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Abstract: AA10 lytic polysaccharide monooxygenases (LPMOs) mainly exist in bacteria. They
have great application potential in industrial biomass conversion because of the ability in
degrading crystalline polysaccharides such as cellulose and chitin and thus have attracted wide
attention. However, the substrates, oxidation sites, and oxidation products vary among different
AA10 LPMOs, and the influence mechanism of the structure and composition of LPMOs on the
substrate selectivity remains to be explored. This paper introduced the modular structure,
catalytic mechanism, and substrate spectrum of AA10 LPMOs. Further, we reviewed the
research progress in the effects of structure, critical functional residues, and module
combination of AA10 LPMOs on substrate selectivity. On this basis, we put forward the

application prospects of LPMOs in biomass conversion and biofuel industry.
Keywords: biomass; biocatalysis; lytic polysaccharide monooxygenases; substrate selectivity
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R1 AA10 RiEHF B IEThAEAY LPMOs

Table I AA10 LPMOs with proven functions

GenBank accession Enzyme name Associated CBMs Substrate Oxidized References

No. position

AJP62637.1 Lpmol0A; BtELPMO10A CBM5/12, two FNIII  Chitin Cl1 [28-29]

CAB61600.1 CelS2; ScCLPMO10C; ScAA10C; CBM2 Cellulose Cl [30-34]
SCO1188; SCGI11A.19

CAB61160.1 ScLPMO10B; SCO0643; NA Cellulose Cl/c4 [32]
SCF91.03¢

ACV09037.1 Jden 1381; JALPMO10A; CBM5/12; GH18 Chitin NA [35-37]
LPMO10A

- JALPMO10B CBM2 Cellulose NA [36]

CBI42985.1 ChbB; BaAA10A; BaCBM33; NA Chitin Cl [38]
Rbam17540; BAMF 1859

ATI174801.1 BlLpmo10A NA Chitin Cl [31,39]

AAUS88202.1 bp21; CBP21; Cbp; SmAA10; NA Chitin NA [24,26,31]
A; SmLPMO10A

ADL45185.1 MaLPMO10B CBM2 Cellulose, chitin  Cl1, C4, C1/C4 [26,31]

AAU39477.1 ChbB; Cbp; BliCBP; BIAA10A; NA Chitin Cl [40]
BLi00521; BL00145

ACES83992.1 CjLPMO10A; CJA_ 2191 CBMS5/12; CBM73 Chitin NA [31,41]

ACE84760.1 C;LPMO10B; CJA 3139 CBM10 Cellulose Cl [41]

AA080225.1 EfAA10A; EF0362; NA Chitin Cl1 [42]
EfCBM33A; EfaCBM33

AAO080225.1 EfLPMO10A NA Chitin NA [42]

CAJ89556.1 SamLPMO10B NA Chitin Cl1 [43]

CAJ90160.1 SAMLI1174 CBM2 Cellulose NA [43]

BAG23684.1 SGR_6855; SgLPMO10F NA Chitin Cl [44]

EOY47895.1 SLHLPMOI10E; SLI_3182 NA Chitin NA [45]

AAZ55306.1 Tfu 1268; E7; TTLPMOI10A CBM2; X1 Cellulose, chitin  C1/C4 [32,46-48]

AAZ55700.1 E8; TTAA10B; Tfu 1665 CBM2; X1 Cellulose Cl [32,46]

AAF96709.1 GbpA; VcGbpA; VcAA10B; CBM5/12; GbpAD2; Chitin NA [49]
VCAO0811 GbpAD3; CBM73

ABA49030.1 BpAAI10A NA Chitin NA -

AEO007443.1 LMRG _01781; GbpA; Two CBM5/12; Cellulose, chitin  NA [50]
LmLPMO10; Lmo2467 two FNIII

- MaLPMO10C NA Chitin Cl [26]

DI9T1F0 MaLPMO10D CBM2 Cellulose, chitin  C1/C4 [26]

