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Characterization of Cold-active Raw Starch-digesting
Glucoamylase from Isolated Strain RS01
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Abstract: A strain producing cold-active raw starch-digesting glucoamylase was isolated from Bohai
Bay’ samples. The strain RS01 was identified as Aeromonas sp. based on the morphological, physio-
logical characteristics and 16S rRNA sequence. The foundation on the enzymatic properties of partially
purified Cold-active RSGA explained that the maximum activity of the enzyme was exhibited at 30°C
and pH 5.4. The enzyme thermal stability was poor. The glucose was identified by the TLC, which
proved that the strain RS0O1 has the ability to produce cold-active raw starch-digesting glucoamylase.
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PINT P15 ARl A SE R R AL B bk RSO1 738 K HL M~ it 799

PR Ty, HAE AR KT BA w S ) Mo P4, W0 pH 5.4 AP IR - IR A 22 M 2 mL,
FRCR ] R R 4 48 b BT 55 B ) 91 4 B SR 30°C i 10 min, fIA 1.0 mL #§#, T 30°C fHiR
PR EC Ve 20 2 HT, 28 5 IR R Y B4 3R AT 0 HG O P%3% (180 r/min)JZ 3 10 min 5, fiIIA DNSZ#] 2 mL
TFede, ALFmrs s Rk, R X Rab OV BEA), BRI 5 ming BUHJE R
TERE . B RARUKR TR A MY KA KAE, MZEBEKERZE 20 mL DORINERRE1E N
PR R SGRE T — MR IGIRAE FER LI R A IR, FE 520 nm PR H I OB EE (.
JEXF L2 M BT AT TR IS, BOMRRATERY BV SR S ZEA AT AR, 1 min B 1 pg 98

AR Tl A Az 77 Ry FH 25 5 SE il TSR (AR A AT 50 i T O i SO 1 NG
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1 MRET% 15 EEOHIS S IR

1.1 Sk W AW 6000 r/min B0 15 min, HCE T 0N

1.1 FEHRERT: EREHAERBREGEK (NH,4),SO, ZHIFIEE Jy 80%, pH K 3.4, 4°C 17K,

A A RAT] . 5000 r/min £5.0> 30 min, HUTIER T/ 7&K, H

1.1.2  #E&: WS IeAER 8 . KR S A, FIBKBENT, BERE 2 h 4 1 UK, I NH, . M

1.2 EFEREFEG T i 5t 6 R P T il R 00 20 B RIF 5

121 FRASBEEFRE: EIEH 20 g, NaNO; 2 g, 16 BEHOTFEYZLE

KCl 0.5 g, FeSO,7H,0 0.01 g, K,HPO, 1.5 g, KM ALk, SR IGE R DNA, [ 16S

MgSO4-7H,0 0.5 g, Eflg 15-20 g, 7K 1000 mL, H
SX pH, 1 x 10° Pa K 30 min,

DNA 5|¥): £ 514 Pl (5-AGAGTTTGATCCTG
GCTCAG-3")HIJz 519 P2 (5'-AAGTCGTAACAA
122 BREFE: REH 2 ¢ O & W Goraace 37 POR Y. PCR 1K % (50 uL):
0.5 g, NHNO; 1 g, KoHPO, 1 g, MgSO4TH0 (5 yjuL) 0.25 L, 10 x ExTag buffer 5.0 uL,
0.5 g, FeSO,-7H,0 0.01 g, KC10.5 g, 7K 1000 mL, [ dNTPs mixture 5.0 pL, L% Primer 1.0 pL, Fif
4 pH, 1> 10° Pa K 30 min., Primer 1.0 uL, #Mil ddH,0 5 50 pL. 3™ B R 94°C
12.3 #MFEFE: HOM 10 g, BRHE S g W8 5min: 94°C 1 min, 52°C 1 min, 72°C 1.5 min, 30 &
B 1 g, KoHPO, 3 g, /K 1000mL, A% pH. 1 10°Pa g 9900 5 min, PCR 40 358 L3 T4 T 72
Kl 30 mins RS AT IS 7R . M7 1506 bp ) 165 rDNA
1.2.4 AEEEFE: FRAEWEH 20 g, NaNO; 3 g, S HE S0, i A GenBank BUHE R, MEAT
KCL 0.5 g FeSO.7H0 0.01 g KHPO. 4 & gy uarpyar g6m 168 rDNA 308 A 0L EE 1 10

