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DNA 1391 bp 1369 bp,
GenBank ( EF392652
EF392653) 16S rDNA GenBank
, 99% Geobacillus
, Geobacillus

, Geobacillus thermoleovorans(99%)

1 E#R 173 FA 174 334 58 ¥ B P& AR . . .
5 ik * TR A O P R Geobacillus kaustophilus HTA426(99%) Geobacillus

Fig. 1 Digestion of raw starch by strains 173 and 174 grown on

plate. stearothermophilus strain BGSC W9A31(99%)
21.2 . 173 LB Geobacillus 16S rDNA
65 12 h 0.5 cm 1.6 cm 96.5%!'" 12, 173
, 174 :
, , , , Geobacillus sp. 173 Geobacillus sp. 174,
50 75 174 (http://cicim-cu.
, 30 75 sytu.edu.cn, : Geobacillus sp. 173 CICIM B1649,
, 173 2 LB Geobacillus sp. 174  CICIM B1650)
173 174 2.2 EHEE RSDE173. RSDEL74 M Baib SHHTEE
Geobacillus sp. 173 Geobacillus
sp. 174 RSDE173 RSDE174
1 1000 mL 173 174,

(RSDE173 RSDE174)
145U/mL  12.9 U/mL
TOYOPEARL HW-55F ,
50 29 RSDE173 RSDEI174,

E2 EHI73FM 17403 KBEERE

Fig. 2 Scanning electron micrographes of strain 173 and 174 34% 41%
(10000%). A: Strain 173; B: Strain 174.

3
2.1.3 16S rDNA ; PCR - TOYOPEARL HW-55F
R 173 174 16S rDNA s ,RSDE173 RSDE174 10 SDS-PAGE
% 1 4iE#E RSDEL73 #1 RSDE174 M B AL 1R
Table 1 Purification of the raw-starch-digesting amylase from Geobacillus sp. 173 and 174
Total protein Total activity Specific activity Purification . .
St /mg /unit /(unit/mg) /fold Yield /%
€p
173 174 173 174 173 174 173 174 173 174
Crude extract 8.2x10° 3.6x10* 1.45x10* 1.29x10* 0.6 0.8 1.0 1.0 100 100
Starch adsorption 619 733 1.3x10* 1.1x10* 21 15 35 19 89 85
TOYOPEARL HW-55F 166 230 5.0x10° 5.3x10° 30 23 50 29 34 41
54 kDa RSDE173 RSDE174
2.3 BEEMERM 1h, 100%,
5 4'A )
RSDE173 RSDE174
RSDE173 RSDE174 70 50 ~60
2.3.1 : , 40 ~60
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12 3 4 s 6 7  kba 4-B ,
) - ‘ RSDE173 RSDE174 pH pHS5.0~5.5
RSDE173 RSDE174 pH
1 h,
. pH5.0 9.0 ,
pH ; pH 4.0
10.0 , pH
2.3.3 : 2
mmol/L s 2
et .3 RSDE173 RSE174 Na" K*
A ER L B L Lo
Fig. 3 Analysis of purified raw-starch-digesting amylase by elec- Mg Ca Mn Zn EDTA
trophoresis. Analysis of SDS-PAGE (10% gel) and staining with C02+ Cu2+
Coomassie blue. Lane 1: culture supernatant of Geobacillus sp 173; >
lane 2: RSDEI173 purified by raw starch adsorption-desorption RSDE173 Cu2+ RSDE174
system; Lane 3: RSDE173 purified by TOYOPEARL HW-55F
column; Lane 4: culture supernatant of Geobacillus sp 174; Lane 5:
RSDE174 purified by raw starch adsorption-desorption system; N .
Lane 6: RSDE174 purified by TOYOPEARL HW-55F column; Lane 2 BFHEBEHEMNEZD
7: fermentas protein marker SM0661. Table 2 Effect of ions on enzyme activity
Related Activity /%
—=—RSDEI73 —+RSDE174 lon
RSDE173 RSDE174
° None 100 100
2 Na' 96 99
é K* 94 99
s Mg 97 97
=z Ca®' 101 105
&~ Mn** 99 99
0 N LA Co* 85 93
40 45 50 55 60 65 70 75 80 Cu’+ 60 70
T/ Zn** 92 97
Citrate 97 96
100 EDTA 95 98
£ 80
3 0 5 (1000x),
0 RSE173(B) RSEI174(C)
3
SN S , 5h
4 45 5 55 6 65 7 75 8 , ,
pH
4 RN pH M EEE RO '
Fig. 4 Effect of temperature (A) and pH (B) on amylase activity.
RSE173 RSE174
70C Lh, 4cC ) 3 RSE173
70C l1h RSDE173 RSDE174 : RSE174
86% 91% ,
2.3.2 (pH): pH, RSE173
RSDE173 RSDE174 pH 1.48; RSE174
50 1 h, 100%, 1.69
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Bl 5 FRIEMBOR BT BRI R (2400%)
Fig. 5 Scanning electron micrographes of digested corn starch granules (2400x). The partially digested corn starch granules were prepared as
described in ‘Materials and Methods’ and used in the sample for scanning electron microscopy. A: corn starch granule without digestion; B:
corn starch granule digested by RSDE173; C: corn starch granule digested by RSDE174.

