EKCIIEPUMEHTAJIBHI POBOTH

UDC 577.158.54

THERMAL STABILITY OF Cryptococcus albidus a-L-RHAMNOSIDASE
O. V. GUDZENKO, N. V. BORZOVA, L. D. VARBANETS

Zabolotny Institute of Microbiology and Virology,
National Academy of Sciences of Ukraine, Kyiv, Ukraine,
e-mail: nv_borzova@bigmir.net

Yeast as well as micromycetes o-L-rhamnosidases, currently, are the most promising group of en-
zymes. Improving of the thermal stability of the enzyme preparation are especially important studies. In-
crease in stability and efficiency of substrate hydrolysis by a-L-rhamnosidase will improve the production
technology of juices and wines. The aim of our study was to investigate the rate of naringin hydrolysis by
o-L-rhamnosidase from Cryptococcus albidus, and also some aspects of the thermal denaturation and stabi-
lization of this enzyme. We investigated two forms of a-L-rhamnosidase from C. albidus, which were obtained
by cultivation of the producer on two carbon sources — naringin and rhamnose. A comparative study of prop-
erties and the process of thermal inactivation of a-L-rhamnosidases showed that the inducer of synthesis had
no effect on the efficiency of naringin hydrolysis by the enzyme, but modified thermal stability of the protein
molecule. Hydrophobic interactions and the cysteine residues are involved in maintaining of active confor-
mation of the a-L-rhamnosidase molecule. Yeast o-L-rhamnosidase is also stabilized by 0.5% bovine serum
albumin and 0.25% glutaraldehyde.
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rhamnose.

-L-Rhamnosidase which is capable to cleave
a non-reduced terminal L-rhamnose residues

presented in both natural and synthetic glyco-
sides, oligosaccharides, polysaccharides, glycolipids
is one of the important enzymes used in juice- and
wine-making [1]. The flavonoids derivatives such as
rutin, neohesperidin, naringin, quercitrin, hesperidin
as well as ginsenosides and asiaticoside may serve
as natural substrates for this enzyme. These proper-
ties of a-L-rhamnosidase allow its use in various in-
dustries. The enzyme hydrolyzes terpene glycosides
such as rutinoside and thus contributes to the release
of aromatic compounds enhancing the flavor of juice
and wine. Cleavage of bioflavonoid naringin allows
removing the bitterness of citrus juices, especially
in grapefruit juice [2]. a-L-Rhamnosidase is widely
used in the chemical industry to obtain rhamnose
and natural glycosides [3]. It is significant that the
enzymes involved in all these processes are stable at
high temperatures in concentrated solutions of sub-
strates and products of reactions.
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From the point of view of production, yeast
is the best producer as it is characterized by a high
growth rate, resistance to outside microflora, ability
to assimilate a wide range of food sources and does
not pollute the air in contrast to micromycetes. Thus
far, a-L-rhamnosidase activity was found in Sac-
charomyces cerevisiae Tokaj 7, Hansenula anoma-
la, Debaryomyces ploymorphus 4], Aureobasidium
pullulans, Candida guilliermondii and Pichia angus-
ta X349 [5]. However, all these producers synthesize
intracellular a-L-rhamnosidases, that complicates
work with them.

Previously [6] the promising strain of Crypto-
coccus albidus 1001 as a producer of an extracellular
a-L-rhamnosidase was selected by screening of yeast
museum cultures of the Department of Physiology of
industrial microorganisms IMV NASU. The purified
enzyme preparation was obtained from C. albidus
culture supernatants [7].

The studies of the physicochemical properties
of a-L-rhamnosidase from C. albidus have shown
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that the enzyme exhibits high thermal stability in
a wide temperature range of 20 °C up to 70 °C at
pH 4.0-6.0 [7]. The study of the enzyme prepara-
tion composition [8] showed that aspartic, glutamic
and glycine are dominant amino acids and 1.2% of
cysteine and up to 31% of hydrophobic amino acids
are also present. The hydrophobic amino acids and
carbohydrates (5%) may attribute to the high stabili-
ty of the enzyme C. albidus. Since this enzyme has
a high affinity for naringin (K_ 0.77 mM), it opens
up prospects for its use in juice and wine production.

