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Bioinformatic Analysis of the Lytic Polysaccharide Monooxygenases

BAI Lin, DING Cancan, WANG Fuhao, LU Fuping, LIU Fufeng
(College of Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: Lytic polysaccharide monooxygenase (LPMO) can catalyze the oxidative lysis of glycosidic bonds in polysaccha-
ride such as cellulose, and plays a key role in the degradation of biomass such as straw. To further explore the structure-
activity relationship of LPMO, 115 experimentally verified LPMO included in UniProtKB database were systematically stud-
ied using bioinformatics analysis technology. According to its source statistics, 101 LPMO from AA9 family accounted for as
high as 87.8% . Further molecular evolutionary tree analysis based on genetic distance and cluster relationship obtained six
groups, all AA9 family LPMO were distributed in Group I-Group V and the other three families were clustered in Group VI.
Analysis of 34 LPMO derived from Aspergillus revealed that all of these proteins had at least two copper ion binding sites
and contained five 100% highly conserved sequence sites. Further study of the motifs and domains of LPMO from Aspergil-
lus showed that LPMO with highly similar motifs composition were close in evolution and development, but the different
order of motifs can also affect the catalytic activity; the catalytic domain of LPMO of AA9 family mainly had cellulolytic
enzyme activity, while the catalytic domain of AA13 family mainly had starch degradation activity. This study lays a theo-
retical foundation for further investigation of LPMO structure-activity relationship.
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Fig. 1 Statistics of 115 LPMO
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C Wi FAFIER R 2ZESR . B2, RIETHMEREMN
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Q4WBUO . AIDBS6 . AIC4H2 . AOA5SN6V703 .
Q5BCXS8 . A2R5N0. Q96WQ9. QOCEU4 . B8MXJ7 #l
Q2US83 1 motif AR EEAHRL, &4 motif 4.
motif 2 . motif 6 . motif 1. motif 3 Fll motif 5. HEM A
FEFE R B X R ORI, BAEMIERN ST
fit. RIFE, BEARE — 4 AOASNG6UWA3 . Q5AQAG .
C8V530, AOASN6UX39, Q5B6HO , AOASN6UNY1 ,
Q4WP32,C8V419 F1 Q5BEI9 FF4 2% Stdss ke, (B4 5
A motif 8, motif 7. motif 6 Fl motif 1, th HA ALK
WAL SE R FIIRE . BEAh, 55 =41 QOCGAG6,
Q5B1W7.Q2U8Y3 F1 Q5B027 ¥J &4 motif 9. motif
6 F1 motif 7, motif 6 A motif 7 WA [RIHESZH al (i H:
R8I e e <

A 34 b LPMO (IS5H R T . AA9 Fik
LPMO Z5#) =% LPMO_AA9, 25 C1 /g C4
1 Co FALL AR BE R4, HOG T FE L 42 5o
AR Cl-¥4k (EC 1.14.99.54) i1 C4-Jii & (EC
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PEA TR AR JER . H-H-[EQ]-[FY], B His-His-
[Glu/GIn]-[Phe/Tyr], iX 538 1 G5B EDIE, 75 —1&
VR AE &% 25 M 3 mT B0 S A 22 R 45 v . )
in, Simmons 25V % I GANE4E (Lentinus similis) [
AA9 F % LPMO AO0A0S2GKZ1 7F 0.4 nm A(E7ES
B~ 4] 7 W SR 0 il . KRR 6 P A5 A

FRABKIESR Fa ks Fom

LB, HEWTIZZE A IR R A S5 FT REAELE AL 22 IR
GEANLE o AAY BERYIE R N I AT £ 2 R [
S, AR R AS & RS — w0 1g A
P&, X5 AAIL KK QUASS T HA M AA9
superfamily Z5H3AHR] . Ig P& Rfa R EkE A2
kS I Z AT BT BRREER , 2 4 g R JE 8 —

