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Abstract

α-glucosidase (EC: 3.2.1.20) was isolated and purified from Penicillium chrysogenum Thom ATCC 10106 by ammonium sulphate

precipitation (75%), DEAE-cellulose and Sephadex G-200. The specific activity was 140 units (U) mg−1 protein. The enzyme

expressed a single band using SDS-PAGE and the molecular weight of the enzyme was nearly 43KDa. The optimal pH and

temperature were 8 and 40ºC. The activation energy was 17.94 k J mol−1. The optimal incubation time was 40 min. Glutamine,

glutamic acid, cysteine, alanine, phenylalanine, glycine, methionine, asparagine enhanced the enzyme activity and cysteine was

the best enhancer. However, cystine and arginine inhibited α-glucosidase activity. The Vmax values were 48 and 38.1 U mg−1

protein with and without of cysteine, respectively. However, Km values were 0.21 and 0.25 mM in absence and presence of

cysteine, respectively.
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Introduction
α -glucosidase is an essential enzyme in the digestion of car-

bohydrates. It can release glucose by hydrolyzing linear as well

as branched isomaltose oligosaccharides, causin g a postpran-

dial hyperglycemia [1–3] . Diabetes mellitus is one of the most

chronic endocrine disorder which affects the metabolism of car-

bohydrates. It includes a group of some metabolic diseases char-

acterized by hyperglycemia, where blood sugar levels are in-

creased either because the insulin does not produce from pan-

creas or cells does not response to produce insulin [4].

Some r eports revealed that a high postprandial plasma glu-

cose level is considered more harmful than fasting blood glu-

cose. Therefore, it is necessary to control the blood glucose level

by inhibiting enzymes which are responsible for hydrolysis of

carbohydrates, including α-glucosidase [5–7] . Thus, inhibition

of α -glucosidase enzyme can decrease the postprandial of hy-

perglycemia and could perform an important role in the manage-

ment of diabet es mellitus [8].
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Inhibition of α -glucosidase system could help in reducing

the rate of the digestion of carbohydrates [9]. This is of impor-

tance in diabetic people where low insulin levels prevent the fast

clearing of extracellular glucose from the blood [10] . Acarbose

and voglibose as inhibitors of α -glucosidase have been applied

in diabetes treatment. However they exhibit side effects such as

liver disorders, flatulence, abdominal pain, renal tumors, hepatic

injury, acute hepatitis, abdominal fullness and diarrhea [11] .

Genus Penicillium is used as a source for many industrial en-

zymes such as α -glucosidase [3], laccase [12] and glutamine

synthetase [13]. The present work aimed to purify and charac-

terize α-glucosidase from Penicillium chrysogenum. Secondly,

to study the influence of amino acids on α -glucosidase activity.

Material and methods
Materials

Glycerol and other chemicals mentioned in the investigation

were purchased from Sigma Chemicals (Sigma Aldrich, Stein-

heim, Germany). All media cultures including Plate Count Agar

(PCA) and others were obtained from Merck Company (Merck,

Darmstadt, Germany).
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Experimental

Penicillium chrysogenum Thom ATCC 10106 was provided by

Salwa A. Khalaf, Prof. of Microbiology, Botany Department,

Faculty of Science, Zagazig University.

Growth medium

Modified Czapak´s dox agar (CDA)

This medium used for growth of P. chrysogenum at a final pH

7.3 was described by Eaton et al. [14]. includes the following

in g/L: 2g sodium nitrate, 30g glucose, 1g potassium dihydro-

gen phosphate, 0.5g potassium, 0.5g chloride, 0.5g magnesium

sulphate, 20g agar, 0.01g ferrous sulfate and 1L distilled water.

Boil to dissolve the medium completely. The medium was steril-

ized by autoclaving at 15 Ibs pressure (121ºC) for a period of 15

min. The medium was mixed well and poured into sterile petri

plates. Cultural characteristics observed after an incubation at

25ºC - 30ºC for 48-72 h and were kept in the refrigerator at 4ºC

for storage.

Potato-dextrose agar medium (PDA)

This medium used for the inoculum preparation at final pH 5.6

was that Vanderzant and Splittstoesser [15] . It included of the

following in g/L: 20g dextrose, 4g potato extract, 15g agar and

1L distilled water. Boil to dissolve the medium completely and

sterilize by autoclaving at 15 Ibs pressure (121ºC) for 15 min.

Mix well before dispending. The volume of required acid for 100

ml of sterilized medium was approximately 1ml. The medium

should not be heated after the addition of acid. Cultural char-

acteristics recorded after incubation at 25ºC to 30ºC days. Rate

of recovery is considered as 100 % for the growth of P. chryso-

genum on Sabouraud Dextrose Agar

Extraction of intracellular α-glucosidase from P.

chrysogenum

The culture was filtered by Whatman no. 1 filter paper. T he

mycelial sample was washed with 100 mM phosphate buffer

(pH 7). The washed mycelia were crushed in 100 mM phosphate

buffer (pH 7) using homogenizer for 30 min and centrifuged for

20 min at 10,000 rpm. The produced supernatant was kept in

refrigerator and used for α -glucosidase assay.

