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Abstract: Fungal biotechnology has been well established in food and healthcare sector, and now being explored for lignocellu-
losic biorefinery due to their great potential to produce a wide array of extracellular enzymes for nutrient recycling. Due to glo-
bal warming, environmental pollution, green house gases emission and depleting fossil fuel, fungal enzymes for lignocellulosic
biomass refinery become a major focus for utilizing renewal bioresources. Proteomic technologies tender better biological
understanding and exposition of cellular mechanism of cell or microbes under particular physiological condition and are very
useful in characterizing fungal secretome. Hence, in addition to traditional colorimetric enzyme assay, mass-spectrometry-based
quantification methods for profiling lignocellulolytic enzymes have gained increasing popularity over the past five years. Major-
ity of these methods include two dimensional gel electrophoresis coupled to mass spectrometry, differential stable isotope label-
ing and label free quantitation. Therefore, in this review, we reviewed more commonly used different proteomic techniques for
profiling fungal secretome with a major focus on two dimensional gel electrophoresis, liquid chromatography-based quantitative
mass spectrometry for global protein identification and quantification. We also discussed weaknesses and strengths of these
methodologies for comprehensive identification and quantification of extracellular proteome.
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Introduction

Expressions of particular genes in microbial strain or
community during utilization of different carbon sources
involve a complex genetic network and differ with type and
complexity of carbon sources. Such network can be studied
by applying transcriptional profiling (gene expression),
proteomics profiling (protein expressions) and metabolomics
(metabolite mapping). The importance of fungi in providing
the foundation for our understanding of cell cycle, secretion
mechanism, mitochondrial evolution, cellular pathways,
and many more critical biological processes made us to
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sequence several fungal genomes; while issues like global
warming, environmental pollution, green house gases
emission, depleting fossil fuel has made us to focus on
renewable bioresources, such as the use of fungal secretome
for lignocellulosic biorefinery. Again, the non-food feedstock
such as agricultural residues (e.g., corn stover, sugarcane
bagasse, husks, rice and wheat straws, barley straws etc.),
agricultural processing byproducts (e.g., corn fiber,
sugarcane bagasse, seed cake, etc.), energy crops (e.g., switch
grass, poplar, banagrass, miscanthus, etc.), hardwood,
softwood, cellulosic waste, forest waste and municipal solid
wastes are abundant renewable biomasses that can serve as a
major substrate for lignocellulosic biorefinery and bioenergy.
Thus, genomes of well known lignocellulose degrading fungi
belonging to Ascomycota (Neurospora crassa, Aspergillus
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aculeatus, Aspergillus nidulans, Aspergillus niger, Aspergillus
oryzae, Penicillium chrysogenum, Trichoderma atroviride,
Trichoderma reesei, Trichoderma virens, and many more)
and Basidiomycota (Pleurotus ostreatus, Postia placenta,
Phanerochaete chrysosporium etc,) have been sequenced
and made available for public.'™®

Fungi digest or degrade complex substrates outside the
cell before their intake and hence they secrete large number
of extracellular hydrolytic enzymes, generally arbitrated as
secretome. The secretome includes all secreted proteins,
either anchored to cell surface or in the extracellular
environment and also the proteins involved in secretory
pathway. These secretory enzymes have been investigated
from different point of views or due to their biotechnological
applications.” Traditionally, colorimetric methods were used
for quantitative analysis of extracellular secreted enzymes.
However, these methods when evaluated based on their
limitations such as range, sensitivity, specificity, ease of
conducting assay, ability to detect isoforms, reagent cross-
reactivity, and inability to quantify each constituent protein
of complex secretome emphasized development of alternative
methods.

Extensive advances in technology, emergence of genomics,
proteomics and protein-tagging technology made it possible
to determine the complex composition of the secretome.
Proteomics provides a global view of the protein expressed
during biomass degradation process and, in combination
with other omics technologies, has potential to uncover
biomass degradation mechanism, and thereby advance the
development in designing of enzyme cocktail for efficient
biomass hydrolysis. To degrade biomass, fungi secrete vast
number of extracellular enzymes hence secretome related
studies could be more relevant in understanding underlying
biomass degradation. Therefore, this review paper provides
an up-to-date review on recent developments on proteomic
techniques used to study lignocellulolytic enzymes and
biochemical route that fungi use to degrade plant biomass;
and attempts to shed light on the fundamental understanding
in lignocellulosic biomass hydrolysis.

