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JERIR (9) -E AR & O & i iR IEFEWT &
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Hil Ik g, (R) -2 M A ARG 5 T e ) 3
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HEWR, BEBR SN F H I BE TR I (R ) -Xf
BRI ECR o 2 SE R (B AR 5], - 2 S i
TRAE T HE B oo DL A7 e 1 Sk 11 T 2 i 1R B L 42
FEAL S (S) -XTBRAA , 38 L8 BRI 3 57 AR B B 52 R
THIE 2SR 1 2 ek, AT SEBIARE KRR (S) -2 2
TR 11 25 AR A e X 6 % P 45 2. Fotheringham
ST P A (R) - L TR A Th T 4 40 i/ 40 k-
PR B A5 PR 2 AL 100 mmol/L i 2-20 % T R
THIEA T 25 PO 245 22 S PP9 30 T rp a4 (S) -2-
TIETHR, MR 95% , ee 9% . FRA1/NAH" R
AR 5 = A EERE (R) -2 3 R A AL i/ i AL =
it/ A0 - F BR A AL 5 PR R S TV E 2-24 55 T IR AN
2-FARIR B e f, (S)-2- e TR A (S)-2-%
R K 85% T 83% , ee 433 h 99.3%
F199.6% . Hanson %% 5% I (R) -4 5L 1 & fk i/
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(8)-4-FAHARIE) 2 TRy SEaE R
PEALT PRI G 5 D AR 8 | X et 245 Bl T e 2L ) 5
BEFAER R Evans % OR AR BR G 0A A
JR(S) 4T H MR, AMUETE SR FPEBIFH, i
AW R A BB YE . Moseley %' R FHVE S 45 i
Pk, LA(R) - IR AR 7251773 (RS ) -
A-FORH AR B, A H N (R) -4- 5008 H 28082 iR

THIEHEALT], L 65% SR 99.0% ee il # 1 (S)-
4R H AR, (AF S PSR

AR (i1 BT CGMCC 4. 1037 24 i fiE
P (R) -4- 5K H AR AR S M (RS ) -4-0 % H &
R 25 THEAE R (S) -4-5 A H % IR (Scheme 1), )2
FERT T (RS) -4-95 % H 2 2 TH HE AL HL AN 49508
HABRPIA Xk iU 1.

NH, NH,
/@ACOOH Nocardia corallina CGMCC 4.1037 /©/\COOH
- 30°C, pH 7.0, 48h .
(RS)-4-FPG (8)-4-FPG

63% yield 99.2% ee

ER 1 B3R ICHE CGMCC 4. 1037 24 fifk (RS) -4-508 B 28R 2511 etk
Scheme 1 Deracemization of (RS)-4-FPG by whole cells of Nocardia corallina CGMCC 4. 1037

1 LG ERSY

1.1 LI

(R)-. (S)-FI(RS)-4-FRH AL (4-FPG) | 4-
TR HIIE R (4-FBFA) | 4-3 R I (4-FBA) I A
TCI /A, W% R IS CGMCC 4. 1037 g [
] K308 A= 0 T e D e B
1.2 TWAHE
L201 Bt REedtdisich: Hih 10 o/L, &
FIR2 o/L, ‘FAE 3 o/L, BERE 3 o/L, HRE—
B g/L, BEIR A 1 o/L, LKERREEO.3 ¢/L,
pH 7.0.
1.2.2 4 55 5% U 3 €545 R G CGMCC
4.1037 HE B PR T 5 mL £57:3L4, 28 °C L 100
rpm N EREERYRZ TG SR 72 he 1 mL SR 4%
Pl T34 100 mL K ;7R3 500 mL 25, 28
°C . 100 rpm F4kLEHEFE48 h, B.05(4 °C, 8 000 g,
20 min) YFRZMME. 4HAELFH 100 mmol/L BEFRHH 2% v
W (pH 7.0) Pk 2 IR, EHETEEMFZ i,
UL Ny 38 ¢ (TH) /L A0 B 20
AWy R TR I, BE1S ODg, AT 0.585 ¢
T E 4 /L.
1.2.3 PR 54 2 mL SOWIR G
100 mmol/L BEFRPPLGZ 0P, BAEWRENI(R)- 4-
S A R AR 508 R IS CGMCC 4. 1037 4
ML, FE—E B IR SO 8 h. UMK B L, R
VB W, o 3R A AR AT AT AE-HPLC A A

HPLC J5E FI Wb 4- 94 H 2002 P4 %o I A ik 32
AR E . SEAR BT P o 4 v T B 40 i
BN A (S) - 43008 H R R i (ol ).
SRR AR E SO RN PR AR Y (S) - -0
IR T K (mmol/L ).

