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Isolation of Bacillus sp. AIR-5 Producing Maltopentaose Forming
Amylase and Optimization of Maltopentaose Production
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We isolated a bacterium that produces an extraceliular maltopentacse(G5)-forming amylase from amylose and soluble
starch. The bacterium was identified and assigned as a Baciflus sp. AIR-5. The amylase did not hydrolyze maltose,
maltotriose, maltotetragse or mattopentaose. Optimum medium composition for maltopentaose production in flask culture
was 2%(w/fv) soluble starch, 0.4%{wjv) tryptone, 0.5%(w/v} NaCl, 0.5%(w/v) K:HPQ,, and 3 mM CaCl; at pH 8.0, 287,
The highest yield for maltopentacse production in this condition was 6.45 g/L and was 32.25% of theoretical yield.
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2803 0.001%(w/v) MgS0s -+ THOE F&als v 2 (MPSH]
AZ HHE AFgEldon, nl4Es A4ATE Microplate
Reader(Bio-Rad Model 550)2 EF# =& 660 nmojlA] 243}
ot

o] FR(HEFTE ZAH, S5, DY B A=
1 g& 100 mL9 085%(w/v)] Alg] «)dsd desld =g
# Hl&x @AMt RLS 1A dlxd] 34 z=dalloh
37°C incubatorefl A 24417) Wik %, dAAE F2UG A=
¥ RLS(RL #i2] + 2%-wjv 7184 HEB)zle] 7|7, 22
= 9 (02 myml I, 2 mgmL KNS el +, Ego)
AdE d& 13 H‘%PS’&%S) o] FZYE L RLS 9%
HIAE 28T oA ' wjgrek F, 4 Ed3 }‘Il e A5
o2 ﬁi%‘ii gted 1%(wivy 7H8Ad HET WA
I, TLCE EA(18)8e 5% REZ TP £80] =2

F8 HE Wesigch

249 24 ZX 9 HAY Hakwl B4R BEA(TLC)
2 copper-bicinchoninate assayt(16)& A8}

247

Atk 71AZE AMRE B3 A7) e AR 9 1%
0.3 mL3 20 mM Tris-HC) buffer(pH 8.5) 0.4 mL-g 7}l
o 37T oA M DL A F 0.0 mLe] TL
A7kekm, 143 B9 @A EA QA rdez A
50 uLE Helgrd ube %, Alzel Sa¢] 01 M NaOH
ArEe) w28 WA A F| 1, 0|2 copper-bicinchoninate A]
AQJr BE F@#og & Alek 100 4Lk yHE A8 100
SAA 80T FLFZoll A 3585 g F, fzho) A
] ng}e]l, 08 Zo] EHTE 550 nmoll A FAMES
5???‘31{16) iz 48 714-¢434pH 8.5 849
0.1 M NaOHE 7}5}77 o8 & FA49E 0.1 mL H7}
}\% AMgsldeh E4 1 it 1BG s34 ABeA
2] 5= maltose pmolZ A3t
A Wy AAEe ¥ £55 4 k29 1 pLE
Whatman KSF TLC plates] 43 g %, nitromethane/
[-propanolfwater (2/3/1.5, viv{v) T (2/5/2, vivivE 2ol 3
Aol 25 AAE E, 03%(wjv) N-l-naphthylethylendiamine 3
5%(viv) HoSOWS Z b= Wighed] 27t &3] pRAR
F, 1200 1087 sl ﬂ"]ﬁ}ﬁ‘:}(m 4 F5Fe
E2|ude] o2 NIH image program$ o] &abe] R334}
(18,19). ZFeji=el $F(BL-3L, Bok sung Engineering
Co., Korea)& A&t wfctoz Mitd 454 9 281n
e Y3 TLCA| A S o) g3t Badatgoh

3

=
|ru

2ot 2 ozl B2 B
_A_.o_ul}":'m

EelAd ujgy

Felem Wl 250 mL Zefszd A dEe] ¥EE
gej3 MPSH[A] 100 mL& g 7igf UF §, 7§ HEs)
o 287, 155 mpmolA] G52 BargE 2Alelginh A5
Zo §Hlnw EXE 7)Ed @58E B4 ae} F
gack Aud Zejage] ddee) ol S thew ¢
o] A4srad.

e (%) = (4418 G3kg/LyAA S22l x 100
O] £8(%) = (487 G5 BE(LyEs] $3% SHEA
AR FEEL) X 100

