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AhlCmca: Cil:!~ua:~?yl:i~ ZF.r~ir! R::i9ei.~:iii/~.s iri:;e:. was ~urified eleven-fold and its proper- 
tlos stitbed. The ;ircaar:ttioi! was apparenr!~ rree of a amylase and transglucosi- 
dase. Studies c.:i\ t!&e sfreci ij!' temper,aCarr, revealed that altliougl~ the enzyme begins 
to be do:!ct:v>i.e:i :!I 60 'C, 15.4 tempers:~.!re w o ~ l d  be most effective il the conlmercial 
conversial: .if ::;;::.ch to gi:i::.s>:e. Ar. easy mc?hod of ,may of a: amylase levels in 
culture filtrdtes I,: d s c i  c i ~ ~ c r i b e d .  Studies w~th DEAE-cellulose also revealed the 
presence of mii~or gi!~ccl~ydro!zses. 

Clucoarnylase a!sc? known as arnyloglucosidase but more correctly named a 1-4 
glucanglucohyd!.oiasr: ij..?.! .3) is s corninon starch hydrolysing enzyme present in 
many species el' fmz i  (notably in A ~ p e r g i l l u s ~ ; ~ ~  and R h i z o p ~ s ~ . ~ . ~  species) and also in 
certain yezss: :nd bi~c!:et.ia.~ Tlie enz:v'n?&- (an exoenzyme) hydrolyses starch in a 
stepwise Inailne:. @ o n  t3e non-rctiuctng termini to vroduce g luco~e .~  In addition 
to hydrxsijsi~:p the a 1-4 boild, the enzyme can also I~ydrolyse the a 1-6 bond5 (present 
in armylopectin'). 

The enzyriiic reac.:Cicr~ is or cci:side!-:tble importance as the conversion is used in 
the commercial production of glu!:ase.~VConsiderable work has been done on the 
purification of glnc;oaiiiyl;lsc f'rf;m msuy speciks of Asye~gillii;~,~~l~ the enzyme has 
also been crystaIli:.,ed.j." Studies 3r1 the enzyme have shown that its pH and tempera- 
ture optima vary ijo:a:i r;l:rain to strain.%1° The enzyme is also reported to exist in 
the form of isoenxyn.:es wl-rjch differ itn their pH optimum.13 

Our studie;; in ,[hi:; paper have been undertaken with a strain (selected as previously 
described" vwl~ich produces larger quantities of the enzyme than three type strains 
of Aspergillus fivhic!: :ire noted for producing high yields of glucoamylase) when 

3 the streills are comps~red by growing them on locally available media.7 

Our studies have been directed towards 

(1) The grepar~tion of a reasonably pure ppa ra t ion  of glucoamylase (from this 

~7 
strair,) wl~ich is free of transglucosidase (amylo 1-4, 1-6 transglucosidase) 
and a amy!ase. 

(2) The study ol' It:< properties n~ainly with respect to  pH and temperature in 
order to a o i ~ I u a ? ~  the best conditions of hydrolysis of starch to glucose using 
glucoamylase frum this strain of A.  niger. 
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Fipira 2. Stmdar..i curve for a arnplasc index. 

.i'erce.i;?ai;a drcrcssa of rabsr~ytic~:: at 500 nm at 20 % recovery of reducing sugar 
(2Cr ;'::.E.g is glo'Pcri i-5 k=;aclicn irf c< amylase. The activity of a amylase used for the 
pioi: S~?i;ig csicsaii:!.&. ri'l the rc!ai?ac of reducing sugar from starch. 

Zero ri:ia a!?sarptlor: of the starc'ci-ioiiirie reaction was 0.60 (the assay was carried out 
. 8% i o  2.5). 'rainis rc:ves.;nt$ ING< :;absorption. Total reducirig sugar releasable was 

,4Gn ,ldmcics. 

I I b.. B ' r ~ t .  ,,a.ccl,::rogenic acrivi-kj7 of crudc extracts had a pll  cptimum that was broad and 
varied %ier;,!leen. pi% 4.0 s;:d 5.0. The temperature optimum lay between 52OC and 
56°C. 'r'i'le extract c!;r~ve::tad starc11 to rzducing sugar at an efficiency of 85% to  90%. 
This reflected some fransglucosidase activity, which was confirmed by observing the 
products snf' liydroiysls by paper chromatography wherc, in addition to glucose ( 95 % 
af redmini,: sugar as determined By the Neison method after elution of spot) small 
quantitic~. of' other sugars were also presant, their Rf vaIues corresponding to that of 
isonrrltore. isorus~ltstricsc and a pentasaccharide. 
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3.2 Purification of Glucoamylase 
During the preparation of glucoarnylase for commercial use7 the procedure used was 
to concentrate the enzyme at temperatures less than 55" C (nnder vacuum) fotiou~ed 
by dialysis to remove fungal by-products. The process (Table I) resuited in a sizable 
loss of activity. Results in section 3.3.3 indiczte that the loss of activity might be 
reduced by evaporation in the prescnce of stars%. Results in 'Fable 2 silo\v that 
(NH,),SO, precipitation and precipitation with isopropyl alcohol were more eff~cient 
methods of concentration, However, the commercial appiication of these r~lethods 
will largely depend on recovery 2r:d re-.use of the precipitants. The methods used 
resulted in an eleven-fold puri5calion of th_e e.nzyxe (Tabie 2). Although this 
appears rather low in comparison with the degree crC purification achieved for other 
enzymes, it must be remembered th2.t g!ucoamylase is an exoenzyrne and is present in a 
relatively high specific activity even in the crade filtrate. 

