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Pectinase was immobilized on chitosan-alginate-clay (CAC) beads using epichlorohydrin (ECH) as the cross-
linker. Prepared beads and immobilization product were analyzed by Fourier Transform Infrared Spectropho-
tometry (FTIR) and Scanning Electron Microscopy (SEM). Experimental data covered some hydrolytic properties
of the immobilized enzyme, such as pH, temperature, reusability, concentration, and storage time. The immo-
bilization procedure increased the optimal temperature to 60 °C and maximum activity was obtained at pH (6.0).
After 5 cycles of reuse, approximately 45% of the initial activity of the immobilized enzyme remained. Free

pectinase, CAC, and immobilization product were also investigated by Gaussian calculations, the HF/6-31g basis
set. Furthermore, Aspergillus niger proteins (PDB ID: 3K4P and 7BLY) and Staphylococcus aureus (PDB ID: 1J1J)
were examined for molecular docking calculations, and ADME/T calculations were made to examine the effects
and reactions of these molecules in human metabolism.

1. Introduction

Enzymes are biocatalytic proteins [1,2]. Commercial biocatalysts are
often obtained from renewable microbial biomass [3-5]. Compared with
conventional catalysts, enzymes also display stereo-, regio-, chemo- and
enantio-selectivity on the substrate molecules [6]. Currently more than
4,000 enzymes have been exploited in industries involving biotechno-
logical means [7-9].

Immobilization involves technologies used to improve the stability
and reusability of enzymes [10-12], and to eliminate byproduct
contamination [13,14]. The procedure often allows the enzyme to be
bound on a solid support. The biochemistry of immobilized enzymes is
inevitably reformatted by the nature of the support composite by means
of its functional groups, and surface topology [15,16]. Therefore, the
choice of the support/matrix is crucial [9,17-20].

Cost-effective alginate, cellulose, chitin, and chitosan biopolymers
are inherently nontoxic, biodegradable, and biocompatible [21,22].
Their amine, carbonyl, and hydroxyl moieties underpin the high affinity
binding to proteinaceous molecules [23,24]. Based on intermolecular
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reactions, enzymes are covalently crosslinked to support materials using
a crosslinker [25].

Theoretical calculations are often used to predict the activities of
molecules, and to develop and amplify their active sites [26]. In the
calculations, various levels and base sets of ligand and metal complexes
were calculated [27]. The interaction of molecules with Aspergillus niger
proteins was examined and the best adherent molecules were deter-
mined. First, the activities of each studied molecule on the HF/6-31g
basis set were investigated by Gaussian calculations. Comments were
then made on their activities using various parameters. Furthermore, the
molecular interactions with Aspergillus niger protein (PDB ID: 3K4P and
7BLY) [28,29] and Staphylococcus aureus (PDB ID: 1J1J) [30], were
examined by molecular docking calculations. Finally, ADME/T calcu-
lations were performed to examine the influences and reactions of these
molecules in human body.

In this study, the pectinase (E.C.3.2.1.15) enzyme, which de-
polymerizes pectic polymers by hydrolysing the a-1,4-glycosidic bonds
was used [31]. The work involved covalent bonding of pectinase on
epichlorohydrin (ECH) activated chitosan-alginate-clay (CAC) matrix.
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Fig. 1. SEM images of CAC composite before (a) and after immobilization (b).

The main advantage of using ECH as the crosslinking agent was that it
could significantly improve the strength of wet chitosan films [32,33].

Immobilization product was analysed by FTIR spectroscopy, while
changes in surface topology were inspected by SEM. Experimental work
characterised some hydrolytic and biochemical properties of the
immobilized enzyme: pH, temperature, reusability, concentration, and
storage time. The immobilization procedure increased the optimal
temperature to 60 °C and maximum activity was obtained at pH (6.0).

