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biotechnological preparation of L-rhamnose

The deoxysugar L-rhamnose (6~deoxy-L-mannose) is very
5 highly suitable as a chiral component for the preparation
of wvarious organic compounds. Lthamnose' or its
derivatives find wider and wider use in the synthesis of
.pharmaceutical products and plant protection agents, as
well as in the field of c&tology of plant and animal
10 cells, microbiology, immunobiology and aroma production.
For example, using L-rhamnose as the starting compound,
2,5-~dimethyl-4-hydroxy-2,3-dihydrofuran-3-one (Furaneol®)
can be prepared, which is used in turn as a constituent
of various aromatic substances in the foodstuffs and.
15 perfume industry. '

The sugar L-rhamnosc is only accessible with_.gréat

difficulty via chemical routes. However, it can be

obtained from various natural sources by extraction after

acidic or enzymatic hydrolysis, for example from the

20 flavonoid glycosides hesperidine, rutine, naringine,

quercitrin or for example from gum arabic or sea algae

[Biotechnology and Bioengineering, Vol. 33, p. 365

(198%), R.J. Linhardt et al.; EP-A-0 317 033; JPA 62293;

U.S. Patent No. 5,077,206, Cheetham et al.]. The process-

25 intensive isclation steps for L-rhamnose, partly using

organic solvents, also the aromatic, potentially toxic

waste products obtained in the work-up and the

constituents of the natural sources, which wvary in

composition and are dependent on the seasonal rhythm,

30 turn out to be disadvantageous for the acidic hydrolysis
processes.

U.S. Patent No. 5,077,206 claims a process for the

- preparation of L-rhamnose from plant material using

several enzymes anda subseduently several purification

35 steps. A disadvantaée of this process istthe difficult
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5 L~Rhamnose can alsc be produced by fermentation in the
form of rhamnose-containing heterpolysaccharides with the
aid of bacteria of various orders such as, e.q.
Alcaligenes, Acinetobacter, Klebsiella, Streptococcus or
Lactobacillus. [Enzyme Microb. Technol., Vol. 10, p. 198

10 (1988), M. Graber et al.; J. Amer. Chem. Soc., Vol. 71,
p. 4124 (1945), F.G. Jarvis and M.J. Johnson; .J.
Bacteriol., Vol. 68, p. 645 (1954), G. Bauser and M. L.
Karnovsky]. |

Disadvantages of this process are the usually viscosity-
15 related low yields and the difficult separation of the L-
rhamnose (reasons: see above) from a mixture of various
sugars required after hydrolytic cleavage of the hetero-
polysaccharide. In a further literature reference e a
rhamnose-containing heteropolysaccharide is described
20 which is prepared by fermentation using a bacterium of
the order Klebsiella. The rhamnose yields are about
17 g/1l, relative to the culture solution {Commission of
the European Communities, ECLAIR Program, Contract No.
AGRE-0011-C, Report No. 2 (final report) 1991).

25 A further biocgenic source of G;deoxysugars are the
glycolipids, which can be prepared by fermentation
[Microbiological Sciences Vol. 3, No. 5, p. 145, (1986},

'D.G. Cooper; Surfactant Sci. Series, Vol. 25, p. 89
(1987}, Christoph Syldatk and Fritz Wagner; Biotechnology

30 and Bioengineering, Vol. 33, p. 365 (1989), R.J. Linhardt
et al.; US Patent 4 933 281, Daniels .et al.; US Patent
4 8}4 272, Wagner et al.).

It has been known for allong time that rhamnolipids are
formed from the bacterium Pseudomonas aeruginosa {J.
35 Amer. Chem. Soc., Vol. 71, p. 4124 (1949), F.G. Jarvis et
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patents are concerned with the production of rhamnolipids

by Pseudomonas aeruginosa by means of fermentation.
5 [Applied and Environmental Microbiology, Vol. 51, No. 5,
p.- 985 (1986), H.E. Reiling et al.; J. Chem. Techn.
Biotechnol., Vol. 45, p. 249 (1989), K. Venkata Ramana et
al.; US Patent 4 933 281, Daniels et al.; Deutsche
Offenlequngsschrift 2 150 375, 1972; US Patent 4 814 272,
Wagner et al.]
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In the culture solution of Pseudomonas aeruginosa, mainly

4 rhamnolipids (RL1 - RL4, see Fig. 1) are present, which

consist of 1 or 2 L(+)-rhamnose units and one or two f§-

hydfoxydgcanoi.c acids (2. Naturforsch. 40 ¢, p. 61
15 (1985), C. Syldatk et al.].

Figure 1: Rhamnolipids from Pseudomonas aeruginosa
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A new publication shows that Pseudomonas aeruginosa is

able to form other rhamnolipida [Biochimica et Biophysica

Acta, Vol. 1045, p. 189,

the rhamnolipids 1 - 4.

rhamnose and f-hydroxydecanoic acid,
3-~-hydroxydodecanoic

3-hydroxyoctanoic acid,

3-hydroxydodec-5-enocic acid.

10

{1990) N.B.
According to amount, however, these cannot compete with
They are composed,

Rendell et al.].

besides L-
additionally of

acid or

Besides glucose, glycerol, n-alkanes, fatty alcohols and

fatty acids, vegetable oils such as soybean oil or olive

oil are also suitable as carbon sources for rhamnolipid

production [Z. Naturforsch. 40 c,
Syldatk et al.; Surfactant Sci.
{1987}, C. Syldatk et al.;
Microbiology, Vol. 51, No.

15

Series,

C.
89

61 (1985),
Vol. 25, p.

PO

Applied and Environmental
5, p- 985 (1986), H.E. Reiling

et al.; Biotechnology and Biocengineering, Vol. 33, p. 365
{1989}, R.J. Linhardt et al.; Agr. Biol. Chem. Vol. 35,

No. 5, p. 686 (1971},

20 814 272, Wagner et al.].

'H. Hisatsuka et al.; US Patent 4
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Naturforsch. 40 ¢, p. 61 (1985), C. Syldatk et al.;
Tenside Surf. bPet. 27, 5, p. 302 (1990), J.L. Parra et
al.].

Thus, Parra et al. showed that mainly RL1 and RL3 are

 formed when using olive oil as a carbon source.

The maximum yields of rhamnolipids achieved until now by
fermentation are described in US Patent 4 933 281
(Daniels et al.). From the claims, it follows that when
using corn oil as a carbon source, after the fermentation
of a Pseudomonas aeruginosa strain the rhamnolipids can
be isoclated from the culture medium in a concentration of
30-50 g/l. Isolation is carried out in order to obtain
purified rhamnolipids. In the subsequent hydrolysis of
the isolated rhamnolipids, L-rhamnose and hydroxydecanoic
acid are formed as reaction products.

The examples contained in the patent, in particular
Example 3, make it clear that the rhamnolipid
concentration of 30-50 g/l given in the claims is related
to the concentrations present in the culture solution.

A process for the preparation of L-Rbhamnose by
fermentation of Pseudomonas aeruginosa has now
surprisingly been: found, with the aid of which
rhamnolipid concentrations of 70-120 g/l are achieved in
the fermentation solution. The preparation of the I~
rhamnose is carried out without a complicated separation
of the cell mass from the culture solution and without an
isolation of the rhamnolipids before the hydrolysis.

The invention thus relates to:
;
1. Pseudomonas aeruginosa which synthesizes
rhamnolipids in a concentration of from 70-120 g/l
of culture solution.
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2. A process for the preparation of L-Rhamnose, which
comprises synthesizing rhamnolipids in a
concentration of from 70-120 g/1 of culture solution
by fermentation of Pseudomonas aeruginosa and
hydrolyzing the rhamnolipids tc L-rhamnose.

Phe invention is described in detail in the following. It
is also defined by the contents of the claims.

The fermentation can be carried out on the laboratory
scale (fermentation amount in the liter range) as well as
on the industrial scale (e.g. on the 20-50 m’ scale).

Percentage data, unless stated otherwise, relate to the
weight.

As microorganisms, all strains of bacteria can be
fermented which secrete rhamnolipids into the culture

supernatant. e

The microorganisms are isolated from their natural
environment with the aid of enrichment cultures. This
procedure is known to the person skilled in the art. In
brief:

The enrichment conditions are those under which an
organism competes successfully. For oil- and fat-loving
microorganisms, such as e.g. Pseudomonas aeruginosa,
minimal media containing oils, fats and/or hydrocarbons
are used as carbon sources. These environmental
conditions are prepared and inoculation is carried out
with a mixed population, as is present in the natural
environment. In an enrichme.t nutrient solution of this
type, the desired bacterial strains are succesaful and
overgrow all accompanying organisms. The enriched strain
cans be easily isolated by transferring to the same
nutrient solution several times and distributing on a
solid nutrient medium. A frequent “liquid-liquid
inoqulation“, which is carried out after short intervals,



rhamimmose and TerrJ- nydroxydecaﬁéT';'c acid, additionally of 3-hydroxyoctanoic
acid, 3- hydrowﬁgg&emgw‘k@ﬁg‘gd of 3-hydroxydodec-5-enoic acid. 10 Besi des

- glucose, glycer ; fatty al cohols and fatty acids, vegetable
oi I s such as'.sﬁ M [Hr BI ive oil are also suitable as cgrber-sources
for rhammol i pid . Naturforsch. 40 ¢, p. 61 (1984)THES dHiBEEN

et al.; Surfactant Sci. Series, Vol. 25, p.g89 15 (1987), {__ Syl BEPIAGED

al.; Applied and Environnental M cr obi ol ogy, Vol. 51, No. 5, p. 985 (1986),
H E. Reiling etpgkvenBisoteehgeboth afdaB-enpahyen Iag%aﬂﬂgms?ﬁnwh wéeld

(1989), R J. Linpardt et .al.: Agr..Biol. Chem Vol. 35, No. . 686
(1071). K sabBakeeg, i exifenich og Sn pifolysia sodtot oF the
primarily favored cells (Allg. Mikrobiologie (General
Microbiology) by H.G. Schlegel, 6th Edition, p. 182, G.
5 Thieme Verlag Stuttgjart, New York).

Bacteria are preferably used which have been isolated
from an enrichment culture of a water sample. In
particular, the water sample of an o0il- and fat-
processing operation is used.

10 The water sample used originates from the works’ own
water. The strain isolated from this water sample was
classified as Pseudomonas aeruginosa by the German
Collection of Microorganisms and Cell Cultures GmbH,
Mascheroder Weg 1 B, W-3300 Brunswick, Germany.

_15 The cells of Pseudomonas aeruginosa are rod-shaped, have
a diameter of about 0.6-0.8 pm, are about 1.5-3.0 um long

and are mobile.

