OPIC

OFFICE DE LA PROPRIETE

CIPO

c. b’\O 0.00-‘ ‘l \
X ‘-:\‘:f:'*'-i; ‘:;IEI;. R 4
'\:. e \{- -2 \‘Q:A:O:a‘o‘\:\:;& ’ SS"’.:»’
Sy n \'\\\ Sy ta e 1‘ DO
n. L | .\'0.0 cl ‘c \ \ \.'
. "2' ". "’:}:.:.;-3, 2 .\\\t:.\t&'s‘h\k\s"
SRR NN Y
R R o A R N A

INTELLECTUELLE DU CANADA ! PROPERTY OFFICE

(72) LEDENT, PHILIPPE. BE

(72) MICHELS, HENRI, BE

(72) AGATHOS, SPYROS, BE

(72 DEMYTTENAERE, PHILIPPE, BE
(72) BLACKMAN, GORDON, BE

(71) REALCO 2001 S.A/N.V.. BE

51) Int.C1.” CO2F 3/34
(0) 1997/10/20 (97870158.9) EP

(12) (19) (CA) Demande-

(CANADIAN INTELLECTUAL

Application

(21) (A1) 2,303,009

54) PROCEDE PERMETTANT DE REDUIRE I’ACTION DE
DETERGENTS LORS DE LA GERMINATION ET/OU
CROISSANCE DE MICRO-ORGANISMES

54y METHOD FOR REDUCING THE EFFECT OF DETERGENTS
UPON GERMINATION AND/OR GROWTH OF

MICROORGANISMS

86) 1998/10/14
87) 1999/04/29

Time (h.)

(57) Cette mvention concerne un procede qui permet
d’¢liminer ou de réduire 1’action de detergents lors de la
germination et/ou croissance d’un micro-organisme se
trouvant dans un milieu de culture aqueux. Ce procede se
caracterise en ce que 1'on ajoute une quantite suffisante
d’une ou de plusieurs enzymes dans le milieu de culture
aqueux du micro-organisme.

I*I Industrie Canada  Industry Canada

(57) The present mnvention 1s re

ated to a method for

removing or reducing the effec

s of detergents upon

germination and/or growth of a microorganism present
in a aqueous culture medium, characterised in that a

sutficient amount of one or more

enzyme(s) 1s added to

said aqueous culture medium of said microorganism.



CA 02303009 2000-03-10

WORLD INTELLECTUAL PROPERTY ORGANIZATION

P CT International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (¥CT)

(51) International Patent Classification 9 : (11) International Publication Number: WO 99720571

| CO2F 3/34 | Al | |
(43) International Publication Date: 29 April 1999 (29.04.99)
(21) International Application Number: - PCT/BE98/00152 | (81) Designated States: AL, AU, BA, BB, BG, BR, CA, CN, CU,
CZ, DE, DE (Utility model), EE, GD, GE, HR, HU, ID, IL,
(22) International Filing Date: 14 October 1998 (14.10.98) IS, JP, KP, KR, LC, LK, LR, LT, LV, MG, MK, MN, MX,
NO, NZ, PL, RO, SG, 8], SK, SL, TR, TT, UA, US, UZ

VN, YU, ARIPO patent (GH, GM, KE, LS, MW, SD, SZ,

(30) Priority Data: UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD,

97870158.9 20 October 1997 (20.10.97) EP RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK,

ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI

patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR,
(71) Applicant (for all designated States except US): REALCO 2001 NE, SN, TD, TG).

S.A./N.V. [BE/BE); Avenue Albert Einstein 15, B—-1348
[.ouvain—la-Neuve (BE).
Published
(72) Inventors; and With international search report.
(75) Inventors/Applicants (for US only): LEDENT, Philippe Before the expiration of the time limit for amending the
[BE/BE]; Rue Bois d’Avroy 65, B-4000 Litge (BE). claims and to be republished in the event of the receipt of
MICHELS, Henri [BE/BE]; Rue de Wawehaye 52, B-4500 amendments. |

Huy (BE). AGATHOS, Spyros [BE/BE]; Avenue des
Eperviers 69, B~1150 Bruxelles (BE). DEMYTTENAERE,
Philippe [BE/BE]; Rue de la Gare d’Hédenge 24, B—1367 |

Hédenge (BE). BLACKMAN, Gordon [BE/BE]; Rue Bois I
Eloi 23, B-1380 Lasne (BE).