Purification of α-glucosidase enzyme

The obtained crude extract of α -glucosidase was precipitated

with 80% ammonium sulphate. It was kept at 4ºC overnight then

centrifuged at 6000 rpm for 20 min. The collected pellet was

then suspended in 20 ml of 100 mM phosphate buffer (pH 7.5)

followed by enzyme assay. Fifteen ml of the suspension were

loaded on DEAE-cellulose column and the eluted enzyme was

loaded again on Sephadex G-200 column. The α -glucosidase

was eluted using phosphate buffer (pH 7.0) containing 1M NaCl.

Determination of protein content

Protein content was determined according to Bradford [16]. Five

ml of diluted Coomassie-Brillant blue G-250 were mixed with 1

ml of enzyme extract and the mixture was put for one min in

dark and the absorption was measured spectrophotometrically at

595 nm. Bovine serum Albumin (BSA) was used as standard.

SDS Polyacrylamide gel and activity staining of purified

α-glucosidase

Purity of α -glucosidase enzyme was checked by SDS-

PAGE [17]. The markers used were: chmotrypsinogene (25

KDa), glyceraldehyde 3-phosphate dehydrogenase (36 KDa),

ovalbumin (45 KDa) and bovine serum albumin (66 KDa)

Estimation of kinetic parameters

The Michaelis-Menten´s constant (Km ) and the maximum ve-

locity (Vmax ) were calculated by studying the influence of sub-

strate concentration on α -glucosidase activity. Enzyme activ-

ity was determined using different substrate concentrations [S].

The Lineweaver-Burk plot (1/[V] vs. 1/[S] was then constructed.

The Km and Vmax were determined for α -glucosidase from this

graph.

Determination of the optimum pH for α-glucosidase

activity

The optimal pH for enzyme activity was determined over pH

range from 3 - 5 using sodium acetate / acetic, potassium phos-

phate buffer ( pH 6, 7), Tris-HCl buffer ( pH 8, 9) and sodium

bicarbonate buffer ( pH 10). From the obtained results a graph

of enzyme activity vs. pH was plotted and the optimum pH for

α -glucosidase was subsequently determined.

Effect of different concentrations of α-glucosidase on its

activity

The experiment was performed to investigate the effect of vari-

ous α -glucosidase concentrations (2, 3, 4, 5, 6 and 7 mg protein

ml−1 ) on its activity. The other factors affecting α -glucosidase

activity were kept constant.

Effect of temperature on α-glucosidase activity

The optimum temperature of α -glucosidase was determined by

measuring the activity at different temperatures (10, 20, 30, 40,

50, 60 and 70 ºC). The other factors which affect α -glucosidase

activity were kept constant.
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Effect of various amino acids on α-glucosidase activity

The effect of different amino acids on α -glucosidase activ-

ity were studied. The tested amino acids were glycine, glu-

tamic, glutamine, cysteine, alanine, phenylalanine, methionine,

asparagine, arginine and cystine. The amino acids were exam-

ined at 10 mM in the assay mixture then the enzyme activity

was determined.

Results
Purification of α-glucosidase from P. chrysogenum

α - glucosidase was isolated from P. chrysogenum and purified

using ammonium sulphate precipitation (75 %), DEAE- cellu-

lose and Sephadex G-200. The final specific activity value was

140, with 127.3- fold. The yield of purification was 41.9. El-

Shora et al. [18] reported purification of α - glucosidase of Peni-

cillium notatum with 27.8-fold. The purity of α - glucosidase

was confirmed by SDS-PAE which showed a single band with

molecular weight of 55 KDa. Also, lower specific activity 0.7

units mg−1 protein and purification - fold of 45.5 were observed

for the enzyme from Xanthophyllomyces dendrohous [19] .

Elution profile of purified α-glucosidase from Sephadex

G-200

Studying the elution profile of α -glucosidase (Fig. 1) from

Sephadex G-200 revealed that the highest activity of α -

glucosidase was recorded in fraction no. 10. The purification

was confirmed by SDS-PAGE (Fig. 2) which revealed the pres-

ence of a single band at 43 KDa revealing the purity of the

enzyme.

Figure 1 Elution profile of α-glucosidase

Effect of pH on α-glucosidase activity from P.

chrysogenum

The results in F ig. 3 showed an increase of α -glucosidase ac-

tivity with increasing the pH value up to pH 8 after which the

Figure 2 Electrophoresis of α-glucosidase.

activity decreased gradually to reach 17.2 U mg−1 protein at pH

10. Thus, the optimal pH for the enzyme was 8.0. However, the

pH of α - glucosidase was 6 from Mortierella alliacea [20] and

Rhizopium [21] . Lower pH of 5.5 was found for α - glucosidase

from Xanthophyllomyces dendrohous [19]. Also, pH 4.5 was re-

ported for α - glucosidase from Thermoascus aurantiacus [22] .

The characteristics of ionizable side of chains of amino acids

depend on pH. Thus, enzyme activity usually varies with pH

changes. At extreme pH, the tertiary structure of α -glucosidase

protein might be disrupted and the denaturation of protein took

place. At moderate pH values where the tertiary structure is not

disrupted the α -glucosidase activity may be dependent on the

degree of the ionization of certain amino acid side chains and

the pH profile of the enzyme may suggest the identity of those

residues [23].

