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Abstract Aspergillus unguis NII-08123, a filamentous
fungus isolated from soil, was found to produce B-gluco-
sidase (BGL) activity with high glucose tolerance. Culti-
vation of the fungus in different carbon sources resulted in
the secretion of different isoforms of the enzyme. A low
molecular weight isoform, which retained ~60 % activity
in the presence of 1.5 M glucose, was purified to homo-
geneity and the purified enzyme exhibited a temperature
and pH optima of 60 °C and 6, respectively. The K, and
Vmax Of the enzyme were 4.85 mM and 2.95 U/mg,
respectively, for 4-nitrophenyl B-p-glucopyranoside. The
glucose inhibition constant of the enzyme was 0.8 M,
indicating high glucose tolerance, and this is the second-
highest glucose tolerance ever reported from the Asper-
gillus nidulans group. The glucose-tolerant BGL from A.
unguis, when supplemented to cellulase preparation from
Penicillium, could improve biomass hydrolysis efficiency
by 20 % in 12 h compared to the enzyme without addi-
tional beta glucosidase supplementation. The beta gluco-
sidase from A. unguis is proposed as a highly potent
“blend-in” for biomass saccharifying enzyme preparations.
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Introduction

B-Glucosidases (EC 3.2.1.21; B-p-glucoside glucohydro-
lase) are key enzymes in cellulose hydrolysis, being the
rate-limiting enzyme that is regulated by feedback inhibi-
tion from its own product—glucose. These enzymes are
therefore of considerable interest as constituents of cellu-
lose-degrading systems to be used for biomass conversion
applications [19]. Aspergilli are known to be potent sources
of B-glucosidase (BGL) and the most common industrial
source of BGL is Aspergillus niger [3]. Inhibition by its
product and substrate limits its use, especially in the con-
text of biomass hydrolysis. B-glucosidase insensitive to
glucose and cellobiose will significantly improve enzy-
matic conversion of cellulosic biomass to glucose for the
subsequent production of fuel ethanol [16]. Glucose-toler-
ant B-glucosidases (GT-BGLs) have been reported from a
few filamentous fungi, and differences in their properties
were studied including molecular mass, isoelectric points,
pH optima, and glucose inhibition constants [6, 9, 10, 15].
From the limited number of reports about GT-BGLs, it may
be speculated that such enzymes are rather uncommon or
understudied. However, the impact of the addition of GT-
BGLs in the cellulase cocktails for biomass hydrolysis can
be significant, and improvements in the yield and con-
centration of sugars may be achieved by using such blends.

As a part of our screening program, 200 fungal strains
from soil samples were screened for the production of
extracellular B-glucosidase and a significant number of
them exhibited [-glucosidase activity (unpublished
results). Further analyses proved that one of the isolates
coded as BTC-F58 secreted a BGL that was active even in
1 M glucose. The fungal isolate was identified by mor-
phological as well as molecular identification techniques to
be of a strain of Aspergillus unguis. Detailed studies on the
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Abstract

Aspergillus unguis NII-08123 a filamentous fungus isolated from soil was found to profiugleicosidase

(BGL) activity with high glucose tolerance. Cultivatiohtiee fungus in different carbon sources resulted in the
secretion of different isoforms of the enzyme. A lowenolar weight isoform which retaine®0% activity in

the presence of 1.5M glucose was purified to homogeaeiythe purified enzyme exhibited a temperature and
pH optima of 60 °C and 6 respectively. TRgandV,x 0f the enzyme were 4.85 mM and 2.95 U/mg
respectively for Nitrophenyl B-D-glucopyranoside. The glucose inhibition constant ofetieyme was 0.8M
indicating high glucose tolerance, and this is the sebagiest glucose tolerance ever reported fAspergillus
nidulans group. The glucose tolerant BGL (GT-BGL) frénunguis when supplemented tellulase

preparation fronmPenicillium could improve biomass hydrolysis efficiency by%0n 12h compared to the
enzyme without additional beta glucosidase supplementdtimnbeta glucosidase frofa unguisis proposed

as a highly potertblend —in’ for biomass saccharifying enzyme preparations.