2. Material and methods
2.1. Materials

Chitosan, epichlorohydrin (ECH), sodium tripolyphosphate (NaTPP),
3,5-dinitrosalicylic acid, Aspergillus niger pectinase (1.18 U/mg), poly-
galactronic acid (>90% enzymatic) were from Sigma Aldrich (St. Louis,
MO, USA). Sodium alginate was from Isolab Chemicals (Eschau,
GERMANY).

2.2. Synthesis of CAC matrix

Double-crosslinked CAC was prepared as follows: in 200 mL acetic
acid (5%, v/v), equal amounts, 4 g, of chitosan, sodium alginate, clay
were mixed at 25 °C. The resulting suspension was stirred for 2 h. Af-
terwards, 160 mL (0.01 M) epichlorohydrin (pH 10.0) was added to the
suspension and the suspension was stirred vigorously for 1 h. Beads were
formed by dropwise adding the suspension into 0.05 M sodium tripo-
lyphosphate (NaTPP, 500 mL). The mixture was stirred for 3 h at 100
rpm. The beads were filtered, washed for 1 h in distilled water. Washing
procedure was repeated thrice to get rid of excess NaTPP. The recovered
beads were dried at 37 °C and stored at room temperature [34,35].

2.3. Immobilization of pectinase on CAC beads

Two hundred milligrams of beads were suspended for 4 h at 4 °C in

U/mL =

w(The amount of G.A. released (OD 575 nm/standard graph ) )*React. solut. vol.*D.F.

0.1 M sodium acetate (10 mL, pH 5.0) solution, containing 10 mg of
pectinase. The beads were then washed with 0.1 M sodium acetate (pH
5.0), and stored in 0.1 mM sodium acetate (2 mL, pH 5) at + 4 °C. Before
use, the beads were dried at 37 °C [36].

2.4. Structural analysis

2.4.1. FTIR and SEM

FTIR (4000-400 cm ™, Perkin Elmer 400) and SEM (TESCAN MIRA3
XMU) analyses were performed at CUTAM Central Laboratory (Sivas
Cumbhuriyet University).

2.5. Pectinase experiments

2.5.1. Protein content and pectinase activity assays

Protein concentration was determined by using Bradford method
[37]. Immobilization efficiency was taken as the difference in protein
content before and after immobilization.

2.5.2. Determination of enzyme activity by DNS method

The pectinolytic reaction was performed for 30 min at 37 °C in a
shaker incubator. After cooling at room temperature, the solution was
read at 575 nm (Shimadzu UV-1800 Japan). The amount of liberated
reducing sugar was calculated as D-galacturonic acid equivalents [38].

The enzyme activity of free and immobilized pectinase was deter-
mined by adding 150 pL of enzyme solution into 600 pL of 1% w/v
polygalacturonic acid in 0.1 M sodium acetate buffer (pH 5.0). The same
amount of enzyme protein was used for the immobilized samples. The
reaction was performed for 30 min at 37 °C in a shaking incubator, and
then terminated with 3,5-dinitrosalicylic acid. The reaction sample was
boiled for 10 min and read at 575 nm [39]. The following formulas were
used for the activity calculations (Egs. 1-3).

[1]

Enzyme volume (ml)*Reaction time (min)
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Fig. 2. FTIR spectra of 1a) pectinase immobilized on CAC; 2a) CAC; 5a) alginate; 6a) chitosan; 7a) clay; and 8a) polygalacturonic acid.
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Table 1

Pectinase immobilization to CAC composite.
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pH 7.0-8.0) for 30 min at 37 °C and at different temperatures ranging
between 25 and 60 °C [40].

Volume Activity Protein Specific Activity (umol
(umol /ml) mg protein ! min~?!) 2.7. Kinetic calculations
Free Enzyme 2,274 10 mg/ml 0.2274
Immobilized 0.00161  0.033 (mg 0.0488 Using the measurements of reaction rates, under optimum condi-
Enzyme protein/mg tions, corresponding to different polygalacturonic acid concentrations
carrier)

[2]

Specific Activity = U/mgprotein

Relative Activity = Specific Activity/Optimum Specific Activity x 100 [3]

2.6. Effects of pH and temperature

Free and immobilized enzymes were tried in different buffers (0.1 M
sodium acetate/acetic acid, pH 3.0-6.0 and 0.1 M NayHPO4/NaHyPO4,

Relative activity (%)

Relative activity (%)

120

(0.1-3%), Vmax and Ky, of the free and bound enzyme were plotted as
Lineweaver-Burk curves [40].

