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Abstract: An integrated strategy that combining untargeted metabolomics based on ultrahigh performance liquid chro-
matography-high resolution mass spectrometry (UHPLC-HRMS)), targeted amino acid analysis and chemometrics was de-
veloped to achieve the metabolic profiling analysis of different parts (pileus and stipe) of Pholiota adiposa fruiting body.
The HRMS data of Pholiota adiposa were acquired in positive ion mode and directly analyze by AntDAS-DDA, a recently
developed automatic data analysis software in chemometrics. In addition, the contents of 16 free amino acids in the sam-
ples were quantified according to the national standard methods. The metabolomics characteristics across different parts of
the Pholiota adiposa fruiting body were investigated using heatmap analysis, radar chart analysis, hierarchical cluster analy-

sis (HCA) and principal component analysis (PCA). The results indicated that a total of 73 involatile differential metabo-
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lites were identified, encompassing amino acids, nucleotides, purines, alkaloids, terpenoids, lipids, etc., 12 of those com-

pounds were further verified by standards. Except for tryptophan, which was more abundant in the stipe, contents of lysine,

histidine, arginine, tyrosine, phenylalanine, vitamin B5, and vitamin B2 were consistently slightly higher in the pileus than

in stipe. Nucleotides such as adenosine and guanosine, along with purines like guanine and hypoxanthine, also showed

higher content in the pileus. Umami amino acids were the most abundant category across all parts of the Pholiota adiposa

fruiting body, constituting over 30% of the total free amino acids. Notably, the content of umami amino acids in the pileus

was significantly higher than in the stipe. the pileus, stipe and whole fruiting body of Pholiota adiposa could each be clear-

ly clustered and distinguished. This research provides a scientific basis for the identification of nutritional characteristics

and resource utilization of different parts of Pholiota adiposa, while offering a novel analytical strategy for studying chemi-

cal components in other edible fungi.
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Fig.1 Solvent extraction comparison for Pholiota adiposa
fruiting body
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# 1 AntDAS-DDA %5E H Y B T IR R AL P AR IR R 122 S &)
Table 1 Differential involatile compounds in different parts of Pholiota adiposa fruiting body identified by AntDAS-DDA

g BRI i i i 215 CouEE TR CASHR
IR (Amino acids and derivatives)

1 1.08 133.0970 [M+H] Ornithine( 2 %(f2) 0.9963 CsH,,N,0, 70-26-8
2 1.08 147.1132 [M+H] Lysine (22 ) * 0.9919 C¢H,,N,0, 56-87-1

3 1.09 156.0766 [M+H]" Histidine (ZH 22 ) * 0.9755 C¢HyN;0, 71-00-1
4 1.09 175.1187 [M+H] Arginine(F§ 28R * 0.9982 CeH,,N,0, 74-79-3

5 L.10 170.0920 [M+H]" Methylhistidine( F 321 %) 0.8154 CH;;N;0,  24886-03-1
6 111 189.1595 [M+H] N-6-Trimethyllysine(N-6- = F A 2 ) 0.8946 CoHpoN,0,  23284-33-5
7 1.17 147.0761 [M+H] Glutamine (7 2B ) 0.9636 CsH;oN,0; 56-85-9

8 121 116.0709 [M+H] Proline(ifi &2 ) 0.9997 CsHyNO, 147-85-3
9 124 291.1295 [M+H] Argininosuccinic acid A2 JEBEHAR ) 0.9391 CoHsNOg  2387-71-5
10 1.28 158.0917 [M+H]* N-Acetylproline(N-Z - &) 0.9141 C,H,;NO; 68-95-1
11 1.62 130.0498 [M+H]' Pyroglutamic acid(F543 2R ) 0.9892 CsH,NO; 98-79-3
12 1.65 182.0812 [M+H]' Tyrosine( & i) * 0.9184 CoH,,NO; 60-18-4
13 2.26 144.0653  [M-H,0+H]" Aminoadipate(ZF:C k) 0.7882 CH, NO, 1118-90-7
14 3.09 166.0861 [M+H]" Phenylalanine(R N 2R ) * 0.9322 CyH,,NO, 63-91-2
15 4.43 229.1541 [M+H]* Leucylproline (£ @B 2 ) 0.7282 CHyN,0;  6403-35-6
16 4.63 261.1438 [M+H]" gamma-Glutamylleucine (y- %+ IS 2R 0.7889 CyHyN,05  2566-39-4
17 9.14 205.0855 [M+H]" Tryptophan( &2/ ) * 0.7496 C, H,,N,0, 54-12-6

