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Abstract: A large number of yeast isolates isolated from Egyptian soils were screened qualitatively and

quentitavilly for their α-glucosidase activity. Isolate No. 96 was the most active isolate. This isolate was

characterized and identified as Hansenula anamola. Results showed that its enzyme was intracellulary

produced. Therefore permealization treatments were carried out using chemical and physical treatments.

Data clear show that Toluene was the most suitable for releasing active enzyme with a good yield from

yeast cell. On the other hand, the enzyme was found to be constitutively synthesized and is highest

enzyme production was obtained when sucrose was used in medium with 1% final concentration, followed

by maltose. Furthermore, different organic and inorganic nitrogen sources were added separately to the

growth medium instead of its nitrogen source was used.The highest enzyme production was obtained in

4 3 4the presence of urea followed by (NH ) PO . Partial purification of the enzyme using different saturations

of ammonium sulphate followed by gel filtration on Sephadex G-100 was carried out. Studies on the

purified enzyme showed that 43 C was the most suitable temperature for activity and the enzyme waso

only stable when stored at 35  C for 60 min. At higher temperatures the enzyme was not stable whicho

clear indicate that the enzyme are not heat stable. In addition pH 7.0 was the most suitable pH for

enzyme activity and stability. On the other hand α-glucosidase activity was increased and enhanced in the

presence of potassium, ammonium, or magnesium ions in the assay mixture, while lithium or barium

shows some inhibitory effects. In addition, enzyme showed high affinity toward ρ-Nitrophenyl-α-D-

glucopyranoside followed by Sucrose.
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INTRODUCTION

Α-Glucosidase are distributed widely in

microorganisms either as an intracellular, cell-bound or

extracellular  enzymes and hydrolyses α-1, 4 and (or)

α-1, 6 glucosidic linkage in short chain saccharides

which  arise from the action of other enzymes on

starch e.g., α-amylase. α-glucosidases exhibit a range

of substrate specificities .The first group have been

termed  maltases since they have a high activity

towards  maltose  and  little, if any, activity towards

Ρ-Nitrophenyl- α-D-glucopyranoside. The other group

of glucosidases is less widely distributed and includes

those enzymes that hydrolyse  Ρ-Nitrophenyl- α-D-

glucopyranoside more rapidly than maltose.

The present work aims to screen some yeast

isolates isolated from Egyptian soils for their ability to

produce α-glucosidase enzyme .In addition some factors

affecting α-glucosidases production i.e. nutritional

requirements and cultural conditions required for

maximum enzyme production by the most active

isolates were also determined .Furthermore, some

properties of the purified enzyme were also estimated.

MATERIALS AND METHODS

Media:

C Malt yeast extracts (MYE) Herman: This medium

was used for maintaining yeast .It has the

following ingredients (g/L): yeast extract 3.0, malt

extract 3.0, Peptone5.0, glucose 10.0, agar 20.0and

distilled water.

C Gzapex Dox : It consists of (g/L): sodium nitrate[5 ]

2.0, dipotassium hydrogen phosphate 1.0,

magnesium sulphate 0.5, potassium chloride 0.5,

ferrous sulphate 0.01 and distilled water .This

medium was amended with different carbons or

nitrogen sources instead of its carbon or nitrogen

respectively when needed.

C Yeast nitrogen base (YNB) Difco manual :[5]

C The dehydrated form of this medium was

purchased from Difco Laboratories, Detroit,

Michigan U.S.A.

Microorganisms: Maltose utilizing yeasts were isolated

from a variety of Egyptian soils obtained from various

locations. All these isolates were qualitatively assayed
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for their α-glucosidase activity according to modified

method of Selim et.al , while quantitative assay was[21]

carried out on the most promising isolates.

Enzyme Assay: 1-α-glucosidase activity was assayed

metrically using P-Nitrophenyl-α-D-glucopyranoside as

substrate according to the method of Suzuki et al .[22]

One unite of the enzyme activity was defined as the

amount of enzyme hydrolyzed 1 µ mol of the

nitrophenol/min. under the assay condition.

