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TR—25 Isolated from Extreme Environment

Suk-Bum Roh, Hong-Joo Son* and Jong-Kun Lee'

Department of Microbiology
*Institute of Environmental Studies, Pusan National University, Pusan 609-735, Korea

Abstract

For screening thermostable a-amylase from thermophiles, various samples from extreme environments such as hot
spring and sewage near them, and compost, were examined microbial growth in enrichment culture medium at 55T
on the assumption that enzymes from thermophiles are inevitably thermostable. One strain showing higher a-amylase
activity was pure cultured and designated as Bacillus sp. TR-25 from the results of morphological, cultural and phy-
siological characteristics. The most important carbon sourses for the enzyme production were soluble starch, dextrin,
potato starch and corn starch. Glucose and fructose had a catabolite repression on the enzyme production. The good
nitrogen sources for the enzyme production were yeast extract, nutrient broth, tryptone, com steep liquor and ammo-
nium sulfate. The enzyme production was accelerated by addition of CaCl, + 2H,0. The optimal medium composition
for the enzyme production was soluble starch 2.0%, yeast extract 0.5%, CaCl, * 2H,0 0.01%, Tween 80 0.001%,
pH 8.0, respectively. In jar fermenter culture, this strain shows a rapid growth and required cheaper carbon and nit-
rogen source. These properties are very useful to fermentation industry. The a-amylase of this strain demonstrated
a maximum activity at 80C, pH 5.0, respectively. And calcium ion did not improve thermostability of the enzyme.
At 1007, this enzyme has 23% of relative activity. Transformation was carried out by thermophilic Bacillus sp. TR-

25 genomic DNA. As a result, the transformant has increased thermostable a-amylase activity.
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FERANA L& 284 Bacillus sp. TR—25 & WLA a—amylases] 44

Mo E

Amylasex &9 1,4 A EE 0-1,6 S 715
T3k BAa2A FAE, g S U 22
o Y 1 ZEFH g g3t FFHE EREe 12
o|t}. 1% a-amylasela-1,4-glucan 4-glucanohydrolase,
EC 3.2.11]¢ 4&, AE, A, A4, fE¥FY Bl 9y
2ol M8 AAEAM e A7) APHo] gt AR
d}g o2 AMHe WA camylaser 239 A
LEAME AGAINA F3 AEARES AN A 93}
&9 g5 goldhr TEolF o] A, WdAel %
He olfe ARG 3LoE FN F 2EE BEy
= ALl retrogradation®|o] Ea#s7t oJPA 1,
Wzt costd] F7F @ AAgo) AsE 7] ol

L2GHEE dutHo 2 55T o] TLoA ghird] A
S8k @& LIk, oY 124He EY, gy, &3
A T dE] £X3T glov, iRy JE LG Yto]
o 24T Behe A4 UHE Fe4dY a4H
O yadel 98 Aoz 494 deng AN 2
Ae@FoaRe 14774 WA F28 Besln, o
A Ead S AR e AYuAETHY 2H
et ok} nAE AestE HolNE 1 9oy} A
Tamuri $7& F3%9 24 PAES 284y, 1
FolA FHEe WA g-amylase AANTFE st
Bacillus licheniformis®] a-amylase9} H] 2319t} Kindle 5
9L Bacillus$oN A 223 g-amylases Ca?* & HA &7
31, 90T A HAEA S bty Buslgh
@A FHelM e 60~80T7HA] AUAAE HolE g-am-
ylaseE A= Bacillus licheniformis®] E2lo} #3 B
17k .

a-Amylase®] AAe fAA, o]2uny F2uiEe
¥, Adqst aZetEazy 53 ¢ 5HAHQ gl 3
AYET ofe} a-amylasedt corn starch9}e] Eo]AgHS
T8 affinity typed! AAE &5 Uths AHo] Uso,
a-Amylased] #3 FHHQ0 AFE N¥-E Bacillus subti-
lis\ X AR Z Bacillus subtiliss 124 Ao] 7t
AL SIE geneS AT 93l +48 & Uk £F
§ 571 H7) Wi 4F 249 overproducer 24 7t
%& 213tk Green $72 2% Bacillus 49 #FE

