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B E ARLZPRINERE(Lytic polysaccharide monooxygenases, LPMOs) &—J b e R ML T Sl &L
sty 2 ST AL 10 25 AR R 10 BT SRR, T 3 ok S BT SRS i DX AR SR AR K AR X 2 AR Y
PEARCR e Tl AR B A R b AR AR T 7 o LPMOs 16 PERS N5 V5 7E LPMOs BRI & |
ARG Al AR A5 U b B SR o AR SCHE T LPMOs IOREFLALEE R S A 2 = ) 24
PE, X5 H AT LPMOSs 16 5 PR U 75 bk AT 7 HER A LA, B R BR T ais- Bk i« L ik FIoE Rt
FRic 855125 I AE G TR 3 I I s (9 i FRF S a0k o | S5 T AN ) 12 I DR e o5 8 o PR T, % LPMOss 144
R J5 ¥k I AR R J Ty Tl BEAT T e

KR AW SRR, Gl 2 InERE; S A TEA

YR AT TR AR i i S 55— RS A A R S GE IR, 43 ) AT A A - £ Tk 2 JE A
HIBE(GleNAc) Ry BLA 38 18 31,4 WIFHF R B2 1T LAY ELAE R R0 — ELRAR i 45 S W e A
IR P S0 2 A0 Tl AT 5 O AR 0 NP LT BRI 40 P B 401 Il A7 e
AT B AT (A4 A A A BR A T WL /A 0 T vk T8 B o X B A ke 0 AR
I, A E AL SR A YR NI L T BUAFE4AS & DX SRR ) 47 220 500 %08 (Lytic - polysaccharide monooxy-
genases, LPMOs) R, Sy [ 22 b R AR TR Y U 1) [10-14] , TEA W AR A ol Tk 45 5 Tl
AT LR

TERRIKAL S W03 P B 2 (www.cazy.org ) H , LPMOs H A # BG4 5% (Auxiliary  activity family,
AA), FRGEA AA9~11 T AAT3~16 26 7 52, Horv, AA9 I AALO ZEH A LPMOs S HLEER A,
AA9 FIEH) LPMOs R TR VR TRl a4 sem ™ . KRR | L gez PR
TERE AR . AALO FRERY LPMOs FEIRTANM , A LF4ER . JLT IR . ARIBELLCH 55 Rt
TR RF A K LPMOs HIREF R KL AR LIR30 LPMOs S PERIAIN 26 E % . FT,
LPMOs G PER R 7 ik 8 i 264, FEAAE 65 -k | EEMIOCHRERiC RS, Hr, A-
BRI RS | PRSI U605 AR B SMBT 545 2, BT LMOS REALBL R T T
TFB L H e T S A R ) R, S S S R OC R R RAE LPMOs 754 R
JHTF G AR A P s Bk O s TR ETARIC IR A D AR T X R A ThRi , 3 00 2 2 e (i
FAHE LPMOs 35 1E 2 LB D5k BAEAE — 2 O Jm B AT HE PSR, i 45 5 sk A A LSS 4 il ok
LPMOs (RFT G & . HEALHLTI AT B il T v 58 A2 1A i) bRk 7 376 45 B2 AT T ) R SCHE DT S B
LPMOs & Tl A E Y s A B T

A7 5 LPMOs Tl PEREI B 25 R IE AT VP 2249 (B S AE LPMOs S50 . EALHLE . SR
R PSS T T 25 PP XA 5 IR iR 8D o ARSI TIE 5 4 LPMOs 1R MRS I 7 2 i F
FEHERE , RO OGS BRI A BT IR PRI S 1 B A S5 K HAE LPMOs 37 PRGN rh i1y
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RS T HUBE, 8445 T LPMOSs ¥ PRIy vk MO OB BB I PR 3 FOAOR R R 15 T 2.
1 E?’éi%-ﬁi%ﬂ?&ﬁiii*ﬁiﬂﬂLPMOs%ﬂF‘%