- MaLPMO10E NA Cellulose C1 [26]

AEE44415.1 CfiLPMO10; Celf 0270 CBM2 Chitin C1/C4 [21]

ADG73094.1 CflaLPMOI10A; Cfla_0175 CBM2 Cellulose Cl1 [21]

ADG73091.1 CflaLPMO10B; Cfla 0172 CBM2 Cellulose, xylan  C1/C4 [21]

ADG73234.1 CflaLPMOI10C; Cfla_0316 CBM2 Cellulose, xylan  C1/C4 [21]

AAF22274.1 ManA; CcAA10A Two CBM3, GHS Mannan NA [51]

ABC27701.1 HcAA10-2; HCH_00807 CBM2 Cellulose Cl [52]

CAE14645.1 CbpL; plu2352 NA Chitin NA [53]

(H550)
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EEFED
Genbank accession Enzyme name Associated CBMs Substrate Oxidized References
No. position
BAG17028.1 SGR_199; SgLPMO10A CBM2 Cellulose, chitin ~ NA [54]
ADWO01716.1 Sfla_0248 NA Chitin NA -
ACR14100.1 TERTU_0046; TtAA10A CBM10 Cellulose NA [53,55]
AFR32946.1 Tmal2 NA Chitin NA [56]
BAA25629.1 ACV034 NA NA NA [57]
AAP09751.1 BcLPMO10A CBMS5/12, two FNIII  Chitin Cl [58]
MT882343 AA10 07 CBM2 Cellulose NA [59]
AIY28331.1. PcAA10A CBM5/12, Cellulose, xylan ~ NA [20]
CBM3, two FNIII
- KpLPMO10A NA Cellulose, chitin, C1/C4, C1 [19]
xylan
WP_099398589.1 Cm3403 NA Chitin NA [60]
WP_039915213.1 CmAAI10 NA Chitin Cl1 [61]
ADP32663 BatLPMO10 NA Chitin Cl [62]

NA: AEHABHEARMY; - JCEIEHGE; CBMs: BOKLGYILE G454 FNIN: £F%8&E M0; GHs: WK R4S
F3; GbpADs: GbpA FFA745H s X1: ARAILAE A PR T 45 14 5

NA: None or not specified; —: No data reported; CBMs: Carbohydrate binding domain; FNIII: Fibronectin type III; GHs:
Glycoside hydrolase domain; GbpADs: GbpA specific domain; X1: A conservative domain of an unknown function.

Streptomyces coelicolor, Streptomyces griseus

Streptomyces ambofaciens, Hahella chejuensis, AAL0 Vel CAJ90160.1

Cellulomonas flavigena, Jonesia denitrificans
Micromonospora aurantiaca

@100 ACR14100.1

Teredinibacter turnerae, Cellvibrio japonicus

Thermobifda fusca AAZ55700.1

Cellvibrio japonicus (Ol el ACE83992.1

Jonesia denitrificans LEEIRT ACV09037.1

[Caldibacillu] cellulovorans IFVSL CBM3 (GIVENN AAF22274.1

Bacillus cereus WY CBM5/12 AAP09751.1

Bacillus thuringiensis m m
Listeria monocytogenes m_ FN

Paenibacillus curdlanolyticus

(@23 ATP62637.1

CBM5/12 & CBM5/12 @ EELLPR

T FNII — CBM3 [PNNEREIW
25GbpAD3~ CBM73 [NNETIIERI

N terminal C terminal

Vibrio cholerae

El1 B3RIEH AAL0 KiE LPMOs ZiEHRE ML AA10: LPMOs fEfLEEL; CBMs: /KILEY)
GEAREHL, X1 RANEEAMASTFIESL; FN: 4585 1; GbpA: ZEHFAL5ME; N mEa. F
FhK

