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ABSTRACT: The a-amylase of Alternaria alternata was purified through ammonium sulfate
precipitation, dialysis and Sephadex G-100 column chromatography. One single band was ob-
tained in SDS-polyacrylamide gel electrophoresis. The optimum pH for enzyme activity was 5.0
and the enzyme activity was maintained at 3.6~7.0 pH range. The optimum temperature for o-
amylase activity was 40°C and 71% of the activity was still maintained until 30 min after heating
at 80°C. The o-amylase was slightly activated by Mn*, Zn* and Sn*, but inhibited by Ba*, Pb*,
Co* and Ag". The Hg* and Ag" slightly inhibited the activity of the enzyme at concentrations of
10-* and 10-*M. The Michaelis constant (K,) to soluble starch was 6.50X10-* M and inhibition
constant (K) by the 1 mM EDTA was 8.0X10-2 M. The inhibition of this enzyme by EDTA was

competitive one.
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o-Amylase(EC 3.2.1.1.)= J &9 AEa
amylase®} amylopectin®] a-1,4 ZA3E Jo2
A 31= endoamylase 24| o] Je|Y AHFE
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W o] Fdsle AAAe] Al W] ATH
7 9Jth(Kim, 1983).

u| AL 7}2d] Aspergillus sp.(Seus} Kim,
1967; Lineback %, 1969), Calvatia gigantea
(Kekosz} Macris, 1983), Paecilomyces sp.
(Zeninz} Park, 1983), Rhizopus sp.(Hur, 1976)
2 Streptomyces limosus(Fairbairn %, 1986) %
9] #% amylaseo] gk v} gick.  A7E
21 FFEAM AlEY el 7|AEe Al
ternaria alternatasl] 23 AAHE = o-amylaseE
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F3E AFgsta o dede] ot A=
EofdlA Relsilt. B FHFE AHNL
o] 425 go}-e Whatman No. 2 =] oJ=}3t
& AzxAZch A2% AL malt extract ¥
o HEsle 25Collx 5YEt vt
(Harley®} Waid, 1955). Domsch Z(1980)2] Al-
ternaria sp.] A £7 keyol ule} viodsl
7}eEllA A. alternataE #2]sle] A3l A4
shedeh.

HiX] ¢ A bY 2
A. alternata®] m2kS $1%F WIX]E malt ex-
tract 2%, yeast extract 0.5%, peptone 0.5%,
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Culture Broth

Centrifuge(10,000 x g} for 30 min. at 4T

Discard precipitate Supernatant)crude enzyme)
l 30 % saturation with (NHi)2S04
Stir for GO min., overnight at 4C

Centrifuge(l(L,OOO x g} for 30 min, at 4C
}

Discard precipitate Supernatant
' 50 % saturation with (NH¢):SO4
Stir for 60 min., overnight at 4¢C
Centrifuge(ll, 000 x g} for 30 min. at 4C
|
N

Precipitate | I Supernatant

1 70 % saturation with (NHi)sSO4
Stir for 60 min., overnightl at 4T
Centrifuge(ll,ooo x g) for 30 min. at 4T

Precipitate II Supernatant

l 80 x saturation with (NH1)2504
Stir for 60 min., overnight at 4T

Centrifuge(10,000 x g) for 30 min. at 4T
1

Precipitate III Discard supernatant

W
50 oM acetate buffer(pH 5.0)

Precipitate(I+I11+111}

-
Dialysis for 48 hrs at 4T

Centrifuge(14,000 x g) for 20 min. at 4T

Discard precipitate Supernatant

R

Column fractionation

Fig. 1. The purification process of Alternaria alternata a-amylase
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beef extract 0.3%= 713+ 9 A|u)A] Booth, 1971;
Miller & Churchill, 1986)% A&-3}5iom 0.5N

HCl o= pHE 6.00.2 FHsle 25°Celx]

847t v okslicHDifeo, 1984).

