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SCREENING OF ASPERGILLUS FUNGI FOR EXTRA CELLULAR
PROTEASE AND COLLAGENASE PRODUCTION

Abstract. Protease and collagenase are the most important enzymes used for the processing of meat raw
materials. In the meat industry, proteolytic enzymes are used to accelerate the maturation of meat and increase its
yield. The use of enzyme preparations in meat processing makes it possible to rationally use meat raw materials,
intensify technological processes, improve quality and expand the range of products. Collagenase, unlike protease,
acts on those connective proteins of meat raw materials that determine its stiffness, breaking down hard-hydrolyzable
and non-digestible collagen. The aim of this study was selection of strains of industrially valuable micromycetes
from the collection of micromycetes that have the ability to synthesize extracellular protease and collagenase and
create a fungal association. A comparative characterization of 7 strains of micromycetes of the genus Aspergillus and
Penicillium - potential producers of protease and collagenase enzymes, was carried out. A. awamori 16 and
A. awamori 22 showed the highest clearance zones and was used for further studies. The clearance zones of casein of
A. awamori 16 on day 5 were 22.8 mm, and collagen 20.8 mm, while the clearance zones of casein of A. awamori
22 were 20.1 mm, and collagen - 19.1 mm.

Keywords: Aspergillus, enzymes, protease, collagenase.

Introduction. Nowadays, the meat processing industry is developing new recipes and technologies
using secondary meat and other food raw materials containing a sufficient amount of proteins, fats,
vitamins and trace elements. In this regard, it is of great interest to use enzymes that allow the rational use
of protein resources, increase the biological value of meat dishes by increasing the proportion of collagen
proteolysis products - the fibrillar protein that forms the basis of connective tissue [1-3]. The use of
enzyme preparations positively affects the tenderness, juiciness, nutritional value of meat raw materials,
the formation of the required level of water-binding and adhesive ability, improves its organoleptic
characteristics due to the targeted effect of enzymatic complexes on the components of muscle tissue
[4-6].

The use ofenzyme preparations in the production of meat products makes it possible to rationally use
raw meat, to intensify technological processes, improve quality and expand the range of products. Of
greatest interest for the processing of raw meat are the enzymes protease and collagenase. Recently, a
search for microorganisms capable of intensive synthesis of these enzymes has been actively conducted.
The producers of these enzymes were found among Actinomycesrimosus, Streptomyces griseus,
Actinomycesfradiae, etc. [7-10]. The proteolytic enzymes of bacteria of the genus Bacillus were studied.
[11, 12]. Despite the fact that among microorganisms producing protease and collagenase bacteria, fungi,
yeast and actinomycetes are noted, micromycetes have recently become widespread due to the ease of
their cultivation and high productivity. The preparations from micromycetes of the genus Aspergillus,
Penicillium, and others are successfully used [13-15].

In this regard, the selection of active strains of micromycetes - producers of enzymes and the creation
based on an associative culture that will have both protease and collagenase activity.

M aterials and Methods. The objects of research were micromycetes of the genus Aspergillus and
Penicillium from own collection of microorganisms. The research work was conducted using accepted
microbiological and biochemical research methods. The initial cultures were grown on potato - dextrose
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agar for 5 days at a temperature of 30 °C. The primary selection of the culture according to the level of
protease formation was carried out by a qualitative method by measuring the diameter of the clarification
(hydrolysis) zones ofthe substrate by the cultures under study for 3-5 days of incubation (in mm) at 30 °C.
Skim milk with agar was used as a substrate [16].

The primary selection of producers of collagen-cleaving enzymes was carried out in Petri dishes on
Chapek-Doks medium containing purified collagen as a substrate [17]. The ability of the culture to
hydrolyze the substrate was evaluated by the size of the zones of substrate hydrolysis on the 5th day of
growth.

Proteolytic activity (PA) was determined according to GOST 20264.2-88 [18]. The amount of enzyme
that catalyzes the hydrolysis of 1 g of protein in 30 minutes under standard conditions to products not
precipitated with trichloracetic acid was taken as a unit of proteolytic activity.

Collagenase activity was determined in the culture fluid filtrates using the method based on
spectrophotometric determination of free amino acids formed during collagen hydrolysis using the
ninhydrin reagent [19]. A collagen suspension was obtained by incubating the substrate in a buffer
solution at 370 for 1 day. A buffer was prepared at pH 7.4, which contained Na2HPO4 (1.76 g/L), NaCl
(8.8 g/L) in 1L of distilled water in the presence of 0.2 yM CaCl2. In order to determine collagenase
activity, 1 ml of a collagen suspension was poured into a 1 ml experimental sample and the mixture was
incubated at 370 for 18 h, after which 1 ml was taken from the incubation mixture and 2 ml of ninhydrin
reagent (fresh prepared 2% ninhydrin in acetone) were added to it. It was held for 20 minutes at 1000, the
volume of each sample was adjusted to 10 ml with distilled water, and the optical density was measured
on a spectrophotometer at 600 nm.

