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Abstract: Several cell-wall degrading enzymes have been studied and their action involved in the softening
concomitant with ripening of various fruits. However, studies pertaining to pectin methylesterase (PME) that
catalyzes the demethylesterification of cell wall polygalacturonans have been very limited especially in fruit
tissue. The present study covers the biochemical characterization of pectin methylesterase from Musa
acuminata in context to delayed ripening phenomenon, principally dealing withidentification of a PME gene,
namely, PME 1 from Grand Naineveriety of banana. The expression of this gene was well correlated with the
ripening. After Ethylene treatment the expression of PME1 gene was peaked on day 3 while in control fruit, the
progression of ripening was rather slow. The GA content was observed to augment significantly during the
course of ripening of banana fruit. The overall data obtained provide new insights into correlation of the
expression of PMEL with increased PMEL with increased PME activity as well as pectin content.

. Introduction

Banana belongs to Musa species and is very economic and important crop plant. They are rich source
of carbohydrates, so play an important role in the diet. There are 100 million people depends on banana for the
source of energy [1]. The genome of banana is commonly triploid having AAA type e.g. Cavendish and
parthenocarpic [2]. They are monocots and the ripening of fruit is influenced by ethylene. During the ripening of
banana fruit, there are various biochemical changes takes place like in carbohydrate composition, cell wall
adhesion, formation of volatile compounds and chlorophyll degradation [3]. In banana the extraction of protein
and determination of enzyme activity is more difficult due to the presence of high concentration of phenolic and
starch content.

On ripening of fruit there was an increase in the rate of respiration and so they needed the supply of
ethylene for complete maturation. In banana ripening, the color and taste of pulp becomes changed. It was more
softened and more production of its own ethylene and there wasconversion of starch into sugar due to which the
color of peel becomes also changed. So, there were some problems for the exportation of banana. On
observations it was revealed that during ripening of fruit, there were some changes in the cell wall [4].In some
fruits the textural changes, softening and maturation are due to the presence of Pectin [5]. During ripening of
fruits, these are decomposed into sugars and acids [5].

The inter-lamella layer in plant cell is composed of galacturonic acid which formed calcium salts on
polymerization and was partially esterified by methanol and referred to as pectic component. The textural
properties of fruit as well as physical properties of middle lamella was based on salt bridge formed by
crosslinking of adjacent pectin molecules and the polymerization and esterification of polygalacturonides [6].
The great strength of green fruit was due to the protopectin or water insoluble pectic which was partially
esterified polygalacturonic acid [7]. On fruit ripening, pectin chain length was decreased and converted to water
soluble pectin and the texture becomes soft.The cell wall of higher plants consist of polysaccharides mainly
pectin [8]. In middle lamella of cell wall the concentration of pectin was highest and was decreased from
primary cell wall and then plasma membrane [9]. Pectin is a linear chain of a- (1—4)-linked D-galacturonic acid
which are methyl esterified. Pectic enzymes are related with the softening of fruits alongwith the increase in
soluble pectins.The mainly enzymes involved in pectin degradation are Polygalacturonase (PG) and pectin
methylesterase (PME) [10]. The function of PME is to remove methyl ester groups and further depolymerization
takes place by polygalacturonase (PG) to reduce the rigidity [11]. The extraction and purification of PME from
different plants including tomatoes [12], oranges [13,14], apples [15,16], and grapefruits [17]. The increased
activity of PME has been shown in banana [18], orange [19], tomato [20] and strawberry [21] and remains
constant in banana [22], tomato [23], and mango [24] or to decrease in tomatoes [25], avocado [26] and mango
[27]. The changes in PME activity during ripening in mango fruit was different, which was depended on the
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varieties. In ‘Keitt’ mango, the activity of PME was decreased [28], but in some varieties of Pakistani mango it
was remains conatant[24], or in African mango the activity was increased [29].

