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a-I-Rhamnosidase for obtain_ing rhamnose, a process for
its preparation and its use

The invention relates to ~ e-IL~rhamnosidase, which
catalyzes the cleavage of the bond between terminal L(+)-
rhamnose and the aglycdone of rhamnose-containing glyco-

sides, to a process for its preparation by biotechno-

logical means, and to its use for preparing L{+)~rhamnose
(6-deoxy-L-mannose}. In that which follows, this latter
sugar is designated L-rhamnose. :

. L-Rhamnose is very well suited for use as a chiral

structural component for the preparation of different
organic compounds. L-Rhamnose or its derivatives  are
being used to an ever increasing extent in the syn'thesis
of pharmaceutical products and plant protection agents,
as well as in the spheres of plant and animal cytology,
microbiology, umunob:.ology and the preparation of
fragrances. Thus, using L-rhamnose as the starting
compound, 2, 5-dimethyl-4-—hydrdxy-—2 ¢ 3-dihydrofuran-3-one
(Furaneol®} can, for example, be prepared, which, in
turn, is used as the parent substance for various
fragrant substances in the foodstuffs and perfume

industries.

L-Rhammose can only be obtained with very great
difficulty by the chemical route. It can,: however, be
isolated extractively flrom. various natural sources, for
example from the flavone glycosides he'speridin; rutin,

naringin and quercitrin, or, for example, from gum arabic '

or marine algae, following  acid hydrolysis.
[Bibtechnblogy and Bioengineering, Vol. 33, p. 365
{1989), R.J. Linhardt et al.; EP-3A-0 317 033; JPA 62293].
Disadvantages of these processes are the elaborate steps

for isolating L-rhamnose, some of which involwve using
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bacteria of different genera, such as, for. example,

Alcaligenes, Acinetobacter, Klebsiella, Streptococcus or

Lactobacillus.

(Enzyme Microb. Technol., Vol. 10,._ p- 188 (1988},
M. Graber et al.; J. Amer. Chem. Soc., Vol. 71, p. 4124
(1945), F.G. Jarvis and M.J. Johnson; J. Bacteriocl., Vol.

68, p. 645 (1954), 'G. Hauser and M.L. Rarnovsky].

Disadvantages of these processes are the customarily low

yields, Qo_nditioned by viscosity, and the necessary - .

'separation of L-rhamnose from a mixture of different

sugars following hydrolytic cleavage of the hetero-
polysaccharide.

Numerous publications and pﬁten_ts deal with the
production of rhamnolipids by means of fermentation using
Pseudomonas aeruginosa. [Applied and Environmental
Microbiology, Vol. 51, 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, Daniéls et
al.; German Published Patent Bpplication 2 150 375, 1972;
US Patent 4 814 272, Wagner et al.] - |

' In principle, 4 rhamnolipids (RL1 ~ RL4, see Fig. 1) are’

30

present in the micryoorganism. culture .solution, which
rhamnolipids are composed of 1 or 2 L(+)-rhamnose units
and one or two B-bydroxydecanoic acids {%. Naturforsch.
40 ¢, p. 61 (1985), C. Syldatk et al.). Rhammnolipids 1
and 3 are quantitativeiy the most important.
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In addition, it is known to obtain IL-rhamnose from
flavone glycosides, rhamnolipids or oligosaccharides by
énzyﬁu’.c cleavage using the soluble or ‘immobilized «-I.-
rhamnosidases naringinase and hesperidinase [US Pat.
5,077,206; Eur. Pat. 88202595.0; Turecek, P. and Pittner,
F., Appl. Biochem. and Biotech. 13, 1-13 (.1986)]. Narin-
ginase and hesperidinase have in each case a molecular

. weight of about 90 kd and were isolated from Penicillium

decumbens and Aspergillus niger, 'réspectively.j

Naringinése and hesperidinase catalyze the cleavage of
the bond between two monosaccharides, chiefly the
elimination of terminal rhamnose from flavanone glyco-
sides, such as, for example, from hesperld:m and narJ.n-
gin, or from rhamnol:.p:.d 3 or 4.

Naringinase and hesper:.dmase catalyze the cleavage of

" the bond between terminal rhamnose and an aglycone in

rhamnose—-containing glycosides appreciably more slowly
(factor: 10-100; see Example 1j.

The consequence of this ‘is that a very long period of - '

time is required in order completely to cleave rhamnose
from the rhammolipid 1-4 mixture, since the rhamnolipids
1 and 3 which are present to the greatest extent quanti-

- tatively in the microorganism culture solution are

composed of L-rhamnose and aglycone (fatty acid).

a~L-Rhamnosidase has  now been isolated, sﬁrprisingly,
from Penicillium sp. which catalyzes the cleavage of the
bond between terminal L-rhamnose and the aglycone of
rhamnose—céntaining glycosides, i.e. which has ~the
opposite specificity to the known «-L-rhamnosidases
naringinase and hesperidinase.

The invention thus relates to
1. * a-L-rhamnosidase » which can be obtained :
- by fermenting Penicillium sp. DSM 6825 and/or
6826
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- separating off the biomass from the culture
broth, and = '
- concentrating the culture supernatant.

n
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2.  a-L-Rhamnosidase having a molecular weight of 60-

5 . 100 kd, which «-L-rhamnosidase contains the amlno—
terminal amino acid sequence
D-T=-N~D~Q-T~S-A~-K~V-~-D-R~G~T-F-D-D-P~A~A-R~L
or . . |
F-F~Gr8=X=Q-S-L-Y~L~K~L-V=L-K~F-G-T~L~F-D-X~A

10 and catalyzes the cleavage of the bond between
terminal L-rhamnose and the aglycone of rhamnose-
containing glycosides.

3. A process for preparing &-L-rhamnosidase, wherein

Penicillium sp. is cultivated in a nutrient medium

15 until a-L-rhamnosidase accumulates in the culture,

| the biomass is then separated off from the culture

broth, and the culture supernatant thus obtaxned is
concentrated.

4. A use of a-L—rhamn051dase for the preparatlon of
20 : -L—rhamnose. '

5. Penicillium sp. DSM 6825
6. Penicillium sp. DSM 6826.

' The invention is described in detail below, in particular
in its preferred embodiments. .

25 The compound L(+)-rhammose (= B-deoxy—Lamannose) is
designated L~rhamnose.’

A compound, or the moiety of a compound, which does not
contain any sugar is designated an aglycone. In this
. invéntion, fatty acid compounds or flavone compounds, in

30 particular, are designated aglycones.
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which correspond to the

single letter code known from the specialist literature,
are used for the amino acids.

Amino acid Abbreviations Letter code
Glycine Gly G
- L-alanine ~Ala A
L~valine val v.
L-leucine Leu L |
- Leiscleucine Ile I
L-phenylalanine Phe F
L~proline . Pro P
L-serine Ser 8
L—thr'eonine- Thr ) T
i.—cyateine Cys Cc
L-methionine Met M
L~tryptophan Trp W
L-Tyrosine Tyr Y
L-asparagine Asn N
L~glutamine Gln Q
L-asparaginic acid Asp D :
L-glutamic acid Glu E ;
L-lysine Lys K
L—arginine Afg R 4{
_ L~histidine His H

- ¢-L-Rhamnosidase can be isolated from the culture broth

both in small quantities {up to 1 gram) and in large

quax‘xt:i.ties (< 1 kg), since the preparation process can be -

carried out on a laboratory scale (fermentation of the

microorganisms in volumes up to 1 liter) and on an indus-
trial scale (fermentation of the microorganisms on a
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cubic meter scale).

The molecular weight of the a-—L-rhamnos:.dase accord:.ng to
the :anent.l.on is determined by means of SDS gel electro-
phoresis (SDS = sodium dodecyl sulfate) and by means of .

5 gel chromatography. This method ‘of gel chromatography is
described, for example, in Molecular Biology of the Cell,
Bruce Alberts et al., Garland Publishing, Inc. New York
& London, 3rd Bdition, 1983, pp. 174, 265-266.

The abbreviation "IEP" stands for *isoelectric point*® and

10 is defined as the pH at which the net charge on the
protein, or, in the present case, the enzyme, is zero.
The IEP is determined by means of chromatofocussing.

. Penlcillium sp. was isolated from a compost composed of
garden waste in 6232 Bad Soden, Germany. The microorgan-

15 ism was isolated and purJ.f:Led in accordance with pro-
cesses known to the person skilled in the art by culture .

dilution and plating out on selective agar. For example,

the compost sample can be suspended in 0.9% strength

sodium chloride solution and an enrichment culture of

20 this suspension can be set up in selective medium con-

' taining rhamnolipids and/or rhamnolipid derivatives,

preferably C,-C,,~alkyl esters of rhammolipid-2 as the

sole carbon source. C,-C,~Alkyl esters of rhamnolipid-2,

such as, for example, methyl rhamnolipid-2 or tert-butyl

25 rhamnolipid=-2, are used with particula.r preference as the

' C source. '
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d_h '
nari ngi nase an e%i%%&hﬂh&?%%. DSM 6825

Branching of the conidia _ monoverticillate

Phialides ' ampulliform
10 Conidia . spiny
Type : Penicillium

Penjcillium sp. DSM 6826

15 _
Branching of the conidia biverticillate
Phialides , - flask-shaped

Conidia E warty

20 Penicillium sp. DSM 6825 and 6826 may be fermented
together or separately.

‘Insofar as they produce the enzyme a-L-rhamnosidase,

mutants and variants can also be employed instead of the

' isolate DSM 6825 and/or 6826. Such mutants can be pro-

25 duced, in a manner known per se, by physical means, for

| example irradiation, such as using ultraviolet or X-rays,

or with chemical mut&gens,'such as, for example ethyl

methanesulfénate (EMS), 2-hydroxy-4-methoxybenzophenone
(MOB) or N-methyl-N’-nitro-N-nitrosoguanidine (MNNG).

30 The process for preparxng the abovementloned a-L~rhamno-
s;dases is as follows:
;. . _
Following isolation and purification of Penicillium sp.
(see p. 6) by repeated passage_of the mixed culture of
the resulting microorganisms in selective medium, an
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the: bi omass fromthe culture brot h, and mmm l
*concentrating the cul ture supernatant. 1 - L- Rhaimosi das avi ng
a nol ecul ar wei ght of 60- 5 100 kd, }M'n ch [err] L- r hammosi dase

Con 8 1 R etment, of ) e Gn36H fAuce the enryme

accord:l.ng to the invention is achieved.

The microorganisms thus obtained are plated out on agar
plates (selective medium} in order to obtain pure cul-
5 tures from the mixed cultnre. '

The pure cultures are replicated and tested for their
ability to form the enzyme according to the invention.

Tt is found that microorganisms of the genus Penicillium
sp. form the enzyme according to the invention. The

10 . fungal genus is determined with the aid of morphological,
taxonomic and biochemical criteria in accordance with
methods known to the person skilled in ‘the art. The color
of the colonies is green.

