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ABSTRACT

Approximately 1.5 trillion tons are the estimateghyly biomass production, making it an essentialhfimited
source of raw material for environmentally friendipd biocompatible products transformed by micramigm,
specially fungi and actinomyceteSeveral lignocellulosic residues, such as sisaltevasd sugarcane bagasse
contain starch in their structures which could beeimportant sources for the production of amyla3éss study
evaluated the production of amylolytic enzymesgu§Sitrteptomyces sp. SLBA-08 strain, isolated froserai-arid
soil, according to their ability to grow on solubdéarch as the sole carbon source. The effectet#rbon source
(sisal waste and sugarcane bagasse)eamylase production was studied using submergetivatibns at 30 °C.
The highest level af-amylase activity corresponded to 10.1 U. haind was obtained using sisal waste (2.7%) and
urea (0.8%) in submerged fermentation after 3 dafysultivation. The partial characterization showtt: besta-
amylase activity at 50°C and pH 7.0. These resultsof great importance for the use of sisal waste substrate
for biotechnological proposes.
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INTRODUCTION costs. In Brazil, the amount of sugarcane bagasse
comprises one of the largest cellulosic agro-
Lignocellulosic biomasses that contain starch inndustrial residues, and contains, approximately,
their structural composition are potential rawb0% cellulose and 25% hemicellulose and lignin
materials for the production of feedstock, biofuelsvhereas the straw is composed of 37.4% cellulose,
and enzymes. These sources including wheat bradQ% hemicellulose and 18.5% lignin (Pandey et al.
wheat straw, corn, oat meal, rice, potato an@000). Both substrates have already been tested as
cassava wastes, which contain 60-70% starch ofain carbon source for the production of several
their dried weight, and therefore represent a largenzymes including cellulases and xylanases.
source of biomass for fermentation (Nigam andiowever, others agro-industrial residues could be
Singh 1995). The utilization of agricultural by- investigated as carbon source for enzymes
products and other natural compounds for growingroduction, such as sisa#daveae sisalanaSisal
microorganisms may constitute an interestingAgaveae sisalanaPerr.) is a plant of high