Overview of Lignocellulolytic Fungi

Fungal biotechnology has already established societal
benefits by bringing innovative and valuable healthcare and
food products to market. Despite progress in green chemistry
and proven contribution of fungi in recycling lignocellulosic
biomass, production and commercialization of commodity
products such as chemicals, fuels or electricity from
lignocellulosic wastes is still lagging. The recycling of
photosynthetically fixed carbon by microbe, particularly, by
fungi is fundamental biological process and integral part of
biogeochemical cycle. Fungi degrade biomass via different
mechanism and differ in the way they make cellulose,
hemicelluloses accessible to enzymes. Based on the
morphology arising from the attack (white or brown pockets)
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they are broadly divided into white rot, brown rot and soft
rot. Two distinguishable patterns of biomass delignification
such as simultaneous delignification and selective delignifi-
cation have been documented.” White rot fungi are
numerous and include members of both ascomycota and
basidiomycota. These white rot fungi have potential to
completely degrade lignocellulosic biomass since they are
capable to degrade lignin by cleaving bonds between Ca
and CB. While, brown rot prevalently attack on coniferous
wood, removes cellulose and hemicellulose and can not
degrade lignin or degrade only small part. Thus, both white
and brown rot are very specific trait of basidiomycetes.
Fungi like P chrysosporium, Trametes versicolor, Irpex
lacteus, Heterobasidion annosum, Phlebia radiate, Xylaria
hypoxylon and many others have been evolved with
simultaneous delignification potential and hence can degrade
biomass completely. Brown rot fungi including Schizophyllum
commune, Postia placenta, Fomes fomentarius, Serpula
lacrymans first removes cellulose and hemicellulose and
demethylate lignin. Removal of cellulose or breakdown of
bonds between cellulose molecules causes loss in mechanical
strength of biomass or wood. The soft rot is a typical
feature of ascomycetes that neither attack middle lamina
nor involve ligninases.

Lignin removal opens the way for wood colonization by
other microbial populations which is a key step for the
recycling of carbon. Lignin degradation is an oxidative
process where fungal extracellular peroxidases and oxidases
(glyoxal oxidase, pyranose-2 oxidase, and aryl-alcohol
oxidase) oxidizes the polymer. Enzymes such as lignin
peroxidase (LiP), manganese peroxidase (MnP) and versatile
peroxidase (VP) by P. chrysosporium play major role in
lignin oxidation and remain true landmarks in the field of
enzymatic delignication.' In addition, some white-rot bas-
idiomycetes and some other fungi produce multicopper
oxidases called laccase, that oxidizes lignin and other
recalcitrant compounds in the presence of a redox
mediators.'' T reesei, Pichia stipitis, and P. chrysosporium
have been initially identified as important fungi in
biotechnological transformation of cellulose, hemicellulose,
and lignin, respectively.* ®'* There are several documentary
literature of laccase production by ascomycetes and they
were purified from phytopathogenic ascomycetes such as
Gaeumannomyces  graminis,"*  Magnaporthe ~ grisea,”
Ophiostomanovo-ulmi,'® Mauginella sp.,"  Melanocarpus
albomyces,18 Monocillium indicum,” N. crassa, 20 Podospora
anserine and many more. The occurrences of laccase in the
natural environment, their significance, characteristics,
unique properties and biotechnological applications have
been reviewed by Baldrian."'

Gel-Base Separation and Proteomic Analysis of
Secretome

Protein separation techniques including gel electrophoresis



Recent advances in proteomic studies of fungal secretome

or chromatographic separation prior to mass spectrometry
analysis play major role in proteomics. Polyacrylamide gel
electrophoresis (PAGE) separation technique is used as a
preparatory technique for separation or purification of
proteins prior to identification by MALDI-TOF or LC-MS/
MS analysis, while chromatographic methods have been
coupled with MS using both on-line and off-line separation
steps. Gel electrophoresis differentiates molecular entities
depending on their physical characteristics such as size,
shape, charge and isoelectric point. Two-dimensional PAGE
(2D-PAGE)), a classical proteomic technique that separates
proteins by isoelectric point and molecular weight, remain
as a well established technique in proteomic analysis of
complex samples. The general work flow involves protein
separation by 2D gel, protein visualization by staining, gel
image analysis, protein spot excision, tryptic digestion,
analysis of the peptide mass, database search and further
validation.”'