S

(74) Agents: VAN MALDEREN, Eric et al.; Office Van Malderen,
Place Reine Fabiola 6/1, B—1080 Brussels (BE).

(54) Title: METHOD FOR REDUCING THE EFFECT OF DETERGENTS UPON GERMINATION AND/OR GROWTH OF MICROOR-
GANISMS

-~

'y 300

E

450

2
8
]
&
‘?;
§

. 0
u m %o.’/ .""o.,. ..ﬂfo\of’l
300 ~ p e * s s$pores
L}~ spores + hydrolases
230
0 10 30 30 40 50 60 ‘

" Time (h.)

| (§7) Abstract

The present invention is related to a method for removing or reducing the effects of detergents upon germination and/or growth of a
microorganism present in a aqueous culture medium, characterised in that a sufficient amount of one or more enzyme(s) is added to said
aqueous culture medium of said microorganism.
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METHOD FOR REDUCING THE EFFECT OF DETERGENTS UPON
GERMINATION AND/OR GROWTH OF MICRO-ORGANISMS
10

Field of the invention

The present invention is related to a method
for removing or reducing the effect of detergents upon
germination and/or growth of micro-organisms, which will

15 allow the improving of industrial fermentation processes,

ln particular treatment of specific polluted aqueous

effluents, based upon the use of said micro-organisms.

Background of the invention

20 Detergents, comprising surfactant or a
mixture of surfactants (anionic, cationic, amphoteric
and/or non-ionic surfactants), have a variety of industrial
uses and are common ingredients in laundry, household or
personal (e.g., shampoos and cosmetics) cleaning products.

25 Detergents comprising the surfactant linear
alkylbenzene sulfonates (LAS) are the most widely used
detergents in commerce today. These compounds are discarded
in wastewater and normally removed during sewage treatment.

The LAS concentrations in effluents from kitchens, bath-

30 and laundry-rooms vary between 35 and 125 mg.liter-1

(Durand & Golicheff, 1978).
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Many literature reports have been published
about the potential inhibitory effects of surfaétants
present in 'detergents upon the growth of micro-organisms
and results are often a matter of controversy. For

5 1nstance, Konopka et al. (1996) mentioned that LAS'--

degrading microbes were inhibited at LAS concentrations of

>40 mg.liter~l, whereas Sigoillot and Nguyen (1992)

reported on cultures enriched at LAS concentrations of up

to 700 mg.liter-1.

10 Rouse et al. (Crit. Rev. Environ. Sci.
Technol. Vol. 24, No. 4, pp. 325-370 (1994)) state that
steric and conformational compatibility of surfactants with

cell membrane lipids and enzymes has an influence on a

microbial degradation of organic compounds.

15 The use of pure cultures or defined consortia
of micro-organisms is a widespread technology for the
treatment of specific polluted aqueous effluents. Amongst
bacteria, strains belonging to the Pseudomonas, Bacillus,
Acinétobacter and Rhodococcus genera are frequently

20 reported (Chitra et al., 1996; Zissi & Lyberatos, 1996 ;
Russian Patent Application 96441455.44; Iliuta, 1997;
French Patent Application FR-97154177.14). Fungi and
microscopic algae have also many uses in this area (Feijoo
et al., 1995; Travieso et al., 1996; Pena et al., 1996; Ahn

25 et al., 1996; Russian Patent Application RU-97152804.14).

The mwmain applications include removal of
heavy metals (Macaskie et al., 1997), degradation or
precipitation of phenolic compounds (Borja et al., 1995) ,
Lreatment by precipitation of forest industry effluents

30 (Jaspers & Penninckx, 1996 and International Patent
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Application PCT/BE93/00014) as well as degradation of fats,

©ills and greases (Wakelin & Forster, 1997).

The genus Bacillus includes a variety of
industrially important species that are commonly used as
hosts in the fermentation industry (Arbige et al. ;, 1996) ;‘
Different reasons make Bacillus one of the preferred micro-
orgari‘isms for production by fermentation: most members of
the genus are non-pathogenic, relatively easy to manipulate
genetically, simple to cultivate and good secretors of
enzymes (including proteases, amylases, cellulases and
other degradative enzymes). Moreover, Bacillus spp.

sporulate, a characteristic very  useful for the

conditioning and the long-term conservation of a commercial

product.

