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Abstract: Allelochemical stress produced by three invasive species, viz., Heliofropium curassavicum,

Bassia indica and Chenopodium ambrosioides was investigated on the protein expression of two

crop plants, Lycopersicon esculentum and Beta

vulgaris and two weeds, Melilofus

indicus and

Sonchus oleraceus in greenhouse mulching experiment. The number of expressed proteins was generally

mcreased m mulching test plants while, in rare cases, this number decreased at igh mulch levels. The
study demonstrated the negative effect of different mulch treatments on the mtensity of protein bands
in the test plants. According to the unweighted pair-group arithmetic mean method (JPGMA ) dendrogram, the

expressed proteins of control plants were the farthest among the different treatments of most test plants.
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INTRODUCTION

Plants produce diverse secondary allelochemical
metabolites that are released into the environment. Some
of the allelochemicals have a biological activity on other
plants and microorgamisms. Like many other stress
factors, allelochemicals have several molecular targets and
some of their physiological processes or modes of action
were described [1, 2]. Allelochemical compounds are
known to affect many different cellular processes in target
organisms, including disruption of membrane permeability
[3], ion uptake [4], inhibition of electron transport in both
photosynthesis and respiratory chain [5-7], altemation of
some enzymatic activities [8-10], inhibition of cell division
[11-13] and protein expression [14-16]. A plant invader 1s
a species which, most usually transported madvertently
or intentionally by man, colonizes and spreads into new
territories some distance from its home territory [17].
Many studies were carried out to show the negative effect
of mvasive plants on the germination and growth of
native plants [18-22]. The present study aims to
investigate the possible allelopathic effects of the
amended soil by the three mnvasive plants, Heliotropium
curassavicum, Bassia  indica and  Chenopodium
ambrosioides on the protein expression of two cultivated
plants; Lycopersicon esculentum and Beta vulgaris and

two weeds; Melilotus indicus and Sonchus oleraceus.

MATERIALS AND METHODS

Plant material of Heliotropium curassavicum L.,
Bassia indica (Wight) A.J.Scott. and Chenopodium
ambrosioides 1. were collected in the flowering stage from
Ziaan county, Gamasa, Egypt. Plant shoots were air-dried
and grounded into powder. In an open greenhouse
experiment, plastic pots (18 cm diameter and 25 cm depth)
were used. Soil samples brought from the field study site,
air-dried and passed through 2-mm sieve to separate
litter and gravel. The air-dried sieved soil was filled
into pots (8000 gram soil / pot). Seeds of target species;
Lycopersicon esculentum and Beta vulgaris were
obtained from Agricultural Research Center in Giza,
Egypt, while seeds of Sonchus oleraceus and Melilotus
indicus were collected from naturally growing populations
in the study area. Twenty-five seeds were sown in
every pot at depth of lem. Ground powder of each
invasive plant with three application rates; 0 (control),
10 (low concentration) or 50 (high concentration) gram
powder per pot, were evenly mulched on the soil surface.
Five replicates per treatment were used. The prevailing
climatic condition during the experimental period includes
temperature which ranged between a minimum of 18.8°C
1n January to a maximum value of 34.7°C m July. Relative
humidity ranged between minimum of 45% in May to a
maximum value of 61% mn December.
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Plant samples were taken for the purpose of protein
analysis m the flowering growth stage. The advantage of
using plant material for the protein analysis purposes at
the flowering stage 13 to subject the plants to maximum
period of allelochemicals and the plants are subjected to
diversity of factors that prevail in the case of mature
plants [23]. Plant material was washed by distilled water
and kept at -70°C until use. Cytoplasmic proteins were
extracted and purified from the test species for SDS-PAGE
analysis based on [24]. Green leaves of each treated and
control plants were frozen 1n a liquid nitrogen and grind
for about 30 second in a mortar with 3 ml buffer D/g of
tissue. Filter through muslin and centrifuge for 15 minutes
m a microfuge then dilute to about 2 mg protem / ml,
ensuring that the final protein solution contains about
2% (w/v) SDS, 0.002% (w/v) bromophenol blue and at
least 6% (w/v) sucrose. Aliquots then separated by
SDS-PAGE on 10% non-denaturing polyacrylamide
gels and electrophoresed at 40 V for 6 hours at 4°C [25].
The analysis was carmried out in Agriculture Genetic
Engmeering Research Institute (AGERI) and in Genetic
Engineering lab, Chemistry department, Faculty of
Science, Cairo University. The gels were run in a mim-
protein gel (Bio-Rad).

