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A DAIE R DA SE B3 B A, 5 o 4 0 3 1 S5
FETE, AN B ASHR | ALHE-SE I | AL - R
(R LR TR PR A

& Z A7 P 3 (Levetiracetam) 4 2% 24 71 4 (S)-a-
LI -1- LR Ao, 2 — T Z Tk 5 Ao
RACE YRR UBIR 25 . 2R T HR BUR
B, AEERRA, ORI B A, AR
JERT A 100%, & —FhEsk . sRIE /NG T T
WO 2y, BATHGE R R E" Y, (R,S)-0- 2 3E-2-
AA- 1-MERE ot IR R IR A 7 2o S hr P 3H i L S rp
R, — 5 A BGER R X (R,S)-0- 2,5 -2-5-1-
M e £ R FH R A T A AR 43, 3RAS i e ol
f(S)-0- £ 5-2-58- 1ML e R W R, AniEl 1, F
U OV P 7 P T I 219 2 T R T B R P UK fi
(S)-0-ZHE-2-4A- 1-MEHE e £ R 2T, il 45(S)-0- £ 3
2% 1-NERE B R, WRWIHREE 12 g/L, JUV 24 h,
FRARTN ee {HA> BN 48%F1 99%; ‘B &M g
Pl it 5 AR 2F AT B B M K R (R)-0- £ B -2- 5 - 1-
MR be TR R , T 45 (S)-0- £ 2E-2- - 1-E IS e £
BRHIE, WU 20 g/L, KW 13 h, b
54.04%, ee fHiEF] 99.9%. ik T2 Ryt
BAL, MELLSCEL Tl Ak, 2R T Z2E 8 1A ™
WAL B E R ESR, 5 A TE T . SRR
-1 7 R PR G o

(R,S)-ester (S)-ester (R)-acid

1. EPMELIRS R S)-0- CE-2-F-1-ML g kT O BL R B
Figure 1. Enatioelective hydrolysis of rac-a-ethyl-2-
oxo-pyrrolidineacetic acid methyl ester catalyzed by

biocatalysts.
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NH,NO; 0.5, Ry 1.0, EAME 2.0, (R,S)-0-4
BE-2-%-1-ME g ot 1 H TR 1.0,

1.2.2 FFHH B Y s (g/L): KLHPO, 2.1,
KH,PO, 0.4, NaCl 0.1, MgSO47H,0 0.2, CaCl,
0.025, NH4NO; 0.5, WeEERy 1.0, ZE 1 2.0, B
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FA 10 mL 3 38 FR A 2 FHH (1 mg/mL)#1 12 mL
PVA FLAH, #ESEEIPFAR . PVA IRYIFLALIR L)
Wil 4. (1) ROIGEEPVA)FR : 2.0 g PVA LK ES
7K 800 mL fin# A f#, ¥4I, A 0.2 mol/L NaOH
VW E 2 pH 7.5 Ja ki€, FEZEZE 1000 mL,
AL 2% PVA KIFW. (2) =BUHITH PVA 7K
VI 450 mL, FEIIA(R,S)-0-2,F-2-48 - 1-ME Ay
CPRHE 150 mL, FSSRALR A HiRE, BUH
#FHEBCER) -
1.2.3 ZEfFEKESRE(e/L): K,HPO, 2.1, KH,PO,
0.4, NaCl 0.1, MgSO47H,0 0.2, CaCl, 0.025,
NH,NO; 0.5, BERRKS 1.0, &M 2.0, BilE 20,
1.2.4 RFFEREMI%EFFER(/L): K,HPO, 2.1, KH,PO,
0.4, NaCl 0.1, MgSO47H,0 0.2, CaCl, 0.025,
NH,NO; 0.5, BEEER 1.0, M 2.0, (R,S)-0-Z
HE-2-4-1-ME e SR H R 1.0
1.3 IR R,S)-0- 2 H-2-F-1-ME g be 2 R P
e ALK B 7 2

BAERTE. PRI 2 g BAEIA 30 mL KE 5
A 3ER KR, 30 °C. 180 r/min $EARIR % 30 min, M
B2 mL BB R & ARG IR, 30 °C 180 r/min
REIRFEFR 34 d, SRJEWIIR 2 mL AR S0 fif
BRI T, MLEE EERFE S K.

