J. Agric. Sci. Mansoura Univ., 33(11): 8385 - 8404, 2008

STABILITY AND CATALYTIC EFFICIENCY OF THE
ENZYMES IMMOBILIZED ON NATURAL AND SYNTHETIC
ORGANO-CLAY COMPLEXES

El-Kammah, M.A.M.

Soil Science Dept., Fac. of Agric., Kafrelsheikh Univ., Kafr El-Sheikh,
Egypt

ABSTRACT

This investigation was conducted on soil samples collected from different
fluvial and lacustrine depositional environments, irrigated for a long-time with either
Nile water or wastewaters.

The main purpose of this study was to shed light upon the immobilization
capability, kinetic behaviour and catalytic efficiency of phosphomonoesterase proteins
immobilized on natural soil clay fractions and their synthetic organo-clay complexes.
The obtained results could be summarized as follows:

** Immobilization and stabilization capability of acid-phosphatase protein on natural
uncoated clay fractions and synthetic organo-clay complexes were higher than
that of alkaline-phosphate protein, determined as bovine serum albumin (BSA).
Immobilization capacity of the more hydrophobic cationic detergent-ciay
complexes for retention of phosphatase-proteins was greater than those of either
less hydrophobic more hydrophilic humic acid-clay complexes or activated-coated
clay fractions. The natural uncoated-clay fractions showed the highest binding
capacity over all the other complexes.

Immobilized-phosphatase-proteins on natural clay fractions and synthetic organo-
clay complexes have been displayed low catalytic activities in comparison with
their free-enzyme states.

Specific enzyme protein activity (SEPA) in mg PNP reieased.(mg protein)™. hour™
of free-acid-phosphatase and its affinity to react with its specific substrate (p-
nitrophenyl phosphate) was markedly higher than those obtained of free-alkaline-
phosphatase. immobilized-phosphatase-proteins exhibited lower (SEPA) than the
corresponding values of free-enzymes. Stabilized acid-phosphatase protein
retained higher residual specific activity (RSEA%) than those of alkaline-
phosphatase protein.

Immobilized-phosphatase-proteins on the more hydrophobic cationic HDTMA-clay
complexes exhibited greater (SEPA) values; retained highly (RSEA%) in
comparison with either HA-clay complexes or coated- and natural clay fractions,
which displayed the lowest values in spite of their highly immobilization capacity
for retention of phosphatase-protems

The Km values in (mmoles L") of immobilized-phosphatase-proteins were
markedly increased, however, Vmax values in fmg PNP released. (mg protein)™’-
hour™} were sharply decreased in comparison with their free-enzyme values. Little
profound differences between Ky and Vaa values of free- and immobilized-
phosphatase-proteins on HDTMA-clay complexes could be discemed. However,
on natural clay fractions, they displayed the highest Kn and the lowest Vinax

- values.

Alkaiine-phosphatase protein was highly-sensitive and lowly- resistive for
proteolysis, meanwhile, acid-phosphatase has a low-sensitivity and high-resistivity
for proteolytic enzyme. Immobilized-phosphatase-proteins on HDTMA-clay
complexes displayed more resistance and stabilization against proteolysis refated
to their free- enzymes, which lost almost their activities. Immobilization on natural
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clay fractions showed the lowest stabilization and resistance towards proteolysis.
No loss in the stabilization and activity of free- and immobilized-phosphatase-
proteins were observed against the storage for 125 days.

Soil specific enzyme activity in [mg PNP released. (kg soil)*.hour™) of acid-
phosphatase was higher than that of alkaline-phosphatase, however, the specific
protein concentration of alkaline-phosphatase was greater than of acid
phosphatase. This means that acid-phosphatase have much more catalytic
efficient in hydrolysis of phosphomonoesters in studied alluvial soils (low protein
concentration and high specific activity) than does alkaline-phosphatase (high
protein concentration but low specific activity).

Therefore, immobilized phosphomonoesterase on synthetic organo-clay
complexes are strongly recommended to be used for reduction and detoxification of
some xenobiotic substances which is considered to be a safe method for clean-up of
the environment.

Keywords: Phosphomonoesterases, stabilization, immobilization, detoxification,
xenobiotics, cationic detergent.

INTRODUCTION

Recently, the extensive use of xenobioxic substances has increased
in spite of their potential environmental hazard (Madhun & Freed, 1990).

Dangerous accumulation levels, due to their persistence, are now
present in terrestrial and aquatic environments (Bollag & Liu, 1990; Wolfe ef
al., 1990 and Nannipieri & Bollag, 1991).

In fact, the use of enzymes capable of transforming xenobiotics and
recalcitrant substances or their toxic derivatives into safer metabolites may
represent a viable alternative in siftu to reducing and detoxifying of
environmental pollutants and considered to be means for the clean-up of the
environment (Nannipieri et al., 1990 and Gianfreda & Bollag, 1996).

With respect to their specificity, enzymes are classified into six
groups: oxidoreductases; transferases; hydrolases; lyases; isomerases and
ligases (Tabatabei, 1994 and Ruggiero ef al., 1986).

In general, enzymes act on a limited number of substrates that show
similar structural features (substrate specificity), with the exception of
hydroiytic enzymes, which react with a large number of substrates.
Stereospecificity enables enzymes to recognize molecules that are sterically
non-equivalent.

The major biological and non-biclogical reactions that contribute to
transformations and detoxifications of various naturally occurring xenobiotics
in the environment are hydrolysis; oxidation-reduction; generation of free
radicals; condensation-polymerization and phototransformation (Bollag, 1992
and Ruggiero ef al., 1996).