A dendrogram depicting the degree of relationships
among different test species treatments were produced on
the basis of the hierarchical cluster analysis performed by
SPSS software using the unweighted pair-group arithmetic
mean method (UPGMA).

RESULTS

Expression of proteins i treated plants of the present
study was significantly increased or decreased at the level
of number and intensity of protein bands as compared to
control plants, depending on the type and concentration
of mulch treatment.

In Lycopersicon esculentum (Fig. 1a), four protems
were expressed in control plants as well as on using both
low and high mulch treatments of H. curassavicum, this
mumber increased to a maximum of six proteins on using
low mulch treatment of B. indica while five protems
were expressed on using high and low mulch treatments
of B. indica and C. ambrosicides, respectively. The
number of expressed proteins recorded its minimum;
three proteins, on using high mulch treatment of C.
ambrosicides (Table 1).

The effect of mulch treatment on the intensity of
protein band was significant. The presence and increased
mulch treatment has reduced the mtensity of expressed

proteins in treated plants as compared to control. The
protem band of molecular weight 52 kDa recorded
maximum value of 39.1 % in control plants as compared
to all mulch treatments which recorded relatively lower
values reached its minimum (25.1 %) on using high mulch
treatment of C. ambrosioides (Table 1).

According to the UPGMA dendrogram (Fig. Z2a),
control plants of Lycopersicon esculentum (LO1) is
considered the farthest among the different treatments;
the major cluster grouped low mulch treatment of H.
curassavicum (LHW3) and low mulch treatment of B.
indica (LAW4) as the closest treatments recording
degree of similarity 92.07%, with high mulch treatment of
H. curassavicwn (LHG2) m the same subgroup by a
degree of similarity 85.36%, whereas the same dendrogram
grouped high mulch treatment of B. indica (LAGS) and
high mulch treatment of C. ambrosicides (LCG6)
separately as a closer group of 76.07 % degree of
similarity.

For Melilotus indicus (Fig.1b), the presented data
in Table 1, gave similar results to that of the above
mentioned cultivated plants, considering the expression
of new proteins i plants cultivated under low mulch
treatment and less expressed proteins in plants cultivated
under high mulch treatments as compared to that of
control. In addition, intensity of the protein bands of
treated plants generally decreased as compared to control
plants but unlike to this trend the ligh concentration of
mulch treatment may increase the protein intensity as
compared to low mulch concentration, that is true in case
of plants treated by mulch treatments of either B. indica
or C. ambrosioides where the intensity increased from
28.8 to 45.3% and from 24.1 to 28.3%; respectively, for the
protein of 52 kDa molecular weight.

The dendrogram in (Fig. 2b) consider control plants
of Melilotus indicus (MO7T) as the farthest among the
different treatments, the major cluster grouped plants
treated with lngh mulch treatment of C. ambrosioides
(MCG2) and that of high mulch treatment of B. indica
(MAG4) as the closest treatments recording degree of
similarity of 96.76%. In addition, plants treated by low
mulch concentration of H. curassavicum (MHWS) and
of C. ambrosioides (MCW1) in one cluster group with a
degree of similarity of 96.07%.

In Beta vulgaris (Fig. 1¢), six proteins were expressed
in control plants having molecular weights of 258, 229,
200, 52, 26 and 9 kDa and band mtensity of 2.5, 2.7, 4.4,
51.5, 30.3 and 16.7%, respectively (Table 1). Only one
newly expressed protein was recorded in treated plants
by low mulch treatment of H. curassavicum, while the
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Fig. 1: SDS-PAGE of cytoplasmic shoot proteins from Lycopersicon esculertum (a), Lane 1 (M) correspond marker, lane

2 correspond control, lanes 3 and 4 correspond low and high treatment of Heliofropium curassavicum powder,
lanes 5 and 6 correspond low and high treatment of Bassia indica powder and lanes 7 and 8 correspond low and
high treatment of Chenopodium ambrosicides powder, cytoplasmic shoot proteins from Melilofis indicus (b),
Lanes 1 and 2 correspond high and low treatment of Chenopodium ambrosiocides powder, lanes 3 and 4
correspond high and low treatment of Bassia indica powder, lanes 5 and 6 correspond high and low treatment
of Heliotropium curassavicum powder, lane 7 correspond control and lane & (M) correspond marker, cytoplasmic
shoot proteing from Befa vulgaris (c), Lanes 1 and 2 correspond high and low treatment of Chenopodium
ambrosioides powder, lanes 3 and 4 correspond high and low treatment of Bassia indica powder, lanes 5 and 6
correspond high and low treatment of Heliofropium curassavicum powder, lane 7 correspond control and lane
& (M) correspond marker and cytoplasmic shoot proteins from Sonchus cleraceus (d), Lane 1 (M) correspond
marker, lanes 2 and 3 correspond low and high treatment of Heliotropium curassaviciim powder, lanes 4 and 5
cormrespond low and high treatment of Bassia indica powder, lane 6 correspond control and lanes 7 and 8
correspond low and high treatment of Chenopodiim ambrosioides powder. Molecular massges (kDa) are indicated

