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AMDase

1-1
(arylmalonate decarboxylase: AMDase EC. 4.1.1.76)
U AMDase
Alcaligenes bronchicepticus KU1201
(Scheme 1-1)**
R 392 R

Ar)‘”%(;ﬁ"' AMDase Ar/'\COZH

Ar = Ph, 2-Thienyl, 2-Naphthyl 85-99% vyield

R =H, CHg, F, OH, NH, >99e.e.

Scheme 1-1
AMDase -
a-
AMDase 24,734
SH

4)

(Table 1-1)°7"

188



Table 1-1

Enzyme

Activity

(U / mg) Km (mM) kcat (S_l) kcat / Km
wild type 410 14.4 301 21
C101s 548 4.3 248 58
C148Ss 167 11.5 100 8.7
C171S 371 35 182 53
C188S 0.12 23.7 0.11 0.046

A
A
8)
AMDase

AMDase



AMDase
1-2 (NSAIDs)
AMDase

(Nonsteroidal anti-inflammatory drugs NSAIDs)
(Figure 1-1)*

=" = Ar/I\C02H

6-ketoPGF,,, TXB;
HQ o)
~ NS CO0H SNe—=">""co0H
N PGF N N
o OH N HO % OH
PGD11keto PGESket
PGD, \ HO e:’/ PGE,
«“\\E/\/\COOH
=
HO OH
PGF,
Figure 1-1

(COX-1
COX-2)
COX-1 COX-2
(COX-1)
COX-1

10



COX-2

NSAIDs COX-2 COX-2
NSAIDs NSAIDs
COX
( COX-1 COX-2
)
NSAIDs
2- (
) (o
2 (Figure
1_2)16,17)
CH,
E CHs 0 CH,
CO,H
CO,H O O CO,H
flurbiprofen ibuprofen ketoprofen
CHj
CH
. CH3 3 o COZH
SRS AINGS R
MeO
fenoprofen naproxen indoprofen
Figure 1-2 ( ) NSAIDs
in vitro invivo  (S)-
in vivo (R)-
(S)-
( )
NSAIDs S
S (Figure

11



AMDase

1-3)1819

wCOZH

(S)-ibuprofen

CHs

COzH
MeO

(S)-naproxen

Figure 1-3

S NSAIDs

CHjy
— CO,H
in vivo
(rac)-ibuprofen
CHj

COzH
MeO

(rac)-naproxen

(Figure 1-4)%2V

CHs

o

(S)-flurbiprofen

l

anti-inflammatry activity

Figure 1-4

(Scheme 1-3)®
HPLC

50

12

CH3
F

(R)-flurbiprofen

l

anti-cancer activity

Pseudomonas sp.
(Scheme 1-2)*?



50
HPLC

CHj

F. Pseudomonas sp. lipase F
O COH MeOH

Scheme 1-2 (R)-

CHs CH, CH,
F O CO,H HZNJ\Ph Ar)\co2 H3NYPh
DBU, / n-octane CHj

80 % vyield, 82 % e.e.

CHs

F
O CO,H

Scheme 1-3 (R)-

CH;

O CO,H

28% yield, 97% ee

+

CHg3

O, D
Ar”>CO, HgN* _Ph

total yield : 40 %
99 % e.e.

T

CHj

13
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AMDase

AMDase

((R)-2)
(Scheme 1-4)
23

Scheme 1-4

1 (R)-

AMDase

Wild Type AMDase

(R)-flurbiprofen

CHs

c _
O CO,H
(S)-2

(S)-flurbiprofen

Mutant AMDase

AMDase



(rac-2)
Scheme 3
)
LDA (o
80%
1 (Scheme 1-5)

CHs CHs

F CO,H MeOH, H* F CO,Me  LDA, CICO,Me
O ‘ THF l

Y

KOH, EtOH

Y

Scheme 1-5

15



AMDase

1-4 AMDase (R)-
1 AMDase pH85  Tris-HCI
35 °C 100 mM
(R)-2 20 1
12

(Scheme 1-6)
CHs CHs

'y =
‘CO,H AMDase CO.H
CO,H -

1 (R)-2
100 mM
Scheme 1-6 AMDase (R)-
1.5
35

Lineweaver-Burk

(Scheme 1-7) (Inhibitor)

(Figure 1-5)

H

""COzH

AMDase o™
Ph™ Nco,n  with Inhibitor

CO,H

CHs

F
. CO,H
Inhibitor :

Scheme 1-7

16



0.012

Inhibitor
e 20 MM
= 0008 |, 10mm
< = 1mM
N
E 0004 omM
>
~N
—
0 ==
-0.004
-0.2 0 0.2 04 0.6
1/ [S] (mM™
Figure 1-5

(Lineweaver-Burk plot)
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AMDase

1-5

Amberlite XAD

1-5-1

20
35

18



1-5-2

mL mL 0.1 1ImL

(Scheme 1-8 Table 1-2)
CH;

F
AMDase O CO,H
Organic Solvent' O

(R)-2
100 mM
Scheme 1-8 AMDase
Table 1-2
Entry Organic Solvent Reaction
1 n-hexane —
2 n-octane _
3 toluene _
4 DIPE —
5 DMSO —

DIPE : diisopropyl ether, DMSO : dimethyl sulfoxide

Table 1-2

19



AMDase

AMDase

1-5-3 lonic Liquid
24)
AMDase
1-5-4 (lonic Liquid)
1- 5) n-

1-butyl-3-methyl-1H-imidazolium hexafluorophosphate (7)

(Scheme 1-9)

N/_\N "BuBr N\®/N KPFg /N@N
E— . ' h - n
Me”~ Me = "Bu Me —Bu
e CHClg Br H,0 [PF
5 6 7
Scheme 1-9

20



1-5-5

1-5-6 lonic Liquid

1 mL
(Scheme 1-10)

CHs

F
AMDase ‘ CO,H
NEN,
Me —Bu

1 [PFg] (R)-2

Scheme 1-10 AMDase

21



AMDase

1-5-7 Amberlite XAD
25)
XAD-2, -4, -7 (Scheme 1-11)
CHj CHg3
F '//COZH AMDase F ! CO-,H
CO,H > O 2
XAD 200 mg O
1 (R)-2
100 mM
Scheme 1-11 XAD
AMDase Amberlite
XAD
1-5-8

(Scheme 1-12)

I
AMDase F
> O CO,H

1 (R)-2
10 mM

Scheme 1-12

100 mM 10 mM 90
92

22



100 mM

10 mM

90

(R)-

23



AMDase

1-6 (S)-

S36N/G74C/C188S AMDase (S)-
(Scheme 1-13)

Hs

F
Mutant AMDase O COyH

Hile)

1 (S)-2
Scheme 1-13 AMDase (5)-
AMDase
(S)- 30 90
AMDase  90% 30%
S

24



1-7

AMDase

(R)-
(S)-

AMDase

(NSAIDs)

(NSAIDs)

Wild Type AMDase

AMDase

AMDase

Mutant AMDase

-
v

(R)-flurbiprofen

CH3

c _
O CO,H
(S)-2

(S)-flurbiprofen

25
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AMDase

2-1 AMDase
AMDase
v p- SH
AMDase (Cys101, Cys148, Cysl71, Cys188)
188 C188S
188
(Table
2-1)%
Table 2-1 AMDase
Activi _
Enzyme (Ucltl\r/rg) Ky (mM) Keat (S l) Keat / Km
wild type 410 14.4 301 21
C101S 548 4.3 248 58
C148S 167 11.5 100 8.7
C171S 371 35 182 53
C188S 0.12 23.7 0.11 0.046
188 SH
AMDase SH
CoA SH SH
6-8)
188Cys

30



188Cys SH

(Scheme 2-1)%

S
H-S—Cys188 p-S—Cys188 S—Cys188
HsC CCO Hs(F( HsC
. S

C'C~~-H _C:2:0 E—— _C'H
iy © co, AT Ar e

//C\»’\ —-H Y O—H

o 0P © ©
Scheme 2-1 Cys188 AMDase

13C

(Scheme 2-2)1%

CHa CHa
' ICO,H AMDase &
Bco,H -Bco, CO,H
CHs CHs
/13CO2H AMDaSE‘ "’l/IH
CO,H - CO, 13co,H

Scheme 2-2 AMDase

1,000
11)



AMDase

(family)
12)
(superfamily)
1) AMDase
14)
15) 16)
1 30%
(Figure 2-1, 2-2)
Glu racemase -MQNDP I~~1KALVIACNTATAAA~~IDTLVMGCTHFPLLRS~~.
Asp racemase MENFFS1~~ADF I IMPCNTAHFFA~~CEKVILGCTELSLMNE~~.
Hydantoin racemase MKIKVIN~~VDAFVIACWGDPGLH~~AEAILLGCAGMAEFAD~~.
Maleate i1somerase ----—- MK~~MSVMAYACLVAIMAQ~~AVILSA-CVQMPSLPA~~.
AMDase --MQQAS~~AAVVSLMGTSLSFYR~~SDGILLSCGGLLTLDA~~.
74
. Lactobacillus fermenti | . Streptococcus thermophils
. Pseudomonas sp. Strein NS671 , . Alcaligenes faecalis
AMDase:Alcaligenes bronchisepticus
Figure 2-1 AMDase
® @
HsN H glutamate racemase H3N H
N 0 = g S)
Hozckﬁco2 HOZCAACOZ
® @
HaN H o aspartate racemase HsN. H 5
HOzC/\/C02 = HOZC/\/C02
@] 0]
hydantoin racemase
HN = HN™ Y
NH NH
O% O%
i ©
OZC\%COZH maleate isomerase 0,C___COH
Figure 2-2
AMDase
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o AMDase

AMDase
18)

AMDase AMDase

X Tanner
19-21)

184 Cysl84 L 73 Cys73 D

(Scheme 2-3)

Scheme 2-3

AMDase
AMDase

AMDase

(Scheme 2-4)

33



AMDase

Cys188
o) S o
R <> RH\\ OV) R
) %8 o Ao
AT CmO0T 10 Ar AT YcopH
o] (R)
Enzyme Gly74

Scheme 2-4 AMDase

AMDase
AMDase
188
C188S AMDase
Cys188
AMDase
74
(Scheme 2-5)*%
Cys188
Serl88
R
co, T r/k','foz"'
(S)
Enzyme
Scheme 2-5

Lactobacillus fermenti
AMDase (Figure 2-3)



Figure 2-3

74
73
74
3.6
74 (o
188
74
71,74
71,74
70 72
76 77
AMDase 8 68
AMDase 10

AMDase

71

68
73

77

71
188

71

69
75
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AMDase

2-2

AMDase
Y AMDase
500 bp 1,200 bp pUC19 Hind 111
Pst | pAMD101 188
C188S AMDase
g pAMD101-C188S
PCR
pAMD101-C188S AMDase (Figure 2-4)
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AMDase Site of pAMD101-C188S

AMDase DNA

Hind

AATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCTTTCATCGC
TTAAAGTGTGTCCTTTGTCGATACTGGTACTAATGCGGITCGAAAGTAGCG

P5ex

3'-CGTTTTCGTCCCGCGCACGCACCAAAGCGACTACC-5'
CGTCCCGCGCCGCACGCAAAGCGACTACCGG

CCCGCGCCGCCAC

CGCCGCCACCAA
CACCAAAGC

CGCCACCAAAGCGAC
CACCAAAGCGACTAC
CCGCCACCAAAGCGACTACCCGACGAGCGAGTCGAAGATGGC

5'-CACAGGAAACAGCTATGACCATGATTACGCCAAGC-3'

PrimerReverse

AG68CR
V69CR

AGCGACTACCGGTGG
GACTACCCGTGGAGCGA
TACCCGTGGAGCGAGTCG
CCGTGGAGCGAGTCGAAGATGGC
TGGAGCGAGTCG
T75CR
GACTACCCGTGGACGGAGTCGAAGATGGCCCC S76CR

GCGACTACCCGTGGAGCACGTCGAAGATGGCCC  L77CR
AMDase DNA -
GGCGCGGCGGTG ACCTCGCTCAGCTTCTACCGGGGC
CCGCGCCGCCAC TGGAGCGAGTCGAAGATGGCCCCG
A68V69 T75S76L77 -~
PrimerForward
5'-GCAAAAGCAGGGCGCGTGCGTGGTTTCGCTGATGG-3 AG8CF
GCAGGGCGCGGCGTGCGTTTCGCTGATGGGCACC V69CF
GGGCGCGGCGGTGTGCTCGCTGATGGGCACC
GGCGCGGCGGTGGTT  CTGATGGGCACCTCG
GGCGCGGCGGTGGTTTCG I -TATGGGCACCTCG
GCGGCGGTGGTTTCGCTGTGCGGCACCTCGCTCAGCTTCTAC
GTTTCGCTGATGTGCACCTCGCTCAGCTTC
GCGGCGGTGGTTTCGCTGATGGGCTGCTCGCTCAGCTTCTAC T75CF
TCGCTGATGGGCACCTIGCCTCAGCTTCTACCGG  S76CF
CGCTGATGGGCACCTCGTGCAGCTTCTACCGG  L77CF
AMDase DNA E-ATGGCTCGAGCTTAAGTGACCGGCAGCAAAATG-S' Plex
GGTTCCTGCAGGTC TACCGAGCTCGAATTCACTGGCCGTCGTTTTACAACGT
CCAAGGACGTCCAG ATGGCTCGAGCTTAAGTGACCGGCAGCAAAATGTTGCA
Pst
Figure 2-4 AMDase
68 ()
Reverse AB8BCR Forward AB8CF 69
( ) 70 () 1t () 72 ( )
73 () 74 ( ) 75 () 76
( ) 77 ()

37




AMDase

(Figure 2-5)

template plasmid (pAMD101- C188S)

”/__l Amp'

Ori L
P5ex Reverse I_'_°_|_'
- -0 +
AMDase
—O0— - /—l
Forward Plex puUC 19

PCR 1

—_—
Ligation

PCR 2 ( /_I Ampr

\. \_I A'\/IDase

JM109
Figure 2-5 PCR
pAMD101-C188S
P5ex Plex
A68C V77C Forward AB8C VT77C Reverse DNA
P5ex Reverse Plex Forward
PCR 2 DNA (

400 bp 900 bp) 2 DNA PCR
P5ex Plex PCR

AMDase (1300 bp)
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Hind (AAGCTT) Pst (CTGCAG) 2

pUC19 Hind Pst
Ligation pAMD101

(AGBC/C188S L69C/C188S L70C/C188S S71C/C188S L72C/C188S

M73C/C188S G74C/C188S T75C/C188S S76C/C188S L77C/C188S)
JM109

DNA

DNA
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2-3

40

AMDase

15L LB

AMDase

AMDase
3)
30°C 16
60
DEAE-Toyopearl Butyl-Toyopearl 2
4
BTB
pH
AMDase
SDS-PAGE
(Figure 2-6)



1234567891011

kDa
75
50

35
25

15

75 kDa
50 kDa
35 kDa

25 kDa

15 kDa

Figure 2-6

19 20 21 22 23 24 25 26 27

121314151617 1|

lane 1: Marker

lane 2-9 : DEAE fraction
lane 10 : cell free extract
lane 11 : control (AMDase)
lane 12-17 : Butyl fraction
lane 18-19 : Marker

lane 20-26 : Butyl fraction
lane 27 : Marker

DEAE-Toyopearl( ) Butyl-Toyopearl( )

SDS-PAGE
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AMDase

2-4 AMDase

3B°C 1 1 umol
1 unit (Scheme 2-6) HPLC

H
Q'CO,H _ AMDase _ CO,H
CO,H 35 oC

la 2a
Scheme 2-6 AMDase

(Table 2-2)
S71C/G188S
AMDase
G74C/C188S
S71C/C188S
188
C188A AMDase
SDS-PAGE
CD
71
74 CD
71 74
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AMDase

Table 2-2
entry enzyme conc.  specific activity
(mg/ml) (Unit/mg)
wild type 1.74 467

A68C/C188S 1.05 -
V69C/C188S 1.11 -
V70C/C188S 1.08 -
S71C/C188S 3.33 0.07
L72C/C188S 1.73 -
M73C/C188S 0.80 -
G74C/C188S 1.04 0.05
T75C/C188S 0.78 -
S76C/C188S 1.57 -
L77C/C188S 1.23 -

PP OO0O~NO U, WNE

= O




AMDase

AMDase

AMDase

(Table 2-3)

Table 2-3

CHs

""’COzH AMDase
CO,H - COz

1b

AMDase

CHs

©)\COZH

2b

entry mutant

Yield (%) selectivity, ee%

A68C/C188S -
V69C/C188S -
V70C/C188S -
S71C/C188S 0
L72C/C188S -
M73C/C188S -
G74C/C188S 0
T75C/C188S -
S76C/C188S -
L77C/C188S -

P RPOO~NOOOOTD,WNPE

= O

wild type 99

(R) 99

AMDase
99% ee

S71C/C188S G74C/C188S

a- -o-(2- )

(R)-2-

(1c) o-

((R)-2b)

(1b)



(1d)

(Scheme 2-7 Table 2-4)

)C-\'Téo p —AMease /CCI;
A NCoH Ar” *co,H
1b-d 2b-d
Ar = phenyl: ©/ 2-thienyl: @r 2-naphthyl:
Scheme 2-7 AMDase
Table 2-4 AMDase
Substrate Keat Km keat/Kn  Relative activity
Ar R (s mM)  (sTmm (%)
Ph H 353 13.9 25.4 100
2-thienyl H 5321 87.4 60.9 240
2-naphthyl H 1728 194 89.1 350
Ph Me 29.8 25.5 1.16 4.6
2-thienyl Me 200 125 16.0 63
2-napthyl Me 30.9 0.43 71.9 283
AMDase AMDase
(Table 2-5)
o- -a-(2- ) (1c)
99%ee (9)-
(AMDase R
S
) 68 77
10 AMDase S71C/C188S G74C/C188S
8 o- -a-(2-
) (1c)
S71C/C188S AMDase 97% 58%ee
R G74C/C188S AMDase
60% 84% ee R
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AMDase

o- - a-(2- ) (1d)

AMDase (96 ) (99 ee) R
C188S AMDase (6%) 70%ee
S
G74C/C188S AMDase 98%( 17%)
S )
S71C/C188S AMDase 22% 80%ee
S
Table 2-5-1 AMDase
CHs Wild type or Mutant CHs
AMDase \
S o S *
'/CO,H
\ /V\/ COH MOOZH
1c (Ror S)-2¢
Enzyme Yield (%) ee (%) Configuration
wild Type 99 99 S
C188S 17 50 R
A68C/C188S 0 — —
V69C/C188S 0 — _
V70C/C188S 0 — _
S71C/C188S 97 58 R
L72C/C188S 0 — —
M73C/C188S 0 — —
G74C/C188S 60 84 R
T75C/C188S 0 — —
S76C/C188S 0 — _
L77C/C188S 0 — _
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Table 2-5-2