# 2 (Nucleotides and analogues)
18 1.27 314.0907 [M+H]’ 2-Methylthioadenosine(2-FF 3L AT AR 1) 0.8657  C;;H;sNsO,S  4105-39-9
19 1.30 113.0346 [M+H]’ Uracil (JRIEIE) 0.9331 C,H\N,0, 66-22-8
20 1.57 364.0643 [M+H]' Guanosine monophosphate (SR 15 ) 0.9703 C,oH4N;OP 85-32-5
21 1.61 268.1035 [M+H]* Adenosine(JRF)* 0.9949 C,oH}3N5O, 58-61-7
22 1.70 284.0981 [M+H]* Guanosine(55f)* 0.9822 C\H;3NsO5  118-00-3
23 4.27 298.0964 [M+H]* 5'-S-Methylthioadenosine(5'-S-F HERIAL IR 1) 09847  C;H;sN;O;S  2457-80-9
24 448 413.1400 [M+H]' N6_Thre°nylcarbamoylai;ﬁs; ne(NG-HERMBIETBE | 054 CysHyNOg  24719-82-2
I 1424 (Purines )
25 1.27 152.0565 [M+H]" Guanine (1% 15204 ) * 0.8194 C;H,N,0 73-40-5
26 1.73 137.0454 [M+H]’ Hypoxanthine(YX #EI% ) * 0.9306 CsH,N,0 68-94-0
H: P8 (Alkaloids)
27 1.19 118.0863 [M+H]' Betaine(FH3E0%) 0.9982 CsH,,NO, 107-43-7
28 1.20 138.0547 [M+H]' Trigonelline (#/* L5 0.7986 C,H,NO, 535-83-1
29 123 144.1016 [M+H]' Proline betaine ([ 24 MR &) 0.9356 C,H,;NO, 471-87-4
1,2,3,4-Tetrahydro-beta-carboline-3-carboxylic
30 5.12 217.0966 [M+H]" acid(1,2,3,4-PU%--HH-3-5RTR ) 0.7560 CpH;p N0, 6052-68-2
31 5.16 243.0647 [M+Na]" Canthin-6-one(gkRAKHAR ) 0.8051 C,HgN,O 479-43-6
32 6.88 203.0700 [M+H] Vasicinone (15 £ W) 0.7185 C,H(N,0,  486-64-6
33 7.68 378.2627 [M+H]" Karacoline(Z 4R & 3% 0.8911 C,H;sNO,  39089-30-0
34 9.89 349.1974 [M+Na] Hydroquinidine(ZALZEJEE ) 0.9974 CyoHgN,0,  1435-55-8
35 13.62 377.3193 M] Polanrazine B( *2£B) 0.7509 CisHpN;0,8, 636615 °
36 14.80 314.2471 [M+H] 1'methyl'2'undecyg;ﬁ?{:?fgﬁjg1'Eﬁ 2B e CyHyNO  59443-02-6
A HLIRZE (Organic acids)
37 1.59 146.0919 [M+H]" 4-Acetamidobutyric acid(4-Z BEEIE T R) 0.8994 C¢H, NO, 3025-96-5
38 2.68 192.0652 [M+H]* 5-Hydroxyindole-3-acetic acid(5-#2FE|We-3-2 18 ) 0.7788 C,,HyNO, 54-16-0
# 125 (Flavonoids)
39 5.60 288.1221 [M+NH,]" 3-deoxysappanchalcone(3- 2 & Z5 A K T) 0.7941 CHi,0,  112408-67-0
40 10.40 257.0800 [M+H]" Isoliquiritigenin( 5 H 5% ) 0.7352 CysH,,0, 961-29-5
524 (Terpenoids)

