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Abstract: Objective Matrix assisted laser desorption mass spectrometry imaging (MALDI-MSI) is a new molecular imaging and
in-situ detection technology, which has the advantages of label free, high sensitivity and high throughput. In this study, the spatial
distribution characteristics of coumarins in Angelica pubescens roots were studied by MALDI-MSI. Methods In this study, osthol
and columbianadin were used as the control substances to detect matrix o-cyano-4-hydroxycinnamic acid (CHCA), 2,5-
dihydroxybenzoic acid (DHB) and 9-aminoacridineare (9-AA) were screened under positive and negative modes. CHCA was used as
the matrix and imaging analysis was carried out in positive ion mode, which were determined by mass spectrum signal. In this paper,
A. pubescens in harvest period was taken as the research object, and the substrate was sprayed on root tissue section (25 um) for mass
spectrometry imaging, and the spatial distribution information and characteristics of coumarins in roots and root bark were obtained.
Results By mass spectrometry imaging analysis, 25 and 28 coumarins were identified in root and root bark of A. pubescens,
respectively. Among them, osthol, scopolactone, ulopterol, decursin, bergamol and angelicol are mainly distributed in the secretory
tissues of phloem, such as secretory cavities and secretory ducts, while dihydroparsley acetate, dihydroparsley angelic acid ester,
angelicin leucin and neobik angelicolide are mainly distributed in xylem and phloem except secretory cavities. Other components are
evenly distributed in roots without obvious characteristics. Conclusion The established mass spectrometry imaging method could
be used for simple, rapid and direct in-situ analysis of coumarins in A. pubescens roots, and has a unique effect on observing the
spatial distribution of metabolites in plant tissues.
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Fig.1 Signal intensity of osthol in different substrates
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Fig.2 Mass spectrum of mixed reference substance in positive (A) and negative (B) ion modes assisted by CHCA matrix
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Table 1 Chemical constituents of coumarins in the roots and roots bark at A. pubescens

3 MOREER (A) MRE (B) HIBGEE
Fig. 3 Mass spectra of roots (A) and root bark (B) of Angelica pubescens

®1 WEHEREBRKPEIZRXUFERD

M5 WEMEFES FREEK AR M BFERM MR i) SERMH (mk)  RE (X109

1 BRAT#HER CicH1404  #RE  [M+Na]" 293.079 0 293.078 3 -2.39
Ui M]* 270.089 2 270.091 1 7.03

2 FALETEAER CiH140s R [M+K] 325.047 8 325.050 4 7.99
Gicd [M-+H] 289.098 6 289.098 9 1.04

3 WKRTER CisHis03 B [M+K]* 283.073 6 283.0729 -2.47
i [M+H]* 245.1177 245117 6 -4.08

4 AR TR S AR S CioH200s B [M+Na]" 352.124 2 352.1255 3.69
Gicd [M+H]* 329.138 9 329.140 2 3.95

5 AL AR CuHiOs  WJE  [M+H] 247.092 6 247.094 0 5.67
Gicd - - - -

6 AR LR TS CieHis0s M [M+K]* 329.067 7 329.067 5 -6.08
LS [M+H]* 291.111 8 291.113 0 4.12

7 ZEUEEE-B-D-HE A CaoH2400  #MB  [M+K]" 447.105 7 447.106 0 6.71
Gicd [M+Nal* 433.138 5 433.140 4 439

8  angelidiol CuHi0s R [M+Na] 285.069 8 285.072 6 9.82
Gicd [M+H]* 265.097 8 265.096 4 -5.28

9  angelmarin CasH200s  #REZ [M] 392.130 0 392.1323 5.87
Ui [M+NaJ* 415.119 8 415.1170 -6.75

10 fEREER CiHsOs  #RB [M+H]" 217.050 1 217.048 5 -7.37
Gicd M+K]* 255.006 0 255.006 4 1.57

1 hFm CuHeOs R [M+H] 203.034 4 203.033 7 —-3.45
Gicd [M—+K]* 240.990 3 240.989 1 -4.98

12 FEEE CnHeOs  #MBE  [M+H]" 187.039 5 187.040 6 5.88
LS [M—+KJ* 226.138 3 226.138 4 4.42

13 el A g CiHis0s M) [M+K] 323.2032 323.204 7 4.64
i [M+K]* 323.203 2 323.201 0 -6.81

