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Metabolomic differences among different parts of Isaria cicadae
cultured on Antheraea pernyi

HE Yaqiong'? PENG Fan®> ZHAO Cheng® FU Beibei’ HUANG Bo?> HU Fenglin"

1 North Anhui Health Vocational College, Suzhou, Anhui 234000, China
2 Anhui Agricultural University, Hefei, Anhui 230036, China

Abstract: [Background] Isaria cicadae is a Chinese traditional medicine. A preliminary study showed that
wild 1. cicadae contains similar metabolites with cultured /. cicadae on Antheraea pernyi. Therefore, the
cultured I. cicadae has the potential to be used as an alternative. [Objective] Reveal the metabolites
difference between different parts of the cultured /. cicadae. The results will provide a theoretical basis for
the rational use of the cultured /. cicadae. [Methods] HPLC-DAD-TOF/MS-based metabolomics was used
to compare the metabolic difference between the insect body part, mycelia on the insect surface and
coremia of [. cicadae. [Results] Different parts of cultured /. cicadae showed significantly different
metabolomics. Despite that, the insect part is full of mycelia (sclerotia) which contains less small
molecular metabolites than the other parts, and has only a relatively higher level of dihydroceramide and
phytosphingosine. This result implied that it contained mainly insoluble macromolecular substances. The
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high level of phytosphingosine was possibly related to immune injury from the host insect. Lots of small
molecular metabolites were detected from mycelia on the surface of the insect body implying that nutrients
from the insects were preferentially absorbed by the mycelia. The coremia contain relatively few
secondary metabolites. [Conclusion] Different parts of cultured I. cicadae on A. pernyi contain
significantly different metabolites, and mycelia on the surface of the insect contain relatively higher level
of secondary metabolites suggesting more potential of metabolites utilization.

Keywords: Isaria cicadae, Antheraea pernyi, metabolites, difference

Wi {E(Isaria cicadae)s§ )& T HETET TR JE TS H B
AR AR, RHR F RS TR R
W PRIy ) i WA AT R I L R IR
Primat. PUWIR . PUIEST . U, MR . oK
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Table 1 Isaria cicadae cultured on pupae of Antheraea pernyi

R -80 Y KB = A R, T e TR 2T A% 1 e
15 min, ZWAEHINESS, AIMBERIHERHE, #
WERREE 1x10"/mL, B4 T-295 .

VERWALE . DINERIE R, & HAER I
A 200 pL =W . HTHH T 22 35 3R Bl EE
22 °C, WEANET 70%, TG, RFEaRigRima
TR ZLET, HEATFIARE LB, W 20 °C,
TREEARMET 70%, 24 h YR 5557 30 d J5 98I T
HUAERFRIOIAAE . SRAEIIAES IR B 1.

FAARESRAE K, WUk, TIRMEE, A
S5 IEEAY, TE-80 °C UKEA . EREER 5 A
AW,
1.2 HmatiE

FREC 30 mg FES KR, A 3 mL
MeOH/CHCIy/H,0 (2.5:1:1, /AR RBGE AT 30 pL
Fmoc-Glycine (1 mg/mL)NFr, A€ 1 min, 4 °C,
40 kHz #8575 1 h, FJERREGCE 4 °C 400 TR
W 10 ho AAJEHEAEMARIAILL 8 000 r/min 2.0
10 min, X 2.4 mL FiEW, BEAWA T, HAR
Wik, B T80 °C fiff. 7E HPLC-MS 73#fr
HIIHI 400 uL 90% HEEE A 2%, LA 10 000 r/min 2
0> 10 min, FIEWENN HPLC-MS 73 Hr i

FE i FER AN

Sample No. Sample type

CK(01-05) FEZZUEZS [ A. pernyi pupae blank

CT(01-05) KI5 R ZZIVEZR I A. pernyi pupae with Isaria cicadae
JS(01-05) FEZR Ui 2 1 Y B8 22 Mycelia on the surface of the 4. pernyi pupae
BGS(01-05) FAFHFR4) Coremia of 1. cicadae cultured on A. pernyi pupae
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1.3 EZiRAFANEE

EGAi B G, Tedia 2wl AigaiH g,
Agilent A H) o =3 BERUTTIR 0 A 0B €63
#: Agilent poroshell 120 EC-C18 (2.7 pm, 3.0 nmx
100 mm), Agilent A7]; HFRKYV, HiFREES
FaAER w5 e AR T#AL, GOLD-SIM 24l ;
B g ey, B A (A A R
1.4 HPLC-MS %%

