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i 5e

BPB ; Bromophenol blue

BSA ; Bovine serum albumin

BTB ; Bromothymol blue

CBB ; Coomasie brilliant blue

CHB ; 4-Chloro-3-hydroxybutyrate

CHBE ; Ethyl 4-Chloro-3-hydroxybutyrate
CHBM ; Methyl 4-Chloro-3-hydroxybutyrate
c.p. ; Chemical purity

DMSO ; Dimethylsulfoxide

DNA ; Deoxyribonucleic acid

DTT ; Dithiothreitol

E. coli ; Escherichia coli

EDTA ; Ethylene-diamine-tetraacetic acid

EP ; Epichlorohydrin

GC ; Gas chromatography

2HBA ; 2-Hydroxybutyric acid

3HBA ; 3-Hydroxybutyric acid

3HBE ; Ethyl 3-hydroxybutyrate

2HBM ; Methyl 2-hydroxybutyrate

HL ; 3-Hydroxy-y-butyrolactone

HPLC ; High performance liquid chromatography
IPTG ; Isopropyl-B-D-thiogalactopyranoside
0.p. ; Optical purity

PCR ; Polymerase chain reaction

PIPES ; 1,4-Piperazinediethanesulfonic acid
PMSF ; Phenyl methyl sulfonyl fluoride

SDS ; Sodium dodecyl sulphate

SDS-PAGE ; SDS-polyacrylamide gel electrophoresis
16S rDNA ; 16S ribosomal deoxyribonucleic acid
THFA ; Tetrahydrofuran-2-carboxylic acid
THFM ; Methyl tetrahydrofuran-2-carboxylate

Tris ; Tris(hydroxymethyl)aminomethane



HFREEFIOEGLEEIBLEESNTEBRO L OIZ, I ThHo TEBAEWVWEER
BT ENTERWMEAY (=) T4 ~—) BHEEL, TNHIEE 2 FHEE
R EMTI EREIZE > THERE R, FIEAREDORBUEIZE > TRIKE
SR DRL LIKEIEIEN D), BT v FA~—BEMTHDL T IR LEKIIESN
% (Fig. 1), 4 DOHMESOBEBRENT R TRERDFT (REHPL) Z2RLEMIC
TR EARDFAE L, &2 OYELFEAIMHEEIZR L TH D08, AFZICITEL
IR Rt 2 E NS, BB EN 2 BT S ERSOFE & i
RSN TW D, U K~o ROERNX, EAHFEEE WS ERAREWERNR O
TF T A=l Lo THI SR SNTHERLEELN TN D, FOFRBLUTIEY 7>
TEERSTEOMICEZ AMAEERTHY . AERNIZEB W TEGO LW D=
FrFA—FB YL L THbnbs D, BUETIIAFRLEET DH -2 akE
I BII & RN TT R CTEFIEERTH 2 (7 VEE), DO/ KIC
HERIZ S FEO A NS R FHEE R EZ X TV ELT 4 v 7Ty 7 & LTH
RT 2 HERDRAITH D, EIELOTGIT, SR TR 60 kKM EFhbhTEY |
ZD 5 Hx T VEIEMITH 40 IKHLLEE BiES 5T D, TV EEGLOFHET
BB, ZHUCEWEEPEEO T GHBEOILR B FHEEINTE Y, 2~4 JK
M& RS 6N TWD, EEPERDRFTAIIIEEMC L > TRRD R, F7&
RKIX kg H72 0 . BEZ 100~5000 FHFRE ToH 5 DK L, HFAIEMEARTIX 5000~
100,000 FHF2EEIZ 72 O AHIMIE D =V bE & 72 5,

a a

N |,
C\ -C
b \ d / \b

Fig.1 Model structure of chiral compound. The asterisks indicate asymmetric center.

SATEERORIEIIET 2 B, BEB L X T LELT 47T a7 SO
DICHTEMER D B FFET 2 HiE (X T 0T — k) O, REFERLORNTax T
IEE I D ARF IS L - TED HIE (RFEHIE) . b LIET7EIERESEIL
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THELHE CEFmERE) B0 ZHUCIEIREMEC X2 88 biE, 7ok
7T 5L, BN, T AT VA~ —IC X 2B LEE, R SOSOR A S
AEARARIE X B AMCFIER S D, FRZELFEIL, BT ORIGT 5 2
EINTEDTIZD, BEDOREITE LIRS RINETH L Z & AT
KTHRINTEY | ARSI IAIETH DT, A7V —=71280%
BRSSP AT ZENRTE L2 EMbIERIN TV S,
EIMDOBHFIZIBN T, HERED ) BEAEETELDII I ENLTHY | *
TNENT 47T uy 7 L TR, WAEOEmWVEEMREEN D, KBTI
3ALICE Rk, RMCZ a2 T2 0VAR VBT AT LTHD
4-Chloro-3-hydroxybutyrate (CHB) DYEFIEMEMRIZHE B LTz, FEMECHBII S
ICENTERFBRADOXTINVENLT 47Ty r il B, BESOHEM A~
JRPATCE 2 A THERLEMTH D, HZIEL. (R)-CHBIE 4-Amino-3-hydroxybutyric
acid (GABOB)'V( 4= BELi% M 4 & # # )% 12 . (S)-CHB I Hydroxymethylglutaryl-
CoA(HMG-CoA) reductase inhibitor’(FE3EHRIA)SEIZ, £2, WEFHIHEMERE HIC
Carnitine”” (AEHNEMEME #38(K), 4-Hydroxypyrrolidone®™'?  (FiA#EMISH) + &
V1,2, 4-ButanetriolZE D OHF A2 TNV ENLT 4 7T v 7 OiFEEE LTHE
HNZ N (Fig. 2). € 2T, BEMDFFOLARIRBOG) b 2l T {72 e FE ECHB
DENEZ T AT Z &2 B E L TARMIZEZ TR o 72,

OtBu
HO

OH O O

* OR
Cl
W ' Intermediate of HMG-CoA

OH O L
reductase inhibitor
4-Chloro-3-hydroxybutyrate

(CHB)

Intermediate of pharmaceutical
for hyperlipidemia

v.v ‘ +(H3C)3NWOH +H3N/\‘/\H/OH
)

OH O OH O
HO_x
& Carnitine GABOB
” o Physiologically active amino acid

4-Hydroxypyrrolidone

Intermediate of antibiotics
Ho/\)*\/OH

1,2,4-Butanetriol

Other useful chiral building block

Fig.2 Application of optically active CHB.
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AFm ST =T E LT, B8 TlX, CHB 2 F0ET 2 EMD A7 Y
— =V 7 EATRVW, 7 IMEK CHB © 5 H —FoOKFIEMERE
3-Hydroxy-y-butyrolactone (ZZ8 #2425 AL 721844 2 #K(Enterobacter sp. DS-S-75 k.
Rhizobium sp. DS-S-51 #)% BB L 7=, HC% DS-S-75 ¥kD = =— 7 7 /EHMEIE, %
ERPRVE, SEAREIUWE, ABRENE (BUCEEE., ROCEEEIREE) Ofiffr. B X OYHEn
BIEDOEERFHCOW TR S, 8 3 TIE, DS-S-75 BRESED I EIE %
HOMER T LTz, £z, AEMEEZM ESELZEE2HME L, 2 R bHE 42D
BARF 7 m—= 7 2T ## 2 RIGE 2 756N CHB O PEREIC
DNTHib~%, % =FTiL, DS-S-75 FREEEERE OSEE R RMEL R LT, CHB
UNIC AR X7 veE LT 07 7 vy 7 L7 5 2-Hydroxybutyrate |
3-Hydroxybutyrate, Lactic ester 33 &2 UY Tetrahydrofuran-2-carboxylic ester 2D 77 /L 7R >
BT 27 VD IEFE D EIORFN OV TR D,



H—8 CHB 2650 %3 21w o Hifk
1-1 ¥

AR THEB T HHEFEECHBIZZ N E TILE < OUERHE S LTV H N
H2D 23 AR P AT LR TEH S 4-Chloroacetoacetate (CAA) & FLE & L
EAFBEITEIETH 0222 RIS W TEM L EE & AIERE SN EA L
TWA(Fig. 1-1), EWEFE T, AR O VR = ViR ITEESE 2 -T2 UG
PG SN TEY ., FEEZOSARIEIC L > TREP DB L USRS & Ak T &
D, LML, TNODORIGIEEZEILIE D7D DKFEMEGAR L L TNADHS
NADPHZ DAfEEE N MLEThH H, £ 2 CHEINAR=NVBIEHROBR L 7V a—
A, WERE, TV — VEE VE LT DA IR G SR OBR A 2 R TILREL S
HTHIFHEREDOHFAEREMEET L LICLVFHLTWD D, ZRAEOBE TR
BRI S E 2y b — L LT /e benizd, KISOREIEAEE LN L 4
BT D7 DORENIRNETH DL ENBEIND, F72, LR =/L
BITREFR OFUTIL, 18 EDEAR L 2 Wil R 2 2R T 258 13 mic 2 2, —7,
AL FE TIIBINAPAREZ & 2 SOSRHE SN TN D08, ARIEEIT L TEE
BHPEDMERNZ & DB DMEWVERER H 5, 21D ORFRITISITAF H
DORNT B X TIVIRCAAZIE L LTWAD 7=, HimMICIIE T a2 iEM:CHB
ICEHT D 2 ERAHETH D3, RIS DCAAD KT T 5 & CHB & CAADALZEHIME
BERHEHNCEL L TS 720, TbEWE T 5 2 EDBES TIERY, 61T
CAAITEMTH Y, T O DOE RN S LZM THES 2 RISIZ LV @t FsiE OCHB %
D IENEEN TV,

OR  Asymmetric reduction * OR

O O OH O

4-Chloroacetoacetate Optically active CHB

Fig. I-1 Method of optically active CHB by asymmetric reduction from 4-Chloroacetoacetate.
This reaction is traditional one. The keto-ester is used as the prochiral substrate. The carbonyl
reductases from various microorganisms or asymmetrical catalyst are used in asymmetric
reduction. The chemical and biocatalytic methods are competing.



—J . AREFERLEREMZBNT, 78 UKIIHER E QERRE & SO =5
YTFAT—PRG LG THY . TnEEEE Loz F rFA~—ITxt
L CTHEEEMIZBORT D RERA L, BETL2RE(= S v F A~ EiTEmM %
HFEMER E LTS 2 FIER —INCZ < b TWD  GREGRIDEFFIHE)
ZO%E .. HmiIEHIEERONERITR K TS 50% TH D0, 7' IRPOLFE
PEARIZ R TR THIUT AR e FE L 725, CHBD 7 & JR((R,S)-CHB)I, # %
ILPropylene % JFUEF & 9% AR U < — JFUEL @ Epichlorohydrin(EP) 2> & AR L A {E I L 0
4-Chloro- 3-hydroxybutyronitrile”#&H, & L < 1T =730 Ml % iV CEBEIC S
THZENFARETH VY, BMCAFTTE D, £z, HE L ARMOLFHMEED
I, e FIROSEIT IR, 2RO E O P TR 2 W7o B R
R Th D (Fig. 1-2), ZTNETIZHRS)-E KX LR UEET AT )LIT% LR
2 ] M % 7~ 9 Bacillus thermocatenulatus . Opthiostoma piliferum . Pseudomonas
fluorescens, Streptomyces diastatochromogenesti kD= 27 77— U/ N—ENHE
SN TVD2Y mOLERERIRMEZ R L, S 2 CHBA 13 5 I il Sh
TR,

P
Propylene
CI/\‘/\[(OR Remaining | ] OR
OH O . OH O
= (R)-CHB (R)-CHB
Ch < > OR :
- _ cl v Conversion
Epichlorohydrin OH O Other Compound
(S)-CHB
(R,S)-CHB

Fig. 1-2  Resolution strategy of (R,S)-CHB. One enantiomer of racemate remains and another
one is converted to other compound. (R,S)-CHB is synthesized from propylene via
epichlorohydrin.

Z ZTARFETIE, (RS)-CHB (ZXf L TmWILRERMEZRL, — T Ox=F U F A
~— BRI EC R T DWMEM E IRV A7 YV —= T LT, Y
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a2 ALEOER, B U <MK BOS 2 FEIEICAT 72 20X, SRR SONIT K-> TE# S
NI OALFZRMEE N R E S B2 D Z EBNHIFFTE 5, HTH, L RY
V== T %4775 T2l W7 v LRSI L% pH fFrn3Eo B0 b 2 fats
12 LT, £ OFER. (R,S)-CHB O— i D) F A~ —% 99% e.e.LL D E 224l %
THAFE S, b 9 — 5% 3-Hydroxy-y-butyrolactone (HL)\Z 28 #2925 A F 72 iRk 2 F7LH
L7=DT, 2B DOTE LT (R,S)-CHB O Y224 BRIt & fmt L=,
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1-2 SEERA RS KOV

1-2-1 SEBREEK
CHBDO% T 25 /L%, EPBARR LT, FOORIEITHITHREDRWRY |
ORISR TR, B b TERK)., 7 ~T A R v FEOHRO L D% V=,

1-2-2  F&Hh
a) SIREFH © Pepton 10 g/l, Yeast extract 10 g/l, Ethyl 4-chloro-3-hydroxybutyrate

(CHBE) 5 ml/l, Bromothymol blue (BTB) 80 mg/l. (pH 6.8)
EHEFHIZIE 15 g/l ORFRIERZMZ 72, CHBE X, 73
RE TR RO NT 2 Lz,

b) ZKFELFH A © Pepton 10 g/l,  Yeast extract 10 g/l,  Glycerol 10 g/I, (pH 6.8)

1-2-3 WEYOAT ) —= 7

BRE U 7= B3R 2 KIS L, £ 0 A% 7% 2 /R CHBE % & et
MREEHC 84T LT, 30CIZTA > F 2X— %, CHBE Ol =/ kiZ LY BTB %
ETEHIC BN T, AR FRAN D EAICEG L TV S an=—%2, S5
B ZFNFENE CHBE % & @ INEF HZ € 30°C T 48 L, — 5 O)E5#1EME CHBE
2%t L COBREBIZEET 5 EkE BT Lz,

1-2-4  HBEMAED) O SO ER

1-2-4-1  BEV BRI AR O R

500 ml KD/Nw TOAFE =7 T A2 100 ml OZEFEEH A 2R L, #R
RGANA TS 1 ml ZEENICHEL, =n—% Y —> A I—%H T 30C,
130 rpm (2T 20 hr 5538 L 7=, =050 BE(26,000 g, 20 min, 4O XV EE L, FHiKk%E
20 mM Potassium phosphate buffer (pH 7.2)C 2 [AI¥E# L, W E KA 157,

1-2-4-2  E{RROG

DS-S-75 FRIZ DWW TIE, FIEkD =/ 7 7 X 2|2 1% CaCO3 % 7 19 20 mM Potassium
phosphate buffer (pH 7.2) 100 mlZ 7S L, MEAR 1 gio LUK HE & A& iR EE 2%(
b Loz, v—2 U —T=A B —% AT 130 rppm, 30°CIZT 24 hef s S
77, DS-S-51 BRI OV TIE. 300 mIAE DNy 7 )LfF & =4 7 5 A =22 60 mlDPotassium

-12-



phosphate buffer, 1% CaCOs, {EFA 5 gk LN 1%HE & L 7= LIAMIDS-S-75 # & [F]
FRICAT /e o T2, BOSth . 05 EE(26,000 g, 20 min, 4°C)IZ X 0 BRE 217720, il
A~ 8777 4 —(GOWZ LT L, A7 LI 5E & A OV TRE &
MFME DM & AT IR > T2,

1-2-5 #EY DFRE

1-2-5-1 JEREFERY. ARRERYRER

BT & O — kB2 U RESEHY . AFRRARERD 21T/~ 7o, BAMEEBIER, 7T LY
. HiBYt, 4 R—VOAEE, hET7—BIEE, Fhr7a—bLFF o7 —EiE
P, A ¥ X —BIEME, VPT X b, fix ORI 28T X N EITR o7, 5
SR IEREER, A PREAIRRBRAE B 12>V TCowan and Steel’s manual 235 L O
Bergey’s manual of systematic bacteriology &M L. [FEZ1T72- 72,

1-2-5-2 %7/ 2 DNA OFffl

1-2-4-1 THHHRL L 72 DS-S-75 #R £ 7213 DS-S-51 BRO B8 1.5 ml Z U/ NELTF 2 —
TITA L, =057 EE6000 rpm, 3 min, 4C)HZ L VR Lz, iz 22 lckrEk, =
DEARZ 490 pl O TE buffer (28 L, 10% SDS % 30 pl, 2% Proteinase K % 50 pl
Mz, 50CT 1 hr ISSHET, WIZ, Y Tris faf~7 = / —/L% 300 pl, 4%(v/v)
DAY T INTNa—)Legtey anafR/VARE % 300 ul Iz TEMNICIEERE .,
KED T = ) —)v/7 v a RV AR/ Z RO X o X7 BN b F
TiT7e o7, WO H L7=KED 0.1 580 3M Fifg) U 7 A(pHS.2) 2%, 0.6
BED 2-T N ) =)V EENIERE Lic, T AMERWTENIEE L, Smic
HUDT ) ADNA ZBEXOIFTED, 10%T ¥/ —/LCHiE L, BRREIZ/ D
& 9 1C TE buffer (2R L7,

