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AXFFRIKER(R,S)-2,6- _HEXEFERARPEEFTEMN TS
B ELEEEEEENEE., KA
FIE, KEHE, KA, R

WL T R A ) SR TR e, WiV BT 310014

. [ HAY ] 08 % LR AT LR BEIE K i A 25 F R R Ay R A (R, S)-2,6- — F LA LS KL N 1R Y i
(MAP)RYIEBE, IFrebe . FXZERPARERBERER . [Tk ] IMAPME—BRIR, XHE IS TRt il iy
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PREREVERUK RS sk, ARIEHIEA . Az A AURRIE K 16S rRNAJFAN 0T, BfSLIZ RN R G K
B AL, AEZ R PR R SO, e SRAS & H B R SR T, IR S0 3 B R G [ A 3 e
HH, I SRR BARpET28a (D, F R EBL21Gold (DE3) plysS, HHEEARE., [ 455 ]
P E T 2 [RPIMERR, 4545 16S IRNASEA | JESRHIE A AR AL SCIR 2R, S 1N A e (T
B o RN SR, B T IZE PR ESEERL N EHest, IT AN EE T B4 KT E EHest-pET28a (+)-
BL21Gold (DE3) plysS, #ik T 2k HAchromobacter denitrificans 1104 H BAG AXIHRIK fEMAPIE P 9 s il
EHesterase, K/N#J27 kDa, FikEEE 2 RIGHEMERI27.16%, FEHesteraseflEfbMAP/K AR, KU E
50 g/L, SN h, JEYIFALFEN29.5%, IR ee, 985.1%, XTBUATEREME RIS, 12 1) S5 S
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wE Rz,

(R,S)-2,6-— H HIRFL A FL N IR H i (MAP)
BN PR . AR, KER . BRAMER
RERWR B HEAE, BATH R ZTY Fiz
WG R AR Z —, B A e
PEACZE™!, FEIRPY, R-(-)-XF BRI Pk HeS-(+)-%F
MR 3-1065 FETlidg b, AR R P
PRAAEH R R (RIARZ1597%), B bkt
7 B R, el AN I
AL RE S = B 24 8507 HLR /b 1 R B A BT rh
PR 2y, DRI AR TE A PR N
JRE L T /N % A A A B T AR B .
Ab, el i A R A AN i R —
e, HA Tz AT

TEAE PR R TAE i, — A REER
JEXT A AR, S)-2,6-— F BRI S Y 2 Y i
(MAP)#ATEY YR, W& 1. HHiE N MRIE
] LR PEYR I MAP R BER AR 24 . R
f§, dlLipase PS(CK HBurkhloderia cepacia,
Amano/AH]). Lipase OF (Candida rugosa). Lipase
QLM (4lcaligenes sp.)'*'. Lipase CRL (Candida
rugose)” . PSL (B M), CAL-B (RIth(
2 W hR) S B E B I BF Alcalase (Bacillus
licheniformis)h X Wi 554 # W Acylase Amano
(Aspergillus melleus)'™ ', A WHALT A
Burkhloderia sp. MC16-3F199-2-1"", % 2L {5
R B ST AR B A RAAY (W Lipase PS), A
SHI(MPSL), kMg, *fLipase PSHYMFSY HLEL

CH CH

WY, ParkZE AL THESY T Ml Lipase PS/MHR
BPR A MAPA = R-IFE R 5E 8 T2, BARH L
KT ZHAACNE, T2 IR L 1T
AP

ASCK A FH(R,S)-2,6- - H FEFRIL S PIR
5 (MAP) A ME—BRIF A RE R 5L, DTS R AR & P i
PEREKEMAPRI RN, SRIGEIEA . ARAL
FEIE B 16S rRNAJT 91 43 A1 XoF i 14 1) 14 TR A4 7 48
o FEMCEEAE I, IR SO SR AR
PRBRESEED o SRS, K FREN LR AR AT B
FroaRe ik, Saihod E A BRRE A B2~k T

1 AR 7

1.1 B

L1 RS MR RIR T K
1.1.2 BH: (R,S)-2,6-— F BEAE Lo L N % Y g
)k, A A R X Dy [ 2 o el BR
HE NI EESau3A 1, EcoR 1, Hind M. Antarctic
Phosphataselll) FNEB/y ] ; Ligation high Ver.2,
KOD FXIJ FToboyo/Ar]; DNA Marker
DL2000, DNA Marker DL10000/4 FTaKaRa/A
wl s ISR &, DNABER I &
PCRYEVEIRF & . BB DNA /N BUAF]  T
AxyPrep/A Al o