After isolation, _mutagenization of Psendomonas aeruginosa

is carried out. Pseudomonas aeruginosa is mutagenized in
20 a manner known per se with the aid of the chemical

mutagen N-methyl-N‘’-nitro-N-nitrosoguanidine (MNNG).

After mutagenesis of Pseudomonas aeruginosa, cell
isolation to isolate producer strains is carried out with
the aid of flow cytometry. In this process, the optical

25 properties of the suspended, MHNNG-treated cells were
measured in flow. Cells ot typical or different size and
shape were thus automatically isolated in different
nuatrient media.

A commercially available cytofluometer with the following

30 equipment is used: argon laser (wavelength: 488 m,
power: 20 mW); measuring device for the optical signals
forward scattered light and 90° scattered light tc assess
the cell size and shape; automatic sorting unit.
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of 30-50 g/l. Isolation is carried out N ordér to obtain 15
rhamol i pi ds. IPediansapdequaayhgan ¢pikisipimal nutrient med;.um, known

to the person skilled in the art.

S After incubation of the nutrient medium at 37°C, the
individual cells grown tec give clones were tested in
shaker flasks and small fermenters for their rhamnolipid
productivity.

In this way, it was possible to isclate 2 high-efficiency.

10 mutants of Pseudomonas aeruginosa. These mutants are
particularly preferably employed for the fermentation and
thus for the preparation of L-rhamnose.

They are rod-shaped, djust like the non-mutagenized
Pseudomonas aeruginosa, have a diameter of about
15 0.6-0.8 ym, are about 1.5-3.0 pm long and are mobile.

The high-efficiency mutants of Pseudomonas aeruginosa
were deposited under the names DSM 7107 and DSM 7108 in
the German Collection of Microorganisms and Cell Cultures
"GmbH, Mascheroder Weg 1 B, W-3300 Brunswick, Germany, on

20 the 16th June 1992 according to the rules of the Budapest
Treaty.

Mutants of this type can also be produced in other known
ways by physical means,  for example irradiation with
ultraviolet rays or x-rays or with the aid of other

25 chemical mutagens, such as, for example, ethyl
methanesul fonate (EMS) or 2-hydroxy-4-methoxybenzophenone
(MOB) .

The procedure described in the following applies to all
Pseudomonas aerugincosa isolates.
;
340 Pseudomonas aeruginosa is fermented in a medium
containing vegetable oils as the carbon source. Examples
of vegetable oils are rape, olive, corn and sunflower
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5 The vegetable oil particularly used is soybean oil in
concentrations of about 100-250 g/l of nutrient solution,
where concentrations between 125 g/l and 165 g/l are to
be preferred. '

Nitrogen sources which can be used are nitrogen sources

10 known to the person skilled in the art, such as e.g.
(NH,),S0, in concentrations of from 5-50 g/l of nutrient
solution, NaNO, in a concentration of 15 g/l being
preferably employed.

To make available sulfate and magnesium ions, 0.01-2 g/l

15 ‘of MgSO,- 7H,0, preferably 0.5 g/l, are employed. The
potassium and chloride ions required for production can
be made available by the use of 0.1 to 5 g/1 of KCIl,
where 1 g/l is preferred.

A 0.00]1 to 0.1 molar sodium phosphate buffer is employed

20 as a phosphorus source and for buffering the medium.
Preferably, about 6.5 g/1 of a 75% strength phosphoric
acid and about 8.9 g/1 of a 33% strength sodium hydroxide
solution are used for this purpose.

An FeCl,-containing trace element solution containing

25 various metal salts, dissolved in an aqueous solution of
sodium citrate, is added in a 4-5-fold concentration
after the sterilization of the medium or is preferably
added to the fermentation solution 4 -~ S times in the
initial concentration at different times.

30 The pH of the nutrient solution should be between pH 5.5
and 7.5 at the start of fermentation, preferably around
pH 6.3 and does not need to be controlled in the course
of the fermentation.

Aeration is carried out using sterile air, which is blown
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Volume of Fermentation Solution per Minute) and are
dependent on the fermenter geometry, the stirrer

5 geometry, the energy input, but in particular on the
current state of the fermentation solution. Typically,
about 0.3 * 0.05 VVM are set in the growth phase and
0.1 *# 0.03 VVM in the production phase.

Depending on the foaming behavior of the fermentation
10 solution, about 5-15 ml/l culture solution of a
commercially available silicone antifoam agent are added
during the fermentation, for example Silicone Antifoam
Agent VP 1133 from Wacker Chemie GmbH (Munich, Germany} .

The fermentation temperature is between 20°C and 40°C,
15 preferably around 30-35°C. The fermentation period is

about 4-11 days, preferably 6-8 days. The Pseudomonas

aeruginosa strains can be fermented as individual or

mixed cultures. DSM 7107 and 7108 are both very highly

suitable for fermentation on the laboratory scale and on
20 the industrial scale.

Under the abovementioned fermentation conditions, the

nu.croorgan.lsms form mainly the rhamnolipids 1 and 3 (Fig.

1) with a volumetric overall productivity of rhamnolipids

of about 70-120 g/1 of culture solution. Concentrations
25 of L-rhamnose of 30-50 g/l are achieved here.

The recovery of the L-rhamnose is carried out by direct
hydrolysis of the rhamnciipids, i.e. without separation
of the cell wmaterial and without isolation of the
rhamnolipids before their hydrolysis to L-rhamnose.

30 Apart from the rhamnolipids, still undigested vegetable
0il, mainly soybean o0il, dead cells, all the culture
medium constituents not consumed by the microorganisms,
fatty acids, antifoams, dissolved salts and other
bacterial metabolic products not specified in greater
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conditions are prepared and inoculation is carried out with a m xed

popul ation, as is present in the natural environnment. In an enrichnent
nutrient sol utibor offurtther work-up of the fermentation solution, the

bacteria contained in it are first killed by heating the

complete fermenter contents to 80-120°C, preferably to
5 100°C, and maintaining this temperature for 15-90 min,
preferably 60 min.

The further process steps of the work-up of the cooled
culture broth, which is essentially an aqueous emulsion,
are described in the Offenlegungsschrift PCT-EP 91-01756
10 {"Process for the preparation of purified glycolipids by
membrane separation processes‘) and the
Offenlegungsschrift PCT-EP 91~01426 ("Process for the
preparation of L-rhamnose from rhamnolipids”).

The work-up steps for the isolation of the rhamnose in
15 logical sequence are: _
1. Acidification of the heat-inactivated
culture solution.
2. Concentration by ultrafiltration on
membranes having a separation limit of
20 30,000 to 300,000 daltons.
3. Desalting by diafiltration on the same
membrane.
4. Hydrolysis of the desalted concentrate at
. a pH of 0~3 and a temperature of 120-
25 150°C.
S. Separation of the aqueous, rhamnose-
containing phase from the lipid phase.
7. Purification of the aqueous phase at
pH 3-8 by treatment with decolorizing
30 agents . such .as. activated carbon or
bentonite or by ion exchange
chromatography.
R 8. Crystallizatibn of the L-rhamnose from
the concentrated aqueous phase.

3s The acidification of the heat-inactivated culture



type, the desired bacterial strai.ns are successful and overgrow al |
acconpanyi ng or g: E@hed strain 30 can be easily isol ated by
t

transferring to t sol ution several times and distributing
on a solid nutri i frequent "liquid- I|qU|d i nocul ati on
which is carried out after short intervals, - 8 - prpvERL SHEM Hggamﬁﬁ Of
acconpanyi ng organi sns whi ch woul d ut®l| | ze jfhe- excretio i
products of the primarily favored cells (Allg. M krobi olegte—t T
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rhamnolipids is carried out to give L~rhamnose or in the

case of "batch hydrolysis®", in particular with HCl orx
5  H,S0,.

Under these acidic conditions, glycolipids which could
normally pass through the ultrafiltration membrane are
retained. '

Following the ultrafiltration, the salts are partially
10 washed out by means of diafiltration on the same membrane

by permanent addition of water and removal of filtrate.

The salt concentration is determined during the

filtration by conductivity measurements. Conductivity

measurement is carried out using commercially available
15 electrodes.

As a result of this procedure (concentration and
washing), an aqueous, 2-3 times concentrated solution is
formed, which essentially comprises the following
constituents: non-metabolized fatty acids and soybean oil
20 residues, salts {conductivity reduced to about 20%), dead
cells, antifoams, rhamnolipids and other bacterial,
relatively high molecular weight metabolic products. The
rhamnolipids are completely retained in this procedure.

The chemical hydrolysis of the rhamnolipids is carried
25 out without prior isolation directly in the culture
solution which has been treated as described above.

The chemical hydrolysis takes place in the homogenized
state, i.e. with stirring. Following the hydrolysis, the
aqueous and lipid-containing phases are separated by

30 methods known to the person skilled in the art. The L-
rhamnose is isolated from the aquecus phase.

If H,50, was employed in the first step (acidification
step), the agqueous phase is treated with Ca{OH), or CacCoO,
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3. Examples

3.1. ﬁxample 1:

Production of the Pseudomonas aeruginosa isolates:

a) Enrichment culture

The microorganisms are obtained from the works’ own water

samples. To do this, about 10 ml of waste water sample
are incubated at 37°C for 3 days on a shaker in a 500 ml
Erlenmeyer flask containing 200 ml of enrichment medium

{(mineral salt medium see below).

Mineral salt medium:

15 g/i of

0.1 g/l of

Deionized wa

Trace salts:

1 g/l
0.2 g/l
0.1 g/l
8.025 g/1
0.02 g/l
0.01 g/l
. 0.004 g/l

otiveroil .-
10 g/l of NaNO,

CaCl,- 2H,0
0.4 g/1 of MgSO,- 7H,0
6.8 g/1 of KH,PO,

8.7 g/1 of K,HPO,- 3H,0

S ml/l of trace salts

ter

of

of
of
of
of
of
of

iron(III) citrate
ZnCl,

CusS0,- 58,0

sodium tetraborate
sodium molybdate
CoCl,

Deionized water

2 ml of the lst enrichment culture are incubated again as



I solation to isolate producer strains is carried out with the aid of flow
cytonetry. In this process, the optical 25 properties of the suspended,
MNNG-treated cells were neasured in flow Cells ot typical or different

size and shape were thus automatically isoiated in different THSSHEAtHAS BEEN
media. A commercially available cytofluoneter with the foIIomnngREﬁLACED

equi pnent is used: argon laser (wav®lenglh:~ 488 m power: 20 Ty
measuring device for the optical signals forward scattered |ight and

90[ err] scattedesarifrd ahovdresdm ha cénd ﬁk@sbn@mlmtmugame

sorting unit. medilm.The sorting of individual cells was carried out on 2

This process is repeated a further four times.

b) Isolation
5 The culture solution of the last enrichment culture is
plated out onto an Agar plate containing complete medium
comprising 10 g/1 of qlucnse, 4 g/l of casein peptone,
4 g/1 of meat extract, 0.5 g/l of yeast extract, 0.5 g/1
of liver extract-and 2.5 g/l of NaCl. After incubation at
10 37°C, Pseudomonas aeruginosa is isolated as a clone.

c) MNNG mutagenesis

The clone from Example 1, paragraph b, is cultured in the

complete medium at 37°C for 24 hours. The culture medium

is then diluted 1 : 10 with fresh complete medium. The
15 cells are regenerated at 37°C for 2 hours on the shaker. .

