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Bacillus thuringiensis subsp. kurstaki HD-12] O} 2}&| MAID EMH HF

Production of Extracellular Amylase by Bacillus thuringiensis subsp.

ABSTRACT

kurstaki HD-1 and its Characteristics

&g -Fos’-0gF-0 88

Kim Soo Young!, Kwan Hee Yoo?, Young Chu Lee, and Hyung Hoan Lee!

The extracellular amylase production by Bacillus thuringiensis subsp. kurstaki HD-1 in
amylase production media and its characteristics were investigated. The amylase production
was highest in the medium composed of 0.2% soluble starch, 1.0% Bacto-peptone, 0.3% beef
extract, 0.3% yeast extract, 0.5% NaCl, 0.3% K,HPO,, 0.1% KH,PO,, 0.012% CaCl,-2H,0,
0.005% MnSO,-H,0, and 0.03% MgSO0,:7H;0. The amylase activity was inhibited by 50mM
EDTA. The enzyme was optimally active from pH 6.5 to 7.0 at 55°C, The specific activity
of the enzyme in the ethanol precipitate was 2.0l units/mg, and the Km value was approxi-
mately 0.8 mg/ml.
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B. thuringiensis subsp. kurstaki HD-1-& o} eia] A Au =]l 32°Cz 2447k w]k3lu-& o
b= et AL 0.40units/ml gz, 50mM EDTAd| 83t B0l A=A, 7 Lujx 0
soluble starchs} Ca®, Mg®**, Mn**¢ A71& = ¥A4o| vlayg Egkxz, pH6.59 7.0 Abolo
A, &% 55°Coll A ¥lmA @AYol Egkeh. obU=HA JAE A A WMARE: 0.2% soluble
starch, 1.0% bacto-peptone, 0.3% beef extract, 0.3% vyeast extract, 0.5% NaCl, 0.3% K,-
KH.PO,, 0.0129 CaCl-2H,0, 0.005% MnSOQ,-H,0, 0.03% MgSO,-7H,0¢] gt} &4 |9 L o
HPO,, 0.1% & AAAA 5mle 0.IM Q49 S3Ho] £3& £49 w¥A L 2.01 units/mg
.z, starcho] g 49 Km g2 0.80mg/ml g 5.

W % ¥ Bacillus thuringiensis, o} 2}HA|

-]

Bacillus thuringiensist= Gram %4 7FF L
24 olx YAA AYEHE d¥A AAAN 4
¥ B frEd 4% et (Angus F 1959,
de Barjac % 1966).

B. thuringiensis subsp. kurstakiv Kurstak
(1982)0l &J3te 7tFE= v (Anagasta kue-
hniella)®] BE F+F 22 F8 £ e, o
TF7F Ad Aol A e BfFel g g 38
~52%9 AAEE velle S Fx Eold
AL Az dE Aol FAHRH

de Barjac$} Lemille(1970)-& o] #5& "=
HA3¥ 3a 3bx EF3t9x, Dulmage(1970) =
W= B3lchel vhul(Pectinophora gossypiella)o.

1 739 = A E35(Department of Biology, Kon Kuk
University, Seoul 133—701, Korea)

2 Az g A} E%7} (Department of Biology,
University, Wonju 220—130, Korea)

Sanggi

2 RHY B. thuringiensis subsp. kurstakis ¥
g 3.

o] ol e fFEY AT a9y
YR 54, S A F4AF, £ §
AAY 44 54 2 438 474 3F
5] 9 v}(Adang ¥ 1985, Bulla 5 1980, Debabov
% 1977, Held %5 1982, Huber ¥ 1981, Lee &
1984, Schnepf % 1981, Ward % 1984).

Li¢} Yousten(1975)-& B. thuringiensis7} A}
AstE =2 EolA o) ale], Tobeyst Yousten
(1976) 2 ot =tAle] HAste] A+ 3.

