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Production of mucic acid from pectin-derived D-galacturonic
acid: a review

TAN Huanghong, WANG Jing, LIU Qing, ZHENG Zhaojuan, OUYANG Jia

College of Chemical Engineering, Nanjing Forestry University, Nanjing 210037, Jiangsu, China

Abstract: Mucic acid is a hexaric acid that can be biosynthesized by oxidation of D-galacturonic acid,
which is the main constituent of pectin. The structure and properties of mucic acid are similar to that of
glucaric acid, and can be widely applied in the preparation of important platform compounds, polymers
and macromolecular materials. Pectin is a cheap and abundant renewable biomass resource, thus
developing a process enabling production of mucic acid from pectin would be of important economic
value and environmental significance. This review summarized the structure and hydrolysis of pectin, the
catabolism and regulation of D-galacturonic acid in microorganisms, and the strategy for mucic acid
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production based on engineering of corresponding pathways. The future application of mucic acid are

prospected, and future directions for the preparation of mucic acid by biological method are also proposed.

Keywords: mucic acid; D-galacturonic acid; biosynthesis; pectin; uronate dehydrogenase
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D =D-galacturonic acid

=L-rhamnose

=D-apiose

O =L-aceric acid
D =D-galactose
O =L-arabinose
O =L-fucose

O =p-glucuronicacid © © 00O

o =D-xylose

O =3-deoxy-D-lyxo-heptulosaric (Kdo)

O =3-deoxy-D-manno-octulosonic (Dha)
@ =Methyl group

? =Acetyl group
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Figure 1
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Schematic illustration of the structure of pectin.
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Table 1

Differences in microbial D-galacturonic acid metabolic pathways and the advantages and
disadvantages of mucic acid synthesis by different hosts

Metabolic Typical strains The first The first Advantages Disadvantages

pathways enzyme intermediate

Oxidative P. acidovorans, Uronate Mucic acid Possessing endogenous Needing inactivation of endogenous

pathway A. tumefaciens dehydrogenase Udh mucic acid dehydratase

Isomerization E. coli, Uronate D-tagaturoronate E. coli is a prokaryotic No Udh, needing inactivation of

pathway B. halodurans isomerase model organism endogenous mucic acid
dehydratase and UxaC

Reductive T. reesei, D-galacturonate L-galactonate Eukaryotic model No Udh, needing inactivation of

pathway A. niger reductase microorganisms and ~ D-galacturonate reductase

GRAS strains

“GRAS”: generally recognized as safe.

CHO COOH COOH 5-dehydro- COOH
H—C—OH H—C—OH H—C—op 4-deoxy- 2-keto-glutarate |
p-galacturonate Galactarate glucarate  C=0Q semialdehyde C=O
HO—C—H  dehydrogenase HO—C—H dehydratase HO—C—H dehydratase | dehydrogenase
—_— | —_— | ——>» CH, ——» CH,
HO—C—H EC1.1.1.203 HO—C—H EC42.1.42 CH, EC42141 | EC 1.2.1.26
| | CH, CH,
H—C—OH H—C—OH c=0 |
CHO COOH
COOH COOH COOH
D-galacturonate meso-galactarate 5-dehydro-4- 2-keto-glutarate 2-keto-glutarate

& 2

deoxy-glucarate

R 1ok ) -4 SRS L AR TR 1315

semialdehyde

[16,27]

Figure 2 The oxidative metabolic pathway of D-galacturonic acid in prokaryotes .
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Figure 3 The initial reaction steps of the oxidation pathway of D-galacturonic acid and related catalytic

enzymes in A. tumefaciens C58 and P. putida KT2440.
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Figure 4 The isomerization metabolic pathway of D-galacturonic acid in prokaryotes .
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Figure 5 The pathway for D-galacturonic acid catabolism in eukaryotes .
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™, Protzko % DA R B2 /K g R KA
AT TR el o BB R (Saccharomyces
cerevisiae), SEINT D-FFUMERERRFN D-F5 %M1
[ L S EEBR A 72 AR TAMYTE S. cerevisiae
HEIANT A tumefacien KPR Udh, I H % E
T — A. niger UG HT Y D-P-ZLBH I iR Fs iz
HH GatA, LA GatA §6iz p-FZLRHRERR T,
i A D-H RS, AT LASEEL 2 AUk r
R, AT 8.0 g/L ZHER™).
AL ENABTTLEL, TEAEYIEE
Rt gEh, ANE DR YIS R A
FiEFE, FIMERIXT KRB A tumefaciens 1Y
Udh (% 2), XULHI Udh 78 D-2F ZLIHRE IR K
b A AR, (BB T H AT ik
Udh MIFEAXTEE =, Wit — 2 A e .
AN, IRWFTE AR DA 1A 40 i Ry i A ) A
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Table 2 Summary of biosynthesis of mucic acid

Biocatalyst Substrates Production Time Titer Yield References
methods (h) (g/L) (%)
E. coli BL21 AuxaC AgarD udh D-galacturonic acid, 10 g/L Resting cell 48 10.3 95.4 [37]

T. reesei QM6a Agarl udh
A. niger ATCC1015 AgaaA udh

A. niger ATCC1015 AgaaAd
A39114 udh

T. reesei QM6a Agarl udh

T. reesei QM6a Agarl udh Pectin, 29.2 g/L
Trichoderma sp. LF328 Agar2 udh
Coniochaeta sp. MF729 Agar2 udh

S. cerevisiae gatA udh Citrus peel waste

D-galacturonic acid, 17.4 g/L
D-galacturonic acid, 17.4 g/L

D-galacturonic acid, 20 g/L

D-galacturonic acid, 25 g/L

D-galacturonic acid, 72 g/L

D-galacturonic acid, 72 g/L

Growing cell 211 4.2 22.3 [38]
Growing cell 211 1.1 5.8 [38]
Growing cell 120 4.0 18.5 [39]

