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AR FAA A F83 ebAhQo]r, glucose”} o-1,4-bondZ
AZ" HH4e] amylose?t c-1,6-bondE ZSHE FAS=
amylopectin®. 2 o] Fo]4 It} 18]1, gramylase (1,4-o-D-
glucanohydrolase; EC32.1.1ye &t¢), AlF, 2dolf % FA ol
A EulEy, AEa gAE 529 o-l4-glucosidic RS F
A2 el 9aEY, ol Trdel FEES A4
e Eaolti(11). EZ)3MTLE o-amylaseS EHISl= FE
& Clostridium acetobutylicum (2), C. thermohydrosulfuricum (9)
So] geiAal on, IVRHFEAE F2 Bacillus®y 355

o] RuEal th(11,12,15,16). B3, @ -amylaser= 2lo|u} &7}
g, 2= g AE Bole vt Bon, MigERas =
At i Arte] Zhsdt AF, E, A, d2F A
2-840] 2o FAolth(ll). fAmylase (14)= oramylase®}t T}
MR o-14 SEIAE Al Zgsh BigkaAg ddollA
HE] maltose FHE E85}7] dF9) amylose2H-E] maltose?t
A48l amylopectin®ll 2838t 01,6 AFEAHANA H8o)
ZAHEZ maltose®} dextring AYAJET} H3 glucoamylase=
o014 2 o 1,6 28] kA E B85l glucoseE AT}
SHH, AESEEE AF-S Aidslr] fEiA midE 2EER
St AFY ARG EE PIATIE S 88 AgES
Atk Bacillus groupe BEAES HFE AEE FHldh= 54
o] 9Jo} aramylase, protease, c-galactosidases®] TA 2 A&
A B2 o] A2 Dol Ak o)gH1 e A elTh17).
3, gamylases UF, HTEE), A3l 52 3 o7 A
Goll AHgEt. 28]a ol FEEE 71X ramylases 94
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B A ALgE g5 ARV A3 ANEeE A,
) v A, 8114 RIZ =, T BEY TAlA ARE AH
3to] A A A A4(0.85%, NaCYE ALE3l % 3ty
aAE A =Tty FFujde] AR nA R BY
medium)T meat (beef) extract 0.5% (w/v), peptone 1%, NaCl
0.2%, yeast extract 0.2%, soluble starch 2%, agar 1.5%2=
Azt o, AA N Z)(ABY medium)= meat (beef) extract
1%, peptone 2%, NaCl 0.4%, yeast extract 0.4%, soluble starch
1%, pH & 7.022 243} AZ3Po). vjgE 24 F94
0.01 M -KI- I, 888 FFAIAA £81EHhalo)°] 10 mm ©]%
& YERiayS), Aol 58 #FES AL, £
H dFEL glycerolnutrient brothdl] FEA|A -70°C WE31o]
RPFGY 2T AYITEATY FHALY AN 2oL
Bacillus  subtilis  KCTC 2210, Bacillus sp. KCTIC 1730,
Pseudomonas aeruginosa KCTC 17502 AM&-3FHth
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EEc

oramylase A EE Y3 E4AL FFE 10 ml] LB
(peptone 1%, veast extract 0.5%, NaCl 0.5%, pH 7.0) six]ol| A
30°CE 24 AIZFE<t ZEIE 5 8,000 goll A 3 £3F 4R
3t #AE 23] AAT FFNAE crude enzyme solution© Z
A&t
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NTG X{2|0f 2|8} E¢iHo| R

o-Amylase 352 FFA7]7] A5k Millere] R 8y W
Hate] AHEATY. Bacillus sp. AIV 195 LB 5 midl) HE3}
30°Col A 3~5X10% cells/ml 7FA] BlOFEE & 8,000xgdA] 5 &
7F dAREEe 1S HAMNAY. AFYE AASE 0.1 M
citrate buffer (pH 5.5) 5 miZ 33 MA3} 4 ml 0.1 M citrate
bufferel] V=3 F NTG (Sigma Co. USA)S HZ¥E7} 100
Ugimio] E|Z2 BrRolx] 30°Co)A 30 ®-7F AA|EAT. 1Eln
8,000xgollA 5 EIF AAEsIY HAAZD F 01 M
phosphate buffer (pH 7.00& A&} LB 10 miol] A HEslo
12 Azt wieFslTt. o1& 100744 EAIsta BYwiAjel] =gk
F 30°CollA] 20~24 AI3F HieFEle] @ o =AY (50 R A A
Bale] AelhidielA] FgEAL 9578 aramylase B35S 1A
sh= AIV 19402 A1 83kt

