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Biochemistry

ANTIOXIDANT ACTIVITY OF PHENOL COMPOUNDS OF
PERSIMMON FRUITS AND THEIR PRODUCTS

GAMTSEMLIDZE E., TSIKLAURI G., ZAMBAKHIDZE N., SIMONISHVILI SH.,
SULABERIDZE K.

S. Durmishidze Institute of Biochemistry and Bi logy, Georgian Academy of Sciences
(Received August, 4, 2004)

Abstract

Qualitative contents of phenol compounds cultivated in Georgia Japanese
persimmon (Diospyros Kaki) and Caucasian persimmon (Diospyros Lotus) fruits and the
products (jam, dried fruits, liqueur) made from the Japanese persimmon fruits and
antioxidant activity of the given samples were studied. It has been determined that according
to the qualitative contents of phenolic compounds, D. Kaki and D. Lotus fruits do not differ
substantially from one another, and according to the quantitative contents of phenols and
antioxidant activity, D. Lotus fruits are distinguished.

Key words: flavonoids, fruits, Diospyros Kaki, Diospyros Lotus.

Introduction

is a salient 1 of subtropical cultures introduced in Georgia. In Georgia
only two specie are spread: Japanese persimmon (D. Kaki) and Caucasian persimmon (D. Lotus).
Their fruits are characterized with a high nutrient value and are used in confectionery and medicine
[Martines J., et al., 2001; Gao M., 2001; Minami E., et al, 2000;]. Tannin of the Japanese
persimmon is characterized with an anti-hemorrhagic effect against the bite of a snake [Marts W.,
1992]. Extract of D. Kaki fruits inhibits the growth of human lymphoid leukaemia cells [Achiwa
Y., et al, 1997]. Ethanol extract of the Japanese persimmon fruits is distinguished with a high
antioxidant activity and is used in Japan as one of the dietetic foodstuffs for the diseased with
atherosclerosis [Katsube T., et al., 2004].

Taking into account that phenol pounds are distinguished with versatile medicinal
properties and are characterized with high antioxidant acuvlty, persnmmon fruits may become a
source of biologically active sut from which having antioxidant activity may
be obtained.

Purpose of our work was to study the phenol compounds of the both varieties of
persimmon fruits cultivated in Georgia and the products (jam, dried fruits, liqueur) made of the
Japanese persimmon fruits and their antioxidant activity.

Materials and methods

Certain quantity (1kg) of ripe and green fruits of the Japanese persimmon (D. Kaki)) and
Caucasian persimmon (D. Lotus), jam made from the fruits of the Japanese persimmon, dried fruits,
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liqueur were taken for analysis. Extraction of flavonoids from the fruits was carried out/with V(i% Js
of ethanol on boiling bath by backflow condenser three times. Duration of each extraction was 30
minutes. Extracts were combined, filtered in a paper filter and distilled in rotary evaporators at
50°C. Certain quantity (50g) of the jam made of D. Kaki fruits was cold extracted with 80%
ethanol, settled for 24 hours. Certain quantity (20g) of persimmon dried fruits was extracted 3 times
with 70% ethanol on a boiling water bath (duration 30 minutes).

Qualitative contents of each sample was studied by the method of two-sided paper
chromatography in the solvent system butanol-acetic acid-water, 4:1:5 (I direction) and 2% acetic
acid (I direction), vanillin reagent was used as developer of hins and p i idin, and
for flavonoids — ALCl; 1% solution in ethanol. Quantitative d ination of phenol pound:
of all the samples was performed on the basis of Swain and Hillis methods (Swain I, Hillis W.,
1959).

For antioxidant activity test of the sample two alcohol solutions were prepared: 1)
working solution of antioxidant in ethanol and 2) DPPH ' (2,2-diphenylpicrylhydrazine) working
solution in ethanol (60M), measuring of optical density of this solution and also of incubating
medium was performed on “C? 26” at 520 nm wave-length. Seven 10ml test tubes with stoppers
were taken, in each test tube 3ml DPPH" solution was placed to which different concentrations of
the antioxidant solution of the research object was added. Samples were shaken and settled.
Duration of incubation was 30 minutes at room temperature. Further optical density was calculated.
According to seven data calibration curve was built by means of which the quantity (Icso) of the
antioxidant that in reaction medium causes 50% recombination of DPPH" and the time (Tlcso)
required for this recombination was calculated [Pochinok T. et al., 1985]. Per cent of DPPH"
inhibition in the reaction medium was calculated by the formula [Satue-Gracia T. M., 1997]:

Inhib. %=? — x100
C

where C is an initial concentration of DPPH' in the reaction medium, S — DPPH'
concentration in the reaction medium after adding antioxidant.

The curve shows the quantity (g) of antioxidant with the highest activity from the given
samples that causes in the reaction medium 50% recombination of DPPH" .

Results and discussion

Results of the qualitative analysis showed that the extracts obtained from both persimmon
varieties by chemical composition do not differ much from one another. Each fraction consists of
seven substances. Two of them colored in red with vanillin reagent belong to catechins and
proanthocyanidins, and three as a result of treatment with ALCl; acquire greenish and yellow
fluorescence in ultraviolet light characteristic for flavonols. Both fractions contain phenolcarboxyl
acids, blue £l of which in the iolet light becomes sharper at NHj vapor treatment.
By chromatography it was also determined that products (jam, dried fruits, liqueur) made from D.
Kaki fruits comprise two flavonols and phenolcarboxyl acid.

By means of quantitative analysis in all samples sum of the phenol compounds,
proanthocyanidins and catechins were defined. The results are given in the Table. Sum of the
phenol compounds is much more in an unripe fruit of persimmon. Together with ripening of the
fruit the quantity of phenolic compounds reduces and this reflected in peculiarity of persimmon
fruit taste. In the process of ripening of the fruits metabolism of phenol compounds takes place.
According to the literature data the increase of the quantity of soluble pectins in the persimmon
fruit is ied with reduction of phenol pounds therein  which is proved by




disappearance of a tart taste connected with linking of monomer polyphenols ith" ﬂébﬂﬂ”
substances [Ito S., 1971].

Caucasian persimmon fruits are characterized with comparably larger quantity of phenol
compounds. Among the products made from D. Kaki fruits with high quantitative contents of
phenolic compounds is dlstmgmshed Jjam. As to the catechins and leucoanthocyanidins, they as
labile are d to during p of fruit and are in very small

quantities.

Table 1. Quantitative contents of phenolic compounds of persimmon fruits and the products

obtained thereof and antioxidant activity.

quantitaty of phenol compounds (% in dry

extractives) 5 a3

phenol catechins | proanthocyanidins

compounds
D. K. green fruit 13,3 0,013 0,37 88 25,08
DXK. ripe fruit 12,4 0,0017 029 120 23
D.L. green fruit 237 0,046 0,144 23 21
Jem 515 0,007 0,148 262 45
Dried fruits 2,92 0,099 2 29200 26
Liqueur 1,79 0,001 0,08 11000 22
Quercetin 5 155 et 16,9 130
a-tocopherol A = 7 235 2,15

~ quantity of the antioxidant that in reaction medium causes 50% recombination of DPPH' .
" the time required for 50% recombination of DPPH" .
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Fig. 1. 50% recombination of DPPH " during 30 minutes period of incubation by D. Lofus extract.

We have also determined that those samples in which phenol compounds are in larger
quantities are characterized with antioxidant activities (Table 1). Activity of this compound is
expressed with two peculiarities. Firstly they bind ions of heavy metals that catalyze oxidation and
create with them stable components. Secondly, phenol compounds interact by high activity with
free radicals that arise at autooxidation. Antioxidant activity of our sample was compared with the
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idant activity of quercetin and herol. From the given samples Caucasian persnrrﬂﬂo 4o
(D. Lotus) fruits are distinguished with comparably high activity, on the curve (Fig.1) it is clearly
seen that 23ug of antioxi causes 50% Ibi of DPPH'.

Data obtained are in full compliance with the literature data [Achiwa Y. et al., 1997;
Katsube T. et al., 2004]. A ding to these data pounds obtained from fruits and leaves of
i are ck ized with high antioxidant effect.
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NATURAL INHIBITOR OF PHENOL OXIDASES AND
PEROXIDASES FROM POMEGRANATE PEEL

GuLUA L. !, OMIADZE N. !, MCHEDLISHVILIN. |, CHACHUA L.', TSIKLAURIG. ',
REKHVIASHVILI M. %, TORBINI V.2

Durmishidze Institute of Biochemi: iotechnology, Academy of Sciences of Georgia.
ZIn:tttute of Food Industry
3Sukhumi Branch of Thilisi State University

(Received July 14, 2004)

Abstract

Natural inhibitor of phenol oxidase and peroxidase from pomegranate peel have
been isolated. The natural inhibitor consisted of flavanoid glycosides and phenol carbonic
acids. The effect of the inhibitor on apple phenol oxidase and peroxidase activities have
been studied. In the presence of the natural inhibitor maximal rate of apple phenol oxidase
reaction decreased 1.6 times (Vyp=12.7 AE/mg protein/min, Vyy=8.1 AE/mg protein/min)
while Vmax of peroxidase reaction decreased 2.7 times (Vo =500 AE/mg protein/min,
Vi = 182 AE/mg protein/min).

Key wards: apple, pomegranate, phenol oxidase, peroxidase, inhibitor.

Introduction

One of the main factors affecting food products storage process is an enzymatic browning
due to the activity of two classes of redox enzymes, polyphenol oxidases or tyrosinase (EC
1.14.18.1) [Mayer 1987] and to lesser extent peroxidases (EC 1.11.1.7) [Mukherejee & Rao,
1993]. As browning in food products is an extremely undesirable process, there has been a constant
need in food industry for methods preventing this reaction. [Lee and Whitaker, 1995, Lee and Lee,
1997]. The most commonly used method is blanchmg But this method has several limitations.
Recently more attention is paid to the use of anti and i to prevent 1
browning in food products. Although a large number of p 1 oxidase and p
inhibitors have been described in the literature [Kubo, 1997; Moon et a.l,, 1999], the search for new
natural products and even synthetic compounds is actual. There are several studies on polyphenol
oxidases and peroxldases of apple [Espm at al., 1995, Mukharajee, 1993]. We previously described
plant polyphenol oxidase and p idase role in tea production processes and derived from tea
leaves enzymes inhibitors [Pruldze etal., 2003].

The aim of presented study is to isolate natural inhibitor from pomegranate peel and
examine its inhibitory effect on the of apple phenol oxidase and peroxidase activities.




Materials and methods

Fruits of apple (“Kekhura”) and pomegranate (Punica granatum L.) peel served as the
materials for research. Fruits were market purchased. Protein content was determined by Lowry, et
al. method [as described by Scopes, 1985]. The polyphenol oxidase activity was determined
spectrophotometrically according to [Lanzarini, et al, 1972]. The peroxidase activity was
determined according to [Evans and Aldridge, 1965].

Crude Enzyme preparanon Fresh apples were washed dried, frozen in liquid nitrogen,
crushed in mortar, adding p ide powder and h d in 0,05 citrate-phosphate buffer
(pH 6,5) ining 0,3 M The 1 was filtrated through two layers of
cheesecloth and centrifuged at 3000 g for 40 min. Proteins in the supernatant were precipitated with
(NH4),S04 (90% saturation), stored for 24 h and centrifuged at 10 000 g for 10 min. The pellet
was resuspended in distilled watcr and centnfugcd at 10 000 g for 30 min. The obtained

was used as phenol and p idase liquid crude preparation. All steps were
performed at 4°C

Isolation of inhibitor from pomegranate peel. 500 g pomegranate pecl was powdered
in added 2 1 boiled water liquid nitrogen, and placed on the water bath at the 80 °C for 30 min. The
extract was concentrated up to 200 ml and centrifuged to remove a pellet. 50g polyamide powder
was added to the extract and left for two hours. The elution of absorbed inhibitor from the
polyamide powder was performed with 60% acetone. Acetone fraction was evaporated under
vacuum and the concentrated water extract was analyzed with paper chromatography, which was
carried out with the solvent mixture: buthanol — acetic acid - water 4:1:2 (v/v/v) on a filter paper.
The spotting of samples was done with vanillin reagent and 1% alcohol solution of aluminum
chloride under UV light [Kharborn, 1968].

Presented data are the mean of three replicates + standard deviation. When necessary, the
"least squares" method was used to calculate a straight line that best fitted experimental data. All
calculations were performed with Microsoft Excel (Version 4, statistical functions, Microsoft
Corp., Redmond, WA, USA).

Results and discussion.

Paper chromatography analysis of the pomegranate extract showed that the extract did not
contain catechins (no reaction with vanillin reagent). By treatment of chromatograms with
aluminum chloride 7 spots were detected. Yellow and yellowish fluorescence under UV lights
indicated the presence of flavanoid glycosides and phenol carbonic acids in the extract.

The effect of different ions of natural inhibitors from p peel on apple
phenoloxidase and peroxidase were studied (Flg D)
It was shown that both phenoloxi and idase activities dually d d by

increasing of the concentration of natural inhibitor from pomegranate peel. The inhibitor was more
effective in case of peroxidase. 50% of inhibition of phenol oxidase and peroxidase achieved at 2.4
mg/ml and 17 pg/ml concentration of the tested inhibitor respectively.

As it can be seen from Fig. 2 dependence of initial rate of phenoloxidase reaction on
catechol (: ion followed Michaelis-Menten equation. Li Burk plots
with and without natural inhibitor from pomegranate peel were linear.

Maximal rate of enzymatic reaction decreased 1.6 times (Viu=12.7, Viyui=8.1), the
affinity towards the substrate decreased too (K=3.8 mM and K,,=4.0 mM) but change in K, was
so insignificant that we could suggest that inhibition of apple phenoloxidase by inhibitor from
p peel was
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Fig. 1. Bffect of natural inhibitor from pomegranate peel on apple phenoloxidase (a) and
peroxidase (b) activities. V- specific activity ? E/mg protein/min
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Fig. 2. Effect of substrate (catechol) concentration on apple phenoloxidase activity with (1) and
without (2) natural inhibitor from pomegranate peel. V- specific activity ?E/mg protein/min

Peroxidase reaction without inhibitor was described by classical kinetics. Vi and Ko
were calculated from Lineweaver — Burk plots. Vi, =500 AE/mg protein/min; K,=100 mM (Fig.
3b). In the presence of natural inhibitor from p peel  the hyperbolic curve of the
dependence of initial rate of enzymatic reaction on guaiacol concentration was changed into
Sigmoidal one (Fig. 3a). Hill coefficient (ny ) was found to be 3,2 (Fig. 3c). By expressing the

: et .
experimental data in »— coordinates Vi.,.; and [K]os were calculated. Vi, was found to

[SF= K

be 182 AE/mg protein/min and [K]os was equal to 167 mM (Fig. 3d). Both maximal rate of the
peroxidase reaction and affinity towards the substrate decreased by the action of the inhibitor. This
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fact indicated to the complex manner of the inhibition of peroxidase by. natural inhibitor from
pomegranate peel.
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Fig. 3. Effect of substrate (guaiacol) concentration on the apple peroxidase activity with (1) and
without (2) natural inhibitor from peel (a, b) and determination of Hill (€), Vinex and
Kos (d).

Based on the obtained data the practical significance of presented studies becomes
obvious. The inhibitor from peel can be used in apple products as an
agent preventing undesirable browning process.

This work has was supported by INTAS-Food grant N 00-0727
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EFFECT OF SYSTEMATIC INTRODUCTION OF AMMONIUM
NITRATE ON PROPERTIES OF AJAMETI PODZOLIC SOIL
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Abstract

Systematic application of mineral fertilizers in soil causes changes in physical-
chemical properties. Changes that take place in the soil at the application of mineral
fertilizers, depend on type and doses of mineral fertilizer, periods and rules of introduction,
climatic conditions, biological peculiarities of a plant and on properties of soil itself.

The application of ammonium nitrate in different doses for maize had a definite
influence on Ajamety podzolic soil properties. At the increase of nitrogen doses the content
of total nitrogen, phosphate and potassium, as well as of humus in the soil was decreased. In
spring and autumn low and average doses of nitrogen caused decrease of hydrolyzed
nitrogen. All applied doses of nitrogen caused the increase of the amounts of mobile
‘phosphorus and mobile potassium, however in case of high doses the gain was lower.

Key words: maize, mineral fertilizers, red soil, podzolic, calcareous, hydrolyzed
nitrogen, mobile P,0s, exchangeable K0, field test.

Introduction

The application of mineral fertilizes, besides enrichment of soil by nutrient compounds,
causes changes in some physical-chemical characteristics of soil, in result of which plant nutrition
conditions and chemical composition of harvest is improved or deteriorated.

Mineral fertilizers introduced into soil, before being utilized by plants undergo
transformations, such as their solubilization and complex interactions between soil solid and liquid
particles. In the cases of incorrect apphcanon of mineral fertilizers deterioration of some sonl
characteristics is observed, that negatively affects plant devel These cbznges i
depend on mineral fertilizers, doses, time and ways of i duction, climatic di biological
peculiarities of a plant and soil properties. For example, at systematic introduction of
physiologically acid fertilizers an acute increase of acidity of acid podzolic and red soils was
observed that hinders the development of some crops and causes drop of harvest.

The principle nutrient elements for plant growth and development are: nitrogen,
phosphorus and potassium. Balanced nutrition of a plant is obligatory, otherwise — the application
of only one type of a fertilizer will negatively affect both soil and plant [Tsomaya 1998]. Effect of
different types and dozes of different mineral fertilizers in different soils have been studied
[Kudeyarov, 1988; Bugaev, Osipov, 1968]. The use of phosphorus-potassium fertilizers in soils
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under vineyards in Khirsa and Mukhrani regions (Eastern Georgia), increased the confenpoi“;ﬂét‘ﬁ
assumlable forms of phosporus aud potassium [Nakaidze L., 1965].

of mineral fertili during 3-years (1998-2000) with doses
N180- PlSO K150 into the soils of Kharagauli Region (village Kitskhi, Western Georgia) with
different properties, the content of humus, total nitrogen, phosphorus and potassium almost didn’t
change [Kelenjeridze N., 2001].

Effect of ammonium nitrate on Imereti podzolic soils properties is poorly studied. There is
lack of information in literature that indicates the necessity of further research in this direction. So
the goal of present study was to investigate the effect of sy d of
nitrate on Imereti podzolic soil properties.

Materials and methods

The field tests were carried out at Ajamety field-crop experimental station podzolic soil in
2000-2002. Ajamety is located in the area (Zemo Imereti) where alluvial, yellow-podzolic, yellow,
red, raw humus calcareus, brown, mountain meadow soils are found. Most of yellow podzolic soils
are covered by annual (maize, kidney bean) and perennial (vine, tea, fruit trees) agricultural crops
[Lortkipanidze, 1997]. Genesis and physical-chemical peculiarities of the soil of Ajamety Field-
Crop Experimental Station was studied [Kostava, 1947; Lezhava et al., 2001].

Field tests were conducted in eight variants in four repetiti Soil li
of fertilizers and plant care was ducted strictly ding to the blished agricultural rules
[Chanishvili Sh., 1973]. Variety of maize Zea mays, Ajametis Tetri was used. Soil samples,
necessary for testing were collected and treated according to the accepted methods. In spring of
every year before introduction of fertilizers, in soil two layers (0-20, 20-40 cm) were determined:
total nitrogen — by Kjeldahl method, hydrolizable nitrogen — by Tjurin and Kononova method,
mobile P,Os and exchangable K0 — in 0,1 NH,SO, extract, by Oniani method. On the first and
third years were established: total phosphorus — by Lorenze method, total potassium — on a flame
photometer. In autumn, after harvest: hydrolized nitrogen, mobile P,Os and exchangable K,0 were
determined [Oniani O., Margvelashvili G., 1978, Arinushkina E. 1961].

Results and discussion

The conducted analyses showed that on the d of phosphate-p
fertilizers, compared with unfertilized soils the li of ing doses of
nitrate causes decrease of total nitrogen in soil. This is more evident at the use of high nitrogen
dozes N180 and N210.

Analogous changes are observed in content of total phosphorus and total patassium. An
increase of introduced ammonium nitrate doses negatively affected total phosphorus and total
potassium contents and decreased their amount in soil (Table 1).

