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This paper present researches of callusogenesis specificity and cell differentiation of
resistant (RP) and non-resistant (NRP) forms to horse-chestnut leaf miner (HCLM) of
Aesculus hippocastanum according peculiarities of plant tissue primary and secondary
metabolism. The most active callusogenesis was observed on DKW medium, with the
addition of 0.5 mg/L kinetin and 3.0 mg/L 2,4-D. Structurally, three areas in calluses
of RP and NRP forms could be recognized. The superficial part (area III) of callus in
RP form was formed by cells filled with condensed tannins, with thick cell walls. A
layer of parenchyma with thin cell walls underlined the outer layer of callus (area II).
Numerous tracheate elements, capable of accelerated transportation of nutrients into
tissues supporting cellular nutrition and differentiation, were formed among them. The
internal area (area I) consisted of parenchymal cells. Many of them had in protoplasts
the amorphous structures with polysaccharide and tannin complexes. The lignification
of the parenchyma cell walls in callus tissues occurred under increasing of anionic
peroxidases activity. This rate was five or more times higher than for the NRP form.
Concerning to the RP form of Aesculus hippocastanum the viscosity of leaf cell juice
may be the key factor limiting HCLM larval development. The amount of phenols in
the leaves is not related with it. The kinematic viscosity of the RP form leaves (1,889
mm?/s) was 1.53 times higher than that of NRP form (1.214 mm?2/s). In contrast, the
content of phenolic substances was twice higher in the NRP form. The confirmed
metabolic specificity of RP form can be explained by the relatively richer quantitative
and qualitative composition of free amino acids in its tissues, compared to the NRP
form. In general, the metabolism specificity of RP form callus tissues is a convenient
model for studying the mechanisms of resistance against pathogens and pests of com-
mon horse chestnut.

Key words: Aesculus hippocastanum L., common horse chestnut, callus, cells, regene-
ration, morphogenesis.

Recently in Ukraine, the stands of common horse chestnut (Aesculus hippo-
castanum L.) have been seriously damaged by the invasive horse-chestnut leaf
miner (HCLM) Cameraria ohridella Deschka & Dimic. The larvae of mas-
sively reproducing HCLM can significantly reduce the trees’ phytosanitary
functions, general condition and decorative value by the middle of the vegeta-
tive season [3]. Finding plants with pronounced antifeedant properties and
increased resistance to the phytophage to use them as donors for microclonal
propagation is one of the approaches to solving this problem. Micropro-
pagation of Aesculus hippocastanum L. has been successful. For example, Gas-
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taldo et al. [11] used the stem explants of Aesculus hippocastanum cultivated on
a solid agar Murashige and Skoog (MS) nutrient medium with 9.3 uM of
kinetin, 0.7 uM of naphthaleneacetic acid (NAA) and 9.0 uM of 2,4-
dichlorophenoxyacetic acid (2.4-D) for somatic embryogenesis in vitro.
Chechenieva et al. [8] used the horse chestnut leaf blade tissues in cultivation
in vitro. Alternatively, Radojevic [17] observed the somatic embryogenesis in
the callus cultures obtained from the immature embryos of Aesculus hippocas-
tanum seeds. The culture was grown on a modified MS medium with 2,4-D
(3 mg/L), kinetin (1 mg/L), CH (250 mg/L) and proline (250 mg/L) to pro-
mote the embryogenesis processes. In the same study, reducing the 2,4-D con-
tent in solid MS to 1 mg/L was shown to accelerate cell proliferation in the
calluses and increase the total number of somatic embryos. According to
Sediva [20] the regeneration of tissues and organs of horse chestnut in vitro can
be induced in different explants by changing the nutrient composition and
concentration of growth regulators.

