Comparative Analysis of Peroxidase and Catalase Isoenzymes via Native-PAGE
Electrophoresis and SDS-PAGE Profiling of Leaf Proteins in Rice Varieties under
Infection Stress

ABSTRACT

Rice (Oryza sativa L.) is a staple food for over half of the world's population. However, rice
productivity is significantly hindered by various diseases, including sheath blight caused by
Rhizoctonia solani. This study aims to evaluate the resistance of different rice varieties and
wild rice accessions to sheath blight and to analyze the biochemical responses, specifically
peroxidase and catalase activities, under infection stress. The results revealed that Kalanamak
and Pusa Basmati were highly susceptible, with high disease indices and visual ratings.
Conversely, wild rice accessions such as O. rufipogon and O. australiensis exhibited lower
disease indices, indicating moderate resistance. Peroxidase activity varied significantly
among the rice leaves, ranging from 148.83 to 182.44 mg/g fresh weight/min. Dhanya 748
showed the highest peroxidase activity, followed by O. australiensis and O. rufipogon.
Native-PAGE electrophoresis of peroxidase isoenzymes demonstrated high-intensity bands in
O. rufipogon, BPT 5204, and Swarna Sub-1, while minimal or no bands were observed in
other genotypes, indicating varying levels of peroxidase activity. Catalase activity also
showed significant variation, ranging from 138.18 to 152.14 mg/g fresh weight/min. BPT-
5204 exhibited the highest catalase activity, followed by O. australiensis and Pusa Basmati.
Isoenzyme analysis via Native-PAGE revealed high-intensity catalase bands in O.
australiensis, Dhanya 748, NDR 118, and Pusa Basmati, while no bands were observed in O.
rufipogon, CSR 13, Arize 6444, and Swarna Sub-1. SDS-PAGE analysis of leaf proteins
showed variability in banding patterns. Non-infected leaves of Swarna Sub-1, Arize 6444,
Kalanamak, and Pusa Basmati had minimal bands, while O. australiensis and Dhanya 748
showed maximum bands. Infected leaves of CSR 13, NDR 118, Arize 6444, Kalanamak,
Dhanya 748, and Pusa Basmati had minimal bands, whereas O. australiensis exhibited
maximum bands. Overall, the study highlights the potential of wild rice species in enhancing
disease resistance and provides insights into the biochemical responses of rice varieties under
pathogen stress.
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INTRODUCTION

Rice (Oryza sativa L.) is a cornerstone of global agriculture, providing sustenance for
over half of the world's population. Its importance is particularly pronounced in Asia, where
it forms the dietary staple for millions of people. However, rice productivity is frequently
compromised by various diseases, with sheath blight, caused by the fungus Rhizoctonia
solani, being one of the most significant. Addressing this challenge requires a deep



understanding of the genetic and biochemical mechanisms underlying disease resistance.
Wild rice accessions, such as Oryza rufipogon and Oryza australiensis, offer a reservoir of
genetic diversity that can be harnessed to enhance disease resistance in cultivated rice
varieties. These wild relatives often exhibit traits that are absent in domesticated varieties,
including enhanced resistance to pests and diseases. Biochemical responses to pathogen
infection are critical indicators of a plant's defense mechanisms. Among these, the activities
of peroxidase and catalase enzymes play pivotal roles. Peroxidase activity, which detoxifies
reactive oxygen species generated during infection stress, varies significantly among different
rice genotypes and can be a marker of resistance. Catalase activity similarly helps protect
plant cells from oxidative damage by breaking down hydrogen peroxide, a harmful byproduct
of stress responses. To investigate these biochemical responses, advanced techniques such as
Native-PAGE electrophoresis and SDS-PAGE are utilized. Native-PAGE electrophoresis
separates isoenzymes based on their electrophoretic mobility, allowing the identification and
comparison of specific enzyme forms and their activities. This technique is crucial for
understanding the presence and intensity of peroxidase and catalase isoenzymes in different
rice varieties. SDS-PAGE, on the other hand, profiles leaf proteins, revealing variations in
polypeptide banding patterns between infected and non-infected plants. This method provides
insights into the changes in protein expression associated with infection stress. By examining
these biochemical responses under infection stress, researchers can identify rice varieties and
wild rice accessions with enhanced resistance to sheath blight. This knowledge is essential for
breeding programs aimed at developing more resilient rice cultivars, ultimately contributing
to sustainable rice production and food security.