Keywords beta glucosidase, cellulase, glucose tolerance, biomass hydrolysis, isoforms, Aspergillus unguis.
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Introduction

B-glucosidase¢EC 3.2.1.21; - D-glucoside glucohydrolase) are key enzymes in cellulogelygis, being the
rate limiting enzyme which is regulated by feedback inioitifrom its own product- glucose. These enzymes
are therefore of considerable interest as constitwérellulose-degrading systems to be used for biomass
conversion application®0]. Aspergilli are known to be potent sources of B-glucosidase (BGL) and the most
common industrial source of BGL s niger [4]. Inhibition by its product and substrate limits its uspeemlly

in the context of biomass hydrolysis. B-glucosidase insensitive to glucose and cellobiosesigiiificantly

improve enzymatic conversion of cellulosic biomasglteose for the subsequent production of fuel ethanol
[17]. Glucose tolerant B-glucosidases (GT-BGLs) have been reported from a fewditdons fungi, and
differences in their properties were studied including molecnéess, isoelectric points, pH optima and glucose
inhibition constant$7, 10, 11, 16].From the limited number of reports about GT-BGLs it mageculated

that such enzymes are rather uncommon or understudieegvidowhe impact of addition of GT-BGLs in the
cellulase cocktails for biomass hydrolysis can beifsoggmt and improvements in the yield and concentratfon o
sugars may be achieved by using such blends.

As a part of our screening programr280 fungal strains from soil samples were screeneithéor
production of extracellular B-glucosidase and a significant numbéthem exhibited B-glucosidase activity
(unpublished results). Further analyses proved that one isfallages codedsBTC -F58 secreted a BGL that
was active even in 1M glucose. The fungal isolate wattifal by morphological as well as molecular
identification techniques to be of a strainAgpergillus unguis. Detailed studies on the GT-BGL production
indicated that multiple isoforms of the enzyme wereetedrby the fungus and the expression of different
isoforms showed variation in response to the inducer/nastworce. SDS Polyacrylamide Gel Electrophoresis
/Activity staining experiments showed that crude extraét. eihguis contained more than five isoforms of the
enzyme. Zymogram analyses indicated that a low moleadgght isoform retained its catalytic activity even at
very high glucose concentrations. This caused us to spetidtthis isoform might be responsible for the
glucose tolerance of the enzyme preparation #foomguis. The low molecular weight isoform was isolated,
purified and the properties were studied to characterize thectad glucose tolerant isoform. Results showed

that the enzyme of interest represented only minor fraction of the total f-glucosidase activity and the other
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isoforms that formed the major fraction were highlysstare to glucose inhibition. The enzyme when
supplemented tBenicillium janthinellum cellulase could improve the hydrolysis performance efeizyme

cocktail.

Materialsand Methods

Organisms and cultur e conditions

Aspergillus unguis, used in this study, was obtained from the soil sangsldsnaintained on potato dextrose
agar. For enzyme production, the culture was grown oimml medium with the composition in g/L (NJASO,
-1.4KH,PO,-2.0, CaC).2H,0 -0.3, MgSQ.7H,0 -0.3, FeSQ.7H,O -0.005, MnSQ.H,0 -0.0016, ZnSQ7H,O
-0.002, Peptone -2.5, Yeast Extract -1.0, supplementedawiétppropriate carbon source at a concentration of
1% (w/v). The initial pH of the medium was adjusted to 5rierifneyer Flasks (250ml) containing 100 ml of
the sterile liquid medium was inoculated with 1 X §pores of the fungus suspended in 0.05% (v/v) Tween 80
solution. The culture was incubated at 30 + 1 °C for 86h sinaker incubator at 200 rpm and was then
harvested by centrifugation (8000 rpm, 20 min at 4 °C) followefiltigtion through Whatman GF/A glass
microfiber filters. These crude enzyme samples weigyadsfor BGL activity and were stored at 4 °C for

further studies.

I dentification of microorganism

The fungal isolate BTC-F58 was grown in potato dexteag® (PDA) medium and the conidial characteristics
were observed under a phase contrast microscope (Leicaa®g. Further, the conidia were coated with gold
palladium particles using EOL JFC-1200 fine coatand their structures were observed using scanning
electron microscope (SEM, JEOL Model JSNB600, Japan) at 15 kV and 5@D00X magnification. In

addition to recording morphological characteristics of thgdlirsolate, molecular systematic approach was also
employed for identification using 18S rRNA gene sequence ofitigaf isolate. A portion of the 18S rRNA

gene was amplified from the genomic DNA by polymerasénateaction (PCR) using the universal primers
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NS1, NS4, NS3, NSR3]. Nucleotide sequences of the PCR amplicons were deterimyrabgk terminator
sequencing. Identity of the sequence assembly was estaiglist AST analysigl]. Later a homology search
was performed and based on the results; a phylogenetiwdseeonstructed using the neighbour joining method

implemented in PHYLIHS].