The investigations of the ability of the Penicillium sp.

15 colonies to form the enzyme according to the invention
lead to t‘_.he isolation of two ‘strains which are notable
for a particularly high level of production of - «-L-
rhamnosidase. These two strains are: Penicillium sp. DSM
‘6825 and DSM 6826.

20 In accordance with the rules of the Budapest Treaty,
these strains were deposited with the Deutschen Sammlung
von Mikroorganismen und Zellkulturen GmbH (German
Collection of uicroarganisms' and Cell Cultures) ¢

' Mascheroder Weq 1B, 3400 Braunschweig, Germany, on the

25  29th November 1991 under the numbers: Penicillium sp. DSM

6825 and 6826, '

The microorganisms concerned are :cultivated under the
conditions which are customary for Penicillium sp.
Accordingly, cultivation is effected on complex or
30 defined media; preferably, the media cdntain_ yeast
extract, casamino acids, corn -steep, meat extract,
peptone, caseine, gelatin, tryptone, nitrate, ammonium or -
urea as the nitrogen source, and starch, dextrin, .



F-F-G S X-Q S-L-Y-L- K—L V-L-K-F-G T-L-F-D- X-A 10 and ats zes the
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cul ture, the biomass is then separated off fromthe culture -
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4." A use of a-L-rhamdsidase f e preparation of. 20 . L- r hamose.

5. PenicilliunPS8BreesM 6825 . Penicilliumup. DSM 6826. - The

I nvention is described in detail be|OM/ i n particular inits preferred

enbodi ment s. . . . . .
, Magnesium, calcium, sodium, potassium, iron, zinc, cobalt

or phosphate can be employed as further components. The
5 use of rhamnolipids or their alkyl esters {crude mixtures
or purified rhamnolipids) as the C source, alone or in
combination with additional C sources, is found to be
particularly suitable. | ' | '

The cultivation is effected at 27°C over a period of 72-

10 120 hr. Isolation of the e~L-rhamnosidase according to
the invention, which may be necessary, is effected in a
customary manner, e.g. by filtration or centrifugation to
separate off the biomass, the a~L-rhamnosidase for the
most part being located in the supernatant.

15 The supernatant can be concentrated by ultrafiltratidn
. and then lyophilized. Further purification steps,.such
as, for example, precipitations, anion exchange chromato-
graphy, chromatofocussing, HIC chromatography (hydro-
phobic interaction chromatoéraphy), exclnllon chromato-
20 graphy and afflnlty chromatography, may be carrled out,'
' in dependence on the deqgree of enzyme purity desired.

Preferably, thé'purification'is effected by filtering to
separate off the biomass, sﬁbsequent-ultrafiltration to
concentrate the enzyme in the remaining supernatant, then
25 anion exchange chromatography - followed by
chromatofocussing, and finally exclusion chromatography.

The a-~IL~rhamnosidase according to the invention has a
molecular weight of 60-100 kD, depending on the degree of
glycosilation, and an isoelectric point of 5.6-5.8. The

30 pH optimum for the cleavage of p—nitrophenyl—u—L—rhamno—
‘pyranoside is 5.0-5.5 and the temperature optimmm is
50-55°C. '

The amino-terminal sequence of the a¢-L~rhamnosidase from
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in principle determined in accordance with the Edman pro-
cess, which is known from the literature. For this
purpose, amino acid chains are mixed with phenyl isothio-,
cyanate under suitable conditions. The chemical compound

preferentially attaches itself to the free amino-terminal

amino group. In the presence of anhydrous acid, the end-
terminal amino acid is eliminated as a'carhamyl deriva-
tive. This compound is investigated in order to identify
the amino-terminal aminoc acid. The remainder of the amino

acid chain (which now lacks the initial amino acid) can
now be subjected to renewed treatment with phenyl - iso-

‘thiocyanate to determine the next amino acid in oxder,

etc. In principle, this procedure can be carried out many

. times stepwise in succession so that the total aminoc acid

frequency of the chain can be deduéed._ln the present

- case, in addition to this, the N-terminal amino acid

sequencing is carried out using a gas phase sequencer
{type 477 A from Applied Biosystemsj and the amino acid
analysis using an on-line amino acid analyzer (type 130 A
PTC analyzer from Applied Biosystems). The methods are
published in FEBS Letters, Vol. 292, pp. 405-409, 1991.

It was possible to elucidate the following amino-terminal
constituent sequence of the &~L-rhamnosidase:
D=T=N=D~Q-T~S~A~K~V-D~R-G-P-F~D-D-P-A-A-R-L

or 3 _ .
F-F-G=8+«X~Q-8~L~-Y-L~-K~L-V-L~-K-F-G-T~-L-F-D-X-A.

The a~L-rhamnosidase accérding to the invention can be

employed in free or in immobilized form, where, in the

latter case, all current methods of immobilization are
suitable. Silica gel, for reasons of economy, can, Ffor

example, be used as the support.

The;a-L—rhamnogidéée éatélyzes the cleavage of the bond
between the terminal L-rhamnose and the aglycone of
rhamnose-containing glycosides and is thus suitable for

preparing rhamnose.
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0t

are huffered or not-buffered. Agueous solutions are, for
example, the culture broi;h of the microorganism (no
buffering necessar&) or distilled water. In ~the latter
5 case, a buffering with phosphate or Tris buffer, prefer-
ably a:_umbnium acetate buffer, is necessary (concentration
of the buffer: 5-100 mM, preferably 10-50 mM). The pH of
_the aqueous solution is pH 3.5-8, preferably pH 5-6. The
temperature which is necessary for the enzyme activity is
10 between 4°C-65°C, preferably 45°C-55°C. The reaction time
'~ depends on the guantities of enzyme and substrate and, to
a minor extent, also on the temperature.' At a temperature
of 45°C-55°C, the reaction time is 2~24 hours, preferably
5-8 hours. It is sensible to arrange a relatively short
15 reaction time at higher temperatures, since the enzyme is
more readily degraded. The substrate quantity (= gquantity
of rhammolipids) which is present in the mixture is
maximally 200 g/l, and the enzyme quantity 0.1-50 U/g of
rhamnolipids, '~preferably 1-10 U/qg, and particularly

20 preferably S U/g, of i:ham’nolipids. o |

.Following completion of the reaction, the L-rhamnose is
isolated from the solution by separating off the fatty
phase by means of centrifugation or by decant:.ng until a
phase separation has been effected; if necessary, the

25 aqueous phase is subsequently clarified, for example
using active charcoal. Clarification is understood to
mean the removal of turbidity substances and coloring
substances. This step is advz.sable if an L-rhamnose is to -
be obtained which is as pure as possiblie. Subsequently,

30 the aqueous solution is concentrated and the L-rhamnose
is orystallized out.

Example 1
Cleavage of the rhamnola.p:.ds 1 and 3 by naringinase and
he:}?er:l.dlnase

35 10 g of rhamnolipid 1 or 3 are emulsified in 100 ml of
' ammonium acetate buffer (50 mM, pH 5.5) or double-



L-trypt ophan . Trp 30 L- Tyr osi ne !
Y L- aspar agi ne - Asn N 35. This SheeLH@|Bd§1ﬂ{@la&d

An ' Q L-asparagi nic acid -
L-glutam c acid Gu E 40 LI
’ K - .

Lys . L- ar gi ni nel5 - ‘Arg
45 L- hi stidi ne Hi s H

[err]-L-Rhamos ad_mmia %tle&ohﬁaeﬂsbr@raﬁ bﬁﬁwgtlmebbet HesperiB@hlsen
sral | quantities nd in larg ?eerr 1.kg),

Bi nce the preparl# t('-‘l‘J’(%hto %‘E“gss EWBE’S@r%a?lF?%daég?gonT;‘ 9 d8e
(fernmentation oiaf&be:ted atni70rCowhabesstirningl Urks wyldes den ne;,)wnadhon
an indus- . are achieved under these conditions are summarized in
S Table 1. Under these comnditions, the naringinase cleaves
the 10 g of rhamnolipid 3 employed in 4 hours ( hespetid-
inase 7 hours) into 2.5 g of rhamnose (~ 98% yield) and
rhamnolipid 1. The cleavage of rhamnolipid 1 proceeds
appreciably more slowly (see Table 1} and incompletely,
i0 probably owing to the inactivation of the enzyme over the

relatively long period of time.

The reaction was monitored using thin layer chromato-
graphy, and the rhamnose was guantitatively determined by
means of HPLC..

15 TLC: Eluent: CHC},/CH,OH/HAc 65:5:2
| TIC plate: Silica gel 60 F254
Spraying reagent: MeOH/HAc/H,S0, conc./anis~
~ aldehyde 85:10:5:1
- Development: 5 minutes at 120°C

20 Table 1:

Enzymic cleavége of rhamnolipid 1 and rhamnolipid 3 by
means of hesperidinase and naringinase [the V,, values
relate to 1 U of a-L-rhamnosidase ‘activity; 1 U is
defined as the- enzymé quantity which is capable of
25 cleaving 1 pmol of p-nitropheriyl-a-L-‘rh-amnopyranoside per .

. min]:

Hesperidinase: (Sigma No. H-8137, Penicillium spec.)
"v_."* rhamnolipid 3: ~50 pgmin-tu?
"Vox" rhamnolipid 1: ~0.5 ggmin-‘u-?
30 Naringinase: = (Sigma No. H-1385, Penicillium decumbéns)
"V..x" rhamnolipid 3: ~8¢ pgminiu?
"Vooe" rhammolipid 1: ~5.0 pgmin-‘n-!



trial scal e (fermentation of the m croorganisns on a ThlsSheetHasBe&uthEced
-neter scal e). The nol ecul ar wei ght of the a-L- rhanno

to -the invention is determ ned by neans of SDS gel ele n![mm mm
phoresis; (SDS = sodi um dodecyl sulfate) and by neans of 5

“chr,omatography This method of gel chronatggraphy is . described, for
exanpl e, in Ml ecular Biology of the Cell, Bruce Al bert.s et al.