Hydrolases such as phosphatases, hydrolyze numerous substances
into less complex molecules, which usually lose their biospecificity and
products with both a lower stability and a higher biodegradability, these
enzymes have a very broad specificity and do not require cofactors or
coenzymes (Schomburg & Salzmann, 1991 and Gianfreda & Bollag, 1994).
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In spite of these numerous advantages many limitations still restrict
the use of enzymes to degrade and detoxify xencbiotics in the environment.
For example, free enzymes may exhibit a very short useful life and rapidly
decomposed in an inhospitable soil environment. Enzymes may be
inactivated through both non- biological and biological denaturation
processes, such as adsorption on soil colloids, extreme acidity or alkalinity, or
biodegradation by proteases (Dick & Tabatabai, 1987 and Tabatabai &
Fu,1992).

Immobilization of enzymes on stable supports may circumvent the
need for maintaining active biological systems; increase the stability of the
enzymatic activity; provide a continuous or discontinuous, economical and
safe method for decontamination of poliutant environments and protect
enzymes against degradation and denaturation, usually it the cost of some
loss of activity (Gianfreda & Boliag, 1994 ad Ladd et al., 1996).

However, the successful use of immobilized enzymes for practical
applications required certain prerequisites; (i) a simple immobilization
method, (ii) and inexpensive and easily available support (iii) a high residual
specific activity of the immobilized enzyme and (iv) a high stability of the
immobilized enzyme for long-time storage and subsequent activity (Gianfreda
& Bollag, 1994 and 1996).

A thorough understanding is still lacking on simple suitable methods
of immobilization of enzymes and on the use of these immobilized enzymes
in contaminated soil environments.

The objectives of the present study were:(1) to shed light upon the
behaviour and catalytic efficiency of the free and immobilized
phosphomonoesterases on natural clay fractions and their synthetic organo-
clay complexes as well as their kinetic properties and stabilization (ii) to
determine the specific activity of these hydrolytic enzymes in studied soils
and (iii) to relate enzymes activity to their specific enzyme protein
concentrations.

MATERIALS AND METHODS

Locations description and soil sampling:

A representative composite surface samples of arable soils were
collected form different locations at Kafr El-Sheikh and El-Gharbia
Govemorates. The selected locations represent different fluvial and lacustrine
depositional environments in the northern Delta, irrigated for a long-time with
Nile water and different sources of treated and untreated wastewaters.

The homogenized field moist soil samples passed through a 2-mm
metal sieve, were subdivided into two main groups. The first one was
immediately maintained in deep freezer and then thawed just prior to analysis
for determination of soil enzymes activity. The second group was air dried,
gently crushed and again sieved < 2 mm for the physical-chemical analysis
and for isolation of the clay fraction < 2 uy. Soil characterizations were
determined using the classical methods as described by Page et al. (1982);
Kiute (1986); Carter (1993) and Rowell (1996) as listed in Table (1).
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Isolation of clay fraction < 2 p:

Soil carbonates and organic matter were removed from 2-mm portion
of air-dried soils using 1 M HCI and H;O, 30% treatments with heating to
about 90°C until organic matter was destroyed and to remove excess H,0,.
Iron oxides were removed with dithionite-citrate-biocarbonate with stirring at
80°C as reported by Ei-Kammah (1990) and Sheldrick & Wang (1993).

Table {(1): Selected physical-chemical characterizations of the studied

soils.
Alluvial soils EC lonic CEC Bulk OrganicH
depth section 1";‘ 5 dSm™” soil‘ strength Ca;; O emoles density Mg cllzy [
(0-30 cm) *“9 | paste |[mmolesLl'] “ |kg’ soil m %
Kafr Dokhmea
(fluvial soil) 8.04 4.16 68.5 3.85 50.7 1.38 56.2| 1.67
Messier
(fluvial soil) 8.26 5.34 81.3 3.24 46.6 A 1.26 50.7| 2.53
Mean | 8.18 4.75 74.9 3.55 48.7 1.32 534 210
Mutobis
Lacustrine soil) 7.97 2.78 46.7 8.73 42.3 1.34 489( 1.85
El-Khashaa
(Lacustrine 8.13 5.69 789 12.56 39.8 1.20 436 2.06
soil)
Mean |l 8.05 4,24 62.8 10.65 41.1 1.27 46.3| 1.96
Grand mean | 8.12 4.48 68.9 7.09 44.9 1.29 4981 2.03

Notes, Each value is a mean of 2 replicates.

Soluble salts were removed by stirring, waghing with distilled water
and filtrating. The suspensions were dispersed with sodium
hexametaphosphate as dispersing agent and the clay fraction < 2 y was
collected by sedimentation technique as described by El-Kammah (1979 and
1990).

The natural clay fractions were converted to Ca-monoionic clays by
intensive shaking with 1 N CaCl,.

The clays were dried at 60°C for 48 hours, ground to pass through
0.25 mm screen.

Total surface area of clay fractions was determined
spectrophotometrically at wavelength 510 nm as m%g by the adsorption
method using ortho-phenanthroline monohydrate [Cy2 HgN2. H;O, mol. wt.
198.2, Sigma P9375) as described by Lawrie (1961). Standard curve of
orthophenanthroline equation was as follows:

E = 0.003225 Cymoes -1 bei 510 nm |

Cation exchange capacity (cmoles kg™ soil) of the studied soils and
clay fractions was determined using sodium acetate pH 8.2 as saturation
solution and ammonium acetate as repeller solution according to the method
reported by Page et al. (1982). Standard curve of sodium equation was as
follows:

I R = 0.008095 C g Nev100 mi |

8388



J. Agric. Sci. Mansoura Univ., 33(11), November, 2008

Homogenized matured co-composed cotton stalks, which mineraily
augmented was decalcified with 0.1 N HC! for 24 h fo remove carbonate,
exchangeable bases and inorganic materials.

Humic acids were extracted, purified and dialysed as described by
El-Kammah (1990) and Stevenson (1994). Humic substances were extracted
by shaking the composted materials with 0.1 M Na,P,0;. 10 H,0/0.1 M
NaOH for 24 hours under N,. The supematant was isolated by decantation
and centrifugation. The filtrate was fractionated by acidification with conc.
H,SO, until pH 2 to precipitate the gel humic acid.

