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THE PRODUCTIVITY OF MUTANT STRAIN
STREPTOMYCES GLOBISPORUS 1912-4L.CPHP7
IN THE DIFFERENT CONDITIONS

Aim. To determine the cause of decrease of carotenoid synthesis of lycopene in liquid
medium from 4.2 to 2.8 mg/g of dry biomass in strains of Streptomyces globisporus
1912-4Lcp Hp7 and to select medium components and optimal conditions that con-
tribute to the stabilization of the process. Methods. The selection of the producer was
carried out to the feature of early synthesis of lycopene. Selected culture was cultivated
in different liquid conditions. The biomass was determined gravimetrically, the amount
of lycopene — with spectrophotometric method. Results. The reason for the decreased
activity of the producer of lycopene S. globisporus 1912-4Lcp Hp7 of liquid cultivation
was culture dissociation with formation of uncolor variants, frequency of 1 x 107 that
observed after sieving suspension mycelium on agar medium. As it turned out, their
accumulation was caused by the adding of corn flour into the cultivation medium,
which, combined with oatmeal is used to nowadays, because it was this source of
carbon and energy that contributed to the accumulation of biomass producer. The
conditions for the cultivation of producer were defined: pH 7,0, 28°C, V, 10ml, V100
ml and concentration of salts: MgSO,x 7H,0 — 0,1%, (NH ) ,MoO, — 0,05%, which
stabilized the process of biosynthesis of lycopene in the liquid conditions. It is shown
that lycopene biosynthesis also contributes to using sodium casein and temperature
of 37 °C and KMnO,, which is used for selection of the culture. Conclusions. It was
found the reason for the decrease of lycopene biosynthesis in strains S. globisporus
1912-4 Lep Hp7 and defined medium, optimal conditions and salt, which stabilized
the process of biosynthesis of lycopene in liquid cultivation conditions.
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Lycopene (y -carotene, C, H,,) is a the precursor of all color C, -carotenoids,
including B-carotene, has purple-pink color. Its molecule has 11 conjugated double
bonds, which connect and neutralize free electrons and prevent damage of the cells.
According to clinical studies lycopene reduces growth of cancer cells, especially
reproductive cells and lycopene therapy improves reproductive function [10].
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The high content of lycopene is in tomatoes (0.4—0.9 mg/g dry weight, depending
on the sort), as well as in grapefruit, persimmon and watermelon. Except the plants,
lycopene is formed fungi and microorganisms. Its industrial producers is Blakeslea
trispora (0.8—1.0 g/l), in which there have been blocked enzymes that convert
lycopene to beta-carotene by diphenylamine [8].

Mutants with constitutively form carotenoids lycopene and beta-carotene were
obtained in colorless strain S. globisporus 1912 in the Department of Genetics of
Microorganisms in 1998, among which the attention was attracted to the variant
S. globisporus 1912-4 Lcp [5]. It accumulates only one carotenoid lycopene in an
amount of 1.5-2.2 mg/g dry biomass (DBM). In 2010, in order to obtain highly
productive and stable mutants — lycopene producers for this strain used a series of
mutagenesis. As a result, there were selected a mutant strain of S. globisporus 1912-4
Lcp Hp7, which obtained the ability to accumulate 4.2 mg/g DBM after of treatment
inoculum by hydrogen peroxide in amount of 0.5% after 24 h of liquid cultivation
[1]. Such accumulation of lycopene was the highest among described in the literature
carotenoid biosynthesis streptomycetes, but during three years synthesis of lycopene
has decreased to 2.8 mg/g DBM. It can be concluded that in spite of the constitutive
character the synthesis of lycopene and presence of stress-factor (H,0,), a producer
needs regular amplification of measures of gene expression of carotenogenesis.

Therefore, our aim was to determine the cause of decreased synthesis of
lycopene in strain S. globisporus 1912-4Lcp Hp7 in liquid medium and to choose
the best component structure of medium and cultivation conditions to stabilize the
carotenogenesis process.

Materials and methods

For work there were used lycopene producer S. globisporus 1912-4Lcp Hp7.
Selection of the culture medium was carried out to using standard culturing for
streptomycetes natural flour: corn, oats, soybean meal, they were compatible
combinations and products of grain processing: wheat and rye bran. Their main
composition is given in Table 1 [4].

