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An unusual minor protein appearing in embryonic
axis cells of haricot bean seeds following
germination process stimulated by 6-methylthiouracil
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Using the two-dimensional polyacrylamide gel electrophoresis approach, an unusial = 30 LkDu protein was
found in embryonic axis cells of haricot bean seeds following seed germination process stimufated by
6-methylthiouracil. No similar protein was found both in control and lutidine N-oxide stimulated seeds.
The synthesis of un additional low molecular weight pratein was also detected in a cell-free system prepared
from rabbit reticulocytes in the presence of poly( A RNA isolated jfrom 6-methylthiouracil stimulated
embryonic axes of haricot been seeds. At the same time the lutidine N-oxide was found rto stimulate
drastically the total polypeptide synthesis tn an in vitro system prepared from wheat embryo in the presence
of a «standard» poly(A J RNA preparation, no similar effect of the 6-methyithiouracil having been seen.
The rafio of informosomes, free and incorporated into polyribosomes, was investiguted following
RNP-particles fractionation In a preformed CsC! gradient; the 6-methyvithiouracil seed stimulation was
shown fo induce the develo;;menr of an additional peak of synthetically active informosomes. their buovant
density being 1.46 g/em”. The 6-methylthiouracil stimulated seed germination causes a significant
shortening of haricot plant ontogenesis period without any harmful changes of plant phenotype, the lutidine
N-oxide stimulation leads, however, to deformed accelerated vegetative orgun appearance accompanied by
no reproductive organ development. Nature of 30 kDa prorein as well as some problems concerning the
correlation between different stimulator-induced cellular gene expression changes taking place during early
postembryogenesis and further processes of haricot bean plant growth and development are discussed; some
possible practical consequences of our experiments are also mentioned.

Introduction. Due to vast biological screcning we have
earlier shown |1 ] such substances as lutidine N-oxide
{LNO, ivin-yan) and 6-methylthiouracil (methyur,
6-MTU) accelerate sharply haricot bean seed ger-
mination. Our conviction is an embryonic axis of
haricot bean plant (morpho-physiological and bio-
chemical characteristics of embryonic axis set, for-
mation and germination, its growth as well as deve-
lopment during embryogenesis and carly postem-
bryogenesis, i. ¢. during haricot bean sceds matu-
ration and germination were studied in detail [2—4 ]
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to be a suitable model permitting to investigatc several
actual problems of plant physiology and
biotechnology, namely:

() 1o answer somc questions concerning the
mechanism of plant growth stimulator cffect (these
compounds are strongly differcnl from natural plant
hormones in their chemical structurce), to understand
if synthetic stimulators act through the cellular re-
ceplor systems similarly to plant hormones or interact
directly with some target molecules on the level of
cellular regulatory system (i. e. at the level of genetic
conirol or phytohormonal regulation of plant growth
and morphogenesis};

(i) to understand if the ariificially stimulated
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plant growth causes any harmful changes affecting the
sequence of normal morphogenetical events during the
early postembryogenesis (mature fully differentiated
organs from primary non-differentiated embryonic
axis organs — root, hypocotyl and leaf, beginning to
form in this period) and if any drastic growth
stimulation realized during the first developmental
stages is able to impair the balanced growth and
development of plant vegetative and reproductive
organs during further plant ontogenesis stages (for
example, acceleration of vegetative organ growth and
inhibition set as well as formation of plant repro-
ductive organs).

To solve such problems as fully as possible we
decided to get at first two principal goals:

(&) to undersiand the mechanisms concerning the
effect of two synthetic growth stimulators — 6-MTU
and LNO changing cellular gene expression in em-
bryonic axis cells at carly postembryogencsis stage
and programming plant growth and development;

(i1} 1o study the consequences of artificial haricot
seed germination on following plant vegetation.

Materials and Methods. Seeds. In our expe-
riments seeds of haricol beans (Phaseolus vulgaris L)
of the variety «Bielozernaya» were used. Ethanol-
sterilized seeds were put for germination in a thermo-
stat at 20 °C; they were incubated between layers of
filter paper moisiened by distilied water or by 2 %
solutions containing plant growth regulators. After the
seced incubation, embryonic axes were separated from
cotyledons, washcd by distilled water and divided
into three parts (each containing 100 axes) aimcd for
isolation of proteins, RNA, and RNP-particles.

Protein extraction. The tissue samples of em-
bryonic axes were frozen in liquid nitrogen and
powdered carefully in a china mortar. 10 volumes of
preliminary cooled 1o 0 °C extracting buffer consisting
of 30 mM tris-HCI1, pH 8.7, 1 mM dithiothreitol
(DTT}, 1 mM cthylencdiaminetetraacetic acid (diso~
diura salt), 1 mM ascorbic acid, 5 mM MgCl,, and
10 mg polyvinylpyrrolidone were added to the tri-
turated material. The extract obtained was twice run
(during 10 min and |5 min) in a cenirifuge at
35.000 g. The 3/4 v acidified acetone (pH 4.5),
containing 0.07 9% 2-mercaptoethanol was added to
supernatant fluid, This mixture was strongly shaken
and incubated at =20 °C during 1 h. The denatured
proteins were then pelieted by centrifugation at
35.000 g during 10 min. The pellets obtained werc
dried using a vacuum evaporator and dissolved in a
buffer containing (50 u} per 1 mg of dry precipitate);
B M urea, 5 mM K,CO,, 0.5 % DTT, 2 % am-
phollynes solution — carrier ampholytes, their pH
range being 3.5-—-9.5, 2 % Triton X-100 (MKSD-

buffer). The soluble protein extract was separated
from insoluble material by probes centrifugation
(3 min at 15.000 g) and then kept at -20 °C until use.

