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KINETICS OF GLUCOSE ISOMERASE ENZYME.
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ABSTRACT

The effect of cubstrate concentration on reac-
tion velocity of glucoge isomerase enzyme
(Sweetzyme type Q) indicated that the maximum
velocity (V i ) was 168 pmM/1 and its Michae-
1is constan® was (0,028 mM/1). The effect of
pH on reaction activity showed that the optimum
pH of this enzyme equals 8.0 while the optimum
temperature was 50°C with reaction activity
5.93 pmM/1/min, :

The reaction activity increased as the Mgk+
ion concentration increcased up to 0,03 M/1 with
immobilized enzyme concentration of 600 mg/10
ml.

The maximum convergcion value to fructogoe
isomer wasg obtained with initiael glucoze syrup
concentration equalsg (28.70%). The needed time
for isomerization achievement could be decreaged
to almost 507,

INTRODUCTION

The production of high fructoge syrup from hydrolyzed starch can certainly
cover the shortage of sucrose sugar to a great extent in Egypte The regu-
lted syrup is more sweet than glucoge, begides it hag higher osmotic preg-
gure ag an inverted sugar to a2lmogt twice of that of sucrose. This prope-
rty is important when the prodvct uged as a preservative (Mermelstein,1975).

The kinetic of this isomerage enzyme and the factors affcecting itas
reaction velocity are to be consgidered in studying this enzymeelovo (1982)
gtated that reasoneble immobilized glucose isomerage cnéymc (Sweetzyme)
lies normally in the range 2000 - 3000 Kg dry substance per Kg cnzyme,
Mohamed (1986) found that the optimum activity of immobilized glucoge igo-
omerase enzyme (type A) was 0.6 mM/1l; Km 0,029 mM with temperature 650

PH Tedyreaction time one hour and enzyme concentration 250 mp/20 ml ocyrup.

Oegtergaard and Knudsen (1976).Aschengreen et al. (1979), Mamta ond
Prabhu (1980) and Novo (1982) have emphagized that the optimum activity
wag reached at pll 7.4 to 8.4 for sweetzyme, Tsumura and Sato (1965h)
found that the maximal activity for another strain of gluco:re inomerace
enzyme obtained from Aerobacter cloacae wag achieved at 50°C with incuba-
tion period of 30 min. Aschengreen et al. (1979) and Novo (1982) stated
that the optimum activity for sweetzyme type Q was achieved at 60°C,
Tsumura and Sato (1965a) and Novo (1982) showed that glucore isomerase

enzyme requires magnesium iong to activate its reaction since mé* iong

were bound with the enzyme protein.
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This work is mainly concerned with studying the most suitable condit-
ions of glucose lsomerase enzyme (Sweetzyme type Q) for the rroduection of
high fructose syrup.

MATERTALS AND METHODS

1: Immobilized glucose isomerase enzyme (Sweetzyme type Q), EeCe5.5¢99,1=D=
glucose - ketal - isomeragse, was supplied by Industrial A/S, Denmark,
It was obtailned from a strain of Bacillug coagulang in powdered form
with an activity equals to 200 IGIC/ge.

2: Pure glucose and fructose sugars were purchased from British Drug House
(BeDoHas)e

3s Convergion of cassava starch to glucoge gyrup was carried out in two
distinct steps:

3=les Liquefaction procegs:

Standard liquefaction process wasg accomplighed on cascava gtarch
according to the method described by Novo (1979) using amylage cnzyme
(Termamyl 120 L).

3«2+ Saccharification procegs

The liquefied starch from the previous procegs was saccharified ags
described by Novo (1979) using glucoamylasge enzyme (AMG 200L). The resu-
lted saccharified syrup was purlified by filtration after trentment with
activated carbon powder. The cations were removed using ion exchange
chromatography (cation resin: IR - 120 H; anion resin: Dowex 1x8 -~ 400),

The following experiments were carried out on the purificd regulted

glucosge gsyrups

43 Evaluation of sweetzyme type Q:
4-1, Effect of subatrate concentration on reaction veloclty:

The method of iamata and Prabhu (1980) was accomplished and the pro-
duced fructose wags determined by cystoino - carbazole
- HZSO4 method, ag described by Dische and Borefreund (1951). A blank
experiment wag carried out under the same conditionge.

