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ABSTRACT

The effect of sodium (Na"), potassium (K") and manganese (Mn"") ions
on the reaction activity of immobilized glucose isomerase (Sweetzyme type-T)
indicated that these ions act as activators in the reaction mixture. The reaction
activity was stimulated with increasing the above ions concentration up to 0.04M
in the presence of (0.01M) Mg"™" ions. The percentage increment of activity were
95.31%, 86.48% and 115.21% relative to control at concentration 0.04M of Na',
K" and Mn"" ions, respectively. However, the results indicated that Cu™, Hg"",
Ca"™ and Fe"" ions act as inhibitors in the reaction media. The sweetzyme type-T
lost 98.22%, 98.31, 99.91% and 96.24 of its activity after the addition of 0.7 M of
Ca™, Fe™, Cu"™ and Hg'" ions, respectively.

Reaction kinetics of immobilized glucose isomerase enzyme (sweetzyme
type-T) was found to be greatly affected by Cu™, Hg", and Mn"" ions. The
maximum reaction velocity (Vua) of the enzyme was decreased from 63.89
mM/L/min (in the optimum condition of the enzyme) to 0.99 and 0.47 mM/L/min
for Cu™ ions and to 7.33 and 4.67 mM/L/min for Hg"" ions at concentration of
0.01 and 0.04 M, respectively. On the other hand, the maximum reaction velocity
of this enzyme was increased from 63.89 mM/L/min to 119.06 and 137.5
mM/L/min in presence of 0.01 and 0.04 M of Mn"" ions, respectively and to
102.78 and 127.9 mM/L/min in the absence of 0.01M Mg"™" ions under the above
concentrations of Mn"", respectively. Michaelis constant (K, = 0.37mM) was
constant in reactions with different concentrations in absence and presence of
metal ions. The results showed that noncompetitive type of inhibition occurred in
all cases. '

INTRODUCTION
The annual consumption of sucrose in Egypt reached to about 1.59

million tons and the major part of this sugar is mainly imported (Ministry of
Agriculture, 1994).
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Recently, the production of high fructose syrups from hydrolyzed starch
by enzymatic isomerization process can certainly cover some shortage of sucrose
sugar in the Egyptian market. High fructose corn syrups (HFCS) have rapidly
developed as alternatives to sucrose for use in sweetening food products (Coker
and Venkata, 1985).

Olivier and du Toit (1986) reported that Mg"™, Mn" and Co"" were
effective on the activity of immobilized enzyme, where as Co" ions most
probably fulfill a stabilizing rather than an activating function.

Novo (1992) found that the activity of immobilized glucose isomerase
enzyme (Sweetzyme type T) was stimulated in the presence of Mg"" ion in the
reaction mixture at rate of 8x10* M. This effect depends upon the substrate
concentration, at low glucose concentration the effect of Mg"" ion was very great,
whereas at high glucose concentration, the enzyme showed a considerable activity
even in the absence of Mg ion.

Schafhauser and Storey (1992) showed that the isomerizing enzyme for
glucose required magnesium (Mg™) for the reaction rate of coimmobilized
glucose isomerase on biobone.

Converti and Del Borghi (1998) evaluated the kinetic parameters of
immobilized glucose isomerase (sweetzyme type-T) from Streptomyces murinus.
They found that Michaelis constant (K) and the maximum reaction velocity
(Vamax) were 0.70 mol/L and 4750 pmol/min/L, respectively. The reaction mixture
was carried out under optimal condition at 60°C and pH 7.5 for 30 min.

Hess and Kelly (1999) found that the Michaelis constant (K,,) and the
maximum reaction velocity (Vpa) of soluble and immobilized xylose isomerase,
were 15.9 and 27.0 mM and 52.2 and 56.0 U/mg, respectively when using xylose
as substrate. While, these parameters (Ky, and V) were 88.5 and 115.0 mM and
22.4 and 22.0 U/mg, respectively with glucose as substrate. The reaction was
carried out under the optimal conditions at pH 7.0 and 95°C for both of soluble
and immobilized forms.

Visuri, et al, (1999) studied the stabilities of native and cross-linked
crystalline glucose isomerase forms of Streptomyces rubiginosus. They found that
the cross-linked crystalline glucose isomerase forms of enzyme was more stable
in the presence of substrate while, in a buffer solution the native enzyme was
more stable. In the presence of high substrate concentration, the inactivation was
related to browning reaction between the enzyme and the reactive sugar, resulting
in soluble sugar-protein complexes.