B. thuringiensis7t At A28 749
AAT Ao B3t zAFozHA M 9
e AFA A 2A$ dFsted F4§ 7
248 E 4€ F vz 444

¥ A B. thuringiensis subsp. kurstaki
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HD-10] 443t obdebAlsl 43 o7
WAzgel B T 4%, pHAS, obdetal
A4, bR ¥E AA, kmgk 5 53
3gieh,

M &

= F

£ AYd AL #F= B
subsp. kurstaki HD-12 24 Bacillus Genetic
Stock Center (The Ohio State University, De-
partment of Biochemistry)2 Y-8 £oulo} A
Sz AL v EY 7404 BHI A
= Rle] W gFed TFE ARSI

thuringiensis

B X

LBH| A9 24L& 1.0% bacto-tryptone, 0.5
9% yeast extract, 1.0% NaCl, pH 7. 50]t},

OLRIZIA] MAE HHX|[ ol ebAl A4 7w A
+ 1.0% bacto-peptone, 0.3% beef extract,
0.3% vyeast extract, 0.5% NaCl, 0.3% K,-
HPOQ,, 0.1% KH,POt d =& =A3g ).

Glucose ¥} X &= o} 2bA] A2 7] Zuf <o) 0.2
% glucosed A7H8t et

Soluble starch ¥] A &= 7] 2uf =] o] 0.2% solu-
ble starch’t = =2 A7}3lH )

Glucose o}y 2tA] A A X &= glucose H] A o
0. 012% CaCl,-2H,0, 0.005% MnSO,-H.0, 0.03
% MgS0.-7H.0& A718 3.

Soluble starch o2 2}A] A4 W=+ soluble
starch ®W #j¢] 0.012% CaCl.-2H,0, 0.005%
MnSO,-H.0, 0.03% MgSO,-7H,07} =& A
7at o =

E40 @M &4

ofdebale] ¥A FAL 3, 5-dinitrosalicylic
acid 3493 2A ¥ (Bernfield 1955, Plummer
1978) & oj43tgvh A& £99 ¥A A&
A% TEFAFig D 3L G 2ol 3
et

2+ A g e 0.05~1. 0 mg/ml7} 5 =% mal-
tose £9¢ 3ml¥ =Asltsx, 1% 3.5-dinitro-
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Optical Density at 540 nm

o 0.5 10

Maitose Conc(mg/ml)

Fig. 1. Standard curve for reducing sugar deter-
mination by the method of Bernfeld (1955).

salicylic acid® 1.0ml4 A7 3, 5873 %
gatqch. A B2 AF A.Lo] HAZA 9t
A 540nmelq FHE=E FAHYH. Hz2d
Z594 3mlo} 1% 3, 5-dinitrosalicylic acid 1.0
miE Aspstz 587k FH3te A3}

opd kAl BA4& A3 93k 0.1% solu-
ble starch$} 0.1M QJAtd FE=HE 1miy 4
2 ¥, 55°Cz A3 54849 1ml & E%3
o 55°Cell A 1087 9-8-A7lx 1.0% 3.5
dinitrosalicylic acid £ 1ml A73% % 5%
7t 58 & og AobE 2 43 4.go] HA
3te] A4 540 nmel A FREE Az Oz
T &g A Fo TEFAA J3te] o 2tA]
F4E A4astglen pHe L% Wdte] wE o}
PehA] 4= 439

ol 24l  1unitye AP zA3} A soluble
starch £ o 2 X¥ 55°Cell4] 1 EF gk} 2y
H(maltose) 0.1 mgE FAde &9 oFolr)

OUEIA| EA4800| FH|
LB %] 20 mlell B. thuringiensis subsp. kur-
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starki HD-1-€¢ &8} 32°Col 4 150 rpme. g
184 7} wj o3k FHE 0. 2% soluble starchr}
g obdelAl A Az 300mle] 1:500% A
Z3 9tk 32°Coll A 150 rpme. 2 244 74 2 gl
3 ¥, 6,000rpmez 1587 P4 £ (Cen-
trikon H401) 3 3 S olg 4°Coll B 33} A]
ol ztA] FLENo = o] §3 gt

