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The aim of the research was to develop an optimal liquid medium composition for bacteria strain
B. thuringiensis 87/g which is the most favorable for the identification the potential production of bio-
logically active components. In this work we have used new entomopathogenic bacteria strain B. thurin-
giensis var. thuringiensis (Bt H1) Ne 87/ g selected in vitro, isolated from the larvae of leaf-eating insects
natural populations of Leptinotarsa decemlineata Say (L,). Nutrient medium for cultivation of Bt 87/3
was optimized on base a full-fledged experiment, according to the Box-Behnken (3%) plan. Optimumal
concentrations were investigated in the medium of carbon source (15 g/1 of glucose), nitrogen (10 g/I of
corn extract) and phosphorus-containing inorganic salts (1,5 g/1 of diammonium phosphate). When this
strain grown in periodic conditions at 30 °C, the number of viable cells reached 4,4‘109 cells/ml. Nutrient
medium that was optimized can be recommended for cultivation of Bacillus thuringiensis 87/g in produc-

tion conditions.
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Biological pesticides is one of the most
promising alternatives over conventional
chemical pesticides, which offers less or no
harm to the environments and biota. A large
range of microorganisms such as bacteria,
viruses, fungi, and protozoans have since
been identified as potential candidates for use
in biocontrol strategies against insect pests.
The dominant position among the complex of
entomopathogenic microorganisms known
in the world and used in the protection of
plants occupy entomopathogens belonging to
the species Bacillus thuringiensis (Bt)[1,2].
There are more than 80 serovariants of Bt,
selectively specific to the definite groups of
hostinsectsbelonging tothe order Lepidoptera,
Diptera, Coleoptera, Hymenoptera, Ortho-
ptera, Hemiptera, Isoptera, Mallophaga,
Thisanoptera, Nematoda, Acari [3].

Serological Bt variants produce different
entomotoxins, their synthesis in many
respects depends on the conditions of
cultivation. Toxigenicity of microorganisms
can be changed by biotechnological procedures
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(changing the conditions of cultivation) and
thus affect metabolism in general [4]. The most
important stage in the production of bacterial
preparations is obtaining the maximum
production of delta endotoxin in a minimum
time of cultivation with a maximum economic
effect.

The aim of the research was to develop
an optimal liquid medium composition for
bacteria strain B.thuringiensis 87/ 3, which
are the most favorable for the identifiying
the potential production of biologically active
components.

Materials and Methods

Research was conducted on the base
of the National University of Life and
Environmental Sciences of Ukraine,
department of biotechnology and biodiversity;
Institute of Food Biotechnology and Genomics
of the National Academy of Sciences of
Ukraine, department of industrial and food
biotechnology. The subject of researches
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was entomopathogenic bacteria strain B.
thuringiensis var. thuringiensis (Bt HI1)
MNe87/g selected in vitro, isolated from
the larvae of leaf-eating insects natural
populations of Leptinotarsa decemlineata
Say (L,). The qualitative and quantitative
composition of medium components was
determined on the basis of a priori information
analysis.

The task of full-fledged experiment,
according to the Box-Behnken (3%) plan is
based on obtaining a mathematical model of
the Bacillus thuringiensis 87/g development
process and its subsequent use in nutrient
medium optimizing.

The planning of an experiment allows not
only to vary all the operating factors during
the process, but also to obtain a quantitive
assessment of the main factors and the effects
of interaction between them [5]. Optimization
is possible using methods of steep climbing,
as well as research of the desirability function
of the resulting factor. The influence of
different medium composition on the growth
of microorganisms was investigated during
active experiment process. The average level
for Bacillus thuringiensis 87/3 cultivating was
corn extract 10 g/1, diammonium phosphate
1.5 g /1, glucose 15 g/1 (Table 1).

Cultivation @ was  carried out in
Erlenmeyer’s flasks on biotechnology shaker
with termoplatform (220 rev./min, the
temperature 30 degrees °C during 72 hours).
Medium, of volume 50 ml, the amount of
inoculum — at least 4.0% by volume of the
medium (the titer of colony forming units,
CFU, 4.2-4.4 billion/ml of the culture liquid,
which was determined by inoculation on agar
and counting in Goryaev chamber).

For the experiment conduction it was
decided to investigate three factors and
their three levels. In this case, the number of
experiments that must be carried out can be
calculated by the formula (1):

N, =(Ng)?, (1)

where N, — the number of experiments, p —
the number of levels factors.