In Sediva’s experiments, the strongest formation of adventive shoots from
leaf segments in the WPM medium was induced by BA (benzyladenine) in
4.4—8.9 uM concentration range. The organogenesis in calluses was inhibited
by adding 0.5 uM NAA to medium. At the same time, 2.7 uM NAA showed
the best rhizogenic effect [20]. Profumo et al. [15] used the MS medium sup-
plemented with 2.0 mg/L kinetin, 2.0 mg/L naphthyl acetic acid and 2.0 mg/L
2.4-D for the induction of embryogenesis in Aesculus hippocastanum. The
induction was also stable under this hormonal profile in further experiments
on the synthesis of escin [16]. Saito [19] used 10 mg/L IBA (3-indolebutyric
acid), 0.06 mg/L NAA and 0.4 mg/L BAP, as well as L-cysteine, L-serine,
L-glycine amino acids (1 mg/L) to induce callusogenesis. A short-term (4—
5 days) increase of BAP concentration to 44 uM effectively stimulated the
mass formation of somatic embryos [13]. Thus, there is still no unambiguous
idea about the optimal balance of synthetic growth regulators in the medium
composition. To a certain extent it is determined by the different mesophilic
cell reactions to hormonal stimuli, which may occur even within one metamer.
Welander [21] and Sarwar [18] reported that the regenerative capability of the
leaf segments increases from the apical to the basal parts of the leaf blades,
where cells appeared to be more sensitive to BAP and TDZ.

Thus, the physiological and biochemical specifics should be taken into
account in in vitro cultivating and obtaining the regenerant plants of common
horse chestnuts resistant forms. Hence, this work aimed to determine the com-
position of the nutrient medium to induce callusogenesis in HCLM-resistant
horse chestnut form and to identify the histochemical and physiological cha-
racteristics in the tissues to optimize the conditions for obtaining regenerant
plants and somatic embryogenesis.

Materials and methods

The calluses were taken from the plants of the common horse chestnut in Kyiv
parks. The HCLM-resistant form of common horse chestnut was selected in
accordance with the results of long-term monitoring studies (2010—2015).
The leaf blade fragments of the common horse chestnut forms resistant
(RP) and non-resistant (NRP) to HLCM were used for the callus cultures. The
explants were aseptically sterilized. The leaf blades were treated with 70 %
C,H,OH for 30 s, then with 0.1 % HgCl, solution for 5 min and then trice
washed with sterile distilled water for 10 min. For the cultivars, the leaf discs
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of 12 mm in diameter were placed with adaxial surfaces facing the nutrient
medium to obtain the callus cultures. Modified MS, DKW and WPM media
were used to initiate the callusogenesis. The leaf blade fragments were kept in
the dark for the first two weeks, and then were transferred to light.

The Cellulose HPTLC plates (Merck) with the chloroform-#-butanol/
acetic acid/methanol/water (3/30/10/23 v/v/v/v) solvent system was used for
chromatographic separation of free amino acids in the tissues of leaves and cal-
luses. A solution of 0.3 % ninhydrin in n-butanol was used to identify the
amino acids on the chromatogram. The 1 mg/ml amino acid solutions were
used as standards.

In plant tissues, the activity of free and loosely-bound with cell walls per-
oxidases (PO) was determined according to Boyarkin [5, 6].

Anatomical and histochemical studies of the NRP and RP forms of
Aesculus hippocastanum calluses were carried out on microtome cuts (8§ um).
The plant tissues were stained with differential saphranine-water blue [7] and
examined under Nikon Eclipse E-200 microscope (Japan).

Periodic acid-Schiff (PAS) staining system (Sigma Eldrich, pr. No. 395)
was used for the detection of polysaccharides by the PS reaction. The qualita-
tive composition of polysaccharides in callus cells was determined during their
enzymatic hydrolysis by pectinase and hemicellulase. The dewaxed microtome
sections (8 um) of the callus tissues were treated in a humid chamber with
1.0 uM pectinase solution (Sigma Eldrich) in citrate buffer pH 4.0, 25 °C, for
20 min. The cuts were then trice washed with distilled water and the polysac-
charide residues were detected by the PS reaction. The cuts were treated
with 1.0 uM hemicellulase solution (Sigma Eldrich) in citrate buffer, pH 4.5,
40 °C for 5 min. The polysaccharides were detected by standard protocol
(Sigma Eldrich, pr. No. 395) after washing with water.

The kinematic viscosity of the horse chestnut leaf aqueous extracts was
determined using a capillary viscometer VPZh-1 (Ukraine) (n = 5) at 25.0
+ 1.0 °C maintained in a thermostat. The kinematic viscosity of the extracts
was calculated by the formula:

g
V=907 1K

where K — the viscometer constant; V' — the kinematic viscosity; 7" — the
efflux time; g — the acceleration of gravity.

