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SELECTION OF OPTIMAL NUTRIENT MEDIUM
FOR COLLAGENASE BIOSYNTHESIS BY ASSOCIATION
ASPERGILLUS AWAMORI 16 AND ASPERGILLUS AWAMORI 22

Abstract. Medium composition is the most important aspect to take into consideration when growing any
microorganism. The culture medium should include all indispensable nutrients that microorganism requires. The
production of collagenase enzyme have been affected by a variety of physical and chemical factors, such as
inoculum concentration, time of incubation, pH, temperature, carbon, nitrogen and mineral sources etc. However,
composition of the cultivation medium (carbon and nitrogen sources) play significant role in enzymes production. In
this paper the effect of different carbon and nitrogen sources on collagenase production by fungal association
Aspergillus awamori 16 and Aspergillus awamori 22 was investigated. Maximal collagenase activity (8.1 U/ml) was
detected in media with 2% sucrose as a carbon source and 1% peptone as a nitrogen source. The medium had the
following composition (%): KH,PO, - 0.1; MgSO, - 0.05; KCI - 0.05; FeSO, - 0.001; peptone -1.0; sucrose - 2.0.
Selection of carbon and nitrogen sources for A. awamori 22 and A. awamori 16 allowed increase the extracellular
collagenase biosynthesis from 6.8 U/ml to 8.1 U/ml.

Key words: collagenase, micromycetes, carbon and nitrogen sources.

Introduction. In the Kazakhstan market, the growing consumer demand for healthier products has
stimulated the development of nutritionally enhanced meat foods. In order to achieve these nutritionally
enhanced meat foods, changes such as the use of improved raw materials, reformulation of products, and
technological processes are necessary [1-3]. From the initial characteristics of the meat (its tenderness or
rigidity) depends the organoleptic properties of the final meat products. The highest consumer properties
possess meat products, developed from parts of the carcass with a minimum content of connective tissue
[4-7].

At the same time, the problem of processing raw meat containing an increased amount of connective
tissue characterized by stiffness and dryness remains urgent. To prevent excessive stiffness in production
of meat products different approaches of treatment of raw meat with a high content of connective tissue
have been used, e.g. mechanical and biotechnological methods. In this regards, the use of collagenase
enzyme that cause proteolysis of connective tissue proteins of collagen-containing raw materials is of
particular interest [8, 9].

Despite the fact that among microorganisms that produce collagenase there are bacteria, fungi, yeasts
and actinomycetes in the recent period micromycets got wide application, particularly Aspergillus fungi
because of high productivity [10-12]. The collagenase production has been affected by a variety of
factors, such as nitrogen and carbon source, inoculum concentration, time of incubation, pH, temperature,
salinity, etc. Present investigation involves studies on the effect of carbon and nitrogen sources on col-
lagenase production by association of mixed fungi Aspergillus awamori 16 and Aspergillus awamori 22 in
submerged fermentation.
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Materials and methods. The object of the study was fungal association of Aspergillus awamori 16
and Aspergillus awamori 22. The culture was maintained on potato-dextrose agar medium and stored at
4°C. For investigation if effect of carbon and nitrogen sources on collagenase production following
nutritional medium was used: NaNOj; - 0,5%, sucrose — 1,0; KH,PO,— 0, 1; MgSO, — 0, 05; KCL - 0,05;
Fe SO4—0,001.

As a carbon source, glucose, maltose, fructose, lactose, sucrose, galactose and starch were used at a
concentration of 1.5%. Both inorganic and organic nitrogen sources - NH4NO;, NaNO;, NH4H,POy,
(NH,4),HPO., peptone, casein, soy flour, and yeast extract were used at a concentration of 0.5%. Fungal
suspension at concentration of 2% was aceptically introduced into flasks with a nutrient medium and
placed on a shaker at 210-230 rpm for 72 hours. After this time, the collagenase activity of culture broth
of all variants was measured. Collagenase activity was assayed by spectrophotometric method [13].

To 20 mg collagen from bovine tendon (Sigma) suspended in 3.8 ml Tris buffer (0.02 M Tris, 0.005
M CaCl,, pH 7.4) was added 200 pl collagenase solution (1 mg/ml in Tris buffer) to make a total volume
of 4.0 ml. The mixture was incubated at 40° C. for 3 hr or 70° C. for 30 min. The reaction mixtures were
centrifuged in a microfuge for 10 min at 14,000 rpm. 1.5 ml of supernatant was mixed with 4.5 ml of 5 N
HCI and kept in a drying oven at 110° C. for 16 hrs (overnight) for complete hydrolysis of soluble pep-
tides. The hydrolysate was then analyzed for hydroxyproline content as follows: the hydrolysate was
diluted 25 times with distilled water. To 1.00 ml of diluted hydrolysate 1.00 ml of chloramine-T solution
is added and the mixture was allowed to stand at room temperature for 20 min. 1.00 ml of color reagent
were added after this period and the reaction mixture is transferred to a 60° C. water bath and incubated
for 15 min. Tubes were removed and allowed to cool down to room temperature. Absorbance at 600 nm
was measured.

