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Metabolite differences in cultivation substrates of Sparassis
latifolia at different developmental stages

XIAO Donglai*, MA Lu, YANG Chi, LIU Xiaoyu, LIN Hui, JIANG Xiaoling

Institute of Edible Fungi, Fujian Academy of Agricultural Sciences, Fuzhou 350014, Fujian, China

Abstract: [Background] Substrate utilization is an important physiological process in the
cultivation of Sparassis latifolia, while little is known about the metabolite differences in the
substrates at different developmental stages. [Objective] To identify the differential metabolites
in the cultivation substrates of S latifolia at different developmental stages, explore key
metabolites, and provide a theoretical basis for the research on the mechanism of substrate
[Methods] Ultra-high performance
spectrometry (UHPLC-MS/MS) was employed to determine the changes of metabolites in the

utilization. liquid chromatography-tandem mass
cultivation substrates of mycelium (Myc), primordium (Pri), and fruiting body (FB). Functional
annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment were
conducted for the metabolites. The content of phytohormones in S latifolia was determined by
liquid chromatography-tandem mass spectrometry (LC-MS/MS). [Results] A total of 1 360
metabolites were identified from the substrates of S latifolia at three different stages. There
were 179 common differential metabolites among three different comparison groups (Pri vs.
Myc, FB vs. Myc, and FB vs. Pri), and the top 50 most abundant metabolites were mainly amino
acids, lipids, pyranic acids, pyranones, and phytohormones. The content of amino acids
gradually decreased while that of pyranic acids and pyranones gradually increased with the
development of S latifolia. The content of gibberellins (GAs) was higher in the substrates of Pri
and FB, and that of jasmonic acid was higher in the substrate of Myc. GA7 was detected only in
Pri, and the content of 12-oxo-phytodienoic acid was higher in FB. The differential metabolites
were mainly enriched in purine metabolism, sphingolipid, glycerophospholipid metabolism
pathways. [Conclusion] Amino acids are key metabolites in the substrate of Myc. pyranoic
acids, pyranones, and phytohormones may be involved in the physiological and biochemical
regulation of substrate utilization in the Pri and FB stages.
Sparassis latifolia; metabolomics analysis; differential

Keywords: cultivation substrates;

metabolites
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100%; 7.4-7.6 min, sl B M 100%[% =
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£1 HEEFRPRIHVHETSHIT 3 AT QP (ETE B TR TR 43 9k
Table 1 Statistics of metabolites of culture substrate 0.043. —0.170 4 F1-0.090 2: 7EFI# FAA T
Datab Positive i Negative i Total identified “

atabasc os1tive 10n ega 1Ve 10n moe;blolj?es 1€ Q2 {Eﬁ}%[]jj—()ogo 5 . 0026 6 *[]—0012 30 %%
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366 o~ "

KEGG 231 139 4 OPLS-DA IR VIP (A1 t KT
Others 297 184 481
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Figure 1
model. B: Negative ion model.

The principal component analysis of metabolites at different developmental stages. A: Positive ion
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Figure 2 200 times permutation test of OPLS-DA models. A, B and C: Positive ion model of Pri vs. Myc, FB
vS. Myc and FB vs. Pri group respectively. D, E and F: Negative ion model of Pri vs. Myc, FB vs. Myc and FB

vs. Pri group respectively.

Hk, A HLER & H AT 4 W) (organic acids and
derivatives) i 16.46% , A HLE k& ¥ (organic
oxygen compounds) i 10.13%, ZKNZEF1 R