A A=0.1%HRIY/K , B=0.1% PR N
PEMES%AF: 0.0-45.0 min, 5%—100% Bj; 45.0-55.0 min,
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SRR BHES FREA . AU TR, R
325°C, yii## 12 L/min, 2510 <E 35 psi; BAEHE
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iR AT BB R T 0 0.05-1 kD,
1.5 BURAIBRLG T2

K Fl HPLC-DAD-TOF/MS ) J5 4 5 41 i 5o
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W2EBE N 0.01 Da, WM ZEEE R 30's, K4
AW ) B I — A R B B AR AU SR B 2 R
. TR R R T 2R . RO
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SIMCA 14.1 47, Pareto 4 jilti& 1+ PCA Al
OPLS-DA. HAZFE T 245HT1, t-Test Fll Hierarchical
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W ZE AR T RS RRAE . RS AT EL AR 2R
FROTERRIN T, B i ) R dUk R

BRI R SR 7 1 B A T AN ) 28 B4 4 )22 [Dictionary  of
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S UEHERT A AL s IRIEACE I RS S
BRI R R XHFE Y, RlEE
T FAATHE S 26 76 BEATHT
2 ZR54W
21 ERSHH

AN R GRS R O I
(Coremia, BGS). H#ik4r(Mycelia, JS), HAATS
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RABGE G WK A 1 S W48 TP AR A 40 . TR 2238
4. HMASH A A HUARZS 11 4 AN IR A A TR
5, 6 PCA #1454

Kl 125 HPLC-MS FH. B FH T AER IR
PRI | 22 AR 5 B RUAR e S
P25 55 1) PCA-2D 154318 o JoH A Sk S B 5 -1
X, A/ 2 AFERST TN 61.5%07A8 Elkf R,
Hrh PC1=38.4% . PC2=23.1%; B Jy KR 71
K, B2 AT LI ST% A i TR,
H PC1=32.7%. PC2=25.0%. M 1 Hr[LIFEH,
TERH . BB FRXTT, MER SR D AR EFLAS o
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Figure 1 Score plots of two dimensional principal component analysis

TE: Ar FIE TR B BIs TR CT: Huff; JS: Wi%; BGS: fUffis; CK. XM
Note: A: Positive mode; B: Negative mode. CT: Insect body; JS: Mycelia; BGS: Coremia; CK: Control

R2X>0.5. R2Y>0.5. 02>0.5; UL}, A755x%}
PLS-DA #47HF5IK4, 15 OPLS-DA i H
A MR B 1Y 43 (Permutations, #=200), 4§
02<0.05, i & F R A AE I 28R T i 7 45
If. S-Plot FEHIRIRTS OPLS-DA 434H 5 A
Z A2 579, Hoh P112(0.05], P(Corr)>[0.5],
i HLZX A4S R EA T -Test, Hip P<0.05 75 &
PN R A S B 22 R 4RI
2 FIEl 3,

OPLS-DA {543 i /s M A 15 SR WA AE 1) L 1A
SRR KRR TE L2 0K . WAL A AR S A
OPLS1 AT LABA 43 FF, WL al it 22 i ad
S-Plot (al. bl, cl. a2, b2, c2)il%, BH. FHET
B ARG 86 NSk E Y, HARIEE LR 2.
23 AESH

it OPLS-DA () S-Plot KIFA5 T FE& 15557
WALE Y HUATR 3 5 ks 1 . HUARSRTET I T 2244
WAAETRUAR o 2 ] () 25 AR, X s 2 AR &
BAFEREIRSS . SSLIRZS . RSB IR B L

R

Sk TS T O T 3 e 2 AR P 7N

G SR WA 1) JUARTR 43 (CT) 5 AR S 1 (CK) L 1

AR R R 221K JS) . WAEFLAE 5 (BGS)Z 7] i A8
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(Hierarchical Clustering Analysis, HCA)., 5G4 b
FEAS TR 5 B X IR % dls 1647 Pareto Scaling ¥ —
LA PR, SR 5 K ] Spearman’s Rank E2840#7,
I BE 25 -k Average Linkage!®, 32 B A48
SR T A A il SR DG I A ) SR AE — i L FAE
2 R TR B B R AR 6, Rz A Y B
REHBIEEY), Lmh 2z wnEE, i
Kl 4.5,