The specialized digital image analysis software Image-Pro Premier 9.0
(USA) was used for photo documentation and processing the data obtained in
the histochemical analysis. Electrophoregram densitometry was conducted in
the Sorbfil (RF) program. The data were statistically processed in Statistica 7.0
software (USA). Biochemical analysis of plant tissues was performed in four
biological replicates (n = 4) with a significant difference to control at the sig-
nificance level threshold p < 0.05.

Results and discussion

Nine medium variants (pH 5.9—6.0) based on MS, DKW and WPM with dif-
ferent modifications of growth regulators were used in selection of the optimal
conditions for inducing callusogenesis in NRP and RP Aesculus hippocastanum
forms (Table).

The leaf blades started to deform due to active cell proliferation and me-
sophyll dedifferentiation on the 14t day of cultivation after the introduction of
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Nutrient medium composition for inducting callusogenesis in leaf blade tissues of resistant and
non-resistant forms of Aesculus hippocastanum

Concentration in variants, mg/L

Component |2|3|4|5|6|7|8|9

Macro MS
complex

Micro MS
complex

Macro DKW
complex

Micro DKW
complex

Macro WPM
complex

Micro WPM
complex

MS vitamins 1.0 - - - - 1.0 - - -
DKW vitamins - - 1.0 - - - 1.0 1.0 1.0
WPM vitamins - 1.0 - 1.0 1.0 - - - -
Fe chelate MS 5.0 - - - - - - - 5.0
Fe chelate DKW - - 5.0 - - 5.0 5.0 5.0 -
Fe chelate WPM - 5.0 - 5.0 5.0 - - - -
Kinetine - - - - - - - - 0.5
NAA - - - - - 2.0 2.0 2.0 -
BAP - - - - - 1.0 1.0 0.5 -
2,4-D - - - - - - - - 3.0
1AA - - - - 1.0 - - - -
TDZ - - - 1.0 - - - - -
Myo-inositol, g/L 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Saccharose, g/L 30 30 30 30 30 30 30 30 30
Agar, g/L 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7
Callusogenesis - - - - - + ++ + +++

Note: — callus did not form; + callus not morphogenic; ++ callus morphogenic on the 21" day;
+++ callus morphogenic on the 28" day.

the explants in vitro. The active growth of the callus tissues began on the 20—
21t day. The formation of morphogenic structures in calluses was observed on
the 28t day of cultivation after the 2,4-D was added to medium to stimulate
the formation of axial organs (Ne 9, Table).

The halved (0.5 mg/L) BAP (6-benzylaminopurine) content in DKW
medium reduced the augmentation of callus (Ne 7, 8, Table). In this case, the
callusogenesis was identified only in 10 % of explants of NRP and RP com-
mon horse chestnut forms. The most active callusogenesis was observed on
DKW medium, with the addition of 0.5 mg/L kinetin and 3.0 mg/L 2,4-D.
The reduction of concentration of 2,4-D to 2.5 mg/L accelerated the forma-
tion of callus tissues.

The obtained results and the data of other researchers confirm the ability
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of this growth regulators combination to induce callusogenesis, organogenesis
and embryogenesis in leaf explants in vitro [12]. The application of this com-
bination allowed us to produce the Aesculus hippocastanum callus culture on
media with different basic compositions of macro- and microelements (MS,
DKW and WPM) supplemented with vitamins and other biologically-active
components. Non-hormonal induction of callusogenesis was indicated only on
the DKW medium. Tumefaction and deformation of the explants without cal-
lus formation was observed on WPM medium with 1.0 mg/L IAA (indole
acetic acid) on the 6—8th days. The leaf blade fragments darkened with partial
necrosis. No specific characters of the callus formation were observed when
1.0 mg/L TDZ was added to WFM medium.

Similar results were obtained when the explants of RP form were cul-
tured. However, certain differences were observed. For example, on the DKW
medium with the addition of 0.5 mg/L kinetin and 3.0 mg/L 2,4-D the first
signs of NRP form explant callusogenesis appeared in 5-9 days later than for
RP form. However, the formation of morphogenic callus followed by biomass
growth was slower for the RP form.

