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| Abstract: The fenugreek is one of the most important medicinal plants belongs to Fabaceae, originated in West Asia, Iran and Mediterranean regions. This
research included a qualitative study of fenugreek proteins using SDS-PAGE electrophoresis on polyacrylamide gel and the separation of protein bands of fenu-
greek leaves in different treatments of vermicompost fertilizer and cultivating dates. Results showed that a band (about 80 kDa) on the first planting date (May 31)
is observed in all samples except for sample al (10 t/ha vermicompost on May 31). Another significant difference was the band contained in the third planting date
(31 September) and in the molecular weight of about 15 kDa, which was not seen in other dates. This difference can be due to the synthesis of this protein with
the mentioned weight under the conditions of reducing the temperature in the early fall. It also showed more differences in two-dimensional electrophoresis, for
example, in 14 kDa and PI in the range of 4.5-4.7 in treatment without fertilizer, no protein expression was observed, which was consistent with the results of the
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Introduction

Sustainable agriculture and the cultivation of orga-
nic crops is one of the contemporary agricultural debate.
Also in recent years, people's tendency to use in medici-
nal plants has increased (1-9).

In recent years, public awareness of the process of
vermicompost has increased and its use for conversion
of organic wastes to vermicompost has expanded consi-
derably (10, 11).

Vermicompost is a kind of compost produced by the
earthworm, which is the result of the transformation and
digestion of organic residues along the digestive tract
of these animals. Earthworms convert organic fertilizers
into vermicompost with organic fertilizers. This ferti-
lizer, with its high microbial diversity, regulators and
plant growth hormones such as humic acids, auxins and
gibberellins, and high amounts of macro and microe-
lements, can stimulate plant growth. Vermicompost
contains enzymes such as protease, lipase, amylase,
cellulase, ligninase and chitinase, which is effective in
biological degradation of soil organic matter. This fer-
tilizer is also rich in vitamins, antibiotics and growth
hormones (4, 12-14).

Protein markers, which are considered a type of mo-

lecular marker, have two types of storage proteins and
enzymes. The first type is highly stable and has a high
polymorphism. Although environmental factors affect
their amount and they have little effect on their presence
in the seed. SDS-PAGE protein electrophoresis was ini-
tially performed by Lamelli (1970) and later modified
by Fulington et al. (1983). Electrophoresis of proteins
has been identified as one of the methods of identifica-
tion, genetic diversity and classification of plant varie-
ties. Plants are able to activate their compatible mecha-
nisms in response to environmental factors and react to
environmental factors by changing their expressions, so
the proteomics technique is used to identify the proteins
that respond to these factors (5, 8).

The aim of this study was to investigate protein
changes in response to changes in planting dates and the
use of different levels of vermicompost during growth
of fennel plants.

Materials and Methods

Location and treatments

This experiment was carried out at the Research
Farm of Agricultural and Natural Resources Campus of
Razi University, Kermanshah, Iran and laboratories of

46



Ali Mostafaie et al.

Planting times and vermicompost effects on protein pattern of fenugreek.

the Medical Biology Research Center of Kermanshah
University of Medical Sciences. Experiments were car-
ried out in two phases of field and laboratory. In the first
stage, the treatments were applied and sampled from the
leaves of the plant. Three sowing dates May 31 (A), July
31 (B) and September 31 (C)) and four different vermi-
composts (0, 5, 10, and 15 t/ha) and a chemical fertilizer
treatment (NPK) based on fertilizer requirement were
evaluated.

Layout characterization

Preparation of plots with intervals of 75 cm. Each
experimental unit was designed with a total area of 16
m?. The time was the main plot and fertilizer treatments
as subplots. After preparation of the seedbed, vermi-
compost fertilizer was carefully distributed in plots and
mixed with soil. The treatments were applied to Fenu-
greek. Irrigation was carried out on the basis of field
capacity and soil moisture was maintained until the
application of the treatments at the field capacity level.
Protein test specimens were placed in liquid nitrogen
flask after isolation from the plant and then transported
to a freezer temperature of 80 °C until the onset of pro-
tein experiments.

Protein studies

In order to protein extraction, four g of each leaf
sample powdered in liquid nitrogen. 100 mg of powder
was obtained in 1 ml of cold acetone containing 10%
(w/v), Trichloroacetic acid (TCA) and 0.07% (w/v) of
Dithiothreitol (DTT) in a microtip and after the vortex,
the microtips incubated at a temperature of 20 °C for
one hour to precipitate the proteins. Samples were cen-
trifuged at 20 °C for 4 min at 20 °C for 20 min after lea-
ving the freezer. After centrifugation, the samples were
washed three times with cold acetone solution contai-
ning 0.07% diothirotryl and at the end after removing
the supernatant, the precipitate was dried at room tem-
perature. For removal of mucilages and purification of
proteins, 50 ml of the sample was added from 450 ml of
chloroform.

