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The aim of the work was to investigate the practical using of a-L-rhamnosidase substrate specificity
Cryptococcus albidus. p-Nitrophenyl derivatives of monosaccharides were used to determine the activity
and the enzyme specificity. The ability to hydrolyze of natural substrates was evaluated by Davis and
high-performance liquid chromatography methods. It was shown that the enzyme exhibited narrow
specificity towards the glycon of synthetic substrates and hydrolyzes only p-nitrophenyl-o-L-
rhamnopyranoside (K,, 4.5 mM) and p-nitrophenyl-o-D-glucopyranoside (K, 10.0 mM). C. albidus o-L-
rhamnosidase the most active degrades naringin (K, 0.77 mM), releasing prunin and naringenin. K, for
neohesperidin was 3.3 mM. The efficacy of the naringin hydrolysis in grapefruit and pomelo juice was 98
and 94% in 60 min (40 °C, 2 U/ml). As the result of of green tea and orange juice treatment by o-L-
rhamnosidase, there was a decrease in the content of rutin, narirutin and hesperidin, indicating that
a-1,2- and o-1,6-linked rhamnose could be cleaved from natural flavonoids. The study shows the
possibility of citrus juices and green tea treatment by C. albidus o-L-rhamnosidase for the purpose of
their taste qualities improvment and obtaining bioavailable flavonoids glucosides.
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citrus juices, green tea.

Currently, O-glycosyl hydrolases (enzymes
able to degrade the glycoside bond) are
employed in more and more biotechnological
processes, more only to proteases. Most such
enzymes are used to treat various plant-derived
materials. Among them, an important place
belongs to a-L-rhamnosidase (a-L-rhamnoside-
rhamnohydrolase — E.C. 3.2.1.40), which
splitted off the terminal unreduced o-1,2-,
a-1,4- and o-1,6- bound L-rhamnose, present
in natural glycoconjugates and synthetic
glycosides. Splitting the O-glycoside bond
occurs with preservation of the configuration
of the anomeric carbon atom (C; in the
cyclic form of the monosaccharide). Natural
substrates for the o-L-rhamnosidases are plant
glyscosides, glycolipids, gums, pigments,
resins, specific immunopolysaccharides,
heteropolysaccharides of bacterial cell walls,
saponins, glycoalkaloids, pectins, flavonoids
of many plants: grapes, citrus crops, green
tea, buckwheat, Sophora japonica, Rosa sp.,
Sorbus sp., Prunus sp., pepper, etc. [1, 2].
Plant bioflavonoids, the most common type

of natural polyphenolic compounds, have a
special place among possible substrates for
a-L-rhamnosidases. Flavonoids incite quite
understandable interest, since many studies
show their valuable properties for supporting
and improving human health; recently, they
were used to create certain cardio-vascular
drugs and antiviral and immunotropic
agents [3]. Yet the bio-accessibility of such
flavonoids for humans is rather limited, due
to the presence of carbohydrates (rhamnose,
glucose and galactose) [4]. The rutinoside
component (rhamnose+glucose) of flavonoids
in many plant products, was found to hinder
their intake in the gut [5]. The strong interest
to a-L-rhamnosidase is caused exactly by its
ability to split off the terminal rhamnose, thus
opening a wide field of possible applications of
the enzyme for biodegradation of flavonoids.
The rhamnose binds to glucose at different
positions (a-1,2-, o-1,4-, a-1,6 -) in different
flavonoid glycosides, and glucose itself has
to bind to the aglycone at the third or the
seventh carbon. Thus, selective glycosidases
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are needed to cleave the glycoside bonds
both inside the disaccharide and between the
carbohydrate fragment and the flavonoid
aglycone. Hence, studying substrate specificity
of o-L-rhamnosidase on various substrates
is an important stage of developing efficient
preparations for the biotransformation of
plant polyphenols and their further use. For
example, in the pharmaceutical industry, o-L-
rhamnosidase is applied to rutin and hesperidin
to obtain many medical substances based on
the flavonoid glycosides and deglycosylated
flavonoids [6]. Using o-L-rhamnosidases in
food industry is aimed at improving the quality
of drinks (decreasing the bitterness of citrus
juices, enhancing the wine aromas) and making
food additives (various biopolymers and
sweeteners) [7]. As a byproduct of enzymatic
hydrolysis of plant glycosides, the rhamnose
can be accumulated in large quantities and
used afterwards to produce rhamnolipids for
cosmetics.