Two-dimensional gel electrophoresis of proleins
was realized according to the method described by
O’Farrell [5] with several moedifications. The prolein
fractionation in the first direction was made ina § %
polyacrylamide laminar gel (C=4 % w/w). The gel
was polymerized in a 8 M urea solution supplcmented
by 2 % Triton X-100 and 2 % ampholines mixture
(containing pharmalytes with pH ranges 3.5—%.5 and
5.0--7.0, their ratio being 3:1) to stabilize the central
pH gradient zone. The gel was 1 mm wide, its size
being 140 x 80 mm. 0.02 M NaOH was used as a
cathode elecirode solution, and 0,01 M H,PO, was
taken as an anode one. The gel pre-focusing was
made at 400 V during 30 min. The protein elec-
trophoresis was realized during 2 h at 1200 V in a
cooled chamber. A gel strip with marker proteins was
cut out and stained for marking gel lanes, all other
ones containing protein fractions were polymerized in
a polyacrylamide gel with a §—15 % concentration
gradient {o fractionate the proteins in the second
direction rcalized in a buffer system described by
Laemmli [6]. This gel was 1.5 mm wide, its size being
145 x 145 mm. As an eleclrode buffer a iris-glycine
solution (pH 8.3) supplemented with SDS was used.
The proteins cnlered to the concentrating gel at 70 V
during 1 h, the protein fraclionation in a separating
gel was run during 6 h at 160 V. Foliowing scparation
the gel strips containing protein fractions were fixed
by a mixture containing 30 %, isopropanol and 20 %
acetic acid and stained by a Coomassie brilliant bluc
solution. The stain excess was washed out by a
mixiure containing 5 % methanol and 7 % acelic
acid. The gels stained were then photographed on a
glass plate lit from the opposite side.

The isolation of fotal RNA preparations was
realized after embryonic axis tissue desiruction using
a buffer solution (buffer 1) containing 0.05 M tris-
HCi, pH 7.6, 0.01 M MgCl,, 0.06 M KCI, | % SDS,
and 4 M guanidine isothiocyanate. The lysate ob-
tained was twice treated by a mixture of hot water-
saturaled phenol and chloroform; the RNA was pre-
cipitaied from a water phase by ethanol, trcaied by
proteinase K, deproteinized again by the samc phe-
nol-chloroform mixture and precipitated by ethanol.
Some polysaccharide contaminants present in RNA
preparations (preventing fractionation molccular RNA
and manifestation biological activity mRNA /n vitro)
were extracted by methoxyethanol; the RNA mole-
cules were then precipiiated by ceiylthrimethylam-
monium bromide; this last reagent was eliminated by
multiple re-dissolving of RNA preparations in a
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0.01 M sodium acetate solution followed by sodium
acelate saturated ethanol precipitation.

Poly(A) RN A separation from polyW A RNA mo-
lecules was made using total RNA chromatography on
the oligo(dT)-cellutose columns [7]. Total RNA pre-
parations were analysed using electrophoresis in a
1.5 % agarose gel containing 7 M urea according 1o
Locker [8]; the gels obtained had been saturated by
ethidium bromide solution beforc RNA fractions pho-
tographing using an UV lamp. The poly(A)'RNA was
analysed using a Northern-blot approach [9]. ¢cDNA
was synthesized on poly(A)'RNA templale according
to the protocol described by Buell et al. [101] using
reverse transcriptase (revertase) and  [a->*P J-con-
taining deoxy-CTP as a label. A poly(A)'RNA pre-
paration was fractionated by electrophoresis in an
agarose gel in the prescnce of formalyn; electro-
phorciically pure poly(A)'RNA fractions were trans-
ferred on nitrocellulose fillers and hybridized with
cDNA. The hybridization mixture contained 50 %
formamide, 5X Upper buffer (pH 7.00, 5X Denhardt’s
solution |l1], denatured calf thymus DNA
(100 ug/mb, poly(A)'RNA (1 ug/ml, 0.1 % SDS,
and |¢-'P J-¢cDNA (1.5-10° cpm). Following
hybridization, filters were carcfully washed from
exogenous label and exposed during 24 h to a film
PM-1 with an accelerating screen (at —70 °C). The
limits of poly(A)"RNA sizes were evaluated according
to radicautograph distribution of labelled po-
ly{A)'RNA-cDNA hybrids along the gel lanes (with
regard to marker polynuclecotides).

The experimenis with poly(A) RNA (ransiation
were carried out in cell-free systems derived from
wheat embryos (12] for quantitative determination
tncorporation of radioactive label into polypeptide
material and rabbit reticulocytes [91 for definition
fractional composition of full-length new synthesizing
polypeptides, using [*'S |-methionine as a labelling
compound. The polypeptides synthesized de novo in
this last in vitro system were analyzed using the
one-dimensional PAGE approach as mentioned above.
The gels obiained wére dried using a heating vacuum-
dryer («LKB», Sweden). The gel fluorography was
made using a protocol described in [13], the gels
having bcen saturated by a fluorescenl reagent,
2,5-diphenyloxazole (PPO) [14].