alternative towards enzyme production with lowefmorphophysiological complexity and is a
monocot.Agaveae sisalanaontains amount 65%
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cellulose, 12% hemicelluloses, 10% lignin andapplication, it could represent a very important
10% starch, and is an important cellulose sourcalternative source for various biotechnological
for the enzymatic process to produce biofuelsprocesses.
Sisal is the main hard fiber produced worldwide ,The aim of this work was selecting actinomycetes
corresponding to approximately 70% ofamylase-producers and to evaluate dh@mylase
commercial production of all fibers of this type.production with the promising SLBA-08 strain,
Brazil is the world’s largest producer of sisalefib using agro-industrial by-products, such as sisal
and has consolidated its position as market leadexaste and sugarcane bagasse by submerged
Processed sisal fiber yelds about US$ 80 million ifermentation.
exports for Brazil, and generates more than half a
million jobs in its service chain, which begins hwit
the maintenance activities of farming, harvestingMATERIAL AND METHODS
refining and processing of fiber and ends with
industrialization and the making of handcraftsSelection of amylase-producing actinomycetes
(Andrade 2010). All the strains that were tested are depositetiat t
Bacterial a-amylases are important and widelyActinomycetes Culture Collection of the Microbial
used enzymes. Their uses have grown for clinicaiotechnology Unit of Federal University of
and medicinal applications as well as analyticaReconcavo da Bahia (UFRB). For spore
chemistry. Besides their use in starchproduction, strains were cultured on malt extract-
saccharification they are also in the food, bakingyeast extract agar (Shirling and Gottlieb 1966), fo
brewing, detergent, textile, paper and distillingl0O days, at 30 °C.
industries (Lin et al. 1998; Saxena et al. 2007)Petri dishes containing (g': soluble starch 10.0;
Actinomycetes are Gram-positive mycelium-yeast extract 1.0; agar 15.0 plus salts (Nall@;
forming soil bacteria, able to produce and excret&H,PQ, 3.0; K;HPQO, 6.0; MgSQ.7H,O 0.2;
a large variety of different antibiotics and CaCb.2H,0O 0.05; MnSQ.7H,O 0.01;
enzymes. Many actinomycetes species have be@nSQ,.7H,O 0.001), pH 7.0, were spot inoculated,
studied for degradation of starch, hemicellulosein duplicates. Amylase-producing strains were
lignin and cellulose (Stamford et al. 2001;identified, after an incubation period of 10 days a
Nascimento et al. 2003; Bon et al. 200830 °C, by addition of lugol solution 0.1% and
Nascimento et al. 2009). observing a clearing zone surrounding the culture.
Starch hydrolysis, catalyzed lyamylase, is one The actinomycete strain SLBA-08 was selected as
of the most important large scale uses opromising starch-degrading and was isolated from
Actinomycetes in terms of enzymatic processea soil sample undeAgaveae sisalana(sisal)
(Konsula and Kyrikiades 2004). The fact thatplantation from the semi-arid region of Brazil,
some enzymes have the particular capacity tosing the dilution plate technique. Based on 16S
convert starch into shorter polymers of glucoseDNA sequencing and morphology of the spore
units has mader-amylase the subject of severalchain, the strain was classified as belonging o th
studies in recent years for this kind of procesStreptomyces genus. Stock cultures  were
(Gupta et al. 2003; Kandra 2003; Li et al. 2004). maintained on yeast extract-malt extract-agar
The use of low cost residues as substrates plates and spores suspensions were prepared
enzyme production is especially interesting formccording to Hopwood et al. (1985) after
countries where agro-industrial residues areultivation (28C/15 days) in this same medium.
abundant (Gupta et al. 2003; Kandra 2003)Spores were maintained in 30% glycenol at -
Amongst the various agro-industrial by-products]18°C.
sugarcane bagasse and waste sisal are produced in
large amounts. Recently, various researchers hat@rmentation Conditions
utilized sugarcane bagasse for different purpose$he actinomyceteStreptomycessp. SLBA-08
e.g. as substrate for bioethanol and enzymetrain was cultivated in 250-mL Erlenmeyer flasks
production (Deepchand 1986; Dawson anaontaining 50 mL of a growth medium, as
Boopathy 2007). However, although sisal wastelescribed above, supplemented with a carbon
has not yet been reported as a substrate for enzyiseurce (sisal waste or sugarcane bagasse) at
production or some other biotechnologicaldifferent concentrations (Table 1), and urea as the
nitrogen source, generating eight different runs.
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Flasks, inoculated with 50uL of a spore The lignocellulosic biomasses were obtained from
suspension (1.61 x 1@FU.mL"), were incubated different sources. Sugarcane bagasse was obtained
for 6 days at 30 °C / 180 rev.rfiforbital shaker from sugar-ethanol plant in Amélia Rodrigues,
New Brunswick Scientific Co., New Jersey, USA).BA, Brazil. The sisal waste was obtained from
Flasks were withdrawn every 24 h and their wholsisal farm in Valente, BA, Brazil. For fermentation
content filtered to separate cells from thestudies, both residues were washed with distilled
supernatant. The contents of the flasks wereater, dried at 50°C / 48h and milling.

centrifuged at 2,038 gt 4°C for 10 min, filtered All experiments were carried out in duplicate, and
through a glass microfiber filter (Whatman GF/A),the results were expressed as average values.
and the crude supernatants used for enzymatiRegression analysis was carried out to help
assays. understand the significance of the values.

Table 1 —Media composition used for the different submerfgethentation conditions

Culture Medium Carbon Sources Nitrogen Source
Sugarcane Bagasse or Sisal Waste (8v) Urea (% w/v)
1 0.8 0.3
2 2.4 0.3
3 0.8 1.3
4 2.4 1.3
5 0.5 0.8
6 2.7 0.8

All media were supplemented with a salt mineralisoh (see Material and Methods).

