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gilius niger was purified eleven-fold and its proper-
apparently free of o amylase and transglucosi-
raturs revealed that although the enzyme begins
temperziure would be most effective in the commercial
COBVETSL 5. An easy method of assay of o amylase levels in
culture filfraies soribed.  Studies with DEAE-cellulose also revealed the
presence of minor glucchydrolases.

Abstract:
tudied.

1. Introduction _

Glucoamylase also k"wwn as amyloglucosidase but more correctly named « 1-4
glucanglucohydroiase (3.2.1.3) is 2 common starch hvdlolysmg enzyme present in
many species of fungi (notably in Aspergillus®® and Rhizopus®4.® species) and also in
certain veast cud bacteria,® The enzyme (an exoenzyme) hydrolyses starch in a
stepwise manner from the non-reducing termini to produce glucose.> In addition
to hydrolysing the o 1-4 bond, the enzyme can also hydrolyse the o 1-6 bondS (present
in amylopectin).

sticn 15 of co:zsides‘f~1ble importance as the conversion is used in
cuon of glucose.t?  Considerable work has been done on the
tviase from many species of Aspergillii;s 13  the enzyme has
also been crystal Studies on the enzyme have shown that its pH and tempera-
ture optima vary from strain to strain®1® The enzyme is also reported to exist in
the form of iscenrzymes which differ in their pH optimum.13

The enzymic res
the commercial prod
purification of glicoar

Our studies in this paper have been undertaken with a strain (selected as previously
described$) which pro d uces larger guantities of the enzyme than three type strains
of Aspergillus (whick are noted for producing high vields of glucoamylase) when

the strains are compared by growing them on locally available media.?

Our studies have been directed towards :

(I) The preparation of 2 reasonably pure preparation of glucoamylase (from this
strain) which is {ree of transglucosidase (amylo 1-4, 1-6 transglucosidase)
and o amylese.

(2) The study of its properties mainly with respect to pH and temperature in
order to evaluate the best conditions of hydrolysis of starch to glucose using
glucoamylase 1 this strain of A. niger.
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boiling water-bath. The colour developed was measured using a Klett Summerson
Colorimeter (green filter). The amount of glucose liberated at various times was
calculated. using a standard curve. Enzyme activity, expressed in g moles/mi/min,
was calculated using the progress curve of the reaction (which was generally linear).
Corrections were made for protein by using blank and zero time readings which are
subtracted from reducing sugar volumes. It was found that these values are very
low ( < 5 Klett) due to the small amount of protein present in comparison to the
experimental readings which were in the order 50 to 225 Kleit. :

2.4 Properties of the enzyme

The effect of pH and temperature on enzyme activity were studied using the
above conditions using a thermostated water bath and a buffer (acetate) of the
appropriate pH (0.4M). Reaction time was varied according to the purpose of the
experiment (30 min or 20 h).

2.5 Starch-iodine reaction

The reaction was performed by the standard method using 1 ml of 1/10 diluted
reaction mixture and reading the absorption at 600 nm on a UNICAM SP3 spectro-
photometer.

2.6 KEstimation of -protein
This wds done by the method of Lowry.1

2.7 Chromatography -
. Paper chromatography of reaction products was performed using Whatman No. 1
chromatography paper with butanol : pyridene :' water (4 : 6 : 3) as solvent.1

3. Results and Discussion

3.1 Some properties of the crude extract

The supernatant resulting from 5 days fungal growth was a dark pink easiiy filterable
liquid of pH 6to7. It generally contains a total saccharifying activity equivalent to
about 40 4 moles glucose/ml/min which is mainly the result of glucoamylase activity.
However, varying amounts of & amylase were also present. This was especially evident
about a day before the optimum period of growth for glucoamylase production.

Evidence for a amylase activity was the rapid clearing of starch without liberation
of sufficient quantities of reducing sugar. The variation of o amylase levels of
cultures is shown in Figure 1. The decrease in absorption (at 600 nm) of the starch-
iodine reaction is proportional to « amylase content. .The percentage decreass in
absorption when 20 9] of the starch is converted to glucose gives a good estimate of
the o amylase activity of the extract.5 This may be given a numerical value by
plotting a standard curve with known ratios of & amylase and glucoamylase (Figure 2).
The o amylase used in this experiment was BDH o« amylase and the glucoamylase
used was a crude extract incubated at pH 2.5 for 4 days at 0°C to destroy o amylase.
Although this gives a good estimate of « amylase levels it is not strictly valid because:
(1) BDH « amylase (bacterial) and not the o amylase from this 4.niger strain was,
used and (2) experiments carried out later showed that the glucoamylase used probably
had low levels of & amylase (compare with Figure 5). -
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Figure 1. o Amylase levels of culture filtrates

Insets, A, B, C and D show the 9; release of reducing sugar and % decreass in absorption (E) at 600
nm of the starch iodine colouration by saccharifying enzymes of different culture filtrates. For details
see section 3.1.