TABLE 1 .  Concentration of saccharifyiog activity. 

Total Volume Total Sp Activiiy Fold 
Step Activity (ml) protein (~crnqieslmg purifi- Recovery . (fimcjiesi find prete~nim~n) cat~on i %) 

min) - . - -- -- - .. - - - - -- 
1. Crude Extract 2520 100 102.5 24.5 1 100 
2. Concentrate 

(Vacuum evaporation 
at 55°C) 1375 27.5 68.8 19.1 0.8 55 

3. Isopropyl Alcohol 
precipitation (80 %) 1306 10.5 46.2 28.0 1.14 5 1 

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

TABLE 2. Purification of glucoamylase 
L- - 

Total Tota! Volume Sp kctivity Fold 
Stage of Activity protein (ml) (,fornqles/mg puyifi- Recovery 

Purification (,@OW 0%) protein/mm) cation ( %) 
-. -. .- - mm) - - .. . 

1. Crude extract 1314 168 71 .O 7.7 1 100 
2. Isopropyl alcohol 

precipitation 1095 35.2 8.7 31.4 4.1 87 
3. Sephadex G-200 

Gel chromatography 500 8.0 20.0 61 . I  8.0 39 
4. Salt precipitation 

(NH4),zS04 393 5.1 5.7 78.4 10.2 3 1 
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 acti~rity. Paper chromalographic analysis of 
the products showed that glucose was the only reducing sugar f'ormsd wlien starch 
was hydrolysed. However the specific activity of the peaks at eluent voiurnes of 
119 ml and 11 1 mI were only 9  moles and 7 ianoles ~irxcose/m.g ?rotein/min. respec- 
tively, and the significance of this existence is not known, but it could indicate the 
presence of isoenzymes13 as postulated previously. 
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Figure 3. Sephadex-gel chromatography (G-200) of saccharifying activity of A .  niger filtrates. 

For details see section 2.2. 

0-0, protein 
X-X, activity 

Activity expressed in nig gIucose/rnl/h = pmoles/ml/min x 1/10.8. 
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Figure 4. DEAEccllulose chromatography of glucoamylase containing cxtracts. 

For details sea section 2.2. 

Activity expressed in mg glucoso/ml/h - pmolcsj:nl/rnin x I f  10.6. 



Thinning of starch by extracts (reflecting a! 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 % of the total theoretical amount 
of glucose was produced showing that it was free of a 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.9 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 75% conversion of starch to glucose. 

3.3.3 Eflect of temperature 

An Arrhenius plot of the enzyme activity with temperature is shown in Figure 8 ; 
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 
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Figure 5. Effect of glucoamylase on the starch-iodine reaction. 

Details as in Figure 1 and section 3.1.5The reaction mixture was the same as in Figure 
6 but the glucoamylase added was .Y 3 pmoles/n~in contained in a volume of 1.5 ml. 

X-X, starch iodine absorption (% of zero time). 

- e , glucose released (% theoretical of starch used). 

E. R. Jansz, Nirlnala Pie~.is, E. E. JeyaRaj and Ninzali de Silva 

Zero time absorption of the starch-iodine reaction was 0.60 (the assay was carried out 
as in 2.5). This represents 100% absorption. Total reducing sugar releasable was 
400 /Amoles. 



Glucoamylase 

Figure 6. Glucose liberation by glumamylase. 

The reacti.on mixture contained: 1 %tstarchp(7.5 rnl) 0.4M acetate buffer. pH 4.3 (1 ml) and glu- 
coamylase ( -6 lumoles glucose/min i11~0.25 ml). Total theoretical yleld of glucose was 407 pmolcs 
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PROTEIN @g) 

Figure 7.  Effect of concentration on the release of .glucose from starch by gluwamylase. 



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. 

TABLE 3. Effect of temperature on hydrolysis of starch 

Temperature 
("C) 

Glucose 
released 

(md 

Theoretical 
glucose 

Experimental glucose release was tstimated by using a reaction mixture 
containing 2 % starch (3Sm1) 0.4M, pH 4.3 acctate buffer (2 ml) and 
approximately 0.8 prnoles/min glucoamylasc. 

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

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 4.0 to 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 isoenzymesisolated by Pazur and Okada13 (which is 
reported to have a pH optimum of 4.0 ; the other ha.ingan 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 pmoles glucose released/ml/min. 
The extract contains 205 pg protedml. 

For further experimental details see section 2.3. 



PH 

Figure 9. Effect of pH on Glucoamylase activity. 

0-0, 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 pmoleslmg protein/min. respectively 
for the experin~ents. 



74 E. R. Jansz, Nirmzla Pieris, E. E. JeyaRaj and Nimali de Silva 

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 GO'C even though there is 
significant enzyme deactivation at this temperature. 
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