The cells of the callus outer layers cleaved mostly periclinally at the
beginning of morphogenesis. The resulting tissue of radiating structures, simi-
lar to the wound periderm was not dense and rather ordered (Fig. 1, a).

The intercellular space of the newly formed tissue contained a relatively
high content of pectins. The proliferative active zones were deeper under the
layers of the callus surface, forming strands of isodiametric cells with dense
cytoplasm morphologically and topologically similar to the procambial cells.

NRP

RP

Fig. 1. Anatomic features and spatial-structural organization of callus tissue in the initial stages of
morphogenesis of NRP and RP forms of Aesculus hippocastanum:

a — non-morphogenic callus tissues of NRP form, three areas: I (internal) — loose parenchymal cells with
pronounced intercellular space; 11 (middle) — isodiametric cells with dense cytoplasm, actively dividing; 111
(external) — cells that form a periderm-similar structure; b, ¢ — initial stages of the meristemoid formation;
d — morphogenic callus; e — structure of the morphogenic callus (RP form), three areas: I (internal) —
parenchymal cells with amorphous complexes of polysaccharides and phenols; I (middle) — parenchymal cells,
active dividing; III (external) — cells that form a periderm-similar structure; f, g — thick-walled cells, filled with
condensed tannins; h — non-morphogenic callus; i — morphogenic callus; scale: a — 100 um; b, ¢ — 200 pm;
e, f— 50 um; g — 15 um
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The area of loose parenchymal cells was formed in the calluses below. The
shoot formation which was observed by the tissue differentiation typical for
axial organs started in NPR form after the excrescence of parenchyma (Fig. 1).
Thus, three structural and anatomical areas could be marked in NRP calluses:
peridermal, procambial, parenchymal (Fig. 1, a).

The meristemoids gradually formed from undifferentiated callus cells
under the influence of exogenous hormonal stimuli. They were followed by
structures with anatomical structure typical for stalks (Fig. 1, b—d).

The general stages of shoot formation were overall similar in the calluses
of RP common horse chestnut form (Fig. 1, h—i). However, significant micro-
morphological and histochemical cell differences preceded the active differen-
tiation. Groups of idioblast cells with high polycondensated phenols
(phlobaphenes) content were formed at the active growth stage of callus
(Fig. 1, e—g). The idioblasts were mainly inside callus tissues. The size (4—
15 um) and quantity (up to 20) of polyphenolic aggregates in cells indicated
an intensive polymerization of intracellular polyphenols, particularly catechins
(flavan-3-ols and flavan-3,4-diols) [2]. Similar polyphenolic complexes are
usually actively accumulated in the cells of stems and petioles of common
horse chestnut in vivo [4, 14]

Structurally, three areas in calluses of RP form could be recognized
(Fig. 1, e). The superficial part (area III) of callus was formed by cells filled
with condensed tannins, with thick cell walls. Certain groups of idioblasts filled
with a complex aggregate of polysaccharides and phenol compounds should be
considered specifically. Those cells are structurally similar to microspores, par-
tially divided into syncytia by internal membranes. Similar cell differentiation
is described for Quercus suber L. microspores [9]. The authors describe this
process as the beginning of proembryo formation. Indeed, the undifferentiated
cells are surrounded by medium containing vitamins, hormones and other
essential macro- and microelements. Such environment creates the conditions
similar to the microsporangium chamber lined with tapetum.

A layer of parenchyma with thin cell walls underlined the outer layer of
callus (area IT). Numerous tracheate elements, capable of accelerated trans-
portation of nutrients into tissues supporting cellular nutrition and differentia-
tion, were formed among them. The internal area (area I) consisted of
parenchymal cells. Many of them had in protoplasts the amorphous structures
with polysaccharide and tannin complexes (Fig. 1, e, shown with arrows).

The above-mentioned features of cell differentiation and thickening of
secondary cell walls are known to occur with the participation of oxidases,
mainly peroxidases [1].

This property of enzymes has been confirmed in our experiments. The
activity of peroxidases in the petioles, leaf blades and non-morphogenic cal-
luses in the RP form was significantly higher (Fig. 2).

