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Abstract; Due to excellent characteristics, there is a vast planting area of eucalyptus in China. Its cultivation,
production and processing processes will produce a large number of eucalyptus bark and sawdust, of which surplus
resources are rich. It has been reported to cultivate edible fungi using eucalyptus sawdust. To analyze the difference of
metabolites and their pathways in Pleurotus pulmonarius cultivated with three different substrates among eucalyptus bark ,
eucalyptus sawdust and miscellaneous sawdust. Based on the Ultra-High Performance Liquid Chromatography tandem
Mass Spectrometry ( UHPLC-MS) technique, an untargeted metabolomic study was performed on the differences
metabolites of fruit bodies of Pleurotus pulmonarius under different cultivation substrates by and Orthogonal Projections to
Latent Structures Discriminant Analysis (OPLS-DA). The results were as follows: (1) The screening results based on
Value Importance in Projection (VIP)>1 and T test P<0.05 showed that there were 45 differential metabolites and eight
differential metabolite pathways between treatment Group B (eucalyptus sawdust) and control Group A ( miscellaneous
sawdust) , 53 differential metabolites and 15 differential metabolite pathways between treatment Group C ( eucalyptus
sawdust) and control Group A, and 39 differential metabolites and five differential metabolite pathways between
treatments Group B and Group C, respectively. (2) According to the Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment metabolic pathway, four significant metabolic pathways were obtained between treatment Group C
and control Group A, including arginine biosynthesis, arginine and proline metabolism, pantothenate and CoA
biosynthesis, alanine, aspartate and glutamate metabolism, and treatment groups B and C obtained one significant
metabolic pathway which was Histidine metabolism, while there was no significant metabolic pathway between treatment
Group B and control Group A (P>0.05). In conclusion, using the by-products of eucalyptus processing ( eucalyptus bark
and eucalyptus sawdust) as the main cultivation substrates of P. pulmonarius, especially eucalyptus sawdust, can realize
resource recycling, reduce production costs and improve economic benefits. This study provides a theoretical basis for the
application of eucalyptus processing by-products in the cultivation of edible fungi.
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Table 2 Selecting of differential metabolites
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Tig?nfeﬁm R l%% ::iif i P fl ﬁﬁflgﬁ ?higt ﬂcf
eroup Metabolite name . 1mpurt-a¥10e- P value change substance
or the projection content
B&A 1 KW Salicyclic acid 1.16 <0.01 0.19 )

2 WML 4iHE A Dephospho-CoA 2.32 <0.01 0.53 }
3 S-RAERIFERNG-2(3H) -fil 1.45 <0.01 0.23 !

5-hydroxybenzofuran-2( 3H) -one

57 - B IR 5'-methylthioadenosine 1.15 <0.01 0.68 l

1383 A A 92, 11E +/\Bk ZHiR 1.69 <0.01 0.12 ]

13S-hydroperoxy-9Z , 11E-octadecadienoic acid
6 MK Riboflavin 1.07 <0.01 0.42 1

4-ARZ B 4-oxododecanedioic acid 1.07 <0.01 0.33 1

9-F25E-10, 12- /\Bk —J5 R 7.39 <0.01 0.17 }

9-hydroxy-10, 12-octadecadienoic acid
9 2-FLfiR 2-oxoadipic acid 10.10 <0.01 0.63 l
10 2Bk -D- B Acetyl-D-carnitine 5.32 <0.01 0.78 |
11 9 AL A-10E, 12E +/\Bk MR 1.63 <0.01 0.11 |

9-hydroperoxy-10E, 12 E-octadecadienoic acid
12 A4 Carnitine 3.31 <0.01 0.81 !
13 9,10- " ¥3E-12,15-+ /\Bk —HR 1.95 <0.01 0.04 !

