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Rapid identification of chemical constituents in close relative lacking plants
Pileostegia tomentella based on biosynthetic pathway combined with LC-MS
technology
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Abstract: Objective To establish a component database for close relative lacking plants Pileostegia tomentella, and achieve rapid
discovery of its chemical components by biosynthetic association and LC-MS. Methods Taking P. tomentella as the research object,
the potential chemical components of P. tomentella were obtained by means of KEGG biosynthesis gene mining, BioNavi NP reverse
biosynthesis prediction, and Phytochemistry component research of the same genus, and the component database was built. Compare
the self built composition database with high-resolution mass spectrometry data, and statistically organize compounds with quality
errors less than 6X 1079, their fragmentation patterns were analyzed and secondary fragments ions were compared. The unknown
compounds were identified using the reaxys website. Results The KEGG pathway of secondary metabolism of unigenes in the
transcriptome of P. tomentella mainly includes phenylpropanoids biosynthesis, aminoacyl tRNA biosynthesis, N-glycan biosynthesis
and terpene skeleton biosynthesis. 76 components were identified from the P. tomentella, including a new coumarin compound.
Conclusion The potential chemical components in P. tomentella can be quickly, efficiently, and low-cost analyzed and indentified

by combining biosynthetic correlation with LC-MS technology, which to some extent solves the problem of difficulty in building a
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chemical component library of close relative lacking plant drugs, and provides a new approach and method for rapid discovery of

chemical components in plant drugs.

Key words: biosynthetic pathway; biological reverse synthesis; high resolution liquid chromatography-mass spectrometry; Pileostegia

tomentella Hand. -Mazz.; close relative lacking plants; coumarin; umbelliferone; ferulic acid; sugiol

BEA RN R B R R & %
Pileostegia tomentella Hand. -Mazz. '] TR FIZE
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I AN SEREVE, 3 AN BT a5 7 RNA FE i 357 2
e M PR PEEESR o T R 2K ) RNA
miX R HEREMBEERA A, A
llumina NovaSeq - & BT 5 41T

2.1.2 BB M RE L SIS 2 R AR
FFHHE (raw reads) JoHEATHRIE, PR R
i BESESLAARAE: N S S0 reads, £33
P HdE (clean reads). FIF Trinity 344X
clean reads AT H LA, H cd-hit BAFLRRTEE—
FERIFP A, SRIGAE A tgicl HHATEEEE, AP R T
90%, overlap K& KT 35 B4, fJ5 155 Unigenes.
f#F Nlumina NovaSeq Rl &7 F & X} 3 MR B
i R A AT RS Y, 331G 19.52 Gb Clean
Data, ##f Clean Data 753 6.12 Gb, Q30 HZi 7
53 HUAE 93.66% K VAL, SRS GC 2 & s
TR 45.47% . ZH2% 5 HE3R43 57 149 %% Unigene.
HAKELE 1 kb PALH Unigene A 15 660 5.

2.1.3 Unigenes FVEBEAIZ>25  {# F§ DIAMOND #¢
{4 Unigenes /¥4 53ETUARE E 7% (NCBI non-
redundant protein sequences, NR). JFEBEAEIT &
/¥ 5 84 E (a manually annotated and reviewed
protein sequence database, Swiss-Prot). [ A4k
(gene ontology, GO). HR[FVHEE % (clusters of
orthologous groups, COG). HAZ[FIEHF% (clusters
of eukaryotic orthologous groups, KOG). &#R}E A
HXRNHAEFFR42T (Kyoto encyclopedia of genes and
genomes, KEGG) S5 ##8 FE#EAT LLXT; {81 FH KOBAS
3% Unigenes /£ KEGG H'[) KEGG Orthology 44
B T 5 Unigenes M4 2R 7 %) 2 J5 8
HMMER # 45 Pfam (protein family) #4# 2 LL X},
K15 Unigenes MRS B . J: 3575 24 195 2% Unigene
VERELE B, 4% Unigene 1] 42.33%. Ji91, NR
Hs AR R Unigene 56%, 23838 %%, 4
&2 Unigene [ 41.71%. Unigenes y3- 5 [R5 32 (K (14
FRAEABALL T #1 VCC FE S i B A b, W SRR Nyssa
sinensis Oliv. Fr 5 LUl s, 8961 5k, A AT
Camellia sinensis (L.) O. Ktze. var. sinensis, 3 145 2k,
HAERRIER Actinidia chinensis Planch., 1401 %%, 1l
BNk Actinidia rufa (Sieb. & Zucc.) Planch. ex Mig. ,
819 %%, Hi%i Vitis vinifera L., 734 %%%. WHE 1-A.
2.1.4 Unigenes ff] KOG 4R XMEEEE
e HAARIAT KOG R FE DR B 7328, h
12 889 %% Unigenes #yF R EIE] 25 F# KOG 725+,