Table 1
The composition of the main components of natural substrates (%) [4]
@ 1
= 1 ? E‘ »
Raw material g E g E £ g K i« % b %- b
Corn flour 7.2 1.5 1.3 | 689 | 0.04 | 1.47 | 0.20 | 0.36 | 1.09 | 0.03
Soy flour 349 | 173 | 5.7 3.5 | 0.06 |16.07 | 3.48 | 2.26 | 6.03 | 0.15
Oat flour 10.0 | 6.2 1.1 | 365 | 037 | 421 | 1.17 | 1.35 | 3.61 | 0.05
Wheat bran 12.5 1.9 34 | 61.3 |Traces|Traces| 0.39 | 0.94 | 3.36 | 0.04
Rye bran 10.7 | 1.6 56 | 63.4 | 0.19 |Traces| 0.43 | 0.75 | 2.56 | 0.04
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For monomediums we brought respectively flour 40 g/L. In medium from
soybean we added 10 g/l of starch to balance the carbohydrates with present in it
high rate protein. Combined medium consisted of 20 g/l of the substrates. Salts NaCl
(5.0 g/l) and CaCO, (3.0 g/l) were brought in all medium.

Feature selection of the culture of early and intensive lycopene synthesis
was carried out on agar medium, followed by siftings individual colonies on agar
surface plates. The most productive superficial mycelium (7-10 day) have been
put in the conical Erlenmeyer flask (750 ml) and have been grown for 40—48 h in
liquid continuous. Substrate served with corn-soybean liquid culture medium. The
inoculum in the amount of 10% has been contributed to the appropriate fermentation
medium and cultured on a shaker at 260 rev/min for 72 h 28 °C. The initial value pH
was regulated by HCI or NaOH. The studied temperatures were 21, 28 and 37 °C.

The influence of organic salts in concentration of 0,5 % were determined on
liquid corn-oatmeal medium. The effect of metals on the biosynthesis of lycopene
was observed on agar medium after making in holes 0,1 ml 1% solution of metal
salt: Ca(NO,),, CaCl,, MgCl,, FeCl,, ZnSO,, MgSO,, CuSO,, FeSO,, (NH,),MoO
and except KMnO, — 0,05% after 48 hours of incubation at 28 °C. Then optimal
concentrations of suitable salts were determinated.

The biomass accumulation was determined after washed by distilled water of
medium, centrifugated at 5000 rev/min for 10 minutes, dried at 60 °C to constant
weight and was weighed. Then biomass (10 mg) was ground with quartz sand in
a porcelain pounder, lycopene was extracted by acetone and selected solution was
centrifuged at 12000 rev/min for 3—5 min. The quantitative content of lycopene
(X, g) was defined by the formula [7]:

X = 4 x y/100E,

A —absorption of the sample at 472 nm on a spectrophotometer Beckman DU-8B;
n —the amount of pigment solution, ml; £ — extinction coefficient of lycopene 3450.

Results and discussion

To begin, it should be noted that the method of obtaining in 2010 the mutant strain
S. globisporus 1912-4 Lcp Hp7 was specific. Nearly lethal dose of hydrogen peroxide
(2%) was put in liquid corn-soy media for 24 h culturing strain S. globisporus 1912-4
Lcp, was grown one day and was seeded on similar agar medium. The 28 variants
with able to early synthesis of lycopene (48 h) were selected from the surface of agar,
but only a mutant strain of S. globisporus 1912-4 Lep Hp7 was stable to this sign.
It was observed that after cultivation with the introduction of hydrogen peroxide
mycelium had visually intense color than colonies on agar. It was established that
accumulation of lycopene was 4.2+0.05 mg/g DBM in making hydrogen peroxide
(2%) for 24 h, without making peroxide — 2.8+0.05 mg/g DBM. Contributed to the
intensification of the lycopene synthesis and unlimited biomass concentration of
hydrogen peroxide (0.5%) was picked up. It was thought that peroxide increases of
synthesis of the lycopene in producer cells and limits the growth colorless variants.
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Through this practice, while lycopene yield was consistently high and did not need
to change methods of cultivation. But later we began to observe a gradual decrease
in carotenoid synthesis to 2.8 mg/g DBM. It has been suggested that besides intra-
cellular antioxidant components (lycopene) the producer increased the synthesis of
extracellular enzymes protection. Its ability to neutralize oxygen free radicals in the
medium, reduce their impact on the cells that promoted the normal growth of color-
less variants. This hypothesis was suggested but not investigated.

