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Abstract: Rice 0-amylase and glucoamylase produced by S. cerevisiae YKU 107 and YKU 131, respectively were partial
purified using anion exchange chromatography and characterised. The optimum active conditions for ®-amylase wvas

at pH 5.0 and temperature of 50°C.

It was capable in hydrolysing more than 85 % of potato, rice, cassava and sago

starch, however, it could only hydrolysed 64% of corn starch. Gluccamylase was optimally active at pH 5.5 and
temperature of 66°C. Glucoamylase could hydrolyse more than 70% of cassava, sago and potato starch, it also
hydrolysed more than 86% of corn and rice starch. Both of the enzymes were not severely affected by the changes
of ionic strength of acetate buffer at molarity lower than 0.20 M.
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Introduction

The conversion of biomass to ethanol has been paid significant
attention as a alternative sources of fuels since the oil crises
of 1970s. The renewable resources that can be used in
ethanol fermentation are sugar bearing materials, starches and
cellulose. Traditionally, ethanol fermentation is relied on sugar-
rich substrate, mainly sugarcane, because of their
carbohydrate is in fermentable sugar form. However,
sugarcane is expensive and not continuously available because
it is a seasonal crop that required high-quality agricultural land
for its growth (De Moraes ef al., 1995). Thus, there are great
economic advantages to extent the substrate range of the
ethanol-fermenting microorganism so that the ethanol may be
produced from, mainly starchy crops (Marzola and
Barthoclomewy, 1979; Coombs, 1984; Hacking, 1987; Rosillo-
Calle ef al., 1992). However, the ethanol-fermenting
microorganisms, such as 5. cerevisiae and Zymomonas mobilis
are lack of amylolytic enzymes and unable to directly convert
the starch into ethanol. Therefore, it is necessary to breed an
ethanol-fermenting microorganism by a genetic manipulation,
which can directly ferment starch materials into ethanol.
The yeast Saccharomyces cerevisiae, the main microorganism
used for alcoholic fermentation, is widely used as a host cell
for foreign gene products due to the abundance of information
that available following by the early development of
recombinant DNA techniques for S. cerevisiae (Hinnen et al.,
1978; Beggs, 1978]. On the other hand, vyeast is an
eukaryotic cell that has an ability to produce mature foreign
protein from plants or animals. Lately, studies had also
focused on genetically modification of 5. cerevisiae for a-
amylase and glucoamylase expression (Steyn and Pretorious,
1990; Uchiyama et al., 1995; Lee et al., 1998]. The main
purpose of genetic modification of 5. cerevisiae was to realise
the one-step bioconversion of starch to ethanol, in order to
minimise the production costs of fermentation ethanol.

In this study, attempts wwere made to characterise the
amylolytic enzymes produced by the recombinant yeasts, S.
cerevisiae YKU 107 {expressing d-amylase) and 5. cerevisiae
YKU 131 (expressing glucoamylase) as a preliminary study
before utilising the yeast to directly produce ethanol from
starch.
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Materials and Methods

Strains and media: In this study, the recombinant yeasts, YKU
107 and YKU 131 were kindly provided by Department of
Biotechnology, Graduate School of Engineering, Osaka
University, Japan. The temperature-sensitive mutants of
Saccharomyces cerevisiae for the PHO regulatory system,
YKU 76 (MATa ura3-562 trp1 lue2 his3 pho80-65") was use
as host strain. S.cerevisiae YKU 107 is a transformant of YKU
76 with rice @-amylase expression vector, p739 (Uchiyama et
al., 19956). 5. cerevisiae YKU 131 is a transformant of YKU
76 with glucoamylase expression vector, pKU 122 (Lee ef al.,
1998). Saccharomyces cerevisiae strain YKU 107 and YKU
131 was maintained on a selective agar, respectively.
Inoculum was prepared by germinating the cells from the
selection agar in a B00-mL flask containing 100 mL of
selection medium, incubated at 30°C for 16 hrs. For enzymes
purification, 15 mL of the inoculum was added to 150 mL of
media containing 2% sago starch, 2% peptone and 1% yeast
extract in a 500-mL flask. The organisms were culture at
30°C for 2 days on a rotary shaker at 180 rpm.

Partial Purification of a-Amylase from Strain YKU 107

Step 1. Acetone precipitation. The culture was centrifuged
at 4000 rpm for 15 minutes at 4°C, acetone that previously
chilled to -20°C was added dropwise at 4 T to 100 mL of
supernatant fluid with continuous stirring to the final
proportion of 1:1. The solution was left at 4°C for 24 hours.
The resultant precipitate was collected by centrifugation
{10,000g for 16 minutes) at 4°C.

