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W E: B WFERE Morchella eximia T FEARAMTN %, RAARAEEE. FRBEKAE
CitE A G B R HATFE RS B s, FiB A EIRNNMR). FiEMS)FH AR L
TS MM, REVAEA G AN TIAF, EIFMEATEARTSENEE HPLC 7k, FRA
T EA 3INF AR R FHRF LT . SIRF AR F )AL TR ARG F4. A
F A H I T RART LA GBS THATILE . AR FRA TERTESBLELE
13 Mebsdh, a3 5 MAEASENEY, Pt 2. 9. 10 #2 12 %féwfx%ﬂi@/@? B AT
3., HERAEEMERE FTAR S, RRA KRS FRFATERTEASHELETEZFAR,
3AAY Y G T R T 6982 R 5 [(1.647+0.013)—(2.289+0.011) mg/g], ﬁiﬁ%ﬁﬂ%%%q’éﬁé\ﬁ
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separation techniques, and the structures were elucidated by nuclear magnetic resonance (NMR), mass
spectrometry (MS), etc. Subsequently, a HPLC method was established for determining the ergosterol
content in the fruiting bodies of different species of morels. This method was applied to comparatively
analyze the ergosterol content in different growth stages (juvenile, mature, and aging stages) of the fruiting
bodies of three cultivated species of morels (Morchella importuna, M. sextelata and M. eximia). In total,
13 compounds were isolated and identified from the fruiting bodies of M. eximia, including 5
ergosterol-related compounds. Among these, compounds 2, 9, 10 and 12 were isolated from the genus
Morchella for the first time. HPLC analysis revealed significant differences in ergosterol content in the
fruiting bodies of different species and growth stages of morels. The highest content was found in the
juvenile fruiting bodies of the three species [(1.647+0.013)—(2.289+0.011) mg/g], however the content
comparatively decreased in the mature stage. M. sextelata had the highest content [(1.796+ 0.008) mg/g],
while M. importuna had the lowest [(1.250+0.004) mg/g] in the mature stage. These findings are
significant for the further development, utilization, and quality evaluation of morels.
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JHE TR O B S I R B i R 2 —, AHOC Y
Wil , B ELEPETM. BRI "L
R BESE T, QT HARL 2 L4 IR 5 R DL 4t
E(HEAE 20245 FEIFSE 20245 Xie L et al.
2024; Zhang et al. 2024; FHEFE 2025), &
Y PR B A RRIE B I, A7 T4 R 2 B T A
Mg, ERREEREAY RN ESE RS Z —,
Wl R D, WA ETIARMattila et al. 2002;
Barajas-Aceves et al. 2002; Reeslev et al. 2003),
[FEy, & HSEEADR . BEMAE. Sy,
PR RN IR 55 Z2 A A 1 4 (Rodrigues 2018
FEPEVESE 2021; Rangsinth er al. 2023).

3 AT T AR B 2 B T s A iy 4k

I Morchella spp. CEALEERl Morchellaceae)
PRy, HIRERSE, K
DRI, — B NS ER SRR S (Y &
& 2014). FHEERFE, IREVNHEH
FEMEAR ., @R, L. BIR. 79
B AR MERGYEEZRE RS, Rl
SRR BERI e T 2R L E/Jﬁfl”ﬁ(Gursoy
et al. 2009 ; Tietel & Masaphy 2018), B& J &5
HE LS, EFHEEE T2, B2, w2
FERF 2P A YEEACE Y, HA ARG 1
WL PUEST . I . s . PR LSRR
TEVE, MR — RIS TE R D RE £ i SOE R R f
mh (T4 20215 Li et al. 2023; Xu et al.

2025). L, FEREARNIIMNTG L&ZX FRS T T RENR(Tu et al. 20215 ¥R
MW, TERRSE . R L R AT BORTK /NS 20215 Xie G et al. 2024), VENEREH

R B R VM R, R m A IRTE TARIORELE , A SCRA T e B
K. LU RH DT, AT LR IEB T 90RO AR T RE,
B L TR SRR O R R RESE DU A S B AR R S . R T T R
2024), FIEZFITEATHIARME, WO, o @iy o R ik, 07 R T A TR

2022 AEFR I L ARG S 22 680 hm?,
FEIRENT 23.95 07 t HEIFE 20245 BT
S 2024). HFTHE E R E AL . kAR
5 ) it Ao 32 A 455 PR S T T SR B R i
W Morchella importuna M.Kuo, O'Donnell & T.J.
Volk. NIRFEM T M. sextelata M. Kuo FIL1RF
LT M. eximia Boud. (Liu et al. 2018), -LIkF
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IR LT . NI AL R E R
SR SRAE B DU A Al B2 B B AR B
BT 715 1 ] 2 Job TR o A b (R0 Tl B R X
& 480 m, 104°12'26"E, 30°47'13"N), B py
JIAE Al B2 B A 3 BRI 55 T X1 B A B 2 A
1.1.2 X5

| %*%@%%(Sephadex LH-20, GE Healthcare),
(100200 H, 200-300 H, #EK H, R
GF254, HIGMFEAL T ), 22 /0 6 BEbR 4 5
(PSO11677, RHRE AL YIRS B A PR ),
H (3548, TEDIA 23wy, HAthfb2i150 43
Br 4l AR R 24 A BRA 7D
1.1.3 &

AV 11-400 #Z#gILIRA(TMS 1E B NFrR,
Bruker), Impact II ESI-Q-TOF J5ii{%{% (Bruker),
Lyovapor L-200 %% T-#%4/L(Buchi), LC-2050
BORA T (FC DAD Kl &% . Wk b 3 R 1
LabSolutions Version 5.110, Shimadzu), BDS Hypersil
C18 (3 pm, 100 mm x 3 mm, Thermo),
BSA124S Hi, T~ K3F(Sartorius), KQ3200DA #7 i
HUEAL(R 1L EF 36 S AU A FR A F]), XFB-500
i R 2 REAILGE B s 2L
1.2 EHFREFEENLER S IRIF DS

W 2.8 kg TER LIRS S S
Fi 95% L FEEIRIR IR 3 (7 dik), & FF R
ORI e 4 2 ol , 158 L FEIRE 4 Lo
JMA S L aiigoKiRE G, AR OBRAER 3 K
(9 LK), BIFCRROBEAERR, WE W4 Rk
R A5 2B (0 LR O R IRE 92 g.