Ash-free of acidified, precipitated humic acid was obtained by
treated the redissolved humic acid with diluted acidic solution containing
hydrofiuric acid (0.3 N HF + 0.1 N HCI). The coagulated gel humic acid (ash-
free) was washed free of salts by centrifugation, dialysed extensively against
distilled water in semi-permeable membrane (cellophane bags) for one week.
Dialysis solutions were contmuously agitated and changed twice daily until
pH 6 and the CI and SO, tests were negative (AgNO; and BaCl, solutions).
The non-dialysable isolated, purified ash-free humic acid (H-form) was dried
at 45°C for 24 hours and pulverized to pass through 0.10 mm- screen.
Organo-clay complexes:

The synthetic organo-clay complexes were prepared as described in
details by El-Kammah (1990). Briefly, the suspension contained 250 mg
(excess, 5 mg/ml) ash-free humic acid (dialysed H-form) mixed with 250 mg
{5 mg/mi) clay fraction < 2 y (monoionic Ca-form) and 50 mi 0.05 M NaOH.

The suspensions were intensively shaken for 24 hours at 25°C on
end-over-end shaker to reach the equilibrium conditions. The precipitated
organo-clay complexes were isolated by centrifugation at 5000 rpm for 20
min, purified by washing and filtration several times, firstly with 0.05 M NaOH
to remove the excess of humic acid, then with distilled water until the light
color disappearance in the washing solution and finally with MUB-buffers (pH
4.5 or pH 10.4). The washed organo-clay complexes were frozen, freeze-
dried, then stored until used for enzymes immobilization processes.

Cationic detergent-clay complexes:

Synthetic clays saturated with cationic hexadecyltrimethyl ammonium
(HDTMA") prepared as described by Boyd & Mortland (1985a and b). Briefly,
clay fractions < 2 y were redispersed in distiled water and collected by
sedimentation technique several times. The suspensions were treated with
hexadecyltrimethylammonium bromide (Sigma H6269, CseHia N [CH3); Br,
mol. wt. 364.5) at concentrations several times the cation exchange
capacities of the clay fractions in order to replace the HDTMA" cations on the
exchange sites of clay fractions. The suspensions were continuously shaken
for 24 hours at 25°C on end-over-end shaker to reach the equilibrium states.
After shaking, the HDTMA-clay complexes were separated by centrifugation
at 5000 rpm for 20 min, and purified by washing and filtrating with distilled
water to remove the excess organic salt, then with MUB-buffers pH 4.5 and
10.4.

_The washed HDTMA-clay complexes were frozen, freeze-dried, then
stored until used for enzymes immobilization processes.
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Purified reference enzymes:

Reference proteins of phosphomonoesterases, purified from plant
and microbial sources were purchased from Sigma Chemical Company. Acid-
phosphatase (orthophosphoric-monoester phasphohydrolase [acid optimum];
EC 3.1.3.2.) from wheat germ, type 1; product number P3627 preweighed
lyophilized (freeze-dry) powder. Alkafine-phosphatase (orthophosphoric
monoester phosphohydrolase [alkaline optimum]; EC 3.1.3.1.) from bovine
(calf) intestine type 1: product number P3877.

Reference enzyme protein contents of these commercial purified
acid- and alkaline-phosphatases were determined by the method described
by Lowry et al. (1951) as bovine serum albumin (BSA).

Enzymes immobilization:

Phosphomonoesterases were covalent-immobilized on natural soil clay
fractions < 2 y as reported by Gianfreda & Bollag (1994) which described by
Ruggiero ef al. (1989); Sarker et al. (1988). Briefley, 200 mg of clay fractions
were incubated at 45°C with 5 ml of 0.5 M HNO; for 2 hours with shaking,
centrifuged at 12000 x g and washed with distilled water until the supematants
reached a neutral pH. Five miliiliters of a 2% 3-aminopropyltrimethoxy Silane in
pure acetone were added to the activated clay fractions and the suspensions
were shaken overnight at 45°C. After centrifugation, the activated peliets were
treated with 5 mi of 5% glutaraldehyde solution in 0.1 M sodium phosphate
buffer (pH 7), evacuated in a vacuum desiccator to remove trapped air bubbles,
and incubated for one hour at room temp. After several washings with
deionized water and phosphate buffer, the pellets were incubated with 2 ml! of
0.1 M phosphate buffer (pH 7) containing the suitable amounts (6 mg as BSA)
of either acid- or alkaline-phosphatases. The enzyme-clay mixtures were
shaken gently at 4°C for 24 hours. The immobilized enzyme compiexes were
recovered by centrifugation; washed several times with buffer solution until no
enzymatic activity was detected in the washings.

The centrifugates were checked for enzyme proteins by NaOH
alkalization and until disappearance of the red-violet color using the Biuret
reaction (Metzner, 1982).

Clay-enzyme complexes were stored at 4°C as suspensions in 0.1 M
phosphate buffer, pH 7.0

For comparison, contro! was prepared as 2 ml of 0.1 M phosphate
buffer pH 7 containing 6 mg acid- and alkaline-phosphatases without pellets
referred to as “free enzyme” and treated in the same fashion.

Reference proteins assay were performed on the supernatants and
washing buffers, as well as on the free enzymes according to the method
described by Lowry et al. (1951) using bovine serum albumin (BSA) as
mentioned after.

The amounts (milligrams) of enzyme proteins immobilized were
evaluated by the differences between milligrams of enzymes protein as BSA
initially added and that recovered in the supematants and washing buffers.

The immobilization of phosphomonesterases on organo-clay
complexes were performed by incubating 200 mg materials with 2 ml of 0.1 M
phosphate buffer pH 7 containing the suitable amounts (6 mg as BSA) of the
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enzymes and treated in the same fashion as mentioned before for activated
and coated clay minerals.
Protein micro-determination:

Total proteins content of the purified commercially preparations acid
and alkaline-phosphatases obtained from Sigma company were
colorimetrically microdetermined at wavelength 540 nm with special reference
protein of bovine serum albumin (BSA) as protein standard solution according
to the method described by Lowry et al (1951). Details about the reagent
preparations were described by Metzner (1982). BSA was purchased via
Sigma Chemical Company (product No. P5304). Each vial contains 20 g/di
in 0.85% NaCl inluding 0.1% sodium azide as preservative.

