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Abstract: [Background] Raw starch digesting amylase can directly degrade raw starch granules below
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the gelatinization temperature. Hence, it has been wildly used in the production of bioethanol, Chinese
spirit, yellow rice wine and vinegar. [Objective] This study aims at isolation and identification new raw
starch digesting amylase-producing strain, to provide enzyme resource that can be used in the process
of fermentation with uncooked materials. [Methods] With tapioca starch as sole carbon source, raw
starch digesting amylase-high producing strain was isolated from soil of cassava field. Then, it was
identified by analysis of colony morphology, photomicrographs, and 16S rRNA gene sequence. Single
factor experiment was used to optimize the medium component and fermentation conditions. The
enzyme was purified and characterized. [Results] Strain GEL-09 was isolated and identified as
a species of the genus Bacillus, designated as Bacillus sp. GEL-09. The raw starch digesting amylase
production was optimized by varying culture conditions. On the optimal culture condition, the maximal
enzyme production was 430.6 U/mL, which was 2.8 folds of that before optimization. The enzyme
showed highest activity at 50 °C and pH 7.0. Its raw starch digestion ability value was 62.3%, which
was higher than that of the a-amylase, maltogenic a-amylase or p-amylase. [Conclusion] Bacillus sp.
GEL-09 has great development potential and application prospects in the production of raw starch
digesting amylase.

Keywords: Raw starch digesting amylase, Screening and identification, Optimization of fermentation
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rRNA K B, Y5828 NCBI ¥l PE#EAT
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(Bacillus), ¥Ekk GEL-09 )5 % i H 2 MUAT 14
Bacillus sp. GEL-09 (GenBank &5t 5-} MG654640).,

Figure 1 Colony morphology (A) and photomicrograph (B) of strain GEL-09
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Bacillus amyloliquefaciens BCRC 17038 (DQ993675.1)
cillus subtilis BCRC 10058 (DQ993674.1)
88 Bacillus licheniformis BCRC 15413 (DQ993676.1)
Bacillus timonensis 10403023 (NR_133024.1)
Bacillus firmus NBRC 15306 (NR_112635.1)
Bacillus foraminis strain CV53 (NR_042274.1)
Bacillus circulans strain NBRC 13626 (NR_112632.1)
Bacillus pocheonensis 420 (NR_041377.1)
W’_E Bacillus bataviensis NBRC 102449 (NR 114093.1)
78 Bacillus niacini NBRC 15566 (NR_113777.1)

Brevibacterium frigoritolerans DSM 8801 (NR_117474.1)
Bacillus pseudomycoides NBRC 101232 (NR_113991.1)
Bacillus cohnii NBRC 15565 (NR_113776.1)
Bacillus simplex DSM 1321 (NR_115603.1)
100 Bacillus flexus IFO15715 (NR_024691.1)

Bacillus megaterium ATCC 14581 (NR _117473.1)

46 Bacillus qingshengii G19 (NR_133978.1)

94
6 Bacillus aryabhattai (NR_115953.1)

69' GEL-09 (MG654640)

—
0.0050

2 E#k GEL-09 5HhBiIEE#kAY 16S rRNA EEFFIMEMN RS 4 Bt kit

Figure 2 Phylogenetic tree based on a comparison of the 16S rRNA gene sequences of strain GEL-09 and related strains
T P RAE R 1000 WE R IEFAES 7 S BR ks $7R=0.005 Koy,

Note: Bootstrap values (expressed as percentages of 1 000 replications) are shown at branch points; Bar, 0.005 nucleotide substitution rate

(Knye) Units.
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Figure 3 Comparison of strain GEL-09 growth and
enzyme production using different carbon sources (A);
effects of corn starch concentration on enzyme
production (B)
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Figure 6 Effect of fermentation temperature on strain
GEL-09 growth and enzyme production
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Figure 7 Growth and raw starch-digesting amylase-producing
curve of GEL-09
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Figure 8 Optimal pH of raw starch digesting amylase
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Figure 9 Optimal temperature of raw starch digesting
amylase

F 1 FERIFEIEH B S T PERERE 13T b
Table 1 Raw starch digestion ability of various starch
hydrolyzing amylase

= =
LS Rétﬁt)%lgh%ig H: tio
. aw starch digestion
Starch hydrolyzing amylase ability (%)
Raw starch hydrolyzing amylase 62.30
(GEL-09)
B-Amylase (Dioscorea esculenta) 0.58
a-Amylase (Bacillus licheniformis) 1.28
Maltogenic  a-amylase  (Bacillus 6.76

stearothermophilus)
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A= 37 ZEEVERFY RDA {2 6.76%, AT —ErE
TER K AERE ST . GEL-09 4:JE#; i RDA A4 62.3%,
Srmile At 3 FhiER KR RDA {HIY 107.4, 487
9.2 fi AT, ABISEH AP IE B-VE M AR
WA KRBEST s S PRIRVE N K fff il et A= e A 2
H—EMKFRBEST, R AR Y TE R K i
ity IR A AR DE R K e 1 B W e 22 501