9, 10-dihydroxy-12, 15-octadecadienoic acid
14 9-FRFLIHAL  9-hydroxylinoleic acid 1.13 <0.01 0.33 !
15 BA R H s Glyceryl monolinoleate 1.04 <0.01 0.04 |
16 MABLEAREES AR NADH 1.02 0.01 0.74 |
17 NBE3LATL  Propionylcarnitine 1.32 0.03 0.90 }
18 252 A 1R 2-hydroxycinnamic acid 5.95 <0.01 1.44 1
19 X F2 FE TR p-hydroxybenzaldehyde 1.47 <0.01 1.39 1
20 N-FSL-L-BFEBR  N-methyl-L-glutamate 1.27 <0.01 2.31 1
21 UREE  Piperidine 1.70 <0.01 1.28 1
22 F L REHBETMR  Zidovudine glucuronide 1.14 <0.01 2.82 1
23 RERLEE AT Glycerylphosphorylcholine 1.76 <0.01 3.75 1
24 HImBEERARGL  Glycerophosphocholine 1.21 <0.01 3.80 1
25  D-ZH&R D-histidine 2.74 <0.01 1.94 1
26 D-#i % D-valine 2.99 <0.01 1.28 i
27 H L BB I iR Methylsuccinic acid 3.05 <0.01 1.69 1
28 (3S,84s)-7-Fe3E-3-(FEF3E)-2,3,6,7,8, 8a- 7K AL I 1.15 <0.01 3.42 1