Results and Discussion. A search for protease and collagenase producers was carried out among
microscopic fungi of the genus Aspergillus and Penicillium, known as potential producers of the studied
enzymes. For this purpose, a comparative characterization of 7 strains from our own collection of
microorganisms was carried out - Aspergillus awamori 16, Aspergillus awamori 22, Aspergillus awamori
27/96, Aspergillus oryzae 3-9-15, Aspergillus niger P, Aspergillus foetidus and Penicillium chrysogenum
241. Tthe substrate was evaluated by the size of the zones of enlightenment on the 5th day of growth
(picture).

Casein clearing zone assay

The clear zone formation concerns the ability of colonies with confirmed casein hydrolysis, i.e. with
the ability to synthesize an enzyme. The larger the hydrolysis zone, the more actively the culture forms an
enzyme. The data obtained are presented in table 1.

According to the Table 1, the strains A. awamori 16 and A. awamori 22 were the most active in the
ability to split casein and collagen. The hydrolysis zones of casein A. awamori 16 for 5 days were
22.8 mm, and collagen 20.8 mm, while the hydrolysis zones of casein A. awamori 22 amounted to
20.1 mm, and collagen - 19.1 mm. The strains of A. oryzae 3-9-15 and A. niger P, which did not produce
substrate cleavage zones, had the least enzymatic activity. In order to determine the activity of protease
and collagenase by selected cultures of A. awamori 16 and A. awamori 22, they were cultured under
submerged conditions on a liquid nutrient medium. After 3 days, the activity of extracellular protease and
collagenase was determined (table 2).
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Table 1- Selection of the active variant - producer of protease and collagenase

Culture Diameter of Casein Diameter of Collagen
cleavage zones (mm) cleavage zones (mm)
Aspergillus awamori 16 22,8+1,7 20,8+2,0
Aspergillus awamori 22 20,1+1,3 19,1+1,5
Aspergillus awamori 21/96 16,3+2,0 13,3+£1,9
Aspergillus oryzae 3-9-15 0 16,9+1,9
Aspergillus nige 1 0 0
Aspergillus foetidus 11,514 11,3+1,2
Penicillium chrysogenum 241 11,241,7 12,8+1,8
Control 0 0

Table 2 - Enzymatic activity of monocultures and fungal association

Culture Protease Activity, U/ml Collagenase activity, U/ml
A. awamori 16 3,4+0,5 4,6+0,8
A. awamori 22 3,0+0,6 4,3+0,7
Association A. awamori 16 4,2+0,6 6,8+0,8

and A. awamori 22

The next stage ofthe research was the creation of an association of selected strains of A. awamori 16
and A. awamori 22 - producers of proteolytic and collagen-cleaving enzymes. For this purpose, a joint
cultivation of selected producers in a liquid nutrient medium was carried out in deep growth conditions.
After 3 days, the activity of extracellular protease and collagenase associative culture was determined. The
data obtained are presented in table 2.

According to the data presented in Table 2, the association of micromycetes, consisting ofA. awamori
16 and A. awamori 22 forms proteolytic and collagen degrading enzymes more actively than their
monocultures. Thus, the resulting associative culture is the starting point for its further study in order to
obtain an active enzyme preparation for the meat processing industry.
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MPOTEA3A X3HE KONNATEHASAMPOAOYLUEHT
ASPERGILLUS-TEKT MUKPOMWUETTEP CKPUHNHT1