Radioactive labelling of RNP-particles. The em-
bryonic axis samples (100 axes) were thoroughly
washed by distilled waler and incubated in a *H -
uridine sclution (3.7-10° Bg/ml) containing alse pe-
nicillin and streptomycin (50 ug/ml) to prevent the
label incorporation by contaminating bacterial cells
present in incubation mixture. The material was
incubated during 1 h in a thermostal at 28 °C in a
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Petri dish and then washed by distificd water to
remove all the non-incorporated label.

Isolarion of labelled cytoplasmic RN P-pariicles. A
sample of embryonic axis tissue was homogenized in
the buffer IT (containing 20 mM TEA-HCI, pH 7.6,
25 mM KCI, 3 mM MgCl,, 10 mM 2-mercaptocthanol,
250 mM sucrose, heparin (100 gg/mb as an RNAse
inhibitor, phenylmethylsulfonyl fluoride (50 pg/ml)
as a trypsin-likc protease inhibitor, and cyclohexi-
mide (100 pg/ml) as an inhibitor of mRNA trans-
location on cytoplasmic ribosomes, the corcllation
weighed tissue samplc to volume of this buffer being
1:10. The homogenale obtained was then Hltered and
run at 18.000 g (20 min). A cytoplasmic post-
mitochondrial fraction was incubated with a 0.5 %,
Triton X-100 solution (20 min), layered on 0.5 mi
0.5 M sucrose, prepared on the buffer Il solution
containing no sucrose and centrifugated in a SW 60
Ti rotor (Beckman centrifuge L3-50) (3 h at 49.000
rpm).

Investigation of RNP-particles in a CsCl density
gradient. A peliet of cytoplasmic RNP-particles was
suspended in the sucrosc-free buffer 11 and divided
by two; a half of this suspension was a control
sample, its second portion was treated by a 1§ mM
EDTA-Na, solution to cause polyribosome disso-
ciation. Both preparations containing RNP-particles
were then fixed (during 24 h) in a 4 9%, formaldehyde
solution, all the aggregates formed being removed by
pelleting at 10.000 g (10 min). The soluble material
was then centrifuged in a preformed CsCl density
gradient (1.33—1.65 g/em™ (12 h, 45.000 rpm, 2 °C)
using the same SW 60 Ti rotor.

The fractions of this soluble material were then
obtained using a siphon device; each fraction refrac-
tive index was determined and compared to densily
values of a calibration curve. The fraction optical
density was taken in a spectrophotometer at 260 nm.
Buoyant density (o) of RNP-particles in CsCl was
calculated according to an equation given in |13 ]:

p=D-10.8001 — 13.4979;

D is a refractive index, the values 10.860] and
13.4979 are experimentally found corrections ne-
cessary because of polarizing buffer properties.

Radioactivity of proteins and RNP fractions was
determined in a LS 100C scintillation counter («Bec-
kmanw»} using Millipore AP-15 fibrous glass filices and
scintillator dissolved in tolucne.

Results and Discussion. Whilc elaborating our
approaches concerning mechanisms of action some
synthetic compounds regulating the plant growth we
took into account a lot of data suggesting the genc
expression changes causcd by phytohormones (o



belusng to the principal mechanisms of plant growth
and development [16—181 (however, the question
concerning regulation expression of concrete genes by
each from phytohormones are not yet correctly ans-
werable). We proposed that the synthetic stimulators
of seed germination (similarly 1o natural plant hor-
mo:es) increasing drastically the embryonic organism
size and its organ development, canoot mediate their
action without some expression changes of genes
coding synthesis of stractural and functional proteins;
the increasing of the plant mass (by cell enlargement
anc cell division) being impossible- without intensive
protein synthesis swilching on a lot of reaciions
feading to cell and organ differentiation and spe-
cialization,

According to [19], the protein «spectrums in any
cell is o be changed during cell differentiation and
specialisation, the prolein synthesis process being a
stage- and organospecific one. We proposed the
protein assortment caused by any stimulated embryo
growth (in view of accelerated development stages) is
{c be different from the assortment appearcd in
normally developed embryos during the same period;
ihis difference was praposed to be nearly the same as
between embryvo protein «spectrun» deiermined at an
car'y and at a later postembryonic stages during
natural plant development.

The main protein mass in eucaryotic cells is
kncwn lo be presented by structural proteins and by
cnzymes of the main metabolic pathway (named also
o ticopied, constitutive, abundant or major pro-
teirs), these compounds being present at all develop-
mental slages and detected without any difficulty
using any onc-dimensional gel electrophoresis ap-
proach. However, this approach does not permit to
find «rares (so-called minor) stage- and organo-
speiific enzymes and regulatory proteins, presented
in some few copics and «hidden» on «one-dimen-
sional» electrophoregrams by major protein bands. So
we fractionated & 1o1al protein preparation isolated
fromn cmbryonic axes using a iwo-dimensional poly-
acrylamide gel electrophoresis (TD-PAGE) protocol.

The stained gel photographs obtained after our
TD-PAGE experiment are present in the Fig. | (a, 5,
¢y, the total protein preparations having been pre-
viously focused following the first one-dimensional
separation according o their isoelectric point (pD) in
a pH-gradicni gel.

