TABLE S1 Sequences of oligonucleotides used for site-directed mutagenesis.

Mutations  Oligonucleotide sequences

T491 5'-tgattgcctttccggaaatctggattcccggatac-3'
5'-gtatccgggaatccagatttccggaaaggcaatca-3'

Y85F 5'-gtcatcaacagcgagcaattccgtctcatcgaac-3'
5'-gttcgatgagacggaattgctcgcetgttgatgac-3'

A91S 5'-gcaataccgtctcatcgaacaatcagcagctcgca-3'
5'-tgcgagctgctgattgttcgatgagacggtattge-3'

MI8K 5'-gcagctcgcaacaagatcaaggtggtgctg-3'
5'-cagcaccaccttgatcttgttgcgagcetge-3'

113N 5'-gccggctegttgtacaactcccaatcgatcatc-3'
5'-gatgatcgattgggagttgtacaacgagccggce-3'

Y199C 5'-cggcgcagcctgtacgcetcggec-3'
5'-ggccgagcegtacaggcetgegecg-3'

T310P 5'-gctgctagaccccccgeccaaatceteg-3'
5'-cgagatttgggcggggggtctagcage-3'

R345C 5'-gagccgctcgagtgegtcacacccg-3'

5'-cggotgtgacgcactcgagcggctc-3'




TABLE S2 Analytical conditions for mandelic acid and its derivatives.

Acid Product

Column

Mobile Phase

Flow Speed

(mL/min)

Retention Time

mandelic acid

2-F-mandelic acid

2-Cl-mandelic acid

2-Br-mandelic acid

2-CHs-mandelic acid

2-OCHs-mandelic acid

3-F-mandelic acid

3-Cl-mandelic acid

3-Br-mandelic acid

4-F-mandelic acid

4-Cl-mandelic acid

4-Br-mandelic acid

CHIRALEL-0OJ-H
4.6x150 mm, 5pm
CHIRALEL-0OJ-H
4.6%150 mm, 5pm
CHIRALEL-OZ-RH
4.6<150 mm, 5 pm
CHIRALEL-0OJ-H
4.6x150 mm, 5pm
CHIRALEL-0OJ-H
4.6x150 mm, 5pm
CHIRALEL-0OJ-H
4.6x150 mm, 5pm
CHIRALEL-OJ-H
4.6%150 mm, 5pm
CHIRALEL-OJ-H
4.6x150 mm, 5pm
CHIRALEL-OJ-H
4.6x150 mm, 5pm
CHIRALEL-OJ-H
4.6%<150 mm, 5pm
Chirobiotic R
4.6><100 mm, 5pm
Chirobiotic R

4.6><100 mm, 5pm

10% 2-propanol; 90%
hexane (0.1% TFA)
10% 2-propanol; 90%
hexane (0.1% TFA)
10% 2-propanol; 90%
water (0.05% TFA)
10% 2-propanol; 90%
hexane (0.1% TFA)
10% 2-propanol; 90%
hexane (0.1% TFA)
10% 2-propanol; 90%
hexane (0.1% TFA)
5% 2-propanol; 95%
hexane (0.1% TFA)
5% 2-propanol; 95%
hexane (0.1% TFA)
5% 2-propanol; 95%
hexane (0.1% TFA)
5% 2-propanol; 95%
hexane (0.1% TFA)
50% methanol;50%
water (0.1% HAC)
50% methanol;50%

water (0.1% HAC)

1.0

1.0

0.5

1.0

1.0

1.0

1.0

1.0

1.0

1.0

0.5

0.5

(min)

R S
19.3 22.7
15.8 195

19.0(S) 23.83(R)
21.3 28.4
16.8 24.0
314 34.7
215 26.5
19.0 25.0
20.3 26.4
25.0 28.0

1.77(S)  2.18(R)

417(S) 5.25(R)




TABLE S3 The enantioselectivity and relative activity of the BCJ2315 mutants based

on random mutagenesis and site-directed mutagenesis.

Mutants ee (%)  Relative activity(%)  Mutations ee(%) Relative activity(%)

(mutant) (mutant) (mutations) (mutations)
WT 89.2% 100 - - -
M18 95.940.2 8745 T49S 95.940.2 8745
M338 98.3#0.2 8244 A91S 89.24#).4 984
1113N 98.440.1 81+
M101 99.3#).3 7535 M98K 89.3#).3 10243
Y199C 943104 20145
T310P 98.14).2 3336
R345C 90.140.3 9943
M1332 99.3#).2 12+ T49I 95.94.3 7836
Y85F 88.940.5 10243

1113N 98.440.1 8144




TABLE S4 The enantioselectivity and relative activity of the mutants based on

site-saturation mutagenesis at selected four ‘hot spots’.

Mutations 49 113 199 310
RAY (%) ee(%) RA %) ee(%) RA %) ee(%) RA (%) ee(%)

A 8443 96.3#.4 1022 94.1#.7 2732 95.64.8 104+ 89.5+.2
C 47+  88.3#).3 75+  80.9#40.4 231#15 94344 11746 88.7H.8
D 52+  92.84).5 2+ >09.9 222#2 9443 103x2 90.3#.9
E 264  99.040.2 239+ 90.640.4 191#5 095144 1184 90.140.8
F 2445 97144 45+  93.7#4.8 10535 93449 1038 89.3#).4
G 724 97.34.7 643 >09.9 306+l7 96.7404 89+ 90.2#0.4
H 805  88.84.6 2+ 89.740.8 11448 89.140.3 280H+3 89.7#.4
I 8316  95.640.3 100 89.2#.3 11745 914404 1261 88.640.5
K 1648  94.840.5 1+ >099.9 14849 93.1#0.3 103 89.240.5
L 9843 92.8#40.7 188H1 77.1#+.2 1774 92344 13249 89.940.7
M 4683 97.24).2 138+ 97.24.3 1453465 92.3#H.3 11643 89.1#.2
N 105#2 76.140.8 7445 98.440.3 14047 90.940.5 10043 88.9140.4
P 442 87.1#.9 614 932402 17939 92345 3848 98.1#).2
Q 9645 93.7#0.3 29.743 96.240.3 230+11 93.84).7 99+ 89.5H.1
R 5549  90.240.2 1+ 95.8#4.2 2174 89.1#.3 1749 92545
S 794  94.840.2 2+ >09.9  324#13 93544 12543 88.2+.1
T 100 89.2#).9 3243 96.140.1 18549 93.440.9 100 89.24.9
\Y 4543  92.640.2 9944  89.540.2 14548 925412 11845 88.440.4
W 873  90.6+.0 1+ >09.9 121+ 935#H.5 96%/ 89+1.2
Y 1645 96.6#0.5 2+  98.1#.3 100 89.2#09 1194+ 88.9#..0

2 RA=Relative Activity



TABLE S5 The enantioselectivity and relative activity of the double mutants

generated by combination of mutations.

1113M+199 Relative activity(%) ee (%)
A 2861 98.44).2
C 17648 98.44.1
D 23145 98.14).2
E 24916 98.3#4).1
F 11043 97.640.3
G 37621 98.74).1
H 153+16 97.14.3
I 180+1 97.64.4
K 21849 98.040.2
L 15446 97.94.4
M 199+11 97.840.3
N 1024 97.84).3
P 225416 97.54.2
Q 21949 98.1#).4
R 186/ 97.54).3
S 26348 98.64).3
T 26349 9840.4
\Y 243H14 97.64.4
W 14748 97.54).3
Y 138+ 97.24).2




