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ISOLATION AND IDENTIFICATION OF LIGNIN-DEGRADING BACTERIAL STRAINS

Abstract: Screening bacterial strains with lignin-degrading ability is very necessary for processing
agricultural and forestry waste. In this experiment, we collected soil samples from the Qinling Mountains in
China and isolated 99 bacterial strains. Further, 18 strains of bacteria were screened out using alkaline lignin
solid medium and cultured at 30°C for 48 hours, and they were molecularly identified. After that, lignin liquid
culture medium was used for shake flask culture, and a microplate reader was used to measure the
absorbance changes of lignin at visible light at 280 nm before and after culture. A total of 12 strains of bacteria
with lignin degradation ability were screened out, respectively. For QL-D3, QL-D5, QL-D6, QL -D7, QL-D8,
QL-D9, QL-D11, QL-D13, QL-D14, QL-D16, QL-D17, QL -D18. Their lignin degradation rates after culturing in
lignin 1,5 g/L liquid medium for 7 days were 13,01%, 16,76%, 10,48%, 23,3%, 6,88%, 12,48%, 22,07%,
11,84%, 18,62%, 17,88%, 13,95%, 16,28% respectively. Scanning electron microscopy was used to observe
the morphology of the two bacterial strains QL-D7 and QL-D11 with the highest lignin degradation rate.

Key words: Screening bacterial strains, lignin-degradation, medium culture, lignin-degrading rate,
morphology observation.

Introduction

Lignocellulose is a polymer compound present in plants, mainly composed of three substances:
cellulose, hemicellulose and lignin [7]. Cellulose is composed of microfibers that form the network
skeleton of fiber cell walls, while lignin and hemicellulose play the role of filling and binding [23].
Lignin has functions such as moisture transport, mechanical support and resistance to biological
decomposition. It is estimated that approximately 25% of the biomass fixed by plants through
photosynthesis each year is ultimately converted into lignin through secondary metabolism. It is the
most abundant aromatic compound in nature and the most abundant renewable carbon source on
earth after cellulose [19].

Under natural conditions, lignin is difficult to degrade, which has become the main factor limiting
the utilization of lignin. Traditional methods attempt to break the polymeric structure of lignin using
high-temperature and high-pressure steam treatment, but this is a highly energy-consuming method.
It was noted that in China, 216 million tons of the above-mentioned biomass are produced annually,
but the fact that more than half of the remainder is not utilized indicates the need to implement
advanced treatment strategies [1]. Therefore, it is necessary to find environmentally friendly ways to
process lignin. In the natural environment, there are microorganisms that can degrade lignin.
Common fungi that can degrade lignin mainly include brown rot fungi, soft rot fungi, white rot fungi,
litter decomposing fungi and microfungi. These fungi can effectively degrade lignin components and
convert them into small molecular organic matter to enter the energy cycle. Therefore they are often
used as model microorganisms for lignin degradation [4, 5, 8]. However, studies have shown that
bacteria that can degrade lignin also exist in nature. Masai et al. completed the whole genome
sequencing of the bacterium Sphingomonas paucimobilis SYK-6 isolated from the soil, cloned more
than 20 lignin degradation-related genes, and constructed a relatively complete lignin degradation
metabolic pathway [14]. Compared with eukaryotes, prokaryotes have the advantages of shorter
growth cycles, easier growth control, and more convenient molecular manipulation, making bacteria
more suitable for industrial production. Therefore, finding bacteria that can degrade lignin in nature
for the utilization of lignin is very meaningful.

Various microorganisms live together in nature. Soil is the home base of microbial life, and many
valuable strains can be isolated from it [25]. To study the characteristics of a certain microorganism,
the microorganism must first be kept in a pure culture state. The process of obtaining only a certain
strain of microorganisms from a mixed population of microorganisms is called the separation and
purification of microorganisms [6].
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This study is dedicated to finding bacteria that can degrade lignin in the natural environment,
and to detect their growth and lignin degradation efficiency when cultured in liquid shake flasks, and
molecular identification by 16 SrDNA comparison. The strains with higher degradation efficiency were
observed under a scanning electron microscope (SEM). A batch of lignin-degrading strains were
obtained through the above method, which provides more options for bacterial degradation of lignin
and creates a basis for further research.

