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Biotechnological production of 2,3-butanediol sterecisomers. synthetic
mechanism and realized methods
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Abstract: 2,3-Butanediol, an important fine chemical, has been widely used in many areas. Containing two chiral centers, the molecule of
2,3-butanediol contains three stereoisomers, namely (SS)-, (R,R)-, and meso-2,3-butanediol, which are especially crucial in providing chiral
groups for the synthesis of fine chemicals and high-value pharmaceuticals. In this review, the synthetic mechanisms of different
2,3-butanediol stereoisomers are firstly revisited. Some strategies for efficient and economical pure 2,3-butanediol stereoisomers production,
including constructing whole cell biocatalysts and constructing metabolic pathways using the emerging synthetic biology methods, are sum-
marized. It is also pointed out that the focus of future research should be placed on improving the biosynthetic capability of different stereo-
isomers using the synthetic biology methods, and establishing efficient downstream separation methods for economical 2,3-butanediol stere-
oisomers recovering process.
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Fig. 1. Three stereoisomers of 2,3-butanediol.
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Fig. 2. Proposed mechanism for the biosynthesis of 2,3-butanediol
stereoisomers in Klebsiella pneumoniae.
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Fig. 3. Proposed mechanism for the biosynthesis of 2,3-butanediol
stereoisomers in Panebacillus polymyxa.
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Fig. 4. Proposed mechanism for the biosynthesis of 2,3-butanediol
stereoisomers in Bacillus cereus.
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Tablel Research progress on the biosynthesis of different 2,3-butanediol stereoisomers
Product P;Z;y COI’I(EZI/]E')HUOH S((glfglgl Substrate Crucial enzyme Host strain Ref.
(89-2,3-BD 95 3.70 0.37 Racemic AC (89-2,3-BDH from Brevibacterium sac- E.coli IM109 [45]
charolyticun C-1012
(89-2,3-BD 92 1.35 0.14  2,3-BD mixture  Glycerol dehydrogenase from Hansenula E.coli HB101 [42]
polymorpha DL-1
(S9-2,3-BD 98 2.20 0.93 Diacetyl meso-2,3-BDH (R-AC forming) fromK. E .coli JM109 [46]
pneumoniae IAM 1063; (S S)-2,3-BDH
from Br. Sacchar- olyticun C-1012
(89-2,3-BD >99 2.40 0.12 2,3-BD mixture (RR)-2,3-BDH from B. subtilis 168, E.coli BL21 [43]
NADH oxidase from Lactobacillus brevis
CICC 6004
(S9-2,3-BD 96.9 12.50 0.36 Glucose Native K. pneumonia CICC [44]
10011; B. subtilis 168
(89-2,3-BD >99 26.80 0.67 Diacetyl (§9-2,3-BDH from Enterbacter cloacae E. coli BL21 (DE3) [47]
ssp. dissolvens SDM
(RR)-2,3-BD >99 6.10 0.31 Glucose sADH from Thermoanaerobacter brockii E. coli JCL260 [10]
>99 5.80 0.30 Glucose sADH from B. subtilis E. coli JCL260
>99 5.10 0.29 Glucose sADH from Clostridium beijerinckii E. coli JCL260
(RR)-2,3-BD 92 1.98 0.034 Glucose Acetoin reductase from Clostridiumbei-  Clostridium acetobutyli-  [51]
91 1.80 0.033 Glucose jerinckii NCIMB 8052 cum ATCC 824
(RR)-2,3-BD >98 6.50 0.23 Glucose Native BacilluslicheniformisBL5  [53]
>98 6.08 0.23 Glucose Native B. licheniformis BL8
>98 6.91 0.22 Xylose Native B. licheniformis BL8
meso-2,3-BD 98 17.70 0.18 Glucose ALS, ALDC and meso-BDH from E. coli IM109 [48]
Klebsiella pneumoniae IAM 1063
meso-2,3-BD — 1.12 0.29 Glucose meso-BDH from S. cerevisiae E. coli YYC202 [49]
(DE3)IdhATiIvC
meso-2,3-BD — 13.00 0.43 Glucose meso-BDH from K. pneumoniae 14sp-N E. coli JM109 [50]
IdhA'pta’adhE poxB
meso-2,3-BD 99 15.70 0.31 Glucose meso-sADH from K. pneumoniae E. coli W3110 [52]
99 6.90 0.21 Crude glycerol KCTC 2242
meso-2,3-BD — 5.50 0.80 Cellodextrin meso-BDH from K. pneumoniae, E. coli MG1655 [54]
cellodextrinase from Saccharophagus IdhA pta’ackA'poxB

AC—Acetoin; 2,3-BD—2,3-Butanediol; ALS—a-Acetolactate synthase; ALDC—a-Acetolactate decarboxylase; BDH—2,3-Butanediol dehydrogen-

ase; SADH—Secondary alcohol dehydrogenase.
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Biotechnological production of 2,3-butanediol stereoisomers: synthetic mechanism and realized methods

SHEN Mengqiu, JI Xiaojun*, NIE Zhikui, XIA Zhifang, YANG Han, HUANG He*

Nanjing University of Technology

The biological routes for the production of pure 2,3-butanediol stereoisomers, including using the methods of whole cell catalysis
and the emerging synthetic biology, was reviewed. In contrast to the conventional chemical methods, the biological methods own
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