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By modifying carbohydrate component of glycoproteins it is possible to elucidate its role in manifesta-
tion of structural and functional properties of the enzyme. The comparison of activity and stability of the na-
tive and modified by oxidation with sodium periodate a-galactosidase of Cladosporium cladosporioides was
carried out. To determine a-galactosidase activity the authors used n-nitrophenyl synthetic substrate, as well
as melibiose, raffinose and stachyose. Modification of the carbohydrate component had a significant effect on
catalytic properties of the enzyme. Both the reduction of V. and enzyme affinity for natural and synthetic
substrates were observed. The native enzyme retained more than 50% of the maximum activity in the range of
20-60 °C, while for the modified enzyme under the same conditions that temperature range was 30-50 °C. The
modified o-galactosidase demonstrated a higher thermal stability under neutral pH conditions. The residual
activity of the modified a-galactosidase was about 30% when treated with 70% (v/v) methanol, ethanol and
propanol. About 50% of initial activity was observed when 40% ethanol and propanol, and 50% methanol
were used. It was shown that the modification of C. cladosporioides o-galactosidase by sodium periodate
is accompanied by a significant decrease in enzyme activity and stability, probably caused by topological
changes in the tertiary and quaternary structure of the protein molecule.
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lycosylation is one of the most important
G post-translational modifications, both in-

tegrated membrane and secretion proteins
being subjected to it. Glycosylated proteins play an
important role in bioregulation, transport, identifi-
cation of biological micromolecules. The investiga-
tions of composition, synthesis and biological sig-
nificance of glycoproteins cause great interest today,
since they can help to establish the structure-func-
tion consequences of glycosylation and the role of
carbohydrate component in the processes of protein
functioning [1].

Proteins may be glycosylated following the pat-
tern of N- and O-glycosylation. N-glycosylation is
performed by asparagin distributed over one ami-
no acid residue from tryptophan, and proceeds by
stages. In the process of O-glycosylation one-two
carbohydrate residues are mainly added to serine
and threonine as well as to hydroxylysine and hy-
droxyproline. Mannose, galactose, glucose, xy-
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lose, fucose, arabinose, N-acetyl-D-galactosamine,
N-acetyl-D-glucosamine are the most distributed
monosaccharides being the components of glyco-
proteins; but this list has been considerably exten-
ded in the recent years [1, 2]. The number of sites of
N- and O-glycosylation per one molecule may differ
considerably among the enzymes of one group, dif-
ferences in protein glycosylation degree are shown
both for the enzymes from various producers and for
those obtained under different conditions of growing
one and the same biosynthetic. The presence of N-
glycosylated sites in polypeptide may determine the
enzyme stability and create a possibility of forma-
tion of supermolecular structures. N-bound carbo-
hydrates play a significant role in secretion, since
they are mainly found in extracellular enzymes in
the composition of the molecule linker site. O-glyco-
sylation prevents from accumulation of the substrate
molecules in the binding centers of the enzyme and
provides their stoichiometric binding. Highly glyco-
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sylated enzymes are as a rule distinguished by re-
sistance to the influence of high temperatures and
other factors of the reaction medium [1].

We have earlier obtained a-galactosidase (EC
3.2.1.22) of Cladosporium cladosporioides, and it
has been shown [2] that it is a high-molecular en-
zyme with Mw 400 kDa, consisting of 4 subunits.
The enzyme has been glycosylated following the
mixed type, the content of carbohydrates is 10%
(m/m). Mannose and D-glucosamine have been
identified in the composition of C. cladosporioides
a-galactosidase, arabinose and rhamnose have also
been found, and their amounts prevailed. In this con-
nection the investigations of oxidation of such en-
zyme carbohydrate component are interesting both
from the viewpoint of glycosylation effect on gly-
coprotein activity and stability and on its effect on
formation of subunit interactions inside the enzyme
molecule. Broad substrate specificity of C. clados-
porioides a-galactosidase permits estimating the
contribution of the carbohydrate component to for-
mation of the enzyme-substrate complex.

Various approaches are used to study the role of
carbohydrates in the display of biological activity of
glycoproteins. One of the methods is chemical modi-
fication by means of oxidation with sodium perio-
date which favors the splitting of the pyranose ring
with formation of C3, C4-aldehydes. This method
is fit for nonselective effect on N- and O-bound oli-
gosaccharides under the minimal influence on the
polypeptide chain [3].