The aim of this work was to carry out a com-
parative study of thermal stability of the prepara-
tions of C. albidus a-L-rhamnosidase obtained by
the yeast growing on different carbon sources and to
investigate the mechanism of their thermal inactiva-
tion.

Materials and Methods

Two preparations of extracellular C. albidus
o-L-rhamnosidase, such as a-L-Rham R and o-L-
Rham N obtained by growing the producer respec-
tively on media with thamnose (5 g/l) or naringin
(5 g/1) as the sole carbon sources, were used in this
study. These preparations were characterized by dif-
ferent purification degree: 1) supernatant of culture
fluid (CF) 0.3 U/mg of protein, 2) partially purified
by gel filtration on Toyoperl TSK HW-60 enzyme
preparation (PP) 5.0 U/mg of protein (purification
degree 16.6) and 3) enzyme preparation additionally
purified by ion exchange chromatography on DEAE-
Toyopearl 650-s (Toyo Soda, Japan) according to the
previously developed procedure 12.5 U/mg of pro-
tein (purification degree 42) [7].

a-L-Rhamnosidase activity was determined by
the method of Davis [9] using naringin as substrate.
Protein was determined by Lowry assay [10].

Thermal inactivation of a-L-rhamnosidase was
studied at 60 and 65 °C, pH 5.2 (0.1 M phosphate-
citrate buffer (PCB)). The study of thermal inacti-
vation kinetics included the following steps: the en-
zyme samples (3 U/ml) in 3 ml of the appropriate
buffer were kept at given temperature for 1.5-3 h; the
aliquots in 0.1 ml were collected in definite inter-
vals (10-30 min) for measurement of residual a-L-
rhamnosidase activity. Inactivation rate constant
was determined from the slope of the line on the plot
showing dependence of the natural logarithm of the
residual enzyme activity value on time.

Enzyme molecular weight (Mw) was deter-
mined by gel filtration on Sepharose 6B column
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(1.3x52 cm) equilibrated with 0.1 M phosphate
buffer, pH 6.0. Elution of protein was monitored by
absorbance at 280 nm and enzyme activity. Molecu-
lar weight was determined using markers such as
bovine serum albumin (BSA) (67.0 kDa), ovalbumin
(43.0 kDa), carbonic anhydrase (30.0 kDa), soybean
trypsin inhibitor (20.0 kDa; Pharmacia, Sweden).

Enzyme treatment with glutaraldehyde was
carried out as follows: 10 ul of 25% glutaraldehyde
solution was added to 1 ml of the purified enzyme
solution (8 U/ml) and the mixture was incubated at
room temperature for 60 min. The remaining rea-
gent was removed by gel filtration on Sepharose 6B.
Thermal inactivation was carried out as described
above.

The effect of ionic strength on a-L-rhamno-
sidase thermal stability was studied as described
above using phosphate-citrate buffer at concentra-
tion range from 0.01 to 1.0 M, pH 5.2. The effect of
enzyme purification degree on its thermal stability
was studied at 0.5-5 U/mg of protein. The effect of
substrate concentration on the activity and the ther-
mal stability of a-L-rhamnosidases were evaluated
under standard conditions with 0.IM PCB, pH 5.2
and naringin concentrations range from 0.25 to
4.0 mM. BSA at concentration 0.5% was used to sta-
bilize enzyme preparations.

Reagents of thiol-disulfide exchange such as
dithiothreitol, mercaptoethanol, glutathione at con-
centration 10 M were used in the thermal inactiva-
tion experiments. Ellman's reagent was used to de-
termine the number of sulphydryl groups [11].