Step 2. DEAE-Cellulose column chromatography: The
acetone-precipitated protein was dissolved in 0.05 M acetate
buffer, pH 5.3 and concentrated by ultrafiltration membrane
before applied to a DEAE-Cellulose column (2.5 x40cm]
equilibrated previously with 0.06 M acetate buffer, pH 5.3.
Fractionation vwas carried out using the same buffer containing
0.2 M of NaCl at flow rate 30mLh". The protein fractions of
5 mL per tube vvere collected and the fractions given reading
at 0Dz, were collected for -amylase activity assay. The
fractions containing t-amylase activity were combined and
dialysed against with 1 L distilled water for 5 hours and
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concentrated by freeze-drying. The concentrated enzyme
solution was used for enzyme characterisation.

Partial Purification of Glucoamylase from Strain YKU 131

Step 1. Ammonium sulphate precipitation: The culture was
centrifuged at 4000 rpm for 16 minutes at 4°C, 66.1 g of
powdered ammonium sulphate was added slowly to 100 mL
of supernatant fluid with constant stirring at 4°C to the final
ammonium saturation of 75%. The protein precipitation vwas
collected by centrifugation (10,0009 for 16 minutes] at 4°C.

Step 2. DEAE-Cellulose column chromatography: The protein
collected was re-dissolved in 0.06 M of sodium phosphate
buffer (pH 7.3). The seclution was then applied to a DEAE-
cellulose column (2.5 x 40 cm) equilibrated with the same
buffer. The protein was eluted with the same buffer
containing 0.3 M NaCl at a flow rate of 30 mLh™'. The protein
fractions of 6 mL per tube were collected and the fractions
given reading at OD,g, were taken for glucoamylase activity
assay. The fractions containing glucoamylase activity vvere
pooled and dialysed against 1 L distilled water for 5 hours and
concentrated by freeze-drying. The concentrated enzyme
solution was used for enzyme characterisation.

Analytical Procedure

a-Amylase activity: The substrate for the o-amylase reaction
{Thomsen, 1983) vvas prepared by adding 0.2 g soluble starch
to 100 mL of boiling 50 mM sodium acetate buffer (pH 5.9)
and the solution was cooled to 40°C. The iodine reagent was
made by diluting 1 mL stock sclution (0.5% 1, in 5% KIj in
b00 mL deionised water containing 5 ml of 56 M HCI. The
assay consisted of incubating 200 yL enzyme solution with 1
mL of starch solution at 40°C for 10 minutes. To stop the
reaction, an aliquot {200 ulL) wwas added to 5 mL icdine
sclution and the degradation of starch vvas measured at ODgzp
against an appropriate blank. One unit of a-amylase activity
was defined as the quantity of enzyme required to hydrolyse
0.1 mg starch in 10 minutes, at 40°C, when 2.0mg starch
was present at the start of the reaction.

Glucoamylase activity (Bon, 1991) was determined using 2 mL
of culture supernatant with 18 mL of 80 mM maltose as
substrate (pH 4.4 using acetate buffer) incubated at 40°C.
Samples (0.5 mL) were taken from the reaction mixture at
certain intervals time (10, 20 and 30 minutes) and the
reaction was stopped by adding 0.5 mL of 0.05 M Tris/HCI
buffer (pH 9} and then kept in an ice bath until the
measurement of glucose concentration. The glucose produced
from the reaction was determined using a glucose (Trinder)
100 (Sigma Diagnostics, USA]. Glucoamylase activity was
expressed as gmole of glucose liberated per minute per mL of
broth supernatant tumale.min” .mL"} or unit per mL (U.mL™).

Protein concentration vwas estimated by the modified Lowry
method described by Hartree {1972} using bovine serum
albumin (BSA]} as a standard. The amount of protein in each
sample was obtained using the BSA standard curves.

Starch concentration vwas determined colorimetrically {Smith
and Reo, 1948] on the basis of iodine starch complex colour.
An aliquot of sample vwas prepared by mixing 100 uL of
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supernatant from a culture broth with 60 gL of 0.1 M
phosphate buffer (pH 7.2} 200 4L of 5 M NaCl, 40 L of 1T M
HCI and 50 4L of iodine reagent. 10 mL of distilled water wvas
added and the absorbance of the colour was read at ODg.5 on
a spectrophotometer.

Results

Partial Purification of a-Amylase from S.cerevisiae YKU 107
The typical purification profile of the a-amylase is shown in
Table 1. The acetone precipitated crude extract when passed
through the DEAE-cellulose column showed a major protein
peak ({fraction 6-10) that corresponded to the ot-amylase
activity. The elution profile of the extracellular ®-amylase is
shown in Figure 1. The enzyme vvas partial purified 5.25-fold
with a yield of 28.16% to a specific activity of 13.19 units
per gram protein.