LIRCTRIZE (92 g)ZmE A 41 (200-300
H,1.6 kg), f1ilft-2 R CEE (AR : 100:1-1:1)
FEEEVRI, 15 25 4143 (Fr.1-Fr.25). Fr.3 (1.11 g)
ZREATE OI% (PR O bt R 2 BR=70:1)15 5] 5 /4>
4% Fr.3.1-Fr.3.5, Fr.3.3 (45 me)Z iR msen:
HE 03 (Sephadax LH-20, &5 :HfEE=2:1, FF)
B2EEY) 1 (40 mg, TLEIMRY)). Fr.5 (1.37 g)
ZRE AL % (R O ke N B =80:1)/5 3 A~ %
Fr.5.1-Fr.5.3, Fr.5.3 (582 mg) &GSk (a4
25 SRR AT (S Ll b3 L B 2 (23 mg, 1

WG [EA) . Fr.6 (717.5 mg)Z ket @ik R e
bi: LR O TR=80:1)15% 5 4> Fr.6.1-Fr.6.5,
Fr.6.3 SRR ik aifb B2k 59 3
(93 mg, JCEIHCIRYD). Fro A A @EANH, o
UEJ5 LA TR R RS RIS TS i 1R 2 A1) 4
(20 mg, JLEEPIRA), Fril G A AT
i, LU E AR R LR v R A T 4
i, 1B EMEA Y 5 (20 mg, TLEERRSLA), Fr.14
(2.3 @GR s (i Bk : LR £ TiR=20:1)%
5 N3 Fr.14.1-Fr.14.5, Fr.14.3 (395 mg) &k i
FE 8 (5 T e I B =200: 1) 43 525 K 3 S H it
AT Ak Atk LG 6 (5 mg, FERIK);
Fr.14.5 (153 mg)& i St i e AE (o i o 25 A 3R
WHREERCAE gk b &9 7 (13 mg, FIELE
1K), Fr.15 (717.5 mg)Zhk b (o (50 H e
P l=200:1)13 8 4~414 Fr.15.1-Fr.15.8, Fr.15.4
(336 mg) 2 RMEEE AT (2 71% (Sephadax LH-20,
S0 EE=2: 1153 3 N4 43 Fr.15.4.1-Fr.15.4.3,
Fr.15.4.1 (191 mg)ZhEIAE k(& H bi: N
Ml =200:1)73 25 Ko 5 MEE AT (i alifb i1k &
Y 8 (15 mg, JLEIHPIRY)); Fr.15.7 (76 mg)&fi
JE A £ 3 (G R o TN B =30: 1) B A7 SR B E S
gk a9 (7 mg, HEEIK), Fr17
(260.2 mg)Ze fE B H: A5 (G Tk : R L BR=5:1)
8 3 NHSY Fr.17.1-Fr.17.3, Fr.17.2 (36 mg)& 1%
L1 WG gk s 59 10 (5 mg, T©
ERORYT ). Fr.18 Hfy [AHT 2085 2 5k
4E [ 4<(Fr.18.1) R IE W (Fr.18.2), Fr.18.1 (23 mg)
2578 R HHEE A 4, 1% (Sephadax LH-20, 45 H
f=2: )4l fb -5 &9 11 (15 mg, FHER{E)
12 3 mg, AERI{AK); Fr.18.2 (717.5mg)4
S Wi BE e A £6,33% (Sephadax LH-20, &4 H
f=2:1)% 4 44> Fr.18.2.1-Fr.18.2.4, Fr.18.2.3
(395 mg)Ze i S M A s A £ i ) 5 e ) SR
Ak g aifb AR A9 13 (S mg, FEREA),
1.3 FHEPEREENSENE
1.3.1 @EigEH

{fi43: . Thermo BDS Hypersil C18 (100 mm x

3mm, 3 pm); FEJR: 30°C; KUK . 282 nm;
ULBhAH: FEEK(95:5); Wiid: 0.6 mL/min; i
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FEfE: 5L,
1.3.2 MR miARNH &

¥ % FREUGE 1 (S BERRUE S 2.0 mg F 10 mL
N, IAE & H P R e v A
IOAHEEARE 10 mL, f5HRE N 0.2 mg/mL 19
22 R R B, BT 4 °CCTRRDBIR .
1.3.3 ik min iRl &

L7 S A INIVAN 7 N= o (M o N oY N
A A B B (W1 AF . B R 2 Ak ) g - 52
ARG T RIS, Wi, i 50 Bifi. 551
R 2 AR IO [R) R L S [a] A2 B BB 2 i 1 7
AR R 0.4 g, A 16 mL HESHRE, AR
Jr HE S L 45 min, WEIEFE, 0 EEA
SR, 3 0.45 pm A AL, 154
IR,

134 RGERAMREEFER

(1) HISEENE . R EAERE T B%
W B SR R 1.3.1 B3 S AF 0 T o0 Hr
THEESIENREL . 4 & B A R

(2) RIS B A 5 EEXT BB
s o T ) — 2R B R VA 8 11 22 3 55 o) R
(250, 125, 62.5., 31.25, 15.625, 7.812 5 ng/mL),
Fie 1.3.0 Ak S5 T, DE AR EE T
A5 1 EL(S/N)

(3) HA Mk . IRl AR B Y 22 A £ ekt
RV, #6130 Mg 25 T E R A 6 1k,
oSk HARgm AL, 115 RSD fH.

