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of a-Amylase from Bacillus licheniformis
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Abstract

The o-amylase from Bacillus licheniformis was purified and its thermostability in the presence of
substrate and metal was ions investigated. Comparing D-values of the enzyme obtained in the presence
of Ca**, B*** and both Ca”* and B**~ ions, the thermostability of the enzyme was markedly enhan-
ced by the addition of metal ions. Ca’* and B'** ions exhibited a protective action, the former
ion being more effective, and both ions showed a synergistic effect. The enthalpy of activation for
the thermal inactivation in the presence of metal ion was 320.2 kJ/mole for Ca?~ ion, 212.9 kJ/mole
for B***, while it was 1839kJ/mole in the absence of metal ions. In the thermal inactivation for
30 min at 96T, the residual activity in the presence of 30% (w/w) starch was 51.0%, whereas the
presence of Ca** ion additionally provided a remarkable thermo-resistance.
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a-Amylase2] AJ4h, He 2 AAL #FF= Bacillus
licheniformis ATCC 27811% A-&3lgich o5 AA%
v} 2] Brain Heart Infusion(BHI) agar(Difco Co.)&
Ea AAE % A wix12= SH broth"” & AHS-
steit}. o) w3t 42| (DEAE-cellulose, CM-cellulose)
9} SephadexZ Sigma Co.(w]Z)ellA Fistsdch
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SH broth 100 mioll B. licheniformis ATCC 27811&
g il Fo] AEg T 50C ol 4] 24417 At oFatadch.
SH brothel] AujfAg 1%(v/v) #F3ked 50T o4 9
o7t i Fsle] g-amylased AYAbatgick o] wiofH g 4
T ol 4] 10,000 X g= 2087 dAEe]ate] & AdsdE
80% ammonium sulfate® F33§ F 4T o4 35
w3 A]7] 2 10,000X g2 2087 9AFelEke] AdEs
%3 37 (.05 M phosphate buffer(pH 7.5) | 481217 ¢}-g,
0.01 M phosphate buffer(pH 7.5)l| thsl] FAiated &
A Asteict o] 7% DEAE-cellulose column(3X10cm)
o] 7}3F t}8 0.05M Tris-acetate buffer(pH 7.5) & A}
fahe] 20 mi/hre) #4202 3 A £ 27} peak
BH-o Tol gum arabice 2 F%3 &5 0.05M ace-
tate buffer(pH 5.3) 2 vl2] H&+A F& CM-cellulose
column(3x30 cm)el 7}sti KCl 0.8 Mg AR&-3to] li-
near gradient”} H=& &3 #4542 50 mi/hrZ shsich
f29 G484 FES Fol pHE 758 xAste] &
Zg9g A7) F 001 M Tris-acetate buffer(pH
75)el dste] FMEch £ A4S FEE o
Sephadex G-100 column(2.5X90 cm)ell 7}&te] gel filt-
ration®. 2 A steich 0.1M NaCle &#3t= 005M
Tris-acetate buffer(pH 7.5)& Ab&-stdoem 48 20
mi/hr2 3o
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a-Amylase 217} =3

1%(w/v) 8] 7H-A A% 714 05 m/2} 0.02 M pho-
sphate buffer(pH 7.5) 0.25 m/E cap tubesl] go] 50T
g sz ) F Ak £ 025mE H7}

sbed 308 4hg-A)7]31 DNS 40V 3mig 7}3be] ub
+¢ FAAA o)2S B Bl 58 Tt WAEA
B} 4]

G277 P Qg ASE FHEZ FAste] 550 nm
e FHEE At FAIPLE 714 buffer
E3lo] 3m/e] DNS £94-% =24 718t ¥ #FL &%
Ng Hrlsle] 5EEQF FoiA wMAIZT Hrte =&
e 30F-Fat uhgdte] WY FAE F, AADS:/30
mino 2 FAshch

CHHE Flad

Chromatography & 4% 7 #8179 g Wepe
the Al (Do) 2§ spectrophotometric method ©]
43b9lor, 2 ko] Aol Lowry 57 e] el 2fsl
Gepstsich

