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ABSTRACT

With the reduction of fossil hydrocarbon sources and the increasing need for energy, chemical resources and food, the use of
biomass as a renewable source is of great importance. This, in turn, necessitates efficient enzymes for bioconversion of biomass.
Enzymes are important in industry because they are biocatalysts for complex chemical processes. Conversion of plant biomass
into sugars requires a complex of enzymes of a certain composition, which corresponds to the type of biomass and the method
of pretreatment. The efficiency of enzymatic hydrolysis can be increased by optimizing the composition of the enzymatic
complex, increasing the catalytic activity and stability of the enzymes included in it. A large number of microbial amylases are
now commercially available, and they have almost completely replaced chemical starch hydrolysis in the processing industry.
The use of bacterial xylanases is a key step in the conversion of lignocellulosic polysaccharides into fermentable sugars for the
production of biofuels and value-added products. Enzyme complexes containing both a-amylases and xylanases have found
applications in the pulp and paper industry and feed production.

Recombinant a-amylase and xylanase from Bacillus licheniformis and Bacillus sonorensis, respectively, were obtained
using recombinant DNA technology. These enzymes were purified by metal affinity chromatography from the lysate of induced
cultures of recombinant strains. Enzymatic hydrolysis of potato starch and birch xylan with these recombinant enzymes was
performed. The hydrolysis products of these polysaccharides were studied by thin-layer chromatography. It was found that
the products of hydrolysis of potato starch using recombinant a-amylase were maltose and maltooligosaccharides and a small
amount of glucose. Xylan was isolated from birch sawdust and hydrolyzed by recombinant xylanase. Detection of the hydrolysis
products of xylan showed that xylan is hydrolyzed to oligoxylans with a degree of polymerization of at least 2 monomers.
No xylose was detected among the hydrolysis products. The results indicate that a-amylase from Bacillus licheniformis and
xylanase from Bacillus sonorensis are endoenzymes.
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INTRODUCTION D-glucoside bond in starch and other related polysaccharides
to form simple sugars: glucose and maltose [4]. Xylan, as
the main component of hemicellulose, forms the cell wall of
plants and is found in both deciduous and coniferous plants.
Xylanases are a group of hydrolytic enzymes that cleave the
B-1,4 glycoside backbone of xylan to form xylooligosaccha-
rides: xylose and xylobiose [5]. Microbial xylanases, which
have a number of biotechnological properties and are used
for juice and beer clarification, bakery production, kraft pulp
bleaching, vegetable fiber refining, tobacco processing, ex-
traction of vegetable oils, textile fiber recovery, bioconversion
of agricultural waste and biofuel production, are in demand
for use in industrial processes [6,7]. a-amylases and xylanases
of microbial origin have several advantages associated with
their high specific activity and cheap industrial production [8-
10]. During the processing of plant material, a large amount
of waste products is formed, including lignocellulosic waste
products. Recent studies have focused on studying the mech-
anism of action of hydrolytic enzymes to form oligosaccha-

Carbohydrate polymers are the main components in plant
biomass and represent either nutrients (starch) or mechanical
strength (cellulose and hemicellulose). In nature, a heteroge-
neous aggregate of different polysaccharides forms dense mi-
crofibrils that are not amenable to enzymatic cleavage. For
example, seeds in which starch is surrounded by layers of
other polysaccharides such as cellulose and pectin, which has
a dense structure and is protected from the influence of animal
gastrointestinal enzymes [1]. The peculiarities in the chemi-
cal structure of polysaccharides limit the ability of hydrolyz-
ing enzymes, which manifests itself in the selective action of
most carbohydrases on the carbohydrate substrate.

Therefore, several monofunctional enzymes must be used
to hydrolyze multicomponent carbohydrates such as lignin. In
particular, glycoside hydrolases such as endoglucanases, ex-
oglucanases, B-glucosidases, and xylanases are used to de-
grade lignocellulosic biomass [2].

