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Purification and Characterization of a Maltopentaose-producing Amylase from Bacillus megaterium
KSM B-404. Park, Je-Won, Byung-Ju Kim', Jae-Woo Lee?, and Young-Bae Kim*. Craduate School of
Biotechnology, Korea University, Seoul 136-701, Korea, '"R&D Center, AmorePacific Co., Yongin, Kyounggido
449-729, Korea, 2Department of Food Science and Nutrition Management, Gimcheon College, Gimcheon 740-
704, Korea — An amylase that hydrolyzes starch into maltopentaose as a main product was found in the culture
supernatant of a strain of Bacillus megaterium KSM B-404 isolated from local soil. The enzyme was purified 129-
fold by ammonium sulfate precipitation, DEAE-Toyopearl and Superdex 75 HR 10/30 column using a FPLC sys-
tem. The molecular weight of the amylase was determined as about 68 kDa by using SDS-PAGE. Optimum pH and
temperature of amylase were found to be 50°C and pH 6.0~7.0, respectively. The enzyme was stable up to 60°C by
addition of Ca?* and its pH stability was in the range of 6.0~10.0. The activity of enzyme was inhibited by Cu**,
Hg*', and Fe** and maintained by Ca®" and Mg?*. EDTA and pCMB also showed inhibitory effect to the enzyme.
TLC and HPLC analysis of the products of the enzyme reaction showed the presence of maltopentaose (52%), mal-
totriose (25%), maltose (11%), glucose, and maltotetraose in the starch hydrolysates.
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o-Amylase(1,4-o-D-glucan glucanohydrolase EC 3.2.1.1)
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NaCl 8- 10 miell HEtslolct. fetel] Hgakg 35k
.BS 33wl A (tryptone 10 g, yeast extract S g, NaCl 10
5, soluble starch 10g, agar 20 g, distilled water 1,000
nlell =7sted 37°CelA] 124)7F wieFslsdct. wiA] $fel v}
ht Z2UZ opA] A 22 LBS 3 wlA]¢l] tooth picking
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=g F3u] F9lol FH3 P4 F2A amylase A+ 7
& IXE sl A 79 3 WigelE Smie] LBSCa
B wl A (tryptone 10 g, yeast extract 5g, NaCl 10g,
soluble starch 10 g, CaCl, - 2H,O 0.008 g, distilled water
1,000 mly7} B4 15 ml cap tubeol] AE3k] 37°ColA] 150
pmEZ 2447k ek wioFst F 44521 (3000X g, 20 min)
stdt. doldl A3AE AT 1% 7HeAd At vk
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min)ste] FAE AAZ F, ASHE (NHa)SOE 75% E
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HCI £H5-8- (pH 8.2)ell -8-31417]132[10] SL & P58
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FPLC system(Pharmacia Biotech., Sweden)S AF-8-3}31t}.
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toglobulin(M.W. 18,400), trypsinogen(M.W. 24,000), egg
albumin(M.W. 45,000), ~22] 2 bovine albumin(M.W. 66,000)
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vinylidene difluoride(PVDF) ZH(Millipore Co.)ell 0.5 A<]
A712 3087 A7) FH319. PVDF 2HE $/752 5%
7+ MAsE F #13 A 7137](Bio-Rad model 583 gel dryer,
Bio-Rad Co., Hercules, CA, U.S.A)E A Z3HT ol &
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< AAsIA14].
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F=7F 1 mMe| HES 78It AeiAl 2 o8- acetic
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nzoate(pCMB) 3} £ %71 1 mMe] HES- 718 o}
&, 40°C e SN 3087 AT F 2 BEBHE
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7Vsle] T wpy o ubA| g F 4] $-21(10,000X g, 10
minj3led AFS o] EASHE BERYS S,

grSitEel 24

23 " 5%((wiv) 7HEA AR 2 0.5 mi# 50 mM 1
Al 95-8-ol(pH 6.0) 0.4 mlol| EA-8-H4(5 unit/ml) 0.1 miS-
F8led 40°C BH& SxolA YA A7 WA Bhe B
ol 587k Feale] whe-s WA, 8 5
pre-coated Kiesel 60 silica plate(Merck AG, Darmstadt,
Germany)ell 24 3 %, n-propanol/water(8:2, v/v)E -7
2 3l AReellA 23] AN AF . Plates 94138 AE Al
7] 3 A (H,SO4/phenol/ethanol, 5:3:92, viwivye B
I 0°CA 15 oA T-HA 2 HRARES Feldisiet
Bl NSRS Aoz FAe) $lsle o) e