Our resulls demonsirate the absence of any
differences in embryonic axis protein preparations of
haricol sceds after 12 h of postembryonic develop-
ment, both normal and LNO-stimulated (Fig. 1, a
anc b, Simultaneously, the 6-MTU-stimulated ha-
riccl bran germination causes the appearing of a
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Fig. 1. Two-dimensional polyacrytamide gel clecirophoresis of o
toplasmic proteins isolated from embryvonic axis cells in 12 h post
beginning of haricot bean seed germination; the proteiny investiga
are ftaken from: « - control (pon-stimulutcd) sceds; & LN
stimulated seeds; ¢ — 6-MTLU-stimulated seeds

«blurred-bordereds spot formed by an about 30 ki
protein in a zone containing positively charged pi
teins (Fig. 1. ¢). This spot (although of decreas
intensity) is also seen in photographs obtained fre
TD-PAGE after minimal quantitics of total prote
(4 ug per lane) having been loaded into gel pocket
To determine this protein belonging o major
minor ones, we realized in addition an c¢xperimse
with a onec-dimensional PAGE approach in the m
sence of the SDS, total proteins of cmbryonic ax
after 12 h of postembryonic development having be
loaded on the gel. However, in this experimend
failed to detect any separate band of the 30 ki
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preiein or to find any staining band differences
biotween control and 6-MTU-stimulated protein sam-
ples. So we concluded this protein to be a minor one,
its blurred spot in the TD-PAGE permits to suppose
it 1o be also a short-lived compound, This 30 kDa
protein was not detected im embryonic axis pre-
parations in 24 h after the beginning of non-sti-
muiated germination process, the embryonic axis
sizes being the same as their sizes in 6-MTU-
stimulated seeds in 12 h of postembryonic deve-
lopment (no photograph is presented).

The 30 kDa protein detected by the TD-PAGE
approach appears only as a result of the 6-MTU-
stimulated seed germination, no its traces having been
found both in control and LNO-stimulated samples;
our aim was to gain some data explaining such
results. Some physiological consequences of seed tre-
atment by LNOQ and 6-MTU are similar, the ger-
mination pcriods becoming twice shorter {and fi-
nishing in 2 days) with both stimulators. However, a
lot of intracellular events followed by these substances
treatment are to be quite different. There are somc
facts- confirming this point of view. The LNO-treat-
ment stimalates the tolal cellular protein synthesis
proved in our one¢-dimensional electrophoresis ex-
perimtent using a l_“‘“S f-methbionine labelled in vivo
tofal proteins isolated from embryonic axes and also
following a gel fluorography approach [20]. At the
same  time, the 6-MTU, according to our data,
stimulates the only unusual 30 kDa protein synthesis.,

To explain such a marked difference concerning
the effect of two growth stimulating compounds, we
suppose they action through different mechanisms
influcncing on certain stages of gene  expression
(transcription. formation of synthctically active RNP
complexes, mRNA translation, ctc.). The LNO was
already proved 1o possess no action specificity on the
level of gene expression regulation [20—22 ] acti-
vating both iranscription and active RNP formation
and increasing the synthesis of all the cellular pro-
teins without changing their assoriment,

We thought the appearance of the 30 kDa protein
«non-typical> for a given developmental siage of
embryonic axis cells might have been a result of some
simultancous changes at the translation Jevel or at
any precursor stage of the gene expression regulation
(during transcription and/or transcript maturation
levelsy., To answer this question, we realized some
experiments concerming:

1y the comparative investigation of the LNO and
6-MTU effect on the translation process in an in vitro
sysiem  of protein svnthesis using a  template of
poly{A) 'RNA uas standard isolated from non-stimu-
lated embryonic axis cells:
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2) the study of biological activitics of po-
ly(A)Y'RNA preparations isolated from control ¢m-
bryvonic axes as well as from those ones stimulated
and non-stimulated by T.NG and 6-MTU using the
same in vitro system of protein svnthesis:

3y the evaluation of activity protcin-synthestzing
apparatus {(polyribosomes) in vivo, L. a. proporiion ol
free and incorporated into polyribosomes (‘H-uridine
[abelling in vive) of MRNP and rRNP-particles in
embryo axis haricot bean seeds perminated without
any treatment and following LNO and 6-MTU st
mulation.

In the Fig. 2 (u, & the results of sunmmniary
cmbryonic axes RNA preparations using agarosce gol
clectrophoresis) obtained with conirol and 6-MTLU-
stimulated material; these data demonstrate the RNA
preparations to contain non-degraded discrete frac
tions of both high and low molecular muasses (hnkRNA
including preRNAs, preRNAs «wasic productss ongi-
nated due to processing rRNAs, mRNAs nd iRNAs,

Fig. 2. Agarose gel clectrophoresis of RNA preparations isolated from
embryenic celt axes in 12 h post the beginning of haricod beat seed
germination; « and & — total RNA preparations Trom control and
6-M'TL-stimulated sveds, respectively: ¢ and @ —- poly (A RNA and
poly (A} "RNA preparations, respectively, separated vn en oligotd 1y
celiulose column; ¢ and f-- radivautographs ol hybrid molecules
containing I“PI«‘DNA and poly(AY RNA fractions immobilized on
nitrocellulose filter: pnly(A)*RNA and I')’!I‘! cDNA Bsolaed from
embryonic axis cells of non-stimulated (@) amd 6- MTU stimilated 0 H
haricot bean seeds, respectively; g - electrophoretic distribution o
marker polynucleotides on a parallel gel lane
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«miture» forms these RNAs of nuclear and cyto-
plasm, regulatory RNA molecules). The ratios
E,../Ewy and E,,/E,, for our preparations were
= 2.0 and = 2.3, rcspectively, confirming a good
degree of isolated RNA purification being practically
free from protein and polysaccharide contaminations.
We present also our eclectrophoregrams of a poly(A)”
RNA preparation (Fig. 2, ¢) and of a poly(A)'RNA
one (Fig. 2, J» demonstrating the rRNA to be
practically absent.

