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EDITORIAL

The most significant achievements in the field of natural sciences are reached in joint collaboration, where
important roles are taken by biology and chemistry. Therefore publication of a Journal, displaying results of
current studies in the field of biology and chemistry, facilitates highlighting of theoretical and practical issues
and distribution of scientific discoveries.

One of the basic goals of the Journal is to promote the extensive exchange of information between the
scientists from all over the world. We welcome publishing original papers and materials of Biological and
Chemical Conferences, held in different countries (after the process of their subsequent selection).

Creation of special International Journal of Biology and Chemistry is of great importance, because a great
amount of scientists might publish their articles and it will help to widen the geography of future collaboration.
We will be glad to publish also the papers of the scientists from the other continents.

The Journal aims to publish the results of the experimental and theoretical studies in the field of biology,
biotechnology, chemistry and chemical technology. Among the emphasized subjects are: modern issues of
technologies for organic synthesis; scientific basis of the production of physiologically active preparations;
modern issues of technologies for processing of raw materials, production of new materials and technologies;
study on chemical and physical properties and structure of oil and coal; theoretical and practical issues in pro-
cessing of hydrocarbons; modern achievements in the field of nanotechnology; results of studies in the fields
of biology, biotechnology, genetics, nanotechnology, etc.

We hope to receive papers from a number of Scientific Centers, which are involved in the application of the
scientific principles of biology, biotechnology, chemistry and chemical technology on practice and carrying out
research on the subject, whether it relates to the production of new materials, technology and ecological issues.
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Impact of feed additives SUBACIL-1 and SUBACIL-2
on productivity of chicken-broilers

Abstract: One of the most important problems of probiotics production is the development of non-waste
technologies, in particular, usage of microbial cultures fugate. In conventional technology, it must be disposed
of after the intensive heat treatment in drains. The fugate does not contain bacteria, but rather products
of their metabolism and biosynthesis, which may have therapeutic, preventive and growth-stimulating
effects. The above mentioned fact shows the relevance of the development of non-waste technology of
feed probiotics of the genus Bacillus and their metabolites. In al-Farabi Kazakh National University,
at Biotechnology Department of Faculty of Biology and Biotechnology were obtained experimental
samples of probiotic feed additives — SUBACIL. SUBACIL-1 is lyophilized biomass of Bacillus subtilis
P-2 containing 9x10'? spores in 1g. SUBACIL-2 is a combined feed probiotic comprising metabolites of
B.subtilis P-2 immobilized on sunflower meal with addition of soya flour hydrolyzate. In this study was
investigated the impact of feed additives SUBACIL-1 and SUBACIL-2 for growing of broiler chickens,
in accordance with the following factors: changes of body weight, average daily gain and safety of the
birds. The addition SUBACIL-1 of feeding for broilers increases the productivity of poultry meat by 11%,
SUBACIL-2 — 9%. The use of new additives during the growing period is accompanied by the increase in
average daily gain. When using of SUBACIL-1 daily gain is by 9.7% more than that of control group and
2.4% while using of SUBACIL-2. The introduction of these additives allows gaining 90% (SUBACIL-1)

and 85% (SUBACIL-2) preservation of livestock. The greatest efficiency index was 214.94.
Key words: feed additive, Bacillus subtilis P-2, fugate, SUBACIL.

Introduction

At the moment prevention of gastrointestinal dis-
eases of poultry is an essential event in the organiza-
tion of any profitable poultry farms. The traditional
usage of antibiotics and chemicals for correction and
treatment of gastrointestinal diseases leads to accu-
mulation of drug-resistant strains of intestinal infec-
tions in the poultry production [1-3].

The most appropriate alternatives to feed antibi-
otics are considered sporogenous probiotics with ap-
proved results and comparable economic efficiency
and, moreover, which pose no danger to humans and
environment. Today’s trend in their development is
the use of bacteria of genus Bacillus.

Bacteria of genus Bacillus have high antimicro-
bial activity and a high level of production of en-
zymes [4-6]. In this regard, it seems promising to do
research aimed at the development of probiotics —
enzymatic microbial feed additives that enhance the
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nutritional value and the digestibility of the feed and
thus increase the productivity index.

Another major problem of probiotics production
is the use of fugate of microbial cultures. In con-
ventional technology, it must be disposed off [7].
The filtrate is a byproduct of production of bacte-
rial preparations or concentrates [8-10]. The fugates
as a rule do not contain the bacteria, but there are
products of their metabolism and biosynthesis, which
may have therapeutically and preventive and growth-
stimulating effect. The above mentioned facts show
the relevance of the development of non-waste tech-
nology of feed probiotics of genus Bacillus and their
metabolites.

Materials and methods
Object of study. Culture and fugate of strain

Bacillus subtilis P-2; probiotic feed additives SUB-
ACIL-1 and SUBACIL-2.
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Methods of research.

In al-Farabi Kazakh National University, at Bio-
technology Department of Faculty of Biology and
Biotechnology were obtained experimental samples
of probiotic feed additives — SUBACIL. SUBACIL-1
is lyophilized biomass of Bacillus subtilis P-2 con-
taining 9x10'? spores in 1g. SUBACIL-2 is a com-
bined feed probiotic comprising metabolites of Ba-
cillus subtilis P-2 immobilized on sunflower meal
with addition of soya flour hydrolyzate.

The experiments were performed on broiler
chickens cross «Smena-7» (day 1 to 41; in the pilot
house). The experimental groups (control and test)
broiler chickens were formed at day-old, according
to the scheme on the basis of the experience of peers
on 20 goals each. Each chicken was assigned an in-
dividual number of labeled wing rings. The chicks
of all groups were kept on the outdoor by sections.
Conditions of growing, the parameters of the micro-
climate, the front of feeding and watering, lighting
mode, and the stocking density of chickens of all
groups were similar.

Test parameters:

1. Body weight of chickens. In order to con-
trol the dynamics of age changes of live weight of
chickens, and the average daily gain and the relative
homogeneity conducted individual weighing of all
livestock on a weekly basis at the same time the day
before feeding was conducted.

According to the individual values was defined
the uniformity of poultry in live weight (calculated
average live weight of all livestock was determined
by the number of individuals as a percentage of all
livestock in the group with body weight within +
10% of the average of all livestock) (Formula 1).

Ko _ (m, —n,)x100 (1)
n

where, K —uniformity coefficient (%); n, — the num-
ber of observations (number of goals); n, — the num-
ber of cases, individual values deviate by more than
+ 10% of the arithmetic mean.

2. The rate of growth of chickens (average daily
gain). The rate is determined by the absolute weight
gain of chickens, calculated according to the Formula 2:

U=U,-U, )

where, U, — mass at the beginning of the growing
period, g; U, — mass at the end of cultivation, g.

The average daily weight gain of chickens was
calculated by Formula 3:

Uit =Ust,— U, 3)

where, U/t — the average absolute increase, gxd'; t -
the age at the beginning of the growing period, days;
t, — the age at the end of the growing period, days.

3. Preservation of broilers,%. It was calculated on
the base on the daily account of the number of dead
chickens. Preservation of livestock carried out on a
daily basis, taking into account the causes of mortal-
ity. The cost of feed for the rearing period by taking
into account a given feed and balances for the period.

4. Consumption of feed, kg per 1 kg of growth.

5. Performance Index of broiler growing by For-
mula 4:

PIBG = (Body weight x Preservation) /
(Period of growing % Consumption of feed) ~ 10 (4)

Experimental data was processed using the ap-
plication «Statistics for Windows, v 5.0» and «BIO-
STAT», «Microsoft Excel for Windows 2007y,
spreadsheet Excel 7.0. Calculates an average value,
the meridian, standard deviation, standard error of
the mean and others.

Results and their discussion

Probiotic feed additives SUBACIL — 1 and SUB-
ACIL -2 have a positive impact on microbiocenosis,
stimulating the growth of lactobacilli and cellulose-
fermenting bacteria in the intestines of broiler chick-
ens on the background of the elimination of opportu-
nistic and pathogenic enterobacteria. Application of
SUBACIL -1 in experimental Salmonella infection
increases the level of intestinal colonization resis-
tance, as evidenced by the 85% of reduction of cases
of isolation of pathogen from the material enrolled
for study of.

During the study the impact of feed additives
SUBACIL-1 and SUBACIL-2 for growing broiler
chickens was examined, on the following factors:
changes in body weight, average daily gain and the
preservation of the Poultry.

The work was carried out on broiler chickens
of ‘Smena-7’ cross. Technological parameters of
feeding and keeping chickens corresponded to
generally accepted recommendations in this area.
Experimental and control groups included 20
broiler chickens.

International Journal of Biology and Chemistry 8, Ne2, 4 (2015)



6 Impact of feed additives SUBACIL-1 and SUBACIL-2 on productivity of chicken-broilers

Table 1 — Scheme the search experience

Group I\Lllllrirétl)((:;;(s)f Dose Subjects factors

Control 20 - The basic diet; Probiotics have not been used
Experiment 1 20 1 gto 30 L per water Basic diet; SUBACIL-1
Experiment 2 20 1 g to 1 kg per dry food Basic diet; SUBACIL -2
Experiment 3 20 1 gto 1 kg per dry food Basic diet; Probiotic drug «Biosporin»
Experiment 4 20 5 ml to 10 L per water during five days Basic diet; Antibiotic «Enroksil 10%»

Each experiment lasted for technological growth
cycle (41 days).

The main indicator of the meat efficiency of poultry
is dynamics of live weight during technological period
of growing. Live weight is the main index according
of which the amount of meat of poultry of any age is

determined [11]. Live weight is established by weight-
ing. Broiler chickens were weighed in the moring,
prior to feeding. The control determination of mass was
performed weekly. As a result of the conducted inves-
tigations, the positive effect of feedings on intensity of
chickens growth was established (Table 2).

Table 2 — Changes of live weight of broiler chickens during the growth process

Age of broilers, Live weight, g

days Control group SUBACIL-1 SUBACIL-2 Biosporin Enroksil 10%
1 36.0+0.2 36.0+0.3 36.0+0.3 36.0+0.4 36.0+0.3
7 125.5+4.0 128.7+32.8 131.4+19.6 128.5+23.7 121.5+22.8
14 288.9+6.5 289.5+21.4 302.7429.5 288.9+7.5 278.5+23.3
21 589.8+43.0 603.3t11.4 627.6+20.8 597.6+22.3 591.3£14.5
28 901.8+41.7 923.0+16.0 941.2+34.0 899.5+11.5 901.4+14.4
35 1270.3+53.6 1342.7+21.2 1356.0+41.2 1268.0+44.2 1281.7+23.8
41 1705.3+7.2 1880.6+87.9 1850.8+89.9 1799.7+86.1 1712.6+76.4

The received data showed that chickens of the
experimental group with introduction of feeding
SUBACIL-1 were distinguished by high rate of
growth compared to chickens of control group.

For the period from the 1st to the 7th day of the ex-
periment the increase of the average live weight of chick-
ens in the experimental group compared to the control
group were more by 2.4%. From the 7th to the 14th day
of the experiment the average weight of chickens in the
experimental group increased by 0.3%. The third week
of the experiment allowed the increase all the average
weight of broilers by 2.3%. Further, from the 21st to the
28th day of 2.4%. In the next period (28 — 35 days) —
5.7%. In the final period (35-41 days) — 10.7%.

Thus, the maximum gain of live mass of chick-
ens, receiving feed additive SUBACIL-1 relatively to

the control ones was in the final weeks of cultivation
(10.7%).

For probiotic additive SUBACIL-2 the maxi-
mum live weight gain is 8.5% for Biosporin — 5.5%
and antibiotic «Enroksil 10%» — 0.4%.

According to the obtained results it can be con-
cluded that the probiotic preparations have a positive
effect on live weight gain. The most effective prepa-
ration is SUBACIL-1. «Enroksil 10%» almost has no
effect on live weight gain, as evidenced by the results
(0.4%).

It is important indicator of the effectiveness of
feed additives is the average daily gain of broiler
chickens. Table 3 shows the calculation data of
growth speed of chickens in experimental control
groups.

International Journal of Biology and Chemistry 8, Ne2, 4 (2015)
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Table 3 — Dynamics of average daily gain of broiler chickens

Age of broilers, Average daily gain, g

days Control group SUBACIL-1 SUBACIL-2 Biosporin Enroksil 10%
1-7 17.5+0.5 15.2+0.4 14.2+0.5 13.6+0.6 13.8+0.4
7-14 28.9+0.5 28.6+0.5 23.6+0.6 22.5+0.2 21.540.3

14-21 49.9+0.4 49.8+0.4 44.9+0.3 46.8+0.1 45.1+0.4

21-28 51.240.6 47.8+0.3 47.4+0.8 48.1+0.8 44.5+0.5

28-35 57.0£2.03 60.1+2.2 54.4£2.2 57.242.0 54.3+2.1

35-41 76.5+1.4 88.2+1.7 81.3+1.4 84.6+1.4 72.7£1.8
1-41 41.5%1.6 45.0+1.4 42.1+1.9 41.1+1.4 41.0+1.1

According to the table the dynamics of growth
speed of chickens was corresponded to the increase
of their mass. Over the whole period of the ex-
periment (from the 1st to the 41st day) the growth
speed of broiler chickens received SUBACIL-1 by
9.7% exceeded the indicators of the control group,
SUBACIL-2 — 2.4%, Biosporin — 1.8%.

Preservation was determined by everyday count-
ing of dead chickens. Data on the preservation of
broiler chickens for the experimental period are
shown in Table 4.

Chickens preservation receiving only food and
water is 70%. Analyzing the obtained results, in
general we can say that, within the technological
cycle, the preservation of broilers after applying
the test preparations was 90% (SUBACIL-1) and
85% (SUBACIL-2). In comparison groups using
Biosporin and «Enroksil 10%» resulted in increased
preservation till 80% and 75% respectively.

According to the obtained data an index of
efficiency of growing of broiler chickens was cal-
culated.

Table 4 — Preservation of broiler chickens per experimental period

Index Control group SUBACIL-1 SUBACIL-2 Biosporin Enroksil 10%
Heads % Heads % Heads % Heads % Heads %
1 19 95 19 95 20 100 20 100 20 100

2 2 19 95 19 95 19 95 20 100 19 95
§ 3 18 90 19 95 19 95 19 95 19 95
g 4 17 90 19 95 19 95 18 90 18 90
% 5 17 85 18 90 18 90 17 85 17 85
i 6 16 85 18 90 18 90 16 80 16 80
7 14 70 18 90 17 85 16 80 15 75

Table 5 — An index of efficiency of growing of broilers

Options Live weight, g Safety, % Term Zf;i:aﬁon’ Corllslilénf;:rr:)&i}ieii " | Performance Index
Control 1705.3+87.2 70 41 1.96 159.13
SUBACIL-1 1880.6+87.9 90 41 1.92 214.94
SUBACIL-2 1850.8+89.9 85 41 1.88 204.00
Biosporin 1799.7+86.1 80 41 1.95 180.01
Enroksil 10% 1712.6+£76.4 75 41 1.98 168.71

International Journal of Biology and Chemistry 8, Ne2, 4 (2015)



8 Impact of feed additives SUBACIL-1 and SUBACIL-2 on productivity of chicken-broilers

The highest index of efficiency in the group, re-
ceiving the feed additive SUBACIL-1, is 214.94.

Thus, the addition of SUBACIL-1in feed for
broilers increases the meat productivity of poultry by
11%, SUBACIL-2 by 9%. Using the new additives
during the whole growing period is accompanied
by the increase of average daily gain. When using
SUBACIL-1, an average daily gain by 9.7% or more
than in the control group and by 2.4% when using
SUBACIL-2. The introduction of these additives al-
lows achieving 90% (SUBACIL-1) and 85% (SUB-
ACIL-2) of preservation of livestock.

Conclusions

The addition of SUBACIL-1 increases produc-
tivity of poultry meat by 11%, SUBACIL-2 by 9%.
The use of new additives during the whole growing
period is accompanied by the increase of average
daily gains. When using SUBACIL-1 average daily
gain by 9.7% more than in the control group and by
2.4% when using SUBACIL-2. The introduction of
these additives allows achieving 90% (SUBACIL -1)
and 85% (SUBACIL-2) of preservation of livestock.
The greatest efficiency index was 214.94.
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Intracellular localization, accumulation
and distribution of heavy metals in plants

Abstract: Heavy metals uptake, distribution and accumulation processes in plants are very important
for their impact on physiological and biochemical processes and, consequently, on plant growth and
development. The distribution of heavy metals in plant parts and cell organelles are discussed. There are
detoxification mechanisms in cell compartments, like binding with cell wall, with organic acids in vacuoles,
complexes with phytochelatins and etc. What proportion of given metal ions would be the in free form,
and what — bound with organic molecules; it depends from pH of the environment and chemical properties
of element. The stability of metals complexes decreases in the case of deviation pH of environment from
neutral: at low pH there is a competition of protons with metal ions for binding sites in molecules, at high
pH — by the reason of the competition of hydroxyl groups with ligand.

Key words: intracellular localization, heavy metals, distribution, accumulation.

Main body

Plant roots contain the greatest amount of heavy
metals [1, 2]. Less heavy metal accumulate in stems
and leaves, and even less — in the grain. Concentra-
tion of heavy metals in the grain and aboveground
organs is mainly due to «the effect of detention» in
their roots, which are more tolerant as compared to
sensitive plant species. An effective mechanism for
retarding the heavy metals exists in the roots. Com-
parison of heavy metals contents in soils and plant
parts showed that the dependence of content in plants
by soil concentration increases in the following or-
der: Cd > Zn > Cu > Pb > Cr for monocots and de-
pends on the mobility of metal in the soil. For dicots,
this pattern is less pronounced [3].

The character distribution of heavy metals in cell
organelles plays an important role in protective mech-
anism in plants [4-8]. The absorption of metal ions by
the root system from the soil and nutrient solution is
carried out in various ways, on which the likelihood
of intake of ions directly into the cytoplasm of cells
and the rate of movement of the tissues and organs of
plants depends. The character of metal accumulation
in organs of plants depends on the plant species and a
metal nature (Table 1).

Zinc at high concentration (25 mg/kg) was accu-
mulated in significant amounts in the aerial parts of
wheat and beans. The protective function of the roots
towards Cd was more expressed than for Zn, which is
not accumulated in the roots, and moved in the stems

© 2015 al-Farabi Kazakh National University

and leaves. This is probably due to unequal role of
these elements in the plant metabolism. Transloca-
tion rate of cadmium and lead to the aboveground
part as compared to Zn was much lower. Most of the
Pb is retained in the root system. Localization of the
metal in parts of the plant is dependent on its mo-
bility. According to the researchers, Pb in plants of
lupine was contained mostly in the tips of the roots,
less — in the basal part, and hypocotyls. Most Pb de-
tected in cortical parenchyma in comparison with
central cylinder. This fact was explained by Pb lower
mobility as compared to other metals.

Patterns of distribution of Pb, Cd and Zn in the
tissues of the root are not well understood. The apical
root sections on metal content may vary from basal.
Many authors have noted that at high concentrations
of metals in the environment of the basal part of the
roots accumulate significantly more Pb, Cd and Zn,
than apical one, especially in resistant populations.
Other authors suggest that most of the metal accumu-
lates in meristematic parts of the roots [3].

Different plant species have unequal protective
opportunities, as evidenced by their tolerance to dif-
ferent heavy metals. According to one hypothesis, the
main role in the development of resistance belongs to
the binding of metal cell walls in the roots. Study of
the intracellular localization of heavy metals found
that they bind to the cell membrane and accumulate
in the vacuoles. The relatively high concentration in
the cell walls of Pb and Cd detected in a number of
species. According to another hypothesis, their role

Printed in Kazakhstan



10 Intracellular localization, accumulation and distribution of heavy metals in plants

is a compartmentalization and metal accumulation
in vacuoles of root cells. Cell walls of monocotyle-
donous and dicotyledonous plants differed in con-
tent of pectin and hemicelluloses, thereby manifest
differences in their ability to bind cations. The bond
strength of certain metal ions with the components of
the cell wall varies. It correlates with different val-
ues of stability constants (Log K) metal complexes
with functional groups of carbohydrates. For Pb,
it is equal to 6.4, for Cd — 4.9. Therefore, Pb binds

more strongly with cellular membranes than Cd, and
slowly moves along the apoplast. The affinity of oth-
er metals to polygalacturonic acid decreases in the
following order: Pb > Cr > Cu > Ca > Zn. It was not
studied the binding of Pb and Cd apoplast proteins.
In barley leaf apoplast Cd increased the content of
these proteins. However, the role of these proteins is
uncertain. Under the influence of heavy metals can
be enhanced suberin and callose deposition, reducing
the absorption of metals [3].

Table 1 — Intercellular localization of Cd and Pb in plants (I.V. Seregin, V.B. Ivanov, 2001)

Plant sp eCIes, Cell wall | Vacuole Golgi End(?plasmlc Nucleus Research method
Metal, tissue apparatus reticulum
Zea mays (Cd)
Differentiated cells n N The X-ray microanalysis
(Cd — 2x10""mMol; 3x10~ mMol)
Mature cortex and stele cells + + Electronic microscopy
Rhizodermis Histochemistry
Endodermis
Pericycle +/-
Xylem parenchyma +
Rhytidiadelhus
squarrosus + + + Electronic microscopy
(Pb — 4.8 mMol)
Lemna minor N
(Pb — 3x10° mMol)
The outer layer of N L
root cap Ellectronlc microscopy
Histochemistry
The other cell layers of root caps +
Epidermis
Cortex
The basal part of the root + +
Allium cepa
+ + +
(Pb-75X 1073 mMOl) AutOralegraphy
Zea mays
(Pb - 8x10"" mMol; + + + Electronic microscopy
7.5x10* mMol) X-ray microanalysis
Glycine soya (Pb) + + +
Lupinus luteum Electronic microsco
(Pb —4.3x10 mMol) Py
The cortex parenchyma + + + Histochemistry
Stele +/- +/- +/- Electronic microscopy
Pisum sativum (Pb) + + + Electronic microscopy
Raphanus sativus N
+ +
(Pb— 5 mMol) Electronic microscopy

International Journal of Biology and Chemistry 8, Ne2, 9 (2015)
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Heavy metals were also detected in the intercel-
lular space, dictyosome, endoplasmic reticulum, nu-
clear membrane. In the cytoplasm ions can bind to
biomolecules. In this case, the chelate is derived from
a cell or accumulated therein (mostly in the vacu-
oles). Accumulation of toxic ions into vacuoles in the
form of inactive compounds is more typical for plant
tolerance to heavy metals. Fraction remaining in the
cytosol as free ions or soluble complexes is moving
simplastically from the root to the stem and then — to
the leaves of plants by charged sites of xylem or car-
ried away by the transpiration stream of water.

Cd accumulated in the shell in less than inside the
cell. It can bind to intracellular lysosome like gran-
ules largest amount of the metal is in the cytoplasm.
It is known that the usual response to the Cd is the
induction of synthesis of low molecular weight, cys-
teine-rich proteins — metallothioneins, phytochelatins
[5, 9-15].

Bond Cd with organic ligands is much stronger
than other metals. At high concentrations of Cd-phy-
tochelatins complexes are localized in the vacuoles.
At low concentrations 86-100% of Cd found in the
cytoplasm in Datura inoxia (Rauser, 1987). Under
these conditions, there is no need to isolate the cells
of Cd in the vacuoles. At high concentrations Cd
binds with organic acids, and low — with glutathione
in the cytosol [11-13, 16].

Cadmium is found in the cytoplasm and nucleus
vacuoles bentgrass and roots of corn, and also indi-
cates the presence of Cd in the cell wall of roots of
maize. Other studies have detected a high concentra-
tion of Cd, associated with phosphorus and calcium in
the sea fern Azolla filiculoides L. [17]. Most of them
have been identified in the cell wall of the xylem vas-
cular bundles. It is shown that the Cd concentration
decreases with increasing content of Se, Al, K, Ca, P.
The aerial parts and roots of wheat subjected to the
effect of Cu, the metal was found in the cell wall and
vacuoles. In the presence of Cu in the growth me-
dium, the ratio of the metal content in the cell walls
and vacuoles increased in favor of the latter [17, 18].

Copper was found in the matrix of the cell walls
of Enteromorpha compressa [19]. The study of Pb
effect on Lemna minor L. it has been found that
Pb is present in the vacuoles, vesicles and the cell
wall. At high concentrations of Pb found in sym-
plast. Changing the ratios of content of Pb in vacu-
oles and cell walls after a 6- and 12-hour of expo-
sure in favor of the latter indicates a redistribution of
the metal cell walls [20]. It was found that in Thlasi

caerulescens L., subjected to the effect of Zn, the
metal is concentrated in the epidermal cells and vacu-
oles [21]. At low concentrations the greatest amounts
of Zn was found in the vacuole. Perhaps tonoplast
of epidermal cells of leaves of 7. caerulescens has a
higher ability to transport Zn in the vacuole than me-
sophilic cells. The ability to isolate in 7. caerulescens
Zn in epidermal vacuole is an important aspect in this
type of hypertolerance to heavy metals. The prefer-
ential localization of Zn in the epidermis, apparently
contributes to the protection of mesophyll cells from
damage and maintains the functions of mesophyll
cells at a high concentration of Zn in the leaves.
Arabidopsis halleri L. is pseudometallophyte, i.e. it is
growing in contaminated and uncontaminated soils.
It is hyperaccumulators of Zn, as well as Cd. Recent
studies using electron microscopy demonstrated the
cellular distribution of Zn in the tissues A. halleri,
grown in a hydroponic environment. Zinc in the plant
leaves mainly found in the base of trichomes — hairs,
present on the surface of plant leaves, and mesophyll
cells [22, 23].

Thus, the character distribution of heavy metals
in cell organelles plays an important role in protec-
tive mechanism in plants. The above data show that
not all ions uptake by plants actively influence at its
metabolism, so as a definite part of metals can bind
with organic acids and low-molecular proteins and
concentrate in an metabolically low-active compart-
ments. Part of toxic ions turns out of firmly bound
with reactive-capable portions on the surface cell
wall and in the apoplast, and are penetrating across
the plasmalemma — with intracellular biomolecules.
It is also important to take into account, that the mul-
tiply charged ions form more stable complexes, than
the singly charged, possessing lesser charge density.

Thus, the heavy metals are mainly concentrated
in the roots of plants, which limits their movement in
the generative organs. A common feature of intersti-
tial and intracellular distribution is the concentration
of large amounts of metals in the surface structures
and protecting cells from the toxic effect of metals.
Concentration of heavy metals occurs by binding
them into soluble compounds having a different na-
ture. Despite the significant accumulation of heavy
metals in a metabolically inactive cell compartments
(vacuoles and cell walls), some of the metals enters
the cytoplasm and exerts multiple toxic effects, and
this may be due to both direct effect of metals and
reducing the activity of some of the processes as a
result of violation of others.
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Chemical composition of polysaccharides from wheat cell culture

Abstract: Polysaccharides were extracted from wheat suspension culture and cultivated cells. Gaz-liquid
chromatography of wheat suspension culture allowed identifying the composition of polysaccharides that
were found to contain arabinose, xylose, galactose, glucose, and a little amount of mannose and rhamnose.
In dried cultivated cells the polysaccharide structure consisted mainly from arabinose, xylose, and galactose.
It was found that the percentage of the amount of monosaccharides was positively correlated with the

concentration of 2,4-D at the suspension media.

Key words: plant polysaccharides, chemical composition, wheat cell culture

Introduction

Plant polysaccharides are famous for their impor-
tant technical and physiologic traits. Currently, poly-
saccharides attract researchers with their high biolog-
ical activity in regulating the growth, development
and protection processes and are of a great interest in
the search for and the production of new biologically
active compounds [1, 2, 3].

Like a native plant, cell culture is capable for
synthesis of a wide range of polysaccharides such as
pectin, arabinogalactan, galactans, arabinans, xylo-
glucans, etc. [4, 5]. Studies of plant polysaccharides
conducted mainly on various organs of the intact
plants [6]. The polysaccharides derived from cell
cultures of plant organs and plant cell lines, are much
less become the objects of studies and are of a par-
ticular research interest.

Plant cell cultures serves as a convenient model
system for studying the structure and biosynthesis of
polysaccharides. Cell cultures have several advan-
tages over the traditional raw materials: no organis-
mic control, absence of dependency from the weather
conditions, the ability to influence trophic, hormonal
and physical factors, the possibility of streamlining
and standardizing processes, the homogeneity of the
system, the ability to identify the genes responsible
for the synthesis of biologically active substances [7].

Our earlier investigations have shown that the
ability to maintain embryogenic potential of the long-
term cultivated embryogenic tissues of wheat and bar-
ley accompanied by the appearance of extracellular
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polysaccharides [8]. In addition, we have determined
high level of biological activity of polysaccharides
obtained from embryogenic suspension culture [9].
The purpose of this study is to determine chemical
composition of polysaccharides obtained from wheat
suspension culture and dried cultivated cells.

Materials and methods

The study object was an embryogenic suspen-
sion cell culture of wheat (Triticum aestivum). Sus-
pension culture was grown in the Murashige and
Scoog [10] liquid nutritious media with the addition
of 1.0 and 5.0 mg/1 of 2,4-D. The suspension liquid
was filtered from suspension culture and was evapo-
rated on rotary evaporator under 45-50°C. Extracel-
lular polysaccharides from suspension liquid were
extracted according to Gunter [11]. Polysaccharides
inside the cells were extracted by water (I fraction)
and by solution of ammonium oxalate (II fraction)
from suspension cells. After that, solutions contain-
ing polysaccharides were evaporated and dried. The
percentage output of monosaccharide composition
was estimated on and compared with their initial
dry biomass.

Protein composition in polysaccharide fractions
was estimated by Louri methodology [12]. Overall
polysaccharides presence and quantity was deter-
mined by phenol — sulfuric acid method by Dubious
[13]. Spectrometric investigation was undertaken on
the Ultraspec 3000 equipment. Monomers compo-
sition of polysaccharides was detected by Hewlett-
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Packard 4890A gaz-liquid chromatography with
plasma-ionization detector.

