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Abstract: The lytic polysaccharide monooxygenase (LPMO) of AA9 is widely distributed in fungi and
plays an important role in the bioconversion of biomass because it can degrade crystalline polysaccharide
of lignocellulose. The detailed information of the structural features, catalytic mechanism, structure and
function and microbial expression and regulation of AA9 LPMO is summarized. Finally, the applications
of AA9 LPMO in the conversion of lignocellulose are also discussed.

Keywords: Lignocellulose, Bioconversion, Lytic polysaccharide monooxygenase, Structure-function
relationship, Microbial expression

BEE A BTIR H tiklie, HATERmmEeE 8 FEDEARORE, SRR

VERGE PR TR PRI, SRR TR R A R IR LA A AT RS R AR R 4 R S
PRI AL S BRIS VT A AU R R E IR AN R IR Kk m a) BR B BUfF R ORI AR BRI, AR AT 4ER | F

Foundation item: National Key Research and Development Program of China (2018 YFA0901700)

*Corresponding authors: LIU Fu-Feng: Tel: 86-22-60602717; E-mail: fufengliu@tust.edu.cn
DAI Yu-Jie: Tel: 86-22-60601265; E-mail: yjdai@126.com

Received: 30-03-2020; Accepted: 17-05-2020; Published online: 04-06-2020

E&WH: ERESVEITRI(2018YFA0901700)
HEEMEE: XK. Tel: 022-60602717; E-mail: fufengliu@tust.edu.cn

HER: Tel: 022-60601265; E-mail: yjdai@126.com
Wi EHEA: 2020-03-30; #EFZ HHEA: 2020-05-17; MEE A HH: 2020-06-04



2310 (DGR ESTE(

Microbiol. China

Y EMARED, H AR ek By X F R
AT U A AR B, X A b 2R X R A
AR, BR T SE AR RN KRR, BT
S E R, PR R, R 4ER
TE 5% Ak Ry 2 W IR RN H At A A0 (B 09 27 OB Jy THT
WHE R, B, A RESEHR L 482 M sk
Yy 5 AR S50 AT (] B A A% A B D RN B 5E R ) T 1Y)
[, HFiA B 4E R WA Y Bk F A =
e TRARIE . AR A E, b R R R O
ﬂﬂ;[ﬂo

F AR R R 4t 2 A 0 B A 285 X, i
A BBETE K S BT T ISP 25 i DX R A R AR
R, DT AR A BIR il 1 B 5 7 fiff il 6 AR Joit 2 4 2% [
i g O ARk, A 2 B A Bl
(Iytic polysaccharide monooxygenase, LPMO)FJ A
Ry I 32 R At R R 2T 4 T RE T BT A U
LPMO J&—KAEH T45 M2 W S ALmE, RBugiE
FATE R AR LA e = h i 4s S 20, (LS
TARAEL, BT B Z g A s,
I, LPMO FUEHK il DRIV E 25 B iR m R
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LPMO J&— i 2 HOi R 4, 1201048
BUHHARES . RIS AE CAZy B
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Bl 1 AA9 ik LPMO RJH#E = 4454
Figure 1 The typical 3D structure of AA9 LPMO

KT EH, AALS REFRHBM, AAL0 KT
AN ARR B Y SRIET R AA9 Kk
IR RRS LT 4R, ERR g Rt b
EFIFEEAERCT, BT AA9 FE LPMO TERS LA
JREF R A B AR R B DG E . ASCE
LR T AA9 FK ik LPMO 3T 5 4F 58 1 —Sefif 5 ik
J&, 4UHE AA9 FIE LPMO HIZ5H 5 DI fE =2 18] Y
KF, VAR HAE APy b i 3R 3k 08 42 A 7E v
SR, DAY AA9 G A H A LPMO f3%
fidt R0 BIB9S i
1 52 MBRE
1.1 AA9 Rk LPMO BI4E#45 5

WEHAT, FriiEm AA9 Kk LPMO ¥k
P B, G0 R OV 45 5 (Phanerochaete
chrysosporium) . FUREKHLTH (Neurospora crassa).
W& Ky 22 B (Myceliophthora thermophila) . K%t
57w
(Heterobasidion e 1 %
(Thermoascus aurantiacus) . %1% A & (Hypocrea
Jjecorina) . WG K% (Trichoderma reesei)% ., Hi9k
AA9 ZJ% LPMO Rz, (HHEEMEIA =
TRy, HAizoh p =Wingit, —Bdy
8—10 NILAIRY B r&aity, HAHLEW p Frdh
Loop HI#E'I(E 1A). TEHEH G HERSTY 2 415
MR 1 ANEE A | A B 4L 1B, I
— B2 [ TP A — AN R R s,

W il 5¢ % (Thielavia terrestris) .

irregulare) .

