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ABSTRACT

Thermophilic Thermomyces lanuginosus strain TO3 isalated from compost pile samples and was usedsfo
ability to produce considerable glucoamylase attiwihen growing in liquid medium at 45°C with stam@s the
sole carbon source. Enzyme productivity was highuibmerged fermentation (SmF) with maximum actofity3

U/mL after 168 h of fermentation. Higher quantitefsglucose were released when the substrate foyrea was
soluble starch than maltose or maltooligosacchagideere used. The distribution of glucoamylase betwihe

extracellular and cell-associated fractions variadcording to fermentation time. Glucoamylase predufrom T.

lanuginosus TO3 had optimum activity at 65 °C anddythermostability in the absence of substratéh wihalf-life

of 6 h at 60 °C. The enzyme was stable over a plitdenge (4.0-10.0).

Key Words: Glucoamylase, submerged fermentatibmermomyces lanuginosus

INTRODUCTION more slowly than thea-1,4 linkages (Chiba,
1997).
Filamentous fungi have an extraordinary capacityn industrial starch syrup production, the starch is
to secrete large amounts of protein and othenin, followed by a second stage for 60-180 min at
metabolic products into the growth medium. This95-98 °C. Thermostabla-amylases are used to
has been exploited by the biotechnologicahydrolyze the starch during this liquefaction
industry for the production of industrial enzymes(Satyarayana et al., 2004). Upon completion of the
(lwashita, 2002). Glucoamylase (EC 3.2.1.3) ofiquefaction, the slurry has to be cooled to 55-60
fungal origin cleavesa-1,4 bonds, releasing D- °C before the saccharification step, since the
glucose molecules in the R-configuration. Thigylucoamylases from th&spergillusand Rhizopus
enzyme also attacks-1,6 bonds at the branching genera used in this step are unstable at
points in the amylopectin molecule, but muchtemperatures above 60 °C (Brumm, 1998; Silva et
al., 2005). When this enzyme is used to produce
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glucose, they are allowed to react at 55-60 °C foglucoamylase activity. The experiments were
2-4 days; consequently, industries need enzymgmrformed in duplicate with three repetitions and
with high thermal stability for an extended periodresults presented as means.
of time (Abraham et al., 2004). Thus, for industrial
purposes, new highly thermostable andEnzyme activity measurements
environmentally compatible glucoamylases mighEnzyme activity was assayed at 60 °C in a reaction
make an important contribution to the starchmixture containing 0.1 mL of diluted crude
processing industry (Gomes et al., 2005; Neves ehzyme solution and 0.4 mL of substrate solution
al., 2006). in 0.25 M sodium acetate buffer pH 5.0. The
The aim of this work won to study glucoamylasesubstrates used were 0.5% soluble starch or 0.3 %
production in submerged fermentation from themaltose. The amount of glucose released was
newly-isolated thermophilic fungal strains, theestimated by the peroxidase/glucose oxidase assay
distribution of the enzyme between cell-associate(Cereia et al., 2000). One unit of enzyme activity
and extracellular fraction and its physico-chemica(U) was defined as the amount of enzyme that
properties. releases ongmol of glucose per minute per mL of
reaction. Substrate-specific assays were performed
by substituting the substrate above by the raw and
MATERIAL AND METHODS soluble cassava, potato and corn starches or
maltooligosaccharides. When the substrate pvas
Isolation and identification of microorganisms nitrophenyl-D-glucopyranoside, the activity was
Samples of agricultural soil (2.0 g), potato tubersmeasured in a mixture containing 0.20 mL of 0.1
compost and animal manure were homogenized i sodium acetate pH 5.0, 0.05 mL of 2 mM
the sterile medium of pH 5.0 containing (g/L) 10substrate solution, and 0.1 mL of crude enzyme.
soluble starch; 1.4 (NHLSO,; 2.0 KkHPO,; 0.2 After 10 min. of incubation at 70 °C, the reaction
MgSGO,.7H,O; 0.0016 MnSQH,O; 0.0014 was stopped with 1 ml of 2 M N@0;, and thep-
ZnSQ,.7THO; 0.02 CoCGl. The mixture was nitrophenol released was quantified
incubated at 45 °C for 24 h, after which a loop opectrophotometrically at 410 nm.
the homogenized culture was streaked on the
surface of the same medium containing 3.0% ag&tnzyme characterization
and incubated at 45 °C for 24 to 72 h. All theOptimum pH and temperature for enzyme activity:
morphologically  contrasting colonies wereThe optimum pH was determined by measuring
purified by repeated streaking. Pure cultures werthe activity at 60 °C, with various buffers: sodium
subcultured on the slants of the same medium facetate (pH 3.0-5.5), citrate-phosphate (pH 5.5-
identification and enzyme studies. Fungi were’.0) and Tris-HCI (pH 7.0-8.5). The optimum
identified by their morphological and biochemicaltemperature was assayed by incubating each
characteristics (Kirk et al., 2001). The stockreaction mixture at optimum pH and 40-85 °C. The
cultures were maintained at 7 °C on potatgeaction mixture was the same described above.
dextrose agar medium (PDA-Oxoid). Thermostability A thin layer of mineral oil
prevented the evaporation of the | mL of crude
Production of glucoamylase in submerged enzyme solution which was incubated at various
fermentation (SmF) temperatures (10 -90 °C) for 1 h at pH 5.0.
Erlenmeyer flasks (250 mL ), with 50 mL of the Another experiment was carried out to assay the
sterile medium containing (g/L) 10.0 of solubleenzyme stability at 60 °C. The enzyme solution
cassava starch, 2.0 (M50, 1.0 KHPQ, 7.0 was maintained at this temperature for a period of
KH,PQO, 0.1 MgSQ 7H,0, 5.0 yeast extract, 2.0 10 h and in the control used to evaluate possible
peptone (pH 5.0) were inoculated with three diskstarch and maltose chemical hydrolysis, the crude
(1.5 cm diameter x 2mm height) of the myceliumenzyme was replaced by water. In both the assays
grown on the PDA. The fermentation was carriecan aliquot was withdrawn and placed on ice before
out in a rotary shaker at 100 rpm for 240 h at 4Bneasuring the residual enzyme activity at the
°C. The biomass was separated by filteringpptimum pH and temperature.
through Whatman N° 1 paper in a Bichner funnepH stability The crude enzyme was dispersed
The filtrate was centrifuged (10 min., 10,000 x g)1:1) in 0.1 M buffer solutions pH 3.0-8.0
and used to evaluate the extracellular
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(Mcllvaine buffer) and pH 8.0-10.0 (glycine- during the log phase, which was then released or
NaOH) and maintained at 25 °C for 24 h. Andegraded after 72 h of fermentation. When moist
aliguot was used to determine the remainindgpiomass was the parameter for measuring the