Results and their discussion

Polysaccharides were extracted from wheat lig-
uid suspensions and wheat cells. Extracellular poly-
saccharide containing liquid suspension was purified
from low molecular weight compounds and other un-
necessary compounds by dialysis. Obtained polysac-
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charide samples were tested by phenol-sulfuric acid
method [13].

Monosaccharide composition of extracellular poly-
saccharides from wheat liquid suspension was detected
by gas liquid chromatography (GLC). GLC allowed to
identify that the quantity of monosaccharaides obtained
from media with 5.0 mg/l 2,4-D is considerably higher
than those that growth on media with 1.0 mg/l 2,4-D
(Figure 1 a, b). However, the chromatographic profiles
of both concentrations were similar.
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Figure 1 (a) — Analysis of monosaccharide composition of polysaccharides
from 1,0 mg/ml 2, 4 D media, using GLC
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Figure 1 (b) — Analysis of monosaccharide composition of polysaccharides from 5.0 mg/ml
2,4 D media, using GLC
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Analysis of chromatographic profile for mono-
saccharide composition of polysaccharides obtained
from wheat liquid suspension revealed that the quan-
tity of arabinose, xylose, galactose, and glucose

1,0 mg/ml 2,4-0
LY

as i

Arm
N 2w

monosaccharaides were considerably higher than the
quantity of ramnose and mannose. Figure 2 presents
percentage of each monosaccharide in polysaccha-
rides obtained from suspension culture.

5.0 mg/ml2,4-D
Lic™]

Figure 2 — Percentage ratio of monosaccharides in polysaccharides obtained from
suspension culture grown on different 2,4 D concentrations
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Figure 3 — Monosaccharide composition of extracellular
polysaccharides from wheat liquid suspension (%)

It was determined that the quantity of all mono-
saccharaides of extracellular polysaccharides ob-
tained from suspension culture grown on Murashige
and Schoog media containing 5.0mg/1 2,4-D is con-
siderably higher than those grown on media with
1,0mg/1 2,4-D, except glucose. There were no signifi-
cant difference in the quantity of uronic acid (9.16%,
9.64%) and proteins (5.85%, 6.08%) between poly-
saccharide samples of 1.0 mg/l and 5.0 mg/l 2,4-D
concentrations (Figure 3).

In order to characterize biosynthetical activity of
cultivated cells, wheat cell suspension culture grown
on Murashige and Skoog media was filtered and two
fractions of polysaccharides were obtained. The first
fraction (I fraction) was obtained from dried cells

water exctract, whilst the second fraction (II fraction)
was extracted by the solution of ammonium oxalate.

The analysis of the first fraction of cell polysac-
charides revealed the increase of polysaccharides,
protein, and uronic acid quantity with the escala-
tion of 2,4-D enzyme concentration in culture media
(Table 1). The quantity of the same compounds in the
second fraction was found to have a similar depen-
dence pattern with 2,4-D concentration increase, es-
pecially significant increase was found in uronic acid
percentage (Table 1).

Table 1 — The percentage of polysaccharides, protein and
uronic acid in extract from dried wheat cells

2,4-D con- .
. . . | Polysac- . Uronic
Fractions | centration in ; Protein,% .
. charides,% acid,%
media, mg/l

1 1.0 0.93 4.06 14.72

5.0 1.95 5.98 17.00

I 1.0 0.59 5.02 27.77
5.0 0.77 6.45 66.40

Analysis of monosaccharide composition the I
and II fractions obtained from wheat dried cultivated
cells revealed that the quantity of arabinose, xylose,
galactose were considerably higher rather than the
quantity of neutral monosaccharaides ramnose and
mannose (Figure 4). It is important to point out that
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the percentage of monosaccharides were higher in
fraction I, which means that extraction method for
the first fraction was more effective than the second
one for both 2,4 D concentrations. Also, it was de-
termined that, similar to polysaccharides from sus-
pension culture, percentage of monosaccharides from
dried callus cells showed the same dependency pat-

tern from the 2,4 D concentration increase. In other
words, the percentage of monosaccharides increases
with the escalation of 2,4-D in media. Thus, the
quantity of arabinose, xylose and galactose (except
galactose fraction I) is two times higher in polysac-
charides from callus cells grown on 5.0 mg/ml 2.4 D,
compared to 1.0 mg/ml 2,4 D (Figure 4).
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Figure 4 — Monosaccharide composition of extracellular
polysaccharides from wheat dried cultivated cells

The study has shown that extracellular polysac-
charides obtained from wheat liquid suspension cul-
ture consist of arabinogalactans, arabinoxylans, and
xyloglucans. Polysaccharides extracted from wheat
dried cultivated cells were found to contain of arabi-
nogalactans and arabinoxylans. These findings cor-
respond to earlier scientific investigation results on
arabinogalactans [14] and xyloglucans [15] obtained
from plant culturing in vitro described in literature.
In addition, wide range of data in literature suggests
that arabinogalactans and xyloglucans are capable to
provide high biological activity. Considering earlier
positive results of bioassays conducted in our labora-
tory [9], we assume that the high biological activity of
substances obtained and extracted from liquid suspen-
sions and dried cultivated cells explained by presence
of these polysaccharides. Therefore, investigation of
high biological activity of identified polysaccharides
is the issue for our future research.
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Physico-chemical properties of physiologically
active polysaccharides from wheat tissue culture

Abstract: Polysaccharides (PS) from wheat cell culture were isolated by liquid-liquid extraction. The
molecular mass distribution was determined by gel-permeation chromatography (GPC) using dual detectors
for the simultaneous detection. It was supposed that PS sample from wheat cell culture has molecular weight
of 1632 Da. The physic-chemical properties of PS such as solubility in different solvents, surface activity,
&-potential, the pH value, polydispersity (PDI) were determined. The PS sample was soluble in water and
insoluble in ethanol, acetone and chloroform. &-potential of PS was evaluated in order to determine its charge
at different pH value from 3 to 9. As a result, the & values for the PS solution were negative throughout
the pH range studied, varying from -2.85 mV (pH 3.0) to -21.1 (pH 9). Using tensiometry method, surface
tension of the PS at the liquid/air interface was investigated. At 0.05% concentration interfacial tension
decreases slowly and reaches an equilibrium value after ~ 8-8.5 hours. The pH was equal to 5.6+0.05. For
a PS solution of 0.001% at pH 5.5 PDI was equal to 0.595.

Key words: polysaccharide, surface activity, average molecular weight

Introduction

All cell wall polysaccharides except cellulose
are water-soluble compounds; their anchorage in the
cell wall exists by use of different types of bonds [1].
The main monosaccharides that are part of the cell
wall are: glucose, galactose, mannose, rhamnose and
fucose, which contain six carbon atoms, as well as
arabinose and xylose containing five carbon atoms.
Common component of plant cell wall polysaccha-
rides are uronic acids — modified sugars that have not
closed in the ring — CH,OH group is replaced by a
carboxyl group — COOH. Most frequent uronic acids
are presented by galacturonic acid, which is a deriva-
tive of galactose [2].

One of the main physic-chemical parameters
characterizing a macromolecule — whether it is nat-
urally occurring or synthetically produced — is its
«molecular weight» [3].

Determination of the molecular weight of water-
soluble polysaccharides is usually carried out by
gel-permeation chromatography (GPC), which ef-
fectively allocates the molecules based on their hy-
drodynamic volume. GPC is used in carbohydrate
research to determine molecular weight distributions
of polysaccharides. The columns are calibrated us-
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ing commercially available standards which are com-
monly dextrans or pullulans [5].

GPC of polysaccharides is often based on size
exclusion mechanism: physical exclusion of mol-
ecules that are unable to penetrate the pore structure
of the resin. Sample molecules with a size greater
than the pore diameter of the support matrix cannot
enter the pores. They are excluded and eluted rapidly
from the column in the void volume. Molecules with
a size smaller than the pore diameter enter the pores
and elute differentially in volumes that are in size be-
tween the void volume and the void volume plus pore
volume [6].

Alternative approaches to determine the molecu-
lar weight is the analysis of light scattering and vis-
cometer [7].

Polysaccharides consisting of one type of sugar
unit uniformly linked in linear chains are usually
water insoluble even when the molecules have a low
molecular weight with degrees of polymerization
(DP) 20-30. Insolubility results from the fit of mol-
ecules and their preference for partial crystallization.
An exception to the rule is in (1—6)-linked homogly-
cans, which because of the extra degrees of freedom
provided by the rotation about the C-5 to C-6 bonds
gives higher solution entropy values. Homoglycans
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with two types of sugar linkages or heteroglycans
composed of two types of sugars are more soluble
than purely homogeneous polymers. lonized linear
homoglycans are soluble but like all soluble linear
polymers easily form gels because of segmental as-
sociation which sometimes may be in a double helix
formation. As these junction zones develop a stron-
ger tertiary structure, gel hardness increases [8].

Zeta Potential analysis is a technique for deter-
mining the surface charge of particles in solution
(colloids) [9]. &-potential has values that typically
range from +100 mV to -100 mV. The magnitude of
the zeta potential is predictive of the colloidal stabil-
ity. Particles with zeta potential values greater than
+25 mV or less than -25 mV typically have high de-
grees of stability. Dispersions with a low zeta poten-
tial value will eventually aggregate due to Van Der
Waal inter-particle attractions [10].

Substances that capable to decrease the surface
tension of the system (dy/dc< 0) are referred to as
surface active substances (SAS), or surfactants [11].
It follows from the Gibbs equation that the adsorp-
tion of such compounds is positive, i.e. their concen-
tration within the surface layer is higher than that in
the bulk. For example, at air-water and water-hydro-
carbon interfaces the surface active compounds are
the ones containing hydrocarbon (non-polar) chain
and a polar group (-OH, -COOH, -NH, etc.) in their
structure. Such an asymmetric (diphilic) structure of
surfactant molecules accounts for their similarity to
the nature of both contacting phases: a well-hydrated
polar group has the strong affinity towards the aque-
ous phase, while the hydrocarbon chain has the affin-
ity towards the non-polar phase [12].

The aim of present work was to reveal physic-
chemical properties of extracellular polysaccharides
(PS) isolated from wheat cell suspension culture, in-
cluding determination of molecular weight, surface
activity and zeta potential of total PS fraction.

Materials and methods

The molecular mass distribution was determined
using size exclusion system at the Max Planck Insti-
tute of Colloids and Interfaces (Potsdam, Germany).
The chromatograph was equipped with a reflective
index (RI) detector (GE, Sweden) operating at 265
nm and two column in series, packed with Suprema
30 and Suprema 3000 (both from GE, Sweden. The
range for Suprema 30 column is from 100-30000 Da,
whereas Suprema 3000 column is suitable for range
from 1000-3 000 000 Da. The analysis of molecu-
lar mass was carried out by this method [13]. In or-

der to determine the molecular weight the polysac-
charides samples were analyzed by gel-permeation
chromatography (GPC) using dual detectors for the
simultaneous detection. The system was calibrated
with pullulan standards. A mixture of standard pul-
lulans with different molecular weights (342, 1460,
5600-710 kDa) were dissolved in 0.1 N NaNO3 and
applied on the same size exclusion Suprema 30 and
Suprema 3000 columns and the same chromatogra-
phy condition for the samples. After that, 7 mg of
polysaccharide fraction was dissolved in 35 ml 0.1 N
NaNO3 solution at a flow rate of 1.000 ml/min and
then filtrated through 0.22 p
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Figure 1 — The dependence of detector response on the
elution volume
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Figure 2 — The chromatogram of UV signal of PS sample

According to the literature review, proteogly-
cans consist of a core protein with one or more
covalently attached glycosaminoglycan (GAG)
chains. So, UV signal corresponding to the high
molecular weight (430400 Da) can be explained by
the structure of proteoglycan. If we reckoned in that
polysaccharides can be detected only by RI detector
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we can suppose that our PS sample has molecular
weight of 1632 Da.

Determination of PS solubility and pH of PS so-
lutions. The polysaccharide was soluble in water and
insoluble in ethanol, acetone and chloroform. The PS
sample was dissolved in distilled water in concentra-
tion of 1% (w/v) and measurements of pH value were
conducted in three replications. As a result, it was
found that pH of PS solutions was equal to 5.640.05.
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Figure 3 — The chromatogram of RI signal of PS sample

Determination of surface activity. The ability
of the molecules of surfactants adsorb at interfaces
is well known due to their amphiphilic structure.
As a result of this process, the adsorption layers are
formed, which in the equilibrium condition can be
characterized by surface tension isotherms.

To clarify the characteristics of the formation of
interfacial adsorption layers of PS solutions kinetic
dependencies of the interfacial tension decrease at
the time have been studied (Figure 4, 5). Figure 4
shows that the interfacial tension of the PS at 0.05%
concentration decreases slowly and reaches an equi-
librium value after ~ 8-8.5 hours. Duration of the in-
terfacial tension decrease was due to the slow diffu-
sion of the macromolecular coil to the surface, as well
as conformational rearrangement of statistical balls
macromolecules on the surface of the active segment,
which is reflected in the values of the relaxation time.

For the 1% solution the surface tension should be
lower than for 0.05%. We have the opposite, which
can be explained only by a certain multi-component
composition of the substance, and consequently a
completely different composition of the interfacial
layer (Figure 5).
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Figure 4 — Surface tension (o, mN/m) as a function of
time (s) for 0.05% PS solution as measured by dynamic
drop volume method.
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Figure 5 — Surface tension (6, mN/m) as a function of
time (s) for 1% PS solution as measured by dynamic drop
volume method

According to the results obtained by tensiome-
try method, it was established that investigated cell
culture polysaccharides have the features of surface-
active substances (SAS), which characterized by ca-
pability to decrease the surface tension of solutions.

&-potential and dynamic light scattering. Elec-
trostatic forces are usually the major driving force
for the interaction of charged biopolymers in aque-
ous solutions, and so it was important to determine
the electrical characteristics of the biopolymers used
in this work. &-potential of PS was evaluated in order
to determine the charge of their molecules at differ-
ent pH value — from 3 to 9. The electronegativity of
the solution increased with increasing pH from — 2,
85 mV (pH 3.0) to -21.1 (pH 9), respectively. At pH
3 &-potential value of PS was equal to -2.85+0.27
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mV (Figure 6), thus showing that polysaccharide iso-
lated from wheat is a practically neutral polysaccha-
ride. The polysaccharides may be constituted either
by polycations or by polyanions, depending on their
functional group, and may also be neutral, which is
the case of different types of polysaccharides with
a higher content of mannose and galactose units.
In neutral medium at pH 5.5 it was established that
&-potential has higher negative value of -18.8+2.05
(Figure 7). At pH 9 the value of &-potential corre-
sponded to the -21.7+0.55 (Figure 8).

Zeta Potential Distnbution

Apparent Zeta Potential (mV)

Figure 6 — Determination of &-potential at pH 3 value
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Figure 7 — Determination of &-potential at pH 5.5 value
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Figure 8 — Determination of &-potential at pH 9 value

The pH dependence of the zeta potential (&) for
the PS solution is shown in Figure 9. The § values
for the PS solution were negative throughout the pH
range studied, varying from — 2.85 mV (pH 3.0) to
-21,1 (pH9). The increase of negative & values that oc-
curred by the increase of pH values can be attributed
to the ionization of the carboxylic moieties (—COOH)
giving rise to carboxylate groups (—COQO"), while the
decrease of negative & values at pH=3 value are due
to the protonation of the amino moieties (—NH,) giv-
ing rise to ammonium groups (-NH,").
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Figure 9 — Dependence of zeta potential (mV) of the PS
solution with concentration of 0,001% on pH values rang-
ing from3to 9

&-potential values are also related to the stabil-
ity of solutions. As a general rule, absolute values of
&-potential above 60mV indicate an excellent stabil-
ity, from 60 to 30 mV are physically stable, from 30
mV to 5 mV are at the limit of stability and below
5 mV are not stable and there are aggregates can be
formed. According to this general rule, the results ob-
tained with at different pH show that PS solutions are
stable.

The information obtained by &-potential and Dy-
namic Light Scattering (DLS) are crucial to indicate
the occurrence of stable functional nanostructures.
Polydispersion index (PDI), obtained by DLS is a
measure of the size distribution width (Figure 10)

When polydispersity equals zero, the sample is
monodisperse. Values of PDI close to or above 0.5 rep-
resent heterogeneous solutions in relation to the par-
ticle size and are characteristic of samples outside the
standards. The term «particle» represents the molecule
of polysaccharide, which stay disperses into diluted
solution. For a PS solution of 0.001% at pH 5.5, Z-
average and PDI were 926.8 and 0.595, respectively. It
was established that PS sample is polydisperse.

International Journal of Biology and Chemistry 8, Ne2, 18 (2015)



22 Physico-chemical properties of physiologically active polysaccharides from wheat tissue culture

Size Distribution by Volume
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Figure 10 — The size distribution by volume

In conclusion, physic-chemical properties of ex-
tracellular polysaccharides from wheat cell culture
have been determined for the first time: molecular
weight, solubility in different solvents, the pH value,
surface activity, E-potential, polydispersity (PDI).

It was revealed that total fraction of PS consists
of high molecular weight proteoglycan (430400 Da)
and low molecular weight glycan (1632 Da).

Investigated PS are soluble in water, insoluble in
ethanol, acetone and chloroform; pH of 1% solutions
is equal to 5.6+0.05.

Parameters of PS surface tension as well as de-
pendency from concentrations of PS solution have
been determined. Obtained results suggest that PS
are high-molecular non-ionogenic compounds. It
was shown that investigated PS have the characteris-
tics of surface active substances.

Established dependence of &- potential from pH
allow to assume the neutral nature of investigated
polymers. Obtained results from dynamic light scat-
tering (DLS) show the polydispersity of investigat-
ed PS.
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Properties of a chemical agents study
of the Bayaldyr tailing dams lead — zinc oresspoil dump

Abstract: With the development of mining and metallurgical industries on a soil surface there is a constant
accumulation of technogenic waste from processing of minerals. These include tailing, sludges, slags and
other substandard varieties of mineral resources. These elements of human origin can reach high local
concentrations, in some cases up to toxic or scatter over large aqueous spaces or air currents. Thus the aim
of the current research was to study the properties of a chemical agents of the Bayaldyr tailing dams lead

— zinc oresspoil dump.
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Introduction

With the development of mining and metallur-
gical industries on a soil surface there is a constant
accumulation of technogenic waste from processing
of minerals. These include tailing, sludges, slags and
other substandard varieties of mineral resources. The
bulk of this waste comes from waste dumps, land-
fills which occupy vast areas (in the volume of world
dumps of more than 2000 km*) and a negative im-
pact on the environment. These elements are of hu-
man origin can achieve high local concentrations,
in some cases up to toxic or scattered over large
aqueous spaces or air currents. Such deposit may in-
clude lead-zinc mine combine «Achpolimetally» with
its Bayaldyr tailing dams waste tailings. Combine
«Achpolimetall» was founded in 1955 on the basis
of Mirgalimsay village for Achisay polymetallic de-
posit development [1-3].

After a while the village was transformed into a
city of regional subordination Kentau in the Southern
Kazakhstan region. Located at the foot of the Karatau,
30 km north-east of the city of Turkestan (Figure 1).

Materials and methods

Objects. To study the chemical composi-
tion of the solid sample tailing dump Bayaldyr
tailings were taken away from the pumping station
(point No. 1), north-eastern direction (point No. 2),
the south-east side (point No. 3) and north-west side
(point No. 4) (Figure 2).

© 2015 al-Farabi Kazakh National University

Sampling methods. Samples of tailings were
taken in May 2014. When sampling sought to ensure
that the chemical composition of bulk materials Bay-
aldyr tailings correctly reflects the composition of the
analyzed object.

Sampling granular materials used shovels with
rims that have gone in in the portion of the mate-
rial is taken from one place. We tried not to select
a sample in small portions, repeating several times
a selection of one and the same place. The width
of the shovel was four times greater than the width
of large pieces. Too big shovel did not apply, since
they are hard to gain equal portions from different
places. The amount of portion was depended on
the pieces size the larger pieces of the material, the
greater the portion of the bleed. For the value of the
portion of the particulate material ranged from 0.2
to 0.5 kg. Samples were collected in special boxes
a la carte. These boxes are filled a spade portion up
to a point.

Method of analysis. Chemical analysis of the
composition and the number of elements were per-
formed on a gas chromatograph «model 3700» with
detectors, flame ionization, thermal conductivity,
electron capture, intended for mass analysis of or-
ganic and inorganic gaseous and liquid compounds.

Results and their discussion
Climatic conditions over the whole territory of

the South Kazakhstan region are sharply continen-
tal [4].
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Figure 1 — Geographical location of «Achpolimetall»
combine (Kentau).
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The warmest month of the year — July, with an average
temperature of 26.1°C. The average temperature in January —
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Figure 3 — Climatic conditions of the South Kazakhstan region

Winters are warm and mild with air temperature
of -8°C. Spring is characterized by bright, vivid col-
ors. Summer is usually hot and dry. In July the tem-
perature surpasses the mark of 40 °C. Autumn is long
and mild (Figure 3).

Refinement tailings of lead-zinc ores in Bayaldyr
tailing dump of Kentau concentrating mill are about
170 million tons, which contain copper, zinc, cadmi-
um, manganese, lead, nickel, cobalt, iron, strontium,
and other nonferrous and precious metals.

Lead — zinc ores are extracted from the mines
«Mirgalimsay» and «Deep» and enriched in the con-
centrating mill. After the flotation tailings were stored
in Bayaldyr tailing dump. The surface of the tailings
are not reinforced by any of the currently available
methods of stabilization or reclamation. Consequent-
ly, it is exposed to wind and water erosion and the
effects of physical — chemical and biological factors
and leads to air pollution by dust and solid particles
with high concentrations of heavy metals (Figure 4).
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b)

Figure 4 — Surface appearance of Bayaldyr tailing dump (a)
and clouds of toxic dust of Bayaldyr tailing dump (b). (May, 2014)

Waste processing contains inclusions to 20 re-
agents, including 12 particularly toxic substances —
heavy metals, copper, lead, zinc. Earlier Bayaldyr
tailing dump contained in the so-called wet concen-
tration — the entire storage area (333 hectares) is con-
stantly filled with water. Thanks to it toxins didn’t
disappear from the tailing dump, constantly being
on a place in the form of the solid moistened slags.
With the liquidation of the mine tailing dump has
stopped being moisten. Now, clouds of toxic dust
rises on Bayaldyr tailing dump with the slightest
breeze, which cover up with sand not only Kentau
and Turkestan, but a dozen villages.

We have studied the geo-ecological status and
chemical composition of the refinement tailings of
Bayaldyr tailing dump of «Deep» and «Myrgalym-
say» lead and zinc ore deposit.

In the study of mineral and chemical composition
of tailings was considered necessary to determine
their quality, their content of useful components and
harmful impurities [5, 6].

The chemical composition of samples taken from
the surface dam of Bayaldyr tailing is dump shown
on Figure 5. Chemical analysis of tailings that the
dominant elements in the samples selected in the
area of the pumping station are copper (108 mg/kg),
cobalt (92.5 mg/kg) and nickel (65.6 mg/kg), while
zinc, manganese, cadmium, lead, iron and strontium
are present in small quantities.

However, the amount of copper, nickel and co-
balt are contained in a large amount. This is probably
due to the views of flotation reagents used. Thus, as
a depressant and sulphidizer floatable ore added in a
large amount of these elements sulfide reagents.

At one time, in Kentau concentrator lead-zinc ore
floated froth flotation, whereby through the particle
mixture with water passed small air bubbles, parti-
cles of certain minerals are collected at the interface
«air-liquid» adhere to the air bubbles and was carried
with them surface composed of a three-phase foam
(with the addition of a foaming agent which regulates
foam stability). The foam was further concentrated.
As the liquid is water.

Lead-zinc ore of Kentau combine enriched by
the scheme of direct selective flotation. Feature re-
agent regime is applied using a mixture of ethyl xan-
thogenate in a ratio of 2:1, as well as combinations
of sodium sulfide and ammonium sulphate minerals
to sulphidization oxidized. In order to reduce lead
content in the pyrite concentrate to the lead flota-
tion pulp is mixed with lime at pH 9.0 ... 9.5, and
then reducing the pH value to 8.3 ... 8.8. A mixture
of sodium sulfide and zinc sulfate is using for de-
pression sphalerite. Lead concentrate produced at
the enrichment of sulfide ores contain 74 ... 75% of
the lead when removing the 93 ... 95% of lead: zinc
concentrates containing 52 ... 53% zinc extraction
at 92 ... 94%.
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Thus we consider that low levels of lead and zinc
tailings in a natural, because it is connected by a ma-
jor amount of lead and zinc goes to concentrate on
the process of ore flotation.

Tailings are the terock particles, resulting from
the mechanical processing of ores (crushing, grind-
ing, classification, flotation). Solid phase tailings
slurry is a mixture of mine ralparticles of different
sizes — from 3 mm to submicron.

The material composition of the tailings parti-
cles Bayaldyr and their densitydependson the min-
eral composition of the rocks. Size distribution of
the particles with a size of 0.01 mm have a shape
similar to a sphere. Since the composition of tail-
ings in large quantities mostly contain flotation re-

agents. In this regard it necessary to elaborate on
their characteristics.

Potassium butyl xanthate hate intended for use
as a collector reagent in the beneficiation of ores by
flotation and in the hydrometallurgical industry [7].

It is a powder from light gray to yellowish-green
color and odor, is highly soluble in water. In the pres-
ence of moisture decomposes, especially at tempera-
tures above 30°C. Harmful by inhalation (weakness,
headache, dizziness, shortness of breath, palpitations,
chest pain, nausea, vomiting, cyanosis of the skin and
mucous membranes), in contact with skin (redness,
swelling) and eyes (pain in the eyes). Works through
the uninjured skin. In case of hit and mucous renders
an irritant action on skin.
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Note: Point No.l — injection pump station pipe, point No. 2 — the southeastern part,
point No. 3 — north-eastern part, point No. 4 — north-western part

Figure 5 — The chemical composition of samples taken from the surface dam of
Bayaldyr tailing dump

Table 1 — Physical and chemical properties of butyl xanthate

Indicator name

Standard for STO 00204168-003-2009
High grade

First grade Second grade

Appearance Powder from light gray to yellow-green
Mass fraction of main substance,%, not less 91.5 90.0 87.0
Mass fraction of free potassium hydroxide (KOH),%, not more 0.1 0.2 0.2
Mass frac‘tion of \{olatile sqbstances,%, no more ) 3 5
Note: Indicator 3 is determined only at the request of the consumer
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Prolonged contact celebrated drug reaction and
appearance of eczema, dermatitis. If you get inside
the predominantly affects the central nervous system
that is associated with the release of carbon disulfide
and its toxic effects.

In the course of the flotation of «Mirgalimsay»
and «Deep» lead-zinc oxide ores deposits sodium
sulfide, as component flotation, used as sulphidizer.
Sodium sulfide inhalation causes consequences in the
form of cough, chest tightness, runny nose, watery
eyes and dangerous to other mucous membranes,
causes damage to the eyelids, conjunctiva, and iris
of the eye. The sharp effect on unprotected skin high
concentration of sodium sulfide can cause a chemical
burn.

Also ammonium sulfate has used for the sulphi-
dation of oxidized minerals as flotation reagents.
Human has severe irritation and inflammation of the
airways in case of Inhalation of ammonium sulphate.
In that case, if the person used the ammonium sul-
fate into the causes irritation of the gastrointestinal
tract, accompanied by nausea, vomiting and diarrhea.
When ammonium sulphate contact with skin or eyes
occurs irritation, redness, itching and pain.

As mentioned above, in the process of flotation
concentrator KOOF-1c was used as a depressant of
sphalerite zinc sulfate, which in high concentrations
is toxic effect on the human body.
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Method of gold extraction from ores of bakyrchik deposit
by percolation bioleaching

Abstract: With a presumed steady decline of gold ore grade in mineral resources, mining applications
enabling efficient metal extraction from low-grade ores are of increasing interest to the minerals industry.
Microbial processes may provide one such solution since they can participate in the biogeochemical
cycling of gold in many direct and indirect ways. This review examines current literature on the role of
microorganisms in gold processing and recovery. The review covers aspects such as the biotechnical pre-
treatment of gold ores and concentrates, microbially catalysed permeability enhancement of ore bodies, gold
solubilisation through biooxidation and complexation with biogenic lixiviants, and microbially mediated

gold recovery and loss from leach liquors.
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Introduction

The role of biological agents in the mining indus-
try is currently limited to the use of microorganisms
in bioleaching and bioremediation. However, there
are a number of ways in which biotechnology will
be used in the near future to aid the mining indus-
try. This review focuses on the development of novel
biotechnologies and the role they will play in gold
exploration, processing and remediation. The devel-
opment of these biotechnologies has been enabled by
advances in our molecular-level understanding of the
role microorganisms play in the solubilisation, dis-
persion and precipitation of gold, brought upon by the
rapid development of molecular genetic techniques
over the past decade. This fundamental knowledge
is now being used to develop new methods for gold
exploration, processing and remediation.

An understanding of the distribution of microbial
species in soils overlying mineralization can be uti-
lized to develop bioindicator systems that assist with
gold exploration. An in-depth knowledge of how mi-
croorganisms interact with gold complexes is being
used to develop biosensors, further supporting explo-
ration. Processing technologies are being improved
based upon advances in our understanding of the
interactions between microorganisms, cyanide and
gold. For instance, cyanide-producing microorgan-
isms are being investigated for use in situ leaching of
gold. In turn, the use of cyanide-utilizing microorgan-
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isms for the degradation of cyanide is being explored.
Combined the implementation of biotechnologies in
the gold mining sector is set to revolutionize the in-
dustry, leading to the greener, more efficient extrac-
tion of gold [1, 2].