AMDase
CHs Wild type or Mutant CHs

w AMDase %
'COzH CO,H
COyH

1d (Ror S)-2d
Enzyme Yield (%) ee (%) Configuration
wild Type 96 99 R
C188S 6 70 S
A68C/C188S 0 — —
V69C/C188S 0 — —
V70C/C188S 0 — —
S71C/C188S 22 80 S
L72C/C188S 0 — —
M73C/C188S 0 — —
G74C/C188S 17 08 S
T75C/C188S 0 — —
S76C/C188S 0 — —
L77C/C188S 0 — —
188
71 74
2 AMDase
71 74
188
3.6 71
3 74
8
(o
AMDase
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AMDase

2-6 AMDase

AMDase

Lineweaver-Burk

AMDase (Scheme 2-8 Table 2-6)
R AMDase R
WICOH—————— *
Ar/KcozzH Ar)\COZH
Scheme 2-8 AMDase
Table 2-6 AMDase
Substrate Km Vmax Kcat Keat / Km  Relative activity
Enzyme type )
Ar R (mM) (unitmg) (™) (s™/mM) (%)
Ph H 139 8827 353 25.4 100
wild Ph Me 255  74.4 29.8 1.17 4.60
2-thienyl Me 125  499.8 200 16.0 63
2-naphthyl  Me 0.43 53.7 30.9 71.8 283
2-thienyl Me 1.01 025  0.08 0.07 0.29
S71C,C188S
2-naphthyl  Me 0.51 0.17  0.05 0.10 0.39
2-thienyl Me 5.03 0.35 0.34 0.07 0.26
G74C,C188S
2-naphthyl  Me 125 012 0.12 0.09 0.37
S71C/C188S G74C/C188S AMDase
Keatl K 25.4 (s'mM™)
100 AMDase - -a-(2- )
16.0 (s'mM™) 6 o - a-(2- ) 71.8 (s'mM?Yy 2.8
S71C/C188S AMDase
0.07 (s*mM™) AMDase 1/200
0.10 (s*'mM™) 1/700 G74C/C188S
0.07 (s'mM™)  0.09 (s'mM™) 2
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Km kca{ 1 / 2500
Km
Kcat 1/700

kcat/ Km
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AMDase

2-7

AMDase
188
68 77
AMDase
S71C/C188S G74C/C188S
2
AMDase
71 74
(o {

CHg WIlid Type CH,

),\,,,COZH ___ AMDase _ )‘,,,H
Ar” *co,H Ar” *co,H

CH, double mutant CHs
Apcon —=E—_LucoH

Ar” *co,H H

Scheme 2-9
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3-1

54

2
AMDase
uv
PCR (Mn
Saturated mutagenesis
DNA
DNA
AT AT-GC

AMDase

error-prone PCR

Mutazyme
)*

E.coli XL1-Red

uv

7

DNA

1-5)

Taq

8,9)

uv

GC-



PCR
Mn
Taq

Stratagene

DNA
DNA

80% ee 96

Kunkel Eskstein
DNA

XL1-Red

ee)G74C/C188S

error-prone PCR

Mutazyme

Inouye

DNA

AMDase

DNA
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3-2 1 ( XL1-Red)

Stratagene
XL1-Red 19 XL1-Red
(mutS, mutD mutT)
5,000 2,000 bp
XL1-Red
XL1-Red strain : endAl gyrA96 thi-1 hsdR17 supE44 relAl lac mutD5

mutS mutT Tn10 (Tet")

AMDase

G74C/C188S

pAMD-G74CC188S XL1-Red
LB 37 °C 24
LB
LB LB
LB
XL1-Red
JM109

(Figure 3-1)



template
plasmid

Figure 3-1

0%, .
0 O

Mutants pool some cycles
XL1-Red

mutants

57



3-3 2 (Mutazyme)

Stratagene
Mutazyme Taq Taq
PCR PCR
Taq Taq
A T
Mutazyme G C 2
DNA
PCR  1~16bp 1 3 5 10bp
PCR G74C/C188S
AMDase puUC 19

JM109
(Figure 3-2)

58



—

-

Taq or
Mutazyme

CLr ]
[
LT T ]
L~ T ]

Restrinction
Enzyme

=r 4
& T
0 T T/
0 1T

Figure 3-2

puC19

Ligation

Mutazyme

Mutants

E. coli IM109

Mutants pool
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3-4

60

BTB

AMDase
pH BTB
(Scheme 1)
(Table 3-1)
Table 3-1
Yeast extract 0.2¢9
(NH,4),SO,4 049
KH,PO, 0.12 g
K,HPO, 0.08 g
NaCl 04g¢g
Glucose 0.05¢
Phenylmalonic acid 20 mM
BTB 5 mg
agar 49
water (pH 6) 200 mL
Ot — ™=
CO,H
BTB color : .

Scheme 3-1 BTB

AMDase



(Figure 3-3)

KH,PO;s  K;HPO,

(Figure 3-4)

Figure 3-3

Figure 3-4

() ()

BTB
(Figure 3-5)

150
50
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DNA
G74C/C188S
188
36
S36N/G74C/C188S

(Figure 3-6)

Figure 3-5 () ()

Figure 3-6

XL1-Red

AMDase AMDase
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36
(G74C/C188S)
S36N/G74C/C188S

AMDase
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3-5 S36N/G74C/C188S AMDase

AMDase
Stratagene QuikChange Site-Directed Mutagenesis Kit
12 S36NF  S36NR (
) AMDase DNA
S36N/G74C/C188S AMDase

S36NF GCCCTTCATTGCCAACGGGCTGGGGCTG
S36NR  CAGCCCCAGCCCGTTGGCAATGAAGGGC

15L LB
60%
DEAE-Toyopearl
0-50 mM SDS-PAGE
AMDase 24.7 kDa
Butyl-Toyopearl 25% 10

DEAE SDS-PAGE

0.722mg/ mL(OD,se Absl 1mg/mL ) S36N/G74C/C188S
AMDase 15 mL
SDS-PAGE
CD (Figure 3-7 3-8)
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kDal .

75

50
35

25

15

lane 1: Marker
2,3: Purified mutant AMDase

Figure 3-7 S36N/G74C/C188S AMDase

40000

30000

20000

10000 f
_ 0
£ 2 0
> -10000 |
(<]
°
£
-20000
-30000
—_ AMDase
-40000
——S36N/G74C/C188S
-50000
-60000
nm
Figure 3-8 S36N/G74C/C188S AMDase CD
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3-6 S36N/G74C/C188S AMDase

HPLC
AMDase 4.67><10% Unit / mg G74C/C188S 5.05><10%
Unit / mg AMDase 4.99><10"
Unit / mg 1/1,000
( 1/10,000) 10
(Table 3-2)
Table 3-2 S36N/G74C/C188S AMDase
H
\'/CO,H AMDase CO,H
CO,H 7
la 2a
entry  mutant conc.  specific activity
(mg/ml)  (Unit/mg)
1 wild type 1.74 467
2 G74CI/C188S 1.04 0.0505
3 S36N/G74C/C188S  1.07 0.499
AMDase
G74C/C188S AMDase
2
AMDase G74C/C188S AMDase (Scheme 3-2)
CH Wild Type CH
)\HIéOZH AMDase )\”\?H
Ar” Yco,H Ar” Yco,H
CH3 Mutant CH3
/K-'ICOZH AMDase )'\-'ICOZH
Ar CO,H Ar H
r=a: : :
\_/
Scheme 3-2 AMDase
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AMDase

AMDase
S
R
75 88 ee (Table 3-3)
Table 3-3 S36N/G74C/C188S AMDase
CH, Wild type or Mutant CH,
IS ICOLH AMDase s | %
@/\cozﬁ Ly~ cor
1C 2C
Enzyme Yield (%) ee (%) Configuration
Wild Type 99 99 S
G74C/C188S 60 84 R
S36N/G74C/C188S 75 88 R
AMDase R S
S
30% 98
(Table 3-4)
Table 3-4 S36N/G74C/C188S AMDase
CHs Wild type or Mutant CHs
AMDase *
= X "CO,H CO,H
(/VUVKCOZH
N ¥
1d 2d
Enzyme Yield (%) ee (%) Configuration
wild Type 96 99 R
G74C/C188S 17 98 S
S36N/G74C/C188S 30 98 S
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50 ul

unit

Km

0.88 s'mm™

Table 3-5)

68

S36N/G74C/C188S AMDase

AMDase
1 M Tris-HCI (pH 8.5) 50 pl 350
(5 mM, 6.7 mM, 10 mM, 20 mM, 50 mM, 100mM) 50 ul
35°C 10
Lineweaver-Burk Plot Lineweaver-Burk Plot
S36N/G74C/C188S AMDase
Keat 3.095s7 G74C/C188S (0.34
AMDase(200 s™)
3.51 mM (5.03 mM) (12.5 mM)
Keat / K S36N/G74C/C188S AMDase
(0.067 s'mM™) 10
AMDase(16 s'mM™)
AMDase (Figure 3-9



y = 1.6128x + 0.4389

1/ V (mL/Unit)

15

1 /
05
-05 0 05 1 15 2
17/ [S] (L/mM)

Figure 3-9 S36N/G74C/C188S AMDase

Lineweaver-Burk plot

Table 3-5 S36N/G74C/C188S AMDase
Enzyme Keat Km keat / K, Relative
(s mM) (s mMT)  Activity
Wild Type 200 12.5 16 100
G74C/C188S 0.34 5.03 0.067 0.42
S36N/G74C/C188S 3.09 3.51 0.88 5.50
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kcat 1.14s* G74C/C188S (0.12 s

10 AMDase (30.9 5%
K 1.11 mM (1.25 mM)
(0.43 mM)
Keat | Km S36N/G74C/C188S
AMDase(1.03 s'mM™) G74C/C188S (0.096 s*mM™) 10
(71.9 s'mm™)
1/8 AMDase (Figure 3-10 Table
3-6)
45
4 | y = 1.343x + 1.213
_35 -
=
N 25
E, I
>
N 15 -
—
1 L
05 /
0 L L
-05 0 05 1 15 2
1/ [S] (1/mM)
Figure 3-10 S36N/G74C/C188S AMDase
Lineweaver-Burk plot
Table 3-6 S36N/G74C/C188S AMDase
K K i
Enzyme Calt m kcft/ KT Relative
(s (mM)  (s"mM™) Activity
Wild Type 30.9 0.43 71.9 100
G74C/C188S 0.12 1.25 0.096 0.13
S36N/G74C/C188S 1.14 1.11 1.03 1.43
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S36N/G74C/C188S

AMDase G74C/C188S AMDase 10
2
AMDase

36
AMDase

X

3 AMDase

AMDase 36
S36N
S36N
S36N

Saturated Mutagenesis

36
(Site-directed saturated mutation)
ACGT 4 QuikChange Site-Directed
Mutagenesis Kit 36

S36XF CGATCTGCCCTTCATTGCCNNKGGGCTGGGGCTGGGCTCCG
S36XR CGGAGCCCAGCCCCAGCCCMNNGGCAATGAAGGGCAGATCG

HPLC
36 S36N/G74C/C188S
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3-7 S36N/G74C/C188S AMDase

AMDase
AMDase
NSAIDs
AMDase
AMDase
(Scheme 3-3 COH ) B
(Scheme 3-3)*®
CH .
/QFL%COZH Wild type
Ph™ Mco,H  -CO;
CH3 :
Mncopn _Wid type
Ph 13COZH 713C02

Scheme 3-3 BC

AMDase

14)

AMDase
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(Scheme 3-4)
188 74

wild T&/

CHs
Np/MIlsCO H
Mutan\ CHs
Np '1/13CO2H
H

S)

CHs
o
CO,H
(R)

CO.H Ser18s

Scheme 3-4 BC AMDase
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3-8

AMDase
AMDase (o Ar
( ) o
R
Ar
R
(o
(Scheme 3-5)
co
R 2 R
/&/! j
Ar C%?IEIH AMDase Ar” “COzH
A A A
Ph \'// Ph \' '/ \'’
'CO,H ~ 'CO,H ""CO,H
Cozﬁ S Cozﬁ Ph Cozﬁ
le 1f 1g
Scheme 3-5 AMDase
(1e) (1f) o
(19)
AMDase

(1f) 3) 4)

(5) (19)

(6) (Scheme 3-6)
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H

H H
NaH, / THF KOH, / EtOH '
QS'“ Br)\c%o,%'ft Phs” \/CO,Et PhS/K"CozH
2 CO,Et CO2H
3 4 5 1f

)E\t NaOH treated with Et
Ph” \/CO,Et i Ph)\"cozH
cO / H,O & MeOH boil. CHCl3 COA

oEt reflux
6 19
Scheme 3-6
XL1-Red
Mutazyme AMDase

(1e) (1) (19)

(a- (1e) a- 1f) o-
-oi- (19))
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3-9

G74C/C188S AMDase
Mutazyme
«( )
G74C/C188S AMDase
S36N/G74C/C188S
AMDase
AMDase
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XL1-Red

pH

36
AMDase

AMDase
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AMDase

4-1 "Promiscuity”

” 1,2)

promiscuity”  ”promiscuous ”promiscuous”

19
” ” ”promiscuous ”
3-5)
” promiscuity”
black box
X
6-10)
11) 7” - s - 77
catalytic promiscuity
AMDase X

AMDase
promiscuity AMDase
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@) @) OH O
/\/\)]\ CAL-B S105A
+
H/(H‘\H Cyclohexane /\/\?)‘\H
Cc-C

CAL-B

4
Q HS—R* R

R
H R?

CAL-B

NAD NADP

HO,C

\[NHAC artificial metalloenzyme HOEC\HtNHAc
:

R Ha R

artificial metalloenzyme

(strept)avidin

P
N @

L/ @ { i
p

o=<: ES
T

Figure 4-0 promiscuity

L s 4+ o CAL-B S105A O S
R Z "R Cyclohexane 1 3 or
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AMDase

4-2 AMDase

AMDase

(Figure 4-1)

(cofactor-independent racemase and isomerase)

(enolase superfamily)

AMDase

82

12-15)

Glu racemase ~MQNDP 1~~1KALVIACNTATAAA~~IDTLVMG
Asp racemase MENFFS1~~ADF I IMPCNTAHFFA~~CEKVILG
Hydantoin racemase MKIKVIN~~VDAFVIACWGDPGLH~~AEAILLG
Maleate isomerase ----- MK~~MSVMAYACLVAIMAQ~~AVILSA-

AMDase --MQQAS~~AAVVSLMGTSLSFYR~~SDGILLS
74

THFPLLRS~~.
TELSLMNE~~.
AGMAEFAD~~.
VQMPSLPA~~.
GGLLTLDA~~.

. Lactobacillus fermenti , . Streptococcus thermophils
: Pseudomonas sp. Strein NS671 , . Alcaligenes faecalis
AMDase: Alcaligenes bronchisepticus

Figure 4-1 AMDase
AMDase
73 184
184

( )
(Scheme 4-1)'¢®
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Scheme 4-1

(o
AMDase X
188
74
AMDase
AMDase 188
AMDase 74
AMDase
(Gyl74Cys)

(Scheme 4-2)

Cys74 Cys74
Scheme 4-2 AMDase
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AMDase

4-3
G74C AMDase Stratagene
(QuikChange®Site-Directed Mutagenesis Kit)
AMDase
Dpn (
Dpn
)
(Figure 4-2)
PCR Dpnl
— — —_—
@ Q 4
Figure 4-2 Quik Change Site-Directed Mutagenesis
G74C AMDase AMDase

DEAE-Toyopearl
Butyl-Toyopearl
BTB SDS-PAGE
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4-4

) 100 mM

G74C AMDase
R 2- ( S
Tris-HCI G74C AMDase 37 °C
HPLC
R R S S
AMDase
99% 0
G74C AMDase
Scheme
R S
(Scheme 4-3)
CHs CHs ~r=

G74C
CO0H —————= CO,H |
blank
- CO0H ———————= CO,H

-----

Scheme 4-3 G74C AMDase
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AMDase

2- ©)
(Scheme 4-4)

G74C
COzH BE—— COgH
(R)-2 (rac)-2
CH3 CHs
. G74C
COZH COZH
(S)-2 (rac)-2
CH CH
: G74C s
CO,H CO,H
\_/ 2 \_/ 2
(S)-3 (rac)-3
CHs CHs
S, __Grac | S
@ CO,H \ CO,H
(R)-3 (rac)-3

Scheme 4-4 G74C AMDase

2- 1) R S
2- () 2-
AMDase AMDase
R S
2-
- AMDase
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4-5 G74C AMDase

pH
pH8.5 pH

Effect of pH in G74C mutant racemase activity

100

pH

(Figure 4-3)

o]
o

[o2]
o
T

N
o
T

Relative activity
&

o

Figure 4-3

Gr4C

AMDase pH

(® {
n_
X
(Table 4-1)
Table 4-1 G74C AMDase
R R
J, — &
Ar X Ar X
Sub. Ar R X
1 Ph Me CO,H
2 2-Np Me COoH
3 2-Th Me CO,H
4 Ph NH, CO,H
5 Ph OH COyH
6 Ph Et COuH
7 Ph i-Pr CO,H
8 Ph n-Pr CO5H
9 Ph Me CH,OH
10 Ph Me CONH>
11 Ph Me CN
12 Ph Me CO,Me

10
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AMDase

4-6
2- 1) (5) 2-
8 2- ©)
2- (2) 2- 3
16a, 16b AMDase
R 2- (R)-2) S 2-
(S)-3 S36N/G74C/C188S AMDase
S 2- ((S)-2) R
2- ((R)-3) (Scheme 4-5 4-6 4-7)
¥ LDA, Mel Me
Ar” >COLH A Ar” >CO,Me °
MeOH THF Ar” ~CO,Me
13 14 15
LDA, CICO,Me /'\(e KOH /'\Ce
\'CO,Me \'CO,H
THF AT Yo Ne EtOH AT Yo,
16 17
. A _ . — S
a: Ar = b: Ar = @/
Scheme 4-5
Me
Wild Type AMDase COH
Me
”COZH (R)-2
CO,H
S36N/G74C/C188S Me
17a Mutant AMDase AN CO,H
@\
(S)-2
Scheme 4-6 AMDase
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Wild Type AMDase

Me

S
@/kCOZH

Me
S5 \/COH (S)-3
\ // CO.H
Me
17b S36N/G74C/C188S s X
Mutant AMDase CO,H
\
(R)-3
Scheme 4-7 AMDase
2- ((rac)-8) Scheme 4-8
(18) o (Scheme 4-8)
n-Pr n-Pr
CO,Et LDA, n-PrBr KOH
THF COEL 1.0, EtoH CO,H
18 19 (rac)-8
Scheme 4-8
19,20) (R)-
(S)-

