£ T OB O¥ WA B/ ARBIRRSLIE Aspergillus terreus BEASEBAIRELE 1
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Jul. 25, 2018, 34(7): 1091-1105

DOI: 10.13345/j.cjb.180040 ©2018 Chin J Biotech, All rights reserved

- RS -

Aspergillus terreus

KRR, aie, ks

LR RS Y TR T A RAE N ESLEE, L5 L 214122

SRR, MR, R, B R R E L& Aspergillus terreus ARSI fEALTETE. AE 9 LRES4R, 2018, 34(7): 1091-1105.
Zhang XF, Yu XW, Xu Y. Improvement of catalytic activity of Aspergillus terreus lipase by site-directed mutagenesis. Chin J
Biotech, 2018, 34(7): 1091-1105.

W OE: AR B A ARG 5 R kIR SRR T £ o & Aspergillus terreus 49 BR M IS 5 B ATL #9484 7E 7 .
BRI BT, B BETFRBRFRHES T BN T L ERTEERE, 55 84 ATL R LIS,
HREAI, ETFTRERREH ATLLID 5ERMHE S0 RIXK L ATLV218W #9LEHX R FR . ATLLId F=
ATLV218W & 4 3 78 2 K By A AL BRB5 p-nitrophenyl laurate (p-NPL) #91E/LE MR 5, kal8 ATL 231385 T
39.37 4&#= 50.79 4%, Kea/Kn 182X ATL 25|42 3 7 2.85 14 8.48 45. 5 ATL A8tb, ATLLid F= ATLV218W &) # 4%
FSA T, &iE pH H 5.0, pH 4.0-8.0 A & 4F6948 8 t, H T AT ATL #9°E BR AT BR 451 = & #h.
i L) R EAAE IR S T AT BB AR ST R p-NPL 58545 F 19 6948 ZA4E A, AT T ATLLId = ATLV218W fE4b
E IS AL,

L BB, B, RURAEME, TERE, MBIER, o T

Improvement of catalytic activity of Aspergillus terreus lipase
by site-directed mutagenesis

Xiaofeng Zhang, Xiaowei Yu, and Yan Xu

The Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122,
Jiangsu, China

Abstract: The catalytic activity of Aspergillus terreus lipase (ATL) was improved by rational design. According to the
sequence analysis and homologous modeling, several amino acids involved in the lid domain and substrate binding pocket
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domains of the acidic lipase ATL were mutated by site-directed mutagenesis, and eight mutants were constructed. These
mutants and the wild type lipase ATL were expressed in Pichia pastoris GS115 and the enzymatic properties were
characterized. The mutants ATLLid and ATLV218W exhibited higher hydrolytic activity than ATL towards p-nitrophenyl
laurate. The kcq values of ATLLid and ATLV218W towards p-nitrophenyl laurate were 39.37- and 50.79-fold higher, and the
keat/Km values were 2.85- and 8.48-fold higher than the wild type, respectively. Although thermostability of these mutants
decreased slightly, ATLLid and ATLV218W still exhibited the maximum activity at pH 5.0 and high stability in a broad range
of pH (4.0-8.0), which were similar to the wild type. Using homologous modeling and molecular docking technology the
mechanism for the improvement of catalytic activity was analyzed. These findings not only shed light on the relationship
between the lid domain/substrate binding pocket domain and catalytic activity but also provided comprehensive scheme for

further engineering to gain more efficient lipases.
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Table 1 Primers used in this study

Primers Sequences (5'-3') Size (bp)
Lid-F TTTTGTCTTTCAGAGGTTCTTCTACTATTAAAAACTGGATCGCTAATTTGGATTTC 58
AT
Lid-R ATGAAATCCAAATTAGCGATCCAGTTTTTAATAGTAGAAGAACCTCTGAAAGAC 58
AAAA
BP1-V218F-F CTAGATTGCCACCTGAGGCTTTTGGTTACAGACACCCATCTCCT 44
BP1-V218F-R AGGAGATGGGTGTCTGTAACCAAAAGCCTCAGGTGGCAATCTAG 44
BP1-V218W-F CGTTCCTAGATTGCCACCTGAAGCTTGGGGATACAGACACCCATCTCCTGAATA 54
BP1-V218W-R TATTCAGGAGATGGGTGTCTGTATCCCCAAGCTTCAGGTGGCAATCTAGGAACG 54
BP1-V218L-F CTAGATTGCCACCTGAGGCTTTAGGTTACAGACACCCATCTCCT 44
BP1-V218L-R AGGAGATGGGTGTCTGTAACCTAAAGCCTCAGGTGGCAATCTAG 44
BP1-V218D-F CTAGATTGCCACCTGAGGCTGACGGTTACAGACACCCAAGT 41
BP1-V218D-R ACTTGGGTGTCTGTAACCGTCAGCCTCAGGTGGCAATCTAG 41
BP1-V218M-F CTAGATTGCCACCTGAGGCTATGGGATACAGACATCCATCTC 42
BP1-V218M-R GAGATGGATGTCTGTATCCCATAGCCTCAGGTGGCAATCTAG 42
BP1-V218A-F CTAGATTGCCACCTGAGGCTGCTGGTTACAGACACCCAAGTCCT 44
BP1-V218A-R AGGACTTGGGTGTCTGTAACCAGCAGCCTCAGGTGGCAATCTAG 44
BP2-F CTTCTCCTGATGCTTCTGCTCACTTGTGGTACTTTTTCGCTATTTCTGAGTGTT 86
TGTTGGGTTCTTCTCATCACCATCACCATCAC
BP2-R GTGATGGTGATGGTGATGAGAAGAACCCAACAAACACTCAGAAATAGCGAAA 86
AAGTACCACAAGTGAGCAGAAGCATCAGGAGAAG
3'-AO0X1 GCAAATGGCATTCATTCTGACATCC 25
5'-A0X1 GACTGGTTCCAATTGACAAGC 21