Chemical leaching and biooxidation stages were
examined in a two-stage biooxidation process of an
auriferous sulfide concentrate containing pyrrho-
tite, arsenopyrite and pyrite. Chemical leaching of
the concentrate (slurry density at 200 g/L) by ferric
sulfate biosolvent (initial concentration at 35.6 g/L),
which was obtained by microbial oxidation of fer-
rous sulfate for 2 hours at 70°C at pH 1.4, was al-
lowed to oxidize 20.4% ofarsenopyrite and 52.1%
of sulfur. The most effective biooxidation of chemi-
cally leached concentrate was observed at 45°C in
the presence of yeast extract. Oxidation of the sulfide
concentrate in a two-step process proceeded more ef-
ficiently than in one-step. In a two-step mode, gold
extraction from the precipitate was 10% higher and
the content of elemental sulfur was two times lower
than in a one-step process [3].

Plant design parameters for gold extraction, leach
residence time and cyanide consumption are gener-
ally determined from standard bench-scale bottle roll
or agitation leach tests. The application of laboratory
data to process design has essentially evolved from
the testing of oxide or low cyanide-consuming ores.
Such scale-up factors may not be appropriate for ores
that deplete cyanide and oxygen since this interferes
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with gold extraction kinetics. High cyanide-consum-
ing ores also exacerbate the differences between the
conditions applicable to small batch tests and large
continuous operations. Testing a reactive high-sulfide
South American ore deposit necessitated the re-eval-
uation of conventional bench-scale cyanidation pro-
cedures. Pulp density can be a major factor affecting
the results for plant design purposes and should be
treated as a test work variable. As with high clay-
bearing ore, where pulp viscosity can hinder mass
transfer, minimizing the influence of test equipment
on gold extraction kinetics may require low pulp den-
sities. This introduces interpretative complexity since
cyanide consumption changes as a function of pulp
density. Activated carbon also consumes cyanide,
so its effect has to be accounted for in the case of
carbon-in-leach (CIL) or carbon-in-pulp (CIP) plant
flowsheets. Since cyanide is an expensive reagent,
often a major component of plant operating costs, it
is important that the scale-up of cyanide consumption
from laboratory to plant be representative. The tradi-
tional method of reporting cyanide consumption in
bench-scale testing is questioned since it takes credit
for residual free cyanide in leach tails. The projected
plant consumption may be better estimated by using
the total cyanide addition in a laboratory test. We pro-
pose a test work protocol that categorizes the cyanide
consumption into its components but requires more
extensive testing to generate design data. The ulti-
mate validation of scale-up factors used by project
engineers requires rigorous bench-scale versus com-
mercial plant comparative data. Such data are not
readily available [4].

Rapid technological advancement and the rela-
tively short life time of electronic goods have resulted
in an alarming growth rate of electronic waste which
often contains significant quantities of toxic and pre-
cious metals. Compared to conventional chemical re-
covery methods, bioleaching has been shown to be an
environmentally friendly process for metal extraction.
In this work, gold bioleaching from electronic scrap
material (ESM) was examined using batch cultures
of the bacterium Chromobacterium violaceum which
produces cyanide as a secondary metabolite. Gold
was bioleached via gold cyanide complexation. The
ESM was pretreated using nitric acid to dissolve the
base metals (mainly copper) in order to reduce com-
petition for the cyanide ion from other metals present
in ESM. ESM was added to the bacterial culture after
it reached maximum cyanide production during early
stationary phase. Leaching with spent medium using
bacterial cell-free metabolites showed a higher gold
recovery of 18%, compared to that of two-step bio-

leaching of 11% at 0.5% w/v pulp density of ESM.
Gold bioleaching was further enhanced to 30% when
the pH of the spent medium was increased to shift
the equilibrium in favor of cyanide ions production.
Spent medium bioleaching of pretreated ESM yield a
higher gold recovery compared to two-step bioleach-
ing at a pulp density of 0.5% w/v [5].

Some of refractory gold ores represent one of the
difficult processable ores due to fine dissemination
and interlocking of the gold grains with the associ-
ated sulphide minerals. This makes it impossible to
recover precious metals from sulphide matrices by
direct cyanide leaching even at high consumption of
cyanide solution. Research to solve this problem is
numerous. Application of bacteria shows that, some
types of bacteria have great affect on sulphides bio-
oxidation and consequently facilitate the leaching
process. In this paper, leaching of Saudi gold ore,
from Alhura area, containing sulphides before cya-
nidation is studied to recover gold from such ores
applying bacteria. The process is investigated using
stirred reactor bio-leaching rather than heap bio-
leaching. Using statistical analysis the main affect-
ing variables under studied conditions werde iden-
tified. The design results indicated that the dose of
bacteria, retention time and nutrition K SO, are the
most significant parameters. The higher the bacte-
rial dose and the bacterial nutrition, the better is the
concentrate grade. Results show that the method is
technically effective in gold recovery. A gold concen-
trate containing >100 g/t gold was obtained at opti-
mum conditions, from an ore containing < 2 g/t gold
i. e., 10 ml bacterial dose, 6 days retention time, and
6.5 kg/t K,SO, as bacteria nutrition [6].

The beneficiation of mineral substances through
biotechnology forms the objective and basis of the
present study of the pyrite bacterial leaching (biole-
aching) process. The use of ferrous and sulfide oxi-
dizing bacteria in bioleaching processes is a recent
technique that has found industrial applications in
copper, uranium, cobalt and gold extraction. To pur-
sue its application and extend it to the upgrading of
other ores, its technical and economic viability must
be continually demonstrated and optimized through
credible technological innovations in terms of scale-
up and better control of biochemical activity. This
is what this work aims to achieve by improving our
knowledge of the intimate mechanisms governing
the action of microorganisms during pyrite bacterial
oxidative dissolution. The substrate used is formed of
finely ground pyrite. The cultures (classical nutritive
medium without ferrous iron) are batch-prepared and
kept at a temperature of 35°C. agitated and aerated.
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The bacterial population used comprises three spe-
cies: Thiobacillus ferrooxidans, Thiobacillus thio-
oxidans and Leptospirillum ferrooxidans. Specific
equipment was developed and adapted for the study,
including the design of special pyrite electrodes and
the use of electrochemical methods for corrosion and
interface investigations. These tools served to iden-
tify and monitor the electrochemical reactions occur-
ring during bioleaching, both in solution and on the
surface of the pyrite electrodes. The work consisted
in relating the observations of the changes in certain
key electrochemical parameters to the presence of
Fe?" and Fe*' ions in solution. The electrochemical
behavior of pyrite during bioleaching was studied by
continuous measurement of certain electrochemical
parameters in different situations, both natural and
induced. The overall chemical process of pyrite bio-
leaching was determined and subdivided into distinct
elementary stages. The key factors of each elemen-
tary stage and their respective roles were identified,
This made it possible, for each stage, to differentiate
the electrochemical reactions occurring in solution
and at the interfaces, which, when combined, lead
to overall reactions that advance the bioleaching of
pyrite. The results completely contradict the theory
of direct dissolution of the pyrite by the bacteria and
indicate that (i) the ferric ion hence remains the only
powerful oxidant of pyrite during its bacterial leach-
ing, (ii) the only role of the bacteria is (re)generation
of ferric ions in solution, and (iii) the process of bac-
terial adhesion or contact or attack no longer has the
same meaning as was hitherto attributed [7].

A quick, simple and reproducible method for
the indirect determination of the population of the
absorbed and suspended bacterias in the cultivation
media is the Bradford’s method. It has been used to
evaluate the fraction of bacteria adhered to the miner-
al during the bioleaching process and the suspended
fraction. It was observed that a significant fraction of
the bacteria is adhered to the mineral surface. This
proportion varies with the environmental conditions,
mainly pH, the presence of ferric ions and the way
to supply the mineral sulphide. It has also been ob-
served that the fraction adhered to the solid shows a
progressive loss of its oxidative activity. The results
can help demonstrate that the sulphides leaching is
due to the combination of the direct bacterial action
on the sulphide mineral surface with the indirect
leaching by the ferric ion produced by the bacteria
into the solution [8].

The bacterial oxidation of sulfide ores can be ex-
ploited in the mining industry to leach and extract
heavy metals from metal sulfide deposits. Conven-

tional methods for the extraction of precious met-
als from such complex sulfidic matrices are highly
energy consuming and notorious for environmental
pollution problems. Precious metals in the form of
grains are very finely distributed and encapsulated
in the sulfide matrices and direct cyanidation of the
refractory sulfide ores usually gives unsatisfactory
recovery of such metals. Bio-oxidation of a gold-
bearing pyrite concentrate has been considered as
an alternative process for the pretreatment of such a
refractory ores prior to cyanidation. In this research,
mixed cultures of Thiobacillus ferrooxidans, Thioba-
cillus thiooxidans, and Leptospirillum ferrooxidans
strains of DSM culture collection were examined
batchwise for their ability to oxidize iron portion of
gold-bearing pyrite concentrate from Mouteh mine in
Isfahan. Effects of initial levels (i.e. ratio of the bac-
terial cell numbers in the inoculum) and ore adapta-
tion of mixed cultures of the above named bacterial
species on bioleaching; of the sulfidie pyrite has been
studied. Time course of changes in iron concentration
was determined. Iron dissolution during bioleaching
could be used as an index for release of gold, which
has been intergrown in the sulfidic matrix. Mixed
cultures of these strains of three bacterial species
acted efficiently in leaching iron and the variables
indicated above had positive influence on the rate of
iron dissolution. In order to characterize kinetics of
the bio-oxidation in terms of the logistic equation,
the data obtained were fitted to this equation. A linear
regression was performed on the data in their loga-
rithmic form and logistic model parameters were cal-
culated. The logistic equation was found to be a good
fit to all of the data obtained in this study [9].

A proposal for a modified in situ leaching method
for extracting gold from oxidized gold ores using a
non-cyanide lixiviant is described. A non-cyanide
lixiviant is suggested because of the obvious con-
cerns posed by injecting cyanide-bearing solutions
into the subsurface. Oxidized gold ores were cho-
sen as a focus because earlier research on the use of
sodium thiosulphatic as a lixiviant under anaerobic
conditions indicated that the presence of pyrite led
to rapid thiosulphatic breakdown. A reconnaissance
research program involving ore characterization
and hydrometallurgical test work on samples from
four Australian ore deposits and preliminary reac-
tive transport modeling studies was carried out. This
work showed that lixiviant-oxidant combinations of
sodium thiosulphatic and ferric EDTA and iodide and
iodine are both capable of extracting high percent-
ages of accessible gold from the selected samples in
bottle roll tests under anaerobic conditions. The ore
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characterization and reactive transport studies sug-
gested that both physical and chemical methods of
permeability enhancement may be required to lift
bulk permeability and the availability of gold for
dissolution to sufficiently high levels to obtain ad-
equate gold recoveries. Assuming that such methods
prove to be both necessary and economically viable,
the mining method would no longer be regarded as
simple in situ leaching. Therefore, the term «in-place
leaching» has been adopted for the proposed gold ex-
traction system [10].

The intensification of the thiosulphatic leaching
of silver, gold and bismuth from sulfide concentrates
using mechanical activation and mechanochemical
pretreatment step was investigated. The physico-
chemical changes in a complex sulfide concentrate
(Casapalca, Peru) as a consequence of mechano-
chemical pretreatment had a pronounced influence on
the subsequent silver extraction. The optimum results
from mechanochemical pretreatment and subsequent
leaching of the concentrate with ammonium thiosul-
phatic were achieved with 99% recovery of Ag after
only 3 min of leaching. The leaching of gold from a
mechanically activated complex sulfide concentrate
(Banska Hodrusa, Slovakia) using ammonium thio-
sulphatic was studied as follows. Physico-chemical
transformations in the concentrate due to mechanical
activation have an influence on the rate of extraction
and the recovery of gold. It was possible to achieve
99% Au recovery within 45 min for a sample me-
chanically activated. Mechanical activation proved
to be an appropriate pretreatment for this concentrate
before extraction of gold into thiosulphatic leaching
solution. The selective leaching of bismuth from the
lead concentrate (Atacocha, Peru) by using of so-
dium thiosulphatic and mechanical activation as the
pretreatment step was examined as the last example.
It is possible to achieve more than 90% recovery of
bismuth in leachate even in three minutes for me-
chanically activated samples [11].

Heap leaching with thiosulphatic is only used in
one location for the treatment of a refractory preg-
robbing gold ore initially pre-treated with bio-ox-
idation. The chemistry of thiosulphatic leaching is
complex. Further work is required to develop a better
control of the system. A mild refractory gold ore con-
taining pyrite and chalcopyrite was used in this study
to investigate the use of thiosulphatic as an alterna-
tive heap leaching technology. Preliminary bottle
rolls tests indicated that similar gold extraction was
obtained with cyanide and thiosulphatic. In the col-
umn leach test, effects of thiosulphatic, copper and
ammonia concentrations, and their ratio on both gold

extraction and reagent consumption, were assessed.
The range of reagent concentration were: 0.1 — 1.0M
(NH))(2)S,0,, 0.03 — 0.10M CuSO,*5H,0, 1.0 —
6.0M NH,OH. The solid-liquid ratio was in the range
0f'0.83:1 to 5.1. Best results showed that 72% of gold
was extracted in 50 days with 0.3M (NH,)(2)S,0,,
0.05M CuSO,*5H,0 and 6M NH,OH or a combina-
tion of 1.0M (NH,)(2)S,0,, 0.03M CuSO,*5H,0 and
3M NH,OH. The reagent consumption at solid/liquid
ratio of 3.1 was 37 — 48.6 kg/t (NH,)(2)S,0, and 0 —
0.62 kg/t CuSO,*5H,0. The results of thiosulphatic
leaching were also compared with cyanide leaching
[12].

The leaching of gold using alkaline amino acids-
hydrogen peroxide solutions at low concentrations
has been studied. The application of alkaline amino
acid-hydrogen peroxide system may offer an alter-
native and environmentally benign process for gold
leaching, particularly in the context of leaching low
grade gold ores in an in-situ or in heap leach process-
es. In the presence of an oxidant or oxidants, it was
found that amino acids can dissolve gold at alkaline
condition at low and moderate temperature. Heating
the leach solution between 40 and 60 degrees C was
found to enhance the gold dissolution significantly in
alkaline amino acid-peroxide solutions. It was also
found that gold dissolution increases by increasing
amino acid concentration, peroxide and pH. Amino
acids acts synergistically to dissolve gold. Although
glycine showed the highest gold dissolution as a
single amino acid compared to histidine and alanine,
histidine was found to enhance gold dissolution when
used in equimolar amounts with glycine. The pres-
ence of Cu*" ion enhances gold dissolution in the gly-
cine-peroxide solutions. The process will propose an
environmentally benign process for gold treatment
in order to replace the use of cyanide in heap or in-
situ leaching. In the presence of pyrite, the amount
of gold leached was lower due to the peroxide con-
sumption in sulphide oxidation [13].

Bioleaching is one of advanced technologies of
processing of gold-consisting ores with such advan-
tages as low-wasteness and ecological purity since
gas and dust are not emitted into the atmosphere [14].
The technology of bioleaching is simple in applica-
tion and highly effective, especially for processing of
ores with low content of precious metals. It allows
to save materials and energy and in the future can
replace such ways of processing of mineral raw ma-
terials as roasting, autoclave leaching, metallurgical
melting which pollute environment with poisonous
gases and toxic chemicals. In practice of bioleach-
ing there are used various microorganisms depending
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on aims. Acidophile thionone bacteria from the sort
Acidithiobacillus ferrooxidans are the most popular.
In the USA 20% of production of copper is the share
of its receiving from dumps of off-balance ores by
means of the above bacteria. In China and Mexico
there are skilled installations for bacterial leaching
of copper concentrates. The assessment of the simi-
lar enterprises shows that at capital expenditure for
building of installation about 900 thousand dollars
prime cost of 1t of the received product makes less
than 50 dollars, time of payback of installation — 18
months. That is, in a year after installation develop-
ment the profit makes 375 thousand dollars [15].

The Pacific Ore Technology company at the en-
terprise «Radio Hill» (Australia) operates trial instal-
lation of compact bacterial leaching of copper-nickel
ore, this technology, according to experts, can be
applied to bacterial obduction of persistent gold-sul-
phide ores. Sulphidic minerals make about 15% of
total amount of ore. Ores split up to a class of fine-
ness minus 7,5 mm and are put on the waterproof-
ing basis in stacks of 5 m high, with a lump of 1000
t. Process continues for about a year, so non-ferrous
metals are extracted in concentrates for 70-90% [16].

It is known that leaching is transfer to solution
(usually water) of one or several components of
strong substance by means of water or organic sol-
vent, it is frequent with the participation of gases of
oxidizers or reducers [17].

The work purpose — research of regularities and
the technological scheme of gold extraction from
ores of Bakyrchik deposit, the East Kazakhstan re-
gion, by percolation bioleaching.

Materials and methods

There are several some ways of leaching, in this
experiment there was applied a percolation leaching
by infiltration (percolation) of liquid reagent of so-
lution through a motionless layer of solid material.
The percolation way is imitation of a compact way of
leaching. Generally percolation leaching is applied,
for example, for processing gold-consisting porous
structure with particles of 0.2-1.0 mm in special
round sand of porous structure with particles of 0.2-
1.0 mm in special round (height of 2-4 m, diameter
of 12-14 m) and rectangular (length of 25 m, width
of 15 m) tubs capacity on sand of 800 — 900 t; du-
ration of full processing of one sand loading is 4-8
days. Percolation leaching is carried out by consecu-
tive supply of solutions of cyanides alkaline alkaline-
agrarian metals of the decreasing concentration from
0.1 -0.2t0 0.03 —0.05%.

In the administrative relation the Bakyrchik min-
ing enterprise is located in the Zharminsky Area of
East Kazakhstan region at distance of 90 km to the
southwest from the regional center of Ust-Kameno-
gorsk. In close proximity to the enterprise on the
southwest there is an Auezov working settlement, in
4 km to the West — the settlement of Shalobai (Figure
1). Transport system of the enterprise and settlements
with the regional center and Semipalatinsk which is
in 170 km? to the northwest.
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Figure 1 — Geographical location of Bakyrchik
gold-arsenous deposits

Results and their discussion

Gold leaching by solutions of cyanide of sodi-
um was carried out in the following mode: at the 1
stage (to 20% of extraction of gold) concentration
of cyanide of sodium is 0.6 g/dm?, density of an ir-
rigation is 25 dm®/t of ore, without pauses in an ir-
rigation; at the 2nd stage (20-40% of extraction of
Au) concentration of NaCN is 0.4 g/dm?, density of
an irrigation is 15 dm’/t of ore, a pause in an irriga-
tion -1 day; at the 3rd stage (extraction of gold 40%)
concentration of NaCN is 0,2 g/dm?, density of an
irrigation is 5 dm®/t of ore, a pause in an irrigation
of 2 days, Figure 2. Stage-by-stage decrease in den-
sity of irrigation allows maintaining concentration
of gold in solution at higher level, in this case 2 mg/
dm’, pH of initial solution of cyanide of sodium in
all cases was equal to 10.

After each irrigation the whole solution was re-
moved from a leaching cycle, i.e. the ore irrigation in
each cycle was carried out by fresh alkaline solution
of cyanide of sodium. The gold-consisting solution
removed from a turn was analyzed on the content of
gold, residual cyanide, alkaline, the content of iron
and non-ferrous metals was periodically defined: co-
balt, nickel, zinc, copper.
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The general duration of leaching made 162  In process of increase in duration of leaching, on
days, the maximum concentration of gold in solu-  each of three stages concentration of gold increased
tion is 5,63 mg/dm3. Extent of extraction of gold in  in solution in the beginning, and then evenly de-
solution for the entire period of leaching is 75,17%.  creased.

Note: Concentration of NaCN — 0.6 g/dm?, density of irrigation is 25 dm*/t of ore,
without pauses in an irrigation. Abscissa: leaching duration, days.
Ordinate: 1 — Au extraction,%; 2 — Expense of NaCN, Au t/kg.

Figure 2 — Dynamics of gold extraction at percolation ore leaching
of the Bakyrchik deposit. I — stage.
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Note: Concentration of NaCN — 0.4 g/dm?, density of irrigation is 15 dm?/t of ore,
pause -1 day. Abscissa: leaching duration, days.
Ordinate: 1 —Au extraction,%; 2 — Expense of NaCN, Au t/kg.

Figure 3 — Dynamics of gold extraction at percolation ore leaching
of the Bakyrchik deposit. II — stage.

Dynamics of gold extraction at percolation ore The average content of gold in solution at 1st
leaching of the Bakyrchik deposit. II — stage was  stage of leaching (duration of 16 days) is 1.93 mg/
given on Figure 3. dm?, at the 2nd stage (22 days) — 3,13 mg/dm?, at
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the 3rd stage (124 days) — 4.08 mg/dm’, extraction
of the 1 irrigation 1.40, 1.81, 0.78% respectively. For
the entire period of leaching average concentration of
gold in solution made 2.50 mg/dm3, extraction of the
1 irrigation — 1.09%. The most noticeable decrease of
gold concentration was observed at the final stage of
leaching. In the rage from 65th to 69th irrigation, con-

=1
80

centration of gold in solution decreased from 2.54 to
1.54 mg/dm?®. For receiving the solutions (2mg/dm?),
which were more concentrated on gold at the final
stage of leaching it is recommended to periodically
carry out an irrigation without removal of solutions.
Dynamics of gold extraction at percolation ore leach-
ing of the Bakyrchik deposit. III — stage, Figure 4.
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Note: Concentration of NaCN — 0.2 g/dm?, density of irrigation is 15 dm?/t of ore,
pause — 2 days. Abscissa: leaching duration, days.
Ordinate: 1 — Au extraction,%; 2 — Expense of NaCN, Au t/kg.

Figure 4 — Dynamics of gold extraction at percolation ore leaching
of the Bakyrchik deposit. III — stage

It is revealed that cyanation of gold-arsenic con-
centrates of Bakyrchik deposits after bacterial leach-
ing leads to gold extraction increase, and the best re-
sults are received when procedures of thiosulphatic
and sulphatic leaching are preceded by A. ferrooxi-
dans culture processing.
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Insights into the role of the gut microbiome in metabolic syndrome

Abstract: Metabolic syndrome is a worldwide epidemic which is a combination of various metabolic
disorders of organism. Nowadays biodiversity in gut microbiome and its impact on health is being studied
very intensively. Gut microbiome has a main role as a reservoir of human genetics. Therefore its study
is very topical. There are a lot of factual materials which indicate that gut undeniable influence on the
immune system and intestinal barrier function, digestion, metabolism and systemic inflammation. It can be
rightfully claimed that microbes «in dialogue» with the whole body by way of sending us signals, which

have to be researched and identified in the future.
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Introduction

Nowadays one of the most prevalent public
health problems in the world is metabolic syndrome.
Metabolic syndrome is a combination of various met-
abolic disorders of organism and it is considered as
worldwide epidemic. This syndrome contains group
of risk interconnected factors that increases the risk
for heart disease, atherosclerosis and other health
problems, such as diabetes and stroke [1]. There are
different definitions of the metabolic syndrome. His-

torically, professor Reaven was the first who used the
term «syndrome X» on his investigations on differ-
ent factors of organism which lead to diseases. Then
the term was renamed into metabolic syndrome [2].
Worldwide Health Organization (WHO) proposed
the following definition: Metabolic syndrome is mul-
tiplex risk factors which constitute of basic compo-
nents of abdominal obesity, high triglyceride level of
blood, less HDL cholesterol, great fasting glucose,
arterial pressure, dyslipidemia, high or low density of
lipoproteins, and high level of BP.

Table 1: The new International Diabetes Federation (IDF) definition

According to the new IDF definition, for a person to be defined as having

the metabolic syndrome they must have:

Central obesity (defined as waist circumference® with ethnicity specific
values)

plus any two of the following four factors:

Raised = 150 mg/dL (1.7 mmaol/L}
triglycerides or specific treatment for this lipid abnormality

< 40 mg/dL (1.03 mmal/L) in males
E:j‘::‘::'r::m' < 50 mg/dL {1.29 mmal/L) in ferales

or specific treatment for this lipid abnormality
Raised blood systalic BP = 130 or diastolic BP = 85 mm Hg
pressura or treatment of previously diagnosed hypertension

Raised fasting
plasma glucose

syndrome,

(FPG) = 100 mg/dL (5.6 mmol/L},

or previously diagnosed type 2 diabetes

If above 5.6 mmol/L or 100 mg/dL, OGTT is strongly
recommended but is not necessary to define presence of the

* If BMI is =30kg/m?, central obesity can be assumed and waist circumference does not need to be

measured,
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If three or more of the measurements attend, this
means that metabolic syndrome occurs [4]. Having
just one of these conditions doesn’t mean metabolic
syndrome. However, any of these conditions increase
risk of serious disease. If more than one of these con-
ditions occurs in combination, risk is even greater [3,
4]. However pathogenic mechanism and criteria for
diagnosis of metabolic syndrome have not been fully
investigated.

Epidemiology of metabolic syndrome

It was thought that metabolic syndrome is mostly
related to middle-aged and old people for a long time;
especially it is disseminated between men. But recent
studies have shown that young people tend to meta-
bolic syndrome too.

According to the data of Worldwide Health Or-
ganization about 30% of populations in the world are
overweight, 16.8% of them — women and 14.9% are
men. The number of people with obesity increases
progressively every 10 years by 10%. Likelihood of
arterial hypertension is high for 50% between people
with obesity than those with normal weight. Accord-
ing to the Framingham study, systolic blood pressure
increases by 4.4 in men and 4.2 among women for
every extra 4.5 kg weight. Several conducted inves-
tigations elucidate that body weight is direct propor-
tional to total mortality. Obesity increases the risk of
2 type diabetes [5].

Over the past 15 years more than 20 epidemio-
logical studies carried out on the prevalence of the
metabolic syndrome. Large-scale meta-analysis has
shown that in an adult population by 10% in China
and 24% in the US are diagnosed with metabolic
syndrome. Most studies have identified common pat-
terns that play an important role in the development
of metabolic syndrome, such as age, women’s post-
menopausal status, behavioral factors — sedentary
lifestyles and the prevalence of carbohydrate diet,
socioeconomic status. Research recently conducted
in Russian on a random sample of the adult popula-
tion have shown the data of 20.6% of persons aged
30-69 have metabolic syndrome; it occurs 2.4 times
more frequently in females than between man; the
more the age, the higher the number of patients with
metabolic syndrome [6].

According to the data of Kuopio Ischemic Heart
Disease Risk Factors Study the risk for coronary
heart disease is higher for 2,9-4,2 times and death
rate from ischemic heart disease for 2.6-3.0 times in
patients with metabolic syndrome. In another pro-
spective study ARIC (Atherosclerosis Risk in Com-

munities) we can notice the results have elucidated
that patients with metabolic syndrome can tend to
stroke 2 times more than the control group: the risk
was 1.9 for men; for women — 1.52 [7].

Metabolic syndrome is a cluster of risk factors
associated with prothrombotic, proinflammatory
conditions, non-alcoholic fatty liver disease, and dys-
function of the reproductive system. The prevalence
of metabolic syndrome depends on gender, age, eth-
nicity, as well as the use of diagnostic criteria, and
varies over a wide range between male populations
from 8% in India to 25% in the US, among women
from 7% in France to 46% Iran. The study INTER-
HEART showed that metabolic syndrome related to
26% of adult population in the world.

In South Asia the prevalence of metabolic syn-
drome is 2.5 times higher than in Europe. Its fre-
quency is very high among obese patients: metabolic
syndrome is revealed in 49% of them. According to
the opinion of some researchers, the metabolic syn-
drome is a consequence of urbanization, the increas-
ing prevalence of obesity and sedentary lifestyles [8].

Metabolic syndrome is widespread in Asia. Ac-
cording to statistics, 17 million people die from
stroke in China every year. 60% of patients with dia-
betes in Asia are Chinese citizens. In China If the in-
dex of weight is 30 kg/m3 and higher, it means that
people tend to obesity. According to this 64 million
people suffer from metabolic syndrome. Children in
China also prone to metabolic syndrome and 15% of
children tend to obesity [9]. The studies conducted
in Taiwan have determined that 9 boys from 100000
and 15 girls from 100000 have a diagnose of diabetes
[10].

314 million people with metabolic syndrome are
estimated in the world in 2001, as well as 400 mil-
lion — in 2006. It’s predicted that number of patients
will increase up to a 500 million in 2025. Epidemio-
logical studies conducted in different countries have
shown that of metabolic syndrome occurs on average
10-40% of individuals depending on the population
[11]. According to studies high prevalence of this
syndrome is marked in Greece, the Netherlands and
Finland. For example, in Greece, the figure is 41.8%
(63.0% among men, 37% — women) by NCEP cri-
teria and 43.4% according to the criteria IDF. Pilot
studies conducted in Russia showed that 20.6% of
persons aged 30-69 suffer from metabolic syndrome.
According to the Federal State Institution «Endocri-
nology Research Center» syndrome was diagnosed
in 66% of patients with obesity [12].

There are only a few studies on the prevalence
and ethnic characteristics of the metabolic syndrome
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in Kazakhstan. Shalharova carried out the epidemio-
logical research in South Kazakhstan, and the results
corresponded with European results [13].

The role of the gut microbiome on develop-
ment of metabolic syndrome

Nowadays biodiversity in gut microbiome and its
impact on health is being studied very intensively.
Gut microbiome has a main role as a reservoir of hu-
man genetics. Therefore its study is very topical. The
human gut microbiome contained 1.5 kg of micro-
organisms, about 1000. The microflora performs a
number of very important functions: differentiation
of the intestinal epithelium, protection against patho-
gens and metabolic — involved in the processes of de-
posit in the liver and adipose tissue formed as a result
of fermentation of energy substrates, which makes up
10% of the energy homeostasis. MetaHIT project’s
purpose is to create the «microbiome» — gene bank
of microflora. «Microbiome» contains 3.3 million
of coding sequences of nucleotides — it is 150 times
larger than the human genome, and has been called
‘our other genomey.