Garl and Publi Sh?ﬁﬂc +| NCoahaiinYor K & Lonﬂp C@g_doﬁgll 5 Ay ﬁgg}adpp 174,

265- 266. e abbreV|at|on "I EP" stands tor "isgel ectrlc p0|nt and
Precolumn: Carbo P (30x4.6) Biorad .
Temperature: 85°C . :
Eluent: - Double~distilled water
5 Flow rate: : 0.4 ml/minute
Load | 5 pl
Detector: .~ Differential refractometer
{Beckmann)

The working up of the rhamnose is effected in accordance
10  with the customary methods described in the literature
(PCT-EP 91-01426). ' S

Example 2
Cleavage of rhamnoliplds 1 and 3 by a-L-rhamnosidase from
Penicillium sp. DSM 6825 and/or 6826

15 10 g of rhamnolipid 1 or 3 are emulsified in 100. ml of
ammonium acetate buffer (50 mM, pB 5.0) or double-
distilled water and 150 U of the enzyme according to the
invention are then added. The reaction is effected at
50°C while stirring. The values for V., which are

20 achieved under these conditions are summarized in Table
2. Under these conditions, the a-L~rhamnosidase according
to the invention cleaves the 10 g of rhammnolipid 1
employed in about 5-8 hours {a-L-rhamnosidase from
Penicillium sp. DSM 6825: about 8 hours; a-_L-rhamnos_J.dase'

25 from Penicillium sp. DSM 6826: about 5 hours) into 3.05
g of rhamnose (~94% yield) and the corresponding fatty
acid. The cleavage of rhamnolipid 3 proceeds appreciably
moxre slowiy' (see Tab. 2) and incompletely, probably
likewise owing to the activation of the enzyme over the

30 relatively long period of time. | '

Table 2:

Enzymic cleavage of the rhammolipids. The V.. values

relate to 1 U of e«-L-rhamnosidase activity; 1 U is

deflned as the quantity of enzyme which is able to cleave
3 1 pmol of p—nz.trc)phenyl—a—I.—rhamnopyranoside per minute:



10 ..is defined as the pH at whi ch the net charge on the . rotel n

4 he present case, the enzyne, is zero. The 1EP is deter "‘ed
of chromat of ocussi ng. Penicilliumsp. was isolated fro

conposed of garden waste in 6232 Bad Soden, Germany. The-

ismwas isolated and -purified in accordaacqwﬁ-th pro- ceases knovvn to
the person skilled in the art by culture dilution and plating out on

segect i ve agar. aEQ.Lmstase tlnxﬁ@mq_s&msml ©si6826 suspended in

% strength . sodi l,oride s UtIO and.an.en cul.t ur e, of 20
this suspensi onf&em B’é"’gﬁl o sel & ﬁﬁ'ﬂf’&f‘r?&g 5 HEHP ' Ui" '

r hamrmol i pi ds an@?gr DS pRAs pi d der IWVehamnollpﬂldeler&bDyOpng_n““u"‘
Cerr]-Cerr]- esters of rhamolipid-2 as the sol e carbon source.

Clerr]-Cerr]-A kyI esters of rhamolipid-2, such as, for exanple,
met hyl rhamol i gi~i~Rhamnoadidane vl Fenicidddein spd- DﬁHaIGBZlﬁsed Wit h

particul ar g ef %E:%Umc%éqﬁéitl&ium C."if),ﬁj,r"cghamnolipid 3: ~0.05pgmin"*u?
sp. DSM 6826 "V.o" Chamnolipid 1: ~70.0pgmin™u?

The L-rhamnose is once again isolated in accordance with

the known methods; in addition, the fatty acid which has

been cleaved off can be is_olated by extraction under acid
10 conditioms.

Example 3
Screening for strains which produce e-L-rhamnosidase

Microorganisms were enriched from various soil samples on
_ nutrient media containing the methyl or tert-butyl esters
15  of rhamnolipid 2 as the. sole ¢ source using current
microbiological methods ({Drews, Mikrobiologisches
Praktikum (Practical ' Microbiolog]' ). 45-84, Springer
Verlag 1983), and pure cultures were isolated. Some 37 of
the approximately 400 strains which were isolated were
20 able to degqgrade rhamnolipids. However, in only some of
the strains was it possible to detect significant a-E-
rhamnosidaée activity; 4in this context, two strains
{Penicillium sp. DSM 6825 and Peniciliium sp. DSM 6826)

were found to be particularly good producers.

25 p-Nitrophenyl-a-IL-rhamnopyranoside is used as the
substrate for detecting the ¢-I-rhamnosidase activity.
10 mg of this substrate ‘are dissolved in 10 ml of
ammonium acetate buffer (pB 5.5, 50 mM). 100 pul of
culture filtrate or cell lysates are added to 900 pl of
30 this solution and the mixture is then incubated at 40°C.
After 0, 3, 6, 9 and 12 minutes, 200 ul are removed and
mixed with 800 ul of 200 mM borate buffer, pH 9. The
release of p-nitrophe'nol .is monitored photometrically at
410 nm; naringinase (following Romero et al. Anal.
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" Biochem. 149 566-571 (1985} ) was used as the control.

Example 4

Production of the a-L-rhamnosidases using the strains

Penicillium sp. DSM 6825 and Penicillium sp. DSM 6826

These strains are first of all streaked out on agar
plates containing HA medium (yeast extract 4 g/1, malt
extract 10 g/1, glucose 4 g/l, agar 20 g/1, pH 6.0), and

‘the plates are incubated at 25°C for 10-14 days until

good sporulation has been achieved. A spore suspension
(50 ml 0.9% NaCl; 0.05% Tween 80) is prepared from two

i

plates . which are well grown over and then used for

inoculating 1_0 1 of production medium.

The following nutrient solution is used as the production

medinm: 3 g/l of rhamnolipid 1 or 2, or alkyl esters of
the rhamnolipids, or rhamnolipid mixtures (e.g. concen-
trated filtrate from Pseudomonas aeruginosa culture),

1 g/1 XB,P0,, 0.5 g/1 (NH,),S0,, 0.1 g/1 MgS0,- 78,0, 0.1 g/1

caCl,, 0.1 g/l casamino acids, pH 5.5. Cultivation is
carried out in a 10 1 padfile mixer reactor at 300 rpm and
0.6 vvm, and at 27°C and a pH of 5.5. The period of
cultivation is 5-10 days. ' ’ |

At the end of the fermentation, the cells are separated

off by filtration and the cunlture filtrate is filtered

(0.22 pm) to render it sterile. This culture filtrate
contains the major portion {(over 90%) of the a~-L-rhamno-
sidase activity (5000 U/l) and can be employed either
directly or following lyophilization, or concentration by
ultrafiitration on a 10 kD membrane, for cleaving the
rhanmolipids.

Example 5
Iso.lation and characterization of the a-L-rhamnosidase

from Penicillium sp. DSM 6826 -

A concentrate possessing an activity of 50 U/ml was used



[err] -10 - Pen|C|II|umsp DSM
6825 and DSM 6826 have the foI | ow ng- mor phol ogi cal ci ?Séet’ttﬁmméﬂx‘ega ed

(after R A Sanson et al. I ntroduction to Food-borne
of the Royal ket her | ands Acadeny of Arts and Sciences, ;,Hm‘S

"1988) : Peni'ci | 1iumup. DSM 6825 _ jgBranching of the coni
nonoverticillate Phi al i des ampul i form 10

Coni di a as the starting maS8ri{¥l for the further purification of
the ¢-L-rbhamnosidase.

Chromatography on Sepharose Q containing 20 mM Tris/HC1,
pH 7.6, is. carried out as the first step. Elution is

5 ‘effected using a gradient of 0-0.5 M NaCl and the yield
which is obtained is in the region of 80%, in association
with a purification factor of 5; the enzyme possesses a
spec. activity of 62 U/mg of protein.

This fraction is subjected to further chromatography on

10 a Mono P column (Pharmacia) (25 mM imidazole/HCl to PBRE
74, pfl 5.0, 1:12). The a-L-rhamnosidase is eluted at a pﬁ
of 5.6~5.8. The yield is in the order of 70%.

Following appropriate rebuffering, the  protein is
| chromatographed on a Superose 12 column (1x30 cm). 100 mM

15 ammonium acetate, pH 5.0, containing 100 mM NaCl is used
as the buffer. Monitoring with the aid of SDS gel
electrophoresié indicates a protein band in the range
from 60-100 kd, depending on the extent to which the
enzyme is glycosylated. ' | '

20 The investigations summarized in the table below were
carried out using the purified enzyme. '



Type | : Penicillium Penicillium tjp IjSA 6826
<15 Branching of the conidia ‘biverticillate ThlﬁF&heaHamenReplmd

fl ask-shaped - Conidia e T warty .'
Sp.> DSM 6825 and 6826 nmay be fernented t oget her "or se ,
‘I nsof ar as they produce the enzyne [err]-L20hamosi dase

variants can al so be.enpl oyed instead of the | sol ate DSM 6825 and/or
6826. Such nut aablear e, pro- 25 duced, in a nmanner known:per se,

physi cal neans, h¥luence @&amﬁéﬁr&d'ﬁms%ncwpnaehash&&ﬁﬁﬁawfok% o
X-rays, or W th chem cal mutagens, such exanpl e

met hanesul f onat eé-EEmpmnnaidass %Mmﬂ%ﬁ H@le‘m

Substance %-activity
5 Control . : 100
caCl, (20 mM) | 127
MgS0, (2 mM) , 106
KC1 (100 mM) ' 69
CsCl (2 mM) 96
10 CoCl, (2 mM) : 41
CuCl, (0.5 mM) | o 40
FeSO, (0.5 mM) : , 100
MnCl, (2 mM) ' 27
ZnCl, (2 mM) 65
15 EDTA {10 mM) ' 22
EDTA/CaCl, (10/10 mM) _ 90
 EGTA (10 mM) - 60
EGTA/MgSO, (10/10 mM) . 124
. L~Rhamnose (0.5 M) : _ 51
20 L~Rhamnose (1.0 M) -39.5
L-Rhamnose (1.5 M) | 26.4
Example 6

Determination of the N-terminal sequence of t.he a-L-
rhamnosidase from the strain Penicillium sp. DSM 6826,
25 and of naringinase .

The enzyme from Penicillium sp. DSM 6826, which enzyme
was obtained in accordance with Example 5, as well as the
naringinase from Penicillium decumbens (crude enzyme,
Sigma No. N-1385), which was purified by the same pro-
30 cess, are purified again on an acrylamide gel (10%) and,
following transfer of the- polypeptides by means of
electroblotting to a ProBlot® membrane (from Applied
Biosystems), transfer Sequencers No. 42, April 1990,
(Ap’i_)l.i.ed Biosystems). Under these conditions, the narin-~
35 ginase gave rise to a single band whereas the purified
enzyme from DSM 6826 could be resolved into two bands



(MB) or N-rmethyl-N -nitro-Nnitrosoguani dine (MING) . 39{his§ﬁ€éfﬁa[s%§ﬁéplaccd

preparing the abovenenti oned a-L-rhamo- sidases is as

Foll owi ng isolation and purification of Penicilliumsp. - Jlméwwlﬂmhs
repeated passage of the mxed culture of ‘the resultin

in selective nedium an 21 - - 11 -

enti chment of the m croorganisms which produce t he enzyrre according to

the invention ighachi gued very closely adjacent to each other.
The N-terminal sequences of the three polypeptide chains
are determined with the aid of a 477a Peptide Sequencer
from Applied Biosystems. The results in Table 4 demon~
"5 strate clearly that both the polypeptide chains of the
active preparation from strain DSM 6826 are different
from naringinase (Sigma No. N-1385).