MgS0,7H,0 0.5 g, /K 1000 mL, %X pH; 1 x 10° Pa . - iy .

I 30 min. S TRGERME 105°C T Tk e K ClusalX J‘ﬁérﬁf‘@am‘i’ i

2 b, BRJE LT BRI AL 250 mL 0= fi MEGA 4.1 #fH5a H)v 5 R et feii g, R
Neighbor-joining #4) # 2 G JE AL

Wi, R 100 mLo SRR 20°C, BERFE
% 150 t/minl!s), 1.7 BEMEMEEREM(TLC)A %
13 EEE S FHHPRRERE G AR T 110°C 164 T h, HL—7E h
S g FREE S mLAKKE) MIA 50 mL g/ HERROTE 1.5), PUERAGER N IRYIE TRt
BCISTR TR T, SR A B 2, BB, 8RR B A AR R AT R, SRR S R
BRARTE 1 mL ISR A SR, BT PR 1 em, sFERERIAIEE 1 em, FIH MR 2K
20°C. 150 r/min BIEIHEIRTG SIS ka3 q)s ARURRRL ARG A RIFFINIE T B 7k Z
RN AR, IR R B R KQiLL ), BIRNTG R IR TR, 1
WA S TR S5 1 PR ) S vt b, RIPIIRTIL MR L3 1 om ZRIUHICT, B G
1.4 BEENESE ORI -— M%), T 100°C HEFE H 148 10 min £ 47,
2% E TR ETEI 2.0 mL AR 25 mL H2E BRI L W I I 0 R
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ARATF — Bk = 1 R A AL A= T8 B WAL B T AR RSO1,
R PR SR B S WS AT 35 %] 103.47 U/mL . A= 34
oL 1,

RSO1 HHRTE 15°C. 20°C. 25°C. 30°C. 35°C
T 37 B B TR I ELAR OB (mm) A3 B 4(16/4) .
6.3(19/3). 2.5(5/2). 2(4/2). 2(4/2), Hfpidi4 KiRE
15 20°C Zefa, W IRTER BESR L - H K 10°C 17,
5 SCHRAR T A 7 A0 ek D il 28 P AR i A A KR
JE BB H K E A6, AL, w
WEAFAR, BRASBURXTHES, AIE BUEEIR, e AT
B8l R B M RSO AR 5& B Bk 1 5 2% 56
UL 1,

JP 55y Bra R W], itk RSO1 (9 16S rDNA JF
H) 44 1506 bp, ¥ ¥ 545 A GenBank #4171 b
&, H Aeromonas punctata (NR 029252.1)5 RS01
R SR 21k 1] 99.45%, Aeromonas caviae (X60408.1)
5 RSO1 AYEZMEIAF] 99.33%, 454 Wk RIS FI
HE BRI IE, BRI 2 A deromonas sp..o
22 KIREEMIELEEZEERIVT TR
2.2.1 BRREREFEYI AT M MR, R IR
T W5 J7 V6 HEAT B A S0, DAL 2 S T vk 8 7 il

2.1

75

100

64

—

92 6
82 91L deromonaspopoffii (NR 025317.1)

), AR ILE 2,

M 2 WIS, WY A AR, SIANE
SEMEAETE, UG R A VR B T A IR AR YE R AL
B LASL, 38 B A oA 0 2B VE R I 4 53 o

F 1 = RS01 BYE M4 B 0 R M 1
Table 1 Tradition taxonomical properties of
the strain RS01

