afX £

Synthetic Biology Journal 221.266).002-019 2021 % 2% % 6 33 | waw.synbioj.com

S N B DOI: 10.12211/2096-8280.2021-049
R TR IR

N TAREE ARG A P A DR RO T 58 10E J

ERE, FrE, KA
(B#A¥T¥5, HIEEFHAAGHERREALRE, HL AM 310024

WE: ANRENENMERm. AT, EHRUENEM, ER—REENEMEMRE, BT ERIGHER
¥, BERHIBE, £FIEREEER, BREEREEL. MESRURAIERNIR. ERISTESE
BESEMEYPERAPERIANSR LB, NANEEAEEME—, NBNEAS, FYMEZR
FO . FIEAEMESTERRIERNZA TR EE—TEINRRSR, BNEERANBIEN ERE
H—1MEEBYE .. AGR TIEFREEA TR EEFBYBREVEESHRKSEHE, BIRERT 58]
MEMEMRE (—HRUEMEWER. IFBRARE. RRRE. p-AEEINEEIIRIRCEYRE) A9E
KNIE, NRFMERIEAAR . B FOSHEURBNREIEEM SR T aRM T8,

Xigin: a8, B, EMERH, RBTIRE, ATAH®RE

hESES: Q8156  NEREE: A

Progress in artificial metabolic pathways for biosynthesis of organic

alcohols & acids
CAO Chenkai, LI Jialong, ZHANG Kechun

(Key Laboratory of Coastal Environment and Resources of Zhejiang Province, School of Engineering, Westlake University,
Hangzhou 310024, Zhejiang, China)

Abstract: Organic acids and alcohols are usually known as commercial feedstock in chemical engineering and
pharmaceutical field. It is also known as potential significant biofuel. Compared with traditional fossil fuels, the
characteristics of industrial application of organic acids and alcohols can provide great advantages such as renewable
feedstock and green production process. They are effective countermeasures to deal with energy crisis and
environmental pollution. Traditional metabolic engineering is realized by overexpression specific genes to elevate the
corresponding enzyme level. With certain artificial genetic transformation and modification, a microbial cell factory
can be constructed for efficient production of certain organic acids and alcohols. However, problems such as limited
fermentation raw materials, low metabolic efficiency, and limited product types arise during practical implementation.
Constructing artificial metabolic pathways through screening and recombining nonhomologous enzymes can become
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an effective solution, which is also a cutting-edge general trend in this field. In this paper, recent breakthroughs and
progress in constructing artificial metabolic pathway to produce organic acids and alcohols are reviewed. Five novel
biosynthetic pathways are expounded with details including C, compounds assimilation pathway, nonphosphorylation
pathway, ketoacid/ammino acid pathway, RBO pathway (reversal of fS-oxidation pathway), and PKS pathway
(polyketide pathway). Furthermore, the advantages and limitations compared with traditional chemical-produced
technique are also discussed. Potential problems such as the tolerance of one carbon compounds, the inefficient
conversion of xylose, the inefficient catalysis of key enzyme reactions in ketoacid amino acid pathway, and the lack of
diversity of RBO pathway and PKS pathway products are reported in respected to practical application of the
technology. In conclusion, the feasibility of establishing new metabolic pathways for production of specific products is
analyzed, which has the potential of providing the possibility for the construction of high cost-efficient and diversified

organic acid and organic alcohol biosynthesis platform in the future.
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Fig.1 C, compound assimilation through ribulose-5-phosphate (RuMP), ED (Entner-Doudoroff), EMP (Embden-Meyerhof-
Parnas) pathway (a) and serine cycle (b)™”

H6P—Hexulose-6-phosphate; RuSP—ribulose-5-phosphate; X5P—xylulose 5-phosphate; FOP—fructose-6-phosphate;
R5P—ribose-5-phosphate; G3P—glyceraldehyde-3-phosphate; S7P—sedoheptulose-7-phosphate; E4P—erythrose 4-phosphate;
G6P—glucose-6-phosphate; 6PGL—6-phospho-D-glucono-1,5-lactone; 6PG—6-phospho-D-glonate;
KDPG—2-dehydro-3-deoxy-D-gluconate-6-phosphate; FBP—fructose-1,6-bisphosphate; TCA—tricarboxylic acid
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Tab.1 Summary of methylotrophic production data
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Fig. 2 Metabolic pathways of xylose in different microorganisms

X5P—Xylulose 5-phosphate; G3P—glyceraldehyde-3-phosphate; FOP—fructose-6-phosphate;

Ru5P—ribulose-5-phosphate; Acetyl-P—acetylphosphate
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