T

IS% oY
sE UiFez A4iEtr] 93 daE ude gE
(BL-3L, Bok-Sung, working volume 1.5 L, Korea)5 ©|&
Eefa el dold MPSEIAE & I @
X, pH 7022 #ojsln, F7) $YLTE 1 vwm, wivk
£ 150 pmate] wlFsraA A Azbe] ARE 3o}
HEs A el AMEE TR 3 S 2YE uA|o
A A wf kst BAd8AA] A ElEen, 15 LY &Y
il 5-6%(vHEE FEIAD A4S 2o gnwd
TEET BrsE BAPHel mel gl

il

=}

-

329 F2, A

Bacillus sp. AIR-5% 287 Y aE=ZBL-10 L, #4828 L,
Hanil R&D Co., Korea)ellAl 12.4)7F ufjoF &, wjokads 47,
10000 x gl A 1SEZE Y eo)ste] Tate) Ealstda, a4
&4 2t pH 85 2 13} A48 L)oR Alg



248 Korean J. Biotechnol. Bioeng., Vol. 16, No. 3

Table 1. Physiological and biochemical properties of Bacilius sp. AIR-3

Growth temperature 47 227 28T 37T 407 50T
A I
Gram staining +
Shape rod
Diameter 1-1.5 um
Length 3-7 pm
Spore formation +
Catalase reaction +
NaCl concentration in medium 0% 2.5% 3% 7%
+ o+ 4 -

glucose, fructose, galactose, xylose, ribose, sucrose, melibiose
Acid formadon from carbohydrates +F--d+-
maltose, lactose, trehalose, raffinose, mannitol, cellobiose

+ -+ - - -

Hydrolysis of casein +

Hydrolysis of swarch +

Voges-Prokauer test +
* d: 11-89% of strains are positive, + : positive, - : negative
3tgch 13F E49E 30 K cut off membrane (Prep/ Scale- Table 2. Hydrolysis patierns of malicoligosaccharides by Bacillus sp.
TFF 2.5 f, Sterling Drug Co., USA)E o] &3 ¥&8 7, AIR-5 amylase.
Ultrafiltration membrane (MW 30,000, Amicon, Inc, Beverly, Substrate Hydrolysis by AIR-5 amylase (%)
USA)T} N; gasE o] 83} 55800 mL)3lal, o EAAZ distribution G6 G7 G8
B3 pad o8 ¥5E 2 Radow ABAY ¥ -
Z5 ZHAM32.11 mg/mL)E 20 mM Tris-HCL (pH 8.5) ¢ G2
o HFA)7 DEAE-Cellulose(Sigma, Co., USA) Y 3
(39x25 cmyel]l FaAF|, 2L gFdom oW FuF G4
AGEA ¥ dYEE AHSGYUE NaCl 355 005 M G5
(20 mM TrisHCl Buffer, pH 85717 Az 02 ¥5Tue G
Zo] FHatg el A24.11 mg/ml)e 056 ml/ming £ G7

ZA1 ) 2hzke] BEL 1.5 mlftubeo] St} Maliopentaose

A amylase BA4E Hols BEE N; gas®} Ultrafiltration ZolA3 ulotojale] AETAMT 2210 2E
membrane (MW 30,000, Amicon, Inc, Beverly, USA)E- o]& Zalaz wjoke| A Bacillus sp. AIR-5S MPSe] o7 wjx)

S wEE ©wWdd FUY dRAeR WA g gzae psvdd sr)Hes AW NG B3 A3,
Sephadex G-150 ZH(1.5x42 cm)el] #H43le] FYF $59 HF ASA F sheA ARCERY] 20 gLy AR Eot
£ o|&3le 001 mijming] £58 §EAZY §& E¥& o] 2z Bislo] Mo WE £tz gIngdos MY

08 mLjmbeo] $1ct- thFigure 1. 7H4 AEE $27(HE F 6A-A54%
el ol WA Esslol GLGTS $ALBOE A

o 3 2@ 7, GSHU 2 S3ude Gs9b o AL Lzumez 2

99T, GLGIZE Alzkel Aol ule ol 4B da) ol &

% 2o BF & SE Ho] pastad HE §, 34420 ol2d Gor 659} G
7H84 HEE ®Bllste] malopentaoseZ T2 WS A 237 Baso] sl 18 gL ¥EE AT, G4 gl)
o $R3A AAE FES] S8k Bergey's Manual'H ¢ Agro] Aol wah M3 Balsle] 2% Fzalact

