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ABSTRACT

The present work was aimed to develop in vitro cost effective nonsterile fermentation technique to enhance cellulase
production and also its optimization for carbon and nitrogen source, pH, and temperature. Cellulose degrading
novel strain of Paenibacillus was isolated from soil and characterized further using 16S r-RNA analysis
(LPUANSHUL strain LPUQO1; accession number JQ916899). Optimum pH and temperature for cellulase activity
was recorded 8.0 and 70° C respectively. Enzyme stability was noted at 60°C for up to 5 hours and activity was also
evaluated in the presence of divalent cobalt, manganese and magnesium ions. Bushnell-Haas medium enriched with
0.5% CMC and beef extract showed the best enzyme activity. Optimization of substrate was done by using wheat
straw under solid state fermentation (SSF). The enzyme isolated from solid state fermentation was analyzed in a
zymogram.
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INTRODUCTION

Cellulases are key enzymes to hydrolyse the cekulm its monomer [1], glucose, which is furtheturally
fermented to ethanol l§accharomyces cerevisiae. Hence, the cellulases represent the key biocsalgr biomass -
ethanol process technology. The cost of sugareiglétermining factor for economics of the etharrodpction [2].
It is quite evident from the existing literaturathhe worldwide interest is now inclined towarkls tlevelopment of
new and cost efficient processes for transformilagtpderived biomass to bioenergy owing to fastidirtion of oil
reserves and concomitant increase in air pollutievertheless, substantial technical improvemergstll looked
for, in developing competent and economically \éabgnocellulosic [3] biomass-based bioethanol peses to
commercialize. Biofuel production using lignocetlsic waste materials as a sole carbon source leasdt®wn a
lucrative approach [4] since it can tackle wastaagement and at the same time, environmental foilto.

It is the fact, that the cost of biomass feedstompresents nearly 40% of the cost of ethanol pridahucthis
indicates that there is a massive scope to cut dbercost of biomass-to-ethanol transformation. Taajor cost
determining factors for bioethanol production, mpuiaed by researchers to work out, is feedstock fsjsand
cellulose degrading enzymes. Many workers suggeffedtive use of lignocellulosic waste for the ghwotion of
cellulases employing cellulolytic microorganisméngssolid state fermentation as a cost efficienht®logy which
is less equipment orientated [6] and therefore deiiore applicable in less sophisticated situat{@hslt has been
proved that there was about tenfold reduction i phoduction cost in solid state fermentation tsabmerged
fermentation [8].

It has been reported that efficiency of enzyme deres to utilize lignocellulose is best when thesmplexes are
raised with the same lignocellulosic materialshesttost [9] in fermentation. Study conducted by][t€vealed that
separate hydrolysis and fermentation processingtegsvarious advantages and opportunities to enaftymes to
operate at higher and moderate temperatures fogaeed performance and fermentation processingctgply to
optimize the utilization of sugars.
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The present study was undertaken to reduce theofastllulase production by making effort of usingnsterile
fermentation technique and its optimization foriems physio-chemical parameters.

EXPERIMENTAL SECTION

Soil samples were collected from different locasiaf Punjab, India and suspended in sterile distilivater and
after serial dilutions plated on Mineral Salt AG&SA) [11] and Congo red (Sigma Aldrich) was used dtaining
purpose.

Optimization of Growth Conditions

Optimization methods for carbon and nitrogen saarcgubstrate concentration, temperature, pH antd sal
concentration were referred from available studpdemted by [11]. Enzyme Activity of crude enzymetrast
obtained from 72 hr grown culture on MSS and 0.5BCCwas assayed at temperaturé@040C, 50C, 60C,
70°C,80°C and pH : 6, 7, 8, 9, 1&tudy of consortium was carried out by inoculatifg (w/v) of soil sample in
Mineral Salt Solution; incubated at%7for 72 hrs. Enzyme assay was performed using pH5BC.

Biochemical Characterization of Cellulase

Different temperatures starting from’@0to 80C with 10C intervals were tested to screen an optimum teatyer
of cellulase isolated from fungal strain under stigation. DNS method was performed to measurettieity of
cellulase. Effect of temperature on enzyme stahilids also studied by measuring residual activitgedlulase. A
range of pH from 6 to 10 was worked out using BH&limm supplemented with 0.5% CMC, to detect optinuim
of the enzyme. Stability of enzyme under pH 6-1& wtudied by pre incubating the enzyme in 0.1M-RA@& for
varying time intervals (120, 240 and 360 minutdd)] Effect of various metal ions namely*GaMg®*, C/**, Mn*",
Zn*, Fé* and Hg" on enzyme activity was measured by incubatingstr&in with 1% CMC supplemented with
these metal ions.

Enzymatic saccharification, non sterile submergaunéntation and solid state fermentation \dese as per the
method employed by [11] with slight modificationtemperature (37°C in submerged fermentation).