G- B R TR Al B PR B IR | R B A R A R AR  i) DAT ak 210
SERGIE S0 Y0 RIS PER LPMOs {51 0, H,0,) FIFL T, I HEEE C1 5 C4 37 8 AR IR
JEyfl 2 kA Efﬁlﬁiﬁbﬁ%lzﬁﬁﬁ”%ﬂ%ﬂ%%ﬁﬁ*ﬁ/ﬁ%[za’m JEAEAR R . I B SR YRR T
LR LPMOs AT LAMEEAL C1 5 C4 37, 4t 7T LA A0 f6 5 P20 724 G LI MR R C4 {3205 4-FRE S
BEC102 LT BRI PERY LPMOs 84k C1 072E BUBSHER PG , K A T8 BRI (1 1) o WA
BUR Pyt TR AL BT B C R - L AN R o FVRT, 6 TGN LPMOs {7 P A9 (5385 - B e i
B R R T A8 e - ik i L ARSI (High-performance anion-exchange chromatography-pulsed
amperometric detector, HPAEC-PAD) . /K VE A (235 - B 3% % (Hydrophilic interaction liquid
chromatography-mass spectrometry, HILIC-MS) . Z£L47 & bk 4,115 1% 1 (Porous graphitized carbon
chromatography-mass spectrometry , PGC-MS ) FlHH =5 R0 AH 3% - i35 74 (Ultra high performance liquid
chromatography-mass spectrometry, UHPLC-MS )55 , £ K100 5325 AT 2 7 0 1) 3~ 1 0 16 B It el L3R 1
1.1 HPAEC-PAD7 i%

HPAEC 2 T L4 3 AL PRI 40T 02 b YRR3R BE =4I PAD (1) 7 A 85
T CAD™, slid HPAEC-PAD 5B £ 4E 3 W40 , S S o B8 R R S0, HAUGR: 1A C4 4
77 R JR i C1ICA SUAA™ 4 (B 2)  FERRPEZAE T, C1 U™ 1 PRIAf 67l TR 3 RS-
Westereng 25 “5ifi i HPAEC-PAD #i4 ESI-MS mnu T ScLPMO10C (1) C1 %8469, th T C4 48 AL Wi 7Ems
PESAE T 55 R A AL RN AR S 7)o i T A I B AR 1 43 B A PV = A v
HPAEC-PAD 5 B AL ZHH A0 A6 H BR (Limit of detection, LOD) RJ ik 0.09~0.40 ng/injection,, ) LOD {Ej\j
0.34~0.66 ng/lnjectlon 90 DRI AN T P A A SR SR A5 A LPMOs B AT PR T 2 s

A B IOxidative cracking products ofcellulosel
i [Un-oxidised] [C4-oxidised] [C1 ox1d1scd||C1/C4 oxidised| :
{HO~ HO~ HO ;
/e OH_O
i RI _/\41{ 0=C R, (—O HO o—( OH
b g0 ol HOY “OH Ho¥ o1 OH Hoa "ot |
' Ketoaldose: Lactone H
'F:l' -t- ------ . o ST | native non-reducing end: GledkGle, Gle,1,5-5-lactone (GIC) Gledk }
Electron acgep Ors °¢°°° i NR-Glc, HO o

o HO/0, N | e HO - HO~ , !

""""""""" iSubstrate ; Ho~Y o mo oy " R oniL OHOK,C =2

: HO%;)‘R, R‘L z° HO HO' OH !

Ficaron donor ! O on ool oo -

1 . 1

\  Ascorbate 1 ; Gemdial: A Gle4GemGle GlelA  1,5-3-lactone!
1

Gle4GemGle Gle GlelA H

1 [Cl-oxidised .
! HO HO :
! w_ o HO 0 o OH :
- H(‘)_)<R: + R c=o O _ R - ;
i HO” Gy v HO' ‘NHAc :
' HO NHAGc HO  ‘NHAc :
; Lactone Lactone Aidonic acid :
GlcNAc, GleNAc 1,5-3-lactone GleNAc GleNAclA

K1 20 2RSS (LPMOs ) AL 2L 4E X AULT B HLE S = IR (A) LPMOs fifl
PLELEY, (B)ZFAE R AL = s (C) LT RSk =4y "

Fig.1 Mechanism of oxidative cracking of cellulose and chitin by lytic polysaccharide monooxygenases
(LPMOs) and the products: (A) Catalytic mechanism of LPMOs™"; (B) Products of cellulose oxidated**';
(C) Products of chitin oxidated "
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Tablel ~ Application of chromatography-mass spectrometry in detection of LPMOs activities

P

N AN . .

