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Research progress in the demethylation mechanism of lignin
biodegradation

WU Yanling”!, XUE Le*?, LU Peng®, LI Andong®, LIAO Qingzhao', CHEN Xianrui'?,
XTAO Ning*l, XIE Shangxian*l’2

1 National Key Laboratory of Non-food Biomass Energy Technology, Guangxi Academy of Sciences,
Nanning 530007, Guangxi, China

2 College of Life Science and Technology, Huazhong University of Science and Technology, Wuhan 430074,
Hubei, China

Abstract: Lignin is a heterogeneous aromatic biopolymer composed of diverse aromatic
monomers linked by various types of chemical bonds, which make the efficient degradation and
cost-effective transformation of lignin a formidable global issue. Recent studies have discover
unique non-specific redox systems inherent in microorganisms and the metabolic capacity of
microorganisms for degrading aromatic compounds, shedding light on lignin valorization.
Given that most of lignin-derived aromatic monomers contain methoxy groups, demethylation
emerges as a rate-limiting step in the metabolism of these compounds. This review offers an
extensive summary of the latest studies about the biological and enzymatic mechanisms of
demethylation during the biodegradation of lignin. Meanwhile, by examining exemplary studies
on lignin valorization with novel aromatic demethylases, this paper highlights the pivotal role of
understanding microbial demethylation mechanisms and mining new demethylases in lignin
degradation and transformation.

Keywords: demethylase; lignin; biodegradation; metabolic engineering; biomass
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Basic structure of lignin (adapted from reference[4]).
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Figure 2 A concise overview of the microbial degradation process of lignin (adapted from reference[5]).
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*1 KREFEFRITEVORBERN

Table 1 Demethylation reaction of main aromatic derivatives of lignin

KREZRMEASY B R REMET G 18 F Rtk
Lignin-derived Demethylation reactions Representative Strains
compounds demethylases
AN 2.k ol W, P450gr: Rhodococcus rhodochrous
2-ethoxyphenol @ - é 165"
ethoxypheno i
2-ethoxyphenol Pyrocatechol
RIS oH o P450gr; GeoA R. rhodochrous 1161°;
Guaiacol @:0/ Amycolatopsis sp. ATCC
Guaiacol Catechol 391 16[7]; R. rhodochrous EP4 [32]
ot I A B AR Ty /‘Ij e “O,D AgcA R. rhodochrous EP4[*?!
Alkylguaiacol g S
Alkylguaiacol 2-(allyloxy)phenol
TR VanAB; MtvB; Pseudomonas sp. HR 199331
. A S He > . s 34
Vanillate LigM; DesA  Rhodococcus jostii RHA1 P4,
HC HO

Acinetobacter baylyii ADP15;
Moorella thermoacetical>®!;
Sphingomonas paucimobilis
SYK-6"""; Novosphingobium
aromaticivorans DSM 124440
THmR o VanAB; DesA  Pseudomonas putida KT24400;
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Syringate S paucimobilis SYK-68"

HO
3-0-methylgallate

3-O-HAER & 712 = . = - VanAB; DesA; P. putida KT2440°;
3-O-methy1gallate mv;:}—(ﬂ —* ”0@—4( i DmtS; MtvB;  N. aromaticivorans DSM
ud H LigM 12444881 M. thermoacetical®®);
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A-HAEFLOEH R 2.1 (ﬁm . P450gg; R. rhodochrous™!!
4-methoxybenzoate S ()_Qm[

4-\||:h::\ybcnmmc |‘rnt0¢nl|.‘|:h:n)ll:lncid
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4-ethylbenzoic acid \—Q—{ — M i
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3 BEREDE GeoAB ERGHMREBR R ALK (PDB: EHREIERE)
Figure 3  Structure and reaction of demethylase GcoAB (PDB: Protein Data Bank).
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SR RE . EEEMEAE R, GeoA S
YgEE ), GeoB 1Y NAD(P)4E A1 NAD(P)H
454, NAD(P)H &3 Hi 75 FAD X, Fifih
F[2Fe-2S1 ki 25 M 7 X, I 5 G845 GeoA
A LT Z s, SERGEALIR R BT BRI A
M4h, GeoAB i BEMEILZ Rl DT &I O-Jiit H
AL X R e, 45 AR GeoA TE RN A
A TR A5 R SR , A o HAA R K el v 71 Y
Jiit FF L ARG

