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AESTRACT 

Two glucoamylases (I and II) were produced during solid-state culture of 
Aspergillus hemzebergi (A. niger group) on cassava meal, whereas one glucoamylase 
and one alpha-amylase were synthesized by the mould in liquid culture. These gluco- 
amylases were acidic proteins with thermotolerant activities. Glucoamylase I was not 
a glycoprotein, but glucoamylase II and the glucoamylase from liquid cultures con- 
tainzd 15 oA of sugars. The alpha-amylase was significantly less thermotolerant and 
of smaller molecular weight. The influence of culture conditions on the production 
of different amylases by the same Aspergiilzzs strain on the same substrate is discussed. 

INTRODUCTiON 

Amylolytic enzymes derived from filamentous fungi have been extensively 
investigated because of their importance in the starch industry for the production of 
sugar syrups and crystalline sucrose. Glucoamylase and alpha-amylase have been 
found in several genera of fungi, but the genus Aspergillrts is that currently most used 
for commercial production. Numerous reports1-5 have been published on the 
purification of glucoamylase from Takamine Diazyme, a commercial enzyme prepara- 
tion isolated from a semi-solid fermentation of A. niger by an alcohol-precipitation 
procedure. Glucoamylase consists of two isoenzymes which are glycoprotein?. 
Submerged-culture filtrates of A. niger contain the same isoenzymes, and also an 
alpha-amylase’- g. ) 

Although considerable information is available concerning the purification 
and the physicochemical and enzymic properties of these enzymes, few comparative 
studies have been published’ ‘- l2 on fungal amylases formed in various culture 
conditions_ We have reportedI on the influence of the culture conditions on the 
amylase activities of A. hennebergi (A. niger group) grown on cassava meal, and now 
describe the purification of different amylases produced by the mould in liquid and 
solid cultures_ 

*To whom enquiries should be addressed. 
iPresent address: Orstom, B.P. 81,97201, Fort-de-France, hlartinique. 
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MATERIALS AND METHODS 

Micro-orgattism and crrltrrres. - A strain of A. Jremebergi Blochwik (A. rziger 

group) was used. Submerged and solid cultures on cooked cassava meal were carried 
out as reported previousIy’3V’a. Cultures were grown at 35” and harvested after 25 
and 48 h for submerged and solid-state culture, respectively. 

Preparation of crude el-tracts. - AI1 operations were performed at room 
temperature unless otherwise stated. 

(a) Solid-state fermentation. Solid culture (25 g) was suspended in water 
( - 400 ml j and homogenised with an Ultra-Turrax blender. The pH of the suspension 
(4.5) was adjusted to 9-O with 0.531 NaOH. After stirring for 1 h, the homogenate was 
centrifuged at 4,OOOg for 20 min. This process was repeated, and the supernatant 

fractions were combined and concentrated to - 20 ml irz vacua at 35”. This treatment 

did not cause any significant loss in enzyme activity. After centrifugation at 30,OOOg 
for 20 min, the crude concentrate was dialysed overnight against 0.1 JI Tris-HCl buffer 
(pH 7.2) at 4”. 

(b) Liquid fertnentation. Broth culture (1.2 1) was homogenised, and the pH 
was raised from 5.0 to 7.0 with 0.5~ NaOH. The extraction and concentration steps 
were then carried out as in (a). 

Under these optimised conditions, 70 and SOyi of enzyme activity were re- 
covered for the submerged and solid culture, respectively. 

Zon-exchange clwomatograpJri_. - Each concentrated, crude extract (20 ml) 

was applied to a column (2 x 20 cm) of DEAE-Sephadex A50, previously equilib- 
rated with 0.1x1 Tris-HCI buffer (pH 7.2). A Iinear gradient 0+0_5ar NaCl in the same 
bufler was used for elution. Appropriate active fractions were combined, concentrated 

by using an Amicon ultrafiltration cell fitted with a PM 10 membrane, dialysed against 
Tris-HCl buffer, and then re-chromatographed on DEAE-Sephadex A50. 