1.1.3 s WA (g/L): (NH,),S0,
2.0, KH,PO, 1.0, K,HPO, 1.5, MgSO, 0.2,
NaCl 1.0, (R,S)-2,6- —HUAEARILASENIR IR 10,

3 R H, \\CH3 CH, CH,
/ lipase and esterases S /
NH-CH-COOCH,; > NH-CH-COOH + NH-CH-COOCH,

CH

3

(R, S)-MAP

(R)-MAP acid

CH, CH,

(S)-MAP

B 1. EUEUTIKBRD(R,S)-2,6- —FEXE TR RELRE(MAP)
Figure 1. Enatioelective hydrolysis of methyl (R,S)-N-(2,6-dimethylphenyl) alaninate (MAP) catalyzed by

biocatalysts.
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Hok/KEA 21000 mL, FINaOHFEpHHN7.0, ¥
% [ A 35 #5 B (g/L) . (NH,),SO, 2.0, KH,PO,
1.0, K,HPO, 1.5, MgS0, 0.2, NaCl 1.0, Bl
15-20, (R,S)-2,6-—H FARFLH LN IR H K30, H
FKEARZ1000mL, FINaOHIHpHA7.0, 121 °CK
20 min, MIAGLIERRE S FEPIBE10 mg/L
VERFRR, ETm AL 5B (g/L): HHE 5.0,
FERERY 2.5, #ZBE 1.0, (R,S)-2,6- I BLIRILE
FLER g 10, K,HPO, 1.0, MgS0, 0.2, H3¥
JKEZZE1000mL, FINaOHIH I pHIE }7.0, 115°C
K20 min, REEREFRIE(g/L): BRFNRS.0, BERk:
Hr2.5, FAML.0, M 10, K,HPO, 1.0,
MgS0, 0.2, HEKEAZE1000 mL, FINaOHIH
FpHIE ~7.0, 115 °CKH20 min.

1.2 (R,S)-2,6-—AEREFRNR PR L ™Y
(FR) B S Dk

IEAHHPLCH FREMR A S A A =9 (FR) -
TN IECBE © FIEE=98 : 2 (MIA0.1%[) =
BLMR), WiH0.5 mL/min, AKHM484MNE+:220 nm,
FER30°C, HEFER10 L, KPEFETFPEODH250 mmx
4 mm, A Waters, AHHPLCH TR LR
YA (RR) . IBhHHZE NG + /K =60 : 40 (I
A0.1% = L), ikl mL/min, KEsMNEE
220 nm, 725 °C, #FEE10 uL, C #1250 mmx
4 mm, XIS B AE (ee) FURE ) S 5L LR (C) 1% LA
T

o | [SIs — STk
JEEW) eey(%)= ‘[Ss+ Sl x 100%
Plg — P
1) ee (%)= '[ P x 100%
R

x 100%

A AL CO o s
A, [SIsMILSTR I A i '43 SHIR T Y&
1w, [PlMIPIRGT AJESFIREL =W (IR 5 i, eeq
Flee, 5 B RHT R = 6 e i B
1.3 ARG
I . BUGTEISIerES 1 mL, FEAZEA 49 mL

EHERFRET, 30°C, 180 /mindE KIS d, B
W mL s S AR B R R e, R
B The . WU R R ERGE MRS IR A B
B FHABI T R 53, 30 °CH53R3-5d, B
T365 nmEBAHME T, WA VR A A Too ot AE
B KN, B PRBCERAMT T 2868 o B
MR AR T R B FR W, 30 °CHE R, #IRE:
180 r/min, ERTHURE, ZrHranf i fEfb g e
14 HF%EE
1.4.1 JESFAIAERE . KL 2] my @)
L TLBREAR IR R, 30 °CRigR2—4 d, WELHAH
IR . R/ BERSSRERHE, JERHE =
[CYefn, RADE: BAMEE10x100)%F Hlgk ,
PR A AR Ab 3 R T BLR VITEK 2 Compact
4 H A Y 5 B R GEASCRIE 2= QB EAT T 55
KGONHEA T
1.4.2 BEBRI16S rRNA FFI4HT: HISK8255k:
AP ZIDNA S0 S B 4 i ) 4 3 R
¢H, HEH27F/1492R5 ¥ (IEM S5 -AGTTTG
ATCCTGGCTCAG-3"; JIM5'-GGTTA
CCTTGTTACGACTT-3")i#£4716S rRNAMJPCRY"
Ha, PHE. 94°C 5ming 94°C45s, 55°C45s,
72°C90s, 30 ME¥; 72 °C 10 min, ¥ 3Ry
DNAHSK8131 DNAM: = M e & 2lifb f=
pMDI8-TEAZEH:, ZHEE TAY TR K
WA FRAE . P52 1 16S rRNAJFS 58
NCBI # R 791, FF#416S rRNAJTF I FERZMEIA
B4 7 (http://rdp.cme.msu.edu/index.jsubsp) Fl
BLAST (http://www.ncbi.nlm.nib.gov/blast/
blast.cgi) FFFA T/, 3853 Clustal XEXAHEA 7751 EE
X}, RHIMEGA 4.08 4 H 4R (Neighbor-Joining)
510007 Bootstrap i 4t -4 g ia) st i AL AR o
1.5 PR EEE LEBAEK#R,S)-2,6- 3
REFENRPER

$420 mL & BT 25 0 3R A5 TR R AR (2940 mg)
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R EE L2492 mL), 535A(R,S)-2,6-—H
FERIL G LN TR P FR (LR E10 g/L) . BEFRZE WPk
(100 mmol/L, pH 8.0). m:iE80 (Z¥kEE20 g/L)T
HIEHIEH, SARFIR10 mL, 7837 °CREIR (%
180 r/min) 1S .

