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Production of lactate from carbon fixation by cyanobacteria:
development and prospect
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Abstract: Lactate is an important industrial chemical and widely used in various industries. In recent years, with the
increasing demand for polylactic acid (PLA), the demand for lactate raw materials is also increasing. The contradiction
between the high cost and the market demand caused by the heterotrophic production of lactate attracts researchers to seek
other favorable solutions. The production of lactate from photosynthetic carbon fixation by cyanobacteria is a potential new
raw material supply strategy. Based on the photosynthetic autotrophic cell factory, it can directly produce high optical
purity lactate from carbon dioxide on a single platform driven by solar energy. The raw materials are cheap and easy to
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obtain, the process is simple and controllable, the products are clear and easy to separate, and the double effects of energy
saving and emission reduction and production of high value-added products are achieved at the same time, which has
important research and application value. This paper reviews the development history of cyanobacteria carbon sequestration
to produce lactate, summarizes its research progress and encounters technical difficulties from the aspects of metabolic
basis, metabolic engineering strategy, metabolic kinetics analysis and technical application, and prospects the future of this

technology.
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RuBR: Ribulose-1,5-biphosphate;

3PG: 3-phosphoglycerate;

2PG: 2-phosphoglycerate;

DHAP: Dihydroxyacetone phosphate;

MG: Methylglyoxal;

s-LG: s-lactoylglutathione;

GSH: Glutathione;

PEP: Phosphoenolpyruvate;

B 1 B FLER S AN M 45

D/L-LDH: D/L-lactate dehydrogenase;

Pta: Phosphotransacetylase;

PhaCE: PHB synthase;

PK: Pyruvate kinase;

PCC: Phosphoenolpyruvate carboxylase;

ME: Malate dehydrogenase (decarboxylating);
OAA: Oxaloacetate;

Ack: Acetate kinase.

Fig. 1 Cyanobacterial lactate synthesis and metabolic network.
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Table 1 List of lactate bioproduction studies
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A3 U A 35 0 2 20 Aok ] 905 B 2 % A 1 S R 2l R A
S 18 gda i ] CRISPR T4 T M &R b
SRR e AT 10 T2 SR T 0 0 2 TR
AT AR T SO 2o ) V5 B 201 ) SR W 3R A 4 T
PR AR o B ELARE R, i 6 it i ke 3 R
) CRISPR 4 A ZI BEAR e i fff pheisk A ) £ , 5[] V5
B, JCiB4E CRISPR/Cas 9 iR Xl ik 4 14 B
U421 CRISPR/Cpf 1 i ARFRAB H HAE TR IC i
B . BRSR AN 5 2 T AR AP SR, ek,
FER: e O AT S AN (B S p o E =N S
EA N v Sov) A T (120 ot ] = W1

Strain Genetic engineering Titer (mg/L) Productivity (mg/L/day) References
PCC 7942 +ldhA, +1ldP, +udhA 55 13.8 [14]
PCC 7942 +ldhD, +IldP 829 82.9 [17]
PCC 7942 +mgsA, +lIdP 1230 51.3 [1]
PCC 6803 +gldA101, +sth 2170 190.0 [22]
PCC 6803 +gldA101, +sth 1200 60.0 [31]
D-lactate PCC 6803 +LmldhD 350 25.0 [21]
PCC 6803 +Dldh; Apta, AphaCE 1060 265.0 [16]
PCC 6803 ppc-0x; AackA 10 700 1783.3 [27]
PCC 6803 me-oX, +ddh; AackA 26 600 4 433.0 [28]
PCC 7002 AnarB [26]
UTEX 2973 +omcS, +ldh 300 75.0 [18]
PCC 6803 +ldh, +sth 288 20.6 [15]
PCC 6803 +ldh, +IIdP 15 0.9 [13]
L-lactate PCC 6803 +ldh 1 800 45.0 [19]
PCC 6803 pk-ox, +ldh; Appc 837 59.8 [20]
PCC 7002 +ldh; AglnA 795 199.0 [12]
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