e

(phenylpropanoids and polyketides) 5 8.86%, &

IR G (benzenoids) i 7.59%, 1. HHTR
K H Y (nucleosides, nucleotides and analogues)
i 7.59%, A HLA4 I LA Y (organoheterocyclic
compounds) 5 6.33% , A ML A& L& P (organic
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nitrogen compounds) 5 2.53%. ¥ & IR - K TN A R (Val-Arg-Phe) . L- 7% & ik i
232 ERREMEBELESH (L-glutamine) . 2t H fik(glutathione)ds . [F]E ik
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B IGFRET RN, 76 Pri F1 FB BYBOZRWIREAR.  #i45hH% (aspartylglycosamine) , IEEI A F RSN
W R LA RGO M)A FE, W ¥ R (xanthylic acid) . R 17 = @ IR 4% B%
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Val Arg Phe
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Val Ala Ala
Val lle lle
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LysoPA (0:0/18:2(97.127))
=) L-glutamine
Obtusilactone A
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Figure 3 Hierarchical clustering analysis of top 50 abundance differential metabolites.
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4N v S BT H AT (xanthotoxol arabinoside) il
(S)HBEAEAUEE 3-O-[o-L-FAHHRE-(1—2)-B-D-ML IR
%j #E 4F 1((S)-nerolidol  3-O-[a-L-thamnopyranosyl-
(1—2)-b-D-glucopyranoside]), A5 2 N B IR I £
Ji % (phosphatidylethanolamine, PE)F1% il B A5
2 (lysophosphatidic acid, LysoPA), LAK 4-H4
FE-2H-ME IR -2 - (4-methoxy-2H-pyran-2-one) 1l 4-
& -2,5- - f -1- i (4-cyclohexa-2,5-dien-1-one)
FAEW o o SIS — T NON-Z A
5% (N,N-dimethylsphingosine), J: 7 & 7F Pri By
B b, Myc BrBos ik, 3 md s
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Pri Fl FB BB & it i by o 32 A G L I R
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I ik W -4- R
(benzopyran-4-one) , A F-HIRE-6-[ii(dibenzopyran-

(oxane-2-carboxylic acid) .

6-one) F1H M -2 (pyran-2-one) 23k &4 . Rl
WEAH DRI ZIHERRIE AN = 2H =R
(glutamylhistidine) FIffi 2 H2- K N 282 (Pro-Phe), fiF
KAE YN TREEE A32 (gibberellin A32)HIFij51
It % Fla (prostaglandin Fla), WEERRZEHTAEY)
4- X iy B ik 5 -1,5- % 4 B8 (4-p-coumaroyl-1,5-
ZEMEnE R AL B W AIRE T B
(enoxacin), LK %E-1-F (propan-1-one) il F 4
L Bl (methoxyflavanone) 5L G4
233 HEMEHRREITHEER SR

X3 AR TR 22 AR ik K Aa )
KR IDBITEBR R RY], Z Y25
B SCHAT A WAEAS [ A= B Be iy 2 o b A8 4k
F(# 4), AR A59 (gibberellin A59)., FEAIR
(jasmonic acid, JA) . 3-fi& FK#R (3-formylsalicylic
acid)Fll 12-%4%-2,3- " fif3L-10,15-F ) —I& TR

quinolactone) ,

2.00
1.50
1.00
0.50
0.00
. . -0.50
Gibberellin A44 ~1.00
3-formylsalicylic acid -1.50
-2.00
Gibberellin A59 -2.50
Gibberellin A86 -5
Gibberellin A39

7-epi-12-hydroxyjasmonic acid glucoside

Gibberellin A32

2,3-didehydrogibberellin A9

Gibberellin A45

) TR - WA T - S

|| Jasmonic acid
5-hydroxyindoleacetic acid

12-0x0-2,3-dinor-10,15-phytodienoic acid

h TR

:\7 > ﬂf b P o, e 4 / s Yy ’ s
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Figure 4 Hierarchical clustering analysis of different phytohormones and relative derivatives.
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(12-0x0-2,3-dinor-10,15-phytodienoic acid, dnOPDA)
%, JATE Myc B b & i i, BB RS
Bl AR A, SR, JA G TR
dnOPDA 7E Pri frBe &y, 5-2 0|0 LR
(5-hydroxyindoleacetic acid)7E Myc F1 Pri By Bt &%
AE, HARAHYIR R TE Myc BB & s8I,
IMA7E Pri f1 FB FrBe & s .

HE— B F ] LC-MS/MS FARK M T Myec.
Pri il FB BBt 25 BR IR 6 1 7R B2 2 (GA 1. GA3,
GA4 1 GAT). JA A BUETIAY) BT 12-2 A
¥ —J% R (12-ox0-phytodienoic acid, OPDA)J &%
. GERER(E 5): GAL 1E Myc MBS fier,
Myc 5 Pri. FB ez 5% 22 (P<0.001), 1M
Pri 5 FB Bt A EE; GA3 #£ Myc il Pri
BB, 78 FB B ik, H Pri f1
FB [ Bt 22 5% 1 & (P<0.001); GA4 {E Myc. Pri
1 FB BB s WAL, H 3 MBS ek
SR 2% 5 ¥ (P<0.05); GA7 1E Myc 1 FB [
BEYARK S AAE Pri BYBERE S, HL &40 GAL,
GA3 Il GA4 I RIE TR o JA TEA IR & B BB
SR P YA 2, (B A BUETAY BT OPDA
AR K E BRI g, HAE 7Sk &
Wi . OPDA & ifF Myc Fl Pri BB %A
5B, 7 Myc #1 FB., Pri #l FB [ B 2% b B %
(P<0.01).,
24 ERNKEY KEGG EE A

