News of the National Academy of Sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF BIOLOGICAL AND MEDICAL
ISSN 2224-5308
Volume 1, Number 331 (2019), 26 — 31 https://doi.org/10.32014/2019.251-1629.4

UDC 579.873.71.017.7

R. K. Blieva', Zh. B. Suleimenova', A. S. Zhakipbekova',
A. K. Kalieva’, Zh. K. Saduyeva', Zh. K. Rakhmetova'

LLP “Antigen”, Almaty, Kazakhstan,
*Aktobe Regional State University named after K. Zhubanov, Kazakhstan.
E-mail: aika90aiko@mail.ru

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; MgSQ, - 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
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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 propertics
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, ¢.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: NaNO; - 0,5%, sucrose — 1,0; KH,PO,— 0, 1; MgSO, - 0, 05; KCL - 0,05;
Fe SO,- 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 - NHyNQO;, NaNO;, NH,H,PO,,
(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 — M,

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 122 6,8+0.9
Glucose 1,18 32406
Fructose 1,35 19403
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




News of the National Academy of Sciences of the Republic of Kazakhstan

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-pB-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.

Ta6mua 2 — The effect of various nitrogen sources on collagenase production in 4. awamori 22 and A. awamori 16

Nitrogen sources Biomass, g/100ml Collagenase activity, U/ml
(NH4),SO, 1,3 6,6+0.6
(NH,4),HPO, 1,2 58+1.6
NH,NO, 1,1 3,5+1.4
KNO, 1,2 1,940,8
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 A. 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% 22408

0,5% 2,1£1.5

0,75% 3,3+1,2

025% 1,0% 2,9+1,3
1,25% 3,316

1,5% 2,5+1,1

1,75% 3,112

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% 3,8+1,5

1,5% 2,9+1,2

1,75% 3,6%1,1

2,0% 4,009

0,25% 42409

0.75% 0,5% 4,9+0,7
0,75% 4,5+1,5

1,0% 5,5+1,3
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1 ) 3
1,25% 5,6%1,2
1,5% 5,30,8
0,75%
1,75% 6,0£0,4
2,0% 4,8+1,1
0,25% 5,9+1.4
0,5% 4,9+0,8
0,75% 5,5%1,7
1,0% 5,5+1,8
1,0%
1,25% 42406
1,5% 5,3+1,1
1,75% 5,0+0,4
2,0% 5.4+1,1
0,25% 4,5+1,0
0,5% 5,5+1,8
0,75% 4,920,6
1,0% 5,00,7
1,25%
1,25% 5,120,5
1,5% 4,8+0,5
1,75% 5,3+0,9
2,0% 4,9+1,1
0,25% 5,5+1,3
0,5% 4,71,1
0,75% 52+1,0
1,0% 5,0£0,8
1,5% - -
1,25% 4,6+1,0
1,5% 5,9+0,9
1,75% 6,7+0,5
2,0% 7,1£0,6
0,25% 6,8+0,7
0,5% 6,240,4
1,75% 0,75% 6,440,
1,0% 7,941,0
1,25% 72+1,8
1,5% 7,4+12
1,75% 6,9+1,1
2,0% 8,1+1,2
0,25% 6,8+0,9
0,5% 7,240,4
0,75% 6,940,4
500 1,0% 8,140,6
1,25% 77412
1,5% 7,5%1,1
1,75% 7,3+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; MgSQ, - 0.05; KCL -
0.05; FeSO, - 0.001; peptone -1.0; sucrose - 2.0. Selection of carbon and nitrogen sources for fungal
association of 4. awamori 22 and A. awamori 16 allowed increase the extracellular collagenase biosyn-
thesis from 6.8 to 8.1 U/ml.
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ASPERGILLUS AWAMORI 16 /KOHE ASPERGILLUS AWAMORI 22 ACCOIMALIUSAICBIMEH
KOJNJATEHA3AHBI BHOCHHTE3/JAEY YIIIH OHTAWJIBI KOPEKTIK OPTAHBI TAHJIAY