Table 2

Kinetic parameters.

K (% w/v)

Vimax (pmol mg protein—! min~1)

Free
immobilized

0.273
0.310

3.10
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Fig. 3. Optimum pH of free- and immobilized pectinase.
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Fig. 4. Influence of temperature on the hydrolytic activity.
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Fig. 5. Lineweaver Burk curve of free- and immobilized pectinase.

2.8. Reusability

One percent polygalacturonic acid (prepared in 0.1 mM acetate
buffer, pH 5.0) was hydrolysed by interaction with immobilized pecti-
nase for 30 min at 37 °C at 120 rpm. The immobilized pectinase was then
washed with acetate (pH 5.0) and the hydrolytic reaction was repeated
six times.

2.9. Immobilization time and enzyme concentration
Optimum immobilization time was determined by calculating the

relative activity. In addition, different amounts of enzymes (5, 10, 20, 4,
8, mg/ml) were used to determine the optimum enzyme concentration.

120

Relative activity (%)

The percent relative activity was used for optimum enzyme
concentration.

2.10. Storage
The enzyme homogenate was obtained by filtering the immobilized

enzyme and then stored in 0.1 M sodium acetate, pH 5, at 4 °C. Activity
was periodically checked for 30 d (1, 6, 12, 18, 24, 30 d).

2.11. Theoretical calculations

Theoretical work involved Gaussian09 RevD.01 and GaussView 6.0,
B3LYP, HF, and M06-2x [41-43] with the 6-31++g(d,p) [44,45]. Each

100
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Fig. 6. Reusability of immobilized pectinase.
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Fig. 7. Effects of immobilization time on free- and immobilized pectinase activity.

of the quantum chemical parameters represented a specific chemical
property of the studied molecules (Egs. 4-6):

OE 1 1
X= - (7) =-(+A) = —(Enomo + ELumo) (4]
N/ oy 2 2
" <62E) L(1-4) = — L (Byowo — Euomo) [5]
- _ (= =—(] — = —=(Exomo — ELumo
N’/ 2 2
o=1/n0=y"/2me=1/o 6]

Molecular docking calculations were reiteratively performed in a
Schrodinger’s Maestro Molecular modelling software (version 12.8)
[46]. This work enabled us to identify the active sites of the molecules.
Initially, the protein and molecules were prepared using modules [47]
and LigPrep [48], respectively. Prepared proteins and molecules were

110

100

interacted using the Glide ligand docking tool [49]. Finally, the Qik-prop
module [50] was used to execute ADME/T.

3. Results and discussion
3.1. Morphological analyses

3.1.1. SEM analysis

Surface morphologies of the CAC composite, before and after
immobilization, were visualized (Fig. 1). Distinct features were visual-
ized on enzyme-immobilized beads. Patent surface coarseness seen
before immobilization (Fig. 1a), appeared to have been enhanced after
immobilization and porous structures filled with the pectinase (Fig. 1b).
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Fig. 8. Effects of enzyme concentration on free- and immobilized pectinase activity.
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Fig. 9. Effects of storage on immobilized pectinase activity.