(4) FrrfEMZRZ] . B 1.3.2 TR il & A5
ST BRSSP FE P R T i R A A
FE(5. 10, 20, 40, 80, 160, 200 pg/mL), it
0.45 um AHLIEMEGE, #% 1.3.1 AERE AT
AT, MR, LAZE A HS B HR B (x, pg/mL)
X A ()22 w bR e 2R, A5 mE R
MRABELIEXRR,

(5) MEH IR . % 1.3.3 Frik ATl
% 6 M TR, e 1.3.0 g SR 43 ) ok
FEOHT, 10522 A 8 B i U145 RSD i

(6) R EERER . # 1.3.3 FrdkJr ikl
FHEA TR, 1.3 B E, RIS
0. 1.2, 4, 8, 16 Fl 24 h BrgEFEMHT, 05

£ 1S B T AR5 RSD

(7) MEWREERE . FREL 0.2 g A AR
TR 6y, MHEAFMA 0.43 mg/mL [
£ S BT BR SR VR 1 mL, % 1.3.3 R il &
HE TR, 72 1.3.1 BG5S SR IR ERE 40 #T
0 ST A 5§ B0 1T AR IR K RSD B

(8) RGN FHERLE:: #%08 1.3.3 frk ik
SEATH A A A AR Ry, R 1.3.1 s A
4, 2 A A IR (25 .30 i 35 °C)FIT# (0.5,
0.6 Al 0.7 mL/min), #RJ5#Ef TGRS B 43
Br, SR BRIRIEAREL . o> B | iR T A T
B, ISR A 2 A S i ) RSD B
XoF T A R L 3 A A A e A (R R R 0 ) R 42 ol
AR EIbRAERR L, T E R
1.3.5 #mE

A3 VBRI T S IR L T A B k2 i
PR B &A1 . B2 L)+
SCURH R, BE 1.3.3 BT vkl s b i AT
BRAAE R BEE 3 AT, He R 1.3 i
SRAFHEAT AT, TE 2 A 18 P0G T AR RS A
PSR A S B 6

2 BER5a00

2.1 KEMWEEHEE

WEY 1, LEIIRY), CsHysOg, ESI-MS:
896.765 8 m/z [M+NH,4]"; 'H NMR (400 MHz,
CDCl3) d: 5.37 (12H, m, H-9> x 2, 97, 10’ x 2,
107, 12’ x 2, 127, 13” x 2, 137), 5.29 - 5.23 (1H,
m, Glycerol H-2), 4.29 (2H, dd, J = 11.9, 4.3 Hz,
Glycerol H-1a, H-3a), 4.14 (2H, dd, J = 11.9,
6.0 Hz, Glycero H-1b, H-3b), 2.77 (6H, t, J = 6.5 Hz,
H-11" x 2, 117), 2.31 (2H, t, J = 7.5 Hz, H-2),
2.31 (4H, t, J= 7.4 Hz, H-2 x 2), 2.08 - 1.97 (12H,
m, H-8’ x 2, 87, 14’ x 2, 14”), 1.61 (6H, m, H-3" x
2,3”), 1.21 - 1.40 (42H, m, 3 x 7 x CH,), 0.85 -
0.92 (9H, m, H-18’ x 2, 18”); *C NMR (100 MHz,
CDCly) 6: 173.3, 173.2, 172.8 (C-1" x 2, 17),
130.2 x 3, 130.0 x 2, 129.9 (C-9* x 2, 97, 13” x 2,
13”), 128.0 x 3, 127.9 x 3 (C-10" x 2, 107, 12° x
2, 12”), 68.8 (Glycerol C-2), 62.1 (Glycerol C-1,
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3), 34.2, 34.0 x 2 (C-27, 2’ x 2), 31.9, 31.5 x 2
(C-167, 16’ x 2),29.0 - 29.7 (3 x 6 x CH,), 27.2 x
3 (C-8 % 2,87),25.6 x3 (C-11"x 2, 117), 24.8 x
3(C-3" x 2,37),22.7,22.5 x 2 (C-177, 17° x 2),
14.1, 14.0 x 2 (C-187, 18’ x 2), VA FHIRE 5404
RN 5 (2009) A i — 3, S =
TR H AR (glycerol trilinoleate).

&Y 2, WwEaREA, CuHpOs, ESI-MS:
817.6105 m/z [M+Na]"; 'H NMR (400 MHz,
CDCly) 6: 5.15 - 5.02 (8H, m, H-6’, 10°, 14°, 18°,
22°,26°,30°, 34%), 4.93 (1H, m, H-2"), 3.99 (3H, s,
2-OCH3), 3.97 (3H, s, 3-OCH;), 3.18 (2H, d, J =
7.0 Hz, H-1°), 2.11 - 2.02 (16H, m, H-5", 9°, 13°,
17°,21°,25%,29°, 33%), 2.01 (3H, s, 5-CH3), 2.00 -
1.90 (16H, m, H-4’, &, 12°, 16°, 20°, 24°, 28°,
32%), 1.73 (3H, s, 3°-CH;), 1.67 (3H, s, 35°-CHj,),
1.59 x 7, 1.57 (24H, s, 8 x CHz); °C NMR (100 MHz,
CDCly) &: 184.7 (C-1), 183.9 (C-4), 144.3 (C-3),
1442 (C-2), 141.7 (C-6), 138.8 (C-5), 137.6
(C-3%), 135.2, 135.0, 134.9 x 4, 134.8 (C-7°, 11°,
15°, 19°, 23°, 27°, 31°), 124.4, 1242 x 5, 124.1,
123.8 (C-6°, 10°, 14°, 18>, 22°, 26°, 30°, 34"),
118.8 (C-27), 61.1 x 2 (2-OCHs, 3-OCHj3), 39.7 x
8 (C-4°, 8%, 12°, 16°, 20°, 24°, 28°, 32°), 26.7 x 6,
26.6, 26.5 (C-5°, 97, 13°, 17°, 21°, 25°, 29°, 33"),
25.7 (35’-CH3), 25.3 (C-1°), 17.6 (C-36"), 16.3
(3°-CH,), 16.0 x 7 (7 x CH3), 11.9 (5-CH3). UL I
s 5 Kuznetsova et al. (2002)A04E —%,
%58 F i Q9 (ubiquinone Q9).