Methodology

1. Isolation and purification of microorganisms

Soil samples were collected from Qinling Mountains, China. Add 10 g of soil sample to 90 mL
of deionized water, shake and mix, and record it as 10" g/mL. Add 1 mL of the above soil dilution to
10 mL of deionized water and record it as 102 g/mL. Repeat this step until the dilution reaches 108
g/mL. Take 0.5 mL of the soil suspension with dilutions of 10 g/mL, 107 g/mL, and 10® g/mL and
spread it evenly on the LB medium with a spreader [2]. Cultivate in a constant temperature incubator
at 30°C for 48 hours. Use an inoculation loop to pick single colonies of different shapes, inoculate
them into liquid LB culture medium, place them in a shaker (200 rpm/s), and culture at 30°C to the
logarithmic growth phase (ODs0=0,8). Pipette 0.5 mL of bacterial suspension and mix 1:1 with 50%
glycerol, and store in a -80°C refrigerator for later use [18]. All the reagents and tools used above
were sterilized by high temperature and high pressure with 121°C, 20 mins [3].

2. ldentification of lignin degradation ability

Culturing bacteria on a single carbon source to obtain bacterial strains that can utilize it is a
common method to obtain bacteria that can degrade that carbon source [9]. Here, we used alkaline
lignin as a single carbon source configuration solid medium to screen bacterial strains that can
degrade lignin. Afterwards, alkaline lignin was used to prepare a liquid medium for culture, and its
ability to degrade lignin was measured quantitatively.

Lignin has strong absorption near 280 nm, followed by 210 nm, and weak absorption near 230
nm and 320 nm. Among them, 210 nm is the absorption band of the conjugated olefin bond, and 280
nm is the absorption band caused by the unsubstitutable m-position in the aromatic ring. This
absorption value basically follows Lambert-Beer's law, so 280 nm can be selected as the wavelength
for quantitative determination of lignin [11].

In order to understand the relationship between absorbance and unit lignin concentration, we
configured a standard concentration lignin solution and fitted it linearly. By fitting the results, we can
determine that the lignin concentration is proportional to the absorbance under visible light at 280
nm. All samples were measured after dilution tenfold. The lignin concentration in the culture medium
under initial conditions is marked as A, and after culture, it is marked as B. The lignin degradation

rate is calculated using the following equation:

lignin degradation rate (%) = =22 x 100%

Under initial conditions, the lignin concentration in the culture medium was 1,5g/L, 100mL. After
the bacteria were cultured to the logarithmic growth phase (OD600=0,8), they were inoculated into
the lignin medium, and the bacterial inoculation amount was 1% of the volume, Culture for 7 days.
All samples were tested after being diluted ten times. Mix well before detection, pipette 200uL and
drop into the sample well. All samples repeated at least 3 times.

All the above absorbance values were measured by one microplate reader (TECAN. Infinite M
200PRO).

The culture media used in this experiment are as follows:

(1) Strain activation medium: LB medium (peptone 10 g/L, yeast powder 5 g/L, NaCl 10 g/L pH
7,0-7,2).

(2) Liquid lignin culture medium (add 1,5% agar (m/V) to solid): 1,5 g/L alkaline lignin, KzHPO4
0,1 g/L, MgS0O4-7H20 0,01 g/L, CaCl, 0,008 g/L, FeSO4-7H,0O 0,005 g/L, MnCl, 0,002 g/L, peptone
0,2g/L, pH 7,0.