SRR« TG AR R KRB R IR
BB R 107, 107, 107, 107", B 0.1 mL
BWIRATERI T RS SR 3 b, 30 °C H557 3-5d,
365 nm ZEAMT T WS ERAE KRN, 5
M EHREUY B R M bk, Sl 2 alifk ZE 4liFh
DRAFTERNE RS 5 IR 5L

SO BB ek TR R AR R R R
FR3, 30 °C. 180 r/min FEIRIEFE 34 d. BUK
W, @It HPLC Kl , s BCR o RCR BAR 9 R A
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1.4 F=EREEHER Methylopila sp. exzy-L013 [#E
A 40 B Py i 2

SR A S - 180 R WO IO A 3K 2 T 4 [ 2 Ak
A FREL 0.6 g fEdE -5 — & B {AH Tris-HCI
2% ik (100 mmol/L, pH 8.0)&FEA X 100 mL,
IR s W fi LR R 0.1% (VIV), 221K
1 h, FAIOAN B RN 0.2% (VIV), 4k
SEaCHk 1 h, hIEKEER .
1.5 [EE L B fE ALK i (R,S)-0- 2 B -2-48 -1k
W e 2. TR FR i

300 mL ik 5 A4 2 - 500 mL A AL,
(R,S)-0- &, K& -2- % -1- ML W% e & TR Y I 24 e B2
200 g/L, VIAKHRNAFT, g 1.5%
(M/V), 200 r/min HUBEHEFE, SOVIREE 40 °C, H
20% (M/V) Na,CO; i 4i 4 pH 8.5 A fq o
1.6 SHrk
1.6.1 (R,S)-0-Z%k-2-5-1-Mit g b £ B8 F IR R H K
fEF=YIH HPLC 237 : HU— 8 5t /K i S i
HCl £ pH K 4.0 47, LIROFRAH, Bl—& &5
AU, ZART, MARSIAHER . Wi
IECKE - FBE © R OIR=80 : 20 : 0.2, Jiik
0.8 mL/min, IPEK: 210 nm, FEI 30 °C, JEFER
20 uL, KFEHE(Daicel) CHIRALPAK AS-H 250 mm>x
4.6 mm tAIEAE, PR BI04 5 i (eey) FTIL
K CHEANA-2)H5H.

ory _|[Sls ~[Slk 0 At
eas(%) ‘—[S]S_l_[S]R x100% 7 (1)

o\ Cs o Jp
C(A))—CP+CSx100A) A3(Q2)

K, [Sls F[S]r 735 Al S AR 7Y 5
M, eey H(S)-0- L FE-2-5-1-MLME bt £ 1R H i
XA R, Co ) IR EE IR, Cs MR
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e fLdi, MAE 1% (MVAY(R,S)-0-2 FE-2-
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PRZE A SO, WA I = Wy A Ui o LAYl 9 A
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AR A 8 77 T it/ g 17 6 P TR AR 2 T R
i, Z5RWE 2. St B P B EARWIE, PREK
A PGP TR R RN B 5 RS SR AL, 30 °C Hi 5%
3d, WEWEAT HPLC 4307, mIhiks 7 —rkaE
KT FRIK A (R,S)-0- £, FE-2-48- 1- ML o 2, T H i
PIBERE, XA E B 2OK AR R-F R, (R AGEL) S-
HITE, S-H R XT BLR L i (E ee>99% , KX IR Y]
HAw 4N exzy-L013,

2.1.2 HAMIESHAEIALEE KA cxzy-L013
RILEF LB BARREFR3E, 30 °C 855% 3-5 d, #kEL
PRIVEUEAT AR 22 R YL, 7E B AOBE TSR, TR
FLRFEAR, BN HHES], K/hR(0.3-0.4) pmx
(1.0-1.2) pm, R 2= R, BRIRRTE LB “FA I
VR S AURIEDE , thek#e5s, B2 0.5-1.0 mm,
FMMER, W, AOERE, FL . FE LU AR
HCA BRI R 7238 AR O28, DA .

HhEL . WIRE IR AR R B, AR AR R
A S B AEAR SR S SR, AR BAE AL RS,
BN 1o IR Rl A B A AR AR S B R
Methylopila [##k JZL-4""1%5 g AR .

B2 ZF1E[ B ¥R

Figure 2. Rhodamine B medium. Using rac-a-ethyl-
2-oxo-pyrrolidineacetic acid methyl ester as the
inducer and Rhodamine B as the indicator.

