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ESTIMATION OF PRODUCTIVITY BACILLUS
THURINGIENSIS ON DIFFERENT MEDIA

Aim: Studying the nutrient medium influence on productivity and insecticidal activity
of entomopathogenic bacteria Bacillus thuringiensis (Bt). Materials and methods.
The reference exotoxin strain B. thuringiensis var. thuringiensis (Bt H1) 800 and
selective strain (Bt H1) 87 were used. The common nutrient medium, such as.: meat
infusion agar, Luria Bertrani (LB), and optimized laboratory—industrial medium:
yeast-polysaccharidic composition, technological medium of molasses (4.0%) was
used for cultivation. During the development optimal cultivation conditions there
were determined the following parameters: producing capacity pure culture through
boundary dilutions, the rate of formation entomocidal metabolites by percentage of
biotest deaths — larvae of Leptinotarsa decemlineata Say. Results. It was shown the
different technological effect and expression of entomopathogenic activity in different
media — from 1.6 to 3.3 billion spores /ml, and from 85.0 to 96.8%, in accordance.
Additionally, a high crystal endotoxin productivity was observed in the yeast polysac-
charidic medium in comparison with common media. Expressive maximum death of
larvae (L, ,) is detected on the 10-th day of the experiment on infection load of 1: 1.
Conclusions. The most conduced interrelation was protein-vitamin complex to corn-
meal 2: 1 (3.0 and 1.5% in accordance). This ensures the highest titer of entomocidal
components in Bt cultures — 2.8 and 3.3 billion spores/ml.

Key words: Bacillus thuringiensis, nutrient medium, entomopathogenic, properties,
cultivation conditions, spores titer.

Bacillus thuringiensis (Bt) — gram positive spore-forming bacterium is the most
spreading biopesticide in the biological control market, accounting for 90% of all
biopesticides sold all over the world. It is known that this bacterium characteristic
feature is its ability to produce crystalline inclusions proteins called endotoxin during
sporulation and/ or stationary phase. The Bt preparations are based on endotoxin
proteins along with the spores and have a great potential to control a great number
of pest insects belonging to the order Lepidoptera, Diptera and Coleoptera.

Optimization of biotechnological production of entomopathogenic preparations
based on bacteria Bacillus thuringiensis (Bt) is connected with the solution of some
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problems of microbiological synthesis in combination with selective reseach of pure
growth and conditions of cultivation. [6] A unique feature of bacteria consists in its
ability to multiply quickly where there is a number of resources needed for energy,
constructive substrate and electron donor. This physiological properties of bacteria
and fractional composition of cells are closely related to the growth rate, which de-
pends on external conditions, including the composition of the nutrient medium [1].

Industrial cultivation of Bt strains-producers aimed at maximizing output of
entomocidal components (exotoxins, endotoxins, related biologically active metabo-
lites) that determines the insecticidal activity of biological products to wide range
susceptible insects-"pests” [1, 8]. It is known that the process of crystal and spores
formation of entomopathogenic culture B¢ depends on the sources of nitrogen, carbon
and their correspondence, existence in the environment necessary concentration of
mineral compounds, sugars [2, 7]. Using high levels of substrate components without
corresponding adjustments concentrations on sources of nitrogen can cause changes
of pH parameters (from 6.0 to 8.0), which practically leads to slower processes of
toxin-, sporogenesis. The main parameters that are monitored during the biotech-
nological production are also related to the ranges of temperature (30°C £ 2 °C),
aeration modes etc. As technological substrates today currently actively use various
agricultural and industrial by-products, such as maize glucose, peptone, water after
pressing fruits,soybean flour, cereals, grains, beans,oilseeds, peanuts, fish and meat
meals, etc [5].

The aim of this work was studying the nutrient medium influence on productivity
and insecticidal activity of entomopathogenic bacteria Bacillus thuringiensis (Bt).

Materials and methods

The reference exotoxin strain B. thuringiensis var. thuringiensis (Bt H1) 800,
which is a producer bio-agent of preparation Bitoksibatsillin and stored in the col-
lections of cultures of non-pathogenic microorganisms agricultural purposes: Insti-
tute of Agricultural Microbiology and Agricultural Production, NAAS of Ukraine
(Chernigiv), the Federal State Budget Institution All-Russian Research Institute of
Agricultural Microbiology (St. Petersburg, Pushkin). Selective protection type strain
B. thuringiensis var. thuringiensis (Bt HI) 87, isolated from larvae of Colorado potato
beetle IV generation in Chernigiv region (collection of useful soil microorganisms)
is used in the paper.