Enzyme Release Treatment: α-glucosidase formation

by the selected strains of yeasts was found to be

intracellulary produced. Therefore, At the end of the

incubation period, Cells were  harvested  by

centrifugation under cooling .The release of active

enzymes was accomplished by treating the yeast cake

with solvents with different ratios and contact times as

described by Fenton  and Selim et al.,  or by[8] [21]

homogenization treatment using Brown Melsungen AG

cell homogenizer.

Identification of Yeast Isolates: The pure culture of

the selected yeast isolate showing high level of α-

glucosidase activity were subjected to a number of

taxonomical studies which enable us to assign its

proper genus and species according to Lodder  and[16 ]

Barnett and Pankhurst .[2]

Purification of α-glucosidases: According to the

method of Yamasaki and Suzuki  and Masayuki et.al.,[26]

Manganese chloride fraction was employed to remove

most of nuclic acid .To the supernatant obtained after

manganese chloride treatment ,different concentrations

of ammonium sulphate from 20-100% saturation each

was  added  with stirring during which the pH was

kept at 7.0 .The precipitates were then resuspended in

a minimum volume of 0.1.M potassium phosphate

buffer (pH 6.8) containing 0.0001M.of EDTA and

slowly  stirred  for 3h at 4 C. In addition, Sephadexo

G-100 was used for the enzyme purification.

Protein Determination: Protein was determined by the

method of Lowry et al.  using bovine serum albumin[17]

as standard.

RESULTS AND DISCUSSIONS

Screening Test: The use of maltose as a sole source

of carbon in medium for isolation of α-glucosidase

producing yeast isolates was reported by Yamasaki and

Suzuki  and Fogarty et al.  in bacteria. All grown[26] [9]

yeasts were picked and maintained on agar slants

medium. These yeast isolates were qualitatively assayed

for α-glucosidase activity according to the method of

Table 1: Growth and α-glucosidases formation by the reprentative

isolates during 3 days of shaking.

Growth(O.D. 600) α-PNPG-ase(unit /ml)

Isolate No. ------------------------------ --------------------------------

24h 48h 72h 24h 48h 72h

4 2.5 2.4 2.0 38 30 18

10 2.0 2.1 1.8 30 17 7

16 2.4 2.5 2.3 28 18 6

24 2.3 2.3 2.1 75 42 33

27 2.4 2.5 2.3 54 32 11

36 4.7 5.1 4.9 95 71 11

70 4.1 3.9 3.8 45 35 17

75 2.1 2.3 2.0 32 28 21

86 2.4 2.3 2.1 21 17 11

96 6.1 6.2 6.0 130 100 35

Selim et al. . The results of qualitative assay test[21]

showed that highest intensity of yellow color in agar

plate medium around yeast colony was noticed by ten

isolates. This method was also reported for the

isolation of β-galactosidase producing yeast by Herman

and Halvorson . On the other hand, it is of important[1 3 ]

to quantitize the level of α-glucosidase production by

the selected isolates. Results in Table (1) clearly

indicate that 24 h of incubation with shaking (150 rpm)

at 30 C was correlated with highest level of enzymeo

productions by the highest isolates followed by a

detectable decrease at longer incubation periods. In

addition, maximum enzyme production was obtained by

isolate No.96 .Therefore it was subjected to the

identification studies.

Identification of Yeast Isolate: Taxonomical studies

on the most promising isolate No.96 was carried out

using procedures of Lodder  and Barnett and[16]

Pankhurst . These taxonomical studies indicate that[2]

these isolate could be identified as Hansenula anamola.

Enzyme R elease Treatment:  The industrial

development of microbial intracellular enzymes has

been hampered by the different and expense of

releasing active enzymes from cells with a good yield.

Therefore, permealization treatments using some

solvents or homogenization were applied. Results

showing he effect of different organic solvents or

homogenization on the enzyme release from the yeast

cells are shown in (Tables 2, 3 and 4).

