Preprint: Please note that this article has not completed peer review.

Extraction of proteins for two-dimensional gel
electrophoresis and proteomic analysis from an
endophytic fungus
CURRENT STATUS:

POSTED

Pramod Kumar Yadava
School of Life Sciences, Jawaharlal Nehru University
pkyadava1953@gmail.comCorresponding Author
Soubhagya Kumar Bhuyan
School of Life Sciences, Jawaharlal Nehru University
Prasun Bandyopadhyay
Amity Institute of Microbial Technology, Amity University

DOI:
10.1038/protex.2015.084

SUBJECT AREAS
Biochemistry

KEYWORDS
Endophytic fungus, Isoelectric focusing, 2-D gel electrophoresis

1

Abstract
Piriformospora indica is a mycorrhiza like fungus of the order Sebacinales,which colonizes root and
forms symbiosis with almost all terrestrial plants on earth. Information about the P. indica quantitative
proteomics is limited.This limits our understanding of its multitrophic interaction with plants. A
quantitative proteomic analysis of the fungus vis a vis its interaction with rhizospheric bacteria and
the plant can reflect on the underlying proteins/enzymes. We describe a protocol for efficient
extraction of cellular proteins from the fungus for two-dimensional gel electrophoresis following
interaction with Azotobacter chroococcum in axenic culture. Polysaccharides and abundant salts
present in Hill and Kaefer broth hinders extraction of protein from fungal biomass. Good quantity and
quality of proteins are required for two-dimensional gel electrophoresis and proteomic analysis. We
could use the extracts for proteomic analysis following a high resolution of 2-DE reference map of the
fungus after interaction with A. chroococcum.

Introduction
Piriformospora indica is a mycorhhiza like fungus forming association with a broad spectrum of
terrestrial plants1,2,3. It confers resistance to the host from both the abiotic as well as biotic stress. It
belongs to the order Sebacinales within Hymenomycetes4. The order Sebacinales includes a variety of
mycorrhizal fungi like P. indica having plant growth promotional attributes5. However, as a
rhizospheric microorganism, P. indica forms association with multiple partners providing agronomic
benefits and creating a stable ecological niche. P. indica developed systemic resistance in barley
seedlings in association with Rhizobium radiobacter6. Its interaction with several Alpha Proteobacteria
and Actinobacteria reveal stimulatory to inhibitory mode of interaction in terms of the fungal growth4.
Azotobacter chroococcum a free living plant growth promoting rhizobacterium (PGPR) is a potential
fungal growth stimulant. Inoculation of A. chroococcum along with Glomus fasciculatum profoundly
increased fungal sporulation and enhanced growth of tomato plants7. Rice plant biomass was found to
be significantly higher when it was co-infected with A. chroococcum and P. indica in comparison with
either single inoculants8. Rhizospheric interaction is very dynamic and complex. Though the
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synergistic interaction between A. chroococcum and AM fungi is well known, it has bee difficult to
maintain sustained interaction and study the underlying mechanism. However, several attempts have
been made to elucidate the role of mycorrhiza helper bacteria (MHB) in stimulating the fungal growth.
Transcriptomic analysis of an ectomycorrhizal - Laccaria bicolor in interaction with MHB did reveal
genes involved in cell to cell interaction and stress response with bacteria9. However, the role of
bacteria in modulating the fungal physiology and its possible consequence in terms of agronomic
benefits has not yet been elucidated. We are the first group to study the effect of rhizospheric
bacteria on the growth and physiology of endophytic fungus like P. indica in terms of proteomics10.
With such study we hope to develop an understanding of the microbial relationships. The synergistic
interaction of P. indica and A. chroococcum might offer a potential biofertilizer for sustainable
agriculture.
In this study, the effect of A. chroococcum on growth and physiology of P. indica was studied with
respect to fungal cellular proteins. A clean protein preparation is a critical for high resolution of two
dimensional gel electrophoresis (2-DE) and protein analyses. There is no universal protocol for protein
extraction that can be applied for all kinds of organisms for 2-DE. Protein extraction and sample
preparation are challenging steps in global proteomic study, which have significant impact on the
quality of isoelectric focusing (IEF) gel electrophoresis in the second dimension and on the mass
spectrometry. Protein preparation from fungi like P. indica is difficult, not only because fungal mycelia
are refractile to common methods of lysis in aqueous buffers but also because they contain various
interfering substances like thick polysaccharides, polyphenols, lipids, organic acids, alkaloids and
other secondary metabolites.The interfering compounds can cause horizontal and vertical streaking
and smearing and reduce the number of distinctly resolved protein spots in 2-DE gels11,12. Earlier
published protocols for protein extraction from other fungi,13,14 as such are not adaptable and needed
to be optimized for P. indica.
The main objective of this study was to established a protein extraction protocol suitable for 2DE and
proteomic analysis of P. indica. We used modified TCA in acetone precipitation method for extraction
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of P. indica cellular proteins. The extracted proteins were concentrated, assayed for protein yield and
separated in a 2D-gel electrophoresis system (Bio Rad) using pH gradient of 3-10. The number of
protein spots was analyzed by using Progenesis Same Spots image analysis software. The present
protocol may as well be applicable for other endophytic fungi.