(Scheme 4-9)
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AMDase

R
1) (R)-PEA, 63% EtOH !
R - CO,H
2)H
| o COoH (R)-7 or 8
= R
(rac)-7 R = i-Pr 1) (S)-PEA, 63% EtOH \ -
8R = n-Pr " | COH
2)H P
(S)-7or8
Scheme 4-9
10 11
2) DMF
(Scheme 4-10)?
Me 1) CICO,Et Me socl, Me
* EtzN, THF * DME *
CO,H Xr" “CONH, Xr~ “CN
2) NH,0H || |
4 =
(R) or (S)-1 (R) or (S)-10 (R) or (S)-11

Scheme 4-10



4-7 G74C AMDase

G74C
(Table 4-2)
Table 4-2 G74C AMDase
R G74C R
L, — A
Ar” X Ar” X
(RorS) (rac)
Sub. Ar R X Activity
1 Ph Me CO,H ++
2 2-Np Me COoH +++
3 2-Th Me COoH +++
4 Ph NH»> COyH +
5 Ph OH CO,H +
6 Ph Et CO,H +
7 Ph i-Pr CO,H -
8 Ph n-Pr COoH -
9 Ph Me CH,OH
10 Ph Me CONH, -
11 Ph Me CN -
12 Ph Me COsMe -
Ar
1 2- 2 2- 3
2- @ 2-
(2 2- ©)
(4) (5)
1)
(o
2- (6)
G74C AMDase
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AMDase

X
11 12
AMDase
(o
(o
(o R
CH,CHj4

Cl  CHaj
X \.CO.H
| COH
=
Figure 4-4
(o
13,14

(Figure 4-5)

AMDase

a
(Figure 4-4)*®

10

AMDase



CH,CHg Cl  CHs CHz CHg

CO,H CO,H CO,H

Figure 4-5

(S)-13 (S)-14 (Scheme 4-11)

R
ot LDA, Mel
MeOH CcO;Me THF

CO,H

20a, b 21a, b 22a, b
R =a: Cl, b: CHj3

R CHs R CHs
KOH | (R)-PEA . =

EtOH COH ™ cetone @ACOZH

(rac)-13, 14 (S)-13

Scheme 4-11

93



94

AMDase

G74C AMDase
R
(o
AMDase
Table 4-3  G74C AMDase
R G74C }R’\
Ar X Ar X
(RorS) (rac)
Sub. Ar R X Activity
1 Ph Me COyH ++
6 Ph Et COzH
13 2-CIPh  Me CO,H +
14 2-MePh Me COoH +




4-8 Kinetics

R S
Lineweaver-Burk Keat Km
R S 2- (1) kea Kn
AMDase R S
Ar ( 2) (
3) 2- 1) 100 720,350
R ( 8) 1/5 (5)
1/8 4) 1/20 AMDase
(Table 4-4)
Table 4-4 G74C AMDase
T G74C R
Ar” O CO,H Ar” "CO,H
(RorS) (rac)

Sub Ar R Km Keat Keat/ Km Relative

(mM) s mMishy  Activity
1 Ph CH; 17.4 1.34 0.077 100
2 Naphthyl CH; 314 18.8 0.60 720
3  Thienyl CHz; 754 20.7 0.27 350
4  Ph NH, 3.90 0.015 0.0038 14
5 Ph OH 55.6 0.59 0.011 5
6 Ph Co,Hs  4.63 0.032 0.0070 23

13 2-MePh CH; 48.47 0.028 0.00058 0.75

14 2-CIPh CH; 51.17 0.0062 0.00012 0.15
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4-9 G74C AMDase
G74C AMDase (@ H
o D
H 'H NMR
( )
AMDase
) (o D
H D
D 99%
D 10% (24)
(Scheme 4-12)
CHg
HsC D ~ D oH +H HsC H
Ph”” “CO,H Ph™ S Ph”” “NCO,H
oo
23 24

Scheme 4-12 D
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4-10 G74C AMDase

AMDase
AMDase
24)
G74C
G74C
(Scheme 4-13)
CH3 CH3
JICO-H G74C
= | h C02I2-| - CO, CozH
X = decarboxylation
CHs CHs
! G74C
racemization
Scheme 4-13 G74C AMDase
Kinetics
(mM™s™) 0.56 (MM™s™)

G74C

0.96
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4-11 G74C AMDase

G74C AMDase

(Scheme 4-14)

(Scheme 4-15)

CH;“(T)} CHs
I Ar” > COLH
cOo; r 2
Scheme 4-14  G74C AMDase

Cys188

Cys74
Scheme 4-15 G74C AMDase

Cys74
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4-12 AMDase

74 AMDase
AMDase
G74C/C188S AMDase
71 188
74
S71C AMDase
S71C
R
74
188

74

S71C/C188S

188

71
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4-13

AMDase
AMDase 188
74
G74C AMDase

G74C
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5-1 AMDase enolase superfamily
4

AMDase

promiscuity

5)

Mg**

7

13)

”promiscuity”

AMDase ”promiscuity”

AMDase

104

1-3)

6) Po ¢

AMDase

8)

AMDase

4)

10)

(AMDase)

9)

AMDase

11,12)
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AMDase

5-2
4
AMDase (o
5 2
(Scheme 5-1)
[
CHO AMDase ( “—OH
con ~  _OH 4
2 o CO,H
)
1 o/ 2
Scheme 5-1 AMDase
1 4

(Scheme 5-2)

CHO CO,Me CO,H
> —
©CCOZH @CCOZH @CCOZH
1 3 4

Scheme 5-2

(Scheme5-3)
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CO,H CO,Me
CO,H CO,H
4 3

Scheme 5-3

(Scheme 5-4)'

CO,H H', MeOH CO,Me KOH CO,Me
COzH COzMe MeOH, Hzo COZH
4 5 3

Scheme 5-4

6 15)

7
(Scheme 5-5)°
CSZC03
CO,Me  NaB(OMe); OH BnBr OoH
CO-,H 1,4-Dioxane CO,H DMF CO,Bn
3 6 7
Scheme 5-5
7 PCC 1

Dess-Martin 18)
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AMDase
(Scheme 5-6)
OH Oxd CHO
C02 Bn COan

7 8
Scheme 5-6

Dess-Martin IBX(o-
) IBX-Resin'?
(8)
(Scheme 5-7)

OH IBX-Resin CHO H,, Pd/C CHO
CO,Bn CH,Cl, CO,Bn EtOH CO5H

7 8 1

Scheme 5-7 IBX



5-3
1 AMDase
G74C
AMDase

pH

(Scheme 5-8)

Lo
CHO AMDase ( ©Q—OH
CO,H — Oe"' -

1 2

Scheme 5-8 AMDase
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5-4

9 AMDase
0]
CHO Z
©
COZH AMDase '/(:;2
7C02 (
CO,H 07 oH
° i ) ]
Scheme 5-9 AMDase
1
(11)
(10)
(Scheme 5-10)
CHO OH
COH —— CO,R
COzH CO,R
9 10
CO,Me
CO,H
3

Scheme 5-10
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AMDase

(Scheme 5-9)

OH

CO,H

OR'

CO,R

11

CO,H
— 2
CO,H
1

©)



3
6 7 (Scheme 5-11)
CO,H  H', MeOH CO,Me KOH CO,Me
COZH COzMe MeOH, H,O COzH
4 5 3
Cs,CO
LiBH, OH  “ghar OH
THF CO,H CH,Cl, CO,Bn
6 7
Scheme 5-11
(Ac)
(Pv) (MOM)
MOM
(MOMCI)
20) MOM 12 LDA
( 13)
MOM ( 14) (Scheme 5-12)*Y
MOMCI
OH i prEN OMOM
CO,Bn CH,Cl, CO,Bn
7 12
LDA OMOM OH
CICO,Bn Me3SiBr
CO,Bn CO,Bn
THF CH,Cl,
CO,Bn CO,Bn
13 14
Scheme 5-12
14 1 PCC Dess-Martin
IBX-Resin
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9 9 (Scheme 5-13)
> i cho H,, Pd/C cHO
CO,Bn IBX-Resin CO,Bn 2 CO,H
CH,Cl, EtOH
CO,Bn CO,Bn CO,H
14 15 9

Scheme 5-13 IBX

AMDase
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AMDase
3°C 12
(Scheme 5-14)
CHO /g Co
COzH AMDase /C?)Z
¢ - Co, =

COzH 07 OH \9o
9 — -

Scheme 5-14 AMDase

Dieckmann
22) 4

anti 17
syn 17 (1S, 2R) 23)

(Scheme 5-15)

AMDase

16

syn
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AMDase

CO,Me Na o
COsMe toluene

COZMe
5 16
Dry Yeast 110H
—_—
EtOH ,/’COZMe
@) 17
COzMe NaBH4 OH
—_—
16 EtOH CO,Me
17
syn OiZ'OH
CO,Me
anti ©i>—OH
“co,Me
Scheme 5-15
NMR

(Scheme 5-16)

+1OH

J

“co,Me

+1IOH

e

CcOo,Me



CO,H
(IR, 2S)

OH
CO,H
H

(1S, 2S)

I

Scheme 5-16
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5-6
5
(Scheme 5-17)
CHO
AMDase @\O \a
CO,H - CO, - [ OH
CO,H €02 ¢ 9
2 07 OH 9
18 L _
- ~ “OH
CO,H
19
Scheme 5-17 AMDase
6
( 18) ( 20) (Figure 5-1)
CHO
CHO
COzH ©C<C02H
CO,H CO,H
18 20
Figure 5-1
AMDase
(o
18
Mizoroki-Heck 24,25) 2-
24 23 Mizoroki-Heck
( 22)
18 (Scheme 5-18)%
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CHO Xx_-CHO Xx_-COzH
©§C;)2H _ ©;?C/OZBH = CO,BNn

COzH COZBn COan
18 21 22
Br
Br
— CO5,Bn  + /\COZH —
CO,H
COan
23 24
Scheme 5-18
2- (24)
( 25) LDA
23 (Scheme 5-19)
LDA, Br
Br H*, BnOH Br ClCO,Bn
CO,Bn
CO,H Toluene CO,Bn THE
CO,Bn
24 25 23
Scheme 5-19

Mizoroki-Heck
25-27)

Pd(dba),

5 mol% o-

Mizoroki-Heck 22
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(Scheme 5-20)

Br Xx._CO,H
5 mol%Pd(OAc),
CO,Bn + ZCO,H CO,Bn
BU3N
CO,Bn P(o-Tolyl)s CO,Bn
23 CH3CN 22

Scheme 5-20 Mizoroki-Heck

26
27
(Scheme 5-21)
XCOH  TMSCH,N, X COMe | igH, X-"0oH
CO,Bn MeOH CO,Bn THF CO,Bn
CO,Bn CO,Bn CO,Bn
22 26 27
Scheme 5-21
27 21 IBX-Resin
o,
18 7 (Scheme 5-22)
N"oH x_CHO CHO
Resi H,, Pd/C
CO,Bn IBX-Resin CO,Bn 2 CO,H
CH,Cl, EtOH
CO,Bn CO,Bn COzH
27 21 18

Scheme 5-22 IBX
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35°C
TLC

AMDase

(Scheme 5-23)

CHO
CO,H

CO,H

18

Scheme 5-23 AMDase

AMDase

AMDase

B

{co,

OH

e}
2

12

- COZ

So?
_[_OH
)

CO,H

19
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5-8
AMDase  promiscuous
AMDase
3
AMDase
5
AMDase
6
(Scheme 5-24)
5
AMDase
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AMDase

(R)-

NSAIDs

AMDase

(NSAIDs)

Wild Type AMDase

1 Mutant AMDase -
(S)-2
(S)-flurbiprofen
2 G74C/C188S S71C/C188S
AMDase
71 74 188
71 74
(o 3.6
SH



”promiscuity”

CHj Wlid Type CHgy
/Q'COZH AMDase _ /k“H
Ar™ *co,H Ar” *co,H

Site-directed mutagenesis

S71CIC188S

or

CHs G74C/C188S CHa
_Ncon AcopH
Ar CcO,H double mutant Ar H
AMDase
G74C/C188S
(rational design)

(directed evolution)

( )

BTB
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36
S36N/G74C/C188S
10
/Cﬂ_'?:O y G74CIC188S Cch,:O ’
il O 2
Ar C022H dOL,JAthIeDn;géant Ar H
Random mutagenesis
CHs S36N/G74C/C188S CHs
o NICOH : -
CO,H triple mutant Ar
AMDase

AMDase  ”promiscuity”

(G74C)

rational

Mother Nature

Mother Nature

G74C AMDase

Nature
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AMDase
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AMDase  promiscuous

AMDase AMDase
AMDase
AMDase
AMDase
AMDase
divergent evolution( )
AMDase
j‘3 Wild Type AMDase CH|3H
ll 3!
Ar C%C;zHH Decarboxylase Ar CO,H

Site-Directed mutagenesis

i*s G74C CHs
aiH J'CO-H
A NCo,H Racemase ArTNTT?
(R) (S)
AMDase  promiscuous AMDase
rational
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JEOL JINM GX-270 (‘"H NMR, 270 MHz)

JEOL JNM AL-300 ("H NMR, 300 MHz)

(IR) JASCO FT /1R-410
DNA ABI PRIZM DNA Sequencer Model 3100
UV-2100S UV-Visible Recording
Spectrophotometer BIOSPEC-MINI 100V lcm
MJ Research PTC-200
ADVANCE Co.Ltd. Mupid
uv Upland UV transiluminator NM-20

LC-5A SSC-3461

SSC-5410 TSK-GEL ODS-80TM HITACHI UV Detector L-7405 L-7110
CHIRALCEL-OJ CHIRALCEL-OD CHIRALCEL-OB CROWNPAK CR(+)

DNA

DNA

Sequencing

132

Cosmosil 5C5-MS-
60N (63-210 mesh)

(TLC ) Merck 1.05715
Merck 1.05744 Merck 1.05717
Yanaco MP-S3

JASCO DIP-360 Digital Polarimeter

TOMY UD-201

TOYOBO Ligation High
DNA TAKARA RECOCHIP
BIO-RAD PROTEINASSAY
XL1-Red

Stratagene Invitrogen Promega

Applied Biosystems Big Dye Terminator v3.1 Cycle

TSKgel DEAE-Toyopearl Butyl-Toyopearl



BIO-RAD
ADVANTEC
SDS-PAGE
1000 AE-8400
CR22
Amicon Cell 8200

Aldrich

ECONO GRAGIENT PUMP EGP

SF-2120

himac CR 20GII

RLS-10NA

AE-6500W
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CH3 CH3

F F
O CO,H H*, MeOH O CO,Me

2 3

Y

Methyl 2-(2-fluoro-4-biphenylyl)propionate (3)
(rac)-flurbiprofen [2-(2-fluoro-4-biphenylyl)propionic acid] (2) (3.00 g, 12.1
mmol) p- 20 mL

( 301 3(3.12 g
99%)
'H-NMR (270 MHz, CDCl3) &: 1.52 (3H, d, J=7.3 Hz), 3.68 (3H, s), 3.75 (1H, q, J=7.1
Hz), 7.07-7.52 (8H, m)
IR (NaCl) vimax: 2982, 2951, 1737, 1642, 1582, 1563, 1515, 1484, 1418, 1376, 1333, 1198,
1132, 1073, 1010, 974, 920, 875, 834, 767, 725, 699, 577 cm’!

CHs

F
O CO,Me LDA, CICO,Me
e THF

Dimethyl a-(2-fluoro-4-biphenylyl)-o-methylmalonate (4)

Y

3

—78 °C diisopropylamine(3.40 mL, 24.2 mmol) / THF (20 mL)
n-butyl lithium (15.6 mL, 24.2 mmol) LDA
30 Methyl 2-(2-fluoro-4-biphenylyl)
propionate (3) (3.12 g, 12.1 mmol) =~ THF (20 mL) 30 -78 °C
(2.10 mL, 24.2 mmol) —78 °C
( 22°0) 2 M (10 mL)

134



4(1.73 g, 95%)

'H-NMR (270 MHz, CDC13)S: 1.89 (3H, s), 3.78 (6H, s), 7.07-7.52 (8H, m)

IR (KBr) vimax : 3465, 2958, 1707, 1583, 1485, 1408, 1267, 1176, 1128, 940, 764, 724, 697,
578 cm’

mp : 116-117 °C

KOH
EtOH

\

2-(2-fluoro-4-biphenylyl)-2-methylmalonic acid (1)

50 mL Dimethyl 2-(2-fluoro-4-biphenylyl)-2-methylmalonate (4) (3.44
g, 10.9 mmol) (100 mL) (6.10 g, 109 mmol)
(20 mL) 1 (10 mL)

1 (2.68 g, 85%)
'H-NMR (270 MHz, CD;0D) &: 1.76 (3H, s), 7.16-7.47 (8H, m)

IR (KBr) Vinay : 3442, 1707, 1409, 1128, 937, 767, 751, 722, 697, 579, 457 cm”
mp : 155-156 °C

AMDase

\j
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(R)-2-(2-fluoro-4-biphenylyl)-2-methylpropionic acid ((R)-2)
2-(2-fluoro-4-biphenylyl)-2-methylmalonic acid (1) (576 mg, 2 mmol) 1 M

Tris-HCI(pH 8.5) 2 mL 10 mL 20 mL
2 mL (400 pumol) AMDase 2mL (2
mg protein) 30°C 40 M 1 mL
( 33 66 1)

(R)-2 (19.5 mg, 20%)

'H-NMR (270MHz, CD;0D) &: 1.49 (3H, d, J=7.0 Hz), 3.72 (1H, q, J=7.0 Hz), 7.16-7.47

(8H, m)

IR (KBr) vimax : 2935, 1700, 1622, 1580, 1482, 1461, 1417, 1324, 1257, 1216, 1129, 1075,
1012, 959, 925, 874, 802, 766, 725, 698, 625, 574 cm’™

mp : 114 °C [a]p? = —30.5 <=(c=0.10, CHCl;)

HPLC
HPLC
Chiralcel OD-H
Hexane / 2-Propanol / TFA=98/2/0.1 (v/v/v)

1 mL / min
Retention time R 13.0min S 14.2 min
H AMDase
QICO,H _ — > ph” “CO,H
Ph™ Nco,n  with Inhibitor
CHs
N F O CO,H
Inhibitor :
290 uL. 1 M Tris-HCI (pH 8.5) 50 uL (20 mM, 25 mM, 50 mM,
100 mM, 200mM) 50 uL ( 0 mM,
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1 mM, 10 mM, 20 mM) 100 pL 35°C 10

