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Analysis of key differential metabolites in the autolysis process of Coprinellus
micaceus by amino acid targeted metabolomics

QU Guang-Sheng'?, JIANG Yao’, XU Lin"?, DAI Qian'?, LI Xian-Yu'?,
WEI Gang'?, LIU Yu-Jie'?, ZHAO Lian-Wei'"
(1. Anshun Centers for Disease Control and Prevention, Anshun 561000, China; 2. Anshun Key Laboratory of Food Safety

Risk Monitoring, Anshun 561000, China; 3. School of Public Health and Wellness, Guizhou Medical University,
Guiyang 561113, China)

ABSTRACT: Objective To screen the differential metabolites of amino acids during the autolysis process of the
Coprinellus micaceus by amino acid targeted metabolomics, and analyze the potential pathways of its autolysis
process. Methods The samples of Coprinellus micaceus were collected, the samples were divided into a control
group and an autolysis group, with 6 samples in each group, totaling 12 samples. The 24 kinds of amino acids in the
samples were detected by ultra-performance liquid chromatography-tandem mass spectrometry. The sample
repeatability and the trend of overall metabolic differences were evaluated through multivariate statistical principal
component analysis (PCA). Orthogonal partial least squares discriminant analysis (OPLS-DA) maximizes differences
between groups and screens for differential metabolites and the Kyoto encyclopedia of genes and genomes (KEGG)
pathway enrichment analysis was conducted for the differential metabolites. Results Through PCA and OPLS-DA,
the contribution rate of principal component 1 (PC1) was 52.6%, and that of principal component 2 (PC2) was 24.1%.
The autolysis group (R) and the control group (W) were completely separated, and the amino acid metabolites of
Coprinellus micaceus disseminatus during autolysis showed significant differences. Differential metabolites were
screened under the conditions of variable importance projection (VIP)=1, P<0.05, and [log,FC|=0.58. The
differential amino acids during the autolysis of Coprinellus micaceus were ornithine downregulated by 2.7-fold, and
tryptophan, citrulline and cysteine upregulated by 1.8-fold, 2.5-fold and 1.9-fold, respectively. Cluster analysis results
showed significant differences in amino acid metabolites between the autolysis group and the control group.
Cysteine, tryptophan, and citrulline were significantly highly expressed in the autolysis group and stably lowly
expressed in the control group, while the expression pattern of ornithine was completely opposite to that of the 3
metabolites. Pearson correlation analysis showed that there were extremely significant positive correlations between
cysteine, citrulline and tryptophan (P<0.01), while all 3 showed significant negative correlations with ornithine
(P<0.05). Enrichment analysis was performed on the significantly different amino acid metabolites. The results
showed that the potential core highly enriched pathway in the autolysis of Coprinellus micaceus was the amino acid
biosynthesis pathway, the sub-core highly enriched pathway was the biosynthesis of plant secondary metabolites and
the moderately enriched pathways included arginine biosynthesis, glycine, serine and threonine metabolism,
glutathione metabolism, 2-oxocarboxylic acid metabolism, central carbon metabolism in cancer, aminoacyl-tRNA
biosynthesis, D-amino acid metabolism, protein digestion and absorption, and cofactor biosynthesis. Conclusion
Ornithine, tryptophan, citrulline and cysteine are screen and identify as the key differential metabolites in the
autolysis process of Coprinellus micaceus. These 4 kinds of amino acid differential metabolites can synergistically
regulate the autolysis process of Coprinellus micaceus through multiple potential pathways. The results of this study
can provide data support and scientific basis for the preservation and storage of macrofungi, optimization of
processing techniques, and comprehensive development and utilization of resources.