There were thousands varieties of banana in this world for their great value. For our study we chose the
Grand naine variety of banana. Grand naine (Dwarf Cavendish) banana also called as ‘Mons Mari’, ‘Williams’s
hybrid or giant Cavendish due to their high yield (approx. 30Kgs/plant). These were long, cylindrical fruits with
less curvature. Grand naine is a cultivar of Cavendish banana with 33 chromosomes and AAA triploid genotype.
They produce seedless fruit through parthenocarpy [30]. They reproduce vegetative and lack sexual
reproduction. Due to longer shelf life and fast grower plant, Dinar Cavendish is the main export banana. Grand
naine variety of banana will ripenfast; its flavor will be richer and contains a firm fleshy fruit. This variety can
bear bunches with upto 90 bananas and can withstand in windy and hardly environment. The outer covering of
fruit was thick, smooth and yellowish green in color on ripening. It has pleasant aroma, fine textured and sweet
in taste. Grand naine variety of banana may soon become the most preferred variety due to its tolerance to
abiotic stresses and good quality bunches. Thus, the present study was undertaken to investigate the significance
of PME to differential softening and to characterize the PME expression in Grand naine variety of banana
during development and ripening at the biochemical level and molecular mRNA translation.

. Materials and Methods

Plant material and sample preparation: Mature unripe Grand naine variety of banana was harvested from the
orchard of Biotech. Park, Lucknow, India.Ethylene treatment was given in the concentration of 100pul to initiate
the ripening for 24 hours in a closed chamber. The treated banana samples were allowed to ripen for 6 days at
room temperature in same conditions without supply of extra ethylene. The sampled were collected at three
stages namely unripe, mid-ripen and fully ripened on 1%, 3" and 6" day respectively ofboth ethylene treated as
well as untreated samples referred to as control samples. The pulp of banana tissue was separated and crushed
with liquid nitrogen and then stored at -80°C until the further use.

Fruit Firmness: The firmness of ethylene treated as well as control banana fruits were measured on 0 Day, 1%
Day, 3" Day and 6" Day. The peel of banana fruit was removed and the measurement were recorded
byPenetrometer (model FT 327, QA Supplies, Norfolk VA). The measurements were recorded as Newton (N).

Pectin Extraction: The polysaccharides of cell wall were obtained as alcohol insoluble solids (AlS) described
by Rosliet al [31] and from AIS, the pectins were recovered as water soluble pectin (WSP), chelator soluble
pectin (CSP) and HCI soluble pectin (HSP) [32]. Twelve gram of powdered sample of banana (both treated and
control) was mixed with 50 ml of ethanol followed by boiling for 30min. The residue obtained after filtration
called as AlS, washed twice with absolute ethanol. Fifty to sixty mg of AIS was suspended in 60 ml of distilled
water and incubated at 20°C overnight with continuous stirring. After filtration, the residue was washed twice
with 5ml of water. The filtrate was called as WSP. The residue was extracted with 50ml of EDTA (0.05M in
0.05M sodium acetate, pH=4.5). After filtration the filtrate was designated as CSP. The residue was treated with
0.05M HCl at 100°C for one hour and the filterate was called as HSP fraction.

Pectin Estimation: All of the extracted fractions, WSP, CSP and HSP were analyzed for their galacturonic acid
content by m-hydroxydiphenyl method [33] with some modifications by using D- GA as a standard curve [34].
The samples were taken in triplicates. 400ul of aliquots from each hydrolysate were taken in tubes. 2.4ml of
75mM sodium tetraborate in H,SO,4 were added and vortex it. The tubes were placed at 100°C in water bath for
15min, and then cool them into an ice bath for 10min. 80ul of m-hydroxydiphenyl solution was added to each
tube and in control sample solution 80pl of 0.5% NaOH was added. All the tubes were vortexed properly for
mixing. A pink color was developed within 5 to 10 min. The absorbance was monitored at 525nm. The amount
of pectin was expressed as nmolGAg™AIS.

Total Enzyme Extraction: The homogenate was prepared by crushing 1g of pulp tissue with 3ml PBS (1X)
buffer. The samples were taken in duplicates. The homogenate was centrifuged at 14000 rpm for 30min at 4°C.
The supernatant was taken in fresh tubes and the protein content was measured according to the protocol
described by Lowry et al. [35].

