#5254k Acta Pharmaceutica Sinica 2019, 54(7): 1179 -1189 - 1179 -

MALDI FUER G ARELRBEMHR PN A

BAG, ARR, K A, F F,F W

(TP EZGRIR 2, ARG M4 4y 5 24 200 5 S S =, V7 79 4L 210009)

O L5 5 Bh O (/L B8 (matrix-assisted laser desorption/ionization, MALDI) Jii % hlif% (mass spectrometry
imaging, MSI) ${ARZ — MR B 70 5 AR BOR, BAT S bric =8 o s RS, ) Z R T EE R 2K,
NG TACE I AL L AT AL . BESE MALDI-MSTECR I AN W7 % B, i F R TERTE 58 25 AL 2 i oy 21 4355 A 7
TR TR N E . AR CE N9 T MALDI-MSI 45 A [ 5 A% J5 3 R ikl 25 77 925 DA B 368 I 1) 8 R g
e SR)5 H LR T MALDI-MSIFE 25 IR () A2 AR 77 1 1) 41 23 745 1) 43 A7 A R BB 52 b O RZH) . MALDI-
MSTEEARAE AN 7 T AR HAR, BENS nT WAL 43 47 25 R R4 v 2 R0 IR AR AR 7 D 2L 2393 AT, g el W) 24 R A0 v 1k
W5 ) A GE AT IS R R DL R AR AL SR A TR DO I R A

KBRIR): B AR H TR BSOS T 25 R, AR AT, A

I E 43S RI31 XHAFRIRAD: A XEHS: 0513-4870(2019)07-1179-11

Analytical capabilities of matrix-assisted laser desorption/ionization
mass spectrometry imaging (MALDI-MSI) and its potential applica-
tions in medicinal plants
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Abstract: Matrix-assisted laser desorption/ionization mass spectrometry imaging (MALDI-MSI), as a label-
free imaging technique with high coverage and sensitivity is widely used for visualizing the spatial distribution of
proteins, peptides and small metabolites in tissues. With the development of MALDI technique, MALDI-MSI is
also employed to monitor the spatial distribution of phytochemical constituents of medicinal plants. In this review,
we first briefly introduce MALDI-MSI technique, and we focus on its application in the spatial distribution and
accumulation of secondary metabolites in medicinal plants. The ultimate advantage of using MALDI-MSI for
spatial distribution analysis at the molecular level, offers crucial evidence of synthesis, transfer and accumulation
of bioactive molecules in medicinal plants.
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Figure 1 Typical workflow of MALDI-MSI of plant tissues
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Wy TR PR A ELVE FH Uk 55, R B R 8 Ry W 42 5 T
N BRAR o AR DR R VA2 — R SR, B &
Tl 5 790 7% 5K T AR OB A6 B i 3R THT I 3 5k 47 L 4
B, A 05 S5 B o TG i R 023,
1.5 BUIBRREMBIE T

MR VE 2 0] T AR R AR B A AN
TEUE A, AT D@ I 22 B e AR OE m/z W 22 L U
A A R 2 MST MR I i & . o, V3 — L A B )
HIRZ AT BT R T3 R E AR A RIS
THHSFERMGERARESER. BETOE TR
(total ion count, TIC) B VH— 4k Ab¥E 72 H A& % H I 7
kTR R G R R B TR AR R
B IX 3 9 L =F FE AR AL & P ok, TIC 33—k & i
FCEHE R B, % RS R L Ath ¥ — A0 77 1584, kA,
7 MST #E [ 43 A1 A 3 3o 4 78 4388 1) P9 s 52 B A 420
MSI B (13— AL AL B iZ kAT TR 2 B E &
MALDI-MSI 43 #7551,
2 MALDI-MSI 7£ 25 F #4902 8] it i 52 AR B 2 B

TR R PP R A AR 72 0 1) R R AR LA A
A 11 25 ) R 2 X 4%, ARG = T8 2 (e S P o A
S5HABRIGE LA REMCR . Uk, R e A
Hh S ol R AR AR R B A TR 43 A, T 24 FAE A I A
PR B SR I LA B . fE
MALDI-MSI [ BH#E K &, v ¥t T V52 25 FAED)
0 245 F BB A R A R A3 B AL R0 AR AE , BT 3R A3 B0 TR
i B RT DAAE B RO R A R SRR R
T B 1R 1) 22 S5 0 A, A s 24 000 T I 2E 0 S
oy A R BRI R T AR . B AT, B



IS MALDUF B AR BT 25 AR AT 72 v i 521 -+ 1183

MALDI-MSI R B &7 1 % W1 N\ Z06381 BB
W ESEOH A WY, Putterlickia pyracantha® £R 75141
F U KU KR AR AT 2 B 4 22 BRI
% i 24 FHAE P59 vh o A AR 7R 0 16 4 00 AT R
fiE R D).
2.1 [ MALDI-MSIft R 5 R E Y R & K5 7~
YIHILE L0 53 7o HHE

