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Effect of lactate dehydrogenases on the optical purity of L-lactic
acid produced in Bacillus sp. P38
SUN Li-Fan'? ZHU Ling-Feng® HOU Jian-Feng® WANG Yan-Ping'"
(1. School of Food Engineering and Biological Technology, Tianjin University of Science & Technology,

Tianjin 300457, China)
(2. Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: [Objective] This study is to investigate the effect of lactate dehydrogenases on the optical
purity of L-lactic acid produced in Bacillus sp. P38. [Methods] Genome annotation result shows that
there are three enzymes responsible for lactic acid production: L-lactate dehydrogenase (L-LDH)
(encoded by IdhL), D-LDH (encoded by IdhD), and one possible malate/lactate-LDH (M/L-LDH)
(encoded by IdhM/L). These enzymes were investigated both in vivo and in vitro to study the
relationship between enzymatic activities, gene transcriptions and the optical purity of lactic acid.
[Results] M/L-LDH was found mainly to act as L-LDH. The L-LDH catalytic efficiency toward
pyruvate was 2.9-fold higher than that of D-LDH and 4.3-fold higher than that of M/L-LDH. The
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D-LDH activity was not detectable in Bacillus sp. P38 under active staining. The relative
transcription levels of IdhL in Bacillus sp. strain P38 were much higher than those of IdhD and
IdhM/L at different growth phases, and the transcription ratio of IdhL to IdhD increased from the
logarithmic phase to decline phase. [Conclusion] L-LDH is the key enzyme for high optical purity of
L-lactic acid produced by Bacillus sp. P38.

Keywords: L-lactic dehydrogenase, Bacillus sp., Optical purity, Lactic acid
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Table 1 Primers used in this study

Target gene Sequence (5'—3")
ldhL GGGCCATGGGCAGCAGCCATCATCATCATCATCACATGAAAAAACTCAATCGTATTGCAG
IdhL amplification primer CCGCTCGAGCAATACCGGTGCCATCGTTTC
IdhD GGGCCATGGGCAGCAGCCATCATCATCATCATCACATGAGAAAAGTTGTTGCCTATGAGACG
IdhD amplification primer CCGCTCGAGTGATTTTATCTCCCACCTGCTC
ldhm/L GGGCCATGGGCAGCAGCCATCATCATCATCATCACGTGAAAAAGACAAAATTAGTAGTTGC
|dhMIL. amplification primer CCGCTCGAGCGATTTTCCGGTTTTTACCGATGCC
ldhL Real-time PCR CGGCAGTATTGTTGCGAAA
IdhL Real-time PCR primer ACTACGGCACCACGGGAAC
ldhD Real-time PCR AAGGCGATTATTCCGATTGC
ldhD Real-time PCR primer ACTGTCCCCGAACCGATAAC
ldhM/L Real-time PCR TGCTTTTGATGTCCTGAATGGG
IdhM/L Real-time PCR primer ~ GCCGATGACACTTGGTATGCTTA
16S rRNA TGGTCTGTAACTGACGCTGAGG
168 rRNA gene GGGAGGTCAGAGGATGTCAAGA
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Figure 1 Analysis of purified L-LDH, D-LDH, M/L -LDH
by SDS-PAGE

Note: M: Protein molecular weight marker; 1: L-LDH; 2: D-LDH;
3: M/L -LDH of Bacillus sp. P38.
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Table 2 Kinetic parameters of D-LDH, L-LDH, M/L-LDH from Bacillus sp. P38

Kinetic parameter D-LDH L-LDH M/L-LDH
Ky (mmol/L) 4.10+0.20 3.73+0.19 5.14+0.11
Vinax (U/mg) 20.270+1.800 50.446+1.430 15.300+0.830
Kear (s7) 12.64+1.13 29.78+1.37 9.25+0.60
Kea/Kin (L/(mol-s)) (2.96£0.30)x10° (7.98+0.80)x10° (1.80£0.20)x10°
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2 Bacillus sp. P38 #0 L. plantarum ssp. plantarum
DSM 20174 Native-PAGE
Figure 2  Native-PAGE of Bacillus sp. P38 and L.
plantarum ssp. plantarum DSM 20174

: M: Native marker. Bacillus sp. strain P38 (1)
ssp. plantarum DSM 20174 (2) DL-
Native-PAGE nLDHs.
Note: M: Native marker. Active staining of nLDHs after
Native-PAGE cell extracts of Bacillus sp. strain P38 (lane 1), L.
plantarum ssp. plantarum DSM 20174 (lane 2), were used for the

Native-PAGE. DL-Lactate was used as substrates for active
staining.
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Ficture 3 The profile of growth curve and the change of
optical purity of produced L-lactic acid by Bacillus sp. P38
during fermentation

Note: & : The growth curve of Bacillus sp. P38;-e-: Time course of
optical purity of L-lactic acid produced.
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