AHHOTammsI. MUKPOOPTraHU3MICPAl 6CIpy IPOLECIHAE KOPEKTiK OpTa KypaMbl YOIIH HETi3ri Tajam - OHBIH
OHIIPYIIIHIH 6CyiHC JKOHC MAKCATThl OHIMHIH CHHTC3IH KAMTAMACHI3 Tyre maimacel. KopekTik opra MHKpoopra-
HHU3MHIH 6CYl YIIH KOKETTI OapibIK KOPEKTIK 3aTTapabl KaMTybl Kepek. Kommarenasza (pepMeHTiHIH OHOCHHTE31HE
HMHOKYJUIIHMS KOHICHTPAIMACHI, HHKYOAnus yakeIThl, pH, TeMmeparypa, KoMipTeK, a30T Ke34epi, MUHEPAIIbl KO3Iep
JKOHE T.0. (PH3UKANBIK KOHES XHMISLIBIK (DakTopIap ocep eredi. Anaiaa, ocel (PakTopaapabIH apackiHAa (SPMEHTTEP-
IiH OHOCHHTC3IHAC KOPCKTIK OpTa KypaMbl (KOMIPTETri MCH a30T Ke3Aepi) aca MaHBI3ABI el aTKapaasl. by maka-
na7a 613 TYpIt KeMipTeK JKOHE a30T Ke3aepiHiH Aspergillus awamori 16 xoue Aspergillus awamori 22 MEKpOMHLIET-
Ti aCCOUHMATMACHIHBIH KOJIIATCHA3AHBI OHMOCHHTC3ACYIHE ocepiH 3eprredik. KommareHasasiH MaKCHMAIIBI OCIICCH-
aimiri (8.1 U/ml) BapmantTa KeMmipreri kesi periHae 2% caxaposa skoHE a30T ke3i perinae 1% memroH Oap.
Konnarenazanery MakcuMmamasl Ocencenaimiri (8.1 U/ml) kemipreri ke3i perinae 2% caxaposa >KOHES a30T Ke3i
perinne 1% menron 6ap BapuaHTTa KepceriareH. KOpekTik oprara KeMipTeri MEH a30TThIH OHTAHIbI KO31ePi TaHAAIl
anerHas! (%): KH,PO, - 0.1; MgSO, - 0.05; KC1 - 0.05; FeSQ, - 0.001; menron -1,0; caxaposa - 2,0. 4. awamori 22
skoHE A. awamori 16 aCCOMUALMAIIBIK TAKBLUTBI OHTAHIIBI KOMIPTCKTI *KOHE a30T KO3ACPiH TAHAAY KICTKA CHIPTHLIBIK
KOJIIareHa3aHbIH Ty3u1yid 6,8 U /mux-neH 8,1 U /Mi-re neiiin apTTeIpyFa MYMKIHIIK Oepi.

Tyiiin ce3aep: KOMTAreHA3a, MHKPOMHIICTTEP, KOMIPTETI MCH a30T KO3aepi.
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noasorP OHTHMAHBH“OfI MUTATEJBHOM CPEABI /11 BHOCHHTE3A KOJLJIATEHA3BI
ACCOINMAIUNEUN ASPERGILLUS AWAMORI 16 1 ASPERGILLUS AWAMORI 22

Annoranusa. OCHOBHBIM TPCOOBAHHCM, MPSABABIACMBIM K COCTABY MHTATCILHOH CPEIBI B MPOLCCCE KYIIBTH-
BHPOBAHUSI MHKPOOPTAHHU3MOB, SBILIETCS €€ IOJHOIICHHOCTD /I POCTA MPOAYIICHTA W OOCCIICUYCHH CHHTE3A Iie-
7IeBOTO TpoAyKTa. [IuTarempHas cpesa AODKHA BKIIHOYATh BCE MHUTATEIBHBIC BEIIECTBA, KOTOPHIE HEOOXOMMBI JIJIS
pocta MukpoopranusMa. Ha OmocuHTe3 ()epMEHTA KOJLIATCHA3HI BIHAIOT PA3JIMYHBIC (DH3HUCCKHC W XUMHUCCKHUC
(haKkTOPBL, TAKUC KAK KOHICHTPAIMI HHOKYJIATA, BpeMI HHKyOaumu, pH, TeMmeparypa, HCTOYHHKH YTIIICPOAa, a30Ta,
MHHCPATHGHBIC HCTOYHUKH 1 T.7. OmHAKO, Cpeau 3THX (DAKTOPOB COCTAB MUTATCIHHOW CPEabl (MCTOMHHUKH YIIICPOaa
W 230Ta) HTPAFOT 3HAYUTEIHHYIO POJb pu OnocuHTE3e (PepMeHToB. B HacTOsImMEH cTaThe OBIIO MCCICA0BAHO BJIMS-
HHC PA3TUYHBIX HCTOYHHKOB YTICPOJA W a30Ta Ha OMOCHHTE3 KOJUIATCHA3BHI ACCOLHAIMCH MHKPOMHIICTOB Asper-
gillus awamori 16 u Aspergillus awamori 22. MakcuMaTbHAs aKTHUBHOCTH KoyuiarcHassl (8,1 Ex/mur) ormeucHa B
BapHAHTE, CONCPYKAIIECM B KAUeCTBE HCTOYHHKA yIiaepoaa 2% caxaposy u 1% menToH B KauecTBE UCTOUHHUKA a30Ta.




