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Figure 1. Multiple sequence alignment and secondary structure analysis of C-termini among AuMan5A and its two
mutants. The legends of secondary structure are as follows: curve-a helix; arrow-f strand; beeline-loop.
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Figure 2. SDS-PAGE analysis of the expression
supernatants and purified enzymes. M, protein marker;
1, The cultured supernatant of GS115/AumanS5SA/
A, 2-4, The purified AuMan5A, AuMan5A/Af and
AuMan5A/Af7,
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Figure 3. Analysis of temperature optima (A) and
stabilities (B) of AuMan5A and its mutants at 70 °C.
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Figure 4. Derivative melting curves of AuMan5A and

its mutants.
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Figure 5. Analysis of the local structures between
AuMan5A (A) and AnMan5A/Af (B).
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1. AuManSAR EREFNNNFEER
Table 1. Kinetic parameters of AuMan5A and its mutants

Enzymes K, /(mg/mL) keat/s ke Kin/[mL/(mgs)] Fold
AuMan5A 1.80+0.07 409.0+8.8 227.2 1.0
AuMan5A/Af 1.41+0.03 4051.7+83.3 2873.5 12.6
AuMan5A/Af> 1.06+0.04 928.6+24.2 876.0 3.9
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AumanSA/Af VPSRBT R, M RIR
PRI EEE R, A5 SRR Asp R AE A Gly™
5, BEOYEE R . PERCENE . ISR
FREH B TR TR, AT HEGH S ER-H i
KRB 1 loop Z LR T H &I, XTI L AuMan 5A
3163220 WY E IR KARA GRS, MESR3204%
AspBy B AR E R, UL S ) AspfEGH
SFIEB-H 5 FAEG P ST . DilokpimolZ5"™ AN
XF N FAuMan5A 318, 31913201 Ak 12 S5k
XS5 TIRWES A0S (subsite) IE . HH
3200 Z HEMR IR A (GBH M Asp) RE S IRWIHEFRIE B
Sk, B 5 lsubsite-2, ARBFIEIEHAsp 2
AuManSA/ATHEALTE PESE R RO OCEE N R o D3 4b,
Asp™* 5 JE] BBl G L FRTR HE IV A 14 34 SV A B e
FarEloop, FATLAAsp™’XF AuMan5A/AfH TR A
HEAEH,

B-H 5% BB KM AR R4 R

actamicro@im.ac.cn

il Je T AR o X — 7 T AY S R R G 22
FEPE, B S DR L — A AR 254 S O e
WFFEAr R RAE . AWTFAERA I HIGH SR B- H
e R — A S5 (5 B R R R PR AF R Y 2t
RErf, S BT R0 - H i RO i e o A O
loop FIH: AP 1 S B PR 07 1, R B- H 5 SRk il
L5 5 IRERIIF ST Y 1B YR OT R Bt T 5L
WA

2% X B

[1] van Zyl WH, Rose SH, Trollope K, Gérgens JF. Fungal B-
mannanases: mannan hydrolysis, heterologous production and
biotechnological applications. Process Biochemistry, 2010,
45(8): 1203-1213.

[2] Chauhan PS, Puri N, Sharma P, Gupta N. Mannanases:
microbial sources, production, properties and potential
biotechnological applications. Applied Microbiology and
Biotechnology, 2012, 93(5): 1817-1830.

[3] Dhawan S, Kaur J. Microbial mannanases: an overview of
production and applications. Critical Reviews in Biotechnology,
2007, 27(4): 197-216.

[4] Zhang Y, Jul, Peng H, Gao F, Zhou C, Zeng Y, Xue Y, Li Y,
Henrissat B, Gao GF, Ma Y. Biochemical and structural
characterization of the intracellular mannanase AaManA of
Alicyclobacillus acidocaldarius reveals a novel glycoside
hydrolase family belonging to clan GH-A. Journal of
Biological Chemistry, 2008, 283(46): 31551-31558.

[5] Huang JW, Chen CC, Huang CH, Huang TY, Wu TH, Cheng
YS, Ko TP, Lin CY, Liu JR, Guo RT. Improving the specific

activity of f-mannanase from Aspergillus niger BKO1 by



ZEOIF5E | MUEWIZER, 2016, 56(2)

307

[7]

[8]

[9]

[10]

[11]

[12]

structure-based rational design. Biochimica et Biophysica Acta,
2014, 1844(3): 663—669.

Couturier M, Feliu J, Bozonnet S, Roussel A, Berrin JG.
Molecular engineering of fungal GH5 and GH26 beta-(1,4)-
mannanases toward improvement of enzyme activity. PLoS
One, 2013, 8(11): €79800.

Chen K, Liu S, Ma J, Zhang D, Shi Z, Du G, Chen J. Deletion
combined with saturation mutagenesis of N-terminal residues in
transglutaminase from Streptomyces hygroscopicus results in
enhanced activity and thermostability. Process Biochemistry,
2012, 47(12): 2329-2334.

Duan X, Chen J, Wu J. Improving the thermostability and
catalytic efficiency of Bacillus deramificans pullulanase by
site-sirected mutagenesis. Applied and Environmental
Microbiology, 2013, 79(13): 4072-4077.

Voutilainen SP, Murray PG, Tuohy MG, Koivula A.
Expression of Talaromyces emersonii cellobiohydrolase Cel7A
in Saccharomyces cerevisiae and rational mutagenesis to
improve its thermostability and activity. Protein Engineering,
Design & Selection, 2010, 23(2): 69-79.