“Microbiological Applications™ AlA]® e mal 5333} G5(5 glLye A5de] Z@ 2augos s,
Ark0,21). ¥EE G oy FA] PFezAH TA4E ¥

Ash= BA4e 89009, ampicillined Egshe wiAlolA A HEso| R M2 BE
e Byl of2le HEd He dY A, ey &F AIR-5 amylaseo] TELEnF 24 7j3e FHHgoz &

A
£ Table io] AASAS £ W& Bacillus7h 7HA= 54 oln 7} A 1%wNe DELYTHGE-GE)EA sheEa
I FARHE BYSE Bacillus £02 AT, WY 4ze TLCE 4T FAAE Table 29 vehldch AIRS
Bacillus sp. AIR-5E &30t amylase’= G2, G3, G4 2 G55 Halar 2agen Goe
22 Gigk Gleg Falshyck o|2FE AIR-5 amylases
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Table 3. Hydrolysis product from soluble starch, amylose, amylopectin and glycogen by Bacillus sp. AIR-5 amylase.

Substrate Amylose Soluble starch Amylopectin - Glycogen
Distribution

Relative reducing value(%) * L09 100 69 59
G2 8.1 80 8.0 34

G3 7.7 2.0 7.6 32

G4 30 4.1 4.4 08

G5 42.0 40.0 38.0 308

G6 57 8.4 75 59

HMW=* 0 33s 305 34.5 56.1

* 100% means the reducing value of soluble starch hydrolyzate. HMW indicates high molecular weight starch.

e CellOD,

- reducing vatre{gA)
=0— Enzyme activly
~&— Starch cona’gh)
- pH

1.4 4 (A)

e

Carbohydrate conceniration(g/1.)
T T
Redative activity(3d)

(B)

Carbohydrate concentration(g/L)

Time(hr)

Figure 1. (A) Growth characteristic of Bacillus sp. AIR-5. Cultivation
was at 287 for 24h. Medium : 2%(w/v) scluble starch, 0.3%{w/v}
rypton, 0.5%(wfv} K:HPO,, 0.5%(wjv} NaCl, 1 mM CaCl,. {B) The
maltooligosaccharides  distribution in  flask culture. Yield(%) =
[produced maltopentaose amount(mg/ml)/initial starch amount(mgfml}]
®X 100. The concentration of each product was measured by TLC
using NIH image program as described in methods. -Jl-G3, -€-G4,
-(-G3, -V-G6.

e-(1-4H2 AZHG-87) 712 E AEhE o, 713 =37
7V SERE w2 A4S BAE AElgn rigEs
Age FE G =¥ 7183 ZE, amylose, amylopectine
21 glycogen®d 7hpEd =g HlEd ZdE G3Y
oko] @ol glycogend 7|Z2 she AL ANE Lony 3
702%2] #4442 Holxm gltiTable 3). MaliopentaoseE Aj4k
3l B licheniformis(5)8] BLA2} 7184l HEo rig4-Hal
AHExm W@k, maliopentaose’t TE AMEE ARG
AIR-5 amylaset 714 AR ZEE wg 7| @AM
G2-G6 4919 maltooligosaccheride® A-g8kr] WiE o} liguefying

amylase 2 EF% & 9121ck5,22,23,24). Saccharifying &€
9] amylase F=2 Gl, G2 281 G3§ A43teH24). 712
9] F7o] w2 Km % o] Bod malicheptaoses] ek
Kmzt2& 167 mMelX malooctaoseo] w3 Km g
124 mMZ Kazuaki 5(25)°] B 118 alkaliphilic «-amylase
(LAMY)2! maltoheptaoseel] W ¥ Kmzk2.18 mM)¥} W] &
Zon, maltooctaoses]] WF Km ZH0.82 mM) Ruls &
A& Bt olHg Easl BEAoz Qlald HEL olf
# ARy Yo ERY 22 59 G52 Ao s153)
22 4245i] G5l tlg 4ue 92 WY ZVE G
@k EF g-amylased] 73 4aF A#AY acarbose
o ti# A& 71y |7 Mg AEE 7)A=R §o F
Alstoh ohkst FE 0.1-10 mgmL)e) 8 HE
acarbose 2.5, 10, 20, &2 50 uM w5l thaje] FARjE
A3, Ki & 4975 umolo|glal, acarboseo] 2& AHze
mixed type2] A3 HHE B UNEHA g-amylase{PPAYS}
Al B4e] FYsATH6).

