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Development of Biocatalysts for Production of Sumitomo Chemical Co., Ltd.
Fine Chemicals (Asymmetric Bioreduction

Systems)

Organic Synthesis Research Laboratory
Hiroyuki Asako

Biocatalysis has matured into the standard technology for synthesizing industrially-important chemicals such as
pharmaceuticals and agrochemicals. The principal advantage of biocatalysts is their ability to catalyze reactions
with high specificity (often enantio- or regio-selectively). Furthermore, biocatalysts have the advantage of operating
under mild conditions, typically at ambient temperature and pressure. Here, I present recent industrial applications
of biocatalysts to perform asymmetric reduction synthesis.
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VAR, AR ELE 2 — ) — 1B O BT 7
RO I NVEESRD BN TS, ZThoBREIZR
LW —vaFuk 23Nt Ty (RN 2=
VR T 2 DR [MERERL T T v 2Dk Ea3hE T
XNTWDB, F72, 20024EICOECDOMGEIZ LD, [/3
AF 7770y —%)6HT 5 L LETLD SBRICR X
LhWrat 2l -7 ZEBNREIhTHS, B
B IR T A EE LTONA AT s ay—Lid
BRI, bW B AR R A I U 22 AR e
FethiTd 5. AARNTIE, Hilk, &, KEHEE NS
Fix s CTRER A A2 ISR E R OIS, e 257
Rkl L 2WEEHAFPRL Td, TO KD &E
RN TORIE % filllE4 3 & D2 R TN 5 EE
Thb, INGiEE (7213, BERE2E0MEw) %
R U 724t 2 T3 B 0 AR B 1 i v] B8 7 1k 12 Bk
TAHUREMAMY T 7aY - LCEHIA T
%

Wtk I b A R U 72 R AR e & LT
INETIs, AEREEBEEIC & 3R E A & T
WA E L 24 FOhIREE LR E AL T
W3,

ARNCIWTE, EEPRIELR EOPRKkE LTEHE
PG LAYTd 2 HE M7 L 3 — L O/ BIZFIH
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FIREZAE R, & USANATE TURE SR A D Hil e &
ZDWTHITY %, F72, BERO TEFI Z Algeic
T57200, BEROMBELR L EDOHDMAIZDONT
LT B,

LBHORFETTEF MK

K7 L 3 - VIZERER R R & AHWED
itk e U CEELLAMDO—DTH 5, Wi DA
BHALFFEE 7 b VEITCOS A, e
NEL BV, WDWBRRAMELT, 72 ItkOT L

T—AAERKINTLED ZENE0, MEDOE
EWEMET V- L AR ke LT, BohkT
IRT I T =L DN ] BINAPZ & O il %
AW AEIEY 2 EiE ShTnd, ARl %
HWEAFETESELS Ao TE D, /S ViR
EHWZB-7 P T ZFILOARFEICE R ERE X h
TW39,

% < OFFRITAERE 2 FHE S 5 72012, #lilFER &0
1%5@%@@%%@7t%@%&‘%@%l%%%
BT 5, ARNOBGETTRILTIE. iR L
Aldp 2\ dETCHIE UCHEBEL . —%MICNADH (=
AFVTIFTFZUVXZLAFF) F7-1ZNADPH
(ZaFVTINTFZUIXILEAF Y V) &
BN EIN S, ThoMmifFRiE, BRI HiRERE LT
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B3T3 Z EpalRek ko IC#ia &2 A L5,
Z D & IR A O 72 A AR ITCRIS T, il
RS ERE ST L ESEE R, ZhETTE
FORFH % R#EZ & DI LTz, 22T, EICRIBIC
i Sz LAk R (NADT £ 7213NADPT) %3
TR ) A RIS &= B EE5 2 LIk 5T
G T DGR HI O G E T L 3 — L % B
T&2 K512k -7 (Fig. 1), Table 112134k TH
U AR ICHER D & 7 OREW T E b
BB L URREEZR L2, 2 TEHRROMAEWH 5
20N ==V LTERLEDTHD, SCRUIB-T b
IZTNEFEIRNWICATECTIMETH D, 7=,
SCR2~4iZ a-7r b T AT I BRI A A 5 T AT RE Ze
% THD, SCR3. 434 M7 (Re) 12k X i
HEHTHUAMTH > TEAREEILTRETD 5,
SCR5. 6137 Y F7 =/ v a4 TOIE % AREETT
ARETH B2, -7 DT AT )N 175 & RARICATRET
b0, NWHEOBVEEZETH S, WFhd TEMNIH
TR filiRE 2 A L. & F XX AIEISHIBT 572