Table 4

10 Pept ides © . N~temninal sequence

Naringinase ASVPXGEXILAPSSIELIPT
(86 000 0) :

15 a-L-rhamno- DTNDQTSAKVORGTFODPAARL
sidase 6826, ' .

peptide I

{96 000 D)

20 v, ~Rhasma— CFFESXOSLYLKLYLKFETLFD(X)A
sidase 6826,

peptide 11

{83 §00 b)

25. X, denotes probably cysteine
. X, amino acid not determined




The_ni cr oor ganisTs thus obtained ar'e plﬁ‘riﬂ“ﬁﬁBﬁiﬁ - plates
«(selective ne bt ai n pul es fromthe nixed
.culture. cﬂmllwlnllﬂﬂ"[mms are repf sted for their -
Labifity to formthe eénzynmesactording to the invention. It is found
‘that m croorgani sms of the genus. Peni ci I-I-122 - sp. formtheaomz2gF 373
according to the invention. The 10 fungal genus is deternmined with the aid.
of norphol ogi cabatent Chaimewi ¢ and bi ochem cal criteria in accordance with
met hods known to the person skill-ed i.n the ‘art. The col or of the '

colonies is green. The investigations of*the ability of the
Penicilliumsp.115 2ol mﬂLe:hamnbaldashe d’nthecmwedvhgaimedhe i nvention

lead to the isolation ofgt rﬁ%ctl %ﬁfc%[elmt gpl € psM BQE_; aaﬁd/or

particularly high level Bt pro harm03| ase. ese two
strains are: Penicilliuff3h. DSM - 6825 -and DSM 6826.
- 5 - separating off the biomass from the culture.
broth, -
and

- concentrating the culture supernatant.

2. An e-L-rhamnosidase, having a molecular weight of
10 . 60-100 kd, which a-L-rhamnosidase contains the
' ' amino-terminal amino acid sequence
D~T-N-D-Q~T-§~A~K~V-D-R~G-T~F~D~D-P-A~A~R~L
or - |
FoF-G-S~X~-0Q-S-L~Y=L=K-L~V-L=K~F-G~T-L-F-D-X~A
15 and catalyzes the cleavage of the bond between
| terminal rhamnose and the aglycone of rhamnose-
containing glycosides. '

3. The dé-L-rhamnosida.se as claimed in claim 2, wherein
the enzyme originates from Penicillium sp.

20 - 4.' The «-L~rhamnosidase as claimed in claim 1 or 2,
| wherein the  IEP of the enzyme, ascertained by
chromatofocussing, is 5.6-5.8.

5. The a~L-rhamnosidase as claimed in one or more of
claims 2-4, wherein the enzyme originates from
25 . Penicillinm sp. DSM 6825 -and/or 6826.

6. The «-L-rhamnosidase as claimed in claim 2, wherein
the aglycone is a fatty acid.

7. ‘l‘he-' u-L-rhamnosidase as claimed in claim 1 or 2,
which «-L-rhamnosidase catalyzes the cleavage of

30 rhamnolipids.

8. A process for preparing e-L~rhammosidase as claimed



20 _In accor da

s of the Budapest Treaty, .. s se stralns
mere deposited w n Sann1ung von M kro “
Zel Fkul turen mﬂﬁﬁmm“ I | ection of M croorganl s :
Cul tures), 5 ers Wey' 1B, 3400 Braunschwei g,

29th Novenber 1991 under the nunbers Peni gi! Li um. sp. DSM 6825 and
6826. N The m croorgani sns concerned are cul tivated under the

Colfld!‘t ions which f?m eYaLAMD| whéﬁélfar&xgigalﬂdnmm &g is cuﬁeseaﬁbagiﬁi
cultivation is effected .on, c ef i ne Y,
the nmedia contain §exatrient é}ﬁ% unt] s &t Lﬁ’@?ﬁ?‘l toe1dd %‘f‘g%i

extract, - _peptonén melq@,tm.atthe bnwapne;sn!stemtm uﬁrom
urea as the nit rOgentﬁgufzﬁituﬁﬂdbﬂ'ﬁﬁ?hanaeﬁné'@ul_ture supernatant thus
| 5 obtained is concentrated.

9. . A process as claimed in claim 8, wherein the
nutrient medium contains rhamnolipids and/or rhamno-
lipid derivatives as the carbon source.

10. The process as claimed in claim- 8, whei:ein
10 Penicillium sp. DSM 6825 and/or 6826 are cultivated.

11. Use of a-—L—rhamnos.Ldase as claimed in clam 1l or 2
for the preparat:.on of L~rhamnose.

'12. Penicillium sp. DSM 6825.

13. Penicillium sp. DSM 6826.



-12- sucrose, glucose, gl ycernﬁs%ébdﬂﬁmie&nwraéeact as the carbon

smffce : Magnesi um cal cium s iron, zinc, cobalt
,or *phosphate can be enpl oyed as fur The 5 use of _
_rhamolipids or their alkyl esters i .or purified '

“rhammol i pi ds) as the C source, al one-or i n . conbl nat i on poiE le2eaxliz7idnal
C sources, is found to be parti cul arly swtable The cultivation
i s.effect ed at rEteradic af etha dis¢boswfe2- 10 120 hr. Isol ation of the
[err] L-r hamosi dase according to . the invention, which nay- be
necessary, is effected in a customary manner, e.g. by filtration or

centri fugat i on a-d--Rhampogidase ofpri pbUgisdags rhamnqgse, |2 | Pragasssifere
for the NDSitt PP ket L€ dR CA@Jitd dde supernatant. 15 The

supernat ant can be concentrated by ultrafiltration
The invention 7relates to u-?L-rhanlnoidase, which
catalyzes the cleavage of the bond between terminal
- rhamnose and the aglycone of rhamnose-~containing
-glycosides, a process for preparing it by
biotechnological means, and its use for prepar;ng L{+)~
‘rhamnose (S—deoxy-L-mannose) . :



and t heng
‘precipit

chahge chromat o- gl lelLy;,‘_,- -0 Rt of QCUSSI.Nng,

e " - BoLAE-3 Tiod
, br purification st eps, such as, for exanple,

H C

in depend n e

ejof enzyme purity dest redial) :paghtetes abkyd 32

chr omat og aphy M 7 bhobi ¢ i nteraction ’ 'I'TEI?M ﬂ“ﬁﬁi}’?’ SHBEEISUS| GG
chr omat o- 0 Wand La1 finity chromatography; ﬁ‘a‘}% ‘e qaged &d toUtaged .2t

the purifijcation is ef f ect ed by filtering to £ 'é@ﬁ@gﬁﬁepagédth%%eé’@gé
subsequent latraftt-tratTom 1 o concentr at ébemmyrre : pagéd‘leﬂ—rf@@gé )
supernatant, then 25 anion exchange chriomat ogr aphy fol | oned by
chr omat of-ocussi SCREP | 'y excl usion chrojatgra

[err]-L-trhamosi dase ac%%agl ng to the invention nas ?EYRECE%IQH%,P&&’W

of 60-100 kD, depending on the degree of gl ycosilation, and an

i soel ectric pOI n&-pinﬁaﬁzésﬁaaér@efSQ obidad Bl h§l Fhasinosds @ ®f for

p- ni trophenyl - ?1{3%1 mo; ran05|de Is 5.0-5.5 and the

t enperat ure opt i pgepara 'B‘O“S%T% fheg us . The amino-terninal sequence

of the a-L-rhamosi dase from

5 The invention relates to a-L-rhamnosidase, which
catalyzes the cleavage of the bond between terminal L{+)-
rhamnose and the aglycone of rhamnose-containing glyco-
sides, to a process for its preparation by biotechno-
logical means, and to its use for preparing L{+)-rhamnose

16 (6~deoxy-L-mannose}. In that which follows, this latter
sugar is designated IL-rhamnose. '

L-Rhamnose is very well suited for use as a chiral
structural component for the preparation of different
organic compounds. L-Rhamnose or its derivatives are

15 being used to an ever increasing extent in the synthesis
of pharmaceutical pi:oduct.s and plant protection agents,
as well as in the spheres of plant and animal cytology,
microbiology, immunobiology and the preparation of
fragrances. Thus, using L-~rhamnose as the starting

20 compound, 2, S—diméthyl-4 ~hydroxy~2,3-dihydrofuran-3-one
(Furaneol®) can, for example, be prepared, which, in
turn, is used as the parent substance for wvarious
fragrant substances in the foodstuffs and perfume
industries. '

25 L-Rhamnose can only be obtained with very great
difficulty by the chemical route. It can, however, be
isolated extractively from various natural sources, for
example from the flavone glycosides hesperidin, rutin,
naringin and quercitrin, oz, for example, from gum arabic

30 or marine algae, following acid hydrolysis.
[Biotechnology and BJ.oengJ.m,enng, ' Vol. 33, p. 365
(1989), R.J. Linhardt et al.; EP-A-0 1317 033' JPA 62293].
Digsadvantages of these proce:ses are the ‘elaborate steps
for isolating L-rhamnose, some of which involve using




-13- the strain Penicilliumsp. DSM 6826 and of naringinase is in

principle determned in accordance with the Edman pro- cess, which is
known fromthe literature. For this pur pose, am no acid chains are

m xed with phenyl isothio- 5 cyanat e ugdﬁr_sui tabl e conditions. The

cheni cal - conpound ' preferentially attaches itself to the free

ani no-term nal h . ; H | .
d Srp?l m nat ejh % i a%%fi.%nq the Wﬁl@p ﬁotéﬁl-e

term nal am no ac? carb riva- e. This

conpound s i nv"e%%l-’gﬁtféﬂui% Wd‘&“’f’b‘"t&eﬂ?? ‘i‘é W%ﬁhﬁo"?§¥ﬁPﬁa?pam no
acid. IThe remai e’ e t kondtitaents aofd cimi matwralh sowrcesks which
initial amno acid), & bj C‘ic%qm t MyeTeny

phenyl i so- C?IFI%%JC Anare ?f&’ggﬁ%}%‘n J'rifg‘ t he n%%’l[t g%%mﬁgl a%?%él n oc';é([jmezr’H
etc. In pri%ci ptle !G#%O%bc%@can be carried out nany 15 —ti nes

stepwi se in succession so that the total am no acid

IL-Rhamnose can also be prepared in the form of rhamnose-
containing heteropolysaccharides by fermentation using
bacteria of different genera, such as, for example,
Alcaligenes, Acinetobacter, Klebsiella, Streptococcus or
10 Lactcbacillus.

(Enzyme Microb. Technol., Vol. 10, p. 198 (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].

i5 Disadvantages of these proqesses are the customarily low
y:.elds, conditioned by viscosity, and the _necessary
separat:.on of L-rhamnose from a mixture of ‘different
sugars following hydrolytic cleavage of the hetexo-
polysaccharide.

20 Numerous publicatipns and patents deal with the

- production of rhamnolipids by means of fermentation using
‘Pseudomonas aeruginosa. ([Applied and Environmental
Microbiology, Vol. 51, p. 985 (1986), H.E. Reiling et
al.; J. Chem. Techn. Biotechnol., Vol. 45, p. 249 (1989},

25 K. Venkata Ramana et al.; US Patent 4 933 281, Daniels et
al.; German Published Patent Application 2 150 375, 1972;
US Patent 4 814 272, Wagner et al.]