TE buffer : 10 mM Tris-HCI (pH 8.0), 1 mM EDTA(pH 8.0)

1-2-5-3  16S rDNA fi##fr

7 ) ADNAZHH L, &8 & L CPCRIZ L V15 5472 16S rRNATE & T-(16S
DNA) O g Wr i O MR B A 2 Rk Lc, 77/ L5 DNA @ fill i (21X InstaGene
Matrix(BIO RAD(#k)#:81) % fff i . PCRIZ /X MicroSeq 500 16S rDNA Bacterial
Identification PCR Kit(7 77 A R34 AL AT A ARRDEYEEH, A 7 vy —2 =
> AZI1EMicroSeq 500 16SrDNA Bacterial Identification Sequencing KitZ {# ] L 7=,
DNA ¥ — 2 =% —[ZABI PRISM 3100 DNA Sequencer(7 77 A R/XA F L AT L

-13 -



RERFENZFEH Lc, 557z 16S iDNADOHIEEST — % 2 AN CTF —F _X— =R
GenBank/DDBJ/EMBL X Y fH[RIVER R 24772 . CLUSTAL W?®, MEGA ver3.1? v
T R =T RN TH RN 2T o T,

1-2-6 DS-S-75 ¥E% FHV 7= CHBM D Y345 B Kt

1-2-6-1 EEF&IR DOFHHY

SLAYY— 77— A — (=Y UHE{BFTREEO)R KMI-5B) (23 L ORER
1A A FREL L CHAEREL 500 rpm, JBAE 1.5 L/ min, 30°CIZ TR L7, MR
I3 1-2-4-1 & RIRRICES 2 L7 60 ml ORI 2 L=,

1-2-6-2  Beir A RIC L 5 I B

B8R4 1-2-4-1 & [RARICBE R A R 2 7% L 72, 20 mM Potassium phosphate buffer (pH
72)25 LA L, {REK 158.6 g3 L UERALIRE 8%(524 mM)IZ7¢ % X 5 IZCHBM
A, FEREL 150 rpm, 30°CIZ TG B 72, BOSH I 25%(w/w) NaOHIZ TpH6.7
I U7z, RS, 13040 BE(26,000 g, 20 min, 4°C)IC L W BRE L. _EiEOCHBM,
HLORER LOEFMEAGCIZ LV ofr Lc, £/, BBV 7 A T %
ERLEY,

1-2-6-3 15451k % FIV 72 CHBM D3b520r BRI E K O FIA o et

1-2-6-1 D535 & RARICTAEL L7z DS-S-75 MEOERIRICBREIZ /25 X H (1
CHBM Z Iz, $#H#% 500 rpm, 30°CIZ TR S BT, KRHIFSET VA VIZT
pH ZHIfE L7z, RIS, 1-2-6-2 &[RRI CHBM, HL &3 X UBSAMUE 2 0471 L
77

1-2-7 DS-S-51 ¥£% AV 7= CHBM D245 Bl s
pH HE1IZ 25%(w/w) NaOH % L7=LIgME. 1-2-6-3 & [RIERICEF 2RI E#2
CHBM % IS5 HiETIT780» 7,

1-2-8 T iiE

FTALEDOIREF TOOFMEZ GC (KR BEE /I GC14A H 72 13(BK) A AL
BRI G-3000) (2 XV T L7, IRESHTICIX, PEG-20M-HP ;5%, 60/80 A »
2(P—2 A ARy 7 R T AWRE32 mm , ES 1T mZEFEHL,
BREE L7232 1 pl VA L CTHEFT L7=, CHB, HL OJSIKIZOWTIEY 7 AR,
180°C . ZALZRIREE; 240°C M HIBRIEFE; 240°C. & v U 7 — A A; % iiiH; 50 ml/min
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FrHi%s; FID, Ethyl 3-hydroxybutyrate(3HBE). Methyl 2-hydroxybutyrate (2HBM) D i it
W HDOWTIIBRE L7k 2 U U BRIZC pH4A.0 IZFA%ERL 1l FEA L CHREAT LT, B
7 KR 150°CH 5 200°C F Ty SCHAR S 72 DI O 347 4:F:1X CHB, HL &
[FARIZAT 72 2 7=,

WM S HTICIZCHIRALDEX G-TA(7 A7 v 7 i) F v 7 U —Hh 7 A(NE
025mm . £&30m) M L7z, 77 LIEE; 110°C, KALEIRE; 150°C, it
B 150C. v U 7 —H A; EF ;0.5 m/min A~ Y v kb 1:100, # H#5; FID,
CHBIZ DWW TIEBRE L 72alB 2 1 uliE A U CHRMT L 7=, HLIZ DWW TIEBRES L 7230k}
IR . Y OB TV Tt L7c, £ OEMH O 20 Wz 1mld Y 7 v
0 A X NS, 200 ploMEK Y ZUAaEERIC LD R ZvA kL, =X
J =L I mlCEHR LD | pliEA L TN L7Z, 3HBE, 2HBMIZ DWW CoMrds
I Hh 7 MREZE 90°C TIT72 o 7o LISMIHL & [FEE D S HTRIAVER, /oW 412 T T
7o o7, AR L7z 3-Hydroxybutyric acid (3HBA), 2-Hydroxybutyric acid (2HBA)IZ D
W, Bl — F U R O K8 2 R IRAERR . =% ) — b MgSO4 & 1 24 & %
P IEAEY) 50 mglZN,N-Dimethyl- 4-aminopyridine(DMAP) 122 mg, ¥ 7 @ A X
10 ml, #EERAIFI—T ¥ /—/L 100 ul. 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride (EDAC - HCI)115 mgZ X CTi## L, =F /L= X7 /)L & LT 3HBE,
2HBM & [RIERIZ 3T LT,
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1-3 R

1-3-1 CHB G EWAEH DA ) —= 7

P HARZ O TN OK) 200 HiS O EHREN S A7 Y —=0 7 LT kE R,
BTB % & e fREEREFHIZ T CHBE 27 m k42 2 & T, am =—El A
IR T DEKAE R L2 (Fig. 1-3A), £DIFE A ETIIREREZ RS o7z
23, CHBE O— 5 O xF > F A~ — % SLRERINMIZ 0 5 Bk 2 6 PRHLEE L 7 (Fig.
1-3B), T b &k L, Wd L72alk 2 (R,S)-CHBE (20t S 72/ R, Wihb
Wi v UG 2 DN 7228 5 . 5 BRI 3-Hydroxy-y-butyrolactone (HL)~Z8 2, 1 ki
Ethyl 3,4-dihydroxybutyrate ~Z5#4 L 7= (Table 1-1), Z& D H T HRFIZ DS-S-75 FRIZI R
48%C(R)-CHBE %, DS-S-51 £RIFUL K 31% T(S)-CHBE % 4% & J2HE 99% e.e. LA b
THEAT LTz, WERICOWTBIESRM, AT E K OV 16S tDNA 12 X 551
HAIREAT AT 72 o T2 k5 R, DS-S-75 k1% Enterobacter sp.. DS-S-51 #£iZ Rhizobium sp.
ERGE LT2(1-4 BEESIR), & RERPG R4 Table 1-2, Fig. 1-4 2R 7,

(A)

Fig. 1-3 Screening assay for microorganism converting CHB. (A) First screening from
soil samples. An arrow indicates positive colony. (B) Second screening for
enantioselectivity. The BTB turned to yellow by positive microoganism dechlorinating one
enantiomer.
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Table 1-1  Reactivity of the isolated microorganisms toward CHBE.

Substrate (CHBE) Product
Strain : - - -
Residual ratio(%)  Optical purity (%oee)
DS-S-75 48 99.5(R)
DS-S-51 31 99.0(S) OH
DS-S-13 59 72.5(R) Q
(0]
DS-K-NR818 40 98.5(R) 3-Hydroxy-y-butyrolactone(HL)
DS-ID-819 43 91.9(S)
HO O~
0S-K-29 56 56.0(S) OH O

Ethyl 3,4-dihydroxybutyrate

Residual ratio is indicated to be 100 % at initial time. Conversion ratio is shown by mol %. Optical
purity is calculated from quantity of each enantiomer using formula: |R-S| / (R+S) X 100.
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Table 1-2 Morphological, cultural and physiological properties of the isolated microoganisms.

(A) Strain DS-S-75

Morphology Rod Production of citric acid +
Length 1.5-2.8 mm Hydrosys of starch —
Width 0.6-0.8 mm Liguification of gelatin —
Pigmentation - Methyl red test -
Flagella Peripheral flagella V-P test +
Motility + Reduction of nitrate +
Gram stain - Denitrification +
Endspores formed - Deoxyribonuclease —
Indole production + NPTase +
Catalase + O-F test Fermentative
Urease - D-Glucose, acid +
Oxidase + D-Glucose,gas +
Lysine decarboxylase @ —

(B) Strain DS-S-51
Morphology Rod B-Galactosidase +
Length 1.5-2.0 mm Cytochrome oxidase +
Width 0.6-0.7 mm Liquification of gelatin —
Motility + Reduction of nitrate +
Gram stain - Fermentation of L-Arabinose +
Endspores formed - Fermentation of D-mannose +
Indole production + Fermentation of D-mannitol +
Catalase + Fermentation of maltose +
Urease + O-F test Oxidative
Oxidase + D-Glucose, acid —

Arginine dihydrolase

D-Glucose, gas
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(A)

Enterobacter ludwigii EN-119 (AJ853891)

64
Enterobacter cloacae subsp. cloacae ATCC13047 (AJ251469)

Enterobacter cloacae subsp. dissolvens LMG2683 (Z296079)

Strain DS-S-75
Enterobacter kobei CIP105566 (AJ508301)

26

Citrobacter koseri CDC3613-63 (AF025372)
49

30— Citrobacter murliniae CDC2970-59 (AF025369)
— Citrobacter werkmanii CDC0876-58 (AF025373)

38 Citrobacter braakii CDC080-58 (AF025368)
e
Citrobacter freundii DSM30039 (AJ233408)

29| —— Citrobacter gillenii CDC4693-86 (AF025367)

47—— Klebsiella oxytoca ATCC13182 (AF129440)
ﬁ[ Klebsiella pneumoniae subsp. pneumoniae ATCC13883 (AF130981)

Klebsiella pneumoniae subsp. 0zaenae ATCC11296 (AF130982)

84 Raoultella planticola ATCC33531 (AF129443)
99" Raoultella ornithinolytica ATCC31898 (AF129441)

Proteus vulgaris DSM30118 (AJ233425)
0.01
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(B)

52 Aminobacter aminovorans DSM 7048 (AJ011759)

_|_— Pseudaminobacter salicylatoxidans BN12 (AF072542)
Aquamicrobium defluvii DSM 11603 (Y15403)
Nitratireductor aquibiodomus NL21 (AF534573)
Phyllobacterium myrsinacearum STM 948 (AY785315)

Hoeflea marina LMG 128 (AY598817)

83

Phyllobacterium catacumbae CSC19 (AY636000)
Hoeflea alexandrii AM1V30 (AJ786600)
Rhizobium giardinii H152 (U86344)
—Zr Blastobacter capsulatus IFAM 1004 (X73042)
Mesorhizobium loti LMG 6125 (X67229)
— Rhizobium loessense CCBAU 7190B (AF364069)
39 78 r-Rhizobium galegae ATCC 43677 (D11343)
78 ' Rhizobium huautlense SO2 (AF025852)

82 [ Strain DS-S-51

Rhizobium daejeonense L61 (AY341343)

25 99 Blastobacter aggregatus IFAM 1003 (X73041)
M 37 I: Rhizobium vitis NCPPB 3554 (D14502)

I Rhizobium rubi IFO 13261 (D14503)

[e ]

37 56 {Rhizobium larrymoorei AF3-10 (Z30542)
] R

7 hizobium radiobacter ATCC 19358 (AJ389904)
—— Ensifer adhaerens HAMBI 1631 (AJ420774)

Rhizobium rhizogenes ATCC 11325 (AY945955)
?r— Rhizobium tropici IFO 15247 (D11344)
— Rhizobium indigoferae CCBAU 71042 (AF364068)
% Rhizobium gallicum R602sp (U86343)

87|:r Rhizobium etli CFN 42 (U28916)

93 ' Rhizobium leguminosarum ATCC 10004 (AY509899)

Rhodopseudomonas palustris ATCC 17001 (D25312)
0.01

Fig. 1-4 Neighbor-joining trees based on the 16S rDNA sequence. (A) Strain DS-S-75. (B) Strain
DS-S-51. Inferred phylogenetic relationships of the strain DS-S-75 or the strain DS-S-51 and other
type strains are indicated. The number at each node is the bootstrap value. The scale bar repesents 1%
sequence divergence. The accession number of database sequence is given in parentheses.
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1-3-2  HEESAEDIZ L 54 CHB Ik 2 S

Enterobacter sp. DS-S-75 #k¥5 & OF Rhizobium sp. DS-S-51 #kIZ->W\ T, (R,S)-CHB @
BT AT ATV, ZF ), AV Ta ), Tat i, TFMWNIET DG E
Vet iRz O CHERR LT, ZORER, DS-S-75 ¥RIZE= AT /LiZxt L CREIVIR
EIRMZR L, (R)-CHB 23EV VR FR, i THE b7z, —77. DS-S-51 #Rix
DS-S-75 #R & Bl 5 &, HeiEME. (S)-CHB DOFEFRITIRVAS, HAME 1T RIS
FVMETE O, L LA Y7 a BV 2T VITIINRIEIRMEDN T & A S L
AR D (R)-HL D YESE41E & 1K - 72(Table 1-3), ML & & Methyl CHB(CHBM)
W2k U IR LR M 36 L ONAARIERPUE S @ 2 & L B8 L OV CHBM W21 CTh
L2Emb, UBOEE T IRE LTHEM LT,

Fo. WMEKRORELEMEZT T, WiiFEAZ 5~50CT4 hr f > F 23— |
L. £D#% 30°CT(R,S)-CHBM % HE & L TG SE/-fER., mEfkE H 30CE T
LE T -7 (Fig. 1-5), I T, RELEMS LU CHB @ pH ZEMZF5[E L T,
30C. pH6.9-7.2 TRULZEIT/2 9 Z LI LTz,

Table 1-3  Converting activities and enantiselectivities for some CHBs by resting cell.

Substrate  Specific activity Substrate (CHB) Product (HL)

(mU/mg of wet cell) Residual  Optical Conversion  Optical
ratio (%) purity (Y%oee) ratio (mol%) purity (%ee)

Enterobacter sp. DS-S-75

Methyl CHB 19.5 48.0 99.5(R) 48.0 95.9(S)
Ethyl CHB 18.0 42.7 99.8(R) 45.1 92.4(S)
i-Propyl CHB 17.1 50.0 99.4(R) 475 96.8(S)
Propyl CHB 16.3 49.6 96.6(R) 47.0 96.6(S)
Butyl CHB 13.9 48.9 99.7(R) 47.1 96.7(S)

Rhizobium sp. DS-S-51

Methyl CHB 0.868 30.9 99.0(S) 65.0 53.2(R)
Ethyl CHB 0.877 30.5 99.1(S) 65.6 52.1(R)
i-Propyl CHB 0.470 5.95 98.0(S) 90.0 8.60(R)
Propyl CHB 0.332 30.0 99.0(S) 66.2 51.5(R)
Butyl CHB 0.556 31.0 99.1(S) 64.8 52.7(R)

One unit of activity is defined as releasing 1 pumol chloride ion for 1 min from CHB. Residual ratio is
indicated to be 100 % at initial time. Conversion ratio is shown by mol %. Optical purity is calculated from
quantity of each enantiomer using formula: |R-S| / (R+S) X 100.
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Fig. 1-5 Temperature stability. Strain DS-S-75,M; strain DS-S-51,O. The
activity was measured by amount of releasing chloride ion after incubation of
resting cells for 4 hours at various temperatures. The relative activity shows that the
activity of each strain under 4°C is taken to be 100%.

1-3-3  CHB Y50 B SUS D FEFEHDS-S-75 #£)

DS-S-75 ¥ % AW TSN EIRIS & Ma Lz, 3 L OB TR L 7= sy Bk
IR IE 8%I1272 D K 9 1Z(R,S)-CHBM %Nz, 2.5 L A7 —/LZ T30 C TGS
Wiz, W7 v AL OMEITIZ E - T pH BME T3 5725, 25%(w/w) NaOH % il 2.
HZEIZEY pH #FHH&E L7-, Fig. 1-6 DX O ICIRTFIESEF, WIEFH. pH 3t a3
L.arvta—4—%2@ U CHEHE, $/-EERORENTED LI ITHE L,
ZDFER, IS OEITIZLE> T CHBM OEEME T, HL, ZajlAf 4y, A% )
—/VIREEHEIN L, CHBM O 23S HN L 7= (Fig. 1-7).