Gi-GeZlX|g ol HE o7

7142 YE28 32 Y (maltose-maltooctaose) 1% (wiv) &
o £dE FHEled slREAHES TLCE ¥4 o
AIR-5 ol2e}4= maltose, maltotriose, maltoteiraose 2
maltopentaoseE 23812 2381920, mlatchexaoseE FZ
maltopentaose 2t glucose =, malicheptaoses T maltopentaose
o} maltose®, maltooctzose= maltopentaose™} maliotriose &
2ok 593 559 714 (10 mM) S AIR-5 Amylase
7t Bajdle S5 AU 0Z GGrGE WEL Edch
o|ZFE AIR-5 Amylaset o-(1—4HZE AHdHoz J4H 6
A oldd] 714s AMRS o, T2 maltopentacseS A4}
o, of7]A] AAE maitopentacse= O o) H&)HA Yol
AR 7l Bafigt wjo} w2olAle) maltopentacse’} =L H)
£2 AEFE A0Pse 3o

784 M2 =20] M2 maltopentaose A

G5 3 Adzdg f8) MPS wiR)e A AR F
ZE 93] #9 Bacillus sp. AIR-5E wjasisdch 7] 714
A AEY = 05%A 35%4A FviEt W, AAsEe
G59] 92 0575 gLE Q&g Frietglont, 35%HE0
Ee FRoXE 78 gl ¥ G5 Aaeldrk &7 4
1Y T EVFESEE G5 0)9Y OB agT 444
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Table 4. Effects of iryptone, NaCl, K;HPO,, and CaCl: concenmration on maltopentaose production.

Source Concentration (%) Cell growth (O.D. at 660 mm) Maltopentaose production {gfL)

0.0 0.12 1.25

0.2 1.16 5.53

Tryptone(%, Wwiv} 04 “8. 583

. 0.60 1.26 5.38

08 1.29 4.79

10 1.29 4.05

0.0 1.17 4.65

0,25 1.18 6.05

NaCl(%, wiv) 0.5 1.18 6.28

0.75 1.17 3.96

1.0 117 559

0.0 0.94 3.36

025 1.10 6.28

K:HPOL(%, wiv) 0.5 1.18 527 )

0.75 1.21 4.89

1.0 1.32 3.87

00 1.20 4,29

10 1.26 578

CaCl.(mM) 20 1.26 6.23

30 1.26 6.45

5.0 1.18 6.12
w} 2 & MPS v Aol 4] G349 Pl FEE ZAEkEL R
S L A 44 dRE de ARAME Gy shor) o
I 8 Aed AR F3, uyponeThE FdE 4F AAZ AR
E SRS W A4 BE GSUMEE BET. Baa wod
g 6 1 2 T A MPS iRl 0-L0%(w/v)e] typtoneS H7bate] G54
© 3 A sl Topones] 9ol 1SS F 438 B
g S AR, A g5l ZAse Selngel ¢e 1 vE
_'2 e 4 #Aasleh. MPS =20 gLe] )39 uyptoneo] 0.4%
£z . WD ) 589 gl B9 G5 BAHE By, ol ol
- 589 295%%ch MPSHA|e] 0-1%(w7h NaCl 553
¢ VT 7 T T gt G AR, 05%(wy) FEL] NaClolA] 713 B

Soluble Starch Concentration{%, w/v)

Figure 2. The maltopentaose yield on different concentration of
soluble starch (%, wiv). Culiivation was at 28°C for 24h, Yield(%) =
[the amount of maltopentaose in culture supernatant{mg/mi)/initial
supplied starch amount(g/L)] X 100. The concentraticn of each product
was measured by TLC using NIH image program. -(J- : preduction
of maltopentoase , -a&- : Yield(%).

o vkl Wellale] G52 AH9l £E= Z4dgct o
TE£2 ek 27) 7HEA AR Rl 225%9 A
7 £ $E(26%)8 BE P g cHFigure 2).

