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Abstract: The aim of work is to estimate ion Zn(II) influence on catalytic activity of secreted aspartic proteinase
Candida albicans (SAP2). System ZnCl  - SAP2 showed complex formation. Composition of [Zn SAP2 ]2 m n

complex was 1:1, the stability constant was 4.73±0.20. Affinity constants in system SAP2 - human serum
albumin (HSA) - ZnCl  were determined at Skatchard coordinates. The SAP2 was found to have a one section2

for linking with the substrate and one section for linking with modulator. The affinity constants in SAP2 - HSA
system decreased in presence of ZnCl . Complex forming of SAP2 - ZnCl  system resulted in reduction of2 2

enzyme-substrate bonding. Proteolytic activity of SAP2 towards HSA at presence ZnCl  as modulator was2

estimated. The inhibition effect in range 1×10  - 4×10  and 6×10  - 1×10  M was observed. The SAP24 6 7 8

activation effect catalyzed by ZnCl  at 5×10  - 5×10  M concentrations were fixed for the first time.2
7 6
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INTRODUCTION modulators of SAP enzymatic activity [4, 13]. There is

Quantity  and variety of functions of secreted urea and activating effect of versene, methyl ether,
aspartic proteinase (SAP) produced by Candida albicans diazoacetyl and HIV proteinase inhibitors [14, 15].
(Candida alb.) determine its pathogenicity [1-2]. 10 Influence of metal cations on enzyme catalytic
isoenzymes (SAP1-SAP10) of  Candida  alb.allergen activity was pointed out in many papers. However, SAP2
have been extracted from 1992 till 2000 and set behavior in presence of metal cations hasn’t been studied.
extracellular secreted    aspartic  proteinases  Candida Estimation of influence of ion Zn(II) on catalytic activity
alb. system. The whole proteinases Candida alb. system of SAP2 was the aim of this work.
falls into the class of aspartic proteinases with active
centre formed by two catalytic aspartic acid radicals [3-5]. MATERIALS AND METHODS

Inducible SAP2 has wide substrate specificity and
maximum pathogenic activity [6-8]. SAP2 is known to Experimental: The human serum albumine (HSA) 95 %,
catalyze proteolysis of mucin, secretory immunoglobulin Mm=65 kDa (Reanal) as substrate SAP2; ZnCI  (Aldrich)
A (IgA) [8], -macroglobulin [9] and cystatine [10]. (solution with  concentration  1  ×10   - 1×10  M);
Furthermore,  S A P2 takes part in activation of buffer  solutions  pH=1.08 - 8.0 were used in this work.
interleukin-1 , so it initiates invasive processes [11, 12]. The measurements were carried out in buffer solutions
These are key points of Candida pathogenic mechanism. (pH=1.08-8.0). All solutions were prepared in bidistilled
Acetyl pepstatin and pepstatin A and their synthetic water.  Electronic   absorption  spectra  were  taken on
analogues IC50 and A70450 are compounds acting as UV-spectrofotometr Lambda 750 (Perkin Elmer) in 190-600

piecemeal information on inhibiting effect of cysteine and
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nm  wavelength  range.  Measurements  were performed The stability constants, composition and maximal
in quartz ditches 1 and 5 sm thick. pH was measured by
the device - pH 150 M with accurate to 0.01 logarithmic
units.

SAP 2 Extraction and Purification: The initial antigen of
SAP2 is received by centrifugated of fungus biomass of
Candida alb. Composition of nutrient medium for SAP2:
KH PO  - 1 g/l, MgSO  - 0.5 g/l and human serum albumin2 4 4

(HSA) - 2 g/l. Sterilization of nutrient medium in autoclave
during 1 hour in T = 120°C and  = 1 atm was conducted.
SAP2 Candida alb.was allocated from overprecipitation
liquids after Candida alb. was cultivated. Then the
biomass of SAP2 centrifuged (15 min in 3000 turn/min)
and precipitated by the penta-excess of ethanol.
Molecular weight of SAP2 was defined by SDS-PAGE gel
electrophoresis (4.5 and 9 % PAGE). Denaturing
conditions ware 100°C and pH 8.3. The molecular weight
of allocated enzyme was 43.68 kDa. The liophilic form
concentration of SAP2 was defined by a cyclic
voltammetry method via enzyme immunosensor based on
cholinesterase and specific antibodies [16].