1.6 FHHEZDNAKSau3A 18]

W EF R FLBR AR I, 37 °ClHIRIRIR
Rt e, B3RS A, FiAxyPrep " Bacterial
Genomic DNA Miniprep i 145, #EHIEH4H
DNA. Sau3A 1 BUIAZR . KLHZIDNA 44 pL;
10xNEBufferl.1 5 uL; Sau3A 10.1 uL.; ddH,O
0.9 uL. FEE S0 pLIEKHDNABFYI S Wik %, It
STISHE, B—10 pL, FRS A2, 3. 4.
5.6, XTI ) RN SR A3 A 10, 20,
30, 40, 50 min, RAEE37 °C. RMWMZEHF,
SEIERA VK, FEINA—E &Y 10xLoading
buffer 21k KN o T A e e F UK A DU, BT 5
DNA?ﬁﬂﬁfﬁlq&iﬁfoﬁﬁAxyPrepm DNA Gel
Extraction G Kit,

1.7 EE MR ST

1.7.1 JFORipUCI9BEEEY] . FikipUC19 44 uL;
10xNEBuffer 3.1 5 uL; BamH 11 uL. S iEJE
37°C, RGUIRTEI2 he J 455X R VI 2R H 4z
LWERRICAC I . ARGV R pUCI9 LRk .
YIJEkipUC19 50 uL; 10xAntarctic Phosphatase
Action buffer 6 pL; Antarctic Phosphatase 1 pL;
ddH,0 3 pL., KW iEE37 °C, JMATE 15 min,
RAFURBEGS °C, KIF R IVHFE]S min, [N 45 R
J&i, f#iFHPCRIE VIR & AxyPrep'” PCR Cleanup
Kiti i vE, TR .

1.7.2 55 PR SC P A g R A O 4 B e B R 32«
YIFkipUC19 2 pL; #MJEDNA A BE3 ul; Ligation
high Ver.2 5 uL, Fi#EH0 & FPCRIX16 °ClH R
L h, RG22 EALRIE. coli DHSafE £ 1,
AR THUEE LB AR L, 57100 pg/mL
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AN ERE. 60 g/LI(R,S)-2,6- — H IR L& I
PR TR . 50 mg/LIYE 3 28) P4l |, 37 °CHs
FR1-2d, PRBCTAR AR Y, HT100 pg/ml
AN HHRDELBIRAR G A L s, ff
FHAxyPrep'" Plasmid Miniprep Kitf B H 41 Fok
JokiBamH 1 PRI R IGUE B pe ke, et
VKA, ERET
1.8 FRESEE MR ELAE AR

W e G EE P 5 M EHest-F (5'-GGAATTC
ATGCTGGCGCACGGCTCCT-3', EcoR I)#l
EHest-R (5'-CCC AAGCTTTCAGGA
CAGGCCCAGCAAC-3', Hind M), PAHEFILNA
oMM, PCRY . 94 °C 5 min; 98 °C 10 s,
65°C30s, 68°C 1 min, 30MEH; 68°C 10 min,
PCRY 14 114 5571 R pET-28a(+) 1 R fhl 14 P 1) it ik
1B, JfFiLigation high Ver 23 i1, #%
fLE. coli BL21 Gold (DE3) plysS. PkFAHTE, 4%
BUTORL, R PCREGIEFIDNAJT ST .
1.9 EHREMAIFA S5 SDS-PAGERIK AT

W EARES RGP MEAE RN
LB s Fe kb, 37 °CHiFR R H M ODgo0 21N
0.5-0.8, ZrHlbRic AiEFAMAKTETH . FEEE
IR 41, SRR EHLALIE S P RINPTGE
LR E 1.0 mmol/L, AiE S 4N & L
K, 25°C. 180 r/mink%3510 h, 4r9HUfE £
4. FREELA . KiEFHMETARER, 4°C.
10000 r/minf.0>10 minf5 7 LG, 4IERFT
100 mmol/LiJpH 8.0 Tris-HCIZZ ik h, TE ARk B
25°50.05 gmL, VKK NHEABGEE, 4°C. 10000 r/min
2030 min, B EIHWR(BRR), #F17SDS-PAGEH
WKATHT o
1.10 EAHSFERENFRLIHENE

A3 SBT3 1 T 2 R B A
%15 g, H50 mL#ERRELZZ i (100 mmol/L, pH
7.0)ETE, SBFERES, BO, LIEWED G
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Wi HOE B 1 (EHestase M B 10 pL, J5HATE
FRBEHA IS0 ul), 0.25 g (R,S)-2,6-— HI FEHEFL AT Bk
IR S Y, 0.1 gt iR80VE AFLLF, —&
B ER 2 B (100 mmol/L, pH 7.0), M)
K& J5 mL, 37 °C. 180 r/minfE K+ 1 h,
FH16 mol/LERFRZS 11 i o

1.11 EHEEEEEHHesterase B K

1.11.1 MNEEREMEGEpH: HUL &1

W, TE20. 30, 40, 50, 60, 70 °C Tl i
6, K10 min, HEFMFF1.10, FHEHETEA R
#pH (pH 3.0, 4.0, 5.0°5100 mmol/LFF B4k %% inh
W, pH 6.0, 7.0, 8.0°4100 mmol/L#§fRELSE v
W, pH 9.0°8100 mmol/L Tris-HCIZ #'if, pH
10.0. 11.0°4Na,CO;-NaHCO, 2% i)l 5 B 1%
JZ W 10 min,