The fungal biomass (dry weight of mycelium) was determined as follows: the biomass obtained
during cultivation of fungal association on a shaker in a liquid nutrient medium was filtered. After that the
filter paper was placed in a drying oven at a temperature of 130°C for 40 min (to complete drying). The
filters were transferred to a desiccator for 10-15 minutes and weighed on an analytical balance. The
difference between the mass of the filter with dry mycelium and the mass of the empty filter is the mass of
dry mycelium (X) formed during the period of cultivation of the fungus in the thermostat:

X =Mm - Mt,

where X is the mass of dry mycelium, g; Mf is the mass of the empty filter, g; Mm - the mass of the filter
with dried mycelium.

All the analyses were performed in triplicate, and the results were expressed as mean SD values of
the three sets of observations. The mean values and standard deviation will be calculated using
STATISTICA 6 [14].

Results and discussion. Various carbon and nitrogen sources were supplemented in the production
medium to study their effect on collagenase production. Effect of various carbon sources on collagenase
production in Aspergillus awamori 22 and Aspergillus awamori 16 is shown in table 1.

As can be seen from the data presented in Table 1 enzyme production was maximal when sucrose
was used as a carbon source. The activity of collagenase in medium with sucrose was 6.8 U/ml. All other
monosaccharides and disaccharides used had a little effect on collagenase production. It is known that

Table 1 — The effect of various carbon sources on collagenase production in 4. awamori 22 and A. awamori 16

Carbon sources Biomass, g/100ml Collagenase activity, U/ml
Sucrose 1,22 6,8+0,9
Glucose 1,18 3,2+0,6
Fructose 1,35 1,9+0,3
Galactose 1,0 1,2+0,4
Maltose 1,0 4,0+0,7
Lactose 1,14 1,6+0,6
Starch 1,26 1,5+0,6
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disaccharides contain a higher content of carbon atoms (4.21 mol/l) than monosaccharides when used in
the same concentrations. However, none of the disaccharides used, except of sucrose, did not affect on
collagenase activity. The reason for this may be that the a-D-glucopyranolyl-B-D-fructofuranoside bond
in sucrose makes carbon atoms more accessible to the fungus than other sugars.

Along with carbon an important factor for enzyme biosynthesis is nitrogen source. The effect of
various nitrogen sources on collagenase production is summarized in table 2.

Tabmuma 2 — The effect of various nitrogen sources on collagenase production in A. awamori 22 and A. awamori 16

Nitrogen sources Biomass, g/100ml Collagenase activity, U/ml
(NHy4),SO4 1,3 6,6+0,6
(NH,4),HPO, 1,2 5,8+1,6
NH;NO; 1,1 3,5+1,4
KNO; 1,2 1,9+0,8
Yeast extract 1,5 3,8+1,1
Peptone 1,5 7,1+£0,6
Casein 1,3 5,8+0,6
Gelatin 1,4 3,3+0,4

As can be seen from the data presented in table 2, among nitrogen sources studied peptone suppor-
ted moderate growth and collagenase production in 4. awamori 16 u A. awamori 22.

For the selection of optimal concentrations of carbon and nitrogen sources for collagenase production
64 nutrient media with different concentration of sucrose and peptone were used (table 3).

Table 3 — Effect of various concentrations of sucrose and peptone on collagenase biosynthesis
in A. awamori 22 and A. awamori 16

Sucrose Peptone Collagenase activity, U/ml
1 2 3
0,25% 2,240,8
0,5% 2,141,5
0,75% 3,3+1,2
1,0% 2,9+1,3
0,25%
1,25% 3,3£1,6
1,5% 2,5+1,1
1,75% 3,141,2
2,0% 3,240,9
0,25% 3,3£1,8
0,5% 2,9+0,7
0,75% 3,240,5
0.5% 1,0% 3,7+0,6
. 1,25% 38515
1,5% 2,9+1,2
1,75% 3,6£1,1
2,0% 4,0£0,9
0,25% 4,2+0,9
0,5% 4,9+0,7
0,75%
0,75% 4,5+1,5
1,0% 5,5+1,3
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Ipooonscenue mabauyvr 3