0 OH
I, = I
Ri R Ri R

H H H
Exj/CONHz [kj/CONHz
5 N
R R

reduced form oxidized form

glucono lactone or ~ - glucose or

acetone etc. Enzyme 2-propanol etc.

PBEEE  Asymmetric reduction and recycling of the
coenzyme

1ELIEN S Reductase libraries

Enzyme Substrate
(0}
0,
SCR-1 XJK/C()ZR 99%e.e. (S)
N COzR1
SCR2 RZ{:;fA\/AT§ 99%e.c. (R)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e

Re - !
Z
(0]
SCR-6 R L ; Ri > 99%e.e. (S)
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FRAMEEEQEOOEFME (REETER) OBRRE

Wiz, YttOEEAE S 4 75 ) - LT L Tn
b, Elo. TND O ERIBEROMNENER, AL
75 & b IR R B R A ML, WL Tn
5, WHEHOEE E. AREIZBWTIE. SCR1% HLIC,
FFE DR & AT 5,

AR ROED T

AARIIERRE 2 5 7 ¥ — %Fig. 218 L7z, £9.
H O RE % i3 2 A & AR RO WA & 3
U, G BERMEB X ORIRE SO E A R L
7. HNORIDZE S 2858 (EAH) O#EHX
ThHIBETEIsU—= T 5, HNOREEET
ERBGEEEDZT T34 (HE) 1D8ATS
Z&i2k. HNORER % EApES 5 /i 2 ek %
W%, X610, BDETHIUL, BEROMRENRR %
RO, AR Z A OB RET 2170, K
VAR A AR PR B R AR T 5. 2D KDk
TR FE D 72 8 12 35 TR0 2 i 23 R A 7
AL 2O X ITE A TRIRZ BT A R Ui
5 WHHE, HEORIGE M-S 2 M E R L
TE. ZOWEYHOHMEERORIE NIz H k<
WK, TEMT200BREETH S Z L%
W Th b, MIRAMEMARE TS Z LIk, X
RICHOMREA S EX L ZENTE, £, AL
MR AR T2 L REE 55, FHIC, HIE
L TR & N3 Z ENLOKIGE T, #Ein Tz 4%
MAHET LT, I L T8 % < OFlERAN
BB D, WIS TR A8 & 28
fE DI A TRE S LT 5, BIfE, AR Ol X
NTOBROBEIDRELE D, TS5 L= 2 12 L
THEIRTNHS,

Development of the

biocatalyst manufacturing

process

A A SCR-1DB%
1. SCRALEMEMR V) —Z27T

SCRID % =7y MULAEWTH 54-/"m-3-L F 1
F VEEE T 2 7 VI EIRIAE A 2 & 0 BEEE i oD ]
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1k::]537  Biotransformation of BAM by acetone-dried microorganisms

Microorganisms Coenzyme availability
NADPH NADH
Molar yield (%)  Stereo- selectivity e.e. (%) Molar yield (%)  Stereo- selectivity e.e. (%)
Arthrobacter paraffineus 4.2 S 54.7 4.1 S 27.7
Bacillus alvei 4.1 R 71.6 30.0 R 95.5
Rhodotorula minuta 10.1 S 82.1 1.0 N.T.D N.T.
Cryptococcus humicolus 129 S 88.0 0.4 N.T. N.T.
Penicillium citrinum 36.0 S 98.1 N.D.2 N.T. N.T.
1) N.T.: not tested, 2) N.D.: not detected.
5 o 3. SCRUBET # WAL 7= KM B A OMEES
Br-_J_-CcooMe ﬁMlcmbe Br.__Y._COOMe KU 2 SCR-1 DM E R
a0 —=v 2 L7SCRUEET % KGR IZEA L,
BAM NAD(P)H NADP). (S)-BHBM

