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DESCRIPTION

Field of the invention

[0001] The present invention relates to a method for degrading DNA in a sample obtained by
microbial fermentation or biotransformation, comprising treating the sample with a combination
of increased temperature and low pH. It also relates to a method for releasing DNA from a
microbial cell, comprising incubating the microbial cell at a temperature of 45°C to 55°C for two
to ten hours. Finally, the present invention provides a method for producing a product,
comprising a step of releasing DNA from a microbial cell and degrading said DNA.

Background of the invention

[0002] In fermentation and biotransformation processes the metabolic activity of pro- and/or
eukaryotic cells is used to produce substances such as beer, wine and bio-ethanol, L-glutamic
-, Citric - and lactic acid, different antibiotics, enzymes, steroids and aroma ingredients.

[0003] Products obtained by fermentation or biotransformation may contain DNA from the cells
used in the process. On the one hand purification of intracellular products requires cell
disruption upon which intracellular compounds including DNA are liberated into the broth and
even after several further purification steps residual DNA may remain in the product. On the
other hand also extracellular products may contain residual DNA even though an efficient
separation step for cell removal is used after fermentation or biotransformation - just by cell
lysis and liberation of DNA during the fermentation or biotransformation process.

[0004] For products obtained by fermentation or biotransformation and still containing DNA the
regulatory requirements may be stricter than for those which do not contain residual DNA. E. g.
for food and feed products obtained by fermentation of genetically modified microorganisms
(GMMs) absence of GMMs and newly introduced genes in the product has a direct impact on
its categorization for risk assessment purposes (EFSA (2011)The EFSA Journal 9(6): 2193).
Absence of newly introduced genes should be shown by PCR spanning the full length of the
coding sequence(s) of the target gene(s) of concern (EFSA (2011) The EFSA Journal 9(6):
2193).

[0005] Hence, from a regulatory point of view a reliable and cost efficient method for DNA
fragmentation resulting in the absence of complete genes from the product may be of special
interest.

[0006] Several approaches to achieve DNA fragmentation are known and described in the
scientific literature, including enzymatic or chemical DNA degradation (Anderson (1981)
Nucleic Acids Res. 9: 3015-3027; Roe (2004) Methods Mol. Biol. 255: 171-187; Bauer et al.
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(2003) Eur.Food Res. Technol. 217: 338-343; Poirier (2004) Nature Rev. Cancer 4: 630-637),
shear forces (hydrodynamic shearing (Joneja and Huang (2009) Biotechniques 46: 553-556;
Thorstenson et al. (1998) Genome Res. 8: 848-855), sonication (Deininger (1983) Anal.
Biochem. 135: 247-263), nebulization (Burger et al. (2007) Nat. Protocols 2: 603-614)),
oxidative attack (Aronovitch et al. (1991) Free Radic. Res. Commun. 12-13: 499-508),
irradiation (Rastogi et al. (2010) Journal of Nucleic Acids; Yang and Hang (2013) J. Biomol.
Tech. 24:98-103) and radicals (Dizdaroglu and Jaruga (2012) Free Radic. Res. 46:382-419).
EP 1 529 766 relates to a method of degrading DNA in a sample from a fungal fermentation.
EP 0 487 985 relates to disruption of riboflavin producing Eremothecium gossypii cells. Bretzel
et al.,, "Commercial riboflavin production by recombinant Bacillus subtilis; down-stream
processing and comparison of the composition of riboflavin produced by fermentation or
chemical synthesis, JOURNAL OF INDUSTRIAL MICROBIOLOGY & BIOTECHNOLOGY, vol.
22, no. 1 relates to a method of degrading DNA in a sample of microbial fermentation broth
using an acid treatment step.

[0007] However, for some of these methods such as the application of shear forces additional
equipment is required which makes the overall process more complex and expensive. Further,
when using chemical or enzymatic DNA fragmentation the enzyme or chemical compound has
to be removed after the fragmentation step.

[0008] Hence, there is still a need for a simple method for removing DNA from
biotechnologically produced products which does not impact product yield and product quality.

[0009] The present invention provides a method for removing DNA from biotechnologically
produced products which reliably results in the absence of complete genes in the product while
minimizing product losses.

Summary of the invention

[0010] The subject matter of the invention is defined by the appended claims.The present
inventors have surprisingly found that DNA can be efficiently removed from a sample obtained
by microbial fermentation or biotransformation by simply changing the pH and temperature
conditions of the sample.

[0011] Accordingly, the present invention provides a method of producing a product of interest
with microbial cells, comprising the steps:

1. a) culturing the microbial cells which are capable of producing said product of interest in
a culture medium;

2. b) disrupting the microbial cells by incubating them at a temperature of 45 to 55°C for 2
to 10 hours, thereby releasing the DNA from the cells;

3. ¢) incubating the released DNA at a temperature of at least 50°C and a pH of less than
4.5, thereby degrading the released DNA; and
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4. d) isolating the product of interest, wherein no complete coding sequence of a gene is
detectable in the product of interest isolated in step d) and wherein the microbial cells
are selected from the group consisting of Eremothecium gossypii, Bacillus subtilis and
Corynebacterium glutamicum cells.

[0012] Also preferably, the product of interest is selected from the group consisting of vitamins,
carotenoids, coenzymes, amino acids, organic acids, antibiotics, alcohols, terpenes, proteins,
nucleotides, steroids, polysaccharides, polyhydroxyalcanoates and fatty acids, more preferably
the product of interest is riboflavin.

[0013] In a particularly preferred embodiment the microbial cells are Eremothecium gossypii
cells and the product of interest is riboflavin.

[0014] In another preferred embodiment the cells are disrupted by incubating them at a
temperature of 48°C for 4 hours.

[0015] In still a further preferred embodiment the released DNA is incubated for more than two
hours and in a more preferred embodiment it is incubated at a temperature between 50°C and
80°C and a pH of between pH 1.0 and less than pH 4.5 for a period between more than two
and ten hours.

[0016] Preferably, the disruption of step (b) and/or the incubation of step (c) is performed in
fermentation broth.

[0017] In another preferred embodiment the microbial cells are genetically modified cells.

[0018] Also disclosed is a method for degrading DNA in a sample obtained by microbial
fermentation or biotransformation, comprising incubating the sample at a temperature of at
least 50°C and a pH of less than 4.5.

[0019] Preferably, the sample obtained by microbial fermentation or biotransformation is a
fermentation broth.

[0020] Also preferably, the sample is incubated for more than two hours.

[0021] In another preferred embodiment the sample is obtained by fermentation of
Eremothecium gossypii, Bacillus subtilis or Corynebacterium glutamicum cells or by
biotransformation of a substrate using Eremothecium gossypii, Bacillus subtilis or
Corynebacterium glutamicum cells.

[0022] Also disclosed is a method for disrupting microbial cells, comprising incubating the cells
at a temperature of 45 to 55°C for 2 to 10 hours, preferably at a temperature of 48°C for four
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hours.
[0023] In one embodiment, the Eremothecium gossypii cells produce riboflavin.

[0024] In a further preferred embodiment, the pH is between pH 6.0 and pH 8.0, more
preferably between pH 6.4 and 7.2, even more preferably between pH 6.6 and pH 7.0 and
most preferably it is pH 6.8 or 6.7.

[0025] Further disclosed is a method of producing riboflavin in Eremothecium gossypii cells,
comprising the steps:

1. a) culturing the cells in a culture medium;

2. b) disrupting the cells by incubating them at a pH of 6 to 8 and a temperature of 45 to
55°C for 2 to 10 hours, thereby releasing the DNA from the cells;

3. ¢) incubating the released DNA at a temperature of at least 50°C and a pH of less than
4.5, thereby degrading the DNA; and

4. d) isolating the riboflavin, wherein no complete coding sequence of a gene is detectable
in the product of interest isolated in step d).

[0026] Preferably, the cells are disrupted by incubating them at a pH of 6.8 or 6.7 and a
temperature of 48°C for 4 hours.

[0027] Also preferably, the released DNA is incubated for more than two hours and in a more
preferred embodiment it is incubated at a temperature between 50°C and 80°C and a pH of
between 2.0 and less than 4.5 for a period between more than two and ten hours. Most
preferably, the released DNA is incubated for 6 hours at a temperature of 75°C and a pH of
4.0.

[0028] Preferably, the disruption of step (b) and/or the incubation of step (c) is performed in
fermentation broth.

[0029] Further disclosed is a method for converting a substrate into a product of interest by
biotransformation using microbial cells, comprising the steps:

1.a) incubating a solution comprising microbial cells and the substrate for
biotransformation under conditions which are suitable for biotransformation, leading to
the production of the product of interest from the substrate;

2. b) incubating the solution of step (a) at a temperature of at least 50°C and a pH of less
than 4.5, thereby degrading any DNA present within the solution; and

3. ¢) isolating the product of interest.

Brief description of the drawings
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[0030]

Figure 1: Test of product stability under different pH and temperature conditions as indicated in
a) and b). The product yield was measured over a period of 0 to 24 h and the starting value (0
h) was set to 100 %.

Figure 2: Results of the PCR analysis using the 84 bp ACT71gene fragment and the 400 bp
RIB3 gene fragment. The fermentation broth (FB) was treated under the conditions (pH, T and

time) as listed. The GeneRuler™ 1 kb Plus or GeneRuler™ 1 kb DNA Ladder were used as size
markers.

Figure 3: Results of the PCR analysis using the 113 bp and 200 bp RIB3 gene fragments. The
fermentation broth (FB) was treated under the conditions (pH, T and time) as listed. The

GeneRuler™ 1 kb Plus DNA Ladder was used as size marker.

Figure 4: Results of the PCR analysis using the 116 bp ACT7 gene fragment and the 200 bp
RIB3 gene fragment. The fermentation broth (FB) was treated under the conditions (pH, T and

time) as listed. The GeneRuler™ 1 kb Plus DNA Ladder was used as size marker.

Figure 5: Results of the PCR analysis using the 116 bp ACT7 gene fragment and the 113 bp
RIB3 gene fragment. The fermentation broth (FB) was treated under the conditions (pH, T and

time) as listed. The GeneRuler™ 1 kb Plus DNA Ladder was used as size marker.

Figure 6: Results of the PCR analysis using the 519 bp full-length open reading frame of the
RIB4 gene. The fermentation broth (FB) was treated under the conditions (pH, T and time) as

listed. The GeneRuler " 1 kb DNA Ladder was used as size marker.