A 3 440 % Unigenes H7FERER] “ — O RE T
(general function predictiononly) ” , H& “BHiF/E
&1, SR F:, 45 (posttranslational modification,
protein turnover, chaperones) ” 1342 %k, I&H “f5%
B S41H (signal transduction mechanisms) ” 1328 %%,
AN A Tk K AL A W IS B AT R R AR
(carbohydrate transport and metabolism) ” 761 25554
TERER KOG 733, WK 1-B.

2.1.5 Unigenes 1] GO 7rtr&i R FIH GO #ida
X} Unigenes AT DJREVERE, 14 596 % Unigenes
VERE RN Mo 2H i Ccellular component), 73 - D fE
( molecular function ) F1 4= #) iF 2 ( biological
processes) 3 K. FEA A KA
(intracellular) MEHBIE G (protein-containing
complex), FEW /3T INEEAMEIEME (catalytic
activity) flZ54 8 (binding), FEAEYEREAN
RUFILFE (metabolic process) FIAHILFE (cellular
process). WK 1-C.

2.1.6 SSRAZLE T I % 5E B R A AT
MISA (microsatellite identification tool ) X #% 5 ZH
PEH 1) Unigenes 317 SSR AL AT HIRTIN o 22 HE FRLARY
By XA . WA EE R 120 64 5K, T
B FbdE . NBEEAAD T 4 IRBIRE, 24T
KB T B Ja XERAF I SSR B AT 70 K4t it 7
Mro FIH MISA (MlcroSAtellite identification tool)
B Em P EE )T Y] (simple sequence repeat,
SSR). X 12 i 7 ik i s 44 ) Unigenes 4T SSRs
i, LRI 13040 4~ SSRs A7 4%, Hdipl (5E3EH
THAEE D) 4374 4N, p2 GEEXHIFLEL) 6420 4,
p3 GGEEZMFEEL) 1195 4, pd4 (GEENUREFLE
2 744, pS5 GEEHIEELE) 114, p6 (5EFEN
PAEEED 171, ¢ GBE SSR) 931 1. WE 1-D.
2.1.7 Unigenes XA KEGG i B&TRE S CHk
B R AR S A 7 5 IR AE AU P2 )6
MHRERIZIEE R, Eid KEGG Fds A i@ i A
RILH Unigenes FE S5 A& BAH I IR AEAR
BB, AR B ELE RS ID BT KA 53 - KEGG
%M KL Unigenes Z 5 KN Z . Al t-RNA. N-
b SRAIN) N-IWE. mERSEY A R 53
ANRAARHHE K . KT R AR S R E B
(ko00940) Unigenes #E %, N 217 5; AMW-RNA
VA (ko00970) Unigenes $E IR 2, N 108 4%;
5ERAM N-RBEAEY) G (ko00510) £ K K]
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"1 A: RNA processing and modification [513, 3.98%]

" B: Chromatin structure and dynamics [173, 1.34%]

Hc: Energy production and conversion [572, 4.44%]

Cell cycle control, cell division, chromosome partitioning [311, 2.41%]
: Amino acid transport and metabolism [525, 4.07%
Nucleotide transport and metabolism [122, 0.95%]

G: Carbohydrate transport and metabolism [761, 5.9%]

J: Translation, ribosomal structure and biogenesis [612, 4.75%]
K: Transcription [681, 5.28%]
L: Replmanon recombmatmn and repalr [335~2.6%]

M: Cell wall/

N: Cell motility [4, 0. 03%]

0: Posttranslational modification, protein turnover, chaperones [ 1 342 10.41%]
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[175, 1.36%]

P: Inorganic ion transport and metabolism [410, %,

Q: Secondary metabolites biosynthesis, transport and catabolism [478, 3.72%]
" R: General function prediction only [3 440, 26.69%]
5.26%
Signal transduction mechanisms [1 328, 10.3%]
Intracellular trafficking, secretion, and vesicular transport [652, 5.06%]
> Defense mechanisms [111, 0.86
: Extracellular structures [53, 0.41%)]
F1Y: Nuclear structure [42, 0.33%]
1Z: Cytoskeleton [321, 2.49%]

%0l

A-species distribution of Pileostegia tomentella Unigenes against NR databese; B-KOG functional classification; C-GO functional classification; D-

quantitative distribution of different motiflengths and repeats of SSR.
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Fig. 1 Results of genes related to biosynthesis and sequencing of transcriptome of P. tomentella
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Table 1 Biosynthetic pathway of secondary metabolites involved in major active substances of P. tomentella

Unigenes
%5 K % 1D .