1 2 3
1,25% 5,6£1,2

0.75% 1,5% 5,340,8
1,75% 6,0+0.4

2,0% 48+1.1

0,25% 5,9+1,4

0,5% 4,9+0,8

0,75% 55417

Lov 1,0% 5.5+1.8
1,25% 42406

1,5% 53411

1,75% 5,0+£0,4

2,0% 54411

0,25% 45510

0,5% 5,541,8

0,75% 4.9+0,6

Losos 1,0% 5.0+0.7
1,25% 5,1£0,5

1,5% 4,8+0,5

1,75% 5.340.9

2,0% 4.9+1.1

0,25% 55413

0,5% 47+1,1

0,75% 52410

Lsve 1,0% 5.0+0.8
1,25% 4.6£1,0

1,5% 5,9+0,9

1,75% 6.740.5

2,0% 7.1£0.6

0,25% 6,8+0,7

0,5% 6,240,4

1,75% 0,75% 6,4+0,5
1,0% 7.941.0

1,25% 7,041,8

1,5% 7,4+1,2

1,75% 6.9+1,1

2,0% 8.1+1.2

0,25% 6,840,9

0,5% 7,240,4

0,75% 6,9+0.4

20 1,0% 8,1:£0,6
1,25% 7,741,2

1,5% 7,541,1

1,75% 73£1.5

2,0% 7.940.9
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Studying the effect of sucrose and peptone concentrations from 0.25 to 2.0% on the biosynthesis of
protease and collagenase showed that the highest enzyme activity (8.1 U/ml) was observed in the variant
with sucrose and peptone at concentration of 2.0 and 1.0%, respectively. The collagenase activity was
8.1 U/ml. In other variants, collagenase activity ranged from 2.1 to 7.9 U/ml.

In conclusion, the optimal carbon and nitrogen sources in the nutrient medium were selected. Maxi-
mal collagenase activity was detected in media with 2% sucrose as a carbon source and 1% peptone as a
nitrogen source. The medium had the following composition (%): KH,PO, - 0.1; MgSO, - 0.05; KCL -
0.05; FeSO,4 - 0.001; peptone -1.0; sucrose - 2.0. Selection of carbon and nitrogen sources for fungal
association of A. awamori 22 and A. awamori 16 allowed increase the extracellular collagenase biosyn-
thesis from 6.8 to 8.1 U/ml.

P. K. BJ‘II/IeBal, XK. Bb. Cynel‘iMeHOBal, A.C. )Kammﬁelconal,
A. K. Kannea?, %K. K. Caayesa', XK. K. PaxmeroBa'

KIIC «Anturen FOKy», Anmarsi, Kasakcrah,
2K. ’KyO6anoB atpiHIars AKTe0€ OHIPIIiK MEMJICKETTIK yHUBEepCcHTeTi, KasakcTan

ASPERGILLUS AWAMORI 16 2KOHE ASPERGILLUS AWAMORI 22 ACCOHUALIUACBIMEH
KOJIVIATEHA3AHBI BHOCUHTE3JIEY YIIIH OHTANJIbI KOPEKTIK OPTAHBI TAHJAY

AHHOTanmsi. MuKpoopraHusmepi ecipy MpoleciHie KOPEeKTiK opTa KypaMbl YIIIH HETI3ri Tajaml - OHBIH
OHIIIPYIIiHIH ecyiHe >KoHe MaKCaTThl ©HIMHIH CHHTE3iH KaMTaMachl3 eTyre maiinacel. KopekTik opra Mukpoopra-
HU3MHIH OCyi YIIiH KaXeTTi O0apibIK KOPEKTiK 3aTTapIsl KaMTyhsl Kepek. Komrarenasa (epMeHTiHIH OMOCHHTE31HEe
MHOKYJISIIKST KOHICHTPAIMACHI, HHKYOanus yakeiThl, pH, TeMmeparypa, KOMIpTeK, a30T KO3/epi, MUHEPAJIbl KO3/ep
JKoHe T.0. PHU3HMKAIBIK KOHE XUMUSUIBIK (hakTopiiap acep eremi. Anaiina, ocsl (haKTOpIIapabIH apackiHaa GepMeHTTEep-
JIiH OMOCHHTE3IHE KOPEKTIK OpTa Kypambl (KemipTeri MeH a30T Ke3lepi) aca MaHbI3IbI pell aTkapaabl. by maka-
nana 613 Typii KeMipTeK XKoHe a30T Ke3AepiHiH Aspergillus awamori 16 xoue Aspergillus awamori 22 MUKpOMHILIET-
Ti acCOLMAIMICHIHBIH KOJIJIareHa3aHbl OMOCHHTE3/ICyiHe ocepiH 3epTredik. KoytareHa3nblH MakCHUMa bl OeIceH-
mimiri (8.1 U/ml) BapuantTa KemipTeri ke3i perinae 2% caxapo3a oHe a3oT ke3i perinie 1% mnenToH Oap.
Konnarenazanbiy Makcumainabl Oencennimiri (8.1 U/ml) xemipreri ke3i perinie 2% caxaposa XKoHE a30T Ke3i
petiage 1% nenrton 6ap BapuantTa KepceriireH. KopekTik opTara KeMipTeri MEH a30TTBhIH OHTAMIIBI KO3/epi TaHIaIl
aneraet (%): KH,PO, - 0.1; MgSO, - 0.05; KCI - 0.05; FeSO,4 - 0.001; menron -1,0; caxaposa - 2,0. A. awamori 22
JKoHE A. awamori 16 accCOMaMsIIBIK JaKbUIbl OHTAHIBI KOMIPTEKTI J)KOHE a30T KO3/EPiH TaHJay KIETKa ChIPTHUIBIK
KoJareHa3assH Ty3unyin 6,8 U /mu-gen 8,1 U /mi-re meftid apTThIpyFa MyMKIHAIK Oepi.