3.1.2. FTIR analysis

Two weak peaks at 3692 and 3620 cm™! were O-H stretching vi-
brations of the hydroxyl groups in the clay, and the wide peak in the
3267 cm corresponded to hydroxyl groups of the alginate, chitosan,
and the enzyme (1a, Fig. 2). The CH stretching vibrations at 2885 cm™!
represented the aliphatic regions of the alginate, chitosan, and the
enzyme. The C = O stretch at 1614 cm™ ! indicated amide carbonyl,
formed between the amine of chitosan and the carboxylic acid of the
enzyme. The signal seen at 1538 cm ™' was the N-H bending vibration.
The absence of the C = O stretch at 1726 cm ™! (8a and 1a) was taken as
the proof for the amide formation. The asymmetric stretching vibration
of the ester groups (COO) in the composite structure was represented at
1410 em ™!, and a CH,, bending of the -CH,OH in the sugar rings, present
in the enzyme, alginate, and chitosan structures, was observed at 1379
cm L. Stretches of the C-O-C bridge in the sugar rings were represented
at 1062 cm ™! and 1030 cm ™. A Si-O stretching vibrations at 466 cm ™!
indicated the incorporation of clay in CAC.

3.2. Enzyme assay

The concentration of reducing sugar (galacturonic acid) in the su-
pernatant was read at 575 nm, using D (+4)-galacturonic acid mono-
hydrate as the standard [38]. The principle of the method is based on the
oxidation of functional aldehyde or ketone groups. Sugars with free
aldehyde or ketone groups reduce 3,5-dinitro salicylic acid to 3-amino-
5-nitro salicylic acid under alkaline conditions, and produce red-brown
colour. The increase in colour intensity is proportional to the amount of
reducing sugar [39]. One unit of pectinase activity (IU/mg) is defined as
the amount of galacturonic acid (pmol) produced per milligram of
pectinase per minute (Table 1). The specific activity of the free enzyme
was 0.2274 ymol /mg protein ! min~!, while the specific activity value
of the immobilized enzyme is 0.0488 ymol /mg protein~! min~. All
experiments were performed in triplicate and their average were taken.

Immobilization efficiency (44%) was determined by the difference
between the amount of initial protein in the incubation medium and the
amount of protein in the washes. The amount of enzyme bound to the
support material (CAC) was 0,033 mg protein/mg carrier.

3.2.1. Influence of pH

Pectinase activity was meaningfully swayed by pH (Fig. 3), and the
hydrolytic reaction was generally sensitive to both the external envi-
ronment and the charge distribution on the enzyme molecules [50,51].
The pH range between 3.0 and 8.0 (0.1 M potassium phosphate/citric
acid pH 3.0-6.0; 0.1 M phosphate pH 7.0-8.0) were utilised for finding

the pH-dependent maximum enzyme activity. The optimum pH values
for free and immobilized enzymes were 5.0 and 6.0, respectively. The
decrease in the relative activity of the free enzyme was 1.33%, while it
was 20.34% in the immobilized enzyme. After covalent binding of
pectinase to chitosan beads, some conformational changes in its three-
dimensional structure might have occurred, and these changes might
also be the main reason for the decrease in the relative activity [40,52].

3.2.2. The role of the temperature

The optimum temperature for the free-and bound pectinases were
50 °C and 60 °C, respectively (Fig. 4). Thus, immobilization appeared to
increase the thermal stability of the immobilized pectinase [53]. Beside
immobilization, thermal stability might have also been rendered by the
physical confinement of pectinase into the composite particles [54].

3.2.3. Kinetic factors

The kinetic parameter values for free- and immobilized enzyme were
presented (Table 2, Fig. 5).

Low Ky, values indicated high substrate affinity of the enzyme. Thus,
the higher K, of the immobilized pectinase implied that the immobi-
lized enzyme had a relatively lower affinity for its substrate. This finding
could be attributed to a slightly negative effect of the immobilization on
the pectinolytic activity [55,56]. For similar reasons, the Vp.x of the
immobilized pectinase was also lower than that of the free enzyme
[57,52].

Increasing Ky, and decreasing Vyax values after immobilization have
been reported in the literature, in which K, and Vi« for the free enzyme
were 6.73 mg/ml and 0.311 mg/ml.min, for the immobilized enzyme,
Ky and Vmax were 7.71 mg/ml and 0.303 mg/ml.min, respectively
[52].

