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Abstract The biochemical properties of a V. parahaemolyticus bacterophage were investigated. The results show that when the bacterophage infects
the V. parahaemolyticus the optimum pH value is 8 the optimum temperature is 35°C . The bacterophage is inactivated quickly when treated with
upper 60°C . Also the bacterophage is sensitive to ultraviolet radiation and resistant to aether and chloroform. The incubation period of the V.
parahaemolyticus has great effects to the bacterophage’ s bacteriolysis proportion. In Log phase the bacterophage infects the V. parahaemolyticus
easily. However the aged V. parahaemolyticus is vesistant to bacterophage’ s infection. It s favorable to the bacterophage attaching to the V.
parahaemolyticus when Ca2* or Mg* was added into the culture medium. The ability of lysis of the bacterophage is strongest when the salinity of the
water is about 20. The best multiplicity of infection is 0.1~ 1.0.
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Fermentation Kinetics of Media Optimization for the
Production of Alpha Amylase by a New Isolate
of Aspergillus Oryzae

Tkram-ul-Haq'  Roheena Abdullah' Hamid Mukhtar' =~ Muhammad Nauman Aftab®*

Institute of Industrial Biotechnology ~Government College University ~Lahore 54000 Pakistan '

Bioinformatics Laboratory  Institute of Biophysics ~ Chinese Academy of Sciences  Beijing 100101  China *

Abstract The present study is concerned with the isolation and screening of different strains of Aspergillus oryzae for the production of alpha
amylase. Ninety strains were isolated from soil and tested for the production of alpha amylase in shake flasks. Of all the strains tested

Aspergillus oryzae GCB-32 and Aspergillus oryzae GCB-35 gave maximum production of alpha amylase. Different culture media were screened for
the production of alpha amylase by these two strains. M1 medium containing starch yeast extract NH,;Cl MgSOy; 7H, O and CaCl, gave the

maximum production of alpha amylase by both the strains Aspergillus oryzae GCB-32 and Aspergillus oryzae GCB-35.Kinetic analysis revealed

that the values of product yield coefficient ¥

medium M1 was used for the enzyme production.

and specific product yield coefficient q,

were found highly significant p <0.05 when

Key words Alpha amylase Kinetics Aspergillus oryzae Fermentation media.

The starch-degrading enzyme a-amylase’ is widely
distributed in nature. This extracellular enzyme randomly
hydrolyzes a 1~4 glucosidic linkage throughout the starch
molecule in an endo-fashion producing oligosaccharides

and monosaccharides including maltose  glucose and

alpha limit dextrin. ' %

Alpha amylase is one of most important enzymes and
is of great significance in present day biotechnology. It is
extensively used in many industries including starch
liquefaction brewing food paper textile sugar and
pharmaceuticals. > *  Although alpha amylase can be
derived from several sources such as plants animals and
microorganisms  yet the enzyme from microbial sources
generally meet the industrial demand. Different fungal
and bacterial strains have been extensively used for the

13 14 25 29

biosynthesis of alpha amylase However the

amylase of fungal origin was found superior than the
bacterial enzyme due to high stability and heat
R 1)
sensitivity .
The commonly used fungi for the production of alpha
include Themomyces

amylase steptomyces sp.

* Corresponding author ~ E-mail nauman_ microbiologistl @ yahoo. com
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Rhizopus  sp. Trichoderma  sp.

lanuginosus

Penicilium  griseoroseum  Fusariwum moniliformis and

2224 33

Alternaria sp. . However species of Aspergillus

such as  Aspergillus niger  Aspergillus tamarii
Aspergillus awamori and Aspergillus oryzae have received

most attention because of their high

REIB - Aspergillus oryzae is well known

productivity
fungus which has been widely used to obtain many kinds
of hydrolytic enzymes like alpha amylase lipases and
protease. To prepare these extracellular enzymes on
commercial scale many attempts have been made to
select superior strains of the fungi. Therefore it is
worthwhile to isolate a potent strain of Aspergillus oryzae
and to optimize the fermentation profile to get higher
production rate of alpha amylase.

Selection of suitable fermentation medium is very
important for the enhanced production of alpha
amylase * . All microorganisms require energy and certain
minerals for growth and metabolism ©° and the energy for
growth comes from the oxidation of medium components.