41 5.13 345.2122 [M+Na]®  Clovanediol diacetate( 2.8 T & = e i) 0.7234 CyoH;00, 2649-68-5
42 11.02 3352192 [M+H] 14-Deoxyandrographolide( 14- 23 5 S50 IE ) 0.8248 CyH30;  4176-97-0
43 11.43 333.2027 [M+H]" Dehydroandrographolide (7K 703 P g ) 0.9497 CyoHps0,  1032910-41-0
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5-[(8aS)-2,5,5,8a-tetramethyl-3-0x0-42,6,7,8-
AT NN, 0T GO s
AH-ZE-1-38)-3-F IL L)
45 11.55 360.2496 [M+H]* 12-epinapelline(12-3EK 5 L) 0.9898 Cp,HyNO;  110064-71-6
46 12.86 317.2074 [M+H]' Bacchabolivic acid (<5 F4ERR ) 0.9881 CyoHpO;  120837-97-0
JI§Z (Lipids)
47 8.66 3532287 g (P58 lmhyf;;gcltidfg;%’g??Cld( @581 o077 CigHy 05 24096399
48 9.75 5183227 [M+H]" LPe s 1-(92,Eé“?iéal-sj%ﬁ%;g%;ﬁ%Qﬁg_snh 0.7194 C,HyNOP  62512-91-8
49 1031 2932102 [M+H]" 98’13R'12'OX°phy“;§E1§$ﬁg ;i( OSIR-1Z-RHE - 01os CiHyO;  71606-07-0
50 10.94 318.2994 [M+H]* Phytosphingosine (F4#2(#) 0.8894 CgHyNO;  554-62-1
51 11.06 2972415 [M-H,0+H]" 8'Hydroxy'9’1O'epoxyy;;%;dd(8'%%9’10%%@ 0.8883 CH,, 0,  53851542°
52 11.57 302.3044 [M+H]" Sphinganine(Fji 2 4H 255 0.7893 C gH;NO, 764-22-7
1-pentadecanoyl-2-hydroxy-sn-glycero-3-
53 12.06 482.3218 [M+H]"  phosphocholine(1--|- FibiBiE-2- 5 He-sn-Hi-3-B82 09531 Cy3H,NO,P  108273-89-8
JIEg8)
54 12.33 279.2310 [M+H]" Linolenic acid CIJFRAR ) 0.9628 C5H;00, 463-40-1
55 12.58 277.2154 [M+H]" 19-Norandrosterone( 19-2% il ) 0.7287 CgH,50, 1225-01-0
s 12.80 223531 [MHH]' LPC 18:1(1-(9z-+/\62;“<—§§§£))-z-ié%-sn-ﬁwhs-@iﬁﬁ 0778 C,HoNOP  19420-56-5
57 13.01 480.3073 ey PRSI 1'(9Z'+Aﬁ§h§§g;}ﬁg'm W3- 205 CyHNOP  62271-64-1
58 13.68 286.2731 [M+H] Pentadecanoyl ethanolamide( - F ek £ ) 0.9546 C,H;sNO,  53832-58-9
59 14.35 300.2889 [M+H]* Palmitoyl ethanolamide (KA 5t £ B A% ) 0.7110 C,sH;,NO, 544-31-0
60 14.59 326.3045 [M+H]* Oleoyl ethanolamide (i1t Z FEH% ) 0.9524 C,oH39NO, 111-58-0
5. %24 (Coumarins)
61 6.25 247.0596 [M+H] Isopimpinellin (5 & 7 IR ) 0.7529 C3H,(O; 482-27-9
62 7.24 147.0438 [M+H] Coumarin(FHZ &) 0.7578 CyHO, 91-64-5
63 8.64 365.0644 [M+K]* Capnolactone( 3 P ig) 0.8857 C,oH, 05 51559-33-2
2z FJ5(Vitamins)
64 3.62 220.1176 [M+H]" Pantothenic acid (4 ZB5)* 0.7611 CoH,;,NO; 79-83-4
65 5.21 377.1443 [M+H]" Riboflavin(4E4= % B2) * 0.8986 C,H,0N,O4 83-88-5
#iJ5 (Saccharides)
66 1.18 381.0784 [M+K]" D-Gentiobiose(D-#34%) 0.9128 C,H,,0y, 554-91-6
HAth (Others)
67 5.54 156.0789 [M+H]" 4-Phenylpyridine(4-FENENE) 0.9130 C, HN 939-23-1
68 5.89 300.1225 [M+H] N-p-Coumaroyloctopamine (N-X 7 & i ELA 1% ) 0.8982 C,H;NO,  66648-45-1
3-Methoxy-6-methyl-5,7-
69 6.34 256.1323 [M+H]*  dihydrobenzo[d][2]benzazepin-2-0l(3-HI 4 HE-6-HI - 0.9260 C,H,,NO, 927455 °
5,7- ZEUATF A2 A AR Bl -2- 85
70 6.39 285.0750 [M+H]" Physcion (K # % Fk) 0.7702 C,6H},05 521-61-9
3-(5-Acetyl-2-furyl)-5-methoxy-2-benzofuran-1(3H)-
71 9.79 273.0748 [M+H] one(3-(5-Z It HE-2- R A ) -5- FF AU B-2- 2R I g - 0.8213 CisHj,05  166448-14-2
1(3H) i)
72 11.31 170.0953 [M+H] Diphenylamine( — %) 0.9366 C,H; N 122-39-4
73 12.36 275.2000 [M+H]" Nandrolone (i ) 0.7448 CysHy60, 434-22-0