HE

1 KINRAEWAHR (phenylpropanoid biosynthesis) k000940 217
2 HBE-RNA 444 (aminoacyl-tRNA biosynthesis) k000970 108
3 N-BHEEWIA R (N-glycan biosynthesis) k000510 92
4 BBA) N-BREAEY) A (various types of N-glycan biosynthesis) ko00513 84
5 HEREAAYIE R (terpenoid backbone biosynthesis) k000900 70
6 72 BRAN H A SR ER A4 A (ubiquinone and other terpenoid-quinone biosynthesis) ko00130 67
7 FRER. BERMEAZRED S M (phenylalanine, tyrosine and tryptophan biosynthesis) k000400 65
8  KEMIHEAA R (flavonoid biosynthesis) k000941 61
9 JMEWTRREMA R (fatty acid biosynthesis) k000061 59
10 K% M EAEMA R (carotenoid biosynthesis) k000906 54
11 ZEAEYE R (diterpenoid biosynthesis) k000904 50
12 fE2mE M =FE A& (sesquiterpenoid and triterpenoid biosynthesis ) ko00909 45
13 MR A& -5 241 (glycosphingolipid biosynthesis - ganglio series) ko00604 44
14 ZERA CoA ‘¥4 (pantothenate and CoA biosynthesis) ko00770 44




- 6866 + B 202445105 $55% F 208 Chinese Traditional and Herbal Drugs 2024 October Vol. 55 No. 20
F1 (&)
. e % D Unigenes
o
15 MAB. BHEREEY SR (cutin, suberine and wax biosynthesis) k000073 41
16 FEEEEYE M (arginine biosynthesis) k000220 40
17 EREEWEH (zeatin biosynthesis) k000908 39
18 KEEAEMAR (steroid biosynthesis) k000100 38
19 FEVEIRAMIEYIA A (isoquinoline alkaloid biosynthesis) k000950 38
20 MHRARL (folate biosynthesis) k000790 37
21 FEkE. WRBERILRE A IR A A R (tropane, piperidine and pyridine alkaloid biosynthesis) k000960 34
22 TSR, T BEREMEBR YA (stilbenoid, diarylheptanoid and gingerol biosynthesis) k000945 33
23 HARSEHE O-FHEEYI AR (other types of O-glycan biosynthesis) ko00514 32
24 FEEBENEEHUUEEAEY) & R [glycosylphosphatidylinositol (GPI)-anchor biosynthesis] k000563 31
25 AMEFIAERTER 1Y) & i (biosynthesis of unsaturated fatty acids) k001040 30
26 SWEHEYE A (isoflavonoid biosynthesis) k000943 21

2.2 BioNavi-NP 4154 R TN

J#IZ http://biopathnavi.qmclab.com/ P 35 51 F 75
B K AE G i T H. BioNavi-NP #4731 )
T DR R &5 T AR &Y B &4
(JE#)), 7£ “Target compound” HEF AL AW LE )
oY 7E £ 4 ) 45 K, “Building blocks”  “Quick
settings” SFZHULEBIME, #2C (Submit), F7Ruk
B B N 7 BUG, NS R, JIFZED
VA RCE AR ] Re W KA & Y S
(pathway.txt) K& onE Bl IR BioNavi-
NP 45 2 & e b a7 4
L Apsea, X TR E SR DUOCHIRE R 2
Bk i e N I 5] g A A0 T R4 7 o N R AT
BioNavi-NP ZEW0 & i il , 3RA5G 1 14 BRI
TG RTINS R . DA VI BT AR T
WHE (vogeloside) NEAHEAT T, L5 5 MEY)
BHEER, W6 MEEY, Hrb i K E
2. 4 {E Reaxys PSR RE], HMEEN WG ERIHT
WEY. WiERG ik, BHEM 2 R 4-(2-
acetylbut-3-enoyl)oxy)-2-hydroxy-butanoic acid, &
W) 4 7 %47 3,6-dihydroxy-5-vinyl-4,4a,5,6-tetrahydro-

I

1H,3H-pyrano[3,4-c]pyran-1-one. Vogeloside £ & il
AR T [ TR P L 2

2.3 EEFEFEA UPLC-LTQ-Orbitrap-MS SE&M
230 X B EVA TR B S VAT A U A
T EFEEIEE, S ERE, B 25mL 2l
Bl 95% CEE Y RIECHI OB IR FE Y 100 104
ng/mL BT R A BUE B SR 2B R 10 g,
JI 100 mL 95% Lz Rl H2H 2 ¥R, AR 30 min, €
i, AIFEM, RIOER, JERZETE TEK R
EAT 100 mL #EHiF, Bl (BUAEZH R E
WHEN 100 mg/mL) .

