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The aim of the study was to establish efficient protocols of seed surface sterilization with further
multiplication in vitro for threatened species Crambe koktebelica (Junge) N. Busch and to show the effect
of biotechnological approach (in vitro cultivation) of biodiversity conservation on plants biochemical
properties. Seed surface sterilization was carried out according to the original method with further
microclonal multiplication of aseptic sprouts from lateral buds on the Murashige and Skoog (MS) medium
supplemented with different concentrations of growth regulators. Fatty acid content was determined
using Gas chromatography-mass spectrophotometry of fatty acid ethers. Antioxidant activity was deter-
mined using 2.2-diphenyl-1-picrylhydrazyl radical scavenging method. Total soluble protein content was
measured using Bradford method and polyfructan content determination was based upon ketosugars abil-
ity to color in the acidic environment with resorcinol. Plants that were grown under in vitro and in vivo
conditions and seeds were used in this research. Efficient protocol of surface sterilization that resulted
in 45% of aseptic seed material 50% of which has sprouted was elaborated for C. koktebelica as well as
fast microclonal multiplication methods that provided with up to 5.25 = 0.50 new formed plantlets from
1 lateral bud (on the MS medium that contained 1 mg/L of 6-benzylaminopurine). It was also shown that
aseptic cultivation benefits to saturated fatty acid accumulation and increases protein content but on the
other hand it reduces unsaturated fatty acid amount and polyfructan content as well as antioxidant activ-
ity of plant material. Obtained data confirms the prospect of biotechnology approach to biodiversity
conservation and suggest the necessity of father in vitro cultivation effect on biochemical composition of
plant study.
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The Crambe L. genus belongs to a valuable biofuel source due to: it doesn’t

Brassicaceae family and consists of about 44
species. These species are annual, biennial
or perennial and have diverse application:
as vegetable or forage plants, as oilseed, as
the source of biofuels (seeds have up to 60%
of erucic acid), in Food Industry for making
pastry, in paint and varnish industry, in
chemical industry [1]. Nowadays all studies
on species of Crambe genus were focused on
C.abyssinica cultures which is proven to be

hybridize with any known oilseeds which
eliminates gene flow issues [2]; seeds have high
content of slowly-drying oil with low Iodine
number, rich with erucic acid; it has high crop
capacity and low demands for soil quality; it
is drought-resistant and has short vegetation
period [3].

A number of Crambe genus species are
threatened so they require conservation
measures. In vitro techniques need a small
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number of plants and result in a relatively
high propagation coefficient even for the
species which have problematical in situ and
ex situ reproduction and do not depend on the
climatic conditions. These methods provide a
long time conservation of plant species outside
their natural habitats (in seed banks, under
introduction conditions, in in vitro collections
and cryobanks) with thorough study
possibility and can be a significant addition
to the global plant biodiversity conservation
system [4]. In vitro culture conditions clearly
differ from in vivo conditions: no seasonal
temperature, humidity and photoperiod
duration changes, exclusion of fungal and
bacterial contamination, etc. At the same time,
microclonal propagation process, an important
step for multiplying the initial number of
individuals, could lead to some gene expression
changes due to the use of exogenous hormones
(kinetin and auxins) [56—6]. In vitro and in vivo
cultivated plants biochemistry comparison
could lead to better understanding of the
aseptic conditions influence on plant secondary
metabolites synthesis and accumulation
processes and could also estimate the efficiency
of in vitro culture methods application for fast
gaining of raw materials with high content of
secondary metabolites.

The Brassicaceae family plants bio-
chemistry study is a topical task due to high
economic value of this family. A number
of this family species is known to play a
significant role in the global oil and biofuel
production [7]. Very-long-chain FA analysis
is an important task for the researches as
these acids are components or precursors of
numerous specialized metabolites synthesized
in specific cell types [8]. FA are also essential
for plant natural processes and are widely used
in medicine [9].