F7o. 3 LOETEIKRIZ (RS)-CHBMZ BN TRIGZAT/R S TR, 40 FEE T
(R)-CHBMI LI =R 48%., YoM 99.1% e.e.. (S)-HLIZILZR 48%, Y FHE 90.1% e.e.
T LNz, HLOYFREE X, R L U TRV T A% Wz 1-3-2 OER
IRf 2 0 B KD > 72 (Table 1-3), & Z Chgilli 72 PAIAI 2 18R SO, 2.5 LA —/LIZ
THEREPAZ G Lz, TOREE., KyCOs. NayCO;z. (NH,):2COs. CaCOs%E D55
FEHWD & (S)-HLO NN EH L, ¥l 7 =7 KEH\ 5 &(S)-HLD
AL 95.1% e.e.. EffIX 300 TdH - 7= (Table 1-4),

-2



) 77
(R.S)-CHBM{p
Balance [ ]

T

‘....................ﬁ........... EEEEEEEY E

pH meter 1l : :

OD meter o : L :

DO meter E o8 : ‘ :
- ..........v...........?................... (_ - E f 4 E i

: : Jar-fermenter E eeeeeeees

sEEEEEEEEEEEEEsEEnnnnnnnnnn NN EEEE NS NN NN NN NN NN NN NN NN EEEEEEEEEEEEEEEEEEEEEE

Fig. 1-6  Construction of reaction system for CHBM resolution. The dotted arrows indicate out put signals.
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Fig. 1-7 Resolution of (R,S)-CHBM using the resting cells of the strain DS-S-75.
Residual CHBM,M; formed HL,O; chloride ion,@; methanol,/\; optical purity of
residual CHBM, 4 |
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Table 1-4  Effect of various bases for titration.

Optical Purity(%e.e.)

Base RICHaM )AL E Value
ig’gﬁV/W) 991 90.1 102.4
iSOCA)c()V:/W) 08.3 95.5 207.1
Ei?éggw) 98.6 95.5 215.3
g‘?((:ngV) 08.1 95.1 185.4
Lﬁiv(;/:'v) 99.9 95.1 300.0

Optical purity is calculated from quantity of each enantiomer using formula: |R-S| / (R+S) X 100. E value
is calculated from optical purity of substrate (CHB; eeS) and product (HL; eeP) using the formula:
Ln[(1-eeS) X(eeP/(eeS+eeP))]/ Ln[(1+eeS) X (eeP/(eeS+eeP))].

1-3-4  CHB 5 HI UL OREFHDS-S-51 ££)
DS-S-51 #RIZ-DU T, DS-S-75 #k & AIERIC 2.5 L A7 — )L CHZES BSOS Z et L
Too FAKIRFE 1% TS L, St 40 BEfE C(S)-CHBM 1XUXER 30.9%., JEFHiE 99.2%
. (R)-HL [TV 65%., JEFME 53.0% ee.. EfElX 16.1 TH o7z, HL OJEFH
r“ I, FRFEEZ TR ELRD ST,

1-3-5  HAEERCAEY O SEE R SR

DS-S-75 #k#5 L Uf DS-S-51 PRO B Ff Btk 2t 9~ D 72 i, vhifrEifA 2 T
BT ATV Toa—)b 7 a LG T 5 BOGHE 2R~z T Ot R,
DS-S-75 #RIX(R,S)-3HBE 1Zxt L C S A ZFRAF S, R KA IIKGFEEISIZ I D 1L
N MED 3HBA (2454 L7z, (R,S)-2HBM (Z%F L Tid, R K% 717 S, S A% 2HBA
(ZZ5H LT (Fig. 1-8(A))e BT AT NEB L OB NN AR E HITIEFHE 98% ee.ll I
THFHET 52 LN TEI, —F, DS-S-51 #kl% 3HBE, 2HBM (Zxf L TS
RS0 T,

F 72, M E M & b 4-Chloro-3-hydroxybutyronitrile .  3-Choro-1,2-propanediol .
2,3-Dichloro-1-propanol, 1,3-Dichloro-2-propanol, Chloroacetone, a-Chloropropionic acid,
B-Chloropropionic acid ¥3 X Y EP (2%} U T E % 7R & 720> 7=(Fig. 1-8(B))s.
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(A)
H

-||O

OH H,0 OH
\/H‘ro\ \ - \/'ﬁ‘ro\ N \/\”/OH
(0] \ @) (@)
MeOH
(R,S)-2HBM (R)-2HBM (S)-2HBA
Optical purity 98.0%e.€. Optical purity 98.0%e.e.
Residual ratio 50.0% Conversion ratio 50.6%
H,O
\(\H/OV \\ . \‘/\H/OV N \g/\ﬂ/OH
OH O N OH O OH O
EtOH
(R,S)-3HBE (S)-3HBE (R)-3HBA
Optical purity 99.5%e.e. Optical purity 99.0%e.e.
Residual ratio 49.7% Conversion ratio 50.1%
(B)

oY N oI Y on cI” Y oH
OH OH cl
4-Chloro-3-hydroxybutyronitrile 3-Chloro-1,2-propanediol 2,3-Dichloro-1-propanol

oY e oY o<
OH O
Epichlorohydrin

1,3-Dichloro-2-propanol Chloroacetone

Cl
Cl OH
Ao Y
O

]
a-Chloropropionic acid B-Chloropropionic acid

Fig. 1-8 Tested compounds for analysis of substrate specificity of the strain DS-S-75 and DS-S-51. (A)
Compounds that the strain DS-S-75 shows activity. Both esters were stercoselectively converted to
carboxylic acids. The strain DS-S-51 showed no activity toward them. (B) Compounds that both strain

shows no activity.
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1-4 B

-5 & BB U 72 2 BRR(Enterobacter sp. DS-S-75 #k. Rhizobium sp. DS-S-51 ££)i3.
5% EEFME T CHB O R KR 721X S (K& fr S, HL ~&AH# L7z, DS-S-75
ROTERETR), AFFRRNT 21T o 7ok R, 7 7 LM E, JAHER LOWREE
DOEALMED 5 Enterobacter sp. Tdh 5 Z & N HEE S 4172, 16S tDNA DX FALHIfEHT D
#t 58, Enterobacter cloacae. Enterobacter dissolvens 5 JO% Enterobacter ludwigii &
99%LL LD @ WHREIPEZ R L, o 7 Rbif L CREKZTER LIz, Ll HEEAd
FNIFERIZ =B L TR\, G B D EEOHEEICIZE S, BT,
ABLFRIRNT OFE R & Ao T DS-S-75 #ki% Enterobacter sp. & [FlE L7z, —H4,
DS-S-51 BRDTERES-H, A= BRFAOMEAT O & Rhizobium radiobacter (ZFE{EIDOPEIR %
R L7253, N-Acetyl-D-Glucosamine, Potassium gluconate D& PERERAE R TR 72 -
72 16S rDNA O ILELFIfENT DFEF:. Rhizobium sp.\ZJ& 3 5B & & WO EIEME 2 7=
L7c, & 512 16S rDNA O FEEEAITAHIFEINE 98.9% T Rhizobium daejeonense (Zx%f L
KOEWHERMEZ R L, 5 FRG8 E TR EZR LZ, Lo, EERAINEE
BIZ =B L TWRWZD, fElRIR R EEOHEIZITE ST, BheTFn, A%
HIFEAT Ok B & &4 T DS-S-51 #:1% Rhizobium sp. & [FE L 7=,

X —7 7 — AU B —E W ESER T O RIRISIC BT, CHBMIRE
DIKFIZfE- T, ZaiAtr, A% —)b, HLEERBEIM U, ZORENS,
CHBZ AH & LT v UbBIS, KD RRBOG 2> T, 77 P aERESED
FOSRHEEIC L VAT bt T D Z & HRIEB S 4172, 4-Chloro-3-hydroxybutyronitrile,
2,3-Dichloro-1-propanol, 3-Choro-1,2-propanediol® & 9 727 /L7 v a— BLK
Chloroacetone, o-Chloropropionic acid, B-Chloropropionic acid, Epichlorohydrin® X
9727 v VERITKE LTI 7 U kTG 2 R 97, CHBIZXE L CO M2 o LAk
ZRL, ZRETHESNTOVWBBA G A AUEESR D L1387 - 72 R LT
bole, Flo, ARISMICHBHOHLAZ LK T2 2 Lnb, ZRETIZHE ST
2t Fafym A7 A0 Fr X vl = X7 VD5 AT VAR
IR s unl WIVR VBT AT OS5 FRNRIETH D Z EBRE ST,
S BIZCHBDOA =T o FA~—Ziin TE D68 (GLIREIME) 2/ LTk, U
Lo Z LrBEDS-S-75 RIS L TUDS-S-51 MRIFFHEIC 2 =—7 RS Z R TEKTH
7,

FRIZDS-S-75 BRIZBOGSHEE, BEIRE ., SREIPE L HICENL TR Y . AN
SRR VD & (S)-HLE 95% ee LA EDNEME CTHDL Z N TE T2, FTHT
YE=TIKEHND LEEIF 300 EArodc, BIEE I/ A DT U F A~ —IZHT D
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RIS S OB E L 2R L, BETE LI TV D RENEIRS TIIEER BB L %
20 ETHDHDNRE, (S)-HLb F-ERPRED L LTHRARXRILELT
4T TayrThHY ., KEKNHHE SN SL-Malic acid®? ., L-Ascorbic acid™ .
L-Isoascorbic acid *F 7213 L-Asparatic acid*V7> 5 DA FIENBRE SHTWHR, W
NHEAT vy 7O EET S, £z, ABEFIEIZ LY CHB2 GHLAZ G D121,
IN HCl, FERESM T TRl S g0 g 520 n™, DS-S-75 iz AV s &
RS CRRISEEITT 5 Z N TE, (RS)-CHBH 1 TR T(R)-CHBE & §
IZAERAIBE CH 72, S BIZCHBZ S T <, 7 v /D720 3-Hydroxybutyrate,
BELOE Rk V58 2 (LI2A0E 3 5 2- HydroxybutyratelZ %t L C & S ARSERAY 72
DK FREOGIZ Z O INVAR e~ BRI E D 2 & ThRFEREIT L N TE T,
—J7. DS-S-51 #k&E AW TR EIRISTIE, FRIFIZZ 2 TH MRS58 L
ool EG, KT A VxR D CHBRPHLOZENETld/2 <, DS-S-75 Bk
B %40 9 B DR EMEICRE L TN D Z ENRB I,

DS-S-51 #:1%(S)-CHB % 99% e.e. TF&fF SH 523, DS-S-75 R L V0 & FRAFHRITK)
>72, MATR)-HL OIEFHE TR . B RITEm o7, Tk, (R)-CHB Z &
FEHIZ(R)-HL ~EHLT 523, SRS DS-S-75 kL 0 £45 5729, (S)-CHB ®
—HH(S)-HL ~E B INTNDH 1 HTH D,

MK & HEFEIKIZ (RS)-CHBM Z EHHERM L THRISSED Z ENAIETH D |
PRIVt AR DOFR LN LB 72 < | BUSICAEESR 72 & O mfili 72 3N % 2L &
L7 &0, MEKRE EERSRTHATE 72, 2, mOoEECREAIRIC
£ o TR 21772 2 WX I TG 2 7R S 720y 5 72, DS-S-51 Bk & H 72 BSOS T AT
RBEPUEDMENZ LB P FISUSRITIEED K> T d &, (S)-CHB D[ENY
REIZPCR DR TR E S AL D0, BEHUSIEMER 2N & nh, THERS T &3]
BETHDH, SIHIT, HL 1% CHB LB EN R E R | AR EEB—F L,
Vrun XY o EOREEEEZ W0 T, CHB IZAREE. HL 13KEIZAY
5 <, ¥ H CHBM (% 67°C/0.3 mmHg, HL /% 110°C/0.3 mmHg CTH v | JeF0EK
IS OWEEM O BERERN RS Th D, LD Z &7v5 DS-S-75 Bk, DS-S-51 #&
X CHB 13U &3 26 AR A IEEROAPEIZIEF AN RER TH D &
EZ B, MEkRE WIS AM SRS,
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B X KEGE A o CHB O F5H
2-1  J¥im

B-ECTHEE LY HEEL 7~ 2 FKK(Enterobacter sp. DS-S-75 £k, Rhizobium sp.
DS-S-51 #R) %, =—Z7 722 L W CHB @ R AR F 7213 S (A% %5 & 2l ¢
BArs®E Mo FrFA~—% ARERIIZ HL ~E BRI T 5 2 &2k~ T,
FRIZ DS-S-75 BRITTEHERS @MW Z &, B Fef LR o 27 s LTAL
(RBARA 72K FRIEME 2 RO 2 & D B BLRIZEDS . T4 D OBERE G DO IE B
72 ERB RN, £ TARETIEL, KGET 5 DS-S-75 BRHOREERE 2R, B X
D fErn—=r71L, R, Blaf LV TOMT 21772572, 7= DS-S-75
RITEE R S Ko THIEMEDMEKAE T 5, BRI, SV FER R T CHE AT 9
ERBOBIEMEITE < 72 505, IEMEIHKRLS 725, £ 2 TARETIL, MRMIZER T
EBEIEL T, EENE (ROSHE, ROSHEERE) B XU EMER
EEAE LT, M RIBEZ/ER L, ZEd HVWz(R)-CHBM @ %) 7 fily4
REt 177872,

—J7. DS-S-51 BRIFFER L 72 FE D Tl CHB IZ DO ASAREAR Y I IEEZ R L
CHB O THA Y 7 BT AT )UK L THIE & A ENEIRERIRPE D 70 UWVEE
DS-S-75 ¥k & 72 D 2N, £ 2T, B L ~UL T DS-S-75 Bk & i 21772 o 72,
F£72. DS-S-51 FRITIEEDMENZ &0 BARE W EAPEIIRNETH L L5
2T, £ T, ARRIZOWTHAEMEZ M | S5 72 OISR 2 KB % 7EfR
L C(S)-CHBM D E MM 72 Bkt 21778 > 72,
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2-2  FEERE RS L OVHE

2-2-1 EBREREK . EEE

RILIIRF T E DO/ WIR Y  FYEiidE TR, B ARRSERR) bR T3 (1),
V=TIV RY v FERDEO L O E RV, HlREEE R L OMEHREE X, TS
(BR). B A #R), )= v R —> NEBIE)HZ ZNZENOFHEICNE - T

ERH L7,

2-2-2 fEHAREGE. 77 AR

Genotype, characteristics

Host strains

Escherichia coli
JM10949

DH5a*”

Plasmids

pBluescriptll KS+
pUCI18, 19, 118
pKK223-3

2-2-3  KIGH AR

El14-(McrA-), recAl, endAl, gyrA96, thi-1,
hsdR17(rk-mk"), supE44, relAl, A (lac-proAB) [F’
traD36 proAB lacl’Z A M15]

deoR,

endAl, gyrA96, hsdR17(rk-mk+), recAl, relAl,
supE44, thi-1, A (lacZYA-argF)U169, ¢ 80lacZ A
MI15,F-, A-

Amp', lacZ
Amp', lacZ
Amp', tac

a) LB 554 : Pepton 10 g/l, Yeast extract 5 g/l. NaCl 10 g/l, (pH 6.8)
WARFEHIZ X 15 ¢/l ORFRFERZ MR T2, BTG T T,
Ampicillin 100 mg/l, 1 mM IPTG %/l 2 7=,

b) SOB £5 4 : Pepton 20 g/l, Yeast extract 5 g/l, NaCl0.584 g/, KC10.186 g/l. (pH 6.8)
F—hr 7 L—T%, AEEE L7- 1 M MgSOs, 1 MMgCl, %
IL (Zxt LT 10ml $-201% 7=,
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¢) SOC H5Hll : SOB 5 1 L 12%F LT 2 M Glucose % 10 ml 32z 7=,

d) SREEH A : 1-2-2 28,

e) KL B : Pepton 20 g/l Yeast extract 10 g/l. Glycerol 5 g/l. (pH 6.8)

2-2-4 4 A DNA Okl
1-2-5-2 L [RIERIZAT 72 o T,

2-2-5 KIBEA S D75 Z I FDNAD /D #FRHES

PUAEWE 5T LBEHI 3 ml T 1 BiE538 U 72 B R % 32047 (3000 rpm, 5 min, 4°C)
WICEVER Lz, ZOHEKZ 200 pl @ Solution I (8% L, KIZ, 400 pl @ Solution
I 2Nz, FEONTIRE, KPS 5 3 EHE L7z, 300 pl @ Solution 1T Z %, X
IRA L. KAFIZ 10 fEE L=, 2053500 rpm, 5 min, 4C)t%, LiEE 7=/ —
Jvi7 aa v s, =% 2 — b A Tu. TE buffer (S8R L2, £72. MH
IZJi& UC, RNaseA(10 mg/ml) & iz, 37°CC 30 sriE{b L7t . PEG £ %17\ TE
buffer [T LT,