The aim of the present work is to study the effect of sodium (Na'),
potassium (K*) and manganese (Mn"") ions and other polluted metals i.e. Cu'",
Hg', Ca™ and Fe™ on the activity of immobilized glucose isomerase enzyme
(Sweetzyme type-T). These metals might contaminate as trace in the media of
reaction from the tanks and polluted water during the action of this enzyme. Also,
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evaluation the effect of metals on the kinetics of the enzyme under investigation
is very useful for determining the mode of action, since these parameters are very
important from the industrial and economical point of view.

MATERIALS AND METHODS

1. Immobilized glucose isomerase enzyme (sweetzyme type-T), E.C.5.5.99.1.

D. giucose-ketal-isomerase was supplied by NOVO Industria A/S, Denmark. It was
obtained from a strain of Strepfomyces murinus. Glucose and fructose sugars
(Sigma Chem., Co.) were used as standards. All other chemical of metals ions
used in this work were obtained commercially and highest purity available.

2.1. Kinetic of immobilized glucose isomerase enzyme (sweetzyme type-T) in
the absence of metals ions:

Different concentrations of glucose solutions were used, i.e. 0.1, 0.2, 0.3,
0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 mM. The optimum conditions for enzyme
activity was carried out at 60°C with incubation periods of 60 min at pH 7.5 by
0.1 M Tris-buffer (Converti and Del Borghi, 1998). The produced fructose sugar
was determined by L-Cysteine Carbazole-H,SO, method as described by Dische
and Borefreund (1951).

2.2. Measurement of the activity of immobilized glucose isomerase enzyme

(sweetzyme type-T) in the presence of metals ions:

Different concentrations of each Na', K', Mn"", Cu™", Hg", Ca", and
Fe'™ ions were used, ie.0.01,0.04 and 0.07 M. This experiments were carried
out under at the same conditions (substrate concentration 0.9mM, pH 7.5,
temperature 60°C and incubated for 60 min). The obtained fructose content was
determined by the method as mentioned before. A blank experiment was carried
out under the same conditions.

3.1. Kinetics of sweetzyme (type-T) enzyme in the presence of Cu"" and Hg"
ions:-

Two concentrations of metals ions i.e. 0.01 and 0.04M were used in the

kinetics experiment with different concentrations of glucose as substrate, i.e., 0.1,

02, 03, 04, 05,06, 0.7, 0.8 09 and 1.0 mM. The reaction activity of

sweetzyme (type-T) was determined by the methods as described by Novo
(1993).

The resuited fructose was estimated according to the method of Dische and
Borefreund (1951). Michaelis constant (K,), enzyme inhibitor dissociation
constant (K;) were obiained according to the method of calculation which
mentioned by Plummer (1978).
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RESULTS AND DISCUSSION

1- Effect of Mn", Na' and K ions on the reaction activity of immobilized
glucose isomerase (Sweetzyme type-T) in the presence of 0.01M Mg"
ions.

Different concentrations of the above ions i.e 0.01, 0.04 and 0.07 M
were used in reaction mixture of isomerizing glucose to high-fructose by using
sweetzyme type-T. The obtained results in Table (1) show that Mn"*, Na* and K*
ions act as activators. At 0.04 M concentration of ions gave the highest percentage
increment of activity (115.21, 95.31 and 86.48%) while, at concentration of 0.07
M, the percentage increment in activity reached (89.20, 75.80 and 70.05%)
relative to control.

This increment was higher than that obtained by Benaiges ef al. (1986)
using 0.03M Mg"" ions with the same concentration of Mn"" ions.

Table (1): Effect of Mn"", Na* and K" ions on the reaction activity of
immobilized glucose isomerase enzyme in the presence of (0.01

M) Mg" ion.

Metal ions Fructose content | Reaction activity Percentage

concentration mM/L mM/L/min increment of

M] activity (%)
Mn™ | Na' K |Mn" | Na' K |Mn™ | Na' K'

0.00 (Control) | 63.89 [63.89 | 63.89 | 1.065 | 1.065 | 1.065 . - .
0.01 102.78 9827 | 87.21 | 1.713 | 1.638 | 1.454 | 60.84 | 53.80 |36.53
0.04 137.50 |124.81 | 119.15| 2.292 | 2.080 | 1.986 [115.21 | 95.31 |86.48
0.07 121.87 [112.24 | 108.68 | 2.015 | 1.871 | 1.811 | 89.20 | 75.80 |70.05

This phenomenon might be attributed to the autoinhibition effect
occurred by excess of metal ions, Olivier and du Toit (1986). On the other hand,
the percentage increment of activity reached to 95.31% and 86.48% relative to
control at concentration 0.04 M of Na” and K, respectively.