3.2.4. Reusability

Immobilized pectinase retained more than 45% of its initial activity
after 5 repetitive reuse (Fig. 6). This decrease in immobilized pectinase
activity may have resulted from the enzyme detachment or some me-
chanical damage introduced into the enzyme’s active conformation
[40,58]. Activity loss, after immobilization, also reported in the litera-
ture could be exemplified. In covalent immobilization of pectinase on
sodium alginate support, the immobilized enzyme has been reusable and
it retained 80% of its initial activity after 11 series of reactions [59]. In a
study of immobilization of free pectinase on polystyrene resin beads by
cross-linking with glutaraldehyde, the enzyme kept 54.6% of its initial
activity after six reuse cycles [60]. B. subtilis pectinase, immobilized on
an iron oxide nanocarrier, has preserved 90% of its initial activity after
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Table 3
The calculated quantum chemical parameters of molecules.
Enomo ELumo I A AE n I x Pi ® € dipol Energy

HF/6-31 g LEVEL
2a —9.503 1.807 9.503 —1.807 11.310 5.655 0.177 3.848 —3.848 1.309 0.764 12.535 —127154.967
5a —10.001 3.823 10.001 —3.823 13.824 6.912 0.145 3.089 —3.089 0.690 1.449 1.410 —55361.381
6a —6.653 1.260 6.653 —1.260 7.913 +1i 3.957 0.253 2.696 —2.696 0.919 1.088 15.861 —55833.440
7a —-12.133 3.926 12.133 —3.926 16.059 8.030 0.125 4.104 —4.104 1.049 0.954 5.518 —15956.176
8a —11.097 4.520 11.097 —4.520 15.616 7.808 0.128 3.289 —3.289 0.693 1.444 2.881 —20482.399
9a —9.492 1.809 9.492 —1.809 11.301 5.651 0.177 3.842 —3.842 1.306 0.766 12.751 —147637.439

2a: Composite, 5a: Alginate, 6a: chitosan, 7a: clay, 8a: polygalactronic acid, 9a: all molecules.

Table 4

Thermodynamic parameters value of molecules.
1 E H G
2a —127150.2429 —127150.2172 —127154.9672
5a —55359.20728 —55359.18157 —55361.38171
6a —55830.55693 —55830.53124 —55833.44079
7a —15955.23085 —15955.20516 —15956.17648
8a —20481.07042 —20481.04473 —20482.39916
9a —147632.0151 —147631.9894 —147637.4397

Table 5

Thermodynamic parameters value of two complexes.

AE AH AG

2a —5.2478 —5.2992 —3.9682
9a —5.9496 —6.0267 —4.0415

15 times reuse [61].

3.2.5. Immobilization time and enzyme concentration

Enzyme immobilization reactions were performed at differing time
periods (4,10,16, and 24 h). The best time course was 4 h (Fig. 7).

In enzyme activity experiments, different amounts of enzymes were
used to determine the best enzyme concentration. Increasing free

PHE
A 18—~6LY
A: 20

ILE

B: 365

A8P\ PHE

o Charged (negative) Polar
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o Metal X
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TRP |B: 271B- 32 —B: 35

B: 376~—— SER'\ LEU HIE
B: 373b: 24 %: 23

enzyme concentration also increased the relative activity. Optimum
enzyme concentration was found to be 10 mg/ml in the immobilized
enzyme (Fig. 8).

3.2.6. Storage

Immobilized- and free enzymes were stored in 0.1 M sodium acetate,
pH 5, for 30 d at 4 °C, and their relative activities were determined
(Fig. 9). It was attested that the immobilized enzyme retained approx-
imately 67% of its initial activity at the 30th d.

3.3. Theoretical calculations

ESP representations of the molecules visualised their electron-rich
(red) and electron-poor (blue) regions (Fig. 10) [62].

Each of the molecules had a specific energy and numerical values of
many parameters (Table 3). New and more effective groups of molecules
were tried to form by the combination of these molecules, and their
thermodynamic parameters did not provide any indications as to the
spontaneity of formation (Table 4).