Results  clear  indicate  that  toluene  was the

most  efficient  than t-butanol for releasing enzyme

from  yeast  cells.  The highest α.PNPG-ase release

was  detected after 60 min of contact time with

1ml/0.2  mg  (v/w)  solvent:  cells  and  1h of

agitation time in buffer. Further prolongation of contact

time, agitation time and solvent: cells ratio led to a

decrease in the activity of the released enzyme. The

use of organic solvents for releasing active enzyme

from microbial cells was also reported  by many

authors, Chiba and Shimomura on α-glucosidase from
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Table 2: Effect of toluene on the rate of α-glucosidase release from yeast cells.

Enzyme release (unit/ml)with different agitation time

Solvent Ratio /0.2g Contact time/min ---------------------------------------------------------------------------------------------------------------------------

0h 1h 2h 4h 8h 24h

0.5ml 15 20 42 141 162 110 88

-------------------------------------------------------------------------------------------------------------------------------------------------

30 20 164 185 180 165 150

-------------------------------------------------------------------------------------------------------------------------------------------------

60 20 236 161 140 125 103

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1ml 15 35 44 175 150 105 86

-------------------------------------------------------------------------------------------------------------------------------------------------

30 35 198 230 211 190 162

-------------------------------------------------------------------------------------------------------------------------------------------------

60 35 271 220 186 150 114

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1.5ml 15 35 58 192 112 95 66

-------------------------------------------------------------------------------------------------------------------------------------------------

30 35 124 144 102 100 96

-------------------------------------------------------------------------------------------------------------------------------------------------

60 35 257 201 150 98 78

A: α-PNPG-ase B: M altase

Table 3: Effect of t-butanol on the rate of α-glucosidase release from yeast cells.

Enzyme release (unit/ml)with different agitation time

Solvent Ratio /0.2g Contact time /min ------------------------------------------------------------------------------------------------------------------------

0h 1h 2h 4h 8h 24h

0.5ml 15 3 26 28 39 75 115

------------------------------------------------------------------------------------------------------------------------------------------------------

30 3 33 21 44 55 74

------------------------------------------------------------------------------------------------------------------------------------------------------

60 4 55 59 84 93 115

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1ml 15 3 17 19 36 53 73

------------------------------------------------------------------------------------------------------------------------------------------------------

30 5 19 20 29 42 52

------------------------------------------------------------------------------------------------------------------------------------------------------

60 4 32 25 55 70 105

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1.5ml 15 3 21 20 24 55 69

------------------------------------------------------------------------------------------------------------------------------------------------------

30 4 15 22 27 33 45

------------------------------------------------------------------------------------------------------------------------------------------------------

60 5 24 42 45 75 100

A: α-PNPG-ase B: M altase

Table 4: Effect of homogenization on the rate of α-glucosidase

release.

Time of treatment Enzyme release (unit/ml)

1 4

2 9

3 14

4 18

5 25

6 11

7 5

cells of Schizosaccharomyces pomba, El-Diwany et

a l .  o n  β - g a l a c t o s i d a s e  f r o m  B a c i l l u s[ 7 ]

stearothermophilus,  and  Selim  et al  on β[21]

glucosidase from Kluyveromyces fragiles

Effect of Carbon Source: A preliminary investigation

showed that α.glucosidase was produced when isolate

.96 was grown in Dox medium supplemented with

different carbon sources (Table 5).This result clear

indicate the constitutive synthesis of this enzyme by

the strain under study. In addition, maximum

production of enzyme was noticed in the presence of

each of sucrose followed by maltose (165 unites/ml

with R.A. 38 and 153 with R.A.30) respectively.

Furthermore 1% final concentration of sucrose in

medium was found to be the most suitable for

maximum enzyme  production followed by a notable

decrease when a higher concentrations of this carbon in

medium was tested (fig. 5). The constitutive synthesis

of α-glucosidase by Streptomyces venezulaewas was

reported  by  Chatterjee  and  Vining   and by[3]

Fogarty et al.  using Bacillus amyloliquefacies, while[9]

the  inducible  synthesis  was  reported by

Gundermann et al.  who mentioned that Myxobacter[11]

AL-1 α-glucosidase production was present only when

grown  in  medium  containing maltose as a sole

source of carbon.
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Fig. 1: Effect of sucrose concentrations in medium on

the enzymes production.