MATERIALS AND METHODS
Isoenzyme of peroxidase by native-PAGE electrophoresis

The activity of peroxidase enzyme was determined by the method given by (Vetter,
1959).

Procedure:

200 mg of fresh leaf material was taken and homogenized in 10 ml of phosphate
buffer (pH - 6.0) and centrifuged at 10,000 rpm for 30 min. at room temperature. 2 ml of
enzyme extract was taken in a test tube to which 2 ml of phosphate buffer (pH- 6.0), 1 ml
pyrogallol and 0.2 ml H2 Oz was added. The mixture was shaken and kept in a waterbath at
37% for 10 min. for formation of purpurogallin. The intensity of colour was measured at 430
nm by spectronic — 20

Peroxidase isoenzyme analysis

This procedure involved without denaturation of protein and without SDS in any
solution. The procedure involved protein electrophoresis without denaturation or the use of



SDS in any solution. The apparatus included a vertical slab gel electrophoresis unit with glass
plates (18 x 9 x 0.1 cm), a power pack, and micro-pipettes (10-100ul). Solutions prepared for
the procedure included a 30% acrylamide bis-acrylamide stock solution (29.2 g acrylamide,
0.8 g bis-acrylamide in 100 ml double-distilled water, stored at 4°C in a dark amber bottle),
separating gel buffer (1.875 M Tris, pH 8.8, 22.7 g for 100 ml), and stacking gel buffer (0.6
M Tris-HCI, pH 6.8, 7.26 g for 100 ml). Catalyzing agents used were 10% ammonium
persulfate (APS) and 7.5 ul TEMED. The electrode buffer was prepared by dissolving 1.2 g
Tris and 5.8 g glycine in 1 L double-distilled water, adjusting the pH to 8.3. The enzyme
extraction buffer (0.1 M Tris, pH 6.7) was made by dissolving 1.2 g Tris in 100 ml double-
distilled water. The loading dye (pH 6.8) comprised 5 ml Tris-HCI, 7.5 ul B-—
mercaptoethanol, 100 mg bromophenol blue, and 15 ml glycerol. Gel staining solution was
prepared fresh before use and consisted of 6% H202, 2 mM O-Guaiacol, 0.2 M phosphate
buffer (pH 7), and 100 ml double-distilled water.

For sample extraction, 2 mg of tissue was ground in 0.1 M Tris buffer (pH 6.8) using
a mortar and pestle, centrifuged at 5000 rpm for 10 minutes at 4°C, and the supernatant
collected as the sample. The separating gel solution (8%) was prepared by mixing 9.3 ml
double-distilled water, 5.3 ml 30% acrylamide bis-acrylamide mix, 5 ml 1.875 M Tris-HCI
(pH 8.8), 0.2 ml 10% APS, and 12 ul TEMED. The stacking gel solution (5%) was prepared
by mixing 6.8 ml double-distilled water, 1.7 ml 30% acrylamide bis-acrylamide mix, 1.25 ml
0.6 M Tris-HCI (pH 6.8), 0.1 ml 10% APS, and 10 ul TEMED. The separating gel was
poured between glass plates and allowed to polymerize for 1 hour, followed by casting the
stacking gel with a 10-well comb and allowing polymerization. The plates were assembled
into the electrophoresis unit, and 40-50 ul of the sample (containing 75-200 pg protein) was
loaded into the wells, ensuring no bubble formation. Electrophoresis was performed at 30 mA
and 220 V for 10 minutes through the stacking gel, followed by 20 mA until separation was
complete. After separation, the gel was washed 3 times with PBS for 10 minutes each,
incubated in 2 mM H202 in PBS for 10 minutes, and then in 50 ml of 1 mg/ml Guaiacol
solution for 15-20 minutes. Images were recorded within 30 minutes to prevent band
disappearance.