Biodiesel is a kind of biofuel which is
manufactured mostly from vegetable oil
(rapeseed, palm and coconut oils). It has some
benefits over traditional types of fuel — itisn’t
toxic, it decomposes under natural conditions
in relatively short terms, has almost no sulfur
and benzene and is obtained from renewable
materials. Taking into account all the benefits
of the biofuel its active investigation and
application in the USA, Japan, China, Canada
and in the EU countries is understandable.
International Energy Association predicts the
rise of biofuel production up to 150 million
tons of the oil energy equivalent till 2030.
Ukraine is in beneficial conditions for biofuel
production from agricultural materials. Total
biodiesel volume that can be manufactured in
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Ukraine could reach 500 thousand tons that
can ensure 60% of our country fuel needs and
10% of petrol needs [10].

It is known that quantitative and
qualitative composition of lipids and FA as
the main structural components of vegetative
membranes is known to play an appreciable
role in a vegetative organism’s adaptive
response to the stress of any nature [11]. The
analysis of FA content could be useful for
searching species that would be valuable for
agriculture due to their high resistance to
low temperatures and for understanding of
the plant adaptation process to unfavourable
environmental conditions.

The aim of the study was to establish
efficient protocols of seed surface
sterilization with further multiplication
in vitro for threatened species Crambe
koktebelica (Junge) N. Busch and to show the
effect of biotechnological approach (in vitro
cultivation) of biodiversity conservation on
plants biochemical properties.

Materials and Methods

C. koktebelica — endemic species of the
flora of Ukraine [12, 13] was used for this
research. The most conserved in Crambe
genus C. koktebelica is listed in the Red data
book of Ukraine (Rare) [13], IUCN Red List
of Threatened Species (Data Deficient (EU),
Not Evaluated (EU 27) [14], European Red
List of Vascular Plants (Data Deficient (EU),
Not Evaluated (EU 27) [15] and Convention
on the Conservation of European Wildlife and
Natural Habitats [16].

Seed surface sterilization is the first step
in establishing aseptic culture. Seeds were
first washed under running water for couple
min, then hard external covering of seeds was
removed. After that explants were put into
70% ethanol for 60 seconds, and then into
diocidum for 3 min. After establishing aseptic
conditions explants were washed with water
for 5 min three times. Prepared seeds were
placed in hormone-free solid MS medium [17]
at 24 °C with a 16-h photoperiod.

To study different growth regulators effect
on microclonal propagation process 1-1.5
month old aseptic plants were cultivated on the
solid MS medium complemented with different
concentrations of 6-Benzylaminopurine (BAP)
(0.3 — 1 mg/1), 1-Naphthaleneacetic acid (NAA)
(0.5 — 2 mg/1) or kinetin (0.1-1.5 mg/1). Plant
response to the growth regulators presence
in the medium observations has been carried
out in 30 days after transferring plants to the
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fresh medium. Microclonal propagation was
done by dividing plants that were formed on
sprouts. Each experiment was repeated twice
with three replicates.

For GC/MS analyses seeds and fresh
apical leaves from plants grown under in vitro
(on hormone-free solid MS medium [17] at
24 °C with a 16-h photoperiod and recurrent
transplantation on the fresh medium every
30 days) and in vivo (plant material
was gathered in may (average monthly
temperature 21 °C)) conditions were used. In
vivo plants were grown in Gryshko National
Botanical Garden and provided by prof.
Rakhmetov D. B. Seeds and in vitro plants
were obtained from seed bank and in vitro
collection of the Institute of Cell Biology and
Genetic Engineering of National Academy
of Sciences of Ukraine and also provided
by research assistant (M. S. Kalista)
of National Museum of Natural History
of the National Academy of Sciences of
Ukraine.

Gas Chromatography-Mass Spectrophoto-
metry of fatty acid ethers. FA extraction
and methylation were conducted stepwise
accordingly to Garces R. [18]. 50 mg of seeds
and 200 mg of fresh leaves were used for
extracts preparation. Seeds samples were
ground in pounder and leaves were cut with
defatted scissors. Then material was moved
to glass tubes with spin caps and teflon
gaskets. Reaction mixture which consisted of
methanol: toluene: sulfuric acid (volume ratio
44:20:2) was added to the plant material first.
Then, 1.7 ml of hexane was added (methanol,
toluene, hexane — HPLC-grade, Sigma-
Aldrich, Germany; sulfuric acid — chemically
pure, Alfarus, Ukraine). Tubes were kept
in water bath at 80 °C for 2 hours and then
after cooling down to room temperature
were gently shaken which led to separation
of the liquid into two phases. Upper phase
which contained concentrated methyl fatty
acid ethers was gathered. The acidity of the
solution was adjusted to neutral pH with
saturated solution of 1M sodium phosphate.
FA composition was determined using
GC/MS system Agilent 6890N/5973inert
(Agilent Technologies, USA) with capillary
column DB-FFAP (length — 30 m; inner
diameter — 0.25 mm; stationary phase
thickness — 0.25 pm). Chromatographic
fractionation occurred in gradient mode from
150 to 220 °C with a temperature gradient of
2°/min. Helium was used as a carrier gas with
flow rate of 1 ml/min. Identification was done
using mass spectrum library NIST 02 and