Amylase M T £H

Soluble starchZ 1%7} = A 50 mM phosphate buffer (pH
7.0 £3)A)1H AFSEATE. =32 1% soluble starch sol. 0.25
miol AN 025 miE B 37°CoAlA 5 B7F vkAZ &
DNS (Dinitrosalicylic acid) ®§(3)°l &3] glucoseE TFEE
3t 550 nmollA] FBEE 4, v R o, 24T
= 1 Eol 1 umole?] glucosedl] H33e= LTS Aelsle &
A2FE 1 wit2 3G} Specific activitys TEE mgd 9]
activityZ EA|SHF ). TA F2 v YT FE spectrophotometer
(DU 550, Beckman, USA)S A-8-3}] OD 600 nmollA] Z-43}
o}, Tl AL Biuret HO 2 FHSIATA).
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59] catalase, oxidase test= Gerhardt 59 WH(4)& WF
ate] AgStATh Z1EE A3ketE d@2 API 50 CHB (API
bioMerieux Co, France)& ©]-&3l AA|gy¥rh ZH|aA5L
APILAB plus software version 4.0 AFM8-3l4] similarity %=
HERAATE. AR A & T4 Miller *WH(7)S W& s
o HAAISFHTE Trypticase soy broth agar (BBL, Cockeysville,
MDA 28°C, 24 A1t viFS T2 S <F 40 mgS screw
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cap tube (13X100 mm)ol] €3l 50% methanol, 15% NaOH 1
mi& 718k 100°CA] 30 £3F BR. 7EEEE-S Heo
2 218 methanolic HCl 2 miE 718 80°ColA 1087
buthyl ether (1:1;volvol) 125 miE J7}8tATh Fatty acid
methyl ester®3& F 3§t Uh3- base washing® 3. 34182 NaOH
3 mi& Vsl AEAS B8 viald] gol 48 AEE A}
S35t B4 Microbial Identification System (MIDI, Inc.
Newark, DE, USA)S.8 AA|8IY 1, AuHtzAd-& MIS Library
entryol A1€] similarity index (SDZ YA

2N MASHIL

TAE LBuiR]o] 24 A7k 30°C vl g | mis
effendorf tubeol] o] WAL (8,000%g) 3 &, DWE 2 A
g OD (600 nm) 12 2" HFE Bioscreen C
(Labsystems co, Finland)ol 5% HZ3FAc} WAL amylase
A #H Al A (glucose 2 g, yeast extract 10 mg, NaCl 0.1 g,
(NH,),50, 10 g, KH,PO, 0.5 g MgSO, - TH,0 0.2 g, FeCl, 5
mg, CaCl, 50 mg - I'") 380 wl AME3 e, 7132 HEs=E
0~20 g/iE U3t A45S H7kskdh

e HAs A E

B dFE o]83}] amylase?] F71EE5S Hrlskuh
Amylase T HF 50 miS AR 2 30°C vl 1 971 A
o ¥ FFE 8,000Xgo 2 2 EZF YARR Y EESHRIE
29 A & 5% FESIATH wblEriol A 150 pme R
30°Co A WEEAIATE Ao WE {r1ERATES whERT,
1 Y3 3 5o cob &3 vial (HACH, Co, USA) &
1500 mg/i7}A) E37153%F vial2 A8F 343l CcODer ¥
-8 Z4319a, pH meter (DP-880P, 51738}, Korea)=
Fhol2EEE ST