Figure 1 Multi-modular composition of characterized AA10 LPMOs. AA10: LPMOs catalytic module;
CBMs: Carbohydrate-binding module; X1: Conservative module for unknown function; FN: Fibronectin;
GbpA: A domain specific to that enzyme; N-terminal purple: Signal peptide.
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Figure 2 Catalytic mechanism of typical LPMOs. A: Oxidative cracking of cellulose by LPMOs, where
NR-Glen refers to the natural non-reducing terminal and R-Glen refers to the natural reducing terminal*®!. B:

General reaction scheme of two LPMOs reaction mechanisms driven by O, or H,O, as co-substrate
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Figure 3 Phylogenetic tree and substrate spectrum of AA10 LPMOs. The circle numbers represented the
acting substrate types, @): C1 chitin; @: C1 cellulose; €: C1/C4 cellulose; @: C1/C4 cellulose, chitin; @:
C1/C4 cellulose, xylan; @: C1/C4 cellulose and mannan; The icon symbol represents a domain.
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P, MaLPMO10C HA C1 %A JLT it
GEAR 43 M 2 B AR rp O B B O ) R R R
HUREZS 5 TIRYENL, RIRGE CL.C4 7L
il iy = LR R 20
3.2 ¥FHEER
YR L AR TRy, £®
FLAEAR M . H#8 R RIS, e gt
RAh R, S50 SO S A f e o3
R, H AT R LR AA10 S5 LPMOs = 241 ]
TR R SRR 82 R, (HX T2
LR YRR TG PR A SR B, BT R
BEZF4EZ . LT B Ak IG R e, SR T
Caldibacillu cellulovorans ) CcCAA10A H—1>
R, A HER RS MR, Xt g AR
Wa H 2 SR LPMOs 45 R sl 4 i 4 Hr
K, ENFEA CBMs fibksl, GHs bk, i
X PR 2 G548 3 43 ) B A R SR I M RN H R SR
EIEGER 2). N, KIEF Cellulomonas flavigena
i) £ ¢ 4% CflaLPMO10B. CflaLPMO10C
WHASGHER . KREEARMEERT; kET

£ 2 AA10 Kk LPMOs A& I 848 B 3o 7 JiE 491
SR

Table 2 Substrate preferences for protein functional
modules of AA10 LPMOs'""!

Module name

Acting substrate or function

AA10 LPMOI10 catalytic domain

CBM2 Chitin, cellulose, xylan

CBM3 Cellulose, chitin

CBM5/12 Chitin, cellulose

CBM10 Cellulose

CBM73 Chitin

FNIII Various soluble and insoluble substrate
GHS5 Cellulose, mannan, chitosan, xylan
GH18 Chitin, chitosan

CBMs: f/KIEEWE G A FN: £MiE%E M ; GHs:
R 7K St i 5 ¥

CBMs: Carbohydrate binding domain; FN: Fibronectin;
GHs: Glycoside hydrolase domain.

Kitasatospora papulosa 1] KpLPMO10A HA 414
LT ARRBEA LI, 2020 47, Limsakul
LR SR T Paenibacillus curdlanolyticus W%
S5k PcAAT0A HEAT IR 43 B 2 B0, B 1)
AATO AL SR IR LF4E R . LT . AREBBE
HEBERESA WM, ik EALRTH
R MG
33 ESEZERY

FOKFE TR R R AR R R R
B EBOR A AR IR, FOKSCFIRE B2
BAFHEE, EREREH 43.8%T 4K |
39.6% 4T 4k R (FEIRAEH  14.3% A TR,
MRS A 30%HLF4E R (10.4% AR FHE 23.3%
AR, AR ER 4 R A T A Y A R
HAPRERME:, R Z2m 4 s, FeileE
THARRPERARR LSS E SR,
TE T [ it 21 4 28 2o 2 v 3l o FH A2 T Ak 2
RBRPLF AR MR WS, BN IC e T 47 4k
5, HLgERERGPRH K MEEI A . 2
i, fb2E WAL IR A P2 A B0, P £ 4
FOKARBERBUE D A, DL BN /K A B A A
HIR AR ST, HET AL AAL0 KKK
LPMOs i T 52 PORIRE 224 — 2 A R AR E
FORFTRIRE FAL TR LPMOs (35 £,
Limsakul ZEPO9E Fo 48 PcAATOA FfiE Ak 2% 4 Jai
Z K (PcAAT10A _CD) Xt & & B 25 i 2 B (£ K
5o R FERERSCRET R, —EXT KT
R AR BT TR 5, D o] BB 2 F B okFe
AR = TR T KT R B A T 4T
YY) R R R A R R, A
MR TXRE R AREfR . 3 /ME K I PcAA10A
JCIRU Ak iy Ak 2L AT o g A I 27 4 A 40 I R 1
ZhE, HAXNE AL geFeil. e HL
SR,
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4 AA10 ik LPMOs xtJ& 4 1y
N