Solution I : 50 mM Glucose, 25 mM Tris-HCI (pH 8.0),10 mM EDTA (pH 8.0)
Solution I : 0.2 N NaOH, 1% SDS
Solution III : 3 M Sodium acetate (pH 5.2)

2-2-6 DNA OFEXIKEIFR LU DNA B o [EIIYL

TAE buffer (2 XV ERIL72 1.0% 7 a2 — A=A L7z, #EHTZ Gel-Loading buffer
Z 110 Mz, ZvDAa v MIHEAN LT, IKENEE L Mupid-2(2 A E « 231 4 (FF)
A2V, EBESOV 721X 100 V TfTo70, vkEgE, S ra=F v saTa~
A FZELTAEBKIZIZ L, NI U AL NI 3x—4— ETBIZLT,

TAE buffer: 40 mM Tris-acetate , 1 mM EDTA
Gel-Loadingbuffer: 0.25% Bromophenolblue, 0.25% Xylene cyanol,
40% Glycerol

T A a— A6 O DNA Wi O[T Prep-A-Gene DNA Purification Kit(Bio
Rad(BR)EDH Z W TIRM O 7 1 b = — Wit > TR0, & 20 pl @ DNA Rk %

5,
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2-2-7 KB O LR

2-2-7-1 =T RO

KEGEDHS o E 72 13IM109 % LBEF 1 5 mIC—BEE R (A7H578) L. 200 mlOSOBES
125D 30°CIZCTODgoo2’ 0.4~0.8 (272 % F THFE L7, BB 2 kP CHHA LT,
1:05(3000 rpm, 15 min, 4°C) L CTHEHE L. 1/3 (67 ml)DK# L 7=TB buffer(Z ### L T
KA 10 Z3 B E L=, 13053000 rpm, 15 min, 4°C)#%. EZ2FH O 16 mlDOKEG Lz
TB bufferiZf&¥ L, IR 7% & 72 5 & 5 IZDimethylsulfoxide (DMSO)% - < V) &
B OMA, KEIZ 10 2iE Lz, 0.2 ml$ D 1.5 miffvhs LT = — 712557
L. MRIRZEFR THE L T-80C TRAF LT,

TB#E##& : 10 mM PIPES, 15 mM CaCl,*2H,0, 250 mM KCl
KOH CpH6.7 IZA 7=, 55 mM MnCly-4H,0% Il 2., AiEiEE L <
A CTIRIE LT,

2-2-7-2 R

BOCTIRAFE LTz BT » MEVEIK TR, 1~20 ul @ DNA iR 4 N
Zy KHFIZ30 UL EiE LTz, 2CTISBle—bhra v sk, BEHBIOKFICE
L7z, 800 ul ™ SOC sz Nz . 37°C T30 /MR & DB L=, mO0BE% g
% 200 ul D SOC EFHIZ B R 2 ) U 8 24 72 P E % & e LB ZEREG I BTN,
37°CCT—MussE L7,

2-2-8  HEIEBLAIDIRIE

DNA ORI OREIX. T 77 A4 AL AT LX) D DNA > —7r
Y7 Fy hEHW, 207w ha— o7, ¥ I dRhodamine Dye
Terminator Cycle Sequenceing Ready Reaction Kit % 72/3% BigDye Terminator Cycle
Sequenceing Ready Reaction Kit Z IV 7z, DNA ¥ — 727 = % —|3 ABI PRISM 3100
DNA Sequencer 1 ffl L 7=,
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2-2-8-1 RY AT —BRIE

02 ml¥A 7 aF 2 —7 2§ DNA & Terminator Ready Reaction Mix 6 ul, 77
A ~—2 pl(1.6 pmol), JKEAKTISplIZA AT v 7 LIS ZFIT L, Gene Amp
PCR system 9600 C PCR )iz ¥ 7=, KISSRMEIZROMEY TH D,

96°C 1 min
96 C 10sec, 50°C 5sec. 60°C 4min 25 cycles

2-2-8-2 BT ILOFH
RY AT —BRIEOKE D> KSR ZE 1.5 ml O/NELT =2 —7 2B L, 3M
NaOAc (pH4.6)1.5 ul, 100%=% /—/L 33 ul A%, JK B2 10 s3[iE Lz, €0
#1504 BE(15000 rpm, 20 min, 4C) L, F{HEZ#ET 70% =% / —/L THF L, Bt
ﬁ’ii}‘é L 7=, Template Suppression Reagent (TSR : 7 77 A4 R/3A 42 A7 A A(#K)ED)12
ZELSEMR L, 95°CT 5 fimEd%, K ETRH L, [IEANALRNE I ITHER
L&ﬂ%%ﬁ@ﬁ/7w%;—7:@L\tf&%@@ﬁﬁko%ﬁﬁyfwbv
—ZY TN Fa—T IR, ==ttty F LT,

2-2-9 HZ U NNITEDOER

B\ ZFRE D 72 R Y Bradford DT HEICHES 7220, 1/10 B4R L7-HEESEHE 50 ul
EHUNTEEERIE 2 ml ¥ 2y MZARTELSEAGL, 5 2L BT
5 Abs 595 nm % HIE L7z, BSA(Bovine Serum Albumin) % W\ THEfR 2 B L. =
NEVY LTI Nor R ERERZRDT,

Ko7 B E &K, Coomassie Brilliant Blue (CBB) 50 mg, 95% Ethanol 25 ml,
85% (w/v) Phosphoric acid 50 ml

REZREAKTS00ml (ZA AT v 7 L, AH(Toyo No.2)T 2 [a]Aifa L7=,
S OIFEHERNINEEDAFEAMKT2EAE L THEH L,

2-2-10 SDS-RVU T 7 U7 I K7 IIVEXIKEN(SDS-PAGE)

2-2-10-1 EXUKE
SDS-PAGE[Z, Laemmli®> JiEIZHE~ 72", TFredsyBEs v & ke 7 v 2 v 7
/V%ﬁz% L7z, PR U724 & o Ry B EHZ % B D SDS-sample bufferz 1z, 95°C
2 BB S E TR B 2 ST 7T A Lz, BREKENIHEEXI =/ LR T
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T ERVKEEEE(H AT A F—>#F)) % V>, SDS-running buffer® T1T - 7= (FE&E i
20 mA),

SEEF AL 375 mM Tris-HC1 pH8.8, 10% Acrylamide, 0.1% SDS
(X4 8D APS & TEMED THEA)
EHER AL+ 125 mM Tris-HCI pH6.8, 5% Acrylamide, 0.1% SDS
(X4 E:D APS & TEMED THA)
SDS-sample buffer : 100 mM Tris-HCl pH6.8, 50mM DTT, 4% SDS, 20%
Glycerol, 0.2% BPB
10 X SDS-running buffer : 0.25 M Tris, 1.92 M Glycine, 1% SDS

2-2-10-2 Coomasie brilliant blue (CBB) R-250 (Z & % # > /37 B Ysth,

SDS-PAGE #% D7 /V % CBB YLfaiikiZiz L 1 IR0 ZikR & 9 L7z, CBB 4+
WRaE¥C, 7 /v%& CBB AR LT, /N RESOE G RNBIC 2 D £ TR
IR E 5 Lz,

CBB Yufaif:  45% Methanol , 10% Acetic Acid , 0.1% (w/v) CBB R-250
CBB itk 45% Methanol , 10% Acetic Acid

2-2-11 7 X BRSO P E

PVDFJE(BIO-RAD(KK)#Y), A#%3 L ISDS-PAGET ™ % /L % Transfer bufferd! T 15
S L2%, =L hr TR 7 7 —#EEHAT A F—#R)NA-1512)%
FAVN T Transfer buffer T T 1 mA /em® D E BRI T 45 4y [EdE L, ¥ > 737 'E %ZPVDF
BEEc7ay MLz, BONRY REAZATEDHL, 50% A% /7 —/LC2[F, #
WK T2 EVEEE, T VR —7 =Y —(T 7 T4 K3 A AT 5 A(BR)FEEL
PROCISE 792 & 721 476 A)Z L YV 78T L 7=,

Transfer buffer : 48 mM Tris-HCI (pHS8.3), 39 mM Glycine, 20% Methanol
2-2-12  FEFAIETERE
2-2-12-1 b7 v AV IEPERE
0.5 M Potassium phosphate buffer (pH7.15){Z 1% (R,S)-CHBM % £:'5 & L T 30°C C/x

oL, BEEEST D 7 vl A U B I S O ETRIE LYY 145MIC 1 pmold 7 1L
A F el S oFEEE 1UE LT,
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2-2-12-2  FEE RIS TERE
0.5 M Potassium phosphate buffer (pH7.15), 1 mM & FE 2 L. 30°C TS,
GC (ZTorfiR 2 JIE L7,

2-2-12-3  JINZK T P E

0.25 M Tris-sulfate buffer (pH7.15), 1 mM %% p-Nitrophenyl ester Z 7% L, 30°C C/x
itk EEET 5 p-Nitrophenol % 400 nm OW I LV HIE L7, 1 [IZ 1 pmol @
p-Nitrophenol % il <& o B¢EE%Z 1U & L7z,

2-2-13  DS-S-75 Bk H1 SR DR
1-2-6-1 & [AERD 7L TIR7z DS-S-75 BRO VY AHL % 20 kHz, 60-80 W ZkfH T
AE AR L. 32002(26,000 g, 10 min, 4°C) . LIHIC 50%EaFZ72 5 & O IHilE T
VE=ULEMAT, TBE% 10 mM Tris-sulfate buffer (pH7.8)IZ¥Af# L. [A buffer &
fAFIRRER 7 & = 7 AR T L7 Butyl-Toyopearl(BE  —(#%)H) 4 Z (2l
LT BRER T B =7 LAOWREZ T 7203 HUSHIR Z o3l U TEPEE 53 2 525D T 80%
BRI D K O IR v E=v LAz /lx i, tEE%Z 10 mM Tris-sulfate buffer
(pH7.8) T M L. [F buffer THEAMT 21772 o 72, [A buffer TFA{k L 72
DEAE-Sepharose (Zi@EHTEEL 2l L7214, 10—200mM T/ 7= R EnT RN 5
TR % 4y 18] L S PER 4y % 4 6D C MicroSep 10K ( H AR — /L (#R)HL) (2 CTHefE L7z,
0.1 M Potassium phosphate buffer (pH7.8) buffer C*F-ffr{l; L 7= Sephadex-G150(~7 7 /L'~
T (R IR A i U TR R A v L, IEVERI Sy 2RO T, BEFRAE RO
Ry B OERIL, 280 nm OWIEIZ X VTR o7z,

2-2-14 DS-S-75 BRI kR B D/ u—= 7

2-2-14-1 FEHEEZE O N K L ONE T 2/ BRECA DOPR-E
LR LZ T N U B L0 R b L. 2-2-11 @ 5L T N Rk KO
TR BRECH AT E LT,

2-2-14-2  #fF#E PCR

WELRET X VBB L Y . LT ORRICHIE PCR 774 ~—Z it L, 1-2-5-2
T L7=% 7 & DNA % §§ & L T ExTaq Polymerase(E /A A (8F)HL) & H > THis
H PCR #1772\, #9400 bp @ PCR FEWY % BKL kit(FE /A A (k) ED) & W CTIRAF O
7'u ha—UIit-> T pUCII8 ~H TV a—=2 7 LT,
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el 774 ~—
El: 5-AARCARTAYCARCARATGTGG-3’
E2: 5-RTANGGNSWYTCNGGNGC-3’

R,Y, W,N X FitDIRAHEZ 1~
R:A,G Y:C, T W:AT NAGCGT

BOG S5
2 96°C 1 min
96°C  30sec
7=—Ur7 50C 1min 40 cycles
(iEE=S 72C 1 min
72C 5 min

2-2-14-3 Fu—7 DO

7 —7L LTHWADNAZ 7 /LA L, 25 ngsy ZBcaBEST™ Labeling  kit(
A F ()Y F L O [a-PldCTP(1.85 MBq) (7 7 /b~ ¥ 7 (R Z W TIRIF D7
B2k a— U hE o TR EZ ~v Lz,

2-2-14-4 oA TV HAE—T 3 v

% 5ugd %/ ADNAZBamHI, EcoRI, EcoRV, HindIIl, Kpnl, Notl, Pstl, Sacl,
Sall, Smal, Spel., Xbal, Xhol®D %[ Ceidib L, 7~ U U AIESIKENE

(ATTOR)HL) ZHAWT, 1% T Ha—AF N CERIKEI 1T/ o1z, FIV %R
MR, TV U EVERR, TR ONAIZR L, 7V ODNAZ LB L7z, 20X SSC
il L7 ay T gy 7HEEEE Yy FL, DNAZ T AL FA R AT LT
16 heod i THRG L7z, & T4, SRIMVRIBSH(GS Gene LinkerTM UV Chamber; BIO
RAD(FR)H)IZ & > TDNAZ A > 7 L > (Hybond™-N+; 7~ v AKRR)E)ICEE L.
2-2-14-3 T2 7 m—7 L 5XSSC, 0.5% SDSIFIEH T 65CIZTNAT VXA E—
varEITRoT, #& T, 2XSSC, 0.1% SDST 15 min, 1XSSC, 0.1% SDSC 30
min, 0.5XSSC, 0.1% SDST 1 hr, % 65CICTHiFLiz, A1 A= 7T L— L%
HWTEIE L, N T A A= 7T 57 A4 —BAS5000(& L7 1 /L A(HR)EHIZ &
R EFEAIANT, FTo, X7 4 V2 EHWTE L, BB E2IThoo(E L7
SUIINCI N
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P 25 PR 0.25 M HCI

TV Y BEVE: 1.5 M NaOH, 0.5 M NaCl
HFnR: 1.0 M Tris-HCI (pH7.0)
SSC: 0.15 M NaCl, 0.015 M Sodium citrate

2:2-14-5 au=—ATVE A EB— 35

7 7 2 DNA O EcoRI 5241/ i 2 B X0kE) L, £ 6.0 kb 7% pBluescript 11
KS+ODRIEBALIARA L, 2 A Lz KIS E DHSa EE A2 LB SR
WATHR Lz, 37CTORIMA v Fa— g, an=—{ZF MR AT LYV
Z 1 min A IS, ATV ERBRENR, TR ) B, PR ONRIZE L,
ATV ATATE LTe DNA 208 U7z, SV IC L > TDNA 2 A 7 L T
EE L, 2-2-14-4 D FIEI > TNA T VXA B—T a U &2ITRo 1% B LT,

2-2-15  DS-S-75 R REEFR B s/ 2 RIGE O 1R

PCR (2 X o TDS-S-75 BRHI R R BIn T OBls = R B2 65 3 EFTO ATG
Bl D3 < 5 RimfllZ EcoRI #Eakbd A 24N % X 91277 4 ~—(E3. E4, E5)%
A LT, F7o. BEEEE O N Kulc s DY v & a— K45 GTA % ATG (B #1
L. [FIERIZ 5> RN EcoRI GRAKACAIZ AT INT 5 X 5127 T4 ~—(E6) &2 iXat LT,
YK T T A~ —IZIEMIBR0ZHEH LT, 77 A4 ~—0O/F % LLFIZRT,

SARIGMH BREIT T A ~—
E3: 5-CCGAATTCATGGGGAATGCGCTGATGAG -3’
E4: 5-CCGAATTCATGAGAAAAACCATGCAACG -3’
E5: 5-CCGAATTCATGCAACGCAGTTTGCTCTC-3
E6: 5-CCGAATTCATGTCTGCTCAGGTAACCCGC -3’
K% EcoRI §B#ALAI 2 7~ T,

W S 7= DNA % pUCLI8 IV 77 n—=1 27 L CHIERY 2R L=,
EcoRI-Pstl Wrjr % pKK223-3 [ZHA LT, HBONILT T AI FBXOREME LT
pKK223-3 DA% KAGHE IM109 3 1 OV DHSalZ A U FH#2 % KA IM109(pKK-E3),
IM109(pKK-E4). IM109(pKK-E5). IM109(pKK-E6). IM109(pKK223-3), DH5a(pKK-E3).
DH50(pKK-223-3) % 157=,
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2-2-16 DS-S-75 thkH kR B D/ n—= 27

DS-S-51 ¥k Bl L7247 & DNA % Sau3Al CH4rHik L. & Wi % pUuC19 @
BamHI FEFENL~FFA L7z, Z4# % DHSolZE A L., 100 mg/l Amp. 0.5%(V/v)
(R,S)-CHBM # L ' 80 mg/l BTB % & ¢e LB £5 114 L=, 37CTA > F aX— |k
%, BUPKAICEALTcan=—%2EfGF L, 77 A Ml z{Tho7z, 2EH
W o>t BEEREE & L C DHSa(pKK-E3) % AV 7=,