Figure 7: Results of the PCR analysis using the 146 bp and 421 bp AMYE gene fragments
from B. subtilis. The B. subtilis fermentation broth (FB) was treated under the conditions (pH, T
and time) as listed. The 146 bp amplicon results from PCR analysis using supernatant gDNA
extracts as template, while the 214 bp PCR fragment was obtained from PCR analysis using

the DNA extraction from the complete cell suspension as template. The GeneRuler ™ 1 kb Plus
DNA Ladder was used as size marker.

Figure 8: Results of the PCR analysis using the 212 bp ask gene fragment from C.
glutamicum. The C. glutamicum culture broth (CB) was treated under the conditions (pH, T and
time) as listed. PCR analysis was done using either supernatant gDNA extracts as template or

the DNA extraction from the total culture broth. The GeneRuler™ 1 kb Plus DNA Ladder was
used as size marker.

Detailed description of the invention
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[0031] Although the present invention will be described with respect to particular embodiments,
this description is not to be construed in a limiting sense.

[0032] Before describing in detail exemplary embodiments of the present invention, definitions
important for understanding the present invention are given. As used in this specification and in
the appended claims, the singular forms of "a" and "an" also include the respective plurals
unless the context clearly dictates otherwise. In the context of the present invention, the terms
"about" and "approximately” denote an interval of accuracy that a person skilled in the art will
understand to still ensure the technical effect of the feature in question. The term typically
indicates a deviation from the indicated numerical value of +20 %, preferably £15 %, more
preferably £10 %, and even more preferably £5 %. It is to be understood that the term
"comprising” is not limiting. For the purposes of the present invention the term "consisting of"' is
considered to be a preferred embodiment of the term "comprising of". If hereinafter a group is
defined to comprise at least a certain number of embodiments, this is meant to also
encompass a group which preferably consists of these embodiments only. Furthermore, the
terms "first", "second”, "third" or "(a)", "(b)", "(c)", "(d)" etc. and the like in the description and in
the claims, are used for distinguishing between similar elements and not necessarily for
describing a sequential or chronological order. It is to be understood that the terms so used
are interchangeable under appropriate circumstances and that the embodiments of the
invention described herein are capable of operation in other sequences than described or
illustrated herein. In case the terms "first", "second”, "third" or "(a)", "(b)", "(c)", "(d)", "i", "ii" etc.
relate to steps of a method or use or assay there is no time or time interval coherence between
the steps, i.e. the steps may be carried out simultaneously or there may be time intervals of
seconds, minutes, hours, days, weeks, months or even years between such steps, unless
otherwise indicated in the application as set forth herein above or below. It is to be understood
that this invention is not limited to the particular methodology, protocols, reagents etc.
described herein as these may vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodiments only, and is not intended to limit
the scope of the present invention that will be limited only by the appended claims. Unless
defined otherwise, all technical and scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art.

[0033] As discussed above, the method of the present invention involves the complete release
of DNA from microbial cells and the subsequent degradation of the released DNA by a simple
change in the temperature and pH conditions without the need to add additional compounds
other than the pH regulating compound to effect cell disruption and/or DNA degradation.
Hence, it is possible to perform the fermentation, the cell disruption and the DNA degradation
in one and the same vessel without adding or removing compounds other than the pH
regulating compound.

[0034] The present inventors have found that the lysis of the cells leading to a release of DNA
from the microbial cell can be performed at a lower temperature as used in prior art processes.



DK/EP 3230435 T3

Without wishing to be bound by this theory, it is speculated that the efficient lysis of the cells is
due to the remaining activity of endogenous enzymes of the cells at this lower temperature.

[0035] The inventors have further found that the DNA of the cell can be fragmented by simply
changing the pH and the temperature of the fermentation broth. These conditions do not
negatively influence the product titer and/or product quality.

[0036] The term "biotransformation” as used herein refers to the enzymatic conversion of a
substrate to a product of interest by using enzymes produced by a microbial cell wherein the
enzymes are not separated from the microbial cell producing them. The product of interest
produced by biotransformation may contain DNA from the microbial cells used in the
biotransformation process due to the release upon death of the microbial cells. The
biotransformation process may take place in the fermentation broth or in a buffer containing
the microbial cells which have been harvested from the fermentation broth, e.g. by
centrifugation.

[0037] The product of interest which can be produced in the method of the present invention is
any product which is commercially interesting and which is stable under the conditions used to
disrupt the microbial cell and degrade the DNA, i.e. under elevated temperature and low pH.

[0038] Product classes which may be produced in the method of the present invention include,
but are not limited to, vitamins, coenzymes, amino acids, organic acids, antibiotics, alcohols,
terpenes, proteins and fatty acids.

[0039] Examples of vitamins which can be produced by the method of the present invention
include, but are not limited to, riboflavin and vitamin B12. Coenzymes which can be produced
by the method of the present invention include, but are not limited to, coenzymes Q9, Q10 and
B12. Examples of amino acids which can be produced by the method of the present invention
include, but are not limited to, L-methionine and L-lysine. Organic acids which can be produced
by the method of the present invention include, but are not limited to, L-glutamic acid, citric
acid and lactic acid. Examples of antibiotics which can be produced by the method of the
present invention include, but are not limited to, penicillin, amoxicillin and streptomycin.
Alcohols which can be produced by the method of the present invention include, but are not
limited to, ethanol and butanol. Examples of terpenes which can be produced by the method of
the present invention include, but are not limited to, monoterpenes such as myrcene, limonene
and menthol, sesquiterpenes such as farnesol, selinene and patchoulol, triterpenes such as
squalene and cholesterol, polyterpenes such as cis- and trans-polyisoprene, and diterpenes
such as phytol and retinol. Proteins which can be produced by the method of the present
invention include, but are not limited to, amylases, glucoamylases, proteases, lipases,
cellulases, xylanases, mannanases, phytases, xylose isomerases, lactases, acetolactate
decarboxylases, pectinases, cutinases, lyases, arabinases, galactanases, oxidases, laccase
peroxidases and asparaginases. Examples of fatty acids which can be produced by the
method of the present invention include, but are not limited to, eicosapentaenoic acid (EPA),
hexadecanoic acid, gamma-linolenic acid (GLA), conjugated linoleic acid (CLA) and
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docosahexaenoic acid (DHA). Carotenoids which can be produced by the method of the
present invention include, but are not limited to, p-carotene and lutein. Examples of nucleotides
which can be produced by the method of the present invention include, but are not limited to,
adenosine and inosine. Steroids which can be produced by the method of the present
invention include, but are not limited to, cholesterol and squalene. Polysaccharides which can
be produced by the method of the present invention include, but are not limited to, xanthan
gum and chondroitin.

[0040] Preferably, the product of interest is a vitamin and more preferably it is riboflavin.
[0041] The term "microbial cell" is intended to include fungi, bacteria and algae.

[0042] Examples of bacterial cells include gram-positive bacteria and in particular bacteria
from the genera Corynebacterium, Bacillus, Clostridium, Enterococcus, Geobacillus,
Lactobacillus, Lactococcus, Oceanobacillus, Staphylococcus, Streptococcus, or Streptomyces,
and gram-negative bacteria such as those from the genera Campylobacter, Escherichia,
Flavobacterium, Fusobacterium, Helicobacter, Illyobacter, Neisseria, Pseudomonas,
Salmonella, or Ureaplasma. Particularly, suitable bacterial cells include Bacillus alkalophilus,
Bacillusamyloliquefaciens, Bacillus brevis, Bacillus circulans, Bacillus clausii; Bacillus
coagulans, Bacillus firmus, Bacillus lautus, Bacillus lentus, Bacillus licheniformis, Bacillus
megaterium, Bacillus pumilus, Bacillus stearothermo-philusBacillus subtilis, Bacillus
thuringiensis, Streptococcus equisimilis, Streptococcus pyogenes, Streptococcus uberis,
Streptococcus equi subspecies Zooepidemicus, Streptomyces murinus, Streptomyces
achromogenes, Streptomyces avermitilis, Streptomyces coelicolor, Streptomyces griseus,
Streptomyces lividans strain, Corynebacterium glutamicum and Escherichia coli cells. More
particularly, the bacterial cells are Corynebacterium glutamicum or Bacillus subtilis cells.

[0043] Further disclosed are gram-negative bacterial cells. Further disclosed are bacterial
cells, which are selected from the genera Campylobacter, Escherichia, Flavobacterium,
Fusobacterium, Helicobacter, llyobacter, Neisseria, Pseudomonas, Salmonella, or Ureaplasma.

[0044] The fungal cell may be a yeast cell or a filamentous fungal cell, preferably it is a yeast
cell.

[0045] Yeast cells include Eremothecium, Candida, Hansenula, Kluyveromyces, Pichia,
Saccharomyces, Schizosaccharomyces, and Yarrowia such as Eremothecium gossypii,
Saccharomyces carlsbergensis, Saccharomyces cerevisiae, Saccharomyces diastaticus,
Saccharomyces douglasii; Saccharomyces kluyveri; Saccharomyces norbensis, and
Saccharomyces oviformis.

[0046] Filamentous fungal strains include Acremonium, Agaricus, Alternaria, Aspergillus,
Aureobasidium, Botryospaeria, Ceriporiopsis, Chaetomidium, Chnsosporium, Claviceps,
Cochliobolus, Coprinopsis, Coptotermes, Corynascus, Cryphonectria, Cryptococcus, Diplodia,
Exidia, Filibasidium, Fusarium, Gibberella, Holomastigotoides, Humicola, Irpex, Lentinula,
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Leptospaeria, Magnaporthe, Melanocarpus, Meripilus, Mortierella, Mucor, Myceliophthora,
Neocallimastix, Neurospora, Paecilomyces, Penicilium, Phanerochaete, Piromyces, Poitrasia,
Pseudoplectania, Pseudotrichonympha, Rhizomucor, Schizophyllum, Scytalidium,
Talaromyces, Thermoascus, Thielavia, Tolypocladium, Trichoderma, Trichophaea, Verticillium,
Volvariella, and Xylaria and in particular Acremonium cellulolyticus, Aspergillus aculeatus,
Aspergillus awamori, Aspergillus foetidus, Aspergillus fumigatus, Aspergillus japonicus,
Aspergillus  nidulans, Aspergillus niger, Aspergillus oryzae, Chrysosporium inops,
Chrysosporium keratinophilum, Chrysosporium Ilucknowense, Chrysosporium merdarium,
Chrysosporium pannicoia, Chrysosporium queensiandicum, Chrysosporium tropicum,
Chrysosporium zonatum, Fusarium bactridioides, Fusarium cerealis, Fusarium crookwellense,
Fusarium culmorum, Fusarium graminearum, Fusarium graminum, Fusarium heterosporum,
Fusarium negundi, Fusarium oxysporum, Fusarium reticulatum, Fusarium roseum, Fusarium
sambucinum, Fusarium sarcochroum, Fusarium sporotrichioides, Fusarium sulphureum,
Fusarium torulosum, Fusarium trichothecioides, Fusarium venenatum, Humicola grisea,
Humicola insoiens, Humicola lanuginosa, irpex lacteus, Mortierella alpina, Mucor miehei;
Myceliophthora thermophila, Neurospora crassa, Penicillium funiculosum, Penicillium
purpurogenum, Phanerochaete chrysosporium, Thielavia achromatica, Thielavia albomyces,
Thielavia albopilosa, Thielavia australeinsis, Thielavia fimeti, Thielavia microspora, Thielavia
ovispora, Thielavia peruviana, Thielavia setosa, Thielavia spededonium, Thielavia
subthermophila, Thiela via terrestris, Trichoderma harzianum, Trichoderma koningii,
Trichoderma longibrachiatum, Trichoderma reesei, and Trichoderma viride.