Ajamety podzolic soil is characterized by low content of humus. As it is seen from Table 1
the applied dozes of ammonium nitrate only slightly decreased its amount in soil. These changes
are more evident at the use of higher dozes of nitrogen that is proved by two last variants indices.
In soil samples collected in spring and in autumn the amount of hydrolyzed nitrogen decreased
compared to control and background levels. The obtained indices show no conformity between
growth of doses and decrease of content, but d doses of the introduced in spring

jum nitrate yearly d d d nitrogen content.
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Table 1. Effect of increasing doses of ium nitrate on the of
fertilizers on total nitrogen, phosphor and potassium content in soil

Variant Depth Total nitrogen, % ] TotalP,05,% | TotalK;0,%
4 of 2000 | 2001 | 2002 | 2000 | 2002 | 2000 | 2002
layer,
cm
| | Without fertilizer | 020 .049_| 0.0147 | 0.14 .06 064 | 8.19 4
2040 | 0.136 | 0.133 | 0.13: . 061 | 217
2 P120-K60 0-20 144 | 0.142 | 0.14 . 068 | 2.18
2040 134 X .06 065 | 2.
5 | PI20-K60+N60 0-20 148 | 0.14 ; . .064
2040 | 0134 | 0. . 0
4 | PI20K60+N90 0-20 149 | 0.14 142 3 3
2040 | 0.034 | 0. 131 3 ; 16
s | PI20KG0INIZ0 |_0-20 145 | 0.14 137 | 0. 064 19 7
2040 | 0.128 | 0.12 121 X 061 il
o | PI20K60NISO | 0-20 146 | 0.14 .068_| 0.06; 19
2040 | 0.134 | 043 . .064_|0.06 17
o | PI20KEOINIS0 | 0-20 143 | 013 ] X .06 1
2040 | 0.127 | 0.2 . X .06 2.1
s | PI20-K60+N210 | 020 148 | 0.14 133 | 0. 06 22
20-40_| 0.129 12 116 | 0. .05 o

In soil samples taken in autumn, in most cases of variants these indices yearly decreased,
except two latter variants. So, at the use of high doses of nitrogen the content of hydrolyzed
nitrogen is higher in autumn, than in spring. It could be explained by the fact that a part of
ammonium nitrate applied in excess amount, which remains untaken by a plant, can’t be washed
out completely (Table 2).

Table 2. Effect of increasing doses of jum nitrate on the of phosphate-p
fertlizers on humus and hydrolyzed nitrogen content in soil
R Hydrolyzed mtrogen mg per 100g of soil
N ) Before the experimen After harves|

2000 | 200 2002|2000 2001 2002 2000 | 2001 2002
| 288 i 85 4.06 403 3.99 4.02 403 406

171 6 72 3.72 3.7 3.68 EX 3.64 X

= 17 6 5 .08 41 4.06 4 4.08 4.

74 6 6 7 3.7 3.69 3. 3.68 3.

5 88 80 7 4 41 413 4 415 4
71 1.65 5 Vi 37 7 3. 3.68 3.62
4 84 275 6 4 414 406 41 411 01
69 1.62 54 : 3.79 72 38 376 68
5 89 0 69 4. 423 i) 4.2 418 07
3 56 3 84 3.78 3388 | 3.80 73
= 76 55 4. 21 D 42 214 204
70 i i 4. 7 84 3.9 94 385
z .65 2.5 4 4. Y 90 42 410 3.96
1 152 4 3. 3.7 61 3.9 3.82 3.71
s 2.69 55 430 41 98 429 4.16 402
171 162 49 3.94 382 68 3.96 3.86 3.74
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duction of i dozes of ijum nitrate into soil.in spring incréases the’ -

content of mobile P,Os. An increase takes place every year of experiment in accordance with the
growth of nitrogen doses. High dozes of nitrogen N180 and N210 is the reason for decrease of
mobile phosphorus amount.

After harvest the content of mobile phosphorus is higher compared with spring indices and
increases every year. High dozes of nitrogen negatively affect the growth of mobile phosphorus
content and in samples taken in autumn its decrease is observed (Table 3).

Table 3. Effect of increasing doses of nitrate on the of phosphate-p
fertilizers on mobile phosphorus content in soil
Mobile P,0s, me per 100g soil
N Before the experiment After harvest
2000 2001 2002 2000 2001 2002
1 86 3 94 1.84 92 88
87 1 86 LR EiL 83
2 96 .12 2.02 ol 3
1.78 92 82 i3 il
3 . 1.98 2.1 .05 7 2.412.23
7 1.84 ] .0: 2.
8 2 2 1.
4 7 1 2.0¢ 2.
5 9! 25 s
7 4 1.9¢ 2.1 .
6 0 .26 5! 4 .41 .44
80 .01 2 7 .19 .28
7 1.86 98 1 .99
177 97 9 .34
3 2.06 .14 .24 1 7 .20
1.84 .90 1.98 .02 oL
Table 4. Effect of increasing doses of ium nitrate on the d of phospl P
fertilizers on exchangeable potassium content in soil
K50, mg per 100g soil
N Before the experiment After harvest
2000 2001 2002 e 2000 2001 2002
1 8. 83 8.4 8.7 8.1 8.3
7. a1 79 &S 93 79
2 8.7 . 2 10.¢ 10.8
719 1 8. 92
3 .6 E3) 9. 10.0
E .0 d 6 8. 89
4 8. i3 102 7 10.2 112
7. 5 9.4 9 9.8
5 8. 2 102 .6 10.7
i .4 93, .8 9.8
6 85 3 9 1=
78 K 10.5
7 79 .6 10.8
7.4 3 8 9.6
g 8.1 .6 8.4 10.1
7.5 7 7.6 9.0
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At introduction of ammonium nitrate into Ajamety podzolic soil the “Uhange”
exchangeable potassium content is observed. In spring its amount increases at every applied dozes
of nitrogen, but in case of high dozes the amount of mobile phosphorus decreases.

After harvest, in soil the content of exchangeable potassium is higher than in spring in
case of all applied dozes of nitrogen and every year of observation. High dozes of ammonium
nitrate even in this case also negatively affect content of exchangeable potassium and cause its
decrease (Table 4).

Thus, application of ammonium nitrate in different doses for maize had affected both total
and hydrolyzed nitrogen, mobile phosphorus and potassium as well as humus content in Ajamety
podzolic soil.
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Abstract

Cellulase, xylanase, laccase, and Mn-dependent peroxidase activity of
Basidiomycetes spread in the territory of Georgia has been studied. In particular, identified
pure strains of fungi have been cultivated on cuttings of gmpevme sawdust in Solld state
and on mandarin peels in
strains, Trametes versicolor IBB 13, Pleurotus dryinus IBB 93, P:eudatremellﬂ guilbosa
1BB 22 appeared to be the perspective producers of lignocellulolytic enzymes. It has been
shown that lignocellulosic growth substrate and method of fungi cultivation are important
factors influencing on the yield of aiming enzymes.

Key words: basidiomyecetes, xylanase, laccase, cellulase, Mn-dependent peroxidase

Introduction

Significant amount of agricultural and i ial wastes, i ingly ing in the
last years, becomes the reason of environmental polluuon That’s why !he bioconversion of
lignocellulosic raw materials appeared in the center of general attention. Bioconversion of these
wastes by higher Basidiomycetes is one of the perspective directions of their application as the
value-added products [Breene, 1990; Cohen et al., 2002]. During last years it has been also shown
that Basidi are able to diate polluted soils and waters [Pointing, 2001].

According to numerous scientific works the wlnte ot Basxdlomy(,ctes are the only

able to hesize the llular hydroly Ilulase and h Ilulase) and
oxidizing (ligninolytic) enzymes [Hamka 1994; Tekcre et al 2001 Cohen et al., 2002]. By means
of these enzymes raw material to low-molecular
substances and utilize it as a nutrient source

Experimental data clear indicate that fungal d protein ion, synthesis
of enzymes etc. significantly depend on the fungi growth substrate and method of cultivation
[Pirhonen, Hattaka, 1985; Elisashvili et al., 2003].

The goal of the given experimental work was to study the ability of secretion of the
i enzymes Tlul; xylanase, laccase and Mn-dependent peroxidase) in
Basidiomycetes isolated from different ecological niches of Georgia and cultivated on diverse plant
substrates. To reveal the perspective producers of the enzymes 15 representatives from different
genera of basidiomycetous fungi were studied in plant material bioconversion.
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Materials and Methods

Basidiomycetes for cultivation were grown in 750 ml flasks on shaker (200 rpm). The
nutrient medium composition was (g/1): glucose — 10.0, NH,NO; — 2.0, yeast extract — 2.0, KH,POx
— 0.6, NaHPO,; — 0.2, MgSO,7TH,0 — 0.5, ZnSO;7H,0 — 0.001, FeSO,7H,0 — 0.0005,
CaCl,2H,0 — 0.06, pH — 5.8-6.0. Obtained ium was ! ized and suspension was used
as an inoculum.

One year cumngs of gxapevmc sawdust (GC) and mandarin p!:cls (MP) were used as

for . For the fungi sut d cultivation has done
in 750 ml flasks, contammg 100 ml of above mentioned nutrient medmm and 4g of GC or MP. At
the end of cultivation the plant-protein product was d by centri obtained biomass
was dried for measuring the protein content and the cultural liquid was used as a source of
enzymes.

The solid-state fermentation (SSF) was done in 100 ml flasks containing 4g of GC
(particles size 0.5-2.0 mm) moistured by 12 ml of above mentioned synthetic medium without
glucose. After the cultivation was over, part of the biomass, consisting of fungi mycelium, plant
substrate and protein was dried at 100°C (to determine the content of protein in the biomass). The
residual part of the biomass was washed and extracted for four times with 20 ml of distilled water.
The extracts were centrifuged, filtered in a glass filters and used for determining the enzymatic
activity. Cultivating temperature of Basidiomycetes was 27°C.

To measure the enzymatic activity the following methods have been used: xylanase and
carboximethylcellulase (CMCase) were assayed by standard [UPAC method in OOSM cltrale
buffer, pH 5.0 [Ghose, 1987] Laccase activity was ined by oxidation of syr
[L , Grzy , 1981], and Mi P idase (MnP) activity was measured
spcctmphotometncally by the oxidation of NADH.

Results and Discussion

According to the experimental results, it was revealed that basidiomycetous fungi differ by
their ability of protein ion and enzymes th in solid-state fermentation of GC.
Among white rot fungi protein content was lated from 5.3 (F. fom ius IBB 16) to 7.5
(P. dryinus IBB 903) mg of biomass (Table 1), while in brown rot fungi (G. saepiarium IBB 155,
P. aurivella BB 43, D. quercina IBB 56) the amount of the protein, formed after the substrate
bioconversion, made 4.8-5.0 mg.

Citrus peels appeared to be the better substrate for growth and enzymes production by the
same fungi (Table 2). The amount of protein in fermented products increased 2 times and more at
submerged fermentation of the substrate. Among the studied fungi the best producers of microbial
protein appeared to be white rot fungi T. versicolor IBB 13 and P. dryinus IBB 93.

While studying the enzymes activity, more differences were revealed between white and
brown rot fungi. During the solid-state fermentation of GC the activity of CMCase varied from 0.5
Ulml (D. quercina BB 56) to 10.2 U/ml (7. versicolor IBB 13), and of xylanase — within the range
0.6 — 12.4 U/ml (Table 1).

From the literature it is known that ligninolytic activity is characteristic only for white rot
fungi. In our cxpenments, among white rot fungi the highest levels of laccase and MnP were

lid-state fer by T. icolor IBB 13 followed by P. dryinus IBB 93
and C. hlrsulus IBB 31. As for brown rot fungi, no activity or only traces of these enzymes activity
were revealed that coincide w1th merature d.ata (Table 1)

in peels appeared to be more convenient
for revealing the ability of enzyme synthesis (Table 2). The best producers of CMCase and
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Xylanase were - P. gilbosa IBB 22, T. versicolor IBB 13 and L. nuda IBB 72 that aGcmnu’fédMJ<J
CMC activity, correspondingly, 25.6, 27.8, and 29.4 U/ml. In the same strains secretion of xylanase
made 30.0, 40.9, and 35.2 U/ml, correspondingly. Conditions of mandarin peels fermentation were
favorable for brown rot fungi too. Accumulation of cellulolytic enzymes in some cultures increased
even 10 times compared with the solid-state fermentation of GC.

The study of basidiomycetes ligninolytic enzymes activity in mandarin peels submerged
fermentation the highest laccase activity (34.9 nkat/ml) was revealed in 7. versicolor IBB 13, and
Mn-peroxidase activity (10.3 nkat/ml) - in P. ostreatus IBB 108. Brown rot fungi didn’t synthesize
even the traces of these enzymes in the same culture conditions.

So, this study shows that strains belonging to the same genus revealed different abilities of
protein accumulation and enzyme production. For example, among four representatives of the
genus Pleurotus CMCase activity in fungi submerged fermentation varied from 6.4 to 17.7 U/ml,
while laccase activity ranged from 0.6 to 6.7 nkat/ml. It is noteworthy that screening of the
Basidiomycetes isolated from dlfferent ecologxcal niches in bioconversion of plant raw materials
has revealed that white rot fungi are d hed as the best prodi of bial protein and
extracellular lignocellulolytic enzymes. In addition, the submcrgcd fermentation is regarded to be
more suitable for Basidiomycetes cultivation toreceive the highest yield of aiming products.

Table 1. Basidi ic activity after the solid-stat ion of cuttings of
grapevine sawdust

Biomass CMC Xylanase Laccase Mn-
Strain protein U/ml U/ml nkat/ml | peroxidase
mg nkat/ml

Pleurolus ostreatus BBS 54 57 62 03 0.9
Pleurotus ostreatus IBB108 61 43 44 05 1.0
Pleurotus dryinus IBB93 75 90 121 13 21
Pleurotus ostreatus IBB77 69 31 42 02 05
Fomes fomentarius IBB16 53 18 27 0.1 0.1
Coriolus hirsutus BB31 72 22 23 BT 02
Psudotremella gilbosa 1BB22 6.1 33 26 03 01
Phelinus robustus IBB29 57 25 29 03 02
Trametes versicolor IBB13 54 102 124 32 32
Ganoderma lucidum TBB4T 60 6 o 03 02
Lentinus edodes 1BB123 59 11 15 04 03
Lepista nuda IBB72 48 23 42 05 12
Gloeophyllum saepiarium 1BB155 5.0 09 36 02 0
Pholiota aurivella IBB43 50 0.8 5 0.1 02
Dactolea quercina IBBS6 50 05 0.6 0 0.1
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Table 2. Basidiomycetes enzymatic activity in mandarin peels submerged fermentatior:

Biomass CMC Xylanase Laccase Mn-
Strain protein U/ml U/ml nkat/ml peroxidase
mg nkat/ml

Pleurotus ostreatus JBB8 b 1757 9.6 0.6 52
Pleurotus ostreatus TBB108 11.1 6.4 54 28 10.3
Pleurotus dryinus IBB93 135 137 16.4 6.7 8.9
Pleurotus ostreatus IBB77 132 8.1 6.6 25 20
‘Fomes fomentarius IBB16 113 3.1 48 12 0.7
Coriolus hirsutus IBB31 10.8 34 54 63 0.8
Psudotremella gilbosa 1BB22 13.1 25.6 30.0 214 0.9
Phelinus robustus IBB29 12.8 29 35 13 20
Trametes versicolor IBB13 13.9 27.8 40.9 349 Yy
Ganoderma lucidum 1BB47 10.3 10.1 13.0 0.9 1.0
Lentinus edodes 1BB123 11.0 7.6 10.4 42 03
Lepista nuda 1BB72 125 294 352 51 45
Gloeophyllum saepiarium1BB155 17 103 173 0 0
Pholiota aurivella IBB43 119 53 162 0 0
Dactolea quercina IBB56 11.8 0.5 13 0 0
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Abstract

During the process of lake frog embryogenesis gel-electrophoresis shows  the
polypeptide band, as a trace, identical with titin molecular mass motility at fadpole stage,
while the nebulin is seen even in an unimpregnate egg. During this process, from
unimpregnate egg to fadpole stage, the polypeptide bands corresponding to nebulin and
muscle contractile proteins - myosin, actin and tropomyosin are simultaneously
synthesised.

The immunoblotting by titin antibody T-11 at the different stages of frog
embryogenesis gives the immunoband which does not correspond to titin molecule with its
motility and shows identification with polypeptide band having low motility. We can
suppose that at early stages of frog embryogenesis at first the short polypeptide chain
corresponding to epitope T-11 is formed and then, at the stage when fadpole becomes an
adult frog the whole titin molecule is synthesised. Proceeding from this we can conclude,
that while biosynthesis of protein that conslsts of many sites of different nature, the separate
sites are ised first and then takes place.

Key words: titin, nebulin, unimpregnate egg, fadpole, western blotting.

Introduction

Besides the main contractile proteins the muscle contains giant proteins with high
molecular mass — titin and nebulin. Their size and location within the sarcomere structure
determine their important role in the mechanism of muscle elasticity. The giant polypeptide titin is
complex multi domain protein [Maruyama, 1994; Wang etal., 1979; Trinick et al.,1984; laallshvlh
et al.,, 1999]. I-band of titin consists of Ily distinct tandem of i
domam chains and unique sequence and PEVK-reach sequence. A-band of titin is mainly
composed of Tg-like and FN3-like repeats. It also contains a class of unique sequence insertions:

horilation sites, a ser ine kinase domain and binding sites for specific muscle protease
- calpain. The early app of titin in ibril is suggests its probable participation in
filament alj, during ly [Horowits & Podolsky, 1987; Furst et al., 1989].

A number of data show that the structure of titin determines the structure of sarcomere.
After the separation of myosin and actin filaments in the sarcomere the protein skeleton stays,
which keeps the properties of elasticity continuously. These properties have been connected
with titin and nebulin. Proceeding from this it is obvious that for sarcomere arrangement at first
titin and then the other proteins must be synthesized [Horowits & Podolsky, 1987; Furst et al.,
1989; Tokuyasu & Maher, 1987].
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Some authors suggest that the alignment of titin and myosin into the sarcomere takes
place at the same time [Furst et al., 1989; Tokuyasu & Maher, 1987; Sanger et al., 2002], but the
synthesis of titin while myofibrilogenesis is still unclear.

Experiments carried out at the skeletal muscle cells show that the nascent myofibrills are
formed from premyofibrills and modified by the addition of titin and muscle myosin filament
[Tokuyasu & Maher, 1987].

Recently the protein (D-titin) identical with muscle sarcomere titin has been found in
chromosomes of Drosophilae embryos. The N-terminal end is homogeneous with muscle titin that
is confirmed by lmmunob]omng [Machado & Andrew, 2000]

from it is i to determine on which step of
embryogenesls titin synthesis takes place. We have studied the synthesis of titin on diferent stages
of embryogenesis of lake frogs (Rana Ridibunda).

Materials and Methods

The experiments were carried out using the frog eggs; they are the most convenient object
for investigation as their development can be observed without any equipment and from one pair
of frogs a big amount of impregnate eggs at any season of year (~1000) can be obtained.

The frog mature eggs have been obtained according to Kabakh [Kabakh, 1945]. For the
early ripening of oocites the female frogs were injected with hypophisis suspension. After injection
they were placed into the vessel with small amount of water. The males were in the same
conditions. The spawn from females ready for ovulation was eased by pressing on the bell of a
frog. The impregnation was carried out according to the following way: seminal was cut from male
frog, minced and diluted by dechlorined water, then the females spawn in this water. The first
division could be seen within 2-2,5 hours from impregnation, the second — after 3 hours and so on.

The samples for SDS-gel electrophoresis were taken on the different steps of
embryogenesis. The 3 volumes of Hasselbach-Schneider buffer (pH 7, buffer contained inhibitors)
was added to eggs at different stages and the mixture was homogenized and centrifugated at
10.000g for 20 min. The upper layer of yolk was removed by pipette and transparent supernatant
was used for registration of myofibrillar protein components.

Protein concentration was determined by the burette method. SDS-gel electrophoresis was
carried out in 2,5-12% acrylamide gradient according to Laemmly [Laemmly, 1970]. The
myofibrills of rabbit and frog skeletal muscles were used as control. The identification of protein
having titin-like electrophoretic motility with titin was tested using the western blotting. For that
the proteins separated by SDS gel-electrophoresis were transferred onto 0,45 pm nitrocellulose
sheets according to Fritz [Fritz et al.,1989], which was specially worked out for high-molecular
weight myofibrillar proteins. For titin recognation nitrocellulose sheets were treated with
monoclonal antibodies (T II). The binding of antibodies was detected by the horseradish peroxidase

j anti-goat lobulin [Towbin et al., 1979].