LisallpreS ([ /is7] Oridation P s Sk

Detection method Enzyme name Substrate . Advantage Limitation Ref.
position

AN | e R A

High separation and sensitivity

CelS2 (or . BURT m k= 50
( - SRR .
HPAEC-PAD LPMO10C); Y& 1 S G ) th hich Only for solubilized products [3.38-39]
- eparating species with hi o 3,38-
PalPMO9H;; Cellulose g gf P ) " ' ¢ ERZARIER
AA10; AA9 f{%risf ° »pozmerlza' ron Lack of standard
IEATESTEIJE (10 min)
Short running time(10 min)
BT (25 min)
CBP21(or . - Long running time(25 min)
HILIC-MS LPMO10A) ﬂ“ TE cl oA %E ; 'E’iﬁ%,z, , FRT SRR S0 [29]
Chitin High resolution and sensitivity .
AA10 Limitation to neutral
oligosaccharides
NeLPMO9C YR Al AT 8 1o i ZA A (41 mi
PCCLCMS ¢ 9 ‘:F R C1/CA jl\_ﬂ ZJ{JJl%ﬁﬁ)T. 17 J.Hk.( mm). 129.40]
AA9 Cellulose Available kinetic studies Long running time(41 min)
LPMO1 ( PO R Y A E] in;
UHPLCMS Se ocC ILTEi N . r-:ﬁ:ﬂv«‘%}; miw’“&ﬂ% . By TIjkISS min; (37]
AA10 Chitin High resolution and sensitivity ~Long running time(35 min)
) ST C4 A AL S M JEAR I R
MILPMO9C S AIE S %WC%*% LF*/TI.D'I—] (i ‘
RP-UHPLC-ESI-MS . C4 Improve the analysis of native  Challenging in reductive [41]
AA9 Cellulose L .
and C4-oxidized labeling
UHPLC-HILIC- TrAA9A YR Cl/ca SIHT C4 AL / 131
MALDI-TOF MS AA9 Cellulose Analysis of C4-oxidized )
JUT B
CBP21; Chitin; . -
; > SR 1/,
MALDI-TOF MS FgLPMO9A LT YER Cl _iﬁi Eﬁ_'j bz &Jﬁﬁ . [3.42-45]
Higher sensitivity Only for qualitative analysis

AA10; AA9  Hemicellulose;
JEH) Starch

 (Note): HPAEC-PAD , i35 P 8 F 58 48 ji- ik o oL ARG 725 (High performance anion-exchange chromatography-pulsed amperometric detector)
HILIC-MS, %{7KWH—]‘?{§4‘E@,i¥—ﬁP%?£(Hydmphilic interaction liquid chromatography-mass spectrometry); PGC-LC-MS, LA A BBl A - T
(Porous graphitized carbon chromatography- mass spectrometry); UHPLC-MS , # i 2 BAH (2335 -Fi % 2% (Ultra high performance liquid chromatography-
mass spectrometry) ; RP—UHPLC—ESI—MS,)E*H%iﬁ?&*ﬁ@iﬁ—%"ﬁgfﬁﬁ&(Reversed—phase high-performance liquid chromatography-electrospray
ionization-mass spectroscopy); MALDI-TOF MS, L i B RO AR A B B R AT IS TR) 3% (Matrix-assisted laser desorption ionization time-of-flight mass
spectrometry) o

01000 native products C1-ox products C4-ox products
900
800
~ 700 _ Pl it
% 600 JUMLJ NELPMOOF + asc E Strictly Cl-oxidizing LPMOSJ:
" S0 e Bt s s NeLPMOOF Fmmemsiiaiais P
S0400 M pan A ) M NALPMOSC + ase 1 Strictly C4-oxidizing LPMOs,
n } o o o o 4
c10 ) | —— N (— ) ) CAm— A - ------__. NcLPMO9C S
200 Y ) TausLPMO9B | asc; Strictly Cl-oxidizing LPMOs:!
100 |V - . B - £.1 TausLPMO9B et e e 2
0 i 1A PR [T TR TN S W NN ST R SN T | L ' Negative CTRL + asc
S 10 15 20 25 30 35

Time (minutes)