Adney et al. (Biotechnology and Applied
Biochemistry No. 11, pp. 387-400 (1989)) describe the

detection of extracellular hydrolytic enzymes in the

anaerobic digestion of municipal solid waste. This

publication describes the «-amylase and protease enzymes
were detectable at trace level in supernatant samples from
stable lab-scale digesters fed municipal solid waste meal.

This document describes also that by using a detergent
extraction protocol, cellulase, B-glucosidase, oL -

glucosidase, protease and a-amylase activities were
recovered from sludge particulate, but with a very low
hydrolytic enzyme activity. ‘

The US patent US-4,940,539 describes devices
for the treatment of waste water containing grease and
foreigner materials treated by an aqueous composition

containing a high amount of a mixture of enzymes (2500

protease units/ml, 200 amylase units/ml, 10 lipase units/ml
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and 5 cellulase units /ml) and bacterial spores (50.106
bacterial spores/ml), which act on the grease, fat and
other materials in the waste water to provide a substantial
reduction in total solids and an increase in soluble solids

as well as a substantial reduction in the BOD level of the

waste water.

Similarly, the US patent US-5,468,375

system. In said device, high amounts of mixture of bacteria
and enzymes are added in the waste water in a chamber where
the sludge 1is digested. Said pre-treatment reduces the
burden on the municipal sewage treatment facility and
reduces the risk on exceeding the capacity of the facility.

The US patent US-4,237,003 describes a
process rIor the biological purification of liquid waste by
using high amounts of anaerobic bacteria in the presence of
extracellular enzymes produced by gram positive bacteria
and separating said gram positive bacteria and the
intracellular enzymes contained therein. As compared to the
current techniques, the anaerobic process according to said

method reduces the production of sludge and reduces the

retention time.

The international patent application
WOS5/15924 describes that extracellular enzymes from
bacillus subspecies in combination with fungal cellulases
has Dbeen found to synergetically degrade cellulose,
carbohydrates, fat and proteins in a sewage treatment, the

composition comprising a bacillus subspecies culture and a

fungal cellulase.
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However, none of these documents describes or
teach that low amounts of enzymes can be used for removing
or redu'cing the effect of detergents preferably detergent
comprising surfactant (s) upon the spores germination or the

> growth of micro-organisms and therefore improve the

treatment of polluted aqueous effluents.

Aims of the invention

The present invention aims to provide a
10 method for removing or reducing the effects of detergents
upon germination and/or growth. of micro-organisms,
especially bacterial strains, in an aqueous culture medium.
Another aim of the present invention is to
provide a method which does not need the use of expensive

15 and toxic products or processes.
A further aim of the present invention is to

provide a method which will additionally improve the

20 particular in the treatment of specific polluted agqueous

effluents which contain said detergents.

Summary of the invention

The present invention is related to a method

25 wherein a sufficient amount of one or more enzyme (s) is
added to the aqueous culture medium of a possibly
genetically modified micro-organism for removing or
reducing the effects of detergents, advantageously
detergents comprising surfactants (which are preferably

30 selected from the group consisting of anionic, cationic,

amphoteric and/or non-ionic surfactants), upon germination
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and/or growth of said micro-organism in said agqueous

(culture) medium.

Advantageously, said enzyme is selected from
the group consisting of a protease, a cellulase, an alpha-

amylase, a lipase or a mixture thereof.

It 1s meant by an aqueous (culture) medium,
any aqueous medium comprising the nutrients (such as
carbon, nitrogen and phosphor sources, mineral components
like sodium, potassium, ...) which naturally allow the
germination and/or growth of a micro-organism present in
salid medium.

According to the invention, said aqueous
(culture) medium is a waste water effluent (which is known
to inhibit completely the micro-organism by the important
percentage of detergent comprised in it).

According to a preferred embodiment of the
present 1invention, the possibly genetically modified micro-
organism 1is a bacterial strain, preferably selected from
the group consisting of the bacteria belonging to the
pseudomonas, bacillus, acinetobacter and rhodococcus
genera.

According to another preferred embodiment of
the present invention, the micro-organism is selected from
the group consisting of fungi (including vyeasts) and
microscopic algae.

It 1s meant by "removing or reducing the
effects of detergents", the capacity of the enzyme to allow
and/or to improve the germination and/or growth of a micro-
organism in an agqueous culture medium containing said
detergents at a concentration which inhibits completely
said germination and/or said growth, the capacity of said

enzyme to reduce the lag period after which one can measure
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the 1increasing of the micro-organism density in said
aqueous (culture) medium and/or the capacity of said enzyme
to improve or dccelerate said growth in an aqueous
(culture) medium.

