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An a-L-rhamnosidase secreting fungal strain has been isolated and identified as Aspergillus clavato-nanicus
MTCC-9611. The enzyme was purified to homogeneity from the culture filtrate of the fungus using concen-
tration by ultrafiltration membrane and ion-exchange chromatography on CM-cellulose. The native PAGE
analysis confirmed the homogeneity of the purified enzyme. The SDS-PAGE analysis of the purified enzyme
revealed a single protein band corresponding to the molecular weight 82 kDa. The a-L-rhamnosidase activity
of Aspergillus clavato-nanicus MTCC-9611 had optimum at pH 10.0 and 50°C. The K, values of the enzyme
were 0.65 mM and 0.95 mM using p-nitrophenyl a.- L-rhamnopyranoside and naringin as a substrates respec-
tively. The enzyme transforms naringin to prunin at pH 10.0 and further hydrolysis of prunin to naringenin
does not occur under these reaction conditions that makes a.-L-rhamnosidase activity of Aspergillus clavato-
nanicus MTCC-9611 promising enzyme to get prunin for pharmaceutical purposes.

a-L-rhamnosidase (EC 3.2.1.40) [1] cleaves termi-
nal o-L-rhamnose specifically (Fig. 1) from large
number of natural products [2]. The enzyme occurs
widely in nature and has been found in animal tissues
[3—4], plants [5—6], fungi [7—12] and bacteria [13—
15]. It is a biotechnologically important enzyme due
to its various applications, like debittering of citrus
fruit juices [16—19], enhancement of wine aromas
[20], preparation of many drugs and drug precursors
by derhamnosylating the terminal L-rhamnose con-
taining substrates [21—23].

a-L-rhamnosidases with different properties are
suitable for various biotechnological applications. For
example, a-L-rhamnosidases which have pH optima
in the range 3.0—4.0 are more suitable for debittering
of citrus fruit juices because they also have pH in the
range 3.0—4.0. a-L-Rhamnosidases having pH opti-
ma in the alkaline range will be more suitable for the
enzymatic conversion of naringin to prunin because
[-glucosidase activity which is responsible for further
hydrolysis of prunin to naringenin will not be active in
alkaline pH range even if it is present in the prepara-
tion of a-L-rhamnosidase. The most of the o-L-
rhamnosidases reported so far have pH optima either
in the acidic [3, 11, 24, 25] or in neutral [4, 13, 26] pH
ranges. No o-L-rhamnosidase with pH optimum
greater than pH 8.0 has been reported so far.

The aim of the study is to purify an a.-L-rhamnosi-
dase from Aspergillus clavato-nanicus MTCC 9611
having pH optimum 10.0. The enzymatic properties
like K,,, pH and temperature optima of the purified
enzyme have been determined and its use in the enzy-
matic conversion of naringin to prunin has been dem-
onstrated.

MATERIALS AND METHODS

Chemicals. p-nitrophenyl-o- L-rhamnopyranoside,
naringin, L-rhamnose, rutin, DEAE cellulose and
CM cellulose were purchased from Sigma (USA). All
the chemicals used in the PAGE including the protein
molecular weight markers were procured from Banga-
lore Genei Pvt. Limited (India). All other chemicals
were either from Merck Ltd Mumbai (India) or from
S. D. Fine Chem. Ltd Mumbai (India) and were used
without further purification.

Isolation of fungal strain and production of the en-
zyme. The fungal strain was isolated in our laboratory
from decaying rice on the soil by streaking method on
Petri plate using potato dextrose agar medium [27].
The fungal strain was identified as A. clavato-nanicus
at MTCC Centre, Institute of Microbial Technology in
Chandigarh (India) and was deposited there with iden-
tification number MTCC-9611. The fungal strain was
maintained on slants of potato dextrose agar medium.

The secretion of a-L-rhamnosidase by the A. clav-
ato-nanicus MTCC 9611 cells was studied in the liquid
culture medium having composition (g/1): CaCl, —
1.0, MgSO, 7H,0 — 3.0, KH,PO, 20.0,
N(CH,COONa); — 1.5, MnSO,— 1.0, ZnSO,- 7TH,0 —
0.1, CuSO,- 5H,0-0.1, FeSO, - 7TH,0O — 0.1, sucrose —
40.0, ammonium tartarate — 8.0 and H;BO; — 10.0 mg/1.
One ml of the spore suspension (spore density 8 x
x 10¢spores/ml) from the agar slant was inoculated
aseptically into the liquid culture medium (20 ml) kept
in 100 ml culture flask which also contained from 0.5
to 1.5% of naringin or rutin as inducer. The experi-
ments were performed in triplicates. The culture flasks
were incubated in a Biological Oxygen Demand incu-
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Fig. 1. The a-L-rhamnosidase reaction.

bator at 25°C under stationary conditions. Aliquots of
one ml were withdrawn at the regular intervals of 24 h,
filtered through Millex syringe filters (0.22 um) and
analyzed for the presence of o.- L-rhamnosidase activ-
ity as described below.