Dissolving of protein

The following method was used to dissolve proteins.
To each microtube containing the precipitated stage,
350 pl of lysis buffer and 3.5 pul of PMSF were added.
The solution was continuously vortexed for one hour at
40 °C. Then microtips were centrifuged at 13500 g and
10 °C for 15 min. From the supernatant, a small amount
(about 5 pl) was taken to determine the protein concen-
tration and, according to the results of the concentra-
tion determination, the rest of the sample was prepa-
red for loading to determine the protein concentration
desired by the Bradford method as the following: First,
to the standard curve, the fifteen test tubes were prepa-
red and 2.5 ml Bradford solution was poured into each
one. Then, different concentrations of albumin (BSA)
and lysis buffer were combined. Then the tubes were
vortexed and incubated at room temperature for 10 min
and then read their absorption at 595 nm. Finally, the
standard curve was drawn.

First dimension: Isoelectric focusing in the IPG strip
IPG-I)

The rehydration of IPG strips (pH 3-10, 18 cm, GE
Healthcare) was performed. The IPG strips were remo-
ved from the freezer and allowed to reach room tem-
perature. According to the colourimetric method (Coo-
massie Blue R-250) and IPG strip (18 cm in length),
about 250 pl of protein solution with a total concentra-
tion of 12 pg/ul was taken. The protein solution was
loaded along the tray slots. The full rehydration was
carried out during the overnight.

The isoelectric focusing of proteins: IPG-IEF

First, the ceramic tray was clean and dry. The strips
were placed face down on a ceramic tray so that the
positive pole of the strip was placed on the positive side
of the tray and the negative pole on its negative side.
Two paper electrode wicks were removed and soaked
with 500 pl of distilled water and gently placed on the
two ends of the strip. The electrodes were placed on two
strips of gel and the strips were covered with mineral
oil. The desired program was given to the device and
after completing the program, the gels were immedia-
tely put into the balancing solution.

Second dimension: SDS-PAGE
Preparation of acrylamide gel
To prepare the acrylamide gel, the first running gel
buffer (pH 8.8) and acrylamide stock were prepared.
Then, the materials were mixed. After the addition
the tetramethylethylenediamine (TEMED), the solution
was quickly poured in the distance between the two
glasses, so that the upper surface of the gel was about
one centimetre away from the edge of the glass. The
dish was kept at room temperature for at least one hour
until the acrylamide was completely polymerized.

Balancing of IPG strips and performance of the
second dimension

For each strip, 10 ml of the balancing solution remo-
ved from the freezer to reach room temperature. The
first balancing solution should contain 1% DTT. The
solution was poured onto IPG strips and placed on a
shaker for 20 min. Then the first solution was thorou-
ghly discarded and the second solution, containing 2%
iodoacetamide was added to the IPG strips and again
placed on a shaker for 20 min.

After the completion of the balancing steps, the IPG
strip was placed gently on the upper edge of the acryla-
mide gel, and the 0.5% melted agarose was poured into
it. After filling the electrophoresis tank to the required
volume from the electrode buffer, the electrophoresis
was adjusted to 175 volts. The proteins were set up to
run until the electrophoresis on the second dimension.
To determine the molecular weight of the dots, a protein
marker including proteins of a specific molecular weight
containing ovotransferrin (78 kDa), albino bovine (66
kDa), ovalbumin (45 kDa), actinidine (29 kDa), beta-
lactoglobulin (18 kDa) and lysozyme (14 kDa) were
used as molecular weight standards in the gel.

Colouring and decolouring of the gel for the appea-
rance of protein
The gel was placed in a container and added 200
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ml of the colouring solution and placed on a shaker for
about 12 h. After colouring, the colouring solution was
removed, the gel washed with distilled water, then ad-
ded a decolouring solution to the container and placed
on a shaker for at least one hour. After dyeing, the deco-
louring solution was removed and replaced with fresh
solution. This continued until the gel was clear and the
protein dots were clearly visible.

Acquisition of images from SDS-PAGE and two-di-
mensional gels

The complex protein mixture that has been separa-
ted by two-dimensional electrophoresis and isolated as
separate proteins, was extracted to acquire two-dimen-
sional gel images after staining using a Bio-Rad GS-
800 scanner. Similar operations were performed on gels
from the SDS-PAGE test.