KEY WORDS: Coprinellus micaceus; autolysis; amino acid metabolism; targeted metabolomics
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AN AR A A, AR O L IR 35 R PR 7 A i 4 38
TEOL RN LA LV Y BOR e A #E R (R4 )
S IO HER, 7R A VA TS B9 S MR HL TR I AT RS,
ATRES IR WU HE R ), fa3 AR T B [
T 52 B 5 2% B 45 3 S R, 0k 288 0 g% 2 o R i A
T IR A0 B e MR A S VR el o) pE R
AR S G 2 A U2 A | 0 R A Rk 1 VAL
JETFOIEGE, WEFERM], JEBUHFE . BBl . RS |
JUT il . 28GRSR -5 R PP St T OGS
S H R AR A DIALG, SaePIR A, K
W AR R PR ZE R RA RN B EEET RNA S
R R DI RE B N S A G A 27 i 42, A TR, &
SEMR A AR TR S BY LB 1 ¥ A v T T AU A R R
Az S A AR PR 5T, DT e A 40 B 1 e A A 7 A
A TR, KRB A E LR b SRR E
PGS, XRS5 A ML BE i, 5 S SRR AU
IR o X ok N AT 7, PR B AR fe i sl
Orfile, MRS R L 5 O AR ) 1 shid 72, ixid
P RIERR IS R TR S Z R A AL AR A pLE "
I, AR R SRR A M R A, X ECR A K 3R
B3 I AT L

IR AU & A TS AR LR Y, AT A=)
B RN PR AT RIS B R
A B AR S A M N BRI R A, AT RE L el n]
S E SRR A I IR R o S R 1) A 4
FORBE GRS A2 o AR YRR A rp B b R R AR
P KO0 A H AR T RN < A Y R R R
RERS AT 200 e 1 i A P A R 22 S A W), kL
INTLA B TEAILIR] B TR AT SRR Al i S

FURT, ST dbi/ N A i BE 98 2 4 h T IR 5 2 208
Ak N T TP i R N = R i3y Y DR T RS o
e B R AR 25, A1 0 FUTR 2R 11 I U [ 2 Ak
Pt Pk o> TR, HAE B 3 AR A S 9 LA
PR FFRAIRIT o R LR AL 1) (OB AL A R B A T, o ife
1 5 R R TR S LR AW O ok SR R 2 S A B A2
TIRA B SCHEE o AT R I E SR IR L 1) AU 2
R, S BT AR/ B A B VA L AR S R A S T
AR 3 B AR, O TR AR T R TR R IR B J% e 77
AR AN

1 RS

1.1 MR WSS
111 ##5 A

HEEA BV Y d R/ I A T SRR AR AR B &
JUIB L R ARARAA

24 FhEILIRIR BRI . L-ARNEIR-Ds (TR A
1000 mg/L, ¥ZA8BRRH Ay A BRA R, EhER(ILS 4, &
PRNZRAE TA R 7D, R (o bra, KAk R A1)
ARRATD; HEE. G, f5E Merck Aw); HR
(i al, E¥ERRT KA R A); Atlantis™ HILIC
Silica t4 34 (100 mmx3.0 mm, 1.7 pm, 28 EIRE IR A
FRZSFD); 25 mL BB A (.05 B3R A FRA F).
112 BES5#%E

QTRAP 4500 i AH 3% T 1k 106 FHAX (36 |5l AB SCIEX
23 l); ME204TS J7 43 22— 43 i R (36 E AR 8- R 2 4%
A R D) 2X2-4 B URTIRALCT IO 2 AL R AR A
Ry FD); TTL-DC11 R WAL (AL 5t Rl 28 B BH AT BR 2 7]);
ZXFD-B5090 5 3 XU THRAF (F o B 3 20 A 1 e i e A PR
AT, MVT ZHEATERIES (NG ZAUERRHCA R
#]); ELGA PURELAB Option-R 4li7K AL F g7 fiE A 7))
1.2 R IRECH

WEBRILI 1 mL STt ¥R B R 1000 mg/L [ 24 Ff (3
FRIB A PR UEVE T, F 10% 2 T 7KV T T A5 I e vk B Ay
100 mg/L MR A PR AEH I, PR 1 mLIRGdrifErha]
W, F 10% NGRS RS RS 10 mg/L VRS
PR R . BGE EIR AR A, F 10% KB
R BT R VR BE N 10~800 pg/L (bR UE RS -
1.3 #AHE5LE