Differential Induction of BGL in response to Carbon sour ce

The carbon sources -cellulose, xylose, lactose, gluomsépse, and sucrose were supplied in the medium at 1%
w/v level and fermentation was carried out as outlined al@wvkure filtrates were assayed for BGL activity and
the samples were concentrated using vacuum centrifugaimeridorf, Germany). Secretion of BGL isoforms

by the fungus in response to the inducer carbon sourcetwgisdsby analyzing the Zymogram generated by

perfroming native PAGE followed by activity staining oétgels.

Native PAGE and Zymogram analysis

Crude enzyme preparations were fractionated by Native PAGEH L2k Gel with 5% stacking Gel. Sample
loadings were duplicated in same order in the same gelte@asform the activity staining in presence and
absence of glucose respectively. Activity staining efdgkls was done by incubating them with a 20mM methyl
umbelliferyl B-D-glucopyranoside (MUG) solution in citrate buffer (0.05 M, 48). While staining, identical
conditions were maintained for both the sets excepirissence of glucose (0.5-1.5M) in one of the sets.
Activity bands were visualized as blue green fluorescémethyl umbelliferone) by illumination with long
wavelength UV trans-illumination and photographs were aeduising an imaging system (Syngene-GBox,
UK). Both the sets of gels were pictured simultaneotgssBnsure even conditions of illumination and exposure.
Band intensities were measured using ImageJ soffd@teThe fluorescence intensities of the bands in

presence and absence of glucose was compared to calcelpgdhntage activity retention as follows

% Activity Retention (Glucose Tolerance) 33 (I¢/lo) x 100

Where |, and } are the fluorescence intensities in presence andedsé glucose respectively for each band.
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Enzyme assay

B- Glucosidase activity was assayed using p-nitro ph@giylglucopyranoside (pNPG) as substrate. The reaction
mixture which consisted of 1 ml of citrate buffer (0.05p¥, 4.8), 0.5 ml of enzyme sample and 0.5 ml of 10
mM pNPG was incubated at 40 °C for 15 min. Reaction emsimated by adding 2 ml of 0.2 M MN2Os. The
absorbance of p-nitro phenol (pNP) released was mebaudOnm. One unit enzyme activity was defined as

the amount of enzyme required releasing 1 uM of pNP pastenand was expressed as 1U/ml.

Enzyme purification and char acterization

The culture broth was concentrated using acetone fratibon®ifferent isoforms were precipitated using
varying concentrations of chilled acetone. Among the B-glucosidase active fractions, the fraction that stilowe
glucose tolerance was further purified using chromatograjgig samples were loaded on to Q Sepharose Fast
Flow ion exchange column (Biorad, USA) pre-equilibrated wi@bBl Tris-HCI Buffer (pH-7). The column

was eluted using a linear gradient of 0-1.0 M NaCl in 50mM-RCI buffer (pH-7) at a flow rate of 0.75ml

min™ when two activity peaks were detected. All fractions were analysed for B-glucosidase activity and fractions
corresponding to the activity peaks were pooled and caatedt Further gel elution was carried on Sephadex
G75 column using 50mM, pH 4.8, Citrate buffer to separatthenolecular isoform, and the fractions
corresponding to the peak was pooled and concentrated. Hogitygefrthe purified enzyme was tested using
SDS PAGH12]. Enzyme kinetic studies were performed and the Michiaisten curve fitting and
determination o¥/.x andK,, were performed using Graphpad Prism ® software (Grap8p#dare Inc, USA).
Inhibition kinetics was also studied using varying concewmatdf inhibitors and glucose inhibition constint

for BGL was determined using the software. Temperatuienopt of the enzyme was determined by assaying
the enzyme at different temperatures (A®°C with 10 °C intervals) as outined above. The temperature at which
maximum activity was obtained was considered as optingimilarly pH optimum for activity of the GT-BGL
was determined by analyzing the activity of the enzytneidous pH(3-7) achieved by use of citrate and Tris

buffers.
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Hydrolysis perfor mance of enzyme cocktail containing A.unguis BGL