activity at the optimum pH and temperature. growth-rates, the peak occurred between 48 and 72
h. However, when the growth was assessed as dry
Analytical methods weight, the peak was observed at 72 h. The

Fungal growth was recorded in terms of dry andlecrease in the moist biomass and protein was
moist weight and total cell protein. The myceliasignificant at 96 h (more than 50%), dry weight
from 50 mL fermented medium was filtered in adecreased only 25%; nevertheless, the fall in the
Buchner funnel, washed with chilled deionizedcell protein content was not correlated with a rise
water, filtered under vacuum and its moist weightn the extracellular protein (Fig 2c). These results
was determined. The dry weight was determinedould not be attributed to hyphal rupture or
after drying the same mycelium at 65 °C till proteolytic action since the hyphae remained intact
constant weight. The intracellular total protein andip to 168h (according to microscopic analysis),
glucoamylase were extracted from the moisand no significant protease activity was detected in
mycelium by rinsing with chilled water, freezing the medium (data not shown). These data
and crushing with glass beads on a vortex. Proteirtemonstrated that the evaluation of the fungal
were extracted from the disrupted cells with 10@rowth by measuring the cell protein may not be
mM [-1 acetate buffer, pH 5.4, at 4 °C, and theaccurate in all cases.
crude extract was centrifuged (12,000 x g for 1% omparing the extracellular GA activity (Fig. 2c)
min, 4 °C). Protein concentration was determinedavith the biomass production by. lanuginosus
by the Hartree (1972) method. Reducing sugar wag03 (Fig 2b) showed that most of the enzyme was
quantified by the DNS method (Miller, 1959). released into the medium after the log phase. This
result disagree with those reported Aarnigerin