Since formula (1) shows that 27 experi-
ments are needed to solve optimization
problems. The plan for a full-fledged
experiment with the specified levels and
factors, as well as the function of the
experiment response, has been formed. In
order to reduce the impact on the results of
the response, the experiments were carried
out in random sequence. The processing of
the experiment results began with regression
analysis: the model was built and unknown
coefficients were determined:

Y = (by+b;X1+by(X1)2+byX2+
+b,(X2)2+ b5 X3 +bg(X3)2)10° (2)

It was determined that the effects of the
interaction factors are practically absent, and
therefore they were not included in the general
view of the model (2). The determination of
unknown constant coefficients was performed
using the least squares method. The obtained
model coefficients were calculated using the
following formulas:

N N
by=D Y;/N; b, => Y,X,/N;
i=1 U=l
< 2
b = Y(X;)*/N.

i
i=1

Description of factors and response using
a mathematical model (2) is characterized by
a determination coefficient, which must be
not less than 0.95, for qualitative description
of the research object, this coefficient is
calculated by the formula,

> N ) N _
R =1-2=1-Q (-1’1 X (4 -1)"). @)
r i=1 i=1
where o,,% oy® — dispersion of residues
regression, response; Y, ¥, ¥; — actual, avera-
ge, estimated value of response.

Table 1. Formation of factors and their levels for the experiment

Levels
Factors _
Lower Main Upper Vagizgon
X1 — corn extract, g/1 5 10 15 5
X2 — diammonium phosphate, g/1 0,5 1,5 2,5 1
X8 — glucose, g/1 5 15 25 10
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The standard error which characterizing
the standard deviation of the studied
regression coefficients from the mean value is
calculated by the formula:

=~

Il
_

G-

S, = |+ — @
2 (X, =Xy
i=1
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where n — sample size.

The statistical significance of the
regression coefficient is estimated according
to Student’s criterion. In this case, compare
the calculated with the table value for a given
confidence level significance of 0.05 and
freedom degrees calculated:

bj,
|t°"f| - Sb

J

2 14/2,  table, (5)

where b;; — estimated regression coefficients,
o — confidence probability 0.95, f — freedom
degree. With a significant regression
coefficient, the student’s calculated criterion
is over than tabular.

The calculation of the marginal deviation
error was established from the following

calculations:

Ajr = ta,f.table.Sbjr (6)

Determination of the confidence interval
for each regression coefficient was conducted
according to the inequality:

The correspondence of the mathematical
model to the experimental data was determined
by Fisher’s criterion (F). In this case, the
calculation criterion should be over than the
tabular one:

2 2
=67X R .Q>

o 1-R* £,

Fa,/.table,

N
where c%\,:[Z(Xif)TYJ/fl — variance factor;
i=1
f1 =k, — freedom degree; k, — the coefficients
number of +the regression model;
c?z[%(lff—f)z}zv—ﬁ_l — response variance, N —
i=1
number of experiments, R! — determination
factor.
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To solve the optimization problem, the
method of analyzing the desirability function
of Harrington was used [6].

The analysis of this experiment plan
was carried out wusing portable soft-
ware (Statistica 10.0.1011.0, CD-key
42347678921334567692).

Results and Discussion

Bacillus thuringiensis grows slowly
and spores weakly on media with a known
composition containing glucose and salts.
Growth can be enhanced by the addition of
amino acids or casein hydrolyzate, but if not
balanced the nitrogen medium content with an
appropriate source of carbon and energy, such
as glucose, sporulation will remain low.

Optimization of cultivation conditions can
be based on a combination of experimental and
mathematical modeling with a computational
experiment, which contains an important
stage — the definition of a mathematical
model that characterizes the connection of
the optimization parameter with the main
factors. Using such a simplified model
allows conclusions accelerating about the
significance of various medium components,
its qualitative and quantitative composition
[7]. The mathematical method of experiment
planning allows us to reasonably approach the
nutrient medium constructing, making its
more economical and technological.

The nutrient medium for cultivation was
optimized by the composition of sources of
carbon and nitrogen feed, as well as on the
content of micro elements. We used the cabbage
broth as the basis for preparing the nutrient
medium. Cabbage is a vegetable raw material
with a unique composition: sugar, pectin, starch,
fiber, proteins, pantothenic acid, tartronic acid,
carotene, vitamins (C, P, B, PP, K, D and U),
micro- and macroelements (K, Na, Ca, Mg, Fe,
P, S, Cl, also Co, F,I, Mo, Cu, Zn, Si). To increase
the yield of heat-resistant spores and the amount
of endotoxin, the nutrient medium was enriched
with corn extract, amino acids and mineral salts
(Mg, Mn, diammonium phosphate).