232 WMEIESIE  XTerra Cig (itiF: (100 mm X
2.1 mm, 3.5 um); JEIH A A 0.1%HEE+2.5
mmol/L ZFREIK, et B NONE: BB
0~15min, 90%~70%A; 15~25min, 70%~30%
A; 25~30min, 30%~20%A; 30~32min, 20%~
10%A; 32~37min, 10%~10%A; 37~37.10 min,
10%~90%A; 37.10~40 min, 90% A; AFIRE 0.2
mL/min; F£iF 25 C; #HFEE 2 ul.

233 &M ESI B TUR; BT B4
BRI 320 C; BARHEAREEE 350 Cs AR

o o o OH o

AN (0] HO, OH

o N
N N N
R e m - m — - m
H H H H o~
H
Z 7 - 7
m il v v VI

2 LAY vogeloside & RIEE I EFUNREE

Fig.2 Schematic diagram of reverse prediction of vogeloside biosynthesis pathway of compounds
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& 10 L/min; 3378H m/z 150~2 000; FAL3$E )

35000 kPa; BANE L 4kV; HEFLHE 100V,

24 LERSBIRER N R BRI R
RGBS SR AR D01, AV E gk

IDCTRIN A= 3G R T 55 B3R AS B R I &40,

Dbz, e X 7 RES NS 3 &
B 55 AL 22 850 1« R Compound Discoverer

3 3. Thermo Xcalibur 2.0+ proteoW1zard A

AT PSR AL B, 15 31— Z0J5T S5 RS B AR T 43 1 B
®, ZiaHENE Ekﬁj\iﬂﬁﬁlﬁﬁﬁﬁﬁ\thﬁ,
P A HE AL S T e R R S s

(1) 3 B RS UL, %0E R B 5 B TR
ERLY -

CEARPA I SCERE W . AEW) B SR SR T
W A A BTN A T BRI R A H

BB GBS FE S UPLC-LTQ-Orbitrap-MS
DN E TR ERE AT TR LG, JEUTRSE E 76 A

&Y, HpasE 1 MEERFLEY, e At
&% 2 (3,6-dihydroxy-5-vinyl-4,4a,5,6-tetrahydro-
1H,3H- pyrano[3,4-c]pyran-1-one); %5 H LA
H R EAFEANREE. FERE. AW, HH&E
MRBHERMEY . AR 3K 2.

;
4

1~4

16~18

3 EEBER SS%IEREIMINHNESTRE (EEFER)

49,50

35,36 [46~48

Fig.3 Total ion flow diagram of 95% ethanol extract of P. tomentella (positive ion mode)
*2 EEEERHERUFBIRELLXSRES
Table 2 Secondary MS data of P. tomentella

I L KR T st s
P (m/z) (m/z)
1 129 [M] 192.0633 192.0620 146.029 5,128.019 7 C7H1206 i
2 130 [M+H]T 1751194 1751192 158.0959,128.922 1, 110.9114 CeHiNsO2 HER
3 136 [M+H] 123.0445 123.0407 107.060 8, 89.035 2 C7He02 4-FR K
4 138 [M] 3510695 351.0690 303.092 7,258.076 5 Ci7HisCINOsS  N-(h F R filf e % )-L- X 7 2 Bt
AL U
5 140 [M] 204.0898 204.0869 159.065 4 CiHiN:02 B B/F 7y Rtk
6 141 [M] 360.1572  360.1503  330.139 6,298.073 3, 282.588 7, CaoH240s (—)-TR AR
268.1029
7 144 [M+H]" 1561024 156.1022 125.3866,108.958 7 CsHisNO2 51T B
8 148 [M+H]"  147.0921 147.0959 118.0867 CoHioN; (1H-indol-3-yl)methanamine
9 153 [M] 188.094 9  188.0920 158.069 7, 144.080 7 CuHiN20 N-methyl-1-(5-phenyl-1,2-
oxazol-3-yl)methanamine
10 155 [M+H]"  182.0816 182.0815 152.0619,136.9532 CoHiNO3 fis B
11 156 [M+H]" 2221129 2221127 190.986 6, 180.065 8 C12HisNOs & E
12 217 [M+H]" 1670707 167.0705 149.023 4,120.024 0 CoH1003 FEmig
13 226 [M] 392.1999 392.1919 372.066 7, 343.081 8 Ca2HaFOs secondary alcohol/[7] 4 5 F 44
14 240 [M+H]" 2201184 220.1182 203.1429,172.9526 CoH17NOs 2
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R L KR T st s
P (m/z) (m/z)