According to the curve on Figure 2, the & amylase index of A, B, C, and D would be > 30, 0, < 5
and 30 respectively.

X—X, starch iodine colouration.
- @ — @, glucose released.

Zero time absorption of the starch-iodine reaction was 0.60 (the assay was carried out as in 2.5).
This represents 1009, absorption. Total reducing sugar releasable was 400 Jfmoles. -
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Figure 2. Standard curve for o amylase index.

abso “Df( » at 600 nm at 20, recovery of reducing sugar
amylass.  The activity of ¢ amylase used for the
of reducing sugar from starch.

« of the starch-iodine reaction was 0.60 (the assay was carried out
ate i00% absorption. Total reducing sugar releasable was

iy of cruce extracts had a pH optimum that was broad and
5.0. Em, temperature optimum lay between 52°C and
tec starchto reducing sugar at an efficiency of 85% t0 909
sglucosidase activity, which was confirmed by observing the
roiysis by paper chromatography where, in addition to glucose (95 %
» suger 48 determined by the MNelson method after elution of spot) small

:3 of other sugars were also present, their Ry values corresponding to that of
zlicse. somaltotricse and a pentasaccharide.
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3.2 Purification of Glucoamylase

During the preparation of glucoamylase for commercial use” the procedure used was
to concentrate the enzyme at temperatures less than 55° C (under vacuum) followed
by dialysis to remove fungal by-products. The process (Table 1) resuited in a sizable
loss of activity. Results in section 3.3.3 indicate that the foss of activity might be
reduced by evaporation in the presence of siarch. Resuitsin Table 2 show that
(NH,),S0, precipitation and precipitation with isopropyl aicohol were more efficient
methods of concentration. However, the commercial application of these methods
will largely depend on recovery and re-use of the precipitants. The methods used
resulted in an eleven-fold purification of the enzyme (Table 2).  Although this
appears rather low in comparison with the degres of purification achieved for other
enzymes, it must be remembered that glucoamylase is an exoenzyme and is present in a
relatively high specific activity even in the crude fiitrate.

TabLe 1. Concentration of saccharifying activity.

Total Volume Total Sp Activity rold

Step Activity (ml) protein  {j#moles/mg  purifi- Recovery
< (pmoiles/ (mg) protein/min) cation %)
min) N
1. Crude Extract 2520 100 102.5 24.5 i 100

2. Concentrate )
(Vacuum evaporation

at 55°C) 1375 27.5 68.8 19.1 038 55
3. Isopropyl Alcohol
precipitation (80 %) 1306 10.5 46.2 28.0 1.14 51

Steps 1, 2 and 3 were carried out successively on the same sample.

TABLE 2. Purification of glucoamylase

Total Total Volume Sp Activity Fold
Stage of Activity protein (ml) (ptmoles/mg  purifi- Recovery
Purification (ymoies/ (mg) protein/min)  cation (%)
min)
1. Crude extract 1314 168 71.0 7.7 i 100
Isopropyl alcohol
precipitation 1095 352 8.7 314 4.1 87
3. Sephadex G-200
Gel chromatography 500 8.0 Z20.0 61.1 8.0 39
4. Salt precipitation
(NH4),504 393 5.1 5.7 78.4 10.2 31
5. DEAE-cellulose
chromatography 139 1.64 8.0 85.0 11.0 10

For experimental details see section 2.2.

Another point of note is that DEAE-cellulose chromatography (Figure 4) results
in two minor peaks of saccharogenic activity. Paper chromatographic analysis of
the products showed that glucose was the only reducing sugar formed when starch
was hydrolysed. However the specific activity of the peaks at eluent volumes of
119 mi and 111 ml were only 9 gmoles and 7 zmoles glucose/mg protein/min. respec-
tively, and the significance of this existence is not known, but it couid indicate the
presence of isoenzymesi® as postulated previously.

v/
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Figure 3.
For details see section 2.2.

0—0, protein
X—X, activity

Activity expressed in mg glucose/ml/h = gmoles/ml/min x 1/10.8.

Sephadex-gel chromatography (G-200) of saccharifying acttvity of A. niger filtrates.
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Figure 4. DEAE-cellulose chromatography of ghicoamylase containing cxiracts.

For details see section 2.2.

Activity expressed in mg glucose/mi/h = pmoles/mi/min x 1/19.5.
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Thinning of starch by extracts (reflecting o amylase activity) was observed up to
the DEAE - cellulose stage of purification with glucoamylase activity but was lost
after this stage probably due to deactivation of a amylase or its irreversible binding
on the column.

3.3 Properties of Glucoamylase (purified)
3.3.1 Purity

The enzyme preparation did not produce a significant thinning of starch (as evidenced
by the starch-iodine reaction) even after more than 40 9 of the total theoretical amount
of glucose was produced showing that it was free of o amylase (Figure 5). A study
of a time course of the reaction (Figure 6) showed that a nearly theoretical amount
of glucose (> 97 %) was produced from starch. This indicates the complete (or nearly
complete) absence of the transglucosidase in the presence of which yields of this
magnitude cannot be achieved.® Further evidence for the absence of transglucosidase
was provided by paper chromatography experiments which showed that glucose was
the only product of starch hydrolysis.