RESULTS AND DISCUSSION which secretion of GA and production of total
protein, in similar experiment conditions, occurred
Selection of strains with amylolytic activity mainly in the growth phase (Aalbaek et al., 2002;

Out of 20 thermophilic fungi isolated from the Papagianni and Moo-Yung, 2002).

material obtained in 20 collecting trips (200For the purpose of comparing the extracellular and
samples), fiveThermomycestrains were selected cell-associate GA activities, the amount of enzyme
for their ability to grow at 45 °C on a liquid has been expressed in units per mycelial dry
medium containing starch as the sole carboweight and units per total protein (mg) in the
source and to produce considerable glucoamylaggedium and in the cell, respectively. The
activity under these conditions. The strain wagermentation procedure was the same described in
identified as Thermomyces lanuginosu303, material and methods. Both the cell-associated and
which secreted high glucoamylase activity, wagxtracellular GA production exhibited two peaks

selected in this work. (Fig. 2a and 2c). The first peak of cell-associated
GA occurred at 72 h growth, decreasing to a
Glucoamylase (GA) production in SmF minimum at 96 h, exactly when the first peak of

Glucoamylase activity in the fermentation mediumthe extracellular GA occurred. The same was
maximum (extracellular) was between 168 andbserved for the second peak: cell-associated GA
192 h, with a maximal activity of 13 U riflwhen was maximum at 168 h and extracellular GA at
soluble starch was used as substrate for enzynd®2 h of fermentation, when cellular activity was
activity assay, and 6 U mi_ when the substrate declining. These data suggested a coordinated
was maltose. The data in Fig. 1a indicated thatontrol of the activation and secretion of cell
GA activity preferentially hydrolyzed starch andassociated GA throughout the fermentative
exhibited lower maltase activity (Fig. 1a). process. Since the method used for the extraction
When evaluated in terms of the cell protein, thef the cell protein did not permit the separation of
mycelial production reached a maximum at 48 lenzyme present in the cytoplasm or associated
(Fig. 2b). The hyphae accumulated the protein ~ with the cell wall, it was not possible to infer a
possible mechanism of activation of the enzyme in
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the intracellular or periplasmatic compartments. leffecting enzyme activation of the cell-associated
was not inconceivable that the protein synthesienzyme and its secretion might then explain the
occurred in the stationary phase, therefore thebserved pattern (Wallis et al, 1999).

assumption of the post-translational modification
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Figure 1 - Glucoamylase production byrhermomyces lanuginosu$O3 in submerged
fermentation. a) Fulled square = glucoamylase igtion soluble starch; open
square = glucoamylase activity on maltose; b) tungle= reducing sugar
(ug/mL) in SMF; diamond=pH variation in SmF medium.

Two peaks of extracellular and cell-associated GAf GA in the culture medium ofA. awamori
suggested the presence of GA isoforms. Thdepending on the growth phase has been proposed
majority of the published data about the GA(Hayashida et al., 1988).

isoforms refer to extracellular enzymes. Data onn Fig. 1b, the pH of the culture medium is seen to
GA from Aspergillusspecies seem to be concerneddrop from an initial 5.5 to 4.2 within 72 h and then
mainly with the processing of the enzyme in theo rise to 6.5 at 96 h of fermentation, remainning
culture medium by proteases or enzymatianchanged thereafter. Several authors have
deglycosylation (Paszczynski et al., 1985reported that the fungal protein secretion required
Neustroev et al., 1993; Nascimento et al., 1998jlycosylation as part of secretion machinery and
Dubey et al., 2000; Suthirak et al., 2005), althouglthat the regulation of glycosylation was pH-
synthesis from different mRNA derived froome dependent (Wallis et al.,, 2001; Conesa et al.,
primary transcript has been considered (Boel et a2001). Besides this it has been demonstrated that
1984). Also, specific production of different forms GA isoforms fromA. nigerwere modified by the
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extracellular acid proteases after the pH of theiscarded. Although the data presented suggested
culture medium was lower from 5.0 to 3.0 and thathe presence of control mechanisms for the
this acidification induce the secretion of acidactivation of cell-associated GA and the secretion
proteases (Aalbaek et al., 2002). A possiblef this enzyme throughout the fermentative