and mulch treatments and that of control plants

expressed proteins reduced in treated plantz by other
mulch treatments especially those of high mulch
conceniration. Intensity of protein bands of the treated
plants iz greatly reduced as compared to control plants.
The protein of molecular weight 26 kDa has intensity of
30.3% in control plants and this value significantly
reduced in case of all treated plants recording minimum
value of 9.5% in plants cultivated under high mulch
treatment of 5. indica. In addition, the more the
concentration of mulch treatment the less the intensity of
protein bands and the less number of expressed proteins.
The relationships among different expressed proteing

illugtrated in (Fig. 2¢). Low mulch treated plants by H.
curassavicum (BHW6) was found to be the farthest
among the different treatments, while plants cultivated
under low mulch treatments of both C. ambrosicides
(BCW2) and B. indica (BAW4) were clustered in one
group with a degree of similarity amounting to 94.38 %6
with control plants (BO7) in the same subgroup by a
degree of similarity reached 86.61 %. Furthermore, treated
plants by high mulch of both C. ambrosioides (BCG1) and
H. curassavicum (BHGS) were grouped in a separate
group of 82.09 % degree of similarity.
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Fig. 2: Dendrogram depicting the relationships (% similarities) among different test species treatments on the basis of
the hierarchical cluster analysis performed by SPSS software using the unweighted pair-group arithmetic mean
method (UPGMA). 1. = Lycopersicon esculentum, M = Melilotus indicus, B = Beta vulgaris, S = Sonchus
oleraceus, O = control, H = Heliotropium curassavicum, A = Bassia indica, C = Chenopodium ambrosioides,
W = low mulch treatment (1 0 gram per pot) and G = high mulch treatment (50 gram per pot). Lane number indicated
at the right of each dendrogram

Table 1: Molecular weight (kDa) and %% amount (Gel documentation) of different protein specimens extracted from different test plants

Treatment
Control HW HG AW AG CW CG
Test plant  kDa % kDa % kDa %% kDa %% kDa % kDa %% kDa %
LYES 249 24.8 101 523 204 322 127 25.3 214 18.6 244 13.9 105 51.2
52 39.1 52 34.0 52 25.7 52 35.0 105 41.7 82 48.8 52 251
26 34.5 26 10.2 26 13.3 45 11.0 52 26.4 52 36.1 9 3.7
8 1.6 8 35 9 422 35 15.7 26 4.8 26 8.0
26 6.4 8 10.0 9 1.2
18 10.0
BEVU 258 2.5 251 2.8 243 26.3 234 6.1 185 14.7 225 2.1 231 7.8
229 2.7 232 39 52 40.7 105 18.6 52 42.2 165 7.8 159 17.3
200 4.4 198 2.5 26 12.5 52 49.7 26 9.5 99 9.2 52 39.4
52 51.5 52 44.9 9 20.3 26 10.9 6 36.1 52 50.7 26 11.4
26 30.3 41 13.5 7 21.6 26 15.0 6 35.5
9 16.7 26 221 8 183
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Table 1: Continued

Treatment
Control HW HG AW AG CW cG
Testplant  kDa % kDa % kDa % kDa % kDa % kDa % kDa %
MEIN 226 3.7 226 8.7 226 4.2 216 4.1 226 8.8 224 7.4 222 6.4
85 18.2 52 327 84 18.4 146 55 52 453 94 14.1 94 12.5
52 46.4 26 22.7 52 30.9 78 15.6 26 25.3 78 8.6 68 7.4
36 14.5 8 223 26 30.5 52 28.8 8 20.6 52 24.1 52 283
26 12.4 7 17.2 4 14.3 26 22.5 26 231 26 24.4
5 31 18 2.7 8 21.4 9 22.4
8 20,7
SO0L 233 6.6 233 4.4 233 2.5 233 3.4 52 54.8 211 16.2 205 25.5
100 17.1 181 6.4 52 41.2 156 18.9 14 32.7 85 12.1 56 17.9
52 74.2 52 47 16 9.5 52 66.4 13 2.6 52 34.9 52 15.3
26 154 18 32 15 34 26 13.6 11 34 26 14.9 26 8.0
14 38 17 4.6 12 4.1 15 9.7 9 6.7 14 152 15 12.5
11 5.8 13 4.8 10 6.4 13 2.1 13 3.4 13 2.4
9 4.9 11 2.9 11 4.1 11 3.1 11 2.6
7 7.3 9 7 9 72 10 8.4