Reagents
• Trichloroacetic acid (Himedia , Cat. no. RM750-500G)
• Acetone (Merck, product code. 1.07021.0521)
• PBS (10 mM PO4
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mM NaCl, and 2.7 mM KCl, pH 7.4)

• 2-mecraptoethanol (Sigma Aldrich, M3148)
• Dithiothreitol (DTT), (Sigma Aldrich, Cat. no. 43817-5G)
• Urea (Sigma Aldrich, U5378)
• CHAPS (GE Healthcare, Cat.no. 17-1314-01)
• EDTA (Himedia, MB011)
• Tris-base (Sigma Aldrich, 93362)
• Glycerol (Merck,104092)
• IPG buffer (pH 3-10) (GE Healthcare, Cat. no.17-6000-87)
• SDS (Himedia, RM205-500G)
• PMSF (Fluka, Cat. no. 93482)
• IPG-strip (13cm, pH 3-10) (GE Healthcare)
• IAA (Sigma Aldrich, Cat. no. 057K53014)
• Coomassie Brilliant Blue G250 (Amersham Biosciences)
• Acetic acid (Merck, 100063)
• Methanol (Merck,107018)
• Deionised nuclease free water
• BSA (Promega,Cat. no.R3961)
• Bradford (Sigma Aldrich, Cat. no.B6916)
• Solubilization buffer 1: Urea (8M), 2-mercaptoethanol (0.02%, v/v), CHAPS (4%, w/v), Tris base
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(30mM), EDTA (1mM), Immobilized pH gradient buffer (2%, v/v), SDS (0.1%), PMSF (1mM)
• Solubilization Buffer 2: Urea (8M), CHAPS (2%), Dithiothreitol (15mM), Immobilized pH gradient
buffer (2%, v/v)
• Rehydration Buffer: Urea (8M), CHAPS (2%, w/v), Dithiothreitol (15 mM), Immobilized pH gradient
buffer (0.5%), Bromophenol Blue (0.002%, w/v)

Equipment
1.

IPG-strip rehydration tray and Isoelectric focusing apparatus (GE Healthcare)

2.

2-DE gel electrophoretic apparatus (Biorad)

3.

UMAX power Look 2100xL Image scanner (GE Healthcare).

Procedure
A. Culture condition and protein extraction
1.

Germinate P. indica spores and grow in 100ml of Hill-Kaefer’s broth at 28±2°C for six days.

2.

For interaction, add secondary culture of A. chroococcum strains WR5 and M4 (OD600 of 0.4),
individually into six-day old fungal cultures and again co-culture for additional three days with
control fungus.

3.

Wash control and co-cultured mycelium-on day 9 three times with 1X PBS and pellet at
7000rpm for 10min at 4°C.

CRITICAL STEP :
Washing of the mycelial mass can be done with 1x PBS (pH 7.4) by gradual shaking with three
changes of buffer before pelleting down.
4.

For protein extraction, harvest mycelia from each experimental condition and record fresh
weight.

5.

Grind mycelia to fine powder in liquid nitrogen using sterile pre-cooled mortar and pestle.

6.

Collect the fine powder into a cold 50ml centrifuge tube and homogenize with pre-chilled 10%
TCA (w/v) in acetone with 0.07% (v/v) 2-mecraptoethanol by vortexing for 10 min. Incubate
overnight at - 20°C.

CRITICAL STEP:
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Prepare10% TCA in acetone with 0.07% 2-mecraptoethanol and keep in -20 °C before use to prevent
degradation of proteins.
7.

Centrifuge the precipitated protein at14000 rpm for 20 min at 4 °C and collect the pellet.

8.

Wash the pellet twice with chilled 90% acetone containing 10mM (w/v) dithiothreitol (DTT) and
80% chilled acetone containing 10mM DTT (w/v) respectively. Collect the pellet by
centrifugation at 14,000 rpm at 4°C for 10 min.

9.

Air dry the residual acetone for 10 min at 4 °C and re-suspended the protein pellet in protein
solubilization buffer 1 with intermittent sonication.

CRITICAL STEP :
Avoid over drying the protein pellet, which may hinder its solubilization.
10.

