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ABSTRACT

The effect of temperature on the activity and stability of endoxylanasp-ayldsidase fromAspergillus
awamoriwas investigated. The growth Af awamoriin milled sugar cane bagasse produced predominantly
extracellular endoxylanase (30 U/ml) and lower amoun@gfiosidase (1.3 U/ml). Grown in sugar cane
bagasse as the principal carbon source, the microorganism produced a quit@-gjaddedase in a
temperature range of 35-55°C, but it exhibited a lower thermostable endoxylanase. The thermostability of
endoxylanase was enhanced through addition of polyhydric alcohols, mainly 2 M xylitol and sorbitol
solutions. Particular stability upon storage (100%) was found for endoxylanase at —4°C for 165 days. Yet
for B-xylosidase, an activity decrease of approximately 20% was observed during the first 15 days of
storage, maintaining roughly 75% of initial activity until the end of the experiment.
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INTRODUCTION act synergistically with endo-1xylanase anf-xylosidase
().

Filamentous fungi have been widely studied, and the genus Xylanases present considerable potential in several
Aspergillushas displayed a great capacity to producleiotechnological applications. They can be used for reducing
hemicellulases. Similarly to the cellulase complexhoth juice viscosity and turbidity, and for the hydrolysis of
hemicellulases are seldom found in isolation but are usuallylans into xylose to be converted biologically to single cell
present as part of a multi-component system. According peotein and to a whole range of fuels and chemicals (2,3). Also,
their origin, hemicelluloses are made up predominantly ¢diced with market and legislative pressures, the pulp and paper
heteropolymeric xylans, arabans, arabinoxylans, mannans amdustry is modifying its pulping, bleaching and effluent
galactomannans. The complete degradation of hemicellulageatment technologies to reduce the environmental impact of
becomes more complex than that of cellulose, sinangill effluents. Enzymatic bleaching using xylanases is one of
substituent-hydrolysing activities are also necessary. Wigluch technologies which, in short term, offers the help to
heteroxylans, apart from endo-134xylanase, which catalyses decrease substantially utilization of chlorine and its derivatives.
the hydrolysis of interngs-1,4-xylan links (a depolymerising Stabilization of enzymes in aqueous and nonaqueous media
enzyme) ang-xylosidase, which catalyses the hydrolysis oby polyols and other substances has been widely reported. Many
xylooligossacharides, mainly xylobiose into xylose, othesuthors have employed these additives in different enzymatic
enzymes must act to accomplish the complete hydrolysis syfstems (4-9). Temperature raising leads to an increase in
this component. These additional enzymes are acetyl xylamlecules collision, as it is widely known. Beyond the critical
esterasey-glucuronidase and-L-arabinofuranosidase, which temperature, there happens enzyme disruption and
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denaturation. Analogously to temperature, pH influences thequired to release dmol of reducing sugar (xylose) per
rate of enzymatic reaction and its stability. The active site oughinute.

to be in the appropriate state of ionization to raise optimum [-xylosidaseactivity was determined by measuring the
activity (10). Within this context, the purpose of the presemelease of p-nitrophenol from p-nitropheny-
study was to carry out a partial characterization ofylanopiranoside (PNPX) at 410 nm by using a p-nitrophenol
endoxylanase an@-xylosidase fromAspergillus awamorias standard curve. 0.5 ml solution of 1.25 mM PNPX was pre-
well as the effect of some polyhydric alcohols on endoxylanaseubated for 2 min in citrate phosphate buffer 50 mM, pH 5

stability. at 55°C. To this solution, 0.1 ml of the diluted crude enzyme
was added, and the reaction stopped after 10 min by the addition
MATERIALS AND METHODS of 4 ml of NgCQ, 0.25 M.One unit of activity was defined as
the amount of enzyme required release lumol of p-
Organism and growth conditions nitrophenol per minute.

Aspergillus awamoriNRRL 3112 (Northern Regional
Research Laboratory — Peoria, Il, USA) was maintained @&ffect of temperature on endoxylanase ang-xylosidase
sterile sand for conservation. Conidia were generated hytivities
growing the fungus on agar slants with Czapeck medium. After The enzymatic reactions were carried out at 30, 40, 50, 60
5-6 day cultivation at 30°C, conidia were scraped off angnd 70°C, and the enzyme activity measurements were
transferred to sterile distilled water. This spore suspension wistermined as described above.
used for medium inoculation in a final concentration of 10

conidia mi. Endoxylanase andB-xylosidase stability assays
Temperature stability was assessed by preincubating enzyme
Media and culture conditions solutions at different time intervals, and at various temperatures