2. Effect Cu', Hg", Ca™ and Fe™ ions on the reaction activity of
Sweetzyme type-T.

Three different concentrations of the above metal ions i.e. 0.01, 0.04 and
0.07 M were used to study the effect of these metal ions on the reaction activity of
the enzyme. The results are shown in Table (2). A great decrease was noticed in
reaction activity at 0.07 M concentration of Cu™ and Hg"" metal ions i.e from
1.065 mM/L/min (without metal ions, control) to 0.001 mM/L/min, 0.04
mM/L/min for Cu"™" and Hg"" ions, respectively. However, the enzyme lost 99.8%
of its activity after the addition of (0.01 M) Cu"" ions and 88.5% of its activity at
the same concentration of Hg'" ions. On the other hand, Ca'" and Fe™" ions were
fougd to more effected on the activity of immobilized glucose isomerase than
Hg" ions.
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e (2): Effect of metal ions on the reaction activity of immobilized
glucose isomerase enzyme in the presence of (0.01 M) MgH

ion.

i»’-’“f‘-ﬁm ions Fructose content Reaction activity Percentage loss of ',

sonc: mM/L mM/L/min activity (%) |
| il Ca™ | Fe™ | Cu™ [Hg™ | Ca™ |Fe'™ | Cu™ [ Hg™ | Ca"™ | Fe'™ | Cu™ | Hg"
i 5.00  [63.89[63.8963.89(63.89]1.065|1.065]|1.065[1.065| - - - -
(Control)
| 0.1 5.72 | 461 | 0.14 | 7.22 |0.095[0.077 | 0.002 ] 0.122 [ 91.08 | 92.77 | 99.81 | 88.54
I aes 2.17 | 2.89 | 0.30 | 2.39 |0.036 | 0.480 | 0.005 [0.040 | 96.62 | 95.49 [99.53 | 96.24
[ o0 1.13 [ 1.06 | 0.04 | 2.44 {0.0190.018]0.001]0.040 [98.22 [ 98.31 {99.9196.24

The inhibition effect produce by Cu' ,Hg"™, Ca™ and Fe"" ions on
sweetzyme type-T might be attributed to the binding effect with some specific
function groups on the enzymatic protein chain, Hughes (1981). These ions can
bind as chelating agent with sulfhydryl (-SH), hydroxyl (-OH), and carboxylic (-
COOH) groups on the protein enzyme chain. Such binding might cause a change
in its conformation leading to less performance in enzyme action. The same
interpretation was introduced by El-Asar and Abbas (1988). However, Ca™ and
Fc™ ions might be chelated towards protein enzyme molecule more than Cu™
and Hg"' ions.

3, Effect Cu™, Hg' and Mn"" ions at different concentrations on reaction
kinetics of sweetzyme type -T:

Different concentrations of the above metal ions i.e. 0.01 and 0.04 M were
used to study the reaction kinetics of enzyme (K, K; and V) by using different
concentrations of glucose symupi.e., 0.1,02,0.3,04,0.5,0.6,0.7,0.8,0.9 and 1.0 mM.
All the experiments were carried out at optimum conditions of this enzyme i.c. pH 7.5,
at 60°C and incubation time of 60 min. The obtained results are shown in Tables (3, 4, 5
and 6). From these results the maximum reaction velocity (Vi) of sweetzyme type-T
was greatly decreased at different concentrations of Cu™ and Hg"™" ions, while the effect
of Mn"" ions on the reaction velocity was greatly increased comparing with control. The
maximum reaction velocity (Vi) of the enzyme were 63.89 mM/L/min (without Cu™*
and Hg"" ions), while it reached to 0.99 and 0.47 mM/L/min for Cu"" ions and 7.33 and
4.67 mM/L/min for Hg™ ion at concentrations 0.01 and 0.04 M for the above metal

tons, respectively.

On the other hand, the V,, of sweetzyme at 0.01 and 0.04 M of Mn"" ions in
the presence of 0.01 M Mg"" ions were 119.06 mM/L/min and 137.5 mM/L/min. But in
absence of Mg"" ions, Vi, were 102.78 mM/L/min and 127.9 mM/L/min with 0.01 M
and 0.04 M Mn"" ions, respectively. The maximum reaction velocity (Vi) of the
enzyme was higher with Mn"™ ions and Mg ions at 0.01 M in reaction mixture, this
may be due to competition between the two different ions in the reaction media which
may be favoured for Mn"™ ions (Bell, 1977).

Lineweaver-Burk (1954) plots 1/(S) against 1/V of enzyme in absence and
presence of inhibitors and activators are shown in Figures (1, 2 and 3 a, b).
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Table (3); Effect of Cu'" ions at different concentrations on the reaction

kinetics of glucose isomerase (sweetzyme type-T) in the presence
of 0.01 M Mg"" ions.