Evaluation of the peroxidases activity in leaf blades was hindered by tan-
nins, which also are substrates for oxidation. Polyvinyl pyrrolidone (PVP),
which partially binds phenolic compounds, was used to eliminate the compe-
titive action of tannins to hydrochloric benzidine. For the reaction, 0.5 % PVP
was determined to be optimal. Under such conditions, the activity of the
anionic peroxidases in the leaf explant tissues of the RP form was 1.5 times
higher than in that of NRP form. For tissues of nonmorphogenic calluses, this
rate was five or more times higher than for the NRP form. Accordingly, it con-
tributed to the oxidation of phenolic compounds and phytohormones, parti-
culary the indolilacetic acid. Auxin oxidase activity of peroxidases is well

500 ISSN 2308-7099. ®u3znonorus pactenuii u reeruka. 2017. T. 49. Ne 6



SPECIFICITY OF CYTODIFFERENTIATION IN CALLUSES IN VITRO

20 r

-
(83}
T

Activity, U/g
o

(8]
T

NRP RP
\ Bpetiole Hleaf HBcallus

Fig. 2. Activity of the free and loosely-bound anionic peroxidases in petioles, leaf blades (0.5 %
PVP) and non-morphogenic calluses of NRP and RP forms of Aesculus hippocastanum; * — the
difference is valid to the NRP, p < 0.05

known. This factor could possibly be associated with the maximum potency of
2,4-D for the induction of callusogenesis in common horse chestnut. The syn-
thetic growth regulator is stable, resistant to oxidation and causes stable cell
proliferation. The majority of researchers used 2,4-D for the somatic embryo-
genesis [13, 15, 17].

Synthesis of endogenous plant hormones and phenolic compounds direct-
ly depends on the availability of free amino acids. According to the chro-
matographic profiling results, the callus tissues of RP form have a wider spec-
trum and higher cell concentration of free amino acids (including lysine,
cysteine and glutamic acid) compared to NRP form (Fig. 3).

The latter two are a part of glutathione, an extremely important tripep-
tide protecting the cell and certain organoids against oxidative stress products.

The accumulation of lysine (R; ~ 0.30) in the leaves and calluses is meta-

0.9 1 1 108
0.8 1 1 108
0.7 1 1 107
0.6 1 - - . +0.6
0.51 ) 4 - ' . 0.5
0.4 1 ! ' - - - 104
0.3 1 . 1 - hd o - 103
0.2 . 1 102
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1

Fig. 3. Free amino acids profile in leaf blades (1, 2) and calluses (3, 4) of NRP (1, 3) and RP (2,
4) forms of Aesculus hippocastanum; standards: S| — cysteine; S, — lysine; S; — asparagine; S, —
tryptophane; S; — arginine; S, — threonine; S, — proline; S; — glutamic acid; S, — serine;
S,, — phenylalanine; S;, — isoleucine; S;, — valine
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bolically linked to the formation of diaminopimelic acid and asparagine (R, ~
0.35). Increased asparagine content in the RP form, compared to NRP form,
may indicate the activity of transaminase and asparagin synthase in the callus
tissues responsible for the synthesis of this amino acid. The content of phenyl-
alanine was insignificant in the non-morphogenic calluses of common horse
chestnut. That amino acid is formed by the shikimate biosynthetic pathway in
phosphoenolpyruvate and erythroze-4-phosphate condensation. Phenylalanine
is a precursor of phenylpropanoid synthesis products. Its low amounts condi-
tion the possibility of insignificant content of phenolic compounds in calluses.
At the same time the content of phenylalanine in calluses of the RP form was
significantly higher on the chromatogram. The phenylalanine is needed for the
synthesis of hydroxycinnamic acids, which are converted into lignin and
deposited in cell walls. Presumably the relatively low pool of phenols in callus
tissues is related to their peroxidase polymerization and lignification of cells in
the outer area (IIT). Insufficient amount of tryptophan inhibits the synthesis of
endogenous auxins, reduces proliferative activity and differentiation of cells.
Conversely, the addition of amino acids may stimulate the formation of meris-
temoids and somatic embryos. Thus, the species-specific composition of free
amino acids in common horse chestnut calluses necessitate adding the
hydrolyzed casein (which contains a significant amount of tryptophan and
tyrosine and is depleted in phenylalanine). In research Kiss and Radojevic [13,
17], the hydrolyzed casein was used to induce somatic embryogenesis in cal-
luses of common horse chestnut.