The mutation sites are highlighted by bold.
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Fig. 1 Analysis of amino acid sequence and three-dimensional structure. (A) Alignment of amino acid sequences of
ANL and ATL. The “Lid domain” is indicated by red box; The “Binding pocket 1 domain” is indicated by orange box
and the “Binding pocket 2 domain” is indicated by purple box. (B) Simulated three-dimensional structures of ATL.
“Ser154-Asp208-His265” is the catalytic triad of ATL. The mutant sites located in the Lid domain and substrate binding
pockets are highlighted by red, orange and purple, respectively.
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Fig. 2 Conservation analysis of the residues Phe219 and Val218 in ANL and ATL, indicated by box, respectively.
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Fig. 3 Shake flask fermentation curves of mutant strains. (A) Growth curves. (B) The total protein concentration in the
culture supernatant. (C) Extracellular enzyme activity in the culture supernatant. The legends of these figures (A-C)
were marked in the lower right corner. Error bars indicated the standard deviation of three biological replicates.
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Fig. 4 SDS-PAGE analysis of the parent ATL and the
mutants.
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Fig. 5 The relative activities of the parent ATL and the
mutants on p-NPL. Enzyme activity of ATL is taken as
100%.
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Fig. 6 Effect of pH on the activity and stability of ATLLid, ATLV218W and ATL. (A): The optimal pH. The activity
was determined under the conditions at pH 2.0-10.0 and 40 °C, using olive oil as substrate. The pH stability of ATL (B),
ATLLid (C) and ATLV218W (D) were determined at 35 ‘C and pH 5.0 after being incubated in pH 2.0-8.0
citrate-phosphate buffer and pH 9.0-10.0 carbonate buffer for 24 h. Error bars indicate the standard deviation of three

biological replicates.
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Fig. 7 Effect of temperature on the activity and stability of ATLLid, ATLV218W and ATL. (A) The optimal
temperature. The activity was determined under conditions at 20-60 C and pH 5.0. The temperature stability of ATL
(B), ATLLid (C) and ATLV218W (D) were determined at 35 ‘C and pH 5.0 after incubating for 6.5 h at temperatures
20-50 °C. Error bars indicate the standard deviation of three biological replicates.
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Fig. 8 Substrate specificity of ATLLid, ATLV218W and the
parent ATL utilizing p-NP esters with different acyl chain
lengths. p-NPA: p-nitrophenyl acetate; p-NPB: p-nitrophenyl
butyrate; p-NPV: p-nitrophenyl valerate; p-NPC: p-nitrophenyl
caprilate; p-NPL: p-nitrophenyl laurate; p-NPM: p-nitrophenyl
myristate; p-NPP: p-nitrophenyl palmitate. The relative activity
of ATL on p-NPA was set as “1”.
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Table 2 The Kinetic parameters of ATL, ATLLid and ATLV218W

Enzyme Substrate K (MMOI/L)  Viax (umol/(g-min))  keae (57, x107°) Keat/Km (L/(s-pmol), x10™)
ATL p-NPL 0.15 3.85 1.90 1.30

p-NPP 0.73 11.40 5.63 0.77
ATLV218W p-NPL 0.80 199.48 98.40 12.33

p-NPP 1.43 178.87 88.20 6.17
ATLLid p-NPL 1.53 155.50 76.72 5.01

p-NPP 1.69 120.41 59.41 3.52
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Fig. 9 Simulated three-dimensional structures of ATLLid and ATL docked with p-NPL. (A) ATLLid. (B) ATL.
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Fig. 10 Simulated three-dimensional structure of ATL and ATLV218W. (A) ATL. (B) ATLV218W.
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