Brazilian Journal of Microbiology (2002) 33:57-61
ISSN 1517-8382

PRODUCTION AND PROPERTIES OF a-AMYLASE FROM THERMOPHILIC BACILLUS SP.

Carlos Alberto Martins Cordeiro; Meire Lelis Leal Martins*; Angélica Barbara Luciano

Centro de Ciéncias e Tecnologias Agropecudrias, Universidade Estadual do Norte Fluminense,
Campos dos Goytacazes, RJ, Brasil

Submitted: March 02, 2001; Returned to authors for corrections: June 25, 2001; Approved: February 25, 2002

ABSTRACT

a-amylase (1,4%-D-glucan glucanohydrolase, EC 3.2.1.1) production by thermoaldius sp strain

SMIA-2 cultivated in liquid media containing soluble starch reached a maximum at 48h, with levels of 57U/
mL. Studies on thea-amylase characterization revealed that the optimum temperature for activity was 70°C.
The enzyme was stable for 2h at 50°C, while at 60°C, 70°C and 90°C, 4%, 13% and 38% of the original
activities were lost, respectively. The optimum pH of the enzyme was 7.5. After incubation of crude enzyme
solution for 24h at pH 7.5, a decrease of about 5% of its original activity was observed. The enzyme was
strongly inhibited by Ct, Cu* and B&", but less affected by €aMg?, Ni?*, S#* and Mr*. The enzyme

in 1M and 5M NacCl solutions the enzyme retained 70% and 47% of the original activity after 24h of
incubation at 4°C, respectively.
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INTRODUCTION In this article the production of thermostablamylase by
thermophilicBacillus sp strain SMIA-2, previously isolated
Thermophilic and extremely thermophilic microorganisms havieom a soil sample collected in Campos dos Goytacazes City,
gained a great deal of attention recently (2,3,11,21). Enzymes fr&io de Janeiro, Brazil, is reported.
these microorganisms are of special interest since they are not
usually denatured by high temperatures and are even active at MATERIALS AND METHODS
elevated temperatures (1,6,10,23,24). The dgacifusproduces
a large variety of extracellular enzymes, some of which such@sganism
the amylases are of significant industrial importance (4). Among The bacterial strain used in this studss a thermophilic
these enzymes, the thermostable varieties are more versatile Biticillussp strain SMIA-2 (19), previously isolated from a soll
respect to industrial significance. Thermostablamylases have sample collected in Campos dos Goytacazes City, Rio de
had many commercial applications for several decades. Thdsaeiro, Brazil. Phylogenetic analysis showed that this strain
enzymes are used in the textile and paper industries, foela member of thBacillusrRNA group 5. This group includes
adhesive, and sugar production (12,15,16,18,21,22). Bacillus stearothermophiluand other thermophiliBacillus
Thea-amylaseproduced by differerBacillusspecies vary spp. The optimum temperature and pH for growth of this
not only in their types (saccharifying or liquefying) but also imrganism were around 55°C and pH 7.0, respectively. The
the range of pH and temperature for their optimal activity. Thirganism was found to produaeamylase on culture medium
bacterial source of the enzyme is usually from eiBaillus composed of 1% Soluble starch, 0.2% Yeast extract, 0.5%
amyloliquefaciensor Bacillus licheniformis the latter now Peptone, 0.05% MgS£0.05% NacCl, 0.015% Cagand 2%
being of greater industrial importance (5). agar at 55°C (pH 7.0).
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Enzyme production concentration of 1mM to the reaction mixture, and assayed
The culture medium used in this work faramylase under standard conditions. The enzyme assay was carried out

production contained (g/L): NaR0,.2H,0-1.56, NHCI-5.35, inthe presence of €aMg#, F&*, Fe*, Ca*, Zr?*, Mn?*, Hg?,

KCI-0.745, NaSQ,.10H,0-0.644, Citric acid-0.42, MgebH,O- Cu?*, Cs*, Ni?*, Si*, B&*, Ag'* chlorides, Phacetate, and

0.25, CaC}-2.2x10%, ZnO-2.5x1@¢, FeCh.6H,0-2.7x1(?, Cu?'sulphate.