BiX] =Mo otE el AZE, pHES, otz
H AdAb

ob hAl A A 7] £ A 18] ¥ 7 0. 12 g CaCl,-
2H,0, 0. 30 g MgS0,+7H,0, 0. 05 g MnSQ,-H,0,
0.005 g CuS0,-5H,0, 0.005 g ZnSO,-7H,0, 0.005
g FeSO,-7H,0, 2.0g(NH,). SO, & #474 =& 2
~3 FFY 283t TFAA otuAY Y4
o HAE 4 FE 2A3HH

opzts gMolf cist F=0|2e I

o etAl o] AL e Edl A Ca*t
# 2L 5019 "o AL HAS 434
EDTA7l &9 Q& axikg8d43 Fof UA
% Edd A A2 4L S

4 w249 EDTA % EE 50 mM= 3}
gom 0.007% CaCl,2H,07F S g1+ w¢
Egae zHste] AA x4 3087 S
A#H B¢ 2AAH

opuetx|e| SR

B. thuringiensis T571 A A obd Al &
F igdes F5 FEAA}] A% Alex-
ander 5 (1985)9 #4-& M3 o] &3
Starch® %88 o}l atA] A AW A oA 244 7k
Wl oFate] Q& F Wik 300miz $E Fujs
B2E9E 4594 A FF 95% ol
B3 (—20°0)¢ 1 A7 o] & A3 Hoj=ed
A Jol F o4&, 15000 rpme.2 2087 A
2% AAEE 2L F, dugE 13 A4
H3eo 5mle 0. 1M 449 4594 (pH 6.9)2
2§88t A Yol 2 & B4 184
2t ¢ FA% F, —20°Ce] nApsch
B gae JEAzAA(Labeonco) FLAHZ
—20°Cel 2343}
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thldl s &4

PrAe 2 AALD 5449 dYAFE F
A& folin-phenol W4 & o]-&3 e (Lowry &
1951), @AY F= FA4L 98 ZFEFAE
2437l $8te bovine serum albumin & ©]
$3le A FEo o wE EFAE =
A8, 2% CuS0,5H,0 1ml3 4% sodium
potassium tartrate 1ml =85 3% CaCO, 48
ml & APA A vtz TP 1mlAE F
Ag el Al ALAA 1087 ¥ F}
a2, phenol-ciocalteau A} ¢ (Merck)E 50 x1 4
Azbste] £ F, A2dA FA 25¢7
SAAE ¥, ¥ o ARz, 5EF 540
mme] 4 FZEE FAH3H

HEzTE 022 3=z 24 3 ARy F
FEE F4%d EETAE ARt W3
E2Y FAEAA S99 FFEE A &
Wy FEE A ol 3] A9 23 o
4 k53 g e

Km %t 53

Soluble starch &9 J4Y9 9434 ml3g
0.1, 0.5, 1.0, 2.0, 3.0, 4.0, 8.0, 16 mgH
Y3 oldetd E&EA 1mlE Ao 42
% 1% 3, 5-dinitrosalicylic acid® 1ml FH7}3
F(Plummer 1978) obd=kx] A4 FA o o3
o #4¢ 3332 HEEE V(mg/min) E T
& ¥ Km g& A4t en 1/(S), 1/V =4
(S, V/(S)& A3t

BR % oEx

obadaid EA

B. thuringiensis subsp. kEurstaki HD-1-&
soluble starch7t T = ofdela] P4 v = o
A 24A 7 W kst BAL FAT A 0.40
unit/ml A FFig. 4).