A "sufficient amount of one or more
enzyme(s)" means that the amount of the enzyme(s) is

comprised between 1 and 5000 pg weight enzyme for an

aqueocus culture medium of 100 ml comprising between 0,001

and 1000 ppm detergent (preferably comprising a
surfactant), advantageously between 10 and 500 ug welght
enzyme for an aqueous culture medium of 100 ml comprising
between 0,1 and 500 ppm detergent (preferably comprising a
surfactant), more preferably between 50 and 400 ug welght
enzyme for an aqueous culture medium of 100 ml comprising
between 0,5 and 250 ppm detergent (preferably comprising a
surfactant). Said amount is particularly low compared to
the amounts usually used in the methods and devices of the

state of the art.

According to a preferred embodiment of the
present invention, the micro-organism is present in the
aqueous culture medium in the form of a dormant spore
and/or in the form of a vegetative dividing cell.

The Inventors have discovered unexpectedly
that it is possible with the method according to the
invention, to modulate the addition of enzyme according to
the wild type o0f micro-organism, according to its form
(dormant spore or vegetative dividing cell) and according
to the detergent and the amount of detergent present in the
aqueocus culture medium (see enclosed figure 2).

Advantageously, the amount of enzyme used in

the method according to the invention may be lower when the
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micro-organism 1is present in. the form of a wvegetative
dividing cell.

The - Inventors have also discovered

unexpectedly that it 1s possible by the method according to

5 the 1invention to improve easily and at low cost thé-

industrial fermentation processes of micro-organisms upon

specific polluted aqueous effluents, because said agqueous

effluents may comprise naturally said micro-organism in the

form of a dormant spore or in the form of a vegetative

10 dividing cell.

Therefore, said micro-organisms will be able
to germinate and/or will be allowed to grow and secrete new
enzymes which will increase the protective properties
against the inhibitory effects of the detergent.

15 Therefore, the method according to the
invention will allow the improvement of the industrial
fermentation processes by micro-organisms, especially the
treatment of specific polluted aquecus effluents which
comprise already said micro-organism, or the treatment of

20 polluted aqueous effluents wherein micro-organisms (in the
form or dormant spores or vegetative dividing cells) have

been added in order to increase (accelerate) sald

fermentation processes.

In addition, the method aCcording to the

25 1invention can be combined with one or more treatment
method(s) of specific polluted aqueous effluents well known

by the person skilled in the art and already described in

the scientific literature. For instance, said method can be
combined with methods for the removal of heavy metals,

30 degradation of phenolic compounds, treatment of forest

industry effluents, etc., obtained from paper pulp,

metallurgic or chemical industry.
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According to a specific embodiment of the

present invention, the enzyme is added in a sufficient

amount to the solid or liquid detergent in the laundry,

household or personal (shampoos, cosmetics, ...) cleaning

5 solid or liquid products.

Advantageously, said enzyme is kept "active"

(by carriers or adjuvants) in said detergent during and

after the cleaning process in order to maintain its

"activity" its reducing properties against the inhibitory

10 effect of the surfactant(s) (present in the detergent) upon

germination and/or growth of the micro-organism present in

its aqueous culture medium as described above .

The present invention will be described in

details in the following examples in reference to the

15 drawings which are presented as a non-limiting illustration

of the present invention.

Brief description of the drawings

Figure 1 represents time-course of bacterial growth of

20 cultures inoculated with dormant spores (A) and

vegetative cells (B) in the presence of varying
concentrations of dodecyl benzene sulfonate.
Figure 2 represents surfactant concentrations resulting

in complete inhibition of growth.

25 Figure 3 represents Dbacterial count on waste water

amended agar media, wherein the following waste
water / distilled water ratios were used - 100:0

(medium A), 50:50 (medium B) , and 10:90 (medium

C), medium D corresponding to Plate Count Agar

30 medium.
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Figure 4 represents time-course of the soluble COD of

waste water medium inoculated with spores of

with a mixture of spores and hydrolases.

5 Detailed description of the invention

In order to develop a biotechnological

process for urban wastewater treatment, the Inventors have
currently studied the potentialities of different strains
of Bacillus.

10 They have discovered unexpectedly that it is
possible to reduce the inhibitory effect of anionic,
cationic, amphoteric and non-ionic surfactants upon
germination and growth of a mixture of Bacillus strains.