[0047] The microbial cells in the sense of the invention are are Eremothecium gossypii cells,
Corynebacterium glutamicum or Bacillus subtilis cells.

[0048] Algae may be selected from Stramenopiles, Chrysophyceae, Xanthophyceae,
Bacillariophyceae, Euglenophyceae, Cryptophyceae, Ochromonas, Nitzschia, Phaeodactylum,
Skeletonema, Platymonas, Schizochytrium, Dinophyceae, Crypthecodinium, Crypthecodinium
cohnii, Heteromastix, Mammella, Mantoniella, Micromonas, Nephroselmis, Ostreococcus,
Prasinocladus, Prasinococcus, Pseudoscourfielda, Pycnococcus, Pyramimonas, Scherffelia,
Tetraselmis, Heteromastix longifillis, Mamiella gilva, Mantoniella squamata, Micromonas
pusilla, Nephroselmis olivacea, Nephroselmis pyriformis, Nephroselmis rotunda, Ostreococcus
tauri, Ostreococcus sp. Prasinocladus ascus, Prasinocladus lubricus, Pycnococcus provasolii,
Pyramimonas amylifera, Pyramimonas disomata, Pyramimonas obovata, Pyramimonas
orientalis, Pyramimonas parkeae, Pyramimonas spinifera, Pyramimonas sp., Tetraselmis
apiculata, Tetraselmis carteriaformis, Tetraselmis chui, Tetraselmis convolutae, Tetraselmis
desikacharyl, Tetraselmis gracilis, Tetraselmis hazeni, Tetraselmis impellucida, Tetraselmis
inconspicua, Tetraselmis levis, Tetraselmis maculata, Tetraselmis marina, Tetraselmis striata,
Tetraselmis subcordiformis, Tetraselmis suecica, Tetraselmis tetrabrachia, Tetraselmis
tetrathele, Tetraselmis verrucosa, Tetraselmis verrucosa fo. rubens or Tetraselmis sp.,
Ascoglena, Astasia, Colacium, Cyclidiopsis, Euglena, Euglenopsis, Hyalophacus, Khawkinea,
Lepocinclis, Phacus, Strombomonas, Trachelomonas, Euglena acus, Euglena geniculate,
Euglena gracilis, Euglena mixocylindrica, Euglena rostrifera Euglena viridis, Colacium
stentorium, Trachelomonas cylindrica, Trachelomonas volvocina, Porphyridium cruentum,



DK/EP 3230435 T3

Isochrysis galbana, Chlorella minutissima, Chlorella vulgaris, Thraustochytrium aureum,
Dunaliella salina, Haematococcus pluvialis, Scenedesmus sp. and Nannochloropsis oculata.

[0049] The microbial cells may be wild-type cells which are capable of producing the product of
interest due to the natural presence and expression of the gene(s) required for the production
of the product of interest in the genome of the cell. Alternatively, the microbial cells may be
genetically modified to enable or enhance the production of the product of interest by
introducing or mutating one or more genes which are involved in the production of the product
of interest and/or by inhibiting the expression of one or more genes which negatively influence
the production of the product of interest.

[0050] The microbial cells may be genetically modified by any techniques known in the art
such as mutagenesis with chemical agents or ionizing radiation, transformation and
transfection or a combination of any of these techniques. If the product of interest is riboflavin
and the microbial cell is an Eremothecium gossypii cell, the genes which may be introduced or
mutated to increase riboflavin production include, but are not limited to, the genes encoding
one or more of GLY1; SHM2; ADE4; PRS 2, 4; PRS 3; MLS1; BAS1; RIB 1; RIB 2; RIB 3; RIB 4;
RIB 5; RIB 7; ADE12; GUA1; Fat1; Pox1; Fox2; Pot1/Fox3; Faa 1,4 and IMPDH.

[0051] The term "culturing the microbial cell" as used herein refers to the use of any suitable
means and methods known to the person skilled in the art, which allow the growth of the
microbial cells and the production of the product of interest by said microbial cells.

[0052] The culturing may be performed as a batch, a repeated batch, a fed-batch, a repeated
fed-batch or a continuous process.

[0053] In a fed-batch process, part of the medium or single components of the medium are fed
during the fermentation process. The compounds which are selected for feeding can be fed
together or separately to the fermentation process.

[0054] In a repeated fed-batch or a continuous fermentation process, the complete start
medium is additionally fed during fermentation. The start medium can be fed together with or
separately from the structural element feed(s). In a repeated fed-batch process, part of the
fermentation broth comprising the biomass is removed at regular time intervals, whereas in a
continuous process, the removal of part of the fermentation broth occurs continuously. The
fermentation process is thereby replenished with a portion of fresh medium corresponding to
the amount of withdrawn fermentation broth.

[0055] The culturing conditions, in particular the temperature and the pH, for a particular
microbial cell can be derived from the literature. For Eremothecium gossypii cells, the culturing
may be carried out at a temperature between 15°C and 45°C, preferably between 20°C and
40°C or 15°C and 30°C, more preferably between 20°C and 30°C and most preferably at 28°C
and at a pH between pH 6 and pH 9, preferably between pH 6.5 and 8.5, more preferably
between 6.7 and 7.5 and most preferably between 6.8 and 7.
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[0056] The culture medium contains all elements which the microbial host cell needs for
growth such as a carbon source, water, various salts and a source of amino acids and
nitrogen. For Eremothecium gossypii cells, the culture medium may comprise yeast extract,
soybean flour, glycine, sodium glutamate, KH,PO4, MgSOy4, DL-methionine, inositol, sodium

formate, urea and rapeseed or soybean oil. Suitable culture media for the cultivation of
different types of microbial cells are known to the skilled expert and can be derived from the
literature.

[0057] The term "fermentation broth" is intended to comprise the culture medium containing
the cells after the microbial cells have been cultured.

[0058] The present invention may be useful for any production process in industrial scale, e.g.,
for any fermentation having culture media of at least 50 liters, preferably at least 500 liters,
more preferably at least 5,000 liters, even more preferably at least 50,000 liters.

[0059] The term "disrupting the microbial cell' means that the integrity of the cell wall of the
microbial cell is destroyed so that the interior of the microbial cell including the DNA is released
into the medium and intact cells can no longer be detected in the culture medium. The
conditions of the method of the present invention lead to a complete disruption of essentially
all, i.e. more than 95 or 96%, preferably more than 97 or 98%, more preferably more than 99
or 99.5% and most preferably 100% of the microbial cells in the culture medium. Hence, this
method ensures that substantially all DNA of the microbial cells is available for a subsequent
degradation step.

[0060] In the method of the present invention the microbial cells are disrupted by incubating
them at a temperature of 45°C to 55°C, preferably of 46°C to 53°C, more preferably of 47°C to
51°C and most preferably of 48°C for two to ten hours, preferably for 2.5 to 8 hours, more
preferably for three to eight hours, even more preferably for 3.5 to 6 hours and most preferably
for four hours. Hence, the cells are incubated at a temperature of 45°C to 55°C for 2.5 to 8
hours, more preferably for three to eight hours, even more preferably for 3.5 to 6 hours and
most preferably for four hours. The cells may also be incubated at a temperature of 46°C to
53°C for 2.5 to 8 hours, more preferably for three to eight hours, even more preferably for 3.5
to 6 hours and most preferably for four hours. Alternatively, the cells are incubated at a
temperature of 47°C to 51°C for 2.5 to 8 hours, more preferably for three to eight hours, even
more preferably for 3.5 to 6 hours and most preferably for four hours. Most preferably, the cells
are incubated at a temperature of 48°C for four hours.

[0061] The pH during this disruption step is preferably the same as the pH of the culture
medium, as the disruption step is preferably performed in the culture step without the addition
of substances in addition to those present in the culture medium. Hence, the pH during the
disruption step may be in the range between pH 6.0 and pH 8.0, preferably between pH 6.2
and pH 7.6, more preferably between pH 6.4 and 7.2, even more preferably between pH 6.6
and pH 7.0 and most preferably it is pH 6.7 or 6.8. In a most preferred embodiments, the cells
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are incubated at a temperature of 48°C and a pH of 6.7 for four hours to disrupt the cells.

[0062] As discussed above, the microbial cells are preferably disrupted in the fermentation
broth which does not contain any compounds in addition to those used in the culturing step.

[0063] The present invention is further characterized by an efficient method for degrading DNA
after it has been released from the microbial cell. This method of degrading the released DNA
involves a step of incubating the released DNA at a temperature of at least 50°C, preferably at
least 53°C, more preferably at least 55°C, even more preferably at least 58°C and most
preferably at a temperature of 60°C or 65°C or 75°C and a pH of less than pH 4.5, preferably
of less than pH 4.0, more preferably of less than pH 3.5 and most preferably of pH 3.0 or 2.5.

[0064] Hence, the method involves a step of incubating the released DNA at a temperature of
at least 50°C and a pH of less than pH 4.5, preferably of less than pH 4.0, more preferably of
less than pH 3.5 and most preferably of pH 3.0 or 2.5. Alternatively, it involves a step of
incubating the released DNA at a temperature of at least 53°C and a pH of less than pH 4.5,
preferably of less than pH 4.0, more preferably of less than pH 3.5 and most preferably of pH
3.0 or 2.5. In another alternative embodiment involves a step of incubating the released DNA
at a temperature of at least 55°C and a pH of less than pH 4.5, preferably of less than pH 4.0,
more preferably of less than pH 3.5 and most preferably of pH 3.0 or 2.5. In still another
alternative embodiment it involves a step of incubating the released DNA at a temperature of at
least 58°C and a pH of less than pH 4.5, preferably of less than pH 4.0, more preferably of less
than pH 3.5 and most preferably of pH 3.0 or 2.5. In another alternative embodiment it involves
a step of incubating the released DNA at a temperature of 60°C or 65°C and a pH of less than
pH 4.5, preferably of less than pH 4.0, more preferably of less than pH 3.5 and most preferably
of pH 3.0 or 2.5. In another alternative embodiment it involves a step of incubating the
released DNA at a temperature of 75°C and a pH of less than pH 4.5, preferably of less than
pH 4.4, more preferably of less than pH 4.2 and most preferably of pH 4.0.