The development of the metabolic syndrome
is associated with systemic inflammation of lower
grades. The role of the microflora in the origin of
obesity can be explained by two aspects: 1. Addi-
tional extraction of energy from the indigestible part
of food; 2. the maintenance of systemic inflammatory
response due to the increased lipopolysaccharide of
bacteria, in other word — endotoxemia. In addition,
certain bacteria can inhibit the expression of the pro-
tein induced by starvation in the intestinal contents,
which exhibits the properties of an inhibitor of lipo-
protein lipase.

Active studies the role of gut microbiome on
pathogenesis of the metabolic syndrome started with
experiments on mice which demonstrate that obesity
is associated with an increased content of microbial
groups Firmicutes and reduced levels of Bacteroides
[14]. Many studies indicate that people with obesity
and 2 type diabetes are characterized by changes in
the composition of intestinal microflora, in particu-
lar the reduction of species that are actively produce
the butyrate — Roseburia intestinalis and Faecalibac-
terium prausnitzii. Apparently butyrate has an anti-
diabetic effect. Low variability in the composition
of microflora is considered as a possible predictor of
obesity treatment absence by diet [15].

Behaviors of the microbiota on inflammatory bow-
el disease, allergic diseases are being studied exten-
sively. Fecal microflora transplantation from healthy

donors is one of the newest and effective methods.
This method has proven itself particularly in the treat-
ment of recurrent infection of Clostridium difficile.
The latest recommendations of the American College
of Gastroenterology allow the transplantation of fecal
microflora after the third recurrence of Clostridium
difficile in case of failure of vancomycin [16].

There is a widespread interest in transplantation
of microflora in other diseases too. It is believed that
in some situations, this arrangement will avoid pre-
scribing. Patients with metabolic syndrome showed
increased sensitivity of peripheral tissues to insulin
and an increase in species diversity of the microbiota,
when fecal transplants from healthy donors [17, 18].

The limitations of the method of transplantation
above are explained by insufficiently established pro-
cedures for screening donors and insufficient study of
the method. There are a lot of factual materials which
indicate that gut undeniable influence on the immune
system and intestinal barrier function, digestion, me-
tabolism and systemic inflammation. It can be right-
fully claimed that microbes «in dialogue» with the
whole body, and send us signals, which have to be
researched and identified.

Conclusion

There is a widespread interest in researching met-
abolic syndrome because it is a worldwide epidemic
which is a combination of various metabolic disor-
ders of organism. Interaction between gut microbi-
ome and metabolic syndrome is very topical studies.
There are a lot of factual materials which indicate
that gut undeniable influence on the immune system
and intestinal barrier function, digestion, metabo-
lism and systemic inflammation. It can be rightfully
claimed that microbes «in dialogue» with the whole
body by way of sending us signals, which have to
be researched and identified in the future. Studying
Kazakhstani population with metabolic syndrome,
researching their gut behavior will help scientists to
identify new methods of treating the dangerous dis-
eases such as an obesity, diabetes, atherosclerosis,
coronary heart disease and so on.
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Features of the vegetation cover of the natural fodder lands
of southern Kazakhstan

Abstract: Results of the floristic analysis of a vegetation cover of southern pasturable lands (Zhambyl area,
Chu area, Abay rural district) are being discussed. Key land soils and condition of vegetation, the floristic
structure of fodder lands are defined. The distribution of species on major taxonomic groups considered.
It was the analysis of familial range of flora. It was performed for the key area of pastures area which is

located in the foothill-desert-steppe zone.

Key words: Republic of Kazakhstan, vegetation cover, key land, phytocenosis, soil, fodder lands

Introduction

According to the Institution of world resources,
pasturable lands in the Republic of Kazakhstan cover
188 million hectares or 70 percent of all area. Gen-
eral part of the degraded lands makes more than 48
million hectares or 26 percent from total area [1].
The extensive pasturable economy which has the in-
sufficient level of equipment is the main reason for
degradation of lands and, as a rule, is unstable. Dry
years or long cold winters have a bad influence on
a condition of cattle, in this regard development of
stable fodder providing is necessary [2].

Change of forms of ownership in agriculture led
to uneven and irregular use of pastures. The repas-
ture and a contamination of pastures in territories
near settlements led to degradation of soils and veg-
etation, and it, in turn, led to decrease in stocks of
forages that as a result leads to decrease in a standard
of living of the population. In this regard detailed re-
searches of a current state of pastures, identification
of their anthropogenous degradation level as a basis
for planning of actions for restoration and rational
use are relevant [3].

The purpose of our researches in the last decade
consists in periodic control of a condition of vegeta-
tion and soils of a key land on the southern pastur-
able lands of Kazakhstan, and also studying of floris-
tic structure and dynamics of productivity of fodder
grounds.

© 2015 al-Farabi Kazakh National University

Materials and methods

In 2011 on pasturable lands of the area of our re-
searches key land No. 19 was formed and, for more
detailed characteristic of the prevailing vegetation as-
sociations and soils, PSEP No. 55, 56, 57 were formed
as well. The land KU-19 is in 7 km to the northwest
from the settlement of Abay near the bridge through
Kuragata river on its left coast. The area of a key land
made 1196 and, the scale of researches — 1:10 000;
PSEP square — on 1 hectare everyone, the area of re-
searches — 1:2000. Works are carried out with use of
photoplans of scale 1:10 000.

During field researches on a key land 16 soil and
botanical contours, are allocated for No. 55 PSEP — 8
contours, for No. 56 PSEP — 4 contours, for No. 57
PSEP — 6 contours, 6 soil cuts are put and described.
From 5 main cuts (including from 3 cuts on PSEP)
on the genetic horizons 19 tests on chemical and me-
chanical analyses are selected.

The land is located on the second above flood-
plain terrace of Shu river interfluve area of Shu-Kura-
gata. Relief is accumulative and erosive, barely bil-
lowy, with the low uvala and hilly rises complicated
by eoloian processing. Valley of the river Kuragata has
width up to 150 m and depth of erosive cutting of 2-3
m. The river flows from the South to the north along
the western border of the land. The land was actively
used in the past as the irrigated arable land under land-
ings of mainly melon cultures. Along northern and
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eastern borders there is a channel, along it, and also
along the river there are numerous ditches. Now they
are dry and also not used. In work of definition of the
general distribution of species of flora we used liter-
ary data [4-5]. At allocation of vital forms of plants we
used the most known biomorphological classifications
of K. Raunkiyer [6] and 1.G. Serebryakova [7].

Results and their discussion

The territory of the key land located on pastur-
able lands of the Abay rural district belongs to a
foothill and desert and steppe zone, a subband of
gray soils of the light northern. Mechanical struc-
ture of soils — sandy, sabulous, barely loamy and
middling loamy. The main type of a relief — barely
billowy plain, absolute height is 439-446 m. The
vegetation cover is presented by the semidesertic

Table 1 — Quantity of species in the main families

(desert and steppe) vegetation which is character-
ized by a wide circulation of desert semi-suffruti-
cous and low-shrubby elements of flora, and steppe
— firm-bunch grasses. The floristic list on materials
of field inspection makes 92 species relating to 25
families and 74 classes.

From vital forms perennials prevail: grassy pe-
rennials (47 species), among them long-term vegeta-
tive (saltmarsh-grass, a feather grass, Aeluropus) and
short-term vegetative (ephemeroids- onions, a sedge,
a desert-candle). 4 species),of bushes is Calligonum
leafless, Hulthemia persica, multiramose tamarisk
and Lycium ruthenicum; 2 species of semi-bushes —
Kohia prostrata and Ceratoides Krascheninnikovia,
low shrubs and semi-low shrubs, 1 type (Convolvu-
lus fruticosus and Artemisia terrae-albae), a tree — 1
(Elaeagnus oxycarpa ). 33 species are annual plants,
biennials — 3 species (Table 1).
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species in total 92 47 33 3 4 1 2 1 1
including the main families:
1 Gramineae Juss. 21 14 7
2 | Chenopodiaceae Vent. 12 1 9 2
3 | Compositae Giseke. 11 7 3 1
4 | Cruciferae Juss. 8 2 6
5 | Leguminosae Juss. 8 8
6 | Polygonaceae Lindl. 4 1 2 1
7 | Liliaceae Juss. 3 3
8 | Umbelliferae Juss. 3 2 1
9 | Labiatae Juss. 3 2 1

15 species in vegetation community are domi-
nants. By quantity of species in families prevail Gra-
mineae- 21 species (22.8%), then 12 species from
the Chenopodioideae family (13.0%), in the family
Compositae 11 species (11.9%), Cruciferae and Le-
guminosae families — 8 species each, Polygonaceae

family — 4 species, Liliaceae, Umbelliferae and La-
biatae families-3 species each. Other families have
1-2 species. The ecological analysis of flora of the
research land shows a wide expansion of xerophytes,
xerohalophytes and mesohalophytes on the barely
billowy plain, mesophytes along the Kuragata river.
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Figure 1 — Ephemeral camel thorn’s modification

Everywhere in the territory of the key there are
landcommunities of group of the torgayot (383 hect-
ares) and the camel thorn pastures (352 hectares)
(Figure 1).

The group of the torgayot pastures includes tor-
gayot-ephemeral, saltwort-ephemeral-camel thorn
communities. Camel thorn pastures are presented
by camel thorn — ephemeral, camel thorn-azhrek-
ephemeral communities with ephemeral-camel thorn,
ephemeral and ephemeral-Poterium modifications.
Soils — pit-and-mount fixed sand, gray soils are usual
light northern, mead gray soil light northern slightly
alkalinized, slightly solonchak and middling solon-
chak and slightly loamy.

Dominants of communities — Climacoptera op-
positifolius (torgayot) and camel thorn. In spring in
herbage a large number ephemeral plants develop:
meadow grass bulbous,cheat grass, desert alison,
Carex pachystylis, Eremopyrum triticeum. In the
summer ephemeral plants become dry and to their
change comes numerous steppe xerophyte grasses:
Serratula dissecta, Heliotropium olgae Bunge, Lap-
pula microcarpa, Allium caesium, Cousinia triflora
Schrenk. In autumn saltworts prevail: Ceratocarpus
arenarius L., Ceratocarpus utriculosus Bluket, Cli-
macoptera lanatay, Camphorosma monspeliaca L.,
and others. Aspect of herbage on the torgayot com-
munities from bright green (spring) to lilac-brown
with red impregnations (autumn). Aspect of the cam-
el thorn communities from bright green to dark green
with brown impregnations of the died-off ephemeral
plants.

Artemisia  terrae-albae-ephemeral communi-
ties are widespread in central and northern parts of
a key land in contours 10.16. The area occupied by
them is 141 hectares. They are dated for the increased
plain elements and formed on mead gray-soil light
northern slightly alkalinized sandy soils. They form
complexes with camel thorn ephemeral, ephemeral

camel thorn communities. It is singly among edifi-
catorial vegetation to meet Climacoptera lanata, Sal-
sola paulsenii, Ceratoides Krascheninnikovia, Stipa
lessingiana. The described communities belong to
lands of spring summer autumnal use for a pasture of
sheep, goats and horses.

In the southern part of the land in a contour 2
there is a calligonum-ephemeral-Poterium modifi-
cation. They are met in a complex with camel thorn
ephemeral communities.

Dominant — Calligonum leafless. Subdominants
— ephemeral plants: Taeniatherum crinitum, Alison
desert. Other: Agropyrum fragile, Goebelia pachy-
carpa, Alhagi, Eryngium planum.

Conclusion

Thus, in recent years in some contours there
were considerable changes: so earlier in a con-
tour six Aeluropus communities were widespread
in a complex with Climacoptera crassa and ab-
sinthial ephemeral, now in a contour prevail salt-
wort-ephemeral-camel thorn communities in a
complex with absinthial ephemeral camel thorn.
In contours 8 and 15 instead of the Artemisia ter-
rae-albae ephemeral communities modification
of ephemeral-camel thorn and ephemeral-camel
thorn-deluropus extended. Many fodder plants
such as Aeluropus, Artemisia terrae-albae were
forced out by annual saltworts and ephemeral
plants which points to degradation of pastures. It
is obvious that this consequence of a pasture of
considerable quantity of cattle in the territory of
the key land. Getting pastured from early spring
to late autumn, and also moving to Kuragata riv-
er on a watering place they constantly bite and
wear out plants and don’t allow long-term herbs
to grow. Change of climatic conditions has also
great influence on efficiency of communities, in
this regard the vegetation cover towards a xero-
phytisation significantly changed. But together
with that, at the proper organization of pasture
rotation system it is possible to restore vegetation
and growth of perennial fodder plants.
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Features of mir-466-3p binding sites in mRNA genes with different functions

Abstract: The importance of miRNA in cellular regulation is gaining momentum. We searched miRNA
binding sites using the MirTarget program. We identified several miRNAs that have greater than 300 target
genes in humans, with multiple binding sites per gene. We observed that miR-466-3p 1,463 binding sites
with high affinity (with AG/AG_ values greater than or equal to 90%).
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Introduction

Numerous microRNAs (miRNAs) that regulate
the expression of several hundred genes by binding
to their mRNAs have been identified [1-4]. These
miRNAs play key roles in the regulation of many
biological processes and changes in their concen-
trations are observed in various pathologies in hu-
mans and other animals [5-7]. Changes in miRNA
concentrations can be a cause or a consequence of
a disease.

Materials and methods

The human gene mRNAs were taken from the
GenBank (http://www.ncbi.nlm.nih.gov) using Lex-
tractor002 script (http://sites.google.com/site/mala-
heenee/software). Human miR-466-3p was taken
from the miRBase site (http://mirbase.org).

The target genes for the tested miRNA were re-
vealed using the MirTarget program, which was de-
veloped in our laboratory. This program defines the
following features of binding: a) the beginning of an
miRNA binding with mRNAs; b) the localization of
miRNA binding sites in the 5’-untranslated regions
(5’UTRs), coding domain sequences (CDSs) and
3’-untranslated regions (3°’UTRs) of the mRNAs; c¢)
the free energy of hybridization (AG, kJ/mole); and
d) the schemes of nucleotide interactions between
the miRNAs and the mRNAs. The ratio AG/AG_
(%) was counted for each site, where AG_ equaled
the free energy of a miRNA binding with its perfect
complementary nucleotide sequence. The miRNA
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binding sites located on the mRNAs had AG/AG
ratios of 90% and more. We also note the position
of the binding sites on the mRNA, beginning from
the first nucleotide of the mRNA’s 5’UTR. The Mir-
Target program computes the interactions between
the nucleotides of miRNAs and those of target gene
mRNAs. It found bonds between adenine (A) and
uracil (U), guanine (G) and cytosine (C), and G and
U, as well as between A and C via a hydrogen bond
[8]. The distance between A and C was equal to the
G-C, A-U, and G-U distances [9]. The numbers of
hydrogen bonds in the G-C, A-U, G-U and A-C inter-
actions were found to be 3, 2, 1 and 1, respectively.
The free binding energies of these nucleotide pairs
were accepted as the same values (3:2:1:1).

Results and their discussion

One miRNA that has multiple binding sites is
miR-466-3p, which has more than 300 target genes.
Their mRNAs include a total of 1,463 binding sites,
including from 1 to 18 sites in RAPGEFLI and SYT2,
25 in PRKX, and 38 sites in DONSON mRNA. The
miRNA binding sites have AG/AG _ ratios of 90% or
greater. This indicates a high degree of interaction
between miRNAs and mRNAs. Multiple binding
sites increase the probability that miRNAs interact
with mRNAs, and as a consequence, the translation
of such mRNAs is reduced.

The target genes of miR-466-3p serve various
functions. Many are transcription factors and kinas-
es, some are involved in the cell cycle, apoptosis, and
other processes (Table «a»).
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Table «a» — The characteristics of miR-466-3p binding in the 5’UTR of mRNA target genes

Gene Sbtilr;gogsglltzis r?tf AG, klJ/mole Gene Sbtiarf;iILOgSistiit(;Isl,s I(l)'[f AG, kJ/mole
BHLHE4] 89 (1) -106.1 RUNDC3B 172-160 (10) -106.1+-106.2
CASQ2 31 (1) -106.1 SPOP 79 (1) -106.2
CD97 140-138 (11) -106.2+108.3 STAT6 102-100 (5) -106.2+108.3
CELF4 299 (1) -108.3 TSHZ2 22 (1) -106.2
CHRNA?2 9-23(3) -106.2+108.3 VWA3A 17-23 (2) -108.3+110.4
GRIA2 52-68 (3) -106.2 XPOI1 499-507 (5) -106.2
KIAA40319 265-291 (14) -106.2 ZNF331 409-415 (4) -106.2
NOSIAP 2099 (1) -106.2
Note. “In brackets are number of binding sites

One of the objectives of this work was to iden-
tify the target genes of miR-466-3p, which may
contribute to the development of several diseases.
The mRNA of ADAT2, ADCYAPIRI, BHLHE40,
CDK6, FASLG, FGFR3, FLTI, MACCI, MAP-
KAPK?2, MECOM, SPN, STAT6, and UGTS genes,
which are involved in the development of lung and
breast cancer, are associated with miR-466-3p, in-
dicating an increased probability that miR-466-3p
influences these types of cancer. ADRBK2, BHL-
HE40, CD36, EGR3, NDUFS2, NFATS5, NOSI,
PLA2G7, SIPR2, and STAT6 genes are responsible
for diseases of the cardiovascular system, and their
mRNAs also interact with miR-466-3p. CDK6 and
MECOM genes are involved in cell cycle regulation
and apoptosis, and their mRNA sequences contain
targets for miR-466-3p. We identified the BHL-
HE40 gene, which exhibits changes in expression in
lung cancer, breast cancer, cardiovascular diseases,
and circadian rhythm disorders. BHLHE40 is a tran-
scription factor that is expressed in various tissue
types. It encodes a protein involved in the control
of circadian rhythms, cell differentiation, prolifera-
tion, cell cycle, apoptosis, and the development of
various diseases. Therefore, a change in the expres-
sion of this gene after binding with miR-466-3p can
cause many diseases.

In addition to mir-466, we identified several
miRNAs that have greater than 300 target genes in
humans, with multiple binding sites per gene. We ob-
served that miR-3960 has 2,563 mRNA binding sites
with high affinity for 375 human genes. For example,
miR-3960 has 565 binding sites in 5° UTRs and 515
sites in mMRNA coding sequences (CDS). The mRNA
regions that contain several miR-3960 binding sites
have starting sites located through one, two, or three

nucleotides. The nucleotide sequences of the binding
sites located in CDSs encode polyalanine or polypro-
line. We determined that most of the target genes for
the miRNAs examined encode transcription factors.
Specifically, miR-3960, miR-3620-5p, and miR-8072
bind with genes involved in cell cycle regulation and
apoptosis. Hsa-miR-1322 has more than 2,000 bind-
ing sites in the mRNAs of 1,058 genes. This includes
1,889 binding sites in CDSs, 215 binding sites in 5’
UTRs, and 160 binding sites in 3> UTRs. Between 2
and 28 binding sites were arranged sequentially with
start positions overlapping with three nucleotides of
the adjacent binding site. The nucleotide sequences
of these sites in CDSs encode oligopeptides with
the same and/or different amino acid sequences. We
found that 33% of the target genes encoded tran-
scription factors. The miR-1322 binding sites has
arranged binding sites were arranged in the CDSs
of the orthologous genes MAMLDI, MAML?2, and
MAML3 genes. These sites encode a polyglutamine
oligopeptide ranging from six 6 to 47 amino acids in
length [1, 10].

We identified 266 target human genes for miR-
574-5p and six target genes for miR-574-3p. The
miR-574-5p binding sites were mainly located main-
ly in the 3 UTRs, and theirthere number is equal
towere 1,429 in total. The miR-574-5p binding sites
were located in the 3> UTRs of the mRNA sequences
of 244 genes mRNAs, in the 5> UTRs of 20 genes
mRNAs and in the CDSs of two genes mRNAs. The
miR-574-5p binding sites in the CDS of FGFRLI
and REM?2 genes mRNAs encode the oligopeptides
HTHTHTHS and DTDMDTDT in the relevant pro-
teins. The beginning start sites of multiple miR-574-
5p binding sites arranged located through two nucle-
otides and the number of binding sites in one region
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ranged from 1 to 37. The target genes of miR-574-5p
have been implicated in the development of breast
and, lung cancer and other diseases. A significant
substantial part portion of the target genes of miR-
574-5p are transcription factors and kinases, which
are involved in apoptosis and the cell cycle. The
synthesis of miR-574-5p and miR-574-3p depends
on the expression of the master’s gene FAMI114A41
expression, which is the target for of 15 miRNAs.
Changes in the expression of miR-574-5p and miR-
574-3p are correlated with changes in the expression
of their target genes, at which are associated with the
development of many pathologies, including cardio-
vascular diseases and cancer [11].

Table «a» shows the characteristics of miR-466-3p
binding sites in the 5> UTRs of 15 target genes mRNAs
with the value of AG/AGm values that were equal or
greater than 90%. The number of miR-466-3p binding
sites with mRNAs offor these genes varied from one 1
to 14 (Table «by», «c»), indicating the variation in the
probability of an interaction between miR-466-3p inter-
action and target mRNAs, since the greater the length
of the section of longer binding sites, is associated with
a higher the probability of interaction. It is possible that
the mRNA of the KI440319 gene may contacts with
two RISC complexes containing miR-466-3p, since the
length of the site from nucleotides 265 to 314 nt, which
contains multiple binding sites, is 50 nt.

Table «b» — The characteristics of miR-466-3p binding in the 3’UTR of mRNA target genes having 1-4 sites

ADAMTS4 3382 (1) -110.4 LSAMP 2285 (1) -106.2
ADRB3 2451 (1) -110.4 MAPKAPK?2 2587-2589 (2) -106.2+-108.3
AKIRINI 1057 (1) -106.2 MECOM 5099 (1) -110.4
AQP3 1254-1477 (2) -106.2 MED24 3606-3612 (4) -106.2+-108.3
ARHGAP26 8270 (1) -106.2 METTLI6 3581-3585 (4) -106.2+-108.3
ARNT 3104 (1) -106.2 MVBI2B 3440-3438 (2) -106.2+-108.3
ATADI 1830 (1) -106.2 MYOI6 6426 (1) -106.2
ATG10 1928 (1) -108.3 NACC2 2484-5875 (2) -106.1+-108.3
ATP6VODI 1201-1211 (3) -106.1+110.4 NAVI 9412-9418 (4) -106.2
ATXN7L3B 3359 (1) -108.3 NCOA3 5966-5974 (2) -106.2+-108.3
BAHCCI 8118 (1) -108.3 NETI 2642 (1) -106.2
BHLHE40 1687-1693 (4) -106.2+-108.3 NFATS 8540-8548 (3) -106.2+-108.3
BNC2 3528-3534 (3) -106.2 NPAPI 5206 (1) -106.2
BSN 15555 (1) -106.1 NPTXR 5706-5712 (3) -106.2+-108.3
Cl60rf52 1410-1416 (2) -108.3+-110.4 NRID2 3337 (1) -110.4
C190rf59 816 (1) -106.1 OCLN 3570-3572 (2) -106.2+-108.3
C3orf72 2537-2543 (2) -108.3 PARD3B 4736 (1) -110.4
C0rf47 1531 (1) -106.2 PDE7A 2666 (1) -106.2
CACNAIB 8725-8731 (4) -106.2+-108.3 PHKAI 5211-5213 (4) -106.2+-108.3
CADM3 2634-2646 (2) -106.2 PIK3RI 6519-6523 (4) -106.2+-108.3
CDI19 1861-1863 (2) -106.2+-108.3 PLAGI 4546 (1) -106.2
CD3EAP 3086-3092 (4) -106.2 PLCXDI 2548 (1) -108.3
CEPI35 5219-5221 (2) -106.2+-108.3 PPARGCIA 2806-2822 (2) -106.2
CEPS5L 3355 (1) -106.2 PPARGCIB 9983 (1) -106.2
CISD2 1146-1144 (4) -106.2+-108.3 PPIC 781-787 (4) -106.2
CLEC4D 1001 (1) -108.3 PRRSL 3504 (1) -106.2
CLNS 2553-2555 (2) -106.2 PRSS23 1454-1458 (3) -106.2
CLRNI 1303-1309 (4) -106.2+-108.3 PSD3 4157-4161 (2) -106.2+-110.4
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Continuation of Table «b»

DDBI 3990-3998 (3) -106.2+-108.3 PTCHI 6512-6520 (3) -106.1
DGKG 3890 -3908 (4) -106.1+-106.2 RNFI21 2208-2214 (3) -106.2
DOK6 1761 (1) -110.4 RUNXI 5455-5459 (2) -106.2+-110.4

DPYSL5 4857 (1) -106.1 SIPR2 3189 (1) -110.4
DTNA 5953 (1) -106.2 SBK1 4530 (1) -110.4

DYNCILII 1796 (2) -106.2 SELIL3 4370-4374 (3) -106.2+-108.3
EGR3 2026 (1) -108.3 SGPLI 3972-3974 (2) -106.2+-108.3
EPGS 8002 (1) -106.2 SIK1 2855-2857 (2) -106.2
EPHB3 4065 (1) -106.2 SLC1342 2189 (1) -106.2

FIIR 4268 (1) -106.2 SLC1649 2962 (1) -106.2
FAMI05B 5211 (1) -106.2 SLCIA4 4073 (1) -108.3
FAM1784 4992-4996 (3) -106.2+-108.3 SLC25422 2213 (1) -106.2
FAMA46C 5184 (1) -106.1 SLC35E3 1905 (1) -106.2

FBX09 1718-1720 (2) -106.2+-112.5 SLC646 2306-2314 (2) -106.2+-110.4
FGFR3 2809 (1) -110.4 SLC7A1I 3438-3446 (3) -106.2+-108.3
FHODI 3751-3759 (2) -106.2 50GA3 8790 (1) -106.2
FLVCR2 3355 (1) -106.2 SPN 4373-4387 (2) -106.2+-108.3
FOXI2 2790 (1) -106.1 SPOCK?2 1917 (1) -108.3
FRMD3 3217 -108.3 STARDS 4681 (1) -110.4
FXYD6 963-1138 (4) -106.2+-108.3 STATSB 2717-2721 3) -106.2
GADLI 3346 (1) -106.2 STRBP 6071-6073 (2) -106.2

GOLGA7B 5601 (1) -106.2 STXIB 1032-1180 (4) -106.2+-108.3
GPX3 1108 (1) -106.2 TFCP2 3457-3610 (3) -106.2
GRIDI 5455 (1) -106.2 TMYSF3 4448 (1) -106.2
GRIK4 4357 (1) -106.1 ™C7 4230 (1) -106.2
GSK3B 4673 (1) -106.2 TMOD? 8207 (1) -108.3
HIC? 3104-3122 (2) -106.2+-108.3 UGTS 2500-2516 (3) -106.2+-108.3

HIFIAN 2037-2041 (2) -108.3 UNC80 11147 (1) -110.4
HLF 5348-1554 (3) -106.2+-110.4 USHIG 2580-2745 (3) -106.2
1CAMI 2988 (1) -106.2 VPS13D 14819-14821 (2) -106.2
IGFBP4 1230-1234 (2) -106.1 WDR35 6259 (1) -106.2
IMPG2 5471 (1) -114.6 WDR37 4026-4030 (3) -106.2
IRSI 7318-7320 (2) -106.2+-108.3 WDRS5B 2049 (1) -106.2
ITGAM 3749 (1) -106.1 WDR72 5941 -106.2
KCTDII 2640-2644 (3) -106.2 WSCD2 4274-4276 (4) -106.2+-108.3
KCTDI6 3932 (1) -108.3 ZBTB42 3075-3077 (3) -106.2+-108.3

KIAA0408 5096 (1) -106.2 ZDHHC22 1832-1836 (3) -106.2

KIAA1804 5327 (1) -108.3 ZEB2 6533 (1) -106.2

KIAA2022 5693 (1) -106.2 ZNF334 3169 (1) -108.3

KIF134 6965 (1) -106.2 ZNF33B 3103 (1) -106.2
KIF3C 3122 (1) -106.1 ZNF346 2186-2202 (2) -108.3
KLHL3 2677-2679 (2) -106.2 ZNF428 1214-1224 (2) -106.2+-108.3
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Continuation of Table «b»

KLHL42 3780 (1) -108.3 ZNF483 3636-3638 (3) -106.2+-108.3

LFNG 1270 (1) -108.3 ZNF562 3963-3971 (3) -106.2+-110.4
LILRB2 2858-2864 (4) -106.2+-108.3 ZNF618 2835 (1) -106.2
LONRFI 2685 (1) -106.1