BSA standard curve was prepared using BSA working solution (1 mg
BSA/mi) and the standard NaCl solution 0.85% (Sigma 430 AG-4) as diluent.
Standard curve of BSA equation was as follows:

E = 0.0085178 Cygasam  at wavelength 540 nm

Soil enzymes assay:

The enzyme activities were assayed at their optimal pH and temp. in
oven dry equivalent weight of field-moist soils < 2 mm by the methods
described by Tabatabai (1994); Nannipieri (1995) and Nannipieri et al.(1996).

Assay of phsophomonoesteraes activity based on colorimetric
determination of p-hitrophenol released by phosphatase activity when the soil
samples were incubated at 37°C for one hour with tolune and buffered 50 mM
disodium p-nitrophenyl phosphate hexahydrate [CsHsNOgPNa,. 6H,0, mol.
wt. 371.1, Sigma 104-0] as a substrate. The employed buffer solution was the
modified universal buffer (MUB) pH 6.5 for assay of acid-phosphatase or pH
11 for assay of alkaline-phosphatase. The p-nitrophent (PNP) released was
extracted by fitration and the yellow color intensity was
spectrophotometrically measured at wavelength 420 nm.

The concentration of PNP was calculated by reference to a
calibration graph. Standard curve of PNP equation was as follows:

E = 0.00075 C,!gpr,s,,,, at waveiength 420 nm.

J

The phosphomonosterases activity was recorded as pg PNP
released. kg™ soil. hour™.

Specific enzymes activity: .

The specific activity [mg PNP released. (mg protein)'.h™] of
phosphomonoesterases was determined by the methods described by Klose
e& Tabatabai (2002). Activity of free and immobitized acid-phosphatase was
assayed by incubating 1-mi modified universal buffer (MUB) pH 4.8
containing 1 mg of each free or immobilized reference enzyme protein (115
g of specific acid-phoshatase protein); 3-mi MUB pH 4.8 and 1 ml of
buffered 50 mM p-nitrophenyl phosphate hexahydrate (PNPP) disodium sait
(6.96 mg PNP) as chromogenic ester in total volume 5§ mi at 37°C for 30 min.
with hand occasionally shaking.

The specific activity of free and immobilized alkaline-phosphatase
was assayed by incubating a 1-mt MUB pH 10.4 containing 1 mg of each free
or immobilized reference enzyme protein (812 pg of specific alkaline-
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phosphatase protein); 3-mi of MUB pH 10.4 and 1-ml of buffered 50 mM
PNPP (6.96 mg PNP) in total volume 5 ml at 37°C for 30 min. with hand
occasionally shaking.

The MUB buffers and the reagents were prepared as described by
Tabatabai (1994). The specific enzymes activities were calculated as
described before, using the standard curve equation and recovered as mg
PNP released. (mg protein)*.hour™.

Kinetic studies:

For the Michalelis-Menten studies, acid- and alkaline-phosphatase
activities were assayed at pH 4.5 and 10.4 respectively, at 25°C and different
substrate concentrations in MUB buffer. Concentrations of p-nitrophenyl
phosphate hexahydrate (PNPP) ranged from 0.5 to 15 mM (stock solution 50
mM) in total volume 5 mi containing 1-mi solution included 1 mg free or
immobilized reference enzymes proteins.

Enzymes stabilization:

The storage stability of free and immobilized enzymes was evaluated
by periodically determined the activities of the MUB-buffered enzymes at 4°C
for 125 days.

Stability to proteolytic enzymes:

Resistance of free and immobilized enzymes to decomposition by
proteolytic enzyme (Protease; type IV bacterial, purified from Streptomyces
caespitosus, Sigma P0384) was also evaluated.

After addition 1 mi 50 mM PNPP to 2-mi MUB buffers (pH 4.8 and
10.4) and 1 ml buffered protease containing 5 mg enzyme, the preparations
were held of 20°C for 30 min., then added 1 ml buffered solution containing 1
mg free or immobilized acid- and alkaline-phosphatases. The mixtures were
shaken at 37°C for 30 min. and analyzed the activity of phosphatases.

RESULTS AND DISCUSSION

Immobitization capacity of the enzymes:

Data listed in Tables (2.1 and 2.2) revealed that the various coated
and uncoated clay fractions as well as the synthetic organo-clay complexes
showed different immobilization capabilities for the reference purified acid
and alkaline-phosphatase-proteins.

Generally, synthetic organo-clay complexes displayed markedly
higher binding capacities than coated clay fractions. The mean values of
immobilized enzymes on synthetic organo-clay complexes were 5.095 and
3.408 mg for acid- and alkaline-phosphatases proteins, determined as bovine
serum albumin (BSA). These values referred to as 84.8% and 56.8% (w/w) of
the initial reference enzyme proteins added to the immobilization mixtures.
Meanwhile, the immobilized amounts on coated clay fractions were 2.725 and
2.15 mg acid and alkaline proteins referred to as 45.4% and 35.83% (w/w).

The immobilization capability of acid and alkaline enzyme proteins
could be arranged in the following descending order as follows:

|

Organo-clay complexes > H.A-clay complexes > coated clay fractions J
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Immobilization capacity of the more hydrophobic cationic detergent-
clay complexes (HDTMA-clay complexes) was higher than those of the less
hydrophobic more hydrophilic humic acid clay complexes (HA-clay
complexes), since as much as 89.7% and 60.20% by weight of the added
initial reference enzyme proteins of acid- and alkaline-phosphatases to
immobilization mixtures, can be bound fo these complexes before
appreciable enzymes remain in solutions. Humic acid-clay complexes,
immobilized-phosphatase-proteins relatively lower than those obtained by
HDTMA-clay-complexes. The natural uncoated-clay fractions displayed
obviously the highest binding capacities for retention phosphatases proteins
in comparison with synthetic organo-clay complexes and natural uncoated
clay fractions.