Assay of a-L-rhamnosidase activity. The activity of
a-L-rhamnosidase was assayed using naringin as the
substrate following the Davis method [28]. The reac-
tion solution consisted of 2.5 ml of 0.86 mM naringin
dissolved in 0.2 M Na-acetate-acetic acid buffer
(pH 4.5) maintained at 60°C. 0.25 ml of the enzyme
extract was added to the mixture, then 0.1 ml aliquot
was withdrawn immediately and added to 2.5 ml of
90% diethylene glycol followed by the addition of
0.1 ml 4 N NaOH. 0.1 ml aliquots were withdrawn at
the intervals of 5 min and treated in the same manner
as mentioned above. The samples were maintained at
the ambient temperature at least for 10 min and OD
were measured spectrophotometrically. The absor-
bance values were converted into the concentrations of
naringin values by using a calibration curve for narin-
gin. The rate of naringin hydrolysis was calculated
from the plot of the concentration of naringin versus
time. One unit of enzyme activity (IU) was defined as
the amount of enzyme required to hydrolyze 1 pmol of
naringin per min of under the above assay conditions.

During the purification of a.-L-rhamnosidase and
the determination of K,,, pH, and temperature optima
of the purified enzyme, the activity of o.-L-rhamnosi-
dase was assayed using p-nitrophenyl-o-L-rhamnopyr-
anoside as the substrate and monitoring the formation
of p-nitrophenol spectrophotometrically at 400 nm by
the method reported Romero et al. [29]. The molar ex-
tinction coefficient value 21.44 mM~' cm~! was used
for the calculation of enzyme unit. UV-Visible spec-
trophotometer Hitachi (Japan) model U-2000 which
was fitted with electronic temperature control unit was
used for spectroscopic measurements. The steady state
velocity measurements were reproducible within 5%
errors.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Purification of o-L-rhamnosidase. For the purifi-
cation of a-L-rhamnosidase, the fungus was grown in
15 sterilized 100 ml culture flasks containing 20 ml of
liquid culture medium supplied with 1.0% rutin. The
maximum activity of a-L-rhamnosidase was revealed
on the third day of the growth. The fungal cultures
were pooled and the mycelia were removed by filtering
the culture medium through 4 layers of cheese cloth.
The culture filtrate was centrifuged at 10,000 rpm for
20 min at 4°C and supernatant (250 ml) was concen-
trated to 15 ml using Amicon concentration cell mod-
el 8200 and ultrafiltration membrane PM 10 with mo-
lecular weight cut off value of 10 kDa (Millipore,
USA). Then it was concentrated by putting in the dial-
ysis tube and covering with sucrose and dialyzed
against 0.01 M citric acid-phosphate buffer, pH 4.0,
for 24 h. The appropriate condition for the binding of
a-L-rhamnosidase on CM cellulose was determined
experimentally by the reported method [30]. Three ml
of the dialyzed enzyme solution was loaded on CM-
cellulose column of size 2.5 x 15 cm equilibrated with
0.01 M citric acid-phosphate buffer, pH 4.0. The col-
umn was washed with the same buffer and o.-L-rham-
nosidase activity was eluted using the linear 0—1.0 M
NaCl gradient in the same buffer (50 ml of the buffer +
+ 50 ml buffer containing 1.0 M NaCl). 5 ml fractions
were collected and analyzed for the o-L-rhamnosi-
dase activity and for protein concentration (Lowry’s
method). The o.- L-rhamnosidase active fractions were
combined and concentrated using sucrose. The puri-
fied concentrated enzyme sample 2.8 ml was stored at
—20°C until use.

SDS-PAGE and native PAGE analysis of the puri-
fied enzyme. The homogeneity of the enzyme prepara-
tion was checked by SDS-PAGE analysis using the
method reported by Weber and Osborn. The resolving
gel was 10% acrylamide in 0.375 M Tris-HCI buffer
(pH 8.8) and stacking gel was 5% acrylamide in
0.063 M Tris-HCI buffer (pH 6.8). The electrophore-
sis buffer was 0.025 M Tris-glycine buffer (pH 8.5).
The gel was run at constant current of 20 mA. The mo-
Ne 3
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Purification steps of a.-L-rhamnosidase from Aspergillus clavato-nanicus MTCC-9611

Steps Total | Activity, | Protein, Specific Total Total protein, | Purification, | Recovered,
P volume, ml| IU/ml | mg/ml |activity, [U/mg| activity, [U mg fold %
Culture filtrate 250 0.03 0.08 0.37 7.50 20.0 100
Concentration by ultra- 15 0.35 0.31 1.13 5.25 4.65 3 70
filtration and dialysis
Eluted from CM-cellu- 24.5 0.06 0.01 6.00 1.47 0.25 16 20
lose column

lecular weight markers used were phosphorylase-97.4,
bovine serum albumin-66.0, ovalbumin-43.0, carbon-
ic anhydrase-29.0 and soyabean trypsin inhibitor
20.1 kDa.