R R S R AN = R ST R,
BAPUR PUE PUREE DUl P S5 2 245380
PEo Li%ERIRH i 23 (7] 4 #F 2 AP-MALDI MSI 241 T
JRH T (Glyeyrrhiza glabra L) iRZEBY Y, 75 T
B G B T DA R B R A Y I A S R
1. AP-MALDI MSI 45 R 7R, 3 # 7 (U1 glabridin)

A EAEF (U0 liquiritin AT liquiritin apioside) & HL“ H.#b
XA HRE Ko SR TR S B o A AR IR TR
Fe b, TR 2R T2 o A T B A AERUR £ 4
(F2). HEARZE 2 H 2K EG Y W glycyrrhizie acid
Al licoricesaponin A3 3= %2 73 A7 £ J )7  H [ £F 4E FLR
rYerh . A PRREE & B2 S, Feng 51000 H
S B T 5 B LDI-MSTE R 3 i 7 38 %5 (Scutellaria
baicalensis Georgi) MU F wf A AR = 4 1 4H. 21
S A R AE, & B baicalein Fll wogonin £ HF 43 A7 T 3 7
AL, 5 H B A B o G AR AR L. B A TR
BAWER ARSI, 8 & =i G 2 otk v A= 4
TR P . Lange 4V F MALDI-MSI 241 T
ZRACTE A B (Tripterygium regelii Sprague et Takeda) HR

Table 1 Recent applications of MALDI-MSI in medicinal plants. DMA: N,N-Dimethylaniline; DMCA: 3,4-Dimethoxycinnamic acid

. Sample Image . . Imaged
Year Species . Sample preparation Matrix Ref.
type resolution analytes
2007  Sinomenium acutum (Thunb.) Stem 100-300 um  Cryosectioning, 20 pm CHCA  Alkaloids [49]
Rehd. Et Wels.
2009 Zingiber officinale Rosc. Rhizome 10-20 pm  Manual slicing, 0.2 mm - Gingerol, [50]
monoterpenes
2010 Panax ginseng C. A. Mey Root 100 pm  Cryosectioning, 50 um CHCA  Ginsenosides [51]
2014  Glycyrrhiza glabra L. Rhizome 10-30 um  Cryosectioning, 20 um DHB Flavonoids, saponins  [39]
2014  Podophyllum hexandrum/ Root, 22-30 pm  Cryosectioning, 15 um DHB Alkaloids [52]
P. peltatum rhizome
2014 Scutellaria baicalensis Georgi Root 60 um  Manual slicing, 0.8 mm - Flavonoids [40]
2015 Hypericum perforatum/ Leaf 10-15um  Fixing to glass slide with CHCA  Naphthodianthrone, [48]
H. olympicum/H. patulum conductive double-sided flavonoids
tape
2016 Panax. ginseng C. A. Mey/Panax. Root 100 um  Cryosectioning, 30 pm DHB/ Ginsenosides [37]
quinquefolius L./Panax. notoginseng CHCA
(Burkill) F. H. Chen ex C. H.
2016 Panax. ginseng C. A. Mey Root 100 um  Cryosectioning, 30 pm DHB Ginsenosides [38]
2016 Putterlickia pyracantha Stem 40 um  Embedding in CMC and DHB Maytansinoids [42]
cryosectioning, 25 um
2016 Ginkgo biloba L. Leaf 10 pm  Embedding in gelatin DHB Flavonoid glycosides, [53]
and cryosectioning, 20 um biflavonoids
2016 Catharanthus roseus (L.) G. Don Stem 20 um  Cryosectioning, 100 pm CHCA  Terpenoid indole [46]
alkaloids
2016 Paeonia lactiflora Pall. Root 10 um  Cryosectioning, 20 pm DHB Monoterpene [47]
glucosides,
gallotannins
2017  Tripterygium wilfordii Hook. f./ Root 50 um  Embedding in agarose DHB Triterpenoids, [41]
Tripterygium regelii and cryosectioning, 30 um alkaloids
2017 Rheum rhabarbarum L. Stalk 40 um  Imprinting onto gold - Anthraquinone [45]
nanoparticle-enhanced derivatives and their
target glucosides
2018 Ginkgo biloba L. Root, stem, 50 um  Embedding in gelatin DHB Flavonoids, organic [43]
leaf and cryosectioning, 16 um acids, ginkgolides
2018 Morus alba L. Leaf 80 um  Mounting of samples DHB/ Flavonoids, organic [44]
using conductive DMA acids
double-sided tape
2019 Taxus wallichiana var. chinensis Germinating 50 um  Cryosectioning, 12 um DMCA  Flavonoids, alka- [54]
(Pilg.) Florin seed loids, phospholipids
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Figure 2 MALDI images of the Glycyrrhiza glabra (licorice) rhizome, recorded with a pixel size of 30 um and 255%205 pixels in the

image. The mass accuracy was better than 2 ppm (RMS), and a bin width of m/z = 5 ppm was used. (A) Optical image of the rhizome, (B)
Free flavonoids: m/z 323.127 79 ([Glabrene+H]"); m/z 339.122 70 ([Licoagroaurone+H]"); m/z 339.159 09 ([Methylglabridin/Licochalcone
A/Licochalcone C+H]"); m/z 391.190 39 ([Hispaglabridin B+H]"); m/z 393.206 04 ([Hispaglabridin A/Glabrol+H]"); m/z 409.200 95 ([3-
Hydroxyglabrol+H]"); m/z 411.216 60 ([Kanzonol Y+H]"); m/z 729.305 81 ([Licoagrodin+H]"); (C) Flavonoid glycosides: m/z 457.089 54