Table (2.1): immobilization of acid-phosphatase protein (EC 3.1.3.2.) on
natural clay fractions and synthetic organo-clay

complexes.
Immobilized acid Specific
Clay fractions and phosphatase enzyme Loss of l:esldi;xizl
synthetic organo-ciay |mg protein % protein specific a?::i‘\:li ty
compiexes as (BSA) (wiw) activity activity % (RSEA %)
(SEPA %)
Free acid-phosphatase protein
- ! - T 1807 | - [ -
Immobilized acid-phosphatase protein

Clay fraction 1 Kafr Dokhmeas 5.56 92.8% 6.32 58.06 41.94
Clay fraction 2 Mutobis 5.22 87.0% 524 65.23 34.77

ean | 5.39 89.8% 5.78 61.65 38.85
Coated clay fraction 1 3.08 51.3% 8.61 42 .87 57.13
Coated clay fraction 2 2.37 39.5% 6.98 53.68 46.32

ean Il 2.725 45.4% 7.20 48.27 51.73
HDTMA-clay complexes 1 5.62 93.6% 14.863 1.59 98.41
HDTMA-clay complexes 2 5.14 85.8% 12.39 17.78 82.22

ean |l 5.38 89.7% 13.61 9.69 90.31
HA-clay complexes 1 4.95 82.3% 12.26 18.65 81.35
HA-clay complexes 2 4.66 77.6% 11.52 23.58 76.42
mean v 4.81 79.9% 11.89 21.11 78.89

ean of organo-clay
complexes Il + IV 5.095 84.8% 12.75 15.40 84.60
Grand mean 4.57 76.2% 9.77 35.18 64.31

Notes:

1. Bovine serum albumin (BSA-protein).

2. Reference enzyme protein of acid-phosphatase was 96.55 (determined as BSA
protein).

3. Specific enzyme proteln of acid-phosphatase was 11.5% (as determined by Kiose &
Tabatabai (2002).

4. Specific enzyme protein activity (SEPA %) in mg PNP released. {mg protein}’. hour”
5. Residual specific enzyme protein activity (RSEA %).

Commonly, the dominant mechanisms of immobilization, stabilization
and protection of enzymes proteins have been concluded for organic and
inorganic colioids by Body & Mortland (1985a, b and 1990); Sarkar et al.
(1989); Tabatabai &Fu (1992) and Ladd et al. (1996).
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These mechanisms inglude adsorption; miereencapsulation: cross-

linking; copolymerization; entrapment; ion-exchange; adsorption and cross
linking; covalent attachment; H-bonding; ionic bonding and lipophilic
reactions. Although it is possible that more one, and even all these processes
are involved in binding enzymes.

The differences between these immobilization capacities may be due
to the king and nature predominant bonding mechanisms between catalytic
functioning sites of the enzymes amnd organic portions in organo-cltay
complexes matrices.

Table (2.2): Immobilization of alkaline-phosphatase protein (EC 3.1.3.1.)
on natural clay fractions and synthetic organo-clay

complexes.
immobilized acid Specific .
_phosphatase enzyme Loss of l:esegl&zl
mg protein % protein specific a?:tivity
as (BSA) (wiw) activity activity % (RSEA %)
_(SEPA %) °
Free alkaline-phosphatase protein
- ] - | 2808 ] - i -
Immobilized alkaline-phosphatase protein

Clay fraction 1 Kafr Dokhmeas|  4.75 79.16 1.05 62.61 37.39
Clay fraction 2 Mutobis 3.15 52.50 0.66 76.50 23.50
Mean | 3.95 65.83 0.855 69.55 3045
Coated clay fraction 1 2.32 38.67 1.45 4836 51.64
Coated clay fraction 2 1.98 33.00 1.19 57.63 42.37
Meanil = - 2.15 35.83 1.32 53.00 47.00
HDTMA-clay complexes 1 4.15 69.17 2.60 7.40 92.60
HDTMA-clay complexes 2 3.07 51.20 2.34 16.67 83.33
Mean H 3.61 60.20 247 12.04 87.96
HA-clay complexes 1 3.36 56.00 2.20 21.65 78.35
HA-clay complexes 2 3.0 50.8C 1.99 28.11 70.89
Mean IV 3.205 53.40 2.095 25.38 74.92
Mean of organo-clay

complexes lli + IV 3.408 56.80 2.283 18.71 81.29
Grand mean 3.169 52.82 1.685 47.09 52.91

Notes:
1. Reference enzyme protein of alkaline-phosphatase was 90.53% (determined as (BSA-
protein).

2. Specific enzyme protein of alkaline-phosphatase was 81.5% as determined by Klose
and Tabatabai (2002).

3. Speici enzyme protein activity (SEPA %) in mg PNP released. (mg protein)”. hour™.

4. Residual specific enzyme protein activity (RSEA %).

It could be said that, reference enzyme phosphatase-proteins may be
immobilized on organo-clay complexes by hydrophobic bonding mechanism
as reported by Body and Mortland (1985a, b); Ladd et al. (1996) and
Ruggiero et al. (1996).

Binding capacities of reference acid and alkaline enzyme proteins
immobilized on uncoated clay fraction (1) isolated from Kafr Dokhmeas fluvial
soils were greater than those obtained on clay fraction (2) isolated from
Mutobis lacustrine soils. These differences between immobilization capacities
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may be due their chemical and physical propertles Clay fractions (1) and (2)
have spec:ﬁc surface areas (472.8 and 416.2 m Ig) CEC (65.4 and 533
cmoles kg soil) and surface change densities (0.145 x 102 and 0.138 x 102
meqlm ), respectively. It could be said that phosphatase-proteins binding on
monoionic Ca-clay fractions is principally by hydrogen bonding between its
oxygen or hydroxyl groups and appropriate functional groups of phosphatase
molecules as reported by Ladd et al. (1996).