Rz 1. EFk exzy-L013 £ IB4E LAFE
Table 1.
strain cxzy-L013

Physiological and biochemical tests for

Characteristics Results | Characteristics ~ Results
Lysine decarboxylase - Sucrose +
Arginine decarboxylase — Glucose +
Ornithine decarboxylase — Raffinose +
O-nitrophenyl-f-D-

galactopyranoside - Xylose +
(ONPG)

Oxidase + Maltose -
Catalase + Citrate -
Voges-Proskauer (V-P)  — Esculin -
Urea + H,S production —
Methyl red (MR) - D-sorbitol +
Starch + Dichloromethane —
Gelatin - Methanol +
Casein + Gelatin -
Nitrate reduction to nitrite + Indole +

+: growth or positive; —: not growth or negative.
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2.1.3 16S rRNA 73 FAEME%RE : DIFIME cxzy-L013
FEDN A Al , >R s A 514 27F F 1492R AT
PCR ¥'1, H4 8 e 58 th A= TAE W TR (i)
Iy A PR A RIEA T, 16S tDNA JFAIK N
1411 bp, ¥iZF4I1E NCBI Rl | ] BLAST ¥R
GenBank HHHCEEAY 16S tDNA 41, Fitf 4%
TERR[RIEE LY, R I E 5 Methylopila oligotropha
strain 2395A . Methylopila musalis strain MUSA |
Methylopila jiangsuensis strain JZL-4 45 98% 4 #H{L)
PE, Z R 16S IRNA JE K741 1) R GE AL an &
3, # k5 Methylopila oligotropha strain 2395A £ %¢
RBRRZENEY, 456 WHRIEE A J4E ALy
fiE, %E5%E cxzy-L013 Sy HHIEBRIR & (Methylopila)
Bt HAw 4 N Methylopila sp. cxzy-L013.

2.2 B & R

221 BEREAEFIBINENHEE: RGNS
SR BT A B — i R B T AR RCR I . R

95 - Methylopila sp. JICM
100

70 Methylopila turkensis

NV JHe 5 5 3 Ao 38 R B 0 A 40 i 2% 1T T A
—EREYMENY, PEE bR e . e
EAR R P HAB R R AR, 4351175 SR R FR 73 4L
B 05 3 LA T 15— T ko 71 5 £ 40 L Tl 15 2
DU S S A 100%, S5 5RE 4-A, SR T
W R 0.15% (VIV), 8158 PR AN S ) 1 3 i
o, T R BE (SR LI 5 TR R AC R M ABIRG
Uk s5 TN A A SR T, O (]
WA TRE . S R BEN 0.2% (V) & £l
RS s R Rm, BER XOKRIRE TR, FIRER
KA S E AT EEaSERAE 2 4G, &
B AR R, R E AR W
PR R A R R AN, 25 52 A3 b VS D0 o % [
SEACAN MBS R, LR s BEE O 100%, 455840
] 4-Bo fin A S - PR IR 3 1 i 4 7 1 5 fb
TG A I A, MREEE Ny 6 g/L, WG
JIRERK, S A TR

IS4
5w

28718 (LC133749.1)

Methylopila henanensis strain LYBFD3-162 (HM447243.1)

strain Sidel (KF728382.1)

Methylopila musalis strain MUSA (JQ173144.1)
100 Methylopila sp. YHT-1 (KJ017968.1)
98 Methylopila jiangsuensis strain JZ1.-4 (FJ502233.2)

Methylopila oligotropha strain 2395A (KC243676.1)

Hansschlegelia beijingensis strain PG04 (JQ034346.1)

Methylosulfonomonas methylovora strain M2 (U62893.1)

ngella methanolivorans strain CHL1 (KF726142.2)

Hansschlegelia zhihuaiae strain S 113 (DQ916067.1)
Hansschlegelia plantiphila strain S4 (DQ404190.1)

Hartmannibacter sp. DMGB13 (LN651198.1)
Rhizobium sp. 5086 (KC236648.1)

Rhizobium sp. BAB-4437 (KX350132.1)

| Ochrobactrum sp. strain Ktm-7 (MF405118.1)

100! Ochrobactrum sp. TCC-2 (KT820193.1)

44
100 95 cxzy-L013
99
56 Chenggangzha
48 o
SA|
100
—
0.005
[ 3.

Figure 3. 16S rDNA phylogenetic tree of strain cxzy

BEFk exzy-L013 B9 16S rDNA R4 % B #

-L013. The numbers on branches indicate bootstrap values.