Results and Discussion

Using SDS-gel-electrophoresis gradient (5-15%) we have shown [Gachechiladze et al.,
1987] that in the process of frog embryogenesis, beginning from unimpregnated egg up to
definite fadpole, the morphological and structural changes take place. The amount of polypeptide
chains with molecular mass 200, 102, 36 kD sufficiently increase. The polypeptide chains with
molecular mass 282, 240, 205, 170, 152, 148, 126, 112 and 96 kD appear at the different steps of
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embry is, and 44 kD polypeptide chain doesn’t change. But titin was not observed because
of its great molecular mass.

In this work we used the SDS-electrophoresis in less acrylamide gradient (2.5-12%).

On the electrophoregrams (Fig.1a,b) of the all stages of frog embryogenesis beginning
from unimpregnate eggs up to definite fadpole, the polypeptide bands of nebulin, actin and
tropomyosin are observed (Fig.la,b -3,4,5,6,7 — N, A, TM ). It indicates that nebulin exists
together with main muscle contractile proteins, particularly with actin.

Fig. 1. Electroforegram of frog embryons at different stages of embryogenesis.Electrophoresis in
2,5-12% SDS gradient. T — titin, N — nebulin, M — myosin heavy chain, A - actin, Tp T - troponin T, TM -
tropomyosin.

1 - frog muscle myofibrills; 2 - rabbit muscle myofibrills; 3- unimpregnate eggs;

4- 24 after impregnate; 5 - 18th stage the response on irritation; 6 - 19th stage, fadpole; 7 -
fadpole tails.

Using PAGE Loker et al [Loker et al.,1986] have shown the existence of polypeptide band
corresponding to titin molecular mass motility in frog fadpole that is in accordance with our data.
Namely, on the 19" stage of frog embryogenesis when the fadpoles are already active, PAGE
shows titin polypeptide band, as a trace (Fig.1a,b - 6).

PAGE bands of frog and rabbit myofibrilles revealing titin molecular mass motility
(Fig.2a-1,2-T) correspond to titin i obtained by i ing (Fig.2b-1,2-T).

Titin immunoblotting (monoclonal antititin-T11) at the different stages of frog
embryogenesis (from unimpregnate eggs up to fadpole) gives the band which does not correspond
to titin molecular motility and immunoband is seen as polypeptide band with low motility (~100
kd, Fig.2b-3,4,5,6,7). The epitope T11 is situated between the end of myosin protofibrill and
PEVK site. We can suppose that at early stages of frog embryogenesis first the short polypeptide
chain, which corresponds to epitope T11 is formed and then the whole titin molecule is synthesised
at the stage when fadpole becomes an adult frog.

Proceeding from this we can conclude that while biosynthesis of large proteins the
molecule of which consists of many sites having different nature, the separate sites are synthesised
first and then posttranslating combination takes place.
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Fig. 2. Western-blot of SDS gel at different stages of frog embryogenesis treated with anti-titin (TII)
a- coomassic blue staining of gl strip before transfer conditions the same as in fig.
b - immunostaining with anti-titin of a nitrocellulose strip after transfer
1 - frog muscle myofibrills; 2 - rabbit muscle myofibrills; 3 — unimpregnate eggs; 4- 24h after
impregnate; 5 -18™ stage the response on rritation; 6 - 19" stage, fadpole; 7 — fadpole tails

The mvesugatlon of embryogenesls of a giant protem titin may help us to explain some

aspects of of of 1 with many specific motifs and

mechanism of  precise assembly of myofibrillar proteins and other complex systems. This
ion needs further i
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Abstract

Cellulose pretreatment method based on combination of chilling and mechanical
milling of cellulosic wastes was used for investigation of structural changes of different
cellulosic materials. Expansion of frozen water contained in cellulosic wastes causes the
mechanical stress that is followed by partial destruction of crystalline cellulose. Cellulose
decomposition rate, changes of cellulose polymerization degree and specific surface area of
frozen at 0, -20, 70 and -196 °C cellulosic wastes: sawdust, cardboard, newsprint, filter
paper and composition of all above mentioned materials have been determined. Studies
showed that mechanical milling of frozen cellulosic wastes enhances subsequent breaking of
cellulose that leads to further increase of cellulose specific surface accessible for enzymes. It
has been shown that maximum increase of specific surface area of cellulosic wastes could be
reached when cellulosic wastes were chilled and milled at -20°C.

Key words: cellulosic wastes, steam explosion, chilling method.

Introduction

Biomass encompasses a range of products derived from photosynthesis and is essential
chemical storage of solar energy. In some countries it is basically used as a source of thermal
energy. On the other hand different forms of biomass that include fuel wood, energy crops,
agricultural and forestry residues, food and timber processing residues;, municipal solid wastes,
sewage etc., can be converted into various carbon-based fuels such as: biogas, ethanol and
methanol and thus contribute in partial replacing of fossil fuels in the energy industry. Among the
biomass — to — energy i hnologies biological methods are considered more
environmentally friendly ones and imp; of biomass fer ion process becomes one of
the topical points for new developments. Among the diverse spectrum of biomass, cellulosic wastes
are the most abundant natural organic compounds on the earth and are in general the least
expensive carbohydrate source. This is why these wastes attract much attention for bio-fuel
(ethanol or biogas) production. In general the types of natural cellulose could be divided in two
main species: lignocelluloses such as wood, shrubs, leaves, herbs, algae and pure cellulose - cotton
and flax. Both species of cellulose mainly have crystalline structure that makes complicate its
biodegradation. Besides, lignin - one of the components of lignocellulose, prevents enzymes’
accessibility to cellulose. Studies show that reactivity of cellul under i
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fermentation is low and therefore pretreatment of cellulosic wastes becomes one of | the ldpk.;iPJ

points. P refers to the solubili: and ion of one or more of the four major

p of biomass — icellul cellulose, lignin and extractives — to make the remaining
solid biomass more ible to further biological or chemical Hydrolysis breaks down
the hyd bonds in the and cellulose fractions into their sugar components:

pentoses and hexoses. These sugars can be fermented into ethanol that commonly is used as a fuel
and/or food substance. Apart from this, ethanol is one of the precursors for methane formation
when digesting organic wastes are under anaerobic conditions.

Various physlcal chemxcal and biological pretreatment methods which promote the

ibility of p: harides in a 1 Ilulose complex for is are described
[Parisi, 1983; BJerre etal., 1996; Zheng, et al., 1995; Olsson, 1996]. Cost-effective pretreatment of
cellulosic biomass is major challenge of cellulose to bio-fuel technology research. Developing
technologies that may decrease the cost of bio-fuel production from different composition
cellulosic wastes can be considered in terms of pretreatment, fermentation, alcohol recovery, by-
product recovery, and waste treatment.

Cellulose pretreatment method first introduced here is based on combination of chilling
and mechanical milling of cellulosic wastes. The idea lies in application of anomalous
characteristic of water; when water temperature is decreased bellow +4° C the water expansion
parameter becomes negative: 0:<0. On water-ice transition phase, specific volume of water
increases by 10% [ed. Malkov, 1985]. Under further decrease of ice temperature anomalous
specific volume dependence on the temperature remains almost the same. When contained in
cellulosic wastes frozen water expands, it causes the mechanical stress that is followed by partial
destruction of crystalline cellulose. The mechanical milling of frozen cellulosic wastes enhances
subsequent breaking of cellulose that leads to further increase of cellulose specific surface
accessible for enzymes. Laboratory experiments showed that frozen cellulosic wastes were reduced
to smaller particles in comparison with milling of wet or dry ones.

Materials and methods

At the initial stage of experiments cellulose and water percentages were determined in the
following cellulosic wastes: sawdust, newsprint, cardboard and filter paper. Polymerization degree
and specific surface area of non treated sawdust, newsprint, cardboard and filter paper have been
determined. 5 gram of each cclluloqc waste were 1mpregnated with water. Then analytical samples
had been frozen at 0° C, -20 ° C, 70 ° C and -196 ° C and kept at these temperatures during 2 hours.
One set of frozen samples have been thawed and afterwards milled. Other ones had been milled at
once, in the frozen state. Cellulose hydrolysis rate, change of cellulose polymerization degree and
cellulose specific surface area of each analytical sample had been determined after the treatment of
analytical samples.

Cellulose is rate was di ined by ds of initial cellulose in
accordance with the standard Apdegraph method based on determination of optical density of
preliminarily treated cellulosic substrate. Treatment was done by the mix of nitric and acetic acids
with ratio 1:10. Then analytical samples with mix of above mentioned acids were boiled during %
hour at the water bath. After cooling the test tubes’ contents have been centrifuged at 6 000 rot/min,
supernatant was poured out and the sediment was rinsed by distilled water. 72% sulphuric acid was
added to the sediment and kept during one hour. Then the preliminarily prepared antron reagent
was added to analytical samples, firstly they were kept on the ice bath and than boiled at the water
bath during 15 minutes. Cellulose percentage in treated analytical samples was determined on the
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Perkin Elmer UV-VIS spectrophotometer LAMBDA EZ 150 at the 625 nm wave-lengths Vaftle/'9fi9 o
obtained extinction was multiplied by the standard factor.

Results and discussions

Experimental results show that maximum decomposition rate of sawdust and newsprint is
reached at -196°C, as for cardboard, filter paper and composite of all above cellulosic wastes,
‘maximum reduction of initial cellulose is obtained at -70°C when the analytical samples are milled
in the frozen state (table 1).

Table 1. Reduction of initial cellulose of studied cellulosic substrates at different temperatures.
Cellulosic Chilling temperature
substrate

3°C 20°C -70°C -196°C

milledin | milled milled in | milled milled in | milled milled in | milled
frozen after frozen after frozen after frozen after
state thawing | state thawing | stat thawing | state thawing

Reduction of initial cellulose (% weight)

Sawdust 43 [¥5) 63 450 49 82 5 336
Newsprint_| 0.81 1,80 K i 38 0 X 3,57
Cardboard_| 3,97 5,38 81 92 629 73 4, 533
Filter paper | 1,98 2,32 46 60 6.37 54 X 289
Composite | 3.24 334 31 65 9,25 92 4 733

Cellulose polymerization degree has been determined by the viscosimetry method:
Samples of cellulosic wastes were dissolved by coppery-ammonia complex and the viscosities of
obtained solutions were measured by using of Ostwald viscosimeter. Degree of polymerization
was calculated by the following formula:

P= 2000 n,./[C x (1+0, 29 n)]

Where C is concentration of cellulose (g/1), N« is the specific viscosity that equals to: (T/To
-1), where 7 - is flow down time of the treated samples, To is flow down time (sec) of pure
dissolvent. Results are given in table 2.

Table 2. Plymerization degree of studied cellulosic wastes at different temperatures.

Cellulosic Polymerization degree
‘wastes
Chilling ’c
non treated 0 20 -70 -196
sample

newsprint 1190 733 301 41 360
filter paper 522 461 384 26 244
cardboard 713 687 464 27 252
composite 670 544 372 26 152

Data given in the table 2 indicate that polymerization degree of filter paper, cardboard and
composite of above cellulosic wastes decrease when they are frozen at — 196 °C and milled at once
but newsprint’s polymerization degree lessens when it is frozen at A

For definition of cellulose specific surface area the method based on chemotripsin
absorption was used. Samples of cellulosic compounds such as: newsprint, filter paper, cardboard
and mix of above substrates were kept in the solution of chemotripsin and the amount of absorbed
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ferment was measured by reduction of ferment activity. Computation of specific surfacaumm wasy
done on that on the analytical sample )t layer of ferment was formed. It is

known that one molecule of chemotripsin occupies 10 ' m?. Calculations have been done by using
the following equation:

$=S, x a XN/ C (m*/g)
Where $,.10"7, a - is the amount of absorbed ferment (mol/l), C is the concentration of
cellulose (/1), N .- is the Avogadro’s number. Results are given in table 3.

Table 3. Specific Surface Area of studied cellulosic wastes at different temperatures.

Cellulosic wastes Specific Surface Area (m7/g)
Chilling temperature 'C
non treated sample 20 -70 -196
newsprint 0,016 0,036 .014 0,028
filter paper 0,038 0,05 ,038 0,38
cardboard 0 0,037 ,031 0,018
composite 0,002 0,032 026 0,017

Results obtained show that for all analytical samples maximum increase of specific
surface area is achieved when above mentioned cellulosic wastes are frozen at -20 °C and milled in
the frozen state.

Taking into consideration the fact that specific surface area determines cellulose
fermentation by using of fungi or closmdla species, chilling at -20°C with further milling of frozen
cellulosic wastes could be idered one of the methods.
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Abstract

It was shown that the major part of the treeline vegetation of the river
Chirukhistskali high mountains is under the anthropo- and zoogenic pressure. It is
, that such ities as Festuco-Piceetum, Fago—BetuIetum have
remained here. Associations: Abieto-Piceetum, Piceetum are y
diversity of species and fir forests by abundance of endemic species. As for the nature
protective measures of this canyon, we consider that protection of the treeline in order to
avoid such exogenous events as landslide, mud-stream and avalanche is essential. It is
required to allocate protected areas or prohibit overgrazing and deforestation for firewood. It
is also necessary to extend haymaking areas at the expense of pastures.

Key words: treeline formations, associations.

Introduction

Chirukhistskali Canyon is located in the southeastern part of the river Adjaristskali (N
41°26°990”, E 42°30°795”) [Kharazishvili, Memiadze, 2004].

The treeline ecotone of this canyon is located at elevatlons from 1800 to 2400 m above sea
level; it consists of forests, dows, tall hert ( ), shrubberies, peat
bogs. The largest areas are occupied by meadows. This part of the area has a form of a plateau and
is strongly partitioned as a result of erosion processes. The treeline of this ecotone has descended
by about 100 m; however, forest fragments, which have almost not experienced human intrusions,
have also remained here.

The treeline is very sensitive to the human impact in general and on the territory of
Adjara, in particular. The local population did not use the treeline near villages. Unfortunately, this
tradition has been broken for many years and the treeline areas are now more or less deforested in a
number of places. Heavy precipitation and deforested steep slopes caused landshdes in some high-

regions (Khulo, Shuakhevi), which lled the local p to move to other
regions of Georgia.

The rarefication of the treeline is observed at elevations from 1800 m to 2400 m;
individual trees reach 2500-2550 m. The treeline is mainly represented by fir forests, rarely by
beech ones with admixed Abies nordmanniana, Populus tremula, Salix caucasica.

It is worth mentioning that evergreen shrubbery made up of Ilex colchica, Rhododendron
ponticum, Daphne pontica forms the understory here.
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The high mountain vegetation is poorly studied in Colchis unlike the vegetatioh*of thé! /-
lowland and ins [Dolukk , 1942, 1980; Mandjavidze, 1982]. Our task was to investigate

the floristic composition, structure, ecological characteristics of the Chirukhistskali treeline
pt and elaboratt s of their p i

Materials and Methods

We used t 1 impl d by Russian and Caucasian botanists. We
distinguished the vegetation sintaxa (formations, associations) according to the principle of plant
i [Dolukhanov, 1989; Kvachakidze, 1979]. Further, we used a 6-graded cover-abundance
scale by Braun-Blanquet [Wilmans, 1999; Grabherr, Mucina, 1993; Dolukhanov, 2003; Box et al.,
2000]. Stages of hemeroby were assessed on the basis of the naturalness of the phytocoenoses
[Pott, 1996]. Namely, a coenosis evaluated as natural or close to natural was referred to the 1* stage
of hemeroby and a coenosis evaluated as semi-natural and experiencing human intrusions (hay
making, grazing, deforestation) was referred to the 2% stage.
Vegetation records (relevés) were made in 1999-2004 on randomly selected plots. The
areas of the plots were 10 x 10 m and 25 x 25 m. Vegetation was described on more than 200 plots,
the total area of which was 80 ha. The syntaxa were named according to Pott [Pott, 1996].

Results and Discussion

Forest vegetation of the treeline is considered according to separate formations and
associations.

Formation - Fagion orientale.

Beech forests represent the most widespread forest formations of Georgia. These forests
occupy almost a half of the territory covered by forests [Dolukhanov, 1989]. In the mountains of
West Georgia, where precipitation is heavy above the beech (or dark coniferous) forests in winter, a
narrow line of subalpine beech forests is formed in some places. Its formation is due to strong and
stable snow cover. Beech clumps occur on mountain forest brown and calcareous soils.

Association - hylo-Piceo-Fagetum.

The community has been formed in moderately humid conditions. It is referred to the gnd
stage of hemeroby. The following species are constant to this community: Festuca montana,
Valeriana alliariifolia. Despite the human impact, self-renewal of the community is observed.
Particularly, good renewal is characteristic to beech trees. One of the relevés is presented below as
an example (List 1):

List 1 Chirukhistkali Canyon, Mt. Chirukhi
T112m 40% 2110 m, 15° N

T2 8 m 20%

§25m 10%

Him 95% 25x25m

TI  Fagus orientalis
Picea orientalis
Salix caucasica
Populus tremula
Acer trautvetteri

T2 Fagus orientalis
Picea orientalis
Salix caucasica
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Populus tremula

S Vaccinium arctostaphylos
Viburnum opulus
Sorbus boissieri

H Trifolium ambiguum
Ranunculus repens
Pyrola minor
Festuca montana
Valeriana alliariifolia
Pedicularis nordmanniana
Prenanthes purpurea
Polygonatum verticillatum
Polygala alpicola
Anemone ranunculoides
Veronica filiformis

B U I VIR AR S
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Draba hispida
Associati Fagetum.
This forest association makes up 3.5% of the beech forests of our country. It mostly occurs
on steep slopes (25-35°) of different aspects in West Georgia [Bakhsoliani, 2002].
The community described by us (List 2) is quite rich in shrubs: Vaccinium arctostaphylos,
Daphne pontica, Rubus buschii. The following elements of tall herbaceous vegetation are also
: Valeriana alliariifolia, Senecio bifolius, Kemulariella caucasica. The latter two
species are endemics. The coenosis is referred to the 2™ stage of hemeroby.
List 2 Chirukhistkali Canyon, Mt. Chirukhi
T8m 40% 2120 m, 5° NW
S2m 20% 10x 10 m
Hilm 80%
T Fagus orientalis
S Vaccinium arctostaphylos
Viburnum opulus
Sorbus boissieri
Daphne pontica
Rubus buschii
Smilax excelsa
H Ranunculus repens
Festuca montana
Aruncus vulgare
Valeriana alliariifolia
Galium albumi
Trifolium ambiguum
Senecio rhombifolius
Kemulariella caucasica
Prenanthes purpurea
Polygonatum verticillatum
Polygala alpicola
Anemone ranunculoides
Veronica filiformis
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Pyrola minor VR

Draba hispida
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Association - Lonicero-Fagetum.

The community occupies small areas and is, in general, rare in the high mountains of
Adjara. It is referred to the 2™ stage of hemeroby. The community is poor in species. It’s principal
characteristic species are: Aruncus vulgare, Mycelis muralis (List 3).

List3 Chirukhistkali Canyon, Mt. Chirukhi
T10m 80% 2190 m, 10° NE
$2m 15% 10x 10m
HO0.8m 15%
¢ Fagus orientalis 4

Picea orientalis 1
S Lonicera caucasica 2
H Aruncus vulgare 4

Mycelis muralis 3

Valeriana alliariifolia 3

Festuca montana +

Draba hispida +

Prunella vulgaris 57

Bellis perennis +

Alchemilla retinervis +

Formation - Piceion orientale.

Dark coniferous forests dominated by oriental fir (Picea orientalis) (5.6% of the area
covered by forests in Georgia) and Nordmann’s silver fir (4bies nordmanniana) (10%) are
widespread in the mountains of Colchis (900-2150 m). They are formed mainly on mountain forest
brown acid soils. In Colchis these forests reach their optimum at 1400-1750 m [Dolukhanov, 1989].

Association - Abieto-Piceetum.