4.1 AA10 X% LPMOs B 4E# 5 KR YE#F
E: WP

B 25 R e LR . R Al K
LPMOs F 1 51 B SR P 91— BOhE Ak, (EA AT B9
SER AR KA . LPMOs #8HAT 1 M52
TACHL Hi 1) 2F 2 3% 2 2 I RE /S R BR B AR B-ke
OIRZOEH, 2 A BT, A 7 5%
o 8 2% B AESY ., HE PR AT L i o-1
TERRY K, FI R Eff LPMOs e 25 & 2125
AR R, L AP A A B
28 T 00 B T PR P A S8 A R ST I 4 R
IAL, 1A N sk, PiIA4LEmIEE R N
ity 2 e LA — R Ry 21 2R S 2R i HES O KA
B IR T LM RO (& 4), A XA
SR A7 S TE TR 25504 LPMOs TR AR SF 1, i

DABERIPERE T 0ARE 5 M R AR A X Sl Bk 1
AR Ak R 20 B AS A 3 THT A E SEER A AR b P PO, ip
i LPMOs #3 & Z A3, il e sk
Vs RE, S H52MNRBIMEE; HTIEY
FESVERIARIR], XU T 5 LPMOs iK%
B KRR TN ik FE AR R I
AAL0 KGEEA LT Bl i LPMOs 4 &%
WEW KRR, MR EmR . &2 m
2ER, SAAERIIRYAELL, ©RLGE R
FHEAE 45 A 8 HoE K M0 LT ot 35 11 (2 Tk
I ERHO . SRIET Streptomyces lividans
HAJLT RAANEMER SHILPMOI10E, Hig4
SEMI 7 RPOFATEEAL N, HEFUR F s —
% 3 5 CFATHE(ST. S3 M S6), i —H ™
4 2 FATHE(S4. S5, ST HISS) (K 41, ix
i pJe.o & 5 HAL AA10 ZKiE LPMOs
GEFEHOU T B IR — . 4 ST R S3 Z ]
I 2 K, BUOE T ANFEZK K LPMOs Z [H]17E

4 SILPMOI0E B X 514 Rk HmrEE"

A B BRI & R R, 2 KRy

HE, Mg, T DERER. B B BRE RGO, BUALY His A8

TR U B o A i1

Figure 4 X-ray crystal structure diagram of SHLPMO10E™!. A: The B-sheet fold in the figure is purple, the
loop 2 region is cyan, the disulfide bond is pink, and copper atom is spherical. B: The rod-like structure
represents an active center, the coordinated His residue is silver, and the deepblue ball is copper atom.
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K/ 25 76 SHILPMOI10E 1, iZIX 3
PN B-BETE(HT AT H2)F 1 S/ B-8E(S2)41
B M AFAE A G, Cys43/CysS1 FiI
Cys78/Cys196, Ja &I 2 3] C-Kun B 5
(S8).I; 7EHAth LPMOs Fpth R Bl T —Fi s, —
WA TR AR AT RE & LPMOs 456 %4 & M il ¢
U A B LT RS A 4 R PO e
fETEPER) AAL0 Z % LPMOs HyFR 588 H 0,
X} LPMOs A6 REA T I 52 0 1Y 28 742 = 8150
M) LPMOs 75 W 2 A iAok | TR s & BR g
TG BEARR T XTI 45 G Re 1 BEAR . itsh,
Bissaro 25 HIEH], LPMOs fE LR YIIIEN T ,
IR JFE A S O, B HaO, SN AT LAAE 36 1
A