2-2-17 DS-S-51 Bk HI KBRS 2 KM B O VERY

PCRIZ X » TETFOBtE= K09 < 5 RN EcoRI 5RakELY ., #&hg= N
D3 < I ARIHANS Hindll FEFRALHNZ T DL T4 ~—%KEH LT, 77
A~ — DA Z LU NIRRT,

Rt 7 7 A ~—5 Rl
5’-TTGAATTCATGCCCCATAATCTG -3’

K?&i EcoRI 3 W n‘k@ﬂﬂ %Tﬁ‘

3’ R uAl
5-AAAAGCTTGTGGCCGTCGA -3’
K01 HindIIT 285%AL 8 2 =3,

R S 7= DNA % pUCLI8 IV 77 n—=1 27 L CHIERSI 2 iR LT-1%.
EcoRI-HindIII 7 i % pKK223-3 (2 A L7z, 567277 A REKGE IM109 3
L OVDH5alZEA L, ##z KIGE IM109(pKK-R1), DH5o(pKK-R1)% 157-,

2-2-18  DS-S-51 HRH REEFE L 2 KIGE O T

AREIZ5 ml O LB 552708 U, /FR L 72 &4 2 KIBE 2 37°CIZT 16 h#z
DR LTZ, IM109 (Z2oWTIX 0.5 mM IPTG #5E F CHEFE AT/ 72, 20 ul
DEEFIRIT T LT 3 ml DRGSR T 2-2-12-3 OIS FRIEVERE J5 112 X 0 &P
U7 70858 A 1.5 ml Uz DT = — 712 AL, 1304 BE(6000 rpm, 5 min, 4°C)
IZC4EH L. 20 mM Potassium phosphate buffer (pH 7.2)# C 20 kHz, 60-80 W [Z C#A
TR U 7=, 3E.05(15,000 rpm , 10 min, 4°C)#% @ 3% % SDS-PAGE, N Kui7 I /
FRFEAT. d5 LNV L Ai 1 7 2 (Sephadex G-100)12 it L 7=,
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2-2-19  MH#L R KNG 2 W 7O FEME CHBM, HL O 42 pERR Y

2-2-19-1 (R,S)-CHBM O Y2245 E it

SLEVY—T77— A — (=Y UE{EF TEM)R KMI-5B) 123 L OXER;
1B & FHEL L CHEEREL 500 rppm. GBAE: 0.25 L/ min, 30°CIC ChsEE L=, FRIEGEHRK
IZITRRBREICC30CTHIE LT- 3 ml OFFRIKZEA Lz, BRREICRD I
CHBM %Nz, HEEL 500 rpm, 30°CIZ TS SH T2, KISHIX 14% 7 =7 /K
FRIRIZC pH6.9 (2l L7z, KISt CHBM, HL OJREER L USEFME L GC 12 X
DA HT Uiz, 72, NEIENME CHBM, HL O£ A EREIFIZIX, 500 ml BD
Ny INAF=ZA 7T A3 3 RICEX100ml REEH#HB 2L, o—% ) —v = A
J1—1Z7C 130 rpm, 30°CIZTHER . 300 ml DIFFIEE A A L ZHK T3 LICHR
L7ebDZERISITHEH Lz,

2-2-19-2 (R)-CHBM, (S)-HL ®[EIY, L

#E % UF i (Spectrum Laboratories(#)%4; 4343 1-& 50,000) 12X Y BREG L,
AURD 1/2 BOFEETF /U T 4 BFIHA1T72 > 72, CHBM Z & el — T ILVER
X OVHL % & te/K)E 24 % WIEEAE L. CHBM X 67°C/0.3 mmHg, HL i 110°C/0.3

mmHg (T T L7,
2-2-20  SNT I iE

2-2-20-1 GC 43#r

CHBM. HL DO¥EER L OEEME L, 1-2-8 D FETIT R~ 72, EREE o/
FUESSHTICTIE TC-1701(GL ¥ A = A(BR)EYF ¥+ E'F U — B T AN 025 mm | £
X 30m) L7z, &7 HIEE; 70°C(3 min)—250°C(10°C/min), KfL=EIEE; 250°C.
AR, 250°C, v U 7 —H A; €5, idl; 1 m/min 27U » R 1:100, #
H%s; FID, FEHRGUEE 0.2 pl FEA LT,

2-2-20-2 NMR #T
NMR 31 1E A A5 7 () 8.GSX-270 12 T'H NMR(CDCls, 270 MHz)3 X OM3C

NMR(CDCls, 270 MHz) % 1772 5 7=,

2-2-20-3  FEXELSHT
FESEE P ATICIE, B A G TR B hE e 7 H(DIP-360 %) 2 f ] L 7=,

-38 -



2-3 fFER

2-3-1 DS-S-75 #kH1 el 32 o i

CHB D Y5y B s DO FEAIENT 2 B0 & L CDS-S-75 k2> 5 H B O RS2 1T
Tpolz, BRI T OBUKMED T N, AT ZWH T 5, VAT T AOEFE
BT LY va~ 7T 7 0 —Z LV Enterobacter sp. DS-S-75 Bk DMLEER IG5 221 1%
(RS L 7= (Table 2-1), ¥58 L 7-f#3{8 % SDS-PAGE (29 2% & CBB Yefa |2 CHL—
DNy RZ& s LTc(Fig. 2-1), FEREESE O 4 F &3 37,500 T, VAT 7 A7 1
~ NITT T 4 =D EITHKI 75000 ThHomZ ENBRE EBIKTH- T2,

Table 2-1 Summary of the purification steps of the enzyme from the strain DS-S-75

Step Total activity Total protein Specific activity Yield Purification
(V) (mg) (U/mg protein) (%) (fold)
1. Cell free extract 88.3 2540 0.0348 100 1.0
2. (NH,),S0O, (0-50%) 53.8 1680 0.0320 61.0 0.9
3. Butyl Toyopearl 38.1 142 0.269 43.1 7.7
4. (NH,),SO, (0-80%) 23.0 132 0.174 26.0 5.0
5. DEAE-Sepharose 28.2 6 4.75 31.9 136
6. Sephadex G-150 19.5 3 7.69 22.1 221

The enzyme amount which liberates 1 umol of chloride ion for 1 min was defined to be 1U.

Fig. 2-1 SDS-PAGE for purified enzyme from the strain DS-S-75.

2-3-2  DS-S-75 ¥R H R E O MEE

FfEm b R R AT VTR 2 E R R 2 TR R, B — 5 TR L
T H R Z AW EBR & Rk Tdh >72, CHBM, CHBE (XL T miA 4 T
T =& LR SRy RIS LW O HL IZ KL TS
4-Chloro-3-hydroxybutyronitrile 35 & O 3-Chloro-1,2-propanediol & DL~z & KU >
WXL CIIEMEE RS 2o 72, £72 3HBE B XUV 2HBM D VAR T AT )L
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(R LCHEPEAZ R Ly HL TR KGRI K0 DVIR U BRICER L7238, =
AT VR IMOMEN E Fa I VETIER T I /A7 v VETH H{LEMIC
TG A2 7R 7275 T2 (Table 2-2), £7o, —MRANTHIK R ORLEH L L THEA S
1% p-Nitrophenyl butyrate ([Z%f L CH EWEEZ /R L7-D T, AFflRFH(C2-C10)
® p-Nitrophenyl ester (2% AIEMEEZ T AER, REFEH4 O T F L= AT VTR L
THROLIEERELS, REEDBPELI LD TIRIEETH Y, RFEH 10 ©
p-Nitrophenyl caprate (Zxt L TILa& < &M Z /R 727> o 7o (Table 2-3), AKBEEFHE D
(S)-CHBM (Z%}9°% Km fEIL 8.04 mM, Vmax % 19.2 U/mg, % pH IZ 6.6-6.8 Th
D, pH5.0-8.5 CTHEThH o=, £, ®BOERMEIT RS o7,

Table 2-2  Substrate specificity for various halohydrin and esters.

Substrate Relative activity
CHBM 100
2HBM 19.3
3HBE 240
OH
Ethyl lactate(EL) )\WO\/ 7.00
O
0]
Methyl butyrate \/\f( > 71.9
@]
NH,
Methyl 2-amino-butyrate WO\ 0
O
Cl
Methyl 2,3-dichloropropionate C'\)}(O\ 0
O
OH O
Diethyl malate \/O\H)\)J\O/\ 0
o}
4-Chloro-3-hydroxybutyronitrile C'/\(;\CN 0
3-Chloro-1,2-propanediol CI/\C;\OH 0

The ezyme activity is measured as degrading substrate. The relative activity shows that the activity
of CHBM is taken to be 100%.
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Table 2-3  Substrate specificity for various p-nitrophenyl esters.

Substrate Relative Activity

O-N \©\ o
(C2) 6.92
oA
OzN\©\ )UC3) 15.0
(0]
O,N
7 (€4 100
\©\O)J\/\
O,N
Til\o(%) 1.04
O

O,N o
\©\ J\/(C\S)/\/\ 0.05
O

O2N \©\ O (C10) 0
O)J\/\/\/\/\

The enzyme activity is measured as releasing p-nitrophenol from p-nitrophenyl ester. The relative
activity shows that the activity of p-nitrophenyl butyrate (C4) is taken to be 100%.

2-3-3  DS-S-75 BRI RE#ER B O n—=7

WSRO 77 X BESIERZ S & I8 T 7 e —= 7 2Rl ATz, N K
7 2 EERECANE V-S-A-Q-V-T-R-D-T-L-G-T-M-E-K-Q-Y-Q-Q-M T& ¥ . N K% * F
F=rTEBRLINY U Thote, FE NI TV B EATRST-NERT X BEBLY
X R-R-A-P-E-S-P-Y-P ThH o 7=, IWEL7=7 I /BES L VHEE PCR 774 ~—%
FxEF L. 7/ 5 DNA Z88 & LT PCR 24772 o T2 fE 5. 9 400 bp OHEMEWT v 2 15
7o IME 7 —7 & LT DS-S-75 Kk B L7=% 7 2 DNA % & FEfREE S T
Hib L, T2 T o7, ZORERND, K1 6kb D EcoRIWTRIZ L D57 7 A
TA TV —Z2RBEICTHERL, AI7e—72H\wlan=—n"AfT7 I XA E—
varvE{TRolEZ A 160 ar=—HnE L EOBMEa e =—%157-, A DNA
WA o> 1760 bp DXL 2 P L2 A5 R, 4 1.1 kb 2> AR 415 ORF AL
U7, SEAERA B LOMEE S5 7 X/ Ieldd % Fig. 2-2 \ZRd, 2 H OREAII,
DDBJ/EMBL/GenBank 7 — # ~X— A |Z Accession No. AB236152 & L CTHE&:L7-, #E
ET X BESIFICIE= AT T — BB LMY X—BIZRFEN TS G-X-S-X-G
BcAH3f7/E L, DDBJ/EMBL/ GenBank 7 — & ~— A [THER S LTV D IAEM SO
T 27T —E U= A FaT—8LHEKT45%DHHFEMED & > 72 (Table 2-4),
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S OFEEMEZ S TNT 2-3-1 THE LN FE RN

5., DS-S-75 #RH >R 32 13 Hydroxy
Carboxylic ester Hydrolase from Enterobacter sp. (EnHCH) & fii4 L 72(2-3 B &), HE
ET X EEELHIITIE, DS-S-75 R HAER L 7= B R O T X BRELHIISFAE L,

W U7 O N Kim 7 2 BEECANIHEE 7 X 7 BRSO N K 6 25 FRILFREE
WEBIZFTE LT,

Fo. RE Ltfﬁ%ﬁaﬁuqﬂ X, EnHCH &fz D7 < kit
R BTz, HEE L7208

U’/

ZHIJ> ORF 43T A
i

r C Rumfl7 2/ BeBdsl (236 7RA) 1 IMAEM SO
3-Hydoroxybutyrate dehydrogenase &K 68%DFRIFINEDS & - 72 (Fig. 2-2)

(A)

Sequenced region

EcoRI 1
BamHlii

Pstl —}--------
EcoRI

1kb
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(B)
GBATCCAGAT TGTCAGTCCC CTGGATGAAT ACCCGTTTGC TGACTGGCGG AAGATGATGG CTGTTCATCT TGACGGGGCA TTTCTGACCA CCCGGGCAGC
ACTGAAACAT ATGTACAAAA ACCCGCAAGG GGGGACGGTC ATTTATATTG GCTCTGTGCA TTCCCATGAA GCCTCCCGGC TGAAGGCGGC GTATGTGACC
GCCAAACATG GGCTGATGGG GCTGGCTAAG GTGGTCGCGA AGGAGGGGGC TGTTCATCAC GTTCGCTCGC ATGTAGTTTG CCCGGGCTTT GTTGATACGC
CGCTGGTTAA AAAGCAGATC CCTGAGCAGG CCCGTGAGCT GGGTATCAGC GAAGAGGATG TCGTCAAAAA TATTATGCTG GCGGAAACCG TTGACGGGCA
GTTTACATCG GAGGCGGATA TTGCCGAAAC AGTACGTTTT CTGGTGACAT TTCCTTCCAT GGCGCTCACC GGACAGTCAA TTACGGTCAG CCACGGATGG
M G
GGAATGCGCT GATGAGAAAA ACCATGCAAC GCAGTTTGCT CTCAGCCCTG GTGCTGGTGG CTTCCTGTTG TCATGGGGCC TGGGCAGTAT CTGCTCAGGT
NAL MRK TMO®R S LL S AL VLVA S CC HGA WAL S AQV
AACCCGCGAT ACCCTCGGCA CAATGGAGAA ACAGTATCAA CAGATGTGGG AGAAAGAAAA TGGCCCGCTG ACGTTGTCGC CTCCGGCCCC CCTGGCGACG
TRD TLGT MEK OVYQ QMWE KEN GPL TLSP PAP LAT
CTGTTATCAT CGCTACCCAA AAACAGCAAT AACCCCGAGT ATAATACGCT CGACAGCCGT GATGCGTTGA CTGCGCTGAC CCAAAAGTAC GTGACGGATA
LLSS LPK NSN NPEY NTL DSRDALT ALT QKY VTODK
AACAATCCAT AGCCCGAATT ATCAATGTGG ATGTCGCGGT GCCGGGACGA AAAATTCCGG TACGGATCTA CAACCCGCAT CCGGATATAG CAACCGGGGT
Q S1 AR1 I NVD VAV PGR KI1PV RIY NPH PDIA TGV
GATTTTCTTC ATTCATGGTG GGGGGCATCT GAGTGGTTCG GTGGATGTTT ACGACCCGAT AGCCCGTCAT CTGGCGGCTG CAACCGGTAA TACCGTCGTG
1 FF I HGG GHL S$6S VDVY DPI1I ARH LAAA TGN TVV
GCAGTGGACT ATCGGCGGGC GCCGGAGTCC CCCTATCCGG AGGGACTTCA CGATGCGCGT GATGTCCTGA TGCAGGTTTA CGCTGTACTG GATCAGAACC
AVDY RRA PES PYPE GLH DAR DVLM QVY AVL DQNH
ATGTTCCCTG GAAACCGCAA CTGACTCTGG CCGGAGACAG CGGAGGTGGG GCATTCAGCG CCACGCTTGC CGGCGATTTA CAGACTGAAC ACCCGGGCTT
VPW KPQ LTLATIEGDS GGJ6G AFSA TLA GDL QTEUH PGF
TATCTCCCGC CTGGAGCTGA TTTATCCCAG CCTGGATTAC ACGTTGTCCT GGCCTTCCGC TGATGAAAAT GGGCAGGGTA AATTGCTTGA TAAAAGCAAA
1 SR LELI1I YPS LDY TLSW PSA DEN G6QGK LLUD K SK
GTGGCCTGGT ACTTCAGTCA GTATTTTCAG CATGGTGAAG ACAGAGCGTC GCTTTCACCG TTGTACAGAT CAGTCACGCG GGCGTTTCCG CCCACACTTA
VAWY FSQ YFQ HGED RAS LSP LYRS VTR AFP PTL I
TTTTTAGTGG CGGTCTGGAT CCATTACGTG ATGAGGATTT TGCTTTTGTT GCCCGACTGA AAAGCGCCGG AGTGCCGGTC AGGCATATCC ACTTCCCGGG
FSG 6GLD PLRD EDF AFV ARLZK SAG VPV RHIH FPG
GATGGTACAT GCATTTCTGA TGCTTGAAAA TCTGGTGCCG CAGCAAACTG CACAGGTTTA TCAGGCTACC GCTGATTTCA TTGCCACACC AGCCCATTAG
M VH AFLM LENLVP QQTA QVY QAT ADFI ATP AH *
GTCTGAGGGG CAGIJITCCGC QACTGCCCCT, GTGATTTCGT TAACGAATTA CCTGTTCGTG GCGTGATTTG TTTTCATTGG GACAGAAACG CAGCCTTTTA
AGCCTGCTGT CTGGTCGCTG CCAGCACAAT TTCGCGGATA CAGACGTTTT GAGGQ%%%AQ

Fig. 2-2 DNA fragment containing the ENHCH gene. (A) The approximately 6 kbp fragment which is
cloned on pBluescript I KS+. Gray arrow indicates the location and direction of the ORF of the
EnHCH gene. It is approximately 1.1 kbp. White arrow indicates partial sequence of ORF located in
upsteam of ENHCH gene. (B) Nucleotide sequence of the isolated gene and deduced amino acid
sequence of the ENHCH gene product. The conserved amino acid sequence, G-X-S-X-G, on esterase
and lipase is boxed. The amino acid sequences for design of the degenerate primer is doble-underlined.
The bold type of DNA sequence indicates the estimated initiation codons for translation. The signal
peptide cleavage site is shown with vertical arrows. The putative inverted repeat sequence is indicated
by facing arrows with a solid line. The italic type of DNA sequence indicates the upstream partial ORF.