Due to the reduction of fossil sources of hydrocarbons
and energy, and the increasing need for energy, chemical re-
sources and food, the use of biomass as a renewable source
has become very important. This, in turn, causes the need for
efficient enzymes for bioconversion of biomass [3]. Amylases
are enzymes that hydrolyze starch. The high efficiency of am-
ylolytic enzymes allows them to compete in industry with
chemical starch hydrolysis technology. The high demand for
a-amylase has resulted in a-amylases accounting for 30% of
the total enzyme market. Alpha-amylases cleave the a-(1,4)-

rides. Complete hydrolysis of plant (lignocellulosic) biomass
requires the selection and study of enzymes acting at the same
reaction conditions.

The aim of this work was to hydrolyze starch and xylan
polysaccharides using a-amylase from Bacillus licheniformis
and xylanase from Bacillus sonorensis. The strains were iso-
lated from soil near Taraz city, and previously, a-amylase
and xylanase were studied [11,12]. These enzymes showed
good hydrolyzing properties against plant polysaccharides.
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This work is a continuation of the studies initiated and is de-
voted to the study of the degree of starch and xylan hydroly-
sis using these enzymes. To achieve the aim a-amylase and
xylanase were obtained in recombinant form in Escherichia
coli cells. The recombinant enzymes were purified and stud-
ied. The products of enzymatic hydrolysis of potato starch
and birch xylan were examined by thin-layer chromatogra-
phy (TLC) using appropriate standard samples of mono- and
oligosaccharides.

MATERIALS AND METHODS

Media, chemical reagents

E.coli strains were cultured in Lennox broth medium
(Broth-Lennox, LB, 0.5% yeast extract, 1% peptone, 0.5%
NaCl). Potato starch produced by Sigma-Aldrich was used as
a substrate for alpha-amylase and beech xylanase produced
by Megazyme. Mono- and oligosaccharide standards for thin-
layer chromatography: glucose, maltose, maltotriose, malto-
tetraose, maltopentaose, xylose, xylobiose, xylothraose, xy-
lopentaose, and xylohexaose from Megazyme.

Expression of a-amylase and xylanase genes in Esch-
erichia coli cells

The a-amylase gene (1536 bp) was amplified from the
genomic DNA of B. licheniformis strain and cloned into the
pET-28c(+) vector at the Ndel and Notl sites. The xylanase
gene (555 bp) was amplified from the genomic DNA of B.
sonorensis strain and cloned into vector pET-28¢(+) at the
Ncol and BamHI sites. In the resulting pET-28¢(+)/Amy and
pET-28c(+)/Xyn constructs, the a-amylase and xylanase genes
were inserted under the control of the T7 promoter, which is
activated in the presence of isopropyl-p-d-1-thiogalactopyra-
noside (IPTG).

Escherichia coli strain ArcticEspress(DE3)RP cells were
transformed by electroporation with these plasmid vectors.
The resulting kanamycin-resistant transformants were cul-
tured in 1 liter of LB broth with kanamycin (50 pg/ml) at
18°C and 150 rpm. In the middle of the logarithmic growth
phase (OD_, = 0.6), IPTG was added to a final concentration
of 0.5 mM and incubated for 16 hours.

Purification of recombinant alpha-amylase and xy-
lanase

After induction with IPTG, cells were harvested by cen-
trifugation at 6000 g for 7 min at 4°C. The cells were sus-
pended in 20 mM Tris-HCI (pH 8.0) with 500 mM NaCl and
lysed with lysozyme (2 mg/ml) followed by ultrasound treat-
ment. The lysate was clarified by centrifugation (40000xg, 1
h, 4°C) and filtered through a 0.45-um filter. The recombinant
protein (a-amylase and xylanase) was isolated from the cell
lysate by metalaffinity chromatography using a AKTA Puri-
fier 10 FPLC chromatograph (General Electric, USA), a | ml
HiTrap Chelating column (General Electric, USA), activated
by Ni2+ ions, and balanced with buffer containing 20 mM
Tris-HCI (pH 8.0), 500 mM NaCl, and 20 mM imidazole. The
clarified supernatant was loaded onto the column and the pro-
tein was eluted in a 20-500 mM imidazole linear gradient in
20 mM Tris-HCI (pH 8.0) with 500 mM NaCl.