The cellulase preparation used for the experiments wasHeoiillum janthinellum and the substrate used was
steam exploded bagasse (SEB). Phignthinellum strain and SEB were kind gifts from Dr DV Gokhale and Dr
AJ Verma respectively from the CSIR-National Chemicdratory, Pune, Indid@he P.janthinellum cellulase
was produced following the protocol provided by Dr Gokhakee fiydrolysis was carried out in 100 ml screw
capped conical flasks with a working volume of 30ffle biomass loading was 10% wiand the cellulase and
BGL loadings were 15 FPUs/g and 20 or 60 1U/g respectively. Itionbaas performed at 5@ for 60h with
sampling at every 12h. Controls without BGL supplementatimhwith supplementation of 20 [U/g
commercial BGL preparations were run in parallel. Samplere analyzed for glucose released by the NREL

Laboratory Analytical Protocol for sugars using HPLC [13]

Results

I dentification of the fungus

Fungal isolate BTC-F58 formed dark green colonies oA,RIDd the microscopic features resembled that of
Aspergillus sp. Morphological examination of the fungus under micqpscevealed long roughened and thick
walled spicular hyphae, hemispherical vesicles, kisephialides supported by metulae, and globose conidia
dull green in color -the features characteristidgfergillusunguis[21] (Fig 1A-D). PCR amplification of the
18S rRNA region yielded a 1678bp sequence which was submittechbm@ewith the accession JQ726491
(gi|387966750). The BLAST analyses of the partial DNA sequérmees] 99% similarity with 18S rRNA
sequence oAspergillus unguis and progressively lesser similarity with those frotiner Aspergilli confirming

that the isolate is a strain Afpergillus unguis. The isolate was deposited in the NIl culture collectigh w
accession NIl 08123. Pair wise alignments of the sequerlceltest matches in the sequence depositories

identified by BLASTN http://www.ncbi.nim.nih.gov/BLAST)/searches were performed, and the phylogenetic

relationships were derived using neighbourhood joining metandsepresented as a phylogenetic tree (Fig 2
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Differential expression of BGL in response to C-sour ces and the existence of multiple BGL isoforms

Since during the fermentation for BGL productionfoynguis NIl 08123, there was a large amount of
fluctuation in the glucose tolerance of BGL, it wascsieted that there could be differences in the expres$ion
enzyme depending on the immediate environment, especialiyp®f C source. To evaluate this, the isolate
was cultured in the same basal medium under identical smmslliut with different C sources, and the BGL
activity and glucose terance was monitored. Effect of carbon source/inducer on B-glucosidase production kY.
unguis and the expression of different isoforms are showtigr8 and 4. Maximum glucose tolerance (32.75 %
activity retained) was observed with lactose as C soarzkthe glucose tolerance and levels of BGL yield

varied with C-sources (Fig 3).

Multiplicity of BGLs has been reported earlier by sevarghorg13, 6, 10, 16, 19]Difference in expression of
the BGL isoforms could be the reason for the differenigaylucose tolerance of the crude enzyme preparation,
since the actual amount of the glucose tolerant isofmund vary according to the carbon source. Existence of
multiple isoforms of BGL inA. unguis was studied by growing the fungus in different C-sourcegpanfdrming
zymogram analyses. Since it was noted that the crutdercaource-wheat bran induced most of the BGL
isoforms inA. unguis, BGL production was also conducted in media supplemented 1 %f wither wheat bran

or rice straw. Results shown in Fig 4 & 5 indicateddRistence of multiple isoforms (5 detected here) of the
enzyme. While wheat bran induced the production of 5 BGlorists (Fig 5, Lanes 1-3), rice straw and
cellulose could induce only the high molecular weight and |l@leaular weight BGL isoforms. There was also
a direct correlation between the signal intensity olélaemolecular weight band and the glucose tolerance (as

detected by pNPG assay) indicating that this could be tlvegg tolerant isoform (GT-BGL)