E4RAM0 &3 Q) £HiF ol M

Total amylase 4t DNS Bernfeld,
1955)0] we} 4o 0.1 mlol] 1%W/V)e] solu-
ble starch 0.2 mIE& 37}s}e] 40°Coljx] 387} 1t
A7 F 546 nmellA FFE=E AN} B
o) Vsl B} 7lAle] 1252k e j9S o 1
g9 maltosed Easls §49 971E 1unit2
&leit}(Bergmeyer, 1974).

o-amylase®] A TE Iodine Bergmeyer,
1974)9] u}=} 1%(W/V)2] soluble starch 2 miS-
7132 3lo] 50 mM actetate buffer(pH 5.0) 1
ml-& £33 g £4 1 mlE 715 37°CollA
3087k wjekAI71F 0.IN HCl 2mlE 73tz I-
KI 49 1 mlg 7} 24 A1# 660 nmollA ¥F
EE &A3lg). o] A4+ blue value 10%
Z]8}A) 7]+ soluble starche] mg Zt o8 vlely o
= specific acitivity= @049 mg F FH=2
E A 515 cHBergmeyer, 1974; Bak, 1981).

whulgd o] AJek& crystaline bovine serum al-
buming EFEARE AME-5le] Lowryd (Lowry
5, 19512 =459}

SDS-polyacrylamide gel M7|HS

Z71°3%2] resolving gel2 8% acrylamide,
stacking gel2 4% acrylamide] 10% SDS %
10% ammonium persulfate& 2713} slab gel$-
- ARgslgdn). A8 50 & loadingdt ¥ Tris-gly-
cine buffer(pH 8.3)o}4] 42, 100V, 20 mA2] =]
F2 5A7F ANtk Gelo] 94-L 0.025%W/

V) coomassie brilliant blue R-2502.2 27} A
AIE & 10%2) methanolg 33t 10% acetic
acid2 247} @M AA}(Weber & Osborn,
1969).

gdat 3 g

A9 XH U =3

vioF%l FAl= ultra sonicator® 5087 =&k
F U41#E(x10,000g, 4°C, 30 min)d}] A&
A5 600 mlE =F 4 F AMS-SIT)

Z 85 %L ammonium sulfateE 7}3le] 30%
oA 80%7HA] PAAH R M AA 7t DA A
de A JAES A8l 50 mMe ace-
tate buffer(pH 5.0)2 4°Col|x] 48X)7F F43}4]
o). £4o] Fut 20 mle] A8+ 50 mM acetate

Total protein (280nm)

" a-amylase activity (660nm)

Absorbance

0.5+

l'. T ¥ T T T T T l.‘ T
6 10 20 30 4 S0 6 0 8 W 10

Fraction numbers

Fig. 2. The purification of o-amylase from
Alternaria alternata by Sephadex G-100
gel filtration. Protein (solid line) peaks
I, II and a-amylase activity (dotted line)
were measured at 280 nm and 660 nm,
respectively. The a-amylase activity
was observed at fractions between 58
and 63 near protein peak II.

Table 1. The summary of purification procedure of Alternaria alternata o-amylase

Volume Total o-amylase Protein Specific Yield
(units/m!) activity (units/mi) (mg/ml) activity %)
(units/ml) (units/ml)
Crude enzyme 610 956.9 26.6 0.605 44 100.0
Dialyzed enzyme 30 -907.5 150.8 0.114 132.2 94.8
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Fig. 3. SDS-polyacrylamide gel electrophoresis of
the crude enzyme (lane 1) and the
purified enzyme (lane 2). Crude enzyme
showed several bands while the purified
enzyme showed only one band (arrow)

buffer(pH 5.0)2 3 A)7] Sephadex G-100°.3
column chromatography(2.1x40.0 cm)3}$3c).
E2E 20mihe) 257 8550 5mid 283
AArh(Fig. 1).

33 A 59 4 4 g-amylase?] S EE
&8 A3= Fig. 29} 7} <2 peak I, I1 &
o-amylase peak¥ fraction No. 58-63 A}o}el|A]
71 #A veht o] BES A 548 ARy
t}. & 4= chromatography ¥ ¢F 34 x-2x
$lom specific acitivity® 695 Jeh) wo] A
A= AE & 4 UKt =3 AA € o-amylase
o ¥AELE 152.9 unit/ml, SHYL 0.025 mg/
ml 2 et (Table 1).

M &A9| SDS-polyacrylamide gel 7|

A7d% A7 AA Fae <Y band, 2EA
= 42719 band & Y= AAFA42) band
< 3E Jehdoh(Fig. 3).

i
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Relative Activity (%)
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Fig. 4. Effect of pH on o-amylase activity was
measured at pH 5.0 for maximum
activity and at pH 11.0 for minimum

activity.
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Fig. 5. Effect of pH on the stability of a-amylase.
The o-amylase was stable at pH 3.6~7,
and unstable above pH 8.0.

pHO| H&

a-amylase®] &AL Fig. 49} 70| pH 5.09)
A 7 & 848 vebi o pH 1104 713+
G BAS el 2] AL VA S
FhshA) ke Aol 7k pHOIA 4, 1247 W3]
& 7% pH 3.69 7.0 Apolof 4] FHo] $A=%]
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}(Fig. 5).