&Y 3, ToERY), CisHi0,, ESI-MS:
279.234 9 m/z [M-H]'; 'H NMR (400 MHz,
CDCl;) 0: 5.44 - 527 (4H, m, H-9, 10, 12, 13),
2.77 @H, t,J = 6.4 Hz, H-11), 2.34 2H, t,J = 7.4 Hz,
H-2), 2.1 - 1.94 (4H, m, H-8, 14), 1.63 (2H, m,
H-3), 1.20 - 1.40 (14H, m, H-4, 5, 6, 7, 15, 16, 17),
0.88 (3H, m, H-18); *C NMR (100 MHz, CDCl;)
5: 180.3 (C-1), 130.2, 130.0 (C-9, 13), 128.0,
127.9 (C-10, 12), 34.1 (C-2), 31.5 (C-3), 29.6,
29.3,29.2,29.1,29.0 (C-4, 5, 6, 7, 15), 27.2, 27.1
(C-8, 14), 25.6 (C-3), 24.6 (C-16), 22.5 (C-17),
14.0 (C-18). KA F¥IE S Kim e al. (2016)4

H—3, B R IHER (linoleic acid).
k&Y 4, LTEHRBIEK(CRCE),
CosHiO, ESI-MS: 437.182 7 m/z [M+K]"; 'H
NMR (400 MHz, CDCl3) 6: 5.34 (1H, m, H-6),
5.25 - 5.10 (2H, m, H-22, 23), 3.52 (1H, m, H-3),
1.01 (3H, d, J= 6.4 Hz, H-21), 1.00 (3H, s, H-19),
0.91 (3H, d, J= 6.8 Hz, H-28), 0.83 (3H, d, J= 6.4 Hz,
H-27), 0.81 (3H, d, J = 6.5 Hz, H-26), 0.69 (3H, s,
H-18); “C NMR (100 MHz, CDCly) J: 140.7
(C-5), 135.8 (C-22), 131.7 (C-23), 121.7 (C-6),
71.8 (C-3), 56.8 (C-14), 56.0 (C-17), 50.1 (C-9),
42.8 (C-24), 42.3 (C-13), 42.2 (C-4), 40.1 (C-20),
39.6 (C-12), 37.2 (C-1), 36.5 (C-10), 33.1 (C-25), 31.9 x
2 (C-2, 8), 31.6 (C-7), 28.5 (C-16), 24.2 (C-15), 21.0
(C-11), 20.9 (C-21), 19.9 (C-26), 19.6 (C-27), 19.4
(C-19), 17.6 (C-28), 12.0 (C-18). VI F¥# Y
Savkimcr et al. (2024)JHRE —2, M ENE
1 15 -5,22- ") -3B- 15 (ergosta-5,22- dien-3p-ol).
a5, LEHRMHIECROE),
CosHiO, ESI-MS: 397.346 5 m/z [M+H]"; 'H
NMR (400 MHz, CDCl) é: 5.57 (1H, dd, J=5.5,
2.1 Hz, H-6), 5.38 (1H, m, H-7), 5.19 (2H, m, H-22,
23), 3.63 (1H, m, H-3), 1.03 (3H, d, J = 6.6 Hz,
H-21), 0.94 (3H, s, H-19), 0.91 (3H, d, J = 6.8 Hz,
H-28), 0.83 (3H, d, J = 6.4 Hz, H-26), 0.82 (3H, d,
J = 6.4 Hz, H-27), 0.63 (3H, s, H-18); *C NMR
(100 MHz, CDCl;) d: 141.3 (C-8), 139.7 (C-5),
135.5 (C-22), 131.9 (C-23), 119.5 (C-6), 116.2
(C-7), 70.4 (C-3), 55.7 (C-17), 54.5 (C-14), 46.2
(C-9), 42.8 x 2 (C-13, 24), 40.7 (C-4), 40.4 (C-20),
39.0 (C-12), 38.3 (C-1), 37.0 (C-10), 33.0 (C-25),
31.9 (C-2), 28.3 (C-16), 23.0 (C-15), 21.1 x 2
(C-11, 21), 19.9, 19.6 (C-26, 27), 17.6 (C-28), 16.2
(C-19),12.0 (C-18). L %54l Shirane et al. (1996)
A —2, O E 22 A S B (ergosterol) o
k&Y 6, HEGREIA, CxHiO, ESI-MS:
416.376 6 m/z [M+NH,4]"; 'H NMR (400 MHz,
CDCly) 8: 5.16 (1H, m, H-7), 4.71, 4.65 (each 1H,
br s, H-28), 3.59 (1H, m, H-3), 2.23 (IH, m,
H-25), 1.02 (3H, d, J = 6.8 Hz, H-26), 1.02 (3H, d,
J = 6.8 Hz, H-27), 0.95 (3H, d, J = 6.4 Hz, H-28),
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0.79 (3H, s, H-19), 0.54 (3H, s, H-18); *C NMR
(100 MHz, CDCL3) 6: 156.9 (C-24), 139.5 (C-8),
117.5 (C-7), 105.9 (C-28), 71.1 (C-3), 56.0 (C-17),
55.0 (C-14), 49.4 (C-9), 43.4 (C-13), 40.2 (C-5),
39.5 (C-12), 38.0 (C-4), 37.1 (C-1), 36.2 (C-20),
34.6 (C-22), 34.2 (C-10), 33.8 (C-25), 31.5 (C-2),
31.1 (C-23), 29.6 (C-6), 27.9 (C-16), 22.9 (C-15),
22.0 (C-26), 21.8 (C-27), 21.5 (C-11), 18.8 (C-21),
13.0 (C-19), 11.8 (C-18). LI F#dE5 Shirane et al.
(1996) e 1 — B, W4 e hy 22 £ 11 -7,24(28)-
)% -3B-M5 [ergosta-7,24(28)-dien-3B-o0l],