Table 2-4 Homology serch of amino acid sequence of EnHCH toward other enzyme.

Enzyme Organism Identity (%)
Carboxylesterase Chromobacterium violaceum 45
Alpha/beta hydrolase Shewanella frigidimarina 42
Lipase (lipP-1) Sulfolobus solfataricus 34
Similar to lipase Listeria monocytogenes 31

Amino acid sequence is compared with the entries DDBJ/EMBL/Genbank database.
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2-3-4 EnHCH Bz 1D ¥ 81

EnHCH Bin DO KRIGE TORI 270, B TICBM = R L AREFREZR ATG
BB 2N 3 EATAEAE Liz72, %% O ATG Fis 04 < _EjiEic EcoRI 8%k 4% PCR
\ZCHE LT2(7 7 A4 ~—E3. E4, E5) (Fig. 2-3), £ 7= DS-S-75 Bk A5 U =35
D N RURBECHNZFAY D30 % ATG ([ZEH L, FIREIZd < _BIRIC EcoRI FRa%HAC
5% PCR \ZCHfH L72(77 A ~—E6), PCR EMZEKGHEHAOERIRT ¥ —
pKK223-3 @ tac 7' 2 E— ¥ —XFEL FIZ72 % L 9 EcoRI-Pstl FRFKAHIFNALIZHRA L,
INHDOTTAI FEBEA LM KIGE IM109 Z{ER L7, IPTG # & LB
ReHCREEE U, BRI OIKS3i#IE M % p-Nitrophenyl butyrate %35 & L CHIE L
72 TOFER. IMI09(pKK-E3)3 X U IM109(pKK-E4) T DS-S-75 #KD#J 4 5 DIENE
Z 7 L72(Table2-5), IM109(pKK-E)FHIEH 72 0 OIEMEN R > T2, HIROHEH
o T2, FEXT IM109(pKK-ES) 3 & OV IM109(pKK-E6) DIETEIZIK S, R X —
DI %A LTz IM109(pKK223-3) I3 &< iEMHE 2R S 72 o Tz, SR 2 KGE O
B35k % SDS-PAGE (ZfE L7z & Z A IM109(pKK-E3)F L Y IM109(pKK-E4)IZ-D0»
TiX. DS-S-75 BED HAEH U 72 BE5E & [ UALiE (49 1 & 37,500) (72N R
Btz (Fig. 2-4), IM109(pKK-E3)HKED#A#t 2 EnHCH @ N K 7 X/ BREL S 2 7k
ELT- & 2 A DS-S-75 Bk 3k EnHCH & N K7 2/ Befd sl & —£ L 7= (Fig.2-5),
it\ TNAMAT LT a~ NI T T 4 —%{TiRo TR, /3 F&EITK 75,000 TH

. FH#A 2 EnHCH & KABE N T N KImhcd| o7 at v o F3fiiebil, A€
Eﬁi%ﬁxﬁk LTWDZERRD LN,

RIZ, pKK-E3 3 L U pKK-E4 % Lacl KB TH 5 DHSalZE A L7Zf5 R, DHSa
(PKK-E3)Z DWW TIIAMEAAYIC EnHCH B 238 L. s b EiEtE 2~ Lz, — .,
DHSa (pKK-EHITAEFTTHZ LN TET, an=—L L THDLII LN TERNroT,
INHDORRNL, Uk, M KIGE 2 MWz CHB DA PEMGHIZIL DHSa
(pKK-E3)Z A H L 7=,
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Esﬁ E4% ES%
——C AG CCACGGATGGGGAATGCGCTGATGAGAAAAACCATGCAACGCAGTTTGCTCTCAGCCCTG
M GNALMTPBRIKTMORGSTLLSA.L

Eeq
GTGCTGGTGGCTTCCTGTTGTCATGGGGCCTGGGCAGTATCTGCTCAGGTAACC == ==n==- TAG—l—
V L V A S CCHGAWAYSAQUVT - Q"’%
B .
tac SD Q‘?
—
[ [} :’—ﬁ
pKK223- 3

Fig. 2-3 Construction of expression plasmids by ENHCH gene. The gene was amplified by PCR
with the forward primers E3, E4, ES or E6 which contained an ECORI site and with the M13 reverse
primer as the reverse primer. After the PCR products were digested with ECORI and Pstl, they were
inserted into pKK223-3.

Table 2-5  Comparison of recombinant cells and strain DS-S-75 in the hydrolase activity.

Cell IPTG Activity Specific
growth (U/ml) activity
(0.D.) (U/mI/O.D.)
DS-S-75 17.32 - 3.16 0.18
IM109(pKK223-3) 2.93 + 0 0
JM109(pKK-E3) 2.27 + 12.6 5.55
JM109(pKK-E4) 1.57 + 13.8 8.79
JM109(pKK-E5) 2.41 + 2.76 1.15
JM109(pKK-E6) 2.81 + 2.37 0.84
DH5 a (pKK223-3) 3.52 — 0 0
DH5 a (pKK-E3) 3.32 — 34.0 10.2
DH5 & (pKK-E4) Non - - -
growth

The enzyme amount which releasing 1 pmol of p-nitrophenol from p-nitrophenyl butyrate for 1 min is defined to
be 1U. Activities are indicated as U per ml of culture broth.
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M.W

97,400
66,200

45,000

31,000
21,500

Fig. 2-4 SDS-PAGE of the protein samples including the EnHCH. Lane 1,
purified EnHCH from the the strain DS-S-75; Lane 2, cell-free extract of
IM109(pKK223-3); Lane 3, cell-free extract of IM109(pKK-E3); Lane 4, cell-free
extract of IM109(pKK-E4); Lane 5, cell-free extract of IM109(pKK-ES5); Lane 6,
cell-free extract of IM109(pKK-E6); Lane 7, molecular weight markers; Prestained
SDS-PAGE standard low range (Bio-Rad, Tokyo). The EnHCH is indicated with an
arrow.

N-terminal amino acid

|
Met Val Deduced amino acid from DNA sequence
|
Val Purified EnHCH from strain DS-S-75
|
Val Recombinant EnHCH
25residues

Fig. 2-5 Analysis of N-terminal amino acid.
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2-3-5  #H 2 KIGEIC X 5 (R)-CHBM 3 L ONS)-HL D4 FER T

VX —7 7— A —% AR L 72 DHSo(pKK-E3) 5381 3 L I iR 8%
1272 % X 91Z(R,S)-CHBM Z N L THFRFIIS 24T/ >, ZDfEFR, 1 hr T
(R)-CHBM D&l 13>99.9% e.e. & 72> 72, F72. Ak L72(S)-HL O JEFHE &
>99.9% e.e. T o7, [FERIZ DS-S-75 BR CHFDEIRKIEEIT/2 D & 20 hr ZF L,
(S)-HL DYl 13 95.9% e.e. T & - 7=, DHSa(pKK-E3)1 %, fief& B FE 15% 50 CHBM
TH 4 hr THEMEIT>99.9% e.e. & 72 o 7= (Table 2-6), IR ILH FHIK TR TH 7=,

Table 2-6  The resolution of CHBM using the strain DS-S-75 and E.coli transformant
(R,S)-CHBM (R)-CHBM (S)-HL

: Reaction
Strain Concentration Residual  Optical Conversion  Optical time (hr)
(WARD)] ratio (%) purity (%ee) ratio (mol%)  purity (%ee)

DS-S-75 8 47.8 >99.9 48.0 95.9 20
8 49.8 >99.9 46.1 >00.9 1
DH5a(pKK-E3)
15 47.8 >99.9 47.8 >00.9 4

Residual ratio is indicated to be 100 % at initial time. Conversion ratio is shown by mol %. Optical
purity is calculated from quantity of each enantiomer using formula: |R-S| / (R+S) X 100.

F7-. EAFEEZEFE LT, 300 mlODHSu(pKK-E3) Dk 2 /K T 3 LIZAHR L.,
AR 15% & OCHBMZ I L T FaBIBOS 21T > 7o, T ORE, 20 e T
(R)-CHBM D Y 713>99.9% ee. b 72 o7z, JeFNEINIGHE. UFECERE L. FE
BerF L, AR, ARRBICL D, AL IECHEMAROEIYL, HRAETT -7,
ZDFE®E. (R)-CHBM (0.p. >99.9% e.c., c.p. >99.0%, [a]p™’ = 16.1 (c 1.21, CH;0H)).
(S)-HL(0.p. >99.9% e.c., c.p. >99.0%, [a]p’ = -68.1 (¢ 1.2, CH;CH,OH)) % 15 7=,
(R,S)-CHBM7> & DL E|%, (R)-CHBM7S 38.8%. (S)-HL7S 22.8% Td > 7=, (S)-HLD
NMRIEHT 21772 - 7= f B A& LU FI2R9, 'H NMR (CDCls, 270 MHz), dppm: 2.54 (d,
1H, J = 18 Hz); 2.79 (dd, 1H, J = 10 Hz); 4.46 (dd, 1H, J = 10 Hz, J = 4.5 Hz); 4.6-4.7 (m,
1H), "*C NMR (CDCls, 270 MHz), dppm: 177, 76.3, 67.2, 37.7,
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2-3-6  DS-S-51 BRHCREF R BIn fF D/ vn—= 7
H SR OIEYERMR N2 & | EnHCHIER T- 2 A L7 x KB &2 itk = > b
a—L e LTHEARRER Z EnD, BT a—=U 13 KkBEE vy a v
AT E VT2 572, DS-S-51 kD57 7 ADNA% Sau3AICHV o H L L7k %
pUC19 ®OBamHIGEFKFNLICEAL, T AI RIAT7 TV —%ER L=, Zhz
DH50Z38 A L, CHBM & pHiE /REEDBTB % & Lol RS I AT L 72, #9 47,600 =2
H=—% A7 U —=U 7 LR, 3@55135 2 23 E N I A6 LTz 2 oG
an=—%H7, K477 A R U CHEDHSZEA L, @RI EBAG
LIERER. 1 D07 va— 2 ORJEFHNEOIZEMD LIZ(Fig. 2-6), ZDT7 T A KIZ
359 4 kKb DI T AR A ST e, HEEESIORE 21T 70 o TofE SR, Wiz 1197
bp. 398 7 X /& 2 — RT H0RFDFAE LT, HAERIIBLIOHEINDT I/
FEEL Y % Fig. 2-7 (2”9, 24D OfLSIE, DDBJ/EMBL/GenBank7 — & ~X— A |Z
Accession No. AB362771 & L THk L7z, GenBankT — &% X— X DBLAST' 11 /5
DGR SN TV D44 FED 1,4-Butanediol diacrylate esterase™., B-Lactamase.
Methyl acetate hydrolase™ & iV VEFEEAS & - 72 A3 (Table 2-7), EnHCH@E G & 134
SFARMEN 72Dy 72, £72. EnHCH TR 6N 7-GXGXGT 2/ BEELSIZ 72> T2,

Negative  Positive

Fig. 2-6 E.coli transformants after shot-gun cloning by plasmid library. The
BTB is turn to yellow by positive one.
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AAACCGCGGC GCGTTGATCC CTTGCGCCTC GGGAGGATCT TGAATGCCCC ATAATCTGAA GCCGAAAATC GACACGTTGC TCGAAACCCG GGTCAAATCC 100

M P _H N L K P K 1 b T L L E TR V K S
AGTCCGGGAG TGCCGGGTGT GGTCGCCGTC GTCACGGACC GGAACGGCAA TATCTATGAG GGTGCGGCCG GTTCACGCGC CCTTGGCGGC ACTCAGCCCA 200
s PGV PGV VAV VTDIR NGN Il YE GAAG SRA L GG TOQPWM
TGACGACCGA CAGCGTGTTC GCCATCTTTT CGACGACAAA GGCGATAACC GGAACTGCAT GTCTCCAACT GGTGGAAGAC GGCAAGCTCG ATCTCGACGC 300
T TD SVF AL FS TTK AI T GTASTC L QL VED G K LD L D A
GCCTGCAAAG ATCCATGCCC CGGAAATCGG CAAGCTGCAG GTGATCGAAG GGTTCGACGA ACGCGGTTTG CCGAAGCTGC GCCCACCGAA ACGCGACATC 400
P A K I H AP E I G K L Q V I EG FDE RGL P KTWLR P P K R D 1

ACCACCCGCA TGCTGCTGCT ACACACGGCC GGCTTCGGCT ATGACTTTTT CAATGCGACC TACAATCGCC TCGCGAATGA ACATGGACAG CCAAGCGTCA 500
T TR M L LL HTA GFGY DFF NAT YNRL ANE HGQ P S VI
TTACCTCGTC GCATGCCTCC CTTCGCACGC CGTTGCTCTT CGATCCGGGT GAAGCCTGGG AATATGGCAC CAATATCGAC TGGGCCGGAC AGGTTGTCGA 600
T S S H A S L RTP L LF DPG EAWE YGT NITD WAGAOQ V VE
AGGCATTACC GGCAAGCGCC TCGGCGAGGT CATGAAGGAG CGCATCTTCA AGCCGCTCGG CATGGAGGAT ACCGCGTTCA CTATGACGCC ATCCATGTCG 700
G 1T GKRL GEV MKE RI1I1FK PLG MED TAFT MTWP S MS
GCCCGCATGG CGACCATGCA CCAGCGCGAC GGAAGCGGAA CATTGACCCC ACTCGCCAAT TTCACGCTGC CGCAGGACCC GGAGGTGCAC ATGGGCGGGC 800
AARMA TMH QRD G S GT L TP L AN F T LP QDUP EVH MGGH
ACGGTCTCTA CTCGACCGCG CTCGACTACG CCAAATTCAT CCGCATGTGG CTGAATGATG GGGAAGGCCC CGGCGGCAGG GTGCTGAAGG CGGAGACGGT 900
G LY STA LDYA KFI R MW L N DG EGP GGR VLKA ETV
GCGCGCCGCC GAGAAAAACG GTCTCGGCGA GATGAAGATC AAGATGCTGC CGGGCGTCAT TCCAAGCCTT TCCAATGACG CGGAGTTCTT CCCCGGCATG 1000
R AA E K N G L GE MK I K M L P G V I P SL S NDA EF F P G M
CCGAAGTCCT GGGGGCTCAC CTTCATGATC AACGACGAGC CCGCGCCAAC CGGGCGTCCC GCTGGCGCAC TCGCCTGGGC CGGTCTTGCC AACCTTTATT 1100
P K S W G L T F M1 NDEP APT GRP AGAL AWA GLA NLYY
ACTGGATCGA CCGCAAGAAC GGGATAGGCG GCTATTGGGC CACGCAGATA CTCCCCTTCG CCGACCCCGC TTCAGTCGGC GGCTATCTGG ATTTCGAGAC 1200
W I D RKN GI GG Y WA TOQI L PFA DPA SV G GY LD FET
AGCCGTCTAT CAATCCCTTC GCGCCAGACA GGCGGCCTAG GTCGCTTCGA TCAAGACCTG CTGACAGCTT GCCTATGCCG GAGCCGTAAA TGGCGCCGGC 1300
A VY Q SLR ARQ AA™*
ATAGCGGCGT TATGGGCACC CTATCTGGCT CGACGGCCAC GGGGCACGAT CATTGGCGTG CCGGAAATCG GGTCGGGCAT GACGATTGAG GTCAGGTTGA 1400

Fig. 2-7  Nucleotide sequence of the fragment containing the gene encoding the enzyme from the strain
DS-S-51, and its deduced amino acid. The putative Shine-Dalgarno sequence is underlined in the DNA
sequence. The determined N-terminal amino acid sequence of the recombinant enzyme is double-underlined.

Table 2-7 Homology serch of enzyme from strain DS-S-51 toward other enzyme.

Enzyme Organism Identity(%)
1,4-Butanediol diacrylate esterase  Bradyrhizobium japonicum 70
B-Lactamase Rhodococcus sp. 69
Methyl acetate hydrolase Gordonia sp. 66

Amino acid sequence is compared with the entries DDBJ/EMBL/Genbank database.