1112 AR BE oS Tl SN A R ST A B 1 Y
B B200 uLAYEER, (R,S)-2,6- - H B KL
BN TR IR B0 ) B e BE 3 0l 25 500 100,
150, 200, 250 g/L, HEZ&MRI1.10, 37 °CHRIK
T3 he

1.11.3  EEXARRIESK@EEHNE: LI(R,S)-
2,6- " HIHORSL G LN H R 0 IS, U i
W, YT R 150 mmol/L, KW A 10 min,
HEFMAFFL10, D, ZRTE. 4RO
1 i E g, 37 °C. pH 7.0 F kAT, Ml
HIAIU: TERRGE I 50N, 1B iRy
A B LTURE I 7™ ) o o 1 i

2 ZRAA

2.1 TEFRGE

W0 AR FR I AR, S)-2,6- — FF FL IR KL 4 ik
PR G R i — B, DL PFEABM B AR,
TG - Fe AR MR E Y . B P B SR
Mgk, FE3655AMT FREF =A%, RN R,

ASEARIEFEOCIE AN, T T BA R (R,S)-
2,6- " WL FL G LN IR BR BE T A TR AR,
K2, WA R27RRRIbR , X LE R R AL
iti, A BIRROD3 /KA AE J7 ML MEAR iR

2. EMTEARYITFRIER

Figure 2. Results of strains screening. Using methyl
(R,S)-N-(2,6-dimethylphenyl) alaninate as the sole
carbon source and Rhodamine B as the indicator.

22 HMEE

221 HWHESRAEEAMEEER: ik
H AR PROD3 KL FLBRE (AR 25, 30 °CHE 3%
2-4d, PRHUEVEIATH S O, 7R 50 T
g5, BFPIR, M, MR RBAERE . WERTE
LB VMR F & RIEIE, REpER, %855,
Wi, OtiE, AEY, L@, FE NS
AR O R . AR PR A AR SR e R Al LR
VITEK 2 Compact4: [ 3 i 4E Y 71 R G AU
2 [IRIAPEA TR S RGON#E T, S i R bk
SAchromobacter denitrtﬁcanslﬁ‘ﬂﬁ’ﬂﬁ%iiiﬂ
99%. H ARSI INER L,

2.2.2  16S rRNA FAEYZRESE: LIEKOD3
FENZHDNA Bt , SR L8 5 [ H127FF11492R i3
FIPCRY Y, 4445 BAY P51 I P 2 )= 12 SENCBI
FHZE, GenBank/¥51%5: KT832691. 16S rRNA
TSI 21434 bp, KAl RE 1916S IRNAFSITER
AR EPE % (http://rdp.cme.msu.edu/index.
jsubsp) I HEXT, 255 R IX R KB T Achromobacter
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1. EHRODIEIRAE (LIRAR
Table 1. Physiological and biochemical index of strain OD3
D-glucose Growth | 5-Keto -D-gluconate Growth gi\ﬁl‘anine arylamidase Growth | Lysine decarboxylase Growth
: L-Pyrrolydonyl- Glu-Gly-Arg-
D-mannitol N Urea N arylamidase + arylaml}iiase B
: : Glutamyl Arylamid: Ornithi
D-maltose - Citrate(sodium) + lej\amy rylamidase + d ercrzleirbglxeylas e -
D-mannose - Malonate - B-glucosidase + B-xylosidase -
Palatinose - Courmarate - Ellman - Tyrosine arylamidase +
D-tagatose - H,S production - Ala-Phe-Pro -arylamidase — a-glucosidase -
D-cellobiose - L-lactate alkalinisation + gi&‘ggg&; dase - Lipase -
Saccharose - Succinate alkalinisation + B-D-galactosidase - Glycine arylamidase —
D- trehalose - L-lactate assimilation - Proline arylamidase + - Glucoronidase -
D-sorbitol - L-malate assimilation - v-glutamyl -transferase - a- Galactosidase -
L-arabitol - L-Histidine assimilation - Phosphatase -
: 0/129 Resistance N-acetyl-p -
adonitol B (comp.vibrio.) B galactosaminidase B
Fermentation/
glucose

+: growth or positive; —: not growth or negative.

JREIANTE . FHZHIRAY16S IRNA 5 GenBank i 4 5
SIEATBLASTLEHLXS, H#EOD3 (KT832691)5
Achromobacter xylosoxidans . Achromobacter
denitrificans . Achromobacter sp.. Achromobacter
ruhlandiiff)16S TRNA PR SR A 199% .
6 2R S AR [ DR i SR TR AR 31, SR AR
A 16S rRNA B F 51 R GE AL (1#13) . T
¥ROD3 5 Achromobacter denitrificansFl Achromobacter
xylosoxidans R KB RFZHY], LHHEHOD3 S
Achromobacter denitrzﬁcansiﬁf?ﬁﬁ%ﬂ%fj\o 2B
ML SR04 AR AR RRAE , %€ W AROD3 R T
Achromobacter denitrificans, 14 HAx 24 R s TG
KT 1E (Achromobacter denitrificans) 1104,
23 HERE LEBRENKRERS)-2,6-—FE
RERFEA R EE

