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Exploring the lignin degradation by bacteria

XIE Chang-Xiao SUN Jian-Zhong LI Cheng-Lin ZHU Dao-Chen"
(Schooal of the Environment and Safety Engineering, Jiangsu University, Zhenjiang, Jiangsu 221013, China)

Abstract: Lignin as the most abundant aromatic compounds, its decomposition is closely related to the
carbon cycle. The bio-conversion of lignocellulose to glucose is an important part of second generation
biofuel production, but the resistance of lignin to breakdown is a bottleneck in this process, hence there
is considerable interest in the microbial breakdown of lignin. The degradation of lignin by fungi has
been well studied, but it is still not clear in bacteria. Recently, many researchers focus on the lignin
degradation by bacteria, because a wide range of growth conditions and good environment adaptability
for bacteria. In addition, the rapidly development of omics technique such as gemome, transcriptome,
proteome and metabolomics promoted the study on the bacterial degradation of lignin. This review
introduced the recent research about the diversity of bacteria in lignin degradation, the lignin
metabolism pathway and involved enzymes.
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Figure 1 Structure of lignin
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Table 1 Classification of bacteria in lignin degradation

432 Classification

W4 Name

T Actinobacteria

Microbacterium sp.”!, Sreptomyces viridosporus T7AM"®, Streptomyces coelicolor!"?

Rhodococcus jostii RHA1™!, Arthrobacter globiformis'")

Nocardia autotrophica?
LA Proteobacteria

Sphingobium sp. SYK-6!", Pseudomonas putida mt-2"", Acinetobacter sp.!'"!

Brucella melitensis”™, Ochrobactrum sp.”, Sphingomonas sp."”’, Burkholderia cepacial™”

JERER Firmicutes

Bacillus ligniniphilus L1, Bacillus sp. BP-71""!

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



IR i B =] £ e SDIEN R i s

1125

RN 75 °C g R 4 H (Anaerocellum
thermophilum DSM6725)RE % H 4% = 54U FH Z Fp &
RO o BEAh, FRATTI e VIR VE Fh i
Bl —PRAE AR AT 2 T ERFETCEF AT L1, HAE
KIGEAER Tz, BETEIREE N 10-45 °C. pH &
6.0-11.0 Z51F FAEK, TihBEiAF] 10% NaCl ¥,
AN HE 5 fff R T 2R I RE R 1 2 LA 5 B b &
YU TSR AR R R AL AT AR A7 R B
1R S PR, sk AT HE R A R K R R
=, BENE HESAREARR, @i rs
fE AT 2R AR A T, R L R 0 A PR N
AR TR B RE I Ab BRSO R BT 19 ol B K B AT
PR

3 MR ARR R RS
3.1 REE

WEMEETE 1883 4 HAE 535 HZERM 1Y 4>
W B, SRR AR 2 AL, ERER]
Mo FE8AE e F 2R AL 2R RI B b &
Y RARBZRAL AW, F5or TR 5K P B
CAETRR . MY, ERMmaEt, BAa7 0
JEIVERIVE R, XA R . O e S AT A= Py S5
HAMC A . BRI T4 — e &
4 ANMET, ARSI EREERT LIS 3 25 T /Y
Cu® I 1L & Cu® &—A>, MH Cu® P4, Hr 1Y
Cu™ By, 1E 610 nm A HREDEM L, Fik
s A Cu™ FTITEY Cu® B —A =22,
BB ATz N A E, AT A RIS R
PIREEL . 15 R AT A TL S . FEZ R A R
C A IUREE R AATE, Hoh 2R i b & B m
fitf 7o R T EL R BAR E 22, ASRE SZa: A5 1
LHUT, JFH S HERMALL, 45 RY, HiE
F AR AE =2 BT S A TR VBT 2 AT T
L1 R B L N Y 2 v s 1 P A
()RR TE A RS = . B K, b R
DyRIGSE o AN, XTANBRIR BT ISR AN EERA
AN [ 4 TR R U5 0 R It 1) 2 1 454 DA LA

B HIL, AT FRER 5 T25H DL AL
il E A A P AT B R R B R LA
B 1 A S T R AR A ST E S ]
3.2 EERLYIEs

R IR AE T . Y.
YR RIEE, TR 35-100 kD, HATE EI3E
FEa it ALY 24 6 000 ZFh, HINRE T2
it A 3 S A SR A 3 S Ak A 6 45 B A LA AN S
LI EAVERT, JETF e SIARMIIE PR ECRRT . 20 B
TR A U 1) 3 S A U sl S A R SRR
HRIFEA LKL E AL R R a4y k3 MR
W HA SRR R A LI/ Class T Al Class 11,
Class IJRAFAETHIY) . BB A LA AN P i
MR A AR, AR E R C TR
(CcP) . LR i PR 1k 41k W) il (APx) Fil 3k 4846 Uy Tl
(CP) 5 Class I & >k I T #H + W XN
(Homobasidiomycetes) it i /ML - S8 AL Mt , G045 45
A S5 25 AL M (LiP) Al it B AL MU (MinP) .