4-2, Effect of pH on reaction activity:

The activity of glucoge isomerase enzyme (Sweetzyme) wag tested at
different pH valuces, i1e€ey, 5.0, 565, 660, TeO, Te2, Ted, TeB, 8s0, 852,
Bed, Beb, 8¢8 and 2,0 in tris-buffer (0,05 M). The reaction wasg carried
out with 4 ml., of MgSO4. 7H20 solne (0,01 M) and 500 mg, of thins onuyme,
Temperature was adjusted at 50°C for one hour. The fructoae content was

estimated as mentioned before.
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4-~3. Effect of temperature on reaction activity:

The mixture of glucose igomerasgse enzyme (600 mge enzyme + 0,8 mM glu-
cose syrup), 4ml. of MgSO4. 7H20 soln. (0,01 M) and 4ml. of tris - buffer
(0.05, pH 842) were incutated at different temps., 30, 40, 45, 60, 55, 60,
65, 70 and 75°C for one hour, then cooled and the fructose contenl at each
temperature was estimated as mentioned beforec.

4-4, Effect of enzyme‘concentration on reaction activity:

The activity of glucogse igomerage enzyme was determined by the method

of Mamta and Prabhu (1980) with some modificationsi

The reaction mixture was adjusted to pH 8.2 in a solution compoged of
4mle. tris - buffer (0.05 M), 4ml. of MgSO4. TH,0 solne (0,01M), 4 ml. of
glucose syrup soln. as substrate (concentration 0.8 mM) and mixed with 50,

The seperation of the enzyme was accomplished on filter paper and the for-
med fructose was determined as mentioned before. A blank experiment was
carried out under the same conditions, ’

4-5. Effect of Mg++ ion concentration on the activity of isomorase enziymes

Different concentrations of Mg'' ion, i.e., 0,005, 0.01, 0,015, 0.02,
0.025, 0,03, 0,035, 0,04, 0,05, 0,07 and 0.1 M were used, all other factors
were standardized as substrate concentration (0.8 mM) pl 8.2, temp. 50°C
and incubated for one hour, '

RESULTS AND DISCUSSION

l. Effect of different parameters on reaction velocity and nctivity of
glucose isomerase (Sweetzyme type Q) enzyme:

1l-1le. Effect of substrate concentration:

The effect of gubgstrate concentration on reaction velocity of glucose
lsomerase (Sweetzyme type Q) 1g shown in Table (1) and Fige(l-2)e. The
obtained results show that the reaction velocity to convert glucose to
fructoge igomer was increased up to 0.8 mM/1 of -D- gliucoges. At higher
concentration of glucoge, le.ees 1o0 and 1.l mil/1 the conversion procegs

-was inhibited and the reaction glow down until noﬁurthef change in velo-

city was observed (Zero order rcaction)such observation wag noted by Sepgel
(1968). On plotting (v) as fructogse content in pmil against (S) which is
the substrate concentration in mM, Michaelis constant (Kﬁ) of isomerage
enzyme (Sweetzyme type Q) could be obtained as shown in Fig. (1-b) and
equals 0,028 mM/1.

-The Michaelis constant (&n) of plucose isomerase wns alas debermined
uging Lineweaver and Burk (1954) by plotting 1/S against 1/v as shown in
Fige(l-c)e The obtained (Kh) wag in agreement with that previougly obta-
ined by half way point of the experimental curve as shown in Fipg.(l-n).
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On the other hand, the obtained Kh is very similar to that mentioned before
by Mohamed (1986) for another type of glucose isomerase (Sweetzyme type A).

Table (1): Effect of substrate concentration on reaction velocity of
glucoge isomerage (Sweetzyme type Q).

D-glucose Fructose Reaction 1/v
(8) content velocity 1/8 (x 101)
mM umM/1

0,05 0.699 1.70 20 5088
0.10 1.388 3.00 10 3.33
0,20 24630 509 5 1.96
0.40 5485 T80 25 1.28
0460 14.444 9.51 1.27 1.+05
0.80 16.805 10.66 1.25 0,94
1.00 164525 11.51 1.00 0.87
1.10 12,775 11.85 0,91 0.84
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Fig.(1l,a) Relationchip between subctrate
concentration and reaction vel-
ocity of glucose isomerase
enzyme,

Fig.(1,b) Relationship between subs-
trate concentration and
fructoce content of rluco-
ge ioomerasce enzyme.