1.2.4 (R)-4- A @M AR5 FI(RS) - 4-FH K
HaER AR R (10 mL) % 100 mmol/T.
PRI G s (pH 7.0) , 5 mmol/L(R)- 4-38 7 H
FAPREY 10 mmol/L(RS) - 4-F A HZA M, 29 mg (T
&) W35 £ C# CGMCC 4. 1037 4iJfe. 30 C |
150 rpm "N E b F5 R IR 7 S ek B — s I E) JOR:
BLOEBRAN MR IR, 43wl R R A A AT
A:-HPLC S AH HPLC PN b ik b 4-FoR H 2
PSR AR B2 AR IR . (S) - -5 H 2R
XA (ee) = (As-Ag)/ (Ag+Ay) x100% , H
H A T AN (S) - 4R H ZRFA(R) - 4-51
A% H 2 R 1 0 THT A

1.2.5 HPLC 43#7 (R)- 1 (S)- 4-FXEHEHIR
X WA R AL A F-PEAT A2 -HPLC 2347, 50wl )i
W, A SO WL 4g/L = 2 BRI 0 Vs v RN
100 pL 2g/L 2,3 ,4,6-PU-o- 7, I 3B -D-AH I ] 25 b
SRR TR (GITC) By S WG, 30 C R A4 15
min. .05 min, BU5 pl FiEWIERE. HPLC 544
H: C18 A (4. 6x150 mm) , #E{ 30 C; il
AH1: 20 mmol/L B — %4 (pH 3.8) /M5 (7/3,
v/v), i 1 mL/min, 20 min; Jizh4H 2: 20 mmol/
LB§ER 48 (pH 3.8)/Z M5 (1/1, v/v), Wik
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1 mL/min, 10 min. fJPEH 254 nm. (R)- F1 (S)-
A=A H 2 R AR X e S5 Al A Y Ok BRI TR] 23 S Ay
13.5 15,1 min. SR F I8 W P Y 4-5088 H 28R
AR 4- G0 Y E PP R | 4- 980K PP I B R FH SO
HPLC 73 #r. HPLC 454 k. C18 JZ AHH: (4. 6 x
150 mm) ,#E75 30 °C; 7 zhAH: 10 mmol/L M ER 4
Sl (pH 7.0)/HEE(9/1, v/v), Wi 1 ml/
min, A5 PP 212 nm. 4G5 H AR . 4-80C4
T | AR TG R R A O B IS TR 23331 0 2.4 4. 8 Al
6.4 min.
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(R)- -3 H W L AR UG s, 7R B e it
T o A A X A R FE R i PP A 2 -HPLC 43 #r
pH R EE. 54T pH R B XTI € iR 1K
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IR EETEPERRZ . S8 ERER 2% bl pH 5.0 3%
WiTE A 7.0 B, 20 ST AR SR T A R .
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Fig. 1 Effect of pH (a) and temperature (b) on the stereo-inversion of (R)-4-FPG
Reaction mixture (2 mL) contained: (a)100 mmol/L KPB buffer (pH 5-9), 5 mmol/L (R)-4-FPG, 2.9 g dwe/L,
30 C, 150 rpm, 8 h; (b) 100 mmol/L. KPB buffer (pH 7.0), 5 mmol/L (R)-4-FPG, 2.9 g dwe/L, 10 ~50 C,
150 rpm, 8 h. 100% activity corresponded to 0. 042 mmol/g dwe - h.