The work was aimed to obtain the o-gala-
ctosidase preparation oxidized by sodium periodate
and to conduct comparative investigations of activity
and stability of the native and modified glycosidase
of C. cladosporioides.

Materials and Methods

a-Galactosidase preparation was obtained
from the culture liquid of micromycetes C. clados-
porioides (Museum of Live Cultures, D. K. Zabo-
lotny Institute of Microbiology and Virology, NAS
of Ukraine) and purified by gel filtration and ion
exchange chromatography with Toyoperl HW-60,
DEAE-Toyoperl 650s u Sepharose 6B according to
already developed procedure [4].

a-Galactosidase activity was determined with
the help of synthetic substrate — n-nitrophenyl-a-D-
galactopyranoside (Sigma-Aldrich, USA) [5]. Protein
was determined by the Lowry method [6], and serum
albumin was used as a standard. The total amount of

carbohydrates was determined with phenol and sul-
furic acid [7].

a-Galactosidase activity, when using natural
substrate of melibiose, raffinose and stachyose, was
determined by the amount of formed galactose by
the Somogyi-Nelson method.

Such amount of enzyme, which hydrolysed
1 pwmol of substrate for 1 min in the experiment con-
ditions, was taken as the activity unit.

Effect of pH and temperature was investigated
in the range of pH 2.0-8.0, and temperature 20-70 °C.

Thermal inactivation of a-galactosidase was
conducted at temperature 40 and 52 °C, pH 3.5, 5.0,
6.0 and 7.0, where 0.1 M phosphate-citrate buffer
(PCB) was used. The kinetics of thermal inactiva-
tion was investigated as follows. The samples of na-
tive and modified enzyme 0.5 U/ml in 0.1 M of PCB,
with corresponding pH, were kept at pre-set tem-
perature during 3 h. Aliquots of 0.1 ml were taken
every 10-30 min, and a-galasctosidase activity was
measured.

Oxidation with periodate was conducted ac-
cording to the following method [9]. The enzyme
preparation (0.5 mg/ml of protein, 25 U/ml) in 0.1 M
of PCB was treated by 0.5 ml of 10 mM solution
of sodium periodate (Shanghai Synnad, China). The
reaction mixture was incubated for 15 min in dark-
ness. The oxidation process was stopped by adding
0.25 ml of ethylene glycol per 1 ml of the sample.
Then the reaction mixture was subjected to gel filtra-
tion on Sepharose 6B (0.1 M PCB, pH 5.2).

The dependence of activity of native and modi-
fied C. cladosporioides a-galactosidase on con-
centration of n-nitrophenyl substrate (from 0.1 to
10.0 mg/ml) was determined in standard conditions
(37 °C, pH 5.2).

The effect of alcohols (methanol, ethanol, pro-
panol, glycerol) was studied in standard conditions
(37 °C, pH 5.2) at various concentrations of reagents
(0-80%) and enzyme concentration 2 mg/ml.

Maximum reaction rate (V_ ) and Michaelis
constant (K ) were determined by Lineweaver-Burk
method [10].

All experiments were repeated no less than 3-5
times. Statistical processing of the results of experi-
mental series was performed by standard methods
with the use of Student’s t-criterion at 5% level of
significance. The results were processed and pre-
sented as diagrams with the help of the program
Microsoft Excel 2003. The values at P < 0.05 were
considered as reliable.
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Results and Discussion

The effect of glycosylation on thermodynamic
and kinetic properties of proteins is poorly studied
now. However, a significant role of the carbohy-
drate component in ensuring stability and in the
processes of protein folding gains ever increasing
corroboration in the works of recent years [11, 12].
And moreover, the works directed to increasing sta-
bility by chemical glycosylation of proteins receive
more and more recognition [13]. At the same time,
deglycosylation of proteins can result both in insig-
nificant changes of their properties and in complete
loss of functional activity. Oxidation with sodium
periodate permitted obtaining a modified form of
C. cladosporioides a-galactosidase with low content
of carbohydrate part (the amount of carbohydrates
decreased to 3.2%, m/m). The modification resulting
in the decrease of carbohydrates content to 2% and
below was accompanied by practically complete loss
of a-galactosidase activity.