The tree rooted was constructed by Kimura-2-Parameter model and N-J method with bootstrap values calculated

from 1000 resampling. The numbers at each node that
parentheses represent the sequences accession number i

actamicro@im.ac.cn

indicate the percentage of bootstrap supporting. Numbers in
n GenBank. Bar=0.5% sequence divergence.
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Figure 4.
glutaraldehyde; B: diatomaceous earth.
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i 5. A P R i, RS LSRR R T
Rfas . MEEIRMREE R 100 g/L i}, HUBHE X E 5
K 419.5 Ulg, BCETEGE ISR N 75.9%, 2HHLHk
JEib g, PIREREME UK B IS AN L, Bk
JERH T -
2.3 BRI fL B
2.3.1 IREM pH XEEE SR AN A 1 A
L 43S0 i 240 M 1 b A R T 1 T T
DU S 100%, 25 R ANE] 6-A i B 41 Y
I iE I EE N 35 °C, M E LAl 40 °C. [ilxE
LA IAE 50 °C {108 B 80% Lk LT , Al 25 24
MR EEIE N YRR TE . AW pH T, 43510 5E 1%
5 M T S A 20 R T R A S L DR R S
100%, 45 R A&l 6-B., il 23 41 i i fic i pH oy 8.0,
1[5 E AL A B R 8.5, Il 7 1 A% 1 0.5 A4~ 5
B, EEAL AN AN TR pH Y 0 A 1 BA 538 T
Ui S 2 M o P 2 A L5 T e 4 L S A AN [
WLEE T ORI 6 h, TG AR E R INEL 7-A. fE

Effect of immobilized reagent concentration on activity of immobilized cells. A: polymine and

3045 °C vt il P [ Ak 4 B AT R B 90% A - %)
ARG, 75 50 °C Wi B OR B 45.6% ) 6
Mg, i E A 2R AT DR B 83.8% ) 4 Tl 17
BT B A0 B P TR BE RS MR AT L FE 4 °C KRl B AN
if 55 [ A 4t i 433l 6 AN [R) pH R A3 24 h, pH
FaErEnE 7-B. 7E pH 6.0-7.0 JEEI, [HEfk
A4t e % il % B S R TR S A, 7E pH 7.0-10.0
0 FEL Y, T A 20 R A il 3 AT DR B D46 N Y

90%LA I, KB EAM pH 1& W8 B 2
2 B 5
90 —— Activity recovery
80 [ Specific activity 4525
2 —_~
S 70k Lo
5 6ol 452
5 z
250t Z
ENE 1325 3
= =
230F 1225 g
20 . 7]
10 I__.E! 1 . 1 . 1 . 1 . - 1l 125
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& 5. EAEXEE HEEER R

Figure 5. Effect of cell addition on activity of

immobilized cells.
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232 BB FXEEZW: 50 EmA

10 mmol/L AN [ 4x e 25— Ji5 iife 25 241 A 15 i1 2 fh 2
FEL 0 S L DU N4 IR B B S (CK)
100%, ZEHRANEN 8, 4 Jm B 7% [ i 1k 4 Mo Fniie
BN A 2Z AR, Cu*™. Mn®", Ca® REfE 7 il
i, Zn*" | Fe* XIMHEAT —Emmbl, Hihsm e
EROL A A

2.3.3  HHLEFI N EEE W 2 A [F AL
Vs R0 6 RS BB R, AR IS ML TR R X B
(CK), 3503 5 AN [) A5 ALV T S i P Wi g A i
S E AR N 1 h AR, RO 25 R ANk 2,
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Effect of temperature (A) and pH (B) on enzyme’s stability.

180
I Free cell

150 ¢  Immobilized cell

120 ¢

90 r

60

Relative activity/%

30

CK Zn* Cu?»* Mn** Ca** Fe* Fe* K*
Metal ions

El 8. &£RBEFIEENIIE
Figure 8. Effect of various metal ions (10 mmol/L)

on enzyme’s activity.
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&2 AREBHAFIXESES
Table 2.
activity in aqueous solution

Effect of various organic solvent on enzyme

Organic Solvent . Conversion -Conver.si.on of
solvent concentration/%  of free immobilized

(VIV) cells/% cells/%
CK 0 21.8 16.9
Methanol 10 14.9 13.8
Isopropanol 10 27.9 21.6
Tert-butyl 10 22.4 18.5
methyl ether 30 12.5 14.8
Toluene 10 29.6 27.3

30 6.9 14.7
n-hexane 10 25.4 21.6

30 3.8 11.9

10% ) FY Xt TG A IPE T, 10%0) 55 N
FIOR . IE O R xt B G A B AL E T . 30% 2%
FIE CBeXT B A BT R AR, (EAH L 25 40
JL, %k E A A s s, 2R B E Ak A i
A HLEEFNIE S e i o AN [FA BILIES 700 0 I 25
21 e 0 [ T A 0 i B B R M A B Y s )
(S)-0- 2, 5 -2- 5 - 1- ML e 2, i Y 1R 1 X e it 1
{H ee, ¥IRT 99%.
2.3.4  BEBNSIFEWE : WE TR EE T i e
A T AL A M P S B2, ] Lineweaver-
Burk BUEIEUERIEHATIIZI G, nEl 9. JiFega
Ji5 1 AL A K G R 2 K 43518 3.59 mmol/L
1 3.85 mmol/L, V. A 0.35 mmol/(min-L)Fl
0.27 mmol/(min-L). FHE FFEiME, [k
1) K (B8R, AT RESE H T[] 5 T 40 B A% 5 B g 4
hn, SR Y SRR I
2.4 [ ALK R,S)-a- 2 FE-2-5 10l
ngbe 2 R A i