™ catalase ¥4 Q) Bacillusgolgom] &nj7 A3 A] 1
AFel 1Tum o4l A3 12 A2 545 B2 sl
Bacillus megaterium2-Z. 3311 (Table 1).
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Bacillus megaterium KSM B-4042] wjof A5 S
(NH4),S0, #3153 DEAE-Toyopear] &°]-2 23} = Zua}
Eelg], 223 Superdex 75 HR 10/3022 A oj=}3t 2
& 1299 AAFHUL ol 82 21.4%ei%i=. 72 DAY
AA =} 8L Table 29| et F2-22 Bacillus
megaterium KSM B-4047} JJAK1= amylase®] FAlak <
68 kDa® & LJePITh(Fig. 1). 7180l B35l G5 AJAt amylase
= FolA B. cereus NY-14[30] Y Pseudomonas?[22] =
amylase®] 7-§- 7L BA}Fo] ZH7t 55kDa%} 64 kDa® %4
A gle] & amylses} S zpo|E B g 2 amylase
o] N-2tgt olu|iAl A& Asp(Gly)-Thr-Val-(Asn)-Asn-
Gly-Thr-Leu-Met-GIn-Tyr-Phe-Glu-X-(Tyr)2 eh}A, 7]
ol B3 ¥} 9= ke MlvA amylaseS3) vlwEr A3}
2 AFAHE B3 53] Bacillusse 53 oS 1

3} ch(Fig. 2).

Table 1. Morphological and physiological characteristics of the
strain KSM B-404,

Characteristics KSM B-404 Bacillus megaterium®
Shape of cell Rod Rod

Z712 2 HPLC ¥AY& A8t AFE-El column?  Diameter of cell >1 um 1.2~1.5 um
YMC-Pack Polyamine-II(4.6X 250 mm, YMC Co., LTD.,  Lengthofrod 2~5 pm 2~5 jim
Kyoto, Japan)e|$l3L 8-F4-9 © 2 2= acetonitrile/water(55: Gram S‘ai“ing * *
45, viv)E ol 45 %l vl 42 Intelligent pump/SLC-100 ZI;:; Sf:rmat]on i i
(Samsung, Seoul, Korea)Z 1 ml/ming HX]3}g.om A8 Anacrobic growth _ _
FY 2 20ul, &2 Shodex RI-71 RI detector(Showa Voges-Proskauer test - _
Denko K.K., Japan)ZE 3l v} gtH Wb-g-8-AL 045um  pH <6 in V-P broth + d
nylon o3} h(Alltech Associates, Inc., Deerfield, IL, U.S.A.) Acid from glucose * +
02 oJzEl F columnol] YUY} Gas from glucos.e - -
Acid from mannitol - D
A4 9 TE Hydrolysis of starch' ar.ld casein + +
= = Nitrate reduced to nitrite + D
Growth in 7% NaCl - D
M Fo| EH Growth at 50°C - -
A g2 Gram 39 o2 WEA EAE A} 3Reference 24, ®11~89% of strains are positive.
Tai)le 2. Purification of the amylase produced by Bacillus megaterium KSM B-404.
Specific purification
Step Volume (ml)  Activity (U/ml) Protein (mg) Activity (U/mg)  fold (times) Yield (%)
Culture supernatant 3700 0.64 138.75 17.07 1 100
75% (NH4):SO4 86 8.16 34.11 20.57 1.20 29.64
DEAE-Toyopearl 650C 53 129.9 2.84 242.42 14.2 29.07
Superdex 75 HR 10/30 16.5 30.7 0.23 2202.39 129.02 21.39
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I'ig. 1. SDS-PAGE pattern of the amylase in each purification
‘teps. Lane A: Standard proteins, Lane B: Culture supernatant,
.ane C: After 75% (NH4),SO, precipitate, Lane D: After chroma-
sgraphy on DEAE-Toyopear]l 650C, Lane E: After chromatogra-
thy on Superdex 75 HR 10/30.

B. megaterium KSM B-404 -48 DTVNNGTLMQYFEXY--
B. amyloliquefaciens [17] -32 VNGTLMQYFEWY--
B. licheniformis [8] 30  ANLNGTLMQYFEWY--
B. stearothermophilus [8] -35 AAPFNGTMMQYFEWY--

Streptococcus bovis {3] MINETLMQYFEWY--

#ig. 2. N-terminal amino acid sequence of the amylase pro-
luced by Bacillus megaterium KSM B-404 in comparison with
hat of others. The amino acid residues identical to the sequence
of the amylase from B. megaterium KSM B-404 were shaded.
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Fig. 3. Effect of temperature on the activity and stability of the
amylase.
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Fig. 4. Effect of pH on the activity and stability of the amylase.

X amylase®] ¥FS- A pH¥E 6.0~7.0°1%1 3 pH 6.0~
10.02] &2z WA wi$ dA A (Fig. 4). 53] &
FA4E 7)Ed) 2 G5 AL amylase 52 A pHY
pH AT} v)-¢- 2R3t A3S Bo)il Qlok(Table 4).