The behaviour of this consortium in liquid

15 and agar-solidified media prepared with domestic wastewater

and containing surfactants is also reported.

Materials and methods

Strains

20 The bacterial consortium used for this study

contained different strains of Bacillus.

Enzvmes

The commercial enzymes used in this work were

25 a Bacillus subtilis proteinase, a cellulase, an a-amylase

and a lipase. Product specifications are given by the

Réalco Company (Louvain-la-Neuve, Belgium).

Surfactants

30 ' The following commercial surfactants were
tested: Protectol KLC 80®, Plurafac LF 400®, Lutensol TO
89® and Lutensol GD 50® (obtained from BASF, Ludwigshafen,
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Germany), Elfapur N 90, Elfan NS 242® and dodecyl benzene
sulfonate (obtained from Akzo Chemie, Diiren, Germany) and

Betaine AAB® (obtained from Mosselman, Bruxelles, Belgium) .

Media and culture conditions

The synthetic 1liquid media used for the
determingtion of the inhibitory thresholds were prepared as
described by Leitch and Collier (1996).

The sample of domestic wastewater was taken
at Braine-1l'Alleud (Belgium) at the end of a pipe
overhanging the «Légére Eau» brook. After sterilisation by

autoclaving, the following parameters were determined:
total COD = 820mg Op.liter™l; soluble COD = 330mg
O,.liter~l; pH = 7.2.

Casaminoacids, Bacto Agar® and Plate Count

Agar® were obtained from Difco (Detroit, MI, USA).

Liquid cultures were performed at room
temperature (20+1°C) using 250 ml conical flasks which
contained 125 ml of medium, the orbital aglitation being
fixed at 150 rpm.

The bacterial biomass time-course was

monitored via turbidity measurements (O.D. at 600 nm).

Chemical Oxygen Demand (COD)

The Chemical Oxygen Demand (COD) was
determined using the NBN-T91-201 norm.

Non-ionic surfactant concentration

The non-ionic surfactant concentration was

determined colorimetrically as described by Rodier (1978).

Elfapur N 90® (nonylphe-nol) was used to prepare the
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standard curve. A concentration of 3.2 (+0.4) ppm was

ocbtained for the sample of wastewater examined.

Results
The inhibito effect of surfactants upon germination and
growth.

Seven widely wused surfactants including
anionic (A-), cationic (C+), amphoteric (AO) and non-ionic

(NI) compounds were tested. The Leitch and Collier media
containing surfactant concentrations ranging from 0 to 200

ppm were inoculated with either vegetative cells or dormant

spores.

The Figures 1 show the time-course of the
bacterial biomass in the presence of dodecyl benzene
sulfonate. For cultures started through inoculation of
spores, the presence of 1 ppm surfactant was sufficient to
increase the lag period by about 4 hours whereas a
concentration of 10 ppm was responsible for a complete
inhibition of growth, at least during the first 50 hours of
incubation (Figure 1A). When vegetative cells were used for
the inoculation, the inhibitory effect was largely reduced:
the lowest surfactant concentration produced no significant
effect whereas the largest one increased the lag period by

only about 10 hours (Figure 1B).

The surfactant concentrations producing a
complete inhibition of growth (no growth during the first
50 hours of incubation) were determined for the seven
compounds studied and values corresponding to inoculation
with either vegetative cells or spores were compared
(Figure 2). With the exception of Lutensol GD 50®, a non-
ionic surfactant which exhibited no inhibitory effect, all

the tested compounds inhibited the germination of the
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spores and the subsequent growth at surfactant
concentrations ranging from 1 to 50 ppm. When media were
inoculated with vegetative cells, a significant increase of
the inhibitory threshold was observed for all surfactants

5 tested.

Growth on waste water amended agar media

Different agar-solidified media were prepared

using waste water and distilled water in the following

10 ratios : 100:0 (medium A), 50:50 (medium B) and 10:90
(medium C).

All the media contained 2 g of casaminoacids,

2 g of glucose and 15 g of Bacto Agar® per liter. Each

batch of petri dishes was seeded with an appropriate volume

15 of a suspension of spores or of a diluted suspension of

vegetative cells so as to have 100 cfu per plate.

The Figure 3 gives the number of colonies

enumerated after a 24 hour incubation at 37 ©C. The results

are expressed as percentage of the number of colonies

20 developed on Plate Count Agar medium (medium D) inoculated
and incubated in the same conditions.