standard bacteria methyl fatty acid ethers
solution (Supelco). Heptadecanoic acid (Cy7.q)
(chemically pure, ABCR, Germany) was used
as an inner standard.

All data were expressed as a mean =SD.

For saturation degree estimation in leaves
and seeds the index of saturation (double
bound index — DBI) was used [19]:

DBI = YPjn/100,

where Pj — the amount of FA (mol%),
n — the number of double bounds in every
unsaturated FA. The unsaturation index
(K) — the ratio between total amount of
unsaturated FA (UFA) and total amount of
saturated FA (SFA) is also used. Acil-lipid
9, 6 and ®3 desaturases activity, which
catalyzes formation of double bonds into the
carbon chain of Oleic (C18:1), Linoleic (C18:2)
and a -Linolenic (C18:3) acids respectively
was determined by stearic- (SDR), oleic-
(ODR) and linoleic- (LDR) desaturases ratio.
These ratios were calculated by amount (mol%
of total FA content) of C18 components:

SDR =(C18:1) / (C18:0 + C18:1),

ODR = (C18:2 + C18:3) / (C18:1 + C18:2 +
C18:3),

LDR = (C18:3) / (C18:3 + C18:2),

where C18:0, C18:1, C18:2 i C18:3 — mol%
amount of Stearic (C18:0), Oleic (C18:1),
Linoleic (C18:2) and a-Linolenic (C18:3) acids
[20].

Antioxidant activity, total soluble protein
and polyfructan content. Fresh apical leaves
from plants grown under in vivo and standard
in vitro conditions were weighed (200 mg),
homogenized with distilled water (0.7 ml)
and centrifuged at 10000 g for 10 min.
100 ul of supernatant was taken and mixed
with 100 ul of 0.1% alcohol solution of
resorcinol (chemically pure, Alfarus,
Ukraine) and with 100 ul of concentrated
hydrochloric acid (chemically pure, Alfarus,
Ukraine). Extraction of polyfructan was
held in water bath at +80 °C for 20 min
and measured on spectrophotometer (550
nm) (Eppendorf, USA). Calibration was
made using fructose [21]. Antioxidant
activity of extracts was measured by DPPH
radical scavenging method [22]. Bradford
method was used for total soluble protein
determination [23].

Statistical analysis of results was
performed by expressing the mean difference
(Student’s t-test) [24].
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Results and Discussion

In 40-45 days after the sterilization
procedure aseptic seeds started to sprout.
Applied surface sterilization method provided
with 45% of aseptic seed material 50% of
which has sprouted (Fig. 1). Aseptic plantlets
that were formed were cultivated on the solid
MS medium at 24 °C with a 16-h photoperiod
and regularly sub-cultivated by transferring
apical or lateral buds to fresh medium.

Different growth regulators effect on
lateral buds microclonal propagation was
studied. The highest number of new formed
plantlets was gained on the MS medium
that contained 1 mg/1 of BAP (5.25 = 0.50
plantlets from 1 lateral bud) and 1.5 mg/1 of
kinetin (5 = 0.81 plantlets from 1 lateral bud)
(Fig. 1). NAA presence in the medium caused
callus tissue formation without microclonal
propagation. Control plants were grown on MS
medium without grows regulators (no callus
tissue or new formed plantlets were formed
during 30 days of observation).