Isoenzyme Analysis of Catalase Using Native-PAGE Electrophoresis and Catalase
Activity in Rice Leaves

To prepare the dilution series of calibration standards, the same buffer or solvent used
for the sample was used to achieve concentrations of 30 to 150 pg/ml in a final assay volume
of 5 ml. Then, 1.0 ml of the protein sample, each dilution of calibration standard, or
buffer/solvent (reference standard) was added to 0.90 ml of Hartree-Lowry reagent A in
separate test tubes and incubated for 10 minutes in a 50°C water bath. The tubes were cooled
to room temperature, followed by the addition of 0.1 ml of Hartree-Lowry reagent B, mixed,
and incubated at room temperature for 10 minutes. Rapidly, 3 ml of Hartree-Lowry reagent C
was added to each tube, mixed thoroughly, and incubated for 10 minutes in a 50°C water bath
before cooling to room temperature. The net absorbance of the sample, calibration standards,
and reference standard was measured at 650 nm (A650) using 1-cm cuvettes. The net
absorbance readings for the standards were graphed against protein concentration (ug



protein/5 ml final assay volume) to prepare a calibration plot. The protein concentration of
the sample was determined by interpolation from this plot. The gel was washed three times
for 15 minutes each with distilled water, incubated for 10 minutes in a 0.88 mM H202
solution, rinsed again with water, and finally incubated with a mixture of equal volumes of
1% (w/v) ferric chloride and 1% (w/v) potassium ferricyanide solution until yellow bands
appeared on a green background. (Table 1 and 2)

Table 1 Separation gel of (8%o)

Solution 8%

Double distilled water 9.3 ml

30% Acrylamide bisacrylamide mix 5.3 ml

1.875 M Tris HCI pH 8.8 5ml

10 % APS 0.2 ml (200 pl )
TEMED 0.012 ml (16 ul)
Total Volume 20 ml

Table 2 Stacking gel solution (4 %)

Solution 4%

Distilled water 6.8 mi

30% Acrylamid bisacrylamide mix 1.7 ml

0.6 M Tris (PH 6.8) 1.25 ml

10 % APS 0.1 ml (100 pl)
TEMED 0.01ml (10 pl )
Total Volume 10 ml

Protein profiling of rice Leaf



For the extraction of protein from rice leaves, analytical-grade chemicals were used.
Sodium phosphate buffer (0.25 M, pH 7.0) containing 0.15N NaCl was prepared along with
other materials like rice leaves, pestle and mortar, ice, and centrifuge tubes. The method
followed was as described by Laemmli et al. (1970). Fresh rice leaves were cut into small
pieces with a razor and crushed in the sodium phosphate buffer. The mixture was
mechanically homogenized and centrifuged at 10,000 g at 4°C for 20 minutes. This process
was repeated twice. After centrifugation, the supernatant was collected, resulting in crude rice

leaf protein.
Gel electrophoresis

The gel electrophoresis experiment utilized a vertical slab gel electrophoresis unit
measuring 18 x 9 x 0.1 cm, equipped with a power pack. Reagents included a stock
acrylamide solution consisting of 30% acrylamide and 0.8% bis-acrylamide dissolved in 100
ml of double distilled water. Separating gel buffer was prepared using 1.875 M Tris HCI
(22.7 g in 100 ml, pH 8.8), while stacking gel buffer employed 0.6 M Tris HCI (7.26 g in 100
ml, pH 6.8). Polymerization was catalyzed by 10% ammonium per sulfate and TEMED. The
electrode buffer, adjusted to pH 8.2, contained 0.025 M Tris HCI, 0.192 M glycine, and 0.1%
SDS in 1 L of double distilled water. A loading dye solution (pH 6.8) was prepared with 1.5
M Tris HCI, 10% SDS, B-mercaptoethanol, bromophenol blue, and glycerol in 100 ml of
double distilled water. Gel staining involved Coomassie brilliant blue R-250 in methanol and
acetic acid, with a subsequent destaining solution composed of methanol and acetic acid. For
sample preparation, rice leaf proteins were extracted in 0.25 M sodium phosphate buffer (pH
7.2) containing 0.15 N NaCl, heated with running dye, and centrifuged. The polyacrylamide
gel was then prepared by sequentially mixing the appropriate solutions, ensuring
polymerization initiation upon addition of TEMED and APS.

The separating gel was poured between glass plates and allowed to polymerize for 30-
40 minutes. After polymerization, the stacking gel was cast and a Teflon comb (13 wells) was
inserted between the plates, followed by waiting for proper gel polymerization. Once
polymerized, the Teflon comb was carefully removed, and the plates were assembled into the
electrophoresis unit with electrode buffer in both tanks. The unit was connected to a power
pack and the gel was run for 8-10 hours at 25 mA and 160 volts. After complete separation of
protein molecules, the power was turned off, and the gel was removed and stained in a tray

with staining solution for visualization.