Tyiiin ce3aep: KowIareHasa, MUKpPOMHIIETTEDP, KOMIPTET1 MEH a30T Ke3/epi.

P. K. BJmeBa', XK. b. CyneﬁMeHOBa', A. C. HCaKnnﬁeKOBa',
A. K. Kaauea®, K. K. CauyeBal, K. K. PaxmeroBa'

'TOO «HIIII Anturen», Anmatsel, Kazakcran,
* AKTIOGHHCKHIT perioHaNbHbIH Tocy1apcTBeH bl yruBepcutet um. K. XKy6anosa, Kasaxcran

HoabOP OHTI/IMAJIBH“OI‘/‘I MUTATEJBbHOM CPEJBI V11 BAOCUHTE3A KOJIJIATEHA3DI
ACCOIMALMEU ASPERGILLUS AWAMORI 16 1 ASPERGILLUS AWAMORI 22

Annotanusi. OCHOBHBIM TpeOOBaHHEM, PEIBSIBISIEMbIM K COCTaBY MHUTATEIBHON CPE/bl B MPOLECCE KYJIbTH-
BUPOBAHUSI MHUKPOOPTaHU3MOB, SIBJSIETCSI €€ MOJHOLCHHOCTD Ul POCTa MPOAYyLIEHTa U oOecrieueHus CUHTEe3a Iie-
neBoro npojaykra. [lurarenbHas cpeia JODKHA BKJIOYATH BCE MUTATEIbHbIC BELIECTBA, KOTOPbIe HEOOXOIUMBI IS
pocta Mukpoopranuzma. Ha GuocuHTe3 (epMeHTa KoJUIareHasbl BIUSIOT pa3invHble (PU3UUECKHE M XUMUYECKUE
(hakTOpBI, TAaKKUE KaK KOHIICHTPALIM HHOKYJIATA, BpeMs WHKyOarmu, pH, TemrepaTypa, HCTOUHUKHU yriiepoja, a3oTa,
MUHEpaJIbHbIC UCTOYHHUKH U T.1. OIHAKO, cpein 3THX (PAKTOPOB COCTAB MUTATEILHOW Cpelibl (MICTOYHHUKH YIIepoaa
W a30Ta) UTPaOT 3HAUUTENBHYIO POJIb IpU OnocuHTe3e (hepMeHTOB. B HacTosmiel cTaTtbe ObUIO MCCIIEI0BAHO BIUS-
HUE PA3IUYHBIX MCTOYHUKOB yIJiepoJa U a30Ta Ha OMOCHHTE3 KOJUIareHas3bl acCOlUAIMell MUKPOMUIICTOB Asper-
gillus awamori 16 n Aspergillus awamori 22. MakcumanbHasi akTHBHOCTh KojutareHassl (8,1 Ex/mi) ormedena B
BapHaHTE, COACPIKAIIEM B KaUeCTBE MCTOYHHKA yriiepoaa 2% caxapo3y U 1% MenToH B Ka4eCTBE UCTOYHUKA a30Ta.
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B mopoOpaHsl ONTUMAaIbHBIE HCTOYHUKH YITIEPOA M a30Ta B MUTATEIBHON cpelie, KoTopas MMella CIEAYIOIUH
coctas B (%): KH,PO, - 0.1; MgSO, - 0.05; KCI - 0.05; FeSO4 - 0.001; meniton - 1,0; caxaposa - 2,0. ITogbop orntu-
MaJbHBIX MCTOYHHUKOB YIJEpOAa M a30Ta JJIs aCCOLMATHUBHOU KyJbTYphl A. awamori 22 u A. Awamori I03BOJUII
MTOBBICHTH 00pa30BaHKe BHEKIETOUYHON KOJUTareHassl ¢ 6,8 10 8,1 ex/min.

KaroueBble c10Ba: KoJtareHasa, MUKPOMHIIETHI, ICTOUHUKHU YITIEpOAa U a30Ta.
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