3. Strain species identification

Colony PCR does not require extraction of target gene DNA or enzyme digestion for
identification. Instead, it directly uses the DNA exposed after pyrolysis of the bacteria as a template
for PCR amplification, saving time and effort. It is recommended to use universal primers on the
vector to screen for positive clones. This PCR method is usually used to screen the inserted target
gene or DNA sequencing analysis. The final PCR product size is the fragment size between the
universal primers of the vector [15].
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The target gene (16SrDNA) was amplified by colony PCR, and universal primers (27 F: 5'-
AGAGTTTGATCCTGGCTCAG-3' and 1492 R: 5-GGTTACCTTCTTACGACTT-3') were used to
amplify 16SrDNA [16, 24], Primers were synthesized by Sangon Bioengineering (Shanghai) Co.,
Ltd. sent to the company (Sangon Bioengineering (Shanghai) Co., Ltd.) for sequencing, and the
sequencing results were compared in the GenBank(https://www.ncbi.nlm.nih.gov/) database and
EzBioCloud (https://www.ezbiocloud.net/).

4. Morphological observation of bacterial strains

Scanning electron microscopy (SEM) is often used to observe the surface morphology of
objects. Culture the bacteria in liquid LB medium to logarithmic growth phase (ODs0=0.8), and collect
the cells by centrifugation (6000 rpm, 3 min). After adding physiological saline to resuspend,
centrifuge again and repeat three times. The collected bacteria were dehydrated step by step using
30%, 50%, 70%, 80%, 90%, and 100% ethanol. Then they were fixed with glutaraldehyde for 2 h.
The prepared samples were evenly spread on silicon wafers and freeze-dried overnight. After gold
spraying, observing with a scanning electron microscope (FEI. Nova Nano SEM-450).

Result:
1. Lignin-degrading strains

We isolated 99 strains from soil samples, inoculated these strains into alkaline lignin medium,
and cultured them in a 30°C constant-temperature incubator for 48 hours. The growth of some strains
was observed. Summarize the strains that can grow, perform colony PCR on these strains to amplify
their 16 SrDNA fragments, and compare them in database. The results are shown in the table below:

Table 1 — Lignin-degrading strains species information

Strain NCBI comparison results EzBioCloud comparison results .

- —— - — Strain name
number Generic name Similarity Generic name Similarity
QL-D1 Stenotrophomonas | 99,79% | Stenotrophomonas 99,45% S:ﬁigggﬁﬁ:(gt?gis
QL-D2 Pseudomonas 99,93% | Pseudomonas 99,16% Pseudomonas sp. QL-D2
QL-D3 Arthrobacter 98,37% | Arthrobacter 99,71% Arthrobacter sp. QL-D3
QL-D4 Pseudomonas 99,50% | Pseudomonas 99,44% Pseudomonas sp. QL-D4
QL-D5 Pseudomonas 99,72% | Pseudomonas 99,68% Pseudomonas sp. QL-D5
QL-D6 Pseudomonas 99,86% | Pseudomonas 99,51% Pseudomonas sp. QL-D6
QL-D7 Pseudomonas 99,65% | Pseudomonas 99,44% Pseudomonas sp. QL-D7
QL-D8 Providencia 99,23% | Providencia 98,82% Providencia sp. QL-D8
QL-D9 Pseudomonas 99,51% | Pseudomonas 99,68% Pseudomonas sp. QL-D9
QL-D10 | Pseudomonas 99,58% | Pseudomonas 99,68% Pseudomonas sp. QL-D10
QL-D11 | Raoultella 99,86% | Raoultella 99,16% Raoultella sp. QL-D11
QL-D12 | Pseudomonas 99,44% | Pseudomonas 99,24% Pseudomonas sp. QL-D12
QL-D13 | Pseudomonas 99,79% | Pseudomonas 99,65% Pseudomonas sp. QL-D13
QL-D14 | Pseudomonas 99,65% | Pseudomonas 99,44% Pseudomonas sp. QL-D14
QL-D15 | Peribacillus 99,58% | Peribacillus 99,24% Peribacillus sp. QL-D15
QL-D16 | Priestia 99,86% | Priestia 99,72% Priestia sp. QL-D16
QL-D17 | Bacillus 99,66% | Bacillus 99,45% Bacillus sp. QL-D17
QL-D18 | Staphylococcus 99,72% | Staphylococcus 99,17% Staphylococcus sp. QL-18