Partial Purification of Glucoamylase of 5. cerevisiae YKU 131
Table 2 shows the typical purification profile of the
glucoamylase. The ammonium sulphate precipitated crude
extract when passed through the DEAE-cellulose column
showed a major protein peak (fraction 24 31} that
corresponded to the glucoamylase activity. The elution profile
of the glucoamylase is shown in Figure 2. The enzyme was
purified 2.30-fold with a recovery of 18.38% to a specific
saccharifying activity of 33.06 U/gram protein.

Properties of a-amylase and glucoamylase

pH Optimum and Stability: Effect of pH on the activity and
stability of S.cerevisiae YKU 107 o-amylase as well as
S.cerevisiae YKU 131 glucoamylase are shown in Figure 3 and
Figure 4 respectively. The effect of pH on the activity of the
both enzymes was determined under standard assay
conditions except for the changes of pH, using 0.05 M acetate
buffer ([pH 3.0 - 6.5} and 0.0b M phosphate buffer (pH 6.0 -
9.0). The effect of pH on the stability of a-amylase and
glucoamylase was obtained by incubating the enzyme
solutions at 36°C with various pH values for 24 hours. The
buffers used were the same to those for enzyme activity
determination. After each incubation time, the residual activity
was estimated by standard assay procedure. The optimum pH
of a-amylase wwas 5.0 and the enzyme was stable at pH
between 4.6 and 6.0 with residual activity around 90% and
above. The optimum pH of glucoamylase activity was pH 5.5.
The enzyme was stable at pH between 4.0 and 6.0 with
residual activity higher than 90%.

Effect of ionic strength: The effect of ionic strength on the -
amylase and glucoamylase activities was determined under
standard assay conditions except for the changes of ionic
strength of acetate buffer {0.02-0.40 M). Figure 5 showvs that
both of the enzymes optimally active at ionic strength 0.056M
and did not severely affect by the ionic strength at the range
of 0.05-0.20 M, with relative activity higher than 90%.

Effect of temperature: The effect of temperature on the
activity of the a-amylase and glucoamylase was determined
under standard assay condition except for the changes of
temperature {(25-70°C). In order to study the effect of
temperature on the stability of the enzymes, a-amylase and
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Table 1: Partial purification of 3. Cerevisiae YkU 107 o-
amylase
Stage Yolume  Total Total Specific Fold Fecowery
(ml) [activity) Protein Activity of
%)
(L (gl /gl purification
Crude 100.00 2764.00 1102.00 2.51 1.00 100.00
Extract
Acetone 3842 154275 Z01.40 7.88 3.05 55.82
Precipitation
DEAE
column
(fr.8-100 2500 77825 59.00 1315 5.25 28.16
Table 2:  Partial purification of & Cerewisiae YEU 131 gluccamylase
Stage Yolume  Total Total Specific Fold Fecowery
(ml) [activity) Protein Activity of
%)
(L (gl /gl purification
Crude 100,00 1511.00 105.00 1439 1.00 100.00
Extract
75% 15.00 58585 3485 18632 113 37.44
(MH, 1,50,
DEAE
column
(fr. 24-31) 4000 27772 B.40 33.08 z 30
18.38
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Fig. 1 The elution profile of 5 Cerewvisise YK 107q-
armylase from DEAEcellulose column. (@) o-amylase

activity,; (¢} Absorbance at 280 nm

glucoamylase were incubated at warious temperatures (26
-70°C) for 1 hour at pH 5.9 and 4.4, respectively, and then
rapid cooling inice-bath. After each incubation, the residual
activity was estimated by standard assay procedure. Figure
& showys that optimum temperature of c-amylase was around
A6-B0°C with heat stability up to 40°C. On the other hand,
the glucoamylase optimally active at temperature 50-55 °C
and the heat stability was up to 46°C. Figure 7 shows the
effect of temperature on activity and stability of glucoanrylase.

Hydrolysis of starches: The bedrobysis of warious starches
{sago, potato, rice, cassawa and corn starch) by glucoanmylase
and o-amylase was  investigated. For ct-armdase, the
incubation wias performed at 40°C with 0.05 M acetate buffer
at pH B.0, containing 20 g/l of gelatinised starch and 23
imL of enzyme activity.  After different time intervals of
incubation, samples were taken and the residual starch
remained was estimated. For glucoamiase, the incubation
weas performed
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at 40°C wyith 0.05 M acetate buffer at pH 5.5, containing 20
gfL of gelatinised starch and 18 UimL of enzyme activity.
After different time intervals of incubation, samples were
taken for residual starch estimation.