[1,2-a]MEWE-1,4-—[

(3S, 84s)-7-hydroxy-3-( hydroxymethyl )-2, 3, 6, 7, 8, 8a-

hexahydropyrrolo [ 1,2-a] pyrazine-1,4-dione
29 5T 5 -AMP 3.43 <0.01 1.57 1
30 ZBERTRR  Acetyl adenylate 1.36 <0.01 1.54 1
31 S-FA TG IRF SR S-aminovaleric acid betaine 1.74 <0.01 1.55 1
32 D-¥E#%HE D-tagatose 2.21 <0.01 1.49 1
33 IE#Z R Norleucine 3.47 <0.01 1.18 1
34 1| i -3 - F Indole-3-carboxaldehyde 1.29 <0.01 2.18 1
35 ZR%E  Calcium pantothenate 4.88 <0.01 1.55 1
36 WEENRF Bromelain 3.80 0.01 1.20 1
37 D-B% & iR D-tyrosine 2.05 0.01 2.14 1
38 L-B%@ L-omithine 1.56 0.01 1.44 1
39 D-AEM D-tryptophan 6.26 0.01 2.46 1
40  D-fE®  D-proline 1.05 0.01 1.44 1
41 WK W iR Pipecolic acid 1.44 0.01 1.48 1
42 D-AHNZEM D-phenylalanine 3.71 0.02 1.41 1
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43 JRIFRRBEHIAR  Adenylosuccinic acid 1.43 0.03 3.33 1
44 ZBENEE  Ribonolactone 2.37 0.04 1.19 1
45 FAILTN MR £.TF  Ethyl methacrylate 1.54 0.04 1.11 1
C&A 1 MRWEMR4EE A Dephospho-CoA 2.22 <0.01 0.48 !
2 (2S,3R,4S,5R,6R) -6-Z A Je-2,3,4,5-PURE 5.48 <0.01 0.38 |
(2S5,3R,4S,5R,6R) -6-ethyloxane-2,3,4 ,5-tetrol
KR Salicyclic acid 1.13 <0.01 0.07 !
4 SR FERIFIR -2 (3H) - 1.53 <0.01 0.03 1
5-hydroxybenzofuran-2( 3H) -one
5 FZ A Ergothioneine 4.42 <0.01 0.81 l
6 ZHERES  Calcium pantothenate 4.19 <0.01 0.62 1
7 JH B IR 0 — A% R NADH 1.34 <0.01 0.51 !
8 B Carnitine 3.89 <0.01 0.69 l
9 BMENEE  Ribonolactone 3.53 <0.01 0.63 !
10 S5'-FEMREH 5 -methylthioadenosine 1.08 <0.01 0.61 !
11 45805 2R 4-oxododecanedioic acid 1.01 <0.01 0.27 }
12 %R Pentanedioic acid 2.40 <0.01 0.67 }
13 {ZM Pantothenic acid 2.48 <0.01 0.59 !
14 1381 AL 92, 11 E- T\ ik — MR 1.43 <0.01 0.20 !
13S-hydroperoxy-9Z , 11 E-octadecadienoic acid
15 2-2 52523 T 2-ethyl-2-hydroxybutyric acid 5.02 <0.01 0.39 1
16 9-¥23£-10, 12-F /B — R 6.34 <0.01 0.21 !
9-hydroxy-10, 12-octadecadienoic acid
17 9-idEHALA-10E, 12E-F )\ Bk &R 1.38 <0.01 0.17 !
9-hydroperoxy-10E, 12 E-octadecadienoic acid
18 S THEEABL  Isobutyryl carnitine 4.88 <0.01 0.76 !
19 9,10-"F3-12,15-+/\ Bk IR 1.59 0.01 0.11 !
9, 10-dihydroxy-12, 15-octadecadienoic acid
20 9-FRFEWIMAR  9-hydroxylinoleic acid 1.03 0.01 0.36 }
21 2-Kifg  2-oxoadipic acid 5.82 0.01 0.77 !
22 9, 10-PRF- 18- -+ /\bi e 1.34 0.02 0.31 }
9, 10-epoxy-18-hydroxy-octadecanoic acid
23 T & Succinic acid 2.34 0.03 0.91 }
24 FIHEAA KM BE  Arabinofuranose 1.54 <0.01 1.50 1
25 SN HL-B-D-1gE N 7L i pE 1.00 <0.01 1.86 1
Isopropyl-B-D-thiogalactopyranoside
26 D-JEAEME  D-tagatose 2.80 <0.01 1.95 1
27 L- B &R L-glutamic acid 1.82 <0.01 1.52 1
28 B4 HGIAER  Arabinonic acid 4.37 <0.01 1.84 1
29 2-RLAE-D-EiME  2-deoxy-D-ribose 2.20 <0.01 1.74 i
30 D-ZHEMER D-histidine 2.19 <0.01 1.67 1
31 S-BILAPREHSED  5-aminovaleric acid betaine 2.19 <0.01 1.86 1
32 D-iEMR D-proline 1.54 <0.01 1.94 1
33 2-F2FE R 2-hydroxycinnamic acid 4.54 <0.01 1.32 1
34 3'-FHFLEE  3'-ketolactose 4.74 <0.01 1.59 1
35 N-Z. B E R R N-acetyl-methionine 1.25 <0.01 3.79 1
36 D-WAER D-valine 2.79 <0.01 1.30 1
37 L-%5 %R L-ornithine 2.18 <0.01 1.90 1
38 S-BEMRMRTT  5'-AMP 3.36 <0.01 1.71 1