Enzymatic Assays sodium phosphate buffer (pH 6.9). In the same

a-Amylase activity was assayed by measuring thevay a-amylase activity was assayed in different

release of reducing sugars in a reaction mixture ataction buffers in 50 mM (KCI-HCI for pH 2.0;

1.0 ml of the crude supernatant and 1.0 ml of 1%odium citrate for pH 3.0-6.0; phosphate for pH

(w/v) soluble starch (Sigma, MO, USA) solution in7.0-8.0 and glycine-NaOH for pH 9.0-10.0) at

0.05 mol.L* phosphate buffer (pH 6.9) incubated50°C to determine the effect of pH on enzyme

at 50°C for 20 min (Novozyme). Reducing sugarsctivity.

were assayed by the dinitrosalicylic acid (DNS)

method (Miller 1959). One unit (U) af-amylase

activity corresponded to Ilumol of glucose RESULTS AND DISCUSSION

equivalent released per minute under the assay

conditions (Bernfeld 1955). Selection of amylase-producing actinomycetes
The screening data for-amylase-producing

Influence of pH and temperature on enzyme actinomycetes is shown in Table 2. Although three

activity strains were prominent, among the nine

Temperature profile form-amylase activity was actinomycetes that exhibited hydrolysis zones, the

determined by assaying activity at differentactinomycete SLBA-08 strain was chosen due to

reaction temperatures (20° to 10D in 50mM its good growth and sporulation characteristics.

Table 2 - Screening on agar plate afamylase-producing actinomycetes, through hydrslysines on soluble
starch medium.

Soils and Bioms Amylase Activity Detected in Petri Dish
- + ++ +++
Desert (semi-arid area) 100 29 15 6
Tropical forest (coast area) 10 3 1 1
Cerrado (mountain area) 39 52 28 2
Total 149 84 44 9

Hydrolysis zone: (-) negative; (+) weak (< 2.0 diameter); (++) medium (2.0 < x < 3.0 cm diametgr)++) strong (> 3.0 cm diameter)
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This microorganism was isolated from a Semihighest enzyme activity titer, 10.1 U.MLwas
Arid Brazilian soil, collected from the Sisal Farmobserved after 3 fermentation-days in medium 6,
in Lage do Batata (Bahia, Brazil). This type ofcontaining sisal waste 2.7%wv/) and urea 0.8%
soil, that is quite similar to the African savanna(w/v), as shown in Fig. 1A. Experiments with
and presents unique vegetation (cactus and agavelgarcane bagasse have shown best values- for
has not been studied for microbial biodiversity. yetamylase ~ activity (4.20 U.ml) after 4
Coelho and Drozdowicz (1978) described thdermentation-days (Fig. 1B). The experiment was
Brazilian Cerrado as having soil very rich instatistically significant at the 95% level of
actinomycetes and so far several strains showirgjgnificance. Until now, there are no reports ia th
proteolytic, cellulolytic and chitinolytic activits literature describing the use of sisal waste for
have been isolated from this habitat (Nascimentenzyme production, and thus there are no sources
et al. 2005; Semédo et al. 2001). Nascimento et gbr comparison and discussion of the results
(2003) reported a xylanase-producingobserved in this work.

actinomycete profile from different ecosystemsStamford et al. (2001) reported a high amylase
(tropical forest, mangrove systems and cerradojctivity (39.2 U.mL") for the Nocardiopsis sp.
Santos and Martins (2003) reported severadtrain, an actinomycete isolated from yam bean,
amylase-producing bacterial isolated from soilwhen starch and urea were used as substrates, after
samples and the promising strain was identified &8 fermentation-days. Santos and Martins (2003)
Bacillus sp. Agrawal et al. (2005) reported 33observed high values for amylase activity (350
bacterial colonies which showed a zone ofJ.mL®) produced byBacillus sp. when starch
clearance surround the microbial growth in starch.0% (w/v), yeast extract 0.5%vAJ) and peptone
medium, isolated from four different locations in1.0% (v/v) were used as substrates. Kathiresan and

lIT-Madras campus, Chennai, india. Manivannan (2006) detected a high amylase
activity (150 U.mL') when maltose and peptone
Enzymatic Production were used as substrate, after 4 fermentation days,