B2 RIERIRY LPMOSs {5 FI 27 46 3 i et 24 =4y )
Fig2 Oxidative cracking products of cellulose by LPMOs from different sources "

Cannella 5558 5 /K ff WAL 3 LPMOs AR SRS (7= , W0 2 A W AT 00 5 B IR TRl SR L 2T

AR A AR AN AR = B0 & . Frommhagen 2524 5% FHAH IR 1977 W R0 & 8 1 I E IR
BT ANE P I 5 1 A SRR f2 s T T or . SR, 3 3 7 2OK AN A T 70
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FERE A HLARIESAS S 3RS, 5200 LPMOs 15 MEAS I A iRt . DRIIL , 20 AN BR Tl st = i i
1.2 HILIC-MS7F %

HILIC 5 4E A TP 0RO 23 o7 i, LT B 724 . Vaaje-Kolstad 2¢O 5@ i HILIC Fl
MALDI-TOF-MS R/ 78 TAE B VD3 [C i (Serratia marcescens ) ) CBP21 ABAL LT 5 1 S 0 =457
SEME, IEENT T CBP21 BYMEAEMLER . (RHEFESEME S LT -IE IR pH (E AN, 15 78 h P 3 s A (20 -
KO P ORFERSAE , S o R LT, T S A R R T VR Y pH(E S B SE SRR T - 1 4y
25100 Westereng % il o B M 4% 11 L BT TR LA B o5 R 38 B e Mt 0 P A Pk 17 0 AR L 280, A 70%
G T, H HILIC A A AL SERE Y LOD {3 A 33~113 ng/injection, HHF PAD HHERH:Z) 32 2,

52, G CAD # 5 HILIC-MS S5 A0 . SR, %5 AR T R A BE KT 4 W SERE A S AL SEmit , L
SRR AR 2 T S T AR TERAR 5 HILIC (335 0470 B R LA K A s Y | 9 L BE B 11 S0 o A 57
PSS .

1.3 PGC-MSFHi%x

YT B3R G4 EAL IR 8 SR BR Y , Westereng 2540454 HILIC(WAX KE)Fl PGC 4325 1 C1 F1 C4
EALTEY KR HRE S BB PR | A SR A 5o T AR 4R SR AR AL SR 4 B Y R R F
AL L B R L (pK) AR, 76 PGC i o B ad R v, 59084528 (pH 8 ) 1 3t s AH R I i Ry 1
H, (2T 4 —HHIR pK, = 3.51"0F1 D-#iAHEIR pK, = 3.7) 5%, JET U, Westereng 25 2 iihk15 T BB Y
AY B S L) B A R B B B B - WD 43 85, B 4- 20 T ERE AREREMR . 0 AR )R B8 s ] i AR 48 Ak
Wy C4 27 eSS ol B R S SUE AL =, A 1 3% 23 W 25 9- 460 460 W A A B FE ARG ) 40
PGC-MS F1 CAD 7] B A, HAEARES TR VR X CA-2F i SEmiE A T &40 # , 2L LOD mIfILE
45~66 ngfinjection , i & B I 2ARFFE I ESR O L BRT, %I EEAFAE—E BURBRYE , T PGC [ 58 AR K i
FOREAT IR A Sy BV /e S VIR T AT > 5 Wb R 4RI BB R BE R PR B>, B PGC (i
HEEHTIRG E <5 WSEHE
1.4 UHPLC-MSZHi%

Silva 25514 UHPLC (HILIC 4% )5 ESI-MS B AR SR & 1 0 1~5 BOSERE , 454 3 TR BhsO i B
B KATIN ] B3 (MALDI-TOF MS)HE—400 47 TR A BEALE 3~10 Z (A A ZEHE 2 3005 T 52 B = Witk . 9%
M7, FEBE /AT, LPMOs SN ) i 8 AL SERE RN SERE I BT it 220 miz 16, SEARBR NG it 25—
AR AN A 70 K B0 45 FARTE  NITFE S AT i 43 7= A mi/z (HE & , 1] MALDI-TOF MS (143
PR 3K 40000, 7] LUK 4r B EE m/z (HIALAY . ik, MALDI-TOF MS # 1 A —fhE P iEA
LPMOs EALF= 5B k0238429300 HRin e s ot 7 BA LT Bl 10005 | e ap e 23 2
FIFERHEPE M LPMOs . 41, MALDI-TOF i i] LAEIHEPEAS LPMOs M4 . Jensen 2557 7EHR
FERYIF SRR B JLT B HER ScLPMO10C 2878 0y B 21 4k 7% 19 LPMOs , {1 UHPLC Al
MALDI-TOF MS il T Al HEFe SR & i, LARAE ScLPMO10C 2825 i 5 1 A AL 1 14 o
1.5 RP-UHPLC-MSFi%