A decrease of such indices as maximum rate
of substrate hydrolysis (V_ ) and affinity for the
substrate (K ) was shown as a result of investiga-
tion of the substrate concentration effect on activity
of native and modified a-galactosidase. The activi-
ty in respect of the synthetic substrate decreased
from 23.8 U/mg to 3.9 U/mg of protein; a decrease
of hydrolysis rate of melibiose, raffinose and stachy-
ose was observed as well (Table). A simultaneous
decrease of the enzyme affinity for nitrophenyl and
natural substrates was noted. But as soon as the ob-
served K differences were inconsiderable, one can
suppose that the substrate-binding sites were not
touched upon as a result of decreasing the glycosyla-

tion degree, and a decrease of catalytic activity is
connected with conformational changes of a protein.

A decrease of activity and stability of the
modified preparation was also noticed as a result
of studying physico-chemical properties of the ob-
tained C. cladosporioides a-galactosidase. Thermal
optimum of the modified enzyme, as well as of the
native one, is observed at 50 °C, but (Fig. 1) such
a temperature range narrowing is observed on the
background of the decrease of the enzyme activity,
a-galactosidase activity being noted. The native en-
zyme holds more than 50% of maximal activity in
the range of 20-60 °C, while for the modified en-
zyme this range is 30-50 °C under the same condi-
tions. Investigations of pH-optimum of C. clados-
porioides a-galactosidase have shown (Fig. 2) a
certain shift in the range of activity of the modified
enzyme from the acid to neutral zone.

Thermal stability of the native and modi-
fied enzymes was also studied under different pH
values. The native (glycosylated) enzyme displayed
a higher stability and activity in the experiment
conditions. It was established (Fig. 3) that the re-
sistance of enzymes to thermal denaturation was in
direct dependence on the reaction medium pH. The
modified enzyme displayed a higher stability in the
neutral pH zone, while the native a-galactosidase ac-
tivity was longer at acid pH values of the medium.
These data can indirectly indicate that the number of
sites of the enzyme glycosylation decreased as a re-
sult of treatment by sodium periodate. In accordance
with the latest experimental data [11] the degree of
thermal stabilization of protein depends, to a con-
siderable extent, on the position and number of gly-

Kinetic parameters of the native and modified o-galactosidase of C. cladosporioides

Kinetic parameters \

Native a-galactosidase

Modified a-galactosidase

V_ , umol/min/mg of protein, pNPG

max

K_, mM, pNPG

V_, umol/min/mg of protein, melibiose

max

K,» mM, melibiose

V_ , umol/min/mg of protein, raffinose

max

K,» mM, raffinose

V_, umol/min/mg of protein, stachyose

max

K,» mM, stachyose

23.8+0.5 39+£0.1%
0.90 £ 0.05 1.14 +£0.05
1.60 £ 0.05 0.80 £ 0.02*
1.70 + 0.06 1.90 £+ 0.06
3.30+0.08 2.70 = 0.05*
2.20+0.04 3.10+0.07*
2.50 £0.05 1.30 £ 0.03*
1.80 +£0.03 2.50 £ 0.05*

Note: *P <0.05
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Fig. 3. Curves of thermal inactivation of the modified a-galactosidase of C. cladosporioides at different pH

values, A - 40 °C, B - 52 °C (n = 3)

cosylation sites and is practically independent of the
size of the attached glycan.

Investigations concerning the effect of alcohols
on residual activity of two forms of C. cladospori-
oides a-galactosidase have shown (Fig. 4) that the
enzyme displays a rather high resistance to the effect
of organic solvents. Thus, about 30% of residual en-
zyme activity was noted under treatment with 70%
(v/v) methanol, ethanol and propanol. About 50% of
initial activity was recorded when using 40% etha-
nol and propanol, as well as 50% methanol. When
analyzing the inactivation curves, one can make a
conclusion that, all other things being the same, the
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inhibiting effect is intensified with the increase of
the alcohol hydrocarbons chain length. A decrease
in activity of the modified a-galactosidase in the
presence of glycerol was also noted, while the pro-
tective effect of this reagent during 3 h (65 °C) was
observed for the native enzyme [14]. This may point
to the topological changes caused by the removal of
glycoprotein carbohydrate component.

The value and contribution of the carbohydrate
component to the display of biological activity of
various glycoproteins is actively discussed in cur-
rent literature [1, 9 11, 13]. The modulation of bio-
physical properties as a result of deglycosylation or,
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vice versa, glycosylation of protein molecule permits
speaking of the controlled effect on such properties
of biologically active molecules as their structure,
stability and functions. Such modifications extend
the areas of using glycoproteins in biochemical and
biomedical technologies.