Destaining of gel

The destaining solution, composed of 45% methanol and 10% acetic acid in double
distilled water (100 ml total volume), was used to destain the gel. The gel was immersed in
this solution to remove unbound dye until the background became colorless. Bands were
categorized into groups based on their number, presence or absence, and intensity of specific

bands. The relative migration (Rm) value of each band was calculated accordingly.

RESULTS AND DISCUSSION

Peroxidase enzyme activity in rice leaves

Peroxidase enzyme activity in rice leaves exhibited significant variation, ranging from
148.83 to 182.44 mg/g fresh weight/min. Dhanya 748 demonstrated the highest peroxidase
activity at 182.44 mg/g fresh weight/min, followed closely by O. australiensis (180.10 mg/g
fresh weight/min) and O. rufipogon (178.14 mg/g fresh weight/min). In contrast, CSR-14
exhibited the lowest peroxidase activity at 148.83 mg/g fresh weight/min (Table 3 and Fig 1).

Fig 1: Graph showing peroxidase activity in rice genotypes (mg/g fresh weight/minute)
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Table 3: - Peroxidase activity in rice leaves (mg/g fresh weight/minute).

Peroxidase activity (mg/g fresh

S. No. Name of Varieties weight/minute)




L Swarna Sub 1 175.83
2. BPT 5204 158.11
3 CSR 13 148.83
4 NDR 118 157.94
5. Kalanamak 173.16
6. Pusa Basmati 174.16
! Arize 6444 169.34
8. Dhanya 748 182.44
9. O.australiensis 180.10
10. O.rufipogon 178.14

SEm + 295

CD (at 5%) 5.36

Analysis of peroxidase isoenzymes using native PAGE revealed that O. rufipogon,
BPT 5204, and Swarna Sub-1 displayed high-intensity bands, indicating robust peroxidase
activity. Conversely, Dhanya 748, CSR 13, and Kalanamak showed no bands, suggesting
negligible peroxidase activity. Other genotypes such as Arize 6444, Pusa Basmati, NDR-118,
and O. australiensis exhibited minimal band intensities on the gel (Fig 2).

Catalase enzyme activity in rice leaves also showed significant variation, ranging
from 138.18 to 152.14 mg/g fresh weight/min. The highest catalase activity was observed in
BPT-5204 (152.14 mg/g fresh weight/min), followed by O. australiensis (148.52 mg/g fresh
weight/min) and Pusa Basmati (148.05 mg/g fresh weight/min) (Table 4 and Fig 3). Dhanya-
748 exhibited the lowest catalase activity at 138.18 mg/g fresh weight/min. Analysis of
catalase isoenzymes via native PAGE indicated high-intensity bands in O. australiensis,
Dhanya 748, NDR 118, and Pusa Basmati, while BPT-5204 and Kalanamak showed minimal
band intensities. O. rufipogon, CSR 13, Arize 6444, and Swarna Sub-1 displayed no bands on
the gel, indicating the absence of catalase activity (Sofo et al., 2015) (Fig 4).




Fig 2: Appearance of peroxidase of isoenzymes of Rice leaves in native-PAGE (8%)
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Fig 3: Graph showing catalase activity in rice genotypes (mg/g fresh weight/minute)

Table 4: Catalase activity in Rice leaves (mg/g fresh weight/min)

S.N. Name of variety Catalase activity (mg/g fresh
weight/minute)




1. Swarna Sub 1
143.56
2. BPT 5204
152.14
3. CSR 13
148.05
4, NDR 118
143.12
5. Kalanamak
144.70
6.
Pusa Basmati 148.26
7.
Arize 6444 143.10
8.
Dhanya 748 138.18
0.
O.australiensis 148.52
10.
O.rufipogon 139.05
SEm+ 2.36
CD (At 5%) 9.26

Fig 4: Appearance of catalase isoenzymes of rice leaves in native-PAGE (8%)

Protein Profiling by SDS-PAGE (12%) from Non-Infected Rice Leaves



The comparison between non-infected and infected rice leaves showed notable
differences in protein banding patterns. Non-infected leaves generally displayed a greater
number of bands compared to infected leaves, indicating a reduction in protein complexity
under infection stress. Each variety displayed characteristic RM (relative migration)
values, which further differentiated them based on the position of protein bands in the gel.
For instance, O. rufipogon exhibited nine distinct RM values in non-infected leaves,

highlighting its protein profile complexity.