Therefore, based on the property of the strain S. globisporus 1912-4 Lep Hp7 to
accumulate lycopene in an amount of 4.2 mg/g DBM it was decided to begin to define
the optimal culture media for this. As a result of cultivation it was determined that
the accumulation of biomass has contributed the corn meal, due to its high content
of carbohydrate composition (Table 2). The synthesis of lycopene was the highest on
media with soy and especially oat. This parameter may indicate the content material
stress or carotenoids predecessors in the seeds of these plants. Last comes to mind
because of the high lipid content in these natural substrates they are used to enhance
carotenogenesis for cultivation of yeast [6]. Unfortunately, the cultivation of producer
on cheap substrates — wheat and rye bran were justified hope. Probably, it did not
satisfy microorganisms in the required amount of nutrients (Table 1).

Table 2
Accumulation of biomass and synthesis of lycopene
by strain S. globisporus 1912-4 Lcp Hp7
Mian s | e

Corn 14.8+1.0 2.61+0.05 38.48+1.0
Soy 10.0+1.0 3.54+0.05 35.00+1.0
Oat 14.3+1.0 3.5+0.05 50.05+1.0
Corn-soy 14.8+1.0 2.840.05 41.44+1.0
Corn-oat 14.8+1.0 3.5+0.05 51.80+1.0
Soy-oat 13.0+1.0 3.5+0.05 45.50+1.0
Wheat bran 8.0+ 1.0 1.5+0.05 12.00+1.0
Rye bran 6.5+1.0 1.0+0.05 6.5+1.0

After cultivation of producer into liquid medium the suspension of mycelia was
selected and put on similar agar medium. So visually the cause of the difference
activities in media with corn flour and bran were identified. In the first case, the
reason was the formation of uncolor colonies, and in the second — a decrease of the
synthesis of the metabolite. The frequency of accumulation of uncolor colonies with
using cornmeal was averaged 1x103, which had a negative effect on the result. On
the other hand, it is impossible to refuse from making corn flour, as it contributes to
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the development of surface mycelium and the accumulation of biomass for inoculum.
In addition, surface mycelium on corn media has grown the best and was facilitated
for getting the accumulation of cultivated material. Surface mycelium on soy and
oat medium developed hardly. So corn-oat medium was used for further studies.

After several cultivation in liquid corn-oat medium it was observed that it
eventually lost its effectiveness. It was therefore decided, without changing the media,
to explore necessary conditions substances that would help to stabilize carotenoid
synthesis in submerged conditions.

The analysis of the growth conditions and lycopene synthesis by S. globisporus
1912-4 Lep Hp7 were started from determination of the initial pH and temperature
of cultivation (Fig. 1a). It is known that rate of pH 7.0—8.0 contributes to lycopene
accumulation, whereas the products of metabolism of streptomycetes are lower
pH [6].

Lecopene, mg/l
gt CUPEDE, L83, Ig,:‘-"‘ﬂl“-‘“‘-‘!m%"l 51,B£3.2 71,8432
A 4185

&0

A0+
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pH A 28 37 °C

a 0

Fig.1. Yield of lycopene from S. globisporus 1912-4 Lcp Hp7 with different pH (a)
and temperature of cultivation (b)

It is necessary to note that the medium contained a sufficient amount of the
calcium carbonate (CaCO,), which limited the formation of H" ions and prevented
shift pH in the acid area. Synthesis of lycopene appeared to be very sensitive to small
variations pH. Favorable for the accumulation of carotenoid pigment was neutral
initial pH. A slight shift of the neutral reduced productivity of the culture. The fact
of low yield of lycopene after culturing mutant at 21 °C is very interesting. It is only
7 °C lower than the standard temperature of streptomycetes cultivation (28 °C) [4].
The maximal synthesis of lycopene has been expected at 37 °C due to the stress
effects described in the literature [8]. This fact can be used to restore the activity of
the producer in the event of another decrease if it is economically feasible.

