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Research progress of diols production by microbes
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Abstract: Production of chemicals using renewable bioresources and green biomanufacturing processes is highly
important for sustainable bioeconomy. Diols are important bulk chemicals widely used in the production of polymers,
cosmetics, fuels, food, and pharmaceutical industries due to their versatile functional properties. Currently, most of
diols are produced mainly from fossil resources via energy-cost chemical approaches. The development of biosynthetic
routes for the production of diols from renewable resources such as biomass and C, has garnered significant attention
due to its potential in reducing the utilization of fossil resources and carbon dioxide emissions. Although biological
production of 1,3-propanediol, 1,3-butanediol and 1,4-butanediol has been commercialized, the biosynthesis of other
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major diols remains challenging due to the absence of efficient natural biosynthetic pathways and low efficiency of the
recombinant microbes. Recent development of metabolic engineering and synthetic biology enables the production of non-
natural chemicals via artificial metabolic pathways and novel biological parts, significantly expanding the boundary of
biomanufacturing. This review comprehensively explores recent advances in the microbial synthesis of diols, emphasizing
the development of new pathways and engineering strategies for the biosynthesis of C, to C; diols. Especially, we focus on
the innovative approaches include constructing non-natural synthetic pathways to achieve the biosynthesis of non-natural
diols, or using alternative carbon sources such as lignocellulose through specific metabolic pathways to synthesize diols.
Furthermore, this review also discusses the primary challenges and future perspectives in transforming these biosynthetic
processes toward industrial applications. Key challenges involve the accessibility of low-cost and sustainable raw materials,
the complexities in scaling up these processes, the development of extraction techniques that cater to specific downstream
requirements, and the economic assessment of these processes to ensure profitability and sustainability. These
advancements are essential for the economic and environmental viability of producing diols from renewable resources,

thereby facilitating the transition to more sustainable industrial practices globally.

Renewable feedstock

v
Engineered
microbes _

Keywords: diols; biosynthesis; metabolic engineering; renewable resources; industrial application
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Fig. 1 Biosynthetic pathways of EG
X1P—Xylulose-1-phosphate; R1P—Ribulose-1-phosphate

The enzymes encoded by the genes: serd—phosphoglycerate dehydrogenase; serC—phosphoserine aminotransferase; serB—phosphoserine
phosphatase; sdC—L-serine decarboxylase; ao—amine oxidase; agt—serine-glyoxylate aminotransferase; md/C—benzoylformate decarboxylase;
fucO/yghD—alcohol dehydrogenase; xdh—D-xylose dehydrogenase; xy/B—xylulokinase; xy/C—xylonolactonase; yjhG/yagF—D-xylonate
dehydrogenase; yjhH/yagE—2-keto-3-deoxy-D-pentose aldolase; xy/A—D-xylose isomerase; khk-C—D-xylulose kinase; aldoB—D-xylulose-1-
phosphate aldolase; dfe—D-tagatose epimerase; fucK—fuculokinase; fucA/rhaD—D-ribulose 1-phosphate aldolase
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Table 1 Typical pathways and metabolic engineering modification strategies for biosynthesis of diols
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@ — oo R A PR 3R AR ERRER
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s’ Epadis

LW DahmsP4%  Escherichia D-AK¥ (1) F i xyIB £k 1082 0.36 2.25 0.41 [15]
(EG) coli (2)id E&IE yghD
Dahms #4%2  Escherichia D-AK¥E  (1)F% arcd F aldA 720  0.40 1.38 [16]

coli )ik RIL yjnH, xdh, xyIC, fucO Ml yihG
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7. RIP 4% Escherichia D-AK¥E ()it Fi& fuck, fucO M fucA 40 035 0.58 0.41 [17]
(EG) coli (2)i B8 ald A xylB
XIP#§1%  Escherichia D-A¥§  (1)idLIL khk-C, aldoB Hl fucO 20 0.38 0.37 0.41 [19]
coli (2)Ri % xyIB F1 aldA
XIP#1E  Saccharomy D-AKE ()il 3KIE pfkl 1 pfk2 405 0.12 0.06 [18]
ces (2)Ri b5 xks 1
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F251
YRERIERE  Escherichia % NE  (1)Id3RIX aao, sde, serdABCH fucO 41 014 — 0.7 [20]
coli (2)Ri B aldA
HERE Corynebact Hi%ENE ()i RIE sgt, mdIC, sde, AO Fl yghD 35 0.09 — [21]
erium 2)¥fi \ serACB
glutamicum (3% pabABC Fl sdaA
1,2-0 NEREE & AT K. Ham ()it ik mgsA Al yghD 93  0.20 0.06 0.56 [22]
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/DA B R EAA D-ARBERR A B =) QR RR A B, DA
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K4 D-AS B -5 it 2 D] eyl B AN i S0 35 [N ald A
AT — PRAEHE L LT FUAK A R A5 20 g/L EG I K



%£5% www.synbioj.com 1373

FFE, EGH%i5%)0.38 g/g. Pereira s ' JH i 7F
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Mgt (B2). RAFIXEREH KA FH A a4k
FRE, AHSAE REFIE T AR

FARBIAR CHEIRARAEAE T LA B, AR
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Fi, H T L5 SR L- B 20 S5 IR A e
M DA KA R T R Ak 2 72