LYES = Iycopersicon esculertum, BEVU = Beta wulgaris, MEIN

= Melilotus indicws and SOOI = Somchws oleraceus plants. H =

Heliotropium  curassavicum, A = Bassia indica, C = Chenopodium cambrosicides, W = low mulch treatment (10 gram per pot) and G = high mulch

treatment. (50 gram per pot)

Considering Sonchus oleraceus (Fig. 1d), the plant
obey the general trend of other test plants, the application
of low mulch treatments induce expression of new
proteins while application of high mulch treatment may
leads to suppression of most of these proteins as
compared to that of control plants. Furthermore,
mtensity of protein bands of treated plants sigmificantly
decreased as compared to that of control plants.

According to the dendrogram in (Fig. 2d), the
degree of similarity between plants treated with low
mulch treatment of C. ambrosioides (SCW6) and that
treated with high mulch treatment of the same invasive
plant was found to be 79.96% and clustered in one group
with plants treated with high mulch treatment of B. indica
(SAG4) 1n the same subgroup by a degree of similarity
amounting to 63.7% while control plants (SO35) clustered
in another group.

DISCUSSION

The mulch treatments of H. curassavicum, B. indica
or C. ambrosioides differentially affected the protein
expression of the test plants. The new proteins have been
expressed in treated test plants as compared to controls.
The expression of these new proteins could be explained
on the basis that to neutralize the effect of allelochemicals

produced by invasive plant powders on the treated test
plants. This 13 in accord with [14], who mentioned that
plants appear to respond to allelochemical stress by
increasing the expression of specific proteins. Moreover,
some environmental stresses induce expression of
proteins not specially related to a particular stress, but
as a reaction to cell damage. These include some classes
of heat shock proteins [26], tluol proteases [27],
proteinase inhibitors [28], osmotin [29] and polyamine
[30, 31]. In addition, the expression of reduced glutathione
may also increases which plays a protective role by
increasing tolerance, in particular that of

allelochemicals [32]. On the contrary, protein expression

stress

1n the test plants of the present study may have reduced
especially at high mulch levels as compared to controls.
This reduction might be a manifestation of cell damaged
caused by allelochemical stress [14, 16].

The current study illustrates the effect of different
mulch treatments
plants as compared to that of controls. The present work
demonstrated that these allelochemicals significantly

on the protein expression of test

interfered with the protein expression of the test plants.
This mterference took place either by induction or
repression of the protein expression. The induction or
repression of protein expression could take place
either on transcriptional or translational level These
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allelochemicals could play an important role in inhibiting
enzymes mnvolved m these two processes. This 1s in
accordance with findings of [33] who pointed out that
the methionine incorporation into proteins was
reduced by allelochemicals and findings of [34] who
recorded that the protein pattern of L. esculentum was
severely inhibited by all allelopathic plants and finally
in accordance with findings of [35] who demonstrated that
allelochemicals produced by Chenopodium  murale
decreased the protein contents of L. esculemtwm, M.
indicus and other test plants. Furthermore, it 1s notable
that as mulch treatment increases the intensity of protein
band decreases. In this regard, many authors [17, 35- 40]
have reported the inhibitory effects of allelochemicals
on the chlorophyll content and net photosynthetic rate
of the test species which subsequently affect the protein
expression qualitatively and quantitatively.

UPGMA dendrogram of the present work considered
expressed proteins of control plants as the farthest among
the different treatments of most test plants and this
ensure and illustrate the allelopathic stress of different
invasive plants on the protein expression as compared
to that of controls. The changes observed i protein
expression may be due to a biochemical alteration at the
cellular level of the tested cultivated and weed plants.

In conclusion, the present study demonstrated that,
allelochemicals produced by the studied invasive plant
powder was signmificantly interfered with the protein
expression of the studied test plants. This interference
took place either by mduction or repression of the protein
expression. The induction or repression of protein
expression could take place either on transcriptional or
translational level. Furthermore, the changes observed
protein expression may be due to certain biochemical
alteration at the cellular level of the tested cultivated and
weed plants.
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