The significant role of carbohydrate component
in the display of catalytic and kinetic properties of
C. cladosporioides o-galactosidase was shown as a
result of conducted investigations. It was first shown
that the modification of a-galactosidase with so-
dium periodate was accompanied by a considerab-
le decrease of the enzyme activity and stability. A
comparative study of pH-, thermal stability, activi-
ty in respect of synthetic and natural substrates of
the native and modified preparations gives ground
for making a conclusion about the contribution of
the carbohydrate component to the display of the
structural and functional properties of the given
glycosidase. We have also noted a decrease of not
only enzyme activity, but also its stability in con-
ditions of thermal denaturation. The native enzyme
has displayed the highest activity in the acid range of
pH, while neutral values were optimal for the modi-
fied enzyme. As a result of studying the chemical
denaturation it was shown that the inhibiting ef-
fect of alcohols is intensified with the hydrocarbons
chain lengthening. The results obtained will help to

10

develop a strategy of the enzyme glycosylation for
increasing its stability, which will allow us to use
a-galactosidase of C. cladosporioides more effi-
ciently in the processes of treatment of the soya and
sugar-containing raw materials in various branches
of food industry.

CTABLIBHICTHh HATUBHOI

TA MOJIUPIKOBAHOI
a-TAJTAKTO3UJA3HU Cladosporium
cladosporioides

H. B. bopsosa, JI. /. Bapbaneyw

IHcTUTYT MiKpoOioJorii i Bipycosorii
im. /. K. 3abonorHoro HAH Vkpainu, Kuis;
e-mail: nv_borzova@bigmir.net

Mopudikaiiiss ~ ByTJIEBOJHOIO  KOMIIOHCH-
Ta JO3BOJISIE BCTAaHOBUTHU HOrO0 pOJb y BHUSBI
CTPYKTYPHO-(QYHKIIOHAJIEHUX BIIACTHBOCTEH
rinikonpoteiniB. [IpencraBnena poGoTa mHpUCBS-
YeHa TMOPIBHSJIBHUM JOCHIJPKCHHSIM aKTHBHOCTI
i cTabiapbHOCTI HAaTUBHOI Ta MOJU(IKOBAHOI 3a
JONIOMOTOI0  OKHCJICHHS IEepHodaToM  HaTpilo
a-ranakrosunasu Cladosporium cladosporioides.
Jnst BU3HAUCHHSI aKTUBHOCTI 0-T'aJIAKTO3UAa3H BU-
KOPUCTOBYBAJIM CHHTETHYHHHA N-HITpOQEHITbHUHA
cyOcTparT, a Takoxx Meni0io3y, padiHo3y Ta cTaxiosy.
Mopaudikaiiisi ByriIeBOIHOTO KOMIIOHEHTA CIIPHYH-
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HsJIa 3HAYHWI BILUIMB HA KaTaJliTHYHI BJIACTHUBOCTI
CH3UMY, BIIMIYajoCs 3HWXKEHHA sk V ., TaKk i
CIIOPITHEHOCTI €H3UMY LIO/I0 PUPOIHUX I CHHTE-
TUYHHUX cyOcTpaTiB. HaTuBHMIA eH3uM 30epirae mo-
HaJ 50% BiJl MAKCUMAJIBHOT aKTUBHOCTI y Jiana3oHi
20—-60 °C, B TOM yac sk /11 MOIH(DIKOBAHOTO EH3UMY,
3a THX CAMHX yMOB, II€H J1ana3oH 3ByKY€ETbCs 1 CTa-
HoBUTH 30—50 °C. MoaudikoBaHa o-TajlakTo3m1a3a
XapaKTePU3YEThCS  BUIIOK  TEPMOCTAOIIBHICTIO
B HeWTpanbHil 30HI pH. 3anumkoBa akTHBHICTBH
MOJIM(IKOBAHOI 0-TaJlaKTO3UIa3u y pasi 00po0-
ku 70%-mu (V/V) METaHOJIOM, €TAaHOJOM Ta IPO-
naHonoMm cknana Omuszpko 30%. Bmmsbko 50%
BiJl BUXiZHOT aKTHBHOCTI peecTpyBayocs 3a BH-
kopuctanHst 40%-ro eTaHONy i MPOIMAHOJY, a Ta-
kox 50%-ro Mmeranomy. Bmepumie mokazaHo, 110
moaudikamis o-ranakrosunasu C. cladosporioides
NeprHoaaToOM HATPil0 CYNPOBOKYBalacs 3HAYHHM
3HMKEHHSIM aKTHUBHOCTI Ta CTaOlILHOCTI €H3UMY,
SIKE CHPUYUHEHE, MOXIJIHMBO, KOH(OpMaliiHUMH
3MiHaMH{ B TPETHHHIH Ta YETBEPTHHHIH CTPYKTYpi
MOJIEKYJIH IIPOTEIHY.

