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ABSTRACT

Bananas and plantains are a major staple food and export product in many countries. Banana fruit tissues contain
large amounts of secondary compounds, polysaccharides, and other plant polymers, which will interfere with
protein extraction for gel-based proteomic analysis. Due to the presence of a very small amount of proteins
(approximately 1%) in a large matrix of fruit tissues, it classified as “recalcitrant.” In this connection, assessment
of different protein extraction protocols and extraction of high-quality proteins from banana fruit tissues is crucial
for successful gel-based proteome analysis. In this study, two different protein extraction protocols were validated
to isolate proteins from banana (cv.Grand Naine) fruit peel and pulp tissues, and proteins were resolved using
sodium dodecy! sulfate-polyacrylamide gel electrophoresis. A comparative study showed that phenol-based
method is effective in extracting proteins over trichloroacetic acid-acetone method. Isolated proteins were
further subjected to two-dimensional (2D) gel electrophoresis separation and stained with colloidal Coomassie
blue to visualize protein spots. On average 380 protein spots could be detected on Coomassie-stained 2D gel,
and our study clearly demonstrated the differential protein accumulation during pre-climacteric and climacteric
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stages of banana fruit.
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INTRODUCTION

Bananas and plantains are major fruit crops in many
countries. India stands as the largest producer of banana with
an annual production of 28.4 million tons on 796,500 ha,
which contribute to 27% of the world production and
about 38% of the total fruit crop production in the nation
(FAOSTAT, 2011). In developing countries, post-harvest
losses of fruits and vegetables account for almost 50% of
the produce. India, the world’s second largest producer
of fruits and vegetables, loses 35-40% of the produce due
to excessive softening. Excessive softening exacerbates
the damage incurred during handling, decreases the shelf
life of fruits, and increases the susceptibility toward post-
harvest pathogens. Fruit ripening is a highly coordinated,
genetically programmed, irreversible phenomenon that
involves a complex series of physiological and biochemical
events. However, proteomic investigations on banana fruits
during development and ripening are still limited.

Current proteomic methods can be divided into two
groups: gel-based approaches, including conventional
two-dimensional gel electrophoresis (2-DE) and
differential in-gel electrophoresis, and gel-free mass
spectrometry-based approaches. Despite rapid advances
in gel-free proteomics, 2-DE coupled with mass
spectrometry is still the primary platform for proteomic
analysis (Cottrell et al., 2011). Previously, some proteome
reports have appeared on different tissues of banana
such as meristem (Carpentier et al., 2007; Samyn et al.,
2007), leaf (Vertommen et al., 2011; Lu et al., 2013),
and root (Vaganan et al., 2015) tissues. Dominguez-
Puigjaner et al. (1992) studied banana fruit proteins from
four different ripening stages. In their study, separation
was limited to the 2-DE (non-equilibrium pH gel
electrophoresis/sodium dodecyl sulfate-polyacrylamide
gel electrophoresis [SDS-PAGE]), and they could visualize
a very few protein spots (as low as 30-40 spots) on a
typical Coomassie blue stained 2D gel, with the protein
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extraction method which they followed. Although
some recent studies were conducted for banana fruit
proteome using both conventional protein extraction
(Toledo et al., 2012) and newly developed combinatorial
peptide ligand libraries (CPLL) method (Esteve et al.,
2013; Righetti et al., 2015), the development of efficient
protein extraction protocols for gel-based proteomic
analysis is still for from the fruition. Further, proteins
extracted through the CPLL method from banana fruit
has restricted to one-dimensional SDS-PAGE separation
(Esteve et al., 2013; Righetti et al., 2015).

A protocol found suitable for a particular plant of a species
might not be appropriate for the other. It is improbable to
define a single protein extraction protocol for different
tissues that are endowed with developmental-specific
metabolites, and similar views were proposed in earlier
studies (Stalikas, 2007; Wu et al., 2014). Every protein
extraction method and subsequent analytical procedure
have their physic-chemical limitations; both should be
investigated before selecting an appropriate protocol for
conducting in-depth proteome studies.

To date, no in-depth work has focused on identifying the
banana fruit proteome using 2D gel-electrophoresis. The
banana pulp contains approximately 20% carbohydrates
and only 1% proteins. This fruit has been traditionally
considered as a difficult matrix for protein extraction,
being a target in studies of optimization of protein
extraction methodologies (Saravanan and Rose 2004
Righetti et al., 2015). The development of efficient protein
extraction methods for various tissues of this crop is
important since it provides subsistence for 400 million
people worldwide, especially in developing countries
(Carpentier et al., 2005).