14 JKREEMATIHR CisHisOs  #REz  [M]" 305.098 0 305.095 2 -9.18
[ic! [M+H] 307.109 2 307.110 1 2.93
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w5 WEVWERG R T A BT HitE (mz)  SLIRME (miz)  RE (X107
15 SIS R CiyH1s0s MR [M+H] 301.103 1 301.104 5 4.65
i [M-+H]* 301.103 1 301.102 2 -2.99
16 HEER Ci7His07  #RE [M] 3341053 334.105 7 1.19
i M]* 336.109 5 336.106 4 -9.22
17 BT F I TS CiHis0s R [M+H] 317.097 8 317.095 1 -8.51
R [M+H]* 317.097 8 317.095 2 -8.19
18 S 18 N R CisHio0s R IM+K]* 285.013 7 285.0117 -7.02
R [M+H]* 247.057 8 247.1309 2.90
19 KEF N CioHsOs  #REZ  [M+Na]® 216.039 8 216.037 9 -8.79
i [M+K]* 231.138 3 231.137 8 -2.16
20 A8 B CisHisOs  #RFZ [M+Na]* 301.1052 301.104 5 -2.32
R [M+Nal* 301.105 2 301.102 2 -9.96
21 R CuHu0s R [M-+H] 231.102 1 231.100 1 -8.65
i [M+Nal* 254.087 4 254.085 1 -9.05
22 AGEGER CicHis04  #RE  [M] 274.1200 2741222 8.03
i - - - -
23 P& 52 MR K &4 CisHisOs  #RFZ [M]* 278.120 0 278.118 5 -5.39
R - - - -
24 KACHT A T CuHi0s R M+K]* 285.188 3 285.1882 -3.51
i [M+Nal* 271.089 8 271.091 4 5.90
25 HHEE A CoH2s07 1R [M—+H] 377.160 0 377.158 6 -3.71
i [M+H]* 377.160 0 377.1590 —2.65
26 KAERTIHER CioH200s R [M+Na]* 352.124 2 352.1255 3.69
R [M+H]* 329.1389 329.140 2 3.95
27 JNAIER CuHnOs R [M-+H] 229.087 8 229.086 2 -6.98
R [M+H]* 229.087 8 229.088 3 2.18
28 (TipRE CuuHisOs  #RE  [M] 264.100 0 264.101 1 4.17
i [M+Nal* 289.099 8 289.098 9 -3.11

- A

- not detected
AE 25 Al 28 AN R 88 AR IRET R
FSRERATIZR . AMEIERA AT IER . JEMEE R
R T PR 730 9 [ 2 St A, el SCRRARETSTm]
R, IREL[R) oy SRR RIS TG, AUDGE I
EHARTIEX A, LA S EHIRE AT B
GG RESEA . (ESE N 28 ML, A
WRLTRE . AREE 2R ST P BRI B2 P TE K
BRI S, RAEARBE D) A ) A
ARSI E] IR AL AP RAIE B T BE AR ZAE )
UV 2B T R BIR, S T )y
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B i sy« iR e T 59 Mk &, B
HEHEGRBUED . EHmERLEY. BRED.
IR EMFINRIITR BN EY) . K& G REN
EMNEELE (£ 2), WIKTER. “AWilF
. AR TS IAMES . ERER. HMEIER
FIRE K N R 55 5 01 AR o A 4 R — 8 AR —
LEESRERY, WK TRANRTEERD, &
31.62%, SAEFEER G HEIT 40%.
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Table 2 Chemical composition analysis of 4. pubescens
CIked &R g3 1A HAX 2 5 5%
1 WEIR TR CisHi603 31.62
2 AR A AR C19H200s 4.89
3 AR A Ci14H1404 1.72
4 e 12 P4 i C15H1604 0.95
5 MR C12HsO4 0.69
6 7-FiFk-4-F R -3- DY -2 H- )6 -2 Ci3H1403 0.66
7 ME R Ci14H1203 0.28
8 G AhEER C11Hs03 0.02
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. 1000 pm
0

IM+H]", m/z229.09
JNAEER

m/z 241.09
T
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Fig. 4 Section of A. pubescens and mass spectrometry image of coumarin compounds in secretory cavity
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Fig. 5 Mass spectrometry image of coumarin compounds out of secretory cavity
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Fig. 6 Mass spectrometry image of coumarin compounds in A. pubescens fresh roots
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