AMDase 10 uL 5 HPLC
10 mM 1M
HCI HPLC
HPLC
PEGASIL-ODS
CH3CN/H,O/TFA=2/1/0.05(v/v/V)
0.5 mL / min
Lineweaver-Burk
AMDase _
organic solvents
1
500 pL (100 pmol) AMDase 500 pL (0.5 mg protein)
100 pL 1000 pL 30 °C 2
M 1 mL
( / /
33/66/1) (R)-2
N/:\N n-BuBr N/\_/\N KPFg " N/\_/\N\ B
Y > Me”™ n-Bu T, ~ e” n-Bu
Me/ N CHC|3 e Br@ HZO [PFG]
5 6 7

1-buthyl-3-methyl-1H-imidazolium hexafluorophosphate (7)
200 mL 1- (5) (10 g, 122 mmol) n-
(20 g, 146 mmol) 20 mL 80 °C
'H NMR 3
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(S: 740105, 7.02-7.43, 6.85-7.33)

70 °C 1
(29 g, 159 mmol / 50 mL) 1 'HNMR

3 (S: 10.5

~.8.97,7.43,7.33 - 7.61-7.76) 70 °C

'H-NMR (270 MHz, acetone-ds) &: 0.86-0.95 (3H, m), 1.30-1.38 (2H, m), 1.84-1.92 (2H,
m), 4.03 (3H, s), 4.30-4.38 (2H, m), 7.61-7.76 (2H,m), 8.97 (1H, s).
IR (neat) vmax : 3171, 3125, 2965, 2939, 2878, 1575, 1468, 1170, 843, 740, 624, 558 cm™

1 28.8 mg (100 pumol)
7 30°C 12

(R)-2
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AMDase
Amberlite XAD

XAD
20 mL 1 mL (200 pmol) AMDase
I mL (1 mg protein) XAD-7 XAD-2
XAD-4 200 mg 30°C 40 M I mL
( 33 66 1)

(R)-2

AMDase

Y

(R)-2-(2-fluoro-4-biphenylyl)propionic acid ((R)-2)
2-(2-fluoro-4-biphenylyl)-2-methylmalonic acid (1) (576 mg, 2 mmol) 1 M Tris-HCl(pH
8.5) 2 mL 10 mL 10
20 mL 2 mL (40 pumol) AMDase

2 mL (2 mg protein) 30°C 40 M 1 mL

( 33 66 1)
(R)-2 (8.8 mg, 90%)
'H-NMR (270MHz, CDCl3) &: 1.54 (3H, d, J=7.0 Hz), 3.77 (1H, q, J=7.0 Hz), 7.15-7.52
(8H, m)
IR (NaCl) vinax : 2935, 1700, 1622, 1580, 1482, 1461, 1417, 1324, 1257, 1216, 1129, 1075,
1012, 959, 925, 874, 802, 766, 725, 698, 625, 574 cm™
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\''CO,H

Co,H Mutant AMDase

(S36N/G74C/C188S)

(S)-2-(2-fluoro-4-biphenylyl)propionic acid ((S)-2)
2-(2-fluoro-4-biphenylyl)-2-methylmalonic acid (1) (576 mg, 2 mmol) 1 M

Tris-HCI(pH 8.5) 2 mL 10 mL 10
20 mL 2 mL (40 pmol)
S36N/G74C/C188S AMDase 2 mL (2 mg protein) 30 °C
40 M 1 mL
(
33 66 1) (5)-2 (2.9 mg, 30%)

'H-NMR (270MHz, CD;0D) &: 1.49 (3H, d, J=7.0 Hz), 3.72 (1H, q, J=7.0 Hz), 7.16-7.47

(8H, m)

IR (KBr) vimax : 2935, 1700, 1622, 1580, 1482, 1461, 1417, 1324, 1257, 1216, 1129, 1075,
1012, 959, 925, 874, 802, 766, 725, 698, 625, 574 cm™

mp : 114 °C [a]p? =+32.5 =(c=0.13, CHCl5)

HPLC
HPLC
Chiralcel OD-H
Hexane / 2-Propanol / TFA=98/2/0.1 (v/v/v)
1 mL / min
Retention time R 13.0min S 14.2 min
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AMDase
template plasmid (pAMD101- C188S)

"(__l Amp'

Ori 0 |
P5ex Reverse I_'_°_|_'
— -——o- +

AMDase
P—— - ( ,_I Amp'
Forward Plex puC 19
| Ori |
PCR 1
P5ex :Iq
>
—_—
—_—_—
— Ligation
R S —
-
Plex
PCR 2 ( (_| Amp'
Hind
I_l '_, | Ori |
I I
Pst
\_ \_I AI\/IDase

JM109

DNA pAMDI101-C188S

DNA(PAMDI101-C188S) 1 uL (10 ng)

Forward 0.5puL

Reverse 0.5 uL

10><buffer for KOD-plus 5uL
dNTP mixture 5uL
MgSO4 2 uL
KOD-plus 1 uL
36 uL
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(o) WV, BN VS N )

AMDase
o oCR)
F(Xo oCF)

142

P5ex
Plex
A68CR
A68CF
V69CR
V69CF
V70CR
V70CF
S71CR
S71CF
L72CR
L72CF
M73CR
M73CF
G74CR
G74CF
T75CR
T75CF
S76CR
S76CF
L77CR
L77CF

94 °C 2 min

94°C 10sec

60 °C 30 sec

68 °C 60 sec

(2-4)><29

68 °C 4 min

(
(5 ) PSex R(X
(3 ) Plex

CACAGGAAACAGCTATGACCATGATTACGCCAAGC
GTAAAACGACGGCCAGTGAATTCGAGCTCGGTA
CCATCAGCGAAACCACGCACGCGCCCTGCTTTTGC
GCAAAAGCAGGGCGCGTGCGTGGTTTCGCTGATGG
GGCCATCAGCGAAACGCACGCCGCGCCCTGC
GCAGGGCGCGGCGTGCGTTTCGCTGGATGGGC
GGTGCCCATCAGCGAGCACACCGCCGLCGLCCC
GGGCGCGGCGGTGTIGCTCGCTGATGGGCACC
AGCGAGGTGCCCATCAGACAAACCACCGCCGC
GGCGCGGCGGTGGTTIGTCTGATGGGCACCTCG
GCTGAGCGAGGTGCCCATACACGAAACCAC
GGCGCGGCGGTGGTTTCGTIGTATGGGCACCTCG
CGGTAGAAGCTGAGCGAGGTGCCGCACAGCGAAACCACCGC
GCGGCGGTGGGTTTCGCTGTIGCGGCACCTCGCTCAGCTTCTAC
GCTGAGCGAGGTGCACATCAGCGAAACCAC
GTTTCGCTGATGTGCACCTCGCTCAGCTTC
CGGTAGAAGCTGAGCGAGCAGCCCATCAGCGAAACCACCGCC
GCGGCGGTGGGTTTCGCTGATGGGCTGCTCGCTCAGCTTCTAC
CCCCGGTAGAAGCTGAGGCAGGTGCCCATCAG
TCGCTGATGGGCACCTGCCTCAGCTTCTACCGG
CCCGGTAGAAGCTGCACGAGGTGCCCATCAGCG
CGCTGATGGGCACCTCGTIGCAGCTTCTACCGGG



DNA
Promega
System TaKaRa RECOCHIP
DNA DNA
PCR
DNA(S’ )
DNA(3’ )
(P5ex)
(Plex)
10><buffer for KOD-plus
dNTP mixture
MgSO,
KOD-plus

1 94°C  2min
94 °C 10 sec
60 °C 30 sec
68 °C 90 sec
(2-4)><29
68 °C 4 min

DNA

AN »n B~ W DN

DNA
37°C 2
DNA
10><M buffer

Hind III
DNA

Wizard SV Gel and PCR Clean-Up

10 pL
10 pL
0.5uL
0.5uL
SuL
SuL
2 uL
1 uL
16 uL

10 pL
SuL
33 uL
2 uL

DNA

DNA

Hind IIT Pst1
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DNA 10 uL
10><H buffer S5uL
33 uL
Pst 1 2 uL
DNA
pUC19 HindIII Pstl
pUC 19 AMDase DNA
AMDase DNA S5ul
pUC 19 5puL
Ligation Kit solution I 10 uL
16 °C 2
DNA 3uL JIM109 Competent Cell 100 uL.
30 42 °C 30 heat-shock
2 SOC 900 pL
37°C 1 100 pL (50 pg/mL)
LB 37
DNA
JM109 Electro-Cell 50 uL.  DNA  1ng Electroporation
950 uL.  SOC
37°C 1 100 pL (50 pg/mL)
LB 37°C
DNA
DNA MACHEREY-NAGEL
NucleoSpin Plasmid Quick Pure Promega Wizard SV Minipreps DNA

Purification System

LB ( 50 pg/mL) 4 mL 37 °C
1.6 mL

250 uL Buffer
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Al 250 uL  Buffer A2

5 300 uL.  Buffer A3
5 spin column 1
spin column Buffer AQ 450 pL 4
TE buffer 50 uL
1 1 plasmid
DNA

Applied Biosystems Big Dye Terminator Ready Reaction Mix
Big Dye Terminator Ready Reaction Mix 4 uL

1 ><Sequencing Buffer 4 uL
1 uL (20 ng)
(P5ex Plex) 1 uL (3.2 pmol)
10 pL

1 96 °C 1 min

2 96 °C 10 sec
3 50°C  Ssec
4 60°C 4 min
5 2-4 25
6 4°C
20puL 125 mM EDTA
2ul 3M 2ul 100 50 pL
15 15,000 rpm 20 DNA
75% 70 uL 15,000 rpm 20
20 Hi Di
Formamide 25 uL DNA
96-well DNA
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AMDase

DEAE-Toyopearl

Butyl-Toyopearl

AMDase
LB
30 °C

30°C 16

4°C
(12,000><g, 20 min)
EDTA 0.5 mM -

pH7.0 100 mM

(1,500 kg/cm?)

146

(cell free extract)

1% 30

( 50 png/mL)20 mL
I5L 15 mL
IPTG 0.1 mM

(6,000><g, 20 min)

pH 7.0
(

100 mM

5 mM )

(12,000><g, 20 min)

2%
(12,000



g, 20 min)
1
10 mM (pH 8.0) Tris-HCI

10 mM pH 8.0 Tris-HC1

50 mM
SDS-PAGE AMDase
25%
25%
Butyl-Toyopearl
25%
Butyl-Toyopearl
200 mM pH 7
Tris-HCl 50 puL
10 35 °C
1 M 125 pL
35°C 1
1 unit
AMDase 280 nm
A68C/C188S 1.05 mg / mL
V69C/C188S 1.11 mg/mL
V70C/C188S 1.08 mg / mL
S71C/C188S 3.33mg/mL
L72C/C188S 1.73 mg / mL

60%
(12,000><g, 20 min)

DEAE-Toyopearl
NaCl 0 mM
DEAE-Toyopearl
24.7 kDa
10 mM (pH 8.0) Tris-HCl

15%

AMDase

50 pL(final conc. 20 mM) 1 M pH 8.5
500 uL
35°C 5 30
1 umol
1.0(ABS) 1.0(mg/mL)

0

0

0

0.07 unit / mg

0
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M73C/C188S  0.80mg/mL 0
G74C/C188S 1.04 mg/mL  0.05unit/ mg
T75C/C188S 0.78mg/mL 0
S76C/C188S 1.57mg/mL 0
L77C/C188S 1.23mg/mL 0

(Wild type) (467 unit / mg)
H CHs CHs
C /K"/cozEt NaOEt, Mel C /\"/COZEt KOH | C /K'/cozH
CO,Et EtOH CO,Et  EtOH, H,0 CO,H
1b
o-Methyl-o-phenylmalonic acid (1b)
0°C (5.7 g, 82.5 mmol) (50 mL)
Diethyl phenylmalonate (16.5 g, 69.8 mmol) (20 mL)
30 (15.0 g, 107 mmol) 0°C
2 M HC1
10
(
=9 1) Diethyl a-methyl-a-phenylmalonate
(15.9 g, 91%)
0°C Diethyl a-methyl-a-phenylmalonate (15.9 g, 63.5mmol)
(100 mL) (48.9 g, 87.1 mmol) (100 mL)
6 M HCI

1b (12.1 g, 98%)
'H-NMR (270 MHz, CD;0D) &: 1.93 (3H, s), 7.17-7.60 (5H, m)
IR (KBr) vmax : 2870, 2648, 1700, 1500, 1418, 1279, 1130, 1075, 1030, 920, 785, 745, 700

cm’!
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CH, WT or Mutant CHs CHs

\/CO,H AMDase _ \H o \/CO,H
COzH COzH H

1b (R)-2b (S)-2b

\

a-Methyl-o-phenylmalonic acid (1b)
a-Methyl-a-phenylmalonic acid (1b) (38.8 mg, 0.20 mmol) 1 M Tris-HCI(pH 8.5)
100 uL 1 mL
AMDase I mL (1mg protein) 30 °C 2 M HCI

( 40 1 1)
2b
'H-NMR (270MHz, CDCl;) &: 1.50 (3H, d, J=7.2 Hz), 3.72 (1H, q, J=7.2 Hz), 7.19-7.35
(5H, m)
IR (NaCl) vmax : 3030, 2983, 2930, 2882, 2634, 2546, 1704, 1600, 1499, 1454, 1413, 1379,
1264, 1232, 1183, 1064, 1031, 910, 860, 560, 729, 700 cm™"

[o]p?=-72.0°(c=0.11, CHCl)
HPLC

Chiralcel OD-H

Hexane / 2-Propanol / TFA=98/2/0.1 (v/v/v)

0.5 mL / min

Retention time R 244 min S 28.5 min

entry mutant Yield (%) selectivity, ee%

wild type 99 (R) 99
AG8C/C188S - -
V69C/C188S - -
V70C/C188S - -
S71C/C188S 0 -
L72C/C188S - -
M73C/C188S - -
G74C/C188S 0 -
T75C/C188S - -
S76C/C188S - -
L77C/C188S - -

PP OO~NOOUIR,WNE

= O
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CH, WT or Mutant CHs CHs
S 'A/COZH AMDase - S CilH or S '!/COZH
\ //  CO,H \ [/ coH N\ J H

1c (S)-2c (R)-2c

a-Methyl-o-(2-thienyl)malonic acid (1c)
a-Methyl-a-(2-thienyl)malonic acid (1c) 4
a-Methyl-o-(2-thienyl)malonic acid (1c) (40.0 mg, 0.20 mmol) 1 M Tris-HCI(pH 8.5)

100 uL 1 mL
AMDase 1 mL (1 mg protein) 30 °C 2 M HCI
( 70 30 1)
2c
'H-NMR (300 MHz, CDCl3) &: 1.61 (3H, d, J=7.3 Hz), 4.04 (1H, q, J=7.3 Hz), 6.95-7.23
(3H, m)

IR (NaCl) Vi : 2982, 1715, 1457, 1417, 1236, 699 cm’™'
[a]p?>=-24.0°(c=0.10, CHCl)
HPLC

HPLC

Chiralcel OD-H

Hexane / 2-Propanol / TFA=98/2/0.1 (v/v/v)

0.5 mL / min

Retention time S 30.0min R 38.0 min
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Enzyme Yield (%) e.e. (%) Configuration

wild Type 99 09 S
C188S 17 50 R
A68C/C188S 0 — —
V69C/C188S 0 — —
V70C/C188S 0 — —
S71C/C188S 97 58 R
L72C/C188S 0 — —
M73C/C188S 0 — —
G74C/C188S 60 84 R
T75C/C188S 0 — —
S76C/C188S 0 — —
L77C/C188S 0 — —
CHg3 WT or Mutant CHg3 CH3
\/CO,H AMDase > CriH \/CO,H
OO O OO
1d (R)-2d (S)-2d

a-Methyl-a-(2-naphthyl)malonic acid (1d)
a-Methyl-a-(2-naphthyl)malonic acid (1d) 4
a-Methyl-a-(2-naphthyl)malonic acid (1d) (48.8 mg, 0.20 mmol) 1 M Tris-HCl(pH
8.5) 100 pL 1 mL
AMDase 1 mL (1mg protein) 30 °C 2M
HCl

( 50 50 1)
2d

'H-NMR (300 MHz, CDCl3) &: 1.61 (3H, d, J=7.1 Hz), 3.93 (1H, q, J=6.9 Hz), 7.44-7.83
(7H, m)
IR (NaCl) vy : 2980, 1698, 1419, 1273, 1225, 963, 747 cm™
[o]p?2=-73.2°(c=0.10, EtOH)
HPLC

Chiralcel OD-H

Hexane / 2-Propanol / TFA=98/2/0.1 (v/v/v)

0.5 mL / min Retention time R 414 min S 47.8 min
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Enzyme Yield (%) e.e. (%) Configuration

wild Type 96 99 R
C188S 6 70 S
A68C/C188S 0 — —
V69C/C188S 0 — —
V70C/C188S 0 — —
S71C/C188S 22 80 S
L72C/C188S 0 — -
M73C/C188S 0 — -
G74C/C188S 17 96 S
T75C/C188S 0 — -
S76C/C188S 0 — -
L77C/C188S 0 — -
300 uL 1 M Tris-HCI (pH 8.5) 50 uL (20 mM, 25 mM, 50 mM,
100 mM, 200mM) 50 uL 35°C 10
AMDase 100 pL 5-30 HPLC
I0mM  2- 2-
1 M HCI HPLC

HPLC
PEGASIL-ODS
MeOH /H,O/TFA=2/1/0.05(v/v/V)

1.0 mL / min
Lineweaver-Burk
Substrate Km Vmax Keat Keat / Km

Enzyme type ) L 1

Ar R (mM)  (unitmg) (s™) (s”/mM)

2-thienyl Me 1.01 0.25 0.08 0.07
S71C,C188S

2-naphthyl Me 0.51 0.17 0.05 0.10

2-thienyl Me 5.03 0.35 0.34 0.07
G74C,C188S

2-naphthy! Me 1.25 0.12 0.12 0.09
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XL1-Red

@@h@%

template
plasmid E. coli XL1-Red
O
O Op
Mgntsgol some cycles mutants
XL1-Red (100 pL)  2-
1.7 uL 2 10 G74C/C188S
pAMD-G74CC188S 1 pL (20 ng) 30
42°C 45
900 uL.  SOC 37°C 1 LB(
) 100 uL 37°C 24
LB (3mL) LB
LB (2mL)
37°C 24
LB 3
mL)
IM109
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Mutazyme

154

—>

-

Tag or
Mutazyme

Cr ]
T ]
LT T ]
L T ]

Restrinction

Enzyme
S E— LpUC19 J
I R
0 T 7
DNA pAMD-G74CC188S

)

— 1 1=/
Mutants

E. coli IM109

Mutants pool

AMD-F-Hind3 CGCCAAGCTTTCATCGCGCAGGGTTCGC
AMD-R-Sacl TAATGAGCTCTCGTCAGGACTCGTCGAACAGCC

DNA(pPAMD-G74CC188S) 1 pL (10 ng)