N ol o

°]8-3t%] whole cell DNAE H33}A xzjdte] AR
P& Ak Lindsey ¥ 34 Bacillus caldalyti-
cus®) DNAE &4 Bacillus subtilis®) AR 2
7, transformant”} 70CAAE A8 4 gl9ed, ¥
A9 Bacillus subtilis9] histidinol dehydrogenases] W&
Aol AR Z7EAThs A& Rudlgoh oA e neATF
o] DNA7} 32479 A%2Es} 349 WIS vEs
Arke A& uigth. WEA a-amylase AT NTG
(N-methyl-N-nitro-N-nitrosoguanidine) & A2 go 24
o-amylased] A4S F7HZ R . gEFHY
ZddA EFA BF dFe 2 EAFEAAE BE
3 FEEo] A GO, wpehA A Sl AN TE
BRI Qe 2T o Ha G Iy
o A Ee] gEzthd thE ahze ggA Fozt
b5 AReE AlaHrh

£ drdMe oY S8A(Ze84) 2R ygd
o-amylase® A3 n2AHE He, 48, 1 F
HgHol £ A48 Hidle 58 43T F 33
AAANRAS gYsty Qe 2ELS S HES
At £ FATY genomic DNAE #-88te] 54 Bg-
cllusEol FARFA Ao 2N FLANT I EEA4S
HESY

T

s

LHHA a-amylase Mdte| Faf Y 124 oldZo Ael

WEA a-amylase A& Fe]317] st §4% 74
oue EY, HY, 8, 285 ¥ 2357} frgsHe 3
Ao 28 AARAH 19 FFHF, 129 ¥4
A3lzd 22 AFFHoEREH ARE Ao Es
AEZ A old AME-E £ 4 iXY 4L nu-
trient broth 8g/l, soluble starch 10g/l, MgSO, * 7H,0
1g/], pH 7001229, agar] WA YA 2 Gelrite(Kelco
AE) 8g/1e Hrlagh 2 AGdlM HHT A8E 93
F FAste] E8 TAA ) HAFIYo 2 xHld 55
T geufoprlo)] Wol wiFA AT A4 E colony F99l 0.
1IN iodine €9g 53l £H &S YehlE colony?He
Ao oFEYAIAY &FEE 778 QPes 1
Ak MiANA g-amylase BAHsS AAES 15 A
e gl 7HE S8 255 B A0 AEE F
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Ngog ARsAch EAANE AT 7R 24L
yeast extract 15g/1, peptone 5g/1, soluble starch 20g/],
NaOH 5g/1, MgSO, * 7H,0 1g/], pH 7.001%ith £3 ¢
Q) 1o MRS BEE dolr7] H3tq 2 AEE
Le@AR N, 4R dT@Fes FEI}A
60Co A WjYggto 2 2+ $7o £Xdhe a2 vAE
£ ATt

a-Amylase EAIEEY

a-Amylase®] BAZAL blue value& AHE3HHTHY.
Z 1% soluble starch % 2ml%} 0.1M acetate buffer
(pH 5.0) 1ml¥ 718k} 80T water batholA 5&3t ¢
LN F AGE] HME 549 1mlE Yol 3083 ¥
SAAD. AR ZA 0.5N acetic acid 10mlE o]
2 @A) E, of EF 1mle] 1/3000N L €9 10
mlE Yol BAA7 & 660nmolM FEE2ZA AABA
< 2Rk A28 243819 1% soluble starch &
9] blue valueE 3083t 10% A3IA 7= AL FE
1 unit® FPow, AdAe o3t 2o
OD,—0OD _ 100