The coenoses of this association are quite widespread not only in this canyon, but also in
the whole Colchis. 15.6% of Georgia’s woodlands fall on these forests. They are widespread from
900 to 2200 m and rarely occur at altitudes of 200-300 m and 2300-2500 m. Mainly they are
formed on slopes of different degrees of inclination covered with acid soils [Dolukhanov, 1989;

idze, 1982]. The ity is distinguished by diversity of shrubs as well as herbs (List
4). Understory is constituted by such Colchic elements as Daphne pontica, Vacczmum

h he following species of the i dows are worth Pyrethrum
roseum, Alchemilla retinervis, , Lilium spp., Geranium pstlo.vtemon,
Dactylorhiza , etc. Rep ives of the tall hert in
coenoses of the assocmtmn are Senecio propmquus Alhyrxum filix femma Grossheimia polyphylla,
Heracleum cyclocarpum, Gentiana schi. The i ics can be found in this
commumty Senecio prapmqum Gadellia lactiflora, Symphytum asperum (Caucasian),

Grossh polyphylla, Lilium kesselringi (Colchic). The community is characterized by
good renewal and is referred to the 2™ stage of hemeroby.

List 4 Chirukhistkali Canyon, Mt. Chirukhi
T122-25m 70% 1990 m, 20° N
T2 10-12m 20% 10x10m
$25m 60%
H2m 80%
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T1

T2

Abies nordmanniana
Picea orientalis

Acer trautvetteri

Abies nordmanniana
Picea orientalis

Acer trautvetteri
Vacciniumm arctostaphylos
Lonicera caucasica
Rubus buschii
Viburnum opulus
Daphne pontica
Senecio propinquus
Athyrium filix femina
Pyrola minor

Valeriana alliariifolia
Festuca montana
Lilium kesselringianum
L. szowitsianum
Taraxacum litwinowii
Dactylorhiza flavescens
Gadellia lactiflora
Silene wallichiana
Geranium psilostemon
Veratrum lobelianum
Polygonatum verticillatum
Trifolium pratense
Alchemilla retinervis
Plantago lanceolata
Prunella vulgaris
Pyrethrum roseum
Ranunculus repens
Luzula forsteri
Fragaria vesca
Tussilago farfara
Petasites albus
Hesperis matronalis
Grossheimia polyphylla
Knautia involucrata
Galium album
Centaurea nigrofimbria
Scrophularia chlorantha
Potentilla recta
Heracleum cyclocarpum
Pyrethrum marcophyllum
Aruncus vulgare
Sanicula europaea
Gentiana shistocalyx
Rumex acetosella

Carex capitellata
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Cirsium kosmelii
Sedum tenellum
Symphytum asperum
Paris incompleta
Inula orientalis
Oxalis acetosella

+o o+t

A iati hylo-Piceetum.

The coenoses of the iation are spread on northeast-facing slopes covered with acid
soils from 2100 to 2300 m. They occupy quite large areas. Human impact on coenoses of this
association is particularly significant, which is proved by widespread Nardus, Ajuga, Prunella. The
community is referred to the 2™ stage of hemeroby. The following endemics are noteworthy: Viola
orthoceras (Colchic) and Euphorbia macroceras (Caucasian) (List 5).

List 5 Chirukhistkali Canyon, Mt. Lelovani
T4m 70% 2270 m, 10° NE
$15m 40%
HO0.5m 100%
T Picea orientalis

Fagus orientalis

Acer trautvetteri
S Vaccinium arctostaphylos

Rhododendron caucasicum

Sorbus boissieri

Daphne glomerata
H Phleum pratense

Luzula forsterii
Coronilla balansae
Ajuga orientalis
Prunella vulgaris
Betonica macrantha
Euphorbia macroceras
Achillea latiloba

Viola orthoceras

Geranium psilostemon

Association - Rhododendreto-Piceetum.
The association is quite characteristic to Colchis. Its coenoses are distributed mainly from
1800 to 2100 m. The following woody plants are worth mentioning: Euonymus latifolia, Populus
tremula, Ilex colchica. Noteworthy elements of the tall herbaceous vegetation are: Lilium

B N S N e )

kesselringianum, Verbascum adzharicum, D i P The following plants are
demics: Aconitum nasutum (C ian), Lilium kesselringi (Colchic) (List 6). The
community is referred to the 2™ stage of hemeroby.
List 6 Chirukhistkali Canyon, Mt. Lelovani
T12m 80% 1850 m, 10° SW
S3m 60%
HO05m 90% 25x25m
e Picea orientalis 4
Populus tremula 2
Euonymus latifolia 5
S Rhododendron ponticum 4
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Ilex colchica
Vaccinium arctostaphylos
H Petasites albus
Pteridium tauricum
Heracleum cyclocarpum
Achillea latiloba
Campanula latifolia
Aconitum nasutum
Kemulariella caucasica
Veratrum lobelianum
Hypericum montanum
Rhynchocorys elephas
Betonica macrantha
Lilium kesselringianum
Solidago virgaurea
Digitalis ferruginea
Verbascum adzharicum
Primula auriculata
Centaurea cianus
Psoralea acaulis
Fragaria vesca
Prunella vulgaris
Trifolium ambiguum
T. repens
T. pratense
Lotus caucasicus
Hedera colchica
Silene ruprechtii
S. italica
S. compacta
Doronicum macrophyllum
Veronica gentianoides
Stachys iberica
Pimpinella rhodantha
Briza elatior
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Association - Rubo-Piceetum.
The community is subjected to strong human impact. The only shrub occurring in this
community is Rubus. The coenoses of this type are distributed from 1850 to 2050 m. The following

herbaceous plants are noteworthy: Inula orientalis, Geranium G.p lum and the
11 g are end: iphorb , Potentilla brachypetal (Caucaslan) (List 7). The
commumty is referred to the 2" stage of hememby
List 7 Chirukhistkali Canyon, Mt. Lelovani
T10m 60% 1900 m, 15° N-NW
S1.5m 60%
HO0.5m 90%. 25x25m
T Picea orientalis 3
S Rubus hirtus 4
H Pteridium tauricum 3
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Bellis perennis
Potentilla brachypetala
Dactylorhiza triphylla
Campanula alpigena
Veratrum lobelianum
Euphorbia macroceras
Inula orientalis
Senecio platyphylloides
Ranunculus ampelophyllus
Poa pratensis

Prunella vulgaris
Draba hispida
Betonica macrantha
Veronica filiformis
Geranium platypetalum
Petasites albus

Cirsium kosmelii
Achillea latiloba
Ficaria popovii

Carum carvi

e 1 s e e S

Association - Festuco-Piceetum.

The coenoses of this association are undisturbed, which is rare in Adjara as well as other
regions. They occur at 2000-2200 m. The community is still primary, because the forest has always
been thought cursed. Fir is the monodominant in the community and the grass cover is constituted
only by Festuca montana and separate plants of Cephalanthera grandiflora. The understory is
absent. The community is floristically poor (List 8). It is referred to the 1% stage of hemeroby.

List 8 Chirukhistkali Canyon, Mt. Tbethi
T25-35 m 85% 2080 m, 40° W-SW

H0.4m 70%
E 42°10°463”
1L Picea orientalis
H Festuca montana 4
Cephalanthera grandiflora +

w

Association - Rhododendreto-Piceetum.

The coenoses of this association are located 200 m below the coenoses of the previous
association. They are also undisturbed and contain the understory made up of Rhododendron
ponticum. Separate beech trees occur in this forest. The association is floristically poor (List 9). It is
referred to the 1% stage of hemeroby.

List 9 Chirukhistkali Canyon, Mt. Tbethi
T25-35m 80% 1900 m, 25° W-SW
§2-3m 25% 10x 10m
HO0.5m 60%
T Picea orientalis S
Fagus orientalis +
S Rhododendron ponticum 2

80



H Festuca montana 3
Cephalanthera grandiflora “x

Association - Betulion

Betula medwedewii and forests dominated by this species are quite widespread in the
subalpine belt of the seaside part of southern Colchis (Guria, Adjara, Lazistan of Turkey)
[Dolukhanov, 1980]. As reported by Dolukhanov, B. medwedewii is a conservative relict of the
ancient flora. It is referred to a section Costatae, other representatives of which are mainly
distributed in southern and south-eastern Asia. A number of its species occur in the Himalayas and
‘mountains of the North America. According to this author, Colchis is the only place throughout the
vast areas of the west Eurasia, where two representatives of this section, namely, B. medwedewii
and B. lica have ined. The qu of the latter species is lower and it occurs in
northern Colchis. B. medwedk the isolated, vegetati motile, i trate life
form, which is well adapted to h)ghly humid (perhumid) climate [Dolukhanov, 1980]

Association - Fago-Betuletum.

These are elfin forests. The coenoses of such composition, characterized by the elfin form,
such distribution pattern and, first of all, not subjected to human intrusions is rare. These coenoses
are formed on very steep slopes, at quite high altitudes. They are primary owing to the high
inclination degree of slopes. Woody plants are diverse. The maximum tallness of the trees is 3m,
some trees have the elfin form (beech), others do not exceed shrubs (birch, willow, poplar).

liaisa endemic (C (List 10). The ity is referred to
the 1% stage of hemeroby.
List 10 Chirukhistkali Canyon, Mt. Theth1

T3m 85% 2380 m, 60° NE
41°32°640”
S15m 60% 10x 10 m
H0.8m 90%

E 42°11°512”
T Betula medwedewii

Fagus orientalis

Picea orientalis
Salix caucasica
Populus tremula

S Rhododendron luteum
Vaccinium arctostaphylos
V. uliginosum
Juniperus pigmaea
Sorbus boissieri
Rubus hirtus

H Polystichum lobatum
Gypsophila tenuifolia
Pyrola minor
Achillea millefolium
Alchemilla retinervis
Dentaria quinquefolia
Valeriana alliariifolia
Draba hispida
Phleum pratense
Gentiana schistocalyx
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Senecio platyphylloides
Aruncus vulgare
Veratrum lobelianum
Geranium psilostemon

+ 4+
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ULTRASTRUCTURAL CHANGES OF YUCCA GLORIOSA CALLUS
TISSUES, LEAVES AND BUDS UNDER 2.4.6-TRINITROTOLUENE
(TNT) ACTION

RAMISHVILI M., GOGAVA M ., ZAALISHVILI G., CHELIDZE N., GOGOBERIDZE M .

Durmishidze Institute of Biochemistry and Bi logy, Academy of Sciences of Ceorgia
(Received July, 26, 2004)

Abstract

The intracellular distribution of assimilated (1-'“C) TNT in Yucca gloriosa callus
tissues and intact plant leaves has been studied. In vacuoles, plastids, mitochondria,
endoplasmic reticulum and cytoplasm radioactive label was exposed. By electron-
microscopic analysis was stated that in callus tissues, compared with the intact plant, toxica-
nts in larger amount are located in vacuoles. Correspondingly, dedifferentiated cell
ultrastructure is less destructed.

Key words: Yucca gloriosa, callus tissue, 2.4.6- trinitrotoluene (TNT), cell
ultrastructure.

Introduction

Grand scale contamination of soil and ground waters with explosives due to the military
activities is a key problem. Among explosives 2.4.6-trinitrotoluene (TNT) is one of the most toxic
and stable toxicant which affect on water and land species [Hughes et al., 1997]. In human
organism TNT penetrates through digestive tract, skin and lungs and further accumulates in liver,
kxdnsys and fatty tissues [Opresko, 1998] It causes chronic diseases. According to EPA
( Protection Agency) jon TNT is a C-group carcinogenic substrate [EPA,
1991a,b]. Lately great effort was made for revelation of TNT-detoxifying plants.

Plant i potential is ined by cell ability to uptake and transform toxic-
ants different ions and maintain boli features therary data show that penetrated
into the cell xenobiotics induce ul I and [Allnuff et al., 1991]. The
best idation of cell changes is hol and nature of cell
organelles destruction depends on xenobiotic concentration, perlod of action, structure, cell
sensibility, adaptation rate etc.

Exploiting of plant tissue cultures enables us to study the changes proceeding at different
levels of plant cell differentiation in the process of xenobiotic detoxification.

The presented work aimed to study localization of TNT in Yucca gloriosa callus tissue
and intact plant (leaf, bud) cells and its influence on ultrastructure.
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Materials and Methods

Test object was Yucca gloriosa callus tissue. Nutrient medium content, cultivation regime
and method of culture growth analysis were described earlier [Gogoberidze et al., 1988].

To study cell ultrastucture the material was prepared due to the standard method [Heyer,
1974]. Intracellular distribution of TNT was studied by the method of microscopic radio-
autography.

Callus tissue was cultivated on labeled with (1-'“C) TNT (50, 100, 200 mg/l) containing
MS nutrient medium. Leaves and young buddy stems were sterilized in 1% sublimate solution du-
ring 5 min and rinsed 5-fold in sterile water; Then callus was incubated for 5 days in sterile water
solution containing labeled with (1-'*C) TNT, in sterile chamber. After 5 days the material was pre-
pared by standard electron-microscopic method. Golden cuts of moulded in epoxide resin material
were placed on sieve covered with forewarn layer. After exposition of cuts on NiCl, (10™M)
solution drop for 2x30sec, the samples were shifted to hydroquinon’s 1% water solution drop at pH
- 9.0, exposure time was 2x40sec. Finally the samples were analyzed on electron microscopy
[Buadze et al., 1985].

Results and Discussion

By the method of electr i i i the i Ilular distribution of
assimilated (1-'/C) TNT in Yucca gloriosa callus tissue and intact plant leaf cells has been studied.

In callus cells radioactive label was manifested in vacuoles (Fig.1a), plastids, endoplasmic
reticulum and cytoplasm. On the Fig.2b the label is in the contact place of plasmalemma and
mitochondria.

Fig.1. TNT (100mg/l) localization in Yucca gloriosa callus cells. a)Label in vacuole, b) Label in
the contact place of mitochondria and plasmalemma , x 30 000.

In leaf cells lebel '“C is manifested in globules and was detected in vacuoles (Fig.2a),

P! and mi dria (Fig. 2b). ioactive label with the callus cells more
deeply penetrates in cell and is detected in nucleus (Fig.2c).
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Fig.2. TNT (100mg/}) localization in Yucca gloriosa intact plant leaf cells.
a)Label in vacuole, x 25 000; b)Label in chloroplast and mitochondria, x 25000; c)Label in
nucleus, x 30 000.

Electron microscopic analysis showed, that structures of Yucca gloriosa callus tissue and
intact plant (leaf, bud) cell mitochondria and nucleus are similar. The main difference is that in
callus cells plastid structure is not formed.

It is of great to state the ion between and
pathological changes in plant cells. Therefore on Yucca gloriosa callus tissue and plant (leaf, bud)
cells three concentrations of toxicants (50, 100, 200mg/l) were tested.

At 50mg/l TNT action on callus cells, the most part of endoplasmic reticulum is smooth
and fragmentized, cisterns are widened. Mitochondria, having swollen cristae, are in close contact
with endoplasmic reticulum. Plastids matrix is not dense and is electron light. Tonoplast wholeness
is damaged, there are globular derivatives. Many iophilic i ions are in vacuoles.

At 100mg/l TNT action on callus cells invagination of nuclear layer occurred; intra mem-
brane structures amount in plastids were enhanced but no grana were detected. In vacuoles
electron-dense insertions were seen. The most of ic reticulum was cisterns
were widened and were in contact with mitochondria swolling saturated cristae. Also tight contacts
between mitochondria and plastids were observed (Fig.3).

Fig. 3. TNT (100mg/l) action on Yucca gloriosa callus cells. Nucleus is mvagmaled In plastid
matrix are many membranes, in vacuoles are osmiophilic insertions, endoplasmic reticulum is
widened, x 25000.
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At 50mg/l TNT action on leaf cells, chloroplasts matrix is darkened, tyllacoid cisterns are
widened. Structure maintaining lameles are located along chloroplasts. Tight contact between
mitochondria and chloroplasts is observed. Nucleus is partially destructed (Fig.4a).
At 100mg/l TNT action the leaf cell destruction degree is increased. Beside the mentioned
changes, chloroplasts are swollen, electron dense globules are increased, which represent lipoid
drops formed in the result of b structure ion. Tonoplast: is damaged

and exocytozic secretion is observed (vacuole type vesicle contact with plasmalemma) (Fig.4b).

Fig.4. 50 mg/l (a) and 100 mg/l (b) TNT action on Yucca gloriosa intact plant leaf cells. a) in
chloroplasts are widened tyllacoid cisterns, contacts between mitochondria and chloroplasts, x 20 000. b)
swollen chloroplasts, vesicle contact with plasmalemma, x 20 000.

At action of 50mg/l TNT on bud cells great amount of mitochondria was observed, cis-
terns of endoplasmic reticulum are widened and are in contact with mitochondria (Fig. 5a). Cells
with mitochondria displaced symmetrically on the periphery and which were in contact with
plasmalemma were detected. Plasmalemma owing to active exocytoze is extremely invaginated.
Very large vacuoles with osmiophylic insertions, many vacuoles and little bubbles are observed.

Electronograms analysis allows us to suppose that cellular excretion of toxicant and/or its
metabolites occurs via the i i widened lated cisterns of i
reticulum are in contact with vacuoles, at this time transfer of vacuole intestines to cisterns of
endoplasmic reticulum is supposed to happen, leading to fragmentation of cisterns. Formed little
vesicles move to plasmalemma and in the result of coupling of their membranes, the release of
vesicle interiors into extracellular space occurs.

At 100 mg/l TNT action on bud cells cytoplasm is electron dense: Large mitochondria are
often linked to each other by widened cisterns of endoplasmic reticulum. Many small bubbles are
seen in cytoplasm and plasmalemma. Nucleus is i inated and i lation” is
observed, pointing to ion of DNA synthesi of nucleus and endoplasmic re-
ticulum are widened. Destruction of mitochondria is started, some of them are conjoined (Fig.5b)
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Fig,5. 50 (a) and 100 mg/l (b) TNT action on Yucca gloriosa intact plant bud cells.
a) great amount of mitochondria, winded endoplasmic reticulum and their contacts with
mitochondria, x 20 000; b) swollen lysed mitochondria, electron dense cytoplasma, x 28 000.

At 200 mg/l TNT action full destruction of callus, as well as intact plant cells was
observed.

As plant differentiated, so callus cell
increase of TNT concentration.

As a result of our studies it has been stated that at the same (100 mg/l) TNT concentration
in the nutrient medium, destruction degree of intact plant bud and tissue culture cells are different.
Dedif i cells 1| is less damaged. On the basis of comparison of
obtained electronogrames it can be supposed, that the above mentioned is the result of
compartmentization of most of TNT conjugates in vacuoles by callus cells. In plant differentiated
cells owing to the active dati cell ion is more

changes are in fon with the
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THE SOIL MEZOFAUNA OF ALGETHY RESERVE BEECH
FORESTS
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Abstract

C i i density and quantitative dynamics of 6 i of
mesofauna of the Algethy Reserve beech forests have been studied. The complete
compositionof main groups of mesofauna is found in Fagetum poosum (Poa nemgralis)
and Fagetunoxolidosum phytocenosis. The maximal density ( 1186 specimen/ m ?) was
found in Fagetum dryopterosum and minimal ( 10,9 specnmcn/m ) — in the association of
Fagetum asperulosum. It was revealed that the growth is maximal in spring and autumn and
‘minimal in winter peri

Key words: Algethy Reserve, Quantitative dynamics, Beech forest, Trialeti Range,
Mezofauna .

Introduction

The largest part of the Algety Reserve (6042 ha) is covered by forests. One third of these
forest are represented by beech forests (2255 ha). It should be noticed that the beech forests are
mainly distributed in shadowy gorges. The main groups of mesofauna of the coniferous forests of
the Alge‘hy Reserve have already been identified and studied. The main characteristics of the

of the of coni biotopes of Algethy Reserve has been
1dent1ﬁed [Tsiklauri Kh., et al., 2004], while the invertebrates of the deciduous forests soils and
particularly of beech forests sods has not been studied yet .

Material and Methods

To the study the soil mezofauna route and stationary methods were carried out in 2001-
2003 years. Route methods were used in different types of beech forests (1200-1900 m. a.s.L.). For
the stationary method we chose beech forest on the right bank of the river Algethy (1200 m a.s.l.).
We took three samples from the same plot in succession. Researches were carried out according to
the accepted methods in soil zoology [Giliarov, 1964; Krebs, 1989]. 6 types of beech forests has
been studied:

1 - Fagetum poosum (Poa nemoralis) — Rigth bank of the river Algethy. Stationary site.
(1100 mas.l)

2 — Fagetum dryopterosum — Gokhnari. (1200 m. a.s.1.)