O -E T

Zn o DF

2 Aol AFT s A} 820N V1SS
A9 =, & FAA AEE AF sl dFES dESIH
A 7IAR k= BYRA A GOA A% oz wjdst
o WiF5A0l Bacillust AT ATES T2 A5t wjA]d
THA] pickingdted BlYAIZ] ¥, 0.01 M KI- I, -8H4& EF-3ld
Halgto] 10 mm ol dFg Al EE Ade F
2 Aieide B3l &5 9 FF9S EIEGey, 9
AdE F 542885 SHE B3l 58 TR Bacillus sp.
AV 198 FH3l9en, B} 948 E4895ES AW 354
ZE 98 NTG HEE F3 930 YHE A8k 20070
o] F2UE Y3t 3% 2717 10 mm o3 HFES
1S F 4084 %50] 953 Bacillus sp. AIV 1940 T5-2 2
2} A3t HTHFig. 1). Enzyme activitys= Bacillus sp. AIV 19
w7} 1,534U0)3 EA- 1T Bacillus sp. AIV 1940 &7}
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Fig. 1. o-amylase halo formation on agar plates. (A) Bacillus sp.
AIV1940, (B) Bacillus sp. KCTC 1730, (C) Pseudomonas aeruginosa
KCTC 1750.

2812UZ 1.8¥17} &7] SFtHTable 1). Specific enzyme
activitys oF 1.89) =T o] ¥ o] Al AlfE 5 A
54 FAARE AS3t A" ZAAE ebd Bacillus sp.
AIV 1940 TFE HFE &t

2e|72Fe 54

AHE F2lTEF Bacillus sp. AIV 19400 sl Senehz]
2 ok WA X FEre oFs S]] 3.4 mm A7)
2 7PgAE7E R EV18E R Hola, BetdnEo s B
g A3 olg Al WAl E Jehligion, aydge s A
HAUT 32 Av)AER AREnEoz BEst Ay A A
zhtolH, Zeol7} 2.3~5 um, Z°] 0.8~1 ume|AcHFig. 2). API-
S50CHBE ol-&-3 4], Aslehy A2 7= Table 20 YeR
AT ATV 199} ATV 1940 T “Good identification” 22 1}
Eiton, EETFE A3 KCTC 2210 “Excellent identifi-
cation” 22 Bacillus subtilis2] 2] A3}t EAS HYT)
AIV 195 Bacillus stearothermophilus©.Z match7} F 101},
Bacillus sp. AIV 19402 Edwolol] o3 A2|5de] Holr} &
e Ao ALE =0, Bacillus subtilisE 57 F ATHTable 2).
Glycerol, inositol, sorbitol, c-methyl-D-glucoside, Sucrose, mal-
tose, trehalose ©]-8-59llA Bacillus sp. AIV 195 2410|001},
Bacillus sp. AIV 1940, B. subtilis KCTC 22102 948 veh)
AL, cellobiose, lactose ©]-8-F AIV 195 FAHolon)

ooV AERA AAEEE Bacillus sp. AIV 1940 3

Fig. 2. The SEM image of Bacillus sp. AIV 1940. Bar represents 5 tim.

Bacillus sp. AIV 19403} B. subtilis KCTC 2210 245 gl
it Belusg dEgalol ARStuAl Sl=2, starch o}
S e B2dFrt ddE SFAdoliaL, B subrlis KCTC
210 +4& YeRIT. o] HAE Bergey’s manualell W}
VIS AR Bacillusgol 430 A= YERTH10). A
A w3 AEad fEde] Fagh FAMARE 2 dFv)
A 2 A e 232 7d5E BRE 5 Q)
o XETFe AWHENAA B subtilis KCTC 2210
similarity indexX|7} 0.796 (B. subtilis)©. % first choiced A 2
YUX|E}3L second choicedll A Bacillus amyloliquefaciens (0.724)2
vehd Aoz Hol M¥HQ Bacillus groupol] &3k AeZ 1}
bt Beld 3 Bacillus sp. AIV 19402 APl AT} 3}
A MIS BN B, subdlisS] SIEFA7}F 07792 JERY B,
subtilis KCTC 22109} frAHde] vl & #32 #ddn
(Table 3). Leju}, Bot &S 548 A= )88t 3
A, 16S IRNA &4 53 7344 #2859 #HEZ 878
o} Abel S(1)° SJshA Ao Aat 24L& 38 Aujg
o2 EFeLE FANA plasmidit vlAgE WHole) ©1% sReigh
FIE WA gou Ao zoldf BAGle] FoF FH A
B 2 $740] &olsithie S et & w, API A} A
Ak A0 ke BEFAR)A Bacillus®0 2 BF3E Ao vl