Application of 2D in Fungal Proteomics

Due to potential to promote economical and environmental
friendly sustainable energy production, plant feedstocks are
at the forefront of the biofuel industry. Several structural
and compositional features hinder hydrolysis of
lignocellulosic cellulose to sugars and other organic
compounds and hence several physical, chemical and
enzymatic pretreatments have been tested. The advantages
of enzymatic pretreatment and its environmental friendly
nature attracted more research on fungal lignocellulolytic
enzymes. Using most popular 2D electrophoresis (2DE)
technique and mass spectrometry as the core tool,
extracellular proteins of 4. oryzae in submerged and solid-
state cultures with wheat bran as a substrate have been
compared.”>  Lignocellulolytic enzymes of Penicillium
echinulatum using sugarcane bagasse, microcrystalline
cellulose and pretreated sugarcane bagasse have been
profiled.”® Again, using sugarcane as a substrate, expression
of lignocellulolytic enzymes of Ganoderma lucidum revealed
several cellulases, hemicellulases, cellobiose dehydrogenase,
glycoside hydrolases, MnP, laccases, glutathione reductases
and demonstrated G. lucidum as a potential candidate for
lignocellulose biomass hydrolysis and subsequently for
lignocellulosic biorefinery.” The secretome of Pleurotus
sapidus from submerged cultures either on peanut shells or
on glass wool revealed wide spectrum of secreted enzymes
including various types of hydrolases and lignin degrading
manganese peroxidase/versatile peroxidases.” Lignocellulose
rich material such as banana pseudostems, wheat straw or
coffee pulp also served as starting materials for exploring
lignocellulolytic enzymes of two Pleurotus species and six
Lentinula edodes strains.***’

Using 2DE, Hori and coworkers™ investigated the effects
of xylan and starch on protein secretion by the basidiomycete
P. chrysosporium grown on cellulose and found that xylan

increases synthesis of several glycoside hydrolase, putative
endoxylanases and a putative glucuronyl esterase belonging
to carbohydrate esterase family 15. In addition to these
enzymes, cellobiose dehydrogenase and GH family 61
proteins were also increased in the presence of xylan. 2DE
analysis of secretome by P chrysosporium from liquid
culture condition containing glucose, cellulose or wood
chips as the carbon source revealed presence of enzymes
involved in cellulose, hemicellulose, lignin and protein
degradation.”” Vanden Wymelenberg et al.’* analyzed P
chrysosporium genome with PHOBIUS predictive software
and initiated mass spectrometric identifications of proteins
in cellulose-grown medium. The multiple endoglucanase and
exocellobiohydrolase isozymes (CBH) of P chrysosporium
were identified, purified and named as CBH62, CBH58, and
CBH50.%"** Genetic analysis identified corresponding genes
i.e., cel7C, cel7D, and cel6A and became the inputs for
molecular modeling study.

LC-Based Separation and Proteomic Analysis of
Secretome

For comprehensive identification of proteins, mostly, a
peptide-centric approach is adopted where proteins are
trypsin digested, and then components of the peptide mixture
are separated by using liquid chromatography prior to its
MS analysis. Such LC-based proteomics techniques are
much more important to produce unambiguous protein
identification since samples contain thousands of proteins
and its tryptic digestion results hundreds of thousands of
peptides. Electrostatic repulsion hydrophilic interaction
chromatography (ERLIC) has been developed and further
compared with SCX.** Further, Adav et al.”” " applied this
ERLIC technique to study secretome of the lignocellulolytic
fungi with a particular objective to explore expression of
lignocellulolytic enzymes for biorefinery.