RP-UHPLC 43 #7 LPMOs Uk # i 37 JH%E /0. Frommhagen 254V ] FHE 5 OFRIC Y 2- 2 46 HT
Mk (2-AB) 5 C4 AL ZERARIC , 454 RP-UHPLC I/ 8 1T C4 ZEME . SR, SEA A0 8 S5 5 58 6 1 -
i 3 Wy S 7 3t AR TP B vh A AR F4SE | BRI Frommhagen 25 FE R R ATIR B ISR 90 T, R HIE
S WP VR ) S5 2 T SERE A C4 SALIENE . IZOTIRANTE T C4 AR A BT O 2 AT PGC T,
HG 5 RO T AL B C4 ARSI AT RIS P DU T ARG s B i, %o i i3 % A0 )
SN

TEAATE-BRE e AL o, HPAEC-PAD J2& LPMOs 15 PRGN J7 ik b R BURE i 19 0, AT A i SR 6 B2
BREAL = Y) (EANRE S Bk B AE . 5 HPAEC-PAD A EL, HILIC F1 PGC-LC A] 5 ik ik
ZEMNT S 8 RAEUE 3. T LA HPAEC-PAD 454 ESI-MS 43#r C1 E4k 9 %Ll ) PGC 1 CAD
OYESTRAT C4 FALFE 0 B A A LIS A R it R . LT B YR UL HILIC 454
MALDI-TOF MS #4734 , NI ZAE LPMOs 151 . 7E5 B 4E M B2 R A oe b | (3 - BRI
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VAT R TSR T B
2 ETF L EENLPMOsTE B RIE N E

(- TR FH I B AT o R R A (R A B ot PV R AZ B . DRI, TR ekt L £
fERY LPMOs 35 PEREIN 5 5 [ T2 A6 . BiE LPMOs FFFT I RIIR A, BN RAL . PR A0 BTG G
27 LPMOs B9 TRkl i A b B S . I, 35T LPMOs fiEf0 R b PR 0 b kA5 38 T
PR B AL GE 0 SRR IR . o R MU Y HL sk QB AR B S bk . D-R ARG D- AT
fiR-0- P T A3 M A SR T HL0, P Lk 2 4 T T DR Re e Mo AG I LPMOs 750 . AR5 LA
FRIZETE g F2 2%, 454 5 1 0 A LPMOs 375 PEAS I 4 1sf 18] 25 J5 5 | 43 5166 T4 J i 18 JEORE 72 . €14
=LA e HyO, SRS F H B 75 19 LPMOs 36 PERIN 7 k051 7 ik
2.1 ZHEEKGERE

THFK R (3,5-Dinitrosalicylic  acid, DNS )] F T & 16 U | 38 1 10 RO 5 — il 3K iR
TEBRE S1F T % L2 AAL RS, FFAE 540 nm AR AE F2 107 7490 O W NG 38 Tt o 0 SO G 25 |00 %071k
FIH T LPMOs B6E PRI 2 |, 8 5 b o — 7K i BTG P A28 LPMOs B3 W) 4 P A0 1 95 1 A 22 (1) 2
LPMOs i, Kim 255025 4 2 0R0A €5 7E F DNS B 7 % 45 BE RN 21 4k — W00 &8 NI RAE T
CgAA9 FLF4E ZFHOPMRIVE A . T I ERVERT B (H AT LPMOs Y& PR R S 8K . Deshavath 255 %
PRAEUK IR AE A A5 R T IS 0 JEOME 5 oz TSR PR, T ARG I AR e sl . IR, 0 ik
15 HFHEIE LPMOs (W HMEIVERT , iR BR T4 =4 b ol i 2 B0 #r o
2.2 BIBEZBESIE

