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DESCRIPTION 

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

5 The invention relates to a-L-rhamnosidase, which 

catalyzes the cleavage of the bond between terminal L(+)­

rhamnose and the aglycone of rhamnC'.'se-containinq qlyco-. 

sides, to ·a process for its preparation by biotechno- · 

loqical means, and. to its use for preparing L { + )-rhanmose 

10 (6-deoxy-L-mannose}. In that which follows, this latter 
~uqar 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-Rhanmose or its derivatives are 

15 being used to an ever increasing extent in the synthesis 

of pharmaceutical products and pla.rit p~otection aqents, 

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, 5-dimethyl-4-hydroxy-2, 3-dibydrofuran-3-one. 

(Furaneol•f can, for example, be prepared, which,. in 

turn, is used as the parent substance for various 

fragrant substances in the foodstuffs and perfume 

industries. 

25 

30 

L-Rhci.mnose can only ~e obtained with very great 

difficulty by the chemical route. It can, however, be 

isolated extr.actively from various natural sources, for 

example from the flavone glycosides hesperidin, rutin, 

naringin and quercitrin~ or, for e~ple~ f~om gum arabic 

or marine algae, following acid hydrolysis. 

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

(1989), R.J. Linhardt et al.; BP-A-0 317 033: JPA 62293]. 
Disadvantages of these processes are the elaborate steps 

:for isolating L-rhamnose r some of which involve using 
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.organic solvents, and, in addition, the aroma.tic, poten­
tially toxic, by-products accruing durinq the working up, 

and the constituents qf the natural sources, which 

constituents fluctuate in composition in dependence on 
5 the seasonal rhythm. • 

. . 

L-Rhamnose can also be prepared in the £orm of rhamnose-

containing beteropolysaccharides by fermentation using 

bacteria of different genera, such . as, for . example, 

Alcaligenes, Acinetobacter, Klebsiella, Streptococcus or 

10 Lactobacillus. 
(Enzyme Microb. Technol., · Vol. 10, p. 198 (1988),, 

M. Graber et al.; J. ~r .• CbeJll. Soc., Vol.; 71, p. 4124 
(1945), F.G. Jarvis and M.J. Johiison; J. Bacteriol., Vol. 

68, p. 645 (1954), ·G. Hauser and M.L. K~ovsky]. 

15 Disadyantages of these processes are the customarily low 

yields, conditioned by viscosity, and the necessary 

·separation of L-rbamnose from a mixture of different 

sugars following hydrolytic ·cleavage of the hetero­
polysaccharide .. 

·20 Numerous publications and patents deal with the 

production of rhamnolipids by mea~s of. fermentation using 

Pseudomonas aeruginosa. (Applied and Environmental 
Microbiology, Vol. 51, p. 985 (1986), R_.E. Reiling et 

al.; J. Chem." Tecbn. Biotechnol., Vol. 45, p. 249 (1989), 
. . 

25 K •. Venkata Ramana et al.; US Patent 4 933 281, Daniels et 
~1. ; German Published Patent· Application· 2 150 37 5, 1·972; 

us Patent 4 814 272, Wagner et al.] 

In principle, 4 .rhamnolipids (RLl - RL4, see Fig. 1) are 
present in the .microorganism .. cul.~ure .. :solution, which 

30 rhamnolipids are composed of l or 2 L(+)-rhamnose units 

and one or two ~-hydroxydecanoic acids (Z. Natnrforsoh. 

40 9 1 p. 61 (1985), c. Syldatk-et al.]. Rhamnolipid.s 1 
and 3 are quantitatively the most important. 
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F.i.gure ls Rhamnolipids f r~m microorganisms 
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In a,ddition, it is known to obtain L-rhamnose from 

flavone ·glycosides, rhamnolipids or oligosaccharides by 

enz:ymic cleavage using the soluble or ·imm<>bilized u-L­

rhamnosidases naringinase and hesperidinase [US Pat. 
5,077,206; Bur •. Pat. 88202595.0; ~ecek, P. and Pittner, 
F., Appl. Biochem. and Biotech. 13, 1-13 (1986)]. Narin­
gi~ase and hesperidinase have in each case a molecular 

weight · of about 9·0 kd and were isoI:ated from Penicillium 

decu:mbens and Aspergillus niger, respectively.· 

10 Naringinase 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 hesperid.in 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 qlycos.ides appreciably more slowly 

(factor: 10-100; see Example 1). 