In the Fig. 2 (e, f) our radioautographs are given
obtrined as a result of a Northern blot-hybridization
pro.edure of poly(AYRNA fractions with a [*P]-
cDNA  preparation: our results demonstrate these
fraclion to contain highly heterogencous poly (A)'RNA
molecules of diffcrent molecular masses (due to
diffcrences the lengths of mRNA coding regions as
well as of its regulatory ones, apparentily); so there is
no contradiction to other data [23] concerning the
extstence of a marked discretion (in the same size
ranges) for eucaryotic mRNAs (from 8.0 up to 0.24
kbs); a series of spots fuscd along gel lanes can be
seer on our photographs because of radioactive track
autographs being overlapped on the X-ray film due to
labelled highly heterogeneous hybrid mRNA-cDNA
molecules localized on the filter too near from cach
other. An clecirophoregram presenting marker poly-
nucleotides is also shown (see Fig. 2, g}. So it is clear
the poly(A)' RNA preparations studied here to be
non-degraded oncs and to keep their high molecular
com ponents.

However, the principal nativity criterion for any
polv(A)'RNA molecules is their messenger activity
directing the polypeptide synthesis process in in vitro
(cell-free systems); the cvaluation of RNA messenger
activily was a principal moment in our investigation,

In the Fig. 3 (o, #» the kinetics of [¥S)-
methionine incorporation into the TCA-insoluble ma-
terial is presented; these data were obtained in a
well-known wheat embryo cell-free system using a
template poly(A)'RNA as standard isolated from
embiryonic axes of non-stimulated haricot bean seeds.
Qur conirol data concerning TCA-insoluble fraction
radioactivity were obtained with the same in vitro
sysiem conlaining no growth activator (sce Fig. 3, ).
We avaluated also the effect of the LNO and 6-MTU
added to the incubated mixture (Fig. 3, 5 and ¢,
respectivelvy. We would fike first of all to note the
label incorporation increase during incubation in all
the cxperiment materiais (including also contro! ones}
suggesting the nativity of poly (A)'RNA preparations
used. Our second finding is that the 6-MTU inhibits
slightly the fevel of protein label incorporation during
all the incubation period comparing to the control
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Fig. 3. Kinctics of [358] -methionine incorporafion into the TCA-
insoluble material In a wheat embryo /n vitro system with using as
template poty (A) "RNA: a — a control sample (no growth simulators
were used); & and ¢ — label incorporation into peptides in the
presence of the 6-MTU and LNQ, respecsively

incorporation level. On the contrary, the LNO sti-
mulates the poly(A)'RNA directed polypeptide syn-
thesis in our in wvitro system, the synthesis fevel
becoming almost twice higher.

Thus our results prove directly that the LNO
activates the translation processes as well as the
transcription one (20, 211]; while the 6-MTU have no
regulatlory effect on this crucial stage of gene exp-
ression.

So it became of great interest to comparc somc
functional properties of embrvonic axes poly(A)"'RNA
preparations isolated from 6-MTU-stimulatcd and
control haricot bean seeds. In the Fig. 4 (q, & there
are fluorograms demonstrating the PAGE distribution
of polypeptide fractions. They had been previously
labelled by [*’S ]-methionine in cell-free system from
rabbit reticulocytes using of poly(A) ' RNA as template
RNAs isolated from embryvonic axes of haricol been
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Ig. 4. Fluorographic analysis of electrophoeretic polypeptide <«spec-
trunt» in the course of pul_v(/\kaA—dircded a1 vitro symihesis
(rabbit reticulocyte cell-free wystem): pobypeptide synthesis in the
prexence of poly (A) RNA preparations from 6-MTL stimulated {u)
and non-stimulated () embryonic dxis cells, cespectively; ¢ — label
incerporation in vitro svinthosized peptides in the absence of any
added polv €AY RNA preparation (control sample)

seeds  following  germination stimulated and non-
stimufated by 6-MTU. The in vifro synthesized
polypeptide fraciions are very similar with both RNA
proparations used with the only exception: an ad-
ditional polypeptide was detected in a gel zone of low
molecular weight preteins while analyzing the labelled
malterial from the incubation mixture containing the
poly(A) ' RNA preparation isolated from 6-MTU-sti-
mulated cmbryonic axes. Ouwr data do not irrep-
roechably prove this additional peptide to be identical
lo the one detected in our previous in vivo studics.
However, we have a fact of some 6-MTU-induced
changes of an active poly (A)"RNA pool, i. ¢, of the
6-MTU participation in the regulatory transcription
mechanisms.
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Howcver, contrary 1o in vitro experiments, am

regulative cvents having taken place at the
transcription level in vive cannot be realized  ai
transiation level becawse of several following

cumstances: mRNA molecules exist and function i
any plant cell as informosomes, 1. ¢. mMRNP-particles
{241, no «naked» RNA is there prosent: at any stage
of plant development there are both a reserved pool
of functionally inactive mRNP being activatcd ol
following stages and a pool of «workings mRNU
taking part in the translation process.

