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The main goal of present study was implementation of the Aspergillus oryzae M strain improved
technology using earlier developed method of microorganism selection. The 8 pure strains of
Aspergillus fungi were screened for the production of extra cellular alpha-amylase using agar
medium with starch as a substrate and incubated for 72h at 30 °C. Zone of clearance was observed
for screening of the amylolytic fungi (in mm). Aspergillus oryzae M has demonstrated the highest
zone of clearance. Aspergillus oryzae M was cultivated for 42 days in submerged conditions of
growth using new method of fungal cultivation. This method based on immobilizing enzymes
producers on solid career in submerged conditions of growth gives the way to improve quality of
filtrates, which remain clear, does not require additional filtering and easily separated from the
mycelium. Moreover, it allows to prolong the process of fungal cultivation and to maintain high
enzymatic activity for a long period of time. Presented method allowed increasing alpha-amylase

production from 321 U/ml (before immobilization) to 502 U/ml (after immobilization).
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Amylases are among the most important
industrial enzymes. This group of enzymes
occupies about 25% of the whole market
of produced enzymes in the world [1, 2].
Despite the fact that among microorganisms
that produce amylases there are bacteria,
fungi, yeast and actinomycetes, in the recent
period micromycetes got wide application,
particularly Aspergillus fungi type thanks
to the ease of its cultivation and high
productivity [3, 4]. However, great drawback
of industrial strains is their low activity,
despite the fact that the chief requirement to
enzymes is their high catalyst activity which
is directly connected with the activity of the
microorganism that produces this enzyme.
Scientific research of the leading biochemical
laboratories of the world are directed to the
solution of this problem, i.e. obtaining of
a highly active strain — superproducer of
enzymes. The use of such highly active strain
can reduce expenses on production of the
enzyme, which will positively influence the
price of the final product [5].

Until recently, the main instrument in
obtaining such a highly active a.-amylase strain
was mutagenesis [6—9]. There are available
data on increasing of Aspergillus awamori
strain glucoamylase productivity obtained
by using recombinant-DNA technology. As
a result rising in the level of starch-splitting
gene activator proteinl, that was amyR gene-
coded, led to 30% increasing in Aspergillus
awamori strain productivity [10]. However,
genetic engineering is long-lasting and
requires for special complex techniques [11].
In this regards, the cells immobilization
offer a multitude of advantages in enzymes
production, such as high metabolic activity and
strong resistance to toxic chemicals [12-15].
Immobilized microorganisms can be used for a
long period of time with increased enzymatic
activity [16, 17].

Traditionally used enzymatic agent
processing technology applies the submerged
culture method of micromycetes in periodic
conditions. Under such conditions of
micromycetes growth, their biomass forms
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a shape of pellets, which during the culture
process firms and becomes inaccessible for
oxygen and nutrients. The biomass forms the
maximum amount of the target product in
3-5 days only once. After that, this culture
autolyzes and its enzyme activity decrease.
A new method of cultivation of filamentous
fungi has been developed by Bliyeva R.K.,
as well as devices and equipment for their
cultivation [18]. Such devices and equipment
prolong producers’ cultivation period to
30-60 days and create the opportunity to
obtain enzymes repeatedly in every 2-3
days of cultivation. This method is based on
immobilization enzymes producers on solid
career in submerged conditions of growth.
Immobilization has a range of advantages:
decreasing the price of the final product,
absence of foreign substances, controlled
process of enzyme-genesis, ability of various
enzymes simultaneous production, etc.
[19-21]. Design of proposed equipment gives
the opportunity to increase the activity of
immobilized cells culture filtrate comparing
to free cells. In the present work c-amylase
production using immobilized Aspergillus
species was studied.

Materials and Methods

Screening for the alpha-amylase activity

The 8 pure strains of Aspergillus fungi (own
collection) were screened for the production
of extra cellular alpha-amylase using agar
medium with starch using as a substrate
(Aspergillus awamori 16, Aspergillus awamori
1-8, Aspergillus awamori 22, Aspergillus oryzae
M, Aspergillus oryzae 3-9-15, Aspergillus
foetidus, Aspergillus niger II, Aspergillus
niger 355 ). Aspergillus fungi were maintained
on Czapek medium. CZAPEK: NaNO; —
9.0 g, sucrose — 20.0 g; KH,PO, — 1.0 g;
MgSO, — 0.5 g; KCI — 0.5 g; FeSO, —
0.001 g; agar-agar — 20,0 g — per liter.
The pure cultures were inoculated on starch
agar medium and incubated for 72 h at room
temperature. After obtained colonies of each
plate iodine solution was layered on the agar
plates and zone of clearance was observed for
screening of the amylolytic fungi. A positive
test is indicated by a clear, colorless zone
around the growth. Only positive and better
zone formed strain was taken for further
study.