TE: A2 AR IRIER LS 45 CASH 5 —F-ayPubChem CID(FLA#1) S,

HATAY (Amino acids and derivatives ), H At F= 528
SN AL HE : A R M HE L4 (Nucleotides and ana-
logues) . EI% (Purines) . A=Y (Alkaloids) . A HL
%25 (Organic acids) . #lZ(Flavonoids) . m§ZE(Ter-
penoids) . IEZE(Lipids) . = FE I (Coumarins) . 4

H:ZEZJE(Vitamins) . #EFE(Saccharides ) M HAMIEY) 5x
(Others) &5, UNEl 3 s, Her, XF%E i & pim it
PR fhIE—2E000IE, B g 12 Fhik&4, 136 i
PR (Lysine) . 441 (Histidine ) . #5Z&l2(Arginine) .
%% (Tyrosine ) . AN R (Phenylalanine ) . 2R
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m Vitamins (n=2)
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Fig.3 Categorization of 73 compounds identified
by AntDAS-DDA
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16 Amino acids and derivatives
53 Lipids

15 Amino acids and derivatives
48 Lipids

20 Nucleosides and Nucleotides
35 Alkaloids

54 Lipids

*12 Amino acids and derivatives
*64 Vilamins

23 Nucleosides and Nuclcotides
*14 Amino acids and derivatives
*4 Amino acids and derivatives
*2 Amino acids and derivatives
*3 Amino acids and derivatives
1 Amino acids and derivatives
72 Others

38 Organic acids

7 Amino acids and derivatives

8 Amino acids and derivatives

| Amino acids and derivatives
10 Amino acids and derivatives
18 Nucleosides and Nucleotides
50 Lipids

42 Terpenoids

33 Alkaloids

60 Lipids

41 Terpenoids

58 Lipids

59 Lipids

11 Amino acids and derivatives
36 Alkaloids

44 Terpenoids

45 Terpenoids

*65 Vitamins

67 Others

30 Alkaloids

53 Lipids

*26 Purines

*22 Nucleosides and Nucleotides
9 Amino acids and derivatives
24 Nucleosides and Nucleotides
28 Alkaloids

37 Organic acids

13 Amino acids and derivatives
29 Alkaloids

51 Lipids

73 Others
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Fig.4 Heatmap analysis results of the identified significant differential non-metabolites in different parts
of Pholiota adiposa fruiting body
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Fig.5 Peak areas of 12 different metabolites in different parts of Pholiota adiposa fruiting body

SRR, AR SRR, B S AT 12 F
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AR | 2P BRI TR fiaR . ZH2A0R . KE 2
IR . 2R . AN AR . 4idE 3K BS fligid = B2 4%
TEASHR o Fr i 22 /1N, BRI P AR . IR
L3 | SRS | YRR S G TR B o T O e i
HE 4 g5 —2, Hoh, B EA ORI E R K
HURTIRL!, HEEMS ) it 5 N ZEPRER A& 1Ao7 2C,
ARG 3o Z2 24 i PRI I e 5 2898 XU XU 01
Bk, 5T B iR AS RIS A S ) & 5 A B TE
AN TRANE XSRS R