In this study, extraction of proteins performed by
adapting two different protocols from banana fruit and
resolved using SDS-PAGE and 2-DE.The main objective
of this study is to: (i) Evaluate different protein extraction
methods for banana fruit tissues (peel and pulp) and
suggest best suited one for gel-based proteomic analysis
and (ii) comparison of protein accumulation between
pre-climacteric and climacteric stages of banana fruit
by 2-DE.

MATERIALS AND METHODS

Banana Fruit Sampling

Fully developed mature banana (Musa acuminata; cv.
Grand Naine) was harvested at the pre-climacteric stage,
approximately 80-days after flowering from banana
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germplasm unit at Regional Plant Resource Centre,
Bhubaneswar, Odisha, India and allowed to ripen at room
temperature (RT) for 5-days. Fruit samples were selected
for uniformity of size, shape, color, firmness, and visual
defects. Based on physico-chemical properties, pre-
climacteric and climacteric stages were identified, and
samples were considered for the protein extraction. The
peel and pulp tissues were separated, flash frozen in liquid
N, and stored at —80°C until use.

Protein Extraction

Two different protein extraction methods were followed
for effective protein extraction from banana pulp and
peel tissues.

Trichloroacetic acid (TCA)-acetone extraction

Protein mining was performed using a TCA-acetone
precipitation, followed by a phenol extraction according
toWang et al. (2006); a separate extraction was performed
for each biological replicate. Total protein content after the
first precipitation step and final protein extraction yield
were determined for each ripening stage (pre-climacteric
and climacteric stage). Briefly, frozen fruits were finely
powdered in a mortar with liquid N, and dried under
vacuum. Samples containing 1 g of dried tissue were
suspended in 5 ml of 10% w/vTCA-acetone, thoroughly
vortexed for 3 min, centrifuged at 16,000 Xg for 3 min,
at 4°C, and removed the supernatant.

Samples were extracted with 10 ml of iced 80%
methanol, containing 0.01% ammonium acetate, and
then with 10 ml of iced 80% acetone, in both cases
following the vortexing and centrifugation steps
reported above. After air drying at RT for 5 min, samples
were added with 7.5 ml of ice-cold extraction buffer
(700 mM sucrose, 500 mM Tris-HCI [pH 7.5], 50 mM
ethylenediaminetetraacetic acid [EDTA], 100 mM KClI,
2% w/v B-mercaptoethanol, | mM phenylmethylsulfonyl
fluoride, 1% w/v polyvinylpyrrolidone, 0.25% w/v
3-[(3-Cholamidopropyl)dimethylammonio]-1-
propanesulfonate [CHAPS]) and then with an equal
volume of phenol-saturated - 500 mM Tris-HCI (pH:
8.0). Samples were extracted in a Waring blender for
5 min and then centrifuged at 10,000 Xg for 15 min, at
4°C. Proteins were precipitated from the phenol phase
by addition of 5 volume of saturated ammonium acetate
in methanol, at =20°C, overnight; they were pelleted at
10,000 Xg, for 15 min, dried under vacuum, washed at
first with iced 0.1 M ammonium acetate in methanol and
then twice with cold acetone. During each washing step,
vortexing for 3 min, centrifugation at 10,000 Xg, at 4°C,
and a brief air drying was performed.
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Phenol extraction

The proteins from banana pulp and peel tissues were
phenol extracted according to Carpentier et al. (2005).
1 g of pulp and peel (separately), powdered in liquid N,
was suspended in 5.0 ml of cold extraction buffer (50 mM
Tris-HCI [pH 8.5], 5 mM EDTA, 100 mM KCl, 1% w/v
dithiothreitol [DTT], 30% w/v sucrose) containing a
protease inhibitor cocktail (Sigma-Aldrich P9599) and
was vortexed for 30 s. An equal volume of cold Tris-HCI-
buffered phenol (pH 8.0) was added, and the solution was
stirred for 15 min at 4°C.The phenol phase was recovered
by centrifugation at 6000 Xg for 30 min at 4°C and was
re-extracted with the aqueous buffer. The proteins were
precipitated overnight at —20°C in 100 mM ammonium
acetate/methanol and recovered by centrifugation
(16,000 Xg, 45 min, 4°C). The pellets were washed with
0.2% w/v DTT in acetone and air dried at RT.