FA content. FA can be divided by
the unsaturation degree into 2 groups:
saturated (SFA) and unsaturated (USFA)
(monounsaturated and polyunsaturated).
GC/MS of the samples from seeds and leaves
of grown in vitro and in vivo showed the
presence of such SFA as Lauric acid (C12:0,
Palmitic acid (C16:0) and Stearic acid (C18:0).
Monounsaturated FA (Oleic acid (C18:1 A9,
®9), Paullinic acid (C20:1) and Erucic acid
(C22:1)) and polyunsaturated FA (Linoleic
(18:2 A9, 12, ®6), a-Linolenic (18:3 A9, 12, 15,
®3), eicosadienoic acid (C20:2) were detected in
seed samples but no traces of long carbon chain
FA (C20:1, C20:2, C22:1) were found in leaf
samples. Total amount of FA in seed and leaves

was quite different (Table). C. koktebelica
seeds had high content of total FA (890 =+
99 mg/g). Total amount of FA in leaf samples
was approximately equal in both aseptic and
not aseptic plants. USFA total amount in seeds
was much higher than SFA (K — 44 + 5.82)
but DBI was rather low (DBI — 4 = 0.05,
P < 0.05). Extracts from C. koktebelica plants
grown in vivo had higher total amount of
USFA then SFA (K — 4.41 = 1.43) and in vitro
leaf samples on the contrarily had almost equal
amount of USFA and SFA (K — 1.24 = 0.42).
Though, these results were not significant. The
DBI was higher for in vivo cultured plants then
for plants grown in vitro (P < 0.05, Table).

Calculated SDR, ODR and LDR
coefficient showed relevant desaturases
(09, 6, ®3) activity level. The activity of
w9 — desaturase that provides first double
bound input was the lowest among others
desaturases activity in aseptic plant samples
(0.49 = 0.04, P < 0.05), and it’s highest
activity was determined in seed samples
(0.98 =£0.005, P <0.05). ODR coefficient was
very high in leaves of both aseptic and not
aseptic plants that indicate high activity of
w6-desaturase. LDR coefficient was high in
plants grown in vivo (0.83 = 0.06, P < 0.05)
but low in aseptic plants (0.43 = 0.02, P <
0.05) and the lowest in seeds which indicates
low activity of w3-desaturase. According
to SDR, ODR and LDR coefficients that
were calculated activity of ®9-, w6- and ®3-
desaturases in leaves grown in different
conditions and seeds were different. Samples
from seeds showed high w9-desaturase and
low w6- and w3-desaturases activity while
samples from leaves, on the contrary, showed
high ®6- and ®3-desaturases and low ®9-
desaturase activity.

b

Fig. 1. The Crambe koktebelica:
aseptic seeds sprouting (a) and in vitro cultivation (b)
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Total amount of FA, saturation degree, unsaturation index and acil-lipid ®9, ®6 and ®3 desaturases
activity in Crambe koktebelica seeds and leaves of plants grown in vitro and in vivo

C. koktebelica
Parameters
In vitro leaves In vivo leaves (control)

FA, mg/g 3.64 =0.70 3.46=+ 0.09*
SFA, mg/g 1.58 £0.01%* 0.70 = 0.20%
USFA, mg/g 2.51 =0.69 2.76 =0.29
K 1.24 £ 0.42 4.21 =1.43
DBI 1.46 = 0.22% 2.07=0.17%
SDR 0.43 = 0.04%* 0.57 =0.17*
ODR 0.94 = 0.01%* 0.95 = 0.02%
LDR 0.43 = 0.02* 0.83+0.06%*

Notes: * P <0.05 (compared with the control; abbreviations see in Materials and Methods; significant values

see in the text).

Further FA ethers gas-spectrums of the
samples from seeds and leaves study showed
that Lauric acid was present in all seed and
leaves samples. While seeds and in vivo
plants had insignificant amount of C12:0
(seeds — 0.22 = 0.02 mol% ; in vivo grown
plants — 0.28 = 0.05 mol%, P < 0.05) a part
of lauric acid in leaves samples from aseptic
plants was higher (4.91 = 0.82 mol%).
Palmitic acid had the biggest share of
saturated FA content. It’s content was low in
seeds — 2.04 = 0.31 mol%, but leaf samples,
on the contrarily, had high content of C16:0
(aseptic plants — 38.36 = 8.82 mol% and
not aseptic plants — 18.19 = 7.50 mol%)
(Fig. 2). Despite that data was not significant
we can assume that the amount of palmitic
acid in aseptic plats increased comparing to
not aseptic ones.