_4naZyticaJ metJzods_ - Proteins were determined by the absorbance at 280 nm 
or by the method of Lowry et aI_‘5. using bovine serum albumin as standard_ Reducing 
sugars were determined as glucose, using a Technicon Auto AnaIyser and the aIkaIine 

ferricyanide reagent. D-Glucose was specifically determined by using D-glucose oxidase 
and peroxidase (Sigma Technical Bulletin No. 510). Carbohydrate content of glyco- 
proteins was determined by the phenol-sulfuric acid methodI with D-glucose as 
standard_ 

_4ssay of atnylo[Uic activity. - Amylase activities were based on the release of 
D-glucose from 1 T< of soluble starch (Prolabo) in 50mhr citrate buffer at the appropri- 
ate pH and temperature (final volume. 5 ml). One unit of glucoamylase activity was 
defined as the amount of enzyme required to release 1 pmol of D-@UCOSe (or ghrcose 
equivalent) per min at 60’ and pH 4.5. For convenience, alpha-amylase activity was 
also expressed as pmol of glucose equivalent reIeased at 50” and pH 5.0. Specific 
activity was defined as units per mg of protein. 

PoJyacrylamide gel eJectropJ~oresis_ - Disc gel eiectrophoresis was carried out’ ’ 
in glass tubes at pH 8.3 in 7.5% acrylamide gels with a current of 3 mA per gel. 
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Proteins were stained with Coomassie Brilliant Blue. To locate amylase activities, 
gels were dipped in iodine-iodide solution (0.2% of I, f 2 o/0 of KI) after 60-min 
incubation at 50” in starch solution (0.5 72 of soluble starch in 0.0% citrate buffer at 

pH 4.5). Amylase activities were revealed as clear zones in a bluish background. 
Glycoproteins were stained’ ’ in gels with the periodic acid-Schiff reagent. 

Isoelectric focusing. - Determination of isoelectric points was performed’ 9 
in 5% polyacrylamide gels with a Pharmalyte carrier ampholyte, pH range 2.5-5.0 

(Pharmacia). Lyophilised samples (- 5 g of protein) were dissolved” in a sample 
buffer. 

Determination of moiecrdar n-eights. - The method2’ involved determination 

of elution volume from a column (1.1 x 120 cm) of Biogel P-150 equilibrated with 
0.1~ Tris-HCl buffer (pH 7.2) and calibrated with bovine serum albumin (mol. wt. 
6S,OOO), ovalbumin (43,000), soybean trypsin inhibitor (21,000), and cytochrome C 
(12,500). The void volume was determined with Dextran Blue (2.000,000). The 
standards were layered on the columnt and eluted with the same buffer at 6 ml/h 
(1.2-ml fractions)_ 

RESULTS 

h@tence of pH on Ihe yield of extracted anlylase. - By varying the pH of a 
homo_genised suspension obtained by blending mycelia from solid or liquid cultures, 
the optimum extraction-yield of amylase activity was determined at pH 9.0 and 7-O 
for solid and liquid cultures, respectively_ The extraction procedure was therefore 
chosen as described in h4aterials and Methods, after comparison of different buffer 
efficiencies and the effects of surfactants (Tween, Triton X100). 

Pm-ifcation of atn~*io~stic enqmes. - The procedure developed for the isclation 
of enzymes from solid-state culture is shown in Table I. The elution pattern in DEAE- 
Sephadex chromatography is shown in Fig. 1. Two active fractions were eluted, namc- 

TABLE I 

PURIFICATION OF xMYLASES FROM AspergiUos hermebergitx SOLID CULTURE 

Purification 
steps 

Volume 

(ml) 

Total Total Specific Ptrrification Yield 

protein acrivir! activity factor (%I 

(mg) (tmirs) (onits/mg) (fold) 