&Y 7, AMGEIK, CiHuOs, ESI-MS:
451.303 9 m/z [M+Na]"; '"H NMR (400 MHz,
CDCl3) 6: 6.50 (1H, d, J = 8.4 Hz, H-7), 6.24 (1H,
d, J= 8.5 Hz, H-6), 5.22 (1H, dd, J = 15.2, 7.4 Hz,
H-23), 5.14 (1H, dd, J = 15.3, 8.0 Hz, H-22), 3.96
(1H, m, H-3), 0.99 (3H, d, J = 6.6 Hz, H-21), 0.90
(3H, d, J = 6.8 Hz, H-28), 0.88 (3H, s, H-19), 0.83
(3H, d, J = 6.6 Hz, H-27), 0.81 (3H, d, J = 6.6 Hz,
H-26), 0.81 (3H, s, H-18); *C NMR (100 MHz,
CDCl3) 6: 135.4 (C-6), 135.2 (C-22), 132.3 (C-23),
130.7 (C-7), 82.1 (C-5), 79.4 (C-8), 66.4 (C-3),
56.2 (C-17), 51.7 (C-14), 51.1 (C-9), 44.5 (C-13),
42.7 (C-24), 39.7 (C-20), 39.3 (C-12), 36.9 (C-4),
36.9 (C-10), 34.7 (C-1), 33.0 (C-25), 30.1 (C-2),
28.6 (C-16), 23.4 (C-11), 20.9 (C-21), 20.6 (C-15),
19.9 (C-27), 19.6 (C-26), 18.2 (C-19), 17.5 (C-28),
12.8 (C-18). LI E#HEY Hybelbauerova er al.
(2008) 11 $i2 iE — B0, WK E b Ot A AR
(ergosterol peroxide).

&Y 8, LEiikY), CyHiO,4, ESI-MS:
372.308 7 m/z [M+NH,]"; 'H NMR (400 MHz,
CDCl3) 6: 5.41 - 5.28 (4H, m, H-9°, 10°, 12°, 13"),
421 - 4.04 (5H, m, Glycerol H-1, 2, 3), 2.77 (2H,
t, J = 6.2 Hz, H-11"), 2.34 (2H, t, J = 7.5 Hz,
H-2"), 2.04 (4H, m, H-8", 14°), 1.62 (2H, m, H-3"),
1.40 - 1.20 (14H, m, 7 x CH,), 0.89 (3H, t, J= 6.7 Hz,
H-18’); C NMR (100 MHz, CDCl;) 6: 173.9
(C-17), 130.2, 130.0 (C-97, 13°), 128.0, 127.9 (C-10",
12%), 68.4 (Glycerol C-2), 65.0 x 2 (Glycerol C-1,
3), 34.1 (C-2), 31.5 (C-16), 29.7, 29.6, 29.3,

29.1,29.1 (C-4°, 5", 6°, 7°, 15°), 27.2 (C-8°), 27.2
(C-14%), 25.6 (C-117), 24.9 (C-3"), 22.6 (C-17"),
14.1 (C-18"), VU FEHE S £ EFSE (2007)094k
H—, W 2-T I ER H MR (2-linoleoyl
glycerol),

k&Y 9, AEEA, CyxHypO0s, ESI-MS:
449.287 4 m/z [M+Na]"; 'H NMR (400 MHz,
CDCl3) 6: 6.59 (1H, d, J = 8.5 Hz, H-7), 6.28 (1H,
d, J = 8.5 Hz, H-6), 5.42 (1H, dd, J = 5.9, 1.8 Hz,
H-11), 5.27 - 5.10 (2H, m, H-22, 23), 4.00 (1H, m,
H-3), 1.09 (3H, s, H-19), 1.00 (3H, d, J = 6.6 Hz,
H-21),, 0.91 (3H, d, J = 6.8 Hz, H-28), 0.83 (3H,
d, J = 6.6 Hz, H-26), 0.82 (3H, d, J = 6.5 Hz,
H-27), 0.73 (3H, s, H-18); *C NMR (100 MHz,
CDCl3) d: 142.5 (C-9), 135.4 (C-6), 135.1 (C-22),
132.4 (C-23), 130.7 (C-7), 119.7 (C-11), 82.7
(C-5), 78.3 (C-8), 66.3 (C-3), 55.8 (C-17), 48.1
(C-14), 43.6 (C-13), 42.7 (C-24), 41.2 (C-12), 39.9
(C-20), 37.9 (C-10), 36.0 (C-4), 33.0 (C-25), 32.5
(C-1), 30.6 (C-2), 28.6 (C-16), 25.5 (C-19), 20.9
(C-15),20.7 (C-21), 19.9 (C-26), 19.6 (C-27), 17.5
(C-28), 12.9 (C-18), LI %5 Hybelbauerova
et al. (2008) ) 4t iE — %, MK E N
9,11-dehydroergosterol peroxide((22E,24R)-50,80-
epidioxyergosta-6,9(11),22-trien-3-o0l).

&Y 10, TEERY; 'H NMR (400
MHz, CD;OD) ¢: 9.70 (1H, s, 1-CHO), 6.90 (2H,
s, H-2, 6), 3.88 (3H, s, 4-OCH3); *C NMR (100
MHz, CD;0D) ¢: 192.0 (1-CHO), 151.1 (C-3, 5),
141.2 (C-4), 132.3 (C-1), 108.6 (C-2, 6), 59.3
(4-OCH3)., YA F&dE 5 Node er al. (2006)1iiE
— 3, MUEEN 3,5- T B4 W AR R
(3,5-dihydroxy-4-methoxybenzaldehyde),