PME Assay: The activity of PME enzyme can be analyzed by various methods, but the most common method
was Volumetric analysis or titration method. The reaction mixture was composed of 15 ml of 0.25% citrus
pectin solution with 0.15M NaCl. The protein sample of 200 pl was added and the final volume was makeup to
30ml with distilled water. The pH of solution was adjusted to 8.0 by 0.01M NaOH or 0.01M HCI. The reaction
mixture was incubated at 30°C for one hour and then heat for 4-5 min. After cooling, these mixtures were
treated with 0.1M NaOH. Phenophthalein was used as an indicator dye.The activity of PME was also observed
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by Gel diffusion method. In this method 2% agarose gel was prepared in PBS buffer. 4g of agarose was added in
200 ml of PBS buffer and left for 10-15 min at room temperature. The gel was poured in circular disc.

RNA extraction, Reverse transcription and PCR: RNA extraction was carried out from the pulp of all banana
samples by using centryltrimethyl ammonium bromide as described by Asifet al. [36]. The resulted RNA of
banana pulp was treated with RNase for the synthesis of complementary DNA or c-DNA. Reverse transcription
was carried out by using 3’ oligodT primer and moloney murine leukemia virus reverse transcriptase
(invitrogen, Carlsbad, CA). To amplify the PME gene fragment from banana, primer PME F1
5’CTTTTACCGCAGGGTTGA 3’ and 3’AP primers were used.

1. Results
Firmness: The ripening of Grand naine variety of banana takes place rapidly on ethylene treatment. The
penetration force of fruit was decreased from 12N to 2N within three days. The control samples without
ethylene treated were also showed the decreased penetration force from 12N to 10.5N due to the decreased in
firmness. On 6™ Day the ethylene treated samples were ripened fully and the penetration force was on. (Fig.1)
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Figl. Firmness changes during ripening in banana. Firmness was measured in ethylene treated and control
(without exogenous ethylene treatment) for 6 Days. 1-6 numbers show days, ‘E’ ethylene treated fruits and ‘C’,
control fruit samples.

Pectin degradation during ripening in banana: The degradation of pectin during ripening in banana, the
pectinswas estimated as WSP, CSP and HSP of AIS [Table 1]. The total pectin content was decreased during
ripening which showed the solubilization of pectins. The uronic acid level was increased in WSP. The GA
content was increased significantly during ethylene induced ripening in banana. On 6™ Day, the amount of
soluble uronide levels was several times more as compared to 0 Day. On the other hand, the amount of CSP and
HSP was observerd to be decreased Fig.2). In ethylene treated banana samples, the value of pectin degradation
was higher as compared to control or untreated samples.

Table 1.Changes in pectin (nmol GA g™ AIS) in different fractions of cell wall from control and ethylene
treated at day 1, day 3 and day 6. The values are mean +SD of 3 sets of experiments with triplicates in

each set.
Day1 Day 3 Day 6
CyHs Control CyH, Control CyH, Control

29.8

WSP 17.5 (+1.05) 14.1 (+1.40) 34.5 (+1.49) (£1.01) 50.5 (£1.79) 52.0(¢0.90)
65.2

CSP 75.8 (+1.31) 80.1 (+1.05) 51.8 (+1.51) (£1.12) 35.1 (+1.40) 51.2 (+1.91)
55.2

HsP 69.8 (+0.55) 60.1 (+1.61) 45.8 (+1.05) (+1.21) 34.8 (+1.01) 40.1 (+1.56)

Total 150.2 140.6 148.5 120.1 149.2

Pectin 165.5 (+1.02) (£3.15) (£1.59) (£1.32) (£1.40) (£4.28)

Galacturonic acid is a major component of the pectin polysaccharhamnogalacturonan. On ripening, the
concentration of sugar was increased, which reacts with Conc. H,SO, to yield product of pink color [Fig. 2].
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el G
Fig 2.Galacturonic acid is a major component of the pectin polysaccharhamnogalacturonan. Higher the intensity
of pink color reflecting higher yield of galacturonic acid during ripening of banana.

PME activity in banana: The activity of PME was measured in the banana pulp during ripening. By the
titrametric analysis, the activity of PME was calculated as

PME units/ml = (ml of NaOH) (molarity of NaOH) (1000)
(time) (ml of sample)
The activity of PME was observed in specific unit i.e. U/mg. The value of PME activity resulted by volumetric
analysis is shown in Table 2 and Fig 3.