SR A TRl — MR fF R % A BV 9 RN TR A S AR
A, HIBRFM AT, A5 Wiy . o — 4y RIS H
FEFESN 0 h 4 BREH(W), Wl A h sl v e, R fEFE
A—=80 °CHLIRIKAER RIR A& B—HmWET 22 °C
EIEAE P E R IR 24 h, RR TSR BLARTHRE B IS HURE,
YERAWAR), ABFEAGLLAbIE 2 KAy (385
Xof PR ORAF— 3

BUBFEA S TR BTN, —60 CREHTHRET,
¥yweal 50 Hfi, f#s0#r. i (quality control, QC)FF: il
ik Ay BIRRIUE Gy C R TR A 100 me, AR M. &
SRR 5% 30k 16-17], H AR

TERIFRI 0.1 g KEALE T 25 mL M, AR
e RE A 1000 mg/L B PNFRETR 25 uL, il 10 mL 6 mol/L LR,
YRSz KA I 3 RS, BERTES) 2 min, RARA
F 110 °CHERI KM 22 h, KIREEHE, KK BRI EE 50 mL
RS, HOREETRSERPUOKAE, KRB AR
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—HEMA, AEEFKERZZE, R5GRS.

W1 mL B3R 15 mL .08, RGTRET.
5 B 10% KB i E 2 2 50 mL, i 0.22 pm 9§
&, R FH & A €033 - o 56 BT 3% 5 (liquid - chromatography-
tandem mass spectrometry, LC-MS/MS)Z3#7 .
1.4 NEBFHE
141 iRAnE %S

% Atlantis™ HILIC Silica 2,45 (100 mm x 3.0 mm,
1.7 pm); A A, 0.1%HE; Hidhf B, 2 it 0.2 mL/min;

PEFE R 2 pL; R 35 °C; WShAHEL VR AR )T N
0~1.0 min, 90% B; 1.0~3.0 min, 90%~40% B; 3.0~12.0 min,
40%~10% B; 12.0~16.0 min, 10% B; 16.0~16.5 min,
10%~90% B; 16.5~20.0 min, 90% B,
142 Figdu

SR LI5S 1E B8 TR, 2 5O W (multiple reaction
monitoring, MRM)#ECHEAT BI04 . B FIRSECh: H
Wi L, +5500 V; ATR, 35 psi; ME%R, S0 psi; 4B
TNER, 50 psi; B FIRIESE, 500 °C; 24 FhE FERR AN AR
ESHILE 1.

Fz1 24 MEEE MRM RiEe#

Table 1 MRM mass spectrometry parameters of 24 kinds of amino acid species
75 AR K F(mv2) TET(m2) LRIV G ENAAY
1 L- S &R 133.1 70.1%/115.8 30 24.3/11.9
2 L- o2 iR 205.0 145.9%/188.0 40 23.8/14.9
3 L-/RZ 1R 176.0 70.1%/158.8 30 33.9/14.1
4 L-2f ok 2 2 121.9 75.7%/58.9 25 21.0/28.9
5 L-N AR 90.2 43.8%/72.1 30 14.2/13.1
6 L-KE 2R 174.9 69.6%/115.8 20 33.9/10.0
7 L-R Ak Jie 132.9 73.8%/86.5 30 21.3/14.6
8 L-R& AR 133.9 73.7%/87.9 30 19.7/14.9
9 L-Mr e g 240.9 119.7%/151.9 50 29.8/19.0
10 4- I TR 103.9 86.7*/68.9 30 16.0/22.3
11 L-%% 2 Mk 147.0 83.9%/55.9 30 23.3/41.7
12 L- B AR 148.1 83.9%/56.0 30 22.5/40.8
13 R 75.7 30.1%/58.9 25 15.0/10.9
14 L-2H 2z 155.9 109.8%/94.8 35 21.9/22.9
15 L-S e AR 132.0 86.0%/43.8 35 16.1/33.5
16 L R 132.1 85.8%/68.6 35 13.0/27.0
17 L-#6i 2 iR 147.1 83.9%/129.8 30 21.8/13.7
18 L-E IR 150.0 60.7%/55.7 30 31.1/24.6
19 L-ZR 9 2 2 165.9 103.0%/120.1 35 37.0/19.1
20 L-Ffi 2R 115.9 69.8%/56.7 30 23.8/15.0
21 L-22 7 0R 105.9 59.6%/41.8 30 14.1/33.9
22 L- TR &R 120.1 73.7%/60.8 30 16.0/28.1
23 L-fi% 2 2 182.2 91.0%/135.7 30 35.1/17.8
24 L-Z iR 118.1 71.8%/55.0 30 15.8/26.9
25 KNHER-Ds 171.0 124.8%/135.0 35 19.1/18.9