The Calculation of Stability Constants and Complex Form
Composition: Composition of complex form Zn SAP2 wasn m

estimated by isomolar series. Equal molar concentration
solutions of ZnCl  and SAP2 were prepared. Total volume2

of solution V + V  was 10 ml. AbsorbanceZn(II) SAP2

measurements were performed at ionic force 0.1 mol/l and
pH=4.5. Absorbance at =278 nm as a function of
isomolar series solution composition was plotted.
Absorbance of HSA solution at the same concentration
without enzyme was measured in control experiment.
Datum line took into consideration SAP2 characteristic
absorption.  Maximum  of the function correspond to
metal - ligand ratio in complex. Relationship between A (or

A) and C / C  (at C  concentration to be constant) wasL M M

used for estimation of complex Zn SAP2 composition andm n

stability constants computed using following equations:

;

Where
n = Stoichiometric coefficients, 
l = Thickness of ditches,
C = The concentration of the metal complex inC

solution

share of complex form accumulation were computed by
the program CPESSP [17]. Operation of this program is
based on formation of theoretical equilibrium model for all
complex forms in the solution (in the given system under
the given conditions). Minimization of target function F
(Fisher’s test) allows to estimate the correlation of
experimental data with theoretically calculated (correlation
coefficient R<3 %) and then define parameters of
complexes.

where, A  and A - experimentally and calculated datesexp.j cal.j

of absorption, respectively;  j and N -the number and the
quantity of experiments;  [sigma]- relative measurement
error of A. 

Determination of Interaction Stoichiometry: Interaction
stoichiometry  was determined by Duranton’s method
[18]. Remaining enzymatic activity was measured at
constant SAP2 concentration and different substrate
(HSA) concentrations as well as at constant
concentrations of HAS and SAP2 and different ZnCl2

concentrations. Afterwards, remaining enzymatic activity
versus C /C  and C /C  was plotted. InteractionSAP2 HSA ZnCI2 SAP2

stoichiometry was estimated by extrapolation of linear part
on abscissa axis. 

Catalytic Activity of SAP2: The catalytic activity of SAP2
was estimated by the substrate (HSA) dilution at the
presence of the enzyme per unit time. The absorption of
HSA solutions was measured in the presence SAP2 at 278
nm. The absorption of the same concentration HSA
solutions without SAP2 served as control. Datum line
took into consideration SAP2 characteristic absorption.
Incubation period was 25 minutes. The enzyme catalytic
activity was computed by the substrate dilution per hour.
The concentration of hydrolyzed substrate was calculated
by difference c=c (HSA)-c (HSA), where c - initial0 i 0

concentration of HSA, c - concentration after proteolysisi

estimated by calibration graph:

Abs = (-0.30 ± 0.10) + (595. 29 ± 0.37) ×c r = 0.9827(HSA)

All measurements were performed under optimal
enzymic hydrolysis at t=25°C.



[ ] [ ] [ ] [ ]/ /b f a a b

L X L X

L L X n K K L X

+ ⇔ ⋅

  ⋅ = ⋅ − ⋅ 

WASJ World Appl. Sci. J., 27 (9): 1225-1229, 2013

1227

Determination of Bonding: The affinities of SAP2 for
substrate (HSA) and modulator (ZnCl ) were determined2

by spectroscopical and electrochemical method. The
affinity constants K of SAP2 - HSA and SAP2 - ZnCla 2

were computed using Skatchard’s method.

where, [L ] and [L ] are the bonded and free SAP2b f

concentrations, [X] indicates either HSA or ZnCl2

concentration, n is the number of affinity constant for Fig. 1: The electronic spectra of absorption solution of
SAP2 - substrate or SAP2 - modulator complexes. SAP2: 1 - c  = 2.33×10  M, 2 - c  = 1×10  M,

RESULTS AND DISCUSSION 2.33×10  M, c  = 6×10  M, in citrate buffer

Zinc is known to be essential for the growth,
development and differentiation of all types of life,
including microorganisms, plants and animals. The
biological functions of zinc are versatile; they are
observed in  many  t issues and related with proteins.
This lack of redox activity makes Zn(II) a stable ion in a
biological medium whose potential is in constant flux.
Therefore, the zink ion is an ideal metal cofactor for
reactions that require a redox-stable ion to function as a
Lewis acid-type catalyst, such as proteolysis.
Furthermore, due to the filled d-chell orbitals, Zn(II) has
ligand-field stabilization energy of zero in all liganding
geometries and hence no geometry is inherently more
stable than another. 

Chemical aspects of coordinate interactions between Fig. 2: The saturation curve [Zn(II)-SAP2] in citrate
Zn(II) ions and SAP2 are not exampled in modern buffer solution (pH=4.5; C =1.087×10 M;
literature. The action of zinc chloride as the modulator of [lambda]=278 nm; =360.5).
SAP2 catalytic activity has been studied for the first time
in this work. Zn SAP2  was 1:1. The stability constant calculated by
The estimation of catalytic activity parameters of SAP2 in this experimental data was 4.73±0.20. The maximal share of

the system [SAP2-substrate-modulator] conducted in accumulation of the complex [Zn(II) - SAP2] was 96.39%.
several steps. The complex form [Zn(II)-SAP2] was formed by