AHHOTauma. ET eHpey eHepkacibiHfe KongaHblnaTblH (hepMeHTNK npenapaTtTapAblH iWiHge mpoTeasa MeH
KONinareHasa eT X3He eT eHiMAepiHIH KOHCUCTEHLUMACHIH XakcapTy YLWiH naifanaHbinatblH HeN3n (epTTeHTTep
To6blHa XaTafbl. ET eHepkacibiHAe NPOTEONUTUKANBIK PEPMEHTTEP ETTLL WICL XEeNnnyLl >XefenfeTy >X3He OHbIH
WhIFYbIH apTTbipy YWiH KongaHbinagbl. KonnareHasaHbiH nNpoTeasajaH alblpMallbifibifbl - biAblpaybl KUbIH X3He
CIHIpiNMeNTIH KonnareHAi bigblpata OTbIPbIM, OHbIH KaTTbIAbITbIH aHbIKTaTbiH €T WWIW3aTblHbIH CON A3HeKep
aKybl3gapblHa acep eTefr COHrbl yakbiTTa eKi Hemece OfaH fa Ken wTamfapfaH T paTblH npenapaTTap Xwi
KoNgaHbinagbl. 0TKeHi 6ip MMKpPOOPraHW3m Taburu Wnw3aTTbl 6uogecTpyKumnsanay YLWiH KaeTn (hepMeHTaTUBTIK
6enceHfinikTiH 6apnblk cnekTpiHe une 6ona anmaigbl. MaiganadbinatelH cybcTparTap cnera™ 60MbIHLWA,
epeKLlleneHeTiH eKi WTaMAabl KOMAaHY €T WWLW3aTblHbIH, 3Cipece, OHbIH TEMEHTi 6eniriHiH KaTTbiNbITbIH aHbIKTaWThIH
[3HeKep TWHLW, TONbIK 6”3blnybiHa akenyi MYMKiH. KoHcopuuympa 6ipHewe wTamgapgbl 6ipnecin naiganaHy
Keswge, onapablH 3cepi KYweiiedi. OcbiraH 6aiinaHbiCTbl, 6”1 3epTTeydiH MakcaTbl -  KONNEKUMANbIK
KynbTypanapAblH iWiHeH acywagaH TbiC NpoTeasa MeH KoNjareHasaHbl CMHTe3dey kabineTiHe ne e”~p”rim'm -
K HAbl MWKPOMWLUET LwWTaMAapbiH ipm ~ >X3He onapfblH HerisiHde KaybIMAACTbIPbIITaH Ky/nbTypaHbl K¥py.
MpoTeasa X3He KonnareHasa ¢epmeHTTepww, npoayueHTTepi - Aspergillus >xaHe Penicillium TekTec
MUKPOMULETTEPAL, 7 WTaMblHA CanbliCThipMansbl cunatTama XYprisingi. KynbTypaHblH cyb6CTpaTThl rugponusgey
KabineTi 5-TaynikTe arapy aliMarbiHbIH Kenemi 60MbiHWa 6aranaHgbl. Arapy aiimarbl agn 60nraH caiiblH, KynbTypa
corypnbim (epmeHT 6enceHai TY3egi. KynbTypaHbl npoTeasaHbl TY3y AeHreili 6oibiHWa 6GacTankbl ipikTey
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eapyauw 3-5TayntHae 30 °C xarpaiibiHga cy6cTpaTThl arapTy aimarbiHbLy (TMAPONM3) ANaMEeTpLU eney apKbibl
cananbl agicneH XYprisingi. Cyb6cTpaT peTiHAe arapusauyusanaHraH Maiicbi3gaHAblpbinraH CyT KOMAaHbIIAbI.
KonnareHgi blgbipaTaTblH (hepMeHTTEpAIH NPoAYLEeHTTepw 6acTtankbl ipikTey MeTpu TabakwacbiHAa KypamblHAa
cy6eTpar peTiHAe TasapTbliraH KonnareHi 6ap Yaneka-loKCTbIH arapu3aumnsanaHrad oprtacbiHa XY3ere acblpbingbl.
A.awamori 16 x3He A. awamori 22 wTamjapbl eH Ken 6enceHpinikke ve 6ongbl. A. awamori 16-ga 5-taynlkre
KaseuH rnaponusiHiH amakTtapbl - 22,8 MM, an konnareHge - 20,8 mm 6onca, an A. awamori - 22-ae KaseuH
rugponuswu akmakrtapbl - 20,1 mm, an konnareHge 19,1 mm-g kypaabl. XXYprisinreH 3epTTeynepaiH Keneci KeseHi
NPTEONNTUKANbIK X3HE KOMNareH bifbipaTylbl @epmMeHTTepAiH NpoAyLeHTTepwL, ipikTenred A.awamori 16 XaHe
A. awamori 22 wTamjaapbiHaH accouuaunsaHbl KypyMeH 6GaiinaHbicTbl. OcbiraH opai, ipikTenreH npogyueHTTepai
eKeyiH 6ipre TepeHpaeTin ecipy >karpaiiblHaa CyiblK KOpPeKTiK opTafga ecipy id xYprisingi. A. awamori 16 3He
A. awamori 22-feH TypaTblH MUKPOMULETTEP KaybIMAACTbIrbl OHbIH MOHOKY/bTYpacblHbIH Kypampjac 6enTHe
KaparaHga, MpoTeONUTUKANbIK X3He KOonnareHgi blgblpaTaTblH epMeHTTephi 6enceHpai TYPae TY3eTiHri 6enrw
6ongbl. A. awamori 22 wTamblHAa 3-T3ynikTe npoTeasaHblH 6enceHainiri - 3,0 6/mn, konnareHasa - 4,3 6/mn, an
A. awamori 16 wTamMmblHAa nNpoTea3aHblH 6enceHpwn - 3-Taynxkre 3,4 6/mn, konnareHasa - 4,6 6/mn” Kypagbl.
A. awamori 16 x3He A. awamori 22 KaybIMAacKaH Ky/nbTypaga npoteasaHbiH 6enceHgwn 3-taynlkre - 6,8 6/mn, an
KonnareHasa - 4,6 6/mn” Kypagbl. bactankbl KyNnbTypa MeH anblHraH KaybIMAACTbIKTbIH MAaKpo- >X3He
MUKpomopdgonoruacel 6epinred. KynbTypa ecipyfiH 3 TaynTHAe ak xueri 6ap paguangbl Katnapibl KoHbIp TYCTI,
ipi KonoHuANapAbl KypaWTbiHbl aHbiKTanabl. KoHupgneHocuanapbl TY3y, KaiblH, Tenc. KoHugmeHocuanapgbliH
oraprbl 6eniri KeTepiHki XaHe 6acTapblH Kypaigbl. CTepurmanapbl KbicKa LAMHAPILW XXacywanap Tapi3ai.
KinTtTik cesgep: Aspergillus, pepmeHTTEp, NpoTeasa, KonnareHasa.
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CKPUHVWHI MNUKPOMWNLETOB POAOA
ASPERGILLUS -MPOAYLEHTOB NMPOTEA3bLI N KOJINTATEHAS3bI