15 2.57 [M+H]*  137.0602 137.0600 121.0654,107.0489,91.0547  CsHsO» 2-(4-hydroxyphenyl)
acetaldehyde

16 3.10 [M+H]"  179.0707 179.0705 146.0357,130.9820, 103.0550 CioH 003 FARARE/[R] 73 S Atk

17 3.18 [M+H]"  151.0758 1510755 133.9742,118.9432,103.0476 CoHio0: Xof By LR/ 7] 43 Ak

18" 321 [M+H]"  359.1341 359.1338 197.0816,179.070 6,151.0754 Ci6H2200 B

19 3.51 [M] 217.1062  217.1073 194.9439 CsHisN3O4 N-acetyl-I-citrulline

20" 3.83 [M+H] 163.0394 163.0392 134.024 7,51.047 5 CoHe03 6-FEFEER

21" 4.04 [M+H]" 3250923 3250919 163.0385,119.0493 CisH160s R

22 4.07 M] 370.1416 370.1496 252.3726,152.7253 C21H206 RMilEER

23 4.09 [M] 353.0736  353.070 5  257.049 5,143.0850,119.0859 CoHiNsOsP  2,5-diamino-6-hydroxy-4-(5-
phosphoribosylamino)
pyrimidine

24 421 [M+H]"  179.0344 179.0342 163.033 6, 146.035 7 CoHeOs4 RELHE

25 445 [M+H]"  193.0864 193.0862 151.0352,122.036 6 CuH1203 Gk S

26 4.69 [M+H]' 197.0814 197.0811 167.0762, 141.054 8 C1oH1204 S5-Fa L TH AR

27 4.69 [M+H]" 2251966 2251964 1429812 Ci3H4N20 anaferine

28 505 [M+H]" 3551028 3551026 193.0498,163.039 5 Ci6H1509 REEH

29 537 [M+H]" 2110606 211.0604 181.064 7,165.070 5,136.904 2  CioH100s S5-FRFEPT AR

30 552 [M+H]"  165.0915 165.0913 148.0877,133.941 7 CioH1202 T

31 564 [MAH]"  213.0762 213.0760 212.0519, 170.097 2, 151.038 7, CioH120s A

126.055 1

32 575 [M+H]"  195.0657 195.0655 149.0599,121.028 9 Ci1oH1004 W BR R

33 584 [M+H]"  223.0606 223.0603 207.028 1,162.031 1 C1HioOs 2-BR AR R R

34 6.13 [M+H]"  179.0707 179.0705 164.0395,130.982 0 CioH 1003 FARARE/ R 73 S Atk

35 6.39 [M+H]"  211.0970 211.0967 194.0717,179.070 8, 147.9459, CiH1404 P

131.048 9

36 6.40 [M] 4131474 413.1421 349.1119,222.2709 C22H23NOy iR

37 6.58 [M+H]"  331.1545 3311541 218.866 3, 116.995 1 C1sH20s 5~ S 4 I ) 4 e R A

38 6.89 [M+H]"  147.0445 147.0442 132.0809,123.964 4,86.0607  CoHeO> HEE

39 6.91 [M+H]"  339.1079 339.1077 165.0544, 147.041 1,119.049 6 Ci6Hi50s NEGRERR

40 7.07 [M+H]"  177.0551 177.0342 134.1082,108.9589,95.0493  CioHsOs T-HEEEFTER

41 745 [M+H]"  347.1494 347.1494 249.8102, 114.091 4 C19H220s A 4

42 7.58 [M] 450.193 6  450.1975 417.025 8, 274.495 9 C20H3607P2 geranylgeranyl pyrophosphate

43 7.58 [M+H]" 2250762 2250759 155.9815,144.996 8 CnHi0s TR

44 777 [MHH]" 1650551 165.0549 119.9512,94.0422 CoHs03 HHER

45" 7.84 [M+H]"  163.0394 163.0392 134.977 1, 116.966 4, 107.049 0 CsHO3 TEAL N R

46 7.92 [M+H]"  181.0864 181.0862 166.9858, 152.065 1 CioH 1203 FAMATE

47 8.09 [M+H]"  164.0473 164.0425 136.9743,123.079 1,108.0528 CoHsO3 W v R

48 8.19 [M+H]"  153.0551 153.0549 119.9574,110.0359 CsHs03 3,4-dihydroxyphenyl
acetaldehyde