BEEEN  Asymmetric reduction of BAM to BHBM

R U THEAAM TH S, IhE TN
FWz4- 70w -3-b FoF RIS L O
Z<ME SN T8, BTk, KO RIS E <
WITREOEEICEH A 5 %s4- 70 E-3- FaF
g T 2 TV A B0 E 2 AR AR O B 7S & Rk A 7z,
4- 70 E-3-FF Vg A 7L (BAM) #HW, &
WHEME D4-T o E-3-k FuaF U igEE L
(BHBM) % £ 8 I 68 75 A AR ek 3 s 45103 22 20
ZEnSE. T, RROWEMEHTZ Y —=
vV EFEREL 7 (Fig. 3). FORHR, SHERIIZAR
FEICATRE A EmE LT R=v ) o A@MEw
(Penicillium citrinum) % WM U7z, 72, RIKERK
ICAERICHRE /Ny 5 ZBMEY  (Bacillus alvei)
R L7z (Table2)., ZhZh. 45 N72BHBM®D
SR T 13981 % e.e.. 95.5%e.e. & i\ VL FER
PEEIR U7z, F7o. HliRERZEORMEZ 2 N2 NADPH.
NADH & #75 5 Tz,

2. SCR-1&EF/O—=27

BT, R=2 ) 7 AEBEY» S SHEIRFBAM
AAEICER (SCR1) OHEHRER A0, NE7 I/
EEEAIE AR, SCRUEE T4 27 u—=2 27 L7209,
EE FEAGE D & OHETE T 3 7 BRI % P 72435
MR cld, 7 A FEL @MYk O ) o —
B AREREE L & 5 & & E85% ORFIM: 7R L7225,
ARERIEZ ) a0 — L OBAKRIGEEIIAE LTES S, #
WRItREE Lo, 72, Z<DTILEF-7r
FETUEER (AKR) Z—/3—7 7 3V — & MHEMEAH
LTk, 72, MBEEICH 5457 3 Bk
REIN T2 b, KEFEEIZAKRZ —/5—7 7
IY — (AKR3El) IZJB ¥ 3 HillREE A ohiz,
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SCR-1% SEPET 5 KIGIRMIR 2 R &R L 72, 55
N KRG F R Z A7 5 SCR-1% HEEREEL L, i 4 B
FAT SR, #l 2 SCRUZR=V ) » 2B ED
7 6 HEERE B U 7= RISCR-1 & [l UFY37kDadd 75 1 &
A LTHD. BAMZSEBEIRIICAARICATRE 2
L EMRL 7z, 72, MiFERERMEIINADPHT & -
2o RuEpHIZ6.5( T, pH6~10D M TIIHERITL
ETHD (Fig. 4). 40°C. 205 B OEKERIZT, ¥
WEPEDT5% IZFRAE LT3, 50°C. 2043 [ L
TR L 720, 72, KEEROILERFREOMES %
To7 R 4-hu-3-FF VBT ZTLIZNT 5
EICEESE L, Zofl, YereFy e by, 11
vrvuart b yRl-7uE-1-4 & v EIx
T 5B Y 57z (Table 3).,

100
80

60 -

Activity (%)

-~

pH

SCR-1 activity (solid lines) and stability (dashed lines) as a
function of pH. The activity was measured in the following buffers
(0.1 M): KPB (pH 5.5-8.0; open squares), Tris-HCI buffer (pH
7.0-9.0; open triangles), and Tris-glycine buffer (pH 9.0-10.0;
open diamonds). The remaining activity of SCR-1 (filled circles)
was also measured after incubation in the following buffers at
20°C for 1 h: citrate-K2HPO4 buffer (pH 4.0-5.0), KPB (pH
6.0-8.0), Tris-HCI buffer (pH 8.0-9.0) and Tris-glycine buffer
(pH 10.0).