The above strain species information has been uploaded to the NCBI 16SrDNA database, and
the accession number is as shown below
SUB13852066 QL-D1 OR574220, SUB13852066 QL-D2 OR574221, SUB13852066 QL-D3
OR574222, SUB13852066 QL-D4 OR574223, SUB13852066 QL-D5 OR574224, SUB13852066
QL-D6 OR574225, SUB13852066 QL-D7 OR574226, SUB13852066 QL-D8 OR574227,
SUB13852066 QL-D9 OR574228, SUB13852066 QL-D10 OR574229, SUB13852066 QL-D11
OR574230, SUB13852066 QL-D12 OR574231, SUB13852066 QL-D13 OR574232, SUB13852066
QL-D14 OR574233, SUB13852066 QL-D15 OR574234, SUB13852066 QL-D16 OR574235,
SUB13852066 QL-D17 OR574236, SUB13852066 QL-D18 OR574237.
1. Lignin degradation rate
1.1 Lignin concentration standard curve
The lignin concentration standard curve is shown in the Figure 1:
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12 | ¥ = 2,1664x + 0,0977
R? =0,9998
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Figure 1 — Lignin concentration standard curve

1.2 Different strain’s lignin-degrading rate
The lignin degradation rates of different strains are shown in the Table 2.

Table 2 — Strain’s lignin-degrading rate

Strain name lignin-degrading rate
Stenotrophomonas rhizophila QL-D1 0,62%
Pseudomonas sp. QL-D2 0,59%
Arthrobacter sp. QL-D3 13,01%
Pseudomonas sp. QL-D4 4,76%
Pseudomonas sp. QL-D5 16,76%
Pseudomonas sp. QL-D6 10,48%
Pseudomonas sp. QL-D7 23,3%
Providencia sp. QL-D8 6,88%
Pseudomonas sp. QL-D9 12,48%
Pseudomonas sp. QL-D10 3,17%
Raoultella sp. QL-D11 22,07%
Pseudomonas sp. QL-D12 0,57%
Pseudomonas sp. QL-D13 11,84%
Pseudomonas sp. QL-D14 18,62%
Peribacillus sp. QL-D15 4,47%
Priestia sp. QL-D16 17,88%
Bacillus sp. QL-D17 13,95%
Staphylococcus sp. QL-18 16,28%

2. Morphological observation of bacterial strains
As it is shown in table 2., We believe that QL-D11 and QL-D7 have application potential, so
we conducted morphological observations on these two strains (Figure 2).

A, OFRARARENREEAER b. E %]
Figure 2 — Morphological observation of bacterial strains a. QL-D11 and b. QL-D7

Discussion:

In this experiment, a total of 18 strains that could grow using lignin as the sole carbon source
were screened out using a lignin solid medium coating experiment. However, in subsequent shake
flask culture experiments, we observed that strains with strain numbers QL-D1, QL-D2, QL-D4, QL-
D10, QL-12 and QL-D15 had almost no lignin degradation ability. Their lignin degradation rates in
averages were all less than 5%, we can almost consider them to be in the same interval. It can be
considered that this difference in readings is due to the fluctuation of the measuring instrument itself.
It is speculated that the reason for this phenomenon is that the bacterial cells themselves store a
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small amount of nutrients when expanding the culture using LB liquid medium [21, 22]. As a result,
bacterial strains can grow in a short time and in a small area after being inoculated on lignin solid
medium. The authors included these bacteria in the initial 18 strains out of caution, but in subsequent
experiments, we determined that these strains did not have lignin-degrading ability. Therefore, liquid
shake flask culture is very meaningful for screening lignin-degrading strains.

Among the bacterial strains possessing lignin-degrading ability, we identified Pseudomonas
sp. There have been many reports showing the lignin degradation ability of Pseudomonas [12, 13,
17], which is consistent with our research results. At the same time, we rarely observed the
degradation of lignin by Raoultella species, and there are few reports on lignin degradation by
Raoultella species. At the same time, we also observed Bacillus, which is also a bacterium that is
often reported to have lignin-degrading ability [20].