It is known that organic acids have a significant impact on carotenoid biosynthesis
[3]. Organic acids were used as sodium salts (Table 3). Ammonium salts in some
cases have reduced the synthesis of lycopene in the producer Hp7. It has previously
been shown by us [2]. At first we were analyzing the pH after cultivation. Potassium-
sodium tartrate 4-aqueous did not contribute to the synthesis of lycopene. Adding of
other sodiums have led to mean pH 8.0-9.0 that has been productively.
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The effect of organic compounds on the performance

of S. globisporus 1912-4 Lcp Hp7

Table 3

Salts of organic acids pH BiO;I/llaSS. L}(fii(;pl‘:;:);zgs/g Lyc:;lpe (:;;le;.mmg/l
Control 8.0 14.8+1.0 3.5+0.05 51.80+1.0
Sodium acetate 9.0 15.5+1.0 3.2+0.05 49.60+1.0
Sodium citrate 8.5 16.5+1.0 3.24+0.05 52.80+1.0
Sodium tartrate 4-aqueous 5.5 Traces Traces Traces
Sodium casein 9.0 15.0+1.0 4.24+0.05 63.00+1.0
Sodium succinate 8.5 16.8+1.0 3.2+0.05 53.76+1.0

It was detected that salt can be used to enhance the synthesis of biomass. Citrate
and succinate sodiums have increased biomass by at least 10%, acetate salt by 5%,
but have decreased the synthesis of lycopene. The productive effect on the synthesis
of lycopene has got sodium casein, it may indicate the contents of stress substances
or precursors of carotenoids. On the other hand, the salt is an expensive substrate,
and it can be kept in mind when growing biotech demand producer.

Table 4

The effect of nonorganic salts on synthesis of lycopene and growth

of S. globisporus 1912-4 Lcp Hp7

Salts Growth strain Lycopene biosynthesis
Ca(NO,), Not affected Not affected
CaCl, Not affected Not affected
MnCl, Not affected Not affected
FeCl, Delays in 7 mm Absent
ZnSO, Suppresses Absent
MgSO, Enhances Enhances
CuSO, Delays in 12 mm Absent
FeSO, Delays in 5 mm Absent
KMnO, Enhances Enhances
(NH,),MoO, Enhances Enhances
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Cultivation is economically viable with the introduction of nonorganic salts.
In order to determine the effect of metal ions on the biosynthesis of carotenoids
were tested salt: Ca(NO,),, ZnSO,, MgSO,, CaClz’ MnCl,, FeCl,, FeSO,, KMnO,,
(NH,)2MoO,, CuSO, [3, 6, 8]. Salts of Ca(NO,),, CaCl,, MnCl, did not affect the
strain performance. FeCl,, ZnSO,, CuSO,, FeSO, inhibited the growth of the strain.
MgSO,, KMnO,,(NH,),MoO, have been suitable. The last two are known as oxidants,
and they may contribute to the synthesis of lycopene as stress factors.

(NH,),M00, is used as fertilizer for plants [9]. In further studies, it was found
necessary concentration of metal salts for the cultivation Hp7: MgSO,x7H,0O —
0.1%; (NH,),M00, —0.05%; KMnO, — 0.001%. Their combined using has activated
synthesis of lycopene and 4.2 mg/g DBM, which was characteristic for obtained
producer in 2010. (NH,), MoO,, KMnO, improve redox potential, that has affect for
aeration and the ability to obtain good results at medium volume 100—150 ml, while
still working volume did not exceed 60 ml.

Permanganate as a toxic substance was decided to use only for the selection
of the producer, and in the case of performance degradation it could be used for
stimulation of the synthesis of lycopene.

Thus, available components for the performance of the strain S. globisporus
1912-4 Lcp Hp7 have been analyzed, it should continue to be useful in the case
of reducing its activity. At present, selection and obtaining of inoculum producer
and cultivation is carried out by using the medium of the following composition
(g/1): corn flour — 20.0; oat flour — 20.0; NaCl - 5.0; CaCO, - 3.0; MgSO, - 0.1%;
(NH,),M00, — 0.05% and conditions: initial pH 7, 28 °C, V, 10 ml, V__ 100 ml.
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HNPOAYKTUBHICTb MYTAHTHOI'O IITAMY
STREPTOMYCES GLOBISPORUS 1912-4 LCP HP7
3A PI3HUX YMOB KYJIbTUBYBAHHS