LPMO_AA9 M RJEFER SR 1 2R ZE &AL

BB

*£1 REFHERE 347 LPMO BiE MG S
Tab.1 Active sites of 34 LPMO from Aspergillus
ID AR PEA S N 1D PEARTE A A2F R B S S
AOASNGUNY | Cu*":H22 . H107.Y196 H22.L62.E102.M103, Q2U8Y3 Cu*":H47 H137.Y270 %
0,:H185.Q194 H107.H185.5186.Y233 0,: 6
AOASNGUUF2 Cu*":H18.H101.Y186 HI18.Y46.V95.G96.H101, Q2UASS Cu*":H20.H79 .E93 %
0,:H176 H176.G177.Y224 0,: 0
AOASNGUVS0 Cu®:H21.H96.Y182  H21.Y47.Y90.G91.H96. Q2USS3 Cu®:H21.H102.Y180 H21.N50.H88.D89 .H102,
0,:H172 H172.R173.Y220 0,:H169 H169.E170.Y218
AOASNGUWA3 Cu*":H22 H108.Y197 H22 N63.P103 .M104, QaWBUO Cu®":H20.H102.Y180 H20.N49 H88.D89 .H102,
0,:H186.Q195 H108.H186.S187.Y234 0,:H169 H169.E170.Y218
AOASNGUX39 Cu*":H20.H104.Y191 H20.L59.D99.M100.H104. Q4WEH3 Cu’":H22 .H82 %
0,:H180.Q189 H180.S181.Y228 0,:7G
AOASNGV3IWS Cu*:H17.H99.Y186  HI17.T46.A85 .H86.H99, Q4WP32 Cu*":H22 . H107.Y196 H22.L62.T102,M103,
0,:H174.Q184 H174 . A175.Y224 0,:H185.Q194 H107.H185.S186.Y233
AOASNEVT03 Cu’":H21.H102.Y180 H21.N50.H88.D89 .H102, Q4X066 Cu*":H18.H101.Y187 HI18.Y46.V95.G96 .H101,
0,:H169.Q178 H169.E170.Y218 0,:H176 H176 .G177 .M224
ALCAHD Cu®":H20.H102.Y180 N49 H88.T89.H102 .H169. QSAQAG Cu*:H17.H102.Y191 H17.N56.A97 M98 .H102.
0,:H169 E170.Y218 0,:H180.Q189 H180.S181.Y228
AIDBS6 Cu®":H20.H102.Y180  H20.N49 H88.D89 .H102, QSAZS2 Cu**:H19.Y176 H19 .N47.T88.N89 HI92 .,
0,:H169 H169.E170.Y218 0,:H165.Q174 H165.G166.Y214
Cu*":H21.H103.Y183  H21.N50.H89.S90.H103. Cu*":H19.H109,Y242 .
ARSNO 0,:H172 H172.E173.Y221 Q5B027 0,: 0 x
2% N N 2%
Cu®":H19 .H89 . Cu®":H21.H103.Y183  H21.N50.H89.590.H103,
BOXZD3 0.: . A QW 0,:HI172 H172.E173.Y221
2% 2% N N
BOY9GA Cu’*:H20.H102.Y180 H20.N49 H88.D89 .H102, QSBEHO Cu*":H22 H107.Y197 H22 .N62.T102.M103,
0,:H169 H169.E170.Y218 0,:D51.H186.Q195 H107.H186.S187.Y334
Cu*":H21.H102.Y180 H21.N50.H88. D89, Cu*":HI18, Y186 H18, Y46, V95, G96,
BSMXJ7 0,:H169 H102. H169. E170. Y218 Q5BST4 0,:H176 H101, H176. G177, M224
2% N N N 2% N N N
Cu®:H20, H105. Y194 H20. T60. T100. M101, Cu’":H17. H99. Y186 HI17. T46. A85. Y86.
C8vaLd 0,:H183, Q192 H105. H183. S184, M231 QSBAF2 0,:H174. Q184 H99. H174. A175. Y225
2% N N N N 2% ~ N N N
Cu>:;H23, H110. Y199 H23. N63. P103. M106. Cu>:H19. H101. Y179 HI19. N48, H87. N8§.
C8VS30 0,:H188. Q197 H110. H188. G189, Y236 QSBCX3 0,:H168. Q177 H101. H168. E169. Y217
2% N N N N 2% ~ N N N
Cu®:H20. H102, Y180 H20. N49, H88. N&9. Cu>:H20. H105. Y194 H20. L60. E100. M101,
QOCEU4 Q5BEI9
0,:H169 H102, H169. E170, Y218 0,:H183, Q192 H105, HI83, S184, Y231
TEMES AN 1: TR AN 1:
$320., G325, HSTD327- S305, G310, MSTS312-
Q0CGAS Cu®:H18, HI108, Y241 330, H374 OSBIW7 Cu*":H19, HI09, Y242 315, M359
0,: & TEMES AN 2: 0,: G TER AL 2:
FVTTMH306-311. A337. LVTTTY291-296., A322,
GYTA339-342, PL345-346 KYSS324-327, PL330-331

H: AHNEIR (Ala) , CMEBEER (Cys) , D RAA M (Asp) ,E N EER (Glu) ,F AR NZR (Phe) ,G S H & (Gly) ,H hZH A (His) ,
A& (le) , K AR (Lys) , L AR AR (Leu) ,M A HHRERR Met) ,N R KA (Asn) , P AIHZERR (Pro) ,Q AW (Gln) ,

R KSR (Arg) , S HE2%1% (Ser) , T HFRZIR (Thr) , V REIZR (Val) , W R EEIR (Trp) , Y MR (Tyr) .
AA13 K 45 #3845 AA13_LPMO-like FlI
AA13_LPMO-like superfamily, .25 5 A5 VE 1 i
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Fig. 5 Conserved sequence information for 34 LPMO from Aspergillus
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