A5 DL AT 5 e JEL ) B RS P Y P AR
SIASAEFER, LPMOs JiE Y25 6 XI5k 10 25 4 5 it
5 HIREMI . Arora ZBE B, LPMOs )
A G X AR E i EtE, BA B HErs
AT I A8 5 Herb 2 2R S SR ) BT A 2R X
X B sh v, Bz 30 5 KP4 4 0 i 25
HZh 12— B, ReRE ALl S IR 455 T
M ZE R 281k
4.2 AA10 RX}E LPMOs BRTFHRESEY
EEMR KR

1E AA10 FJ% LPMOs H, K ZHE5 728 5+
KAETERC B-=HIARY B-HE S1 F1 S3 Z[H] A X
B, RIS 2 PP ER A iE A S B
e N S PANTTR N A D R N R VA K )
Cu(IDEF, BEAEMEIL N P8 F R Cu(l);
FERFORET, #POoB A T IRJUEN, H
AR B BE LA B 7K SR A B AR L 5 i S
- TAT [ 2 10 A A ) (o7, R TR LI AA9 K
% LPMOs W5 1 2% Tyr 55, MifE K Z 50
AA10 FJ% LPMOs H4 —% Phe {4,
LPMOs 1 Ji%H iH 3 76 AR KR B 1 B FoF- 31

JEE W25 45 3 T R A i A0 NV AR PO, Tl
— RV B R RS IR B 2848 R BE
AA10 ZKJ% LPMOs b AH R PR 58 FEXT IR M 45
EERTE S-S

LPMOs JIE Y456 2 10 1) 05 B 5% I o i 1
HERAH EAE R (0 Phe27 FOAH B AE IR 5 0%
IR AR AR, P e s, R
[ 557 A 5% X Z2 4 14 I 1 R4 A AR TR
Limsakul 2258 318 PcAA10A 5 AA10 k45
¥ (PcAA10A_CD) LB WA~ J5 &5k 3E Trpsi
il Phel71 8450 Ala, TERHX BN 95 & 5% 3L AT
A o 3 B AR A S OB R SO R AR AR
%5 PcAA10A_CD XFARNE P4 XM H B R
BRI, EITAMAJLT M AAL0 Kk
LPMOs [WJIEYI A5 &R E#H A 1 4 Thr 85, 4
'©45 PheS4 454 BT S RHIL T RGP, &
bR IR T Thermobifias fusca 1] TEFAA10A 456
R Trp82 Al Asn83, B SISHIMILEA B&
Wb, XA R I 54 A R NG &
Hk SCEE FH (B 51, AA10 K% LPMOs i
WA 1A EE TR AS G 3R Tyr R,
RALKIETF S. marcescens ) SmCBP21 f) Tyr
FRE(5 TFAA10A Trp82 4bTFAHEIN; &), Al
FRRARE S ILT g a0,

ZeBk N-AR vl s R A% 3 (His37) vl TH bR -2
RAR I, T BRI 5 LPMOs i A 15 i 45
Bro XFPAEAL R AKIRA T 456, UEIH T 4 -2 2R
THAENF LPMOs-JIR 45 & g FZAE O
4.3 ZHEE AA10 ik LPMOs 54
MR KR

£ AA10 Z % LPMOs ) £ 25 #4938 th , CBMSs
S5 R IAE LPMOs fi b D BE i HoAA 2R .
CBMs M4 FLA SE R J3 4] 1) A BL 0 Bk Sl 40 o
13 MK, CAZy B a PR A 89 MAIH 1Y
CBMs W, X% CBMs 7&K Y4 S 5
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5 TfAA10A YRS HIREFEEMA S A