All experiments were performed in 3-5 repli-
cates. Statistical analysis of the experimental results
was carried out using Microsoft Excel 7.0 and the
Student’s #-test at 5% of statistical level [12].

Results and Discussion

Recently the mechanism of biocatalysts de-
naturation has been studied widely. The results of
these studies allow us to predict the behavior of the
enzyme in the changing conditions of the reaction
medium and to develop a strategy to increase the
stability of enzyme preparations used in various
biotechnological processes. The presence of glyco-
sylated sites in the polypeptide may determine the
stability of the enzyme at high temperature and other
factors of aggressive environment and may lead to
formation of supramolecular structures. Since en-
zyme glycosylation may directly depend on the
presence of carbohydrates in the media, the use of
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Fig. 1. Kinetic curves of thermal inactivation of C. albidus a-L-rhamnosidase with varying degree of purifica-
tion at 65 °C (CF - the supernatant of culture fluid, PP - partially purified enzyme preparation, obtained by

gel filtration on Toyoperl TSK HW-60), n = 3

various sources of carbohydrate supply during bio-
synthesis of inducible enzymes allows obtaining iso-
forms which differ in degree of glycosylation and
stability. a-L-Rhamnosidases of C. albidus obtained
by growing on two carbon sources such as naringin
and rhamnose and differing in degree of purification
were used in our experiments.

Study of the process of thermal inactivation of
C. albidus o-L-rhamnosidase of varying degrees of
purification showed that it depended on the carbon
source which was used for culturing the producer.
Thus, a-L-Rham N was more stable during the first
3 hours of incubation and then the activity of both
the supernatant and partially purified preparation
was reduced to 50% (Fig. 1). a-L-Rham R exhibits a
lower stability. Although activity of the supernatant
was not altered during the first 3 hours of incuba-
tion, it dropped rapidly to 90% of the initial value
during the next hour. The activity of the purified en-
zyme preparations began to decrease after one (a-L-
Rham R) or two (a-L-Rham N) hours of incubation.
The obtained results may depend on protein glyco-
sylation conditions such as varying carbon sources
in the growth medium and protective effect of the
impurities of the crude preparations. The experi-
ments with purified preparations also showed that
the introduction of 0.5% neutral protein such as BSA
to the reaction mixture stabilized a-L-Rham N and
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a-L-Rham R in thermal denaturation conditions in-
creasing the enzyme half-life by 50% (Fig. 2).

All further experiments were performed using
purified preparations of a-L-Rham N and a-L-Rham
R. It was shown during study of naringin hydrolysis
that a-L-Rham N hydrolyzed high substrate concen-
trations more efficiently (optimum activity was ob-
served at 3.5 mM) (Fig. 3).
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Fig. 2. Dependence of C. albidus a-L-Rham R and
a-L-Rham N activity on time at 65 °C in the presen-
ceof 0.5% BSA. *P<0.05,n=3
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Fig. 3. Dependence of enzyme activity on the naringin concentration, pH 5.2, 37°C, n = 5

Studies of the time course of naringin hy-
drolysis at various temperatures (Fig. 4) showed
that C. albidus a-L-Rham R completely hydrolyzed
2 mM naringin during 3 h at 60 °C. The time of hy-
drolysis increased to 4 hours when the temperature
lowered to 50 °C. A similar effect was observed for
a-L-Rham N. The obtained results indicate a high
potential of the use of these preparations in biotech-
nological processes. It was also shown that ther-
mal inactivation of a-L-Rham R and a-L-Rham N
was accelerated in the presence of 0.5% rhamnose
(Fig. 5). Thus, it should be noted that the enzyme
stability is decreased with increasing concentrations

of rhamnose — the resulting product of naringin hy-
drolysis, thus a well-timed removal of rhamnose
from the reaction media is required.