Obtaining of pure cultures, preparation serial dilutions of bacterial suspensions,
cultivation on liquid and agar nutrient media were conducted by the classical scientific
and methodological works in microbiology [1, 9].

The common nutritional medium, such as: meat infusion agar, Luria Bertrani
(LB), and optimized laboratory and industrial medium yeast-polysaccharidic com-
position (3.0% of protein-vitamin complex + 1.5% cornmeal), technological medium
of molasses (4.0%) [ 1], creating the appropriate selective conditions for the develop-
ment of specifically adapted bacteria Bz were used for cultivation.
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Cultivation was carried out in Erlenmeyer’s flasks on biotechnology shaker with
termoplatform (200 rpm, the temperature 30 °C for 48—72 hours). Medium, of vol-
ume 50, 100 ml, the amount of inoculum — at least 4.0% by volume of the medium
(the titer of colony forming units, CFU, 2.5-3.0 x10° spores/ml of the culture liquid,
which was determined by inoculation on agar and counted in Goryaev chamber).
The study of the morphology of bacterial cells was performed by microscopy of
fixed preparations stained by carbolic fuchsin , and differentiated color technique V.
Smirnoff [9]. Microsamples were performed using immersion in light microscope
Axio Scope of photographic images (x 100), microscope without immersion on
Polivar microscope (x 40).

During the development of optimal process the conditions of cultivation Bt strains
determined the following parameters: producing capacity of pure culture through
boundary dilutions, the rate of formation entomocidal metabolites (spore-crystal
complex) the percentage of biotest deaths — larvae of Leptinotarsa decemlineata
Say. L, , when infected culture liquid at dilution of 1:1; 1:10; without dilution. The
biological activity of liquid formulations Bt strains evaluated in model experiments
on intact and contact populations of Leptinotarsa decemlineata Say. L, , three rep-
lications (25 larvae in each).The number of dead beetles account for 5, 7, 10 day
experiment according to Abbot formula:

A:MO_M“ %100
100— M, ’

where 4 — entomocidal activity, (%); M, — the percentage of dead larvae in experi-
ment; M — the percentage of dead larvae in the control. Death in control will not
exceed 15.0%.

Processing of the results was carried out using the descriptive methods (varia-
tional) statistics and the analysis of variance on PC using software MS Excel 10.0
and STATISTICA.

Results and discussion

It is known that periodic culture is initiated when seeding in fresh sterile cul-
ture medium and runs four main phases: lag-phase (positive growth acceleration),
exponential, stationary and bacterial die-away. On the exponential phase the culture
medium is constantly changing. At the same time due to the inability to provide equal
conditions for the total population relevant part of the cells pass into a state of stress
(with the possibility of dying out). Thus, balanced growth is seen as a conditional
concept. The main influence on the properties of the cells in the growth process and
therefore the properties of exponentially growing population provides a composition
of specially selected medium [3, 4].

During the cultivation of Bt bacteria there are significant changes for the
cultural-morphological, physiological, biochemical, technological characteristics.
Thus, a series of experiments, we found that the vegetative stage of growth strains
of B. thuringiensis var. thuringiensis (Bt H1) 800 and §7/3 characterized by uniform
cells that are connected in pairs or chains. Going to sporogonic is usually charac-
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terized by increased growth and development, and the presence of small, isolated
cells. Choosing the right nutrient medium ingredients is essential to the success
of biotechnological production for quality seed (inoculum) with the efficiency of
toxigenic activity of the end products of metabolism. There were investigated nutri-
ent medium balance for the main sources of carbon and nitrogen on development
cultures of strains B. thuringiensis var. thuringiensis (Bt H1) 800 and 87. Research
results have shown a positive effect of trophic resources selected for the cultivation
of Bt, at efficiency and entomotoxic components activity, in particular spore-crystal
complex (table).

Table

Influence of trophic resources on productivity of entomopathogenic strains
B. thuringiensis var. thuringiensis (model research)

Productivity,1x10° Death Leptinotarsa decemlineata
spores/ml Say. L, of spore-crystal complex
Nutrient media/strain-producer (interrelation 1: 1) % on 10 day
SJ::Z;;;] ;rg:;;) strain Ne 87 strain Ne 800
Laboratory.— industrial (Yeast 3.0 * 2.4 * 96.8 + 0.6 95,6412
polysaccharide resource)
Industrial (with molasses) 2,7 % 2,6 * 92,0+0,8 94,3 +0,5
Common I (meat infusion agar) 1,6 * 1,8 * 85,0+1,1 88,3+1,2
Common II (LB) 2,2 * 1,9 * 87,7+ 1,8 89,0+ 1,3

Note: * The results of three experiments presented where titre of viable spores is given maximum
limits of variation in productivity Bt culture.