The native polyacrylamide gel electrophoresis was
done using the reagent kit supplied by Bangalore Ge-
nei Pvt. Limited (India). The resolving gel was 8%
acrylamide in 0.39 M Tris-HCl buffer (pH 8.8) and the
stacking gel was 5% acrylamide in 0.068 M Tris-HCI
buffer (pH 6.8). The molecular weight markers used
was catalase (240.0 kDa). In both PAGE the proteins
were visualized by silver staining.

Determination of the enzymatic characteristics.
The K, value of the purified o.-L-rhamnosidase for the
substrate p-nitrophenyl-o-L-rhamnopyranoside was
determined by measuring the steady state velocity of
the enzyme catalyzed reaction at different concentra-
tions of p-nitrophenyl-a-L-rhamnopyranoside (from
0.1 to 5.0 mM) using the method reported Romero
et al. [29]. The K, value was determined by linear re-
gression analysis of the data points (average of tripli-
cate measurements) of the double reciprocal plots.
The value of K, of the purified enzyme for the natural
substrate naringin was also determined in the similar
way except that the steady state velocity of naringin
hydrolysis was determined by Davis method [28].

The pH and temperature optimum of the purified
enzyme was determined by using p-nitrophenyl-a-L-
rhamnopyranoside as the substrate and measuring the
steady state velocity of the enzyme catalyzed reaction
in solutions of varying pH from 2 to 13 and tempera-
ture from 20 to 70°C. The buffers used were 0.1 M cit-
ric acid-NaH,PO, (Mcllvaine buffer, pH 3—7), Clarks
and Lubs solution buffer (pH 8—10) and 0.1 M Na-
phosphate buffer (pH 11—13).

Studies on the enzymatic hydrolysis of naringin to
prunin. One ml of 1.0 mM naringin in Na-phosphate
buffer (pH 10.0) was treated with 200 pl of the crude
o-L-rhamnosidase containing 3.2 x 10~21U/ml. The
reaction was allowed to occur at 30°C for 1 h. The re-
action solution was extracted thrice with 1.0 ml of eth-
yl acetate. The extract was analyzed using HPLC with
4.6 x 250 mm column, model M-600E with Spher-
isob, Cig, SU (Waters, India Private Ltd). The solvent
used was methanol—water 50 : 50 by volume at the flow
rate of 2 ml/min. The peaks were detected at 254 nm.

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

RESULTS AND DISCUSSION

The purification procedure of the a-L-rhamnosi-
dase of A. clavato-nanicus MTCC-9611 is summarized
in Table and the elution profile of the enzyme from the
CM-cellulose column is shown in Fig. 2. The activity
peak of the enzyme coincides with the major protein
peak indicating that the eluted enzyme is relatively
pure. The results of SDS-PAGE analysis are shown in
Fig. 3a. The presence of single protein band in lane 2
in which purified enzyme has been loaded indicates
that the enzyme is homogenous. The molecular weight
calculated from the SDS-PAGE data was 82 kDa. The
results of native PAGE analysis of the purified enzyme
are shown in Fig. 3b in which catalase has been loaded
in lane 1 and the purified enzyme has been loaded in
lane 2. In the native PAGE, the purified o.-L-rham-
nosidase gives single protein band which supports the
results of SDS-PAGE.

The K,, values determined for the purified enzyme
at 50°C in 0.1 mM sodium phosphate buffer pH 10.0
using p-nirophenyl-a-L-rhamnopyranoside and nar-
ingin as the substrate from double reciprocal plots (da-
ta not shown) were 0.65 mM and 0.95 mM respective-
ly. The K, values using the same substrate for p-nitro-
phenil-a-L-rhamnopyranoside purified from Fagopyrum
esculeutum [31], Bacteroides JY-6 [13], Pseudomonas
paucimobilis FP 2001 [32], Fusobacterium K-60 [14],
Penicillium decumbens [29] and Aspergillus aculeatus
RhaA and RhaB [11] have been reported to be 0.33,
0.29,1.180.057, 1.52 and 0.3 and 2.8 mM respectively.
Similarly, the reported K,, values using naringin as the
substrate for o.- L-rhamnosidases from Bacteroides JY-
6 [13], Pseudomonas paucimobilis FP 2001 [32], Fuso-
bacterium K-60 [14] and Penicillium decumbens [29]
were 0.89, 0.17, 0.021 and 7.0 mM respectively. Thus,
the purified a-L-rhamnosidase from A. clavato-nani-
cus MTCC-9611 had intermediate affinities for both
p-nitrophenyl-a-L-rhamnopyranoside and naringin
as compared to the reported o.-L-rhamnosidases.