O ERET

L5 FiEFHIE
151 =R Aoty 5 2 B iE

ICEFIIAEAS 3 6y, INAJTEARE S 1000 mg/L HARTE
VR 100 uL, $ 13 FIATT PRAR T, THSEANER IS, ik
K 80%~ 1200478 [FII, ST Gy, 45 1.3 Hiiik ik
A, T W\‘muiéﬁ%$ﬁX¢$ﬁ7ﬁﬁ§(relative standard
deviation, RSD)fHJ7 WA # E, RSD<20%41 2
152 A s geiE

$5 L3 FA D IR AL, B mL RE SR AL BRI S i

T (Sy), B 50 pg/L IR A AR RAE RV AR L (Ss),
T3 mL ARSI (S, YRR TSI 1.0 mg/L #5551
FRUETRTE 50 pL 1A FEARHER B (S), TR HENT
Ak A VB A B, 1 b 3 5 RK00 (matrix - effect,
ME). ME 7£ 0.8~1.2 Z[A]>455 ME; ME>1.2 5 ME<0.8,
T4 R ) R

ME:M )

AR, Sy BB HARYIMARLE, Ss i pm A
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H EFRIR (R, S AEBORER R H AR (E
1.6 HIEAIE

FRIAEASR ] Analyst 1.7.2 BPRAE BTG s, H
SCIEX OS 2.0.1 %3 ik Py o il 26 o Ak PR A o B4
P o 8 R S BR)1 AEW)  F- 15 (https://www.omicstudio.
cn/tool.), SKFH R version 4.1.3 #4410 prcomp pRHGHEAT 3 A%
4343 ¥ (principal component analysis, PCA), PAFRISHEAH]
SRR 22 5 A A YRR AS ) Y AR S ;. R OPLSR.
Anal PRECHEAT IE AR fe /N — 3 1 51 43 BT (orthogonal partial
least squares-discriminant analysis, OPLS-DA), #—3 )&/~
BH ) 22 5, P A 6 vk N R A T LA A B XA
YIEAT IS FEAS tA 5%, FTF Benjamini-Hochberg ¥ X}
P A4S 1R & Bl (false discovery rate, FDR)#Z IF, P<0.05
FREFARITHE L TZARE 27 55(fold change,
FO)#E47 25 AR 4 0 i, 16 BUAR & J B % 7 (variable
importance projection, VIP) =1, P<0.05 H.|log,FC|=0.58 ]
RGeS 2= 5RY; F—22 xR TR 2
BiAl Pearson AHIOCHESHT, HRe L R 2 A BE R 5 B N

21 [ B} 4 5 (Kyoto encyclopedia of genes and genomes,
KEGG# s, 225 91T KEGG % & 41T
22 E 8 Origin Pro 2025,