B Optimum pH and pH stability of SCR-1
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1R Substrate specificity of SCR-1

Substrate Relative activity (%)

Aldehydes
Acetaldehyde 2.2
n-Butylaldehyde 3.4
n-Valeraldehyde 2.8
DL-glyceraldehyde 32
Pyridine-3-aldehyde 2.0

Ketones
Ethyl 4-Chloro-3-oxobutyrate 100
BAM 139
Ethyl 4-bromo-3-oxobutyrate 667
Isopropyl 4-bromo-3-oxobutyrate 125
Octyl 4-bromo-3-oxobutyrate 24
1,1-Dichloroacetone 42
Chloroacetone 2.5
3-Chloro-2-butanone 2.4
Methyl 3-oxopentanoate 1.2
2-Bromo-1-indanone 20
Dihydroxyacetone 56

4. SCRIBLVHBTELEABREEET 2KEGR

HHa 2 (A DIEEE

WIZ, SCRUBIZFIC A, wilERY) 44 7 L
RE LTy - 2iARFESE (GDH) BT %K
HIZEA L, SCR1& GDH#% R B3 % KRG flie 1
RAERE L2, £9. SCR1&GDHE(E T % KIHFIC
WAL, WEE L TUEREIES20DBRIKODNA (7
7 Z 3 FDNA) OWSEET - 72, BIE T 0T & i
T 57-0ODNAEE (FuE—4—) OFHIZGDH#E
{£¥. SCRUEIE T OIETHIE L 7275 2 3 FDNA
(Table 4 a)) . SCR-IE(Z 7. GDHME{ZR T DIIE T F i
L7275 Z 3 FDNA (Table4b)). GDH#{Z% -, SCR-1
BIETOIETHEE L. GDHEIZE T OREOEE (A)
ESCRUEA T ORYIOIEH (A) &5 H vy T v
®7-75 23 FDNA (Table4c¢)) #ZhZhHsEL,

1L Activities of SCR-1 and GDH of
recombinant E. coli cells

Plasmid SCR-1 activity GDH activity
(units/mL of culture) (units/mL of culture)

GDH

2 25 261

b 17 08
0 66 290

-+ - CGCGGTAATGTCTAACGG - - - -
—
—

P: Promoter, SD: Shine-Dalgarno sequence
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FRAMEEEQEOOEFME (REETER) OBRRE

KIGFE M Z (k& U 72#%. BAMOEICHG M & GDHYG
BAHEi L7z, ZORER, T v A KRB
B 6N KIGHE MR Z KidTable 4 ) D75 2 I F
DNAZEA L 7= KIGEMHIGRZ K TH -7 (Table 4),
Table 4 )7 J 2 3 FDNA% KIGHEIZEA L 72k
5 R Z 4R % FHV, BAMO A AR ICKIG & 1T 5 720
BOBISBERR 7 F L & ) v iR (pH6.5) & D2fHR
T\, NADPH &L a—Z2 &ML, 30C T, pH%E
6.5 ZHHIH U 28235 IR 24T 57z, T ORER. RIB2RH
T (S)-BHBM % LU ZE100% . e A4i1597.9%e.e. T
BBEZLENTE,

5. SCR-1DO#EEH R (MEDmE)

AR A TREMNCRI 2 720121, 2 oRetk
NEEL KD, 2T, SCRIDMEPEDIA % KA
720 TEZDOBEEREIZOWTIIREA B HESIE X h
TOBEH, ZTO—DIIMEOHKELTHE7 I /B
ORdsE N TN (B, RE (kg 35
HEBHON TS, BRONAEELHS 2% -
TV 5AE. ZOVARERICE DO TEAE O
RREICED S 7 I VBRI ERFE L. ZOMGDOT
I BERREACMOT I BICEREETSZ LIS
Ko THRBERAEUT 2 HEBHIONTHS, Ly
LA 6, SCRUIHHIEER TH . ARG YE T
FTCWED S22, BRICT VA LILT I BER
EMAL, BoNEIa—4Y 7477 —Dhy
5 HI & 2 BRECRME & FREN B 5 Tk A Hu
THWRAT> 2 LIZL 7,