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39 YHFFIRFEE  p-hydroxybenzaldehyde 1.20 <0.01 1.33 1
40  FISEHL  Betaine 1.55 <0.01 1.38 1
41 HIECH  Aminocaproic acid 1.69 <0.01 1.25 1
42 WRWE  Piperidine 1.40 <0.01 1.26 1
43 WHH—HF  Gentiobiose 1.02 <0.01 1.37 1
44 FHEZBEH  Gentiobioside 6.42 <0.01 1.23 1
45 RN PE (18 : 2/0: 0) 1.67 <0.01 1.39 1
46 BEME Sucrose 4.52 <0.01 1.22 1
47 R IE iR Pipecolic acid 1.03 <0.01 1.27 1
48 42 FE MR 4-hydroxycinnamic acid 1.13 0.01 1.48 1
49 D-§ &R  D-tyrosine 1.07 0.01 1.38 1
50 HAEESEIRMER  Methoxymalic acid 6.52 0.02 1.05 )
51 D-fAEM D-tryptophan 2.13 0.02 1.23 1
52 D-ZENZEM  D-phenylalanine 2.06 0.04 1.18 1
53 BIWENE PC (18 :2/0:0) 1.26 0.01 1.29 1
B&C 1 M52  Riboflavin 1.23 <0.01 0.33 1
2 L-A%M  L-glutamic acid 1.96 <0.01 0.62 i)
3 . E-D-A B Acetyl-D-carnitine 5.20 <0.01 0.74 !
4 N-ZBEEZ R N-acetyl-methionine 1.20 <0.01 0.31 !
5 2- A -D-#HE  2-deoxy-D-ribose 2.12 <0.01 0.59 !
6 5 P9 ik -B-D-WE Y- FL Ak M 1.03 <0.01 0.52 }
Isopropyl-B-D-thiogalactopyranoside
7 4-FRFENHERR  4-hydroxycinnamic acid 1.38 <0.01 0.58 l
BT$7 L% R Arabinonic acid 3.59 <0.01 0.70 }
FHZET  Betaine 1.38 <0.01 0.79 |
10 +/\BE-9,12- A Octadeca-9, 12-dienal 1.78 <0.01 0.72 !
11 JefH M Gentiobiose 1.17 <0.01 0.67 !
12 W HH W5 Gentiobioside 6.95 <0.01 0.81 }
13 WM Sucrose 5.02 0.01 0.81 l
14 ZEHFCH  Aminocaproic acid 1.55 0.01 0.81 }
15 JABERIRIES — k1R NADH 1.29 0.02 0.75 )
16 WHEHEVRR  Methoxymalic acid 8.15 0.02 0.92 !
17 2-TKIg R 2-furancarboxylic acid 1.25 0.02 0.91 !
18 [(2S,3R,4R,5R)-5-(2,4-Z A Msng-1-35) -3, 4- " R I 4 1.52 0.04 0.84 !
FRIR DN -2 ) W AR Y G
[ (2S,3R,4R,5R) -5-(2,4-dioxopyrimidin-1-yl) -3 ,4-
dihydroxyoxolan-2-yl ] methyl dihydrogen phosphate
19  {ZMR Pantothenic acid 3.03 <0.01 1.81 1
20  AZAENEE  Ribonolactone 4.77 <0.01 1.89 1
21 HIMBEELAEAR  Glycerylphosphorylcholine 1.86 <0.01 5.95 1
22 H M BB IAE  Glycerophosphocholine 1.22 <0.01 4.61 1
23 2-.F32-FFF TR 2-ethyl-2-hydroxybutyric acid 6.49 <0.01 3.39 1
24 FEMELA  Ergothioneine 5.10 <0.01 1.29 1
25  {ZMR%5 Calcium pantothenate 6.82 <0.01 2.50 1
26 A-FFE 3 B Methyl a-D-galactopyranoside 1.05 <0.01 1.85 1
27 3-BIETMHES  Methy 3-hydroxybutanoate 1.09 <0.01 1.61 i
28 FELIEFIR  Methylsuccinic acid 2.76 <0.01 1.55 1
29 % R Pentanedioic acid 2.45 <0.01 1.50 1
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A HE B s
S Y . Y H S [y YR AL,
Tiﬁit o AU Variable PE %1{)113 i Change of
0. Metabolite name importance P value substance
group - change
for the projection content
30 (2S,3R,4S,5R ,6R) -6-Z. K Je-2,3 4, 5-PUfE 5.06 <0.01 2.49 1
(2S,3R,4S,5R,6R) -6-ethyloxane-2,3,4, 5-tetrol
31 WEE M EE  Bromelain 3.76 <0.01 1.20 1
32 9,10-FRE-18-F8 K-+ /A BE R 1.28 <0.01 2.80 1
9, 10-epoxy-18-hydroxy-octadecanoic acid
33 FATH7AF K IR Arabinofuranose 1.27 <0.01 0.78 1
34 3'-EFLBE  3'-ketolactose 4.09 <0.01 0.73 1
35 D-JEMHE 1852 D-tagatose 1-phosphate 1.97 <0.01 0.76 1
36 W #f  Carnitine 2.32 0.01 1.18 1
37 MIBE-3-FEE  Indole-3-carboxaldehyde 1.09 0.02 1.84 1
38 D-f5 &R  D-tryptophan 5.26 0.03 1.99 i
39 S THEABEL  Isobutyryl carnitine 3.47 0.04 1.18 1