B

His

T A: AA9 F% LPMO I45H/R 5 E(PDB ID: 4B5Q)); B: 9 1 AA9 i LPMO & M 55 45 2 s 25 B (4B5Q™! | 4EISP
4QI8™) | 4D7Ul | 4EIRPY | 5ACFPY | 2YETRY, 502w 2vTCPo),
Note: A: Structure of AA9 LPMO (PDB ID: 4B5Q); B: Superposition of active-site architectures of 9 AA9 LPMO (4B5Q™, 4EIS®*,

4QI8™) 4p7URY 4EIRPY, 5ACF®, 2YET™, 502W™2%, 2vTCPEY).
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Table 1 The X-ray structures, active sites and substrates of AA9 LPMO
Site of Protein name PDB code Organism Active site * Substrates References
attack
Cl PcLPMO9D  4B5Q P. chrysosporium His1, His76, Tyr160 Phosphoric acid-swollen cellulose [23]
(PASC), Avicel
NcLPMO9M  4EIS N. crassa MeHis1, His82, Tyr171 PASC [24]
NcLPMO9F  4QIS8 N. crassa Hisl, His72, Tyr157 PASC [25]
MtLPMO3 SUFV M. thermophila Hisl, His161, Tyr169 PASC [33-34]
GH61E 3EJA T. terrestris His1, His68, Tyrl153 PASC, Glucan, Xylan, Pectin, Chitin ~ [9]
HILPMO9B  5NNS H. irregulare His1, His80, Tyr166 PASC [35]
C4 NcLPMO9C 4D7U N. crassa Hisl, His83, Tyr166 Cellulose, Cello-oligosaccharide, [26-27,36]
Hemicellulose
NcLPMO9D  4EIR N. crassa MeHisl, His84, Tyr168  PASC [24]
LsAA9A 5ACF Lentinus similis MeHisl, His78, Tyr164  Cellulose, Xyloglucan, Glucan, [28,37]
Glucomannan, Cello-oligosaccharide
NcLPMOY9A  5FOH N. crassa Hisl, His81, Tyr164 Cellulose, PASC, Xyloglucan, [38]
Glucomannan
C1/C4 TaLPMOSA  2YET T. aurantiacus MeHisl, His86, Tyrl75 PASC [20]
HLPMO9%A  502W H. jecorina Hisl, His86, Tyr174 Cellulose, PASC [29]
HjLPMO9B  2VTC H. jecorina Hisl1, His89, Tyr176 Cellulose [30]
CvAA9A SNLT Collariella virescens MeHisl, His78, Tyrl64  Cellulose, Xyloglucan, Glucan, [28]

Glucomannan, Cello-oligosaccharide

T

MeHis1 Syl P AEAL I L.

Note: *: MeHisl is the methylated histidine.
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55 KA IE A E D S B TR N S5
) LPMO. B4b, &0 LA 2 ks i a8 -4 0d
(BRI o, BRI A1) PR 0L 18 D AR A5 1 0
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F2 AA9 Rk LPMO EARETE EHHFIRRIE
Table 2 Examples of AA9 LPMO heterologous expression in different hosts