9400003 2 =2 Y b 54 75 ) —Dhr s, 40C.
2WFHE O BN T & BTV IRAF L T S i EdED
M EUZZSCRIMBIR A 27 ) — = v 7 L2245
A3-49, A839. T1-99D3FEMH DO WU REER % i L 7=
(Table 5) . A3-49i3245FHDOT I VBN O V57T
LEZIZEBLTHD (K245R). A83913271F%H D
TIJBBT ANTE U PO T ASTF VBIZENR L
THH (N271D). T1-99354FHD T I Jfghia 4 &
YHE LA IV (154Q). 2 LT, 104FHDT 3

1L Thermostability and enantioselectivity of
SCR-1 mutants generated by random
mutagenesis

Clone Mutation site(s)  Remaining activity ~ (S)-BHBM
at40°C for 2 h (%) e.e. (%)

SCR-1 None 1.7 97.1
A3-49 K245R 3.8 97.0
A8-39 N271D 10.1 96.8
T1-99 L54Q/R104C 74.9 99.0
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JBBTLEZ Y NSV AT A4 vAD (R104C). 22
D7 I VBEBRPEE TWEZZERHE N K572,
T1-9913 % & it #dE 251 B LT 7272213 T4 <. BAM
IR B ERIRE g 1A B L Qe i, TitEdE A
EHICAEEEB 7280, L TR 5 2 EWEIZF 5
T 54007 I BRESR A A DY 7O R A R
L7zo ZORR. I dtEdED M EU20p, e
DSCR-UIBDD T I/ BEIMAZEAL 2 BFER
(L54Q “K245R/N271D) T®-7- (Table6)., %7,

1IN Thermostability and enantioselectivity of
SCR-1 mutants generated by site-directed
mutagenesis

Mutation site(s) Remaining activity ~ (S)-BHBM

at 45°C for 7 h (%) e.e. (%)

None (wild-type) 0 97.1
1L54Q 54.1 98.7
R104C 0 97.7
L54Q/R104C 9.6 99.0
N271D 0 96.8
L54Q/N271D 53.1 98.6
L54Q/R104C/N271D 41.7 98.8
K245R 0 97.0
L54Q/K245R 42.3 98.6
154Q/K245R/N271D 69.9 98.3
L54Q/R104C/K245R/N271D 18.1 98.7

L54QE 6 & & Erdft L IE SR 134 T J6 KOG IR
HERFELTWRZERWEnE ST, 22T, K
12, SAB/HD T A ¥ Y MO I9FHD 7 I/ RICE R
U, B Y@ R C 5 2 B8 A Rz, 20D
R, ABHOT7 I ViRA a4 > Uh o EEMRAE
fEAETE7I /B (VY (K., 7LE¥=V R), t
Z2FVY H)., TARXSEVE D)., L3V
(B)) 1CE L& ZICiEEsm L L2Z e, 7
I/ BERIC KD BERWMHEEHPAKRESEAE S Y b
7 — 2 BRI S EE A E U 72 T RE
WEZ NIz, 72, BAMIZHHE 288 R 2384
B (97.1%e.e.) 7598%ee ) bz Ed573I
BEWANZ RO O, 4-r70u-3-4F VE#KET
F )L (CAE) 1Z2xtLT& ., BAEM (63.1%ee) 75
0%eell EizETcm 457 3/ RESA (L54S,
L54A. 154D, L54E) #5388 67z (Table 7).
WREFE (SCR1(L54Q)) # HifERi#I L. g 1EE
Wt 217 o 726558, WEH L OBAEE2 RSB TH %
Kmi 3R Td -7, 72, 45°C. 3057 D EILER
120, WAERNRIEIELRE L2025 L. SCR1 (L54Q)
FL EESEAFL TR, AR AR T & -
(Fig.5). SCRIDSAFHD 7 I /EiFFETRY —FF
Vv OKEN? S (Fig. 6) . WEHEHOAEICAE S 5
ZEn6, AFHO7 I BERSIEMEOmR E77
T, KRR ORI 8 F 5 L2 alRErEA % 2
57z,