Intense lignification of secondary cell walls and formation of idioblasts on
the callus surface usually result from the high activity of anionic peroxidases.
However, the explant tissues in the early stages of callusogenesis can probably
serve as the source of phenolic compounds for the synthesis of lignin. The pool
of free phenolic compounds reduced and lignification is inhibited after the for-
mation of the primary callus. The thin, imperfectly-developed secondary
parenchymal cell walls in the internal area of RP callus, which was formed
later, can be explained by the decreased content of phenylalanine and pheno-
lic compounds.

According to D’Costa [10], the viscosity of cell leaf juice may be the key
factor limiting HCLM larval development. In our studies, this assumption was
confirmed for the RP form of common horse chestnut. The kinematic viscos-
ity of the RP form leaves (1.889 mm?/s) was 1.53 times higher than that of
NRP form (1.214 mm?/s). In contrast, the content of phenolic substances was
twice higher in the NRP form.

Thus, conditions for oxidative modification of intracellular polysaccha-
rides can occur in leaves and calluses of the RP form, against the background
of a relatively low pool of soluble phenolic substances, an increased content of
free amino acids, and highly active anionic peroxidases. The substances simi-
lar to those filling the outer cells of calluses and the upper leaf epidermis of
the RP form damaged by HLCM can also form as a result of oxidative stress.
Such cellular processes can be considered as an induced immune reaction.

Conclusions. High activity of anionic peroxidases, which accelerate the
lignification of the parenchyma cell walls in callus tissues, is one of the main
experimentally determined properties of the callusogenesis in the common
horse chestnut RP form. The lignification and polymerization of phenolic and
other organic compounds are prerequisites for the formation of multiple
idioblasts, which can mainly be found in the outer surface area of callus tis-
sues and are not capable of division and formation of morphogenic structures.
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The confirmed metabolic specificity of RP form can be explained by the rela-
tively richer quantitative and qualitative composition of free amino acids in its
tissues, compared to the NRP form. In general, the metabolism specificity of
RP form callus tissues is a convenient model for studying the mechanisms of
resistance against pathogens and pests of common horse chestnut.
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AF. LIKHANOV, O0.V. OVERCHENKO, S.M. KOSTENKO, O.V. SUBIN

CHEUU®IYHICTb TUPEPEHLIALIT KIIITUH Y KAJIIOCAX CTIMKOI 10
KALITAHOBOI MIHYIOYOi MOJII ®OPMU TIPKOKALLTAHA 3BUYAMHOIO
IN VITRO

A.D. Jlixanoe!, O.B. Osepuenxo?, C.M. Kocmenko?, O.B. Cybin?

HcTutyT eBomouiitHoi exosiorii HauioHansHoi akanemii Hayk Ykpainu, Kuis
2HauioHanbHuii yHiBEpCUTET GiopecypciB i MPUPOAOKOpUCTYBaHHs YKpainu, Kuis