The isolation of any poly(A) RNA preparation
using phenol deproteinization of mRNP  abolishes
these mentioned above differences of mRNA pools.
both types of them becoming equally able 1o be
translated, So we needed 1o answer the quuostion
concerning the correlation between the appearance of
the 30 kDa minor protein in vivo and the changes ai
the 1translation level due 0 the 6-MTU-induced
regulatory changes of transcription process. So w
studied the correlation of active tincorporated inte
polyribosome complexes) and frec, inactive in protein
synthesis mRNPs in embryonic axis cells following
sttmulated and non-stimulated haricot bean  seed
germination,

The data concerning the CsClogradient frac
tionation of formaldehyde-fixed RNP-particles  iso-
lated from stimulated and control sceds are given in
the Fig. 5 (a—d). In both cascs the obtuined ru-
dicactive profiles of RNP-particles m the CsCYogra-
dient are presented by two radioactivity  maxima,
their densities being 1.39 and 1.42 x/cm’, respectively
(small «peaks» of free informosomes), and two large
peaks with their densities 1.52 g/cm’ (for the 6-
MTU-stimulated materialy and 1.54 g/um’ dfor the
control sample), respectively, presenting de novo
synthesized mRNP and rRNP-particles incorporated
into polyvribosomes. While EDTA treating of RNP
preparations only a small part of radioactivity (ol
lowing pulse RNP labelling during 1 h) remains in the
region of ribosome subparticles localization, the mam
radioactive pool in both control and cxperimenial
samples being  transported to the region of  frec
informosomes; its peak in control iy localized
1.45 g/em’; however, the pubse-labetled RNPs oi
stimulated material form two peaks, the lesser ong
being concentraied in a region of the buoyant densin
1.39 g/cm’, the Jast main labellod material being

found in a narrow de novo appeared pedk
3
1.46 g/cm”.
S0 we pote d clear correlation belween  thy

6-MTU-induced changes of Lranscription process ds
well as of poly(A) RNA messenger activily (inducing
the additional protein synthesis) influencing  the
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MTL -stimulated seeds, untreated by EDTA and treated ones, respectively; ¢ and d — RNP-particle preparations from embryonic axes of
non-stimulated seeds, untreated by EDTA and trcated ones, respectively

qualilative changes of acting mRNPs dincluded into
polyribosomes) and the appearance of the minor
profein in embryvonic axis cells in vivo; however, to
prove the identity of protein molecules produced in
vitro and in vive, immunological approaches are
necessary as wcll as the study of in vitro obtained
protcin fractions whasc synthesis is directed by
mRNAs isolated from polyribosomes.

It is also evideni the changes being realized by
synthetic plant growth activators on the gene exp-
ression level and triggering most probably the ac-
celeration of plamt growth and development are to be
a result of natural developmental process modi-
fications due fo the activalor effect.

Today two tightly interconnected forms of plant
growth and regulation are known — genetic control
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and phytohormonal regulation; the resufts of their
interaction may be summarized as follows:

(i» the plant genome codes the synthesis of
cellular constitutive (i. c. common for all the deve-
lopment stages) structural and functional compounds
as well as of stage- and erganospecific ones to assure
all the successive cvenis of cell differentiation and
specialization accompanying the formation of new
tissues and organs;

(i phytohormones being derivative of gene func-
tions (through a series of protein-enzyme molecules)
as well as some other factors according to the
feed-back regulation realize the re-programming of
the cell genome by switching on and off conditionally
«carly», «middle», and «latecs genes [25] controlling
the formation of stage-specific cell homeostasis and,
besides, participating in the regulation of «peripheral»
intracellular metabolic processes.

The gquestion to be now answered is how the
synthetic plant growth regulators arc wedged (in-
scribed) in such a well-coordinated multi-stcp regu-
lation hierarchy?

This problem was earlier discussed in detail in
our previous paper [l 1; we proposc that the synthetic
compounds with their unusual structures having been
never found in any plant cell are hardly able to
realize their effect through the cell receptor system
specific for a lot of natural compounds. It is more
probably thcy mediate their effect by changing the
active endogenic phytohormonal pool. An alternative
explanation may also be proposed -— a non-specific
effect of growth rcgulators duc to, apparently, of their
higher binding (affinity) with cellular effector systems
(being their specific «binding sites» or etargetss)
rcalized more quickly comparing to natural phy-
tohormones, the last ones being forced out from their
own receptors. The combined action of growth rego-
lators (observed in our cxperiments with the LNO)
cannot be also ruled oui: it may include a phy-
tohormonc-mediated effect at the transcription level
and a direct regulator effect at the translation one (in
addition to mentioned above the taking down of
inhibitory action ABA by growth activators is pos-
sible).

Discussing a possible 30 kDa protcin function onc
may suppose that the planis possess some genes
coding some <«obscure» protein products being nor-
mally abscnt; the promoters of these «silents, «cryp-
tic», «hidden» gencs («archaeological signs») are able
[26 ], howcver, to be switched on by certain stress
factors; in our experiment the 6-MTU was shown to
be such a factor. We suppose that the 30 kDa protein
is one from enzymes (ransforming the <«unsuitables
(«strange») for cells 6-MTU structurc into 4 natural
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substance possessing a phytohormone aclivity; this
phytohormone is able 1o accclerate drastically the
plant cell growth by enlargement becausc in carly
postembrvogenesis embryonic axis growth due 1o
enlargement of hypocotyl. The «ephemeral> 30 kDa
protein appears and disappears very quickly, ac-
cording to entering into cells and disappearance from
cells the 6-MTU. The data of work [27] witness in
behalf of such possibility. Authors discovered the
timing changes in enzymes synthesis in elicitor-
treated cell suspension cultures of Parsley.