Table «c» — The characteristics of miR-466-3p binding in the 3’UTR of mRNA target genes having five and more

binding sites

ABLIM1 4472-4498 (14) -106.2 MLLT6 4051-4075 (6) -106.2+-110.4
ADAT2 1950-1964 (8) -106.2 MMS22L 5738-5754 (9) -106.2
ADCYAPIRI 3841-3853 (7) -106.2+-108.3 MYADM 1982-1992 (6) -106.2
ADRBK?2 6676- 6696 (11) -106.2 MYSM1 3512-3524 (7) -106.2
AFFI 6829-6837 (5) -106.2 NDRG4 3108-3116 (5) -106.2+-108.3
AKAPII 6559-6579 (11) -106.2 NDUFS2 1917- 1925 (5) -106.2+-108.3
ANKLE] 2219-2255 (12) -106.2 NKTR 5828-5838 (6) -106.2
ARHGAPI2 4800-4814 (8) -106.2 NOSI 5560-5568 (5) -106.2
ATP94 3509-3523 (8) -106.2 0AS3 6257-6267 (6) -106.2
BACHI 4266 -4274 (8) -106.2+-110.4 PAKG6 3163-3179 (9) -106.2
BACH2 5578-5604 (14) -106.2 PARN 2839-2861 (12) -106.2
BAZ24 6856-6868 (7) -106.2 PCBD2 1805-1815 (6) -106.2
BGN 1960-1980 (11) -106.2 PCK1 2388-2414 (9) -106.2+-108.3
Cllorf75 693-709 (9) -106.2+-108.3 PDEIA 2793-2805 (7) -106.2+-108.3
C2lorf91 5113-5121 (5) -106.2 PDE3A4 4022-4040 (10) -106.2
C2orf91 1577-1593 (7) -106.2 PEAKI 7268-7290 (12) -106.2+-108.3
CACFDI 2283-2303 (9) -106.2+-108.3 PIGS 2585-2597 (7) -106.2
CACNGS 6807-6817 (6) -106.2 PKNOXI 1680-1688 (7) -106.2+-108.3
CBX3 1306-1314 (5) -106.2+-108.3 PLA2G7 1643-1651 (5) -106.2+-108.3
CCDCY 1815-1833 (10) -106.2 PLEKHA2 1672-1684 (7) -106.2
CD24P 2829-2849 (11) -106.2+-108.3 PRKX 5366- 5390 (13) -106.2
CD36 3530-3538 (5) -106.2+-108.3 PTGES 1664-1688 (13) -106.2
CDK6 1907-1917 (8) -106.2+-108.3 PTP442 3572-3586 (8) -106.2+-108.3
CHRDLI 3452-3474 (12) -106.2 PTPN3 7001-7039 (20) -106.2
CLASPI 6695-6711 (9) -106.2 0S0x2 3460- 3476 (9) -106.2+-108.3
CNOT6 5094-5104 (6) -106.2+-108.3 RABGAPI 4103-4105 (7) -106.2+-108.3
DBT 5929-5965 (19) -106.2+-108.3 RAPGEFLI 2305-2339 (18) -106.2
DMXLI 9853-6922 (5) -106.2+-108.3 RDX 3321-3329 (5) -106.2
DONSON 2372-2446 (38) -106.2 REEP3 3836-3856 (12) -106.2+-108.3
ELOF1 429-455 (14) -106.2 RORA 5293-5307 (8) -106.2
ETSI 3887-3907 (11) -106.2 SAMD44 4191-4201 (6) -106.2
EVI2A 2015-2027 (7) -106.2 SEPT3 1319-1333 (8) -106.2
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Continuation of table «c»

FAMI120C 4206-4222 (9) -106.2 SERBPI 5153-5163 (6) -106.2
FAM126B 3744-3764 (7) -106.2+-108.3 SFN 1189-1199 (6) -106.2
FAMI180B 928-940 (7) -106.2 SH3PXD2A 8615-8623 (5) -106.2
FAM212B 1317-3453 (7) -106.2 SLCIAS 2651-2679 (10) -106.2
FAM216B 1390-1398 (5) -106.2 SLC25444 1893-1913 (11) -106.2
FASLG 1603-1613 (6) -106.2+-108.3 SLC3043 1865-1905 (9) -106.2
FGF9 1737-1745 (8) -106.2+-108.3 SLFN5 3046-3058 (7) -106.2+-108.3
FLTI 6910-6922 (8) -106.2+-108.3 SMIM15 2574-2584 (6) -106.2
FOXK1 10612- 10628 (9) -106.2+-108.3 SP1 4146-4158 (7) -106.2
GGA2 2081- 2103 (12) -106.2 STS8SIA1 4536-4558 (12) -106.2
GID4 2279 -2291 (7) -106.2+-108.3 SYNPO2L 3586-3600 (8) -106.2
GLCCII 3955- 3963 (5) -106.2+-108.3 SYTI 2739-2749 (6) -106.2
GNAII 2937-2945 (5) -106.2 SYT2 1863-1907 (15) -106.2+-108.3
GPR21 1481- 1503 (12) -106.2+-108.3 SYTL4 2462-2480 (6) -106.2+-110.4
GTPBPI 2471-2485 (8) -106.2 TBX4 1780-1798 (10) -106.2+-108.3
HEMGN 1841-1849 (6) -106.2+-108.3 TIPRL 2688-2702 (8) -106.2+-108.3
HPS4 3984-3998 (8) -106.2 TMEMI132B 5871-5879 (5) -106.2
IGF2R 8446-8454 (5) -106.2 TMEM?2 6337-6345 (5) -106.2
JAK?2 5183-5199 (9) -106.2 TMEM30B 2800-2812 (7) -106.2
KCNJI10 3349-3375 (14) -106.2 TNFRSF21 2497-2517 (7) -106.2
KCNJI2 4656- 4670 (8) -106.2+-108.3 TNIP3 1604-1620 (9) -106.2+-108.3
KCNK10 5523-5547 (13) -106.2+-108.3 UBN2 10914-10924 (6) -106.2
KIAA2026 6628-6644 (9) -106.2 UMPS 4221-4241 (10) -106.2
KIFCI 2488-2512 (13) -106.2 UNC35B 4036-4046 (6) -106.2
LANCL3 2972-2980 (5) -106.2+-108.3 VAPB 2523-2537 (8) -106.2+-108.3
LSM14A4 2048-2070 (10) -106.2+-108.3 WDR3 3560-3588 (11) -106.2+-110.4
MACCI 3950-3966 (10) -106.2+-108.3 WrTi 2704-2714 (6) -106.2
MARCHS 1863-1879 (9) -106.2+-108.3 ZC3HI12C 6510-6528 (10) -106.2
MCTSI 1294-1318 (7) -106.2+-108.3 ZDHHC21 7360-7374 (8) -106.2
MGATS 4307-4333 (14) -106.2+-108.3 ZNF670 1930-1940 (7) -106.2+-108.3
MLLT4 7131-7153 (12) -106.2 ZXDA 3942-3952 (6) -106.2+-108.3

The binding characteristics of miR-466-3p in the
3’UTR of 147 target genes mRNAs with the value
AG/AGm equal or greater than 90% are shown in Ta-
ble «b». The number of miR-466-3p binding sites on
mRNAs of these genes varied from one to four, and
indicates the different probability of miR-466-3p in-
teraction with mRNAs, since the greater the length of
the section of longer binding sites, is associated with
a higher the probability of interaction. ZNF family
transcription factors are among of target genes, and

they have less than four binding sites. Only ZNF670
gene mMRNA has seven binding sites (Table «c»).
miR-466-3p target genes involved in many biologi-
cal processes and, therefore, miR-466-3p may partic-
ipate in the regulation and can cause diseases. Table
«d» demonstrates some of these genes.

Table «c» demonstrates characteristics of
miR-466-3p binding in the 3’UTR of target genes
mRNAs, having five or more binding sites in the
mRNA.
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Table «d» — miR-466-3p target genes involved in many biological processes

BACH1, 4256-4274%*, eight sites, -106.2+-110.4**; BHLHE40, 1683-1693, four sites, -106.2+-108.3; EGR3,

E:;I;Sr‘;“ptm 2026, one site, -108.3; FOXI2, 2790, one site, -106.2; MECOM, 5099, one site, -110.4; RUNX1, 5455-5459, two
sites, -106.2+-110.4; ZNF618, 2835, one site, -106.2.
ADRBK?2, 6676-6696, 11 siTEs, -106.2; AKAP11, 6559-6579, 11 sitEs, -106.2; CDK6, 1895-1919, EIGHT SITES,
-106.2+-108.3; FLT1, 6910-6936, EIGHT SITES, -106.2+-108.3; JAK2, 5183-5199, NINE SITES, -106.2; KIAA1804,
Kinases 5327, ONE SITE, -108.3; MAPKAPK?2, 2587-2589, Two sITES, -106.2+-108.3; PCK1, 2388-2414, NINE SITES,
-106.2+-108.3; PIK3R1, 6519-6523, FOUR SITES, -106.2+-108.3; PRKX, 1804-5390, 25 siTES, -106.2+-108.3;
SBK1, 4530, oNE SITE, -110.4.
Genes of BACHI; BHLHE40; CBX3, 1306-1314, five sites, -106.2+-108.3; CDK6; DDBI, 3990-4004, three sites,
cell evele -106.2+-108.3; MECOM; WDR3, 3560-3588, 11 sites, -106.2+-110.4; MACC1, 2979-3966, 10 sites, -106.2+-
y 108.3; MAPKAPK2; NDRG4, 3108-3116, five sites, -106.2+-108.3; PIK3R1.
BACHI; BHLHE40; CD2A4P, 2829-2849, 11 siTES, -106.2+-108.3; CD36, 3530-3538, FIVE SITES, -106.2+-108.3;
Genes of CDK6; CNOT6, 5094-5104, six siTEs, -106.2+-108.3; DDB1; FASLG, 1603-1613, six sitEs, -106.2+-108.3;
ape();i);’is FGF9, 1729-1753, EIGHT SITES, -106.2+-108.3; FLTI; HIFIAN, 2037-2041, Two SITES, -108.3; MACCI; MAP-

KAPK2; MECOM; OCLN, 3570-3572, TWO SITES, -106.2+-108.3; SLC7A411, 3438-3446, THREE SITES, -106.2+-
108.3; SPN, 4373-4387, TwO SITES, -106.2+-108.3; TIPRL, 2688-2702, EIGHT SITES, -106.2+-108.3; WDR3.

Genes of breast
cancer

ADAT2, 1950-1964, EIGHT SITES, -106.2; ADCYAPIR1, 3841-3853, SEVEN SITES, -106.2+-108.3; BHLHE40);
CBX3; CDK6, CISD2, 1140-1146, FouRr SITES, -106.2+-108.3; EGR3;FASLG; FGFR3, 2809, ONE SITE, -110.4;
FLTI; HIFIAN; IRS1, 7318-7320, Two SITES, -106.2+-108.3; LFNG, 1270, ONE SITE, -108.3; MACC1,; MAP-
KAPK2; MECOM; MGATS, 4307-4333, 14 sitEs, -106.2+-108.3; NFATS, 8532-8548, THREE SITES, -106.2+-
108.3; PEAK]1, 7268-7290, 12 sitEs, -106.2+-108.3; PIK3R1; PTP4A2, 3562-3586, EIGHT SITES, -106.2+-108.3;
SLC7A11; SPN; STAT6, 94-102, FIVE SITES, -106.2+108.3; UGTS, 2492-2516, THREE SITES, -106.2+-108.3; VAPB,
2523-2537, EIGHT SITES, -106.2+-108.3 27 SITES.

Genes of lung

ADAT2; ADCYAPIRI; BHLHE40; CDK6; DPYSL5, 4857, ONE SITE, -106.2; FASLG; FGF9; FGFR3; FLTI;
HEMGN, 1841-1849, six SITEs, -106.2+-108.3; MACCI; MAPKAPK2; MECOM; LILRB2, 2858-2864, FOUR

circadian rhythm

cancer SITES, -106.2+-108.3; SPN; STAT6; UGTS 17 SITES.

G:rgfs "af_ lae | ADRBK2; BHLHE40; CD36; EGR3; NDUFS2, 1917-1925, five sites, -106.2+-108.3; NEATS; NOSI, 5560-
Zisea(s):s s-eu 5568, five sites, -106.2; PLA2G7, 1643-1651, five sites, -106.2+-108.3; SIPR2, 3189, one site, -110.4; STATG.
Genes of

BHLHE40; DBT, 5929-5965, 19 sites, -106.2+-108.3; NR1D2, 3337, one site, -110.4.

Note: * — start positions of binding sites; ** — energy of hybridization (kJ/mole).

Typically, the more multiple binding sites avail-
able in the mRNA, the more extended is the section.
mRNA of LSM14A and PARN genes having 10 and
12 binding sites, have a length of 45 nucleotides.
mRNA of BACH2, KCNJI0 genes containing 10
and 12 binding sites, have a length of 49 nt. mRNA
of RAPGEFLI, PTPN3 genes containing 18 and 21
binding sites, have a length of 57 nt and 61nt, re-
spectively. mRNA of gene containing 38 binding
sites, have a length 97nt. mRNAs of the above genes
can bind more than one RISC complex containing
miR-466-3p and efficiency of translation of mRNA
suppression will be higher. We have developed a
program of predicting miRNA binding sites with
mRNAs which allows high reliability to establish
these sites. At the value of AG/AGm equal to 90%,

the level of p <0.0001. For example, we were able
to identify 200 genes mRNAs from 18,000 human
genes which have entirely complementary binding
sites for unique miR-619.

Considering the possibility of regulating that the
expression of many genes are regulated by miR-466-
3p, it should be expected that the concentration of
miR-466-3p should notis not expected to change in
the norm vary widely; otherwise, excessively high or
low levels of miR-466-3p would inevitably lead to
the disruption of the expression of genes involved in
key biological processes and would result in several
pathological conditions. The type of disease will de-
pends on the ratio of the concentrations of miR-466-
3p and target mRNAs of target genes in specific cells
and tissues of the body [12-18].
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Brachypodium distachyon as a model plant in wheat rust research

Abstract: All countries share the need to increase wheat yield and tolerance to adverse environmental
factors. Rust, the most common infector of wheat, is widely dispersed on the territory of Commonwealth
of Independent States (CIS). The data shows that on the territory of following countries: Kazakhstan,
Kyrgyzstan, Russia, Belarus, Uzbekistan the percentage of infected wheat with rust from the total amount
is approximately 20-25% annually. Brachypodium distachyon can be regarded as a perspective model to

study various mechanisms of a rust infection.

Key words: rust infection, Brachypodium distachyon.

Introduction

Wheat was one of the first domesticated food
crops and for 8,000 years has been the basic staple
food of the major civilizations of Europe, West Asia
and North Africa. Today, wheat is the most widely
grown crop in the world and provides 20% of the
daily protein and of the food calories for 4.5 billion
people. It is the second most important food crop
in the developing world after rice. In recent years,
wheat production levels have not satisfied demand,
triggering price instability and hunger riots. It is the
best of the cereal foods and provides more nourish-
ment for humans than any other food source, being a
major diet component because of the wheat plant’s
agronomic adaptability, ease of grain storage and
converting grain into flour. Wheat is also a popular
source of animal feed, particularly in years where
harvests are adversely affected by rain and significant
quantities of the grain are made unsuitable for food
use. Such low-grade grain is often used by industry
to make adhesives, paper additives, and several other
products and even in the production of alcohol. With
a predicted world population of 9.0 billion in 2050,
the demand for wheat is expected to increase by 60%.

To meet this demand, annual wheat yield increas-
es must rise from the current level of below 1% to at
least 1.6%. All countries share the need to increase
wheat yield, tolerance to abiotic stresses, pathogens
and pests, as well as to improve input use efficiency
for a more sustainable wheat production. Improved
agronomic practices and development of innovative
cropping systems are also a priority aiming at rein-

© 2015 al-Farabi Kazakh National University

forcing synergies between national and international
research programmes to increase food security, nu-
tritional value and safety whilst taking into account
societal demands for sustainable agricultural produc-
tion [1].

Wings of Gold racers at The State Emblem of
the Republic of Kazakhstan remind sheaves of grain,
gold wheat, meaning labor, abundance and material
prosperity [2]. Wheat is a very important annual or
biannual grass from the genus 7riticum with the high
impact on the economics of the Republic of Kazakh-
stan, being one of the five leading world producers
on the grain market due to the high quality of the
processed grain. Apart from the traditional varieties
of flour, special quality flours, customized to buyer
requirements are also successfully exported, going in
consent with the sectoral program of agro-industrial
complex development for 2013-2020 «Agribusiness
—2020» [3].

Main part

There are three types of rusts, which are infect-
ing wheat in different ways: stem rust (Puccinia
graminis), leaf rust (Puccinia recondita), and stripe
rust (Puccinia striiformis). The symptoms are easy
to detect. Firstly chlorotic flecks or brown necrotic
spots appear on the leaves or stems, which further
can develop into yellow strikes or patches on foliage.
Another symptom of rust is brown necrotic streaks
on foliage, but that occurs less rarely than the previ-
ous one. Sometimes upwardly raised orange pustules
may be present on the lesions [4-6].
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Puccinia is the fungus, which is hard to deal with.
Emergence of the disease is especially sustained by
wet and cool weather conditions. That means small
wind or cold breeze even in sunny days can posi-
tively alter the propagation and development of that
disease.

Rust, the most common infector of wheat, is
widely dispersed on the territory of Commonwealth
of Independent States (CIS). The data shows that
on the territory of following countries: Kazakhstan,
Kyrgyzstan, Russia, Belarus, Uzbekistan the percent-
age of infected wheat with rust from the total amount
is approximately 20-25% annually.

According to the data of Kazakhstan Forbes di-
vision published at http://www.forbes.kz the worst
condition of wheat in Kazakhstan was in 2007, when
around 75% of all production was infected by rust.
This year, according to experts in agricultural and
economical sphere, the amount of infected wheat was
about 22%, what means that one fourth of all seeding
has died without any use. In 2014 the total production
of wheat collection was 17 billion tons, but if to take
into account the wheat infected with rust, the amount
of wheat could be 20.74 billion tons that year. The
data is almost the same with 2015 year results.

1 ton of wheat costs 42,000 KZT in 2015. 4 bil-
lion tons of infected wheat costs 168,000 billion
tenge. That means that per year our country loses this
amount of money because of the rust infection. That
enormous amount of losses can be decreased by the
proper investigating of the molecular mechanisms of
that disease.

But the main issue is that the study of the rust dis-
ease on the wheat is very hard and complicated in the
laboratory conditions. Wheat needs cool conditions
of the environment; it has a slow generation cycle in
comparison with other agricultural grasses. The ques-
tion to find perspective and appropriate model organ-
isms to study infectious diseases was unanswered
for a long time. But the recent studies indicate that
Brachypodium distachyon could serve as appropriate
model organisms to study the molecular mechanisms
of grass diseases’ action [7, 8].

Nowadays the Brachypodium distachyon may
also serve as a model organism here in Kazakhstan,
because it has more advantages in comparison with
studies based upon only wheat research. Brachypo-
dium possesses characteristics required for an ap-
propriate model to study cereal-pathogen interac-
tions, including small stature, self-fertilization with
the saved ability to cross-fertilize, rapid generation
time, a compact genome and high transformation ef-
ficiency.

All those characteristics make Brachypodium dis-
tachyon very simple but effective model organism in
studying the molecular mechanisms of infection. Its
small stature and rapid generation time leads to the
economy of territory, energy and nutrients required
for optimal life establishment of a model grass. A
compact genome and smaller amount of consequen-
tial repeats make the gene mapping and sequencing
easier and faster, which is also important in data
analysis of molecular action of infection inside the
host’s cell.

Brachypodium distachyon, like many grasses, is
a host to rust pathogen described a little bit earlier in
this article. That gives an another advantage of tak-
ing Brachypodium as a model grass, because through
it all biological actions of host-cereal pathogen can
be easily detected, observed and investigated much
faster in comparison with studied based upon wheat
[9-11].

Brachypodium distachyon is evolutionary very
close to species like wheat, barley, oats, maize, rice,
rye and sorghum. That quality of Brachypodium
means that it can be very useful in fundamental ge-
nomics research of temperate grasses, and cereals.
Those attributes also prove the statement written
earlier about compact genome. Small genome of a
Brachypodium distachyon is approximately 270
Mega base pairs. In addition only 21% of the Brachy-
podium genome consists of repetitive elements, in
comparison with 26% in rice, and more than 80%
in wheat (which is also a disadvantage of making
a research based upon wheat molecular and genetic
mechanisms). All genes are packed within five chro-
mosomes, which make the genome very compact for
a grass species. The complete genome of Brachypo-
dium distachyon of inbred line Bd21 has been se-
quenced in Nature journal in 2010 [12].

Diploid and polyploid accessions make those
perspective model organisms convenient to cultivate
in a small place like laboratory. For early-flowering
accessions it can take as little as three weeks from
germination to flower (under an appropriate induc-
tive photoperiod established in lad conditions).
Brachypodium distachyon’s small size is about 15-20
cm long, which is tightly connected with rapid gen-
eration cycle of eight to twelve weeks. As a weed, it
does not require specialized growing conditions, and
is able to grow in temperate environmental condi-
tions.

Brachypodium is considered to be a non-host to
infection caused by rust. That means that Brachypo-
dium has the ability to be resistant to all races, vari-
ants, and subtypes of the rust infections. Nowadays,
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scientists know a few about the non-host molecular
mechanisms in grass species. However, the infection
of Brachypodium accessions with P. striiformis f. sp.
tritici, hordei and bromi (wheat, barley and brome
stripe rust, respectively) resulted in symptoms on dif-
ferent accessions ranging from the formation of small
sporulating uredinia, to macroscopic lesion forma-
tion, to apparent immunity [13-15].

After the infection the microscopic analysis of
stripe, stem, and leaf rusts showed no macroscopi-
cally visible lesions. But the source of these lesions
identified a distribution of infection sites which con-
tain hyphae within the grass apoplast and haustoria
formation within the plant mesophyll cells. Brachy-
podium lines with macroscopically visible lesions
and/or pustule development when infected by cereal
rust pathogens showed extensive underlying fungal
colonization of plant mesophyll cells with frequent
haustoria formation at these sites.

It has also been shown that cell death is not in
common within the infection sites, despite the exten-
sive or fungal colonization. Also, Brachypodium cal-
lose deposition sites were proven to be identical to
the callose deposition sites in wheat species during
the basal immune response against these same rust
pathogens. In both plant species, larger rust infec-
tion sites were proven to be able to suppress callose
production in weak or old cells, supporting the the-
ory of the presence of mechanistic overlap between
the Brachypodium response to cereal rust infection
and the wheat basal defence response. The data also
shows the absence of change in salicylic acid level
in Brachypodium leaf upon artificial infection with
Puccinia subtypes [16-18].

Subsequent genetic analysis of Brachypodium
distachyon rust infection has indicated that segrega-
tion between extensive and restricted wheat stripe
is always inherited throughout the generations. The
inheritance is controlled by a single dominant gene,
which means that the positional cloning of those re-
sponsible genes for different phenotypic characteris-
tics could be the real help in investigating the molec-
ular mechanisms of rust infections behind non-host
resistance in grass species [19-21].

All those features of Brachypodium distachyon
makes it a perspective model to study the mecha-
nisms of tolerance to rust infection. And it is current-
ly being studied by our working group in terms of
nitrogen and energy metabolism changes in control
and test plants; results published locally and abroad
(Kazakhstan, Italy, Spain, France).
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Mutagenic activity of cadmium chloride
on the genetic variability of soft wheat

Abstract: The action of the chemical compound — CdC1, on soft wheat varieties resulted in plant
modifications on a number of qualitative and quantitative traits. Genetic analysis conducted on the basis
of reciprocal crosses showed that the inheritance of altered traits in mutants is independent of the direction
of crossing. Modification of habitus and phenotypes of mutant plants is accompanied by a violation of cell

division in meiosis.
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Introduction

Chemical mutagens are an effective means of
formative processes in wheat breeding and receiving
selection and significant deviations [1, 2]. Obtaining
of mutants and using them for hybridization are re-
quired to study genetic nature of appearing changes
which have great importance for the selection of ef-
fective and specific action of mutagens, and for ex-
tension and deepening of understanding the nature of
the evolution of wheat. In this work we present some
results of research on genetic analysis of the mutant
wheat. New forms, such as dwarf mutants in wheat
and barley, ultra-fast mutants in barley, resistant to
fungal diseases, high-leasing and highly productive
mutants might be obtained qualitatively by chemical
mutagenesis [3]. These facts show that the mutants
obtained by chemical mutagenesis can successfully
serve as progenitors of new high-yielding varieties.
However, to obtain mutants and study them — this
is only the first stage of the selection work. More
important is the using mutants in the hybridization
to obtain positive transgressions. The hybridization
makes possibility to better use mutations in wheat
breeding [4-6].

Materials and methods

M, -M, mutants obtained in the process of CdCl,
4 varieties of soft wheat of local breed — Shagala, Ka-
zakhstanskaya 3, Jenis and Lutescens 32 were used
as research objects. The modified plants subsequently
lay in the form of lines (A-1, A-2). During the experi-
ment, we used the following methods: Cytogenetic,
Hybridological, statistical and morphological.

© 2015 al-Farabi Kazakh National University

Cytological studies were carried out using a
microscope LOMO Mikmed-1. Genetic analysis of
qualitative and quantitative traits of wheat F, and F,
hybrids were conducted. Statistical analysis was lim-
ited to estimation of the arithmetic mean and in order
to determine the reliability of the difference between
the arithmetic means of quantitative traits using the
Student’s t test, genetic — finding a significant %2
value [7, 8]. Accounting of chromosomal abnormali-
ties in MI, Al and AIl of meiosis was performed on
temporary acetocarmine preparations under the mi-
croscope MBI-3. The representativeness of research
result provided an adequate sample size — 60-100
plants.

Results and their discussion

Genetic analysis of mutant wheat. Chemical
mutagenesis in plant breeding is used as an effec-
tive method in order to enhance the variability of the
starting material. In the world literature there is suf-
ficient information about the creation of commercial
varieties derived from experimental mutagenesis. To
apply selected mutants in selection process is neces-
sary to examine their genetic nature. For this, in ge-
netic research are using two methods: analyzes and
reciprocal crosses.

Analyzing cross. In order to establish the nature
of any mutational change by variables usually used
carrying reciprocal crosses between the original form
and receiving on the basis of its mutant subsequent
analysis of the hybrids F,. In our studies M, genera-
tion plants with modified number of quantitative and
qualitative characteristics was preserved the proper-
ties displayed in M. To establish the homo and het-
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erozygous genotype of mutant plants was carried out
analyzing cross with an initial variety.

Mutant forms with signs of anthocyanin coloration
of the stem, pubescent leaf surface, lengthening with
spike crossed with an initial variety of Kazakhstanska-
ya 3. In BC, splitting signs to change and corresponds
to the normal ratio of 1:1, and in F, is 3: 1 (2 = 1.89).
Similar results were obtained with the mutant varieties
of Shagala on the grounds of anthocyanin coloration
of stem and leaf axils. BC, and F, hybrids were ob-
served splitting on the grounds of lengthening the stem

and normal nodes in the ratio of 1:1 and 3:1, respec-
tively, which indicates that the heterozygous nature of
the mutant and monogenic inheritance of this trait.

In contrast, cleavage by productive tillering,
length and density of the spike in BC, corresponded
to 3:1, and an F, population of 15:1, 13:9 and 3:7,
respectively. This shows that the treats of mutant
lines are inherited by a polymer, and complementary
mechanisms of epistatic interactions of non-allelic
genes. This shows that plants reaction by chemical
compounds depends on wheat genotype.

Table 1 — Genetic analysis of F, and BC, hybrids by crossing mutants with Kazakhstanskaya 3 variety

The ratio of altered (modified) and normal plants
Signs of mutants shape BC, | F,
Line 1
The length of the spike 27:25 1:1 0.06 188:57 3:1 0.40
Beardless spike 32:29 1:1 0.04 168:48 3:1 0.89
Anthocyanins stem 10:13 1:1 0.20 126:32 3:1 1.89
Pubescence sheet 8:10 1:1 0.20 112:28 3:1 1.87
Line 3
Cranked stem 22:20 1:1 0.90 118:31 3:1 1.38
Tillering of plants 45:13 3:1 0.20 120:5 15:1 1.14
The length of the spike 45:18 3:1 0.42 223:51 13:3 0.003
Anthocyanin color of sheet leaves 19:23 1:1 0.38 97:29 3:1 0.26
The thickness of the spike 33:31 1:1 0.06 85:54 9:7 1.38

Further studies displayed arising changes in M,
by the elements of productivity of Kazakhstanskaya
3 and Shagala varieties appeared in subsequent M, —
M, generations. It was proved to conduct reciprocal
crossing, where the modified attributes are inherited
independently from direction of the crossing. Pheno-
typic variation of plants was accompanied by a viola-
tion of the process of meiosis.

Cytological analysis of M, mutant plants.
Chemical mutagens because of its ability to induce
a higher frequency of mutations are used in many
countries around the world to create a breeding
material. Chromosomal aberrations and violation
of cell division during meiosis is one of the major
tests for mutagenicity. Most notable in this regard
is a meiotic cell division, especially in subjects like
wheat, having a large number of hardly identifiable
chromosomes. Moreover, violations of meiotic di-
vision are more likely to be transmitted to the next
generation.

In mutant plants of M, generation percentage of
damaged cells in MI meiosis equals 35, and at ana-
phase Al and AIl — 20, which indicates a significant
reduction in percentage of cells with disorders com-
pared to M, mutant plants (64% Al and 68% — AlI).
Violation of this phenomenon is cytomixis — transi-
tion of contents to neighboring cells, M, amounts 20-
30% of all the studied cells, while the percentage of
such cells in M, decreases to 7-9%. So, the percent-
age of abnormalities in mutant forms of Kazakhstan-
skaya 3 M, equals 55%, in contrast, violation in M,
—90-95%.

Violation of meiosis in mutant plants of Kazakh-
stanskaya 3 variety is shown on Fig. 1-4.

Same decrease in percentage of violations is ob-
served in mutants of Jenis, Lutescens 32 and Shagala
varieties. In Al and AIl some minor violations as a
lagging chromosome fragments on the pole, bridge,
asynchronous division. Occasionally cells with no
content are observed.
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Figure 1 — Disorientation
of equator chromosomes

Figure 3 — Cytomixis — transition
of cell contents into the neighboring

Cytological analysis of mutant plants M3. To
characterize meiosis in mutant lines of M3 and iden-
tification of monosomic and disomic plants in F, hy-
brids with the mutant P, 1080 cells were analyzed.
Results of cytological analysis of M, mutant plants
are shown on Figure 2. Proportion of cells with pyk-
nosis in L1 line M, mutants of Kazakhstanskaya 3
variety equals 0.29; mutant of Jenis variety — 0.10;
Lutescens 32 —0.23; line L3 of Shagala variety — 0.21
in comparison with the impaired cell M, respective-
ly. Proportion of cells with univalents reaches 0.19;
0.009 and 0.16, respectively.