Forward(AMD-F-Hind III) 0.5 uL

Reverse(AMD-R-Sacl) 0.5uL
10><Mutazyme reaction buffer 5uL
dNTP mixture 1 uL



Mutazyme 1 pL

41 pL
1 95°C 1 min
2 95°C 1 min
3 60°C 1 min
4 72°C 1 min
5 (2-4)><29
6 72°C 10 min
DNA
DNA Hind III  Sac I
37°C 2
DNA 10 uL
10><M buffer SuL
33 uL
Hind III 2 uL
DNA
DNA 10 uL
10><L buffer 5uL
33 uL
Sac I 2 uL
DNA

pUC 19  HindIII SacI

pUC 19 AMDase DNA
AMDase DNA SuL
pUC 19 5uL
Ligation Kit I 10 uL
16 °C 2
DNA 1 uL IM109
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PCR DNA

PCR-Script 10><reaction buffer

PCR-Script Cloning Kit

1.5 uL
1 uL

pPCR-Script Amp SK(+) cloning vector 1 uL

Srf I restrinction enzyme
T4 DNA ligase

PCR product

10 mM rATP

65°C 10
JM109

1 uL
1 pL
4 uL
0.5 pL

2 uL

180 mL

(20 mL)
6 BTB



Yeast extract 0.2g Yeast extract 0.2g
(NH4)2S04 049 (NH4)2S04 049
KH,PO4 0.12 g KH,PO, 0.012 g
KoHPO, 0.08 g K2HPO, 0.008 g
NacCl 049 NacCl 0.4¢g
Glucose 0.05¢g Glucose 0.05¢
Phenylmalonic acid 20 mM Phenylmalonic acid 20 mM
BTB 5 mg BTB S mg
agar 49 agar 49
water (pH6) 200 mL water (pH6) 200 mL
100 pL 37 °C
( ) 96-well 100 uL
37 °C
DNA
DNA MACHEREY-NAGEL
NucleoSpin Plasmid Quick Pure
LB ( 50 pg/mL) 4 mL 37
1.6 mL
1.6 mL
250 uL.  Buffer Al
250 uL  Buffer A2 6 5 300 uL
Buffer A3 5 spin column
1 spin column Buffer AQ 450 uL
3 TE buffer 40 uL
1 1 plasmid
DNA
Applied Biosystems Big Dye Terminator Ready Reaction Mix
Big Dye Terminator Ready Reaction Mix 4 uL
1 ><Sequencing Buffer 4 uL
1 uL (20 ng)

(P5ex Plex) 1 uL (3.2 pmol)
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10 uL

1 96 °C 1 min

2 96 °C 10 sec
3 50°C  Ssec
4 60°C 4 min
5 2-4 25
6 4°C
20 uL 125 mM EDTA
2ul 3M 2ul 100 50 uL
15 15,000 rpm 20 DNA
75% 70 uL 15,000 rpm 20
20 Hi Di
Formamide 25 puL. DNA 96-well
DNA
S36N/G74C/C188S AMDase
Stratagene Quik Change Site-directed Mutagenesis Kit
S36N pAMD-G74CC188S
S36NF S36NR
( )
S36NF  GCCCTTCATTGCCAACGGGCTGGGGCTG
S36NR  CAGCCCCAGCCCGTTGGCAATGAAGGGC
DNA(pAMD-G74CC188S) 1 uL (10 ng)
F(S36NF) 1.25 uL (125 ng)
R(S36NR) 1.25 uL (125 ng)
10><Reaction buffer 5uL
dNTP mixture 1 uL
40.5 pL
Pfu Turbo 1 uL
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1 95°C 1 min
2 95°C 50 sec
3 60 °C 50 sec
4 68 °C 4 min
5 (2-4)>=<18
6 68°C 7 min
DpnI 1uL 37°C
dam”
1 pL
XL10-Gold 45 uL 2ul  B-
10 2 DNA
30 42°C 30 2
NZY" 500 uL 37°C
LB 100 uL 37°C
AMDase
LB ( 50 pg/mL)20 mL 30 °C
I.5L 15 mL 3
IPTG 0.1 mM 30 °C 16
(6,000><g, 20 min)
4°C pH7.0 100 mM
(12,000><g, 20 min) (
EDTA 0.5 mM f- 5 mM )
pH7.0 100 mM 3
(1,500 kg/cm?) (12,000 g, 20 min)
(cell free extract) 2%
1% 30
(12,000 g, 20 min) 60%

1
10 mM (pH 8.0) Tris-HCI

10 mM pH 8.0 Tris-HC1

(12,000>=<g, 20 min)

DEAE-Toyopearl

Tris-HC1

NaCl 0
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50 mM DEAE-Toyopearl

SDS-PAGE AMDase 24.7 kDa
25% 1
25% 10 mM pH 8.0 Tris-HCI
Butyl-Toyopearl
25% 10%
Butyl-Toyopearl
S36N/G74C/C188S AMDase
200 mM pH 7 50 uL(final conc. 20 mM) 1 M pH 8.5
Tris-HCI 50 uL (100 uL) 500 pL
10 35°C 35°C 30 1
M 125 uL
CHs S36N/G74C/C188S CHs
@/\ICOZH AVDase . @)\/COZH
\ // ‘co,H \ / H
1c (R)-2c
a-Methyl-o-(2-thienyl)malonic acid (1c) S36N/G74C/C188S AMDase

a-Methyl-o-(2-thienyl)malonic acid (1c) 4

o-Methyl-a-(2-thienyl)malonic acid (1c) (40.0 mg, 0.20 mmol) 1 M Tris-HCI(pH 8.5)
100 uL 1 mL

AMDase I mL (1 mg protein) 30 °C 2 M HCI

( 70 30 1)
2¢ (23.4 mg, 75%)
'H-NMR (300 MHz, CDCly) &: 1.61 (3H, d, J=7.3 Hz), 4.04 (1H, q, J=7.3 Hz), 6.95-7.23
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(3H, m)
IR (NaCl) Vinax = 2982, 1715, 1457, 1417, 1236, 699 cm’!

[[a]p?=+23.0°(c=0.10, CHCl5)

\

CHj S36N/G74C/C188S CHg3
.y/COZH AMDase o II/COZH
L o SSA

1d (S)-2d

a-Methyl-a-(2-naphthyl)malonic acid (1d) S36N/G74C/C188S

AMDase
a-Methyl-a-(2-naphthyl)malonic acid (1d) 4
a-Methyl-a-(2-naphthyl)malonic acid (1d) (48.8 mg, 0.20 mmol) 1 M Tris-HCl(pH

8.5) 100 pL 1 mL

AMDase 1 mL (1mg protein) 30 °C 2M

HCI

( 50 50 1)

2d (12.0 mg, 30%)
'H-NMR (300 MHz, CDCl3) &: 1.61 (3H, d, J=7.1 Hz), 3.93 (1H, q, J=6.9 Hz), 7.44-7.83

(7H, m)
IR (NaCl) Viax = 2980, 1698, 1419, 1273, 1225, 963, 747 cm’!

[a]p?=+69.3° (c=0.10, EtOH)

300 uL 1 M Tris-HCI (pH 8.5) 50 uL (20 mM, 25 mM, 50 mM,
100 mM, 200mM) 50 uL 35°C 10
S36N/G74C/C188S AMDase 100 uL 30
HPLC 10mM  2-
2- 1 M HCI
HPLC
HPLC
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PEGASIL-ODS
CH3CN/H,O/TFA=2/1/0.05(v/v/V)
1.0 mL / min

Lineweaver-Burk

36 Saturated Mutagenesis
Stratagene Quik Change Site-directed Mutagenesis Kit
S36X
pAMD-S36NG74CC188S
N S36XF S36XR N ACGT 4

GorT M AorC
S36NF CGATCTGCCCTTCATTGCCNNKGGGCTGGGGCTGGGCTCCG
S36NR  CGGAGCCCAGCCCCAGCCCMNNGGCAATGAAGGGCAGATCG

pAMD-S36NG74CC188S 1 uL (10 ng)

S36XF 1.25 uL (125 ng)

S36XR 1.25 uL (125 ng)
10><Reaction buffer 5uL

dNTP mixture 1 uL

40.5 uL

Pfu Turbo 1 uL

1 95 °C 1 min

2 95°C 50 sec

3 60 °C 50 sec

4 68 °C 4 min

5 (2-4)><18

6 68 °C 7 min

Dpnl 1pL 37°C 1 uL
XL10-Gold LB

100 uL 37°C saturated
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36

S361 F  CGATCTGCCCTTCATTGCCATTGGGCTGGGGCTGGGCTCCG
S361 R CGGAGCCCAGCCCCAGCCCTTAGGCAATGAAGGGCAGATCG
S36H F  CGATCTGCCCTTCATTGCCCATGGGCTGGGGCTGGGCTCCG
S36H R CGGAGCCCAGCCCCAGCCCATGGGCAATGAAGGGCAGATCG
S36Y F  CGATCTGCCCTTCATTGCCTATGGGCTGGGGCTGGGCTCCG
S36Y R CGAGCCCAGCCCCAGCCCATAGGCAATGAAGGGCAGATCG

H

» NaH, / THF H
QSH+ Bf&;%?.%'ft Phs/ké%géltft
3 4 5
Diethyl phenylthiomalonate (5)
(3.36 g, 68.7 mmol) 10 mL 3
THF 40 mL 0 °C
thiophenol (3) (5.15 g, 46.7 mmol) THF (10 mL) 20
diethyl bromomalonate (4) (10.9 g, 45.8 mmol) THF (10 mL) 0°C 3
2 M HCI
( =7 1

5(9.15 g, 70%)
'H-NMR (300 MHz, CDCl;) &: 1.16 (6H, t, J=7.0 Hz ), 4.14(4H, q, J=7.1 Hz), 4.46(1H,
s), 7.19-7.47 (5H, m)
IR (NaCl) vy : 2983, 1734, 1441, 1367, 1259, 1146, 1026, 750, 692 cm™

H H
KOH, / EtOH &
phS/K’/COZEt Phs”\'CO,H
CO,Et CO2H

5 1f
Phenylthiomalonic acid (1f)
Diethyl phenylthiomalonate (5) (1.00 g, 3.51 mmol) (5 mL)
(1.96 g 35.1 mmol) (5 mL) 2
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1f ( ) (0.33 g, 52%)

'H-NMR (300 MHz, CD;0D) &: 4.43 (1H, s), 7.14-7.33 (5H, m)

IR (KBr) Vinax : 3384, 2981, 1651, 1581, 1554, 1531, 1477, 1369, 1311, 1234, 1165, 1065,
787,739, 690,519 cm™

mp : 113-115 °C

)E\t NaOH treated with )E\t
Ph™NoRr H0 & MeOH  boil.CHCl;  Ph Ot
6 1g
a-Ethyl-a-phenylmalonic acid (19)
Diethyl a-ethyl-a-phenylmalonate (6) (2.60 g, 9.84 mmol) (5
mL) (3.00 g 73.8 mmol) (2mL) 100 °C

10
(2-phenylbutanoic acid)
(1.44 g, 70%)
'H-NMR (300 MHz, CD;OD) &: 0.82 (3H, t, J=7.3 Hz), 2.24 (2H, q, J=7.3 Hz),
7.15-7.40 (5H, m)
IR (KBr) Vinay : 3100, 2978, 2881, 2630, 1693, 1396, 1271, 914, 725, 700 cm’"

mp : 166 °C

37°C
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Yeast extract 0.2g
(NH4)2S04 049
KH,;PO, 0.012 g
K2HPO, 0.008 g
NacCl 04 g
Glucose 0.05¢
Substrate 20 mM
BTB 5 mg
agar 49
water (pH 6) 200 mL
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G74C AMDase

Stratagene Quik Change Site-directed Mutagenesis Kit
74 G74C AMDase
AMDase pAMDI101
G74CF G74CR
( )

G74CF: 5’-GTTTCGCTGATGTGCACCTCGCTCAGCTTC-3’, 30 mer
G74CR: 5’-GCTGAGCGAGGTGCACATCAGCGAAACCAC-3’, 30 mer

DNA(pAMDI101) 1 uL (10 ng)

F(G74CF) 1.25 pL (125 ng)
R(G74CR) 1.25 pL (125 ng)
10><Reaction buffer 5uL
dNTP mixture 1 uL
40.5 uL
Pfu Turbo 1 puL
1 95°C 1 min
2 95°C 50 sec
3 60 °C 50 sec
4 68 °C 4 min
5 (2-4)><18
6 68°C 7 min
Dpnl 1uL 37°C
dam” pAMDI101
1 uL
XL10-Gold 45 uL
2ul B- 10 2
DNA 30 42°C 30
2 NZY" 500 puL 37°C

166



LB
—
DNA
F(P5ex)
R(Plex)
10><KOD Reaction buffer
dNTP mixture
MgSO4
KOD-plus
1 94 °C 2 min
2 94°C 15sec
3 60 °C 50 sec
4 68 °C 1 min
5 (2-4)>=<25
6 68 °C 4 min
PCR

Gel and PCR Clean-Up System

LB

100 pL 37°C

PCR Dpnl
S

—

30 uL 98 °C
PCR
PCR

10 uL
0.50 uL
0.50 uL
SuL
SuL
3uL
25 ulL
I uL

Promega

5

Wizard SV

DNA

37°C

Wizard SV Minipreps DNA Purification System

Promega
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DNA

G74C
G74C AMDase
G74C JM109 LB
10 mL><2 LB 1.5L AMDase
1% 30°C 2
IPTG 0.1 mM 30°C 16
(12,000><g, 20 min)
4°C pH7.0 100 mM
(12,000>=<g, 20 min)
EDTA 0.5 mM - 5mM pH
7.0 100 mM 3 (1,500
kg/cm?) (12000 x g, 20 min)
(cell free extract) 2%
1% 30 (12,000>=<g, 20
min) 60%
1 (12,000><g, 20 min) 10
mM pH 8.0 Tris-HCl 2
10 mM pH 8.0 Tris-HCI DEAE-Toyopearl
NaCl 0 mM
50 mM DEAE-Toyopearl
SDS-PAGE AMDase 24.7 kDa
BTB 100 mM (pH 6.0)
AMDase
35°C 25%
1 25%
10 mM pH 8.0 Tris-HCI Butyl-Toyopearl
25%
10%

Butyl-Toyopearl
G74C AMDase
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AMDase 280 nm 1.0(ABS)
1.21 mg/mL
CH3 CH3
G74C
COH ————— ©/E\C02H
(R)-1 (rac)-1
CH3 CH3
blank
©)\002H —_— ©)\COZH
(R)-1 (R)-1
CH3 CHg3
B G74C
©/\C02H —_— ©/E\COZH
(S)-1 (rac)-1
9H3 9H3
- blank -
CO,H CO,H
(S)-1 (S)-1
1.5 mL (R or S)-
mM Tris-HCI (pH 8.5) 50 uL G74C
200 uL 250 uL 500 pL 37°C

2MHCI 200 puL
HPLC

HPLC
Chiralcel OD-H
Hexane / 2-Propanol / TFA=98/2/0.1 (v/v/v)
0.5 mL / min
Retention time R 244 min S 28.5 min
AMDase

1.0(mg / mL)

20mg 100
AMDase
0
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HPLC

CHj CH3

G74C
T T e

(R)-2 (rac)-2
CHs CHs
- G74C
COzH — COzH
(S)-2 (rac)-2
1.5 mL
2.0mg 100 mM Tris-HCI (pH 8.5)
G74C AMDase 200 pL 200 uL
37°C 2MHCI 200 uL

HPLC

Chiralcel OD-H
Hexane / 2-Propanol / TFA=98/2/0.1 (v/v/v)
0.5 mL / min

Retention time R 41.4min S 47.8 min

170

CH3 CH3
S _ Grac | S
) “CcoH ) TcoH
(S)-3 (rac)-3
CH CH
s I° G74C s °
@/\COZH )y conH
(R)-3 (rac)-3
1.5 mL
2.0mg 100 mM Tris-HCI (pH 8.5)
G74C AMDase 200 pL 200 uL

(Ror S)- 2-

50 uL

500 pL

(S or R)- 2-

50 uL

500 pL



37°C 2MHCI 200 pL

HPLC
HPLC
Chiralcel OD-H
Hexane / 2-Propanol / TFA=98/2/0.1 (v/v/v)
0.5 mL / min
Retention time S 30.0min R 38.0 min
pH
pH
pH pH
100 mM MES-NaOH pH 5.5-6.5
100 mM pH 6.5-7.5
100 mM Tris-HCl pH 7.5-9.0
100 mM Glycine-NaOH pH 9.0-10.0

CO,H H* CO,Me
MeOH

13a l4a
Methyl 2-naphthylacetate (14a)
2-naphthylacetic acid (13a) (5.00 g, 26.9 mmol) p-
40 mL 3

300 14a (5.35 g, 99%)
'"H-NMR (300 MHz, CDCl;) &: 3.69 (3H, s), 3.78 (2H, s), 7.38-7.81 (7H, m)
IR (NaCl) Ve : 3456, 3054, 2951, 2842, 1736, 1601, 1509, 1435, 1263, 1161, 1016, 819,
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759, 705, 637 cm’!