&Y 11, AR, CyHuL0,, ESI-MS:
376.340 0 m/z [M+NH,]"; '"H NMR (400 MHz,
CD;OD) ¢: 4.16 (1H, dd, J = 11.3, 4.4 Hz
Glycerol H-1a), 4.07 (1H, dd, J = 11.3, 6.2 Hz,
Glycerol H-1b), 3.83 (1H, m, Glycerol H-2), 3.56
(2H, m, Glycerol H-3), 2.36 (2H, t, J = 7.4 Hz,
H-2"), 1.63 (2H, m, H-3"), 1.30 (28H, br s, 14 x
CH,), 091 (3H, t, J = 6.8 Hz, H-18"); °C NMR
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(100 MHz, CD;OD) o: 174.1 (C-1°), 69.7
(Glycerol C-2), 65.0 (Glycerol C-1), 62.6
(Glycerol C-3), 33.5 (C-2°), 31.6 (C-16"), 29.4 -
28.8 (12 x CHy), 24.6 (C-37), 22.3 (C-17°), 13.0
(C-18"), LI ¥4 5 Degenhardt & Hofmann
(2010) 4l — B, HsEE S 1-RE IR IR H s
(1-O-stearoyl glycerol),

k& 12, AEEEK, CHO4, ESI-MS:
189.008 9 m/z [M+Na]"; 'H NMR (400 MHz,
CD;0D) o: 6.41 (1H, br s, H-4), 6.30 (1H, br s,
H-6 ), 5.19 (2H, s, H-3); *C NMR (100 MHz,
CD;0D) ¢: 171.8 (C-1), 166.0 (C-5), 158.7 (C-7),
151.7 (C-3a), 103.3 (C-7a), 102.3 (C-6), 100.5
(C-4), 69.5 (C-3). VA L%dE 5 X1 IHFk 55 (2003)
MRE —8, M 5,7- - 13H)- 7Tt
IR (5,7-dihydroxy-1(3 H)-isobenzofuranone).

A4 13, HEEAR, CyHs04, ESI-MS:
372.307 9 m/z [M+NH,]"; '"H NMR (400 MHz,
CDCly) o: 5.35 (4H, m, H-9’, 10°, 127, 13°), 4.20
(1H, dd, J = 11.6, 4.6 Hz, Glycerol H-1a), 4.15 (1H,
dd, J = 11.6, 6.1 Hz, Glycerol H-1b), 3.93 (1H, m,
Glycerol H-2), 3.69 (1H, dd, J = 11.4, 3.9 Hz,
Glycerol H-3a), 3.60 (1H, dd, J = 11.4, 5.7 Hz,

H,CO

H,CO

Glycerol H-3b), 2.77 (2H, t, J = 6.3 Hz, H-11"),
2.35 (2H, t,J=7.5 Hz, H-2"), 2.04 (4H, q, J= 6.6
Hz, H-8’, 14%), 1.63 (2H, m, H-3"), 1.40 - 1.22
(14H, m, 7 x CH,), 0.89 (3H, t, J = 6.4 Hz, H-18");
BC NMR (100 MHz, CDCl;) d: 174.1 (C-1°),
130.2, 130.0 (C-97, 13), 128.1, 127.9 (C-107, 12°),
70.3 (Glycerol C-2), 65.2 (Glycerol C-1), 63.3
(Glycerol C-3), 34.1 (C-2°), 31.5 (C-16’), 29.7,
29.6, 29.3, 29.1, 29.1 (C-4’, 5°, 6, 7°, 15°), 27.2
(C-8%), 27.2 (C-14%), 25.6 (C-117), 24.9 (C-3"),
22.6 (C-17°), 14.1 (C-18), VA F##E 5 Murata
et al. (2011)HRIE—EL, MR 1-WIMAR H
T (1-linoleoyl glycerol),

LAY 1-13 25 WA 1,
2.2 AEIGM . FRIEKEFEIEFEE

ANl Al AN ) AR B B A ok T - S A
EATANTIE SRS B B 22 57 (K 2).
(AR R R R K2 2 om, RIHEAE
P RR MBS, R 1.5 em, 2EMIE, O
EEIRE A, 3 AR EE S INE
RO —E 25, NIRTE IR w2 IR A
o, TRRIR, LIRSS KE 6,
TOURRR I, Aof o = P T i 20 €, 0 o - e TR A

(0]

R-,()/\(\{)R‘
= OH

OR,

1 R=R=R;=-CO(CH,),CH=CHCH,CH=CH(CH,),CH;
8 R=R;=H.R;=-CO(CH,),CH=CHCH,CH=CH(CH,),CH,
11 R=-CO(CH,),;CH.. R,=R;=H

13 R=-CO(CH,),CH=CHCH,CH=CH(CH,),CH.. R,=R=H 3

E 1 L&Y 1-13 Lt

Fig. 1 The structures of compounds 1-13.

HO

H,CO HO 3a
3
OH

10
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B2 FHETFSEER A BBRERR; B ANWERR; C: LWFEME; a: 20405 b sEM; o0 Z0H

Fig. 2 The fruiting bodies of morels. A: Morchella importuna; B: M. sextelata; C: M. eximia. a: Juvenile stage; b: Mature stage; c:

Aging stage.

L, ARET, W BUREEAR . (2l -
Rl B, Wk 6-7 cm, SMULERRE
AR, MBI, BRI Y 5-6 cm, 5[5
AR, O, AesaRE A G, MR, A
TR o 3 AN o ) S e B R i S MR I B A
—REZES, NIRRT MUBE A A T TR T KA
@, SHEE, DEREEJOIR, ML IR i
REMEDY, ERBE. @) & FItEIT
iy AR, R AR TR, R
R VA NG AN WY = 5 A e
{8 T €A A BT B A AN [ ol ) < JHE BT 400 4F
BT SR R AR 15 2%, TS S e A T
SERI I HIRAE 5 J, WURT BRI RYRE, FEOMR

x1 ERERY. 2EEMERET

Table 1 Theoretical plate number, resolution, and tailoring factor

5], &k 50 Hifi# M.
23 AGERAMRAEEFER
231 REGERMHER

(1) HELSIERE . o A

e 130 MEiE AT, Ml 2
S BEAr BT R IE AR BOR T 5 000, 7B ERT
2, HEREHF/NT 2, UL A S EEES
At 2% Jo () € 0 Ay B R R 4T, HL g g %)
FRYE R, S0 2 2020 B 24 S bR v
F 1, K 3).