In infected rice leaves, several varieties including Swarna Sub-1, BPT 5204, and
others exhibited consistent RM values, indicating a more uniform protein profile under
infection stress. Notably, wild rice O. rufipogon showed no RM values in infected leaves,
suggesting a significant alteration or reduction in protein expression under pathogen attack.
These findings underscore the potential of SDS-PAGE protein profiling as a tool to assess
protein diversity and responses to stress in rice varieties. The correlation between protein
profiles and physiological resistance against Rhizoctonia solani reinforces the importance
of biochemical analysis in understanding plant-pathogen interactions and identifying
resistance sources in rice breeding programs (Chauhan and Nanda, 1984; Sengupta and
Chattopadhyay, 2001). (Table 3)

Protein Profiling by SDS-PAGE (12%) from Non-Infected Rice Leaves

Protein profiling of rice leaf extracts using SDS-PAGE revealed significant
diversity among varieties, particularly highlighted by distinct banding patterns in the
electropherograms. Wild rice species, particularly O. australiensis, exhibited the highest
number of bands, suggesting greater protein diversity compared to cultivated varieties.
Specific bands such as 2, 5, 8, 9, 14, 15, and 16 were identified as useful markers for
distinguishing between different rice varieties based on their unique mobility and intensity.
(Fig 5). The comparison between non-infected and infected rice leaves showed notable
differences in protein banding patterns. Non-infected leaves generally displayed a greater
number of bands compared to infected leaves, indicating a reduction in protein complexity
under infection stress. Each variety displayed characteristic RM (relative migration)
values, which further differentiated them based on the position of protein bands in the gel.
For instance, O. rufipogon exhibited nine distinct RM values in non-infected leaves,

highlighting its protein profile complexity.



In infected rice leaves, several varieties including Swarna Sub-1, BPT 5204, and
others exhibited consistent RM values, indicating a more uniform protein profile under
infection stress. Notably, wild rice O. rufipogon showed no RM values in infected leaves,
suggesting a significant alteration or reduction in protein expression under pathogen attack.
These findings underscore the potential of SDS-PAGE protein profiling as a tool to assess
protein diversity and responses to stress in rice varieties. The correlation between protein
profiles and physiological resistance against Rhizoctonia solani reinforces the importance
of biochemical analysis in understanding plant-pathogen interactions and identifying

resistance sources in rice breeding programs (Chauhan and Nanda, 1984; Sengupta and
Chattopadhyay, 2001). (Table 3)

Figure 5: Appearance of protein bands from non-infected rice leaves on SDS-PAGE
(12%)



Table: 5: Relative mobility of 12 % SDS-PAGE in non- infected rice leaves.

Length R.M. Value Varieties
of gel Swarna BPT CSR 13 NDR O.rufipogon Kalanamak Pusa Arize Dhanya O.australiensis
sub-1 5204 118 Basmati 748

(cm) 6444
0 - - - - - - - - - - -
1 0.0909 - - - + + - - - + ¥
2 0.181 - - - - + ; 3 : : T
3 0.272 - + - - + + + - - +
4 0.363 ++ ++ ++ ++ +++ ++ ++ ++ +++ ++
5 0.454 - - + R - 3 ) ~ ; n
6 0.545 - - + + + + B + + -
7 0.636 - - - - + - - - - -
8 0.727 - - - - + - - - - -
9 0.818 - - ) R + ; : ; + -
10 0.909 + + - - o - - _ + I




CONCLUSION

The study highlights significant variations in peroxidase and catalase activities

among different rice varieties, influencing their resistance to sheath blight. Wild rice

accessions like O. rufipogon exhibited lower disease indices and distinct enzyme activity

profiles compared to susceptible varieties like Kalanamak and Pusa Basmati. Protein

profiling through SDS-PAGE further elucidated unique banding patterns in both non-

infected and infected leaves, emphasizing the potential of biochemical markers in breeding

for disease resistance in rice.
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