2 HRED

REBRAEFRERAEFEIEER

WE 1R, by 24 FhESER S8 TR . SRR
SRIKAE 2,1 (hydrophilic interaction liquid chromatography,
HILIC)Z5& MRM IEBFHEK, X 24 Fha SLmeill 7 ik
W, BAREEERRAEZ OIS AR T ETEXTFR . s8R, A
HF MRM JT i A6 D3 8 To 20 T8 . 15 S i B ReUE o ASBiSE
ST TR0, S5 5R AN 2 R . 24 Fia JEmafe
10~800 pg/L ZeMhuEINZM R RAF, r>0.995; FIRARE
IR 85.0%~111.0%, K% EIEEIN 1.5%~8.9%, ME {HIGHEN
0.88~1.11, QC FEAS[Y RSDs JEFEIH 1.0%~6.5% . 25 R FHIL T
BAFG 24 P ZERRIATEER, AT itk N A i A
AR 2= S BORS I T B rT SRR S

2.1

a ‘ b
//
\ /
/
/, ] lll -E,‘/Tﬁﬁ L’)ﬁ L-%ﬁﬁﬁ
/ A ,,‘,DIOI,,I,,,,,_,,,, — /LKA R + -5 R
9 L-SEAR 52— LR
1x107 s P 8% 10¢ {202 LR
e Lham 19 LD,
» 8x10° / LR & s LA R
a 5 abahy 2 6x10° 7L-HE R %@
AP LhER & |17 LA &
e 3 LA 2 ax10 10 L%ﬁ%& g
jee) 24 g J ]
2kt 2 Jeait T Y g Ho T
E 106 ! LR = 2x10¢ LB 14 /L HE
Y eerereeerreerr——s ko e N
S NATNOEOVRAS AT N On NN OSmNMTNOEOAS—ANMT N ONRXAS
{2 B3 B 1] /min {554 B[] /min
1 24 FPad LR B s TR
Fig.1 Total ion current chromatogram for 24 kinds of amino acids
Fz2 4 MEEERZME. BUER. BEE. MEs X QC # RSDs
Table 2 Linearity, recovery rates, precision, MEs, and QC sample RSDs of 24 kinds of amino acids
I L MR ECRR R MEs }S;:D‘/T/
0
L-5 %% Y=15000.303X+2.431e5 0.9992 92.6 1.7 0.90 1.0
L8 2R Y=16206.476X-8.431c4 0.9990 111.0 1.9 1.08 2.5
L-JR& iR Y=19821.621X+15240.929 0.9958 94.5 1.9 0.99 2.8
L-2P = R Y=924.62752X-5194.771 0.9979 107.6 6.0 0.90 2.6
L-N & Y=1918.242X+4.554¢4 0.9980 95.6 3.6 1.09 1.7
L-Kh = Y=351.804X~1148.230 0.9965 97.4 5.2 1.05 23
L- KAk i Y=3906.334X-13775.695 0.9980 90.7 3.5 1.11 6.5
L- KA R IR Y=1167.112X-3876.483 0.9986 105.2 47 1.07 2.6
L-Bea R Y=1163.395X-7813.589 0.9984 103.6 5.1 1.03 4.1
4-F I TR Y=2325.478X-1886.647 0.9957 96.0 3.7 0.92 2.0
L-4% 2 e i Y=777.466X-820.975 0.9967 102.1 2.7 1.03 NA
L-4 &R Y=3.168¢4X-8.004¢4 0.9955 85.0 2.4 1.09 1.4
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R 2(4)
IR et IR WERMM  ECREN R MEs ﬁiﬁ