Quantitative Proteomics

The accurate protein quantitation is currently one of the
most challenging and rapidly changing areas of proteomics.
The choice of methods for quantitative proteomics depends
on multiple factors including the source of the samples, the
number of samples, the number of treatments being
compared, the type of equipment available, time requirement
and most importantly expenses. Several quantitation methods
including isotope labeling approaches like Isotope-Coded
Afffinity Tag (ICAT), Stable Isotope Labeling by Amino
Acids in Cell Culture (SILAC), *N/**N metabolic labeling,
"0/'%0 enzymatic labeling, Isotope Coded Protein Labeling
(ICPL), Tandem Mass Tags (TMT), Isobaric Tags for Relative
and Absolute Quantication (iTRAQ), and other chemical
labeling have been adopted in quantitative proteomics.***
The majority of the mass spectrometry quantitative methods
involves tryptic digestion of proteins and then takes advantage
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of measurements made on peptide level to compute a
summarized value for corresponding protein. Such approach
can be divided into two categories, one is label free
quantitation and other involves use of stable isotopes or
isobaric tags. Again, quantitative proteomics can be
subcategorized into absolute which estimates changes in
protein expression in terms of an exact amount/concentration
(i.e., nmoles/mmoles) of each protein present in the given
sample; and relative quantitation that determines fold change
(up- or down-regulation) of a protein relative to control.

iTRAQ

The iTRAQ technology utilizes isobaric reagents to label
the primary amines of peptides and proteins and widely
used in discovery-based proteomics. Due to multiplexing
reagent designing, iTRAQ allows multiplexing of four to
eight different samples in a single MS experiment.*** During
iTRAQ-labeling isobaric tags react with amine groups in
peptides generated by tryptic digestion and label N-terminal
amino group and g-amino group of lysine residues. Similarly,
two different amine reactive versions of tags called tandem
mass tags (TMT) are also commercially available.*” Since
iTRAQ quantitation is at MS/MS level rather than MS
level, it gives better results due to lack of chemical noise
that interfere quantitation quality at MS1 level. Again, the
tags used in iTRAQ reagent are isobaric, the signal in the
mass spectrometer is the sum of the peptide contribution
from all samples, so there is a gain in sensitivity."

The iTRAQ technique has been applied to profile the
quantitative expression of secretory lignocellulolytic enzymes
of T. reesei, P. chrysosporium and A. niger*"*** The work
flow involved in such study is outlined in Figure 1. Using
iTRAQ-based proteomics, expression and relative quantitation
of 65, 37, 34, and 54 cellulolytic, hemicellulolytic, and
lignin-degrading proteins and peptidases, respectively by T.
reesei QM6a and T. reesei Rut C30 has been reported when
strains were cultivated on saw dust.’” This iTRAQ-
quantitation approach facilitated quantitation of 84 glycosyl
hydrolases (GHs) from 7. reesei QM6a and Rut C30 during
cellulose and lignocelluloses degradation which were
significantly higher than those reported in P. chrysosporium,
P sapidus, A. oryzae.

The culturing of 7. reesei QM6a and Rut C30 fungal
strains with saw dust as a major substrate resulted
expression and regulation of one each CBH1, CBH2, EG1,
EG3, EGS; two EG2s and two EG4s. The expression and
up-regulation of these enzymes indicated potential of T
ressei strain in biomass hydrolysis. On other hand, T’ ressei
genome encodes one CBH1, CBH2, EG1, EG3, and EGS5;
two EG2s; and three EG4s.” It’s important to note that
genetic comparison of 7. reesei Rut C30 and wild strain
revealed 223 single nucleotide variants, 15 small deletions
or insertions, and 18 large deletions, leading to the loss of
more than 100 kb of genomic DNA in T reesei Rut C30."
The differential expression of proteins in the secretome of
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Figure 1. Typical work flow for iTRAQ-based proteomics analysis
of fungal secretome.

wild T reesei QM6a and mutant Rut C30 in response to
different lignocellulosic biomasses revealed that the
expressions and regulations of these biomass degrading
proteins were dependent on both nature and complexity of
different lignocellulosic carbon sources.

