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Abstract: Plastics are one of the most important polymers with huge global demand. However,
the downsides of this polymer are that it is difficult to degrade, which causes huge pollution.
The environmental-friendly bio-degradable plastics therefore could be an alternative and
eventually fulfill the ever-growing demand from every aspect of the society. One of the building
blocks of bio-degradable plastics is dicarboxylic acids, which have excellent biodegradability
and numerous industrial applications. More importantly, dicarboxylic acid can be biologically
synthesized. Herein, this review discusses the recent advance on the biosynthesis routes and
metabolic engineering strategies of some of the typical dicarboxylic acids, in hope that it will
help to provide inspiration to further efforts on the biosynthesis of dicarboxylic acids.
Keywords: biodegradable plastics; dicarboxylic acids; metabolic engineering
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Figure 1 Metabolic pathway for the production of adipic acid. A: Combination of B/ reversal- and

w-oxidation pathway. B: Reverse adipate degradation pathway. C: a-ketopimelate pathway.
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Figure 2 Metabolic pathway for the production of dodecanedioic acid that combines fatty acid synthesis

pathway and w-oxidation pathway.
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Figure 3 Metabolic pathway for the production of 2-pyrone-4,6-dicarboxylic acid. A: Native-occurring lignin
degradation pathway of Sphingobium sp. SYK-6. B: Shikimate pathway. 3-MGA: 3-methygallate; CHMOD:
4-carboxy-2-hydroxy-6-methoxy-6-oxohexa-2,4-dienoate; DAHP: 2-dehydro-3-deoxy-D-arabinoheptonate-7-phosphate;
DHQ: 3-dehyroquinate; DHS: 3-dehydroshikimate; CA: Chorismate; pHBA: p-hydroxybenzoic acid; PCA:
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RS . [ FDCA FES5HE 1 (WRIRER) 50 28—
HIRR AR IR, B A BB AR AT LI AU
MTESRL AR 2 AP R A AL T AR

FEMZEY Y, FDCA A LLE T 55 B Sknk
i B % (5-hydroxymethyl furfural, HMF)Ff# %
T o e PP Rk o R A B 2T 4 R A AR Y
A=Y 2Z —, A BSRIFES, T — i
Py 2 v O TN B FLB IR AR A FR R O
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I e P TS IS 5 (%A A 18245, FDCA 2 X Rk 1%
el =g 2 —1% ) fEJE A, FDCA i
it HMF BT B WA 2 2k B8 A% 705 1 2%
2, HMF ] LUZE ] 53 25 0] v 2o Ji S0l . 46
Al s I AR P B 0 iR FDCA 1554k, H
R B A 00 Ry S-3 F Rk el PR TR L S-F G -2-
WEMR IR ; TE5H 2 4c#%42H, HMF A LI7E 4
FL RS Nl ek B3 3 R ) A AL B B FDCA, I
S H TR Ay 2,5 g 0 1 DA K 5- F e -2-
WE R R (K 4). FAZA VIR % HMF % FDCA
(IR A DL R i 5 A A Wy S AR AR ] (R BE oL
BARR, F2 % A7 40 M st S 1k
fifg A4 R 104

DU [ (Cupriavidus basilensis) HMF 14 J&—Fh
M3 B B 2L BRI, R 1 bRk
OB )RR HMF FREfasAe misE ™,
SRR AR BN SR hmfABCDE LA} hmfFGH’H
FEFR AN HMF 5wk i Y 1 o 4B
F AR GEMMIE S, 09 5% K iR 45 R
LI S hmfH LR W] 5T B FDCA 1= BEAH 6
Koopman 25132 3 [N 5 A K BLAK BT S12
o, DU HMF PESR R, S 7E 5 L K%
T FARALH A HMF 4N, fif FDCA 7=
HHTE 144 h 353 T 30.1 g/L. N3 FDCA 7™
L PR, Yuan SO R S AR
HL%T\(Raoultella ornithinolytica) BF60 YEH
5, 51 A HMF/WEmg A A0 8 5t i (HmfH)
DL K HMF LR (HmfO), ¥ &A1& T A [k
JE R 81T (P, Prac) A S 0 HR IR H5 DL ECAY 5 AT
(pRSF. pCDF. pACYC) F #4744 LI fb 3k
PR 22 36 I 3 ok B 40 AN [ 58 B 0 30 A S
Bt i s ik 42 S FBL, fff FDCA j= ik 3
T 34.57 g/L. KK AEIFZY) HMF BEAT SR AF1E
Yuan %81 5o 5 SR AL A, b — 20 AT 2 R L
it fiff HMF BERy ™ & K3 1 0.21 mmol/L. [H]
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Figure 4 Metabolic pathway for the production of furan-2,5-dicarboxylic acid. DFF: 2,5-diformylfuran;

FFCA: 5-formyl-2-furancarboxylic acid.

BF, R i % 5 2 43 B & 30 R B &8 (aldehyde
dehydrogenase, AldH) 541k, HMF fR JE i, FDCA
mEAEOG, It RIBZIEK, FDCA 7 atik
% 41.31 g/L.

HMF, WEIR-2,5- IR IR A W) R 12 1
FEIRYZ —, Z—FREAHY ™, Xk
AR AT RESS A —E s o AR BT AT LA o
MR TR T Beds Oy =, 48 m R R HL R T 52
PEUL S AR i A2 h A A AL i 2% . 54, H
IR IR -2,5- IR R 10 A= W) 6 LR 3 5 R H
—, L R A R B R IA B Tl
R bR AE, R 2 B G BUAE Y DL AR

W TRTB L — P,

RES5RZ

ARISCREE T A ERMBEhE a2
BT R . & R LK B WA R
- bt —onRER . TAIR-2,5- —InRIR LA K. 2-
ML -4,6- — TR R 1 A W 6 il 4 LA R AR g
Mg R (R D). BT e & Tlkik, aTLIE
Ry B AR 7 AR R R SR SRR LASE , BRI T
TR IR U K O R B A WA UK R
B, ARV TR R B A 7 X N 1 A g T R
fEIERL, H+ T T OURIRAE YA AR T

3

x1 EYRIREREREEZTRBRNEYEBKT
Table 1 Performance of biosynthesis of biodegradable plastic monomer dicarboxylic acids
Product Titer (g/L)  Yield (g/g) Productivity (g/(L-h)) Host Reference
Succinic acid 97.1 0.80 3.0 M. succiniciproducens [31]
152.2 1.10 1.1 C. glutamicum [37]
134.2 0.82 21.3 M. succiniciproducens [70]
Adipic acid 50.0 0.70 0.4 Candida spp. [9]
57.6 n.r. 0.4 E. coli [18]
68.0 0.40 0.9 E. coli [11]
Dodecanedioic acid 140.0 0.80 0.9 C. tropicalis [47]
0.6 0.04 0.03 E. coli [48]
2-pyrone-4,6-dicarboxylic acid  10.0 n.r. 0.3 S. paucimobilis [53]
16.7 0.20 0.2 E. coli [55]
Furan-2,5-dicarboxylic acid 34.6 0.20 0.3 R. ornithinolytica [67]
41.3 1.00 0.3 R. ornithinolytica [68]

n.r.: Not reported.
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