influence of the pH of the medium in process, at this stage further research wont be
activation/secretion processes can not beesquired.

a
60 *
= 50 o
TE‘ ‘318 ./ \.\.
5 S
2 25 o \
2 20 / °
Q e L4
T 154 A
E’ A/\A
< 10 / ~a
o A
S 54 ~J a—4
O ——————————————————1——
0 24 48 72 96 120 144 168 192 216 240 264
Time (h)

£ /-/X:

3
SENE - —
= v \o—o—o/ *—, /

*—3
T e—e

T T T T T T T T T T 1
0 24 48 72 96 120 144 168 192 216 240 264

Time (h)
C

20+ A

18] A 47000
—~ 167 5 46000%"
S A ©
s 147 {50002
=2} O. 2
§ -5 124 O\ \ ~
S E A2 {40002
=35 10 A7 5]
> £ O <
£ E g {3000¢
© = ]
.S gd Q
% a +420008
8 4 O
= 11000
[} 27 -

Do B0

0 24 48 72 96 120 144 168 192 216 240 264
Time (h)

Figure 2 - Evaluation of intra and extra-glucoamylases prtidacby Thermomyces lanuginosus
TO3 in SmF. a) fulled triangle = intracellular ghanylase activity (U/mg cell
protein); fulled circle= intracellular glucoamylaaetivity (U/g dw);b) fulled square =
moist weight (mg/mL of medium); fulled circle = ding weight (mg/g dw); fulled up
triangle= intracellular protein (mg/g d.w);c) openeircle: extracellular glucoamylase
activity (U/g dw); opened triangle = extracellulucoamylase activity (U/mg protein
of the medium).
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Enzyme characterization: substrate specificity enzyme activity detected on the raw starch was
and physico-chemical properties still appreciable. However, the hydrolysis pf
The substrate-specificity results presented in Figiitrophenyle-D-glucopyranoside by this enzyme
3 confirmed that the enzyme acted preferentiallyvas very slow and not was observed activity on
on starch, compared to maltose anducrose.

maltooligosaccharides.  Soluble starch was

hydrolyzed better than the raw starch, although the
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Figure 3 - Glucoamylase activity on different substrates.

The glucoamylase activities in the crude filtratesstarch and  maltose  substrates.  Similar
obtained from T. lanuginosus TO3 exhibited characteristics were described for a glucoamylase
different pH and temperature optima, according térom Scytalidium thermophilumCereia et al.,
the substrate used. The optimum activity orR2000). This pattern of activity in glucoamylase has
maltose was observed at pH 4.5 and that on stardbeen attributed to the existence of a common
at pH 5.5, while the temperature optima were 7@atalytic site for starch and maltose hydrolysis, but
°C and 65 °C on starch and maltose, respectivelspecialized subsites for each of these substrates.
(Table 1). The presence of various subsites was also
This variation in the catalytic properties of thedemonstrated for glucoamylase frorviucor
crude enzyme as a function of substrate coulfavanicusand A. niger. These enzymes hydrolyse
reflect the presence of a mixture of enzymesnaltose and soluble starch at a single active site
According to Chiba (1997) two exo-amylases werand have extended subsites that bind the
capable to release glucose from the starch analtooligosaccharide firmly on the bond-cleavage
maltooligosacharides: glucoamylase and- site; however, the smallest substrate, the dimmer
glucosidase or maltase. The first acts preferentialljnaltose, would be bound in a non-productive
on starch while the second hydrolyses the solubleonfiguration and would be hydrolysed slowly
starch very slowly, acting preferentially oncompared to larger maltooligosaccharides
maltose and maltooligosaccharides (Saha ar(@ugimoto et al., 1994; Sugimoto et al., 2003,
Zeikus, 1989). The presence of both the enzymeswift et al., 1998, Kaia et al., 1991).The present
has been reported in the culture media Aof results supported the idea tHatlanuginosusrO3
awamori, A. niger, A. oryzae and A. flavus produce one enzyme with a preference for soluble
(Hayashida et al., 1988, James and Lee, 199%tarch, but it was not possible to infer whether the
Negret et al., 1999; Gomes et al., 2005). Howevefungus produced glucoamylase amdjlucosidase.
Tosi et al (1993) reported that a purified Further investigations involving  enzyme
glucoamylase fronH. griseashowed considerable purification are required.