N R i (2, R 1D 2t DHAP @ i
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B 5 38 I A [R] 0 I e S gk — D FL R A O L
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Fig. 2 Biosynthetic pathways of 1,2-PDO

The enzymes encoded by the genes: gldA/dhaD—glycerol dehydrogenase; dhaK—PEP-dependent dihydroxyacetone kinase; mgs4—methylglyoxal

synthase; yghD—alcohol dehydrogenase; yahK—alcohol dehydrogenase; fucO—alcohol dehydrogenase; /dhA/lldH—lactate dehydrogenase; pct—

propionate CoA-transferase; pduP, aldehyde dehydrogenase
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Fig.3 Biosynthetic pathways of 1,3-PDO

The enzymes encoded by the genes: fpid—triose-phosphate isomerase; gpd—glycerol-3-phosphate dehydrogenase; gpp—glycerol-3-phosphate
phosphatase; dhaBCE—vitamin B ,-dependent glycerol dehydratase; dhaT/yghD—alcohol dehydrogenase; acc—acetyl-CoA carboxylase; mcr—
malonyl-CoA reductase; prpE—3-hydroxypropionyl-CoA synthetase; pduP—aldehyde dehydrogenase; car—carboxylic acid reductase; mdh—
methanol dehydrogenase; adh—alcohol dehydrogenase; DERA—deoxyribose-5-phosphate aldolase; aspC—aspartate transaminase; panD—aspartate
decarboxylase; baud— P -alanine-pyruvate aminotransferase; ydfG—3-hydroxy acid dehydrogenase; M 1456—3-hydroxypropionyl-coenzyme A
synthetase; /ysC—malate kinase; asd—malate semialdehyde dehydrogenase; ssr—malate semialdehyde reductase; /ldD—lactate dehydrogenase;

kdc—ketoacid decarboxylase; pdc—pyruvate decarboxylase; gdhA—glutamate dehydrogenase; serC—phosphoserine aminotransferase
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BT R, AR R — 2 BRI AR P AR AT AR 2
By R HIUASE s M Ak B FH ) DG B o e SR FH R o Bk
Wy sk > B BB IR R I (4 AR R
B« MERERYSE) . FEARKEE (iR F G 7 KB i
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FERE LR S, 1,3-BDO =& 1] LU 71.1 g/L.
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Fig. 4 Biosynthetic pathways of 1,3-BDO
The enzymes encoded by the genes: adhE—alcohol dehydrogenase; DERA—deoxyribose-5-phosphate aldolase; yghD—alcohol dehydrogenase;

phad—acetyl-CoA acetyltransferase; phaB—acetoacetyl-CoA reductase; bld—3-hydroxybutyryl-CoA dehydrogenase; car—carboxylic acid

reductase
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Fig. 5 Biosynthetic pathways of 1,4-BDO

The enzymes encoded by the genes: gdhA—glutamate dehydrogenase; gadB—glutamate decarboxylase; gabT—aminotransferase; sucD—succinate

semialdehyde dehydrogenase; yqhD/4hbd/adh—alcohol dehydrogenase; cat2—4-hydroxybutyrate-CoA transferase; ald—aldehyde dehydrogenase;

car—carboxylic acid reductase; xy/BC—D-xylose dehydrogenase; xylD/yjhG/yagF—D-xylonate dehydratase; xylX/hvo/kdxD—2-keto-3-deoxy-D-

xylonate dehydratase; sadh—alcohol dehydrogenase; kivD/mdlC—decarboxylase

%o LAD-ARBENG], EiL5] N Caulobacter crescentus
[ xyIBCDX W 3 [K 7%, D-AHE 15 2 B 4k o D-AC B
TR, FRE 0 K SO i o I — R - (L-
RO 37 A 5 N D=2 L R A ] G R AL D R S IR
Do o~ R gt — P R AR T
1E I i &0 B 1 4k R 38 5 A 1,4-BDO. il i i B
xylA~ yjhH M yagE % R BH WK 1 0% 05 18 4 12 A1
Dahms 4%, AL J5 (1 K i AT B 68 6 76 40 R} Kk
H LA D-ARHE L L- R A7 B A D=2 FURE R N R4 73
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Fig. 6 Biosynthetic pathways of 2,3-BDO
The enzymes encoded by the genes: budB—acetolactate synthase;
budA—acetolactate decarboxylase; budC—2,3-butanediol dehydrogenase
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Fig. 7 Biosynthetic pathway of 1,2-BDO

The enzymes encoded by the genes: pyc—pyruvate carboxylase; aspC—aspartate transaminase; thr4—homoserine dehydrogenase; asd—aspartate

semialdehyde dehydrogenase; thrB—homoserine kinase; thrC—threonine synthase; i/v4A—L-threonine dehydratase; L-/ldh—L-lactate dehydrogenase; car—

carboxylic acid reductase; yghD—alcohol dehydrogenase
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Fig. 8 Biosynthetic pathways of 1,5-PDO

The enzymes encoded by the genes: davB—Ilysine monooxygenase; davA—>5-aminovaleramidase; gabT—4-aminobutyrate aminotransferase; yahK/

yghD—alcohol dehydrogenase; car—carboxylic acid reductase; abfT—S5-hydroxyvalerate-CoA transferase; bld—aldehyde dehydrogenase; cadA—

lysine decarboxylase; patA—putrescine aminotransferase; patD—alcohol dehydrogenase
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