For media containing non-diluted waste water

(medium A), a complete inhibition of growth was observed

irrespective of the nature of the inoculum. This inhibition

25 was largely reduced for medium B prepared with vegetative

cells only. No significant difference was observed between

spores and vegetative cells for the most diluted medium

(medium C).

30 Addition of hydrolases

Liquid wastewater media (125 ml of sterile

wastewater in 250 ml conical flasks) were inoculated with
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'5.10% spores or with a mixture of the same amount of spores

plus neutral subtilisin (390 ug), cellulase (115 ug), o-

amylase (235 pg)* and lipase (155 pg). The soluble COD of
the media was determined as a function of time (Figure 4).
No significant change was observed when the inoculﬁm
contained only spores. The additional presence of
hydrolases was responsible for the appearance, after a lag
period of 18 hours, of a bell-shaped time-course of the
soluble COD. The number of viable cells after 60 hours of
incubation  at room temperature was determined by

enumerating colonies on Plate Count Agar media. Values of

5.10°% and 6.107 cfu per 125 ml were obtained for the media
inoculated with spores and with the mixture of spores and
hydrolases, respectively. These results indicate that the
additional presence of hydrolases in the medium allowed the
initial solubilisation of the insoluble organic matter
(reflected by an increase of the soluble COD) followed by
its consumption by the growing cells (reflected by a
decrease of the soluble COD and by an increase of the
bacterial density).

With the exception of Lutensol GD 50, a non-
ionic surfactant which exhibited no inhibitory effect, all
the other tested compounds inhibited spore germination and
the subsequent growth of the Bacillus strains at surfactant
concentrations ranging from 1 to 50 ppm, li.e.,

concentrations close to those reported for domestic

wastewaters. Germination appeared to be more affected than

cell growth by the presence of surfactants, the inhibitory
thresholds being largely increased when inoculation was

done with vegetative cells.
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The bacterial species forming the consortium

"used for this study were incapable of growing on non-
diluted wastewater agar media. The presence of surfactants
was probably the main reason for this inhibition since, as

S observed previously for the determination of inhibition'
thresholds for the different surfactants tested, vegetative

cells were less sensitive to this inhibition than spores.

A complete absence of growth was also
Observed when the liquid wastewater medium was inoculated

10 with spores. Under the experimental conditions described,
the integrity of spores appears to be fully conserved since
the number of viable cells enumerated after a 60-hour
incubation was exactly the same as the number of spores
initially present.

15 The fact that the addition of hydrolases in
the wastewater medium allowed spore germination and
subsequent growth constitutes the most remarkable observed
result. This unexpected effect may be due to (1) a
peptidase-catalysed activation of spore germination and/or

20 (11) a much easier assimilation of the organic matter by
the cells resulting from the hydrolytic action of the added
enzymes which cut macromolecules (e.q. proteins,
polysaccharides, triglycerides) into shorter molecules

(e.g. aminoacids, glucose, glycerol, fatty acids).
25
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CLAIMS

1. Method for removing or reducing the

effects of detergents upon germination and/or growth of a

micro-organism present in an aqueous culture medium,

> characterised in that a sufficient amount of one or more

enzyme (s) 1s added to said aqueous culture medium of said
micro-organism.

2. Method according to claim 1, characterised

in that said enzyme is selected from the group consisting

10 of proteases, cellulases, alpha-amylases, lipases or a

mixture thereof.

3. Method according to claim 1 or 2,

15 the anionic, cationic, amphoteric and/oxr non-ionic
surfactants.
4. Method according to any of the preceding

claims, wherein the aqueous culture medium is a waste water

effluent.

20 5. Method according to any of the preceding
claims, characterised in that the micro-organism is a

bacterial strain.
6. Method according to claim 5, characterised
in that the bacterial strain is selected from the group
25 consisting of the strains belonging to the pseudomonas,

bacillus, acinetobacter and rhodococcus genera.

7. Method according to any of the claims 1 to

30 8. Method according to any of the preceding
claims, characterised in that the micro-organism is a

dormant spore.
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9. Method according to any of the claims 1 to
7, characterised in that the micro-organism is a vegetative
dividing cell.

10. Method according to any of the preceding
claims, characterised in that the amount of added enzyme is'
comprised between 1 and 5000 pg weight for 100 ml aqueous
culture medium comprising between 0,001 and 1000 ppm

detergent.
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