X—Xn

Enzyme activity=20X
ODo 10

7|4 ODoE blank activity, ODE sample activity
£, ne dilution factor® WeEPHATH

SR 2f ¥ 3H

ZAFoE AAE WEA o-amylase ALY E78H3
I g AES7 st g, wE, HEGH AS
e zAEIgen, oo g FAFY £F%} T8 Be-
rgey’s Manual of Determinative Bacteriology A 8 #'%

7} Bergey’s Manual of Systematic Bacteriology Vol. 2'%
o) 9ata] AASHT

WA a-amylase?] X MMZZ 5 QETHIRL

ZA7e WEA o-amylased] HA AL dopr 7]
gt gad, 229, 4F Y, B71%, AREA
AMET, pHY 9T 5& 60CoA 48AEL w5t
AEFPoH, YFeid BE A2HNTE ZAEAG
27194 ARE AAYNZAAA jar fermenterE ©] &
batch culture® A3t Azte] w}E FANEH T4
A% AP oln AH4E $EAZE B. BraunAte

32/ A=A

o)FZ

BIOSTATPEQoH, Waz Az A% 5 L, pH 7.
0O, agitation speed 400rpm, temperature 65C, p0. 70
% ©| ATk

TEAMo| =X Y SMHE

Ay 1% (v/v)E Bogdel 3EFS F, 247 180
rpmo2 AN o MIAS 4T, 12,000
rpmol X 2087 dEAARe s FAE AAT F, 4
Zag 34384tk A membrane filter(0.22pm)E A
g3 FAE SA3 AARLH, o)AE FELYOR
Atk 4719 g-amylase BAZFH wet Aag
Ao v AE &5, pH, CaCl, * 2H,09 4% HESUT

Genomic DNA2| 22|'¥

LB media®]A #W}€ FAo] HTE buffers 71 §, 2
% sarcosyl2Z & 431tk RNase, pronaseE ¥ 50T A
o] 2§ ¥, phenol : choloform : isoamylalcoholZ AH&-3
o DNAE %23l9th. Sodium acetate$} isopropanol
A7tste] —20CM DNAE AAAIATE DNA pellets
70 % ethanolZ A& ¥, AZ3Arh M ¥ DNAE TE
bufferol €31 ¥, —20Co] R#A3}UTE £2]¥ genomic
DNAE 0.7% agarose gel’dold 5V/cmZE A7]9F3H
sk

Transformation'®

&R A Ert 30CY 524 Bacillus subtilis KCTC
1024% nutrient brotholM 18A17t5<H WYE ¥, LB
media® 1004 3|43} ODeoo 0.47H4 ASAIZ . 112
WZA7) o 2XTSSE Wol dgol HA A oF
A 5013 competent cell 100u8t 519} DNAE poly-
propylene tubeol 9§01 4Tol| A 14175 v ge F, 200
mM® glucoseZ 43 LB media® 75l 37CAHA
1A 7HESH wekalgdrt. 1% 9 soluble starch® #-F3 LB
plates] FHT@sia] AolA colonyol 0.1N iodines &
B3t Bgo] 71 2A vehd A Yoz AEE P,
65T oA wokated g-amylase A4tsS AEI}Yh

Z2 o

N2y o|4Ee| ey

gorg AA4T AFRAN SAlse 1A vidE



SEEANA LF 124 Bacillus sp. TR—259) 4% WAA a—amylased B4+

o EEE Uoti7] Y3 vy Fes FX3L Ue
B 9 B89 Eud} 60~80CE FA81 Y 234,
ARl 8714 Atz £YAE ARE 3o AT, &
B oAy A 28 Fgol £FE 49 XY
A& o]&3le] FAIS A¥E Table 19]4 Hianie) g
o ZAE AHAEE AgFd 2 124 nAES
DRI EYY SHE Bl AEHJUY. 23
o A%, A vl Eo] no] AEHo| g 7HeAel 3l
of Wy §e 9 14 wAEe] vehtelet o3t