JEE P B AN MO . 5 58 T Ak B AN 4
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(R)- 4T T &M 3 M S SR 52 . (R)- 4-
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R 5 R ) 3G B N, 150 rpm B 35 B i
Ko ARIRG T S AR R R AR, ATRBE T
I 1 JoT e 336 BEL g R/ il A< et R A
2.2 (R)- 4+-mAFHEERIERE

TSR 25 F T, X SE €23 - (R P CGM-
CC 4. 1037 b (R) - 4-550R H &R v A4 S e it
T THF5E, SRR F AT A-HPLC 287 (R) -4-95
PR AN PSR R v uy ol AR N N £
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Fig. 2 Effect of substrate concentration (a) and cell concentration (b) on the stereo-inversion of (R)- 4-FPG

Reaction mixture(2 mL) contained; (a) 100 mmol/L KPB buffer (pH 7.0), 1 ~10 mmol/L (R)-4-FPG, 2.9 g dwe/L, 30 °C,
150 rpm, 8 h; (b) 100 mmol /L. KPB buffer (pH 7.0), 5 mmol/L (R)-4-FPG, 1.95 ~7.6 g dwe/L, 30 C, 150 rpm, 8 h

0.12

0.09

0.06

0.03

50 100 150

Shaking speed/rpm

200

Pl 3 PRz BEXT (R) - 4-508% H 2 BR Sz R S e 1) #

Fig. 3 Effect of shaking speed on the stereo-inversion

of (R)-4-FPG

Reaction mixture (2 mL) contained 100 mmol KPB/L
buffer (pH 7.0), 5 mmol/L (R)-4-FPG, 2.9 g dwe/L,
30 C, 0 ~180 rpm, 8 h
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(R)- XA L 5E 4, [INHRERE (S) - X A iy i
— R SRR e, (S) - 4-RURH &R ™
K 52% , ee99.5%. )5 mmol/L(S)-4-F AT R
A (R) X WLk 5 3 €2 3% R [G B CGMCC 4. 1037
ORI S (B 4b) , HOEER (S) -4-5 R H &
FRACHE, ARRMF (R) -XF WA =4 X g5 1L
(R) -XJ WARRESTAAR S Ay (S) - edAs, {HL(S) -xf ik
AR BESL AR B Ay (R) % edA, AATTHERR 1 40 i v
TH e BEA7TE Y 7] RE.
2.3 (RS)-4-mEHIBEHEWL

PL 10 mmol/L (RS) -4-5 A H A BRICE (R) -4-
P AR IR, SR AR AT A2 -HPLC 43
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Fig. 4 Time course of (R)-4-FPG stereo-inversion and (.S)-4-FPG metabolism by whole cells of Nocardia corallina CGMCC 4. 1037
(R)-4-FPG ([0), (S)-4-FPG () and 4-FBFA ( A)

Reaction mixture (10 mL) contained 100 mmol/L KPB buffer (pH 7.0), 5 mmol/L (R)-4-FPG (a) or 5 mmol /L (S)-4-FPG
(b), 2.9 g dwe/L, 30 C, 150 rpm
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B (RS) -4-F8 4 H 2 R 2% 1 e AL i 7 Hp P X A
MAEAE (B S) . MBS S BITE S W eI iy 4 h
JUE (R) XK B A SR S e, Hl Ttk — 2R AR
R ES) WAL AR, (S) X BRIARH S 1E I

Concentiation/(mmol/L)

0 10 20 30 40 50
Reaction time/h

5 IR 438 R IR CGMCC 4. 1037 ZHMIfEAL (RS) - 4-
TR H R 25 TH A P ) 7
Fig.5 Time course of (RS)-4-FPG deracemization by
whole cells of Nocardia corallina CGMCC 4. 1037
(R)-4-FPG (), (S)-4-FPG( <) and 4-FBFA( A)
Reaction mixture (10 mL) contained 100 mmol/L KPB
buffer (pH 7.0), 10 mmol/L (RS)-4-FPG, 2.9 g dwe/L,
30 C, 150 rpm

IV 24 h JFik B R, M IR e 4, BE
(8) -XF BRI EE G IEAR. 5 (R)-4-FAH &R T
TRECE AL, (RS) -4-F0% H 2 IRTE 48 h J5 251K lie
eog 4z, (S)-MWA" 4 63% , ee 99.2%.
2.4 (RS)- 4-BmEHEBEHRALVIBIREER

AW 2 A M AL T e AR IR 5 I e dk iy X &
A FR, HALI AT AR S AR R A% Chibata
4218 % Pseudomonas fluorescens F1 Pseudomonas
miyamizu FAEIAETL(R) RN Z R TP R F(RS) -
HRNAREWIE N (S) -HRNARE T WAL TR
(R)-HRWNARRE S61E (R) -2 1R LM T B
JSCAH I A P TR , 4% PN A2 B 5 308 3k e A B
JFAEAEEAE N (S) -ZRN AR, Kato 2173 i 5055
JIFSE Nocardia diaphanozonaria JCM 3208 2 T {1k,
(RS)-4-FANEIR LA K (R) -Z BRI
TN (S) - IE IR RS Tl