Consumption of palmitic acid (C16:0)
increases risk of developing cardiovascular
diseases so plants with its high content are
better to be used to produce soaps, cosmetics,
and release agents. Therefore, green mass
of C. koktebelica plants that were cultivated
under in vitro conditions is not fitted for
food industry or for animal feeding but we
can assume that plants which were cultivated
in vivo more fit to for animal feeding as they
had about twice less of palmitic acid then the
aseptic ones.

Leaf samples had higher content of C18:0
then seed samples (seeds — 0.31 = 0.05 mol%,
aseptic plants — 3.70 = 0.97 mol% ; not aseptic
plants — 2.13 = 0.72 mol%). Taking into
account calculated standard deviations we can

assume that there is no significant difference
in C18:0 content between in vitro and in vivo
grown plants.

Unsaturated FA has preventative and
therapeutic ability in cardiac diseases,
rheumatoid arthritis, bronchopulmonary
pathology, diabetes, viral infections, mental
disorders [25]. In seeds of studied species
the biggest share of all FA had Oleic acid
but in leaves its content was low. Samples
from seeds had 30.07 = 2.28 mol% of C18:1
but samples from aseptic plants leaves had
2.84 = 0.32 mol% ; compared to its content
in plants cultivated in the botanical garden
(3.56 = 2.36 mol% ). We assume that there
is no significant difference in oleic acid
content between in vitro and in vivo grown
plants.

Samples from seeds had high content of
monounsaturated omega-9 fatty acids —
Gondoic acid (C20:1) and Erucic acid (C22:1)
while leaves from both aseptic and not
aseptic plants had no traces of these acids.
Those acids are harmful to human and animal
health, so their absence in leaves samples
indicates the possible use of Crambe species
green mass as forage crops. At the same
time, the use of their seeds as forage crops
is not advisable due to high content of
C22:1. The Erucic acid content in seed
samples was rather low for C. koktebelica
(11.72 = 3.27 mol% ) compared with well
studied oilseed crop C. abissinica (62.50%)
[26]. Gondoic acid content in seeds was high
(18.98+0.21 mol% ) while C. abissinica seeds
had only 2% of C20:1[26].
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Fig. 2. Comparison of Crambe koktebelica seeds and plants grown in vitro and in vivo FA content

Some polyunsaturated FA were detected
in seeds and leaves samples of studied Crambe
species. Linoleic and a-Linolenic acids are
essential fatty acids so foods with high
content of these acids should be included in
human diet [24]. The biggest amount of C18:2
was detected in C. koktebelica seeds samples
(28.14 + 3.73 mol%). Leaves samples from
in vivo grown plants had higher amount of
C18:2 (11.42 = 4.26 mol%) than in vitro
cultivated plants (6.40 = 2.45 mol%). But,
since the data is not signifacant we cannot
report a great difference in C18:2 content
between aseptic and not aseptic plants.
oa-Linolenic acid content was the highest
among SFA and UNFA in leaves samples
from plants that were cultivated in both
in vitro and in vivo conditions but not
aseptic plants had higher content of C18:3
(58.39 = 7.50 mol%) then aseptic ones
(43.77 = 5.89 mol%). In seed samples C18:3
content was much lower (6.50 = 1.09 mol%)
though the data was not significant.

Eicosadienoic acid (C20:2) was detected
only in seed samples from C. koktebelica
(1.05 = 0.29 mol%) though this FA wasn’t
present in C. abissinica [25], but C. tataria
also had similar to our data content of C20:2
(0.49%)[27].

Palmitic acid, stearic acid, oleic acid,
linoleic acid, linolenic acid and erucic acid
composition of vegetable oils affects biodiesel

24

properties and plants with high content of
these FA are often suggested for cultivation
as a source of biofuel. C. koktebelica is a
wild crop which didn’t undergone specific
cultivation or hybridization for FA content
improvement, therefore it shows some
potential in comparison with commonly used
oilseeds [28].

Antioxidant activity, total soluble
protein and polyfructan content. In vitro
leaf samples had significantly higher total
soluble protein content (8.10 = 0.97 mg/g of
fresh weight) comparing to in vivo samples
(2.38 = 0.29 mg/g). It is interesting that
for the most commonly used species of
Brassicaceae family that were grown in
vivo, total protein content was lower than
for Crambe species (4,8 mg/g of fresh
weight for broccoli) [29]. Exogenous
phytohormones which are used for in vitro
microclonal propagation and cultivation
are proven to have the ability to activate
expression of soluble and stress proteins
synthesis genes [80—31]. This ability could
be responsible for such great difference in
total soluble protein content between aseptic
and not aseptic plants.