The cells separated off by centrifugation, and washed in
a tris-maleic acid buffer (pH 6} and taken up again are
treated with MNNG (0.4 - 0.8 mg/ml) at 37°C for 15-20 mimn
on the shaker.

20 After repeated washing of the cells three times in tris-—
maleic acid bunffer, the mutagenized cell suspension is
cultured in the complete medium at 37°C for 24 hours.

A cell isclation is then carried out with the aid of flow
cytometry.

25 The sorting of the individual cells is carried out on the
following nutrient mediums

Minimal nutrient medium:

20 g/l of lecerol (or soybean o0il®")
. 10 g/l of NaNO,
30 1 g/1 of KCl —

1 g/l Been Replaced - -

o sncesae (NN



different nutrient nedia, a glycerol mnimal nutrient nediumand a soybean
oil mnimal nutrient medium known to the person skilled inthe art. 5

After incubation of the nutrient nmediumat 37[err]C, the i noiHIESHEET cRls| BEEN
grown to give clones were tested in shaker flasks ‘and smal || fer nRERLACEDS or

their rhamolipid productivity. In this way, it was possible to 1solfate 2
hi gh-efficiency 10 nutants of Pseudorfbnas-ag6ugi nosa. These nmutants are
particularly preferably enployed for the fernentation and thus for the
preparation of L-rhamose$.8heygddeofo&HsP@ped, just |ike the

non- nut ageni zed Pseudonnngs7aer§8qng§ax;ﬁﬁde a diameter of about 15
0.6-0.8 [err]m are about 1.5-3 [err M| ong and are nobile. The

hi gh-efficiency nutants of - Bseuddiorfs §Phg P& a were deposi ted under the
names DSM 7107 and DSM 7188 in ml/1 of trace element solution”

S 20 g/l of agar
Deionized water
pH adjustment to pH 6.5 before sterilization
* Addition after sterilization

i Homogenization of the heated nutrient medium

10 shortly before pouring

Tracé element solution:

1 g/l of sodium citrate-2H,0
0.14 g/l of FeCl, 6H,0
0.7 g/l of 2nS0,-7H,0 -
15 0.6 g/l of CoCl, 6H,0 is Sheet Has Been Replaced
oo snceeaemo | [HHIN

0.4 g/l of MnSO,-5H,0
Deionized water

The strains obtained in this manner are employed for the
20 fermentation described in the following.

3.2. Example 2:

Batch fermentation on the industrial scale for the
production of L-rhamnose

a) Preculture

25 A first preculture of the strain: Pseudomonas
aeruginosa DSM 7107 in 4 1 of preculture nutrlent
solution (Tab. 1) is prepared in shaker flasks (2 1
Exlenmeyer flasks each containing 500 ml of nutrient
solution, at 30°C, 200 rpm, 20 h). The complete 1st

30 - preculture is used for the inoculation of the 2nd
preculture (350 1).

TPo do this, the strain DSM 7107 is fermented



t he Gernan Cbllectlon of anisns and Cell Cultures GrbH, Mascher oder

Weg 1 B, VV33d@EBhuﬂ§wBa& @nny on 20 the 16th June 1992 according to
the rul es of t_ aty Mit ants of this type CaE;f+§F§

i n ot her, knomn nmeans, for exanple |rrad| 38 éﬁ%ﬂi@;ﬁqﬂﬁgpl
ultraviolet rays or mnth the ai d of other aa Ml

mut agens, such as, for exanpl e, ® ethy? nethanesulfonate (EMS) or

2- hydr oxy- 4- nethoxybenzophenone (MOB). The procedure described in the
fol lowing applies to agyolpealilynita ameerstiosarate| of B0 3b of pid/Ibnas

~aeruginosa is fernmentd rdihg & é&ﬂmoonkgmmmvag%a.@@éﬁ@ﬁé she

carbon source. Exa Ies of vegetable oils are
P 8°C for g? ?1 4568 pf fgll:'{m\égtego rcr!)natalnlng

sunf | ower c ours in
350 1 of the complex preculture nutrient soluticn
5 '~ (Table 1).
Tab. 1: Preculture nutrient solution:

10 g/l of glucose

5 g/l of casein peptone
1 g/l of yeast extract
10 0.5 g/l of NaCl
Water

The complete 2nd preculture is used for the inoculation
of the main culture. |

b) Main culture
15 17 m® of the nutrient solution given in Table 2 are
prepared in a fermenter having about 30 m’ nominal
volume:

Table 2: Main culture nutrient solution:
6.47 g/1 of 75% strength H,PO,
20 _ about 8.94 g/1 of 33% strength NaOH
0.5 g/l Mgso,- 7H,0
1 g/l XC1
15 g/1 NaNO,
125 g/l soybean oil
25 Water

To do this, after introduction of the required amount of
water a pH of 6.8 is established using H,PO, and NaOH.
After addition of the residual 'nutrient solution
constituents, the pH is corrected to pH 6.2 using H,SO,.

30 After sterilization for 45 minutes, a pH of about 6.3 is
established. In a separate container, a solution
containing trace elements (Tab. 3} is sterilized. To do
this, the following substances are dissolved in 150 1 of



- 10 - oil. -A@a%f-fr0ﬁT‘V€§€T§ble oil, the nmedium nust additionally

contain one | linkdn@@plRed SOUr ces, sul fate and magnesiumions and
pota55|un1and onexor nor e phosphorus sources

el ement s. “ \ M\‘! articularly used is soybedn'fﬁlsl SHEET HAS BEEN
concentratlons 0 g/l of nutrient solution er e REPLACED
concentrations betmeen 125 g/l and 185 giligre to be preferred. N trogen
sources which can be used are nitrogen sources 10 known to the person
skilled in the gifontzed watergandNskexiljigede] SO err] in concentrations of
fromb5-50 g/ of nutrient solutlon NaNQ err] in a concentration of 15 g/l

bei ng preferably enpl oyed.
Tab. 3: Trace elements solution:

2 mg/l of sodium citrate-2H,0
0.28 mg/l FeCl, 6H,0

5 1.4 mg/l ZnsSO,- 7H,0
| 1.2 mg/l CoCl, 6H,0
1.2 mg/l CuSO,-5H,0
0.8 mg/l MnSO,- 1H,0
Deionized water
10 _ Concentration data relate to 1 1 of main

culture

This trace element solution is added to the main

fermenter under sterile conditions before inoculation and

3 times further after fermentation periods of about 20,
15 40 and 70 hours. '

The complete contents of the prefermenter (350 1) are
used as the inoculum. The fermentation temperature is
30°C. In the first 10 hours of fermentation, aeration is
carried out using 250 m' of air/hour, from the 10th to

20  the 30th hour using 400 m’/h and from the 30th hour using
100 - 75 m*/h.

For foam contrel, a separately sterilized silicone
antifoam agent VP 1133 (Wacker) is used which, depending
on the foaming behavior of the fermentation solution, is

25 metered into the fermenter in portiomns utilizing a foam
electrode. '

The stirring component employed is a radial stirrer
having four turbines, which have a diameter of 1040 mm
(stirrer ¢: fermenter ¢ = 0.4:1). The speed of rotation

30 in the first 10 hours of fermentation is 50 rpm, and
75 rpm from the 10th hour.

Under the abovementioned fermentation conditions, about
78 g of rhamnolipids and an L-rhamnose content of about



To make avai |l abl e Mnem um i ons 0.01-2 g/I 15 of

|vgsq errj- 7THerr] O prefer .5 qg/l, are errpl oyed. The potassium and
chl oride ions r’&tﬂSh &

0.1 to 5 g/l of
phosphat e buffer

uctlon can be made avail able by the use of

is preferred. A O. 001
as a phosphorus sour Hégﬁ BIEEN g
t he medium Pr efera y, about 6.5 g/ P of -a185% st rengt hnc’% Dacid

about 8.9 g/l of a 33% strength sodi um hydroxi de sol uti on are used for t
pur pose. An Fe@7 o rbfchrchamnose e st guerduced eonliberapfi cylfire

various metal salfge;dhSIfl V£0ebindReatuBAUpeRicd | 82 Ao Bbuan ! Witldy

added in a 4-5 d concéntration a e sterilization of the nedi,um
is preferably dikimenreathenf eifencampdateel uthen §°mP§reFFne§eFH‘eﬂ#€'q1tﬂ"c

concentration alofifiéncds htABEd to 100°C in the fermenter and stirred
5 at this temperature for 1 hour to kill the production
strain. Further working-up steps as far as crystalline
L-rhamnose are carried out analogously to the
patents PCT/EP 91-01756 and PCT/EP 91-01426.

3.3 Example 3:

hIS

i's
or
i al

10 Fed-batch fermentation 6n the industrial scale for the

production of L-rhamnose

18.5 m® of main culture medium having the composition
from Example 1 are inoculated with 350 1 of preculture
(also described in Example 1). The production strain
15 employed is the strain Pseudomonas aeruginosa DSM 7108.
Before inoculation and after fermentation periods of 20,
40, 70 and 120 hours, a trace element solution (see
Example 1) is added under sterile conditions in each

case.

20 The aeration rates are varied as follows: At the start of
fermentation 250 m*/h, after 10 hours of fermentation
350 m3*/h and after 30 hours of fermentation, depending on
the intensity of foam formation, 100-130 m’/h of air.

In the first 10 hours of fermentation, the mixture is
25 stirred at 50 rpm, then at 75 rpm. From the 72nd to the
| 109th hours of fermentation, a further 564 1 of soybean
cil are continuously metered in. |
Foam control is carried out in the same manner as was
described in ©Example 1. Under said fermentation
30 conditions, 95 g/l of rhamnclipids and a content of
L-rhamnose of 39 - 40 g/l are produced in the culture
solution in 9 days. Further working up of the culture
solution is carried out as was described in Example 1.



30'-= The pHm_ution shoul d be between pH 5.5 and 7.5 at
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controlled im‘hiﬁ- et
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per -Vol unme of

particular on t
about 0.3 [err]
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- 11 - into the stirred i{ EFH#S SEBET 6AS BEEN
var’-,y bet ween 0.02 and 0.5 WM (\VBETHACES Air

e cuexsmplet ake of the fernmentation solution. Typically,
0.05 WM are set in the growth phase and

Batch fermentation for the production of L-rhamnose on

10

15

the 300 1 scale

300 1 of main culture medium (composition as in Example
1) are sterilized in a fermenter of 450 1 nominal volume.
Inoculation is carried out using 4 1 of a shaker flask
preculture (medium from Example 1) of the strain
Pseudomonas aeruginosa DSM 7108.