So, in the older generation of mutants (M,) of Ka-
zakhstanskaya 3 and Shagala varieties, selected for
practical selection, proportion of cells with impaired
meiosis in M, is much reduced with mutants like M,

Figure 2 — Fragmentation
of equator chromosomes

Figure 4 — Pentad and hexad formation

and M,. Violations in M, meiosis in plants from the
above varieties have the same character as M, plants
in meiosis. Typical violations in M, — M, progeny
mutants include: pyknosis; formation of offset spin-
dle in metaphase I; univalents, polyvalents and asyn-
chronous cell division in Al. This study demonstrates
mutagenic effects of studied chemical compounds.

References

1. Luk’yanenko P.P. Selection of rust resistant
varieties of winter wheat // Seed breeding. — 1968.
—P. 10-18.

2. Khvostova V.V, Yachevskaya G.L. Rearrange-
ments of chromosomes in meiosis // Cytology and
genetics of meiosis. — M.: Nauka, 1975. — P. 232-263.

International Journal of Biology and Chemistry 8, Ne2, 56 (2015)



Chunetova Zh.Zh. et al. 59

3. Larchenko E.A., Morgun V.V. Comparative
analysis of genetic variability plant in the mutagenic
treatment generative cells and maize seeds // Cytol-
ogy and Genetics. — 2000. — Vol.34, No.4. — P. 17-19.

4. Rapoport [.A. Discovery of chemical mutagen-
esis // Selected Works. — M.: Nauka, 1993. — P. 304.

5. Salnikova T.V., Amelkina N.F. Mutagenic ac-
tivity of ethylene diamine on soft wheat depending
on the impact of the exposure. Post II. Violations

chromosome mitotic activity of the cells / Cytology
and Genetics. —2000. — Vol. 34, No.4. — P. 141-147.

6. Pausheva Z.P. Retainer: composition and use.
Workshop on plant cytology. — M.: Kolos, 1970. —
P. 62- 67.

7. Dospehov V.A. Methods of field experience. —
M.: Agropromizdat, 1985. — 351 p.

8. Plohinsky N.A. Mathematical methods in biol-
ogy. — M.: Kolos, 1970. — P. 102-115.

International Journal of Biology and Chemistry 8, Ne2, 56 (2015)



International Journal of Biology and Chemistry 8, Ne2, 60 (2015)

UDC 541.64

Negim E.S.M.", Nurlybayeva A .2, Irmukhametova G.S.3, Makhatova A.,
Basharimova A.!, Serikkali A.!, Sakhy M., Iskakov R.!, Mun G.A.?

'School of Chemical Engineering, Kazakh-British Technical University, 106 Walikhanov Street, Almaty, 050010, Kazakhstan
’Taraz State University named after M.H. Dulati, 60 Tole Bi Street, 080000 Taraz, Kazakhstan
‘Department of Chemistry & Technology of Organic Materials,
Polymers and Natural Compounds, al Faraby Kazakh National University, 71, al-Faraby av., 050040, Almaty
“e-mail: elashmawi5@yahoo.com

Effect of methyl methacrylate and butyl methacrylate copolymer
on the physico-mechanical properties of acryl syrup for paints

Abstract: The present study deals with the physico-mechanical properties of acryl syrups paint, which
are made from copolymer powder and methyl methacrylate (MMA) monomer. Copolymer powders were
used based on MMA and butyl methacrylate (BMA). The effect of copolymer powder to MMA- monomer
ratio on the physico-mechanical properties acryl syrup mixes for paint applications was investigated.
Testing included pot-life, curing time, viscosity, tensile strength, elongation, water absorption and hardness
shore A. The results showed that, not only monomer composition of the copolymer but also the ratio of
copolymer to MMA-monomer affected the physico-mechanical properties of acrylic films. The tensile
strength, hardness, pot-life, curing time and hardness of the acrylic film increased with the increase of the
MMA ratio in copolymer and decrease content of copolymer in acrylic syrup mixes. In conclusion, low
copolymer content and high MMA ratio in copolymer (MMA/BMA) powders are desired to produce paint

with physico-mechanical properties.

Key words: polymethyl methacrylate, syrups, self-curing, acrylic paint

Introduction

Poly(methyl methacrylate), PMMA, a kind of
thermoplastic materials and self-curing for short, is
an important polymer in the building industry as well
as in other industries due to its excellent properties,
such as transparency, lightness and safety. Typical
applications are in architectural coatings, additives
and polishing agents, binder, sealer, transparent neu-
tron stopper, optical fiber, high-voltage application,
and outdoor electrical application [1-5]. PMMA is
classified as a hard, rigid, but brittle material, with
a glass transition temperature of 105°C. PMMA has
good mechanical strength, acceptable chemical re-
sistance, and extremely good weather resistance [6].
PMMA has favorable processing properties, good
thermoforming, and can be modified with pigments,
flame retardant additives, UV absorbent additives,
and scratch resistant coatings [7-10]. However, the
physical and mechanical properties of PMMA limit
its applications due to its brittleness nature [11-14].
Thus, modification of PMMA has attracted a great
amount of attention from researchers all over the
world, and the study of poly (methyl methacrylate)
(PMMA) is a representative work in this research
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field. In order to enhance its mechanical properties,
scientists have developed various methods to prepare
different types of PMMA through the copolymeriza-
tion of MMA monomer with various types of vinyl
monomers [15-17]. Self-curing PMMA are materi-
als formulated by the mixing of two-component, one
solid (powder) based on PMMA spherical beads and
another liquid includes monomer and an initiator to
enable the polymerization reaction to occur at room
temperature and a high level of heat being generated
during the exothermic reaction. In self-curing, the
polymerization reaction of methacrylate monomers
is initiated by the activation reaction of BPO, with an
amine accelerator at room temperature, which gives
free radicals for addition to monomer molecules
[18]. A high level of heat being generated during
the exothermic reaction [9]. Authors [19] prepared
copolymer latexes based on methyl methacrylate
(MMA) and butyl methacrylate (BMA) using macro-
radical initiator technique. Different ratios of acrylic
monomers were designed to investigate the effect
of monomer compositions on physico-mechanical
properties of acrylic films for paint application. The
results showed that, physico-mechanical properties
increased with increasing the ratio of MMA in the co-

Printed in Kazakhstan



Negim E.S.M. et al. 61

polymer. The work was further extended to include
the application of the obtained copolymer latexes to
make acrylic syrups containing varying content of
MMA-monomer to be self curing and modify physi-
co-mechanical properties of paint solvent free.

Experimental
Materials

Methylmethacrylate (MMA) monomer (sup-
plied by Fluka), benzoyl peroxide (BPO) (supplied

Table 1 — Properties of P(IMMA-co-BMA) [19]

by Melbourne), N,N-dimethyl-p-toluidine (DMPT)
(supplied by Fluka) and hydroquinone (HQ) (sup-
plied by Merck) were used as purchased.

Synthesis and Characterization of Copolymer
Latexes.

The preparation of copolymer latexes and the
methods of analysis (‘H NMR, FT-IR, DSC, TGA
and SEM) have been previously described [19]. The
mix proportion of monomers in the copolymer and
basic properties of synthesized copolymer are shown
in Table 1.

T, | T T, T? TP Appearance
Sample No. MMA BMA = c < <
M1 10 90 34.15 43.30
Powder
M2 50 50 325 425 450 57.12 63.10
M3 90 10 94.34 98.40

T Initial decomposition temperature.

T" Maximum rate of temperature for weight loss.

T™The final temperature of the decomposition.

#Predicted using Fox equation.

Measured using DSC.

Preparation of copolymer syrups

Copolymer syrup was produced by dissolv-
ing copolymer (MMA/BMA) and BPO into MMA
monomer at normal temperature (25°C). Then, a lig-

Table 2 — Formulation of copolymer syrup for acrylic paint

uid component was produced using MMA monomer,
DMPT and HQ. BPO and DMPT were added at 1.5
and 0.75 parts per hundred (pph) to syrup to act as
initiator and accelerator, respectively. HQ was add-
ed in the syrup as an inhibitor. Paraffin wax was as
added 1% wt. of syrups. This copolymer syrup was
then placed into the liquid component mixed with ra-
tio 10/90, 15/85 and 25/75% wt/wt to maintain the
mixing ratio at 100% as shown in Table 1.

Group Syrups Copolymer . MMA
(Powder, gm) (Liquid, gm)
Sypl0/M1 10 90
Group 1 Syp10/M2 10 90
Syp10/M3 10 90
Sypl5/M1 15 85
Group 2 Sypl5/M2 15 85
Syp15/M3 15 85
Syp25/M1 25 75
Group 3 Syp25/M2 25 75
Syp25/M3 25 75
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Film preparation

Films were prepared by casting the acryl syrups
on leveled surfaces and allowing them to dry at room
temperature for 3 hours. The films were stored in a
desiccator at room temperature for further character-
ization and measurements.

Tests

The pot-life of fresh copolymer syrup was de-
termined at 25 °C according to the finger-touching
method prescribed in KS F 2484. The curing time
of acrylic films was determined according to ASTM
D5895. The viscosity (1) of the dispersions was
measured using a Brookfield viscometer (Model
LVTDV-II) at a shear rate of 100 S-' at 25 °C. The
contact angle formed between the water drops and
the surface of the sample was measured using con-
tact angle measuring system CAHN DCA-322 ana-
lyzer operated at 25 °C with water drop, and a ve-
locity of 100 pm/s. The drop of water was mounted
on the surface to be tested with a micro-syringe and
contact angle was measured from the view of water
drops as observed on monitor. Results are the mean
value of three measurements on different parts of the

film. The tensile properties of the acrylic syrup films
were measured by using MTS 10/M tensile testing
machine at a crosshead speed of 50 mm/min. An av-
erage of at least 4 measurements was taken and the
1-kN load cell was used. Shore A and D hardness
was measured using an indentation hardness tester
according to ASTM D2240-75. Water absorption
test was according to BS 1881-122:2011.

Results and their discussion

Structure of copolymers. The structure of the
copolymer latexes based on methyl methacrylate
(MMA) and butyl methacrylate (BMA) is shown in
Scheme 1. The copolymer latexes were synthesized
with different ratios (M1=10/90, M2=50/50 and
M3=90/10 respectively) using azobisisobutyroni-
trile (AIBN) as free radical initiator. The properties
of the prepared copolymer latexes have been previ-
ously reported by authors [19]. The results showed
that physico-mechanical properties of the copolymer
were increased by increasing the ratio of MMA in the
copolymer latexes.

CHj3

0
CH3 O HsC
CHg o
H,C o / m
2 H,C O  ABN
m =+ n —_— 0 0 °
CHj

H3C

BMA

MMA

CHj;

PIMMA-co-BMA]

Scheme 1 — General reaction for the synthesis of MMA/BMA copolymer [19]

Pot-life and curing test

Pot-life of acrylic films is the length of time in
which the flow properties (such as, viscosity) of cata-
lyzed syrup will no change within an acceptable for
application. Pot-life and cure time of acrylic films
(M1, M2 and M3) are measured in the lab at an ambi-
ent temperature of 25°C. Figure 1, shows a sharp de-
crease in pot-life and cure time of acrylic films with
increasing MMA in copolymers backbone. Acrylic
film (Syp25/M1) with (10% MMA) in group 3 where
the content of copolymer 25% gave longest pot-life
and cure time, while acrylic syrup (Syp10/M3) with
(90% MMA) in group 1 where the content of copo-
lymer 10% gave shortest pot-life and cure time. It is
well that the pot-life and cure time of acrylic syrups

are affected by fee composition of acryl syrups such
as copolymer and MMA monomer. The same behav-
ior was reported by Jaafar and Hamizad [8] when
they studied the effect of PMMA powder to liquid
monomer on the properties of PMMA cement.
Viscosity. The effect of content of copolymer
(MMA/BMA) with different composition (M1, M2
& M3) on the viscosity of syrups is shown in Fig-
ure 2. The results showed that the viscosity increased
with increasing of BMA in copolymer backbone.
However, the viscosity increased with increasing
content of copolymer from 10% to 25%. With respect
to the content of monomers and copolymer used in
different composition ratios with MMA monomer
to prepare paint syrups, it is evident that viscosity
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values for [Sypl10/M3], which contain 10% wt.%
of copolymer M3 (MMA/BMA, 90/10) in group 1
is lowest one (30 cps), whereas [Syp25/M1] which
contain 25% wt.% of copolymer M1 (MMA/BMA,
10/90) in group 3 is the highest one (190 cps). These
results reflect differences among copolymer studied
with respect to chemical structure, average molecu-
lar weight, configuration and orientation of the mol-
ecules, molecular weight distribution, polarity and
chain branching. Acrylic syrups are mainly used in
coatings. In acrylic, viscosity is important parameter.
A suitable viscosity range is required to avoid sag-
ging (in case of low viscosity) and practical difficulty
in application (encountered with high viscosity).
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Figure 1 — Pot-life and curing time of acrylic films con-
taining different content of copolymers M1, M2 and M3.
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Figure 2 — Viscosity of acrylic syrups with different con-
tent of copolymer M1, M2 and M3.

Contact angle. Advancing and receding contact
angle measurements of the films cast from acrylic
could provide more information on the hydrophilic-
ity of dried cast films [20-23]. A better understanding
of the hydrophobicity of the cast films could be ob-

tained from dynamic contact angle studies rather than
from swelling studies. Figure 3 shows the measured
contact angle for a drop of water on acrylic surfaces
increase with increasing MMA in copolymer back-
bone. Sypl10/M3 with 90% MMA gave the highest
contact angle with 125 deg. while Syp10/M1 with
10% MMA gave contact angle of 100 deg. in-group
1. The hydrophobicity increased with the decreasing
amount of copolymer in acrylic syrup. The results
confirm that chain rigidity is a more significant factor
in controlling the contact angle, because chain rigid-
ity does not allow the ionic groups to come near the
particle surface. Generally, if the water contact angle
is smaller than 90°, the solid surface is considered
hydrophilic and if the water contact angle is larger
than 90°, the solid surface is considered hydrophobic.
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Figure 3 — Contact angle of acrylic films containing
different content of copolymers M1, M2 and M3

Water absorption. Dynamic wetting tests were
performed on a Camtel CDCA-100F dynamic ad-
sorption apparatus (Camtel, UK). Each sample was
cut to a size of 1 cmx 5 cm with sharp scissors. When
the specimen was immersed into water for 2 months,
the weight of adsorbed water was detected and re-
corded. The dynamic water adsorption was plotted as
a function of feed composition of monomers. The re-
sults of the water adsorption tests reveal the dynamic
wetting behavior of the acrylic films. The acrylic
films show a very low adsorption, as shown in Fig-
ure 4. However, the water absorption of acrylic films
decreased with increasing the amount of MMA in
copolymer backbone in acrylic syrup. For example,
the water absorption for Syp10/M3 (90% MMA) is
0.01mg and for Sypl10/M1 (10% MMA) is 0.07 mg
in-group 1. Also, water absorption of acrylic films
in-group 1 is lower than that of group 3 as shown in
Figure 4. The water absorption of Syp25/M3 (90%
MMA) in-group 3 is 0.02 mg.
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Figure 4 — Water absorption of acrylic films containing
different content of copolymers M1, M2 and M3

Tensile and elongation. Figure 5 shows that the
tensile strength increased with increasing the con-
tent of MMA in copolymer backbone. For example
the tensile strength of Syp10/M3 (90% MMA) is 90
MPa and this drops down to 55 and 35 MPa for the
Syp10/M2 (50% MMA) and Syp10/M1(10% MMA)
containing 10% copolymer in-group 1. This is pre-
sumably due to the increased hard segment contents
(MMA) in acrylic film. However, tensile strength of
acrylic films decreases with increasing the content of
copolymer in acrylic film. Syp25/M3 containing 25%
copolymer shows substantially lower tensile strength
than the Syp10/M3 containing 10% copolymer. Also,
tensile strength of acrylic films affected by viscosity
of acrylic syrup, whereas tensile strength decreased
with increasing viscosity of acrylic syrup.

On the other hand the elongation of acrylic films
decreased with increasing MMA in the copolymer
backbone as shown in Figure 6. This is attributed
to the increasing of flexible chain (BMA) with low
T . in the copolymer backbone. However, elongation
increased with increasing the content of copolymer
(MMA/BMA) in acrylic syrups. Also viscosity of
acrylic syrup affected the elongation tests where the
acrylic syrup with high viscosity (Syp25/M1) has
longest elongation as shown in Figure 6.

Hardness. The results in Figure 7 show increase in
hardness shore (D) with increasing of MMA in copoly-
mer backbone of acrylic films. However, the hardness is
affected by the content of copolymer. The surface hard-
ness for acrylic film produced by Syp10/M3 in-group
1 (10%, 90/10 MMA/BMA) was found ca. 79, while
that for acrylic film produced by Syb10/M3 in-group 3
(25%, 90/10 MMA/BMA) was found ca. 71.
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Figure 5 — Tensile strength of acrylic films containing
different content of copolymers M1, M2 and M3.
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Figure 6 — Elongation of acrylic films containing
different content of copolymers M1, M2 and M3
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Figure 7 — Hardness of acrylic films containing different
content of copolymers M1, M2 and M3

Conclusion

In this study, acrylic syrups with an MMA so-
lution of copolymer (MMA/BMA) as a resin and
physico-mechanical properties of the syrups were
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evaluated. The results obtained in this study are sum-
marized as follows:

The pot-life, cure time, tensile, hardness shore
D and water absorption of the syrup films increased
with increasing MMA in copolymer backbone and
decreasing the content of copolymer in syrup mix-
es. This is presumably due to the increased hard seg-
ment contents (MMA) in acrylic film.

The viscosity and elongation of the syrups in-
creased with the increase BMA in the copolymer
backbone and content of copolymer in syrup mixes.
This attributed to the increased soft segment contents
(BMA) in syrup mixes.

Monomer compositions of polymers played im-
portant role in specific characteristics of polymer
films used in paint applications.
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Thermogravimetric investigation and selection of catalyst of coal hydrogeneration

Abstract: Thermo gravimetric study of coal in the presence of polymers showed that availability of high
asphalt-resinous components — asphaltenes and resins benzene within the temperature of 360 — 443°C in
the content was reduced. The optimum catalytics of coal hydrogenation is the compositions on the basis of
Pd / C, at which there was the greatest absorption of hydrogen and Co / C, where the hydrogenation rate

was maximum.

Key words: coal, polymers, hydrogenation, paste-head, Balkhash concentrate catalysts.

Introduction

The efficiency and effectiveness of performance
of coal hydrogenation process at an industrial envi-
ronment is carried out with great difficulties. Except
the importance of features and structure of the origi-
nal coal, a macro kineticchoice of pressure’s modes,
temperature and catalysts also has a great value.

The aim of majority processes of coal’s chemi-
cal recycling (with the exception of the production
of carbon materials) is its conversion into low mo-
lecular organic products, with a quite homogeneous
composition. The conversion of coal into the more
organic compounds can be achieved under the heat
treatment and exposure to different reagents [1, 2].
During the heating process the weak aliphatic chains,
which bind condensed aromatic structures, are usu-
ally disrupted primarily. The disruption of carbon-
oxygen bonds has a decisive contribution during the
process of depolymerization of brown coal.

Management of the reactions of disruption of cer-
tain bonds can be done by selective introduction of
metal catalysts into the functional groups of the coal
substance. For example, the temperature of aliphatic
bond’s disruption, which connects two aromatic frag-
ments, reduces if a divalent metal cation replaces the
protons of two neighbour phenolic groups.

The main disadvantages of known techniques
of chemical recycling of coal compared with the
technologies of oil refining and petrochemical are a
relatively low productivity and stringent conditions
for their implementation (high temperature and pres-
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sure). To eliminate these shortcomings in the coal
recycling, there is a wide spread usage of catalysts
and new catalytic processes, which allows to obtain
variety products from coal with a fuel and chemical
features [3-8].

Experimental part

The experiment was conducted as following: 5 g
of a mixture of dry brown coal from Karazhirskyi field
was subjected to mechanical activation with a particle
size of less than 0.1 mm, then a polyethylene with a
particle size less than 0.5 mm, which was taken in an
amount of from 10 to 70 wt.% by weight of a mixture
of coal — polyethylene, were placed in a steel autoclave
rotary with a volume of 0.5 1. The substances as Pd,
Co, Mo and Fe were added as catalysts.

The autoclave was closed and the hydrogen was
supplied until achieving a pressure of 5.0 MPa. The
autoclave was heated to 430°C with continuous stir-
ring, then it was kept at this temperature during 60
minutes, while the pressure in the autoclave was 6.0
MPa. After that, the autoclave was cooled and the
gaseous products were separated. Then, the fraction,
which was boiling up to 200°C, was separated from
autoclave, and it was freezed out in a nitrogen trap.
The solid product was separated and filtered.

Thermogravimetric studies were performed under
the following experimental conditions: weight of the
sample — (0.3 £ 0.03 g); analytical grinding;ceramic
crucible with a lid, height of which is 15 mm and
diameter 5 mm. Processing of the derivatograms in-
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cluded analysis of thermogram. The weight loss of
the sample at a given temperature was determined
according to the thermogravimetric curve. The rate
of mass loss was determined in accordance with a

differential thermogravimetry, temperature highs
endo — or exo — effects — according to a differential
thermogravimetric adsorption in line with standard
procedures.

1 —reactor with a rotating autoclave, 2 — oven, 3 — manometer measuring the pressure at the outlet
4 — tap to collect gases, 5 — stationary reactor, 6 — bush for measuring the temperature in the stationary
reactor, 7 — thermocouple for temperature control in a rotating reactor,
8 — manometers for temperature control, 9 — LATRS, 10-taps for establishing pressure in the reactor,
11 — manometer for controlling the pressure in the reactors, 12 — reducers to control the gas flow,
13 — cylinders of compressed argon and helium gases.

Figure 1 — Installation for hydrogenation in a stationary reactor and in a rotating autoclave

Results and their discussion

Thermogravimetric analysis was performed for
the samples of original materials: solid polymeric
products and coal material. A measurable weight loss
curves (TG curves), and mass loss rate (DTG curves)
were calculated on the basis of 1 g of the original
sample and manifested as the temperature depen-
dence, the nature of which is illustrated by the giv-
en thermograms (Figure 2.3). On the basis of DTG
curves, the temperature (T ) was determined in cor-
respondence to the maximum rate of weight loss. In
this paper, the weight loss is identical to the output of
volatile products and the rate of mass loss is equiva-
lent to the rate of release of volatile products during
the heating.

When grinding coal from Karazhyr field, there
were identified some general patterns, which are well
observed by differential thermogravimetric curves
after mechanical processing of coal in the mill.

Thermogravimetric curves (Figure 2.4) have a
one minimum indicating to dehydration at the tem-
peratures 109-116°C.

During the mechanical impact on coal, along
with a change in the total amount of soluble fractions,
their composition and structure are also changes,
compared with the factions of the original coal.

The following stages of the transformation of
coal from «Karazhir» field, after mechanical activa-
tion in the presence of a catalyst based on Fe and hy-
drogen-donor solvent tetralin have been established
by the method of gravimetrical study: 1) Dehydration
at temperatures 109°C; 2) thermal decomposition of
a macro molecular structure of coal with formation of
the radical fragments of 272-385°C; 3) recombina-
tion of these radicals with formation of high molecu-
lar products, saturation of radicals as a result of hy-
drogenation reactions by molecular hydrogen or by a
hydrogen of hydrogen-donor solvent with formation
of a low molecular products at the temperature range
of 559-619°C.

Thermogravimetric study of coal in the presence
of polymers (Figure 4) showed that the presence of
high asphalt-resinous components — asphaltenes and
benzene resins at the range 360-443°C was reduced
in their content.
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Figure 3 — Thermogravimetric studies of coal conversion after mechanical activation
in the presence of a catalyst BC

Role of the components with lower molecular
weight — benzene resins and oils was increased as
a result of thermal effects in the bitumen. The pres-

ence of light petroleum-ether resins and aromatic
hydrocarbons within the range of 443-527°C was
increased in the content of the oil fraction.
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Figure 4 — Thermogravimetric studies of coal and polymers convertion

Thus, it was found that the iron catalysts promo-
ted thermal decomposition of organic mass of coal.

Series of experiments was performed with the
aim to select the optimum composition of the cata-
lyst. Al,O,and carbon were used as the carriers, while
Pd, Co, Mo and Fe were used as an active phase. The
percentage of metal in all of the catalyst was 5%. The
experiment was conducted at a temperature of 325°C
and a pressure of 5 MPa.

During the hydrogenation of the original mate-
rial at all catalysts, there is a direct relationship be-
tween the hydrogen absorption and duration of the
experiment. The maximum result was observed at
the catalyst containingPd and was VH2 = 27.4 mmol
(Figure 5).

In terms of swallowed hydrogen, catalysts are ar-
ranged in the following order:

Pd/C (27.4 mmol) > Co/C (19.6 mmol) > Mo/C (12.6 mmol) > Fe/C (5.3mmol)
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Figure 5 — The dependence of the absorption of hydrogen from the duration of the
experiment at different catalysts with 5% metal content

International Journal of Biology and Chemistry 8, Ne2, 66 (2015)



70 Thermogravimetric investigation and selection of catalyst of coal hydrogeneration

Characteristically, with the duration of the exper-
iment the catalysts arrange in the same sequence. In
contrast to hydrogen absorption, the maximum rate
of hydrogenation is observed on Co-containing cata-
lyst and is 47.2 mmol/min*g CT (Figure 6).

Figure 6 shows that the maximum hydrogena-
tion speed of the first three catalysts are observed
on the 4th minute of hydrogenation, after that

the rate is sharply fell and in the range of 15-40
min is almost unchanged. On the catalyst of Fe/C
hydrogenation takes place at the lowest rate, the
maximum of which is observed at the 2-nd min-
ute of hydrogenation and it is 18.7mmol/min*g
CT, which is ~ 2.5 times lower than the maximum
speed observed on the most active Co-containing
catalyst.
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Figure 6 — The dependence of the rate of hydrogen uptake from
the experiment time on the different catalysts
Conclusion 4. Liu Z., Yang J., Zondlo J.W., Stiller A.H.,

Thus, based on the results of experiments, the
highest activity still have catalysts on the basis of
Pd/C, at which there was the greatest absorption of
hydrogen and Co/C, in which the hydrogenation rate
was the highest.
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Removal of mineral salts (including bicarbonate calcium and magnesium)
from Ulken Almaty and Kishi Almaty rivers

Abstract: For evaluated some components of hydrochemical balance watercourses necessary to carry out
the calculation flow of chemicals, which is very important not only for biological productivity, but also
studied intensity of erosion and accumulation processes occurring in the basin. It was learned of long-
term dynamics of this process can also deeper understanding the nature of the influence of those or other
lithological and anthropogenic factors in the basin on the formation of chemical composition and quality of
the river water. The article presents data on the flow of dissolved mineral substances, including calcium and
magnesium carbonates, rivers Ulken Almaty, Kishi Almaty in comparison to other rivers of northern slope
of Ili Alatau (Shilik, Turgen, Esik, Esentai) over many years. It was established that during the period from
2009 to 2010 years water of Ulken Almaty upstream 5,486 tons of mineral salts, and in the downstream —
7,135 tons, and the share of calcium bicarbonate (calculated of calcium carbonate) have an average of 68%
of all salts. Kishi Almaty river in the upstream 4,776 tons (including calcium bicarbonate — 4,080 tonnes)
and downstream — 29,520 tons (including 18,745 tons of calcium bicarbonate).

Key words: calcium carbonate equilibrium, removal mineral salts, ion flow, water flow, water consumption

Introduction

Removal of calcium and magnesium carbonate
salts is part of the remove of mineral salts. To cal-
culate the removal of carbonate salts necessary to
investigate the carbonate calcium equilibrium in the
river waters. The results of systematic hydrological
observation and monitoring of water quality of the
rivers of northern slope of the Ile Alatau possible to
calculate flow minerals from the territory of the river
basins in Kapshagai reservoir. Calculation chemical
substances of flow is great importance not only for
the assessment of a number of components of the
chemical balance and biological productivity of ba-
sins, but also for the knowledge intensity of erosion
and accumulation processes occurring in the basin. In
this regard, the study of long-term dynamics of this
process makes it possible to deeper understanding the
nature of the influence of those or other lithological
and anthropogenic factors in the basin on the forma-
tion of the chemical composition and quality of the
river water.

L.V. Brazhnikova, B.A. Beremzhanov and
M.A. Ibragimova to investigate the data on the ion
flow for rivers all Balkash basin for 1936-1949 y. [1,
2] and 1961-1968 years. [3]. A.N. Nevskaya calcu-
lated ion flow of 17 rivers arid areas of Kazakhstan
and it is established that during the peak of the flood
goes up to 80% of the ion flow [4].

© 2015 al-Farabi Kazakh National University

Ion flow of rivers of northern slope of the Ili
Alatau after 1968 was not calculated. In this regard,
we have calculated the flow of mineral salts, nutrients
and organic matter, microelements for rivers Shilik,
Turgen, Ulken Almaty, Kishi Almaty and Esentai for
2000 — 2003 years [5] and compared with the data for
the period 2009-2010.

Experimental part

To calculate the ion flow of these rivers used re-
sults of the chemical analysis of monthly water sam-
ples authors and Kazhydromet data on the chemical
composition and water flow of the rivers from 1997
to 2002. (Table 1). The ion flow is calculated by the
standard technique [6, 7].

Methods of determining the components of car-
bonate and calcium balance is detailed in the manual
[8]. The calculation of the components of the calcium
carbonate equilibrium produced by the method and
recommendations O.A. Alekin and N.P. Morichev
[9], S.M. Romanova [10] without the formation of
ion pairs and complexes.

According to the recommendations of L. V. Brazh-
nikov, A.S. Demchenko [11] and O.A. Alekin [12]
definition of unstable components of water (pH, per-
manganate oxidation performed immediately after
sampling, and such as P, Fe, Si in laboratory after
canning appropriate reagents. Identification of all the
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components of the chemical composition of water
was carried out by conventional methods in hydro-
logical practice [11-15] (Table 1). Verification of
these methods have shown that the error rate does not
exceed the values of their accuracy.