Protein( mg/ml) =1.55Az0— 0.76A260 (1)
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B. lichentformis 2] vl ¢F A5 4-& ammonium sulfate £
3], DEAE-cellulose, CM-cellulose X Sephadex G-100
Eslo] YAg Ax oF 560 YAEHTable 1).
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20 3Al8keic) thA] log DS 250 w8 EAIG 2
= Fig 29+ 7+ow Fig 22%¥ z-valued 733 Ta-
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Table 1. Summary of purification of c-amylase from Bacillus licheniformis

Procedures Total Total Yield Specific activity Purification

protein (mg) activity (AAbs.) (%) (AAbs./mg protein) fold
Ammonium sulfate

fractionation 309.6 1433 100 0.463 1
DEAE-cellulose 429 81.5 59.9 1.900 41
CM-cellulose 26.7 66.6 46.5 2.494 54
Sephadex G-100 19.9 511 35.7 2.568 56
(. 0F
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Fig. 1. Thermal inactivation of B. licheniformis a-amy-
lase in 0.05M Tris-acetate buffer (pH 7.5)

M: Enzyme activity at heating time t, Mo: Enzyme acti-
vity at heating time 0

Table 2. First order reaction rate constants and D-val-
ues for inactivation of a-amylase from B. licheniformis

Heating temperature D-value Reaction rate constants

(C) (sec) k, (sec '-10%
70 6000 3.84
75 1575 14.62
80 660 34.89
85 330 69.79
- Zwale  17c¢

ble 2o FAJslich. A&EA3} whg2] 13} wbE =
A4, ke k=2.303/D2} A Aol oJ3te] Faki e log
(k/T)s}k /T2 #4E Fig 3ol & A)8ksic). Fig. 3.2
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Fig. 2. Thermal destruction curve for B. licheniformis
a~-amylase

Fig. 4+ 85C o| 4] dhz=+<} Ca* ™ ©]& 25mM, B™"'
o] 10mM % Ca '} B*** o|2e] Flel &EAF
wo] diel dEdAs Taeln] 7hzbe] AR kA9t
e v o 23k D-valueE Table 49 eluidct
Ca = o]& Za3le s 85T o4 9] D-value”} 7,880
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o] 2% AH7lstdS vk Ak el Sty R
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Fig. 3. Inactivation rate constant of B. licheniformis a-
amylase as a function of temperature

Table 3. Thermodynamic constants for the inactivation
of a-amylase from B. licheniformis at 85°C

Metal ion AH* AG AS?
(kJ/mole) (kJ/mole) (k}/mole)
Controt 183.9 102.9 226.2
Ca"*, 25 mM 320.2 112.3 580.7
B ", 10 mM 2129 1085 2916

Ca**+B ""(5mM each) 3085 1156 538.8
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Fig. 4. Thermal inactivation of B. licheniformis o-amy-
lase at 85°C in the presence of metal ion
Legends are the same as in Fig. 1

Table 4. D-values for the inactivation of a-amylase of
B. licheniformis in the presence of metal ions at 85°C

Metal ion D-value (sec)

Control 330

Ca' ", 25mM 7880
B'"', 10 mM 2210
Ca "+B" "(5mM each) 2400

Table 5. Effect of substrate on the thermostability of
B. licheniformis o-amylase

Concentration Residual activity (%)

of starch (%} In buffer solution”

Control 100 100

In Ca™* solution

10 32.2 100
20 492 100
30 51.0 67.8

0,02 M phosphate buffer (pH 7.5)

Folx @ Arprh ol QA mHedl ojs EaY &
#A3skrt 13 gheg w23 R @5E BRAFE 7
© % sweet corn peroxidase'’®, lipoxygenase “Eoll 4%
ol2} & AFE & F grh ol AE A W
dg ke 54 Fakge] A2 SAsle] Ak Ael o
& aggregate S 8AIghclE A3 Aok Aol ME oE
isoenzyme & “okAAle] t] £ isoenzymeo] 2]
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Bar)h Qe Saito'= B, licheniformis®) a-amy-
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Uste] dEFA 3 HH oA AL Y B2 'Xd% AF7}

SR A Fol AY eabrh ZA 8 wog QY7HE.