3 — Fagetum nudum — Chinchriani. (1600 m a.s.l.)
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4~ Fagetum festucosum (Festuca drymeja) — Ukhmara. (1500 m. a.s.1.)

5 — Fagerum asperulosum — Arkhoti. (1400 m. a.s.1)
6 Fagetum oxalidosum — Ugudeti. (1900 m. as..)

Results and Discussion

The soil mezofauna of the beech foresf
i Enchitreide o

.

Me , Lumbricidae,

is shown in the Table, more or less p!
stationary plot (1100 m.a.sl) and in the upper altitude of

1

, Aranei, Diplop

of
beech distribr

00945

ts are presented by the following groups:
Insecta, Molluska. As it
is identified in the
ution (Ugudeti.1900

m.a.s). Unlike the soil of coniferous biotops, the mezofauna of beech forests is distinguished by
the high amount of Mjyriapoda [Tsiklauri, 2004]. From the main groups of mezofauna, on
stationary site Insecta, Myriapoda, Enchitreida and Lumbricidae are dominant ones. In other beech
forests in many occasions predominate insects (Tab. 1), except Ugudeti forest where Enchitreidae
and Lumbricidae are dominant. Beech forest in Gokhnari area is of a special interest. In this forest
the maximal amount of mezofauna is found (118 ,6 specimen/m?), that is generally a very high
value. The picture of quantitative monthly dynamics of the whole mezofauna, observed for two

years is presented on the Fig.1.

Table 1. Composition ar

d density (specimen/m” ) of mezofauna in beech forests of Algethi Reserve

Groups Plots

1 7 3 4 5 6
T.Mermitidae 0,9 - - 13 = 2,7
2 Lumbricidae 173 46,1 13 6,7 4 133
3 Enchitridae 7,1 173 = = s 133
4.Oniscoidea 1 E = = = B
5 Aranei 2 = 2,7 13 13 o
6 Myriapoda 74 53 13 4 B o7
7 Insecta 20 493 53 267 107 67
8 Mollusca 0,5 : z : = 13
Total densit 569 1186 10.6 40 24 613

The diagrams shows a tendency of alternative variations of the quantities. In winter
period, namely in December, the quantity is minimal and in spring — very high. Fluctuation of
quantity can be explained by climatic changes. For mezofauna in spring due to temperaturc rise
good living conditions occur. Therefore in April of 2003 the margin was highest for the quantity of
mezofauna. A great number of mezofauna in summer and autumn can also be explained by

temperature changes.

In the beech forests only 7 Order of insects are identified, two of them are noteworthy for
their diversity: Coleoptera and Diptera. Number of their families is almost equal. The Order of
Coleoptera is noteworthy for the families: Carabidae and Elateridae. In family Carabidae genera
Notiophilus and Carabus and in family Elateridae — one of the unknown species of worms from the

It should be

genus of C ph are i

d that the worms of this genus were

found in coniferous forests as well [Tsiklauri, 2004]. Unlike to the coniferous forests, in the beech
forests the order of Diptera is presented by a small amount of families. However, this order in both
types of forests is distinguished by the diversity and density of species (Tipulidae and Bibionidae).
The quantitative dynamics of insects is similar to the dynamics of the whole mezofauna, with just
insignificant difference. In particular, from the July to the October of 2001 the quantity of insects

remained unch: d, while the

=50~

d (Fig.1)
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Pic.1. The quantitative dinamics of the Mezofauna in beech Forests

As for the earthworms, 8 species of earthworms has been found in the beech forests of the
Algethy Reserve, among them dominating species are: Dendrobaena surbiensis, D. tellermanica,
Allolobophora jassiensis and Eisenia rosea. Other species of earthworms are not numerous, except
Omodeioa alpina alpina, which is distinguished by high density (10,7 specimen/m’ ) (Ugudeti
forest). The highest density of earthworms (46,7 specimen/m”) was registered in Gokhnari, minimal
— (1,3 specimen/m” ) in Arkhoti and average in stationary plot (17,2 specimen/m?).

It should be noticed that the coefficient of faunal resemblance is very high among them:
between the points 1 and 2 — 42 % and between 4,5 and 6 — 50 % (tab. 2).

Table 2. Coefficients of faunal likeness (upper site) and dominance identitics (lower site) of

earthworms in Algethy Reserve beech forests (%)
plots 1 2 3 4 s 6
plots
1 - 2 14 25 2 25
2 43 - 33 20 20 20
3 16 17 - 33 33 33
4 56 17 59 - 50 50
5 57 17 33 52 - 50
6 19 9 9 37 42 -
There is some ion in the itative d: ics of the earth . Their maximal

density was observed in October 2002, minimal — in July, December and January 2003 when the
humidity level was low. It is interesting that after the decrease of density, in the winter 2002-2003,
their number increases. In these three years the tops of increases are observed in the end of the
spring. The earthworms of nearby ecosystems created one faunal cluster; namely, one cluster with
1 and 2 ecosystems and another with 4, 5 and 6 ecosystems (Fig. 2).
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Fig. 2. The cluster of faunal likeness of Fig. 3. The cluster of dominance identities of
carthworms in Algethy Reserve beech forests carthworms in Algethy Reserve beech forests

In cluster of dominance identities (fig. 3) the earthworms of plots 1, 3, 4 and 5 create a
separate group and ones from plot 6 and 2 remain separate.
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INDUCED BY PESTICIDES (KHOMECYN, RIDOMIL)

BARATASHVILIN.!, CHITANAVA ZH.%, SHATIRISHVILI A.!

IDeparrment of Genetics, Iv. Javakhishvili Tbilisi State University
?Department of General Biology, Shota Rustaveli batumi State University

(Received May 10, 2004)

Abstract

Genotoxic activity of the pesticides - Ridomil and Khomecyn, has been studied in
the soybean Glycine max (L) Merr using the worked out test-system. In view of the
genotoxicity, the preparations were far more effective in suspended seeds than in one-year-
old ones. The both preparations in higher rate induced direct mutations than reversions. No
significant difference was found between the two agents by the spectrum of induced
mutations.

Key words: soybean, pesticide, mutation, somatic mosaicism

Introduction

Use of chemical methods against fungous diseases of vermin at the present time still
remains one of the actual problems in protection of agricultural crops. The assortment of pesticides
grows every year due to the induction of resistant forms among the vermin and parasite Fungi.
Pesticides take the first place among environmental pollutants [Dubinin, 2000]. Most pesticides are
characterised by genowxlclty [Alfonso et al., 2001 Baratashvili et al., 2003, Chitanava., 2003].
Genetically active b raise ional press on populations that, on one hand, favours
induction of resistant forms. In the other hand, wide use of such pesticides are followed by their
insertion into food chains and accumulation in individuals, that put all living beings, and the
mankind among them, in danger [Dubinin, 2000, Alfonso et al., 2001]. The genetoxic agents reveal
different activities in individuals belonging not only to dxfferent specles but the same populatmns

as well. The induction of mutation depends on the age and p! logical state of an indi
[Dubinin, 2000].
days, to reveal i icides, to study the 3 of their influence on

genetic apparatus and to seek the ways to avoid their harmful effect on genetic apparatus of living
systems are the goals of primary importance [Dubinin, 2000, Charries et al., 2000, Alfonso et al.,
2001].

Material and Methods

The genetic line of soybean Glycine max (L) merr, generated by the American scientists
B. Vig and E. Paddok [Vig, Paddok, 1970] was used in our experiments. The origin of the line was
described in previous publications [Baratashvili et al., 2003, Chitanava et al., 2003]. The
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expenmem was conducted on the seeds obtamed from heterozygous plants Yi;y; (the gl,]gb m w 55
It controls chl hyll thesis). Sprouts of three phenotype classes developed

from the seeds: Green (Y ;Y 1), light-green (Yy1y11) and yellow (yy;y1;) in the ratio of 1:2:1. Since
the synthesis of the chlorophyll in the plants with yellow phenotype is blocked, the shoots perish at
the two-leave-stage.

The one-year-old seeds were treated with the pesticides dissolved in distilled water (0.02,
0.04, 0.06, 0.08 and 0.1% solutions). 100 air-dried seeds were treated with the preparation of
corresponding concentration for 24 hours. After the procedure the seeds were washed in running
water for 4 hours and sowed in wooden boxes (black sand an soil, intermixed in equal amount).
The seeds destined for control were placed in distilled water for 24 hours and then planted.

The analysis of obtained results was performed according to the method of assessment of
patches on upper surfaces of the first two simple- and the third complex-leaves [Vig, Paddok, 1970,
Vig, 1985]. The analysis of induced patches was conducted under the microscope (MBC-9, at 10x2
magnification). The obtained results were statistically estimated.

Results and Discussion

ide-induced genetic i in somatic cells of the homozygous (Y1:Y11)
sprout lcaves of planti with green phenotype are given in Table 1. Yellow patches as well as light-
green areas were observed on leaf surfaces. Appearance of light-green patches is caused by the
mutation of one of the semi-dominant allele pair. Yellow patches arise only in case if the both
alleles are mutated. Khomecyn and Ridomil cause formation of light-green patches more often than
yellow ones indicating that the induction of a single mutation is more frequent compared with
double mutations. 0.1% concentration of Ridomil induces formation of 0.53 light-green and 0.09
yellow patches per leaf on average. The corresponding values for Khomecyn were 0.55 and 0.07
respectively. The both preparations in equal rates caused induction of mutations and the dose-
dependent correlation was observed.

‘Table 1. Genetic changes induced by pesticides in the leaves of green plants

compound, total number total average number of spots per leaf

concentration | of analyzed | number of inall

% leaves spots el Hightsgrean

Ridomil

0,02 80 28 0.03+0.007 0.32+0.05 0.35+0.06

0,04 75 30 0.05+0.006 0.35£0.04 0.40+0.06

0,06 65 35 0.07+0.008 0.46+0.08 0.53+0.09

0,08 55 26 0.08+0.009 0.40+0.06 0.48+0.07

0,1 60 37 0.0940.01 0.53£0.06 0.620.07

Khomecyn

0,02 80 14 0.04+0.008 0.13+0.04 0.17+0.05

0,04 85 21 0.04+0.007 0.21x0.02 0.25+0.03

0,06 70 29 0.05+0.008 0.36+0.03 0.41£0.04

0,08 65 30 0.05+0.008 0.41x0.09 0.46+0.10

0,1 50 31 0.07+0.01 0.55+0.09 0.52+0.10

Control 100 18 0.03x0.02 0.15%0.03 0.180.05
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Influence of Khomecyn and Ridomil on suspended seeds has also been studied. Tbéégi i1

seeds markedly affect induction of mutations. The latter is far more intensive in suspended that in
one-year-old seeds.

The tested pesticides caused induction of only simple (green and yellow) patches in

somatic cells of light-green (Y,1y1;) sprout leaves. Such alterauons are due to different genetic

disorders, such as point i deletions, ct isjunction, etc. The results are
shown in Table 2. The preparations do not differ from each other by the rate and spectrum of
induced ions. The two induced direct ions more often than reversions. The

dose-effect phenomenon was also registered.

Table 2. Genetic changes induced by pesticides in the leaves of heterozygous light-green plants
compound, total number total average number of spots per leaf
concentration of analyzed number of in all
% i spots yellow green double

Ridomil
0,02 105 96 0.58+0.09 0.33+0.03 0 0.91£0.12
0,04 90 93 0.64+0.06 0.3920.05 0 1.030.11
0,06 95 104 0.7020.08 0.39+0.02 0 1.0940.10
0,08 80 88 0.71£0.07 0.40+0.06 0 1.10£0.13
0,1 85 124 1.1820.13 0.28+0.02 0 1.46£0.16
Khomecyn
0,02 100 2 0.51x0.05 0.21=0.02 0 0.72+0.07
0,04 110 84 0.55+0.04 0.21£0.03 0 0.76+0.07
0,06 95 80 0.62:+0.05 0.22+0.04 0 0.84x0.09
0,08 85 83 0.81+0.04 0.170.03 0 0.98+0.07
0,1 80 111 1.270.04 0.1240.02 0 1.39+0.06
Control 120 38 0.22+0.03 0.10£0.02 0 0.32+0.05

In the same test system for suspended seeds the following effect was observed: Ridomil
and Khomecyn more frequently induced mutations. In the plants, grown from suspended seeds
when treated with 0.1% concentration of the preparations, the total number of patches per leaf was
on average 2.58 for Khomecyn and 3.40 for Ridomil, but in one-year-old seeds they were 1.39 and
1.46 respectivcly Our results correspond to the data obtained by other authors in plants belonging
to other specles [Dubmm, 2000].

Pestil in the case of h gous yellow (y11y11) shoots caused appearance
of only light-green patches on the surface of leaves (see Table 3). Such process in somatic cells
may be caused by the mutation occurred only in one of the allele pair. In our experiment no
occurrence of simultaneous mutations in both loci was registered. It would induce formation of
green patches. The effect of Ridomil in low concentrations almost did not differ from spontaneous
level, while Khomecyn in high concentration caused significant elevation of reversion rates. As
compared with one-year-old seeds, in the plants with yellow phenotype developed from the
suspended seeds, the two preparations were more effective to cause reversions [Baratashvili et al.,
2003]. For instance, when treating suspended seeds with 0.1% solution of Khomecyn, on average,
0.81 light-green patch per leaf was developed. In the case of Ridomil this number is 0.62. When
one-year-old seeds were exposed to the same concentrations of agents these indices were 0.22 and
0.27 respectively.
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Table 3. Pesticide-induced genetic changes in the leaves of ellow plants
S uer ofanalyzed | total number of ightegreen | e
- caves spots
Ridormil
002 32 2 0.06+0.02
0,04 3 2 0.0620.02
0,06 30 4 0.1340.08
008 28 7 0254008
0.1 30 8 0272007
Khomecyn
002 31 3 0.1040.03
0,04 26 2 0.0840.05
006 20 3 0.154006
008 2 3 0.14£0.05
0,1 18 4 0.22+0.06
Control 50 1 0.0220.008

The same test-system has been used for testing the influence of Mikol and Kerozat on
ded seeds. High icity of these ions were detected [Chitanava et al., 2003].
Genetoxic activities of other pesticides widely used in Georgia were studied as well. Keltan,
Epidor, Hexathiuram and Heptathiuram were found to have high rate of mutagenic and
recombinogenic activities. The same genetic line of soybean was used for studying the effect of
some physical X-rays, y-radiati [Vig, 1985; Zakharov, Davronov, 1985].
The effect of low doses of these mutagenes significantly exceed the genetic effect of the mutagenes
we have tested.
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Abstract

Chromosomal aberrations of meristemal cells of maize’s second cycle lines:
“Georgian 9” is 15/36 and “Enguri” is 11/28, grown on ecologically pure soils (Miskheta
region), as well as on polluted with heavy metals soils (Bolnisi region) were studied. It was
shown that frequency of chromosomal aberrations of maize’s second cycle lines of Bolnisi
region is increased compared to Miskheta region: this parameter for “Georgian 9" is 15/36
of Bolnisi region is 26,8744% and of Miskheta region — 2,420,7%; for “Enguri” is 11/28 of
Bolnisi region is 11,57:2% and of Miskheta region 0,2:0,56%.

Key Words: maize’s hybrid, heavy metals, chromosomal aberrations

Introduction

The increase of ecologically pure agricultural products, as well as the decrease of the
negative influence of the anthropogenic factors for conducting of biosphere’s natural cycle is
nowadays argent problem. The gravest danger for natural cycle of biosphere is the industrial and
consumption waste as they cause the negative changes of natural processes. Among these processes
the most important is to reveal the mutagenic influence of heavy, toxic metals on the plant cultures
[Win V., 1991].

For the plant defence it is very important to study mutagenic activity induced by the heavy
metals, estimate the frequency of chromosomal aberrations of meristemal cells of maize’s new
lines.

Materials and Methods

Meristemal cells of maize’s heterosised hybrids of second cycle lines: “Georgian 9” is
15/36 and “Enguri” is 11/28, grown on ecologically pure soils of village Tserovani, Mtskheta
Region (experimental plot of the Agriculture University), as well as on polluted with heavy metals
soils of village Khatissopeli, Bolnisi Region plot, were studied [Mamulashvili L. et al., 2004].

Microscopic analysis were carried on “? ?? -3” and “? 9? -6” microscopes using photo
films “Mikrat-200” and “Mikrat 300”. For microscopical studies of meristemal cells accepted
cytological methods were used [Pausheva, 1988].

Percentage of aberrations frequency was calculated.

The standard deviation formula of chromosomal aberrations is:

_58-



where n — is the percentage of cells with chromosomal disorders, N — the amount of studied
mitoses.

Results and Discussion

In the meristemal cells of second cycle lines of “Georgian 9” i5 15/36 of Bolnisi (total
amount — 117) the anaphases with bridges and fragments (17), sticky and circle chromosomes (13),
backward and asymmetrical anaphases (11) are occurred more often (Fig.1). The aneuploidy and
polyploidy cells are occurred in considerable less amount — 2. In this line chromosomal aberrations
frequency is 26,88 = 4,00%, while this parameter of 530 meristemal cells of the same line of
Miskheta Region is 2,4 + 0,66% (Fig.2).

Table 1. The frequency of ions of the meristemal cells of second cycle lines of
maize (“Georgian9”, “Enguri”) of polluted and unpolluted regions
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Fig.2. asymmetrical anaphase
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Telophase with bridge.“Enguri” is
11/28 (Miskhetar.)

Fig.3. anaphase with bridge; backward chromosomes
“Enguri” is 11/28 (Bolnisi r.)

As for meristemal cells of second cycle lines of “Enguri” is 11/28, the chromosomal
aberrations are less compared to “Georgian 9 is 15/36. In Bolnisi region from studied 327 normal
cells the anaphases with bridges and fragments were only 14 (Fig.3). More often were occurred
backward chromosomes. The a.mount of sticky and circle chromosomes was 11, of backward and

ical loidy and polyploidy cells —2. CI
frequency was 11,57 + 2, 07% and for 605 studied cells of the same line of Mtskheta region — 0,2 +
0,56% (Fig.4).

Thus, the mutagenic influence of heavy metals on the maize’s lines is clear. The decrease
of the total amount of meristemal cells and increase of separate cells size of received in Bolnisi
region lines was observed. The chromosomal aberrations of Bolnisi lines were expressed stronger
compared to Mtskheta lines.

It was revealed that the freq of 1 i of meristemal cells of
“Georgian 9” is 15/36 is higher than of “Engun" is 11/28 in both, polluted and unpolluted regions.
The of ions of meristemal cells of received in Bolnisi “Georgian 9”

|5 15/36 is by 24, 48% more compared to the ones of Mtskheta region. The frequency of
of cells of received in Bolnisi “Enguri” is 11/28 is by 11,37%
more compared to the ones of Mtskheta region.

References:

1lin V. The heavy mela[s in the system of soil-plant. Novosibirsk, “Nauka”, 27-40, 1991.
., Naskidashvili P. The regularities of heavy metals distribution in
potable and irrigation waters and in soils of Kvemo Bolnisi and protein analysis of
second cycle lines seeds of maize. Proc. Georg. Acad. Sci. Biol. Ser. B,, 2, 1-2, 74-77,
2004.
Pausheva Z. Practical course of plant cytology. Moskow, “Kolos™, 303, 1980.

-60-



W/
= %/
9aAl36:

89030 30B5RIB00) RSJ069IBGIBIR 605RHdBI 30RIBIR0 LOBIELAY'?
800983 B030L  bSHIBOL  FIGOLBATIRNO  IXRGIRIBOL
d6080L03IR0 RIGRIIZIBOL LOLBOGOL FILTSIRS

Bgmsdgomo @,  6olygowsTgomo 3., 3m3065330mo J.

896960406 @ byemgpos-dgmy S0l googeds, bafstmgamml bobyedfog
aaﬁo@gﬂ\nn gEngg(ﬁbnémn

(Boggdigemos 10.052004)
$3%0389

Ybfogmomos,  GopméG3  3gbgmol  Goombol  ggomompondse  bygos
booagby, sbygy dmmbobol 6ol 3dody Bomgdon Ros0bYHgdYm bospsyby
dogdyeo  bodobrol 3gmBy  (0gmols bo%ganb ;]oﬁm';];@o 9 s 15/36-nb.> o
“gbpe0” is  1U28-0L  3g&obegdamo axGaRgdb 3

IR
30605, 603 dombobol Gs0m60 omgdamo bodobrols dgmdy @ndgr\nnb b3bg890

33by: 636 3y B0 Lsg@dbmdmar sGol dmdsggdnmo Jomdmbemdgmo
396530g00L  bobBodg:  dombobol  G3006F0  “Jodormmo 97 is 1536 bobols
B9®0bydy IXRGIYBoL  JO0Inbodgmo 39653030 bobBoty 26,87% 4%-0s.