In principle, 4 rhamnclipids (RL1 - RL4, see Fig. 1) are
present in the microorganism culture solutiom, which

30 fhamnoli.pids are composed of 1 or 2 L(+)-rhamnose units
and one or two f~hydroxydecanoic acids [Z. Naturforsch.
40 ¢, p. 61 (1985), C. Syldatk et al.). Rhamnolipids 1
and 3 are quantitatively the most imporxrtant.
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fréquency of the chain can be deduced. In the pr esent came, in

-addition to this, the NNtermnal amno acid sequencing is carried out
usi ng a gas phase sequencer (type 477 A from Applied Bi osystens) and
the am no acid 20 anal ysis using an onzl ghe anm no acid anal yzer (type 130
A PTC anal yzer from Applied Biosystens). The nethods are publ i shed
in FEBS Letterspiyakre 292, pp. RHANdEDHpid®drom micrdomgenizmessi bl e to
el ucidate the followi ng am no-term nal constituent sequence of the
[err]-L-rhammosi dase: 25 D-TrN-D-QT-S—A—K-O\/-D-R—GT-F-D—D—P—A—A—R—L
or F-F-G S- X-Q S-L-Y-L-K-L-V-L-K- F-GTJ -F-D- X- A The
[err]-L-rhamosi dase according to the inventlon can be enpl oyed in
free or in inmmobilized form V\hq.ecgactmi-@-o-LaHt-ecuczase I* £40r ent
met hods of i mobili @i 0 sui tab Siliga gel easofis of
econony, can, for anpl belused . as the SUEE The
.[err]-L-rhamosi dase %zes he( %zoqge of th ELBAG bet ween t he
term nal L-rhamose a d co e of

OH OH
Rhamnotipid 1

HO

OH OH Rhamnolipid 2
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35 rhamose-containing glycosides and is thus suitable for preparing

Thamose. - 14 - The cl eavage is
carried out in aqueous solutions which are buffered or not-buffered.
Aqueous solutions are, for exanple, thegcuw ture broth of the

m croor gani sm ( no buffering necessary) or distilled water. In the
latter 5 case, a buffering with phosphate or Tri buffer, prefer- ably
anmoni um acetate buffer, is necessary (concentrat of the buffer:
5-100 mM preferably 10-50 nm). The pH of th aqueous solution is pH

45[err] CG-55[err] C. The reactiiqg i me depends on the quantities of
enzynme and substrate and, to CHy m nyr '!:3 $, also Gr'i’z}‘e—Terrperature.
At a tenperature

3.5-8, preferably pH 5-6. The t enper ssar for the
enzyne activity is 10 betwel® 4 % %"! ?]H r%f%t"'b‘fpg °y

OH OR
Rhamnolipid 3
HO 0 O-CH-Cﬂz—COzH'Hzo
' (cH
CHy | 206
CHy
OH OH Rhamnoiipid 4
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of 45[err]C-55[err]C, the reaction tinme is 2-24 hours, preferably 5-8
“hours. It is sensible to arrange a relatively short 15 reaction tinme at

hi gher tenperatures, since the enzyne is nore readily degraded. The
substrate quantity (= quantity of rhamPol=i pi ds) which |s present in the

m xture is naxi I 200 g/l , .and the e uantijy O 50 u
rhammol i pi ds, pFé‘f e giﬁnio g iSankmom |téijl 8”%9 f‘ %’% g,
of rhammol i pi ds flavone I'g]]ylmiﬂ;aqomlimmmipd.ﬂst loar rnﬂacgumchdﬂdesr hgrmose

S i sol ate r f fiﬁm%)i’ﬁ hase
by neans of centgﬁ; gatlon ord.bt(g!l Eﬂé QL%G?MQ br! ase oo ar atlon
has been effect (?bﬂﬂmpsﬁ-é@éﬁarpari-hgi%se zﬁ}ﬁ%ob?sﬁﬁ&'§éip§'§ub udhat .y

clarified, for g&al'ml,eos, Euﬁsmﬂtamamsymm:pahreebw|i>Lcaﬁd<y1ﬁﬁxer,

d t d t | _qf t
aUbst ances.  Thi £+et BpBLs BiGRRER Canl mBFRLE, 3 PRASTERREYY, aaaD
which is as pur@l@@%ﬁt@lbﬁsm haveoint pachqgases as makemnlan

concent r at ed an@élmﬂﬂﬁﬁmeso BRdCWEPE 2 $0ELEed from PeniciEi € 1

eavage of the JAdIollPlde Aspergiﬁ&s“%a'ga 122503 sveny.

10 Raringinase and hesperidinase catalyze the 'cleavage of
the bond between two monosaccharides, chiefly the
elimination of terminal rhamnose from flavanone glyco-
sides, such as, for example, from hesperidin and narin-
gin, or from rhamnolipid 3 or 4.

15 Naringinase and hesperidinase catalyze the cleavage of
the bond between terminal rhamnose and an aglycone in
rhamnose~containing glycosides appreciably more slowly
(factor: 10-100; see Example 1).

The consequence of this is that a very long period of
20 time is required in. order completely to cleave rhamnose
from the rhamnolipid 1-4 mixture, since the rhamnolipids
1 and 3 which are present to the greatest extent quanti-
tatively in the microorganism culture solution are
composed of L-rhamnose and aglycone (fatty acid).

25 a-L-Rhamnosidase has now been isolated, surprisingly,
from Penicillium sp. which catalyzes the cleavage of the
bond between terminal L-rhamnose and the aglycone of
rhamnose-containing glycosides, i.e. which has the

_ opposite specificity to the known «-L-rhamnosidases

30 naringinase and hesperidinase.

The invention thus relates to
1. a-L-rhamnosidase, which can be obtained

- by fermenting Penicillium sp. DSM 6825 and/oxr
6826 '
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hesperi di nase 35 10 g of rhammolipid 1 or 3 are enulsified in 100 mM of
=amoni um acetate buffer (50 MM pH 5.5) or doubl e-

- 15 - distilled water and 150 U of naringi nase or hesperi di nase
(from Si ana, Gernany) are then added. The ®Beaction is “effected at
70[err]C while stirring. The values for V[err] which are achieved
‘under these conditions asepazekingi zeEfi (ki bigpass) frp@ertheesarlture

_congi Li ons, Lhe na_ridngi p2&ehG! aﬁuesh t he 102g of rham;ol ipid 3 egg!yoyed
Vield) and - rhamiol FRREeRtERRing! ERSLGRTReF SnberhAF AR D Cocads
appreci-ably nore slowly (see Table 1) and inconpletely, 10 probably ow ng
to the inactivalion gfrlKhaSRebT8a8%ehavite a molecular weight of 60-

5 - 100 kd, which «-L-rhamnosidase contains the amino-
terminal amino acid sequence
D-T~N«D=Q-P-S-A-K~V~-D~-R~G~T-F-D-D-P~A~-A-~R-L
or ' ,
F~F~G~8=X«(=-5-L~Y-L~K~L«VeLeK~-F~G~-T~L=~F-D-X-A

10 and catalyzes the cleavage of the bond between
terminal L-rhamnose and the aglycone of rhammose-
containing glycosides.

3. A process for preparing &-L-rhamnosidase, wherein

Penicillium sp. is cultivated in a nutrient medium

15 until &-L-rhamnosidase accumulates in the culture,

the biomass is then separated off from the culture

broth, and the culture supernatant thus obtained is
concentrated.

4. A use of a-L-rhamnosidase for the preparation of
20 L-rhamnose.

5. Penicillium sp. DSM 6825
6. Penicillium sp. DSM 6826.

The invention is described in detail below, in particular
in its preferred embodiments. .

25 The compound L(+)-rhamnose (= 6-deoxy-L-mannose) is
designated L-rhamnose.

A compound, or the moiety of a compound, which does not

contain any sugar is designated an aglycone. In this

invention, fatty acid compounds or flavone compounds, in
30 particular, are designated aglycones.
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relatively |l ong period of tine. The reaction was nonitored using

‘thin |l ayer chronmato- graphy, and the rhamose was quantitatively
determ ned by means of HPLC. 15 TLC El uent :

CHCl [err]/CH err] OH HAc 65:5:2 - 7 ¥LC pl ate: Silica gel
60 P254 Sprayi ng reagent: MeON HAc/ H err] SO err]

conc./ ani s- The fo ].ow.i.ng a.bbrev:Lations, Wl&% hyesrsgp?!}dS Yo the

Devel opnent : sm eSwtaui:eeoaé ﬁ’&wrf:}& tt@ spetdlldst literatuezynicC
cl eavage of rharmo 39? % an gxg}]oll means of hesperl di nase
and nari ngi nase®ffnh¥ cf@?ate to 1 U of

[err]-L-rhamosi dase acti vi ty 1 uis defined as the enzyne quantity
which is capable of 25 cleaving 1 [err]ml of
p-ni trophenyl - ajL- r hagnaBy aasasi de perabbrevidtions Letter code
Glycine Gly G
L-alanine Ala A
10 :
L—valine val v
L-leucine . Leu L |
15 L~isoleucine Ile I
L-phenylalanine Phe F
L-proline Pro P
20 - :
L-serine Ser 8
L~threonine Thr T
25 L-cysteine Cys - C
L-methionine Met M
L-tryptophan ' Trp W
30 :
L-Tyrosine Tyr Y
L-asparagine Asn N
35 L-glutamine ' Gln Q
L-asparaginic acid | Asp D :
L-glutamic acid Glu E
40 —
L-lysine Lys K
L-arginine | Arg R J
45 ‘ L-histidine His H

¢-L-Rhamnosidase can be isolated from the culture broth
both in small quantities {up to 1 gram) and in large
quantities (< 1 kg), since the preparation process can be
50 carried out on a laboratory scale (fermentation of the
microorganiswms in volumes up to 1 liter) and on an indus-
trial scale (fermentation of the microorganisms on a
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Hesperidi nase: (Sigma No. H 8137, Penicilliumspec.)

«"V[err]" rhamolipid 3: -50 [err]Jgmn-[err]u[err]

“VMlerr]" rhamolipid 1: -0. 5 [err]gmn[err]u[err] 30

Nar i ngi nase: (Sigma No. H 1385, Penicildigum decunbens)

"V[err] " rhamolipid 3: -80 [err]gmn[err]u[err]

"V[err]" rhamolkupi¢ meter scale). O [err]gmn[err]u[err]

- 16- HPLC.  Col um: HPAP -(100x7. 8 nm

Pr ecol um: Carbo P (30x4.6) Biorad nper at ur e:

85C The wplecular weight rof jihe &r&rFF‘F@BOﬁ/&f’EP95°°°°rding 59 ow
rate: e TnvEntion is determined by means of SDS gel electro-

phoresis (SDS = sodium dodecyl sulfate) and by means of
5 gel chromatography. This method of gel chromatography is
| described, for example, in Molecular Biology of the Cell,
Bruce Alberts et al., Garland Publishing, Inc. New York
& London, 3rd Edition, 1983, pp. 174, 265-266.