®3 EXARERYEKERER

Table 3 Enzyme activities on various substrates

RSE173 RSE174

Substrates

Activity/(U/mg) Ratio* Activity/(U/mg) Ratio
Raw starches

Corn 27.6 0.84 19.1 0.50
Potato 124 0.38 35.1 0.92
Wheat 30.6 0.93 26.1 0.69
Sweat potato 32.8 1.00 23.1 0.61
Sticky rice 21.6 0.66 38.1 1.00
Gelatinized corn starch 48.4 1.48 64.2 1.69

* The ratios of their related activities for digesting the gelatinized starch and the above best substrates are 1.48 (RSDE 173 to sweet po-
tato starch) and 1.69 (RSDE 174 to sticky rice starch), respectively.

3 ﬁ— 1,% 70C RSDE173  50C~65TC
, RSDE174
) 40C~65TC
1) , pH 5.0~5.5 , RSDE173
80 (4l RSDE174 ,
, [15~17] pH 6.0[2,20~22] 4
[18,19] 5
50C~60C, Geobacillus Ca* ,
stearothermophilus RSDE173 RSDEI174

T4 BMERMEMERILR

Table 4 Comparison of raw starch digesting amylase

Resources Topt. pHopt, pH stability Thermo-stability Suitable substrate Reference
Geobacillus sp. 173 70 5.0~5.5 4.5~9.0 30-90 Sweet potato This study
Geobacillus sp. 174 70 5.0~5.5 4.5~9.0 30-90 Sticky rice This study
Streptomyces sp 50~60 6.0 6.0 50 Wheat [2]
Bacillus subtilis 65 60 6.0 6.0~9.0 60 Waxy corn [20]
Geobacillus stearothermophilus 70 — — — Wheat [21]
Cryptococcus sp. S-2 50 6.0 — 30~90 Potato [22]
—, not determined.
, , Geobacillus , 16S rDNA
, Geobacillus  thermoleovorans(99%)
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Geobacillus kaustophilus HTA426(99%)
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Purification and Characterization of Thermostable Amylases from
Two Bacterial Species

Yongcun Dong, Yang Liu, Yuanyuan Chen, Dandan Niu, Liang Zhang, Guiyang Shi,
Zhengxiang Wang"

(The Key Laboratory of Industrial Biotechnology, Ministry of Education and School of Biotechnology,
Jiangnan University, Wuxi 214122, China)

Abstract: Two thermophilic bacterial isolates, strain 173 and strain 174, with raw starch-digesting activities were selected
from thermophilic bacteria growing in hot spring of Tengchong County, Yunnan Province, China. By amplification, se-
quencing and alignment analysis of 16S ribosomal DNAs, they were identified as members of genus Geobacillus. In
shaker flask culture Geobacillus sp. 173 produced 14.5 U/mL amylase and for Geobacillus sp. 174 with 12.9 U/mL . Both
amylases were purified by starch absorption-desorption and chromatograph. The amylases from strain 173 and strain 174
purified to about 50 and 29 folds were respectively achieved with an overall yield of 34% and 41%. The maximum gelati-
nized-starch-digesting activity of the purified amylases were at 70°C and pH 5.0~5.5. The high raw-starch-digesting ac-
tivity of these enzymes were observed at 50°C~60°C ( from strain 173) and 40°C ~60°C (from strain 174). Both enzymes
were not sensitive to ions including mental ions (Na", K, Mg*", Ca®", Mn>", Zn>") and others (EDTA, Citrate), but were
slightly inhibited by ions such as Co’*, Cu®" for amylase from strain 173 and Cu’" for amylase from strain 174. Both en-

zyme had specificity of starch substrates.
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