LW TP SR AT R, &
TIE 512 K ik oA A A I 2R 11 R AR EL AT M A 3 A Ak
IR, (R SR TR AR E D, SR fbEFE
B T7A W UG Fh it A i Ak A Ak B-
J7 BEBEAR BT R AR ALY, g A4 i (Thermobifida
fusca) il 3 43 W5 G R G €0 8 S Ak 1 il R A K T
U2 Mark 25PRFSE & BILTERTE RHAL @14
W—Fh kb3t A ALY DypB SKFFfEA R
DypB J&—Fhid &b, 7Eid A b A TR
A FEIRAR R BIE T, 10 HLAE M (48 F R 15k
S R IR Mn* A A Mt BIFSE A B
M ELOT fE ) MnP . MnP J2A & — R A A LAY
JMANLT R E A, TR 46 kD, H—NMLLER
FEA—A Mn™ H ISP , 5B AMEAAT PSR E
SERME B Ca® 28 MnP HAESULEY IR, 16
H0, TEFF, Mn™ B4 4bal Mn®*, 4RJ5 Mn’ A1k
DRI RS HAT, T ANEMR AR R
77 MnP FHRGEAEH D, Lip EZRIEFEE, Tien

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



1126 A %8R Microbiol. China

2015, Vol.42, No.6

RO 1983 AE P U 1S BL A s Y B4 B
B (Phanerochaete chrysosporiumm) it B il 14 1% 3 3 v
RILT Lip, {HARE &I BE L RESM I Lip. HEE B
(Sreptomyces cinnamomensis)fEfS /3l Lip FfiA
JRZARTE AR, Jing 250 a0 Ab 8 75 LAl fi
Lip {f MEAS 8 K LT

TA, WHRRBDT RO . L AR
AP ARG . ARG . A EUL UG . TR
T Tt X 5 o Pl 5 A 5 3 O R i s BTk 562
FA TR 38 L A ST i AR P AT I L1 40t
K, BB O SRR AT R A S 07 FERE
2B . NADH % . £ FEmR S b R A A b s
T2 5 AR TR R R A R )

4 MEEBARRHREER

M F AR RS ek, Hog s RhaE
SHA SCRBRIEE R p R SE A B, BT RECh
T2 1) A0 T o i AR T 2R A a4 o B A
PAMIEE SYK-6 AT X A E AR AR P o
AR LS, AT R B B A R Sk
WEE, MU THREIER, 04 B350
BEAR R AL A TAE R AT
4.1 FHSEBIIREF

I EEHR AR P i E has, AR
el 2 TR e S0 LigD HOEILIE AT, a-OH
B A AL A N B B, B S Tk SR AE A B AR A
B-Eatherase B /E T & AE 24 . A ™ 26 1
SEAN TR A R 22 BRI =4, Ahmad 260
AR B IR L I AR A B 2T BRI RHAL
BF, R R A A . BT y-OH 2551

HO v
HO ﬁ* O ngD
OCH; NAD*

Ak, ERE i — R AL BOR R -
42 BEEARHEER

LW T IR EE R, 2 —RhE LAY
WEHGY), HErC 2 A TIRAMG, &
AR Z A E e RS, HAREE
Bl 3 BoRCY. LigX MBEHIJERE, YRR TBORLEH
AR, AERUE YIRSV LigZ rfiEfk
TERR , RN R A 24 WS 7€ Ligy WfERT C-C
AL, RN SRR RR, LigW MR, 24
FERR T A et R B 5K R Ligy HAT 20%AH{
PE, B F AR RO AN ] 7ERH 2B I T SYK-6
th, LigW fifh SSRIEF R (b E ™
43 FIBERKEIEE

BRI BR IR 2 AR i 4 4 22 rh E S 2 R o3, E
RER S P e R e . FERRMVERT, B
BRI LR ROk, DA 2 DRl 2o o e
B . TER AR SYK-6 1, 7 ATP
ARG A FEAE T, FIFHPTELBEAERS A 5 UG FerA
HELLBTER R A 1 b ] = P BT BRI ARG A, SRS TERT
RRERITG A ZUNF FerB 1 FerB2 HIMEFH T #AL AT
N 1| i L sl i I e <) T 1Ay
Tit T P72 4 I 2 T R 1) 22 35 2 R I 1 5
TG . BB 4-Z B IEFF B S YIHE L5
SO A D AN NADPH (A6 [RIVE T Bk i ag, 4-
ZHEM (F 4)o
44 REFRPEERERE