Birch xylan obtaining

Crushed birch sawdust was poured with distilled water at
the rate of 40 ml water per 1 gram of sawdust. The resulting
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mixture was autoclaved for 30 minutes at a pressure of 1 atm
and temperature 121°C. The supernatant was removed and al-
cohol-water extraction was carried out. A mixture of ethyl al-
cohol: water in the ratio 1:1 was prepared and boiled with a
reflux condenser at 90°C for 1 hour. The supernatant was re-
moved and alcohol-water extraction was repeatedly performed
for 2 hours at 90°C. After removal of the supernatant the re-
sulting precipitate was washed with 200 ml distilled water and
dried at 105°C for 1 hour. Xylan was extracted with a solution
of 4% (w/v) NaOH cooled to 18°C at a ratio of 1:40 in the sol-
vent/dry weight ratio. The resulting suspension was shaken on
a shaker at 18°C for 6 hours, the solution was passed through
a filter and neutralized with acetic acid to pH 6.0, after which
90% alcohol was added in a 1:1 ratio. The filtrate was al-
lowed to stand in the refrigerator at 4-6°C for 16 hours and
centrifuged at 6000xg, for 10 minutes at 4°C. The superna-
tant was removed and the alcohol washing procedure was re-
peated twice. The washed precipitate was dried in a desiccator
at 50°C. The result was a light cream-colored powder. When
cold water is added, xylan swells similarly to starch and other
similar polymers.

Determination of the specific activity of a-amylase and
xylanase

The enzymatic activity was determined by the reducing
sugars method using 3,5-dinitrosalicylic acid (DNSA) [12-
14]. 1% birch xylan and potato starch were dissolved in 100
mM phosphate buffer (pH 7.0) and used as substrate. 1 mL
of substrate was incubated with 40 pl of enzyme at 50°C (xy-
lanase) and 70°C (a-amylase) for 10 minutes. The reaction
was determined by adding 1.5 mL of DNSA reagent, and the
mixture was boiled in a water bath for 10 min. The absorbance
was measured at 540 nm on a Shimadzu UV-1900i spectro-
photometer (Japan). A calibration curve was constructed us-
ing xylose and glucose (Thermo Scientific (Acros Organic),
USA) as a standard. One unit of xylanase activity is defined
as the amount of enzyme that releases 1 umol of reducing sug-
ar-xylose or glucose in 1 min under standard conditions. Mea-
surements were performed in three three independent repli-
cates, and the average of the three replicates was reported as
the final result.

Determination of protein concentration

Protein concentration was determined according to the
Bradford method [15] [200]. Bio-Rad reagent (Munich, Ger-
many) with bovine serum albumin as a standard was used.
The procedure for determining the protein concentration was
performed according to the following procedure: 100 pl of
Bradford reagent was mixed with 860 ul of 10% PBS and 1%
glycerol and 40 pl of protein sample was added. The mixture
was incubated for 2 min at room temperature and optical den-
sity was measured on a Shimadzu UV-1900i spectrophotome-
ter (Japan) at 595 nm. The measurements were performed in
three independent replicates, and the average of the three rep-
licates was reported as the defined result.

Determination of pH and temperature optimums of
enzyme action

Enzymatic activity was measured in the temperature range
of 10-80°C (at 5°C intervals) in 100 mM phosphate buffer
with pH 7.0 or 6.0. Enzymatic activity was measured over a
pH range of 2.0 to 10.0 (at half unit intervals) at optimal tem-
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perature. The maximum enzymatic activity was estimated as
100% activity; the data obtained at different pH and tempera-
ture were determined as relative activity.

Effect of metal ions on enzymatic activity

The effect of metal ions on xylanase stability of was de-
termined in the presence of one of eight chlorides, NiCl2,
MgCl2, CaCl2, CuCl2, ZnCI2, MnCl2, FeCl3, and CoCI2 at
5 mM. The enzyme was preincubated with metal chloride at
room temperature for 1 h, after which activity was measured
under optimal conditions.

Detection of starch hydrolysis products by TLC

Detection of hydrolysis products by TLC was performed
according to [16]. For this purpose, 1% potato starch in
phosphate buffer with pH 7.0 was incubated with recombi-
nant a-amylase (10 U/ml) at 50°C for 10 hours. The reaction
was stopped by heating the solution to 100°C. Samples were
applied to an aluminum plate with silica gel (Silica gel 60
F254, Merck, Germany). Mono- and oligosaccharides: glu-
cose, maltose, maltotriose, maltotetraose, and maltopentaose
from Megazyme (USA) were used as standard samples. A
solution of butanol, glacial acetic acid, and deionized wa-
ter in a 2:1:1 (v/v) ratio was used as the mobile phase. The
plates were dried at 60°C for 20 min and then placed in a de-
veloper solution containing sulfuric acid and ethyl alcohol in
a ratio of 5:95 (v/v) To detect hydrolysis products, the plates
were heated to 130°C until the hydrolysis products were man-
ifested.