The abbreviation "IEP” stands for “"isoelectric point® and
10 is defined as the pH at which the net charge on the

protein, or, in the present case, the enzyme, is zero.

The IEP is determined by means of chromatofocussing.

Penicillium sp. was isolated from a compost composed of
garden waste in 6232 Bad Soden, Germany. The microorgan-

15 ism was isolated and purified in accordance with pro-
cesses known to the person skilled in the art by culture
dilution and plating out on selective agar. For example,
the compost sample can be suspended in 0.9% strength
sodium chloride solution and an enrichment culture of

20 this suspension can be set up in selective medium con-
taining rhamnolipids and/or rhamnolipid derivatives,
preferably C,-C,,-alkyl esters of rhamnolipid-2 as the
sole carbon source. C,-C,~Alkyl esters of rhamnolipid-2,
such as, for example, methyl rhamnolipid-2 or tert-~butyl

25 rhamnolipid-2, are used with particular preference as the
C source. '
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Load 5 [err]l Det ect or: Differential

Tefractoneter ( Beckmann) The wor ki ng
up of the rhamose is effected in accordance 10 w th the customary nethods
described in the literature (PCT- EP 81901426) . Exampl e 2

Cl eavage of rhamolipids 1 and 3 by [err]-L-rhamosi dase from
Penicillium sp. Fenmakae and/or 6826 15 10 g of rhamolipid 1 or 3 are
emul sified in 100 m of o aldetUfdtsh EtegM pPH 5.0) or
doubl e- distilled water and 150 of t he enzy according to the
invention are then added. The reaction is effectedqw 50[err]C whil e
stirring. The values for V[ err] mhvch' , under these
conditions are summari zed in Tabl 2/ Undler t se conditions, the
[err]-L-rhamosi dase accordi ng he i nfenti o cl eaves—the 10 g of
rhammolipid 1 enpl oyed in aboum 5e8 urs (a-L-rhamosi dase from

H,C

Rhamnolipid 2 methyl ester

- 0. 0 —
W<CH, >’7/Y° CH,
]

0N O

HyC
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C _ ‘REPLACEMENT SHEE
Penicilliumsp. DSM 6825: about 8 hours; a-L-rhamosi dase 25 r —
‘Penicilliumsp. DSM 6826: about 5 hours) into 3.05 g of rha nﬁi?%@%
yield) and the corresponding fatty acid. The cl eavage of rha
proceeds appreciably nmore slowmy (sege ab 2) and inconpletely,
pr obabl y | i kewi se owing to the activa{‘l on of the enzyne over the 30

relatively |ong pafilcddd 1Ghunl ispR- DSM 682352Rh& BSM 6826 W&é'ﬁﬁ\ﬁﬂﬁﬁ -+he

h | d The V| - -rharm05|
Loy 50 [ mer eléaaﬁgﬂcierﬁﬁ&eaaahm Seter Mia Fatan Shmis o

cl eave 35 ° 1 [ antmmincifiae ot FopdebpirngcFuhgi, r imstiyte ol ithe Rayal
m nut e:

[err]-L- Rhar75n05|n(§% :‘:rlmﬁgesm%‘ﬁqemgm cs'fp AB%R/I ggg5gc1ences, 3rd Edition,

Penicillium sp. DSM 6825

Branching of the conidia monoverticillate

Phialides ampulliform
10 conidia spiny .
Type ' Penicillium

Penicillium sp. DSM 6826

15
Branching of the conidia biverticillate
Phialides = flask-shaped
Conidia warty

20 Penicillium sp. DSM 6825 and 6826 may be fermented
together or separately.

Insofar as they produce the enzyme a-L~rhamnosidase,
mutants and variants can also be employed instead of the
isolate DSM 6825 and/or 6826. Such mutants can be pro-
25 duced, in a manner known per se, by physical means, for
example irradiation, such as using ultraviolet ox 'x-rays,
or with chemical mutagens, such as, for example ethyl
methanesulfonate (EMS), 2-hydroxy-4-methoxybenzophenone
(MOB) or N-methyl-N’-pitro-~N-nitrosoguanidine (MNNG).

30 ' The process for preparing the abovementioned a-L-rhamno-
sidases is as follows:

Following isolation and purification of Penicillium sp.
(see p. 6) by repeated passage of the mixed culture of
the resulting microorganisms in selective medium, an



[ 4 g EWIDHL-EE_I_E_UL]

fromPenicillium "V[err]" rhamolipid 3: ~0.03[err]gm n[err]u[err&
:sp. DSM 6825 "Ml err]" rhamolipid 1: -40.0[err]gnin[errpulMA 1997
[ err]-L-Rhanmosi dase Penicillin sp. DSM 6826 5 fromPenicillium
“V[err]" rhamolipid 3:-0.05[err]gmn[errjuferr] sp. DSM 6826
"V[err]" rhamolipid 1: -70.0[err]gm n[err]]LiJ[err] The L-r hammose i-s

-once again isol ated acco qﬂnc [

the fatty acid Vit i ede i‘ﬂﬁ £ fbeen gg\t‘}egan?'P can |so at edtgl% gg?ﬁbtlon
under acid 10 acceudingnto the mBh’ﬁﬂa‘P% s ac %I ng for strains which
produce [err]-L-rhanpsi dase M croorgani sns were enriched from vari ous

L T R AT e

certsPng cur Pent
ni cr obi ol ogi cal plateshq@electivevmedium)k dabiasdayt sthesbtainpugrt cRdm

(Practical M crofiQkog¥hm tReShixell! &ATLATe.

The pure cultures are replicated and tested for their
ability to form the enzyme according to the invention.

It is found that microorganisms of the genus Penicillium
. sp. form the enzyme according to the invention. The
10 fungal genus is determined with the aid of morpholbgi.cal ¢
taxonomic and biochemical criteria in accordance with
methods known to the person skilled in the art. The color

of the coclonies is green. '

The investigations of the ability of the Penicillium sp.

15 colonies to form the enzyme according to the invention
lead to the isolation of two strains which are notable
for a particularly high level of procduction of a-L-
rhamnosidase. These two strains are: Penicillium sp. DSM
6825 and DSM 6826.

20 In accordance with the rules of the Budapest Treaty,
these strains were deposited with the Deutschen Samulimg-
von Mikroorganismen und Zellkulturen GmbH (German
' Collection of Microorganisms amnd Cell Cultures),
Mascheroder Weg 1B, 3400 Braunschweig, Germany, on the

25 29th November 1991 under the numbers: Penicillium sp. DSM
6825 and 6826. ' |

The microorganisms concerned are cultivated under the
conditions which are customary for Penicillium sp.
Accordingly, cultivation is effected on complex or
30 defined media; preferably, the media contain yeast
~ extract, casamino acids, coxn éteep , meat extract,
peptone, caseine, gelatin, tryptone, nitrate, ammonium or
urea as the nitrogen source, and starch, dextrin,



Vertag 1983), and pure cultures were isolated. Sone 37 of

IK'—(;-'! e BRI

¢ Miksadd

ETYY

. the
‘approxi mately 400 strains which were isolated were 20 _aM(=tC)0éQﬂﬁH§W7

r hammol i pi ds.
detect significant [err]-L- r hamrmosi gse activity; in tfhiss—cont ext,
and Penicilliumdgqp. DSM 6826)

two strains

However, in only some of . the strains was}it possible to

(Penicilliumsp. DSM 682

!

et r oahanyl- PiSdd ¢ Uiidoee o9 yBLOANCERE mal Sxtract as the carbon

p- Ni trophenyl -[ert

is used as

for detecting t¥murees]-L-rhamosi dase activity. 10 ng of this

substrate are dissolved in 10 m of _
50 mMV). 100 [err]l of, culture filtrate or cell lysates.,are a%gg tt

900 [err]l of 2MpgnesiumsfalGism.,aqdinm, POLRFeiP, HTa0s Athfat €

40[ err] C.

10

15

20

25

30

substrate

amoni nm acetate buffer (pH 5.5
o

rerriC oo d&tphoﬂp?@tchaﬂ Bedeﬂﬁloye?tes,fﬁﬁﬂh@erc@hpamentsnn&hd and
m xed wt err . t heleds f
p-nitropheﬁ%l ié??né#tﬁ%ﬁgéggﬁgagﬁgégiggg¥£ égkyiﬂgé%fﬁ§hgﬁfudﬁarlngrnggg

(fol | owi ng Ronmee® purified aghpmnolipids) as the C source, alone or in

combination with additional C sources, is found to be
particularly suitable. '

The cultivation is effected at 27°C over a period of 72-
120 hr. Isolation of the e«¢-L-rhamnosidase according to
the invention, which may be necessary, is effected in a
customary manner, e.g. by filtration or centrifugation to
separate off the biomass, the a-~L-rhamnosidase for the
most part being located in the supernatant.

The supernatant can be concentrated by ultrafiltration
and then lyophilized. Purther purification steps, such
as, for example, precipitations, anion exchange chromato-
graphy, chromatofocussing, HIC chromatography (hydro-
phobic interaction chrdﬁatography), exclusion chromato-
graphy and affinity chromatography, may be carried ount,
in dependence on the degree of enzyme purity desired.

Preferably, the purification is effected by filtering to
separate off the biomass, subsequent ultrafiltration to
concentrate the enzyme in the remaining supernatant, then
anion exchange chromatography followed by
chromatofocussing, and finally exclusion chromatography.

The ea-L-rhamnosidase according to the invention has a
molecular weight of 60-100 kD, depending on the degree of

‘glycosilation, and an iscelectric point of 5.6-5.8. The

pH optimum for the cleavage of p-nitrophenyl-a-L-rhamno-
pyranoside is 5.0-5.5 and the temperature optimum is
50-55°C.

The amino~terminal sequence of the a-L-rhamnosidase from
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- 18- Bi ochem 149 566-571 (1985)) was used as the control.