o] A3} F5F Aspergillus oryzae2] % pH
+ pH5.5~5.9(Fisher & Stein, 1960), black
Aspergillus sp.2] pH4.0(Seu & Kim, 1967),
Aspergillus sp.2] pH6.5(Kim, 1983), Pae-
cilomyces sp.2] pH 4.0(Zenin & Park, 1983), &
X Filobasidium capsuligenum®] 5.6(De Mot
& Verachtert, 1985), AlFF Bacillus
amyloliquefaciens(Fogarty & Kelley, 1979)2]
pH 5.9, Bacillus sp. Y-127¢] pH 4.0~7.0(0Ch
et al., 1981), B. circulans F-2°] pH 6.0~6.5
(Chung et al., 1982), B. circulans(Orlando et
al., 1983)2] pH 6.0~7.0, Pseudomonas
stutzeri(Sakano et al., 1983)2] pH 7.8~8.2%
B EaE olAkA B AR B4 pHo o
A3 Golld) W R, B} o] YA OE
vieptHTable 2).

=3t pH gHYA9 7S dF A oryzae®| pH
5.5 ~8.5(Fisher & Stein, 1960), black As-
pergillus®] pH 2.0~6.6(Seu & Kim, 1967), A
5 B. amyloliquefaciens®) pH 5.9(Forgarty &

Table 2. A comparison of pH effect on the o-
amylase from various microorganisms

. i bili

Species OptplIIfImm Sf,:n giat y
Alternaria alternata 5.0 3.6~7.0
Aspergillus oryzae 5.5~5.9 55~8.5
Aspergillus sp. .
Aspergillus sp. 6.5 i
Paecilomyces sp. 4.0 —
Filobasidium 5.6 .
capusuligenum ’
Bacillus
amyloliquefaciens 59 5.9
Bacillus sp. Y-127 4.0~17.0 —
Bacillus circulans 6.0~65 55~11.0
Bacillus circulans 6.0~7.0 —
Psedomonas sutzeri 7.8~8.2 55~11.0

Kelly, 1979), Bacillus circulans F-22] pH5.5
~11.0(Chung et al., 1982), P. stutzeri®] pH
5.5~11.0(Sakano et al., 1983)2} v| & ] £ &
28] A% Pl WA ZablA FH7A
W85 Lhehdch(Table 2). wleh] 2 wae] &
) pHel PHAE TF, Lus} o] AJo2 X
AbEjo] AR WAe] 74 Hee e

IOOT

%0
=]
L

Relative Activity (%)
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Fig. 6. Effect of temperature on the activity of o-
amylase. The a-amylase revealed maximum
activity at 40°C.
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Fig. 7. Effect of temperature on the stability of a-
amylase. There were no change in enzyme
activity from 20°C to 50°C, but enzyme
activity decreased at every 10 minutes
interval from 60°C to 80°C.
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_th

29| dg

el digh 259 332 20°CollA 80°C7A)
10°C A2 8A-& £A3 A} Fig. 63} 7o)
o-amylase?] A& 40°CollA 713 =gtc}. 18]
v 50°CH-E] #Ao] 20% o] Ak Zha=]e] 80°Collx
= 3kE o] 60%% vehdth 549 QAA e
u)alE 2x9] o3ke o) 93 AAE 99 e
FZ0A 71AE 7181A] e 104, 20%, 30%-4
A2 E & F 40°CellA S &A1} Fig.
73} 3Fo] a-amylase®] o)) thdl FA A2 20°Co)
Al 50°C71R) A &J3k MEr} glgl o) 60°Ce) @
< 7F A9 dAE 308 FyE o] 7haEe
Z+E FAo] 87%31 L, 80°CellA] 0% dx2]A] 2
& 240] T1%= epc}.

o] A= 7§ A. oryzae a-amylase?] A &
% 40°C(Fogarty & Kelly, 1979), black As-
pergillus®] 60°C(Seu & Kim, 1967), As-
pergillus sp.9] 45°C(Kim, 1983), Paecilomyces
sp.9] 45°C(Zenin & Park, 1983), &% F. capu-
ligenum2] 50°C(De Mot & Verachtert, 1985),
A &5 B. liquefaciens®] 65°C(Fisher & Stein,
1960), P. stutzeri®] 45°C(Sakano et al., 1983)2}
AlEd W AEFRe) A9eEnd dskn #we
Em9 AW exel $A A%e vehdo
(Table 3).