Zymogram Analysis

Zymogram analysis for cellulase was done by copelyzing CMC (0.1%) with polyacrylamide (12%) in ative
Polyacrylamide Gel Electrophoresis followed by loadof cellulase produced from SSF. Staining wasedby
incubating the gel in Tris—HCI buffer (20 mM, pHs8containing 5% isopropanol) for 24 hrs. followed several
washings with Tris—HCI buffer. Further, the bandcefiulase was visualized by staining the agaretevgh Congo
red (0.5 % (w/v) and subsequent destaining witlCINaM).

RESULTSAND DISCUSSION

Study reveals that about 600 MT of wastes fromcadftiral sources alone, have been generated ira Ifid].

Enriching components of agriwaste are mostly hesfiislose and lignins which may readily be utilizad sole
carbon source for fermentable sugars for the perpddioethanol production. In present study, vataied CMC
lytic strain and tested for its potential at vasqhysico-chemical parameters to best optimizedocharification of
these polysaccharides by making use of agriwaste @agbon source. The growing concern about thetage of
fossil fuel and increasing air pollution has draattention of researchers on production of bioethdram

lignocellulosic waste with an option to use celédla and hemicellulases to perform enzymatic hydi®lyf the this
agriwaste [13]. The optimal solution to make thegess commercially viable and economically feasithle cost of
cellulolytic enzymes needs to be reduced [6]. lespnt work, we reported a new strainRaknibacillus, which

possesses considerably high cellulolytic activityl stability at various temperatures. The 16S r-Rjjghe was
sequenced and analyzed to determine the phylodgehg atrain.

Isolation and genetic identification of cellulolytic strain: Cellulase producers were isolated on MSA plates
enriched with 0.5% CMC and were re-patched ontshfldSA plates followed by staining with congo r&drther
binding of Congo red with CMC containifigl,4 glycosidic linkages was observed and hencedhalase activity
was confirmed with a clear zone due to hydroly$i€MC by cellulase secreted by the microbial céfigure 1).
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Figure 1: Congo red stained M SA-CMC plate showing clear zonesindicating cellulase activity

Isolated cellulolytic strains were further culturied 24 hrs in mannitol salt broth for the isolatiof total genomic
DNA which was used for PCR to amplify 16S r-DNA germfhe 16S r-DNA analysis is the most accepted and
convenient method for identification of microbeglanoreover, 16S r-DNA gene sequences for most imgg@re
available on public-access databases. The DNA feagsnwere eluted, and purified for sequencing. ysialwas
done using the software MEGA 4 [14] and then phgtagfic tree was developed. The sequence has beenittaa

to NCBI with accession number JQ916899. Phylogenatialysis showed clear branching out of our strain
Paenibacillus LPUANSHUL strain LPUOO1, represented this as a novel strain (Figure 2).
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Figure 2: Neighbour joining phylogenetic tree

Optimization Parameters:

Various parameters such as media, carbon, nitrdgemerature, pH, enzyme stability and metal ioasevstudied.
Media (M1 and M2) supplemented with varying concativns of CMC were used for optimization which was
determined by measuring the cellulase enzyme #&ctivsing the standard DNS method. Growth was better
supported in media M1 (Bushnell Haas Broth) cormaCMC (0.5%).

Looking to the huge quantity of agriwaste, carbppears to be one of the cheapest key parametestmmize
bioethanol production. The endeavors need to bewaged to optimize the best carbon source. Ineptestudy,
various carbon sources such as xylose, glucosehBaod CMC, Oat spell CMC and carboxy methyl cekel
(CMC) at 0.5% (w/v) each and, wheat bran, wheaavstrrice husk, rice straw, and sugarcane bagasse, a
concentration of 1.0% (w/v) each was tested foyerproduction. The best yield was noted with staw which
indicated the highedfi-glucosidase (17.9 IU/ml) production at 72 houddloived by wheat straw that gave 14.8
IU/ml at 96 hours (Figure 3).
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Figure 3: Effect of various carbon sourceson Cellulaseand B-Glucosidase production

Variety of organic (peptone, yeast extract, beé¢faex and tryptone) and inorganic nitrogen soufsedium nitrate
(NaNGs), ammonium chloride (NKCI) ammonium nitrate (NENOs)] at concentration of 1% (w/v) and whey (1%
v/v) were selected for the best nitrogen sourcamdpation. The medium M1, containing CMC (0.5%) and
concentrations of various nitrogen sources as &tdid; was inoculated witRaenibacillus LPUANSHUL strain
LPUOO1and cultured for 24, 48, 72 and 96 hours respdgtivdhe enzyme activity was analyzed by standardcSDN
assay. Organic nitrogen sources such as yeastcext®.2 1U/ml), peptone (19.8 IU/ml), tryptone (Q6U/mI)
resulted in higher enzyme concentration comparé @ther inorganic compounds (Figure 4).
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Figure 4: Effect of various nitrogen sour ces on Cellulase and B-Glucosidase production

To detect optimum temperatur@aenibacillus LPUANSHUL strain LPUOOIbacterial cells were grown in media
(M1) and tested at different temperatures for 48r&dollowed by estimation of the enzyme (Figure Bhe
maximum cellulase enzyme activity of 6 IU/mL wasselved at a growth temperature of@Owhile at same
temperature beta glucosidase activity was 7 IU/nhictvreflected that the strain is thermo-tolerdigre 5).
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Figure5: Temperature Stability of CM Case and B-Glucosidase
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Cellulase producing strain was grown in media Mlvatying pH values ranged from 6 to 10 and enzyme

Figure 6: pH Stability of CM Case and B-glucosidase

production was estimated. The results were showhiganre 6. The optimum enzyme activity of 6.2 1U/mhs

noted at alkaline pH i.e., 8.0.