The. consequence .of this ·is that ~ very long peri<J4 of 

20 time is required in order completely to cleave rhamnose 
from· the rhamnolipid 1-4 mixture, since the rhainnolipids 
1 and 3 which are present to the greatest extent quant~­
tati vel y 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 aqlycone of 

rhamnose-containing glycosides, i.e. which has the 

opposite ~pecif icLty to the known «-L-rhamnosid.ases 
30 narinqinase and hesperidinase. 

The invention thus relates to 

1. i «-L-rhamnosidase, which can be obtained 
by fermenti.ng Penicill.iwn .sp. DSM 6825 and/or 

6826 
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separating off the biomass from the culture 

broth, and 
concentrating the culture supernatant. 

a:-L-Rhanmosidase bald nq a · molecular weight of 60-

100 kd, which «-L-rhamn.osidase contains the amino­

terminal amino acid sequence 

D-T-N-D-Q-T-5-A-K-V-D-R-G-T-F-D-D-P-A-A-R-L 
or 
F-F-G-S-x-o~s-L-Y-L-K-L-V-L-K-F-G-T-L-F-D-X-A 

and ca.t.alyzes ·the cleavage of the bond between 
terminal L-rhamnose and the aglycone of rhamnose­
containing qlycosides. 

A process for preparing «-L-rhamnosidase, ·wherein 

Penicillium sp. is cultivated iri a nutrient medium 

until «-L-rhamnosidase accumlilates in the culture, 
the biomass is then separated off from the culture 
broth, and the culture supernatant thus obtained is 
concentrated. 

4. A us~ of a-L-rhamnosidase for the ~reparation of · 
20 · L-rhamnose. 

5. Penicillium sp. ~ 6825 

6. Penicillium sp. DSM 6826. 

'l'he invention is described in detail below, in particular 
in its preferred embodiments •. 

25 The com.pound. L(+).;..rhamnose (= 6-deoxy-L-~ose) is 
designated L-rhmnnose.· 

A compound, or the moiety of a compoundr which does not 
cont.ain any suqar is designated an. aglycone. In this 
inv6ntion, fatty acid compounds or flavone coQq?ounds, in 

30 ~articular, are designated aqlycones . 
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The following · abbreviat.ions, · which correspond to the 

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

-
Amino aeid Abbreviations Letter code 

Glycine Gly G 

L-alanine Ala A 

L-valine Val v 

L-leucine Leu L 

L-isoleucine :Cle I 

L-phenylalanine Phe F 

L-proline Pro p 

L-serine Ser s . 
- -· 

L-tbreonine Thr ~ ':r 
• 

L-cystein~ Cys c 

L-methionine • Met M 

L-tryptophan !l'rp : w 

L-Tyrosine ':fyr y 

L-asparagine Asn N 
.. 

L-glutam.ine Gln Q 
-

L-asparaqi.nic acid Asp D I 

.. : 
L-glutamic acid Glu E . . 

I 

' L-lysine Lys K . ! 

L-arginine Arg R i 
. . I L-histidJ.ne His H 

«-L-Rhamnosidase can be isolated from the culture broth 
both in small quantities {up to 1 gram) and in large 
~tities ( ~ 1 kg) , . since the preparation process can be · 

• 
50 carried out on a laboratory scale (fermentation of the 

microorganisms in volumes up to 1 liter) and on an indus­

trial scale ( fe:cmentation of the microorganisms on a 
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cubie meter scale). 

The molecular weight of the a:-L-rhamnosidase according to 

the inven:tion is determined. by means of SDS qel electro­

phoresis (SDS - sodium dodecyl_ sulfate) and by means of. 
s gel chromatography. This method · o~ gel chroDlatography is 

described, for example, in Molecular Biology of the Cell, 
Bruce Alberts et al., Garland Publis~ing, Inc. New York 
& LondQn, 3rd Edition, 1983,·pp. 174, 265-266. 