The study of kinetics of C. albidus thermal in-
activation at 60 °C (Fig. 6) showed a high stabili-
ty of both enzyme forms under these conditions,
although the a-L-Rham N exhibits a higher initial
activity as was indicated above. However, the time
courses of thermal denaturation of purified prepa-
rations have common characteristics. An analysis
of thermal inactivation curves at 20-60 °C allows
us to suggest that one or more "stable and unstable"
forms of this enzyme should be considered. Thus,
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Fig. 4. Time course of naringin hydrolysis by o-L-Rham R C. albidus at different temperature, n = 5
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Fig. 5. Time course of a-L-Rham R and a-L-Rham N
C. albidus thermal inactivation in the presence of
rhamnose 0.5% (pH 5.2, 65°C). * P <0.05, n =3

the inactivation results from a series of successive
conversions with formation of active intermediate
structure. Irreversible first order inactivation of the
successive stages was observed at temperature of 70-
80 °C. The thermal inactivation kinetic constants for
o-L-Rham R and oa-L-Rham N were calculated and
found to be 1.3x10-° and 1.6x10° ¢ at 60 °C, 5.1x10"
and 6,4x107 ¢! at 65 °C, 8.7x107 and 1.4x10* ¢! at
70 °C, respectively.

0.3 4

0.2

A decrease of Mw of a-L-Rham R and a-L-
Rham N (from 50 to 30 kDa) was observed during
denaturation. It may be assumed that the enzyme
active form exists in the associated state, however
these protein aggregates are broken-down under the
temperature effect, which contributes to the activity
loss.

An analysis of the time course of thermal
inactivation of both forms of C. albidus o-L-
rhamnosidase in solutions with varying ionic
strength showed (Fig. 7) that hydrophobic interac-
tions play a dominant role in maintaining the active
protein molecule conformation. That was evidenced
by a slight decrease in enzyme stability as the solu-
tion concentration was increasing. These results al-
low one to select reagents and conditions for C. albi-
dus o-L-rhamnosidase stabilization.

Resistance of enzymes to thermal denaturation
can be enhanced by the introduction of intra- and
intermolecular cross-links. Biocatalysts based on
cross-linked aggregates exhibit enhanced stabili-
ty and better stereochemical accessibility for im-
mobilizing agents [1]. They are characterized by
mechanical, chemical and thermal stability, high
activity and usually do not require the insertion of
foreign non-enzymatic substances. Glutaraldehyde is
the most commonly used cross-linking agent owing
to its ability to form polymers acting as crosslinkers
with varying length of bridges. It was shown that
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Fig. 6. Kinetics of thermal inactivation of C. albidus a-L-Rham N at different temperature, n = 5
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Fig. 7. Dependence of a-L-rhamnosidases C. albidus thermal inactivation rate constant on concentration of

PCB (pH 5.2, 60 °C), n = 3

the enzyme conformation structure which exhibits
high stability at 65 °C was formed at concentration
of glutaraldehyde of 0.25% (Fig. 8).

The formation of a rigid structure of the en-
zyme active site may not be crucial for the enzyme
activity or possible aggregation of molecules pre-
venting thermal denaturation. Obtained results may
serve as a base for creating stable immobilized form
of C. albidus a-L-rhamnosidase.

Various interactions and the presence of amino
acid residues may contribute to the protein mol-
ecule stability. Thus sulthydryl groups of cysteine
residues are very important for maintaining the ac-
tive protein conformation. These groups are effec-
tive nucleophilic agents with high reactivity. The
quantity of SH-groups in the molecule of C. albidus
a-L-rhamnosidase was calculated and was found
to be 8.64x107 mM per mg of protein. The study
of thermal denaturation process in the presence of
mercaptoethanol, dithiothreitol and glutathione
was carried out for clarification of the role of thiol-
disulfide exchange components in the stability of
C. albidus a-L-rhamnosidase. It was shown (Fig. 9)
that the presence of thiol-disulfide exchange agents
accelerated significantly the process of inactivation
of both C. albidus o-L-rhamnosidase forms, but
a-L-Rham N mostly. This data indirectly indicates
conformational differences between the enzymes
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Fig. 8 Thermal stability of C. albidus o-L-
rhamnosidases in the presence of glutaraldehyde

0.25% (pH 5.2, 65 °C). *P<0.05,n =15

(accessibility of cysteine or other amino acid resi-
dues) obtained under different conditions of culture
producer growth.