There are reports of a few microbial
vigorously a-L-rhamnosidases which have
specificity to certain flavonoids. These
enzymes of Aspergillus and Penicillium were
highly specific to rutin and naringin [8-11].
The ability to hydrolyze naringin, hesperidin,
rutin, narcissin was found for probiotic
bacteriae vigorously [12, 13] and bacilli [14].
A few yeast sources were also described of
a-L-rhamnosidase with high biotechnologic
potential [15].

We isolated the enzyme from yeast
Cryptococcus albidus and studied some of
its physico-chemical, kinetic and catalytic
properties [16]. Our current study was aimed
at substrate specificity of C. albidus o-L-
rhamnosidase towards some synthetic and
natural substances, and at estimating the
enzyme’s ability to degrade flavonoids in citrus
juices and green tea.

Materials and Methods

a-L-rhamnosidase preparation was obtained
from the supernatant of the C. albidus cultural
liquid by precipitation in ammonium sulfate (to
90% saturation) followed by chromatography
on charged and neutral TSK-gels (DEAE-
Toyopearl 650-s and Toyopearl HW-60 “Toya
Soda” Japan, respectively) [16]. Specific o-L-
rhamnosidase activity of the preparation was
12 units/ mg protein.

The glycosidases activities were determined
using the synthetic substrates: n-nitrophenyl-
o-L-rhamnopyranoside, n-nitrophenyl-a- and
B-D-galactopyranoside; n-nitrophenyl-a-

36

and B-D-glucopyranoside; n-nitrophenyl-N-
acetyl-B-D-galactopyranoside; n-nitrophenyl-
N-acetyl-a- and p-D-glucopyranoside;
n-nitrophenyl-B-D-glucuronide; n-nitrophenyl-
B-D-xylopyranoside; n-nitrophenyl-a-D-
mannopyranoside; n-nitrophenyl-a-D-
fucopyranoside (Sigma-Aldrich, USA).

To assay the glycosidase activity, 0.1 ml of
enzyme solution was mixed with 0.2 m1 0.1 M
phosphate-citrate buffer (PCB) of pH 5.2 and
0.1 ml 0.01 M solution of the substrate in
PCB. The mixture was incubated for 10 min
at 37 °C. The reaction was stopped by adding
2 ml 1 M solution of sodium bicarbonate. To
control samples, the same components were
added, but in reverse. The amount of released
n-nitrophenol as a result of hydrolysis was
determined colorimetrically at 400 nm [17].
One unit of enzyme activity was defined as the
amount of the enzyme which hydrolyzed 1 pmol
substrate per minute.

The o-L-rhamnosidase activity was
followed Davis method[18] using natural
substrates (naringin, neohesperidin). Reaction
mixture comprised 1 ml 0.05 % naringin
or neohesperidin in 0.1 M PCB with pH 5.2
and 1 ml enzyme solution. The mixture was
incubated for 60 min at 37 °C. To each aliquot
of 0.2 ml, we added 10 ml diethylenglycole
and 0.2 ml 4M NaOH. The mixture was kept
at room temperature for 10 min, and the
intensity of yellow coloring was measured
spectrophotometrically at 420 nm. One unit of
activity was defined as the amount of enzyme
which releases 1 pmol substrate per minute.

Maximal velocity (V,,.,) and Michaelis
constant (K,) were determined by the
Lineweaver — Burk plots [19].