Water flow in the river was measured by a sur-
face float. To measure water flow above and below the
main hydrometric alignment equidistant break two ad-
ditional alignment so as to move the length of the floats

between the upper and lower alignment was at least 20
seconds. This duration is due to the fact that the timing
with a stopwatch in determining the duration of the
course of the floats can be mistakes due to rounding
to whole seconds and due to some inaccuracies deter-
mine when passing through the float line alignment.
Floats throw only stem of the river, where there is the
highest rate of the river. Of all running floats (5-10) se-
lected three float with the least duration of the course.

Table 1 — Methods for determination of the components of the chemical composition of water

Component Method Mo method | method
pH Colorimetric 0,05 unit pH +0.5-0.8%
Ca¥', Mg?" l)Cl;)éil(pées)(ﬁan]{etric indicators murexide with chrome and 0,5 mg/l +0.5%
Na+K* Calcul_ated .from the difference between the sum of cations
and anions in the 1/ z (C) mol /1
HCO;,CO Volumetric, direct titration 10 mg/1 +1-5%
N Gravimetric 10 mg/1 +0.5%
CI Volumetric, argentometric 10 mg/1 +0.5-0.8%
NH; Photometric reagent Nessler 0.002 mg/1 +4-5%
NO, Photometric with Griess reagent 0.5 pg/l +3-5%
NO: rf’iltlrci)tt::)metric, the revolt-leniem metal cadmium nitrate to 0,010 mg/l +59
The mineral phosphorus | Photometric with ammonium molybdate and ascorbic acid 0.005 mg/1 +1.5-5.5%
Silicon Photometric with ammonium molybdate 0.5 mg/l 2%
Iron Photometric with sulfosalicylic acid 0.02 mg/1 8%
Oxidation permanganate | By Kubel 0.5 mg/l +4-5%
Manganese Photometric with formaldoxime 5 pg/l 2%
Oxygen Iodometric according to Winkler 0.05 mg/1 +0.3-0.5%

Results and their discussion

It is known that the absolute values of ion flow
depends from water availability on the year. In 2000,
river Shilik had the highest ionic flow among the rivers
of northern slope of the Ile Alatau, which amounted to
161,540 tons (water flow is 440.8 km?), and in 2001,
109,591 tons (water flow is 375 km?). In 2002, the an-
nual value of the ion flow increased to 196,726 tons, and
water flow to 645 km’, i.e. 1.8 times more than in 2001.

The same can be noted for river Turgen. In 2000,
the flow of mineral salts there was 31, 379 tons (wa-
ter flow 113 km?®), and in 2002, 56, 561 tons. The riv-
ers Ulken Almaty, Kishi Almaty, Esentai examined
data on upstream and downstream. The calculation
showed that the ion flow of Ulken Almaty in 2000,

on upstream was 3, 395 tons, and on downstream
was 21, 118 tons, and with the flow increased by 6.2
times. In the following 2001 and 2002 the increase
ion flow is reduced by half.

Ion flow of solutes river Ulken Almaty for the pe-
riod from 1997 to 2002, ranges 920.3-17 959.9 tons,
the minimum values correspond to the lowest values
of the water flow.

Ion flow river Kishi Almaty for 2001 is 1.5-2
times greater than r.Ulken Almaty, although the wa-
ter flow is less (Table 2).

Ion flow r.Esentai with the flow increases. For
example, in 2002, at a point al-Farabi avenue ion
flow is 5631 tons, and at a point Ryskulov avenue,
i.e. downstream with the flow increases to 2230 and
7861 tons, correspondingly.
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Table 2 — Changes in the annual ion flow (R,), depending on the water flow (R ) for some of the rivers Ili Alatau

r. Kishi Almaty — Almaty
(2.0 km above the city)

r. Kishi Almaty — Almaty
(0.5 km below the reset fur

r. Kishi Almaty — Almaty
(4.0 km below the city)

r. Kishi Almaty — Almaty
(0.5 km below the reset radio

factory) center)
Year R , km’ R, t Year R, km’ R, t Year R , km’ R, t Year R, km’ R,t
2000 16.7 3378.0 1998 1.98 524,7 1998 11.7 4,5440 1998 22.7 10,3717
2001 14.8 6124.5 2000 23.26 9207,1 2000 39.3 17,1460 | 2001 41.9 25,8630
2001 33.7 13,9540

r. Ulken Almaty — Almaty

r. Ulken Almaty — Almaty

r. Ulken Almaty — Almaty
0.5 km below the reset water

r. Ulken Almaty -Ustya

9.1km above the city (0.5 km below the city) Aow 12 km above the estuary
Year R, km’ R, t Year R, km’ R, t Year R, km’ R, t Year R, km’ R, t
1997 8,5 1839,1 1997 20.3 3503,0 1997 17.9 35255 1997 28.0 14238,1
1998 4,8 920,3 1998 5.2 2207,5 1998 5.8 1979,2 1998 7.9 3807,8
2000 11,4 33955 2000 459 14555,1 2000 102.1 31027,5 2000 55.3 21718,7
2001 16,2 35378 2001 389 9514,9 2001 49.5 12222,8 2001 2.6 1336,3
2002 26,0 6107,7 2002 433 10609,6 2002 71.6 17959.,9
r. Esentai — Almaty al-Farabi avenue r. Esentai — Almaty — Ryskulov avenue

Year R, km’ R, t Year R, km’ R, t

2000 10.9 2463 2000 11.0 2617,0

2001 17 4360 2001 18.7 5144,0

2002 21.6 5631 2002 29.0 7861

The authors calculated flow of mineral salts riv-
ers Ulken Almaty, Turgen and Kaskelen for 2003
and 2009-2010 (Table 3). As you can see, the flow
of mineral salts of r.Turgen only for June and July
2003 is 13, 900 tons. Ion flow of river Kaskelen over
the same period more than (17,531 tons.) river Tur-
gen (13 900 tons), although water flow less (Table
3). If, in June 2003, the most submitted HCO, (1435
tons) and Ca?* (383 tons), in July predominant ions
become SO,* (5800 tons), and Na* (3105 tons). Flow
of river Kaskelen formed by flowing tributaries, in
particular river Ulken Almaty. Removal of mineral
salts river Ulken Almaty in June and July 2003 is 2
300 tons. with the prevalence of HCO,  and Ca** ions.
For this study the rivers with increasing annual water
or season an increase the ion flow (eg, r.Ulken Al-
maty correlation coefficient is — 0,89-0,95).

During the period from March 2009 to July 2010
(16 months) the water of river Ulken Almaty river up-
stream 5,486 tons of mineral salts, and in the down-
stream — 7135 tons, share of calcium bicarbonate
(calculated of calcium carbonate) have an average of
68% of all salts. Kishi Almaty river in the upstream

(Medeu) for the period from March to November
2009 removed 3,039 tons of substances, including
calcium bicarbonate — 2,833 tons, and from January
to May 2010, 1,737 and 1,247 tons respectively, with
an average of during this period 82% of all minerals.

In the downstream of the river Kishi Almaty for
10 months of 2009, 18,952 tons of salt removes, and
the share of calcium bicarbonate accounting for 63%,
and for 6 months of 2010, 10,568 tonnes and 64%,
respectively. The data in Table 2 that the Kishi Al-
maty river flowing through the city Almaty, enriched
in minerals by 24.7 thousand tons, in other words,
removal of salts increases by more than 6 times in the
downstream than compared with upstream. It should
be noted that the columbine area of river Kishi Al-
maty more (1,240 km?) 2.7 times compared to the
river Ulken Almaty (461 km?), but the average of the
2009-2010 consumption of water at the outlet of the
mountain river Ulken Almaty (1.26 m%/s), river Ki-
shi Almaty (1.38 m*/s) and in the mouth portions are
little differ 1.75 m?/s to 1.86 m?/s, respectively. This
explains the higher salt removal river Kishi Almaty
compared with river Ulken Almaty.
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Table 3 — Removal of mineral salts some rivers of Ili Alatau

13 10.06.03 14.4 373 122.0 4551
r. Turgen 27 17.07.03 234 62.7 134.0 8402
39 27.07.03 21.5 57.6 178.0 10253
 Kaskelon 18 10.06.03 6.72 17.4 149.0 2593
32 18.07.03 18.4 493 303.0 14938
+ Ulken Almaty 5 10.06.03 0.57 1.47 174.0 256
36 17.07.03 4.89 13.1 156.0 2044
48 31.03.09 0.973 231 155.8 360,52
140 05.07.09 2.258 5.37 169.8 911,83
166 02.08.09 1.723 4.10 150.8 617,98
196 13.09.09 1.413 3.66 141.4 517,81
r. Ulken Almaty, the upstream | 748 22.11.09 0.421 1.09 178.9 195,18
(3.5 km above the district
Orbita) 272 07.01.10 0.546 1.30 162.1 210,57
309 28.02.10 0.390 0.94 204.2 192,76
336 27.03.10 0.445 1.06 193.3 204,51
380 24.05.10 0.303 0.72 208.1 150,04
399 14.07.10 4.150 9.87 159.5 1574,27
144 05.07.09 3.710 8.82 159.7 1409,19
160 01.08.09 2.339 5.56 156.9 872,83
200 13.09.09 1.239 321 170.4 547,15
223 25.10.09 0.859 2.04 207.7 424,33
( dovrwgtli‘:a‘;n’*gﬁ dai) 278 08.01.10 0.443 1.05 241.2 254,22
316 28.02.10 0.468 1.13 329.4 372,89
342 28.03.10 1.950 4.64 2453 1137,70
371 22.05.10 0.578 1.37 402.4 553,30
406 14.07.10 4.170 9.92 157.7 1564,07
49 31.03.09 0.347 0.83 193.3 159,47
128 13.06.09 0.109 0.28 283.9 80,34
138 05.07.09 2303 5.48 123.3 675,31
165 02.08.09 5.850 13.9 117.1 1629,33
r. Kishi Almaty 195 13.09.09 1.381 3.58 138.1 494,40
(downstream, Medeu) 247 22.11.09 1.170 3.03 159.1 482,55
271 07.01.10 0.439 1.04 160.5 167,56
321 08.03.10 0.228 0.54 259.1 140,43
335 02.04.10 1.092 2.83 198.9 562,89
379 24.05.10 0.908 2.16 177.8 384,04
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Continuation of table 3

18 22.02.09 1.354 3.28 736.8 2413,76
61 12.04.09 3.044 7.89 634.9 5009,36
111 27.05.09 2.874 6.83 4943 3378,54
121 13.06.09 1.404 3.64 504.0 1834,06
152 05.07.09 1.737 4.13 503.8 2081,20
r. Kishi Almaty 167 02.08.09 1.030 2.45 550.6 1348,97
(dovsvgs:iiazg;gyka’ 203 13.09.09 1.423 3.69 438.8 1618,29
230 25.10.09 0.960 2.28 555.2 1267,52
296 30.01.10 0.985 2.34 685.3 1605,66
345 28.03.10 2.942 7.00 499.5 3495,00
372 22.05.10 3.303 7.86 501.0 3935,86
387 27.06.10 1.300 3.37 454.4 531,33
Conclusion um bicarbonate (calculated calcium carbonate) have

1. A study of water flow of the rivers Ulken
Almaty and Kishi Almaty showed that the greatest
flow of water masses in the summer. So, for the river
Ulken Almaty summer in the upper portion of the
water flow reaches 5.37*10° — 9.87*10° 1, while the
lower alignment — 8.82*10° -9.92*10° 1 at respective
maximum water flow, 2.26-4.15 m?*/ s and 3.71-4.17
m? / s. The lowest water flow in the autumn — winter
period. So, for the river Ulken Almaty in the upper
portion of flow decreases to 1.09*10° -1.30*10° 1,
while the lower alignment — 1.05%10° — 1.13*10° | at
the appropriate minimum water flow 0.42-0.45 m*/ s
and 0.44-0.47 m’ / s.

2. For river Kishi Almaty a similar pattern in the
distribution of water flow. Thus, in the upper por-
tion of the maximum water flow in summer reaches
13.9%10° 1, while the lower alignment — 7.89*10° 1
at respective maximum water flow rate of 5.85 m¥/s
and 3.04 m¥/s. The lowest water flow of the river in
the autumn and winter period. So, for the river Ki-
shi Almaty in the upper portion of stock is reduced
to 1.04*10° 1 (and in early spring before 0.54*10° 1),
while the lower alignment — 2.28*%10° 1 at the ap-
propriate minimum water flow of 0.44 m‘/s and
0.96 m?/s.

3. The calculation of the removal of mineral salts
North Slope rivers Ili Alatau allowed to establish the
following. During this period the water river Ulken
Almaty in the upstream 5,486 tons of mineral salts,
and downstream — 7,135 tons, and the share of calci-

an average of 68% of all salts. River Kishi Almaty
in the upstream removed 4,776 tons substances (in-
cluding calcium bicarbonate — 4,080 tons) and down-
stream — 29,520 tons (including 18,745 tons of bicar-
bonate).
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Possibilities of composite materials use on the basis
of polivinilipirrolidon and bentonite clay as sorbents of heavy metals ions

Abstract: The chemically crosslinked gels based on bentonite clay of the Manyrak deposit (East
Kazakhstan region) and nonionic polymer polyvinylpyrrolidone were synthesized with using the process of
intercalation of the monomer in the aqueous suspension of bentonite. Swelling degree, sorption capacity of
the obtained polymer-clay composites to metal cation ions are evaluated. It is shown that with increasing
the concentrations of bentonite clay in gels the sorption capacity to metal ions increases significantly.

Key words: bentonite clay, gel polymer-clay composites, sorption.

Introduction

Interest to polymer-clay composite materials, and
also to researches of reactions of a complex forma-
tion with their participation is caused by that such
complexes, along with valuable properties of compo-
nents have improved thermal, mechanical and sorp-
tion properties. Polymer-clay compositions on the
basis of natural and synthetic polymers are available
carriers of medicinal substances and sorbents [1].
One of ways of polymer-clay compositions obtain-
ing is radical intercalation polymerization «in situ»
of monomer on a surface of clay silicates [2]. As a
result, are formed more uniform material with uni-
form distribution of a mineral in all volume of a poly-
meric matrix. A continuous phase in composites can
be synthetic polymers, and as a filler the bentonite
clays (BC), with a predominant content of the min-
eral montmorillonite [3]. It is known that Kazakhstan
is rich in deposits of this valuable mineral. There-
fore, in the present study offers new perspectives for
the using of composite materials based on non-ionic
polymer — polyvinylpyrrolidone (PVP) and BC of de-
posit Manyrak as environmentally friendly and cost-
effective sorbents of heavy metal ions.

Experimental part

Composite gels of PVP-BC were synthesized by
«in situ» intercalation radical polymerization of an
aqueous monomer solution with incorporated puri-
fied bentonite clay particles. N,N-methylene-bis-
acrylamide (MBAA) was used as the crosslinking
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agent without further purification, and 2,2-azo-bis-
isobutyronitrile (AIBN) was used as initiator which
has undergone several times recrystallization. Condi-
tions of carrying out synthesis and the characteristic
of initial components of composite gels are described
in early works [4]. The morphology of bentonite clay,
reference and composite gel samples were exam-
ined by high-resolution scanning and cryo-scanning
electron microscopy (SEM, cryo-SEM) by using the
scanning electron microscope S-4800 from Hitachi
(Japan). The respective samples were rapidly frozen
in melting nitrogen and fractured in a cryo chamber
at-145°C. After etching for 45s at -98 °C, the samples
were sputtered with a thin platinum layer. The degree
of swelling of gels and bentonite clay was investi-
gated by method of equilibrium swelling. Amount
of sorption ions of metals by obtained composites
was determined by atomic adsorption ASS Shimadzu
6200 microscope.

Results and their discussion

It is known that indisputable the conditions of
carrying out polymerization affect on physical and
chemical properties of polymer-clay compositions.
As a result of carrying out series of experiences and
research of an exit of gel-fraction and the swelling
ability, the optimum ratio monomer-solvent, equal to
the content of water 70, and monomer — 30 vol.% is
established with the different maintenance of a min-
eral complex. In early works [5, 6] data polymer-clay
compositions were offered as the carrier of medicinal
substance of a rikhlokain with the maintenance of BC
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of 1-3 mas.% monomer volume, and in this work we
consider possibility of application of these composi-
tions as sorbents of metal ions, and for improvement
the sorption properties we changed the maintenance
of concentration of BC of 1-4 mas.% of the total vol-
ume, which in turn should have a beneficial influence
on the quantitative values of sorption. By results of
the previous works [5, 6] it was also established that
increase of concentration of crosslinking agent and
BC promotes increase in an exit of gel-fraction, the
ash content and densities of the gels.

15kU ¥1, 288 18um 8868 11 Z8 SEI

The scanning microscopy is used for research of
morphology of a surface of composite gels [7]. Ap-
parently from figure 1, bentonite clay (a) has flaked
layered structure. Figure 1 (b) shows the formation of
polymeric matrix as a result gel formation of PVP ho-
mogels, and polymer-clay compositions of PVP-BC
with represent varying degrees intercalated structure
due to the penetration of the monomer into the inter-
layer space of the clay and uniform distribution of the
clay particles in the polymer matrix. The result is the
formation of homogeneous compositions.

a

Figure 1 — Cryo-SEM snapshots of BC (a), cryo-SEM snapshots of PVP homogels (b),
and composite gels of PVP-BC (b).

By results of the previous works [5, 6] at research
of the swelling capacity, morphology and structure it
is established that compositions of PVP-BC combine
properties of initial components and are characterized
by biocompatibility and homogeneity. It was revealed
that with increasing content of the crosslinking agent,
concentration of BC and in the presence of electro-
lyte degree of swelling of the PVP-BC composite gels
considerably decreases. Increase in temperature and
pH environment leads to reduction of volume of com-
posite gel that testifies about incentive susceptibility
of gels. These characteristics of clay compositions of
polymer can expired by the non-Coulomb nature of
interaction, formation of through hydrogen bonds and
hydrophobic interactions, and also greatly influenced
by negatively charged particles of BC.

Polymer-clay materials, due to high sorption and
complexing ability, are excellent sorbents of cations of
metals. Therefore one of the most important branches
of possibility of application of clay polymeric com-
posites can note the purification of industrial sewage
of heavy metals [8]. In this connection and to evaluate
the sorption ability of the obtained polymer compos-

ites was studied sorption Pb*", Zn**, Cd*" by gels. Stud-
ies were carried out by atomic adsorption spectrosco-
py using the spectrometer AAS Shimadzu 6200. For
clarification of the nature of interaction of ions of met-
als with composites the swelling ability of gels in solu-
tions of metals was studied. Swelling ability of gels in
solutions of metals was studied for clearing up of the
nature of interaction of ions of metals with compos-
ites. The results of studies of the effect of concentra-
tion solution of metals on the swelling behavior of the
gels (Figure 2, for example, a solution of Pb?"), found
that increasing of the concentration of Me?* ions in the
solution decreases the volume of composite gels.

With increasing content of bentonite clay swell-
ing capacity of the gels naturally decreases, as can
be seen from the data in Figure 3, which shows the
swelling kinetics of the composite gels in solution
Cd?* (30 mcg/ml) containing bentonite clay 1, 2 and
4% by weight. Probably, the gradual contraction of
the gel in a solution of the metal occurs due to the
ionic strength of the last, however, is compacted
mesh with the content of bentonite, which further
prevents to increase in the net.
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0 10 20 0 40 5 Gmegml
t=25°C; PVP-1; PVP-BC: BC,
1% —2; BC, 2% — 3; BC, 4% — 4;
[AIBN]=0,5 mol.%; [MBAA]=1 mol.%

Figure 2 — The dependence of the degree
of swelling of gels on the concentration of Pb**
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PVP-1; PVP-BC: BC, 1% — 2; BC, 2% — 3; BC,
4% — 4; [AIBN]=0,5 mol.%; [MBAA]=1 mol.%

Figure 4 — Kinetics of sorption Cd*
on the gels PVP-BC

As aresult of the analysis of sorption of cations of
metals the obtained composite gels are revealed some
regularities. So, the limit values are set the sorption
during the day. And with the increase in the content
of bentonite clay composites there is a significant in-
crease in the amount of adsorption of metal ions, that
testifies to a primary role of clay in sorption of cat-
ions of metal (Figure 4). In general, it is possible such
interactions of metal ions with composite gels as a
coordination bond and electrostatic binding between
the lone pairs of the polymer, the active centers of
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t=25°C; [Cd*']= 30 mcg/ml; PVP-1; PVP-BC: BC,
1% —2; BC, 2% — 3; BC, 4% — 4;
[AIBN]=0,5 mol.%; [MBAA]=1 mol.%

Figure 3 — Kinetics of gels swelling
in the sample solution Cd**
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t=25°C; 1-[Pb>'], 2-[Zn>], 3-[Cd*]
[AIBN]=0,5 mol.%; [MBAA]=1 mol.%

Figure 5 — The kinetics of sorption
of metal ions on the gel PVP-BC (BC, 1%)
of the combined solutions

bentonite clay and free orbitals of the metal lattice.
Increasing the concentration of Me*" in the solution
leads to a decrease in the sorption, for example the
value of the sorption of Cd** ions on gels PVP-BC
1% per day in a solution of 10 mcg/ml up to 57%, 30
and 50 mcg/ml 45 and 42%, respectively.

Also, for research of selectivity of composite gels
was prepared combined solution of heavy metals.
The results showed that polymer-clay gels can adsorb
simultaneously some metals complex solution. Fig-
ure 5 shows the adsorption of ions of metals in com-
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position of PVP-BC (BC, 1%) in complex solution.
Numerical values of sorption of ions of metals from
complex solution it is much less, than in solutions of
ions of metals separately. It is connected with that
metals compete among themselves, so in 24 hours the
composition of PVP-BC (BC, 1%) absorbs of lead
31%, of zinc 42%, of cadmium 48%.

Thus, chemically cross-linked homogeneous,
water-swellable polymer-clay compositions based
on BC of deposit Manyrak (East Kazakhstan region)
and nonionic polymer PVP are obtained through the
formation of complex by hydrogen bonds and hy-
drophobic interactions. It was estimated the sorption
capacity of chemically cross-linked polymer-clay
composite gels PVP-BC in relation to heavy metal
cations. Swelling, sorption properties and morphol-
ogy of the gels was established. With increase in the
content of bentonite clay in gels their swelling abil-
ity naturally decreases, and the number of sorption
of ions of metal significantly increases. It is shown
that with increasing of concentration of Me** sorption
ability of composite gels decreases. Results of further
research of composite gels on the basis of PVP and
BC gives the chance of perspective use as sorbents of
cations of heavy metals.
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Tannin quantification in industrial waste
of tobacco production and selection of optimal extraction parameters

Abstract: Optimum technological parameters of extraction for the sum of tannins from tobacco dust
(Nicotiana tabacum L) waste of tobacco production were established. The basic process parameters to
obtain the highest yield of tannins from raw materials such as selection of optimum extractant ratio of raw
material to solvent, extraction time, temperature and mode, selection of the optimal precipitator for tannins
and the optimal ratio of extract to precipitator. A process technological scheme of tannins extraction from

tobacco dust waste was suggested.

Key words: tobacco dust (Nicotiana tabacum L.), tobacco extraction, tannins, technological block diagram

of tannins extraction

Introduction

Although tannin is frequently cited as an exam-
ple of a plant defensive chemical [1, 2] experimen-
tal documentation of a defensive role for tannin is
limited. Clear demonstration of a defensive function
for tannin depends on accurate quantitation of tannin.
When adequate analytic methods are available, it will
become possible to determine whether there is any
correlation between tannin content and patterns of
herbivory. The accuracy with which a chemical com-
ponent in a biological matrix, such as tannin in to-
bacco dust, can be determined depending on several
factors. The tobacco dust of interest must be collect-
ed and preserved so that the component is not altered
or destroyed. The component must be extracted from
tobacco in high yield. The method of assaying the
component must be free of interferences from other
materials present in the extract. However, there is no
consensus on the best method for preserving tobacco
or the most efficient solvents for extracting tannins
[1, 2]. The purpose of this study was to compare and
to quantitate the extractability of tannin with various
solvents as well as developing technological scheme
for extraction of tannins.

Experimental

Selection of the optimal technological scheme of
producing substance from medicinal plants is based
on complete exhaustion. This object is achieved by
selecting a suitable extracting agent, optimum ratio
between extracting agent and plant raw materials
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as well as the extraction duration, temperature and
mode.

Selection of the optimal extractant. Selecting
the optimal solvent had the following objective: to
choose a solvent that extracts the greatest quantity of
tannins from the tobacco waste dust. The following
solvents were used: Ethanol 80% water, 2-Butanol,
50% dioxane, dioxane, ethyl acetate, ethanol 50%,
ethanol 30%, ethanol 70%, dimethyl. The results are
shown in Table 1.

Determination of the optimum ratio between
raw material and the solvent (80% ethanol). Obvi-
ously, keeping a constant amount of the plant ma-
terial and increasing the amount of the extractant in
the extraction process will lead to higher extraction
yield. However, increasing the amount of extractant
will also reduce the concentration of biologically ac-
tive substances in the extract, thus addition of the ex-
tractant cannot be infinite.

Therefore, in determining the optimal amount
of extractant selected, the next ratio of raw mate-
rial to extractant were used 1:5, 1:7, 1:9 and 1:10.
Controlled variables of the extraction process are:
the mass of raw material (1 g) and extraction time
(3 hours). Results are presented as a histogram
(Figure 1).

Methodology of tannins yield determination.
The exact portion of the dry extract (1-2g) or liquid
substance(3-5g) is placed into 100 ml flask, then 30
ml of purified water and 30 ml of a 10% solution of
copper acetate (II) added, heated on a boiling wa-
ter bath for 30-40 minutes to complete precipitation
of tannins. Cooled, filtered through an accurately
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weighed filter. The filter cake was washed with puri-
fied water until a negative reaction to the copper fer-
rocyanide solution and dried to constant weight at a
temperature 100-105°C.

Filter with the precipitate burned; ash was wetted
with concentrated nitric acid and was calcined at the
same temperature to constant weight.

The content of tannins in the sample was deter-
mined by the difference between the weight of tan-
nate copper after drying filter with precipitate and the
weight of copper oxide after calcination.

Determining the optimum extraction tempera-
ture. For the next step it was necessary to consider
the effect of temperature on the extraction process of
extracting the maximum amount of tannin from the in-
vestigated tobacco dust waste. For this purpose 6 sam-
ples of 1g. were filled with 10 ml. 80% ethanol. The
first sample was left at room temperature for 24 hours
and rest had been heated for 1 hour. Second heated at
40°C, and the third — at 50°C, and the fourth — at 60°C,
the fifth — at 70°C, and a sixth — at the reflux at 80°C.
Then the quantitative content of tannins was deter-
mined. Results are presented as a histogram (Figure 2).

Determining the optimal extraction time. For
this 5 samples of 1g. were filled with 80% ethanol.
The first sample was heated on a water bath at reflux
at 80°C for 1 hour, the second — for 2 hours, the third
for 3 hours, the fourth for 4 hours and the fifth for 5
hours. Then the tannins content was quantified. Re-
sults are presented as a histogram (Figure 3).

Determining the optimal mode of extraction. An
important indicator for an exhaustive set of extrac-
tion of BAS medicinal plants is the number of extrac-
tions. Raw material maintains a portion of extract-
ant on its surface and between pieces because of its
absorbent retention ability within the cells. In order
to determine the multiplicity of extraction 4 samples
of 1g were filled with 10 ml 80% ethanol. The first
and third sample was left at room temperature for 24
hours. Then all four samples heated at 80°C in two
modes: samples number 1 and 2 were continuously
heated for 4 hours; the solvent of samples 3 and 4
was decanted every hour and a new portion of etha-
nol was added. Then the tannins content was quanti-
fied. Results are presented as a histogram (Figure 4).

Selection of the optimal precipitant of tannins.
For this purpose four samples of extract obtained
from the previous steps were poured with equal vol-
ume of saturated solutions of various salts: sample
1 — lead acetate, sample 2 — barium chloride, sample
3 —calcium chloride, sample 4 — ferrous sulfate. Then
samples were left in the refrigerator for 2 hours after

which the tannins content was quantified. Results are
presented as a histogram (Figure 5).

Determination of the optimum ratio of the ex-
tract to precipitator. Equal amounts of the extract
obtained in previous steps were poured with different
amounts of lead acetate: first extract — 20% of the
amount of the precipitant (v/v), the second extract —
40% (v/v), third extract — 60% (v/v), fourth extract —
80 % (v/v) and the fifth extract with equal volume of
precipitant. Samples were left in the refrigerator for
2 hours. Then the tannins content was quantified. All
experiments were performed in parallel. Results are
presented as a histogram (Figure 6).

Results and their discussion

Selection of the optimal extractant. Based on
calculations made the optimum solvent which ex-
tracts the greatest number of hydrolysable tannins is

80% ethanol.

Table 1 — Selection of the optimum solvent

Mass (g) Solvent Tannins yield (%)
0.997 Ethanol 80% 6.5491
0.934 Dimethyl 0.8901
0.922 Ethanol 70% 0.6387
0.945 Ethanol 30% 0.4032
0.968 Ethanol 50% 0.3220
0.933 Ethyl acetate 0.1856
0.965 Dioxane 0.1077
0.961 50% dioxane 0.0937
0.941 2-Butanol 0.0368
0.934 Water 0.0185

Determination of the optimum ratio between
raw material and the solvent (80% ethanol). Ac-
cording to data it is clear that using the selected
solvent for extracting the most amount of tannins is
possible when the ratio of raw materials to solvent
is 1:10, whereas the change in this ratio upwards or
downwards significantly reduces the yield.

Determining the optimum extraction tempera-
ture. As can be seen from the figure, the optimum ex-
traction temperature is 80°C. At higher temperatures
there is a volatilization of the solvent.