maltase activity, and that the optima pH,

temperature profile and also the activation

energies for hydrolysis were different for the
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The optimum pH found for thd. lanuginosus lanuginosusandT. lanuginosuK13/1 Humicola
TO3 glucoamylase (5.5) agree with those reporteldnuginosa with pH 6.6 (Cereia et al.,2000).

for GA from other strains ofThermomyces The thermostability of the enzyme was high, with
lanuginosuswhose pH optima were determined inpreservation of 100% of the initial activity after 1
the acid- neutral range, such as those frbm h at 60 °C in the absence of substrate and the half-
lanuginosusATCC 34626, with optimal pH of 4.5- life of the enzyme was 6h. The enzyme was stable
5.6 (Nguyem et al., 2002),. lanuginosusATCC over a wide pH range, with 100% stability
44008 andT. lanuginosusATCC 28083 with pH between at values of 4.0-10.0 (Table 1).

4.5 (Ronaszéki et al., 2000}, lanuginosus

A13.37 with pH 4.0 (Gomes et al., 2005) and

Tablel - Properties of crude glucoamylase produced bgrmomyces lanuginosd®3 in SmF, on soluble starch
and maltose as substrates.

Substrate
Enzyme Properties Soluble starch Maltose
Optimum pH 55 4.5
Optimum temperture (°C) 70 65
Half- life at 60°C (h) 6.0 6.0
pH range which preserving 100% of initial 4.0-10.0 4.0-10.0
activity for 1h
Temperature range which preserving 100% 20-60 20-60

of initial activity for 1h.

In comparison with the thermal characteristics o0ACKNOWLEDGEMENTS

known glucoamylases, the enzyme differed in the

thermal stability and optimum temperatures (65The authors wish to thank the Fundacdo de
and 70 °C) from several mesophilic fungal speciessmparo a Pesquisa do Estado de S&o Paulo
whose optimum temperatures were between 4(FAPESP) for financial support.

and 50 °C, e.g. glucoamylases frokspergillus

and Rhizopusstrains described as susceptible taesyMmO

denaturation at temperatures above 60 °C (Ali and

Hossaim, 1991). The enzymes thermostability ¢,nq5 termofilico Thermomyces lanuginosus

were similar to glucoamylases from thermophilicr o3 g jsolado a partir de amostras de material de
fungi such asralaromyces dupontend H. grisea pilhas de compostagem, com base em sua

and otherT. Ianuginosustzainsthat had optima capacidade de crescer em meio liquido contendo
activity at 75, 60 and 70 °C, respectively (Jame_amid0 como Unica fonte de carbono, a 45 °C, e

and Lee, 1997). Since any industrial process iSioqyzir consideravel quantidade de glucoamilase.
based on the use of crude or partially purifie

L ; . producdo da enzima por fermentagdo submersa
enzymes, it is important to determine the optimMuNtgm foi alta. com um méaximo de 13 U/mL em

temperature for the activity and thermostability) gg 1, ge fermentagao. A atividade enzimatica foi
under these conditions.
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maior sobre amido do que sobre a maltose ldayashida S.; Nakahara k.; Kuroda K.; Kamchi T.;
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