The following fermentation conditions are established:
The fermentation temperature is 30°C. In the first hours
of fermentation stirring is carried out at 300 rpm and
from the 30th hour at 400 rpm. Up to the 10th hour of
fermentation the mixture is aerated at 80 1l/min, from the
10th hour of fermentation at 120 1/min and from the 30th
hour of fermentation at 30 l/min. Before inoculation and
after 20, 40 and 70 hours of fermentation, the trace

"elements from Example 1, in each case sterilized in 4 1

20

25

of deionized water, are added. After a fermentation
period of 112 hours, 11.3 kg of soybean oil are again
added under sterile conditions. Depending on the foaming
behavior, the silicone antifoam agent VP 1133 (Wacker) is
metered in as required. Under said fermentation
conditions, about 112 g. of rhamnolipids per liter of
culture solution and about 46 g/l of L-rhamnose are

formed in 11 days.
The culture solution is then worked up as was described

in Example 1.

f Ferment atlon Sol ution Per Mpgte) and are dependent on the
fermenter geonetry, the stirrer 5 geonetry, the energy input, but in

aﬁgﬁ RRep lapedef er abl y around pH 6.3 and does not need to be

Hg



0. 1 0.03 VWM in the production phase. 'Dependi ng on thé f oam ng behavi br of

the fermentati on 10 solution, about 5-15 m/lI |

a cormerﬂlllllml&m Hﬁtﬂﬂl’sl licone antifoam agent are ?Sﬁdyﬁfﬁigég%m
fernmenta Silicone Antifoam Agent VP

Chem e anH Muni ch Germany) The fernmentation terrperature I S bet ween
20[err]C and 40[err]C, 15 ° preferabPy aro@dd=30-35[err]C. HOEe 924 Frd B4k i on
period is about 4-11 days, preferably 6-8 days. The Pseudonpbnas aer ugi nosa
strains can be PatgB¥t €424 ndividual or mxed cultures. DSM 7107 and 7108
are both very highl YP%@uUQJB{&:Js)hefr&gﬁfﬁﬁbat,i@lﬂim Hettidodnia aeyugdaosaand
on 20 the industrial | e.. Under .t he ahowvenent. oned fer E}Ii £
conditions, the m crgé' s"'rﬁ?s‘f oﬁﬂ% JSPJI fiamTol | Fgmgsn}: g‘% (I9

1) with a volunetric7éver A0 py/ddwoeft icniltyaxe sdiarbxdn-pl ds

5 2. A process for the preparation of L-rhamnose, which
comprises synthesizing rhamnclipids in a
concentration of 70 - 120 g/1 of culture solution by
fermentation of Pseudomonas aeruginosa and
hydrolyzing the rhamnolipids to L-rhamnose.

10 3. The process as claimed in claim 1, wherein the
rhamnolipids generated by Pseudomonas aeruginosa and
contained in the culture solution are hydrolyzed to
L-rhamnose without prior isolation thereof.

4. The process as claimed in claims 1 and 2, wherein
15 Pseudomonas aeruginosa DSM 7107 and/or DSM 7108 are
fermented. '

5. The process as claimed in claims 1 and 2, wherein
the rhamnolipids are hydrolyzed to L-rhamnose in a
concentration of 30 - 50 g/1 of culture solution.

20 6. The process as claimed in claim 1, wherein one or
more vegetable oils, in particular soybean oil, are
added to the culture medium as a carbon source.

7. The process as claimed in claim 1, wherein the
fermentation period is 4 -~ 11 days.

25 8. The process as claimed in claim 1, wherein the
aeration rate is between 0.02 and 0.5 VVM.

9. Pseudomonas aeruginosa DSM 7107. //

ot Has Been Replaced

o et s e AL
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of abouf 75-150 g/l of culture solution. Concentrations 25 of L- rhannose

of 30-50 g/l are achieved here. The recovery of the L-r fI

out by direct hydrolysis of the rhamolipids, i.e. wthput's gggﬁﬁhéﬁ
8

the cell material and wi thout isolation of the rhammoli'prds—be D heir
hydrolysis to L-rhamose. 30 Apart fromthe rhamoli pids, still unﬁé?ested
vegetable oil, mainly soybean oil, d&d cel}s™ all the cul 9%/E JB4K

constituents no gnsuned by the m croorganisns, fatty acids, antifoans,
di ssol ved sal t 2BAE*BE/Er bacterial metabolic products not specified in
greater - 12 - detail are found in the culture solution.

" Pseudomonas aeruginosa and its use in a process for the
biotechnological production of L-rhamnose

Bacterial strains are capable of the formation of
rhamnolipids, which they generate in the culture
solution. If bacteria of the type Pseudomonas aexruginosa
are employed for the fermentation, these microorganisms
synthesize rhamnolipids in a concentration of 70 -
120 g/1 of culture solution. The L-rhamnose can be
recovered directly from the culture solution by
hydrolysis of the rhamnolipids, i.e. without a
complicated separation of the cell material and without
isolation of the rhamnolipids before hydrolysis.

ReP.

i
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For further work-up of the fermentation solution, the bacteria containedin
it are first killed by heating the conplete fermenter contentREPtACEMENT SHEET
80-120[err]C, preferably to 5 100[ err] C, and nmi ntai ni ng i hg
for 15-90 mn, preferably 60 mn. The further process steps] o nht}g %r.tg) ?Ip
of the cooled culture broth, which is essentially an aqueouf I M ) 2 e
described in the O fenl egungaschrift PCI-f£P-91-01756 10 ("Prcess for t
preparation of purified glycolipids by nmenbrane separati pn
processes") and the O fenl egungaschrift PCT-EP 91-014R6—~Process—fot
the preparation of L-rhamose fromrhamolipids"). The work-up steps for
the isol ati on dseudomonath@rruginpsa angyiids usequiende prosess for the

Aci dification  fotddiholRflod ) Hdpkdatd ontlbEUELErARhHbEEN.

The deoxysuga'r L-rhamnose (6-deoxy-L-mannose} is very
5 highly suitable as a chiral =omponent for the preparation
of various organic compounds. L-Rhamnose or its
derivatives find wider and wider use in the synthesis of
pharmaceutical products and plant protection agents, as
well as in the field of cytology of plant and animal
10 cells, microbiology, immunobiology and aroma production.
For example, using L-rhamnose as the starting compound,
2,5~dimethyl-4-hydroxy-2,3-dihydrofuran-3-one (Furaneol®)
can be prepared, which is used in turn as a constituent

of various aromatic substances in the foodstuffs and
15 perfume industry.

The sugar L-rhamnosc is only accessible with great
difficulty v:.a chemical routes. However, it can be
obtained from various natural sources by extraction after
acidic or enzymatic hydrolysis, for example from the
20 flavonoid glycosides hesperidine, rutine, naringine,
quercitrin or for example from gum arabic or sea algae
[Biotechnology and Bioengineering, Vol. 33, p. 365
(1989%9), R.J. Linhardt et al.; EP-A-0 317 033; JPA 62293;
U.S. Patent No. 5,{77,20¢, Ci:eeicham et al.]. The process-— -
25 intemsive isclation steps for L-rhamnose . bpartly using
organic -solvents, also the aromatic, potentially toxic
waste products obtained in the work-up and the
constituents of the natural sources, which vai:y in
composition and are dependent on the seasonal rhythm,

30 turn out to be disadvantageous for the acidic hydrolysis
processes. '

- U.8. Patent No. 5,077,206 cluims a process for the
preparation of L-vhamiose from plant material using
several enzymes a:.:«i subseuuently several purification

35 steps. A disadvantage of this procesr is the difficult



2. Concentration by wultrafiltration on menbr anes haVlrgFﬁPLACEMENT SHEEI
separation limt of 20 30,000 to 300, 000 dal tjons
Desalting by diafiltration on the sanme nenbrane. 4. FydrolyylsongAqug7
desalted concentrate at a pH of 0-3 and a tenperature of 120- |24 ™
150C. 5. Separation of the aqueous,2 4hamose- contai nijng_phase from
‘the lipid phase. 7. Purification of the aqueous phasej at pH 3-8 by
treat ment with sepIFakion mf Ihe L-rhamnose from hhensugass obrilg
carbon or bentHRkkethe Iant MterLéPn in BXFOONEL ELIR QIEGENY, &h

from
Grystallization géo&ne oLf tlgx rong chemical structural similarities of

the sugars (also including the molecular weight).

5 L-Rhamnose can also be produced by fermentation in the
form of rhamnose~containing heterpolysaccharides with the
aid of bacteria of various orders such as, e.q.
Alcaligenes, Acinetobacter, Klebsiella, Streptococcus or
Lactobacillus. [Enzyme Microb. Technol.; Vol. 10, p. 198

10  (1988), M. Graber et al.; J. Amer. Chem. Soc., Vol. 71,
p. 4124 (1945), F.G. Jarvis and M.J. Johnson; J.
Bacteriol., Vol. 68, p. 645 (1954), G. Hauser and M. L.
Karnovsky].

Disadvantages of this process are the usually viscosity-
15 related low yields and the difficult separation of the I-
rhamnose (reasons: see above} from a mixture of various
sugars required after hydrolytic cleavage of the hetero-
polysaccharide. In a further literature reference, a
rhamnose-containing heteropolysaccharide is described
20 which is prepared by fermentation using a bacterium of
the order Klebsiella. The rhamnose yields are abont
17 g/1, relative to the culture solution {Commission of
the European Communities, ECLAIR Progrém, Contract No.
AGRE-0011~C, Report No. 2 (final report) 1991].

25 A further biogenic source of 6-deoxysugars are the
glycolipids, which can be prepared by fermentation
[Microbiological Sciences Vol. 3, No. 5, p. 145, (1986),
D.G. Cooper; Surfactant Sci. Series, Vol. 25, p. 89
(1987}, Christoph Syldatk and Fritz Wagner; Biotechnology

30 and Bioengineering, Vol. 33, p. 365 (1989), R.J. Linhardt
et al.; US Patent 4 933 281, Daniels .et al.; US Patent
4 814 272, Wagner et al.].

