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The spectrum of economically viable protein sulbefrahat can be used in
production of proteolytic enzymes was determinedeB on the experimental data
component’s composition of the nutrient medium wpimized. The maximum
proteolytic activity of the genus Bacillus bactewas determined in the case of their
incubation for 72 hours at temperature 37 °C on ediam with concentrations of
wheat bran protein — 1,42 % and wheat flour proteih,58 %.
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Introduction. Poteolytic enzyme, also called Proteinase, any ajr@up of
enzymes that break the long chainlike moleculeprofeins into shorter fragments
(peptides) and eventually into their componentsinanacids. Proteolytic enzymes
are present in bacteria and plants but are mostdaod in animals [1].

Protease production depends on the producer strairculture medium. To get
productive enzyme is necessary to optimize theucmilimedium in many ways.
Environments for receiving protease typically camtaa source of carbohydrates —
starch, lactose, and a nitrogen source — soybeal, o@&sein, corn steep liquor.
Carbohydrates are essential for the duration divation. It is important to maintain
a constant, but a low concentration of carbohydrdiecause the high concentration

represses the production of the enzyme. Free aatits repress production of the



enzyme, while the presence of peptides and proteitiee medium induce. To obtain
a protease suggested using deep and shallow ¢idtia].

Simple and economicahethodsof cultivation of the surfacecan be used to
produceproteasegacidic, alkaline and neutralThe main producers Aspergillus,
Mucor, Penicillium andRhizopusAs substrates iaddressing variousgroothodybut
mostresearch suggedfsat the best solutioof the enzymes achieved bysing wheat
bran. Comparative studieshow that in obtainingthe alkalineprotease(Bacillus
amyloliquefaciensATCC 23844, the amount of enzymwith 1 gram bran with
surface cultivatioms equivalent to 10énl of liquid mediumn submergedultivation.
Proteasesynthesiss alsorepressed b high concentration of carbohydrates [4].

The important parameters that influence the laggdesproduction using surface
cultivation protease, is the density and thicknafsthe substrate. When cultured in
the medium output trays protease low. This is aasedt with dry substrate. This can
be avoided by using rotary drum fermenters. Mosterred fermentors with aeration
and filtration sensors monitoring temperature aanchidity. The maximum yield of
protease was recorded usigcillus amyloliquefacien].

The same method is described submerged cultureecomémbrane surface. The
essence of the method consists in growing mycetinra membrane carrier, which is
in contact with the liquid medium. This method alfyou to control the pH and the
concentration of the enzyme facilitates extractnagthods. In applying this method,
using Aspergillus oryzaelAM 2704, was received protease yield up to 2-fold
compared with the surface, and 10 times higher ithanbmerged culture [6].

Extracellularproteaseproducedsotheir selectiorusingdistilled water otbuffer
solutions.To get clearof drugsuseddeposition methodsaltsor solventgo further
purificationby chromatographic methods electrophoresis

Offered a lotin detectiorof protease activityThe most commoare thevarious

modifications othe classical method éinson [3]



Table 1

Basic technologies of protease production on adpsisates

Substrate Strain-producer Activity
Wheat bran Aspergillus awamomMTCC 6652 1930 units/g
Aspergillus flavusMl 327634 10,5 units/g
Aspergillus oryza®lRRL 1808 31 units/g
Aspergillus oryzae 1500 units/g
Bacillus amyloliquefaciens 560 units/g
Beauveria felina 200 00 units/g
Bacillus sp. 429 units/g
Penicillum sp. 11000 units/g
Rhizopus oryzae 58,7 units/g
Rhizopus oryzae 358 units/g
Streptomysec sfEN 902 90,5 units/g
Rice bran Aspergillus oryza®lRRL 1808 3 units/g
Rice husks + rice  Aspergillus oryza®\RRL 2160 0,986 units/g
bran (7:3)
Threshing rice Aspergillus nigeMTCC 281 67 units/g
waste
Wheat and soy Aspergillus oryzae 18 units/g
flour (1:1)
Brewer's grain Bacillus subtilisDL-1 528 units/g
Rice bran + wheat Aspergillus oryzaéOzykat-1) 1200 units/g
bran (3:1)
Whey Aspergillus terreus 2,24 units/g
Sweet potato Aspergillus nigeNTU 837 units/g
waste Aspergillus oryza&TU 809 units/g
Rhizopus spNRRL 900 units/g

Most publications 1999-2009 period is considering production of proteases
on agrosubstrates using shallow cultivation asoanging direction. Research centers
that address the topic, are concentrated in In8gypt, Thailand, Taiwan, Saudi
Arabia and Tunisia. Also, there are publicationsRefssian researchers. However,
most of these technologies is at the stage of &bor tests. Higher yield of proteases
have been reported with wheat bran, and waste gsoaelegumes as a substrate for
solid cultivation. As well as a potential raw maérfor the production of amylase

treated agroothody: whey, rice bran, sweet potaiogssing waste, molasses etc [7].