MBHEF AT HCA EIH AT RIS DU R 4521

(1) HpAzs e 20 45 o B AR 2 A L iR
KAy, FEA PE18:3/0:0) . PC(16:0) .
PE[18:1(112)/0:0] . PC[18:3(6Z,9Z,122)/0:0] .
PC[18:1(9Z)]. PC(18:0), VAK4A % BEM(Glutamine)
FIET SR (Valine) 55 2 SEMR S HATT A= 281 . S MAfEA
BRI BT AR LY, HUARZS A R RN A e O e
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Figure 2 OPLS-DA score plots and corresponding S-plot in positive mode

H: Al HURCTFIXFI(CK) S Bl: HIRCTFIREZJIS)EES; Cl: HRCT)FIHIAEH(BGS); al—cl: A1-C1 Xthif# S-Plot X
Note: Al: Comparison between insect body (CT) and control (CK); B1: Comparison between insect body (CT) and mycelia (JS); Cl:
Comparison between insect body (CT) and coremia (BGS); al—c1: Corresponding S-plot figures of A1-C1

(2) WA B HAARER 23 v A I 3] F) s 5 W) T
B, FEORHEREYIT, R S S W A
W) ¥ I 5 (Phytosphingosine) , A A 4y i frig s
JETLT AR Y h E A BRI T, s,
£ A5 B ) B8 e T 21 D T 3 S i T R A
W, A e S Y, 2R,

WFAE %) H AR 3 r R 0 1) 45 2 118 A 40 2 T 0 %
L AR AL BT L

(3) N LWpAE AR KT W TE 22 1k h 5 235
20 A S A ™, b AN R g R S AT AR
WZik 6 #, 04 o-WKER (0-Linolenic Acid) . P JFR
2 B H iR (Linolenic Acid Monoglyceride). MV.yHER H
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x2 HEMEBFHARBFEIATRANEZEERY
Table 2 Differential metabolites putatively identified by HPLC-MS in positive and negative mode

HH e 7] Gl EISIb Y s f A ] [ERR S VM B2
Retention time (min) Detected mass (Da) Metabolite Ionization mode Molecular formula AMass (mDa)
1.75 103.063 8 Gamma-aminobutyric acid ESI () C4HoNO, —1.02
1.75 103.099 5 Aminopentanol ESI (+) CsH;3NO —0.33
1.76 147.054 7 Glutamic acid ESI (-) CsHgNO4 -2.09
1.81 161.103 6 Carnitine ESI (+) C7H,5sNO3 1.04
1.90 115.063 1 Proline ESI (+) CsHoNO, —0.32
1.92 235.142 6 Glyceryl homoserine betaine ESI (+) CioH21NOs —1.18
1.94 607.082 0 UDP-N-acetylglucosamine ESI () C17H27N30,7P; —0.98
2.01 134.021 0 Malic acid ESI (-) C4HqOs -0.93
2.04 240.148 1 1-hydroxy-aspergillic acid ESI (+) Ci2HyN»O3 -1.26
3.86 192.027 0 Citric acid ESI (-) C¢H3O7 —0.60
3.92 112.016 4 3-furoic acid ESI (-) CsH403 —-0.90
9.17 323.169 8 Antibiotic 8345 C ESI (+) C17H2sNOs 2.92
9.26 122.056 9 Erythritol ESI (+) C4H;004 0.46
9.45 485.220 4 2-amino-2-deoxy-p-D-mannopyranosyl-(1—3)- ESI (+) Ci3H35N30, 1.08

2-amino-2-deoxy-a-L-fucopyranosyl-(1—3)-
2-amino-2-deoxy-D-galactose

9.94 135.066 2 1-(2-aminophenyl) ethanone ESI (+) CsHoNO 1.67

10.11 465.126 9 Unknown glycosides ESI (+) C,1H3NOy —-0.34
10.21 165.079 0 Phenylalanine ESI (-) CoH,i1NO, —0.57
10.34 123.0322 Nicotinate ESI (-) C¢HsNO, —0.72
10.56 335.171 6 Senecionine ESI (+) CisH25sNOs 1.12

10.78 253.1532 Cyclo(arginylprolyl) ESI (+) C11H9N50, 0.13

11.28 300.071 5 Ribofuranosyluric acid ESI () C1oH12N4O7 —-1.45
11.73 179.094 0 Adenine ESI (+) C7HoNsO 0.08