Using mathematical method of experiment
planning, the nutrient medium was optimized
for the cultivation of a new technological strain
B. thuringiensis 87/g in the conditions of
biolabs low tonnage production. The nutrient
medium optimization was carried out in the
alternation of the maximum and minimum
values contents of the media components
[8—10]. Regression analysis of experimental
results is reflected in Table 2.
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Table 2. Regression analysis of experimental results

R?=0.98081 — regression model determination coefficient of the experimental data

Socfticients | ogrossion | Standard | Student's | Levelofsigni- |, TSt | Trust
(factors) coefficients error coefficient ficance p. 95% 95%
b0 1.006898 0.096511 10.4330 0.000015 0.805579 1.208217
X1 0.092667 0.017812 5.2025 0.000043 0.055511 0.129822
(X1)2 -0.002444 0.000881 -2.7731 0.011733 —-0.004283 —-0.000606
X2 1.667778 0.067323 24.7727 0.000028 1.527344 1.808212
(X2)2 -0.494444 0.022037 —22.4373 0.000011 —-0.540412 —0.448477
X3 0.161000 0.006732 23.9145 0.000034 0.146957 0.175043
(X3)? —-0.005494 0.000220 —24.9331 0.000016 —-0.005954 —-0.005035

Analyzing the table 2 data it is possible
to conclude that all the included factors are
statistically significant, as evidenced by their
level of significance, a model describing the
development of bacteria Bacillus thuringiensis
87/ 3 using the studied components. Substitute
the table data in the general form of the
regression equation:

To assess the adequacy of this model, a
dispersion analysis of experimental data and a
Fisher’s criterion evaluation were performed.
The dispersion analysis implementation is
reflected in Table 3.

Table 3 shows that the mathematical
model included factors (1) adequately describe
the investigated process of optimizing the
composition of nutrient medium, since the
significance level p for each factor is below the
permissible level.

The response surfaces to the bacterial
colonies development by titration of the
investigated process with the reflection
of the values factors and the scale of
desirability are presented in Fig. 1. Levels
of function response to the desirability scale
are shown in Fig. 2. Visually analyzing the
graphics data, it is possible to clearly state
that the optimal composition of the nutrient
medium is present in the studied ranges of

values factors X1, X2, X3. Implementation
of the nutrient medium optimization,
according to the developed model, is possible
with the help of the desirability function
[8]. To determine the nutrient medium
optimal composition maximum interval of
the investigated response is formed. This
takes into account the response surface
(Fig. 1) and its maximum levels, set
the zero level to 4.11:10° cells/ml, and
a maximum of 4.41:10° cells/ml. Under
these conditions it is possible to find the
required maximal response values to the
desirability function. Implementation of
the determination procedure optimization is
presented in Fig. 3.

Fig. 3 shows that the optimal components
variant is at the intersection of the maximum
value of the desirability function in the
specified interval of each factor. In this
case, rational limits and corresponding
optimal values factors that make up the
B. thuringiensis nutrient medium are
determined. For corn extract, this is the
interval [8.75 ... 11.25 g/1], and the optimum
is 10 g/I; for diamonium phosphate is the
interval [1.4 ... 2.0 g/1], and an optimum is
1.5 g/l; for glucose it is the interval
[12.5...17.5], and the optimum — 15 g /1.

Table 3. Dispersion analysis of experimental results

Factors Median deviation %egggg,;f Dispersion Fisher criterion Trust irl)lterval
X1 0.884830 2 0.442415 218.0776 0.000010
X2 2.079207 2 1.039604 512.4473 0.000035
X3 1.837785 2 0.918893 452.9457 0.000019
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Fig. 1. Schedule of surfaces response on the desirability scale of the investigated process:
a— Yq(X1, X2); b — Yq(X1, X38); ¢ — Yy(X2, X3)
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X1 - corn extract, gll X2 - diammonium X3 - glucose, gll Desirability
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Fig. 3. Graphic representation of the nutrient medium optimal composition finding procedure

Using the method of mathematical
experiment planning the nutrient medium
was optimized for the cultivation of a
new technological strain B. thuringiensis
87/g. The results of the studies indicate
that optimized medium is intended in
laboratory conditions and provides the
ability to obtain a high yield of viable cells
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MATEMATUYHE MOJIEJIFOBAHHA
OITUMI3AII CKJIALY JKUBUJIBHOIO
CEPEJOBUIIIA OJA KYJbTUBYBAHHSA