Detection of xylan hydrolysis products by TLC

Hydrolysis of the birch xylan products was performed ac-
cording to [17]. For this purpose, 1% birch xylan in phosphate
buffer with pH 7.0 was incubated with recombinant xylanase
(10 U/ml) at 40°C for 10 hours. The reaction was stopped by
heating the solution to 100°C. The samples were applied to
an aluminum plate with silica gel (Silica gel 60 F254, Merck,
Germany). Xylose, xylobiose, xylotriose, xylotetraose, xy-
lopentaose, and xylohexaose (Megazyme) were used as stan-
dard samples. A solution of glacial acetic acid, chloroform,
and deionized water in a ratio of 6:7:1 (v/v) was used as the
mobile phase. The plates were dried at 60°C for 20 minutes
and then placed in a developer solution containing sulfuric
acid and ethyl alcohol in a ratio of 5:95 (v/v) and a-naphthol
at a final concentration of 0.5%. For the detection of hydroly-
sis products, the plates were heated to 80°C until the hydro-
lysis products were manifested.

RESULTS AND DISCUSSION

Obtaining of recombinant a-amylase and xylanase

Transformation of Escherichia coli ArcticEspress(DE3)
RP strain cells with pET-28¢(+)/Amy and pET-28c(+)/Xyn
plasmids containing a-amylase and xylanase genes resulted
in strains producing recombinant a-amylase and xylanase, re-
spectively. By culturing these strains and activating the T7
promoter, a 1-liter of recombinant culture of each strain was
generated. The cell yield after induction was 5.8-6 grams for
each strain. Lysates of recombinant cultures were obtained
using enzymatic (using egg muramidase) and physical (ultra-
sonic homogenization) methods. Recombinant a-amylase and
xylanase were isolated and purified from the lysates by metal
affinity chromatography on Ni** ions.

Figure 1 shows the results of purification of recombinant
a-amylase (Figure 1a) and recombinant xylanase (Figure 1b).
As follows from the data presented, the protein eluted from
the column at 150 mM imidazole and corresponds to the cal-
culated molecular mass of recombinant a-amylase contain-
ing the hexahistidine tag, 58.8 kDa (Figure 1a). The yield of
purified recombinant a-amylase is 8 mg from 1 liter of in-
duced culture.

Previously, it was found that the optimal conditions un-
der which recombinant a-amylase shows maximum activity
are 80 °C and pH 6.0 [11]. The measurement showed that un-
der these conditions the a-amylase activity of the enzyme was
2178 U/mg.

The calculated molecular weight of the recombinant xy-
lanase together with the 6His-tag was 28.3 kDa, correspond-
ing to the protein eluted at 232 mM imidazole (Figure 1b).
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Figure 1 — Electrophoresis of the purification fractions of
recombinant alpha-amylase (a) and xylanase (b): 1,7 - protein
extracts of alpha-amylase and xylanase flow-throw the Ni**
column, 2 - column washing with 20 mM Tris-HCI (pH 8.0) buffer,
500 mM NaCl, 20 mM imidazole, 3 , 4 - fractions with 50 and
100 mM imidazole, 5,6 - alpha-amylase fractions with 150 mM
imidazole, 8 - fractions with 20 mM imidazole, 9,10 - xylanase
fractions with 232 mM imidazole, 11 - fractions with 300 mM
imidazole

Determination of the pH and temperature optimums
of the enzyme action

The pH optimum of the recombinant xylanase action was
determined to be pH 7.0 (Figure 2a), which correlates with
the xylanase Xynl1 from B. licheniformis strain MS5-14 (pH
5.0-7.0) and Xyn10A from Bacillus sp. SN5 (pH 7.0) [20,20].
The recombinant xylanase retains good activity at 55% at pH
8.0, at pH below 4.0 and above 10 the enzyme loses activ-
ity. A pH-stability study of the enzyme by pre-incubating the
enzymes in pH 3.0-11.0 buffers at room temperature for 10
hours demonstrates very high pH stability under both acidic
and alkaline conditions. In the pH range 3-11, the enzyme re-
tains 100% activity.