=22(2Fe| &N HESHI
Bioscreen CE ©]&3 71 <& 5L #HU5h7] A& 7123
7V 247 01, 02, 02, 1, 3, 5, 10, 15, 20 g2 HEEE

Table 1. The of o-amylase activity of the isolated Bacillus sp. ATV 19, its mutant and the reference strain Bacillus sp. KCTC 1730

Strains Protein Enzyme Activity Specific Actiyity Halo size on plate
(mg) [8)} (U/mg protein) (mm)
Bacillus sp. KCTC 1730 3.66 478 130.6 11
Bacillus sp. ATV 19 447 1,534 343.1 13
Bacillus sp. ATV 1940 4.68 2,812 600.8 16
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Table 2. Physiological and biochemical characteristics of the isolate,
Bacillus sp. AIV19, its mutant AIV 1940 and the reference strain
KCTC2210

Strains Substrates

AIV19

AIV1940 KCTC2210

Glycerol
Erythrito]
D-Arabinose
L-Arabinose
Ribose
D-Xylose
L-Xylose
Adonitol
B Methyl-D-xyloside
Galactose
Glucose
Fructose
Manose
Sorbose
Rhamnose
Dulcitol
Inositol
Mannitol
Sorbitol
B Methyl-D-mannoside
B Methyl-D-glucoside
N Acetyl glucosamine
Amygdalin
Arbutin
Esculin
Salicin
Cellobiose
Maltose
Lactose
Melibiose
Sucrose
Trehalose
Inulin
Melezitose
Raffinose
Starch
Glycogen
Xylitol
Gentiobiose
D-Turanose
D-Lyxose
D-Tagatose
D-Fucose
L-Fucose
D-Arabitol
L-Arabitol
Gluconate
2 keto-gluconate
5 keto-gluconate
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+

+
+
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+
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= AR 58 grlEanh AREET 1 gl ol3ke] FEAA
o] F7 A5l OD 600 ool 0.68=HH, p (T
A&E)zko] 00142 A ZAFACKFg. 3). = met HA
Aoz AFe] AFBA F Fr7t BAARA  Feirh A
St} 3 gl ole] BEAXE FFAFe) A sl Hls &
A3 satEgon), Aubdo s FA sl WA vekith ©]
= alge] pHEto] 4.5-5 AR RobdA 2T AR A
g @ck(Data not shown). 952} pHV} GolAE A=A 2
7= 0) 2440 7 f4A BE]O] proton motive force (
IPE FHANT RS 35S FASY ATP F40] olFAAA
aro} FAo] Asl=)A Brk13), wEbA % phE 2H3HA
o Ao FANAT FAGAE ASHHERE pH 2Fo| HAH
olol & Ao = AlgHTh

f71E HAHs

AR g A A5 #718 AAS ERE gokrr] As)
BalFs AES HEdle) 2ABIATHFg. 4). ¥ B4
20 glucoseS 71BN, AoWo e peptone 71815
t}. S71EA AR 190] AREHRE W BlRTS Bacillus sp.
KCTC 1730735 API KitZ#K(Table 2)oll 4] Starch ©]-8-5°]
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Fig. 3. (A) Effect of starch concentration (mg/l) on growth of Bacillus
sp. ATV 1940 on synthetic wastewater. (B) The u value depends on
substrate concentration. Symbols; starch concentration (mg/l) O,
100; W, 200; %/, 500; I, 1000; [, 3000; 4, 5000; <, 10000, A,
15000; A, 20000.
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Table 3. Identification results of discrepancies between the API system and the MIS (MIDI)