It has been known for a long time that rhamnolipids are
formed from the bacterium Psendomonas aeruginosa ([J.
35 Amer. Chem. Soc., Vol. 71, p. 4124 (1949), F.G. Jarvis et
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the concentrated aqueous phase. 35 The acidification of t|{h&EPLACEMENT SHEET
"heat-i nactivated culture - 13 - solution is carried out with acids, 1n

particular either with Herr]S(Jerr], if the continuous hydrolysifgg{%ﬁﬁqu/

rhammol i pids is carried out to give L-rhamose or in the case {of
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51 rGeorge  HTTIRT T ‘ne'

salts are partighdly MdhfMRENE( RErdiesi8AlS Raméieds | pudhiieatibnkheasdme

nmenbr ane

10

15

patents are concerned with the production of rhammolipids
by Pseudomonas aeruginosa by means of fermentation.
[Applied and Environmental Microbiology, Vol. 51, No. 5,
p. 985 (1986), H.E. Reiling et al.; J. Chem. Techn.
Biotechnol., Vol. 45, p. 249 (1989), K. Venkata Ramana et
al.; US Patent 4 933 281, Daniels et al.; Deutsche

Offenlegungsschrift 2 150 375, 1972; US Patent 4 814 272,
Wagner et al.}]

In the culture solution of Pseudomonas aeruginosa, mainly
4 rhamnolipids (RL1 - RL4, see Fig. 1) are present, which
consist of 1 or 2 L(+)~rhamnose units and one or two f§-
hydroxydecanoic acids (2. Naturforsch. 40 ¢, p. 61
{1985), C. Syldatk et al.].

Figure 1: Rhamnolipids from Pseudomonas aeruginocsa

0
]
Wo o O-CH-CHy=C-0-CH=CHy=COH"H,0
CHy (CHz)g fc"z)s. |
CHy CHy
OH OH

Rhamnolip!d 1

e —



_by permanent addition of water and renoval of filtrate. The
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-
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measur enents. Conductivity nmeasurenent is carried out using

a
concentration is determned during the filtration by conductgv
o
avai l abl e 15 el ectrodes. As a result of this procedure (cokhc

bnt rati on and

washi ng), an aqueous, 2-3 tinmes concentragyed solution is for , whi ch
essentially conprises the follow ng constituents: non-netabokized fatty

aci ds and soybean oil 20 resi dues, salts (conductivity reduced to about
209%, dead cells, - antifoans,0=GHm@HRi<€O ght® tiy@r bacterial,
relatively highlﬁﬂlecularowei ht , met abol'i ¢ products. The rhamolipids are
conpletely retaipe n thrs, pyfocedure. The chem cal hydrolysis of the
rhamol i pids is i ut \gﬂgg%lt prior isolation directly in the
cul ture sol ution n %rea 6as descri bed above.

CHy

OH OH " Rhamnolipid 2

[}
I

0=CH~CH,~C~0-CH-CH,~CO,H H,0

HO o | |
(CHy) (CH,)
CHy l 26 | 216
CHy ~ CHy
OH
| 0
HO 0
CHy

O OH
. Rhamnalipid 3



.The chemical hydrolysis takes place in the honbgenized state,

stirring. Foll
are separated

L- rhamose is .isolated fromthe aqueous phase. If Herr] SO qr 1]

ow ng the hydrolysis, the agqueous and |i pi d-cont grmnyg-phases

REBLACEMENT SHEET

b_y 30 met hods known to the person skilled inithe qg-tMAﬁ_qu

enployed in the first step (acidificatiangtep), the agueous |phase_is
treated with Ca(OH)[err] or CaCJ err] to renove H[err]SCIerr] The

aqueous phase is finally purified at pH 3-8 by treatnent wt

. UbUI Ul FLI nmy

agents or by ion eXﬁhange chr omacog*aaqy-cagﬂ by, oxydecanoi ¢ acid forned

during the hydrolys
3.1. Exanple 1:

10

15

20

ar‘nunts Is not isolated. 5 3. Exanples

CHy ECHz)s
CHy
Y
0
HO 0
CHy
OH OH ' Rhamnolipid 4

A new publication shows that Pseudomonas aeruginosa is
able to form other rhamnolipids [Biochimica et Biophysica
Acta, Vol. 1045, p. 189, (1990) N.B. Rendell et al.].
According to amount, however, these cannot compete with
the rhamnolipids 1 - 4. They are composed, besides IL-
rhamnose and f-hydroxydecanoic acid, additionally of
3-hydroxyoctanoic acid, 3-hydroxydodecanoic acid or
3-hydroxydodec-5~enoic acid. '

Besides glucose, glycerol, n-alkames, fatty alcohols and
fatty acids, vegetable oils such as soybean oil or olive
oil are also suitable as carbon sources for rhamnolipid
production (2. Naturforsch. 40 <, p. 61 (1985), C.
Syldatk et al.; Surfactant Sci. Series, Vol. 25, p. 89
(1987), C. Syldatk et al.; BApplied and Environmental

‘Microbiology, Vol. 51, No. 5, p. 985 (1986), H.E. Reiling

et al.; Biotechnology and Bioengineering, Vol. 33, p. 365
(1989}, R.J. Linhardt et al.; Agr. Biol. Chem. Vol. 35,

No. 5, p. 686 (1971), H. Hisatsuka et al.; US Patent 4
814 272, Wagner et al.]).



Production of the Pseudononas aerugi nosa isolates: a) En
cul ture The m croorgani sms are obtained fromthe works' own
sanples. To do this, about 10 mM of waste water sanple are in
37[eri]C for 3 days on a shaker in a 500 m Erlenneyer flask
m of enrichnment medium (m neral salt rrgdisum see below). M ne
medi um 15 15 g/l of olive oil 10 g/l of NaNO efr] 0.1 g/l of

| GEPTRLEMENT SHEET

upat ed at )
opt & hiMAR 2/

al salt

Cadl [eérr] 2Heke] Ehfaiéf aée(l tHe H'\%ﬁﬂxﬁﬂri]pgigﬂ QH ]O&&‘- ﬁ:rhaﬁeg]t a2 s;%% gr r]
E)gi oni zed wat iieﬁg dgpen ears engi.g.ii} on[ E{\e culture conditions [Z.
Naturforsch. 40 c, p. 61 (1985), C. Syldatk et al.;

Tenside Surf. Det. 27, 5, p. 302 (1990), J.L. Parra et
5 al.]).

Thus, Parra et al. showed that mainly RL1 and RL3 are
formed when using olive oil as a carbon source.

The maximum yields of rhamnolipids achieved until now by
fermentation are described in US Patent 4 933 281
(Daniels et al.). From the claims, it follows that when
using corn oil as a carbon source, after the fermentation
of a Psendomonas aerugj.nosa' strain the rhamnolipids can
be isolated from the culture medium in a concentration of
30-50 g/1. Isolation is carried out in order to obtain
15 purified rhammolipids. In the subsequent hydrolysis of

the isolated rhamnolipids, L-rhamnose and hydroxydecanoic
acid are formed as reaction products.

10

The examples contained in the patent, in particular

_ Example 3, make it <clear that the rhamnolipid
20

concentration of 30-50 g/l given in the claims is related

to the concentrations present in the culture solution.

A process for the preparation of L—Rhamnosé by

fermentation of ©Pseudomonas aeruginosa has now

- surprisingly been found, with the aid of which
25

rhamnolipid concentrations of 70-120 g/l are achieved in
the fermentation éolut.i.on. The preparation of the L-
rhamnose is carried out without a complicated separation
of the cell mass from the culture solution and without an
isolation of the rhamnolipids before the hydrolysis.

30 The invention thus relates to:

1. Pgseudomonas aeruginosa which synthesizes

rhamnolipids in a concentration of from 70-120 g/l
of culture solution. '



Trace salts: 1 g/l of iron (1I11) citrate 25 0} 2REPLACEMDNT SHEET
"MhSO err] 0.1

g/l of ZnCl[err] 0.025 g/l of CuSOerr] SHer{] U OZ 07T
of sodiumtetraborate 0.01 g/l of sodium nol ybdate 30 _ 04%;@9@9’7
g/l of CoCl[err] Deionized water 2 ml of the 1st enrichment cul{ure are
I ncubat ed again as - 15 - described_agoye in a 2nd flask ¢o
medi um.

2, A process for the preparation of L-Rhamnose, which
comprises synthesizing rhamnolipids in - a
concentration of from 70~120 g/l of culture solution
by fermentation of Pseudomonas aeruginosa and

5 hydrolyzing the rhamnolipids to L-rhamnose.

The invention is described in detail in the following. It
is also defined by the contents of the claims.

The fermentation can be carried out on the laboratory
scale (fermentation amount in the liter range) as well as
10 on the industrial scaie (e.q. on the 20-50 m' scale).

Percentage data, unless sta.ted otherwise, relate to the
we;l.ght.

As microorganisms, all strains of bacteria can be

fermented which secrete rhamnolipids into the culture
15 supernatant. '

The microorganisms a_re isolated from their natural
environment with the aid of enrichment cultures. This

procedure ‘is known to the person skilled in the art. In
brief: '

20 The enrichment conditions are those under which an

. organism competes successfully. For oil- and fat-loiri.ng

microorganisms, such as e.g. Pseudomonas aeruginosa,

minimal media containing oils, fats and/or hydrocarbons
are used as ocarbon sources. These environmental
conditions are prepared and inoculation ia carried out
with a mixed population, as is present in the natural
environment. In an enrichme.c nutrient solution of this
type, the desired bacterial strains are successful and
overgrow all accompanying organisms. The enriched strain
can be easily isolated by transferring to the same
nutrient solution several times and distributing on a
solid nutrient medium. A £requent “liquid-liquid
inoculation®  which is carried out after short intervals,

25

30



o At areT &
~This process is repeated a further four tines. b) | sol at i;'oﬁ':%mbc%gg‘ SHEET
“culture solution of the last enrichment culture is plated out johto an Agar
pl ate containing conplete nmedium conprising 10 g/l of glucosef 4 it iGA2 37
casein peptone, 4 g/l of neat extract, 0.5 g/l of yeast extragt} 0.5 g/l of
l'iver extract and 2.5 g/l of NaCl. After ighcubation at 10 3f[erTi ¢

Pseudononas aeruginosa is isolated as a clone. c) MNNG mjt agenesi s The

clone from Exaﬁnheeﬁtspﬁheggwhttb of aceidinipangd nighok§and stis| ¢k boRBsbuld at

37 Cf 0 fresh
COLS{QG rrgéh um ﬁ%&%lg-ﬂ&ee%zte‘ﬁ re reg enerat e%w%%’(ftsl 5 S

hours on

the shaker. Th@ré-élﬂFélé'epﬁﬂﬁ?Eﬂdoﬂelﬂsﬁ chllg ¢ ydkrobiolegigastGeneral

tris-malei c acwdciebivldgyy by At ddildgeBRIBth BELEiaD ol Vigd, NG
(0.4 - 0. 85rrg/ ';Hl-):.. a Ve[rpl J%tu%tqart, tmw York).

Bacteria are preferably used which have been isolated
from an enrichment culture of a water sample. In
particular, the water sample of an oil- and fat-
processing operation is used.