The presence of carbon and nitrogen sources and mineral

© FERZERMEDHARFATIKSHEEL http://journals. im. ac. cn



2007 34 4

nutrients such as P K Mg and Ca are essential for the
growth of fungi as well as the enzyme production ” . So
media fermentation or selection is one of most important
parameters to be optimized for enzyme production from
microorganisms.

The objective of this study was the selection of
potent strain of Aspergillus oryzae and a superior and
cheap fermentation medium for the production of alpha

amylase.
1 MATERIALS AND METHODS

1.1 Isolation of organism

Aspergillus oryzae strains were isolated from different
soil samples by serial dilution method * . About 0.5 mL
of the diluted soil suspension was transferred to the
petriplates containing malt extract -starch- agar medium.
These petriplates were incubated at 30°C for 2 d ~ 3 d.
The young colonies forming clear zones of starch
hydrolysis in petriplates were aseptically picked up and
transferred to potato dextrose starch agar slants. The

slants were then incubated at 30°C for 3 d ~ 4 d for

maximum growth and were stored at 4°C in refrigerator for

further use.
1.2 Culture Media
Different culture media were tested for the

production of alpha amylase by the selected strains of
Aspergillus oryzae . The compositions g/I.  of the media
were as under

M1 Starch 20 yeast extract 8.5 NH,CI
1.3g MgSO; 7H,0 0.12 CaCl, 0.06 pH5.0 .

M2 Starch 10 yeast extract 3.0 MgSO, -
7H,0 0.005 CaCl,- 2H,0 0.2 FeSO, 0.1
Peptone 20 pH 6 .

M3 Starch 10 MgSO,- 7H,0 0.005 CaCl,

2H,0 0.2 FeSO, 0.1 NH, ,SO, 20 pH6 .
M4  Wheat bran 100 ZnSO,- 7H,0 0.062
FeSO, 0.068 CuSO; 7H,0 0.0008 pH 4.5 .
M5  Glucose monohydrate 4.86 NaCl 1.80
NH, ,50, 4.86 CaCl,- 2H,0 1.2
solution 0.12 mL. KH,PO, 3.87 pHS5 .
M6 Starch 25 Meat extract 5 KH,PO, 1.7

trace metal

741 -

NH,Cl 1 MgSO; 7H,0 0.3 CaCly 2H,0 1.0 pH
5.

M7  Starch 30  pepton 20
MgSO; 7H,0 2.50 pHS.5 .

1.3 Inoculum preparation

KH,PO, 5.0

In the present studies conidial suspension was used
prepared in 0.005% sterilized Monoxal O T to inoculate
the fermentation flasks. Ten milliliter of sterilized
Monoxal O T. was transferred to a 72h old slant having
profused conidial production on its surface. The conidia
were scratched from the surface and test tube was shaken
vigorously for breaking the clumps of conidia. The
number of conidia was counted with the help of
Haemacytometer which were about 2.6 x 10° conidia per
milliliter.

1.4 Fermentation technique

Twenty-five milliliter of the fermentation medium in
250 mL cotton wool plugged conical flask was used to
carry out fermentation for the production of alpha
amylase. The flasks containing culture media were
sterilized in an autoclave at 1 x 10°Pa  15lbs/inch’
pressure for 15 min and cooled at room temperature. One
milliliter of inoculum containing 2.6 x 10° conidia was
aseptically transferred to each flask and the flasks were
SANYO
for incubation at 30°C  with

placed in the orbital shaking incubator
Gallenkamp PLC UK
shaking speed of 200 r/min. After fixed period of
incubation the contents of the flasks were filtered and
filtrate was used for the estimation of enzyme and
biomass .
1.5 Enzyme assay

Alpha amylase activity was estimated according to
the method of Rick and Stegbauer * . The one-milliliter
of enzyme sample was incubated with 1 ml of 1% soluble
starch solution pH 5.5 at 40°C. The reducing sugars
were measured by adding 3 5 dinitro salicylic acid
reagent boiling for 5 min cooling and measuring the OD at
546nm in the spectrophotometer. One unit of activity is
defined as the amount of enzyme which liberates

reducing group from 1% Litners’ soluble starch

carmesponding torrbng smalioseshydrate. in 10.mi8 s, im. ac. cn
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All the fermentation experiments and enzyme assay
were carried out in triplicate using analytical grade
reagents and mean values were presented in the results.
1.6 Kinetic and statistical analysis
batch
experiments were determined according to the methods
described by Pirt " and Lawford and Rouseau ” . The
following parameters of kinetics were studied

1.6.1

Kinetic  parameters  for fermentation

Maximum specific growth rate p,, per hour-The
value of pr, was calculated from plot of Inx vs. time of
fermentation.
1.6.2 Product yield coefficient Y, U/mL/mg-The
value of Y, was determined by the equation Y, = dp/dx
1.6.3 Specific product yield coefficient ¢, U/mL/
h-The value of g, was determined by the equation Y, .
¢ max

The experimental data was statistically analyzed by
the method of Snedecor and Cochrane * . Duncan’ s
multiple range test was applied under one way ANOVA.