Knwyosi clIOBa: O-TaJaKTo3Maasa,
Cladosporium cladosporioides, nepiionat HaTpiro,
TKO3MITIOBAaHHS, MOTH(IKAITisL.

CTABUJIBHOCTHh HATUBHOM

U MOJIUPUIIMPOBAHHOM
a-TAJTAKTO3UIA3BI Cladosporium
cladosporioides

H. B. hopsosa, JI. /. Bapbaney

WHCTUTYT MUKPOOHOJIOTHH ¥ BUPYCOJIOTHH
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Monudukanust  yriieBOJHOTO  KOMIIOHEHTa
MO3BOJISIET YCTAHOBHTH €I'O POJb B IPOSIBICHUH
CTPYKTYPHO-(QYHKIIMOHAIILHBIX CBOHCTB TJIHKO-
nporenHoB. [IpencraBieHHass paboTa IOCBSIIE-
Ha CPaBHUTEIBHBIM HCCICOBAHUSM AKTHBHOCTH
W CTAaOMIIBHOCTH HATUBHOH W MOAM(UIIMPOBAH-
HOW C TIOMOIIBI0 OKHUCICHHS MEPHOJaTOM HATpPHUS
a-ramakrosunasel Cladosporium cladosporioides.
Juist ompeseneHusi aKTHUBHOCTH (-TaJIaKTO3UIa3bl
HCIIOJIb30BAIN CUHTECTHUYCCKUHT n-HUTpOde-
HUJIBHBIN cyOcTpar, a Takxke mMenuduosy, padou-
HO3y W cTaxuo3y. Monudukanus yriaeBOIHOTO
KOMITOHEHTa OKa3blBaJla 3HAUYHUTEIBHOC BIIHSHHE
Ha KaTaJUTHYECKHUE CBOWCTBA JH3MMa, OTMeua-
JIOCh CHHKEHHE Kak V., Tak M CPOJICTBA JH3MMa
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[0 OTHOLICHUIO K MPHUPOAHBIM M CHHTETHYECKUM
cyOctpatam. HaTuUBHBIN 3H3UM cOXpaHseT OoJiee
50% oT MakcMMaJabHON aKTHUBHOCTH B JMAalla30HE
20-60 °C, B TO BpeMs Kak sl MOAH(UIIMPOBAH-
HOTO DH3MMa B T€X € YCJOBHUSAX 3TOT JUANa3oH
cyxkaercsa u cocrasiser 30-50 °C. Mouudunmpo-
BaHHasl O-TajlaKTO3MJa3a XapaKTepu3yercs: Ooiee
BBICOKOH TEpMOCTaOMIBHOCTBIO B HEUTpasbHOU
30oHe pH. OctarouHasi akKTMBHOCTb MOIU(PHIIHPO-
BaHHOH O-TallakTo3uaa3bl nmpu obpadorke 70%-Mu
(V/V) METaHOJIOM, 3TaHOJIOM M MPOIAHOJIOM COCTa-
Buja okoio 30%. Oxomno 50% ot ucxomaHO aKTUB-
HOCTH PETUCTPUPOBAJIOCH MPH HCHOIb30BAHUU
40%-ro »TaHoNla W mpomanona, a Takxke 50%-ro
MeTaHolsa. BriepBble mokaszaHo, 4To MonupUKaus
a-ranakrosunasel C. cladosporioides nepiiogatom
HATpHUsl COIMPOBOXKJAJNACh 3HAYUTEIBHBIM CHUXKE-
HUEM aKTHBHOCTH W CTAaOMIBHOCTH DSH3UMa, BBI-
3BaHHBIM, BO3MOXKHO, KOH(POPMAIMOHHBIMU H3Me-
HEHUSIMU B TPETUYHOHN U YETBEPTUYHOU CTPYKTYpE
MOJIEKYJIbI IPOTEHHA.

KnmoueBble cloBa: 0-rajJjakTo3ujaasa,
Cladosporium cladosporioides, niepiionaT HaTpHs,
TITMKO3UJIMPOBAHUE, MOAU(DUKALIHSL.
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