(R,S)-a- & KE-2-%- 1 - ML & Bt £ R HY i 22 [#] 7
LAl 20 h, (R)-o-Z36-2-5-1-NERE e £ 1 H
R C 2 WE 2K MR , PR BB (S)-a- & BE-2-

10
=
g
-
S
g
g
> I—e—Free cell
|—+—Immobilized cell
| 1 1 |
-0.4 -0.2 0.0 0.2 0.4

(mmol/L)/S

9. B RIE R FRDKE H R H ]

Figure 9. Double reciprocal of enzyme reaction rate

and substrate concentration.

1ML BE TR, 155 47.8%, Wikt
=1l ee, i 99.4%. FIH HPLC 434 T /K% 6 h Al
20 h ITELL, il 10,

25 BEECY IR

W 11 2 AL SR 1.5 B4 T2 0% 20 h
Ja . ShUEKBER R R N, 25 51 E AL A
MdrEfasett, 45RA0M 11, [ E b 4 el
R 12 G AT AT OR FR W) AR B 1Y) 80% LA |, Hi%EZk
i 6 WA ERE A /MG BT, AT gt T s
LR R SSIR E RRALC R 20 L s, WD IR AL
JRBA Ty o 2N AL A LA R A AR R

3 Hik
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Resolution of rac-a-ethyl-2-oxo-pyrrolidineacetic acid methyl
ester by immobilized cell

Likun Zhang', Yanming Xiao' , Minfan Qian', Yanbing Yan', Jingya Li*

! Zhejiang Engineering Research Center of Industrial Biocatalysis and Transformation, Changxing Pharmaceutical Co., Ltd., Changxing
313100, Zhejiang Province, China
? College of Chemistry and Molecular Engineering, Zhengzhou University, Zhengzhou 450001, Henan Province, China

Abstract: [Objective] We screened and identified a strain capable of enantioelectively hydrolyzing rac-a-ethyl-
2-oxo-pyrrolidineacetic acid methyl ester, followed by using immobilized cells to catalyze the racemic ester.
[Methods] We used rac-a-ethyl-2-oxo-pyrrolidineacetic acid methyl ester as esterase induction in the medium
inoculated with soils to enrich the target microorganism. The strain with high activity for enantioselective
hydrolysis of rac-a-ethyl-2-oxo-pyrrolidineacetic acid methyl ester was identified by 16S rRNA sequence analysis,
morphological observation, physiological and biochemical properties. We optimized the immobilization conditions
of the strain, studied the catalytic properties and operated stability of immobilized cells. [Results] We isolated a
gram-negative bacterial strain which was identified as Methylopila. The optimal immobilization conditions were
shown as follows: 0.15% (V/V) of polymine, 0.2% (V/V) of glutaraldehyde, 6 g/L diatomite and 100 g/L cells.
Compared with free cells, the optimum pH of immobilized cells changed from 8.0 to 8.5, the optimum temperature
changed from 35 °C to 40 °C, the stability of pH and temperature was improved. Cu>", Mn>" and Ca®" can improve
enzyme activity, but Zn>" and Fe*" inhibited it. The organic solvent tolerance of immobilized cells was higher than
that of free cells. Affinity of immobilized cells with substrates decreased with the increased K, value. We used the
immobilized cells to catalyze rac-a-ethyl-2-oxo-pyrrolidineacetic acid methyl ester at the concentration of 200 g/L
for 20 h, the remaining substrate was (S)-ester with €6,>99.4% and the yield reached 47.8%. The relative activity of
the immobilized cells remained 80% after 12 batches. [Conclusion] We established a process to produce
(S)-a-ethyl-2-oxo-pyrrolidineacetic acid methyl ester from rac-a-ethyl-2-oxo-pyrrolidineacetic acid methyl ester by
Methylopila sp. cxzy-L013 immobilized cells as the catalyst, which has a great potential for industrialization.

Keywords: rac-a-ethyl-2-oxo-pyrrolidineacetic acid methyl ester, biocatalysis, strain screening, immobilized cells,

esterase
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