Enzyme production

For inoculum preparation, 25 ml of sterile
distilled water was added to the 5-day-old
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culture grown on Czapek agar plate and
scraped aseptically with inoculating loop.
This suspension with spore concentration of
1.3:107 cells/ml, was used as inoculum for the
fungal cultivation. Submerged fermentation
was carried out in 750 ml Erlenmeyer flask
by taking 100 ml of mineral salt medium (% ):
NH,NO; — 0.5; KH,PO, — 0.1; MgSO, —
0.05; KCl — 0.05; FeSO, — 0.001; maltose —
1.0; starch — 1.0. They were incubated at
30 °C on a rotary shaker (180 rpm) for 42 days.
The growth medium was exchanged at 3-day
intervals.

Alpha-amylase enzyme assay

The amylase activity was assayed by
spectrohotometric measurement of a starch-
iodine complex (State Standard of Russian
Federation). The reaction mixture (15 ml)
consisted of 10 ml of 1% (w/v) soluble starch
and 0.5 ml appropriately diluted enzyme
source in 25 ml of distilled water. After
incubation at 30 °C temperature for 10 min
the reaction was stopped by addition of iodine
solution with 0.2 mol/dm?® HCl. Then the
enzymatic hydrolysis of starch was determined
on spectrophotometer at 670 nm. One unit
of the a-amylase activity was defined as the
amount of enzyme that hydrolyses 1 g of starch
for 1 hour in 30 °C, pH 4.7. The experiment
was carried out in triplicates. The results were
expressed as mean + standard deviation using
Excel 2010.

Results and Discussion

Screening for the alpha-amylase activity

During the initial screening of Aspergillus
fungi for synthesis of alpha-amylase enzyme
it was found that almost all studied strains
grew on the starch medium. The clear zone
formation concerns the ability of colonies with
confirmed starch hydrolysis (Fig. 1).

Aspergillus oryzae M showed the highest
clearance zone (29.3 mm) and was used for
further studies (Table). Alpha-amylase activity
of free cells of Aspergillus oryzae M after
3-days liquid cultivation was 321 U/ml.

Immobilization of Aspergillus oryzae M

A novel immobilization technique
was developed by using the cheapest and
most easily available cotton material as
an immobilizing carrier for absorption of
spores of A. oryzae M, which has been for
the first time used for immobilization of
microorganisms. Immobilized A. oryzae M on
carrier is presented in Fig. 2.
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Aspergillus oryzae M Control

Fig. 1. Todine clearing zone assay

Starch hydrolysis test by Aspergillus fungi for alpha-amylase activity

NN Strain Clear zone, mm
1 Aspergillus awamori 16 11.56+1.0
2 Aspergillus awamori 1-8 20.0+=0.9
3 Aspergillus awamori 22 14.3 +0.9
4 Aspergillus oryzae M 29.3+2.8
5 Aspergillus oryzae 3-9-15 16.4+1.9
6 Aspergillus foetidus 11.8 1.0
7 Aspergillus niger I1 16.7 = 0.7
8 Aspergillus niger 355 12.1+1.2

Fig. 2. Immobilization of Aspergillus oryzae M
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Cultivation period was extended to 42
days. Results show that immobilization
procedure has significant effect both on
growth and bioactivity of A. oryzae M when
compared to periodic cultivation by free cells
(Fig. 3). As shown on Fig. 3 enzymatic activity
was enhanced significantly after 6 days of
cultivation of immobilized cells and keeps the
same value for 42 days of fungal cultivation.
The immobilized system showed a significant
stability of the enzyme biosynthesis. Maximum
of the alpha-amylase production was obtained
at 9 days interval. Enzyme activity ranged
from 286 to 502 U/ml.

In contrast to immobilized cells cultivation
by free cells has a limited development cycle.
It forms greatest amount of alpha-amylase
activity only on 3% day. After that, A. oryzae M
cells autolyze and its enzyme activity decrease
(Fig. 3).

Thus, our presented method extends
continuously without interruption for a period
of 42 days. Frequency of obtainment of the
desired product is gradually increasing. If
the periodic cultivation by free cells allows to
obtain target product (alpha-amylase enzyme)
only once (on the 3¢ day), during continuous
cultivation by immobilized cells target product
can be obtained every 2—3 days. In addition,
presented immobilization procedure allows
maintain high fungal enzymatic activity for a
long period of time.

This research work was funded by Ministry
of Education and Sciences of the Republic of
Kazakhstan.