Manavalan et al.** applied iTRAQ technique to profile
expression of lignocellulolytic enzymes of basidiomycete
P chrysosporium 1in cellulosic culture condition and
quantified 117 enzymes comprising cellulose hydrolyzing
endoglucanases, exoglucanases, beta-glucosidases; hemi-
celluloses hydrolyzing xylanases, acetylxylan esterases,
mannosidases, mannanases; pectin-degrading enzymes
polygalacturonase, rhamnogalacturonase, arabinose; and
lignin degrading protein belonging to oxidoreductase
family. Profiling quantitative expression of lignocellulolytic
enzymes on natural lignocellulosic biomass remain essential
since biomass structural complexity, degree of lignifications,
proportional content of lignin, cellulose, and hemicellulose
vary significantly with type and age of agricultural or forest
residues. Therefore, secretome of P chrysosporium
precultivated with different natural lignocellulosic materials
such as corn stover, hay, sawdust, sugarcane baggase, wheat
bran and wood chips has been correlated by using iTRAQ
quantitation.*” The comparison of iTRAQ ratios of enzymes
in different lignocellulosic biomass revealed differential
expression of lignocellulolytic enzyme including numerous
cellulases, glycoside hydrolases, hemicellulases, esterases,
lignin degrading enzymes, lipases, peptidases, chitinases,
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protein translocating transporter and hypothetical proteins
and explored oxidative and hydrolytic lignin degrading
mechanism of P. chrysosporium.” P chrysosporium is
potent lignin degrading fungal strain and it employs lignin
peroxidase (LiP) and manganese peroxidase (MnP) for
lignin degradation. However, LiP and MnP require H,0,
for their catalytic activities, and thus copper radical
oxidases as well as glyoxal oxidase remain as major donors
of H,0,. Adav et al.* iTRAQ quantified five copper radical
oxidases in the secretome of P. chrysosporium, while
Wymelenberg et al.* identified six copper radical oxidase
encoding genes (crol—cro6). Again, based on position of
these genes, a strong relationship between peroxidases and
copper radical oxidases has been predicted.’

Although, iTRAQ technologies have many attractive
attributes and widely used in proteomics, but yet this
technique have several limitations. Wu et al.’** compared
cICAT, iTRAQ, and DIGE, and found that iTRAQ was
more sensitive for quantitation, but more susceptible to
errors in precursor ion isolation, indicating mass spectrometer
interference hinders iTRAQ reliability. The issues like
iTRAQ-reproducibility and reliability has been addressed
by Chee et al.”’ Minor disadvantages include incomplete
labeling since the labeling reaction is pH dependent. This
limitation can be eliminated by checking pH of the sample
solutions before labeling. The major limitations of iTRAQ
technologies are its precision, accuracy and reliability.*
The comparisons of the label free MSE quantification with
the iTRAQ quantification using a QTOF instrument
recorded divergence in the degree of upregulation of up to a
factor of 9.2 between the two quantification methods, with
the iTRAQ method giving lower ratios.”” Similarly, a
discrepancy of underestimation of up to 5 factors was noted
when investigating 8-plex iTRAQ reagent with analysis on
a QStar XL instrument.** The issues like underestimation of
ratios, limited dynamic range (fold changes of < 2 orders of
magnitude are typically reported), high reagent cost and a
limitation for ion-trap instruments due to the “1/3™ rule” are
critical and their possible solutions are discussed in several
reviews.” ®' The ambiguity of measurements can be explained
at least in part by correlation with reporter ion signal
intensity. However, several methods like intensity weighted
averaging of multiple spectra of given peptide or protein,
post-acquisition filtering of data to exclude low intensity
measurements, data normalization and advances in ion
transmission hardware may address the issues with accuracy
and precision.”>*>** A more persistent issue with isobaric
tagging is that of accuracy. The most common reason for
the accuracy issue is the presence of co-eluting peptides
with m/z in the precursor ion isolation window.