10 The water sample used originates from the works’ own
water. The strain isolated from this water sample was
classified as Pseudomonas aeruginosa by the German
Collection of Microorganisms and Cell Cultures GmbH,
Maschexoder Weg 1 B, ¥~3300 ‘Brunswick, Germany.

15 The cells of Pseudomonas aeruginosa are rod-shaped, have

a diameter of about 0.6-0.8 ym, are about 1.5-3.0 gm long
and are mobile.

After isolation, mutagenization of Pseudomonas aeruginosa

 is carried out. Pseudomonas aeruginosa is mutagenized in

20 a manner known per se with the aid of the chemical
mutagen N-methyl-«R’-aitro-N-nitrosoguanidine (MNNG).

After mutagenesis of Pseudomonas aeruginosa', cell
isolation to isolate producer strains is carried out with

- the aid of flow cytometry. In this process, the optical

25 properties of the suspended, MNNG-treated cells were
measured in flow. Cells ot typical or different size and

shape were thus automatically isolated in different
nutrient media.

A commercially available cytofluometer with the following

30 equipment is used: arqgun laser (wavelength: 488 nm,

~ power: 20 mW); measuring device for the optical signals

" forward scattered light and 90* scattered light to assess
the cell size and shape; automatic sorting unit.



on the shaker. 20 After repeated washing of the cells three__tiﬂfé’éACEMENT SHEET
tris- naleic acid buffer, the matagenized cell suspension is cultureaTn
the.conplete mediumat 37[err]C for 24 hours. A cell isolationils QQEQAR —
carried out with the aid of flow cytonetry. 25 The sorting df jthe

i ndividual cells is carried out on the f-0lg @wi ng nutrient nedijut—M-rraal. |
nutrient nmedium 20 g/l of glycerol (or soybean oil**) 10 g/l of

NaN( err] 30 The sorting of dgrdisviddal Ilcells gwhsofcaiaGled. Odt on Df —

Cad [err] 2H egiPerent nutrient media, a glycerol minimal nutrient

medium and a soybean o0il minimal nutrient medium, known
to the person skilled in the art.

S After incubation of the nutrient medium at 37°C, the
individual cells grown to give clones were tested in

shaker flasks and small fermenters for their rhamnolipid
productivity. '

In this way, it was possible to isolate 2 higthffici;ency

10 mutants of Pseudomonas aeruginosa. These mutants are
particularly preferably employed for the fermentation and
thus for the preparation of L-rhawmose.

They are rod-shaped, just 1like the non-mantagenized
Pseudomonas aeruginosa, have a diameter of about
15 0.6-0.8 pm, are about 1.5-3.0 pm long and are mobile.

The high~efficiency mutants of Pseudomonas aeruginosa
were deposited under the names DSM 7107 and DSM 7108 in
the German Collection of Microorganisms and Cell Cultures
GmbH, Mascheroder Weqg 1 B, _W-33'00 Brunswick, Germany, on

20 the 16th June 1992 according to the rules of the Budapest
Treaty.

Mutants of this type can also -be produced in other known
ways by physical means, for example irradiatiom with
ultraviolet rays or X-rays or with the aid of other

25 chemical _mutagens; such as, for example, ethyl

methanesulfonate (EMS) or 2-hydroxy-4-methoxybenzophenone
(MOB) .

The procedure described in the following applies to all
Pseudomonas aeruginosa isolates.

30 Pseudomonas aeruginosa is fermented in a medium
containing vegetable oils as the carbon source. Examples
of vegetable oils are rape, olive, corn and sunflower



-16 - 6.8 g/l of KHerr]P(Jerr] 8.7 g/l of Klerr]HPO err]. OR@LAC%MENTmSHEET
‘MySJ err] 7Herr]O 2 m /|l of trace el enent solution 5 20
g/l of agar Deionized water pH adjustnment to pH 6.5 before stefi 0i % MARCI997
Addition after sterilization Honpgenization of the heated nutrjent nedi um
10 : shortly before pourinrgllrace el enent solutjon: 1 ST
of sodiumcitrate 2H err]O0 0.14 g/l of FeC[err] 6Herr]O gll_of

-

ZnSO err] 7H e} Apart from vegetable oil, the medium must
additionally contain one or more nitrogen sources,
sulfate and magnesium ions and potassium and chloride
ions, one or more phosphorus sources and trace elements.

) The vegetable o0il particularly used is soybean oil in
concentrations of about 100-250 g/l of nutrient solution,
where concentrations between 125 g/l and 165 g/l are to
be preferred.

Nitrogen sources which can be used are nitrogen sources

10 known to the person skilled in the art, such as e.g.
(NH,),80, in concentrations of from 5-50 g/1 of nutrient -

‘solution, NaNO, in a concentration of 15 g/l being
preferably employed.

To make available sulfate and magnésium ions, 0.01-2 g/1
15 of MgSO,°7H,0, preferably 0.5 g/l, are employed. The
potassium and chloride ions required for production can

be made available by the use of 0.1 to 5 g/l of KCl,
where 1 g/l is preferred.

A 0.001 to 0.1 molar sodium phosphate buffer is employed
as a phosphorus souxce and for buffering the medium.
Preferxably, about 6.5 g/1 of a 75% strength phosphoric

acid and about 8.9 g/1 of a 33% strength sodium hydroxide
solution are used for this purpose.

20

An FeCl,;-containing trace element solution containing
various metal salts, dissolved in an aqueous solution of
sodium citrate, is added in a 4-5-fold concentration
after the sterilization of the medium or is preferably
added to the fermentation solution 4 - 5§ times in the
initial concentration at different times.

25

30 The pH of the nutrient solution should be between pH 5.5

and 7.5 at the start of fermentation, preferably around

pH 6.3 and does not need to be controlled in the course
of the fermentation.

Aeration is carried out using sterile air, which is blown



15 0.6 g/l of Codl[err] 6Herr]00.6 g/l of miﬁwmmmwswg
'5H[err]OQ.4 g/l of MnSOerr].5H err] O Dei oni zed water The str%ﬂs

obt.ained in this manner are enpl oyed for the 20 f er ment atlon? d s

the followng. 3.2. Exanple 2: Batch fernentation on the |ndus'tr|a Ez‘?e‘“’g?
for the production of L-rhamose a) Rr gqul<t ure 25 ' Lf r st

preculture of the strain Pseudononas aerugi nosa DSM 7107 |;n 4 1 of
precul ture nutimtent thel ustborédalfermentatiomaseliutiocahakithe f kara&ipd -1

Erl enneyer flasksasay 09&%%@58905@9 HndOfo @Jt‘i\n?“ivéﬂkﬂé' QE Aﬂ: ?g[rerr] G,
200 rpm 20 h) The conpl ete g" 1[? Jeculture | s used
i nocul atlon of ‘?Hé‘“?nd’ er:menta. on Solution per Minute) a.nd are
dependent on the fermenter geometry, the stirrer
5 geometry, the energy input, but in particular on the
current state of the fermentation solution. Typically,
about 0.3 ¢t 0.05 VVM are set in the growth phase and
0.1 £ 0.03 VWM in the production phase.

Depending on the foaming behavior of the fermentation
10 solution, about 5-15 ml/l culture solution of a
commercially available silicone antifoam agent are added
during the fermentation, for -example Silicone Antifoam
Agent VP 1133 from Wacker Chemie GmbH (Munich, Germany).

The fermentation temperature is between 20°C and 40°C,
15 preferably around 30-35°C. The fermentation period is
about 4-11 days, preferably 6~8 days. The Pseudomonas
aeruginosa strains can be fermented as individunal or
mixed cultures. DSM 7107 and 7108 are both very highly

‘suitable for fermentation on the laboratory scale and on
20 the industrial scale. '

Undexr the abovementioned fexmentation conditions, the

microorganisms form mainly the rhamnolipids 1 and 3 (Fig.

1) with a volumetric overall productivity of rhamnolipids

of about 70-120 g/l of culture solution. Concentrations
25 of L-rhamnose of 30-50 g/l are achieved here.

The recovery of the L~rhamnose is carried out by direct
hydrolysis of the rhamnuiipids, i.e. without separation
of the cell material and without isolation of the
rhamnolipids before their hydrolysis to L-rhammose.
30 Apart from the rhamnolipids, still undigested vegetable
oil, mainly soybean oil, dead cells, all the culture
medium constituents not consumed by the microorganisms,
fatty acids, antifoams, dissolved salts and other
bacterial metabolic products not specified in greater



»

preculture (350 1). To do this, the strain DSM 7107 is fer eq?qﬁpu MENTLBHEET
aerobically at an aeration rate of 180 1 of air/mn, a stirg

containing 350 | of the conplex preculture nutrient solutio

(Table 1).

|ng*sﬁeed~0+—-

300 rpm and at a tenperature of 28[err]C for 16 hours in a F f erdment
[ 1
I

10

15

20

25

30

35

Tab. 1: Preculture nutrientgsolution: 10 g
g/l of casein peptone 1 g/l of yeast extract 10
0.5 g/l of Nadetail are found in the culture solution.

o
C--. bx"u( --"rLJ
tof alucose

b

For further work-up of the fermentation solution, the
bacteria contained in it are first killed by heating the
complete fermenter contents to 80-120°C, preferably to

100°C, and maintaining this temperature for 15-90 min,
preferably 60 min.

The further process steps of the work-up of the cooled
culture broth, which is essentially an aqueous emulsion,
are described in the Offenlequngsschrift PCT-EP 91-01756
{"Process for the preparation of purified glycolipids by
membrane separation processes”™) and the
Offenlegungsschrift PCT-EP 91~01426 ("Process for the
preparation of L-rhamnose from rhamnolipids”).

The work-up steps for the isolation of the rhamnose in
logical sequence are:

1. Acidification of the heat-inactivated
culture solution.
2. Concentration by ultrafiltration on

membranes having a separation limit of
. 30,000 to 300,000 daltons.

3. Desalting by d:.aflltrat:.on on the same
- membrape.

4. Hydrolysis of the desalted concentrate at
a pi of 0-3 and a temperature of 120-
150°cC. _

5. Separation of the aqueous, rhamnose-
containing phase from the lipid phase.

7. Purification of the aqueous phase at

pPH 3-8 by treatment with decolorizing
agents such 28 activated carbon orx

bentonite or by ion = exchange
chromatography.
8. Crystallization of the L-rhamnose from

the concentrated agqueous phase.

