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Increasing activity of Rhizopus chinensis CCTCC M201021
lipase by directed evolution-error prone PCR
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Abstract: Directed evolution strategy (error-prone PCR) was conducted to improve the activity of lipase from Rhizopus chinensis
CCTCC M201021. Through two rounds of ep-PCR and pNPP top agar screening, two optimum mutant strains 1-11 and 2-28 were
obtained with 2 and 4 fold of enzyme activity higher than that of parent strain, respectively. DNA sequencing of mutant lipase 2-28
revealed four amino acid substitutions: A129S, K161R, A230T, K322R. According to the simulated protein structure of Rhizopus
chinensis lipase, A129S, K161R, A230T were located on the surface of the protein. A230T substitution improved the stability of the
a-helix loop. K322R, near the catalytic center of lipase, located at a loop, formed a salt-bridge with a nearby aspartic acid (negative
charged). Electrostatic force pulled the loop to the opposite direction of the substrate channel and made it easier for substrate to enter
the lipase catalytic domain. Purified lipase was characterized and the result showed that K,, of 2-28 lipase decreased by 10%
compared with K, of the parent lipase, and K, was 2.75 fold improved than that of the original lipase.
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)); 0.5 mmol/L dATP/dGTP, 2.5 mmol/L dCTP

dTTP; F/R 40 pmol; MgCl, 7 mmol/L; MnCl,
0.3 mmol/L; Tag DNA 2.5 U, ddH,O 50 uL
PCR : 94°C 3 min; 94°C 1 min, 59°C
1 min, 72°C 2 min, 30 ; 72°C 10 min
PCR DNA ,
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Fig. 1  Error-prone PCR conducted with different Mg
concentration. M: DNA marker; 1-6: PCR products with
different Mg®* concentrations (6 mmol/L, 7 mmol/L, 8 mmol/L,
9 mmol/L, 10 mmol/L, 11 mmol/L, respectively).
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Fig. 2  Error-prone PCR conducted with different Mn®"
concentration. M: DNA marker; 1-6: PCR products with different
Mn?®" concentrations (0.05 mmol/L, 0.1 mmol/L, 0.15 mmol/L,
0.2 mmol/L, 0.25 mmol/L, 0.3 mmol/L, respectively).
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,A129S loop
, Ser GIn133(
loop ) , Ser
loop ,

F1 RTEBIMFLER
Tabel 1  Sequencing results of mutants

Mutants  Mutant nucleotide bases Mutant amino acids
1-11 G358T/G688A A129S/ A230T
2-28 G358T/G688A/ A129S/A230T/

A482G/A965G K161R/K322R
] o proRCL2-28

£ 804
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S 4
= 404
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2204
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Temperature (QC)
3 RE ¥ proRCL #1 proRCL2-28 & E MBI 21
Fig. 3 Effect of temperature on the stability of proRCL and
proRCL2-28.
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Fig. 4 Effect of temperature on the activity of proRCL and
proRCL2-28.
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6 , proRCL  proRCL2-28 pH
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80% pH<7 pH>9 ,
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Fig. 5 Effect of pH on the stability of proRCL and proRCL2-28.
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Fig. 6 Effect of pH on the activity of proRCL and proRCL2-28.
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Fig. 7 Double-reciprocal courses of proRCL and proRCL2-28.
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loop )
ATG , Ser129 loop ( 10)
loop ,
( 3)
Argl6l ,
Lys Arg
Thr230 a- , o-
7] Phel12-Asp118 a-
, 9 KREFEMEESKY pNPP Ry 1%
Aspl18 , Thr230 Fig. 9 Docking of the mutant lipase and the substrate pNPP.
The red parts were mutant residue Arg322, the blue part was
> - > lipase activity center, the yellow molecule was substrate pNPP.
8(Aspl18 )
Arg322 loop
R loop
(9 Arg322
S-D-H Arg322 , A
B- Asp376( )

x2 HAARSREEN 2-28 s hFESH

Tabel 2 Kinetic parameters of the parent strain and
mutant 2-28
Strains Vmax(umol/(min'mL))  Kq(mmol/(min'mg)) K, (/min)
Starting strain 3.38 0.304 1138
Mutant 2-28 9.33 0.275 3140

RTLIRBARAHEGH = 45 ISR

Simulated three-dimensional structure of mutant
Rhizopus chinensis lipase. The red parts were mutant residues,
the blue part was lipase activity center, the purple sphere part
was Asp residue.

8
Fig. 8

B

10 fis& 322 RERI(A)E (B) =ML MIEME

Fig. 10 Simulated three-dimensional structure prior and after
site 322 mutation. The red parts were mutant residue Arg322,
the blue part was lipase activity center, the orange part was the
nearby Asp376, forming salt bridge with Arg322.
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