Fed-batch 200 200  73.8  [40]
Fed-batch 180 210 - [41]
Fed-batch 180 25.0 343  [42]
Fed-batch 180 2.0 2.7 [42]
Fed-batch 80 8.0 - [43]

The yield is defined as the percentage of the measured mucic acid concentration to the theoretical mucic acid concentration
based on the initial amount of D-galacturonic acid. The “~” indicates no relevant data.

e, H O A A S R A A R R
3B, XAlGERE M T Udh L NAD MR 1,
AR BIME Ak 75 2 B 5% %) il PR 7 BSORBIBG /5 255 1) el P
THARG, NG Tt B A A

3 FRmENAAR

HRAE N AR, i veE
2y AL T Rl S ATl & P E A
i, A RCEGREY . M TRAY
4 @ A LA ZR A

FESF- GBI A B T, R AT LA O i
Uk mg R
FDCA)FIC — M), FDCA Wi &R
I T = R PR B Sy s = ST O S [ ESY 1)
AL, AT DAERAR X 2K — R 1o o SR e . R
MRS A BE, 2004 4F, 32 EREIEFTHS FDCA %
Sk AT 3 3ok DAAE 0 5 ok DRk A i A it [R] B
SEREME A A B A Al SR A
sl 12 A EE A 2 —1 ) Amarasekara 45
fd FHZS R A1 HBr VA /N 18 h, R 28I bR &

(2,5-furandicarboxylic acid,

http://journals.im.ac.cn/cjben

43 HBr, Xf BB FEY e T vk b BEIE
NaOH ¥, U85 UIN HCl & T kA s fiff
HIE B f, A ™ 1y 3 2k W B 3 D O A 2 R
g, R34 FDCAM,

C BRJE e e RETIAR, S22 Tolk bR d
MICRIRZ —, FAETTHA RN 280 1 (4,
Li %5 KM B R Ao —
2, 54 3-Iem bR A 2 = Ak kR
R TR A AL B R A m b B, 5 R A
P/C HEALFIAE AL P E] = A i O R R . A
NN S AEA B4R, 120 CHitfk 12 h, ##H
EHHB T, 160-200 CHEfL 12 h, &=
FREETSR A 99%, B —BRAS HE— A K 5 5]
WE R C TR, WORMEE 94%*, Zhang S5
SETE 3-IBEH I ] NH4ReO4 X 26 B2 #4715 /K
AN, TE 120 CHIZEAET [ 8 h Xt
PEATAr B, S EIAER, AR 90%. B)S
DL PYC AR, FEIRFIZMET OKEW . &
M. Hy. 7 MPa) XRBERR AT IIE S, 8 h
G, SRR 92% 7,



EEA SR o-FAEBRREMECHEHBARERE

TR > FRAYA T, Mehtis %P0F]
FRRRG R IRET , 5t T RBRET A9 sk
%% 1 HFEf# A Pan Hl Davis JE TRRME L
I (polyethylene glycol, PEG) & h% 1 ~FHE
TR R G Y —mPEG-cMAP-PEGm, JLLi%
“iRBREYHE T EA/NTI RNA gk
WURLCY, Gu SRR SR A T 1 A B
WiZER AW (sugar-based amphiphilic polymers,
SBAPs), SEGHIPIERGYIMLL, SBAPs Y
i 7K i B e B BB SRR, IR £ R T
SR K AR S, PRI e B AT e A T
B, AENH TR b

LR AVIE S L, Wong 5| FHZ R N
B AWM T N R e R A S
({[Tb(Mucicate), s(H,0),]*5H,0},), %A HLHE
IFA T RSO, xeeduigiiit e
W B AR 53T AELE R 28 1

4 REHRE

FRTEREZy . LT MR A H )
RN, HAYE AR 8, R
B D-2 FUERE IR — 0 A AL RIS . {H B HZE
MR A7 b RS Udh SRR R R, A i
APy AR AR R 2R te b, SRS SR R
SAZ IR 2R RE L R Y Udh, Jfik—22JF
R UBA YA B A7 T2, JUHE AT
JEAZ AP R AR AR S I DR FUE TR 2R
R HE WAL

N T R R A AR 2T
B, fmA e AR i, AR A
WF5E i BT LA AR T3 RO AR ST 5T - il
¥ ki T M A Al B v 25 S T T R R A
7o Sakuta ZEACBL,  MH & JT s DR AR Y 2 2
Wi Z 8§ (pyrroloquinoline quinone-dependent
glucose dehydrogenase, PQQ-GDH) ANURE%A AL

. 010-64807509

— R A N BRSO BE A IS
P11, PQQ-GDH g4 fb. D-F-FLAHEE IR A 1l
R, BT ZE NAD 26 5 iR 7, i
A DL Tk, s AR R Y
A, HEOCT D-FLBHRE IR 5% o & 1 e
FAHOCHH IR AR T D, $EmmEtRx p-2PZLAE IR
()% 15 BE )0 S 1 SRR IR A 7 O Y B )T TH
B, Protzko & Hu# T HMLKE Ik Il 2% (Neurospora
crassa). A. niger. T reesei FFANIAHIRAY D-2F
AR 2EA, KRBk A RBIENLEE
1 GatA X D-PFLBHRERLiafe g, Xf2
R I A PR AR AR AR

b2k, HAETAYEAEfL D-2F 2L
REIR A 7 R IRATI AL T W20 B By, (R A3k LAW]
FRAE AT R JERE, AR (0 ] KR R R
JEOU), F2A ST IR A kR R R A
Ak, A BB IR . ROV AR AT
WA B, D BN AR R R A
PR — AN I T 1]
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