Grapefruit, orange and pomelo juices were
obtained from fresh fruit. Juice samples were
extracted and filtered to exclude seeds and
skins. Standard flavonoid solutions (rutin,
neohesperidin, naringenin, quercetin, prunin,
narirutin, hesperidin) were prepared in
concentration of 1 mg in 1 ml 50% ethanol.
Enzyme preparation was dissolvedin 0.1 M PCB
at 1 mg/ml (12 units). 0.1 ml enzyme solution
was added to 2 ml juice and incubated at
40 °C for 60 min. Control samples had 0.1 ml
0.1 M PCB+2 ml juice. The reaction was stopped
by adding 1 ml anhydrous ethanol to 2 ml of the
sample and vigorously mixing. Then, the samples
were centrifuged at 10000 rpm for 10 min, the
supernatant was filtered and analyzed by high
performance liquid chromatography (HPLC).

Green tea leaves were treated in the
following way. 1.5 g of tea was boiled for 5 min
in 150 ml water with 0.5 ml dimethyl sulfoxide.
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Then the samples were processed as above. The
control sample had 0.1 ml1 0.1 M PCB to 2 ml
tea solution.

Quantitative and qualitative flavonoid
analysis was done on liquid chromatographer
Agilent 1200 HPLC with a diode matrix detector
at 280 nm. Samples were injected into column
Zorbax SBC18(2.5x150 mm; 3.5 um). Thermostat
temperature was 27 °C. The calibration curves
were built by used the commercial flavonoid
preparations (Sigma-Aldrich, USA).

The quantitative and qualitative analysis
of flavonoids was carried out in the Center for
collective equipment use at the Institute for
microbiology and virology of NAS of Ukraine.

All experiments were replicated 5—8 times.
Analysis of the data was done using Student’s
t-criterion. The results, presented graphically,
were obtained using the Microsoft Exel 2003
software. Values were considered significant
at P <0.05.

Results and Discussion

Currently, the enzymatic degradation
of carbohydrate-linked flavonoids is
considered one of efficient methods to
obtain the biologically active substances for
pharmaceutics, medicine and food production
[2, 38, 6, 7]. Microbial naringinases and
o-L-rhamnosidases are able to bioconvert
flavonoids safely [8, 9]. There are reports of
highly active sources of such enzymes, and
their biotechnological potential is studied with
regards to substrate specificity [20].

According to literature, various o-L-
rhamnosidases are able to hydrolyze the a-1,2,
a-1,3-, a-1,4- and a-1,6-glycoside bonds
and show higher affinity to plant flavonoids
compared to the synthetic analogues [2, 20].
K, for n-nitrophenyl-o-L-rhamnoside is from
0.057 to 2.8 mM, for naringin it is 0.021-
1.9 mM, for hesperidin 0.02-1.3 mM, for
rutin 0.028-1.44 mM, for quercitrin 0.077—-
0.89 mM, and for poncirin 0.02-0.93 mM.

Westudied substrate specificity of C. albidus
o-L-rhamnosidase both for the synthetic
n-nitrophenyl derivatives of monosaccharides
and for the natural flavonoids such as naringin
and neohesperidin. o-L-Rhamnosidase of
C. albidus had higher affinity to naringin and
neohesperidin than to synthetic analogues,
according to the respective values for K, and
V,ax/ Ky, for the hydrolysis of the substances
(Table). Such specificity is characteristic for
other yeast o-L-rhamnosidases [15, 20]. As to
the synthetic derivatives of monosaccharides,
it was narrow specific towards glycon; we

showed that the enzyme was able to cleave only
n-nitrophenyl-a-L-rhamnopyranoside and
n-nitrophenyl-f-D-glucopyranoside (Table).

To evaluate the ability of C. albidus o-L-
rhamnosidase to biotransform flavonoids we
used freshly prepared citrus juices (orange,
mandarin, grapefruit and pomelo) as well as
green tea. All these drinks have polyphenolic
substances which can negatively impact
the product taste, or have only limited
bioavailability. Thus, large quantities of
naringin are the reason why many citrus
juices are bitter. They can be removed
using naringinases, rutinosidases and o-L-
rhamnosidases, which transform naringinin
to less bitter prunin and naringenin [1, 7]. The
presence of hesperidin and neohesperidin in
orange and mandarin juices is the reason why
they become cloudy and crystallize. Using the
rhamnosidases in their production allows to
avoid this and improve the taste. Splitting off
the glycon of rutin allows to obtain biologically
active isoquercitrin and quercetin, as well as
to increase their amount in the product [4, 6,
8-10].

