Phe
Val
155
Gly

Gln

Ile

Arg

Tyr

235

Val

Ile

Ser

Arg

Leu

315

Ser

Glu

Asp

His

Phe
3985

60

Met

Tyr

Val

Gly
140

Leu

Val

Val

Glu

220

Leu

ITle

Val

Gly

Trp

300

Val

Ile

Val

Leu

Phe
380

Ile

Asp

Ala

Arg

125

Ala

Leu

Val

Tle

205

Ala

ASp

Gly

Asp

Lys

285

Val

Gln

Phe

Val

Asp
365

Asp

Asp

Leu

110

Asn

Ala

His

Pro

Gln

190

Ser

Leu

Glu

Gly

Thr

270

Asp

Ala

Val

Thr

Asn

350

Leu

Arqg

sSer
85
Glu

Glu

Thr

Trp
175
Asp

Val

Asp

Pro
255

Ser

Tyr
335

Ser

Gln

80

Ala

Gln

Glu

AsSp

Leu
160

Leu

Asn

Gln

Glu

Thr

240

Gln

Gly

Thr

Ser

Tyr
320
Gly
Asn

Lys

Glu
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIV

3

PROPERTY OR PRIVILEGE IS CLAIMED ARZ DEFIN;

)

D AS FOLLOWS:

1. A method for fermentative procucttion of S-

adenosylmethionine (SAM), which comgrises

culturing a bacterial strain orftainable from a starting
strain and having increased SAM-syn-ietase activity, compared

to said starting strain, in a cultur= medium,

sald bacterial strain secretings SAM 1into said culture

medium and said SAM being removed f:>m said culture mediumnm.

2 . The method as claimed in claim -,

wherein the bacterial strain u..=d 1s a strain of the

family Enterobacteriaceae.

./

3. The method as claimed in claim 1,

wherein the bacterral strarn :sed 1s a strain of the
senus Lscherichia.

34
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4 . The method as claimed in claim 1,

wherein the SAM synthetase used is a protein comprising

the sequence (SEQ ID NO: 1).

5. The methcd as claimed 1n claim 1,

wherein the SAM synthetase used 1s a proteln comprilising
a functional variant whose sequence similarity to (SEQ ID NO:

1) 1s greater than 40%.

o . The method as claimed 1in claim 1,

wherein the SAM synthetase used 1s a proteln comprising
a functional variant whose sequence simillarity to (SEQ ID NO:

1) 1s greater than 00%.

7. The method as claimed 1in claim 1,

wherein the 5AM synthetase used 1s a proteln comprising

a functional variant whose sequence similarity to (SEQ ID NO:

L, 13 greater than 30%.

35
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3 . The method as claimed in claim 1, comprising

culturing the bacterial strain 1in a minimal salt medium.

9. The method as claimed 1n claim 1,

whereiln a carbon source 1s used and 1s selected from the

groups conslisting of glucose and glycerol.

10. The method as claimed 1in claim 1,

whereln a niltrogen source 1s used and 1s selected from
the group consisting of urea, ammonia, ammonla salts, and

nitrate salts.

11. The method as claimed 1n claims 1, comprising

incubating the bacterial straln under aerobilic culturing
ccndltions over a perliod cr 16-150 h and in the range of the
growth temperature optimal for the particular bacterial
strain.

36
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12. The method as claimed in claims 1,

wherein L-methionine 1s added to the minimal salt medium.

12. The methecd as claimed 1n claims 1,

wherein L-methionine 1s added to the minimal salt medilum

at a concentration of between 0.05 and 25 g/1.

14. The method as claimed 1n claims 1,

wherein L-methionine 1s added to the minimal salt medium

at concentration of between 1 and 5 g/l.

15, The method as claimed 1n claim 1,

wherein D,L-methilionine 1s added to the minimal salt

medium.

1L6. The method as claimed in claim 1,

37
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wherein D,L-methilonine 1s added to the minimal salt

medlum at a concentration of between 0.05 and 25 g/l.

17. The method as claimed in claim 1,

wherein D,L-methionine 1s added to the minimal salt

medium at a concentration of between 1 and 5 g/l.

18. The method as claimed in claims 1,

1.

wnerein SAM 1s recovered from the culture medium by
centrifugation of sald culture medium and by means selected
from the group consisting of subsequent chromatographic
purification, complexing, filtration, cross flow filtration,

and precipltation of SAM.

38
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