LU X0 o-BRE . B IO B- R T B A Ak

IO PR RDIR G M s 3R AR TR IR AL 8 R 4k, His37. %0 Tyr213, JK{% Asn83 Flii {4
Trp82; i Jil 72— M EAYERIA, Hisl44 LI, B: BRRFORIE O, M 50— D @ rg kg
Figure 5 Overall structure and active site of TfAA10AMY. A: The red region was an o-helix, the yellow
region was a P-sheet fold, and the green region was a ring-band structure; The positions of the surface

mutated residues are shown as green (His37), purple (Tyr213), gray (Asn83), and blue Trp82; The copper
atom is an orange sphere and His144 is red. B: The rod-like structure represents an active center, the copper

atom is an orange sphere.

KB EZES . CBMs fig 5 — AR TEZ b
i, JEHE N Py B O A A R, DT 3G
LPMOs 5IEYILE &3, 2T Plam B4
PERIE 0T, R AAL0 FiER LPMO & [
I RE A T B R B S A 1) CBMs BEHUK
Was B oy Tz (3R 2), BEA mE RS 2
Wi, A 25 RACE S A R 24, LPMOs
F VS ) ok B 1k 5 HL 5 A B2 B DA OGS

CBM2., CBM3 ., CBM5/12 #f[R] it HA 21 4 % il
JUT MR IR YI4s -G a7, 1 H CBM2 id HA AR
RMELEGRET) . (2455 AAL10 K LPMOs
P RGP AR RIS A 1 CBMs IR 45 &
R SIS XN o IR T Listeria monocytogenes [
LmLPMO10 X} JL T i, 274 A8 A b g,

BEA 14 AAL0 fELZ5 R 38 1 4> FNIIT Ak
P4 CBMS/12 Fiibk, Hod AA10 #E8enl 5L

TR R R A A . CBMS/12 B A L
TIRMALER 4 AEHPY, Fik, LmLPMOI10
AR TR R T AAL0 BIELAI
CBMS5/12 BEH IR A VE AP SRIETF Vibrio
cholera ") VcGbpA W75 1 4~ AA10 BiHAI
14~ CBM5/12 Bide, HH5IUT R4S GEME
S, M-S LF4ER LA™ PE— BT uE
52, 24> CBMs b [ 3w o S 3 &
REJT 3SR, Xl nT LR 45 VeGbpA A
F. LmLPMO10 5474 & 454 it S sm b,

CBMs B A R 21 5 25 838 i T LPMOs X JiK
PG PER AR A T PR PcAATOA AR IR 45
Bk /E FH %% SR, Limsakul ZPY i 174K
PcAA10A FIEAL 25 Ky 18, 2 ik (PcAATOA CD) X%}
TR 2T 2 28 FIUR T 27 4 A ) o (K S AR B ) 46
ANEVERYIITEE, R PcAA10A XX SLEd)
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HTEME B 2 5 T PcAA10A_CD S5 AT BEJ& K
A L 25 4 3(CBMS . 2 4~ FNIIT #1 CBM3b)
A DL aE 2 5 B RN 5 G T 2 R R W R
Forsberg Z5*E 52 CBMs 1] LA {#f LPMOS 51
THERAIRR E o7 A Her %42 CBM2 (ScLPMO10C
MaLPMO10B F1 MaLPMO10D)# 1) LPMOs
PR S P I G CBMs B ScLPMO10B 1)
7R B PO