Pedepar

Merta. Busnauenns npuyunu 3HUNCEHHS CUHmMe3Y KapoOmMuHoioa JiKOniny 6 ymosax
2nubuHH020 supowyeanns 3 4,2 0o 2,8 me/e cyxoi biomacu y wmama Streptomyces
globisporus 1912-4Lcp Hp7 ma nio6ip KoMnoHeHmHo20 CKAady cepedosuuya i Onmu-
MATbHUX YMO8, K O cnpusau cmabinizayii yboeo npoyecy. Metomm. Cenekyito npo-
oyyenma 30MCHIOBANU 30 O3HAKOIO PAHNbLO2O cunmesy Jikoniny. Cenekyionoeamny Kyib-
Mypy eMUOUHHO SUPOWLYBANU 3d PI3HUX YMO6. Biomacy eusnavanu 6azo8um memooom,
KLIbKiCmb JIKONIHY — cnekmpogomomempuuno. Pe3yawraT. Ipuuunoro 3HudicenHs
axmuenocmi npodyyenma nikoniny S. globisporus 1912-4Lcp Hp7 6 ymogax enubun-
HO20 GUPOWYBANHS BUABULACA OUCOYIAYIsA KYIIbMYPU 3 YIMGEOPEHHAM Oe3nieMeHMHUX
sapianmie 3 uacmomoio 1 x 1073, wo cnocmepieanu nicisi po3cigy cycnensii miyeniio na
azapuzosanomy cepedosuwyi. Ak 3’acy8anocs, ix HakoNUYenHs GUKIUKAHE BHECEHHM
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8 cepedosuiye KYIbIMUEY8ants KyKypyo3siHo2o 60pOuHa, ke 8 NOCOHAHHI 3 BIGCIHUM
3ACmMoco8yIomy i N0 CbO2OOHIWHIN OeHb, MOMY WO came ye 0xcepelo gyereyto ma
eHepeii cnpusno nHakonuuenHto biomacu npooyyenma. Busnaueno ymosu Kyivmuey-
sanns npooyyenma: pH 7,0, 28°C, VIWI 0 mn, Vcepe o 00 mn ma Konyenmpayii' coneii:
MgSO,x 7H,0 - 0,1%, WH/ZA/[004 —0,05%, sixi cmabinizyroms npoyec 6iocunmesy
JIKONIHY 6 YMO8ax enubunno2o eupowsyeanns. Iloxaszano, wo nikoninoeenesy cnpuse
maxooic 6HecenHs kazeinosokucnozo nampiio i memnepamypa 37 °C ma KMnO , sixuil
3acmocogyiomy 07 cenexyii Kyiomypu. BACHOBKU. Bcmarnosneno npuyuny 3uudicenHs
biocunmesy nixoniny y wmamy S. globisporus 1912-4 Lep Hp7 ma euznauero cepe-
dosuuje, ONMUMAIbHI YMO8U i COlI, AKi cmabinizyroms npoyec 6iocunmesy J1iKOniHy y
npooyyeHma 8 yMo8ax euOUHHO20 SUPOULYEAHHS.

Knwuoei cnoea: cmpenmomiyemu, wumam npooyyenm, CUHmMe3 JiKOnity.
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IMPOAYKTUBHOCTBb MYTAHTHOI'O HITAMMA
STREPTOMYCES GLOBISPORUS 1912-4 LCP HP7 B
PA3JIMYHBIX YCJTOBUAX KYJIBTUBUPOBAHUSA

