lc

S

Enzymatic conversion of lignin into reneW‘ﬁle&chemlcals
BEACARENTIBENLNF A

2000




X
(I

CONTENT

01

IR R R HKER

ANRRN.

02

NRRFEEHEXE

03

0
00

s

H

BRARRREEEREE

04



01

Part one
NEEN

XEEEES
R R




QI o1 A - oA %z B

Available online at www.sciencedirect.com Current Opinion in
W ScienceDirect Chemical Biology

Enzymatic conversion of lignin into renewable

chemicals
Timothy DH Bugg and Rahman Rahmanpour

@ CrossMark

(BEAARESTHLELF M)

HF]: {Current Opinion in Chemical Biology)

S EAEF: 7.179




B o1 50 -k AR 1 B




}

1D o = h - REER

1y

EBE(LIZREAR R

¥ Q &

ARFEPSEMANE CRCHEIRRHE EFEARREEXE ENEREEE~MFn



02

Part two
RN ARI= NG
1L ;

X BEA K.




JD) 2 AEHBXRA---Ri8

Figure 1
oil Fractions Fuels Chemicals
Refinery |I§-

e & ——  Potroleum Cs-Cq Patrolaum (5
H
-5?-4 ill [ coH
—le  Kerosene Cg-Ci, jet fuel g @
'I'-'._" E| [ - N Diesel gil Cy-C diesel COM
crude —

oil =P
_klé cellulosa

& cellulosic

CHO
O
bioethanaol
& OHT \Q,.cngon
L

CHD

vanillin
155/kg
? Db

‘F#FMF-'HHFH—H.‘ OH

COH
Biorefinery lignin ) 7
Kraft lignin g;““ acid
Lignosulfonate $kg e
Soda lignin OH

€ wrent Opirian in Chemical Biolagy

Vanillin (FEEE)

Routes to aromatic chemicals from crude oil (a) and plant biomass (b). ) .
ferulic acid (FoZEER)




B 02 ARHEBXNA---EiS




X B LHEL80FAEK, AMI—EAXNA

D o2 AERBRUA RxAEEL . RRAAHEATR. ERARRRAY
RO TRE B BN TurtAREnERESTETRNAIRASSEL.
Spame  CEENHEN gapesy AFE N
— Mok EMRBEEOE RS, T x
e BARE A HTHE :
PEES L (L
P, ANEERE

PRExoS. BEMEAE
ERRETY

Pk —. ¥IEMR

ZEFHA

\/—
TEH

~ 4 ) e ~N 4 ) e ~N 4 )
« AR RC-CRITE o« SHHERMLL, s ATAREE
9 N  BARATHAR KRREARFNUFEMEURT KRRER—MER. ZHENS
C-OmtHE, #A= AR ” AEZELSY) WD Fe BIBARE T, BX A 4L ) HTEY, RUMARESS
SR K IR ELR Y E5FVAFIARR N X WBRAMBIAE, A7
. BEHIEHRME th= b iE Y ERES TR,
g, RubiRe ) | RERETKAE)

- y -= J J

== ) = 12 #g A~ E ] e BX A
(PRI oA, LA =, SH B, WS
iy PR AR K74 SHRE
2 = K
e eIV NES Tl vy SEARRER
REED R M 55&F K. FREFMEH
m 2 A RAHERS
e, RSV X N
FHILFEE ML ES 4

ST BT B



03

Part three
RNKRAREBRIE XIS

PEREARBRERBEKREE,




B 03k R EAE KB - MR R R IE XS

H J& B & 21Phanerochaete

chrysosporium (EFEfB/RE Y
BH) FAHRSKREIR
Eg (LiP) . Hd S|
i (MnP) AR, B

25

—~
-’

o




B 03 A REAEXE - ERARREXES

XORR: HARBBAE RN mEHMEY)

PEMATE MR

M a-proteobacteria
W y-proteobacterial
™ Firmicutes
B-proteobacteria
M &-proteobacterium

M Bacteroides

Archaea
EHER EE
a-proteobacteria 10
y-proteobacterial 11
Firmicutes ([EE€2&F7) 7
[-proteobacteria 4
o-proteobacterium 1
Bacteroides (#UIFE/E) 1
Archaea 1