2-3-7 DS-S-51 #E i KEEFEE R T DR B

Bin T DO KRIGE TORIZRRTZ, ATG OF < _EFfiIC EcoRI Z8F%kAS, &1k = R
> O R HindII 383%Ad51 %2 PCR IZTHE5- L, pKK223-3 @ tac 7' = E— & — i
TIZ72 % & 9 EcoRI-Hindlll F&FSBAZIZHEA L (Fig. 2-8)., 2 HDT7 T A F&E
AL T-fH 2 KAGHE TM109 ¥k X O DHSotk O 55 28 18 O K 4y figt 75 P %
p-Nitrophenyl butyrate Z#JE & L CTHIE L7z, TOH/E, IM109 #HhaxEEIC Lz
IMI109(pKK-R1)% IPTG FEIRIMTEE L7z b DD b miE % 7~ L 72 (Table 2-8),
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IPTG Z#RM L 7eS A I3AEFTB X EWEMEN o 7o, Flo, BRIZHRET D
DH5a(pKK-R1) b 724 F ., {EMEME2 > 72, &FE p-Nitrophenyl ester |Zxt7 2 1E 4
AT AE R, FRSEEH 2 O p-Nitrophenyl acetate (2% L Tl HIEMENE < . IRBHEMN
FEL B2t » TIRIEMTH 0 . R3FEH 8 @ p-Nitrophenyl caprylate (2%} L Tid4<
[&ME%Z 7R S 727 > 72(Table 2-9), CHB LSO EMIT R 2 HWE R R LT ~T &
Z % .EnHCH OIERBMMEITICA L7z no e R U BX O LR VR X7 )L
T DIEMEE R S o To, TS ORERFREME R S ONT 2-3-6 TR L L FHF
PEDOFER )N . DS-S-51 ¥k SkE%5% 1% CHB Hydrolase from Rhizobium sp. (RhCHBH)
M Zi-(2-3 EREMW), £7-. IMI09(pKK-RI1 )L % SDS-PAGE 126t L |
7v% CBB Yo L7-fESR, BAMEZ2 NV ROHER S L7z (Fig. 2-9), T D4 &ITH
42,000 TH Y, HET XV BEYING TREINLG S FRE LT, FAAET T
50T EHK 42,000 THY | ABERITE/ ~—ThHLHI BB OHLNT, F
k\ﬁﬁzRMHMJ@NX%M%&%ET:/M%%@Nkﬁk—ﬁbke&#
5 (Fig. 2-7), EnHCH & #72 0 | N RO 7 vt v o o 73T R THn 7R 2
EMRO BT,

3

Forward primer

ll

Sau3Al_.

(]
1
<
Reverse primer S
T
ST
tac SD ~z§
|
[
pKK223- 3

Fig. 2-8  Construction of expression plasmid by RNCHBH gene. The gene was amplified by PCR
with the forward primer which contained an ECORI site and reverse primer which contained a HindIII
site. After the PCR product was digested with ECORI and HindIII and it was inserted into pKK223-3.
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Table 2-8 Comparison of recombinant cells and strain DS-S-51 in the hydrolase activity.

Cell IPTG Activity Specific

growth (U/ml) activity

(0.D.) (U/ml/0.D.)
DS-S-51 15.28 - 0.15 0.01
IM109(pKK223-3) 2.85 + 0 0
JM109(pKK-R1) 2.58 - 5.85 2.27
JM109(pKK-R1) 1.78 + 3.16 1.78
DH5 a (pKK223-3) 3.48 - 0 0
DH5 & (pKK-R1) 0.58 - 0.37 0.64

The enzyme amount which releasing 1pumol of p-nitrophenol from p-nitrophenyl butyrate for 1 min was
defined to be 1U. Activities are indicated as U per ml of culture broth.

Fig. 2-9 SDS-PAGE of the recombinant cell-free extracts. Lane 1, molecular weight
markers; LMW electrophoresis calibration kit (Amersham Pharmacia Biotech). Lane 2,
cell-free extract of E. coli IM109(pKK223-3); Lane 3, cell-free extract of IM109(pKK-R1).
The RhCHBH is indicated with an arrow.
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Table 2-9  Substrate specificity for various p-nitrophenyl esters.

p- Nitrophenyl ester Relative activity
JM109(pKK223-3) JM109(pKK-R1)

O,N
(0]
C2
\©\O J\( ) 0 100
O,N o
(C3)
O\OJ\/ 0 47.4
OzN\©\ (0] (C4) 0 211
O)J\/\ )
O,N
\©\ i (C6) 0 12.6
o .

O,N
¢

O,N
The o o
O

The enzyme activity is measured as releasing p-nitrophenol from p-nitrophenyl ester. The relative
activity shows that the activity of p-nitrophenyl acetate (C2) is taken to be 100%.

o
o

2-3-8  HHA X KIGEEIZ X 5 (S)-CHBM 3 X TUNR)-HL D E FER G

2-3-5 LRERIC, Vv —T 77— AU A= HWTHR LIcE#K 3 Le VT T
ST, BAKIERE 1%I1272 5 X 9 1Z(R,S)-CHBMZ N L TR BG4 T72 > 12,
Z DOFER . IM109(pKK-R1)DEEEHE % AV 5 & 1 hr T(S)-CHBM D S 4l 13>99.0%
e.ell/p o7z, [AERIZDS-S-51 BRCHF D BISIEZAT/2 O & A0 e A B L7, AR
2%EMD(R,S)-CHBM T b 2 hr THAEAMIE13>99.0% e.e.lZ7¢ o 7=(Table 2-10), (R)-HL
DNFHREIIHERE b 53% eefBETH 7=, F72. 300 mlDOEEEK % /KT 3 LIZ
TR, AR 2%ED(R,S)-CHBMZ IR L CHFENEIIGE T~ T2, Dk
F. 20 hr C(R)-CHBM D Y FHMFE 23>99.0% e.e.ll72 o 7=, WF0EIKstk, UFET
BREG L. BEBR— T LdhH ., EE. ZRBEICE D . AHH5(S)-CHBMOD[RIY, k8l A 1T
Rolm, FOFEE. (S)-CHBM (0.p. >99.0% e.c., c.p. >99.0%, [a]p™’ = -16.1 (¢ 1.21,
CH;OH)) & #5372,

F7o. HEIZ(R)-CHBMZ HWTRIERICKISZ TR o Teia . HrMEL K L+
Z &< 100%IC WA T(R)-HLAZ 55 Z & 23 T & 72(Table 2-11), A % s
%, FEBR— T Ui, . REICX Y. (R)-HL(0.p. >99.0% e.e., c.p. >99.0%, [a]p>’
=68.1 (c 1.2, CH;CH,0OH)) % 157=,
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Table 2-10  The resolution of CHBM using the strain DS-S-75 and E.coli transformant.

(R,S)-CHBM (S)-CHBM (R)-HL Reaction
Strain Concentration Residual Optical Conversion Optical time (hr) E value
(W/v%) ratio (%) purity (%ee) ratio (mol%) purity (%oee)
DS-S-51 1 30.9 99.2 65.0 53.0 40 16.1
1 30.5 99.0 65.2 53.2 1 15.6
JM109(pKK-R1)
2 30.5 99.1 64.8 53.2 2 15.9

Residual ratio is indicated to be 100 % at initial time. Conversion ratio is shown by mol %. Optical
purity is calculated from quantity of each enantiomer using formula: |R-S| / (R+S)X100. E value is
calculated from optical purity of substrate (CHB; eeS) and product (HL; eeP) using the formula:
Ln[(1-eeS) X (eeP/(eeS+eeP))]/ Ln[(1+eeS) X (eeP/(eeS+eeP))].

Table 2-11 The conversion of (R)-CHBM to (R)-HL using the strain DS-S-75 and E.coli.

Strain (R)-CHB.M . (R)_HL_ Reaction
Concentration Conversion Optical time (h r)
(WIv9%) ratio (mol%)  purity (%ee) !
DS-S-51 1 97.9 99.0 80
JM109(pKK-R1) 2 97.8 99.0 4

Conversion ratio is shown by mol %. Optical purity is calculated from
quantity of each enantiomer using formula: |R-S| / (R+S) X 100.
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2-4 EBE

DS-S-75 ¥k2~ HAGH U 7o H ISR O B R SVE A RAT L 72 R, B —E TRtk L
TZHERIC X % BOS & RIBRICCHBZ HLICAHAT 5 Z LGRS CTE 12 2 L b ARSI
ORI ORIETH D Z AV RENTL, £72, 2HBMEB LT 3HBEIZH L
TOHIMKGIEIEZ R LAV BRICAE S BT Z L6 BH—FODS-S-75 &
MV72CHB, 2HBM, 3HBED Y 23 EIRIGIE, [Fl—DEFRIC L DOETH D Z &3
RENTZ, AFFLERRIE L[S L T, 7 2 B m AV KITITENEE
%éf\EFD%V»%KGA%ﬁ%%Lk:k\ik\7D—“Vﬁb%i%f
BRTOHEE T I BERCYH 2 & FliEsterase, Lipase. Hydrolase% D NN/K 5y fif i 5
ROoNAHRAFHINOGFEL L OCHAMERH -2 b, ABESR %Hydroxy
Carboxylic ester Hydrolase from Enterobacter sp. (EnHCH) & 44 L7=, L2>L. £ DHH
FIMEIIIR T 45%TH Y, 7/ A7 a Vs M X o THEE S N sE I RE R A
DEEFZFTChH DO, FTHl2EEFRE L THEHBEZHELV, 3-Hydoroxybutyrate |
2-Hydoroxybutyrate 2> SLARIEIRAJIC MK GRS D Z L2 B . CHBS T 2T VAL ST
IR AN AR R SN T %, AARFVAILE 7 v VO FNEIGIZ X Y HL
PRSI Z & AREE Sie, EnHCHIZE N1 &7 Abds KO 27 = v AkiEsE & 4H
FIPEIZ 72V, L L7223 B, AHESETIL IN HCL, @i e C S MK o figts o
F[E{& T % 4-Chloro-3-hydroxybutyric acid?s S Sl T IS S5 D%t L,
EnHCHIZ X % SO TlEpHH M, 30°CE&MH T TR S ignzd, 77 R ARIZH AR
BERNEGE L TNWHZ ENBEx NS,

EnHCHE =1 » 7 < LIz 3-Hydoroxybutyrate dehydrogenase & = VWFEIEIMED 7 X
J WA E 2 — R D8I FEE Lo, AR 13— IZPoly(3-hydroxybutyrate) 2
RFEWE L TEBETH2WMAEMITH L., /5 S L7 3-Hydroxybutyrate |3
3-Hydoroxybutyrate dehydrogenaselZ & > TAcetoacetate | Z B {l = #17-1% . Succinyl-CoA
transferase ¥ 72 1% Acetoacetyl-CoA synthetase (Z & > TAcetoacetyl-CoAlZ{EMEAL S 41,
B-KetothiolaselZ 2 - T 2 73D Acetyl-CoAZ /L% LTCAY A 7 VEIZTRB I ND
M0 JLEHE EMERBRICH VT, SHBEICK L TR b miEE Th o722 L, BLV
p-Nitrophenyl ester® 1 TH 7 F /LT AT UK L T b miEHETH o722 & D
EnHCH® Z O —#HOMRBE I G- LT\ D Z AR Sz, AREREK T
EnHCH® X 5 72 £ 2 7 WAL K T2 3K 3 i SOS 2 18 0 BER IX 2 TloiE S h
TRV, DS-S-75 MRS EAAFIRSE T L WAREETEIC X 0 iEMEMER Vo1, AR
ARG T2 Z LI X D BENHE I N TWDLZ ENEXLND,

DS-S-75 ¥k/p 6 7 m—=2 7 L7z DNA Wi i H1icid, EnHCH &is¥ DBk = R
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EZZ BIDEHIN 3 4 FTAFAE LTz, X KGE CORBRBROMEE, 2 HHO
ATG D HIEBLEE D EERSH 720 OIEER R S BV 2 & (IM109(pKK-E4)), SD A%
EHEE S AL D DNA BLSIONLE, B3 X3 HEH D ATG M HHRBLI 5 & BB ENE
L <RV Z & 225 (IMI09(pKK-ES)), 2 & H D ATG 2 FERBG R TH D 2 L AR
N7z, TOFEE, EnHCH /&1L 1104bp T367 7 X /aa— RLTW\WDH I &
WIRS Tz, Flz, DS-S-75 0 HAER L7z EnHCH @ N Kimbl s, HEIEES )
LHESNDT I /RO N Kl LD & 25 FRENBICHELLEZ Enb,
DS-S-75 KRICBWCTHIREBE DO Tt v oo M Thbh T D Z LR &7z, Afid
FNZBKPET X JRICEATND Z &, BEU AXA 706 72 2 UIEERER O PR AFBL S
DIFIEND V7T IVESITH D Z ENREZ B D, SDS-PAGE T8\ T, f#z
EnHCH (X DS-S-75 kBRI L 72BEF LR L0 FRETH Y N Kimfds & [F U Th
STl ENG, KIBETHEREZEO T vty v IR TRbil T\ D Z EBRRER
7o AREFIN KT D ERBENE L KW Z & HIMI09(pKK-E6)), D N K
IRBCAINZE Lo B a FRBCEHEBE TH D Z ENB26ND, £, M KIGHE
TH DS-S-75 ¥k & [RERICES BN IE M 23 728, BB IRIZEHA(R,S)-CHBM %Ik
MLUTHRISSEDLZ ENARETH D | HEHUZITIEE L RS W2 & 226, EnHCH
FARY I XAACRIELTND Z ERE X HIL, UL N Ky 2338 5 L Ty
% ATHEMED I,

ARDBIIE T RN BEIER SE 572012 pKK-E4 Z3EA LT KIBFEOSEA, 4£F
B A U, W2 m 3B L 0 KIGE OB IR B L2 T+ Z LR sh
2o —77. pKK-E3 ZEAT UL, HEREAEOT-OEFREZFFIE Lo T,
FH#R 2 KI5 DH5a(pKK-E3)% AT CHBM DY EI NG 24T72 9 & L RIS
EnHCH 23 @Bl Sz fE R, BB H 720 OFFEED L < 720 | DS-S-75 £ & g
L CRGHREE, BOGFIREZ: CHBM JBEN A EL7-, £7-. (S)-HL O FHHE N E
72722 &5, EnHCH B4R 134K CHB (ZxF9 D SR ERUEITIER 2@ <.
FOENTARIG LVMBEFH 7R Th o 72, DS-S-75 BEOBE KL T, (S)-HL D6
MEZ T 2HERE L THMOBEOCHFEENZ XN, MBI RBETH
DS-S-75 #ROBEAREES & RARIZ BB UE B AR OFR RSB < | RO Al
TR EOEMREND E LEL LN Enb, iRk CRIATE =, £/
DS-S-75 th& Bn V) | FERSIFICRE R SHMRMICRELT 2720, #iETn v 2B
T HEE LT-HHRENGETE 5, S50, EIEMAREEEZ K TI0EFR L TK
JEIRE LCTHWD Z LTk Y| 55 o X ORI, RIS O LA IEMER O RS U
oM ERHIRFTE D,

—JF.vay AR E > Ty r—="7 L7z DS-S-51 #kH kOB &R 12X,
B-7 7 Z~—EBRT AT T —BEDNKGMEEFR & @S WFERMN & > 7o, M2 K
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BB IM109(pKK-R1)iZ, 2HBM 35 L O 3HBE (2% L CldiE M2 7R 7712 CHB 12D
AHEMEEZR L2 Z &5, CHB Hydrolase from Rhizobium sp. (RhCHBH) & 144 L 7=,
RhCHBH /& EnHCH & [FIFEIZ CHB Z 065 El9 5 25 ARV, SEAORIRME, PR
77 2 BRI, 7=y MEEB L OV 7 AESNGEVGN R ST, Mz
KIGHENZ & 0 BOSERE A\ L7279, DHSo(pKK-E3) & [RIERIZ 10 578 L TG
RELTHWSZ LR TE, LML, (R-HL O340 1Xm L3, CHB (XL
T EnHCH XY &3 ARERIRENRWVEER ThH D Z L 3o 7=, 4 p-Nitrophenyl
ester (ZX1 T2 SOSTER K UMHRIMEMRBAERN O, FFRME2 R4 HE L LT ¥ UM
0 HRFEEDDINMEEDAEAET D ATREMED ®V, £ 72, Kb ATHE7e CHBM &
FEIXDS-S-51 8k L bk L7= b oD DHSa(pKK-E3) &t 5 & KDy » 7=, DS-S-51
PROBESETETEDNMERNZ & Mz 7 FVESINGFIE L2V E B ERE L TEZD
nNo, S5%OMELE L TEETEZHBEL CWAREEIENL, U X LERIZED
SREIRMEO [ B, B E W ENHCH Bin O > 7 VSO INE1T 21X, &6
(T R A~DORAMN G TE 5,