20 mLIJA. denitrificans 11045 5015 2 5
TRFN R LI, 43 A K (R,S)-2,6- — I 5
FILFIENIR T BE(MAP), JIRYIKRIE10 g/L, 25
mFE2AE 4, BHFR2H, A TCEATE 11047

actamicro@im.ac.cn

PR P B M N, A0 B f 124 h, IR
WIFEALAIRB] T 41.5%, 7 Wlee,ihE] 183.8%, &
T LI WA TO R . R IEAHHPLC /AT 1 7K fif
1 hA12 hisf e, W4, R, S AT
(R)-MAPHYEFEMERL B, PLoe/K i (R)-MAPE 1
(R)-MAPIR; T EX(S)-MAPHIEFMEAE 2, K
(S)-MAPAE .H(S)-MAPRR /MR 42

2.4 FEFESCEYEFIRA. denitrificans 11047 HIBEES
FH

2.4.1 FFEHADNAKSau3A 1B 155652 00%
FRIEHA , SREHHSaldA TREY), FEI4E RanEs,
ATLE N, 7Efs—E gL, B BN I
[ AN, JEPZH R BeAE BN . 7R B SN
20 minff, KEE B HFE2-10 kbt R,
H RIS, BN s E] 20 min (4574H53).

2.4.2 FESCERMEMME . AR EE R
FAT DI S N HR R ), B bEE pHIY R
M 0, H2RER L, LEEIKRY
1000 sefE+, Hh A as P wkET . Hk
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91| Achromobacter marplatensis strain B2 (EU150134.1)
Achromobacter sp. R-46660 (HE613447.1)
Achromobacter piechaudii (AB010841.1)

881 Achromobacter sp. LMG 5911 (AY170848.1)
Achromobacter sp. R-46662 (HE613448.1)
Achromobacter sp. R-46658 (HE613446.1)
Achromobacter insuavis (HF586506.1)

Achromobacter aegrifaciens (HF586507.1)

28 Achromobacter sp. LMG 6003 (AY170847.1)
Achromobacter pulmonis (HE798552.1)

Achromobacter xylosoxidans (Y14908.1)

69

OD3 (KT832691)

” S fchromobacter denitrificans strain 22426 (FJ810080.1)

— Achromobacter ruhlandii (AB010840.1)

Achromobacter anxifer (HF586508.1)

b Achromobacter dolens (HF586509.1)

L Achromobacter xylosoxidans subsp.denitrificans (AJ278451.1)
Achromobacter sp. XH089 (KC986352.1)

N

0.005
3. Achromobacter denitrificans 1104 (EJE#KOD3)AJ16S rRNAZR % & B
Figure 3. 16S rRNA phylogenetic tree of Achromobacter denitrificans 1104. 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 indicate the percentage of bootstrap
supporting. Numbers in parentheses represent the sequences accession number in GenBank. Bar, 0.5% sequence
divergence.

3%2. Achromobacter denitrificans 1104E {8 & 55 R ELR,S)-2,6- _FHEXESFREARRFBS/KERIELER
Table 2. Performance of Achromobacter denitrificans 1104 catalyzing hydrolysis of methyl (R,S)-N-(2,6-
dimethylphenyl ) alaninate by its cells and broth supernatant respectively

Time/h Conversion of substrate/% ees %  ee, /% Configuration of product
Cells 24 41.50 59.4 83.8 R
48 52.90 85.2 75.7 R
broth supernatant 24 0.90
48 0.95

HUAR (0, B B VR 42 Pl T LB G 2 B (5 2R hith)
H, 37 cCit K TR, RIBERRKAT RS . B
AR, {3 AxyPrep'” Plasmid Miniprep KitHHX
JkL, FEAEFH BamH 1 X8 41 JF0k E 17 5l 56

ik, WEle. ME6AT LA, #EH: AYDNAK
BOR/MEL2 kbZEAT, J2pUCT9ZRAR Y K /NAf
2o MK — SR TR AR G RS T R R T
BRI S800 s it . A Bk SR )

http://journals.im.ac.cn/actamicrocn



1342 Yanan Lu et al. | Acta Microbiologica Sinica, 2016, 56(8)
A)1.0
(S)-MAP
0.8 (R)-MAP
0.6
-
< 04
0.2 (R)-MAP acid
0.0 ] T T T T T T T 1 T T 1 T 1 T 1 1
0 2 4 6 8 10 12 14 18 20. 22 24 26 28 30 32 34
t/min
B)1s
(S)-MAP
1.0
-]
< .
0.5 (R)-MAP acid
(S)-MAP acid
0.0 B
2 4 6 8 10 12 14 18 20. 22 24 26 28 30 32 34

4. IEfBHPLCHFTA. denitrificans 1104 EE 5753 (R,9)-2,6- — R E X BT ERIRFE(MAP)HT T2
Figure 4. HPLC graphs in the course of hydrolysis of methyl (R,S)-N-(2,6-dimethylphenyl ) alaninate (MAP)
catalyzed by 4. denitrificans 1104 cells. A: reaction 1 h; B: reaction 12 h; (R)-MAP acid and (S)-MAP acid was the

hydrolysate (acid) of (R)-MAP and (S)-MAP respectively.