HocnimxeHo cneuugiky KaiocoreHedy i audepeHuialii KIiTMH TipKoKallTaHa 3BUYaliHOTO
Hecrtiiikoi (NRP) i criiikoi (RP) no kamraHoBoi MiHyi0u4oi MoJii popM 3 ypaxyBaHHSIM OCOOJIM-
BOCTEil MEPBUHHOIO i BTOPMHHOIO MeTaboJIi3My POCIMHHMX TKaHMH. 3’SICOBaHO, IO iHillialis
KaJIFOCOT€HEe3y Ha JIMCTKOBMX €KCIUTaHTaTaxX CIIOCTEpiraeTbecsi Ha MoxuBHOMY cepenoBuuli DKW
3 pogaBaHHsM 0,5 mr/a kiHetuny i 3,0 mr/n 2,4-J1. CtpyKTypHO B HeMOPGOreHHUX Katocax
NRP i RP ¢opm ripkokairana 3suyaifHoro BuaiieHo Tpu 30HU. ¥ RP ¢dopmu mosepxHeBa
TkaHuHa (III 30Ha) ckiamanach i3 KJIiTUH 3 TOBCTMMU KJIITUHHUMU CTiHKaMM, 3alIOBHEHUMM
KOHJIeHCOBaHUMM TaHiHamu. [1ix 3oBHilIHIM npouapkom kamwocy (11 30Ha) BuaieHo mapeHxiMy
3 TOHKMMM KJITUHHUMM CTiHKaMHu. Y Wil 30Hi (popMyBaquch YMCIEHHI TpaxeajbHi €JIeMEHTH,
3MaTHI NPUIIBUALLIYBATA TPAHCIOPT MOXWBHUX PEYOBMH, CIPUSITH KUBJIEHHIO i ITudepeHuiauii
KJIiTuH. BHyTpitHs (I 30Ha) Kaiocy ckiaaanach i3 MapeHXiMHUX KJIITMH, y MPOTOIJacTax SKuX
yTBOPIOBaJIMCh aMOP(Hi KOMIIJIEKCH ToJlicaxapuiB i TaHiHiB. [loka3aHo, 1110 iHTEHCUBHE BifKJia-
JAHHS JIITHIHY Y BTOPMHHMX CTiHKaX KJIiTMH noBepxHi Kamocy RP ¢bopmu BinGyBasoch B ymoBax
MiBUILIEHOI aKTUBHOCTI aHIOHHUX MepoKcuaas, sika oyaa B 5 i Oisbliie pa3iB BUillo0, Hix y NRP.
BinHocHo RP ¢opmM pociuH ripkokaiitaHa 3BUYaWHOTO OTPUMAHO MiATBEPKEHHSI iCHYIOUOIO
NPUMYLIEHHS NP0 T€, L0 XMUTTE3NATHICTh TYCEHHULb KAllITAaHOBOI MiHYIOYOI MOJi 3aJIeXXUThb Bif
B’SI3KOCTI KJIITUHHOTO COKY i Majlo MoB’si3aHa 3 BMicToM y juctkax (enoniB. KiHematnuHa
B’SI3KiCTb BOOHMX €KCTpakTiB JucTKiB RP dopmu (1,889 mm2/c) Gyna B 1,53 pasa BULIOK, HixX
y NRP (1,214 mm2%/c). BMmicT (DeHONLHUX PEYOBMH, HABNAKMU, B 2 pa3u BUIIMIA y aucTkax NRP
¢dopmu. HasiBHICTh y TKaHMHaX 0arariloro KiibKiCHOTO i SIKiCHOTO CKJIaay BiIbHUX aMiHOKMCIIOT
MiATBEPIKYE MOJOXEHHSI MPO OCOOIMBOCTI MEPBUHHOIO i BTOPpUHHOTO MeTabosizmy RP dopmu.
Cneuudika ¢izionoriyHux npoieciB KaaocHux TKaHuH RP dopmu y 1itomy € 3pydHoro moxen-
JIIO 1711 TOCJIIXKEHHSI MEXaHi3MiB CTIKOCTi pOCJIMH ripKOKalllTaHa 3BMYaiiHOrO A0 MaTOTEHIB i
LIKiTHUKIB.

CITELUU®UYHOCTb JUPPEPEHIIMALIMU KIETOK B KAJJIIOCAX YCTOMYUBOM
IMTPOTUB KAIITAHOBOM MUHUPYIOIIEN MOJIM ®OPMbl KOHCKOT'O KAIIITAHA
OBbIKHOBEHHOTI'O IN VITRO

A.D. Jluxanos!, O.B. Osepuenko?, C.M. Kocmenko?, A.B. Cyoun?

'MHcTUTYT 3BOMIOLIMOHHOM 3KojTornn HaumoHanbHo# akagemMuu Hayk Ykpausbl, Kues
2HauuoHalbHbIA YHUBEPCUTET OGUOPECYPCOB M TIPUPOIOIO/b30BaHusl YKpanHbl, Kues