Thus, the study of the effect of four growth media (yeast-polysaccharidic, molas-
ses, meat infusion agar, LB) on the productivity of Bt strains first serotype has shown
different technological effect and expression of entomopathogenic activity — from
1.6 to 3.3 billion spores/ml, and from 85.0 to 96.8%, in accordance. Additionally,
in the yeast polysaccharidic medium-synchronic sporogenesis observed which was
conducted by a high crystal endotoxin yield in comparison with common media.

Most conduced interrelation was protein-vitamin complex to cornmeal 2: 1
(3.0% and 1.5% in accordance). This ensures the highest titer of entomocidal com-
ponents in Bt cultures — 2.8 and 3.3 billion spores/ml. Expressive maximum death
larvae Leptinotarsa decemlineata Say younger generation (L, ) on the 10-th day of
the experiment is detected on infection load of 1: 1. Thus, on the 10-th day of the
experiment there were about 96.0-97.0% death larvae. When infected of bacterial
suspensions Bt with lower spores titer (1.5—1.7 billion spores/ml) on meat infusion
agar and LB media options entomocidal variables that does not exceed 89.0% are
obtained.

Creating a variety of microorganism culture conditions is possible to find out
which ones are the most favorable for the identifying the potential production of
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biologically active components. Research of accumulation B¢ culture biomass in
different medium (maximum titer of viable spores and crystals to 3.0 billion spores/
ml) and liquid preparations functional capacity (biotesting on insecticidal, death
Leptinotarsa decemlineata Say. L, , more than 80.0% ) provides an opportunity to
deepen the scientific theoretical knowledge and practical approaches in the field of
biotechnology and analysis of cultures in gradient media, which compositionally is
close to natural.
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OIIHKA MPOAYKTUBHOCTI BACILLUS THURINGIENSIS
HA PI3HUX ITO’)KUBHUX CEPEJTOBHULIAX

Pedepar

Mema pobomu: Buguenns eniugy H#usuibHo2o cepedosuiia Ha npoOYKMUSHICme ma
IHCEKMUYUOHY aKMusHIiCMb eHmomonamozennux bakmepii Bacillus thuringiensis (Bt).
Mamepianu ma memoou. B pobomi suxopucmani peghepeHmnuil ek30moKCUHO2eHHUL
wmam B. thuringiensis var. thuringiensis (Bt HI) 800 ma cenexyitinuu wmamm (Bt
H1) 87. [{na kynemugyeanus UKOpucmo8ysanu YHieepCcaibHi NOXCUSHI cepedosuiyd.:
M sico-nenmonnuu 6ynvon (MIIB), Jlypia bepmpani (LB),a makodc onmumizosani
NAOOPAMOPHO-NPOMUCIOBE CepedosUa OPINCONCO-NONIYYKPUOHo20 ckaady (3,0%
binkoso-gimaminnull komniexc +1,5% Kykypyoszsne 6OpowHo), mexHor02iuHi ce-
peoosuwia 3 mensicoro (4,0%). B npoyeci po3pobKku onmumaibHux mexHoLo2iuHUX
napamempis Kyibmugy8anus wmamie Bt eusnauanu maxi nOKasHUKU: NPOOYKMUBHICTNb
AKCEHIYHOT KYIbMYpPU WIISIXOM SPAHUYHUX PO36EOCHb, IHMEHCUBHICTIb YINBOPEHHSL eH-
MOMOYUOHUX Memaborimis 6 Oiomecmi 3a idcomkom 3azubeni tuyunok Leptinotarsa
decemlineata Say. Pezynemamu. [loxkazano piznuti mexHono2iuHuil eghekm ma nposie
EHMOMOYUOHOI AKMUBHOCMI HA PI3HUX cepedosuujax — 6i0 1,6 0o 3,3 mapo cnop/
mn ma 6i0 85,0 0o 96,8%, 6ionosiono. Kpim yboeo, Ha OpidcOHCO-NORIYYKPUOHOMY
cepedosuwyi cnocmepieanu 6ibUL BUCOKULL BUXIO KPUCTNATIIMHO20 eHOOMOKCUHY, HIdC
Ha 36UYANTHUX YHIBEPCATbHUX cepedosuwax. Bupasnui maxcumym 3aeubeni mudunox
(L, ) 3aghixcosano na decamy 006y oocridy npu ingexyiinomy nasanmaxcenni 1:1.
Bucnoexu. Hatibinou cnpusimiueum sUssuiocst Chi6BIOHOULEHHS OLIKOBO-8IMAMIHHO20
Komniekcy 00 KyKypyozanozo oopowna 2:1 (3,0% i 1,5% eionogiono). Ilpu yvomy
00C52a€MbCsL HAUOLILWUUTL MUMP eHMOMOYUOHUX KOMNOHEHMIS 8 Kyibmypax Bt — 2,8
i 3,3 mapo cnop/ma.

