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Relationship between Catalytic Asymmetric Reduction Ability of Carbonyl
Reductase of Rhodobacter sphaeroides and Substrate Structure

WANG Mengliang’, YAN Fukun
Institute of Applied Chemistry, Shanxi University, Taiyuan 030006, Shanxi, China

Abstract: The asymmetric reduction of ketones catalyzed by whole cells or carbonyl reductase of Rhodobacter sphaeroides was studied. The
relationship between catalytic ability of Rhodobacter sphaeroides and the structure of substrates was determined by evaluating the yields, ee
value, enzyme activity, and kinetic constant (K, value) of enzyme. The ee value followed the Prelg rule. The yield was related to the
substitution on the benzene ring and side-chain of acetophenone derivatives. The yield decreased with increasing length of the chain and
molecular mass of the substrates but was enhanced with the increase of the number of branched-chains for aliphatic ketones. The results of
asymmetric reduction of latent chiral ketones by carbonyl reductase showed that the enzyme had a high specificity for pentanone in aliphatic
ketones and for the acetophenone derivates that contained a withdrawing group at a-position. In the enzyme-catalyzed asymmetric
hydrogenation, all the product ee values were around 99%, indicating that the carbonyl reductase had higher stereoselectivity than the whole
cells.
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Scheme 1. Reaction mechanism of ketone reduction catalyzed by Rhodobacter sphaeroides.
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B\ 3- FF -2 S o PR RSB TSE (FF) I R 3- U
IR 150°C, 4EFF 7 ming 2-PE il . 2-2FFd £ 2- T8 1517
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Lt 2y 25), W38 9 1.0 ml/min, WCEE 2 08 36, K v 571 4%
RS U R 8. K DUiE it Sephadex LH-20 J2 T
(1.0 cm x 10 em), f& FF 5 b & A5, WHE A 1.0
ml/min, AR M, 7 S BE/IE Cobe b 545 dn 19
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Table | Asymmetric reduction of acetophenone derivatives catalyzed
by whole cells of Rhodobacter sphaeroides

Substrate

= o Yield (%) ce (%)
NO, — 73.6 95.4
F — 69.1 94.1
Cl — 67.2 94.7
Br — 66.7 95.1
CH;0 — 57.6 96.8
NH, — 59.4 94.4
OH — 60.2 94.5
CH; — 63.4 95.6
- Cl 713 89.9
- Br 70.4 87.3
— CH, 65.6 88.1

Reaction conditions: substrate 17 mmol/L, buffer 100 ml Tris-HCI (50
mmol/L, pH 7.0), 30 °C, 24 h. ee: enantiomeric excess.
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Table 2 Asymmetric reduction of aliphatic ketones catalyzed by

whole cells of Rhodobacter sphaeroides

Substrate Yield (%) ee (%) ODygs
CH;CH,COCH; 88.8 78.9 0.012
CH3(CH,),COCH; 85.6 80.1 0.031
CH3(CH,);COCH; 84.2 86.6 0.043
CH3(CH,)4,COCH; 80.2 87.9 0.187
CH3(CH,)sCOCH; 78.5 89.2 0.265
CH3(CH,)sCOCH; 72.2 89.5 0.301
CH3(CH,),COC,Hs 84.5 81.1 -
(CH;),CHCOC,H;5 85.4 82.3 —
(CH;),CHCH,COCH3; 85.4 87.6 —
C,Hs;CH(CH3)COCH; 85.4 87.6 —
(CH;);CCOCH; 87.9 89.3 —

The reaction conditions were the same as in Table 1.
ODyss: Optical density of carotenoid at 4 = 485 nm.
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Table 3 Specificity of carbonyl reductase coupled with coenzyme
regeneration system for catalytic reduction of different substrates

Substrate aclt{ifflii;\é‘;) ) K,/(mmol/L) (f:'/:)
p-O,NC¢H4COCH; 109.8 0.1521 99.1
p-FCH4COCH; 100.0 0.1582 99.0
p-CIC¢H4COCH; 93.4 0.1631 99.0
p-BrC¢H4,COCH; 92.9 0.1723 99.1
p-CH;0C:H4,COCH; 79.2 0.1883 99.1
p-NH,C¢H4,COCH; 86.2 0.1762 99.1
p-HOCsH4COCH; 85.0 0.1781 99.0
p-CH;CsH4COCH; 89.1 0.1742 99.0
CsHsCOCH,Cl 107.8 0.1533 99.0
C¢HsCOCH,Br 100.4 0.1583 99.1
CsHsCOC,Hs 91.9 0.1721 99.2
CH;CH,COCH; 119.2 0.1462 99.2
CH;(CH;),COCH; 122.5 0.1432 99.2
CH;(CH;);COCH; 118.5 0.1462 99.1
CH;(CH,),COCH; 1159 0.1482 99.1
CH;(CH;)sCOCH; 112.3 0.1503 99.1
CH;(CH;)sCOCH; 109.5 0.1522 99.1
CH;(CH2),COC,Hs 121.8 0.1433 99.2
(CH;),CHCOC,Hs 122.8 0.1428 99.1
(CH;),CHCH,COCH3 122.7 0.1429 99.2
C,HsCH(CH;)COCH; 122.5 0.1432 99.0
(CH;);CCOCH; 122.4 0.1431 99.1

Reaction conditions: 25 ml H;PO, buffer (50 mmol/L, pH 8.0),
substrate 17 mmol/L, 30 °C,12 h. K,,: kinetic constant.
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