AOA for C. koktebelica both in vitro and in
vivo samples was very high comparing to the
ascorbic acid solution (1 mg/ml — 98.22%).
Leaves samples of not aseptic plants showed
very high AOA (110% ) which is higher then
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ascorbic solution that was used as a reference
and than aseptic plans AOA (82%).

While in vitro plant samples total soluble
protein content was higher comparing to in
vivo plants their polyfructan content on the
contrary was quite low: aseptic plants —
4.50 = 1.86 mg/g and not aseptic plants —
9.51 +0.12mg/g.

The calculated results of AOA, total soluble
protein and polyfructan content were not
statistically significant.

So, efficient protocol for seed surface
sterilization that resulted in high number
of aseptic spouts and fast multiplication
method (up to 5.25 = 0.50 new formed
plantlets from 1 lateral bud in 30 days
period) were elaborated for endangered
species C. koktebelica. GC/MS of the
samples from seeds and leaves study reviled
an impact of aseptic conditions on the
FA composition of studied C. koktebelica
species. Quantitative FA analysis shows
difference between plants grown in
aseptic and not aseptic conditions and also
suggests that aseptic conditions benefits
to SFA accumulation and increases protein
content but on the other hand it reduces
USFA amount and polyfructan content
so as AOA of plant material. The study
of ®9-, w6- and w3-desaturases activity
showed that seed samples had high ®9-
desaturase activity but very low ®6- and
m3-desaturases activity. Samples from
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BIOTEXHOJIOT'TYHI IIIAXO0AU 10
3BEPE;KEHHSA SHUKAKOYO0I'O BUAY
Crambe koktebelica (Junge) N. Busch TA BIIJINB
ACEIITUYHHUX YMOB RYJbTUBYBAHHSA