Table 2. PME activity (U/ml) and relevant specific activity (U/mg protein) in different fractions of cell
wall from control (C) and ethylene treated (T) at day 1, day 3 and day 6. The values are mean £SD of 3
sets of experiments with triplicates in each set.

S.no. Sample PME activity (U/ml) Specific unit
1. C-0 100.00 + 4.50 127.71 £ 3.91
2. C-1 73.33+£1.83 7751+1.73
3. C-3 106.66 + 3.63 277.01£3.81
4. C-6 60.01+1.21 68.88 £ 1.18
5. T-1 40.05 + 0.95 163.26 + 4.27
6. T-3 40.10£1.01 96.15+ 1.85
7. T-6 86.66 + 2.36 62.07 £1.97
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Fig. 3. PME Specific activity (U mg™) in different fractions of cell wall from control (C) and ethylene
treated (T) at day 1, day 3 and day 6. The graphical data are mean of 3 sets of experiments

On the basis of our results it was observed that the activity of PME during ripening of banana was increased first
abruptly and then decreased. The activity of PME in ethylene treated samples washigher as compared to control
samples due to artificial high rate of ripening as compared to naturally in control samples. But in both cases, the
activity of PME was first increased and then decreased.

Expression exploration of PME in banana: The accumulation of transcript of PME1 was studied in banana
during ethylene induced ripening. From different stages of ripening, mRNA was isolated and probed with 24 bp
fragment of PME1 gene [Fig. 4]. The transcript becomes increased with ripening and was maximum level on
day 3 and then there was a decline in transcript level. Similarly it was also detected the delay in transcript
accumulation in untreated ethylene banana samples. These results showed that the expression of PME was
increased during ripening of banana first and then declined.
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Fig. 4.Reverse Transcription and post- PCR picturization: Expression exploration of PME in banana in
different fractions of cell wall from control (C) and ethylene treated (T) at day 1, day 3 and day 6; AP is
the marker.

V. Discussion

The objective in this study is to analyze the expression or activity of PME, ripening in Grand Naine
variety of Banana fruit.On the ripening of fruit, it becomes softened due to the structural changes in the cell wall
by the activity of many hydrolases enzymes [37]. In primary hcell wall, the main component is Pectin & their
degradation is the cause of fruit softening. The main hydrolases enzymes are responsible for pectin degradation
PME, PG. PME catalyzes the demethylation of carboxylic group of galacturonosyl residue & their PG helps in
degradation of pectin. It has been studied that during ripening in tomato, the high susceptibility of cell walls to
PG action is due to the activity of PME [38].Banana like strawberry undergoes rapid softening due to increase in
the content of WSP & also decrease in insoluble pectin [39,40].The activity of PME gradually increase on
ripening of fruit. More or less in similar fashion, the level of PME protein during tomato ripening has been
observed to increase beyond the turning stage while the PME activity begins to decline from its maximum at the
time of picking to a low level early in the climacteric fruits [41].

We have identified a PME gene PME 1 from Grand Naineveriety of banana. The expression of this
gene was correlated with the ripening. After Ethylene treatment the expression of PME1 gene was peaked on
day 3" while in control fruit, the progression of ripening was slow. On the basis of our study, we can correlate
the expression of PMEL with increased PMEL with increased PME activity as well as pectin content. The GA
content was observed to augment significantly during the course of ripening of banana fruit. The activity of
pectin degrading and softening related PME is abruptly increased in ethylene induced ripening and slowly in
control and after sometime its activity becomes decline in Grand Naine variety of banana. This study also
challenges the accepted views of the mechanism and function of pectin methylesterases, including the co-
secretion of pectins and pectin methylesterases into the apoplasm, new action patterns of mature pectin
methylesterases and a possible function of the pro regions of pectin methylesterases as intramolecular
chaperones [42]. In conclusion, taken together the data very recently obtained by Verma et al. [43], the present
study provides new insights into establishing certain putative biochemical markers (cell-wall degrading enzyme-
activators/inhibitors) probably attributing to fruit softening/ripening.
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