ol

2 o

Bacillus licheniformis7} 3-8|8}= a-amylaseZ & A &t

F- 71d T FEol o] H49 AtAAdd v A& o d
3ted Astgn) Catr o] 9 BTt o]29] &4
Alel& D-value’} 7,880sec % 2210 sec® ] Z-Tol
ulgte] & g Byor Ca v o3 B o]go)
FAl EA W= De;=24,000 secsE AL ETHE HA
o} Ca*t o] EAA] dB-FA st ek A3t R
(AH*)+= 320.2kJ/molo] i B+ o] 229] A$o)i= 2129
kJ/mole}3lom] of 2o 1= 183.9k]J/mol o]t} 7]
9] Za)sloll = a-amylase E& HolAHAS HY
=t 30% AE-o] Eafstel] 96C, 308 Ay Az
2k 51%9] AEHILE HEsgdon 714 Cat ™ o] &L
A7kl g ol Ity Kol ts Zvtsisict

e

Ho

1. Mozhaev, V.V. and Martiner, K.: Structure-stability

6.

7.

10.

11.

12.

13.

14.

15.

16.

375

relationships in proteins: new approaches to stabili-
zing enzymes. Enzyme Microb. Technol, 6, 50(1984)

. Kochhar, S. and Dua, RD.: An active center trypto-

phan residue in liquefying a-amylase from Bacillus
amyloliquefaciens. Biochem. Biophys. Res. Comm., 126,
966(1985)

. Ortlepp, S.A.,, Ollington, J.F. and McConnell, D.J.: Mo-

lecular cloning in Bacillus subtilis of a Bactllus lichen:-
formis gene encoding a thermostable alpha amylase.
Gene, 23, 267(1983)

. Kim, L.C.: Molecular cloning of thermostable a-amy-

lase and maltogenic amylase from Bacillus lichenifor-
mis and characterization of their enzyme properties.
Ph. D. Thesis, Seoul National University, Korea (1991)

. Yuuki, T., Komura, T., Tezuka, H., Tsuboi, A., Yama-

gata, H., Tsukagoshi, N. and Udaka, S.: Complete nuc-
leotide sequence of a gene coding for heat- and pH-
stable a-amylase of Bacillus licheniformis: Comparison
of the amino acid sequences of three bacterial liquef-
ying a-amylase deduced from the DNA sequences.
J. Biochem., 98, 1147(1985)

Vallee, B.L., Stein, E.A., Sumerwell, W.N. and Fischer,
E.H.: Metal content of a-amylases of various origins.
J. Biol. Chem., 234, 2901(1959)

Hong, S.S.: Thermostability of a-amylase from Bacil-
lus licheniformis ATCC 27811. M. S. Thesis, Seoul Na-
tional University, Korea (1986)

. Rogers, J.C.: Conserved amino acid sequence domains

in alpha-amylases from plants, mammals, and bacteria.
Biochem. Biophys. Res. Comm., 128, 470(1985)

. Medda, S. and Chandra, AK.: New strains of Bacillus

licheniformis and Bacillus coagulans producing ther-
mostable a-amylase active at alkaline pH. J. Appl. Bac-
teriol, 48, 47(1980)

Saito, N.: A thermophilic extracellular a-amylase from
Bacillus licheniformis. Arch. Biochem. Biophys, 155,
290(1973)

Miller, G.L.: use of dinitrosalicylic acid reagent for
determination of reducing sugar. Anal. Chem., 31, 426
(1959)

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall,
R.J.: Protein measurement with the folin phenol rea-
gent. J Biol Chem, 193, 256(1951)

Yamamoto, H.Y., Steinberg, M.P. and Nelson, A.L: Ki-
netic studies on the heat inactivation of peroxidase
in sweet corn. J. Food. Sci, 27, 113(1962)
Delincee, H. and Schifer: Influence of heat treatments
of spinach at temperatures up to 100C on important
constituents. -Heat inactivation of peroxidase isoenzy-
mes in spinach. Lebensm. -Wiss, u. -Technol, 8, 217
(1900)

Lee, C.W.: Partial purification and thermal inactivation
of lipoxygenase isozymes from potato tuber. M.S.
Thesis, Seoul National University, Korea (1981)
Noh, B.S.: Heat inactivation of proteolytic enzymes
in papaya latex. M. S. Thesis, Seoul National Univer-
sity, Korea (1980)

(1992 594 220 H<)