it — 2 T AN A A K B Bk R S AR
BHE R 2Z 5, FIH KEGG BREX 3 4N His
A PR I 25 S A A TR R DL I RS 22 55
R 2 50RMhEE . s £ Pras R (&
6) B/ : S AL A RS . e
AR NG 15 S B A RE AR Gt 25 L il 7 B,
22 S AU b R RN A A B0 45 0 R | MR

adenosine) . K #5114 (hypoxanthine) . 1 1514
Yp

(guanine) ., LT, 5-Z4 KL DKM -4- F T B A 17 TR
(5-aminoimidazole-4-carboxamide ribotide) I
FRAZARH kA% (phosphoribosyl formamidocarboxamide)
&, HEEAE Mye MBE & EWER R, BIRME
FEFRINT R A BG I S 20 T Bk HmsAe S rh
WL A A L WL IH K (phosphocholine) . ¥
m #% A mE AH B8 (lysophosphatidyl-choline,
LysoPC) . iR Mt BERE PE . T b % i I
(glycerophosphocholine) . sn-H i -3-B ik £ B R
(sn-glycero-3-phosphoethanolamine) fl L-%Z 24 iR
(L-serine)% ., H:H, PE [18:1(11Z2)/18:2 (9Z, 12Z)]
1E FB BB & f i, MAE Myc Fl Pri B Bedd 4
e FHARHIMBEAR A Y BT7E Myce BB
s, 7E Pri Al FB BT BORAG. =5ty
T KRG T B ) A L2 A R .
W W (diglyceride, DG) . B 1 . 85 & B
(sphingosine) il — & #l £ [t % (dihydroceramide) .
DG (8:0/13:0/0:0)7 FB [rEt & &%, DG
[14:0/22:4 (7Z, 10Z, 13Z, 16Z)/0:0]& F&1E Myc
BB, HARAE AR E Myc BB & 3

4 =18
kkk
160.0 Myc FE
140.0 + E??
120.0 NN Pri
00 mzvs
20 60.0
2 400 T [
= 200 =
g 06
g ook
O (04 | xxx
kk
M_H§% e
0.0 I—I-Ig_m HM

GAl GA3 GA4 OPDA

E5 HEMEHZREFRLENERSKETHEE
Figure 5  The content of plant hormones in
Soarassis latifolia at different developmental stages.
*: P<0.05, **: P<0.01, ***: P<0.001.
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Retrograde endocannabinoid signaling
Regulation of lipolysis in adipocytes

Purine metabolism

Protein digestion and absorption

Mineral absorption

Long-term potentiation
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Kaposisarcoma-associated herpesvirus infection
Insulin resistance

Glycerophospholipid metabolism
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Figure 6 KEGG pathway enrichment analysis of metabolites.
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Figure 7 Heat map analysis of metabolites involved in purine metabolism, sphingolipid signaling pathway and

glycerophospholipid metabolism.
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3 WwE5&#

ARG R BN, FHERF R 22 KW R
J5(Myc BrEx), FiE 55 SR ) R 55 55 05 A A2
1k, 7E Pri F1 FB B Be 3 77 55 51 v B A A ¢
PP R R R, KB AR 2R A
BRI A S Py ot R I AR e e, 1
W EZIR A EEA R, FEAEM A K Aok
R KRGS, B Y M AR e KB
B I Ay 1) A R R A, BR 28 Ak B e A
Pk K LB R RRE LA EEEN . i
P F LR R 22 iR AR BEARR
N S 84 % g (sphingomyelin, SM) A8 g Bk A 6%
(phosphatidylcholine, PC)) B E 4 Wi 4, ib7&
A O I ER 2 E I ST B B b DA = R
GRS | ER TR R AR T e, A
Bt 55 SR ] A3, TR 22 A2 K i R e B ik
AR W AL BT 4 it e ) B i ) A O AR E
A BB, & B AR iz 2 PR oAk )
FEAN SR AR B BT PR R, IR AT R 5
B AL SR R B M ABIE A [FE, H
F1E Pri VB EB E IR IRE S, FB Iy
BRI TE SR B R T 45 5%, az 3
JCHR B EESEIER R, K2R
i, dr] RE S EUE KA TR ZAELR | BERS I
BEZE W ot 5 et PR AT o R T — 26 B R B R 2
FERR BB T B -5 e 14 I 2 R s A e