"Exanple 4 Production of the a-L-rhammosi dases using the s{y ¢MAR 1997
Penicilliumsp. DSM 6825 and Penicillium sp. DSM 6826 5 These strains
are first of all streaked out on agar _ g ates contai nlhg HA nedi-um—
(yeast extract 4 g/l, malt extract 10 g/l, glucose 4 g/l, agar 20 g/l,

PH 6.0), and  ¢nsherphad Sferiilci 113%D &pS dpsit é’mfaﬁ{d B ﬁﬂrﬁlﬂgﬁnaebl is
good sporul ati opn has, begn, achi.eved. or e suspensi 1(2: 0,9%
Nadl : 0.05% TwedR BE}W%P%?M%B‘ a% oe st the &3&%? ©5r own
over and then usesdsforwhich i dacuknoimg fifbni mheprbﬂtuatm:eredm this The
fol lowing nutri S0kps8L Yt 4REnd SadiSf ndinkEr REKEL With phenyl isothio-
5 cyanate under suitable conditions. The chemical compound
preferentially attaches itself to the free amino-terminal
amino group. In the preéence of anhydrous acid, the end-
terminal amino acid is eliminated as a carbamyl deriva-
tive. This compound is investigated in order to identify
10 the amino-terminal amino acid. The remainder of the amino
acid chain (which now lacks the initial amino acid) can
‘now be subjected to renewed treatment with phenyi iso-
thiocyanate to determine the next amino acid in order,
etc. In principle, this procedure can be carried out many
15 times stepwise in succession so that the total amino acid
frequency of the chain can be deduced. In the present
case, in addition to this, the N-terminal amino acid
sequencing is carried out using a gas phase sequencer
(type 477 A from Applied Biosystems) and the amino acid
20 analysis using an on-line amino acid analyzer (type 130 A
PTC analyzer from Applied Biosystems). The methods are
published in FEBS Letters, Vol. 292, pp. 405-409, 1991.

It was possible to elucidate the following amino-terminal
constituent sequence of the «-~L-rhamnosidase:

25  D=T~N-D-Q~T-S-A-K-V-D-R-G-TP-F-D-D-P~A-A-R-L
or ' :
F~F-G=S~X~Q-S~L~-Y~L-K~-L-V-L-K-F-G~T-L-F-D-X-A.

The a-L-rhamnosidase according to the invention can be
employed in free or in immobilized form, where, in the

30 latter case, all current methods of immobilization are
suitable. Silica gel, for reasons of economy, can, for
example, be used as the support.

The a-i’..—rhamnosidase catalyzes the cleavage of the bond
between the terminal L-rhamnose and the aglycone of

35 rhamnose-containing glycosides and is thus suitable for
preparing rhamnose.
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‘ of rhannolipid 1 or 2, or alkyl esters of 15 the
“rhamol i pi ds, or rhasnolipid mxtures (e.g. concen- t r & €MARI P97 at
from Pseudononas aerugi nosa cul ture), .1 g/l KHerr]PdJerr], 0.5 g/
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the aqueoul solution is pH 3.5-8, preferably pH 5-6. The
temperature which is necessary for the enzyme activity is
between 4°C-65°C, preferably 45°C~55°C. The reaction time
depends on the quantities of enzyme and substrate and, to
a minor extent, also on the temperature. At a temperature
of 45°C-55°C, the reaction time is 2~24 hours, preferably
5-8 hours. It is sensible to arrange a relatively short
reaction time at higher temperatures, since the enzyme is
more readily degraded. The substrate quantity (= quantity
of rhammolipids) which is present in the mixture is
maximally 200 g/1l, and the enzyme quantity 0.1-50 U/g of
rhamnolipids, preferably 1-10 U/g, and particularly

preferably $§ U/g, of rhamnolipids.

Following completion of the reaction, the L-rhamnose is

isolated from the solution by separating off the fatty
phase by means of centrifugation or by decanting until a
phase .separation has been effected; if necessary, the
aqueous phase is subsequently clarified, for example
using active charcoal. Clarification is understood to
mean the removal of turbidity substances and coloring
substances. This step is advisable if an L-rhamncse is to
be obtained which is as pure as possible. Subsequently,
the aqueous solution is concentrated and the L-rhamnose
is crystallized out.

Example 1

Cleavage of the rhamnolipids 1 and 3 by naringinase and
heperidinase

10 g of rhamnolipid 1 or 3 are emulsified in 100 ml of
ammonium acetate buffer (50 mM, pH 5.5) or double-
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A concentrate possessing an activity of 50 Um was used
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effected at 70°C while stirring. The values for V_, which

are achieved under these conditions are summarized in

Table 1. Under these conditions, the naringinase cleaves

the 10 g of rhamnolipid 3 employed in 4 hours (hesperid-

inase 7 hours) into 2.5 g of rhamnose (~ 98% yield) and
rhamnolipid 1. The cleavage of rhamnolipid 1 proceeds
appreciably more slowly (see Table 1) and incompletely,

probably owing to the inactivation of the enzyme over the

relatively long period of time. |

The reaction was monitored using thin layer chromato-
graphy, and the rhamnose was guantitatively determined by
means of HPILC.

TLC:  Eluents CHC1,/CH,OH/HAc 65:5:2
TIC plate: Silica gel 60 F254
Spraying reagent: MeOH/HAc/ H',SO. conc./anis~
aldehyde 85:10:5:1
Development : S minutes at 120°C

Table 1:

Enzymic cleavage of rhamnolipid 1 and rhamnolipid 3 by
means of hesperidinase and naringinase [the V_,' values
relate to 1 U of &-L-rhamnosidase activity; 1 U is
defined as the enzyme guantity which is capable of
cleaving 1 pmol of p-nitrophenyl-a-L-rhanuiopyranoside per'
min}: '

Hesperidinase: (Sigma No. H--8137, Penicillium spec.)

*"V..x" rhamnolipid 3: ~50 pgmin-iu?
"Vox" rhamnolipid 1: ~0.5 pgmin-lu-?
Naringinase: (Sigma No. H-1385, Penicillium decumbens)
"Vax" rhamnolipid 3: ~80 pgmin~‘u?

"V.x" rhamnolipid 1: ~5.0 pgmin-lu?
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carriedgoul ysing the purified B0ZY{ K i11ed water

Flow rate: 0.4 ml/minute —_

Load 5 pl

Detector: Differential refractometer
{Beckmann)

The working up of the rhamncse is effected in accordance
with the customary methods described in the literature
(PCT-EP 91-01426).

Example 2
Cleavage of rhamnolipids 1 and 3 by z-L~rhamnosidase from
Penicillium sp. DSM 6825 and/or 6826

10 g of rhamnolipid 1 or 3 are emlsified in 100 ml of
ammonium acetate buffer (50 mM, pB 5.0) or double-
distilled water and 150 U of the enzyme according to the
invention are then added. The reaction is effected at
50°C while stirring. The values for V., which are
achieved under these conditions are summarized in Table
2. Under these conditions, the a-L-rhamnosidase according
to the invention cleaves the 10 g of rhammolipid 1
employed in about 5~8 hours («-L-rhamnosidase from
Penicillium sp. DSM 6825: about 8 hours; a-L-rhamnosidase
from Penicillium sp. DSM 6826: about 5 hours) into 3.05
g of rhamnose {~94% yield) and the corresponding fatty
acid. The cleavage of rhamnolipid 3 proceeds appreciably
more slowly (see Tab. 2) and incompletely, probably
likewise owing to the activation of the enzyme over the
relatively long period of time. '

Table 2:

Enzymic cleavage of the rhamnolipids. The V., values
relate to 1 U of e«-L-rhamnosidase activity; 1 U is
defined as the guantity of enzyme which is able to cleave
1 pmol of p-nitrophenyl-a-I.-rhaninopyranoside per minute:

; ENT ERT
This fraction is subjected to further chromatography on lqREPL CEMFN S y
“(Pharmacia) (25 mMim dazole/HO to PBE 74, pH 5.0, I 132) hﬂﬁg
[err]-L-rhammosidase is eluted at a pH of 5.6-5.8. The QI WY e
order of 70% Fol | owi ng appr opri at ejséebufferl ng, the Vprot einis
chromat ogr aphed on a Superose 12 col um ( 0 cm. 100 mMMil5 ammni um
acetate, pH 5. 0 ntal 100 mM Nad |s
Monitoring with Fﬁ'g ai d&o)P S gel . | ect rop%]b(%oe,g?? i ndi_cat es “a protein
band in the range Preﬁpéem&ao kd, depé%ﬂ? & &¥oBad which t he




a-L-Rhamnosidase
5 from Penicillium
DSM 6826

‘BP.

- 20 - Tabl e 3: | nfl uence of different substances MAQFMEN'R/QHEET
‘of the [ err]-L-rhamosi dase according to the invention Substance
%activity 5 Control 100 9r1 nM
127 MgS err] (2 mV) - 17106 KC1 (10#‘a MAR $47
69 Cd (2 nmv , 96 10 Cod[err}] (2—-nrt
‘11(1)0 - C“M?G[ F;Jr]ﬁ sidase  Penicillidth sp. bsROee2s{ (0.5 mV)

VAN |
65 15 EDTA (1ofm Penicillium  "V.." rha??di!’idEBfATEa@ﬂ*&'H %)‘/ 10“V¥nvp
90 ECTA (18 ™sm 6825 * rham@0lipid EGTMUQS{iﬁﬂn']lu(ﬂO/ 10
mv) 1]2% L- Rhammose (0 P

Penicillium sp. DSM 6826 —_—
Ilvm
llvm

» rhamnolipid 3:.~0.05ugmin"*u"?

* rhamnolipid 1: ~70.0pgmin"*u?
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The L-rhamnose is once again isolated in accordance with
the known methods; in addition, the fatty acid which has
been cleaved off can be isolated by extraction under acid
conditions.

Example 3
Screening for strai.ns whi.ch produce ¢-I.-rhamnos.l.dase

Microorganisms were enriched from various soil samples on
nutrient media containing the methyl or tert-butyl esters
of rhamnolipid 2 as the sole C source using current
microbioclogical methods Mikrobiologisches
Praktikum (Practical Microbiology), 45-84, Springer
Verlag 1983), and pure cultures were isolated. Some 37 of
the approximately 400 strains which were isolated were
able to degrade rhammolipids. However, in only some of
the strains was it possible to detect significant «-L-
rhamnosidase activity; in this context, two strains
(Penicillium sp. DSM 6825 and Penicillium sp. DSM 6826)
were found to be particularly good producérs.