The main task of research is to optimize the pnotmmposition of nutrient
medium for cultivation ofBacillus spp. bacteria for the production of proteolytic

enzymes.
Materials and methods of researches. For the research minimal salt medium

was prepared according the Table 2.

Table 2
Minimal Salt Medium (Modified from E. Rosenberg] [2

Component Mass, g

NacCl 1,25
KHPO, 2,37

KH2PO, 0,28

MgSO*7H20 0,25

CaCbk*H:0 0,05

Tap water 500

The characteristics of agrosubstrates used asiptarce of nutrient medium

in our research is summarized in Table 3.

Table 3
Objects of the research were protein sources
Name of the protein Fats, % Protein, % Carbohydrates, %
source

whole-wheat flour 2 9,5 71
pea flour 0,4 5,4 14,5
phasoleous flour 2 21 47
soy flour 1 48,9 21,7

wheat bran 3,2 15,5 64,5

Bacillus genus bacteria were used as a produdgasillus subtilis— Gram-
positive, rod shaped bacteria, commonly found ii. ddacillus licheniformisis
a Gram-positive, mesophilic bacterium. Its optingabwth temperature is around
30 °C, though it can survive at much higher temipees.

For our experiment we used surface cultivation. Mgared 50 ml of prepared
cultural medium into the flasks, then add the défe protein sources with different

protein concentration which we calculated earlidre maximum concentration of



protein was 1 %, minimal — 0,1 %. The flasks witlirrent media were autoclaved
and inoculated wittBacillus spp. bacteria (Fig. 1). The cultivation was conddat
37 °C during 48, 72, 96 hours.

Fig. 1. Flasks with different protein concentration cultural media

Method for enzyme activity determination — spedtaometric with Folin-
Ciocalteu reagent.
For mathematical methods we used such programsMasosoft Excel,

Statistica and MathCad.
Results and discussions. We identified the most effective substrates. Thieda

presented in Table 4.

Table 4
Dependence of enzyme activity on the concentratrahkind of substrate
Protein sour ces Enzyme activity et different time of cultivation, s.u.
48 hours 72 hours 96 hours
phasoleous | 0,1 % 49,850 33,424 22,617
flour 1% 70,513 30,833 37,574
pea flour 0,1% 83,654 69,303 53,154
1 % 41,205 60,484 94,186
whole-wheat | 0,1 % 66,882 80,455 92,214
flour 1% 33,856 20,110 14,749
soy flour 0,1% 35,499 53,049 70,859
1% 23,049 29,533 45,008
wheat bran 0,1% 27,891 70,254 20,110
1% 53,827 45, 700 40,599

From these results it was determined that pea,flebeat bran and whole-wheat

flour have the greatest impact on proteolytic atiof Bacillusgenus bacteria.



Using the Plakett-Bruman method and full factoamélysis we identify two the
most profitable substrates — whole-wheat flour aieeat bran by comparing the
enzyme activity in the samples with different pmoteoncentrations (1 %, 1,5 % and
2 %). Experimental data are shown in the Fig. 2.
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Fig. 2. Dependence of bacteria enzyme activity on protein concentration of
whole-wheat flour and wheat bran

After that the mathematical model was built andst®wn on the Fig. 3. The
equation that shows the dependence of enzyme tgcton different protein
concentrations was obtained. Model adequacy waskedewith the help of F test.

enzyme activity, s.u.