Determination of the enzymatic activity of recombinant
xylanase at different temperatures (10-80 °C) showed that the
temperature optimum was 55 °C (Figure 2b). This enzyme is
not as thermostable as a-amylase from B. licheniformis. At
60 °C, the recombinant xylanase showed an activity of 86%.
Above 80°C, the enzyme is completely inactivated. The more
thermostable xylanases from Bacillus subtilis ASH and Bacil-
lus sp. SV-34S have an optimum at 55 °C, as does the recom-
binant xylanase [22, 23]. The maximum activity of recom-
binant xylanase on birch xylan at the optimum temperature
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Figure 2 — Determination of pH and temperature optimums of recombinant xylanase activity

(55°C) is 1030.2 U/mg.
Effect of metal ions on enzymatic activity

Table 1 shows the effect of metal ions Ni**, Mg?*, Ca*",
Zn*", Mn*, Cu?*, Fe**, Co®" on xylanase activity. Ni**, Mg,
Ca?", Zn*", Fe* ions inhibit xylanase activity by 8-26%. A spe-
cial experiment on the purification of recombinant xylanase
on a HiTrap Chelating 1 ml column activated with CoCl, (in-
stead of NiCl,) showed that the use of Ni** in the enzyme pu-
rification did not affect its xylanase activity. The two vari-
ants of recombinant xylanase purified on Ni** and Co2+ ions
showed the same activity under the same conditions. The ac-
tivity of recombinant xylanase increased by 18% after prein-
cubation with Mn?".

Table 1 — Effect of metal ions on xylanase activity

Chemicals Concentration | Residual activity, %
None - 100+0.9
Ni** 5mM 73.8+1.3
Mg* 5mM 92.1+£23
Ca** 5mM 923+33
Zn* 5 mM 83.5+0.5
Mn?* 5mM 118.2+4.6
Co** 5 mM 101.6 £ 0.5
Cu** 5mM 56.9+3.5
Fe** 5mM 78.4+0.9

Analysis of hydrolyzed starch and xylan products by
TLC

The optimal temperatures at which the studied enzymes
have maximum activity are 80 °C and 55 °C for a-amylase
and xylanase, respectively. However, at 80°C recombinant
a-amylase from B. licheniformis loses more than 75% of its
activity after 1 hour of incubation. On the other hand the re-
combinant a-amylase shows the best stability at 50°C, the
enzyme fully retains its activity for 10 hours of incubation.
At 50 °C, the activity of recombinant a-amylase is 51.6% of
the maximum value and is 1123.8 U/mg. Recombinant xy-
lanase from B. sonorensis loses more than 80% of its activ-
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ity after 1 hour of incubation at 55°C. The temperature at
which xylanase shows the best stability is 40°C, the enzyme
fully retains its activity for 10 hours of incubation. At 40 °C,
the activity of recombinant xylanase is 64% of the maximum
value and is 659.3 U/mg. These temperature conditions (50
°C and 40 °C for a-amylase and xylanase, respectively) were
chosen for the enzymatic hydrolysis of starch and xylan.

Detection of hydrolyzed starch and xylan products by thin-
layer chromatography showed that the products mainly con-
sist of maltooligosaccharides (Figure 3). The maltose disac-
charide was found to be the dominant product. Small amounts
of glucose and other oligosaccharides can be seen only af-
ter 10 hours of incubation. The obtained results show that
a-amylase from Bacillus lichenifromis is an endoenzyme.
Recombinant alpha-amylase from Thermomyces dupontii is
known to produce mainly maltose and maltotriose and a small
amount of glucose during the hydrolysis of soluble starch,
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Figure 3 — Hydrolysis of potato starch using recombinant
alpha-amylase
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which confirms the endogenous action of the enzyme [16].