3 Wit

UL Tl & TR A T TR AR LR TR L 2 AT
W AR . KBRS, eiRE kg
% pH —fh ik, 76 pH 7.0 241, R, &4
AR AR TRy il 32 Sk A B IR YRR, feid pH —
fifHy 45-5.0 2247, SUNEIRIE K pH HI2EE
Ko WKE AN TR 5500 B BB 04 R P 2B JE R 1 7] 25
R REE, TFEAE pH FEbl Ao, FEllAE pH
5.5-6.0. 1% pH ARAEAT—Jr A5, BRlitgs
T A0 O B B ANE I, B AR
R TR AR o O 2 g 905 e v A A T T R S
SUIRIA H AR A REEZ —.

AR5 0 3 B — b vl e AR SE R Y
ZFMATFTE GEL-09, Z R Bl [C 27 MiAT I Bacillus
aryabhattai B8W22 i) 16S rRNA K[ —#E N
99.8%. i BT G 2 AT AT 7E AN ] I AR R 35% vh
BorAn, kK, EUR . BHE. MR AR, B
)32 TR A KA R A BB L R R
A/ G A% TR A TR T R O 1) A% Tk e il )
A, E 2 A it A O T BT ER R AT A A
AR, R, FRATTXT 20 B 4 7 A SR it el
FC 2F AT A & 1 25 1 LA R T 7= i ) vk R B A 5 1 )
SR

BRI S5 S R, HAR B A A
Ttk GEL-09 MR, (HAEX W REEIAF], ik
FH 3.0%0) FE K VEMHE At U5 e ™ WK V- de i o H
RIEMACZE R AT A, A PR A )T 8 R A
Koy, b R AR T REAER, FRER
ME— LR S ™ B K-SR i o B R PRI LR

AT R ARNRG &, ik T 26 & N &RE
WeRs . B AL R IR 2.0%0 F KB 1.5%0 & 1
FR A A T i 7 A R AR TR I R O
EF|H—Fk Paenibacillus, A ERAERRIE N 1K
Wi, BAER AR NEER: E oAk (2:1), R
MRy 196MH . FELET I A5 0 7 e B B — R A1 B M
WS T A, SR B R TR R B OK UE
By, R EAEMARTM, AT, KRR
A VE M T A TR RR B SRR 2R 22 ISR (A B A
UNEE) , (HJE ARt e, AR KRy sl oK e
Mo E; MAREFZEMEEZ, AN . 4FR
B OEKRE, EAKRSE, HREAEIAE. It
Gi, XF R RIHGE IR R, WIts pH —%
H 7.0, EEFEERELL 30-37 °C g3l sk
JEL B i SR 9E R BA BS EEE TA E 1) f1R  T
ZXS-1 Fid R Yy 25 °Cl | BRI X A
Tk

BB AR TR T A TR i & TR BE AT pH 5]
k1 30-37 °C Ml pH 7.0 247 ik, (HEARIRAEY™
T o R B Gl pH 2208 AR H 3R
AETERTEEA IR . PR, FaEIREN 50 °C, fid
pH Jy 7.0, HiEE4GMHGER Paenibacillus Tk
St 77 i A I BE AN pH 43518 40 °C A 4.2 RGN
18 2513V 645 3] 119 Paenibacillus sp. ik A % FE TR
JEok 50 °C, fiwidi pH M 5.6 MR 2 HREHET
Paenibacillus J&, {H& 2 B 7 f b T
1 pH #A R 225, Al LB 28 e e Y T
FRPT P B AR JE M M AP R i 25 57 Ak, AR VE
Kk ne o B, AR AETER IR RDA
(% 25 F 5% i 4 2 M8 Paenibacillus Bk BT 7= it
i) RDA i

4 i

AHIF5E MR 25 FH P 22 - 3R it v 0 228 1 —
A PEN RS A BT R GEL-09, slad T A MER
16S rRNA B:[AFHI XT3, R4 S 2F
¥ Bacillus sp. GEL-09. Xf H:h5 KA & B 45 1F
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AT T AL, DAL A SE R RS T 7E 96 h ik F]

1 (430.6 U/mL), JEARALHTHY 2.8 % HLHwG A 1k
Bl 727 i SR Wi TR AR AR V8 B A B TR T AR R
FRECHL 2 I B R B2 50 °C, ki pH M 7.0,
UETZMEA TR . k. AR TR R R i &
B, WY RDA (EHW R & T H 5 B-TEbEG . Mk
ZEMIAF R o DE 40 AN IS PG D7 20 AT T A 22 20 b
TEMIEEE) RDA {H, i — D UER iz HAa 5470
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