MnCl,.4H,0-1.0x1®, CuC}.2H,0-8.5x10*, CoCh.6H,O-2.4x1C,

NiCl;.6H,0-2.5x10%, H;BO,-3.0x10%, NaaM0oO,-1.0x1(% Bacto- ~ Salt tolerance test

tryptone-10.0, Yeast extract-2.5 and Soluble starch-5. The pH Enzyme was incubated in 10 mM Phosphate buffer (pH 7.0)

was adjusted to 6.9-7.0 with 1.0 M NaOH and this basal mediwuantaining various NaCl concentrations (0.05 to 5M) for 24h at

was sterilised by autoclaving at 121°C for 15min. Yeast extradC and in each case activity of the enzyme was measured in the

Bacto-tryptone and Soluble starch were sterilised separatebme way as mentioned earlier.

and aseptically added to the flasks containing the liquid medium,

after cooling. The above medium (50 mL in 250 mL Erlenmeyer RESULTS AND DISCUSSION

flasks) was inoculated with 1 mL of an overnight culture and

incubated at 55°C with vigorous aeration in a rotary shakerEzymatic production

150 rpm for 144h. At time intervals, the turbidity of the cultures Fig. 1 reports the time-course @famylase production by

was determined by measuring the optical density at 470 nm iBacillussp. strain SMIA-2 grown in basal medium supplemented

Hitachi Model U-2000 spectrophotometer. Before assay, the cellgh 0.5% Soluble starcla-amylase production reached a

were separed by centrifugation at 13.000 rpm for 15 min and tmaximum at 48h, with levels of 57U/mL. Subsequeatigmylase

clear supernatant was used as crude enzyme preparation. levels remained more or less constant up to 96h and after 144h

n dropped to 23U/mL. It was observed that maxinoamylase

Amylase Assay production occurred when the cell population reached the peak,
The activity ofa-amylase was assayed by incubating 0.8uggesting that this organism may be unusually sensitive to

mL enzyme with 0.5 mL Soluble starch (1%, w/v) prepared imetabolite repression. Effective induction may not occur until

0.05M Phosphate buffer, pH 6.5. After incubation at 90°C for 1fe stationary phase has been reached and the readily available

min the reaction was stopped and the reducing sugars releasstbon source was depleted.

were assayed colorimetrically by the addition of 1 mL of 3-5-

dinitrosalicylic acid reagent (17). An enzyme unit is defined d@sffect of pH on activity and stability of a-amylase

the amount of enzyme releasing 1 mmole of glucose from the The effect of pH om-amylase activity is shown in Fig.2.

substrate in 1 min at 90°C. Optimum pH was found to be 7.5. The enzyme activity at pH 5.5
and 10.0 were 73% and 55% of that at pH 7.5, respectively. After
Effect of pH on activity and stability of a-amylase incubation of crude enzyme solution for 24h at pH 5.0-10, a

Effect of pH on the activity ofi-amylase was measured bydecrease of about 5% of its original activity at pH 7.5 was
incubating 0.3 mL of enzyme and 0.5 mL of buffers, adjusted to pH
of 5.5 to 8.5, containing Soluble starch (0.5%). The buffers used

were: sodium acetate pH 5.5; phosphate pH 6.0 —8.0; Tris-HCIpH 1 5. = 4 1100’_1&‘ 730
8.5. Stability of the enzyme at different pH values was alsa £ 10005
. . . . : S 5 - D 725
studied by incubating the enzyme at various pH values rang|§g 054 = | soE
from 5.5 — 8.5 for 24h and then estimating the residual activitg 2 5 720
< = 40 L 800
o N E’ 004 B 2 s
Effect of temperature on activity and stability ofa-amylase o) g 30 F 70 S 10
The effect of temperature on the enzyme activity wa® os] g 20 3 600-§ ’
determined by performing the standard assay procedure-as E‘ L 5003 705
mentioned earlier for 10 min at pH 6.5 within a temperature range .10J W 1o 00 L7.00
of 40 —100°C. Thermostability was determined by incubation of 0 24 48 72 96 120 144
crude enzyme at temperatures ranging from 40-100°C for 2hin a Time (h)
constant-temperature water bath . After treatment the residual -¢- [Famylase -e-Reducing sugar
enzyme activities were assayed. —- pH -m- Optical density
Effect of metal ions Figure 1. Time course ofi-amylase production yacillussp.