Among the existing lignin degradation model strains, many have a lignin degradation rate
greater than 20% [10, 17]. Therefore, we believe that the lignin degradation rate should be greater
than 20% when screening bacteria with application potential. In this experiment, only QL-D7 and QL-
D11 met this condition, so we believe that it is necessary to continue studying these two strains of
bacteria.

Conclusion:

This experiment screened out QL-D3, QL-D5, QL-D6, QL-D7, QL-D8, QL-D9, QL-D11, QL-
D13, QL-D14, QL-D16, QL-D17, QL -D18 has a total of 12 lignin-degrading strains. Among them,
QL-D7 and QL-D11 have the highest degradation rates, 23.3% and 22.07% respectively. We
performed morphological observations under a scanning electron microscope. Further research on
these two strains of bacteria is planned.
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NrHnHAl bipbIPATATbIH BAKTEPUANAPAObIH LUTAMOAPBLIH OKLLUAYJIAY XXOHE AHbLIKTAY

JlueHuHOI bidbipamambiH 6akmepusinapdbiH WwmamdapbiH maHlay ayblil Wapyalblfibifbl MEH OpMaH
wapyauwnblinbifbl KandbikmapblH eHOey ywiH eme Kaxem. Ocbl skcriepumeHm 6apbicbiHOa 6i3 KbimatidbiH
LuHnuH maynapbiHaH monkipaK yneinepiH xxuHan, 6akmepusinapdbiH 99 wmammbiH 6enin andbiK. Opi Kapad,
b6akmepusinapObiH 18 wmammbl cinmini nueHUHOI Kammbl opmaHbl naltdanaHbin maHOandel xeHe 30°C
memrniepamypada 48 caram 6olibl ecipindi, codaH KeliH onap Mmonekynaneik mypde aHbikmasndsi. OcbidaH
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KeliH walkanraH Konibada ecipy ywiH nueHuUHi 6bap cylblK Kyfibmypa opmachkl natdanaHblidbl, an ecipyoeH
OypbiH xoHe KeliH 280 HM-0e KepiHEMIH XapbiKkma JIU2HUHHIH CiHYiHIH ©32epyiH enuwey YWiH
MUKpOIacmuHaHbl OKy Kyparsbl KonndaHbinObl. JIueHUHHIH bidbipay Kabinemi 6ap bakmepusinapobiH Xarnrbi
12 wmammbl maHOandbi. QL-D3, QL-D5, QL-D6, QL-D7, QL-D8, QL-D9, QL-D11, QL-D13, QL-D14, QL-D186,
QL-D17, QL-D18 ywiH. 7 KyH iwiHOe KypambiHOa 1,5 aln nueHuH 6ap cylibik opmada ecipeeHHeH KeliH
onapdbiH NUEHUHHIH biObipay Xbindamibirbl 13,01%, 16,76%, 10,48%, 23,3%, 6,88%, 12,48%, 22,07%,
11,84%, 18,62%, 17,88%, 13,95%, 16,28% muiciHwe. CkaHepneywi aekmpoHObl MUKPOCKOMNUS apKbirbl QL-
D7 xeHe QL-D11 b6akmepusinapbiHbiH €Ki WmaMMbIHbIH MOPOI02usiChl JIUSHUHHIH €H XOofapbl bidbipay
XKblndamObiFbiMeH 3epmmenai.