We tested the efficiency of commercial
preparations of naringin, neohesperidin,
citrus juices and green tea with the C. albidus
o-L-rhamnosidase. We showed that in all of
these cases, the enzyme was able to hydrolyze
the flavonoids. o-L-rhamnosidase hydrolysed
naringin to prunin and naringenin both in the
commercial preparation and in the pomelo and
grapefruit juices (Fig. 1, 2). We observed the
naringin concentration drop by 98 and 94%
of the initial quantity. Prunin production
was significantly higher than naringenin
production. The latter concentration at the end
was 5.4 and 2.5% for grapefruit and pomelo,
respectively. Cleaving off of rhamnose and
glucose happened gradually as a result of the
o-L-rhamnosidase and B-glucosidase activity
of the preparation. Also, one-stage cleaving
off of the disaccharide rutinoside did not
occur. Based on the results of the purification
of C. albidus o-L-rhamnosidase [16] and the K
Ta V,.x/ K., for the hydrolysis of n-nitrophenyl-
o-L-rhamnopyranoside and n-nitrophenyl-B-D-
glucopyranoside, we suppose that this is one of
the same enzyme — an a-L-rhamnosidase with
nonspecific B-glucosidase activity. Another
term for such enzymes is naringinase[7, 14, 20].

Glycoside removal in commercial
preparations of naringin and neohesperidin
also occurred fairly fast. Thus, after 60 min
the flavonoid amount dropped from 500 pg/
ml to 20 and 100 ng/ml, respectively. We
also noticed that the o-L-rhamnosidase of
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Substrate specificity of C. albidus o-L-rhamnosidase

Substrate Bond type | K ,,mMM | V_ ...pmol/min/mg |V . /K,
n-nitrophenyl-o-L-rhamnopyranoside o-1 4.5 15 3.3
n-nitrophenyl-B-D-glucopyranoside B-1 10 5 0.5
n-nitrophenyl-a-D-galactopyranoside a-1 - 0 -
n-nitrophenyl--D-galactopyranoside B-1 - 0 -
n-nitrophenyl-N-acetyl-o-D-glucopyranoside o-1 - 0 -
n-nitrophenyl-N-acetyl--D-glucopyranoside B-1 - 0 -
n-nitrophenyl-N-acetyl-B-D-galactopyranoside B-1 - 0 -
n-nitrophenyl-f-D-glucuronide B-1 - 0 -
n-nitrophenyl-o-D-glucopyranoside o-1 - 0 -
n-nitrophenyl-o-D-fucopyranoside o-1 - 0 -
n-nitrophenyl-p-D-xylopyranoside B-1 - 0 -
n-nitrophenyl-o-D-mannopyranoside a-1 - 0 -
Naringin o-1.2 0.77 36.0 46.8
Neohesperidin a-1.2 3.3 10.0 3.1

Fig. 1. Naringin hydrolysis in grapefruit juice by the action of C. albidus o-L-rhamnosidase

(40 °C, 60 min), determined by HPLC:

naringin concentration: 1 — 255 ng/ml; 2 — < 5 ng/ml; naringenin concentration 3 — 14 pg/ml

38




Experimental articles

C. albidus actively hydrolyzed narirutin, Thus, by specificity of action and the
naringin and hesperidin in orange juice ability to cleave off a-bound rhamnose
(Fig. 3), similarly to o-L- rhamnosidase of of natural and synthetic substrates, o-L-
Aspergillus aculeatus[9]. We also noted lower rhamnosidase of C. albidus is close to
amount of rutin in green tea after enzyme o-L-rhamnosidases and naringinases of
treatment (Fig. 4). Penicillium decumbens, Aspergillus niger,
1
2
3