[0065] Most preferably, the released DNA is incubated at a temperature of 65°C and a pH of
pH 3.0 or at a temperature of 60°C and a pH of pH 2.5. Also most preferably, the released
DNA is incubated at a temperature of 75°C and a pH of pH 4.0.

[0066] The temperature used within the step of incubating the released DNA is between 50°C
and 70°C, preferably between 53°C and 68°C, more preferably between 55°C and 67°C and
most preferably between 60°C and 65°C. Alternatively, the temperature used within the step of
incubating the released DNA is between 50°C and 80°C, preferably between 55°C and 78°C,
more preferably between 60°C and 77°C, even more preferably between 65°C and 76°C and
most preferably the temperature is 75°C.

[0067] The pH used within the step of incubating the released DNA is between 1.0 and 4.5,
preferably between 1.5 and 4.2, more preferably between 2.0 and 4.0, even more preferably
between 2.4 and 3.8 and most preferably between 2.5 and 3.0. Alternatively, the pH used
within the step of incubating the released DNA is between 2.0 and 4.5, preferably between 2.5
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and 4.4, more preferably between 3.0 and 4.3, even more preferably between 3.5 and 4.2 and
most preferably between 3.7 and 4.1.

[0068] The temperature used within the step of incubating the released DNA is between 50°C
and 70°C and the pH used within the step of incubating the released DNA is between 1.0 and
4.5, preferably between 1.5 and 4.2, more preferably between 2.0 and 4.0, even more
preferably between 2.4 and 3.8 and most preferably between 2.5 and 3.0. The temperature
used within the step of incubating the released DNA is between 53°C and 68°C and the pH
used within the step of incubating the released DNA is between 1.0 and 4.5, preferably
between 1.5 and 4.2, more preferably between 2.0 and 4.0, even more preferably between 2.4
and 3.8 and most preferably between 2.5 and 3.0. The temperature used within the step of
incubating the released DNA is between 55°C and 67°C and the pH used within the step of
incubating the released DNA is between 1.0 and 4.5, preferably between 1.5 and 4.2, more
preferably between 2.0 and 4.0, even more preferably between 2.4 and 3.8 and most
preferably between 2.5 and 3.0. The temperature used within the step of incubating the
released DNA is between 60°C and 65°C and the pH used within the step of incubating the
released DNA is between 1.0 and 4.5, preferably between 1.5 and 4.2, more preferably
between 2.0 and 4.0, even more preferably between 2.4 and 3.8 and most preferably between
2.5 and 3.0.

[0069] The temperature used within the step of incubating the released DNA is between 50°C
and 80°C and the pH used within the step of incubating the released DNA is between 2.0 and
4.5, preferably between 2.5 and 4.4, more preferably between 3.0 and 4.3, even more
preferably between 3.5 and 4.2 and most preferably between 3.7 and 4.1. The temperature
used within the step of incubating the released DNA is between 55°C and 78°C and the pH
used within the step of incubating the released DNA is between 2.0 and 4.5, preferably
between 2.5 and 4.4, more preferably between 3.0 and 4.3, even more preferably between 3.5
and 4.2 and most preferably between 3.7 and 4.1. The temperature used within the step of

incubating the released DNA is between 60°C and 77°C and the pH used within the step of
incubating the released DNA is between 2.0 and 4.5, preferably between 2.5 and 4.4, more
preferably between 3.0 and 4.3, even more preferably between 3.5 and 4.2 and most
preferably between 3.7 and 4.1. The temperature used within the step of incubating the
released DNA is between 65°C and 76°C and the pH used within the step of incubating the
released DNA is between 2.0 and 4.5, preferably between 2.5 and 4.4, more preferably
between 3.0 and 4.3, even more preferably between 3.5 and 4.2 and most preferably between
3.7and 4.1.

[0070] The released DNA is incubated under the above temperature and pH conditions for a
period of more than two hours, preferably more than three hours, more preferably of more
than four hours, even more preferably more than five hours and most preferably for six hours.

[0071] The released DNA is incubated under the above temperature and pH conditions for a
period of two to 24 hours, preferably three to 18 hours, more preferably four to twelve hours,
even more preferably five to ten hours and most preferably for six hours.
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[0072] The released DNA is incubated at a temperature of between 50°C and 70°C and a pH
of between 1.0 and 4.5 for a period of two to 24 hours, preferably three to 18 hours, more
preferably four to twelve hours, even more preferably five to ten hours and most preferably for
six hours. The released DNA is incubated at a temperature of between 53°C and 68°C and a
pH of between 1.5 and 4.2 for a period of two to 24 hours, preferably three to 18 hours, more
preferably four to twelve hours, even more preferably five to ten hours and most preferably for
six hours. The released DNA is incubated at a temperature of between 55°C and 67°C and a
pH between 2.0 and 4.0 for a period of two to 24 hours, preferably three to 18 hours, more
preferably four to twelve hours, even more preferably five to ten hours and most preferably for
six hours. The released DNA is incubated at a temperature of between 60°C and 65°C and a
pH between 2.5 and 3.0 for a period of two to 24 hours, preferably three to 18 hours, more
preferably four to twelve hours, even more preferably five to ten hours and most preferably for
six hours.

[0073] The released DNA is incubated at a temperature of between 50°C and 80°C and a pH
of between 2.0 and 4.5 for a period of two to 24 hours, preferably three to 18 hours, more
preferably four to twelve hours, even more preferably five to ten hours and most preferably for
six hours. The released DNA is incubated at a temperature of between 55°C and 78°C and a
pH of between 2.5 and 4.4 for a period of two to 24 hours, preferably three to 18 hours, more
preferably four to twelve hours, even more preferably five to ten hours and most preferably for

six hours. The released DNA is incubated at a temperature of between 60°C and 77°C and a
pH between 3.0 and 4.3 for a period of two to 24 hours, preferably three to 18 hours, more
preferably four to twelve hours, even more preferably five to ten hours and most preferably for
six hours. The released DNA is incubated at a temperature of between 65°C and 76°C and a
pH between 3.5 and 4.2 or between 3.7 and 4.1 for a period of two to 24 hours, preferably
three to 18 hours, more preferably four to twelve hours, even more preferably five to ten hours
and most preferably for six hours. Most preferably, the released DNA is incubated at a
temperature of 75°C and a pH of pH 4.0 for six hours.

[0074] Specific conditions which may be used for incubating the released DNA include a pH of
3.5, a temperature of 70°C and a period of 2, 5 or 7.5 hours; a pH of 3.0, a temperature of
50°C and a period of 5 or 10 hours; a pH of 3.0, a temperature of 60°C and a period of 2, 4, 6

or 10 hours; a pH of 3.0, a temperature of 659C and a period of 2, 4, 6 or 10 hours; a pH of
3.0, a temperature of 70°C and a period of 2, 5 or 10 hours; a pH of 2.5, a temperature of

500C and a period of 2, 5 or 7.5 hours; a pH of 2.5, a temperature of 60°C and a period of 2, 4,
6 or 10 hours; a pH of 2.5, a temperature of 70°C and a period of 2, 5 or 7.5 hours; a pH of

2.0, a temperature of 509C and a period of 2, 5 or 10 hours.

[0075] The pH for incubating the released DNA can be adjusted by the addition of any suitable
acid, including, but not limited to, phosphoric acid, sulfuric acid, nitric acid, hydrochloric acid,
hypochloric acid and acetic acid. Preferably, phosphoric acid is used to lower the pH to the
values indicated above.
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[0076] As discussed above, apart from the acid used to adjust the pH no further compounds
are added to the released DNA during the incubation step.

[0077] The term "degrading DNA" means that the DNA present within the microbial cell is
fragmented into smaller pieces so that the complete coding sequence of a gene is no longer
detectable. However, it is not necessary that the DNA is degraded into the single nucleotides,
as long as the complete coding sequence of a gene is no longer detectable. The presence of a
complete coding sequence can be advantageously detected by amplifying the complete coding
sequence in a PCR reaction using primers which bind to the start of the coding sequence and
therefore comprise the ATG start codon, and to the end of the coding sequence and therefore
comprise the stop codon of the gene to be analyzed. After the PCR reaction the samples may
be subjected to gel electrophoresis and compared to a suitable control, such as a sample from
the disrupted cell which had not been subjected to the conditions for degrading the DNA.

[0078] The method of the present invention leads to a degradation of the coding sequence of
essentially all genes present within the microbial cells, i.e. the complete coding sequence of
more than 90%, preferably of more than 93%, more preferably of more than 96%, even more
preferably of more than 98% and most preferably 100% of all genes of the microbial cells is not
detectable in a PCR reaction as described above.

[0079] The steps of disrupting the microbial cells and degrading the DNA may advantageously
be performed in the fermentation broth, i.e. while the microbial cells are still present in the
culture medium. Alternatively, the cells may have been subjected to one or more intermediate
steps such as decanting a part of the cell culture medium, thereby providing a slurry containing
the cells and the residual part of the cell culture medium, before they are disrupted and/or the
DNA is degraded by the method of the present invention.

[0080] In preferred embodiments of the method of the present invention the microbial cells are
disrupted by incubating them at a temperature of 47°C to 51°C for three to eight hours to
release the DNA and the released DNA is degraded by incubating it at a temperature of at
least 50°C and a pH of less than pH 4.5, preferably of less than pH 4.0, more preferably of less
than pH 3.5 and most preferably of pH 3.0 or 2.5. Also preferably, the microbial cells are
disrupted by incubating them at a temperature of 45°C to 55°C for 2.5 to 8 hours, more
preferably for three to eight hours, even more preferably for 3.5 to 6 hours and most preferably
for four hours to release the DNA and the released DNA is degraded by incubating it at a
temperature of at least 55°C and a pH of less than pH4.5, preferably of less than pH 4.0, more
preferably of less than pH 3.5 and most preferably of pH 3.0 or 2.5.