Me
CO,Me LDA, Mel
1l4a 15a
Methyl 2-(2-naphthyl)propionate (15a)
—78 °C diisopropylamine(2.10 mL, 15.0 mmol) / THF (20
mL) 200 mL n-butyl lithium (8.22 mL, 15.0
mmol) LDA 30
Methyl a-(2-naphthyl)acetate (14a) (2.00 g, 10.0 mmol) THF (20 mL)
30 —78 °C (0.93 mL, 15.0 mmol)
—78 °C ( 22°C) 2 M (20
mL)
10%
( =4 1) 15a (2.08 g, 97%)

'H-NMR (300 MHz, CDCl;) &: 1.58 (3H, d, J=7.1 Hz), 3.65 (3H, s), 3.88 (1H, q, J=7.1

Hz), 7.40-7.81 (7H, m)

IR (NaCl) vmax : 3449, 3056, 2979, 2951, 1919, 1732, 1601, 1508, 1455, 1434, 1378, 1331,
1198, 1093, 1066, 949, 859, 822, 795, 748, 709 cm™

Me Me
LDA, CICO,Me ICOMe
2
Iy e e (I e
15a 16a

Dimethyl a-methyl-a-(2-naphthyl)malonate (16a)

—78 °C diisopropylamine(1.47 mL, 11.5 mmol) / THF (10 mL)
200 mL n-butyl lithium (5.76 mL, 11.5 mmol)
LDA 30
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Methyl 2-(2-naphthyl)propionate (15a) (1.50 g, 7.0 mmol) THF (10 mL)
30 —78 °C (0.90 mL, 11.5 mmol)
—78 °C ( 22°C) 2 M (10 mL)

1) (1.73 g, 95%)
'"H-NMR (300 MHz, CDCly) &: 1.97 (3H, s), 3.77 (6H, s), 7.45-7.82 (7H, m)
IR (NaCl) Ve : 3458, 3000, 2952, 1733, 1434, 1378, 1255, 1113, 820, 750 cm’"

Me Me
, KOH ,
'CO,Me — — » '"CO,H
CO,Me EtOH CO,H
16a 17a

a-Methyl-a-(2-naphthyl)malonic acid (17a)

100 mL Dimethyl o-methyl-a-(2-naphthyl)malonate (16a) (0.67 g,
2.46 mmol) (20 mL) (2.24 g, 24.6 mmol)
(20 mL) 1 (10 mL)

17a(0.48 g, 80 %)

'"H-NMR (300 MHz, CD;0D) &: 1.97 (3H, s), 7.48-7.97 (7H, m)
IR (KBr) Vimax : 3529, 3060, 2629, 1715, 1455, 1388, 1287, 1129, 815, 751, 707 cm’!
mp : 170-172 °C

S HY S

13b 14b
Methyl 2-thienylacetate (14b)
2-thienylacetic acid (13b) (5.00 g, 40.0 mmol) p-
40 mL 3
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5 1) 14b (5.49 g, 99%)
'"H-NMR (300 MHz, CDCl;) &:3.73 (3H, s), 3.85 (2H, s), 6.95-7.23 (3H, m)
IR (NaCl) vinax : 3108, 3002, 2950, 1730, 1440, 1329, 1172, 1011, 850, 706 cm’"

S LDA, Mel We
@/\COZMe o \S/ CoMe
14b 15b
Methyl 2-(2-thienyl)propionate (15b)
-78 °C diisopropylamine(2.53 mL, 18.0 mmol) / THF (20
mL) 200 mL n-butyl lithium (9.87 mL, 18.0
mmol) LDA 30
Methyl 2-(2-thienyl)acetate (14b) (2.34 g, 12.0 mmol) THF (20 mL)
30 -78 °C (1.40 mL, 18.0 mmol)
78 °C 2 M (20 mL)
10%
(
=5 1) 15b (2.19 g, 86%)

'"H-NMR (300 MHz, CDCl5) &: 1.57 (3H, d, J=7.3 Hz), 3.69 (3H, s), 4.00 (1H, q, J=7.2
Hz), 6.93 (2H, d, J=3.2 Hz), 7.18 (1H, t, J=3.2 Hz)

IR (NaCl) vimax : 3108, 2981, 2950, 1742, 1530, 1439, 1370, 1330, 1200, 1060, 853, 701
1

cm

S Me LDA, CICO,Me S Nllre

@)\COZMe THE @)\ég%l\ge
15b 16b
Dimethyl a-methyl-o-(2-thienyl)malonate (16b)
—78 °C diisopropylamine(1.05 mL, 7.5 mmol) / THF (10 mL)
200 mL n-butyl lithium (4.11 mL, 7.5 mmol)
LDA 30
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Methyl 2-(2-thienyl)propionate (15b) (0.85 g, 5.0 mmol) THF (10 mL)

30 -78°C (0.58 mL, 7.5 mmol)
~78 °C 2 M (10 mL)
( =9 1

16b (1.10 g, 97%)
'"H-NMR (300 MHz, CDCly) &: 1.97 (3H, s), 3.77 (6H, s), 7.45-7.82 (7H, m)
IR (NaCl) Ve : 3458, 3000, 2952, 1733, 1434, 1378, 1255, 1113, 820, 750 cm’"

Me Me
S A\COM Ko S A\CO,H
1 2 e ! 2
\ // 'co,Me EtOH \ // CO,H
16b 17b

a-Methyl-a-(2-thienyl)malonic acid (17b)

100 mL Dimethyl a-methyl-a-(2-thienyl)malonate (16b) (0.99 g, 4.38
mmol) (20 mL) (3.18 g, 43.8 mmol) (20 mL)
1 (10 mL)

17b (0.73 g, 82 %)

'H-NMR (300 MHz, CD;0D) &: 1.91 (3H, s), 6.95-7.40 (3H, m)

IR (KBr) Vinax : 3000, 2648, 1700, 1455, 1418, 1346, 1279, 1202, 1130, 1100, 1050, 1020,
910, 850, 785, 745, 700 cm™

mp : 157-159 °C
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Me

Wild Type AMDase ! CO.H
2
Me
\/CO,H (R)-2
CO,H M
S36N/G74C/C188S vie

17a Mutant AMDase COzH

(S)-2

(R)-2-(2-naphthyl)propionic acid ((R)-2)
o-methyl-a-(2-naphthyl)malonic acid (17a) (544 mg, 2 mmol) 1 M Tris-HCI(pH 8.5)

2mL 10 mL 20 mL
I mL (200 pmol) AMDase mL (1 mg protein)
30 °C 3 M 1 mL
(
50 50 1) (R)-2 (44.1 mg, 99%)

'H-NMR (300 MHz, CDCl;) &: 1.61 (3H, d, J=7.1 Hz), 3.93 (1H, q, J=6.9 Hz), 7.44-7.83
(7H, m)
IR (NaCl) vy : 2980, 1698, 1419, 1273, 1225, 963, 747 cm™
HPLC

HPLC

Chiralcel OD-H

Hexane / 2-Propanol / TFA=98/2/0.1 (v/v/V)

0.5 mL / min

Retention time R 414min S 47.8 min

(S)-2-(2-naphthyl)propionic acid ((S)-2)
o-methyl-a-(2-naphthyl)malonic acid (17a) (544 mg, 2 mmol) 1 M Tris-HCI(pH 8.5)

2 mL 10 mL 20 mL
I mL (200 pmol) S36N/G74C/C188S AMDase mL (1
mg protein) 30°C 24 M 1 mL
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( 50 50 1)
(S)-2 (13.1 mg, 30%)
'H-NMR (300 MHz, CDCl3) &: 1.61 (3H, d, J=7.1 Hz), 3.93 (1H, q, J=6.9 Hz), 7.44-7.83
(7H, m)
IR (NaCl) Vi : 2980, 1698, 1419, 1273, 1225, 963, 747 cm’™*

Me
Wild Type AMDase S CO-H
Me \ 2

5. ~\/'CO,H (S)-3

\ // CO.H

Me

17b S36N/G74C/C188S s -
Mutant AMDase CO,H

\ /)
(R)-3

(S)-2-(2-thienyl)propionic acid ((S)-3)
o-methyl-a-(2-thienyl)malonic acid (17b) (456 mg, 2 mmol) 1 M Tris-HCI(pH 8.5)

2mL 10 mL 20 mL
I mL (200 pmol) AMDase mL (1 mg protein)
30 °C 3 M 1 mL
(
70 30 1) (5)-3 (35.5 mg, 99%)

'H-NMR (300 MHz, CDCl3) &: 1.61 (3H, d, J=7.3 Hz), 4.04 (1H, q, J=7.3 Hz), 6.95-7.23
(3H, m)
IR (NaCl) vy : 2982, 1715, 1457, 1417, 1236, 699 cm’™'
HPLC

HPLC

Chiralcel OD-H

Hexane / 2-Propanol / TFA=98/2/0.1 (v/v/v)

0.5 mL / min
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Retention time S 300 min R 38.0 min

(R)-2-(2- thienyl)propionic acid ((R)-3)
o-methyl-a-(2-thienyl)malonic acid (17b) (456 mg, 2 mmol) 1 M Tris-HCI(pH 8.5)

2mL 10 mL 20 mL
I mL (200 pmol) S36N/G74C/C188S AMDase mL (1
mg protein) 30°C 3 M 1 mL
( 70 30 1)

(R)-3 (27.7 mg, 78%)

'H-NMR (300 MHz, CDCl3) &: 1.61 (3H, d, J=7.3 Hz), 4.04 (1H, q, J=7.3 Hz), 6.95-7.23
(3H, m)

IR (NaCl) Vinax : 2982, 1715, 1457, 1417, 1236, 699 cm’’

n-Pr
CO,Et LDA, n-PrBr
THE CO,Et
18 19
Ethyl 2-phenylpentanate (19)

-78 °C diisopropylamine (0.94 mL, 6.7 mmol) THF (10

mL) n-BuLi in hexane (4.21 mL, 6.7 mmol) 30
LDA ethyl phenylacetate (18) (1.00 g, 6.1 mmol) THF (10 mL)
30 I-bromopropane (0.61 mL, 6.7 mmol)

—78 °C 2 M HCl
10
(

9 1) 19 (1.09 g, 87%)

'"H-NMR (300 MHz, CDCL3) &: 0.91 (3H, t, J= 7.4 Hz), 1.20 (3H, t, J= 7.2 Hz), 1.26-1.34
(2H, m), 1.69-1.81 (1H, m), 1.98-2.11 (1H, m), 3.53 (1H, t, = 7.7 Hz), 4.13 (2H, m),
7.22-7.31 (5H, m)
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IR (NaCl) vinax: 2960, 2873, 1733, 1454, 1369, 1265, 1162, 1031, 732, 698 cm”

n-Pr n-Pr
KOH
COEt 1 5 Eron CO,H
19 (rac)-8
2-Phenylpentanoic acid (8)
ethyl 2-phenylpentanoate (19) (0.90 g, 4.3 mmol) (10 mL)
(2.41 g, 43 mmol) (10 mL) 16 6 M HCl
( 30 10 1)

8 (0.70 g, 90%)
'H-NMR (300 MHz, CDCls) &: 0.91 (3H, t, J= 7.3 Hz), 1.24-1.36 (2H, m), 1.73-1.80 (1H,
m), 1.98-2.08 (1H, m), 3.56 (1H, t, J="7.1 Hz), 7.22-7.31 (5H, m);
IR (KBr) Vinax 12956, 2659, 1697, 1455, 1413, 1249, 1214, 1186, 1070, 952, 727, 698 cm™’
mp : 51-52 °C

1) (R)-PEA, 63% EtOH
i-Pr

CO,H
2)H*
‘ N COyH (R)-7
=

(rac)-7 1) (S)-PEA, 63% EtOH B

~N CO5H
+ ‘ 2
2)H P

2-isopropyl-2-phenylacetic acid (7)
(rac)-2-isopropyl-2-phenylacetic acid (7) (115.3 mg, 0.65 mmol)

(R)-(+)-phenylethylamine (78.3 mg, 0.65 mmol) 63% (2.5 mL)
(87.3 mg) 63% (2.0,1.5,1.0
mL) 4 58.3 mg 0°C 10
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(
40 10 1) (R)-7 (31.2 mg, 27%)

(S)-(+)-phenylethylamine (S)-7
(20.5 mg, 18%)
'H-NMR (300 MHz, CDCl3) &: 1.14 (3H, d, J= 7.2 Hz), 2.8 (1H, q, J=7.2 Hz), 7.24-7.36
(5H, m)
IR (KBr) vimax :3361, 3185, 1658, 1496, 1452, 1405, 1288, 1133, 696 cm’”
mp: 86-88 °C
[a]p?2=-58.2°(c=1.1, CHCls;, R-form), + 57.8 ° (c = 1.10, CHCls, S-form)

HPLC
HPLC
Chiralcel OD-H
Hexane / 2-Propanol / TFA=95/5/0.05(v/v/vV)
0.5 mL / min
Retention time R 11.8 min S 14.4 min
n-Pr
1) (R)-PEA, 63% EtOH
n-Pr + CO2H
2)H
CO,H (R)-8
n-Pr
- 1) (S)-PEA, 63% EtOH B
(rac)-8 ) ( 3 0 N COH
2) H |
(S)-8

2-phenylpentanoic acid (8)
(rac)-2-Phenylpentanoic acid (8) (115.3 mg, 0.65 mmol) (R)-(+)-phenylethylamine

(78.3 mg, 0.65 mmo) 63% (2.5mL)
(77.7 mg)
63% (2.0,1.5,1.0mL)
4 58.3 mg 0°C 10
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(
30 10 1) (R)-8(5.0 mg, 4%)
(S)-(+)-phenylethylamine (5)-8
(10.5 mg, 9%)
'H-NMR (300 MHz, CDCl5) 8: 0.91 (3H, t, J= 7.3Hz), 1.24-1.36 (2H, m), 1.73-1.80 (1H,
m), 1.98-2.08 (1H, m), 3.56 (1H, t, J=7.1Hz), 7.22-7.31 (5H, m);
IR (KBr) Vinax 12956, 2659, 1697, 1455, 1413, 1249, 1214, 1186, 1070, 952, 727, 698 cm’'
mp : 51-52 °C
[ o ]p™> =+ 54.0 ° (c = 1.0, CHCls, R-form), -53.8 ° (¢ = 1.0, CHCl;, S-form)

HPLC
HPLC
Chiralcel OD-H
Hexane / 2-Propanol / TFA=95/5/0.05(v/v/vV)
0.5 mL / min
Retention time R 126 min S 14.3 min

Me 1) CICO,Et Me

* Et;N, THF *
CO,H CONH,
2) NH,OH

(R) or (S)-1 (R) or (S)-10

(R)-2-phenylpropionamide ((R)-10)

—15°C (R)-2-phenylpropionic acid ((R)-1) (500 mg, 3.3 mmol) THF (5 mL)
triethylamine (364 mg, 3.6 mmol) ethyl chloroformate (2.9 mL, 3.6 mmol)
20 28% ammonium hydroxide (2.1 mL 16.6 mmol)
0°C 2

(R)-10(391 mg,
79%)
'H-NMR (300 MHz, CDCLy) &: 1.14 (3H, d, J= 7.2Hz), 2.8 (1H, q, J=7.2Hz), 7.24-7.36
(5H, m); IR vmax :3361, 3185, 1658, 1496, 1452, 1405, 1288, 1133, 696 cm”
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mp : 86-88 °C
[ o ]p™ =-54.0° (c= 1.0, CHCl5)

HPLC
Chiralcel OJ
Hexane / 2-Propanol =90/ 10
0.5 mL / min
Retention time S 13.2min R 15.0 min

(S)-2-phenylpropionamide ((S)-10)

—15°C (S)-2-phenylpropionic acid ((R)-1) (500 mg, 3.3 mmol) THF (5 mL)
triethylamine (364 mg, 3.6 mmol) ethyl chloroformate (2.9 mL, 3.6 mmol)
20 28% ammonium hydroxide (2.1 mL 16.6 mmol)
0°C 2

(5)-10(390 mg,

79%)

'H-NMR (300 MHz, CDCl3) &: 1.14 (3H, d, J= 7.2Hz), 2.8 (1H, g, J=7.2Hz), 7.24-7.36

(5H, m)

IR (KBr) vy :3361, 3185, 1658, 1496, 1452, 1405, 1288, 1133, 696 cm’™'
mp : 86-88 °C

[a]p™ =+52.8°(c=1.0, CHCL)

Me SOCl, Me
§ DMF §
CONH, CN
(R) or (S)-10 (R) or (S)-11

(R)-2-phenylpropionitrile ((R)-11)
(R)-2-phenylpropionamide ((R)-10) (22.4 mg, 0.15 mmol) DMEF (1 mL)
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mL) thionyl chloride (35.7 mg, 0.30 mmol)

1 1) (R)-11(6.3 mg, 32%)

'H-NMR (300 MHz, CDCl;) &: 1.55 (3H, d, J= 7.0Hz), 3.66 (1H, q, J=7.0Hz), 7.24-7.42

(5H, m)

IR (NaCl) vimay :3032, 2938, 2244, 1711, 1600, 1494, 1462, 1379, 1284, 1199, 1081, 760,
696 cm™

[[a]p? =+ 14.0 ° (c = 1.10, Et,0)

HPLC
Chiralcel OB
hexane / 2-propanol =95/ 5
0.5 mL/min

Retention time S 247 min R 28.9 min

(S)-2-phenylpropionitrile ((S)-11)

(S)-2-phenylpropionamide ((S)-10) (22.4 mg, 0.15 mmol) DMF (1 mL) (2
mL) thionyl chloride (35.7 mg, 0.30 mmol)
(
1 1 (5)-11(7.4 mg, 38%)

'H-NMR (300 MHz, CDCl;) &: 1.55 (3H, d, J= 7.0Hz), 3.66 (1H, q, J=7.0Hz), 7.24-7.42

(5H, m)

IR (NaCl) vina :3032, 2938, 2244, 1711, 1600, 1494, 1462, 1379, 1284, 1199, 1081, 760,
696 cm™
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Me Me

©)\CozH TMS-diazomethane @/kCOzMe

(R) or (S)-1 (R) or (S)-12

(R)-Methyl 2-phenylpropionate ((R)-12)

(R)-2-phenylpropionic acid ((R)-1) (5.0 mg, 0.03 mmol) (1 mL)

TMS-diazomethane
( 3D

(R)-12 (5.4 mg, 99%)
'H-NMR (300 MHz, CDCls) &: 1.50 (3H, d, J= 7.2Hz), 3.65 (3H, s), 3.72 (1H, q, J=7.2Hz),
7.23-7.35 (5H, m)
IR (NaCl) vimax :3451, 2981, 2951, 1737, 1601, 1494, 1454, 1434, 1375, 1330, 1208, 1166,

1067, 1031, 967, 858, 769, 735, 699 cm

[a]p?2=-90.6° (c= 1.0, EtOH)

HPLC
Chiralcel OJ
Hexane / 2-Propanol =90/ 10
0.5 mL / min
Retention time S 13.2min R 15.0 min
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R G74C R
e ¥
Ar” X Ar” X
(RorS) (rac)
Sub. Ar R X Activity
1 Ph Me CO,H ++
2 2Np  Me CO,H ot
3 2-Th Me COoH +++
4 Ph NH,  CO,H +
5 Ph OH COyH +
6 Ph Et CO-H +
7 Ph i-Pr CO,H -
8 Ph n-Pr CO,H
9 Ph Me CH,OH -
10 Ph Me CONH>» -
11 Ph Me CN -
12 Ph Me COo,Me -
G74C AMDase
1.5 mL (R or S)- 1.0 mg
100 mM Tris-HCI (pH 8.5) 50 puL G74C
AMDase 200 uL 250 uL 500 pL 37°C
2MHCI 200 puL
HPLC
HPLC

2-Phenylpropionic acid (1)
Chiralcel OD-H,
0.5 mL/min, R¢ (min)
2-(2-Naphthyl)propionic acid (2)
Chiralcel OD-H,
0.5 mL/min, R; (min); 41.4(R), 47.8(S)
2-(2-Thienyl)propionic acid (3)
Chiralcel OD-H,
0.5 mL/min, R; (min); 30.0(S), 38.0(R)

hexane / 2-propanol / TFA=98/2/0.1 (v/v/v),
24.4(R), 28.5(S)

hexane / 2-propanol / TFA =98/2/0.1 (v/v/v),

hexane / 2-propanol / TFA =98 /2 /0.1 (v/v/v),
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Phenylglycine (4)

Crownpak CR(+), HClOsaq, pH = 2.0, 1.0 mL/min, R; (min);
2.3(D), 4.5(L)
Mandelic acid (5)