Fig. 2. Naringin hydrolysis in pomelo juice by the C. albidus o-L-rhamnosidase (40 °C, 60 min),
determined by HPLC:
naringin concentration: 1 — 915 ng/ml; 2 — < 60 png/ml; naringenin concentration: 3 — 24 nug/ml

Fig. 3. Concentration of naringin, naringenin, hesperidin and narirutin in orange juice before
and after C. albidus o-L-rhamnosidase treatment:
40 °C, 60 min
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Aspergillus aculeatus, Cryptococcus
laurentii [20], but its activity
is 1.5-2 times higher. We also
showed that o-L-rhamnosidase of
C. albidus cleaved the naringin
of citrus juices into prunin and
naringenin relatively fast. The
glycoside removal efficiency was
94 and 98%, respectively. The
enzyme showed ability to hydrolyze
naringin, neohesperidin, narirutin,
hesperidin and rutin, evidence of
the high potential of C. albidus
a-L-rhamnosidase for use in the
industries of juice production
and to obtain biologically active
flavonoids.

Fig. 4. Rutin concentration in green tea before and after treatment
with C. albidus a-L-rhamnosidase: 40 °C, 60 min, HPLC

1.

2.
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JTETPAJIAILS ®JIABOHOIIIB
o-L-PAMHO3SHIA3O0IO Cryptococcus albidus

H.B. Bopsosa, O. B. I'ydsenko, JI. /]. Bapbaneyw

IacTuryT MikpobioJorii i Bipycosorii
im. [I. K. 3abonxoraoro HAH Vkpaiuu, Kuis
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MeToio poboTu OyJI0 AOCTIAUTU MOIKJIUBO-
CTi NMPaKTUYHOTO 3aCTOCYBaHHA cyOcTpaTHOI
cuenudiunocti o-L-pamuosunasu Cryptococcus
albidus. [l BU3HAUEHHA aKTUBHOCTI Ta CIIEIN-
(iunocTi Aii eH3UMY BUKOPUCTOBYBAJIU N-HiTPO-
deHinpbHi moxigHi MoHocaxapumiB. 3maTHiCTH
rirponisyBaTu mpupoaHi cybcTpaTH OIiHIOBAIN
metonamu Davis i BucokoeeKTUBHOI PifnHHOL
xpomarorpadii. BcranoByeHo, 110 €H3UM BUSB-
Js€ BY3bKY clenu@ivHicTh MIO0A0 TJIIKOHY CHH-
TeTUYHUX cybcTparTiB, rigposisye TinbKku n-Hi-
tpodeHin-a-L-pamuonipanosuy (K, 4,5 MM) Ta
n-Hirpodenin-B-D-ratoronipanosun (K, 10 mM).
HaitedpexTusuinre o-L-pamuosunasa C. albidus ne-
rpagyBasia Hapuarid (K, 0,77 mM), BuBinbHIOIOUN
npyHiH Ta HapuHTreHiH. K 114 Heorecnepuguny
mopiBuioBasna 3,3 MmM. EdexTuBHicTs rigposisy
HapUHTiIHY IpeiindpyToBOro Ta IOMEJJOBOTO COKY
cranosmia 94 ra 98% 3a 60 xB (40 °C, 2 ox/mi). ¥
pe3yabTaTi 00pobJIeHHS 3€JIEHOTO Yal0 Ta alleIbCH-
HOBOTI'O COKY BiJ[3Ha4ajoCs 3MEHIIIeHHS BMIiCTY Py-
TUHY, HADUPYTUHY Ta recliepuanHy, 110 CBifUYuTh
Ipo 3MaTHICTH O-L-paMHO3UIa3MW BiJIEeNIIOBaATH
a-1,2- tra o-1,6-3B’A3aHY paMHO3Y BiJ IPUPOTHUX
daaBoroifiB. Takum unHOM, ITOKa3aHO e(DEKTUB-
HicTb BUKopuctanusa o-L-pamuosunasu C. albidus
IJis Tigpoaisy ¢pIaBOHOIAIB ITUTPYCOBUX COKiB Ta
3€JIEHOT'0 Yalio 3 METOIO MOJIINIITeHH IXHiX CMaKo-
BUX BJIACTHBOCTEH Ta OTPUMAHHA 6i0ZOCTYIHUX
TJIIOKO3UAIB (DJIaBOHOIiB.

