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ATP regulation strategy and its application in the synthesis of
microbial metabolites

Yawei Chen

College of Chemical and Pharmaceutical Engineering, Henan University of Science and Technology, Luoyang 471023, Henan, China

Abstract: Cofactor engineering, as a new branch of metabolic engineering, mainly involves ATP/ADP, NADH/NAD®,
NADPH/NADP* and other cofactors. Cofactor engineering can maximize metabolic flow by directly regulating the
concentration and form of the cofactor of key enzymes in cells, and quickly direct carbon flow to target metabolites. ATP, as
an important cofactor, is involved in many enzyme-catalyzed reactions in microbial cells, and leads to the restriction of the
distribution of metabolic pathways by connecting or linking them into a complex network. Therefore, ATP regulation strategy
is expected to be a favorable tool for industrial strain modification, to improve the concentration and production capacity of
target metabolites, strengthen microbial tolerance to the environment and promote substrate utilization rate. The present
review focuses on the recently used effective ATP regulation strategies and the effects of ATP regulation on cell metabolism
in order to provide references for the efficient construction of microbial cell factories.
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Fig. 1 Schematic diagram of intracellular ATP synthesis pathway and ATP regulation strategy™®*". Complex I : NADH:
ubiquinone oxidoreductase; Complex 1I: succinate:ubiquinone oxidoreductase; Complex III: ubiquinol:ferricytochrome c
oxidoreductase; Complex IV: ferricytochrome c:oxygen oxidoreductase; RS: regulation strategy.
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x1 EH ATP IS REE RN A
Table 1 ATP regulation strategies and its application

Cofactor regulation

- Organism Product Titer or yield Reference
strategies
Regulation of NADH Deletion of adhl and Saccharomyces Glycerol 0.46 g/g [32]
level by metabolic  overexpression of ald3 cerevisiae CENPK2 glucose
engineering
Overexpression of mitochondrial ~Aspergillus niger Citric acid 169.1 g/L [33]
alternative oxidase gene aox CGMCC 10142
Disruption of porl gene Candida utilis CCTCC Co-production of 524.3 mg/L [34]
M 209298 S-adenosylmethionine
and glutathione
Control of NADH  Addition of 50 mmol/L citrate Candida glabrata Pyruvic acid 68 g/L [35]
supply CCTCC M202019
Pulsed-feeding of citric acid Bacillus licheniformis  Poly-y-glutamic acid 35g/L [36]
ATCC 9945A
Co-feeding of formate Penicillium Penicillin G 0.509/g [26]
chrysogenum DS17690 glucose
Addition of 6 g/L sodium citrate Saccharomyces S-adenosylmethionine 1.85¢g/L [37]
cerevisiae CGMCC
2842
Addition of 62 mmol/L citrate Lactobacillus panis Succinate, lactate 40.9 mmol/L, [38]
PM1 88.7 mmol/L
Regulation of the  Addition of rotenone, antimycin ~ Torulopsis glabrata Pyruvate 49.8 g/L [39]
activity of electron or oligomycin CCTCC M202019
transport chain
Regulation of Control of pH at 4.2 Streptomyces albulus  &-Poly-L-Lysine 1.5¢g/L [40]
proton gradient NBRC14147
Control of pH at 3.8 Aureobasidium pullulans Pullulan 26.8 g/L [41]
CCTCC M 2012259
Control of oxygen  Optimizing the DO supply Candida utilis CCTCC Co-production of 593.9 mg/L [42]
supply through changes of the M 209298 S-adenosylmethionine
agitation rate and glutathione
Addition of n-heptane at the final Pichia pastoris GS115 S-adenosylmethionine 1.25g/L [43]
concentrantions of 1%
Chromosomal integration of Saccharopolyspora Spinosad 466.6 mg/L [44]
the Vitreoscilla hemoglobin gene spinosa SP06081
Overexpression of Vitreoscilla Aureobasidium Pullulan 102 g/L [45]
hemoglobin melanogenum P16
Regulation of Heterogenous expression of Candida utilis CCTCC Co-production of 455.6 mg/L [46]
FoF1-ATP synthase ATP6 gene M 209298 S-adenosylmethionine
activity and glutathione
Deletion of cg1360 Corynebacterium L-valine 9.2 ¢g/L [47]
glutamicum ATCC
13032
Manipulation of Introduction of Enterobacter Succinate 0.727 glg [48]
ATP-dependent key phosphoenolpyruvate aerogenes AJ110637 glucose
enzymes carboxykinase, disruption of the
genes involved in the glucose
phosphotransferase system
Overexpression of Escherichia coli Succinate 5.97 g/L [49]
phosphoenolpyruvate BW25113
carboxykinase
Gy