[0081] Most preferably, the method of the present invention for producing a product of interest
comprises the steps of:

1. a) culturing the microbial cells which are capable of producing said product of interest in
a culture medium;
2. b) disrupting the microbial cells by incubating them at a temperature of 48°C for four
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hours, thereby releasing the DNA from the cells;

3. ¢) incubating the released DNA at a temperature of 65°C and a pH of 3.0 or at a
temperature of 60°C and a pH of 2.5 for six hours, thereby degrading the released DNA;
and

4. d) isolating the product of interest, wherein no complete coding sequence of a gene is
detectable in the product of interest isolated in step d) and wherein the microbial cells
are selected from the group consisting of Eremothecium gossypii, Bacillus subtilis and
Corynebacterium glutamicum cells.

[0082] Also most preferably, the method of the present invention for producing a product of
interest comprises the steps of:

1. a) culturing the microbial cells which are capable of producing said product of interest in
a culture medium;

2. b) disrupting the microbial cells by incubating them at a temperature of 48°C for four
hours, thereby releasing the DNA from the cells;

3. ¢) incubating the released DNA at a temperature of 75°C and a pH of 4.0 for six hours,
thereby degrading the released DNA; and

4. d) isolating the product of interest, wherein no complete coding sequence of a gene is
detectable in the product of interest isolated in step d) and wherein the microbial cells
are selected from the group consisting of Eremothecium gossypii, Bacillus subtilis and
Corynebacterium glutamicum cells.

[0083] As discussed above, the microbial cells are preferably Eremothecium gossypii cells and
the product of interest is preferably riboflavin. Also preferably, the microbial cells are
Corynebacterium glutamicum cells and the product of interest is preferably lysin. Also
preferably, the microbial cells are Bacillus subtilis cells and the product of interest is preferably
panthotenic acid or vitamin B2.

[0084] After degrading the DNA by the method of the present invention the product of interest
may be subjected to further process steps which lead to the isolation of the product from other
cell components or the cell culture medium.

[0085] The method of the present invention does not lead to a significant decrease of the
product yield compared to the product yield of microbial cells which had not been treated by
the method of the present invention. Hence, the product yield of samples subjected to the
method of the present invention, i.e. disruption of the microbial cells and degradation of the
released DNA, is at least 90%, 91% or 92%, preferably at least 93%, 94% or 95%, more
preferably at least 96%, 97% or 98% and most preferably 99% or 100% of the product yield
compared to samples which had not been treated by the method of the present invention.
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[0086] The method for determining the product yield depends on the product of interest. The
skilled person knows method for determining the product yield for each of the products listed
above. For determining the riboflavin content in a sample, preferably a photometric assay may
be employed which is based on a reaction of a sample obtained by the method of the present
invention with a nicotinamide solution. Preferably, 250 uL of the culture are mixed with about
4.75 mL of a 40 % solution of nicotinamide. Subsequently, the mixture may be incubated, e.g.
for about 30 to 60 min, preferably for 40 min, at an elevated temperature, e.g. at around 60 to
80°C, preferably at about 70°C. The incubation should preferably be carried out in darkness.
Subsequently, samples may be cooled, e.g. for about 5 min, and mixed with, e.g. 3 ml, water.
The photometric determination of the extinction may be performed at a wavelength of 440 or
450 nm.

[0087] The following examples and figures are provided for illustrative purposes. It is thus
understood that the examples and figures are not to be construed as limiting. The skilled
person in the art will clearly be able to envisage further modifications of the principles laid out
herein.

Examples

Example 1

Autolysis of host cells

[0088] A reliable method for cell kiling and complete disruption of the production host E.
gossypii after fermentation is a basic requirement for generating a fermentation broth in which
the genomic DNA (gDNA) of the production host is completely liberated and therefore
accessible for further treatment.

[0089] To establish well suited conditions for complete cell killing, disruption and DNA
liberation, the fermentation broth was incubated for 1.5-24 h at temperatures of 45-61 °C at
the end of main fermentation. Samples were taken and the cell viability was tested by CFU
plating on MA2 complete medium (10 g/L Bacto peptone, 10 g/L Glucose, 1 g/L Yeast extract,
0.3 g/L Myoinosit, 20 g/L Agar).

[0090] Furthermore, the fermentation broth was separated in pellet and supernatant by
centrifugation for 10 min at 15,000 rpm. About 200 mg of the pellet was resuspended in either
500 pl of H,O or 500 ul of 1x DNAsel buffer containing 50 U of DNasel (Dnasel recombinant,

RNase-free, Roche) to test if the residual gDNA was completely liberated and therefore
accessible to endonuclease treatment. After incubation for 1 h at 37 °C and 500 rpm, the
samples were disrupted/opened using a Ribolyser sample homogenizer and the residual gDNA



DK/EP 3230435 T3

was extracted from each sample (see Example 3). The extracted DNA of the +/- DNasel
treated samples was used as template in subsequent PCR analyses. PCR was done as
described below (see Example 3) amplifying exemplarily the RIBS gene (SEQ ID No.1) using
the primers P1 (SEQ ID No.2) x P2 (SEQ ID No.3). The obtained PCR amplicons were
analyzed via gel electrophoresis.

[0091] The results of the described analysis (see Table 1) surprisingly show that cell autolysis
and gDNA liberation were more effective at lower temperatures < 51°C than at higher
temperatures up to 56°C since even after 15 h of incubation at 56 °C residual gDNA was
detected also in the DNasel treated samples. Under these conditions cell disruption was
incomplete and therefore gDNA was still present in dead but closed cells where it was not
accessible for further treatments. The best conditions for complete cell lysis and DNA liberation
were at temperatures of 48-51 °C and incubation times of 3-5 h since in these samples the
DNA was completely liberated from the cells and accessible for fragmentation by the DNasel.
Furthermore, the results show that residual gDNA was present in all samples without DNasel
treatment at pH6.8 even at high temperatures up to 61 °C and incubation times of up to 15 h.
That means that even higher temperatures and longer incubation times alone were not
sufficient for DNA fragmentation. Hence, complete autolysis and DNA liberation can be
obtained at moderate pH and temperature conditions.

Table 1. Results of tests for efficient cell autolysis and complete DNA liberation using the
amplification of the full-length open reading frame of the RIB5 gene as indicator. Complete cell
disruption and DNA liberation under the conditions indicated was monitored by PCR analysis
using extracted DNA +/- DNasel treatment as template.

detection of PCR amplicon
pH temperature [°C] {time [h] + DNasel - DNasel viable cells
6.8 42 0 + + +
6.8 42 24 - + +
6.8 45 0 + + +
6.8 45 1.5 - + +
6.8 45 3 - + +
6.8 45 5 - + +
6.8 45 7.5 - + -
6.8 45 10 - + -
6.8 45 15 - + -
6.8 45 24 - + -
6.8 48 0 + + +
6.8 48 1.5 + + +
6.8 48 3 - + -
6.8 48 5 - + -
6.8 48 7.5 - + -
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detection of PCR amplicon

pH temperature [°C] jtime [h] + DNasel - DNasel viable cells
6.8 48 10 - + -
6.8 48 15 - + -
6.8 48 24 - + -
6.8 51 0 + + +
6.8 51 1.5 + + -
6.8 51 3 - + -
6.8 51 5 - + -
6.8 51 7.5 - + -
6.8 51 10 - + -
6.8 51 15 - + -
6.8 51 24 - + -
6.8 56 0 + + +
6.8 56 15 + + -
6.8 61 0 + + +
6.8 61 15 + + -
Example 2

Treatment of fermentation broth for efficient DNA fragmentation

[0092] To establish a reliable method for fragmentation of residual genomic DNA (gDNA) of the
production host E. gossypii, the fermentation broth at the end of main cultivation was incubated
for 4 h at 48°C to kill the E. gossypii, disrupt the cells and liberate DNA (see Example 1).
Afterwards, the pH of the autolyzed broth was decreased to values between pH4.5 to pH2
using phosphoric acid. Simultaneously, the temperature was increased to 30 °C up to 70 °C
and the fermentation broth was incubated for 2 h up to 10 h. After incubation the samples were
neutralized with cold sodium hydroxide.

[0093] From all these conditions samples were taken, the residual genomic DNA was extracted
and analyzed via PCR for efficient DNA fragmentation (see Example 3). Furthermore, the
riboflavin yield of each sample was measured (see Example 4).

Example 3
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DNA extraction of residual gDNA and PCR analysis to monitor DNA fragmentation

[0094] Any residual genomic DNA from samples generated as described above (see Example
2) was extracted using the DNeasy Plant Mini Kit (Qiagen) according to the manufacturer's
recommendations with the exception that cell disruption was carried out using glass beads. For
DNA extraction, 2 ml of the fermentation broth was separated in pellet and supernatant by
centrifugation for 10 min at 15,000 rpm and 100 mg of the pellet or 400 ul of the supernatant
was used as starting material for DNA extraction using the above mentioned kit system.

[0095] The extract was then used in several PCR analyses to test for DNA absence which
means rather efficient DNA fragmentation in the fermentation broth.

[0096] To this end, the total open reading frame of the terminal riboflavin biosynthesis genes
RIB2 (1758 bp) and RIB4 (519 bp) were amplified. The following primer sequences were used
for amplification of (i) RIB2 (SEQ ID No.4): P3 (SEQ ID No.5) x P4 (SEQ ID No.6) and (ii) RIB4
(SEQ ID No.7): P5 (SEQ ID No.8) x P6 (SEQ ID No.9). The 25 pl PCR reaction mixtures
contain 12.5 yl Phusion Master Mix with GC Buffer (Thermo Scientific), 1 pl of each primer and
1 ul of the sample obtained by extraction as template. Cycle parameters were 5 min 98°C, 35
cycles of 30 s at 98°C, 30-45 s at 55-64°C, 2 min at 72°C, and a final step of 10 min at 72°C.
The obtained PCR amplicons were analyzed by gel electrophoresis.

[0097] The results of the described detailed PCR analysis are summarized in Tables 2 and 3.
The results show that lowering the pH and simultaneously raising the temperature leads to an
efficient fragmentation of gDNA in the fermentation broth.

[0098] The full-length open reading frames of RIB2 and RIB4 can be amplified from all
samples incubated at pH4.5 and a temperature from 50 up to 70 °C for =2 2 h. But the same
amplicons are absent in the fermentation samples with pH values lower than 2.5. Even small
fragments of 200 bp are not detectable in these samples (data not shown).

[0099] The results show that both pH decrease as well as temperature increase support gDNA
fragmentation. Amplicons of the full-length RIB2 and RIB4 open reading frame are present in
samples treated with pH3.0 at 30 up to 50°C while they couldn't be detected in samples with
the same pH but higher temperatures of more than 50°C.