B CBMs fHAh, Z45M5 AA10 Kk
LPMOs Hif% &4 FNIIL. GHs 3%k 415 fets
(X1, HrhpE K iga i 320 GHS M
GH18, Xt Ak hae, Wik, &
A GHs #iHefy LPMOs IREAFIEPIFI AT RE: —Fh
A RESE PRI TS PEILAE , Il ThaE; o)A
AT RESEME T K ARG S5 LPMOs UL TE
HAEAEH— RIET J. denitrificans i) JALPMO10A
& TR EHR), WMkE T C cellulovorans 1)
CcAALO0A BT IE# , & R AW /KRG 1R
FEXT FNIIL A1 X1 4548 50 D BB 30 ik iy & B, 3%
LB ZE R I I 25 R IR AN ) il 5 S 4 1) 5 A R
WPE, 7 LPMOs H iy fgid wy it — PR .
Limsakul 2P0 FNIIL A 38 5o ok 28 2F 4 % 1
S TET AT 34 5%, A U0 X AN 2 4T A 2R AR
Mo FEEB A 245 AA10 FE LPMOs H,
X1 54T AAL0 ML ZE I FT CBMs 2
], #EM X1 25 EER S A RE6H K,
AT OBE AL % H2 P s PR AP i A 25 4 X A
%7 1R % o Payne 207V B X1 Z5F 3807 F
AAL0 HEALSEHYI AT CBM2 452 i), Al R
RIERLLT CBMs 1EH, LAHED) AA10 25t
B LS SRR L X SR A (R s
FIF CBMs Z5a 3k 2 (8] (R E 25 F fh % 3 AR 1
ZEFHRAE , P, Kruer-Zerhusen 2510 76 4
i A AT RE AR AR PR KA

5 WRERE

LPMOs & BURIHT T A AT Bl 1% i 245
F 2 BRI, $87R T — Rl A 2 W R e e 1Y)
HEAEHL, B AR P T 45 b 22 0 0 Rt
TEATEZARA WS T RN R S, A
A= Y IRRL B L AR 2R P I RE T BT AT REE . Y
I, AA10 ZJ% LPMOs FIRIFFE %A 4 5 Ak N
AR Tk N A R R L, R, B
HIX AA10 % LPMOs BIFRZRE + 0 A BR . B
IRXT AA10 FK i LPMOs JEX i E &4 T4 R
TR, R ARSI RR . A A S R X
HIRW AR T TS, (HERTR A T2
SRS ¥ 1 AT

£ LPMOs 4 J5 s gedr, UF JLAS ik
WA (1) RASFAEW =AY b2+
AR, % AA10 Z % LPMOs JEAE Ak 45 ke 355 1) S Bk
PEATHR Y, AL R S R Y 455 BE 1
SO, W T KA T ) I [ e e A s
Xof B A 7 0 (R 2 R Rt Bl s ), DA B L S 4
25 A A AR R A ML . in , JLRL CBMSs
SEA IR R LPMOs 1E EMALE], DL CBMs,
4 2 DXRIME Ak 285 g 35 22 ) 18 R E AR FRTATL o £ fe
Mro (2) 454 kb | e R BT
SERE AR TR T BT R TR AL B v ATl RE IR
E, RIS R AT 5 5 AR X IR I 45 5 N sE
LS, DA KOG - ) 52 5 AR ) F 75
T AR o 3 I 22 Y 56 T - RS 0 AH A
FEE , TRASRST AA10 Z % LPMOs JiE Y 1k £
PER N FERLS . BN, BT RAER G4 T 5 5 3
T 40 AR 14 (R T 0 e i 58 728 % ] T o7 R IFS 4 245
A RIEZN, MIMHE 75 HXT LPMOs JI B 52 .
(3) Hur e E A 4ifk . ThREsIER AALO
K% LPMOs 1t 45 1~ 1), {05 CAZY $¥s
JE AR R 0.6% 4, RIEukih—f, W
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PR AT X A LPMOs [ 3E FI AL . (4)
BE X 22 G5 AL S B A3 o LUK AALO K
% LPMOs, =530 515 3Rk K R0 X ok — 2
W ETHE . flan, 51 AR e Rk E AR R
AR FRBE M, TR 2 v R .
PL_E [ B B B ASACA LPMOs AR HLER IR
AfENTBEE T I, tMARA EHES) T LPMOs
FEAE W I A R AE R Tl P g
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