Table 1. Occurence and number of thermophiles in

each environments

. . Number of
Environ- Kind of .
Samples . isolates
ments isolates
(CFU/g or ml)
Bacteria 1.8X10*
. Mold 2 types*
Soil
Yeast ND
Actinomycetes 2.1X10?
Bacteria 8.4X10*
Mold 2 types*
Feces P R
Yeast 1.2X10
Actinomycetes 5.6X10°
Natural - p
Bacteria 2.1X10
Mold 7 types*
C t
PO Yeast 3.2X10°
Actinomycetes 5.3X10°
Bacteria 2.4X10°
Hot spring Mold 1 types*
water Yeast . ND
Actinomycetes ND
Bacteria 6.3 X107
Industrial  Mold 4 types*
wastewater Yeast 2.0X10?
Artificial Actino.mycetes 6.3X10*
. Bacteria 3.6X10°
Anaerobic
. Mold 6 types*
digester s
Yeast 3.8X10
sludge . ,
Actinomycetes 5.0X10

ND, not detected + *, indicated kind of appeared molds.

ou, A8 Agre e A%SET op} BN, &

o] 3& A8 H&HA 4Uth. )AL AT A7} 1]
AE9 A5 2o 74F JYdo] FEI NgFIHH
Ag guig Ag@AdME A 714 &3
9 £eA EFANN 2AHE EE Fi9 A4 vEo]
ol AZHAT ¥4 mstzdN $3HE olFe dE
2 Clostridium 59 U714 Aoz 4 glol, 3
MG E ol 88 B HS U LA m4E
AgHeE dddct 128F o2 RE Sndge £
e UFE A4S FHoR 4AHL Sk 22y & o
T4 28 FHA, 2ot dFE 224 nES 2
37] feixe Ade] negdgRthe J3AY 12y S
¥ejdoz she 2o Fou, £ NGYAA, F714H T

< Ry A% gFd WdEe AHgeor dite
< ¢ U

o
1

o 8

Borir

&ﬂ

=
o
A

Table 2. Effect of carbon sources on the production of

a-amylase
Carbon sources Final Growth Enzyme activity
(1.0%) pH (OD at 660nm) (units/ml)
Soluble starch 5.1 4.0 412
Potato starch 5.3 4.5 330
Com starch 6.2 1.5 22
Glucose 5.6 4.7 19
Maltose 6.0 4.3 81
Xylose 4.6 2.2 14
Galactose 8.5 3.0 90
Arabinose 4.7 30 10
Fructose 4.7 3.0 10
Lactose 9.0 2.5 160
Sucrose 6.2 4.2 28
CM.C* 8.8 2.2 69
Mannitol 6.2 4.3 20
Sorbitol 8.9 2.8 50
Dextrin 5.3 4.3 349

¥, carboxymethyl cellulose.

LA a-amylase Mitre| £2| ¥ 55
A7 M EaE TeA DAEZE AFS YACR 1%
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soluble starchg #&% H24 wjx]e] HE3d 0.1N9
L 249& ¥535d 3% 10 mmoldY FYEE Role
TS e el 449 qge aa4
7|z Aol A 48AI7HESE M3l 70 AF9 FFE ¥
g3ttt 90T o FdME ¥ EAFAYE Jele
TFc WRE compost ¥ A FAA Ed TAFEC]
Atk ol FFEY HREE SA%L, ALEHE 90T
ol do M HESE 1 F 71 BLEAM $4¥ FFE
TATLE AQstgrh. TATY FeAH, wgA ¢ A
A AEANE AR £REY AAE HES 2,
14 Bacillus 22 FAHANAA). 1224 Bacil-

lus % B ATFAEY type straino] H3te] Bt
BRAEE & 4 gle FAZ oY B FFE Bacillus
sp. TR—252 B3l £ Ay AR8-3tgth