[&] 5. Sau3A IXfA. denitrificans 1104% E2EDNA T [E]
BHE] RO BRI R

Figure 5. The partial digestion of 4. denitrificans 1104
genomic DNA with Sau3A I in different times. My; A-
Hind 11T digest marker; lane 1: genomic DNA; lane 2:
10 min digestion; lane 3: 20 min; lane 4: 30 min; lane 5:
40 min; lane 6: 50 min; M,: DL10000 DNA marker.

W24 550, =P —25/F2000 bp, LR/
L MEpUCIOMNTE—FREL I, Bz i BT S 41 kL
F Bk FEY

2.4.3 FEEFFHr: BEARRERE, KiGEA
FUkipUC19 94 A B MR BEp 5238 751, Hoar
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6. REEEEN. 2BHNEENELpUCIIE L
) BamH 18 E§1]]

Figure 6. The results of BamH I digestion recombinant
plasmid pUC19. M: marker; lane 1: BamH I-digested
recombinant pUC19 plasmid; lane 2: recombinant
pUCI19 plasmid without digestion; lane 3: BamH I-
digested plasmid pUC19; lane 4: plasmid pUC19.

IAS R M A —BP A1, ARSI B BOR R
B A R/ING3 3o 1236 bpFl11250 bp, #ENCBI I
HAT T KB, X247 S5Achromobacter
xylosoxidans C54BAH N [F1YR - B AR EE 34 B e



FIERSE | MEYZER, 2016, 56(8)

1343

H94%. HTIZER IR N A P52 27,
MiifiiE AGenBank, Filf AFast, 43ill#c#k5 iR
A TR ARRLRE Bz v 114 [R5 9] 70 3 T Ak PRI 4
WUIMIALE, 55 &5 A Graphics, PLix 24 [w]
JFAhE R, B3R/ 11550 bpily— B
§, KIRA. xylosoxidans CSAR)X B A h &4
FRAG L B, DAGTG ARG BT, il R/
708 bp, HASIE 235N E IR, HHEHRT .
LH59-14460,

2.5 FRBEEENRESEHWWE

VIR AHAL T EFT B (4. denitrificans)11043&H
YA, AR [ 5 R B L R LH S 9- 1446014 17 51)
W51y, JEATPCRY MY, 7445 SRR ERE R
VKRR, a7, BT R RIE H, 7E500-1000 bp
AARA SR A, AR Sy, ST
K/NHFF . (i FHAxyPrep'” DNA Gel Extraction G
Kit i B Bt HAEE P FIpET-28a (H)£48
MY, SR EA TR, SR)E LR
E. coli BL21Gold (DE3) plysST5 ¥ 1%, 3Kf3EHest-
pET28a (+)-BL21Gold (DE3) plysS. BEHLIECEAR
AR, LBIRIARE IR (50 pg/mL-R B
B RPUEM3S pg/mLAR R IR & EH R
PR A ok, UTCRIPCRIGUE, TAEHE R 1A
M, EHestHEFHIK/N 4700 bp, 5T A

M 1 2

bp

10000
7000
4000

2000

1000
—700 bp

500
250

7. PCRY AR T EIFH (A. denitrificans)
110489 EHest ) 7R A5 18 68 1k [&]

Figure 7. The agarose gel electrophoresis of PCR
amplified EHest gene from A. denitrificans 1104.

FART o BUZHH FUORLE AR Y, Iy 25 1360,
FHKIGFF R E LY, EHesth B K/N708 bp.
HFENCBIHLXT F B,  EHest3:H J¥51-5 Achromobacter
xylosoxidans C541 Al 5 LHS59-14460 1 [ I 14
H96%, Zfih235 1 EFEMR . 1EITDNAMAN 8.0%k
PR B 751 53 5 5 NCBLLE i B2 [R) PR Y L
A TG it 2L R SR AT T8 A7 AH (W) 15 6 15 12 i Lipase
PS" I B IR AT L X, & BREHesE R 1Y)
BIELMRIF I 54, xylosoxidans C54HFEFLHS9-
1446050 1) Tk il 1) 28 BE 1R e 47 ) PR P de vy, 3K
98%; 1HJZ, ' YLipase PSZ KR ¥4 [H) EEAR
ik, HA13.4%.
2.6 FEHBEEAIFRKSSDS-PAGER KT
TS FRAH . SR REH . RS
V5L N ORI CR B B O AR R,
PR IS , BCETEWR)#EATSDS-PAGEHLIK /3 #T
mEgnl A, £IPTGEE S, EH KRB EA HEY

M 1 2 3 4

8. E{AEEHest-pET28a(+)-BL21Gold(DE3)plysSZ
&= HHISDS-PAGEE

Figure 8. SDS-PAGE analysis of expression proteins in
recombinant EHest-pET28a(+)-BL21Gold(DE3)plysS.
M: marker; lane 1: with IPTG induction (arrow
indicated target protein); lane 2: without induction; lane
3: host stain with empty vector; lane 4: host strain only.
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HEHWERSE, HNEAKRPDLHN2T kDa, 5T
S . ULEAZE N TE R IHAT R BL21Gold (DE3) plysS
WIS IE A, S FE 4 F EHest-pET28a (+) -
BL21Gold (DE3) plysSH) ARG 476 U/mL,
SRR AR TR R IR BTG 1927145, W RIA,
VAR, B0 VERR, SR
H 2 s EHesteraseft L (R,S)-2,6- — H FL AR FL A FE
IR PP ERK A, YISO /L, K1 h, JEYIRY
FeAbRIREN 1729.5%, FHIee,ik®] 185.1%, Xf
BATEREE R, A5 S BR B R LA A IR B
M— B TC AT (Achromobacter denitrificans)
11044 U fiEfb 25 R ORIV EE 10 g/L, fi1k24 h,