Significance has been presented in the form of probability

p<0.05 values.
2 RESULTS AND DISCUSSION

Isolation and screening of a potent strain is the
primary step for the production of alpha amylase at a large
scale. Ninety strains of Aspergillus oryzae were isolated
from soils of different areas of Lahore by serial dilution
method * The amylolytic strains were isolated on the basis
of formation of clear zones of starch hydrolysis in petri
plates. However zonation cannot in any way be
correlated quantitatively with amount of alpha amylase
produced because of hydrolytic activity of other enzymes
such as gluco amylase "® . Therefore screening of starch
hydrolyzing alpha amylase using starch plate can only be
Tablela

strains were further screened for alpha amylase production

in 250 mL shake flasks. Of all the strains tested the

qualitative and partially selective So these

strain No.32 and strain No.35 gave maximum production
Table 1
for further studies and assigned the codes as Aspergillus
oryzae GCB-32 and Aspergillus oryzae GCB-35.

of alpha amylase. These strains were selected

2007 34 4

Suitable fermentation media play a very critical role
in the production of enzymes as the biosynthesis of
enzyme by microorganisms is directly influenced with the
composition of fermentation medium. Seven different
media were tested for the production of alpha amylase by
the both selected strains of Aspergillus oryzae out of which
M1 medium

NH,Cl 1.3g

g/l Starch 20 yeast extract 8.5
MgSO, 7H,0 0.12 CaCl, 0.06 pH
=5.0 was found best for maximum production of alpha

amylase by both the strains Aspergillus oryzae GCB-32
and GCB-35 Figl 2 .

Table 1 Isolation and screening of Aspergillus oryzae for the
production of alpha amylase

Enzyme activity

SrNo  Isolate No DCM  ¢/L
U/mil.

1 32 37 +0.05" 23.020.02°
2 35 32.0+0.03 22.0+0.03
3 36 31.0+0.04° 20.0+0.02°
4 33 27.0+0.05" 18.0+0.02°
5 80 25.0+0.04° 20.0£0.04¢
6 81 22.0+0.06' 21.0+0.04°
7 61 22.0+0.05% 20.0+0.03¢
8 82 21.0+0.04" 20.0+0.04¢
9 83 20.0+0.05% 18.0+0.02°
10 89 19.0+0.03! 17.0+0.04°
ISD = 1.040 ISD = 0.745

Each value is a mean of three parallel replicates. + indicates the standard

deviation among replicates. The values differ significantly at p<0.05.

A good combination of both organic and inorganic
nutrients in the fermentation medium is very important for
better growth of the organism and enhanced biosynthesis
of enzymes subsequently. It was found that both organic
and inorganic nitrogen sources were essential for the
maximum growth of Aspergillus oryzae GCB-32 and
subsequent production of alpha amylase. In the present
medium yeast extract acted as organic nitrogen source
while ammonium chloride was acted as inorganic nitrogen
source. Yeast extract is a complex nitrogen source and
therefore it contains free amino acids which were proved

as excellent sources for enzyme production. Pedersen and

Nissens T rshowed: thab 8 evds combination  of exganic and,
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inorganic nitrogen sources is very important for the

enhanced production of alpha amylase.

O Asporgillng oreeactiCT-3120 Azporzillng orveaeG(T-35

Enzyme aotivity/ L/mly
= :

=

A M2 M3 W4 WS RS MT

Termentation media
Fig 1

alpha amylase by Aspergillus oryzae in shake flasks

Screening of culture media for the production of

Each value is an average of three replicates. Y error
bars indicate the standard error among the values.
% Medium pH 5.5 incubation temperature 30°C

incubation period 72 h.