This was further proved by fluorescence intensity arsmbysthe BGL activity bands observed at varying
glucose concentrations. BGL produced using wheat bran egr€esvas run on Native PAGE and activity
stains were performed in buffers containing varying cotmagons of glucose (0.5-1.5M). Only the lemband
was detected when assayed in presence of glucose antetieity of this band was negatively correlated & th

glucose concentration confirming that this band itseffie glucose tolerant isoform (Fig 5).
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Purification and characterization of -glucosidase

To study further the properties of the glucose toler&it Boform, the low molecular weight BGL protein was
purified to homogeneity from the culture filtrateAfunguis grown on 1% w/v lactose as C source. Crude BGL
sample (500ml) was precipitated using 2 volumes of chilbetbae and the precipitate was re-dissolved in 15ml
of 0.05M, pH 4.8 citrate buffer. The concentrated sample cwdai5% of the initial activity. Anion exchange
chromatography on Q-Sepharose Fast Flow column resulted Bample separation into two-a major and minor
protein peaks (Pl and PII respectively) both having BGL actifisgay of the fractions corresponding to the
peaks as well as SDSAGE analyses indicated that the GT-BGL protein has paréitanto the minor peak

(Fig 6). Fractions corresponding to the two peaks were pogbedately and PIl was run on Sephadex G75
column when one peak corresponding to the GT BGL was @btaifihe purification results are summarised in

Table 1.

The purified GT-BGL was optimally active at 60 °C angtat6.0. Increase in temperature beyon@®@pH
6.00) resulted in a rapid decline in activity (Fig 7). At pHh& activity as almost the same as what was olgtaien
at pH 6.00 (Fig 8). The relative activity of GT-BGL wasre than 6% of the activity at optimal pH over the

entire range tested.

The standard assay mixture with pH 6.0 was used for themde#tion of reaction velocities of GT-BGK,,
andVax for the hydrolysis of pNPG by the enzyme was determinedyd€i-80 mM substrate. Michaelis-
Menten kinetics was fitted and the determinatioK gfandV,,.x was performed using the non linear regression
implemented in Graphpad Prisky, andV,,.x Were determined to be 4.85 mM and 2.95 U/mg, respectioely f
pNPG. End product inhibition was evaluated using pNPG as atisind in presence of 0-1.0M Glucose as the
inhibitor.GT-BGL was found to be highly glucose tolerantwvé K; of 800mM. Enzyme properties determined

by the study are listed in Table 2.
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Hydrolysis performance of cellulase blends containing A. unguis BGL

P. janthinellum cellulase preparation containing ~ 5.5 1U/ml BGL was tdehwith additional BGL fron\

unguis so that the final BGL concentrations were either2600lU/g SEB to be hydrolyzed. Hydrolysis
experiments showed that there was a considerable impemtemhydrolysis performance whénunguis BGL
was blended with the cellulase. With 60 1Us/g additional B&zding, there was a 20 % improvement in
glucose yield even within 12h of hydrolysis. There waseali improvement in hydrolysis performance for
blends containing higher BGL loading an efficiency of ~960f the theoretical maximum was achieved in 48h
in blends containing 60 1U/g additional BGL loading (TabletB)drolysis performance of blend containing 20
IU/g of commercial BGL was significantly better (71% e#ncy attained in 48h). This could be due to the
presence of cellulase and hemicellulase activitiedrcommercial BGL sample which we had detected.
Hydrolysis study done with one of the best biomaskdlyzing enzyme blends available in the market could

yield >75% efficiency with this biomass (Data not shown)

Discussion

B-glucosidase plays a major role in the conversion ddilosic biomass to ethanol, being the rate limiting
enzyme that determines the action of all cellulaseponents. A large number of these enzymes from liacter
and plants have been purified and studied, but most natfpiglucosidases are very sensitive to glucose
inhibition [2,9]. There are only limited reports in publications on gledoterant BGLs and most of the reports
on filamentous fungi describéspergilli as the producers of GT-BGLs. To the best of our kadg#, this is the
first report on production of glucose tolerant B-glucosidase fromispergillus unguis which belongs to the
Aspergillusnidulansgroup Glucose tolerant B-glucosidases have been reported previoushy oryzae [16] and

in A. niger [22]. However, the growth characteristicsfofunguis under submerged fermentation make it
attractive for large scale production of the enzymedddiour culture conditions the fungus grew as pellets in an
even suspension and did not form large clumps/aggregates allbetier aeration and mixing. Othisspergilli

that we had used for BGL production @&giger [19]) either formed a mat or ball like structures in shakd$las

10
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and larger non uniform aggregates in fermenter. This fadhanability to use substrates like wheat bran for

production make# unguis a preferred choice for large scale BGL production fomliss hydrolysis.