100 4

=z

80 1

60 -

40

Relative activity/%

20 A

Relative activity/%

0 20 40 60 80
7/°C

KA A1.5%, 1 Ylee,83.8%)HH LA BT 2
i, DR PR AT e S LU AR TR] L A Y
SRR A T 2 R E R A G,

2.7 HEABSFEEHesteraseEEFER

2.7.1 EERBCGERBEASGEPH: 40 5lE A FR
FET BB , DR mBEG 100%, S5 9-A,
ZBREETESO CCHY BG fe =y, 7E40 °CHI60 °CH i
TEIRRFFE80% L o IR EE = 70 °CHY, ()3
PEIRH TR o3 3 R RlpH T BB, Dl
G 100%, 4550 UNE9-B, iZEsHEFEpH N 9.0m}
T fcs, pHIREN1IEE, ARIROEFRAH 24 & 19 15
PE, MITERRYESRMFT , BEAIE PR E TR

(B) 100 .

o
80 - /f”
60 -
40 -

20 4

0 2 4 6 8 10 12
pH

9. J2E (A)FpH (B)X] E4AAEEEE Hesterasefi§ & 520
Figure 9. Effect of temperature (A) and pH (B) on EHesterase’s activity.

2.7.2  JRYIMAPYREEX B AL R D% (LR AL AR
BB . FI1052R, KN FER S8 R ER R
Yk S (25-250 g/L)#EAT, OB ET[AN(3 h) ik
Ko X Wiee, kit , FE7E24 W A [F] Y X
o SHPHRIRPIME R T 100 /LI, ee i,
ARTE80%LA 5 (B MHIHRIRHR BRI (25-50 g/L),
ee, WL T RE, XAEF Ny, MWK E mi
g B AT T A i ], (AR AR & B AT
L B TEEEREEREEN, BT LR N — B AR
KPR F, T hee BT W HRIK P
BRI, W3 h, REURYIFEARFELE S, #T
MIRYILASEL g 32, ARERSN, W ee 82 T
Mo B SoR, SRS EAL(25-50 g/L)AT,
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Figure 10. Effect of substrate MAP concentration on
substrate conversion, product acid concentration and ee,,
in reaction catalyzed by EHesterase.
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N3 h, JEDIFEACREEIL50%, REVKYITEL
ZWE &k, mEI10EAT IFEH, SHHBIE
YU BE R T-100 g/LIy, ik BE B A B 1S
ROEA R, TESCEREEREE T, 100 g/LLL ERIIRY)
WL R MFIVRE , PRSI, X S0 R
RIAFM

2.7.3  EEXNAREYRAEX KEEH: R3]
I, EEAEREG K R (R,S)-2,6- I RE IR KL LN R
PRI 336 P K R I (R I )1 PR 33348, (H
BEXHE2FER( LR LR SR T g ) B 7K A 175 1
Ao HT(R,S)-2,6- - H BEIEILF LR H G 12
FERILRIEE, TR TR T a2 NR i
MR AUTEE , I A] REXT O 7 S SRR AR AL 1 PR R
THRIWTPR R .

3. EZHEEEEEHesteraS%T[IéLfquZ: [E] RO AR 7K 7

Table 3. Relative activities of EHesterase hydrolyzing
several substrates

Substrate

. Relative

Substrates concentration/ P

(mmol/L) activity
methyl (R,S)-N-
(2,6-dimethylphenyl) 150 100.00
alaninate
Olive oil 160 0.30
butyl acetate 530 0.15
ethyl acetate 410 0.15
3 Wit

A S PTG AR5 Y6 H i 28 Y TR AT AN FR /K i
(R,S)-2,6- — H AL B S HL N R TR (MAP) Y B
B, S BEE . EHVELEEEMI6S IRNAJT S
0T, Y5 M Achromobacter denitrificans . A5
5 1R E B AR T A T MAP 4 73
N o AR ST H A0 TR R RS 4 B S AR B AN 2
TR, FEFEATE T SO I A B2 B X 7K i
15 77 e AR B i 328 1 (R AR 9 G R RN S G Bl A R/
X ARBEFE ML R BE A o

HFEIEA T AT Achromobacter
denitrificans 11041 ER B/ 5 Wi 3L A, FRATHE
NCBI '8 % T Achromobacter denitrificans ) lig i
FREDIE, ARERBWOCKH, U8R T Achromobacter
xylosoxidans (Ui [ ) B R BRI 7 6, 43091
3723 M1589 12 H , [HIARXE B8 idNCBIE
1 T BTN 114 [ 905 /D 7 e PR 381) T AR A
denitrificans1 104 R A IR AR DT BEIE A . A< SC
SR FHE PR S vk AR LI, ] AR R b /N
R, IR — R AR TR IE