Immobilization affinity of reference acid-phosphatase protein on clay
fractions and organo-clay complexes generally was higher than that of
reference alkaline-phosphatase protein under the same conditions.

The analysis of the purified reference acid- and alkaline-
phosphatase-proteins determined by the method of Lowry et al. (1951)
showed that they contained 96.5% and 90.53% proteins as bovine serum
albumin (BSA). Because the purified reference proteins contained proteins
other than those of the phosphatases, the percentages of the specific acid-
and alkaline-phosphatase-proteins have been determined by Klose &
Tabatabai (2002) using sodium dodecy! polyacrylamide gel electorphoresis
(SDS-PAGE) as 11.5% and 81.2% for the same types of the studied acid
alkaiine-phosphatases, respectively.

Specific enzyme protein activity:

Data illustrated in Tables (2.1 and 2.2) showed also that specific
enzyme protein activity (SEPA) in mg PNP. (mg protem) hour™ of free acid-
phosphatase (15.07) was markedly higher than those obtained for free
alkaline-phosphatase (2.808) at the same conditions. This means that, the
affinity of acid-phosphatase protein to react with their specific substrate (p-
nitrophenyl phosphate) was higher than of aikaline-phosphatase, protein.

Obtained results showed that acid- and alkaline-phosphatase
proteins immobilized on different natural clay fractions and synthetic organic-
clay complexes displayed specific activity (SEPA) lower than that of the free
enzymes i.e. great differences between free and immobilized enzymes can
be discerned.

in this respect the resuits are in agreement of those reported in other
studies. It has been demonstrated that reaction of enzymes with clays or
organic polymers usually resulted in decrease in specific enzyme activities;
but may stabilize the bound enzymes proteins against degradation by
proteinases and/or denaturing agents (Bumns, 1982 and 1986; Boyd &
Morland, 1985a, b and 1990; Sarkar et al. 1989; Nannipieri ef al.,, 1995 and
Ruggiero et al., 1996).

These differences in activities may have depended on the relation of
binding sites to active sites on the enzyme molecules.

The reduced activity is generally interpreted in terms similar to those
for enzymes immobilized on other solid supports that; steric and diffusional
restrictions; direct involvement of the active site in binding to the support and
modified conformation of the immobilized enzymes by electrostatic and
hydrophobic forces (Goldstein, 1976 and Ruggiero et al, 1996). Such
reactions may (1) enhance the rigidity of the enzyme molecules, thereby
stabilizing them against denaturation by heating or drying, (2) render the
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active sites of enzymes less accessible to the substrate and make them
inaccessible to attack by fee proteinases and (3) if the bound enzyme is itself
a proteinase prevent destruction by autogestion (Tabatabai & Fu, 1992).

Ruggiero et al. (1989) and Sarkar ef al. (1989) immobilized various
enzymes on different clay minerals by using 3-aminopropy! triethoxysilane
plus glutaraldehyde to ensure that the enzymes remained far enough from
the clay surface to retain most of their original activity. Dick & Tabatabai
(1987) reported that enzyme molecules less tightly bound on exterior surface
(secondary surface adsorption) may retain the activity of free enzymes as
was the case with phosphatase-clay complexes.

The obtained specific activities of acid- and alkaline-phosphatase-
proteins immobilized on the studied matenals could be arranged in the
following descending order as follows:

Cationic HDTMA-clus complexes > HA-clay complexes > Coated clay
fractions > uncoated clay fractions.

Residual specific activity:

Residual specific activities of the immobilized-phosphatase-proteins
were calculated as percentages of the specific activities of their free
enzymes.

As shown in Tables (2.1 and 2.2) immobilized acid-phosphatase
protein retained higher residual specific activity (64.82%) than those obtained
by alkaline-phosphatase protein (52.91%).

Data revealed also generally that, phosphatase-proteins immobilized
on synthetic organo-clay complexes retained more residual activities (84.6%
and 81.29%) and lost less enzyme activities (15.4 and 18.71%) for acid- and
alkaline-phosphatase-proteins, respectively.

Immobilized acid and alkaline-phosphatase-proteins on clay fractions
saturated with more hydrophobic (long chain alkyl groups) HDTMA-cations
(HDTMA<lay complexes) were absolutely retained the highest residual
specific activities (90.31% and 87.96%) and the lowest values of lost-
activities (9.69% and 12.04%). The clay fractions saturated with humic acid
(HA-clay complexes) were relatively retained less residual activities (78.89%
and 74.62%) and loss relatively higher activities (21.11% and 25.38%) for
acid- and alkaline-phosphatase proteins.

This suggested that, depending on the nature of the enzyme, the
active sites may be free and highly available to substrate. The model
provided here of HDTMA-clay complexes and phosphatases has some
similar and dissimilar features when compared with data obtained by others
on soil phosphomonoesterases.

Phosphatase-proteins  immobilized on uncoated and coated clay
fractions: retained the lowest residual activity levels and lost the highest
enzymes activities. This means that the active sites may be relatively blocked
or obscured by the immobilization process and these active sites may, indeed
by closely related to binding sites. The hydrophobic bonding process would
seem to be a likely one in soils where natural organic matter, both free and
complexes with clays, might provide zones or areas of hydrophobicity which
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interact with similar areas on enzymes (Boyd & Mortland, 1985a, b and 1990;
Gianfreda & Bollag, 1994).
Kinetic parameters:

In general, the reaction catalyzed by an immobilized enzymes obeys
the hyperbolic Kinetics of Michaelis-menten.