Results

SDS-PAGE

After electrophoresis and staining of the gel, as shown
in Fig. 1, the protein bands of the leaves of the Fenu-
greek plant appeared well. Most of the bands were
the same among all the samples, but there were
some interesting differences between the samples,
which could be due to the difference in sampling
date and the effect of different vermicompost va-
lues, that have been shown as an arrow in the image.
The polymorphism may be as down or up gene regu-
lation or seen in switch on or off gene expression.
One of the cases found in this study was a polymor-
phism, a band at a molecular weight of about 80 kDa
which appeared on the first planting date (May 31) in all
samples except Al (10 t/ha vermicompost on April 31).
Another significant difference was the band in the
samples from the third planting date (September 31) and
in the molecular weight of about 15 kDa, which cannot
be seen on other planting dates. This difference can be
due to the synthesis of this protein under the conditions

of lowering the temperature and shortening the day
length of the early fall.

Amini and Ehsanpour (2009) reported the protein
changes of Isfahani tomato plants under salinity stress
as SDS-PAGE and two-dimensional electrophoresis
qualitatively and ophthalmologically. They observed
some bands with different thicknesses in salinity stress
and normal conditions (15).

Selection of samples with the highest difference in the
SDS-PAGE gel for performing 2D electrophoresis
Based on comparing the protein pattern of different
treatments in the SDS-PAGE experiment, considering
that in the sowing date of September 31, a more distinct
polymorphism was observed among different fertilizer
treatments. Two samples C1 (application of 15 t/ha of
vermicompost on September 31) and C5 (planting on
September 31 without fertilizer application) were se-
lected as two samples with a significant difference of

n
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Figure 1. Protein pattern of fenugreek leaf in polyacrylamide gel.
a, b and c: planting date (on May 31, July 31 and September 31,
respectively) and 1- 5: different fertilizer treatments (15, 10, 5 t/ha
vermicompost, NPK and control respectively). Protein size mar-
kers: ovotransferrin (78 kDa), bovine serum albumin (66 kDa),
ovalbumin (45 kDa), ctinidi (29 kDa), lactoglobulin (18 kDa) and
lysozyme (14 kDa)

A

sample C1 (left with the marker (right).

Figure 2. Selected samples from SDS-PAGE for two-dimensional electrophoresis in fenugreek. A. C5 sample (right) with the marker (left), B)
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about 15 kDa in SDS-PAGE for two-dimensional elec-
trophoresis. The results of the SDS-PAGE of the above
two samples separately and with the size marker is
shown in Fig. 2.

Image acquisition and analysis of two-dimensional
gels

The scan of two-dimensional gel images of the pro-
teins of C1 and C5 samples have been shown in Figures
3 and 4, respectively. Two-dimensional electrophoresis
experiments were performed in this experiment by com-
paring the protein points of the C1 and C5 samples.

In the two-dimensional electrophoresis experiment,
significant differences were observed in the severity of
the protein dots, or the removal and addition of dots
between the plants for the application of vermicompost
and control. Among the observed points of the gels,
about 16 dots or areas were identified by eye analysis,
which had the greatest difference between the two gels
(Fig. 5).

These modified dots can be classified into three
different groups. Group 1: dots that their expression
increased in plants that received vermicompost. Group
2: Protein dots that originated in plants that received
NPK fertilizer. Group 3: Protein dots that declined
or disappeared in plants that did not receive fertilizer
(control).

As shown in Figure 5, in the range of 14 kDa and PI
is about 4.5-4.7 (circle 16), the lack of protein expres-
sion with the above characteristics is observed, which is
consistent with the results of the SDS-PAGE test (Fig.
2). Another dot was observed with the same molecular
weight, but PI is about 3.5% in the treatment of ver-
micompost fertilizer. However, this dot was not found
in the treatment without fertilizer (circle number 14).
This result is also consistent with the results of the SDS-
PAGE test. The expression of this protein range can be
due to the use of vermicompost fertilizer.

4 R

Figure 3. 2D gel sample of Cl1 for the planting of fenugreek on
\September 31 and application 15 t/ha of vermicompost.

J

~

Figure 4. 2D gel sample of C5 for the planting of fenugreek on
\September 31 and without fertilizer application.

