55 46 % 55 6 11 ﬁ‘ iﬂg% jﬁ Vol. 46 No. 6
20254 11 A Journal of Chinese Mass Spectrometry Society Nov. 2025

ST St 2H 9 =5 B A R B v SE 3 B8 2 Rl R 25 0 0
AE J5x [3) e B A5

~y 1 = bl > -1 V2 > 1
Fmg, FrAg, T A, BER, L 4
(1 EITRFAAA T2 R, f8 8 HIT 361005; 2. RIS I CIRBISERE, )74 IRl 518038)

HE: ALEAZMGER—FORTEEEE R, HI G AL S RRET R U A iR L 4. AT AL
FTiAL B TR] 53 BEEAN I, X LA F SR20 M BT 35 G A R o T Lk [, A A5 A VR A3 BT M R
HEE LT 45 G BOE R T, A 3007 1k Pk A FI5 Y B IR, NI af R e Pk . Wik TR E AT
I ) B A, A T HEE LT R O GIR I RAT I H] BT 8- &, TR BURPEZS ) MG #:88 F 1% HeLa 412
PEATREI . B TS, R MG Z A E W] S 3L HeLa 418 & A5 W B ME B TR T T AR Ak (I 4 4K
UKL (Au NPs)VE N 9K LT BEAT RS LR (MSD), 15 BIBUm P25 95 PRGBS Y = 43 Beas [l Rl A4,
IFYE HALHEH M =R (TGs) . BEBRBENLEE (PIs) . BiHEIE £ BERE (PEs) . Wi His IEE 58 (PCs ) J b 22 B e (Cers ) 55
28 PRI orF o S5 ARR], HIE LT BOS OGBS B H B R | L5 BT e 25 (8] 43 B, W]
hy A M FE BRI A S SR T SR T

KR ML BOE RO B S 4ROk SRAH A, FRERUR (MSD); 2591 5185

FE S ZES: 0657.63 XA ES: A X E 4 S : 1004-2997(2025)06-0800-08
DOI: 10.7538/zpxb.2025.0105 CSTR: 32365.14.2pxb.2025.0105

Tapered Fiber Projection Desorption Mass Spectrometry Enables
Simultaneous Imaging of Intracellular Drugs and Lipids
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(1. Department of Chemistry, School of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005,
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Abstract: As a widely utilized bactericidal and disinfectant agent, malachite green (MG) presents
significant risks to ecological systems and public health due to its environmental persistence,
bioaccumulation potential, and well-documented carcinogenic properties. The compound has been
frequently detected in aquatic environments and agricultural products, thereby raising substantial
concerns regarding its implications for food safety and ecosystem stability. Conventional mass
spectrometry instruments often exhibit insufficient spatial resolution, which limits their capacity for
detailed molecular imaging at the single-cell level—a critical capability for advancing toxicological
research and elucidating cellular responses to environmental stressors. To overcome these analytical

constraints, this study developed a novel ion source configuration that incorporated a precision