The abbreviation "I:EP" stands for "'isoelectric J?Oint• 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 determi.ned by means of chromatofocussing • 

. Penicillium sp. was isolated from a com.post composed . of 

garden waste in 6232 Bad Sod.en, Gei:many. The microorqan-

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 Sf;llective aga.r. For example, 
the compost sample can be suspended in 0.9~ strength 

sodium chloride solution and an enrichment culture of . . 

20 this a.uspension can be set up in selective medium con­
taining rhamnolipids and/or rhamnolipid derivatives, 

preferably C1-C18-alkyl est~rs of rhamnolipid-2 as. the 

sole carbon source. C1-C4-Alkyl esters of rhamnolipid7 2, 

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

25 rhBmnolipid-2, are used with particular preference as the 

C source. 
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· RI olaced Tb. S\1e"'t l::las Bee11 e~ . 

\\\\i\ \\\\\ \l\l \\\\ 
Rhamnolipid 2 tert-butyl ester 

~ 
OH CH 

Rhamnolipid 2 methyl_ ester 

~yy•-<H, 
QH OH. 
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Penicillium sp. DSM 6825 and DSM 6826 have the following 

morph~loqical characteristics (after R.A. Samson et al., 
Introduction to Food-borne Funqi, Institute of the Royal 

Netherlands Academy of Arts and Sciences, 3rd Edition, 

5 1988): 

10 

15 

Penicillium sp. DSM 6825 

Branching of the conidia 

Phi~lides 

Conidia 

Type 

Pe~icillium sp. DSM 6826 

Branching of the conidia 
Pbialides 
Conidia 

monoverticillate 

mitpullif orJD. 
spiny 

P~nicillium 

biverticillate 
flask-shaped 
warty 

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

Insofar as they produce the. enzyme 11-L-rhamnosidase, 
mutants and variants can also be employed instead of the 

isolate DSM ~825 and/or 6826. Such mutants ~an 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 mutagens,·such as, for examp1e ethyl 
methanesulfonate (BMS), 2~hydroxy-4-methoxybenzophenone 

(MOB) or N-methyl-N'-·nitro-N-nitrosoguanidine (·MNNG). 

30 The.process for preparing the abovementioned «-L-rhaDm.o­

sidases is as follows: 

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

i • 
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enrichment of the microorganisms which -produce the enzyme_ 

according 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 culture. 

The pure cultures are replicated and tested for their 

ability to form the enz}'llle according to the invention. 

It is found that microorganisms of the genus PenicilliWli 

sp. form the enzyme according to the invention. The 

10 fungal genus is deteJ:JDined 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 investiqations of t~e 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 hiqh level of production of - u-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 Zellkul turen GiabB (German 

Col1ection of Microorganisms and Cell Cultures) , 

Mascherode~ Weg lB, 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 Penici1lium sp. 

Accordingly, cu1tivation is -effected on complex or 

30 defined media; preferably, the media contain yeast 
extract, c:asamino acids, corn -steep, meat extra~t, 

peptone, caseine, gelatin, tryptone, nitrate, ammonium or -

urea as the nitrogen source, and starch,. dextrin, . 
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sucrose, glucose, glycerol and malt extract as the carbon 

source. 

Magnesium, calcium, sOdium, potassium, iron, zinc, cobalt 

or phosphate can be employed as further components. The 

5 use of rhanmolipids 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 su~table. 

The cultivation is effected at 27°C over a period of 72-
10 120 hr. Isolation of the «~L-rhamnosidase according to 

the invention, which may be necessary, is effected in a 
customary 111ilnner, e.g. by filtration or centrifugation to 
separate off the biomass, the «-L~rhamnosidase for· the 
most part being 1oca~ed in the supernatant. 

15 The supernatant can be concentrated by ultrafiltration 
and then lyophilized. Further purification steps, such 
as, for example, precipitations, anion exchange chromato­
graphy, chromatofocussinq, BIC chromatography {hydro­
phobic interaction chromatography), exclusion chromato-

. . . 
20 grapby and affinity chromatography, may be carried out, 

in dependence on the degree of enzyme purity desired. 