3« PI > 5 3« PI > 5

Figure 5. Two-dimensional of the Fenugreek protein leaves (right:

sample C5 and left: sample C1). Triangle: Difference in protein
expression (Up and down). Increasing protein expression in a plant
that has not received fertilizer. Diamond: Increasing protein ex-
pression in a plant that has not received fertilizer rather than those
plants that have received vermicompost. Circle: Increasing protein
expression in a plant that has received vermicompost rather than

those plants that have not received fertilizer.
\ )

One of the other significant differences observed in
the range of 16 kDa and PI about 3.6 (circle number 15),
which has increased significantly when fertilizer was
used. Similar results in other areas of the gel include
the range of 29 kDa and PI of about 4.8 (circle 11), the
range of 25 kDa and Pl is about 4.5 (circle 10), the range
of 29 kDa and the PI is about 3.9 (circle number 9 ), the
range of 32 kD and PI is about 3.2 (circle number 6)
and the range of 35 kD and PI is about 4 (circle number
7), which was not visible in the SDS-PAGE experiment
because in SDS-PAGE the proteins are separated only
the basis of the molecular weight.

Increasing the expression protein in the molecular
weight range of about 47 kDa in PI is about 4.5 (triangle
number 3), PI is about 1.4 (triangle number 2) and PI is
about 3.6 (triangle number 1) is clearly visible, which
can indicate the effect vermicompost fertilizer in increa-
sing of this category of proteins.
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Discussion

For many proteomics experiments, one-dimensional
electrophoresis method is used for selecting a protein
among of mixture proteins. In a one-dimensional elec-
trophoresis, proteins are separated based on their mole-
cular weight. One-dimensional electrophoresis is used
simply to isolate proteins of molecular weight of 10
to 300 kDa. The most common application of one-di-
mensional electrophoresis is the description of proteins
after purification. If we encounter protein complexes,
we should use two-dimensional electrophoresis. In
two-dimensional electrophoresis, proteins are separa-
ted by two distinct properties, they are first separated
in the first dimension based on pure charge, and then
in the second dimension, based on molecular weight.
The combination of these two techniques gives rise to
higher resolution (detection power) than one-dimensio-
nal electrophoresis. One of the high abilities of two-di-
mensional electrophoresis is that it can isolate proteins
influenced by some changes after translation (16).

In this experiment, more differences were observed
in the analysis of the second dimension of the protein
that they were not found in the SDS-PAGE that protein
band patterns were similar in the most of the samples.
However, a significant difference was observed in the
samples of the third planting date (31 September) and
in the 15 kDa molecular weight which was not seen in
the other planting times. This difference can be due to
the synthesis of this protein in the case of decreasing
the temperature or shortening the day length in early
autumn.

Exposure of plants at low temperatures or their
growth in temperature-varying environments causes
changes in their physiological characteristics and me-
tabolism. For example, cold creates relatively similar
changes to other environmental stresses in plant meta-
bolism (17).

Nielsen et al. (2010) reported that especially high-
temperature fluctuations due to global warming have
a great impact on crop production. For example, high-
temperature stress causes differences in protein pattern
in stressed rice versus control, resulting in reduced
yields. They also reported that under non-biological
stress conditions, rice contains a protein of 15 kDa
molecular weight, which was related to mannose-bound
lectin protein (18).

A protein of similar molecular weight was also ob-
served in this experiment, but it was necessary to test for
confirmation such as sequencing to determine the type
of protein.

In molecular weights of about 80 kDa on the first
planting date (May 31) in all samples except al (10 t/ha
vermicompost on May 31) was observed, which can be
due to the use of vermicompost.

Amini and Ehsanpour (2009) reported the results of
the SDS-PAGE and second dimension of a proteomic
experiment in the study of protein changes of Isfahani
tomato plants in Isfahan. They also showed up, down,
on and off bands in two conditions of salinity and nor-
mal stress in the first and second dimensions (15).

Miraghaee (2012) compared the protein pattern of
adapted Kiwi to the Kermanshah conditions and in the
north of Iran using two-dimensional electrophoresis.

The more differences observed between the two samples
of kiwiftruit in the two-dimensional electrophoresis than
the SDS-PAGE (19).

There is no report on the effect of vermicompost on
the protein pattern of the plant for comparison with the
results of this study. However, the results of two-dimen-
sional electrophoresis experiments showed more pro-
nounced differences. Identification of these differences,
especially dot No. 68 which seems to be mass spectro-
photometry and then sequencing.

In this research, it can generally be concluded that
factors such as planting date, which include factors
such as day length or temperature, as well as different
amounts of vermicompost, affect the protein pattern of
the Fenugreek plant. These effects were more remar-
kable in some dots, and elsewhere, weakly increasing or
decreasing expression.
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