1-2, Effect of pH:

The effect of pH on renction activity of glucose iaomerase cnvymoe
(Sweetzyme type Q) is illustrated in Table (2) and shown in Pige (2)a
The obtained bell - shaped curve indicates Indicated thet th-
optimum activity was achleved at pH 8,0 and reached to 12,2
anll/1/mine, The value of pH 8.0 i3 almost in agreement with that reported
by Standberg and Smiley (1971); Oestergaard and Knudeen (1976); Aschengreen
et al. (1979); Mamta and Prabhu (1980).

Novo enzyme comps. (1982), the producer of thig enzyme,astated that the
maximum activity is obtained in the range of pl 7.8 - 8.3 and nbove Pl 8,5
stability decreases rapidly besides high pH increases-the colour formation
during isomerizatione
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Fig.(1-c): Effect of subgstrate concentration Fig. (2): Effcct of pll on the

reaction activity of
immobilized glucose
: igomerage engzyme
- (Sweetzyme type-Q).

on the reaction veloclty of glucose
isomerase enzyme (Sweetzyme type Q)

Becauge glucose igomerase enzyme hag alkaline optimum pl, it was beli-
eved by Dixon and Webb (1964) that the active form of such enzyme must dep-
end upon the ionization of certain groups at the active center which ig .
capable to bind 2 protons, the monoprotonated form being the active form.

H2 Enz. L > H Enze. b e - Enz.
inactive active inactive

Table (2): Effect of pH on activity of glucose igomerage enzyme
(Sweetzyme type Q).

H Fructosge Reaction
p content activity
JamM/1 nmil/1/min
5¢0 22242 BT
55 31141 52
6,0 46646 Te8
6e5 516.0 8e 3
TeO 588,40 9.8
Te2 622,2 10.4
Ted 66666 11.1
Teb 67845 11.3
Te8 T00,0 1167
8.0 7333 12.2
8.2 683.4 11.4
864 46242 Te'T
846 188.8 3el
8.8 17767 249
9.0 166.6 2.7

1-3. Effect of temperature:

The effect of temperature on reaction activity of glucose isomerase
enzyme (Sweetzyme type Q) is illustrated in Fige(3) and Table (3), nine
different temperatures degrees started from 30°C and ended with 75°C were
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employeds At first increase of temperature was accompanied with a rapid

increage in the activity of the enzyme to form almogt gtraight linecs. The

optimum temperature was 50°C with reaction activity 5.93 pml/min. The time

reaction curve begins to fall down after 50°C at which temperature incre-

aged leading to enzyme inactivation and the enzyme inactivated at 75°C,

However, the optimum temperature for this enzyme 1g concident with that
gtated before by Tsumura and Sato (1965-b)s Aschengreen et al. (1979) and

Novo (1982),

Table (3): Effect of temperature on the reaction activily of

glucose igomerage engyme,

Temp erature Fructoge Reaction

oC content activity
pmM /1 JmM/1/min.

30 41.6 0.69
40 225,0 3675
45 341.6 5669
50 35545 5093
55 219.4 3.66
60 87.4 1.46
65 5862 0.97
70 19.4 0632
5 19.7 0.31

1-4. Effect of enzyme concentrations

Table (4) and Fige.(4) illustrate the effect of dlfferent sweetzyme
type Q concentrations on the activity of glucose isomerase. The maximum
reaction activity, 44.9 nmM/1/min. was reached at 600 mg/10 mls It could
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Fig.(3) Effect of temperature on the
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be gstated that increasing enzyme concentration to extra high levels lead

"to a noticed decrease in the overall reaction activitys Thig might be

attributed to the rate of the reverse reaction which might proceeded in

opposite direction leading to a general decrease in the final fructose

product, Yudkin and Qfford (1980).
t
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Table (4): Effect of enzyme concentration on the reaction activity

of glucose igomerase enzyme (Sweetzyme type Q).