http://journals.im.ac.cn/cjbcn
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Overexpression of the
ATP-related key enzymes, such
as phosphoglycerate kinase,
pyruvate kinase and
adenylosuccinate lyase
Knock-down the genes of proB,
glnAand argB in ATP (DE3)
consumption pathway through
synthetic SRNA approach
Knock-down the ATP-related
genes of metK and proB through (DE3)
CRISPR interference system

Re-construction of the ATP-driven Synechococcus

Bacillus
amyloliquefaciens

Escherichia coli BL21

Escherichia coli BL21

(B2 1)

Putrescine 5.51 g/L [2]

S-adenosylmethionine  1.21 mg/L [50]

Pinocembrin 110.44 mg/L [51]

1-butanol 29.9 mg/L [15]

malonyl-CoA synthesis pathway elongates PCC 7942

Compound
regulation strategy

Deletion of cydB and cydC,
introduction of VHDb;
overexpression of the genes purB
and adK in ATP-biosynthetic
pathway

Bacillus licheniformis
WX-02

Poly-y-glutamic acid 43.81 g/L [29]

HZKLA NADH A[F], Aifit NADH 2AZ2i ¢
PRI P R FLIE, AR TR E
NADH A, Nk, 42584 bl 2 Bt
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ETRER

Schematic diagram of intracellular ATP synthesis and consumption pathway. glk: glucokinase;

pfk:

6-phosphofructokinase; pgk: phosphoglycerate kinase; pyk: pyruvate kinase; ldh: lactate dehydrogenase; adh: alcohol
dehydrogenase; pdc: pyruvate decarboxylase; aldh: aldehyde dehydrogenase; pta: phosphate acetyltransferase; ack:
acetate kinase; pyc: pyruvate carboxylase; pck: phosphoenolpyruvate carboxy kinase; ppc: phosphoenolpyruvate
carboxylase; pfl: pyruvate-formate lyase; cs: citrate synthase; cl: citrate lyase; scs: succinyl-CoA synthase; mdh: malate
dehydrogenase; me: malic enzyme; acs: acetyl-CoA synthetase; ppk: polyphosphate kinase.
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balance analysis, FBA) RHfiBhifFsy. H =, wif
AR A R R R ATP R TRIR R .
ML ATP YRy, 38 AT RSl S 25 2 4n it
Ao BOREER BATIIT & BN Y ATP IR0k
ms, Bian ATP (shA 0. HRrc A R ATP I
NIRRT G ydaO BEHOR shA TR LN ATP /K
S, IFIF S-BRTT 8 2 A e H IRSE /N7
YA LR AT o AR i T AU 25 A 5 A R
AR AR R IR ydaO P51, I A 2 A b
TEIXTF ATP i (iR BV R, A %y ik
— M, DLIE AR ATP AR i A 77

IEAh, ATP 82 5 1 40 A 4% Ao Bl 7
38 V) 5 ERETE TG A0 . AL SURBREERE S R
. AP ATP MRS, R, SCHHS I
ATP U FE 1258 He AL AR 1 TF R AL R T 2281
T B DGR o KR AT A ATP A5 IR AR R b
P ATP 3 B2 % F AR & B AL 5% .
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