The level of production of glucose tolerant isoforms giasatly influenced by the carbon source supplied. Itis
interesting to note that the highest tolerance (32.75%)olvaerved in cultures grown with lactose as carbon
source. Lactose is a known inducer of cellulase and coutldzaised a selective induction of GT-BGL. From
the zymogram analysis, we identified 5 active isoforms of B-glucosidase even though their expression level
varies in the presence of different carbon sourcéniStpthe Native as well as SDS PAGE gels using MUG in
presence of different concentrations of glucose indicatdte low molecular weight isoform plays a key role
in activity retention, even in presence of consideramount of glucose. It has been reported previouslyhbat t
glucose tolerant beta glucosidases are low molecular waigtdins expressed at lower levels compared to the
highly expressed, high molecular weight glucose sensitiverB&bs in Candida peltata [17], Aspergillus
oryzae[16], A. foetidus [6], A. tubingensis [7] and inAspergillus niger [19]. BGL multiplicity can be attributed

to the presence of multiple genes or due to differentist panscriptional modification$]. Differential
expression of the various BGL proteins are reported porese to the carbon sources supplied in the medium or
the conditions of culturelp, 24 and could be a probable adaptation of the fungi to respmthe changing
immediate environments. This property however, couleXptoited for selective expression of a desired
isoform from a fungus by manipulating the culture condifitardon source carefully. This is apparently useful
nat only in context of producing BGL for biomass hydrolysig also for flavour enhancement in wine and fruit

juices, provided that the BGL in question has the suitalbstisie specificity42]

The high resistance éfunguis BGL to glucose inhibition and the advantages due to growibepties of the
fungus wderlines its importance in biomass hydrolysis. With few exceptions, most microbial B-glucosidases

show competitive inhibition kinetics in presence of gkecfi 7]. Extracellular f-glucosidases are highly

sensitive to glucose and normally have glucose inhibitiorstants ranging from 0.5-100mM. Noticeable
exceptions likeA.oryzae [16], Candida peltata [17] where theK; values have been reported to be 1.36 M and 1.4
M respectively, do exist though this is very rare. KhD.8M) obtained foA.unguis GT-BGL reported here,

may be considered as the second highest toleranceepegted from thé\spergillus nidulans group. The

11
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inhibition kinetics graph was explained based on the QoiBasvden plot where the inhibition constag)(is
greater than dissociation constd&t(GT-BGL from Aspergillus unguis exhibited a type of mixed inhibition

with a predominating unempetitive inhibition. Previously it has been reported that B-glucosidase from
Trichoderma viride showed a type of mixed inhibition with competitive charalctet.

Additional BGL supplementation in biomass hydrolyzing enzpmeparation is a common practice since
typically the commercial cellulase producing microlmialtures contains very less BGL activity. In all the
current commercial enzyme preparations for biomass hygispine BGL is also highly sensitive to glucose
which limits their potential to achieve high sugar conceiotrat In our preliminary studies conducted with
steam exploded bagasse, supplementation of the GT-BGLmiogt&GL preparation fromA .unguis could
enhance the total sugar yield by ~20 % in 12h. Further optimzaof enzyme loadings and ratios are expected
to enhance the sugar vield further. The results indicatpdtential for further development of this enzyme as a
potential “blend-in” for biomass hydrolyzing enzyme preparations. In conclusion, the short duration needed for
production, possibility of modulation of the expressiorvéagying carbon sources, as well as the high glucose
tolerance of this enzyme are particularly favourabletferapplication of this BGL in the enzymatic hydrolysis

of cellulose to glucose.
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Figure captions and legends

Figure Captionsand L egends
Fig. 1 Aspergillus unguis strain morphology and BGL screening

Fig.1: Legends

Aspergillus unguis— A) colony on PDA agar, B) Conidiophore showing thick wall and biseriate
phialides C) Screening of betaglucosidase production MInG (Methyl umbelliferyl f-D
glucopyranoside) soft agar method D) Electron micrograph of the conidiophores showing
biseriate phialides with metuale