Table 1a Range of alpha amylase activity of isolates

Number of strains Range of alpha amylase activity

37 0~ 10
40 11~20
10 20 ~ 30
3.0 30 ~40
1537 BAspergillus oryzae(GOR-32 MAzpergilus orvzae(O(B-15
~ 20
2’ 154
= 101
3
E 5
0__

Sl W2 K3 M4 M3 K4 M7
Fermentaticn madia

Fig2 Screening of culture media for the production
of cell mass by Aspergillus oryzae in shake flasks
Each value is an average of three replicates. Y error
bars indicate the standard error among the values.
* Medium pH 5.5 incubation temperature 30°C

incubation period 72 h.

The nature and amount of carbon source in culture
media is important for the growth and the production of
alpha amylase in microorganisms. It is empirically known
that higher yield of alpha amylase can be obtained in
media with complex raw material containing starch from
maize barley wheat and malt. Many workers have
reported that starch is the best carbon source for the
11

production of alpha amylase >

The production and stability of enzyme alpha
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amylase is greatly affected by the addition of metal ions in
the fermentation medium because the metal ions act as
activators for enzyme activity > * . M1 medium contained

the ions such as Ca’* ClI~ Mg™* and SO;~ which were

essential for the growth of fungus and enzyme production.
Chambert et al. ® reported the maximum production of
alpha amylase in the presence of Ca’* because Ca’* ions
act as best stabilizer binder and activator of alpha
amylase. Cl™ is essential for fungal growth and it is also
acts as activitor for the production of alpha amylase ”
Levitizki and steer ® reported a binding site for C1~ on
the alpha amylase which affects a conformational change
that enhances activity.

All the other media gave insignificant results which
might be due to the lacking of the components essential
for growth as well as for the production of alpha amylase
or that might be due to inhibitory effect of any component
of the media on the growth of organism.M2 and M3 gave
insignificant results because they contained FeSO, which
gave Fe’" and F&’* ions in the medium which have toxic
inhibitory effects on the growth of microorganism ' . M4
medium produced less enzyme because it lacked sufficient
amount of both organic and inorganic nitrogen sources
which were essential both for the growth of micro organism
M5 medium
production of alpha amylase which might be due to

and enzyme production. showed less
presence of NH, ,SO,. Ammonium sulphate is not a
good nitrogen source because ammonium ions are utilized
and free acids are librated in the medium which lowers
the medium pH and makes the enzyme to be unstable *
M6 and M7 medium gave minimum production of alpha
amylase which was due to catabolic repression because it
has been reported that the addition of starch at higher
concentration decreased the alpha amylase yield " . A
high starch content medium when attacked by alpha
amylase during fermentation could have undergone
degradation resulting in the accumulation of reducing
sugars  which caused catabolite repression of alpha
amylase synthesis.

The data was subjected to kinetic analysis for the

cralewdation.of produgtuyield coeffigient. ) Y, and specifig,
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product yield coefficient ¢, The kinetic analysis

revealed that the values of kinetic parameters Y, and q,
were highly significant P <0.05 in the presence of M1

medium and other culture media gave relatively

Table 2 . The production of alpha
amylase following growth of the organism was found to be
highly significant with M1
significantly P <0.05

the kinetic evaluation of experimental results confirmed

insignificant values
medium and  varied

with other culture media. Thus

that M1 culture medium was best for the production of
alpha amylase by Aspergillus oryzae strains.
Table 2 Kinetic evaluation of different culture media for the

production of alpha amylase by Aspergillus oryzae
strains in shake flasks

YP/X qp
Medium
GCB-32 GCB-35 GCB-32 GCB-35
Ml 2.63+0.11° 2.88+0.02° 0.658+0.03" 0.72+0.01°
M2 2.33:£0.02° 2.43+0.01" 0.582+0.03" 0.607 £0.01"
M3 1.8+0.02! 1.26+0.1°  0.45+0.01° 0.315+0.01°
M4 1.77+£0.020 1.77+£0.02° 0.44220.001°  0.31220.005°
M5 1.85+0.01° 1.66+0.33° 0.462+0.001"  0.415+0.001°
M6 1.66+0.015° 1.66+0.015° 0.415+0.005'  0.312+0.001°
M7 1.4+0.01" 1.4+0.01Y 0.35+0.01° 0.345 +0.0014
LSD 0.079 0.38 0.0082 0.0075

Kinetic parameters Y, Specific product

\ Product yield coefficient q,

yield coefficient 1, Maximum specific growth rate 0.25 h™".