The graphically lineweaver-Burk straight line relations were plotted,
from which the kinetic parameters were caiculated by determining the
intercepts and the slops. Table (3) showed the Vimax values [maximum velocity .
in mg PNP released (mg protein) . hour ] and K, values [Michaelis constant
in (mmoles L™), which is the substrate concentration at V = 0.5 Vmgd. As
reviewed in literature the K, value of an free enzyme is constant only under a
specific set of conditions i.e. it remained virtually unchanged (Ruggiero et al.,
19986).

The K, values of acid- and alkaline-phosphatases immobilized on
clay fractions as well as organo-clay complexes were markedly increased in
comparison with K, of their free enzymes.

Grand mean values of K, were 1.756 and 2.753 (39% increase) for
free and immobilized acid-phosphatase, while its values were 0.735 and
1.614 (119.25% increase) for free and immobilized alkaline-phosphatase.
Acid- and alkaline-phosphatases mmobilzied on HDTMA-clay complexes
displayed the lowest K, values.

The K. values were 1.98 (13% increase) and 0.956 (30% increase)
mmoles L™ for immobilized acid and alkaline enzymes on HDTMA-clay
complexes, while the corresPonding values were 2.22 (26% increase) and
1.35 (83% incase) mmoles L™’ on HA-clay complexes.

Table (3): Michaelic kinetic parameters of the free and immobilized
phosphomonoesterases on natural clay fractions and
synthetic organo-clay complexes.

*[ Acid-phosphatase (EC Alkaline-phosphatase {EC.
3.1.3.2) 3.1.31)
Clay fractions and synthetic | V., mg PNP Vmex Mg PNP -
organo-clay complexes |(mg prgtein ) Ken "‘"’.°'es L (mg proteln }) Ken mnzoles L
hour hour”
Free enzymes (control)
16.5 { 1.756 | 3.15 ] 0.735
Immobllized enzL

Clay fraction 1 Kafr Dokhmeas | 7.11 (57%) | 3.36 (91%) 1.43 (55%) | 2.05 (179%)
Clay fraction 2 Mutobis 6.75(59%) | 3.95(125%) | 1.14 (64%) | 2.29 (212%)
Mean | 6.93(58%) | 3.65(108%) [ 1.28 (59%) | 2.17 (195%)
Coated clay fraction 1 8.25 (50%) 3.03(73%) | 1.93(39%) | 1.85(152%)
Coated clay fraction 2 6.77 (59%) | 3.29(87%) | 1.56 (50%) | 2.11(186%
Mean ! 7.51 (54%) | 3.16 (80%) 1.75 (44%) | 1.98 (169%)
HA-~clay complexes 1 13.86 (16%) | 2.07 (18%) 2.44 (22%) 1.27 (73%)
HA-clay complexes 2 12.85 (22%) { 2.36 (34%) 2.16 (31%) 1.42 (93%)
Mean i} 13.40 (19%) | 2.22 (26%) 2.30 (20%) 1.35 (83%)
HDTMA-clay complexes (Mean V) 15.35 (10%) | 1.98(13%) [2.58 (18%) | 0.956 (30%
Grand mean value 10.79 2.753 (39%) 1.978 1.614

(35.25%) (36.75%)_ (119.25%)
Vmx  Values expressed as percentages of the specific activity of free enzymes

Km Values expressed as percentages of Michaelis constants of free enzymes
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However, the immobilization of these enzymes on uncoated and
coated clay fractions showed the highest K, values.

In comparison, the K, vaiues of immobilized acid- and alkaline-
phosphatases on HDTMA-clay complexes (1.98 and 0.956 moles L) were
about as well as K, of their free enzymes (1.756 and 0.735), where little
differences between free and immobilized enzymes can be discerned. ,

The hydrophobic binding mechanism has apparently provided an
environment for the enzyme which does not greatly affect the catalytic
functioning sites of the enzyme. The obtained v values of immobilized acid
and alkaline-phosphatases were relatively decreased in comparison with their
free enzymes. Little differences were obtained between Vna values of free
acid and alkaline-phosphatases and their corresponding vailues immobilized
on HDTMA-clay complexes.

These findings can be explained on the basis of conformational,
steric, partitioning and diffusional effects of the sorbed acid and alkaline-
phosphatases as explained by Goldstein (1976) and Ruggiero et a/. (1996).
Properties of immobilized enzymes:

+ Stability to proteolytic enzymes:

Data listed in Table (4) showed the resistance of free and
immobilized acid- and alkaline-phosphatase-proteins to proteolysis with
proteolytic enzymes (protease). Results demonstrated generally that after
exposure the free and immobilized-phosphatase-proteins to protease (5 gm/5
ml) in immobilization mixture, their residual specific activities were sharply
decreased. Grand mean values of residual specific activity of free enzymes
were 8.43% (91.6% lost of activity) and 4.34% (95.66% lost of activity) for
acid and alkaline-phosphatases. This means that alkaline-phosphatase
protein is highly-sensitive and lowly-resistive for proteolysis, meanwhile, acid-
phosphatase protein has low-sensitivity and high resistivity for proteolytic
enzyme protease.

Table (4): Stabilization of free and immobilized acid- and alkaline-
phosphatases as affected by proteolytic enzyme
protease.

Acid-phosphatase activity mg PNP |Alkaline-phosphatase activity mg PNP

released released
{mg protein)”. hour _{mg protein)”. hour"
Protease 5 Residual | Protease 5 mg/5 Residual
mg/s mi al;:?if/?ﬁz; specific ml ¢ al;:(t)l?iﬂzje specific

activity activity
Without | With (RSEA% Without | With % (RSEA%)
Freeenzymes| 15.07 | 1.27 | 91.6% 8.43% 2.808 | 0.122 | 95.66% | 4.34%
Immobilized enzymes on:

Clay fractions | 5.78 | 1.02 | 82.85 | 17.65 | 0.855 [ 0.126 ] 8525 | 14.75
Coaledclay | 7.80 | 1.98 | 7462 | 2538 132 | 0275 | 79.11 20.89

Enzymes
conditions

HDTMA-clay
complexes 1361 {854 3726 62.74 2.47 0.985 | 60.12 39.88

HA-clay
complexes 1189 |[4.12| 6535 34.65 2.095 | 0.539 74.28 25.72
Grandmean| 9.77 |392 | 64.90 35.10 1.685 | 0.481 74.69 25.31

Each figure is a mean of 6 determination (3 replicates x 2 fractions).
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Grand mean values of residual specific activity of immobilized
enzyme proteins 35.10% (64.9% lost) and 25.31% (74.69% lost) were at least
(4.16- and 5.83-fold) greater than that the values of free acid and alkaline-
phosphatase-proteins respectively.