Table 2. Results of the PCR analysis of the 1758 bp RIB2 gene. The fermentation broth was
treated under conditions (pH, T and time) as listed below. ++ indicates the detection of a PCR
amplicon, + means a weaker PCR signal in comparison with the control at the time point zero
after autolysis for 4 h at 48 °C, - indicates no PCR amplicon detectable

pH temperature [°C] incubation time [h]  jdetection of PCR
amplicon
6.8 control: fermentation broth after autolysis ++
for4 hat 48 °C
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pH temperature [°C] incubation time [h]  {detection of PCR
amplicon
4.5 50 2 ++
4.5 50 ++
4.5 50 7.5 +
4.5 70 2 +
4.5 70 5 +
4.5 70 7.5 -
3.5 50 2 +
3.5 50 5 -
3.5 50 7.5 -
3.5 70 -
3.5 70 -
3.5 70 7.5 -
3.0 30 ++
3.0 30 5 ++
3.0 30 10 +
3.0 50 2 -
3.0 50 5 -
3.0 50 10 -
3.0 60 2 -
3.0 60 4 -
3.0 60 6 -
3.0 60 10 -
3.0 65 2 -
3.0 65 4 -
3.0 65 6 -
3.0 65 10 -
3.0 70 2 -
3.0 70 5 -
3.0 70 10 -
25 50 2 -
25 50 5 -
25 50 7.5 -
25 60 2 -
25 60 4 -
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pH temperature [°C] incubation time [h]  {detection of PCR
amplicon
25 60 6 -
25 60 10 -
25 70 2 -
25 70 5 -
25 70 7.5 -
2.0 30 2 -
2.0 30 5 -
2.0 30 10 -
2.0 50 2 -
2.0 50 5 -
2.0 50 10 -

Table 3. Results of the PCR analysis of the 519 bp RIB4 gene. The fermentation broth was
treated under conditions (pH, T and time) as listed below. ++ indicates the detection of a PCR
amplicon, + means a weaker PCR signal in comparison with the control at the time point zero
after autolysis for 4 h at 48 °C, - indicates no PCR amplicon detectable

pH temperature [°C] incubation time [n]  jdetection of PCR
amplicon
6.8 control: fermentation broth after autolysis ++
for4 hat 48 °C

4.5 50 2 ++

4.5 50 5 ++

4.5 50 7.5 ++

4.5 70 2 ++

4.5 70 5 +

4.5 70 7.5 +

3.5 50 2 ++

3.5 50 5 +

3.5 50 7.5 +

3.5 70 2 -

3.5 70 5 -

3.5 70 7.5 -

3.0 30 2 ++

3.0 30 5 ++

3.0 30 10 ++

3.0 50 2 +
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pH temperature [°C] incubation time [h]  {detection of PCR
amplicon
3.0 50 5 -
3.0 50 10 -
3.0 60 2 -
3.0 60 4 -
3.0 60 6 -
3.0 60 10 -
3.0 65 2 -
3.0 65 4 -
3.0 65 6 -
3.0 65 10 -
3.0 70 2 -
3.0 70 5 -
3.0 70 10 -
2.5 50 2 -
2.5 50 5 -
2.5 50 7.5 -
2.5 60 2 -
2.5 60 4 -
2.5 60 6 -
2.5 60 10 -
2.5 70 2 -
2.5 70 5 -
2.5 70 7.5 -
2.0 30 2 ++
2.0 30 5 +
2.0 30 10 -
2.0 50 2 -
2.0 50 5 -
2.0 50 10 -
Example 4

Measurement of the product yield to monitor product stability
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[0100] To test the effect of pH reduction and temperature increase on product stability in the
fermentation broth, samples generated as described above (see Example 2) were analysed
with respect to the product yield using a photometric assay to determine the concentration of
riboflavin within the samples.

[0101] 250 pL of the culture were mixed with 4.75 mL of a 40 % solution of nicotinamide and
incubated for 40 min at 70 °C in darkness. The samples were cooled for 5 min. 40 uL of the
samples were mixed with 3 mL H>O and the extinction at 440 nm was measured. As blank 3
mL H>O was used. The riboflavin titer was then calculated according to the following formula:
TiterRiboﬂavm [o/L] = (Extinction[444nm] X Mriboﬂavin X nicotinamide dilution x ((chvene'l'vsampm)/

Vsampie))/Molar extinction coefficient/1000

Mibottavin = 376,37mol/L

Molar extinction coefficient = 12216L/mol/cm

[0102] Formula considering the evaporation during cultivation:
((25,83 - (mbeforeinoubation - maﬂerincubation))/21 ,93) X Titerrihoﬂavin [o/L]

[0103] The results of this analysis are shown in Figures 1 and 2. Under all conditions tested no
significant changes in the riboflavin content were detectable even after incubation for 210 h.
The product is stable under all pH and temperature conditions which were tested and which
were suitable for DNA fragmentation (Example 3).

Example §

E. gossypii riboflavin production in shaking flasks

[0104] The production of riboflavin in E. gossypii can be efficiently performed in shaking flask
experiments using oil as main carbon source. 10 ml of pre-culture medium filled in 100 mL

[0105] Erlenmeyer flasks without baffles was inoculated with E. gossypii mycelium (1 cm?)
grown for 3-4 days on SP medium plates (3 g/L Soybean flour, 3 g/L Yeast extract, 3 g/L Malt
extract, 20 g/L Cornmeal, 1 g/L Antifoam, 10 g/1L Glucose, 30 g/L Agar, pH6.8). The flasks
were incubated for 40 h at 30 °C and 200 rpm. 1 ml of the pre-culture was used to inoculate
24.83 mL main culture medium filled in 250 mL Erlenmeyer flasks with flat baffles. All flasks
were weighed to determine the mass before incubation and then incubated for 6 days at 30°C
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and 200 rpm. After growth all flasks were weighed again to determine the mass after
incubation and therefore to be able to include the evaporation effect during incubation.

Pre-culture medium

55 g Yeast extract 50

0.5 g MgSO,

— pH7.0 with NaOH

— filled with 950 ml H,O

9.5 ml pre-culture medium + 0.5 ml
rapeseed oil

Main-culture medium

30 g Yeast extract 50

20 g Soybean flour

10 g Glycine

7 g Sodium glutamate

2 g KHoPO,

0.5 g MgSO,

1.1 g DL-methionine

0.2 g Inositol

2.1 g sodium formate

— pH7.0 with NaOH

— filled with 965 ml with H,O

21,2 ml main culture medium + 2,8 ml
rapeseed oil

Urea / 45 ml HyO]

— addition of 0,83 ml Urea solution [15 g

[0106] The above described cultures were analyzed concerning the riboflavin yield as
described above (see Example 4). The broth from the shaking flasks was incubated for 4 h at
48 °C to achieve complete cell disruption and DNA liberation. Afterwards, the pH was
decreased to pH2.5 using phosphoric acid and simultaneously the temperature was increased
to 60 °C for 6 h to obtain efficient fragmentation of the genomic DNA. Subsequently, the
treated broth was used to isolate the riboflavin product by further downstream processing

steps.

Example 6

Combination of autolysis and DNA-fragmentation
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[0107] Experiments with E. gossypiifermentation broth were performed to determine if DNA-
fragmentation in E. gossypii works more efficient in combination with cell autolysis than without
the autolysis step when using conditions with high temperatures and low pH for DNA-
fragmentation.

[0108] For this purpose, fermentation broth at the end of main cultivation was taken and either
incubated for cell autolysis for 4 h at 48 °C and pH 6.7 or not. Afterwards, the pH of the two
samples (with and without autolysis step) was decreased to pH 1.0 using phosphoric acid.
Simultaneously, the temperature was increased to 90 °C and the fermentation broth was
incubated for 2 h for DNA-fragmentation. After incubation, the samples were neutralized with
cold sodium hydroxide solution.

[0109] From both samples (with and without autolysis step), the riboflavin yield was measured
(see Example 4) before and after incubation at 90 °C, pH 1.0 for 2 h to test the effect of pH
reduction, temperature increase and incubation time on product stability. The results of
riboflavin measurement have shown that under the conditions tested no significant changes in
the riboflavin content were detectable (data not shown).

[0110] Furthermore, to determine the DNA-fragmentation efficiency the residual genomic DNA
was extracted using the DNeasy Plant Mini Kit (Qiagen) according to the manufacturer's
recommendations with the exception that cell disruption was carried out using glass beads.
400 ul of the fermentation broth was used as starting material for DNA extraction. The extract
was then used in several PCR analyses to test DNA-fragmentation in the fermentation broth
with and without optimized cell autolysis. As controls, gDNA extracts from the untreated
fermentation broth as well as from fermentation broth only after autolysis for 4 h at 48 °C and
pH 6.7 were used.

[0111] For PCR analysis, a 400 bp fragment of the open reading frame of the E. gossypii RIB3
gene (SEQ ID No. 10) as well as a small 84 bp fragment of the ACT7 open reading frame
(SEQ ID No. 11) were amplified. The following primer sequences were used for amplification of
(i) RIB3: P9 (SEQ ID No. 12) x P10 (SEQ ID No. 13) and (ii) ACT1: P11 (SEQ ID No. 14) x P12
(SEQ ID No. 15).

[0112] The 25 pl PCR reaction mixtures contained 12.5 yl Phusion Master Mix with GC Buffer
(Thermo Scientific), 5 pmol of each primer and 1 ul of the sample obtained by extraction as
template. Cycle parameters were 2 min 98°C, 35-40 cycles of 30 s at 98°C, 30 s at 56-59°C,
10 s at 72°C, and a final step of 5 min at 72°C. The obtained PCR amplicons were analyzed by
gel electrophoresis and the results of the described PCR analyses are summarized in Figure 2.

[0113] The results show that an autolysis step before DNA-fragmentation significantly
increases DNA-fragmentation efficiency under the DNA fragmentation conditions tested. The
84 bp ACT1 gene fragment as well as the 400 bp RIB3 gene fragment could no longer be
amplified from samples with cell autolysis while both amplicons could still be obtained by PCR
amplification from samples without autolysis.
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Example 7

Combination of autolysis and DNA-fragmentation

[0114] Experiments with E. gossypiifermentation broth were performed to determine if DNA
fragmentation in E. gossypii works more efficient in combination with cell autolysis than without
the autolysis step using high temperatures and low pH at long incubation times for DNA
fragmentation.

[0115] For this purpose, fermentation broth at the end of main cultivation was taken and either
incubated for cell autolysis for 4 h at 48 °C and pH 6.7 or not. Afterwards, the pH of the two
samples (with and without autolysis step) was decreased to pH 1.0 using phosphoric acid.

[0116] Simultaneously, the temperature was increased to 90 °C and the fermentation broth
was incubated for 10 h for DNA-fragmentation. After incubation, the samples were neutralized
with cold sodium hydroxide solution.