12.29 466.257 5 Androsterone glucuronide ESI (-) C,5H3505 —1.38
13.30 204.089 9 Tryptophan ESI (-) CiiH12N>O, —0.57
13.30 312.0852 Isariketide ESI (-) Ci4H,60s -1.23
13.60 143.069 2 2-amino-4,5-dihydro-1H-imidazole-4-acetic acid ESI (+) C5HgN;0, —0.27
13.60 145.070 6 A-aminoadipic semialdehyde ESI (+) CeHi1NO; 2.74

13.63 117.079 1 Valine ESI (+) CsH;1NO, —0.67
13.71 158.094 5 3,6-epoxyoctanoic acid ESI (+) CsH 1403 —=0.75
13.75 169.048 7 3-amino-2-pyrazinecarboxylic acid ESI (+) CeH7N303 —0.56
13.76 131.067 8 Creatine ESI (+) C4HoN;0, 1.13

13.80 187.063 5 Unknown ESI (+) CeHioCINs —-1.58
15.33 338.093 4 Melanocin A ESI (-) CisH1sN>Os -3.68
15.43 370.127 3 PPEA ESI (-) C17H209 -1.52
15.89 146.069 4 Glutamine ESI (+) CsH;oN,O; —0.81
16.29 368.111 5 Isocoumarin glucosides ESI () C17H2009 -1.32
20.16 295.1422 Neopestalotin E ESI (-) Ci5sH21NOs —0.78
21.39 156.115 4 Nonenoic acid ESI (-) CoH 60, -0.97
31.69 519.261 6 PS(18:3/0:0) ESI (-) C4H4,NOoP —2.43
32.12 563.323 6 PS(21:2/0:0) ESI (-) C,7HsoNOoP —-1.83

(#2)
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(83 2)
32.19 317.292 7 Phytosphingosine ESI (+) CisH39NO; -0.25
32.25 299.282 3 Glycidyl oleate ESI (+) CisH37NO; —0.42
32.31 475.241 5 Fluspirilene ESI (-) Cy9H31F2N30 1.47
32.38 475.268 9 PE(18:3/0:0) ESI (+) Cp3H4oNO7P 0.44
32.48 517.317 6 PC(18:3/0:0) ESI (+) Cy6H4sNO7P -1.31
32.67 596.298 3 Tyr-Lys-Thr-Trp ESI () C30H40N¢O7 —3.00
32.80 578.294 0 Unknown ESI (+) CasH4oN4Og 0.63
33.48 521.276 9 PS(18:2/0:0) ESI (-) CosH44sNOyP —2.08
33.52 521.276 5 Linoleylserine phosphate ESI (+) C4H44NOGP —1.68
33.84 477.287 2 PE(18:2/0:0) ESI (-) C3HuuNO7P —2.21
34.13 565.349 8 PS(21:1/0:0) ESI (-) Cy7;Hs:NOGP —4.14
34.15 572.298 5 PI(16:0/0:0) ESI (-) Cy5Ha9012P —2.89
34.30 477.285 8 Linoleylglycerol phosphate ethanolamine ESI (+) CxHuNO7P —0.81
34.32 336.266 1 Hydroxymethyl methylandrostane,diol ESI (+) C11H3603 —-0.20
34.38 329.292 2 Dihydroceramide ESI (+) C19H39NO3 0.25
34.45 519.331 6 PC(18:2/0:0) ESI (+) C6HsoNO7P 0.34
34.96 497.276 7 PS(16:0/0:0) ESI (-) CHuuNOGP —1.88
35.49 296.235 8 8-0x0-9(E)-octadecenoic acid ESI () CisH3,03 —1.20
35.69 453.287 1 PE(16:0/0:0) ESI (-) C,1HuuNO7P —2.11
35.76 453.2829 Terpendole F ESI (+) CosH39oNO4 4.46
35.80 312.2655 Oxo-nonadecanoic acid ESI (+) C19H3603 0.40
35.95 495.330 6 PC(16:0/0:0) ESI (+) Cp4Hs5oNOP 1.34
36.01 523.292 8 PS(18:1/0:0) ESI (-) C4Hs6NOoP —2.33
36.25 338.281 8 Glycidyl oleate ESI (+) C21H3305 —-0.25
36.44 278.224 0 Linolenic acid ESI (+) CisH3002 0.03
36.57 434.244 7 PA(18:2/0:0) ESI (-) C,1H3907,P -1.91
36.74 479.302 6 PE(18:1/0:0) ESI (-) Cy3HyNO7P -1.96
36.82 479.301 6 PE(18:1/0:0) ESI (+) Cp3HsNO7P —-0.96
36.94 567.355 6 PS(21:0/0:0) ESI () Cy7HssNOyP —2.53
36.96 521.348 2 PC(18:1/0:0) ESI (+) CyHs:NO7P —-0.61
38.05 490.306 5 Paeciloketal A ESI (-) C3H04 1.26
38.28 376.313 6 Ergostapentaene ESI (+) CosHyo -1.15
38.80 300.133 4 Trimethy1-6-(1-o0x0-3-phenylpropy1) ESI (+) CisH2004 2.21
cyclohexanetrione
40.06 481.318 2 Phosphatidylcholine ESI () CxHasNO7P -1.91
40.31 523.362 8 PC(18:0/0:0) ESI (+) C6HssNO;P 0.44
41.19 466.304 5 Androsterone glucuronide ESI (+) C30H404 3.26
43.24 354.274 0 Linoleyl glyceride ESI (+) C,1H3304 2.46
43.27 262.228 2 Muquketone ESI (+) CisH300 0.92
44.98 480.283 2 PA(20:1/0:0) ESI (1) Cy3Hys09P 1.46
45.45 464.289 1 PA(20:1/0:0) ESI (1) Cy3HysOsP 0.64
45.49 280.240 9 Linoleic acid ESI () C3H3,0, =122
45.50 380.162 7 Dicitrinin A ESI () Cy3H2405 —0.87
45.53 352.261 7 Linolenic acid monoglyceride ESI (+) C1H3604 0.89
48.02 282.256 2 Oleic acid ESI (-) Ci3H34 O, —0.87