UccnenoBana cneuuduka kamwmocoreHesa M auddepeHUMay KIeTOK KOHCKOro KaullTaHa
o6bikHOBeHHOro HeycroiuuBoil (NRP) u ycroitunBoit (RP) x kanraHoBoit MUHUpYIOLIEH MOJIU
¢opM ¢ yyeToM 0COOEHHOCTEl MEPBUYHOTO U BTOPUYHOTO MeTaboIM3Ma PaCTUTEIbHBIX TKaHEMH.
BrisicHeHO, YTO MHUIIMALMS KaJUTIOCOT€He3a Ha JIMCTOBBbIX 3KCIUIaHTaTaX HaOJI0AaeTcs Ha MUTa-
teabHO# cpene DKW ¢ nobasnenuem 0,5 mr/n kunetnHa u 3,0 mr/n 2,4-I1. CTpyKTypHO B He-
MopdoreHHbIx Kauttocax NRP u RP ¢opM koHckoro kauiraHa oGbIKHOBEHHOTO BBIIEJIEHBI TPU
30Hbl. ¥ RP ¢opmbl noBepxHocTHast TkaHb (111 30Ha) cocTosiia U3 KIJIETOK C TOJICTBIMU KJIETOY-
HbIMU CTEHKAaMM, 3alOJHEHHBIMU KOHIEHCUPOBAaHHBIMM TaHHMHaMU. [lox BHelHeill mpocioi-
Koil kammioca (II 30Ha) BblAesieHa MapeHXMMa ¢ TOHKMMU KJIETOYHBIMU CTeHKaMu. B 3Toil 30He
(GOopMHUPOBATUCh MHOTOYMCIEHHbBIE TpaxeaJbHble 3JE€MEHTBI, CIIOCOOHBIE YCKOPUTH TPAHCIOPT
NMUTATEJbHBIX BELIECTB, COAEICTBOBAaTh MUTaHUIO U nuddepeHumanuu kierok. BHyrpennss (I
30Ha) KaJJTIOCa COCTOsUIa M3 MapeHXMMHBIX KJIETOK, B MPOTOIUIacTaX KOTOPBIX 0OPAa30BbIBAIMCH
aMopdHbIe KOMILUIEKChl MOJMCAaXapuaoB U TaHHMHOB. [loKa3aHO, YTO MHTEHCUBHOE OTJIOXEHHUE
JIMITHWHA BO BTOPUYHBIX CTEHKAaX KJIETOK MOBepXHOCTU Kasutoca RP dopmbl npoucxonusio B yc-
JIOBUSIX TIOBBIILIEHHON aKTMBHOCTM aHMOHHBIX MEPOKCHUAA3, KOTopasi Oblia B 5 U Oosee pa3 BbI-
e, yeM y NRP. OtHocurenbHo RP ¢hopM pacteHmit KOHCKOro KautaHa OObIKHOBEHHOT'O MOJTy-
YEHO MOJATBEPXACHUE CYILLECTBYIOLLEro MPEANOJ0XEHHSI O TOM, YTO KM3HECTIOCOOHOCTb I'yCEHMUI]
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SPECIFICITY OF CYTODIFFERENTIATION IN CALLUSES IN VITRO

KalTAaHOBOM MUWHMPYIOLLE MOJIM 3aBUCUT OT BS3KOCTU KJIETOYHOTO COKa MU MO CBsI3aHa C
coJiep>KaHUEM B JIMCThsIX (heHosioB. KuHemaTnueckasi BS3KOCTb BOAHBIX 3KCTPAKTOB JUCTheB RP
dopmnl (1,889 mm2/c) 6bu1a B 1,53 pasa Bbiwe, yem y NRP (1,214 mm2/c). ConepxaHue GpeHosb-
HBIX BElIeCTB, HA000poT, B 2 pa3a Bbiie B JUCTbsiXx NRP ¢opmbl. Hanuume B TKaHsIX Gojiee
060raToro KOJIMYECTBEHHOIO M KaueCTBEHHOI'O COCTaBa CBOOOJHBIX aMMHOKMCJIOT MOATBEPXAAET
MoJIOXKEeHUe 00 0COOEHHOCTSIX MEPBUYHOrO U BTOpUUHOro Metabonausma RP dopmbl. Crneuundu-
Ka (U3MOJOTUYECKUX TMPOLIECCOB KaTIOCHBIX TKaHeld RP ¢opmbl B LenoM siBiasieTcst ynoOHoi
MOJEJbIO [JIS MCCJENOBAHUS MEXaHU3MOB YCTOMYMBOCTM pACTEHMII KOHCKOro KalllTaHa
OOBIKHOBEHHOTO K MaTOT€HaM U BPEAMTENSIM.
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