Figure 8 showes that o-amyase hydrolysed the potato starch
most rapid, followed by rice, cassawva, sago and corn starch.
There is no significant different in percentage of hydrolysis of
potato, rice and cassawva starch after 24 hours of incubation,
wehich was approximately 89 .50%. The percentage hydrolysis



Ang et al.: Partial purification and characterisation of amylolytic enzymes

100
- BB
% BO | -
.E 8BS
ﬁ BOTF
7 3
g
= 70F
=z 85}
&
60 1 1 1 1 1 1 1 1
o G.1 0.2 03 0.4
lonic strength (M)

Fig. 5:  Effect ofionic strength {sodium acetate) at 40°C on
the enzyme activity of z-amylase (W and
glucoarrylase (o)

1001 o -
and C i —\\._ P
¥ 80 X
z 70_ .’_F .\\.\ .
:§ £0- \
50 ( N\
2 401 {,"' -
@ 30{ \ \
{ \ ‘
220 ® I \
104 ; = =
0 L L T L = L 1
2D 30 40 50 80 70 BO
Tempereture (°C)

Fig. 8:  Effect of temperature on the activity (B} and stability

O of 3. Cerevisiae YKU 107 g-amylase
100 B 1p‘,-"?‘\

— j2]a] & ) ‘\\\

¥ EDf A/ . \ \

£ 70F r'e A A

2 B0k & '\l \

E BOF / A \
s Ele] o _,J \ )
= 3o} A -’\‘\
£ 20} \x
10F A
0 L L L L L L L ]
D 1M 20 3 40 BO BO 70 BO
Tempersture {°C)
Fig. 7. Effect of temperature on the activity {«} and stability

(o) of 5 Cerewvisias ¥k 131 glucoanmylase

of sago and corn starch after 24 hours of incubation were
B5.30% and 84 83%, respectively.

Figure & shows the hydrolysis of warious starches by
5 perevisige kU 131 glucoarrylase. The glucoamylase
hydrolysed the cassawa starch most rapid, followed by sago,
potato, corn and rice starch. After 24 hours of incubation, the
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percent hydrolysis of cassawva, sago, potato, corn and rice
starch were 79573, 73.58, 71.01, 688.30 and 56.4% %,
respectively.

Discussion

For a-amylase, the optimum pH was 5.0, and the enzyme was
stable at pH range between 4.5 and 8.0. Thus the pH should
be controlled at 4.5 — 5.0 for the maximum enzyme activity.
The glucoamyase was stable at pH 4.0 — 8.0, the stability
decrease gradually with the increase of pH. The enzyme was
optimally active at pH 5.5, The ionic strength at the range of
0,05 M to 0.20 M did not sewerely affect the activity of the
both enzymes. Thus the pH in an uncontrolled fermentation
process could be maintain by increasing the buffering capacity
of the sodium acetate buffer at ionic strength lowwer than 0.2
M. Previous studies reported that 5. cerswisias could grows at
pH 2.4 1o B.8 {Jones er &, 1981}, therefore, the pH walues
selected for fermentation process wwould primarily depend on
the optimum pH of the amyohytic enzymes.
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Since the host strain of the recombinant yeast (YKU 107 and
YKU131 strains) vwere temperature sensitive mutants, which
growth optimally at 30°C. At temperature 30°C, the relative
activity of glucoamylase and a-amylase was 57.73% and
47.60%, respectively. Previous studies shown that S.
cerevisiae YKU 107 produced the a-amylase optimally at
temperature 34°C (Ujiyama et al., 19956}, while 5. cerevisiae
YKU 131 (produced glucoamylase), 35°C (Lee et ai., 1998).
At this optimum enzyme expressing temperature, relative
activity of q-amylase and glucecamylase vvere approximately
76.94 % and 68.43 % respectively. Thus, controlling the
temperature using optimum production strategy to enhance
the amylolytic enzymes expression {(Ujiyama ef al., 1995; Lee
et al., 1998}, might be essential in maximising the starch
utilisation during fermentation process.

The t-amylase and glucoamylase were capable in hydrolysing
various types of starches at different rates and degrees.
Hewvever, it is too scon to conclude which starch is the most
suitable for ethanol production wsing the particular
recombinant yeasts. This is because in fermentation process,
the different viscosity of different starches might affect the
growth and the amylolytic enzymes expression of the
recombinant yeasts.

The pH that suitable in fermentation process by 5. cerevisiae
YKU 107 and YKU131 were 4.6 - 6.0 and 5.0 - 6.0
respectively. The optimum amylolytic enzyme production
strategy might be important in maximising the ethanol
production directly from starches. The u-amylase could
hydrolyse more than 85% of the starches, except for corn,
64.63%. Glucoamylase was capable in hydrolysing more than
656 % of the starches. In the view of the susceptibility of the
starch to amylolytic enzyme hydrolysis, sageo starch is
compatible as carbon source for ethanol production by the
recombinant yeasts.
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