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Abstract: Glucoamylase is a critical ingredient for saccharification in the starch decomposition, and widely used in food,
pharmaceutical and fermentation industries. Glucoamylases are usually thermostable and have peak activities at high
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temperature, as required for the industrial process of glucose production. In this study, a glucoamylase gene belonging to the
glycoside hydrolase (GH) family 15, Tlgal5A, was cloned from Talaromyces leycettanus JCM12802, and successfully
expressed in Pichia pastoris GS115. Recombinant glucoamylase TIGA showed optimal activities at pH 4.5 and 75 °C. The
result of thermostability analysis showed that TIGA retained above 70% activity after incubating for 1 h at 65 °C, and 43%
residual activity after 30 min at 70 °C. Moreover, TIGA had high resistance to most metal ions and chemical reagents tested.
Various starch substrates could be hydrolyzed by TIGA, including soluble starch (255.6+15.3) U/mg, amylopectin (342.3+
24.7) U/mg, glycogen (185.4+12.5) U/mg, dextrin (423.3+29.3) U/mg and pullulan (65.748.1) U/mg. The primary, secondary
and tertiary structures of glucoamylase were further analyzed. The low ratio of Gly in the primary structure and low exposed
nonpolarity solvent accessible surface in the tertiary structure may be the main reasons for TIGA's thermostability. These
results show that TIGA is great promising for potential use in the commercia production of glucose syrups. Moreover, this
research will provide knowledge and innovating ideas for the improvement of glucoamylase thermostability.
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Fig. 1 Overall structure of TIGA.
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25] SGKDANTLLG STHTFDPAAG CDDTTFQPCS SRALANHKVV TDSFRSIVTI
30] NSGISEGTAV AVGRYPEDSY YNGNPWFICT LAAAEQLYDA TYQWNRIGST
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E 2 TIGA ) SDS-PAGE & Rtk 460 4 #fr
Fig. 2 SDS-PAGE and mass spectrometry (MS)
analysis of recombinant TIGA. (A) SDS-PAGE analysis
of recombinant TIGA. Lane M: the standard modecule
weight; Lane 1. concentrated TIGA with a flow 200
ultrafiltration membrane; Lane 2: purified TIGA; Lane 3:
purified TIGA treated with Endo H. (B) Amino acid
sequence of TIGA. The correspondence of MS was
labeled with shadow and underline.
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(423.3+29.3) U/mg #1(65.7+8.1) U/mg (% 2). X}
T HEVER . o- PRI . B-FRWIRG . y- ARG 5
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Fig. 3 Characterization of purified recombinant TIGA. (A) Effect of pH on enzyme activities. (B) pH stabilities. (C)

Effect of temperature on enzyme activities. (D) Thermostability.

*1 ERBTRAFATIX TIGA FEMHRIFNT

Tablel Effect of metal ionsand chemical reagents on the enzyme activity

Chemicals Relative activity (%) Chemicals Relative activity (%)
Control 100.0£0.9 Ni%* 109.8+1.3
K* 98.0+1.1 cr¥ 105.5+1.6
Mgt 109.5+1.2 cu®* 116.6+1.2
Na' 115.2+0.7 zZn* 117.2+1.2
ca®t 113.9+0.4 Fe* 98.7+1.2
Pb?* 106.1+0.7 pS-Mercaptoethanol 61.8+0.9
Ag* 62.2+1.2 EDTA 89.7+1.4
Mn?* 82.2+2.8 SDS 24.3x0.8

http://journals.im.ac.cn/cjbcn
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&2 TIGA MAERYIH Ky, FIELSE S
Table 2 The K,, and specific activities of TIGA on
different substrates

Substrates Km (mg/mL)  Specific activities (U/mg)