To obtain a substrate for xylanase from birch sawdust, xy-
lan was obtained 11 grams from 200 grams of sawdust. When
birchwood xylan was hydrolyzed using recombinant xylanase,
the products were xylobiose and other xylooligosaccharides
(Figure 4). Among the hydrolysis products, xylose was not
detected even after 10 hours of enzymatic hydrolysis, indi-
cating that, a-amylase from Bacillus licheniformis, and xy-
lanase from Bacillus sonorensis are an endoenzyme. It was
found that xylanase from the Bacillus licheniformis strain is
also an endoenzyme in birch xylan hydrolysis; it forms xy-
looligosaccharides (predominantly xylothriose) and does not
form xylose [24].
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Figure 4 — Hydrolysis of birch xylan with recombinant XynT6
xylanase

CONCLUSION

Amylases and xylanases are enzymes that hydrolyze the
natural polysaccharides starch and xylan. Recombinant a-am-
ylase and xylanase were obtained using recombinant DNA
technology from Bacillus licheniformis and Bacillus sonoren-
sis, respectively. These enzymes were purified by metal affin-
ity chromatography from the lysate of induced cultures of re-
combinant strains. Enzymatic hydrolysis of potato starch and
birch xylan with these recombinant enzymes was performed.
The hydrolysis products of these polysaccharides were stud-
ied by thin-layer chromatography.

It was found that hydrolysis products of potato starch us-
ing recombinant a-amylase were maltose, maltooligosaccha-
rides and a small amount of glucose. Xylan was obtained from
birch sawdust and hydrolyzed by recombinant xylanase. De-
tection of the hydrolysis products of xylan showed that xylan
is hydrolyzed to oligoxylans with a degree of polymerization
not less than 2 monomers. No xylose was detected among the
hydrolysis products. The results indicate that a-amylase from
Bacillus licheniformis and xylanase from Bacillus sonorensis
are endoenzymes.
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ABCTPAKT

B c¢BsI3M ¢ cokpalieHreM HCKONaeMbIX HCTOYHUKOB yTJIEBOJOPOIOB M SHEPTHH, U YBEIMYHBAIOIICHCS NOTPEOHOCTH B
9HEPreTHYECKHX, XUMHUUECKUX Pecypcax U MPOAYKTOB IIUTaHHS OOJIBIIOE 3HAUCHNE IIPHOOPETAET HCTIOIb30BaHHE OHOMACCHI
B Ka4ecTBE BO30OHOBIISIEMOTO HCTOYHHUKA. A 3TO, B CBOIO OYepe/ib, BBI3BIBACT MOTPEOHOCTH B A3 (EKTUBHBIX (hepMeHTax /st
OnokoHBepcun Gromacchl. DepMEeHTHI IMEIOT OOJIBIIOE 3HAYEHHE B IPOMBIIIICHHOCTH, TaK KaK SBJIAIOTCS OHOKaTAIM3aTOPaMU
CIIOXHBIX XMMHYECKUX IpoleccoB. [IpeodpazoBanne pacTUTENLHOH OHOMAcCHl B caxapa TpeOyeT NIPHUMEHEHHsT KOMIUIeKCa
(hepMeHTOB, COCTaB KOTOPHIX JOJDKEH OBITH aalTHPOBAH K THITY OMOMACCHl U COc0o0y MpeaBapuTeIbHON 00paboTKH.
O hexTUBHOCT (PepPMEHTATHBHOTO THAPOIIN3a MOXKHO TTOBBICUTH 3a CUET ONTUMH3AINN COCTaBa (PEPMEHTATHBHOTO KOMILIIEKCA,
TIOBBIIICHUS KATATUTHYECKOH aKTHBHOCTH M CTAaOMIIBHOCTH PabOTHI BXOJAIIMX B €ro cocTaB (hepMeHTOB. B HacTosmee Bpems
00JIbII0E KOJTMYECTBO MHUKPOOHBIX aMHJIa3 JOCTYIIHO Ha PHIHKE, M OHHM MOYTH HOJHOCTBIO 3aMEHHIIM XUMUYECKUI THAPOIIN3
KpaxMmaJa B IepepadaTbIBarolieil IpOMBIIUIEHHOCTH. Mcronb30BaHne OaKTepHaNIbHBIX KCHIIAHA3 SBISETCS KIIOYEBBIM
9TAIOM IIPe0Opa30BaHMs JIMTHOLEIUTIONO3HBIX MTOJINCAXapuIoB B (hepMEHTHUpPYEMbIE caxapa Ul MPOU3BOACTBAa OHOTOIUIMBA
1 IIPOIYKTOB € BEICOKOH JOOABICHHOI CTOMMOCTBI0. DepMEHTHBIE KOMILIEKCHI, COIepIKaIle B COCTaBe U alb(a-aMHIa3bl 1
KCHJIaHa3bl, HAIIUIA MPUMEHEHHE B [EJUTI0JI03HO-0yMaXKHOH MPOMBIIUICHHOCTH U KOPMOIIPOM3BOJICTBE.