3bgool  Go0mbol  sbommpogo  bsbol  Jomdnbodgmo  s3g@sgogbol  LobBosy
2420,7%-b popghl. “ghanGol” is 1/28-Bo Jomdmbodamo sdg@sgogbob LobBoty
doEbobol 6300680 11,573 2%-05, d3bgool G50m6F0 g0 02%0,56%-b Fgoaghl.

6=



1F101935

Proc. Georgian Acad. Sci., Biol. Ser. B
Vol. 3, No. 1, 2005.
Genetics

STUDY ON ECOLOGICAL ASPECTS OF SEAWATER BY
MARKER METHOD

TSILOSANIN., ALAVIDZE Z., ELPINERI L., CHKONIA 1., KIKNADZE M.,
ZAALISHVILL L., DZIDZISHVILI M.

Department of Genetics, Iv. Javakhishvili Tbilisi State University
(Received May 10, 2004)

ABSTRACT

The methods for modeling of spreading the infection agents through water are
considered. The data on improving selective methods for biological tracer-bacteriophages
are presented. It has been shown, that standard nonspecific bacteriophages may be tested on
their fitness for tracing by plating them on the mixtur of permissive and non-permissive
bacterial strains. The method is expected to be convenient in terms of its simplicity.

Key words: tracer-bacteriophages, permissive bacterial cultures, phage-resistant
mutant.

Introduction

Water plays an essential role in spreading intestinal, bacterial and viral diseases. It is
obvious that we should carry out sanitary-epidemiological investigations [Melnik, et al. 1990],
especially it is important to study the sources and spreading ways of infections to plan and
perform appropriate measures [Khazenson; et al. 1975].

In recent years bacteriophages and nonpathogenic bacteria have been widely used as
tracers because of their biological similarity to infectious agents - viruses and bacteria [Chkonia,
1997]

The purpose of the present paper was to work out a simple method for identification of
tracer bacter The following activities were di d: 1. selection of non-specific phage
clones with high reproduction capacxty and with high resistance to environmental factors; 2.
determination of the methods for their detection and cultivation that would facilitate further tracer
selection and introduction in to the practice.

Material and methods

The resistance of bacterial strains towards phages was studied by the method of Ledenberg
[Ledenberg J., Lederberg E., 1952]. Phages were isolated by water sample enrichment method. The
concentration of active phages was determined by the method of Graigie. The neutralization
reaction was used to study the serological features; the latent period and average productivity were
registered by the method of Elice and Delbriuke.

=605



Results and Discussion el

E.coli-specific bacteriophages were isolated on standard laboratory strains of E.coli - CR-
63 and k-12(?) cultures (26 phages). Polyvalent and high-specifi
phage M17 were obtained from starter strain of the “colibacterium” by means of UV—madxation.

13 phages were cloned and classified into two main groups according to the negative
colonies. 3 phages were selected for further studies, in particular FC-1 (from the 1% group), FC-2
(2™ group) and high-specific phage FM-17 (as a control).

It was shown that the phage FC-1 by serological features is close to DDIV and DDV
group phages and according to Akerman classification system belongs to Syphoviridae
[Ackermann, 1995]. As to phage FC-2, it appears to be close to T, even DDVI phages and it
belongs to the Faxm]y of Myovmdae The bactenophage l'M 17 was dlfferent from the above
mentioned group in terms of i The main
characteristics of the mentioned bactenophagxs are given in Table 1.

Table 1. General taxonomic characteristics of FC-1, FC-2 and Fm-17 bacteriophages.
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clear centre to the 90.6
and  incom- DDIV %
plete lysis and
DDV
hages
FC-2 | Diameter 3.0- | Myoroviridae | II 74 90- 58°C | 74°C - 1 0.6 | 20%
4.0 mm with related 100 - 0.5% and
clear  centre 10E 96.6 more
and pair %
incomplete phages
lysis
FM- | Diameter 3.0- | Syporoviridae | Specific | 80 190- | 58°C | 68°C— [ 2.55 03 15-
17 4.0 mm with 200 -96 | 035% 17
clear centre % %
and  incom-
plete lysis

The investigated bacteriophages differed from each other by the following features: the
capacity to form negative colonies; the hol of ides and the 1
relationship. Besides, the studied phages are to be dependent on the influence of lime chloride,
ultraviolet light, high temperature and salinity.

To create a favorable method for bacteriophage identification, phages were plated on
permissive and non-permissive bacterial cultures and their mixture. The following cultures were
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taken as permissive cultures: E.coli K12(?) and E.coli M17 and their mutants resistant {6 pliages,
E.coli K12 (2)/FC-1, E.coli k12(?) / FC-2, E.coli M17 / FC-17 obtained by indirect selection
according to Lederberg's method. Plating efficiency indices of selected bacteriophages on
permissive, non-permissive and mixed bacterial cultures, are given in Table 2.

It was shown that the tested phages do not reproduce on the phage-resistant mutants (or
their reproduction is very limited), while the efficiency of phage plating on the mixed cultures
containing both the permissive and non-permissive strains seems to be in close proximity to the
values obtained on the initial strains (Table 2). Only negative colonies have different morphology:
they are clear on the wild cultures, but turbid on the mixed cultures. In addition, the mutants do not
express cross-resistance. All this indicates the specificity of the method applied for the
identification of the t iopk

Table 2. The plating efficiency indices of bacteriophages
plating efficier

. Bacteriophages, morphology of negative colonies
FC-1 FC-2 FM-17
1 7 3 4
E.coli K-12 2+10° 3%10° 0
E.coli K-12 / FC-1 E.coli K- 0 3%10° 0
124+
K-121/FC-1 5%10° 3¢10° 0
E.coli K-12 / FC-2 E.coli K- 1x10° 0 0
120+
K-12A/FC-2 4x10° 2.710° 0
E.coliM-17 8+10° 8.2+10° 3+10°
E.coli M-17 / FM-17 E.coli 8+10° 8.2x10° 0
K170+
M-17/FM-2 8+10° 8.2¢10° 3%10°

For recent years water quality of the Black Sea has been significantly deteriorated
resulting in seawater pollution in the resort regions. Seawater has been contaminated with various
infectious viruses and pathogenic bacteria.

Modeling of the spreading ii ious material was conducted in the coastline zone of the
Black Sea (Kobuleti, Gagra and the regions neighboring Pitsunda).

200 ml of each sample containing the tracer-bacteriophages (2-5x10"" infectious unit per
ml) were poured into the seawater at different distances from the scacoast. In particular, the sample
with phage FC-1 was tested in Kobuleti near the mouth of the Natanebi river. The phages FM-17
were poured into water at 500 m distance from the Pitsunda seashore, and the phage FC-2 samples
— in Gagra near the water collector in 20 m distance from the shore.

The water sample were taken from different places (at 200, 450, 600 m and 15 km
distances from the shore) at the fixed time (1, 2, 8, 12 and 22 h after starting the experiment) from
various depths — 0.5; 2.5; 5.0; 10 and 20 m from a water surface.
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In Kobuleti the phage FC-1 was found on the water surface after 1 h at a distance of 200
m, 2h later it moved to the depth (5-10 m) far from the seashore (640 m). After 8 h they were found
in low quantities only at the place they had been poured.

The spread of FC-2 tracer was observed only in surface layers moving away from and
towards the seashore. 8 h later only a small quantity of phages was observed at 500-700 m distance
from the sea-front, both in surface layers and at 2.5-5 m depth as well.

In Gagra the presence of FC-2 tracers has been observed at a rather long distance (15 km)
on the water surface and at 10 m depths for a quite long period of time (22 h). Distribution of
tracers mostly depends on wind and underwater currents. We suppose that the sewage pouring from
the collector-cleaner in Gagra could affect the phages causing them to move away from the shore.
Viability of the phage can be explained by the relatively high resistance of the phage FC-2 to
environmental conditions. Above all, it should be mentioned, that rather large amount of free
phages has been observed in the water, pouring from the collector, and the method applied allowed
us to reveal the tracers via registration of turbid negative colonies.

The data obtained enable us to suggest that any phages, even a nonspecific bacteriophage,
which is easy to select, multiply and concentrate, can be used as a tracer. Furthermore, the method
provides recognition of the tracer-phages from the variety of free phages.

The method is simple and economic. Special qualification is not needed for preparing and
practical application of the tracers. It can be used also for studying the process of self-cleaning
dynamics of water reservoirs and the work efficiency of plants waste treatment.
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Abstract

The existence of glycoproteins on the surface of calf brain chromatin with following
terminal carbohydrates: Man, GlcNAc, GalNAc, Gal and less Fuc was revealed. The
chromatin nonhistone proteins are glycoproteins. Unlike the intact chromatin they have a lot
of terminal carbohydrates: GlcNAc, Man, Gal and less Fuc. The Most of glycoprotein
carbohydrates are directed inside the chromatin, which may have part in the realization of
their biological function. The method worked out and GIcNAc-, Gal-, Man- specific lectins
were isolated from chromatin nonhistone proteins (by affine chromatography). Unlike the
nuclear membrane lectins with the same specificity, they reveal low speclﬁc acnvnty and a
high content of It was luded that p; P take place
in the stru I-functional of ch and ch i i proteins,
which is realized by means of protein-carbohydrate interaction.

Key words: calf brain, chromatin, nonhistone proteins, lectins, glycoproteins

Introduction:

Cytosole, nuclear membrane and nuclear matrix lectins were isolated and characterized in
order to study of lectins biosynthesis, transport and their possible function in nuclei [Akhalkatsi et
al., 1996; Kharazishvili et al., 1999; Kharazishvili et al. 2000]. On the one hand, our aim was to

i the terminal carb of calf brain ck in and i proteins and on the
other hand to isolate of the proteins with lectin activity from nonhistone proteins.

Materials and methods

Calf brain cell nuclei were isolated by the method of Chauveau [Chauveau et al., 1956].
Chromatin was prepared by Huang and Huang [Huang R.C. et al., 1969] and nonlnstone protems =
by Wang [Wang T., 1967].The lectin activity was d by h il of tryp:
rabbit eryth: . The lectin-binding activity of ct i proteins was
by the minimal protein concentration which inhibited the agglutination of trypsinized rabbit
erythrocytes. In experiments plant lectins from “Diagnosticum Lvov” were used. The proteins with
lectm act\vlty were isolated by affine ch hy with cart (GIeNAc, Gal, Man)

bilized on tris-acryle. Cart jon in lectins were measured by the method of
Colb and Kamishnikov [Kolb V. et al., 1982], the proteins by Lowry et al., [Lowry O. etal., 1951]
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and DNA by Dische [Dische E., 1955]. The data presented below are the average restlf obtai né&‘ g
in five or six independent experiments (p<0.05).

Results and discussion

In the first series of experiments chromatin lectin activity which was measured after
detecting the presence of carbohydrates on the surface of chromatin by the happen inhibitory
method was not revealed [Akhalkatsi R. et al., 1996]. The chromatin plant lectin binding ability
was established in two cases: 1. Plant lectins of various specificity with constant concentration
(using the titre 8) were added to titred in and h ination activity was d after
30 min of preincubation. 2. Chromatin was in constant concentration and the plant lectins were
titred (Table 1). Both cases of experiments indicate that the hemagglutination activity caused by
galactose specific lectin SBA and mannose (glucose) specific lectins PSL, Con A and LCL was
inhibited well by chromatin and less caused by fucose specific lectin LAL. So, on the surface of
chromatin there are specific sites for plant lcctms = glycoprotems wuh following terminal

: mannose, N-acetyl-D-gl gal and less
fucose.
Table 1. The influence of calf brain chromatin on hemagglutination activity of Plam lectins
The sources of the lectins Lectins | The carbohydrate specificity The number of
wells
1 2 3
Laburnum anagiroides LAL Fucoso specific a L. Fuc + - -
Galactoso specific
Arachis hipogeae PNA BD Gal ol e
Glicine max SBA a D GalNAc S = -
Sambucus nigra SNA D Lac, D Gal oo r &+
Mannoso-(Glucoso) specific
Pisum sativum PSL a D Man >D Gle> D GleNAc E - -
Canavalia ensiformis Con A 2D Man >D Glc> D GlcNAc o - -
Triticum vulgaris WGA (D GIeNAc),, n=1,2,3, NANA - = <
Lens culinaris LCL a D Man >aD Gle>D GlcNAc - - -
R X

10
The plant lectins were titred T"'=8 + 67.5 mkg/50mkl chromatin in PBS + 50 mkl of 2% trypsinized
rabbit erythrocytes.

In the next series of experiments the plant lectin binding acnvn‘y of calf brain non}ustone
proteins of chromatin was established (Table 2). In these di of
proteins do not reveal the hemagglutination (lectin) activity. The affinity of nonhistone proteins to
plant lectins was asserted by the ratio of lectin/lectin binding protein (Table 2). LAL reveals
especially high affinity and less — WGA (LAL>PNA>SNA>LCL>PSL>Con A>SBA>WGA). The
same picture was obtained with nonhistone proteins of rat brain chromatin, but with different
specificity [Akhalkatsi R. et al., 1996]. So, isolated ncnlnstone protems have a higher level of

glycoproteins than those on the surface of ck with g terminal carbohyd
Fuc>Gal>Man>GIcNAc. Our expenments suggest !hal they are directed m51de the intact chromatin
and they may take part in the il of b (genome i ition) and
in the of ct in in protein-protei by protei t
connection.

It is known, that the protein-carbohydrate connection is carried out by a lectin [Gabius H.,
1997]. Therefore, it may be admitted, that there are lectins between nonhistone proteins of
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chromatin. The method for isolation the proteins with lectin activity from nonhistone
calf brain chromatin was worked out.

Table 2. The plant lectin binding capacity of calf brain chromatin proteins
The sources of the lectins | Lectins The Lecti binding
specificity Protein (nonhistone)
Laburnum LAL Fucoso specific 432x107
anagiroides aL Fuc
Galactoso specific

Arachis hipogeae PNA BD Gal 1.88x10?
Glicine max SBA a D GalNAc 3.05x10°
Sambucus nigra SNA D Lac, D Gal 8.12x 102
Pisum sativum Mannoso-(Glucoso-) specific
Canavalia esiformis PSL aD Man > aD Gle> D GleNAc 447x10°*
Triticum vulgaris ConA | aDMan>aD Gle>D GlcNAc 4.04x10*
Lens culinaris WGA (D GIeNAC),, n=1,2,3, NANA 136x 10°°

LCL aD Man >aD Gle> D GleNAc Shx 102

The nonhistone proteins were titred (20 mkg/ 100 mkl of PBS) + 50 mkl PBS which contain plant

lectins T" = 8 + 50 mkl 2% of trypsinized rabbit erythrocytes.

The nonhistone proteins were dialyzed in PBS (0.9% NaCl+40mM potassium phosphate buffer pH
7.4). This protein revealed no hemagglutination activity. In PBS dialyzed nonhistone proteins were applied to
GleNAc, Gal, Man affine column (carbohydrates immobilized on tris-acryle) (3-4 mg protein to column with
volume 3 ml). The unbound proteins were eluted by PBS. The specifically bound proteins were cluted by 0.25
M glicyne-HCI buffer (pH 2.5), then they were dialyzed in PBS, concentrated and the hemagglutination
activity was measured (Table 3). Unlike the calf brain nuclear membrane lectins with the same specificity,
they reveal low specific activity [Kharazishvili L., et al., 2000].

Table 3. The i activity and content of chi s it proteins
__GleNAc-, Gal-, Man- specific lectins
Protein fraction Protein concentration | Titer | Specific activity Carbohydrates content
E# mg/ml i mkg/mkg protein
[ 1 [ GlcNAc-specific 0.011 4 58.8 25
2 Gal- specific 0.007 4 142.6 142
g Man- specific 0.009 2 222 3125

It is known, that most of animal lectins are glycoproteins. The lectin of chromatin
nonhistone proteins are also glycoproteins, as they contain carbohydrates (Table 3). The low level
of specific activity is the reason of the high content of carbohydrates

Thus, the lectins which take part in the protein-protein interaction by protein-carbohyd:
connccuon were \solated from nonhistone protems of chromaune This suggests the pamclpaucn of

tein-protei in the str 1l or of and
nonhlstone proteins which is realized by means of protein-carbohydrate interaction.
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Abstract

features of Sacch isige (S.cerevisae) was studied in
vivo. Comparative analysis of the effect 0f i ial ( i
)and i (S isiae, Glucan) on various groups
of animals suffering from Staphylococcus aureus (S. aureus) was carried out. The effect of
S. aureus on the number of neurons and glial cells in different areas of mice hippocampus
and  the effects of those preparations on such possible changes of hippocampus was
elucidated. Immunostimulating action of the yeasts manifested by high titers of antibacterial
and anti-toxic antibodies was observed in animals treated with S.cerevisiae. There were
statistically true changes in the total number of glial elements in CA 1 area of hippocampus
in the animals treated with S. cerevisiae.

Key words: ; stap infection; Passive
Hemoglutation Test; CAI Field of Hippocampus.

Introduction

Host defense presents one of the most critical physiological challenges for an animal. The
ability to prevail against infection with pathogenic microorganisms requires first that animals
possess a sensory system capable of detecting pathogens [Besedovsky et al. 1996]. Second, the
animals must be able to remove or inactivate the pathogens once detected. In vertebrates,
specialized immune cells (macrophages, granulocytes and certain T cells) and blood - borne
molecules (complement) directly destroy pathogens. These efforts are supported by endocrine,
metabolic, and cardiovascular changes that are dinated by and docrine areas
of brain.

derived cytokines, released following detection of
pathogens initiate the activation of a constellation of brain regions collectively involved in
homeostatic regulation, including host defense [Elmquest et. al. 1996]. Brain mediated host defense
mechanisms, components of the “acute phase response” to infection, include fever, somnolence,
and elevati of plasma corti ids, as well as behavioral alternations such as social
withdrawal and hypophagia. In this way, the immune system is able to recruit a wide variety of
body-wide defense mechanisms in response to infection. [Goehler et. al. 2001 ].
In addition to T cell - dependent immune sensory mechanisms, many immune cells,
including dendrite cells and macrophages, express specific receptors for bacterial cell wall
constituents or viral proteins [Medzitov et. al. 1997]. Lipop haride (LPS) are believed to be
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the most important marker for gram-negative bacteria, whereas peptidoglican byproducts §tith’as
muramyl dipeptides (MDP) serve as salient stimuli from gram positive bacteria [Pabst et. al.1999].
Immune cells activated by binding of those substances release hormone — like mediators such as
cytokines and chemokmes that activate other immune cells and can also serve to signal the brain.

Thus both T cell - dent and —ind Gl i of pathogen detection lead to the
realize of mediators coordinating both the immune and nervous system
‘Whereas both types of immune - sensory i lead to production of

mediators capable to signaling the brain, most of them derives from T cell - independent stimuli
such as LPS or MDP. However, it was shown that T cell activation by a superantigen derived from
gram — positive bacteria [staphylococcal enterotoxin B (SEB)] activates the hypothalamus-
pytuitary — adrenal (HPA) axis and initiates anxiety — like behavior in mice [Shurin et al. 1997].
Those findings raise ing issues ding the specificity of neuronal to immune
stimuli. For this reason it is imp to study the infl some antik ial sut closely
with changes in CNS and immunsystem.

The present investigation is focused on antibacterial features of Saccharomycs cerevisiae
(S.cerevisae) in vivo. The following goals were set: 1. Comparative analysis of the effect of
= al i e e e and i . 5 s
(S.cerevisiae, Glucan) on various groups of animals suffering from Staphylococcus aureus (S.
aureus). 2. Elucidate: a). The effect of S. aureus on the number of neurons and glial cells in
different areas of mice hippocampus and b) if those preparations have some effects on such

possible changes of hippocampus.

Material and Methods

Animals. Four weeks old male mice were used in this work. Animals were housing in
flexible plastic isolators and handled according to the institutional guidance for animal welfare.
The different groups of animals were used (total number of animals — 30; 5 — animals in each
group).