It should be noted that this 30 kDa polypcptide
is highly similar {o polypeptide, forming the basc of
hydroxyproline-rich glycoprotein extensin (the mole-
cular mass of glycoprotein is 86 kDa, while s
polypeptide without carbohydrate part forms precisely
30 kDa) [28—30], which is thc major proicin com-
ponents of the cell wall of dicotyledon plants. Ex-
tensin comprises 3—10 %, from all proteins of cell
wall and executes plural functions for cell. According
with these works 30 kDa polypeptide is positively
charged (pl of 9.9) and soluble in water mecdium
precursor of extensin. This polypeplide 1s synthesised
and glycosylated by posttransiational modifications in
cytoplasm and then integrated info the cell wall space.
The expression one of the extensin gene family
(SbHRGP3) increases with seedling maturation, and
its expression is re.atively high in the mature regions
of the hypocotyl and in the root of soybean scedlings
(it is possibly that the intcnsification of ¢xpression
some from extensin genes under the of 6-MTU
stimulated haricot bean seed germination is noted).

The finale step of our work consisted of expe-
riments concerning the effects of the LNO and
6-MTU (possessing quitc different mcchanisms) on
the following haricot bean onfogenesis. So the plants
originated from germinated seeds (with or without
growth stimulators) were culiivated further on the
minimal nutricnt media. It was shown the 6-MTU-
stimulation of sced germination to causc a significant
plant development acceleration comparing to control
plant ontogenesis duration (it is about 40 days in
laboratory conditions); a plant originated from a
6-MTU-stimulated seed is able 10 compleie its deve-
lopment in 25 days having passed all the ontogencsis
steps including also flowering, ovary and cven pod
formation, its root network being also well developed
(sec Fig. 6, @, 4. At the same time the LNO-induced
sced germination leads to the plant growih defor-
mations — acceleraled growth of stems carrying un-
derdeveloped foliage, no reproductive organs having
becn formed (not shown).

It is also noteworthy the similar cffect of vege-
tative organs predominance is usually seen in plants
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Fig. 6. Plants grown from haricol bean seeds germivated without any
stimulation (@) and following the 6-MTU directed stimulation (5)

growing on soils containing superfluous organic fer-
tilizers; the abundance of organic compounds is
known to cause the nitrogen mclabolism activation in
plant cells, this process being somewhatl analogous 1o
the LNO-induced total protein synthesis.

It should be also taken into account the LNO-
induced incrcased iotal protcin synthesis and the
6-MTU-induced accelerated minor protein synthesis
{thise phenomena are somewhat similar to synthesis
witlh protective functions of heat and cold shock
proleins in plants to response on critical or extremely
hign or low temperaturcs, respectively, for example
[31) may be genetic «markers» determining the
following plant development (vegetative organs pre-
dorainance or complete although shortened onto-
genesis) alecady at the carly postembryogencsis sia-
ge.

Concluding this paper we would fike to note the
selegtive 6-MTU-induced high level synthesis of the
only minor prolcin suggests the gene coding this
protein to belong o a family of unique genomic DNA
sequences, its function being controlled by a strong
promoter. The cloning of this markedly inducible
promoter is to be perspoective in the field of plant
genetic enginecring, namely, for recombinant gene
constructions whosc expression in transgenic plants is
to be induced by 6-MTU.
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B. A Hucanxosa, B. M. 3acys, A Q. Faacing,
J. 1 Hpukassukosn, H. 5. Bakim

[Mosea HE3BRMMAMHOTG MIHOPHOTO Ginka B XJiTHHEX 3APOLKOBOi 0C
1Py CTUMVASUE APOPOCTARHA HACIHHS KBACOMT H-METHATIOY PALIMAOM

Pearome

Ja donomocows Geomipnoeo eaexkmpodopesy Hiaxis ¥ AoaKpui-
amiOHOMY ceal BUAGAENT HEIGUURIHUIT MINODHUE DLACI 5 MOICKY-
ARpHOW macow = 30 kfa y KalMuHax 3apeoxocol och ipu cnmy-
AU npopocmanin Haclins xeacoai { Phaseolus vulguris L.) 6-ye-
muamioypayuaos. fHoaay yeoco bina He 30¢KcosuHO 6 HOpMI Ma
npu npopocmanni, cmumyavoearnomy N-oxcudom aymuduna Cun
mes JodamKree020 HUILKOMOREKYARPHOCG BLIKU CHOCTEDIcRECH Ma-
KOX Y BOIKTLMUHRIE cucmeMi 3 PeMukyYaouuintié KPOasl Ha mam-
puyi noai( A) PHK, odepxanii 3 xaimun 3apodkosol ocf keavnae
@020 HaciiHA, 0BpOOAEHDZO O-MEMUANIGYPINUIOM. ¥ Mok ke vac
¥y Beskaimanuii cucmemi 3 npopocmiin fudenuyi Py GuKop-
cmanui «emandapmuoeor npenapamy norii A) PHK nokasano. wo
N-okeud aymuduna pi3ko CIRUMYMOEC CHHMEI nodinenmudis, a
MEMUAMIOYPAUI  NPAMO  HE  SNIUGUC Ha  NPOUEC MPARCIHUIT.
Buguaown criGeIOHOWeHHS PUDDCOM, SIAbHUX MU GKINMEHIK ¥
nosipubocomu in vive, 3u donomoconw ppaxyionyeanns PHI-wac-
movor ¥y npeopmoganomy cpadicnmi eyeminue CsCl, semanoagaenn
npucymuicmy  dodammkosoco nika (1,46 z2/cm” )y hparuii no-
aipuBocom 3 3apodkosux oceil HaclHua, o0Bpobienoco G-mebnil-
nioypayiaom. Taka cmumMyasyis cymnteeo ckopouys nepiod owome-
ceHedy, HIAK te nowKodxvionw gernomuny pocauwni. Jipu quomy
obpofika nRPpopoWYEaHNe0 HaciHHA N-okcudom aymuduns 1puseo-
Oumo to dedmpmosauozu HRUCKOPERDIO DOIGHMKY 887¢QNEGHEY
vpeania He3 po3Gumxy Opeamnié POIMHONKEHHA POCAUMHL. (302060
poemocs npupoda Ginka 30 xida i s3aemo3anexkHicmL mik Imi-
HOMU 6 eKCAPeCll 2enid, W GUKANKAHT POCIROGUMUW CHHEMYARINGDG-
My KAIMEKAX  3apodxosol oci ni0 HuC pPaHHBOZ) ROCHEMD-
pioceHe3y, MQ HECMYNHUME DIZHORGNDAGACHUMI RPOUCCAMUL POCTY
HiG POIGUAIKY POCANKH Keaconai, Poiscasnymo muarox desici npak-
muHl HARPAMKH 3ACHOCYBAHHR DOCHIOGUX CIUMYASNOPRIG, -
G A3ANT 3 PEIYALIMAMAMU NPOGEOEHILY EKCTICPUMEHPLIA.