Preferab~y, the·purification is effected by filtering to 

separate off the biomass, subsequent ultrafiltration to 
concentrate the enzyme in the remaining supernatant, then 

25 anion exchange chroDlatoqraphy followed by 

chromatofo~ussing, and fin~lly exclusion chromatography. 

The «-L-:-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-e1-L-rhamno­
pyranoside. is 5.0-5.5 and the temperature optimum is 
50-55°C. 

The am.ino-te.rmi.nal sequence of the «-L-rbamnosidase from 
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the strain Penicillium sp •. DSM 682 6 and of naringinase is 

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-. 

5 cyanate ~nder 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 carbamyl deriva­
tive. CJ.Ibis compound is investigated in order to identify 

10 the ~no-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 phenyl·iso­
thiocyanate to determine the next amino acid in order, 

etc. I~ principle, this procedure can be carried out many 

15 times stepwise in succession so that the total amino acid 
frequency ot: the chain can be deduced. .In the pres~nt 
case, in addition to this, · the N-terninal amino· acid 

sequencing is carried out usinq .a qas phase sequencer 

(type 477 A frOJR Appiied Biosystems) and the amino acid 

20 analya1is using an on-line amino acid analyzer (type 130 A 

PTC analyzer from Applied Biosystems). The methods are 
published in FBBS Letters, Vol. 292, pp. 405-409, 1991. 

:rt was possible to elucidate the following amino-terminal 
constituent sequence of the u-L-rhamnosidase: 

25 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-S-X-Q-S-L-Y-L-IC-L'""'.V-L-K-F-G-T-L-F..;.D-X-A. 

The «-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-L-rhamnosidase catalyzes the cl~avage 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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The cleav~ge is carried out in aqueous solutions which 

are buffered or not-buffered. Aqueous solutions are, ~or 

example, ·the culture broth of the microorganism (no 
. . .. 

buffering necessary) or distilled.water. In the latter 

5 case, a buffering with phosphate or Tris buffer, prefer­

ably al1111;10nium acetate buffer, is necessary (concentration 

of the buffer: 5-100 mM, preferal:,lly 10-50 mM) .• The pB 0£ 

.the aqueous solution is pB 3.5-8, preferably pB 5~6. The 

temperatnre which is nece~sary for tlie enzyme activity is 

10 between 4°C-65°C, preferably 45°C-55°C. The reaction time 

depends on the quantities of enzyme and ~ubstrate and, to 

a minor extent, also on the temperature. At a temperature 

of 4S°C-55°C, the reaction time is 2-24 hours, preferably 
5-8 hours. ·rt is sensible to arrange a relatively short 

15 reaction time at higher tem.~eratures, since the enzyuie is 

more readily deqraded. The substrate quantity·(= quantity 

of rhamnolipids) which is present · in the mixture . is 
maximally 200 g/1, and the enzyme quantity 0.1-so U/g of 
rhamnolipids, -preferably 1-10 U/q, and particularly 

20 preferably 5 Ulg, of rbamilolipids •. 

Foll<>Wing 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 

25 aqueous phase is subseqliently clarifi~, for example 

using active charcoal. Clarification is understood to 

mean the removal of turbidi~y substances and .coloring 

substances. This step is advisable if an L-rbanmose is to · . 
be obtained· which is as pure as possible. Subsequently, 

30 the aqueou~ solution is concentrated and the L-rhamnose 

is crysta11ized out. 

Example 1 
Cleavage of the rhamnolipids 1 and 3 by naringinase and 

hes~ridinase 

35 10.9 of rhamnolipid l_or 3 are emulsified in 100 ml of 
ammoninm acetate buffer (50 mM,' pH 5.5) or double-



- 15 -

distilled water and 150 U of naringinase or hesperidinase 

(from Siama, Germany) are then added •. The reaction is 

effected at 70°C while stirring. The values for V._ which 
are achieved under these conditions are summarized in 

5 Table 1. Under these conditions, the naringinase cleaves 
the 10 g of rhamnolipid 3 ~loyed in 4 hours (besperid­

inase _ 7 hours) into 2.5 9 of rhamnose (- 98% yie1d) and 

rhamnol.ipid 1. ·The cleavage of rhamnolipid 1 proceeds 

appreciably more slawly (see Table 1) and incompletely, 

10 probably owing tp the inactivation of the enzyine over the 
relatively long period of time. 