(2) REE

R T VA i 2508 £ 1 R i
VI RE Sy, R DUEME (SN R R . X —

ETRE B i 1] W TR AR PRI AR IrEE i N
Number Retention time/min Peak area Theoretical plate number Resolution Tailoring factor
1 7.416 477 454 6 680 2.719 1.082
2 7.395 476 741 6701 2.665 1.082
3 7.443 476 236 6676 2.686 1.082
A : B :
200 F PDA Multi 1 282 nm, 4 nm PDA Multi 1 282 nm, 4 nm
i 100 H
150 } | ‘
|‘ 75t h
= | = f
100 I
E | T sof i
| I ' |
>0 i 25t ‘| | |
I [\ I
0 ; ; ar | ‘ -
0.0 2.5 5.0 7.5 10.0

0.0 2.5 5.0 TS 10.0
min

3 SFREEIEER A EMEE; B il
Fig. 3 HPLC chromatography. A: Ergosterol; B: Test sample.

min
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F AR B 22 £ £33 T B V5 10 0 45 A
7N, TEMEIE N 15.625 ng/mL B, S/N>3, {EHk)F
K 62.5 ng/mL B, S/N>10, BIZZ {5 B a6l
FRA 15.625 ng/mL, EmBRHK 62.5 ng/mL,

(3) HEEM

MR T PR (05 R 40 % SR B )
B A EE S VERE , ST [R]— U BE 1 22 A 15 BT BR
ARV, TE 1.3.0 BEaE A N EE I 6 I, 4
Mras iR 6 MEHREIER RSD 4 0.076%,
TL/NT 2%, UL I VERLT .
232 FAEFER

(1) &R FR

DLZE ff1 §55 B JEE (x, pg/mL)A (e IR ()
bR AEM £, HRERIH B A y=11 630x—
46654, R*=1, RWIZZM AL 5-200 pg/mL Mk
FEYEREIN, ok EERGEmAHA RIAFIE MR

(2) KB T . Fove MR B

SEATHI Y 6 M IR i A TR TE 1.3.1 i
SR 43, H TR AL RSD K 0.367%, /T 1%,
UEIZ T WA % A . AR TE 24 h
NI 7 IHERE AP v, 22 ff 6 IE0g T AR RSD 2Ry
0.086%, &/NT 2%, BEIAAHR A IRAE 24 h
FE R AT . ZENIAE R e rh,  mDSCRTE
98.93%-100.80%, ~“F-¥EI# A 99.93%, RSD
H0.91%, /NF 2% (& 2), ULEZIT LR HE
FE R AT

(3) M A

i FH P 2 48 43 AT 7 AR S 80 NS Bl s R
FEEE R B RE 1, AR X HE IR AR 2 -2
BN B T R s 2R AT T 258, AR
B 25, 30 #4135 °C, JEHIEEN 0.5, 0.6 Al

® 2 OEFREMHEEEER)REER

Table 2 Accuracy (spiked recovery) test results

0.7 mL/min, 43Hr48 5 8R4 R B B B EE i
BIIRTF 5 000, HEEHRT 2, HEKNTY
INF 2, RIETE SRS BN 3 T AR
JRR T RAFI Ay B, RGuTE N AT o Ak
Sl VA TRTEAS [R) B T , A [R) AT 43 i) o 45 g
A S B R AE RSD 4 0.721%F1 0.875%,
BUNF 2%, U BIZ 0 A 0 SR BN
AR, P IE G RIEARAZ R, BoR
A A TR FE P
2.4 tEmNE

K HHTEE ST A3 T k%t 3 ANAS ] b i %
HOAN R A K B B 1 2 ik B 1 S 1A v 11 22 5 T
AT BN, BEAFESRSEAT 3 4, e A AR
K4,
3 Wk
3.1 EHRFEMENERS

LR S T B I B R AR s R —
FEXT S I 2 I TR - S AR A A2 A T R,
H TR B 4R T2 B A 3L 4 25 15 51
13 MeEY, w1 S ARG, S K
NG R S AL H M ER e A . 3 Ak
a8, Hpfba¥ 2. 9. 10 112 HE KM E
g h o B E] . 5 BRI E Y
2, WREMZEAEDESE. ZMH
M (ergosterol) & — Fl 2 47 75 T L 14 4 i 5 v
(R E B b A, MR i A2 25 A T
T AN R R B R B, Q0 Sh A AN g
I BN 2 5 1 A L TR A 0 155 5 Sl A, B2
MR . BRI (Rodrigues 2018),
UbAh, MR won PR | FRILAE . S

' FERPRIBCR PR XF BRI A e [m] L 4 SRR X bR 22

Number  Sample Theoretical ~ Reference standard Measured  Recovery =~ Mean RSD/%
weight/g content/mg weight/mg value/mg /% recovery/%

1 0.201 0.3322 0.43 0.759 6 99.39 99.93 0.91

2 0.202 03339 0.43 0.767 3 100.80

3 0.206 0.340 5 0.43 0.773 7 100.74

4 0.205 0.3389 0.43 0.764 2 98.93

5 0.207 03422 0.43 0.768 0 99.04

6 0.208 0.343 8 0.43 0.776 9 100.71
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Zi4E ] Juvenile stage
A Mature stage
E1bHH Aging stage

—_ 1 9
0 O N B
T T T T
1

l6p=

1.4} =
1.2 [ -

1.0
0.8 |
0.6
0.4 r
0.2 |

0.0 L —
it - i

M. importuna

]
&1

Content/(mg/g)

ANIRERE TR

M. sextelata

LR

M. eximia

El 4 TERM. FREKMNFHEFEFEZAEESE
Fig. 4 Ergosterol content in fruiting bodies of morels of
different species and growth stages.