N TS AT BUEE] € VR FR TR CGMCC 4. 1037 4
HAEAL (R) -4- 9804 H 2R S AR S L (RS) - 4-550K
HRAREW IR, FATRAH HPLC B HA

M (R) -4-F A RS SU  (S) -4-FR =R
PRI (RS ) - 43508 H 2200 25 11 e Ak 3 A v i v )
(Bl 4a, 4b, [E5). 450K, 3 At fEdy
FEAE 4-FOR I IR, HORFETE 24 h ihis B EOK,
48 h B i 2. oAb, WATHFFE T K400
(RS)- 4-F AR HAE MR LR Zm (R 1), f£R
SAET, R AR AR i T, X s
FEH I (5 1 K FC B CGMCC 4. 1037 41 i i 4k
(RS) -4-F5R H 2R 25 1 e A6 ) v & — A~ (R) -4 3
R AL B AR (R) - MR 2 B 2 5 1 75 SR

x1 RESFEXM#EEFKE CGMCC 4.1037
AE(RS) - 4-AEHEREH LRI
Table 1 Effect of reaction atmosphere on the deracemization of

(RS)-4-FPG by whole cells of Nocardia corallina CGMCC 4. 1037

Reaction Reaction (S)-4-FPG ee
atmosphere time /h /(mmol - L") /%
Air 48 6.3 99.2
Ar 48 5.1 57.1

2 mL reaction mixture, 100 mmol/L KPB buffer (pH 7.0),
10 mmol/L. (RS)-4-FPG, 2.9 g dwe/L, 30 °C, 150 rpm, 48 h

FTH ek S A 28 HP i A R R o ST 75 1)
Sl S T O e R SRS T R, NAD') | il
T R ) Fn 2 U8 (SRR ) R RAAIG (S) 431
RHERRN 3. G IR R T il (57 W R
LRSS, PLP) Rl R (L- 2R ) A & % 2
B (S)-4- R H &R - (F2). XL RR
B, B (R S CGMCC 4. 1037 4l &4
K 4-5R HBE R BRI Akl (S) -4-980 H =R 1Y
(S) - R B AR (S) -2 HEmR I A .

R2 WHEIEFRKE CGMCC 4.1037 4k
-FEABRBELH(S)4-BEX SR
Table 2 Formation of (S)-4-FPG from 4-FBFA by
whole cells of Nocardia corallina CGMCC 4. 1037

(S)-4-FPG / ee
Additives
(mmol - L") /%
Control 3.6 100
30 mmol/L NH,CI + 4 mmol/L
3.4 100
Glucose+ 1 mmol/L NAD"®
30 mmol/L L-Glutamic
4.5 100

acid + 2 mmol/L PLP

2 mL reaction mixture, 100 mmol/L KPB buffer (pH 7.0),
5 mmol/L 4-FBFA, 2.9 g dwe/L, 30 °C, 150 rpm, 48 h
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HH AR SRS E AR M
B, AEA A AR EER. Pseudomonas
pudita LW -4 F1| FJ 2 HE R % 7% BiRe 25 H & R 1Y A
X W AACHE AL S R T IR R, B i AR L 2R
PR 25 v e AR i — AR 7). Flavobacterium¥F24'")
Pseudomonas pudita ATCC 12633 4iffa (1% (S) -4
BEFR LRSI (R) -2 BE 1 B 0 Bt o3 il Ak (S ) 4%
HRRR(R) -FRH ZIREAC AR PR IR, 7R ot
R E— D R 7R F I, I 5 e A WY e 3t Ui
T 5L AR IR,

TEFANTIFEFEH, 5 mmol/L (R) -, (S)-4-5A
H WA 10 mmol/L(RS) -4-57K H &M N iKY 5
PR (3% R FC T CGMCC 4. 1037 41 i 45 95 S 1 48
h, 4-508 H 2B 70 R 2% 48% | 43% F1 36% (K
da, 4b, [E5). fEX=A O R ER TR F] 4-
AR RSN, oA 3] 4-5508 . 408
PR 23 AR SOREIR T) D 12, 8 18 h i ik F) iR K,
24 h J5ERIHAR (£ 3).