%0l 2 Mairlel s
2 amylases Ca, Mg ol &l &J) vlerehs} 1 g
ol F7helelw, B3] Ca* ol AT wish o] T
o 9 Pl Flefshe AR vepdeh Wl Qo He™,
Te)3 B8] et olee Aol BUS Pl Assialet



356 Park et al.

(Table 3). o]= 71l Bad G5 AAF amylase &2 A7
o} frAke 232 E3iok(Table 4) 13 oje] 7] A a4l
7} amylase®] 243l U]z]—‘= oIS AR Az} gheiua
o] FAE Aslshe A ‘Q’EV] concanavalin Ax &4
Aol A BHE A e v BRE A3
T &4 A4S Asslalc(Table 3). $41 pCMBol| &3+ &
4 2439 A= & amylase®] TS SldlAE 24 9
W -sulthydryl Z7]9] Ex47F F83S o & UL, =3
EDTA®] 98t A3 EHE u|Fo] & o amylase= 2L &
A Blel] S50l X313 B acetic anhydride -
g]x hydroxylamine HCIZ2 modifierel] 213t A8l Ea=
A2 E4 ‘—H functlonal group°]‘/’r 0}‘3]5:’:} Z719] modi-
ficationo] &4~ &9 Z7 9)ch,
53 £ amylaseoﬂ rh} pCMBe} EDTAS] &4 34 A3
3= 7124 B35 G5 AL amylaseS 5 B. cereus
NY-14[30] 52 amylase®] Z3}9} A FHE = Holct
(Table 4). o]|Ae] AR2RE] B amylases 4 IA 19
o) -sulthydryl 2712 7}x3 glomy F<ro|ex} ZA3lee]
9= njgehilal 48 ZR]=Egc)

E‘_.l_

Table 3. Effects of metals and inhibitors on the amylase activity.

Metals?® or inhibitors® Relative activity (%)

None 100
Ca®" 102.9
Cu® 1.8
Fe** 0
Hg?* 16.2
Mg 104.9
Acetic anhydride 0
Concanavalin A 104.2
EDTA 0
Hydroxylamine-HCI 0
PCMB 0

2 All metals were used as the chloride salt at 1 mM concentration,
b All inhibitors except for concanavalin A were used at 1 mM con-
centration, © Concanavalin A was used at 10 mg/ml concentration.

HiSitEe] &

- amylaseel| «]3& 784 A EL] HREA|Z | uhE e
3 AHES TLC BAHe2 #lslgvhFig. 5). uh& =
7]ell FAREQ] GSJl® G3, G6, G7 5ol et vt
& Alzke] AejAmA Go3}F G7 ¥ AR FRE 3=
o}, vwby whg- Z7)ol= vjgko g EA st glucose(G1)9}
G2= HRSAIZbe] oA EA Al F718le, G29] 79 ¥
S 24217F Foll AA| 7R AR oF 10%T 23
o} 3k 2 amylase?} 723 & 5 de A 71AE
G6°}lH(Data not shown).
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A2vtEadE Fig 60l Hebisl. 5% AEEdS ab
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G52A FAREINo. J222 G39 Gt 4 25% ¥
1%E 23t em, o uledl 23] G193 67t FHEHU
o}, 712 B® Bacillus licheniformis 584[211%F Pseu-
domonas%:[22] 2 G5 AWAF amylaseE-2 ¥F-S- Z7]oll=

G5} T2 vl &= AR uhg- A|7ke] AoA|HA B
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G2 o om owm B
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Fig. 5. Thin layer chromatogram of the starch hydrolysates
produced by the amylase. G1: glucose, G2: maltose, G3: maltot-
riose, G4: maltotetraose, G5: maltopentaose, G6: maltohexaose,
G7: maltoheptaose.

Table 4. Comparison of the amylase produced by Bacillus megaterium KSM B-404 and others.

Propertics B. megaterium B. cereus B. licheni{ormis Pseudomonas sp.
KSM B-404 NY-14* 584 KO-8940°
Optimum temperature (°C) 50 55 76 45~55
Optimum pH 6.0~7.0 6.0 5.0~8.0 6.0~7.0
pH stability 6.0~11.0 5.5~10.0 6.0~11.0 6.5~9.0
Minimum substrate G6 G6 G4 G6
Molecular weight (kDa) 68 55 225 64
Yield of G5 from starch (%) 52 40.9 333 N.T.
Inhibited by metals Cu*", Hg%", Fe¥* Cu®, Hg?*, Fe** N.T¢ Cu?', Hg*
Inhibited by EDTA + - + N.T.
Inhibited by pCMB + - N.T. N.T.

Reference 30. "Reference 21. “Reference 22. ®Not tested.
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Fig. 6. High performance liquid chromatogram of the starch
nydrolysates produced by the amylase. G1: glucose, G2: mal-
ose, G3: maltotriose, G4: maltotetraose, G5: maltopentaose.
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vebwdet £ A8 -S Bacillus megaterium KSM B-4042)
mnaltopentaose AJAF amylase®] duFA<l BA-& ZASIG S
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g A3 Eae Ve A dskeh AR sReEE] ARES
HPLCZ 43} 27} maltopentaoseZ} FAFE-Z epton
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