The production of enzymes was carried out in 500 ni80-70°C for endoxylanase and 35-75°Cfotylosidase) prior
conical flasks, with 200 ml culture media containing theo the addition of substrates and the determination of both
following (g/l): peptone, 2.5; yeast extract, 2.5; NaCl, 1.Gendoxylanase anfi-xylosidaseremaining activities at 50°C.
KH,PO,, 1.0; MgSQ7H,0, 0.2 and dry milled bagasse, 20.0Polyhydric alcohols xylitol, sorbitol, mannitol and glycerol
Flasks were shaken on an orbital shaker at 170 rpm for 5 daysre added to the crude enzyme solution at the beginning of

at 30°C. the preincubation, in a final concentration of 1 and 2 M.
Measurements were carried out after preincubation at 50°C
Enzymatic assays for 270 minutes, and the residual activity determined at 60°C.

Endoxylanasevas determined by measuring the reducing All experiments were performed in duplicates and analytical
sugars from hydrolysis of birchwood xylan. 0.9 ml solutiomeasurements in triplicates. Excel program was used to check
of 1% xylan was pre-incubated in citrate phosphate buffee statistical confiability of the experimental data.

50 mM, pH 5, for 2 min at 60°C. To this solution, 0.1 ml of

the diluted crude enzyme was added, and the reaction stopped RESULTS AND DISCUSSION

after 2 minutes by the addition of 1 ml of the DNS reagent.

One unit of activity was defined as the amount of enzyme Preliminary observations (Fig. 1) have demonstrated that
Aspergillus awamoriproduces considerable levels of

35 1.6 endoxylanase (30 U/ml) but lower levels @xylosidase
114 (1.3 U/ml) when grown in milled sugar cane bagasse, and it
figures as a potential microorganism for the industrial

30 1

1S
S5 12 ? production of extracellular xylanases. Table 1 portrays
§ 20 | 1.0 g e Endoxylanase extracellular xylanases producti_on by several microorganisms.
s 08 & o Betaxylosidase Our results show thak. awamorigrowing on an inexpensive
=157 los & and abundant natural substrate in Brazil was able to produce
S 104 g considerable levels of endoxylanase, to the same extent as
& 04 B Cellulomomas flavigeng18 U/mg), also inoculated on
5T 702 untreated sugar cane bagasse.
0 ‘ ‘ ‘ ‘ ‘ 0.0 The effect of temperature on xylanolytic activity is shown
0 1 2 3 4 5 in Fig. 2A. Endoxylanase an@xylosidase activities were
Time (days) measured over a temperature range of 30-70°C in citrate

Figure 1. Production of xylanolytic enzymes at 30°C, pH 6 and 170 rprRh0sphate buffer 50 mM, pH 5. Endoxylanase activity was found
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Figure 2. Effect of temperature on endoxylanase gnd/losidase activitiesX). Thermal stability was evaluated on a crude extract solution
preincubated in a range of 30-70°C for endoxylanBgeahd in a range of 35-75°C fBxylosidase C).
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Figure 3. Effect of 1 M @) and2 M (B) polyhydric alcohols on endoxylanasebility.
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Table 1. Production of endoxylanase afiekylosidase induced by sugar cane bagasse without previous treatment.

_ EndoxylanaseActivity _ Fermentation
Strains _ _(Um_'l) or B-xylosidase (time) Reference
Specific activity (Umg?)
Aspegillus ochraceus féISGUUn::l ég Bnr:ii 82 ((ZE? ?;33) Biswas et al. (11)
Aspergillus sydowii 11.3 Umg? 2.2 Umg? S (4 days) Goshet al. (12)
Aspergillus sp 1.9 Umi? - S (5days) Wanget al. (13)
Aspergillus fischeri Fxnl 10.7 Umit - S (4 days) Raj and Chandra (14)
Cellulomomas flavigena 18 Umg* 60.0 Umg* S (40h) Pérez-Avaloset al. (15)
Aspergillus tamarii 16.7 Umi?t 0.28 Umit S (5days) Kadowaki et al. (16)
Aspergillus awamori f(s) LL,Jlrrrrgl ég LLJJrTgll S (4 days) Present work

S: submerged fermentation; SS: solid state fermentation.