([Liquiritin/Neoliquiritin/Isoliquiritin/Neoisoliquiritin+K]"); m/z 589.131 80 ([Liquiritin apioside/Isoliquiritin apioside/Licuroside+K]"); m/z
603.111 06 ([Schaftoside/Isoschaftoside+K]"); m/z 617.126 72 ([Isoviolanthin+K]")B%

) 7 A R A AR = W) B 2L 2R A RRAE, R BN =ik 2
1t & W) (40 celastrol Il demethylzeylasteral) & 4 £
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Fl hypoglaunine D) & #1434 /£ 7 )7 . Eckelmann %5142
I MALDI-MSI 734t 1 Putterlickia pyracantha {18 -
ZEFN A AR AU =) B S AR, RILER A
Rb g O 1 ) 35 5 B AT A Y (W1 maytansine A
maytanprine) 3 % 73 A7 £ 25 ) 4EE T = W) B2 B
AR D& o An, A KR & .
WA EAMRBEEZ WA EY, BF
PrAAAL O LG PR S 2GBTS VE . Li S5 IRH  i
7 #% % MALDI-MSI 73 #7 1 84 (Ginkgo biloba L.)
I F Hp 5 R S A0 A W 1 A 205 AT R AE, L R A TRy
A I EH 2405 ) (41 amentoflavone F bilobetin) 1%
AT R, RHHERBMEYIZ (Morus alba L.) 1]
TR, EH ZAEEYT . Lin %5495 ] MALDI-MSI
AIES T WRARFE T (2,5- —F2 3 R IR/N,N- — W R R i,
DHB/DMA) 73 # 1 Z M- 2R i A1 BK AU vh 2 4 )
JBUHY 75 18] 49 A AT, & B chlorogenic acid. cyanidin-3-

O-glucoside FI quercetin-3- (O-acetyl) -glucopyranoside
AL 5 W) AE I TE A ik R 24 43 AT, T isoquercitrin s
rutin Fl kaempferol-3-O-rutinoside M| 7 3 M- [fj 5 1/ -
Jik Ak 73 A L2, AE Ik A RN v o B R B rutin Y
oA o
2.2 [ MALDI-MSI#IZR XA~ E MK EIRE
MRRME

iR A R A e AL A A AR 4L 2
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Figure 3 MALDI images of a root cross-section of Paeonia lactiflora. (A) Optical image of a region of interest. (B-D) Overlay of optical
image and individual ion images at scanning step size of 10 um, including (B) m/z 519.126 32 ([PA/AL+K]"); (C) m/z 979.081 34 ([5GG+
K]*) and (D) m/z 1435.114 22 ([8GG+K]"). (E) Overlay of ion images for m/z 519.126 32 (blue, [PA/AL+K]") and m/z 979.081 34 (red,
[S§GG+K]"). (F) Overlay of ion images for m/z 519.126 32 (blue, [PA/AL+K]") and m/z 1435.114 22 (green, [8GG+K]"). (G) Overlay of
ion images for m/z 979.081 34 (red, [SGG+K]") and m/z 1435.114 22 (green, [8GG+K]"). The regions presenting subtle differences in xylem

were marked with a white line. (H) Representative MS spectra and associated ion images of selected analyte distributions in the root of

Paeonia lactiflora at a scanning step size of 30 pm. All ion images were generated with a bin width of = 5 ppm. PA (Paconiflorin), AL

(Albiflorin) and GG (Galloylglucose)®”
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Figure 4 Optical images of tissue section and localization modes of saponin ions in root tissues of the three Panax species. (A1), (A2), and

(A3), optical image of tissue section and the overall average mass spectra of PG, PQ, and PN gained by MALDI-TOF-MSI, respectively.

(B1-B5) five localization modes of saponin ions in root tissue of PG:(B1), cambium-xylem-medulla (CaXM); (B2), xylem-only (XO); (B3),
cork-xylem (CX); (B4), cork-phloem-cambium-medulla (CPCaM); (BS5), cork-only (CO) type.(C1-C5) five localization modes of saponin
ions in root tissue of PQ:(C1), CaXM; (C2), cork-phloem-cambium (CPCa); (C3), cambium-only (CaO); (C4), cork-phloem-medulla (CPM);
(C5), CO type. (D1-D4) three localization modes of saponin ions in PN: (D1) and (D3), xylem-medulla (XM); (D2), phloem-xylem-medulla
(PXM); (D4), CO type. (B6), (C6), and (D5), overlay of ion images in PG, PQ, and PN, respectively*”)
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