U TE PR

Indentification index
B2 UL
Gram test
25 M 7 TR
Glucose acid production
AR
Gas from Glucose

2 ik i 52 562
Catalase test

il R 6 340 )i
Nitrate reduction
S 52 55
Oxidase test

5 G0 1 R il 5 5
Ornithine decarboxylase test
A I i 5 0
Gelatinase test

& RS
Maltose test
AR T2 5

Xylose test

i SR SE 5
Arginine test
TR 52 56

Sucose test

LR

Indentification result

Aeromonas sobria (X60412.1)

Aeromonas bestiarum (NR 026089.1)
Aeromonas bivalvium (DQ504429.1)

Aeromonas media (X60410.1)

99 & deromonas hydrophila (X60404.1)

100 |

RSO1
Aeromonas punctata (NR 029252.1)
Aeromonas caviae (X60408.1)

Aeromonas simiae (NR 025585.1)

Aeromonas sharmana (DQ013306.1)

0.01

1
Fig. 1
H: REMT A

E#k RSO1 A9 16S rRNA EE R4 4 & #H L it
Phylogenetic trees for 16S rRNA sequence of RS01
I %07 /R Bootstrap {H, 155 M BYEUFJEFE GenBank | AY/F 3555, RG] M 8141 5.

Note: Numbers at nodes present bootstrap percentages (based on 1000 samplings), the numbers in parentheses are accession numbers of se-

quences in GenBank. Bar: 0.001 sequence divergence.

http://journals.im.ac.cn/wswxtbcn

£8

© PERFEBRRE RIS %

3838 http://journals. im. ac. cn



PINFIAE ARHR A FER R LB R PR RSO 738 KLl ot 801

100.00 r

80.00 |

60.00

40.00

Relative activity (%)

20.00

0.00

30 40 50 60 70 80
Temerature (°C)

4 RBEEMIELERARED

E 2 RSOl EEGIRFEREE RETEH = TLC 547 Fig. 4 Thermal stability of cold-active raw starch-
Fig. 2 TLC profile of the end product of raw starch hy- digesting glucoamylase

drolysed by the enzyme
Note: A: Glucose; B: Lactose; C: Enzymatic hydrolysate.

224 BEARKIE PH: FBR N RIERET, 4
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103.47 U/mL, 5 SCHRHR I8 1) 1A VE R AL G
FZEARRY, H i FH B AMREASE, BA KR
HEE R o — O TE AT B I fAE s e O H:
FETEIESLIE I R G 0-20°C i Vi [ Y (B st [A]
V5% g TR AN TG D), TR il B A R Tl T S e
AR, AT R 4 Ja b Bk %) B () 45 20 B B 1)
IR GEAE, R IAE Y BE 7 A A 2 K kAT
JHAE—EFREE L RTB Ik e TR IS ek i, X R
AU A T AL iz I TR L T AT RE

WAL B A Z A, RIfR]— A2 24
ZH AV R o A TE B L R P A — A A A,
A B B BE K 45 A 38 (Starch-binding  domain), FF
LR 8 W B 1) A= D by UKL L L 22 7K At A DE K Sk A 26
Wi; S5 4h, o-TE Y I IR 1) A FH RE S A1 2 A JE A
PR TG P02 AR S i ko Al 7 0 1) V2 S A
Y, A5 HORE R TP R TR AR E R W AL LS,
A HA AR TE R B, XA B T AR R U AR AR
TE AR AL I ) o A 5 R EE T T I T P R el A B
40°C % 50°C, BETE S NI, HoEG A HAER e 1 L
25, HCJRA AT e R AR IR R A S R0, o O
T, AR R E 1 450 2 BN
it A e e TR A E T B e A RO RS s AR
e W H TAEY TR RE R, 2 eiFE
AR PRI TP 7 v Ak T R v e R R R A A
A !,
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