Maliopentaosed] HEI2 Djx|= o) 1A AZE olxjo)

=& &4

tjeket A7k QlANyeast extract, pepione, tryptone, beef
extract, casamino acid, com steep liguon=m F FILR(1%,
wivy B2 5 7HAe 43 AES 05%wvY 4z 27

Gs59] ABAREK625 g/L)& RYn, ol o) F8e
%¥Tk 14k ATP, HJEZTH DNA, RNA 5& o|#d,

A HA4L fREe HeE9 dekg ste B
o} B8k )Ahe. liquefying amylaseZ ABAShHE B licheniformis
o] A4 FHl LFFHR] dabelks). GSAe MET A
HE wE KHPO: ¥Eo)ME 3 257t autd #a) go
A EeR oz FHG AlFMET GIAEMNE =3] o
SktHTable 4). &=lwt AH KHPO7} AR g o
Aol HUa, G4z gliz AHALH 0.25%
ol 4 24417kl o] &9 32%2 AiAdE Hth CaCly
= H52 ukgo) oja G5 A BA9) activator2 M 2] A&
8w olel, =L g A §A6 Hold RS By
o) % Ca= liquefying amylase Aol B4=2Q) ¢lxjo
THS). Ca*ole-S 0-5 mM ¥ 53 ujckelod] Hrlsled G54
AATE 25 29, HF vt 3 mMY o Z7)e] F7t
€20 gLe] 7peA ARlA Ca7l HE St g A
28} 134 ©) B 63 gl GSAAL Hgch (Table 4).

)24

21
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Table 5. Effects of temperature and initial pH concentration on production of maltopentaose

Condition Cell growth (O.D. at 660 nm) Maltopentaose production (g/L)

0 0.2050 0.420

15 0.4520 2.1300

Temperatute{ C) 2 0.8640 4.2300
28 1.1720 6.4200

37 1.0450 57700

55 0.2140 1.2300

30 0.1280 0.4796

4.0 0.1850 0.4140

50 0.5680 0.7341

6.0 0.7350 34500

Initiai pH 7.0 0.9850 5.5600
8.0 [.0230 6.4300

990 0.9540 53400

10.0 0.8940 4.9500

11.0 0.8510 4.1200

Maltopentaose Mo D|x|= %7] pHe 229 51 b A}

Z7] pHE 30014 L1177 223l 2dey G52 YA
& ZAVEHCHTable 5). &7] pH7} Goldlel e AZE 437
GsARge ggtonl, £7) pHol 6o)lddle 2 Gl
£ Bygth olE AR5 amylases} 3 ETE)de)sie Apda
A AxpE 7] pH7} 60144 Z4(H 7.0-10)9 A= Al
EAate] ghdstgon, G544 $8e oMz Eoh 3
o F&e %7 pH7} 809 W gon &7 FHEH AR
(20 gLyl g G54 242 o8 S84 3215%4rh
Gs44HE #4823 uioF £xZ 238l 98 0, 15,
22, 28, 37 1@l 50T oA MPS wjA2 G5 A4 ASE
218 vTable 5). wgEe] 43 RTAATH 7T
wola gl AAE 28 G5 RY3, I o)E Ee
o]ide] LxolMe ME AR D G544te] 0845 g/LE W
HlE . G442 28ToA Ao 4dE B3, 37T
dME FHA ANAYE Bl 28T wms] 90% o4y At
ook Zelnmu|deA dojd HA wekfAe =4
2-4% Soluble starch, 04% Tryptone, 0.5% NaCl, 0.25%
K-HPO,(w/v}¢ic}, MPS ujz] e 3 mM CaCl:2] H5o A
1 B 645 gL (o] B §-32.25%) G3AMAE EHL.

s}
=
=5
g

2 o

(1—4) FFIMNE gz F4E amyloset 7184
A 235l maltopentaose(G5)F F2 A8l 78 E
gogHE B, SRR, £& £59 malopenacseS U
& Mabehe wE2AS aFeidoh B 92 B
Bacillus sp, AIR-52 @wsiych Zalx= wdkellM G5&
Ask7) 9d HH wiREAL 2%(wihy TR A,
0.4%{w/v) tryptone, 0.35%(w/v) NaCl, 05%(w/v) K HPO,,
3 mM CaCheolix, 3 259 7] pHe 28T 9} 8.00l¢
o, o] oA #Hdig G5AUHAEGAS glyE B3I, 9]
B 489 3225%2 d9dck

Nl
=

o Hr =

B ERE 009E $REAFARY ALl g3 @

FKRE-Y00-200) 5910 o] ole] ZAl=gu)c)

%]
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