Once the solution is clear, add 0.1% SDS and place the solution in a Falcon tube on a slow
moving rocker for 20-30min at 4°C to achieve complete solubilization.

11.

Spin at 14,000 rpm for 15min at 4°C. Collect the supernatant having the protein.

12.

Concentrate the collected protein and increase the conductivity by using Perfect Focus kit (GBiosciences) protocol.

13.

Add an appropriate volume of solubilization buffer 2 to completely suspend the protein pellet.
Vortex periodically until pellet is dissolved.

14.

Quantify dissolved protein by Bradford reagent using bovine serum albumin (BSA) as a
standard.

CRITICAL STEP :
Crude protein must be concentrated and conductivity of the solution increased. This increases the
quality of both isoelectric focusing and gives distinctly resolved protein spots in the gel.
B. 2D-gel electrophoresis
15.

In order to perform 2D-gel electrophoreses, suspend 250 micrograms of total protein from each
experimental group in rehydration buffer.

16.

Pipette out the individual protein mixture in a 13cm ceramic strip holder in which an
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immobilized linear pH gradient (IPG) strip, pH 3-10, 13cm (GE Health care) is placed facing the
gel side downward.
17.

Rehydrate the strips overnight at room temperature and focused by increasing voltage over 8 h
from 100 to 10.000 V.

18.

For second dimension, equilibrate the strips in first equilibration buffer [6M urea,30% (v/v)
glycerol, l2% SDS, 50mM Tris-HCL (pH 8.8), 1% (w/v) Bromophenol blue] containing 1.54% (w/v)
DTT for 15min. Equilibrate it again by adding second equilibration buffer having 2.5% (w/v) IAA
in first equilibration buffer for another 15min.

19.

Place the individual strips on a12 % polyacrylamide gel for SDS PAGE.

20.

Electrophorese at room temperature using the Bio-Rad-power-PAC 200 at 100V.

21.

Visualise the protein spots by staining with Coomassie Brilliant Blue G250 (0.25%, w/v) prepared
in methanol (40%) and acetic acid (10% ). Destain it with distaining solution (30% methanol,
10% acetic acid).

C. Analysis of 2D-gel
22.

Scan the individual gels for protein spots using an Image scanner.

23.

To identify spots of interest, compare pair-wise the gels of pure fungal culture (control) and the
co-cultured fungus (P. indica with WR5 and P. indica with M4).

24.

Using a 2-D gel image analysis software like ‘The Progenesis Same Spots version
4.5.4325.32621, Nonlinear Dynamics Ltd, UK’ perform both a qualitative (presence vs absence)
and a quantitative analysis.

25.

For identification of differentially expressed proteins, compare the relative spot volumes of the
three replicate gels and quantitate each spot and normalize it with respect to the total spot
volume of the 2-DE gel.

26.

The difference in spot volume can be used as a measure of change in protein
expression and significantly different intensities can be statistically analyzed.

Timing
7

The time taken to carry out complete extraction of cellular protein and perform 2-DE takes 48 hours.

Troubleshooting
1.

Incomplete focusing/streaks and clouds on SDS PAGE: The mycelium should be properly washed
with PBS for removing of excess salts and bacteria during harvesting. The excess salts may
hinder proteins quality during Isoelectric focusing.

2.

Resolution on 2DE not good: All the reagents should be freshly prepared in deionized water.

3.

Low spot intensity: To maintain the reproducibility of the number of distinctly
resolved protein spots in 2-DE gels, one must concentrate and increase the
conductivity of the crude extract proteins before applying them on the strip.

Anticipated Results
More than 500 protein spots were detected and matched in between WR5-tretaed and control fungus
whereas nearly common spots were obtained in between M4-treated P. indica and the control after 2DE gel analysis. Differentially expressed protein spots were reproducible and displayed within the pH
range of 3-10 and mass range of 10-170 kDa (Figure.1). Complete analysis of the proteomic data has
been given in the associated publication10.
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Figure 1
Fig.1 2D-Gel Representative 2DE profile of cellular proteins of _P._ _indica_ in isolation or in
co-culture with WR5 and M4 strains of _A._ _chroococcum_. Proteins from Control (A), WR5treated (B) and M4-treated (C) cultures were separated by isoelectric focusing on linear IPG
strips and run on 12% polyacrylamide SDS gel; numerical notation for differentially
expressed spots corresponds to proteins identified by MALDI-TOF/MS and is listed in Tables
1 and 2 of associated Publications ^10^.

Interaction of Piriformospora indica with Azotobacter
chroococcum
by Soubhagya Kumar Bhuyan, Prasun Bandyopadhyay, Pramod Kumar,
+6
Scientific Reports (09 September, 2015)

10