Numerical values of each of the molecules were also presented
(Table 5). AE, AH, and AG were calculated using the following equa-
tions (Egs. 7-9):

AE = Z Ecomplex - Z Enotecute [7]

THR
OH A: 253

\ /
/

\
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Fig. 11. Presentation interactions of composite molecules with 3K4P.
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Fig. 12. Presentation interactions of composite molecules with 3K4P.

Table 6
Numerical values of the docking parameters of molecule against enzymes.

3K4P Docking Score Glide ligand efficiency Glide hbond Glide evdw Glide ecoul Glide emodel Glide energy Glide einternal Glide posenum

2a —-8.05 —0.12 —-0.90 —37.46 —29.22 —98.02 —66.68 24.78 76

5a -3.30 -0.13 -0.29 -16.23 —10.18 -23.16 —26.42 10.38 15

6a —5.45 —0.14 —0.64 —19.00 —29.76 —64.38 —48.76 16.15 264

7a —2.97 —0.59 —0.14 2.89 —-4.79 —5.18 -1.90 0.01 163

8a -3.76 -0.29 0.00 —6.86 —7.95 —13.23 —14.82 3.80 2

9a —5.85 —0.07 -1.10 —49.32 -23.18 —87.86 —72.50 21.30 221

7BLY Docking Score Glide ligand efficiency Glide hbond Glide evdw Glide ecoul Glide emodel Glide energy Glide einternal Glide posenum

2a -5.25 —0.08 -0.37 —38.87 —15.66 —66.99 —54.53 11.50 26

5a 7.38 0.28 -0.29 —20.76 -16.82 —45.01 —37.58 5.61 10

6a —5.26 —0.14 —0.55 —14.44 —26.67 —46.93 —41.11 19.71 62

7a - - - - - - - - -

8a - - - - - - - - -

9a - - - - - - - - -

Iy Docking Score Glide ligand efficiency Glide hbond Glide evdw Glide ecoul Glide emodel Glide energy Glide einternal Glide posenum

2a -3.10 —0.11 0.00 —27.87 -3.80 —35.76 -31.67 3.67 52

5a —6.34 —0.23 0.00 —49.89 —3.28 —69.73 -53.17 3.68 375

6a —6.00 —0.21 0.00 —38.05 —2.89 —54.37 —40.94 1.26 —6.00

7a - - - - - - - - -

8a - - - - - - - - -

9a - - - - - - - - -
AH — Z Eomplex — Z Epotecute [8] could not show any activity when they came together.

Molecular docking calculations examine the interactions of mole-

AG — Z Eoomplon — Z Epoteore [9] cules with proteins. With the increase of these interactions the activity of

Energy E, the sum of electronic and thermal energies, is an important
thermodynamic parameter that represents the sum of Eg, Eyip, Eror, and
Etrans] €nergies. Energy H, on the other hand, is the sum of all kinds of
energies stored within the structure. The energy G is calculated by
substrating these two former total energy values [63].

The composite molecule (CAC) consisted of three molecules, chito-
san, alginate, and clay. The Gibbs free energy value of the 2a molecule
was negative, —3.9682, (Table 5), indicating that these three molecules
assembled spontaneously. Similarly, the free energy of the 9a molecule,
formed by adding a polygalactronic acid moiety, was also negative,
—4.0415.