The effect of different metal ions oramylase activity was strain SMIA-2 grown at 55°C on 0.5% soluble starch in shake
determined by the addition of the corresponding ion at a finfisks.
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Figure 2. Optimum pH and stability pH af-amylase produced
by Bacillussp. strain SMIA-2 grown at 55°C for 48h. Relat|ve

activity is expressed as a percentage of the maximum (100% Figure 3. Optimum temperature and stability temperature of
enzyme activity = 92U/mL) a-amylase produced bBacillus sp. strain SMIA-2 grown at

55°C for 48h. Relative activity is expressed as a percentage of
the maximum (100% of enzyme activity = 78U/mL).

observed. At pH 10.0, the decrease was of 44%. Gkasylase
of Bacillussp. strain SMIA-2 strain seems to be active in very
broad pH range. 100
Effect of temperature on activity and stability ofa-amylase <
The supernatant amylolytic activity were assayed at differel, 80
temperatures ranging from 40°C-100°C at a constant pH of 55
and a substrate concentration of 0.5% as shown in Fig. 3. Enzytpe
activity increased with temperature within the range of 40°C § g |
70°C. A reduction in enzyme activity was observed at vaIu%
above 70°C. The optimum temperature of thismylase was g
70°C, which was higher or similar to that described for othe: 40-
Bacillusa-amylases (4,7,8,13). The residual activity of crudeg
a-amylase incubated at different temperatures for a period 8f
2h and 24h was estimated at optimum temperature. The enzyme
was stable for 2h at temperatures ranging from 40-50°C whileat 1 2 3 4 5
60°C, 70°C and 90°C, 4%, 13% and 38% of the original activities
were lost respectively.

NaCl concentration (M)

Figure 4. Effect of NaCl concentration arramylase produced

Effect of metal ions by Bacillussp. strain SMIA-2 grown at 55°C for 48h. Relative

Because metal ions could be generated from equipmertivity is expressed as a percentage of the maximum (100% of
corrosion, specially when subject to acid hydrolysis, the effeshzyme activity = 79 U/mL).
of some metal ions at the concentration of 1 mM in the activity
of a-amylase was investigated. As can be observed in Table
1, thea-amylase did not require any specific ion for catalytienetal ion for catalytic activity. The inhibition &acillus sp.
activity. A slight activity inhibition was produced in thestrain SMIA-2a-amylase by C8, C/** and B&ions could
activity by C&*, Mg?, Ni?*, S#* and Mr#*, and a stronger be due to competition between the exogenous cations and
inhibitory effect was observed in the presence of Go?* the protein-associated cation, resulting in decreased
and B&'. Some amylases are metalloenzymes, containingretalloenzyme activity (12).
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Table 1.Effect of different ions on-amylase activity produced liquidos contendo amido solGvel, alcangou 0 maximo em 48h
by Bacillussp. strain SMIA-2 grown at 55°C during 48h. com niveis de 57U/mL. Estudos sobre a caracterizac@e de
amilase revelaram que a temperatura 6tima de atividade desta
enzima foi 70°C. A enzima foi estavel por 2h a 50°C, enquanto

Percentage of activity (%)

Ton 1 mM .. .

Control (no addition) 100 gue a 60°C, 70°C e 90°C, 4%, 13% e 38% da atividade original

Ca2+ 89 foram perdidas, respectivamente. O pH 6timo da enzima foi 7,5.
Mg2+ 97 Apos a incubagéo da enzima bruta por 24h a pH 7,5 observou-
Fe 2+ 75 se um decréscimo em torno de 5% de sua atividade original. A
Fe 3+ 59 enzima foi fortemente inibida por €pCu** e B&*, mas foi
Co 2+ 26 menos afetada por €aMg?", Ni?*, SE* e Mr#*. Em solugéo de
Zn 2+ 73 NaCl 1M e 5M, a enzima reteve 70% e 47% da sua atividade
Mn2+ 93 original apds 24h a 4°C, respectivamente.
Hg 2* 45
Cu 2 87 Palavras-chaven-amilase, bactéria termofilicBacillussp.
Cs 2+ 101
Ni 2+ 90
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