{Drews,

the
substrate for detecting the e¢-L-rhamnosidase activity.
10 mg of this substrate are dissolved in 10 ml of
ammonium acetate buffer (pB 5.5, 50 wmM). 100 pl of
culture filtrate or cell lysates are added to 900 pl of
this solution and the mixture is then incubated at 40°C.
After 0, 3, 6, 9 and 12 minutes, 200 pl are removed and
mixed with 800 ul of 200 mM borate buffer, pH 9. The

release of p-nitrophenol is monitored photometrically at
410 nm; Anal.

p-—Nitrophenyl-a-L-rhanmopyrarioside is used as

naringinase (following Romero. et al.
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20 L-Rhamose (1.0 M . 39.5 L- Rhammo
-26. 4 Exanpl e 6 Determ nation of the N-term nal

e

el ggm
a-L- rhamosi dase fromthe strain Penicilliumsp. DSM |68 gr and
of naringi nase The enzynme from Peni %I |.I'ium sp. DSM 6 26— Whi-CA e
enzynme was obtai ned in accordance Wt 1h Exanpl e 5, as Il as the
nari ngi nase fr Leilijg p*:ﬁ:)e d ruq;\asewea the
N-1385), whi choé\&/aé)g%url flied t ne. %r’o- cesss are puri floed again
on an acryl am de gel (10% and fol |l ow ng transfer of the pol ypeptides

lé_y means of Ex&khprérpblotting to a ProBlot[err] menbrane (fr_om Appl i ed
B: ggﬁtggg ﬁﬁ?é?ﬁg egue e S%EE-L42%°'ﬁél%q&%€2 us:.nge gavleaglgse Fo a
si ngl e band whePeni;ci.hbumrsp; cDISM 6825rm3drel’6nmlligmﬂ6$?6 O5M 6826
resol ved into two bands
5 ° These strains are first of all streaked out on agar
plates containing HA medium (yeast extract 4 g/l1, malt
extract 10 g/1, glucose 4 g/l1, agar 20 g/1, pH 6.0}, and
the plates are incubated at 25°C for 10-14 days until
good sporulation has been achieved. A spore suspension
10 (50 ml 0.9% NaCl; 0.05% Tween 80) is prepared from two
plates which are well grown over and then used for
inoculating 10 1 of production medium. '

The following nutrient solution is used as the production
medinm: 3 g/l of rhamnolipid 1 or 2, or alkyl esters of

15 the rhamnolipids, or rhamnolipid mixtures (e.g. concen-
trated filtrate from Pseudomonas aeruginosa .cultu:r:e) '
1 g/l XH,PO,, 0.5 g/1 (NE,),SO,, 0.1 g/1 MgSO,- 7H,0, 0.1 g/1
caCl,; 0.1 g/l casamino acids, pH 5.5. Cultivation is=s
carried out in a 10 1 paddle mixer reactor at 300 rpm and

20 0.6 vvm, and at 27°C and a pH of 5.5. The period of
cultivation is 5-10 days. |

At the end of the fermentation, the cells are separated
off by filtration and the culture filtrate is filtered
{0.22 pm) to render it sterile. This culture filtrate

25 contains the major portion (over 90%} of the a-L-rhamno-
sidase activity (5000 U/l) and can be employed either
directly or following lyophilization, or concentration by
ultrafiltration on a 10 kD membrane, for cleaving the
rhamnolipids.

30 Example 5
Isolation and character:.zat:.on of the a-L—rhamnos:.dase

from Penicillium sp. DSM 6826

A concentrate possessing an activity of 50 U/ml was used
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- 21-- whi ch were very cl osely adjacent to each ot herj The ™
‘N-term nal sequences of the three pol ypeptide chains dreUUbMARﬂDmp
with the aid of a 477a Peptide Sequencer from Appli d[gngystenB The
results in Table 4 denon- 5 strate clearly,that both thd porypepti-de-
chains of the active preparation from'strain DSM 6826 _are different
from naringi nasgge( €haMBthietiby l@fBerial for £ﬁﬂﬂfhf%he¥0puriflcgiﬂbhq

N-t er m nal sequ%gce ' rlnglnase X GE A PSS
|l ELI PT «r&srhggnppida

Chromatography on Sepharose Q containing 20 mM Tris/HC1,
pH 7.6, is carried out as the first step. Elution is

5 effected using a gradient of 0-0.5 M NaCl and the yield
which is obtained is in the region of 80%, in association
with a purification factor of 5; the enzyme possesses a
spec. activity of 62 U/mg of protein.

This fraction is subjected to further chromatography on

10 a Mono P columm {Pharmacia} (25 mM imidazole/HCl to PBE
74, pH 5.0, 1:12). The a~L-rhamnosidase is eluted at a pH
of 5.6-5.8. The yield is in the order of 70%.

Following appropriate rebuffering, the protein is
chromatographed on a Superose 12 column (1x30 cm). 100 mM

15 ammonium acetate, pH 5.0, containing 100 mM NaCl is used
as the buffer. Monitoring with the aid of SDS gel
electrophoresis indicates a protein band in the range
from 60-100 kd, depending on the extent to which the
enzyme is glycosylated.

20 The investigations summarized in the table helow were
carried out usxng the purified enzyme.
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peptide | (95 000 D) 20 [err]-L-‘Rhanno-
QSLYLKLVLKFGTLFD(Xerr]) A 0 1MARI18%Y
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Table 3:

27 A

Influence of different substances on the activity of the
«-L-rhamnosidase according to the invention

Substance - % activity —_
Control 100
CaCl, (20 mM) - 127
MgS80, (2 mM) 106
KC1 (100 mM) 69
CsCl (2 mM) : 96
CoCl, (2 mM) 41
CuCl, (0.5 mM) : .. 40
FPeSO, (0.5 mM) 100
MnCl, (2 mM) 27
ZnCl, (2 mM) 65
EDTA {10 mM) | 22
EDTA/CaCl, (10/10 mM) = =~ 90
EGTA (10 mM) 60
EGTA/MgSO, (10/10 mM) 124
L-Rhamnose (0.5 M) - 51
L~Rhamnose (1.0 M) : 39.5
L~Rhamnose (1.5 M) : 26.4
Example 6

Determination of the N-terminal sequence of the a-L-
rhamnosidase from the strain Penicillium sp. DSM 6826,
and of naringinase

The enzyme from Penicillium sp. DSM 6826, which enzyme
was obtained in accordance with Example 5, as well as the
naringinase from Penicillium decumbens (crude enzyme,
Sigma No. N-1385), which was purified by the same pro-
cess, are purified again on an acrylamide gel (10%) and,
following transfer of the polypeptides by means of
electroblotting to a ProBlot® membrane (from Applied
Biosystems), transfer Sequencers No. 42, April 1990,
(Applied Biosystems). Under these conditions, the narin-
ginase gave rise to a single band whereas the purified
enzyme from DSM 6826 could be resolved into two bands




1. An [err]-L-rhamosi dase, which can be obt ai ned ; Mn@N’fﬁ&EE’"N

-Penicilliumsp. DSM 6825 and/ or 6826 5 - *
f the biomass fromthe culture br ot h, : !
- concentrating the culture supernatant . - 2. An a-L-rhg
havi ng a nol ecul ar wei ght of 10 60- HSO kd, which a-L{r

contains the . WaTe™ 1424 4 | §oSegeBNeth
D T-N-D O T- & ATRSE ['}'%—gq Sty G10esty 2d I&;em 9 e -
F-P- G S- X- Q S- [The |Nfeumina) sequepces-of fhg three polypeptids chaing,
cl eavage of thexr@rdeteinitiwed with the t&idiofil arétimoReptide t Sequepgenne of

r hammose- cont ai ni. ng.ql | des Vel 31’&5 e | e as
clainmed in cl ai’?ﬁ‘?‘,‘ &ﬁgﬁéfﬁ g"gs%geanghe‘ne'ﬁz%ﬁgﬁéffﬁﬁat esjf.rom eni ci | I'ium
sp. 5 strate clearly that both the polypeptide chains of the

active preparation from strain DSM 6826 are different
from naringinase (Sigma Wo. N-1385}).

Table 4

10 Pept ides o ' N-terminal sequence

Naringinase ASYPXGEXLILAPSSIELIPT
{96 000 0) .

15 a-L-rhamno- DTKOQTSAKVDRGTFODPAARL
sidase 6826, -

peptide I
(96 000 D)

20 -1 -Rhansma-— FFGSX; QSLYLKLVYLKFETLFD(X)A

sidase 6826, -

peptide II
{63 500 D)

25 X, denotes probably cysteine
X, amino acid not determined
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5.6-5. 8. 5+ The [ drrF-L*rHamosi dase as clained in ope
clainms 2-4, wherein the enzynme ori gi nat es gfram 25 Penijci
6825 and/ or 6826. 6. The [err]-L-rhamosi dase as cl gif

2, wherein Patent hel&bhycone is a fatty acid. 7. ‘[E“‘e
[err]-L-rhamosi dase as clainmed in claim1l or 2, i ch
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~ by fermenting Penicillium sp. DSM 6825 and/or
6826 —— '

- @separating off the biomass from the culture
broth,
and

- cdncentrating the culture supernatant.

An a-L-rhamnosidase, having a molecular weight of
60-100 kd, which «-~L-rhamnosidase contains the
amino-terminal amino acid sequence
D-T-N-D-Q-T-S~A~K~V-D-R-G-T-F-D~D-P-A-A~R~L

or )
F=~F~G=8~X-Q-S5-L~-Y~L~K-L~V-L=K~F~G-T~L-F-D-X-2

and catalyzes the cleavage of the bond between
terminal rhamnose and the aglycone of rhamnose-
containing glycosides. '

The a-L-rhamnosidase as claimed in claim 2, wherein
the enzyme originates from Penicillium sp.

The «a-L-rhammosidase as claimed in claim 1 or 2,
wherein the IEP of the enzyme, ascertained by
chromatofocussing, is 5.6-5.8.

The a-i.—rhamnosidase as claimed in one or more of
claims 2-4, wherein the enzyme originates from
Penicillium sp. DSM 6825 and/or 6824.

The u-L—rhamnosidaée as claimed in claim 2, wherein
the aglycone is a fatty acid.

The e-L-rhamnosidase as claimed in claim 1 or 2,
which «-L-rhamnosidase catalyzes the cleavage of

rhamnolipids.

A process for preparing e¢-L-rhammnosidase as claimed



- 23 - in claiml, wherein Penicilliumsp. is cultl
a nutrient mediumuntil [err]-L-rhamosi dase accunul at e lJl ‘ ‘!!L
culture, the biomass in separated off from the

the culture supernatant thus 5 obt ai di I s concentrated.
“process as claimed in claim@8, wherein t he nutrient nmedium

contains rhamol i pi dg. f apgh %En iDaf¥¥ein Penicill'ill Perig%dﬁﬁﬁgﬂié %

car bon source. cess as . claine arm , _ wherein
10 Peni cil i umasB“tBSﬁF GE@%W%BQEL%@W?'}W%&“’W lates
Use of a-L-rhamosi ddse tfe chaltwce, ntlhé dbivrass 2s separatefobfifhedrom

preparation of L- rhar@ﬂ%S%ulture broth, and the culture supernatant thus
5 obtained is concentrated.

9. A process as claimed in claim 8, wherein the
nutrient medium contains rhamnolipids and/or rhamno-
lipid derivatives as the carbon source.

10. The process. as ' claimed in claim 8, wherein
10 Penicillium sp. DSM 6825 and/or 6826 are cultivated.

11. Use of a-L-rhamncsidase as claimed in claim 1 or 2
for the preparation of L-rhamnose.

12. Penicillium sp. DSM 6825.

13. Penicillium sp. DSM 6826.
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12, Penicilliumsp. DSM 6825. 13. Penicilliumsp. |

-24-

Abstract of the disclosure:

a~-L-Rhamnosidase for obtaining rhamnose, a process for
its preparation and its use

The invention relates to «~L-rhamnosidase, which
catalyzes the cleavage of the bond between terminal
rhamnose and the aglycone of rhamnose~containing
glycosides, a process for preparing it by
biotechnological means, and its use for preparing L(#)-
rhamnose (6-deoxy-L-~mannose}.