[0117] From both samples (with and without autolysis step), the riboflavin yield was measured
(see Example 4) before and after incubation at 90 °C, pH 1.0 for 10 h to test the effect of pH
reduction, temperature increase and incubation time on product stability. The results of
riboflavin measurement showed that under the conditions tested no significant changes in the
riboflavin content were detectable (data not shown).

[0118] Furthermore, to determine the DNA-fragmentation efficiency the residual genomic DNA
was extracted using the DNeasy Plant Mini Kit (Qiagen) according to the manufacturer's
recommendations with the exception that cell disruption was carried out using glass beads.
400 ul of the fermentation broth was used as starting material for DNA extraction. The extract
was then used in several PCR analyses to test DNA-fragmentation in the fermentation broth
with and without optimized cell autolysis. As controls, gDNA extracts from the untreated
fermentation broth as well as from fermentation broth after autolysis for 4 h at 48 °C and pH
6.7 were used. For PCR analysis, a 113 bp and a 200 bp fragment of the open reading frame
of the E. gossypii RIB3 gene (SEQ ID No. 10) were amplified. The following primer sequences
were used for amplification of (i) R/IB3 (113 bp): P13 (SEQ ID No. 16) x P14 (SEQ ID No. 17)
and (ii) R/IB3 (200 bp): P15 (SEQ ID No. 18) x P16 (SEQ ID No. 19).

[0119] The 25 pl PCR reaction mixtures contained 12.5 yl Phusion Master Mix with GC Buffer
(Thermo Scientific), 5 pmol of each primer and 1 ul of the sample obtained by extraction as
template. Cycle parameters were 2 min 98°C, 35-40 cycles of 30 s at 98°C, 30 s at 57-59°C,
10 s at 72°C, and a final step of 5 min at 72°C. The obtained PCR amplicons were analyzed by
gel electrophoresis and the results of the described PCR analyses are summarized in Figure 3.
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[0120] The results show that an autolysis step before DNA fragmentation significantly
increases DNA fragmentation efficiency under the DNA fragmentation conditions tested. The
113 bp and 200 bp RIB3 gene fragments could no longer be amplified from samples with cell
autolysis while both amplicons could still be obtained by PCR amplification from samples
without autolysis..

Example 8

Combination of autolysis and DNA-fragmentation

[0121] Experiments with E. gossypiifermentation broth were performed to determine if DNA-
fragmentation in E. gossypii works more efficient in combination with cell autolysis than without
this step even using high temperatures and low pH at long incubation times for DNA
fragmentation.

[0122] For this purpose, fermentation broth at the end of main cultivation was taken and either
incubated for cell autolysis for 4 h at 48°C and pH 6.7 or not. Afterwards, the pH of the two
samples (with and without autolysis step) was decreased to pH 4.0 using phosphoric acid.
Simultaneously, the temperature was increased to 75°C and the fermentation broth was
incubated for 6 h for DNA-fragmentation. After incubation, the samples were neutralized with
cold sodium hydroxide solution.

[0123] From both samples (with and without autolysis step), the riboflavin yield was measured
(see Example 4) before and after incubation at 75 °C, pH 4.0 for 6 h to test the effect of pH
reduction, temperature increase and incubation time on product stability. The results of
riboflavin measurement showed that under the conditions tested no significant changes in the
riboflavin content were detectable (data not shown).

[0124] Furthermore, to determine the DNA-fragmentation efficiency the residual genomic DNA
was extracted using the DNeasy Plant Mini Kit (Qiagen) according to the manufacturer's
recommendations with the exception that cell disruption was carried out using glass beads.
400 ul of the fermentation broth was used as starting material for DNA extraction. The extract
was then used in several PCR analyses to test DNA-fragmentation in the fermentation broth
with and without optimized cell autolysis. As controls, gDNA extracts from the untreated
fermentation broth as well as from fermentation broth after autolysis for 4 h at 48 °C and pH
6.7 were used. For PCR analysis, a 200 bp fragment of the open reading frame of the E.
gossypii RIB3 gene (SEQ ID No. 10) as well as a small 116 bp fragment of the ACT7 open
reading frame (SEQ ID No. 11) were amplified. The following primer sequences were used for
amplification of (i) RiB3: P15 (SEQ ID No. 18) x P16 (SEQ ID No. 19) and (ii) ACT1: P17 (SEQ
ID No. 20) x P18 (SEQ ID No. 21).
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[0125] The 25 ul PCR reaction mixtures contained 12.5 pl Phusion Master Mix with GC Buffer
(Thermo Scientific), 5 pmol of each primer and 1 ul of the sample obtained by extraction as
template. Cycle parameters were 2 min 98°C, 35-40 cycles of 30 s at 98°C, 30 s at 58-59°C,
10 s at 72°C, and a final step of 5 min at 72°C. The obtained PCR amplicons were analyzed by
gel electrophoresis and the results of the described PCR analyses are summarized in Figure 4.

[0126] The results show that an autolysis step before DNA-fragmentation significantly
increases DNA-fragmentation efficiency under the DNA fragmentation conditions tested. The
116 bp ACT1 gene fragment as well as the 200 bp RIB3 gene fragment could no longer be
amplified from samples with cell autolysis while both amplicons could still be obtained by PCR
amplification from samples without autolysis.

Example 9

Combination of autolysis and DNA-fragmentation

[0127] Experiments with E. gossypiifermentation broth were performed to determine if DNA
fragmentation in E. gossypii works more efficient in combination with cell autolysis than without
this step even using high temperatures and low pH for DNA fragmentation.

[0128] For this purpose, fermentation broth at the end of main cultivation was taken and either
incubated for cell autolysis for 4 h at 48 °C and pH 6.7 or not. Afterwards, the pH of the two
samples (with and without autolysis step) was decreased to pH 2.0 using phosphoric acid.
Simultaneously, the temperature was increased to 90 °C and the fermentation broth was
incubated for 5 min for DNA-fragmentation. After incubation, the samples were neutralized with
cold sodium hydroxide solution.

[0129] From both samples (with and without autolysis step), the riboflavin yield was measured
(see Example 4) before and after incubation at 90 °C, pH 2.0 for 5 min to test the effect of pH
reduction, temperature increase and incubation time on product stability. The results of
riboflavin measurement showed that under the conditions tested no significant changes in the
riboflavin content were detectable (data not shown).

[0130] Furthermore, to determine the DNA-fragmentation efficiency the residual genomic DNA
was extracted using the DNeasy Plant Mini Kit (Qiagen) according to the manufacturer's
recommendations with the exception that cell disruption was carried out using glass beads.
400 ul of the fermentation broth was used as starting material for DNA extraction. The extract
was then used in several PCR analyses to test DNA-fragmentation in the fermentation broth
with and without optimized cell autolysis. As controls, gDNA extracts from the untreated
fermentation broth as well as from fermentation broth after autolysis for 4 h at 48 °C and pH
6.7 were used. For PCR analysis, a 113 bp fragment of the open reading frame of the E.
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gossypii RIB3 gene (SEQ ID No. 10) as well as a small 116 bp fragment of the ACT7 open
reading frame (SEQ ID No. 11) were amplified. The following primer sequences were used for
amplification of (i) RiB3: P13 (SEQ ID No. 16) x P14 (SEQ ID No. 17) and (ii) ACT1: P17 (SEQ
ID No. 20) x P18 (SEQ ID No. 21).

[0131] The 25 ul PCR reaction mixtures contained 12.5 pl Phusion Master Mix with GC Buffer
(Thermo Scientific), 5 pmol of each primer and 1 ul of the sample obtained by extraction as
template. Cycle parameters were 2 min 98°C, 40 cycles of 30 s at 98°C, 30 s at 57-58°C, 10 s
at 72°C, and a final step of 5 min at 72°C. The obtained PCR amplicons were analyzed by gel
electrophoresis and the results of the described PCR analyses are summarized in Figure 5.

[0132] The results show that an autolysis step before DNA fragmentation significantly
increases DNA-fragmentation efficiency under the DNA fragmentation conditions tested. The
116 bp ACT1 gene fragment as well as the 113 bp RIB3 gene fragment could no longer be
amplified from samples with cell autolysis while both amplicons could still be obtained by PCR
amplification from samples without autolysis.

Example 10

Combination of autolysis and DNA-fragmentation

[0133] Experiments with E. gossypiifermentation broth were performed to determine whether
the cell autolysis step alone, even at lower pH, higher temperature and long incubation time, is
sufficient for efficient DNA fragmentation.

[0134] For this purpose, fermentation broth at the end of main cultivation was taken and
incubated for cell autolysis at 55 °C and pH 4.0 (using phosphoric acid) for 10 h. Afterwards,
one sample was treated with the DNA fragmentation step at pH 4.0, 75 °C and 6 h while one
sample remained untreated. After incubation, the samples were neutralized with cold sodium
hydroxide.

[0135] From both samples (+ separate DNA fragmentation step), the riboflavin yield was
measured (see Example 4) before and after cell autolysis and DNA fragmentation to test the
effect of pH reduction, temperature increase and incubation time on product stability. The
results of riboflavin measurement showed that under the conditions tested no significant
changes in the riboflavin content were detectable (data not shown).

[0136] Furthermore, to determine the DNA fragmentation efficiency the residual genomic DNA
was extracted using the DNeasy Plant Mini Kit (Qiagen) according to the manufacturer's
recommendations with the exception that cell disruption was carried out using glass beads.
400 ul of the fermentation broth was used as starting material for DNA extraction. The extract
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was then used in several PCR analyses to test DNA-fragmentation in the fermentation broth
with and without optimized cell autolysis. As control, gDNA extract from the untreated
fermentation broth was used. For PCR analysis, the 519 bp full-length open reading frame of
the RIB4 gene (SEQ ID No.7) was amplified. The following primer sequences were used for
amplification of the R/B4 gene: P5 (SEQ ID No.8) x P6 (SEQ ID No.9).

[0137] The 25 ul PCR reaction mixtures contained 12.5 pl Phusion Master Mix with GC Buffer
(Thermo Scientific), 10 pmol of each primer and 1 pl of the sample obtained by extraction as
template. Cycle parameters were 5 min 98°C, 40 cycles of 30 s at 98°C, 30 s at 58°C, 60 s at
72°C, and a final step of 10 min at 72°C. The obtained PCR amplicons were analyzed by gel
electrophoresis and the results of the described PCR analyses are summarized in Figure 6.