4R ol Al & calciumE ZUAE Az
9+ metalloenzymeo. 2 <4 A = (Fisher
& Stein 1960), 50 mM ethylenediaminotetra-
acetic acid(EDTA)S] &A 3loll4] ul-&AA oF
QA BHE FAY A, 59 $A A
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Table 1. Effect of EDTA on the activity of amyl-
ase produced by Bacillus thurigiensis subsp.
kurstaki HD-1 on the amy lase production medium*
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Table 2. Effect of metal ions on the amylase pro-
duction by Bacillus thurigiensis subsp.
kurstaki HD-1

Conditions 0.D. at 540 nm

Tons® Amylase (units/ml)

at 24 hours

Water blank 0 Caz* 0.15
Reaction blank® 0. 082 Mg+ 0.02
No EDTA® 0.190 Mn?+ 0.09
50mM EDTA* 0. 097 Mg?** —Mn®* 0.17
¢ Reaction mixture without amylase and EDTA. Ca:: —Mn:: 0.44
b Reaction mixture with amylase. ga“ —MgH . 0.22
¢ Reaction mixture with amylase and EDTA. _ a“ —M':+ —Mg 0.60
* Amylase production medium contains 0.2% sol- CUH —Zn . 0.34
uble starch, 1.0% Bactopeptone, 0.3% beef ex- Fe** —NH, 0.01
None 0.03

tract, 0.3% vyeast extract, 0.5% NaCl, 0.3%
K.HPO,, 0.1% KH.PO,, 0.012% CaCl,.2H,0,
0.005% MnSO,-H,0, 0.03% MgSO,-7H,0.

100

50

Relative activity (%)

L 1
70 80 90

pH

o Ll v 1y 14
40 50 60

Fig. 2. Effect of pH on the activity of amylase
produced by B. thuringiensis subsp. kurstaki HD-1
cultured on amylase production medium for 24 hrs.

9} 94 5 M (Table 1).

obletAl o] AL pH 6.59 7.0 Alo](Fig.
2), &% 55°CelA(Fig. 3) vlaa &4 Jehg
=}

iR} =M o ct2 olReixl| AfAt
B, thuringiensis subsp. kursiaki HD-18& o}
DepA] A4 FJRejA 9} q8stA FEo] o)

* Composition of the amylase production basal
medium is as follows; 0.29% soluble starch, 1,09
Bacto-peptone, 0.3% beef extract, 0.3% yeast
extract, 0.5% NaCl, 0.3% K,HPO,, 0.1% KH,
PO,. Final concentrations of each salts per liter
added to the basal medium are 0.12 g CaCl,-2H,0,
0.3 g MgS0,-7H,0, 0.005 g CuSO, 0. 005 g ZnSO,
-7H,0, 0.005g FeSO,-7H,0, 0.2 g (NH,),SO,.

100 —

50 p—

g I

Relative activity( %)

-
-

i O I O A A
30 40 50 60 70 80

Temperature (°C )
Fig. 3. Effect of temperture on the activity of amy-
lase produced by B. thuringiensis subsp. kurstaki
HD-1 on the amylase production medium for 24hrs.

A7t WA A w Fste] opdA AL
vl 2.3t A Table 2 9 7t}
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Table 3. Amylase production by B. thuringiensis subsp. kurstaki HD-1 in diffenent media

Media composition

Amylase (units/ml) at 12hr culture

Basal medium® 0.20
Basal medium + 0,2% starch 0.20
Basal medium + 0.2% starch + Ca?*, Mg®* and Mn** 0.42
Basal medium + 0.2% glucose 0.22
Basal medium + 0.29% glucose 4+ Ca?*, Mg®*, and Mn** 0.34

“ Basal medium: 1.0% Bacto-peptone, 0.39% Beef-extract, 0.3% vyeast-extract, 0.5% NaCl, 0.3% K,HPO,

and 0.1% KH,PO,.