Fig. 3. Mathematic model of the research



Based on the obtained results using Math Cad weileaéd the optimal values

of protein concentrations — 1,424 % of wheat bnaah 5529 % of whole-meal flour

and got the results shown in Fig. 4.
Target function:
Fz,y)=—588.485 + 655.0023 - 2 + 346.699 .y — 166.65 .2 —114.692.2.y—57.89.y"
Initial value: z:=1 y:=1

Extremum conditions: i_f['x.y}:ﬂ if{x@]:ﬂ
dx dy

Limitations: 1<z<2 1<y<?2

Optimization:

Maximizeff,r.y}={1:;;8}

f(1.424,1.579)=151.5629 Value of function under
optimal conditions

Crpea et i i uarenn o

Fig. 4. Calculations of optimal protein sour ces concentrationsin program
MathCad

We found that the highest active proteins obsedwgthg 72 hours and with the

concentration of protein in the wheat bran 1,4 % 56 % in whole-meal flour.

CONCLUSIONS

1. The range of economically viable for Ukraine protsubstrates was identified

that can be used in biotechnology production ofgmiytic enzymes, such as whole-

meal flour, wheat bran, pea flour phasoleus flsay;, flour.

2. Substrates that most affect the proteolytic agtiat the Bacillus spp. were

identified. They are whole-meal flour and wheatbra



3. A full factorial experiment was performed to deterenthe optimal ratio of
protein components in a nutrient medium.

4. The optimization of microorganisms cultivation pasters was conducted. It
was established that the optimum concentrationshefat bran protein — 1,4 % and

whole-meal flour protein — 1,6 % as the main prosmurce of nutrients medium.
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OIITHMI3ALIIA YMOB KYJIbTHBYBAHHA FAKTEPIH POJY BACILLUS 3
METOIO OTPUMAHHA ITPOTEO/IITUYHUX ®EPMEHTIB

€.I'. BAPCBKA

Hayionanvnuii asiayitinuu ynisepcumem, m. Kuis

Busnaueno cnexmp eKoHOMIUHO OOYINbHUX OIIKOBUX CyOCmMpamia, wjo Mo*Cymbo

Oymu suxopucmaui y OiomexHon02ii ompuMaHts npomeoiimuyrHux gepmenmis ma



Ha OCHOBI OMPUMAHUX OAHUX NPOBEOEHO ONMUMI3AYII0 KOMHOHEHMHO20 CKIA0Y
HOJCUBHO2O CepedosUd, 6CMAHOBIEHO MAKCUMAILHY NPOMeONimuiHy aKmugHicmb
baxkmepiu pody Bacillus npu ix kymemueyeanni enpooosxc T2 cooun npu
memnepamypi 37 °C Ha nos’cusHoMy cepedosuuyi 3 KOHYeHMmpayiamu OiIKa UCIBOK —
1,42 %ma Ginka myxu epy6oeo nomony — 1,58 %.

Knrouoei cnosa:. baxmepii pooy Bacillus,cyocmpamu, nuwenuuni suciseku, myka

2py6020 NOMOJY, NPOMeoNiMUdHi hepmMeHmu, OnmumMizayis.

OIITHMH3AIIHA TAPAMETPOB KY/IbTHBHPOBAHHA BAKTEPHH POJIA
BACILLUS UIA HOJIYYEHHUA ITPOTEOINTHYECKUX ®EPMEHTOB

E.I'' BAPCKAA

Hayuonanonwiti asuayuonnwvii ynusepcumem, 2. Kues

Onpedenen cnekmp 3KOHOMUYECKU UYeneco0OpasHblX OelKo8bIX CyOCmpamos,
Komopvle  Mo2ym — Oblmb  UCHONL308AHbI 8  OUOMEXHONIo2UU  NOJYYeHUs
NPOMeOIUMULEeCKUX pepmermos u Ha OCHO8e NOJIYYEHHbIX OAHHBIX 0blIA NPOBeOeHd
ONMUMU3AYUSL  KOMNOHEHMHO20 COCMABad Cpedbl, YCMAHOBIEHA MAKCUMANbHAS
npomeoumuieckas akmuenocms oaxmepuii pooa Bacillusnpu ux xyrnemusuposanuu
6 meuenuu (2 uacos npu memnepamype 37 °C na numamenvbHOU cpede C
KOHYyenmpayusimu oeika nuwenuynvlx ompyoeti — 1,42 %u benxa myxu epyboeo
nomona — 1,58 %.

Knroueeswie cnosa. 6axmepuu pooa Bacillus,cyocmpamot, nuuenuunvie ompyou,

MyKa epybo2o nomona, npomeoaumudeckue pepmeHmol, ONMUMUIAYUSL.