B. A. Hwwzankoga, 8. H. 3eex, J. A Faakuna,
A 1. Hpuxazwuxoea, 3. b bByom

TogsneHre B KAETKZX 3APOABILEROH OCH HCeOBLIMEOID Heika
fIpU CTHMYJIILHM NPOPACTANNR CEMIH (pacoamn
H-METHATHOY PAILMIOM

Pesome

C nomQugbio GBYXMEPHDLD AREKINPOpOpe3a BeaKos & NOMIGRDHAG-
MUDHOM 2008 ROKAIAHO AORGACHUE 6 KACHIKAX 3apOduitiesoli 0Ck
HPU CUMYAUPYEMOM O-MOMUAMUOYDAIUAOM HDODUCMQINY COMAN
gaconu { Phaseolus vulgaris L.) HeoObmHOCO MunOpHOCO Oeika ¢
MOACKYARPHON MACCOR okOR0 30 kAo Imom Beaor He abRupyxu-
GAACA ¢ HOPME U APH CHuMYAUpyemMon N-oucow) aymuduni
npopactanuy cexsi pacmenuid. Cunmes OonOaHIINCALHOZE HU3KO-
MOAEKYARPROLO Denla OMMener 1 8 DecKACMUNHOR cucmeMe Bea-
KOBOLO CUHMEIW U3 PCMINKYAOUUINGS KPOIUKA WA MARIPUne NG
Aau(A) PHK u3 Kaemor 3apo0eidicestx OCei OO CRUMYEILDYEN M
O-MEMUAMROYPAUUAOH RpopacmaHues cexan Qacoan. B omo xe
BPEMA ¢ NOMOULLIO DeCKACHIONHON ciciiemol DeaKoGoey cunmesa w3
HPOPOCHIKOGS UICHUIDL C UCHOABINGAHUCM 6 KAMgCINGe MUTHPiLlb
cmandapinoco npenapama noaul A} PHK yomanoaaeno, amo N
OKUCE AVMUGUHE DEIKO CRMYAUPYem cunmed nonunenmudos, o
O-MERULRMUOYDONU HE GKAIDIGAEIT RDAMOCE RINANUA HO RPOUECT
mpancaayuu. Mayuenue coomuowenua ceobO0HbBIX 1 BICTHMEHAMX 8
ROAUPUBOCOMB! HHPOPMOCOM (1 VIVO MeMOOOM (DPUKLUORUDGEArUS
PHII-wacmuy 6 npepopmupodaunom padueime naomuacty CsCl
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GHLH GUAN RPUCYMCINGUC 80 GPAKUHN NOAUPROOCTM 13 JaPOTLlUCEbIX
OCCL AL CIAUMYTDYEMOM - MEPUARTUOYPAUUAGM HDODGCHIIHUL
CEMAH GONOAHUMENOHOCO RUKE aKMuGHBIX 8 DeRKOGOM CHHREIE
unoprocom ¢ Raasysen naomuocmeo 1,46 /o’ Hoxasano,
MING COTMMIARUS RPOPACINARIST CEMIH DACOME - MEMNAMUOYPA-
HUAGAM APUGOOUIN K CYUECTIGEHIOMY COKPULIEHIIG CPOKOG OHMOEC-
He3e pacmendn hacoau He3 KakuXx-aubo Hapywesud  enomung
DUCHERNHR, o CHUMYIHUUA N-oKuceor aymuduna — k& depopmupo-
GOHHOMY YCKOPEHMOMY pPaISUNLILK) 8eccMMMUAGHBIX 0peanos 6e3
PUCHMUA  PenpPOOYKIMUBHBIX  0DAROG pacmenus. OBcyxdasimcs
npupody Genka 30 xla 1 coa3e MexOy pASTUMUAMU 6 UIMEHZHUU
POCTICHUMPARTIODAMIU FKCIDECCUN CEHOG 6 KACHKAX 3aDOTbitiedblx
OCEL & PANMHEM ROCMIMBPUOCEHESE 1 NOCICOYIOUUMI PEIHOHANDAG-
ACHMBIMU NPOHECCAM POCING w pasdumus pacmenud acoau, «
QKCKE  HEKOMOPbe  APAIKMAYECKUe  gCHEXMbl,  dptMERQIONIe U3
RO,
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