Crude product (25 g wet-wt.) 400 1515 
Crude extract (pH 9) 20 232 
Chromatography (DUE-Sephadex A50) 

Gtucoamyiase I 7 17.5 
Glucoamylase II 6.6 24.7 

Re-chromatography (DEAE-Sephadex A50) 
Glucoamylase I 3.4 5.4 
Glucoamylase II 3.7 12.5 

6S20 4.5 
5255 22.6 I 100 

I040 59.5 2-6 19.8 
2260 91.5 4.0 43.0 

522 96.6 4.3 9.9 
I481 118.5 5.2 28.2 
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Fig. 1. First ion-exchange chromatography on a column ( 7 x 20 cm) of DEAE-Sephadex A50 of 
the crude extract from the solid-state culture of A. hennebergi: elution with a linear gradient 0+0.531 
NaCi in 0.1~ Tris-HCI buffer (pH 7.2) at 25 ml/h (5-ml fractions); 280-nm absorbance, --A--; 
amykse activity, ----; NaCi elution gradient, -. 

ly, glucoamylase I at -0.1~ NaCi and glucoamylase II at - 0.2~ NaCl, designated 
according to their electrophoretic mobilities”‘. Each fraction consisted of gluco- 

amylases, as indicated by the 1: 1 ratio between the reducing sugars assayed by the 
ferricyanide procedure, and D-glucose determined by the o-glucose oxidase-peroxidase 
method. The liquid-culture extract also exhibited two amylolytic peaks in chromato- 

graphy on DEAE-Sephadex A50 (Fig. 2). The first peak consisted of alpha-amylase, 
as indicated by the low ratio (1 : 5) of D-glucose formed to the total reducing-sugars. 
The latter peak consisted of glucoamylase. The results of the purification experiments 

are shown in Table II. After re-chromatography on DEAE-Sephadex A50, the four 

active fracticns were found to be homogeneous in polyacrylamide gels stained for 
proteins (Fig. 3). When gels were stained with the periodate-SchifT reagent, only 

glucoamylase II from solid: culture and glucoamylase from iiquid culture gave 
positive reactions, indicating the presence of carbohydrate in the enzyme molecule 
(Fig. 3). However, for alpha-amylase and glucoamylase I, a weakly coloured band 
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Fig. 2. First ion-exchange chromatography on DEAE-Sephadex A50 of the crude extract from the 
submerged culture of A. hennebergi (see Fig. 1 for details). 
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Fig. 3. Disc gel ekctrophoresis of amylases from solid (A) and liquid cultivation (B) of A. hennebergi: 
-0.1 mg of protein was used in each tube with staining for amylolytic activity (a. crude extracts), 
for proteins with Coomassie Blue (bl and bz, purified enzymes), and for carbohydrate with periodate- 
Schiff reagent (CL and CZ, purified enzymes). 
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TABLE II 

PCIRIFICATIOS OF A~XASES FROM Aspergilhs Iremcbergi IN LIQUID CULTURE 

Parifcation Volume Tota! Total Specific Arificarion Yield 
steps (ml) prorein activity activity factor Cal 

CmgJ (units) Ctmitsjmgl (fold) 

_ __~.__.__ __- .-____~-_~---._~ --.--I_~ __- 

Broth culture izoo 19cO 5410 2.55 
Crude extract (pH 7) 20 354.5 3531 10.6 1 100 

Chromato,oraphy (DEAE-Sephadex A501 
Alpha-amylase 5.6 15.4 1654 107.4 10.1 43.1 
Glucoamylase 4-s 15.7 1285 44.8 4.2 33.5 

Rechromatomphy ( DEAE-Sephadex A50) 
Alpha-amylase 3.4 9.5 1155 124.7 11.8 30.9 
Glucoamylase 1.0 9.4 1066 113.4 10.7 27.8 

was also observed in the upper portion of the gels. This contamination, detected by 

the periodate-Schiff reagent: was not observed when gels were stained for proteins 

by the Coomassie reagent. Each concentrated, crude extract showed two active bands 
situated at the same Iocation as that of purified fractions stained for proteins_ 