Amylopectin 1.610.2 342.3+24.7

Soluble starch ~ 1.8+0.1 255.6+15.3

Glycogen 2.7£0.2 185.4+12.5

Dextrin 1.1+0.1 423.3£29.3

Pullulan 2.440.1 65.7+8.1
3 Wik

b A Ao R S A R TR A T
S, R I SRR 2 D R il A K v TR R
SEME IR R 0 R A R I AnGA i B
Rz s R N R E N 65-70 C, il
£ 60 CAME T RE i FaE. fEAB T H, N
FEF L T. leycettanus JCM 12802 1315 T —4>
R AR TE R G TIGA, HSE IR N 75 C,
65 ‘CAL3 1 h A3 4y 70%L) b BTG , 765 I
JE R B AR M T 2 Tk B g A
RPN Y A R L TR R VR ) D R R

Fa g PR 28 i MR EL B — B AR TR
R B3R 2 —28 ) Nielsen 28 R A B

K3 BEFETHEE TIGA. HiGA. AmyT1 HILEHILLE

Talaromyces emersonii 5 [ T — /Ml $A i 29 B e
Wi Rl pJal518, /e B hEE A niger FilfT T
2RO AR BRI N 70 C,
i F T. leycettanus >k U5 114 1 %5 U 45 i TIGA
(75 C); AHZ ZFH AR AL E My T 22 BE T ANBA
B, ATREM R R Rk e F 22 e S B bR
JEARTFE L . 456w iR A M TE R i TIGA 1Y
PEBRE A DU IR A A0 B Amy TP i
R R HJGAMD 2 R (i — 2k 4h
. YA SR AR X 3 AR HAT T AL
G307 o

30T 2 R R Wl — S R, R
GIEBRALAY . N-Bl AL AL I B A S 45 H X
3 MF REAT FE B A o Arg Fil Pro 7E 3 FlAS[R] A
I HEVE R T 51 rp s B AR R 22 AR (R Gly
75 TIGA wh il o5 1 HL ] B AT HjGA T AmyT1
(% 3). Gly fE NI AIR, AR
R BRSSO B e RS Rl |
S, XTELMERIBFSE BB iz iE sz AR R R
i, WO R EA mAEE H S R e
PSR CE 2 JoA IR AT T T, &

Table3 Structural factors comparison between TIGA, HjGA and AmyT1

TIGA HjGA AmyT1
Total number of amino acid 616 617 616
Primary structure
Arg 17 (2.75%) 18 (2.91%) 28 (4.54%)
Gly 43 (6.98%) 49 (7.94%) 52 (8.44%)
Pro 28 (4.54%) 27 (4.38%) 28 (4.54%)
Ratio of Gly/Pro 1.54 181 1.85
The number of disulfide bond 3 4 4
The number of N-glycosylation site 6 4 6
Secondary structure
Amino acid number for a-helix 252 (40.92%) 255 (41.33%) 243 (39.45%)
Amino acid number for B-pleated sheet 99 (16.07%) 101 (16.37%) 98 (15.91%)
Amino acid number for random coil 265 (43.01%) 261 (42.30%) 275 (44.64%)
Tertiary structure
Solvent accessible surface (SASA, A?) 13 808.2 13 669.7 14 057.4
Exposed nonpolarity SASA (A?) 6 857.5 7 680.6 7 657.2
Exposed polarity SASA (A?) 3722.0 2892.9 32919
Exposed charge SASA (A?) 3228.7 3095.5 3108.3

&: 010-64807509

. cjb@im.ac.cn



624

ISSN 1000-3061 CN 11-1998/Q A T. #2244k  Chin JBiotech

BRAEAS [F) 7 28 W U8 oy 18 43 19 N-WE AR o 5
Tk B R AT B SRR 5 (ER e R B R
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HiGA ¥ 4 Xt s, i s i 55 740 b UE 4
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SERATLUE W, SR A RE R A TIGA 7%
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W UE B 1 43 IO 70 AT S R RO AR B AT 22
5o SR A BEVE R T HjGA FIK IR A E
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e 1 3% i 1) 5 90 AT S e TE AL B/ F HJGA
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RE R FEFER, Wik, 32205k RE
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A8/ IN R A AR 1 B3 4 3R T R % T R T e R
Kyl TIGA Wy il 52 MY ) —F s K]