15 

The reaction was monitored using t.hin layer chromato­

graphy, and the rhaJDDose was quantitatively determined by 

means of llPLC •. 

TLC: Eluent: 

TLC plate: 
Spraying reagent: 

Development: 

CBCl:3/CB30H/~ 65:5:2 

Silica gel 60 F254 

MeOB/BAc/B2S04 conc. /anis-

aldebyde 85:10:5:1 
5 minutes at 120°C 

20 Table 1: 

Bn2ymic cleavage of rbamnolipid 1 and rhamnolipid 3 by 
means of besperidinase and narinqinase [the Vmax values 

relate tq l· U of cx-L-rhamnosidase ·activity; l u is 

defined as the · enzyme quantity· which is capable of 

25 cleaving 1 JLlilol of p-nitrophenyl-a-L-rhamnopyranoside per 

min): 

Hesperidinase: (Sigma No. H·~8137, Penioillium spec •. ) 

"V.u:" rhamnolipid 3: -50 pgmin-1u-1 

"Vmax" rhamnolipid 1: -0. S· f!gmin-1u-1 

30 Naringinase: • (Sigma No. B-1385, PenicilliWll decumbens) 

"Vmax '' rhamnolipid 3: -80 µgmin-1u-1 

"Vmax" _rh~olipid 1: -5. 0 11gmin-1u-1 
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5 

Colwmi: 
Precoluinn: 
Temperature: 

Eluent: 
Flow rate: 
Load 

Detector: 
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BPAP (l00x7.8 DDD} Biorad 

Carbo P (30x4.6) Biorad 

85°C 

Double-distilled water 

0.4 ml/minute 
5 pl 

Differential refractometer 

(Beckman~) 

The working up of the rhamnose is effected in accordance 
10 . with the customary methods described in the literature. 

(PCT-EP 91-01426). 

Example 2 
Cleavage of rhamnoli_pids l and 3 by a-L-rhamnosidase from 

Penicillium sp. DSM 6825 and/or 6826 

15 10· 9 of rhamnolipid 1 or 3 are emulsified in 100.ml of 

ammonium acetate bllffer (50 ~, 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 Vux 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 rhamnolipid 1 
employed .in about 5-8 hours (a-L-rhamnosidase from 
Penici11iWD sp. DSM 6825: about 8 hours; u-L-rhamnosidase 

25 from Penicillium sp. DSM 6826: about 5 hours) into 3.05 

q of rhamnose {-94% .yield) and the corresponding fatty 

acid. The cleavage of rhamn.olipid 3 proceeds appreciably 
more slowly · (see Tab. 2) and incompletely, probably 

likewise owing to the activation of the enzyme over the 
30 relatively· long period of time. 

Table 2: 

Enzpic · cleavage · of the· rhamnolipids. 'l'he V~ valu~s 
relate to 1 U of u-L-rhamnosidase activity; 1 U is 

defined a~ the quantity of enzyme which is able to cleave 
35 I ~mol of p-nitrophenyl-a-L-~bamnopyranoside per minute: 
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from Penicillium 

sp. DSM 6825 

u-L-Rhamnosidase 
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Penicillium sp. DSM 6825 

•·v_"' rhamnolipid 3: -o. 0311gmin-iu-1 , 

~V-" rbamnolipid 1: -40.011qm.in-1u-1
. 

Penicillium sp. DSM 6826 

"V._" rhamnolipid 3; -o. 05pgmin-1u-1 

"V-" rhamu:>lipid 1.: -70.011gmin-1u-1 

The L-rbamnose is once again isolated in accordance with 

the known methods1 in addition, the fatty acid which has 

been cleaved off can be isolated by extraction under acid 

10 condi;tions. 