AQUA and SILAC

Stable isotope labeling by amino acids in cell culture
(SILAC), introduced by Mann and co-workers for high-
throughput quantitative proteomic analysis has been used in

many different organisms for protein levels quantification.®
N. crassa secrete complex cocktail of enzymes that
completely depolymerize cellulose and other plant cell wall
polysaccharides.” Therefore, Phillips et al.*’ initiated
absolute quantication (AQUA) of the N. crassa secretome
by selecting candidate proteins to serve as internal standards
for LC-MS analysis. It’s well known that AQUA can serves
as an expedient method to quantify proteins based on a
synthetic peptide standard but the major disadvantage is
that intact protein can not be quantified based on only
single peptide. To validate such quantitation, the general
strategy could be mass-differentiated stable isotope labeling
of the protein to be compared. Thus, SILIC can be introduced
either by growing fungal strain on stable isotope-coded
media, typically ammonium or nitrate salts enriched in °N
as the sole nitrogen source or by supplementing the growth
media with stable isotope-coded amino acids.”® Using
SILAC, Phillips et al.” estimated absolute quantities of
cellobiohydrolase I (CBHI), cellobiohydrolase 11 (CBHII)
GHS5 endoglucanase and GH3 beta-glucosidase in the
secretome of N. crassa. Based on these estimated absolute
quantities, these authors constituted enzyme cocktail for
cellulose degradation. However, reconstituted secretome
showed lower cellulose degradation than crude secretome
of N. crassa suggesting other cellulases or accessory
proteins are important for degradation of cellulose by N.
crassa. Thus, this study challenges the “exo-endo” enzyme
model that ascertain requirement of three key enzymes
(exoglucanse, endoglucanase and beta-glucosidase) for
complete cellulose hydrolysis and encourages us for further
detailed cellulose degradation study.

SILAC has been used to study the temperature-dependent
expression of whole proteome of 4. flavus during
biosynthesis of aflatoxin. Autotrophic organisms can be
labeled metabolically with "“N/"°N label using growth
media containing K°NO; and such approach has been
employed for proteome of Saccharomyces cerevisiae.”
Yet, proteome can be labeled during proteolytic digestion in
the presence of H,'®0 or H,'°O that generates peptides with
mass difference of 4 Da.”” While chemical stable isotope
labeling utilizes isotope-coded affinity tag (ICAT)’' that
exploits '*C/"C for isotope coding and an acid-cleavable
linker for pair-wise comparison of test samples and estimates
relative abundance of cysteinyl-containing peptides.
However, these techniques have been rarely used for
exploring fungal secretome that can be exploited for
lignocellulosic bioenergy.

Label-free quantification of fungal secretome

Although, stable isotope labeling methods are powerful
for accurately determining changes in protein level but
suffer from limited dynamic range. Quantitative proteomics
with iTRAQ or stable isotope coding requires expensive
labeling reagents, large amount of sample proteins and
complex labeling procedures that reduces detection

Mass Spectrom. Lett. 2013 Vol. 4, No. 1, 1-9 5



Sunil S. Adav and Siu Kwan Sze

sensitivity. On the contrary, label free quantitation is free of
labeling reagent; applicable to all type of biological samples,
can process any number of samples, and can be a rapid
protein quantitation techniques. Label free quantitation
methods uses Exponentially Modified Protein Abundance
Index (emPAI) that offers relative quantitation of the
proteins in a mixture based on protein coverage by the
peptide matches in a database search result.”” The spectral
counting method that relies on counting the number of
spectra that map to a given protein across multiple LC-MS
analyses, peptide peak intensity, the peak area, the height,
quantification of the MS signal and average TIC are the
other documented approaches under label free quantitation.”
By taking advantage of the linear correlations between peak
areas and corresponding peptide abundance, Shewanella
oneidensis proteome under aerobic and anaerobic grown
culture conditions has been profiled.”*"”* Using label free
quantitative technique (i.e., emPAI), secretory proteins of
T fusca with cellulose and different lignocellulosic
biomasses as a major carbon source revealed induced
production of cellulolytic proteins on cellulosic substrate
while lignocellulosic biomass stimulated expressions of
hemicellulolytic and lignin degrading proteins.”® Further,
using label free quantitation, cellulose degrading enzymes
of T reesei QM6a, QM9414, RUT C30 and QM9414MG5
strains at different pH in cellulosic culture condition has
been established and demonstrated higher hydrolytic protein
expressions at acidic pH.”’

iTRAQ or label free quantitation?