25 LR A ARAT T — AN H A e A
WEVE R B R TIgalbA, HrE sk RE i s kA

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

TR IR I TR A A ) i S Vi
JEANR RS E M, ] I Xof 38 68 2 A 0 ) A e 1
P X SRR A A T R v A AR G i T
o TAh, BATHTT TIGA MLEHRE s, X2
B A5 il 04 231 Bl HA E A 45 = RS

REFERENCES

[1] Sauer J, Sigurskjold BW, Christensen U, et d. Glucoamylase:
structure/function relationships, and protein engineering.
Biochim BiophysActa, 2000, 1543(2): 275-293.

[2] Nguyen QD, Rezessy-Szab6d M, Claeyssens M, et al.
Purification and characterisation of amylolytic enzymes
from thermophilic fungus Thermomyces lanuginosus
strain ATCC 34626. Enzyme Microb Technol, 2002, 31(3):
345-352.

[3] Pandey A, Nigam P, Soccol CR, et a. Advances in
microbia amylases. Biotechnol Appl Biochem, 2000, 31:
135-152.

[4] Kumar P, Satyanarayana T. Microbia glucoamylases:
characteristics and applications. Crit Rev Biotechnol,
2009, 29(3): 225-255.

[5] Saha BC, Zeikus JG Microbia glucoamylases:
biochemical and biotechnological features. Starch-Starke,
1989, 41(2): 57-64.

[6] Liu Y, Li QS, Zhu HL, et a. Purification and
characterization of two thermostable glucoamylases
produced from Aspergillus niger B-30. Chem Res Chin
Univ, 2013, 29(5): 917-923.

[7] Wu J, Duan XG Research progress of enzymes involved
in starch processing. J Chin Inst Food Sci Technol, 2015,
15(6): 14-25 (in Chinese).

S, BB VERYIN LR TR, A,
2015, 15(6): 14-25.

[8] Hostinova E, Gasperik J
molecular-genetic and structural characterization. Biologia,
2010, 65(4): 559-568.

[9] Coutinho PM, Reilly PJ. Glucoamylase structural,
functional, and evolutionary relationships. Proteins, 1997,
29(3): 334-347.

[10] Lin SC, Liu WT, Liu SH, et a. Role of the linker region
in the expression of Rhizopus oryzae glucoamylase. BMC
Biochem, 2007, 8(1): 9.

[11] Li ZL, Wei PY, Cheng HR, et a. Functiona role of B

Yeast glucoamylases:



PEAR Z/IEIRE Talaromyces leycettanus JCM 12802 KiEHIS B E B VEEM B R S 41

(12]

(13]

(14]

(19]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

domain in the Thermoanaerobacter tengcongensis
glucoamylase. Appl Microbiol Biotechnol, 2014, 98(5):
2091-2099.

Bott R, Saldajeno M, Cuevas W, et al. Three-dimensional
structure of an intact glycoside hydrolase family 15
glucoamylase from Hypocrea jecorina. Biochemistry,
2008, 47(21): 5746-5754.

Roth C, Moroz OV, Ariza A, et al. Structural insight into
industrially relevant glucoamylases: flexible positions of
starch-binding domains. Acta Crystallogr Sect D Struct
Biol, 2018, 74(5): 463-470.

McDaniel A, FuchsE, Liu Y, et a. Directed evolution of
Aspergillus  niger glucoamylase  to  increase
thermostability. Microb Biotechnol, 2008, 1(6): 523-531.
Wang Y, Fuchs E, da Silva R, et a. Improvement of
Aspergillus niger glucoamylase thermostability by
directed evolution. Starch-Starke, 2006, 58(10): 501-508.
Nielsen BR, Lehmbeck J, Frandsen TP. Cloning,
heterologous expression, and enzymatic characterization
of a thermostable glucoamylase from Talaromyces
emersonii. Protein Express Purif, 2002, 26(1): 1-8.
Thorsen TS, Johnsen AH, Josefsen K, et al. |dentification
and characterization of glucoamylase from the fungus
Thermomyces lanuginosus. Biochim Biophys Acta, 2006,
1764(4): 671-676.