E K A SR 42 (22027808)
ASGEFVEEBLA, B


https://doi.org/
https://cstr.cn/32365.14.zpxb.2025.0105

ol MBS HOROGET SOOI S B 2N P N 25 AR SR TR e AR 801

tapered fiber integrated with an optimized projection optical system. This advanced design not only
enhances laser energy concentration but also serves as an effective physical barrier, effectively
preventing neutral molecular species and particulate contaminants from entering the ionization region.
As a result, the system demonstrates improved signal stability, measurement reproducibility, and
long-term operational reliability. The newly developed ion source was integrated into a customized
time of flight mass spectrometer (TOF MS), leading to the creation of an advanced imaging platform
termed the tapered fiber projection laser desorption time of flight mass spectrometry (TFPLD-TOF
MS) system. The platform was employed to analyze HeLa cells exposed to varying concentrations of
MG. Morphological assessments revealed distinct concentration-dependent apoptotic features,
including cellular shrinkage, membrane blebbing, and nuclear fragmentation—all of which are clear
indicators of MG-induced cytotoxic effects at the cellular level. Moreover, by utilizing gold
nanoparticles (Au NPs) as a high-performance nano-matrix to enhance laser desorption efficiency, the
system achieved high resolution mass spectrometry imaging (MSI) capable of simultaneously
mapping the spatial distribution of the carcinogenic drug and a diverse array of endogenous lipid
metabolites. This approach enables the identification and spatial localization of 28 distinct lipid
species across multiple lipid classes, including triglycerides (TGs), phosphatidylinositols (PIs),
phosphatidylethanolamines (PEs), phosphatidylcholines (PCs), and ceramides (Cers). These findings
provide valuable insights into MG induced lipidomic alterations, metabolic pathway disruptions, and
subcellular compartment specific responses to toxic exposure. The TFPLD-TOF MS platform
consistently demonstrates high analytical sensitivity, robust anti-contamination properties, and
exceptional spatial resolution throughout the experimental evaluations. These characteristics make it
as a powerful and reliable analytical tool for advanced toxicological studies, particularly in
elucidating molecular mechanisms underlying single-cell responses to environmental contaminants
and bioactive compounds. The platform holds significant potential for broader applications in cellular
biology, clinical diagnostics, pharmaceutical development, and environmental health monitoring,
offering new opportunities for advancements in molecular toxicology and precision medicine.

Key words: tapered fiber projection desorption mass spectrometry; gold nanoparticles; single-cell;

mass spectrometry imaging (MSI); drugs and lipids
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Table 2 Molecular information of lipids expressed under MG exposure

ST Tl B SRR ST BEA BT s
Molecular formula Lipid group Il Measured m/z || Molecular formula Lipid group I Measured m/z
Ton adduct Ton adduct
C3,H;,0,NP PE(34:2p) [M+Na]" 722.5 Cs;H 0004 TG(50:1)  [M+Na]’ 855.7
C1oH;40,NP PE(34:1p) [M+Na]" 724.5 CHy40,5P PI(34:2)  [M+Na] 857.5
C,H;,0,NP PE(36:4p) [M+Na]" 746.5 CyH;,0,5P PI(34:1)  [M+Na]’ 859.5
C,H,cO,NP PE(36:3p) [M+Na]" 748.5 CssHogO4 TG(52:4)  [M+Na]’ 877.7
C,,H;,O, NP PE(36:2p) [M+Na]” 750.5 CssH 16906 TG(52:3)  [M+Na] 879.7
C,;H,gOgNP PE(38:4) [M+Na]" 790.5 CssH,0,04 TG(52:2)  [M+Na] 881.8
C 4 HgOgNP PE(38:3) [M+Na]" 792.6 CssH;0,04 TG(52:1)  [M+Na]’ 883.8
CuHgOgN Hex1Cer(d40:1)  [M+Na]’ 806.6 CsoHogO, Co(Q10)  [M+Na] 885.7
C4,Hg, ONP PC(36:2) [M+Na]" 808.6 Cs7H,0004 TG(54:5)  [M+Na]’ 903.7
CysHy ON Hex1Cer(d42:2) [M+Na] 832.7 Cs;H;,04 TG(54:4)  [M+Na] 905.8
CysHy;ON Hex1Cer(d42:1) [M+Na] 834.7 Cs;H,0,0, TG(54:3)  [M+Na]’ 907.8
Cs3H,,04 TG(50:4) [M+Na]" 849.7 Cs7H10606 TG(54:2)  [M+Na]’ 909.8
Cs;HoOy TG(50:3) [M+Na]" 851.7 CyHgs0,5P PI(38:3) [M+Na]" 911.6
Cs3Hys04 TG(50:2) [M+Na]" 853.7 CHg,0,5P PI(38:2)  [M+Na]’ 913.6
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