LHE Y o-amylasel| YMZAH HE

4% @298 A2 71zuAd 1% wa)A 27t
3t 60Tl A 48417 wFd ¥, EAEAE HES 2
= Table 28} Zt}. Soluble starch, dextrin, potato starch,
com starch 59 TFRAME TABA] 43

Table 4. Effect of nitrogen sources on the production of

a-amylase
Inorganic nitrogen Growth  Enzyme activity
, sources(0.2%)  (OD at 600m) (units/ml)
Table 3. Effect of soluble starch concentration on - -
. Ammonium nitrate 4.0 53
production of a-amylase .
- — Ammonium sulfate 3.5 104
Concentration Growth Enzyme activity . .
. Ammonium chloride 33 100
(%) (OD at 660nm)  (units/ml) ,
Ammonium phosphate 3.3 94
0 0.9 8 .
monobasic
1 3.3 45 .
Sodium nitrate 0.2 7
2 2.6 120 —
Organic nitrogen
3 3.0 93
sources(0.5%)
4 2.8 92 -
Casein hydrolysate 3.9 65
5 3.0 93 .
Nutrient broth 33 119
6 2.6 80
Yeast extract 3.0 135
7 27 o2 Trypt 3.1 105
ne .
8 2.9 64 P
Peptone 3.8 73
9 2.5 60 )
Corn steep liquor 0.5 104
10 2.8 58
Table 5. Effect of inorganic salts on the production of a-amylase
Conc. 0.1% 0.01% 0.001%
Enzyme Enzyme Enzyme
Salts Growth* o Growth* o Growth* L
activity** activity ** activity**
CuSO, * 5H,0 0.3 0] 3.1 84 2.2 176
MgSO, * 7TH:0 33 173 4.2 166 2.8 138
MnCl; - 4H,0 0.3 0 3.8 60 2.6 61
NaCl 33 149 33 139 3.0 111
CaCl, - 2H,0 4.1 789 4.4 404 2.7 143
H:BO, 33 144 3.5 149 3.9 14

* OD at 600nm 5 **, units/ml.
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287N Eeld L&A Bacillus sp. TR—250] o8 WIA a—amylased] 43

glucose, fructose 59 @FFoAE ALEAO] Wit
o) AL glucose T BBFY EAFAXNE amylased] 4

A}o| catabolite repressions %L, soluble starch, dextrin

5o tdfME a4l A"t Bus dX3
ATHe. ZAagA0] /M3 $5% soluble starchE HAE
2908 MR 1 558 HES £ ZH Table 3%
o] 2% o)A AaEAo] 7HE 3%k 2% 9 soluble
starch® 348 A2 7)12A0) 25 224 F7t
3l H484S HEF 3= Table 49 VERd viopzd
o] 0.5% 9 yeast extract’} 71 ¥ £2E4E HE
gom Hwa ghd 2299 ammonium sulfate, corn
steep liquor TE H|IA BAo] $5AT 2% soluble
starch, 0.5% yeast extractE H7}§ S2AAF 712u 2]
74E 27198 s /el aA8AS HES 23
¥ Table 5014 HEutet 2ol 0.1% CaCl, * 2H,0°A4
2@ M4 $58tgen], o122 Manning 579
Axng 49k 22y Co?*, Sn?*, Fe?™, Zn®", K
2o FANALS A3 AASIFCHAAIA). INS] HCI%
NaOHZAl #jx9] pHE 3.0~10.002 ZA3o ELE
A& ¥ A3, Table 69 HEPA vkl 2Eo] pH 8.0¢]
A 7P BA80) S5 W Est 248 v
Ae G Yoluy) $J5te 30C~80CE WFREE
ge)ate] 238 AFE Table 79 YERAUTH 60C~65
Tolld BA8A0] 7Hg FEF o, 40T ofFxE FA
& 2 AN A Holx Yottt BU1FY IFL ¢
oli7] 93t 250ml 4tz flasko] WiAE &FEE ¥