1Al Thermostability and enantioselectivity for BAM and CAE of SCR-1(1L54) mutants generated by saturation

mutagenesis
Mutation Remaining activity CAE
at45°C for 2h (%) Relative activity (%) (S)-BHBM e.e. (%) Relative activity (%) (S)-CHBE e.e. (%)

None (wild-type) 0 100 97.1 100 63.1
L54G 64.0 113 98.3 127 89.1
L54S 7.7 101 98.8 151 91.2
L54T 2.2 122 97.7 131 70.4
L54C 5.0 67 97.5 123 76.9
L54Y 0 114 98.4 285 86.7
L54N 49.6 90 98.3 102 88.7
154Q 53.8 153 98.8 245 89.7
L54A 23.5 125 98.7 175 92.6
L54V 0 69 98.8 59 84.8
L541 0 84 98.6 128 78.1
L54M 9.9 107 98.2 138 83.7
L54P 0 119 97.4 190 80.9
L54F 0 152 95.5 206 67.2
L54W 0 52 96.9 128 74.8
L54K 49.2 100 98.1 74 82.8
L54R 41.3 147 98.6 123 88.6
L54H 514 121 97.4 173 82.2
L54D 38.3 97 98.4 124 90.4
L54E 12.9 110 98.9 97 90.3
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Relative activity (%)

0 10 20 30 40 50 60
Temperature (°C)

Purified enzyme was incubated for 30 min at the indicated
temperature, and activity was determined

PG Effect of temperature on the stability of
SCR-1 (L54Q) (open circle) and wild-type
SCR-1 (filled circle)

This model based on the crystal structure of AKR4C9 from
Arabidopsis thaliana (PDB code: 3h7u)

PBEEY Homology modeling of SCR-1

6. WEREHRSCR-1(L54Q) s LVHBFTHERER
ZHEETHKBEEBZFDOBE

Table 4 ¢) T/R L7275 2 3 F DNADSCR-LE(ZE 14
gy, INEME S K OREZERMEOM L L 7ZSCR-1
(L54Q) EETICE X% 7277 2 3 FDNA% KIGE
AL, KRR 2 K2R L 72, 1545 nfilii
A&, B4ERISCR-1 & GDH % 3814 % KIGH
HiLf 2 AR & Pl U755, BAMGETCHEME (WA S skt

(0]
/ Br% COOMe
BAM

FRAVEEEDEOOEFME FREETER) ORE

). GDHEME (WIHRISHE) UKIEHECTH - 7z,
BAMAE &L G & 4T 572 & Z A, SCR1 (L54Q) 1%
B IE5IE ] T2 #E100% . e 2EAEI8 % e.e. T (S)-
BHBM#% &K T&E7=DIZx L, BARISCR-1TIF B8
I H CBAMO ZE i KOS 3 IEIE IR U, fb2IER I
93%. JEHMIE 1397 %e.e.TH - 7= (Fig. 7). SCR-1
(L54Q) 13 BPEMISCR1K 0 & A2 A B L, e
L= &no, AEdrnmbLzeEz 50729,

Concentration (mM)

0 5 10 15 20
Time (hr)
BAM (filled square), (S)-BHBM (filled triangle)

Time-course of BAM reduction to
(S)-BHBM by recombinant E. coli
expressing wild-type SCR-1 (dashed line)
and SCR-1 (L54Q) (solid line)

