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Directed evolution by error-prone PCR of Armillariella
tabescens MAN47 -mannanase gene toward
enhanced thermal resistance

Xiaohui Lii, Yadong Hu, Fengjuan Hu, Daling Liu, and Dongsheng Yao
Institute of Microbial Biotechnology, Jinan University, Guangzhou 510632, China

Abstract: Firstly, We used error-prone PCR to induce mutations on Armillariella tabescens MAN47 B-mannanase gene, Secondly,
we cloned the mutated fragments into secreted expression vector pYCa, Then the recombinant plasmids were transformed into
Saccharomyces cerevisiae BJ5465 after amplified and extracted in DHSa cells. Through three cycles of error-prone PCR we built a
mutant database, Then we screened one optimum (named M262) from about 104 mutants. The evoluted MAN47 B-mannanase
displayed both higher thermal stability and activity than wide type. The evoluted enzyme M262 retained high activity after treatment
at 80°C for 30 min, whereas, the wild type nearly lost activity under this condition. Meanwhile, the activity of M262 can reach to
25 U/mL, which is 4.3 times as wide type under optimum temperature. In addition, pH stability and pH range of evoluted enzyme
M262 were both improved compared with wild-type enzyme. The optimum pH was estimated to be similar to that of wild-type
enzyme. The sequence comparison illustrated that there were three nucleotide substitutions (T343A/C827T/T1139C) which carried
corresponding amino acid changes (Serl15Thr/Thr276Met/Val380Ala). According to homologous modeling by SWISS-MODEL
Repository, three mutated amino acids located at the sixth amino acid of the fourth B-sheet, the first amino acid of the sixth a-helix,
the turn between the tenth and eleventh B-sheet, respectively.
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Fig. 1 Error-prone PCR conducted with different Mn?®*
concentrations. M: DNA marker; 1: negative control, 2-7:
0.00 mmol/L,  0.02 mmol/L,  0.05 mmol/L, 0.10 mmol/L,
0.15 mmol, 0.20 mmol/L Mn*".
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Fig. 2 Identification of recombinant plasmid by PCR(A) and
enzyme digestion(B). (A) M: DNA marker; 1: M262; 2: PCR
control; 3: pYCa; 4: PCR products. (B) M: DNA marker; 1:
recombinant plasmid digested with X#o I and Not 1.
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Random mutation by error prone PCR

Transformation by electroporation in
S. cerevisiae generation of mutant library
of 10 000 clones

Screened positives by transparent halos after
overlay with trypan and konjac flour in agar

Positive (about 2000) are cultured in a 96
deep well plate for 72 h

Supernatant seperated, exposed to heat at
80°C for 30 min, cooled and assay by DNS
method (About 10-100clones are obtained)

B3 5% PCR EREIFIFIRRER
Fig. 3 Scheme of EP-PCR database construction and screen.

E4 H$EPCREZKEME
Fig. 4 EP-PCR variant transparent circle relative to wild-type
B-mannanase(—).
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Fig. 5 Relative thermal activity of mannanase variants derived
from error prone PCR libraries(e), relative to wild-type B-
mannanase (0).
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Fig. 7 Effect of pH on the activity of wide(m) and evoluted
B-mannanase M262 (A) .

160
97.4 —a—

662 —tamm 140

45.0 — 47.0 kD 120

310 — F z 10T
: 80

Relative activity (%)

21.5 — - 60 L
144—. ' 40 F
20 b
0 ; ; ; * ; = !

20 30 40 50 60 70 80 90 100

6 54BN LES M262 iF 53Rk 1 SDS-PAGE Temperature (°C)

Fig. 6 Inducted expression and SDS-PAGE of wide and evoluted

B-mannanase M262. M: protein marker; 1: inducted evoluted 8 FFARETNEE{LEE M262 BETREN.

B-mananase M262; 2: uninducted evoluted B-mannanase M262; 3: Fig. 8 Thermal stability of wide (m) and evoluted B-mannanase
wide type B-mannanase. M262 (A).
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Fig. 9 Effect of temperature on the activity of wide(m)and

evoluted B-mannanase M262 (A).
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Table 1 Nucleotide substitution and amino acid change of
mutant

Nucleotide substitution | Amino acid change

Wide—M262 T S5AM
C827 —>T827

9
Tll3g—>C113)

Ser'>>Thr'?
Thr*”*—Met>"®
V31380—>Ala380

&2 PHD ATt (LB M262 —REHIAINE
Table 2 Predicting second structure changes in evoluted B-
mannanase M262 by PHD strategy

Alpha helix Extended strand Random coil
Wide 25.84% 26.07% 48.09%
! ' ' '
M262 25.84% 23.82% 50.34%

11 LB M262 BB = HEMIETREMAMALE
Fig. 11 3D structure of simulated evoluted B-mannanase
M262 indicating the position of each mutation.
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