Thus, it was found that the thermal stability of
C. albidus o-L-rthamnosidases is directly dependent
on both the degree of enzyme purification and in-
ducer of synthesis. Although it should be noted that
a-L-Rham N exhibits a higher potential. Hydropho-
bic interactions and the presence of cysteine residues
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Fig. 9. Dependence of C. albidus a-L-rhamnosidases activity on time under the presence of thiol-disulfide

exchange agents (10° M) at 60 °C, pH 5.2, n = 3

made a significant contribution to the structure sta-
bilization of both enzyme forms. It was shown that
C. albidus o-L-rhamnosidase hydrolyzes naringin
effectively at high concentrations and increase tem-
peratures. Neutral protein (0.5%) and glutaraldehyde
(0.25%) stabilize the yeast a-L-rhamnosidase regard-
less of production method. The obtained results al-
low us to recommend this enzyme for use in biotech-
nological processes.

TEPMOCTABIJIBHICTb a-L-
PAMHO3UAA3MU Cryptococcus albidus

O. B. I'yoszenko, H. B. bop3sosa,
JI. JI. Bapbaneyw

[HcTUTYT MiKpOOioJIOTii 1 Bipycosorii
im. JI. K. 3a6onoraoro HAH Ykpaiau, Kuis,
e-mail: nv_borzova@bigmir.net

o-L-PamHO3Mma3m gk JOpLKIKIB, Tak i
MIKPOMIIIETIB € Ha ChOTOJIHI HAUTIEPCIIEKTUBHIIION
rpynoto  eHs3uMmiB. OcoOIMBO  BAXKIUBUMH €
JOCTIJKCHHS,  CIIPSMOBaHI  HA  MIJBUIICHHS
TEPMOCTaOIIBHOCTI €H3UMHHX IIpernapariB. Bus-
YeHHS TUIAXiB TiIBHINEHHS TEePMOCTaOIHHOCTI
Ta edexTuBHOCTI Tigpomizy cybcrpary a-L-
pPamMHO3U1a3010 JIO3BOJIUTH YIIOCKOHAITUTH
TEXHOJIOT1I0 BHUPOOHHMIITBA COKiB Ta BHH. Me-
TOK Hamol podoTu OyJo JOCHIIUTH MIBUIKICTH
Tiapomizy HapHUHTIHY a-L-paMHO3H 183010
Cryptococcus albidus, a TakoX HeSIKi acleKTH
Iporiecy TepMoJeHaTypallii Ta cradimizarii eH3u-
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My. byno mocinimkero 2 dopmu o-L-pamHO3uIa3U
C. albidus, onepaHi 3a BUPOLIYBaHHS IPOAYLICH-
Ta Ha PI3HUX JDKepelax BYTJCIIO — HAPUHTIHI Ta
pamuo3i. [TopiBHsJIbHE BUBUCHHS BJIACTUBOCTEH Ta
npouecy TepMmoiHakTuBauil uux o-L-pamHo3nnas
NoKaszajo, MO IHAYKTOp CHHTE3y HE BIUIMBAE
Ha e(EeKTHBHICTh TiApOJi3y HAPUHTIHY €H3H-
MOM, OJHAK BHOCHTEL 3MIHU B TEPMOCTaOIIBHICTH
IPOTETHOBOI MOJNEKYNH. Y MiATPUMAaHHI aKTHBHOI
koHpopmarlii Momekymu d-L-pamHO3ngazu  Oe-
PYTh ydacTh TipodoOHI B3aeMomii Ta 3aJIHIIKH
nucreiny. Takox MOXKHA CTaOLITi3yBaTH APiKIKOBY
a-L-pamuosunasy C. albidus 0,5%-um 6n4adum cu-
poBaTkoBUM anbOymiHOM 1 0,25%-MM TIIyTapoBHM
aJIbJIer110M.

