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Abstract: The multi-enzyme catalysis system has become a hotspot in the field of bio-catalysis in recent years. Due
to the catalytic process's controllability and the ease of downstream separation, more and more intracellular metabolic
pathways are being developed and applied to produce fine chemicals in vitro. With the gradual maturity of multi-
enzyme catalytic system construction technology, it will bring a broad application prospect for the manufacture of
chemical products and pharmaceutical products in the future. In this regard, we review recently published examples of
multi-enzyme catalysis, compare relevant design principles. Thermodynamics and kinetics of the reaction process and
synthesis path analysis are used to design a bio-catalysis path. The critical enzymes are then mined in the pathway. By

combining various assembly strategies, enzymes with different functions are cascaded into a whole structure and
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function unit to form a "substrate channel." Then intermediate loss and side reaction was reduced during the efficient
bioconversion process from simple substrates to complex products. This method has the advantages of improving
reaction efficiency, high regional selectivity and stereoselectivity, and also reducing environmental impact. Thus,
biocatalysts are now widely used to produce valuable commercial chemicals, pharmaceuticals, and fuels. The target
products could be obtained by the bio-catalysis process in vivo or in vitro. High-value products that are difficult to
synthesize, or in an extremely complex synthesis pathway, or a very costly synthesis process by non-biological methods
can now be produced in microbial hosts. To match the corresponding products, various genes in the host cell need to be
optimized and fine-tuned. However, in vitro bio-catalysis can avoid these limitations. By adding a variety of enzymes
to the reaction system, the product can be obtained after completing the catalysis at one time. Thus, industrial bio-
fabrication has emerged as an attractive and economically viable alternative to conventional large-scale chemical
synthesis. The multi-enzyme catalysis system in the synthesis of pharmaceutical chemicals (such as antibiotics, drugs
for anti-cancer, cardiovascular disease treatment, liver disease treatment and psychiatric treatment) and various active
ingredients (such as D-gluconic acid, terpenoids, 5-aminolevulinic acid) were discussed. The problems existing in the

multi-enzyme catalytic system and the possible solutions are also summarized.
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[ L-threonine deaminase catalyzes production of 2-oxobutyric acid, which is combined with cofactors to be reductively amination by D-amino acid

dehydrogenase to obtain D-2-aminobutyric acid, and at same time combined with formate dehydrogenase (FDH) to achieve NADPH of recycling]
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[Regioselective and chemoselective hydroxylation of aromatics (1a-f) is catalyzed by highly selective P450 BM3 mutant to generate o-phenol

intermediates (3a-f) and p-phenol intermediates (2a-f). In second step, under condition of consuming NH,, tyrosine phenol lyase (TPL) catalyzes C-C

coupling of 3a-f to generate pyruvate to obtain L-4a-f]
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Fig. 9 Key intermediate synthesis pathway of ursodeoxycholic acid
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Fig. 10 (R)-1-Phenyl-1,2-ethanediol were produced by in vitro multi-enzyme catalytic de-racemization system

[871

[Racemic PED is reduced to (R)-enantiomer through selective oxidation and asymmetric reduction involving self-circulation of cofactor. Enzyme 1 oxidizes
(S)-PED to 2-HAP and reduces NADP* to NADPH. Subsequently, by enzyme 2, 2-HAP is reduced to (R)-PED, while NADPH is oxidized to NADP"]
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Fig. 11 Production of D-gluconic acid by multi-enzyme catalysis from glucose

[90]

[Conversion of G1P to GlucA was achieved by six enzymes: i) a phosphoglucomutase (PGM) which catalyses intermolecular phosphate transfer of

G1P to G6P, ii) a myo-inositol-3-phosphate synthase (IPS) which catalyses multi-step oxidation, cyclisation and reduction of G6P to I1P, iii) a

inositol-1-monophosphatase (IMP) which catalyses dephosphorylation of I1P to myo-inositol, iv) a myo-inositol oxygenase (MIOX) which mediates

oxygen-catalysed oxidation of myo-inositol to GA, v) uronate dehydrogenase (Udh) which catalyses oxidation of GA to glucaro-1,4-lactone (GlucA

lactone) under reduction of NAD" to NADH and vi) a NADH oxidase (Nox) for NAD" regeneration to minimise supply of expensive coenzyme for

continuous GlucA production. GlucA lactone ring is mostly stable in neutral solutions and is hydrolysed to GlucA with heating in alkaline conditions]
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Fig. 12 Production of monoterpenes

from glucose by multi-enzyme catalysis "’

(Enzymes in each sub-module are marked with colored boxes, and steps of consuming and generating ATP are shown in purple and blue respectively.

Purge valve that produces NADPH is shown in red, while top

of mevalonate pathway that consumes NADPH is shown in orange.

Solid arrow represents flow of cofactor, and dotted arrow emphasizes cycle of each step in pathway)
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Fig. 13  Synthesis of 5-aminolevulinic acid

catalyzed by cell-free multi-enzyme ")

[(Succinyl-CoA synthase catalyzes succinate to produce succinyl-CoA,
and CoA can be catalyzed by two reactions catalyzed by
S-aminolevulinic acid synthase and succinyl-CoA synthase recycling is
carried out, and another required substrate, ATP, provides required ATP
from polyphosphate through polyphosphate kinase regeneration
system)]
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