Enzyme Obtained D-fructose Reaction
concentration activity
mg/10 ml. pmM/ 1 ‘ pmi/1/min,

50 . 311.1 Hel
100 ' 338.8 5eb
200 388.8 " 665
300 1208.3 2041
400 1416.6 23.6
500 322242 357
600 2694 .4 4469
700 2111.1 3542
800 1888.8 31e5

1-5. Effect of Mg++ion concentration on the reaction aétivity of glucose
igomerage enzyme (Sweetzyme type Q)

Different concentrationsg of Mg++ jons were used and the results were
recorded in Table (5) and shown in Fige(5)e The reaction activity increased
as the Mg++ ion concentration increagsed up to 0,03 (M) and the obtained D-
fructose was 290 ymM/1 with maximum enzyme reaction ectivity i.e. 4.83 pmll/
1/ min. At higher concentration of Mg++ ion, the reaction activity begen
to fall down owing to the autoinhibition effect of the high concentration
of the Mg*" ion.

Table (5): Effect of Mg’ ion conc. on the activity of glucose
isomerase enzyme (Sweetzyme type Q).

Mgtt ion[ M) Fructose content Reaction activity
concentration amM/1 3mll/1 /min.
0,005 58 0:97
0.010 122 203
0,015 130 2422
0,020 280 4667
0,025 285 4475
0.030 290 4683
0,035 180 3,00
0.050 150 2650
0.070 130 217
0.100 2502 0e42

Similar results were reported by Oestergaard and Knudsen (1976),
Aschengreen et ale (1979), Novo (1982) and liohemed (1986).
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2- The production of high fructose syrup from cassava starchs

The liquefaction and saccharification stages were carried out on cas=-
sava starch using engymes under optimum conditions as mentioned before,
The resulted syrup with dextrose equivalent (DoE.) and glucose 94+2% wa.s
uged in the isomerization processe. The resulted glucose ayrup wag puriried
to eliminate impurities, e.g., peptides, aminoacids and salts which inhi-
bit the isomerase enzyme. The glucose syrup wag concentrated to different
dry substances content (DeS.) as shown in Table (6), while other parametersg
were mostly constant of glucose isomerase enzyme (Sweetzyme type Q) accor-
ding to optimum conditionse.

From Table (6) and Fige. (6), it could be concluded that the conversg-
ion value to fructoge isomer was increased as the initial glucose concent-
ration of the syrup wag increased up to 284707 glucose content. At higher
conc. of glucose 35.42%, the conversion value was decrensed to 59.29%.
This observalion was pointed out by Novo (1982).
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igomerase enzyme
(Sweetzyme tyne=-0).,
Such phenomenon might be attributed to the diffugion resistance occu-

rred in the enzyme particles owing to the high content of dry oubstrate.

From the result obtained, it seemc that there is no necd for 72 hourg
for process duration since 32 hours ig quite cnoughe The different in-
itial glucose concentration reached almost its maximum convergion value
after only 32 hours. Such conclusion in very important from the econo-
mical stand point of view, since decreasing the time required for igo-
merization process to almost 507, simply means greab saving in the final
expencies of the process. However, such point need to be more investi-
gated under different condition to come to conclugive recultbo.
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Table (6): Effect of glucose syrup concentration on conversion of glucose
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to fructoae

Glucogse syrup Fructoge content at different periods
D.S Glucose 8 hrs. 24 hrs. 32 hrs. 48 hrs. 60 hrse 70 hro.
% % g/100 .,  g/100 g/100 % g/100 , g/l00 , g/100
ml @ ml L ml . ml i ml = ml L
1260 10420 0663 6618 1480 17609 3442 33053 4440 43.14 4.90 18,04 4,90 418,04
3305 20483  1e63 TeB3 2463 12460 9453 45675 10440 49492 10,63 51,03 10,75 51461
31e5 2870 2433 8410 9,00 31.28 19430 6709 18475 65¢17 19425 66491 19,00 66,04
40,0 35042 5600 14412 5,00 14,12 20,90 59,01 19438 54471 21.25 59499 21.00 59.29
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