AHHOTauma. M3 depMeHTHbIX NpenapatoB, MCMO/b3yeMblX B MsconepepabaTbiBatolleli NPOMbILLNEHHOCTH,
npoTeasa W KoO/nareHasa sBNAIOTCA OCHOBHOW TFPynnoi, WCNOMb3yeMON ANA YNyYLWEeHWA KOHCUCTEHLMM MsAca U
MACOMNPOAYKTOB. B MSACHOW MPOMBILIEHHOCTM MNPOTEONUTUYECKME (EepPMeHTbl MPUMEHAT [NA  YCKOPeHus
CO3peBaHMWA MfACa W NOBbIWEHUA ero BbIxoga. KonnareHasa B OTAM4YMe OT MpoTeasbl AeliCTByeT Ha Te
COefMHUTeNbHbIe BENKM MACHOMO Cbipbs, KOTOPble OMPeAENstoT ero XecTKOCTb, pacLiennas TPYLHOTMAPOAN3YeMblit
M HeyCBOSiEMbIi KonnareH. B nocnefHee Bpems BCe yYalle MCMOMb3YIOT Mpenapatbl, COCTOsWME U3 ABYX U 60nee
LITAMMOB, MOCKONbKY O4UH MUKPOOPraHU3M He crnocobeH 061agaTb BCEM CMEKTPOM (DepMeHTATUBHOWM aKTUBHOCTM,
Heo6X0ANMbIM A1 GWOAECTPYKUUM NPUPOLHOIO Cbipbsl. VICMONb30BaHWe [BYX LITAMMOB, OTAMYAOLMXCA MO
CnekTpy novpebnfembiX Ccyb6CcTpaTOB, MOXET TMPUBECTM K MOMHOW [eCTPYKUUM COeAWHWTENbHON TKaHw,
onpeAensoLWyo XecTKOCTb MACHOIO Cblpbsl, 0CO6EHHO ee HW3KOCOPTHOW YacTu. Mpu COBMECTHOM MCMO/b30BaAHUN
HECKO/IbKMX WITAMMOB B KOHCOPLMYMe UX 3h(eKT ycunmnsaeTcs. B CBA3W C 3TUM, Lie/ibl0 HACTOALLEr0 UCCneoBaHuns
ABNANCA 0TO0P M3 KOMNEKUMOHHBLIX KYNbTYp MPOMbBIWAEHHO LEHHbIX MWUKPOMWULETOB LWTaMMOB, 06/1ajaloLwmx
CNOCOGHOCTbIO  CMHTE3MPOBaTb BHEK/NETOYHYK MpoTeasy W KOA/jareHasyw, CcO3jaHMe Ha WX OCHOBe
accoumaumaTuBHOW KynbTypbl. lMpoBedeHa CpaBHUTe/NbHas XapakTepucTuka 7 LWTaMMOB MUKPOMULETOB poja
Aspergillus n Penicillium - noTeHunanbHbIX NPOAYLEHTOB (DepMeHTOB MpoTeasbl M KonnareHasbl. Cnocob6HOCTb
KyNbTypbl TMAPONN30BaTh Cy6CTpaT OLeHWBanM Mo pasMepam 30H NMPOCBETAeHWA Ha 5 cyTku pocta. Yem 6onblie
30Hbl TMAPONM3a, TEM aKTWBHee KynbTypa o06pasyeT ¢epmeHT. [MepBMUHbIA OT60P KynbTypbl MO YPOBHIO
o6pa3oBaHUs npoTeasbl MPOBOAWMIN KavyeCTBEHHLIM MeTO4OM NyTeM W3MepeHusa AuameTpa 30H MNPOCBET/EHUA
(rmpgponusa) cybcTpata mMccnegyemMbiMu KynbTypamu Ha 3-5 cyTku uHKy6auymm (B mm) npu 30°C. B kayecTse