Tang CD, Li JF, Wei XH, Min R, Gao SJ, Wang JQ, Yin X,
Wu MC. Fusing a carbohydrate-binding module into the
Aspergillus usamii B-mannanase to improve its thermostability
and cellulose-binding capacity by in silico design. PLoS One,
2013, 8(5): 64766.

Xie ZH, Shi XJ. Fast and almost 100% efficiency site-directed
mutagenesis by the megaprimer PCR method. Progress in
Biochemistry and Biophysics, 2009, 36(11): 1490—1494.

Zhao M, Wei X, Wang C, Dong Y, Li J, Wu M. Gene cloning
and expression of a thermostable B-mannanase and its
enzymatic properties. Journal of Food Science and

Biotechnology, 2014, 33(6): 590-596. (in Chinese)

[13]

[14]

[15]

[16]

[17]

[18]

B, BER, EAE, WislE, 20007, SREUR. -
T 88 RO IR 10 S 5 Feak B B e . B S AR R
FH, 2014, 33(6): 590-596.

Zhang H, Li J, Wang J, Yang Y, Wu M. Determinants for the
improved thermostability of a mesophilic family 11 xylanase
predicted by computational methods. Biotechnology for
Biofuels, 2014, 7: 3.

Puchart V, Vrsanska M, Svoboda P, Pohl J, Ogel ZB, Biely P.
Purification and characterization of two forms of endo-p-1,4-

mannanase from a thermotolerant fungus, Aspergillus

fumigatus IMI1 385708 (formerly Thermomyces lanuginosus

IMI 158749). Biochimica et Biophysica Acta, 2004, 1674(3):
239-250.

Jang MK, Lee SW, Lee DG, Kim NY, Yu KH, Jang HJ, Kim S,
Kim A, Lee SH. Enhancement of the thermostability of a
recombinant B-agarase, AgaB, from Zobellia galactanivorans
by random mutagenesis. Biotechnology Letters, 2010, 32(7):
943-949.

Niesen FH, Berglund H, Vedadi M. The use of differential
scanning fluorimetry to detect ligand interactions that promote
protein stability. Nature Protocols, 2007, 2(9): 2212-2221.

Fei B, Xu H, Cao Y, Ma S, Guo H, Song T, Qiao D, Cao Y. A
multi-factors rational design strategy for enhancing the
thermostability of Escherichia coli AppA phytase. Journal of
Industrial Microbiology and Biotechnology, 2013, 40(5):
457-464.

Dilokpimol A, Nakai H, Gotfredsen CH, Baumann MJ, Nakai
N, Hachem MA, Svensson B. Recombinant production and
characterization of two related GHS endo-B-1,4-mannanases
from Aspergillus nidulans FGSC A4 showing distinctly
different transglycosylation capacity. Biochimica et Biophysica

Acta, 2011, 1814(12): 1720-1729.

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



308 Jianfang Li et al. | Acta Microbiologica Sinica, 2016, 56(2)

Correlation between superior enzymatic properties of f3-
mannanase AuManSA/Af and its residue Asp320

. .1 . 1 . 2 . 1 . 1 . 3%
Jianfang Li, Yunhai Dong , Die Hu', Chunjuan Wang ', Shihan Tang , Minchen Wu
'School of Food Science and Technology, “School of Biotechnology, *Wuxi Medical School, Jiangnan University, Wuxi 214122,

Jiangsu Province, China

Abstract: [Objective] AuMan5A is a glycoside hydrolase (GH) family 5 B-mannanase from Aspergillus usamii. To
improve its enzymatic properties, we have previously constructed a mutant with loop substitution, AuMan5SA/Af, by
substituting a loop of seven residues (' °KSPDGGN?) in its substrate binding groove with the corresponding region
(PSPNDHF) of 4. fumigatus GH family 5 B-mannanase. To reveal the correlation between the superior enzymatic
properties of AuMan5A/Af and its residue Asp, site-directed mutagenesis was used to obtain a new mutant enzyme
AuMan5A/Af "*°°. [Methods] Using megaprimer PCR method, we constructed a new mutant-encoding gene,
Auman5A/Af > by mutating an Asp*’~encoding codon GAC of Auman5A/Af into a Gly’"—encoding GGT. Then,
Auman5A/Af ***°° was extracellularly expressed in Pichia pastoris GS115, and the enzymatic properties of the
expressed product were analyzed. [Results] Analytical results indicated that the optimal and melting temperature of
AuMan5A/Af ***" was 70.0 °C and 71.5 °C, repectively, higher than those of AuMan5A (7,,=65.0 °C, T;,=64.5 °C)
and lower than those of AuMan5SA/Af (7,,=75.0 °C, T,,=76.6 °C); its half-life at 70.0 °C was 40 min, 10 min longer
than that of AuMan5A but greatly shorter than 480 min of AuMan5A/Af. Besides, its specific activity was 2.7 fold
and 0.3 fold that of AuMan5A and AuMan5A/Af, respectively, and its catalytic efficiency (k,/K,,) was 3.9 fold and
0.3 fold that of AuMan5A and AuMan5A/Af. [Conclusion] The mutation of Asp™ into Gly™” greatly affected the
temperature characteristics and catalytic activity of AuMan5A/Af, demonstrating that Asp™’ plays an improtant role in

temperature characteristics, specific activity and catalytic efficiency improving of AuMan5A after loop substitution.

Keywords: f-mannanase, loop substitution, site-directed mutagenesis, enzymatic properties
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