The acidification of the heatflnactivated culture



“culture. b) Main culture 15 17 nferr] of the nytnient 59_1 ujt;,,_ia---pn
given in Table 2 are prepared in a fernenter having abodut SOUﬁ-{‘éf‘Fl]‘ '
vol unme: Tabl e 2: Main culture nutrient solution: 6.47 of 75%

Herr]PJerr]

20 abbdit-8.94 g/| of} 3

0.5 g/l MgSerr].7Herr]O 1 g/l KO 15 g/l NaNg err]112

oil 25

10

15

20

25

30

; solution is cayzied gutiwithjacids; cinpartifnianeidthahe
required anmounigieh #,50,, if the continuous

rhamnolipids is carried out to give L~rhamnose or in the

hydrolysis of the

case of "batch hydrolysis”, in particular with HC1l or

Under these acidic conditions, glycolipids which could

normally pass through the ultrafiltration membrane are
retained.

Following the ultrafiltration, the salts are partially
washed out by means of diafiltration on the same membrane
by permanent addition of water and removal of filtrate.
The salt concentration is determined during the
filtration by conductivity measurements. Conductivity

measurement is carried out using commercially available
electrodes.

As a result of this procedure (concentration and

washing), an aqueocus, 2-3 times concentrated solution is

formed, which essentially comprises the following
constituents: non-metabolized fatty acids and soybean oil
residues, salts (conductivity reduced to about 20%), dead
cells, antifoams, rhamnolipids and other bacterial,
relatively h:i.gh molecular weight metabolic products. The
rhamnolipids are completely retained in this procedure.

The chemical hydrolysis of the rhamnolipids is carrxied
out without priox isolation directly in the culture
solution which has heen treated as described above.

The chemical hydrolysis takes plilace in the homogenized
state, i.e. with stirring. Following the hydrolysis, the
aqueous and lipid-containing phases are separated by
methods known to the person skilled in the art. The L-
rhamnose is isolated from the agqueous phase. |

If H,50, was employed in the first step (acidification
step), the agueous phase is treated with Ca{OH), or CaCO,

homingl



water a pH of 6.8 is established using Herr]PJerr] and Na CH

corrected to pH 6.2 using Herr]SOerr]. 30 After steriliza

S v

HEPLACEMENT SHEET |

addition of the residual nutrient solution constituents, the bh

LIRS)
mnutes, a pH of about 6.3 is established. In a separate :o1t§m . @7
sol ution containing trace elenents (Tab- 3@ s sterilized. Tojdo.this ..tihe
foll ow ng substances are dissolved in 150 | of - 18 - dei opized water

and sterilized:tordigmoye H,§0qc The agqueons phasepds finallygphkifieddatim

citrate 2H err]gh 0328 byytireheméher WithHdiddibrBzing agents or bylidén MY/
ZnSqerr] 7H erdydhange chromatography. The hydroxydecanoic acid formed

during the hydrolysis in small amounts is not isolated.

5 3. Examples

3.1. Example 1:

- Production of the Pseudomonas. aerugindsa isolates:

a) Enrichment culture

The microorganisms are obtained from the works’ own watexr
10 samples. To do this, about 10 ml of waste water sample
are incubated at 37°C for 3 days on a shaker in a 500 ml
Erlenmeyer flask containing 200 ml of enrichment medium

(mineral salt medium see below).

Mineral salt medium:
15 15 g/l of oliveoil
10 g/l of NaNO,
0.1 g/1 of CaCl,- 2H,0
0.4 g/1 of MgSO,- 7H,0
6.8 g/1 of KH,PO,
20 8.7 g/1 of K,HPO,- 38,0
' 5 ml/l of trace salts
Deionized water '

Trace salts:
1 g/l of iror{III) citrate
25 0.2 g/l of MnsU;
- 0.1 g/l of 2ZnCl,
0.025 g/1 of CuS0,-5H,0
0.02 g/l of sodium tetraborate
0.01 g/l of sodium molybdate
30 0.004 g/l of CoCl,
Deionized water

2 ml of the lst enrichment culture are incubated again as



1.2 ng/l CoC[err] 6Herr]O1.2 ng/l CuSOerr]. 5Herr]O 0.§ REPIGWIERSENT SHEET
WSO err] 1H err] O Dei oni zed water 10 Concentr atTonmdate ,
relate to-1 | of main culture This trace elenent solution is §d e%}%&*ﬂpg””
mai n fermenter under sterile conditions before inoculation an 1 egn. v
further after fernentation periods of abd®t -20, 15 40 and 7 urs.. . The
conplete contents of the prefernenter (350 1) are used as thefinoculum Th
fermentation td8fRFEhed c abevep[ dnr €. 2nd ¢ Fagkr scontaining
fermentation, mediaimon is carried out using 250 nferr] of air/hour, from
the 10th to 20 the 30th hour using 400 nferr]/h and fromthe 30th hour
using 100 - 75 nferr]/h.

This process is repeated a further four times.

b) Isolation
5 The culture solution of the last enrichment culture is
plated out onto an Agar plate containing complete medium
comprising 10 g/l of glucnse, 4 g/l of casein peptone,
4 g/1 of meat extract, 0.5 g/l of yeast extract, 0.5 g/1
of liver extract and 2.5 g/1 of NaCl. After incubation at
10 37°C, Pseudomonas aeruginosa is isolated as a clone.

c) MNNG mutagenesis

The clone from Example 1, paragraph b, is cultured in the

complete medium at 37°C for 24 hours. The culture medium

is then diluted 1 : 10 with fresh complete medium. The
15 cells are regenerated at 37°C for 2 hours on fhe shaker.

The cells separated off by centrifugation, and washed in
a tris-maleic acid buffer .(pH 6) and taken up again are

treated with MNNG (0.4 - 0.8 mg/ml) at 37°C for 15-20 min
on the shaker.

20 After repeated washing of the cells three times in tris-
maleic acid buffer, the mutagenized cell suspension is
cultured in the complete: medium at 37°C for 24 hours.

A cell isolation is then carried out with the aid of flow

cytometry.
25  The sorting of the individual cells is carried out on the
following nutrient medium:
Minimal nutrient mediums
20 g/1 of glycerol (or soybean oil**)
| 10 g/l of NaNoO,
30 ' 1 g/l of KCl
1 g/l of NaCl



For foam control, a separately sterilized silicone antifoam hg

"(Wacker) is used which, depending on the foam ng behavior of tMA&mm?%HEET
p
S

fermentation solution, is 25 nmetered into the fernenter in rbipns
utilizing a foam el ectrode. The stirring conponent enpl oyed alrfadVAR 1997

stirrer having four turbines, which have ¥ di aneter of 1040, (stirrer
[err]: fernmenter [err] = 0. 4: 1%4 TEe speed of rotation 30 f‘in the first 10
hours of fermentation i€-%0 r@ft 2hdKH&F%epm fromthe 10th h the -
abovenentioned fernenta8i®dn cgAlli 6f oRHPObout 78 g of rhamnolipids and “an—-d
L-rhamose content of agogt g/llgf MgSO,- 78,0
2 ml/1l of trace element solution’
5 20 g/l of agar

Deionized water

pH adjustment to pH 6.5 before sterilization

* Addition after sterilization

Homogenization of the heated nutrient medium
10 shortly before pouring

Trace element solution:
1 g/l of sodium citrate-2H,0
0.14 g/l of FeCl, 6H,0
0.7 g/l of ZnSO,- 7TH,0
15 ' 0.6 g/l of CoCl, - 6H,0
0.6 g/l of CuSO,- 58,0
0.4 g/l of MnSO,-5H,0
Deionized water

The strains.obtained in thi manner are employed for the
20 fermentation described in the following.

3 -2, Exam@le 2.:

Batch fermentation on the industrial scale for the
production of L-rhamnose

a) Preculture

25 A first preculture of the strain Pseudomonas
aeruginosa DSM 7107 in 4 1 of preculture nutrient
solution (Tab. 1) is prepared in shaker flasks (2 1
Exlenmeyer flasks each containing 500 ml of nutrient
solution, at 30°C, 200 rpm, 20 h). The complete 1lst
30

preculture is used for the inoculation of the 2nd
preculture (350 1).

To do this, the strain DSM 7107 is fermented




32 of L-rhamose can be produced per liter of culture soluti —a —
fer?rent ation period of 167 hours. After fernentation is conpl e.g?EHLHSEMENT SHEET
conplete fermentation solution is heated to 100[err]C in the fgr ~&f ,
stirred 5 at this tenperature for 1 hour to kill the productfo gl avdp 1957
Further working-up steps as far as crys¢al?ie L-rhamose arje carrLed;‘"
out anal ogously to the patents PCT/EP 91-01756 and PCT/EP 91-0%440. 3+3
Exanple 3: 10 Fedapupbicadlyeat An @exaticn rateuofr 180 Lok ¢im/minhe

Dot O L Dmaterting shes Iy Ul £ F RO O ———
conposition from el _are 1,nocul afed_w £, _

deggri bed in Exanpl gﬁ’%; t_}Fﬂ"e ]gsrolb‘f}t’ﬁ oh®sfr éH‘} iS Lermenter. Fontaining rain .
Pseudononas aer ugi 888 bSmi7 s eemplexi preghidtive amdtrikbntr dafutdmtion

peri ods of 520, (Table 1). :

Tab. 1: Preculture nutrient solution:
10 g/l of glucose
N : 5 g/l of casein peptone
' 1 g/l of yeast extract
10 . 0.5 g/l of NaCl
' Water

The complete 2nd preculture is used for the inoculation
of the main culture.

b} 'Main culture

15 17 m* of the nutrient solution given in Pable 2 are
prepared in a fermenter having about 30 m® nominal
vaolume:

Table 2: Main culture nutrient solution:
6.47 g/1 of 75% strength H,PO,
20 about 8.94 g/1 of 33% strength NaOH
' 0.5 g/l MgSO,- TH,0
1 . g/l KC1
15 .-§/1 NaNO,
125 g/l soybean oil
25 _ Water

To do this, after introduction of the required amount of
water a pH of 6.8 is established using H,PO, and NaOH.
After addition of the residual nutrient solution
constituents, the pH is corrected to pH 6.2 using H,80,.
30 - After sterilization for 45 minutes, a pH of about 6.3 is
established. In a separate container, a solution
containing trace elements (Tab. 3) is sterilized. To do
this, the following substances are dissolved in 150 1 of
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40, 70 and 120 hours, a trace el enent solution (see Exanple 1

under sterile conditions in each case. 20 The aeration ratep @éﬂgg‘?ﬂfw SHEET
as.follows: At the start of fermentation 250 nierr]/h, after fLO|hours—of

fermentation 350 nferr]/h and after 30 hours of fernmentation, dhpért;ilmgpqqy
the intensity of foamformation, 100-130 ygerr]/h of air. In fthe_ first 10
hours of fermentation, the mxture is 25 stirred at 50 rpm{ then at 75
rpm Fromthe dédéniged heat@dt indosterdiiiedsentati on, a furither 564 1 of
soybean oil are continuously nmetered in. Foamcontrol is carried out In tne

sane nmanner as was descri bed in Exa e 1. Under said fernentation 30
conditions, 95 g/| Babehdinol THaes agewantean@mtmnt rhammose of 39 - 40

g/l are produced in the cul tupe solﬂgypnofnsadj;&xsc,_&ﬁt@ezn;wrkl ng up of
the culture 0.28 mg/l FeCl, 6H,0
5 1.4 mg/l zZnSO,- 7H,0
1.2 mg/l CoCl,- 6H,0
1.2 mg/l CuSO,- 5H,0
0.8 mg/l MnSO,- 1H,0
Deionized water

10 ' Concentration data relate to 1 1 of main
culture

This trace element solution 'is added to the main
fermenter under sterile conditions before inoculation and

3 times further after fermentation periods of about 20, -
15 40 and 70 hours.