Fig. 2: Elution pattern of Sephadex G-100 column

chromatography. 

Effect of Nitrogen Source: Culture medium containing

1% of sucrose as only source of carbon was amended

by each of 17 organic and inorganic nitrogen sources.

These  nitrogen  sources  were  added   separately  to

the  medium  instead  of its nitrogen in such amount

that  the  final  concentration  of  nitrogen  in

medium remain unchanged. Tables (6,7) showed that,

maximum enzyme formation with good growth was

obtained in the  presence  of urea as a sole source of

4 3 4nitrogen (198  unites/ml)  followed  by  (NH ) PO

(178  unites/ml).

Enzyme Purification: Fractional precipitation of crude

lyophilized α-glucosidase was performed by different

concentrations of ammonium sulphate. The obtained

results given in (Table 7) showed that the best

recovery (50%) with the highest specific activity

(10.80) and purification fold (9.7) was obtained when

the partial purification was carried out using 80%

ammonium sulphate saturation. The fraction obtained

from this saturation was applied to a Sephadex G-100

column chromatography. The results (fig. 2) showed

that, the shape of gel filtration pattern reviled many

peaks of protein. The maximum enzyme activity was

Table 5: Effect of using different carbon sources in m edium on

growth and α-glucosidase production after 24 h of shaking

at 30 C.o

Carbon source Growth OD 600 α-PNPG-ase 

--------------------------------------

Units/ml R.A

Nil 0.2 0.7 3.5

Glucose 4.5 18 4

Glycerol 4.0 15 3.7

Fructose 4.1 35 8.5

Galactose 1.5 100 66

M altose 5.1 153 30

Lactose 1.1 14 12.8

Sucrose 4.3 165 38

Sorbose 1.4 5 3.6

Cellobiose 4.5 88 19.5

Raffinose 1.3 5 3.8

Inulin 2.8 10 3.6

starch 2.0 5 2.5

R.A: relative activity: units of enzyme/ml/OD 600 of growth

Table 6: Effect  of  using  different  nitrogen  source in medium

on the growth α-glucosidase production after 24 h of

shaking at 30 C.o

α-PNPG-ase 

Nitrogen source Growth OD600 ---------------------------------

Units/ml R.A

NaNO3 1.0 115 115

KNO3 1.1 122 110

NH4NO3 1.0 146 146

Ca(NO3)2 1.0 122 122

NH4Cl 1.2 155 129

NH4H2PO4 0.9 137 152

(NH4)2HPO3 0.9 125 131

(NH4)3PO4 0.9 178 197

(NH4)2SO4 0.8 125 156

Y.E 3.4 160 47

M .E 2.2 80 36

M eat E 4.9 50 10

Corn steep 2.9 175 60

Urea 2.1 198 94

Peptone 2.6 85 32

Soybean 2.9 30 10

R.A: relative activity

Table 7: Partial purification using ammonium  sulphate.

Saturation Total Enzyme Specific Recovery Purification 

% protein activity activity fold

Crude 

extract 420 500 1.19 100 1.0

20% 25 3.1 0.12 0.62 0.11

40% 13 5 0.38 1 0.31

60% 17.4 12 0.68 2.4 0.57

70% 21.3 23 1.07 4.6 0.89

80% 23 250 10.8 50 9.07

90% 28 45 1.6 9 1.3

95% 11.7 15 1.28 3 1.1

detected only in peak No.4 by using PNPG as
substrate. The total activity was 250 and specific

activity 10.8 mg protein.

Some Properties of the Purified Enzyme: 
Effect  of  PH  on  Enzyme  Activity  and

Stability: Results (Table 8) showed that enzyme
activity  was increased with the increase of pH

reaching its maximum value at pH 7 (110 units / ml).
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Fig. 3: Effect of pH on the enzyme stability

Fig. 4: Effect of different temperatures on partially

purified α-glucosidases stability.