TEARR IS TG YA YRGB
BN T AR 2 T2 TR A (& 5). T HIRE:
ARG D S ) ot R A £ A L £ R R R

ngEF Os_ % ngG
OCH GSH
OCH,

2 FEBERE
Figure 2 B-Aryl ether cleavage
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Figure 3 Metabolic pathways of biphenyl component of lignin™*
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Figure 4 Metabolic pathways of ferulic acid™*

T T 1 H R AT DA 28 7 R 5 P R A A 2 £k A
PDC, Wn] LAFENE H SR EAL IR & iR, &
BTFRERE TIRINMER DesB MWIEH & —&
B A B OMAR
4.5 F)LFBRREEE

JE L2 B S 41 T A A 5 7 Ak 5 40 1) T 2 o i
Py, HETHIEAR 3 MG ILAIR-3,4- AR ,
JELAS R -4,5-ISUCAEC T, J5 LS TR -2, 3- DSl

AT DAL R LS TR FR ORI ) 2447 . 76 SYK-6 FR 2 A
R LR BRIE AR 2 5 LA ER -4, 5-In AU Bt AL £
JFULASERZEIR TR AR 4 ASFIEE 5 BRI 1~ =2 8] Y ST
S RN 6)0 SR LAS R 1 JeAE I ) LAS R -4,5- AT
A LigAB AL TIE Y, 4- 9856 -2-F2 AR~
[ (CHMS), CHMS 73N & ARG OV IE 46
ML, S84 CHMS IR & LigC A b4 m PDC,
PDC 7E/KfifM Ligl MIVEH F/KA# OMA, OMA

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



1128 WA 2@ Microbiol. China

2015, Vol.42, No.6

CO,H CO,H
. |
MecO OH HO™ =7 0N
OH OH
l DesZ l DesB
COH Lo CO,H
ig CO,H
= | =
07> 07 >COH COH O
PDC OMA

5 RETRFERREHEE
Figure 5 Metabolic pathways of 3-methyl-gallic acid

% OMA KA B AL A= i, 4-FRFE-4- 555 -2-5A 0 1R
(CHA), CHA #l¥eAnit Ligk {0 e i i A s
BEZ ™ e A AN f, R OL AR R LS
1R -3,4- ISR i AR AL A B . — 0 — 2, SR eI
i B-Keto-adipate fUi i 1254 Ortho-cleavage i
IR C 6 iR . AR R C SEEBR
B8 B RN BE FR £5 R 3 AT 1 (Acinetobacter

calcoaceti cus)H [ i T 45

46 —FERKERHEE

LA Wil — 0% BE TN B AR BT 3 B A L 2 Bl
SRR, RVR AR BT 2= o A A Pt A A A B
TR, (BAEM P AEAE ST — B Ol o A58 A B0,
LA TMY 1009 £ LA 25 FE N % A i AR ALY
SR, 80 A A T T2 TS ) AR R P T A
Lignostilbene (] 7). 2IHFITA 1L, AR E HbSi%
FEAOFEDR , [HJE5ETF Lignostilbene HYAFFE EL £ HUS:
—EMHR ., TE Lignostilbene JIAEBEAIEAT ,
Lignostilbene #%% b8 A, JfH Lignostilbene
A4 4 [ 1 R R O 5 DRI AR g e 0,
47 BEBRRHER

Paul 507 R 5T I, ZLBRH RHAL RERSIEA# B-
TR R, FEYE 3-(3-H -4 -
FEREL)-3-BE- N BRI B R, [R]ESHA A R P ) v
2. ZLERTE RHAT I RERRARICAR A ST R AR ALY A B
HRCE™ ) S-RIEA R , L RTY A B iR (A
8).ZI Bk RHAT H vdh T vanA JL 43 51 s A
TR 100 Sl AR A R 2 HH A . P9 R B, R vdh
FENJE, IR RHA1 ANRETE DA FE A FR— A
Fi ek b A R AR BB AE LAFR BE IR N B — Do P 4 SR

COH QH . coM
LicAB ngC 12 CO,H
(), @ fi L
;Ti on o OH HO™ O COHNAD COH con 0
PDC
CHMS Ligjl
HO,C OH
HOZC\)%: CO,H
0
LigK{
coH O
HO,C

+
0 CO,H

6 [RILEERRBHRRE

Figure 6 Metabolic pathways of protocatechuic acid
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