Tylin ce30ep: 6akmepusi wmamMmOapbIHbIH CKPUHUH2I, fTU2HUHHIH 0eegpadayusickl, opmada ecipy,
NU2HUHHIH deepadauyus XblridamObifbi, MOpOIo2usiHbl bakbinay.
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BbIAENEHUE U UAEHTUGUKALMA LUTAMMOB BAKTEPUNA, PA3NATAIOLLMX JIMTHUH

Om6op wmammos bakmepul, CrocobHbIX pacweniame JU2HUH, KpalHe Heobxodum Ons
nepepabomku omxodo8 cefbCKo2o U /1ecHo20 xo3slicmea. B xode smozo akcrniepumeHma mbl cobparnu
obpa3subi noyssl 8 2opax LjuHbnuH 8 Kumae u ebidenunu 99 wmammos bakmepud. [anee, 18 wmammos
bakmepull 6bInu  omobpaHbl C  UCMOb308aHUEM  WesloYHOU  JlueHUHoeold meepdol cpedbl U
Kynbmusuposanucb rnpu 30°C 8 meyeHue 48 wudacos, rocre 4Ye2o OHU OblIu  MOJEKYSPHO
udeHmucpuyuposaHsl. locne amozo Onsi KynbmueuposaHUsi 80 ecmpsixueaemol Konbe ucronb3oeanu
JKUOKYIO KyribmyparibHyto cpedy ¢ IUZHUHOM, a Osl U3MepPEeHUS U3MEHEHUU Mo2/10WeHUSs IUgHUHa 8 8UOUMOM
ceeme rnipu 280 HM 00 U rocne KynbmueuposaHUsi UCIMOob308arnu cyYumbleamersbs MUKporiaHwemos. B
obuwel crioxHocmu bbir10 omobpaHo 12 wmammos bakmepud, obnadarowiux criocobHOCMbIO K Pa3fnoXeHUH
nueHuHa, coomeemcmeeHHo. [ns QL-D3, QL-D5, QL-D6, QL-D7, QL-D8, QL-D9, QL-D11, QL-D13, QL-D14,
QL-D16, QL-D17, QL -D18. Ux ckopocmb pa3noxeHus lugHUHa rocie KyfabmueuposaHus 8 xudkol cpede ¢
codepxaHuem nueHUHa 1,5 e/n 8 meyeHue 7 OHel cocmaesuna 13,01%, 16,76%, 10,48%, 23,3%, 6,88%,
12,48%, 22,07%, 11,84%, 18,62%, 17,88%, 13,95%, 16,28% coomeemcmeeHHO. C MOMOWb0 CKaHupyow,el
3MIEKMPOHHOU MUKpOcKonuu 6bina udydeHa mopghosioauss 08yx wmammos bakmepul QL-D7 u QL-D11 ¢
Haubornbwel CKOpOCMbIO Pa3oXeHUs JIUSHUHA.

Knroyeeblie crnoga: ckpuHuHz wmammos bakmepul, Oeepadayus /U2HUHA, Ky/bmueuposaHue 8
cpede, ckopocmb dezpadayuu nueHUHa, HabnwdeHue 3a mopghornoaued.
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PA3PABOTKA CYLWUINIbHON YCTAHOBKU AN NPOU3BOACTBA KYPTA