—J5. (R-CHBMZFE & LTS L7fE R, EfiE A 2% &4 2 & 722 < (R)-HL
IZEBS D Z LN TE T, el X5 I FE T, ABRUSIE INHCL, =R E
FMTORISHBRETH Y | HLOJEFHE DK T L O 4-Chloro-3-hydroxybutyric
acid7g & CNCHL D AR EMRRIPED & L THERT 5 2 &b EABTIERNY,
(R)-CHBM [¥DH5o(pKK-E3)% IV CT(R,S)-CHBM/» 5155 Z E NATRETH H 728
MFEHR X KRIG T Z Vo3 2 2 &2 K0 | 2l 72(R,S)-CHBM 2 & f#i{# 72 715 CTCHB.
HLO WY FE MR 21525 2 & 3 Al HEI 72 - 7=(Fig. 2-10),
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OH

O 0]
oY YR - oYY Q
I DH5a(pKK-E3) Il o~

(RS)-CHB (R)-CHB (S)-HL

~

JIM109(pKK-R1). JM109(pKK-R1)

OH
SN S
OH O o) o
(S)-CHB (R)-HL

Fig. 2-10  Scheme for the production of optically active CHB and HL from (R,S)-CHB.
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B M KIGEE N2 O LR TR AT VO E
3-1 Jrim

FEBIOH _FETIE CHB O ERENIE L TR ~72h, HF—FEIZBWT
DS-S-75 8k, 7 m VIR IR 3HBE. B L OV R 6 DL 24ZIALE T 5 2HBM
BRI MK RS K0 . —F Oz Fr Fd~—% VR U~ L A
SH7o, B EIZBW TS L7 EnHCH 13 3HBE, 2HBM 3 L OVEL (2%t LTk
DIRIEVEZ R L, RIFERIZ L > TRFREIFEETH D Z ERIIFRF SN D23, RIESL
PRI ITNTAE L TR,

3SHBIIHUAEME, ABRIS M E, m”kio71n%/wm L LCHAR
XTINVENT 47Ty THY, CHBE [FHEIC EICARFETIE, IR
%%ﬂ%bk%%%w_iwiﬁéhéoﬂB%ﬁMIXTwﬁ@}tPH%Vﬁ
VIR VBT AT )V DNFHEVER b E - EIESCTUAEME O TR E L THERZRX T 1
BT 4Ty THDHY, IHIC, D-IBIINA AT T AT v s L LTEA
ENTWAL-ABRY ~—L AT LA ar T Ly 7 AEBR L, O ENE
EEDZENMESNTEY ., TEEH STV D Fig 3-D)Y, SeEEt2-e R
7% VAR BT ATV OAEFRREIL, O FEEES T 1 X T viks
W SEET D HENRELS BE SN TWD A, Sl 72 aiBR RS R S 509, %
72 RIRD 5 MEAR T & 5 D-Fructose & FiBEIA & 55 ik H #HE STV 508,
“10°C LA F OARIR SIS SAENESR S NERARTIZA2WO, A bapilki:, A58
TEIEPEB LT & LROSLEEIRERLEOE TN X 2 Z 0 EIAHE ST 5
R, TR L7z X0 IS LB e SUS IS IX Rl e il R N Bk & v, O
HH A5 Tl F7o, L-FLER L [FERIC, D-FLIE b FLBREH %2 K D Kb
HEZ IV ARSES Z ERMESH TV AN MEM OB Z R 570
BRI ORTIDEHE LT e, AR LB ARSRE, DRI, B 57
DIZIFTZ AT L ETZITESEZITROMLERND D,

Fo. INHDORS)-E R R T 27 st U CIL RS ME 2 k= 2
T7—E, U R—ERRESN T, @SBRI A R L, w7
NWFIEVER 2455 HIEITHE STy, £ 2T, AFETIX, DHSa(pKK-E3)%
FiV T 3HBE, 2HBMI X U'Ethyl lactate (EL)DYe2 0 EIR S 2 AT720, &6 0E M
ROBYEZRGET Lo, F72. Tetrahydrofurane-2-caboxylic ester & -7 7 % LR HUAEY
Bk E U CHRAOEEIEMER T v (Fig. 3-2). Aspergius melleusfi sk 7 0 57—+
AW T RO FSENC & B REENIRE S TO 5 28U MRV,
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EnHCHIZA LG DO T v IR P 0TNT L5 ENARTH D TDAF LT AT
JUTHEM)IZ DWW T H G TR 21T o7,

Poly D-lactic acid

0 0 0 JOQ
D 0\6&\0 O\)\O _ ~  Stereoblock poly lactic acid

n

Fig. 3-1 Poly D-lactic acid and stereoblock poly lactic acid.

OH
H

S
VAR
oF N~ {4 ©
CO,H

Fig. 3-2  Antibiotics that derive from THFM.
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3-2 FEEMERS LOU5k

3-2-1  FEBREASE

Methyl (R,S)-tetrahydrofuran-2-carboxylate (THFM) (X . (R,S)-Tetrahydrofuran-2-
carboxylic acid (THFA)CRF LR L3RR EY O = 27 UALBOSIT L W Gk LTz, £
DD T VAR B L OE DT R T U, BB TRz vz, T oo
FRERITRFICHEE DR WIR Y | FIDGMEK T3ERK), T 74T A7 (K, ¥ 7 ~=T K
U v FEHELAE W,

3-2-2  (R,S)-THFM D&%

AL ) —)L 418 mIUZTHFA 150 g2 %, ¥ LR OWEE 6 mlAp > < 0 LT
L7z, 70°CT 10 hri&ffitk, 7 uvnm A% 550 ml Tt L, A8 Z2pH 7.0 12725
FT5% RBAKFZET MU LATHEF LT, SHITKTHESRL, BEARET N U A
Tk, 80°C/20 mmHgIZ TH&EE L7z, Ak L7 THFMIZ'H NMRIZ X 0 fighr L 7=,
'H NMR (CDCl;, 270 MHz), & 1.88-2.09 (m, 3H), 2.22-2.32 (m, 1H), 3.74 (s, 3H),
3.90-4.06 (m, 2H), 4.47 (dd, J=5.1, 8.4 Hz, 1H),

3-2-3  fEHERK
o B CERL L 7= DHSopKK-E3)Zf# H L 7=, F 7= xfHR 5%k & L T Enterobacter sp.
DS-S-75 #R&fH L7z,

3-2-4 & Ra XU VR R AT IVORFEIS

500 mL&E/ Ny 7L =M T T A 22 REE B 100 mIgRRL L, DHSOt(pKK E3)
BHRERAENA TS 1 mlz EEAYICHEE L. m—% U —3 = A 77 —IZT 130 rpm,
30°CIZ T 20 hrk%#& L 7=, 55381712 5 g CaCOs3 & Y 3HBE, 2HBM, EL &% 72 | ZTHFM
D7 IFREBREEICRD L HICIRIL, 553 L RSGEMH N RSS2, 1-2-4-1
TS L 72DS-S-75 BEOEEERIK 100 ml b [ SO S H iz,

FHR R EFERGIRFICIL, BRC & RIS T 28 L7z 300 ml @ DHSo(pKK-E3)55#
WRaeAA U ZHKTILIZHRL, FEMNEOTEIKEZMAZSL Yy —7 7 — A
A=\ CRJE LTz, HF#NIE 3HBE. 2HBM O KA 1E 25%(w/w) NaOH % AU,
EL. THFM O G2 14%(wiw) 7 > B =T K%& Wiz,

3-2-5  BHAEVERO RN, R
R % UF (55 85y 1 & 50,000) 12X Y BERES L. 3HBE, 2HBM. THFM (Z-D\)
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Tl AHED 12 BEOFFFETF WMZT 4 I 21772 572, ELITDOWWTIE, AHKO
12 Oy r7mrr XX AT 4 B E TR 5T, ATV EGLARE %% % B
JEIEAE L. 3HBE, 2HBM (% 60°C/15 mmHg, EL | 40°C/20 mmHg, THFM | 80°C/20
mmHg (2 TZ&HE L7z,

3HBA £ 7213 2HBA 2 B Lo /KE A BIERAME L, 23 L DA X ) — ) /VITEME LT, 8
JEABEB S HICHIERMG L, 1L D2-7 1)) — L&z T4CT224hr mEIL, F
MU DA E LT AL, R LT,

3-2-6 Ml

T AT VRO, MR, ALFRE AT 1-2-8 36 LY 2-2-20-1 DFHIEIZ K
VAT o T2, HIVAR UV EROPEFERIEIX, U U FRIC T pH % 4.0 ISR L2k E % 1-2-8
DIREDHTITEC THT I o 1oy ST 1-2-8 LRERIC=F L= X T e L
THHT L7z, 3HBA. 2HBA OALFHMEL AT II(R) B SCAERT R HPLC 2 i L=,
7 LAIKIE ODS-AP(N£E 4.6 mm, £ & 250 mm, Ki1#8 5 um : ZA4 V—#))%
L. BEME ; 0.1% Y U ERKIATR & VT 7 AIRE ; 40°C, #iE ; 1.0 ml/ min,
FHZE ; UV 210 nm T2 - 72,
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3-3 fESR

3-3-1 FMAZ KIGHEICE Db Ra v WVR VEET AT VO I E G
DH5a(pKK-E3)5528#% 100 ml (2% L CT(R,S)-3HBE, (R,S)-2HBM (% 8 g. (R,S)-EL.
(R,S)-THFM (% 2 g ZisII L T 30°CIC T EIIS 21T/ 72, #i K% Table 3-1
\Z7~" 9, 3HBE (DWW TIX SIR= X7 /L, 2HBM, EL, THFM [ZDWTCIZR AT X
THADBFRIE L, b ) —FORFEERII D VR g~ B SN, WO
H T AT RO N FHE13>98.0% eellle o7z, F£7-, 3HBE, 2HBM (T D\ Tl
AR L2 VAR g (R)-3HBA. (S)-2HBA) &G FMIEN 98% el ETH Y | &
WEEZ R L7, [RIERIC DS-S-75 RO G 2 TR U E R E CROG S B 74
Ry TATVR, IR UEEE BFMEILRE Th o 72h, &% ORIGKREFIT 40
GREAE LT,

Table 3-1 The resolutions of various carboxylic esters using the strain DS-S-75 and E.coli transformant.
(A) Methy 2-hydroxybutyrate (2HBM). (B) Ethyl 3-hydroxybutyrate (3HBE). (C) Ethyl lactate (EL). (D)
Methy tetrahydrofuran-2-carboxylate (THFM).

(A)
OH H20 OH OH
\/H(O\ \\ -~ WO\ N \/\[(OH
O \ O O
MeOH
2HBM eo (R)-2HBM (S)-2HBA
(R,S)-2HBM (R)-2HBM (S)-2HBA Reaction
Strain Concentration Residual Optical Conversion Optical time (hr) E value
(w/v%) ratio (%) purity (%6ee) ratio (mol%) purity (Y%ee)
DS-S-75 8 50.0 98.0 50.6 98.0 36 458
DH5a(pKK-E3) 8 49.8 98.5 50.3 98.1 15 553

Residual ratio is indicated to be 100 % at initial time. Conversion ratio is shown by mol %. Optical
purity is calculated from quantity of each enantiomer using formula: |[R-S| / (R+S)X100. E value is
calculated from optical purity of substrate (ester; eeS) and product (acid; eeP) using the formula:
Ln[(1-eeS) X(eeP/(eeS+eeP))]/ Ln[(1+eeS) X (eeP/(eeS+eeP))].
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(B)

H,O
WOV \\ g WO\/ N wOH
OH O \, OH O OH O
EtOH
(R,S)-3HBE (S)-3HBE (R)-3HBA
(R,S)-3HBE (S)-3HBE (R)-3HBA Reaction
Strain Concentration Residual Optical Conversion Optical time (hr) E value
(W/v%) ratio (%) purity (%ee) ratio (mol%) purity (%ee)
DS-S-75 8 49.7 99.5 50.1 99.0 6 1190
8 49.8 99.5 50.2 99.1 0.25 1330
DH5a(pKK-E3)
15 49.7 99.0 50.5 99.1 0.5 1175
(©)
H,O
OH 2\ (')H OH
/H(O\/ \ > WOV N /ﬁ(OH
© EtOH © ©
(R,S)-EL (R)-EL (S)-LA
(R,S)-EL (R)-EL (S)-LA Reaction
Strain Concentration Residual Optical Conversion Optical time (hr) E value
(wiv%o) ratio (%) purity (%ee) ratio (mol%) purity (%ee)
DS-S-75 2 39.5 98.5 60.0 65.8 40 22.3
DH50(pKK-E3) 8 39.3 98.5 60.5 65.2 4 21.8
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(D)

H,0
o) \\' > -, O + OH
Sy N (oo oy
O MeOH © ©
(R,S)-THFM (R)-THFM (S)-THFA
(R,S)-THFM (R)-THFM (S)-THFA Reaction
Strain Concentration Residual Optical Conversion Optical time (hr) E value
(W/iv9o) ratio (%) purity (%ee) ratio (mol%) purity (%ee)
DS-S-75 2 325 98.5 64.7 53.2 20 14.5
DH50(pKK-E3) 8 32.6 98.5 64.5 53.3 2 145

3-3-2 HHEAX KIGWIC X 2 EFEMEE R U W VR Uik L= X7 VDA RE
)

300 ml DEFFEIE 2K TILIZHIR L, FT & IER2EN L O BIROS 21T
Roln, TORER. BRI 15% T(R,S)-3HBE % it SH7-#5 %, 6 hr T(S)-3HBE
DD 98% eelZBE L, £7-. (RS)-2HBM, (R,S)-EL. (R,S)-THFM (Z->
W CIE, IAESTRE 8% T, 4420 hr, 72 hr, 20 hr T AT /LARD W HE M 98% e.e.
IZBIE LT, 3-3-1 OFE R & FEEIZ 3HBE, 2HBM (DWW TIL, Bk L7z /LR g
HIEFEME D 98% e.e.Lh T o 7=, DS-S-75 Bk DI 2 FV T, R L 7 & I AR
FECRIG S B2 E I AR E2 T2 b TIC S SE A, (R,S)-2HBM T 36 hr # % L

THBENTEIUSMNE, = AT UKD IEFHIEE 99% e.e \ZEEE IS EF TIF
=Lz,

JF BSOS, UFIECERE L, B, IR, ZARICL Y. A0S
P 2T VORI, KR AT 72 - T2, Z OFER. (S)-3HBE (0.p. 99.5% e.e., c.p. >99.0%,
[a]p™® =+18.0 (neat)). (R)-2HBM (o0.p. 98.5% e.e., c.p. >99.0%, [a]p™’ =+2.45 (neat)).
(R)-EL (0.p. 98.5% e.e., c.p. >99.0%, [a]p>"=+11.2 (neat)). (R)-THFM (o.p. 98.5% e.c., c.p.
>99.0%, [alp™ =-17.7 (neat)) Z1G7-=, 7 & I (K75 DL IL(S)-3HBE 36.4%.
(R)-2HBM 32.4%. (R)-EL 34.5%. (R)-THFM 23.4% C&h -7=, £7-. BHHIHEZ DK
AP L. 2-7 e N ) — VI K DT 21TV, (R)-3HBA, (S)-2HBAZ KU 7 A
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# & L T(R)-3HBNa (0.p. 99.1% e.c., c.p. >99.0%, [a]p>’=-14.1 (c 10 H,0)). (S)-2HBNa
(0.p. 99.1% e.e., c.p. >99.0%, [a]p™"=-10.4 (c 10 HLONZ1FT-, T & KD DILRIT
% 215.5%. 16.7% Td -7,
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3-4 B

#HH 2 KI5 H DHSopKK-E3)% IV T 3HBE, 2HBM % Y5200 8 L7z fk 5. FEH

IZEOSIARIBRIME 2 7R U KRR K0 I VAR g~ B s -, F£7-,
EL. THFM % JE5200 8 Lo fE R, B S iz SR VAR VEEO YR 138 < 72>
STEMN, R IR AT VTENFHE TR SN, RIKIZFFERRIETHD Z &»
SAIMIED EVEE TH D . = AT MARITET R ) D OEINUERNE S Th %
TG TH o Tz, KRETRALEEET AT UL, {LZIEEDORE S R D D
VIR RN E S NTZ 72, CHB, HL O34 & RIS ES2 0 E BOGH O 6 2RE
PR D ZBEENR S T -T2, TAT AL VR VEE~DOIKS RS L OZE D
WDOT AT NMACLKIGE, AEEROEIEC L > THRFEMELE L T2 L7 BHIT
EHAA[HETH D DT, 3HB, 2HBIZOWTIXT & AN ST DN FEMEARE 1K
JETEBND Z L1272 %, EL. THEM IZ DWW TSR AME N 20, e E
FOSZAIEMERN TR > TV D & HFAEET 27 VO RIURF IR O T MR & S
L3, HLEEREARIC X o TERE 21770 X HIITIEEZ RS Rz, Z
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