Chen J, Zhang YQ, Zhao CQ, et a. Cloning of a gene
encoding thermostable glucoamylase from Chaetomium
thermophilum and its expression in Pichia pastoris. J
Appl Microbiol, 2007, 103(6): 2277-2284.

Wang XY, Ma R, Xie XM, et a. Thermostability
improvement of a Talaromyces leycettanus xylanase by
rational protein engineering. Sci Rep, 2017, 7(1): 15287.
Shuai Y, Tao T, Zhang L, et a. Improvement of the
thermostability and catalytic efficiency of a highly active
B-glucanase from Talaromyces leycettanus JCM 12802 by
optimizing  residua charge-charge  interactions.
Biotechnol Biof, 2016, 9(1): 124.

Zhang DD, Tu T, Wang Y, et a. Improving the catalytic
performance of a Talaromyces leycettanus a-amylase by
changing the linker length. J Agric Food Chem, 2017,
65(24): 5041-5048.

Wang CH, Luo HY, Niu CF, et a. Biochemical
characterization of a thermophilic p-mannanase from
Talaromyces leycettanus JCM 12802 with high specific
activity. Appl Microbiol Biotechnol, 2015, 99(3):

&: 010-64807509

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

1217-1228.

Li YQ, Wang Y, Tu T, et a. Two acidic, thermophilic
GH28 polygalacturonases from Talaromyces leycettanus
JCM 12802 with application potentials for grape juice
clarification. Food Chem, 2017, 237: 997-1003.

Li XL, Tu T, Yao B, et a. A novel bifunctional
xylanase/cellulase TcXynl0A  from  Thermoascus
crustaceus JCM12803. Chin J Biotech, 2018, 34(12):
1996-2006 (in Chinese).

B, TRV, WO, %F. WEHCTEER JCM12803 SRR
XL BE A SRR 2T 4 R . A=) T RE =4k, 2018,
34(12): 1996-2006.

Miller GL. Use of dinitrosdicylic acid reagent for
determination of reducing sugar. Anal Chem, 1959, 31(3):
426-428.

Svensson B, Larsen K, Gunnarsson A. Characterization of
a glucoamylase G2 from Aspergillus niger. Eur J
Biochem, 1986, 154(3): 497-502.

Rezaul Karim KM, Husaini A, Hossain MA, et al.
Heterologous, expression, and characterization of
thermostable glucoamylase derived from Aspergillus
flavus NSH9 in Pichia pastoris. BioMed Res Int, 2016,
2016: 5962028.

Ben Abdelmalek-Khedher |, Urdaci MC, Limam F, et al.
Purification, characterization, and partiad primary
sequence of a major-maltotriose-producing o-amylase,
ScAmy43, from Sclerotinia sclerotiorum. J Microbiol
Biotechnol, 2008, 18(9): 1555-1563.

Carrasco M, Alcaino J, Cifuentes V, et a. Purification and
characterization of a novel cold adapted funga
glucoamylase. Microb Cell Factor, 2017, 16(1): 75-85.
Vieillle C, Zeikus GJ. Hyperthermophilic enzymes:
sources, uses, and molecular mechanisms for thermostability.
Microbiol Mol Biol Rev, 2001, 65(1): 1-43.
Fonseca-Maldonado R, Vieira DS, Alponti JS, et a.
Engineering the pattern of protein glycosylation
modul ates the thermostability of a GH11 xylanase. J Biol
Chem, 2013, 288(35): 25522-25534.

Min R, Li J;, Gao SJ, et a. Correlation between
thermostability of the xylanase EvXynll'™ and its
N-terminal disulfide bridge. Acta Microbiol Sin, 2013,
53(4): 346-353 (in Chinese).

BIZE, 20055, FRE, % KRB EvXynll' i #4
PESI N s BB A OGS BT, Bk, 2013,
53(4): 346-353.

(B339 RN TY)

. cjb@im.ac.cn

625