Aol 3t AL F5F black Aspergillus?)
0~65°C Seu & Kim, 1967), &% F. cap-
suligenum®] 40°C(De Mot & Verachtert,
1985), Al B. stearothermophilus®] 90°C
(Fogarty & Kelly, 1979), B. circulans F-29)
0~45°C(Chung et al., 1982), Bacillus sp.2]
60°C(Oh et al., 1976), P. stutzeri®] 0~45C
(Sakano et al., 1983)¢} Bl W v 2 5.4= FA
4 %7} v)lad B 40°CE Yyl 7F &
Ao} o] AR Ql A2A A4 Jeptou F
Foll of#] M4 == o-amylaseo] WdAdo] UnkH
L2 gl Ao R dEA gl Aol dls| £ s
80°CoAl M= T1%2] AE &AJo] ‘dol o] A+
9| o-amylaseol| 7172 WHdA & el gl

Table 3. A comparison of effect of temperature on
the o-amylase from various microorga-

nisms.
Optimum Stability
Species temperature  range
C) C)
Alternaria alternata 40 20~60
Aspergillus oryzae 40 —
‘&‘iﬁiig‘ilé‘;efgﬁm 60 0~25
Alternaria sp. 45 —
Paecilomyces sp. 45 —
capsisgenum 50 40
Bacillus ) _ 90
stearothermophilus
Bacillus liquefaciens 65 —
gzcillus circulans 60 0~45
Bacillus sp. — 60
Escherichia coli 70 o
& B. subtilis
Pseudomonas stutzeri 45 0~45

Table 4. The effects of metal ions on Alternaria
alternata a-amylase activity.

Metal Relative activity (%)
ion 107°M 107*M 107°M

None 100 100 100
Mn** 112 110 122
Ba™* 94 83 98
Pb* 94 95 99
Co™* 98 87 98
Hg™ 100 100 95
Mg* 104 93 94
Zn** 108 107 104
Sn*™ 105 103 105
Ag"” 87 94 92
Cca®™* 105 104 105

o

ol FA4vt mded A F sl 5538 ran-
dom coil +2& X33l1 g1/ dEql A& F
A (Fogarty & Kelly, 1979).
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Table 5. A comparison of effect of metal ions on o-
amylase from various microorganisms.

Species Activator Inhibitor
Alternaria Mn*, Zn*, Ba®, Pb%,
alternata Sn*, Ca™ Co*, Ag"
Aspergillus sp. 2+ 2+
(black Aspergillusy B2 Ca

. Mn*, Sn”*, 2
Alternaria sp. Ca? Pb
Bacillus circulans 2 »  Ag', Cu”,
F-2 Ca® Mn™ [/ pp»
Pseudomonas 2+
stutzeri Ca

24 §40j 0jXl= 35 0|29 H&

EH A A A S5 ol d¥d =

A7l flsld 4 35 985S 10°~107°M<]
FTEE A3t ] A¥elA HH 2R
ehd 40°C, pH 5.00014 &40 vFg-A17) & 71 &
A& EAs. -2 F% o] 22 Table 49}
Zo] A4 FA e £ %L FA Y= AoE Ve
W=l Mn*, Sn*& w23 A48 215 a9
£ ey ubd Ba*, Pb*, Co¥, Aghs 55 2%
oA B4 Asshe Z3E el 53] Co*,
Ba*2 10°Molx 22t 83%, 87%E Aght: 10°
‘Mol|A] 87%2] EA-2 vrehdl 713 733t A& &7}
£ Jehic). 7 2] Hg*¢} Mn*2 o Kol Aql ez}
2| A& A& BT thiol7| 9] ASLE WA3=
Hg*% &2 34L& 34 A &8k it

%HH, black Aspergillus(Seu & Kim, 1967) o-
amylase Ba*, Ca* o]-& 37}A] &4jo] Zr}3}
£ Aoy waEglon] Aspergillus sp.(Kim,
1983)ell4] Mn*, Sn*, Ca™ ]2 A7} &4 Z7}
E7+5 vehiz Pbr} 24 74 538 vebd A
< & ane dxg o) Hee A4 As) &)
7} A Yehdz] gkl 28y} B. circulans F-2
a-amylase(Chung et al., 1982)= Hg®el| ¢]&j] &
4 gAe] 73] A= Agh, Cu*, Pb*d
A vlad A4 A4S Bl s 1
24t Ca*, Mn*& F-8A2 245 Yvtx Bas
o] Ca*, Mn*e] 7$wte] B #xel dx|=gc).