Example 3 

Screening for strains which produce u-L-rhamnosidase 

Microorganisms were enriched from various soil samples on 

nutrient media containing the methyl or tert-bnty1 esters 

15 of rhamnolipid 2 as the. sole C source using current 

microbiological methods (Drews, Mikrobiol0gisahes 

Praktikwn (Practical Microbiology), 45-84, Springer 

Verlag 1983) , and pure cultures. were isolated. ·Some 37 of 

the approximately 400 strains which were· isolated we~e 

20 able to degrade rbamnolipids. However, in only some of 

the strains was it possible to detect siqnificant c-L­

rhamnosidase activity: in· this context, two strains 

(Penicil1ium sp. DSM 6825 and Penicillium sp. DSM 6826) 

were found to be particularly good producers. 

25 ·p-Nitrophenyl...:a.;...L-rhamnopyranoside is used as the 

substrate for detecting , the·· ·«-L-rhamnosidase activity. 

10 ·mg of this substrate ~re dissolved in 10 ml of 

ammonium acetate buffer. (pB 5.5, 50 mM). 100 111 of 

culture filtrate or cell lysates are added to 900 ~l of 

30 this solution and the mixture is then incubated at 40°C. 

A£t~r O, 3, 6~ 9 and 12 minutes, 200 ~l are removed and 

mixed with 800 .1'1 of 200 mM borel:te buffer, pB 9. The 

release 0£ p-nitropbenol.is. monitored photometrically at 

410 nm; narinqinase (.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 

5 These strains are first of all streaked . out on agar 

plates containing BA medium (yeast extract 4 9/l, ·malt 

extract 10 9/l, glucose 4 g/1, agar 20 g/l, pH 6.0), and 

·the plates are incg.bat8d at 25°C for 10-14 days until 

good sporulation has been achieved.. A spore suspension 
10 (50 ml 0.9% NaCl; 0.051 Twe~n 80) is prepared from two 

plates . which are well grown over and then used for 

inoculating 10 I of production medium. · 

The following nutrient solution is used as the production 

medilllll: 3 q/1 of r~olipid 1 or 2, or. alkyl esters of 

15 the rhamnolipids,. or rhamnolipid mixtures "(e.q •. concen­

trated filtrate from Pseudomonas aeruqinosa culture), 

l g/l KB2PO,, 0.5 g/1 {l:rB4 hSO., .Q.1 g/l. MgS0,·.7B20, 0.1· g/l. 

CaC121 0.1 9/l casamino acids, pH S.S. Cultiva.tion is 

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.S. The period of 

cultivation is 5-10 days. 

At the end of the fermentation 1 . the ce11s are separated 

off by filtratio~ and the culture filtrate is filtered 

(0.22 ~m) to render it sterile. This culture filtrate 
25 contains the major portion (ov:er 90%) of the a-L-rhamno­

sidase activity (5000 U/l·) and can be employed either 

directly· or followin9 lyopJl,ilization, or concentration by 

ultrafiltration on a 10 1cD membrane, for cleaving the 
rhamno1ipids. 

30 Example· 5 

Isolation and characterization of the a-L-rhamnosidase • 
from Penicillium sp. DSM 6826 · 

A concentrate pos~essinq an activity of 50 U/ml was used 
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as the starting material for the further purification of 

the ~-L-rbamnosid.ase. 

Chromatography on Sepharose Q containing 20 mM Tris/HCl; 

pil 7. 6 1 is carried out as the first step.. E1ution is 

5 effected using a gradient of 0-0.5 M NaCl and the yield 

which is obtained is in the region of BO~, in association 

with a purification factor of·· 5; the enzyme possesses a 

spec. activity of 62 U/IRCJ of protein. 

This fraction is subjected to further chromatography on 

10 a Mono P colwnn (Pharmacia) (25 mM imidazole/BCl 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 orde~ of 70%. 

