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Abstract:[Objective]In order to investigate enzymatic properties of a recombinant raw starch-
digesting glucoamylase rPoGA15A from Penicillium oxalicum GXU20, which is expressed in
Pichia pastoris, the recombinant enzyme rPoGA15A is biochemically characterized in this

study. [ Methods] The enzymatic properties of

rPoGA15A, such as the effects of pH, tempera-
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ture, metal ions and chemical reagents on en-
zyme activity, substrate specificity, raw starch
adsorption ability, and hydrolysis efficiency of
the enzyme towards different raw starches are
measured by the 3, 5-dinitrosalicylic acid meth-
od. Moreover, the hydrolysates of raw cassava

starch by the enzyme rPoGA15A are analyzed by
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high performance liquid chromatography (HPLC) ,and different raw starch granules degraded
by the enzyme rPoGA15A are observed by scanning electron microscopy (SEM). [Results]The
recombinant enzyme rPoGA15A displays optimal pH and temperature at pH 4.5 and 65°C ,re-
spectively, and exhibits great stability over a broad pH range from 2. 0~10. 0,and is stable be-
low 50°C. Most of metal ions and chemical reagents have little effect on the enzymatic activity
except Ag’ ,Cu*" and SDS. The enzyme rPoGA15A shows higher enzymatic activity towards
raw rice and corn starches than that towards raw cassava and potato starches. The adsorption
capacity of the enzyme rPoGA15A to different raw starches is consistent with the correspond-
ing substrate specific activities. In addition, SEM observation demonstrates that the enzyme
rPoGA15A has great capacity to degrade different raw starches and has respective characteris-
tics of hydrolysis mode against different raw starch granules. HPLC analysis of hydrolysate of
raw cassava starch by the enzyme shows that glucose is the only product. Furthermore, the re-
combinant enzyme rPoGA15A can hydrolyze 86.5% of raw rice starch and 71. 9% of raw corn
starch after 72 h hydrolysis at 40°C. [Conclusion] The recombinant raw starch-digesting glu-
coamylase rTPoGA15A exhibits good stability over broad pH range, and shows high ability to
digest different raw starches, thus indicating its potential in application in raw starch hydroly-
sis, and simultaneous saccharification and fermentation of raw starch to ethanol.

Key words: Penicillium oxalicum , raw starch digesting glucoamylase, gene cloning and ex-

pression, enzymatic properties
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Fig. 1 Effects of pH and temperature on the enzyme ac-
tivity of the recombinant raw starch-digesting glucoamylase

rPoGA15A from P. oxalicum GXU20
IoAE 2017428 H24%5%1H
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i . 25 10 BTG 7. Cu®T X R TR A IRIVE R . AR
PR SDS X Wit 5 A W2 0y 40 6 VE . 48 25 A
EDTA X 5 41 f A % 55 12 oF /5 F . 2% & M R
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2.6 EALTEMENLE rPoGAISA HIEWHE R
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Table 1 Effects of metal ions and other chemical reagents on

the enzyme activity of the recombinant raw starch-digesting glu-

coamylase rPoGA15A

W Fh 2% Compounds X 7% 77 Relative activity (%)

None 100

K 99.6+2.2
Na™ 101+£1.1

Mgzt 99.6+1.9
Ca®" 98.9+0.7
Ni? ™ 93.1+0.3
Zn>* 86.141.7
Li 94.8+0.9
Mn?" 132.5+1.1
Cu?* 53.6E£3.1
Fe?t 125.9+2.9
Fedt 87.241.5
Co?™ 109.1+1.1
Agt 17.441.2
EDTA 113.3+0.6
SDS 11.2+0.3
Tween 80 98.1£0.8

Triton X-100 102.1+1.3
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Table 2 Substrate specificity of the recombinant raw starch-di-

gesting glucoamylase rPoGA1SA towards various starches

~ L& AT i 1 )
<) Specifi ivi Relati ivi
Substrates pecific activity elative activity
(U/mg protein) %)

e T 0
AR 11.240.9 100+8. 3
Raw cassava starch

e 3 gy
ik*ﬁb} 24.7+0.4 221.1%3.2
Raw rice starch
KR 22.7+0.7 203.3+6.5
Raw corn starch
A 1 30

AR 9.9+0.5 88.9+4.4
Raw potato starch
A2 5 22 VE B
Rawbuck wheat starch 6.7+0.8 60.1+6.7
HE LT EVEM =
Raw sweet potato starch 2.5£0.2 22.7+1.3

b 3
o P GE ) 80.540.7 719.7%6.1

Soluble starch

2.7 EHETEMELE rPoGAISA X A iE i IR Hf
M1 3 Al IR L B R W LR rPoGATSA
X 4 Tl AR GE oy AT AN [ R JEE A A B RE %k [ — i 2
TRy 19 I RS 13 7 it 5 A A5 R 194 1 D i 5 i,
X A ROK TRE 3 9 IR B 3R i i A EOK (RS TE R IR Z
A B T TR W RS ) R I X S I X A 4 B B
4 LA 7 KN B R A — 350, 26 B o 20 A= T AL il
rPoGATSA X A 3 By B 7K fiff BE 71 15 W Bt B 1 A — &
) IE AR R
®3 BHEERMIELE rPoGALSA 3T 7R E A iE ¥ Ay R M
Table 3 Adsorbability of the recombinant raw starch-digesting

glucoamylase rPoGA15A towards different raw starches

A T IR

Adsorption to raw starch granules (%)

AT b 288 A2 B

Raw starch from va-

rious sources 1% 5%
Py s
EA B 44,7414 55.240.9
RﬂW cassava Stﬂrch
[
Ri,lfﬁﬁﬁmh 55.942. 3 61.440.8
e
He ROK GE Y 60.4-0.9 71.940.5
Raw rice starch
Pl T EA B 302 W
e 5 B R 36.9-+1. 3 54.4-+0.5

Raw potato starch

2.8 EHA4THMIENLE rPoGALSA KB EEBRRF~
945 #r
K ss N 2 iTRLAE W, K 4 h J5. 78
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(a) Glucose standard; (b) The reaction mixture of raw
cassava starch hydrolyzed by the recombinant raw starch-di-
gesting glucoamylase rPoGA15A
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Fig. 2 HPLC chromatograms of hydrolysate of raw cas-
sava starch by the recombinant raw starch - digesting glu-

coamylase rPoGA15A from P. oxalicum GXU20
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(a) Native raw rice starch granules; (b) Raw rice starch granules digested by the enzyme rPoGA15A; (c¢) Native raw corn

starch granules; (d)Raw corn starch granules digested by the enzyme rPoGA15A; (e) Native raw cassava starch granule; (f) Raw

cassava starch granules digested by the enzyme rPoGA15A;(g) Native raw potato starch granule; (h) Raw potato starch granules

digested by the enzyme rPoGA15A
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Fig. 3 Scanning electron microscopy (SEM) analysis of different raw starch granules hydrolyzed by the recombinant raw

starch-digesting glucoamylase rPoGA15A from P. oxalicum GXU20
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