Wang 2557 JE TN ISR E BRI TF R T AR89 By 484001 T LPMOs TR VERGIN . %07 454
C1 A= MR 22 £ L A7 AR AL, 3 T 4P K 48 (Pyrocatechol  violet, PV) 54 & BHES F-4n Cu™ il
Ni? B A e B B F-PV & A WAE R DA N A I, 38 5 I 5 Ni*-PV £E 650 nm 4b AW AR,
IRB P E LPMOs 76 PEAY H Ao 12207 200 ] MR 3 25 7 I B/ e e R DL, Wi = 5 N2 L0 3+
APV ISE 135 P e 00 N2 i, T 3 T AR SR AR i . Ni 258 R T Ni2-PV A6
PcLPMO9D it P it % B0 i e FE ) LPMOs X EF4E B R0 . BRI 1207 TEARAEAE SR R | 7oA 2
SR, NP RFRAMNE 1:2 B4 a7 TS BERG M BRI BERIR . A %07 TR
[FZ R LPMOs T VERY FAE, LM LPMO JEYR FrERIBF
2.3 D-EEER/D-AEER--NEES ik

YT LPMOs AL R W7 I 2 0 B —PE | Keller 25050 T % 1 — i bRssit ] <2 (o b £ 20 2 AN sk B0 2
T A AR 0 )7 v o R R K I T A0 38 TeLPMOOE J 74 | 3o D-#5 A2/ D- 7 % BH IR -0 - N TG
SR & (D-Gluconic  acid/D-Glucono-0-lactone assay)?ﬂﬂ%fi@ﬁz%%%%@ﬁo ) 46 2 M i e i
NADP 1 6 i 51 26 475 15 Mot S0 0 T 5 2R W R 2 A Ry A% AR S- W R R NADPH, 38 52 I 2 NADPH 7
340 nm Ab A SEAE I E LPMOs M. 205 I E # A bR 1Y LOD {E ] {IK % 0.27 mg/L, 5 HPAEC-PAD
FALE, FES B T LASEER LPMOs J IS =) e oM o BRI, 1% 07 B S i A R I A A o, L
HEBRIETER T
2.4 ETH,0,HEEERNLPMOsE %

R AN T A A B AL R LPMOs i PEZEAT A 0T, TR LPMOs FOMEALHLER . 38 n]
Wit Hy0, iy R ARG, LPMOs i M H .0 A Cu(ID R JFL Cu(l) , 5 0, Z5ETE UE AL 4R -5 2
B, R Bl A AL T B b 20050 e S AR R M MK (18] 3-b) . BFFEERI, HL0, AE N
LPMOs (43 J7 2 A1 3L B Cu (1) WRHI IR BRI T 00 2 5 34k 610 9 I 5 BB G by 24
(Bl 3-¢)o &3 9 b il ¢ BAME AL RN R A2 02 DLW R IR , Ho= A i SR A = s ok L3 )y 2 vl AR 7
R 1O R 3 R AR a EAEBCA SRR AE T, Cu(1)5 0y B F#2E Hy0,% . HRG, il ad 5
H,0, fJ& FRAE LPMOs G A 50 Amplex red 1 B LB Hrids . R A 2,6- — FF FE2K )
b EEL 3 R 4 v P A D B R 3 BT o
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H,0
i O, 2H+1e

a

Cu(1l) Cu(l) 0O b
_—
A
g i sbstrate 3
¢ yproducts” ™" ]

i 1 HO

HO, 0 :
o \ b Ri( C=0
% : HO' OH +HO!

% I ¢ (6) :
Y .74 N\ O .
1 0=C MRans i

: HO' OH

B3 LPMOs (fEMEHLIE: (a) WA IRMIHEILEIR ™ (b) 0 BALIRY'; () H0, MY

Fig.3 Catalytic mechanism of LPMOs: (a) No substrate 2 (b) O, as co-substrate'*’; (c) Hy0, as co-substrate' "’