REFERENCES
1 Abdullah R Ashraf H Haq I et al. J Food Technol 2001 1 4
187 ~ 190.
Ajer Dharani PV. African J Biotechnol 2004 3 10 519~522.
3 Batlle N Carbonell ] V. Sendra JM. Biotechnol Bioeng 2000 70
5 552~554.
Calik P Ozdamar T H. J Biochem Eng 2001 8 1
5 Carlsen M Nielsen J Villadsen et al. J Biotechnol
1 81~93.
6  Chambert R Haddaoui E Petiglatran MF
Lett 1999 173 1 127~ 131.
7 Chunzi QZ Jin F HuaW et al. J Appl Microbiol
365 ~ 368.
8 Clarck HE Geldrich E ¥ Kabler PW et al. Applied Microbiology

61 ~81.
1996 45

et al. FEMS Microbiol

1992 24 5

11

12

23

24

25
26

27

28

29

30

31

32

33

34

35

36
37

38

© B ERF R R TS 4R A0

2007 34 4

New York International Book Company 1958.

Dubey A K Suresh C Kavitha R et al. FEBS Lett 2000 471 2-
3 251~255.

Duochuan L Yijun Y Youliang P et al. FEBS Lett 1997 37 2
107 ~ 114.

Dvadtsatova EA  Prosvetova T I
Mikrobiol 1976 12 4 515~517.
Farid M A Enshasy EL Noor A M
42 3 162~171.

Fogarty W M Kelly C T Amylase
glucanases In

V L. Prikl Biokim

Tarovenko
et al . ] Basic Microbiol 2002

amyloglucosidase and related
Economic Microbiology  microbial Enzymes and
Bioconversion vol. 5  Rose AH. Ed.
1980 pp.115~170.

Haq I Abdullah R Ashraf H
4 61~66.

Hughes M N Poole R K. J Gen Microbiol 1991 137 725 734.
Tefuji Y ChimoM Kato M et al. J Biochem.1996 316 989 ~ 996.
Krishna C ~ Chandrasekaran M Appl Microbiol Biotechnol 1996 46
106 ~ 111.

Kuek C Kidby D K. Biotechnology Letters 1984 6 9 561 ~ 566.
Lawford H Rouseau J D. Biotechnol Lett 1993 15 615 ~ 620.
Levitzki A Steer M J. Biochem 1974 41 171.

Lin L Esu WH Chu SW Lett Appl Microbiol 1997 24 5 365
~384.

McMahon EMH  Kelly CT  Fogarty WM Biotechnol . Lett
24 ~26.

Nandakumar M P~ Thakur M'S  Raghavarao KSM'S et al . Lett Appl
Microbiol 1999 29 6 380~ 384.

Nguyen Q D Rezessy-Szabo ] M Hoschke A
Biotechnol 2000 38 3 229 ~234.

Nigam P Singh D. Microb Technol 1995 17 770 ~778.
Noorwez SM  Satyanarayana T. Lett Appl Microbial 2000 31 5
378 ~ 384.

London Academic Press

et al. ] Biotechnology 2002 1 2-

1999 21

et al. Food Technol

Donell M K Greeney MC  Fitzgerald et al. Enzyme 1975 1 9
129.

Ohdan K Kuriki T Takata H et al. Appl Environ Microbial 2000
66 7 3058 ~30064.

Omori T Takeshima N  Shimoda.
engineering 1994 78 1 27~ 30.
Pedersen H Nielsen. J Appl Microbiol and Biotechnol 2000 53 3
278 ~ 28.

Pirt S J Principles of cell cultivation Black Wells Scientific USA.

1975.

Ramachandran S Patel AK  Nampoothiri KM
Technol 2004 47 2 309 ~317.
Ray RR  Actamicrobiol pol 2001 50 3-4 305 ~309.

Rick W H P Stegbauer. Alpha amylase of reducing groups In
Methods of enzymatic analysis vol. 2 H V Bergmeyer Ed. New
1974 pp.885 ~ 890.

Snedecor G W W G Cochran. 1980. Statistical methods 7% edition.
Ames. lowa lowa state university press.
Warin Suranaree. J Sci Technol 2004 11 151 ~ 157.

Yovita S Rahardjo P Webe FJ
Technol 2005 36 900 ~ 902.
Zangirolami TC ~ Carlsen M Nielsen ]
2002 19 1 55~67.

M J Fermentation and Bio

et al. Braz Arch Boil

York Academic Press

et al. Enzyme and microbial

et al. Braz ] Chem Eng

http://journals. im. ac. cn