Interaction Between ZnCl  and SAP2: SAP2 electronic deprotonated at pH 4.5. Zn(II) cation in [Zn(II) - SAP2]2

absorption spectra shows changes with adding of ZnCl complex is in tetrahedral condition. There are two bonds2

solution: absorption band at [lambda]=210 nm disappears between zinc and two atoms of oxygen deprotonated by
and the absorption band intensity at [lambda]=278 nm Asp57 and two bonds are occupied by water molecule
increases. The value of increasing depends on ZnCl and chloride ion (Protein Data Bank DOI:10/2210/2

concentration (Fig.1). pdb1zap/pdb) [13]. 
The hyperchromic effect corresponds to complex

formation [Zn(II) - SAP2]. Fig. 2 demonstrates Affinity Constants in SAP2-HSA-ZnCl System.: Affinity
experimental and calculated data for complex form analysis constants in SAP2 - HSA - ZnCl  system were determined
by     isomolar  series  method.  Composition  of  complex at  Skatchard  coordinates.  Table 1 gives information on

SAP2 ZnCl2
6 3

3 - c = 2.33×10  M, c  = 1×10 M, 4 - c =SAP2 ZnCl2 SAP2
6 3

6 4
ZnCl2

solution pH = 4.5

SAP2
-8

SAP2

m n

coordination of Zn(II) to oxygen Asp 57 [13]

2

2
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Fig. 3: Shows enzymatic activity of SAP2 at different ZnCl  concentrations (C =0.003 g/mol, C =1.91×10  M, pH=4.5)2 HSA SAP2
9

Table 1: Affinity constants and stechiometry of interaction in SAP2-HSA-
ZnCl  system2

Compound Affinity constants Ê , mol StoichiometryA
1

SAP2-HSA (3.43±0.02)×10 1:255

ZnCl -SAP2 (1.78±0.02)×10 1:12
7

ZnCl -HSA (6.7±0.4)×10 1:12
5

SAP2-HSA in present ZnCl (0.35±0.04)×10 1:12
5

Table 2: Influence of ZnCl  on SAP2 proteolytic activity2

C , M EffectZnCl2

1×10 -1×106 4

1×10 -1×10 Inhibition (max 48 %)8 7

5×10 -5×10 Activation (30 %)7 6

affinity  constants  and     interaction   stoichiometry.
SAP2  has  a  one section for linking with the substrate
and one for linking with modulator.  The  affinity
constants in SAP2 - ZnCl  system decrease in presence of2

ZnCl .    Thus,   SAP2  -  ZnCl   complex  formation2 2

reduces enzyme ability to form Michaelis complex with
substrate.

Proteolytic Activity of SAP2 Towards HSA at Presence
of ZnCl : Maximum catalytic activity SAP2 towards HSA2

was 6.51 mg/ml×hour at the C =2.33×10  M, pH=4.5,SAP2
6

incubation period was 25 minutes. 
The estimation of proteolitic activity of SAP2 towards

HSA at presence of ZnCl  in different concentrations is2

contained in Fig.3. and Table 2. 

The inhibition effect in range 1×10  - 4×10  M and4 6

6×10  - 1×10  M was observed. SAP2 activation was7 8

fixed for the first time at 5×10  - 5×10  M ZnCl7 6
2

concentrations.
Activation effect was studied in details with Zn  ions2+

over a concentration range 5×10 -8×10  M and different7 7

pH.
At pH=4.5 the effect of activation is observed in the

presence of Zn(II) ions in concentration from 5×10 -7

8×10  M and from 2×10 -4×10  M. At concentration of7 7 7

ions of Zn (II) 9×10  M and 5×10  M activity of SAP7 6

Candida alb. doesn't change in general. The effect of
inhibition is observed only at concentration of Zn (II)
1×10  M.8

At pH=5.0 the effect of activation is observed in the
presence of Zn(II) ions in concentration from 9×10 -7

3×10  M. At concentration of Zn (II) 5×10 -8×10 M6 7 7

the effect of inhibition is observed. 
At pH=5.5 the effect of activation is observed in the

presence of Zn(II) ions in the range of concentration
1×10 -2×10  M. The effect of inhibition is observed in6 6

the range of concentration 5×10 -9×10  M and 3×10 -7 7 6

5×10  M ions of Zn (II) have no impact on catalytic6

activity of SAP. 
It should be noted that the effect of activation in the

studied range of concentration of ions of Zn (II) at pH=4.5
and pH=5.5 made 33% and at pH=5.0 - 50%.
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Thus, activating action of ions of Zn (II) on SAP2 for 9. Kaminishi,  H.,  H. Hamatake,  T.  Cho,  T.   Tamaki,
the first time is revealed It should be noted that this effect
remains in the presence of metal in the narrow ranges of
concentration. Activation effect at presence of ZnCl2

decreases with a rise in pH

CONCLUSION

Properties of ZnCl as modulator of SAP2 catalytic2

activity were demonstrated. The activating effect of Zn(II)
ions on SAP2 was found out for the first time. The data of
investigation will be useful for dosages updating of ZnCl2

in dietary supplements, vitamins and zinc-containing
antifungal drugs. 
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