3.3.2 Basic Kinetics

The effect of concentration of enzyme (Figure 7) did not have any deviations from
linearity showing the absence of complicating factors such as the presence of acti-
vators or association-dissociation phenomena. Figure 6 also shows the linear
nature of the reaction up to nearly 759 conversion of starch to glucose.

3.3.3 Effect of temperature

An Arrhenius plot of the enzyme activity with temperature is shown in Figure § ;
the rates being calculated over 30 min reaction time. The plot clearly illustrates
the interplay between two opposing factors, (1) the increase in the rate of reaction
with temperature and (2) the increase in extent of denaturation with temperature.
The figure shows that even over reaction time of 30 min that some deactivation
occurred at 60°C (although the absolute reaction rate became progressively faster
even up to 70°C). However, a reaction time of the order of 30 min is of little
significance for the commercial process which generally needs 20 h to 100 h enzymic
conversion. Results on Table 3 give the extent of reaction at varying temperatures
over a reaction time of 20 h. Substrate is not limiting and therefore any deviation
from the theoretical rate (calculated from extrapolation of linear slope of the Arrhenius
plot) is due to deactivation of the enzyme. The results clearly showed that : (1)
over this reaction time the optimum temperature is 60°C and (2) at temperature of
55°C and over there is considerable denaturation which progressively increases with
temperature. If a calculation of percent denaturation over 20 h is computed, then
it is clear that during successive 20 h periods that lower reaction temperatures will

15799—11
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Figure 5. Effect of glucoamylase on the starch-iodine reaction.

Details as in Figure 1 and section 3.1.£The reaction mixture was the same as in Figure
6 but the glucoamylase added was ~ 3 fmoles/min contained in a volume of 1.5 ml.,

X—X, starch iodine absorption (% of zero time).
e — e, glucose released (% theoretical of starch used).

Zero time absorption of the starch-iodine reaction was 0.60 (the assay was carried out
as in 2.5). This represents 1009 absorption. Total reducing sugar releasable was
400 Jtmoles.
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Figure 6. Glucose liberation by glucoamylase.

The reaction mixture contained: 1 %?starch(7.5 ml) 0.4M acetate buffer, pH 4.3 (1 ml) and glu-
coamylase ( ~6 #moles glucose/min in 0.25 ml). Total theoretical yield of glucose was 407 pmoles
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Figure 7. Effect of concentration on the release of glucose from starch by glucoamylase.
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become progressively more favourable. Therefore it would be possible to calculate
the most favourable temperature of reaction for different reaction times, keeping in
mind that there is a limit to lowering temperature as reduced temperature would
favour microbial contamination and deterioration. From these results, it appears
that a reaction temperature of 60°C would be most favourable if reaction time is of
the order of 20 h to 60 h. However, beyond this reaction time a lower iemperature
(closer to 50°C) could give a better overall rate of reaction.

TasLe 3. Effect of temperature on hydrolysis of starch

Temperaare Rty Theorstical

(mg) (mg)
28 1 20
38 34 34
43 56 64
50 101 98
55 110 152
60 146 202
65 21 304

Experimental glucose release was estimated by using a reaction mixture
containing 2% starch (35ml) 0.4M, pH 4.3 acetate buffer (2ml) and
approximately 0.8 gmoles/min glucoamylase.

Theoretical glucose has been calculated using an extrapolation of the
Arrhenius plot of Figure 8.

3.3.4 Effect of pH

Unlike the effect of temperature the effect of pH does not appear to be critical.
Over both reaction times (30 min and 20 h) the activity is relatively high over a wide
range of pH. The optimum pH appears to be 4.0t0 4.3 very little difference occurring
between pH 3.6 and 4.6. These studies indicate that the enzyme studied probably
corresponds to one of the two isoenzymes isolated by Pazur and Okadal3 (which is
reported to have a pH optimum of 4.0 ; the other havingan optimum pH of 6.5
according to that study).
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Figure 8. Arrhenius plot for Glucoamylase.

Reaction time was 30 min. K is expressed in terms of #moles glucose released/ml/min.
The extract contains 205 #g protein/ml.

For further experimental details see section 2.3.
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Figure 9. Effect of pH on Glucoamylase activity.
O0—O, Reaction time 30 min. Experimental procedure as in section 2.3.

X—X, Reaction time 20h. Experimental procedure as in table 3, but pH varied and
temperature constant at 60°C.

100 percent activity represented 17.4 and 18.2 #moles/mg protein/min. respectively
for the experiments.
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4. Conclusions

The glucoamylase produced by a strain of Aspergillus niger (producing the enzyme
in large quantities on locally available substrate) would be most effective, in the
commercial conversion of starch to glucose, at pH 4.3 and 60°C even though there is
significant enzyme deactivation at this temperature.
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