Expression Protein name Organism Signal peptide Methods for measuring References
host LPMO activity
Escherichia ~ MtC1LPMO M. thermophila MLTTTFALLTAALGVSA 2,6-dimethoxyphenol [60]
coli (2,6-DMP)
MtC1LPMO M. thermophila PelB 2,6-DMP [60]
AfAA9B A. fumigatus MTLSKITSIAGLLASASLVAG 2,6-DMP, DNS [61]
CgAA9 Chaetomium globosum = DNS, HPLC [62]
TaAA9A T. aurantiacus = 2,6-DMP, ESI-MS [63]
TcAA9A Talaromyces cellulolyticus — 2,6-DMP, ESI-MS [63]
Pichia GH61 Sporotrichum thermophile  o-factor DNS [64]
pastoris Pal.PMO9H Podospora anserina o-factor HPAEC-PAD, ESI-MS [65]
GtLPMO9A Gloeophyllum trabeum o-factor HPAEC-PAD, [66]
MALDI-ToF MS
PMO9A MALCI Malbranchea cinnamomea a-factor HPAEC, MS [67]
PcGH61D P. chrysosporium a-factor HPAEC, MALDI-TOF [68]
AkCel61 Aspergillus kawachii a-factor HPAEC-PAD [59]
StCel61a S. thermophile o-factor DNS [64]
AN1602 Aspergillus nidulans MKFSSVLALAASAKLVAS MALDI-TOF, HPAEC-PAD [52]
TaLPMOY9A T. aurantiacus MSFSKIIATAGVLASASLVAG MALDI-TOF [21]
NcLPMO9C N. crassa MKTGSILAALVASASA 2,6-DMP, HPAEC, HPSEC [57]
PMO-01867 N. crassa MKSSLLVVLTAGLAVRDAIA Amplex Red assay, HPLC [39]
PMO-02916 N. crassa MKTGSILAALVASASA Amplex Red assay, HPLC [39]
PMO-08760 N. crassa MRSTLVTGLIAGLLSQQAAA Amplex Red assay, HPLC [39]
PMO-03328 N. crassa MLPSISLLLAAALGTSA Amplex Red assay, HPLC [39]
FgLPMO9A Fusarium graminearum MSSFITKTVLAALVAAAGVRA MALDI-ToF, HPAEC [69]
Aspergillus TaLPMOY9A T. aurantiacus MSFSKIIATAGVLASASLVAG MALDI-ToF, HPAEC-PAD [21]
oryzae
M. thermophila M{LPMO9A M. thermophila MLTTTFALLTAALGVSA HPAEC, MALDI-TOF [70-71]
MILPMO9B M. thermophila MKSFTLTTLAALAGNAAA HPAEC, MALDI-TOF [70]
MILPMO9C M. thermophila MKVLAPLILAGAASA HPAEC, MALDI-TOF [70]
Trichoderma  GH61A T. aurantiacus MSFSKIIATAGVLASASLVAG PHBAH, HPLC [9]
Reesei GH61B T. Reesei MKSFTIAALAALWAQEAAA  PHBAH, HPLC [9]
GH61E T. Reesei MLANGAIVFLAAALGVSG PHBAH, HPLC [9]
A. nidulans MtLPMO9J M. thermophila MKLSLFSVLATALTVEG MALDI-TOF MS, [72]
HPAEC-PAD
Penicillium PvLPMOYA P. verruculosum MPSTKVAALSAVLALASTVAG 2,6-DMP [73]
verruculosum T PMO T. terrestris MLANGAIVFLAAALGVSG Fluorimetric assay of the  [74]
oxygen consumption rate
TrLPMO T. reesei MIQKLSNLLVTALAVATGVVG Fluorimetric assay of the [74]

oxygen consumption rate

TE: — ol STERR AR UEITT AN = k.

Note: —: No data. The reference didn’t indicate which signal peptide was used.

5 RHIE, BEAZMMESIRET AA9 Kk
LPMO 7EH A E Eh i 7 rib ik . IR IR
WELE A TE F3R55 AA9 K% LPMO B i 2ok
T BRI REH PRI R o-factor [ 5 EE 0408
LR H S5 ST, A, AR S o

[Al—14~ AA9 FKj%k LPMO FikRUR RS 1732
AIRIE . A0, Ladeveze ZUPVHIFIJEA B 5 815
SHRH a-factor 155 IRTEER AR RE 43 31 o3 A 4R35
3AHMEN, KB GeLPMO9A il GeLPMO9B )
HARRE A S5 SIKE a-factor 15 5 KR IARY

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RS SRR T H T AA9 FIESHNE A s i S AR T R 2315
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B— M5 S IEFEIBR MILPMO9] H N M A TE#,
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RIRW P AL B S LPMO AR R4 B4 H,0,
T L AL RS AT S R i, R4 T LPMO
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