TE: PA: BEJRIZ; PE: BESMEC MG PC: BREASHEANGR; PS: WEARMEZZNL; PL: BEASMENLES; PPEA: 3-{3-Methoxy-5-[(4-O-methyl-
glucopyranosyl)oxy]phenyl} prop-2-enoic acid

Note: PA: Phosphatidic acid; PE: Phosphatidyl-ethanolamine; PC: Phosphatidyl-choline; PS: Phosphatidyl-serine; PI: Phosphatidyl-inositol;
PPEA: 3-{3-Methoxy-5-[(4-O-methyl-glucopyranosyl)oxy]phenyl } prop-2-enoic acid
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3 Class
1.1H3:H40-(2-aminophenyl)ethanone 5 CT-p
2.Phytosphingosine CK-p
3.Erythritol 1 IS-p
4.Glycidyl oleate BGS-p
5.Dihydroceramide 0
6.Proline
7.Antibiotic 8345 C -1
8.Linolenic acid 5
9.PC(18:2/0:0) —=
10.Secomilbemycin E I 3

11.PA(20:1/0:0)
12.Aminopentanol
13.Adenine
14.PA(18:1/0:0)
15.2-Amino-2-deoxy-f-D-mannopyranosyl-(1
—3)-2-amino-2-deoxy-a-L-fucopyranosyl-(1—
3)-2-amino-2-deoxy-D-galactose
16.Muquketone

17.0x0-nonadecanoic acid

18.Terpendole F

19.Unknown

20.Linolenic acid monoglyceride

21.Linoleyl glyceride

22.Linoleylserine phosphate

23.Hydroxymethyl methylandrostane,diol
24.Linoleylglycerol phosphate ethanolamine
25.Glyceryl homoserine betaine
26.1-hydroxy-aspergillic acid

27.Unknown glycosides

28.Androsterone glucuronide
29.Ergostapentaene

30.Carnitine

31.Senecionine

32.Trimethy 1-6-(1-0x0-3-phenylpropy1)
cyclohexanetrione
33.2-Amino-4,5-dihydro-1H-imidazole-4-acetic
acid

34.A-aminoadipic semialdehyde

35.Cyclo(arginylprolyl)

36.Glutamine

;

B4 PABEFERTIRANESRREMOBLES T

Figure 4 Heatmap of metabolites in positive mode

W CT. HUfA; JS: H224k; BGS: fFid; CK. Xfig

Note: CT: Insect body; JS: Mycelia; BGS: Coremia; CK: Control
(4) WRPEAIAE R b S AR Y A, R