Properties of the enqmes. - The molecular weights of the amylases were 

determined by gel filtration on a calibrated co’lumn of Biogel P-150. For the purified 

enzymes from solid culture, values of 60,000 $2,000 and 72,000 &2,500 were ob- 

tained for glucoamylase I and II, respectively. For liquid culture, the alpha-amylase 

had a moiecular weight of - 50,000, and that of glucoamylase was 70,000 +2,000 
which was similar to that for glucoamylase II. 

Isoeiectric focusing of each purified preparation in carrier ampholytes coverins 

the pH range 2.5-5.0 yielded a single protein band at pH -3.9, indicative of acidic 

proteins. 
Only glucoamylase II from solid culture and glucoamylase from liquid culture 

were identified in geIs as glycoproteins (Fi g_ 3). The carbohydrate content of these 

fractions, determined as glucose by the phenol-Ii,SOs method, was 15 %. 

The effect of pH on enzyme activities was tested in 0.05~ citrate buffer in the 

pH range 3.0-7.0. The results are shown in Fig. 4. For gIucoamylases produced in 

both conditions of growth, similar curves were obtained with a pH range of maximal 

activity between 4-O and 5.0, whereas the pH optimum of alpha-amylase was 5.5. 
The temperature optima determined by a 15-min incubation were 70” for the 

three glucoamylases and -50” for alpha-amylase (Fig_ 5). On heating in 0.05~ 

citrate buffer at the appropriate pH for 15 min at various temperatures, each gluco- 

amylase retained full activity up to 65”, but alpha-amylase lost its activity above 
60” (Fig. 6). 

DISCUSSION 

Our studies showed that the A. hennebergi amylase system consisted of two 
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Fig. 4. ESect of pH on amylase activities. Reactions involved 15 pg of enzyme for 15 min, using 
soluble starch (19;) in the appropriate O.OShi citrate buffer: A, glucoamylase I (-_O-) and @co- 

amylase II (-@-) from solid culture; B, alpha-amylase (-0-) and glucoamylase (-+) from 
liquid culture. 

main enzymes in both cultivation methods. As reviewed by Uedaz3, the number of 
amylases and their properties depend on the species and the culture conditions of the 
moulds. Our data accord with this statement since, although they had similar electro- 
phoretic mobilities in polyacrylamide disc gels, the two amylase systems were not 
identical in solid and liquid cultures of the same Aspergilhs strain on the same 
substrate_ 

Of the total amylase activity, -80% was recovered by two successive washings 
of the solid clllture at pH 9.0; in contrast to the finding of Miah and Ueda”, only 
two glucoamylases and no alpha-amylase were detected in the crude extract. The two 
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Fig. 5. Effect of temperature on enzyme activities_ Amylase activities against 1% of soluble starch 
were measured for 15 min at the appropriate pH (0.05~ citrate buffer) and the temperatures indicated: 
A, glucoamylase I (-C--) and @ucoamylase Ii (-O-) from solid culture; B, alpha-amyiase 
(-_O-) and glucoamylase (-Q-) from liquid culture. 

ghrcoamykses (I and II) were separated by chromatography on DEAE-Sephadex 
A50 and were obtained in the ratio 1:2 with respect to activity. A similar ratio has 
been reported” for wheat-bran, solid culture of A. oryzae_ On disc gel electrophoresis 
of the purified enzymes from solid cultures, glucoamylase I gave a sharp band that 
stained for protein but not glycoprotein. In contrast, glucoamylase II migrated as a 
wide band in the middle of the gels that stained for protein and gIycoprotein, and it 
was found to contain 15 o/0 of sugars. 