C nomotpo TexHosoruu pekomounanTHeix JJHK Obutn rostyueHbl pekoMOMHAHTHBIE (-aMKIas3a U KcuiaHasa u3 Bacillus
licheniformis n Bacillus sonorensis, cooTBeTcTBeHHO. MeTautoaddpuHHON Xxpomarorpadueii 1aHHbie pepMeHTbI ObUIN O4H-
IICHBI U3 JIM3aTa MHAYIIMPOBAHHBIX KYJIBTYp PEKOMOMHAHTHBIX IITaMMOB. [IpoBelieH ()epMeHTaTUBHBIN TUIPOIIH3 KapTodeb-
HOT'0 Kpaxmajia 1 0epe30BOro KCHiiaHa ¢ MOMOIIIBIO JAHHBIX PEKOMOMHAHTHBIX (hepMEeHTOB. METO/I0M TOHKOCIIOWHOI XpoMaro-
rpauu IpoBeeHO UCCIIeI0BaHNE IPOAYKTOB I'HAPOIN3a JAaHHBIX MOIHCAXapuI0B. YCTaHOBJICHO, YTO MPOLYKTaMH THAPOIIH3a
KapTo(eabHOro KpaxMala ¢ MCI0JIb30BaHHEM PEKOMOMHAHTHOM 0-aMUJIa3bl SBISINCH MajbTo3a U MAJIbTOOJIUIOCaXapH bl U
HeOOJIbIIOE KOJIMYECTBO [ITIOKO3bI. 113 6epe30BbIX OMHMIIOK ObLI MONTYUYeH KCHIIaH, KOTOPBINA ObUI THIPOJIU30BaH PEKOMOMHAHT-
HOM KcutaHa30il. JleTeKiys NpoayKTOB FHAPOIN3a KCHUIaHa M0Ka3aa, 4TO KCHIAH THIPOIU3YETCs 10 OJIMTOKCHIIAHOB CO CTe-
NICHBIO [TOJIMMepHU3aLuK He MeHblle 2. Kcuiosza cpe/u npoyKToB ruipoiii3a He oOHapyxkeHa. [loiayueHHble pe3ybrarhl CBU-
JIeTeJILCTBYIOT, YTO O-amuiiaza u3 Bacillus licheniformis v kcunanasa w3 Bacillus sonorensis siBISIFOTCS SHA0(QEPMEHTAMH.

KioueBbie ciioBa: anbda-aMmunasa, KCUIaHasa, Kpaxmai, KCuiaH, Bacillus sp.
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ABCTPAKT