While increasing the pH toward alkalinity was

accompanied by decreasing the activity of the enzyme.

In literature optimum pH for α-glucosidase obtained

from yeast was 6.0-7.0 .[9]

On studying the pH stability of the enzyme after

storage overnight at various pH from 5-8 at room

temperature ±25 C, Results (fig 3) showed that, theo

enzyme retained 100% of its activity when stored at

pH 7 while storage at lower or higher pHs was not

suitable for its stability.

Effect  of  Temperature  on the Enzyme Activity

and Stability: As shown in (tables 10) optimum

temperature  for  enzyme activity was obtained at

43 C.  In  addition,  when  the  enzyme  waso

incubated  at various temperatures  (from  35-55 C)0

for different times (from 20-60 min) under optimum

conditions  before  assay  the  enzyme  was only

stable  when  stored  at  temperature  35 C  for 60 o

min followed by a detectable decrease when higher

storage temperatures were applied (Fig. 4) which clear

indicate that the enzyme are not heat stable as

comparing with other α-glucosidases from other

microbial sources.

Table 8: Effect of different PHs on the enzymes activity.

PH value Enzyme activity (unite /ml)

4.5 4

5 12

5.5 18

6 45

6.5 85

7 110

7.5 95

8.0 25

Table 9: Effect of different tem peratures on the purified enzyme

activity.

Temperature C Enzyme activity (unite /ml)o

20 12

25 21

30 31

35 42

40 53

43 58

45 56

47 37

50 22

55 8

Table 10: Effect of metal ions on the activity of α-glucosidases.

R.A

M etal ions ----------------------------------------------

10 10-2 -3

Control 100 100

Sodium sulphate 100 112

Lithium sulphate 78 100

M anganese sulphate 100 120

Potassium sulphate 125 100

Ammonium sulphate 120 100

Barium sulphate 72 83

Cobalt sulphate 100 108

M agnesium sulphate 129 125

Zinc sulphate 100 110

Cadmium sulphate 100 100

Table 11: Substrate specificity of partial purified α-glucosidase.

substrate activity

1-ρ-Nitrophenyl-α-D-glucopyranoside 105

2-M altose 73

3-Sucrose 42

4-Lactose 4

5-Starch 3

6- ρ-Nitrophenyl-β- D-glucopyranoside 1

7-Isomaltose 3

Effect of Metal Ions on Enzyme Activity: Various
metal ions with two concentrations (i.e. 10 , 10 ) each-2 -3

was added in the reaction mixture and the effect of
these metal ions on the enzyme activity was examined.
Results (Table 11), showed that α-glucosidase activity
was increased and enhanced in the presence of
potassium, ammonium, or magnesium ions in the assay
mixture, while lithium or barium shows some inhibitory
effects. The effect of metal ions on α-glucosidases
activity  was  also  studied  by  several authors;
Gibilin et al.  found that, the activity of the[10]

thermostable α-glucosidase from Bacillus caldoelex was
increased in the presence of barium and manganese
ions, while each of cadmium or zinc caused a
detectable inhibition for α-glucosidase activity of
Lactobacillus brevis .[4]
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Substrate Specificity: The action of the purified

enzyme was tested over a large number of substrate
with α- and β- configuration (1, 4 or 1, 6 glucosidic

linkage). The enzyme showed more affinity toward
α.PNPG followed by maltose (α-1,4) and with lowest

affinity toward isomaltose (α-1,6 glucosidic linkage).
On the other hand, as shown in Table (12 ), the high

affinity  toward  sucrose  may  be  due  to that
sucrose may be hydrolyzed by either β-D-

fructofuranosidase or an α-glucopyranosidase (E.C.
3,2.1.20) as reported in Advanced Carbohydrate and

Stefan et al. In addition ,this review also showed that
α-glucosidase of Saccharomyces  cerevisiae  hydrolyzes

sucrose at PH 6.9 although not at PH 4.7 which is
optimal for β-D-fructofuranosidase.
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