2.4.1 Amplex redit S WEEBEL S H7i%

Amplex  red izt 5 b4y A B 20 A7 75 2 22 BIL A I 52 1ot SR AR 9 B 1,0, BB 0k 703 S A0 4 il
(HRP)EAL T, Hy,0, 55 Amplex red #% 1: 1 B Hoi A pR2T (0 5 € G AYIR 14 72 (Resorufin) (151 4)17 5@ 4y
GV (e57,=58000 L/ (mol-cm ) 5858 6 1: (Apypn=569/585 nm )Wl & FLAE G5 BE ) [l 460 & LPMOs 7%
Voo ZTEEERE DG BB T LPMOs T PESTAS A @i s . Mutahir 22 0 %07 158 1
Kl Hy0, B F= 3R R AE T LPMOs 3614 . Limsakul 85 ok Amplex®Red 13 A A0 /A3 A AL Y BRI 5]
GME T LPMOs 15, Hy0 B ETE 0.1~2 wmol/L JE N S5 75OL(F TN 22 C 5, JF H 24 LPMOs
WREE N 5 pomol/L I, RIS B (RP=0.99) ), 8K, 1% )7 1 H AR VI 2 ViR FE 7E 20~574 mg/L {1 Y
f LPMOs' | 3 HHCAG I PRI 75 B30 0 42 T8 B TR0 T390, NI B8 Cu®* BOFEAE 1T E SRR 45 515

HO (o) (OH Horseradish Peroxidase HO o) 0]
HRP -
N H2{_\02+ e \Qi jgr
| L N
U
C—CH,
O Amplex Red Resorufin:red

4 Amplex red T A A G 1 11 S 6

Fig.4 Principle of Amplex red peroxidase-coupled assaym:

2.4.2 2,6-"REXML@X

Breslmayer A[65.60 131 -1 2 6~ H FEIEWS (2,6-Dimethoxyphenol , 2,6-DMP) Fe a2, 3 T 1744
LPMOs itk . LPMOs 47531 2,6-DMP 8 4L P41 2,6-DMP F fi 4, 3 B EARFUE I 3 & R
A AR (Hydrocoerulignone ) , 1 f&5 42 LPMOs EALIE AR (7= ) A 5t Z (Coerulignone ) , #R 5 A5
FAE 469 nm AbFFFAE I FRAE LPMOs 357 (18] 5) %), %5 stk . 8 , O T 24 er 4 Z AL
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LPMO

e NS

1 H,0, 2H,0

2 molecules 2,6-DMP \i molecules 2,6-DMP Radlcal

/ \ /
LPMO

¥~ O\

Vo ‘ o 2H,0 1 H,0, e O e
OH

1 molecule Coerulignone 1 molecules Hydrocoerulignone

\

&5 2,6-—F AL (2,6-DMP) b (a7 (14 5 )

Fig.5 Principle of 2,6-dimethoxyphenol (2,6-DMP) assay'®’

TR LPMOs 15 P SE , L LPMOs ik Fal kit B vh 45 & 5 8ol e v e 247 2,6-DMP
H (a1 2 B LPMOs B9 EE 1T ik 0.5~50 mg/L [65] , 5 Amplex red &3 A ALY B AT AR L, R SR o
e BRI, FERRMEGE PR 12 M R AZ R . Rt Breslmayr L[0T 7E W LR | HEFT T, LA
A ERHER A S E LPMOs T4 . BGHES 97558 FH T pH 4~8 YZE M A5, I BT LAEATHERf U
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Abstract Lytic polysaccharide monooxygenases (LPMOs) are a class of copper ion-dependent monooxygenase,
as a sort of industrial enzymes known for their catalytic degradation of recalcitrant polysaccharides, such as
cellulose and chitin. LPMOs can improve the accessibility and hydrolysis efficiency of glycoside hydrolases to
polysaccharide substrates by oxidizing and breaking the glycoside bonds in the crystalline region, showing strong

application potential in the conversion of industrial biomass. The detection methods of LPMOs activities with high
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sensitivity and high throughput are of great significance in the mining, engineering transformation and industrial
application of new LPMOs. Based on the catalytic mechanism of LPMOs and the diversity of their oxidative
products, the common detection methods of LPMOs activities were summarized and compared in this review,
mainly focusing on the application of chromatography-mass spectrometry, colorimetry and fluorescence probe
labeling and their latest research progress, and the advantages and disadvantages of different methods and their
application scope were also compared. Further, the future development trends of detection methods of LPMOs
activities were prospected.
Keywords Biomass; Oxidative cracking; Crystalline polysaccharide; Lytic polysaccharide monooxygenases;
Enzyme activity; Detection; Review
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