A6 A, X AT fE K R FRASE Y RS A S,

Y EGE, WA WA A B A

F R AR YR 4 P ARG, FE R EL A

At S AT AR W H R 22 &R #lE SR B (Glyceryl

37.Glycidyl oleate
38.PE(18:3/0:0)

39.Valine
40.3,6-epoxyoctanoic acid
41.PC(16:0/0:0)
42.PE(18:1/0:0)
43.PC(18:3/0:0)
44.PC(18:1/0:0)

| 45.PC(18:0/0:0)
46.Unknown

47.Creatine
48.3-amino-2-pyrazinecarboxylic acid

Homoserine Betaine), A& 2 Fi R H& & Yo, H
I R 22 R A SRR N T RE S A A
FefAT — e R Pt P B A il
BB R A, ARt S H—80, WAL A s
PSP AR E .
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] 3.PS(18:3/0:0) CK-n
4.PS(18:1/0:0) CT-n
5.Melanocin A 1S-n
6.Tryptophan 0
7.0leic acid

8.PS(21:0/0:0) ]
9.Isocoumarin glucosides
2

1.Phenylalanine Class
2.Phosphatidylcholine 2 BGS-n
1

10.PE(18:1/0:0)
11.Fluspirilene

12.PS(21:2/0:0)

12 Dl Fioeanan ~oos Tisain st d
1o.N1voluranosyiuric acia

14.Isariketide
15.UDP-N-acetylglucosamine
16.3-furoic acid

17.Citric acid

18.Nicotinate
19.Neopestalotin E
20.Monascorubrin

21.Malic acid

22.Dicitrinin A

23.Linoleic acid
24.3-{3-Methoxy-5-[(4-O-methylb-glucopyranosyl)
oxy|phenyl}prop-2-enoic acid
25.PE(16:0/0:0)
26.P1(16:0/0:0)
27.Gamma-aminobutyric acid
28.Glutamic acid
29.PE(18:2/0:0)
30.Androsterone glucuronide
31.Nonenoic acid
32.8-0x0-9(E)-octadecenoic acid
33.Tyr-Lys-Thr-Trp

34.PS(18:2/0:0)

35.PA(18:2/0:0)

36.Pacciloketal A

B 5 MABETFHEATRANMNERKEHIOREI T

Figure 5 Heatmap of metabolites in negative mode
fE: CT: HUA; JS: HZK; BGS: fMIH; CK: X
Note: CT: Insect body; JS: Mycelia; BGS: Coremia; CK: Control
BB A HCA B Pl LA DU 2521
(1) dfkzs J el B 2 BRI, X
— LRI B PR HCA Bl —3. i FANIFSS
F RIS S i FH &S T4 AT, B FHES T
BRI AR S T AR . e BT s
T, R E R R BB T2 A DRI 22 R
[PS(16:0/0:0) . PS(18:3/0:0). PS(18:1/0:0) ., PS(21:2/0:0)]
FIBEARTE 2 F5 M (Phosphatidylethanolamine, PE), [fij
BRI ILA% (Phosphatidylcholine, PC)H T ARG IE
BB, 1ERRS TR IR 2 258 k.
PR 23 13 Hp 2RI B 19t 22 T R 28 W) Jot 5 R A 0 A

37.PS(16:0/0:0)

38.PS(21:1/0:0)

o, W] USRS 226 1) o i R A TR #E
g AT B s 1 v e ) 1) 5 22 e BR iR 2
Vi, BAERN ARG EIRS, R e
RO oA S B AR TR T, S ECRAZs
AR

(2) WRLERY Hofrb & it m B 208 O - i AR
WYIR D, S B AT R4 R — 3.
L5 3 e AR ) 32 B — ST PR QAT R R
(Citric Acid), 3ERAR(Malic Acid)FI i#fR (Linoleic
Acid), XS BT AEAE AR 73 v S AR
Tl I B B FE WAL A S 0 iR AR, T
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AR, T HUAR Y T AZAL T8 TR, Rt
B2 AR R o BRI A R A 3
B Y Neopestalotin E i1 Monascorubrin, Aij 4
WM Z B b Bi5 3], BAREEY)
AR VE RN 5 e N —Fh i B TR R s
2, BA—ERPUREE X 2 Al
KLY, IR R X 2 AN BT %
Bk bR AT T A