Table 6. Effect of initial pH on the prodution of

a-amylase
. . Growth Enzyme activity
Initial pH Final pH (OD at 660nm)  (units/ml)

3.0 4.3 0.18 0
4.0 5.1 0.18 0
5.0 5.4 0.71 52
6.0 5.2 1.51 52
7.0 5.4 1.97 137
8.0 5.5 2.08 295
9.0 5.9 2.00 44
10.0 8.0 0.06 0

Table 7. Effect of temperature on the prodution of

a-amylase
Temperature Growth Enzyme activity
(©) (OD at 660nm)  (units/ml)
30 0.12 0
37 0.11 0
40 0.12 0
45 0.92 52
50 1.98 137
55 3.01 275
60 5.13 301
65 3.46 299
70 2.27 156
75 0.34 26
80 0.32 18

Table 8. Effect of aeration on the production of

a-amylase
Medium volume* Growth Enzyme activity
(mD) (OD at 660nm)  (units/ml)
50 22 135
75 4.2 171
100 1.4 167
125 29 169
150 2.8 157

* Obtained by varying the amount of medium in the
250ml shaking flasks and keeping the agitation speed
(180rpm).

Zate] WY F, 224 L HET ZAIE Table 8914

£t} o] 75mle] AL ELEAC M F3EALh
AREAAL A7) BE nAdEY ALPHE FIA
e Bt 9lo'® 242 AREPAE e Friety
2848 ZEY ZHE Table 9ol UERAAS 2 A%
0.001%¢] Tween 809 #7hs A28ARE I/HIIE
EH7} Stk

wWEx e
15 L §%9) jar fermenter] 371o|4 ZR€ &L
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Table 9. Effect of surfactants on the enhancement of

a-amylase production

Surfactants Concentration Growth Enzyme activity
(%, w/vorv/v) (OD at 660nm)  (units/ml)
Sodiumdodesyl 0.1 0.38 31
sulfate 0.01 1.03 57
0.001 2.98 57
Tween 80 0.1 0.38 57
0.01 3.29 117
0.001 243 250
Trition X-100 0.1 0.04 0
0.01 3.68 97
0.001 2.65 101

Table 10. Enzyme activity of transformant

a-Amylase activity Increased activity

Strains (units/ml) (%)
Bacillus subtilis 400* 89
KCTC 1024*

Bacillus. sp. TR-25° 450%* 100
Transformant 813** 181

* Assayed by blue value method at 30T ; **, assayed
by blue value method at 65T ; a, mesophilie ; b, ther-
mophile.

HFuA 5 L& ¥ AU 100mlE FE3H 65C
A 24A17HESE HlFEte] Azt wE FANET 24
4 AER Aoe Fig 1904 Hevle 2o & FAA
& B3 F2718 AXNA G2 g oAbt dieF
A7) @70 228t AgEEI) g WES ¢ £ AN
o =3 S FAR ST vlEste Fr1et7) Al3Et
o Wi 16AZHT] A3 AAksE UehlUd.

ZaLHo| SN

ikl 4T, 12,000pmoE 2083 ¥FIHEAR
A5de 2a4902 39 5408 A ARG &
A28Ad e =9 Fig. 201 Uehd viel 2] 80
TolN HLge HPow, 100C TWANE 23%9] &
A& JehITh Tamuri $2& 75~80CeA Ha84 0l
A1 Yedokn Husyt 24844 vXe pH
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Fig. 1. Time courses of cell growth and a-amylase
duction in jar fermenter.
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Fig. 2. Effect of temperature on c-amylase activity.

9] 982 Y3 bufferZ AHE-3te] pH 3.0-10.09 H
9o 2A HEF AIE Fig 39 JErAATh HA28459)
3 pHE 5.00|%11, Ogashara '¥¢| pH 5.0~6.0°14
EaGAo] HHolghe Hus YAt 4 E1d o
29 Ca?*o] EA9 WEA4E FVHAG VL 3, Ca*”
o AHans dEd £ A, A8 a%E RelA ot
(A AD.
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Fig. 3. Effect of pH on a-amylase activity.