FINE BT 73 (R, S)-2,6- — H SLIRILE SL N R
FFER(MAP), FIAC 2l —2Lff5e """, Park "
FHLipase PSHUfEALH], NEPIWIEARFN, FER FIIK
PIREZ AT - 2(g/g), M3 h, FEibFEh
17.1%, ee,ik596.6%, WHEMEARM, Tom2%"
I F R AR 22 B TECAL-B, IRYIR 22 /L,
B AR M R Z el ¢ 5.5 (g/g), w2 h, %%
ER48.2%, = WiHee, §69.2%, HHME
R, AR SCH B MR HfEHesterase (M B8 4H 1% A
HERIBOXSMAPHEA TR 43, AR B HE2H I AR S
P pieE Lb 1 2.4 (g/g), JRWIVREESO g/L, S
Lh, JKWHALEN29.5%, PYfee,/E85.1%
(RAGESENE) . HY TRl 7 0 g A e o | e
HRRKE, 5 FiAHGEM L, EHesteraserii M
VL1 T Lipase PSHIBE I EECAL-B, {HE ) 7K %
PR TR, SEEMN.

ARSCE RIRTE T A AXTFRKFEMAPTE 4% 1) TG
AT IR (Achromobacter) i T il 15 PR FIJE R T2
W o ZBERE LR 5 Achromobacter xylosoxidans
C 5411 BEALL g B 3 N LHS9- 144601 [7) P51 4 7 o
B IR IR T 91 5 A7 A W] R 4 Y Lipase PSHY
IR T 5 [FIEPEARIR(13.4%) . AT LAMENT, ASC
HRIE R TEE EHesterase Al Lipase PSHEE F 4544 3¢
REZE5, T BTG VAN S AR e 22 il AR
1 2
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4 %

AT NTEPETS IR i 2E 1 1T VbR w] DAXT A
VEFE M KA (R,S)-2,6- — F FL IR L S L TN R H g
(MAP)ITER, SIEEMES . AL SEEFI16S
RNAFHN 4T, %58 Achromobacter denitrificans
44 R BTG KT (Achromobacter denitrificans)
1104,

i I B A A TC BT R A, denitrificans
11045 SCPE, 4R15 T BEREFE EHest, HAXHR
FPHIHEER708 bp, ZifB235 R . 5%
IREIKpET28a (H) %G, WINHEE. coli
BL21Gold (DE3) plysSHifs 331k, FirEHM D
427 kDa, FIKEEG K476 U/mL, JEIRIAHE
PRI ZFEGRBHE 927145 . FHE R EHesterase X
MAPHAT K o3, MU EESO g/L, K1 h,
E%i*%{%%z%%, P ee, }185.14% XM

18 W pHANRLE 4393l hpH 8.0F150 °C. /K fit
MAPE’J(E P53 0 S 7K S ARSIt R R TR PR 1Y)
3331516671

2% XM
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Cloning and expression of an esterase gene from a new strain
capable of enantioselective hydrolyzing methyl (R,S)-N-(2,6-
dimethylphenyl) alaninate

Yanan Lu, Zhaohui Zhang*, Likun Zhang, Yuele Lu

College of Biological and Environmental Engineering, Zhejiang University of Technology, Hangzhou 310014, Zhejiang Province,
China

Abstract: [Objective] We screened and identified a strain capable of enantioelectively hydrolyzing methyl (R,S)-N-
(2,6-dimethylphenyl) alaninate (MAP), a key intermediate for the synthesis of metalaxyl, followed by cloning and
expressing the esterase in E. coli. [Methods] We used MAP as the sole carbon source in the medium inoculated with
an active sludge specimen to enrich the target microorganism. The strain with the highest hydrolysis activity and
enatioelectivity was identified by 16S rRNA sequence analysis, morphological observation and physiological and
biochemical properties. From the gene library of the strain, the DNA sequence fragment containing the target gene
was found. By DNA sequence analysis and PCR amplification, the esterase gene was obtained. It was ligated with
plasmids pET28a (+), then transformed into E. coli BL21Gold (DE3) plysS. [Results] We isolated a gram-negative
bacterial strain capable of enantioelective hydrolyzing MAP. It was identified as Achromobacter denitrificans. From
its gene library, the esterase gene named EHest was found. The recombinant EHest-pET28a(+)-BL21Gold (DE3)
plysS was constructed. The recombinant expressed esterase (EHesterase) capable of catalyzing enatioelective
hydrolysis of methyl (R,S)-N-(2,6-dimethylphenyl) alaninate. Its size was 27 kDa. The expression activity was 27.1
times as high as that in the original strain. Hydrolysis of MAP (5% M/V) by EHesterase for 1 h at 37 °C, the substrate
conversion was 29.5% and ee,, of the product acid (major in R configuration) was 85.1%. The optimum pH was 9.0
and temperature 50 °C. [Conclusions] A new isolate Achromobacter denitrificans 1104 capable of enantioelective
hydrolyzing MAP was found and identified.

Keywords: Achromobacter denitrificans, methyl (R, S)-N-(2, 6-dimethylphenyl) alaninate, enantioselective
hydrolysis, esterase gene, cloning and expression, metalaxyl
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