KemipcyTteri MeH SHEprUsiHBIH Ka30a Ko3JIepiHiH a3atoblHa KHE SHEPTreTHKANBIK, XUMISUIBIK PECypcTap MEH a3bIK-TYJIIK
OHIMJICPIHE JICTCH KAKCTTLTIKTIH apTyblHa OalIaHBICTHI OMOMACCaHbl KaliTa OHJCIICTIH KaliHap KO3 PeTiHIe KOJJaHy YJIKCH
MaFrbIHara ue 00yl Al OYI1, ©3 Ke3eriH/e, OMoMaccaHblH OMOKOHBEPCHUSCHI YIIIIH THIMAI pepMeHTTepai KaxkeT ereni. Dep-
MEHTTEP KYPJENi XUMHSIIBIK MPOLECCTEP/IiH OMOKaTaIN3aTOpIaphl OOIFAHIBIKTaH OHIIPICTE YIKESH MaFbIHACKHI 0ap. OciMIik
OromaccachlH KaHTKa alHAIIBIPY (PepMEHTTEp KEIICHIH KONIaHyIbl KakeT eTei. OnapasiH KypaMbl OMOMacCaHbIH TYPiHE
JKOHE allJIbIH-aJla OHJICY TACUTiHe OeiiMIenTeH 00Myhl Kepek. DepMEHTTIK THAPOIU3 TUIMIUIITIH (PEPMEHTTIK KEIIeH Kypa-
MBIH OHTaHJIaHJIBIPY, KEIIEH KypaMbIHa KipeTiH ()epMEHTTEP/IiH )KYMBICBIH TYPaKTaH bIPBII, KATAIUTUKAIBIK OeJICEHIUTIrH
Kke0elTy apKpuIbl ocipyre Oomabl. Kazipri yakpITTa HapblKTa MUKPOOTBIK aMuIa3aiap/ sl KenTereH Typiaepi 0ap, joHe Jie
oJ1ap Kaiita eHJiey OHepKaciOiH/Ie KpaxMallIbIH XUMHSIIBIK THAPOJIN3IH TYTeTIMEH AEPIIiK alIMacThIp/Abl. bakTepusuibik Kena-
Hazajap/pl KOJJIaHy JIMTHOLEIUTION03aJIbI TTOJMCaXapHATEpAl OMOOTHIH )KOHE JKOFaphl KOCHUIMAIIBI KYHBI 0ap eHIMAep oHIpici
yuIiH gpepMeHTTeNeTiH KaHTTapFa aiHaIBIPY/IbIH HeTi3T1 Ke3eHi 0o Tadbuiansl. Kypambinaa ansga-amuiasa ja, KCuia-
Ha3a J1a 0ap (HepMEHTTIK KeIICHEp IEIUTI0N03a-KaFra3 OHIPICIH/IC KOHE JKEM OH/IIPICIH/IC KOITaHBIC TAlThI.

PexomOunanTTel JJHK TexHonorusceln nainanana orsipsin, Bacillus licheniformis xane Bacillus sonorensis-TeH coii-

KeCiHIIe peKOMOMHAHTTHI (i-aMMJIa3a )KOHE KCHiIaHa3a ajbIHbl. byl ¢pepMeHTTep peKOMOMHAHTTHI IITaMMJIap/IbIH HHIYKIIH-
sUTAaHFaH JIAKbUIapbIHBIH JIM3aTTapblHaH MeTauiadGuHIl XpoMaTorpadusCcel apKbUIbl Ta3apThulabl. OChl pEKOMOMHAHTTHI
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(depMeHTTEepiH KOMEeTriMeH KapTol KpaxMalibl MEH KaWblH KCHJIAHBIHBIH (PEPMEHTATHBTI THIPOIU31 XKypriziuai. byn
MOJINCAXapHUATEPAIH THAPOIU3 OHIMIEPi kKyKa KabaTTel xpoMmarorpadus apkelisl 3eprrenai. Kapron kpaxmansia
PEKOMOMHAHTTHI (i-aMUJIA3aMEH BIIbIPATy apKbUIbI aJIbIHFAH THAPOJIN3 OHIMICPI MaIbTO3a MEH MaJIbTOIUTOCAXapUATED KIHE
a3 MeJIILIep/Ieri ITI0K03a CKeHi aHBIKTaJIbl. PeKOMOMHAHTTHI KCHITaHA3a apKBLIbI THAPOIM3ACHI¢H KailbIH YTiH/JICPiHEH KCHITaH
anbIH/Ibl. KCHTaHHBIH THAPOITH3 OHIMICPIH aHBIKTay OapbIChIHIA, TOJIUMEPIICHY JI9PEekKeci KeM ereH e 2 60aaThiH, KCUITaHHBIH
OJIMTOKCHITAHAAPFa JICHiH THAPOIN3ACHETIHI aHBIKTAIbI. [ UIpOIM3 OHIMICPiHIH apackiHIa KCHI03a TabbuiMa Ibl. ATIBIHFaH
Hotwxkenep Bacillus licheniformis-n a-amuna3zacel xaHe Bacillus sonorensis-H KcniaHazacsl 9H10()epMEHT €KeHIH KOpCeTeli.

KinTri ce3nep: anpda-ammnasa, kcnnanasa, Kpaxmarn, KCuiad, Bacillus sp.
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