in vitro HA BIOXIMIYHI IIOKASHHUKH POCJINH

H.O. Hyuucapboeal, M. C Kanicma?,
M. A. Xapxoma?’, . B. Paxmemos*, M. B. Eyuyrcl

IIHCTI/ITYT KJiTuHHOI 6iosorii Ta reHeTHUHOI
imxenepii HAH Vkpaiunu, Kuis
2HauiOHaanm71 HaAYKOBO-TIPUPOIHUYUHA My3ei
HAH Vkpaiau, Kuis
3IHCTnTyT Mikpob6iosorii i Bipycouorii
im. [1.K.3a6omorHoro HAH Vkpainu, Kuis
Harrionanpuuii 6oTaniyumii caf
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Mertoro gocaimxeHHA 0yI0 CTBOPEHHS e()eKTUB-
HUX IIPOTOKOJIB MOBEePXHEBOI cTepuiisarii Haciu-
Ha 3HuUKawuoro Buny Crambe koktebelica (Junge)
N. Busch B acenTuuHi# KyabTypi Ta JOCTigKeHHA
BILJINBY 3aCTOCYBaHHSA METO/iB 6ioTexHOJIOTIT (KyIb-
TUBYBAHHA in vitro) njas 36epeskeHHA 6i0JOTiUHOTO
pisHOMaHIiTTA Ha GioximMiuHUil cKJag pocauH. Bee-
IEeHHs B aCeITUYHY KYJbTYPY in vitro 0yJo mpose-
JIeHO 3a PO3po0JieHMM aBTopamMu Meromom. Ilocui-
IKeHHSA MiKPOKJIOHAJIBHOTO PO3MHOKEHHA 13 OiuHUX
OPYHBOK POCJIUH OCJHiJHOTO BUAY IIPOBOAUJIU Ha
JKUBUJIbHOMY cepemoBuilli Mypacire-Ckyra, gomos-
HEHOMY PeryJaTopaMu POCTY B Pi3HMX KOHIIEHTDA-
migax. BMicT JKUPHUX KUCJIOT BU3HAUATIU METOLOM
razoBoi xpomarorpadii-mac-cuexkTpodoromerpii edi-
PiB JKUPHUX KHUCJIOT, OTPUMAHMUX i3 HACiHHA Ta Ha-
3eMHUX oprauis pocyaun C. koktebelica, KyabTuBOBA-
HUX in vitro Ta in vivo. AHTUOKCUJAHTHY aKTUBHICTD
OyJio BusHaueHo 3a 2.2-ngudeniya-1-mikpuarigpamu
MeTomoM. BmicT 3arasbHOTO PO3UMHHOIO IPOTEIHY
BuU3HAUaau Metonom Bpendopaa, a BmicT momidpyx-
TaHiB — 3a 3JAaTHICTIO KETOIYKPiB 3a0apBJIIOBATHCH
Y KUCJIOTHOMY CePeOBUIIli 3a HAABHOCTI Pe30OPIIUHY.
B poboTi BUKOpuCTAHO POCIUHU, BUPOIIIEHi B YyMOBaX
in vitro Ta in vivo, i Haciuua C. koktebelica. B pe3ynb-
TaTi 6yJI0 po3pobIeHO e(DEKTUBHUL METOJ] II0BEPXHe-
BOI cTepuiaisarmii HaciHHsA, KUl TaBaB 3MOTy OTPU-
matu 50% acenTMUHUX HACIHWH, 3 AKUX Y KYJIbTYDi
in vitro npopocrtaiio 45% wuacinuu. Bysio BusHaueHo
CKJIAJ *KUBUJIBHOTO CEePeIOBUINA, IIf0 3a0e3IeuyBaB
edeKTHUBHE MiKPOKJIOHAJIbHE PO3SMHOKEHHSA PDOCIUH
B aceNTUYHifl KyabTypi in vitro. Ha cepemoBuIi
Mypacire-Cxyra, gomoBHeromy 1 mr/g 6-6eH3mJ-
aMiHoOmypuHy, 3 ogHiel 6iuHOI OPYHBKY YTBOPIOBAJIOCH
5,25 = 0,50 nmarouis. Takox BCTaHOBJIEHO, II[0 acell-
TUYHI yMOBU BupollyBaHHsa pocauH C. koktebelica
CIIPUAIOTH 301JIBIIIEHHIO BMICTy HACUUEHUX KUPHUX
KHCJIOT Ta 3aTaJIbHOTO PO3YMHHOTO IPOTETHY, OZHAK
MIPUBBOJATE [0 3MEHIIIeHHA BMiCTY MOJIi(PyKTaHiB Ta
BHIKYIOTh aHTUOKCUAAHTHY aKTUBHiCTh. OTpuMaHi
pe3yabpTaTH MiATBEPIKYIOTh e(DeEKTUBHICTh BUKOPU-
CTaHHS METOMiB OioTexHOJOTiI A1 30eperkenus 6io-
pPiBHOMAHITTSA Ta 3yMOBJIOIOTH HEOOXiIHICTH TJIMOIITO-
0 BUBUEHHS MEXaHi3MiB BILIMBY KYJIbTUBYBaHHS in
vitro Ha 6i0xXiMiUHMI CKJIa] POCJIVH.

Knwuosi cnosea: Crambe koktebelica, 30epe:xkeHHA
OiopisHomaniTTa, in vitro.