Table 4. Purification table for amylase produced by B. tharingiensis subsp. kurstaki HD-1 on the
amylase production medinm® at 24 hrs

Fraction Volume Protein Total Units Total Specific activity Enzyme
(ml) (mg/ml) (mg) (Units/ml) units (units/mg) yield

Crude enzyme 200 4.69 938 0.57 114 0.12 100

Ethanol precipitation 5.0 0.64 1.22 5.16 2.01 5.7

* Amylase production medium: 0,29 soluble starch, 1.0% Bacto-peptone, 0.3% beef extract, 0.3% yeast
extract, 0.5% NaCl, 0.3% K,HPO,, 0.1% KH,PO,, 0.012% CaCl;-2H,0, 0.005% MnSO,-H,0, 0.039%

MgSO0,-7H,0.
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Fig. 4. Growth pattern, pH change and amylase
production by B. thuringiensis subsp. kurstaki HD-1
on the amylase production medium.

@ : pH, W : growth, % : amylase production.

B. thuringiensisol] glo] A Ca**, Mn?*, Mg**
Sol ohdetAl gael wAE F FE zAbs)
Asel Ca™, Mn™, Mg™ $¢ 4% =% 2
Tl A RMAN Aokshz W esho] ofa eha)
B4¢ 298 A% F40188 AR gL
Aeuc ¥ B4E bl

=
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Fig. 5. Lineweaver-Burk plot for activity of amylase
produced by B. thuringiensis subsp. kurstaki HD-1.

Mg**elyt Mn** 2ok Ca®*g 288 74 9o
= ¥4E vebfles, Mgtg Mot me
Ca™ 3 Mg**g 233t 2% uo Ca®, Mg,
Mn** & 25 293 395} 714 B4 0] 9tk

Ligt Yousten(1975)& Zgelolxle AS$-
Mn**o] &9 QAo Basts Ca**e @A}
of Bastcta g2, Tobeyel Yousten(1976)
< Ca-Mn**g 238 Aol Au 52 ¥4 8
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Jehdoe AEE d9sh Cut-Zntg T
345 Fer-NH/ S ZHE 345 712 iAs

Mg B4E UEE oz not ohekA
A e 9ol G WAA g Aoz A
e,

)R 9} o]} FH-Fo] EFH FEol o] of
PetA AAe n X dFE 2ARAE
o, B Ay Az Ca?, Mn?, Mg™t& o}
bR o A Ate] ol AE JIFE A= AL
2 Az5 e Coleman¥ Eliott(1962), Weinberg
E(1964) = Mn®*, Ca?*Eo] ol zta] 4 Ae] o
g v Adx g

Glucose, soluble starchz} o} g}A] 4 Ao} u]
Ae %L g7 A%t A8 v 27 0.2
%7t A= E Artsta wjokdt A3} FA ] o] F
of & Ca®**, Mn?*, Mg?*o] 235 soluble starch
Aol S vz B A A
(Table 3).

starchg &3 olalaba A uj x| of 4] ulj oF
A7l w2 9 A%, pHY W3} ax &
o ofglztA AL A4 A(Fig. 4), W
FF 847kl AA 7ol Eojzter o|w 9 pH
£ 5.92 1% dokd A4 AL 6 A R4
ERTE 4 "R F 1047k A FhE
et

ordetxdie] 28 HA|

B. thuringiensis subsp. kurstaki HD-1& 0.2
% soluble starch7} T &= opbdabal A Aufx]
o A wokste] AL Eah S5, g AA
< AA 942 €99 99A ¥EE ml 7 744
4. 69 mg} 0. 64 mgo] ot

ZOH)ESE 99 obdelA) 42 0,57 units
/mlo] gz, oet& JAEL 1.22 units/mIF L
= specific activity: Z2F 47} 0.12 units/mg,
o etg A A-E-L 2 01 units/mgg ch(Table 4).

ordetd @M Kmgt 58

B. thuringiensis subsp. kurstaki7} A A3l
obd 2tAl o starch &0 3 Km g2 0.80
mg/ml g (Fig. 5).
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