Determining the optimal extraction time. Ac-
cording to tannins yield with different extraction time
it can be concluded that the optimum extraction time
is 4 hours.
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Figure 1 — Dependence of the tannins yield
on the ratio of raw material to solvent

Selection of the optimal precipitant of tannins.

According to ontained data the best tannin precipitant
is lead acetate (II).
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Figure 4 — Dependence of the tannins yield

on the extraction mode (1-4x1h without infusion;

2-4x1h with infusion; 3-1x4h without infusion;
4-1x4h with infusion)

12
10
X
s 8
£ 6
8 4 -
&
2 -
0 T T T T T T
25 40 50 60 70 80
Temperature, °C
Figure 2 — Dependence of the tannins yield
on the extraction temperature
12
< 116
£
Z 11,2
c
S 108
o
10 = T T T
1 2 3 4 5
Time, hour

Quantity in %

[
o N
1 1

]

o N B O
!

1 2 3 4

Precipitants

Figure 5 — Selection of the optimal precipitant
of tannins from extract (1- barium chloride;

2- lead acetate II; 3- calcium chloride; 4- iron sulfate IT)

Figure 3 — Dependence of the tannins yield
on the extraction time

Determining the optimal mode of extraction.
Based on the obtained data it can be concluded that
the optimal extraction mode is a mode in which the

raw material is continuously extracted for 4 hours
without infusion.
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Figure 6 — Dependence of the tannins yield
on the ratio of extract to precipitator.
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Figure 7 — Technological scheme of polysaccharides
extraction from tobacco dust (Nicotiana tabacum L).

Determination of the optimum ratio of the ex-
tract to precipitator. Based on the data displayed in
Figure 6 it is obvious that the optimal ratio of extract
to precipitator is 1:1.

Technological scheme of extraction of tannins.
Based on the analysis of the data we have found that
the optimum parameters are:

1. Extraction of raw material with 80% ethyl al-
cohol

2. The ratio of raw material to solvent is 1:10

3. The extraction temperature 80°C

4. Extraction time is 4 hours

5. Extraction modeis continuous heating without
a daily infusion for 4 hours.

Thus, the optimal technology scheme of tan-
nins extraction is represented in block diagram in
Figure 7.

Conclusion

In order to detect biological activity of a sub-
stance derived from tobacco dust waste of tobacco
production qualitative and quantitative characteris-
tics of the raw material were determined. Optimiza-
tion of the technological parameters of extraction of
tannins was carried out. Based on the data obtained
the technological scheme of tannins extraction was
developed. The determination of biological activity
of substances will be established in the next work.
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Preliminary prospects of assessment using telemetry in the study
of gerbils’ mobility in natural plague focus

Abstract: The article shows that a relatively quick obtaining direct and most importantly absolutely
accurate data on individual movements of marked individuals, based on field research in 2012-2014 makes
telemetry a very promising direction in mobility study of the potential plague hosts in natural focus of this
infection. It is concluded that methods of telemetry are likely applicable not only for rodents but also for
any other small mammals, for which catch methods on alive animals are practiced.

Key words: great gerbil, radio beacon, movements and GPS-data logger.

Introduction

The role of the great gerbil (Rhombomys opimus
Licht.) as a main host of Yersinia pestis infectious
agent has long been recognized as a key to the pres-
ent time in Central Asian desert natural plague foci,
including the Southern Balkhash region, where our
observations were conducted [1-3]. Great gerbil is a
landscape forming species due to mass character, ac-
tive burrowing activity, family and colonial lifestyle
with complex burrows, for which a name colonies was
fixed in literature. Favourable conditions for the in-
terspecies exchange with ectoparasites, especially by
fleas are created because of rich fauna of ectoparasites
in its burrows and visit them almost by all animals that
are potential hosts of the plague infection [3].

Four types of mobility is isolated from great
gerbils: 1) prospecting of surrounding area and its
neighbouring burrows with a duration of up to sev-
eral days; 2) migration to nearest burrows — colonies;
3) migration within the ecological population; 4) va-
grancy, eviction outside of the territory, which is an-
nually used by ecological population [4]. Great ger-
bils can go for a long distance from their colonies and
they are even able to negotiate water obstacles dur-
ing the migration [5, 6]. Thereby they are expanding
their range, which has a great epizootic value. In spite
of predominantly settled group life [7], great gerbil
are able to pass a considerable distance (up to 12 km
within 7-8 months; maximum — 17 km for 1 month
according to observations of tagged animals) [8]. For
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example, the expansion of its range in Western Ka-
zakhstan passed with speed to 4-5 km, sometimes up
to 13 km per year [9]. Even then, a settled portion of
the population is in constant movement because the
great gerbils’ family rarely satisfied with one burrow
and uses from 2-3 to 11-12 colonies [10, 11]. At the
same time accepted that the bulk of gerbils’ move-
ments occur within only 100-500 m [7].

Thereby, one of limiting factors for the emer-
gence and fading of epizootics is a great gerbil’s mo-
bility [12]. Despite the fact that over the past decade,
hundreds or even thousands of papers on Biology and
epidemiological role of this species published, but
precisely this aspect of great gerbil’s life still little
known. In particular, there is a very little information
about the character of great gerbil’s migration activi-
ty. There are almost no quantitative characteristics of
great gerbil movements, including a distance, which
it is able to move. There is no data on their time spent
on the surface and underground of colonies, frequen-
cy and regularity running on neighbouring colonies,
and so on. The main reason for this lies in the great
complexity of direct gerbils’ mobility observations
by labelling. That is why the great bulk of data that
published in the literature obtained predominantly by
various indirect methods (prolonged visual observa-
tions on fixed routes and sites, constantly operating
line of catch tools, long roundup of inhabited and un-
inhabited colonies and so on). Whereby the data for
this section of great gerbil ecology is initially condi-
tional and insufficiently accurate in many ways.
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In connection with the outlined, the relevance of
bringing modern technologies becomes apparent to
get answers for questions posed above. The first such
attempt took place in the southern Balkhash region
very recently [13]. However, it is clearly appeared
unsuccessful because the technology of works in es-
sence, was little different from conventional label-
ling and instead of cutting off fingers used chips with
electronic tags. It complies with bioethics, but there
are no advantages in terms of getting factual data, be-
cause in this case, as in ordinary labelling, there are
needs for multiple recapture marked individuals, but
a return of labels usually takes a small place. Mean-
while the telemetry techniques can allow obtaining
far more accurate data on gerbils’ migratory activity.
The main purpose of this work was to test this pos-
sibility.

Materials and methods

Works were carried out in the Southern Balkhash
on Bakanas ancient delta plain and plain Akdala for the
period 2012-2014. There had originally been tested the
possibility of using a pretty massive GPS-loggers (10-
15% of an adult great gerbil body weight) and worked
out ways more comfortable for animals their attach-
ment in April 2012 (Figures 1 and 2). At the same time
there was verified the effectiveness of radio direction
finding of tagged animals that were in burrows.

The basic works were started only after obtaining
positive results. 151 great gerbils, 30 midday jirds
(Meriones meridianus), 1 lybian jird (M. libycus)
and 1 tamarisk jird (M. tamariscinus) were caught in
2013. 42 great gerbils were caught in 2014, on 30
of them were fixed radio beacons and on 12 — GPS-
loggers. However, full analyses of obtained data be-
yond the scope of this work, because their technical
processing is not yet completed due to the fact that
demands a lot of time. In this is not difficult to see by
the illustration below. Here we give only fragmen-
tary information, which as a rule do not keep within
settled representations and indicate a particular value
of telemetry techniques to study gerbils’ mobility as
potential hosts of plague infection in nature.

To catch the animals were used traditional zoo-
logical methods that are widely used for such pur-
poses. Zaitsev traps were used to catch great gerbils
— 5 traps on the colony. Sherman traps were used to
catch jirds. They were deployed in 10 rows, with an
interval of 10 m between traps, forming a kind of
«networky. It allowed revealing the spatial structure
of tagged animals and boundaries of their individual
plots during recapture.

GPS-loggers (TechnoSmart Company, Italy) due
to their massiveness have been fixed only on great
gerbil. VHF-radio beacon (Very High Frequencies,
Advanced Telemetry Solutions, USA), with a fre-
quency of 30-300 MHz signal whose weight does
not exceed 5% of animal body weight was fastened
with nylon tape on midday jirds and small great ger-
bils. Each radio beacon had individual frequency by
which the animal was then taped, with noting the co-
ordinates of its location as well. Radio receiver with
antenna manufactured by Title Scientific (Australis
26k Tracking receiver) has been used for detecting
beacon signal.

Figure 2 — The same gerbil, which appeared
on the surface after 20 minutes following the release
(photo taken by L.A. Burdelov)
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After attaching the GPS-logger or beacon ani-
mals were placed in a cage and kept there for some
time to check their reactions to collar with the de-
vice. The device is removed from the animal in case
of misbehaviour. Animals with normal reaction were
released at the site of capture. Then, in order to mini-
mize stress and avoid unnatural behaviour, animals
were not disturbed during 5 days.

For signal presence and location of the animal
twice a day, morning and evening has checked by the
antenna each individual of great gerbil with beacon.
In the case where a signal from a particular animal is
missing, the search is extended covering more and
more territory. As for jirds, due to their twilight-night
activity, monitoring was conducted from sunset and
till late night with an interval of 2 hours during the
period approximately from 20 pm to 02 am. More-
over, there has been tested labelling technique on
midday jirds by using different colours fluorescent
powders. Animals were placed in a bag or a plastic
bag and then powder was coated onto the animal us-
ing a small brush. Animals’ movements had been
tracked with UV light lamp at the night by fluores-
cent particles of the powder, which were left on the
ground. However, this method appeared practically
ineffective due to the rapid powder fall from gerbils
because of its total small amount and obviously low
power of the ultraviolet lamp. Therefore, it was ex-
cluded from further consideration.

Results and their discussion

Field trials on direction finding location of ani-
mals with radio beacons by using a portable antenna
showed that the signal reception is very strongly in-
fluenced by terrain relief features. Thus, the signal
reception range in some cases amounted to 700 me-
ters, with the proviso that a man with antenna is lo-
cated in an elevated. On the plain, the signal can be
caught at a distance of 300 meters. Signal reception
significantly deteriorated in areas with dense shrubs
and in open terrain, the antenna sensitivity is again
increased. The signal from the ground, when animals
were in burrows, recorded at a depth of 1 m. During
tracking on a radio signal it was able to establish that
labelled female great gerbil with number 1080 cov-
ered a distance of 1.2 km in two days from the initial
place of capture to the point of her latest discovery.
This animal, leaving its burrow occupied empty, and
apparently, had settled there for a long time, because
the signal proceeded until the end of observations
from the same burrow. And traces of the active life
is becoming increasingly visible on the surface of the

colony — there were cleared inlets, appeared trails and
feed tables, number of excrement increased as well.
It is also remarkable that the maximum movements
range in this case is fixed at the female, but accord-
ing to the literature, females of great gerbils have a
lower migratory activity due to its clearly expressed
territorial behaviour. Other individual covered a dis-
tance of 850 m during the day. Despite the fact that
the biggest distance of movement was recorded at
the female (roguish type activity), males of gerbils
during the breeding season compared with females,
still generally have a greater migration activity. It
was possible via VHF-radio beacon to establish that
the male of midday gerbil (Meriones meridianus) per
night covered a distance of 600 meters, by moving
short dashes with frequent stops from the burrow to
burrow. Animal shows clear signs of search activity
because the animal practically did not eat on its way
and encountering empty burrows after a short their
examination continued its movement.

However, the use of GPS-loggers promises the
most interesting results. This method may force re-
consideration existing views on speed and range of
great gerbils’ migrations. To verify this it is sufficient
to look carefully to Figures 3 and 4. Now we have im-
mediately to doubt on the phenomena plaguing views
on the overall low mobility great gerbils in common
conditions of, in particular the range missiles of their
local movements within 100-500 m.

Unfortunately, there are certain serious obstacles
to massive use of GPS-loggers, such as: — their in-
sufficient miniature size and high cost (used model
costs about € 1000, and the smaller device is more
expensive);

— small battery life, possibility of obtaining erro-
neous data during the period when marked individu-
als on surface of the ground in a state of prolonged
immobility

— inability to fix rodents movements under the
ground and, of course, obligatory animals recaptures
to return the device and read information from them.

At the same, time the advantages that reveal this
method to study the mobility of rodents in general
and hosts of the plague in particular, are so obvious
that more than justify efforts to overcome these diffi-
culties. Furthermore, although in use of GPS-loggers,
as in ordinary tagging recapture is required; they are
performed only within 2-3 days after the beginning
of each new observations cycle within one field visit.
This greatly facilitates the return of expensive devic-
es and their reuse.

The transition from use of GPS-loggers to use
GPS-trackers is very tempting, which can indepen-
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dently transfer accumulated information to satellite.
However, it is clear that the main obstacle for this
will an even greater energy expenditure, which gen-
erates all the same necessity to recaptures of animals
for resumption the charge of batteries.

Figure 3 — Movements of five great gerbils
in one-cycle observations
(usually 2-3 days due to limited battery life) in real space

Conclusion

Based on our research it can be concluded that:

1. Despite on encountered difficulties of us-
ing telemetric techniques to a relatively fast obtain
straight and, most importantly, absolutely accurate
data on individual movements of marked individuals
make a telemetry very promising direction in mobil-
ity study of potential hosts of the plague in the natural
foci of this infection;

2. Our experience shows that telemetry meth-
ods are applicable is likely not only to rodents but
also to any other small mammals, for which capture
methods live animals are practiced;

3. Using a radio telemetry to study migrations,
its character and range at small desert mammals such
as gerbils, showed their high informative value and
based on which this method can be recommend for
more widespread use.

0 100
Y —

200 Meters

Figure 4 — The same movements of five great gerbils in
scheme, allowing to assess their real distance
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Chemical constituents of Dracocephalum nutans

Abstract. In this study we investigate the chemical constituent in aerial parts of Dracocephalum nutans.
The moisture content (6.13%), total ash (2.18%), extractives (35.25%) and quantitative and qualitative
analysis of biologically active constituents of aerial parts of Dracocephalum nutans were determined.
In The Institute of Combustion Problems using the method of multi—element atomic emission spectral
analysis in the ash of Dracocephalum nutans were found 11 macro—micro elements, main of them was
K(794.5750 pg/ml), Ca (440.63 pg/ml), Fe (4.5005 pg/ml), Zn (1.6911 pg/ml). The volatile oil constitutes
were extracted from the aerial parts of Dracocephalum nutans by water steam distillation were analyzed
by GC—MS method. More than forty compounds were separated. Their relative contents were determined
by area normalization in which 45volatiles were identified. The major volatile oils of 1H-Cycloprop[e]
azulen — 7 —ol, decahydro — 1, 1, 7 — trimethyl — 4 — methylene — (14.23%), Caryophyllene oxide (11.30%),
1, 6 — Octadien — 3 —ol, 3, 7 — dimethyl — (7.69%), (-) — myrtenyl acetate (5.67%), Naphthalene, 1, 2, 3,
4,4A,5, 6, 8A — octahydro — 7 — methyl — 4 — methylene (5.29%), (—) — spathulenol (4.76%), Benzene, 1 —
methoxy — 4 — (1 — propenyl) — (4.73%), 4 ah — cycloprop [e]azulen — 4A — ol, decahydro — 1, 1, 4, 7 — tetra
— [ethenyl] — (4.65%), Germacrene D (4.42%), (E) — 3(10) — caren — 4 — ol (4.23%), Bicyclo [7.2.0] undec
—4 —ene, 4, 11, 11 — trimethyl — 8 — methulene — (3.67%), oo —Caryophyllene (3.60%), 12 — oxabicyclo
[9.1.0] dodeca — 3, 7 —diene, 1, 5, 5, 8 — tetramethyl (2.13%).

Key words: Dracocephalum nutans; chemical constituent, Altay region; quantitative and qualitative

analysis, Volatile oils; GC-MS

Introduction

Dracocephalum L. (dragonhead) is a genus of
about 60 to 70 species of flowering plants in the
family Lamiaceae, native to temperate regions of
the Northern Hemisphere distributed in alpine and
steppe regions of Asia [1-2]. The main distribution
centre is assumedly the alpine steppes of the Pamir
Altai and Tian—Shan [2]. The genus Dracocephalum
L. is represented by 45 species in Eurasia, 22 spe-
cies grow in mountains of Kazakhstan. Among them
D. goloskokovii, D. paviovii, D. karataviense are en-
demic rare in the Kazakhstan [3]. Dracocephalum
L. extracts and oil are used in the pharmaceutical,
cosmetic, food and flavouring industries. Dracoceph-
alum L. esential oil extracts has antibacterial, antimi-
crobial, and antioxidant activities [4].

Essential elements are not only present in the
body, playing important roles in the processes of the
organism, but can be derived from the outside world,
can then be used to insufficient life processes in organs
and cells. Due to the rich presence of certain elements
in the various medicinal plants, such plants are widely
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used in traditional medicine as herbs and drugs [5].

Essential oils are volatile compounds derived
from primarily from non—wood plant parts such as
leaves, flowers and fruit. Essential oils have a pleas-
ant aroma, because of what is used in cosmetics, de-
tergent and food products [6]. Plants use essential
oils for protection against insects, because of which
the extracted essential oils have been used in agri-
culture as pesticides [7]. The important characteristic
of the essential oils is their healing ability, so their
pharmacology and medicine used for the treatment
and prevention of various, both internal and external
diseases and deficiencies.

In this study has been made the investigation the
chemical constituents from Kazakh traditional me-
dicinal plant of Dracocephalum nutans [8] grown in
Altay region of Kazakhstanfor the first time.

Materials and methods
Plant material: Dracocephalum nutans was col-

lected in Altay region of east Kazakhstan, in 2014
and identified by Prof. Shen Guan Min from the Xin-

Printed in Kazakhstan
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jiang Institute of Ecology and Geography, Chinese
Academy of Sciences.

The moisture content, total ash, extractives and
quantitative and qualitative contents of biologically

active constituents of aerial parts of Dracoceph-
alum nutans were determined according to methods
reported in the State Pharmacopeia XI edition tech-
niques.

Table 1 — Qualitative and quantitative screening of the powdered aerial parts of Dracocephalum nutans

Contents, %

Moisture Extractives S . . .
N Total ash (80% C,H,OH) Organic acids Flavonoids Saponins Polysaccharides
6.13 2.18 35.25 0.39 0.11 2.29 1.17

In The Institute of Combustion Problems using
the method of multielement atomic emission spectral

Table 2 — Compozition of macro—micro elements

analysis in the ash of Dracocephalum nutans were
analyzed elemental constituents.

Element Cu Zn Cd Pb Fe

Ni Mn K Na Mg Ca

pg/ml 0.6098 1.6911 0.0374 | 0.4522 | 4.5005

0.0149 1.3556 | 794.5750 | 4.5919 107.73 | 440.63

The oils were isolated by water—distillation for 4
hrs and then dried over anhydrous sodium sulphate.

GC-MS analysis:the aerial part of Dracoceph-
alum nutans were analyzed by Electron Impact Ion-
ization (EI) method on Perkin—Elemer Autosystem
XL — TurboMass (Gas Chromatograph coupled to
Mass Spectrometer) fused silica capillary column
(30m x 2.5mm; 0.25 pm film thickness), coated
with PE-5 ms were utilized. The carrier gas was he-
lium (99.999%). The column temperature was pro-
grammed from 60°C (held for 5 min) at 2°C/min to
180°C at 3.5°C /min to 290°C.

The latter temperature maintained for 40 min
(acquisition parameters full scan; scan range 40—350
amu). The injector temperature was 310°C. Injection
with a 0.1ul detector ion source (EI-70eV). Samples
were injected by splitting with the split ratio 1:60.

Identification of the compounds: Identification
of compounds was done by comparing the NIST and
Wiley library data of the peaks and mass spectra of
the peaks with those reported in literature. Percentage
composition was computed from GC peak areas on
PE—5 ms column without applying correction factors.

Table 3 — The volatile constituents of aerial parts of Dracocephalum nutans

1 B-Pinene 2114 | C.H, 136 | 028
2 P-Xylene 2351 | CH, HSC«OCHS 106 | 0.16
3 B Myrcene 2472 | C.H, Py 136 | 035
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Continuation of table 3

4 Limonene 2762 | C.H, < 136 | 030
CHjy CH;
5 1,3,6-Octatriene E,3,7-dimethyl —(E)— 30.25 C,H, oA A 136 0.13
. . GHsy CH,
6 1,3,7-Octatriene,3,7-dimethyl— 31.75 C H, . CMCHQ 136 0.22
OH
7 1-Octen-3-ol 4895 | CH O S 128 | 048
8 Bicyclo[4.1.0]heptane,7—(1-methylethylidene)— 52.67 C,H, = 136 0.35
9 1,5-Heptadiene, 2,5-dimethyl ~3-methylene—- 5267 | CH, T T 136 | 035
0\\
N
10 Cyclonexanone,5—methyl-2—(1-methylenhyl)—,cis 53.80 C,HO > / > IIIIII 154 0.67
11 | Cyclobutane[1,2,3,4] dicyclopentene, decahydro-32 | 5652 | C, H,, ST 204 | 118
12 1,6-Octadien—3—ol,3,7—dimethyl— 58.12 C,HO \H P 154 7.69
13 Cyclohexane, 1-ethenyl-1-methyl-2,4-bis(1- 6321 | C15H24 204 163
methylethenyl)—,
~ T
14 Bicyclo[7.2.0Jundec—4—ene,4,11,1 1—trimethyl-8— 64.16 | C 15H 24 1] 204 367
methulene— S
15 Blcyclo[3.1.1]hept—2—.ene—2carboxaldenyde, 6,6— 66.08 | C 10H 140 2 150 0.87
dimethyl )
7
16 (E)-3(10)—caren—4—ol 67.85 | C 10H 160 =< Y 152 | 423
HO
17 GermacreneD 6742 | C15H24 @* 204 | 442
e
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Continuation of Table 3

18 o —Caryophyllene 69.99 | C15H24 204 3.60
o
HsC JJ\
19 (—)-myrtenylacetate 71.00 | C,H.O, HgC’\@/\C‘ CHy 194 5.67
Naphthalene,1,2,3,4,4A,5,6,8 A—octahydro—7—
20 methyl4-methylene 73.31 C.H, AN < 204 5.29
Cyclohexene, 4—ethenyl-4-methyl-3—(1—
21 methylethenyl)—1—(1-methylethyl)— 74.77 C.H, > < 204 0.56
Naphthalene,1,2,3,4,4A,5,6,8 A—octahydro —7—methyl ]
2 —4-methylene—1-methylethenyl)—(I-0.A.f) 76.41 Cistl, K 204 0.40
23 Bicyclo[3.1.1]hept —2—enei2—methan01, 6,6— dimethyl 78.87 C,H,0 152 148
o
24 Benzene,1-methoxy —4—(1-propenyl)— 82.06 C,H,0 ///-—’\"\(l},\ — 148 4.73
25 4H-cycloprop [e]azulen—4A—ol,decahydro —1,1,4,7— 90.30 CHO 277 465
tetra —[ethenyl]— 157720
.
HO =
26 a—Bisabolol 94.02 C,H,0 _ 222 1.31
27 Caryophyllene oxide 95.03 C,H,0 @ 220 11.30
28 Lanceol, cis 96.66 C . H,O (j‘ ) 414 0.41

27774273
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Continuation of Table 3

29 Ledol 97.50 C,H,0 222 0.57
30 12—oxabicyclo [9.1.0]dodeca—3,7—diene,1,5,5,8— 98.75 | C 15H 240 I 220 513
tetramethyl o [ g
31 1,6,10—dodecatrien —3—ol ,3,7,11—-trimethyl — 100.66 | C 15H 260 222 0.19
32 (-)-spathulenol 103.97 | C 15H 240 220 4.76
33 Phenol,2—methoxy—4—(1—propenyl)— 106.45 | C H .0, 164 0.71
34 Tau—Muurolol 107.88 | C ,H,O 222 0.36
Ho=— ‘<
35 o—Cadinol 111.05 | C 15H 260 222 0.81
1H-CyCLOPROP[E]AZULEN—7—OL, DECAHYDRO—1,1,7— Vi
36 TRIMETHYL—4—METHYLENE— 112.81 | C 15H 240 He 220 | 1423
37 Ledene oxide — (IT) 119.18 | C 15H 240 ﬂ 220 0.32
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Continuation of Table 3

% on \ -
e 0.43
38 Spathulenol 119.86 | C 15H 240 220
e 7/
6-isopropenyl —4,8 A—dimethyl —1,2,3,5,6,7,8,8 A—
39 octahydro —naphthalen —2—ol 12042 €, H,0 220 1.03
40 ISOAROMADENDRENE EPOXIDE 12397 | € H,0 220 023
Tricyclo[4.4.0.02,7]dec—3—ene—3—methanol,1—
41 methyl—8—(I_methylethyl) 13002 | C H,O 220 0.34
_/
42 1(3H)-Isobenzofuranone,3—ethoxy 13093 | C,H, 0, i j/(n 178 1.72
[ ji
[o]
43 Furan,2—(2—propenyl)— 132.08 CHO /—@| 108 0.37
44 Phytol 13426 | C,H,O PO SRS 296 1.20

Results and their discussion

The moisture content (6.13%), total ash (2.18%),
extractives (35.25%) and quantitative and qualitative
contents of biologically active constituents of aerial
parts of D. nutans were determined. Total ash content
is important in determining the mineral composition
of the plant, due to the fact that they are basically the
inorganic part of the plant. Moisture contents is also
an important factor characterizing stability and also
due to the fact that thanks to the water in the plant can
be various microorganisms.

In The Institute of Combustion Problems using
the method of multielement atomic emission spectral
analysis in the ash of D. nutans were found 11 mac-
ro—micro elements, main of them was K (794.5750
ug/ml), Ca (440.63 ug/ml), Fe (4.5005 pg/ml), Zn
(1.6911 pg/ml). Trace elements have a significant

role in the fight against various human diseases and
diseases observed in the study of the elements in rela-
tion to the indigenous medicinal plants. At the same
time, major and trace elements play an important role
in the construction and restoration of health and dis-
ease conditions of the human body. Progress has oc-
curred in the field of medical sciences during the last
few years [9].

Volatile oils from the aerial parts of D. nutans
were analyzed by GC-MS.

Forty four compounds were separated. Their rela-
tive contents were determined by area normalization.
The yield from whole herbs of D. nutans was found
to be 3.21%. Table 1 report the composition of the
volatiles of the aerial parts of D. nutans. The com-
ponents have been identified in the volatiles of Dra-
cocephalum nutans which the major constituents are
1H — Cycloprop[e]azulen — 7 — ol, decahydro — 1, 1,
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7 — trimethy 1 — 4 — methylene —, (14.23%), Caryoph-
yllene oxide (11.30%), 1, 6 — Octadien—3 —ol, 3, 7 —
dimethyl — (7.69%), (-) — myrtenyl acetate (5.67%),
Naphthalene, 1, 2, 3, 4, 4A, 5, 6, 8A — octahydro — 7
— methyl — 4 — methylene (5.29%), () — spathulenol
(4.76%), Benzene, 1 — methoxy — 4 — (1 — prope-
nyl) — (4.73%), 4 ah — cycloprop[e]azulen — 4A — ol,
decahydro — 1, 1, 4, 7 — tetra — [ethenyl] — (4.65%),
Germacrene D (4.42%), (E) — 3(10) — caren — 4 — ol
(4.23%), Bicyclo [7.2.0] undec — 4 — ene, 4, 11, 11
— trimethyl — 8 — methulene — (3.67%), o — Caryoph-
yllene (3.60%), 12 — oxabicyclo [9.1.0] dodeca — 3,
7 —diene, 1, 5, 5, 8 — tetramethyl (2.13%).

According to the report 1H — Cycloprop[e]azulen
— 7 —ol, decahydro — 1, 1, 7 — trimethyl — 4 — methy-
lene (14.23%) is antifungal, insecticidal and larvici-
dal, agent [10]. And second major volatile constitu-
ent caryophyllene oxide (11.30%) showed analgesic
and antiinflammatory activates [11]. 1,6 — Octadien
— 3 —ol, 3, 7 — dimethyl — (7.69%) also called as
linalool is used as a scent in 60—-80% of perfumed hy-
giene products and cleaning agents including soaps,
detergents, shampoos, and lotions [12—13].

Findings suggest that linalool reverses the histo-
pathological hallmarks of AD and restores cognitive
and emotional functions via an anti—inflammatory ef-
fect. Thus, linalool may be an AD prevention candi-
date for preclinical studies [14].

Conclusion

The moisture content (6.13%), total ash (2.18%),
extractives (35.25%) and quantitative and qualitative
analysis of biologically active constituents of aerial
parts of D. nutans were determined. In The Institute
of Combustion Problems using the method of multi-
element atomic emission spectral analysis in the ash
of D. nutans were found 11 macro—micro elements,
main of them was K(794.5750 pg/ml), Ca (440.63
pg/ml), Fe (4.5005 pg/ml), Zn (1.6911 pg/ml).

The volatile oils constitutes were extracted from
the aerial parts of Dracocephalumnutans by water
steam distillation which analyzed by GC-MS meth-
od. More than forty compounds were separated. Their
relative contents were determined by area normaliza-
tion in which 45 volatiles were identified. Active
principles of the Kazakh traditional medicinal plant
(Dracocephalumnutans) that responsible for the ac-
tivity were determined. While the major volatile con-
stituents are 1H — cycloprop[e]azulen — 7 — ol, deca-
hydro — 1, 1, 7 — trimethyl — 4 — methylene (14.23%),
caryophyllene oxide (11.30%), 1, 6 — octadien — 3
—ol, 3, 7 — dimethyl — (7.69%) which possessing an-

tifungal, insecticidal, larvicidal anti—inflammatory,
and analgesic activities separately.
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