49 9.04 [M] 194.0579 194.0530 165.070 5, 138.066 5 C1oH1004 S-FR AL A

50 9.09 [M] 178.026 6  178.0263  136.021 6, 108.959 0 CoHgO4 AELITIRR Y 2

51 1031 [M+H]"  179.0707 179.0705 136.0215,123.043 9 CioH1003 FARARE/[F] 73 S e

52 1042 [M+H]"  219.1020 219.1017 190.990 2, 134.999 3 C13H1403 benzyl 2-(3-0xocyclobutyl)

acetate
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53 1291 [M-H]" 4373419 4373419 391.3375,159.1170 C30Hu02 2-phytyl-1,4-naphthoquinone

54 1318 [M+H]"  402.1552 402.1550 307.060 1, 162.060 7 C2iH3NOy 4'-O-desmethylpapaveroxine

55 1340 [M] 4503497 450.3430 257.0146,224.987 1,184.991 6 C3H40: YA F K1

56 1481 [M] 2022157 2022168 185.0417,170.069 6 Ci1oHa6N4 Hhilk

57 1491 [M] 2902609 290.2692 219.016 8,206.944 1,192.076 4 CaH340 A JE A i

58 1522 [M+H]"  247.0970 247.0936 186.9351,145.101 3 C14H1404 BRI TR

59 1639 [M-+H]" 2911959 291.1956 255.6734 CisHa603 3-[(2E)-3,7-dimethylocta-2,6-
dienyl]-5-methoxy-2-
methylbenzene-1,4-diol

60 1683 [M] 255.1583  255.1592 131.0859, 111.081 2 CioHauN3Os  MEMg i R

61 1794 [M+H]* 3182068 318.2065 2562618 CioH27NO3 JE e AR B ) e A A

62 1835 [M] 2722504 2722586  192.910 0, 84.960 4 CaoHs EEIRRAR

63 1928 [M] 460.2613 4602695 391.144 8, 147.064 8 C30H3604 4,4'diapolycopenedioic Acid

64 19.66 [M-+H]" 2951909 295.1905 250.0500, 137.096 0 C17H2604 LHER

65 1985 [M+H]* 2972429 2972426 267.0005,194.943 8 CisH303 18-oxooleic acid/[7] 4 Fti 14

66  19.90 [M-+H]' 167.0707 167.0705 121.9943,95.049 3 CoH1003 3-Q-BREFIH IR

67 2236 [M] 2110705  211.0756  194.0717,165.070 5 C7HsN503 5,6,7,8-tetrahydropterin-6-
carboxylic acid

68 2275 [M+H]" 3012167 3012162 283.2814,259.169 6,163.0751 CaoHx02 LA

69 2398 [M+H]" 2351697 2351693 1889242 Ci5H20: germacrene acid

70 2437 [M+H]"  277.1803 277.180 1 235.169 4, 222.067 4 C17H2403 2-[(2E)-3,7-dimethylocta-2,6-
dienyl]-6-methoxy-benzene-
1,4-diol

71 2793 [M+H]" 4393575 4393576 393.3496,264.963 5 C30Hs60: PRGE Y|

72 2987 [M+H]* 3612378 361.2344 288.9854,172.1156 C22H304 PN

733045 [M] 204.0898 204.0877 158.080 8, 131.974 4 CuHN:O2  B&R/F 7 Rtk

74 3382 [M+H]" 4253783 4253783 380.185 7, 300.000 9 C30Has0 b7 Y]

75 3566 [M] 610.1897 610.1849 489.061 7,285.007 8 CasH34015 Wik

760 3603 [M+H]" 4293732 4293736 385.0910,343.079 4 CasHis02 5-alpha-stigmastane-3,6-dione

R SCRR AT P 0 3 DL C 8 8 SRAB R 5 AMe &, Jiaohilid A g 2 9455 LC-MS %2 &
*The five compounds obtained by partial match identification using literature query library building, and the rest were identified by biosynthetic route and

combined with LC-MS.

() & 2 %z BSR4 H A HES
T BTN m/z 212.051 9 [M+H]", BT m/z
170.097 2 Z#ESTETFRAEWMRE, iE 1 51
CoHsOH T4, R & m/z 126.055 1 Fl m/z
151.038 7 24k Hlli 2% 1 0¥ COOH # 1 41
HO F2A R, e RA T HAS 1 0 7208
CioH120s, ARYE ZAL G-I P 87 B FL 34 pi A
I3HT, % 8 HoONE AP 11(3,6-dihydroxy-5-vinyl-4,4a,
5,6-tetrahydro-1H,3 H-pyrano[3,4-c]pyran-1-one ), W
Kl 4.