Immunological and Histological studies. To initiate infection the mice were challenged
hypodermically with 4x10° cfu (colony forming units) of S.aureus strains. At 72h postinfection
mice were treated with different antibacterial and immunostimulant drugs. Group 3 mice were
treated with 1ml of 10° pfu ml’! (plague forming units) of staphylococcal bacteriophage daily;
group 4 mice were challenged with 0.5 ml of 107 cfu mI"' of S. cerevisiae daily; group 5 mice
were challenged with 1.2g glucan daily; group 6 mice were treated with 4% solution of
gentamicine-0.25ml (daily dose). groups 1 and 2 were controls.

After 10 days treatment blood was collected from intraorbital vein. Mice were killed by
ether anoxia and brain was removed from each.

Antibacterial and antitoxic antibodies and staphylococcal a-toxin were detected using the
modified method of passive hemagglutination test [Solovjov et. al 1980]. The antibacterial and
antitoxic erythrocyte diagnosticums were prepared in the Laboratory of immunology of the
G. Eliava Institute of Microbiology, Virusology and Bacteriophage of Georgian Academy of
Sciences. Brains for histological analysis were placed into 10% buffered formalin and embedded in
paraffin. 20 tm sections were stained with Thionin. The quantitative analysis of total number of
neurons, glial cells and satellites was performed in all layers and all subdivisions (CA1-CA 4,
fascia dentate) of hippocampus of the mice from all experimental groups according the method of
West. The counts were made with the optical detector from a systematic random sample of the
sections. The sections were selected at uniform intervals along the entire length of each region with
a random start position.
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Fever . Body were daily using standard
biothelemetry procedures.

Statistical analysis. Data were analyzed by statistical software- MINITAB Release 13.1.
In all tests p value below 0.05 was taken as an indication of statistical significance. All values are
reported as means + standard errors of the means.

Results and Discussion

results are ized in the Fig 1. There were statistically true changes
in the total number of antibacterial antibodies in the infected animals (53£19; p=0.04) and in the
animals ‘infected and treated with yeast (53%19; p=0.04); Surprisingly, there were no statistical
changes in the number of antitoxic antibodies in the group of infected animals, since the
statistically significant results were received in the group 4 (16+0.1; p=0.00) and in the group 6
(946; p=0.2).
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Fig. 1. Passive Hemagglutination Test Response: 1. Change of antibacterial antibodies; 2. Change
of antitoxic antibodies.

Body temperatures were statistically true changed at the acute phase of infection (39+
0.9; p = 0.007) and at the duration of treatment (38 +.6; P =0.007).

The total number of neurons and glia were unchanged in mice from group 2 (infected by
S. aureus), group 3 (infected by S. aureus and treated with phage), group 5 (infected by S. aureus
and treated with gucane) and group 6 (infected by S. aureus and treated with gentamicine). As to
group 4 (infected by S. aureus and treated with . cerevisae) there were statistically true changes in
the total number of glial elements in CA 1 area of hippocampus. In particular, if in the intact
animals this number was 761181, and in the animals infected with S. aureus it was-649£157;
p=0.5, in the animals infected and treated with S. cerevisae, the total number of glial elements was
statistically increased: 1710£392; p=0.05. (Fig. 1.B) Surprisingly, there were no statistical changes
in the number of satellites in the mice of this group: no in this field, nor in others — such changes
aren’t found.
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Because of a long association with human food and drink, the yeast S. cerevisiae has been
considered to be harmless saphropite. The scientists began to study the pharmacological spectrum
of Saccharomyces yeasts from 1940. It was determined, that at the presence of quantitative contents
of B-group vitamins in the yeasts a single injection with Saccharomyces boulardii was enough to
cure rats having a deficit of B1 vitamin [Brunnel et. al. 1972 ]. Further evaluation suggests that the
passive or negative effect of these yeasts depends on the dosage. Later the positive effect of
application of S. boulardii in the cases of acute diarrhea infections and diarrhea and colits caused
by antibiotic therapy was shown [Chapoy et. al. 1987].

In the experiments the staphylococcal infectious was chosen because of the pathogenesis
of S.aureus. This is the important human pathogen, which pathogenesis was not diminished by the
application of antibiotics and there are no literature data about the influence of S.cerevisiae on
S.aureus in vivo.

Study of changes of antibacterial and antitoxic annbody enables us to detect development
of the infection (based on the statistical signi results of ial antibodies in the group of
infected animals), but the absence of statistical changes of antitoxic antibodies in the group of
infected animals suggests that the treatment was started before the producing of = staphylococcal
toxins.

Fig. 1. A) CAL field of hippocampus — control (40 x 4.3); B) CAL field of hippocampus .
cervisiae treated animals (40 x 4.3).

As a first step of our research of structural changes we decided to estimate the total
number of neurons and glia in different levels and subdivisions of hippocampus — one of the major
structures of limbic system. The h|ppocampal formation is be]leved to play important role in the
learning and memory, as well as in the control of i h and ine
funcuons In mice it was shown, that T-cell dependent immune stimuli, including the bacterial
in B (SEB), can activate the hypothalamic pituitary adrenal
axis, elevates mterleucmZ and provoke c-fos expression in the paraventricular nucleus of
hypothalamus and amygdala. Consistent with the notion that central corticotrophin releasing
hormone (CRH) alterations induced by SEB may affect B

pp in a it dent manner, being marked in a novel and stressful
i dingly it is i ing to investigate the of limbic system which
are actively mvolved in these i i ing is the i igation of possible

structural changes provoked by s(aphylacoccus in these regions.
According to our quantitative data, true changes in the CNS were found exclusively in the
mice infected and treated with the S. cerevisae. However S. aureus itself doesn’t provoke any
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di i in the hi ics of studied areas. So, it is possible to sugges(&ﬂut thie o)
increase of the number of glia is the result of the action of S. cerevisae itself. It was shown that
some clinical isolates of S. ce can proli and resist in vivo that suggests the

potential of S. cerevisiae to cause the chmcal disease; at the same time, it was shown the increase
of the number of glial cells in the brain by clinical and linical isolates of S. i
[Clemons et. al. 1994].

Though according to our data we can’t explain the mechanism involved in these changes,
we have some doubts about the ways of using the living cells of S. cerevisae in medicine. This
question should be investigated in more details, and at first, it is necessary to determine exact
dose/s and duration of treatment with this probiotic.
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Abstract

Diaporthe pulla Nitschke and its anamorph Phomopsis pulla (Sacc.) Traverso on
Hedera helix, Phomopsis picea (Pers.) Hohn. on Hypericum sp. are found for the first
time in Georgia. Additional host-plants and new localities are reported for eight further
species of microfungi from Georgia: Cytospora chrysosperma (Pers.) Fr., Diatrypella
Javacea (Fr.) Ces. & De Not., Disculina vulgaris (Fr.) B.Sutton, Eutypella ailanthi (Sacc.)
Sacc., E.scoparia (Schwein.) Ellis & Everh., Hysterographium fraxini (Pers.) De Not.,
Stigmina obtecta (Petrak & Esfandiari) M.B.Ellis, Valsa ambiens (Pers.) Fr.

Key words : mycobiotic complexes, fire injured plants, necrotrophic micromycetes.

Introduction

This paper inuing a ibution to the biotic diversity of Georgia provides brief
information concerning new records of necrotrophlc mlcromycctes (NM) and new fungu: -host
combination from Georgia. More i from the P of fung i and

pathogenecity of NM are mycobiotic complexes (MC) abundantly appeared m/on fire injured
plants [Gvritishvili, 1982] which are considered to be the model object for studying plant-
necrotrophic fungi interaction, fungal life strategy and formation of MC as well as to evaluate their
role in woody plants pathogenesis in relation to the known conception of predisposition, stress and
diseases [Schoeneweiss, 1975].

Materials and Methods

The materials for investigation have been collected during field observations conducted
mainly in Tbilisi and the surro\mdmg area and in some other regions of Georgia. The specimens
collected contain d mainly with woody plants including fire
injured trees and shrubs. It is postulated that places after fire are considered as an accidental
experimental plots with artificial plantations or natural stands damaged from fire to a different
extent. At the same time uninjured plants or their uninjured parts can be considered as a control
variants. Routine light microscopic method has been used for identi of collected i
on the base of macro and micromorphological features.
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Results and Discussion

The list of the host plants of hic mi identified on the base of macro
and micromorphological features and their localities are presented:
Cytospora chrysosperma (Pers.) Fr. [Gvritishvili, 1982; Hayova & Minter, 1998]

Alnus barbata, on fire injured stems and branches. Mtskheta distr., left bank of the river Ksani
near village Dzveli Kanda, 20.06.2004.

Cedrus deodara, on fire injured branches. Tbilisi, Saburtalo, Djikia street, 05.06.2001.

Corylus avellana, on fire injured plants. Miskheta distr., left bank of the river Ksani near
village Dzveli Kanda, 13.06.2004.

Crataegus sp., on fire injured plants. Mtskheta distr., left bank of the river Ksani near village
Dzveli Kanda, 13.06.2004.

Jasminum fruticans,_on fire injured plants. Tbilisi environs, Vere river gorge, Delisi,
07.05.2002.

Pyracantha coccinea, on fire injured stems. Mtskheta distr., left bank of the river Ksani near
village Dzveli Kanda, 20.06.2004.

Quercus pedunculiflora, on fire injured stems and branches. Mtskheta distr., left bank of the
river Ksani near village Dzveli Kanda, 13.06.2004.

Robinia pseudoacacia, see Stigmina obtecta

Thuja orientalis, on fire injured plants. Tbilisi, mountain Mtatsminda, 15.09.2002.

Diaporthe pulla Nitschke together with anamorph, Phomopsis pulla (Sacc.) Traverso
[Wehmeyer, 1933; Uecker, 1988].

Hedera helix, on dead stems. Tbilisi Botanical Garden, 16.02.2001.

Diaterypella favacea (Fr.) Ces. & De Not. (Diatrypella verruciformis (Ehrenb.)
Nitschke)

Betula litwinowii, on dead stems and branches. Tetritskaro distr., source of Vere river gorge,
approach to Didgori mountain, 1660 m, 11.08.2004.

This is the first record of B.Jitwinowii as a host plant for D favacea in Georgia.

Disculina vulgaris (Fr.) B. Sutton (Cryptosporium neesii Corda)

Teleomorph: Winterella suffusa (Fr.) Kuntze (Cryptospora suffusa (Fr.) Tul. & C.Tul.)

Conidia 40-68 x 4-5 pm (25-45 x 4-4,5 in [Sutton, 1980] ).

Alnus barbata, on fire injured stems. Mtskheta distr., left bank of the river Ksani near village
Dzveli Kanda, 13.06.2004.

In Georgia the fungus is known (as Cryptospora suffusa) on Alnus glutinosa from Batsara
State Reserve [Kanchaveli, Gvritishvili 1961] and Gori and on Betula pendula from Bacuriani
Highmountain Botanic Garden and Tbilisi Dendropark (as Cryptosporium neesii).

Eutypella ailanthi (Sacc.) Sacc.

Robinia pseudoacacia, on fire injured stems in association with Camarosporium robiniae
(Westend.) Sacc., Cytospra chrysosperma (Pers.) Fr., Cytosporina ludibunda Sace., Diplodia
profusa De Not., Ph i d Traverso, Tubercularia vulgaris Tode. Mtskheta distr.,
left bank of the river Ksani near village Dzveli Kanda, 07.08.2004.

Eutypella prunastri (Pers.) Sacc.

Cerasus mahaleb (Prunus mahaleb), on dead stems and branches. Tbilisi environs, Vere Tiver
gorge, Delisi, 06.04.2003.

Eutypella scoparia (Schwein.) Ellis & Everh.

Albizia julibrissin, on dead stems. Tbilisi, Saburtalo, 25.01.2003.

Artemisia annua, on the base part of dead stems. Tbilisi, between the Library of the Georgian
Academy of Sciences and WWF offise, 26.11.2003.

Caesalpinia gilliesii, on dead stems and branches. Tbilisi Botanical Garden, 05.12.2003.
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Ficus carica, on the base part of dead trunk. Tbilisi, Saburtalo, Mgaloblishyili- Street, o
01.02.2003.

Smilax excelsa, on dead stems. Thilisi environs, Vere river gorge, Delisi, 25.03.1989.

Tilia sp., on dead stems. Tbilisi Botanical Garden, 07.07.1989.

All of the above mentioned plants are first host records in Georgia for E.scoparia referred to as
Eutypa heteracantha (Sacc.) Sacc., Eutypella exigua Ellis & Everh. ex Berl.,, Peroneutypa
heteracantha (Sacc.) Berl., on different woody plants from the genera Ailanthus, Broussonetia,
Caragana, Cercis, Gleditsia, Hybiscus, Juglans, Laburnum, Morus, Robinia, etc.

Hysterographium fraxini (Pers.) De Not

Olea europaea, on dead twigs in with C um  dul ae Died.,
Coniothyrium fuckelii Sacc., Cytospora pruinosa (Fr.) Sacc., Dtplodta oleae Pegl., Thilisi, park
Vake, 05.04.2003.

H fraxini and other fungi listed, except D.oleae, are recorded for the first time on Olea
europaea in Georgia.

Phomopsis picea (Pers.) Hohn. [Uecker,1988].

Hypericum sp., on dead stems and branches in association with Dichomera sp., Diplodia sp.,
Macrophoma sp., Thilisi Botanical Garden, 30.04.2003.

Stigmina obtecta (Petrak & Esfandiari) M.B.Ellis [Ellis, 1976].

Robinia pseudoacacia, on fire injured stems in association with Camarosporium robiniae
(Westend.) Sacc., Cytospora chrysosperma (Pers.) Fr., Cytosporina ludibunda Sacc., Diplodia
profusa De Not., Phomopsis pseudoacaciae Traverso, Tubercularia vulgaris Tode. Mtskheta distr.,
left bank of the river Ksani near village Dzveli Kanda, 07.08.2004.

Valsa ambiens (Pers.) Fr. subsp. ambiens (together with anamorph Cytospora
leucosperma (Pers.) Fr.) [Gvritishvili, 1982; Hayova&Minter, 1998].

Acer divergens, on dead stems and twigs in association with Coniothyrium fuckelii Sacc.,
Microdiplodia perpusila (Desm.) Tassi (M.subtecta Allesch.) and Massaria inquinans (Tode) Ces.
& De Not. Tbilisi Botanical Garden, 27.06.2003.

Alnus cordata, on dead stems and twigs in association with Botryosphaeria dothidea (Moug.
ex. Fr.) Ces. & De Not., Coniothyrium olivaceum Bonord., Diplodia alni Fuckel. Tbilisi Botanical
Garden, 24.09.1998.

So far 4.divergens and A.cordata were not listed among the host plants of fungi of Georgia.
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Abstract

Cobalt deficiency in nutrient solution caused decrease in the height and volume of
columnar parenchymatous cells of the leaves in Allium cepa. Presumably, these effects are
due to the alterations of metabolic activity in chloroplasts. Excess of cobalt lead to the
marked decrease in the cell height and length, as well as in the width and volume. Evidently,
excessive cobalt turned into poisonous agent for cells, affecting the normal development of
leaves in Allium cepa specimen. At the same time, structure of parenchymatous cells in
Solanum melongena was not affected under the conditions of excessive cobalt and cobalt
deprivation.

Key words: leaves, cells, size, cobalt

Introduction

The deficit of the metal molecules in ping plant is idered a major cause of the
inhibition of a normal growth of vegetative and reproductive organs in several plant species
[Bruce, 1984]. The leaves represent a target organ of iron deprivation in plants [Platt-Aloia
&Thompson, 1983; Terry Abadia, 1986].

At the same time, excess of some metals either in soil or in watery culture may lead to the
serious damage to plants [Pereligin&Plugin, 1990; Popov&Soloviov, 1991; Saakadze,1992]. Little
is known, however, about the effects of excessive cobalt on the development of tissue in plant
vegetative organs, in particular, in leaves.

Present study was aimed at ive study of 1 in leaves of Allium
cepa and Solanum melongena specimen, grown under conditions of cobalt deficiency and cobalt
excess.

Material and metods

Allium cepa and Solanum melongena specimen were treated in nutrient solution, enriched
with all non-organic components, necessary for plant development and reproduction. Experimental
plants were grown under the diti of cobalt (: i CD) and cobalt excess
(specimen CE). Normal content of cobalt was retained in nutrient solution for control plants (C).
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Anatomical structure of columnar parenchymatous cells of leaves was studied in
microscopic sections under the apparatus MBY-3.
The height and width, as well as the length and the volume of columnar parenchymatous
cells was registered in the end of May and April.

Results and discussion

Cobalt deficiency was shown to have no significant effect on the development of leave

tissue. In p

the size of

significantly altered in

1 plant leaves as

cells of Allium cepa specimen was not

d to control sp

(see Table 1).

Table 1. The size of columnar parenchymatous cells under the conditions of cobalt deficiency

Leaves of Height Width Length Volume
Allium cepa (um) (um) (um) (umx 10)
specimen
Control 41.0 131 130 154
Average of the
circles 3-5
Experimental
(the average of each
circle)

e Circle3 412 120 114 14.0

e Circle 4 42.0 134 123 14.0

e Circle5 320 111 134 134

Thus, cobalt deficiency in nutrient solution did not affect the development of plant
columnar parenchymatous tissue. The height and volumc as well as the length and width of

columnar parenchymatous cells did not change si

tissue in control specimen.
As it is shown in the Table 2, excess of cobalt in nutrient solution lead to the marked
changes in the size of leaves.

d to the same p: of

atous cells under

as

the conditions of cobalt excess

Table 2. The size of columnar parench;

Leaves of Height Width Length Volume
Allium cepa (um) (wm) (um) (pmx 10)
specimen
Control 410 131 3.0 154
Average of the circles
35
Experimental _ (the
average of cach circle)

e Circle 3

o Circle 4 40.0 12.1 10.0 13.0

G 420 111 Thit 142

310 11.0 5.0 13.1

R9=




In particular, in comparison to control speci length of the
cells were significantly reduced in experimental plants.

In sum, cobalt deficiency in nument solutlon did not affect the normal development of
Jeaves. Presumably, cobalt does not play a role in the devel of
cells in plant leaves.

At the same time, cobalt excess is likely to inhibit the growth of parenchymatous cells in
length. It is suggested, however, that the inhibitory effect of cobalt is related rather to the poisonous
action of this element on plant cell development, than to the specific role of cobalt in the growth of
parenchymatous cell in length. Presumably cobalt affects the structure of cell membrane
[Mushkambarov & Kuznecov, 2003].

Plant species may differ in their capability to resist the inhibitory influence of metals
presented in environment. The effects of cobalt on development of leaves in Solanum melongena
provide further evidence for the specific resistance of plants to excessive cobalt.

As it is shown in the Table 3, parenchymatous cells of the leaves in Solanum melongena
retained the same developmental chamctensucs as p with control i
leaves of Solanum mels are cobalt-resistant and excess of this metal does not affect
the development of parenchymatous cells.

P

Table 3. The size of columnar cells under the itions of cobalt excess in
Solanum mele specimen
Leaves of Height ‘Width Length Volume
Solanum melongena | (um) (um) (um) (umx 10)
specimen
Control 39.0 15.1 142 12.0

Average of the circles

Experimental  (the
average of each circle)

e Circle 3
o Cnclod 383 14.4 142 122
e Circle § 394 134 13.3 131
37.3 13.1 14.0 123
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Abstract

The distribution of aphids of the Rv. Dzama, Tana and Tedzami ravines and the
specialization of their nutrition is discussed. 113 species of aphids are registered on the
mentioned River ravines, that are united within the 54 genera and 3 families. The aphids are
inhabitants of 112 species of host plants, belonging to the 44 families. The following
representatives of plant families are distinguished by the maximum quantity of aphid
species: Rosaceae — 22 species, Compositae — 13 species, Salicaceae — 8 species. Aphids are
divided into 3 groups on the base of nutrition specialization: 46 species of aphids are
monophagous, 20 species of aphids — oligophagous, 33 species of aphids — polyphagous,
whereas the nutrition specialization of 14 species was not identified.

Key words: Aphids, host plant, nutrition specialization, Shida Kartli.

Introduction

The whole area of the Rv. Dzama, Tana and Tedzami ravines composes 1598 km’. The
rivers represent right branch of Rv. Mtkvari in Shida kartli region. The aphids of the Rv. Dzama,
Tana and Tedzami ravines have not been the special subject of research before. However 34
species of these aphids are serious pests of agricultural plants on the above mentioned territory.