Knwwoesi cnoea: Bacillus thuringiensis, scusuivbhi cepedosuiyd, eHmomMonamo2eHHi
61ACMUBOCI, YMOBU KYIbMUGYEAHHA, MUMP CHOP.
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OLEHKA ITPOAYKTUBHOCTU BACILLUS
THURINGIENSIS HA PASHBIX IIMTATEJIBHBIX CPEJJAX

Pedepar

Lens pabomut: H3yuenue enusanus numamensHo cpeobl Ha RPOOYKIMUGHOCb U UHCEK-
MUYUOHYIO AKMUBHOCMb IHMOMONnamozeHHvlx bakmeputi Bacillus thuringiensis (Bt).
Mamepuanst u memoowl. B pabome ucnonb3o8ansl pegpepeHmubuiii SK30MOKCUHOLEH-
Houl wmamm B. thuringiensis var. thuringiensis (Bt H1) 800 u cenexyuonHulil wimamm
(Bt H1) 87. /[na xynbmugupoganus ucnoib308diu YHUSEPCAlbHble NUMAmenbHble
cpeovl: msaco-nenmonnvlil azap (MIIA), Jlypua bepmpanu (LB), a makace onmumusu-
posannbvle 1a00PaAmopPHO-NPOMbIULIEHHbLE CPEObL OPOAHCHCE-NOTUCAXAPUOHO20 COCMABA
(3,0% 6enxoso-gumamunnwlil Komniexc +1,5% Kykypysnas myka), mexHonocuieckas
cpeoa ¢ menscoil (4,0%). B npoyecce paspabomxu onmumanbHulX mexHoI02UYeCKUX
napamempos Kyibmuguposanusi Onpeoeisiy maxkue noKasamenu: npooyKmueHoCcms
AKCEHUYHOU KYTIbMypbl NYMEM 2PAHUYHBIX PA36€0eHU, UHMEHCUGHOCMb 00PA306aAHUs
SHMOMOYUOHBIX MemaboIumos 6 buomecme no npoyeHmy ubenu 1uyuHoxk Leptino-
tarsa decemlineata Say. Pezynomamsut. [loxkazan pasuoiil mexHono2uyeckuii 3¢pghexm u
SHMOMONAMOEHHAS, AKMUBHOCIb HA PA3TUUHLIX cpedax om 1,6 00 3,3 mapo. cnop/mi
uom 85,0 00 96,8% coomeemcmeenno. Kpome moeo, vicokas npouzso0umensHocms
KPUCManios 3HO0MOKCUHA HAOTIO0ANACH 8 OPOAHCHCEBOU NOTUCAXAPUOHOU cpede, NO
CPAGHEHUIO C YHUBEPCANbHLIMU NUMAMENbHIMU cpedamu. Buipadicennviii makcumym
eubenu nuuunox (L, ) obnapyaicen na 10-1i Oernv dKkcnepumenma npu uHpeKyuonnou
nazpyske 1: 1. Bbi6oowl. Haubonee b1a2onpusimmbim 0Ka3aiocs COOmHouteHue 6enkoeo-
BUMAMUHHO20 KoMmnaeKca u KyKypy3not myku 2:1 (3,0% u 1,5% coomeemcmeentio).
Ipu smom docmueaemcst HAUOOALWIUTI MUMP FIHMOMOYUOHBIX KOMNOHEHMO8 8 K)Jlb-
mypax Bt — 2,8 u 3,3 mapo cnop/ma.

Knwueswvie crnosa: Bacillus thuringiensis, numamenvtbie cpedvl, SHMOMONAMO-
2EHHbLE CEOUCMEA, YCI06USL KYIbMUBUPOSAHUSL, MUMP CHOP.
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