SDS-PAGE

During SDS-PAGE analysis, protein samples (50 pg) were
dissolved in loading buffer containing 20 mM DTT and ran
on 12% polyacrylamide gel, which was then stained with
GelCode blue stain reagent (Pierce Chemical Company).

2-DE

The proteins were solubilized in 7 M urea, 2M thiourea,
4% w/v CHAPS, 1% w/v DTT, 0.5% v/v immobilized
pH gradient (IPG) buffer (pH 3-10) for Coomassie staining
of the gels. Proteins were quantified using the 2D-Quant
Kit (GE Healthcare) and BSA as a standard as per the
manufactures recommendations.

For separation on an IPGphor II unit (wipro GE
Healthcare), the following parameters were used: 14 h
rehydration, 1 h gradient to 250V, 1 h gradient to 500V,
1 h gradient to 4000V, and 5.30 h 4000V with a total of
about 25 kVh. After isoelectric focusing (IEF), IPG strips
were equilibrated for 15 min in buffer A (1.5M mM
Tris-HCI pH 8.8, 6 M urea, 30% v/v glycerin, 2% w/v
SDS, 20 mM DTT, 0.01% bromophenol blue). The strips
were then placed on top of a 12% SDS-polyacrylamide
gel and covered with 0.5% agarose. Separation in the
second dimension was performed using a Hoefer SE600
apparatus (wipro GE Healthcare). Afterward, gels were
washed for 5 min with distilled water, and proteins were
visualized with GelCode blue stain reagent following the
manufacturer’s instructions.

Image Acquisition and Analysis

Image acquisition was performed using Chemi-Doc (Bio-
Rad) gel documentation system using Image Lab 4.1
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version software (Bio-Rad), and 2D images were analyzed
using IMP 7 (version 7.1; Wipro GE Healthcare) 2D image

analysis software.
RESULTS

Phenol extraction of the proteins from banana pulp and
peel tissues at climacteric stage resulted in the preparation
of high—quality proteins for SDS-PAGE separation. Distinct
qualitative and quantitative differences were noticed in the
protein separation pattern between the methods followed
in the present study. The majorities of phenol extracted
proteins were resolved between 30 and 100 kDa, and
whereas most of these protein bands were absent in TCA-
acetone extracted protein samples in the same molecular
weight range (Figure 1a and b).

IEF was performed with 150 ug of the proteins (pre-
climacteric and climacteric stages) followed by 2-DE
on 12% SDS-PAGE gel (Figure 2). The majority of the
protein spots was distributed (using pH 3-10 IPG strips)
in molecular weight/pl range from 30 to 190 kDa and
4.0 to 8.0. Quantitative and qualitative differences were
observed in the number and resolution of protein spots
(Figure 3), with no visible horizontal or vertical streaking,

Separation of protein samples and comparison of 2D
gels from pre-climacteric (Figure 3a-d) and climacteric
(Figure 3e-h) stages were clearly demonstrated the
differential expression of different sets of proteins
in these two stages, due to alterations in different
biochemical pathways involved in the ripening process.
After subjecting 2D gel images to the software, on
average 380 protein spots could be detected on a typical
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Figure 1: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
profiling of protein samples extracted from banana pulp and peel
tissues using trichloroacetic acid-acetone (a) and phenol extraction
(b) methods, and proteins were resolved on 12% gel
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Figure 2: Two-dimensional gel of protein extracts from banana pulp
tissue obtained by the phenol extraction method. 150 pg proteins
were separated on 13 cm immobilized pH gradient strips over a non-
linear pH range of 3-10 and then separated in the second dimension
using 12% polyacrylamide gel. Gels was stained with GelCode blue
stain reagent

Figure 3: Portion of two-dimensional gel zoomed to visualize
differentially accumulated proteins at pre-climacteric (a-d) and
climacteric (e-h) stages of banana

2D gel. Images were subjected to 2D image analysis
software (ImageMaster 2D platinum, vession-7.1, Wipro
GE Healthcare), to identify differentially expressed
protein spots.
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DISCUSSION

Banana (Musa spp.) is a good representative of a difficult
plant species for protein extraction since it contains
many interfering metabolites. To date, only classical TCA-
acetone precipitation and phenol extraction methods
proved useful as standard methods for protein extraction
from different plant species and organs (Sebastiana et al.,
2013; Wu et al., 2014; Singh et al., 2015; Vaganan et al.,
2015). Previously, variations in spot number were also
noticed in different studies which used different methods
of protein extraction and staining (Saravanan and Rose,
2004; Witzel et al., 2007; Singh et al., 2015). It was
apparent from previous studies that a protocol for protein
extraction needs to be tissue and/or species specific.
However, no protocol has yet been reported for optimal
extraction of high-quality proteins from different tissues
of (vegetative and reproductive) banana for 2D gel-based
proteomic analysis.