IITAMY EHTOMOITATOI'EHHHUX
BAKTEPIH Bacillus thuringiensis 87/3
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MeToo pgocaim:keHHs OyJIO po3podouTH
MaTeMaTHYHe MOJEeJIOBAHHS ONTUMAJLHOTO
CKJIaZy PiAKOro KUBUJIBHOTO CepeIOBUIINA
nnas 6axTepiambHOTO MMITamMy B. thuringiensis
87/g, MO € ONTHMAaJIbHUM JJA OTPUMAHHA
OiosoriuHo aKTMBHUX KOMIOHEHTiB. ¥ pobori
BUKOPHCTOBYBAJIM HOBi eHTOMONIIATOTeHHI 6aKTepil
mramy B. thuringiensis var. thuringiensis (Bt
H1) Ne 87/3, ceJieKI[ioHOBaHi in vitro, 10 ix
BUAiJEHO 3 JUUYMHOK TPUPOTHUX IOMYJIAILil
JaucTorpusHux Komax Leptinotarsa decemlineata
Say (L4). 3a momomorom mnoBHO(GAKTOPHOTO
eKCIIepUMEeHTy 3a IJIaHoM Bokca-BeHkKiHa (33)
ONTHMi30BAaHO JKUBUJbHE CEPEAOBUINE IJId
KyJbTUBYBaHHA mrtamy Bacillus thuringiensis
87/5. BusHaueHo onTuMaJbHi KOHIIEHTpaIii B
cepenoBUII MKepesa Byrielo (15 r/a ramokosn),
asory (10 v/ KYKypyI3AHOTO €KCTPAKTy) Ta
dochopoBmicHuXx Heopraumiunux coieut (1,5 r/xa
niamonio docdary). Ilix yac KyJabTUBYBaHHA
IBOTO IITaMy B IepiogmuHux ymoBax 3a 30 °C
KiIbKiCcTh KHUTTE3ZATHUX KJIITHH gocdarajaa
4,4-10° KYO/mn. OnTumisoBaHe cepegoBHIIE
MOKHa PEKOMEHIyBaTH IJs KYyJbTUBYBAaHHS
mramy Bacillus thuringiensis 87/g y mpo-
MUCJIOBUX YMOBaX.

Knwuosei crosa: ontumisaiisa, KyJIbTUBYBaHHSA,
B. thuringiensis var. thuringiensis, >XUBUJIbHE
cepemoBUIIIE.
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MATEMATHYECKOE
MOJEJIUPOBAHHUE OIITUMU3ATINN
COCTABA ITMTATEJBHOU CPEABI JJI

RYJIbTUBUPOBAHUA IITAMMA |
IHTOMOIIATOTEHHBIX BARTEPUU
Bacillus thuringiensis 87/3

M. B. Boiixo!
H.B.ITamvixa®
C. M. IITynvza®
E.A. Tuzynosa®
A. C. Andpusw®

'HarnuonansHbIi yHEBEpCHTET GHOPECYPCOB
U IPUPOJOUCIIONb30BaHusa ¥ KpanHubl, Kues
2T'0 «MHCTUTYT NAIEBOH GHOTEXHOJIOT M
u remomuku HAH Ykpawnubi», Kues

E-mail: maryaulina@gmail.com

ITennpio mcciaemoBaHUs ObLIO paspaboTaThb
MaTeMaTuYecKoe MOIeJINPOBaHUE ONMTUMAJIbHOTO
cocTaBa JKUJAKOW IHUTATEJIBbHOW Cpenbl oA
GaxTepmanbHOro mMTamMMa B. thuringiensis 87/g,
ONTUMAJbHBIA IJA HOJYUYEHUS OMOJOTUUECKU
aKTUBHBIX KOMIIOHEHTOB. B paGoTe ncIob30BaIn
HOBBI€ HYHTOMONMATOTEeHHBIe OaKTepuwu
miramMmMma B. thuringiensis var. thuringiensis
(Bt H1) Ne87/g, celeKIUOHMPOBAHHEBIE in
vitro, BBIJEJEHHBIE M3 JUYNUHOK MPUPOMSHBIX
NONMYyJASAINMUN JUCTOTPHIBYIIUX HACEKOMBIX
Leptinotarsa decemlineata Say (Ly). C
TMOMOIILIO TTOJTHOPAKTOPHOTO 9KCIePUMEHTA II0
niaany Bokca-Benkuna (33) ONITUMU3UPOBAHA
muTaTeabHasd cpefa OJad KYJIbTUBUPOBAHUA
mramma Bacillus thuringiensis 87/5. Onpenenensr
OITUMAJIbHbBIE KOHIIEHTPAIIUY B CPeJle UCTOUHUKOB
yraeponga (15r/n rarokossr), asdora (10 r/x
KYKYPY3HOTO 9KCTpaKTa) u (hochopcomepsKaiinx
HeopraHudueckux coJseir (1,5 r/n1 gmamMmMoHuUsA
docoara). Ilpu KyIbTUBUPOBAHUU MTAaHHOTO
IITaMMa B IepUOguYecKUX ycaoBuax npu 30 °C
KOJIMYECTBO JKU3HECIOCOOHBIX KJIETOK JAOCTUrajIa
4,4-10° KOE/Mma. OuTuMusupoBaHHYIO CPeny
MOYKHO PEKOMEHIOBATh AJA KYJIbTUBUPOBAHUI
mramma Bacillus thuringiensis 87/g3 B
TIPOMBITILJIEHHBIX YCIOBUIX.

Knwuesvle cnrosa: onTuMmu3anusa, KyJIbTUBUPO-
Banue, B. thuringiensis var. thuringiensis, mura-
TeJbHAasI cpeja.