Figure 3 Effect of pH on α -glucosidase activity from P.

chrysogenum.
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Table 1 Purification of α -glucosidase from P. chrysogenum

Purification Step Protein (mg) Activity (U) Specific activity (U mg−1 protein) Purification fold Yield (%)

Crude extract 220 234 1.1 1.0 100

Ammonium sulphate (75%) 118 164 1.30 1.18 70.1

DEAE – Cellulose 1.8 135 75.0 86.2 57.7

Sephadex G-200 0.7 98 140 127.3 41.9

Effect of temperature on α-glucosidase from P.

chrysogenum

The results in Fig. 4 indicate that increasing the incubation tem-

perature resulted in continuous increment in the enzyme activity

up to 40ºC where α -glucosidase activity was 22.2 units mg−1

protein followed by continuous decline at the higher tempera-

tures and it reached 7.0 units mg−1 protein at 70ºC. However,

the optimal temperatures of the enzyme from Rhizopium and

Mortierella alliacea were 30ºC and 55ºC, respectively [20, 21] .

Increasing the temperature leads to increase in the inherent en-

ergy of the enzyme system. Thus, more enzyme molecules can

obtain the necessary activation for the reaction to take place.

However, at certain point the increase of the reaction would be

equal to the reduction in the reaction rate because of tertiary

structure destruction by elevated temperature [24]. At this criti-

cal point α -glucosidase activity is at its maximum and this tem-

perature is called optimal temperature.

Figure 4 Effect of temperature on α -glucosidase activity from P.

chrysogenum.

Arrhenius plot of α-glucosidase from P. chrysogenum

Plotting log v against 1/(t+273) × 10−3 (Fig. 5) resulted in

straight line from which the slope was taken and used for cal-

culating the activation energy. The activation energy of α -

glucosidase was 17.94 k J mol−1

Figure 5 Arrhenius plot of α -glucosidase from P. chrysogenum.

Effect of incubation time on α-glucosidase activity from P.

chrysogenum

The influence of incubation time on α -glucosidase activity was

studied (Fig. 6). An increment of α -glucosidase activity was ob-

served with the increase of the incubation time from 20 min to

40 min followed by continuous reduction of the activity at 60,

80 and 100 min. There are two parts on this figure. Firstly, in the

initial interval of time where the amount of substrate is trans-

formed, it seems that the transformation is in direct proportional

to the length of time for which the reaction has been carried out.

After the optimal time the reaction started to decline and the en-

zyme substrate is present in excess and this was due to loss of

the activity after a period of time. This may be due to the influ-

ence of temperature of incubation on the tertiary structure of the

enzyme or to the formation of some products or side-product of

the reaction, which inhibits the enzyme activity [25].

Effect of different amino acids on α-glucosidase activity

from P. chrysogenum.

The amino acids glycine, glutamic acid, cysteine, glutamine, ala-

nine, phenylalanine, methionine and asparagine enhanced the

enzyme activity (Fig. 7). However, arginine and cyst ine inhib-

ited the activity. The inhibition by the se two amino acids might

be due to prevention of ES complex.
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Figure 6 Effect of incubation time on α -glucosidase activity from P.

chrysogenum.

Figure 7 Effect of various amino acids on α -glucosidase activity

from P. chrysogenum.

Effect of cysteine on α-glucosidase activity from P.

chrysogenum.

Since cysteine expressed the highest activation of α -

glucosidase, it was decided to test the effect of 5 mM cysteine

in presence of various concentrations of substrate. The results in

Fig. 8 demonstrated that α -glucosidase activity increased with

increasing the substrate concentrations in presence of cysteine.

Vmax values were 48 and 38.1 units mg−1 protein with and

without of cysteine, respectively. Km values were 0.21 and 0.25

mM. The Km of α -glucosidase from Thermoascus aurantia-

cus was 0.07 µM whereas the Vmax 318 U mg−1 protein [22].

Cysteine activated α -glucosidase and this may be due to the

fact that cysteine contains SH-group which may keep the –SH

group of α -glucosidase . The Vmax values were 38.1 and 48

U mg−1 protein in absence and presence of cysteine, respec-

tively. However, Km values were 0.25 and 0.21 mM with and

without cysteine, respectively. Therefore, it appeared that cys-

teine activated α-glucosidase through lowering the Km of the

enzyme for its substrate. Cysteine activated other enzyme s such

as asparaginase [26], protease [27] and tyrosi nase [28]. These

results reveal that SH-group of α -glucosidase may be protected

by cysteine during the incubation time.

Figure 8 Reciprocal of substrate (1/S) concentration against

reciprocal of velocity (1/V × 10−2 ) with and without cysteine.

Conclusion
α -glucosidase was successfully purified from Penicillium

chrysogenum to homogeneity and with appreciable specific

activity. The enzyme can be activated by cysteine and other

amino acids. The results also suggest using arginine and cystine

as inhibitors of α -glucosidase.
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