Fig. 2 Phylogenetic tree of Aspergillusunguis NIl 08123 (BT C-F58)

Fig.2: Legends
Phylogenetic tree showing relationship betwAgpergillus unguis NIl 08123 (BTC-F58) and
the other related species/Adpergilli

Fig. 3BGL production in response to carbon sourcesin the medium

Fig. 3: Legends

BGL production in response to carbon sources in the medium(open bars). Hatched bars represent
the BGL activity when asasyed in presence of 1.0 M Glucose and % activity retention/glucose
tolerance (3) is represented by filled bars in the back ground

Fig. 4 Differential expression of BGL in responseto C source

Fig.4: Legends

Differential expression of BGL in response to C source. Enzyme samples were subjected to
native PAGE and incubated with MUG for detection of activity. Lane information -Carbon
source followed by Jin parenthesis: 1) wheat bran (23%), rice straw (1.9%), cellulose (20.2%),
glucose (0.0%). Image inverted for clarity

Fig. 5 Evaluation of glucose tolerance by pixel density analysis

Fig. 5: Legends

Glucose tolerance of the BGL proteins secrete@.lmnguis when grown in 1% w/v wheat bran
as C source. Enzyme samples were subjected to native PAGE and incubated with MUG for
activity detection. Arrowheads indicate the isoforms. Lane information (Normalized
fluorescence intensity and,&f GT-BGL in parentheses): lanes 1, 2, 3- BGL activity signals in
gel incubated without glucose (0.148, 100%). Lanes 4&%&L activity signals in presence of
0.5M glucose (0.118, 80%), Lanes 6&BGL activity signals in presence of 1.0 M glucose
(0.117, 79%), Lane 9 BGL activity signal in presence of 1.5M glucose (0.086, 58%). Image
inverted for clarity.



Fig. 6 Activity staining of BGL fractions separated by chormatography

Fig. 6: Legends

6A: Activity staining of the pooled fractions corresponding to the major and minor protein peaks
obtained after ion exchange purification of BGL. Lane 1-&Reaks Pl and PII respectively, run

on native-PAGE and activity stained. Lanes 3 &4 - Peaks Pl and PII respectively, ruiven na
PAGE and activity stained in presence of 1.0 M Glucd$e high molecular weight major
isoform was not completely separated using the Q Sepharose ion exchange chromatography as
can be gauged from the activity stain obtained for this protein (Lanes 2 & 4)

6B: SDS-PAGE analysis of he purified GT-BGL. Lane 1- moleculat weight marker, Lane 2-
Purified GT-BGL- Arrowhead indicate the ~10 kDa GT-BGL protein band.

Fig. 7 GT-BGL enzyme activity profile at different temperature

Fig. 8 GT-BGL enzyme activity profile at different pH
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Fig. 8
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Table

Table 1 Purification of GTBGL from A.unguis NI 08123

Purification stage Total Total Total Yield Specific Fold

volume protein Activity (%) Activity  Purification
(ml) (mg) (V) (U/mg)
Crude Enzyme 1400 482.7 715400 100 1482 1.00
Acetone PPT 15 3.9 12690 1.77 3275 2.21
Q Sepharose-Peak | 6 1.3 11652 1.63 9182 6.20

Gel Elution of Peak Il 2 0.1 296 0.04 3131 2.11




Table 2 Physicochemical and kinetic propertiesAspergillus unguis GT-BGL

Feature GT-BGL
Molecular weight (SDS-PAGE ~28 kDa
Optimal pH 6
Optimal Temperature’C) 50

Km (mM) 4.85
Vmax (U/mMQ) 2.95

Ki [glucose] (mM) 800




Table 3: Hydrolysis of steam exploded bagasse using
enzyme blends containirfy unguis BGL

Time Glucose Released (mg/g)

- 201U/ 60.01U/g  No Addnl. gngerC'a'
BGL BGL BGL (20 1U/g)

0.0 0.0 0.0 0.0 0.0

12.0 179.7 195.8 149.5 135.5

24.0 228.5 251.5 229.1 358.4

36.0 306.0 322.0 292.0 404.0

48.0 308.0 353.4 325.9 425.4

60.0 320.0 354.4 315.2 396.9