Immobilized acid and alkaline-phosphatase proteins on the more
hydrophobic HDMTA-clay complexes retained the highest residual specific
activity values 62.74% (37.26% lost) and 39.82% (60.12% lost). However, on
H.A.-clay complexes retained less residual specific activity values 34.65%
(65.35% lost) and 25.75% (74.28% lost) respectively.

Enzymes immobilized on uncoated and coated clay fractions retained
the lowest residual activity values and lost the highest activity. It could be
concluded that, acid and alkaline-phosphatase-proteins immobilized on
cationic HDMTA-clay complexes were resulted in more resistance and
stabilization to proteolysis. This results suggested the existence of protective
mechanisms associated with organo-clay complexes that shield the enzymes
against proteolytic activity without hindering the diffusion of substrate
molecules in the active sites. Sarkar (1986); Nannipieri et al. (1988), Ladd et
al. (1996) and Ruggiero et al. (1996) reported that phosphatases are
immobilized on organic-mineral complexes in such a manner that pores on
the organic portion of the three-dimensional network of clay-organic matter-
enzymes complexes surrounding the enzymes permit the passage of small
molecules of substrate and product, but not those of large molecules such as
proteolytic enzymes.

This structure confers a measure of stabilization on the enzyme while
allowing retention of enzyme activity as elucidated before.

o Storage stabilization:

Analytical results concerning the stabilization of free and immobilized
acid- and alkaline-phosphatase-proteins against the storage revealed that, no
loss of the initial activities of the free and immobilized-phosphatase-proteins
and retained almost 100% of their initial activities. Little differences between
free and immobilized alkaline-phosphatases can be discerned over the
experimental period elongated 125 days.

Phosphomonoesterases activity in soils:

Data given in Table (5) showed that, specific enzyme activity of acid-
phosphatase in studied alluvial soils were generally higher than that obtained
of alkaline-phosphatase. Grand mean values of specific activities of acid- and
alkaline-phosphatases were 413 and 263.5 mg PNP released (kg soil”"). hour™.
Commonly, fluvial soils (Kafr Dokhmeas and Messier soils) had higher
specific activities 480 and 292 than those obtained in iacustrine soils (Mutobls
and EI Khashaa soils) which were 346 and 235 mg PNP released. (kg soif)”.
hour™ for acid- and alkaline-phosphatases.

Differences between enzyme specific activities in the two different
depositional environmental soils and in between themselves may be due to
their physicochemical properties as shown in Table (1).
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Table {5): Specific activity of acid- and alkaline-phosphatases and their
specific enzyme protein concentrations in studied alluvial

soils.
. Specific activity mg PNP, Specific protein concentratlons
Alluvial soils depth 4
section released (kg soil). hour’ mg protein (kg soil )
(0-30 cm) Acid Alkaline Acid Alkaline
EC 3.1.3.2) (EC3.1.31.) (EC 3.1.3.2.) (EC 3.1.31.)
Kafr Dokhmeas
Fluvial soils 3% 264 ,26‘28 94.01
Messier
Fluvial soils 564 320 37.42 113.96
Mean | 480 292 31.85 103.98
Mutobis
Locustrine soils 294 203 19.51 72.29
El-Khashaa
Lacustrine soils 398 267 26.40 95.08
Mean Il 346 235 22.96 83.69
Grand mean 413 263.5 27.40 93.84
Each value is a mean of 3 replicates

Enzyme protein concentrations were calculated as mg protein. (kg
soil)™ for acid- and alkaline-phosphatases in studied alluvial soils in order to
prove whether there is a relationship between the activity of any enzyme and
its specific protein concentration in soils. These calculations are based on the
specific activities of the purified reference enzymes (i.e. activity values per
mg protein) and the activity values obtained in the soils.

The acid-phosphatase protein concentratlons ranged from 19.51 to
37.42 (avg. = 27.40) mg protein (kg soil)”. The corresponding values of
alkaline-phosphatase protein concentrations ranged from 72.29 to 113.96
(avg. 93.84).

Generally, alkaline-phosphatase of specific protein concentrations
were higher than that of acid-phosphatase protein concentrations in studied
alluvial soils.

On the other hand, fluvial soils contained specific phosphomono-
esterase proteins more than lacustrine soils. This means that alkaline-
phopshatase protein is predominant in fluvial alluvial soils than that in
lacustrine soils. These means that alkaline-phosphatase protein is
predominant in fluvial alluvial soils than that in lacustrine soils. These results
support those reported by Juma and Tabatabai (1978), Nannipier (1995) and
Klose & Tabatabai (2002) showing that acid-phosphatase is predominant in
acid soils and that alkaline-phosphatase is dominant in alkaline soils.

The activity values of the phosphomonoesterases corresponded well
with the protein concentrations of these enzymes in soils. Comparison of the
alkaline-phosphatase activity values relative to their estimated protein
concentrations with those obtained for acid-phosphatase in soils. Data
tabulated in Table (5) suggested that acid- phosphatase was much more
efficient in hydrolysis of phosphomonoesters in soils (low protein
concentration and high specific activity) than that of alkaline-phosphatase
(high protein concentration and low specific activity) in alluvial soils.
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It could be concluded that, enzyme protein concentrations revealed
that the catalytic efficiency varies among soil enzymes, with acid-
phosphatase showing a greater catalytic efﬁc:ency than does alkaline-
phosphatase in studied alluvial soils.
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