Chiralcel OD-H, hexane / 2-propanol / TFA=90/10/0.1 (v/v/v),

0.5 mL/min, R; (min); 21.0(S), 26.1(R)
2-Phenylbutyric acid (6)
Chiralcel OD-H, hexane / 2-propanol / TFA=95/5/0.05(v/v/v),
0.5 mL/min, R; (min); 13.8(R), 17.0(S)
2-isopropyl-2-phenylacetic acid (7)
Chiralcel OD-H, hexane / 2-propanol / TFA=95/5/0.05(v/v/v),
0.5 mL/min, R; (min); 11.8(R), 14.4(S)
2-Phenylpentanoic acid (8)
Chiralcel OD-H, hexane / 2-propanol / TFA=95/5/0.05 (v/v/v),
0.5 mL/min, R; (min); 12.6(R), 14.3(S)
2-Phenylpropanol (9)
Chiralcel OB, hexane / 2-propanol = 95 / 5, 0.5 mL/min, R,
(min); 17.9(S), 19.4(R)
2-Phenylpropionamide (10)
Chiralcel OJ, hexane / 2-propanol = 90 / 10, 0.5 mL/min, R
(min); 13.2(S), 15.0(R)
2-Phenylpropionitrile (11)
Chiralcel OB, hexane / 2-propanol = 95 / 5, 0.5 mL/min, R,
(min); 24.7(S), 28.9(R)
Methyl 2-phenylpropionate (12)
Chiralcel OJ, hexane / 2-propanol = 90 / 10, 0.5 mL/min, R;
(min); 13.2(S), 15.0(R)
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entry  Substrate

e.e. of substrate

e.e. of product

1 (R)-1 99 rac
2 (5)-1 95 rac
3 (R)-2 97 rac
4 (5)-2 96 rac
5 (R)-3 99 rac
6 (5)-3 95 rac
7 (R)-4 98 83
8 (S)-4 99 80
9 (R)-5 98 rac
10 (S)-5 99 rac
11 (R)-6 95 rac
12 (S)-6 98 rac
13 (R)-7 94 93
14 (S)-7 92 92
15 (R)-8 91 91
16 (S)-8 92 90
17 (R)-9 99 99
18 (5)-9 97 97
19 (R)-10 98 98
20 (5)-10 96 95
21 (R)-11 90 89
22 (S)-11 93 94
23 (R)-12 99 99
24 (S)-12 95 95
cl cl
@ACOZH on @ACOZMe
20a 2la

Methyl (2-chlorophenyl)acetate (21a)

2-chlorophenylacetic acid (20a) (1.00 g, 6.65 mmol)

300

'H-NMR (300 MHz, CDCL3) &: 3.71 (3H, s), 3.78 (2H, s), 7.20-7.40 (4H, m)

10 mL

12

21a (1.06 g, 97%)

IR (NaCl) vmax : 2952, 1742, 1475, 1435, 1341, 1252, 1218, 1166, 1053, 1040, 1013, 740,
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683 cm’!

Me Me

H+
CO,H CO,Me
MeOH

20b 21b

Methyl 2-methylphenylacetate (21b)
2-methylphenylacetic acid (20b) (1.00 g, 5.86 mmol) p-
10 mL 12

300 21b (1.04 g, 96%)
'H-NMR (300 MHz, CDCls) 8: 2.31 (3H, s), 3.64 (3H, s), 3.68 (2H, s), 7.14-7.25 (4H, m)
IR (NaCl) vinax : 2952, 1737, 1494, 1434, 1338, 1258, 1159, 1012, 747, 727 cm’!

Cl Cl CHj
LDA, Mel
CO,Me THE CO,Me
2l1a 22a

Methyl 2-(2-chlorophenyl)propionate (22a)

—78 °C diisopropylamine(0.78 mL, 5.19 mmol) / THF (10
mL) n-butyl lithium (3.29 mL, 5.19 mmol) LDA
30 Methyl 2-chlorophenylacetate
(21a) (0.80 g, 4.33 mmol) THF (10 mL) 30 —78 °C
(0.32mL 5.19 mmol) -78 °C
2 M (10 mL)
10%
( =5 1)

22a (0.81 g, 95%)
'"H-NMR (300 MHz, CDCly) &: 1.49 (3H, d, J= 7.2Hz), 3.68 (3H, s), 4.22 (1H, q, J= 7.2Hz),
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7.16-7.38 (4H, m)
IR (NaCl) vimax : 2985, 2951, 1738, 1477, 1438, 1375, 1334, 1211, 1080, 1036, 966, 861,

754, 691 cm’!
Me Me CHj;
LDA, Mel
CO,Me THE CO,Me
21b 22b

Methyl 2-(2-methylphenyl)propionate (22b)

—78 °C diisopropylamine(0.82 mL, 5.84 mmol) / THF (10
mL) n-butyl lithium (3.70 mL, 5.84 mmol) LDA
30 Methyl 2-methylphenylacetate
(21b) (0.80 g, 4.87 mmol) THF (10 mL) 30 —78 °C
(0.36 mL, 5.84 mmol) 78 °C
2 M (10 mL)
10%
( =5 1)

22b (0.79 g, 91%)
'H-NMR (300 MHz, CDCl3) 8: 1.47 (3H, d, J=7.2Hz), 2.36 (3H, s), 3.65 (3H, s), 3.95 (1H,
q, J="7.2Hz), 7.11-7.28 (4H, m)
IR (NaCl) v : 2951, 1738, 1492, 1458, 1434, 1375, 1335, 1202, 1167, 1119, 1064, 966,
859, 757, 730 cm’™!

Cl CHs Cl CHj
KOH
COZMe EtOH COzH
22a (rac)-13

2-(2-Chlorophenyl)propionic acid (13)
50 mL Methyl 2-(2-chlorophenyl)propionate (22a) (0.70 g, 3.52 mmol)
(10 mL) (1.97 g, 35.2 mmol) (10 mL)
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12 (10 mL)

( 50 10 1)
13(0.60 g, 93%)
'H-NMR (300 MHz, CDCl3)&: 1.53 (3H, d, J=7.1 Hz), 4.28 (1H, q, J=7.1 Hz), 7.18-7.40

(7H, m)
IR (NaCl) vmax : 2990, 1703, 1478, 1446, 1379, 1326, 1252, 1189, 1133, 1079, 1036, 929,
754, 682 cm’!
Me CHs Me CHs
KOH |
CO,Me EtOH CO,H
22b (rac)-14
2-(2-Methylphenyl)propionic acid (14)
50 mL Methyl 2-(2-methylphenyl)propionate (22b) (0.70 g, 3.92
mmol) (10 mL) (2.20 g, 39.2 mmol) (10 mL)
12 (10 mL)
( 50 10 1)

14(0.55 g, 86%)
'H-NMR (300 MHz, CDCl3) &: 1.50 (3H, d, J=7.1 Hz), 2.38 (3H, s), 3.99 (1H, q, J=7.1
Hz), 7.16-7.29 (7H, m)

IR (NaCl) Vinax : 2987, 1698, 1494, 1455, 1409, 1375, 1326, 1240, 1172, 1065, 940, 867,
758,729, 646 cm™

Cl  CHs; Cl  CHj
(R)-PEA z
COH acetone COH
(rac)-13 (S)-13
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2-(2-Chlorophenyl)propionic acid (13)
(rac) 2-(2-chlorophenyl)propionic acid (13) (200 mg, 1.08 mmol)

(R)-(+)-phenylethylamine (131 mg, 1.08 mmo) (2.5mL)
(141 mg)
(2.0, 1.5, 1.0 mL) 4
76.5 mg 0°C 2 M HCI
(
50 10 1) (5)-13(46.8 mg, 23%)

'H-NMR (300 MHz, CDCl;) &: 1.53 (3H, d, J=7.1 Hz), 4.28 (1H, q, J=7.1 Hz), 7.18-7.40
(7H, m)
IR (NaCl) vmax : 2990, 1703, 1478, 1446, 1379, 1326, 1252, 1189, 1133, 1079, 1036, 929,
754, 682 cm’!
[o]p2=+80.4°(c=0.15 CHCL)
HPLC

HPLC

Chiralcel OD-H

Hexane / 2-Propanol / TFA=98/2/0.1 (v/v/v)

0.5 mL / min

Retention time R 282min S 35.4 min

Me CHj Me CHj;
(R)-PEA B
CO,H CO,H
acetone
(rac)-14 (S)-14

2-(2-Methylphenyl)propionic acid (14)
(rac) 2-(2-methylphenyl)propionic acid (14) (200 mg, 1.21 mmol)
(R)-(+)-phenylethylamine (147 mg, 1.21 mmo) (2.5mL)
(155 mg)
(2.0, 1.5, 1.0 mL) 4
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116 mg 0°C 2 M HCl

(
50 10 1) (S)-14(66.8 mg, 33%)

'H-NMR (300 MHz, CDCl5) &: 1.50 (3H, d, J=7.1 Hz), 2.38 (3H, s), 3.99 (1H, q, J=7.1
Hz), 7.16-7.29 (7H, m)
IR (NaCl) vmax: 2987, 1698, 1494, 1455, 1409, 1375, 1326, 1240, 1172, 1065, 940, 867,
758,729, 646 cm’
[ o Jp™> =+ 100.6 ° (c = 0.10, CHCl;)
HPLC

HPLC

Chiralcel OD-H

Hexane / 2-Propanol / TFA=98/2/0.1 (v/v/v)

0.5 mL / min

Retention time R 26.1 min S 29.7 min

G74C AMDase
1.5 mL (S)-2-X-phenylpropionic acid 1.0 mg 100
mM Tris-HCI (pH 8.5) 50 pL G74C AMDase
200 uL 250 pL 500 pL 37 °C
2MHCI 200 uL
HPLC
/'R\ G74C /?\
Ar” ~CO,H Ar” “CO,H
(RorS) (rac)
Sub. Ar R  Substrate Product
ee ee
1 Ph Me 99 0 (rac)
Ph Et 98 0 (rac)
13 2-CIPh  Me 99 66
14 2-MePh Me 98 88
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Kinetics

300 uL
1 M Tris HCI (pH 8.5) 50 uL
Substrate solution 100 uL

G74C mutant AMDase 50 uL

(1.0 mg/100 pL-0.125

mg/100 pL)
1.5mL 35°C 10
5 (
M HCl HPLC
Lineweaver-Burk K
I'? G74C R
Ar” CO,H Ar” CO,H
(RorS) (rac)
Sub Ar R Km kcat kcat/ Km Relative
(mM) Y (mMst)  Activity
1 Ph CHs 17.4 1.34 0.077 100
2 NaphthylCH3 31.4 18.8 0.60 720
3 Thienyl CHj 75.4 20.7 0.27 350
4 Ph NH» 3.90 0.015 0.0038 14
5 Ph OH 55.6 0.59 0.011 5
6 Ph CoHs 4.63 0.032 0.0070 23

13  2-MePh CHj 48.47 0.028 0.00058 0.75
14  2-CIPh CHs 51.17 0.0062 0.00012 0.15

2-Deutrium-2-phenylpropionic acid (23)

)C\Hs H*, MeOH )C\Hs LDA, THF
Ph™ “CO,H Ph™ ~CO,Me DO
H3C;<D KOH, D,0 H3C)<D
Ph COZMe Ph COZH
23

kcat
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2-phenylpropionic acid LDA

100
23
'H-NMR (300 MHz, CDCl3) &: 1.51 (3H, s), 7.23-7.36 (5H, m)
IR (NaCl) vinax : 3032, 2659, 2546, 1706, 1603, 1510, 1459, 1408, 1293, 1231, 940, 835

-1

cm
G74C AMDase
CHsg
Ph” “CO,H Ph™ S Ph” “CO,H
2 O@ 2
23 G74C AMDase 24
HsC D HsC D
PhXCOZH blank Ph”” >CO,H
1.5 mL 2-Deutrium-2-phenylpropionic acid (23) 2.0 mg
100 mM Tris-HCI1 (pH 8.5) 50 pL G74C
AMDase 200 uL 250 pL 500 puL 35°C
2 M
HCI 200 pL
NMR (o
G74C (24)

'H-NMR (300 MHz, CDCLy) &: 1.51 (3H, d, J=7.0 Hz), 3.74 (1H, q, ]=7.0 Hz), 7.24-7.33
(5H, m)

'H-NMR (300 MHz, CDCl5) &: 1.50 (3H, s), 7.25-7.32 (SH, m)

G74C AMDase
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CH3 CHj
1ICO,H G74C
CO,H - CO,

CO,H

S
3

decarboxylation

CHj CH,
G74C

CO,H CO,H

g
3

racemization

AMDase
AMDase Kit
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CO,H H", MeOH CO,Me
CO,H co,Me
4 5
Dimethyl 1,2-benzenediacetate (5)

1,2-benzenediacetic acid (4) (5.37 g, 27.6 mmol) p-
50 mL 6

5(5.98 g, 97%)
'H-NMR (300 MHz, CDCl3) &:3.67 (6H, s), 3.71 (4H, s), 7.18-7.30 (4H, m)
IR (NaCl) vy : 3028, 2953, 2843, 1738, 1497, 1434, 1338m 1257, 1162, 1091, 1010, 840,
754, 637, 573 cm™

COzMe KOH COZMe
COzMe MeOH, Hzo COzH
5 3

2-(Methoxycarbonylmethyl)phenylacetic acid (3)

Dimethyl 1,2-benzenediacetate (5) (5.56 g, 25.0 mmol) (1.40 g, 25.0
mmol) (20 mL) (4 mL)
5 (3.82 g,34.3%)
2M

3(5.91 g, 56.7%)

'"H-NMR (300 MHz, CDCl;) &:3.67 (3H, ), 3.71 (2H, s), 3.74 (2H, s), 7.12-7.30 (4H, m)

IR (KB) vmax : 2947, 1728, 1495, 1435, 1421, 1332, 1306, 1240, 1213, 1155, 1097, 1012,
932, 814, 747, 700, 674, 612, 562 cm”

mp 90-91 °C
CO,Me  NaB(OMe)3 OH
COzH 1,4-Dioxane CO,H
3 6
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2-(2-Hydroxyethyl)phenylacetic acid (6)
Sodium trimethoxyborohydride(5.40 g, 42.2 mmol) 1,4-

(20 mL) 2-(Methoxycarbonylmethyl)phenylacetic acid (3)(2.20 g, 10.5
mmol) 2 M
( I 1 1) 6 (1.60 g,
84.5%)

'H-NMR (300 MHz, CDCl;) &: 2.92 (2H, t, J=6.6 Hz), 3.88 (2H, t, J=6.6 Hz), 3.74 (2H,
s), 7.18-7.30 (4H, m)

IR (KBr) vinax : 2957, 1728, 1493, 1252, 1249, 1154, 1045, 1003, 754 cm™

mp 70-71°C

O~ O
CO,H DMF CO,Bn
6 7
Benzyl 2-(2-hydroxyethyl)phenylacetate (7)
2-(2-Hydroxyethyl)phenylacetic acid (6) (0.98 g, 5.50 mmol)
(0.94 g, 5.50 mmol) (1.97 g, 6.05 mmol) DMF

( 2 1) 7(0.96 g, 65.0%)
'"H-NMR (300 MHz, CDCl5) &: 2.90 (2H, t, J=6.6 Hz), 3.75 (2H, s), 3.81 (2H, t, J=6.6
Hz), 5.13 (2H, s), 7.16-7.38 (9H, m)

IR (NaCl) Vinax : 3410, 2958, 1742, 1493, 1454, 1397, 1371, 1263, 1159, 1043, 953, 789,
754, 698, 578 cm’!

OH oxd @CCHO
CO,Bn CO2Bn

7 8
7 8
7 (200 mg, 1.24 mmol) 2
Dess-Martin Reagent 0°C 12
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1 1) 8 (29.6 mg, 15%)

7 (200 mg, 1.24 mmol) 2

PCC 12 PCC

(

/ 3/1) 8 (33.2 mg, 16%)
0°C 2mL 170 mg, 1.2 mmol MS 4A (120
mg) chloramine T (30.9 mg, 0.13 mmol) N-tert-Butylbenzenesulfeneamide (1.1
mg, 6.18 umol) Benzyl 2-(2-hydroxyethyl)phenylacetate (7) (50 mg, 0.12 mmol)

(3mL) 0°C
TLC

'H-NMR (300 MHz, CDCly) &: 3.67 (2H, s), 3.74 (2H, d, J=2.0 Hz), 5.10 (2H, s),
7.16-7.36 (9H, m), 9.65 (1H, t, J=2.0 Hz)

OH IBX-Resin CHO
CO,Bn CH,Cl, CO,Bn
7 8

Benzyl 2-(2-oxoethyl)phenylacetate (8)

IBX-Resin(0.67 g, 0.73 mmol) (10 mL) 15
Benzyl 2-(2-hydroxyethyl)phenylacetate (7) (50 mg, 0.18 mmol) 9
IBX-Resin
( 3D

8 (27.9 mg, 57.7%)
'H-NMR (300 MHz, CDCl;) &: 3.67 (2H, s), 3.74 (2H, d, J=2.0 Hz), 5.10 (2H, s),
7.16-7.36 (9H, m), 9.65 (1H, t, J=2.0 Hz)
IR (NaCl) vy : 3032, 1731, 1714, 1495, 1455, 1409, 1273, 1170, 750, 699 cm’*

CHO H,, Pd/C CHO
CO,Bn EtOH COzH

8 1

198



2-(2-Oxoethyl)phenylacetic acid (1)
Benzyl 2-(2-oxoethyl)phenylacetate (8) (64.0 mg, 0.24 mmol)
3
Bn

1(24.0 mg, 56.5%)
'H-NMR (300 MHz, CDCl3) &: 3.66 (2H, s), 3.77 (2H, d, J=2.0 Hz), 7.19-7.34 (4H, m),
9.71 (1H, t, J=2.0 Hz)
IR (KBr) vmax : 2924, 1704, 1602, 1577, 1494, 1409, 1239, 1083, 930, 752, 712, 614, 551
cm’!
mp 85-87°C
Anal. Calcd for C;oH003, C: 67.39%, H: 5.66%, O: 26.95%, found C: 67.31%, H: 5.58%,
0:27.11%

CHO AMDase E:QLOH
CO,H ‘

CO,H
1 2
AMDase 1
2-(2-Oxoethyl)phenylacetic acid (1) (5.0 mg, 28.0 umol) 1 M Tris-HCI (pH
8.5)50 uL 250 uL  G74C AMDase 200 pL 35°C
12 2 M HCI
( 301

1 (4.6 mg, 92%)
'H-NMR (300 MHz, CDCl;) &: 3.66 (2H, s), 3.77 (2H, d, J=2.0 Hz), 7.19-7.34 (4H, m),
9.71 (1H, t, J=2.0 Hz)