The TCA-acetone protocol was initially developed
by Damerval et al. (1986) and is based on protein
denaturation and precipitation under acidic/hydrophobic
conditions, which help to concentrate proteins and
remove contaminants (Wang et al., 2008). Up to date,
this is the most used protocol for protein extraction from
plant tissues for gel-based proteomic analysis (Jorrin
et al., 2007; Jorrin-Novo et al., 2009). Although TCA-
acetone is a very effective protein precipitant and an
instant arrestor of proteolytic activity as a strong acid,
the incomplete resolubilization of the protein in TCA-
acetone protocol might have resulted in less number of
protein bands and under representation of proteins in
SDS-PAGE separation in this study, and our results are
in agreement with several previous reports on different
plant species and organs (Sebastiana et al., 2013; Singh
et al., 2015; Vaganan et al., 2015). Overall, the general
consensus is that TCA-acetone-based protein extraction
is effective for younger tissues (Damerval et al., 1986;
Santoni et al., 1997) and seeds (Carpentier et al., 2005;
Singh et al., 2015) and may not be effective for isolation
of proteins from fruit tissues.

The phenol-based method has the potential to generate
samples of higher purity for recalcitrant tissues than
the TCA-acetone method, as compounds such as
polysaccharides and other water-soluble contaminants
are separated from the proteins that are solubilized in
the phenolic layer (Hurkman and Tanaka, 1986). Further,
for other recalcitrant plant materials containing high
level of phenols and soluble polysaccharides (as tomato
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tissues, banana and avocado mesocarp, and orange peel),
the phenol method showed a high efficiency for protein
extraction and resolution (Wang et al., 2003; Rose et al.,
2004, Saravanan and Rose, 2004; Carpentier et al.,
2005). The final pellet obtained was easily solubilized
in the IEF solubilization buffer. An example of a 2-DE
pattern obtained by phenol is shown in Figure 2. The
quality of the spots was high in the present study; even
the basic polypeptides and those in the low molecular
weight region of the gel appeared as round spots, well
resolved and not diffused. Moreover, the gel patterns
obtained by phenol extraction had a greater number
of high molecular weight proteins and our results are
in consistence with the previous gel-based proteomic
studies on different plant species, including fruit
proteomic studies (Andrade Jde et al., 2012; Nilo et al.,
2010; Singh et al., 2015; Vaganan et al., 2015). The high
spot resolution, the low background, and the absence
of vertical staining indicate that phenol sufficiently
removed interfering compounds by partitioning them
in the aqueous phase.

In the present study, around 380 protein spots could
be detected on the average 2D gel with the pH range
3-10. Earlier similar results were obtained in different
fruit proteomic studies, i.e. 373 protein spots in mango
(Andrade et al., 2012), in apricot at different ripening
stages on average 511, 554, and 450 spots for yellow,
green, and deep-orange/red stage, respectively, using
gel-based proteomic analysis (D’ Ambrosio et al., 2013).
Toledo et al. (2012) conducted gel-based proteome
analysis (2D fluorescence difference gel electrophoresis)
for the proteins extracted from pre-climacteric and
climacteric stages of ripening banana fruit and identified
168 validated spots. Investigation of the proteins that are
functional during different developmental and ripening
stages may provide clues for the manipulation of key
metabolic pathways and the development of the desired
phenotypes of important fruits in general and banana in
particular.

CONCLUSION

Protein extraction using two different methods from
peel and pulp tissues of banana fruit were optimized.
Irrespective of the tissue (peel and pulp) used for protein
extraction, protocol based on phenol extraction gave
optimal yield compared with TCA-acetone method.
Established high-quality protein extraction protocols in
this study would be highly useful in conducting in-depth

gel—based proteomic analysis in banana.
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