TE: A-CERE 1, FR; 1L A0 ERm i & R 0 LR R

Note: A—C as Fig.1, the same below; T, | represent the significant increase or decrease of the content of the substance respectively.

R TRt G AR B IE ) USSR AR | Ok AR AR i
FER A A R D TR | WA K e RE Y A R
FrE RGN A0 A S8 0 S5 iR 12 A 25 5, N Rk AL L
B 75 6 4 Bl 2B K e T RN T S AR 3R B T AR B
FAWE o WRENETAF (2015) 76X HU A B2 A AR T
K -4 7 SR A B 5T A R A AR S 2 T
HEE IR AT O i AR ARk 2R I M R ) - 2
SEAR P A 2 TN 3R 3k 5 85 55 R R 43 22 S 9 U0 AH
5K, AT BB AR W o i ) R0 T R FE B R W o
SR 2E R0 XK,

TERER 7 FiRE A T % 55 16 il i B S 4k op
3 FH H 2 RARECR R Y a0 i 56 R R
FACE Y R FE LR T I ol TR R AR
Fiz BRGS0 A 3 LR SRk A B W
AP E M R R R R A B W2 1 — 2 R
BALB Y, TE BT IR 50 BRI IR T TR AR T H 25
B (TRZE5E45,2022) % F HE 28 HH i3 0 A1 4 A G
5 R R R BT I AU Ab I R R P BN
DR A R, DT Tl B TR (1R IR K AR, 2022)
AR VRS T B B (XU 42022 ) 5 H I e IR Ak
HATIRIT 2 I b XU 1 7 20 47 B A
K R 12 Ty 5 Oy i W T &R B AL ML E,
2018) 5 H 7B 1% JIE A EL A A 0K 50 100 B | ol 55 22 A1
NEAZ RN AR J1 A 97 BT IR 9% 1t Bk s &2
ik A3 28 401 096 S5 D8 ( RE AR B Nk SCitE ,2015) 5 it
SR YE AN M B T 3 R T R AR
SR e, FLAE e REAS R AT o Y 3 4 8

Jo3 B ORI g 15 AR5, 384 5 AILAA S0 98 T 5 0 A 1L g
JT(ZBMFEAE,2022) 3 @ 5O RTFEIG IR L2 )z 0
FTERE Mash ik sh S5 FARAR R J5 il i B
FEREF LR (2 P & M #E 5 ,2022) , X
AR ERTE AR ISy LR o L i B I DA EE 7 )
IR0 = P AR 2% A T 45 5 I3 A % I ) - AT
ERRE E R MR Y B A L E
VINIERS

1T XU A48 B bR (AR T #5827k XU 1
47 SR (BT AR 5 & 1 R R R
) (25 ,2021) AN R SR AR TR A
PLER L ZBRIK DL RO 2R 5, KEGG & 45
BT & 2% 5 0 2 i A0 B 2 20 Bk AR AR W
ARG R AU R A I IR A A
WA ERR R IR A AR A, H T 5
B PA 7 e A 2R 00 A 2 R A 45 A SR A
Ko AR B AT AT 20, AN () % B 585X fili i) HE
FRE LR | 4 A R A B R T A AR R e A
TR REARS Bz R A Jig ok 85 10 il T A - rh 25 0 | I
SR RS R Z LR A, 156 IR R e
TN =30 (REAR B2 A AT ) VB S Jili JE A - 1 =
PR G H TAT fl2 Aa H S AR KU S IR A
HAPRE | BN S PR R AR

LA ZH AF 5T e B LA K i A 3 R Ak 5% il
FEM B £ 77 Al 3k 1.00 ¢ 1.96 (Al BE 4
2016) , 254 2207 1 PR 2 nT S0 R0 Bz A AR g (I
HIEAEATE ) 15 il M B 1y 2 Bk 3% 35 Joit ] 52
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Table 3 KEGG pathway annotation