Transformation

Streptococcus <, Hemophilus % B Bacillus %2 natural
transformation®] A dojdtli LElA om*® ¢
amylase?] 452 A9} plasmid’t ¢ chromosome®]
FAdke Aoz dA o, metx 1A Add 2
FAT9 DNAE 4838 2x7) 30T 524 Bacillus
sublilis KCTC 1024 FAAAI &, 65CAA #f &3t
o] 4379 a-amylase A& ¥ w3 & 23, Bacillus sp.
TR—25¢ DNA”} H¢|¥ transformant= 65Co1A419] A

£& EE, wild typedll Hj3to] oF 2uiF =] ALEA0|
F7HES ¢ & UAHTable 10). o2 AFHE Lind-
sey 570 Bug Y43 IX3Ach

g
-

i

"

WdA a-amylased] B I7E 609TIRE 243 W
7] A2l 7odt 2ol 100T o)A E & 84S
e AUE a-amylaseZ} Al EE 7] AlFICh ZJE‘?%‘E}%

1A BAE @4 a8 o & LRdME #4&
oje Bl £& MuH1 e Aotk EF AR 7}
FERELE G’VH 3] A5 gt Amylases &
TFHAL A3, A5 Eol TR ALFY spolv, 2 4
A E.J-'a“)lW HAGAE 7183 Aok 28y S
T olH¥ Er8re Aasfde] v, AR A

Bee WA g-amylaseEE 959 AFol v 224
9, BAE, 7HHA ZAe] e dAolrh £ 124
A TE WEA Aol Aishe 124 Fad dig

224 Bacillus sp. TR—25°] 918 WEA o—amylase?d] 44t

QYRle 2A5ZY A7 124 AT ¥ 5
28 A7 G5t Ha B2 o)FolAn YA YTV,
YAz nedM AE HEY FRE DI 87

83 150] AAhe gl do FHhd #HF FFELS
e 4 dexA g, 2y uAdEe g -E-n‘?r
nkgk Aol wapd B AFdAe o2 Ly 7|
eSS eridste 7Y 224 oA g dig w7
¥, 184 EP““EMI U JAAE, AAg g a4

& AR £ é’éﬂl AHEE AR FE

= *JZJE% Holn] AF3 g4y, d4rgorr: 54 3
Abgo] $48% oha & HB"JSLEE Qs LA G
%E}Jéﬁr S FA7F FHol HHAH o] FYAEY
i AzhEd,

2 <%

A4 g-amylaseS AAshs v £al57] 93k
72+ 2o do2RE A|EE AF3 55C ol ddlA A%
2 718 WIA a-amylase JiH50) 58 2FE £,
5438 A thermophilic Bacillus $22 FAHAUL. #
A &3 iiﬁwﬂ HFHLEE 60~65CH 1, 2% pH
8.0904 714 #& EAANFS BAth a-Amylase A4
o 714 %53 iYL soluble starch, dextrin, potato
starch, corn starch 59} Thg5-°]% 2.9 glucose, fructose

59 9FRdME AaAlte] wFEAY AAE Wstth
a-Amylase A4tol| 71 588 ALY E yeast extracto]
Atk 0.1% CaCl; * 2H.0, 0.001% 2| Tween-80¢] 7}
E a-amylase A4S ST B TATo] Adw
Gacle] A4S HES B A, 80CIHA 3 a4
42 Hgom, 100CHANE 23% 9 ZEE4L U
t}. #3 pHT 500t Ca®* e 484 FAWde ¥
Fe mAA gtk FAFLEREH E2ld genomic
DNAE &4 Bacillus subtilis KCTC 10249] FAA#
A7 A%, transformants wild typeol] H13ke] o 2nj <]
AagAo] F7hE AT

BN
kﬂ

>

S |
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