The comparison of iTRAQ and label-free quantitative
approaches found that iTRAQ gave 54 % single peptide
identifications, while only 0.9 % of the identifications in
label-free methods were single peptide hits.”> Mostly data
with single peptide remain as a low confidence and if all
single peptide hits preferred to be excluded during
quantifications then the impact on proteome coverage by
iTRAQ would be considerable. This study indicated that
label free quantitative techniques are better than iTRAQ-
quantitative approach. Again, in a study carried by Phillip
Wright group on a cyanobacterium, they found 75% more
proteins by label free method when compared with 4-plex
iTRAQ.* Two LC-based quantitative proteomics approaches
i.e., iTRAQ and label free were adopted using the LTQ
Orbitrap Velos platform for the study of two Chlamydomonas
reinhardtii strains® . Authors found that both iTRAQ labeling
and label-free methods provide high quality quantitative
and qualitative data.

Combine quantitative and label free approach

In lignocellulosic biomass hydrolysis as well as in other
biological systems, determination of the exact concentration
of proteins and time resolved changes are important to
uncover the possible mechanism. Hence, by combining
iTRAQ-quantitative and label free quantitative approach,

6 Mass Spectrom. Lett. 2013 Vol. 4, No. 1, 1-9

protein abundances in the secretome of individual fungal
strains and constructed microbial communities during
lignocellulosic biomass hydrolysis have been reported.”
By combining quantitative data from iTRAQ and label free
emPAI approach, authors determined the abundances of
lignocellulolytic proteins in the secretome of P
chrysosporium, T. reesei Rut C30, T reesei QM6a, and C.
nepalica and also in combinations like P. chrysosporium +
T reesei Rut C30; P. chrysosporium + T. reesei QM6a; P.
chrysosporium + C. nepalica and P. chrysosporium + T.
reesei RutC30 + T reesei QMo6a + C. nepalica. While, using
a combination of AQUA and absolute SILAC the absolute
abundances of the protein in the secretome of N. crassa has
been estimated.”” MRM quantitation is ideal for proteomics
and its application for the absolute quantitation (AQUA) of
proteins has been introduced by Steven Gygi.”® Methods
like selected ion monitoring (SIM) or selected reaction
monitoring (SRM) may improve the limits of detection for
an analyte but rarely applied to study fungal secretome.

Summary and Perspective

Lignocellulosic biomass comprising cellulose, hemicellulose
and lignin is virtually inexhaustible most abundant renewable
carbon resource. The enzymatic conversion of cellulosic,
forest and agricultural wastes to fermentable sugars can
potentially generate significant amounts of bioenergy to
mitigate global warming and current global energy crisis. In
addition to bioenergy, lignocellulosic biomass deconstruction
will produce value added products and chemicals. Application
of proteomics in profiling quantitative expressions of
extracellular secreted fungal proteins during biomass
deconstruction provides a glimpse into lignocellulolytic
enzyme action and may divulge promising shift from bio-
prospecting and novel enzyme discover. Proteomics study
of fungal or microbial community secretome highlighting
quantitative protein abundances in the secretome would
shed light on the designing of microbial enzyme cocktail
for biomass hydrolysis. Thus, recent efforts to explore
lignocellulolytic protein expression during biomass
degradation by different proteomic techniques have been
presented. We also propose the following perspectives to
the potential development of the proteomic techniques for
fungal enzymes analysis and novel fungal enzyme
characterization in the near future.

An enthusiasm about the potential application of
proteomics to discover enzymatic mechanism of biomass
hydrolysis has been tampered by complexity, wide range of
variably regulated and dynamic nature of enzymes. We
discussed above several proteomics methods including
quantitative and label free but yet little work has been done
on absolute quantitation of each protein in the fungal
secretome. To design efficient biomass degrading enzyme
cocktail, absolute quantities of enzymes are very much
important, and hence more research work on absolute
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quantitation is required. Majority of published literature
highlights only cellulases, hemicellulases and lignin degrading
enzymes ignoring other enzymes such as chitinases, proteases,
peptidases, transporters etc. Considering complex nature of
biomass, quantitative proteomic profiling of whole secretome
enzymes, their discussion and interpretation, enzyme
synergisms must expand beyond cellulases, hemicellulases
and lignin degrading enzymes. Work on isolation of
thermoresistant lignocellulolytic fungi, proteomic profiling
of such themostable enzymes and novel candidate is
warranted.
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