Knwwuosi cnosa: Cryptococcus albidus, o-L-
pamMHO3Uga3a, HAPUHIIH, HEOTeCIepUAH, PYTHH,
¢1aBOHOIAM, IUTPYCOBi COKM, 3€JIeHUI Yaii.

AETPATATIUS ®JTABOHOUTOB
o-L-PAMHO3SHA30MU Cryptococcus albidus

H. B. Bopsosa, E. B. I'ydsenko, JI. JI. Bapbaney

NHCTUTYT MUKPOOMOJIOTHY U BUPYCOJIOTUN
um. [1. K. 3ab6oxoraoro HAH VYkpauns:, Kues

E-mail: nv_borzova@bigmir.net

ITenbio poOOTHI OBIIO MCCIAENOBATH BO3MOMK-
HOCTH ITPAKTUUECKOT0 IPUMEHEeHUs CyOCTpaTHOMN
cuenupuunocTu o-L-pamuosuznassr Cryptococcus
albidus. [lyia onpeneneHus aKTUBHOCTY U CIEIM-
pUUHOCTHU AeWCTBUSA OSH3UMA HCIOJH30BAJU
n-HUTpo(heHUIbHBbIe TPOU3BOJHBIE MOHOCAXAPHU-
noB. CITocoOGHOCTh TUAPOJIM30BATEH IPUPOIHEIE CYO-
CTpaThl OIleHuBaJIx MeTogamMu Davis 1 BEICOK03(-
(GEeKTUBHOM KUAKOCTHON XpoMaTorpaduu. Ycra-
HOBJIEHO, YTO SH3UM IPOSBJIAET Y3KYIO Crierudud-
HOCTBH OTHOCUTEJIbHO IINKOHA CHHTETUUECKUX CY0-
CTPATOB U TUAPOJIUIYET TOJIBKO N-HUTPODEHUII-CL-
L-pamuonupanosuz (K, 4,5 MM) u n-autpodern-
B-D-rurokonupanosuz (K, 10 MM). HaubGosee ax-
TUBHO O-L-pamuosupmasa C. albidus gerpagupyer
napunruH (K, 0,77 MM), BbIcBOGOKZAsA IPYHUH U
HapuHTeHUH. K 114 HeorecnepuamHa cocTaBuUiIa
3,3 MM. 9 (HeKTUBHOCTb T'UAPOJIN3a HAPUHTTHA
B I'Pefn@dpyTOBOM U IIOMEJIOBOM COKEe COCTaBUJA
94 u 98% 3a 60 mun (40 °C, 2 en/mi). B pesyiib-
TaTe 00paboTKu O-L-paMHO3UIa30# 3eJIeHOT0 Uas
U ameJIbCHHOBOI'O COKa OTMeYajioCh CHUYKEHUe CO-
Iep:KaHud PYyTUHA, HAPUPYTUHA U TeclepuauHa,
YTO CBUMETEJIHCTBYET O CIIOCOOHOCTU OTIIEILIATH
0-1,2- m o-1,6-cBA3AHHYI0 PAMHO3Y OT IIPUPOJI-
HBIX (raBoHOMIOB. TakuMm o6pasom, mokasaHa ad-
(GeKTUBHOCTD UCIIOJIb30BAHUA (-L-paMHO3UIa3EI
C. albidus nns o6paboTKU IMUTPYCOBLIX COKOB U
3€JIEHOTO Yas C I[eJIbI0 YIYUIIeHU UX BKYCOBBIX
KauecTB U IMOJIYUeHU s OMOJOCTYITHBIX TUIIOKO3U/IOB
()JIaBOHOWIOB.

Knwueswvie cnosa: Cryptococcus albidus, o-L-
paMHO3U/la3a, HAPUHTWH, HEOTeCIePUIUH, DY-
THH, (DJIABOHOUIBI, ITUTPYCOBLIE COKU, 3€JIEHBIH
yaii.
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