The time for cell growth anda-amylase by Penicilium fellutanum Chakraborty et al.
accumulation by thestreptomycesp. SLBA-08 (2009), observed the maximum amylase
strain in submerged fermentations are shown iproduction (4.5 U.mL') by marineStreptomyces
Figure 1. The strain was able to produce amylasep. D1, after 10-days fermentation using sucrose
using sisal waste (Fig. 1A) and to a lesser extengnd malt extract. The results presented in thikwor
sugarcane bagasse (Fig. 1B), when supplementetowed that th&treptomycesp. SLBA-08 strain
with urea as the nitrogen source. Amylases levels a promising amylase producer and could be an
varied within the range 1.2-10.1 U.thLThe important tool for biotechnology applications.
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Figure 1 - Fermentation time for amylase production3tyeptomycesp. SLBA-08 strain at 28
on culture media containing (A) sisal waste and gByarcane bagasse as the carbon
source in three different concentrations, and weathe nitrogen source, in two
different concentrations, as described in Tabléé&dium 01 ¢€), Medium 02 @),
Medium 03 A\), Medium 04 &), Medium 05 ), Medium 06 H).

Concerning the use of lignocellulosic residues aBacillus subtilis The pH activity profiles, within
substrate for enzyme production, Figueira anthe range 2-10, indicated that the maximum
Hirooka (2000) observed the production ofactivity was observed at pH 7.®However, the
amylases by Fusarium moniliforme and biocatalyst was able to present a good performance
Aspergillus flavususing corn cob and corn straw. within the complete pH range, retaining 70%
The maximuma-amylase activity observed was activity still in pH 9.0 (Fig. 2B). Also significan
42.3 and 4,745.5 U.mt, after 10 fermentation levels of activity (above 70% of relative activity)
days. Hernandez et al. (2006) used brewery anwere detected between pH 5.0 and 9.0. Concerning
meat processing wastewaters for amylaspH profile, the biocatalyst was able to present a
production byAspergillus niger The maximum good performance within the wide pH range, but
activities detected were 70.3 and 60.1 UlnL the best results were in the neutral range, as
respectively, after 3 fermentation-days. The use afbserved by Negi and Banerjee (2009) in
lignocellulose biomass for enzyme productiorAspergillus awamori Chakraborty et al. (2009)
represents an alternative to reduce the productigtetected a maximal amylase activity in pH 9.0,
costs for biotechnological processes. presenting a good performance within the wide pH
a-Amylase present in supernatant fromrange (7.0 — 11.0) foBacillus strain. These
Streptomycesp. SLBA-08 grown in sisal bagassecharacteristics suggest a possible use for
were significantly active in the temperature rangdiotechnological processes.

tested (Fig. 2A). Maximal activities (above 75%The microorganismStreptomycessp. SLBA-08
relative activities) were observed within the rangeised in this study was able to grow and to produce
40-60°C and activity levels of 30% were stilla-amylase using sisal bagasse and urea as sources
detected at 80°CThis value is similar or even of C and N. The maximunm-amylase activity
higher than the optimal temperature reported byetected was 10.1 U.riil on the third day of
Chakraborty et al. (2009), foBacillus strains. cultivation, when the salt mineral medium was
Asgher et al. (2007) observed an optimum obupplemented with urea 0.8%w/¢) and sisal
temperature at 70°C from moderately themophilibagasse 2.7%WV).
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Figure 2 - Effect of temperature (at pH 6.9 ) and pH (50°C)B) of a-amylase activity produced
by Streptomycesp. SLBA-08 grown on sisal bagasse 2.%0#4/) and urea 0.8%n(/v).
Residual activity is expressed as a percentageeoditiginal activity.

These results showed the importance of searchirmgnylases and proteinases. The present work here
for new biotechnological microbial sources inreports for the first time the use of lignocellutos
different ecosystems. Brazilian soils have haveesidues, such as sisal waste or even sisal fiber a
shown a great microbial biodiversity with differentthe carbon source for amylase production by an
enzyme profiles, specially cellulases, xylanasesctinomycete strain, Streptomyces sp. SLBA-08.
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tons of sisal waste is generated and only a Sméh?epchand K. Economics of Electricity Production
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