B A i B8 2 SRR 2H AN R L TR A%
R A5 RUBRAFFNE T 1 i S By JoT AT 38 O XT e <
PR AR AN [RIFR AR i U B8 Sl SR A 7 I 2
(& 2), BIHTE . IR TSRS P &4 16 Fp
AR, (FE 3 FREEIREAELR (521 (Glu) . REZ
B2 (Asp) . B2 R (Lys) ), 6 Pl bR FEHL (T & HR
(Ala) . RZEPR(Thr) . 22%1% (Ser) . HEBR(Gly) . fifli
ZA R (Pro) FILH R (His) ), 5 PR & Ll O & iR
(Arg) . SR (Val) . FEZEIZ (Met) . T2 R (1le)
Mse &R (Leuw) ), DA K 2 Fio5 3R & FE L CR N 218
(Phe) . BEEFR(Tyr))P' 72, ST B LLA B <P B i
5. RN B T IR P & SRR 10 i, X 16 FhEIERR
B DU B2 R FE R B iR B 43 (8 6) » ARPEIE 6
T 2 M5 MTE TR mT 0, 2R I, 23R 07 U B SR

2 BTSRRI Y S IR i (n=9)
Table 2 Free amino acids in different parts

of Pholiota adiposa fruiting body (n=9)

, e prn g BT AR AR
e RERAH  (4s7) (usB)  (HSG)

Glu 4.05+0.10° 3.08+0.10° 4.54+0.22°
Asp 2.14+0.05° 1.74+0.07° 2.72+0.05°
Lys 1.67£0.03° 1.32+0.02° 2.12+0.06°
B (g/100 g) 7.86+0.17° 6.14+0.08° 9.38+0.31°
AT (%) 34.41+0.21° 33.56+0.69" 33.12+0.73°

(Umami amino acid)

Ala 1.64+0.05° 1.39+0.04° 2.18+0.12°
Thr 1.21£0.02° 0.98+0.03° 1.48+0.04°
Ser 1.06+0.02° 0.89+0.03° 1.29+0.06°
FHHR R Gly 1.16£0.02° 0.92+0.03° 1.55+0.04°

1.10£0.06° 0.94£0.07° 1.50+0.10°

His 0.62+0.02° 0.52+0.03° 0.78+0.05
B (g/100 g) 6.80+£0.13° 5.64+0.12° 8.78+0.27
AT (%) 29.78+0.31° 30.8420.42° 30.99+0.85°

(Sweet amino acid) Pro

Arg 1.9540.06° 1.32+0.03° 2.59+0.11*

Val 1.21£0.03° 0.99+0.02° 1.5440.03°

s Met 0.7940.04* 0.82+0.22* 0.58+0.08°

.ﬁ%ﬁ%m. Ile 0.93+0.02° 0.69+0.03° 1.17+0.03"
(Bitter amino acid)

Leu 1.54+0.04° 1.20+0.03° 1.99+0.04°

(/100 g) 6.4240.13° 5.01£0.21° 7.87+0.18"
X (%) 28.12+0.28° 27.40+0.84°27.77+0.22%
Phe 1.13£0.02° 0.99+0.03° 1.54+0.05°
o Hi Tyr 0.62+0.03° 0.51+0.04° 0.76+0.04°
(Aromatic amino acid) 42 (g/100 g) 1.75+0.02° 1.50£0.05° 2.30+0.08°
AR (%) 7.68+0.18° 8.21+0.28* 8.12+0.19°

TR R
(Free amino acids)

TE: AT AR RNG SRR IR TE0.05 K P 22 5 B3

SEAR Y TR TSRS TN . B T IR
LA A HR VU SIS B IR Z LR AR X 5 R B AL 4

B (g/100 g) 22.83+0.39° 18.30:£0.28° 28.32+0.59*
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Fig.6 Radar chart of free amino acids in different parts
of Pholiota adiposa fruiting body
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Fig.7 Cluster analysis results of different parts of Pholiota
adiposa fruiting body
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