(3) WAE H AR Y P 22 1A b 5 U 2 1Y
Rt ik 20 F, WFEBEIRIRIE . APLRRZE .
FRANZIERRZS . T WAL A b 1 22 JE WAL A o
A H IR R B, A N AR B R LY
SR LM, T2 AR b IR, it
HAERK i, W2zrh A AR R R, R
A HUATEARWTHBE LA B 57 . B TR 22 h AR IR ZH A
Sk g iERIFA G 2ME, mE T
PI(16:0/0:0) . PS(21:1/0:0)F1 PS(18:2/0:0)%% , M
22 FFATRANNUNG BURE FAL R 2R AT, TR 28t
T AEAL .

(4) WpAEAAT R T A AR B B A X [ B
B, mE RN R, X
UDP-N- £ Tt AWl e Ak e P R 25 Sy, ]IS 2R
fR . 25 T IR 2R & el = o
3 Wit

S5 TH . B R HCA EIEEIARCHE L
BERRFE, MERRE R AR RS, e
HHNFEREEE . BEOSEY, ARERA KRG
it BRI R E YT, TR IR B
HURN BARFEI R 22 (W %), (BIRAASE YR
%, AN AP R A e A B S
R AR S AR B 3, T AR Y
P22 AT A AR T, HL A N A i e e 5 B
By, AIRES MR R A2 M A M A S e A
H AR THT DR 22 S WP AL FRATE o DA H A 2 A 3 5 1Y
JEAlt,  HUARN I8 TR 23 A 22 I
W22 P2 PRI R SR AL SRt LA ™ 9, DT 22

HRI ARSI B S R A AR o AR R A
MR, AU, WA AT
MACHHIRI A R, VR BURR R R 22 HA AL
A A, MEAT HUA AR R 1 R P BRI

WA A A BNV E RIS, AR . RN
2. SRR FNAT 2 IR S5 Ak A A4 1A i 1) H A
i AR, SRR AR AT RE LS H A
AR I X S SR . X 4 PP St LA
oz AE, (B H IO T e A TN
WA RAERRGE, (E55— B RAR . 5i5b,
AR R e 22 AR AL B W A A B i
FEAR, TR . PP W N S5 2 E R T~
T E T, KRR R rhBEe B2z 2R v se v
FX LRI A . PR TH R A R S
DNA 54545 U0, 2 B MR At T 1E A RAR
T SO R ) %8 1 pR 473 1T e 9 B2 DNA G FE
Pzs Frr, ASHIFGE I AN ) 5 s s 1) — i SR
BEfb 5% Melanocin A, HEAIIHI ARG M0
PERTT . BL U2 A e I B SR IS 2 LY
B R (R S R, DU
PR 12 O3 AR LR (= i) AR rh B T AE

R 16 TR A2 AV 2 R N S TR S A )
JHETRE , 22400 5 e T v ] R AR AR A7 A A i 1Y)
SpE A S A A, MY R A S
T, BAZMERAERY, HRAE RIS
(A TRTAZ i o 2 v T AR A TR 22 e Ao, 2R
R et A ) A 2 B R R AR T TR 22 B A UK IRCR 7
T

WA, HRFRTE AR A A 22N A
Wit 2, Hoh S 5 m AN RN R i e B LA R
A BB 1 L AR IR AR DG Ak, BRI oh RS ik
MRS T b, WAERE S 13 240, Hgd
TR -2 TR AERZE
BRI ITRZE Y A R HEE R B SR YI T, XLy
Jo i e 2% B TR 22 AE AN TR 1 DA H R A R H (R 3 T
WKCE S5
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AT IMAE AU o /Ny e

XA RE R OB A IR A e S, &R K
HAERFERS P SR, WAL R b/ N
R AR D, B2 EY) Ergostapentaene Fl
Androsterone Glucuronide #1 & &8 5, Ja & S
ERATAEY), FTRERA MEPEBCRERIE M, X S
25 R TR AT AT BE AR R RO AR AE P — 2, Ao
A NI ATET AT 424 Glyceryl Homoserine
Betaine, HI#E NIRRT T, S
HImBE IS 247 56 SR AN S5 —E ok
M S WAL AT R A I fE— B FEA bR
AN [EF A P AR 2 22 S 5 25 R Sl e i ik — 2
TN PSSR AL TR 27 BeA
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