Some properties of glucoamylases I and II were similar (e.g., acidic nature, 
optimum pH, thermal stability), and glucoamylase I might be generated by degrada- 
tion of glucoamylase II during mould cultivation or enzyme extraction, resuhing in 
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Fig. 6. Temperature stability of amylases. Enzyme solutions (0.5 mg of protein/ml) in 0.05~ citrate 
buffer at the appropriate pH were incubated for 15 min at various temperatures, and the residual 
activity was then determined: A, glucoamylase I (-_O-) and glucoamylase Ii (-e) from solid 
culture; B, alpha-amylase (-O-) and glucoamylase (-*) from liquid culture. 

the loss of the carbohydrate moiety and in the decrease of the moIecular weight from 
72,000 to 60,000. A simiIar observation was reported by Hayasbida24, who demon- 
strated the formation of two types of giucoamylase by in vitro proteoiysis of the 
native enzyme. It is uniikely that the two forms of giucoamyIase arise as artifacts of 
the purification procedure, as the 1:2 ratio between glucoamyIases I and II was 
constant in ah the crude extracts, regardless of the pH of extraction from the solid 
culture. Our data are more in agreement with the assumption’ that glucoamylase 
isoenzymes are produced by different genes. 
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Submerged cultures of il. rziger on corn meal producegV2s both glucoamyiases 

and alpha-amylase. Two amylase activities were separated by chromatography on 

DEAE-Sephadex A50 of the crude extract from liquid culture of our strain of A. 
/ze~u~eber,oi grown on cassava meal_ The second peak, eluted with 0.2b1 NaCl, was a 
glucoamylase which, after gel electrophoresis, was shown to be a glycoprotein. The 

mo:ccular weight, carbohydrate content, isoelectric point, optimum pH, and thermal 
stability of the glucoamylase from liquid culture were very similar to those of gluco- 
amylase II from solid culture. 

Barton er al.’ reported thai alphlr-amylase was produced only when starch 
was the carbon source of A’. niger. The first peak eluted with 0.12~ar NaCl from a 
column of DEAE-Sephadex -450 loaded with the crude extract from liquid culture of 
il. hmt~ebergi on cassava meal was an alpha-amylase. Its characteristics were signifi- 
cantly different from those of glucoamylasesr thus, it was not a glycoprotein, its 
molecular weight was 50,000, its pH optimum was 5.5, and its activity was destroyed 
above 60”. According to Barton et a/_ 8, the presence of alpha-amylase may account 
for the high ievel of glucoamylase accompanying the growth of A. niger on starch, as 
glucoamylase synthesis is not induced by polymeric glucans. This observation is 
apparently inconsistent with the lack of alpha-amylase in the crude extract from solid 
cultures containing two glucoamylases. However, Gasdorf et a/.’ have reported au 
active endo-amylase activity of glucoamylase I free of alpha-amylase. This endo- 
amylase activity may account for induction of glucoamylase synthesis during growth 
of ri. hetznebergi on cassava meal. Moreover, even if alpha-amylase was produced in 
solid-state cultures, it is possible that it was destroyed before harvest, as the pH had 
decreased to 2.5 after 24 h of growth. Lineback et al.’ have reported that the level 
of alpha-amylase was drastica!ly decreased in low-pH conditions of cultivation_ 

Thermotolerance is a well-documented characteristic of glucoamyiases pro- 
duced by black As-pergihs, and our data accord with previous reports3*2’. The three 
glucz,amylases from our strain were stable for 15 min up to 65”. Unlike Ramachan- 
dran et al.“, we determined the thermostabihty by incubating the puriSed enzymes 
in the absence of substrate_ 

The glucoamylases described herein have optimum temperatures ranging 
around 7iI”; this is convenient for industrial use, as operation can be at sufficiently 
high temperature to discourage microbial contamination. However, the reason for 
the production of two glucoamylases by A. hetwebergi grown in solid-state cultures 
and for the lack of alpha-amylase, as compared to the same strain culti=jated in sub- 
merged conditions, remains unclear. Further studies to elucidate this phenomenon 
are in progress_ 
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