Knwuosi cloBa: Cryptococcus
albidus, o-L-pamMHO3WM/Ia3a, TEPMOIHAKTHBAIII,
TEPMOCTaOUIBHICTh, HAPUHT1H, PAMHO3A.

TEPMOCTABUJIBHOCTbD a-L-
PAMHO3UAA3DbI Cryptococcus albidus

E. B. I'yozenxo, H. B. Bop3osa,
JI. J[. Bapbaney

WHCTUTYT MUKPOOHOJIOT Y U BUPYCOIOTHH UM.
. K. 3a6onmoraoro HAH Ykpaunsl, Kues;
e-mail: nv_borzova@bigmir.net

o-L-PaMHO3u1a3b1 Kak JAPOXKIKEH, TaK U MHU-
KPOMUIIETOB SIBIITFOTCSI B HACTOSAIIEE BPEMs OTHOU
U3 TIEPCIEKTHBHBIX Tpynm 53H3UMOB. OcoOEHHO
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BaYKHBI HCCIICIOBAHMSI, HANpaBJICHHBbIC Ha IOBHI-
HIEHHWE TEePMOCTAOMIIBHOCTH SH3UMHBIX IIpernapa-
TOB ¥ 3(PPEKTHBHOCTH THAPOIN3a UMH CyOCTpara,
YTO TO3BOJHUT YCOBEPIICHCTBOBATH TEXHOJIOTUIO
MIPOU3BOJCTBA COKOB M BUH. Llenbio paboTel ObLIO
HU3YYUTHh CKOPOCTh THUIPOJNM3a HapuHTHHA o-L-
pamHuo3uaasoii Cryptococcus albidus, a Takxe He-
KOTOpBIC acCHeKThl Mpolecca TePMOJCHATYpaliy
u cTabunu3anuu 3H3uMa. beuin ucciienoBaHsl aBe
thopmer a-L-pamuaosunaser C. albidus, momy4eHHbIE
IIPY BBIPAIIMBAHMM MPOAYLEHTa Ha Pa3IN4HbIX
HNCTOYHMKAX YTIJIEepoAa — HAPUHTUHE M PaMHO3E.
CpaBHHTEIBHOE HM3YUCHHE CBOWCTB M IIpolecca
TEPMOMHAKTUBALMU 3TUX 0O-L-paMHO3MzIa3 moxa-
3aJ10, YTO UHAYKTOP CUHTE3a HEe BIUACT Ha 3 dek-
TUBHOCTb I'MAPOJIN3a HAPUHTMHA YH3UMOM, OJTHAKO
H3MEHSIET TEPMOCTAOMJIBHOCTh MPOTEHHOBOH MO-
JeKyisl. B mogaepsxaHuM akTHBHON KOH(OpMaIUH
MOJIEKYJIbl 0-L-paMHO3MIa3bl y4acTBYIOT T'HAPO-
(oOHBIC B3aMMOACHCTBUS M OCTAaTKH LMCTEHHA.
o-L-Pamuosunasy C. albidus taxxe MOXHO CTa-
ounuzupoBath 0,5%-bIM OBIYBUM CHIBOPOTOYHBIM
anbOymMuHOM Hu 0,25%-bIM TIIyTapOBBIM aJIbACTH-
JIOM.

Knmouesrie cinoBa: Cryptococcus
albidus, o-L-pamHO3Ua32, TEPMOUHAKTHUBAIIUS,
TEpPMOCTaOMIIBHOCTh, HAPUHTUH, PAMHO3a.
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