54

= <
§
2 4
2
2
34
(o}
2
o]
14 [e]
— T T T 1
-4 2 0 2 4 6 8 10
-1/Km /8

Fig. 8. Effect of substrate concentration on o-
amylase activity by “Lineweaver-Burk
plot. The Michaelis constant of o-
amylase is 6.5x10° mM. This enzyme
activity was about 1,000 times higher
than fungal a-amylase

a4 1mM EDTA @

1/V (unit/ml)

-8 -6 -4 -2 ] 2 4 ] é IIO
-I/Km 18
Fig. 9. The plot for inhibition constant by EDTA
on g-amyalse activity. Inhibition constant
on c-amyalse by 1 mM EDTA was 8.0%

10"° mM.

P. stutzeri(Sakano et al., 1983)= Ca*qto] #]35|

A S dgke B R F4eleo] Adg

4% 39 2 Faske ¥ ol dEhld
(Table 5). Wb AAHeZ Mn*, Ca*e &4
%7V&, Hg®, Pb= 84 7k 3398 el A
22 el ol 34 0]2F Ca¥o] i)
disulfide bridgeZ 7}3}sle] AAAQ &4 72
2] kA& Z7}A17] 2 protease2H-E] TAE 1B
33}] g¥2o2 )A€ ch(Fisher & Stein, 1960).
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T} Eak MU 240) AdY HE 83%
AE P dehl AAROR 3% oleels] =2
A AaA ke Aoz dehget.

&4 Hs

Soluble starch £-<§2] xx1d ul-g £ 4] 2]35}
of ¥ x4 7)o 3 A3 A4S A% AE
22 34 93] jg £4& Lineweaver-Burk
plotell 2l AlAJslgit}. Lineweaver-Burk plot
o] 23] L%l a-amylase?] K, 2 6.5x107?
M(Fig. 8=, K g2 8.0x10*M(Fig. 9= &A
=9}l B 4% B. circulans F-2 o-amylase]
K. 3t 1.704 mg/ml(Chung et al., 1982)=F | £]3}+
B. subtilis, P. saccharophila, A. oryzae(Fisher
& Stein, 1960)2] K, 3t 1~5x10mM, Kleb-
siella pneumoniae o-amylase®] K, gk 5.7~5.9
mM(Sakano ef al., 1983)3} wvlw& o Al-
ternaria sp. o-amylase? X3}3o]) B. cir-
culans F-2(Chung et al., 1982)¥ c} o}l Holx
. & B 34+ B. circulans F-2& |93 w4
ol B]3}] soluble starchel] gt x13}2de] ¢F 1,
0008] A= 7}3te] FRolAM H2l8 a-amylase®.
2A R31He) Wi g k3dt A0 = el

g EDTA(ethylenediamine tetracetate)el]
R ANEEE Vosh 0.812 A4 Helah-s
3= Zle 2 Jepdrl. EDTAY: g-amylaseo] &
qAsHE Ex1sks £ 4=A gled Boyer
et al., 1960) P. stutzeri(Sakano et al., 1983)¢}
B. cereus NY-14(Yoshigi et al., 1985) o-
amylaset= ¥ F4:9} ge 84 F71 A4S v
W S50 gt whgel Aol & Bylvt. 2= 2
A &L soluble starche} EDTA] oigh A
Ho] 7}shw] EDTA ojsf 733A Asfiits AL
2 vehge}.

H 2

Eofi|A] BE]"l A alternata® ZAAHL
ammonium sulfate 94}, 41 Sephadex G-100
column chromatographyE $3le] AAIGE F
SDS-polyacrylamide gel A7)¢3%¢] <3 wd

band®] a-amylaseZ 3]t} o] FAe] BEal3e
A BAS EAE A g3 A
1. AA 549 34 4 pHE 5.001¢1z pH
44 W9 pH3.6~7.00% H|2a AN
PAS Bole YA A2 vehigr)
2. 349 A 4 2=x 40°C, Gl 7t ¢t
A4 Wele 20~60°CE iehgton 80°CellA
308 g A A= o] T1%E AldFst A9
Fd3 WaAd S vy

3. 2 §4%= Mn?* Zn* % Sn* o}3 &AXle] &
A= 9)21} Ba*, Pb*, Co™, Aghel 23l #|a&}
= Uehgon E3 He*, Mo 10°M 2 10~
M FxolA As=8-g vebdct. 2oy Ho &
A A#NA ARE FAo] 83%2 £ At AubAe
2 3 o9 e A A st

4. B 349 soluble starchol] W&t K, 7r&
6.50x 102 Mo|g 21 1 mM EDTAS| o3t K, 4
2 8x10° M2A AAA Asf2h4-5 skt

rO rC'
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