D) 0. AEEEXEE- - ERAREEXES
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(1) Dye-decolorizing peroxidase (DyPs)
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(1) Dye-decolorizing peroxidase (DyPs)
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(2) Laccase
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(3) PB-etherase enzymes (Z BrEE)
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Table 1

Summary of bacterial enzymes for lignin breakdown. NR, not reported

Enzyme Bacterium Cofactor Co-substrate Low MW Lignin model compounds Polymeric lignin Ref
substrates
Substrate Reaction Substrate Products

DypB Rhodococcus Heme Fe H,05 ABTS, Mn(ll) p-0-4 Ca—Cp Kraft lignin H7*)
jostii RHA1 cleavage
Pseudomonas Heme Fe H:0- ABTS, Mn(ll) NR Lignocellulose Lignin dimer [23]
fluorescens

Dyp2 Amycolatopsis Heme Fe H»0: ABTS, Mn(ll) pB-0-4 NR NR [25%]
sp 75iv2

Laccase Streptomyces Cu Qs ABTS, DMP B-O-4 C, oxidation Ethanosolv Higher MW [287]
coelicolor

CopA Pseudomonas Cu (8] ABTS, DMP  B-0-4 NR HP lignin Aromatic [29]
stutzen monomer

Etherase Sphingobium Glutathione B-0-4 B-Ether NR [33%]
SYK6 cleavage
Novosphingobium Glutathione p-0-4 B-Ether Fluorescent lignin [32%]
sp. cleavage
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Figure 3
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Production of bioproducts from microbial degradation pathways, illustrating schematically the metabolic pathways responsible for accumulation of
small molecule products vanillin or cis,cis-muconic acid via gene deletion (in blue), and the accumulation of triacylglycerol lipids or
polyhydroxybutyrate via primary metabolism (in green).

Ohle

oyl

e

Ohle
. T
ke A4 ’ ‘e
> ' -
el
-:s\\ B oH
oH
W :
Gﬂ Telo acid
Ferullo acld [ 5 [
E-h'r\clrm:'p'hrullu acld  Sinaploacld
qc L
ol CoA.,
[ den
Ho
Catleoyl-Col Farulowl-Cod BRI
CCO.&GHT
ce H* cc H |-

HO
o™
HO

T Ml o adry e

I:.ﬂ.[ll
)
HzI:lMDH
H

Catkey aloohol

g s g o g i oo G 7 0

Corlferaldetrds

C.ﬂ.Dl

E-hydrooy oonlem ldehyd e
can

Y
Ko F=l
[ =] OH
):;’VDH ):;/\/\ I;/\/\QH
HO HOr
Ho
oH

Conlieryl aloohol
Ehydnoxpoon eryl al oohol

Ofle

/—«’h Ol

rh-l.l—\;&_il
i,

Eira paldehyyde
Ca DJ _:j
E_}—DL‘E
Olle r.-'h:"l oH
Slrapw aloohol
il




B o RAARERBRERBEASS

COH
p
" L +
f OCH, o
[f-oxidation
o 0OH
| \ ciseis- / /
CHO COH muconic acid
B
g @ X ! :H\ | ' pcozH
OCH, OCH, CO_H
OH \aniliin OH ngfcat
CHO COH HORCA AN g 14 (
2
QX > \
OH OH
PUEIN BRI R ZE T %
RAEHE AR
%15 : Vanillin, cis,cis-muconic acid

FB: BERERXSBUN THIRERE

OH
catechol
0
/\/‘\/\/’\/’\/’\/’\/U\O
triacylglycerol
lipids WO
0
WWO "\\
0

polyhydroxy Cabyz O 4’/
0 o—

butyrate

BmAmIW
JE R
15 triacylglycerol lipids.

FE:

TCA cycle

l

SCoA
/\ﬂ/ 41_ malonyl CoA
o

AR A B SR AL R
(TP RREERY)

polyhydroxy butyrate
B% fi# b 8] = B E TCATE IR I FT R ARSI TR &




RS AN E SERIT