7. SCR-5% 7-13SCR-6% A\ /-BAMAEF BTG &
D LB

SCR-1L144iZ, Table 11278 L 72SCR-5 % BAM % Sk
HEIRINCAARICT B Z EWHETH B, SCR5IZX F
Xy b ALAIC/ER L. SCREA B A %2-
T a8 — VARG A RO A RICHNS Z
EMAEETH B Z & NADPHX 0 & M2 fili 7
NADHE R T H 2R A H 5 % (Fig.8)9, 7=,
SCR-613BAM % RIAEINMIZ A AR ICT 5 Z & 2 nf
TH . SCRS5E [FRRICIVERFRMEDIRAL . HEH
A3 52-7 175 = UIBKERIENE & Wi R O 4RI
W3 Z EMHEETH D, NADHERYETH 2 Fit %
4% (Fig.8)10,

Gluc

13(};;3‘;" 5 NADPH NADH |y Acetone
CETH G ET, [Eorsord)  (Rersord

Glucose NADP+ NAD+ N— 2-propanol

OH
\ BrWCOOMe /

Chiral BHBM

BN  Asymmetric reduction of BAM and recycling of the coenzyme

FRAEFE 2012 41



FRVEEEDEOOEGFME RXETER) ORE

1 Biocatalytic reduction of BAM

Enzyme Coenzyme Wet cells Reaction Final concn. Yield (%) e.e. (%)
(w/w-BAM) time (h) of BHBM (mM)

SCR-1(L54Q)+GDH NADPH 0.23 589 86 >99 (S)

SCR-5 NADH 0.55 413 97 >99 (S)

SCR-6(HAR1) NADH 6.6 176 80 >99 (R)

Z 2T, Tho OARAEEZ IV, SCR-1& DBAM
A RIS D WBMET %17 > 720 72 ¥5. SCRUIN
Bz L7 REEHR (SCR1(154Q)) % v,
SCR6% X REH (SCR-6 (HARD) ) WAL 72, K
I NT, R T L &SRR A1 1O B TR
L722fR CHEHE L. SCR-1 (L54Q) (ZIdffil¥R ") ¥ A
INDID, T —Z&HMU. pHE6S5IZHIEE Uk
Mo RIE%EIT 572, F£72. SCR-5&SCR-6 (HAR1) (i
HilEE ) 4 2D, 2-F a8 ) — )L #RITU K
JBEIT 577, FOFER, SCR1(L54Q) & GDH#% Jh%
BI4 2 K@ 2 4k 2 O 7=354 . ROG4ER s
ILHEL6% (589mM) . H:*F Ml EII % e.e. LU | T (S)-
BHBM % AKX T 7 (Table 8), SCR5% H\7=354
LT % (413mM) . FFHME99 % e.e. LI ET(S)-
BHBM % &K T % 7225, BAMODZEKIER T £ TIZ,
53 A L7z, F7-. SCR6 (HAR1) #ZHIWW=34.
10/ [ TBAMIZ IFIT100% Z 4t X . b2 UL 80 %
(176mM) . H2#HE99 % e.e. L T (R)-BHBM % A K
TEZM, AEFEEMEL . BN S £ BETH -
7zo U EOKEED S, BAMAAEICKIBIZ BT,
SCR-1 (L54Q) ZHWW=RAM s LTk, THEMIC
LEEAH & & 2 5z, SCR1(L54Q) 1ZSCR-5,
SCR-6 (HAR1) & ib#ig L. BAMIZXHS 5 Heafthe. i
fif 7 F L &SRR D202 TOREMED A > 72720,
BHBME MG 572 Z 2 547 (Table 9)12,
L2 L. SCR5. SCR-6 (HAR1) ik 0. ik
EZHEDBEOREmS T £ v TH Y, BT OpHiH
HHARETH S Z L, NADPHKL D & &5E T, %l
NADHA iR L LT 22 hERE, Tut
2, AZXMOMHHSHMTHY, KLFHEOE 54525
MENZ KD, BAMAEZE IR L7z 7' v Z A

1IN Properties of BAM reduction enzymes

Enzyme Specific activity Activity in Half-life in the
for BAM E. coli cells two-phase
(units/mg protein) (units/g wet cells)  system (h)

SCR-1(L54Q)

+GDH 144 179 17
SCR-5 9.1 13 3
SCR-6(HAR1) 0.5 0.4 0.5
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