(2) HEEREHD GRIRAENED % 5E: BESIT
AT H T BTN m/z 163.039 2 [M+
HIY, ZsEY, W TEFEeEm% 2 o7
CO TR B 1 m/z 134.977 | [M+H—COT 1 m/z
107.049 0 [M+H—2COJ", A—MWEHET miz
116.966 4 ;& T TES T2 1 701 CO M 1 &1
HO /=2, g o ZFAMIEEA 5 70N
CoH¢Os3, MRABIZA G BT, HE5E kI
TEe), S e HONS AL N -

(3) AHEER T (BB BI%EE: ESIHE



* 6870 * j— ﬁ 20245E10 A 558 203  Chinese Traditional and Herbal Drugs 2024 October Vol. 55 No. 20

i a o
07N OH 0" OH 07\ 0
N HO HO oH
= m/z 151.038 7 ~ -

07X
HO
Z

m/z 170.097 2
m/z 126.055 1
. 7 mlz 212.051 9
\ ///’/ }
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m/z

4 WEY 2N _RERRBHAEE
Fig. 4 Pyrolysis pattern of secondary fragments of
compound 2

T HIHES T B T8N m/z 195.065 5 [M+-H]*,
T pUE R, W T ETTIESNE 1 T -CHs %
B R BT m/z 179.029 9 [M+H—CHz]*, B—4
R BT m/z149.059 9 A TE T E | 1
-COOH Tfi/=4, (e 1 43 F1-CH; 321 F 55
T m/z 138.065 5, ik nsm AR HA H TN
C1oH1004, R IZAL EWIRE 85T, FR45 6 STk
BT, e HONRT AR .

(4) HHBZERS Nl %5E: ESI'R
A IS T3 T8 A m/z301.216 2 [M+H]*,
TSR, TR TSN X 1 4 HaO T
BB T miz 283281 4 [M+H—H,O]", 4k &4k
WrEd, TR m/z259.169 6 FIRF A BT, [FRS, S+
BT RAERE B3 m/z 240233 7 EER BT, miz
163.075 1 R TS &+ B AR B R AR e
FET, T eRm AR EA T30 CaoHasOns
RS TS, S HANIZ ) .

(5) BRIy JEMARDD % EST
T 4 HINHES T3 IR m/z 308.206 5 M+
HIY Zgiig g, WavE &g 2 41
CO TERUME F BT m/z262.143 3 [M+H—H,0]*,
Bt 1 A FIRIE O, TEEK m/z 247.120 4 HIWEF S
Fo B TCRARITHESE 578 CloHNO;,
RIEZA SV BT, R4 & CkRaE!s), %
5 H N R AR B

(6) BB RN R I V&
g R R KEGG @ rds i, 42Tl
TR T AR, R B E SRR RA RS
BRI =W i AR B O R 04T 40 . 5-
Hydroxyferulic acid #&—Ff¥edk RHER, &Rk

EWAERACE . KB R M2, WRE
Z IR Z N (phenylalanine ammonia-lyase, PTAL).
T OR-3-FHALEE (p-coumarate 3-hydroxylase) Wl
HE WG A A A-O- P BL B R2 g ( caffeic acid 3-O-
methyltransferase, COMT ). [ £ g -5- ¥ 2 1k g
(ferulate-5-hydroxylase, FSH) . % 7 & [{ ( p-coumaric
acid) 7F 4-7 G 1% 5l A %8 (4-coumarate:CoA
ligase, 4CL) WAL, TERON & EBHIEE A (p-
coumaroyl-CoA), fE 2,4-F2ILRIFERLANE A bR
B (2,4-dihydroxy-cinnamoyl-CoA) FIfEAL T A<=
JEAE AN TiE Cumbelliferone) . F+ T (sinapyl alcohol)
A 4-BRIERERE (p-coumaralde hyde) &t &S
= -3-F2 AL (p-coumarate 3-hydroxylase ) COMT .
F5H K W # B Mt = B C cinnamyl-alcohol
dehydrogenase, CAD) — R4tk T3], WK 5.