cybcTpata MCNonb3oBanu — arapuM3oBaHHOe  06e3XMpeHHoe  MOMoKo.  [MepBMYHbIA  0T60OpP  NpOAYLEHTOB
KonnareHpacuiennsowmx HepmMeHTOB OCYLLECTBAAAN B yalkax leTpu Ha arapu3oBaHHOW cpefe Yaneka-[okca,
cofepxalleii B KayecTBe cybcTpaTa OuYMLLEHHbIA KonnareH. Haubonbleid akTMBHOCTbIO 06nagany LITaMMbl
A. awamori 16 n A. awamori 22. 30Hbl rugponunsa kasemHa A. awamori 16 Ha 5 cyTku coctasuau 22,8 MM, a
KonnareHa 20,8 MM, Torga Kak 30Hbl rufponusa kasemHaA. awamori 22 coctasuau 20,1 MM, a konnareHa - 19,1 mm.
CnegyowmmMm 3TanoM MNpoOBOAMMBIX WCCNeA0BaHWI SBUOCH CO3JaHWe accoumaunm wu3 OTOBPaHHbIX LITaMMOB
A. awamori 16 n A. awamori 22 - NpoAYyLEeHTOB NPOTEO/IUTUYECKUX N KONNareHpaclwiennsowmx gepmeHtos. Ans
3TOA Uenn 6bl0 NPOBEAEHO COBMECTHOE KyNbTMBMPOBaHME OTOOGPaHHbIX NPOAYLEHTOB B XWAKOW NUTaTenbHON
cpefie B rNyOUMHHBLIX YCNOBUAX pocTa. Y CTaHOBNEHO, YTO accoumaLma MMKPOMULLETOB, cocToAwwan 3 A. awamori 16
n A. awamori 22, aKTMBHee o06pa3yeT MpPOTEO/NIMTUYECKNE W KONJareHpaclwennaiouwme ¢epMeHTbl, YeM
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cocTaBfiAlOlWMe ee MOHOKYNbTYpbl. Tak, akKTMBHOCTb npoTea3bl A. awamori 16 Ha 3 CyTKM pocTa cocTaBuna
3,4 ep/mn, a konnareHasbl - 4,6 ea/mn, Torga Kak akTMBHOCTb KonniareHasbl A. awamori 22 Ha 3 CYTKM pocTa
coctaBuna 3,0 ea/mn, a konnareHasbl - 4,3 ea/mMn. AKTUBHOCTb NPOTeasbl acCOLMATUBHON KynbTypbl A. awamori 16
MA. awamori 22 Ha TpeTbW CYTKU KYNbTUBMPOBAHUA cocTaBuna 4,2 ef/Mn, a akTUBHOCTb KoJfinareHasol - 6,8 eg/mn.
[aHa Makpo- 1 MUKPOMOP(OIOTNA UCXOAHbBIX Ky/bTyp W MONYYEHHOW accoumalmmn. Y CTaHOBNEHO, YTO Ha 3 CyTKK
pocta KynbTypa o6pasyeT KpynHble KONOHUW KOPWYHEBOrO LBeTa, pajgvanbHO ckKnafyatble ¢ 6enbiM 0604KOM.
KoHunguneHocubl npsamble, TO/ACTble, UMEKOT TrNafAKyl MOBEPXHOCTb. BepxHAs 4yacTb KOHMAMeHOCLa B3gyTad W
o6pasyeT ronoBkn. CTepurmbl NpeacTaBnAoT CO60 KOPOTKME LUANHAPUYECKUE KNETKU.
Knwouesble cnosa: Aspergillus, hepmeHTbl, NpoTeasa, KonnareHasa.
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