Enzyme stability was studied under various tempegatranging from 30 to 80°C at intervals of 108€120, 240
and 360 minutes respectively. Residual enzymeitictitas measured to estimate the stability of theyene which
showed maximum at 30°C where the activity was methiB4% even after 380 minutes of incubation. H@rex0%
activity was retained at 70°C after 360 minutemoiibation.

Enzyme (CMCs) incubation in 100mM tris-HCI at pHhging from 6 to 10 for 120, 240 and 360 minutesiites
maximum (95%) stability at buffer pH 8.6 even af8&0 minutes of incubation. Nevertheless, the erziost the
activity and showed instability at pH 6 and 10.

Effect of divalent metal ions on CMCase gidlucosidase was also studied since metal ionsgkignificant role
in enzymatic reactions. Divalent metal ions (ImMuton) were equilibrated with either &aMg™, Hg"?, Fe?,

Cu" Mn", CO™ and Zri? at room temperature for 1 hour. Residual activigs measured at 60°C. Residual

activity of p-glucosidase was 129.45% followed by 110.73% onbation with Mg" and Mrf* respectively. In case
of CMCase, residual activity was 117.62% with¥ipllowed by 112.68% MA" (Table 1).
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Table1: Effect of Metal |onson CM Case and B-Glucosidase Activity

Metal ion  Concentration RESIDUAL ACTIVITY (%) AFTER 24 Hr
(mM) CMCase B-GLUCOSIDASE
NONE - 100 % 100 %
Ca® 5 96.14 % 93.57 %
Mg *2 5 117.62 % 129.45%
Hg *2 5 54.94% 66.4%
Fe*? 5 98.89 % 102.42%
Cu*? 5 92.84 % 94.11%
Mn *? 5 112.68% 110.73%
Co* 5 108.35 % 105.96%
Zn*? 5 96.74 % 94.53 %
EDTA 5 16.28 % 22.3%
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Figure 7: CM Case and B-glucosidase production under non-sterile submer ged fer mentation

Non-sterile submerged fermentation (SmF) was dhrdat for the production of cellulase amfeglucosidase
wherein cellulase production was estimated as 19/&hl after 72 hours using BHB supplemented withrig
peptone (0.5%). However, it was 15.2 1U/ml afterhéirs in BHB supplemented with 0.5% non sterilptpee.-
glucosidase production was 20.1 IU/ml using BHB@emented with 0.5% sterile peptone after 72 howrereas
it was 18.8 IU/ml after 72 hours in BHB supplemeiéth 0.5% non sterile peptone (Figure 7).
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Figure 8: CM Case and B-glucosidase production under non-sterile solid state

Experiment was conducted for the production of utele andp-glucosidase under non-sterile solid state
fermentation. The reaction mixture was containingy Media, wheat straw 1% (w/v), NaCl (5%) and wh&y).
Cellulase activity was noted after 96hr, 68.72 Hd/dollowed by 52.65 IU/gm at 120 hours. However,
glucosidase showed 74.72 1U/gm of activity afteh®@nd 70.02 |U/gram of activity after 120 hr (kig 8).
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Zymogram Analysis showed (Figure 9) diffused cleame indicating enzyme production. The clear zoas #ue to
hydrolysis of CMC by cellulase enzyme present gkl as native PAGE was run using 0.5% CMC copetjsad
with 12% acrylamide/bis-acrylamide. The gel wasulated with Tris-HCI followed by staining with camged and
destaining with 1M NaCl. Lane L1 and L3 were shayi@MCase produced under non sterile solid state
fermentation using rice straw, while Lane L2 and wdre showing CMCase produced under Sterile Sadtes
fermentation rice Straw.

Figure 9: Zymogram analysis of CM Case produced by solid state fermentation in rice straw L1 and L3 CM Case produced under non
sterile solid state fermentation; L2 and L4 were CM Case produced under Sterile Solid state fermentation

CONCLUSION

Present effort was done to produce cellulolyticyemzs in nonsterile conditions usifgenibacillus LPUANSHUL
strain LPUOOL as a novel strain and also agriwaste as carbon source. The studyluotatt that production of
considerably active CMCase with stability at vasqlnysico - chemical conditions was done as arpidiry study.
Further recommendation is to explore nonsterilenfartation techniques in order to make the enzymdymtion
commercially viable.
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