BUOTEXHOJIOTUYECKHE ITOIXO1bI
K COXPAHEHHUIO NCYESAIOIIIEI'O BUTTA
Crambe koktebelica (Junge) N. Busch
U BJIUIHUE ACEIITUHYECKHUX YCJIOBHUU
KYJbTUBUPOBAHMUA in viiro HA
BHOXUMHUYECKUE IIOKA3ATEJH PACTEHU
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ITenbro mccaemoBaHusi ObLIO co3gaHue sPQhex-
TUBHBIX IIPOTOKOJIOB IIOBEPXHOCTHOM CTEpPMJIM3A-
Uy ceMsaH ucuesaroniero suza Crambe koktebeli-
ca (Junge) N. Busch B acenrtuueckoii KyasType in vitro
U UCCJIeI0BAHNe BIUSHUS IPUMEHEeHNS METOI0B O1O-
TeXHOJIOTUY (KYJIbTUBUPOBAHUE in vitro) g coxpa-
HeHUA OMOJIOrMYEeCKOro pasHooOpasusa BUAOB HA OUo-
XUMUUYECKUIA COCTAaB pacTeHuii. BBemeHme B acenTuyec-
KYI0 KYJBTYPY in Vitro GBLIO IIPOBEIEHO B COOTBETCTBUL
¢ paspaboTaHHBIM aBTOpamMu MeTonoM. VccienoBanue
MUKPOKJIOHAJIHFHOTO PA3MHOYKEHUA U3 MAa3yIITHUX ITOUEK
pacTeHuii NCIeLyeMOro BU/ja IPOBOIUIN HA TUTATEh-
Hoii cpene Mypacure-Ckyra, JOIIOJTHEHHOMH PEryJIsaTo-
paMu pocTa B pasHbIX KOHIleHTpanuax. Comep:ranue
SKUPHBIX KUCJIOT OIIPEAEJIAIN METOAOM ra30BOM XpoMa-
Torpadum-mMace-crieKTpo)oTOMeTpUU 3(PUPOB KUPHBIX
KHCJIOT, ITOJIyUYeHHBIX 13 CEMSIH U BereTaTUBHBIX Opra-
HoB pactenuii C. koktebelica, BbIpallleHHBIX in vitrouin
Viv0. AHTHOKCHUIaHTHASA aKTUBHOCTD ObLIa OIIpeaeieHa
o 2.2-pudennn-1-nmukpuaruapanua merony. Comep-
JKaHMe 00IIero PacTBOPUMOIO IIPOTENHA OIPe e N
metogoM Bpasndopaa, a comeprrkanue moaudpykxra-
HOB — TIO CIIOCOOHOCTH KeTOCaxapoB OKPAIIINBATHCA B
KHUCJIOTHOM Cpejie IPU HAJIM4uu pesopiinHa. Pacrenus,
BbIpallleHHbIe B YCJIOBUAX in LItro u in vivo, U ceMeHa
OBLIM MCIOJIE30BAHBI B JaHHOU pabore. B pesyibrare
ObLI paspaboTad s()EeKTUBHBIN METO/ II0BEPXHOCTHOL
CTepUIN3anuyu ceMsaH, obecrmeunBaromuii 50% acer-
TUYECKUX CEMSH, 13 KOTOPBIX B KYJIBTYPE in vitro mIpo-
pactaso 45% . Bbl1 ycTaHOBJIEH COCTAB MUTATEIHHOMN
cpenbl, obecrneunBaioniuii a(pHeKTUBHOE MUKPOKJIO-
HAJIBHOE PA3MHOYKEeHe DACTEHUN B ACEIITIIECKON KYJIb-
Type in vitro. Ha cpeme Mypacure-Ckyra, IOIIOJTHEHHOMR
1 Mr/n 6-6eH3MIAMUHOITYPUHA, U3 OHOM JIaTepaTbHOMI
TOYKHY PO3BUBAJIOCH 5,25 = 0,50 moberos. Tax:xe ObLIO
YCTaHOBJIEHO, UTO aCelTUYECKUe YCJIOBUS BhIpaIliBa-
uusa pacreruii suga C. koktebelica ciocoGCTBYIOT yBe-
JINUEHUIO KOJMYECTBA HACBIIIEHHBIX KUPHBIX KUCJIOT
¥ 00IIIeT0 PaCTBOPUMOTO IIPOTENHA, OJHAK IIPUBOJAT K
YMEHBITIEHUIO KOJINYECTBA MOIU(DPYKTAHOB 1 CHUKATOT
AHTUOKCUJAHTHYIO aKTUBHOCTD. [10TyueHHbIE PE3yJIb-
TaThl MOATBEPKIAIOT ePPEKTUBHOCTD UCITOJIb30BAHUS
METO/I0B OMOTEeXHOJIOTUY IJI COXPaHeHUs: OMopasHo-
00pasusa 1 00yCJIaBINBAIOT HEOOXOUMOCTE GoJiee TJIy-
OOKOr0 M3YUYEHUs MEXaHU3MOB BIUSHUA KYJIbTUBUPO-
BaHU4A in Vitro Ha OMOXMMUYECKHI COCTaB PaCTeHUH.

Knrwuesvte cnosa: Crambe koktebelica, coxpaHe-
Hue 6uopasHoobpasus, in vitro.
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