TR Y=193.397X+9529.461 0.9952 106.9 6.2 1.04 1.7
L-ZH R Y=13623.848X+4.216¢4 0.9983 88.5 2.4 1.06 33
L- 552 R Y=1.163e5X+8.011¢4 0.9961 95.7 2.6 1.09 1.6
L-SZ R Y=27930.108%X+18690.380 0.9981 90.1 33 1.04 1.1
L7 2 iR Y=4308.405X+24628.797 0.9961 91.1 22 0.98 25
L-FE AR Y=1586.720X—787.284 0.9994 94.7 3.7 0.88 2.6
L-ZR N AR Y=3.750e4X-9.464e4 0.9980 106.5 2.5 1.08 1.7
L-fifi = iR Y=8692.045X-6656.313 0.9952 88.6 3.2 1.06 1.5
L-22 %% Y=298.760X+8054.365 0.9984 90.9 8.9 1.05 1.4
L-FR 2R Y=725.013X+5439.546 0.9977 103.8 3.4 1.07 3.7
L-i% 2R Y=3.132e4X-8.286¢4 0.9964 89.3 1.5 1.07 2.9
-5 R Y=7769.698X+22579.840 0.9979 93.4 4.1 0.94 2.4

T NA AR
22 WSO

X Stk N A R L AR P Y R RRAC ST ES T PCA
GIA, G SR ULIE] 2 AR [ AR AT RER RX=0.679>0.5, I
By 1 (PCO)T B IE A RE 52.6%M4RE, F R4 2 (PC2)
Al R LA B 24 1% EHE, PC1 F1 PC2 1 23T keR
(PCI+PC2)H 76.7%>70.0%, i BHEHEIL &M, PCA K
R faE; HE4(QC) . AVLLR)MIX FEZH (W)L A 78 4>

4388, UL RN A A i R A SRR A 25 S
5 i Ss
- N
g' . @ s OQC
:l/ ° :W
O o )
& 5l
o
-10}+
a5 10 s 0 5 10

PCI (52.6%)

Pl 2 ok A 1 A R i SRR AT 1] Ui 21 2% PCA
Fig.2 PCA of amino acid-targeted metabolomics during the
autolysis process of Coprinellus micaceus

2.3 EXmsNZFRFIB ST

i —2E#1T OPLS-DA 73#T, 45 ILIE 3a. 455 IR,
SEoRL/N BRAD X B L 5 VA AL 9 A R R 2, HRE
A AT AR Ay B R, FBH doR/ N SR A AV AR P Y

FEMBAW YW E R E . RY=0.985>0.9, 1] OPLS-DA
KRR FRAE ST E, Q%=0.946>0.9, i8] OPLS-DA AT

INRE S BHE, nTH T e/ NS F R AR SRR A )
ZESEIT o

%} OPLS-DA AT 200 Y32 X HAIE, #E A I IE4Y
F(E 3b) R, ERGIREAUEELR R R QP BN T s
R R Q, H QAL SN M Q=0.789<0,
FWFRRI R | B MR, RN IE IS, B
Beitaris X, TR 22 ARSI 4T

2.4 ZERKETEIE

#£ OPLS-DA i, ZE it BB (H VIP Al E
FANE AR B AR 1 AR BT R B, ﬁmu&@ﬂhﬁi%%
FEEMIKOE, Y VIP= 1, Z AR AT e 22 AR
W G54 22 BB FC 04 R, [log, FCBR, 4273 Qi
WA PILRE SR A 22 R EH i log, FC>0 FRan Ui
ST EIRPIRES, log,FC<0 F/n R4 Ml S A0 XT T IRPR A,
Hlog,FC|=0.58, RRMMTERAFEAMAAE 1.5 5L
L%Eo R AR AT HAT FLILAE 24 3 SCR kN B B

Vi AR 22 AU, IR ARG ‘?ﬁZIKZK%WEEH’J{EE
ﬂlmﬁ&bﬁ&%?ﬂ%m R B A T i 4 Hr i T
P, ABFFELL VIP=1, P<0.05 H|log,FC|=0.58 1 R 25 574%
WY S, W VIP=1 F1 P<0.05, {H|log,FC|<0.58,
BP2H (W) 23k P s/ D AR T USRS, (AR B8 ) A 2
Gt B ESAEYFEERIRELERORWYAH TR
Bro B3R 3 Al SIBRA Y222 R /N E 1S AR a0k
R, kN A SRR T 22 5 RN o
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