(7> BE5E 5 AR o B &
&R WA KEGG B athdi iR, a6 Rl
i R B AR ORI, 6 B B e 5 R R I AR
15 I AR, (protoemetine) HIAEW) A & IEAT
T, PA L-4%F R (L-tyrosine) AJEW), X% Fhii
AT, 24 RN R EE (tyrosine decarboxylase,
TYDC). HE%E LEE (monophenol). it ZL B3 R0k
WE & (deacetylisoipecoside synthase) O-H 34655
i ( O-methyltransferase, OMT ). B-7 %] #E H
(ipecoside B-D-glucosidase, GLU1), Zid— 2RI
SNAFE], WK 6.
3 Wig

i I A ) [F)JE A A A S R IE AR,
[F]J@ AR 7 o BT TR 45 Rk B By P,
1573 R B FH R AR R 25405 B A i 9 SR
P REE 2 —, AHIX— B0 ] J&@ i 2 0 /0 e )
ZIRUIIHATE . B e s 21 5 AR S A
KIE, CAFESRAZNT, W E T A
ARG BURARTZ IR SRAT 52 2[R A DR AR
WA, JHE Y ARG PR KA A
KM EHAT BRI E N P BT 2 g
(RIAY 7 B 73 P 55 R B 24 6 B A ) S BB, [] I
X B T E A SR G M D IR 2

KT EERHIX — RS, G568 m PR
JIRIBE R I BE 24 B 6 el o ok Th AL S e ) 76 A
&2, XA 5 F k&5 Rk FH SR A 8 e
B ULHC %8 31T, RS E L A& Bk %
RTINS A )30 55 il FHUMNN 25 T B a2 3 70 VL T 46 18
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Fig. 5 Partial phenylpropanoid biosynthesis from P. tomentella
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Fig. 6 Partial alkaloid biosynthesis from P. tomentella

R XA RUIWIR O SCRR AR AW FOMRE 25 2 B el o e P S 2 R I 1, 7R
ML RGM D EYA BRI RIRYE, mEdEY s IRECEE N T 9 M B ECEREE SRV & I HT
FOEARIRIBCTI . AV A R T BUE L R e, HPOFBEYHE, o RERER. ME
B SR FRN, DAEYIE GRS B RE AR NEERERR. T-HWEAEEE
BRHEAT PR, MM ALSE R B SARN AR R BERR. SIEAENER. TR RS, X
TFRRITE . AR IR B TR L S R SATI RS RS, WA RIERA
TER, CRDUEB RSB E S A AR 10020, B e R R T ATk
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FERF SRR ORI, A GE I s A
A OSBRI FZ 8 KSR AT KRR o AFAE— E R
PR, #5250 1= EACHHE M5 KEGG S8 A«
{10 AR I8 %A VT G A I8 B 2, WUISRAS R R IRAL 27
BTt e s, g DG IDEE  A 2E
SEARE . R T IRANZ — TN 2, A 5T
JEER T AR 30 BT ) = B R IR 15 BE 2 (1 G Ik
B T BB B e ARG PN A2 DAL
HATEM AN B JRP)), FIRHET ALBHE
FEARURE 5 2] WREN A 105 B A% S T B3
T B A1) ORYD)D EERIAEY) G R K& AE R
IRBAEYD, RN & s 2 st it TAER)
Hilhe Zheng SFRUENLE M AW G A ST T
H BioNavi-NP. BioNavi-NP 7] LLiR 5 368 Ffllis
EYH 90.2%H MG Bugte, FFEL 72.8%HI
R E WA R, LI ) AR TR
TERER 1.7 £i5. Delépine SRR T — /N EF) X
SNEFL I B B YR R A R AR AR TR
RetroPath2.0, 1% U3k iy 20 HL4% 1) B 4 A B st
JRDEN B FRPATE & AR R, S R
ZREEAE TR A TR TAER E vi kb e, A
ARSIV 3 = VAR S 7/ UL of 7Y B = N 5y B
PR E B SR AEDE R A RS
Yy, BR 7RI RATRRN B A S 2 A AR A OB AR
FERZ IR R E A R 2 oh, WA —E
FERE b Ad A= W30 6 RO A2 T A R B B A 1S
B U, WA, RIS SR A A B
FEPFZ 40 SR ) R B AL S 3 R i &9 . T
AL I R AR S A T L 3 ) I T A R R S
FERFNEY) . AHEFE DL B & B CAai &
) vogeloside A H A=Y (XY , 1@ 1 #] H BioNavi-
NP A3 & sl T HE AT I, 0l 2] vogeloside
A& O R B 2 MUCE YRR
EW, FEEE G E S PR R EEE T, BEIT 1
A5 25 RARVC I AL S o

AHFEA R TAE I S e, 7T ATE— € F%E
JE X B2 R B SR LB TP L Rk R
WEE R I, AT 2R Sb /D YD I AL 22 B3 Tt
FOLAESE AL T —Fh 2%
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