A H ARSI FAT R S g4 2R, I I
53 G CGMCC 4. 1037 4L (RS) - 4-38
FH AR LW IAVEAREERE A . (R) -E IR
A AR (RS) -4-F808 H TR Y (R) - il 1A 5

NH,

R3 W#EEIEFKE CGMCC 4.1037 1k 4-
AR H IR LR 4-BE P
Table 3 Formation of 4-FBA during the metabolism of 4-FPG
by cells of Nocardia corallina CGMCC 4. 1037

Reaction 4-FBA /
Substrate
time /h (mmol - L")
5 mmol/L(R)-4-FPG 12 0.02
24 0
5 mmol/L (S)-4-FPG 8 0.025
24 0
10 mmol/L (RS)-4-FPG 8 0.043
24 0

TRy 4- 3R PR, e & 1E(S) -BIEMEL 2
BEHEAL T AL (S) -4-50 H . P ERY
PRI R EU(RS) - 4 H AR LM Efe. (R)-
45 H AU L (R) -2 B TR S AL M AL TE A
(19 43045 PP I PR R A v LA, 7 T P R A il
PRI 52460 4-5805 P e, 4950 Y i — 22 AR
. (S)-4-5R H ARG ] BE R (S) -2 2
TR e s I AR AL 114 7 308 e 2 B T B 4~ HY T Y
M, ARG5S (R) -4-508 H A R @ A2 etk 4-
T S — A (R 2).

(S)-amino acid transferase

O NH,
NCOOH (R)-amino acid oxidase MCO oH N\C OOH
- |l Tl
F/\/ 0, F)\/ F)\/
(RS)-4-Fluorophenylglycine A Moo bonoo dfonia 2oia (S)A-Flugronhenvlelveine
N 7 X v S FUIUVIVU plzZu ynv L aciu A P JESEy

4-Fluorobenzaldehyde

I o

o
F

4-Fluorobenzoic acid

lll

Final metabolites

P2 2 i) (35 B COGMCC 4. 1037 ZiHIfHEAL (RS) - 4-5508 H S B2 2591 e AL ML AR A2 4
Scheme 2 Proposed deracemizatic mechanism and metabolic pathways of (RS)-4-FPG by whole cells of
Nocardia corallina CGMCC 4.1037
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3 it

WA €5 3% < [ CGMCC 4. 1037 24 jfg v 1Y
(R) -2 IR EAEE/ (S) - FEBRFL RS WA 3 37 1A Ry
S AL (R) -4- 3808 H 2B IR R % (S) -4-F 8
HERR, M7 R RN ARESEAT. IE (it < 1K
& CGMCC 4. 1037 ZHfififEfL (RS) - 4-3 48 H =R 2
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Biocatalytic Deracemization of ( RS ) -4-Fluorophenylglycine
to (S)-4-Fluorophenylglycine by Whole Cells of
Nocardia Corallina CGMCC 4. 1037

XIA Shi-wen, XIONG Wen-juan, WEI Yan-chan, HE Cong-lin, XU Hong-mei
( College of Bio-informatics, Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract; Whole cells of Nocardia corallina CGMCC 4. 1037 were capable of catalyzing the stereo-inversion of
(R) -4-fluorophenylglycine to its (.S)-enantiomer, but not in the reverse direction. The effects of reaction condi-
tions on the stereo-inversion of ( R)-4-fluorophenylglycine were studied. Under the optimal conditions, Smmol/L
(R)-, and 10mmol/L ( RS)-4-fluorophenylglycine were stereo-inverted and deracemized to () -4-fluorophenylg-
lycine in 52% and 63% vyield, 99.5% and 99.2 % ee respectively. The deracemization process of ( RS) -4-fluoro-
phenylglycine was realized by two enzymatic reactions in the whole cells of Nocardia corallina CGMCC 4.1037.
(R) -4-fluorophenylglycine is oxidized to 4-fluorobenzoylformic acid by ( R)-amino acid oxidase, and 4-fluoro-
benzoylformic acid is converted to (.S)-4-fluorophenylglycine by (.S)-amino acid transferase. The metabolic path-
ways of both enantiomers of 4-fluorophenylglycin were also discussed.

Key words: Nocardia corallina CGMCC 4. 1037 ; stereo-inversion; deracemization; ( RS)-4-fluorophenylglycine ;

(S) -4-fluorophenylglycine