7R 3R e VIR 8 3 2 R B T (Gibberella
fujikuroi) 488, J5RBRILX LA ST 2 AF
TE T HABE Y b Jnes 28 m] LA i S 7Y
W K B 22 A KB MRS B PR AR
Y, RERAREAFHARELZTLHFIRY, ok
B 2 7 A T RE S LT A2 B AR K PR DR 2R Y
AP, WE 4 TLIEH, RERTE Myc
BB L prrh o AL, R AP Pri A1 FB B

B & aTte . MR gEH T7E Pri BrEcf FB
Wrie, WAahrELZBDER . WS,
TREE R S IR TR, 38 ) S R AL 5 S A
KIREE 1Y ARk o 38 5 A AN ) & B B B i AR 2 21
HIEPEAREGR 1. 3. 4 A7 MEREM, GAT
TE IR R SRS ) L5 s Ay o I 2R AR
RSB L B R B A AR AR ks
B B SR RE R . ST R L,

GA7 AAlREZ S5 T HKWIF AN AT LR, T
— 2P A TR AR DG BT o FRAFTIR B HoATT A WA
FE ) 1) A T FIOGT P58 28 Ak 1) I 38 5 o H
HEEAERCY . AR R T AR U 4 L
(Flammulina filiformis) 55 AT i S & 120 TA
TE Myc WrBesE b & i im , AT AEY) 7-3R-
12- %% 3 5 F1] B2 M 11 (7-epi-12-hydroxyjasmonic
acid glucoside)fE Pri Ml FB BBt & & o

12-32 KL #1#2 (12-hydroxyjasmonic acid) Sz HopH
AT LE W EAR ) RN R B A R R R A
S EEF R MR RPN HEIFE Pri A1 FB BB
LIS FR SR R AR T8, 7-R-12- R FT R
PR T JA & BUHDCHE R IR R AR, (H
AR B W B BRIATE R 22 | S Sk rb iy
ARAGIME] JA, 1 HA AR OPDA 7 3 4K B
Bymrk s, HAEF kb & i s . OPDA 7E
YA KRB ROE ShiE R A,
FEG A R T RE S FLAE R R B A R,
It., OPDA FIfg 55K T LIk b A G, H
I, ARZ I LT 2T H Z2 R0 R A P 250
., IR TS A AL AR Y, (HAE S
15 A% i A B A 3w 1 1375 S AL 55 5 T 7Y
WRIBE D, MRS REETAH . A K AE
TR AR B R AL A 7 i — P IRA
WF9E . LML AL AL S W 7E Myc. Pri A0
FB BB o v iy & g s i . LIRS s Y
ThiE ] e -5 4R BE IR pH EL, PRFe B8 5 [ it ity

=
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AT A DY, 2- RIS BRI LIS
R B PR TR 1% 1 (Saccharomyces cerevisiae)
AR IHIERRY, RS FREVRITRES S T
BT e R FE S, s EImg eRy,
R 2-53 P SRR E Myc B BESE R /3 ik
Al e SRR R T b &R S R SR A .
Pri F1 FB [ Behk 57 ntt g 28 Ak & Wy i Fn s
W2, — 5 AT RE 5 25 BT 54 I TR 2R £k
H WA R R kA B S — 5w,
Fi 2 AL A 38 & B P FUE i iE M, TER I T
Ji 41 L B (Rhodonia placenta) il %% ki #4
(Gloeophylum trabeum) 3 Jii [ i Je 1 it i i 25
AW &t T, P RE S RIS P O B
227, DA S RRATR DR A K G218 TN B S ) BB T
ST A ) 2 TR AR AU T, DR kb el 24
R 5 3k b PR AR AR S AR I R

AWFFE T UHPLC-MS/MS AR T
25 BR AN [F) A 1 o B Ak 55 8 o mh A3 ™= 4 1)
Ak R MR, B R IRE AR L, B
R YRR SR 3% 25 7 22 5 W A
/NS ey A e A o L N B S L e s NG
) E B S A o 25 S i D B R A A 4
R, REZe. ZSEMR . NERS | TLIRER . it g
FEY PR G SRR B R %Y. i
TAUH Y BAE EASE R, H LC-MS HIARXA
W S A — 2 B 1 L 75 KA A hE
YoE o IR, AT HE— 20T R AH N 1) 22 21 S BOR B
5%, PR R ER I, R S BRI
FE TR ML R PRS2
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