The aim of our research was to determine the distribution characteristics of aphids on the
host plant of the mentioned territory and to study their nutrition specialization.

Material and Methods

‘We have been collecting the faunistic material of aphids during 2000-2003 years. The
investigation involved all the plant belts of the Rv. Dzama, Tana and Tedzami ravines. The
preparation of aphids slides, identification of aphid species and the study on their nutrition
specialization were performed according to the methodology widely used in Aphidology
[Shaposhnikov 1964; Blackman, Eastop 2000; Jibladze 1967; Holman 1974].

Results and Discussion

113 species of aphids were registered on the mentioned river ravines, that are united
within the 54 genera and 3 families. The maximum quantity of aphid species was registered in
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family Aphididae — 109 species and 3 species of aphids — in family Adelgldue The minimum 4

quantity of aphid species (1 species) was registered in famlly Phylloxeridae.

113 species of aphids are mhabltants of 112 specnes of host plams belongmg to the 44

famxlies Pinaceae, Cuy )
C

b Capripholi Ch di C
Convolvulaceae, Cornaceae, Corylaceae, Craxsulaceae Cmczferae Cucurbitaceae, Dtpsacaceae
Elaeagnaceae, Ertcaceae Euphorbxaceae Fe , Gramineae, Helleb 3
Labtatue L Oleaczae O ,  Pob s
R i Scrophulariaceae, Solanaceae, Tiliaceae,
Ulmaceae, Umbeli , Urticaceae, V
The followmg representatives of plant famlhes were distinguished by the maximum
quantity of aphid species: Re — 22 species, C itae — 13 species, Salic — 8 species.
The minimum quantity of aphid species was regi d in the the ives of the other

families.

Aphids are divided into 3 groups on the base of their nutrition specialization: 46 species of
aphids are monophagous, 20 species of aphids — oligophagous, 33 species of aphids — polyphagous,
‘whereas the nutrition specialization of 14 species was not identified.

Table 1. Host plants and nutrition specialization of aphids (Hemiptera: ) i
in the Rv. Dzama, Tana and Tedzami ravines.

Nutrition
Ne | Aphid species Plant species specialization
1 Pineus orientalis (Dreyf., 1889) | Picea orientalis (L)) Link oligophagous
2. P.sp. Pinus sosnowskyi Nakai 2
3. | Dreyfusia nordmannianae Abies nordmanniana (Stev.) Spach oligophagous
(Eckch., 1890)
4. | Moritziella_sp. Quercus iberica Stev. ?
5. | Prociphilus fraxini (F., 1777) Fraxinus oxycarpa Willd. polyphagous
6. | Thecabius affinis (Kalt., 1843) Populus sosnowskyi (Grossh.) ili polyphagous
7. | Pemphigus borealis Tullgr., 1909 _| Populus pyramidalis (Roz.) Celak. monophagous
8. | P. bursarius (L, 1758) opulus pyramidalis (Roz.) Celak. ‘monophagous
9. | P.spirothecae Pass., 1856 Populus pyramidalis (Roz.) Celak. ‘monophagous
10. | Eriosoma lanigerum (Hausm., (alus orientalis Uglitzk., M. domestica polyphagous
1802) Borkh.
E. laniginosum (Hart., 1841) Ulmus suberosa Moench polyphagous
E. ulmi (L., 1758) Ulmus suberosa Moench polyphagous
E. paichiae (C. B. et Blunck, Ulmus suberosa Moench ‘monophagous
1916)
14. | Tetraneura ulmi (L., 1758) Ulmus suberosa Moench polyphagous
15._| Cinara juniperi (Deg., 1773) Juniperus oblonga Bicb.
16. | C pmx (L., 1758) Pinus sosnowskyi Nakai ‘monophagous
12 pineti (F., 1781) Pinus i Nakai ‘monophagous
18. | Prerochloroides persicae (Chol., Persica vulgaris Mill. oligophagous
1899)
19. | Lachnus roboris (L., 1758) Quercus iberica Stev. oligophagous
20. | Anoecia corni (F., 1775) Swida australis (C.A.Mey.) Pojark. ex polyphagous
Grossh.
21 Thelaxes driophila (Schrk., 1801) | Quercus iberica Stev.
22| Phyllaphis fagi (L., 1767) Fagus orientalis Lipsky ‘monophagous
23. | Betulaphis quadrituberculata Betula litwinowii Doluch. monophagous
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24. | Callaphis juglandis (Goeze., Juglans regia L. ‘monophagous
1778)

25._| Chromaphis 1 (Kalt, 1843) | Juglans regia L.

26. ucallipterus tiliae (L., 1758) Tilia caucasica Rupr.

27._| Euceraphis (Zett., 1828) | Betula pendula Roth.

28| Myzocallis coryli (Goeze.,1778) Corylus avellana L., C. iberica Wittmt. ex Kem.- | monoph:
Nath,

29, | M. carpini (Koch., 1855) Carpinus caucasica Grossh., Carpinus orientalis | monophagous
Mill

30. berculatus_annulatus (Hart., 1841) | Quercus iberica Stey.

31| Prerocallis_alni (Deg,1773) “Alnus barbata C.A Mey.

32._| Chaitophorus_albus Mordv.,, 1901 Populus hybrida Bieb.

33| Ch.vitellinae (Schrk., 1801) Salix alba L.

34| Periphillus Iyropictus (Kessl., 1886) z ides L.

35__| Sipha maydis Pass, 1860 amays L.

36. terocomma populeum (Kalt., 1843) alix sp., Populus nigra L.

37. maidis (Fitch., 1856) amaysL.

38| Hyalopterus pruni (Geoffr., 1762) tone fruits, Phragmites australis (Cav.) Trin.ex | polyphagous
Steud.

39| Aphis sambuciL., 1758 Sambucus ebulus L., S. nigra L.

40. | A. fabae Scop,, 1763 Phaseolus vulgaris L., Beta vulgaris L., Galium polyphagous
sp., Rumex sp., Seseli transcaucasicum (Schischk.)
M. Pimen. & Sdobnina,, Cirsium arvense (L.)
Scop., Cytisus caucasicus Gros:

a1  hederae Kalt,, 1843 Hedera helix L.

42| 4 craccae L, 1758 Vicia sp. ‘monophagous

43, spX Euphorbia iberica Boiss. 7

.  craccivora Koch., 1854 Glycyrrhiza glabra L., Phaseolus vulgaris L., polyphagous
Trigonella procumbens (Bess) Reichenb.,
Onobrychis radiate (desf) Bieb., O. sp., Robinia

L

45| A. cytisorum Hart,, 1841 Cytisus caucasicus Grossh.

6. — | Capsella bursa-pastoris (L) Medik.

.| 4 ® Cichorium intybus L.

48| 4 farinosa Gmel, 1790 Salix caprea L., S. viminalis L.

9.  pomi Deg, 1773 Malus orientalis Uglutzk., M. domestica Botkh., oligophagous
Crataegus sp., Cydonia oblonga Mill., Mespilus

rmanica

50._| A idaei Goot., 1912 ubus ideus L., Rubus sp_sp.

SL _paliuri ( Licht, 1885) _ Paliurus spina-christi Mill.

2. punicae (Pass., 1863) unica granatum L.

53 umbrella (C. B, 1950) avatera iaca L, Malva sylvestris L.

4| 4. practerita Walk., 1849 Chamaenerium angustifolium (L.) Scop.

55 urticata Gmel., 1790 tica dioica L.

56. aff . 1911 nta longifolia (L) Huds._

57. . sp.T Nepeta pannonica L. ?

58  sedi Kalt, 1843 Sedum (Grossh.) Boriss.

9. R Rubia ica Grossh. 2

60. sp. Cephalaria gigantea (Ledeb.) Bobr. ?

6L gossypii Glov., 1854 Citrullus vulgaris Schrad., Cucumis sativus L., polyphagous
Cucurbita sp., Scrophularia alata Gilib.

62| A_alexandrae (Nevs,, 1928) Centaurea iberica Trev. ex Spreng.

63| Dysaphis devecta (Walk., 1849) Malus orientalis Uglitzk., M. domestica Borkh.

64| D._affinis (Mordv., 1929) Malus orientalis Uglitzk., M_ domestica Borkh. ‘monophagous

65| D._mali (Ferr., 1872) M. domestica Borkh., Malus orientalis Uglitzk.

66| D pyri (B.d.F., 1841) Pyrus caucasica Fed., P_ communis L-cult.
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67| D. reaumuri (Mordv., 1929) Pyrus caucasica Fed., P. communis L-cult
68__| D._aucupariae (Buckt., 1879) ‘Sorbus torminalis (L) Crantz.
6. ivaricatae (Shap., Stone fruits polyphagous
1953)
70| B. cardui (L., 1758) Stone fruits, Cirsium arvense (L) Scop., C. ‘polyphagous
caucasicum (Adsms) Petmk, Onopordum acantium
L asperum Lepech.
71| B_helichrysi (Kalt, 1843) Prunus spinosa L.
72._| B_spiraeae (CB,, 1932) Spiraca hypericifolia L.
73._| B.persicae (Pass., 1860) Persica vulgaris Mill
74. | Acaudinum sp. unknown ?
75._| Liosomaphis berberidis (Kalt, 1843) | Berberis vulgaris L.
76. evicoryne_brassicae (L., 1758) _ Brassica oleracea L. var. capitata L
71._| Cavariella aegopodii (Scop., 1763) Coriandrum sativum L., Anethum graveolens L.
78 yadaphis foeniculii (Pass., 1860) ‘Heracleum sosnowskyi Manden.
7. miaphis dauci (F., 1775) Daucus carota L.
30 anuraphis rhamni B. d. F.,1841 Swida australis (C.A Mey) Pojark. ex. Grossh.
8L | Ovatus insitus (Walk, 1849) Cydonia oblonga MlL, Mespilus germanica L., polyphagous
Malus domestica Borkh.
82| Phorodon humuli (Schrk., 1801) Stone fruits, Humulus lupulus L.
8| Ph_cannabis Pass., 1860 Cannabis sativa L.
84 | Myzus cerasi (F., 1775) Cerasus incana (Pall)) Spach , C. avium (L) polyphagous
Moench, C. vulgaris Mill
85| M.persicae (Sulz., 1776) Stone fruits, Solanum lycopersicum L.
36. olani (Kalt., 1843 Convolvulus arvensis L.
87 icrolophium evansi (Theob., 1923) | Urtica dioica L.
88| Metopolophium dirhodum (Walk., "Hordeum leporimum Link polyphagous
1849)
89, irthosiphon_pisum (Hart., 1776) Vicia peregrina L.
90| Hyperomyzus lactucae (L., 1758) Sonchus oleraceus L.
oL [ 5p. ophularia alata Gilib %
92. | Cryptomyzus galeopsidis (alt, 1843) | Galeopsis bifida Boenn.
e icalis (Theob., 1916) amium album L.
94| Capitophorus sp. Elacagnus angustifolia L. 7
95| C. vandergooti HLR.L., 1947 inula helenium L.
96| Corylobium avellanae (Schrk., 1801) | Corylus avellana L., C. iberica Wittmt. ex Kem- | monophagous
Nath.
97, crosiphum_rosae (L., 1758) 0sa sp. sp-
98| M. melampyri Mordv., 1919 Digitalis feriginea L.
9. [ M _sp! Symphytum asperum Lepech. 7
100. | M _sp." Helleborus caucasicus A. Br. 33
101 | M sp™ ‘aleriana tiliifolia Troitzk. 2
102._| M._euphorbiae (Thom., 1878) ‘uphorbia iberica Boiss.
103 | Sitobion_fragariae (Walk., 1848) ubus ideus L, R._sp.sp.
104. [ S avenae (Fabr., 1775) riticum sp.
105 is sp. Pall. 7
106._| Uroleucon irillac (Nevs., 1929) | Chondrilla juncea L.
107._| U. sonchi (L., 1767) ‘Sonchus oleraceus L.
108! cichorii (Koch., 1855) Cichorium intybus L.
109. | U jaceae (L., 1758) Serranula Bieb. ex Willd
110. L sp. Cirsium Charadze ?
T (Kalt, 1843) Campanula ckeri Fisch. & C.A Mey.
0. | Macrosiphoniela artemisiae (B4, F, | Ariemisia vilgaris L. monophagous
1841)
113 | M. sanborni (Gill., 1908) Ci indicum L
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330900 L3gossmobagool dobggoo duaGdo 3 xauBoR ogngs: d936gd0b 46
Lobgmds dmbogsaos, 20 bobgmds — mmoamgsao, 33 Lsbgods — 3omogsyo, bowe
14 bsbgomdol g3gd0b LigEosmobsgos ©ommagbasos.

d a i)
Rosaceae — 22 Lobgmds,
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Abstract

The zoogeographical-chorological review of the family Dysderidae’s spiders of
Georgia has shown that distribution of this group belongs to Palacarctic type in general. It
was cstablished that autochtonous element (4 Genera, 31 specics) prevails on allochtonous
clement (2 genera, 10 specics). From allochtonous fauna with Palaearctic distribution
characterized 1 genus, 1 species; with South European — 2 genera, 6 species; with Wide
Mediterrancan — 1 genus, 3 species.

Key words: taxonomy, zoogeography, chorology, Dysderidae.

Introduction

Studies of splders fauna of the family Dysderidae in different landscape zones and

vemcal mountain belts in Georgla were carried out from the beginning of 20" century, but in
1 and hil it was not d

4 genus and 41 species of the family Dysderidae were registered [Mkheidze, 1992;
Mikhailov 1997]

The family Dysderidae today comprises following genera: Desdera Latreie — 24 species,
Harpactea Bristowei — 10 species, Hygrocrates Deeleman-Reinold — 4 species, Cryptoparachtes
Dunin —3 species.

Materials and Methods

Material has been collected during 2000-2004 in Georgia. To precise the list of species of
the family Dysderidae scientific sources were used [Mkheidze, 1972, 1972a, 1979, 1979a, 1992;
Dunin, 1992,1992a; Mikhailov, 1997; Kharitonov, 1956].

Results and Discussion

Chorological study of spiders of the family Dysderidae of Georgia has shown that 27
species are South-Caucasian (D.: spa\;ky, D.atra, D.tkibuliensis, D.armenica, D.tbilisiensis,
D.i iensis, D.iberica, D. is, D.chritonovi, D richteri, D.bogatschevi, D.gmelini, D.
inopinata, H; i H H.bristowei, H.trialetiensis, Cr.fedotovi,
Cr.adzharicus, Ch.charitonov, Harpactea zaitzevi, H.chritonovi, H.camenarium, H.eskovi,
H.mcheidzae, H.mithridatis, H.paradoxa [Mkheidze, 1972, 1972a, 1979, 1979a, 1992; Dunin,
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1992,1992a; Mikhailov, 1997]; 4 species are Quasi-Caucasian (D.azerbaijanica, . M i
Harpactea caucasica, H.logunovi) [Mkheidze, 1992; Mikhailov, 1997; Kharitonov, 1956]; 6 species
— South European (D.hungarica, D. erythrina, D.ukrainensis, D.dunin, D.lata, Harpactea rubicunda)
[Mkheidze, 1992; Mikhailov, 1997]; 3 species — wide Mediterranean (D.westring, D.punctata,
D.cribrata,) [Mkheidze, 1992,1979a]; 1 specxes —Palaearcnc (D.croceta) [Mkheidze, 1972a,1992].

Thus, ding to the logical studies of species of the family
Dysderidae’s spiders fauna, it was established that autochtonous element (4 genera, 31 species)
prevails on allochtonous element dxsmbuted in Georg:a (2 genera 10 species).

From alloch fauna with P: i characterized 1 genus, 1 species,
with South European — 2 genera, 6 species, with wide Mediterranean — 1 genus, 3 species.

Table 1. Data of zoogeographical-chorological studies of species of spiders (family Dysderidac)
fauna of Georgia

N Genera, species Distribution ical area
1 2 3 4 5
1 Dysdera latr 1804
1 | D.spassky Georgia South
Charit 1956 Caucasian
2 | D.crocata Mediterranean _countries, Crimea, | Palacarctic
C.L.koch, 1838 Carpathians, ~ Russia,  Ukraine,
Azerbaijan, Middle Asia, Georgia
3 | Dowestringi Spain, Corsica, Algiers, Greece, | Wide Mediterranean
Pick-Cambr, 1972 Mesopotamia, Syria, Crimea,
Ukraine, Georgia
4 | D.punctata Mediterranean  countries, Crimea, | Wide Mediterranean
C.L.koch, 1838 Ukraine, Georgia
5 | D.cribrata Mediterranean  countries  [with | Wide Mediterranean
Sim, 1882 Canary Islands], European countries
of the former Soviet Union; Georgia
6 | D.hungarica Crimea, Ukraine, Moldavia, | South European
Kulez, 1897 Azerbaijan, Georgia
7 | Datra Georgia South
Mcheidze, 1979 Caucasian
8 | D.tkibuliensis Georgia South
Mcheidze, 1979 Caucasian
9 | D.erythrina Crimea, Ukraine, Russia (North | south European
Walck, 1838 Caucasus), Georgia
10 | D.azerbaijanica. Russia [North Caucasus], Georgia, | Caucasian
Charit, 1956 Azerbaijan
11 | D.armenica Armenia, Georgia South
Charit, 1956 Caucasian
12 | D.thilisiensis Georgia South
Mcheidze, 1979 Caucasian
13 | D.imeretiensis Georgia South
Mcheidze, 1979 Caucasian
14 | D.iberica Georgia South
Mcheidze, 1979 Caucasian
15 | D.meschetiensis Georgia South
Mcheidze, 1979 Caucasian
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16 | D-charitonovi Georgia South
Mecheidze, 1979 Caucasian
17 | Dorichteri ‘Armenia, Azerbaijan, Georgia South
Charit, 1956 Caucasian
18 | D.ukrainesis Russia_[North Caucasus], Ukraine, | South European
Charit, 1956 Georgia
19 | D. hevi baijan, Georgia South
Dunin, 1990 Caucasian
20 | D.gmelini Georgia South
Dunin, 1991 Caucasian
21 | D.inopinata Georgia South
Dunin, 1991 Caucasian
22 | D.Dunin Russia [North Caucasus], Ukraine, | South
Deeleman-Reinhold, 1988 | Azerbaijan, Georgia European
23 | D.martensi Russia [North Caucasus], Georgia | Caucasian
Dunin, 1991
24 | Dlata Crimea, Russia [North Caucasus], | South
Wider, 1834 Ukraine, Moldavia, Georgia European
Harpactea
Bristowe, 1939
25 | H.Caucasica Russia [North Caucasus], Georgia Caucasian
Kulcz, 1895
26 | Hozaitzevi Georgia South
Charit, 1956 Caucasian
27 | H.Charitonovi Georgia South
Mcheidze, 1972 Caucasian
28 | H.camenarium Georgia South
Brignoli, 1977 Caucasian
29 | Heskovi ‘Armenia, Georgia South
Dunin, 1989 Caucasian
30 | Hlogunovi Russia [North Caucasus], Georgia Caucasian
Dunin, 1992,
31 | HMcheidze Georgia South
Dunin, 1992 Caucasian
32 | Hmithridatis Georgia South
Brignoli, 1979 Caucasian
33 | Hparadoxa Georgia South
Dunin, 1992 Caucasian
34 | Hrubicunda Carpathians, Crimea, Russia [North | South
C.LKoch, 1938 Caucasus], Lithuania, ~Ukraine, | Buropean
Moldavia, Georgia
Hygrocrates
Decleman-Reinold, 1988
H georgicus
35 | Mcheidze, 1972 Georgia South
Caucasian
36 | H.caucasicus Georgia South
Dunin, 1994 Caucasian
37 | Hbristowei Georgia South
Charit, Caucasian
Mecheidze, 1964
38 | H.irialetiensis spn Georgia South
Mcheidze, 1939 Caucasian
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4 Cryptoparachtes
Dunin, 1992
(Harpactocrates
Sim, 1914)

39 | Cryptoparachtes Georgia South
adzharicus Caucasian
Dunin, 1992
40 | Cryp.charitonovi Georgia South
(H.charitonovi) Caucasian
Mcheidze, 1972
41 | Cryp fedotovi Georgia, Azerbaijan South

(H fedotovi) Caucasian
Charit, 1956
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