Experi-  J¥5 fUBHEHS RUEIRE b sgmos
mental No.  Metabolic pathway . P value  Differential metabolites involved
group (uantity
B&A 1 SRR 3 <0.001  9-¥EIEW MR, 9-8IE-10, 12- T /\ Bk MR, 13S-1f |ILE-9Z,
Linoleic acid metabolism 11E N\ 15 TR
9-hydroxylinoleic acid, 9-hydroxy-10, 12-octadecadienoic acid, 13S-
hydroperoxy-9Z , 11 E-octadecadienoic acid
2 i1 i [ i Lysine degradation 3 0.002 WRBERR , PO, 2-HHR
Pipecolic acid, carnitine, 2-oxoadipic acid
3 BEISICHE Ether lipid metabolism 2 0.008  HmBEm ARG, H B Ik N
Glycerophosphocholine, glycerylphosphorylcholine
4 BER{LIE Purine metabolism 3 0.011  JRHEMEEIEMEE, CEHIRTRR, 5'-H oI H
Adenylosuccinic acid, acetyl adenylate, 5'-amp
5 EXREEWER 2 0.017  5'-BEMRIRF, 5'-H G
Zeatin biosynthesis 5'-amp, 5'-methylthioadenosine
6 HmBEAE 2 0.027  H BB ARG, H 4 5 AR ek
Glycerophospholipid metabolism Glycerophosphocholine, glycerylphosphorylcholine
7 JEbE R E I E A P AE G R 2 0.043  URIERR, WRIE
Tropane, piperidine and pyridine Pipecolic acid, piperidine
alkaloid biosynthesis
8 RNAERUY 2 0.049  DIARWEME, 22 IAHER
Phenylalanine metabolism D-phenylalanine, 2-hydroxycinnamic acid
C&A 1 52 R I it Lysine degradation 5 <0.001 WRBERR , B, TR, TR, 2-BR
Pipecolic acid, carnitine, pentanedioic acid, succinic acid, 2 —
oxoadipic acid
2 WImARACH 3 <0.001  9-F%E-10,12-F B IG MR, A E-97, 1IE +\BR I,
Linoleic acid metabolism 9-F2 L il iR
9-hydroxy-10, 12-octadecadienoic acid, 13S-13S-hydroperoxy-97,
11E-octadecadienoic acid, 9-hydroxylinoleic acid
3 ABC #%iZ# 1 ABC transporters 5 0.001 AT, L-SER, M3, -8, R
Carnitine, L-ornithine, betaine, L-glutamic acid, sucrose
4 RNERH 4 0.001  JRREPYEERR DN, 4-RFENEERR, T R
Phenylalanine metabolism D-phenylalanine, 4-hydroxycinnamic acid, succinic acid, 2-
hydroxycinnamic acid
5 HALBERRALIEM 2 0.005  MHBEMARIENE IR, T R
Oxidative phosphorylation NADH, succinic acid
6 MEMEYE N 2 0.009  SEMR, L-HEM
Arginine biosynthesis L-ornithine, L-glutamic acid
7 REERRAME RN 3 0.012 &M, L-LEmR, L-AEm
Arginine and proline metabolism D-proline, L-ornithine, L-glutamic acid
8 ZRMAHHE A EYE I 2 0.014  JLEEMRENE, 120
Pantothenate and CoA biosynthesis ADephospho-CoA , pantothenic acid
9 WEmM KLEmMEAmNG 2 0.015  HEM, T M
Alanine, aspartate and glutamate L-glutamic acid, succinic acid
metabolism
10 AVBEH R 2 0.024 S5, L-AEm
Glutathione metabolism L-ornithine,, L-glutamic acid
11 ERZEAYER 2 0.025 5 -WHIRTF, 5'-B AR 5'-methylthioadenosine,, 5'-AMP
Zeatin biosynthesis
12 TR Butanoate metabolism 2 0.028 KEAmR, TR
L-glutamic acid, succinic acid
13 #H&E R Histidine metabolism 2 0.034  EMBRAE, L-SER
Ergothioneine, L-glutamic acid
14 FHEREY BN 3 0.039  Hg, L-SEMR, L-HER,
Biosynthesis of amino acids 2-oxoadipic acid, L-ornithine, L-glutamic acid
15 2-5 R & At 2-oxocarboxylic 3 0.044 R, L-SER, L-AER
acid metabolism 2-oxoadipic acid, L-ornithine, L-glutamic acid
B&C 1 ABC #3211 ABC transporters 4 <0.001 RERE  L-S AR, FHSEm, A
Sucrose, L-glutamic acid, betaine, carnitine
2 EEARHU 2 0.003  H M BERR ARG, H 4 2 AR ek
Ether lipid metabolism Glycerophosphocholine, glycerylphosphorylcholine
3 2 4 W2 ¢4} Histidine metabolism 2 0.010 MW, L-AHER
Ergothioneine, L-glutamic acid
4 HIhBEAE A 2 0.013  HMBERRAARL, H b AL
Glycerophospholipid metabolism Glycerophosphocholine, glycerylphosphorylcholine
5 AR % f# Lysine degradation 2 0.014 TR, R

Pentanedioic acid, carnitine
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The ordinate and abscissa represent the enrichment significance
—log2 (P value) and impact value, respectively. Each bubble in
the figure represents a pathway, with the bubble size representing
the impact value and the depth of color of bubble representing the
P value.
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Fig. 4 KEGG enrichment pathway diagrams
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