over a wide range of temperatures, with maximal activity at abaut heating at 45 and 557&xylosidase activity decreased.
60°C. Under the same condition$;xylosidase activity 10-20%, during the first hour of incubation, displaying
increased up to 55°C, decreasing then dramatically at highkereafter a constant and stable activity. Under the same
temperatures. conditions,3-xylosidase seemed to be more stable than
The results concerning the enzymatic stability and thermahdoxylanase which undergoes tremendous thermal
inactivation of endoxylanase affidxylosidase are shown in denaturationp-xylosidases may be mono or dimeric proteins,
Figs. 2B and 2C, respectively. Samples were preincubatedaatl that one produced By awamoriseems to be monomeric,
different temperatures, and their activities measured duringaecording to Kormelinlet al (17). Hence, its thermal stability
long period of time. The residual activities were carried out itan be attributed to its intrinsic protein conformation.
citrate phosphate buffer pH 5 as indicated in the enzymatic Fig. 2B has shown that endoxylanase was quite stable (73%)
assay procedure. Endoxylanase was reasonably stableataleast for 240 minutes at 50°C. In order to avoid thermal
temperatures up to 50°C. Yet the remaining activities decreasedctivation, the eventual protective effect of xylitol, sorbitol,
very rapidly when denaturation started to take place. mannitol, and glycerol in aqueous medium was investigated. The
The maximum thermal stability was obtained at 35°C faresults are exhibited in Fig. 3. All polyhydric alcohols had a
B-xylosidase (Fig. 2C), and no decrease in activity wagsositive effect against thermal denaturation. According to
observed following incubation for at least 300 min. Howeveliterature, the protective effect of polyols depends on the
increasing number of hydroxyl groups (5). However, in the
present experiment, the effect of the length of the polyhydric

100 alcohol molecule was not clearly observed, neither when 1 M
g0 | nor 2 M concentrations were used. Polyols raised the residual
= activity of the enzyme as their concentration duplicated. 2 M
S —&— Control xylitol as well as sorbitol exhibited the same important
%‘ 01 —e— Xylitol 2M protective effect¢a.100%) on endoxylanase after 270 minutes
3] 52°C) of preincubation. The phenomenon of protein stabilization by
o 40 —©— Sorbitol 2M polyhydric alcohols may be explained by changes in the
% microenvironment of the enzyme, which result in a more rigid
E 20 1 conformation of the enzyme structure. Probably, the benefit of
polyols is related to the effect they promote by increasing the
0 * * degree of organization of water molecules, which in turn,
0 100 200 300 intensify the hydrophobic interactions among nonpolar groups.
Time (min) Hydrophobic interactions appear to be the single most important

factor to stabilize protein structure, therefore making the protein

Figure 4. Time course of the protective effect of 2 M xylitol andmore resistant to unfolding (8,18,19). Angadbal. (20),

sorbitol on crude enzymatic solution incubated at 52°C.
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performance, principally when 2 M xylitol and sorbitol
hd solutions were added to the crude enzymatic extract.

Endoxylanas
RESUMO

60 B-xylosidase he Estabilidade térmica _de X|Ianases_produ2|das por
T Aspergillus awamori

40 | O presente trabalho trata do estudo do efeito da temperatura

na atividade e estabilidade de endo-xilanafexdosidase

produzidas, extracelularmente, paspergillus awamoriO

Relative Activity (%)

20 1 1 1 cultivo deste microrganismo, em bagac¢o de cana finamente
0 50 100 150 L . . :
dividido, produziu predominantemente endo-xilanases
Time (days) (30 U/ml) e menores atividades @exilosidase (1,3 U/ml);
Figure 5. Effect of storage at — 4°C on endoxylanasef&rglosidase esta ultima eX|_b|u conS|deraveI° estabilidade em fa|?(g de
activities. temperatura variando de 35 a 55°C, por outro lado verificou-

se uma menor termo estabilidade para a endoenzima. A
estabilidade térmica de endo-xilanase foi aumentada
studying xylanases fromspergillussp. found that the stability consideravelmente através da adigéo de poliois, principalmente
of these enzymes was markedly improved by the addition of 504¢4itol e sorbitol em concentragédo de 2,0 M. No que concerne
glycerol; however, in the present work this polyol contributed estocagem a baixa temperatura (-4°C), observou-se uma
to the lesser extent when compared to other polyhydric alcohgtstabilidade particular na atividade endo-xilanasica (100%),
Due to the positive results obtained with 2 M xylitol andlurante 165 dias, porém, um decréscimo de aproximadamente
sorbitol solutions, their effect on a crude enzymatic extrag0% na atividadeB-xilosidasica foi verificado apos os
kept at 52°C during 300 min were estimated (Fig. 4). Thgrimeiros 15 dias de armazenamento nas mesmas condicoes,
protective effect of both polyhydric alcohols was confirmednantendo-se aproximadamente em 75% da atividade inicial
Polyols are by far the best co-solvent for their ability ofidc mesmo periodo de tempo.
maintaining both solvophobic interactions essential for the
native structure and the preservation of the water shell aroun@lavras-chave:Aspergillus awamoriestabilidade térmica,

the protein molecule (21). xilanases.
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