The complete contents of the prefermenter (350 1) are
used -as the inoculum. The fermentation temperature is
30°C. In the first 10 hours of fermentation, aeration is
carried out using 250 w’ of air/hour, from the 10th to

20 the 30th hour using 400 m’/h and from the 30th hour using
100 -~ 75 m*/h.

For foam control, a szparately sterilized silicone
antifoam agent VP 1133 (Wacker) is used which, depending
on the foaming behavior of the fermentation solution, is

25 metered into the fermenter in portiomns ut.ilizin'g a foam
electrode.

The stirring component employed is a radial stirrer
having four turbines, which have a diameter of 1040 mm
{(stirrexr ¢é: fermenter ¢ = 0.4:1). The speed of rotation
in the fixst 10 hours of fermentation is S0 rpm, and
75 rpm from the 10th hour. |

30

Under the abovementioned fermentation conditi.ons, about
78 g of rhamnolipids and an L-rhamnose content of about



solution is carried out as was described in Exanple 1. . 2d
"Exanpl e 4: Batch fernentation for the production of L-rhammos

RE@%E%B%T SHEET

scale 300 1 of main culture medium (conposition as in Exanple 5 ), are
sterilized in a fernenter of 450 1 nominal volune. Inocul ation-i dr AR 1997
out using 4 1 of a shaker flask precultyTﬁg(,credl um from Exanpl; ) of the

e

strai n Pseudononas aerugi nosa DSM 7108. follow ng fernment gti on
condi tions are3@sigaf Yhretamhdse Can oY Pridided) g athda! IGF befta
In the first houhgelon’ A4 $ekRdnthtibh"bdrici it €969  haliraOthf£43 2Nd
fermentation is complete, the complete fermentation
solution is heated to 100°C in the fermenter and stirred
5 at this temperature for 1 hour to kill the production
strain. Further working-up steps as far as crystalline
L-rhamnose are carried out analogously to the
patents PCT/EP 91-01756 and PCT/EP 91-01426.

3.3 Example 3:

10 Fed-batch fermentatiou on the J.ndustn.al scale for the
product.:.on of L-rhamnose

18.5 m* of main culture medium having the composition
from Example } are inoculated with 350 1 of preculture
(also described in Example 1). The production strain
15 employed is the strain Pseudomonas aeruginosa DSM 7108.
Before inoculation and after fermentation periods of 20,
40, 70 and 120 hours, a trace element solution (see

Example 1) is added under sterile conditions in each
case.

20 The aeration rates are varied as follows: At the start of
fermentation 250 m*/h, after 10 hours of fermentation
350 m*/h and after 30 hours of fermentation, depending on
the intensity of foam formation, 100-130 m*/h of air.

In the first 10 hours of fermentation, the mixture is
stirred at 50 rpm, then at 75 xrpm. From the 72nd to the
109th hours of fermentation, a further 564 1 of soybean
oil are c'ontinuously metered in.

Foam control is carried out in the same manner as was
described in Example 1. Under said fermentation
30 conditions, 95 g/l of rhamnolipide and a content of
L-rhamnose of 39 - 40 g/l are produced in the culture
solution in 9 days. Further working up of the culture
solution is carried out as was described in Example 1.

25



fromthe
‘m xture i

30th hour at 400 rpm Up to the 10th hour of fernemgatro

s aerated at 80 |/nin, fromthe 10th hour of ferrreW:REP(MCEMENEOSHEET

| /mn and fromthe 30th 15 hour of fermentation at 30 |/ m h. rBefore
i nocul ati.on and after 20, 40 and 70 hours of fernentation, the|tpageMaR

el ements from Exanple 1, in each case sitejglized in 4 1 of déi ¢ni zed wat er,
After a fernentatlon period of 112 hours, 11.3 kgjof—3oybean ol

20 33ddegxufipde dterile conditions. Depending on ithe foam ng

the silicone antifoam agent VP 1133 (Wacker) is ered 1 n as

are added.
are again.
behavi or,
requi red.
per liter
formed in

R 1997 .

Under said fernentation conditions, -about 112 g of rhannollplds'

of cBatghe faymentation %muthqapgpdugtienr efmioyhammoss on
11 daxne 30Be1cwdallee solution is then worked up as was descri bed

in Exanpl e 1.

300 1 of main culture medium (composition as in Exawmple
5 1) are sterilized in a fermenter of 450 1 nominal volume.
Inoculation is carried out using 4 1 of a shaker flask
preculture '(medium from Example 1) of the strain
Pseudomonas aeruginosa DSM 7108.
, The following fermentation conditions are established:
10 The fermentation temperature is 30°C. In the first hours
of fermentation stirring is carried out at 300 rpm and
from the 30th hour at 400 rﬁm. Up to the 10th hour of
fermentation the mixture is aerated at 80 1/min, from the
10th hour of fermentation at 120 1l/min and from the 30th
15 hour of fermentation at 30 l/min. Before inoculation and
after 20, 40 and 70 hours of fermentgtion, the trace
elements from Example 1, in each case sterilized in 4 1
of deionized water, are added. After a fermentation
period of 112 hours, 11.3 kg of soybean oil are again
20 added under sterile conditions. Depending on the foaming
behavior, the silicone antifoam agent VP 1133 (Wacker) is
metered 3in as required. Under said fermentation
conditions, about 112 g of rhamnolipids per liter of
culture solution and about 46 g/l of L~rhamnose are
25 formed in 11 days.

The culture solution is then worked up as was descrlhed
in Example 1. '
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21 Patent Cainms 1. Pseudononas ERLHO§MESOHASVBEEN Pseudormq

S8t GH0S.2.
synt hesi zes r ha a congent, rqggpg)gcm 70- 1120 g/ | df REPLAGEMENT SHEET
sol-uti on. m lt the preparattomrof —LT-Thamose, Wi _
synt hesi 2| y fermentati on of Pseudononas. aerju | aﬁgd
hydr ol yzi ng the rharmol I pids to L-rhamosg w t hout prior isg f gg?

3. The process as clained in claim2, which conprises syntHhe +L. Fre}
r hamol i pi ds imaenanclenination of 70 - 120 g/I of culture edium 4. The

process as clainmed | aaé}.g: SET Gh APSM
7107 and/ or DS 710%93}3% ment lﬁ'an he process as c a?xtr?egil

a| m 2,
wher ei n the rhamol Pﬂpﬂbeﬂﬁ-éeﬁdeM%ledi r*&mﬂ)sé‘-qq?@m ra’(ﬁ on of

30 - 50 g/l "of cultgpe-sakot PR of culture solutiom.

5 2. A process for the preparation of L-rhamnose, which
' comprises synthesizing ' rhamnolipids in a
concentration of 70 - 120 g/1 of culture solution by
fermentation of Pseudomonas = aeruginosa and
hydrolyzing the rhamnolipids to L-rhamnose.

10 - 3. The process as claimed in claim 1, wherein the
rhamnolipids generated by Pseudomonas aeruginosa and
contained in the culture solution are hydrolyzed to
Le-rhamnose without prior isolation thereof.

4. The process as claimed in claims 1 and 2, wherein

15 Pseudomonas aeruginosa DSM 7107 and/or DSM 7108 are
fermented.

5. The process as claimed in claims 1 and 2, wherein

the rbamnolipids are hydrolyzed to L-rhamnose in a
concentration of 30 - S0 g/l of culture solution.

20 6. The process as claimed in claim 1, wherein ome or

more vegetable oils, in particular soybean oil, are
added to the culture medium as a carbon source.

7. The process as claimed in cla.i.m. 1, wherein the
fermentation period is 4 ~ 11 days.

25 8. The process as clajmed in claim 1, wherein the
. aeration rate is between 0.02 and 0.5 VVM.

9. Pseudomonas aeruginosa DSM 7107.

10. Pseudomonas aeruginosa DSM 7108, = ———————

———
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6. The process as clainmed in claim2, wherein one or nore vegetable oils,
in particul ar soybean oil, are addéd to the culture nmediumas a carbon
source. 7. The process as clained in claim2, wherein the fernentation
period is 4 - 11 days. 8. The process as clainmed in claim2, wherein the
aeration rate is between 0.02 and 0.5 WM__9. Pseudonobnas aerugi nosa DSM
7107. 10. Pseudggggggcégruginosa DSM 71082~ :

Pseudomonas aeruginosa and its use in a process for the -
biotechnological production of L-rhamnose

Bacterial straina are capable of the formation of
rhamnolipids, which they generate in the culture
solution. If bacteria of the type Psendomonas aeruginosa
are émployed for the fermentation, these microorganisms
synthesize rhamnolipids in a concentration of 70 -
120 g/1 of culture solution. The L-rhamnose can be
recovered directly from the culture solution by
hydrolysis of the rhamnolipids, i.e. without a
complicated separation of the cell material and without
isolation of the rhamnolipids before hydrolysis.

REPLACEMENT SHEET
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Pseudomonas aeruginosa, which Pséudomonas aeruginosa synthesizes
rhamnolipide in a concentration of 70;- 120 ofl of culfure solution.

A process for the preparation of L-rhamnose, which comprises synthesizing
rhamnolipids by fermentation of Pseudomonas aeruginosa and hydrolyzing the

rhamnolipids to L-rthamnose without prior isolation thereof.

The process as claimed in claim 2, which comprises synthesizing rhamnolipids
in a concentration of 70 — 120 g/l of culture medium.

The process as claimed in claims 2 and 3, wherein Pseudomonas aeruginosa
DSM 7107 and/or DSM 7108 are fermented.

The process as claimed in claim 2; wherein the rhamnolipids are hydrolyzed to
L-rhamnose in a concentration of 30 — 50 g/l of culture solution.

The process as claimed in claim 2, wherein one or more vegetable oils, in
particular soybean oil, are added to the culture medium as a carbon source.

The process as claimed in claim 2, wherein the fermentation period is 4 — 11
days. . '

The process as claimed ih claim 2, wherein the aeration rate is between 0.02
and 0.5 VWM.

Pseudomonas aeruginosa DSM 7107.

Pseudomonas aeruginosa DSM 7108.