[0138] The results show that an autolysis step alone, even at lower pH, higher temperature
and long incubation time is not sufficient for reliable DNA fragmentation. Without the
subsequent DNA fragmentation step, the complete coding sequence of the R/B4 gene could
still be obtained by PCR amplification. In contrast, no PCR signal could be observed by
combining cell autolysis with the DNA fragmentation step as described above.

Example 11

Combination of autolysis and DNA-fragmentation using Bacillus subtilis cultures

[0139] Experiments with Bacillus subtilisfermentation broth were performed to determine if
DNA fragmentation in B. subtilisworks more efficient in combination with a cell autolysis than
without this step when using high temperatures and low pH for DNA fragmentation.

[0140] For this purpose, B. subtilis strain Marburg 168 (laboratory strain) was cultivated as
follows: The fermentation process was conducted in a baffled stirred tank reactor (STR,
Dasgip) with pH, pO2 and temperature probes in in a medium with glucose as main carbon
source and complex compounds. The concentration of O, and CO, were monitored by gas

analyses. For the cultivation, the fedbatch mode was chosen with a start working volume of 1
L. As bioreactors, 2 L glass vessels were used with 3 rushton turbines with 6 blades.

[0141] Medium preparation and sterilization for seed and main culture medium took place in
the shake flask and bioreactor, respectively. PPG2000 was used in all cultivations as antifoam
agent. The medium contained 40 g/L complex plant protein, 5 g/L KH2oPOy4, 7 g/L (NH4)2SOy4,
0.09 g/L Mn(II)SO4 *H50, 0.05 g/L Fe(I)SO4* 7H50, 1 g/L CaNO3* 4 H50, 2,5 mL/L PPG2000,
0.05 g/L Kanamycin. pH was adjusted to pH 6,5. The medium was sterilized in the bioreactor
under stirred conditions (600 rpm) for 60 min at 123°C. The seed culture was prepared in
shake flasks with the same medium as batch cultivation during a 16 h process (39°C, pH 7.5,
200 rpm). The shake flasks were inoculated from a fresh LB plate and transferred to the main
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culture at the end of the exponential phase after 16 h.

[0142] For inoculation of the main culture, 2.7 % of the starting working volume was used. The
main cultivation was conducted at 39°C, with 30 g/L start glucose concentration and pO2
dependent stirred cascade from 350 - 1400 rpm and an aeration rate of 1.46 vvm.

[0143] Fermentation broth at the end of main cultivation was taken and either incubated for
cell autolysis or not. Cell autolysis was performed under two conditions, (i) 4 h, 48 °C, pH 6.7
or (ii) 10 h, 55 °C, pH 6.7. Afterwards, the pH of the three samples (2x with and 1x without
autolysis step) was decreased to pH 4.0 using phosphoric acid. Simultaneously, the
temperature was increased to 75 °C and the fermentation broth was incubated for 6 h for DNA-
fragmentation. After incubation, the samples were neutralized with cold sodium hydroxide
solution.

[0144] All samples were analyzed for DNA fragmentation efficiency by PCR analysis. To
determine the DNA-fragmentation efficiency the residual genomic DNA was extracted using the
DNeasy Plant Mini Kit (Qiagen) according to the manufacturer's recommendations with the
exception that cell disruption was carried out using glass beads. 400 ul of the fermentation
broth was used as starting material for DNA extraction. Furthermore, residual genomic DNA
was extracted from 400 pl of supernatant generated by centrifugation of the fermentation
broth. The extracts were then used in PCR analyses to test DNA-fragmentation with and
without cell autolysis. As controls, gDNA extracts from the untreated fermentation broth as well
as from fermentation broth after the cell autolysis step were used. For PCR analysis, 146 bp
and 421 bp fragments of the open reading frame of the B. subtilis AMYE gene (SEQ ID No. 22)
were amplified. The following primer sequences were used for amplification of (i) AMYE (146
bp): P19 (SEQ ID No. 23) x P20 (SEQ ID No. 24) and (ii) AMYE (421 bp): P21 (SEQ ID No. 25)
x P22 (SEQ ID No. 26).

[0145] The 25 ul PCR reaction mixtures contained 12.5 pl Phusion Master Mix with GC Buffer
(Thermo Scientific), 5 pmol of each primer and 1 ul of the sample obtained by extraction as
template. Cycle parameters were 2 min 98°C, 35 cycles of 30 s at 98°C, 30 s at 57°C, 15 s at
72°C, and a final step of 5 min at 72°C. The obtained PCR amplicons were analyzed by gel
electrophoresis and the results of the described PCR analyses are summarized in Figure 7.

[0146] The results show that an autolysis step before DNA fragmentation increases DNA
fragmentation efficiency in B. subtilisfermentation broth. The 146 bp AMYE gene fragment
could no longer be amplified from supernatant samples with cell autolysis while it could still be
obtained by PCR amplification from samples without autolysis. Furthermore, the 421 bp AMYE-
fragment is no longer detectable in the fermentation broth treated with autolysis and DNA
fragmentation, but could still be observed in low amounts when the autolysis step was omitted.

Example 12
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Combination of autolysis and DNA-fragmentation using Corynebacterium glutamicum
cultures

[0147] Experiments with Corynebacteriumglutamicum cultures were performed to determine if
DNA fragmentation in C. glutamicum works more efficient in combination with a cell autolysis
step than without this step when using high temperatures and low pH for DNA fragmentation.

[0148] For this purpose, a C. glutamicum Lysine-producing strain ATCC13032 carrying a T311I
mutation in the aspartate kinase gene ask (generated as described in Examples 1 and 2 of WO
2005/059144) was cultivated at 30°C with vigorous shaking for 48 h using BHI plus- medium
(37 g/L BHI medium (BD Biosciences), 50 ml 2M (NH4)2SO4, 100 ml 40 % Glucose).

[0149] Culture broth at the end of cultivation was taken and either incubated for cell autolysis
or not. Cell autolysis was performed for 10 h at 55 °C and pH 6.7. Afterwards, the pH of the
two samples (with and without autolysis step) was decreased to pH 4.0 using phosphoric acid.
Simultaneously, the temperature was increased to 75 °C and the fermentation broth was
incubated for 6 h for DNA-fragmentation. After incubation, the samples were neutralized with
cold sodium hydroxide solution.

[0150] From all samples, DNA fragmentation efficiency was analyzed by PCR analysis. To
determine the DNA fragmentation efficiency the residual genomic DNA was extracted using the
DNeasy Plant Mini Kit (Qiagen) according to the manufacturer's recommendations with the
exception that cell disruption was carried out using glass beads. 400 ul of the culture broth was
used as starting material for DNA extraction. Furthermore, residual genomic DNA was
extracted from 400 ul of supernatant generated by centrifugation of the culture broth. The
extracts were then used in PCR analyses to test DNA-fragmentation with and without cell
autolysis. As controls, gDNA extracts from the untreated culture broth as well as from culture
broth after the cell autolysis step (pH 6.7, 55 °C, 10 h) were used. For PCR analysis, a 212 bp
fragment of the open reading frame of the C. glutamicum aspartate kinase gene ask(SEQ ID
No. 27) were amplified using primer sequences P23 (SEQ ID No. 28) x P24 (SEQ ID No. 29).

[0151] The 25 ul PCR reaction mixtures contained 12.5 pl Phusion Master Mix with GC Buffer
(Thermo Scientific), 5 pmol of each primer and 1 ul of the sample obtained by extraction as
template. Cycle parameters were 2 min 98°C, 35 cycles of 30 s at 98°C, 30 s at 57°C, 15 s at
72°C, and a final step of 5 min at 72°C. The obtained PCR amplicons were analyzed by gel
electrophoresis and the results of the described PCR analyses are summarized in Figure 8.

[0152] The results show that an autolysis step before DNA fragmentation increases DNA-
fragmentation efficiency in C. glutamicum culture broth. The 212 bp ask gene fragment could
no longer be amplified from supernatant samples and the total culture broth treated with cell
autolysis while it could still be obtained in low amounts by PCR amplification from samples
without autolysis.
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Patentkrav

1. Fremgangsmade til fremstilling af et produkt af interesse
med mikrobielle celler, hvilken fremgangsmade omfatter de
foglgende trin:

a) dyrkning af de mikrobielle celler, som kan producere
produktet af interesse, i et dyrkningsmedium

b) opsplitning af de mikrobielle celler ved at inkubere dem ved
en temperatur pa 45 til 55 °C 1 2 til 10 timer, hvorved DNA'et
frigives fra cellerne

c) inkubation af det frigivne DNA ved en temperatur pa mindst
50 °C og en pH-vardi pa under 4,5, hvorved det frigivne DNA
nedbrydes, og

d) isolering af produktet af interesse,

hvor ingen fuldstaendig kodende sekvens for et gen kan pavises 1
det 1 trin d) isolerede produkt af interesse, og hvor de
mikrobielle celler er valgt fra gruppen bestédaende af celler af
Eremothecium gossypii, Bacillus subtilis og Corynebacterium

glutamicum.

2. Fremgangsmade ifwlge krav 1, der omfatter et mellemtrin med
dekantering af en del af cellekulturmediet, for DNA'et
nedbrydes.

3. Fremgangsmade ifeglge krav 1 eller 2, hvorved produktet af

interesse er valgt fra gruppen bestaende af vitaminer,

carotenoider, coenzymer, aminosyrer, organiske syrer,
antibiotika, alkoholer, terpener, proteiner, fedtsyrer,
steroider, nukleotider, polysaccharider og

polvhydroxyalcanoater, og fortrinsvis er riboflavin.

4, Fremgangsmade ifglge et af kravene 1 til 3, hvorved de
mikrobielle <celler er celler af Eremothecium gossypii, og

produktet af interesse er riboflavin.

5. Fremgangsmade ifglge et af kravene 1 til 4, hvorved cellerne
opsplittes ved, at de inkuberes ved en temperatur pa 48 °C i 4

timer.
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6. Fremgangsmade ifeglge et af kravene 1 til 5, hvorved det
frigivne DNA inkuberes i mere end to timer ved en temperatur pa

mindst 50 °C og en pH-verdi pa under 4,5.

7. Fremgangsmade ifeglge et af kravene 1 til 6, hvorved det
frigivne DNA inkuberes ved en temperatur pa mellem 50 °C og 80
°C og en pH-vaerdi pa mellem pH 2,0 og pH 4,5 i et tidsrum pa tre
til 18 timer.

8. Fremgangsmade ifglge et af kravene 1 og 3 til 7, hvorved
opsplitningen 1 trin (b) og/eller inkubationen 1 trin (c¢)

udfeores i bouillonen.

9. Fremgangsmade ifglge et af kravene 1 til 8, hvorved de

mikrobielle celler er genetisk modificerede celler.
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Figure 2

250 bp

Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 8
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