4 MEIKETE GeoA ENF LHGHIRER
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Figure 4 Structure diagram of guaiacol in GcoA
catalytic center (PDB ID: SNCB).
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HARM TR AR LB, 5k, 7€ Pseudomonas
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sp. NL15-2K ) vanAB Xt [Fl 7E Sreptomyces
lividans 1326 H 32 ik 2 5 B0 Py A9 2 iz i
A, AERE R, RIEARFILAIR™ . A
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jostii RHA046 vanAB Gl R AR AN RELE 5 A
Fr GO oA TR AE N —IRIR I RS R R AR

M REFE N AR A4, InDUMARSMRIE 56 IE , i
B RIZRARARSS 2 T WA SR T O-Ji H 354k
RE NP, BARE LA TS Rieske BAEIM LT
T AR R ST I AR SR A, EL R G
FAT LA LB A B Ak VanAB @ iRE5 1Y)
HRAE , T f6f A B AT O PR AN B AL T A
T TIbi s 2 0 50N a WD B R LB |
T—EMERE

T—OH
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OH 02 ® H,0 o
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Figure 5 Reaction of demethylase LigX and VanAB.
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SYK-6 1 Novosphingobium aromaticivorans DSM
12444 e . Bl R EHOR
£ N. aromaticivorans DSM 12444 /& B | —F
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JLZRIRAN 5-HIFE- O R, X LigM 282841
AL BT Es W, His60Ala I Tyr247Phe iX
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W5 R T 2 AT A TR R 4 O Y i A ot
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395 A7 1142 TN 208 ) i3 st RS 45 6 A
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ST BREEAEXT GeoA XL A LA
VER 24855, 47— R AEE R Sk
T8, G RN AT DI B 22 RN =2 AT
Ak 1y % fE & GcoA-Phel69Ser I GcoA-
Thr296Ser, i&3R1S T 0] LAXT T & BEUE1 7 B
E B 9225 & GeoA-Phel69Ala, I HiiE A
P. putida KT2440 H, i ARG T XF ik £E A i
FATAE T DY R o R JERE 7, DA T B
P. putida KT2440 X} A JF % A0, 1Lk,
PP AR GeoA 1Y Thr296 57 22 KL 2 (8] ({57
FHREAS T 5/ = RS G X GeoA 1 TRAETR
#| GeoA-Thr296Ala, ffi I HA&XE 2R O-Ii
H 34k, MIMET P. putida KT2440 B 58 it A i
ZEIFmaE >,

¥ H R palustris 19 4fi i 1 3 P450 i
CYP199A2, X ATXRIRISHIIXAL T iy A 2k

A

LigMSp (PDB ID: 5TL4)

Vamllate

PEFTARR, AR R, 97 fiFi 247 £
1) 22 54 R 5 6 10 6 6 N 5 RS 400 %) 2 35 22 i) 1Y
FHEAE R T TIZBR YR 0, il 8 i 1
AV CYP199A2 784k, Wi M7
14 22 B TR A S0 28 J LA R SN B ) T v 2 S TR
RA GRS, ﬁEIJJ?%%IJTTLJXﬁ"ﬁQ%
T WRACA P4 T RO I A T 0 5 S5 i (%) 98 7%
R0 Jorpr, Ser247Asp SRR AT ARH A fL X
iy, YR % 1 min NP 30 mmol/L
it H B 58 S AL Ry X R AR Y, S 4h, R
palustris F ik 4L LR P450 fiif CYP199A4,
AU AR FL IR X7 CR IR ) I 1 FF AR 6 47 o R 3
b, AESRAL AR % FL A O AT i 2 1
T 3P TS R A Y Ser244 Asp ZRASA, TH
R T X RRBRER ORI, IR I B T B R AT
L7/