Substrate Fructose content Reaction velocity (v) Ivao?
mM/L
Conc. (S) | Conc. of added Cu" ions [Concentrations of Cu™ ions| 1/(S) Conc. of Cu” ions
miM | Normal [ 0.0IM | 0.04M | Normal | 0.0IM | 0.04M Normal | 0.01M | 0. 04N

01 |1333]046 027 |[1362[1249] 943 [1000] 734 | 801 | 10.60 |
02 [ 1944|084 [ 042 [ 2246 (2059|1555 500 | 445 | 486 | 6.43 |
03 [2222]090 [ 043 [ 2866 (2627|1984 333 | 349 | 381 | 504
04 |2778 099 | 043 {3325 3048|2302 250 | 301 | 328 | 434 |
05 [4028 | 086|047 |36.78 |33.72|2546| 200 | 272 | 297 | 393 |
06 | 4444 | 054 | 043 | 3959 | 3629|2741 167 | 253 | 276 | 305 |
07 | 4999|047 | 037 {4187 [3838[2899| 143 | 239 | 261 | 345
08 |61.i1 045|033 4376 |4011(3030| 125 | 229 | 243 | 3.30 |

09 |6389| 044 | 030 {4535 41573140 111 | 221 | 241 | 318 |
10 |4583 1032|029 |4672 [4283]3235] 100 ] 241 | 233|309

Table (4) Effect of Hg"" ions at different concentrations on the reaction
kinetics of sweetzyme type-T in the presence of 0.01 M Mg"* ions.

Substrate | Fructose content Reaction velocity (v) 1v<107
mM/L
Conc (S) {Conc of added Heg ™' ions |Concentrations of Hg'" ions| 1/(S) Conc_of Hg'' ions
mM | "Normal | 0.6/ M | 0.03M | Normal | 0.01M | 0.04M Normal | 0.01M | 0.04M |

01 13331211 | 278 | 1362|1238 867 | 1000} 734 | 808 | 1153

02 1944 | 328 | 356 | 2246 | 2042 [1429| 500 | 445 | 490 | 700
03 | 2222|411 | 361 |2866|20605[1824| 333 | 349 | 384 | 548
04 | 2778 | 506 | 439 | 3325 | 3023 ]2116| 250 | 301 | 331 | 473
05 | 4028 | 556 | 467 | 3678 | 3344 [2341| 200 | 272 | 299 | 427 |
06 | 4444 | 550 | 452 [ 3959 [3599(2519| 1.67 | 253 | 278 397 |
07 12099 [ 667 | 3.78 | 4187 | 3806|2664 | 143 | 239 | 263 | 375 |
08 | 6111|711 30643763978 |2785| 125 | 229 | 251 | 359 |
09 16389 | 733 | 239 | 4535 | 4123 | 2886 | 1.11 | 221 | 243 | 347 |
10 | 4583 | 722 | 2.06 | 46.72 | 42.47[29.73 | 100 | 241 | 235 | 336
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Fig (1): Uneweaver-Buriplot of glucose Isomerase enzyme (Sweetzyme
type-T) in the presence of Cu™™ fons.
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Fig (2): Lineweaver-Burk plot of glucose isomerase enzyme (Sweetzyme
type-T) In the presence of Hg"™" lpns.
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Fig (3 a, b): Effect of Mn++ ions on the Lineweaver-Burkplot of glucose

isomerase enzyme (Sweetzyme type-T) in the presence and
absence of Mg** ions.
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From these Figures, it might be observed that V,,,, of sweetzyme type-T
in the absence and presence of inhibitors and activators was greatly affected
while, K, was constant and equaled to 0.37 mM. It can be conciuded that the
inhibition is non-competitive type in all cases. These results are cousident with
those obtained by Converti and Del Borghi (1998) and those mientioned by
Plummer (1978).

Table (6): Effect of metal ions on K; and V,_,, of immobilized glucose
isomerase enzyme (sweetzyme type-T) in the presence of (.01 M

Mg"" ions.
Concentration K; (mM) Vmax (mM/L/min)
of metal ions
[M.] Ca™ th Cu™ o HgH
0.01 0.90 0.07 0.99 7.33
0.04 0.11 0.10 0.47 4.67

The most common type of noncompetitive inhibition is given by
reagents that can combine reversibly with some functional group of the enzyme
(Outside the active site) that is essential for maintaining the catalytically active
three-dimensional conformation of the enzyme molecule. Some enzymes
possessing an essential-SH group are noncompetitively inhibited by heavymetal
ions suggesting that such-SH groups must be intact for the enzyme to retain its
norma! conformation (Segel, 1975).
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