Fol.lowing appropriate rebuf fering, the protein is 

chromatographed on a. Superose 12 c~lumn ( lx30 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 SWIUna.rized in the table below were 

carried out using the purified enzyme • 

• 
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Table 3: 
Influenc~ of diff~rent substances.on·the activity of ~be 
a-L-rhamnosidase according to the invention 

Substance 

5 Control 

CaC12 ( 20· mM) 

MgSO, (2 DIM) · 

KCl. ( 100 mil} 

CsCl (2 DK) 
10 CoC12 ( 2 DIM) 

CuC12 ( 0 • 5 :mM) 

Peso, ( o. s mM) 

MnC12 (2 mM) 

ZnC12. ( 2. DIM) 

15 EDTA ( 10 DIM) 

EDTA/CACl2 (10/10 lllX) 
EGTA ( 10 DlH) 

EGTA/MqS04 (10/10 mM) 

L-Rhamnose (0.5 M) 
20 L-Rhamnose (1.0 M) 

L-RhalQllOSe (l.S M) 

Example 6 

% activity 
100 

127 

106 

69 
96 

41 

40 
100 

27 
65 

22 

90 

60 
124 

51 

39.5 
26.4 

DeteJ:Jnination of · the N-terminal sequence of the a-L­

rhamnosid.ase from the strain Penicil.l.iWD sp. DSM 6826, 

25 and of naringinase . 

The enzyme from. Penicillium. sp. DSM 6~26, which enzyme 
was obtained in accordance with Example 5, as well as the 
narinqinase from Penicillium decumbens (crude enzy.me,­

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 

Bio~ystems), transfer Sequencers No. 42, April 1990, 

(Applied Biosystems). Under these conditions, the narin-

35 giriase gave rise to a single ~and whereas the purified 
enzyme from DSM 6826 could be resolved into two bands 
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which were very closely adjacent to each other. 

~he N-terminal sequences of the three polypeptide chains 

are determined with the aid of a 477a Peptide Sequencer 

from Applied Biosystems. The results in Tab1e 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 Peptides N-termtnal sequence 

Naringinase ASVPXGEXILAPSSIELIPT 
(96 000 0) 

15 «-L-rhamno- OTNDQTSAKVDRGT.FODPA~RL 

sidese 6826. 
peptide I 

(96 000 D) 

20 ~-l-Rhamno-- F F 6 S 11 0 S L Y L K L V L K F G T L F D (Xz) A 

sidase 6826. 
peptide II 

(83 500 b) 

25 X1 denotes probably.cysteine 

X2 amino acid not determined 
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Patent C1aims: 

:··': 

1. An a-L-rhamnosidase, which·can be obtained 

2. 

by fermenting Penicillium sp. DSM 6825 and/or 
6826 

separating off the biomass from the culture. 

broth, 

and 

concentrating the culture supernatant. 

An a-L-r~osidase, having a molecular weight of 

60-100 kd, which a-L-rhamnosidase contains the 
aaino-tez:minal amino acid sequence 

D-'l'-N-D-Q-T-S-A-K-V'-D..:.R-G-T-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 

and catal.yzes the ·cleavage of the bond between 
terminal rhamnose and the aqlycone. of rhamnose­
containing glycosides. 

3. The 4-L-rhamnosidase as claimed in claim 2, wherein 
the enzyme oriqinates' from ~enicillium. sp. 

20 4. The «-L-rhaumosidase as claimed in claim 1 or 2, 
wherein the· IRP ·af the· enzyme, ascertained by 

chromatofocnssing, is 5.6-5 •. 8. 

25 . 

30 

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

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

1. 

• 

8 .. 

The u-L-rhumosidase. as claimed in claim 1 or 2, 
which u-L~rhamnosidase catalyzes the cleavage of 

rhanmolipids. 

A process for preparing «-L-rha.mnosidase as claimed 
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in cl.aim 1, wherein Penicillium sp. is C'1lt.ivated in 

a nutrient medium until u-L-rhamnosidase accumulates 

in the culture, the biQlllass is· separated off from 
the culture broth, and the culture supernatant thus 

obtained is concentrated.· 

A process as claimed in claim .8, wherein the 

nutrient medium contains rhamnolipids and/or rhamno­

lipid derivatives as the carbon source. 

1 O. The process as claimed · in claim 8, wherein 

10 · Penic~llium sp. DSM. 6825 and/or ~826 are cultivated. 

11. Use of c-L-rhaanosidase as claimed in claim 1 or 2 
for the preparation of L-rhamnose.· 

12. Penicillimn sp. DSM 6825. 

13. Penicillium sp. DSM 6826 • 

• 