L R AT R A 2 B AR IS R (R A
2021; Rangsinth et al. 2023). 1573 M & B
(ergosterol peroxide) A MK Sa, 8- SH M4
M, AT T e B AN YE, Rl
T A BT IR 15 1 (Merdivan & Lindequist 2017; £
WA 2024),
32 FHEFEFPEZAEBEIENE
3.2.1 FREFM®

TR I BT 7S IR T R AT R R
H T K Bl AR 35 b Bl o 78K R 35 251
T, SRR TSR P TR 55 PR AT LR, 225
K225 d ARG, HASRgiritAZ
OB B o TEXANER AT, FRATTHE 5 A 44
W1 RAFE A 3 AR A K B B, DA
B TR - SR TE A TR A K B Bk A= A ™
VI 25
3.2.2 HmiblE

N T PRIEE R AR A AR e, TR
IR VR VR T I8 0 56 2 ik T - S ARkl A 7 1
1, RIEMEE, of 50 HifissH . R
F e FR, FRATRHE R T T 55, W
RAEBO SR, AR, ¥BiR), $RHL
TSRV . PR Ak . OB, FREE (15,
30, 45 F1 60 min)FUERRE EL(1:15, 1:25. 1:40,
1:50), F5c 2 2 o AR ok ot 5 T ol 5 1) e £

PEMCEAE: DIH R BOA N, ERRE L 1:40
(g/mL) T, @A BN 45 min, HAT, EA
SCHRHGE T A [ R 22 S 5 i il
W TEFBRARRZ | WSk . Sfras . KiiE ™
WA I ETE N I Z R & 25 T GRS 255 2014
AL 2017; £RIEBISE 2019; 2 KE
2024), 7E EiREER AR Sl AR rh, R
B L SR HU M S S HUE A 22 5, (B3R EUE
To— 1 51 b5 R FH R PR A BB Gk . X R, X
PO 78 22 1 8 B A SR B T B A B 3%
Do,
323 #Hma

HERAY , Rl 222 M S Be T w
() FBER A1, FRATTXS 75 A i 7 A L
TR TSR 2 A BT G RAIE SE T X — a5
(TR/NE5E 2021) FEXTEREEAN R RN AREA
KA F- SR 22 A S R M S SR P IRAT T &
B, BREEIER . PSR R A R 3
PRI A SR TR B 22 A S R o i =, 23k
(1.647+0.013). (2.289+0.011)F1(1.974+0.002) mg/g-
Bl TR A, IR & R R T R
FEE N (BT S ST B Ry oAl DR AR IR S TN
A ANRFERE R EMEESEE—HT
W) a3, I AIAE A 19(2.289+0.011) mg/g [& 3]
A 1 (1.796+0.008) mg/g, M 2] 4k 1A 1)
(1.456+0.011) mg/g. FHR M, Fhbe R B AL ok
R T A A S I R S R IR AR SR /MR
B, B A T A4 I 1(1.647+0.013) mg/g
T FER I 9(1.25040.004) mg/g, SR 5 /Mg 1
HnE) Ak 1(1.533+0.007) mg/g, T 2 JH
U A SHAE A (1.97420.002) mg/g [ 2 M /Y
(1.690+0.003) mg/g, XI5 /INIEIE 2] 243 19
(1.791+0.009) mg/g . - J T 4l 4 B+ 5L AR v () 22
AR B A, AT AR S HA TR A K A A
JEA BRI BRI B A O o ANt ARl e, HF
SR H Y 2 A S A AN T A K B B (A AR
LA . 258 CEQ2OMBIARE F
SR AR K B B B 22 A S o s T T AR
485 5 R H- SR 22 A S I i S 0 S
TR~ _ LT sh AR R, X —AF
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A 35 B 2 T L IR S T R AR R AR T
H 7R SE Q01X S B IR o & B0, e sk
SACE A B, MRS ERE B, Y
TR BT Rk B i R, TR S £
A S WA BRI 0 Sk T SRR Rl AR K B B 2
S B 1 0 A8 AR RN 2 T T B B AN TR o A
WIS RS T BT E, XTI B 3 A A
TR A IR B 22 AR SR R B, AN IR
R AR AE, N (1.796£0.008) mg/g, #&
J5 A IR S B 19.(1.690+0.003) mg/g , Btk =it
B, AR (1.2504£0.004) mg/g. LA b 45 54568
[vi] — 2 FH BT 4 AN [) o P ) 22 o 55 B 5 A e 22
5, X — G A AT AR BE S . AH TR
S5 (2016) TE X FLIA 2K 25 b By g b A7 22 A B
S S R B, LB s e N (R (R AR 2
S, RUEMEEES RZ AR, 1Ak,
XI5 R AR 201 1) 78 2 BT AN [8) 22 2 b v 22 4 £
P2 B S A B, R 2 R [R) 22 ) B T o | 22 S
TREAE . ZEAR R BEARR RG22 A, 22
685 S IR e 10 0.243% 3 J IR 1K) 0.093%
NEE,

4

AR SR e I 2 B B G A2 B AT T
W58, AR Sk b 2 15 5 13 ME G,
BG5S R EY, 5 AKEERE DR K HH
MBI EY, 3 A HAS G, HhikEY
2. 9. 10 F1 12 K E RN FEIEE o 852
B, A SR S RO B3 10 %o 3 JHE O - S 44
22 AR S B AT T, I SRR R A R
W2 AR IT T B AT e S R s, B
BT TR 7N IR 2 i TR B IR S TR X 3 A A
B AR, TEGNAR I S0 R i 22 A S B i Ak
TR, &aERTE(1.647+0.013) mg/g £
(2.289+0.011) mg/g Z [A]., FfHE F B 7oA
KRR PP, 22 A (51 1 1 S 0 B R
IR L S IR - S A b 22 A S e
RO RS, HE R AR AT
R R L A 2 TR S AR D B 1) 2 A 1
AR, e EE A BT /IR B

EAN XTSRRI AT
3 A2 v o ) 2 A S P R A 22 5 R R A
3 AR SO E YO AL IR TR ) A2 B0 A R
A2 fR B S R AT TS, RO SR
T M B ot A B R 2l

1E# STk

WERIR : 25 BRI Kb 1B SRS
RIEE : Bl sl Ko birs dDEd. SLie it
LI A5 Bt R SCRTEEIT ;s B
A RBESCIRpRL . LIRS .

E R

I FEAAFAEAT AT T AE ) 25 v 2 1) R ol 5
W55 K2R
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