Grant Ne 0347 “Biosynthesis of a-amylase
enzyme by Aspergillus fungi to improve the
quality of bread and baked goods”.
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Fig. 3. Alpha-amylase production by immobilized Aspergillus oryzae M
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INPOAYRYBAHHSA AJIb®A-AMIJIA3HU
3 Aspergillus oryzae M 3A YMOB
TJINBUHHOI'O KYJbTUBYBAHHSA

/. B. Cyaeitmenosa
/K. K. Cadyesa
. K. Paxmemosga

TacTuryTt Mmikpob6iosorii i Bipycosorii,
Anmaru, Kasaxcran

E-mail: msyban@mail.ru

Mertoro goctigsKeHHA 0yJI0 OTPUMAHHS BHUCO-
KOAKTHUBHOTO IIITAMY-IIPOAYIIEHTA O.-aMijia3u Ha
ocHOBi iMmmob6inizanii rpuba Aspergillus oryzae
M B ymoBax ramOWHHOTO KYJbTUBYBAHHS 3a
Po3pobsieHM paHiIie MeTOoOM CeJIeKIlil MiKpo-
opranismis. O0 eKTaMu JOCIiIKEeHDb CAYTyBAIA
8 mramiB pony Aspergillus i3 KosekIii Inctu-
TyTy MiKpobioJiorii Ta Bipycosorii. IlepBununii
Bif0ip aKTUBHOI KYJIbTYPU IIPOBOININ AKiCHUM
METOAOM IIJIIXOM BUMipPIOBaHHA mAiaMeTpa 30H
rigposaisy mocaifgKyBaHUMU KYJIbTYypaMu Cy0-
crpary (KpoxmMaJiio) Ha TPeTio Ao0y iHKyOarril
3a 30 °C (y mm). Haiibinbiry akTUBHICTh MaB
mram Aspergillus oryzae M. IIpoBeneHo Tpu-
BaJie KyJbTUBYBAHHA BimiGpaHoro mpomyIes-
Ta o-aminasu Aspergillus oryzae M ynpomoBix
42 ni6. AKTUBHiCTHL o-aMija3u BapiioBaJa
Bix 286 mo 502 ox/mu. BigsuaueHo, 1110 KyJb-
TypajJbHa pifMHa mMpo3opa i He mMoTpedye 10-
maTkoBol (isbpTparmii, Jerko BigmindgeTbca
Big mimesiro. IIpomoHoBaHUM METOX CeJeKIlil
YMOJKJIUBUB IMiABUINEHHS AKTUBHOCTI ajib-
da-aminasu 3 321 ox/ma (mo immobisisanii) o
502 ox /M (micas immobinisarii), a TakosK gaB
3Mory 36eperTu akTUBHICTh KYJAbTYPU HPOTH-
TOM TPUBAJIOTO IIEPioAy Uacy.

Knmwouwosi cnosa: o-amvinasa, Aspergillus oryzae;
rINOMHHE KYJIbTUBYBAHHS, iMMOOiTizaIis.
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' IYBUHHOI'O KYJIbTUBUPOBAHUSA
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Ilenvo wmcciaemoBaHUA OBIJIO MOJyUe-
HUe BBICOKOAKTHBHOI'O IIITAMMAa-IPOAYIIEHTA
0-aMMJIa3bl HA OCHOBE MMMOOUIN3aUU Ipuda
Aspergillus oryzae M B ycI0BUAX TJIYOMHHOTO
KYJbTUBUPOBAHUS IO pasdpaboTaHHOMY pamee
MeTOy CeJeKIIuu MUKPOOpPranusmMoB. O0beK-
TaMU UCCJIEOBAHUI CIYKUIN 8 IIITAMMOB Poja
Aspergillus 3 xonnexkiuu NHCTUTyTa MUKPO-
OuoJioruu U BUpycosioruu. [lepBUUHBIN 0TOOD
AKTUBHOW KYJBTYPHI IPOBOIUINA KAYECTBEH-
HBIM METOJOM IIyTeM WM3MepeHUs AuaMeTpa
30H THUAPOJMN3a HCCIAEAYEeMBIMU KYJbTYpPaMUu
cybcTpara (KpaxmaJjia) Ha TPeTbU CYTKU UH-
kybaruu npu 30 °C (B mm). Hauboabinyio ak-
TUBHOCTH UMeJI mramm Aspergillus oryzae M.
IIpoBeneHo AnuTEbHOE KYJIBTUBUPOBAHLIE OTO-
OpaHHOTO IIPOAYIIEHTA O-aMuJIas3bl Aspergillus
oryzae M B TeuenHme 42 cyTOK. AKTHUBHOCTH
o-aMuIassl BapbupoBasia or 286 mo 502 ex/mu.
OTMeueHO, UTO KyJbTypajbHas KUIKOCTH
mpospauHas U He TpebyeT MOTMOJHUTEIbHON
(uabTpamuu, JETrKO OTAEIAETCA OT MUIIEIUS.
IIpenaraemMblii METOM CEJIEKITUU IAJI BOSMOK-
HOCTB IIOBBICUTH AKTUBHOCTD aIb(ha-aMUIassl C
321 en/ma (mo mmmobuausaium) no 502 ex/mua
(mocse UMMOOUIM3AIIUN), a TaKiKe TO3BOJIUI
COXPAaHUTh AKTUBHOCTH KYJbTYPHI B TEUEHUE
IIUTEJbHOTO IIePUoIa BPeMeHN!.

Kntwouesvie cnoea: o-amunasa, Aspergillus
oryzae, TIyONMHHOE KYJIbTUBUPOBaHWE, WMMOOU-
JIN3aIN.