Pedepar

Heanb. Onpedenenue nputurvl CHUNCEHUS CUHME3A KAPOMUHOUOA TUKONUHA 8 YCLOBUSX
2nybunno2o svipawusanus ¢ 4,2 0o 2,8 me/2 cyxou 6uomaccol wmamma Streptomyces
globisporus 1912 4Lcp Hp7 u nodbop KOMROHEHMHO20 cOCMAasa cpedbl U ONmu-
MAnbHLIX YCNO08ULL, Komopule bbl CnOCOOCMB08aANU CIMAOUIU3AYUY FMO20 NPoYeccd.
Memoouvl. Cenexyuro npooyyeHma ocywjecmensiiy no NPU3HAKy PAHHe20 CUHmMesd
nuxonuna. CeneKyuonuposanyio Kyasmypy enyouHHo 8blpayusadni npyu pasHulx ycio-
susx. buomaccy onpedensiu 6ecogvim memooom, KOIUYECMB0 TUKONUHA — CHeKMpPO-
@omomempuuecku. Pe3yabrarbl. [Ipuyunoil cHusiceHus: RpOOYKMUGHOCIU UMAMMA
S. globisporus 1912 4Lcp Hp7 6 ycnosusax enyOounHo2o 6bipaujuéanus oKa3diach
ouccoyuayus Kyibnmypsl ¢ 00pazosanuem becnuemMeHmHule 6apuanmos ¢ 4acmomou
1 x 10, komopyto nabmodanu nocie paccesa CyCneH3uu Muyenust Ha cpeoe ¢ a2apom.
Kaxk evisicnunocw, ux Haxonieuue 8vl36aHO 8HeceHUeM 8 cpedy KVIbMUSUPOBAHUS
KVKYDY3HOU MYKU, KOMOPYIO 8 COYeMAanUll ¢ O8CAHOU NPUMEHSION U NO Ce200HAUHUL
0eHb, NOMOMY UMO UMEHHO IMOM UCMOYHUK Y21epo0d U dHepeuu cnocobcmeosai
Hakonexuro duomaccol npooyyerma. Onpeoenensl YCiosus Kyibmusupo8aHus npo-
oyyenma: pH 7,0, 28 °C, V10 mx, Veor o100 mn u xonyenmpayuu coneii: MgSO,x
7H,0—0,1%, (NH ) ,MoO,,— 0 05/0, K0m0pble cmabunuzupylom npoyecc duocunmesd
JIUKONUHA 8 YCII08UAX 21yOUnHO020 8bipawueanus. Ilokazano, umo 6uocunmesy 1uKo-
NUHA CNOCOOCMEYeNn MaKIce BHeCeHUe KA3eUHOBOKUCI020 HAMPUsL U meMnepamypa
37 °C, a maxace KMnQO,, komopuil npumensiom 01 celexyuu Kynomypol. BeIBoabI.
Yemanosnena npuuuna crusicenust buocunmesa aukonuna y wimamma S. globisporus
1912-4 Lep Hp7 u onpedenenvt cpeda, onmumaivhbie YCI08Usl U COMU, KOMOpble CMa-
ounUzUPYIOM 3Mom npoyecc y npooyyeHma 8 YCio8usx 2yOuHHO20 blPaAUfUBAHUSL.

Kniwouesvre cnosa: cmpenmomuyemal, mamm npodyueHm, CuHmes JIUKONnuHa.

ISSN 2076—0558. Mikpobionozis i 6iomexnoroein. 2014. Ne 2 e

13



REFERENCES

1. Golembiovska S.L., Lavrenchuk V.J., Matselyukh B.P. Selection of high-
performance mutants in lycopene // Achievements and problems of genetics, breeding
and biotechnology. — 2012. V. 4 — P. 334-338.

2. Golembiovska S.L., Tymoshenko S.G., Matselyukh B.P. Influence of carbon
and nitrogen sources on biosynthesis of lycopene in Streptomyces globisporus 4LCP
// Microbiol. Journal —2010. — V. 72, Ne 6. — P. 46-51.

3. Kiritsa Elena. The directed synthesis of carotinoids by yeasts and the perspec-
tives of its use: Dissertation of Dr. in biology. Chisinau — 2005, p.129.

4. Practical medium for aktynomyces and fungi. Directory. / ed. By
S.M.Semenova. — M: Mup, 1978. — 140 p.

5. Matselyukh B.P, Lutchenko V.A., Polishchuk L.V Synthesis of carotenoids
by mutant strains of Streptomyces globisporus 1912 // Microbiol. Journal —2003. —
V65, N 6. — P. 24-30.

6. Feofilova E.P. Fungal carotenoids: biological functions and practical use //
Prikl Biokhim. Mikrobiol. — 1994 — V 30(2) — P. 181-196.

7. Britton G. General carotenoid methods // Meth. Enzymol. — V. 111. Steroids
and Isoprenoids. Part B. / Ed. J.H. Law, H.C. Rilling. — Orlando, San Diego etc.:
Academ. Press. — 1985. — P. 113-149.

8. Choudhari S.M., Ananthanarayan L., Singhal R.S. Use of metabolic stimulators
and inhibitors for enhanced production of beta-carotene and lycopene by Blakeslea
trispora // Bioresour. Technol. — 2008. — 99, Ne 8. — P. 3166-3173.

9. http://selo-delo.ru/8-zemelnie-resursi?start=47

10. Stahl W.N. Lycopene: a biological important carotenoid for human. // Arch.
Biochem. Biophys. — 1996. — V. 336. — P. 1-9.

Crarrs Hagidnuia qo penakimii 22.04.2014 p.

14 — ISSN 2076—0558. Mikpobionozis i 6iomexnoroeisn. 2014. Ne 2 _—