AHHOmMauyus: Cmambs nocesweHa paspabomke cywusibHoU ycmaHosku 0515 npousgsodcmea Kypma,
mpaduyuUOHHO20 KUC/TIOMOITOYHO20 rpodykma, nosnb3yruje2ocss bonbwol nonynspHocmbio 8 KasaxcmaHe.
Kypm siensiemcsi He mosbKo HayuoHasbHbIM PodyKmoM, HO U obriadaem 8bICOKOU nuuyesol UeHHOCMbIO,
codepxaHueM e8umaMuHo8 U MuHepanos. PeeynspHoe ynompebneHue Kypma crnocobcmeyem
80CCMAaHOB/IEHUIO MO1E3HOU MUKPOGIIOPbI KUWEYHUKa U OCOBEHHO r0f1e3HO 0511 6epeMeHHbIX XEeHULUH,
Oemel u noxusbix rodel. TpaduyuoHHbIU crnocob CywKu Kypma Ha Omkpbimom 8030yxe umeem psid
Hedocmamko8, maKux KakK 3asucumMoCmb Om M0200HbIX yCroeul U HU3Kas [pou3gsooumesibHoCMb.
PaspabomaHHasi KOH8EeKMuUBHasi CywusibHasi ycmaHoeka, rosgonsem pewums smu npobnemsi. OHa
obecriequsaem pasHOMEPHYIO U BbICMPyro CYWKY Kypma 6 KOHMPOUPyeMbIX yCr08UsIX, YmMO noebiluaem
Kadyecmeo u rnpouseodumersibHOCmb. YCmaHOBKYy CrpoeKkmupogaHa C y4emom MPUHUUNo8 rnpocmomsl 8
obcnyxueaHuu, ydobcmea e akcrnnyamayuu u peHmabensHocmu. OHa sensemcss GocmyrnHou U
9KOHOMUYECKU 8bl200HOU  0nsi  uHOusuOdyarsnbHbIX rnpedrnpuHuMamenel U Manbix npednpusmud.
HocmynHocmb, yeHa, ka4ecmeo, npou3so0umesisHOCMb, PEMOHMONPU200HOCMb, HA0eXXHOCMb, Maslbil 8ec
u mobunsHocmb obopydosaHusi denarom e2o akmyarbHbIM 05151 pasgumusi Mano2o busHeca 8 KazaxcmaHe.
B xo0e pabomsli 6b1r1u nnposedeHbi psid ucrbimaHuu rno pabomocrnocobHocmu cywunbHoU ycmaHoeKuU. Takxe
6611 paspabomaH 3CKU3HbIU YepmexX, paspabomaHa cywurnbHasi ycmaHoska U rno0obpaHbl ornmumaribHble
paboyue napamempsbi KoHcmpyKyuu. lNomy4YeHHas cywurbHas ycmaHo8Ka 518/1emcsl NepcriekmueHou 0risi
8HeOpeHUs 8 rpou3sodcmMe0 Kypma, 8 ycriogusix uHdusudyaribHbIX U chepmepcKux xozsticmea. OHa no3eonum
rosbiCUMb Ka4ecmeo U rpou3godumerisHocme npodykma, a makxe co3damb HO8ble 803MOXHOCMU Orisi
Masio20 u cpedHez20 busHeca 8 KazaxcmaHe. Takxe, makoe 0bopydogaHue Moxem 0amb MOoJTYOK MECMHOMY
2acCmpOHOMUYECKOMY MmypusMy, KOmopbIl cmaHosumcsi ece 6osiee nonynspHbIM eudoM mypusma,
MOCKOMIbKY mypucmbl UWYmM yHUKalnbHble U aymeHmu4Hble enedyamreHus. [Ipednazass mypucmam
B803MOXXHOCMb MO3HAKOMUMBbCS C MECMHOU KyribmypoU Yepe3 ee KyxHIo.

Knroyeenble crioea: HayuoHaslbHas KyXHsl, Kypm, CywurbHas ycmaHo8Ka, KUCIIOMOIIOYHbIE MPOOYKMb,
pasgumue mMasio20 U cpedHezo busHeca, cyuwunnbsHoe 0bopydosaHue, Npou3sodcmeo Kypma, CywKa nuiesbix
npodykmos.

BBepeHue

KasaxcTaH, cTpaHa ¢ CybKOHTUHEHTarnbHbIM KnuMaToMm [1], xapakTepuayeTcs 3HaunTenbHbIMN
TemnepaTypHbiMu KonebaHmsimun, oCobeHHO B CEBEPHbIX, LieHTPanbHbIX, BOCTOYHbIX M 3anagHbIX
pervoHax. TpaguUMOHHO NPOU3BOACTBO HaUMOHaNbHOro nNpoaykra Kypta [2, 3], orpaHu4MBanoch
NeTHUMM MecsuamMun U3-3a HEBO3MOXHOCTM CYLUKW B 3UMHUIA nepuof. B cBA3W ¢ 9TMM BO3HUKNA
HeobXxoOUMOCTb CO3[aHus peHTabenbHOro CywmnbHOro obopyaoBaHWs ANs ManbiX U cpeaHuX
npeanpuaTUiA, KOTOPOe NO3BONUIO Bbl NPON3BOAUTL KYPT KPYTNOroAMYHO 1 caenatb ero A0CTYNHbIM
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