G74C AMDase AMDase

CO,Me LiBH, OH
COzH THF CO,H
3 6
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2-(2-Hydroxyethyl)phenylacetic acid (6)
(3.33 g, 153 mmol) THF (20 mL)
2-(Methoxycarbonylmethyl)phenylacetic acid (3) (7.96 g, 38.2 mmol)THF (30
mL) 0°C

6 (6.36 g, 92.3%)

'"H-NMR (300 MHz, CDCly) &: 2.92 (2H, t, J=6.6 Hz), 3.88 (2H, t, J=6.6 Hz), 3.74 (2H,
s), 7.18-7.30 (4H, m)

IR (KBI) Vimax : 2957, 1728, 1493, 1252, 1249, 1154, 1045, 1003, 754 cm”

mp 70-71°C

MOMCI
OMOM
OH i PrLEN
COZBI'] CH2C|2 COan
7 13

Benzyl 2-(2-methoxymethoxyethyl)phenylacetate (13)
Benzyl 2-(2-hydroxyethyl)phenylacetate (7) (4.03 g, 14.9 mmol)
Ethyldiisopropylamine(5.2 mL, 29.8 mmol) (30mL) 0°C
Chloromethyl methyl ether(2.26 mL, 29.8 mmol)

( 2D
13 (4.67 g, 99.8%)
'H-NMR (300 MHz, CDCly) &: 2.93 (2H, t, J=7.0 Hz), 3.25 (3H, s), 3.70 (2H, t, J=7.0
Hz), 3.75 (2H, ), 4.55 (2H, s), 5.13 (2H, 5), 7.15-7.37 (9H, m)
IR (NaCl) vimax : 2947, 1737, 1495, 1455, 1377, 1255, 1149, 1108, 1032, 916, 752, 699 cm’

LDA OMOM
OMOM  cico,Bn ©§/
COZBn
©CC/OZBn THF
COan
13 14

Dibenzyl 2-(2-methoxymethoxyethyl)phenylmalonate (14)
—78 °C (249 mL, 17.8 mmol) n-
(11.1 mL, 17.8 mmol) LDA THF (20 mL)
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Benzyl 2-(2-methoxymethoxyethyl)phenylacetate (13) (4.67 g, 14.8 mmol) THF
(20 mL) 10 (2.53 mL, 17.8 mmol)
—78 °C 3
( 9 1-3 1)
(2.26 g, 48.4%) 14 (3.18 g, 47.7%)

'H-NMR (300 MHz, CDCl;) &: 2.92 (2H, t, J=7.0 Hz), 3.13 (3H, s), 3.66 (2H, t, J=7.0

Hz), 4.42 (2H, s), 5.11-5.22 (5H, m), 7.19-7.47 (14H, m)
IR (NaCl) vmax : 3032, 2948, 1736, 1497, 1455, 1377, 1265, 1213, 1147, 1109, 1030, 916,

752, 698, 608 cm

OMOM OH
Me3SiBr
COan C02 Bn
CH,Cl,
COan COan
14 15

Dibenzyl 2-(2-hydroxyethyl)phenylmalonate (15)
MS 4A Dibenzyl
2-(2-methoxymethoxyethyl)phenylmalonate (14) (3.00 g, 6.68 mmol)
(40 mL) (3.53 mL, 26.7 mmol)

( 3D
15 (2.00 g, 70.9%)
'H-NMR (300 MHz, CDCl;) &: 1.57 (1H, s), 2.88 (2H, t, J=6.6 Hz), 3.76 (2H, t, J=6.6
Hz), 5.11-5.22 (5H, m), 7.19-7.47 (14H, m)
IR (NaCl) vmax : 3439, 3032, 3951, 1735, 1497, 1455, 1376, 1213, 1143, 1042, 751, 698,

612 cm’
OH CHO
©§C/C)28n % @Ccozsn
212
COan COan
15 16

Dibenzyl 2-(2-oxoethyl)phenylmalonate (16)
IBX-Resin(0.30 g, 0.32 mmol) (10 mL) 15
Dibenzyl 2-(2-hydroxyethyl)phenylmalonate (15) (30 mg, 0.074 mmol)

201



IBX-Resin
( 2 D
16 (25.1 mg, 84.2%)
'H-NMR (300 MHz, CDCl;) &: 3.74 (2H, d, J=2.0 Hz), 5.11-5.22 (5H, m), 7.16-7.36
(14H, m), 9.65 (1H, t, J=2.0 Hz)
IR (NaCl) Vmay : 2957, 1728, 1493, 1252, 1249, 1154, 1045, 1003, 754 cm’*

CHO . CHO
CO,Bn 2 CO,H
EtOH

COan COZH

16 10

2-(2-Oxoethyl)phenylmalonic acid (10)
Dibenzyl 2-(2-oxoethyl)phenylmalonate (16) (25.0 mg, 0.062 mmol)
— 5

Bn

1) 10 (13.4 mg, 99.7%)

'H-NMR (300 MHz, CD;0D) &: 3.74 (2H, d, J=2.0 Hz), 4.95 (1H, s), 7.16-7.36 (4H, m),
9.65 (1H, t, J=2.0 Hz)

IR (KBr) Vinax : 2924, 1704, 1409, 1239, 930, 752 cm’

Anal. Calcd for C;;H;¢Os, C: 59.45%, H: 4.55%, O: 36.00%, found C: 59.43%, H: 4.24%,

0:36.33%
CHO X
co,H__AMDase OH
CO,H CO.H
10 2
AMDase 10
2-(2-Oxoethyl)phenylmalonic acid (10) (5.0 mg, 22.5 umol) 1 M Tris-HCI (pH
8.5)50 uL 250 uL AMDase 200 uL 35°C 12
2 M HCI
( 31
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1%) 2 (1.4 mg, 35%)
1 mL TMS-diazomethane

'H-NMR (300 MHz, CDCl;) &: 2.88-3.40 (2H, m), 3.80 (3H, s), 3.79-4.12 (1H, m),
4.81-4.94 (1H, m), 7.20-7.41 (4H, m)
IR (KBr) Vimax : 3330, 2970, 2710, 2600, 1705, 750 cm’'

cis

'H-NMR (300 MHz, CDCl;) &:3.05-3.12 (1H, dd, J=4.6 Hz, 16.0 Hz), 3.15-3.22 (1H, dd,
J=6.1 Hz, 16.0 Hz), 3.80 (3H, s), 4.11 (1H, d, J=6.1 Hz), 4.81-4.86 (1H, q, J=5.9 Hz),
7.20-7.41 (4H, m)

trans

'H-NMR (300 MHz, CDCl;) &:2.88-2.96 (1H, dd, J=6.2 Hz, 16.0 Hz), 3.32-3.40 (1H, dd,
J=6.9 Hz, 16.0 Hz), 3.80 (3H, s), 3.98 (1H, d, J=6.1 Hz), 4.87-4.94 (1H, q, J=6.1 Hz),
7.20-7.41 (4H, m)

CO,Me Na o
CO,Me toluene

CO,Me
5 17
Methyl 2-0x0-2,3-dihydro-1H-indane-1-carboxylate (17)
Dimethyl 1,2-benzenediacetate (5) (2.00 g, 9.0 mmol) (20 mL)
(0.40 g, 18.0 mmol) 12 2 M HCl
( 5 1) 17 (1.00 g, 58%)

'"H-NMR (300 MHz, CDCl;) &: 3.58 (2H, s), 3.96 (3H, s), 7.05-7.60 (4H, m), 11.0 (1H, s)
IR (NaCl) Viax : 1662, 1595, 1480, 1445, 1370, 1365, 1344, 1234, 1203, 1054 cm’®
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@Q:O NaBH, ®Q~0H
EtOH

CcOo,Me CcOo,Me
17 18
“co,Me co,Me
(1R, 2S)-18 (1S, 2R)-18
anti /
CO,Me “co,Me
(1S, 25)-18 (1R, 2R)-18

Methyl 2-hydroxy-indane-1-carboxylate (18)

0°C Methyl 2-0x0-2,3-dihydro-1H-indane-1-carboxylate (17) (100 mg, 0.52
mmol) (20 mL) (39.7 mg, 1.0 mmol)
12
(
1 1 0.1) 18 (46.6 mg, 46%)

'H-NMR (300 MHz, CDCl;) &: 2.89-3.40 (2H, m), 3.79-3.80 (3H, m), 3.96-4.11 (1H, m),
4.79-4.90 (1H, m), 7.19-7.41 (4H, m)
IR (KBr) vmax : 3376, 2955, 1727, 1458, 1436, 1340, 1302, 1280, 1219, 1172, 1049, 1018,
999, 835, 749, 709 cm”

mp 68-70°C
HPLC

Chiralcel OD-H

hexane / 2-propanol =25/ 1

1.0 mL / min

Retention time (1S, 2S) 16.0 min, (1S, 2R) 17.9 min, (1R, 2S) 21.9 min, (1R, 2R) 25.2 min

©i2:o Dry Yeast E;E>--||OH
EtOH

CO,Me “co,Me

17 18
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Methyl (1R, 2S)-2-hydroxy-indane-1-carboxylate ((1R, 2S)-18)
35°C 30 mL 400 mg 30
Methyl 2-Oxo0-2,3-dihydro-1H-indane-1-carboxylate

(17) (100 mg, 0.52 mmol) 24

( 1 1 0.1
(1R, 25)-18 (27.8 mg, 28%)

'H-NMR (300 MHz, CDCl;) &:3.05-3.12 (1H, dd, J=4.6 Hz, 16.0 Hz), 3.15-3.22 (1H, dd,
J=6.1 Hz, 16.0 Hz), 3.80 (3H, s), 4.11 (1H, d, J=6.1 Hz), 4.81-4.86 (1H, q, J=5.9 Hz),
7.20-7.41 (4H, m)

IR (KBr) Vi : 3376, 2955, 1727, 1458, 1436, 1340, 1302, 1280, 1219, 1172, 1049, 1018,

999, 835, 749, 709 cm’!
mp 68-70 °C

Br H*, BnOH Br
©/\/COZH Toluene ©/\/C028n

25 26
Benzyl 2-bromophenylacetate (26)
2-Bromophenylacetic acid (25) (4.30 g, 20.0 mmol) p-
(2.16 g, 20.0 mmol) (30

mL) Dean-Stark trap
( 3.1
26 (5.34 g, 87.6%)
'H-NMR (300 MHz, CDCl;) &:3.84 (2H, s), 5.17 (2H, s), 7.11-7.58 (9H, m)
IR (NaCl) vimax : 2969, 1741, 1692, 1497, 1440, 1369, 1291, 1215, 1156, 1058, 1028, 749,

698, 611 cm™
LDA, Br
Br CICO,Bn
COan
CO,Bn THF
COan
26 24
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Dibenzyl 2-bromophenylmalonate (24)
78 °C (2.93 mL, 20.9 mmol) n-

(13.3 mL, 20.9 mmol) LDA THF (20 mL)
Benzyl 2-bromophenylacetate (26) (5.32 g, 17.4 mmol) THF (30 mL)
10 (2.97 mL, 20.9 mmol) —78 °C

( 10 1) 26 (2.10 g, 39.5%)
24 (3.56 g, 56.8%)
'H-NMR (300 MHz, CDCl3) &:5.20 (4H, s), 5.34 (1H, s), 7.15-7.59 (14H, m)
IR (NaCl) vmax : 3033, 1737, 1498, 1473, 1455, 1375, 1301, 1215, 1144, 1022, 747, 697,

605 cm’
Br X _-CO,H
5 mol%Pd(OAc),
CO,Bn + ZCO,H CO,Bn
BU3N
CO,Bn P(o-Tolyl)s CO,Bn
24 CHLCN 23

Dibenzyl 2-[2-(2-carboxyethenyl)phenyl]malonate (23)
(0.41 g, 1.82 mmol) Tri-o-tplylphosphine(1.67 g,
5.47 mmol) Tributylamine(13.5 g, 73.0 mmol) Dibenzyl (2-bromophenyl)malonate (24)
(13.1 g, 36.5 mmol) (80 mL) (3.15 g, 43.8 mmol)
(20 mL)

23 (13.2 g, 84.3%)
'H-NMR (300 MHz, CDCl3) &: 5.11-5.18 (5H, m), 6.32 (1H, d, J=15.6 Hz), 7.24-7.61
(14H, m), 8.04 (1H, d, J=15.6 Hz)
IR (KBr) Vinay : 2363, 1735, 1696, 1626, 1319, 1222, 1146, 946, 749, 698, 552, 515 cm’™'
mp 107-109 °C

AN COzH TMSCHzNZ AN COzMe
CO,Bn MeOH CO,Bn

CO,Bn CO,Bn

23 27

Dibenzyl 2-[2-(2-methoxycarbonylethenyl)phenyl]malonate (27)
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Dibenzyl 2-[2-(2-carboxyethenyl)phenyl]malonate (23) (3.86 g, 8.68 mmol)
(10mL) TMS

300 27 (3.47 g, 89.9%)
'H-NMR (300 MHz, CDCl;) &: 3.78 (3H, s), 5.12-5.22 (5H, m), 6.31 (1H, d, J=15.8 Hz),
7.23-7.56 (14H, m), 7.94 (1H, d, J=15.8 Hz)
IR (NaCl) vinax : 3033, 2951, 2002, 1728, 1637, 1486, 1455, 1376, 1173, 976, 863, 751, 698,

603 cm™
CO,Bn THF CO,Bn
CO,Bn CO,Bn

27 28
Dibenzyl 2-[2-(3-hydroxypropenyl)phenyl]malonate (28)
(0.76 g, 35.0 mmol)  Dibenzyl

2-[2-(2-methoxycarbonylethenyl)phenyl]malonate (27) (3.90 g, 8.7 mmol) THF (60
mL) (

5 11 1) (1.32 g, 33.8%) 28
(1.01 g, 27.7%)
'H-NMR (300 MHz, CDCl;) &:4.22 (2H, d, J=5.3 Hz), 5.06-5.17 (5H, m), 6.09-6.18 (1H,
dt, J=5.3, 15.6 Hz), 6.77 (1H, d, J=15.8 Hz), 7.21-7.43 (14H, m)
IR (NaCl) vmax : 3396, 3032, 2949, 1725, 1497, 1454, 1375, 1308, 1254, 1153, 1080, 1010,

970, 750, 728, 697 cm”

X OH . Xx. _CHO
CO,Bn IBX-Resin CO,Bn
CH,Cl,
CO,Bn CO,Bn

28 22

Dibenzyl 2-[2-(3-oxopropenyl)phenyl]malonate (22)

IBX-Resin(1.00 g, 1.06 mmol) (20 mL) 15
Dibenzyl 2-[2-(3-hydroxypropenyl)phenyl]malonate (28) (0.21 g, 0.51 mmol)
IBX-Resin
( 2 1
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22 (117.4 mg, 55.4%)
'H-NMR (300 MHz, CDCl5) &: 5.05 (1H, s), 5.20 (4H, s), 6.21-6.59 (1H, dd, J=7.7, 15.6
Hz), 7.21-7.43 (14H, m), 7.67 (1H, d, J=15.6 Hz), 9.47 (1H, d, J=7.5Hz)
IR (NaCl) Vmay : 2957, 1728, 1493, 1252, 1249, 1154, 1045, 1003, 754 cm’®

Xx._-CHO CHO
H,, Pd/C
COan COzH
EtOH
COZBn COZH
22 19

2-[2-(3-Oxopropyl)phenyl]malonic acid (19)
Dibenzyl 2-[2-(3-oxopropenyl)phenyl]malonate (22) (200 mg, 0.48
mmol) 5

Bn

1 1) 19 (134 mg, 80.5%)
'H-NMR (300 MHz, CD;0D) &: 2.75 (2H, t, J=7.9 Hz), 2.97-3.06 (2H, m, J=7.9 Hz),
4.53 (1H, m), 7.16-7.36 (4H, m), 9.68 (1H, t, J=1.6 Hz)
IR (KBT) Vinax : 2924, 1704, 1602, 1577, 1494, 1409, 1239, 1083, 930, 752, 712, 614, 551
cm’!

Anal. Calcd for C,H 2,05, C: 61.01%, H: 5.13%, O: 33.86%, found C: 60.92%, H: 4.97%,
0:34.11%

CHO
co,H __AMDase _ Aoon
CO,H CO,H
19 20
AMDase 19
2-[2-(3-Oxopropyl)phenyl]malonic acid (19) (5.0 mg, 22.5 pmol) 1 M Tris-HCI
(pH 8.5)50 puL 250 uL AMDase 200 uL 35°C
24 TLC
2 M HCl

208



19

209



210



Enzymatic Synthesis of (R)-Flurbiprofen, Yosuke Terao, Yoichiro Ijima, Hitoshi
Kakidani, and Hiromichi Ohta, Bull. Chem. Soc. Jpn., 2003, 76, 2395-2397

Introduction of single mutation changes arylmalonate decarboxylase to racemase,

Yosuke Terao, Kenji Miyamoto, Hiromichi Ohta, Chem. Commun., 2006, 3600-3602

Improvement of the activity of arylmalonate decarboxylase by random mutagenesis,
Yosuke Terao, Kenji Miyamoto, Hiromichi Ohta, Appl. Microbiol. Biotechnol. 2006, 73,
647-653

Inversion of enantioselectivity of Arylmalonate decarboxylase via site-directed
mutation based on the estimated reaction mechanism, Yosuke Terao, Yoichiro [jima,

Kenji Miyamoto, and Hiromichi Ohta, J. Mol. Catal. B:Enzymatic, 2007, in press

The aldol type reaction catalyzed by arylmalonate decarboxylase — a decarboxylase
can catalyze an entirely different reaction, aldol reaction -, Yosuke Terao, Kenji

Miyamoto, and Hiromichi Ohta, Chem. Lett., 2007, in press

Inversion of enantioselectivity of asymmetric biocatalyticdecarboxylation by
site-directed mutagenesis based on the reaction mechanism, Yoichiro [jima, Kaori
Matoishi, Yosuke Terao, Nobuhide Doi, Hiroshi Yanagawa, and Hiromichi Ohta, Chem.
Comm., 2005, 877-879

(R)-1-Phenyl-1-ethylammonium(R)-2-hydroxymethyl-2-(2-naphthyl)propanoat,
Shigeru Ohba, Tomomi Tsutsumi, Yosuke Terao, Kenji Miyamoto, Hiromichi Ohta,

Acta Cryst., 2005, E61, 01283-1285
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Moditying the function of arylmalonate decarboxylase by site-directed mutagenesis
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Ohta, 7™ International Symposium on Biocatalysis and Biotransformations, Delft (the

Netherlands), 2005.7.3-7.8

Modification of the Function of AMDase by the Introduction of Mutation
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2005 International Chemical Congress of Pacific Basin Societies (Pacifichem 2005),
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Introduction of Single Mutation Changes Arylmalonate Decarboxylase to Racemase,
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