System

API (AP 50CHB) similarity (%)

Strains

MIS (fatty acid) similarity index

B. subtilis KCTC2210
Bacillus sp. KCTC1730

Bacillus sp. AIV 19

Bacillus sp. AIV 1940

B. subtilis (98.2)
Bacillus sp. (97.1)

B. stearotherophilus (98.2)

B. subtilis (98.7)

B. subtilis - 0.779
B. amyloliquefaciens - 0.724

Not tested

Microbacterium liquefaciens - 0.716
B. coagulans - 0.367

B. subtilis - 0.779
B. amyloliquefaciens - 0.767

100

80

y —

40

20 ./
0 . . ;

0 1 2 3 4
Reaction time(day)

COD removal rate(%)

Fig. 4. The CODcr removal rate (%) comparison of starch synthetic
wastewater depend on strains. The initial CODcr was 4,455 mg/l.
Symbols: @ , Bacillus sp. KCTC 1730, B, Bacillus sp. AIV 19; A |
Bacillus sp. ATV 1940.

< Z20E #REo] HlwE Be Bale(25.1%)S Yehiich
we}x COD #4147 o] Yehd Balao AR 729
el 2%t AA" Aoz BTk Bacillus sp. AIV 19 F5E
36.9%, EAH TS Bacillus sp. AIV 1940 T3 40.2%2)
EaeS eIt 27) CODerol 4,455 mg/idl 1w %e] &
7188 H R AE AR ol$ e BaleS el
3, BT A71ERS 2 AR 1B AN
ogd & e 7FeAE ANF Aot HEE 3UFE
Bacillus sp. AIV 19400] 723%2] £& AASS eh)e] AR
o] F7IEAIAN &80 71ed 783 1o wE
ot E4284% BlRol A Bacillus sp. ATV 1940°] AIV 198t}
188 A= o] 93l ok(Table 1), FAIFF Aol e
dA o R v 2ale-S el ol B4 BlEs)
o 7129 E3jFo] FVIEAE ¥kon, olnke HiR) ] pHe]
Ast2 A 0] tha B Yehd Ao g Alg g

Amylase= 21F713 2HdolA de] ARSET 9, o8 a7
AZo] olo] BHEE FFe] B E &4 A AT 2 )
Aok 2V FE 4718 Bils-g 7R #Eiee vAs
defoltt. £ ATE B3t dHgH)ge] AR EE #7
2] AA ol& 7FedE w51, IF bioreactor} pilotel]
23 iAol A8A1A BEHF AP Sl -8sh=
o2 FgPE|ojok & Ho|r}.

HAlef 2

EelTFe] AR EAR S MIDIE RS E954] 5%
7lede] AL FEATAGA Qo] ZA=YHUTh

&oEs
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ABSTRACT : Isolation and Characterization of o-Amylase Producing Bacillus sp. AIV 1940 and Prop-
erties of Starch Synthetic Wastewater Degradation
Park, Hyung-Soo*, Moo-Hoon Kim, Sun-Young Yang, Mi-Young Cho, Bum-Jun Ko, and
Yong-Keun Park' (Samsung engineering R&D center. Yongin 449-844, Korea, 'Department of
Biology and Biotechnology of Graduate School, Korea university, Seoul 136-701, Korea)

o-Amylase producing bacteria were isolated from activated sludge of corn processing wastewater plant and
paddy field soil samples and selected by the direct iodine reaction. The isolate was identified as Bacillus sp. after
morphology, API system and fatty acid analyses. To enhance a-amylase productivity, a successive mutation of
Bacillus sp. AIV 19 was performed using the treatment of nitrosoguanidine (NTG). The mutant, Bacillus sp.
AIV 1940, showed about 1.8-fold level of amylase activity compared with parental strain. The isolate was
Gram-positive and rod (2.8-3.0 um long, 0.5-0.6 um wide) type. The strain increased the bacterial mass at 3000
mg/l starch concentration. Organic substance removal rate was 40.2, 72.3% respectively after 1 and 3 day reac-
tion using starch synthetic wastewater (intial CODcr was 4,455 mg/l).