The results of the dependence of activity of the pu-
rified enzyme from A. clavato-nanicus MTCC-9611
on the variation of the pH of the reaction mixture are
shown in Fig. 4a. The enzyme was active in a broad pH
range 4—12 but the maximum activity was at pH 10.0.
The most of the a-L-rhamnosidases reported so far
have pH optima either in the acidic [3, 11, 24, 25] or
Ne 3
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Fig. 2. Elution profile of the a-L-rhamnosidase from A. clavato-nanicus MTCC-9611 from CM-cellulose. / — protein; 2 — en-
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Fig. 5. HPLC of the ethyl acetate extract of the hydrolysis of naringin by a-L-rhamnosidase from A. clavato-nanicus MTCC-9611.
a — control — the ethyl acetate extract of | mM naringin in 0.1 M Na-phosphate buffer (pH 10.0); b — the ethyl acetate extract of

the enzyme (3 x 103 IU) treated naringin after 30 min at 30°C; ¢ — the ethyl acetate extract of the enzyme (3 x 10°3 1U) treated nar-

ingin after 1 h at 30°C.

neutral [4, 13, 26] pH ranges. Only a.-L-rhamnosidas-
es of Clostridium stercorarium [15], Sphingomonas
paucimobilis [33], Pseudomonas paucimobilis FP2001
[32] and bacterium PRI-1686 [34] have their pH opti-
ma values of 7.5, 8.0, 7.9 and 7.8 respectively. Thus,
the purified enzyme from A. clavato-nanicus MTCC-
9611 is the only a-L-rhamnosidase having pH opti-
mum at 10.0. This makes it more suitable for the enzy-
matic conversion of naringin to prunin, a pharmaceu-
tically important rare compound, because at this pH,
B-glucosidase activity even if present in the o-L-
rhamnosidase preparation will not be able to further
hydrolyze prunin to naringenin.

We detected also the pH stability of the purified en-
zyme in the pH range (2—12) and found that the en-
zyme was the most stable at pH 4.0.

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

The variation of the activity of the purified enzyme
with temperature of the reaction solution is shown in
the Fig. 4b. The temperature optimum of the enzyme
was 50°C. The temperature optima of the o.-L-rham-
nosidases reported in the literature [7, 9, 10, 34, 35]
were in the range 40—80°C.

One of the applications of o.-L-rhamnosidase is in
the conversion of naringin which is 4',5,7-trihydroxy-
flavanone 7-rhamnoglucoside to prunin which is
4',5,7-trihydroxyflavanone 7-glucoside. If B-glucosi-
dase activity is present in the a.-L-rhamnosidase prep-
aration, the glucose unit of prunin is further cleaved
giving naringenin which is 4',5,7-trihydroxyfla-
vanone. To make the a-L-rhamnosidase preparation
suitable for the conversion of naringin to prunin, it
must not contain -glucosidase activity or it must be
active in alkaline pH range where [-glucosidase
Ne 3
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should have no activity. Keeping these points in view,
crude preparation of o.- L-rhamnosidase from A. clav-
ato-nanicus MTCC-9611 was tested at pH 10.0 for the
conversion of naringin to prunin. The results of HPLC
analysis of the ethyl acetate extract of the enzymatic
hydrolysis products are shown in Fig. 5b, c. The peak
at retention time 3.99 min is due to naringin and the
peak with retention time 2.99 min is due to prunin.
Pure samples of naringin and naringenin gave peaks at
retention time 4.0 and 7.4 min respectively under
identical conditions. In Fig. 5, there is no peak corre-
sponding to retention time 7.4 min indicating that
there is no naringenin present in the enzymatic hy-
drolysis products of naringin showing that prunin is
not hydrolyzed to naringenin by crude enzyme prepa-
ration. In the ethyl acetate extract 76% of the enzy-
matic reaction products was prunin indicating that the
purified a-L-rhamnosidase from A. clavato-nanicus
MTCC-9611 can be used for the conversion of narin-
gin to prunin and prunin is not hydrolyzed to naringe-
nin under these conditions.
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