ngM (and/or DesA)
OCH,

5 Me-THF
Protocatechuate

(0] OH
DesA ngM (and/or DmtS)
H,CO OCH, H ,CO

THF
OH 5-Me-THF

Syringate

El 6 MiEEDS LigM ERSHMREBIERER

Figure 6 Structure and reaction of demethylase LigM.

3-0- methylgallate

5 Me-THF
Gal late

Sphingmonas paucimobilis SYK-6
Novosphingobium aromaticivorans DSM 12444
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Tyr247—CH,

c?”"k m
5» @*N

Tetrahydrofolate

Bl 7 BiEREES LigM &AL S KL IR R E B (B4 B 2% 3CRK[50])

Asn250(~
B sn ‘w

—

(X

| Phe393

Protocatechuate

Qo

NH

v § %f @»M

N5- methyl tetrahydrofolate

A: 1E LigM-PU & MR &A1k

SIS RES SR B: 1E LigM-Fr IR E Sk 5 HIRES 588, C: LigM #ELHLHEUR EIK
Figure 7 Schematic diagram of the active sites and catalytic mechanism of demethylase LigM (adapted from
reference [50]). A: Tetrahydrofolate binding model in LigM-tetrahydrofolate complex. B: Vanillic acid binding
model in LigM-vanillic acid complex. C: Schematic diagram of LigM catalytic mechanism.
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JORTRE A DX IR B O-ME FH Ak, R FH ) 41
A SR Y A B PASO il A7 05 Ky o O- it P ik
WEEARIE, MUY T HO0, #{fitE P450
IR DIRE | oA BT R AR W AR Y DGR
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KRR ZTACF AR . R, BFEE TN
FU ] TR EE S S 20T RT-PCR 145 Bk A4k
HH I 7= 4 19 P A s 4 T ) 55 17 %o 3k 6 1) RE Al 1)
BUHIEFE , XoF A B (4 4 AR AL FH 25 48 ) R X 3
I ZE BT LA Bl FRAT T 3 2k Xef il %) B R T R4S
B A AR, SO A B TR TR AT AE Y A
bGPy R E A

4 FRAEWHFELEARR
FEENMARFHONE SR

VP2 07 B AL G WA Tl | £ it i = 2 5540
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Wi T 1 RIR DT TR AW s it 7 —Fh]
FREe il A - w0 R T 3R — i T AL
ARG, RN R FERTEGREY ., R
AP FER A E R AP, Wi gs
WEPENEMR IR R 7 &N R G R T
RIRA T 3R A Y R it A2 R B A9 N LA
A AR SR ) R (AR A P o AR TSR TR R D 7 B
JCAI LU T HAR D5 B AL S MR AE 7, BB RUAIR
REFEF BRI 2 . b, Bt FR 4e0 28
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By T AN P2 25 . A SRR et 2
Besh, LRy Id i] LUR AL AL g BRI, b
iR ] A RAE BT 58 A2 b7 3 700 S 22 T4 A
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FREEW GG 2027, S m] IR AR RS
R ¥ KL g Wi BR BE (polyhydroxyalkanoates,
PHA), X265 B AL G W) Y A 7 R e L 58
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B, AT DA RS AR BRI T RE R P450 gk 3458 1
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BN AT A BRI T AR K RYBE T, X 3R]
AL TR AR R R RO, b, #E P
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DI T F By T O-iH Hefk, B 3-H 3 LAS
P FAR 7R =m0 W5 %W, Pseudomonas sp.
HR199 () VanAB R4 7E P. putida KT2440 -5
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FAIRYBE SO, A, VanAB #GER AT 2 1Y
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