Although individual molecules showed antimicrobial activity, they

10

the molecules also increases and this can inhibit the proteins. It was
observed that hydrogen bonds, polar and hydrophobic interactions, n-n
and halogen bond interactions occurred between molecules and proteins
(Figs. 11 and 12) [64]. Many parameters were calculated, and each of
them provided supportive insight (Table 6). The first parameter that
determined the activities of the molecules was the docking score. Glide
hbond, Glide evdw, and Glide ecoul parameters yielded numerical
values of interactions between molecules and proteins [65]. Glide
emodel, Glide energy, Glide einternal, and Glide posenum provided
information on the interaction between molecules and proteins [66].
ADME/T analysis (absorption, distribution, metabolism, excretion,
and toxicity) was performed to examine the effects and responses of
these studied molecules in human metabolism. The parameters
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Table 7
ADME properties of molecule.
2a 5a 6a 7a 8a 9a  Referance
Range
mol MW - 418 558 94 194 - 130-725
dipole (D) - 2.7 7.5 3.3 5.9 - 1.0-12.5
SASA - 530 760 232 359 - 300-1000
FOSA - 128 314 21 84 - 0-750
FISA - 266 446 210 275 - 7-330
PISA - 0 0 0 0 - 0-450
WPSA - 136 0 0 0 - 0-175
volume (A%) - 993 1488 311 571 - 500-2000
donorHB - 9 11 2 4 - 0-6
accptHB - 16.6 25.7 5.7 9.5 - 2.0-20.0
glob (Sphere=1) - 0.9 0.8 1.0 0.9 - 0.75-0.95
QPpolrz (A%) - 26.5 39.9 5.0 13.5 - 13.0-70.0
QPlogPC16 - 12.6 17.6 3.0 6.6 - 4.0-18.0
QPlogPoct - 31.6 44.3 7.7 16.2 - 8.0-35.0
QPlogPw - 30.0 41.4 9.8 16.6 - 4.0-45.0
QPlogPo/w - -1.1 —5.4 -2.0 -1.8 - —2.0-6.5
QPlogS - -2.1 0.7 0.0 -09 - —6.5-0.5
CIQPlogS - -1.4 0.5 -0.1 -0.4 - —6.5-0.5
QPlogHERG - 0.6 -5.0 —-2.2 -09 - *
QPPCaco (nm/ - 2 0 100 6 - ww
sec)
QPlogBB - -1.9 —4.6 -1.1 -1.9 - -3.0-1.2
QPPMDCK (nm/ - 5 0 41 3 - wx
sec)
QPlogKp - -54 -9.8 -52 -61 - Kp in cm/hr
1P (ev) - 8.9 9.7 10.7 10.9 - 7.9-10.5
EA (eV) - -0.3 -0.8 4.4 -04 - -0.9-1.7
#metab - 6 8 0 4 - 1-8
QPlogKhsa - -1.3 —2.0 -1.0 -1.1 - —-1.5-1.5
Human Oral - 1 1 2 2 - -
Absorption
Percent H. Oral - 0 0 51.3 30.3 - bk
Absorp.
PSA - 191 306 82 143 - 7-200
RuleOfFive - 2 3 0 0 - Maximum is 4
RuleOfThree - 1 2 0 1 - Maximum is 3
Jm - 0.0 0.0 0.6 0.0 - -

* corcern below —5, **<25 is poor and >500 is great, *** <25% is poor and
>80% is high.

calculated here were divided into two groups, indicating chemical and
biological properties of molecules.

The ADME/T values of two important complex groups that could not
be calculated were shown (Table 7), because the number of complex
atoms was high and because the molecules in the complex could not be
covalently bonded to each other. Although the calculated chemical and
biological parameters of the six different molecules, the numerical
values of the RuleOfFive [67,68] and RuleOfThree [69], were found
within the desired category as to their compatibility with human
metabolism, only two of these parameters indicated their usability as
drugs.

4. Conclusions

A chitosan-alginate-clay composite was prepared using double
crosslinkers, epichlorohydrin and sodium tripolyphosphate. Aspergillus
niger pectinase was crosslinked on this matrix. Optimum pH points were
determined. In both bound- and unbound state, the shift above the op-
timum pH, 5 and 6, respectively, decreased the pectinolytic activity.
This decrease was more enhanced in the unbound state. Immobilization
increased the optimum temperature from 50 to 60 °C. Kinetic and
theoretical studies were in agreement, indicating that three-parted CAC
composite was spontaneously formed as the Gibbs free energy values
were negative. Reiterative use could be possible as the immobilized
enzyme preserved 45% of its initial activity after five reuses. As to its
shelf life, the enzyme kept 67% of its activity after 30 d storage in so-
lution at 4 °C. The ADME/T values indicated that CAC was compatible
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with the human metabolism and could be used as a drug carrier.
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